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NEPIAHWH

Ta TteAeutaia Xpovia, Ta VOUKAEOJITIKG avAaAoya €XOUV TTPOCEAKUCEI
MEYAAO emioTNUOVIKO  evOIOQEPOV  AOYW Twv  TTOAAG  UTTOOXOMEVWV
BEPATTEUTIKWYV TOUG £QapHoywv. H TTapouca diatpifr) E0TIAOTNKE KUPIWG OTN
ouvBeon véwv diakAadiopévwy C-kuavo 1 C-alBuvuAo VOUKAEOZITWY, Ol OTTOIOI
d1aBeTouv e€apeAr) udaTavOpakikd daKTUAIO.

AapBdvovrag  umoywn Ta TPOC@ATA  gupfuata 6Tl TToAAoi
diakAadiopévol C-kuavo kal C-ailBuvulo @oupavovoUKAeodiTeG atroTeAOUV
AVTIIKOUG TTapAyovTeG, Kal BacifOpevol OTO yEyovog OTI €vag aplBuds autwv
Exel avagepOei OTI eppaviCel 1I0KUPESG KAl EUPEWG PACUATOG QVTIKAPKIVIKEG
1I816TNTEG, BewpPRBNKe evdIaEPoUTa N oUVOeon VEWV TALEWY DIAKAABICHEVWV
TTUPAVOVOUKAEO(ITWY, Ol OTToiol Ba @EPOUV TNV Kuavo Kal TNV alBuvuAo oudda
w¢ dlakAadIopévn aAuaida oTov udaTavlpakikd OAKTUAIO.

ApxIKA ava@épBnke n ouvbeon pIAG vEAG TAENG VOUKAEOQITIKWV
avaAdywv Ta otroia @Epouv TNV albuvuloudda otnv 3" B€on Tou cakydpou. H
Tapoucia Tou TPITTAOU deopoU  oToug  C-aiBuvuAo-TTUPAVOVOUKAEOCITEG
ammoTEAECE a@opul yia TN ouvBeon VEwV OIKEQAAWVY VOUKAEOCQITWV.
Emmpdobeta, eApbnoav o1 3'-C-Kuavo-TTupavovouKAEOZiTEG aKOAOUBWVTAG
Mia TTapépola osipd avTidpdoewy OTTWG AUTA TTOU XPNnOoIPoTroInenke yia Ta C-
aiBuvulo-Trapdywya. Etriong mapouoidoTnke n ouvBeon Twv avTioTolXwyv 3'-
0e0&u-3"-C-Kuavo-TTUPAVOVOUKAEOCITWYV. Z€ IO TTPOCTTABEIa va UEAETNBOUV Ol
ox€oeig doung dpdong oToug dIakAadIouEVOUG C-KUavo TTUPAVOVOUKAEOCITEG,
EMITEUXONKE Kol n ouvleon Twv 4°-C-kuavo kal 47-deofu-4"-C-kuavo
avaAdywv. TéAog, avatrTuxbnke éva aTTAG Kal aTTOTEAECUATIKO TTPWTOKOAAO
yla ™ ouvBeon TWV 2’-C-kuavo Kal 2°-0g0&u-2"-C-kuavo
TTUPAVOVOUKAEOITwY. Ta vEéa 2°-UTTOKATECTNMEVA AVAAOYQ UETATPATTNKAV €V
OUVEXEIO OTA TTUPAVOVOUKAEOQITIKA avAAoya Trou €@Qepav €va OTTEIPAVIKO
QaKTUAIO O0TN 2°-B€0N TOU COKXAPOU.

O1  T1elhikoi  voukAeo(iteg amoTiuABNKav  yia  TIG  QVTIKEG Kl
KUTTOPOOTATIKEG TOUG 101OTNTEG XPNOIMOTTOIWVTAG Old@opa IIKA OTEAEXN KOl
KOPKIVIKEG KUTTAPIKEG oc€lpég. Eivar aloonueiwto 61 kdmoia C-Kuavo
VOUKAEOQITIKA avaAoya, EP@AvIcav TTAPOUOIO GACHA KUTTAPOOTATIKOTNTAG UE

auTd TNG €AeUBePNS 5-pBopooupakiAng.
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HPOAOT'OX-EYXAPIXTIEX

H tmapouoa didakrtopikr) diaTtpIfy ektrovrBnke oto Epyactipio Bio-
opyavikig  Xnueiag Tou  TuApaTtog  Bloxnueiag-BiotexvoAoyiag  Tou
MavemoTtnuiou Ogooaliag, utmd TNV emifAewn Tou Kabnynti Opyavikig
Xnueiag, K. AnuAtpiou KopiwTtn Kal TTpayhaTEUETAl €va 10IAITEPA EVOIAPEPOV
EMIOTNUOVIKO Tredio, AUTO TNG OUVBEONG TPOTTOTTOINHEVWVY VOUKAEOCJITIKWV
avaAdywv.

Me Ttnv TTpayparotroinon TnG €ival avdykn va guxapioThow OAa Ta
dropya Tou ouvéBaAav ouolaoTikd o€ auth. [lNpwrtioTwg Ba nABeAa va
EUXOPIOTAOW Tov €TIRBAETTOVTA KOBNYNT Mou K. AnuATpio KopiwTtn yia Tnv
ETTIAOYN] TOU ETIOTAMOVIKOU BE€uaTtog, Kabwg Kal yia Tnv yePAtn ¢AAo kai
evBouaiaoud kabodriynon tou 6Ao autd To Xpovikd didoTnua. Ao Tn PETALU
Mag ouvepyacia Bewpw 6T dvTAnoca xproiga OIdAyPaTa yia Tn UETETTEITA
ETTIOTNMOVIKI KAl KOIVWVIKFA HOU TTOpEia.

Oepuég euxapioTieg Ba ABeAa va ameuBuvw oTta PEAN TRG TPIMEAOUG
OUMPBouAeuTIKAG emTpoThig, Tov KaBnynt k. Avdpéa Toortivn kal TOV
EpeuvntA A" K. Mnvd lMamraddtroulo yia TIg eUOTOXEG UTTODEIEEIG TOUG KATA Th
dldpKeIa ouyypagng autng tng diatpiPng. Euxapiotw ettiong, Tov KaBnynTtA K.
lwdvvn dAAo, Tov Kabnynt k. Kwvotavtivo Aitiva kai Tov Kabnynth K.
Mavayiwtn MapkouAdTo yia TNV TIUA TTOU JOU £KAVAV VO CUPUETACYOUV OTNV
emTapeAn egetaoTiky emTpoTrh. IdiaiTepeg euxaplioTieg Ba ABeAa va ekppdow
otnv  Kabnyntpia k. Eudoia KoutoUAn-ApyupotroUAou Trépa amd T
OUMMETOXA TNG OTNV ETTTAMEAR ETTITPOTTA, YIQ TN OUVEPYAOia TNG Kal ThV
TOAUTINN  BonrBeia TG o€ BEuaTta QACPATOOKOTTIAG Kal OTEPEOXNMEING, N
oTroia oTABNKe 1IBIATEPWS KABOPIOTIKH.

Oopeilw etriong Bepuég euxaploTieg oTn QIAN PHOU Kal CUVEPYATIOA yia
OAa autd Ta xpdvia PeTAdIdAKTOPIKA €PEUVATPIO K. 2TUAIavA Mavtd yia tnv
QUEPIOTN CUPTTAPAOCTACH, TO JIAPKEG KAl EIMIKPIVEG TNG evOIAQEPOV KAl TNV
akoupaaoTn Bonbeia TNG katd Tn die§aywyr auTtng TnNG Epyaaciag.

Emiong Ba nBeha va euxaploTiow OAoug aveldIpETWG  TOUG
OuVvadEAQOUG OTO £pyacThpio Bio-opyavikAg xnuUeEiag Tou Tuiuarog Bioxnueiag
Kal Biotexvoloyiag, PE TOUG OTTOIOUG HOIPACTAKAUE GCUYKIVAOEIG OAAG KOl
armroyonTeuoelg Ta TeAeutaia autd xpdvia. EidikdTepa, OepuEG euxapIOTIEG
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opeidw otn NepéAn Kouooupn, oto Bupwva Nopyoyiéta kal otov ToauTriko
MeTpdkn yia TNV OUCIACTIKI CUVEICQPOPA TOUG OTN OUYKEKPIYEVN OIDAKTOPIKA
diatpiBy. EmmAéov, Oa nBeAa va euxaplioTAOW Ta TwEIVA MEAN TOU
epyaoTtnpiou pag, 1N Bavéoa lNappevotrouAou, 1o NikdAao KoAAdTo kai T
Afuntpa kapaykouvn, ol oTroiol OTAONKAV apwyoi oTn dnuioupyia €vog
€INKPIVOUG KAIJATOG CUUTTOPEUONG Kal ouvepyaoiag. Idiatépwg Ba rnBeAa va
EUXAPIOTAOW TN ouvddeA@o Kal @iAn pou ABnva AnuotroUAou, ThG OTroiag n
QUEPIOTN OupTrapdoTacn MPEoa Kal €Ew ammd TO XWPO TOU €PYOOTnpiou
oTdONKE £€6XWGS ONUAVTIKA.

TéNog, dev PTTOpW TTOPd VA Eipal EUYVWHUWV YIa Tn oTHPIEN Kal BonBsia
TTOU JOoU TTPOCPEPE N OIKOYEVEIQ JOU Kal €10IKOTEPA N UNTEPA PoU lpiyévela Kal
0 adep@og pou NikdAaog. Eva eguxapioTw Bewpw Twg eival Aiyo, Kabwg
XWwpic TV TOAUTTAEUpn PonBeid Toug, TOANG Ovelipa pou Oev Ba eixav

uAoTroinBei péxpl onuepa.
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. EIZAFQrH

1.1 NoukAeoditeg, NoukAegoTidia kai NoukAgikda ogéa

O1 voukAeoliteg atroteAolv BeueAiwdn CUCTATIKA TwV PIOAOYIKWV
ouoTtnudtwy. H Baoiki dopr evég uaoikoU VOuKAeodliTn atroTeAeiTal amd duo
MEPN:

> Mia trevtdln, n oTroia givai gite 2 -0e0&u-B-D-piBogoupavéln eite B-
D-pIBogoupavodln, oTToTE o] VOUKA£0CiTNG KaAeiTal
deogupiBovoukAeolitng i pIBovoukAeodiTng, avtioToixa (Zxnua 1).

> Mia Troupivikry (adevivn, youavivn) 1 TupIkdIiviky (Bupivn,
OUpaKiAn, kutoaivn) BAon, n OTToia EVWVETAI JE TO OAKXAPO HE Eva
B-N-yAukoQiTikd deopd petalu Ttou TTpwToUu aAdeUdIKOU AvOpaka
NG Tevrodng Kai Tou N-1 aréuou Tng TTUpIpIdivng r Tou N-9 Tng
TToupivng (2xAMa 1).
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O1 voukAeoliteg peTaBoAiovtal TTPOG TIG AVTIOTOIXEG TPIGWOPOPIKES
TOUG OOMEG ATTO TIG KUTTAPIKEG KIVAOEG KAl TA TTPOKUTITOVTA VOUKAEOTIDIA
evwvovTtal PETa&u Toug Pe 3'-5' puo@odieaTePIKOUG DECHOUG, 0dNYWVTAG OTN
ouvBeon Twv VOUKAEIKWV o&Ewv pe Tn BorBeia roAupepacwy (Chu kai Baker,
1993, Townsend, 1988). Av T0 VOUKAEIKO 0&U TrepiExel pIBOGIn  wg
udatdvBpaka, ovouddleTal piBovoukAgivikd ofu (Ribonucleic acid, RNA), evw
av  TepIExel  2°-0eofu-pIBOCZn  ovopaletal  OeoupiBOovOuKkAgiviké  ou
(Deoxyribonucleic acid, DNA). Ta DNA kai RNA €xouv OAeg TIG afwTOUXEG
Bdoeig koivég, ekToG TNG Bupivng (T) TTou Bpioketal pdévo oto DNA Kal TRG
oupakiAng (U) tmou utrdpxel oto RNA. 210 oxAua 2 atreikovi¢etal n dour evog
TUApaTOog Tou DNA, OTTou Trapartnpeital N CUPTTANPWMATIKOTATA  TTOU
Xapaktnpiel 1Ig¢ dUo aAucideg (kAwvoug Tou DNA) wg 1Tpog Tnv akoAouBia
TwVv Bdoewv (A-T, G-C), evw TapdAAnAa arreikovi¢ovtal ol deapoi udpoydvou

TToUu oxnuatiovral PETAEU TwV VOUKAEOBACEwV Kal ouvdéouv TOug OUO

KAWVOUG.
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1.2 NoukAegoQITIKa avaAoya

O1 voukAeoliTeg avayvwpioTnkav wg Ta Baoikd douIKd cuoTaTikd Tou
DNA kai Tou RNA atrd TIG TTPWTOTTOPIOKEG EPEUVEG TTOU TTPAYUATOTTOINBNKAV
oTa T€An Tou 19°%Y aiva Kai oI apxég Tou 20°Y. To gpeuvnTikd evOla@EpoV yia
TOUuG VOUKAe0oCZiTeg TTOAQTTAQCIACTNKE KATA T dekaeTia Tou 1940 kal au&HOnke
KatakOpupa Ta eTOPEVA XPOVIA, OTTOU CUCTNUATIKEG MEAETEG TTAVW OTN XNUIKA
ouvOeon Kkail TIG BIOAOYIKEG 1010TNTEG TNG CUYKEKPIPEVNG KATNYOPIOG EVWOEWV
odfynoav o€ JEPIKEG ONUAVTIKEG OOMEC VOUKAEOQITIKWY avaAdywv e
eCAIPETIK  PIOAOYIKA KAl QAPMAKEUTIK  €@apuoyry  (Mikhailopulo  kai
Miroshnikov, 2010). At 161€ €va TTABOG avOAOYWYV PUOIKWY VOUKAEOZITWV
g€xouv ouvteBei, AapBdvovtag xwpa dIAPOPES TPOTTOTTOINCEIG TOOO OTO TUNAUA
TOU 0aKXApou, 600 O0ToV £TEPOKUKAIKO OAKTUAIO TnNG BAoNg.

2UYXPOVEG €pPEUVEG €XOUV KaTadeigel OTI Ta VOUKAEOJITIKG avdAoya
MTTOpOUV va Opdoouv WG avTIUETAROAITEG, avTaywVvI(OUEVOI TOUG QUOIKOUG
VOUKA£0(iTEG Kal va OAAnAemdpdoouv pe  evOOKUTTAPIOUG OTOXOUG E
QTTOTEAECUA VA TTPOKOAECOUV CNUAVTIKH QVTIKI 1} QVTIKAPKIVIK Opdon.
XNMUIKA TPOTTOTTOINUEVOI VOUKAEOCITEG XpnoidoTtrolouvTal KAIVIKG €dw  Kal
oxe0O6V MICO alwva KAl aTTOTEAOUV TOV aKpoywviaio AiBo yia Tn BepaTTeUTIKN
QVTIMETWTTION TTOAAWV 1IIKWV POAUVoEwv i dla@opwv Hopewyv Kapkivou. H
OUYKEKPIPEVN KATNYOPIa EVWOEWV TTAPOUCIAdel akOPa 1oXupr duvauIkn Kal
avaTTugn, kabwg Tta TeAeutaia xpdvia €xouv eykpiBei amd TN AlcuBuvon
EAEyxou Tpogipwv kai Papudkwyv Twv HIMA (Food and Drug Administration,
FDA) OpkeTd @APUOKO TrOU TTEPIEXOUV WG OPACTIK) Oucsia KATToIo
VOUKAEO(ITIKO avdAoyo (Jordheim et al. 2013). EmmTAfov, HEAETEG E£xOuvV
QWTIOEI TOUG TTIBAVOUG PNXAVICHOUG AVTIIKAG KAl AVTIKAPKIVIKAG Toug dpAong
atrodidovTag onNUAVTIKEG TTANPOQOPIEG OXETIKA HE TOUG MHETAROAIKOUG
METAOYXNUATIOMOUG  TOUG, oupTrepIAapBavouévou g METABOAIKAG

EVEPYOTTOINONG KOl ATTEVEPYOTTOINCTG TOUG.
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1.2.1 AVTIKOpPKIVIKA VOUKAEOQITIKA avaAoya

H OepateuTiKr QVTIMETWTTION TOU Kapkivou oTtnpiletal oTig peBddoug
TNG XEIPOUPYIKAG ETTEPPRAONG, TNG AKTIVOBEPATTEIAG KAl TNG XNMEIOBEPATTEIAG, Ol
OTToiEG Ouxvd XpnoliyoTrolouvTal ouvduaoTIKd. AvaAloya pe TO OTAdIO TNG
QVATITUENG TOU Kapkivou, n XnueloBepatreia pTTopei va xopnynBei yia va
Bepatrevoel Tov KAPKivo, ylia va Tov eutrodicel va egamAwbei 1 yia va
eMPBPaduvel TNV aVvATTTUER TOU.

Ta voukAeolITIKA avdAoya TTepIAAPBAvVOUV [ia TTOIKIAIG TTOUPIVIKWYV KAl
TTUPIMIBIVIKWYV TTAPAYWYWY, Ta OTTOid UTTOPOUV va gival dpacTIKd évavTi 1600
QIJATOAOYIKWY KaKOoNBeiwv 60 Kal dIAQOopwWY TUTTWV KAPKIVIKWY OyKwv. Ta
KUTTAPOTOEIKA VOUKAEOQITIKA avAAoya OTTOTEAOUV MEPIKEG ATTO TIG TTPWTEG
XNMEIOBEPATTEUTIKEG EVWDOEIG TTOU £XOUV £10aXOEi yia TN BgpaTreia Tou Kapkivou
(Galmarini et al. 2002). OI OUYKEKPIMEVEG EVWOEIG CUUTTEPIPEPOVTAI WG
avTIMETABOAITEG Kal AAANAETIOPOUV PE EVOOKUTTAPIOUG OTOXOUG, TTPOEEVWIVTAG
KUTTAPOTOEIKOTATA, €VW MTTOPOUV AKOWN va TTPOKaAéoouv suaiobnoia Twv
KOPKIVIKWYV KUTTAPWV OTNV EQAPHOLOUEVN OKTIVOBEPATTEIQ TPOTTOTTOILVTAG TOV
KuTtTapikd petaBoAiopd (Pastor-Anglada et al. 1998). Q¢ ek ToUToUu, €vag
MEYAAOG apIOPOG VOUKAEOQITIKWY avOAOYywWY XPNOIYOTTOIEITal €DW Kal TTOAAG
€Tn 0T BEPATTEIQ KAPKIVIKWV ACOEVEIWV.

210 TEAN Tou 2004, o FDA evékpive éva aKOUa VOUKAEo(iTh, TN
KAogapaBivn (Clofarabine), wg KAtdAANAO yia TNV QVTIMETWTTION TOU
Taidiarpikol kapkivou (Zhenchuk et al. 2009, Majda et al. 2011). H
OUYKEKPIMEVN E£YKPION KATAOEIKVUEI TNV QVTIKAPKIVIKA €KAEKTIKA Opdon Trou
O108€Touv opiopéva VOUKAEOQITIKA avdAloya. NoOukAeolITIKG avdAoya OTTwG
KutapaBivn (Cytarabine, araC), Telaoitafivn (Tezacitabine), lepoitafivn
(Gemcitabine, dFdC), Nreoirafivn (Decitabine), KAadpiBivn (Cladribine,
CldA), ®Aoudapafivn (Fludarabine, FaraAMP) «kai  Tpo&aoitafivn
(Troxacitabine) eu@avioTnKav wg ATTOTEAEOHATIKEG EVWOEIG OXI MOVO EVaVTI
TNG AEUXAIMIOG KAl TWV AEHPWUATWY, AAAG Kal €vavTl KAKOABWY OYKwV, EVW
véol pBopoTrupiuidIviKoi voukAeoliteg 6TTwg n Katreoirautivn (Capecitabine)
amodeixbnke 611 dpouv WG TPo@dppoka TG 5-¢pBopooupakiAng

ETTITUYXAVOVTAG UWNAGTEPEG OUYKEVTPWOEIG TNG OUYKEKPIKMEVNG VOUKAEORBAONG
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MOVO o€ KApKIVIKOUG dykoug Kal Xl o€ uyigig 1I0Toug (Galmarini et al. 2002,
Szafraniec et al. 2004) (2xAua 3).
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Mapd TNV avakdAuwn TTOAUTTANBWYV AVTIKAPKIVIKWY EVWOEWV, UTTAPXEI
dlapknAg avdykn yia kaivotépa kai  €€eAiypéva  @dpuaka. H  €AAeiyn
EKAEKTIKOTNTAG Twv AON XPNOIMOTTOIOUPEVWY EVWOEWV TTPOG TA KAPKIVIKA
KUTTOpA, odnyei oe 0oBapég TTAPEVEPYEIEG, OTTWG PUeAOTOEIKOTNTA (KOIVE] YIA
TTOAOUG  XNMUEIOBEPATTEUTIKOUG  TTAPAYOVTEG) KABWG Kal  €EEIDIKEUPEVES
QPAPPAKOTOELIKOTNTEG, OTTWG KAPDdIOTOEIKOTNTA Kal ve@poTolikoTnTa (Ojima et
al. 2002). 'Etol TrpoKUTITEl PEYAANn avdykn yia TAV QAVvATITUEN VEWV
VOUKAEOJITIKWV avaAdywyv, Ta oTroia B6a avayvwpilouv TIG €yyeVEiG dIaQOopPES
METAEU TWV KOPKIVIKWV KAl UYEIWV  KUTTApWV KAl Ba  TTpoo@épouv

ATTOTEAEOUATIKOTEPN BepaTTEia.

1.2.2 AVTIIKA VOUKAEOQITIKA avaAoya

O1 ukég MOAUVOEIG TTapEPEVAV YIA MEYAAO XPOVIKO didoTnua €va
TTAYKOOUIO 1aTPIKO TTPORANUa AGyw TNG EAAEIYNG ATTOTEAECUATIKAG BepaTTeiag
KaBwg¢ Kal TnNG atmrouaiag KAatdAANANGg oTpatnyikng TpoAnywng f epBoAiacuou.
EvrouToig, Ol OUCTNUATIKEG HEAETEG OPKETWV OEKAETIWV OTOV TOMED TWV
VOUKAEOQITWV ETTEQPEPAV OTNUAVTIKEG aANQYEG OTn BepaTreia Twv TTEPICCOTEPWV
IIKWV MOAUVOEWYV, JE TA VOUKAEOCQITIKA avAaAoya va atroTeEAOUV UEPIKES ATTO TIG
TTAEOV ETTITUXNMEVES AVTIIKEG EVWOEIG TTOU KUKAOQOPOUV UEXPI OAMEPQ.

Ta avTikd VOUKAEOQITIKA avdAoya XPNOIYOTTOIOUVTAl E€UPEWS OTNV
QVTIMETWTTION TOU 10U Tou atrAou éptrnta (Herpes Simplex Virus, HSV) tou
mepIAauBavel Ta utrogidn HSV; kal HSV,, Tou avBpwTTivou KUTTAPOUEYaAQioU
(Human Cytomegalovirus, HCMV), Tou 100 TNG avBpWwTTIVNG AvOOOTTOINTIKAG
avetrdpkelag (Human Immunodeficiency Virus, HIV) kai Tou 100 TRG NTTaTiTIdAg
(Hepatitis Virus) (De Clercq, 2005, Mathé kai Gosselin, 2006, Komiotis et al.
2008, Manta et al. 2013). H BioAoyiky Toug dpdon ouxva kabopileTal atmod
d1a@opeg TpoTroTroINCEIS TNG (2-0€0&U)-D-piBogoupavdlng TTou TrEPIAaPBAvEI
avTIOTPOP TwV OIAUOPPWOEWV TNG UOPOEUAOUAdAG, UTTOKATOOTACEIG ME
OIdpopeg OUVOETIKEG OPAdES, KABWG Kal OTTOOTTACEIS Kal OIAOTTACEIS TOU

OakTUAiou o1 oTtroieg odnyouv o€ OI0e0fuU Kal O€ AKUKAOUG VOUKAEOCITEG,
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avTtioToixa. AAEG evOIOQEPOUTES DOUIKEG TPOTTOTTOINCEIG TTEPIAAUPBAVOUV ThV
QVTIKATAOTAOTN TOU EVOOKUKAIKOU 0EuydVOoU Tou cakyxdpou atrd pia JeBUAevo-
oMada aAAd kal TNV €MITTAEOV TTPOCONKN €VOG ETEPOATOUOU OTO OAKTUAIO TOU
oakxdapou (Mansour kail Storer, 1997).

Amé 10 1963, 6tav o William Prusoff eiofjyaye Ttnv 5-1wdo-2°-
deoguoupidivn yia Tn Bepatreia Tou AatmAoU 100 Tou £PTINTA TOU KEPATOEIDOUG
€wg onuepa, voukAeoQITikad avdhoya O6TTwg 1do&oupidivn (Idoxuridine, 1dU),
TpipAoupidivn (Trifluridine, TFT), Acedoupidn (Acedurid, Edu), Bidapaivn
(Vidarabine, Ara-A), 'kavoikAoBipn (Ganciclovir, DHPG) kai ®auoikAoBipn
(Famciclovir, FCV) €xouv emtuxnuéva xpnoigotroindei yia tn Bepatreia 1wv
OTTwg 0 HSV, o HCMV «kai o 16¢ Tou gpmn{woTtipa (varicella-zoster virus,
VZV) (ZxAua 4). Avdueca oTta d1dgopa avTiiKA TTOU avatrTuxénkav yia Tn
Bepatreia Twv gptrnToiwy, n AkukAoBipn (Aciclovir, ACV) Bewpeital wg €va
amo Ta TAEOV aTrOTEAEOUATIKA AOYW TNG AUENMEVNG EKAEKTIKOTNTAG TTOU
d1abEtel aldG kal TG MIKpAG TnNG TogikoTNTag (De Clercq kai Field, 2006)
(Zxrua 4).

KaBopioTikry €tiong atodeiXxtnke n OUPBOAR Twv VOUKAEOQITIKWY
avaAdywv oTtnv KatatmmoAéunon tng acbéveiag Tou AIDS (Acquired Immuno
Deficiency syndrome), kaBwg peTd TNV €ykpion Tng 2°,3-010€08u-3 -
af1600uudivng (AZT) pia ogipd voukAeolitTwy 6TTwg ZaAoitaBivn (Zalcitabine,
ddC), Aidavooivn (Didanosine, ddl), ZrtaBoudivn (Stavudine, d4T),
AauiBoudivn  (Lamivudine, 3TC) ka1 Aputmrakafipn (Abacavir, ABC)
xpnoigotroienkav otn Bepatreia Tou HIV (Cihlara kair Rayb, 2010) (ZxAua 4).
Ta cuykekpiyéva poépia XapakTnpidovial wg VOUKAEOJITIKOI AVOOTOAEIG TNG
avtiotpopng Metaypagdons (Nucleoside Reverse Transcriptase Inhibitors,
NRTIS), £xovTag oav UOPIOKO-OTOXO TO CUYKEKPIUEVO EVCUNO-KAEIDI TNG IIKNAG
AVATTaPAYyWYNS Kal Ba TTPETTEI va JETATPATTOUV GTNV TPIQWOPOPIKI TOUG OOMN
yla va ackfjoouv 1n BioAoyikr) Toug dpdon. Meta&u Twv NRTIs, n AauiBoudivn
kal n EvrekaBipn (Entecavir, ETV) €ival eykekpiyéva @dpuaka atmméd tov FDA,
T OTroid XPNOIYOTTOIOUVTAl VIO TNV QVTIMETWITION Tng XPOVIag 10yevoug
nmatindag B (HBV). O1 ouykekpiyéveg evwoelg, TrTapdAo TTou dev UTTopouv va
e€aleiyouv TNV pOAuvon, ePTTOdICOUV ATTOTEAECUATIKA TNV AVOTTAPAYWYr TOU

10U, EAQXICTOTTOIWVTAG ' QUTO TOV TPOTTO TIG NTTATIKEG BAGPBEC.
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Mapd T onuavrikd autd emMTEUYUATA, OUVEXNAG E€ival n avAaykn
AVOKAAUWNG VEWV QVTIKWY VOUKAEOJITIKWY avaAOywv, TIPOKEIMEVOU Vva
QVTIMETWTTIOTOUV  didgopa  TpoBAAuaTa, OTTWG n PN METOBOAIKA  TOug
oTaBEPOTNTA, Ol TOEIKEG TTAPEVEPYEIEG, KABWG KAl N EUPAVION VEWV QVOEKTIKWV

IIKWV OTEAEXWV KAl KAT ETTEKTACH VEOEUPAVICOUEVWV IIKWV QOOEVEIWV.
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1.3 Tp61TOG SpAoNG VOUKAEOITIKWY avaAOywv

O1 QAPUOKEUTIKEG EVWOEIG AOKOUV TNV dpdon Toug aAANAETIOpwvVTag
ME KATTOI0 HopIakd aTOXO0, OTTWG POPIa-UETAPOPEIG, TTPWTEIVEG, EVIUPA aAAG
Kal VOUKAEIKG oféa, emnpedlovtag OpacTIKA Tn @ualoloyia TnG AsiToupyiag
TWV KUTTAPWYV KQI TOU OPYaVIOUOU. ZThV TTEPITITWON TTOU O HOPIOKOS OTOX0G
TOU QapPAKou gival evOOKUTTAPIKOG, €ival aQmapaitnTn n €loaywyrn Tou OTO
EOWTEPIKO TOU KUTTAPOU, WOTE VA UTTOPECEl €v ouvexeia va dpdoel. H
EKAEKTIKA €TTidpacn €vog QAPPAKOU PE TO Poplakd Tou OTOXO aTToTEAEl €va
TTOAU ONUAVTIKO XOPAKTNPIOTIKO, KABWG £T01 ATTOQEUYETAI N TTAPEUBOAN TOU
o€ GAAeG AeiToupyieg TOUu KUTTAPOU Kal Ta €mmak6AouBa TrpofAfuara
TOEIKOTNTAG TTOU TTIBAVOV VA TTPOKUWOUV.

‘Epeuveg €xouv amodei€el 611 n TAEIOVOTNTA TWV  VOUKAEOQITIKWV
avaAdywv TTou TTapoucidouv QvTIKEG Kal/f avTIKAPKIVIKES 1010TNTEG Dev gival
amo MoOva Toug evepyd, OAAG aTtToKTOUV T OpacTIKOTNTA TOUG aA@OoU
METOQEPBOUV OTO KUTTAPO Kal PETAPBOAIOTOUV atrd €vOOKUTTAPIKA €viupa. Ta
VOUKAEOQITIKA avdAoya €ival udpd@IAa popia Kal n mmabnTikr Toug didxuon
gival TrepIopIoPEVN, OTTOTE OE TTOAAEG TTEPITITWOEIG ATTAITOUVTAI ECEIDIKEUNEVES
TTPWTEIVEG-PETAPOPEIS yIa va dIaTTEPACOUV TIG TTAACHATIKEG MEUPBPAVES KAl va
eloaxBoUv ota KUTTapa. O CUYKEKPIPEVES TTPWTEIVEG MIOEIKVUOUV €va UOTIO
EK@paong TTou e€apTdaTal atrd ToV I0TO KAl ETTNPEACE! TN QAPPAKOAOYIKY dpdon
TWV TpoTTOTTOINKEVWV VOUKAeolITwV (Pastor-Anglada et al. 1998). Egpooov T1a
avdaAoya VOUKAEOQITWV €lcaxbouv OTo KUTTAPO, QWOPOPUAILLVOVTAI TTPOG TA
TPIPWOPOPIKA TOUG Trapdywya atrd KUTTapikA 1 KA €viupa. H TTpwTn
QPWo@opuAiwon odnyei oto oxnuatioyd Tou 5°-povopwao@opikol (MP)
VOUKA£0CiTN KAl TTPAyYMATOTTOIEITalI HE TR BoNBEIa pIag VOUKAEOJITIKAG KIVAONG.
AkoAouBei n perarpotri Tou MP-voukAeoditn TTpOg TNV avrioTtoixn 5°-
OIPWOPOPIKN KAl TPIQWOPOPIKA Tou Oopr}, n oTroia KataAuetal atrd TN
VOUKAEOTIOIKA KAl VOUKAEOQITIKA DIpwo@opIKr Kivdon, avTtiotoixa (Wagner et
al. 2000). 21n CuVvEXEIa, Ol EVEPYEG TPIPWOPOPIKEG DOPES TwV avaAOywV €iTe
EVOWMPATWVOVTAI KAl TPOTTOTToIouV Ta Jakpoudpia Tou DNA kai Tou RNA, €ite
TapeuBAaAovTal oe didgopa €viuua TTOU OXETICovTal PE T OUVOECN TWV

VOUKAEIKWY o&éwv, OTwg ol DNA TtoAupepdoeg, emdyoviag | autdv Tov
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TPOTTO TNV KUTTAPOTOEIKA A TNV avTikr Toug dpdon (Galmarini et al. 2002,
Berdis 2008).

‘Evag koivdég pnxaviopdg avTiiKAG Kal QVTIKAPKIVIKAG dpdong Twv
aVOAOYWV TWV VOUKAEOQITWV €ival N EVOWUATWON TOUG OTNV ETTIMNKUVOUEVN
aAucida Tou DNA, mpokaAwvtag Tn OIAKOTTH TNG €mINAKUVORS TG, H
OUYKEKPIMEVN Opdon TTAPOUCIAETAI OTO XAPOKTNPEIOTIKO TTapAdElya TOU
@apudakou AZT, étmmou o adido-voukAeoliTng TTpooAauBAveTal apxIkd atrd 1o
KUTTAPO, €veEPYOTTOIEiTAl UETARBOAIKA OTNV TPIQWOPOPIKA TOUu OOMN KAl OTn
OUVEXEID dpa WG avACTOAEAG TNG AVTIOTPOPNG METAYPAPAONG TEPMATICOVTAG
TRV aAucida Tou 1IkoU DNA PETA Th oUVOECH TOU O€ QUTH, KOBWGS ATTOUCIAEl N
37-udpogulo oudda kal dev PTTopEi va evweoei Ye TNV 5°-@wa@opik opdda Tou
erdpevou voukAeoTidiou (De Clercq, 2004) (2xAiua 5).

Kutrapikn
Mepppdvn
AZT AZTMP AZTOP AZT-TP
o] 0 0 0
,i@: Tk NH NH NH
N™ "0 N'L’O N’L*o N’go
Ho @0 o @01 o BBE-01_,

Kivdion Kivéion NoukAsofimikn

\ — —_— —_—
3 Aeotubupidivig N3 Movoguwogopikis N3 Ligwopopiki N3

AzofubBupdivng Kivdon

Y PR

AvtioTpogn
/3 »7 Meraypagdon
b ,
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H eKAEKTIKOTNTA AVAPECO OTNV QVTIIKA KAl TNV KUTTAPOTOEIKA Opdon Twv
VOUKAEOQITIKWV avaAOywv e¢apTdral atrd TNV £EEIOIKEUCN TOU UTTOOTPWHATOG
TWV  TPIQWOPOPIKWY TOUG OOPWV WG TIPOG TIG IIKEG KAl  KUTTAPIKEG
moAupepdoeg (Challand kai Young 1997). Ek16¢ TWwv TOAUPEPACWY, T
VOUKAEOITIKA avdAoya dpouv wg ATTOTEAECHATIKOI QVTIIKOI Kal AVTIKOPKIVIKOI
TAPAyovTeEG, MECW QAVOOTOANG KAl  GAAwv  evlUpwy, OTTWG  €ival N
agudpoyovdcn TNG HOVOQPWOQPOPIKAG Ivooivng kKal n  ouvldon T1ng
TPIPWOoPopIkAG KuTidivnG (De Clercq et al. 1991, Petrelli et al. 2013). Ta
OUYKEKPIMEVA EUPHUATA TTPOCPEPOUV VEEG EUKAIPIEG BEPATTEUTIKAG dpdong, UE
TAV QVATITUEN EVWOEWV TTOU Ba OToxXEUOUV O OIAPOPETIKA £vCUMA KAl Ol
otroieg Ba dlaBEéTouv ouvepyioTiK Opdon PE TOUG KAAOIKOUG avAOTOAEIG Twv
TTOAUMEPACWV.

H evrutrwoiakry Tpdodog oTnv Karavénon tou TpoTTou dpdong Twv
VOUKAEOCITIKWV avaAdywyv, oOAYNOE 0TN OTOXEUMEVN OUVOEDT TTAPAYWYWV HE
ATTOTEAEOHUATIKOTEPN PapuakoAoyIkry dpdon. Eival yvwoTto 611 Ta VOUKAEOITIKA
avdloya atrevepyoTroioUvTal PECW KATABOAIKWY BIadIKaoIwy, Ol OTToiES
TEPIAAUPBAVOUV TNV ATTAMIVWON TWV VOUKAEOJITWY TNG KUTOOIVNG KAl TNng
adevivng amd TIG QVTIOTOIXEG ATTAMIVACEG, OAAG Kal Tnv udpdAucn Tou
YAUKOQITIKOU TOUG OeCPOU atrd TIG VOUKAEOCQITIKEG Qwo@opuldoeg (Langen
1975, Mikhailopulo 2007, Montgomery 1984, De Crercq 2002). N€eg yeviEG
VOUKAEOQITIKWV avaAdywv oTTwg KAadpiBivn, XAwpagafivn, PAoudapafivn
Ol0BéTouv  Ta  amrapaitnTa OOMPIKA  XAPAKTNPIOTIKA, WOTE va augnbei n
avTiotaon otnv amapivdon Tng adevooivng, PEATIWVOVTAG ONUAVTIKA T
OpaCTIKOTNTA TOUG WG AVTIKAPKIVIKA gdppaka (Mikhailopulo kair Miroshnikov,
2010).

1.4 Tpotrotroinpévol NoukAgodiTeg

H Ttpotrotroinon Twv VOUKAEOQITWV €XEI avayvwPIOTEl cav  €va
onuavTiké gpeuvnTikd TTEdio yia TN BEATIWON TWV AVTIIKWY KAl AVTIKAPKIVIKWV
TOUG 1010TATWYV. KABe BioAoyikd evepydS VOUKAEOCITNG ATTOTEAEITAI KATA KAVOVQ
I) atrd pIa eTEPOKUKAIKA BdAon, n oTroia aTraITeiTal yia TNV avayvwpion até Ta

évfuua Kal To OUPTTANpwuatikG kKAwvo oTn dladikacia ouvBeong Tou
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VOUKAEIKOU 0&€0G, ii) TO THAMA TOU OAKXAPOoU Kal i) pia udpoguueBulo-ouada,
n OTroia ATTAITEITAI YIO TNV €VEPYOTTOiNON TOU avaAdyou aTrd TIG KUTTAPIKEG
kivaoeg (Herndndez-Reyes et al. 2012). To Tuiua ToU CaKXdpou MTTOPEi va
BewpnBei ocav €vag ouvdeTikOGG Bpaxiovag (spacer) Tou Ouvdéel TV
ETEPOKUKAIKY) Bdon e Tnv udpofuueBulo-opdada (ZxApa 6). H PioAoyikn
Opdon Twv VOUKAEOJITIKWY avaAdywv ouxvd kabopiletal amd Tn @Uon Tou
ouvdeTIKOU Bpaxiova (To @oupavolikdé OAKTUAIO OTIGC (QUOIKEG EVWOEIG), O
OTT0I0G AOKEi pIa onuavTiky €midpacn otn dIauOPPWON TOUu POopPIou Kal OTIG
AAANAETTIOPAOEIG TWV EVWOEWV UE TIG KUTTAPIKESG KIVAOEG.

YH™

(On N77 ETepoKUKAIKA
X4< Bdon
/ 7

Ydpogupebuho
Opeda > HO

YUVOETIKOG
Bpayiovag

Baoikfl Aoy} NoukAgodiTwv
Zxnpa 6

1.5 PoupavovoukAeoliteg

H T1rAeiovOTNTO TWV EPEUVNTIKWV TTPOOTTOBEIWV €XEI EOTIOOTEI OTO
oxedlaoud Kal ot oUvBeon VOUKAEOZITIKWY avaAdywv TTou atroTeAoUvTal aTrd
éva @oupavolikd OOKTUAIO, EVWHEVO HE MIa ETEPOKUKAIKN Bdaon (Troupivn n
TTUPIMIBIVN), YEYOVOG TTOU QVTIKATOTITEICETAI KAl OTIC XNMIKEG OOMEC TWV
TTEPICOOTEPWY  QVTIKWY KAl  AVTIKAPKIVIKWY  VOUKAEOQITWYV TTOU  £XOUV
avakaAu@Bei pExpr onuepa. H diapdpewon Tou @oupavolikou OAKTUAIOU
Bewpeital 6T diadpaparTifel Kevipikd poOAo oTn PloAoyiki dpdon Twv
VOUKAE0ZITWYV, v €va TTARB0G DOUIKWY TPOTTOTTOINCEWVY TTOU £XEI ETTIXEIPNOEI
odniynoe o€ PIOAOYIKA UTTOOXOUEVEG VOUKAEOCITIKEG DOUEG. AUO aTTO TIG TTAEOV
evOIaQEPOUOES TALEIG POUPAVOVOUKAEOQITWV TTOU £€XOUV PEAETNOET Ta TEAEUTAIO
Xpoévia atroteAoUv ol alBuVUAO Kal Ol KUOVO-VOUKAEOCITEG TTOU avaAuovTal

TTAPAKATW.
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1.5.1 AiIBuvuAo-@oupavovoukAeodiTeg

H aiBuvulopdda d1abétel kPO pEYEBOG Kal €TTTTEDN, YPAMMIKNA
otepeoxnueia, Aoyw Tou sp uBpidiopou g (Trachsel, 2003). AtmoAapBdvel
1IB1aiTEPNG dNUOPIAIOG OTNV Opyavikr ouvBeon, dIOTI O TPITTAGG DECUOG UTTOPEI
€UKOAQ va peTaTpaTrei o€ DIAPOPETIKEG AEITOUPYIKEG oddeg (Brandsma, 1988).
Emixeipeital ouxva n eicaywyr tng o€ Nopia ¢apuakoAoyIKoU evOIOQEPOVTOG,
KaBwg €xel Tn duvatétnTa va €mOPAoel 0Tn XNMUIKI TOUG dPACTIKOTNTA PECW
NAEKTPOVIKWV QAIVOPEVWY, OTTWG eTTaywyika (Wermuth, 2008).

®oupavovouKkAeolITIKG avdAoya TTou @EPOUV TRV aIBuvVUAOPAda wg
dlakAadiopévn aAucida OTO TUAPA TOU OAKXAPOU, ATTOTEAOUV £va ApPKETA
€AKUOTIKO QVTIKEIHEVO PEAETNG AOYW TNG ONMAVTIKAG BIOAOYIKNG Toug dpdong.
EidikéTepa, Ta 3°-C-aiBuvulo-voukAeolITIKG avdAoya Tng oupakiAng EUd kai
NG kutooivng ECyd (ZxAua 7), amoTeAoUV ONUAVTIKOUG QVTIKAPKIVIKOUG
TTAPAYOVTEG EVavTl EUPEOG PACHUATOG KaKONBwv Oykwv (Hattori et al. 1996).
AtiCel va onueiwBei 611 N TTapoucia piag 2°,3°-cis d16ANG OTO POPIO TOUG
ATTOQEIKVUETAI WG £Va ATTAPAITNTO OOMIKO XOPAKTNPIOTIKO yIa TNV €UQAVION
KUTTOPOTOEIKOTNTAG, KABWG Ta 3 -aIBUVUAO-ETTINEPH TOUG €ival BIOAOYIKWG
avevepyd (Hattori et al. 1998). Emmpdobeta, n 1-(3"-C-aiBuvulo-B-D-pifo-
TTeviopoupavoluAlo)kutoaivny (ECyd), n otoia artroteAei €vav  10XUpo
avaoTtoAéa TnG RNA TtroAupepdong (Kazuno et al. 2009), Bswpeital wg £va
eATTIOOQPOPO  AVTIKAPKIVIKO PAPUAKO, TO OTToi0 BpioKeTal OTO OTAdIO TWV
KAIVIKWV OokKIpwyv. H ouykekpipyévn €vwaon utropei emTAéov va BeATIWOEI TV
QTTOTEAECHATIKOTATA TNG OAKTIVOBEPATTEIQG OE€ CUUTTAYEIG KAPKIVIKOUG OYKOUG,
ETMOPWVTAG KATACTAATIKA OTOUG €TIOIOPOWTIKOUG pnXaviopoug Tou DNA Twv
KAPKIVIKWV KUTTdpwv (Meike et al. 2011).

o) NH,

| NH ﬁN
Nko HOL_ | N/go
"o

HO ||
/O
OH OH OH OH
EUd ECyd
Ixfipa 7
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H sicaywyry Tng aiBuvulo opddag otnv 4 Béon Tou @oupavolikou
dakTUAiou, 0dAyNOE €TTioNG 0€ EVOIAPEPOVTEG VOUKAEOCITEG TTOU TTAPOUCIAlouv
onuavtiky avtiiky Opdorn. Or TupIkIdIVIKOi  Kal  TTOUPIVIVIKOi  2°-0g0gu
voukAeoditeg 11l kai o apapivo-voukAeolitng Tng kutoaivng lll eugpavifouv TTOAU
ioxupn avti-HIV dpdon, pe opiopévoug atmd autolg va TTAPAPEVOUV EVEPYOI
EvavTtl avlekTIKwy oTeAexwv Tou HIV (Ohrui et al. 2000) (2xApa 8). 2NPAVTIKO
evllapEpov eTTiong Trapoucidlel 1o 4°-C-aiBuvulo Trapdywyo Tou stavudine
(4'-Ed4T), kaBwg epgavilel kaAutepn avti-HIV dpdon atrd Tn PNTPIKH £€vwon
(Haraguchi et al. 2003) (Zxnua 8).

NH, X
N/Lﬁa NE NN
HO HO
o} o}
Z Vi
OH OH
| Il
R=H X=Y =NH,
R = Me X = OH, Y = NH,
R=F X=NH, Y=H
NH, o}
ﬁl IIA&
N~ 0
HO HO N0
090 o)
é //
OH
1l 4'-Ed4T
Ixfpa 8

H tmapouacia tng ailBuvulo opddag otnv €TEPOKUKAIKA Bdon odrynoe
€TMIONG O VOUKAEOZITEG PE EVTOVO QAPUAKOAOYIKO evdiagEpov. H 5-aiBuvulo-
2°-0eofu-oupidivn (EdU) (ZxAua 9), mapouciace augnuévn KUTTAPOTOEIKNA
Opdon €vavtl TWV KAPKIVIKWY KUTTOPIKWY OCEIPWV TOU avOpWITIVOU HaCTOU
MCF-7 kai MDA-MB-231 (Meneni et al. 2007). EmimrAéov, 10 5-a1BuvuAo-1-6-
D-piBo@oupavolulo-1H-1idaloro-4-kapRogauidio (EICAR) trou etmiong @épel
TNV a1BuvuAo opdda oTnv eTEPOKUKAIKY) BAon TTapouaciddel eEQIPETIKEG AVTHIKES
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I016TNTEG. ZUYKEKPIMEVA N avTIKY Tou Opdon ep@avidetar amd 10 €wg 100
PopEG heyaAuTtepn atrd autr) Tou ribavirin (RBV) (Wu et al. 2005), To otroio
gival To OpacTIKO CUCTATIKO TOU HOVADIKOU (pAPUAKOU TTOU XPNOIUOTTOIEITAl YIa
TN BgpaTreia Tou 10U TNG nmaTitidag C. EmmAéov TG avTikig Tou dpdong, To
EICAR 01061l KUTTOPOTOEIKEG 1010TNTEG, €MTTOdICOVTAG TNV  AVATTTUEN

d1apOPWV KAPKIVIKWV KUTTApwV in vitro (Minakawa et al. 1991).

0 0 0
% NH
NH N NH; N 2
4 \
OH OH OH OH
EdU RBV EICAR

IxfApa 9

1.5.2 Kuavo-@poupavovoukAeodiTeg

Tig TeAeuTaieg dekaeTieg €va TTARBOG VOUKAEOITWY, Ol OTTOI0I PEPOUV
dlakAadwaoelg oTo @oupavolikd dAKTUAIO €xouv ouvTeBei Kal agloAoynOei yia
TIG AVTIIKEG KAl QVTIKAPKIVIKEG TOUG 1010TNTEG (Hayakawa et al. 2004, Johnson
et al. 1995, McCarthy et al 1991, Takenuki et al. 1988). Am6 TIG dIAPOpPES
TPOTTOTTOINCEIG TTOU €XOUV KATA KaIpoUg €peuvnOei, N €l0aywyr TNG Kuavo-
OMAdAG OTO POPIO VOGS VOUKAEOCITH TTAPOUCIAlel £VTOVO evdlapépov AGyw Tou
MIKPOU peyEBOUG Kal TNG MEYAANG nAeKTPOpvNTIKOTATAG TTOU  JIABETEL.
Mpdyuarti, n Kuavo-oudda atoTeAel pIa EexwPIoTA AEITOUPYIKr oudda Adyw
ToU Bpaxéwg, ToAwpévou TpITAoU deopou (Le Questel et al. 2000), evw n
YPOUUIKY, PORDOHOPPN YEWMETPIO TNS HE KUAIVOpIKT SidpeTpo 3.6 A yia To Tr-
ovotnua (Fleming et al. 2010), TrpokaAei €AAXIOTEGC OTEPEOXNMIKEG
TapeUTTOdioeIg KATA PRKog Tou dafova. Emiong, n kuavo-opdda Adyw Tng
NAEKTPAVNTIKOTATAG TNG UTTOPEI VA €XEI ONUAVTIKEG ETTITITWOEIS OTN XNMIKA
OpaoTIKOTNTA €VOG HOpiou, evw gival yvwoTd OTI €xel onuavtikdé pdAo oTo

oxnuaTioud deopwv udpoyodvou pe didgopa apivotEa (Laurence et al. 2009).
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H ouykekpipyévn opdda eival €miong apKeETA avOEKTIKA Kal 0TV TTAEIoVOTNTA
TWV TEPITITWOEWV Oev  PETABOAICeTal atreuBeiag, evw TO VITpiAlo OTQ
TEPIOCOTEPA  QPAPHUAKA Trou ouvdéeTal, Tepvdel amd TOV  Opyaviouod
apeTdBAnTO (Boyd et al. 2009, Ziemniak et al. 1984).

XapakTnpIoTIKO TTapddElyua AUuTHS TG KATNYOPIAG EVWOEWV ATTOTEAEI N
2°-C-kuavo-2’-deogu-1-B-D-apafivopoupavoculokutooivny  (CNDAC), Trou
TPOEKUYWE e  avTikatdotaon Tng  2°-udpofulouddag Tou  yvwaoTou
avTigetTaBoAitn Ara-C amd tnv Kuavo opada Kal atroTeAei €va onuavtikod
QVTIKAPKIVIKO TTapAyovTa €vavTl €UPEOG PACHATOS KAKOABWV OyKwv, OTTWG
auTtou Tou TTveUpOva Kal Tou oTopdyxou (2xApa 10) (Azuma et al. 1993). To
CNDAC 0d108€tel £va povadikd pnxaviopd BioAoyikig dpdong KabBwg PETA TNV
evowpdtwon tou oto DNA, 1rpokalei priyparta tng povrg €Aikag Tou DNA, Ta
oTroia PeTATPETTOVTAI O€ OTraciyara TG OITAAG €Aikag, 6tav Ta KUTTAPA
TEPVAVE a1 TN OeUTEPN S QACHN TOU KUTTAPIKOU KUKAou (Liu et al. 2012).
Toéco o evepydg petafoAitng CDNAC, 600 kal T0 OTOUATIKA BiodiabEoiuo
TPpoPApuako ZatraciTautrivy (Sapacitabine) (ZxAua 10), Bpiokovtal auTth TNV
mEPIodO o€ KAIVIKEG OOKIUEG yia Tn Bepateia aoBevwv HE QINATOAOYIKES

KOKONBEIEG KaI/f] YIO TAV QVTIMETWTTION CUMTTAYWVY OYKWV.

0]
NH, HN
| SN ﬁN
N&o Nl“\o
N N
HO Il HO Il
(O O
OH OH
CNDAC Sapacitabine
ZxAua 10
16

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Eicaywyh

Atloonueiwtn  €ivar  emiong n  avrik)  Opdon  OPICHUEVWV
POUPAVOVOUKAEOJITWYV TTOU PEPOUV WG dIaKAAdwON TNV Kuavo-opdda otnv 4'-
B¢éon Tou oakxdpou. Ta 4°-kuavo VoukAeoQITIKA avdAhoya Tng Buuidivng IV kai
d1apopwv TToupIvwv V, gugavi¢ouv évrovn avti-HIV dpdon (ZxApa 11), evw
EMITTAEOV Ol TTOUPIVIKOI VOUKAEO(iTEG V TTapoucidlouv auénuévo evOlagEpov
KOBwWG TTapaPEVOUV EVEPYOI EVaVTI AVOEKTIKWY oTEAEXWYV Tou 10U HIV (O-Yang
et al. 1992, Kohgo et al. 2003). AgiCel TEAOG va onuelwBei 0TI N ouvBeon Twv
4’-UTTOKQATECTNUEVWY  VOUKAEOCITWY TTPAYUATOTTOIEITAl TPOTTOTTOIWVTAG 0N
ouvTeDEINEVOUG  VOUKAeo(iTeg, KaBwg atrodeixtnke o611 1a  4°-C-kuavo-
UTTOKOTECTNMEVA  Kuavoodkyxapa  OIaBETouv  MIKPRp  OpaoTIKOTNTA  OTIG

avTidpdoelg YAukoCuAiwong Pe TIG KATAAANAEG VOUKAEORAOEIG.

0 R,
NH NN
HO. HO !
o ¢!
% y
7
NTon N OH
Y Vv

R]_:H, RZZNHZ
R]_: R2=NH2
R; = H, R, = OH
R]_: NH2, R2= OH

ZxApa 11

1.5.3 ZTEIpavIKOi poupavovoukAeoliTeg

Mia aouvrBioTn karnyopia VOUKAEO(ITWV OTTOTEAOUV Ol OTTEIPAVIKOI
@oupavovoukAeoliteg, ol otroiol dlaBéTouv dUO OAKTUAIOUG OTO TURAMA TOU
OOKXAPOU, EVWHPEVOUG MECW €VOG atopou dvBpaka. To evdla@épov yia Tn
OUYKEKPIPEVN KATnNyopia TTpoékuye PETA TNV atmmopdvwon Tou Hydantocidin
atro QUOIKN TTNYN, VOGS WeUdOVOUKAEOCiTN HE CICaVIOKTOVO dpdon TTOU £QEPE
éva oTreIpavikd KUKAIKO DAKTUAIO OTO avWUEPIKO KEVTPO. ATTO TOTE €va TTARB0G

avaoAdywv Tou @Epouv TO OTreIpavikd OOKTUAIO ot did@opeg BEoeIg Tou
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oakxdpou €xel ouvteBel, pPeE opiopéva o autd va  TTapoucidlouv
evolapEPoUoEeS avTiikeEG 1010TNTEG (Tronchet et al. 2000, Maity et al. 2008).

Mia evOlapEpouca opdda CTTEIPAVIKWY EVWOEWV atroteAouv ol TSAO
VOUKAEOCITEG, OI OTroiol €XOUV WG TIPODPOMEG EVWOEIG TA OAKXApaA
Kuavudpivwv Kal Odlabétouv aloonueiwtn dpdon €vavti Ttou 100 HIV-1.
ATtrapaitnTn TPoUTTOBeon yia Tn PIOAOYIKI Toug dpAcon aTToTEAEl N TTapouaia
NG AITTOQIANG tert-BouTuAo-dINEBUAOCIAUAONADAG KAl TOU  OTTEIPAVIKOU
dakTuAiou TOou  4-apivo-1,2-0€abeloho-2,2-010¢eidlou 01O Poupavolikd
OaKTUAIO. AUo a1rd TOUG TTPWTOUG VOUKAEOCITEG TTOU CUVTEBNKAV, ATTOTEAOUV
Ta avaloya VI kai IX (ZxAua 12), Ta oTroia TTpoEpXoVTal ATTo TIG KUAVUDPIVEG
VI kai VII, avtioTtoixa (Camarasa et al. 1992). A&iCel va TovioTei 611 o1 TSAO
VOUKA£0(iTeG TTapouciddouv PeYAAn ekAekTikdTNTA oTov 16 HIV-1 Adyw TNng
€1I0IKAG aAANAeTTidpacAg Toug pe TRV p51 utropovdda Tou €vCUPOU TNG
avtioTpoeng Metaypa@dong. Q¢ €k ToUTOU TTAPd TOUG TTEPIOPICHOUG OTN
XPNOIYOTTOINON TOUG WG KAIVIKA QVTI-PETPOIKA QAPUAKA, TA 1DI1QiTEPA AUTA
MOpIa atrodeixTnKaV TTOAUTIMA €pyaAsia oTn MEAETN TNG aAvTIYPAQNSG Kal
QAVOOTOANG TOU OUYKeKpIPEVOU eviupou (Camarasa et al. 2004).

o} 0
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1.6 MupavovoukAeodiTeg

Tig TeAeuTaieg dekaeTieG, 0 APIOUOG TV CUVTEBEINEVWY VOUKAEOITWV UE
TPOTTOTTOINUEVO  TTEVTAMEAN udaTavOpakikG OAKTUAIO €xel auénbei oxedov
EKOETIKA, O©€ dPeEOn qATOKPION TNG ETMITAKTIKAG avdykng yia VEOUG
BepaTreuTIKOUG TTapdyovTeS. MNapdAn OUwWS TV EUpEia KAl APKETA ETTITUXNMEVN
XPNOIMOTTOINGN QVTIKWY KOl QVTIKOPKIVIKWY QAPPAKWY PE dPACTIKA ouaia
KATTOI0 OUPAVOVOUKAEOQITIKO avdAoyo, TTpoBARuata oTig Bepatreieg 6TTwG ol
TOCIKEG TTAPEVEPYEIEG AANG KAl N €UQAVION VEWV AVOEKTIKOTEPWV KWV
OTEAEXWV KaI OYKWV, E0TPEYPAV TO £PEUVNTIKO EVOIAPEPOV OE VEEG KOl TTOAAEG
POPEG TTPWTOTUTTEG KATNYOPIEG VOUKAEO(ITwWV. YTO TO Tpiopya auto, Ta
TTUPAVOVOUKAEOQITIKA avAaAoya €xouv TTpoTaBei oav pIa EVAANOKTIKY Kal
OUYXPOVWG evOIa@EPOUCA KATNYOPIa VOUKAEOJITWY TTOU TTAPOUCIAlEl EVTOVO
BioAoyiké evdiagEpov.

AtiCel va onueiwBei OTI 0 TTPWTOG VOUKAEOZITNG TTOU CUVTEBNKE TTOTE
XNUIKG ATavE €va TTUPAVOVOUKAEOCITIKO avdAoyo. H ouykekpipgévn ouvBeon
EMITEUXONKE TO 1914 amd Toug Fischer kai Helferich, étrou cupTrUkvwaon Tou
2,3,4,6-1eTpaKIG-O-akeTUNO-a-D-yAUKOTTUPpaVOlUAOBpwHIdiou pe TO dAag Tou
apyupou TnG 2,8-0ixAwpoadevivng, akoAouBoupevn atmd a@udpaloyovwon
Kal ATTOTTPOCTACIA odAynoe oTO oXNMATIONO g N°-(B-D-
yYAukoTtrupavoluAo)adevivng X, TnG otroiag n dour KaBopioTnKe PE ca@rvela

24 xpovia apyotepa ammo Toug J.M. Gulland kai L.F. Story (ZxAua 13).

NH,
OAc NH; OH (Nj\/QN
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To epeuvnTiKG €vOIOPEPOV YIA TIG OUYKEKPIMEVEG EVWOEIG QUENONKE
ONMAVTIKA PETA TNV avakdAuywn OTI TTOAAG QUOIKA avTIRIOTIKG atroTeAoUvTal
aTTO VOUKAEOCITEG TTOU PEPOUV TTUPAVOCLIKOUG DAKTUAIOUG OTO YAUKOCQITIKO TOUG
TuApa (Watanabe et al. 1974, Antonakis 1989). XapakTnpIoTIKA TTapadeiypara
amotehdolv.  n  1-(2°,3"-010e0fu-a-L-yAukepoTtrevToTTupavolulo)kutooivn i
aAAIOG YVWOTA WG TTevToTTupavivn A (pentopyranine A), n apioeTivn (amicetin)
KaBwg Kkal n youyepotivn (gougerotin) (ZxApa 14), n oTtoia TTapousiAdel

ETTITTAEOV EVOIOPEPOUTES AVTIIKEG KAl AVTIKAPKIVIKEG 1D10TNTEG.

NH, Lo NH
. N NH o N\\<
w A HOM‘\”/ NH 0
o HO OH
o
Pentopyranine A Gougerotin

H:C  NH,

-,

H 2
N

\[1/1</OH
H
/ /\\i‘ 0
OH N
O% A

Amicetin

ZxApa 14

Mpdo@ata avavewpévo evdlapépov £xel EKONAWDBEI yia Ta VOUKAEOJITIKA
avaloya pe e€apeleic udatavBpakikoug dakTuAioug, perd Tn diatrioTwon OTi
d1aBeTouv auénuévn otaBepdTnTa Adyw TnG avrtiotaong otnv udpdAucn Tou
YAUKOQITIKOU TOoug OeapoU, n oTroia aTroTeAEl Kal TO OUVNBIOPEVO POVOTTATI
atrolkodoéunong Toug (Nair kal Buenger, 1990). NMAABog TTupavovoukAeolITWV
€xel ouvteBei pe otd)0 va avatrTuxBouv véeg evwoelg Pe avTikéS (Verheggen
et al. 1993, Verheggen et al. 1995, Maurinsh et al. 1997, Ostrowski et al.
1998), avtikapkivikég (Dimopoulou et al. 2013, Mane et al. 2011, Manta et al.
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2012), avTipioTikég (Haouz et al. 2003, Stauffer et al. 2009) ka1 avTIOEEIDWTIKES
1016TNTEG (Spanou et al. 2007, Spanou et al. 2011).

2UOTNUATIKEG DOMIKEG TPOTTOTTOINCEIS TOU €EAUEAOUG udaTaVOPAKIKOU
dakTuAiou 0driynocav oTtnv avdmtuén véwv Tafewv KeTo, e€wueBuAevo, @Bopo
Kal Og0&u-TTUPAVOVOUKAEOLITWY, Ol OTToiol dIaBETouv oNnUAvVTIKR BIOAOYIKA
O0pdon (Tsoukala et al. 2012, Tsirkone et al. 2010, Manta et al. 2014).
MupavovoukAeodiTEG QUTWYV TWV KATNYOPIWV Eival yVwoTo OTI TTAPEPTTOdI(OUV
Tn ouvBeon Tou DNA, Tou RNA kai 611 avTidpouv PE TIG COUAPUOPUAO-OUADEG
TWV KUTTAPIKWV TTPWTEIVWV Kal eviUpwyv (Aujard et al. 1978, Halmos et al.
1983). O pnxaviopog TG dpdong Toug cuxvd TrepIAauBavel TNV IKavoTnTd
TOUG va AciToupyoUv oav OEKTEG o€ pIa avTidpaon TpooBdnkng TutTou Michael,
evw evOlagEpov TTapouciadel kal n OlatrioTwon 611 TTOAAG VOUKAEOQITIKA
avaloya TG 5-¢pBopooupakiAng Opouv  w¢ TTPo@ApUaKa  TNG  5-
@POopooUPaKIANG £€XOVTAG OaV KUPIO HOPIaKO OTOXO TNG KUTTAPOOTATIKAG TOUG
dpdong tn ouvBdaon Tou BuuIdUAIKou (Tzioumaki et al. 2009, Tzioumaki et al.
2011). Avo amd TIC CNPAVTIKOTEPEG KATNYOPIEG TTUPAVOVOUKAEO(ITWY TToU
EXOuV PeAETNOET evdeAexwg yia Tn BloAoyikh Toug dpacTIKOTNTA gival oI @Oopo
Kall OE0EU-TTUPAVOVOUKAEOLITEG.

H eicaywyrn Tou nAekTpapvnTikoU ardpou ¢Bopiou otn 3°-6éon evédg
TTUpapavolikou OakTUAiou, OOAynoe ot MIA VvEA OeIpd  QOOPIWPEVWV
TTUPaVOVOUKAeoITIKwY avaAoywv Xla-& kar Xl (ZxAua 15), o1 oTroiol
emedeICav onUAvTIK) dpdon o€ PopIakS eTTITTeEdO WG AvVAOTOAEIG Tou ev{UloU
NG TOoAU(A)-e€eidikeupevng piBovoukAedong (PARN), éva onuavtiké €viupo-
KA€IOi otnv amoikodounon tou mMRNA péow TtnG Bpdyxuvong tng TTOAU(A)
oupdg Tou (Balatsos et al. 2009, Balatsos et al. 2012). KivnTikd Treipapara
amédeigav o1 o1 3"-@BopoyAuKOoTTUPAVOVOUKAEOLiTEG avaoTéEANoUV TO €vUMO
NG PARN 0€ XOuNAEG OUYKEVTPWOEIG, ME TOV VOUKAEOCITN TNG oupakiAng Xly
va amoteAei Tov TAéov atroTeAeopaTikd avaoToAéa. O evWOEIG TTOU
egetdoTnkav Kal avaoTEAAOUV atToTeAeCUATIKA TO €v{Upo TNG PARN, ptTropouv
moavoTata va €XOUV  QOPUAKEUTIKEG E€QAPMOYEG 0T puBpIon NG
armrolkodounong Tou MRNA, Kupiwg O TEPITTTWOEIS ATTO-pUBUICONEVWV

(KapKIVIKWV) KUTTapIKwV oeipwv (Balatsos et al. 2012).
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O1 3 -pBopiwpévol TTUpIMIBIVIKOI TTUupavovoukAeoditeg (evwoelg XIB-g,
X, ZxApa 15) emdeikvuouv €TTioNG onuavTikl dpdon WG AVTAYWVIOTIKOI
QVOOTOAEIG TNG WO POopPUAdoNnG Tou puikou yAukoyovou (GP) (Tsirkone et al.
2010). O1 ouyKeKpIPEVEG PENETEG €ival APKETA ONUAVTIKEG KaBwg n GP eivai
éva €vCUlo pE KeVTPIKO pdAo oTtov kataBoAioud Tou yAukoydvou Kal Bewpeital
€Vag APKETA UTTOOXOMEVOG MOPIOKOG OTOXOG Yia TO OXEOIOOUO aVACTOAEWV

TTOU B0 EMITPEWOUV TO BEATIWHPEVO YAUKQIUIKG €AeyxX0 OTO dIaATN TUTTOU 2.

Rt R NHCOGH,
OH 8/_\<N OH </NI\k N
- OH F OH
Xla: R = OH, R = CHy Xl

B:R=0OH,R; =F
YV:R=0H,R;=H
8. R=NHBz,R;=H
€& R=NH,, R;=H

OH 720\

X1l

ZxApa 15

H eicaywyrf Tou @Bopiou oc cuvduaoud pe KAtrola eTTITTAEOV OOMIKN
TpoTroTroinon Tou eEaueAoUC OAKTUAIOU 0dNyNoE OE VEEG TTPWTOTUTTEG OEIPEG
VOUKAEOQITIKWY avaAdywv, o1 oTroieg Trapouacidlouv  €viovo  PBloAoyikd
evOIapEPOV. 2 UYKEKPIUEVQ, atrodeixbnke oTl 3’-@Bopiwpévol
keTOTTUpavovoukAeoliteg TG N*-Bev{oUAokutoaivng pTropolv va BswpnBolv
eEATTIOOQOPEG YIA TNV AVATITUEN AVTI-EVTEPOIIKWY QaAPHAKWY (evwoelg XIV- XVI,
oxnua 16), evw Trapouciocav ONUAVTIK KUTTAPOTOEIKA Opdon €vavTi
O10pOpwWV  KAPKIVIKWY  KUTTAPIKWY CEIpWV  Kal  €I0IKOTEPA  EvavTl  TwV
AVOPWTTIVWV YAOTPIKWV KAPKIVIKWY KUTTApwv (AGS) (Manta et al. 2009).
EmAéov,  @BopoTtrupavovoukAeoliteg, ol omoiol  dlaBéTouv  dia
BelorupIdIVUAIK  opada  otn 6°-6éon  Tou  COKXdpou  Trapouciacav
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avTITTOANATTAQOCIOOTIKEG  1010TNTEG  €vAVTI  AEUXAIMIKWY  KUTTAPWY  TTOVTIKOU
(L1210) kaBwg Kal Twv AvEPWTTIVWV KAPKIVIKWY KUTTAPWY TOU TpaxrnAou
(HeLa) (Evwozeig XVII, oxApa 16) (Tsoukala et al. 2010) .

NHBz NHBz
o N 0
N e
F N
F
(0] (@) 0
XIV XV
A
NHBz / R 0
—
oK (\\( N S/S N
F W{ F \W
OH
o) o) o)
XV XVII
R=H
R=F
ZXApa 16

TéAog, n avrikardotaon evog udpofuliou atrd éva dTopo udpoyodvou o€
Mia A kai  TreplocdteEpEg B€oelIc  TOU  oakydpou, 0dRynoe o€
Oe0EUTTUPAVOVOUKAEOJITIKA avdaAoya TrouU €P@Avicav onpavtikh BIoAoyIKA
Opdon. MeAETEG TTOU TTPAYUATOTTOINONKAV OE TTOUPIVIKOUG KOl TTUPIMIBIVIKOUG
2°-0eogutrupavovoukAeoliteg  amedeiav 0TI TO  PHOVOPWOPOPUAIWUEVO
avaloyo tng oupakiAng XVIII kai To avdAoyo Tng youavivng XIX diaBEtouv
eVOIOPEPOUTES QVTIIKEG KAl QVTIKAPKIVIKEG 10160TNTEG, avTtioToixa (Nord et al.
1987) (Zxnua 17). Mia akoun diatriotwaon Tou au&dvel To evOIaPEPOV IO TOUG
0e0gu-vouKkAeo(iteg, atToTeAei TO yeyovdg OTI OAlyovoukAeoTidia, Ta oTroia
mepiExouv  d1deou-B-D-epuBPOo-££OTTUPAVOVOUKAEOTITEG, MTTOpOUV  va
XPNOoIPoTToINBoUV w¢g avTivonuaTtikd oAlyovoukAeoTidia (Augustyns et al.
1994). Mia dAAn acuvnBioTn KaTnyopia deofUTTUPAVOVOUKAEOITWY OTTOTEAOUV

ol 1,5-avudpoe€IToOA0-VOUKAEOCLITEG, OI OTTOIOI UTTOPOUV Va Bswpnbouv wg 2'-
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0e0gU-QoUPaVOVOUKAEOQITIKG avdAoya MeE dleupupévo OaKTUAIO, OTTOU pia
MeBUAevo-opada cioépxeTal PETAEU TOUu O&uyovou Tou OOKTUAIOU Kal TOU
aTOMOU TOU AVOPOKA TTOU EVWVETAI PE TNV ETEPOKUKAIKN Bdon (Verheggen et
al. 1993, Verheggen et al. 1995) (Evwoeig XX, XXI, oxAua 17). ‘Eva emimmAéov
evOla@Eépov  OOMIKO  TOUG  XAPOKTNPIoTIKG  atroteAei o afovikdg
TPOCAVATOAMIOUOG TNG VOUKAEOPBAONG, TTou €ival apKETA aouvrBIoTOoG OTa
TTUPAVOVOUKAEOQITIKA avdAoya. Oi CUYKEKPIMEVEG EVWOEIG TTPOCEAKUCQAV TO
EPEUVNTIKO €VOIAQEPOV KOBWG ATTOdEIXTNKAV ATTOTEAEOUATIKOI aVACTOAEIG TOU
I0U atTAoU £€pTtrnTa TUTTOU 1 KaI TUTTOU 2, TOU KUTTAPOMEYOAOIioU KaBWGS Kal TOu

10U £pTTNTa (WOTRAPA.
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R= NH2, Rl =H
IxAua 17
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1.7 Mé0odo1 oUv0eong VOUKAEOJITIKWY avaAoywv

H ouvBeon Twv voukAeoQITIKwY avaAoywv PBaacifeTal Katd Kavova oTn
oUZeuén pIog TTUPNVOPIANG TTUPIMIBIVIKAG, TTOUPIVIKAG 1 AAANG ETEPOKUKAIKNAG
Baong pe €va nAEKTPOVIOPIAO OAKXOPO MECW TOU OXNMOTIOMOU evog N-
YAukoQiTikou dsopou (Vorbriggen kai Ruh-Pohlenz 2000, Vorbriggen kai
Ruh-Pohlenz 2001). O1 onuavTikdétEPEG GUVOETIKEG PEBODOI TTOU EQapudlovTal
yla Tn VOUKAEOQITIK) oUvBeon, meplAaufdvouv: a) Tn Xprion METOAAIKWV
aAdTwv, B) TRV NAEKTPOVIOPIAN TTPOooBrkn o€ uia YAukdAn (glycal), y) tTnv
avTtidpaon Mitsunobu, kai 8) Tn uéBodo Vorbriggen.

O1 TpwTEG OUVOEOEIG VOUKAEOQITIKWY avaAOywv €TITEUXONKAV PECW
NG ouleuéng aldTwv Ag 1 Hg(ll) eTepoKUKAIKWVY BACEWY Kal GAOYOVWHEVWV
oakxdapwv (Fischer kai Helferich 1914, Davoll et al. 1948, Davoll ka1 Lowy
1951). O1 avmdpdoeig TTpAyPATOTTOIoOUVTAl  PEOW  MIAg  TTUpnvO@IANG
utrokatdotaong (Nucleophilic  Substitution) Tt0mTOU SN2, TOU  aAoyovou
(xAwpiou 1 PBpwpiou) evog ocakxdpou amd TO MPETOAIKS dAAAg TNG
VOUKAeoBdong. ApydTtepa, N aAvTiKAataoTaon Twv Bapéwv HETAAAwWY atrd dAarta
TOU VOTPIOU TTOPOUCiaceE ONUAVTIKA TTAEOVEKTAPATA, GO0V aPopd TO KOOTOG
Kal TNV TOZIKOTNTA TwV avTidpaoTtnpiwv (Kazimierczuk et al. 1984). >1o oxnua
18 aTreikovifeTal n ouvBeon €vog UTTOKATECTNUEVOU IVOOAIKOU VOUKAEOCITIKOU
avaAoyou XXIII, émou n etepokukAikly Bdon XXII oxnuaridel “in situ” 10 dAag
TOU vaTpiou oTo TTPWTO 0TAdIO TNG avTidpaong (Chen et al. 2000).

cl
TBDMS N cl
@Cl 1) NaH, ToAouoAIo 0
Br
Cl 92%

2) Tetpatdpopoupdvio
TBDMSO o ©

XXl ><
o
cl XXI1I

TZ" N
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Mia dAAn oTpaTnyIKr TTOU XPNOIMOTTOIEITAI AlYyOTEPO OUXVA €V OUYKPIOEI
ME TIG UTTOAOITTEG EBGDOUG, €ival N NAEKTPOVIOPIAN TTPOCOAKN Ot HIa YAUKAAR.
ApXIKQ TTPAYPATOTTOIEITAI N €vepyoTroinon MIAg YAUKAANG Trapoucia evog
NAekTpovIO@IAou avTidpaoTnpiou 6TTws NIS (N-iwdoooukiviyidio), I, PhSeCl
(paivuho-xAwplouxo-oeAfvio), Kal akoAouBei n TTupnvOPIAN TTPOCROAN MIag
OIANVAIwpEVNG BdAong oTo OdKXapOo, odnywvTag o€ TTOANEG TTEPITITWOEIG OF
MeiypaTta a:B voukAeolITikwy avwuepwy (Kassou kai Castillon 1997, Diaz et
al. 1997, Dong kai Paquette 2006). H nAekpovio@IAn TTpooBnkn PITOPEi va
AaBel xwpa emmiong €KAEKTIKA o€ pia 6wn Tou udaTtavepakikoU OAKTUAIou,
OTTWG QaiveTal OTO TTAPAdEIYUA OUVOEONG TOU VOUKAEOJITIKOU avaAdyou Tng
Buuivng XXVI, étmou avtidpaon TG YAUKAAng XXIV pe N-iwdoooukiviyidio
odnyei oT0 OXNUATIOKO Tou a-1wdo KaTIdvTog XXV KATA TO TTPWTO OTAdIO TNG
avtidopaong, Adyw OTEPEOXNMIKAG TrAPEUTTOdIONG TG Tdvw OWng Tou
udaTavepakikou dakTuliou (2xAua 19) (Robles et al. 1997).

0

OSiMes
| NH
BzO BzO | N BzO N/go
OBz OBz /)\ . OBz
-0 1) NIS _0 2) N OSiMe; | |_O
Y
CH,Cl, . 80%

|
XXV XXV XXVI |

ZxAua 19

H avtidpaon Mitsunobu atmroAaupavel €mmiong onuavTikAg dnuo@IAiag
1ID10iTEPA OTN OUVOEON AKUKAWY Kal KapBoKUKAIKWY voukAeolitTwyv (Paju et al.
2010), emTpETTOVTAG TN OUCEUEN MIAG ETEPOKUKAIKAG BAONG UE Eva OAKXAPO TO
otroio @€pel pia udpoguloudda (Kumara Swamy et al. 2009). Katd tn didpkeia
NG avtidpaong oxnuarti¢erar apxikd in situ n Peraivn XXVII améd Tov
diaiBuloalwdikapBolulikd eotépa (DEAD) kal Tnv Tpipaivulopwaivn (PPhj)
(ZxAua 20). H Berdivn QTmOTPWTOVIWVEI TN VOUKAeoBdon, evw n
udPOEUAONAdA TOU COKXAPOU METATPETTETAI OE TTAPAYWYO TnG PPhs kal ev
ouvexeia u@iocTatal TTUPNVOQPIAN  UTTOKATAOTACN TUTTOU Sy2 amo TNV
ATTOTTPWTOVIWHEVN VOUKAeoBdon. Eva xapaktnpioTikd TTapddelyua autou Tou
TUTTOU Twv avTidpdocwyv @aivetal oto oxfua 20 Tng ouvBeong Tou 4'-
@BopokapPBokukAikou voukAeoditn XXVIII (Chong kai Chu 2000).
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H mAéov OSpwg kabBiepwpévn peBodoAoyia TTou e@apuoleTal oTn
VOUKAEOQITIK} oUvBeon €ivai n  péBodog  Vorbriiggen, n  oTroia
TTPAYHMATOTTOIEITAl HEOW TNG OUCeUENG €vOG OOKXAPOU ME MIa aTTOXWwpPoUuoa
oudda oTov avwuepikd dvBpaka Kal piag GIAUAIwPEVNG VOUKAEoBAoNG, UTrod
TV Trapouacia evog Friedel-Crafts kataAutn 6mwg SnCly kar Me3SiSO3CF3
(Vorbriggen kair Ruh-Pohlenz 2000). O1 avTidpAoeIg TTPAyUaTOTToIoUVTal KATA
Kavova ue TTPOPRAETTOUEVN OTEPEOXNMEID KAl OE ATTIEG CUVONKEG, EVW N €TTIAOY
TWV  OKETUAMIWMEVWY — OOKXAPWVY  TTPOCPEPEl €UKOAa  TTpoafdoiua
UTTOOTPWHATA, ME auénuévn oTaBePOTNTA €V OUYKPIOEI MYE TA avTioTOIXA
aloyovwpéva odkyxapa. Eva amd Tta mpwta Trapadsiyuata avtidpaong
Vorbriggen @aivetar OTO TTAPAKATW OXNUATIONO TOU VOUKAEo(diTn NG 5-
alBulo-oupakiAng XXXI (ZxAua 21) (Niedballa ka1 Vorbruggen 1970). H
dlapecoAdpnon Tou kapBokatidvrog XXX trou oxnuaTidetal “in situ” katd tnv
evepyoTtroinon Tou cakxdpou XXIX atrd Tov KataAutn SnCl,, UTTOXPEWVEI TV

TUPNVOQIAN Bdon va TPooPBdAAel To KaTidv atmd TNV avtiBeTn TTAEUPA TOu

OaKTUAioU.
Bz BzO
o A sncy,
OBz OBz 1,2-AixAwpoaiBdvio
XXIX

ZxApa 21
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1.8 Z16)01 TNG TTApouong diaTpIPAG

Omwg €xel avagpepBei, o1 TPOTTOTTOINUEVOI VOUKAEOCITEG QATTOTEAOUV
oplopéva atrd Ta TTAEOV ETTITUXNUEVA AVTIIKA KAl QVTIKOPKIVIKA QAPHOKA TTOU
Exouv avatrtuxBei péxpr onuepa. TMAABOG evwoewv TNG OUYKEKPIYEVNG
Katnyopiag He OJIAQOPETIKA KAl  KATTOIEG  QOpPEC  aouvhBioTa  douIKA
XOPAKTNPIOTIKA €xel Adn ouvtebei, evw avdAoyd Toug Kpivovtal OpKETA
eATIOOQOpa yia didpopeg BepaTreieg, EUPIOKOPEVA OTO OTADIO TWV KAIVIKWV
Qdokiywv. MNMapdAa Ta onUAVTIKA QUTA ETITEUYUATA, UTTAPXEI N OIOPKNG AVAYKN
Yo TO OXEDIAOPO KAl TN MEAETN VEWV VOUKAEOCITIKWY AVAOAOYWV HE ATTWTEPO
OKOTTO TNV avakdAuyn OpaocTIKOTEPWY OANA KAl  QTTOTEAECHATIKOTEPWV
BEPATTEUTIKWIV EVWTEWV.

O oxedlaopog Twv Hopiwv, Ta oTroia ouvtéBnkav oTa TrAdiocla Tng
OUYKEKPIPEVNG DIaTpIPRNG, BacioTnke oTa TTAPAKATW dedoUEVQ:

» O1 voukAeoliTeg, o1 otroiol p€pouv TNV alBuvuAoudda wg diakAadiouévn
aAucida oTo THAPA TNG oupavdlng EPPAVICOUV EVTOVO QAPUAKOAOYIKO
evOIaPEPOV.

» H T1pooBnkn TnG nAEKTPAPVNTIKAG KUAVO-OPAdAG Ot €va  POpIo
(POUPAVOVOUKAEOCITN MTTOPEI VA TOU TTPOCOWOEl EVOIAPEPOUTES AVTIIKEG
/KAl QVTIKAPKIVIKEG 1010TNTEG.

» Ta voukAeolITIKG avdAloya pe e€apeAeEic udaTavOpakikoug OAKTUAiouUg
Tapouoidadouv €va eupl @QACHA  BIOAOYIKWV IDIOTATWY, EVW MId
IBIAITEPWG  eVOIAPEPOUCO  UTTOKATNYOpPIa TOug amroTteAolv ol deou-
TTUPAVOVOUKAEOCITEG.

Me Bdaon Ta avwTtépw, N TTapouca dIaTpIPr) E0TIAOTNKE OTO OXEDIACONO, T
ouvBeon kail TN PBloAoyik aTroTiunon VEwV VOUKAEOQITIKWY avaAOywv HE
e€apeAeic udaravOpakikolug OakTUAioug TTou @Epouv  dIakAAdIoHEVN TNV
alBuvuho- 1 TNV Kuavo-opdda. 2Tnv TropeEia TG £PEuvag KAl KOBWG
OIaTTIOTWONKE N KUTTAPOOTATIKOTNTA TWV KUAVO-QVAAOYWV, ATTOQACIOTNKE N
META@OPA TNG KUAVO OPAdAG o€ AANEG BETEIC TOU CAKXAPOU Yia va dlEPEUVNOEI
€dv Kal Katd TTéoo peTaBdAAeTal n BioAoyikr Toug dpdaon.

Mo avaAuTIKA-OUYKEKPIYEVA Ol EVWOEIG TTOU CUVTEBNKAV aTTEIKOViCovTal

TAPAKATW:
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» 3'-C-AiBuvulo TTUpavovoukAeo(iTeg 5a-y,{,0T, OTOUG OTTOIOUG N
TTapouadia Tou TPITTAOU OeOOU ATTOTEAECE MIA EEQIPETIKN APETNPIA yIA
TNV TTEPETAipW oUVBeon VEWV 1,2,3-TpIalOAO-TTUPAVOVOUKAEOITWY HE

OITTAN KEQAAN, 8a-n (Zxnua 22).

OH By OH
HO QB Q HO 8\ B
e
R OH NN OH

\
N
OH
5a: B = 5-@0opooupakiAn 8a: B, = adevivn, B, = oupakiAn
B: B = oupakiAn B: B, = adevivn, B, = Bupivn
Y: B = Bupivn Y: B, = adevivn, B, = Kutoaivn
$ g = K%TO?'VN 5: B, = adevivn, B, = adevivn
OT: b =abevivn & B, = adevivn, B, = 5-¢pBopooupakiAn

¢: B1 = 5-@BopooupakiAn, B, = 5-¢pBopooupakiAn
oT: B, = 5-@BopooupackiAn, B, = oupakiAn
n: B, = Bupivn, B, = oupakiAn

ZXApa 22

» 3’-C-Kuavo kal 3’-C-kuavo-3’-0eofutrupavovoukAeoliteg, 13a-0 Kal

19a-8, avrioToixa (ZxAua 23).

OH OH
HO Q B HO = B
HO
OH OH
N 130-0 N 190-6

a: B = 5-¢0opooupakiAn
B: B = oupakiAn
y: B = Bupivn

0: B = kutoGivn

ZXApa 23
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» 4’-C-Kuavo kai 4°-C-kuavo-4’-deofutrupavovoukAeoliteg, 3la-y Kai

34a-y, avrioToixa (Zxnpa 24).

HO
OH HO
-5 OH
== OH °
OH
3lo-y 34a-y
a: B = 5-@BopooupakiAn
B: B = oupakiAn
y: B = Bupivn
ZXApa 24

» 2°-C-Kuavo 41a,B, 42a,B ka1 2°-C-kuavo-2'-0€0&u TTUPAVOVOUKAEOCITEG
44a,B (ZxAMa 25). Aedopévou OTI o AneBeioeg Kuavudpiveg UTTOpOUV
va XpnoigotroinBolv w¢ ouvleTIKA evOIidueca yia Tnv TTapaAafn
OlI0QOPWY  OTTEIPAVIKWY  TTAPAYWYWY  HE evOexOuevo  BloAoyikd
evdlapépov, ouvtéBnKav Kal ol 2’-oTreIpavikoi voukeAodliteg 49a,B Kkai
50a (ZxAua 25).

N N
OHOH OHOH | | OHOH | |
OH
-0 B ~0 B -0 B
HO HO HO
\\ OH
N

410, 42a,B8 440,8
OHOH
B
o
HO HO NH,
e}
\s
O/ \\
e}
50a
a: B = oupakiAn
B: B = 5-¢pBopooupakiAn
IxApa 25
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[l. OEQPHTIKO MEPOZ — ANIOTEAEZMATA - 2XOAIAZMOZ

1.1 Xovleon Twv 3'-C-aiBuvuAo TTUPpAVOVOUKAEolTWV Kol 3°-C-(1,4-

OIUTTOKOOTNUEVWV-1.2 . 3-TP1ad{0AO0)TTUPOVOVOUKAEOJITWV ME dI1TAR

KEQAAN

OT1rwg Tpoava@Epdnke, n TPOoBRKN TNG alBuvuAouddag o€ Eva PopIo
POUPAVOVOUKAEOZiTN pTTopel va Tou TrPoodwael evOIaPEPOUTES PBIOAOYIKES
1016TNTEG. TMOANOI aIBuVUAO-VOUKAEOCiTEG €XOUV HEAETNOEI EKTEVWG YIa TAV
€UPECN ATTOTEAECHATIKWY KAl XNMIKA OTABEPWYV AVTIIKWY KAl AVTIKAPKIVIKWV
MEOwv. XAPOKTNEIOTIKA Trapadeiydata autriig TnG KATNyopiag EVWOEWV
amoteholv  1a  3"-C-a1Buvulo-B-D-pIfo-TreviopoupavolUlo  avaloya TG
oupakiAng (EUd) kai 1ng kutooivng (ECyd) (ZxAua 7), Ta otroia dlaBETouv
ONMAVTIKI) avTIKAPKIVIKY) dpdon. To 3'-C-a1Buvulo-vOUKAEOITIKO avAaAoyo TnG
kutoaivng (ECyd) Bpioketal TTAéov OTO OTAdIO TWV KAIVIKWY QOKIPWY KAl
Bewpeital w¢ €va ev OUVAMEI QVTIKAPKIVIKO @dApuako (Hattori et al. 1996,
Kazuno et al. 2009).

AauBdavovrag utdywn TIC agloonueiwTeG PIOAOYIKEG ID1IOTNTEG TWV
AVWTEPW  AIBUVUAO-QOUPAVOVOUKAEOQITWY, O OUVOUAOPO ME TNV EAAEIYN
Q1BUVUAO-TTUPAVOVOUKAEOQITIKWY  aVAAOYyWYV, OUVTEONKE Kal ATTOTIUABNKE
BioAoyikd pia véa TaEn TTUPAVOVOUKAEOQITWY TTOU QEPOUV TNV aliBuvuloudda
otnv 3°-6€0n Tou CAaKXApou, VW OINBETOUV WG ETEPOKUKAIKEG BAOCEIS TNV 5-
@BopooupakiAn, oupakiAn, Bupivn, kKutooivn kal TNV adevivn. Mo avaAuTikd-
OUYKEKPIPEVA Ol EVWOEIG TTOU CUVTEBNKAV £XOUV TOV TTAPAKATW YEVIKO TUTTO

(Evwoeig XXXII, oxAua 26):

OH
HO C
B = 5-@BopooupackiAn,
OUpOKiAn
OH Oupivn

KUTOGiVN

OH adevivn

XXXII
ZXApa 26
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2T0 onueio autd TTPETTEl va ava@epBei 0TI oI dUO KUPIEG OUVOETIKEG
OTPATNYIKEG yId TO OXNMOTIOMO VOUKAEOQITIKWY QVOAOYWV ME  OOMIKEG
METATPOTTEG OTO TUAMA TOU COKXAPOU TrEPIAAUBAVOUV: i) TNV TPOTTOTTOINCN TOU
udaTavepakikoU OaKTUAiou e€vOg voukAeolitn TTou €xel AdN ouvtebei i) Tn
oUleuén €vOg KATAAANAQ TPOTTOTTOINUEVOU OCOKXAPOU ME TRV E€MOUPNTN
voukAeoBdon.

