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Abstract

This thesis reports the syntheses and biologidalitees of benzo- and thieno-fused
7-deazapurine ribonucleosides, which were desigasdextended analogues of potent
cytostatic 6-hetaryl-7-deazapurine or 6-amino-&hgt7-deazapurine ribonucleosides. First
of all, multigram syntheses of (di)chloré49yrimido[4,5b]indoles from simple chloro-
nitrobenzenes were developed. Pyrimidoindoles waceessfully glycosylated and used for
the synthesis of 4-hetaryl-6-chloro-, 4,6-bis(hgar 4-amino-6-hetaryl-, 4-amino-5-hetaryl-
and 4-susbtituted pyrimido[4 8}indole ribonucleosides. Hetaryl groups were introed by
Suzuki or Stille cross-coupling reaction. Standaatialysts and conditions were used for
reaction in position 4. To observe some reactivfyunreactive chlorine in position 6,
modification of standard protocol was necessarye&tng of several ligands had been done
and Buchwald ligand X-Phos was found to be optirAalchlorine in position 4 is activated
for nucleophilic substitution, amino and dimethylamderivatives were prepared by reaction
with aqueous ammonia and dimethylamine, respegtivel-Alkyl derivatives were
synthesized by palladium-catalyzed alkylation wirtalkylaluminium or by Negishi coupling
in case of cyclopropyl derivative. Desired free Irosides were obtained directly from
reaction with nucleophiles or by Zemplén deprotetti The whole series of new
ribonucleosides were screened for cytotoxic andvisat (HCV and dengue) activity.
4-Amino-5(6)-hetaryl- as well as 4,6-disubstitutadcleosides were completely inactive,
whereas several compounds from 4-hetaryl-6-chl@mes showed interesting anti-dengue
activities and 4-methylpyrimidoindole nucleosidsplayed sub-micromolar activity against
HCV.

The syntheses of two series of thienopyrrolopyrined ribonuclesides were
developed. Tricyclic bases were synthesized froompk dichloropyrimidine and
iodothiophene by three-step methodology involvihgrinally or photochemically induced
cyclization of tetrazoles. Target nucleosides mephetaryl, amino, dimethylamino, methyl,
methoxy and methylsulfanyl groups in position 4 eveynthesized by the same methodology
as pyrimidoindole derivatives. Thieno-fused nuciées are also completely new, so they are
screened for cytotoxic, antiviral (HCV, dengue,luehza, coxsackie, herpes simplex virus)
and antimicrobial activity. Methyl, methoxy and mmgsulfanyl derivatives from both series

showed submicromolar activities accompanied bytoyioity in micromolar range.



Abstrakt

Tato prace popisuje syntézy a biologické aktivityod typi kondenzovanych
7-deazapurinovych nukleosidkteré byly navrzeny jako prodlouzena analoga téslye7-
deazapurinovych a 6-amino-7-hetaryl-7-deazapuriobvyukleosid, znamych ginnych
cytostatik. Nejprve byla vyvinuta multigramova s§ma (di)chlor-®i-[4,5-b]pyrimidoindol,
vychazejici ze snadno dostupnych chlornitrobefizeRyrimidoindoly byly GspsSne
glykosylovany a pouzity na syntézu 4-hetaryl-6-chld,6-bis(hetaryl)-, 4-amino-6-hetaryl-,
4-amino-5-hetaryl- pyrimidoindolovych ribonukleosid a také pyrimidoindolovych
nukleosidi substituovanych v poloze 4. Hetarylové skupinyybyhvedeny do polohy 4
pomoci Suzukiho nebo Stilleho cross-couplingovékeea Pro Usgsné provedeni reakce
s nereaktivnim chlorem v poloze 6 bylo nutné nefibdny katalyticky systém a upravit
standardni reaki podminky. Bylo vyzkouSenogkolik ligandi, pticemzZ nejlepsi vysledky
byly ziskany pi pouziti ligandu X-Phos. ProtoZze chlor v polozejet aktivovany pro
nukleofilni substituci, amino a dimethylamino deéty byly gipraveny reakci s vodnym
amoniakem, respektive s dimethylaminem. Latky nesalkylovou skupinu v poloze 4 byly
ziskany palladiem katalyzovanou alkylaci pomocalksihliniku nebo Negishiho reakci
v piipadt cyklopropyl derivatu. Cilové volné nukleosidy byliskany pimo z reakci
s nukleofily, gipadre Zemplénovou metodou. ProtoZe vSechtiprnavené nukleosidy jsou
uplré novym typem latek, byla studovana jejich cytoté@i@a protivirova (HCV a dengue)
aktivita. Zatimco vSechny 4-amino-5(6)-hetaryl- jste jako 4,6-disubstituované
pyrimidoindolové nukleosidy byly zcela neaktivnickolik slouenin ze série 4-hetaryl-6-
chlorpyrimidoindolovych nukleosid vykazalo zajimavou aktivitu proti dengue viru a 4-
methyl derivat dokonce sub-mikromolarni aktivittoprHCV. Dale byla vyvinuta syntéza
dvou izomernich thienopyrrolopyrimidinovych nuklehs Tricyklické baze byly fipraveny
z dichlorpyrimidinu a jodthiofenu fikrokovou syntézou vyuzZivajici termické nebo
fotochemické cyklizace tetrazol Cilové nukleosidy nesouci hetaryl, amino, dimktimyno,
methyl, methoxy a methylsulfanylovou skupinu v p@at byly gipraveny pomoci stejnych
reakci jako v fipac pyrimidoindoli. Nukleosidy anelované s thiofenem jsou testovaay n
cytotoxickeé, protivirové a antimikrobidlni aktivityProzatim jsou dostupné jen vysledky
testovani anti-HCV aktivit, kde ékolik slowenin disponuje sub-mikromolarni aktivitou,

zarover ovSem i vyraznou (mikromolarni) cytotoxicitou.



List of abbreviations

AIDS acquired immune deficiency syndrome
APCI atmospheric-pressure chemical ionization
BSA N,O-bis(trimethylsilyl)acetamide

CCRF-CEM human T-lymphoblastoid cell line

CMD concerted metalation-deprotonation
Cy cyclohexyl

dba dibenzylideneacetone

DCM dichloromethane

DMF N,N-dimethylformamide

DMA N,N-dimethylacetamide

DME 1,2-dimethoxyethane

eq. equivalent

ESI electrospray ionization

FDA U.S. Food and Drug Administration
HCV hepatitis C virus

HelLa S3 human cervic carcinoma

HepG2 hepatocelular carcinoma cells

HIV human immunodeficiency virus

HPFC high performance flash chromatography
Huh7 hepatocellular carcinoma cells

L1210 mouse lymphocytic leukemia cell line
LIHMDS lithium hexamethyldisilazane

m.p. melting point

NCS N-chlorsuccinimide

PyBroP Bromotripyrrolidinophosphonium hexafluoroppbate



Refl. reflux

r.t. room temperature

SAR structure-activity relationship

TBAB tetrabutylammonium bromide

TEA triethylamine

TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

THP-1 acute monocytic leukemia cell line
TMP 2,2,6,6-tetramethylpiperidin

TMSOTf trimethylsilyl trifluoromethanesulfonate
TPPTS tris(3-sulfophenyl)phosphine trisodium salt
WHO World Health Organization
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1. Introduction

1.1 Purine nucleosides and their biological activitiesind functions

Nucleosides and nucleotides are an important @déssomolecules. They are basic
building blocks of nucleic acids, so they play meote in storage and expression of genetic
information. Adenosine triphosphate (ATP) is alsceaergy rich compound involved in most
metabolic energy-releasing or energy-requiring watfs. Nucleotide derivatives, such as
NAD, FAD and coenzyme A are necessary parts of nmamymatic reactions, NAD and
FAD are involved in cellular redox processes, desbgnzyme A transfers acyl groups.
Around 4-7 % of all proteins encoded by genome depm purine nucleotides (ATP, GTP,
cAMP, cGMP, NAD, FAD) as co-factors or co-substsatier their functions. Purine
receptors are present in all organs of human badyparine derivatives can serve as agonist
or antagonist of these receptors, which are importar regulation of pain signals, blood
pressure regulation efcAll these facts put purine nucleosides to the reemf interest,
because even a small modification in their strictan affect important cellular mechanisms.
This thesis will focus mainly on cytostatic andiainal effects of selected new base-modified

purine nucleosides.

Although purine is the most widely distributdtheterocycle in nature, unsubstituted
purine itself has not been found thérélowever, there are many natural compounds
containing purine core, for example purine alkadoiitke caffeine and theophyllifeplant-
growth hormons called cytokinins like zeatin andhetin and, of course, nucleosides.
2-Methoxyadenosine (spongosihe)was isolated from Australian sponge and its
corresponding triphosphate inhibits DNA polymera3eNebularine, the simplest purine
nucleoside isolated frorAgaricus nebulerisis higly toxic nucleoside, it inhibits adenosine
deaminasé. In addition to many natural purine derivativespusands of synthetic purine
derivatives and nalogues have been prepared ang ofidinem excerted important biological

activity.

12



HO

O R X §\O
N | N> NH HN
)\ N/ )j:H )i“
O N N7 N7
| k\N | N/> k\N IN/>
theophylline R=H

caffeine  R=CHj zeatin kinetin

NH,
> o
Meo)\\N N k\N N
o)

“Z
Z,

HO  ©OH HO  OH

2-methoxyadenosine nebularine
Figure 1 Natural purine derivatives

1.1.1 Purine nucleosides as antivirals

Viral infections are responsible for millions ofadks every year and are caused by
DNA or RNA viruses from 21 different families. Oméd the most famous and dangerous
threats is HIV virus causing Acquired Immunodefimg Syndrome (AIDS). There were
around 35 million people infected with HIV worldvadat the end of 2013, and 2 million
people became newly infected with HIV in 20%1Since the beginning of AIDS spreading in
1970s and discovery of HIV virus in 1980s, treatmehHIV became a big challenge for

scientists, who succeeded during past decades.

Anti-HIV drugs are divided into 6 classes — nucldesreverse transriptase inhibitors
(NRTI), non-nucleoside reverse transriptase inbiBit(NNRTI), protease inhibitors (Pl),
CCRS5 inhibitors, fusion inhibitors and integraseast transfer inhibitors (ISTI). Reverse
transcriptase is a key enzyme in virus life cyales responsible for synthesis of double
stranded DNA from viral RNA. It is obvious that measides are potencial inhibitors of
reverse transcriptase, so the first FDA approvet-HV drug was AZT (Zidovudine,
azathymidine) in 1987. AZT was far from being omlndrug against HIV, further studies
showed that benefits of AZT do not last long anglstance was being developed over time.
For this reason, combination of AZT with dideoxylaaside reverse transcriptase inhibitors
was tested. First tested compounds were didan@sidezalcitabine (Figure 2) and it was
shown that their combination with AZT reduced theortality by 42 % and 32 %

13



respectively’ This was the beginning of combined antiretrovifaérapy, also known as
HAART (higly active antiretroviral therapy), whicbriginaly consisted of 1-2 nucleoside
reverse transcriptase inhibitors, 1 non-nucleosilerse transcriptase inhibitor and 1-2
protease inhibitor¥’ In 2013, update to the Guidelines for the usenifretroviral therapy
was releaset. All recommended combinations contain Tenofovirogi®xyl fumarate,
purine derivative developed by Antonin Holy and ke#ed by Gilead Sciences under the
trade name Vireatf Viread is one of the most succesful drugs agaifigtand is also used in
HBV therapy.

0 0 H,N

NH HN N, SN
\KLKO k\N | N> (:/go
HO °

|
N
(@) @)
HO HO
N3

AZT (zidovudine) didanosine zalcitabine

Viread (tenofovir disoproxil fumarate)

Figure 2 Anti-HIV nucleoside analogues

Another dangerous virus is hepatitis C virus (HCWhich occurs in 6 genotypes and
which is now one of the leading causes of deathngntioe people with HIV. Up to 1 from 7
people with HIV are co-infected with HCY and 130-150 million people worldwide are
infected by HCV itself. Up to 500 000 people dieegyyear for HCV related diseasés.
HCV was identified in 1984 15 years after first suggestion that it existsic8ithat time,
scientists started with development of HCV treatinen

Pegylated interferon alpha in combination with viba has been used for HCV
therapy since 1998 but the clinical benefit of this therapy is lindteEfficacy of this therapy
is just around 50 % and has a duration of thertreat of 48 days. This is why there was still
need for better therapy. Several nucleosides wlergified as HCV replication inhibitors, all
of them modified in position 2" of the ribose pddy example specific inhibitors of RNA-
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dependent RNA polymerase 2'-C-methyladenosine an@-rdethylguanosiré*® or 2"-C-
methylcytidine (Fig. 3}2 Revolution in HCV therapy in last decade led toalepment of
Sofosbuvir (trade mark Sovaldi), which was apptowve2013 by FDA as anti-HCV drug and
has become part of all available cures of HCV agjadl six genotypes. Currently available
treatment has effectivity around 90 - 95 % andhlies just 12 weekS.However, there are
other viruses, which threaten millions of peoplé& dinere is no available treatment and no

vaccination against them.
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Figure 3 Anti-HCV nucleoside analogues

One of such viruses is Dengue virus, mosquito-lRNA virus with 4 serotypes
(DEN-1 — DEN-4) which causes dengue fever and mesgases dengue hemorrhagic fever.
Whereas dengue fever is characterized by fevedauobe, pain behind the eyes and usually
by skin rush and is not life threatening, denguendrehagic fever is assosiated with
thrombocytopenia and capillary plasma leakage am ke fataf® There may be 50-100
million of dengue infections worldwide every ye&00 000 of them are dengue hemorrhagic
fever with mortality about 2-3 %. Even there is an intensive research on developwfent
dengue treatment, no antivirotics or vaccine arailable yet. Although nucleosides have
great potential to inhibit dengue virus, therejast few examples of nucleosides withvitro
activity, one of them is an adenosine analog NITIB;0which is potent inhibitor of dengue
replication and did not show any adverse effeanine in one week treatmefftHowever,
after 2 weeks of oral dosing, severe side-effe@sevobserved in both rats and dogs. These
results led to the termination of NITD-008 for fuet development for DENV treatmefit.
Another example is 6-methyl-7-deazapurine riborsilge with 1G; = 0.88 uM against
DENV-2 virus. This compound was more active adgaiRslio virus in nanomolar
concentration and surprisingly, during biologicakays of corresponding triphosphates was
found, that this compound is not RNA chain ternanatt does not inhibit viral polymerase
and is not lethal mutagen, which suggest a diffemechanism of actioff.
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1.1.2 Purine nucleosides in cancer treatment

Cancer is one of the leading causes of death with dnillion new cancer cases and
8.2 million cancer death in 2012 worldwide. In 2012ere were almost 33 million people
living with cancer worldwidé® There are currently 9 nucleoside analogues apdrbyd-DA
as cytotoxic agents — cytarabine, fludarabine,ridatk, gemcitabine, clofarabine, nelarabine,

capecitabine, floxuridine and pentostatin (Fig’%).

Mechanism of action of these nucleoside derivatisedased on same metabolic
pathways as endogenous nucleosides. Compounds aaiterthrough specific nucleoside
transporter$!” ?are phosphorylated inside the cell by nucleosig@dés to mono-, di- and
triphosphorylated nucleosid&s, which can inhibit intracellular enzymes (polymess
ribonucleotide reductase) or they can be incorpdraito newly synthesised nucleic acid and
induce termination of chain elongatidhBut all these nucleosides suffer by severe adverse
effects like neurotoxicity, immunosupresion, hepateity etc., so there is still need for new,

more selective nucleosides.
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gemcitabine clofarabine nelarabine

NH, /CBH
Cl)\\)NjI / - )

N N
0o O
HO HO
HO' HO'
fludarabine cladribine pentostatin

Figure 5 Approved cytotoxic nucleosides

1.1.3Purine and deazapurine nucleosides previously depeld in our group

During a long-term investigation of biological adties (especially cytotoxic and anti-
HCV) of modified purine nucleosides in our groupamy different types of substituted purine
nucleosides have been prepared. In principle, passible to modify nucleosides on the
heterocyclic base or sugar moiety. Purine basdeaubstituted in position 2, 6 or 8, another
approach can be substitution of one of nitrogematby carbon leading to deazapurines and

giving us space for further modification at newlzar atom.

At the beginning of our groups research, many dizesubstituted 6-phenyl purine

ribonucleosided were discovered as micromolar cytostatics in 2800nly 4-substituted
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phenyl derivatives were active against L1210, Helral CCRF-CEM cancer cell lines,
whereas 3- or 2-substituted phenyl derivatives alf as 2-aminopurine derivatives were
inactive. In order to improve the activity, enlarf§AR study and understand the mechanism
of action, 5"-deoxyribol , 2"-deoxyribonucleosidddl and 9-(2,3-dihydroxypropyl) acyclic
nucleoside analogud®¥ were prepared, but none of these compounds shamedignificant
cytostatic activity’> Also 3'-deoxy analogue¥ were inactive® Next option was the
preparation of-nucleosided/I, enantiomers of naturally occurimgnucleosides. A series of
derivatives bearing aryl, hetaryl or alkyl groupgbsition 6 were synthesized, but all of them

were inactive against cancer cell lirfés.

R1 R R
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i B L Y D
NS N N
X" N N
0 @) @)
HO HO
o oH HO  OH HO
R' R? R®=H, CHj CI, EtO, F, MeO R =H, F, OMe R =H, F, OMe
X =H or NH,
I I n
R R R
\ O
N ’
k\ | N\> k\N N
N OH
P » HO
N~ N HO OH
OH
HO R = aryl, hetaryl, alkyl, CH,OH, Bn
OH
v ' VI

Figure 6 6-Substituted purine nucleosides

In another study, various aryl and hetaryl grougsenintroduced into position 6 of
purine nucleosidesVIl. Since derivatives containing bulky naphtyl groups
4-trifluoromethylphenyl and 4-hydroxyphenyl in pien 6 were completely inactive,
nucleosides bearing 2-thienyl and 2-furyl were macgéve against CCRF-CEM and L1210
cancer cell lines than the parent 6-phenylpurinelenside® Series of 6-hetaryl derivatives

was later extended and all compounds were alsedidst anti-HCV activity with promising
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results of furyl, thienyl and pyrazolyl derivativesth sub-micromolar activity against HCV,

unfortunately accompanied by effect on cellular RIA

The replacement of a hydrogen atom in position @-phenylpurine ribonucleoside by
small groups like amino, methyl, chloro, bromo odo VIII led to complete loss of
activity.>” Substituents in position 2 can interfere with lgn-bonding of complementary
nucleobase, which is not a case of 6-phenyl riblusides substituted in position 8 by Ph,
Me, Et, Bn, OH, OMe, NB NMe, and SH group$X. But also all these compounds were

inactive®
R
k\ﬁ\> ALY ke
N~ N X N7 N N~ N
0 0 0
HO HO HO
HO  OH HO  OH HO  OH

R=aryl, hetaryl R =NH,, F, Cl, Br, |, CHs, CF3, Ph R = NH,, OCHj, OH, SH,
N(CHa),, Ph, Me, Et, Bn

VIl VIl IX
Figure 7 2-, 6- and 8- Substituted purine nucleosides

Last option how to modify purine nucleosides was thplacement of one of the
nitrogen atoms by carbon, which leads to deazapurtierivatives. 6-(2-Thienyl)-1-
deazapurine nucleosid¢ was tested for cytostatic activity against CCRAMCEHT-1080
cells and human WI-38 cells and showed lower dgtitian corresponding purine analogue.
This suggests, that 1-N is not essential for biiclgactivity>® On the other hand, 3-
deazapurine derivativeXI| substituted with various aryl, hetaryl, alkyl awgiclopropyl
groups at position 6 were all completely inactiwdyich leads to conclusion, that 3-N is

crucial for interaction of these compounds withrbadecular targets
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Figure 8 Deazapurine nucleosides

Last type of deazapurines are 7-deaza analoguesseres of 7-deazapurine
nucleosidexIl bearing H, F or Cl atom in position 7 and manyedlént heteroaryl as well as
alkyl and hydroxymethyl groups was prepared andstgtic and anti-HCV activity was
explored* Whereas all derivatives bearing 6-membered ringoadsition 6 were almost
inactive or inactive, nucleosides substituted bynémbered ring displayed interesting
activities. Nucleosides bearindrheterocycles were micromolar cytostatics, whilstyf and
thienyl analogues showed nanomolar cytostatic i&gti@gainst several cancer cell lines,
comparable to commercially used cytostatic clofar@bThe most active compounds were 2-
furyl and 2-thienyl derivatives non-substitutedpasition 7. Their 7-fluoro analogues were
similarly potent, whilst 7-chloro analogues wereslective. Mechanism of action of these
compounds is unknown, but they are probably phasgdted by cellular kinases and inhibit
synthesis of RNA? 6-Substituted 7-deazapurine ribonucleosides wise tasted as human
or mycobacterial adenosine kinase inhibitors. Alifto 6-hetaryl nucleosides are strong and
mostly selective inhibitors of mycobacterial kinasieey showed only limited potential to
inhibit growth of mycobacteria, probably becausehdir poor penetration through bacterial

cell wall #?

Another class of 7-deazapurine nucleosides areb3tisuted 7-deazapurineslil ,
analogues of tubercidin (7-deazaadenosine), natytastatic antibioti¢® 7-Aryl derivatives
were almost inactive or totally inactive, whereaketaryl tubercidins displayed nanomolar
activity against human T-lymphoblastic leukemial dahe CCRF-CEM, promyelocytic
leukemia HL-60, cervical carcinoma HelLa S3, lung5#49 cells and NCI-H23), prostate
(Dul45 and PC3), colon (HCT116 and HCT15) and bhr@4s578 and BT549) carcinomas.
The most active compounds from this series wereazgadenosines bearing 2- or 3-thienyl
and 2- or 3-furyl groups in position 7 (Fig. 8)AB61 was selected as the most promising

compound for further testing and also for invegtagyaof mechanism of action, which is still
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underway. What is known so far is that AB61 intslBRNA synthesis and also DNA synthesis
at higher concentration. Inhibition of RNA syntleess main target for AB61, but it is not
caused by direct inhibition of RNA polymerase llvea if AB61 is efficiently
phosphorylated* Triphosphate form is incorporated to RNA by T7 RK#8lymerase and to
DNA by Klenow fragment of DNA polymerasein vitro and alsan vivo in living CCRF-
CEM cells. After incorporation into mRNA, it compddy blocks translation. In DNA, AB61
nucleotide leads to DNA damage.

Later on, an extended series of derivatives of @zder-hetarylpurine nucleosides was
prepared, including 6-methoxy, 6-methylsulfanyiméthylamino, 6-dimethylamino, 6-methyl
or 6-oxo nucleosidesXlV as well as 2,6-disubstituted derivativesV. All 7-
deazahypoxanthine derivatives and also all theb2tguted nucleosides did not show any
significant cytotoxic effect. In 6-substituted ey 2-furyl derivatives were always the most
active ones in whole series with nanomolar acsitiUnfortunately, these compounds were
also the most cytotoxic to fibroblasts, which sigigeon-specific cytostatic effect. On the
other hand, other 7-hetaryl (2-thienyl, 3-thien$uryl) nucleosides were less active or
inactive. But 6-methoxy-7-(2-thienyl) nucleosidesplayed significant activities and no
toxicity to fibroblasts, showing promissing therape index. And also 6-methylsulfanyl
derivative bearing small ethynyl group in positidBrwas shown to be nanomolar cytostatic
against most tumour cells with low effect on fibladis. This study showed that H-bond
donating NH group at position 6 can be in some cases replagesbsteric nonpolar methyl

group or H-bond acceptor groups retaining cytot@dtvity.*®

S ~I
R X NH, \= NH, R X R2
7 7 Z N~
g, L g, Ay
N~ N N~ N N~ N RN N
0 o o} O
HO HO HO HO
HO  OH HO  OH HO  OH HO  ©OH
X: OMe, CHg, SMe,
)F\(>: aryé lgtaryl, alkyl N(CH3)2, NH(CH3)
Xl AB61 tubercidin: R=H XIV:R'=H

XIlI: R = hetaryl, aryl XV: R'"=NH,, Me

Figure 9 7-Deazapurine nucleoside cytostatics
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Discovery of these promising new types of cytostated to their deeper studies. To
overcome the first phosphorylation, which can hecial step of their activation, two types of
prodrugs were designed and synthesised. Firstdiypeonucleotides wereycloSal prodrugs
XVI derived from 7-deazapurines bearing hetaryl grompgosition 6 and hydrogen or
fluorine atom in position 7CycloSal analogues of 7-deaza-7-hetaryl purines showweiths
or lower cytostatic activity than the parent nusides against the same panel of cell lines -
(lung NCI-H23 cells), prostate (DU145 cells), coldiCT116 cells), and breast (HS578 cells)
carcinomas and also human T-lymphoid (CCRF-CEM)myrelocytic leukemia (HL60) and
cervical carcinoma (HeLa) cell lines. This mearat ttycloSal pronucleotides are probably
not suitable type of prodrugs for cytostatic nusldes and also the first phosphorylation to
5”-0-monophosphate is not a limiting step of theirwatton*’

Another class of prodrugs were the phosphoramigiateucleotideVII . Four series
of O-phenyl, methyl-, ethyl- and benzylalanyl phospinaicate pronucleotides derived from
6-hetaryl-7-deazapurines were prepared and testedytostatic activity against same cell
lines as mentioned above. Although most of the Fies showedn vitro cytostatic activity,
these activities were lower than those of pareotausides. This leads to the conclusion, that
pronucleotide approach is not the way to improvéemin vitro cytostatic activity of

6-hetaryl-7-deazapurine nucleosid@s.

R X R2

N/ N/
Ay B

0 N
fo~] o ?, 0]
! 1 O
O g
HO OH K

ffff NH ¢
COOR' HO OH
R = hetaryl R' = Me, Et, Bn
X=HF R? = hetaryl
XVi XVII

Figure 10 CycloSal and phosphoramidate nucleotide prodrugs

In analogy to commercially used cytostatics fluthema and clofarabine, arabinosides
XVIII , 2"-deoxy-2"-fluoroarabinonucleosidedX and 2-C-methylribonucleosideXX of
6-hetaryl-7-deazapurines were prepared and testedyfostatic and anti-HCV activities, but
none of them showed any significant activityAlso sugar modified (2"-deoxy-2’-fluororibo
XXI and 2"-deoxy-2",2’-difluororibonucleosid¥XIl ) derivatives were inactiv¥.
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Figure 11 Sugar modified 6-hetaryl-7-deazapurine nucleosides

Sugar modified (2"-deoxy-2"-fluororibo  XXIlI and 2’-deoxy-2",2"-
difluororibonucleosides<XIV ) analogues of 7-hetaryl-7-deazaadenines were @ksoared
and their biological activity was studied. All commds were tested against human
T-lymphoid (CCRF-CEM), cervical carcinoma (HelLa)ynman pro-myelocytic leukemia
HL60 and hepatocellular carcinoma HepG2 cell linese most active (submicromolar)
compounds were fluoroXXIll and difluoro XXIV 7-iodo-7-deazaadenosines. 2-Furyl,
2-thienyl and surprisingly also bulky naphtyl andnbofuryl 2°,2"-difluoro nucleosides
displayed micromolar activity, whereas 3-furyl aBdhienyl derivatives were completely
inactive. In 2"-fluororiboseries, just 7-iodo angthynyl derivatives were active, none of the
7-hetaryl substituted nucleosides showed any a@fiostactivity. This means that the
mechanism of action is probably different in eaehies and most likely differs from parent

ribonucleosides, which are more active in all cases
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Figure 12 7-Hetaryl analogues of tubercidin

Some of substituted 7-deazapurine nucleoskiés and XV (Fig. 9) showed also
submicromolar activities against HCV virus. Unforétiely, these activities in most cases
correlate with cytotoxicities suggesting that aimélactivity was observed in replicon assays

due to interference of such compounds with hogetat®

Few 7-substituted analogues of tuberciil (Fig. 9) were found to be good
inhibitors of mycobacterial adenosine kinase. Whilscleosides bearing small hetaryl groups
in position 7 were inhibitors of both mycobactergsd human adenosine kinase and above
that were cytotoxic, nucleosides bearing bulky geoydibenzofurane, phenanthrene) were

non-toxic and specific inhibitors of mycobacteaaenosine kinasg.

The previous studies showed that any modificatiorthe Watson-Crick edge or
minor-groove parts of purine are not allowed, where¢here is a space for even bulky
modifications in the major groove part (position Therefore, the aim of my project was to

further modify this part of the structure by benaad thieno-fused extended analogues.
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1.2 Pyrimidoindoles — synthesis and biological activigs

Fused-7-dezapurines are compounds containing b&sipyrrolo[2,3d]pyrimidine
annulated with another aromatic system. This thegisbe only about 7-deazapurines fused
with 6- and 5-membered (hetero)aryls. One typeumhscompounds are pyrimido[4t}-
indoles, which are heterocycles composed of fusgohpdine and indole ring (Figure 13).

From a perspective of a nucleoside chemists i#deazapurine base fused with benzene.

6 5_0
7
1NZ 5 \ N7 4 7
2\ |4 N 8+ - k\ | 8
N 2 N
3 H N"H
7-deazapurine benzene 9H-pyrimido[4,5-blindole

Figure 13 Numbering of #®1-pyrimido[4,5b]indole
1.2.1 Synthesis of pyrimido[4,5-b]indoles

Pyrimidoindole bases are well known, the first &gsis was described in 1972.
Unsubstituted pyrimidoindoleXXVIII was prepared by photolysis of easily available
tetrazole XXVI in TFA (Scheme 1). The reaction was also triedtatrahydrofuran or
acetonirile, but the yield was just about 20 %. TiEAecessary for shifting the equilibrium to
azideXXVII ,>* which is under irradiation cleaved te Bind reactive nitrene speci@syhich
then attacks the phenyl ring to form a tricyclioguct. Thermolysis of tetrazoles was also
studied and no advantage of thermolysis over ppsioivas found® Starting tetrazole can be
easily prepared by nucleophilic substitution ofteco-5-arylpyrimidineXXV with sodium
azide and lithium chloride in DMF.

NaN3
N - |_|C| N| X TFA N ~ N ~
| N \/N 3
N=N

DMF

XXV XXVI XXVII XXV
Scheme 1Synthesis of B-pyrimido[4,5b]indole via photocyclization

Another approach to pyrimidoindoles is based onydedgenation of corresponding
5,6,7,8-tetrahydropyrimidoindolesXX by DDQ or by palladium on charcoal, which was
shown to be more efficient and general, but ondtier hand, it is not compatible with

halogen atom3’ 5,6,7,8-tetrahydropyrimidoindolesXXX can be synthesised from
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2-hydroxycyclohexanone, amine and malononitrilesuling 2-aminotetrahydroindole-3-

carbonitrileXXIX is than cyclized with formamide (Scheme 2).

OH
(:\[ . 1) TsOH m HCONH2 O\/C /> Pd/C CEC />
NH,
0 CN 2) O
N

XXXI
Scheme 2Synthesis of H-pyr|m|do[4,5b]|ndole via dehydrogenatlon

Recently, a new method for synthesis of pyrimidoled was developed. This method
is based on new inverse-electron-demand Diels—A{ti2A) reaction of aminoindoles as
dienophiles with 1,3,5-triazines. Depending on avmdole, 2,4-disubstituted pyrimido-
[5,4-blindoles XXXIVb or pyrimido[4,5b]indoles XXXIVa can be prepared from
3-aminoindole XXXIIb ) or 2-aminoindole XXXIlla ), respectively. The reaction can be
performed in methanol or DMF at r.t. and it alloilmgroduction of groups like COOR, GF
OMe etc. into positions 2 and 4 (Schemé®sy.

R2 R?

R2
_N —
| . N*\N _PA Wi Q%N
NR! PN | >N =

R27 N7 R? NR' NR' R?

XXXlla: 2-NH, XXX XXXIVa XXXIVb
XXXIlIb: 3-NH, R'=H, Bn
R2=COOEt, CF3, H, Ph
Scheme 3Synthesis of B-pyrimido[4,5b]indole via inverse-electron-demand Diels-Alderatén

In 2014, a new one pot multi-component solvent-fsgathesis of pyrimidoindoles
was published. An aromatic aldehyde reacts witmadode and urea or thiourea in solvent free
conditions using Y(OTgas a catalyst to furnish 4-arylpyrimido[4)hndol-2-onesXXXV or
corresponding 4-arylpyrimido[4,Blindol-2-thiones XXXVI in good yields. This reaction
works also with acetic acid instead of Y(QOs[fut yield is slightlylower. Both EWG and
EDG o- andp-substituted benzaldehydes can be used as subsfrasd EWG substituted
ones gave better yields. But this methodology msitéd just to 4-substituted derivatives
bearing oxo- or thio- groups in position®2This three component synthesis can be also
performed in ethanol and catalyzed by KF/alumirzhéne 4§*
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R'=H, CHj, Ac
X R?=H, Cl, Br, OMe, NO,,

H” ™0 Y(OTf), =
(X0 - — Chi, O
NR'  H,N_ _NH, NR

XXXV: X=0
X XXXVI: X=S

Scheme 4Solvent-free multicomponent synthesis bf-pyrimido[4,5blindoles

Pyrimidoindoles can be also built up from simplel mommercially easily available
o-chloronitrobenzeneXXXVIl . In the first step, chlorine is replaced by etbyhnoacetate
salt, this nucleophilic aromatic substitutiton midwed by reduction of nitro group and
spontaneous cyclization to ethyl 2-aminoindole-Boaylate XXXIX . This useful
intermediate can be than cyclized with differenagents to pyrimidoindolone&XL,
substituted or unsubstituted in position 2. Reagéké carbamidic chloride hydrochlorié?,
triethyl orthoformaté? formamidé&® or formamidine acetatécan be used for cyclization to
provide pyrimidoindolones which can be convertecchtoro derivativesXLI by treatment
with POCE (Scheme 5). Availability of variously substituteechloronitrobenzenes makes
this approach quite general for synthesis of halagedl pyrimidoindoles as intermediates for

further derivatization.