Me PBdon Tov TpwTO OUVOETIKO OXEDIAOUO, N PETPOCUVOETIKN
TPOCEYYION yid TV Tapackeury Twv  €mbBuuntwv  3-C-aiBuvulo
TTUPAVOVOUKAEOQITIKWY Trapaywywv XXXII, €xel wg TpOdPOUES EVWOEIG TA
avTioTolxa 3’-KETOTTUPAVOVOUKAEOQITIKG avdAoya XXXIII (2xAua 27). Mia
T€T0I0 Opwg dladikacia Oev eival €QIKTH, a@evwsg Adyw TnG aduvapiag
MEMOVWUEVNG TTPOCTaCIiag TNG 2 -udpofuAopddag Kal a@eTépou Adyw TOu
yeyovoTog 6T Ta 3 -KETOVOUKAEOJITIKA avaAoya Xapaktnpifovral wg aoTabEig
EVWOEIG, KaTaAfjyovtag ouxvd oe Trpoidvra atroikoddunons (Chirakul kai
Sigurdsson 2003, Liu et al. 2007).

OH 0
(e) >( O

HO o

OH o) OR
OH

XXXI XXX

B = Bdon
R = lNMpoaoTtateuTikr) oudda ) udpoydvo

ZXApa 27

Qg €K TOUTOU, ETTIAEXTNKE N OoUVBeoN Tou 3-C-a1BuvUAO-CaKXAPOU Kal N
EV OUVEXEIQ OCUMTTUKVWON TOU ME TNV KATAAANAN voukAeoBdon, woTe va
oxnuaTioTouv ol €mBupnToi 3"-C-a1BuVUAO-TTUPAVOVOUKAEOCITEG. 2NUAVTIKO
TTAEOVEKTAMA QUTAG TNG OTPATNYIKAG €ival OTI PE TnV TTAPOOCKEUN TOU
OUYKEKPIMEVOU  TPOTTOTTOINMEVOU  UTTOOTPpWHATOG  divetal n  duvardTnta
TapaAapng TTOAAWV TEAIKWV TTPOIGVTWY HE TTOIKIAIO VOUKAEOBdOoEwvY OTO
QVWHEPIKO TUAPO Tou OakXdpou. H  peTpoouvbeTIK  TTOpEia  TTOU
akoAoubnbnke  yia TNV TTOPACKEUN TWV 1-(3"-C-a1Buvulo-B-D-

aAAOTTUPaVOCUAO)VOUKAEOCITWV, TTEPIYPAPETAI OTO TTAPAKATW OXAMA 28:
32
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OR OR
(@]
RO O RO
— B > =
OR OR
XXXII XXXIV
B = Bdon
R=AcAqH
| _O —
Me,C~
(@]
oH Oul
CMe,
XXXV
IxApa 28

Omwg utrodeikvUeTal TTapaATTAvwW, TO 3-aIBuvUAO-odkXapo XXXIV
atroTeAEi TO KATAAANAO TPOTTOTTOINUEVO UTTOOTPWHA, TO OTToio Ba odnynoel
OTOUG €BUUNTOUG VoukAeoliteg XXXII kai ptropei va ouvteBei amd 10
avTtiotoixo 3-aiBuvulo-@oupavoodkxapo XXXV. AtiCel va Toviotei, 6T TO
odkxapo XXXV e Bdon 1oV TapATTAvW OXeOIOONO TTPETTEl va DIOBETEl TNV
alBulopada otnv Tdvw B-6yn Tou udaTtavOpakikoU OAKTUAIOU, WOTE va
emTeuxBei n emBupnt B-oTepeoxnueia TG aqiBuvulouddag oTa  PopIa-

oToxoug XXXII.
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.1.1 Xoveeon g  3-C-aiBuvulro-1,2,4,6-TeTpakig-O-akeTuAo-LB-D-
aAdotrupavolng (3)

H ouvBeTik TTopeia mepIAapBavel apxikd tnv avtidpacn TG yVWOTAG
poupavolng 1 (Elhalabi et al. 2004) pe to avtidpaoTtipio Grignard HC=CMgBr
oe d1oAUTn TeTpaldpogoupdvio (THF), omdTe Kal AapBdveTal ammoKAEIOTIKA N
3-C-a1Buvulo-1,2:5,6-016-O-1c0TTpoTTUNIdEVO-a-D-aANopoupavoln (2), e TTOAU
KaAr amrédoon (85%) (Kakinuma et al. 1992) (Zxpa 29). H dopn TG apXIKAG
KETOVNG €Eao@aAilel Tov amrOAUTO OTEpEOoXNUIKO €Aeyxo TnG avTtidpaong,
KaBwg n TupnvoPIAn TTPocBoAr TNG alBuvUAopddag oTNV KETOVOUADA YivETAI
amo TV Tavw (B dwn) Tou popiou, AOYw TNG OTEPEOXNMIKNAG TTAPEPTTOdIONG

TOU OYKWOOUG 1,2-O-100TTPOTTUAIDEVO-UTTOKATACTATH.

o o> ||
\ O o HC = CMgBr 1.0 =0

MeZC/ - Me,C”~
g O\(\) THF, 85% Iy O\(\)
CMe, CMe,
1 2
ZxAua 29

AkoAouBei n udpoAucn Twv dUO AKETOVIDIWY TOU AIBUVUAO-CAKXAPOoU 2,
pe TNV emidpaaon udartikou diaAuparog 6&ivng pnTivng IR-120 HY, omoTte Kai
AapBdvetal n Beppoduvapika otabepn Tupavoln. Me atreuBeiag akeTuliwon
TNG oxNuaTi{éuevng Trupavolng utrd Tnv midpacn ofikou avudpitn (Ac,0) oc
TTUpIBivn yia pia wpa, AapBdverar n emBupunT 3-C-aiBuvulo-1,2,4,6-TETPOKIG-
O-akeTulo-B-D-aAAoTTupavéln (3) (Zxua 30).

OAc
o) a)Amberlite IR (H*)
e C\:/o —~0 H,0, MeOH - o)
2 - C
B)Ac,0, TTupidivn —— OAc
O] 0 -
OH O\ \ 83% OAc
CMe, OH
2 3
ZxAua 30
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To @dopa *H NMR Tou 3-C-aiBuvulo-cakyxdpou 3, aTrelKoviletal OTO
oxnua 31. A Tnv €EETOON TOU OUYKEKPIUEVOU QPACHATOG TTapaTnPEiTal pia
OITTA kopupry ota 5.99 ppm, n otoia avtioToixei oto TTpwTdvio H-1 TOU
dakTuAiou Tou cakxdpou pe oTaBepd ouleugns Ji o = 8.3 Hz, utrodnAwvovTag
OTI AauBdveTal ATTOKAEIOTIKA TO B-QVWHEPES, KABWGS N OUYKEKPIUEVN MEYAAN
oTaBepd oUleuéng €ival XOPAKTNPIOTIKA MIAG aOoVIKAG oxéong avdueca oTa
yeITovikd Tpwtovia H-1 kai H-2. AkoAouBei 1o ofjpa mpwrtoviou H-4 wg uia
OITTAR Kopu@r ota 5.29 ppm pe otabepd ouleuéng Jas = 9.9 Hz kail n Kopuen
TOU TTpwTOoVviou H-2 w¢ pia etriong dITTAR Kopu@r) oTa 5.23 ppm. ZTn CUVEXEIQ,
eg@avifetal To oANa Tou TTpwToviou H-6a wg pia dITTAR JITTAWV KOpUPr HE
oTaOepEG OUCEUENG Jsaeh = 12.3 Kal Jsga = 4.2 Hz, evw ota 4.25 ppm
diakpivetal yia dITTAR dITTAWV-BITTAWY KopuPn pe oTaBepd ouleuéng Jsep = 2.0
Hz, n otroia avTioToixei oto orjua Tou TTpwrtoviou H-5. To ofjua Tou akoAouBsi
Kal Olakpivetal w¢g OITAAR dimAwv kopupry ota 4.09 ppm, QvTIOTOIXEI OTO
TpwTéVIO H-6b, EVy TO OAua Tou TTpwTOViou TNG eAeUBePNg udpofulopadacg,
ed@avifeTal wg atrAf Kopue ota 2.76 ppm. ETTiong, XapakTnpIioTIK €ival n
Kopu®ry TTou Trpoodiopilel To TPwTdVIO TNG aIBuvuAouddag, n oTroia
egpavidetal ota 2.47 ppm wg atrAf. TEAOG, atrd TN HEAETN TOU CUYKEKPIPEVOU
(PACUATOG TTAPATNPEITAI N TTAPOUCIA TECOAPWY OAKETUAO OMAdWYV —AVTi TWV
TEVTE TTOU UTTAPXE duvatotnTa va OXNMUATIOTOUV— UTTodEIkKvUOVTAG OTI TO
TPITOTAYEG UDPOEUAIO 0T B€0n 3 Tou cakxdpou dev £xel akeTUAIWOEi (Hassner
et al. 1978).
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AloAuTng CDCl;
4 0AC]
3
C=CH
H-1
H-4, H-2 OH
J H-6a, H-5, H-6b
J JM W Jb L
L L e T
[ N w o o =
8 & ¥ g 8 =
o
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘
8.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm (t1)
ZxApa 31

Apou €xel emiTeuxBei n oUvBeon Tou QKETUMIWHEVOU  aIBUVUAO-
oakyxdpou 3, TTou atroTeAEi KOPPIKO TTpoidv yia TN AQyn Twv €mOUPNTWV
a1BUVUAO-GANOTTUPAVOVOUKAEOQITIKWY  avaAdywv, To €mOhevo BAua Tng
ouvOeTIKAG TTopeiag TepIAapBavel Tn ouleugn Tou alIBuvuAo-cakxdpou 3 JE TIG
avTioTOIXEG ETEPOKUKAIKEG BAOEIC 5-pBopooupakiAn, oupakiin, Bupivn, N*-
BevZouhokuToaivn kai N°-BevioUAoadevivn.

11.1.2 ZXnuaTiopog YAUKOQITIKOU SeouoU

ATTOTEAEI YEYOVOG OTI KATA TO OXNMATIOMO TOU YAUKOCQITIKOU dECHOU OTN
Béon TOU avWMEPIKOU AvOpaka TOUu OaKXAPOou, TTPOKUTITOUV 2 CNUAVTIKA
¢nTuara:

e H regio-eKAEKTIKOTNTA UTTOKATACTACNG TNG VOUKAEORBAONG.
e H avaloyia Tou oxnUATIONOU TWV a: VOUKAEOCQITIKWV QVWHEPWV.

Na 710 oxnuatioyd Tou YAUKOQITIKOU OeOpOU OTOUG AIBUVUAO
VOUKAEO(iTEG —aANA KAl OTOUG UTTOAOITTOUG VOUKAEOGITEG TNG OUYKEKPIPEVNG
d1aTpIBAG— €@appdoTNKE N OIAUAO-TpoTTOTTOINKEVN avTidpaon Twv Hilbert-
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Johnson, yvwoTr kal wg uéBodog Vorbriuggen (Vorbriggen kai Hofle, 1981).
O1wg ava@épbnke, n avtidpaon CIAUMWUEVWY ETEPOKUKAIKWY BACEWV ME
OKETUNIWPEVA  odkxapa  Trapoucia  Friedel-Crafts  kataAutwv — OTTwg
TeTpaxAwplouxou kaooitépou  (SnCly)) 1 TPIYBOoPOUEBAVOCOUAPOVIKOU
TpIMEBUAOTCIAUAEOTEPO  (Me3SiSO3CF3), €xel yivel n  TTPOTUTIN CUVOETIKN
MEBODOG yia TO OXNUATIONO TTUPIMIOIVIKWY, TTOUPIVIKWY A KAl GAAwv
VOUKAeoQITwy, e Tn Oladikacia va divel katd kavéva pia TTPOoRAETTOUEVN
OTEPEOXNMEIQ, OTTWG TTAPATNPEITAI KAI TTAPAKATW.

H diadikacia epIAapBavel apxikd Tn olAUAiwon Twv VOUKAEOBACEwWY, N
oTroia augdvel Tov TTUPNVOQIAO XOPAKTAPA TWV HOpPiwVv Kal TIG KABIOTA TTIo
OlI0AUTEG 0t opyavikoug OlaAuteg. H olAuANiwon emTuyxdvetralr MPeE Tnv
avTidpaon tnG €mOuunTthg voukAeoBdong ue e€apeburodicihaldavio (HMDS)
o€ DIOAUTN AKETOVITPIAIO TTapoUTia KATAAUTIKAG TTO0OTNTAG CaKXAPIivNG, OTTWG
QaiveTal OTO XAPAKTNPIOTIKO Trapddelyua TnG oupakiAng (ZxAua 32). H
voukAeofdon otn ocuvéxeia Ba avtidpdoel he 1o TTAEov TTUpNVOPIAO  N-ATouO
TNG, OTN OUYKEKPIYEVN TrePiTTTwon Me 10 N-1 yia TIg TUpIpIdiveg (5-
@BopooupakiAn, oupakin, Bupivn, N*-BevloUAokuToaivn) kai pe 1o N-9 yia
v N°-BevZouoadevivn.

S|Me3
O
NH
‘ HMDS / oaKxaplvn
/K e )\ SiM
IMe;
N O /
H

ZxApa 32

Kard mn dIdpKela oXNUATIOMOU TWV TTUPAVOVOUKAEOCITIKWY avAAOYywv
AauBdvouv xwpa Tautdxpova ol €n¢ duo dIadIKATIEG:
e 2XNMATIONOG TOU NAEKTPOVIOPIAOU KATIOVTOG TOU OOKXAPOU.
e Avridpacn Tou nAekTpovidPIAOU KaTIOVTOG TOU OOAKXAPOU HE TNV
OIAUAIwpEVN Bdon TTPOG TO OXNMATIOPO TOU VOUKAEOCITN.
AvaAuTikoTepa 10 MesSiSO3CF3, éva ofu kaTtd Lewis, evepyoTrolgi TO

OKETUNIWMEVO OAKXapOo 3, TTPOKOAWVTOG TOV EKTOTIOUO TNG AKETUAOPADAG
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Ao ToV aVWHEPIKG dAvBpaka (ZxAMa 33). 2Tn ouvéxela, dnuioupyeiTal Eva
OIKUKAIKO KaTIOVIKO €VOIAUECO WE TN CUMMPETOXN TOU KapPBovUAIkou oguydvou
NG OaKeTUAOPAdag otn 2 Béon Tou oOakxdpou. To oxnuaTICOPEVO
NAEKPOVIOPIAO KaTIOV TOU OAKXAPOU U@IioTATAI OTR CUVEXEID TTUPNVOPIAN
TPOooBoAn amd tnv aIAuAiwpuévn Baorn, 6tTou To avidv CF3SO3;  BonBdel otnv
atmrooiAuAiwon TnG. O voukAeolitng oTn cuvéxela katepydletalr pe CHLCl, kai
kKopeopévo OidAupa NaHCO3; kal Aaufdvetal €TTeiTa amod XpwuaToypaia
oTAANG TO TEAIKO TTPOIOV, OTTWG PAIVETAI KAl OTO XAPAKTNPIOTIKO TTapddslyua
TOU VOUKAEOCiTN 4B (2xAua 33).

210 onueio autd Ba TpETel va avapepBei OTI KAtd Tn dIAPKEIQ TNG
avTidpaong AapBdvel xwpa pia avtaywvioTikr diadikaoia, n otroia €ival o
OXNUATIOPOG O-CUUTTAOKWYV METAEU TNG OIAUAIwpuEvng Bdong kal Tou Friedel-
Crafts kataAUTn odnywvrtag oe adpavotroinon Tn VoukAeoBdon. Me Tn
XPNoIhoTToinon wotéoo Tou Me3SiSO3CF; TTou gival aoBevéoTepo ogU KaTd
Lewis até 10 SnCl, (wg €k TouTOU oXNUATICEl AiyOTEPA O-CUMTTAOKA), AAAQ KAl
€VOG TTOAIKOU OTTPWTIKOU OI0AUTN OTTWG TO OKETOVITPIAIO TTOU TTpOdyel TNV
avtidpaon Tou KaTIOVTOG TOU OOKYXdpou Me Tnv  TTupnvo@IAn pBdaon,
odnyoluaoTe O€ TEPIOPICPO TRG QVETOUPNTNG QUTAG avTidpaong ME
ONMAvVTIKA TAgoveKTAUATa Ooov agopd Tnv amodoon KAl To XPOVo

oxnuaTiopou Twv voukAeolitwyv (Vorbriggen et al. 1981).

11.1.3 KaBopIoHOG TNG OTEPEOXNHEING OTO AVWHEPIKO KEVTPO

Ooov apopd Tn oTEPEOXNUEIQ OTO AVWHEPIKO KEVTPO TOU VOUKAEOLITN,
EXEl atTodeIXTEl OTI €€APTATAI ONUAVTIKA aTmd TN QUON KAl Th OTEPEOXNMIKN
dlapopewon NG C-2° opadag. Eivar yvwotd 611 n akeTuho opdda otov C-2
TOoU oakxdpou odnyei oTnv TTPOCROAA TNG VOUKAEOBAONG OTO OXNMUATICOUEVO
OIKUKAIKO €vdIdpeco atmd Thv avTiBetn TTAeupd Tou DdAKTUAiou. Anuioupyeital
onAadn pia trans-oxéon PeTagl Twv duo opddwyv oToug dvBpakeg C-1" kai C-
2" TOoU VOUKAe£O(iTN, YyVvwoTh Kal wg 1,2 trans-kavovag tou Baker (Blackburn
kal Gait, 1990).

38

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

SiMe;
O/
‘ N ,/“7 oTf
)\‘.\ SiMe,
N o
|||||\s'£o f
OAc 7 i—OoT OAc
AcO Q OJ AcO Q
= o =
N ol =
> /QK> OH ot Q
° \'(
3

o) O~—siMe,
OAc (\( oAc (\\(
N
AcO Q NH ACO 0

N CH,Cl,/ NaHCO; N
= -_— ==
OAc (0]
OH O o /K o}
o)

ZxApa 33

.1.4 ZovlBeon Twv 3"-C-a1BuvuAo-B-D-aAAOTTUPAVOVOUKAEOITIKWYV
avaAdywv Tng 5-@BopooupakiAng 5a, oupakiAng 5B, Oupivng b5y,

KuTtooivng 5¢ kai adevivng 50T

H ouleutn g  3-C-a1Buvulo-1,2,4,6-teTpakiG-O-akeTUANO-B-D-
aAotrupavolng 3 ue TIG OIAUNIWPEVES BAoelg 5-¢pBopooupakiAn, oupakiAn,
Bupivn, N*-BevloUAokutoaivn kai NC-BevloUAoadevivn oe BlaAuTn CH3CN,
TTapoucia Tou Me3SiIOSO,CF3, odnyei OTOUG TTPOCTATEUPEVOUG VOUKAEOCITEG
4a-g (IXAMa 34). Z1a @dopata *H NMR Twv evioewv 4a-g epgpaviovtal -
OTTWG NTAV AVAPEVOUEVO- HEYAAEG OTABEPESG OUCEUENG METAEU TWV TTPWTOVIWV
H-1" ka1 H-2", utrodeikvuovTag évav agoviké TTpocavaTtoAioud yia Ta dUo autd
TPWTOVIA, PE TNV ETEPOKUKAIKN Bdon va kataAauBdvel Tnv IonNueEPIVA B€on Tou

OaKydpou.
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OAc OAc
0O O
A& OAC ZIAUAIWPEVN Bdon, TMS—; f A& B
- OAC CH3CN, 59-85% T OAc
OH OH
3 4a-¢

B = a: 5-pBopooupakiin, B: oupakiAn, y: Bupivn,
d: N*-BevZouAokuToaivn, £: NB-BevZouAoadevivn

ZxQpa 34
O1 ouvBnkeg Twv avTIOPACEWY Kal 01 aTTOOOCEIS TWV TTPOCTATEUNEVWV
3’-C-aiBuvulo-voukAeoliTwv  4a-¢  PETG TNV amopévwon  TOuGg  HE
Xpwparoypa@ikr) oTiAn, divovral otov Trivaka 1. Ta kaAutepa atroteAéopata
gmTUYXAVOVTal WPE TIG TTUPIMIBIVIKEG BAoelg TNG 5-@BopooupakiAng Kai Tng
oupakiAng (Tpoiévta 4a kai 4B), evw n arddoacn ToU TTOUPIVIKOU avaAdyou 4€

gival n JIKPOTEPN.

Mivakag 1
MNpoidv Xpovog(h) | Ospuokpacia(°C) | Amédoon
OAcC
AcO- o FU 1 90 85%
T OAc 4a
OAc
AcO 0
bl U 1 80 82%
T OAc 4B
OAc
AcO (o]
el Thy 15 110 72%
T OAc 4y
OAc
ACO~ O, Bzovt 2 120 68%
T OAc 45
OAc
AcO (@)
%BZA“ 4 100 59%
—
OAc
OH 4
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To T1eNikd6 oTAdI0O TNG OUVOETIKAG Tropeiag TrepIAauBdvel TNV
QTTOTTPOOTACIA TWV EVWOEWV 40-€ HE KATEPYAOia TOUG ME MEBAVOAIKN
appwvia (Neilson kal Werstiuk 1971), otrote kai AapBdvovtail ol emluunToi 3'-
C-a1BuvuAo-B-D-aAAoTTupavoluAo VouKkAeodiTeg 5a-y,{,0T 0 KOAEG ATTOOOOEIG
(72-78%) (ZxAua 35).

OAc OH
(0] A (0]
ACO MeBavoikry HO
- B Appwvia —_ B
OAc 72-78% OH
OH OH
4a-€ 5a-y,{,0T

B = a: 5¢pBopooupakiin, B: oupakiAn, y: Bupivn,
C: kutooivn, oT: adevivn

ZXApa 35

Y10 OxAMa 36, TopatiBetal evdeIKTIKA To @dopa *H NMR Tou
VOUKA£0CiTN TNG OUPAKiANG 5B. ZTO CUYKEKPIYEVO QAT ep@aviCeTal hia OITTAN
KOpUQr ME PEYAAN Tiuf otaBepdg ouleuéng Ji-,» = 9.3 Hz ota 5.82 ppm, n
OTTOia AVTIOTOIXEI OTO TTPWTOVIO H-1" Tou cakxdpou. ETiong, amd tn PEAETN
TOU AOMATOG TTPOKUTITOUV dUO XAPOAKTNPIOTIKEG DITTAEG KOPUPEG OTa 7.71 Kal
5.72 ppm, o1 oTroieg epgavifouv Tnv idia otaBepd ouleuéng Jss = 8.1 Hz, Kkai
avTioToiyoUv oTta TpwTtovia H-6 kai H-5 T1¢ oupakiAng, avrioToixa.
AkoAouBouv Ta orjpata Tpwroviwv Twv H-2°, H-4", H-5", H-6a" ka1 H-6b” Tou
oakydpou oav pia TTOANQTTA Kopupry oTtnv Trepioxr] 3.86-3.65 ppm.
XapaKTnNPIoTIKA €ival n atrAr] KOpu@R Tou TTpwToviou TnG aliBuvulouddag, n
oTroia ep@avifetal ota 2.85 ppm. ZnuElWVETAl OTI TOOO Ta TTPWTOVIA TWV
eAeUBepwV UBPOEUAIWV TOUu COKXdpOUu OCO Kal TO AMIVIKO TTPWTOVIO TNG
ETEPOKUKAIKAG PBdong Oev eu@avifovial o010 @Acpa Adyw TnG Taxeiog
avTtaAAayig TTou AauBdvel xwpa PJETAEU auTwy Kal Tou dIoAUTN (uEBavOAn-d4).

TéNog, Ba TpéTrel va ava@epBei OTI oTa QACPATA UTTEPUBPOU TWV
EVWOEWV 5 gu@pavifovTal XapaKTNPIOTIKEG KOPUPES atroppoéPnong ota 2115-

2130 cm™, oI oTToiEC AVTIOTOIKOUV GTNV alBuvuAopdda.
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

OA6kAnpn n yevik Topeia yia tn ouvBeon Twv 3’-C-aiBuvulo-B-D-

aAAOTTUPAVOVOUKAEOQITWV @QaiveTal 0TO OXHHa 37 TTOU OKOAOUBEI:

\ . (@] O H |\ —
Me,C ! » MeC
(¢] 85% (0]
o) 0. oH OO0
CMe, CMe,
1 2

B = a: 5-pBopooupakiAn, B: oupakiAn, y: Bupivn, 8: N*-BeviouAokuToaivn,
&: NB-BevZoUAoadevivn, : KuToaivn, oT: adevivn

ii| 83%
Y
OR OAc
0 o
RO B = I AcO
= = — Ohc
- 0, —_—
oR 59-85% O
OH OH
iv [ 4a&R=Ac 3

72-78% | 5a-y,{,0T: R=H

i) HC =CMgBr,THF; i) a) Amberlite IR (H*), H,O, MeOH, B) Ac,0, Trupidivn;
i) ZIAUNlwpévn Bdon,CH3CN; iv) MeBavoAiki Agpwvia.

ZxAua 37

Me otoxo va diepeuvnBei n oxeéon doung-dpdong OTIG EVWOEIG auTou
TOU TUTTOU, ETTIXEIPAONKE N oUVOeon WIOG vEAG TAENG VOUKAEOITWY, Twv 3'-C-
a1BuvuAo-3°-0e0éu TTUupavovoukAeoliTwv 2.1l (Zxnua 38). Eival afloonueiwto
OTI TTAPOAO TTOU N AAKOOAN 2 PETATPATTNKE EUKOAA OTO PEBUAOEQAIKO €0TEPQ
2.1, 6Aeg o1 TTPpoOoTTABEIEG avaywyng Tou TEAeUTaioU OE OIAPOPES TTEIPAPATIKES
ouvOnkeg odrlynoav aTroKAEIOTIKA o€ TTPOoidvTa atroikoddunong. To yeyovog
autd odnyei oTnv Tpo@avh utréBeon OTI n TTapouadia TG alBuvulo ouddag
EMOPA pe €vav  adIEUKPIVIOTO TPOTTO OTn OPACTIKOTATA TNG ETTITrEdNGg
evlldueong piCag Tou Onuioupyeital PETA TRV TTPooBnkn Tou alwdig-
IcoBouTtupoviTpiAiou (AIBN), aTToTPETTOVTAG TNV AVAYWYr TOU avTIOPWVTOG.
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ZXApa 38

11.1.5 TprafoAo TrupavovoukAeoditeg pe dITTAR Ke@aAn 8a-n

O 6pog 1ng “click” xnueiag €10AxOn amd tov Barry K. Sharpless kai
TOUG oOuvepydteg Tou TO 2001 vyia va TEPIYPAYOUV KATTOIEG XNMIKEG
avTIOPAOoEIg ol OTT0IEG Xapakrnpi¢ovtal atod oTEPEOEIDIKOTNTA
(stereospecificity), uwnAég atroddoelg, €NAeiyn 1 eAdxiotn  dnuioupyia
TAPATTPOIOVTWY, Xwpi¢ emmTAéov va emnpedlovral amd T1O €id00¢ TwWV
AEITOUPYIKWV OPAdWY TwV Popiwv PE Ta otroia cuvdéovTal. ATTo TIG DIAPOPES
avtidpdoeig NG Click Xnueiag, n avridpaon kKukAomrpooBrikng adidiwv-
aAkuviwv TTou  KataAvetar amd xaAkd (1) [Cu-catalyzed Azide-Alkyne
Cycloaddition (CuUAAC)] katéxel deotméfouca Béan otn diebvry BiBAIoypagia.
Qg €k TOUTOU, N TTapouacia Tou TPITTAOU decpoU OTOUG veoouvTIBEuEvoug 3'-C-
alBuvuAo TTUPAVOVOUKAEOCITEG, BewpnOnkKe wg €EAIPETIKN €UKAIpia yia Tn
ouvleon véwv 1,2,3-tpialoAo  voukAeolitwv  pEe  OuO  VOUKAEORBAOEIG

(OIkEPaAwV) péow avTidpdaoewv CUAAC pe AlIdo TTOUPIVEG 1) TTUPIUIDIVEG.
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Ta teAeutaia xpovia, ol VOUKAEOQiTeG pe OITTAR KEQAAN atroTeAoUV éva
OPKETA EVOIOQPEPOV QVTIKEIMEVO KABWGS XPNOILOTTOIoUVTAl 0aV DOUIKEG OVADES
OTn oUvBeon OAlyOVOUKAEOTIOIWY, PE TTIBAVEG DIAYVWOTIKEG KAl BEPATTEUTIKES
epappoyéEg (Wu et al. 2005, Umemoto et al. 2009). ©a TTpETTEl va TOVIOTE 0TI O
oxXNMaTI{OuEVOG TPIAOAIKOG DAKTUAIOG OTA VEQ DIKEQAAQ TTUPAVOVOUKAEOCITIKA
avaloya 1Tou oxedidoTnkav Bewpeital Eva €mIOUPNTO OOMPIKO XOPAKTNPIOTIKO,
KaBwg ol 1,2,3-TpIaloANIKEG eVWOEIG €XOuV Tn duvaTOTNTA VO CUMMETEXOUV
evepya o€ 0eohoUg udpoyodvou Kal oe AAANAETTIOPACEIG DITTOAOU-DITTOAOU, EVW
Ta Trapdywyd TOUuG TrapoucIAfouv €VTOVO  (QPAPMOKOAOYIKO evOIa®EPOV
(Ferreira et al. 2010, Li et al. 2006).

H petatrpot) Twv opyavikwv adidiwv Kal  akpaiwv  aAKuviwv
QTTOKAEIOTIKA oTa €mBupntd 1,4-utrokarteotnuéva 1,2,3-tpialdhia  pHECW
avTidpdoswv CUuAAC, atraitei TNV KATOAUTIKA OUMPMETOX Tou XaAkou. O
TTPOTEIVOUEVOG apPXIKA KATAAUTIKOG KUKAOG yia Tnv avtidpaon pe PBdon
BewpnTikoug utroAoyiopoug DFT (Density functional theory), Trepiypdgetal oTo
oxfpa 39 trou akoAouBei (Himo et al. 2005):

R’
}_". R'—=
NQN#NHR [Cul J*
H+
H+
R Cul, 5 R'———~Cul,,
N:_: ) @ @
~‘N*N R =YY

ZxAua 39

Apxika €xoupe Tn ouvappoyr tou Cu(l) pe To aAkuvio, n oTroia €ival
eANa@pwg evdoBepun oe CH3CN aAAd €§wBepun oT10 vEPO, YEYOVOG TTOU
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EPXETAI O€ CUPQWVIO ME TTEIPAUATIKEG TTAPATAPACEIS OTI N avTidpaon
TPOXwWPAEl ypnyopdtepa Ot UDATIKA CUCTAMOTA. 2T OCUVEXEIQ, TO alidio
diwxvel dAAo évav utrokataoTdTn (ligand) kai evivertal ge 1o XaAkd. AKoAouBEei
0 OoXNMUATIoONOG Tou TTPWTOU C—N deopoU pEow evog aouviBioTou eEapeAoUg
KUKAIKOU €VOIQNECOU ME Tn OUMMETOXA TOUu XAAKOU. Kartoiv, €uvoeiTtal
EVEPYEIAKA O OXNMATIONOG TOUu TPIACOAIKOU TTapAaywyou TOU XOAKOU Kal €V
ouvexeia Aappavetal To TEAIKO TTPOIOV PHECW MIOG TTPpwTOViwoNG, KAgivovTag
TTapdAANAa Tov KATAAUTIKO KUKAO. OtcwpnTikoi utroAoyiopoi DFT utrédeiav
TV auénuévn mlavotnTa Ox1 éva aAAd duo drtopa XaAkou va atraitouvral
Katd Tnv KataAutiky Oladikacia, woTe va OXNUATIOTEE O  KaIvoupyiog
TpIaloAIkdG dakTUAIOG (Ahlquist et al. 2007). MNpdyuarti, yia TTOAU TPdCEATN
épeuva amedeIEe TTEIPAPATIKA Tn dlapecoAdpnon duo atépwy XAaAKoUu oOTo
evePYO eVOIANECO CUMTTAOKO, Ta OTroia Trapoucidlouv 1000UVauoUS POAoUG
Katd TN O1dpkeia Twv oTtadiwv KukAotrpooBrkng (Worrell et al. 2013).

O1 3"-C-a1Buvulo  aAAOTTUPOVOVOUKAEOCITEG KOl OUYKEKPIPEVA Ol
EVWOEIG 4a-& Kal 5a atmoTéAecav eVWOEIG-KAEIBIA yia TN Awn Twv €mMOUUNTWV
1,2,3-1p1dloAo OIKEPAAWV VOUKAEOCQITIKWY avaAdywV 8a-n. ZnUEIWVETAI OTI Ol
a100-a1BuAo-voUKAEOBAOEIC 6a-y TTOU XPNOIUOTToIOnKav OTIC avTIOPACEIS
KukAotroinong CuAAC, trapaxwpnibnkav amd tnv KabnyATtpia Tou TUAPATOG
Xnueiag Tou MNav. @socoalovikng, K. KoutouAn ota TTAQicIa cuvepyaaciog hOG.

AvaAuTikoTepa, avtidpaon CUAAC petagu tng adidoaiBulo-adevivng 6a
Kal Twv C-a1iBuvulo TTupavovoukAeolITwyv 4B-g, TTapoudia  KATAAUTIKWV
ToooTATWY CuSO4-5H,0 kai ackopPikou vartpiou oe dioAutn THF/H,O (1:1),
odiynoce OTO OXNMATIOMO TWwV TTPOCTATEUMEVWY  TPIACOAO  DIKEQAAWV
VOUKAEOQITIKWV — avaAdywv  7a-8, avrtiotoixa. AkoAouBei n  mmARpng
ATTOTTPOCTACIA TWV EVWOEWV 7a-8, PE TN XPNon MEBAVOAIKNAG aupwviag, HE
amoTéAecua TN AQYn Twv evwoewv 8a-8, avrioTtoixa (Zxnua 40). 2tnv
TTEPITITWON TOU BIKEPAAOU VOUKAEOCITN 8& OKOAOUBNONKE WIa TPOTTOTTOINUEVN
TTEIPAPATIKA TTOpEia. AvTidpacon Tou PN TTPOCTATEUNEVOU VOUKAEOCITN 5a PE TO
acidio 6a TTapoucia cUpuaTtog XaAkou, o€ diaAuTn CH3CN /H,O (9:1) kai v
OUVEXEIQ JE KATEPYATIA TOU CUMTTUKVWHOTOG TNG avTidpaong ME HEBAVOAN
TapeAnPON 10 TTPOidv 8¢ (ZxApa 40).
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i) THF, H,0, CuSQ.5H,0, AckopBiké Ndtpio; ii) MeBavoAikiy Appwvia; i) CHsCN, H,O, ZUppa XaAkou

ZxApa 40

21 ouvéxela, avtidpaon CuAAC petagl Tng adidoaiBuho  5-
@BopooupakiAng 6B pe Toug C-alBuvulo TTUpavovoukAeodiTeg 4a Kal 48, alAd
Kal TnG adidoaiBulo Bupivng 6y pe TO alBuvuAo avdAoyo Tng oupakiAng 4B

odAynoe OTO OXNUATIOMO TwVv TIPOCTATEUPEVWY  TPIACOAO  JIKEQAAWV

a7
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VOUKAEOQITIKWV avaAoywv 7¢,0T1,n, avriotoixa (ZxAua 41). EmakdAoubn
QATTOKETUAIWOT TWV EVWOEWV 78,0T,n, oOAOKApwaoe TN ouveeTIKr dladikaoia Je

N AqYn Twv TEAIKWV evwoewv 8¢,0T,n, avtioToixd, YE TTOAU KOAEG aTTOOOOEIG
(83-86%).

HN 0

0] <\ RO
F N N
| NH : B} OR
/g ' 7( R=Ac, 84%

8; R=H, 83%
N3

@ s
N AN
=N OH
70T R=Ac, 79%

i '
,: 80T: R=H, 85%

OR

N Yo ” <\ RO o
—>
K/ Ns N D
N N OH

6y B m: R=Ac, 77%
ii
8n: R=H, 86%

i) THF, H,0, CuSQ.5H,0, AakopBiké Ndrtpio; ii) MeBavoAikiy Appwvia

ZXApa 41
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

2TOV TTivaKa 2 TOU OKOAOUBEi TTapaTiOevTal CUYKEVTPWTIKA Ol
amodooeic aAAd Kal ol ouvlnkeg Twv avTidpdoewv click xnueiag TTou
EQAPPOOTNKAV YIA TN OUVOECH TWV TTUPAVOVOUKAEOCITWY PE DITTAN KEQAAR 7a-
0,-n kai 8e. O1 amodOCEIC TWV AVTIOPACEWV META TNV ATTOMOVWON TWV
TPOIGVTWV €ival TTOAU KAAEG (69-84%), evw BEBaIa o1 TTPAYHATIKEG ATTODOOEIG
gival Katd TToAU PeYaAUTEPEG, KOBWGS Ot OAEG TIC TTEPITITWOEIG N UETATPOTTN
TTPOG TOUG TPIACOAIKOUG VOUKAEOCITEG NTAV TTOCOTIKA XWPIG VA TTapATNPEITAI
oxXNMUaTIoNOG TTapaTrpoidvTwy. ETriong, Tapatnpouue 611 yia T oUvOeon ToU
QTTOTTPOCTATEUMEVOU  VOUKAeOCiTn 8¢, amaitibnke O  TEPICOOTEPOG
TEIPAPATIKOG  XPOVOG, KABWG akoAoubnbnke —OmTwg ava@Eépbnke- HIa

dlagopoTtroinuévn TreipapaTiky dladikacia atrd Toug UTTOAOITTOUG.

Mivakag 2
Alidio AAkUvio | [poidv A%c Amédoon
6a a8 7a Reflux, 6 h 74%
6a 4y 7B Reflux, 4 h 69%
6a 45 7y Reflux, 6 h 72%
6a 4g 75 Reflux, 4 h 79%
6a 5a 8¢ 35°C,9.5h 77%
68 4a 7 Reflux, 3.5 h 84%
68 4B 701 Reflux, 3.0 h 79%
6y 4a m Reflux, 2.5 h 7%

H Ttautomoinon Twv TpIaOAIKWY Trapaywywyv £yive e Bdon Ta
QPACHUATOOKOTTIKA TOUug Oedopéva, €vw 1I0IAITEPA  KATATOTTIOTIKEG YIO TOV
XOPAKTNPIOUO TWwV TTPOIOVTWY OTTOQEIKVUOVTAI Of XNUIKEG METATOTTIOEIG TOU
TpialohikoU dakTuhiou. Zuykekpiyéva, ota gaopata *H NMR 1o TTpwTdvIo Tou
TpIaloAikoU dakTUAiou gp@avieTal og TINEG 6 8.01-7.10 ppm OTAV APWHATIKN

TEPIOXA, EVW N TTAéOV XAPOKTNPEIOTIKA KOPUPR oTa @dopara *C NMR eival
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autrp Tou CH-tpialoAikoU dvBpaka, n OTToia TTapaTnPEiTal o€ TTOAU OTEVO
eupog (0 124.5-125.0 ppm). 2e kdrmoia @AcuaTa 'H NMR, o KOPU®PEG
EMPAVIOTNKAV OPKETA OIEUPUMEVEG Kal auTd odrnynoce oTn AQqyn Toug Ot
peyaAUTepeg Bepuokpaacieg (45-55 °C). O Xapaktnpiouog Twv An@OEvTwy
TPOIGVTWV cav 1,4-regio 100PEPN EYIVE NECW OUYKPIONSG TWV XNMIKWY TOUG
METATOTTIOEWV PE AVAAOYEG 4-UTTOKATECTNUEVES TPIaloAo- evwoelg (Trakossas
et al. 2011). H amdédoon mpwroviwv emMPBERAIWONKE TIG TTEPICCOTEPES POPEG
pe eipapata H,H-COSY, evw 600V agopd Toug AvBPAKES UTTOOTNPIXTNKE ME
meipdpara DEPT. Tlpémel va Toviotei o611 OAeg o1 avmidpdaocelg CuAAC
odAynoav oTo OXNMATIONO €vdG POVO regio 1I00PEPOUG atmd Ta dUo TBava
(oxnuatiopég povo Tou 1,4-regio-loouepouc) (Rostovtsev et al. 2002).

210 OXApa 42 divetal 10 XapaktnpioTikd ¢@daocpa H,H-COSY Ttou
TpooTATEUPEVOU DIKEQAAOU VOUKAEOLITN 7N, OTTOU TTapATNPOUVTAl ApPXIKA Ol
ATTAEG KOPUPEG TWV OUO AMIVOUAdWY TwV VoukAeoBdoeswyv ota 9.18 kal 8.88
ppm, ol oTroie¢ —OTTWG KAl AVOUEVETAI— OEV OUOXETICOVTAl PE KATTOI0 AAAO
TPWTOVIO. AKOAOUBEi TO ofua TTpwrToviou Tou H-6 TG oupakiAng ota 7.45
ppm, Kal To oTroio cuoxeTifetal ye 10 H-5 TnG oupakiAng ota 5.79 ppm. To
TPIAOANIKS TTPWTOVIO euavifeTal oTa 7.44 ppm, XWEIg va TTapatnpeital oiua
COSY pe kamoio dAo mpwTovio. To ofjua mTpwToviou Tou H-6 Tng Bupivng
ota 6.75 ppm, cuoxeTiCetal ge TNV 5-CH3 opdda tng Bupivng ota 1.82 ppm.
AkoAouBei To ofpa TTpwrtoviou Tou H-1" ToU cakxdpou oTta 6.21 ppm, KAl TO
otroio aAAnAemdpd oto COSY pe 10 H-2” ota 5.36 ppm. ZTnVv Teploxn 4.92-
4.04 ppm TTapartnpouvTal Ta utréAoITTa udpoydva Tou CaKXApou, Twv dUo
MEOUAEVIKWY OpGdwY KaBWG Kal o1 PETAEU TOUG CUOXETIOMOI. TEANOG, oTnv
mepioxy 2.1-1.95 @aivovral ta Tpiad HEBUAID TWV AKETUAO-OMAdWY TOU

OaKxdpou.

50

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Oewpnrikd péposc—AmorerAéouara—2xoAiaouog
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Y10 oxAua 43, Tapatifetal evOEIKTIKG To @dopa *H NMR Tou SiképaAou
VOUKA£0(iTN 80T. ATTd T PEAETN TOU, TTPOKUTTTOUV OPXIKA Ol EUPEIEG KOPUPES
TWV QUIVOPAdWVY Twv Ouo VoukAeoBdoswv oTta 11.75 aAAd kai 11.25 ppm
QVTIOTOIXQ, EVW XOPAKTNPIOTIKA €ival n atmAr] Kopu® TTou TTpoodiopilel To
TPWTOVIO TNG TPIACOAIKAG opadag, n otoia eugavifstalr ota 8.01 ppm.
AkoAouBouv Ta orjpata Tpwrtoviwv Tou H-6 NG 5-¢BopooupakiAng ota 7.75
ppm kai Tou H-6 TG oupakiAng ota 7.73 ppm, w¢ OITTAEG KOPUPEG ME
o1aBepEG 0UCeUENG Jner = 6.6 Hz kKai Js 6 = 8.1 Hz, avrtioToixa. Omwg @aiveral,
TO Ofua Tou TTpwrtoviou H-1" gu@avifetal wg pia dITTAR kopuen ota 5.84 ppm
ME oTaBepd oUleuéng Ji-o- = 9.5 Hz, evw n dImAR kopuen ota 5.63 ppm

QVTIOTOIXEI OTO Ofpa Tou Trpwrtoviou H-5 Tng oupakiAng. ETriong, amd 1
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MEAETN TOU @ACHATOG TTPOKUTITEI MIO OTTAr} Kopugn ota 5.34 ppm TTOU
QVTIOTOIXEI OTO TTPWTOVIO €VOG AEUBEPOU UDBPOLUAIOU TOU CAKYXAPOU Kal HIa
QITA kopu@ry ota 4.97 ppm, n otoia TTpocdlopifel TO TPpwTOVIO H-2°.
AkoAouBouv Ta ofpata TEcodpwy TTpwToviwv Twv H-4", CH, kai OH cav pia
TOAOATIAR Kopupry otnv Trepioxy 4.73-4.47 ppm. XapakKTnPIOTIKN €ival n
TPITTAR} Kopupr TTou TPoadiopilel To TPpwTéVIO TNG CHz-opddag, n otroia
edeavifetal ota 4.06 ppm e otabepd ouleuéng J = 5.6 Hz, evw akoAouBei To
OAMO TOU TTpwTOViou MIag TPITTARG Kopu@ng ota 3.93 ppm pe oTaBepd
ouleuéng J = 6.2 Hz, TOU QVTIOTOIXEI OTO TIPWTOVIO €VOG €AeUBepoOU
udpoguAiou Tou cakxdapou. TEAog, dlakpivovTal Ta COAUATA TWV TTPWTOVIWV H-
5%, H-6a’, H-6b" ka1 OH Tou udatavOpakikoU OaKTUAIOU WG TTOAAATTAEG
KopupeEg ota 3.82-3.42 ppm .

o _ AiaAGTHG DMSO-d6
HNgii/ o H-Triazole
2 6
04\ ! H-4', CH2,
oF
/g H-5', H-62
OH, H-6b
H-6,FU
H-6,Ur rp
OH
H-5,Ur
OH
H-1
H-2
2NH Uk wd

L L L S S R B MR

P B B e s N

N 8 R 88 8 8 R Re ¥

‘ T T ‘ T
10.0 5.0
ppm (t1)
ZxApa 43
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E€etdoviag emiong evdelkTIKE To @doua C-NMR Ttou SiképaAou
VOUKAe0(iTn 80T oTO OXAMO 44, TPOKUTITEI OTI n Kopu®r ota 163.3 ppm
QVTIOTOIXEI OTOV KapBOVUAIKO dvBpaka C-4 TnG oupakiAng, evw akoAouBei 1o
oAua Tou AavBpaka C-4 Tng 5-@BopoupakiAng ota 157.8 ppm cav pia dITTAR
KOpuQr hE oTaBepd oUleung Jear = 25 Hz. O1 kopugég ota 151.3, 150.7 kai
149.9 ppm avTioTOIXOUV OTOUG dvBpakeg C-2 TnG oupakiAng, C-2 g 5-
@BopooupakiAng kai C-4 tou tpialoAiou, avtioToixa. AKOAouBei To orjua Tou
dvBpaka C-6 Tng oupakiAng ota 141.8 ppm, Kal Ta oHPATa Twv avepdkwyv C-5
Kal C-6 TG 5-pBopoupakiAng wg OITTAEG KOpuPES oTa 139.9 ppm pe oTaBepd
oUleuéng JcsF = 230 Hz kai ota 130.2 ppm e o1a@epd 0Uleuéng Je6F = 34
Hz, avrioToixa. XapaktnpioTiKA €ival n amoppdéenon Tou avBpaka C-5 Tou
TplaloAikoU dakTuAiou ota 125.0 ppm, evw n kopugr ota 102.1 ppm,
avTioTolxei oTov dvBpaka C-5 tTnG oupakiAng. AKoAouBouv 6 Kopu@pég oTnv
mepioxy 80.6-61.5 ppm, Tou atrodidovral oToug 6 dAvBpaKeG TOU
udatavOpakikoUu OakTuAiou, evw o1 duo peBUAevikoi dAvBpakeg (-CHy-)
ouvTtovifovTtal ota 48.2 kai 47.5 ppm.

o
E AiaAiTng DMSO-d6
HNG 45 ©
)\2 L2 4
54 3NH
0 N OH | 32
6
N O,
.
>
NTN OH
\
N=N OH
8ot
C-1, C-2, C-3, C-4', C-5'

c-2Ur

C-2FU
C-4U  c.4Triazole

C-5 Triazole C-5Ur c6 2CH2
C-6 Ur
C-4FU C-6 FU
C-5FU
\ \ \
150 100 50
ppm (t1)
ZXApa 44
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.L1.6 AvTukl Kal  QvTIKAPKIVIK) ®pdon Twv  3"-C-aiBuvuldo
TTUPAVOVOUKAEOJITWYV Kal 3-C-(1,4-01utTOKAOTNMEVWV-1,2 3-

TP1a{0A0)TTUPaVOVOUKAEOQITWYV PE DITTAR KEQPAAR

O1 veoouvtiBépevol 3'-C-aiBuvulo TTupavovoukAeoliteg 5a-y,8,0T Kal
(1,2,3-1p1aloAo)voUKAEOCiTEG HE DITTAR KEQOAAN 8a-n ATTOTIUAONKAV WG TTPOG
TNV QVTIIKI Kal QVTIKAPKIVIKY) Toug dpdon. Ta Teipduarta TpayuaToTroijénkav
oto epyaoTtipio loAoyiag kai XnueloBepatreiag Tou IvomiTouto laTpIkng
‘Epeuvag Rega oto BéAyio.

O1 véeg evwoelg €CETACTNKAV YIO TNV AVOCTAATIKA TOug dpdon £vavTi
TOU TTOANATTAQGCIONOU TWV KAPKIVIKWVY KUTTApwv Acuxaipiag (L1210), Twv
avBpwtivwyv T-Aep@okuttdpwyv (CEM), KaBwg €TTiong Kal Twv avlpwITivwy
TPAXNAIKWV KAPKIVIKWY KUTTApwv (HelLa). Kavéva atd ta puépia dev eP@Avioe
agldAoyn KuTTapooTaTIK Opdon, UTTHPEAV wOTO0O0 TPEIG VOUKAEOJITEG ME
OITTAA KEQAA, o1 8a, 8y Kal 8g, Ol OTTOI0I EPPAVICAV PIa HETPIO KUTTAPOOTATIKN
Opdon £VaVTI TWV AVOPWITIVWV KAPKIVIKWY KUTTApwV Tou TpaxfAou (HelLa) kai
MTTOpOUV va atroTEAE00OUV 0dNyoug yia TNV oUVOECTN avAAOYWV EVWOEWV UE
BeATiwpéveg kutTapooTaTikEG 1016TNTEG (Mivakag 3). MNa Tnv ekTiynon NG
KUTTapooTaTikig Opdong xpnoiyotroinénke n mapduetpog ICse, n oTroia
QVTITTPOOWTTEUEl T OUYKEVTPWON TOU TIPOIGVTOG TTOU QTTAITEITAI YId TNV
avaOoTOANG TNG KUTTAPIKAG avamTuéng katd 50%. Ta T1eAIkd TrpoidvTa
ATTOTIMABNKAV £TTIONG WG TTPOG TNV AVTIIKA Toug dpdaon £vavTi piag TTAnBwpag
1600 DNA 600 kai RNA 1wv, 0gv avéoTelhav OPwG TOug 10UG aKOUA Kal oTav

XpnoigoTroinénkav o€ uPnAég cuykévTpwaoelg (100-200 puM).
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Mivakag 3. AvaoTaAtiky Opdon Twv evwoewv 5a-y,{,0T Kal 8a-n €vavtl Tou

TTOAQTTAQCIOCUOU TWV KUTTApWY L1210, CEM kai Hela.

ICso (MM) ICso (M)
DNpoiov L1210 CEM  Hela TNpoiov L1210 CEM HeLa
OH Ade OH
0o o U <\ HO O  on
= N > 200 > 200 115 +7
on M 5200 >200  >200 N, o
OH Ade OH
HO” oV i HO O Ade
= > 250 >250 > 250
on ©OM >200  >200  >200 NI T oH
N=N
58 85
OH Ade OH
HO~ o, Thy i HO o FU
= N 129+94  >250 94 +43
on M >200  >200  >200 T on OH
N—=N
S5y 8¢
OH FU OH
Ho- O ot Q HO o FU
= > 250 > 250 182 + 95
on °H >200 >200  >200 Ny, oH
N=N
56 8¢
OH FU OH
= > 250 > 250 > 250
on ©°H >250  >250 244%9 NIy T on
N=N
50T 80T
Ade OH Thy OH
Q HO o U <\ HO o v
N OH > 200 > 200 89+1 N OH > 200 > 200 > 200
\ _/ OH \_/ OH
N—N N—N
8a 8n
Ade OH
O Th
<\ R SEEL TR 250 =250
NTN OH 22 =
\ OH
N=N
8B
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1.2 2uvleon TWV 3’-C-kuavo Kal 3°-0g0&u-3°-C-Kuavo

TTUPAVOVOUKAEOJITIKWY aVAAOYWV

ATtroteAei yeyovdg OTI N TPOTTOTTOINCON TOUu UudaTaVOpPAKIKOU dAKTUAIOU
€vVOG VOUKAeOCiTn uTTopei va odnynoel o€ OnPAVTIKEG UETARBOAEG OTO PAouA
TwV BloAoyikwyv Tou 1810TATWYV. YTTd TO TTpicha auTd, n €1I0aywyr TG KUAvVo
OMAdAG OTO THAMA TOU OOKXAPOU £VOG VOUKAEOCITIKOU avaAdyou Bewpeital pia
€CQIPETIKA OTPATNYIKA YIO TNV avakdAuyn VEWV UTTOWYAPIWY QAPHAKWV.
Mpaypatt -0TTwg €xel AdN avageepbei- évag onuavtikdég apiBuds Kuavo
POUPAVOVOUKAEOQITWV EXEI ETTIOEICEI EVOIAPEPOUTES AVTIIIKEG KAl AVTIKAPKIVIKEG
1I016TNTEG, EVW N BEPATTEUTIKA TOUG IKAVOTNTA aTTOdIdETAI OE ONUAVTIKO BaBud
OTO PIKPO PEYEBOG KAl 0T JEYAAN NAEKTPaPVNTIKOTNTA TG KUAVO OuddaAg.

Emmpdobeta, Tmpoéo@areg E£peuveg  amédeigav  OTl véeG  TAEEIQ
aouvhBIioTwv  3°-pB0opO  TTUPAVOVOUKAEO(ITWY HTTOPOUV va  BewpnBolv
EATTIOOQOPEG YIa TNV AVATITUEN AVTI-EVTEPOIIKWVY PaPUAKWY, EVW TTapouciacav
agloonueiwTn KUTTAPOTOEIKA dpdon €vavtl dIa@OPWV KAPKIVIKWY KUTTAPIKWV
ocipwv (Manta et al. 2007, Manta et al. 2008, Tsoukala et al. 2010). Mg Bdon
Ta AVWTEPW, KPIONKE evdIa@EPOUCA N ETTEKTOON TWV MEAETWV TTPOG TN
ouvBeon vEwv popiwv oTa oTroia To ATouo Tou @Bopiou Ba avTikaTtaoTaBEi
atrd TNV £1ioNG NAEKPOAPVNTIKF KUavo opdda. Qg ek TOUTOU ATTOPACIOTNKE, O
oxedlaoudg, n ouvleon kai n PioAoyikA atotipnon véwv 3’-C-kuavo kal 3'-
0e0fu-3"-C-kuavo  TTUPAVOVOUKAEO(ITWY, ol oToiol  Ba  @Eépouv  wg
ETEPOKUKAIKEG Bdoelg Tn 5-¢BopooupakiAn, TNV oupakiAn, Tn Bupivn kal TNV
kutooivn (Evwoelig XXXVI, XXXVII, oxfiua 45). MNMpémel va avagepOei 611 n
OTEPEOXNMEIQ TNG KUaVO opddag dev gixe KATTOIO onuacia oto oXedlaoud, o€
avtieon e TN oUvBeon Twv aAIBUVUAO TTUPAVOVOUKAEO(QITWY, OTTOU O
EMOUUNTOG oxedIaouds TTPoERAETTE TN B-OTEPEOXNMEIa TG aIBUvUAouddag

oTa NoPIa-oTOXOUG.

OH OH
HO Q B HO 0 B
HO
OH B = 5¢pBopooupakiAn, OH
OoupaKiAn
Bupivn
‘ ‘ KUTOOiVN ‘ ‘
XXXVI XXXVII
N N
IxApa 45
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E@appolovtag pia avdAoyn pETPOCUVOETIKA TTPOCEYYION WE AUTH TwV
3’-C-a1Buvulo TTupavovoukAeolITwy, ol 3"-C-kuavo- VOUKAeodiTeg XXXVI kai ol
37-0e0u-3"-C-kuavo- voukAeoliteg XXXVII ptropolv va TrpokUyouv atod Tn
oupTrukvwon g 3-C-kuavo trupavolng XXXV kal 1ng 3-0e0&u-3-C-kuavo
TTupavolng XXXIX, avrtiotoixa, JME TNV KATAAANAN voukAeoBdon (ZxAua 46).
EmimrAéov, Ta kuavo-odkxapa XXXVIII kar XXXIX ymropouv va mpoéABouv atrd

TN oupavo-kuavudpivn XL, HEow MIaG aTTArG OUVOETIKAG dIadIKATIAg.

OR OR
o) 0
RO RO
HO B B
OR OR
Il |l
N N
XXXVI B = Badon XXXVII
R=AcnH
OR OR
0 o)
RO RO
RO
or ~OR orR " OR
|l |l
N N
XXXVINI XXXIX
o)
I _o”\ %%%o
Me,C
o)
O\\
| | CMe,
N
XL
ZXApa 46
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11.2.1 Z0v@eon Tng 1,2,3,4,6-reVTOKIG-O-aKETUAO-3-C-KUAVO-D-
yAukotrupavoldng (11)

210 apXIk6 oTAdIO TNG OUVOETIKNG TTOPEIOG TTPAYUATOTTOIEITAI IO TUTTIKI
TTUPNVOQIAN TTPOCGBOAA TNG KapBOoVUAOUAdAGS TNG YVWOTAG poupavolng 1 amod
TO QVIOV TOU Kuaviou, JEOW MIaG €UKOANG KATEPYOQOIAG TOU AVTIOPWVTOG HE
kuaviouxo vartpio (NaCN) kai 6¢ivo avBpakikd vdtpio (NaHCO3) oe auoTtnua
0uo @doswv H,O kai diaiBuAaiBépa (Et,O) (Zxnua 47). Evw oe avtidpdoeig
avaAoyou TUTTOU O OXNMATIOMOG TNG Kuavudpivng €ival avTioTPETTTOG,
ETTIKPATWVTAG MIO ICOPPOTTIA METAEU TNG APXIKNG KETOVNG KAl TOU KUAVIOUXOU
mpoidvtog (Nagendrappa, 2008), oTtnv avTidpacn TOU OCUYKEKPINEVOU
UTTOOTPWHATOG  €UVOABONKE TTANPwWG n ouvBeon Tng OBepuoduvapikd
oT1aBepdTEPNG YAUKO-KUQVUOpivnGg 9 (Bourgeois 1975, Rosenthal kai CIiff

1976), Pe MIa TTPAKTIKA TTOCOTIKY atrddoon (97%).

0] O

\ O o 1 _o”\ %o
Me,C NaCN, NaHCO3> Me,C
O O Etzo, H20 O
o N 97% N
CMe, ] CMe,
N
1 9
ZXApa 47

H dopn Tou Kuavo-cakyxdpou 9, av Kal €PXETAl O QVTIOEON HE TNV
avapevopevn  TTupnvo@IAn TTPOooROAN TNG KUavo-opadag atd Tnv Alyotepo
OTEPEOXNMIKA TTAPEUTTODIOUEVN (TTAVW) Own Tou udaTtavBpakikoUu dakTuAiou,
gival yvwoTn -6mTwg ava@épinke- BiBAIoypa@ikd kai emITTAEoV emIRERAILONKE
otn MeAETn auth e meipdauata NOE (Nuclear Overhauser Effect). Otmrwg
arreikovi¢etal oto oxnua 48, n ueydAn auvgnon tng évraong tou H-2 kai Tou H-
5 Tou oakydpou Katd 5% Kai 7% avTioToIXa, KATd TOV KOPECHO TNG EAEUBEPNG
udpo&ulopadag, atrodeikvuel OTI Ta TPia AUTA TTPWTOVIa BpickovTal aTnv idia

TTAEUPA TOU poupavolIKoU dAKTUAIOU.
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ZxAua 48

AkoAouBei n katepyaaoia Tou TTPoidvTog 9 oe Bepud UdATIKG dIAGAUMA TNG
pntivng Amberlite IR-120 (H"), omo6te kai AauBAveral n BepuoduvapiKa
otaBepn TTupavéeln 10. Ev ouvexeia, akeTuliwon trapouacia Ac,O og TTupidivn
odnyei oto KUavo odkxapo 11, To otroio atroTeAEi Evwon-KAEIDi yia TN Aqyn

TWV ETOUPNTWY KUAVO-YAUKOTTUPAVOVOUKAEOCITIKWY avaAOYywV (ZXAMa 49).

OR
(@]
OH
Mez(‘t/ o - Amberlite IR (H*) RO -
O  H,0, MeOH RO
O\\ OR OR
[
| Il
N
9 10: R=H, 87%
ACZO
Mupidivn

L » 11: R=Ac, 90%

ZxAMa 49
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.22 Zovleon Twv  3’-C-Kuavo-B-D-yAUKOTTUPAVOVOUKAEOITIKWYV
avaAdywv Tng 5-@BopooupakiAng 13a, oupakiAng 133, Bupivng 13y Kai
KuTtooivng 138

‘Exovrag e€aopaliosl Tnv TpooRacn 0TO AKETUANIWHIEVO KUAVO-OAKXAPO
11, atropével N e1I0aywyn TV ETEPOKUKAIKWVY BACEWY, WOTE va OAOKANPWOE N
ouvOeon Twv TPOTTOTTOINUEVWY  VOUKAeoQITwy. [Mpdyuat, ouleuén Tng
AKeETUANIWPEVNG 3-C-kuavo-D-yAukotrupavolng 11 pe TG oIAUNIwpEVESG BAOEIG
5-pBopooupakiAn, oupakiAn, Buuivn kai N*-Bev{oUAokutocivn oe BIGAUTN
CH3CN, Tapoucia Ttou Me3SiOSO,CF3, 0dnyei oto OXNMATIONO Twv 1-
(27,37,4°,6 -1eTpaKIG-O-aKETUAO- 3’-C-kuavo-B-D- yAukotrupavoluAo)
TTUPIIOIVIKWY  VOUKAeoQITwv 12a-8, avrtiotoixa (ZxAMa 50).  Agier va
ONMEIWBEI OTI 01 CUVONKES BEPPOKPATIAG TWV VOUKAEOJITIKWV OUVOEcEWY 12a-
8, fTave OUOIEG PE QUTEG TTOU €QapuOOTRKAV oTa avTtioToixa 3°-C-aiBuvulo-

TTUPAVOVOUKAECITIKA avaAoya.

X
OAc OAc / \
o) o N
AcO TIAUNwpEvn Bdon, TMS-Tf AcO N \K{
AcO > AcO
OAc ' OAc CHZCN OAc \
N N
11 12a: X=0OH, Y=F, 60%
B: X=0OH, Y=H, 61%
V: X=OH, Y=CHs, 57%
0: X=NHBz, Y=H, 56%
ZxAua 50

Y1a @dopara *H NMR Twv evoewv 12a-8 eppavifovial  HeyAAeg
oTaBepEg oUleutng PETAEU TWV TTpwToviwv H-1" kal H-2°, (J1-2-= 9.4 - 9.6 HZz)
XOPAKTNPIOTIKEG TNG aloVIKNG BEonG TTou KaTtaAauBdavouv Ta duo TTpwTéVIa Kal
TWV IONPEPIVA  TTPOCAVATOAIOPEVWY  VOUKAeoBdoswyv. 210 OxAua 51
TapatiOeTal evOEIKTIKA TO @doupa Tng 1-(2°,37,47,6"-teTpa-O-akeTulo-3'-C-

Kuavo-B-D-yAukotrupavolulo)Bupivng (12y). ATTd Tn PEAETN TOU TTPOKUTTTEI
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ApXIKA N XAPOKTNPIOTIKA KOPUPA TNG apivouddag Tng Bupivng ota 8.34 ppm,
€VW akoAouBei To oApa TTpwTtoviou Tou H-6 TNG £TEPOKUKAIKAG Bdong ota 7.01
ppm w¢ pia atAr kopu®r. To ofjua Tou TTpwToviou H-1" gpgavideTal wg pia
OITTAR Kopu®r) ota 6.08 ppm pe oTaBepd cUleugng Ji-»- = 9.6 Hz, evo n dITTAN
Kopuer ota 5.80 ppm avtioToixei oT0 CANA TOou TrpwTtoviou H-2". H diTAR
Kopu®n TTou TTpoodiopilel To TTpwTédvIo TNG H-4" epgpavifetal ota 5.67 ppm pe
oT1afepd ouleuéng Jssr = 10.2 Hz, evw akoAouBolv Ta ORfuaTa TWV
TpwToviwv Tou H-6a" cav pia TeTpatrAf Kopupn ota 4.42 ppm e oTABEPES
ouleuéng Js ear = 4.5 Hz, Jsa e = 12.8 Hz kai Twv H-5°, H-6b" cav uia
TOAMOATTA} Kopupry otnv Treploxy 4.23-4.13 ppm. T€Aog, OlakpivovTal Ta
ONHOTA TWV TTPWTOVIWV TWV TECOAPWVY AKETUAOUAdWYV Tou udaTavlpaKIKoU
dakTuAiou kai Tou peBuAiou Tng Bupivng ota 2.18, 2.14, 2.12, 2.07 ka1 1.97
ppm, avriotoixa. Agilel va onuelwBei 6Tl n  TTapoucia  TEoCOdpwWV
OKETUAONAdWYV OTO @ACHA TOU VOUKAEOCITN utrodnAwvel TRV UTTAPEn akeTUAiouU
oTnv 1onuepivr) 3°-6éon Tou udatavOpakikoU dakTuAiou, oe avTtiBeon pe 6,Ti
Tapatneibnke  kard TNV ouvBeTik  Topegia  Twv  3"-C-aiBuvulo
TTUPAVOVOUKAEOITWY, OTTOU €@apuUOlovTag TIG iDIEG TTEIPAMATIKEG OUVONKES
OKETUAIWONG TO QVTIOTOIXO QoVIKO TPITOTAYEG UDPOLUAIO TOU OCOKXAPOU
Tapépeive eAeUBepo. To yeyovog autd mBavwg va CUVOEETAl PE TO OTI Ol
agOVIKOi UTTOKATAOTATEG O€ MIa TTUpAvVOln €ival TTEPICTOTEPO TTAPEUTTODICUEVOI
(1,3-010E0ovIKEG aAANAeTIOpdoeIg) Kal dpa Alyotepo OPaOCTIKOI O TTOAAEG
METATPOTTEG OTTWG OTIG AVTIOPACEIS E0TEPOTTOINONG, EVW EUVOEITAI OE AUTH TN
OUuVvOEeTIKA TTopeid N AKETUAiwon Tou  TpITOTAyoUg udpoguAiou TOU
KUavooOaKyXdpou KaBwg eTmikpatei ¢’ autd n ionuepivr) diaudpewon (Eliel et al.
1994).
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o AIgAOTNG CDClg 4-OAc
5-CHB
H-6 . :
NH H-1' H-2', H-4' H-5', H-6b
jk- JL H-6a’ L
R L o ) !
5 8 5 € 5 B 2
B
I ‘ [l [l ‘ [l [l ‘ [l [l ‘ [l [l ‘ [l [l ‘ [l [l ‘ [l [l ‘ [l
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm (t1)
ZxApa 51

H ouvBeTik Tropeia

oAoKAnpwveTal

HE TNV ATOTTPOOCTACIA TWV

EVWOEWV 12a-8 e KATEPYOOia TOUG ME MEBAVOAIKN) apuwvia, oTrdte Kal

Aaupavovrai or emBuunToi 1-(3°-C-kuavo-B-D-yAukoTTupavoluAo) VOUKAEOCITES
13a-8, avrioToixa (2xfiua 52).

Y
X X
OAc 72 \ OH 72 \
ACO O N N MeBavoAiKr| HO O N N
C Aypwvia
AcO > HO
OH
e I °
N N
12a: X=0OH, Y=F 13a: X=0OH, Y=F (65%)
B: X=OH, Y=H B: X=OH, Y=H (64%)
V: X=OH, Y=CHj y: X=OH, Y=CHj (71%)
&: X=NHBz, Y=H 8: X=NH,, Y=H (61%)
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ZxApa 52
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E€eTdovTag 10 XapaKTNEIoTIKG @dopa *H-NMR tn¢ 1-(3°-C-kuavo-B-D-
YAukoTtrupavoluAo)kutooivng (138) mpokutTel 6T n OITTAR KOpu®ry TTou
eggavifetal ota 7.70 ppm avTioToixei oto mpwTdvio H-6 TNG KUTOOIVNG ME
oT1afepd oUleuéng Jse = 7.5 Hz (ZxAua 53). XapakTnpIOTIKA €ival €TTiong n
KOPU®K TTOU ava@EpeTal oTo TPpwTovIo H-1", n otroia epgavidetal ota 6.12
ppm, wg dITTAA pe oTtaBepd ouleuéng Ji- 2 = 9.0 Hz, evio akoAouBei To cAua
TpwToviou H-5 Tng etepokukAIKAg Bdong ota 5.94 ppm. T€AOG, TTOANATTAEG
KopugeEg trapouciadovtal ota 4.00-3.69 ppm, oI OTroieg AvTIOTOIXOUV OTd

mpwtovia H-2°, H-4", H-5" kai H-6" Tou cakydpou.

NHz AlgA\dTng CD;0D

H-2', H-4', H-5',
H-6a’, H-6b'

H-6 H5
H1

90T
oot {
60T {
| 879{

8.0 7.0 6.

o

5.0 4.0 3.0
ppm (t1)

ZxApa 53

.2.3 ZovBeon 1T1ng 3-de08u-1,2,4,6-TETPOKIG-O-aKETUAO-3-C-KUuavo-D-
aAAotrupavolng (17)

‘Exovtag e€aoc@aliosl Tov Evav atrd Toug dU0 TEAIKOUG OTOXOUG HE TV
TTPonNyoupevn TTOPEid, TO OUVOETIKO TTAAVO ETTEKTAONKE TTPOKEINEVOU VA

TapaAn@Bouv  Ta avtioToixa 3°-0€0fu-3°-C-kuavo  TTUPAVOVOUKAEOLITIKA
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avaloya. EkuetaAeudpevol  tn dlaBeoiudtnTa  TRG  Kuavudpivng 9,
TTAPACKEUAOTNKE TO KATAAANAO 3-0e0&u-3-C-KUavo QOuUpavOOdKXApO HECW
MIag avtidpaong amofuydvwong Tutou Barton-McCombie (Barton and
McCombie 1975), katd tnv otroia 1o udpofUAIo oTn 3 B¢on Tou COKXAPOU
avTikaBiotaral amoé Eva udpoyovo.

ApxIKd, n oAkoOAn petatpémetal oto 3-O-@aivoiubeiokapBovulo-
Tapdywyo 14 pe TV €midpaon @aivouBeiokapBovuloxAwpidiou
(PhOC(S)CI), mrapoucia TpiaiBulapivng (EtsN) kai 4-diueBuiapivotrupidivng
(DMAP) o€ dioAutn CH3CN (Azuma et al. 1993) (Zxnua 54).

o OH o OC(S)OPh
| _O _0 PhOC(S)CI, EtzN, DMAP \
Me,C - Me,C
o} CH3CN
o 8 0%
|| CMe, CMe,
N N
9 14
ZxAua 54

To oxnuati{ouevo BsiokapBévulo TTapdywyo 14 aTrodeiXTnKe APKETA
aoTaBEG KaTd TN OIAPKEIQ ATTONOVWONG HUE XPWHATOYPAPIKK OTHAN, OTTOTE TO
aKaTEPyaoTo Trpoidv  avayetal ameuBeiag Trapoucia Tou udpidiou TOU
TpIBouTuAOKaCOITEpOU  (BusSnH), kabwg kal alwdig-IcoBouTupoviTpiAiou
(AIBN) og diIaAUTn ToAoudAio atoug 100 °C, otréTe kai AapBdvetal N 3-5eofu-
3-C-kuavo-1,2:5,6-016-O-1001poTTuAIdevo-a-D-aAAopoupaveln 15 oe 76%
amédoon amd TV évwaon 9, UoTtepa atd TN oxdon Tou deapol C3-0° ot pia
aAuo1dwTr avtidpaon eAcuBEpwyv pIwv (ZxAHa 55).

OC(S)OPh

O O o
| | _0
Me,C AIBN, Bu38nH> Me,C
@) ToAoudhio @)
R N
CMe, Il CMe,
N N
14 15
ZXApa 55
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210 onueio autd, agiel va oxXoMAoTEl O avaAUTIKA O UNXAVIOPOG TNG
TTapamdvw avtidpacong, Tou €ival Kal n avtidpaon KAEIDi TNG CUYKEKPIPEVNS
ouvBeTIKAG TTopeiag. Kartapxryv, METa 1o OTAdIO évapéng Tng avtidpaong
eAeUBEPWV pIwyv, N oxnUaTICOuEVN pia TOU TPIBOUTUAOKACCITEPOU TTPOCRAAEI
10 O¢cio NG OelokapBovulouddag Tou Trapaywyou 14, odnywvrtag oTn
d1doTTaon TOU POpPIou Kal OTO OXNMUATIONG MIag aAKUAIKAG pifag. H aAkuAikn
piCa 0T OUVEXEID aTTOOTTA pia pifa udpoydvou atrd TO UdpPIdIo TOUu
TpIBouTUAOKAGOITEPOU  dnuIoUpywVTaG TOo €mOBuuntd Tpoidv 15, evw
Onuioupyeital pia véa pida TPIBOUTUAOKOOOITEPOU £TOIUN VIO TO ETTOUEVO
o1ddio diddoong TNG aAucIdOWTAG avTidpaong (ZxAua 56). AgiCel va onuelwOEi
OTI N KIVNTAPIOG dUVANN TNG CUYKEKPIPEVNG avTidpaong eAcuBEpwv piwv eival
0 OXNMATIOPOG TWV TTOAU OTABEPWYV dECUWYV BEIOU-KAOTITEPOU.

AIBN
BusgSNnH——— > Bu;Sn- -
n
S &)
. SnB
S L]
Ay = :

? S 0 o OPh y C o
Me,C~ - > MeZC €
5 1) * SnBuy 5

NI \\
Il “owe, I CMe;
N N
14
? (o) /——\ o 0 o)
e l e
Me,C /)/—\+ A ZShBu, Me,C
4 | O\cl) O\C\)
N CMe, | | CMe,
15
ZXApa 56

Oocov agopd 1 Ooul Tou 3-0e0fu-3-C-kuavo-cakxdpou 15, o
TPOCAVATOAMIOUOG TNG Kuavo opdadag eival epgavig atmd TIg peTpoeic NOE
TTOU QaivovTal 0To TTapakdTw oxnua 57. O1 aupoifaic auénoeig TG EvTaong
TTOU TraparnpouvTal Petagl Tou H-2 kai Twv H-1 kai H-3, deixvouv 611 kai Ta
Tpia auTd TTPWTOVIa BpiokovTal oTnv idia B 6Yn Tou oupavolikou dAKTUAIOU.

O oTePEOXNMIKOG EAEYXOG OTIG QVTIOPACEIG TOU OUYKEKPIUEVOU UTTOCTPWHATOG
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TTPOEPXETAI ATTO TNV TTapouadia TG oykwdoug 1,2-O-100TTPoTTUAIBEVO OPAdAG,
n omoia odnyei To dropo TOU UdpPoydbvou TOu TPIBOUTUAOKACOITEPOU Vva

EIoEpXETAl amd TNV AIyOTEPO TTAPEPTTOOIOUEVN TTAVW OWn TOu €TTITTEQOU
pICIkoU EVOIOUETOU.

ZXApa 57

‘Exovrag e€ao@alioel Tnv TpéoRacn oTo KUAVO 0AKXAPO 15 akoAouBEi
n udpdAuon Tou o Bepud udaTikd didAupa 6givng pntivng IR-120 (HY), otéTe
Kal AapBdvetar n mupavoeln 16. AkoAouBei akeTudiwon Tng évwong 16
Tapoucia Ac,O oe TTupidivn, omdte Kal Aaufdvetral n emBupnth 3-0€0gu-
1,2,4,6-1€1paKIG-O-aKkeTUAO-3-C-Kuavo-D-aAAoTrupavoln (17) (ZxApa 58).

OR
0 (@]
1 0O i
Me,C” Amberlite IR(H*)‘ RO ©
(0] H,O, MeOH
O\\ OR OR
| | CMe,
| I
N

15 — 16: R=H, 92%
Ac,0O

Mupidivn

L » 17: R=Ac, 89%

ZxAua 58
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.2.4 ZovOeon Twv 3-0£0§u-3"-C-Kuavo-B-D-aAAOTTUPAVOVOUKAEOITIKWY
avaAdywv Tng 5-@BopooupakiAng 19a, oupakiAng 198, Bupivng 19y Kai
KuTtooivng 198

H o0leuén 1ng 1,2,4,6-1eTpaKIG-O-akeTUNO-3-O€0EU-3-C-Kuavo-D-
aAAoTtrupavolng (17) pe TG olAuNlwpéveg Bdoeig 5-@OopooupakiAn, oupakiAn,
Bupivn kai  N*-BevloUAokutooiv oe Bi1aA0Tn CH3CN, Tapoucia Tou
Me3SIOSO,CF3, odnyei 0TOUG TTPOCTATEUPEVOUG KUAVO VOUKAeoliTeG 18a-0,
avtioToixa (ZxAua 59). Ta dedopéva TTou TPofKuwav amd Ta edouata *H
NMR Twv vEwv VOUKAEOQITWV (J1-2- = 9.4-9.7 Hz, J,- 3- = 5.0-5.2 Hz) katédeiav
TRV avapevouevn B dlaudépewon TOU OCOKXAPOU KAl  Tov  agovikd

TTPOooavaToAiIoud TNG Kuavo ouadag.

OAc OAc / \
o o N
AcO SIAUNwpEVN Bdon, TMS-Tf  AcO N \W
OAc ' OAc CH5CN OAC A
N N
17 18a: X=OH, Y=F, 64%
B: X=OH, Y=H, 62%
y: X=0OH, Y=CHj, 68%
8: X=NHBz, Y=H, 59%

ZxApa 59

TéNog, akohoubei n amompootacia Twv  37-0e0fu-3’-C-kuavo
TTUPAVOVOUKAEOQITIKWY avaAdywv 18a-6 pe emidpacn €vudpng udpadivng o€
didAupa ogikoUu o&foc:Tupidivng (AcOH:pyridine), oméTE Kal ATTOPOVWVOVTAI
Ta TEAIKA TTpoidvTa 19a-8, avtioToixd, JE AatrodOOEIS TTOU KupaivovTal atrd 55
€wg 75% (2xAua 60). MNpooTdbeieg TTARPOUG ATTOTTPOCTACIAG PE HEBAVOAIKN
QMPwvia, odAynoe o€ TTOAUTTAOKQ MPEIyUATA, TO OTTOIa TTIBAVWG va o@eilovTal
oe avtidpdoeig B-amdomaong, Adyw Tou 6Eivou udpoydvou H-3° kal TNG
TTapouciag duo atmoxwpoucwv ouddwv (OAc) oTig 2°- Kai 4°- BEoelg Tou
TTUpavo(ikou dakTuAiou (Zhu et al. 2003).
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Y Y
X X
OAc / \ OH / \
0 N ‘Evudpn O N N
AcO N \K( Y&pagivn . HO \K(
OAc o AcOH:Tupidivn OH o
Il Il
N N
18a: X=OH, Y=F 19a: X=OH, Y=F, 65%
B: X=OH, Y=H B: X=0OH, Y=H, 75%
y: X=0OH, Y=CHj; y: X=0OH, Y=CH3, 71%
8: X=NHBz, Y=H 8: X=NH,, Y=H, 55%

2xApa 60

Y10 OXAMa 61, TapaTiBeTal evdeIkTIKE To @dopa ‘H NMR tng 1-(3'-
0e0gu-3 -C-kuavo-B-D-aAotTupavolulo)-5-@BopooupakiAng (19a). ATmd T
MEAETN TOU PACUATOG TTPOKUTITEI OTI N OITTAR KOPU@K) TToU gpgaviceTal ota 7.80
ppm avTioToIXEi OTO TTPWTOVIO H-6 TnG €TEPOKUKAIKAG Bdong e oTaBepd
oUleuéng Js s = 6.5 Hz, evw akoAouBei To orjpa Tpwrtoviou Tou H-1" ota 5.78
ppm pe otaBepd ouleuéng Ji-o- = 9.2 Hz. To ofua Ttou mpwroviou H-5
eg@avifetal wg Mia TTOANATTA} Kopu®r) oTta 4.46-4.42 ppm, evw n OITTAN
QITTAWV Kopu@r ota 4.23 ppm AvTIOTOIXEI OTO ORua Tou TTpwToviou H-4" pe
o1a0ePEG 0UeUENG Js 4= 5.6 Hz Kal Jgr 5 = 12.1 Hz. H ditTAA dirAwv Kopuen
Tou TTPoadiopilel To TpwTdvio H-2" eupaviletal ota 4.05 ppm pe oTabepd
ouleuéng Jo- 3= 5.1 Hz, eviw akoAouBouv Ta ofuata Twv Tpwroviwv H-6" cav
Mia TTOAAaTTA Kopu®r oTtnv Trepioxry 3.95-3.84 ppm. TéAog, diakpiveTal 1O

XOPAKTNPIOTIKG orfjua Tou TTpwToviou H-3" wg pia TpITTAR Kopu®n.
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AiaAdTnGg CD30D

+
=

H5 H4' H-2 H-6

- o %g
] =

7.0 6.0 5.0 4.0
ppm (t1)

ZXApa 61

dépvovTag €1g TEPAG Kal TR OEUTEPN OUVOETIKA TTOopEia, PTTOPOUME va
TOPABECOUNE OTO TTAPOKATW ZXAMA 62 OAOKAnpn Tn YEVIKN Tropeia TTou
aKoAouBnOnke yla ™M ouveeon TWV 3’-C-kuavo-B-D-
YAuKoTTupavovoukAeoQiTwv  13a-6 oAAd  kai  Twv  3'-C-kuavo-B-D-

aAAoTrupavovoukAeodiTwy 19a-6.
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]
(0]
C/
Me,
(o)
OR
RO
RO
O
H e
C
Me,
. D—! (0]
i —— 10: R=H %
‘ ‘ CMe,
90% L_» 13: R=AC
. 15
IV [ 56-61%
X ..
Y, X Y, HLQZ%
VAR /B
OAc N OAc /< OR
N N
AcO Q g AcO Q o RO 0
o iv
AcO
0AC OAc - OR ™R
‘ ‘ ‘ ‘ 59-68% ‘ ‘
N N N
12a: X=OH, Y=F 18 a: X=OH, Y=F .. —— 16:R=H
B: X=OH, Y=H B: X=OH, Y=H .
y: X=OH, Y=CHj V: X=OH, Y=CHs 89%L__» 17.R=Ac
8: X=NHBz, Y=H 5 X=NHBz, Y=H
V¢ 61-71% viiil 55-75%
Y X v X
OH / N OH / N
N N’<
(o] (o]
HO go HO 5
HO
OH OH
N N
13a: X=OH, Y=F 19 a: X=OH, Y=F
B: X=OH, Y=H B: X=OH, Y=H
V: X=OH, Y=CHj V: X=OH, Y=CHj
5 X=NH,, Y=H 8 X=NH,, Y=H

(i) NaCN, NaHCOj3, Et,0, H,0; (ii) Amberlite IR (H), H,0, MeOH; (iii) Ac,0, Mupidivn; (iv) ZIAuhiwpévn Bdon, TMS-TT,
CH4CN; (v) MeBavoAikr) Appwvia; (vi) PhOC(S)CI, EtzN, DMAP,CHLCN; (vii) AIBN, BuzSnH, ToAouoAio; (viii) Evudpn
Ydpadivn, AcCOH:Mupidivn

ZxApa 62
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11.2.5 AvTiIKA KAl avTIKAPKIVIKR 8pdon Twv 3'-C-kuavo kal 3°-8gogu-3°-C-

KUAVO-TTUPAVOVOUKAEOITWY

O1 veoouvTtiBEuevol 3'-C-kuavo-yAukoTrupavovoukAeoliteg 13a-0 kal 3'-
0e0&u-3"-C-kuavo-aAloTTupavovoukAeoliteg 19a-8 armoTiuAbnkav wg TPog
TAV QVTIIKA KAl QVTIKAPKIVIKA Toug dpdon. Ta Treipduarta TpaypaTotroinenkav
oto gpyacTiplo loAoyiag kair XnueloBepatreiag Tou IvomitouTtou laTpikig
‘Epeuvag Rega, oto BéAyio.

2UYKEKPIMEVA, Ol  TENIKEG  evwoelg  agloAoynbnkav  yia TNV
KUTTOPOOTATIKI Toug Opdon €vavti Tou TTOAAATTAQCIANOU TWV KAPKIVIKWY
KUTTApwv Acuxaiyiag (L1210), twv avBpwtivwy T-Aep@okuttdpwy (CEM),
KOBWG €TTIONG KAl TWV AVOPWITIVWY TPAXNAIKWV KOPKIVIKWV KUTTApwv (Hela)
(Mivakag 4). O1 véol voukAeoliTeg eu@avioav eAdxIoTn €wg KaBdAou avTi-
TToAaTTAacI00TIK) dpdon, €kTdG Tou 3°-C-KUuavo TTUPAVOVOUKAEOCITN TNG 5-
@BopooupakiAng 13a (1.9 - 32 yM) TTou TTapouciace agidAoyn KUTTOPOOTATIKNA
0pdon €vavTl KAl TwV TPIWV KUTTOPIKWV OEIpwV, TTapohola PE authi Tng
eAeuBepng Bdong 5-gBopooupakiAn (0.49 - 18 uM). Xpndlel TepaItEpwW
OlepelvNONG AV N CUYKEKPIPEVN avaoTaATIKr) OpAcon Tou Kuavo avaAoyou 13a
opeiheTal o€ ONOKANPO TO HOPIO 1] eVOEXOUEVWG N Evworn AsIToupyei wg
TPOPAPUAKO TNG 5-¢pBopooupakiAng, n otroia aTTooTTdTal €iTe WG €AeUBEPN
Bdon Me TN PorBeia WOEOPOAUTIKWY VUMWV H/Kal ATTEAEUBEPWVETAI
auBdépunta. Ta atroTEAEOUATA TTOU TTPOEKUWAV ATTO TOUG TTAPATTAVW EAEYXOUG
TTapoUCIAdovTal OTOV TTAPOKATW TTiVOKA KAl CUYKpPivovTal JE auTtd TnG 5-FU.

Ta teNIKA TTpoidvTa aTTOTIUABNKAV €TTIONG YIA TNV QVTIKA Toug dpdon
évavtl uiag mAnbwpag 1600 DNA 600 kai RNA 1wv, Xwpic wotéco va
TTOPOUCIACOUV  IKAVOTTOINTIKA  OTTOTEAEOUATA  AKOUN KAl O UWNAEG

OUYKEVTPWOEIG (100 puM).
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Mivakag 4. AvaoTaAtik dpdon Twv evwoewv 13a-8 kal 19a-8 €vavti Tou

TToAAQTTAQCI00MOU TWV KUTTApwyY L1210, CEM kal Hela.

ICso (M) ICso (MM)
Npoidv L1210 CEM  Hela TNpoiov L1210 CEM Hela
OH OH
HO O Fu HO O FU
HO 19+ 32z 45+ 819 +
I OH 0.0 9.6 1.2 I OH 550+ 10 >500 a1
N 13a N 19a
OH OH
HO o u HO o u
HO 417 + 811+
l OH 376 > 500 > 500 I OH > 500 > 500 40
N 138 N 198
OH OH
HO O Thy HO G  Thy
HO o S39% 5500 >500 o >750  >750 > 750
ll ll
N 13y N 19y
OH OH
HO O cyt HO O oyt
Ho o 't >s00 3770 o > 750 >750 > 750
ll ll
N 135 N 198
e 0.49 + 0.54 +
F-Uracil 013 18+5 0.12
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1.3 20vOson TWV 4°-C-KUovo Kal 4’-C-kuavo-4'-0gou-

TTUPAVOVOUKAEOJITIKWY aVAAOYWV

Ommwg  mpoavo@épBnke, n  OUVOEON  KUAVO-UTTOKATECTNMEVWV
VOUKAEOCITIKWV avaAGYwV TTAPOUCIAlel IDIAITEPO EVIIQPEPOV, UE TNV EICAYWYN
TNG KUAVO ONAdAG OTO TUNHA TOU 0OKXAPOU va UETABAAAEI cuxvd Tn BIOAOYIKN
Opdon kal Tn oTabepdTnTa TWV Popiwv (Matsuda et al. 1991, Kim et al. 2012).
BioAoyikég peAETEG TTOU TTpayuartotroienkav ortoug 3°-C-kuavo kal 3°-C-
Kuavo-3'-0e0éu TTupavovoukAeoliteg, amedeigav 611 1o 3'-C-kuavo avaAoyo
NG 5-¢BopooupakiAng TTapoucIdlel ONUAVTIKA KUTTOPOOTATIKA Opdon
OUYKPIiOINN ME auTh TNG €AeUBepng 5-@BopooupakiAng. EmmimTAfov, eival
yvwoTd 611 didgopol 4°-C-utroKaTeaTnUEVOI VOUKAEOLiTEG, OTTWG N 4°-C-Kuavo
Buuidivn, OI0BETOUV 1I0XUPES QVTIKAPKIVIKEG Kal avTI-HIV 1816TnTeg (Hayakawa
et al. 2004, Alexandrova 2011, Tiwari et al. 2009).

Me Baon Ta avwTtépw Kal JE OTOXO TNV EEAYWYI CUUTTEPACUATWY Yid
TN oxéon XNMIKAG doung-PioAoyikAg dpacTIKOTNTAG, KPiBnke evdiapépouaa n
META@OPA TNG Kuavo opadag amd Tn 3°-8éon otn 47-8€0n Tou YAUKOCJITIKOU
OOKTUAIOU. 2UYKEKPIMEVA, aATTOQACIOTNKE N ouvBeon Kal N PIOAOYIKNA
atroTiunon Twv 4°-C-kuavo kKal 4 -0e0&u-4"-C-kuavo TTUpavovOUKAEOCITwY, Ol
otroiol Ba @QEpouv WG ETEPOKUKAIKEG Bdoeig Tnv 5-¢BopooupakiAn, TNV
oupakiAn kai Tn Bupivn (Evwoeig XLI, XLII, oxAua 63). Agicel va avagepBei T
n OoTEPEOXNMEId TNG KuAvVO OMAdAG OTOUG TEAIKOUG VOUKAeo(iTeG Oev €ixe
KATTolo pOA0 OTO Oxedlaopd OAAd KaBopioTnke OTn Ouvéxelm peE Bdon
PACHUATOOKOTTIKA  Oedopéva, emaAnBeupévn  ammd  TTAPATNPACEIC  TTOU
TTPOKUTITOUV OXETIKA ME TN XNMIKA OOuf Twv TPOoIdvTwyv f/Kal amd TO

MNXQVIOUO TWV avTIOPAoEWV OXNHATICHUOU TOUG.

HO

HO
OH . B OH o
NS OH N= .
== = OH
OH XLI XL
B = 5+pBopooupakiAn,
OUPOKIAN
Bupivn
ZXApa 63
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Me Bdon Tn PETPOCUVOETIKA TTPOCEYYION TTOU TTAPOUCIAZETAl OTO
Tapakdtw oxAua 64, epoéoov T1a poépia-otoxol XLI, XLII €xouv eAelBepa
udpoUAia oTig Béoeig 27, 37 kal 67, Ba TTPETTEl O TTPODPOUES EVWOEIG TOUG VA
d1aBéTouv opddeg TTPOOTOCIEG, Ol OTToie¢ Ba ATTOUAKPUVOOUV TEAEUTAIEG.
2UVETTWG TO KATAAANAO uTrdoTpwpa TTou Ba pag odnynoel ota TeAIKA
mpoidvta eivar o TpooTateuuévn kuavudpivn XLIII, n oToia ptTopei va
TTPOEABEI ATTO TOV KETOTTUPAVOVOUKAEOCiTn XLIV petd amd pia mupnvo@iAn
TPOCOAKN. 2UhQwva €Tiong Me T TpoTteivopevn  peBodoloyia, o
KETOTTUPAVOVOUKAEOCiTNG XLIV ptTopei eUKOAQ va TTPOKUWEI OTTd TOV PEPIKWG
TTPOCTATEUNEVO TTUPAVOVOUKAEOCITN XLV, EVW o] ApPXIKOG
pMavvoTrupavovoukAeoditng XLVI Trapéxel Tn duvartétnta OXNUATIOPOU TOU
TTUPAVOVOUKAeOCiTn XLV PeTd atmd duo OIadOXIKEG avTIOPACEIS TTPOCTACIAG.
ACiCel va onueiwBei 6T dev emAEXTNKE n upEBodoAoyia ouvBeong ToOUu
TPOTTOTTOINUEVOU OOKXAPOU KAl N €V OUVEXEIQ OCUPTTUKVWONR TOU HE TN
voukAeofdon, kabwg n mapoucia piag dpacTiKAg udpofulouddag otnv 1
Béon Tou dakTuAiou, Ba kaBioToUoE TTPORANUATIKA TNV €KAEKTIKY TTPOCTACIO

TWV 2,3-UdpogUAOUAdWV.

HO
OH
-0 B
NS OH RO
N 7B
OH
XLI NS o
HO jjjji? OH XL
OH
\‘M B
NS OH
XLII
B = Bdon © XLIV
R=HQ[Tr
HO
OH
-0 B
OH
OH  XLVI OH XLV
ZxAua 64
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1.3.1 £ovOeon Twv 4°-C-Kuavo-a-D-pavvotrrupavol{uAo avaAdoywv Tng 5-

@BopooupakiAng 31a, oupakiAng 31 kai Bupivng 31y

O1 a-TrupavovoukAeoditeg TG 5-¢BopooupakiAng 21a, TnG oupakiAng
218 kai TG Bupivng 21y (ZxAMa 65), ouvtéBnkav HE OCUMTTUKVWON TNG
OKETUNIWMEVNG Pavvolng 20 pe Tnv KAatdAAnAn voukAeoBdon Kal v ouvexeia
QTTOKETUANIWON TWV TTPOCTATEUPEVWY VOUKAEOQITWY PE PEBAVOAIKA apuwvia.
Ta ¢@dopata *H NMR Twv VOUKAEOZTWV 21a-y, €UQAVIOUV MId HEYEAN
oTafepd ouUleuéng METACU TWV  VYEITOVIKWYV TpwToviwv H-1" kar H-27,
uTTodEIKVUOVTAG TOV agoVIKO TTPOoCavATOAIOUO Twv OUO udpoyovwy, HE TNV
ETEPOKUKAIKY) Bdon va AapBdvel Tnv 1onuepIvr) B€on 0TO TUAUA TOU OOKXAPOU.
Ta @AcPATOOKOTTIKA OedOPEVA EPXOVTAI OE CUM@QWVIa PE TNV UI0OBETNON TWV a-
AVWUEPIKWV VOUKAEOZITWV piag 'Cy Siapdppwong. H TTapouaia piag ionuepivd
TpooavatoAigpévng voukAeoBdaong o pia 'C, Slaudpewon suvoeital, TapdAo
TNV Ummapén TpIWv afoviKwyv UTToKaTaoTatwyv oTig B€oeig 3°,4° kal 5° Tou
dakTuAiou, yeyovdg TTou TTBAVWG va OUVOEETAl PE TO PEYAAO HEYEBOG TNG
ETEPOKUKAIKNG Bdong (Rico-Gomez et al. 2008, Onodera et al.1966).

OAc

HO
OAc 1)ZIAuAiwpévn Bdaon, TMS-Tf OH X
ACO -0 CH5CN . -0 N
AcO 2)MeBavOAIKH] OH
OAc Appwvia
OH o N
H e}
20 21a: X =F, 81%
B: X =H,77%
y: X = CHg, 75%
ZxApa 65

2TO E€TTOUEVO PBrMA TNG CUVOETIKAG TTOPEIAG TTPOCTATEUOVTAI EKAEKTIKA
Ta 2,3 cis udpofUANiad Twv evwoewv 2la-y, e TNV €midpaon 2,2-
diyeboutrpotraviou  [(CH3)o.C(OCHg3),] kal  KATOAUTIKAG TroodétnTag  TI-
ToAouOAOGOUAQOVIKOU 0&€og (p-TsOH) oe diaA0Tn aketévn. H avtidpaon
TTPAYUATOTTOIEITAI PJE TOV OXNMATIONO OUO akeTovidiwv oTig 2°,3"- Kal 47,6°-
Béocic Tou cakxdapou (Vanheusden et al. 2004), evw akoAouBei TTOAUWPEN
udpoAucon pe atroTéAecpa TN AQYn Twv €mMBuunTwy 2°,3°-100TTPOTTUAIDEVO

TAPAYWYWYV 22d-Y. 2TN OUVEXEIQ, EKAEKTIKN) TPITUAIWON TWV VOUKAEO(ITWV
75
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22a-y MEOW KaTtepyaoiag Toug MeE  TpigaivuloueBuloxAwpidio (TrCl) oe
TTUpIdivn, TTapouadia KATAAUTIKAG TToooTNTag DMAP, 0dnyei otn ouvBeon Twv

VOUKAEOQITIKWV avaAdywv 23a-y, avTioToixa (Zxnua 66).

HO— o . LCHoCOCHs),
-0 N \ p-TsOH o X
OH%l\ AkeToévn, H,O
OH o N 78-82%
H O [6)
2la-y — 22a-y,R=H
aX=F TrCl, DMAP g
B:X=H Mupidivn 70-79%
y: X =CHs —— 23a-y, R=Tr
ZXApa 66

2T0 €TTOYEVO OTADIO, TTPAYMATOTTOIEITAlI OEEIdWON TWV  HEPIKWG
TTPOOTATEUPEVWV  VOUKAEOCQITIKWY avaAdywv 23a-y, TTapouadia dIXPWHMIKNAG
mupidivng (PDC) «kai Ac,O og€ d1aAliTn  dixAwpopeBdvio, omdTE  Kal
oxnuariovral Ta 4°-keto  avaloya 25a-y, avriotoixa (Herscovici Kai
Antonakis, 1980) (XxAua 67). AT6 TN peAéTN Twv @aopdtwyv *H-NMR Twv
EVWOEWV 25a-y, xapaktnpioTikd gival To oAua Tpwroviou H-3" ota 4.74-4.65
ppm w¢ pia OITA  Kopupry AOyw TnGg ouleuéng Tou pe TO H-27,
emMPBeRaIVOVTAG TV ATTOUCIa TOU ORUATOG TTpwToviou oTn 4°-8éon  TOU

udaTavOpPAKIKOU dAKTUAIOU.

TrO

PDC, Ac,0

CH,Cl, o
66-68%

23a-y

25a-y

(IR
o™

<8
X X X

ZxApa 67
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Metd amd Tnv €mMTUX TTOPACKEUN TWV 4 -KETOTTUPAVOVOUKAEOITWV
250-y, EVWOEWV-KAEIDIWY OTN CUVBETIKA Pag TTopEia, N TEAEUTAIO OUVEXIOTNKE
ME TIG AvTIOPACEIG OUVOEONG TWV AVTIOTOIXWV KUAVUDPIVWV. 2UYKEKPIPEVA,
katepyaoia Twv 25a,f pe NaCN kai NaHCO3; og oguoTtnua duo gdoswv H,O
Kal Et,0, euvonoe tnv TTupnvo@IAn TTpoooAf Tou kKuaviouxou aviévtog (NC)
oTnV 1Ionuepivr) B€on NG TTUpavolng, AapBdvovTag Toug Kuavo VOUKAEOCITEG
27a,B, avrtiotoixa, wg Ta povadikd oTabepd Tpoidvra (ZxApa 68). H
oTOBEPOTNTA TWV OXNUATICOPEVWY Kuavudpivwv 274a,B, TTIBavWS va o@eileTal
ota duo trans diagovikd TTpooavaToAiouéva dTtopa ofuyovou oTig Béoeig C-3°
kKal C-4° tou udaravBpakikou OakTuliou (Lagrange et al. 1980). A&iCer Vv’
avapepOei 6T n 1onuepivy Tpoogyyion Tou NC™ duoxepaiveral amod T
OTEPEOXNMEIA TOU Popiou, 6TTou o1 2°,3" I60TTPOTTUAIBEVO KAl 6 -TPITUNO OUAdEG
TAPEUTTODICOUV  ONUAVTIKA TNV TTAvw Own Tou OAKTUAIOU, QTTaITWVTOG
MeydAoug xpdvoug avtidpaong (3 nNUEPES) yia va TTETUXOUME IKAVOTTOINTIKEG
amoddoelg (60-62%). AVTIOETWG, €VW OTEPEOXNMIKA €UVOEITAI N agoVIKA
mpoogyyion Tou NC™ oTnv TTPOOoTATEUMEVN KETOVN, Oev TrapaAauBdvetal n
avTtioTtoixn Kuavudpivn amd 1O peiypa TNG avridpaong. To yeyovog auto
mOavWG va OuvOEETAl HE TNV AVTIOTPETTTOTNTA TTOU TTAPOUCIACOUV Ol
avTidpdoeig autou Tou TUTTOU (Nagendrappa, 2008), petaTtoTriCOviag TNV
avTidpaon a&ovikng TTPooBoArG Tou NC™ OTO CUYKEKPIMEVO UTTOOTPWHA TTPOG

TOV ETTAVACXNMATIOMO TNG APXIKAG KETOVNG.

TrO )(
(@]
e\ X
o NTOON NaCN, NaHCO; N

o -
o H,0, Et,O
O

250,

X

F 274, 62%
H 27, 60%

ZxAua 68

H amédoon Tng oTtepeoxnUEiag Twv VEWV VOUKAEolITwY BacioTnke o€
meipduara NOE (ZxAua 69). Omrwg atreikovidetal o1o TTapddelyua NG Evwong
27a n avénon tng évraong tou udpofuAiou katd 3% kal 2% pE TNV

akTivoBoéAnon twv H-5" kai H-3°, avrioTtoixa, amodeikvuel 611 T0 udpPOgUAIo
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BpiokeTal otV KATW TAEUpd TOUu UdATAVOPOKIKOU OAKTUAIOU. & dpeon
oupewvia, Kopeoudg TNG eAeUBepnG UdpoguAopddag odnyei otnv auénon NG
évraong Tou H-5" kard 4% kai Tou H-3" katd 3%. O mTpooavaTtoNIouoG TG
ETEPOKUKAIKAG PBAoONG OTNV avWMEPIKA B6€0n Tou OCakxdpou KaBopioTnke
etriong pe reipduata NOE, Tou @avépwoav Thv eyyutnTa JETagu Tou H-1" Kai

ToUu H-6 TG 5-@BopooupakiAng.

TrO

H .
e ° %
o N °
4% 3% H
O
/ 3%
H

27a

ZxAHa 69

2€ avTtiBeon peE TIG TTPONYOUMEVESG avTIOPACEIS TTOU ATavE aTrOAUTA
EKAEKTIKEG dOOV a@opd Tn oTepeoxnueia Toug, n avridpacn Tou NC™ oTov
VOUKAE0CiTN TNG Bupivng 25y utrd TIG idIEG TTEIPANATIKEG OUVONKES 0dr)ynoe o€
éva peiypa duo 4’-1oopepwyv 28y kal 29y (Trepitrou 1:1 avaloyiag) (ZxAua 70),
TO oToio ATav aduvartov va JdlaXwpeIoTel Xpwuatoypagikd. Me Bdon Ta
TTponyouueva, €ival TBavov n Trapoucia NG MEBUAIKRAG opddag oTtnv
ETEPOKUKAIKY) Bdon va Tpotrotrolei Th dlapdpPwon TnG £TEPOKUKAIKAG Bdong
OTO MOpIo, dieukoAUvovTag TBavwg Tov agovikd TpooavatoAioud tng C-4°
Kuavo opddag. AANayEG OTIC OUVOAKES TNG avTidpaong OTTwWG WETABOAN TG
Bepuokpaaciag i emAoyry dAou dlaAUTn dgv dlIa@OPOTTOINCAV CNUAVTIKA TAV

avaAoyia Twv OUO ICOPEPWIV.

TrO )(
(@]
- /7\
o NN NaCN, NaHCO,

(0]
o H,0, Et,0
(0]

25y 28y: R;=CN, R, =0H
29y: R;=OH,R;=CN

\j

ZxApa 70
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MeTd TIG TTPONYOUNEVES ATTOTUXNMEVEG TTPOCTTABEIEG WOTE VA UVONOEi
0 oxnuaTiouég Tou evog ammd Ta OUO IoOMEPN Kal PE dpeon €mdiwén Tn
BeATiwon TG  OTEPEOEKAEKTIKOTNTAG, €EeTAOTNKE 1N €midpacn Tou
UTTOKATAOTATN TNG 6°-6€0NG Tou udaTavBpakikou dAKTUAIOU OTO OTEPEOXNMIKO
atmoTéAeopa TNG avtidpaong. Baoildpevol otnv mapadoxry 6T n TPITUAO-
(TpIpaivulopeBuUAO-) opdda gival oTTwodNTTOTE OYKWOEOTEPN aTd TNV tert-
BouTuAodiueBUAOTIAUNO- opdda, €TAEXTNKE N TEAEUTAIa yia TNV TTpocTacia
TNG €AeUBepNG UdpoEUAouGdag oTov C-6". ZUVveTTWG, avTidpaon Tou avaAdyou
NG Bupivng 22y pe tert-BouturodipeBuloaiAulo-xAwpidio (TBDMSCI) kai v
ouvexeia ogeidwon TnG oxnUaTICOPEVNG AAKOOANG 24y 0driynoe oTtn Ajyn Tou
4°-keT0 VOUKAeo(iTn 26y (XxAMa 71). H ouvBeTik Tropeia ouveyifetalr pe
emidpaon Tou NaCN oe uddtivo aiBépa TnG €vwong 26y, otmdTte Kal
oxnuari¢etal n kuavudpivn 30y wg 10 povadikd TTpoidv Tng avrtidpaons. Me
BAon TO CUYKEKPIYEVO ATTOTEAECHA UTTOPEI va UTTOOTNPIXTEI OTI N TTapoucia
NG tert-BoutuAodipeBulooiAulo-ouddag otov  C-6° aoKeEi  ONUAVTIKO
OTEPEOXNMIKO €AEYXO OTAV avTidpaon BIEUKOAUVOVTAG TTIBAVWG TOV IONUEPIVO
TpooavaTtoAiopyéd ™G C-4° Kuavo opadag HECW OIa@OPOTTOINUEVWY H/Kal
MEIWPEVWY  OTEPEOXNMIKWY  TTapepTTodiocwyv. H oTtepeoxnuiky dou NG
évwong €xel emiong e€akpIfwOei pe Bdon petpAoeic NOE kai gival avdAoyn e
TIG TTPONYOUMEVEG OUVTEBEIPEVEG KUAVUDPIVEG AUTHG TNG OEIPAG TTPOIOVTWV.

HO O)( TBDMSO
TBDMSCI, DMAP o
~o U NT O Mupidivn o N
77% %l\
OH o OH o N
22y H © 24y H o
PDC, Ac,0
0,
CH,Cl, | 6%
TBDMSO TBDMSO
o I~ o
N ~ - O/ N \ B NaCN [o) N \
~ o) < o)
H,0, Et,0 o
OH (o] 0 (@]
30y N o 61% 26y N o
ZxApa 71
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210 TEAIKO Brpa TNG CUVBETIKAG TTOPEIOG TTPAYHATOTTOIEITAl N TTARPNG
ATTOTTPOOCTACIa TWV VOUKAeolITwy 27a,B kai 30y, Trapouadia TpipBopogikou
0&€og 90% o€ pebavoAn, omoTe Kal oxnuati¢ovral ol EMOUPNTOI VOUKAEOCITEG

3la-y, avrioToixa (ZxApa 72).

RO HO
o I~ N OH .
- A
N o NN TFA, MeBavoAn N.ao o NN
% > OH
yl\ 70-77% 4/\
OH o] N OH o N
H o

270,B:R=Tr
30y: R=TBDMS

X
X
X

E
H
C

<™®Q

Hs

ZXApa 72

TTO TTOPAKATW OXAKA 73 TTapaTiOeTal eVOEIKTIKG TO Pdoua *H-NMR ¢
1-(4"-C-kuavo-a-D-pavvotrupavolulo)5-gBopooupakiAng  (31a). Amd v
MEAETN TOU TTPOKUTTTEI OTI N OITTAr) KOPUPN TTOU EpPavidovTal oTa 7.83 ppm He
oTaBepd oUleuéng Jsrs = 6.5 Hz avmioTtoixei oto mpwtovio H-6 1ng 5-
POOPOOUPAKIANG, EVW XOPAKTNPIOTIKA €ival N KOPUQ TTOU AVOQEPETAlI OTO
TpwTéVIo H-1, n omoia eugavifetal ota 6.02 wg dITTAR pe oTaBepd ouleuéng
J1-2- = 9.5 Hz. H d1itTAr} dirAwv Kopu@n TTou TTpocdiopidel To TTPWTOVIO TnG H-
6a” epgaviCetal ota 4.39 ppm pe oTaBePEG 0UCEUENGS Js 62 = 9.3 Hz Kal Jsar 6p-
= 12.8 Hz, evw akoAouBouv Ta orjpata Trpwroviou Twv H-2° \H-3" kal H-5
oav pia TTOANaTTAR Kopu@r) oTnv Trepioxn 4.22-3.99 ppm. TéAog, diakpiveTal
TO ONfua Tou TTpwToviou TG H-6b" w¢ wia diITAr dITAWV Kopupr pe oTaBepd
ouleuéng Js gp = 2.6 Hz.
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AiaAuTnGg CD;OD

H-2', H-3,
H5

ppm (t1)

1.3.2 Z0vBeon Twv 4°-8e0u-4"-C-kKuavo-a-D-TtaAoTTupavoluAo avaAoywyv
™G 5-@0opooupakiAng 34a, oupakiAng 34B kai Bupivng 34y

Metd amdé Ttnv  emTuxnuévn  ouvBeon  Twv  4°-C-kuavo-
MOVVOTTUPOVOVOUKAEOQITWY, 1N OUVOETIK TTOpEia  OUVEXIOTNKE MHE TNV
TTAPACKEUN TWV AVTIOTOIXWV 4 -0€0gu-4"-C-KUavo-VOUKAEOJITIKWY avaAdywv.
Me agetnpia TIG TTpooTaTEUMEVEG  Kuavudpiveg  27a,B  kai 30y,
TTOPACKEUAOTNKAV aApXIKA Ta avTioToixa @aivoiuBeiokapBovulo-Trapdywya
Toug pe emidpacn Tou PhOC(S)CI, mapouacia EtsN kait DMAP o CH3CN kai ev
ouvexeia xwpig amopdvwon avdxdnkav ue 1n Bordeia tou BusSnH kai Tou
AIBN o€ d1oAUTn ToAOUOAIO, OTTOTE KOl oXnuatioTnkav Ta 4°-deofu- Tapdywya
32a,B kai 33y, avriotoixa (ZxApa 74). Me tnv idia Teipauarikr) diadikaoia, n
avTidpacon avaywyns €AeUBEpWV pICWV TOU PEIYUATOS TWV 4 -TTINEPWV 28y
Kal 29y Tpoxwpnoe ME ATTOAUTN OTEPEOEKAEKTIKOTNTA AauBdvovTag TO
avdaAoyo TnG Bupivng 32y wg 10 povadikd TTpoidv (ZxAua 74).
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a.PhOC(S)CI, EtzN, DMAP

CH5CN
B.AIBN, BusSnH
o) ToAoubhio o
50-77%
27a,: R{ =CN, R, =OH, R3 = Tr ) 32a-y: R=Tr
28y: R;=CN,R,=OH, Rg=Tr @X=F 33y: R=TBDMS
29y R;=OH,R,=CN,Ry=Tr B: X=H
30y: R;=CN,R,=0H, R;=TBDMS y: X =CHs
IxAua 74

H otepeoxnueia Twv 4°-0e0fu VOUKAEOQITWVY KABOPIoTNKE €TTioNg ME
meipduata NOE. Omrwg  @aivetalr oTto TTapddelyga NG €vwong 328,
akTIvVOBOAnon tou H-4" 0drlynoe otnv au¢non twv evidoewv Tou H-3" katd
12% ka1 Tou H-57, katd 12% etriong (ZxAua 75). Opoiwg, kopeoudg Twy H-3°
Kai H-5" TrpokaAei auvénon Ttwv evrdoewv Tou H-4" katrd 10% kair 13%,
avtioToixa. Ta mapatmdvw dedopEva UTTODEIKVUOUV OTI Ta Tpia autd TTpwToVIA
Bpiokovtal oTnv idla KATw 6yn Tou TTUpavolikoUu OakKTUAiou, yeyovog Trou
EPXETAI OE€ OUMPWVIa PE TO pnxaviopd TG avtidpaong avaywyng, Kard tnv
oTToia TO dTOUO TOU UdPOYSVOU EICEPXETAI ATTO TNV AIlYOTEPO TTAPEUTTODICHEVN
a-6yn TG evdidueong pifag, avtiBeta TPog¢ TNV oykwdn 2°,3°-O-

I00TTPOTTUAIDEVO Oudda.
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

210 TENIKS Bripa TNG CUVOETIKN TTopEiag, ol evwoelg 32a,B kal 32y i 33y
METATPATINKAV OTA ATTOTTPOCTATEUPEVA TTapdywya Toug 34a-y, avrioToixa,

MEOW TNG KaTepyaoia Toug PE TPIPBopoEIkd o&u 90% o€ peBavoAn (ZxAUa 76).

69-73%

RO HO
0o I~ X oH X
—
N =0 N 2 N (@] N \
o
N N o

320-y:R=Tr
33y: R=TBDMS

34a-y

X X X

E
H
C

<™

Hs

IxApa 76

To ¢@dopa *H NMR Tou 4°-C-kuavo VoukAeolitn 34, aTmrelkovieTal
eVOEIKTIKA OTO OXAua 77. A6 Tnv €E£TACN TOU OCUYKEKPIMEVOU (QACHOATOG
TApATNEEITAI Mid XapAKTNPIOTIK OITTAR Kopu®r ME uywnAn TiuR OTaBEPAg
ouleuéng Ji-,2- = 9.5 Hz ota 6.03 ppm, n oTroia avTioTolxei oTo TPpWTOVIO H-1"
Tou oakyxdpou. Emiong, amd 1n PeEAETN TOU QACHOTOG TTPOKUTITOUV OUO
XOPAKTNPIOTIKEG DITTAEG KOPUPEG OTA 7.67 KAl 5.73 ppm, Ol OTToiEG EPPAvi(ouv
TNV idla otabepd oUleuéng Jse = 8.1 Hz, kal avTioToixouv oTta TpwTtovia H-6
kKal H-5 tn¢ oupakiAng, avrtiotoixa. AkoAoubei To orjua TTpwroviou Tou H-6a”
w¢ Hia OITTAR dITTAWYV Kopu@r oTa 4.39 ppm pE oTaBePES oUCEUENS Js 6o = 9.2
Kal Jea b = 12.4 Hz kai 10 ofua mpwrtoviou Twv H-3" kai H-5" w¢g pia
TTOAAQTTAR Kopu®r oTa 4.33-4.27 ppm. 2Tn CUVEXEIQ, EP@avidovTal Ta OrfuaTa
TWV TTpwToviwv H-2" kal H-6b" wg¢ pia ToAAaTTAR Kopuer ota 3.82-3.73 ppm,
EVW TENOG XAPAKTNPIOTIKN €ival N KOpu®r TTou TTPocdIopiel TO TTPWTOVIO TOU
H-4", n omoia eugavietal ota 3.55 ppm wg pia dITTAR JITTAWY PE OTABEPEG
oUleuéng Js 4 = 6.4 KAl Jy 5 = 2.6 Hz.
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AlaA\itng CD;0D

H-6 H-5
M H-1'
L s bt R
= = o [ [ I
o o © o ™ ©o o
N o (] N O © o
‘ T T ‘ ‘ T T ‘ T T ‘ T T T ‘
8.0 7.0 6.0 5.0 4.0 3.0
ppm (1)
ZXApa 77

OAokAnpwvovTtag kai Tn OeUTEPN OUVOETIKN TTopEia, OTO TTAPAKATW
oxApa 78 TrapaBéToune oAGKANPN TN YEVIKN TTOPEIQ TTOU aKOAOUBRBNKE yIa TN
ouvleon Twv 4’-C-Kuavo-a-D-PavvoTTupavovoukAeolITwy 31la-y Kal Twv 4'-

0e0gu-4"-C-kuavo-a-D-TOAOTTUPAVOVOUKAEOITWY 34a-Y.
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OAc
HO
OAc OH X
-0
AcO : O N oS
AcO . OH
OAC 75-81% )\ o}
N
OH ©
20 21a-y
a: X = F (5-FU)
B: X=H (V)

V- X = CH, (Thy) i | 78-82%

RO
X
Oo/ T~ X
(o) N iv
o) )\N 0 66-68%
O H o
25a0-y: R=Tr 22a-y:R=H
26y: R =TBDMS
iii | 70-79%
L 230-y:R=Tr
24y: R =TBDMS
vV | 60-62%
X RO
X
(¢} Vii NQ fo}
50-77% N o
o H
270,8: R;=CN, R, =0OH, Rg=Tr 320-y:R=Tr
28y: Ry =CN, R,=OH, R3=Tr 33y: R=TBDMS

29y: Ry = OH, R, = CN, Ry=Tr
30y: Ry = CN, R, = OH, Ry = TBDMS

vi |70-77% Vi [ 69-73%
HO HO
OH - X OH X
O N S
IS OH = /o N/i
N o )\ N ©)
OH ° H S H
3la-y 34a-y

(i) ZINUAlwpévn Bdon, TMS-Tf, CH3CN; MeBavoAikr) Appwvia; (i) [(CH3),C(OCH3),, p-TsOH, Aketovn, H,O; (iii) TrCl A TBDMS,
DMAP, Mupidivn; (iv) PDC, Ac,0, CH,Cly; (v)(@) (R = Tr) H,0, Et,0, NaHCO3, NaCN, (8) (R = TBDMS) H,0, Et,0, NaCN; (vi)
TFA 90% og MeBavoAn; (vii) PhOC(S)CI, EtzN, DMAP,CH3CN;AIBN, BusSnH, ToAoudAio.

ZXApa 78
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11.3.3 AvTiIKA Kal avTIKAPKIVIKR 8pdon Twv 4°-C-kuavo Kal 4°-8gogu-4"-C-

KUOVO-TTUPAVOVOUKAEOITWYV

O1 veoouvTiBEuevol 47-C-kuavo PavvoTTupavovoukAeoditeg 31a-y kail 4'-
0e0&u-4"-C-kuavo TaAoTTupavovoukAeoliTeg 34a-y eE€TAOTNKAV YIa TN TIOav)
QVTIIKA KAl AVTIKAPKIVIKH) TOUG OpAcon O€ TTEIPAPATA TTOU TTPAYHATOTTOINONKAav
oto gpyacTtiplo loAoyiag kair XnueloBepatreiag Tou IvomitouTtou laTpikig
‘Epeuvag Rega oT1o BéAyio.

ApXIKA, Ol eVWOEIG agloAoynonkav yia TNV KUTTAPOOTATIKY Toug dpdon
€vavTl Tou TTOAAQTTAACIONOU TWV KAPKIVIKWY KUTTApWYV Acuxaipiag (L1210),
Twv avBpwtivwy  T-Aep@okuttdpwy  (CEM), kaBwg emiong kar  Twv
avepwWTTIVWV TPaxNAIKWV KAPKIVIKWV Kuttdpwv (HelLa). Ta 4’-kuavo-(4'-
deogu) avdhoya tnG oupakiAng (31B, 34B) kai TG Bupivng (31ly, 34y) dOev
eUTTOdIcaV TTapA €AdxIOTa TOV KUTTAPIKO TTOAAQTTAQCIOONO, €XOVTAG KATA
kavéva IC50s peyaAuTtepa i} yupw ota 200 pM (Mivakag 5). e avtiBeon, Ta
4’-kuavo-(4"-deofu) avdhoya TG 5-pBopooupakiAng (31a, 34a) TTapouciacav
agloonNMPEIWTN KUTTAPOOTATIKA dpdon eutrodifovrag Tov TTOANATTAQCIACHO TwV
KAPKIVIKWV KUTTdpwv L1210 kai HeLa o€ Tipég IC50s 1Tou KupaivoTav ato 2.6
€wg 4.1 uM, evw n avaoTaATIKr) Toug Opdon oTta kuTtTapa CEM Atav eAa@pwg
MIKpOTEPN. OTTWG TTapaTNPEiTAl KAl OTOV TTOPAKATW TTiVAKA, TO KUTTAPOOTATIKO
TPOoPiA  Twv evwoewv 3la kal 34a civar TTapdpolo pE aAuTd TG 5-
@OopooupakiAng. ETITAEOV, O OUYKEKPIUEVEG €VWOEIG diaThpnoav TNV
KUTTAPOOTaTIKOTNTA TOUG, OTav agloAoyrnOnkav €vavTi KOPKIVIKWY KUTTOPIKWY
oeipwv L1210 ka1 Hela, o1 otroieg xapakrtnpifovrav amd QVETAPKEIA TOU
evfUuoU TnNG KIvdong TnNG Buuidivng. Ta ouyKkekpIpéva eupruaTa UTTodnAwvouv
OTI N KUTTAPOOTATIKA OPACHN TWV VEWV KUAVO VOUKAEOQITWV OEV ATTAITE TN
PWoPopuAiwon Toug amd Tnv Kivaon Tng Bupidivng (6TTwg n 5-@Bopo-2°-
deo&uoupidivn) kail yI' autd TOaveTATA VA AEITOUPYOUV WG TTPOPAPHAKA TAG 5-
@BopooupakiAng, Ta OTToIa Ba TTPETTEI VA METATPATTOUV TTPWTA OTNV €AEUBEPN
Bdon TpIv TRV TTEPAITEPW METAPBOAIKA TOUG evepyoTroinon. Ev TTpokelyévw, Ta
4°-C-kuavo- Kal 4’-deo0u-4"-C-kuavo- VOUKAEOQITIKA avaloya
CUUTTEPIPEPOVTAI E TTAPOHOIO TPOTTO PE TA TTponyouueva cuvteBeiuéva 3°-C-

Kuavo- Kal 3'-0eo0fu-3°-C-kuavo- rapdywya Ttng 5-¢BopooupakiAng. TEAog, ol
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véol TTupavovoukAeoliTe¢ 3la-y kal 34a-y Oev Trapouciacav avTik dpdon

€vavTl yiag osipdg DNA kail RNA 1wv.

Mivakag 5. AvaoTaATikr) dpdon Twv evwoewv 3la-y Kal 34a-y €vavTl TOu

TTOAQTTAQCIOCPOU TWV KUTTApwy L1210, CEM kai Hela.

Npoiév L1210 CEM HeLa L1210/TK  Hela/TK
HO
OH
o)
I on 'V 30% 57+7 32%00 26+07  0.81%0.10
ila 0.9
OH
HO
OH
=0
IN on Y >500 >500  494+8 >500 >500
31
OH e
HO
OH
o)
N on W >500 >500  433+94 >500 >500
31
OH Y
HO
OH
N X[ U 41 18:6  26:009 46+15  049+0.02
0.6
34a
HO
OH
55 y
N o 211% + 2281 +  195+21 227+6 205+ 8
348
HO
OH
Ny —0 oy MY 262+ 332 188+ 4 266 + 17 214 18
12 64
34y
5-PBOPOOUPAKIAN 0.38 18+5 054+012 | 0324031 0.23+0.01
+0.17
5-®opo-dUrd 0.0011 0022  0.050% 3.0+0.1 1.4+0.4
+ + 0.011
0.0002  0.006
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1.4 $0vleon Twv 2°-C-kuavo, 2 -8£0&u-2 '-C-KUuavo Kal 2 -OTTEIPAVIKWV-

TTUPAVOVOUKAEOJITIKWY aVAAOYWV

2NMOVTIKA  €PEUVNTIKA  QATTOTEAéCPATA TTOU  TTAPOUCIACTNKAV
TTPONYOUNEVWG aTTEDEICaV OTI N €1I0aywYN MIAg Kuavo- ouddag oTig 3™ kal 47
Béocig evdg TTupavolikoUu dAKTUAIOU 0drlynoe OTn OUVOECT OPICUEVWY VEWV
aouVABIOTWV TTUPAVOVOUKAEOLITWY, oI oTroiol €TTedeIEav agloonueiwTn avTi-
TTOAOTTAACIOOTIKI) OpAcT €vavTtl JIAPOPWY KAPKIVIKWY KUTTAPIKWVY CEIPWV.
EidikéTepa, atmmd TIGC PEAETEG ETTE TWV VEWV KUAVO-TTUPAVOVOUKAEOLITWV,
TTPoKUTITEl OTI Ta 3°-C- Kal 4'-C-Kuavo-TTupavovouKAeOlITIKA avdAoya Tng 5-
@BopooupakiAng (5-FU) mBavéTata dpouv wg TTPoPApUaKa TNG EAeUBEPNS 5-
FU, TTapouciddovtag TapOuoIo KUTTOPOOTATIKO TTPOQIA UE AUTH.

A6 TNV AAAN TTAgupd, OTTwG €xel NON avaeepBei piIa agloTTpOoEKTN
Katnyopia PIOAOYIKA EVEPYWYV VOUKAEOQITWY €ival Ol OTTEIPAVIKOI VOUKAEOCITEG,
ol otroiol diaBETouv évav emITTAéov OAKTUAIO OTO TURHA Tou oakxdpou. ATré Ta
d1agpopa avaloyd Toug 1I01aiTEPO eVOIOPEPOV TTPOKAAOUV o1 Aeyouevol TSAO
VOUKA£0CiTEG, 01 oTroiol TTapoucidlouv Ioxupr dpdon évavTi Tou 10U HIV-1 kai
EXOUV WG TTPOJPOMEG EVWOEIG TIG KATAANAEG Kuavudpiveg (Camarasa et al.
2005).

Me BdAon TIG TTPONYOUUEVEG €VOIAPEPOUTEG TTAPATNPIOCEIG KAl OE MId
TPOOTTABEIa va £EaxBoUV XPrOINa CUPTTEPACHATA YIa TIG OXEOEIG XNMIKAG
OOMNG-PIOdPACTIKOTNTAG  TWV  KUAVO-TTUPAVOVOUKAEOJITIKWY  avaAdywv
BewpnBnNKe OKOTTIUN N ETTEKTACN TWV £PEUVWV TTPOG TN oUvBeon véwv 2°-C-
Kuavo- Kal 2°-0gofu-2°-C-Kuavo- TTUPAVOVOUKAEOLITWY, Ol OTToiol Ba QEpouv
WG ETEPOKUKAIKEG BAaeIg TN 5-pBopooupakiAn Kal Tnv oupakiAn. AaupdvovTtag
EMITTAéOV UTTOWIV TO MEYAAO PBloAoyikd evdiapépov TToU TTaPoucidlouv Ol
OTTEIPAVIKOi  VOUKAEO(iTEG, atrogaciotTnke n aglotoinon Ttwv 2’-C-Kuavo-
TTUPAVOVOUKAEOITWY WG XPNOIYaA €VOIAUECA YIO TNV TTAPACKEUN VEWV 2'-
OTTEIPAVIKWY avaAOywv Trou Ba @épouv Tov 4-apivo-1,2-0gabeiolo-2,2-

010&€100- daKTUAIO OTN 2°- BE0N TOU CAKXAPOU.
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H doun Twv popiwv XLVII, XLVIII kai L TTou oTOXEUOE N CUVOETIKA JAG
TTopeia atreikovifetal oto oxAMa 79. To oTepeoxnUIKO QATTOTEAECUA TWV
avTIOPACEWV OXNUATIONOU Twv 2 -C-KUavo-TTUPAVOVOUKAEOCITWY OEV PTTOPEI
va TpoPAe@Bei e akpifela kar O6TTwG aTodeixTnKE OTn OUVBEOn TwvV
TTPONYOUPEVWVY  KUAVO-TTUPAVOVOUKAEOCITIKWY aVAAOYWY O TTEIPANATIONOG

gival TrTadvroTe N TTAEoV evDEDEIYUEVN ATTAVTNON.

oHOH |N| OHOH |N| on OH
B
-0 B -0 B o]
HO HO HO NH;
OH S
\s
=
RN
XLVII XLVIII L ©
B = 5<pB6pooupakiAn,
OUPAKIAN
ZxAHa 79

E@appolovtag pia avdAoyn pETPOCUVOETIKA TTPOCEYYION ME AUTH TwV
4°-C-Kuavo- TTupavovoukAeolITwv, 1600 ol 2 -C-kuavo(2'-0eofu) VOUKAEOLiTEG
XLVII, XLVIII 600 kal Ta 2°-otreipavikd avdAoya toug XLIX, L Ba ptmropoucav
va TTpoKUWouv atréd tnyv idia TpooTtateupévn kuavudpivn LI, evw 1o avdioyo LI
MTTOpEl va TTPOEABEl ATTO TOV KETOTTUPAVOVOUKAEOCiTn LIl petd amd pia
TUPNVOQIAN  TTpooBnkn  (ZxAMa 80). O  PEPIKWG  TTPOCTATEUMEVOG
TTupavovoukAeoditng LIl trapéxer ™ duvarétnta  OXNUATIOMOU  TOu
KETOTTUPAVOVOUKAEeOZiTN LII, evww cUp@wva e Tn TpoTeivopevn pebBodoAoyia,
TO KATAAANAO UTTOOTPWUA TTOU Ba pag odnyAoel oTov TTUpavovoukAeoditn LIl
(MeTA a1rd avTIOPAOCEIG TTPOCTACIAG), €ival O YAAAKTOTTUPAVOVOUKAEOCITNG LIV.
2UMTTEPACMATIKA, ME TN OUYKEKPIMEVN — PETPOCUVOETIK)  TTPOCEYYIoN
XPNOIMOTTOIWVTAG dUO apXIKG uttooTpwuata TUTTou LIV pe TIG avTioToIXES
VOUKAeoBdoeIg TG 5-¢BopooupakiAng Kal TNG oupakiAng divetal n duvatdTnTa
va TTapookKeuaoTolv OAa ta TeAikd pépla otdyol. AgiCel va TovioTei 6Tl n
emAoyr] ¢ TBDMS-opddag yia Tnv TPOCTOCIA TOU TTPWTOTAYOUG
udpoguliou, €yive e Bdon 1o oxedlaopd va aTmoTiunBouv PBIOAOYIKA Kal Ol
TpooTareupévol 6°-TBDMS  otreipavikoi  voukAeoditeg XLIX, kaBwg n
OUYKEKPIMEVN TTPOCTATEUTIKA OPAda Bewpeital Bacikd OOUIKO XAPAKTNPIOTIKO
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yla TNV gu@avion BioAoyikAg dpdong oe pdépia autou Tou TUTToU (Camarasa et

al. 2005).
HOOH N o OTBDMS
Il o o
B
HO B 0 NH,
o
XLVIII XLIX g
“ \\
Ny o
OTBDMS R
HOOH N o N Ho OH
Il o >< o
B
HO B o B
OH OH
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X
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

.4.1 XdvBeon Twv 2°-C-kuavo-B-D-taAotrupavoluAo avaAdywv Tng
oupakiAng 4la, Tng 5-@BopooupakiAng 41f kai 2°-C-Kuavo-fB-D-
YaAakTotTrupavofuAho avaAdywv TnG oupakiAng 42a, Kai TG 5-
pBopooupakiAng 42

H ouvbeTikn Tropeia mepIAapBAvel apxIKd TNV EKAEKTIKA TTPOCTACIA TOU
TTPpWTOTAYOUG UdPOEUAIOU TwV YyVWOTWV yoAakToTrupavovoukAeoliTwv 35a,
(Kondo kai Goto, 1971, Haeckel et al. 1996) katéTmiv KATEPYAOTIAG TOUG ME
TBDMSCI mrapouacia mupidivng kai DMAP. Ev cuvexeia akoAoubei TrpooTacia
Twv dUo cis 37,4°- udpoluAiwv Twv evwoewv 36a,B pe Tnv eTidpacn 2,2-
O1peBOEU-TTpOTTaViOU, KATAAUTIKAG TTOCOTNTAG P-TOAOUOAOCOUAQOVIKOU 0&E0G
oe OI0AUTR aKeTOVN, OTTOTE Kal oxnuatifovral ol voukAeoditeg 37a,B (Zxnua

81), avrioToIxa.

X X
o 0
Ho OH 72 o1 TBDMS 7
o NH o) \ NH
N \K( TBDMSCI, DMAP \K{
HO > HO
OH o Mupidivn OH o
35a,8 36a, 85%
36B, 83%
[(CH3),C(OCHg),
o X =H p-TSOH
B:X=F AKeTOVN
X
0
o OTBDMS 72
e L
A
OH N
37a, 86%
37B, 85%
ZxAua 81

AkoAhouBei  0&eidwaon Tou €AeUBepou  UDPOEUAIOU  TWwV  PEPIKWG
TTPOCTATEUPEVWVY VOUKAEOLITIKWY avaAdywv 37a,B, n otroia odnyei otn Ajyn
TWVv 2’-keTOTTUPavVOVOUKAeoQITwV 38a,B pE TTOAU KaAég atroddoeig (80 kai

83%, avriotoixa) (ExAua 82). Z1a @doparta *H-NMR Twv evidoswv 38a,B,
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

XOPaKTNPIOTIKG €ival To oApa mpwrtoviou H-1" ota 6.21 kai 6.15 ppm,
avTioToIXa, wg HIa aTTAf) Kopuer), ETRERAILLVOVTAG TV ATTOUCIA TTPWTOVIOU

oTtn 2°-8éon Tou udaTtavBpakikoUu dAKTUAIOU.

X X
0 0
o OTBDMS 72 o OTBDMS 7
o NH o NH
>< N PDC, Ac,0 >< N
(0] > o)
CH,CI
OH o 2C1H o 0
37a,8 aX=H 38, 80%
B:X=F 38B, 83%
ZXApa 82

2€ avtiBeon pe TIG TTponyouueveS ouvBEoelg Twy 3°-C- kail 4'-C-kuavo-
TTUPAVOVOUKAEOCITWV TTOU €iXav UWNArR oTePEOEKAEKTIKOTNTA Kal €dwoav udvo
TO €va ICOUEPEG, N avTidpaon Twv 2’-KeToTTupavovoukAeolitwy 38a,B pe 10
NaCN €ixe  MIKPOTEPN  OTEPEOEKAEKTIKOTATA, 0OdNywvrag o€ €va
XPWHATOYPAPIKA dlaxwpioiyo ueiypa Twy 2°-kuavudpivwv 39a,B kai 40a,f,
avtiotoixa, o€ avaloyia Tepirou 1:2 (39a:28%, 39B:25%, 40a:52%,
40B:56%). H ouvBeon oAOKANpWVETAI PE TNV ATTOTTPOCTACIA TWV AVAAOYwWV
39a,B kai 40a,B, TTapoucia TPIPOoPOEIKoU 0EE0G, OTTOTE Kal TTapaAauBdvovTal
ol emBupunToi 2°-C-kKuavo- voukAeoliteg 41a,B kal 42a,B, avTioToIXa, 0€ KOAEG
atmodooeig (74-79 %) (ZxApa 83).
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X X
o o
o OTBDMS 72 o OTBDNFLS 4
>< o | NH _NaCN, NaHCO; >< 1 \ \H
o \X( H,0, Et,0 o \W
25-56%
o) o] R o

38a,8 a:X=H 39a,8: R; = OH, R,=CN
B:X=F 40a,B: R, = CN, R, = OH

TFA, MeBavoAn | 74-78%

X
0

Ho O 7

s NH
- N
A
R
2 o)

41a,8: Ry = OH, R, = CN
42a,8: R, = CN, R, = OH

ZxApa 83

H didkpion PETALU TWV ICOMEPWVY KUAVUDPIVWV YiveTal ye Bdon tnv
EMiOPAON TNG KUAVO-OUAdAG OTIG XNMIKEG MeTATOTTiOEIS Tou H-1", KaBwg o€
OAa T1a {euyn Twv IoOPEPWV Trapatnpeital yia diagopd Ad =0.31-0.58. H
KUOQVO-OPAda TTPOKAAEI  TTAPAPAYVNTIKEG HETATOTTIOEIG OTOUG  YEITOVIKOUG
TTUPAVEG, EVW N €TTIOPACH QUTH MEIWVETAI PE TNV ATTOCTACN KAl €ival PEYAAN
€QOOOV Ta TTPWTOVIA €ival opBoywvia wg TTPog Tov deoud CN. (Abraham kai
Reid, 2000, Martin ka1 Nance, 2002, Rouillard et al. 1980). Qg €k ToUTOU, OTQ
ICOMEPN ME TIG HEYOAUTEPEG XNMIKES PeTaTOTTioEIG atrodidovTal ol douég 39a,B
Kal 41a,B oTig otroieg To H-1" BpiokeTal TTANCIECTEPA OTNV KUAVO OUAdA KAl
TEPITTOU 0 opbBoywvia B€on Kal OTA ICOPEPN ME TIG MIKPOTEPEG XNMIKES
peTartoTrioelg o1 dopég 40a,B kal 42a,B OTIC OTToiEG N Kuavo-oudda gival o
atmropakpuopévn amd 1o H-1" (ZxApa 84). O1 mpoTteivopeveg  OOUEG OTNnV
TEPITTTWON TwV Ioopepwy 39 kal 408 emBeBaiwvovTal Kal PE PETPAOEIS
NOE. Zto 1couepécg 408 Trapatnpeital apoifaia Betikd NOE petagu tou OH kai

Tou H-1", evw dev TTaparnpeital o1o IcopePES 39B.
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o OTBDMS o OTBDMS
o o
5 N NH 5 N NH
H 0 H o
5.73 6.15
40a 39a
oH PH oH P
o) (0]
en g K\( o K\l/
HO N NH HO N NH
H H
7.08 ° /.58 °
42a 41a
F F
o OTBDMS 0 o OTBDMS o
NH NH
N N
o) o)
° 577\\( N \\(
N o] N o]
2% 6.08
7%
408 398
F F

op OH o on OH p o
CN o OH g
NH NH

N N
HO HO
OH CN

ZXApa 84
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

11.4.2 £0vBeon Twv 2°-8£08u-2°-C-kuavo-B-D-taAoTTupavolulo avaAdywv

NG oupakiAng 44a kai 5-@OopooupakiAng 443

Metd TNV €mTUXNUEVN OUVBeon Twv 2 -C-Kuavo- evwoewv 41a,B Kal
42a,B, Kal JE OTOXO VA PEAETNOOUV EKTEVECTEPA Ol OXEOEIG DOUAG-OpAONG OTIG
EVWOEIC QUTOU TOou TUTTOU TTAPOCKEUAOTNKAV Ta avTioToixa 2 -0€ogu
Tapdywya 44a,B (XxAua 85). H ouvBeon emTelxOnke e@apudloviag TO
yvwoTé porifo tTng @aivofubeiokapBovuliwong Twv kuavudpivwv 39a,B Kai
40a,B, akoAouBoupevng amo avaywyn ME 1\ eTidpaon
TPIG(TPIMEBUAOTCIAUAO)CiAaVO  UdpIdiou  [(MesSi)sSiH]  (Chatgilialoglu  kai
Lalevée, 2012), omére «kal oxnuartiovrar o1 2-0e0gu-2’-C-kuavo-
TTUPAVOVOUKAEOCiTEG 43a,B, avTioToIXa. 2€ KABE TTEPITITWON TTApPATNPAONKE O
OXNMATIOPMOG €VOG KOIVOU TTPOIOVTOG, YeEyovoG Trou  KATAdEIKVUEL OTI N
avTidpaon avaywyAg €ival amoAuTa eKAEKTIKA 60OV a@opd Tn OTEPEOXNMEIQ
TNG. 270 TEAIKO Briua, KATEPyATia Twv TTPOCTATEUPEVWY TTPOoidvTwyY 43a,B, HE

TPIPB0POEIKG 0EU 0driynoe oTtn Afwn Twv €mOuunTwWyY VOukAeolITwyv 44a,f,

avTioToIXA.
X X
(e} (@]
o QTBDMS 7 @)PhOC(S)CI, Et;N, DMAP o OTBDMS
Ry CHZCN CN
-0 N NH 3 > (e} N NH
B)AIBN, (Me3Si)sSiH
(@] ) (e}
R ToAoubAio
2 o 64-70% o

39a,B: R;=0H, R, =CN a:X=H 43a,8
40a,B: R; = CN, R, = OH B:X=F

TFA, MeBavohn

X
0
Ho OH Z
CN
o \ NH
A
o
44, 74%
448, 79%

ZxAua 85
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

H amddoon Tng otepeoxnueiag otn 2°-6éo0n TOU OAKXAPOU TWV
EVWOEWV 43a,B, kal 44a,B, éyive Pe BACN TA GACUATOOKOTTIKG dedopéva *H
NMR Twv voukAeolITwv 44a,B, (J1-2- = 2.7 Hz kai J1-o- = 1.7 Hz, avTioToixwg),
TA OTTOIA €ival XAPAKTNPIOTIKA MIAG AEOVIKAG-IONUEPIVAG BEONG TWV YEITOVIKWV
TpwToviwv H-1" kal H-2" kal wg €k ToUTOU HIOG aEOVIKA TTPOCAVATOAIOUEVNG
Kuavo-opadag. H ouykekpiyévn oTepeoxnueia utrodnAwvel OTI KATd TNV
avTidpaon avaywyAg n TpooBoAr Tou udpoydvou yivetalr amd tn AlyoTEPO
TAPEUTTODIONEVN  TTAeUpd  TnG  evdidueong piag, €va  OTEPEOXNUIKO
ammoTEAECUATA  TO  OTMOI0  EPPAVIOTNKE  €TiONG  OTIC  TTPONYOUUEVEG
OTEPEOEKAEKTIKEG OUVBEoelg Twv  37-0e0fu-37-C- kal 4°-0eofu-4'-C- Kuavo
TTUPAVOVOUKAEOCITWV.

TT0 OXAMA 86 EJPAVIZETAI TO XAPAKTNPIOTIKG pdopa *H-NMR tne 1-(2°-
0e0éu-2"-C-kuavo-B-D-tadotrupavoluAlo)oupakiAng (44a) atrd Tn HEAETN TOU
OTToioU JIATTICTWVETAI OTI N aTTAn €upeia Kopu@r ota 11.48 ppm QvTIOTOIXEI
OTNV APIVOPAda TnG E€TEPOKUKAIKAG BdAong, evw n OITTAR Kopu®h Trou
epavicetal ota 7.70 ppm pe otaBepd ouleuéng Jsg = 8.2 Hz, avTioToIXEl OTO
TPWTOVIO H-6 TNG oupakiAng. AkoAouBouv Ta orjuarta TpwToviwv Tou H-5 g
VOUKAeoBdong kal evog udpofuliou Tou cakxdpou aav pia TTOAATTAR Kopu®n
ota 5.74-5.69 ppm, evw XapakTnpPIoTIKA €ival n OITTAr] KOPUQr) TTOU aVAQEPETAl
oto Tpwrtévia H-1°, n otmoia ep@avidetar ota 5.66 ppm. 2Tn OUuvEXEI
gEd@avifovtal Ta CAUATA TWV TTPWTOVIWV Twv duo UdPOEUAiwV Tou CakXdpou
oav pia JITTAR ota 4.86 ppm Kal cav pia TPITTA Kopuer) ota 4.76 ppm, HE
oT1aBepég ouleuéng J = 2.8 kai J = 5.3 Hz, avriotoixa. T€AoG, TTOANQTTAEG
Kopu@ég Tmapoucidlovtal ota 4.01-3.65 ppm, oI OTroieg AvTIoToIXOUV OTd
mpwtovia H-3°, H-4", H-5" ka1 H-6" evw XapakTnpIoTIKA €ival n dITTAR dITAwv
KOPU®K TTOU ava@EPETal 0To TPWTOVIO H-2°, n otroia epgavicetal ota 3.47
ppm ue oTabepd ouleuéng Jo-3-= 5.3 Hz.
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[e)
o " %
4 & ©CN 3
5 |-0O 1 NH
>\ 4 N\Kz(
3 1
HO
44q O

H-5,0H,H-1'

AiahiTng DMSO-d6

L6'€ {

0T L

[l ‘ [l
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0
ppm (t1)

ZXApa 86

—nsT 4

OAokAnpwvovtag kail Tn deUTEPN OUVOETIKA Tropeia, oTo oxAua 87

TTapaTiOeTal OAGKANPN N YEVIKA TTOPEia TTOU akoAouBnenke yia Tn ouveeon Twv

2°-C-kuavo-B-D-tahoTrupavovoukAeolitwv  4la,B, Twv  2'-C-kuavo-B-D-

YOAQKTOTTUPAVOVOUKAEOQITWV 42a,B aAAd Kal Twv 2'-0e0&u-2 -C-kuavo-£-D-

TaAoTTUpavovoukAeoliITwy 44a,p.
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o) o)
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390,B: R, = OH, R, =CN 41a,: R;=OH,R,=CN
400,8: R;=CN, R, = OH 42a,8: R;=CN, R, = OH
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X X
OTBDMS | NH | NH
0 /K on Q1 /K
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448, 79%

HO

(i) TBDMSCI, DMAP, Mupidivn, ; (i) [(CH3),C(OCHs;),, p-TsOH, Aketévn;
(iiiy PDC, Ac,0,CH,CI,; (iv) NaCN, NaHCO3, H,0, Et,0; (v) TFA, MeBavoAn
(Vi)PhOC(S)CI, Et3N, DMAP, CH3CN; AIBN, (Me3Si)sSiH, ToAou6Aio

ZxApa 87
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

11.4.3 £0vBeon Twv 2’ -omreipavikwy B-D-taAoTTupavolulo avaAdywv Tng
oupakiAng 49a ka1 5-¢BopooupakiAng 49f kail Tou 2°-oTrEIpaAVIKOU fB-D-

yaAaktotrupavo{uAo avaAoyou Tng oupakiAng 50a

‘Exovrag  €aocgpalicer v mpdoPacn  otoug  2°-C-kuavo-
TTUPAVOVOUKAe0CiTeg, n dladikaoia €TTEKTAONKE yia TNV TTAPOACKEUR TWV
ETTOPEVWV OUVOETIKWV OTOXWV TTou Ba £@epav Tov dAKTUAIO TOU 4-auivo-1,2-
oaBeiolo-2,2-010ée1dlou  oTn  2°-Béon  TOou Cakxdpou. AvTtidpaon Twv
Kuavudpivwyv 39a,B kal 40a,B pe pecuAo-xAwpidlio Trapouadia Trupidivng €dwoe
Ta avTtioToiXa Kuavoueoulo-Trapdywya 45a,8 kai 46a,B. 2Tn OUVEXEIQ,
Katepyaoia Twv avaAoywv 45a,B kal 46a pe 1,8-01aladikukAo[5.4.0]evdek-7-
¢vio (DBU) og O10AUTN akeTovITpiAlo 0dynoe OTO OXNUOTIONO Twv 2'-
OTTEIPAVIKWY avaoAdywv 47a,B kal 48a, Ye a1TodOCEI TTOU KUMAivovTav aTrd
60 £wg 74% (2xAMa 88). AuoTuxWG OE avTiBeon PE Ta TTPONyoUlEVa avaioya,
avTidpaon Tou PECUAO-YOAQKTOTTUPAVOVOUKAEOCZITN TNG ¢pBopooupakiAng 46
pe DBU 1 pe avBpakikd kaiolo (CsCO3) dev €dwoe T1a €mBuuntd

atroTeAéoATA, KATAAAYOVTAG OE €va adIEUKPIVIOTO HiyHa TTAPATTPOIOVTWV.

OTBDMS TBDMSO
/ /

MsCl 39a,B: R=H a: X =H 47a, 60%
o faiv B:X=F 47B, 74%
e ”E 45a: R = Ms, 69%
458: R = Ms, 68%
X X
OTBDMS o o
Vi TBDMSO
o CN /
>< .o \ NH DBU
o \K( CHLCN
OR o
40a,B: R=H
MsC [ B 48a, 70%
Mupidivn 46a: R = Ms, 69%
46B: R = Ms, 59%
2XAMa 88
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

O TTPOTEIVOUEVOG UNXAVIOHWOG OXNMATIOUWOU TwV TTPoidvTwy 47a,B Kal
48a, TrepIAauBavel TNV atrdoTTac” VOGS TTPWTOVIOU aTTd TN JECUAO-OUAdA UTTO
TNV emidpaon NG 10XupnAg Paong DBU, akoAouBwvtag pia TTupnvogiAn
TTPOGROAN TOU dnuioupynuévou KapRaviovtog oTov NAEKTPoBeTIKG dvOpaka
NG Kuavo-opdadag (Perez-Perez et al. 1991, Veldzquez et al. 1994) (Zxnua
89). ZTn cuvéxela N apxIKa oxXnUATICOMEVN IV HETATPETTETAI OTNV TAUTOMEPN
NG €vauivn, MEOW TNG amotmpwToviwong TG 3" B€ong Tou OTEIPAVIKOU-
dakTuAiou atrd To DBU. 210 TTAPAdElyUa TOU TTAPAKATW OXAMATOG, QPAiveETal O
MNXQVIOPOG TNG avTidpaong KUKAOTTOINONG Tou JECUAO-TTapaywyou 46a TTpog

TOV QVTIOTOIXO 2 -OTTEIPAVIKO-VOUKAEO(iTn 48a.

TBDMSO TBDMSO

ZxApa 89
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

Mpémer  va Toviotei 6T O  oxnuamioudég TOU  OTTEIPAVIKOU
apIvo&aBeloAikoU dakTUAiou O0TOUG VOoukAeodiTeg 47a,B Kal 48a gival EPQAvAg
ota @dopata 'H NMR pe Tnv amouadia Tou XapakTnPIGTIKOU GAUGTOS TNG
atmAAG KOPUPNAG TNG PECUAo-opddag ota 3.28-3.24 ppm Kal TNG avt autou
EM@AvIONG OuOo VEWV ATTAWV KOPUPWV TNG OTTEIPAVIKNG-OUAdAS  TTou
avTioTolxoUv oTa ofjuara 1ng 4"- NH, ota 6.02-5.35 ppm kai Tou H-3" ota
6.04-5.43 ppm. Ze dueon emPBeRaiwon TNG EMTUXOUG €VOOUOPIAKNG
KukAotroinong, 1a ¢@dopara IR Twv evwoewv 47a,B kai 48a, gu@davicav
XOPAKTNPIOTIKEG atroppo@noelg ota 3320-3455 cm™, Tou avTIOTOIXOUV OTN
d6vnon TAoEWG TNG TTPWTOTAYOUS ANIVO-ONAdAG.

Y10 OYAMa 90 TapatiOetal evdeIkTIKE To @dopa ‘H NMR Tou
VOUKA£0CiTn g [1-(6"-O-tert-BouTtuAodipeBUAOCIAUAO-37,47-O-
I00TTPOTTUAIBEVO-B-D-TaAoTTUpaVOlUAO) oupakiAng] -2°-oTreipavikou-5""-(4""-
auIvo-17",2""-0EaBeI0N0-2"",27"-010E€1dIoU)  (47a). ATd T MEAETR  TOU
TapATNEEITAl  APXIKA 1N OTAfl  €upeia  Kopugr TNG auIVOPAdAg Tng
voukAeodong ota 10.29 ppm, &V XAPOKTNPIOTIKN €ival N KOpu®h Trou
TPoodiopilel TO TPWTOVIO Tou H-6 TNG oupakiAng, n otroia gu@avieTal oTa
7.56 ppm ocav pia dITTAR pe otaBepd ouleuéng Js g = 8.2 Hz. To onua Tou
TpwToviou H-1" epgavidetal wg pia oAy Kopu®r oTta 6.49 ppm, evw n aTTAn
Kopu®r ota 6.02 ppm avTIOTOIXEI OTNV TTPpWTOTAYN AMIVo-opdda 4 '-NH, Tou
oTtelpavikoU dakTuAiou. H dITAR Kopu@r ota 5.79 ppm avTIOTOIXEI OTO OAMA
TOou TTpwrtoviou H-5 TNG oupakiAng, evww akoAouBoluv Ta CHPATA TTPWTOVIWV
Tou H-3"" TG OoTreIpavikig- opddag ota 5.43 ppm cav pia atrAf} Kopuen Kal
Tou H-3" Tou cakxdpou ota 4.65 ppm, cav pia OITTAR Kopu@ry Ye oTabepd
o0leuéng Js 4 = 7.5 Hz. Emiong, amé mn PeAETN TOU ACUATOG TTPOKUTTITEN MIO
OITTAN Kopu®n oT1a 4.48 ppm TToU AVTIOTOIXEI 0TO TTPpWTOVIO Tou H-4" Kal yia
TPITTAR} Kopuer] ota 4.35 ppm, n otroia Tpoodiopilel To TpwTdvio H-5" Tou
oakxdpou pe oTaBepd oUCeUENG Js ga- = Js 6p- = 4.4 Hz. XapakTnpIoTIKY €ival
emiong n OITTAR Kopu@ry TTou TTpocdiopifel Ta TPwWTOVIa TG H-6", n oTroia
ed@avifetal ota 3.84 ppm. 210 QAoua, dlakpivovTal TEAOG T CHPATA TWwV
MEBUAiwWV TNG 100TTPOTTUAIDEVO- ONAdAG oav dUO ATTAEG KOPUYESG oTa 1.57 kai
1.37 ppm, evw akoAouBouv Ta ornuara TnNG tert-BouTulodiueBuAloaiAuAo-

ouadag oav TpeIg atrAEG Kopupég oTta 0.92, 0.10 kai 0.08 ppm, avTiocToixa.
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ZxApa 90

210 TEANIKO OTAdIO TNG OUVBETIKAG Tropeiag TTpayuaToTroidnke n
ATTOTTPOCTACIA TWV OTEIPAVIKWY- avaAdywv 47a, kai 48a, TpPOg TO
oxnMUaTIoud Twv emBuunTwWy voukAeolitwy 49a,B kai 50a, avTtioToixa (ZxApa
91). H amropdkpuvon TwV TTPOCTATEUTIKWY OPAdWYV ETTITUYXAVETAI ME TNV
epappoyl ATwyY 6EIvwv ouvOnKwv JE TRV TTapoucsia akeTUAO-XAwpldiou o€
MeBavOAn, otéTe kal oxnupari¢etar agpio HCI “in situ” (Khan kai Mondal, 2003,
Tzioumaki et al. 2011).
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

X X
o o)
TBDMSO OH
4 T o 2
MeOH/HCI . o | NH
CH,Cl, HO > \K(
NH, /
o}
|
o)
a: X=H 490, 58%
B:X=F 498, 59%
X
o 0
MeOH/HcI
CH,Cl,
500, 67%
ZxAua 91

Y10 OXAMa 92 aTeIKovileTal TO XApaKTNPIoTIKG @dopa *H NMR Ttou
vouAeoditn NG [1-(B-D-yaAakTotrupavoluAo) oupakiAng] -2 -oTreipavikou-5""-
(4" -apivo-1"",2""-0€aBelo0A0-2"",2""-B10&€1010U) (50a). OTTwg @aiveral, To oRua
TOU TTPWTOVIOU TNG AMIVOPAdAS TNG VOUKAsoBdAong ep@avieTal oav Pia OTTAn
Kal eupgia kopu®r ota 11.19 ppm, evw XOPAKTNPIOTIKA €ival n Kopupr TTou
TPoodIopilel TO TPWTOVIO Tou H-6 TNG oupakiAng, n otroia eu@avideTal oTa
7.65 ppm cav pia dITTA pe oTaBepd ouleuéng Js- g = 8.2 Hz. AkoAouBei 1o
Ofua Twv OUO TTPWTOVIWV TNG TTPWTOTAYAS AUIVO- opddag 4 '-NH; wg pia
aTTAr} KOPUQN OTa 7.26 ppm Kal TO CAPA TTPpwTOViou piag udpouAopadag Tou
OaKYXAPOU WG Hia atrAf Kopu@r] oTa 6.53 ppm. 2Tn CUVEXEIQ TTAPOUCIAZETAl N
atTAR KOpU®N TTOU avag@EpeTal oTo TPWTOVIoO H-1" ota 5.97 ppm Kal TTou &v
MEPEl  AAANAOETIKOAUTTTETAI Q1O TO ONPA TOU TTPWTOVIOU MIAG OKOUdA
udpofulopdadag, n otroia eu@avideTal oav PIa aTTAr] KAl Eupeia Kopuer oTa
5.92 ppm. AkoAouBouv Ta orjparta Twv TpwToviwv Tou H-3"" kal Tou H-5 cav
Mia a1TAr} Kai dITTAR kopuen ota 5.59 kai 5.57 ppm, avtioToixa, Kabwg Kai To
OfMa ToU TTPWTOVIOU TNG TPITNG UOPOEUAONADAG TOU COKXAPOU Cav HIia OTTAN

Kal eupeia kopu@ry ota 4.73 ppm. TéAog, Odlakpivovtal Ta ORUATA TWV

103

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

mpwroviwv H-3°, H-4", H-5" kai H-6" Tou udatavBpakikol OAKTUAIOU wg

TTOAQTTAEG KOPUQEG TTEPiTTOU OTa 4.21-3.61 ppm.
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

1.4.4 AvTukA Kal avTIKApKIVIKA dpdon Twv 2°-C-Kuavo, 2°-8gofu-2°-C-

KUAVO Kal 2°-CTTEIPAVIKWYV-TTUPAVOVOUKAEOITWV

Metd Tnv emituxy OAOKAAPWON TNG OUVOECNG TWV EVWOEWV-OTOXWV
€CETAOTNKE N AVTIKI KAl QVTIKAPKIVIKA Toug Opdon o€ TEIPAPATA  TTOU
Tpayuartotroinénkav oto epyacThplo loAoyiag kal XnueloBeparreiag Tou
IvoTitouto latpikig Epeuvag Rega oto BéAylo. Zuykekpipéva, €EeTAOTNKE N
BioAoyikA dpdon Twv 2°-C-kuavo- 41a,B, 42a,B , Twv 2-0c0&u-2'-C-kuavo
44a,8, TwWV 2-Omeipavikwv- 49a,B, 50a oAAd kai Twv 6°-TBDMS
voukAeolITwv 47a,8 kai 48a. H amdeaon va epeuvnbouv wg TTPOG TN
BI0dpACTIKOTNTA TOUG Ol TTPOCTATEUMEVOI VOUKAeoliteg 47a,8 kol 48a
OTNPEIXTNKE APEVOG OTO OTI N CUYKEKPIMEVN KATNYOPIA EVWOEWV TTAPOUCIACE!
oav Qdopikf) ataitnon TnG PloAoyikng dpdong Tnv Trapouadia TG AITTOQIANG
TBDMS opddag oto Turua Ttou ooakyxdpou (Camarasa et al. 2005) kai
QQETEPOU OTNV UTTAPEN MEAETWV TTOU UTTOOTNPICOUV OTI TTUPAVOVOUKAEOCITEG,
TTOU @EPOUV  [ia TTPOCTATEUTIKH OpAda oTnv 6°-8éon Tou OaKXdpou
EM@AvVIOTNKAV VA €ival TTO0  QTTOTEAECHATIKOI  QVTIKAPKIVIKOI KOl AVTIIKOi
Tapayovteg (Manta et al. 2007, Manta et al. 2009, Manta et al. 2008).

O1 evwoelg aflohoyribnkav yia TRV KUTTAPOOTATIKA TOUug dpdon €vavrTi
TOU TTOAAQTTAQCIOOUOU TWV KAPKIVIKWVY KUTTApwV Acuxaipiag (L1210), Twv
avBpwTivwy T-Aep@okuttdpwy (CEM), KaBwg €TTiONG Kal Twv avpwITIVWV
TPOXNAIKWV  KOPKIVIKWYV KUuTTdpwv (HelLa). Amd T1a armoreAéopara  Trou
TTapoucIAdovTal OTOV TTAPAKATW TTiVOKA 6 €ival Eg@aveg OTI Ta avdloya Tng
oupakiAng Trapouciacav acBevry 1 Kal TTAVTEA €AAEIYPN KUTTAPOOTATIKAG
dpdong, ev avTiBéoel pye apketd avdloya Tng 5-@BopooupakiAng (5-FU), Ta
oTroia Trapouciacav agloonueiwtn avrtiroAatrAaciacTiky) dpdon. AiCel va
onpeIwBei 6T Ta 2°-C-kuavo- (Trdvw 1 KATw)- 2 -udpoulo TTapdywya 418 kal
42B Tapouciacav éva TPOPIA KUTTAPOOTATIKAG dpdong 6uolo pe autd Tng
eAelBepng 5-FU, evw Ta Tpia dAAa mrapdywya tTng 5-FU, 10 2°-0¢0&U-2°-C-
Kuavo- avdAoyo 448 aAAd kal ol 2°-OTrelpavikol-VOukAeoliteg 478 kai 498
EUQAvIcCAV  onPavTIKA  AlyOTepn  KUTTapooTatiky Opdon. H  €vrovn
KUTTApOoOoTaTIKOTNTA Twv VOUuKAeoQiTwv 41B kai 42 utropei v amodobei o€
EYYEVRA AOTABEIO TWV evWOoewv, dNAadn o auBopuntn atmeAeuBépwaon TG 5-

FU katd tnv €kBeon Toug o€ KUTTAPIKA KAAAIEpyEIQ, aAAd Kal oTnv evCUMIKA
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Oewpnrikd péposc—AmorerAéouara—2xoAiaouog

Toug OIdoTTacn ammod TIC TTPWTEIVEG Tou aiyaTog Kal/ff atmmd evOoKUTTApPIA
évfupa. TEANog, pe PBdon Tnv augnuévn KuTTapooTatikl Opdon TTou
TTapoucidafouv o1 2°-OTTEIpAVIKOI-VOUKAeoliTeg 47a,B ot oxéon e TA
QTTPOCTATEUTA TTAPAYWYA Toug 49a,B ptTopei va utrooTnpixBei 0TI N TTapouadia
NG 6°-TBDMS ouddag odnyei oe aug¢non TtnG PioAoyikAg dpdong oTo
OUYKEKPIMEVO TUTTO evwoewv. O1 VEEG eVWOEIG MEAETABNKAV WG TTPOG TIG
QVTIIKEG TOUG 1010TNTEG EvavTi diapdpwyv DNA kai RNA 1wv, Xxwpig 6pwg va

TTOPOUCIACOUV KATToIa EVOIaPEPOUCa OPAOT).
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Mivakag 6. AvaoTtaAtikiy dpdon Twv evwoeswv 41a,B, 42a,8, 44a,B8, 47a,B, 48a

49a,B ka1 50a £vavTi Tou TTOAATTAACIAoNOU Twv KUTTApwyv L1210, CEM kal HelLa.

ICso (MM) ICs0 (MM)
Mpoiov L1210 CEM  Hela MNpoiév L1210 CEM Hela
HOOH .
MU
HO
CN > 250 > 250 > 250 > 250 > 250 > 250
Ma
HO OH CN OH
Y @&/ "
HO >250 >250  >250 HO 0.79 + 16+4  0.60+
OH CN 0.45 0.04
42a AT
HO OH CN HO OH CN
O wu O Fu
HO >250 >250  >250 HO 0.68 20+6  0.65+
OH 0.23
44a 426
O OTBDMS HO
oy OH cn
HAN—( 0 30£#10 22+1 28412 HO 34+1 11246 2242
S=q
i
o © 448
)(O OTBDMS O OTBDMS
)( O Fu
o ™ 11so0 110s2 8742 N O 23+2  24:1  16%5
0~ S\\O e
480 478
HO OH HO OH
O u O FU
HO HO
HN —Q o >250 >250  >250 HN —( o 88 + 13 > 250 49+6
S R0
49a © 498
F-Uracil 0.33 18+5 0.54 +
0.17 0.12
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Meipapariko Mépog

Ill. NEIPAMATIKO MEPOZ

lll.1 FTENIKEZ MEOGOAOI

Xpwpartoypagia AerrTAg oToiBdadag (TLC: Thin Layer Chromatography)

H tapakoAoubnon tng tropeiag Twv avTidOpACEwWV Kal 0 €AeyXOG TNG
KaBapdTNTaG TWV EVWOEWV £YIVE PE XpwHaToypa@ia AetrTrig aTtoiBddag (TLC)
o€ TTAAKeG ahoupiviou eioTpwpéveg e silica gel Fasg (0.2 mm) TG Taipiag E.
Merck. O1 knAideg Twv xpwparoypaenudtwy (TLC) cival opatég utrd Auyvia
utrepiwdoug (UV, 254 nm) kai he wekaouod pe didAupa Berikol o&Eog 30% Kkal
ev ouvexeia O¢puavon otoug 120 °C. EvoANGKTIKG, OTNV TEPITTTWON TWV
KETOVOUKAEO(ITWV, Ta TLC Xpwuatoypagriuata wekalovral pe didAupa 2,4-

divitpopaivuludpadivng (0.1%).

Xpwuaroypagia oTHANGg
H xpwpuatoypagia otiAng utd mieon (flash column chromatography),

EMTEUXONKE PE TNV €1I0QYWYN agpa uTrd Trieon evidg OTAANG TTAKTWHEVNG ME
silica gel 60 (230-400 mesh) Tng eTaipiag E. Merck.

MéETpnon TG OTTTIKAG EVEPYOTNTAG
O1 peTPROEIg TNG YWwViag OTPOPRAG TTPayHaToTToINONKaV o€ Bepuokpaacia

mepIBAAAovTOG pe T BorBeia TToAwoIPETpou, TUTToU Autopol 1.

ddouara uTTEPIWSOUG AKTIVOBOAING
Ta pdacuara uTTEPILLOOUG OKTIVOPBOAiag eAjpOnoav (o1
QPAOUATOPWTOMETPO, TUTTOU PG Instruments Ltd. O PopIakOG OUVTEAEOTAG
amdoBeong &, TPoadiopioTnKE ATrd TNV €icwon
e=log (lo/1)/(Cxd)
otou log (lp / 1) = OTITIKA TTUKVOTATA PETPNUEVN OTO PEYIOTO TNG ATTOPPOPNONG
(Amax)
C = ouykévTpwon TnG ouaiag (mol/L)

d = pnKog KuweAidag (cm)
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®dopara NMR

Ta @daocpatra NMR kartaypdenkav o€ @QOOCUATOMETPO TUTTOU Bruker
AM300 pe ouxvéetnTa cuvtoviopoU Ta 300.1 MHz yia Toug Trupfveg *H ka
75.5 MHz yia Toug Truprjveg **C. O1 deutepiwpévor diaAuTeg (CDCls, MeOD-d4,
DMSO-d6) nT1av uwnAng kaBapdtntag Kal o€ OAEG TIG TIEPITITWOEIG
XPNOIUOTTOINBNKE ECWTEPIKO TTPOTUTTO ava@opds To TeTpaueBuAoaiAdvio TMS.
O1 migéEG XnUIKAG atroppdépnong divovtar oe ppm (D), evw oI TIMEG TwV

oTaBepwv ouleuéng os Hz.

Pdaopara pagog
O1 petproeig pafag €yivav o€ @aouatopeTpo TUTTOU Thermo Quest
Finnigan AQA Kai n XpnolJOTToloUuevn HEBODOG 1oviIoHoU ATav OId WEKAOUOU

(electron spray ionization ESI)

®douara IR
Ta @dopara IR TTApONKav PE XPAON TOU QACHOTOPWTONETPOU
Thermo Scientific Nicolet IR100 FT-IR.

Mpoodiopiodg TwV onuEiwy TAgEWG
Ta onueia TAENG TwV PN UYPOOKOTTIKWY OTEPEWV KATAypd@NKAvV O€

o6pyavo Mel-Temp Apparatus kai dev gival diopOwuéva.

ZApavon diaAuTwyv

OAeg o1 avtidpdoeig ou TrepieAdpBavav dvudpoug dIOAUTES 1] OUTIEg
euaiobnTeg oTnv atTudoeaipa EAaBav xwpa utrd adpavr atuéoealpa alwTou.

To OixAwpouebdvio atmootdyxBnke Tapoucia Trevroeldiou TOU
PWOEOPOU KAl TO ATTOOTAYUA CUAAEXONKE O€ QIAAN TTOU TTEPIEIXE MOPIaKA
KOokiva 4A, 6TTou kal aTroBnkeUTNKe. To akeTovITPIAIO, TO TOAOUOAIO KOl TO
N,N-diugBulopoppuapidio atrootdyxBnkav utrepdvw udpidiou Tou acBeaTiou Kal
TO OTTOoTayHa OUMEXBNKe ot @IGAN We Hoplakd kookiva 3A, 6trou kai
atmoBnkeuTnke. H TTUpIdivn atTooTdyBnke Trapouacia udpogeidiou Tou KaAiou

KOl TO aTmOOTOYHO CUAAEXBNKE Of QIGAN HE poplakd KOokiva 4A, étrou kal
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atoBnkeutnke. To THF amootdxbnke atmod vdrtpio/Bevio@aivovn, auECwS TTPIV

atroé TN XpAon Tou.

ZTOIXEIOKN avdAuon

O1 oToIXelakéEG  aVOAUOEIC TWV  OUCIWV  €ylvav  JE TR XPRon
auTopaTtoTroIiNUéEVWY  avaAutwy  Tng  etaipiag  Perkin-Elmer 2400 (%
Tpoodiopiopdg C, H kar N) kai ol TIHEG KupaivovTal o eUpog + 0.4% Twv

BewpnTIKWV.
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1.2 Tovleon Twv 3°-C-aiBuvulo Kal 3°-C-(1,4-8IUTTOKOOTNUEVWV-1,2 3-

TP10{OAO) SIKEQ@AAWYV TTUPAVOVOUKAEOUTIKWV aVOAOYWV

M.2.1 Xovleon 1g  3-C-aiBuvulro-1,2,4,6-TeTpakig-O-akeTuAo-LB-D-
aAAotrupavolng (3)

1,2:5,6-A1-O-10o01rpoTTUAIdEVO-a-D-pioe§opoupavolo-3-ouAddn (1)

H eumopikd diabéoiun  €vwon, 1,2:5,6-01-O-icotmpoTTruAidevo-a-D-
yYAuko@oupavdln (DAG) (5.0 g, 19.20 mmol) diaAvetal o€ dixAwpouedavio (57
mL) kai otn ouvéxela TmpooTiBetar Ac,O (5.43 mL, 57.60 mmol). >T10
TTPOKUTITOV evalwpnua pooTiBetal PDC (8.67 g, 23.05 mmol) kai akoAouBei
Béppavon he KABeTo WukThpa yia 4h utrd atpdbo@aipa alwTtou. MeTd 1O TEPAG
TNG avTidpaong TO TIPOKUTITOV TTAXUPPEUOTO OIGAUPO  UETAPEPETAI OFE
Xpwparoypagia oTAANG utrd Triecrn, OTTOU TrpaydaAToTroOIEiTAl €KAouon ME
EtOAC kai o d1aAUTNG atTopakpUveTal UTTO KEVO. TO UTTOAEIYUA, TTOU TTEPIEXEI
Ac,0O apaiwvetal pye TOAOUOAIO Kal OTn OUVEXEID ME amTOOTAEN €gaTuieTal
MEXPIS Enpou. To emBuunTd Tpoidv 1 (4.0 g, 81%) mapalapBdveral uttd Tn
HOP®A TTaXUPPEUCTOU €AAIOU KAl XPMNOIUOTTOIEITAI OTO ETTOUEVO OTADIO XWPIG
TEPAITEPW KABAPIONS. Ta pacuaTookoTikd dedopéva NG Evwong 1 gival o€
oup@wvia pe autd TTou avagEpovtal otn diebvr BiBAoypagia (Elhalabi and
Rice 2004).

3-C-Ai10uvulo-1,2:5,6-816-O-1001TpoTTUAIBEVO-a-D-aAAopoupavoln (2)

2e OIdAupa NG 1,2:5,6-816-O-1001poTTUAIdEvo-a-D-pioegopoupavolo-
3-0uA6lns (1) (4 g, 15.50 mmol) oe dvudpo TeTpaildpooupdvio (THF) (155
mL) pooTiBevral, 186 mL diaAupatog HC=CMgBr o THF (0.5 M, 93 mmol)
utré atgoo@aipa alwTtou. To piyya Tng avridpaong avadeuetal O€
Bepuokpacia dwyartiou, yia pia TepitTTou wpa. Metd 1o TEPAS TNG avTidpaong
(TLC), oTto piypa mpooTifetanl didAupa NH,Cl (1M, 100 mL). To piyna oTn
ouvéxela apaiwvetal pe ofikd ailBuAeoTtépa (800 mL) kai eKXUAICeTal pe
kopeopévo didAupa NaCl (400 mL). Katoiv, n opyavikr @don Enpaiveral pe
dvudpo NaySO, kai o dIaAUTNG aTtropakpuveTal UTTd Kevo. AKOAOUOEi
KaBapiopudg Tou UTTOAEiypaTog O OTAAN  XpwpaTtoypagiag (silica gel),
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XPNOIYOTTOIWVTAG WG dIaAUTN €kAouong To ouoTnua o&ikd ailBuleaTépa / n-
e€avio (3:7), omdte TapaAauBaveTal To €mOUPNTO TrPOoIdv 2 (3.74 g, 85%) utrd
™ Mop®ry AsukoU oTepeol. Inueio TACewg 104-105 °C. Rf = 0.51 (0&Ikdg
alBuAeoTépag / n-e€avio 4:6).

[a]p?® = +3° (c = 0.5 XYAwpopOpHIO)

ESI-MS (m/z): 285 (M+H")

2t1oixelakn AvaAuon: (C14H2006) C, H
YTroA. (%) C:59.14 H:7.09
Eup. (%) C:59.29 H:7.12

'H-NMR (300 MHz, CDCls) (Kakinuma et al. 1992)

5 5.82 (d, 1H, J1, = 3.4 Hz, H-1), 4.62 (d, 1H, H-2), 4.44 (ddd, 1H, J,;5= 8.1
Hz, Js6a= 4.6 Hz, Js.6p = 6.1 Hz, H-5), 4.15 (dd, 1H, Jea6p = 8.8 Hz, H-6a, 4.04
(dd, 1H, H-6b), 3.86 (d, 1H, H-4), 3.13 (br s, 1H, OH), 2.68 (s, 1H, HC=C),
1.60 (s, 3H, CH3), 1.47 (s, 3H, CH3), 1.37 (s, 6H, 2 x CH3).

3-C-Ai10uvulo-1,2,4,6-TeTpakig-O-akeTuAo-B-D-aAAoTrupavoln (3)

‘Eva didAupa 1nG évwong 2 (3.74 g, 13.16 mmol) ce MeOH (20.5 mL)
kal vepd (116.9 mL) avadevetal otou¢ 65-70 °C pe pntivn Amberlite IR-120
(H") (7.06 g). Metd am6 12h 1o TPOKUTITOV Evaiwpnua dindsital Kal amé 1o
dInBnua atropakpuvovTal ol diaAuTeG uTrd Kevo. To umdAeiya diaAveTal o€
TupIdivn (46.1 mL) kai rpooTiBetal Ac,O (23.7 mL). To yiypua avadevetal o€
Bepuokpacia dwuartiou yia 1 wpa. Metd 1o Tépag Tng avrtidpaong (TLC), To
didhupa wuxetal otou¢ 0 °C kai TpooTiBeTal pebavoin (11.9 mL) yia va
KataoTeidel Tnv avtidpaon. Or1 O10AUTEG OTTOMAKPUVOVTAl UTTO KEVO, TO
uTrOAeIgpa dloAueTal o€ o&IKO  aIiBUAeOTEPO  Kal  €KXUAIeTal apXIKA ME
Kopeouévo OidAupa 6&ivou Beiikou vatpiou (NaHSO,), oTn ouvéxela e
Kopeouévo didAupa NaHCO; kal T€EAog pe vepd, H opyaviki @acn Enpaiveral
ME dvudpo Na,SO,4 kal o dIaAUTNG aTTohakpuUveTal uTTd Kevd. To emBuunTtd
Tpoidv 3 (4.07 g, 83%) eAneOdn pe Acukr aepwdn uen. Rf = 0.41 (o&ik6g
alBuAeoTEpag / n-e€avio 1:1).

[a]p?* = —6° (c = 0.5 XYAwpopOpHIO)
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ESI-MS (m/z): 373 (M+H")

2toixelakn Avaiuon: (C16H20010) C, H
YTroA. (%) C:51.61 H:5.41
Eup. (%) C:51.57 H:5.31

'"H-NMR (300 MHz, CDCly)

55.99 (d, 1H, J1» = 8.3 Hz, H-1), 5.29 (d, 1H, J45 = 9.9 Hz, H-4), 5.23 (d, 1H,
H-2), 4.30 (dd, 1H, Jsaep = 12.3 Hz, Js6a = 4.2 Hz, H-6a), 4.25 (ddd, 1H, Js ¢, =
2.0 Hz, H-5), 4.09 (dd, 1H, H-6b), 2.76 (br s, 1H, OH), 2.47 (s, 1H, HC=C),
2.17, 2.16, 2.11, 2.10 (4s, 12H, 40Ac).

l.2.2 XivBeon Twv 3°-C-a1Buvulo-B-D-aAAoTTupavovoukAeodiTwy 5a-

v.¢, ot

1-(3"-C-A1Buvulo-2°,4",6"-1pIG-O-akeTUAO-B-D-aAAoTTUpavoluAo)-5-
@BopooupakiAn (4a)

2¢ OIdAupa 5-pBopooupakiAng (293 mg, 2.25 mmol) o€ davudpo
CH3CN (8.8 mL) mpooTiBetar HMDS (589 uL, 2.79 mmol) kai cakyxapivn (19
mg, 0.104 mmol), kai TO TTPOKUTITOV EvalwpPnUa avadeleTal PE KABETO
wuktApa yia 30 min. Agétou TO piyda yivel diauyég, mpooTiBetan 3-C-
alBuvulo-1,2,4,6-teTpa-O-akeTulo-B-D-aAotrupavoln  (3) (600 mg, 1.61
mmol) kai Me3SIOSO,CF3 (407 pL, 2.25 mmol), kal To piyua TnG avridpaong
avadeUeTal yia Mo €MITTAEOV Wpa HE KABeTo Wuktripa otoug 90 °C utd
aTuOoQaIpa AlWTOU. ZTn OCUVEXEID TO Miyda TnG avtidpaong WUXETAl OE
Bepuokpacia dwpatiou, efoudetepwvetal e Kopeouévo OidAupa NaHCOg,
apaiwvetal e dixAwpopeddvio (400 mL) kai ekxuAideTal pia @opd pe vepd (1 X
10 mL). H opyaviki @don &npaivetal pe dvudpo NaSO4 kal o dIaAlTng
amopakpuvetal  utrd  Kkevd. To  TmpokUTrTov  €Aalo  kaBapiletal UE
XpPWHaToypagia oTAnNG UTro TTiECN, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouoTnua ogIKOG alBuAeoTtépag / n-e¢avio (3:7), omote TrapaAauBdveral 1o
EMBUUNTS TTPOoidv 4a (605 mg, 85%), UTTG TN HOPPN AEUKWV KPUCTAAAWV.
Znueio TRgewg 108-110 °C. Rf = 0.59 (0€Ik6¢ alBuheaTépag / n-e€dvio 1:1).
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[a]p?* = —6° (c = 0.4 XAwpopOpHIO)

Amax 264 nm (& 6575)

ESI-MS (m/z): 443 (M+H")

2toixelakn AvaAuon: (C1gH19FN2O10) C, H, N
YTroA. (%) C :48.87 H:4.33 N:6.33
Eup. (%) C:48.70 H:4.21 N :6.49

'"H-NMR (300 MHz, CDCly)

58.37 (brs, 1H, NH), 7.43 (d, 1H, Jgrs = 5.8 Hz, H-6), 6.03 (dd, 1H, J1 o= 9.2
Hz, J1-rs = 1.2 Hz, H-1°), 5.19 (d, 1H, J4 5 = 9.6 Hz, H-4"), 5.08 (d, 1H, H-2"),
4.28-4.17 (m, 2H, H-6a’, H-6b’), 4.07-4.04 (m, 1H, H-5°), 2.54 (s, 1H,
HC=C), 2.14, 2.10, 2.09 (3s, 9H, 30Ac).