E
ol R tO.__0 o .
jij CNCH,COOEt R Zn, AcOH _ ko
> bz
O,N t-BuOK, THF N7 |
O,N HoN ”
XXXVII XXXVIII XXXIX
formamide
cl R o R
k\ N N
N ” N H
XLI XL

Scheme 5Synthesis of pyrimidoindoles fromchloronitrobenzenes
2,4-DiaminopyrimidoindolesXLIV can be also synthesised by extended Nenitzescu

reaction. The mechanism of this reaction was ingattd in 1966> The first step is an
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addition of enamine to benzoquinone to producenmeeiateXLIl , which is than oxidized to
benzophenone derivativéLIll , next step is intramolecular cyclization followleg reduction

by hydroquionone formed during the reaction. (Sahéhn Originally, Nenitzescu reaction
was a reaction between 1,4-benzoquinone and dikgminocrotonate which produces
2,3-disubstituted 5-hydroxyindol83.An extended version of this reaction uses aromatic
triamines instead off-enaminoesters. Reaction between 1,4-benzoquinodepgrimidine-
1,3,6-triamine in boiling glacial acetic acid leaas2,4-substituted pyrimido[4,Blindol-6-
olesXLIV . There are several limitations of this reactidns tmethod allows introduction of
hydroxy group just into one position at benzeng (jposition 6) and substituent in position 2
is usually an amine. The limitation is caused bg fhct, that"*C NMR shift of C-5 of

pyrimidine component must be lower than 77 ppmentiise there is no reacti6h.

XLIV XL

Scheme 6Synthesis of pyrimidoindoles via Nenitzescu reacti

1.2.2 Synthesis of pyrimidoindoles via C-H arylatio

Previously mentioned methods are all based oniclssynthetic reactions. During
the past two decades, there was a big boom ofdpaftacatalyzed C-H activations including
C-H arylations. Cross-coupling reactions are ugutle first choice for making aryl-aryl
bond, but they require two functionalized moleculesyl halide or pseudohalide and

molecule bearing some metal containing group, wisafot always easily available or stable.
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An advantage of direct C-H funcionalization ovenss-coupling is in saving the number of

synthetic steps, on the other hand, it can becditfto perform the reaction regioselectively.

C-H arylations are usually sensitive to all possifaictors like Pd catalyst, ligand, base
and also solvent and temperature, optimizationeattion conditions is always necessry.
Although there are some ligand-free exampfesialkyl phosphine, tricyclohexylphosphine
or mainly phosphines bearing electron-withdrawilugiine atoms are usually used as ligands
and Pd(OAc)as a palladium souré@ Best yields are usually obtained with KOAc opC®8;
in DMF, DMA or toluene at temperatures above 100IAGome cases, other additives can be
used. In case of aryl iodides, AYO; is added to protect catalyst from poisoning by nedi
anions’® Usually, some other additives like TBABor pivalic acid®’® are used. Pivalate
anion acts as a base in arylation reaction andfaasd to be the best from several other
carboxylates (acetate, propanoate, 2-methylproganoiifluoroacetate and adamantan

carboxylate)*

Several mechanisms were originally suggested foH Gwylation, but only
electrophilic aromatic substitution in case of soatectron-rich compoundsand concerted
metalation-deprotonation (CMD) mechanisms are g#lyeraccepted today. CMD
mechanism, sometimes called proton-transfer pathwag supported by experimental and
computational studies and is shown in Figuré®IHBivalate anion acts as proton shuttle in this

catalytic cycle””"®
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Figure 14 Concerted metalation-deprotonation mechanism (CRID)

C-H arylation approach was applied for synthesisesies of pyrimidoindoles in 2002.
PyrimidoindolesXLVIIl were synthesised by palladium catalyzed intramuéecarylation of
variously substituted 5-iodo-4-anilinopyrimidined_VIl , which were easily prepared by
nucleophilic substitution of 4-chloro-5-iodopyrinmeé XLV with different anilinesXLVI .
Pd(OAc)(PPh), in combination with 1.5 eq. of NaOAc in DMF at 85 were found to be

the best catalytic system for the intramoleculgtagion (Scheme 7§°

R
N EtOH Pd(OAC);(PPhs); N7
l/:[ * k/ji /@ NaOAc, DMF m Z
N~ Cl N [j
NH,

R = Me, Et, Br, OMe, SO,NMe,
XLV XLVI XLVII XLVII

Scheme 7Synthesis of pyrimidoindoles via C-H arylation
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1.2.3 Biological activities of pyrimidoindoles

In last decade, the biological activities of pyumindoles have been intensively
studied. 2-Aminopyrimido[4,B]indol-4-ones bearing arylthio substituents in posi 5
XLIX were reported as strong and selective inhibitbthiymidylate synthase-dihydrofolate
reductase with nanomolar;..KThis enzyme is crucial foFoxoplasma gondiparasite, which
has infected around one third of world’s populatiand is potential threat for
immunosuppressed people, like patients with AIDi&rargan transplantation or people on

chemotheraph$*

R

/

S
O

|-|)N\ |

NS

H,N” N ”
R = 1-naphtyl, 2-naphtyl, phenyl

XLIX
Figure 15 Toxoplasma gondii enzyme inhibitors

Higly substituted pyrimido[4,®]indoles L and LI are also a new class of dual-
targeting antibacterial agents with broad spectafimanomolar activities against both gram-
positive and gram-negative bacteri&tdphylococcus aureusStreptococcus pneumonjae
Enterococcus faecalisEscherichia colietc.) including highly drug resistant strains like
Pseudomonas aerugings#cinetobacter baumanniand Klebsiella pneumoniae These
compounds are inhibitors of both bacterial topaiscases DNA gyrase and topoisomerase
IV, enzymes necessary for DNA replication. This Idaation effectively suppress the
emergence of resistan®The most active compound (cyclobutyl) was furttested against

303 nonduplicat®seudomonas aeruginostains with MIC fig/ml.8

NH

\(/N | NZ

Figure 16 Antibacterial pyrimidoindoles
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Other pyrimidoindole derivative U-104067F, a brpgnetrating compound, was
shown to have neuroprotective effect on nigrosédiadeurons, which if lost leads to
Parkinson disease. U-104067F significantly redubes loss of neurons to just 20 % at

30mg/kg dose in gerbils, which were insulted wittiticed forebrain ischemfa.

N
T
e
\\
N
U-104067F —

Figure 17 Neuroprotective pyrimidoindole derivative U-104667
2,4-Diaminopyrimido[4,3]indoles with phenylthid_Il andp-tolyl LIII substitutents
in position 5 were also evaluated as receptor ilyeokinase and thymidylate synthase
inhibitors and as antitumor agents. Both derivativinibit vascular endothelial growth factor
receptor (VEGFR-2) and platelet-derived growth dactreceptor (PDGFR) in
concentrations comparable with commercially usetchpmunds and human dihydrofolate
reductase (hTS) better than clinicaly used PMX,clwhis probably caused by better C-ring
interaction with active site. Derivatiudl also decreased tumor growth, significantly reduced
liver metastasis and decreased primary tumor bl@sdels inn vivo mice metastatic colon
cancer COLO-205 at 25 mg/kg dd8e.

o

S

NH, NH>
I I
PN s

H,N~ N l'j H,N~ N l'j

LI LI

Figure 18 Structures of kinase inhibitors
N*-(4-methoxyphenylN*-methyl-9H-pyrimido[4,5b]indole-2,4-diamine I(IV ) was
found to be very effective microtubule disruptirgrpound and became a lead compound in
development of antimitotic agerfs.Very similar compounds with additional chlorine
substituent in position 5 were tested as vascutatothelial growth factor receptor-2
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inhibitors and 44§-chlorophenylamino) derivativeV showed comparable activity and
selectivity with approved drugs sunitibib and semin¢’ Pyrimidoindole basesVI and
LVII were also reported as tyrosine kinase inhibifaad inhibitors of the epidermal growth

factor receptor tyrosine kinase, respectivély.

Yo "'@ <N

A\' A k\' k\'
H2NNH N” N”

I=

LIV LV LvI Lvil
Figure 19 Biologically active aminopyrimidoindoles

Several pyrrolo[2,3]pyrimidine and pyrimido[4,3]indole derivatives were tested as
adenosine receptor antagonists, which are divided 4 subtypes A Az, Ao As.
Aj-antagonists are currently developed for the treatnof cognitive diseases, renal failure,
and cardiac arrhythmias. The most active compouoih fwhole 7-deazapurine series was
4-amino-9-R-1-phenylethyl)-2-phenylpyrimido[4,b}lindole LVIII ) with inhibition constant
Ki 2 nM with more than 2000 fold selectivity for #an Ay,

LVIII

Figure 20 Adenosine receptor antagonist

1.2.4 Pyrimidoindole nucleosides and their applicat

Even if the pyrimidoindole bases are well known axtensively studied compounds, no
pyrimidoindole ribonucleosides have been publistiegides those prepared in this thesis) in
February 2015. On the other hand, several 2" -ddmyacleosides have been prepared and
used in biochemical applications by Saito grétifs:*®

6-Methoxybenzodeazaadenosind®4) was phosphorylated to its triphosphate and
incorporated into DNA by several polymerases, KOBsb in presence of manganese ions

proved to be the most effective one. Such DNA dairtg “°A bases has high hole-transport
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efficiency®™ Also DNA containing benzodeazaadenosif®Aj and naphtalene-fused
deazaadenosin€?A) showed high hole-transporting ability and canused for preparation
of DNA nanowires’”

MPA and™P| are base-discriminating fluorescent nucleotidsich emit strong fluorescence
only if the base on complementary strand is C are$pectively, so these nucleotides can be
used for detection of single-nucleotide alteratibke single-nucleotide polymorphism
typing %3

OMe

BDA MDA NDA MD|

Figure 21 Saito’s fluorescent pyrimidoindole deoxyribonucides
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1.3 Thiophene-fused 7-deazapurines

Thiophene-fused deazapurines are an unexplored oflasompounds. There is just
one published compound with such tricyclic motif,4-Bimethyl-841-thieno[2',3"4,5]
pyrrolo[2,3d]pyrimidine (LXII ), which was prepared by photochemical cyclizavbrazide
LXl in TFA in 73 % vyield. The whole synthesis startedm 2,4-dimethyl-5-iodo-6-
chloropyrimidine [IX ), thienyl group was introduced into position 53&lle coupling using
PdCL(PPh),, azideLXl was prepared by direct nucleophilic substitutiathvgodium azide.

It is possible to do first nucleophilic substituti@and then cross-coupling, but better yields
were obtained with reverse wal/To the best of my knowledge, no other thiophersedu

deazapurine base or even nucleoside is knownsaftrtbiment.

CHy ST\ CHy ST\ CHy ¢
)NI\\ ~x  _b )NI\\ X' _ ¢ _ NI\ N |

H,c” N7 el HaC™ N7 N, H3C)\N/ N
LX LXI

af ! >

CH3 CH3
| d |
0
~
H,C” N~ Cl H3o/kN/ N
LIX LXIII

a, e: 2-(tributylstannyl)thiophene (1.5 eq.), PdCl, (0.1 eq.), EtsN (1 eq.), DMF, 120 °C;
b, d: NaN3, EtOH, refl., 12 h; ¢: TFA, UV (mercury lamp), r.t., 2 h.
Scheme 8Synthesis of thiophene-fused 7-deazapurine

1.4 Pyridine-fused 7-deazapurines

There are several other types of hypothetical Za@arines annulated with 5- or 6-
membered heteroaryl ring. Only few of them haveady been synthesized. One class of
such compounds are for example pyridine-fused qhemirees. ™H-
pyrido[4',3":4,5]pyrrolo[2,3d]pyrimidines LXIV bearing various amines were prepared as
selective micromolar checkpoint kinase (CHK1) intuts” Pyridopyrrolopyrimidines
LXIV, LXV were synthesized by classical heterocyclizatioacttens (Scheme 9) and
together with substituted pyrimido[4t§indoles LXVI patented as CHK1 kinase function

inhibitors with potential use for cancer treatment.
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a: CNCH,COOEt, t-BuOK, THF, 60 °C; b: Zn, AcOH, r.t.; c: formamide, ammonium formate, 170 °C, 16 h;
d: POCl3, 75 °C, 18 h; e: amine, TEA, DMF, 120 °C.
Scheme Synthesis of pyridopyrrolopyrimidines
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LXIV LXV LXVI
Figure 22 Tricyclic heterocyles as CHK1 inhibitors

Three types of tricyclic heterocycles (pyridineddd_XVII , o-substitutedpyridine-
fused LXVIII ) were studied as dual kinase inhibitors - FMS-tk®sine kinase (FLT3) and
cyclin-dependent kinase 4 (CDK4) for treatment cfita myeloid leukemia. Tricyclic core
was synthesized by Suzuki (Scheme 10) or Negislchg®e 11) coupling between
pyrimidine and pyridine ring, central pyrrol ringaw formed by Buchwald-Hartwig

amination®®°7:98
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R': 2-pyridinyl (subst. in position 4 or fused with cylohexane, morfoline, piperazine, piperidine)
R2: cyclopentyl, cyclohexyl

a: R2-NH,, dioxane, r.t.; b: NH,OH, 120°C; ¢: PdCl,(PPh),

Na,COj,, dioxane, 120 °C; d: Xantphos, Pd,(dba); t-BuONa, dioxane, 150 °C;

e: chloraryl, Xantphos, Pdy(dba); t-BuONa, dioxane, 120 °C .
Scheme 105ynthesis of pyridine-fused compourd$VIl via Suzuki coupling
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H,N™ "N” °NH X HoN™ °N NI-2| HoN™ °N L
R2 R R
LXVIII
a: 1) 3-fluoro-2-chloropyridin, BulLi, i-Pro,NH, THF, -78 °C, 20 min then ZnCl,, -78 °C to r.t., 30 min;
2) pyrimidine, Pd(PPhs)4, THF, refl.;
b: LIHMDS. dioxane/THF, 85 °C.
Scheme 11Synthesis of pyridine-fused compouindVIll via Negishi coupling

Structure-based drug design led to the discoverypwfidine-fused derivative
AMG925 with potentin vitro activities against FLT3 and CDK4 kinases (3 nM dndM,
respectively) andin vivo antitumor efficacy® In preclinical trials, AMG925 inhibited
xenograft tumor growth by 96 % in 37.5 mg/kg dosehaut significant body weight loss.

Another pyridine-fused compound, PNU-107484A waswshto be unique GABA
receptor ligand and it could be used for investkigabf the physiological roles of various
isoforms ofo subtypes®
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AMG925 PNU-107484A

Figure 23 Structures oAMG925 andPNU-107484A

The last type of pyridine-fused 7-dezapurine basesH-pyrido[2',3":4,5]pyrrolo[2,3-
d]pyrimidines. These compounds have not been regpoyst, but synthesis of partially
saturated tricyclic basdXIX (Scheme 12) was patented among synthesis of other
compounds as potential inhibitors of cardiac tropdrnteracting kinase (TNNI3K), also
known as CARK (cardiac ankyrin repeat kinase), Wheghibits highly selective expression
in cardiac tissue¥! These compounds could be in principle dehydrogeh#& aromatic
analogues by Pd/C or DDO.

toluene OH 7N Cl 7N
refl. p POCI, y
K NH2 — N } /= N7\

EtOH, refl
N k\N N
H H
Z = carboxybenzyl LXIX

Scheme 12Synthesis of potentialF8pyrido[2',3":4,5]pyrrolo[2,3d]pyrimidine precursors
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1.5 Pyridazine and pyrimidine-fused deazapurines

Tricyclic bases can contain even more nitrogen atddme type of such compounds

are pyridazine-fused derivativeXX , which were found to be dual kinase inhibitdts.

MeO

OMe 2\

\

| <N

Yr -l = b

Z N oM
H,N~ N” NHR; 7 HzN*N/ o H,N~ SN7 N
OMe R2 R2

LXX
a) 1) pyridazine, LiTMP, ZnCl,, 2) pyrimidine, Pd(PPhs)4. THF, refl.; b) NaH, THF, 150 °C
Scheme 13yridazine-fused deazapurine$X

Pyrrolo[2,34:5,4-d"]dipyrimidine LXXI , also called Janus type base, was synthesized
(Scheme 14) as G-C self-complementary heterocymen f2-amino-6-chloro-4-hydroxy

pyrimidine and used for study of its organizatintoitetrameric structuré§?