1-(3"-C-A18uvulo-B-D-aAAotTupavolulo)-5-¢pBopooupakiAn (5a)

AidAupa TG évwong 4a (605 mg, 1.37 mmol) oe peBavoAikr appwvia
(kopeopévn otoug 0 °C, 57.3 mL) avadeletal os Bepuokpaaia dwuariou yia
12 h. O dIaAUTNG OTN CUVEXEIQ OTTOPOKPUVETAl UTTG KEVO Kal TO TTPOKUTITOV
¢Aaio kaBapileTal pe XpwuaTtoypaia oTHANG XPNOIMOTTOIWVTAG WG OIOAUTN
¢€kAouong Tov 0&IKO aIBUAEOTEPQ, OTTOTE TTAPAAANPBAvETAl TO ETIOUNNTO TTPOIOV
5a (312 mg, 72%), he Aeukn appwdn uer. Rf = 0.50 (o€ik6¢ ailBuleaTépag /
pMEBavVOAN 9:1).

[a]p?* = —6° (c = 0.4 peBavoAn)

Amax 264 nm (& 8689)

ESI-MS (m/z): 317 (M+H")

2toixelakn Avaiuon: (C12H13FN2O7) C, H, N

YTroA. (%) C :45.58 H:414 N:8.86
Eup. (%) C:45.62 H:411 N:8.93
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'H-NMR (300 MHz, CD50D)
& 8.00 (d, 1H, Jsrs = 6.6 Hz, H-6), 5.84 (d, 1H, Ji-> = 9.0 Hz, H-1"), 3.87-3.68
(m, 5H, H-2", H-4", H-5", H-6a", H-6b"), 2.89 (s, 1H, HC=C).

3C NMR (75.5 MHz, CDs0D)
& 158.01, 150.12, 140.91, 127.33, 91.29, 84.71, 79.43, 75.06, 73.52, 72.79,

72.28, 61.83.

IR (Nujol, cm™): 2115 (C=C).

1-(3’-C-A1Buvulo-2°,47,6"-1p1G-O-akeTUAO-B-D-aAAoTTUpavOlUAO)oUpaKiAn
(4B)

To Tapdywyo TnG oupakiAng 4B ouvTiBetal amd 1o alBuvulo odkyxapo 3
akoAouBwvtag Tnv idia Treipapatiky dladikaoia TTou TrEPIYPA@ETAl YIO TN
ouvleon Tou Tpoidviog 4a amd TNV €vwon 3. To TpokUTTov €Adio
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPENOIMOTTOIWVTAG WG
O1aAUTN €kAouong 1o cUuoTnua o&IkOG ailBuleaTépag / n-e€dvio (4:6), otrdte
TapaAapBdveral To €mBuunTé TPOoIdv 4B (560 mg, 82%), ué TN HOPPA
AEUKWV KPUOTAAWV. Znueio TAgewg 97-99 °C. Rf = 0.34 (0€Ik6¢ aIBUAECTEPAC
/ n-e€avio 1:1).

[a]p?® = +2° (c = 0.5 XYAwpopOpHIO)

Amax 257 nm (€ 5346)

ESI-MS (m/z): 425 (M+H")

2toixelakn Avaiuon: (C1gH20N20410) C, H, N

YTroA. (%) C:50.95 H:475 N:6.60
Eup. (%) C:51.02 H:469 N:6.73
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'H-NMR (300 MHz, CDCl5)

5 8.14 (br s, 1H, NH), 7.35 (d, 1H, Js¢ = 8.1 Hz, H-6), 6.07 (d, 1H, J1-»- = 9.3
Hz, H-1%), 5.78 (d, 1H, H-5), 5.19 (d, 1H, J4 5 = 9.7 Hz, H-4"), 5.14 (d, 1H, H-
2°), 4.28-4.17 (m, 2H, H-6a’, H-6b"), 4.06-4.03 (m, 1H, H-57), 2.53 (s, 1H,
HC=C), 2.14, 2.09, 2.08 (3s, 9H, 30Ac).

1-(3"-C-A1Buvulo-B-D-aAAotrupavoluAo)oupakiAn (58)

To Tapdywyo Tng oupakiAng 5B ouvtiBetal amdé 10 AKETUMIWUEVO
Tapdywyo 4B akoAoubBwvrtag Tnv idla  Teipauariky  diadikacia  TTou
TEPIYPAPETAI YIa T OUVBeon Tou TTPOIdvTog S5a amd tnv évwon 4a. To
TPOKUTITOV €Aalo  KaBapileTal Pe  XpwpaToypagia oTAANG utrd Trieon,
XPNOIYOTTOIVTAG WG BIaAUTN €kAouong TO cuoTnua o&ikdg ailBuAeoTépag /
MEBavOAn (9:1), omdre TTapaAaupBdveral To €mBuUunTd TPOoiIdv 58 (307 mg,
78%), pe Aeukf a@pwdn uer. Rf = 0.25 (0€Ik6g aiBuleoTépag / pebavoin 9:1).
[a]p?? = +26° (c = 0.5 peBavoAn)

Amax 259 nm (¢ 5220)

ESI-MS (m/z): 299 (M+H")

2toixelakn Avaiuon: (C12H14N207) C, H, N
YTroA. (%) C:48.32 H:473 N:9.39
Eup. (%) C :48.28 H:483 N:9.27

'H-NMR (300 MHz, CD;0D)

5 7.71 (d, 1H, Js¢ = 8.1 Hz, H-6), 5.82 (d, 1H, J;-» = 9.3 Hz, H-1"), 5.72 (d,
1H, H-5), 3.86-3.65 (m, 5H, H-2", H-4", H-5", H-6a’, H-6b"), 2.85 (s, 1H,
HC=C).

3C NMR (75.5 MHz, CDs0D)
5 164.26, 150.13, 142.48, 102.09, 91.66, 83.42, 81.36, 74.97, 73.67, 72.88,

72.01, 61.03.

IR (Nujol, cm™): 2120 (C=C).
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1-(3’-C-A1Buvulo-2°,4",6"-1p1G-O-aKkeTUAO-B-D-aAAoTTUpavOUAO)Bupivn
(4y)

To Tapdywyo TnG Bupivng 4y ouvTiBetal amd 10 alBuvulo odkyapo 3
akoAouBwvtag Tnv idia Treipapatiky dladikagia TTou TrEPIYPA@ETAl YIO TN
ouvBeon Tou TPoidvtog 4a amd Tnv évwon 3. To TrpokUTTov £Aalo
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPNOIMOTTOIWVTAS WG
O10AUTn €kAouong 1o ouoTnua O&IKOG alBuAeaTépag / n-e€davio (3:7), OToTE
TapaAapBdveral To €mBuunTté TPoidv 4y (508 mg, 72%), umé TN HOP®A
AEUKWV KPUOTAAWV. Znueio TrAgewe 94-96 °C. Rf = 0.46 (0€IKOC AIBUAECTEPOC
/ n-e€avio 1:1).

[a]p?% = =7° (c = 0.7 XAwpoPOPUIO)

Amax 262 nm (& 7549)

ESI-MS (m/z): 439 (M+H")

2t1oixelakn Avaiuon: (C19H22N2010) C, H, N
YTroA. (%) C:52.06 H:506 N:6.39
Eup. (%) C:52.15 H:499 N:6.43

'H-NMR (300 MHz, CDCl5)

5 8.19 (br s, 1H, NH), 7.19 (s, 1H, H-6), 6.09 (d, 1H, Ji-»- = 9.2 Hz, H-1°),
5.24-5.18 (m, 2H, H-2', H-4°), 4.29-4.21 (m, 2H, H-6a’, H-6b"), 4.09-4.07 (m,
1H, H-5%), 2.55 (s, 1H, HC=C), 2.17, 2.12, 2.10 (3s, 9H, 30Ac), 1.95 (s, 3H, 5-
CHs).

1-(3"-C-A18uvulo-B-D-aAAotTrupavoluAo)Bupivn (5y)

To Tmapdywyo TnG Bupivng 5y ouvtiBetal amd 1O AKETUAIWUEVO
Tapdywyo 4y akoAouBwvtag Ttnv idla  meipauarikr  dladikagcia  TTou
TEPIYPAPETAI YIa T OUVBeon Tou TTPOIdvTog S5a amd tnv évwon 4a. To
TPOKUTITOV €Aalo  KaBapifeTal Pe  XpwpaToypagia oTAANG utrd Trieon,
XPNOIYOTTOIVTAG WG BIaAUTN €kAouong TO cuoTnua o&ikdg ailBuAeoTépag /
pMeEBavOAn (9:1), otmrdrte TapalapBdveral To €mOuuNTO TPOIGV Sy (271 mg,
75%), e Aeukf a@pwdn uer. Rf = 0.39 (0¢Ik6G aiBuleoTépag / pebavoin 9:1).
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[a]p?® = +11° (c = 0.6 peBavoAn)

Amax 262 nm (€ 8776)

ESI-MS (m/z): 313 (M+H")

2t1oixelakn AvaAuon: (C13H16N207) C, H, N
YTroA. (%) C :50.00 H:516 N:8.97
Eup. (%) C:50.10 H:521 N:8.89

'H-NMR (300 MHz, CD;0D)
5 7.56 (s, 1H, H-6), 5.81 (d, 1H, Ji-» = 9.3 Hz, H-1"), 3.86-3.66 (m, 5H, H-2",
H-4’, H-5", H-6a’, H-6b"), 2.85 (s, 1H, HC=C), 1.94 (s, 3H, CHa).

3C NMR (75.5 MHz, CD30D)
5 163.64, 150.13, 136.74, 110.10, 91.37, 83.47, 80.02, 74.33, 73.91, 72.68,

71.89, 61.53, 12.21.

IR (Nujol, cm™): 2130 (C=C).

1-(3°-C-A1Buvulo-2°,4",6"-TpIg-O-akeTuAo-B-D-aAAoTTupavodulo)-N*-
Bev{oiAokuTtoaivn (40)

To mapdywyo Tng N*-BevloUAokutooivng 48 ouvriBeTal améd TO
alBuvulo odkxapo 3 akoAouBwvTtag Tnv idla Treipapatiky diadikacia TTou
TEPIYPAPETAl yIA TN OUVBeon Tou TrPoidvTog 4a amd Tnv évwon 3. To
TPOKUTITOV €Aalo  KaBapifeTal PE  xpwpaToypagia oTAANG utrd Trieon,
XPNOIYOTTOIVTAG WG OIaAUTN €kAouong To ouoTnua o&Ikdg alBuleoTépag / n-
e€avio (4:6), omote Tapalaupaveral To €mBuunTd TPOoIdv 48 (578 mg, 68%),
UTTO T MOP®r ASUKWV KPUOTAAAwV. Znueio TAgewg 124-125 °C. Rf = 0.32
(o€Ik6¢G alBuAeoTéPag / n-e€avio 1:1).

[a]p?® = +10° (c = 0.5 XYAwpo@pOpHIO)

Amax 262 nm (& 17613)
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ESI-MS (m/z): 528 (M+H")

21oixelakn AvaAuon: (CasH2sN3040) C, H, N
YTroA. (%) C :56.92 H:478 N:7.97
Eup. (%) C :56.86 H:476 N:7.91

'"H-NMR (300 MHz, CDCly)

5 7.94-7.49 (m, 7H, Bz, H-5 and H-6), 6.32 (d, 1H, J1-»- = 9.3 Hz, H-1"), 5.29-
5.14 (m, 2H, H-2", H-4"), 4.30-4.22 (m, 2H, H-6a", H-6b"), 4.08-4.05 (m, 1H,
H-5%), 2.52 (s, 1H, HC=C), 2.15, 2.09, 2.06 (3s, 9H, 30Ac).

1-(3"-C-A18uvulo-B-D-aAAotTupavolulo)kutoaoivn (5¢)

To mapdywyo TnG Kutooivng 5 ouvTiBeTal ammd TO TTPOCTATEUNEVO
Tapdywyo 48 akolouBwvrtag Tnv idla  Teipauarik  dladikaoia  TTou
TEPIYPAPETAI yIa T oUvOeon Tou TTPoidvTog S5a amd Tnv évwon 4a. To
TPOKUTITOV €Aalo  KaBapileTal PeE  xpwpaToypagia oTAANG utrd Trieon,
XPNOIMOTTOIWVTAG WG dIAAUTR €kAouong To cuoTnua o&ikdg alBuAeoTépag /
pMEBavOAn (9:1), omdte TapaAauBdveral 1o €mBuunTd TPOoIGv 5§ (238 mg,
73%), ue Aeukn appwdn uen. Rf = 0.23 (0&Ik6¢ aiBuAeaTépag / peBavoAn 8:2).
[a]p?? = +16° (c = 0.4 peBavoAn)

Amax 268 nm (& 7913)

ESI-MS (m/z): 298 (M+H")

2t1oixelakn AvaAuon: (C12H1sN3Og) C, H, N
YTroA. (%) C :48.48 H:509 N:14.14
Eup. (%) C :48.38 H:512 N:14.19

'H-NMR (300 MHz, CD;0D)
7.72 (d, 1H, Jsg = 7.2 Hz, H-6), 5.95-5.88 (m, 2H, H-1", H-5), 3.86-3.64 (m,
5H, H-2", H-4", H-5", H-6a", H-6b"), 2.83 (s, 1H, C=C).
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3C NMR (75.5 MHz, CDs0D)
5 165.73, 156.28, 143.03, 94.55, 92.94, 83.81, 79.92, 74.56, 74.13, 73.19,
72.71, 61.26.

IR (Nujol, cm™): 2124 (C=C).

1-(3"-C-A1Buvulo-2°,4",6"-TpIg-O-akeTulo-B-D-aAAoTTupavodulo)-N°-
BevloiAoadevivn (4€)

To Tapdywyo Tng N*-BeviouAoadevivng 4& ouvTiBeTal aTrd TO AIBUVUAO
oakxapo 3 akoAouBwvTag Tnv idia TTEIpAUATIKR dIadIKaoia TTou TrepIypPAPETal
yla Tn ouvBeon Tou TPOIGvTOG 4a atmd TNV €vwon 3. To TTPOKUTITOV £Aaio
KaBapifeTal PE yxpwpaTtoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOG WG
O1aAUTN €kAouong TOo cuoTnua o&IkdG ailBuleoTeépag / n-e€dvio (4:6), otrdte
TapalapBdveral To €mBuUuNTd TPOoIdV 4€ (524 mg, 59%), YE AEUKA aPPwWdn
uoen. Rf = 0.14 (0&Ik6g aiBuleoTépag / n-e€avio 1:1).

[a]p?? = -10° (c = 0.5 XAwpPOoPOPHIO)

Amax 280 nm (¢ 18662)

ESI-MS (m/z): 552 (M+H")

2t1oixelakn AvaAuon: (CzeH2sNsOg) C, H, N
YTroA. (%) C :56.62 H:457 N:12.70
Eup. (%) C:5659 H:456 N:12.73

'H-NMR (300 MHz, CDCl5)

59.08 (br s, 1H, NH), 8.89 and 8.25 (2s, 2H, H-2 and H-8), 8.06-7.53 (m, 5H,
Bz), 6.21 (d, 1H, J;-»- = 9.3 Hz, H-1"), 5.64 (d, 1H, H-2"), 5.41 (d, 1H, Js 5 =
9.5 Hz, H-4"), 4.38-4.28 (m, 2H, H-6a’, H-6b"), 4.14-4.10 (m, 1H, H-5"), 2.58
(s, 1H, HC=C), 2.19, 2.10, 1.87 (3s, 9H, 30Ac).
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1-(3"-C-A18uvulo-B-D-aAAotTupavolulo)adevivn (50T)

To mapdywyo TG adevivng 50T ouvtiBetal amd TO TTPOOTATEUUEVO
Tapdywyo 4g akoAouBwvtag Tnv idla  Treipauatiky  diadikacia  TTou
TEPIYPAPETAl yIa T oUvOeon Tou TTPoidvTog S5a amd Tnv évwon 4a. To
TPOKUTITOV éAaI0  KaBapiletal pe  XpwuaToypagia oTAANG utrd Trieon,
XPNOIMOTTOIWVTAG WG dIAAUTR €kAouong To cuoTnua o&ikdg alBuAeoTépag /
MEBavOAn (9:1), omodTe TapalapBdveral To €mOuuntd TPOoidv 50T (229 mg,
75%), Je Aeukn) appwdn uenA. Rf = 0.18 (0&Ik6¢ aiBuAeoTépag / uebBavoAin 8:2).
[a]p?® = —4° (c = 0.1 d1eBUAOCOUAPOEEIDIO)

Amax 263 nm (€ 12279)

ESI-MS (m/z): 322 (M+H")

2t1oixelakr AvaAuon: (C13H1sNs05) C, H, N
YTroA. (%) C :48.60 H:471 N:21.80
Eup. (%) C :48.58 H:458 N:21.86

'H-NMR (300 MHz, DMSO)

& 8.33 and 8.15 (2s, 2H, H-2 and H-8), 7.15 (br s, 2H, NHy), 5.65 (d, 1H, J1- »
= 9.3 Hz, H-1"), 5.63 (s, 1H, 3-OH), 5.36 (d, 1H, Jasons = 7.9 Hz, 4°-OH),
5.16 (d, 1H, Jo-om2 = 8.0 Hz, 2"-OH), 4.48 (t, 1H, J = 5.5 Hz, 6"-OH), 4.26 (t,
1H, H-2"), 3.70-3.43 (m, 4H, H-4", H-5", H-6a", H-6b"), 3.26 (s, 1H, HC=C).

13C NMR (75.5 MHz, DMSO)
5 156.23, 152.37, 149.76, 140.33, 119.57, 100.66, 83.19, 80.01, 74.23, 73.87,

72.74,72.43, 61.06.

IR (Nujol, cm™): 2129 (C=C).
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11.2.3 Z0vBeon Twv TP1A{oA0 VOUKAEOQITWYV pE SITTAR KEQAAR 8a-n

1-{2°,4°,6"-Tpi1g-O-akeTUAO-3"-C-[1-[(adevIV-9-uAo)a1BuAo]-1,2,3-Tp1afoA-4-
uAo]-B-D-aAAotTupavoluAo}oupakiAn (7a)

2€ €va dIdAupa Tou alBuvulo voukAeoditn TG oupakiAng 4B (98 mg,
0.23 mmol) kai Tou adidiou TnG adevivng 6a (47 mg, 0.23 mmol) oe THF (2.3
mL), mpooTtiBevrar 2.3 mL H,O ot1o omoio €xouv OI0AUBEi KATAAUTIKEG
T000TNTEG aoKopRIkoUu vaTpiou (8 mg, 0.046 mmol) kai CuSO4-5H,0 (6 mg,
0.023 mmol). To piypa Tng avridpaong agrvetal utrd avadeuon pe reflux yia
2h ka1 ev ouvexeia wuxetal. 210 didAupa pooTifetal MeOH kai o1 dIaAUTEG
OTN OUVEXEIQ aTTOPaKpUvVovTal UTTd Kevo. To TTpokUTTToV €Adio KabapideTal pe
XpPWHaToypagia oTANG UTro TTiECN, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouotnua OixAwpoueddvio [/ peBavoAn (9:1), omdTte TapalauBdveral To
EMBUUNTS TPoidv 7a (121 mg, 84%), pe Asukh aepwdn uer. Rf = 0.30
(dixAwpopuedavio / ueBavoAn 9:1).
[a]p?? = +10° (c = 0.5 XAwpPOoPOPHIO)

Amax 260 nm (¢ 10786)

ESI-MS (m/z): 629 (M+H")

2toixelakn AvaAuon: (CasHzsN10010) C, H, N
YTroA. (%) C:47.77 H:4.49 N :22.28
Eup. (%) C:47.65 H:4.46 N:22.34

'H-NMR (300 MHz, CDCls, 45 °C)

59.19 (br s, 1H, NH) 8.49 and 7.70 (2 br s, 2H, H-2 and H-8 Ade), 7.32 (d,
1H, Js¢ = 7.6 Hz, H-6 Ur), 7.10 (s, 1H, Triazole H), 6.20 (d, 1H, J;»- = 8.7 Hz,
H-1, 5.89 (br s, 2H, NH, Ade), 5.74 (d, 1H, H-5 Ur), 5.20 (d, 1H, H-2"), 5.05
(d, 1H, Jo-s = 9.8 Hz, H-4"), 4.91 (br, 2H, CH,), 4.73 (br, 2H, CH,), 4.37-4.09
(m, 3H, H-5", H-6a’", H-6b"), 2.07, 2.00, 1.90 (3s, 9H, 30AC).
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1-{3"-C-[1-[(AdevIV-9-uAO)aIBuAO]-1,2,3-Tp1a{oA-4-ulo]- B-D-
aAAotTupavoluAo}oupakiAn (8a)

AidAupa Tou TrpooTateupévou OIKEQAAOU voukAeolitn 7a (121 mg,
0.193 mmol) ot peBavoAiky appwvia (kopeopévn otoug 0 °C, 8 mL)
avadeveTal o Beppokpacia dwuatiou yia 12 h. O dIaAUTNG OTn CUVEXEI
QTTOMAKPUVETAl UTTO Kevd Kal TO OTEPEd UTOAIyua  KaBapiletal e
avakpuoTAAAwoN pe peBavOAn kai vepd, oroTe TrTapaAapBdaveTal To €mBOUUnTO
TPOoiGV 8a (69 mg, 71%), utTd TN HopPr AeUKWV KPpUOTAAAwWY. Znueio TAgewg
225-227 °C (dec). Rf = 0.33 (dixAwpopebavio / yebavoAn 2:8).

[a]p?® = +4° (c = 0.3 dIeBUAOTOUAPOEEIBIO)

Amax 263 nm (& 20310), 270 nm (¢ 23650)

ESI-MS (m/z): 503 (M+H")

2toixelakn Avaiuon: (C19H22N1007) C, H, N
YTroA. (%) C:.45.42 H:441 N:27.88
Eup. (%) C:.45.37 H:436 N:27.79

'H-NMR (300 MHz, DMSO, 50 °C):

0 11.18 (br s, 1H, NH), 8.18 and 7.91 (2s, 2H, H-2 and H-8 Ade), 7.76 (s, 1H,
Triazole H), 7.65 (d, 1H, Js¢= 7.1 Hz, H-6 Ur), 6.83 (br s, 2H, NH, Ade), 5.84
(d, 1H, J;-2-=9.2 Hz, H-1"), 5.62 (d, 1H, H-5 Ur), 5.01 (br s, 1H, OH), 4.85 (t,
J =5.9 Hz, 2H, CHy), 4.76 (br s, 1H, OH), 4.65 (t, J = 5.9 Hz, 2H, CH,), 4.45
(br s, 1H, OH), 4.28 (br s, 1H, OH), 3.99-3.45 (m, 5H, H-2",H-4",H-5", H-6a’
and H-6b").

13C NMR (75.5 MHz, DMSO)
5 163.17, 155.94, 152.60, 151.04, 150.45, 149.35, 141.58, 140.76, 124.51,
118.55, 101.87, 80.30, 77.50, 75.31, 71.06, 69.69, 61.27, 48.52, 43.21.
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1{27,4",6"-Tpi1g-O-akeTUAO-3"-C-[1-[( adeVIV-9-UAO)aIBUAO]-1,2,3-Tp1a{OA-4-
uAo]-B-D-aAAotrupavoduAo}Bupivn (7B8)

O Oiképalog voukAeolitTng 7B ouvtiBetal amd ToV OKETUNIWUEVO
alBuvuho voukAeoditTn TG Bupivng 4y kai 10 alidlo TnGg adevivng 6a
akoAouBwvTtag Tnv idia TrEIpapaTik dladikaoia TTou TreEPIYyPd@ETAl YIA TN
ouvBeon Tou TPoidvTog 7a. To TpokUTITovV €Aalo  kaBapietal  Je
XpPWHaToypagia oTANG UTTO TTiEC, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouoTtnua dixAwpopebdvio / peBavoAn (9.5:0.5), omédre TapaAaufdveral To
emMBuUUNTSd TPOoIdv 7B (229 mg, 75%), ME Acuknl appwdn uen. Rf = 0.38
(OrxAwpopeBdvio / puebavoin 9:1).

[a]p?? = +4° (c = 0.5 XAwpPOPOPUIO)

Amax 262 nm (€ 15229)

ESI-MS (m/z): 643 (M+H")

2toixelakn AvaAuon: (CzeH3zoN10010) C, H, N
YTroA. (%) C:48.60 H:471 N:21.80
Eup. (%) C :48.63 H:4.67 N:21.75

'H-NMR (300 MHz, CDCls)

0 9.99 (br s, 1H, NH Thy), 8.43 and 7.51 (2s, 2H, H-2 and H-8 Ade), 7.18 (s,
1H, H-6 Thy), 7.11 (s, 1H, Triazole H), 6.18 (d, 1H, J1->- = 9.1 Hz, H-1"), 6.07
(br s, 2H, NH; Ade), 5.25 (d, 1H, H-2"), 5.04 (d, 1H, J4 5= 9.7 Hz, H-4"), 4.93
(t, 2H, J = 5.1 Hz, CHy), 4.75 (t, 2H, J = 5.1 Hz, CH,), 4.38-4.07 (m, 3H, H-5,
H-6a’, H-6b"), 2.08, 2.01, 1.96 (3s, 9H, 30Ac), 1.85 (s, 3H, 5-CH3 Thy).

1-{3"-C-[1-[(AdevIV-9-uAo)a1BuA0]-1,2,3-Tp1aloA-4-ulo]- B-D-
aAAotrupavofuAo}Bupivn (8B)

O T1eAIKOG voukAeodiTng 8B cuvTiBeTal ATTO TOV AKETUAIWMPEVO DIKEQAAO
VOUKAeoliTn 7B akoAouBwvtag Ttnv idia Treipapatiky  diadikaoia  TTou
TEPIYPAPETAlI yIa TN OUvOeon Tou TrPoidvTog 8a. To oTeped uTTdAEIUua
kKaBapifetal pe  avakpuoTAAwon pe  peBavoAn  kar  vepd,  omodTE
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TapalapBdveral To €mBuuntd TTPoidv 8B (102 mg, 69%), utrd TN HOPYN
AEUKWV  KpUOoTAAwv. Znueio TAgswg 203-205 °C (dec). Rf = 0.38
(BixAwpopuedaAvio / ueBavoAn 2:8).

[a]p?% = +3° (c = 0.2 d1ueBUAOCOUAPOEEIBIO)

Amax 270 nm (€ 24183), 263 nm (& 26659)

ESI-MS (m/z): 517 (M+H")

2t1oixelakn Avaiuon: (CooH24N1007) C, H, N
YTroA. (%) C:46.51 H:468 N:27.12
Eup. (%) C:46.47 H:459 N:27.21

'H-NMR (300 MHz, DMSO, 55 °C):

0 10.80 (br s, 1H, NH Thy), 8.16, 7.89 and 7.75 (3s, 3H, H-2 Ade, H-8 Ade
and H triazole), 7.48 (s, 1H, H-6 Thy), 6.72 (br s, 2H, NH, Ade), 5.83 (d, 1H,
Jio-= 9.0 Hz, H-1"), 4.84 (t, 2H, J = 6.0 Hz, CH,), 4.63 (t, 2H, J = 5.3 Hz,
CHy), 4.50-3.20 (m, 9H, H-2",H-4", H-5’, H-6a’, H-6b" and 40H), 1.82 (s, 3H,
5-CHs Thy).

13C NMR (75.5 MHz, DMSO)
5 164.14, 156.12, 152.84, 151.35, 150.71, 150.33, 141.09, 137.23, 124.72,
121.10, 109.75, 80.53, 77.79, 75.50, 71.30, 70.10, 61.66, 48.96, 43.64, 12.4.

1-{27,4",6"-Tpi1g-O-akeTUAO-3"-C-[1-[( adeVIV-9-uAO)a1BUAO]-1,2,3-TpIa{OA-4-
ulo]-B-D-aAAotrupavolulo}-N*-BevoiAokuTtoaoivn (7y)

O OJiképalog VvoukAeolitTng 7y ouvtiBeTal amd TOV OKETUNIWUEVO
a1Buvulo voukAeolitn TN N*-BevZoUAokuTtoaivng 48 kai To adidio TNE adevivng
6a akoAouBwvTtag Tnv idia Teipapatikr) diadikacia TTou TTEPIYPA@ETAl YIA TN
ouvBeon Tou TpoidvTog 7a. To TpokUTITov  €Aalo  kaBapietal  Ue
XpwHaToypagia oTAnNG UTro TTiECN, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ovotnua dixAwpopeddvio / peBavoAn (9:1), omdte mapahauBdveral 1O
emMBUUNTS TpPoidv 7y (100 mg, 72%), pe Aeukn aepwdn uern. Rf = 0.45
(O1xAwpopeBdvio / yebavoin 9:1).
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[a]p?® = +12° (c = 0.5 XYAwpopOpHIO)

Amax 262 nm (€ 26064)

ESI-MS (m/z): 732 (M+H")

ZTOIXEIGKf] AVd)\UOT]Z (C32H33N11010) C,H,N
YTroA. (%) C:5253 H:455 N:21.06
Eup. (%) C:5255 H:456 N:21.12

'H-NMR (300 MHz, CDCl5)

0 8.38 (br s, 1H, NH BzCyt), 7.97-7.49 (m, 9H, Bz, H-2 and H-8 Ade, H-5 and
H-6 BzCyt), 7.11 (s, 1H, Triazole H), 6.45 (d, 1H, J;-»- = 8.9 Hz, H-1"), 5.69 (br
s, 2H, NH, Ade), 5.21 (d, 1H, H-2), 5.09 (d, 1H, J4 5= 9.7 Hz, H-4"), 4.90 (br,
2H, CHy), 4.71 (br, 2H, CH,), 4.43-4.38 (m, 1H, H-5"), 4.29 (dd, 1H, Jea 6b’
=12.5 Hz, Js 6a- = 4.5 Hz, H-6a"), 4.14 (d, 1H, H-6b"), 2.08, 2.02, 1.90 (3s, 9H,
30AC).

1-{3"-C-[1-[(AdevIV-9-uAO)aIBuAO]-1,2,3-Tp1a{oA-4-ulo]- B-D-
aAAotrupavoluAolkuTioivn (8y)

O 1eAIKOG VOUKAEOCITNG 8y CUVTIOETAI OTTO TOV TTPOCTATEUUEVO DIKEPAAO
VOUKAeo(iTn 7y akoAouBwvtag Tnv idla  TreipapaTtik  dladikaoia  Trou
TEPIYPAPETAI YIO T OUVBeon Tou TrPOoidvTog 8a. To oTeEPed UTTOAEIUPQ
kKaBapifetal  pe  avakpuoTAAwon pe  peBavoAn  kar  vepd,  omodTE
TapaAapBdverar To €mBuuntd TpPoidv 8y (48 mg, 70%), utmd TN HOP®A
AEUKWV  KpUOTAAwv. Znueio TAgewg 250-252 °C (dec). Rf = 0.20
(O1xAwpopeBAvio / uebavoin 2:8).

[a]p?% = +3° (c = 0.5 d1ueBUAOCOUAPOEEIBIO)

Amax 263 nm (¢ 23401)

ESI-MS (m/z): 502 (M+H")
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2t1oixelakn Avaiuon: (C19H23N1106) C, H, N
YTroA. (%) C:4551 H:4.62 N:30.73
Eup. (%) C :45.59 H:461 N:30.82

'H-NMR (300 MHz, DMSO, 50 °C):

0 8.17 and 7.91 (2s, 2H, H-2 Ade and H-8 Ade), 7.74 (s, 1H, Triazole H),
7.59 (d, 1H, Js = 7.5 Hz, H-6 Cyt), 7.00-6.82 (br, 4H, NH, Ade and Cyt), 5.95
(d, 1H, J;- > = 9.5 Hz, H-1"), 5.79 (d, 1H, H-5 Cyt), 4.90 (br s, 1H, OH), 4.83 (t,
J =6.0 Hz, 2H, CH,), 4.64 (t, J = 6.0 Hz, 2H, CH,), 4.52-4.22 (m, 3H, H-2" and
20H), 3.92-3.45 (m, 5H, H-4", H-5", H-6a’, H-6a" and OH).

13C NMR (75.5 MHz, DMSO)
5 165.83, 156.35, 156.23, 153.01, 151.12, 149.94, 142.45, 141.20, 124.91,
119.00, 94.80, 80.89, 77.75, 75.90, 72.06, 70.26, 61.71, 48.92, 43.63.

1{27,4",6"-Tpi1g-O-akeTUAO-3"-C-[1-[( adeVIV-9-uAO)a1BUAO]-1,2,3-TpI1a{OA-4-
ulo]-B-D-aAAotrupavolulo}-N*-BevioiAoadevivn (78)

O OJiké@aAog voukAeoliTng 78 ouvTiBeTal ATTO TOV OKETUMWMEVO
aiBuvulo voukAeoZitn Tng N*-BevZoUAoadevivng 4€ kai To alidio TNG adevivng
6a akoAouBwvtag Tnv idia Teipapatiky diadikacia TTou TTEPIYPAPETAl YIA TN
ouvBeon Tou TpoidvTog 7a. To TpokUTITov €Aalo  kKaBapiletal  Je
XpPwHaTtoypagia oTHANG UTro TTiecn, XPNOIMOTTOIWVTAG WS dIaAUTN éKAouong TO
ovotnua OixAwpopeddvio / peBavoAn (9:1), omdte TmapaAauBdveral 1O
emOupNTd TpOoidv 78 (107 mg, 79%), pe Aeukn appwdn uen. Rf = 0.45
(OrxAwpopeBdvio / yebavoin 9:1).

[a]p?* = —6° (c = 0.5 XYAwpopOpHIO)

Amax 276nM (€ 22506)

ESI-MS (m/z): 756 (M+H")
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2t1oixelakn AvaAuon: (CszHssN1309) C, H, N
YTroA. (%) C:52.45 H:4.40 N:24.10
Eup. (%) C:52.38 H:439 N:24.12

'H-NMR (300 MHz, CDCl5)

0 9.12 (br s, 1H, NH BzAde), 8.86 and 8.36 (2s, 2H, H-2 and H-8 BzAde),
8.23 (s, 1H, H-2 Ade), 8.04 (d, 2H, J = 7.4 Hz, Bz), 7.63 (t, 1H, J = 7.4 Hz,
Bz), 7.54 (t, 2H, J = 7.4 Hz, Bz), 7.45 (s, 1H, H-8 Ade), 7.24 (s, 1H, Triazole
H), 6.29 (d, 1H, J;-2-=9.1 Hz, H-1"), 5.93 (br s, 2H, NH; Ade), 5.64 (d, 1H, H-
2°),5.23 (d, 1H, J4 5= 9.8 Hz, H-4"), 4.90 (t, 2H, J = 5.3, CH,), 4.72 (t, 2H, J =
5.3, CHy), 4.49-4.45 (m, 1H, H-5%), 4.27 (dd, 1H, Jea' 6o = 12.5 Hz, J5'6a = 4.8
Hz, H-6a"), 4.11 (dd, 1H, Js- g»= 1.0 Hz, H-6b"), 2.04, 2.02, 1.68 (3s, 9H,
30AC).

1-{3"-C-[1-[(AdevIV-9-uAO)aIBuAO]-1,2,3-Tp1aloA-4-ulo]- B-D-
aAAotrupavoluAo}- adevivn (80)

O 1eAIKOG VOoUKAe0CiTNG 88 cuvTiBeTal ATTO TOV TTPOCTATEUPEVO DIKEQPAAO
VOUKAeoCiTn 7& akoAouBwvtag Ttnv idia Treipapatiky  diadikacia  TTou
TEPIYPAPETAI YIO T OUVBeon Tou TrPOoidvTog 8a. To oTeEped UTTOAEIUPQ
kaBapifetal  pe  avakpuoTAAwon pe  peBavoAn  kar  vepd,  omodTE
TapaAapBdverar To €mBuuntd Tpoidv 88 (63 mg, 84%), umd TN HOPPA
AEUKWV  KpUOTAAwv. Znueio TACewg 204-206 °C (dec). Rf = 0.17
(O1xAwpopeBdvio / yebavoin 2:8).

[a]p?% = -3° (c = 0.4 d1yeBUAOCOUAPOEEIBIO)

Amax 263 nm (€ 23342)

ESI-MS (m/z): 526 (M+H")

2t1oixelakn AvaAuon: (CooH23N1305) C, H, N

YTroA. (%) C:45.71 H:4.41 N:34.65
Eup. (%) C:45.78 H:443 N:34.69
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'H-NMR (300 MHz, DMSO, 50 °C):

0 8.24,8.17, 7.92 and 7.76 (4s, 4H, H-2 and H-8 Ade), 7.76 (s, 1H, Triazole
H), 6.74 (br s, 4H, NH, Ade), 5.88 (d, 1H, J;- 2= 9.4 Hz, H-1"), 4.99 (br s, 1H,
OH), 4.83 (t, 2H, J = 6.0 Hz, CH,), 4.66 (t, 2H, J = 6.0 Hz, CH,), 4.48-4.18 (m,
3H, H-2" and 20H), 3.92-3.50 (m, 5H, H-4", H-5", H-6a’, H-6a" and OH).

13C NMR (75.5 MHz, DMSO)

5 156.16, 156.13 154.5, 152.86, 150.67, 150.20, 149.80, 141.10, 140.25,
124.80, 118.99, 118.98, 80.98, 77.70, 75.56, 71.56, 70.09, 61.51, 48.81,
43.47.

1-{3"-C-[1-[(AdevIV-9-uAo)aiBuA0]-1,2,3-Tp1aloA-4-ulo]- B-D-
aAAotrupavoluAo}-5-@pBopooupakiAn (8g)

2€ OIGAUPa TOU Mn TTPOOTATEUPEVOU aIBUVUAO VOukAeolitn TnG 5-
@BopooupakiAng 5a (80 mg, 0.25 mmol) kai Tou adidiou Tng adevivng 6a (51
mg, 0.25 mmol) oe CH3CN/H,O (9:1), mpoaTiBeTtal £€va piKpd cUpua XaAKoU.
To piypa TG avtidpaong agrvetal utrdé avddeuon otoug 35 °C yia 18 h kail ev
ouvexeia wuxeral. O dI0AUTNG CUMTTUKVWVETAI KOl OTO UTTOAEIMPA TTPOCTIOETAI
Mikpr) TTooétnTa MeOH. To oTeped Tmou kKataBubidetal TrapaAapBaveTal e
dInBnon utrd kevo oe Gooch Kal v ouvexeia avakpUOTOAAWVETAI PE HEBAVOAN
Kal vepd, oTrdTe TrTapaAaupaveral To emBuuntd Tpoidv 8¢ (100 mg, 77%), utrd
N MOP®r AEUKWV KPUOTAMNwWV. Znueio TrAgewg 238-240 °C (dec). Rf = 0.40
(BixAwpopuedAvio / ueBavoAn 2:8).
[a]p?? = +4° (c = 0.2 d1ueBUAOCOUAPOEEIBIO)

Amax 266 nm (£ 17627)
ESI-MS (m/z): 521 (M+H")

2t1oixelakn AvaAuon: (C19H21FN10O7) C, H, N

YTroA. (%) C:43.85 H:4.07 N:26091
Eup. (%) C :43.79 H:403 N:26.94
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'H-NMR (300 MHz, DMSO, 50 °C):

0 11.50 (br s, 1H, NH), 8.16 (s, 1H, H-2 Ade), 8.01-7.83 (m, 2H, 6-H FUr and
8-H Ade), 7.73 (s, 1H, Triazole H), 6.80 (br s, 2H, NH5), 5.82 (d, 1H, J;-»-=9.3
Hz, H-1"), 4.97 (br s, 1H, OH), 4.83 (t, 2H, J = 6.1 Hz, CH,), 4.64 (t, 2H, J =
6.1 Hz, CH,), 4.48-4.20 (m, 3H, H-2" and 20H), 3.98-3.48 (m, 5H, H-4",H-5",
H-6a’, H-6a" and OH).

13C NMR (75.5 MHz, DMSO)
5 157.20, 156.21, 154.30, 152.85, 150.47, 149.93, 141.09, 139.80, 126.10,
124.57, 119.10, 81.30, 77.70, 75.48, 71.35, 69.94, 61.63, 48.84, 43.43.

1-{2°,4°,6"-Tpig-O-akeTuAo-3"-C-[1-[(5- pOopooupakiA-1-uAo)aiBulo]-1,2,3-
Tp1a{0A-4-uAo]- B-D-aAAoTrupavoluAo}-5-@pBopooupakiAn (70)

O OJikéE@aAog VvoukAeolitTng 7§ OuvTiBeTal ATTO TOV  OKETUAIWUEVO
alBuvulo voukAeolitn TnGg 5-@BopooupakiAng 4a kalr 1O agidlo TNG 5-
@BopooupakiAng 6B akoAouBwvrtag Tnv idla TeIpapaTikr diadikacia TTou
TEPIYPAPETAI yIa T oUvOeon Tou TIPoidvTog 7a. To TrpokUTTToV €AQIo
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPENOIMOTTOIWVTAG WG
O1aAUTN €kAouong 1o cuoTnua dixAwpopebdvio / ueBavoin (9.5:0.5), omodre
TapaAapBdveral To €mBUPNTS TPoidv 7§ (124 mg, 84%), ue Aeuk a@pwdn
uoen. Rf = 0.50 (dixAwpopeBavio / uebavoin 9:1).

[a]p?® = +4° (c = 0.4 XYAwpopOpHIO)

Amax 264 nm (& 10965)

ESI-MS (m/z): 642 (M+H")

ZTOIXEIGKf] AVd)\UOT]Z (C24H25F2N70]_2) C,H, N

YTroA. (%) C:4494 H:3.93 N:15.28
Eup. (%) C:4483 H:391 N:15.27
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'H-NMR (300 MHz, CDCl5)

0 9.67 (br s, 1H, NH), 8.84 (br s, 1H, NH), 7.63 (s, 1H, Triazole H), 7.54 (d,
1H, Jers = 6.0 Hz, H-6 FUr), 7.06 (d, 1H, Js 5= 5.4 Hz, H-6 FUr), 6.17 (d, 1H,
J1 2= 9.0 Hz, H-1"), 5.36 (d, 1H, H-2"), 5.02 (d, 1H, J4 5 = 9.9 Hz, H-4"), 4.75
(t, 2H, J = 4.7 Hz, CH,), 4.44-4.38 (m, 1H, H-5°), 4.32-4.24 (m, 2H, CH,),
4.18-4.11 (m, 2H, H-6a’, H-6b"), 2.08, 2.05, 1.95 (3s, 9H, 30Ac).

1-{37-C-[1-[(5- POopooupaKIA-1-uAo)aiBulo]-1,2,3-Tp1a{oA-4-ulo]- B-D-
aAAotrupavoluAo}-5-@pBopooupakiAn (80)

O 1eAik6G voukAeolitng 8¢ ouvTiBeTal amd Tov AKETUAIWHEVO DIKEQAAO
voukAeolitTn 7§ akohouBwvtag Tnv idla  Teipapatik)  dladikacia  TTou
TEPIYPAPETAlI yIa TN oUvOeon Tou TrPoidvTog 8a. To oTeped uTTOAEIUua
KaBapileTal ge avakpuoTAAAwon he peBavoAn kal otayoveg dixAwpouedaviou,
oTroTe TTapoaAapBdvetal To €mOupnTo TPOoIdv 8¢ (83 mg, 83%), UTTOG TN HOPYN
AEUKWV KPUOGTAAWV. Znueio TRgewg 184-186 °C. Rf = 0.28 (dixAwpouebavio /
MEBaVOAN 7:3).

[a]p?® = +9° (c = 0.3 peBavoAn)

Amax 269 nm (& 13761)

ESI-MS (m/z): 516 (M+H")

21oixelakn AvaAuon: (CigH19F2N7Og) C, H, N
YTroA. (%) C:41.95 H:3.72 N:19.02
Eup. (%) C:41.94 H:3.81 N:19.09

'H-NMR (300 MHz, DMSO):

5 11.8 (br s, 2H, NH), 8.15 (d, 1H, Jsrs = 7.0 Hz, H-6 FUr), 7.93 (s, 1H,
Triazole H), 7.65 (d, 1H, Js s = 6.5 Hz, H-6 FUr), 5.81 (d, 1H, J1-»- = 9.0 Hz,
H-1%), 5.43 (s, 1H, OH), 5.09 (d, 1H, H-2"), 4.78-4.56 (m, 4H, 2CH>), 4.20-3.30
(m, 7H, H-4", H-5", H-6a’, H-6b" ka1 30H).
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13C NMR (75.5 MHz, DMSO)
& 157.75, 157.35, 150.55, 149.91, 149.87, 140.33, 139.81, 130.12, 126.22,
124.99, 81.00, 77.62, 75.53, 71.22, 69.78, 61.51, 48.27, 47.56.

1-{27,4",6"-Tpi1g-O-akeTuAo-3"-C-[1-[(5- pBopooupakiIA-1-uAo)aiBulo]-1,2,3-
Tp10{0A-4-uAo]- B-D-aAAoTrupavoluAoloupakiAn (70T)

O OJiké@alog VvoukAeolitTnG 70T ouvTiBeTal aTTd TOV OAKETUNIWUEVO
a1BuvuAo VoukAeolitn TNG oupakiAng 4B kai 1o agidio TG 5-¢BopooupakiAng
6B akoAouBwvTtag Tnv idia Treipapatiky) dladiKacia TTou TTEPIYPA@ETAl VIO Th
ouvBeon Tou TpoidvTog 7a. To TpokUTITov €Aalo  kaBapiletal  Je
XpPWHaToypagia oTAnNG UTro TTiEC, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouoTtnua dixAwpoueBavio / peBavoAn (9.5:0.5), omdte TapalauBdaveral 10
eMBUUNTS TPOoidv 70T (118 mg, 79%), pe Aeukn appwdn uen. Rf = 0.45
(OrxAwpopeBdvio / yebavoin 9:1).

[a]p?? = +5° (c = 1.1 XAwpopOpUIO)

Amax 264 nm (£ 11784)

ESI-MS (m/z): 624 (M+H")

2t1oixelakn AvaAuon: (Ca4H26FN70O12) C, H, N
YTroA. (%) C:46.23 H:420 N:15.73
Eup. (%) C:46.21 H:427 N:15.79

'"H-NMR (300 MHz, CDCly)

0 8.64 (br s, 1H, NH), 8.19 (br s, 1H, NH), 7.44 (s,1H, Triazole H), 7.39 (d, 1H,
Js6= 8.2 Hz, H-6 Ur), 7.04 (d, 1H, Jsrs = 5.6 Hz, H-6 FUr), 6.14 (d, 1H, J1-» =
9.1 Hz, H-1"), 5.69 (d, 1H, H-5 Ur), 5.27 (d, 1H, H-2"), 4.99 (d, 1H, J4 5 = 9.7
Hz, H-4"), 4.61 (t, 2H, J = 5.0 Hz, CH,), 4.32-4.05 (m, 5H, H-5", CH,, H-6a’,
H-6b"), 2.00, 1.95, 1.88 (3s, 9H, 30Ac).
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1-{3"-C-[1-[(5- PBopooupakIA-1-uAo)aiBuAo]-1,2,3-Tp1aloA-4-uAo]-B-D-
aAAotTupavoluAlo}oupakiAn (80T)

O 1eNIKOG VOUKAEOCiTNG 80T CUVTIBETAI ATTO TOV AKETUMWMEVO DIKEQPAAO
VOUKAeO(GiTn 70T akoAouBwvtag Tnv idla TeipapaTtiky diadikaoia Trou
TEPIYPAPETAI YIO T OUVBeon Tou TrPOoidvTog 8a. To oTeEPed UTTOAEIUPQ
KaBapileTal ge avakpuoTAAAwon he peBavoAn kal otayoveg dixAwpouedaviou,
ommoTe TrapaAaupdveral To €mBUPNTO TPoidv 8ot (80 mg, 85%), umd TN
HOP®r ASUKWV KPUOTAAwWvV. Xnueio TAgewg 190-192 °C. Rf = 0.25
(O1xAwpopeBAvio / uebavoin 7:3).

[a]p?® = +9° (c = 0.3 peBavoAn)

Amax 258 nm (& 19021), 263 nm (¢ 18757)

ESI-MS (m/z): 498 (M+H")

2toixelakr Avaiuon: (C1gH20FN7Og) C, H, N
YTroA. (%) C:.43.47 H:4.05 N:19.71
Eup. (%) C:43.53 H:4.12 N:19.65

'H-NMR (300 MHz, DMSO):

5 11.75 (br s, 1H, NH), 11.25 (br s, 1H, NH), 8.01 (s,1H, Triazole H), 7.75 (d,
1H, Jers = 6.6 Hz, H-6 FUr), 7.74 (d, 1H, Jss = 8.1 Hz, H-6 Ur), 5.84 (d, 1H,
J1 2= 9.5 Hz, H-1"), 5.63 (d, 1H, Js¢ = 8.1 Hz, H-5 Ur), 5.34 (s, 1H, OH), 4.97
(d, 1H, H-2°), 4.73-4.47 (m, 4H, H-4", CH, ka1 OH), 4.06 (t, 2H, J = 5.6 Hz,
CH,), 3.93 (t, 1H, J = 6.2 Hz, OH), 3.82-3.42 (m, 4H, H-5", H-6a’, H-6b’kai
OH).

13C NMR (75.5 MHz, DMSO)
5 163.30, 157.75, 151.29, 150.65, 149.89, 141.81, 139.85, 130.16, 125.02,
102.09, 80.55, 77.80, 75.61, 71.37, 70.02, 61.58, 48.18, 47.51.
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1-{27,4",6"-Tpi1g-O-akeTUAO-3"-C-[1-[(OUpIV-1-UAO)a1BUAO]-1,2,3-Tp1a{OA-4-
uAo]-B-D-aAAotrupavoluAo}oupakiAn (7n)

O Oiképalog VoukAeolitTng 7n ouvtiBetal amd TOV OKETUAIWUEVO
alBuvulo voukAeolitn Tng oupakiAng 4B kai 1o agidio NG Bupivng 6y
akoAouBwvTtag Tnv idia TreIpauaTik dladikaoia TTou TreEPIYyPd@ETAl YIA TN
ouvBeon Tou TPoidvTog 7a. To TpokUTITov  €Aalo  kKaBapiletal  ue
XpPwHaToypagia oTAnNG UTro TTiEan, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouoTtnua dixAwpopebdvio / ueBavoin (9.5:0.5), omdre TapaAauBdveral To
emMBuUUNTSd MPOoIdv 7n (95 mg, 77%), ME Asukn aepwdn uen. Rf = 0.48
(OrxAwpopeBdvio / nuebavoin 9:1).

[a]p?? = +2° (c = 0.5 XAwpPOPOPUIO)

Amax 261 nm (¢ 12865)

ESI-MS (m/z): 620 (M+H")

2r1oixelakn AvaAuon: (CasHgN7O12) C, H, N
YTroA. (%) C:48.47 H:4.72 N:15.83
Eup. (%) C :48.56 H:484 N:15.89

'H-NMR (300 MHz, CDCls)

5 9.75 (br s, 1H, NH), 9.46 (br s, 1H, NH), 7.45 (d, 1H, Js¢ = 7.8 Hz, H-6 Ur),
7.44 (s, 1H, Triazole H ), 6.75 (s, 1H, H-6 Thy), 6.21 (d, 1H, J1-»- = 8.7 Hz, H-
1), 5.79 (d, 1H, H-5 Ur), 5.36 (d, 1H, H-2°), 4.92 (d, 1H, J4 5 = 9.8 Hz, H-4"),
4.73-4.67 (m, 2H, CH,), 4.41-4.36 (m, 1H, H-57), 4.29-4.09 (m, 4H, CHj, H-
6a’, H-6b"), 1.92, 1.90, 1.81 (3s, 9H, 30Ac), 1.69 (s, 3H, 5-CH3 Thy).

1-{3"-C-[1-[(@upiv-1-uAo)ai1BuAo]-1,2,3-Tp1afoA-4-ulo]- B-D-
aAAotrupavoluAo}oupakiAn (8n)

O T1eAIKOG voukAeodiTng 8n cuvTiBeTal ATTO TOV AKETUAIWMPEVO DIKEQAAO
VOUKAEOCZiTn  7n akoAouBwvtag Ttnv idia Treipapatiky  diadikacia  TTou
TEPIYPA@ETAlI yIa TN oUvOeon Tou TrPoidvTog 8a. To oTeped uTTOAEIUua
kKaBapidetal ye avakpuoTAAAwaon pe peBavoAn kai otayoveg dixAwpouebaviou,
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oTroTe TrapaAapBdveral To emBUPNTd TPOIdv 8n (65 Mg, 86%), UTTO TN HOPYN
AEUKWV KPUOTAMNwWV. Znueio TAZsws 146-148 °C. Rf = 0.26 (dixAwpouebavio /
MEBAVOAN 7:3).

[a]p?% = +2° (c = 0.2 peBavoAn)

Amax 258 nm (& 21045), 269 (¢ 17681)

ESI-MS (m/z): 498 (M+H")

2t1oixelakn AvaAuon: (C19H23N7Og) C, H, N
YTroA. (%) C :46.25 H:470 N:19.87
Eup. (%) C:46.34 H:473 N:19.86

'H-NMR (300 MHz, DMSO, 50 °C):

5 11.30 (br s, 2H, NH), 7.95 (s, 1H, Triazole H), 7.67 (d, 1H, Js¢ = 8.1 Hz, H-6
Ur), 7.05 (s, 1H, H-6 Thy), 5.81 (d, 1H, J;-» = 9.3 Hz, H-1"), 5.62 (d, 1H, H-5
Ur), 5.31 (br s, 1H, OH), 4.75 (br s, 1H, OH), 4.62 (t, 2H, J = 6.1 Hz, CH)),
4.50-4.22 (m, 2H, H-2" ka1 OH), 4.08 (t, 2H, J = 6.1 Hz, CH,), 3.98-3.48 (m,
5H, H-4",H-5", H-6a", H-6a" ka1 OH). 1.64 (s, 3H, 5-CHs Thy).

13C NMR (75.5 MHz, DMSO)
5 164.35, 163.16, 151.04, 150.89, 150.42, 141.58, 141.06, 124.66, 108.82,
101.86, 80.29, 77.51, 75.33, 71.08, 69.78, 61.29, 47.72, 47.61, 11.70.
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1.3 2uvleon TWV 3’-C-Kuavo Kal 3’-C-kuavo-3'-0go&u

TTUPAVOVOUKAEOJITIKWY aVAAOYWV

.3.1 Z0vOeon ™G 1,2,3,4,6-mrevTa-0-akeTUuAo-3-C-Kuavo-D-
yAukotrupavoldng (11)

1,2:5,6-Aig-O-100TTpOoTTUAIBEVO-3-C-KUaVvo-a-D-yAukogoupavoln (9)

2e OIdAupa NG 1,2:5,6-816-O-1001poTTUuAIdevo-a-D-pioegopoupavolo-
3-0uA6ng (1) (4 g, 15.50 mmol) o dialBuAaibEépa (124 mL) kai vepd (62 mL),
TpooTiBevtal, 6&ivo avBpakikd vdrtpio (2.6 g, 31.0 mmol) kal KuavioUuxo
varpio (0.76 g, 15.50 mmol). To piyya TnG avtidpaong avadeueTal Eviova O€
Bepuokpaacia dwuartiou yia 16 h. AkoAouBei diaxwpIioudg Twv dUO PACEWY Kal
n udaTiki @don ekxUAiletal pe diaiBuAaiBEpa (2 x 124 mL). O1 opyavikég
@AoeIg evvovTal Kal Enpaivovral utrepdvw avudpou Na,SO,4. Ev ouvexeia, o
OIaAUTNG ATTOPAKPUVETAI UTTOG KEVO Kal TO TTPOKUTITOV €Aalo kaBapileTtal pe
XpPwaTtoypagia oTHANG UTro TTiEcn, XPNOIMOTTOIWVTAG WS dIaAUTN éKAouong TO
ouoTtnua ofikd ailBuleaTtépa / n-g€dvio (3:7), omdTte TTaApaAApBAveETAl TO
emMOuPNTO TPOoidv 9 (4.28 g, 97%) utrd TN HOoP®H AEukoU OTEPEOU. ZnuEio
TRgswg 98-100 °C (Rosenthal, Cliff. 1976). Rf = 0.40 (ofik6¢ alBuAeaTépag / n-
e¢avio 3:7).
[a]p?® = +46° (c = 0.3 XAwpopOpHIO)

ESI-MS (m/z): 286 (M+H")

'H-NMR (300 MHz, CDCl5)

5 5.97 (d, 1H, J1» = 3.4 Hz, H-1), 4.59 (d, 1H, H-2), 4.36-4.32 (m, 1H, H-5),
4.24-4.21 (m, 2H, H-6a, H-4), 4.11 (m, 1H, H-6b), 4.04 (s, 1H, 3-OH), 1.58,
1.55, 1.39, 1.37 (4s, 12H, 4CHy).

3-C-Kuavo-D-yAukotrupavodn (10)
‘Eva didAupa g €vwong 9 (2 g, 7.01 mmol) oe MeOH (10.9 mL) kai
vepd (62.2 mL) avadevetal oToug 65-70 °C e pntivn Amberlite IR-120 (HY)

(7.52 g). Merd amdé 24h 1O TTPOKUTITOV evalwpnua dinbeitar kal amd T0
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dINBnua atropakpuvovTal ol OIOAUTEG UTTO KevO. To emBuuntd Tpoiov 10 (1.25
g, 87%) TmapaAapBdveral uTd TN MOPQr TTaXUPPEUCTOU €Adiou  Kal
XPNOIYOTTOIEITAlI OTO ETTOUEVO OTADIO XWpPIG TTEpaITEPW KaBapiopd. Rf = 0.33
(0&Ik6G a1BuAeoTEPaG / pEBavoAn 3:7).

[a]p?? = —25° (c = 0.4 peBavoAn)

ESI-MS (m/z): 206 (M+H")

1,2,3,4,6-MNMevrakig-O-akeTuA0-3-C-Kuavo-D-yAukoTtTupavoldn (11)

2€ O1dAupa Tou Kuavo cakydpou 10 (1.25 g, 6.09 mmol) o€ TupIdivn
(21.2 mL) TmrpooTiBetal Ac,O (10.9 mL) kol TO TTPOKUTITOV EVAIWPNUA
avadeveTal o€ Beppokpacia dwuartiou yia 1h. Metd 10 TEPAG TNG AvVTIdpaong
(TLC) To0 didAupa wuxetal otoug 0 °C, kai TpooTiBetal uebavoin (6 mL).
OUVEXEIQ, o1 DIaAUTEG atTopakpuvovTal utrd Kevo, To UTTOAEIpa OIOAUETaI OF
dixAwpopeBAvio kal ekXUAIZeTal apxikd pe kopeopévo OidAupa NaHSO,4 kai
oTn ouvéxela Pe kopeouévo didAupa NaHCO3;. H opyavikr) @dacn Enpaivetal
utrepdvw davudpou NaSO4 Kal 0 dIaAUTAG QTTOUAKPEUVETAI UTTO KevO. To
emMOuPNTO TTpoidv 11 (2.28 g, 90%) TrapaAapBdveral wg TaxUpPEUCTO €AaIO
KAl XPMNOIYOTTOIEITAlI OTO ETTOPEVO OTADIO XWPIG TTEPAITEPW KABAPIOWO. Rf =
0.43 (o&Ik6g aiBuAeoTEpPag / n-e€avio 3:7).

[a]p?? = +30° (c = 1.3 XAwpPOPOPHIO)

ESI-MS (m/z): 416 (M+H")

11.3.2 £0vBeon Twv 3'-C-kKuavo-fB-D-yAukotrupavovoukAgoliTwy 13a-0

1-(2°,37,47,6"-Terpa-0O-akeTuAo-3"-C-Kuavo-f-D-yAukoTTupavoluAo)-5-
@0opooupakiAn (12a)

2€ OIdAupa 5-pBopooupakiAng (109 mg, 0.84 mmol) oe avudpo CH3CN
(3.5 mL) mpooTiBetal HMDS (220 uL, 1.04 mmol) kai cakxapivn (7 mg, 0.039

mmol), Kal To TPOKUTITOV evalwpnua avadevetal otoug 120 °C pe KABeTO
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WukTApa yia 30 min. A@dTou TO piyua yivel dlauyég, TTpoaoTiBetal 1,2,3,4,6-
TTeVTaKIG-O-akeTUAO-3-C-Kuavo-D-yAukotrupavdln (11) (0.25 g, 0.6 mmol) kai
Me3SiOSO,CF3 (152 pL, 0.84 mmol), kal To hiyda Tng avtidpaong avadeueTal
yla TEOOEPIG ETITTAEOV WPEG ME KABETO YukTHpa oToug 90 °C utrd arudéoeaipa
alWTou. 2Tn OCUVEXEIQ TO Miyda TnG avtidpaong WuxeTal o€ Bepuokpacia
dwpariou, e¢oudetepwveTal Pe KopeaPEVO dIdAUPa NaHCO3 kai eKXUAICETal UE
dixAwpopeBavio (200 mL). H opyaviki @don &npaiveralr ye avudpo Na,SO,
Kal 0 BIaAUTNG atropakpuveTal uTTd Kevd. To TTpokUuTTov éAaio kKaBapileTal pe
XPwHaToypagia oTHANG UTTo TTiEcn, XPNOIUOTTOIWVTAG WS dIaAUTN éKAouong TO
ouoTtnua o&ikdég alBuleoTépag / n-e€avio (4:6), omote TapaAauBdveral To
emOupNTo TTPOoidv 12a (0.18 g, 60%), utTd TN HOPPr AEUKWYV KPUCTAAAWV.
Tnueio TAswg 114-116 °C. Rf = 0.47 (0Ik6G aiBuleoTépag / n-e€avio 1:1).
[a]p?® = —2° (c = 0.4 XAwpopOPHIO)

Amax 262 nm (& 7950)

ESI-MS (m/z): 486 (M+H")

2toixelakn AvaAuon: (Ci9H20FN3011) C, H, N
YTroA. (%) C:47.02 H:4.15 N : 8.66
Eup. (%) C:.47.22 H:4.21 N:8.79

'H-NMR (300 MHz, CDCls)

58.36 (brs, 1H, NH), 7.37 (d, 1H, Jsrs = 5.6 Hz, H-6), 6.05 (dd, 1H, J1-»-= 9.5
Hz, J1 rs= 1.2 Hz, H-1"), 5.70 (d, 1H, H-2°), 5.64 (d, 1H, J4 5 = 10.2 Hz, H-4"),
4.45-4.39 (m, 1H, H-57), 4.22-4.14 (m, 2H, H-6a’, H-6b"), 2.16, 2.14, 2.11,
2.04 (4s, 12H, 40Ac).

1-(3"-C-Kuavo-B-D-yAukotrupavoluAo)-5-¢pB8opooupakiAn (13a)

AidAupa TG évwong 12a (0.18 g, 0.37 mmol) oe peBavoAikr) appwyvia
(kopeopévn otoug 0 °C, 20.6 mL) avadeUetal os Bepuokpaaia dwuariou yia
10 h. O dIaAUTNG OTN CUVEXEIA QTTOPOKPUVETAI UTTO KEVO Kal TO TTPOKUTITOV
¢éAaio kaBapileTal pe XpwuaTtoypaia oTHANG XPNOIMOTTOIWVTAG WG OIOAUTN
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ékhouong 71O ouotnua OixAwpopeddvio /  pebavoin  (9:1), omdTe
TapalapBdveral To €mMOUPNTSO TPOoIdv 13a (76 mg, 65%), ue AcUKh a@pwdn
uen. Rf = 0.40 (dixAwpopebadvio / uebavoin 8:2).

[a]p?? = +20 ° (c = 0.5 peBavoAn)

Amax 266 nm (& 7739)

ESI-MS (m/z): 318 (M+H")

2t1oixelakn Avaiuon: (C11H12FN3O7) C, H, N
YTroA. (%) C:41.65 H:3.81 N:13.25
Eup. (%) C:41.94 H:3.71 N:13.51

'H-NMR (300 MHz, CD30D)
57.95 (d, 1H, Jg 5= 6.7 Hz, H-6), 6.01 (dd, 1H, J;-»- = 10.3 Hz, J1-rs = 1.3 Hz,
H-1%), 3.94-3.67 (m, 5H, H-2", H-4", H-5", H-6a", H-6b").

1C NMR (75.5 MHz, CDs0D)
5 159.22, 151.38, 139.15, 127.52, 119.28, 88.32, 79.01, 71.93, 71.70, 68.18,

61.37.

IR (Nujol, cm™): 2230 (CN).

1-(2°,3",4",6"-TeTpakig-O-akeTUAO-3"-C-Kuavo-B-D-yAukotrupavofuAo)
oupakiAn (12a)

To Tapdywyo TnG oupakiAng 12B ouvtibetal amdé 10 Odkyxapo 11
akoAouBwvtag Tnv idia Treipapatiky dladikaoia TTou TTEPIYPA@ETAl YIO TN
ouvleon Tou TPoidvTog 12a amd TNV évwon 11. To TpokUTTov £€Aaio
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPNOIMOTTOIWVTAS WG
OIaAUTN €kAouong TO ouoTnua oikdég alBuAeoTépag / n-e€avio (4:6), otmoTe
TapaAapBdveral To €mBuunTé TPoidv 128 (0.17 g, 61%), umd TN HOP®A
AeUKWV  KpuOTANwv. Xnueio TRgswg 190-192 °C. Rf = 0.29 (ofikog
alBuAeoTépag / n-e€avio 1:1).

[a]p?® = -7° (c = 0.7 XAwpopOpHIO)
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Amax 260 nm (e 5777)

ESI-MS (m/z): 468 (M+H")

2t1oixelakn Avaiuon: (C19H2:N3013) C, H, N
YTroA. (%) C :48.83 H:4.53 N :8.99
Eup. (%) C :48.65 H:4.11 N:8.79

'H-NMR (300 MHz, CDCl5)

58.34 (brs, 1H, NH), 7.33 (d, 1H, Jss = 8.1 Hz, H-6), 6.09 (d, 1H, J1- > = 9.5
Hz, H-17), 5.85 (d, 1H, H-5), 5.79 (d, 1H, H-2°), 5.68 (d, 1H, J4 s = 10.2 Hz, H-
4°), 4.46-4.42 (m, 1H, H-5"), 4.22-4.17 (m, 2H, H-6a", H-6b"), 2.19, 2.14,
2.12, 2.07 (4s, 12H, 40Ac).

1-(3"-C-Kuavo-B-D-yAukotrupavoluAo)oupakiAn (13B)

To mapdywyo Tng oupakiAng 13 ouvtiBetal amd TO AKETUMIWUEVO
VoukAeoliTn 12B akoAouBwvtag Tnv idla  TrElpapaTikh  dladikaoia  TTou
TEPIYPAPETAI yIO T OoUvBeon Tou TPoidvTog 13a. To TrpoKUTITOV £AQIO
KaBapifeTal pe xpwpatoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOS WG
Ol0AUTn €kAouong 1O cuoThua dixAwpouedbdvio / peBavoAn (9:1), omoTte
TapalapBdveral To €mOuPnTé TTPOoIdv 13B (70 mg, 64%), ue AcUKh a@pwdn
uen. Rf =0.29 (dixAwpopebdvio / uebavoin 8:2).

[a]p?? = +7 ° (c = 0.3 peBavoAn)

Amax 258 nm (¢ 11306)

ESI-MS (m/z): 300 (M+H")

2toixelakn AvaAuon: (C11H13N307) C, H, N

YTroA. (%) C:44.15 H:438 N:14.04
Eup. (%) C :43.90 H:428 N:13.96
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'H-NMR (300 MHz, CD;0D)
5 7.70 (d, 1H, Js = 8.0 Hz, H-6), 6.01 (d, 1H, J;-» = 9.0 Hz, H-1"), 5.70 (d,
1H, H-5), 3.97-3.54 (m, 5H, H-2", H-4", H-5", H-6a’, H-6b").

3C NMR (75.5 MHz, CDs0D)
5 164.12, 150.23, 141.44, 119.01, 102.6, 92.22, 79.68, 72.12, 70.9, 68.35,

61.32.

IR (Nujol, cm™): 2240 (CN).

1-(2°,3",4°,6"-TeTpakig-O-akeTUAO-3 -C-Kuavo-B-D-yAukotrupavofuAo)
Oupivn (12y)

To mapdywyo TG Oupivng 12y ouvtiBetal amdé 10 Odkxapo 11
akoAouBwvTtag Tnv idia TreIpauaTik dladikaoia TTou TrePIYyPd@ETAl YIA TN
ouvOeon Tou TPoidvTog 12a amd TNV évwon 11. To TpokUTTovV £Aaio
kKaBapifeTal pe xpwpaTtoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOS WG
OIaAUTN €kAouong TO ouoTnua oikdg alBuAeoTépag / n-e€avio (4:6), otoTe
TapalapBdveral To €mBuuntd TTPoidv 12y (0.16 g, 57%), utrd TN HOPYN
AeUKWV  KpuOoTAANwv. Xnueio TRgswg 127-129 °C. Rf = 0.34 (oikog
alBuAeoTépag / n-e€avio 1:1).

[a]p?® = —4° (c = 0.4 XAwpopOpHIO)
Amax 259 nm (&€ 9402)

ESI-MS (m/z): 482 (M+H")

21oixelakn AvaAuon: (CoH23N3011) C, H, N
YTroA. (%) C:49.90 H:4.82 N:8.73
Eup. (%) C:49.62 H:4.58 N:8.71

'H-NMR (300 MHz, CDCls)
58.34 (brs, 1H, NH), 7.01 (s, 1H, H-6), 6.08 (d, 1H, J1-» = 9.6 Hz, H-1"), 5.80
(d, 1H, H-2), 5.67 (d, 1H, Js 5 = 10.2 Hz, H-4"), 4.47-4.38 (m, 1H, H-5"),
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4.23-4.13 (M, 2H, H-6a", H-6b"), 2.18, 2.14, 2.12, 2.07 (4s, 12H, 40Ac), 1.97
(s, 3H, CHa).

1-(3’-C-Kuavo-B-D-yAukotrupavoluAo)Bupivn (13y)

To Tapdywyo Tng Oupivng 13y ouvtiBetalr amd TO AKETUMWMEVO
voukAeolitTn 12B akoAouBwvtag Tnv idla  TrElpapaTikh  dladikaoia  TTou
TEPIYPAPETAI yIO T OoUvBeon Tou TPoidvTog 13a. To TrpokKUTITOV £AQIo
KaBapifeTal pe xpwpaTtoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOS WG
OloAUTn €kAouong 1O cuoThua dixAwpouedbdvio / peBavoAn (9:1), omoTte
TapalapBdveral To €mOuPNTO TTPOoIdV 13y (114 mg, 71%), ME AEUKR a@pwdn
uen. Rf =0.32 (dixAwpopebdvio / ueBavoin 8:2).

[a]p?2 = +4 ° (c = 0.3 peBavoAn)

Amax 261 nm (€ 4238)

ESI-MS (m/z): 314 (M+H")

2toixelakn AvaAuon: (C12HisN3O7) C, H, N
YTroA. (%) C:46.01 H:483 N:1341
Eup. (%) C:45.79 H:461 N:13.26

'H-NMR (300 MHz, CD;0D)
5 7.57 (s, 1H, H-6), 6.03 (d, 1H, Ji-» = 9.0 Hz, H-1), 4.00-3.67 (m, 5H, H-2",
H-4", H-5", H-6a’, H-6b"), 1.91 (s, 3H, CHa).

3C NMR (75.5 MHz, CDs0D)
5 162.62, 150.49, 137.12, 119.91, 110.69, 92.76, 79.83, 71.01, 70.90, 69.81,

62.46, 13.33.

IR (Nujol, cm™): 2245 (CN).

142

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Meipapariko Mépog

1-(2°,3",4",6"-TeTpaKIg-O-akeTUAO-3"-C-Kuavo-B-D-yAukotrupavoluAo)-N*-
Bev{oiAokuTtoaivn (1208)

To Toapdywyo Tng N*-BevloUAokuTooivne 128 ouvtiBetal omd TO
odkxapo 11 akoAouBwvTag Tnv idia TeipapaTikr) diadikaoia Tou Teplypd@eTal
yla T ouveon Tou TrpoidvTtog 12a ammd tTnv €vwon 11. To mTpokuTTov €Adio
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPENOIMOTTOIWVTAG WG
O10AUTN €kAouong 1O oUuoTnua 0&IKOG alBuAeaTépag / n-e€dvio (4:6), OToTE
TapaAapBdveral To €mBuunTé TPoidv 128 (0.19 g, 56%), umd TN HOoP®A
ASUKWV  KpUOTANwv. Znueio Tngswg 240-242 °C. Rf = 0.32 (o€IKOG
a1IBuAeoTépag/ n-e€avio 1:1).

[a]p?? = -5° (c = 0.4 XAwpPOPOPUIO)
Amax 263 nm (€ 25940)

ESI-MS (m/z): 571 (M+H")

2t1oixelakni AvaAuon: (CaeH26N4O11) C, H, N
YTroA. (%) C:54.74 H:4.59 N:9.82
Eup. (%) C:54.61 H:4.65 N:9.71

'H-NMR (300 MHz, CDCl5)

5 7.95-7.49 (m, 7H, Bz, H-5 ka1 H-6), 6.37 (d, 1H, J1-»- = 9.4 Hz, H-1°), 5.82
(d, 1H, H-2"), 5.67 (d, 1H, Js 5 = 10.0 Hz, H-4"), 4.48-4.40 (m, 1H, H-5),
4.28-4.14 (m, 2H, H-6a’, H-6b"), 2.18, 2.14, 2.11, 2.05 (4s, 12H, 40Ac).

1-(3"-C-Kuavo-f-D-yAukotrupavoluAo)kuTtoaivn (130)

To mTapdywyo Tng Kutooivng 138 ocuvtiBetal amd 10 TTPOOTATEUPEVO
VOUKAeo(iTn 128 akoAouBwvrtag Tnv idla Teipapartiky diadikaoia Trou
TEPIYPAPETAI yIa T OUvBeon Tou TPOIGvTog 13a. To TrpokUTITOoV €AQI0
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPNOIMOTTOIWVTAG WG
O1aAUTn €kAouong TO ocuoTnua OdixAwpopebdvio / peBavoAn (9:1), otdre
TapaAapBdveral To €mOuunTd TTPOoidv 138 (61 mg, 61%), ye Asukr) a@pwdn
uoen. Rf =0.23 (dixAwpopeBAvio / uebavoin 7:3).

[a]p?* = -3 ° (c = 0.3 peBavoAn)
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Amax 269 nm (& 7569)

ESI-MS (m/z): 299 (M+H")

2toixelakn AvaAuon: (C11H14N4O6) C, H, N
YTroA. (%) C:44.30 H:473 N:18.79
Eup. (%) C:44.48 H:458 N:18.96

'H-NMR (300 MHz, CD30D)
5 7.70 (d, 1H, Js¢ = 7.5 Hz, H-6), 6.12 (d, 1H, J;-»- = 9.0 Hz, H-1"), 5.94 (d,
1H, H-5), 4.00-3.69 (m, 5H, H-2", H-4", H-5", H-6a", H-6b").

1C NMR (75.5 MHz, CDs0D)
5 165.72, 156.91, 143.22, 119.16, 94.96, 91.37, 79.96, 72.01, 70.28, 68.16,

61.92.

IR (Nujol, cm™): 2235 (CN).

1.3.3 Zo0vBeon 1ng 3-0e08u-1,2,4,6-TETPOKIG-O-aKeTUAO-3-C-KUuavo-D-
aAAotrupavolng (17)

3-Agodu-1,2:5,6-816-O-1001TpOoTTUAIDEVO-3-C-KUavo-a-D-aAAogpoupavoln
(15)

2€ dIdAupa Tng Kuavudpivng 9 (2 g, 7.01 mmol) oe dvudpo CH3CN (46
mL), pooTiBevtal diadoxikd DMAP (3.03 mmol, 0.37 g) ka1 EtsN (1.47 mL,
10.69 mmol) ka1 OTO evalwpnUa TTOU TTPOKUTITEI TTPOCTIBETAI OTAYdNV TO
PhOC(S)CI (1.39 mL, 10.33 mmol) og maydAouTtpo, utré atudc@aIpa adwTou.
To TpokuTIToV dIdAUpa ouveyiel V' avadeuetal otoug 0 °C yia TrepiTTou pia
wpa MEXPI TO TEPAG TnG avTidpaong (éAeyxog pe TLC). Ev ouvexeia n
avTidpaon apaiwvetal Pe ogIkd alBuAeoTtépa (500 mL) kai ekXUAIeTal TPEIG
QopEG pE vepd (1 x 150 mL). Katétiv n opyaviki ¢don Enpaivetal ye avudpo
Na,SO; kal o OJIaAUTnG aTrouakpuveTal UG Kevoe. To umdAeipa 14

OUUTTUKVWVETAI apXIKA OUO QopES PE dvudpo ToAOUOAIO, DlaAUETal ETTEITA OE
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TOAOUOAIO (74.0 mL) kal akoAouBegi atraépwaon Tou Peiyuarog e alwro yia 30
AeTrTd. 210 dIdAUpa TrpooTiBevTtal BusSnH (2.93 mL, 11.06 mmol) kair AIBN
(1.1 mmol, 182 mg) kai To TTPOKUTITOV evaiwpnua Bepuaivetal atoug 100 °C
yia 45 Aertd utrd atpéo@aipa adwTou. 2Trn CUVEXEID To JIGAupa YuUxeTal, O
OIOAUTNG aTTOMAKPUVETAl UTTO  KevO KAl  aKoAouBei  kabapiopdg Tou
UTTOAEIYPATOG O OTHAN XPWHOATOYPA®IOG XPNOIMOTTOIWVTAG WG OIaAUTN
ékhouong TO0 ouotTnua ofIkdés alBuAeoTtépag / n-g€avio  (3:7), OTOTE
TapoAapBdverar To €mBuuntd Tpoidv 15 (1.43 g, 76%), utmrd TN HOP®A
ASUKWV  KpUOTANwv. Znueio Thgswg 104-106 °C. Rf = 0.44 (o€IKOG
alBuAeoTEpag / n-e€avio 3:7).

[a]p?? = +16° (c = 0.4 XAwpPOoPOPUIO)

ESI-MS (m/z): 270 (M+H")

2t1oixelakr AvaAuon: (C13H19NOs) C, H, N
YTroA. (%) C:57.98 H:7.11 N:5.20
Eup. (%) C:58.12 H:7.20 N:5.41

'H-NMR (300 MHz, CDCls)

5 5.81 (d, 1H, J1, = 3.7 Hz, H-1), 4.76 (dd, 1H, Jo3 = 4.8 Hz, H-2), 4.21- 3.94
(m, 4H, H-4, H-5, H-6a, H-6b), 2.88 (dd, 1H, H-3), 1.51 (s, 3H, CH3), 1.42 (s,
3H, CHs), 1.33 (s, 6H, 2 CHy).

3-Agogu-3-C-kuavo-a-D-aAAoTtTupavoln (16)

To kuavo odkyapo 16 cuvrtiBetal amd Tnv évwon 15 akoAoubwvTag Tnv
idla TreipapaTikh dladikagia TTou TTEPIYPA@ETAI yia Tr) OUVOECT TOU TTPOIOVTOG
10. To emBuunté TTpPOoidv 16 (0.92 g, 92%) TTapaAapBdveral utd TN HoPYN
TTaXUpPEUOTOU €AAiOU Kal XpNOIMOTTOoIEiTalI XWPIG TTEpAITEPW KaBapioud. Rf =
0.17 (0&IKOG aIBUAECTEPAQ).

[a]p?? = +6° (c = 0.5 peBavoAn)

ESI-MS (m/z): 190 (M+H")
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1,2,4,6-Terpa-0O-akeTuAo-3-0£08u-3-C-Kuavo-D-aAAotrupavoln (17)

To akeTuUMlwpévo odkyxapo 17 ouvriBetal amd TV €vwon 16
akoAouBwvtag Tnv idia Treipapatiky dladikaoia TTou TTEPIYPA@ETAl YIO TN
ouvBeon Tou Tpoidvtog 11. To emBuuntd Tpoidv 17 (1.56 g, 89%)
TTapaAapBAveTal WG TTaXUPPEUCTO £AQIO KAl XPNOIMOTTOIEITAI XWPIG TTEPAITEPW

kaBapiopd. Rf = 0.43 (0Ik6¢ aiBuAeoTépag / n-e€avio 3:7).

[a]p?® = —2° (c = 0.6 XAwpopOpLIO)

ESI-MS (m/z): 358 (M+H")

l.3.4 Xivleon Twv 37-0£08u-3"-C-Kuavo-D-aAAOTTUPAVOVOUKAEOITWY
19a-5

1-(2°,4°,6°-Tp1g-O-akeTUAO-3"-3"-8€0&U-C-Kuavo-B-D-aAAoTTupavolulo)-5-
@BopooupakiAn (18a)

2¢€ OIdAupa 5-pBopooupakiAng (126 mg, 0.97 mmol) o avudpo CH3CN
(3.5 mL) mpoaTiBetar HMDS (254 uL, 1.20 mmol) kai cakxapivn (8 mg, 0.045
mmol), Kal To TTPOKUTITOV evalwpnua avadeUeTal Ye KABeTo WukThipa yia 30
min. A@détou TO piypa yivel diauyég, mpooTiBetal 3-6g0gu-1,2,4,6-1eTpa-O-
akeTUAO-3-C-kuavo-D-aAhotrupavéln  (17) (0.25 g, 0.69 mmol) kai
Me3SiOSO,CF3 (152 pL, 0.84 mmol), kal To hiyda Tng avtidpaong avadeueTal
yla TEOOEPIG ETITTAEOV WPEG PE KABETO WUKTAPA oToug 85 °C utrd atpdéo@aipa
alWTou. 2Tn OCUVEXEIQ TO Miyda TnG avtidpaong WuxeTal o€ Bepuokpacia
dwpartiou, egoudeTepwveTal P KopeopEVo didAupa NaHCO3 kai ekxUAideTal pe
dixAwpopeBavio (200 mL). H opyaviki @don &npaivetalr ye avudpo Na,SO,
Kal 0 OIaAUTNG atTopakpuveTal UTTd KevO. To TTpokUTIToV €Aalo KaBapileTal Pe
XpPwaTtoypagia oTHANG UTro TTiecn, XPNOIUOTTOIWVTAS WS dIaAUTN éKAouong TO
ouoTnua o&IkdG alBuleoTépag / n-e€dvio (4:6), otmrdte TTapalapBdveral 1O
emOupnTo TTPOoidv 18a (0.19 g, 64%), utTd TN HOPPr AEUKWV KPUCTAAAWV.
Znueio TRgewg 108-110 °C. Rf = 0.33 (0&Ik6¢ aiBuleoTépag / n-e€dvio 1:1).
[a]p?® = —2° (c = 0.3 XYAwpopOpHIO)
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Amax 263 nm (€ 9073)

ESI-MS (m/z): 428 (M+H")

2t1oixelakn AvaAuon: (C17H18FN3Ogg) C, H, N
YTroA. (%) C:47.78 H:4.25 N :9.83
Eup. (%) C:47.56 H:431 N:9.79

'H-NMR (300 MHz, CDCl5)

5 8.58 (br's, 1H, NH), 7.18 (d, 1H, Jsrs = 5.6 Hz, H-6), 5.93 (d, 1H, J;-» = 9.4
Hz, H-1%), 4.92 (dd, 1H, J> 5 = 5.0 Hz, H-2"), 5.79 (dd, 1H, J3 4 = 4.9 Hz, J4 5
= 9.7 Hz, H-4"), 4.21-4.06 (m, 3H, H-6a’, H-6b", H-57), 3.89 (t, 1H, H-3"),
2.03, 1.98, 1.96, (3s, 9H, 30Ac).

1-(3"-Agogu-3'-C-kuavo-B-D-aAAoTTupavolulo)-5-¢pBopooupakiAn (19a)

2€ OIdAupa NG évwong 18a (0.19 g, 0.44 mmol) o€ oikd o&u-TTupIdivn
(2.2 mL, 1:4 v/v) rpoaTiBetal €vudpn udpadivn Kal To PEiypa TNG avtidpaong
avadevetal oe Bepuokpacia dwpartiou yia 16 h. O dloAUTNG KATOTTIV
ATTOMOKPUVETAI UTTO KevO KAl TO TPOKUTITOV  €Aalo  kabBapiletal  pe
XpwaTtoypagia oTAANG XpNOIMOTTOIWVTAS WG dIaAUTH €kKAouong To cUOTHHA
OixAwpopeBdvio / peBavoAn (9:1), otmrdte mapaAauBdverar 1o €mBOUUNTO
Tpoidv 19a (86 mg, 65%), pe Aeukr appwdn uer. Rf = 0.26 (dixAwpouebdvio
/ ueBavoAn 8:2).
[a]p?* = —8° (c = 0.7 peBavoAn)

Amax 263 nm (& 8929)

ESI-MS (m/z): 302 (M+H")

2toixelakn Avaiuon: (C11H12FN3Og) C, H, N

YTroA. (%) C :43.86 H:4.02 N:13.95
Eup. (%) C:43.74 H:3.94 N:13.82
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'H-NMR (300 MHz, CD50D)

57.80 (d, 1H, Jsrs= 6.5 Hz, H-6), 5.78 (d, 1H, J1 » = 9.2 Hz, H-1"), 4.46-4.42
(m, 1H, H-57), 4.23 (dd, 1H, J34 = 5.6 Hz, Js-5 = 12.1 Hz, H-4"), 4.05 (dd, 1H,
Jo3'=5.1 Hz, H-2"), 3.95-3.84 (m, 2H, H-6a’, H-6b"), 3.75 (t, 1H, H-3").

1C NMR (75.5 MHz, CDs0D)
5 158.09, 150.72, 141.39, 128.03, 118.43, 96.49, 84.37, 67.33, 64.11, 61.09,

29.12.

IR (Nujol, cm™): 2250 (CN).

1-(3-Agogu-2",4",6"-1p1G-O-aKETUAO-3"-C-Kuavo-B-D-aAAoTTupavoluAo)
oupakiAn (18B)

To mapdywyo TnG oupakiAng 18@ ouvTtiBeTal amé TO AKETUMIWHEVO
Kuavo odkxapo 17 akoAouBwvtag Ttnv idia TeipapaTtikry diadikaoia Trou
TEPIYPAPETAI yIa TN oUvBeon Tou Trpoidvtog 18a amd tnv €vwon 17. To
TPOKUTITOV éAal0  KaBapiletal Pe  XpwuaToypagia oTAANG utrd Trieon,
XPNOIMOTTOIWVTAG WG OIaAUTN €kAouong To ouoTnua o&Ikdg alBuAeaTépag / n-
e€avio (1:1), omdre apaAapBdveral To €mBuuntd TPoidv 18B (0.18 g, 62%),
UTTO TN MOP®R ASUKWV KPUOTAAAwV. Tnueio TAgswe 124-126 °C. Rf = 0.20
(0&Ik6G alBuAeoTEPAG / n-e€dvio 1:1).

[a]p?? = -2° (c = 0.3 XAwpPOoPOPUIO)

Amax 256 nm (€ 13439)
ESI-MS (m/z): 410 (M+H")

2t1oixelakn AvaAuon: (C17H19N30) C, H, N
YTroA. (%) C:49.88 H:4.68 N :10.27
Eup. (%) C :49.65 H:4.51 N :10.36

'H-NMR (300 MHz, CDCl5)
58.27 (brs, 1H, NH), 7.25 (d, 1H, Js6= 8.2 Hz, H-6), 6.11 (d, 1H, J1-» = 9.6
Hz, H-17), 5.80 (d, 1H, H-5), 5.12 (dd, 1H, J, 3 = 5.2 Hz, H-2"), 4.96 (dd, 1H,
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J3 4 =5.0 Hz, Ja-s = 9.6 Hz, H-4"), 4.38-4.23 (m, 3H, H-6a’, H-6b", H-5"), 4.06
(t, 1H, H-3"), 2.20, 2.15, 2.12 (s, 9H, 30AC).

1-(3"-Agogu -3'-C-kuavo-B-D-aAAoTtTupavolulo)oupakiAn (198)

To mapdywyo TnG oupakiAng 19 ouvrtiBetal amd TO AKETUMIWUEVO
voukAeoliTn 18B akoAouBwvtag Tnv idla  TrEIpapaTiKh  dladikaoia  TTou
TEPIYPAPETAI yIa T OoUvBeon Tou TPoidvTog 19a. To TrpokUTITOV €AQIO
KaBapifeTal pe xpwpaTtoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOS WG
OloAUTn €kAouong 1O cuoThua dixAwpouedbdvio / peBavoAn (9:1), omoTte
TapalapBdveral To €mOuUPNTé TTPOoIdv 196 (91 mg, 75%), e AcUKh a@pwdn
uenA. Rf =0.20 (dixAwpopebadvio / ueBavoin 9:1).

[a]p?? = —22° (c = 0.8 ueBavoAn)

Amax 261 nm (€ 15441)
ESI-MS (m/z): 284 (M+H")

2t1oixelakn AvaAuon: (C11H13N306) C, H, N
YTroA. (%) C:46.65 H:463 N:14.84
Eup. (%) C :46.96 H:478 N:14.75

'H-NMR (300 MHz, CD;0D)

5 7.61 (d, 1H, Jsg = 8.1 Hz, H-6), 5.82 (d, 1H, Ji-> = 9.3 Hz, H-1"), 5.72 (d,
1H, H-5), 4.46-4.42 (m, 1H, H-5"), 4.23 (dd, 1H, J3 4= 5.4 Hz, Js-5 = 12.1 Hz,
H-4"), 4.08 (dd, 1H, Jo 3 = 5.1 Hz, H-2"), 3.99-3.84 (m, 2H, H-6a", H-6b"),
3.76 (t, 1H, H-3").

1C NMR (75.5 MHz, CDs0D)
5 164.01, 150.12, 142.27, 118.96, 102.13, 98.17, 83.96, 66.89, 63.01, 61.20,

30.87.

R (Nujol, cm™): 2245 (CN).
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1-(3-Agogu-2",4",6"-1p1G-O-aKETUAO-3"-C-Kuavo-B-D-aAAoTTupavoluAo)
Oupivn (18y)

To mapdywyo tnG Bupivng 18y cuvTiBeTal aTTG TO AKETUAIWMPEVO KUQVO
OdKyapo 17 akoAouBwvTag Tnv idia eipapaTikr diadikaoia Tou TTeplypd@eTal
yla T ouveon tou TrpoidvTtog 18a amrd tTnv €vwon 17. To TpokuTTov €Adio
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPENOIMOTTOIWVTAG WG
O10AUTN €kAouong 1O cUuoTnua o&IKOG alBuAeoTépag / n-e€dvio (1:1), omoTe
TapaAapBdveral To €mBuunTté Tpoidv 18y (0.19 g, 68%), ud TN HOPGA
ASUKWV  KpUOTANwv. Xnueio Tngswg 106-108 °C. Rf = 0.25 (0€IKOG
alBuAeoTépag / n-e€avio 1:1).

[a]p?? = -4° (c = 0.3 XAwpPOoPOPUIO)

Amax 261 nm (¢ 7290)

ESI-MS (m/z): 424 (M+H")

2t1oixelakn AvaAuon: (C1gH21N309) C, H, N
YTroA. (%) C:51.06 H:5.00 N:9.93
Eup. (%) C :50.87 H:4.96 N :9.87

'H-NMR (300 MHz, CDCl5)

58.26 (br s, 1H, NH), 7.04 (s, 1H, H-6), 6.1 (d, 1H, J;-»- = 9.7 Hz, H-1"), 5.12
(dd, 1H, J2 3= 5.2 Hz, H-2), 5.67 (dd, 1H, J3 4 = 4.9 Hz, J4-5 = 9.6 Hz, H-4°),
4.38-4.23 (m, 3H, H-6a’, H-6b", H-5"), 4.06 (t, 1H, H-3"), 2.19, 2.13, 2.12 (3s,
9H, 30Ac), 1.96 (s, 3H, 5-CHa).

1-(3"-Agogu -3'-C-kuavo-B-D-aAAoTtTupavoluAo)Bupivn (19y)

To mapdywyo Tng Oupivng 19y ouvtiBetal amé TO AKETUMIWHEVO
VOUKAeo(iTn 18y akoAhouBwvtag Ttnv idla Teipauatikr) diadikaoia Trou
TEPIYPAPETAI yIa T OUvBeon Tou TPOoIGvTog 19a. To TrpokUTrToV €Adio
kKaBapifeTal pe xpwpaTtoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOG WG
O1aAUTn €kAouong TO cuoTnua OdixAwpopebdvio / peBavoAn (9:1), otrodre
TapalapBdveral To €mMOUPNTS TPOoidv 19y (99 mg, 71%), ue AsUKA appwdn
uoen. Rf =0.20 (dixAwpopeBavio / uebavoin 9:1).
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[a]p?* = -16 ° (c = 0.5 peBavoAn)

Amax 262 NM (¢ 14609)

ESI-MS (m/z): 298 (M+H")

2t1oixelakn AvaAuon: (C12H1sN3Og) C, H, N
YTroA. (%) C :48.48 H:509 N:14.14
Eup. (%) C:48.82 H:5.12 N:14.09

'H-NMR (300 MHz, CD30D)

5 7.40 (s, 1H, H-6), 5.77 (d, 1H, J1 o = 9.4 Hz, H-1"), 4.46-4.42 (m, 1H, H-5°),
4.24 (dd, 1H, J3 4 = 5.6 Hz, J4-5 = 12.0 Hz, H-4"), 4.11 (dd, 1H, J>'3- = 5.1 Hz,
H-27), 3.99-3.84 (m, 2H, H-6a’, H-6b), 3.70 (t, 1H, H-3"), 1.91 (s, 3H, 5-CHs).

3C NMR (75.5 MHz, CDs0D)
5 163.67, 150.19, 136.85, 119.01, 110.63, 97.67, 84.15, 67.29, 64.55, 61.30,

28.02, 12.68.

IR (Nujol, cm™): 2240 (CN).

1-(3"-Agou-2",4" 6°-1pIG-O-aKETUAO-3"-C-Kuavo-B-D-aAAoTrupavoluAo)-N*-
BevloiAokuTtoaoivn (180)

To Tapdywyo Tn¢ N*-BevloUAokuTooivne 188 ouvtiBetal omd TO
OKETUNIWMPEVO KUQVO OAKxapo 17 akoAouBwvtag Tnv idia  TTEIPAUATIKN
dladikaoia TTou TEPIYPA@ETAl yia Th oUvBeon Tou Trpoidvrtog 18a amd Tnv
évwon 17. To tpokUTrToV £AaIo KaBapideTal hNE XpWHATOYpaPia oTAHANG UTTO
Tieon, XpnolgotmolwvTag  wg  OlIoAUTR  ékAouong TO oUoTNPa  O&IKOG
alBuAeoTépag / n-e€dvio (1:1), omdte TaApAAAUBAVETAlI TO EMOUPNTO TTPOIOV
186 (0.21 g, 59%), ud TN POPYPR AEUKWV KPUOTAAAWV. Znueio TRgewg
203-205 °C. Rf = 0.23 (0€1k6¢ aiBuAsaTépac / n-e€avio 1:1).

[a]p?? = +2° (c = 0.3 XAwpPOoPOPUIO)

Amax 264 nm (€ 14496)
151

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Meipapariko Mépog

ESI-MS (m/z): 513 (M+H")

2t1oixelakn AvaAuon: (Cz4H24N409) C, H, N
YTroA. (%) C:56.25 H:4.72 N :10.93
Eup. (%) C:.56.64 H:4.69 N :10.68

'"H-NMR (300 MHz, CDCly)

5 7.94-7.51 (m, 7H, Bz, H5 ka1 H-6), 6.40 (d, 1H, J;-»- = 9.6 Hz, H-1°), 5.17
(dd, 1H, Jo- 3= 5.2 Hz, H-2"), 5.01 (dd, 1H, J3 4 = 5.0 Hz, J4- 5 = 9.9 Hz, H-4"),
4.41-4.24 (m, 3H, H-6a’, H-6b", H-5), 4.06 (t, 1H, H-3"), 2.19, 2.14, 2.11 (3s,
9H, 30Ac).

1-(3"-Agou -3’-C-kuavo-B-D-aAAoTTupavolulo)kutoaivn (190)

To mapdywyo Tng kutooivng 198 ouvriBetar amd 10 akeETUMIWPEVO
VOUKAeo(iTn 188 akoAouBwvrtag Tnv idla Treipapartikyy diadikaoia Trou
TEPIYPAPETAI yIa T OUvBeon Tou TPOoIGvTog 19a. To TrpokUTIToV €AdIo
KaBapifeTal pe XpwuaTtoypagia OTAANG UTTO TiECN, XPENOIMOTTOIWVTAG WG
O1aAUTn €kAouong 1O cuoTnua OdixAwpopebdvio / peBavoAn (9:1), otodre
TapaAapBdveral To €mOuunTd TTPOoidv 198 (33 mg, 55%), pe Asukr a@pwdn
uen. Rf = 0.25 (dixAwpopeBavio / uebavoin 7:3).

[a]p?* = -6 ° (c = 0.5 peBavoAn)

Amax 266 NM (€ 12306)

ESI-MS (m/z): 283 (M+H")

2t1oixelakr AvaAuon: (C11H14N4Os) C, H, N
YTroA. (%) C:.46.81 H:500 N:19.85
Eup. (%) C :46.56 H:478 N:19.41

'H-NMR (300 MHz, CD;0D)
57.68 (d, 1H, Js 6= 7.5 Hz, H-6), 5.97 (d, 1H, H-5), 5.89 (d, 1H, J; > = 9.0 Hz,
H-17), 4.13-3.74 (m, 6H, H-2", H-3", H-4", H-5", H-6a", H-6b").
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3C NMR (75.5 MHz, CDs0D)
5 165.79, 155.73, 143.46, 118.86, 96.37, 94.96, 84.01, 67.38, 63.71, 61.32,
27.83.

IR (Nujol, cm™): 2235 (CN).

.4 Tuvleon TWV 4’-C-KUOvo Kal 4’-C-kKuavo-4'-6eofu

TTUPAVOVOUKAEOJITIKWY aVAAOYWV

4.1 20vBeon ™G 1-(4"-C-kuavo-a-D-yavvotrupavouAo)-5-
@pBopooupakiAng (31la)

1-(a-D-MavvotrupavoluAo)-5-@BopooupakiAn (21a)

2€ O10Aupa 5-pBopooupakiAng (1.93 g, 14.8 mmol) oe avudpo CH3CN
(50.0 mL) mpooTiBetar HMDS (3.8 mL, 18.35 mmol) kair cakyapivn (0.12 g,
0.7 mmol), Kal TO TTPOKUTITOV EVAIWPNMA avadeUeTal HE KABETO WUKTHPA YIa
30 min. Ag@otou TO piyha yivel diauyég, TpooTiBetan 1,2,3,4,6-mevra-O-
AaKeTUAO-D-pavvotrupavoln (20) (4.12 g, 10.6 mmol) kar Me3SIOSO,CF3 (2.7
mL, 14.8 mmol), kal To Piyga TnG avridpacng avadeueTal yia pia emITAéov
wpa pe KaBeto WuktApa otoug 90 °C utrd atpéo@alIpa alwTou. TN CUVEXEIQ
TO Miyha TNG avTidpaong WUxeTal o€ Bepuokpacia dwuaTiou, EEOUDETEPWVETAI
ME kopeopévo OBidAupa NaHCOs; kai ekyuAifetar pe OixAwpopeddvio. H
opyavikn @daon &npaivetal pe dvudpo Nap,SO,4 Kal 0 SIGAUTNG ATTOPOKPUVETAI
utré Kevd. To utrdAcipypa dioAueTal o HEBAVOAIKN auuwvia (Kopeouévn OTOUG
0 °C, 590.0 mL) kai avadevetal os Bepuokpaocia dwuaTiou yia 12 h. O
OIOAUTNG OTN OUVEXEID QTTOPOKPUVETAI UTTO KEVO KAl TO TTPOKUTITOV €AdIo
KaBapifetal pe  xpwuatoypagia OTAANG  XPNOIYOTTOIWVTAG WG OIaAUTN
ékhouong TO OUOTNUO O&IKOG aiBuAeoTépag /[ peBavoAn (8:2), omroTe
TapalapBdveral To €mBuuntd TPOoiIdv 21a (2.5 g, 75%), w¢ TTaxUPPEUCTO
dxpwpo €Aalo. Rf = 0.17 (0€ik6¢ aiBuleotépag / peBavoAn 8:2). Ta
(PACHUATOOKOTTIKA OedopEva TNG Evwong 21a €ival 0 CUP@WVia PE autd TTou

avagépovral otn digbvn BiBAloypagia (Courtney S. 1999).

153

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Meipapariko Mépog

1-(2°,3’-O-lootrpoTtTuAIdevo-a-D-pavvoTTupavoluAo)-5-g0opooupakiAn
(22a)

2¢e OIGAupa Tou VOukAeodQiTn TnG BopooupakiAng 2la (2.50 g, 8.6
mmol) oe dvudpn aketévn (17.0 mL) mwpooTiBetal (CH3),C(OCH3), (17.0 mL)
Kal p-TsOH (0.34 g, 1.8 mmol) kal To TTPOKUTITOV EvaIWwPNUA avadeUeTal O€
Bepuokpacia dwpaTtiou yia 30 Aetrtd utrd aTpdo@aipa alwTou. Ev ocuvexeia
TpooTiBeTal vepod (34.0 mL) kai To piypa avadevetal yia Tepitrou 16h. Metd To
mEPAG TNG avtidpaong (EAeyxog pe TLC), mpooTiBetal TpialBuAapivn PEXPI
oudetEpou pH (pH < 7). Katdtiv o1 O1aAUTEG ATTOPNAKPUVOVTAI UTTO KEVO KAl TO
TPOKUTITOV éAal0  KaBapiletal pe  XpwuaToypagia oTAANG utrd Trieon,
XPNOIMOTTOIWVTAG WG OIAAUTN TO cuoTnpa dixAwpouebadvio / pebBavoAn (9:1),
omréte TapaAauBdveral To €MOUPNTO TTPoIdV 22a (2.22 g, 78%), umd T
Hop® AEUKWV KpuOoTAAAwv. Znueio TAfewg 200-202 °C. Rf = 0.37
(O1xAwpopeBdvio / yebavoin 9:1).
[a]p?® = +2° (c = 0.5 peBavoAn)

Amax 262 Nm (€ 11076)

ESI-MS (m/z): 333 (M+H")

2toixelakn Avaiuon: (C13H17FN2O7) C, H, N
YTroA. (%) C:46.99 H:5.16 N:8.43
Eup. (%) C:46.90 H:5.29 N : 8.66

'"H-NMR (300 MHz, CDCls)

5 7.47 (d, 1H, Jers = 5.9 Hz, H-6), 5.70 (d, 1H, J1-» = 7.8 Hz, H-1"), 4.51-4.41
(m, 2H, H-2", H-3"), 4.15 (t, 1H, J3- 4 = J4-5- = 7.1 Hz, H-4"), 3.89-3.75 (m, 3H,
H-5, H-6a’, H-6b), 1.53, 1.39 (2s, 6H, 2CHy).

1-(2°,3’-O-lootrpo1TuAIdevO-6"-O-TPITUAO-a-D-HAVVOTTUPAaVO{UAO)-5-
@BopooupakiAn (23a)

2€ OIdAupa TG évwong 22a (2.22 g, 6.7 mmol) oe dvudpn TTupIdivn
(34.0 mL), mpoorTiBetan TrCl (2.43 g, 8.7 mmol) kai KATaAuTIKfj TTOCOTNTA
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DMAP kai To TTPOKUTITOV evalwpnua avadeUeTal o€ Beppokpacia dwuaTtiou
yla 16h mepitrou utd arpoéo@aipa alwrtou. AkoAouBei TTpooBrikn puebavoing
KAl OTn CUVEXEIA OI DIAAUTEG ATTOPAKPUVOVTAl UTTO KEVS. TO TTPOKUTITOV £AQIO
KaBapifeTal pe xpwpatoypagia OoTAANG UTTO TTiECN, XPNOIUOTTOIWVTOS WG
O01IaAUTn TO oUoTnua ofIkoG alBuAeoTtépag [/  n-e€dvio  (1:1), omoére
TapalapBdveral To €mOunnTé TTPOIdV 23a (2.22 g, 78%), wg TTaXUPPEUCTO
dxpwpo €laio. Rf = 0.37 (0&Ikdg aiBuleoTépag / n-e€dvio 1:1).

[a]p?? = +10° (c = 0.8 XAwpPoPOPHIO)

Amax 265 nm (¢ 1048)

ESI-MS (m/z): 575 (M+H")

2t1oixelakn Avaiuon: (Cs2H3z FN2O7) C, H, N
YTroA. (%) C :66.89 H:5.44 N:4.88
Eup. (%) C :66.98 H:5.27 N:4.81

'H-NMR (300 MHz, CDCl5)

58.42 (br s, 1H, NH), 7.43-7.21 (m, 16H, 3CgHs, H-6), 5.77 (d, 1H, J1-» = 5.4
Hz, H-1°), 4.41-4.35 (m, 2H, H-2", H-3"), 4.22 (t, 1H, J3-4- = J4-5- = 7.0 Hz, H-
4), 3.87-3.79 (m, 1H, H-5"), 3.58-3.53 (m, 2H, H-6a’, H-6b"), 1.50, 1.37 (2s,
6H, 2CHa).

1-(2°,3"-O-lootrpotTuAIdeVO-6"-O-TpITUAO-a-D-Au§o-e§wTTUpavolulro-4 -
uAolo)-5-¢pBopooupakiAn (25a)

2 OIdAupa NG €évwong 23a (2.69 g, 4.7 mmol) oe dAvudpo
dixAwpopeBavio (47.0 mL) rpoaTiBetan PDC (2.10 g, 5.6 mmol) kai Ac,0 (1.3
mL, 13.9 mmol) kal To TPOKUTITOV evaiwpnua avadeueTal o€ Bepuokpacia
dwpariou yia Trepitrou 4h utrd aTpdo@aipa alwTtou. Ev ouvexeia To peiypa NG
avTidpaong kabapileTal atmeuBeiag Pe xpwpaToypagia oTAANgG utrd Trieon
XPNOIMOTTOIWVTAG WG OIaAUTN TO OUCTNUA OEIKOG alBuAeoTépag / n-e€dvio
(1:1), omdte TapaAapBdverar To €mBuunTé TPOoidv 25a (1.82 g, 68%), pe
Aeukn) appwdn uer. Rf = 0.51 (0&ikdg alBuleoTépag / n-e€dvio 1:1).

[a]p?* = —4° (c = 0.2 XYAwpopOpHIO)
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Amax 265 nm (¢ 10487)

ESI-MS (m/z): 573 (M+H")

2t1oixelakn Avaiuon: (CzaHgFN2O7) C, H, N
YTroA. (%) C:67.12 H:511 N :4.89
Eup. (%) C :66.99 H:5.22 N:4.84

'H-NMR (300 MHz, CDCl5)

5 8.47 (br s, 1H, NH), 7.47-7.24 (m, 16H, 3CgHs, H-6), 5.73 (d, 1H, J;-» = 4.7
Hz, H-1%), 4.92 (dd, 1H, Jo- 3 = 7.5 Hz, H-2"), 4.74 (d, 1H, H-3"), 4.24 (dd, 1H,
Js 6 = 2.7 Hz, Js v = 5.3 Hz, H-5"), 3.77 (dd, 1H, Jea v = 10.6 Hz, H-6a"),
3.49 (dd, 1H, H-6b"), 1.57, 1.43 (2s, 6H, 2CHj).

1-(2°,3"-O-lootrpotTuAIdevo-4"-C-Kuavo-6"-O-TpITUAO-a-D-HavVvo
TTupavolulo)-5-pBopooupakiAn (27a)

2€ QIdAupa Tou KeToTTUpAvOVoukAeoliTn 25a (1.82 g, 3.2 mmol) ot
diaiBuAaibépa (50.0 mL) kai vepd (25.0 mL), mpooTiBevtal, 6Eivo avbpakikd
varpio (0.54 g, 6.4 mmol) kai kuaviouxo varpio (0.16 g, 3.2 mmol). To piypa
TNG avtidpaong avadeveTal Eviova o€ Bepuokpacia dwpaTiou yia TTEPITTOU
72h. AkoAouBei diaxwpIioudg Twv duo PACEWV Kal n udaTIKh @Acn eKXUAICeTal
e OlaiBuhaiBépa (2 x 50.0 mL). O1 opyavikéG @ACEIC €vWvovTal Kal
¢npaivovrar  umepdvw  avudpou Na,SO,. Ev  ocuvexeia, o dlaAuTng
QTTOMAKPUVETAl UTTG KeEVO KAl TO TTPOKUTITOV  €Aaio  kaBapiletal e
XpPwaToypagia oTHANG UTTo TTiEcn, XPNOIMOTTOIWVTAGS WS dIaAUTN éKAouong TO
ouoTtnua dixAwpoueBavio / pebavoAn (9.6: 0.4), omote TapaAlauBdveral To
emMOuUPNTO TTPOoidV 27a (1.18 g, 62%), wg TaxUppeUoTo dxpwHo €Aalo. Rf =
0.49 (dixAwpopeBAvio / peBavoAn 9.6: 0.4).
[a]p?® = -18° (c = 1.3 XAwpopOpHIO)

ESI-MS (m/z): 600 (M+H")

2t1oixelakn Avaiuon: (CssHzoFN3O7) C, H, N
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YTroA. (%) C:66.10 H:5.04 N: 7.01
Eup. (%) C:66.29 H:5.11 N: 7.23

'H-NMR (300 MHz, CDCls)

5 8.96 (br s, 1H, NH), 7.43-7.28 (m, 16H, 3CgHs, H-6), 5.38 (d, 1H, J;-»- = 2.7
Hz, H-1°), 4.83 (s, 1H, 4’-OH), 4.77 (dd, 1H, J, 3 = 6.8 Hz, H-2"), 4.60 (d, 1H,
H-3%), 3.89 (t, 1H, Js 62 = Js5 v’ = 6.5 Hz, H-57), 3.78-3.67 (m, 2H, H-6a’,b"),
1.67, 1.38 (2s, 6H, 2CHs).

1-(4"-C-kuavo-a-D-pavvorrupavoluAo)-5-@BopooupakiAn (31a)

O mpooTateupévog voukAeolitng 27a (0.59 g, 1.0 mmol) diaAveTal o€
4.5 mL 90% TFA og peBavoAn. To TpokUTITOV evalwpnua avadsueTal yia 10
AeTTTA o€ Beppokpacia dwaATiou Kal ETTEITA ATTOPAKPUVOVTAl oI DIOAUTEG UTTO
KEVO, WOTE va aTroakpuvBouyv Kai Ta ixvn Tou TFA. To utréAsiypa kaBapileTail
ME XpwpHaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
é¢khouong TO ouotnua  dixAwpopeBavio /  peBavoAn  (9:1), omoTE
TapalapBdveral To €mOuUPnTé TTPOoIdv 31la (0.24 g, 77%), ME ASUKA a@pwdn
uen. Rf =0.12 (dixAwpopeBavio / uebavoin 9:1).
[a]p?? = +6° (c = 0.2 peBavoAn)

Amax 263 nm (& 5380)

ESI-MS (m/z): 318 (M+H")

2t1oixelakn Avaiuon: (C11H12FN3O7) C, H, N
YTroA. (%) C:41.65 H:3.81 N:13.25
Eup. (%) C:41.87 H:3.76 N:13.32

'H-NMR (300 MHz, CD;0D)

57.83 (d, 1H, Jers = 6.5 Hz, H-6), 6.02 (d, 1H, Ji-»- = 9.5 Hz, H-1"), 4.39 (dd,
1H, Js g2 = 9.3 Hz, Joa o' = 12.8 Hz, H-6a"), 4.22-3.99 (m, 3H, H-2", H-3", H-
57, 3.85 (dd, 1H, Js-ep = 2.6 Hz, H-6b").
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3C NMR (75.5 MHz, CDs0D)
5158.6, 149.6, 141.7, 128.1, 118.5, 82.9, 73.1, 71.9, 68.4, 65.6, 59.1.

IR (Nujol, cm™): 2235 (CN).

11.4.2 20vBeon TnG 1-(4"-C-Kuavo-a-D-pavvotrupavofuAo)oupakiAng (31B)

OAeg o1 peBodoAoyieg ouvBeong Kal OI TAUTOTTOINOEIS TWV EVWOEWV
218, 22B, 23B, 258 avoAuovTtal OTO TEIPAMATIKO MEPOG TNG AIDAKTOPIKAG
AiatpiBig TG N. Tqioupdkng, Adpioa 2010.

1-(2°,3"-O-lootrpoTTuAIdEVO-4"-C-KUuavo-6"-O-TpITUNO-a-D-
pavvoTTrupavoluAlo)oupakiAn (278)

To mapdywyo TnG oupakiAng 27 ouvtiBetan amdé v 1-(2°,3-0-
I00TTPOTTUAIBEVO-6"-O-TpITUAO-a-D-AU0-eEWTTUpaVOlUAO-4 -UANO{0)oupaKiAn
(25B) (Agelis et al. 2008) akoAouBwvTag ThV idla TTEIpaAuATIK dladikacia TTou
TEPIYPAPETAI yIO T OUVBeon Tou TPOIGVTOG 27d. To TTPOKUTITOV €AQIO
KaBapifeTal pe xpwpatoypagia OTAANG UTTO TTiECn, XPNOIUOTTOIWVTOS WG
O10AUTN ékAouong 1o cuoTtnua dixAwpoueddvio / puebavoin (9.6:0.4), omdTte
TapalapBdveral To €mOupnTé TPoidv 276 (1.12 g, 60%), wg TTaxUPPEUCTO
dxpwpo €Aaio. Rf = 0.22 (dixAwpoueddvio / ueBavoin 9.6:0.4).

[a]p?% = -9° (c = 0.5 XAwpPOPOPUIO)

Amax 261 nm (€ 6756)

ESI-MS (m/z): 582 (M+H")

2toixelakn AvaAuon: (CszHsiN3O7) C, H, N

YTroA. (%) C:68.15 H:537 N:7.22
Eup. (%) C:68.23 H:519 N:741
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'H-NMR (300 MHz, CD50D)

59.01 (br s, 1H, NH), 7.43-7.28 (m, 15H, 3CeHs), 7.19 (d, 1H, Js¢= 8.1 Hz, H-
6), 5.79 (d, 1H, H-5), 5.39 (d, 1H, Ji-» = 2.0 Hz, H-1"), 4.87 (s, 1H, 4°-OH),
4.82 (dd, 1H, Jo 3= 6.8 Hz, H-2"), 4.64 (d, 1H, H-3"), 3.96 (t, 1H, J5 6a' = Js'6v°
= 6.5 Hz, H-5), 3.70 (d, 2H, H-6a",b"), 1.68, 1.38 (2s, 6H, 2CHs3).

1-(4’-C-kuavo-a-D-pavvorrupavoluAo)oupakiAn (31B)

To Tapdywyo Tng oupakiAng 31B cuvtiBetal amd Tov TPOOTATEUPEVO
VOUKAeoCiTn 27B akoAouBwvtag Tnv idla TrelpapaTik  dladikaoia  TTou
TEPIYPA@ETAI I TN oUvBeon Tou TTPoidvTog 31a. To utdAciupa kabapileTal
ME XpwpaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
é¢khouong TO ouotnua dixAwpopeBavio /  peBavoAn  (9:1), omoTE
TapalapBdverar To €mOupnTé TPOoidv 31P (0.20 g, 70%), hE AcUKh a@pwdn
uen. Rf =0.10 (dixAwpopeBavio / uebavoin 9:1).

[a]p?? = +74° (c = 0.9 ueBavoAn)

Amax 257 nm (¢ 7149)

ESI-MS (m/z): 300 (M+H")

2toixelakn AvaAuon: (C11H13N307) C, H, N
YTroA. (%) C:44.15 H:4.38 N:14.04
Eup. (%) C:44.49 H:456 N:13.96

'H-NMR (300 MHz, CD;0D)

5 7.57 (d, 1H, Jsg = 8.1 Hz, H-6), 5.94 (d, 1H, Ji-» = 9.6 Hz, H-1"), 5.65 (d,
1H, H-5), 4.31 (dd, 1H, Jsgx = 9.2 Hz, Jea 6 = 12.8 Hz, H-6a"), 4.04-3.94 (m,
3H, H-2", H-3", H-5), 3.76 (dd, 1H, Js- gy = 2.7 Hz, H-6b").

3C NMR (75.5 MHz, CDs0D)
5162.7, 150.7, 140.2, 119.1, 103.1, 84.5, 73.6, 70.5, 67.8, 66.2, 59.2.

IR (Nujol, cm™): 2240 (CN).
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l11.4.3 0v@eon Tng 1-(4"-C-Kuavo-a-D-pavvorrupavoluAo)Oupivng (31y)

1-(a-D-Mavvotrupavo{uAo)Bupivn (21y)

To Tapdywyo Tng Oupivng 21y ocuvtiBetal ammd TNV AKETUAIWHEVN
Mavvoln 20, akoAouBwvTtag Tnv idia TTEIpapaTikr) diadikaoia TTou TTEPIYPAPETAI
yla Tn ouvBeon Tou Trpoidvtog 2la. To umdAsiya  kaBapietal e
Xpwparoypagia oTAANG XPNOIMOTTOIWVTAG WG dIaAUTH £€kAouong To cuoTnUa
0&Ikdg ailBuleaTépag / peBavoAn (8:2), omdTe TTapaAauBaveTal To €mOUUNTO
mpoidv 21y (3.25 g, 75%), wg TTaxuppeucTo dxpwiuo £Aaio. Rf = 0.14 (0&IKOG
alBuAeoTépag / peBavoAn 8:2).

[a]p?? = -2° (c = 0.3 peBavoAn)

Amax 262 nm (¢ 11504)

ESI-MS (m/z): 289 (M+H")

2t1oixelakn AvaAuon: (C11H1eN207) C, H, N
YTroA. (%) C:45.83 H:5.59 N:9.72
Eup. (%) C:45.71 H:5.33 N:10.01

'H-NMR (300 MHz, CD;0D)

5 7.64 (s, 1H, H-6), 6.00 (d, 1H, Ji-» = 9.1 Hz, H-1"), 4.15 (dd, 1H, Js 6x- = 8.5
Hz, Jea oo = 11.9 Hz, H-6a), 4.08-3.97 (m, 3H, H-2", H-3", H-5), 3.83 (d, 1H,
Jsa = 1.9 Hz, H-4"), 3.68 (dd, 1H, Js ¢ = 4.2 Hz, H-6b"), 1.93 (1s, 3H, 5-
CHba).

1-(2°,3’-O-lootrpoTtTruAidevo-a-D-pavvoTrupavoluAo)Bupivn (22y)

To mapdywyo TG Buuivng 22y ocuvtiBetal amd 10 VOUKAeolitn 21y
akoAouBwvTtag Tnv idia TreIpapaTik dladikaoia TTou TrePIYPA@ETAl YIA TN
ouvBeon Tou TrPOIdvTog 22a. To TpokUTIToV €Aalo  KaBapiletal  pe
Xpwparoypagia oTiAng UTrd TTiEcT, XPNOIMOTTOIWVTAG W¢ dIAAUTN TO cUCTHHA
OixAwpouedBavio / pebBavoAn (9:1), omote TapaAauBdaveral 1o €MOUUNTO
Tpoidv 22y (3.04 g, 82%), utrd TN HOPPA AeUKWV KPUOTAAAWV. Znueio TAEEwg
150-152 °C. Rf = 0.37 (dixAwpopeBavio / uebavoin 9:1).
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[a]p?® = +16° (c = 0.2 peBavoAn)

Amax 263 nm (& 7308)

ESI-MS (m/z): 329 (M+H")

2t1oixelakn AvaAuon: (C14H20N207) C, H, N
YTroA. (%) C:51.22 H:6.14 N :8.53
Eup. (%) C:51.38 H:6.24 N : 8.67

'"H-NMR (300 MHz, CDCly)

5 7.18 (s, 1H, H-6), 5.64 (d, 1H, J1-»- = 7.3 Hz, H-1), 4.46-4.37 (m, 2H, H-2",
H-3°), 4.02 (dd, 1H, Jz 4 = 8.8, J4-5' = 6.3 Hz, H-4"), 3.80-3.65 (m, 3H, H-5’,
H-6a’, H-6b"), 1.86 (1s, 3H, 5-CHs), 1.44, 1.31 (2s, 6H, 2CHs).

1-(2°,3"-O-lootrpoTTuAIdEVO-6"-O-TpITUAO-a-D-pavVvoTTUPavoluAo)Oupivn
(23y)

To Tmapdywyo NG Bupivng 23y ouvTiBetal amd 10 VOUKAEOliTh 22y
akoAouBwvtag Tnv idia Treipapatiky dladikaoia TTou TrEPIYPA@ETAl IO TN
ouvleon TOUu TPoIdvTog 23a. To TpokUTTov €Aalo  kaBapifetal  pe
XpwaTtoypagia oTAANG UTTo TTiecn, XPNOIMOTTOIWVTAS WG dIAAUTN TO cUCTHHA
0&Ikdg ailBuleoTépag / n-e€dvio (1:1), omdte TTaApoAapBdveral To €MOUUNTO
mpoidv 23y (2.09 g, 79%), pe Aeuknp agpwdn uen. Rf = 0.21 (o&ik6g
alBuAeoTépag / n-e€avio 1:1).

[a]p?® = +18° (c = 0.9 XAwpopopHIO)

Amax 265 nm (& 9562)

ESI-MS (m/z): 571 (M+H")

2t1oixelakr AvaAuon: (CszH3zsN207) C, H, N

YTroA. (%) C :69.46 H:6.01 N:491
Eup. (%) C:69.24 H:6.31 N:5.11
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'H-NMR (300 MHz, CDCl5)

5 8.37 (br s, 1H, NH), 8.00 (s, 1H, H-6), 7.43-7.23 (m, 15H, 3Cg¢Hs), 5.71 (d,
1H, J;- > = 6.9 Hz, H-1"), 4.51-4.37 (m, 2H, H-2", H-3"), 4.11 (t, 1H, J3.4- = Js4 5
= 8.5 Hz, H-4"), 3.86-3.80 (m, 1H, H-57), 3.48-3.36 (m, 2H-6a’, H-6b"), 1.93
(1s, 3H, 5-CHs), 1.46, 1.33 (2s, 6H, 2CHs).

1-(6"-O-tert-BoutuAodipeOUA0TIAUAO-27,3"-O-100TTPpOTTUAIBEVO-A-D-
MavvotrupavoluAo)Bupivn (24y)

2¢€ OIGAupa g 1-(27,3"-O-1001poTTUAIDEVO-a-D-
MavvoTrupavoluAo)Bupivng (22y) (1.52 g, 4.6 mmol) oe TTupidivn (23.0 mL)
TpooTiBeTar TBDMSCI (0.92 g, 6.1 mmol) kai KATOAUTIKF) TTOOOTNTA TNG
DMAP. To TrpoOKUTITOV evaiwpnua apxika trapauével yia 30 Aemtd oe€
maydAoutpo kai yia 5h (TLC) oe Beppokpacia dwpaTtiou, Uutrd aATUOCPAIPA
alWTou. 2Tn CUVEXEIA TTPOCTIBETal YEBAVOAN Kal 0 JIAAUTNG QTTOPOKPUVETAI
uTrd Kevo. To mpokUTITOoV €Aaio KaBapileTal pye Xpwuaroypagia oTAANG utrod
TiEON, XPNOIMOTTOIWVTAG TO OUCTNUA OEIKOG alBUAeoTEpPag / n-e€avio (1:1),
omdte TapalauBdveral To €mOBupnTté Tpoidv 24y (1.58 g, 77%) wWg
TTaxUppeuoTo dxpwpo EAaio. Rf = 0.21 (0€Ikog alBuAeoTépag / n-e€dvio 1:1).

[a]p?? = -55° (c = 1.2 XAwpOopOpHIO)
Amax 266 nM (£ 9575)

ESI-MS (m/z): 443 (M+H")

2t1oixelakn Avaiuon: (CooH3z4N207Si) C, H, N
YTroA. (%) C:54.28 H:7.74 N:6.33
Eup. (%) C :54.07 H:7.72 N:6.22

'H-NMR (300 MHz, CD;0D)

5 8.76 (br s, 1H, NH), 7.13 (s, 1H, H-6), 5.65 (d, 1H, Ji-» = 5.7 Hz, H-1"),
4.52-4.44 (m, 2H, H-2", H-3"), 4.14 (t, 1H, Jg 4 = Js 5 = 8.2 Hz, H-4"), 3.92-
3.75 (m, 3H, H-5", H-6a’, H-6b"), 1.94 (1s, 3H, 5-CHs), 1.53, 1.37 (2s, 6H,
2CH3), 0.89 (s, 9H, t-Bu), 0.07 (s, 6H, 2Si-CHa).
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1-(2°,3"-O-lootrpoTTuAIdEVO-6"-O-TpITUAO-a-D-AUg0o-e§wTTUpaVOJUAO-4 -
uAolo)Bupivn (25y)

To mapdywyo TG Buuivng 25y cuvtiBetal amd 10 VoukAeolitn 23y
akoAouBwvtag Tnv idia Treipapatiky dladikaoia TTou TrEPIYPA@ETAl YIO TN
ouvBeon Tou TTPoidvTog 23a. To peiyua TG avtidpaong kabapileTal atreubeiag
ME Xpwuatoypagia oTAANG utrd Trieon , XPNOIMOTTOIWVTAS WG dIaAUTn TO
ouoTnua ogIKOG alBuAeoTtépag / n-e¢dvio (1:1), omoTe TapaAauBdveral 1o
emMOuUPNTO TTPOidv 25y (1.39 g, 67%), pe Acukn appwdn uen. Rf = 0.34 (0&Ik6g
alBuAeoTépag / n-e€avio 1:1).

[a]p?® = -19° (c = 0.9 XAwpopOpHIO)

Amax 265 nm (& 9562)

ESI-MS (m/z): 569 (M+H")

2t1oixelakn AvaAuon: (Cs3zHsN207) C, H, N
YTroA. (%) C:69.70 H:5.67 N :4.93
Eup. (%) C:69.22 H:5.34 N :5.06

'H-NMR (300 MHz, CDCly)

5 8.44 (br s, 1H, NH), 7.44-7.16 (m, 15H, 3CgHs), 7.04 (s, 1H, H-6), 5.58 (d,
1H, J1-»- = 3.5 Hz, H-1"), 4.99 (dd, 1H, J,-3 = 7.5 Hz, H-2°), 4.72 (d, 1H, H-
37), 4.16 (dd, 1H, Js s = 2.5 Hz, J5 6 = 5.5 Hz, H-57), 3.71 (dd, 1H, Jea 6p' =
10.5 Hz, H-6a"), 3.43 (dd, 1H, H-6b"), 1.91 (1s, 3H, 5-CHs), 1.55, 1.39 (2s,
6H, 2CHs).

1-(6"-O-tert-BoutuAodipgBurooiAulro-2°,3"-O-lootrpotTuAidevo-a-D-Augo-
eEwtrupavoluAo-4°-uAoo)Bupivn (26y)

To mapdywyo TnG Bupivng 26y cuvtiBetal amd 10 VOUKAeoliTn 24y
akoAouBwvTtag Tnv idia TreIpapaTik dladikaoia TTou TrePIYPA@ETAl YIA TN
ouvOeon Tou TPoidvTog 25a. MeTd TNV oAOKARpwaon TNG avTidpaong To Peiypa
kaBapifetalr  ameuBeiog pE  XpwpaTtoypagia  OTAANG  umoé  TTieon,
XPNOIYOTTOIWVTAG WG OIOAUTR To oUoThPA O&IKOG aiBuAeoTépag / n-g€dvio
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(1:1), otmrdre TrapaAapBdveral To €mOuuNnTé TPoidv 26y (1.04 g, 66%), Me
Aeukn) appwdn uer]. Rf = 0.38 (0&Ikdg alBuleoTépag / n-e€dvio 1:1).
[a]p?? = +4° (c = 0.6 XAwPOPOPUIO)

Amax 263 nm (€ 3533)

ESI-MS (m/z): 441 (M+H")

21oixelakn Avaiuon: (CzoH32N207Si) C, H, N

YTroA. (%) C:54.52 H:7.32 N :6.36
Eup. (%) C:54.35 H:7.54 N:6.21

'H-NMR (300 MHz, CDCls)

58.38 (br s, 1H, NH), 7.13 (s, 1H, H-6), 5.71 (d, 1H, J1-»- = 4.2 Hz, H-1°), 4.91
(dd, 1H, Jo- 3 = 7.6 Hz, H-2"), 4.72 (d, 1H, H-3"), 4.24-4.22 (m, 1H, H-5°), 4.10
(dd, 1H, Js 62 = 5.2 Hz, Jearep' = 11.3 Hz, H-6a"), 3.99 (dd, 1H, Js ¢, = 2.6 Hz,
H-6b"), 1.89 (1s, 3H, 5-CHs), 1.55, 1.32 (2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu),
0.07 (s, 6H, 2Si-CHs).

1-(6"-O-tert-BoutuA0odi1neOUAOTIAUAO-2",3"-O-100TTPpOTTUAIDEVO-4 -C-
Kuavo-a-D-pavvotrupavoluAo)Bupivn (30y)

2€ OIGAUPO TOU KETOTTUPAVOVOUKAEO(liTh 26y (2.36 g, 1.0 mmol) o¢
O1a1BuAaiBépa (16.0 mL) kai vepd (8.0 mL), mTpooTiBeTal Kuaviouxo VATPIO
(0.10 g, 2.1 mmol). To piyya TG avTidpaong avadeUeTal €viova O€
Bepuokpacia dwuartiou yia tepitrou 36h. Katdétmiv 10 dIGAUPA apalwveTal JE
0¢IKO aIBUAEOTEPA Kal ekyUAiCeTal pe vepd. H opyaviky @daon &npaivetal
utrepdvw davudpou NaySO4, 0 OIOAUTNG ATTOUAKPUVETAI UTTO KEVO KAl TO
TPOKUTITOV €Aalo  KaBapileTal Pe  xpwpaToypagia oTAANG utrd Trieon,
XPNOIMOTTOIWVTAG WG OlaAuTn €kAouong To oucTtnua OixAwpopedavio /
MeBavOAn (9.6: 0.4), ordte TTapaAauBaveTal To emBOUUnTd TPOoidv 30y (0.67 g,
61%), wg TTaxUppeucTo dxpwpo €Aaio. Rf = 0.48 (dixAwpouebavio / uebavoin
9.6: 0.4).
[a]p?? = -40° (c = 0.6 XAwpPOPOPUIO)

ESI-MS (m/z): 468 (M+H")
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2t1oixelakn Avaiuon: (Cz1HssN3O7Si) C, H, N
YTroA. (%) C:53.94 H:7.11 N: 8.99
Eup. (%) C:54.11 H:7.31 N: 8.87

'H-NMR (300 MHz, CDCls)

5 8.81 (s, 1H, NH), 7.06 (s, 1H, H-6), 5.40 (d, 1H, J;-» = 1.5 Hz, H-1"), 5.26
(br s, 1H, 4°-OH), 4.84 (dd, 1H, J> 3 = 6.9 Hz, H-2"), 4.69 (d, 1H, H-3"), 4.12
(t, 1H, Js ga = Js 6p' = 6.5 Hz, H-57), 4.02 (m, 2H, H-6a",b"), 1.95 (1s, 3H, 5-
CHa), 1.72, 1.39 (2s, 6H, 2CHj3), 0.89 (s, 9H, t-Bu), 0.15, 0.11 (2s, 6H, 2Si-
CHa).

1-(4’-C-kuavo-a-D-pavvotrupavoluAo)Bupivn (31y)

To mapdywyo Tng Oupivng 31y ouvtiBetal amd TO TTPOOTATEUUEVO
voukAeolitn 30y akoAouBwvtag Ttnv idia Teipauatikr) diadikaoia Trou
TEPIYPAPETAI VI TN oUVOBeon Tou TTPOoidvTog 31a. To utrdAciupa kabapileTal
ME XpwpaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
¢khouong TO ouotnua  dixAwpopeBavio /  peBavoAn  (9:1), omoTE
TapalapBdveral To €mOUPNTS TPoidv 31y (0.16 g, 72%), hE AsUKA appwdn
uen. Rf =0.10 (dixAwpopeBAvio / uebavoin 9:1).

[a]o® = +30° (c = 0.7 yeBavoAn)

Amax 267 nm (€ 2810)

ESI-MS (m/z): 314 (M+H")

2toixelakn AvaAuon: (C12H1sN3O7) C, H, N
YTroA. (%) C:46.01 H:483 N:1341
Eup. (%) C:46.23 H:477 N:13.69

'H-NMR (300 MHz, CD50D)
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57.49 (s, 1H, H-6), 6.03 (d, 1H, J1 > = 9.5 Hz, H-1"), 4.41 (dd, 1H, Js 6o = 9.3
Hz, Jea 6o = 12.8 Hz, H-6a°), 4.14-4.03 (m, 3H, H-2", H-3", H-5"), 3.85 (dd, 1H,
Js 60 = 2.8 Hz, H-6a",b"), 1.89 (1s, 3H, 5-CHa).

3C NMR (75.5 MHz, CDs0D)
5163.7, 150.1, 138.5, 118.8, 110.4, 83.6, 72.5, 71.9, 68.2, 66.4, 59.7, 13.4.

IR (Nujol, cm™): 2245 (CN).

ll.4.4 XdvBeon 1ng 1-(4’-de0u-4’-C-kuavo-a-D-taAotTrupavolulo)-5-
pBopooupakiAng (34a)

1-(4"-Agogu-2°,3"-O-100TTpOoTTUAIBEVO-4"-C-KUavo-6"-O-TpITUNO-a-D-
TaAotrupavoluAo)-5-@pBopooupakiAn (32a)

2¢€ OIdAupa TnG Kuavudpivng 27a (0.59 g, 1.0 mmol) og dvudpo CH3CN
(10 mL), poaoTiBevral diadoxikd DMAP (0.05 g, 0.4 mmol) kai EtsN (0.2 mL,
1.5 mmol) kai oTo evalwpPNnUA TTOU TTPOKUTITEl TTPOCTIOETAI OTAYdNV TO
PhOC(S)CI (0.2 mL, 1.5 mmol) oe tayoAoutpo. To TTpokUTITOV OIGAUMHQ
ouveyiCel v' avadeuetal oToug 0 °C yia TTEPITTOU Hia wpa PEXPI TO TTEPAG TNG
avtiopaong (TLC), umd arpoéoc@aipa alwTtou. Ev cuvexeia n avridpaon
apalwveTal JE O&IKO aIBUAEOTEPA Kal EKXUAICETAI e vEPO. KATOTTIV N OpYyaVIKN)
@don ¢npaiveral ye dvudpo Na,SO4 Kal 0 OIOAUTNG ATTOUAKPUVETAI UTTO KEVO.
To UTTOAEINO CUMTTUKVWVETAI ApXIKA QUuO @QOPEC ME Avudpo ToAOuoAio,
dlaAueTal €reITa o€ ToAouOAIo (10 mL) kal akoAouBei aTTaépwaon Tou PEIYHATOG
ME dlwTo yia 30 Aetrtd. 210 didAupa TTpooTiBevtal BusSnH (0.4 mL, 1.6 mmol)
kai AIBN (0.03 g, 0.2 mmol) kal To TTPOKUTITOV EVAIWPNUA BEPUAIVETAI OTOUG
100 °C yia 45 Aemtd. Z1n ouvéxela To OIGAUMa WoxeTal, o SIAAUTNG
QTTOPOKpUVETal UTTO KevO Kal akoAouBei kaBapiopdg Tou UTTOAEiypaTog o€
OTAAN XPWHATOYPAPIAG XPNOIMOTTOIWVTASG WG dIAAUTN €KAouong To oUoTnuA
OixAwpopeBdvio / peBavoAn (9.8:0.2), otmdrte TapalaupBaveral To €mOUUNTO
mpoidv 32a (0.44 g, 77%), wg TaxUppeucTo dxpwuo €Aalo. Rf = 0.43
(dixAwpopuedavio / ueBavoAn 9.8:0.2).
[a]p?? = -48° (c = 0.7 XAwpopOpHIO)
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Amax 266 nm (€ 9518)

ESI-MS (m/z): 584 (M+H")

2t1oixelakn Avaiuon: (CzsHzoFN3Og) C, H, N
YTroA. (%) C:67.91 H:5.18 N:7.20
Eup. (%) C :68.08 H:5.12 N:7.26

'H-NMR (300 MHz, CDCl5)

58.62 (brs, 1H, NH), 7.44-7.28 (m, 16H, 3CgHs , H-6), 5.50 (d, 1H, J;-» = 3.8
Hz, H-17), 4.67 (t, 1H, J»3 = J3-4- = 6.5 Hz, H-3"), 4.55 (dd, 1H, H-2"), 3.99 (dt,
1H, J4 5 = 3.0 Hz, J5 62 = Js 6p = 6.9, H-57), 3.60 (dd, 1H, Jea 6p = 10.3 Hz, H-
6a’), 3.51 (dd, 1H, H-4"), 3.38 (dd, 1H, H-6b"), 1.66, 1.39 (2s, 6H, 2CHx).

1-(4"-Agogu-4"-C-kuavo-6"-a-D-taAoTrupavolulo)-5-¢pBopooupakiAn (34a)

To Tapdywyo TnG 5-¢BopooupakiAng 34a ouvtiBeTalr amd TO
TTPOOTATEUPEVO  VOUKAeoCiTn 320  akoAouBwvtag Ttnv idla  TTEIPAUATIKN
dladikaoia Trou TTEPIYPAPETAl yIa T ouvBeon Tou Trpoidvtog 3la. To
UTTOAEINpO kaBapileTal pe  xpwuaTtoypaia  otAANG  umd  TTieon,
XPNOIMoTToIWVTaG WG OlaAuTn €ékAouong 1o ouoTtnua dixAwpopeddvio /
MeEBavOAn (9:1), otmrdre TapalapBdveral To emBUUnTd TPOIdv 34a (0.16 g,
71%), ue Aeukn appwdn uenA. Rf = 0.15 (dixAwpopeddvio / peBavoin 9:1).
[a]p?? = +9° (c = 0.9 peBavoAn)

Amax 262 nm (€ 2649)

ESI-MS (m/z): 302 (M+H")

2t1oixelakn Avaiuon: (C11H12FN3Og) C, H, N
YTroA. (%) C :43.86 H:4.02 N:13.95
Eup. (%) C :43.70 H:432 N:14.22

'H-NMR (300 MHz, CD50D)
167

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



Meipapariko Mépog

57.90 (d, 1H, Jsrs = 6.7 Hz, H-6), 6.01 (d, 1H, J1 » = 9.4 Hz, H-1"), 4.41-4.26
(m, 3H, H3", H5", H-6a"), 3.79 (dd, 1H, Js 61 = 1.5 Hz, Jeasb = 11.7 Hz, H-
6b"), 3.70 (dd, 1H, J,-5 = 2.8 Hz, H-2"), 3.53 (dd, 1H, J3-4- = 6.3 Hz, Js'5 = 2.6
Hz, H-4").

3C NMR (75.5 MHz, CDs0D)
5157.9, 149.3, 140.8, 128.7, 116.8, 83.1, 74.2, 72.1, 67.3, 65.6, 29.1.

IR (Nujol, cm™): 2245 (CN).

.45 20vBeon ™mg 1-(4°-8€0§u-4"-C-kuavo-a-D-
TaAotrupavoduAo)oupakiAng (34B)

1-(4"-Agogu-2°,3"-O-100TTpOoTTUAIBEVO-4"-C-KUavo-6"-O-TpITUNO-a-D-
TaAotrupavolulo)oupakiAn (32B)

To TTapdywyo TnG oupakiAng 32B cuvtiBetal atrd TNV Kuavudpivn 276
akoAouBwvTtag Tnv idia TrEIpapaTik dladikaoia TTou TrePIYyPd@ETAl YIA TN
ouvBeon Tou TTPOoIdvTog 32a. To TpokUTToV €Adlo KaBapiletal o€ OTAAN
XPWHATOYPAQIAG XPNOIMOTTOIWVTAG WG  OlaAUTn €KAouong TOo oUCTNUA
dixAwpopeBavio / peBavoAn (9.8:0.2), omdte TapalauBaveTal To €mOUUNTO
mpoidv 32B (0.39 g, 72%), wg TaxUppeucTo dxpwuo €Aalo. Rf = 0.25
(O1xAwpopeBdvio / pebavoin 9.8:0.2).

[a]p?? = +20° (c = 1.4 YAwpopOpUIO)
Amax 258 nm (& 5454)

ESI-MS (m/z): 566 (M+H")

2t1oixelakr AvaAuon: (Cs3zH3iN3Og) C, H, N
YTroA. (%) C:.70.07 H:5.52 N:7.43
Eup. (%) C:69.93 H:5.66 N:7.38

'H-NMR (300 MHz, CDCls)
'H NMR (CDCls, 300 MHz): & 8.23 (br s, 1H, NH), 7.46-7.28 (m, 15H, 3CgH1s),
7.22 (d, 1H, Js¢ = 8.1 Hz, H-6), 5.79 (d, 1H, H-5), 5.51 (d, 1H, J1-»- = 2.8 Hz,
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H-17), 4.74 (t, 1H, Jo 5 = J3-4-= 6.7 Hz, H-3"), 4.66 (dd, 1H, H-2"), 4.06 (dt, 1H,
J4',5' = 2.3 Hz, JS',Ga’: J5',6b’: 6.5, H-5'), 3.60 (dd, 1H, J6a',6b’: 10.0 Hz, H-6a’),
3.49 (dd, 1H, H-4"), 3.36 (dd, 1H, H-6b"), 1.66, 1.39 (2s, 6H, 2CHa).

1-(4"-Agogu-4’-C-kuavo-6"-a-D-taAotrupavolulo)oupakiAn (34B)

To mapdywyo TG oupakiAng 34B ocuvrtiBetal amd TO TTPOCTATEUPEVO
voukAeoQitTn 32B akoAouBwvtag Tnv idla  Teipaparik  dladikacia  TTou
TEPIYPAPETAI YIa TN oUvBeon Tou TTpoidvTog 31a. To utmrdAciypga kabapileTal
ME XpwuaToypa@ia OTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong TO ouvotnua OixAwpoueddvio /  pebavoAn  (9:1), omdTe
TapaAapBdveral To €mOuuntd TpPoidv 34B (0.14 g, 72%), pe Acukr appwdn
uenA. Rf =0.13 (dixAwpopebdvio / peBavoin 9:1).

[a]p?* = +23 ° (c = 0.5 peBavoAn)

Amax 256 nm (& 3062)

ESI-MS (m/z): 284 (M+H")

2t1oixelakr AvaAuon: (C11H13N306) C, H, N
YTroA. (%) C :46.65 H:463 N:1484
Eup. (%) C:46.35 H:454 N:14.96

'H-NMR (300 MHz, CD30D)

5 7.58 (d, 1H, Js¢ = 8.1 Hz, H-6), 5.93 (d, 1H, J;-» = 9.5 Hz, H-1), 5.64 (d,
1H, H-5), 4.30 (dd, 1H, Js g2 = 9.2 Hz, Jea v = 12.4 Hz, H-6a"), 4.23-4.18 (m,
2H, H3", H5"), 3.73-3.63 (m, 2H, H-2’, H-6b"), 3.45 (dd, 1H, J3-4 = 6.4 Hz,
Jas = 2.6 Hz, H-4").

3C NMR (75.5 MHz, CDs0D)
5162.1, 149.5, 141.2, 117.1, 104.6, 82.8, 74.6, 72.3, 65.2, 64.6, 30.1.

IR (Nujol, cm™): 2250 (CN).
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11.4.6 Z0vBeon Tng 1-(4"-8€0§u-4"-C-Kuavo-a-D-taAotrupavoluAo)Oupivng
(34y)

1-(4’-Agogu-2°,3"-O-100TTpOoTTUAIBEVO-4 -C-KUavo-6"-O-TpITUNO-a-D-
TaAotrupavoluAo)Bupivn (32y)

2€ OIGAUPa Tou KeTOTTUpavovoukAeoditn 25y (1.39 g, 2.4 mmol) o¢
diaiBuAaibépa (40.0 mL) kai vepd (20.0 mL), mpooTiBevtal, 6Eivo avOpakikd
varpio (0.40 g, 4.8 mmol) kai kuaviouxo vdrpio (0.12 g, 2.4 mmol). To piypa
NG avtidpaong avadeveTal £viova o€ Bepuokpacia dwpaTiou yia TTEPITTOU
24h. AkoAouBei diaxwpIoudg Twv duo PACEWV Kal N udaTIKA @Acn eKXUAICeTal
pe diaBuAaiBEépa. O1 opyavikéG PAOEIS EVWVOVTAI Kal {npaivovTal utrEPAvw
dvudpou Na,SO,4. O dIaAUTNG aTTOUAKPUVETAl UTTO KEVO KOl TO OKATEPYAOTO
Meiypa Twv 2 Kuavudpivwyv 28y kal 29y diaAuetal oe avudpo CH3CN (17.0
mL), mpoaoTiBevral diadoxikd DMAP (0.13 mg, 1.1 mmol) ka1 EtsN (0.5 mL, 3.7
mmol) Kal OTO EvaIWPNMPA TTOU TTPOKUTTTEI TTpooTiOeTal oTdydnv 1o PhOC(S)CI
(0.5 mL, 3.7 mmol) og TayobAouTpo UTTO ATHOCPAIPA AlWTOU. TO TTPOKUTITOV
O1dAupa ouveyilel v avadevetal otoug 0 °C yia TepiTTou pia wpa PEXP! TO
mépag TNG avtidpaong (TLC), omrdTe Kal 0 dIOAUTNG ATTOPAKPUVETAI UTTO KEVO.
To UTTOAEIJO CUMTTUKVWVETAI apXIKA QuO @QOPEG ME Avudpo ToAoOuodAio,
dloAveTal €mmeira o€ TOAouOAlo (17.0 mL) kai akoAouBei atraépwon Tou
MeiypaTog pe ddwrto yia 30 AeTrtd. 210 didAupa TrpooTiBevral BusSnH (1.1 mL,
3.8 mmol) kai AIBN (0.07 g, 0.4 mmol) kai To TPOKUTITOV Evalwpnua
Bepuaivetal otoug 100 °C yia 45 AemTd umd aTHOOQAIpA alwTou. TN
ouvéxela TO OdIGAupa wuxetal, o OIOAUTNG QTTOPOKPUVETAI UTTO KevO Kal
aKoAoubBei KABAPIOPNOG TOU UTTOAEIPATOG O  OTAHAR  XPWHATOYPOQIag
XPNOIMoTToIWVTAG WG OlaAuTn €ékAouong 1o ouoTtnua dixAwpopeddvio /
MEBavOAn (9.8:0.2), omdte TTapaAapBdveral To €mBuunTo TPoidv 32y (0.71 g,
50%), wg TTaxUuppeucTo axpwuo £Aaio. Rf = 0.38 (dixAwpoueddvio / uebavoAn
9.8:0.2).
[a]p?* = —4° (c = 0.5 XYAwpopOpHIO)

Amax 265 nm (& 7429)

ESI-MS (m/z): 580 (M+H")
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2t1oixelakn AvaAuon: (CsgH3s3N3Og) C, H, N
YTroA. (%) C:70.45 H:5.74 N:7.25
Eup. (%) C:70.71 H:5.62 N:7.33

'H-NMR (300 MHz, CDCl5)

5 8.54 (br s, 1H, NH), 7.43-7.24 (m, 15H, 3CgHs), 7.03 (s, 1H, H-6), 5.46 (d,
1H, J1 2 = 2.5 Hz, H-1"), 4.74 (t, 1H, Jo 5 = J3-4- = 6.8 Hz, H-3"), 4.65 (dd, 1H,
H-2), 4.05 (dt, 1H, Js 5 = 2.7 HZ, J5 6a = J5 60 = 6.2 Hz, H-57), 3.56 (dd, 1H,
Jea6p' = 10.0 Hz, H-6a°), 3.48 (dd, 1H, H-4"), 3.31 (dd, 1H, H-6b"), 1.93 (1s,
3H, 5-CHs), 1.64, 1.36 (2s, 6H, 2CHs).

1-(6"-O-tert-BoutuA0dI1neOUAOCIAUAO-47-0€08U-2°,3 -O-100TTPOTTUAIBEVO-
4’-C-kuavo-a-D-taAotrupavoluAo)Bupivn (33y)

To mapdywyo TnG Bupivng 33y cuvtiBetal amd tnv Kuavudpivn 30y
akoAouBwvtag Tnv idia Treipapatiky dladikagia TTou TrEPIYPA@ETAl YIO TN
ouvBeon Tou TTPOoIdvTog 32a. To TpokUTToV €Adlo KaBapiletal o€ OTAAN
XPWHATOYPAQPIAG XPNOILOTTOIWVTAS WG  OlaAUTn €kAouong TO OUCTHHA
dixAwpopeBavio / peBavoAn (9.8:0.2), omdte TTapalauBaveTal To €mOUUNTO
mpoidv 32y (0.23 g, 70 %), wg TTaxuppeucTo axpwuo €Aaio. Rf = 0.37
(O1xAwpopeBAvio / pebavoin 9.8:0.2).

[a]p?* = -36° (c = 1.0 XYAwpopOpHIO)

Amax 263 nm (& 6376)

ESI-MS (m/z): 452 (M+H")

21oixelakn Avaiuon: (C21H3zsN3O6Si) C, H, N
YTroA. (%) C :55.85 H:7.37 N:9.30
Eup. (%) C:55.97 H:7.49 N:9.37

'H-NMR (300 MHz, CDCls)

58.77 (br s, 1H, NH), 7.08 (s, 1H, H-6), 5.52 (d, 1H, J;-»- = 2.6 Hz, H-1°), 4.79

(t, 1H, Jo- 3= J3 4 = 6.7 Hz, H-3°), 4.68 (dd, 1H, H-2"), 4.14 (m, 1H, H-5°), 3.88
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(dd, 1H, 'J6a',6b' =10.2 Hz, JS',Ga' =5.9 Hz, H-6a'), 3.49 (dd, 1H, H-4’), 3.39 (dd,
1H, Js o' = 7.9 Hz, H-6b"), 1.95 (1s, 3H, 5-CHs), 1.70, 1.38 (2s, 6H, 2CHj),
0.86 (s, 9H, t-Bu), 0.08, 0.06 (2s, 6H, 2Si-CH3).

1-(4"-Agogu-4’-C-kuavo-6"-a-D-taAotTrupavoluAo)Bupivn (34y)

To TTapdywyo TG Oupivng 34y ouvriOetal amd TO TTPOOTATEUNEVO
VvoukAeoditTn 32y 1 33y akoAouBwvtag Tnv idia Teipapartikr) diadikaoia Trou
TEPIYPAPETAI YIA TN oUVBeon Tou TrpoidvTog 31a. To utrdAciypga kabapileTal
ME XpwuaToypa@ia OTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong TO ouvotnua OixAwpoueddvio /  pebavoAn  (9:1), omdTe
TapaAapBdveral To emOuUPNTO TPOoidv 34y (0.10 g, 69% atrd 1o 32y 1} 0.11 g,
73% amd 10 33y), Me Aeukn agpwdn uer. Rf = 0.14 (SixAwpoueddvio /
MEBavOAn 9:1).

[a]p?® = +4 ° (c = 0.4 peBavoAn)

Amax 266 nm (& 2447)

ESI-MS (m/z): 298 (M+H")

2t1oixelakn AvaAuon: (C12H1sN3Og) C, H, N
YTroA. (%) C.48.48 H:509 N:14.14
Eup. (%) C:48.24 H:521 N:14.27

'H-NMR (300 MHz, CD30D)

5 7.52 (s, 1H, H-6), 6.02 (d, 1H, J;-» = 9.7 Hz, H-1"), 4.43-4.26 (m, 3H, H-3",
H-5°, H-6a"), 3.73-3.63 (m, 2H, H-2", H-6b"), 3.55 (dd, 1H, J3.4 = 6.3 Hz, J4'5
= 2.4 Hz, H-4"), 1.89 (1s, 3H, 5-CHs)

3C NMR (75.5 MHz, CDs0D)
5163.2, 151.5, 140.8, 116.9, 111.2, 83.2, 74.1, 72.4, 64.8, 64.3, 29.8, 15.4.

IR (Nujol, cm™): 2235 (CN).
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1.5 ¥UvBeon Twv 2°-C-KUavo Kal 2 -CTTEIPAVIKWYV TTUPOVOVOUKAEOTUTIKWV

avaAdywyv

l11.5.1 £dvOeon Twv 2°-C-Kuavo Kal 2 -CTTEIPAVIKWYV TTUPAVOVOUKAEOITWV
TNG OUPAKIANGg
1-(B-D-yaAakTtoTtrupavoluAo)oupakiAn (35a)

2¢€ d1dAupa oupakiAng (3.0 g, 26.9 mmol) oe avudpo CH3CN (87.0 mL)
mpooTiBeTal HMDS (7.0 mL, 33.4 mmol) kai cakyapivn (0.22 g, 1.2 mmol), kai
TO TTPOKUTITOV EVAIWPNMA avadeleTal Je KABETO WukTApa yia 30 min. A@dTou
TO Mdiypa  yiver  Olauyég,  TpooTiBetal  1,2,3,4,6-revTa-O-aKETUAO-D-
yoAakrtotrupavoln (7.48 g, 19.2 mmol) kai Me3SiOSO,CF; (4.9 mL, 26.9
mmol), Kal To piyga tng avtidpaong avadeleTal yia pia €mTAéoV WpPa UE
KdBeto YukThpa otoug 80 °C utrd atuOo@aIpa alWwTou. 2Trn CUVEXEIA TO Wiyua
NG avtidpaong Wuxetar oe Oeppokpacia dwpaTtiou, €EoudeTepWVETAl HE
Kopeopévo didAupa NaHCO; kal ekxuAietal pe dixAwpouedavio. H opyaviki
@don ¢npaiveral pe dvudpo Na,SO4 Kal 0 dIAAUTNG ATTOPAKPUVETAI UTTO KEVO.
To umOAsiypa SioAUsTal o peBAVOAIKA appwvia (kopeopévn otoug 0 °C,
1075.0 mL) kai avadevetal oe Bepuokpacia dwuatiou yia 12 h. O diaAuTng
OTN CUVEXEIA OTTOUAKPUVETAI UTTO KEVO KAl TO TTPOKUTITOV £AIO KaBapieTal Ye
Xpwpartoypagia oTAANG XPNOIMOTTOIWVTAS WG dIaAUTH €kKAouong 1o cUOTHHA
0&IKOG aIBUAeoTEPAG / eBavOAn (8:2), otrdTe TTapaAaupBAveTal To €mOUPNTO
Tpoidv 35a (4.11 g, 78%), wg TTaxuppeuaTo dxpwpo EAaio. Rf = 0.12 (o&ik6g
a1BuAeoTEpag / ueBavoAn 8:2). Ta pacuatookoTika dedopéva TnG Evwong 35a
gival og oupgwvia pe autd TTou avagépovtal otn di1edbvr) BiBAIoypagia (Kondo
et al.1971).

1-(6"-O-tert-BoutuAod1ugBUAOOIAUAO-B-D-yaAaKTOTTUPAVOJUAO)OUPAKIAN
(36a)

2¢ d1IdAupa NG (B-D-yaAaktotrupavolulo)oupakiAng (35a) (4.11 g, 15.0
mmol) oe mupidivn (75.0 mL) TpooTiBetan TBDMSCI (3.39 g, 22.5 mmol) kai
KATaAuTik) 1moooTNTa NG DMAP. To TpOKUTITOV €valiwpnua apxIkd
TOTTOBETABNKE Yia 30 AeTrTd o€ TTaydAouTpo kai yia 5h (TLC) oe Bepuokpaaia
dwpariou utré aTudC@AIpa AlWTOU. 2T CUVEXEIA TTPOOTIOETAI HEBAVOAN Kal O

OIaAUTNG aTtropakpuvetal uttd Kevd. To TTPoKUTITOV €Aaio KaBapiletal pe
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XPwHaToypagia oTHANG UTTo TTiEcn, XPNOIMOTTOIWVTAG WS dIaAUTN éKAouong TO
ouoTnua o&Ik6g ailBuleoTépag / peBavoAn (9:1), omrdre TapaAauBdveral To
emMOuPNTO Tpoidv 36a (4.97 g, 85%) w¢ TaxUPPEUCTO Axpwuo €Aaio. Rf =
0.52 (o€Ik6G a1IBuAeoTEPag / eBavoAn 8:2).

[a]p?® = +2° (c = 0.2 peBavoAn)

Amax 258 nm (& 7286)

ESI-MS (m/z): 389 (M+H")

21oixelakn Avaiuon: (C16H2sN207Si) C, H, N
YTroA. (%) C:49.47 H:7.26 N:7.21
Eup. (%) C:49.71 H:7.43 N:7.02

'H-NMR (300 MHz, DMSO)

5 11.07 (br s, 1H, NH), 7.63 (d, 1H, Js¢ = 8.1 Hz, H-6), 5.68 (d, 1H, H-5), 5.34
(d, 1H, J1»- = 9.1 Hz, H-17), 5.27 (d, 1H, J = 4.5 Hz, OH), 5.01 (s, 1H, OH),
4.58 (d, 1H, J = 6.1 Hz, OH), 3.76-3.49 (m, 6H, H-2", H-3", H-4, H-5", H-
6a’,b"), 0.83 (s, 9H, t-Bu), 0.02, 0.01 (2s, 6H, 2Si-CHy).

1-(6"-O-tert-BoutuAodIneOUAOCIAUAO-3",47-O-100TTPpOTTUAIDEVO-LB-D-
yaAaktotrupavo{uAo)oupakiAn (37a)

2¢ éva utrd avadeuon didAupa Tou TTpoidvTog 36a (4.97 g, 12.8 mmol)
o€ dvudpn aketovn (226.0 mL) kai (CH3),C(OCHj3), (12.7 mL) mpoacTiBeTal p-
TsOH (0.46 g, 2.4 mmol) uté atudoaipa alwTou. Metd améd 3h avadeuong n
avtidpaon oAokAnpwvetal (TLC) kal T1O0 piyga €EoudeTepwveral  HE
TpIaIBUAapivn péxpr oudeTépou pH (pH < 7). O d1aAUTNG aTTOPOKPUVETAl UTTO
KEVO KAl TO TTPOKUTITOV €Aalo KaBapileTal pe XpwpaToypa@ia oTAANG uTtro
Tieon, XPNOIMOTTOILVTAG WG dIOAUTH £€kAoucng To ouaTnua dixAwpopedavio /
pMeEBavOAn (9.5:0.5), omdte TTapaAapBdveral To €mOuunTo Tpoidv 37a (4.72 g,
86%), uTrd TN MOPPN ASUKWV KPUOTAANwV. Inueio TACswg 205-207°C. Rf =
0.47 (dixAwpopeddvio / ueBavoin 9:1).
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[a]p?® = +42° (c = 0.6 XAwpPoPOPHIO)
Amax 259 nm (& 4831)

ESI-MS (m/z): 389 (M+H")

21oixelakn Avaiuon: (C19H32N207Si) C, H, N
YTroA. (%) C:53.25 H:7.53 N:6.54
Eup. (%) C:53.32 H:7.43 N:6.72

'"H-NMR (300 MHz, CDCly)

5 9.43 (br s, 1H, NH), 7.41 (d, 1H, Js¢ = 8.2 Hz, H-6), 5.74 (d, 1H, J1-> = 8.0
Hz, H-1), 5.57 (d, 1H, H-5), 4.32-4.26 (m, 2H, H-3", H-4"), 4.07 (dt, 1H, J4 5 =
1.4 Hz, Js ga = Js 6o = 6.4 Hz, H-57), 3.89-3.78 (m, 2H, H-6a",b"), 3.72 (dd,
1H, Jo 3 = 5.8 Hz, H-2°), 1.53, 1.37 (2s, 6H, 2CH3), 0.88 (s, 9H, t-Bu), 0.06,
0.05 (2s, 6H, 2Si-CHy).

1-(6"-O-tert-BoutuA0dIneOUAOCIAUAO-3",47-O-100TTPOTTUAIDEVO-LB-D-AUg0-
eEwtrupavoluAo-2°-uAofo)oupakiAn (38a)

2e OIGAupa TG évwong 37a (4.72 g, 11.0 mmol) og dvudpo
dixAwpopeBavio (110.0 mL) mpooTietan PDC (4.93 g, 13.1 mmol) kai Ac,O
(3.1 mL, 32.7 mmol) kal To TTPOKUTITOV evalwpnua avadeUeTal o BEpUOKpaTia
dwparTiou yla Trepitrou 6h UTTG atudoaipa alwTou. Ev cuvexeia To peiypa 1NG
avTidopaong kabapifeTal aTreubeiog Pe Xpwpatoypagia oThAng utd Tieon,
XPNOIYOTTOIWVTAG WG OIOAUTN To ouoTnua o&ikdg alBuAeoTépag / n-g€dvio
(1:1), otére TTapalaupBaveTal To €mMOuPNTo TPOoIdV 38a (3.75 g, 80%), utrd Tn
pop®r AEUKWV KPUOTAMNwWvV. Znueio Trhgewg 153-155°C. Rf = 0.45 (0fIkdg
alBuAeoTépag / n-e€avio 6:4).

[a]p?* = -80° (c = 1.0 XYAwpopopHIO)
Amax 257 NM (€ 11296)

ESI-MS (m/z): 427 (M+H")
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2t1oixelakn Avaiuon: (C19H30N207Si) C, H, N
YTroA. (%) C:53.50 H:7.09 N:6.57
Eup. (%) C :53.69 H:7.13 N:6.41

'H-NMR (300 MHz, CDCl5)

58.72 (br s, 1H, NH), 7.10 (d, 1H, Js = 8.2 Hz, H-6), 6.21 (s, 1H, H-1"), 5.77
(d, 1H, H-5), 4.71-4.67 (m, 2H, H-3", H-4"), 4.32 (dt, 1H, J4 5 = 0.7 Hz, J5 ga =
Js v = 6.7 Hz, H-5%), 3.89 (d, 2H, H-6a’,b"), 1.45, 1.41 (2s, 6H, 2CHs), 0.89
(s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CHs).

1-(6"-O-tert-BoutuAodIneOUAOTIAUAO-3",4"-O-100TTPOTTUAIDEVO-2 -C-
Kuavo-B-D-taAotrupavoluAo)oupakiAn (39a) Kal 1-(6"-O-tert-
BouTuAodiIpugBUAOCIAUAO-37,47-O-100TTPOTTUAIBEVO-2 -C-KUuavo-fB-D-
yaAaktotrupavoluAo)oupakiAn (40a)

2¢ QIdAupa Tou KeToTTUpavovoukAeoditn 38a (3.75 g, 8.8 mmol) ot
diaiBuAaiBEpa (440.0 mL) kai vepd (220.0 mL), pooTiBevtal, 6Ivo avOpakikd
vaTtpio (1.48 g, 17.6 mmol) kai kuaviouxo vartpio (0.34 g, 8.8 mmol). To piypa
TNG avtidpaong avadeveTal Eviova O€ Bepuokpacia dwpaTiou yia TTePITTOU
72h. AkoAouBei diaxwpIou6g TwV dUOo PACEWV Kal N udATIK @Acn eKXUAICeTal
pe OlaBuAaiBépa (2 x 400.0 mL). O1 opyavikéG @QACEIG €VWVOVTAl Kal
¢npaivovrar  umepdvw  dvudpou NaySO4. Ev  ouvexeia, o dlaAlTNG
QTTOMAKPUVETAl UTTG KeEVO KAl TO TTPOKUTITOV  €Aaio  kaBapiletal e
XpPWHaToypagia oTAnNG UTTo TTiEC, XPNOIMOTTOIWVTAG WG dIOAUTN €KAouong TO
ouoTnua dixAwpoueddvio / ueBavoin (9.8: 0.2).

Amé T1a Tpwta KAdopata TG OTAANG  TrapoAauBdverar 1O
TaAotrupavoluAo TTapdywyo 39a (1.12 g, 28%), he Acukniy a@pwdn uen. Rf =
0.16 (dixAwpopuebdvio / ueBavoin 9.5: 0.5).

[a]p?? = -18° (c = 0.6 XAwPOPOPUIO)

Amax 259 nm (¢ 9500)

ESI-MS (m/z): 454 (M+H")
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2t1oixelakn Avaiuon: (CooH31N3O7Si) C, H, N
YTroA. (%) C:52.96 H:6.89 N: 9.26
Eup. (%) C:53.88 H:6.93 N:9.17

'H-NMR (300 MHz, CDCl5)

59.13 (br s, 1H, NH), 7.52 (d, 1H, Js¢ = 8.2 Hz, H-6), 6.54 (br s, 1H, 2’-OH),
6.15 (s, 1H, H-1°), 5.72 (d, 1H, H-5), 4.57-4.53 (m, 2H, H-3", H-4"), 4.42 (t, 1H,
Js 6a- = J5 6 = 6.5 Hz, H-57), 3.78 (d, 2H, H-6a",b"), 1.59, 1.38 (2s, 6H, 2CHs),
0.89 (s, 9H, t-Bu), 0.07, 0.06 (2s, 6H, 2Si-CHa).

A6 Ta emdueva KAdopata TG OTAANG  TrapaAauPdveral 1O
yoAakTotrupavolulo Trapdaywyo 40a (2.08 g, 52%), pe Acukn a@pwdn uer. Rf
= 0.12 (dixAwpopeBdvio/ pebavoin 9.5: 0.5).

[a]p?® = +24° (c = 0.5 XYAwpopOpHIO)

Amax 258 nm (& 3883)

ESI-MS (m/z): 600 (M+H")

21oixelakr Avaiuon: (C2oH31N3O7Si) C, H, N
YTroA. (%) C:52.96 H:6.89 N: 9.26
Eup. (%) C:52.80 H:6.96 N: 9.32

'H-NMR (300 MHz, CDCls)

510.06 (br s, 1H, NH), 7.45 (d, 1H, Js6 = 8.2 Hz, H-6), 6.15 (br s, 1H, 2"-OH),
5.84 (d, 1H, H-5), 5.73 (s, 1H, H-1"), 4.52 (d, 1H, J3 4 = 5.9 Hz, H-3"), 4.43
(dd, J4 5 = 2.8 Hz, H-4"), 4.28-4.24 (m, 1H, H-5"), 4.01-3.89 (m, 2H, H-6a",b"),
1.74, 1.39 (2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CHs).

1-(2°-C-kuavo-B-D-taAotTrupavoluAo)oupakiAn (41a)

O mpooTateupévog voukAeolitng 39a (0.37 g, 0.8 mmol) diaAveTal o€
4.1 mL 90% TFA og peBavoAn. To TpokUTITOV evaiwpnua avadesueral yia 10
AeTTTA o€ Beppokpacia dwaTiou Kal ETTEITA ATTOPAKPUVOVTAl o1 DIOAUTEG UTTO

KEVO, WOTE va aTroakpuvBouyv Kai Ta ixvn Tou TFA. To utréAsiypa kaBapietail
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ME XpwuaToypa@ia oTAANG UuTrG TiEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong 71O ouotnua OixAwpoueddvio /  pebavoAn  (9:1), omdTe
TapaAapBdveral To €mOuunTd Tpoidv 41a (0.17 g, 72%), pe Acukr) appwdn
uen. Rf = 0.24 (dixAwpopebavio / uebavoAn 8.5:1.5).

[a]p?* = —6° (c = 0.1 peBavoAn)

Amax 257 nm (&€ 5362)

ESI-MS (m/z): 300 (M+H")

2t1oixelakr AvaAuon: (C11H13N307) C, H, N
YTroA. (%) C:44.15 H:438 N:14.04
Eup. (%) C:44.29 H:431 N:14.20

'H-NMR (300 MHz, DMSO)

5 11.40 (br s, 1H, NH), 7.66 (d, 1H, Js¢= 8.2 Hz, H-6), 7.58 (s, 1H, H-1°), 6.34
(d, 1H, J= 5.2, OH), 6.24 (s, 1H, OH), 5.63 (d, 1H, H-5), 5.26 (d, 1H, J = 4.3,
OH), 4.71 (t, 1H, J = 4.3, 6"-OH), 4.18-4.93 (m, 4H, H-3", H-4", H-5", H-6a"),
4.42 (dd, 1H, Js ep = 5.3 Hz, Jga' 6o = 11.3 Hz, H-6b").

3C NMR (75.5 MHz, DMSO)
5163.1, 150.6, 142.9, 118.9, 101.2, 80.6, 73.6, 73.3, 72.4, 63.4, 56.9.

IR (KBr, cm™): 2225 (CN).

1-(2°-C-Kuavo-f-D-yaAakTotrupavoluAo)oupakiAn (42a)

To Tapdywyo TnG oupakiAng 42a ouvTiBeTal amd TO TTPOCTATEUPEVO
voukAeolitTn 40a akoAouBwvtag Tnv idla  Teipaparik dladikacia  TTou
TEPIYPAPETAI YIA TN oUVOeONn Tou TTPOIGVTOG 41a. To utrdAciupa kabapileTal
ME XpwuaToypagia oOTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
¢khouong TO ouotnua  dixAwpopedavio /  peBavoAn  (9:1), omoTE
TapaAapBdveral o €mOuunTd TTPOoidv 42a (0.36 g, 78%), pe Acukr) appwdn
uoen. Rf =0.23 (dixAwpopeBavio / ueBavoAn 8.5:1.5).

[a]p?? = +14° (c = 0.3 peBavoAn)
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Amax 257 nm (€ 4032)

ESI-MS (m/z): 300 (M+H")

2t1oixelakn AvaAuon: (C11H13N307) C, H, N
YTroA. (%) C:44.15 H:438 N:14.04
Eup. (%) C:44.01 H:429 N:14.17

'H-NMR (300 MHz, DMSO)

511.19 (br s, 1H, NH), 7.69 (d, 1H, Js¢= 8.2 Hz, H-6), 7.08 (s, 1H, H-1"), 5.82
(d, 1H, J = 2.7, OH), 5.75 (d, 1H, H-5), 5.59 (s, 1H, OH), 4.93 (s, 1H, OH),
4.71 (t, 1H, J= 4.7, 6°-OH), 3.87-3.58 (m, 5H, H-3", H-4", H-5", H-6a",b").

13C NMR (75.5 MHz, DMSO)
5163.2, 149.9, 140.2, 117.6, 101.5, 80.1, 79.6, 67.3, 66.2, 60.9, 36.8.

IR (KBr, cm™): 2250 (CN).

1-(6"-O-tert-BouTuAoSI1nEBUAOCIAUAO-27-8€08U-3",4"-O-100TTPOTTUAIBEVO-
2"-C-kuavo-B-D-taAotrupavoluAlo)oupakiAn (43a)

2€ O1aAupa NG Kuavudpivng 39a r} 40a (0.37 g, 0.8 mmol) oe dvudpo
CH3CN (12.0 mL), mpoaTiBevtal diadoxikd DMAP (0.04 g, 0.3 mmol) kal EtzN
(0.17 mL, 1.5 mmol) ka1 0TO EvaiwpnuUa TTOU TTPOKUTTTEI TTPOCTIOETAI OTAYDNV
10 PhOC(S)CI (0.2 mL, 1.5 mmol) og mayéAoutpo utrd atuéoeaipa alwTou.
To TpokuTToV dIdAupa cuveyiel v avadeuetal otoug 0 °C yia TrepiTTou pia
wpa uEXPl To Tépag TG avridpaons (TLC). Ev ouvexeia n avridpaon
apaIWVETaI JE OEIKO aIBUAETTEPA Kal EKXUAICETaI pE vEPO. KaTOTTIV N OpyaVvIKNA
@don &npaivetal pe dvudpo NaSO4 Kal 0 JIAAUTNG ATTOPOKPUVETAI UTTO KEVO.
To UTTOAEINO CUMTTUKVWVETAI apXIKA duo @OpEéC PE dvudpo ToAouodAio,
OloAveTal €mmeira o€ ToAouOAlo (12.0 mL) kai akoAouBei atraépwon Tou
MEiypaTog pe adwrto yia 30 AeTrTd. 210 OidAupa TTpoaTiBevtal (MesSi)sSiH (0.34
mL, 1.1 mmol) ka1 AIBN (0.08 g, 0.5 mmol) kai To TTPOKUTITOV EvAIWPNUA
Beppaivetal otouc 90 °C yia 50 AeTrTd. STn ouvéXEla TO DIGAUMA WUXETAI, O

OIOAUTNG aTTOMAKPUVETAl UTTO  KevO KAl  aKoAouBei  kabapiopdg Tou
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UTTOAEIUPATOG O OTHAN XPWHOTOYPAPIOG XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong T10 ouoTnua dixAwpouebdavio / peBavoAn (9.8:0.2), omdTte
TapaAapBdveral To emOuunTd TPOoiIdv 43a (0.25 g, 70% atrd 1o 39a ) 0.23 g,
67% amé 710 40a), WG TaAXUPPEUCTO dAxpwpo €Aalo. Rf = 0.33
(O1xAwpopeBAvio / pebavoin 9.8:0.2).

[a]p?? = +54° (c = 0.3 XYAwpopOpHIO)

Amax 257 nm (£ 4773)

ESI-MS (m/z): 438 (M+H")

21oixelakn Avaiuon: (C2oH31N3O06Si) C, H, N
YTroA. (%) C:54.90 H:7.14 N :9.60
Eup. (%) C:54.78 H:7.11 N:9.82

'H-NMR (300 MHz, CDCls)

5 8.78 (br s, 1H, NH), 7.23 (d, 1H, Js¢ = 8.3 Hz, H-6), 5.79 (d, 1H, H-5), 5.55
(d, 1H, J1-»- = 2.7 Hz, H-1), 4.57 (dd, 1H, J, 3 = 7.1 Hz, J3 4 = 5.7 Hz, H-3"),
4.29 (dd, 1H, J4 5 = 2.9 Hz, H-4"), 4.11-3.89 (m, 3H, H-5",H-6a",b"), 3.65 (dd,
1H, H-2"), 1.74, 1.39 (2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.10, 0.09 (2s, 6H,
2Si-CHa).

1-(2°-Agogu-2’-C-kuavo-B-D-taAotrupavoluAlo)oupakiAn (44a)

To Tapdywyo TG oupakiAng 44a cuvTiBeTal amd TO TTPOCTATEUNEVO
VOUKAeoliTn 43a akoAouBwvtag Tnv idla  TrElpapaTikh  dladikaoia  TTou
TEPIYPAPETAI VIO TN OUVBeon Tou TTPOoIdvTog 41a. To utrdAciypa kabapileTal
ME XpwpuaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
ékhouong TO0 ouvotnua OixAwpoueddvio /  pebavoin  (9:1), omdTe
TapalapBdveral To €mOuUPNTSé TTPOoIdv 44a (0.10 g, 78%), e AcUKA a@pwdn
uen. Rf =0.27 (dixAwpopebavio / uebavoAn 8.5:1.5).

[a]p?? = +6° (c = 0.2 peBavoAn)

Amax 258 nm (€ 6229)
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ESI-MS (m/z): 284 (M+H")

2t1oixelakr AvaAuon: (C11H13N306) C, H, N
YTroA. (%) C:46.65 H:4.63 N:14.84
Eup. (%) C:46.78 H:458 N:14.76

'H-NMR (300 MHz, DMSO)

511.48 (br s, 1H, NH), 7.70 (d, 1H, Js¢ = 8.2 Hz, H-6), 5.74-5.69 (m, 2H, H-5,
OH), 5.66 (d, 1H, Ji > = 2.6, H-1"), 4.86 (d, 1H, J= 2.8, OH), 4.76 (t, 1H, J =
5.3, 6"-OH), 4.01-3.65 (m, 5H, H-3", H-4", H-5", H-6a’,b"), 3.47 (dd, 1H, J» 5 =
5.3 Hz, H-2").

13C NMR (75.5 MHz, DMSO)
5163.2, 149.9, 140.2, 117.6, 101.5, 80.0, 79.6, 67.3, 66.2, 60.9, 36.9.

IR (KBr, cm™): 2250 (CN).

1-(6"-O-tert-BoutuAodi1neOUAOTIAUAO-3",4"-O-100TTPpOTTUAIDEVO-2 -C-
Kuavo-2'-O-peculo-B-D-tadomrupavolulo)oupakiAn (45a)

2€ OIdAupa TG kuavudpivng 39a (0.37 g, 0.8 mmol) oe dAvudpn
TupIdivn (4.0 mL), mrpooTiBetan MsCl (0.44 mL, 4.0 mmol) kal To TTpoKUTITOV
d1dAupa avadevetal otoug 5-8 °C yia 48 wpeg. To peiypa g avtidpaong
KATOTTIV QTTOXUVETAI O€ TTAyOAOUTPO Kal EKXUAICeETal hE XAwpo@dpuio (2x15
mL). Ta evwuéva opyavikd ekxuAiopata TTAEvovTal dIadoxIKA ue didAupa 1 N
HCI (15 mL), didAupa NaHCO3 (15 mL), kai didAupa NaCl (15mL). 2Tn
OUVEXEIQ N opyavikn @don ¢npaivetar pe dvudpo Na,SO4 kal o dIaAlTNg
amopakpuvetal  ummd  kevo. To  TrpokuttTov  €Aalo  KaBapiletar e
XpPwHaToypagia oTHANG UTro TTiEcn, XPNOIMOTTOIWVTAS WS dIaAUTN éKAouong TO
ouoTtnua dixAwpopeBavio / pebavoAn (9.8: 0.2), omote mapaAauBdaveral To
emOupNTO TPOoidv 45a (0.30 g, 71%), wg TaxUppeucTo dxpwiHo €Aalo. Rf =
0.52 (dixAwpopuebdvio / ueBavoin 9.5:0.5).
[a]p?® = -3° (c = 0.2 XYAwpopOpHIO)
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Amax 256 nm (€ 9053)

ESI-MS (m/z): 531 (M+H")

2toixelakn AvaAuon: (C21Hs3N3OgSSi) C, H, N
YTroA. (%) C:47.44 H:6.26 N:7.90
Eup. (%) C:47.32 H:6.30 N:7.97

'H-NMR (300 MHz, CDCl5)

5 8.47 (br s, 1H, NH), 7.49 (d, 1H, Js = 8.3 Hz, H-6), 6.65 (s, 1H, H-1"), 5.80
(d, 1H, H-5), 5.03 (d, 1H, J3 4 = 6.9 Hz, H-3"), 4.65 (dd, 1H, J4 5 = 1.4 Hz, H-
4%), 4.33 (dt, 1H, Js-ga = Jsga = 6.5 Hz, H-57), 3.83-3.79 (m, 2H, H-6a’,b"),
3.26 (s, 3H, CH3S0,), 1.69, 1.41 (2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.07, 0.06
(2s, 6H, 2Si-CHa).