HoN
2 —N a: n-butylamine, H,0, refl., 5 H; b: 2-chloro-3-oxopropionitrile,
HN \ >;O NaOAc, H,0, 80 °C; c: isobutyric anhydride, reflux, 2 hr.;
)\\ NH d: ammonium nitrate, TFAA, DCM, r.t.,, 8 h;
H,N" "N~ N e: H, 1atm., Pd/C, MeOH, r.t., 2h; f: benzoyl isocyanate, pyridine,
LXXI \\\\ DCM, r.t., 1h; g: NaH, EtOH, toluene, refl., 15 h.

Scheme 145ynthesis of Janus type bdséxi
Substituted tricyclic heterocycles Hgpyrrolo[2,3d:4,5-dldipyrimidines LXXII ,

pyrimido[4,5b]indoles, and Bl-pyrido[4',3".4,5]pyrrolo[2,H]pyrimidines) were also

prepared and patented as DNA gyrase inhibitorstrieating bacterial infections. Several
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compounds inhibite@taphylococcus aureus, Staphylococcus pneumonsaieEchia coli,

Acinetobacter baumanii, Burkholderia thailandes$isancissela tularensiandYersinia pestis
with MIC lower than 0.5ug/ml. All compounds were synthesized by cyclizatreactions

from o-chloronitroaromates. Synthesis of dipyrimidine idative LXIl is shown (Scheme
15).103

OH OH Cl @ @
NO
N| AN _a» 2 2 b N7 N02 C
k Z m 2 l =
N~ OH N” “OH NEe )j:NOZ
U COOEt

\N ~
H ~
N H

=z

N

NI <3 NN - H
>—ci Y—oH WP Was
—N =N N

Cl HO COOEt
LXXI

a: fuming HNOg; b: POCI3; ¢: BhNHMe, THF, TEA; d: ethyl-cyanoacetate, K,CO3, DMF; e: Zn, AcOH; f:
urea; g: POCI,

Scheme 155ynthesis of Janus type dipyrimidine derivativexll

=z

Janus type bases are also rare examples of tadyeterocycles used for synthesis of
nucleosides. Janus type nucleosit®XIIl prepared by Townsend in 1980 (Schemé®{6)
were tested for cytotoxic activities on L1210 dile with micromolar activities® Later on,
series of ribonucleosiddsXXIXa and 2"-C-methylribonucleosidésXXIXb with the same
Janus type bases were prepared and tested fad@miand anti-HIV activity, but only low

activity accompanied by cytotoxicity was observ&d.



HO HO

HO  OH HO  OH
6-aminothiosangivamycin LXXVIII

_N
SH
/>/
N\ N
HO © . o LXXIXa: R = H
) HO R LXXIXb: R = CHg
HO OH HO OH

a: ethylformate, EtONa, EtOH, 180 °C; b: CS,, NaOH, MeOH, 180 °C

Scheme 16ynthesis of Janus type nucleosides

1.6 Deazapurines fused with 5-membered heteroarying

7-Deazapurines fused with 5-membered heterocycalegjaite rare, just a very few
examples can be found in literature. First triayaliucleoside, analogue of pyrazole-fused
7-deazaadenineXXX , was synthesized in 1968 from 5-cyano-6-bromo-@zdadenine and
hydrazine'®’

H,N
NHz  oN NH, > \
’
ks EtOH, refl. [ _
N~ N e NN
o 0
HO HO
HO  OH HO  OH
LXXX

Scheme 17ynthesis of pyrazine-fused nucleosicéXX
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Besides thiophene-fused deazapudindl mentioned above, only isothiazole-fused
derivativesLXXXI are known (Scheme 18), their synthesis can bedfaura patent about
cell cycle inhibitors’®

Cl S\N
L0 2 LI |
SN o 0% X

e e

a: NCS, DMF, 100 °C, 90 min; b: S, sat. NH; in MeOH, 80 °C, 16 h
Scheme 18ynthesis of isothiazole bals¥XXI
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2 Specific aims of the thesis

1) Development of multi-gram synthesis of pyrimidoHbjthdoles bearing additional
halogen atoms in positions 4, 5 or 6 and synttediseir nucleosides.

2) Synthesis of 4-(het)aryl-6-chloropyrimido[4bfindole nucleosides; 4,6-bis(het)aryl
pyrimido[4,5b]indole nucleosides and nucleosides bearing sriall, §het)aryl and
amino groups in position 4

3) Synthesis of 4-aminopyrimido[4 J3lindole nucleosides bearing (het)aryl groups in
position 5 or 6

4) Synthesis of thiophene-fused 7-deazapurine rib@wgsalles substituted in position 4

Rationale of the specific aims:

Two novel types of nanomolar cytostatic 7-deazaggunucleosides bearing hetaryl
group in position 6 and H or F atoms in positiorof7 7-amino-6-hetaryl-7-deazapurine
nucleosides were recently discovered in our gfddpFurther attempts to improve their
ativities or pharmacokinetic properties by syntiesf Cyclo-Sal and ProTides prodrugs
derived from parent cytostatic nucleosides or bgppration of sugar-modified analogues
were not successful, all compounds were less activeinactive. All 7-deazapurine
nucleosides disposing anti-HCV activity are alswiddo host cells. Activity of 7-hetaryl-7-
deazapurine nucleosides shows that there is a $paceodification in this ,major groove*
part of the molecule, so the question is how bulky the modification be and if it is possible
to reach some selectivity for viral RNA-dependehtARpolymerase. This led us to design of
new base-modified nucleosides with modificatiorposition 7 and 8specifically annulated

7-deazapurine nucleosides.

My goal was to develop and optimize synthesis dfirée pyrimido[4,59] indole
bases and synthesize 5 series of variously sutestifpyrimido[4,5b]indole ribonucleosides
for structure-activity relationship studies. Basedthese SAR studies, we further optimized
and designed new class of fused 7-deazapurineasidés, and my next task was to develop
synthesis of new thiophene-fused 7-deazapurine shaswl prepare 2 series of their
ribonucleosides.

As these types of ribonucleosides are novel, bmoaddogical activity screening
needs to be done, all compounds will be testectytstatic activity on several cancer cell

lines, for antibacterial activity and also for atal activity against several viruses.
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3 Results and discussion

3.1 Pyrimido[4,5-b]indole ribonucleosides

3.1.1 Synthesis of pyrimido[4,5-b]indoles via C-ldtavation

My first goal was to synthesize sufficient amouaotspyrimidoindole bases for the
synthesis of several series of desired nucleosides| was looking for an appropriate
synthesis, which should be short, compatible wilfogen substituents and should have a
potential for scale-up. In 2002, pyrimido[4¥findoles were prepared by direct palladium
catalyzed C-H arylatiof. In principle, it should be possible to apply thisproach also for
synthesis of 4,6-dichloropyrimido[4/8indole @), even though there is one more chlorine
atom in position 4 of pyrimidine ring, which is ¢gireactive in palladium catalyzed reactions

and can cause problems with regioselectivity.

The synthesis started from commercially availab@dichloropyrimidine, in the first
step, iodine was introduced into position 5 by Kmelcs proceduré®® which means reaction
with in situ generated tetramethylpiperidinylzinc complex wittagnesium chloride and
lithium chloride followed by the quenching with ioé solution in THF. 4,6-Dichloro-5-
iodopyrimidine (1) was then subjected to nucleophilic substitutiathw-chloroaniline 2),
this reaction furnished desired iodinated interratB, which was used for palladium
catalyzed C-H arylation (Scheme 19). | first trtee published proceduf®Pd(OAc)(PPh),
and NaOAc in DMF at 85 °C, but there was no reacfiable 1). Firstly the temperature was
optimized. At 100 °C, there was still the startmgterial in the mixture even after 24 hours,
but part of it was decomposed to unidentified blackcipitate. Increasing temperature to
130 °C led to faster decomposition of the startimagerial and isolation of 2 % of deioninated
compoundb. Desired pyrimidoindold was not isolated, just a small peak was found assn
spectra, but with low intensity. Addition of pivalacid” did not change anything, only black
precipitate was isolated again. Then the base Wwasged from acetate to carbonates, which
are also often used in C-H activation reactiéhs® But in this case, just more dehalogenated
product5 was obtained, 40 % in case of®Oz; and 60 % in case of g80; (Table 1, Entries
6-8).
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a: i-PrOH, r.t.,, 16 h; b: Pd(OAc),(PPhs), 10 %; base, additive; DMF, 18 h.
Scheme 19Attempts on intramolecular C-H arylation

Table 1 Conditions for C-H arylation &

Entry Base [eq.] Additive Temp. [°C] 3[%] 4 [%] 5 [%]
1 NaOAc 1.5 - 80 100 0 0
2 NaOAc 1.5 - 100 60 0 0
3 NaOAc 15 - 130 0 tracks 2
NaOAc 1.5 - 150 0 0 2
NaOAc 1.5 PivOH 30% 130 0 0 0
K.CO;2 - 80 90 0 2
7 K,CO; 2 - 100 40 0 40
8 CsCO; 2 - 100 60 0 40

isolated yields® reaction was performed also in a microwave reasith the same result; Ipeak of product
detected in mass spectra

Ligand has usually a crucial effect on C-H arylatiseactions, so | tested
tricyclohexyl-phosphiné®° tri(tert-butyl) phosphin& and (4-FPhP,* ligands which wese
succesfully used in intramolecular C-H arylatiomesults are summarized in Table 2.
According to literature conditions, (4-FBR)was always used with 30 % of pivalic acid and
3 eq. of KCOs;. Results were similar to previous experimentspwaer temperature (80 °C),
only starting material was recovered, at higher peratures 120 °C and 130 °C,
dehalogenated produ&t was obtained in 30 % and 40 % yield, respectivMicrowave
irradiation did not have any significant effect the reaction, results were the same as from
thermal reactions (Entries 3-4). Perfluorinateghenylphosphine with cesium carbonate and
addition of copper (I) iodide led to decompositminthe starting material as well as all other
experiments with Cul (Entries 6-8). Using of BEBF, in combination with KCO; and
pivalic acid led again just to decomposition of gtarting material. Substitution of pivalic
acid by silver carbonate, which is supposed toqutopalladium catalyst from poisoning by
iodine anions generated during the reactfoed to dehalogenation, deiodinated prodsict

was isolated in 60 % vyield. Palladium acetate viBusP-HBF, in refluxing dioxane and
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sodiumtert-butoxide gave only 40 % conversion to dehalogehpteduct5 (Table 2, Entry

10). Ligand free conditions also led to decompositf the starting material (Entry 9).

Table 2 Conditions for C-H arylation @ (Scheme 19)

Entry I['ZI%%;? Base [eq.] Additive T[(j(r?]p. [éjo ] [(;t ] [30 ]
1 PCy; - HBF, K,CO; 2 - 130 0 0 0
2 PCy; - HBF, K,CO; 2 Ag,CO; 0.5 eq. 130 0 0 60
3 (4-FPhyP K,CO; 3 PivOH 30 % 80 90 0 0
4 (4-FPh)yP K,CO; 3 PivOH 30 % 120 0 tracks 10
5° (4-FPh)yP K.CO; 3 PivOH 30 % 100 40 0 40
6 (perFPhP CsCO; 2.5 Cul 3 eq. 130 0 0 0
7 (perFPhRP CsCO; 2.5 Cul+PivOH 130 0 0 0
g° . CsCO; 2.5 Cul 3 eq. 130 0 0 0
9 - KOAC TBAB 1eq. 150 0 0 0
10  tBuwP-HBR  t-BuONa5 - refl, 40 0 60

Reaction conditionsa: Pd(OAc) 10 %; ligand 20 %; base; additive; DMF, 18 h. Igatayields® reaction was
performed also in microwave reactor with the saeseilt;”; reaction without Pd(OAg)®: reaction time 48 h; d:
peak of product detected in mass spectra

From the experiments mentioned above, it can becledad, that 4,6-dichloro-
[4,5-b]pyrimidoindole 4 can not be prepared by intramolecular C-H arytatad 3. As
dehalogenated produétwas isolated from several reactions, oxidativeitamd proceeded
succesfully, but the tricky step was the actual @d#dvation of hydrogen at benzene ring.
Therefore, | decided to try different substrat@mbinated derivativg, which was prepared in
analogous manner & (Scheme 20). Bromine is still supposed to be meactive in
oxidative addition to palladium than chlorine an8l &h pyrimidine should be more reactive
in C-H activation step. Several different reacticonditions were tried, results are
summarized in Table 3. All reactions led just tealaposition of starting material (Table 3,

Entries 3, 5), no reaction (Entry 2) or to debraation (Entries 1, 4).
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a: i-PrOH, r.t., 16 h; b: Pd(OAc), 10 %,; ligand 20 %; base; additive; DMF, 18 h.
Scheme 20Attempts on C-H arylation of

Table 3 Conditions for C-H arylation of

Entry I[_Zlga(;:]j Base [eq.] Additive T[(f(r;]]p. [07/0 ] [Oj; ] [05/0]
1° - NaOAc 1.5 - 100 0 0 40
2° t-BusP-HBF t-BuONa 5 - 160 100 0 0
3 - KOAc 1.5 TBAB 1eq. 150 0 0 0
4 (perFPh)P CsCO;2.5 Cul 3 eq. 150 0 0 90
5 (4-FPh)P K.CO; 3 PivOH 30 % 120 0 0 0

Isolated yields® reaction was performed also in microwave reautith the same resulf: Pd(OAc)(PPh),
used instead of Pd(OAc)

Another possible substrate for C-H arylation is &meino derivative8, which can be
prepared by amination &in liquid ammonia. The presence of amino groupasition 4 of
pyrimidine ring can change the reactivity and cdsoacoordinate palladium catalyst.
Palladium acetatas a palladium source in a combination with 3 d#fife ligands was tested.
The reaction witht-BuzP-HBFR gave only partially decomposed starting matenaith
(perFPh)P, cesium carbonate and copper (I) iodide, decoitiposvas completed (Entry 2)
and the same result was obtained from reactionowitpalladium acetate (Entry 3). On the
other hand, reaction with palladium acetate witheny ligand in the presence of potassium
acetate in DMF with TBAB furnished 90 % of dehalogeed product and also 10 % of
desired cyclized pyrimidoindol® (Entry 4). Reaction using (4-FRR) 3 equivalents of
potassium carbonate in DMA with 30 % of pivalicchgave also a mixture of dehalogenated
product10 (5 %) and desired amino ba8€10 %). Unfortunately, the rest was decomposed

starting material.
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a: NH; (1), r.t., 8h; b: Pd(OAc), 10 %; ligand 20 %; base; additive; DMF, 18 h.
Scheme 21Synthesis of 4-amino-6-chloropyrimidoind@evia C-H arylation
Table 4 Conditions for C-H arylation &
Ligand . Temp. 8 9 10
Entry 20 %] Base [eq.] Additive C] (%] [%)] (%]
1° t-BusP-HBF, t-BuONa 5 - 80 70 0 0
2° (perFPh)P CsCO;2.5 Cul 3 eq. 150 0 0 trate
3 - CsCO;2.5 Cul 3 eq. 150 0 0 0
4 - KOAc 2 TBAB leq. 150 0 10 90
5 (4-FPHh)P K,CO; 3 PivOH 30 % 130 0 10 5

Isolated yields* reaction was done also in microwave reactor tithsame resulf; reaction without
Pd(OACc); © reaction time 48 h, dioxane as a solvent; d: mégkoduct detected in mass spectra

In recent years, tandem Buchwald-Hartwig amina@eH/ arylation reactions were

used for synthesis of carbazoté®pyrido[2,3b]indoles and pyrazino[2,Blindoles'*! This

approach can be in principle applied also to thathmsis of pyrimido[4,%]indoles.

4,6-Dichloro-5-iodopyrimidine X) was submitted to reaction with 4-chloroaniling @r

2-bromo-4-chloroaniline 6) under literature condition3? Firstly, the amination step was

succesful in both cases, but this reaction worlenevithout palladium. Deiodinated product

5 was isolated from reaction with 4-chloroanilir®. (Reaction with bromoaniliné gave just

product of aminatio? (Scheme 22).
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a: Pd(OAc), 10 %, [HPt-Bus][BF4] 15 %, NaOt-Bu 5 eq., toluene, 160 °C, uw, 3 hours
Scheme 22Attempts on Pd-catalyzed tandem amination/C-Hagigth

C-H activation reactions including intramoleculaHCarylations are rapidly evolving
and many different compounds prepared by variousditions are published every year.
Although | have tried many combinations of palladigatalysts, ligands, bases, solvents and
other additives, | have not been able to prepargrete 4,6-dichloro-Bl-pyrimido[4,5-
blindole @) by C-H arylation approach. The best result olgdiso far was isolation of 10 %
of 6-chloro-H-pyrimido[4,5-b]indole-4-amine 9).