1-(6"-O-tert-BoutuA0odIneOUAOCIAUAO-3",47-O-100TTPpOTTUAIDEVO-2 -C-
Kuavo-2°-O-peoulo-B-D-yaAakTotrupavoluAo)oupakiAn (46a)

To pEéouAo Tapdywyo TNG oupakiAng 46a ocuvTiBetal amo Tnv
Kuavudpivn 40a akoAouBwvTtag Tnv idla Treipagariky  diadikacia  TTou
TEPIYPAPETAI VI TN oUVOeoNn Tou TTPOIGVTOG 45a. To utrdAciupa kabapileTal
ME XpwuaToypagia oOTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
¢khouong 1O ouotnua OdixAwpopedavio / pebBavoAn (9.8: 0.2), omodte
TapaAapBdverar To €mBuunTtd TPoidv 46a (0.56 g, 69%), wg TTaxUPPEUCTO
dxpwpo €Aaio. Rf = 0.45 (dixAwpouebavio / peBavoAn 9.5:0.5).

[a]p?® = +26° (c = 0.5 XYAwpopOpHIO)

Amax 256 nm (€ 9647)

ESI-MS (m/z): 284 (M+H")

2t1oixelakr AvaAuon: (C21H33N3OgSSi) C, H, N
YTroA. (%) C:47.44 H:6.26 N:7.90
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Eup. (%) C:4751 H:6.19 N:7.82

'"H-NMR (300 MHz, CDCly)

5 8.64 (br s, 1H, NH), 7.68 (d, 1H, Js¢ = 8.3 Hz, H-6), 5.92 (s, 1H, H-1°), 5.83
(d, 1H, H-5), 4.79 (d, 1H, J3 4 = 6.1 Hz, H-3"), 4.50 (dd, 1H, J4 5 = 2.7 Hz, H-
4%), 4.24 (dt, 1H, Js 6 = Js 62 = 6.4 Hz, H-57), 4.01-3.89 (m, 2H, H-6a",b"),
3.24 (s, 3H, CH3S0,), 1.77, 1.42 (2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.08, 0.07
(2s, 6H, 2Si-CHy).

[1-(6"-O-tert-BouTtuAodieBuAociAulro-37,4"-O-100TTpOoTTUAIBEVO-B-D-
TaAotrupavolulo)oupakiAn]-2 -omreipaviko-5-"-(4""-apivo-1"",2""-
ogafeloo-2"",2"°-810&€1810) (470)

2€ dIdAupa Tou péoulo TTapaywyou 45a (0.30 g, 0.6 mmol) o dvudpo
CH3CN (6.0 mL), mpooTiBetar DBU (0.09 mL, 0.6 mmol) kai 10 TTpOKUTITOV
O1dAupa avadeueTal o Bepuokpaacia dwaTiou yia 36 WPEG. 2T CUVEXEID TO
Miypa €CoudetepwveTal pe ofIKO o&U péEXpI oudeTépou pH kal 0 dIAAUTNG
amopakpuvetal  utrd  Kevd. To  TmpokUTrTovV  €Aalo  KaBapiletal UE
XPWHaToypagia oTHANG UTTO TTiECN, XPNOIYOTTOIWVTAS WG dIOAUTN €KAouong TO
ovuoTtnua OixAwpopeddvio / peBavoin (9.5: 0.5), omdrte TapalauBdaveral 10
emOupnTd Tpoidv 47a (0.18 g, 60%), ue Aeukn appwdn uen. Rf = 0.38
(O1xAwpopeBdvio / yebavoin 9.5:0.5).
[a]p?* = —6° (c = 0.4 XYAwpopOpHIO)

Amax 253 nm (& 3429)

ESI-MS (m/z): 531 (M+H")

21oixelakn Avaiuon: (Cz1H33N3O0gSSi) C, H, N
YTroA. (%) C:.47.44 H:6.26 N:7.90
Eup. (%) C:.47.62 H:6.34 N:7.82

'H-NMR (300 MHz, CDCls)

510.29 (br s, 1H, NH), 7.56 (d, 1H, Js= 8.2 Hz, H-6), 6.49 (s, 1H, H-1"), 6.02

(br s, 2H, NH»-4""), 5.79 (d, 1H, H-5), 5.43 (s, 1H, H-3""), 4.65 (d, 1H, J3 4 =
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7.5 Hz, H-3"), 4.48 (d, 1H, H-4"), 4.35 (t, 1H, Js 62 = Js5- 52 = 4.4 Hz, H-5"), 3.84
(d, 2H, H-6a",b"), 1.57, 1.37 (2s, 6H, 2CH3), 0.92 (s, 9H, t-Bu), 0.10, 0.08 (2s,
6H, 2Si-CHs).

3C NMR (75.5 MHz, CDCly)
5 164.3, 152.3, 150.8, 140.6, 110.2, 100.9, 92.3, 83.8, 78.9, 75.1, 73.8, 70.7,

62.3, 26.3, 25.7, 25.1, 18.4, -5.3, -5.4.

IR (KBr, cm™): 3420, 3320 (NH,), 1665 (C=C-N).

[1-(6"-O-tert-BouTtuAodieBuAociAulro-37,4"-O-100TTpOoTTUAISEVO-B-D-
yaAaktotrupavo{uAo)oupakiAn]-2 -orreipaviko-5"-(4""-apivo-1"",2""-
ogafeloAo-2"",2"°-810&€1810) (48a)

To otelpavikd Tapdywyo TnG oupakiAng 48a cuvTiBeTal amd 1o HECUAO
Tapdywyo 46a akolouBwvtag Tnv idla  TeipapaTikr)  diadikacia  TTou
TEPIYPAPETAI YIA TN OUVOBECON TOu TTPOIGVTOG 47a. To utTdAciypa KabapileTal
ME XpwuaToypa@ia OTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong 1O ouoTnua OixAwpoueddvio / pebavoin (9.5: 0.5), omdrte
TapaAapBdveral To €mOuuntd TTPoidv 48a (0.39 g, 70%), pe Acukr appwdn
uen. Rf = 0.37 (dixAwpopebavio / uebavoAn 9.5:0.5).

[a]p?® = +6° (c = 0.5 XYAwpopOpHIO)

Amax 257 nm (€ 8611)

ESI-MS (m/z): 531 (M+H")

21oixelakn Avaiuon: (Cz1H33N3OgSSi) C, H, N
YTroA. (%) C:47.44 H:6.26 N:7.90
Eup. (%) C 4752 H:6.39 N:7.78

'H-NMR (300 MHz, CDCly)
510.94 (br s, 1H, NH), 7.88 (d, 1H, Js6= 8.1 Hz, H-6), 6.27 (s, 1H, H-1), 6.04
(s, 1H, H-3""), 5.43 (d, 1H, H-5), 5.35 (br s, 2H, NH»-4""), 4.61-4.52 (m, 2H, H-
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3",H-4"), 4.43 (t, 1H, Js 52 = Js 62 = 6.1 Hz, H-5"), 3.91-3.81 (m, 2H, H-6a",b"),
1.59, 1.41 (2s, 6H, 2CHg), 0.91 (s, 9H, t-Bu), 0.09 (s, 6H, 2Si-CHa).

3C NMR (75.5 MHz, CDCls)
5 164.7, 151.6, 150.3, 141.4, 110.6, 100.5, 92.9, 83.2, 79.3, 75.7, 73.3, 71.4,

61.8, 26.2, 25.7, 24.9, 18.1, -5.5, -5.6.

IR (KBr, cm™): 3450, 3360 (NH,), 1660 (C=C-N).

[1-(B-D-TaAotmrupavoluAo)oupakiAn]-2 -oTreipaviko-5"-(4""-apivo-1"",2""-
o&abgioho-2"",2""-810§€1810) (490)

2¢€ éva utrd avadeuon OIGAUpA Tou OTTEIPAVIKOU VOUKAeoditn 47a (0.17
g, 0.3 mmol) oe avudpo dixAwpopeBavio (1.0 mL) mpooTiBetan pueBavoAikd
udpoxAwplio (2.5 mL), To oTroio TTapackeudoTnKe atrd akeTUAoxAwpidio (0.2
mL) kai peBavoin (5.0 mL) otoug 0 °C, umé arudéoeaipa alwtou. MeTd 1O
mTéPAg TNG avtidpaong (6 h), To didAupa apaiwvetal e MeOH kal TrpooTiBeTal
mepiooeia NaHCO3. To mpokuTrTov peiypa dindeital utrd kevd atrd Celite kai
OTn OUVEXEIa O dIAAUTNG atropakpuveTal UTTd Kevd. To utrdAsiya kabapileTal
ME XpwpaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
é¢khouong TO ouotnua dixAwpopeBavio /  peBavoAn  (8:2), omoTE
TapalapBdveral To €mOuPnTé TTPOoIdv 49a (0.07 g, 62%), ME AcUKA a@pwdn
uoen. Rf =0.22 (dixAwpopeBavio / uebavoin 8:2).
[a]p?? = —26° (c = 0.1 51ueBUAOCOUAPOEEIBIO)

Amax 260 nm (¢ 10206)

ESI-MS (m/z): 378 (M+H")

2t1oixelakn Avaiuon: (C12H15N3OgS) C, H, N
YTroA. (%) C:38.20 H:4.01 N:11.14
Eup. (%) C:38.29 H:3.92 N:11.19

'H-NMR (300 MHz, DMSO)
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5 11.23 (br s, 1H, NH), 7.50 (d, 1H, Js = 8.2 Hz, H-6), 6.67 (br s, 2H, NH,-
47, 6.34 (s, 1H, H-1"), 6.18 (br s, 2H, 20H), 5.58 (d, 1H, H-5), 5.46 (s, 1H, H-
37), 4.72 (br s, 1H, OH), 4.13-3.59 (m, 5H, H-3", H-4", H-5", H-6a",b").

3C NMR (75.5 MHz, DMSO)
5163.2, 154.4, 150.5, 142.4, 101.6, 91.3, 86.4, 79.5, 75.4, 73.3, 66.1, 58.4.

IR (KBr, cm™): 3420, 3330 (NH,), 1655 (C=C-N).

[1-(B-D-TaAakToTrupavoluAo)oupakiAn]-2 -o1reipaviko-5""-(4" -auivo-
17,27-0§a0e10A0-2"",2""-B10&€1610) (500)

To omeipavikd Tapdywyo TnG oupakiAng 50a cuvtiBetar ammd Tov
TTPOOTATEUPEVO  VOUKAeoCiTn 48a  akoAouBwvtag Ttnv idla  TTEIPAUATIKN
dladikaoia Trou TTEPIYPA@ETAl yIa T ouvBeon Tou Trpoidvtog 49a. To
UTTOAEINpO kaBapileTal pe  xpwuaTtoypaia  otAANG  umd  Tieon,
XPNOIMOTTOIWVTAG WG OlaAUTn €kAouong To oucTnua OixAwpopedavio /
MEBavOAn (8:2), omrdte TapalapBdveral To emBuuntd TPOoidv 50a (0.18 g,
65%), pe Aeukf a@pwdn uen. Rf = 0.21 (dixAwpopeBavio / uebavoin 8:2).
[a]p?? = +36 ° (c = 0.1 d1ueBUAOCOUAPOEEIBIO)

Amax 260 nm (& 8426)

ESI-MS (m/z): 378 (M+H")

21oixelakr Avaiuon: (C12H15N3OgS) C, H, N
YTroA. (%) C:38.20 H:4.01 N:11.14
Eup. (%) C:38.46 H:4.11 N:11.25

'H-NMR (300 MHz, DMSO)

5 11.19 (br s, 1H, NH), 7.65 (d, 1H, Jsg = 8.2 Hz, H-6), 7.26 (br s, 2H, NH,-
4°"), 6.53 (br s, 1H, OH), 5.97 (s, 1H, H-1"), 5.92 (br s, 1H, OH), 5.59 (s, 1H,
H-3""), 5.57 (d, 1H, H-5), 4.73 (br s, 1H, OH), 4.21-3.61 (m, 5H, H-3", H-4", H-
5°, H-6a’,b").
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3C NMR (75.5 MHz, DMSO)
5162.9, 152.8, 150.7, 140.8, 101.8, 92.2, 91.4, 82.2, 81.2, 72.3, 68.7, 60.6.

IR (KBr, cm™): 3400, 3380 (NH,), 1620 (C=C-N).

11.5.2 Z0vBeon Twyv 2°-C-Kuavo Kal 2 -CTTEIPAVIKWY TTUPAVOVOUKAEOITWV
™G TNG 5-@OopooupakiAng
1-(B-D-yaAakTtotTupavolulo)-5-¢pBopoupakiAn (35B)

To mapdywyo TG 5-¢BopooupakiAng 35 cuvtiBetan améd Tnv 1,2,3,4,6-
TeVTA-O-aKeTUAO-D-yaAQKTOTTUPAVALN aKOAOUBWVTAG ThV (D10 TTEIPAUATIKN
dladikaoia Trou TrEPIYPA@ETAl yIa T ouvBeon Tou Trpoidvtog 35a. To
UTTOAEIYPa  KaBapideTal PE XpwuaToypaia OTAANG XPNOIMOTTOIWVTAG WG
O1aAUTN ékAouong To cuoTnuUa O&IkOG alBuAeaTépag / peBavoAn (8:2), otrdre
TapaAapBdveral To €mBuunTtd Poidv 35a (4.11 g, 78%), wg TTaXUPPEUCTO
dxpwpo €Aalo. Rf = 0.14 (0&kog aiBuleotépag / peBavoAn 8:2). Ta
PaOoUATOOKOTTIKA dedouéva TnG Evwong 35B €ival o€ cup@wvia e autd TTou

avagépovral otn diebvn BiBAloypagia (Haeckel et al.1996).

1-(6"-O-tert-BoutuAod1neOUAOOIAUAO-B-D-yaAakTOTTUPpAVOJUAO)-5-
@BopooupakiAn (36B)

To Tapdywyo TnG 5-¢BopooupakiAng 36B cuvtibetal amd TNV (B-D-
yaAaktoTrupavoluAo)-5-@BopooupakiAn  (35B) akoAouBwvTtag TNV idia
TEIpAPATIKA dladikagoia TTou TTEPIYPA@ETAI yia Tn oUvBeon Tou TTPoidvTog 364a.
To umoAsiyua  kaBapiletal  Pe  xpwpartoypagia oTAANG utd  Trieon,
XPNOIYOTTOIWVTAG WG BIaAUTN €kAouong TO cuoTnua o&ikdg ailBuAeoTépag /
pMEBavOAn (9:1), omdte TapahlauBdvetal To €mMBUPNTO TTPoidv 36B (5.06 g,
83%), UTT6 T POPYPI ASUKWV KPUOTAANwV. Znueio TrAgewg 136-138 °C. Rf =
0.60 (dixAwpopeBAvio / peBavoAn 8:2).

[a]p?? = +7 ° (c = 0.5 peBavoAn)

Amax 267 nm (€ 4579)

ESI-MS (m/z): 407 (M+H")
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2t1oixelakn AvaAuon: (C16H27FN2O-SI) C, H, N
YTroA. (%) C:47.28 H:6.70 N :6.89
Eup. (%) C:47.34 H:6.82 N :6.96

'H-NMR (300 MHz, DMSO)

511.75 (br s, 1H, NH), 8.01 (d, 1H, Jers = 7.1 Hz, H-6), 5.33 (d, 1H, J;-» = 9.0
Hz, H-1%), 5.18 (d, 1H, J = 2.9 Hz, OH), 4.79 (s, 1H, OH), 4.35 (d, 1H, J= 7.4
Hz, OH), 3.82-3.51 (m, 6H, H-2", H-3", H-4", H-5", H-6a’",b"), 0.86 (s, 9H, t-
Bu), 0.03, 0.02 (2s, 6H, 2Si-CHs).

1-(6"-O-tert-BoutuAodineOUAOGIAUAO-3",4"-O-100TTPpOTTUAIBEVO-LB-D-
yaAakrotrupavouAo)-5-¢pBopooupakiAn (378)

To mapdywyo TnG 5-@BopooupakiAng 37B ouvtibetar amd ToOV
voukAeolitTn 36B  akoAouBwvtag Tnv idla TreipapaTiky dladikacia TTou
TEPIYPAPETAI YIA TN oUVBeon Tou TTPoidvTog 37a. To utrdAciypa kabapileTal
ME XpwuaToypa@ia OTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong 10 ouoTnua ofIkdég albuAeoTtépag / peBavoAn (9.5:0.5), otdTte
TapaAapBdveral To €mBuunTé TPoidv 37f (4.70 g, 84%), umd TN HOP®A
AEUKWV KPUGTAANwWV. Znueio TAgewg 94-96 °C. Rf = 0.50 (dixAwpouedavio /
MEBavOAn 9:1).

[a]p?? = +20° (c = 0.5 XAwpopOpHIO)

Amax 267 nm (& 4452)

ESI-MS (m/z): 447 (M+H")

2toixelakn Avaiuon: (C19H31FN2O-SI) C, H, N
YTroA. (%) C:51.10 H:7.00 N:6.27
Eup. (%) C:50.92 H:7.17 N:6.21

'H-NMR (300 MHz, CDCl5)
5 9.15 (br s, 1H, NH), 7.51 (d, 1H, Jgrs = 5.9 Hz, H-6), 5.57 (d, 1H, J1-»> = 7.9
Hz, H-1°), 4.33-4.26 (m, 2H, H-3", H-4"), 4.07 (dt, 1H, Js5 = 2.1 Hz, J5 ¢a =
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Js 60 = 6.3 Hz, H-57), 3.92-3.80 (M, 2H, H-6a",b"), 3.74 (dd, 1H, J» 5 = 6.1 Hz,
H-2"), 1.56, 1.38 (2s, 6H, 2CH3), 0.90 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-
CHba).

1-(6"-O-tert-BoutuA0dI1neOUAOCIAUAO-3",47-O-100TTPOTTUAIDEVO-LB-D-AUg0-
eEwtrupavoluAo-2°-uAolo)-5-¢pBopooupakiAn (38B)

To Tmapdywyo TG 5-@BopooupakiAng 38B ouvrtiBetal amd TOV
voukAeolitTn 37f  akoAouBwvTtag Tnv idla TreipapaTiky dladikacia TTou
TEPIYPAPETAI YIa TN oUVBeon Tou TTPoidvTog 38a. To utrdAciupa kabapileTal
ME XpwuaToypaia oOTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong TO oUOTHPO O&IKOG alBuAeoTépag / n-e€davio (1:1), OTToTE
TapoaAapBdveral To €mBuunTé TPoidv 38R (3.87 g, 83%), umd TN HOP®A
ASUKWV  KPUOTAAAwvV. Znueio TRgewg 155-157 °C. Rf = 0.50 (o€IKOGg
alBuAeoTEpPag / n-e€Avio 6:4).

[a]p?? = -2° (c = 0.3 XAwpPoPOPHIO)
Amax 264 nm (¢ 13813)

ESI-MS (m/z): 445 (M+H")

2t1oixelakn Avaiuon: (C19H29FN20O-SI) C, H, N
YTroA. (%) C:51.34 H:6.58 N:6.30
Eup. (%) C:51.42 H:6.72 N:6.22

'H-NMR (300 MHz, CDCl5)

5 8.46 (br s, 1H, NH), 7.19 (d, 1H, Jsrs = 5.7 Hz, H-6), 6.15 (s, 1H, H-1°),
4.71-4.68 (m, 2H, H-3", H-4"), 4.31 (t, 1H, J5 62 = Js v = 6.7 Hz, H-5), 3.89
(d, 2H, H-6a",b"), 1.48, 1.42 (2s, 6H, 2CH3), 0.91 (s, 9H, t-Bu), 0.09 (s, 6H,
2Si-CHj).
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1-(6"-O-tert-BoutuA0odIneOUAOCIAUAO-3",47-O-100TTPpOTTUAIDEVO-2 -C-
Kuavo-B-D-taAotrupavolulro)-5-pBopooupakiAn (39B8) ka1 1-(6"-O-tert-
BouTuAodIuEBUAOTIAUAO-3",4"-O-100TTPOTTUAIBEVO-2 -C-KUuavo-fB-D-
yaAaktotrupavouAo) )-5-¢pBopooupakiAn (40B)

Ta Tapdywya TN 5-@BopooupakiAng 39B kai 408 cuvtiBevTtal Ao ToV
KETOTTUPAVOVOUKAeOCiTn 38B akoAouBwvtag Tnv idia Treipapatiky diadikaoia
TTOU TTEPIYPAPETAI YIA T oUVOeon TwV TTPOoiovTwy 39a Kal 40a. To utrdAsiypa
KaBapifeTal pe xpwpaTtoypagia OTAANG UTTO TTiECN, XPNOIUOTTOIWVTOS WG
d1aAUTN ékAouong To cuoTnua dixAwpoueddvio / peBavoAn (9.8: 0.2).

Amé T1a Tpwta KAdopata TG OTAANG  TTapaAauPAveral  TO
Tahotrupavoluio Trapdywyo 398 (1.03 g, 25%), pe Aeuki a@pwdn uen. Rf =
0.20 (dixAwpopuebdvio / yeBavoin 9.5: 0.5).

[a]p?® = +2° (c = 0.6 XYAwpPoPOPHIO)

Amax 261 nm (& 7775)

ESI-MS (m/z): 472 (M+H")

21oixelakr AvaAuon: (C,oH30FN3OSi) C, H, N
YTroA. (%) C:50.94 H:6.41 N: 8.91
Eup. (%) C:50.81 H:6.52 N: 8.85

'H-NMR (300 MHz, CDCls)

58.72 (brs, 1H, NH), 7.55 (d, 1H, Jers = 5.3 Hz, H-6), 6.08 (s, 1H, H-1"), 5.78
(br s, 1H, 2°-OH), 4.56-4.48 (m, 2H, H-3", H-4"), 4.42 (dt, 1H, J4 5 = 1.9 Hz,
Js 62 = Js v = 6.5 Hz, H-57), 3.81-3.79 (m, 2H, H-6a",b"), 1.62, 1.39 (2s, 6H,
2CH3), 0.90 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CH3).

Amé T1a emdueva KAAopara TG OTAANG  TrapaAauBAaveTrar 1O
yaAakTotrupavolulo Trapdaywyo 408 (2.29 g, 56%), e Asukn a@pwdn uern. Rf
= 0.15 (dixAwpopeddvio / peBavoin 9.5: 0.5).

[a]p?? = +7° (c = 0.2 XAwpPOoPOPUIO)

Amax 263 nm (¢ 13813)
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ESI-MS (m/z): 472 (M+H")

21oixelakr Avaiuon: (C,oH30FN3OSi) C, H, N
YTroA. (%) C:50.94 H:6.41 N: 8.91
Eup. (%) C:51.03 H:6.44 N: 8.97

'"H-NMR (300 MHz, CDCly)

5 9.47 (brs, 1H, NH), 7.85 (d, 1H, Js s = 6.1 Hz, H-6), 5.77 (s, 1H, H-1"), 5.00
(br s, 1H, 2°-OH), 4.52 (d, 1H, J3 4 = 6.3 Hz, H-3"), 4.43 (dd, 1H, J4 5 = 2.6
Hz, H-4"), 4.22-4.18 (m, 1H, H-5"), 4.02-3.88 (m, 2H, H-6a",b"), 1.73, 1.41 (2s,
6H, 2CH3), 0.91 (s, 9H, t-Bu), 0.10, 0.09 (2s, 6H, 2Si-CHs).

1-(2°-C-Kuavo-B-D-taAotrupavoluAo)-5-@BopooupakiAn (41B)

To Tmapdywyo TnG 5-@BopooupakiAng 41B ouvtibetar amd ToOV
voukAeolitTn 39B  akoAouBwvTtag Tnv idla TreipapaTiky dladikacia TTou
TEPIYPAPETAI YIA TN OUVBeon Tou TTPOoIdvTog 41a. To utrdAciypa kabapileTal
ME XpwuaToypa@ia OTAANG UuTrG TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong 71O ouvotnua OixAwpoueddvio /  pebavoAn  (9:1), omdTe
TapaAapBdveral To €mOuuntd TpPoidv 41B (0.17 g, 74%), pe Acukr appwdn
uen. Rf =0.29 (dixAwpopebavio / uebavoAn 8.5:1.5).

[a]p?® = —2° (c = 0.4 peBavoAn)

Amax 266 nm (& 3192)

ESI-MS (m/z): 318 (M+H")

2toixelakn Avaiuon: (C11H12FN3O7) C, H, N
YTroA. (%) C:41.65 H:3.81 N:13.25
Eup. (%) C:41.54 H:3.76 N:13.35

'H-NMR (300 MHz, DMSO)
5 11.98 (br s, 1H, NH), 7.80 (d, 1H, Jsrs = 7.2 Hz, H-6), 7.62 (s, 1H, H-1°),
6.36 (d, 1H, J = 5.6 Hz, OH), 6.21 (s, 1H, OH), 5.28 (d, 1H, J = 4.8 Hz, OH),
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4.72 (t, 1H, J = 5.2 Hz, 6°-OH), 4.07-3.92 (m, 4H, H-3", H-4’, H-5", H-6a"),
3.64 (dd, 1H, Js ¢ = 5.7 Hz, Jea' 6o = 12.8 Hz, H-6b").

13C NMR (75.5 MHz, DMSO)

5157.3, 149.6, 140.8, 124.7, 118.6, 82.7, 80.4, 73.9, 72.6, 68.2, 60.6.

IR (KBr, cm™): 2240 (CN).

1-(2°-C-kuavo-B-D-yaAakTotTupavoluAo)-5-¢pBopooupakiAn (42B)

To Tapdywyo TnG 5-¢BopooupakiAng 42B ouvtiBeTalr amd T0
TPOOTATEUPEVO  VOUKAeoliTn 40B akoAouBwvtag Tnv idla  TTEIPAUATIKN
dladikaoia Trou TTEPIYPAPETAl yIa T ouvBeon Tou Trpoidvtog 4la. To
UTTOAEINpa kaBapileTal pe  xpwuaTtoypaia  otAANG  umd  TTieon,
XPNOIMoTToIWVTAG WG OlaAuTn €ékAouong 1o ouoTtnua dixAwpopeddvio /
MeEBavOAn (9:1), otrdre TapalapBdveral To €mBuUunTd TPOIdV 428 (0.41 g,
77%), pe Aeukn appwdn uen. Rf = 0.29 (dixAwpoueddvio / yeBavoin 8.5:1.5).
[a]p?? = +8° (c = 0.2 peBavoAn)

Amax 266 nm (& 6595)

ESI-MS (m/z): 318 (M+H")

2t1oixelakn Avaiuon: (C11H12FN3O7) C, H, N
YTroA. (%) C:41.65 H:3.81 N:13.25
Eup. (%) C:41.62 H:3.90 N:13.39

'H-NMR (300 MHz, DMSO)

511.89 (br s, 1H, NH), 7.81 (d, 1H, Jsrs = 7.0 Hz, H-6), 7.04 (s, 1H, H-1"),
5.74 (s, 1H, OH), 5.60 (s, 1H, OH), 4.85 (s, 1H, OH), 4.66 (s, 1H, OH), 3.91-
3.61 (m, 5H, H-3", H-4", H-5", H-6a",b").

13C NMR (75.5 MHz, DMSO)
5159.3, 150.4, 140.7, 128.8, 117.9, 101.2, 81.1, 76.4, 68.3, 66.8, 61.2.

IR (KBr, cm™): 2235 (CN).
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1-(6"-O-tert-BoutuA0odIneOUAOCIAUAO-27-0€08U-37,4"-O-100TTPOTTUAIBEVO-
2"-C-kuavo-B-D-taAotTupavolulo)-5-@0opooupakiAn (43B)

To mapdywyo Tng 5-¢pBopooupakiAng 43B ouvrtiBetar amd TO
TTpooTaTeUPéVo voukAeolitn 398 11 408 akoAouBwvTtag Tnv idia TrEIPAUATIKA
dladikaoia Trou TTEPIYPA@ETAl yIa T oUvBeon Tou Trpoidvtog 43a. To
utmOAelyga  kaBapietal  PE  XpwlaToypagia  othAng  umd  Trieon,
XPNOIMOTTOIWVTAG WG OlaAUTn €kAouong To oucTtnua OixAwpopedavio /
MEBavOAn (9.8:0.2), omrdte TTapaAapBdaveTal To emOuuNTO TrPoidv 436 (0.21 g,
63% at1d 10 396 11 0.22 g, 66% a1d TO 40B), WG TTAXUPPEUCTO AXPWHO EAAIO.
Rf = 0.36 (dixAwpouebdvio / yeBavoAn 9.8:0.2).

[a]p?? = -2° (c = 0.2 XAwpPOoPOPUIO)

Amax 264 nm (& 4259)

ESI-MS (m/z): 456 (M+H")

2t1oixelakn AvaAuon: (CooH3oFN3O6SI) C, H, N
YTroA. (%) C:52.73 H:6.64 N:9.22
Eup. (%) C :52.60 H:6.72 N:9.33

'H-NMR (300 MHz, CDCl5)

59.01 (br s, 1H, NH), 7.83 (d, 1H, Jsrs = 5.9 Hz, H-6), 5.59 (d, 1H, J;-» = 1.8
Hz, H-1%), 4.59 (t, 1H, J> 3 = Js-4 = 6.5 Hz, H-3"), 4.30 (dd, 1H, J4 5 = 2.4 Hz,
H-4%), 4.10-3.89 (m, 3H, H-5",H-6a’,b"), 3.67 (dd, 1H, H-2"), 1.74, 1.39 (2s,
6H, 2CHa), 0.90 (s, 9H, t-Bu), 0.10 (s, 6H, 2Si-CHa).

1-(2°-Agogu-2’-C-kuavo-B-D-taAotrupavolulo)-5-¢pBopooupakiAn (44B)

To mapdywyo TnGg 5-¢pBopooupakiAng 44B ouvriBetalr amd TO
TPOOTATEUPEVO  VOUKAeoCiTn 43B akoAouBwvTtag Tnv idla  TTEIPAUATIKN
dladikaoia Trou TTEPIYPA@ETAl yIa T oUvBeon Tou Trpoidvtog 4la. To
UTTOAEINpa kaBapileTal pe  xpwuatoypaia  otAANG  umd  TTieon,
XPNOIMOTTOIWVTAG WG OlaAUTn €kAouong To oucTnua OixAwpopedavio /
MeEBavOAn (9:1), otmrdre TapalapBdveral To €mBuUunTd TPOoIdV 448 (0.11 g,
76%), e Aeuky a@pwdn uen. Rf = 0.33 (dixAwpopeBavio / uebavoAn 8.5:1.5).
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[a]p?® = -40° (c = 0.2 peBavoAn)

Amax 264 nm (& 7366)

ESI-MS (m/z): 302 (M+H")

2toixelakn Avaiuon: (C11H12FN3Og) C, H, N
YTroA. (%) C :43.86 H:4.02 N:13.95
Eup. (%) C:43.94 H:4.13 N:13.73

'H-NMR (300 MHz, DMSO)

5 12.15 (br s, 1H, NH), 7.92 (d, 1H, Jsrs = 7.0 Hz, H-6), 5.77 (br s, 1H, OH),
5.66 (d, 1H, Ji-» = 1.7, H-17), 4.96 (d, 1H, J = 3.9, OH), 4.85 (t, 1H, J = 5.5,
6°-OH), 3.99-3.61 (m, 5H, H-3", H-4", H-5", H-6a",b"), 3.49 (dd, 1H, J, 3 = 5.3
Hz, H-2").

3C NMR (75.5 MHz, DMSO)
5 158.4, 149.8, 140.3, 127.9, 118.9, 81.6, 76.7, 75.0, 73.2, 65.1, 37.8.

IR (KBr, cm™): 2220 (CN).

1-(6"-O-tert-BoutuAodIneOUAOCIAUAO-3",47-O-100TTPpOTTUAIDEVO-2 -C-
Kuavo-2'-O-peculo-B-D-taAotTupavolulo)-5-g0opooupakiAn (45B)

To péoulo Trapdywyo TG 5-¢BopooupakiAng 458 cuvtiBetal atrd TNV
Kuavudpivn 39B akoAouBwvtag Tnv idla TreipauaTiky  dladikaoia  TTou
TEPIYPAPETAI VI TN oUVOeoN Tou TTPOIGVTOG 45a. To utrdAciupa kabapileTal
ME XpwpaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
¢khouong T10 ouotTnua OixAwpoueddvio / peBavoAn (9.8:0.2), otodte
TapalapBdveral To €mOuUPNTS TPOoIdv 45B (0.27 g, 67%), ME ASUKA a@pwdn
uoen. Rf = 0.54 (dixAwpopeBavio / ueBavoAn 9.5:0.5).

[a]p?? = +2° (c = 0.2 XAwpPOoPOPUIO)

Amax 263 nm (€ 8012)
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ESI-MS (m/z): 550 (M+H")

2t1oixelakn AvaAuon: (C21H32FN3O¢SSI) C, H, N
YTroA. (%) C :45.89 H:587 N:7.64
Eup. (%) C:45.71 H:596 N:7.54

'"H-NMR (300 MHz, CDCly)

58.16 (br s, 1H, NH), 7.53 (d, 1H, Jers = 6.2 Hz, H-6), 6.62 (s, 1H, H-1"), 5.05
(d, 1H, J3 4 = 6.8 Hz, H-3°), 4.66 (dd, 1H, J4 5 = 1.4 Hz, H-4"), 4.34 (dt, 1H,
Jsea = Jsga = 6.2 Hz, H-5"), 3.84-3.82 (m, 2H, H-6a’,b’), 3.28 (s, 3H,
CH3S0,), 1.69, 1.42 (2s, 6H, 2CHs), 0.91 (s, 9H, t-Bu), 0.09 (s, 6H, 2Si-CHs).

1-(6"-O-tert-BoutuAodIneOUAOCIAUAO-3",47-O-100TTPpOTTUAIDEVO-2 -C-
Kuavo-2'-O-peoulo-B-D-yaAakTotrupavolulo)oupakiAn (468)

To péoulo Trapdywyo TG 5-¢BopooupakiAng 46B cuvtiBetal atrd TNV
Kuavudpivn 40B akoAouBwvtag Tnv idla TreipauaTiky  dladikaoia  TTou
TEPIYPAPETAI VI TN oUVOEON Tou TTPOIGVTOG 45a. To utrdAciupa kabapileTal
ME XpwpaToypa@ia OTAANG UuTTO TTiECN, XPNOIYOTTOIWVTAG WG  OIaAUTN
¢khouong 1O ouotnua OdixAwpopedavio / peBavoAn (9.8: 0.2), omodte
TapaAapBdveral To €mBuunTtd TPoidv 46a (0.46 g, 61%), wg TTaXUPPEUCTO
dxpwpo €Aaio. Rf = 0.48 (dixAwpouebavio / peBavoAn 9.5:0.5).

[a]p?? = +12° (c = 0.3 XAwpopOpHIO)

Amax 262 nm (& 3678)

ESI-MS (m/z): 550 (M+H")

2t1oixelakr AvaAuon: (C21H32FN3O¢SSI) C, H, N

YTroA. (%) C:4589 H:587 N:7.64
Eup. (%) C:4582 H:594 N:7.73
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'H-NMR (300 MHz, CDCl5)

58.59 (brs, 1H, NH), 7.75 (d, 1H, Js s = 5.9 Hz, H-6), 5.93 (s, 1H, H-1"), 4.81
(d, 1H, J3 4 = 6.1 Hz, H-3"), 4.50 (dd, 1H, J4 5 = 2.3 Hz, H-4"), 4.23-4.18 (m,
1H, H-57), 4.02-3.89 (m, 2H, H-6a’,b"), 3.26 (s, 3H, CH3S0,), 1.77, 1.43 (2s,
6H, 2CHa), 0.90 (s, 9H, t-Bu), 0.09 (s, 6H, 2Si-CHa).

1-(6"-O-tert-BoutuAodipeOUAOTIAUAO-3",4"-O-100TTPpOTTUAIBEVO-LB-D-
TaAoTTupavolulo)-5-@0opo-oupakiAn]-2 -oTreipaviko-5"-(4"-auivo-
17,2"-0&a0e10A0-2"",2""-810&€1810) (47PB)

To omeipaviké TTapdywyo NG 5-¢BopooupakiAng 478 cuvriBetal amod
10 JECUAO TTapdywyo 458 akoAouBwvTag Tnv idia TeipapaTikr diadikaoia Tou
TEPIYPAPETAI VIO TN OUVOBEON TOu TTPOIGVTOG 47a. To utrdAciypa kabapileTal
ME XpwuaToypagia oOTAANG UuTrd TriEon, XPNOIMOTTOIWVTAG WG  OIaAUTN
ékhouong 1O ouoTnua OixAwpoueddvio / pebavoln (9.5: 0.5), omdrte
TapaAapBdveral o emBOuuntd TTPoidv 47 (0.20 g, 74%), pe Acukr) agpwdn
uen. Rf = 0.38 (dixAwpopebadvio / uebavoAn 9.5:0.5).
[a]p?® = —22° (c = 0.5 XAwpPopOpHIO)

Amax 265 nm (& 7399)

ESI-MS (m/z): 550 (M+H")

2t1oixelakr AvaAuon: (C21H32FN3O¢SSIi) C, H, N
YTroA. (%) C:45.89 H:5.87 N:7.64
Eup. (%) C:45.99 H:5.81 N:7.70

'"H-NMR (300 MHz, CDCly)

5 10.61 (br s, 1H, NH), 7.68 (d, 1H, Jsrs = 6.0 Hz, H-6), 6.47 (s, 1H, H-1°),
5.86 (br s, 2H, NH,-4""), 5.45 (s, 1H, H-3"), 4.65 (d, 1H, Js 4 = 7.5 Hz, H-3"),
4.48 (d, 1H, H-4"), 4.36 (t, 1H, Js5 62 = J5 62 = 4.6 Hz, H-57), 3.86 (d, 2H, H-
6a’,b"), 1.58, 1.38 (2s, 6H, 2CH3), 0.93 (s, 9H, t-Bu), 0.12, 0.10 (2s, 6H, 2Si-
CHs).
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13C NMR (75.5 MHz, CDCls)
5 159.1, 152.8, 150.3, 140.9, 127.9, 112.7, 92.8, 83.2, 79.2, 75.8, 73.2, 71.4,
62.9, 26.1, 25.8, 25.3, 18.7, -5.6, -5.7.

IR (KBr, cm™): 3410, 3360 (NH,), 1620 (C=C-N).

[1-(B-D-TaAotrupavoluAo)-5-@BopooupakiAn]-2 -oTreipaviko-5-"-(4" -
apivo-1"",2""-o¢aBg1o0Ao-2"",2""-810§€1810) (49B)

To omeipaviké Tapdywyo NG 5-¢BopooupakiAng 498 cuvriBetanl amod
TOV TTPOCTATEUMEVO VOUKAeOCiTn 47 akoAouBwvtag Tnv idla TTEIPAUATIKN
dladikaoia Trou TTEPIYPAPETAl yIa T ouvBeon Tou Trpoidvtog 49a. To
UTTOAEINpa kaBapileTal pe  xpwuaTtoypaia  otAANG  umd  TTieon,
XPNOIMoTToIWVTAG WG OlaAuTn €ékAouong 1o ouoTtnua dixAwpopeddvio /
MEBavOAn (8: 2), omdrte mapaAauBdveral To €mOuunToé TTPOoidv 496 (0.08 g,
58%), ue Aeukn appwdn uenA. Rf = 0.24 (dixAwpopeddvio / yeBavoin 8:2).
[a]p?? = -12° (c = 0.1 BiueBUAOCOUAPOEEIBIO)

Amax 263 nm (€ 2532)

ESI-MS (m/z): 378 (M+H")

2t1oixelakn AvaAuon: (C12H14FN3OgS) C, H, N
YTroA. (%) C:36.46 H:3.57 N:4.81
Eup. (%) C:36.52 H:3.68 N:4.72

'H-NMR (300 MHz, DMSO)

0 11.61 (br s, 1H, NH), 7.69 (d, 1H, Jers = 7.3 Hz, H-6), 6.69 (s, 1H, H-1"),
6.32 (br s, 2H, NH,-4""), 6.19 kai 6.15 (2 brs, 2H, 20H), 5.47 (s, 1H, H-37),
4.66 (brs, 1H, OH), 4.16-3.59 (m, 5H, H-3", H-4", H-5", 6-a",b")

13C NMR (75.5 MHz, DMSO)
5162.3, 158.7, 150.4, 140.8, 126.5, 90.8, 86.2, 79.1, 75.2, 70.4, 66.5, 62.5.

IR (KBr, cm™): 3450, 3320 (NH,), 1655 (C=C-N).
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IV. ZYMMNEPAZMATA

TNV TTapouca diatpIf TTPAYUATOTTOINONKE ETTITUXWG N CUVOEDON VEWV
O€IPWV TTUPAVOVOUKAEOQITWY, ol oTroiol dIabéTouv w¢ dlokAAdwaon oTov
eCapeArp  udaravOpakikd OaKTUAIO TV Kuavo 1 TNV  diBuvuloudda.
2UYKEKPIYEVA, €MITEUXONKE n TTapackeury kal n BioAoyik artrotiunon 39
TEANIKWV EVWOEWYV, Ol OTroieg TTEPIAAUPAVOUV KUpiwg Kuavo Kal alBuvulo-
avdloya kaBwg kal kdrmoila Tapdywya Toug. OAa T uOpIa-OTOXOI
TAUTOTTOINONKAV QACHATOOKOTTIKA ME @AOHPATA  UTTEPIWOOUG, TTUPNVIKOU
MayvnTikoUu ouvToviopoU dvBpaka Kal udpoyodvou, @pacuaTookoTria palag,
KOBWG KAl OTOIXEIOKEG AVAAUOEIG.

H mpoteivouevn ouvBeTIkr peBodoAoyia €ixe wg KeVTpIKOUg AEoveg eite
avTIOPAOEIG TTOU APOPOUCAV TNV APXIKA TPOTTOTTOINCN TWV CAKXApWV Kal TV
METETTEITA OUCEUEN TOUG ME TIC QVTIOTOIXEG VOUKAcoRdoelg, €ite avTidOpdoElg
TpoTroTroinOoNG  Twv  udATAVOPAKIKWY  OOKTUAIwWV  AON  CuvteBEINEVWV
VOUKAeo{ITwv. Me BAon tTnv TTpwTn OUVOETIKA KatewlBuvon oxedidoTnkav Kai
ouvtédnkav ol 3°-C-alBuvulo kal  3’-C-Kuavo-TTupavovOUKAEOCITEG, EVW
EMAEYyovTaG TN OeUTEPN OUVOETIKA TTPOCEyyIon TrapackeudoTnkav ol 4°-C-
Kuavo Kal 2 ~C-TTupavovouKkAeodiTeg. MNpETTel va TOVIOTE OTI OTIG TTEPICOOTEPEG
TTEPITITWOEIG Ol AVTIOPACEIG TTUPNVOPIANG TTPOCONKNG TNG KUAVO Kal TNng
alBuvulouddag ota KAatdAAnAa uTrooTpwuaTa OAAd Kal ol avTIOPACEIS
QVAOYWYAG YIO TNV TTOPAOCKEUN TWV avTioToIXwVv  O£0&U-VOUKAEOQITWV
AauBdvouv Xwpa Pe eEaIPETIKO OTEPEOXNMIKO EAEYX0, 0ONYWVTAG OTn oUVBEon
€VOG Hb6vo atrd Ta dUo TIBAVA ICOPEPH).

AVOAUTIKOTEPO PECW MIOG OTTANG KAl OUVTONNG OUVOETIKNAG TropEiag e
ageTnpia €va eUKOAa TTPOCRACIUO APXIKO UTTOOTPWHA, TTAPACKEUACTNKAV Ol
3"-C-a1BuVvUAO-TTUPAVOVOUKAEOCITEG, VW) EKUETAAAEUSEVOI OTN CUVEXEID ThV
TTapouadia Tou TPITTAOU OECUOU CUVTEBNKAV VEOI TTUPAVOVOUKAEOCITEG UE dUO
ETEPOKUKAIKEG  Pdoeig. Aedopévou  Twv  ATTOBAPPUVTIKWY  BIOAOYIKWV
QTTOTEAEOUATWY  TWV  AIBUVUAO-TTUPAVOVOUKAEOITWY Oev  OXEDIAOTNKE N
peTagopd TNG alBuvulouddag oe dAAn B€on Tou cakyxdpou. AtiCel etTiong va
avapepOei 611 atrd TOUG VOUKAEOLiTEG Pe OITTAR KEPAAN KATTOIO avdAoya Tng
adevivng trapouaciacav pia PETPIA AAAG EKAEKTIKH avaoTaATIKA dpdon EvavrTi

TWV avBpWTIVWV TPaxnAIKWV KAPKIVIKWY KUTTdpwv (HelLa), yeyovég Trou
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mOavwg va OIKaloAoyei TNV HPEAAOVTIKI TTAPAOCKEUR MOPIWV HE TTAPOUOIa
XNUIKA dopr) TTou Ba diaBéTouv evdexopévwg KAAUTEPN BioAoyikA dpdaon.

E@apudloviag pia avdaloyn oTToTeEAEOUATIKA OUVOETIKN Tropeia pe
auThv TWV aIBUVUAO-aVaAOY WV ouvTEONKAV ol 3-C-kuavo-
TTUPAVOVOUKAEOCITEG, €V ME aQETNPia HIa aTTAfl avTidpaon avaywyAg Tou
QPXIKOU KUQVO-UTTOOTPWHOTOG TTAPOCKEUAOTNKAV €TTioNg Ta avTtioToixa 3 -
0e0gu-3 -C-kKUuavo-VOUKAEOQITIKA  avdAoya.  BIOAoyIkKEG — HEAETEG TTOU
TTPAYHMATOTTOINONKAV OTOUG OUYKEKPIMEVOUG TTUPAVOVOUKAEOCITEG, ATTEDEIEaV
0T 0 3-C-kuavo VoukAeodiTng TnG 5-¢pBopooupakiAng (5-FU) TTapouciddel
ONMAVTIKA KUTTAPOOTATIKA OpAcn CUyKpioiun Je auTh TG 5-FU.

Mpokeiyévou va e€axbouv XPACINA CUMPTTEPACHATA yia Tn OXEON
XNMIKAG OoUnG-BIOAOYIKAG OPACTIKOTNTAG TWV KUAVO-TTUPAVOVOUKAEOITWV
KPIONKe OKOTIUN apXIKA n ouvBeon Twv 4°-C-kuavo- TTUPAVOVOUKAEOZITWY,
KaBwg Kal Twv avtioTolxwv deofu-avaAoywv Toug. H ouvBeTiki diadikaoia
TepINGPPBave amAég  avTidpdoEl TTPOOTACIOG KAl  OTTOTTPOCTACiag  oTd
KaTtdAANAa evOIdueca TTPoidvTa, 0dnNywvTag oTnv TapaAafn Twv TeEAIKwv 4 -
OIAKAQDIOUEVWY VOUKAEOLITWV HE €Va ATTOTEAEOUATIKO AAAG Kal OTEPEOXNMIKA
TPORAETTONEVO TPOTTO.

AkoAouBwvTtag pia TTapATTANCIa CUVOETIKI TTOPEIa TTAPACKEUAOTNKAV
ol 2’-C-kuavo kal 2°-0e0gu-2 -C-KUavo-TTupavovoUKAEOdiTeG, evw 1DIQITEPO
XOPAKTNPIOTIKO TNG CUYKEKPIUEVNG TTOPEIaG atroTeAE N TTapaAafry Kal Twv dUo
mOavwy 2°-C-KUavo ICOMEPWY META TNV OTEPEOEKAEKTIKY TTUPNVOPIAN
TPOCOAKN TNG Kuavo-opadag oTov  TTPOOPOPo  KeTO-vOoukAeAoditn. H
Telpauatiky diadikaoia ETEKTABNKE TTPOKEINEVOU VO TTAPACKEUACTOUV TA
avTioToIXa 2 -OTTEIPAVIKA TTapdywya TOUG, KABWG Ol EVWOEIG QUTEG Polddouv
otn XNUIKR dou pE Toug TSAO VOUKAEOCQITEG TTOU TTAPOUCIAlOUV  €VTOVO
BioAoyikd evdiagEpov.

Avolutikétepa doov agopd Tn PioAoyikA dpdon Twv VEWV Kuavo-
TTUPAVOVOUKAEOQITIKWYV aVvAAOYwV, Ol VEEC €VWOEIG av Kal Oev OlaBETouv
eVOIOPEPOUCEG  AVTIKEG IDIOTNTEG, OPICHEVEG aTTd  AUTEG  TTapouaialouv
augnuévn avaoTaATikh dpdon €vavtl Tou TTOAAQTTAACIOONOU TWV KAPKIVIKWV
KUTTApwv Acuxaiyiag (L1210), twv avBpwtivwv T-Aep@okuttdpwy (CEM),
KaBwg €TTioNg Kal Twv avepwTTIVWV TPAXNAIKWY KAPKIVIKWY KUTTdpwyv (HelLa).

2 UYKEKPIYEVA, TTEIPAUATIKEG MEAETEG KATEDEICAV OTI TA TTUPAVOVOUKAEOCITIKA
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avaloya NG 5-FU mBavoTarta dpouv wg TTpo@Apuaka tng eAeUBepng PAaong
(5-FU), Tmapoucidlovrag KUTTOPOOTATIKOTATA OCUYKPIoIUN Kal o€ KATTOIEG
TTEPITITWOEIG OUOIA PE AUTH).

Oa TTPETTEl va onuelwBel OTI €TTi TOU TTAPOVTOG €ival ACAPEG TTWG TA
KUQVO-TTUPAVOVOUKAEOCITIKA avdAoya eAeuBepwvouv Thv 5-FU Kai Trola gival n
QAPHOAKOKIVNTIKA TWV OUYKEKPIUEVWY EVWOEWV OE KUTTAPIKEG KOANIEPYEIES N
o€ €va €upio opyaviopd. MapoAo Tou ptropei va uttooTnpiXOei 6TI N xopriynon
NG €AelBepng Baong NG 5-FU egival €vag apkeTd ATTOTEAECUATIKOG TPOTTOG
QVTIMETWTTIONG TWV KAPKIVIKWVY KUTTApwV, OV UTTOPEI va atrokAEIoTEl OTI Ta
OUYKEKpPIMEVA  Kuavo-avdAoya — ptmopei va  OlaBETouv  evdeXOUEVA
TTAEOVEKTANATA OTN BepaTTeuTIK dpdon 1} OTNV ATTOTEAECHATIKOTNTA HECW
OIAPOPOTTOINUEVWY  PAPUAKOKIVNTIKWY XOPAKTNPIOTIKWY OE OXEON ME TNV
dpdon NG eAeUBepng 5-FU. Zuvemwg doov agopd TIG TTPOOTITIKEG TWV KUAVO-
avaAdywv o€ IOAVES QAPUAKOAOYIKEG EQAPUOYEG, Eva UEAAOVTIKO QVTIKEIMEVO
evaoyxoAnong Ba ptropouce va €ival JIAPOPEG UEAETEG TWV OUYKEKPINEVWV

EVWOEWV o€ (WiKA JovTéAa “in vivo™.
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ABSTRACT

Nucleoside analogues have attracted much scientific attention in recent
years as a result of their promising therapeutical applications. The present
doctoral dissertation is mainly focused on the synthesis of novel branched-
chain C-cyano or C-ethynyl nucleosides bearing six-membered carbohydrate
moieties.

Taking into consideration the recent findings on several branched C-
cyano and C-ethynyl furanonucleosides as antiviral agents and based on the
fact that a number of these analogues have been reported to exhibit potent
and broad spectrum anti-cancer activities, it was of interest to prepare new
series of pyranonucleosides having a cyano and ethynyl group at the
branching point of the carbohydrate ring.

The synthesis of a new class of nucleoside analogues possessing an
ethynyl in the 3"-position of the sugar moiety is first reported. The presence of
the triple bond of C-ethynyl-pyranonucleosides, provided an excellent
opportunity to further synthesize new double-headed nucleosides. In addition,
3’-C-cyano-pyranonucleosides were prepared following a similar sequence of
reactions used for the synthesis of C-ethynyl derivatives. The synthesis of
their corresponding 3"-C-cyano-3'-deoxy nucleosides is also presented. In an
effort to explore the structure-activity relationships of branched-chain C-cyano
pyranonucleosides, the synthesis of 4’-C-cyano and 4°’-C-cyano-4’-deoxy
analogues was also performed. Last, a simple and efficient protocol for the
synthesis of 2°-C-cyano and 2’-C-cyano-2°’-deoxy was also developed. The
novel 2°-substituted derivatives were further converted to pyranosyl analogues
bearing a spiro ring at position-2' of the sugar moiety.

The target nucleosides were evaluated for their antiviral and cytostatic
properties using several virus strains and cancer cell lines. It is interesting to
note that some of the C-cyano nucleoside derivatives, showed a similar

cytostatic activity spectrum to the free base, 5-fluorouracil.
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Abstract: A novel series of 3’-C-ethynyl and 3’-C-(1,4-disubstituted-1,2,3-triazolo) double-headed pyranonucleosides
has been designed and synthesized. Reaction of 3-keto glucoside 1 with ethynyl magnesium bromide gave the desired
precursor 3-C-ethynyl-1,2:5,6-di-O-isopropylidene-a-D-allofuranose (2). Hydrolysis followed by acetylation led to the
1,2,4,6-tetra-O-acetyl-3-C-ethynyl-S-D-allopyranose (3). Compound 3 was condensed with silylated 5-fluorouracil, uracil,
thymine, N*-benzoylcytosine and N°-benzoyladenine, respectively and deacetylated to afford the target 1-(3’-C-ethynyl-4-
p-allopyranosyl)nucleosides 5a-c,f,g. Copper-Catalyzed Azide-Alkyne Cycloaddition (CUAAC) reaction was utilized to
couple the 3’-C-ethynyl pyranonucleoside derivatives with azidoethyl adenine, 5-fluorouracil and thymine, respectively to
afford novel triazole double-headed nucleoside analogues 8a-h. 3’-C-Ethynyl pyranonucleosides and the new double-
headed analogues were evaluated for their antiviral and cytostatic activities. Although none of the compounds showed
pronounced cytostatic activity and were devoid of a significant antiviral potential, the double-headed nucleoside deriva-
tives 8a, 8c and 8e showed a moderate cytostatic activity against human cervix carcinoma HelLa cells which may be the

basis for the synthesis of analogous derivatives with improved cytostatic potential.

Keywords: Branched-chain nucleosides, C-ethynyl pyranonucleosides, click chemistry, double-headed nucleosides.

INTRODUCTION

Modified nucleosides have emerged as important thera-
peutic agents for the development of antiviral and anti-tumor
drugs [1-4]. During the last decades, many modifications of
the base and/or sugar moiety of natural nucleosides have
been attempted, in order to discover novel derivatives en-
dowed with potential biological properties.

Recently, considerable attention has been paid to furano-
nucleosides containing an ethynyl group in their carbohy-
drate backbone as a result of their significant biological ac-
tivity. Branched C-ethynyl nucleoside analogues showed
antiviral properties against herpes simplex virus type-1
(HSV-1) and human immunodeficiency virus type-1 (HIV-1)
[5-8], while 3’-C-ethynyl-branched nucleoside analogues
have been reported to exhibit potent and broad spectrum
anti-cancer activities [9-11]. Among them, the 1-(3'-C-
ethynyl-g-D-ribo-pentofuranosyl)cytosine, a  promising
RNA-directed nucleoside anti-metabolite, is currently under-
going clinical trials [12,13].

*Address correspondence to this author at the University of Thessaly, De-
partment of Biochemistry & Biotechnology, Laboratory of Bio-organic
Chemistry, 26 Ploutonos Str., 41221 Larissa, Greece; Tel: +30 2410
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Last decade, nucleosides bearing pyranosyl ring have
been evaluated for their potential anticancer [14-16], anti-
oxidant [17,18] and antibiotic [19] properties and as building
blocks in nucleic acid synthesis [20]. In seeking to investi-
gate novel biologically active agents, we recently reported
that new classes of uncommon 3’-fluorinated and 3'-C-
cyano pyranonucleosides proved to be efficient as tumor cell
growth inhibitors and showed to have a promising potential
in combating rotaviral infections [21-25]. Experimental evi-
dence also disclosed that human poly(A)-specific ribonucle-
ase [26] and glycogen phosphorylase [27] are among the
molecular targets of these compounds.

With the above applications in mind and as an extension
of our studies, we decided to synthesize novel pyranonucleo-
sides in which the fluorine atom or the cyano group will be
emplaced by the biologically promising ethynyl group.
Therefore, we report herein on the preparation and biological
evaluation of 3’-C-ethynyl-f-D-allopyranonucleoside ana-
logues, containing 5-fluorouracil, uracil, thymine, cytosine
and adenine as base moieties. The presence of the triple bond
of C-ethynyl-pyranonucleosides, provided an excellent op-
portunity to further synthesize a novel class of double-
headed pyranonucleosides, via CUAAC reaction [28-31] with
various purine or pyrimidine azides. Thus, in the present
study, we also describe the utilization of 3'-C-ethynyl-$-D-

© 2012 Bentham Science Publishers
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Me;SiOSO,CF3; (iv) Methanolic ammonia. (v) Methoxalyl chloride, triethylamine, 4-Dimethylaminopyridine, CH,Cly; (vi) tributyltin hy-

dride, 2,2 -azobis(isobutyronitrile), toluene, 100 °C.

allopyranonucleosides as synthons for newly uncommon
double-headed nucleosides and supply data on their biologi-
cal activity.

CHEMISTRY

3’-C-Ethynyl-p-D-allopyranonucleosides 5a-c,f,g were
prepared according to the synthetic route outlined in Scheme
1. Reaction of known furanose 1 [32] with HC=CMgBr in
tetrahydrofuran (THF) afforded 3-C-ethynyl-1,2:5,6-di-O-
isopropylidene-a-D-allofuranose (2), with high stereoselec-
tivity [33]. The assignment of its configuration was further
supported by NOE measurements, as depicted in Fig. (1).
The mutual NOE enhancements observed between ethynyl
proton with both H-2 and H-5 show that all these protons are
in the B face of the furanose ring. Similarly, the positive
NOE observed between the free OH group with H-4 shows
also that these protons are on the same side of the ring sys-
tem. Hydrolysis of 2 using Amberlite IR 120 (H) resin fol-
lowed by direct standard acetylation gave the 1,2,4,6-tetra-
0O-acetyl-3-C-ethynyl-g-D-allopyranose (3). *H NMR spectra
of analogue 3 —in accordance with mass spectroscopy data—
revealed the presence of only four acetoxy groups, suggest-
ing that its tertiary hydroxyl was not acetylated [34]. Com-
pound 3 was readily converted into the protected 1-(2°,4",6"-
tri-O-acetyl-3’-C-ethynyl-S-D-allopyranosyl) nucleosides 4a-
e, upon reaction with silyl-protected 5-fluorouracil, uracil,
thymine, N*-benzoylcytosine and N°-benzoyladenine, respec-
tively, in the presence of trimethylsilyl trifluoromethane-
sulfonate (MesSiOSO,CF;) as catalyst [35]. As expected, *H
NMR spectra of 4a-e showed a large coupling between pro-
tons H-1" and H-2" (J1-»- = 9.2-9.3 Hz), indicating an axial
orientation of both protons and an equatorially oriented base
ring. Removal of all protecting groups of 4a-e, with satu-
rated methanolic ammonia [36], furnished the target products
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5a-c,f,g, in good vyields (72-78%). The IR spectra of the
newly synthesized nucleosides 5 exhibited characteristic
absorption bands at 2115-2130 cm™ due to the presence of
the ethynyl group.

H 0
9% @OH o\k

2
Fig. (1). NOE enhancements measured on compound 2.

To further explore structure-activity relationships, the
synthesis of a new class of 3’-deoxy-3"-C-ethynyl pyranonu-
cleosides 111 was undertaken (Scheme 1). Although alcohol
2 was easily converted to methyloxalate ester I, all attempts
to deoxygenate the latter were unsuccessful. It seems that the
presence of the ethynyl group destabilizes the planar radical
intermediate formed and deoxygenation reaction leads to
intractable materials.

Compounds 4a-e and 5a were used as key intermediates
to prepare 1,2,3-triazole double-headed nucleoside analogues
8a-h (Scheme 2). CUAAC reaction between azidoethyl ade-
nine 6a and C-ethynyl pyranonucleosides 4b-e, performed
with catalytic amounts of CuSO45H,0 and sodium ascor-
bate in refluxing THF/H,O (1:1), afforded the protected tria-
zole double-headed nucleoside analogues 7a-d. Removal of
all O-acetyl protecting groups of 7a-d with saturated metha-
nolic ammonia gave 8a-d, respectively. By the same manner,
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Scheme 2. (i) THF, H,0, CuSO,4-5H,0, sodium ascorbate; ii) Methanolic ammonia; iii) CH3CN, H,O, copper wire.

CuAAC reaction of azidoethyl fluorouracil 6b with protected quent deacetylation of the nucleosides formed 7f,g,h, yielded
C-ethynyl derivatives 4a,b and of azidoethyl thymine 6c the target compound 8f,g,h, in very good yields (83-86%). In
with uracil derivative 4b, respectively followed by subse- the case of triazole derivative 8e, a modified click cycloaddi-
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Table 1. Cytostatic Activity of 5a-c,f,g and 8a-h Against a Panel
of Tumor Cell Lines

Compound IC” (WMD)

L1210 CEM HelLa
5a > 200 > 200 > 200
5b > 200 > 200 > 200
5¢c > 200 > 200 > 200
5f > 200 > 200 > 200
5g > 250 > 250 244+9
8a > 200 > 200 89+1
8b 188 £22 > 250 >250
8c > 200 > 200 115+7
8d > 250 > 250 > 250
8e 129 +£94 > 250 94 +43
8f > 250 > 250 182 £ 95
89 > 250 > 250 >250
8h > 200 > 200 > 200

%50% inhibitory concentration, or compound concentration required to inhibit cell
proliferation by 50%.

tion method was employed. Thus, reaction of the azide 6a
and unprotected analogue 5a catalyzed by copper wire, in
refluxing CH3CN/H,0 (9:1), gave the double-headed nucleo-
side 8e. All triazole cycloadducts were well characterized by
NMR, UV spectroscopies, mass spectrometry and elemental
analysis. "H NMR data, revealed the resonance of H-C(5) of
the triazole ring in the aromatic region, while **C NMR spec-
tra showed the C-atom signals corresponding to the triazole
derivatives. Due to the broadening of the peaks some of the
'"H NMR spectra were recorded at higher temperatures (45-
55 °C). The proton assignment was supported in most cases
by H,H-COSY experiments, whereas those of carbon by
DEPT experiments. The characterization of the obtained
cycloadducts as 1,4-regioisomers was made in comparison
with their chemical shifts with other analogous 4-substituted
triazoles [28]. The most informative peak is that of the CH-
triazole carbon which appears at a very narrow range (0
124.5-125.0). It should also be mentioned that in all cases,
transformation into the triazole cycloadducts was quantita-
tive and no byproducts were observed, while copper-
catalyzed click reactions directed the formation of only one
regioisomer (1,4-regioisomer is formed out of the two possi-
bilities) [29, 37].

BIOLOGICAL EVALUATION

The compounds have been evaluated against a broad
panel of DNA and RNA viruses, but found to be inactive at
the highest tested concentration (100-200 uM). Also, none of
the compounds showed pronounced cytostatic or cytotoxic
activity in the monolayer cell cultures used for the antiviral
assays, as well as in the murine leukemia L1210 and human
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lymphocyte CEM tumor cell cultures (Table 1). Compounds
8a, 8¢ and 8e showed a moderate cytostatic activity against
human cervix carcinoma HelLa cells (ICso: 89-115 uM)
which may be the basis for preparing closely related deriva-
tives with improved cytostatic potential.

EXPERIMENTAL SECTION
Chemistry
General Procedures

Melting points were recorded in a Mel-Temp apparatus
and are uncorrected. Thin-layer chromatography (TLC) was
performed on Merck precoated 60F,s4 plates. Reactions were
monitored by TLC on silica gel, with detection by UV light
(254 nm) or by charring with sulfuric acid. Flash chromatog-
raphy was performed using silica gel (240-400 mesh,
Merck). Microanalyses were performed on a Perkin-Elmer
2400-11 Analyzer. Analyses were within + 0.4% of the calcu-
lated values. *H NMR spectra were recorded at 300 MHz on
a Bruker AVANCE"" 300 spectrometer and **C NMR spectra
at 75.5 MHz on the same spectrometer, using chloroform-d
(CDCl3), methanol-d, (CD3;OD), and dimethyl sulfoxide-dg
(DMSO-dg). Chemical shifts are reported in parts per million
(6) downfield from tetramethylsilane (TMS) as internal stan-
dard. UV-Vis spectra were recorded on a PG T70 UV-VIS
spectrometer and mass spectra were obtained with a Micro-
mass Platform LC (ESIMS). Optical rotations were meas-
ured using Autopol | polarimeter. Infrared spectra were ob-
tained with a Thermo Scientific Nicolet IR100 FT-IR spec-
trometer.

With the exception of CUAAC all reactions were carried
out in dry solvents. Acetonitrile and toluene were distilled
from calcium hydride and stored over 3E molecular sieves.
N,N-Dimethylformamide (DMF) was stored over 3E mo-
lecular sieves. THF was freshly distilled under nitrogen from
sodium/benzophenone before use. All reactions sensitive to
oxygen or moisture were carried out under nitrogen atmos-
phere.

3-C-Ethynyl-1,2:5,6-di-O-isopropylidene-a-D-allofuranose
)

A THF solution of HC=CMgBr (186 mL, 0.5 M in THF,
93 mmol) was added to a solution of 1 (4 g, 15.50 mmol) in
THF (155 mL) at room temperature. The mixture was stirred
for 60 min, and aqueous NH,CI (1M, 100 mL) was added.
The mixture was diluted with ethyl acetate (EtOAc) (800
mL), washed with brine (400 mL), dried with sodium sul-
phate, and evaporated. The residue was purified by flash
chromatography (EtOAc/hexane, 3:7) to give compound 2
(3.74 g, 85%) as a white solid: mp 104-105 °C; Rf= 0.51
(EtOAc/hexane 4:6); [a]p”® +3 (c 0.5, CHCly); 'H NMR
(CDCl3, 300 MHz): ¢ 5.83 (d, 1H, J;, = 3.5 Hz, H-1), 4.63
(d, 1H, H'Z), 4,44 (ddd, ‘]4,5 = 8.2 Hz, \]5,5,3: 4.6 Hz, ‘]5,6b: 6.2
Hz, 1H, H-5), 4.15 (dd, 1H, Jea e = 8.8 Hz, H-6a), 4.04 (dd,
1H, H-6b), 3.87 (d, 1H, H-4), 3.12 (br s, 1H, OH), 2.68 (s,
1H, HC=C), 1.61 (s, 3H, CHj3), 1.47 (s, 3H, CHg), 1.38 (s,
6H, 2 CHs). ESIMS: m/z 285.3 [M+H"].

1,2,4,6-Tetra-O-acetyl-3-C-ethynyl-g-D-allopyranose (3)

To a solution of 2 (3.74 g, 13.16 mmol) in methanol
(MeOH) (20.5 mL) and H,0 (116.9 mL) was added Amber-



324 Medicinal Chemistry, 2012, Vol. 8, No. 3

lite IR 120 (H") resin and the mixture was refluxed over-
night. The reaction mixture was filtered and evaporated to
dryness. The residue was then dissolved in a mixture of
pyridine (46.1 mL) and acetic anhydride (Ac,;0) (23.7 mL).
The reaction was carried out at room temperature for 1 hour,
then was quenched with MeOH at 0 °C and was concentrated
in vacuum. The residue was diluted with EtOAc and washed
with saturated sodium bisulfate, sodium bicarbonate and
water. The organic extract was dried over anhydrous sodium
sulfate, filtered and evaporated to dryness to give compound
3 (4.07 g, 83%) as a white foam: Rf= 0.41 (EtOAc/hexane
1:1); [a]o”® -6 (¢ 0.5, CHCI3); *H NMR (CDCl3, 300 MHz): 6
5.99 (d, 1H, J;, = 8.3 Hz, H-1), 5.29 (d, 1H, J45 = 9.9 Hz, H-
4), 5.23 (d, 1H, H-2), 4.30 (dd, 1H, Jsae = 12.3 Hz, Js56, =
4.2 Hz, H-6a), 4.25 (ddd, 1H, Js e, = 2.0 Hz, H-5), 4.09 (dd,
1H, H-6b), 2.76 (br s, 1H, OH), 2.47 (s, 1H, HC=C), 2.17,
2.16, 2.11, 2.10 (4s, 12H, 40Ac). ESIMS: m/z 373.3
[M+H™.

General Procedure for Preparation of 3™-C-ethynyl-g-D-
allopyranonucleosides 4a-e

A mixture of the proper base (2.25 mmol), hexamethyld-
isilazane (HMDS) (2.79 mmol) and saccharine (0.104 mmol)
in anhydrous CH3CN (8.8 mL) was refluxed for 30 min un-
der  nitrogen. 1,2,4,6-Tetra-O-acetyl-3-C-ethynyl--D-
allopyranose (3) (1.61 mmol) and Me;sSiOSO,CF; (2.25
mmol) were then added and the reaction mixture was re-
fluxed for 2 hours, cooled, neutralized with aqueous sodium
bicarbonate, and extracted with CH,Cl, (400 mL). The or-
ganic extract was dried over anhydrous sodium sulfate, fil-
tered and evaporated to dryness. The residue was purified by
flash chromatography (3:7 EtOAc/hexane) to give com-
pounds 4a-d as white solids and compound 4e as a white
foam.

Data for  1-(27,47,6"-tri-O-acetyl-3"-C-ethynyl-g-D-
allopyranosyl)5-fluorouracil (4a)

Yield 85%; mp 108-110 °C; Rf= 0.59 (EtOAc/hexane
1:1); [o]o** -6 (c 0.4, CHCL3): Amax 264 nm (e 6575); *H NMR
(CDCls, 300 MHz): 6 8.37 (br s, 1H, NH), 7.43 (d, 1H, Jsrs
=58 Hz, H-6), 6.03 (dd, 1H, \]1',2' =9.2 Hz, \]1"|:5 =1.2 Hz,
H-17), 5.19 (d, 1H, J4 5 = 9.6 Hz, H-4"), 5.08 (d, 1H, H-2"),
4.28-4.17 (m, 2H, H-6a’, H-6b"), 4.07-4.04 (m, 1H, H-5),
2.54 (s, 1H, HC=C), 2.14, 2.10, 2.09 (3s, 9H, 30Ac). ESIMS
m/z 443.4 [M+H"].

Data for 1-(27,47,6"-tri-O-acetyl-3"-C-ethynyl-g-D-
allopyranosyl)uracil (4b)

Yield 82%; mp 97-99 °C; Rf= 0.34 (EtOAc/hexane 1:1);
[a]lo®® +2 (c 0.5, CHCls); Amax 257 nm (¢ 5346); ‘*H NMR
(CDCls, 300 MHz): 6 8.14 (br s, 1H, NH), 7.35 (d, 1H, Js¢=
8.1 Hz, H-6), 6.07 (d, 1H, J;» = 9.3 Hz, H-1"), 5.78 (d, 1H,
H-5), 5.19 (d, 1H, J;-5 = 9.7 Hz, H-4"), 5.14 (d, 1H, H-2"),
4.28-4.17 (m, 2H, H-6a’, H-6b"), 4.06-4.03 (m, 1H, H-5"),
2.53 (s, 1H, HC=C), 2.14, 2.09, 2.08 (3s, 9H, 30Ac).
ESIMS: m/z 425.4 [M+H'].

Data for 1-(27,4°,6"-tri-O-acetyl-3"-C-ethynyl--D-
allopyranosyl)thymine (4c)
Yield 72%; mp 94-96 °C; Rf= 0.46 (EtOAc/hexane, 1:1);

[a]o? -7 (¢ 0.7, CHCls); Amax 262 nm (¢ 7549); *H NMR
(CDCls, 300 MHz): § 8.19 (br s, 1H, NH), 7.19 (s, 1H, H-6),
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6.09 (d, 1H, J; - = 9.2 Hz, H-1"), 5.24-5.18 (m, 2H, H-2’, H-
4), 4.29-4.21 (m, 2H, H-6a’, H-6b"), 4.09-4.07 (m, 1H, H-
5%, 2.55 (s, 1H, HC=C), 2.17, 2.12, 2.10 (3s, 9H, 30Ac),
1.95 (s, 3H, 5-CHs). ESIMS: m/z 439.4 [M+H™].

Data for 1-(27,4°,6°-tri-O-acetyl-3"-C-ethynyl-g-D-
allopyranosyl)N“*-benzoylcytosine (4d)

Yield 68%; mp 124-125 °C; Rf= 0.32 (EtOAc/hexane,
1:1); [e]o?® +10 (c 0.5, CHCls); Amax 262 nm (e 17613); 'H
NMR (CDCls, 300 MHz): 6 7.94-7.49 (m, 7H, Bz, H-5 and
H-6), 6.32 (d, 1H, J; > = 9.3 Hz, H-1"), 5.29-5.14 (m, 2H, H-
2’, H-4’), 4.30-4.22 (m, 2H, H-6a’, H-6b"), 4.08-4.05 (m,
1H, H-5"), 2.52 (s, 1H, HC=C), 2.15, 2.09, 2.06 (3s, 9H,
30Ac). ESIMS: m/z 528.5 [M+H"].

Data for 9-(27,4°,6°-tri-O-acetyl-3"-C-ethynyl-g-D-
allopyranosyl)N®-benzoyladenine (4e)

Yield 59%; Rf= 0.14 (EtOAc/hexane, 1:1); [o]p?* -10 (c
0.5, CHCl5); Amax 280 nm (¢ 18662); *H NMR (CDCls, 300
MHZz): 6 9.08 (br s, 1H, NH), 8.89 and 8.25 (2s, 2H, H-2 and
H-8), 8.06-7.53 (M, 5H, Bz), 6.21 (d, 1H, J,» = 9.3 Hz, H-
1), 5.64 (d, 1H, H-2), 5.41 (d, 1H, Jys = 9.5 Hz, H-4"),
4.38-4.28 (m, 2H, H-6a’, H-6b"), 4.14-4.10 (m, 1H, H-5"),
2.58 (s, 1H, HC=C), 2.19, 2.10, 1.87 (3s, 9H, 30Ac).
ESIMS: m/z 552.5 [M+H'].

General Procedure for Preparation of 3°-C-ethynyl-g-D-
allopyranonucleosides 5a-c,f,g

The protected nucleosides 4 (1.37 mmol) were treated
with ammonia/MeOH (saturated at 0 °C, 57.3 mL). The solu-
tion was stirred overnight at room temperature and then was
concentrated under reduced pressure. The residue was puri-
fied by flash chromatography (EtOAc) to afford pure 5 as
white foams.

Data for 1-(3™-C-ethynyl-g-D-allopyranosyl)5-fluorouracil
(5a)

Yield 72%; Rf= 0.50 (EtOAc/MeOH, 9:1); [o]p? +10 (c
0.3, CD30D); Amax 264 nm (e 8689); *H NMR (CD50D, 300
MHz): 6 8.00 (d, 1H, Jsrs = 6.6 Hz, H-6), 5.84 (d, 1H, J; > =
9.0 Hz, H-1), 3.87-3.68 (m, 5H, H-2’, H-4’, H-5’, H-6a’, H-
6b"), 2.89 (s, 1H, HC=C); **C NMR (CD50D, 75.5 MHz): ¢
158.01, 150.12, 140.91, 127.33, 91.29, 84.71, 79.43, 75.06,
73,52, 72.79, 72.28, 61.83; IR (Nujol, cm™): 2115 (C=C).
MS: m/z 317.2 [M+H™].

Data for 1-(3"-C-ethynyl-g-D-allopyranosyl)uracil (5b)

Yield 78%; Rf= 0.25 (EtOAc/MeOH, 9:1); [o]p? +26 (c
0.5, CD30D); Amax 259 nm (& 5220); *H NMR (CD30D, 300
MHz): § 7.71 (d, 1H, Js 5 = 8.1 Hz, H-6), 5.82 (d, 1H, J; > =
9.3 Hz, H-1'), 5.72 (d, 1H, H-5), 3.86-3.65 (m, 5H, H-2", H-
4’, H-5", H-6a’, H-6b’), 2.85 (s, 1H, HC=C); *C NMR
(CDs0D, 75.5 MHz): § 164.26, 150.13, 142.48, 102.09,
91.66, 83.42, 81.36, 74.97, 73.67, 72.88, 72.01, 61.03; IR
(Nujol, cm™): 2120 (C=C). ESIMS: m/z 299.3 [M+H"].

Data for 1-(3 -C-ethynyl-g-D-allopyranosyl)thymine (5c)

Yield 75%; Rf= 0.39 (EtOAc/MeOH, 9:1); [o]o®* +11 (c
0.6, CD30D); Amax 262 nm (e 8776); *H NMR (CD50D, 300
MHz): 6 7.56 (s, 1H, H-6), 5.81 (d, 1H, J;-,- = 9.3 Hz, H-1"),
3.86-3.66 (m, 5H, H-2’, H-4", H-5", H-6a’, H-6b"), 2.85 (5,
1H, HC=C), 1.94 (s, 3H, CH3); *C NMR (CD;OD, 75.5
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MHz): ¢ 163.64, 150.13, 136.74, 110.10, 91.37, 83.47,
80.02, 74.33, 73.91, 72.68, 71.89, 61.53, 12.21; IR (Nujol,
cm™): 2130 (C=C). ESIMS: m/z 313.3 [M+H"].

Data for 1-(3"-C-ethynyl-g-D-allopyranosyl)cytosine (5f)

Yield 73%; Rf= 0.23 (EtOAc/MeOH 8:2); [a]p?* +16 (c
0.4, CD30D); Amax 268 nm (e 7913); *H NMR (CD30D, 300
MHz): § 7.72 (d, 1H, Js¢ = 7.2 Hz, H-6), 5.95-5.88 (m, 2H,
H-1', H-5), 3.86-3.64 (m, 5H, H-2, H-4", H-5", H-6a’, H-
6b’), 2.83 (s, 1H, HC=C); **C NMR (CD50D, 75.5 MHz): ¢
165.73, 156.28, 143.03, 94.55, 92.94, 83.81, 79.92, 74.56,
74.13, 73.19, 72.71, 61.26; IR (Nujol, cm™): 2124 (C=C).
ESIMS: m/z 298.3 [M+H"].

Data for 9-(3 -C-ethynyl-g-D-allopyranosyl)adenine (5g)

Yield 75%; Rf= 0.18 (EtOAc/MeOH, 8:2); [0]po? -4 (c
0.1, DMSO); Amax 263 nm (¢ 12279); *H NMR (DMSO-ds,
300 MHz): 6 8.33 and 8.15 (2s, 2H, H-2 and H-8), 7.15 (br s,
2H, NH,), 5.65 (d, 1H, J;»- = 9.3 Hz, H-1"), 5.63 (s, 1H, 3'-
OH), 5.36 (d, 1H, Json4 = 7.9 Hz, 4’-OH), 5.16 (d, 1H, J,.
onz = 8.0 Hz, 2'-OH), 4.48 (t, 1H, J = 5.5 Hz, 6"-OH), 4.26
(t, 1H, H-2"), 3.70-3.43 (m, 4H, H-4’, H-5", H-6a’, H-6b"),
3.26 (s, 1H, HC=C); *C NMR (DMSO-dg, 75.5 MHz): ¢
156.23, 152.37, 149.76, 140.33, 119.57, 100.66, 83.19,
80.01, 74.23, 73.87, 72.74, 72.43, 61.06; IR (Nujol, cm™):
2129 (C=C). ESIMS: m/z 322.3 [M+H"].

Preparation of Azides 6a,b,c

Azides 6a and 6¢ were prepared according to the proce-
dures described in the literature [38,39].

1-(2-Azidoethyl)5-fluorouracil (6b)

A mixture of 5-fluorouracil (500 mg, 3.85 mmol), HMDS
(3mL) and trimethylchlorosilane (0.25 mL) was refluxed
under nitrogen. After evaporation of excess HMDS under
reduced pressure, 1,2-dibromoethane (1 mL, 11.6 mmol) and
dry DMF (12 mL) were added and the reaction mixture was
heated at 80 °C under nitrogen for 20 hours. After evapora-
tion of the solvent under reduced pressure the residue was
separated by flash chromatography (EtOAc) to give 1-(2-
bromoethyl)5-fluorouracil (395mg, 40%) as an oily solid
which was identified only by its "H NMR and used for the
next step without further purification. 'H NMR (CDCls, 300
MHz): 6 11.25 (br s, 1H, NH), 7.63 (d, 1H, Jgrs = 6.4 Hz, H-
6), 4.15-4.05 (m, 2H, CHy) 3.62-3.56 (m, 2H, CH,). A solu-
tion of 1-(2-bromoethyl)5-fluorouracil (395 mg, 1.67 mmol)
in dry THF (15 mL), trimethylsilyl azide (564 mg 4.9 mmol)
and tetrabutylammonium fluoride (TBAF) (7 mL, 1M in
THF) was heated at 65 °C under nitrogen for 3 hours. After
the removal of the solvent the residue was treated with etha-
nol to give 6b (230 mg, 69%), as a white solid: mp 177-179
°C; Rf= 0.49 (CH,Cly/MeOH, 9:1); Zmax 270 nm (& 3429); *H
NMR (CDCls, 300 MHz): 6 8.23 (br s, 1H, NH), 7.31 (d, 1H,
Jors= 5.5 Hz, H-6), 3.85 (t, J = 5.8 Hz, 2H, CH,), 3.72 (t, J =
5.8 Hz, 2H, CH,). *C NMR (CDCI;/CD50D, 75.5 MHz): ¢
157.87, 149.53, 139.8, 129.22, 49.27, 48.01. ESIMS m/z
200.1[M+H"].

General Procedure for Preparation of Double-Headed Nu-
cleosides 7a-d,f-h

To a stirred mixture of the alkyne 4 (0.23 mmol) and the
azide 6 (0.23 mmol) in THF (2.3 mL), was added a solution
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of sodium ascorbate (0.046 mmol) and CuSO,4-5H,0 (0.023
mmol) in H,O (2.3 mL). The reaction mixture was refluxed
for 2 hours and then cooled. After being treated with MeOH
and concentrated, the residue was purified by flash chroma-
tography (CH,Cl,/MeOH, 95:5) to give the double-headed
nucleosides 7 as white foams.

Data for 1-[27,47,6 -tri-O-acetyl-3-C-[1-{(adenine-9-
yhethyl}-1,2,3-triazol-4-yl]-g-D-allopyranosyl]uracil (7a)

Yield 74%; Rf= 0.30 (CH,Cl,/MeOH, 9:1); [a]p* +10 (c
0.5, CHCL3); Zmax 260 nm (¢ 10786); *H NMR (CDCls, 300
MHz, 45 °C): § 9.19 (br s, 1H, NH) 8.49 and 7.70 (2 br s,
2H, H-2 and H-8 Ade), 7.32 (d, 1H, Js¢ = 7.6 Hz, H-6 Ur),
7.10 (s, 1H, Triazole H), 6.20 (d, 1H, J;-,- = 8.7 Hz, H-1"),
5.89 (br s, 2H, NH, Ade), 5.74 (d, 1H, H-5 Ur), 5.20 (d, 1H,
H-27), 5.05 (d, 1H, J, 5 = 9.8 Hz, H-4"), 4.91 (br, 2H, CH,),
4.73 (br, 2H, CH,), 4.37-4.09 (m, 3H, H-5", H-6a’, H-6b"),
2.07, 2.00, 1.90 (3s, 9H, 30Ac). ESIMS m/z 629.6 [M+H"].

Data for  1-[27,47,6 -tri-O-acetyl-3"-C-[1-{(adenine-9-
yhethyl}-1,2,3-triazol-4-yl]-g-D-allopyranosyl]thymine (7b)

Yield 69%; Rf= 0.38 (CH,Cl,/MeOH, 9:1); [o]o** +4 (c
0.5, CHCl3); Amax 262 nm (¢ 15229); *H NMR (CDCls, 300
MHz): 6 9.99 (br s, 1H, NH Thy), 8.43 and 7.51 (2s, 2H, H-2
and H-8 Ade), 7.18 (s, 1H, H-6 Thy), 7.11 (s, 1H, Triazole
H), 6.18 (d, 1H, J;.»- = 9.1 Hz, H-1"), 6.07 (br s, 2H, NH,
Ade), 5.25 (d, 1H, H-2"), 5.04 (d, 1H, J45 = 9.7 Hz, H-4),
4.93 (t, 2H, J = 5.1 Hz, CH,), 4.75 (t, 2H, J = 5.1 Hz, CH,),
4.38-4.07 (m, 3H, H-5’, H-6a’, H-6b"), 2.08, 2.01, 1.96 (3s,
9H, 30Ac), 1.85 (s, 3H, 5-CH3; Thy). ESIMS m/z 643.6
[M+H™.

Data for 1-[27,47,6"-tri-O-acetyl-3 ’-C-[l-g(adenine-g-
yhethyl}-1,2,3-triazol-4-yl]-g-D-allopyranosyl]N"-
benzoylcytosine (7c¢)

Yield 72%; Rf= 0.45 (CH,Cl,/MeOH, 9:1); [a]p?* +12 (c
0.5, CHCl3); Amax 262 nm (g 26064); *H NMR (CDCls, 300
MH2z): 6 8.38 (br s, 1H, NH BzCyt), 7.97-7.49 (m, 9H, Bz,
H-2 and H-8 Ade, H-5 and H-6 BzCyt), 7.11 (s, 1H, Triazole
H), 6.45 (d, 1H, J;-»- = 8.9 Hz, H-1"), 5.69 (br s, 2H, NH,
Ade), 5.21 (d, 1H, H-2’), 5.09 (d, 1H, J;-5 = 9.7 Hz, H-4"),
4.90 (br, 2H, CH,), 4.71 (br, 2H, CH,), 4.43-4.38 (m, 1H, H-
57), 4.29 (dd, 1H, Jea e =12.5 Hz, Js'go- = 4.5 Hz, H-6a"),
4.14 (d, 1H, H-6b"), 2.08, 2.02, 1.90 (3s, 9H, 30Ac). ESIMS
m/z 732.7 [M+H"].

Data for  9-[2747,6 -tri-O-acetyl-3 ’—C—[l-\;(adenine—g-
ylethyl}-1,2,3-triazol-4-yl]-p-D-allopyranosyl]N°-
benzoyladenine (7d)

Yield 79%; Rf= 0.43 (CH,Cl,/MeOH, 9:1); [a]o? -6 (c
0.5, CHCL3); Amax 276nm (e 22506), 'H NMR (CDCls, 300
MHZz): 6 9.12 (br s, 1H, NH BzAde), 8.86 and 8.36 (2s, 2H,
H-2 and H-8 BzAde), 8.23 (s, 1H, H-2 Ade), 8.04 (d, 2H, J =
7.4 Hz, Bz), 7.63 (t, 1H, J = 7.4 Hz, Bz), 7.54 (t, 2H, )= 7.4
Hz, Bz), 7.45 (s, 1H, H-8 Ade), 7.24 (s, 1H, Triazole H),
6.29 (d, 1H, J;-»- = 9.1 Hz, H-1"), 5.93 (br s, 2H, NH, Ade),
5.64 (d, 1H, H-2"), 5.23 (d, 1H, J; 5 = 9.8 Hz, H-4"), 4.90 (t,
2H, J = 5.3, CH,), 4.72 (t, 2H, J = 5.3, CH,), 4.49-4.45 (m,
1H, H-5%), 4.27 (dd, 1H, Jsa 6o = 12.5 Hz, J5 6o = 4.8 Hz, H-
6a’), 4.11 (dd, 1H, Js- gp-= 1.0 Hz, H-6b"), 2.04, 2.02, 1.68
(3s, 9H, 30AC). ESIMS m/z 756.7 [M+H™].
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Data for 1-[27,4",6 -tri-O-acetyl-3 -C-[1-{(5-fluorouracil-1-
yl)ethyl}-1,2,3-triazol-4-yl]-g-D-allopyranosyl]5-fluoro-
uracil (7f)

Yield 84%:; Rf= 0.50 (CH,Cl,/MeOH, 9:1); [o]o** +4 (c
0.4, CHCls); Zmax 264 nm (¢ 10965); *"H NMR (CDCls, 300
MHZz): ¢ 9.67 (br s, 1H, NH), 8.84 (br s, 1H, NH), 7.63 (s,
1H, Triazole H), 7.54 (d, 1H, Jsrs = 6.0 Hz, H-6 FUr), 7.06
(d, 1H, Jg s = 5.4 Hz, H-6 FUr), 6.17 (d, 1H, J;-» = 9.0 Hz,
H-1), 5.36 (d, 1H, H-2"), 5.02 (d, 1H, Js 5 = 9.9 Hz, H-4"),
475 (t, 2H, J = 4.7 Hz, CH,), 4.44-4.38 (m, 1H, H-5"),
4.32-4.24 (m, 2H, CH,), 4.18-4.11 (m, 2H, H-6a’, H-6b"),
2.08, 2.05, 1.95 (3s, 9H, 30Ac). ESIMS m/z 642.5 [M+H"].