Although there was some more space for further avgment, the C-H activation
approach was abandoned, because in a parallel, dtémlynd that the target compounds can

be efficiently prepared by heterocyclization appioésee below).
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3.1.2 Synthesis of pyrimidoindole bases from chioitoobenzenes

Another synthetical approach to pyrimido[4padoles is based on heterocyclization
reaction® and it starts from commercially availabtechloronitrobenzenes. In order to
achieve my goals, | needed to start from 2-chldrobenzenel1), 2,3-dichloronitrobenzene
(12) and 2,4-dichloronitrobenzeng3). Synthesis was optimized for 2,4-dichloronitrobeme
(13) and the same conditions were then applied alsotfeer chloronitrobenzendd and12
(Scheme 21). First step was aromatic nucleophilizsstution of chlorine atom in position 2
by potassium salt of ethyl cyanoacetate accordinlitgrature procedurg? Although there
are two chlorine atoms in positions activated faclaophilic substitution, the reaction is
completely regioselective and proceeds to yieldy atgsired product with substituion at
position 2. The reactions with the other isomgts 12 worked without any problems and
yields were around 80 — 90 % in all cases. Obthetbyl-2-(2-nitrophenyl)cyanoacetatb$-
16 were reduced by zinc dust in acetic acid and sp@dusly cyclized to indole derivatives
17-19 with 70-90 % vyields. This reaction worked at 30sgple, but unlike the reported
proceduré? it is not necessary to heat the reaction mixtirecause reaction itself is
exothermic enough to reach 60 °C in the flask. Aappractical aspect of this reduction is a
necessity of portionwise addition of zinc dust intmorously stirred reaction mixture,

otherwise zinc creates solid crust in the flask @aliction can not proceed.

In the next step, pyrimidoindole motif was formeyl dyclization with formamide at
190 °C for 18 hours, all three isomé8-22 were obtained in ~ 90 % vyields. The best way
was to use 3.3 ml of formamide to 1 g of indoleixdive to reach full conversion and
precipitation of desired produc@2 from solution. With lower amount of formamide,
conversion was not quantitative and difficult colurobhromatography was needed, with a
larger amount of formamide, the yield was lower chme part of the product stays in
formamide solution and can not be isolated by sinfifration. Formamidine acetate is also
often used for such cyclizatio®, but in this case, there was no reaction even afeays in
refluxing ethanol. Final chloropyrimido[4f8indoles 23, 24 and 4 were prepared by
treatment of pyrimidoindolone®0-22 with POC} under reflux. POGlwas used also as a
solvent and its amount had to be optimized. Thie® @it 13 ml of POGJto 1 g of starting
pyrimidoindolone22 was found to be the best and it is necessaryhifull conversion. Full
conversion was especially important in this caggabse starting material and product are
both quite polar compounds and it is really diffido separate them on colmun, in amounts

over 1-2 grams it is almost impossible. Reactiofinished in two days of heating at 120 °C,
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POCk is then evaporated and solid material is very cdlseheutralized, washed well with
water and after drying can be used directly intxtnstep. Synthesis of chlorinated
pyrimidoindole heterocycles was optimized for 3@agle without any chromatography and
with excellent ~ 50 % overall yield over 4 steptusture of 4,6-dichloro4d-pyrimido[4,5-
blindole @) was confirmed by X-Ray analysis (Figure 24).
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11:R'=H;R?=H 14:R'=H:R?=H 17:R'=H; R?=H
12: R'=CI: R?=H 15:R'=CI;R2=H 18:R'=CI: R?=H
13: R'=H; R2=Cl 16: R'=H; R?2 = Cl 19: R'=H; R2=Cl
C
R R R R RIY R
Cl Cl 0
| \ 1 \ | .
N NN NN
o)
BzO 1\ 23:R'=H;R?=H 20:R'=H; R?=H
BzO OBz 24:R'= CI RZ=H 21:R'=CI;R?=H
4:R'=H;R2=ClI 22:R'=H;R%2=_ClI

25:R'"=H;R2=H
26:R'"=CI;R2=H
27:R'=H; R2=CI

a: CNCH,COOEt, t-BuOK, THF, reflux, 48 h; b: Zn, AcOH, 55 °C, 150 min;
c¢: formamide, 190 °C, 12 h; d: POCI5, reflux, 2 days;
e: 1-O-acetyl-2,3,4-tri-O-benzoyl-B-D-ribofuranose, BSA, TMSOTf, 60 °C, 8 h.
Scheme 23ynthesis of pyrimidoindole bas28,24,4and protected nucleosides-27

The key chlorinated ribonucleoside intermedi&Bs27were prepared by Vorbriggen
glycosylation in analogy to published procedureduse synthesis of deazapurine nucleosides
(Scheme 23! Nucleoside®5-27 were isolated in about 50 % yields, which is vgopd for
this type of glycosylation. Structure of 4,5-dickdepyrimidoindole ribonucleosid6 was
also confirmed by X-Ray (Figure 24). Overall yieltem chloronitrobenzene$1-13 to
protected chloronucleosid@b-27 are about 25 % over 5 steps, which is pretty gddus
optimized process allows synthesis of 30 gramsydfrpdoindole bases starting from 30 g of

chloronitrobenzenes in less than two weeks.
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Figure 24 An ORTEP view of baset and protected nucleosi@8, displacement ellipsoids shown
with 50 % probability.

Recently, palladium catalyzed cross-coupling reactf tautomerizable heterocycles
via C-OH bond activation was publistétiand this approach could in principle be used for
synthesis of 4-subsituted pyrimidoindole ribonuslides directly from benzo-fused
7-deazainosine analogu#8. However, Vorbriiggen glycosylation of pyrimidoiridoe 22
gave only 22 % vyield of desired crude nucleos2@e The set of the optimized conditions,
which were successfully applied for cross-coupliegction of tautomerizable heterocycles as
well as unprotected inosine with various boroniédsc were testetf* Combination of
PdCL(PPh), and sodium carbonate in a mixture of dioxane aatemwwas used for reaction
of nucleoside28 with phenylboronic acid. The nucleoside was firggetivated with PyBroP,

but only the starting material was recovered freawction mixture (Scheme 24).

As the yields of glycosylation of 4-chloropyrimiaiole based, 23, 24were higher
(50 %) than the yield of glycosylation 82 (22 %) and also because cross-coupling reactions
of deazapurine nucleosides bearing chlorine atonpasition 4 of pyrimidine ring were
optimized and well established, all target nucléesi were synthesized from

4-chloropyrimidoindole nucleosides.
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a: 1-O-acetyl-2,3,4-tri-O-benzoyl-p-D-ribofuranose 2 eq., BSA 1 eq., TMSOTf 2 eq., 60 °C, 8 h.
b: PyBroP 1.2 eq., Et3N 3 eq., dioxane, r.t., 2 h, then PdCI»(PPh3), 0.05 eq., Na,CO3 5 eq.,
PhB(OH), 2 eq., water, 100 °C.

Scheme 24Attempt on direct Pd-catalyzed coupling2&with phenylboronic acid
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3.1.3 Synthesis of 4-(het)aryl-6-chloropyrimido[4tfindole nucleosides

The first synthesized series of target nucleosidess the series of 4-(het)aryl-6-
chloropyrimidoindole ribonucleosid&®2. Reactivity of chlorine atom in position 4 wasstir
tested on 4-chloro+9-pyrimido[4,5b]indole ribonucleosid@5. The Stille cross-coupling was
performed under standard conditiGhsvith 2-furyl(tributyl)stannane in the presence of
PdCL(PPh), in DMF at 100 °C to give the desired 4-(2-furyl)pyrdo[4,5-+]indole
ribonucleoside29 in excellent 82 % vyield. Its deprotection undee themplén conditions
using NaOMe in methanol afforded the target freenucleosid80 (Scheme 25).

o)
cl 7
N7 N7 |
k\N N a k\N N
—_—
o) o)
BzO BzO
BzO OBz BzO OBz
25 29 82 % 30 80%

a: (furan-2-yl)SnBus (1.2 eq.); PdCIy(PPhs), (0.05 eq.), DMF, 100 °C, 8 h;

b: 1M MeONa in MeOH (0.3 eq.), MeOH, r.t., 24 h.
Scheme 25ynthesis of 2-furyl nucleosi@®

As we were even more interested in compounds adthtional substituent in position

6, regioselectivity of palladium catalyzed Suzuki $tille cross-coupling reactions on
4,6-dichloropyrimido[4,33]indole ribonucleosid@7 was tested. Suzuki reaction was used for
synthesis of all nucleosides bearing 3-furyl, 3tiyl or 2-benzofuryl groups. 2-Furyl and
2-thienyl analogues were prepared by Stille react®Furyl and 2-thienyl boronic acids are
known to be unstabt&®**and their decomposition during the reaction wasefathan cross-
coupling reaction of protected nucleosides in oiganlvents?’ As 2-tributylstannylfuran and
2-tributylstannylthiophene are stable, Stille reacigives better yields than Suzuki coupling,
even if the purification of the desired nucleosiflesn tin residues is more complicated. Tin
residues can be removed by flash chromatograptsilica with 10 % of potassium fluoride

as a stationary phas¥.

Chlorine atom in position 4 is supposed to be muondre reactive due to electron-
poor nature of a pyrimidine ring. Both types of sseoupling reactions were performed
under standard conditions, which means R@Eh), in DMF at 100 °C for the Stille
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coupling and Pd(PRJx and KCO;s in toluene at 100 °C for the Suzuki coupling. Adactions
worked well and fully regioselectively; not eveade amounts of 6-substituted product was
observed. Desired 4-(het)aryl-6-chloropyrimidoirelelucleoside8la-f (Scheme 26) were
isolated in good yields (64 - 79 %) (Table 5). Zémnpdeprotection using sodium methoxide

in methanol furnished series of final free nucldesB2a-fin excellent yields (78-91 %).

aorb

27 31 a-f 32 a-f

a) ArB(OH), (1.5 eq.): Pd(PPh3)4 (0.05 eq.), KoCO3 (2 eq.), toluene, 100 °C, 8h;
b) ArSnBus; (1.2 eq.): PdCIy(PPhj), (0.05 eq.), DMF, 100 °C, 8 h;
¢) 1M MeONa in MeOH (0.3 eq.), MeOH, r.t., 24 h.

Scheme 26ynthesis of 4-(het)arylpyrimidoindole nucleosi@@a-f

Table 5 Cross-coupling reactions a¥ followed by deprotection

Coupling _ Free _
Entry Ar M Yield [%0] _ Yield [%]
product nucleoside
1 2-furyl SnBy 3la 79 32a 86
2 3-furyl B(OH), 31b 69 32b 91
3 2-thienyl SnBy 31c 78 32c 93
4 3-thienyl B(OH) 31d 70 32d 86
5 2-benzofuryl B(OH) 3le 64 32e 78
6 phenyl B(OH) 31f 72 32f 89

3.1.4 Synthesis of 4,6-disusbtituted pyrimidoindolgcleosides

To achieve the next goal, synthesis of 4,6-distuistl pyrimidoindole nucleosides,
conditions for cross-coupling reaction at unreactohlorine atom in position 6 had to be
found. As there are many successful Suzuki reagtioraqueous media’ both protected or
deprotected nucleosides can be used. It is als@ mi@gant and faster to perform cross-
coupling on a free nucleoside and get directlyralficompound, previously prepared free
4-phenylpyrimidoindole nucleosid82f was chosen as a substrate and several catalytic

systems and sets of conditions including water tdeldigands in aqueous mixtures or
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Buchwald phosphine ligands were tested for Suzwkiptng with phenylboronic acid.
Results are summarized in Table 6, Scheme 27. TRIB&a&d in acetonitrile/water mixture
was tried first, because these conditions are usedur group for modification of
7-deazapurines in position'¥, howewer, there was no reaction. Other water selligand,
CataXCium F in butanol/water mixtif& gave 60 % conversion of starting material to
mixture of desired nucleosidd83f and dehalogenated nucleosi@d in ratio 0.7 to 1.
Buchwald ligands, which were successfully used darss-coupling reaction with various
arylchlorides, were also test&d.Reaction with DavePhos and S-Phos in DMF led ty on
30 % and 20 % conversion, respectively (Table Gri&s3,4). Although X-Phos ligand was
the best with 60 % conversion of starting nucleesaproduct (Table 6), these conditions are
not suitable for synthesis of larger series of easides, because of small conversion and

complicated separation of product from unreactadisty material.

32f 33f 34

a) Pd(OAc), (0.05 eq.), ligand (0.1 eq.), phenylboronic acid (1.5 eq.), K;CO3 (3 eq.), solvent, 100 *

8h.
Scheme 20ptimization of Suzuki coupling of free nucleosiixf

Table 6.Optimization of cross-coupling reaction of freeclaoside32f with phenylboronic acid

Entry Ligand Solvent Conversiofi
1 CataXCium F  n-BuOH/H0O, 2.5:1 60

2 TPPTS MeCN/KD, 2:1 0

3 S-Phos DMF 30

4 DavePhos DMF 20

5 X-Phos MeCN/HO, 2:1 35

6 X-Phos DMF 60

2Determined by NMR from crude reaction mixtuféReaction mixture contained a mixture of compoudis
and33fin ratio 0.7:1.
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X-Phos: R'=R2=R3 = j-Pr
S-Phos: R'=R2=0Me, R®=H

CataCXium F 4 > 53
DavePhos: R' = Me,N, R“=R®>=H

Figure 25 Structures of ligands used during optimization

Therefore | turned my attention to protected nusid® 31a and classical cross-
couplings in organic solvents. Again, three BuchiMaands (Table 7, Scheme 28) in DMF
were tested, and whilst conversions with DavePimaks $xPhos were still moderate, X-Phos

ligand gave almost quantitative conversion to @esproducB85fin 8 hours.

31a 35f

a: Pd(OAc), (0.05 eq.), ligand (0.1 eq.), phenylboronic acid (1.5 eq.),
K>,COs5 (3 eq.), DMF, 100 °C, 8h.

Scheme 2&ynthesis of 6-phenyl nucleosidsf

Table 7. Optimization of cross-coupling reaction of nucides31awith phenylboronic acid

Entry Ligand Conversiofi

1 S-Phos 40
DavePhos 20

3 X-Phos 100

®Determined by NMR from crude reaction mixture
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With these optimized conditions in hand, a smaltiese of 3 nucleosides was
synthesized (Scheme 29). Reaction with phenylboraaid furnished desired nucleosigtef
in good vyield (64 %). However, only 46 % of prod@&a was isolated from cross-coupling
reaction with 3-furylboronic acid. It is known, thidoronic acids derived from 5-membered
heterocycles are rather unstable under higher teaatyve and their decomposition can cause
lower yields!?° Therefore this reaction was repeated and borociit was added into the
mixture in three portions (at the beginning anceraft and 2 h), which led to increased
isolated yield 75 %. On the other hand, the postiase addition of phenylboronic acid did
not improve the yield significantly (Table 8, Eesi3, 4). The same catalyst/ligand system
was used for Stille coupling with 2-furyl(tributgbannane, target compou8awas isolated
in 79 % vyield. All benzoylated derivativ@® a,b,fwere successfully deprotected with sodium

methanolate to final free nucleosida,b,fin good yields (Table 8, Scheme 29).

31a 35a,b,f 36a,b,f

a) ArB(OH), (1.5 eq.): Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), K,CO4 (3 eq.), DMF, 95 °C 3h;
b) ArSnBu; (1.2 eq.): Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), DMF, 95 °C, 3 h;
c) 1M MeONa in MeOH (0.3 eq.), MeOH, r.t., 24 h.

Scheme 2%ynthesis of 4,6-disubstituted derivatiass
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Table 8 Synthesis of 4,6-disubstituted derivatives

N Coupling  Yield Free Yield
Entry Ar Conditions _

product [%] nucleoside  [%]

1 3-furyl a 35b 46
36b 90

2° 3-furyl a 35b 75

3 henyl a 35f 62
Preny 36f 81

4° phenyl a 35f 64
5 2-furyl b 35a 79 36a 89

“Boronic acid was added in three parts within 2 h.

3.1.5 Buchwald-Hartwig aminations

In order to get an extended library of compounddladium catalyzed Buchwald-
Hartwig aminations were attempted. In past yeaasious catalysts for amination of even
unreactive chloroarenes have been developed amdl fasesynthesis of broad scope of
aromatic amine¥** Several experiments were done under various donditith Buchwald
biarylphosphine ligands or precatalysts, results aummarized in Table 9. Reaction
conditions and catalysts were selected accordirex¢ellent Buchwald’s user’s guide to Pd-
catalyzed amination$? Pdy(dba); was first employed as a palladium source, beciuseir
stable P8 catalyst and it does not need the reduction siep Pd(OAc) does'® In
combination with JohnPhos or DavePhos ligands awium tert-butoxide, reactions of
nucleoside3la with dimethylamine were unsuccessful even at teatpegs above 100 °C
(Table 9, Entries 1,2). As the coordination of dilbdidineacetone to the metal can reduce the
activity of catalyst?* palladium precatalysts were synthesised and usedrhinations of
complicated substrates. Advantage of such precsaly in their simple activation, because
under reaction conditions, reactive ligand-Pd caxpis formed in few minutes by
deprotonation of amino nitrogen and rapid reductivination of formed Pd-amide (Scheme
30)1%° Strong base such a sodiuert-butoxide, LIHMDS or carbonates can be used to
generate the active complex. These precatalystsalm@ air and moisture stable and

commercially available.
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L= X-Phos, S-Phos, BrettPhos, RuPhos

Scheme 3(Pd-precatalysts and their activation by base

All tested reactions were tried at temperaturesl useelevant publications and then
also at elevated temperatures, a new reaction mixtuas always used for another
experiment. But all those reactions were unsucukssdt even a trace of desired amination
product was observed, only the starting materia wegovered. This shows that the reactivity
of the chlorine at the position 6 of pyrimido[4bndole moiety is extremely low (Scheme
31, Table 9).

amine (1.2 eq.), Pd-source 5 %, ligand 5 %,

- X

base (1.2 eq.), solvent, temperature, 48 h.

Scheme 31Attempts on Buchwald-Hartwig aminations
Table 9 Conditions for Buchwald-Hartwig aminations

Entry Pd cat. ligand base amine solvent  Temp. [°]
1 Pd(dbay JohnPhos t-BuONa MiiH toluene 60-150
2 Pd(dbay DavePhos t-BuONa MBIH DME 100-120
3'%"  t-BuX-Phos precatalyst  LiHMDS M&H THF 50-120
4 X-Phos precatalyst ROy-3HO Me,NH THF 110
5% RuPhos prec. + ligand t-BuONa AINH THF 85-120
6  RuPhos prec. + ligand t-BuONa piperidin THF 85-120
7% RuPhos prec. + ligand G305 piperidin ~ t-BuOH  85-120
BrettPhos prec.+ligand LIHMDS piperidin THF 65012
BrettPhos prec. +ligand LIHMDS CyNH THF 65-120
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3.1.6 Electrophilic aromatic substitution

Another option, how to introduce substituent intdenzene ring of pyrimidoindole
system is a classical electrophilic aromatic stlosbn (Scheme 32). All reactions were tested
on nucleoside5 and base3. Simple sulfonation in sulphuric acid was tried as initial
attempt on 4-chloropyrimidoindole ba28 and also on protected nucleosite If the starting
material was stirred with sulphuric acid at r.teovght, nucleosid@5 decomposed and base
23 did not react. Heating of the ba28to 40 °C did not help, just the starting matewals
recovered. Also nitration with classical nitratiomxture was tested at room temperature
overnight. Althought this procedure was succesfulbed for nitration of a 7-deazapurine
nucleoside? just a decomposed starting material was obsemerhse of pyrimidoindole
nucleoside25. The same result was obtained from the reactidh°&. Base€?3 did not react
at 0° and was decomposed at r.t. Nitronium sakskaown to be reactive nitrating agehts,
so nitronium tetrafluoroborate in sulfolane wasdug& nitration of nucleosid@5 and base

23, but no reaction was observed.

Another classical electrophilic substitution reantiis bromination, but reaction of
nucleoside25 or base23 with bromine in DCM did not work®? Also Friedel-Crafts acylation
with acetyl chloride or bromide in the presenceAt€l; was not succesfull. Reaction with
Eschenmoser’s sali,N-dimethylmethyleniminium chloride, did not work leér 33 Mannich
reaction using formaldehyde and piperidin in isamol did not furnish desired proddét.
Vilsmeyer-Haack formylation was attempted on chbgramidoindole 23 and also on
nucleoside 25, but without any succes® Few reactions (Friedel-Crafts acylation,
bromination and Vilsmeyer-Haack reaction) were als@d with 4-aminopyrimido-
[4,5-b]indole nucleoside37, but no product of electrophilic aromatic subsiitn was

observed even if excess of Lewis acid was used.

Cl

Cl P
aorborcord N | aorborcord
- N | or k\N N -
oreorforg k\N N oreorforg
H 0)
BzO
23 B 25
BzO 0Bz

a: HySO,. r.t., overnight; b: H,SO4/HNO3, 0 °C-r.t.; ¢: NO,"BFy, sulfolane, 0 - 70 °C; d: Bry, DCM,
r.t., e AcCl or AcBr, AICI;, DCM, r.t.; f: POCI3;, DMF, r.t.; g: piperidine 1 eq., paraformaldehyde 1eq.,
isopropanol, 60 °C.

Scheme 32Attempts on electrophilic aromatic substitution
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Based on those results, it seems that pyrimiddiirigtole system is unreactive under
electrophilic aromatic substitution conditions ametause during the time it was found, that
any substitution on benzene ring leads to inactiveleosides, no more attempts on these

reactions had been done.
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3.1.7 Synthesis of 4-amino-6-hetaryl pyrimidoindaiacleosides

4-Amino-6-chloropyrimidoindole ribonucleosid89 was first prepared as a key-
intermediate for a synthesis of final 6-hetarylpyidoindole nucleosides. Aqueous ammonia
in dioxane was used for amination and deproteatio@7, but only unexpected produd©d
was isolated (Scheme 33). Formation of this proeasg probably caused by the presence of
trace amount of peroxides in dioxane and therefadécal reaction instead of nucleophilic
substitution took place. In next attempts, a netidof peroxide-free dioxane was used and

product40 was never observed again.

40 16 %
a: ag. NH;, dioxane, 100 °C, 12 h.

Scheme33 Formation of unexpected produtfl

Amination reaction was then tested in liquid amraghiut even after heating to 70 °C
for 24 hours, just mixture of aminonucleosi@@with mono and dibenzoylated products was
obtained. Methanolic ammonia can not be used, Isecduring preparation of 4-amino-6-
chloropyrimidoindole9 was found out, that cca 20 % of 4-methoxyderivativas formed.
The best way to aminonucleosi@8 is using aqueous ammonia in peroxide-free dioxane
120 °C for 24 hours, after that time and coolinggdom temperature, product precipitates
from the reaction mixture and can be isolated jogt filtration (Scheme 34). Lower
temperature or lower amount of ammonia leads ttgbateprotection and 5°-O-benzoylated
product can be isolated. This methodology was sstaky applied for synthesis of 4-amino-,
4-amino-5-chloro- and4-amino-6-chloropyrimidoindole nucleoside87-39 Yields of
aminopyrimidoindole nucleosid&¥, 38are lower (72 and 76 %, respectively) than in cdse
39 (96 %), because nucleosidgs, 38are more soluble in the reaction mixture and @fly
40 % of the products precipitate from the cold teacmixture, the rest of the product can be
obtained by crystallization from methanol/water tae or by reverse-phase HPFC, which is
much faster. | tried to change the ratio betweemeags ammonia and dioxane as well as

concentration of nucleoside in reaction mixture,ibdid not help.
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25:R'=H;R2=H 37. R"=H;R’=H 72%

26:R'=Cl;R2=H 38 R'=CIR?=H 76 %

27:R'"=H; R2=Cl 39: R"=H;R?=Cl 96%

a: ag. NHs, dioxane, 120 °C, 24 h.
Scheme 34synthesis of 4-aminopyrimidoindole nucleosides
Key step in the synthesis of 4-amino-6-hetarylpydmmdole nucleosidedl was a

cross-coupling reaction of unreactive 4-amino-@obpyrimidoindole nucleosid&g9 and
heteroaryl boronic acids or stannanes (Scheme S5)eral sets of catalytic systems and
conditions were again tested for reaction with pttaronic acid, including water soluble
ligand TPPTS and Pd(OAc)n acetonitrile/water, Cataxcium F in mixtures wéter and
acetonitrile and Buchwald-type ligands (X-Phos,f&4and RuPhos) in aqueous mixtures or
in DMF. Whilst TPPTS gave no reaction, all otheaations were at least partially successful.
X-Phos ligand was the best, coupling worked evethemixture of acetonitrile/water, but
full conversion was observed only from reactionhwX-Phos ligand in DMF at 100 °C.
Under these conditions, phenyl derivatde was isolated in excellent 93 % yield. Reaction
with 3-furylboronic acid in aqueous media gave omce amount of desired produttb,
probably because of decomposition of the boronid. &eaction was therefore done in DMF
and the boronic acid was added in three parts,wleit to the desired produgib in a good
72 % yield. The same procedure was applied alsthensynthesis of 3-thienyld and
2-benzofuryl 41e derivatives. Stille reaction using the same catdlgand system was
successfully used for synthesis of 2-fudla and 2-thienyl4lc derivatives. Results are
summarized in Table 10. Although all reactions guantitative according to TLC, isolated
yields of all nucleosidedl except phenyl derivativéla are about 70 %, which is probably

caused by loses during chromatography.

In conclusion, efficient catalyst/ligand system (@Ac)./X-Phos ligand) was found
for Suzuki and Stille cross-couplings of unreactihorine in position 6 of pyrimidoindoles
and was used for synthesis of series of 4-aminetéril-H-pyrimido[4,5blindole

nucleosides, which were isolated in good yields.
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a: RB(OH), (1.5 eq.), Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), K;CO3 (3 eq.), DMF, 100 °C, 12 h;
b: RSnBuj; (1.2 eq.), Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), DMF, 100 °C, 12 h.

Scheme 3%ynthesis of final 4-amino-6-hetarylpyrimidoindolecleosideg 1

Table 10Yields of 4-amino-6-hetarylpyrimidoindole nucledss

Comp. Reagent R- Yield [%0]
41a phenylboronic acid phenyl 93
41b (furan-2-yl)SnBy 2-furyl 68
41c (furan-3-yl)B(OH) 3-furyl 72
41d (thiophen-2-yl)SnBgl 2-thienyl 73
41e (thiophen-3-yl)B(OH) 3-thienyl 77
41f (benzofuran-2-yl)B(OH) 2-benzofuryl 75

3.1.8 Synthesis of 4-amino-5-substituted pyrimiddate nucleosides

The previously optimized conditions were appliesbabn the synthesis of 4-amino-5-
hetarylpyrimidoindole nucleoside$2. Suzuki cross-coupling reaction with phenylboronic
acid furnished only 28 % of the target nucleosi@é Increased temperature to 120 °C and
2 or even 3 equivalents of boronic acid did not rowe the yield significantly. Suzuki
reaction with thiophene-3-boronic acid gave jusk5of product42d, which was probably
caused by decomposition of boronic acid under r@actonditions. Portionwise addition of
2 equivalents of boronic acid into reaction mixturgroved the yield to 24 %, which is still
quite low and was not further improved by usingyBiealents of boronic acid. Stille reaction
with 2-tributylstannylthiophene was even more sigipg, only nucleosidel2g containing
butyl group in position 5 was isolated in 42 % giehot even trace of desired 2-thienyl
nucleoside was isolated. A better result was obthinfrom reaction with
2-tributylstannylfuran, in this case, product otyduransfer42g was isolated again together

with desired 2-furyl derivative42a However, target nucleoside$4 were obtained in
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sufficient amount for characterization and biol@ditesting (Scheme 36, Table 11). Much
lower reactivity of 5-chloro nucleosid@8 in comparison with 6-chloro derivativ@9 is

probably caused by steric hindrance of the chloatoen by the amino group in position 4.

38 42 a,d,f,g

a: RB(OH), (1.5 eq.), Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), K,CO5 (3 €q.), DMF, 100 °C, 12 h;
b: RSnBu; (1.2 eq.), Pd(OAc), (0.05 eq.), X-Phos (0.1 eq.), DMF, 100 °C, 12 h.

Scheme 368ynthesis of 4-amino-5-substituted nucleosiizs
Table 11Yields of 4-amino-5-susbtituted pyrimidoindole reasides42

Entry Comp. Reagent R- Yield [%0]
1 42a phenylboronic acid phenyl 28
42b 2-furyl 33
2 (furan-2-yl)SnBy
42¢g butyl 34
429 (thiophen-2-yl)SnBg butyl 42
42d (thiophen-3-yl)B(OH) 3-thienyl 24

3.1.9 4-Substituted pyrimidoindole nucleosides

To investigate the influence of the amino grougpasition 4 on biological activity,
a series of 4-substituted pyrimidoindole nuclecsidias prepared. Amino group was replaced
by methylamino, dimethylamino and also by methythye and cyclopropyl groups.
Inspiration for synthesis of methyl and ethyl datives was 6-methyldeazapurine
ribonucleosid& with interesting anti-dengue activity. 6-Cyclopytigurine ribonucleoside

showed micromolar cytostatic activity against saeancer cell line&*®

Methyl 433 ethyl 43b and cyclopropyl43c derivatives were synthesized by Pd-
catalyzed cross-coupling reaction of protected léropyrimidoindole nucleosid&7 with
trimethylaluminium, triethylaluminium or by Negisheaction with cyclopropylzinc chloride
under standard conditions in the presence of PdjPiRh THF at 70 °C. All reactions

proceeded smoothly and gave benzoylated nucleosiggmd yields'® %
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N,N-Dimethylamino derivative43d was prepared from 4-chloropyrimidoindole
nucleoside25 by a simple nucleophilic substitution with dimetayine in THF/isopropanol
at r.t. in 74 % vyield. Zemplén deprotection furmidharget free nucleosiddd in good yields
(88-92 %, Scheme 37).

Cl R R
k\N N aorb k\N N _c_ k\N: N
0 0 0
BzO BzO HO
BzO OBz BzO OBz HO  OH
37 43 44

a: reagent (2 eq., see Table 12), Pd(PPhz), (0.05 eq), THF, r.t.; b: Me,NH in THF (2 eq.), propan-2-
ol, r.t., 24 h; c: 1M MeONa in MeOH (0.3 eq), MeOH, r.t., 24 h.

Scheme 37%Synthesis of 4-susbtituted pyrimidoindole nucldesé4
Table 12Yields of 4-substituted products

Protected Yield Unprotected Yield

Entry Reagent R

product [%0] product [%0]
1 MesAl Me 43a 63 44a 92
2 EtAI Et 43b 76 44b 85
3 cyclopropyl-ZnCl  cyclopropyl 43c 63 44c 89
4 MeNH Me;N 43d 74 44d 88

Nucleophilic substitution with methylamine surpnigly failed even though more than
10 equivalents of amine were used at 50 °C in gedomicrowave vial. Also palladium
catalyzed amination using X-Phos in combinationhvpalladium acetate and sodium tert-
butoxide was not successful. Desifdanethylamino compound6 was finally synthesized
according to a 40 years old procedtife Aminopyrimidoindole nucleosid®7 was first
methylated by methyl iodide in DMA in position 3 form quarternary sat5, followed by
sodium hydroxide induced rearrangement of quarargrnsalt 45 to methylamino-

pyrimidoindole nucleosidé6in 74 % yield (Scheme 38).
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37 a5 46 64 %

a: Mel (2 eq), DMA, r.t., 24 h; b: 1M NaOH, 100 °C, 1.5 h.

Scheme 3&ynthesis of N-methylaminopyrimidoindole nucleosid&
Dimethylaminomethylidene-protected nucleosid& (Scheme 39) was the only
isolated product from all attempts on electrophslibstitution reactions mentioned in chapter
3.1.6. It was formed during the reaction of 4-ampyrimidoindole nucleoside&7 under
Vilsmeier-Haack conditions. Formation ®f N-disubstituted formamidines from primary
amines and DMF in the presence of PO® known'*® formamidine is formed by
nucleophilic attack of Vilsmeier-Haack reagent hyime’*® Dimethylaminomethylidene-

protected nucleosidé7 did not react with excess of Vilsmeier-Haack reagen

~N N/
NH, N/)

N7 j\/€| > N7 j\/€| >
k\N N a k\N N
—_—

o) 0
HO HO
HO  OH HO  ©OH
37 47

a: POCl3, DMF, r.t., 12 h.