Data for 1-[2",4",6 -tri-O-acetyl-3 -C-[1-{(5-fluorouracil-1-
ylethyl}-1,2,3-triazol-4-yl]-#-D-allopyranosyl]uracil (79)

Yield 79%; Rf= 0.45 (CH,Cl,/MeOH, 9:1); [o]o** +5 (c
1.1, CHCL3); Amax 264 nm (e 11784); *H NMR (CDCl,, 300
MHZz): 6 8.64 (br s, 1H, NH), 8.19 (br s, 1H, NH), 7.44
(s,1H, Triazole H), 7.39 (d, 1H, Js¢ = 8.2 Hz, H-6 Ur), 7.04
(d, 1H, Js¢ = 5.6 Hz, H-6 FUr), 6.14 (d, 1H, J;-»- = 9.1 Hz,
H-1"), 5.69 (d, 1H, H-5 Ur), 5.27 (d, 1H, H-2"), 4.99 (d, 1H,
Jy5=9.7Hz, H-47), 4.61 (t, 2H, J = 5.0 Hz, CHy), 4.32-4.05
(m, 5H, H-5", CH,, H-6a’", H-6b"), 2.00, 1.95, 1.88 (3s, 9H,
30Ac). ESIMS m/z 624.5 [M+H"].

Data  for  1-[27,4",6"-tri-O-acetyl-3 -C-[1-{(thymine-1-
ylethyl}-1,2,3-triazol-4-yl]-g-D-allopyranosyl]uracil (7h)

Yield 67%; Rf= 0.48 (CH,Cl,/MeOH, 9:1); [o]o? +2 (c
0.5, CHCls); Zmax 261 nm (¢ 12865); *"H NMR (CDCls, 300
MHz): 6 9.75 (br s, 1H, NH), 9.46 (br s, 1H, NH), 7.45 (d,
1H, Js6 = 7.8 Hz, H-6 Ur), 7.44 (s, 1H, Triazole H ), 6.75
(s,1H, H-6 Thy), 6.21 (d, 1H, J; - = 8.7 Hz, H-1"), 5.79 (d,
1H, H-5 Ur), 5.36 (d, 1H, H-2), 4.92 (d, 1H, J; 5 = 9.8 Hz,
H-47), 4.73-4.67 (m, 2H, CH,), 4.41-4.36 (m, 1H, H-5),
4.29-4.09 (m, 4H, CH,, H-6a’, H-6b"), 1.92, 1.90, 1.81 (3s,
9H, 30Ac), 1.69 (s, 3H, 5-CH; Thy). ESIMS m/z 620.5
[M+H™].

General Procedure for Preparation of Double-Headed Nu-
cleosides 8a-d

The protected double-headed nucleosides 7a-d (0.193
mmol,) were treated with ammonia/MeOH (saturated at 0 °C,
8 mL). The solution was stirred overnight at room tempera-
ture and then was concentrated under reduced pressure. The
residue was recrystallized from MeOH/H,0 to afford 8a-d as
white solids respectively.

Data for 1-[3-C-[1-{(adenine-9-yl)ethyl}-1,2,3-triazol-4-
yl]-p-D-allopyranosyl]uracil (8a)

Yield 77%; mp 225-227 °C (dec); Rf= 0.33
(CH,Cl,/MeOH, 2:8); [a]p? +4 (c 0.3, DMSO); Amax 263 Nm
(e 20310), 270 nm (e 23650) ; 'H NMR (DMSO-ds, 300
MHz, 50 °C): 6 11.18 (br s, 1H, NH), 8.18 and 7.91 (2s, 2H,
H-2 and H-8 Ade), 7.76 (s, 1H, Triazole H), 7.65 (d, 1H, Js¢
= 7.1 Hz, H-6 Ur), 6.83 (br s, 2H, NH, Ade), 5.84 (d, 1H,
Jip = 9.2 Hz, H-1"), 5.62 (d, 1H, H-5 Ur), 5.01 (br s, 1H,
OH), 4.85 (t, J = 5.9 Hz, 2H, CH,), 4.76 (br s, 1H, OH), 4.65
(t, J=5.9 Hz, 2H, CH,), 4.45 (br s, 1H, OH), 4.28 (br s, 1H,
OH), 3.99-3.45 (m, 5H, H-2",H-4",H-5", H-6a" and H-6b").
¥C NMR (DMSO-ds, 75.5 MHz): ¢ 163.17, 155.94, 152.60,
151.04, 150.45, 149.35, 14158, 140.76, 124.51, 118.55,
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101.87, 80.30, 77.50, 75.31, 71.06, 69.69, 61.27, 48.52,
43.21. ESIMS: m/z 503.4 [M+H"].

Data for 1-[3"-C-[1-{(adenine-9-yl)ethyl}-1,2,3-triazol-4-
yl]-p-D-allopyranosyl]thymine (8b)

Yield 87%; mp 203-205 °C (dec); Rf= 0.38
(CH,Cl,/MeOH, 2:8); [0]o** +3 (C 0.2, DMSO); Amax 270 nm
(e 24183), 263 nm (¢ 26659); '"H NMR (DMSO-dgs, 300
MHz, 55 °C): 6 10.80 (br s, 1H, NH Thy), 8.16, 7.89 and
7.75 (3s, 3H, H-2 Ade, H-8 Ade and H triazole), 7.48 (s, 1H,
H-6 Thy), 6.72 (br s, 2H, NH, Ade), 5.83 (d, 1H, J;., = 9.0
Hz, H-1"), 4.84 (t, 2H, J = 6.0 Hz, CH,), 4.63 (t, 2H, J = 5.3
Hz, CH,), 4.50-3.20 (m, 9H, H-2",H-4", H-5", H-6a’, H-6b’
and 40H), 1.82 (s, 3H, 5-CH; Thy). *C NMR (DMSO-d,
755 MHz): § 164.14, 156.12, 152.84, 151.35, 150.71,
150.33, 141.09, 137.23, 124.72, 121.10, 109.75, 80.53,
77.79, 75.50, 71.30, 70.10, 61.66, 48.96, 43.64, 12.4. E-
SIMS: m/z 517.5 [M+H™].

Data for 1-[3-C-[1-{(adenine-9-yl)ethyl}-1,2,3-triazol-4-
yl]-p-D-allopyranosyl]cytosine (8c)

Yield 70%; mp 250-252 °C (dec); Rf= 0.20
(CH,Cl,/MeOH, 2:8), [a]o** +3 (¢ 0.5, DMSO); Amax 263 NM
(e 23401);): 'H NMR (DMSO-dg, 300 MHz, 50 °C): 6 8.17
and 7.91 (2s, 2H, H-2 Ade and H-8 Ade), 7.74 (s, 1H, Tria-
zole H), 7.59 (d, 1H, Js¢ = 7.5 Hz, H-6 Cyt), 7.00-6.82 (br,
4H, NH, Ade and Cyt), 5.95 (d, 1H, J;-»- = 9.5 Hz, H-1"),
5.79 (d, 1H, H-5 Cyt), 4.90 (br s, 1H, OH), 4.83 (t, J = 6.0
Hz, 2H, CH,), 4.64 (t, J = 6.0 Hz, 2H, CH,), 4.52-4.22 (m,
3H, H-2" and 20H), 3.92-3.45 (m, 5H, H-4’, H-5", H-6a’, H-
6a” and OH). *C NMR (DMSO-dg, 75.5 MHz): 5 165.83,
156.35, 156.23, 153.01, 151.12, 149.94, 142.45, 141.20,
124.91, 119.00, 94.80, 80.89, 77.75, 75.90, 72.06, 70.26,
61.71, 48.92, 43.63. ESIMS: m/z 502.5 [M+H"].

Data for 9-[3-C-[1-{(adenine-9-yl)ethyl}-1,2,3-triazol-4-
yl]-p-D-allopyranosyl]adenine (8d)

Yield 84%; mp 204-206 °C (dec); Rf= 0.17
(CH,Cl,/MeOH, 2:8); [a]p? -3 (¢ 0.4, DMSO); Amax 263 nm
(e 23342); '"H NMR (DMSO-dg, 300 MHz, 50 °C): & 8.24,
8.17, 7.92 and 7.76 (4s, 4H, H-2 and H-8 Ade), 7.76 (s, 1H,
Triazole H), 6.74 (br s, 4H, NH; Ade), 5.88 (d, 1H, J;-» =
9.4 Hz, H-1), 4.99 (br s, 1H, OH), 4.83 (t, 2H, J = 6.0 Hz,
CH,), 4.66 (t, 2H, J = 6.0 Hz, CH,), 4.48-4.18 (m, 3H, H-2’
and 20H), 3.92-3.50 (m, 5H, H-4’, H-5’, H-6a’, H-6a" and
OH). *C NMR (DMSO-dg, 75.5 MHz): § 156.16, 156.13
154.5, 152.86, 150.67, 150.20, 149.80, 141.10, 140.25,
124.80, 118.99, 118.98, 80.98, 77.70, 75.56, 71.56, 70.09,
61.51, 48.81, 43.47. ESIMS: m/z 526.5 [M+H"].

1-[3"-C-[1-{(Adenine-9-yl)ethyl}-1,2,3-triazol-4-yl]-#-D-
allopyranosyl]5-fluorouracil (8e)

A mixture of the alkyne 5a (80 mg, 0.25 mmol) and the
azide 6a (51 mg, 0.25 mmol) was stirred in CH3;CN/H,O
(9:1) in the presence of a copper wire. The reaction mixture
was moderate heated for 18 hours and then cooled. After
being treated with MeOH and concentrated, the residue was
recrystallized from (MeOH/H,0) to afford pure 8e (100 mg,
77%) as a white solid: mp 238-240 °C (dec); Rf= 0.40
(CH,Cl,/MeOH, 2:8); [a]p** +4 (¢ 0.2, DMSO); Amax 266 NM
(¢ 17627); *H NMR (DMSO-ds, 300 MHz, 50 °C): 6 11.50
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(brs, 1H, NH), 8.16 (s, 1H, H-2 Ade), 8.01-7.83 (m, 2H, 6-H
FUr and 8-H Ade), 7.73 (s, 1H, Triazole H), 6.80 (br s, 2H,
NH,), 5.82 (d, 1H, J;-»- = 9.3 Hz, H-1"), 4.97 (br s, 1H, OH),
4.83 (t, 2H, J = 6.1 Hz, CH,), 4.64 (t, 2H, J = 6.1 Hz, CH,),
4.48-420 (m, 3H, H-2" and 20H), 3.98-3.48 (m, 5H, H-
4’ H-5", H-6a’, H-6a’ and OH). *C NMR (DMSO-dg, 75.5
MHz): § 157.20, 156.21, 154.30, 152.85, 150.47, 149.93,
141.09, 139.80, 126.10, 124.57, 119.10, 81.30, 77.70, 75.48,
71.35, 69.94, 61.63, 48.84, 43.43. ESIMS: m/z 521.4
[M+H™.

General Procedure for Preparation of Double-Headed Nu-
cleosides 8f-h

The protected double-headed nucleosides 7f-h (0.193
mmol,) were treated with ammonia/MeOH (saturated at 0 °C,
8 mL). The solution was stirred overnight at room tempera-
ture and then was concentrated under reduced pressure. The
residue was recrystallized from MeOH/CH,CI, to afford 8f-h
as white solids respectively.

Data for 1-[3"-C-[1-{(5-fluorouracil-1-yl)ethyl}-1,2,3-
triazol-4-yl]-p-Dp-allopyranosyl]5-fluorouracil (8f)

Yield 83%; mp 184-186 °C; Rf= 0.28 (CH,Cl,/MeOH,
7:3); [a]o®® +9 (c 0.3, CH30OH); Amax 269 nm (e 13761); *H
NMR (DMSO-ds, 300 MHz): 6 11.8 (br s, 2H, NH), 8.15 (d,
1H, Jers = 7.0 Hz, H-6 FUr), 7.93 (s, 1H, Triazole H), 7.65
(d, 1H, Jgrs = 6.5 Hz, H-6 FUr), 5.81 (d, 1H, J;-» = 9.0 Hz,
H-17), 5.43 (s, 1H, OH), 5.09 (d, 1H, H-2"), 4.78-4.56 (m,
4H, 2CH,), 4.20-3.30 (m, 7H, H-4’, H-5", H-6a", H-6b"and
30H). *C NMR (DMSO-ds, 75.5 MHz): 6 157.75, 157.35,
150.55, 149.91, 149.87, 140.33, 139.81, 130.12, 126.22,
124.99, 81.00, 77.62, 75.53, 71.22, 69.78, 61.51, 48.27,
4756. ESIMS: m/z 516.4 [M+H"].

Data for  1-[3"-C-[1-{(5-fluorouracil-1-yl)ethyl}-1,2,3-
triazol-4-yl]-p-D-allopyranosyl]uracil (8g)

Yield 85%; mp 190-192 °C; Rf= 0.25 (CH,Cl,/MeOH,
7:3); [0]o?® +2 (c 0.5, CH30H); Amax 258 nm (e 19021), 263
nm (& 18757); "H NMR (DMSO-dg, 300 MHz): 6 11.75 (br s,
1H, NH), 11.25 (br s, 1H, NH), 8.01 (s, 1H, Triazole H),
7.75 (d, 1H, Jysr = 6.6 Hz, H-6 FUr), 7.74 (d, 1H, Js6 = 8.1
Hz, H-6 Ur), 5.84 (d, 1H, J;-»- = 9.5 Hz, H-1"), 5.63 (d, 1H,
Jse = 8.1 Hz, H-5 Ur), 5.34 (s, 1H, OH), 4.97 (d, 1H, H-2"),
4.73-4.47 (m, 4H, H-4", CH, and OH), 4.06 (t, 2H, J = 5.6
Hz, CH,), 3.93 (br, 1H, OH), 3.82-3.42 (m, 4H, H-5', H-6a’,
H-6b’and OH). *C NMR (DMSO-dg, 75.5 MHz): 6 163.30,
157.75, 151.29, 150.65, 149.89, 141.81, 139.85, 130.16,
125.02, 102.09, 80.55, 77.80, 75.61, 71.37, 70.02, 61.58,
48.18, 47.51. ESIMS: m/z 498.4 [M+H"].

Data for 1-[3"-C-[1-{(thymine-1-yl)ethyl}-1,2,3-triazol-4-
yl]-B-D-allopyranosyl]uracil (8h)

Yield 86%; mp 146-148 °C; Rf= 0.26 (CH,Cl,/MeOH,
7:3); [a]p? +2 (c 0.2, CH30H); Amax 258 Nm (e 21045), 269
(¢ 17681); *H NMR (DMSO-ds, 300 MHz, 50 °C): 6 11.30
(br s, 2H, NH), 7.95 (s, 1H, Triazole H), 7.67 (d, 1H, Js6 =
8.1 Hz, H-6 Ur), 7.05 (s, 1H, H-6 Thy), 5.81 (d, 1H, J;-, =
9.3 Hz, H-1"), 5.62 (d, 1H, H-5 Ur), 5.31 (br s, 1H, OH),
4.75 (br s, 1H, OH), 4.62 (t, 2H, J = 6.1 Hz, CH,), 4.50-4.22
(m, 2H, H-2" and OH), 4.08 (t, 2H, J = 6.1 Hz, CH,), 3.98-
3.48 (m, 5H, H-4" H-5", H-6a’, H-6a" and OH). 1.64 (s, 3H,
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5-CH; Thy); *C NMR (DMSO-ds, 755 MHz): & 164.35,
163.16, 151.04, 150.89, 150.42, 141.58, 141.06, 124.66,
108.82, 101.86, 80.29, 77.51, 75.33, 71.08, 69.78, 61.29,
47.72,47.61, 11.70. ESIMS: m/z 494.4 [M+H"].

BIOLOGICAL ASSAYS
Antiviral Assays

The antiviral assays [except anti-human immunodefici-
ency virus (HIV) assays] were based on inhibition of virus-
induced cytopathicity in HEL [herpes simplex virus type 1
(HSV-1), HSV-2 (G), vaccinia virus, vesicular stomatitis
virus, varicella-zoster virus (OKA and 07-1) and human cy-
tomegalovirus (AD169 and Davis)], Vero (parainfluenza-3,
reovirus-1, Sindbis, Coxsackie B4, and Punta Toro virus),
HeLa (vesicular stomatitis virus, Coxsackie virus B4, and
respiratory syncytial virus), CrFK (feline herpes virus and
feline corona (FIPV) virus) and MDCK (influenza virus A
(HAIN1 and H3N2) and influenza virus B) cell cultures. Con-
fluent cell cultures in microtiter 96-well plates were inocu-
lated with 100 cell culture inhibitory dose-50 (CCIDsg) of
virus (1 CCIDs, being the virus dose to infect 50% of the cell
cultures) and the cell cultures were incubated in the presence
of varying concentrations (100, 20, 5, ... uM) of the test
compounds. Viral cytopathicity was recorded as soon as it
reached completion in the control virus-infected cell cultures
that were not treated with the test compounds. The method-
ology of the anti-HIV assays was as follows: human CEM
(3 x 10° cells/ml) cells were infected with 100 CCIDsy of
HIV-1(l11g) or HIV-2(ROD)/mL and seeded in 200 pL wells
of a microtiter plate containing appropriate dilutions of the
test compounds. After 4 days of incubation at 37 °C, HIV-
induced CEM giant cell formation was examined micro-
scopically

Cytostatic Assays

To each well of a 96-well microtiter plate were added 5-
7.5 x 10* cells and a given amount of the test compound. The
cells were allowed to proliferate for 48 hours (murine leu-
kemia L1210) or 72 hours (human lymphocyte CEM and
human cervix carcinoma HelLa) at 37 °C in a humidified
CO,-controlled atmosphere. At the end of the incubation
period, the cells were counted in a Coulter Counter (Coulter
Electronics Ltd., Harpenden Herts, United Kingdom). The
ICsp (50% inhibitory concentration) was defined as the con-
centration of compound that reduced the number of cells by
50%.
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ABSTRACT

This report describes the total and facile synthesis of 3’-C-cyano & 3’-C-cyano-3’-deoxy pyrimidine
pyranonucleosides. Reaction of 3-keto glucoside 1 with sodium cyanide gave the desired precursor
3-C-cyano-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (2). Hydrolysis followed by acetylation led
to the 1,2,3,4,6-penta-O-acetyl-3-C-cyano-D-glucopyranose (4). Compound 4 was condensed with
silylated 5-fluorouracil, uracil, thymine and N*-benzoylcytosine, respectively and deacetylated to
afford the target 1-(3’-C-cyano-g-D-glucopyranosyl)nucleosides 6a—d. Routine deoxygenation at
position 3’ of cyanohydrin 2, followed by hydrolysis and acetylation led to the 3-C-cyano-3-deoxy-
1,2,4,6-tetra-0O-acetyl-D-allopyranose (10). Coupling of sugar 10 with silylated pyrimidines and
subsequent deacetylation yielded the target 1-(3’-C-cyano-3’-deoxy-(-D-allopyranosyl)nucleosides
12a—d. The new analogues were evaluated for their antiviral and cytostatic activities. It was found that
6a was endowed with a pronounced anti-proliferative activity that was only 2- to 8-fold less potent
than that shown for the parental base 5-fluorouracil. None of the compounds showed activity against

a broad panel of DNA and RNA viruses.

© 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

Modified nucleosides constitute a major class of biologically
active compounds, especially as antitumor and antiviral agents
[1—4]. Cytotoxic nucleoside analogues were among the first
chemotherapeutic agents to be introduced for the medical treat-
ment of cancer [5]. Nucleoside chemistry has also evolved to
facilitate efficient routes to effective agents for the treatment of
viral diseases caused by HIV [6] and herpes viruses [7]. Subse-
quently, nucleosides, which are frequently altered in the carbohy-
drate or base moiety, became the focus for the development of
novel chemotherapeutic agents.

During the last decades, several branched-chain sugar nucleo-
sides have been extensively studied for their potential antitumor or
antiviral properties [8—11]. Attachment of the cyano group to the
sugar moiety has been an attractive object for nucleoside chemists
due to its small size and its great electron withdrawing character.
Thus, cyano ribofuranose nucleosides have been reported as
interesting antiviral agents [12—14], while replacement of the
hydroxyl group of 1-8-D-arabinofuranosylcytosine (ara-C) by the

* Corresponding author. Tel.: +30 2410 565285; fax: +30 2410 565290.
E-mail address: dkom@bio.uth.gr (D. Komiotis).

0223-5234/$ — see front matter © 2011 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2011.08.033

cyano group led to a new biologically active compound [15,16], with
a novel mechanism of anticancer action [17].

Lately, nucleosides bearing pyranosyl rings have been evaluated
for their potential antiviral [18—20], antioxidant [21] and antibiotic
[22] properties and as building blocks in nucleic acid synthesis
[23,24]. As part of our efforts to develop novel biologically active
agents, we recently reported that new classes of uncommon 3’-fluo-
rinated pyranonucleosides have a promising potential in combating
the rotaviral infections and in the treatment of colon cancer, and are
efficient as antitumor growth inhibitors [25—29]. Experimental data
also revealed that human poly(A)-specific ribonuclease [30] and
glycogen phosphorylase [31] are among the molecular targets of these
compounds.

In view of the interesting biological activity of the fluorinated
pyranonucleosides, we decided to extend our studies to the
synthesis of novel molecules in which an electron withdrawing
cyano group replaces the fluorine atom. Therefore, we report the
stereocontrolled synthesis of novel branched-chain C-cyano pyrim-
idine pyranonucleosides, i.e. 3’-C-cyano-(-D-glucopyranonucleo-
sides and 3’-C-cyano-3’-deoxy-(-D-allopyranonucleosides, bearing
5-fluorouracil, uracil, thymine and cytosine as heterocyclic bases,
in order to assess their biological activity. The chemical synthesis and
biological activity of these compounds are presented herein.

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134


mailto:dkom@bio.uth.gr
www.sciencedirect.com/science/journal/02235234
http://www.elsevier.com/locate/ejmech
http://dx.doi.org/10.1016/j.ejmech.2011.08.033
http://dx.doi.org/10.1016/j.ejmech.2011.08.033
http://dx.doi.org/10.1016/j.ejmech.2011.08.033

C. Kiritsis et al. / European Journal of Medicinal Chemistry 46 (2011) 5668—5674 5669

2. Results and discussion
2.1. Chemistry

3’-C-Cyano-(-D-glucopyranonucleosides 6a—d were prepared
according to the synthetic route outlined in Scheme 1. Treatment
of the 1,2:5,6-di-O-isopropylidene-a-D-ribo-hexofuranos-3-ulose
(1) [32] with sodium cyanide in a two-phase ethylether/H,0
system, in the presence of sodium bicarbonate, afforded the
thermodynamically more stable gluco cyanohydrin epimer 2, in
a virtually quantitative yield [33,34]. The assignment of its
configuration was further supported by NOE measurements, as
depicted in Fig. 1. A 5% NOE enhancement of H-2 and a 7% NOE
enhancement of H-5 on irradiation of the proton of the free OH
group show that these protons are on the same side of the ring
system. Hydrolysis of 2 using Amberlite IR 120 (H*) resin in
methanol followed by acetylation using acetic anhydride (Ac,0) in
pyridine [32] led to the 1,2,3,4,6-penta-0O-acetyl-3-C-cyano-D-
glucopyranose (4). The protected, 1-(2,3',4’,6'-tetra-O-acetyl-3'-C-
cyano-f-D-glucopyranosyl) pyrimidine nucleosides 5a—d were
obtained upon coupling of the precursor material 4 with silylated
5-fluorouracil, uracil, thymine and N*-benzoylcytosine, respec-
tively, in the presence of trimethylsilyl trifluomethane-sulfonate
(Me3Si0S0,CF3), in refluxing acetonitrile [35]. The 'H NMR
spectra obtained for the protected nucleosides 5a—d, showed large
coupling constants between protons H-1' and H-2' (Jy» =
9.4—-9.6 Hz), indicating an axial orientation of both protons and
equatorially oriented base rings. Fully deprotection of 5a—d, per-
formed by saturated methanolic ammonia [36], gave the desired
nucleosides 6a—d.

Compound 2 was the starting material for the synthesis of 3'-C-
cyano-(-D-allopyranonucleosides 12a—d (Scheme 1). Phenox-
ythiocarbonylation of 2 under a commonly used condition, phenyl
chlorothionoformate, 4-(dimethylamino)pyridine (DMAP) and
triethylamine (EtsN) in CH3CN [16], afforded the 3’-O-phenox-
ythiocarbonyl derivative 7, which proved to be unstable during the
purification process. Therefore, crude 7 was directly submitted to
deoxygenation with BusSnH in the presence of 2,2'-azobis(isobu-
tyronitrile) (AIBN), to give the 3’-deoxy derivative sugar 8, in 76%
overall yield. In order to elucidate the structure of the newly
synthesized 8, NOE measurements were performed, as depicted in
Fig. 1. The mutual NOE enhancements observed between H-2 with
both H-1 and H-3 show that all these protons are in the same ( face
of the furanose ring. In this type of radical deoxygenation, the
hydrogen atom enters from the less hindered, §-face of the planar
radical intermediate, opposite to the bulky 1,2-O-isopropylidene
group.

Hydrolysis of 8 using Amberlite IR 120 (H") resin in methanol
followed by direct standard acetylation led to the 1,2,4,6-tetra-O-
acetyl-3-C-cyano-3-deoxy-D-allopyranose (10). Condensation of
cyano sugar 10 with per-O-silylated 5-fluorouracil, uracil, thymine
and N*-benzoylcytosine using Me3SiOSO,CF; as activator, afforded
the 1-(2/,4’,6'-tri-O-acetyl-3’-C-cyano-3’-deoxy-3-D-allopyranosyl)
pyrimidine nucleosides 11a—d, respectively [35]. 'TH NMR data
obtained for the newly synthesized nucleosides 11a—d (Ji» =
9.4—9.7 Hz, J» 3 = 5.0—5.2 Hz), revealed the §-configuration of the
sugar moiety and an axial oriented cyano group, respectively.

Finally, treatment of 11a—d with hydrazine hydrate in buffered
acetic acid (AcOH)—pyridine gave the fully deprotected nucleosides
12a—d, in yields that varied from 55% to 75%. Interestingly,
attempts to deprotect 11a—d by NH3/methanol (MeOH) under the
subsequent basic conditions produced complex mixtures, con-
taining #-elimination products, probably due to the acidity of H-3’
and the presence of two leaving groups (OAc) at the 2’- and 4'-
positions of the sugar moiety.

2.2. Biological activity

The cytostatic activity of 6a—d and 12a—d was determined against
murine leukemia L1210, human lymphocyte CEM and human cervix
carcinoma HelLa cell cultures. The test compounds showed poor, if any
cytostatic activity against the three cell lines, except the 3’-C-cyano-
5-fluorouracil pyranonucleoside 6a that showed pronounced anti-
proliferative activity against all three cell lines. Its cytostatic activity
spectrum was similar to that of the parent base 5-fluorouracil. It is
currently unclear whether 6a is biologically active as such, or, alter-
natively, acts as a prodrug of 5-fluorouracil, from which the free base
may be released by the action of phosphorolytic enzymes and/or by
a spontaneous release (Table 1).

None of the compounds was endowed with activity against
a broad panel of DNA and RNA viruses in cell culture at 100 pM.

3. Conclusion

In conclusion, the stereocontrolled synthesis of the 3'-C-cyano
& 3’-C-cyano-3'-deoxy pyranonucleoside analogues bearing
5-fluorouracil, uracil, thymine and cytosine, respectively was
undertaken. The target nucleosides were tested for their inhibitory
effects on the proliferation of murine leukemia L1210, human
lymphocyte CEM and human cervix carcinoma HelLa cell cultures.
3’-C-Cyano-5-fluorouracil pyranonucleoside 6a showed a similar
cytostatic activity spectrum as the free base 5-fluorouracil.

4. Experimental part
4.1. Chemistry

Melting points were recorded in a Mel-Temp apparatus and are
uncorrected. Thin layer chromatography (TLC) was performed on
Merck precoated 60F,54 plates. Reactions were monitored by TLC
on silica gel, with detection by UV light (254 nm) or by charring
with sulfuric acid. Flash column chromatography was performed
using silica gel (240—400 mesh, Merck). 'H and 3C NMR spectra
were obtained at room temperature with a Bruker 400 spectrom-
eter at 400 and 100 MHz, respectively, using CDCl3 and methanol-
d4 (CD30D) with internal tetramethylsilane (TMS).

UV—Vis spectra were recorded on a PG T70 UV—VIS spectrom-
eter and mass spectra were obtained with a Micromass Platform LC
(ESI-MS). Optical rotations were measured using an Autopol I
polarimeter. Infrared spectra were obtained with a Thermo Scien-
tific Nicolet IR100 FT-IR spectrometer. Acetonitrile and toluene
were distilled from calcium hydride and stored over 3E molecular
sieves.

4.2. Synthesis of 1,2,3,4,6-penta-0-acetyl-3-C-cyano-D-
glucopyranose (4)

4.2.1. Synthesis of 3-C-cyano-1,2:5,6-di-O-isopropylidene-a-D-
glucofuranose (2)

A mixture of 1,2:5,6-di-O-isopropylidene-a-D-ribo-hexofur-
anos-3-ulose (1) (4 g, 15.5 mmol), H,O (62 mlL), ethylether
(124 mL), sodium bicarbonate (2.6 g, 15.5 mmol) and sodium
cyanide (0.76 g, 7.75 mmol) was stirred vigorously at room
temperature overnight. The organic phase was separated, and the
aqueous phase was washed with ethylether (2 x 124 mL). The
combined ether phases were dried over NaySOy4, filtered and
evaporated to dryness. The residue was purified by flash chro-
matography [(ethylacetate) EtOAc/hexane, 3:7)] to give compound
2 (4.28 g, 97%, Rf = 0.40 in EtOAc/hexane, 3:7) as a white solid, mp
98—100 °C [34]. [o]3? + 46 (c 0.3, CHCI3); "TH NMR (CDCl3): 6 5.97 (d,
1H, J12 = 3.4 Hz, H-1), 459 (d, 1H, H-2), 4.36—4.32 (m, 1H, H-5),
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Scheme 1. (i) H>0, ethylether, NaHCO3, NaCN; (ii) H,0, MeOH, Amberlite IR 120 (H™); (iii) Ac2O, pyridine; (iv) Silylated base, CH3CN, Me3SiOSO,CF3; (v) Methanolic ammonia; (vi)

Phenyl chlorothionoformate, EtsN, DMAP, CH5CN, 0 °C; (vii) BusSnH, AIBN, toluene, 100 °C; (viii) NoH4-H,0, AcOH, pyridine.

424-421 (m, 2H, H-6a, H-4), 411 (m, 1H, H-6b), 4.04 (s, 1H,
3—0H), 1.58, 1.55, 1.39, 1.37 (4s, 12H, 4CHs); Anal. Calcd for
C13H19NOg: C, 54.73; H, 6.71; N, 4.91. Found: C, 54.84; H, 6.77; N,
4.82; ESI-MS (m/z): 286.32 (M + H™).

4.2.2. Synthesis of 3-C-cyano-D-glucopyranose (3)

To a solution of 2 (2 g, 701 mmol) in MeOH (10.9 mL) and H,0
(62.2 mL) was added Amberlite IR 120 (H™) resin and the mixture
was refluxed overnight. The reaction mixture was filtered and
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Fig. 1. NOE enhancements measured on compounds 2 and 8.

evaporated to dryness to give compound 3 (1.25 g, 87%, Rf = 0.33 in
EtOAc/MeOH, 9:1) as a viscous oil, and it was used without further
purification. [a]? — 25 (c 0.44, MeOH); Anal. Calcd for C;H;;NOg: C,
40.98; H, 5.40; N, 6.83. Found: C, 40.81; H, 5.35, N, 6.92; ESI-MS: (m/
2) 206.19 (M + H™).

4.2.3. Synthesis of 1,2,3,4,6-penta-0-acetyl-3-C-cyano-D-
glucopyranose (4)

Compound 3 (1.25 g, 6.09 mmol) was dissolved in a mixture of
pyridine (21.2 mL) and Ac;0 (10.9 mL). The reaction was carried out
at room temperature for 1 h, then was quenched with MeOH at 0 °C
and was concentrated in vacuum. The residue was diluted with
EtOAc, washed with saturated sodium bisulfate, sodium bicar-
bonate and H;0. The organic extract was dried over anhydrous
sodium sulfate, filtered and evaporated to dryness to give
compound 4 (2.28 g, 90%, Rf = 0.43 in EtOAc/hexane, 3:7) as
a colorless oil. [a}%z + 30 (c 1.30, CHCl3); Anal. Calcd for C17H21NO11:
C, 49.16; H, 5.10; N, 3.37. Found: C, 49.40; H, 5.12; N, 3.46; ESI-MS:
(m/z) 416.36 (M + H™).

4.3. Synthesis of 3'-C-cyano-(-D-glucopyranonucleosides 6a—d

4.3.1. Synthesis of 1-(2',3',4',6'-tetra-0-acetyl-3'-C-cyano-3-D-
glucopyranosyl)5-fluorouracil (5a)

A mixture of 5-fluorouracil (109 mg, 0.84 mmol), hexamethyldi-
silazane (HMDS) (220 pL, 1.04 mmol) and saccharine (7 mg,
0.039 mmol) in anhydrous CH3CN (3.5 mL) was refluxed for 30 min
under nitrogen. 1,2,3,4,6-Penta-0-acetyl-3-C-cyano-D-glucopyranose
(4) (0.25 g, 0.6 mmol) and Me3SiOSO,CF3 (152 pL, 0.84 mmol) were
then added and the reaction mixture was refluxed for 4 h, cooled,
neutralized with aqueous sodium bicarbonate, and extracted with
CHCl, (200 mL). The organic extract was dried over anhydrous
sodium sulfate, filtered and evaporated to dryness. The residue was
purified by flash chromatography (EtOAc/hexane, 4:6) to give pure 5a

Table 1

Cytostatic activity of 6a—d and 12a—d against a panel of tumor cell lines.
Compound IC50® (M)

L1210 CEM Hela

6a 1.9+ 0.0 32+96 454+ 1.2
6b 417 + 376 > 500 > 500
6¢ 539 + 85 > 500 > 500
6d 147 + 14 > 500 377 +0
12a 550 + 10 > 500 819 + 44
12b > 500 > 500 811 + 40
12¢ > 750 > 750 > 750
12d > 750 > 750 > 750
F-Uracil 0.49 + 0.13 18+5 0.54 +0.12

2 50% inhibitory concentration, or compound concentration required to inhibit
cell proliferation by 50%. Data are the mean of 2—3 independent experiments
(£S.D.).

(018 g, 60%, Rf = 0.47 in EtOAc/hexane, 1:1) as a white solid, mp
114-116 °C. [@]3? — 2 (c 0.37, CHCl3); Amax 262 nm (e 7950); 'H NMR
(CDCl3): 6 8.36 (br's, 1H, NH), 7.37 (d, 1H, Js 5 = 5.6 Hz, H-6), 6.05 (dd,
1H, Jy» = 9.5 Hz, Jy/ps = 1.2 Hz, H-1"), 5.70 (d, 1H, H-2'), 5.64 (d, 1H,
Ja5 =102 Hz, H-4'), 4.45—4.39 (m, 1H, H-5'), 4.22—4.14 (m, 2H, H-62’,
H-6b’), 2.16, 2.14, 211, 2.04 (4s, 12H, 40Ac); . Anal. Calcd for
Ci9H20FN3011: C, 47.02; H, 4.15; N, 8.66; Found: C, 47.22; H, 4.21; N,
8.79. ESI-MS (m/z) 486.39 (M + H*).

4.3.2. Synthesis of 1-(3'-C-cyano-{3-D-glucopyranosyl)5-
fluorouracil (6a)

Compound 5a (0.18 g, 0.37 mmol) was treated with ammonia/
MeOH (saturated at 0 °C, 20.6 mL). The solution was stirred over-
night at room temperature and then was concentrated under
reduced pressure. The residue was purified by flash chromatog-
raphy (CH,Cl,/MeOH, 9:1) to afford pure 6a (76 mg, 65%, Rf = 0.40
in CH,Cl,/MeOH, 8:2) as a white foam. [a]2? + 20 (c 0.50, CD30D);
Amax 266 nm (e 7739); 'H NMR (CD30D): 6 7.95 (d, 1H, Je 5 = 6.7 Hz,
H—6), 6.01 (dd, 1H,]1f‘2f =103 HZ,_]lf'FS =13 Hz, H—l/), 3.94-3.67 (m,
5H, H-2/, H-4', H-5', H-6a’, H-6b'); 13C NMR (CD30D): § 159.22,
151.38,139.15,127.52,119.28, 88.32, 79.01, 71.93, 71.70, 68.18, 61.37;
IR (Nujol, cm’l): 2230 (CN); Anal. Calcd for C11H12FN307: C, 41.65;
H, 3.81; N, 13.25. Found: C, 41.94; H, 3.71; N, 13.51; ESI-MS (m/z)
318.20 (M + H™).

4.3.3. Synthesis of 1-(2',3',4,6'-tetra-O-acetyl-3'-C-cyano-§-D-
glucopyranosyl)uracil (5b)

Uracil derivative 5b was synthesized from 4 by the similar
procedure as described for 5a. It was purified by flash chromatog-
raphy (EtOAc/hexane, 4:6) to give pure 5b (0.17 g, 61%, Rf = 0.29 in
EtOAc/hexane, 1:1) as a white solid, mp 190-192 °C. [a]%z —7(c0.7,
CHCI3); Amax 260 nm (& 5777); "H NMR (CDCl3): 6 8.34 (br's, 1H, NH),
7.33 (d, 1H, Js 5 = 8.1 Hz, H-6), 6.09 (d, 1H, J1>» = 9.5 Hz, H-1'), 5.85
(d, 1H, H-5), 5.79 (d, 1H, H-2'), 5.68 (d, 1H, J4 5 = 10.2 Hz, H-4'),
4.46—4.42 (m, 1H, H-5"), 4.22—4.17 (m, 2H, H-6a’, H-6b’), 2.19, 2.14,
2.12,2.07 (4s, 12H, 40Ac); Anal. Calcd for C1gH21N3011: C, 48.83; H,
4.53; N, 8.99. Found: C, 48.65; H, 4.11; N, 8.79; ESI-MS (m/z) 468.40
(M + H).

4.3.4. Synthesis of 1-(3'-C-cyano-(3-D-glucopyranosyl)uracil (6b)

Uracil derivative 6b was synthesized from 5b by the similar
procedure as described for 6a. The residue was purified by flash
chromatography (CH,Cl,/MeOH, 9:1) to afford pure 6b (70 mg, 64%,
Rf = 0.29 in CH,Cl,/MeOH, 8:2) as a white foam. [¢]3* + 7 (c 0.32,
CD30D); Amax 258 nm (e 11306); 'H NMR (CD30D): é 7.70 (d, 1H,
J56 = 8.0 Hz, H-6), 6.01 (d, 1H, J11» = 9.0 Hz, H-1'), 5.70 (d, 1H, H-5),
3.97—-3.54 (m, 5H, H-2’, H-4', H-5', H-62’, H-6b’); 3C NMR (CD30D):
0 164.12, 150.23, 141.44, 119.01, 102.6, 92.22, 79.68, 72.12, 70.9,
68.35, 61.32; IR (Nujol, cm™!): 2240 (CN); Anal. Calcd for
C11H13N307: C, 44.15; H, 4.38; N, 14.04. Found: C, 43.90; H, 4.28; N,
13.96; ESI-MS (m/z) 300.22 (M + H™).

4.3.5. Synthesis of 1-(2,3',4,6'-tetra-O-acetyl-3'-C-cyano-3-D-
glucopyranosyl)thymine (5c)

Thymine derivative 5¢ was synthesized from 4 by the similar
procedure as described for 5a. It was purified by flash chromatog-
raphy (EtOAc/hexane, 4:6) to give pure 5c¢ (0.16 g, 57%, Rf = 0.34 in
EtOAc/hexane, 1:1) as a white solid, mp 127-129 °C. [a}ZDZ -4 (c
0.39, CHCl3); Amax 259 nm (e 9402); '"H NMR (CDCl3): 6 8.34 (br s,
1H, NH), 7.01 (s, 1H, H-6), 6.08 (d, 1H, J1/» = 9.6 Hz, H-1), 5.80 (d,
1H, H-2), 5.67 (d, 1H, J¢ 5 = 10.2 Hz, H-4'), 4.47—4.38 (m, 1H, H-5'),
4.23-413 (m, 2H, H-6a’, H-6b’), 2.18, 2.14, 2.12, 2.07 (4s, 12H, 40Ac),
1.97 (s, 3H, CH3); Anal. Calcd for C;0H23N3017: C, 49.90; H, 4.82; N,
8.73. Found: C, 49.62; H, 4.58; N, 8.71; ESI-MS (m/z) 482.42
(M + H).
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4.3.6. Synthesis of 1-(3'-C-cyano-(-D-glucopyranosyl)thymine (6c)

Thymine derivative 6¢ was synthesized from 5c¢ by the similar
procedure as described for 6a. The residue was purified by flash
chromatography (CH,Cl,/MeOH, 9:1) to afford pure 6¢ (114 mg,
71%, Rf = 0.32 in CH,Cl,/MeOH, 8:2) as a white foam. [a]3? + 4 (c
0.31, CD30D); Amax 261 nm (e 4238); 'H NMR (CD30D): 6 7.57 (s, 1H,
H-6), 6.03 (d, 1H, J12r = 9.0 Hz, H-1"), 4.00—3.67 (m, 5H, H-2/, H-4/,
H-5', H-6a’, H-6b'), 1.91 (s, 3H, CH3); 3C NMR (CD30D): 6 162.62,
150.49,137.12,119.91, 110.69, 92.76, 79.83, 71.01, 70.90, 69.81, 62.46,
13.33; IR (Nujol, cm’1): 2245 (CN); Anal. Calcd for C12H15N307: C,
46.01; H, 4.83; N, 13.41. Found: C, 45.79; H, 4.61; N, 13.26; ESI-MS
(m/z) 314.28 (M + H™).

4.3.7. Synthesis of 1-(2',3',4,6'-tetra-O-acetyl-3'-C-cyano-§-D-
glucopyranosyl)N*-benzoylcytosine (5d)

N*-benzoyl cytosine derivative 5d was synthesized from 4 by
the similar procedure as described for 5a. It was purified by flash
chromatography (EtOAc/hexane, 4:6) to give pure 5d (0.19 g, 56%,
Rf = 0.32 in EtOAc/hexane, 1:1) as a white solid, mp 240-242 °C.
[@]32 — 5 (c 0.43, CHCl3); Amax 263 nm (e 25940); 'H NMR (CDCl3):
0 7.95—7.49 (m, 7H, Bz, H-5 and H-6), 6.37 (d, 1H, J1-» = 9.4 Hz, H-
1’), 5.82 (d, 1H, H-2'), 5.67 (d, 1H, Ja 5 = 10.0 Hz, H-4'), 4.48—4.40
(m, 1H, H-5'), 4.28—4.14 (m, 2H, H-6a, H-6b'), 2.18, 2.14, 2.11, 2.05
(4s, 12H, 40Ac); Anal. Calcd for CygH6N4011: C, 54.74; H, 4.59; N,
9.82. Found: C, 54.61; H, 4.65; N, 9.71; ESI-MS (m/z) 571.48
(M + HY).

4.3.8. Synthesis of 1-(3'-C-cyano-f-D-glucopyranosyl)cytosine (6d)

Cytosine derivative 6d was synthesized from 5d by the similar
procedure as described for 6a. The residue was purified by flash
chromatography (CH,Cl,/MeOH, 9:1) to afford pure 6d (61 mg, 61%,
Rf = 0.23 in CH,Cly/MeOH, 7:3) as a white foam. [¢)3* — 3 (c 0.31,
CD30D); Amax 269 nm (e 7569); 'H NMR (CD30D): 6 7.70 (d, 1H,
Jss =7.5Hz, H-6),6.12 (d, 1H, J1'2 = 9.0 Hz, H-1'), 5.94 (d, 1H, H-5),
4.00—3.69 (m, 5H, H-2/, H-4', H-5', H-6a’, H-6b'); >C NMR (CD30D):
6 165.72, 156.91, 143.22, 119.16, 94.96, 91.37, 79.96, 72.01, 70.28,
68.16, 61.92; IR (Nujol, cm™!): 2235 (CN); Anal. Caled for
C11H14aN4Og: C, 44.30; H, 4.73; N, 18.79. Found: C, 44.48; H, 4.58; N,
18.96; ESI-MS (im/z) 299.23 (M + H™).

4.4. Synthesis of 1,2,4,6-tetra-O-acetyl-3-C-cyano-3-deoxy-D-
allopyranose (10)

4.4.1. Synthesis of 3-C-cyano-3-deoxy-1,2:5,6-di-O-isopropylidene-
«a-D-allofuranose (8)

Phenyl chlorothionoformate (1.39 mL, 10.33 mmol) was added
to a solution of 2 (2 g, 7.01 mmol), DMAP (3.03 mmol, 0.37 g), and
Et3N (1.47 mL, 10.69 mmol) in CH3CN (73.68 mL) under nitrogen at
0 °C. The mixture was stirred for 1 h and then diluted with AcOEt
(500 mL). The whole was washed with H,0 (3 x 150 ml) and the
separated organic phase was dried over anhydrous sodium sulfate,
filtered and evaporated to dryness. The residue 7 was coevaporated
two times with toluene and then was dissolved in toluene
(73.68 mL). Bu3SnH (2.93 mL, 11.06 mmol) was added to the above
solution containing AIBN (1.1 mmol, 182 mg) at 100 °C under
nitrogen. After being heated for 45 min, the solvent was removed
under reduced pressure. The residue was purified by flash chro-
matography (EtOAc/hexane, 3:7) to give compound 8 (1.43 g, 76%,
Rf = 0.44 in EtOAc/hexane, 3:7) as a white solid : mp 104-106 °C.
(]2 + 16 (c 0.40, CHCl3); '"H NMR (CDCl3): & 5.81 (d, 1H,
J12=3.7Hz,H-1),4.76 (dd, 1H, Jo,3 = 4.8 Hz, H-2), 4.21-3.94 (m, 4H,
H-4, H-5, H-6a, H-6b), 2.88 (dd, 1H, H-3), 1.51 (s, 3H, CH3), 1.42 (s,
3H, CH3), 1.33 (s, 6H, 2 CH3). Anal. Calcd for C13H19NOs: C, 57.98; H,
7.11; N, 5.20. Found: C, 58.12; H, 7.20; N, 5.41; ESI-MS (m/z) 270.27
(M + HY).

4.4.2. Synthesis of 3-C-cyano-3-deoxy-a-D-allopyranose (9)

To a solution of 8 (1.43 g, 5.31 mmol) in MeOH (10.9 mL) and
H,0 (62.2 mL) was added Amberlite IR 120 (H") resin and the
mixture was refluxed overnight. The reaction mixture was filtered
and evaporated to dryness to give compound 9 (924 mg, 92%,
Rf = 0.17 in EtOAc) as a viscous oil, and it was used without further
purification. [a}%z + 6 (¢ 0.45, MeOH); Anal. Calcd for C;H11NOs: C,
44.45; H, 5.86, N, 7.40. Found: C, 44.21; H, 5.92, N, 7.22; ESI-MS: (m/
z) 190.20 (M + H™).

4.4.3. Synthesis of 1,2,4,6-tetra-O-acetyl-3-C-cyano-3-deoxy-D-
allopyranose (10)

Compound 9 (924 mg, 4.89 mmol) was dissolved in a mixture of
pyridine (17.12 mL) and Ac,0 (8.8 mL). The reaction was carried out at
room temperature for 1 h, then was quenched with MeOH at 0 °C
and was concentrated in vacuum. The residue was diluted with
EtOAc, washed with saturated sodium bisulfate, sodium bicarbonate
and H,0. The organic extract was dried over anhydrous sodium
sulfate, filtered and evaporated to dryness to give compound 10
(1.56 g,89%, Rf = 0.41 in EtOAc/hexane, 3:7) as a colorless oil. [a]2? — 2
(€ 0.55, CHCl3); Anal. Calcd for C;5H1gNOg: C, 50.42; H, 5.36, N, 3.92.
Found: C, 50.54; H, 5.32, N, 3.87; ESI-MS: (m/z) 358.30 (M + H™).

4.5. Synthesis of 3'-C-cyano-3'-deoxy-(-D-allopyranonucleosides
12a—d

4.5.1. Synthesis of 1-(2',4',6'-tri-O-acetyl-3'-C-cyano-3'-deoxy-f3-D-
allopyranosyl)5-fluorouracil (11a)

A mixture of 5-fluorouracil (126 mg, 0.97 mmol), HMDS (254 pL,
1.20 mmol) and saccharine (8 mg, 0.045 mmol) in anhydrous
CH3CN (3.5 mL) was refluxed for 30 min under nitrogen. 1,2,4,6-
tetra-0O-acetyl-3-C-cyano-3-deoxy D-allopyranose (10) (0.25 g,
0.69 mmol) and Me3SiOSO,CF3 (152 pL, 0.84 mmol) were then
added and the reaction mixture was refluxed for 4 h, cooled,
neutralized with aqueous sodium bicarbonate, and extracted with
CH,Cl, (200 mL). The organic extract was dried over anhydrous
sodium sulfate, filtered and evaporated to dryness. The residue was
purified by flash chromatography (EtOAc/hexane, 4:6) to give pure
11a(0.19 g, 64%, Rf = 0.33 in EtOAc/hexane, 1:1) as a white solid, mp
108—110°C. [a]2 — 2 (c 0.28, CHCl3); Amax (CHCl3) 263 nm (e 9073);
'H NMR (CDCls): 6 8.58 (br s, 1H, NH), 7.18 (d, 1H, Js 5 = 5.6 Hz, H-6),
5.93 (d, 1H, J11>» = 9.4 Hz, H-1'), 4.92 (dd, 1H, J» 3» = 5.0 Hz, H-2),
5.79(dd,1H, J3 4 = 4.9 Hz, J4 5 = 9.7 Hz, H-4'), 4.21—4.06 (m, 3H, H-
6a’, H-6b’, H-5'), 3.89 (t, 1H, H-3’), 2.03, 1.98, 1.96, (3s, 9H, 30Ac);
Anal. Calcd for Ci7H1gFN30g: C, 47.78; H, 4.25; N, 9.83. Found: C,
47.56; H, 4.31; N, 9.79; ESI-MS (m/z) 428.36 (M + H™).

4.5.2. Synthesis of 1-(3'-C-cyano-3'-deoxy-(3-D-allopyranosyl)5-
fluorouracil (12a)

To a solution of compound 11a (0.19 g, 0.44 mmol) in AcOH-
pyridine (2.2 mL, 1:4 v/v), 85% hydrazine hydrate (0.31 ml,
5.28 mmol) was added at room temperature. After continually
stirring for 16h, acetone (1.1 mL) was added, and stirring for an
additional 30 min. The mixture was evaporated to dryness and the
residue was purified by flash chromatography (CH,Cl,/MeOH, 9:1)
to afford pure 12a (86 mg, 65%, Rf = 0.26 in CH,Cl/MeOH, 9:1) as
a white foam. [¢]3* — 8 (c 0.65, CD30D); Amax 263 nm (e 8929); 'H
NMR (CD30D): ¢ 7.80 (d, 1H, Jers = 6.5 Hz, H-6), 6.01 (d, 1H,
Ji>» = 92 Hz, H-1'), 446—4.42 (m, 1H, H-5'), 4.23 (dd, 1H,
]3/,4/ =5.6 HZ,]4f'5f =12.1 Hz, H—4,), 4.05 (dd, 1H,_]2f,3f =51 HZ, H—Z,),
3.95-3.84 (m, 2H, H-6a/, H-6b'), 3.75 (t, 1H, H-3'); 3C NMR
(CD30D): 6 158.09, 150.72,141.39, 128.03,118.43, 96.49, 84.37, 67.33,
64.11, 61.09, 29.12; IR (Nujol, cm™1): 2250 (CN); Anal. Calcd for
C11H12FN306: C, 43.86; H, 4.02; N, 13.95. Found: C, 43.74; H, 3.94; N,
13.82; ESI-MS (m/z) 302.21 (M + H™).
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4.5.3. Synthesis of 1-(2',4,6'-tri-O-acetyl-3'-C-cyano-3'-deoxy-(3-
D-allopyranosyl)uracil (11b)

Uracil derivative 11b was synthesized from 10 by the similar
procedure as described for 11a. It was purified by flash chro-
matography (EtOAc/hexane, 1:1) to give pure 11b (0.18 g, 62%,
Rf = 0.2 in EtOAc/hexane, 1:1) as a white solid, mp 124-126 °C.
[@]3% — 2 (c 030, CHCl3); Amax 256 nm (e 13439); 'H NMR
(CDCl3): 6 8.27 (br s, 1H, NH), 7.25 (d, 1H, J5 6 = 8.2 Hz, H-6), 6.11
(d, 1H, Jyr = 9.6 Hz, H-1"), 5.80 (d, 1H, H-5), 5.12 (dd, 1H,
Jo3 = 5.2 Hz, H-2'), 4.96 (dd, 1H, J3 4 = 5.0 Hz, Jy 5» = 9.6 Hz, H-
4'), 4.38—4.23 (m, 3H, H-6a’, H-6b’, H-5"), 4.06 (t, 1H, H-3'), 2.20,
2.15, 2.12 (s, 9H, 30Ac); Anal. Calcd for C;7H19N30g9: C, 49.88; H,
4.68; N, 10.27. Found: C, 49.65; H, 4.51; N, 10.36; ESI-MS (m/z)
410.32 (M + H™).

4.5.4. Synthesis of 1-(3'-C-cyano-3'-deoxy-(3-D-allopyranosyl)
uracil (12b)

Uracil derivative 12b was synthesized from 11b by the similar
procedure as described for 12a. The residue was purified by flash
chromatography (CH,Cl;/MeOH, 9:1) to afford pure 12b (91 mg,
75%, Rf = 0.19 in CH,Cl,/MeOH, 9:1) as a white foam. [a]3? — 22 (c
0.80, CD30D); Amax 261 nm (e 15441); 'H NMR (CD30D): 6 7.61 (d,
1H, Js 6 = 8.1 Hz, H-6), 5.82 (d, 1H, J12r = 9.3 Hz, H-1"), 5.72 (d, 1H, H-
5), 446-4.42 (m, 1H, H-5), 423 (dd, 1H, Jy34 = 54 Hz
Ja5=121Hz,H-4'),4.08 (dd, 1H, J» 3 = 5.1 Hz, H-2"), 3.99—3.84 (m,
2H, H-6a’, H-6b’), 3.76 (t, 1H, H-3'); 1>C NMR (CD30D): ¢ 164.01,
150.12,142.27,118.96, 102.13, 98.17, 83.96, 66.89, 63.01, 61.20, 30.87;
IR (Nujol, cm~1): 2245 (CN); Anal. Calcd for C11H13N306: C, 46.65; H,
4.63; N, 14.84. Found: C, 46.96; H, 4.78; N, 14.75; ESI-MS (m/z)
284.22 (M + H™).

4.5.5. Synthesis of 1-(2',4,6'-tri-0-acetyl-3'-C-cyano-3'-deoxy-(3-
D-allopyranosyl)thymine (11c)

Thymine derivative 11c was synthesized from 10 by the similar
procedure as described for 11a. It was purified by flash chroma-
tography (EtOAc/hexane, 1:1) to give pure 11c (0.19 g, 68%, Rf = 0.25
in EtOAc/hexane, 1:1) as a white solid, mp 106—108 °C. [¢]3* — 4 (c
0.30, CHCl3); Amax (CHCI3) 261 nm (e 7290); "H NMR (CDCl3): 6 8.26
(br s, 1H, NH), 7.04 (s, 1H, H-6), 6.1 (d, 1H, J1>» = 9.7 Hz, H-1'), 5.12
(dd, 1H, J»3 = 5.2 Hz, H-2'), 5.67 (dd, 1H, J34+ = 4.9 Hz,
Ja s = 9.6 Hz, H-4'), 4.38—4.23 (m, 3H, H-6a’, H-6b’, H-5'), 4.06 (t,
1H, H-3'), 2.19, 2.13, 2.12 (3s, 9H, 30Ac), 1.96 (s, 3H, 5—CH3); Anal.
Calcd for C1gH21N309: C, 51.06; H, 5.00; N, 9.93. Found: C, 50.87; H,
4.96; N, 9.87; ESI-MS (m/z) 424.39 (M + H™).

4.5.6. Synthesis of 1-(3'-C-cyano-3'-deoxy-(-D-allopyranosyl)
thymine (12c)

Thymine derivative 12c was synthesized from 11c by the similar
procedure as described for 12a. The residue was purified by flash
chromatography (CH,Cl;/MeOH, 9:1) to afford pure 12c (99 mg,
71%, Rf = 0.20 in CH,Cl,/MeOH, 9:1) as a white foam. [o]%? — 16 (c
0.50, CD30D); Amax 262 nm (e 14609); 'H NMR (CD30D): § 7.40 (s,
1H, H-6), 5.77 (d, 1H, J11» = 9.4 Hz, H-1’), 4.46—4.42 (m, 1H, H-5),
424 (dd, 1H, Jy 4 = 5.6 Hz, Jo5 = 12.0 Hz, H-4'), 4.11 (dd, 1H,
Jo3 = 5.1 Hz, H-2'), 3.99—-3.84 (m, 2H, H-6a’, H-6b), 3.70 (t, 1H, H-
3'),1.91 (s, 3H, 5—CH3); >C NMR (CD30D): 6 163.67, 150.19, 136.85,
119.01, 110.63, 97.67, 84.15, 67.29, 64.55, 61.30, 28.02, 12.68; IR
(Nujol, cm™~1): 2240 (CN); Anal. Calcd for C1;H5N306: C, 48.48; H,
5.09; N, 14.14. Found: C, 48.82; H, 5.12; N, 14.09; ESI-MS (m/z)
298.27 (M + H).

4.5.7. Synthesis of 1-(2',4',6'-tri-O-acetyl-3'-C-cyano-3'-deoxy-(3-
D-allopyranosyl)N*-benzoylcytosine (11d)

N*-benzoylcytosine derivative 11d was synthesized from 10 by
the similar procedure as described for 11a. It was purified by flash

chromatography (EtOAc/hexane, 1:1) to give pure 11d (0.21 g, 59%,
Rf = 0.23 in EtOAc/hexane, 1:1) as a white solid, mp 203-205 °C.
[a]& + 2 (c 0.28, CHCl3); Amax 264 nm (e 14496); 'H NMR (CDCl3):
0 7.94—7.51 (m, 7H, Bz, H5 and H-6), 6.40 (d, 1H, J1/»» = 9.6 Hz, H-1'),
517 (dd, 1H, o3 = 5.2 Hz, H-2'), 5.01 (dd, 1H, J34 = 5.0 Hz,
Jas = 9.9 Hz, H-4'), 4.41—4.24 (m, 3H, H-6a’, H-6b', H-5'), 4.06 (t,
1H, H-3"), 2.19, 2.14, 2.11 (3s, 9H, 30Ac); Anal. Calcd for C24H24N409:
C,56.25; H,4.72; N, 10.93. Found: C, 56.64; H, 4.69; N, 10.68; ESI-MS
(mfz) 513.48 (M + H*).

4.5.8. Synthesis of 1-(3'-C-cyano-3'-deoxy-{-D-allopyranosyl)
cytosine (12d)

Cytosine derivative 12d was synthesized from 11d by the
similar procedure as described for 12a. The residue was purified
by flash chromatography (CH,Cl/MeOH, 9:1) to afford pure 12d
(33 mg, 55%, Rf = 0.25 in CH,Cl;/MeOH, 7:3) as an orange foam.
[@]3 — 6 (c 0.50, CD30D); Amax 266 nm (e 12306); 'H NMR
(CD30OD): ¢ 7.68 (d, 1H, Js¢ = 7.5 Hz, H-6), 5.97 (d, 1H,
Ji2 = 9.0 Hz, H-1'), 5.97 (d, 1H, H-5), 413—3.74 (m, 6H, H-2/, H-
3/, H-4/, H-5', H-6a’, H-6b’); 13C NMR (CD30D): 6 165.79, 155.73,
143.46, 118.86, 96.37, 94.96, 84.01, 67.38, 63.71, 61.32, 27.83; IR
(Nujol, cm’1): 2235 (CN); Anal. Calcd for C11H14N405: C, 46.81; H,
5.00; N, 19.85. Found: C, 46.56; H, 4.78; N, 19.41; ESI-MS (m/z)
283.28 (M + H™).

4.5.9. Antiviral and cytostatic assays

The antiviral assays [except anti-human immunodeficiency
virus (HIV) assays| were based on inhibition of virus-induced
cytopathicity in HEL [herpes simplex virus type 1 (HSV-1), HSV-
2 (G), vaccinia virus, and vesicular stomatitis virus], Vero (para-
influenza-3, reovirus-1, Coxsackie B4, and Punta Toro virus), HeLa
(vesicular stomatitis virus, Coxsackie virus B4, and respiratory
syncytial virus), MDCK (influenza A (H1IN1; H3N2) and B virus)
and CrFK (feline corona virus (FIPV) and feline herpes virus) cell
cultures. Confluent cell cultures in microtiter 96-well plates were
inoculated with 100 cell culture inhibitory dose-50 (CCIDsq) of
virus (1 CCIDsg being the virus dose to infect 50% of the cell
cultures) in the presence of varying concentrations (5,000, 1,000,
200 ... nM) of the test compounds. Viral cytopathicity was
recorded as soon as it reached completion in the control virus-
infected cell cultures that were not treated with the test
compounds.

The anti-HIV activity and anti-proliferative activity were
evaluated against HIV-1 strain IIIB and HIV-2 strain ROD in
human T-lymphocyte CEM cell cultures. Briefly, virus stocks were
titrated in CEM cells and expressed as the 50% cell culture
infective dose (CCIDsg). CEM cells were suspended in culture
medium at ~3 x 10° cells/ml and infected with HIV at ~100
CCID5p. Immediately after viral exposure, 100 ul of the cell
suspension was placed in each well of a flat-bottomed microtiter
tray containing various concentrations of the test compounds.
After a 4-day incubation period at 37 °C, the giant cell formation
was microscopically determined. Compounds were tested in
parallel for cytostatic effects in uninfected CEM cells.
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A new series of 4'-C-cyano and 4’-C-cyano-4’-deoxy pyrimidine pyranonucleosides has been designed and
synthesized. Commercially available 1,2,3,4,6-penta-0O-acetyl-p-mannopyranose (1) was condensed with
silylated 5-fluorouracil, uracil, and thymine, respectively to afford after deacetylation 1-(a-p-mannopyr-
anosyl)nucleosides (2a—-c). Subjecting 2a-c to the sequence of specific acetalation, selective protection

of the primary hydroxyl group and oxidation, the 4'-ketonucleosides 6a—c and 7¢ were obtained. Reaction

Keywords:
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Cytotoxicity
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of compounds 6a,b, and 7¢ with sodium cyanide and subsequent deprotection gave the target 1-(4'-C-
cyano-o-p-mannopyranosyl)nucleosides 12a-c. Deoxygenation at the 4’-position of cyanohydrins 8a,b,
and 11c followed by deprotection led to the desired 1-(4'-C-cyano-4'-deoxy-o-p-talopyranosyl)nucleo-
sides (15a-c). The newly synthesized compounds were evaluated for their potential antiviral and cyto-
static activities in cell culture.

© 2012 Elsevier Ltd. All rights reserved.

Nucleoside chemistry represents an important research area for
drug discovery, as many nucleoside analogues are prominent drugs
and have been widely applied to cancer and viral chemotherapy.!~>
Extensive modifications have been performed on both the hetero-
cyclic base and the sugar moiety in the search for effective and
selective derivatives with a therapeutic profile.

Considering that glycosidic bond cleavage is a frequently
encountered degradative pathway of nucleosides,® special atten-
tion has been drawn to six-membered nucleosides, which showed
resistance to hydrolysis’ and exhibited antiviral,>°® antibiotic,!®
antioxidant,'"'? and antitumor®> properties. The introduction of
fluoro, keto,'®>~'® exomethylene,!°-2! ethynyl,?? azido, and amino?3
groups to pyranonucleosides has led to novel scaffolds endowed
with interesting biological activities. Experimental data also sug-
gested, that human poly(A)-specific ribonuclease?* and glycogen
phosphorylase®>-2® are among the molecular targets of several of
these compounds, while it was revealed that 5-fluorouracil nucle-
oside analogues likely represent novel prodrugs of 5-fluorouracil
targeting thymidylate synthase.?®

In the field of modified nucleosides, considerable interest has
been drawn in the synthesis of cyano-substituted nucleosides and
their analogues, with the cyano group incorporated either on the
base moiety or on the sugar part frequently leading to a drastic

* Corresponding author. Tel.: +30 2410 565285; fax: +30 2410 565290.
E-mail address: dkom@bio.uth.gr (D. Komiotis).

0008-6215/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.carres.2012.10.012

change in biological activity and stability.3®3! A number of cyano
ribofuranoses have demonstrated substantial antiviral*>-3* and
anticancer properties,>!>> while their promising therapeutic poten-
tial has been partly attributed to the small size and high electroneg-
ativity of the cyano group.

Taking into consideration our recent findings on 3’-C-cyano and
3'-deoxy-C-cyano pyranonucleosides as cytotoxic agents>® and
based on the fact that various 4'-C substituted nucleosides,”>¢ such
as4'-cyano-thymidine,*! exhibit very potent anti-HIV and/or antitu-
mor activity,>® it was envisaged that the transposition of nitrile from
C-3' to C-4' could also result in nucleosides of significant biological
interest. Thus, we report herein the stereocontrolled synthesis of a
novel series of branched-chain C-cyano pyrimidine pyranonucleo-
sides, 4’-C-cyano-o-p-mannopyranonucleosides (12a-c), and 4'-C-
cyano-4’-deoxy-a-p-talopyranonucleosides (15a-c), containing
5-fluorouracil, uracil, and thymine as base moieties. The synthesis
and biological assessment of these compounds are presented herein.

Retrosynthetic analysis suggested that the 4’-C-cyano nucleo-
sides could be obtained from the corresponding 4’-keto nucleo-
sides by a nucleophilic addition reaction. The synthesis of the
keto pyranonucleosides 6a-c and 7c, as key intermediates is out-
lined in Scheme 1.

The a-pyranonucleosides of 5-fluorouracil 2a,*° uracil 2b,%° and
thymine 2¢ (Scheme 1), were readily prepared by condensing per-
acetylated mannose (1) with the proper silylated base followed by
subsequent deacetylation. The '"H NMR spectra of 2a-c showed a
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Scheme 1. Reagents and conditions: (i) silylated base, CH;CN, Me3SiOSO,CF3; methanolic ammonia; (ii) acetone, 2,2-dimethoxypropane, p-toluenesulfonic acid, water; (iii)
TrCl or TBDMS, pyridine, DMAP; (iv) PDC, Ac,0, dry CH,Cl,; (v) (a) (R =Tr) H,0, Et,0, NaHCOs3, NaCN, (b) (R = TBDMS) H,0, Et,0, NaCN; (vi) TFA 90% in MeOH; (vii) phenyl

chlorothionoformate, EtsN, DMAP, CHsCN, 0 °C; BusSnH, AIBN, toluene, 100 °C.

large coupling between protons H-1’ and H-2’, indicating an axial
orientation of both protons and an equatorially oriented base ring.
Subjecting 2a-c to the sequence of specific acetalation, selective
tritylation of the primary hydroxyl group and oxidation,?° the
desired 4'-ketonucleosides 6 were obtained. The 'H NMR spectra
of 6a-c revealed the presence of H-3' at 6 4.74-4.65 as a doublet,
due to coupling with H-2’, confirming thus the absence of proton
at C-4'.

Treatment of ketonucleosides 6a,b with sodium cyanide (NaCN)
and sodium bicarbonate (NaHCOs) in a two-phase ethyl ether
(Et,0)/water (H,0) system,3 favoured the equatorial approach of
CN~ affording the cyanohydrins 8a,b as the only stable products.
Their stability may be related to the trans diaxially oriented two
oxygen atoms attached to C-3' and C-4'. The structure of these
compounds was assigned on the basis of NOE experiments. Thus,
the mutual NOE enhancements observed between the free OH
group of cyanohydrin 8a with both H-3’ and H-5' show that these
protons are on the same side of the plane (Fig. 1). Interestingly, the
same reaction of CN~ on thymine nucleoside 6¢ resulted in an
inseparable ca. 1:1 mixture of two 4’-epimers 9¢ and 10c, while
changes in solvent, pH, or temperature had no significant effect
on the epimers’ ratio. In an effort to improve the stereoselectivity,
we also examined the influence of the 6'-protective group on the
steric course of the reaction. Thus, treatment of thymine analogue
3¢ with t-butyldimethylsilyl chloride (TBDMSCI)'® followed by oxi-
dation, furnished 4’-keto analogue 7c, which upon reaction with
NaCN in aqueous ether®® gave the single manno cyanohydrin

11c. It seems that the presence of the TBDMS group on C-6’ facili-
tated the equatorial orientation of the C-4’ cyano group, possibly
due to steric effects. NOE data confirmed this stereochemical trend
since the free OH group of 11c exhibited positive NOEs with the
nearby protons H-3’' and H-5', suggesting their close proximity.
Finally, full deprotection of 8a,b, and 11c, using trifluoroacetic acid
(TFA) gave the desired nucleosides 12a-c.

With the stereochemistry of the newly synthesized cyanohy-
drins secure, we turned our attention to the synthesis of their 4'-
deoxy derivatives 15a-c (Scheme 1). Phenoxythiocarbonylation
of 8a,b, and 11c under commonly used conditions, phenyl chlo-
rothionoformate, 4-(dimethylamino)pyridine (DMAP), and trieth-
ylamine (Et5N) in CH3CN,?” followed by reaction with BusSnH in
the presence of 2,2’-azobis(isobutyronitrile) (AIBN), gave stereo-
specifically, the 4’-deoxy derivatives 13a,b, and 14c. Interestingly,
radical deoxygenation of the epimers 9¢ and 10c also proceeded
stereospecifically to furnish thymine derivative 13c, as the only
product. The stereochemistry of C-4’ of the deoxygenated com-
pounds was determined by NOE measurements. Irradiation of
H-4' of compound 13b, chosen as model molecule, produced strong
enhancements for the H-3' (12%) and H-5' (12%); conversely, when
H-3’ and H-5' was irradiated, a positive NOE effect was observed
for H-4' (10% and 13%, respectively) (Fig. 1). These data suggest
that all of these protons are in the same face of the pyranose ring,
concluding that the hydrogen atom enters from the less hindered,
a-face of the planar radical intermediate, opposite to the bulky
2/,3'-0-isopropylidene group. Finally, compounds 13a,b, and 13c

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



10 C. Kiritsis et al./Carbohydrate Research 364 (2012) 8-14

4% 3%

8a

H

H12%
~_
10%

13b

Figure 1. Selected NOEs observed for compounds 8a and 13b.

or 14c were converted to the fully unprotected derivatives 15a—c,
respectively, by treatment with TFA 90% in MeOH.

The target nucleosides 12a-c and 15a-c were tested for their
inhibitory effects on the proliferation of murine leukemia cells
(L1210), human T-lymphocyte cells (CEM) and human cervix carci-
noma cells (HeLa). The uracil (12b, 15b) and thymine (12c, 15c)
4'-CN(4’-deoxy) derivatives hardly inhibit tumor cell proliferation.
Their ICsps were invariably around or above 200 puM. Instead, the
5-fluorouracil 4'-CN(4’-deoxy) nucleoside derivatives 12a and
15a were endowed with a much more pronounced antiprolifera-
tive effect. In fact, they inhibited L1210 and HeLa tumor cell prolif-
eration at ICses that ranged between 2.6 and 4.1 uM. They were
somewhat less inhibitory against CEM cell proliferation. The cyto-
static profile of the new compounds 12a and 15a closely parallels
that of 5-fluorouracil. When evaluated against thymidine kinase-
deficient L1210 and HeLa tumor cell lines, the compounds fully
kept their cytostatic activity (Table 1). These findings strongly sug-
gest that the cytostatic activity of the 5-fluorouracil derivatives
does not require TK-dependent phosphorylation (like 5-fluoro-2’-
deoxyuridine) and thus most likely function as prodrugs of 5-fluo-
rouracil that need to be converted first to the free 5-fluorouracil
base prior to further metabolic activation. In this respect both 4’-
C-cyano- and 4/'-C-cyano-4'-deoxy pyrimidine pyranonucleoside
analogues behave similarly as the earlier described 3’-C-cyano-
and 3’-C-cyano-3’-deoxy pyrimidine pyranonucleoside analogues
of 5-fluorouracil.*® None of the compounds showed antiviral activ-
ity in cell culture. It is currently unclear how 5-fluorouracil is re-
leased from the pyranonucleoside derivatives and what the
kinetics of 5-FU release in the intact cell cultures or in an in vivo
environment are. Although it can be argued that administration
of 5-FU itself might be the most efficient modality for susceptible
cancer drug treatment, it cannot be excluded that 5-FU derivatives
of the 3’- or 4'-C-cyano(deoxy)pyrimidine pyranonucleosides
might have eventual advantages in efficacy or therapeutic window
by potentially altered delivery characteristics of these compounds
versus the free 5-FU parent drug. In vivo studies in animal models
may further address this issue.

In conclusion, we present herein a stereocontrolled synthesis of
a new series of 4'-C-cyano and 4'-C-cyano-4'-deoxy pyrimidine
pyranonucleosides, which involves simple protection-deprotec-
tion sequences on suitable intermediates. These results allow
access to 4'-C branched chain nucleoside analogues, in a highly
predictable and efficient manner. The target nucleosides were eval-
uated for their antiviral and cytostatic activity. Although the syn-
thesized compounds were devoid of a significant antiviral
potential, the 5-fluorouracil 4'-CN(4’-deoxy) nucleoside derivatives
12a and 15a showed a similar cytostatic activity spectrum as the
free base 5-fluorouracil.

1. Experimental
1.1. General procedure

Melting points were recorded in a Mel-Temp apparatus and are
uncorrected. Thin layer chromatography (TLC) was performed on
Merck precoated 60F,s4 plates. Reactions were monitored by TLC
on silica gel, with detection by UV light (254 nm) or by charring
with sulfuric acid. Flash chromatography was performed using sil-
ica gel (240-400 mesh, Merck). '"H NMR spectra were recorded at
300 MHz on a Bruker AVANCE™ 300 spectrometer and '>*C NMR
spectra at 75.5 MHz on the same spectrometer, using chloro-
form-d (CDCl3), methanol-d4 (CDs0OD). Chemical shifts are reported
in parts per million (6) downfield from tetramethylsilane (TMS) as
internal standard.

UV-Vis spectra were recorded on a PG T70 UV-VIS spectrome-
ter and mass spectra were obtained on a Thermo Quest Finnigan
AQA Mass Spectrometer (electrospray ionization). Optical rotations
were measured using an Autopol I polarimeter. Infrared spectra
were obtained with a Thermo Scientific Nicolet IR100 FT-IR spec-
trometer. All reactions were carried out in dry solvents. Dichloro-
methane (CH,Cl,) was distilled from phosphorus pentoxide and
stored over 4 A molecular sieves. Acetonitrile and toluene were
distilled from calcium hydride and stored over 3 A molecular
sieves. Pyridine was stored over potassium hydroxide pellets. All

Table 1
Cytostatic activity of 12a—c and 15a-c against a panel of tumor cell lines
Compound 1Cs0” (M)

L1210 CEM HeLa L1210/TK Hela TK
12a 3.0+09 57+7 32100 2.6+0.7 0.81+0.10
12b >500 >500 494+ 8 >500 >500
12¢ >500 >500 433+94 >500 >500
15a 41+0.6 18+6 26+09 46+1.5 0.49 £ 0.02
15b 210+ 16 221+8 195 +21 227+6 205 +8
15¢ 262+12 332+64 188 +4 266+ 17 214+18
5-Fluorouracil 0.38+0.17 185 0.54+0.12 0.32£0.31 0.23£0.01
5-Fluoro-dUrd 0.0011 + 0.0002 0.022 + 0.006 0.050+0.011 3.0+0.1 14+04

4 50% inhibitory concentration or compound concentration required to inhibit tumoral proliferation by 50%.
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reactions sensitive to oxygen or moisture were carried out under
nitrogen atmosphere using oven-dried glassware.

1.2. Synthesis of 1-(4'-C-cyano-o-p-mannopyranosyl)5-
fluorouracil (12a)

1.2.1. 1-(2',3'-0-Isopropylidene-o-p-mannopyranosyl)5-
fluorouracil (3a)

To a stirred suspension of 2a® (2.50 g, 8.6 mmol) in anhydrous
acetone (17.0 mL) and 2,2-dimethoxypropane (17.0 mL) was added
p-toluenesulfonic acid monohydrate (0.34g, 1.8 mmol). After
50 min, water (34.0 mL) was added and the reaction mixture was
stirred for 16 h. The resulting solution was neutralized with satu-
rated sodium bicarbonate so that pH did not exceed 7, concen-
trated and the residue was purified by flash chromatography (9:1
CH,Cl,-MeOH, R 0.37) to give 2.22 g (78%) of compound 3a as a
white solid, mp 200-202 °C: [¢]?* +2 (c 0.5, MeOH); UV (MeOH):
Jmax 262 nm (& 11,076); "H NMR (CDCls, 300 MHz): & 7.47 (d, 1H,
Js6=5.9Hz, H-6), 5.70 (d, 1H, Jy» = 7.8 Hz, H-1'), 4.51-4.41 (m,
2H, H-2/, H-3'), 415 (t, 1H, J34 = )45 = 7.1 Hz, H-4'), 3.89-3.75
(m, 3H, H-5', H-6a’, H-6b’), 1.53, 1.39 (2s, 6H, 2CH3). Anal. Calcd
for C43H17FN,05: C, 46.99; H, 5.16; N, 8.43. Found: C, 46.90; H,
5.29; N, 8.66. ESIMS m/z 333.29 [M+H"].

1.2.2. 1-(2',3'-0-Isopropylidene-6'-O-trityl-o-p-
mannopyranosyl)5-fluorouracil (4a)

To a solution of 3a (2.22 g, 6.7 mmol) in pyridine (34.0 mL) were
added triphenylmethyl chloride (2.43 g, 8.7 mmol) and a catalytic
amount of 4-dimethylaminopyridine. The reaction mixture was
stirred overnight at room temperature. After being quenched with
MeOH and concentrated, the residue was purified by flash chroma-
tography (1:1 hexane-EtOAc, R 0.37) to give 2.69 g (70%) of com-
pound 4a as a colorless oil: MzDz +10 (¢ 0.8, CHCI3); UV (CHCl3):
Jmax 265 nm (& 1048); 'TH NMR (CDCls, 300 MHz): 5 8.42 (br s,
1H, NH), 7.43-7.21 (m, 16H, 3CgHs, H-6), 5.77 (d, 1H, J;-» = 5.4 Hz,
H-1), 4.41-4.35 (m, 2H, H-2', H-3'),4.22 (t, 1H, J3 4 = J4 5 = 7.0 Hz,
H-4'), 3.87-3.79 (m, 1H, H-5'), 3.58-3.53 (m, 2H, H-6a’, H-6b'),
1.50, 1.37 (2s, 6H, 2CHs). Anal. Calcd for C3,H3:FN,05: C, 66.89;
H, 5.44; N, 4.88. Found: C, 66.98; H, 5.27; N, 4.81. ESIMS m/z
575.59 [M+H"].

1.2.3. 1-(2',3'-0-Isopropylidene-6'-O-trityl-a-p-lyxo-
hexopyranosyl-4-ulose)5-fluorouracil (6a)

A mixture of 4a (2.69 g, 4.7 mmol), PDC (2.10 g, 5.6 mmol), and
Ac,0 (1.3 mL, 13.9 mmol) was stirred in dry CH,Cl, (47.0 mL) for
5h, under nitrogen at room temperature. Purification by flash
chromatography (1:1 hexane-EtOAc, R¢ 0.51) yielded 1.82 g (68%)
of compound 6a as a white foam: [o]?* —4 (c 0.2, CHCl5); UV
(CHCl3): /max 265 nm (& 10,487); 'H NMR (CDCl;, 300 MHz): &
8.47 (br s, 1H, NH), 7.47-7.24 (m, 16H, 3CgHs, H-6), 5.73 (d, 1H,
Jvy =47 Hz, H-1'), 492 (dd, 1H, J 3 = 7.5 Hz, H-2'), 474 (d, 1H,
H-3'), 4.24 (dd, 1H, Js6x = 2.7 Hz, J5 6 = 5.3 Hz, H-5'), 3.77 (dd,
1H, Jsx6v = 10.6 Hz, H-62’), 3.49 (dd, 1H, H-6b'), 1.57, 1.43 (2s,
6H, 2CH3) Anal. Calcd for C33H,9FN,07: G, 67.12; H, 5.11; N,
4.89. Found: C, 66.99; H, 5.22; N, 4.84. ESIMS m/z 573.60 [M+H"].

1.2.4. 1-(4-C-Cyano-2',3'-0-isopropylidene-6'-O-trityl-o-p-
mannopyranosyl)5-fluorouracil (8a)

A mixture of 6a (1.82g, 3.2 mmol), H,O (25.0mL), Et,O
(50.0 mL), NaHCOs (0.54 g, 6.4 mmol) and NaCN (0.16 g, 3.2 mmol)
was stirred vigorously at room temperature for 72 h. The organic
phase was separated, and the aqueous phase was washed with
Et,0. The combined ether phases were dried over Na,SO,, filtered,
and evaporated to dryness. The residue was purified by flash chro-
matography (9.6:0.4 CH,Cl,—~MeOH, R; 0.49) to give 1.18 g (62%) of

compound 8a as a colorless oil: [¢]?*> —18 (c 1.3, CHCl); UV
(CHCl3): Jmax 262 nm (¢ 9356); 'H NMR (CDCls, 300 MHz): & 8.96
(br s, 1H, NH), 7.43-7.28 (m, 16H, 3CgHs, H-6), 5.38 (d, 1H,
Jv2=2.7 Hz, H-1), 4.83 (s, 1H, 4-OH), 4.77 (dd, 1H, J» 5 = 6.8 Hz,
H-2'), 4.60 (d, 1H, H-3"), 3.89 (t, 1H, J5 6x =J5 61y = 6.5 Hz, H-5),
3.78-3.67 (m, 2H, H-6a',b’), 1.67, 1.38 (2s, 6H, 2CH3). Anal. Calcd
for C33H30FN307: C, 66.10; H, 5.04; N, 7.01. Found: C, 66.29; H,
5.11; N, 7.23. ESIMS m/z 600.58 [M+H"].

1.2.5. 1-(4’-C-Cyano-a-p-mannopyranosyl)5-fluorouracil (12a)

Compound 8a (0.59 g, 1.0 mmol) was dissolved in 4.5 mL of 90%
TFA in MeOH. The solution was stirred for 10 min at room temper-
ature and then concentrated under reduced pressure, in order to
remove traces of TFA. The residue was purified by flash chromatog-
raphy (9:1 CH,Cl,-MeOH, R 0.12) to give 0.24 g (77%) of compound
12a as a white foam. [¢]2 +6 (c 0.2, MeOH); UV (MeOH): Amax
263 nm (& 5380); IR (Nujol, cm™'): 2235 (CN); '"H NMR (CD30D,
300 MHz): 6 7.74 (d, 1H, Js s = 6.5 Hz, H-6), 5.93 (d, 1H, J1- > = 9.5 Hz,
H-1"),4.30(dd, 1H, J5 62 = 9.3 Hz, Jex 6 = 12.8 Hz, H-6a’), 4.13-3.91
(m, 3H, H-2', H-3', H-5'), 3.76 (dd, 1H, Js ¢y = 2.6 Hz, H-6b'); '3C
NMR (CDs0D, 75.5 MHz): § 158.6, 149.6, 141.7, 128.1, 118.5, 82.9,
73.1, 71.9, 68.4, 65.6, 59.1. Anal. Calcd for C;;H;2FN307: C, 41.65;
H, 3.81; N, 13.25. Found: C, 41.87; H, 3.76; N, 13.32. ESIMS m/z
318.22 [M+H"].

1.3. Synthesis of 1-(4'-C-cyano-a-p-mannopyranosyl)uracil
(12b)

1.3.1. 1-(4'-C-Cyano-2',3'-0-isopropylidene-6'-O-trityl-o-p-
mannopyranosyl)uracil (8b)

Uracil derivative 8b was synthesized from 1-(2’,3’-O-isopropyl-
idene-6'-O-trityl-o-p-lyxo-hexopyranosyl-4-ulose)uracil (6b)?° by
the similar procedure as described for 8a. It was purified by flash
chromatography (9.6:0.4 CH,Cl,-MeOH, R; 0.22) to give 1.12 g
(60%) of compound 8b as a colorless oil: [oc]zD2 -9 (c 0.5, CHCl3);
UV (CHCls): Amax 261 nm (g 6756); 'H NMR (CDCls, 300 MHz): &
9.01 (br s, 1H, NH), 7.43-7.28 (m, 15H, 3CgHs), 7.19 (d, 1H,
Js6=8.1Hz, H-6), 5.79 (d, 1H, H-5), 5.39 (d, 1H, Jy > = 2.0 Hz, H-
1'), 4.87 (s, 1H, 4-OH), 4.82 (dd, 1H, J» 3 = 6.8 Hz, H-2), 4.64 (d,
1H, H-3’), 3.96 (t, 1H, J5 62 =Js 6 = 6.5 Hz, H-5"), 3.70 (d, 2H, H-
6a’,b’), 1.68, 1.38 (2s, 6H, 2CH3). Anal. Calcd for C33H3:N307: C,
68.15; H, 5.37; N, 7.22. Found: C, 68.23; H, 5.19; N, 7.41. ESIMS
m/z 582.64 [M+H"].

1.3.2. 1-(4'-C-Cyano-a-p-mannopyranosyl)uracil (12b)

Uracil derivative 12b was synthesized from 8b by the similar
procedure as described for 12a. It was purified by flash chromatog-
raphy (9:1 CH,Cl,-MeOH, R¢ 0.10) to give 0.20 g (70%) of com-
pound 12b as a white foam: [«]3 +74 (c 0.9, MeOH); UV (MeOH):
Jmax 257 nm (& 7149); IR (Nujol, cm™'): 2240 (CN); 'H NMR
(CDs0D, 300 MHz): ¢ 7.57 (d, 1H, Js6=8.1 Hz, H-6), 5.94 (d, 1H,
Jv2 =96 Hz, H-1"), 5.65 (d, 1H, H-5), 4.31 (dd, 1H, J5 6, = 9.2 Hz,
Jea s = 12.8 Hz, H-62’), 4.04-3.94 (m, 3H, H-2’, H-3/, H-5), 3.76
(dd, 1H, Js gy = 2.7 Hz, H-6b’); 13C NMR (CDs0D, 75.5 MHz): ¢
162.7, 150.7, 140.2, 119.1, 103.1, 84.5, 73.6, 70.5, 67.8, 66.2, 59.2.
Anal. Calcd for C;;H;3N307: C, 44.15; H, 4.38; N, 14.04. Found: C,
44.49; H, 4.56; N, 13.96. ESIMS m/z 300.22 [M+H"].

1.4. Synthesis of 1-(4'-C-cyano-o-p-mannopyranosyl)thymine
(12c)

1.4.1. 1-(a-p-Mannopyranosyl)thymine (2c)
A mixture of thymine (2.66 g, 21.1 mmol), hexamethyldisilaz-
ane (HMDS) (5.5mL, 26.2mmol) and saccharine (0.18¢g,
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1.0 mmol) in dry CH5CN (69.0 mL) was refluxed for 30 min. To
this were added 1,2,3,4,6-penta-O-acetyl-p-mannopyranose (1)
(5.89 g, 15.1 mmol) and Me3SiOSO,CF; (2.5 mL, 21.1 mmol). The
reaction mixture was refluxed at 110 °C for 1 h, cooled, neutral-
ized with aqueous sodium bicarbonate, and extracted with
CH,Cl,. The organic extract was dried over anhydrous sodium sul-
fate, filtered, and evaporated to dryness. The residue was then
treated with ammonia/MeOH (saturated at 0 °C, 840.0 mL). The
solution was stirred overnight at room temperature and then
was concentrated under reduced pressure. The residue was puri-
fied by flash chromatography (8:2 EtOAc-MeOH, R; 0.14) to give
3.25 g (75%) of compound 2c as a colorless oil: [oc]2D2 +26 (c 0.7,
MeOH); UV (MeOH): /max 262 nm (¢ 11,504); 'H NMR (CD50D,
300 MHz): 6 7.64 (s, 1H, H-6), 6.00 (d, 1H, J;.» =9.1 Hz, H-1'),
415 (dd, 1H, Js 62 =8.5Hz, Jexey =11.9Hz, H-6a'), 4.08-3.97
(m, 3H, H-2', H-3', H-5'), 3.83 (d, 1H, J34 =1.9 Hz, H-4'), 3.68
(dd, 1H, Js e» = 4.2 Hz, H-6b’), 1.93 (1s, 3H, 5-CH3). Anal. Calcd
for C;1H16N207: C, 45.83; H, 5.59; N, 9.72. Found: C, 45.71; H,
5.33; N, 10.01. ESIMS m/z 289.27 [M+H"].

1.4.2. 1-(2',3'-0-Isopropylidene-o-p-mannopyranosyl)thymine
(3¢)

Thymine derivative 3¢ was synthesized from 2¢ by the similar
procedure as described for 3a. It was purified by flash chromatog-
raphy (9:1 CH,Cl,-MeOH, R 0.37) to give 3.04 g (82%) of com-
pound 3c as a white solid, mp 150-152°C: [o]3* +16 (c 0.2,
MeOH); UV (MeOH): /imax 263 nm (¢ 7308); 'H NMR (CDCls,
300 MHz): § 7.18 (s, 1H, H-6), 5.64 (d, 1H, Jy.» = 7.3 Hz, H-1"),
4.46-4.37 (m, 2H, H-2', H-3’), 4.02 (dd, 1H, J34=8.8Hz, Jy5 =
6.3 Hz, H-4’), 3.80-3.65 (m, 3H, H-5’, H-6a’, H-6b’), 1.86 (1s, 3H,
5—CH3), 1.44, 1.31 (25, 6H, 2CH3) Anal. Calcd for C14H20N207: C,
51.22; H, 6.14; N, 8.53. Found: C, 51.38; H, 6.24; N, 8.67. ESIMS
m/z 329.33 [M+H"].

1.4.3. 1-(2',3'-O-Isopropylidene-6'-O-trityl-o-p-
mannopyranosyl)thymine (4c)

Thymine derivative 4c was synthesized from 3c by the similar
procedure as described for 4a. It was purified by flash chromatog-
raphy (1:1 hexane-EtOAc, Ry 0.21) to give 2.09 g (79%) of com-
pound 4c as a white foam: [o]3* +18 (c 0.9, CHCl3); UV (CHCls):
Jmax 265 nm (& 9562); 'H NMR (CDCls, 300 MHz): 5 8.37 (br s,
1H, NH), 8.00 (s, 1H, H-6), 7.43-7.23 (m, 15H, 3CgHs), 5.71 (d,
1H, Jy 2 = 6.9 Hz, H-1'), 451-4.37 (m, 2H, H-2', H-3"), 4.11 (t, 1H,
Jy4 =Jas =8.5Hz, H-4'), 3.86-3.80 (m, 1H, H-5'), 3.48-3.36 (m,
2H-6a’, H-6D'), 1.93 (15, 3H, 5-CHs), 1.46, 1.33 (2s, 6H, 2CH5). Anal.
Calcd for C33H34N;07: C, 69.46; H, 6.01; N, 4.91. Found: C, 69.24; H,
6.31; N, 5.11. ESIMS m/z 571.61 [M+H"].

1.4.4. 1-(6'-0-t-Butyldimethylsilyl-2',3'-0-isopropylidene-o-p-
mannopyranosyl)thymine (5c)

To a stirred solution of 3¢ (1.52 g, 4.6 mmol) in pyridine
(23.0 mL) were added successively TBDMSCI (0.92 g, 6.1 mmol)
and a catalytic amount of 4-dimethylaminopyridine. The reaction
mixture was stirred for 30 min at 0 °C under nitrogen and then
at room temperature for 5h. After, the reaction mixture was
quenched with MeOH and evaporated under reduced pressure.
The resulting residue was purified by flash chromatography (1:1
hexane-EtOAc, Rf 0.21) to give 1.58 g (77%) of compound 5c¢ as a
colorless oil: [¢]2 —55 (c 1.2, CHCl3); UV (CHCl3): /max 266 nm (&
9575); 'H NMR (CDCl5, 300 MHz): 6 8.76 (br s, 1H, NH), 7.13 (s,
1H, H-6), 5.65 (d, 1H, J1 2 =5.7 Hz, H-1'), 4.52-4.44 (m, 2H, H-2/,
H-3'), 4.14 (t, 1H, J3 4 =J4 5 = 8.2 Hz, H-4'), 3.92-3.75 (m, 3H, H-
5, H-6a’, H-6b’), 1.94 (1s, 3H, 5-CH3), 1.53, 1.37 (2s, 6H, 2CH3),
0.89 (s, 9H, t-Bu), 0.07 (s, 6H, 2Si-CHs). Anal. Calcd for CyoH34N,07.

Si: C, 54.28; H, 7.74; N, 6.33. Found: C, 54.07; H, 7.72; N, 6.22.
ESIMS m/z 443.60 [M+H"].

1.4.5. 1-(2',3'-0-Isopropylidene-6'-O-trityl-a-p-lyxo-
hexopyranosyl-4-ulose)thymine (6c)

Thymine derivative 6¢ was synthesized from 4c¢ by the similar
procedure as described for 6a. It was purified by flash chromatog-
raphy (1:1 hexane-EtOAc, R¢ 0.34) to give 1.39 g (67%) of com-
pound 6¢ as a white foam: [o]Z? —19 (c 0.9, CHCl3); UV (CHCl5):
Jmax 265 nm (& 9562); 'TH NMR (CDCls, 300 MHz): 6 8.44 (br s,
1H, NH), 7.44-7.16 (m, 15H, 3CgHs), 7.04 (s, 1H, H-6), 5.58 (d,
1H, J1 > =3.5 Hz, H-1"), 4.99 (dd, 1H, J» 3 = 7.5 Hz, H-2), 4.72 (d,
1H, H-3'), 4.16 (dd, 1H, Js g2 =2.5Hz, J5 6y = 5.5 Hz, H-5'), 3.71
(dd, 1H, Jsx 6 = 10.5 Hz, H-6a’), 3.43 (dd, 1H, H-6b’), 1.91 (1s, 3H,
5-CH3), 1.55, 1.39 (2s, 6H, 2CH3). Anal. Calcd for C33H3,N,07: C,
69.70; H, 5.67; N, 4.93. Found: C, 69.22; H, 5.34; N, 5.06. ESIMS
m/z 569.64 [M+H"].

1.4.6. 1-(6'-0-t-Butyldimethylsilyl-2',3'-0-isopropylidene-o-p-
lyxo-hexopyranosyl-4-ulose)thymine (7c)

Thymine derivative 7c was synthesized from 5c¢ by the similar
procedure as described for 6a. It was purified by flash chromatog-
raphy (1:1 hexane-EtOAc, R 0.38) to give 1.04 g (66%) of com-
pound 7c as a colorless oil: [oc]zD2 +4 (c 0.6, CHCls); UV (CHCls):
Jmax 263 nm (& 3533); "TH NMR (CDCls, 300 MHz): 6 8.38 (br s,
1H, NH), 7.13 (s, 1H, H-6), 5.71 (d, 1H, J;» = 4.2 Hz, H-1"), 4.91
(dd, 1H, J» 3 =7.6 Hz, H-2'), 4.72 (d, 1H, H-3’), 4.24-4.22 (m, 1H,
H-5'), 4.10 (dd, 1H, Js 62 =5.2 HZ, Jea e = 11.3 Hz, H-6a’), 3.99
(dd, 1H, Js g = 2.6 Hz, H-6b’), 1.89 (1s, 3H, 5-CH3), 1.55, 1.32 (2s,
6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.07 (s, 6H, 2Si-CH3). Anal. Calcd for
C,oH3,N,05Si: C, 54.52; H, 7.32; N, 6.36. Found: C, 54.35; H, 7.54;
N, 6.21. ESIMS m/z 441.55 [M+H"].

1.4.7. 1-(6'-0-t-Butyldimethylsilyl-4'-C-cyano-2',3'-0-
isopropylidene-o-p-mannopyranosyl)thymine (11c)

Sodium cyanide (0.10 g, 2.1 mmol) was added to a solution of
7c¢ (2.36 g, 1.0 mmol) in a mixture of Et,0-H,0 (2:1 v/v, 24.0 mL).
The mixture was vigorously stirred for 36 h at room temperature.
AcOEt was added to the mixture and the whole was extracted
with H,0. The residue was purified by flash chromatography
(9.6:0.4 CH,Cl,-MeOH, Rf 0.48) to give 0.67 g (61%) of compound
11c as a colorless oil: [#]% —40 (c 0.6, CHCl3); UV (CHCls): ZAmax
265nm (¢ 11,261); 'H NMR (CDCl;, 300 MHz): & 8.81 (s, 1H,
NH), 7.06 (s, 1H, H-6), 5.40 (d, 1H, J1» = 1.5 Hz, H-1’), 5.26 (br
s, 1H, 4-0H), 4.84 (dd, 1H, J» 3 =6.9 Hz, H-2'), 4.69 (d, 1H, H-
3'), 412 (t, 1H, Js 62 =Js 6 = 6.5 Hz, H-5',), 4.02 (m, 2H, H-6a',b’),
1.95 (1s, 3H, 5-CH3), 1.72, 1.39 (2s, 6H, 2CH3), 0.89 (s, 9H, t-Bu),
0.15, 0.11 (2s, 6H, 2Si-CH3). Anal. Calcd for C;;H33N30,Si: C,
53.94; H, 7.11; N, 8.99. Found: C, 54.11; H, 7.31; N, 8.87. ESIMS
m/z 468.60 [M+H"].

1.4.8. 1-(4’-C-Cyano-a-p-mannopyranosyl)thymine (12c)

Thymine derivative 12¢ was synthesized from 11c by the simi-
lar procedure as described for 12a. It was purified by flash chroma-
tography (1:1 CH,Cl,-MeOH, R; 0.10) to give 0.16g (72%) of
compound 12¢ as a white foam: [o]?* +30 (c 0.7, MeOH); UV
(MeOH): Jmax 267 nm (& 2810); IR (Nujol, cm™'): 2245 (CN); 'H
NMR (CD3;0D, 300 MHz): § 7.49 (s, 1H, H-6), 6.03 (d, 1H,
Ji2=9.5Hz, H-1'), 4.41 (dd, 1H, J5 62 = 9.3 Hz, Joa 6 = 12.8 Hz, H-
6a’), 4.14-4.03 (m, 3H, H-2’, H-3’, H-5"), 3.85 (dd, 1H, J5 gy = 2.8 Hz,
H-6a',b'), 1.89 (1s, 3H, 5-CH5); '*C NMR (CDs0D, 75.5 MHz): §
163.7, 150.1, 138.5, 118.8, 110.4, 83.6, 72.5, 71.9, 68.2, 66.4, 59.7,
13.4. Anal. Calcd for C;,H;5N305: C,46.01; H, 4.83; N, 13.41. Found:
C,46.23; H, 4.77; N, 13.69. ESIMS m/z 314.28 [M+H"].

Institutional Repository - Library & Information Centre - University of Thessaly
19/04/2024 21:37:14 EEST - 3.144.124.134



C. Kiritsis et al./Carbohydrate Research 364 (2012) 8-14 13

1.5. Synthesis of 1-(4'-C-cyano-4'-C-deoxy)5-fluorouracil (15a)

1.5.1. 1-(4'-C-Cyano-4'-C-deoxy-2',3'-0-isopropylidene-6'-O-
trityl-o-p-mannopyranosyl)5-fluorouracil (13a)

Phenyl chlorothionoformate (0.2 mL, 1.5 mmol) was added to a
solution of 8a (0.59 g, 1.0 mmol), DMAP (0.05 g, 0.4 mmol), and
EtsN (0.2 mL, 1.5 mmol) in CH5CN (10 mL) under nitrogen at 0 °C.
The mixture was stirred for 1 h and then diluted with AcOEt. The
whole was washed with H,O and the separated organic phase
was dried over anhydrous sodium sulfate, filtered, and evaporated
to dryness. The residue was coevaporated two times with toluene
and then was dissolved in toluene (10 mL). BusSnH (0.4 mL,
1.6 mmol) was added to the above solution containing AIBN
(0.03 g, 0.2 mmol) at 100 °C under nitrogen. After being heated
for 45 min, the solvent was removed under reduced pressure.
The residue was purified by flash chromatography (9.8:0.2
CH,Cl,-MeOH, R; 0.43) to give 0.44 g (77%) of compound 13a as
a colorless oil: [¢]2 —48 (c 0.7, CHCls); UV (CHCl3): Zmax 266 nm
(¢ 9518); '"H NMR (CDCls, 300 MHz): 6 8.62 (br s, 1H, NH), 7.44-
7.28 (m, 16H, 3CgHs, H-6), 5.50 (d, 1H, Jy.» = 3.8 Hz, H-1"), 4.67
(t, 1H, Jo 3 =J3 4 = 6.5 Hz, H-3"), 4.55 (dd, 1H, H-2’), 3.99 (dt, 1H,
Jus =30Hz, Jsox=Jser =6.9Hz, H-5), 3.60 (dd, TH, Jex v =
10.3 Hz, H-6a’), 3.51 (dd, 1H, H-4'), 3.38 (dd, 1H, H-6b’), 1.66, 1.39
(2s, 6H, 2CH3). Anal. Calcd for C33H30FN30g: C, 67.91; H, 5.18; N,
7.20. Found: C, 68.08; H, 5.12; N, 7.26. ESIMS m/z 584.62 [M+H"].

1.5.2. 1-(4'-C-Cyano-4'-C-deoxy)5-fluorouracil (15a)

5-Fluorouracil derivative 15a was synthesized from 13a by the
similar procedure as described for 12a. It was purified by flash
chromatography (9:1 CH,Cl,-MeOH, R¢ 0.15) to give 0.16 g (71%)
of compound 15a as a white foam: [oc]%z +9 (c 0.9, MeOH); UV
(MeOH): /max 262 nm (& 2649); IR (Nujol, cm™'): 2245 (CN); 'H
NMR (CDs0D, 300 MHz): 6 7.90 (d, 1H, J5¢ = 6.7 Hz, H-6), 6.01 (d,
1H, J1» = 9.4 Hz, H-1'), 4.41-4.26 (m, 3H, H3’, H5, H-6a’), 3.79
(dd, 1H, Js¢b=15Hz, Jexgb=11.7Hz, H-6b'), 3.70 (dd, 1H,
_12/3/ =2.8 HZ, H—Z,), 3.53 (dd, 1H, _]3/'4/ =6.3 HZ, ]4r'5r =2.6 HZ, H—4I);
13C NMR (CDs0D, 75.5 MHz): 6 157.9, 149.3, 140.8, 128.7, 116.8,
83.1, 74.2, 72.1, 67.3, 65.6, 29.1. Anal. Calcd for C;1H2FN30g: C,
43.86; H, 4.02; N, 13.95. Found: C, 43.70; H, 4.32; N, 14.22. ESIMS
m/z 302.21 [M+H"].

1.6. Synthesis of 1-(4'-C-cyano-4'-C-deoxy)uracil (15b)

1.6.1. 1-(4'-C-Cyano-4'-C-deoxy-2',3'-0-isopropylidene-6'-0-
trityl-o-p-mannopyranosyl)uracil (13b)

Uracil derivative 13b was synthesized from 8b by the similar pro-
cedure as described for 13a. It was purified by flash chromatography
(9.8:0.2 CH,Cl,-MeOH, Ry, R¢0.25) to give 0.39 g (72%) of compound
13b as a colorless oil: o> +20 (c 1.4, CHCls); UV (CHCl3): Zmax
258 nm (¢ 5454); 'H NMR (CDCls, 300 MHz): 6 8.23 (br s, 1H, NH),
7.46-7.28 (m, 15H, 3CgH15), 7.22 (d, 1H, J5 6 = 8.1 Hz, H-6), 5.79 (d,
1H, H-5), 551 (d, 1H, Jy»=2.8Hz, H-1), 4.74 (t, 1H,
Jr3=J34=6.7Hz, H-3'), 466 (dd, 1H, H-2'), 4.06 (dt, 1H,
]4’,5' =2.3Hz, ]5,'6‘3, =]S’,6b’ =6.5 Hz, H-S/), 3.60 (dd, 1H, JSa’,Gb’ =
10.0 Hz, H-6a’), 3.49 (dd, 1H, H-4'), 3.36 (dd, 1H, H-6b’), 1.66, 1.39
(2s, 6H, 2CH3). Anal. Calcd for C33H31N3Og: C, 70.07; H, 5.52; N,
7.43. Found: C, 69.93; H, 5.66; N, 7.38. ESIMS m/z 566.60 [M+H"].

1.6.2. 1-(4'-C-Cyano-4'-C-deoxy)uracil (15b)

Uracil derivative 15b was synthesized from 13b by the similar
procedure as described for 12a. It was purified by flash chromatog-
raphy (9:1 CH,Cl,-MeOH, R 0.13) to give 0.14 g (72%) of com-
pound 15b as a white foam: [oc]ZD2 +23 (c 0.5, CHCl3); UV (CHCI5):
Jmax 256 nm (¢ 3062); IR (Nujol, cm~!): 2250 (CN); 'H NMR
(CD30D, 300 MHz): § 7.58 (d, 1H, Jss = 8.1 Hz, H-6), 5.93 (d, 1H,
J12=9.5Hz, H-1'), 5.64 (d, 1H, H-5), 4.30 (dd, 1H, Js 52 = 9.2 Hz,

Jewst = 12.4 Hz, H-6a'), 4.23-4.18 (m, 2H, H-3', H-5'), 3.73-3.63
(m, 2H, H-2, H-61), 3.45 (dd, 1H, J5.4 =6.4 Hz, J4.5 = 2.6 Hz, H-
4); 3C NMR (CDs0D, 75.5 MHz): § 162.1, 149.5, 141.2, 117.1,
104.6, 82.8, 74.6, 72.3, 65.2, 64.6, 30.1. Calcd for C;;H;3N306: C,
46.65; H, 4.63; N, 14.84. Found: C, 46.35; H, 4.54; N, 14.96. ESIMS
m/z 284.23 [M+H"].

1.7. Synthesis of 1-(4'-C-cyano-4'-C-deoxy)thymine (15c¢)

1.7.1. 1-(4'-C-Cyano-4'-C-deoxy-2',3'-0-isopropylidene-6'-0-
trityl-o-p-mannopyranosyl)thymine (13c)

A mixture of the 6¢ (1.39 g, 2.4 mmol), water (20.0 mL), ethyl
ether (40.0 mL), sodium bicarbonate (0.40 g, 4.8 mmol), and sodium
cyanide (0.12 g, 2.4 mmol) was stirred vigorously at room tempera-
ture for 24 h. The organic phase was separated, and the aqueous
phase was washed with Et,0. The combined ethereal phases were
dried over anhydrous sodium sulfate, filtered, and evaporated to
dryness. The residue, a mixture of two epimeric cyanohydrins 9¢
and 10c, was dissolved in acetonitrile (17.0 mL). To this solution
were added DMAP (0.13 mg, 1.1 mmol), EtsN (0.5 mL, 3.7 mmol),
and phenyl chlorothionoformate (0.5 mL, 3.7 mmol). The mixture
was stirred at room temperature for 1 h, and the solvent was evap-
orated under reduced pressure. The residue was coevaporated two
times with toluene and then was dissolved in toluene (17.0 mL).
BusSnH (1.1 mL, 3.8 mmol) was added to the above solution con-
taining AIBN (0.07 g, 0.4 mmol)at 100 °C under nitrogen. After being
heated for 45 min, the solvent was removed under reduced pressure.
The residue was purified by flash chromatography (9.8:0.2 CH,Cl,-
MeOH, R 0.38) to give 0.71 g (50%) of compound 13c as a colorless
oil: [#)Z —4 (c 0.5, CHCl5); UV (CHCls): Zmax 265 nm (¢ 7429); 'H
NMR (CDCls, 300 MHz): § 8.54 (br s, 1H, NH), 7.43-7.24 (m, 15H,
3CgHs), 7.03 (s, 1H, H-6), 5.46 (d, 1H, J1 > =2.5 Hz, H-1"), 4.74 (t,
1H, Jy3 =J3.4 = 6.8 Hz, H-3'), 4.65 (dd, 1H, H-2'), 4.05 (dt, 1H,
Jus=27Hz, Jsx=Jsey=62Hz, H-5) 356 (dd, 1H,
Jea o = 10.0 Hz, H-62’), 3.48 (dd, 1H, H-4'), 3.31 (dd, 1H, H-6b’),
1.93 (1s, 3H, 5-CHs), 1.64, 1.36 (2s, 6H, 2CHs). Anal. Calcd for
C34H33N306: C, 70.45; H, 5.74; N, 7.25. Found: C, 70.71; H, 5.62; N,
7.33. ESIMS m/z 580.66 [M+H"].

1.7.2. 1-(6'-0-t-Butyldimethylsilyl-4'-C-cyano-4'-C-deoxy-2',3'-0-
isopropylidene-a-p-mannopyranosyl)thymine (14c)

Thymine derivative 14c was synthesized from 11c¢ by the simi-
lar procedure as described for 13a. It was purified by flash chroma-
tography (9.8:0.2 CH,Cl,-MeOH, Rf 0.37) to give 0.23 g (70%) of
compound 14c¢ as a colorless oil: []2* —36 (c 1.0, CHCl3); UV
(CHCl3): Zmax 263 nm (¢ 6376); 'H NMR (CDCls, 300 MHz): 6 8.77
(br s, 1H, NH), 7.08 (s, 1H, H-6), 5.52 (d, 1H, Jy.2 = 2.6 Hz, H-1"),
4.79 (t, 1H, Jo 3 =J3 4 = 6.7 Hz, H-3'), 4.68 (dd, 1H, H-2'), 4.14 (m,
1H, H-5'), 3.88 (dd, 1H, Jsx 6 = 10.2 Hz, J5: 52 = 5.9 Hz, H-62’), 3.49
(dd, 1H, H-4"), 3.39 (dd, 1H, J5 e = 7.9 Hz, H-6b’), 1.95 (1s, 3H, 5-
CHs), 1.70, 1.38 (2s, 6H, 2CH3), 0.86 (s, 9H, t-Bu), 0.08, 0.06 (2s,
6H, 2Si-CH3). Anal. Calcd for C»1H33N306Si: C, 55.85; H, 7.37; N,
9.30. Found: C, 55.97; H, 7.49; N, 9.37. ESIMS m/z 452.61 [M+H"].

1.7.3. 1-(4’-C-Cyano-4'-C-deoxy)thymine (15c)

Thymine derivative 15¢ was synthesized from 13c or 14c by the
similar procedure as described for 15a. It was purified by flash
chromatography (9:1 CH,Cl,-MeOH, R; 0.14) to give 15c¢ (0.10 g,
69% from 13c or 0.11 g, 73% from 14c¢) of compound as a white
foam: [o2’ +4 (c 0.4, CHCls); UV (CHCls): imax 266 nm (& 2447);
IR (Nujol, cm™"): 2235 (CN); '"H NMR (CD50D, 300 MHz): § 7.52
(s, 1H, H-6), 6.02 (d, 1H, Jy-2 =9.7 Hz, H-1'), 443-4.26 (m, 3H, H-
3, H-5, H-6a’), 3.73-3.63 (m, 2H, H-2’, H-6b’), 3.55 (dd, 1H,
J3.4=63Hz, J45=2.4Hz, H-4), 1.89 (1s, 3H, 5-CHs); 3C NMR
(CDs0D, 75.5MHz): ¢ 163.2, 151.5, 140.8, 116.9, 111.2, 83.2,
74.1, 72.4, 64.8, 64.3, 29.8, 15.4. Anal. Calcd for C;5H;5N30g: C,
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48.48; H, 5.09; N, 14.14. Found: C, 48.24; H, 5.21; N, 14.27. ESIMS
m/z 298.24 [M+H"].

1.8. Cytostatic activity assays

Murine leukemia L1210 and thymidine kinase (TK)-deficient
L1210 (L1210/TK™), human T-lymphocyte CEM and human cervix
carcinoma (HelLa) and HeLa/TK™ cells were suspended at
300,000-500,000 cells/mL of culture medium, and 100 pL of a cell
suspension was added to 100 pL of an appropriate dilution of the
test compounds in wells of 96-well microtiter plates. After incuba-
tion at 37 °C for two (L1210, FM3A) or three (CEM, HeLa) days, the
cell number was determined using a Coulter counter. The ICsq was
defined as the compound concentration required to inhibit cell
proliferation by 50%.

1.9. Antiviral activity assays

The antiviral assays [except anti-human immunodeficiency
virus (HIV) assays] were based on inhibition of virus-induced cyto-
pathicity in HEL [herpes simplex virus type 1 (HSV-1), HSV-2 (G),
vaccinia virus and vesicular stomatitis virus], Vero (parainflu-
enza-3, reovirus-1, Sindbis, Coxsackie B4, and Punta Toro virus),
or HelLa (vesicular stomatitis virus, Coxsackie virus B4, and respira-
tory syncytial virus) cell cultures. Confluent cell cultures in micro-
titer 96-well plates were inoculated with 100 cell culture
inhibitory dose-50 (CCIDsq) of virus (1 CCIDsq being the virus dose
to infect 50% of the cell cultures) in the presence of varying concen-
trations (200, 40, 8, ... uM) of the test compounds. Viral cytopath-
icity was recorded as soon as it reached completion in the control
virus-infected cell cultures that were not treated with the test
compounds. The methodology of the anti-HIV assays was as fol-
lows: human CEM (~3 x 10° cells/cm®) cells were infected with
100 CCIDsq of HIV-1(lllg) or HIV-2(ROD)/mL and seeded in 200 pL
wells of a microtiter plate containing appropriate dilutions of the
test compounds. After 4 days of incubation at 37 °C, HIV-induced
CEM giant cell formation was examined microscopically.
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A novel series of 2’-spiro pyrimidine pyranonucleosides has been designed and synthesized. Their
precursors, 2’-C-cyano nucleosides 5a,b and 6a,b, were obtained by subjecting 1a,b to the sequence of
selective protection of the primary hydroxyl group, acetalation, oxidation, and finally treatment with
sodium cyanide. Deoxygenation at the 2’-position of cyanohydrins 5a,b or 6a,b led to the 2’-deoxy

derivatives 9a,b. Fully deprotection of 5a,b, 6a,b, and 9a,b gave the desired 2’-C-cyano 7a,b, 8a,b, and

Keywords:

C-Cyano pyranonucleosides
Spironucleosides

Cytostatic agents
5-Fluorouracil

2'-C-cyano-2’-deoxy pyranonucleosides 10a,b, respectively. Mesylation of the corresponding cyanohy-
drins 5a,b and 6a,b afforded compounds 11a,b and 12a,b which after base treatment and subsequent
deprotection furnished the spiro nucleosides 15a,b and 16a. The new analogues were evaluated for their
potential cytostatic activities in cell culture.

© 2013 Elsevier Ltd. All rights reserved.

Nucleoside analogues have long played a pivotal role in the
treatment of viral infections and cancer.' These therapeutic com-
pounds mimic physiological nucleosides in terms of uptake and
metabolism and are incorporated into newly synthesized DNA,
resulting in synthesis inhibition and DNA chain termination.’
However, their clinical use is often limited by important side-ef-
fects and natural or acquired drug resistance, thus there is an ongo-
ing medical need for more effective, selective, and non-toxic
derivatives.

Nucleosides containing sugar-ring modifications®’ are
recognized as an important class of biologically active molecules.
Particularly, branched-chain cyano furanonucleosides have drawn
much attention from medicinal chemists due to their antiviral
and anticancer properties®® and their potential to provide an
access to the synthesis of branched-chain spiro derivatives
endowed with potent anti-HIV properties.'®!! Spirobicyclic cores
display an important role in the development of new bioactive
substances,'? while a number of spiro nucleosides, as conforma-
tionally restricted analogues, exhibited interesting antiviral activi-
ties.!>"1°

* Corresponding author. Tel.: +30 2410 565285; fax: +30 2410 565290.
E-mail address: dkom@bio.uth.gr (D. Komiotis).

0008-6215/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.carres.2013.11.001

Pyranosyl nucleosides are undoubtedly one of the most
important modifications of natural nucleosides, offering promising
avenues in the development of potential antitumor,'®!” antivi-
ral,’®'® antioxidant,?° and antimicrobial®' agents. In our previous
investigations, we demonstrated that insertion of the cyano func-
tional group at the 3'-C- or 4-C-position of the pyranose ring, leads
to derivatives endowed with significant cytostatic activity against
different cancer cell lines.>*%*

With the above applications in mind and in order to: (i) better
understand the cyano substituent position effect on the properties
of this class of analogues and (ii) promote an efficient way to phar-
macologically active spiro branched-chain nucleosides, we found it
of particular interest to further extend our studies toward the
preparation of 2’-C-cyano pyrimidine pyranonucleosides as poten-
tial useful synthons for 2’-spiro pyranonucleosides bearing a
4-amino-1,2-oxathiole-2,2-dioxide ring. The chemical synthesis
and biological activity of these compounds are presented herein.

Our synthetic approach was focused on the preparation of
2'-C-cyano pyranonucleosides of uracil 5a,6a and 5-fluorouracil
5b,6b as key intermediates (Scheme 1). Commercially available
1,2,3,4,6-penta-0-acetyl-p-galactopyranose was condensed with
the proper pyrimidine base to give, after deacetylation, the B-galac-
topyranonucleosides of uracil 1a** and 5-fluorouracil 1b.>> Selec-
tive protection of the primary hydroxyl group of 1a and 1b with
t-butyldimethylsilyl chloride (TBDMSCI) followed by acetalation,
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Scheme 1. Reagents and conditions: (i) TBDMSCI, pyridine, DMAP, 2a: 85%, 2b: 83%; (ii) acetone, 2,2-dimethoxypropane, p-toluenesulfonic acid, 3a: 86%, 3b: 85%; (iii) PDC,
Ac,0, dry CH,Cl,, 4a: 80%, 4b: 83%; (iv) H,0, Et,0, NaCN, NaHCOs, 5a: 28% and 6a: 52%, 5b: 25% and 6b: 56%; (v) TFA 90% in MeOH, 7a: 74%, 7b: 74%, 8a: 79%, 8b: 78%.

furnished the partially protected derivatives 3a,b, which upon oxi-
dation?® gave the 2’-ketonucleosides 4a,b. Reaction of 4a,b with so-
dium cyanide (NaCN),?* afforded a chromatographically separable
mixture of the two possible 2’-cyanohydrin epimers 5a,b and 6a,b
in an approximate 1:2 ratio, respectively, contrary to previously
published stereospecific preparation of 3’-C- and 4'-C-cyano pyr-
anonucleosides.?>?* The proposed structures of compounds 5a,b
and 6a,b were established by comparison of their '"H NMR spectra
and were assigned as talopyranosyl and galactopyranosyl ana-
logues, respectively, based on the deshielding effect of the adjacent
cyano group?’~2° over H-1' which appeared at lower field in 5a,b
than in 6a,b (Ad = 0.42 and 0.31 ppm, respectively). This suggests
that H-1’ and the cyano group in 5a,b are on the same side of the
plane. The stereochemistry of C-2’ was further confirmed by NOE
measurements performed on pyranosyl analogue 6b, as depicted
in Figure 1. The mutual NOE enhancements observed between
the free OH group of galactopyranosyl derivative 6b and H-1’, show
that these protons are on the same side of the ring system. In con-
trast, no effect was observed between the 2'-OH hydroxyl proton
and the H-1' on talopyranosyl analogue 5b, when either 2’-OH
group or H-1’ was irradiated. Finally, deprotection of analogues
5a,b and 6a,b using trifluoroacetic acid (TFA) gave the desired
nucleosides 7a,b and 8a,b, in good yields (74-79%).

50 H 2% H 577
%

6b

Figure 1. NOEs observed for compound 6b.

In an effort to further explore structure-activity relationships of
this series of compounds, the synthesis of the 2'-C-cyano-2’-deoxy
derivatives 10a,b was also accomplished (Scheme 2). Phenoxythio-
carbonylation of 5ab or 6ab, followed by deoxygenation
with tris(trimethylsilyl)silane [(MesSi);SiH]?° in the presence of
2,2'-azobis(isobutyronitrile) (AIBN), and subsequent deprotection
with TFA led to the formation of the 2'-C-cyano-2'-deoxy deriva-
tives 10a,b. 'TH NMR data obtained for the newly synthesized
nucleosides 10a,b (J1> = 2.6 and 1.7 Hz, respectively) revealed an
axial/equatorial relationship between H-1' and H-2’, and thus an
axial-oriented cyano group. This demonstrated that deoxygenation
of 2’-C-cyanohydrins occurs in a stereospecific manner, in
accordance with the approach of the hydrogen atom from the less
hindered side of the molecule.?>*

Finally, the cyanohydrins 5a,b and 6a,b were used as starting
materials for the synthesis of the desired 2’-spiro pyrimidine pyr-
anonucleosides 13-186, as outlined in Scheme 2. Their reaction with
mesyl chloride (MsCl) in pyridine furnished the corresponding 2’-
C-cyano-2’-O-mesyl derivatives 11a,b and 12ab. Subsequent
treatment of the cyanomesyl nucleosides 11a,b and 12a with 8-
diazabicycloundec-7-ene (DBU)?! in the presence of acetonitrile
(CH3CN) furnished the 2’-spiro derivatives 13a,b and 14a, respec-
tively, in fair to good yields (60-74%), while only decomposition
products were recovered upon treatment of 5-fluorouracil ana-
logue 12b either with DBU or cesium carbonate. The cyclization
step of spiro derivatives 13a,b and 14a most likely involves
abstraction of the acidic proton from the mesylate group, followed
by nucleophilic attack of the resulting carbanion at the nitrile car-
bon atom.?'? The formation of the spiroaminooxathiole dioxide
ring in the aforementioned compounds was evident by the disap-
pearance in their 'H NMR spectra of the characteristic signal at
3.28-3.24 ppm assigned to the mesyl group and the presence of
two new singlets at 6.02-5.35 ppm corresponding to NH,-4" and
at 6.04-5.43 ppm assigned to H-3”. In agreement, the IR spectra
of the newly synthesised compounds 13a,b and 14a, exhibited
characteristic absorption bands at 3320-3455cm™! assigned to
the stretching vibrations of the NH, group. In the final step,
deprotection of 13a,b and 14a under mild acidic conditions,
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64% from 5b or 67% from 6b, (two steps); (ii) TFA 90% in MeOH, 10a: 74%, 10b: 79%; (iii) MsCl, pyridine, 11a: 69%, 11b: 68%, 12a: 69%, 12b: 59%; (iv) DBU, CH3CN, 13a: 60%,
13b: 74%, 14a: 70%; (v) CH,Cl,, methanolic hydrogen chloride, 15a: 58%, 15b: 59%, 16a: 67%.

performed by methanolic hydrogen chloride,** resulted in re-
moval of both silyl and isopropylidene groups to deliver the target
nucleosides 15a,b and 16a, respectively. Table 1
The cytostatic  activity of 2'-C-cyano 7ab, 8apb, Cytostatic activity of test compounds against tumor cell proliferation in cell culture

2’-C-cyano-2’-deoxy 10a,b, 2'-spiro pyranonucleosides 13a,b, 14a

Compound ICs50™ (UM)

and their unprotected derivatives 15a,b, 16a was determined L1210 CEM Hela
against murine leukemia L1210, human CD4" T-lymphocyte
(CEM) and human cervix carcinoma Hela cell cultures (Table 1). ;: 328 jgg :igg
Whereas the uracil derivatives (a-series of compounds) showed 10a 250 5250 5250
rather poor if any cytostatic activity, several 5-fluorouracil deriva- 13a 30+10 22+1 28+12
tives (b-series) showed pronounced antiproliferative activity. In 14a 111+3 1102 87+2
particular, the 2’-C-cyano (up or down)-2'-hydroxy derivatives 7b 15a >250 >250 >250
and 8b showed a cytostatic activity profile identical to that of the 16a >250 7250 >250

> o 7b 0.79 £ 0.45 16+ 4 0.60  0.04
free base 5-fluorouracil (5-FU). The three other 5-FU derivatives, sb 0.68+0.11 2046 0.65 + 0.23
that is, the 2’-C-cyano(up)-2’-deoxynucleoside analogue 10b and 10b 34+1 112+6 222
the 2’-spironucleoside analogues 13b and 15b were devoid of sig- :gz g; f?s 3;15’!01 12 fg
nificant cytostatic activity (Table 1). The pronounced cytostatic F-Uracil 0334017 1845 0544012

activity of 7b and 8b can be due to intrinsic instability of the com-
pounds (spontaneously releasing 5-FU upon cell culture exposure)

2 50% inhibitory concentration.
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and/or to enzymatic cleavage by serum proteins and/or intracellu-
lar enzymes. The presence of a TBDMS group at the 6'-position of
the molecules (i.e., 13a, 13b) seems to provoke an increased cyto-
static activity of the compounds.

In conclusion, we have accomplished the stereoselective syn-
thesis of 2’-C-cyano pyranonucleosides bearing 5-fluorouracil and
uracil, along with the preparation of their 2’-deoxy derivatives.
We further utilized the cyanohydrins as excellent templates for
the synthesis of novel 2’-spiro nucleosides, via a convenient strat-
egy, involving the intramolecular cyclocondensation of their corre-
sponding cyanomesylates. The target nucleosides were tested for
their inhibitory effects on the proliferation of murine leukemia
(L1210), human lymphocyte (CEM), and human cervix carcinoma
(HeLa) cell cultures. Several 5-fluorouracil derivatives showed a
pronounced cytostatic activity, comparable to the parent com-
pound, 5-FU.

1. Experimental
1.1. General procedure

Melting points were recorded in a Mel-Temp apparatus and are
uncorrected. Thin layer chromatography (TLC) was performed on
Merck precoated 60F,s4 plates. Reactions were monitored by TLC
on silica gel, with detection by UV light (254 nm) or by charring
with sulfuric acid. Flash chromatography was performed using sil-
ica gel (240-400 mesh, Merck). Microanalyses were performed on
a Perkin-Elmer 2400-I1 Analyzer. '"H NMR spectra were recorded at
300 MHz on a Bruker AVANCE"™ 300 spectrometer and '>C NMR
spectra at 75.5 MHz on the same spectrometer, using chloro-
form-d (CDCl3), dimethyl sulfoxide-dg (DMSO-ds). Chemical shifts
are reported in parts per million (6) downfield from tetramethylsil-
ane (TMS) as internal standard. UV-Vis spectra were recorded on a
PG T70 UV-Vis spectrometer and mass spectra were obtained on a
Thermo Quest Finnigan AQA Mass Spectrometer (electrospray ion-
ization). Optical rotations were measured using an Autopol I polar-
imeter. Infrared spectra were obtained with a Thermo Scientific
Nicolet IR100 FT-IR spectrometer. Dichloromethane (CH,Cl,) was
distilled from phosphorus pentoxide and stored over 4 A molecular
sieves. CH3CN and toluene were distilled from calcium hydride and
stored over 3 A molecular sieves. Pyridine was stored over
potassium hydroxide pellets. All reactions sensitive to oxygen or
moisture were carried out under nitrogen atmosphere using
oven-dried glassware.

1.2. Synthesis of 1-(2'-C-cyano-g-p-talopyranosyl)uracil (7a) and
1-(2'-C-cyano-g-p-galactopyranosyl)uracil (8a)

1.2.1. 1-(6’-0-t-Butyldimethylsilyl-g-p-galactopyranosyl)uracil
(2a)

To a stirred solution of 1a (4.11g, 15.0 mmol) in pyridine
(75.0 mL) were added successively TBDMSCI (3.39 g, 22.5 mmol)
and a catalytic amount of 4-dimethylaminopyridine (DMAP). The
reaction mixture was stirred for 30 min at 0 °C under nitrogen
and then at room temperature for 5 h. After, the reaction mixture
was quenched with MeOH and evaporated under reduced pressure.
The resulting residue was purified by flash chromatography
(EtOAc-MeOH, 9:1), to give 2a (4.97 g, 85%) as a colorless oil.
[#)Z +2 (c 0.2, MeOH); R¢=0.52 (EtOAc-MeOH, 8:2); UV (MeOH):
Jmax 258 nm (& 7286); '"H NMR (DMSO-dg, 300 MHz): 6 11.07 (br
s, 1H, NH), 7.63 (d, 1H, Js¢ = 8.1 Hz, H-6), 5.68 (d, 1H, H-5), 5.34
(d, 1H, J; > =9.1 Hz, H-1"), 5.27 (d, 1H, J = 4.5 Hz, OH), 5.01 (s, 1H,
OH), 4.58 (d, 1H, J=6.1 Hz, OH), 3.76-3.49 (m, 6H, H-2', H-3,
H-4, H-5, H-6a’,b’), 0.83 (s, 9H, t-Bu), 0.02, 0.01 (2s, 6H,
2Si-CH3). 3C NMR (CDCl;, 75.5MHz): & 163.3, 151.1, 1414,

102.2, 83.2,78.2,75.9, 74.0, 68.7, 62.7, 26.1, 18.3, —4.9. Anal. Calcd
for CygHgN,05Si: C, 49.47; H, 7.26; N, 7.21. Found: C, 49.71; H,
7.43; N, 7.02. ESIMS m/z 389.18 [M+H"].

1.2.2. 1-(6'-0-t-Butyldimethylsilyl-3',4'-0-isopropylidene-f-p-
galactopyranosyl)uracil (3a)

To a stirred suspension of 2a (4.97 g, 12.8 mmol) in anhydrous
acetone (226.0mL) and 2,2-dimethoxypropane (12.7 mL) was
added p-toluenesulfonic acid monohydrate (0.46g, 2.4 mmol).
After 3 h the resulting solution was neutralized with triethylamine
(Et3N) so pH did not exceed 7. The solution was concentrated and
the residue was purified by flash chromatography (CH,Cl,-MeOH,
9.5:0.5), to give 3a (4.72 g, 86%) as a white solid, mp 205-207 °C.
[0]2 +42 (c 0.6, CDCls); Ry = 0.47 (CH,Cl,-MeOH, 9:1); UV (CDCl5):
Jmax 259 nm (¢ 4831); "H NMR (CDCls, 300 MHz): 6 9.43 (br's, 1H,
NH), 7.41 (d, 1H, Js ¢ = 8.2 Hz, H-6), 5.74 (d, 1H, J1 > = 8.0 Hz, H-1"),
5.57 (d, 1H, H-5), 4.32-4.26 (m, 2H, H-3', H-4'), 4.07 (dt, 1H,
]4’,5/ =1.4Hz, JS"Ga’ =]5’,6b’ =6.4 Hz, H-SI), 3.89-3.78 (m, 2H, H-
6a’\b’), 3.72 (dd, 1H, J» 3 = 5.8 Hz, H-2'), 1.53, 1.37 (2s, 6H, 2CH3),
0.88 (s, 9H, t-Bu), 0.06, 0.05 (2s, 6H, 2Si-CH3). '*C NMR (CDCls,
75.5MHz): § 163.1, 151.0, 139.9, 110.1, 102.9, 82.9, 78.9, 76.3,
72.9,71.9, 61.8, 28.0, 25.8, 18.3, —5.3, —5.4. Anal. Calcd for C;9H3;.
N,0,Si: C, 53.25; H, 7.53; N, 6.54. Found: C, 53.32; H, 7.43; N, 6.72.
ESIMS m/z 429.22 [M+H"].

1.2.3. 1-(6'-0-t-Butyldimethylsilyl-3',4'-0-isopropylidene-p-p-
lyxo-hexopyranosyl-2'-ulose)uracil (4a)

A mixture of 3a (4.72 g, 11.0 mmol), pyridinium dichromate
(PDC) (4.93 g, 13.1 mmol) and Ac,0 (3.10 mL, 32.7 mmol) was stir-
red in dry CH,Cl, (110.0 mL) for 6 h, under nitrogen at room tem-
perature. Purification by flash chromatography (EtOAc-hexane,
5:5) gave 4a (3.75 g, 80%) as a white solid, mp 153-155 °C. [0
—80 (c 1.0, CDCl3); Rf=0.45 (EtOAc-hexane, 6:4); UV (CDCl3): Amax
257 nm (& 11296); "H NMR (CDCls, 300 MHz): 6 8.72 (br s, 1H, NH),
7.10 (d, 1H, J56 = 8.2 Hz, H-6), 6.21 (s, 1H, H-1'), 5.77 (d, 1H, H-5),
471-4.67 (m, 2H, H-3', H-4), 432 (dt, 1H, Jgs=0.7Hz,
Js 62 =Js 6 = 6.7 Hz, H-5"), 3.89 (d, 2H, H-6a,b’), 1.45, 1.41 (2s,
6H, 2CH3), 0.89 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CH3). '3C
NMR (CDCls, 75.5MHz): § 198.5, 162.5, 150.2, 141.0, 111.2,
103.0, 82.2, 77.8, 77.1, 75.9, 61.3, 27.4, 25.8, 25.7, 18.3, —5.4,
—5.5. Anal. Calcd for Cy9H30N,05Si: C, 53.50; H, 7.09; N, 6.57.
Found: C, 53.69; H, 7.13; N, 6.41. ESIMS m/z 427.21 [M+H"].

1.2.4. 1-(6'-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-g-p-talopyranosyl)uracil (5a) and 1-(6'-O-t-
butyldimethylsilyl-2’'-C-cyano-3',4'-0-isopropylidene-p-p-
galactopyranosyl)uracil (6a)

A mixture of 4a (3.75g, 8.80 mmol), H,O (130.0 mL), Et,0
(260.0 mL), NaHCO3; (1.48 g, 17.6 mmol) and NaCN (430 mg,
8.80 mmol) was stirred vigorously at room temperature for 72 h.
The organic phase was separated, and the aqueous phase was
washed with Et,0. The combined ether phases were dried over
Na,S0,, filtered, and evaporated to dryness. The residue was puri-
fied by flash chromatography (CH,Cl,-EtOAc, 7:3).

The fastest moving fractions afforded 5a (1.12 g, 28%) as a white
foam. [¢)% —18 (c 0.6, CDCls); R¢=0.30 (CH,Cl,-EtOAc, 7:3); UV
(CDCl3): Amax 259 nm (& 9500); 'H NMR (CDCls, 300 MHz): § 9.13
(br s, 1H, NH), 7.52 (d, 1H, Js5=8.2 Hz, H-6), 6.54 (br s, 1H,
2'-0H), 6.15 (s, 1H, H-1"), 5.72 (d, 1H, H-5), 4.57-4.53 (m, 2H, H-
3, H-4'), 442 (t, 1H, Js 65 =56y = 6.5 Hz, H-5'), 3.78 (d, 2H, H-
6a’,b’), 1.59, 1.38 (2s, 6H, 2CH3), 0.89 (s, 9H, t-Bu), 0.07, 0.06 (2s,
6H, 2Si-CH;). >C NMR (CDCls, 75.5 MHz): 6 162.6, 150.1, 141.5,
116.4, 110.7, 102.2, 79.4, 76.1, 74.0, 71.6, 71.2, 62.6, 26.1, 25.7,
24.8, 18.1, —5.4, —5.6. Anal. Calcd for C;oH3,N305Si: C, 52.96; H,
6.89; N, 9.26. Found: C, 52.88; H, 6.93; N, 9.17. ESIMS m/z 454.20
[M+H"].
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The slowest moving fractions afforded 6a (2.08 g, 52%) as a
white foam. [¢]? +24 (c 0.5, CDCls); Ry=0.18 (CH,Cl,~EtOAc,
7:3); UV (CDCls): Amax 258nm (¢ 3883); 'H NMR (CDCls,
300 MHz): 5 10.06 (br s, 1H, NH), 7.45 (d, 1H, Js¢ = 8.2 Hz, H-6),
6.15 (br s, 1H, 2'-OH), 5.84 (d, 1H, H-5), 5.73 (s, 1H, H-1), 4.52
(d, 1H, J3.4=59Hz, H-3'), 443 (dd, 1H, Ju5=2.8Hz, H-4),
428-4.24 (m, 1H, H-5'), 4.01-3.89 (m, 2H, H-6a'b'), 1.74, 1.39
(2s, 6H, 2CHs), 0.89 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CH3). 13C
NMR (CDCls, 75.5 MHz): 6 162.0, 150.7, 141.6, 116.8, 111.2,
1024, 80.1, 75.7, 73.7, 71.9, 69.8, 62.1, 26.4, 25.9, 24.3, 18.2,
—5.4, —5.6. Anal. Calcd for C,oH3;N30,Si: C, 52.96; H, 6.89; N,
9.26. Found: C, 52.80; H, 6.96; N, 9.32. ESIMS m/z 454.21 [M+H"].

1.2.5. 1-(2'-C-Cyano-p-p-talopyranosyl)uracil (7a)

The protected nucleoside 5a (0.37 g, 0.82 mmol) was dissolved
in 4.1 mL of 90% TFA in MeOH. The solution was stirred for
10 min at room temperature and then concentrated under reduced
pressure, in order to remove traces of TFA. The residue was purified
by flash chromatography (CH,Cl,-MeOH, 9:1), to give 7a (0.18 g,
74%) as a white foam. [«]Z —6 (c 0.1, MeOH); R;=0.24 (CH,Cl,-
MeOH, 8.5:1.5); UV (MeOH): /max 257 nm (¢ 5362); IR (KBr,
cm™'): 2225 (CN); '"H NMR (DMSO-dg, 300 MHz): 6 11.40 (br s,
1H, NH), 7.66 (d, 1H, Js = 8.2 Hz, H-6), 7.58 (s, 1H, H-1), 6.34 (d,
1H, J=5.2 Hz, OH), 6.24 (s, 1H, OH), 5.63 (d, 1H, H-5), 5.26 (d,
1H, J=4.3 Hz, OH), 4.71 (t, 1H, J = 4.3 Hz, OH), 4.18-4.93 (m, 4H,
H-3', H-4, H-5, H-6a'), 4.42 (dd, 1H, Js g1 = 5.3 Hz, Jex 6y = 11.3 Hz,
H-6b’); 3C NMR (DMSO-dg, 75.5 MHz): 6 163.1, 150.6, 142.9,
118.9, 101.2, 80.6, 73.6, 73.3, 72.4, 63.4, 56.9. Anal. Calcd for
C11H13N307: C, 44.15; H, 4.38; N, 14.04. Found: C, 44.29; H, 4.31;
N, 14.20. ESIMS m/z 300.09 [M+H"].

1.2.6. 1-(2'-C-Cyano-p-p-galactopyranosyl)uracil (8a)

Uracil derivative 8a was synthesized from 6a by the similar pro-
cedure as described for 7a. It was purified by flash chromatography
(CH,Cl,-MeOH, 9:1), to give 8a (0.36 g, 79%) as a white foam. ]2
+14 (c 0.3, MeOH); R¢=0.23 (CH,Cl,-MeOH, 8.5:1.5); UV (MeOH):
Jmax 257 nm (& 4032); IR (KBr, cm™'): 2250 (CN); "H NMR (DMSO-
ds, 300 MHz): 6 11.19 (br s, 1H, NH), 7.69 (d, 1H, /s = 8.2 Hz, H-6),
7.08 (s, 1H, H-1’),5.82 (d, 1H, ] = 2.7 Hz, OH), 5.75 (d, 1H, H-5), 5.59
(s, 1H, OH), 4.93 (s, 1H, OH), 4.71 (t, 1H, J = 4.7 Hz, OH), 3.87-3.58
(m, 5H, H-3', H-4, H-5', H-62",b’); 13C NMR (DMSO0-dg, 75.5 MHz): §
163.2, 149.9, 140.2, 117.6, 101.5, 80.1, 79.6, 67.3, 66.2, 60.9, 36.8.
Anal. Calcd for C;1H;3N307: C, 44.15; H, 4.38; N, 14.04. Found: C,
44.49; H, 4.56; N, 13.96. ESIMS m/z 300.10 [M+H"].

1.3. Synthesis of 1-(2'-C-cyano-2'-deoxy-p-p-talopyranosyl)
uracil (10a)

1.3.1. 1-(6’-0-t-Butyldimethylsilyl-2'-C-cyano-2'-deoxy-3',4'-0-
isopropylidene-p-p-talopyranosyl)uracil (9a)

Phenyl chlorothionoformate (0.17 mL, 1.2 mmol) was added to
a solution of 5a or 6a (0.37g, 0.82 mmol), DMAP (0.04g,
0.3 mmol), and Et3N (0.17 mL, 1.2 mmol) in CH5CN (12.0 mL) under
nitrogen at 0 °C. The mixture was stirred for 1 h and then diluted
with AcOEt. The whole was washed with H,0 and the separated or-
ganic phase was dried over anhydrous sodium sulfate, filtered and
evaporated to dryness. The residue was coevaporated two times
with toluene and then was dissolved in toluene (12.0 mL).
(Me3Si);SiH (0.34 mL, 1.1 mmol) was added to the above solution
containing AIBN (0.08 g, 0.5 mmol) at 90 °C under nitrogen. After
being heated for 50 min, the solvent was removed under reduced
pressure. The residue was purified by flash chromatography
(CH,Cl,-MeOH, 9.8:0.2) to give 9a (0.25 g, 70% from 5a or 0.24 g,
67% from 6a) as a colorless oil. MzDz +54 (c 0.3, CDCl3); Ry=0.33
(CH,Cl,-MeOH, 9.8:0.2); UV (CDCl3): /max 257 nm (¢ 4773); 'H

NMR (CDCl;, 300 MHz): & 8.78 (br s, 1H, NH), 7.23 (d, 1H,
Js6=8.3Hz, H-6), 5.79 (d, 1H, H-5), 5.55 (d, 1H, J;.» =2.7 Hz,
H-1), 4.57 (dd, 1H, J» 3 = 7.1 Hz, J3 4 = 5.7 Hz, H-3'), 4.29 (dd, 1H,
Jas =2.9 Hz, H-4'), 4.11-3.89 (m, 3H, H-5H-6a,b’), 3.65 (dd, 1H,
H-2'), 1.74, 1.39 (2s, 6H, 2CH;), 0.89 (s, 9H, t-Bu), 0.10, 0.09 (2s,
6H, 2Si-CH;). >C NMR (CDCls, 75.5 MHz): § 161.6, 150.7, 141.0,
116.8, 110.9, 102.7, 80.1, 75.7, 73.4, 71.3, 62.6, 36.8, 26.1, 25.6,
24.8, 18.2, —5.4, —5.6. Anal. Calcd for C,oH3;N350gSi: C, 54.90; H,
7.14; N, 9.60. Found: C, 54.78; H, 7.11; N, 9.82. ESIMS m/z 438.22
[M+H"].

1.3.2. 1-(2'-C-Cyano-2'-deoxy-p-p-talopyranosyl)uracil (10a)

Uracil derivative 10a was synthesized from 9a by the similar
procedure as described for 7a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9:1), to give 10a (0.12 g, 74%) as a white
foam. [¢]2 +6 (c 0.2, MeOH); R;=0.27 (CH,Cl,-MeOH, 8.5:1.5);
UV (MeOH): Zmax 258 nm (¢ 6229); IR (KBr, cm™'): 2250 (CN); 'H
NMR (DMSO-dg, 300 MHz): 6 11.48 (br s, 1H, NH), 7.70 (d, 1H,
Js6=82Hz, H-6), 5.74-5.69 (m, 2H, H-5, OH), 5.66 (d, 1H,
Ji2»=2.6Hz, H-1"), 486 (d, 1H, J=2.8Hz, OH), 4.76 (t, 1H,
J=5.3Hz, OH), 4.01-3.65 (m, 5H, H-3', H-4’, H-5', H-6a',b’), 3.47
(dd, 1H, J» 3 =5.3 Hz, H-2’); '*C NMR (DMSO-ds, 75.5 MHz):
163.2, 149.9, 140.2, 117.6, 101.5, 80.0, 79.6, 67.3, 66.2, 60.9, 36.9.
Anal. Calcd for C;;H;3N306: C, 46.65; H, 4.63; N, 14.84. Found: C,
46.78; H, 4.58; N, 14.76. ESIMS m/z 284.09 [M+H"].

1.4. Synthesis of [1-(p-p-talopyranosyl)uracil]-2'-spiro-5"-(4"-
amino-1”,2"-oxathiole-2",2"-dioxide) (15a) and [1-(p-b-
galactopyranosyl)uracil]-2’-spiro-5"-(4"-amino-1",2"-oxathiole-
2" ,2"-dioxide) (16a)

1.4.1. 1-(6'-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-2'-0-mesyl--p-talopyranosyl)uracil (11a)

The cyanohydrin 5a (0.37 g, 0.82 mmol) was dissolved in dry
pyridine (4.0 mL) and mesyl chloride (0.32 mL, 4.1 mmol) was
added. The mixture was stirred at 5-8 °C for 48 h, poured into
ice and water, and extracted with chloroform (2 x 15 mL). The
combined extracts were washed with 1 N HCI (15 mL), aqueous so-
dium hydrogen carbonate (15 mL), and brine (15 mL), dried over
anhydrous sodium sulfate, filtered, and evaporated to dryness.
The residue was purified by flash chromatography (CH,Cl,-MeOH,
9.8:0.2) to give 11a (0.30 g, 69%) as a colorless oil. [a]3* —3 (c 0.2,
CDCl3); R¢=0.52 (CH,Cl,-MeOH, 9.5:0.5); UV (CDCl3): /Zmax
256 nm (¢ 9053); 'H NMR (CDCls, 300 MHz): & 8.47 (br s, 1H,
NH), 7.49 (d, 1H, Js¢ = 8.3 Hz, H-6), 6.65 (s, 1H, H-1'), 5.80 (d, 1H,
H-5), 5.03 (d, 1H, J34 = 6.9 Hz, H-3"), 4.65 (dd, 1H, J45 = 1.4 Hz,
H-4"), 4.33 (dt, 1H, Js 62 =J5 6 = 6.5 Hz, H-5'), 3.83-3.79 (m, 2H,
H-6a',b’), 3.26 (s, 3H, CH5S0,), 1.69, 1.41 (2s, 6H, 2CHs), 0.89 (s,
9H, t-Bu), 0.07, 0.06 (2s, 6H, 2Si-CH;). '3C NMR (CDCls,
75.5 MHz): § 161.6, 150.6, 138.6, 112.4, 112.3, 103.1, 81.5, 79.8,
79.0, 78.4, 72.6, 61.4, 40.3, 25.8, 25.7, 25.1, 18.3, —5.3, —5.4. Anal.
Calcd for C,1H33N300SSi: C, 47.44; H, 6.26; N, 7.90. Found: C,
47.32; H, 6.30; N, 7.97. ESIMS m/z 532.16 [M+H"].

1.4.2. 1-(6'-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-2'-0-mesyl-g-p-galactopyranosyl)uracil (12a)
The cyanomesylate 12a was synthesized from 6a by the similar
procedure as described for 11a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9.8:0.2) to give 12a (0.56 g, 69%) as a color-
less oil. [0)2? +26 (c 0.5, CDCls); R¢= 0.45 (CH,Cl,-MeOH, 9.5:0.5);
UV (CDCl3): Amax 256 nm (& 9647); "H NMR (CDCls, 300 MHz): &
8.64 (br s, 1H, NH), 7.68 (d, 1H, Js¢=8.3 Hz, H-6), 5.92 (s, 1H,
H-1'), 5.83 (d, 1H, H-5), 4.79 (d, 1H, J3 4 = 6.1 Hz, H-3"), 4.50 (dd,
1H, _’4/5/ =2.7 Hz, H—4/), 4.24 (dt, 1H, _]5/'5‘3' =]5’,6b’ =6.4 Hz, H—S,),
4.01-3.89 (m, 2H, H-6a',b’), 3.24 (s, 3H, CH5S0,), 1.77, 1.42 (2s,
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6H, 2CH3), 0.89 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CH3). >C NMR
(CDCl3, 75.5 MHz): 6 161.7, 150.3, 138.9, 112.9, 112.4, 103.4, 81.8,
79.9, 78.7, 78.6, 72.5, 61.3, 40.2, 25.9, 25.8, 25.0, 18.3, —-5.3, —5.4.
Anal. Calcd for C;1H33N304SSi: C, 47.44; H, 6.26; N, 7.90. Found:
C,47.51; H, 6.19; N, 7.82. ESIMS m/z 532.18 [M+H"].

1.4.3. [1-(6'-0-t-Butyldimethylsilyl-3',4'-O-isopropylidene-$-p-
talopyranosyl)uracil]-2'-spiro-5"-(4"-amino-1",2"-oxathiole-
2",2"-dioxide) (13a)

A solution of 11a (0.3 g, 0.6 mmol) in dry acetonitrile (6.0 mL)
was treated with DBU (0.09 mL, 0.6 mmol), and the mixture was
stirred at room temperature for 36 h. The solution was neutralized
with acetic acid and the solvent was evaporated to dryness. The
residue was purified by flash chromatography (CH,Cl,-MeOH,
9.5:0.5) to give 13a (0.18 g, 60%) as a white foam. []2 —6 (c 0.4,
CDCl3); Re=0.38 (CH,Cl,-MeOH, 9.5:0.5); UV (CDCl3): Amax
253 nm (& 3429); IR (KBr, cm™'): 3420, 3320 (NH,), 1665 (C=C—N);
'H NMR (CDCls, 300 MHz): 6 10.29 (br s, 1H, NH), 7.56 (d, 1H,
Js.6=8.2 Hz, H-6), 6.49 (s, 1H, H-1’), 6.02 (br s, 2H, NH,-4"), 5.79
(d, 1H, H-5), 5.43 (s, 1H, H-3"), 4.65 (d, 1H, J3 4 = 7.5 Hz, H-3'),
4.48 (d, 1H, H-4'), 4.35 (t, 1H, Js 62 =J5 6v = 4.4 Hz, H-5'), 3.84 (d,
2H, H-6a',b’), 1.57, 1.37 (2s, 6H, 2CHs), 0.92 (s, 9H, t-Bu), 0.10,
0.08 (2s, 6H, 2Si-CH3); '3C NMR (CDCls;, 75.5 MHz): & 163.9,
153.4, 151.8, 140.4, 112.5, 103.5, 89.1, 83.0, 79.9, 77.3, 75.7, 73.1,
62.5, 25.9, 25.6, 24.6, 17.9, —5.5, —5.8. Anal. Calcd for C1H33N304.
SSi: C, 47.44; H, 6.26; N, 7.90. Found: C, 47.62; H, 6.34; N, 7.84.
ESIMS m/z 532.20 [M+H"].

1.4.4. [1-(6'-O-t-Butyldimethylsilyl-3',4'-0-isopropylidene-p-p-
galactopyranosyl)uracil]-2'-spiro-5"-(4"-amino-1",2"-oxathiole-
2",2"-dioxide) (14a)

Spiro derivative 14a was synthesized from 12a by the similar
procedure as described for 13a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9.5:0.5) to give 14a (0.39 g, 70%) as a white
foam. [0 +6 (¢ 0.5, CDCls); Ry = 0.37 (CH,Cl,-MeOH, 9.5:0.5); UV
(CDCl3): Amax 257 nm (& 8611); IR (KBr, cm™'): 3455, 3360 (NH,),
1650 (C=C-N); "H NMR (CDCl;, 300 MHz): 6 10.94 (br s, 1H, NH),
7.88 (d, 1H, Js5=8.1 Hz, H-6), 6.27 (s, 1H, H-1’), 6.04 (s, 1H,
H-3"), 5.43 (d, 1H, H-5), 5.35 (br s, 2H, NH;-4"), 4.61-4.52 (m,
2H, H-3'H-4'), 443 (t, 1H, Js 62 =J56v = 6.1 Hz, H-5'), 3.91-3.81
(m, 2H, H-6a',b’), 1.59, 1.41 (2s, 6H, 2CH3), 0.91 (s, 9H, t-Bu), 0.09
(s, 6H, 2Si-CH3); 3C NMR (CDCls, 75.5MHz): 6 164.7, 151.6,
150.3, 141.4, 110.6, 100.5, 92.9, 83.2, 79.3, 75.7, 73.3, 714, 61.8,
26.2, 25.7, 24.9, 18.1, —5.5, —5.6. Anal. Calcd for C;1H33N304SSi:
C, 47.44; H, 6.26; N, 7.90. Found: C, 47.52; H, 6.39; N, 7.78. ESIMS
m(z 532.19 [M+H"].

1.4.5. [1-(p-p-Talopyranosyl)uracil]-2'-spiro-5"-(4’-amino-1",2"-
oxathiole-2",2"-dioxide) (15a)

To a solution of 13a (0.17 g, 0.32 mmol) in dry CH,Cl, (1.0 mL)
was added methanolic hydrogen chloride (2.5 mL), which was ob-
tained from acetyl chloride (0.2 mL) in dry MeOH (5.0 mL) at 0 °C.
After completion of the reaction (6 h), the mixture was diluted
with MeOH, and treated with an excess of NaHCOs. The resulting
mixture was filtered through Celite and the solvent was evapo-
rated to dryness. The residue was purified by flash chromatogra-
phy (CH,Cl,-MeOH, 8:2) to give 15a (0.07 g, 58%) as a white
foam. [0)? —26 (c 0.1, DMSO); R¢=0.22 (CH,Cl,-MeOH, 8:2); UV
(DMSO): Zmax 260nm (¢ 10206); IR (KBr, cm™!): 3420, 3330
(NH,), 1655 (C=C—N); 'H NMR (DMSO-dg, 300 MHz): § 11.23 (br
s, 1H, NH), 7.50 (d, 1H, Js = 8.2 Hz, H-6), 6.67 (br s, 2H, NH;-4"),
6.34 (s, 1H, H-1’), 6.18 (br s, 2H, 20H), 5.58 (d, 1H, H-5), 5.46 (s,
1H, H-3"), 4.72 (br s, 1H, OH), 4.13-3.59 (m, 5H, H-3’, H-4/, H-5,
H-6a',b'); *C NMR (DMSO-dg, 75.5 MHz): & 163.2, 154.4, 150.5,
142.4, 101.6, 91.3, 86.4, 79.5, 75.4, 73.3, 66.1, 58.4. Anal. Calcd

for C12H15N306S: C, 38.20; H, 4.01; N, 11.14. Found: C, 38.29; H,
3.92; N, 11.19. ESIMS m/z 378.08 [M+H"].

1.4.6. [1-(B-p-Galactopyranosyl)uracil]-2'-spiro-5"-(4’-amino-
17,2"-oxathiole-2",2"-dioxide) (16a)

Spiro derivative 16a was synthesized from 14a by the similar
procedure as described for 15a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 8:2) to give 16a (0.18 g, 67%) as a white
foam. [] +36 (c 0.1, DMSO); R¢=0.21 (CH,Cl,-MeOH, 8:2); UV
(DMSO): Amax 260 nm (£ 8426); IR (KBr, cm™'): 3400, 3380 (NH,),
1620 (C=C-N); 'H NMR (DMSO-dg, 300 MHz): 6 11.19 (br s, 1H,
NH), 7.65 (d, 1H, Js = 8.2 Hz, H-6), 7.26 (br s, 2H, NH,-4"), 6.53
(brs, 1H, OH), 5.97 (s, 1H, H-1'), 5.92 (br s, 1H, OH), 5.58 (m, 2H,
H-5, H-3"), 4.73 (br s, 1H, OH), 4.21-3.61 (m, 5H, H-3’, H-4', H-5/,
H-6a',b’); *C NMR (DMSO-dg, 75.5 MHz): 6 162.9, 152.8, 150.7,
140.8, 101.8, 92.2, 91.4, 82.2, 81.2, 72.3, 68.7, 60.6. Anal. Calcd
for C1,H sN300S: C, 38.20; H, 4.01; N, 11.14. Found: C, 38.46; H,
4.11; N, 11.25. ESIMS m/z 378.06 [M+H"].

1.5. Synthesis of 1-(2'-C-cyano-p-p-talopyranosyl)-5-fluorouracil
(7b) and 1-(2'-C-cyano-g-p-galactopyranosyl)-5-fluorouracil
(8b)

1.5.1. 1-(6'-0-t-Butyldimethylsilyl-g-p-galactopyranosyl)-5-
fluorouracil (2b)

5-Fluorouracil derivative 2b was synthesized from 1b by the
similar procedure as described for 1a. It was purified by flash chro-
matography (EtOAc-MeOH, 9:1) to give 2b (5.06 g, 83%) as a white
solid, mp 136-138°C. [of¥* +7 (c 0.5, MeOH); R;=0.60
(EtOAc-MeOH, 8:2); UV (MeOH): imax 267 nm (¢ 4579); 'H NMR
(DMSO-dg, 300 MHz): 6 11.75 (br s, 1H, NH), 8.01 (d, 1H,
Jors =7.1Hz, H-6), 533 (d, 1H, Jy.» =9.0 Hz, H-1"), 5.18 (d, 1H,
J=2.9Hz, OH), 479 (s, 1H, OH), 435 (d, 1H, J=7.4Hz, OH),
3.82-3.51 (m, 6H, H-2/, H-3’, H-4/, H-5, H-6a’,b’), 0.86 (s, 9H,
t-Bu), 0.03, 0.02 (2s, 6H, 2Si-CH3). '*C NMR (CDCls, 75.5 MHz): §
157.4, 149.9, 140.5, 126.0, 83.6, 78.3, 73.7, 68.9, 68.8, 62.6, 26.2,
18.5, —4.8. Anal. Calcd for C;gH;7FN,05Si: C, 47.28; H, 6.70; N,
6.89. Found: C, 47.34; H, 6.82; N, 6.96. ESIMS m/z 407.15 [M+H"].

1.5.2. 1-(6'-0-t-Butyldimethylsilyl-3',4'-O-isopropylidene-f-p-
galactopyranosyl)-5-fluorouracil (3b)

5-Fluorouracil derivative 3b was synthesized from 2b by the
similar procedure as described for 2a. It was purified by flash chro-
matography (CH,Cl,-MeOH, 9.5:0.5) to give 3b (4.70 g, 85%) as a
white solid, mp 94-96 °C. [o3* +20 (c 0.5, CDCls); Ry = 0.50 (CH,Cl,-
MeOH, 9:1); UV (CDCl3): /max 267 nm (& 4452); '"H NMR (CDCls,
300 MHz): § 9.15 (br s, 1H, NH), 7.51 (d, 1H, Jess = 5.9 Hz, H-6),
5.57 (d, 1H, J1.2=7.9Hz, H-1'), 4.33-4.26 (m, 2H, H-3', H-4'),
4.07 (dt, 1H, ]4,‘5, =2.1 Hz, ]5/53' =]5r'6bf =6.3 Hz, H-S/). 3.92-3.80
(m, 2H, H-6a',b’), 3.74 (dd, 1H, J» 3 = 6.1 Hz, H-2"), 1.56, 1.38 (2s,
6H, 2CH;), 0.90 (s, 9H, t-Bu), 0.08, 0.07 (2s, 6H, 2Si-CH3). '3C
NMR (CDCl3, 75.5 MHz): § 156.9, 149.7, 140.7, 124.3, 110.2, 83.2,
78.5,76.2,72.8,71.8, 61.8, 27.9, 25.8, 18.3, —5.3, —5.4. Anal. Calcd
for C;9H3;FN;05Si: C, 51.10; H, 7.00; N, 6.27. Found: C, 50.92; H,
7.17; N, 6.21. ESIMS m/z 447.21 [M+H"].

1.5.3. 1-(6'-0-t-Butyldimethylsilyl-3',4'-O-isopropylidene-f-p-
lyxo-hexopyranosyl-2'-ulose)-5-fluorouracil (4b)

5-Fluorouracil derivative 4b was synthesized from 3b by the
similar procedure as described for 4a. It was purified by flash chro-
matography (EtOAc-hexane, 5:5) to give 4b (3.87 g, 83%) as a
white solid, mp 155-157°C. [o]?* -2 (c 0.3, CDCl3); Rr=0.50
(EtOAc-hexane, 6:4); UV (CDCls): Jmax 264nm (¢ 13813); 'H
NMR (CDCl3, 300 MHz): 6 8.46 (br s, 1H, NH), 7.19 (d, 1H,
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Jers =5.7 Hz, H-6), 6.15 (s, 1H, H-1'), 4.71-4.68 (m, 2H, H-3/, H-4'),
4.31 (t, 1H, J5 62 = J56v = 6.7 Hz, H-5'), 3.89 (d, 2H, H-6a',b’), 1.48,
1.42 (2s, 6H, 2CH3), 0.91 (s, 9H, t-Bu), 0.09 (s, 6H, 2Si-CHs). 13C
NMR (CDCl;, 75.5MHz): 6 198.0, 156.2, 148.9, 140.6, 128.6,
111.4, 82.7, 77.7, 76.4, 76.3, 61.4, 27.3, 26.0, 25.8, 18.3, -54,
—5.5. Anal. Calcd for C19H,9FN,05Si: C, 51.34; H, 6.58; N, 6.30.
Found: C, 51.42; H, 6.72; N, 6.22. ESIMS m/z 445.20 [M+H"].

1.5.4. 1-(6’-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-p-p-talopyranosyl)-5-fluorouracil (5b) and 1-(6'-
O-t-butyldimethylsilyl-2'-C-cyano-3',4'-0-isopropylidene--p-
galactopyranosyl)-5-fluorouracil (6b)

The cyanohydrins 5b and 6b were synthesized from 4b by the
similar procedure as described for 5a and 6a. The residue was puri-
fied by flash chromatography (CH,Cl,-EtOAc, 7:3).

The fastest moving fractions afforded 5b (1.03 g, 25%) as a white
foam. [)Z +2 (c 0.6, CDCls); Ry=0.41 (CH,Cl,~EtOAc, 7:3); UV
(CDCl3): /max 261 nm (¢ 7775); 'H NMR (CDCls, 300 MHz): § 8.72
(br s, 1H, NH), 7.55 (d, 1H, Jers = 5.3 Hz, H-6), 6.08 (s, 1H, H-1'),
5.78 (br s, 1H, 2’-OH), 4.56-4.48 (m, 2H, H-3’, H-4'), 4.42 (dt, 1H,
Jos=19Hz, Js6x=J56y=6.5Hz, H-5), 3.81-3.79 (m, 2H,
H-6a’,b’), 1.62, 1.39 (2s, 6H, 2CH3), 0.90 (s, 9H, t-Bu), 0.08, 0.07
(2s, 6H, 2Si-CH;). *C NMR (CDCls, 75.5 MHz): § 157.4, 148.7,
139.8, 127.0, 116.5, 111.5, 79.2, 75.6, 73.6, 71.5, 70.6, 62.1, 26.4,
25.8, 24.1, 18.3, —5.4, —5.6. Anal. Calcd for CyoH3oFN30,Si: C,
50.94; H, 6.41; N, 8.91. Found: C, 50.81; H, 6.52; N, 8.85. ESIMS
mfz 472.19 [M+H*].

The slowest moving fractions afforded 6b (2.29 g, 56%) as a
white foam. [0J% +7 (c 0.2, CDCls); Re=0.27 (CH,Cl,~EtOAc, 7:3);
UV (CDCl3): Amax 263 nm (¢ 13813); 'H NMR (CDCls, 300 MHz): §
9.47 (br s, 1H, NH), 7.85 (d, 1H, Jers = 6.1 Hz, H-6), 5.77 (s, 1H,
H-1'), 5.00 (br s, 1H, 2'-OH), 4.52 (d, 1H, J3 4 = 6.3 Hz, H-3'), 4.43
(dd, 1H, Ju 5 = 2.6 Hz, H-4'), 4.22-4.18 (m, 1H, H-5'), 4.02-3.88
(m, 2H, H-6a'b'), 1.73, 1.41 (2s, 6H, 2CHs), 0.91 (s, 9H, t-Bu),
0.10, 0.09 (2s, 6H, 2Si-CH3). '*C NMR (CDCls, 75.5 MHz): § 157.3,
149.0, 139.9, 126.3, 116.7, 111.6, 79.3, 75.3, 73.7, 71.2, 70.8, 62.3,
26.5, 25.4, 24.6, 18.2, —5.4, —5.6. Anal. Calcd for CyoH30FN305Si:
C, 50.94; H, 6.41; N, 8.91. Found: C, 51.03; H, 6.44; N, 8.97. ESIMS
mjz 472.21 [M+H"].

1.5.5. 1-(2’-C-Cyano-p-p-talopyranosyl)-5-fluorouracil (7b)

5-Fluorouracil derivative 7b was synthesized from 5b by the
similar procedure as described for 7a. It was purified by flash chro-
matography (CH,Cl,-MeOH, 9:1) to give 7b (0.17 g, 74%) as a white
foam. [¢]2? —2 (c 0.4, MeOH); R¢ = 0.29 (CH,Cl,-MeOH, 8.5:1.5); UV
(MeOH): Zmax 266 nm (& 3192); IR (KBr, cm™!): 2240 (CN); 'H NMR
(DMSO-dg, 300 MHz): 6 11.98 (br s, 1H, NH), 7.80 (d, 1H,
Jers = 7.2 Hz, H-6), 7.62 (s, 1H, H-1'), 6.36 (d, 1H, J = 5.6 Hz, OH),
6.21 (s, 1H, OH), 5.28 (d, 1H, J=4.8Hz, OH), 4.72 (t, 1H,
J=5.2Hz, OH), 4.07-3.92 (m, 4H, H-3, H-4, H-5, H-6a’), 3.64
(dd, 1H, Js v = 5.7 Hz, Jx 6 = 12.8 Hz, H-6b’); '3C NMR (DMSO-
ds, 75.5 MHz): 5 157.3, 149.6, 140.8, 124.7, 118.6, 82.7, 804,
73.9, 72.6, 68.2, 60.6. Anal. Calcd for C;1H;,FN3057: C, 41.65; H,
3.81; N, 13.25. Found: C, 41.54; H, 3.76; N, 13.35. ESIMS m/z
318.08 [M+H"].

1.5.6. 1-(2'-C-Cyano-p-p-galactopyranosyl)-5-fluorouracil (8b)
5-Fluorouracil derivative 8b was synthesized from 6b by the
similar procedure as described for 7a. It was purified by flash
chromatography (CH,Cl,-MeOH, 9:1) to give 8b (0.40g, 78%)
as a white foam. [¢)2? +8 (c 0.2, MeOH); R = 0.29 (CH,Cl,~MeOH,
8.5:1.5); UV (MeOH): Amax 266 nm (¢ 6595); IR (KBr, cm™'): 2235
(CN); "H NMR (DMSO-ds, 300 MHz): 6 11.89 (br s, 1H, NH), 7.81
(d, 1H, Jsrs =7.0 Hz, H-6), 7.04 (s, 1H, H-1’), 5.74 (s, 1H, OH),
5.60 (s, 1H, OH), 4.85 (s, 1H, OH), 4.66 (s, 1H, OH), 3.91-3.61

(m, 5H, H-3, H-4, H-5, H-6ab’); '3C NMR (DMSO-dg,
75.5MHz): § 159.3, 1504, 140.7, 128.8, 117.9, 101.2, 81.1,
76.4, 68.3, 66.8, 61.2. Anal. Calcd for C;;H12FN507: C, 41.65; H,
3.81; N, 13.25. Found: C, 41.62; H, 3.90; N, 13.39. ESIMS m/z
318.10 [M+H"].

1.6. Synthesis of 1-(2'-C-cyano-2'-deoxy-p-p-talopyranosyl)-5-
fluorouracil (10b)

1.6.1. 1-(6'-0-t-Butyldimethylsilyl-2'-C-cyano-2'-deoxy-3',4'-O-
isopropylidene-g-p-talopyranosyl)-5-fluorouracil (9b)
5-Fluorouracil derivative 9b was synthesized from 5b or 6b by
the similar procedure as described for 9a. It was purified by flash
chromatography (CH,Cl,-MeOH, 9.8:0.2) to give 9b (0.21 g, 64%
from 5b or 0.22 g, 67% from 6b) as a colorless oil. MzDz -2 (c0.2,
CDCl3); R¢=0.36 (CH,Cl,-MeOH, 9.8:0.2); UV (CDCl3): Amax
264 nm (& 4259); 'H NMR (CDCls, 300 MHz): 6 9.01 (br s, 1H,
NH), 7.83 (d, 1H, Jers =5.9 Hz, H-6), 5.59 (d, 1H, J;.2» =1.8 Hz,
H-1'),4.59 (t, 1H, J» 3 = J3 4 = 6.5 Hz, H-3"), 430 (dd, 1H, Jy 5 = 2.4 -
Hz, H-4’), 4.10-3.89 (m, 3H, H-5',H-6a’,b’), 3.67 (dd, 1H, H-2"), 1.74,
1.39 (2s, 6H, 2CHs), 0.90 (s, 9H, t-Bu), 0.10 (s, 6H, 2Si-CHs). 13C
NMR (CDCls, 75.5MHz): § 157.3, 148.9, 141.0, 127.2, 116.5,
111.3, 794, 75.8, 73.5, 71.6, 62.1, 36.9, 26.2, 25.3, 24.9, 18.2,
—5.4, —5.6. Anal. Calcd for CyoH3oFN30gSi: C, 52.73; H, 6.64; N,
9.22. Found: C, 52.60; H, 6.72; N, 9.33. ESIMS m/z 456.22 [M+H"].

1.6.2. 1-(2'-C-Cyano-2'-deoxy-p-p-talopyranosyl)-5-fluorouracil
(10Db)

5-Fluorouracil derivative 10b was synthesized from 9b by the
similar procedure as described for 10a. It was purified by flash
chromatography (CH,Cl,-MeOH, 9:1) to give 10b (0.11 g, 79%) as
a white foam. [2]3* —40 (c 0.2, MeOH); R¢=0.33 (CH,Cl,~MeOH,
8.5:1.5); UV (MeOH): Amax 264 nm (& 7366); IR (KBr, cm™'): 2220
(CN); "H NMR (DMSO-dg, 300 MHz): § 12.15 (br s, 1H, NH), 7.92
(d, 1H, Jers=7.0Hz, H-6), 5.77 (br s, 1H, OH), 5.66 (d, 1H,
Jr2=17Hz, H-1), 496 (d, 1H, J=3.9Hz, OH), 4.85 (t, 1H,
J=5.5Hz, OH), 3.99-3.61 (m, 5H, H-3’, H-4’, H-5', H-6a',b’), 3.49
(dd, 1H, Jo 3 =5.3 Hz, H-2"); 13C NMR (DMSO-dgs, 75.5 MHz): 6
158.4, 149.8, 140.3, 127.9, 118.9, 81.6, 76.7, 75.0, 73.2, 65.1, 37.8.
Anal. Calcd for C;1H12FN306: C, 43.86; H, 4.02; N, 13.95. Found:
C, 43.94; H, 4.13; N, 13.73. ESIMS m/z 302.10 [M+H"].

1.7. Synthesis of [1-(p-p-talopyranosyl)-5-fluorouracil]-2’-spiro-
5"-(4"-amino-1",2"-oxathiole-2",2"-dioxide) (15b)

1.7.1. 1-(6'-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-2'-0-mesyl-g-p-talopyranosyl)-5-fluorouracil
(11b)

The cyanomesylate 11b was synthesized from 5b by the similar
procedure as described for 11a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9.8:0.2) to give 11b (0.27 g, 68%) as a color-
less oil. [)Z? +2 (c 0.2, CDCl3); Ry = 0.54 (CH,Cl,-MeOH, 9.5:0.5); UV
(CDCl5): Amax 263 nm (& 8012); '"H NMR (CDCls, 300 MHz): 5 8.16
(br s, 1H, NH), 7.53 (d, 1H, Jers = 6.2 Hz, H-6), 6.62 (s, 1H, H-1'),
5.05 (d, 1H, J3 4 = 6.8 Hz, H-3'), 4.66 (dd, 1H, J4 s = 1.4 Hz, H-4'),
4.34(dt, 1H, Js 62 = J5 61 = 6.2 Hz, H-5"), 3.84-3.82 (m, 2H, H-6a’,b"),
3.28 (s, 3H, CH3S0,), 1.69, 1.42 (2s, 6H, 2CH3), 0.91 (s, 9H, t-Bu),
0.09 (s, 6H, 2Si-CHs). '3C NMR (CDCls, 75.5 MHz): § 156.4, 149.2,
140.7, 123.6, 112.9, 112.3, 81.1, 80.2, 78.8, 78.4, 72.7, 61.4, 39.9,
25.8, 25.7, 24.9, 18.4, —5.3, —5.4. Anal. Calcd for C;;H3,FN304SSi:
C, 45.89; H, 5.87; N, 7.64. Found: C, 45.71; H, 5.96; N, 7.54. ESIMS
m(z 550.17 [M+H"].
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1.7.2. 1-(6’-0-t-Butyldimethylsilyl-2'-C-cyano-3',4'-0-
isopropylidene-2'-0-mesyl-g-p-galactopyranosyl)-5-
fluorouracil (12b)

The cyanomesylate 12b was synthesized from 6b by the similar
procedure as described for 11a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9.8:0.2) to give 12b (0.52 g, 59%) as a color-
less oil. [0g% +12 (c 0.3, CDCls); R¢= 0.48 (CH,Cl,-MeOH, 9.5:0.5);
UV (CDCl3): Amax 262 nm (¢ 3678); 'H NMR (CDCl;, 300 MHz):
5 8.59 (br s, 1H, NH), 7.75 (d, 1H, Jers = 5.9 Hz, H-6), 5.93 (s, 1H,
H-1"), 4.81 (d, 1H, J3 4 = 6.1 Hz, H-3), 4.50 (dd, 1H, J4 5 =2.3 Hz,
H-4'), 423-4.18 (m, 1H, H-5), 4.02-3.89 (m, 2H, H-6a’,b’), 3.26
(s, 3H, CH3S0,), 1.77, 1.43 (2s, 6H, 2CH3), 0.90 (s, 9H, t-Bu), 0.09
(s, 6H, 2Si-CHs). 3C NMR (CDCl;, 75.5 MHz): & 156.5, 149.2,
140.8, 123.6, 112.9, 112.4, 81.8, 79.8, 78.6, 78.5, 72.5, 61.3, 40.2,
25.9, 25.8, 24.9, 18.3, —5.4, —5.5. Anal. Calcd for C,1H3,FN300SSi:
C, 45.89; H, 5.87; N, 7.64. Found: C, 45.82; H, 5.94; N, 7.73. ESIMS
m(z 550.15 [M+H"].

1.7.3. [1-(6'-O-t-Butyldimethylsilyl-3',4'-0-isopropylidene-p-p-
talopyranosyl)-5-fluorouracil]-2'-spiro-5"-(4"-amino-1",2" -
oxathiole-2",2"-dioxide) (13b)

Spiro derivative 13b was synthesized from 11b by the similar
procedure as described for 13a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 9.5:0.5) to give 13b (0.20 g, 74%) as a white
foam. [&]2* —22 (c 0.5, CDCls); R¢ = 0.40 (CH,Cl,-MeOH, 9.5:0.5); UV
(CDCl3): Amax 265 nm (¢ 7399); IR (KBr, cm™'): 3410, 3360 (NH,),
1620 (C=C-N); "H NMR (CDCl;, 300 MHz): 6 10.61 (br s, 1H, NH),
7.68 (d, 1H, Jsrs = 6.0 Hz, H-6), 6.47 (s, 1H, H-1"), 5.86 (br s, 2H,
NH,-4"), 5.45 (s, 1H, H-3"), 4.65 (d, 1H, J3 4 = 7.5 Hz, H-3’), 4.48
(d, 1H, H-4'), 4.36 (t, 1H, Js ga = J5 6 = 4.6 Hz, H-5'), 3.86 (d, 2H,
H-6a',b’), 1.58, 1.38 (2s, 6H, 2CH3), 0.93 (s, 9H, t-Bu), 0.12, 0.10
(2s, 6H, 2Si-CH3). '*C NMR (CDCls, 75.5 MHz): & 157.9, 153.2,
150.5, 141.3, 124.8, 112.6, 89.4, 82.9, 80.4, 77.3, 75.7, 72.9, 62.6,
25.9, 25.6, 24.6, 18.7, —5.6, —5.7. Anal. Calcd for C,1H3,FN300SSi:
C, 45.89; H, 5.87; N, 7.64. Found: C, 45.99; H, 5.81; N, 7.70. ESIMS
m/z 550.19 [M+H"].

1.7.4. [1-(B-p-Talopyranosyl)-5-fluorouracil]-2'-spiro-5"-(4"-
amino-1”,2"-oxathiole-2",2"-dioxide) (15b)

Spiro derivative 15b was synthesized from 13b by the similar
procedure as described for 15a. It was purified by flash chromatog-
raphy (CH,Cl,-MeOH, 8:2) to give 15b (0.08 g, 59%) as a white
foam. [¢)2 —12 (c 0.1, DMSO); R¢=0.24 (CH,Cl,-MeOH, 8:2); UV
(DMSO): Amax 263 nm (& 2532); IR (KBr, cm™'): 3450, 3320 (NH,),
1655 (C=C-N); 'H NMR (DMSO-dg, 300 MHz): § 11.61 (br s, 1H,
NH), 7.69 (d, 1H, Jers = 7.3 Hz, H-6), 6.69 (s, 1H, H-1'), 6.32 (br s,
2H, NH,-4"), 6.19 and 6.15 (2 br s, 2H, 20H), 5.47 (s, 1H, H-3"),
4.66 (br s, 1H, OH), 4.16-3.59 (m, 5H, H-3’, H-4, H-5, 6-a’,b’);
13C NMR (DMSO-dg, 75.5MHz): & 162.3, 158.7, 150.4, 140.8,
126.5, 90.8, 86.2, 79.1, 75.2, 70.4, 66.5, 62.5. Anal. Calcd for
C12H14FN306S: C, 36.46; H, 3.57; N, 10.63. Found: C, 36.52; H,
3.68; N, 10.78. ESIMS m/z 396.05 [M+H"].

1.8. Antiproliferative assays

The cytostatic effects of the test compounds on murine leuke-
mia cells (L1210), human T-lymphocyte cells (CEM), and human
cervix carcinoma cells (HeLa) were evaluated as follows: an appro-
priate number of cells suspended in growth medium were allowed
to proliferate in 200 pL-wells of 96-well-microtiter plates in the
presence of variable amounts of test compounds at 37 °C in a
humidified CO,-controlled atmosphere. After 48 h (L1210), 72 h
(CEM), or 96 h (HeLa), the number of cells was counted in a Coulter

counter. The ICso value was defined as the compound concentra-
tion required to inhibit cell proliferation by 50%.
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