Scheme 3%ormation of nucleosidé7
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3.2 Biological activities of pyrimidoindole nucleosles

3.2.1 Biological activities of 4-hetaryl-6-chlorond 4,6-bishetarylnucleosides

All the title compounds30, 32 and 36 were tested foin vitro cytotoxic (human
T-lymphoblastic leukemia line CCRF-CEM, promyelacyteukemia HL-60 and cervical
carcinoma HelLa S3) and antiviral activity (HCV abéngue virus). Cytostatic activity
screening was done by our collaborative laborasoaielnstitute of Organic Chemistry and
Biochemistry AS CR. Anti-HCV activities were studieat Gilead Sciences, anti-dengue
activities at Novartis Institute for Tropical Dises, Singapore (NITD). None of these
nucleosides showed any significant cytostatic/oxit effect or anti-HCV activity, except for
compound32a, which showed cytotoxicity in THP-1 and HepG2 celith CGs, of 1.565 and
0.175uM, respectively. However, three examples of 4-hgt@rchloropyrimido[4,5blindole
nucleosidesbearing 2-furyl32a 2-thienyl 32c or 2-benzofuryl32e groups at position 4
showed significant (submicromolar) effects agailxngue virus (Table 13). 2-Furyl
derivative 32a was the most active compound withsdGralue of 10 nM in dengue virus
reporter assay. Unfortunately, narrow windows @fsthcompounds (x 10) betweensgEénd
CCsp in Huh-7 replicon assay were observed. This letmination of any further studies of
these compounds as nucleoside inhibitors of dengues in NITD. On the other hand,
further structural modifications of the parent &dapurine moiety in the biologically active
ribonucleosides can lead to more selective and ractige compounds with anti-RNA virus

activities and decreased cytotoxicities.
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Table 13Anti-dengue activities of 4-hetaryl-6-chloropyrihoindole nucleosides

Dg-reporter Dg-replicon
K-562 K-562 Huh7 Huh7
comp.

ICs0 (M) CCso (uM) ICs0 (M) CCso (uM)
32a 0.01 4.12 0.49 3.60
32b 69.51 >100 >100 >100
32c 0.51 15.75 1.71 10.71
32d 41.77 >100 46.99 >100
32e 0.13 16.50 10.04 26.26
32f 27.56 51.34 15.63 20.10
30 >100 >100 61.77 >100
36a 3.51 18.43 18.69 31.09
36b 10.91 29.91 30.00 52.98
36f 3.46 7.36 7.53 11.1

3.2.2 Biological activities of 4-aminopyrimidoindelnucleosides

All the target nucleoside87, 38, 39, 41, 42 and 45 were also studied foin vitro
cytotoxic activity against cancer cell lines (HL88¢lLa S3, CCRF-CEM and HepG2) at
IOCB. Anti-HCV activities were studied at Gileadi&wes, anti-dengue activity in group of
Dr. Weber at IOCB.

The title nucleosides37, 38, 39, 41, 42 and 45 did not show any significant
cytotoxicity in these assays. The only three complsuwith non-negligible activities (in 11-
100 uM) are shown in Table 14. The most active compouwds 4-amino-5-
chloropyrimidoindole nucleosid@8. All 5- or 6-hetaryl derivatives were inactive eyt for
benzofuryl derivative41f. The 4-methylpyrimidoindole nucleosidé4a was the only
cytostatic compound in the series of 4-substitaiedvatives.

Table 14 Cytotoxic activities of nucleosides

1Cs0 (M)
Compound HL-60 HelLa S3 CCRF-CEM HepG2
38 17 21 12 21
41f 87 93 32 60
44a 54 11 82 15
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Results of testing against HCV genotype 1A, 1B 2Adeplicons are summarized in
Table 15. Several nucleosides displayed micromataivity against HCV, but the activity
was usually accompanied by cytotoxicity to MT-4lgelThe most active, but also the most
cytotoxic compound was the 4-amino-5-chloro denaB88. However, 4-methyl derivative
44ashowed submicromolar activities in the HCV 1A ariréplicon assays and cytotoxicity
higher than 44M.

Table 15.Anti-HCV activities of nucleosides

HCV replicon 1A HCV replicon 1B HCV replicon 2A
Compound ECso CCso ECso CCso EGo CGCso

(M) (™) (™) (™) (uM)  (uwm)
38 0.53 1.16 0.32 1.71 1.28 1.66
39 30.55 >44 11.05 >44 >44  >44
41d 10.03 18.10 8.75 >44 24.8%44
41e 10.09 17.34 7.38 25.60 13.780.19
41f 6.13 14.47 4.83 28.0 8.77 18.00
429 >44 >44 8.81 >44 >44 >44
44d 21.27 >44 7.07 >44 >44 >44
44a 0.56 >44 0.34 >44 >44 >44

All the nucleosides were also tested for anti-denguativities in Vero cells. This
screening was done at IOCB in group of Dr. WebeFu®/l 31a and 2-benzofuryl3le
derivatives, which were previously shown to be\actagainst dengue virus, were used as
standards during establishment of this screenirgyei@l derivatives showed activity in
micromolar concentrations, but only benzofuryl dative 41e was not cytotoxic to these
cells. 4-Amino-5-chloropyrimidoindole nucleosi®8 was the most active compound, but

with low selectivity index (SI).
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Table 16 Anti-dengue activities of nucleosides

Vero cells, DENV-2 (w)

Compound ECs CGCs Sl

37 43.5 39.6 0.9
38 0.85 1.14 1.3
43d 18.8 46.3 2.5
449 14.8 62.9 4.3
43e 15.4 >100 >6.5
40 39.6 43.5 1.1

Based on these results, it can be noted that alinmo[4,5b]indole ribonucleosides
are less cytotoxic than the corresponding 7-deamapunucleosides and are not very
promising  cytostatics.  Micromolar  activity of  4-amoi5-chloro- 38 and
4-methylpyrimidoindole nucleosidé4a against HCV virus is also not sufficient for fugth
studies. On the other hand, submicromolar anti-dengctivity of three 4-hetaryl-6-
chloropyrimidoindole nucleosideékla 31¢ 31eis far more interesting, especially because of
the lack of any antiviral therapy or vaccine aghidengue fever. 2-Furylpyrimidoindole
nucleoside3ladisplayed even better activity (10 nM) than NITD80(0.64uM), compound
subjected tan vivo screening in mic& The problem of pyrimidoindole derivatives is ireih
low selectivity index caused by quite high toxicifurther SAR studies are needed to find
less toxic compounds or improve selectivity indeix astive compounds. It seems that
introduction of hetaryl groups into benzene ringde to inactive compounds, but the presence
of a heteroatom at the benzene ring is advantageoasitiviral activity (see Table 15 and 16,
4-aminopyrimidoindole derivativ87 vs. 4-amino-5-chloropyrimidoindole derivatia8 and
4-(2-furyl)pyrimidoindole derivative30 vs. 4-(2-furyl)-6-chloropyrimidoindole derivative
323 Table 13). Based on these results, we designedtarget molecules, isosteric thieno-
fused 7-deazapurines substituted by hetaryl, akaylino, methoxy and sulfanyl groups in
position 4.
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3.3 Synthesis of thienopyrrolopyrimidine nucleoside

Another class of target coumpounds were thienogf'sdeazapurine ribonucleosides.
There are three possible isomeric bases, we werst nmerested in 4-chlorok8
thieno[2',3":4,5]pyrrolo[2,3]pyrimidine @8), isomer with sulphur in position 5 and
4-chloro-81-thieno[3',2":4,5]pyrrolo[2,3]pyrimidine @9) with sulphur in position 7 of
thienopyrrolo-pyrimidine system (Figure 26).

Cl 2 Cl Cl
4 S |6 ~ /=S
ZKN/ N k kN/ N
1 H H H
48 49 50

Figure 26 Stuctures of all possible thienopyrrolopyrimidines

Suggested synthesis of these tricyclic bases wsadban published procedure for the
only one known thienopyrrolopyrimidine derivatit&Il .** In the first step, thiophene was
needed to be attached to position 5 of 4,6-diclplgnianidine, this can be in principle done by
any cross-coupling reaction. As the key and alsol#st step of this synthesis is thermal
cyclization or photocyclization of nitrene generthfeom azide precursor, azido group was
supposed to be introduced into position 4 by nystidic substitution with sodium azide (Fig.
27).

Cl s Cl s
N/ Pd catalyst _ X/ UVorA N X\ |
—_—
k mN/ N
N3 H
@ = halogen o @ =B(OH), SnBuy, "Zn'
¥ = B(OH),, SnBug, "Zn" Y = halogen

Figure 27 Suggested synthesis of thienopyrrolopyrimidines

It is known, that the halogen atom in position 4pynimidine is the most reactive one
in palladium catalyzed cross-coupling reactions, Was proved on 2,4,5-trichloropyrimidine.
During the Suzuki coupling with phenylboronic aawlainly 4-substituted pyrimidine (67 %)
was formed, accompanied by small amount of 2-swibstl (7 %) and 2,4-disubstituted
product (10 %}* Similar results were obtained from Stille couplingf 2,4,5-
trichloropyrimidine with phenyltributylstannart&" Substitution of chlorine atom in position 5

by iodine changed the regioselectivity of crosspiimg reaction on 2,6-dimethyl-4,5-
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dihalopyrimidines, 4-chloro-5-iodo-2,6-dimethylpyridine gave only 4-chloro-5-substituted
142

product.
cl cl
NC I e e N)TCI
P — | + | + |
~ ~ ~ ~
Cl” >N Cl” N @N ©)\N
58 % 10 % 7%
Cl
O
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D e e
ClI” 'N
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Cl N
69 %
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el I
NS |
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HC™ N7 Nch, M€ N CHg HaC”™ “N” CH,

a: PhB(OH),, Pd(PPh3),, K,CO3, toluene—-DMF (9:1), microwave irradiation,
10 min, 185 °C; b: PdCl,(PPhs),, DMF, 10 h, 80 °C;
c: PdCly(PPhs),, EtyNCI, K,CO3 DMF, 4 h, 110 °C

Scheme 4@Published*****cross-couplings on halopyrimidines

Inspired by the literatur¥ Stille and Suzuki cross-coupling reactions wendéqomed
on 4,6-dichloro-5-iodopyrimidiné. Stille reaction of 4,6-dichloro-5-iodopyrimidir{¢) with
2-tributylstannylthiophene was tested with PgEPh), in DMF. Although iodine is
supposed to be more reactive, only 4,6-disubstithfieor even trisubstituted produs® was
identified in the reaction mixture by LC-MS afterh®urs at 0 °C, no desired 5-substituted
compound was found (Scheme 41). At lower tempegatdr5 °C), reaction did not proceed.
The reaction proceeded faster at r.t., but regeaseity was the same. As this system is
different from above mentioned published examples eéhlorine at position 4 seemed to be
more reactive than iodine at position 5, any furtbptimization of Stille coupling has not

been done.
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Cl
+ BU3SH‘<\j
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1 51

a: PdCly(PPhs),, DMF, 0°C, 8 h

Scheme 41Stille reaction of 4,6-dichloro-5-iodopyrimiding)(

Another way how to connect pyrimidine and thiophexam be Negishi coupling.
Organozinc species needed for this reaction wgsaped by Knochel’s procedure from 4,6-
dichloropyrimidine and tetramethylpiperidinylzinormaplex with magnesium chloride and
lithium chloride’®® The reaction was optimized with zinc compEXgeneratedn situ from
tetramethylpiperidine andpropylmagnesium chloride complex with lithium chéte, which
was then added to zinc chloride. Later on, Signmdréh started to sell final zinc compl&3,
which speeded up the whole process. Generated ipymytzinc species54 was then
subjected to Pd(PRh catalyzed cross-coupling reaction with 2-iodotthiepe to furnish
desired producb5 (Scheme 42). Yield of this reaction usually varfiesn 40 to 80 % and it
depends only on the yield of the zincation step,dbupling reaction is then quantitative. This
was proved by NMR determined conversion of zincastep; part of the reaction mixture
was quenched by deuterium oxide and ratio of 4cGidropyrimidine and 5-deuterated
analogue was calculated. It was found, that comwersf zincation corresponds to final
isolated yield. As it is really difficult to sepaeaproduct55 from unreacted starting 4,6-
dichloropyrimidine on column and because yields evdower in bigger (1 g) scale,
optimization and scale up of this process was rsacgs According to published procedure,
THF solution of 4,6-dichloropyrimidine is added dosolution of tetramethylpiperidinylzinc
complex 53 (0.55 eq.) at r.t. and then stirred at r.t. for @utes® The amount of
tetramethylpiperidinylzinc complex3 does not have any effect on conversion, whichtivas
same even with 1.1 eq. of the zinc complex. Temperas more important for this zincation,
during optimization it was found out, that the besbcedure is to add solution of 4,6-
dichloropyrimidine in several parts to an ice-cabkolution of tetramethylpiperidinylzinc
complex53, stir the mixture for 1 hour at 0 °C and leavéoitvarm to r.t. for another hour.
This allows to set up the reaction from 8 gramstafting material with isolated yields 60-
80 %.
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The next step was a simple nucleophilic substitutigth sodium azide in DMF,
which worked without any problem and furnished degsiazidopyrimidines6 in more than
90 % vyield. This azidopyrimidinB6, which is in solution present in form of tetrazélécan
be cyclized photochemically or thermally to desiteclyclic baset8 (Scheme 44).

H
N
/i/\j\ + i-PrMgCl . LiCl —— N-MgCl . LiCl +ZnCly N—Zn . MgCl, . 2 LiCl

53
2
Cl Cl
Zn \ \ |
X SN
N~ Cl \N cl'2 \ N
N=N
- 54 - 55 60-80 % 56 90 % 57

a: (TMP),Zn.MgCl,.2LiCI (0.55 eq.), THF, 0 °C, 1h, then r.t., 1h; b: 2-iodothiophene (1.2 eq),

Pd(PPhs), (0.1 eq.), THF, 65 °C, 16h; ¢: NaN; (1 eq.), LiCl (1 eq.), DMF, r.t.,
Scheme 4ZPreparation of organozinc complge® and synthesis of tetrazd@

When the reaction mixture containing only tetraZzeleand inorganic chlorides (LiCl,
NacCl) in DMF was irradiated by UV lamp (254 nm), amwvanted fluorescent produs® was
isolated (Scheme 43). Structure of this compound swggested from NMR spectra and
confirmed by HR-MS and X-Ray crystallography (R28).

Cl s
/!\l\N \ \

N N | N _

§ _a, N =8
N\\,N HN™O
N=N O%H

57 58

a: DMF, UV 254 nm, r.t., 12 h

Scheme 43-ormation of unwanted produs8
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Figure 28 An ORTEP view of58, displacement ellipsoids shown with 50 % probapili

Later on it was found out that this compound isaglsvformed if there is even a trace
amount of DMF present in the reaction mixture, bseait was observed also from
photocyclization reaction of DMF-contaminated tetile 57 performed in TFA. To avoid
formation of unwanted produé8, it is important to have DMF free tetraz&@@ To get it, it
is necessary to evaporate the crude product setreraé with toluene, then extract it with
water and ethyl-acetate and again co-evaporateaewmes with toluene or heptane. All
published procedures for nucleophilic substitutiath sodium azide on pyrimidine use DMF
as a solvent, but much better way is to perform hicleophilic substitution step in THF, the

reaction is slower, but full conversion is reaciretivo days.

Tetrazole57 was cyclized to desired produt8 (Scheme 44) by irradiation with 4W
UV lamp in TFA at r.t. The photocyclization was sessful but too slow, it took 7 days to
reach full conversion. This is why the photoreaetith 400W mercury lamp was used, but
only decomposed starting material was obtainedréfbee thermal cyclization of starting
material57 was accomplished by heating in 1,4-dibromobenzeris80 °C for 30 minutes to
give the desired tricyclic produdBin 25 % vyield, the rest was decomposed startingenadt
There are only 2 factors that can be optimized, perature and amount of solvent.
Temperature control is crucial for this reactionloaver temperature, tetrazd& decomposes
to unidentified black mass, at temperature high@nt180 °C, decomposition of starting
material is faster and become predominant over don of product. Then | optimized
amount of the solvent and found that the best resudbtained if the ratio of tetrazole and
1,4-dibromobenzene is 1:10. However, isolateddya compound48 was only 50 %, the

rest was decomposed starting material.

Thienopyrrolopyrimidine basd8 was then subjected to Vofiggen glycosylation

under the same condions as in case of pyrimidogsddihe stirring of the bagd with BSA
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for 10 minutes at room temperature was followed dolgition of 1©O-acetyl-2,3,4-triO-
benzoylf-D-ribofuranose and trimethylsilyltriflate, but mucleoside was obtained. So | tried
to heat the tricyclic baset8 with BSA for 30 minutes at 60 °C and then add
trimethylsilyltriflate and 1©0-acetyl-2,3,4-triO-benzoyl$-D-ribofuranose and heat the
reaction mixture overnight. This procedure affordbd nucleosidé&9 in ca. 50 % yield
(Scheme 44).

cl
cl g | a g A
X
(D Ea s Gl R -SR N

| N\ N N
N"SN N N
N=N N"H 0

BzO

57 48 50 % ). 59 50%

a: 1,4-dibromobenzene, 180 °C, 30 min; b: TFA, UV, r.t., days;
c: BSA (1 eq.), MeCN, 60 °C, 30 min; then 1-O-acetyl-2,3,4-tri-O-benzoyl-p-D-ribofuranose
(2 eq.), TMSOTf (2 eq.), 60 °C, 8 h.

Scheme 44Synthesis of key-intermediate nucleostde

Thienopyrrolopyrimidine nucleosides have never beeported, so we decided to
synthesize the first series of 8 nucleosides swibsti in position 4 for initial biological
activity studies. Substituents selection was basadprevious results obtained in our
group*****Furyl and benzofuryl as well as amino and methglugs were selected because
pyrimidoindoles bearing those groups displayed sohielogical activity; methoxy,
methylsulfanyl and dimethylamino groups were chasganalogues of cytostatic 7-hetaryl-7-

deazapurine ribonucleosides bearing those groupesition 6:°

Synthesis of final nucleosides was done accordinghé same conditions used for
synthesis of pyrimidoindole nucleosid&& and 43. 3-Furyl and 2-benzofuryl substituted
nucleoside$0b, 60e were prepared from 4-chlorothienopyrrolopyrimidimecleosides9 by
Suzuki coupling using Pd(PBh as a catalyst with potassium carbonate in tolugreyyl
derivative 60a was synthesized by Stille coupling catalyzed b R&®Ph), in DMF and
4-methyl derivative 60h was obtained from palladium catalyzed alkylatiory b
trimethylaluminium. Dimethylamino derivativé0i was prepared by nucleophilic substitution
with dimethylamine (Scheme 45). Yields of protectaacleosidess0 are summarized in
Table 17. Zemplén deprotection furnished desirepratected nucleosides in good vyields.
Amino, methoxy and methylsulfanyl groups were idtroed into position 4 of

chloroderivative59 by nucleophilic substitution with aqueous ammaniadioxane, sodium
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methoxide or sodium thiomethoxide in methanole. oB& moiety was simultaneously
deprotected under reaction conditions and targptataected nucleosideésl were obtained in
good yields (Table 17).

Cl s R s R s

NS NS N
| b | |

k\N N aor k\N N h k\N N
o orcord o o

BzO BzO HO
BzO OBz BzO OBz HO  OH
59 60 61
eorforg

a: 2-tributylstannylfuran (1.2 eq.), PdCly(PPhs), (0.1 eq.), DMF, 100 °C, 8 h; b: R-boronic acid (1.5
eq.), Pd(PPhs3), (0.05 eq), K,CO3 (2 eq.), toluene, 100 °C, 8 h; ¢: Me3Al (2 eq.), Pd(PPh3)4 (0.05 eq),
THF, r.t., 12 h; d: Meo,NH in THF (2 eq.), propan-2-ol/EtOH 1:1, r.t., 24 h; e: NH; (aq.), dioxane, 120
°C, 12 h; f: MeONa (1.3 eq.), MeOH, r.t., 12 h; g: MeSNa (1.3 eq.), MeOH, r.t., 12 h; h: 1M MeONa in
MeOH (0.3 eq), MeOH, r.t., 24 h.
Scheme 455ynthesis of 4-susbtituted thienopyrrolopyrimidimeleoside$0, 61

Table 17 Synthesis of 4-susbtituted thienopyrrolopyrimidmeeleosides

Protected Yield Unprotected Yield

Entry  Conditions R

product [%] product [%]
1 a 2-furyl 60a 84 6la 62
2 b 3-furyl 60b 82 61b 70
3 b 2-benzofuryl 60e 87 6le 68
4 c Me 60h 87 61h 82
5 d MeN 60i 78 61i 49
6 e NH - - 61] 75
7 f MeO - - 61k 78
8 g MeS - - 61l 64

The next goal was to synthesize a series of nudess with isomeric
(8H-thieno[3',2":4,5]pyrrolo[2,3f|pyrimidine) base49. The trickiest part was as usually
synthesis of the heterocyclic base. | wanted tdyajye same synthetic strategy as for bé8e
and just change the starting material from 2-iombhene to 3-iodothiophene (Scheme 46).
Because 3-iodothiophene is far more expensive,ed tNegishi cross-coupling with a
bromoanalogue but, unfortunately, it did not reabtbwever, 3-bromothiophene, which is

much cheaper, can be quite easily converted tododerivative. It was prepared by modified
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published procedut® using sodium iodide with 5 % of copper (I) iodid&|,N-
dimethylethylenediamine at 2 days reflux in a migtof toluene and 1,2-dimethoxyethane. It
is important to reach full conversion, because hibilophenes are unseparable. Negishi
coupling with 3-iodothiophene worked well and prote2 was isolated in 70-80 % yield and

its structure was confirmed by X-ray (Fig. 29).

‘/O

Figure 29 An ORTEP view of 62, displacement ellipsoids shown with 50 % probapili

Azido group was then introduced into position 4ogfimidine ring of compoun@?2
by nucleophilic substitution with sodium azide iR and obtained tetrazo&3 was cyclized
in 1,4-dibromobenzene at 180 °C in the same maaser (Scheme 45). Although there are
two possible products of cyclization, only isord& with sulphur in position 7 was isolated,
but the yield was only 15 % and the rest was decmeg starting material. Changing the
amount of dibromobenzene did not help like in catdase48 and the yield of thermal
cycliation was always around 15 %, so other sokvemtre tried. 1,4-dichlorobenzene and
naphtalene were used as solvents for cyclizatidetodizole63, but yield was 3 % and 15 %,
respectively. This led to conclusion that thermallization is not the best approach to desired
4-chloro-&-thieno[3',2":4,5]pyrrolo[ 2,3 pyrimidine (49).
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a: (TMP),Zn.MgCl,.LiCl, 0 °C, 60 min, then r.t. for 45 min; b: Nal (2 eq.), Cul (0.05 eq.), N,N-
dimethylethylenediamine (0.1 eq.), toluene/1,2-dimethoxyethane, refl., 2 days; ¢: Pd(PPh3),

(0.1 eq.), THF, 65 °C, 12 h, d: NaN;3 (1 eq.), LiCl (1 eq.), THF, r.t,, 2 days; e: TFA UV, rt, 4
days; f: BSA (1 eq.), MeCN, 60 °C, 30 min; then 1-O-acetyl-2,3,4-tri-O-benzoyl-B-D-ribofuranose
(2 eq.), TMSOTf (2 eq.), 60 °C, 8 h.

Scheme 45ynthesis of nucleosidt
Photocyclization of tetrazolé3 in TFA under irradiation by 4W 254 nm UV lamp

was very slow, after 4 days, there was only 50 %vecsion of the starting material.
However, reaction mixture contained both possibtamers49 and50 in ratio 2:1 (Scheme

46). Unfortunately, it is not possible to sepathi@se isomers by crystalization or by column
chromatography. Separation is possible only on HBy&Bem and only 150 mg of the mixture
can be separated on column designed for 4 g sepsattven with such complicated
separation, it was possible to get enough bBEsdor synthesis of series of nucleosides.
Subsequent Vorliggen glycosylation was performed in the same maasen case of base

48 and gave desired key-intermediate nucleo8ilm yields around 40 %.

Cl Cl S
= Y
k)\/(c \ s + N'k\ =
N ~
NN

/
H H
63 49 30-50 % 50 15-20 %

Scheme 4@hotocyclization of tetrazoks3
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Target nucleoside86 were synthesized using analogous procedures amibbeosides
61 (Table 18, Scheme 47). Both 2- and 3-furyl, 2-lodmz/| and methyl groups were
introduced into position 4 by palladium catalyzedations, amino, dimethylamino, methoxy
and methylsulfanyl groups by nucleophilic substitnt Palladium catalyzed reactions led to
protected nucleosidegb, which were then treated by sodium methoxide ithamsol to give
desired unprotected nucleosid&in good yields (Scheme 47, Table 18). Protected methyl
nucleoside65h was not isolated as pure compound and was dirdetbyotected. Yields are

summarized in Table 18.
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a: 2-tributylstannylfuran (1.2 eq.), PdCly(PPhs), (0.1 eq.), DMF, 100 °C, 8 h; b:R- boronic acid (1.5
eq.), Pd(PPh3), (0.05 eq), K;CO3 (2 eq.), toluene, 100 °C, 8 h; ¢: Me3Al (2 eq.), Pd(PPh3), (0.05 eq),
THF, r.t., 12 h; d: MeoNH in THF (2 eq.), propan-2-ol/EtOH 1:1, r.t., 24 h; e: NH;3 (aq.), dioxane, 120
°C, 12 h; f: MeONa (1.3 eq.), MeOH, r.t., 12 h; g: MeSNa (1.3 eq.), MeOH, r.t., 12 h; h: 1M MeONa in
MeOH (0.3 eq), MeOH, r.t., 24 h.
Scheme 47Synthesis of 4-substituted thienopyrrolopyrimidimeleoside$5, 66

Table 18 Synthesis of 4-susbtituted thienopyrrolopyrimidineleoside$5, 66

Protected Yield Unprotected  Yield

Entry  Conditions R

product [%] product [%]
1 a 2-furyl 65a 67 66a 68
2 b 3-furyl 65b 82 66b 83
3 b 2-benzofuryl 65e 83 66e 86
4 c Me 65h - 66h 70
5 d MezN 65i 85 66i 88
6 e NH; - - 66] 78
7 f MeO - - 66k 65
8 g MeS - - 66l 90

In conclusion, both desired thienopyrrolopyrimidibases were synthesized from

simple 4,6-dichloropyrimidine and corresponding atidophene by three-step synthesis
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involving Negishi coupling, nucleophilic aromatialstitution and cyclization of tetrazole.
Cyclization of tetrazoles can be induced thermaltyphotochemically, thermal variant is
better in case of bask8, it gives 50 % vyield in 30 minutes and product t&nisolated by
simple flash chromatography on silica. 1,4-Dibromatene, which is used as a solvent, is
eluted by pure hexane followed by elution of pradaochexane/ ethyl-acetate mixture. On the
other hand, thermall cyclization of tetrazélg@gave only 15 % of bastd. This is a reason for
using the photocyclization in this case, becauss @vit gives mixture of baset9 and50 in
ratio 2:1, it can be done with full conversion. Segion of those isomers is extremely
difficult, but is still better than thermal cyclizan. The synthesis of all desired
thienopyrrolopyrimidine nucleosides were done by teame procedures, which were
successfully applied for synthesis of pyrimidoirel@iucleosides, and all nucleosides were

obtained in good yields and sufficient amountsbiofogical activity screening.
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3.4 Biological activities of thienopyrrolopyrimidine nucleosides

All the title nucleosides6l, 66 are currently tested for cytostatic, antiviral and
antimicrobial activities. Antiviral screening agsirhepatitis C virus (HCV) and respiratory
syncitial virus (RSV) was done at Gilead Scienc8smpounds were also submitted to
antiviral screening against dengue, influenza, aoki® and herpes simplex virus to Dr.
Weber at I0CB, for screening of cytostatic and ramdiobial activities to Institute of
Molecular and Translational Medicine, Faculty ofditgne and Dentistry, Palacky University

and University Hospital in Olomouc.

Only results of screenings on HCV and RSV viruses available at this moment,
other studies are still in progress. All testecetio-fused nucleosides are inactive against
RSV. 2-Furyl, 3-furyl and dimethylamino derivativeéa, 66a, 61b, 66b, 61i, 66vere also
completely inactive against HCV. Whilst benzofuayld amino derivative§le, 66e, 61j, 66j
displayed only low activity agains HCV, methyl, mexy and methylsulfanyl derivatives
61h, 66h, 61k, 66k, 66l, 61from both series showed sub-micromolar activityiastaHCV,
unfortunately accompanied by micromolar cytotoyicitsomeric analogue$6 are more
active, but also more toxic. The most active conmaisuare both methyl derivativédh, 66h

derivative61his four times less toxic tha&th (Table 19).

Table 19.Anti-HCV activities of nucleosides

HCV replicon 1B HCV replicon 2A
Compound ECso CCso ECso CCso

(M) (™) (™) (™)
6le 2.1 19.59 13.92 26.55
61h 0.11 44.44 0.06 44.44
61j 5.02 17.17 13.48 16.39
61k 0.95 29.24 15.00 13.91
61l 0.47 44.44 0.34 44.44
66e 2.05 44.44 14.09 44.44
66h 0.06 44.44 0.24 44 .44
66j 17.52 44.44 44.44 44.44
66k 0.23 44.44 0.40 44.44
66l 0.13 44.44 0.80 44.44
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3.5 Fluorescence properties of target nucleosides

Annulated 7-deazapurine nucleosides can be integeabt just for their biological
activities, but also from biochemical point of vied| these tricyclic bases are supposed to
be fluorescent and their corresponding 2"-deoxygasities can be used for preparation of
modified DNA and study of its fluorescence and mhalr stability, which was inspired by the

Saito's applications of the related nucleosideftuasescent probe$-9%%

First of all, we studied electronic spectra and tppbysical properties of the title
nucleosides. UV spectra and fluorescence spectii@a df pyrimidoindole nucleosides are
summarized in Tables 20-22. All the title nucleesicxhibited fluorescence with emission
maxima from 427 to 485 nm and low gauntum yield®Z.13) in case of pyrimidoindole
nucleosides bearing hetaryl group in position 4Ardinopyrimidoindole nucleosides and
nucleosides bearing alkyl groups in position 4 hergssion maxima in broader range from
341 to 467 nm and moderate quantum vyields 0.07-@-36mino-6-(2-benzofuryl)nucleoside
43eis the most fluorescent compound with quantundy@®86. Its deoxy analogue has a great
potential to be used for enzymatic synthesis of ifremtl DNA and study of fluorescence

properties and stability of such modified DNA.

Table 20UV-Vis and fluorescence spectral data of 4-hetérghloro- and 4,6-bis(hetaryl) derivatives

Absorption Emission

o ?::) ?L- molcn™) Amax (NM) (L-mor™*.cn™?) hmax (M) @

32a 264 18391 326 14702 449 0.05
32b 264 20110 303 11090 427 0.03
32c 265 16526 323 10675 452 0.04
32d 257 15295 303 7940 435 0.04
32e 272 19799 342 22087 467 0.08
32f 250 18140 299 8751 442 0.05
30a 264 23284 326 18106 447 0.13
36a 250 29235 326 25098 435 0.02
36b 249 25048 325 17721 454 0.03
36f 254 39270 286 24148 485 0.08

UV spectra were measured in methanol at 25 °C5A1I0° M solutions. The emission spectra were
measured by excitation at 320 nm.

86



Table 21UV and fluorescence spectral data of 4-amino-@ygyrimidoindole nucleosides

Absorption Emission
Comp.  imm € (L-moltcm™)  Aexc(NM) 0 Amax (NM)
321 13769
38 292 15071 300 0.10 447
247 71635
320 12786
39 310 0.12 395
273 13564
315 10212
37 282 16538 310 0.19 341
242 88024
325 2876
41f 330 0.22 361
263 33463
280 19049
41a 320 0.24 442
229 13557
324 1147
41b 330 0.30 384
257 18736
282 30297
41c 320 0.07 435
236 23989
41d 269 36191 320 0.08 467
41e 314 35291 340 0.36 427

UV spectra were measured in methanol at 25 °C5A1I0° M solutions.
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Table 22UV and fluorescence spectral data of 4-amino-aylyeaind 4-substituted derivatives

Absorption Emission
comp. ww(m & (L-molt-cm™®)  hexe (NM) ® Amax (NM)
42f 290 0993 320 0.20 452
248 38259

42a 323 10261 320 0.07 440
248 51832
320 9163

42d 294 12085 320 0.07 356
248 86990
289 23021

429 045 80745 300 0.09 454
284 16395

44a 255 45473 310 0.13 386
235 44282
288 26360

44c 255 49620 300 0.13 485
236 57993
326 10102

44d 298 13086 300 0.03 449
250 31625
318 16054

46 290 15592 310 0.17 341
245 63821

UV spectra were measured in methanol at 25 °C5A1I0° M solutions.
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Table 23UV and fluorescence spectra of thieno-fused daaap nucleosides

Absorption Emission
Comp. Amax € € Mexc.
Amax [NmM Amax [NM
[nm]  [L-moltent] [nm] [L-mol™.cm] ] ? [nm]
6la 253 4562 - - 445 0.19 340
61b 322 11531 - - 433 0.13 340
309 13549
6le 271 26674 465 0.28 360
368 17148
61h 250 32251 301 12250 396 0.12 320
314 13797
61i 232 31141 358 0.07 300
327 11563
61j 220 27496 300 10475 - - -
61k 229 21298 291 14370 368 0.15 300
61l 241 30761 313 11646 505 0.03 340
66a 319 15558 - - 484 0.30 320
66b 253 27407 - - 469 0.07 300
66e 260 18776 333 16844 437 0.79 320
66h 246 36961 - - 434 0.10 290
66i 220 32814 285 11461 420 0.03 300
66j 242 20896 277 6448 382 0.03 300
66k 237 58328 - - 408 0.14 300
262 25421
66l 232 39276 467 0.02 290
292 14256

UV spectra were measured in methanol at 25 °C5A10° M solutions.

| also measured UV and fluorescence spectra ofaadlet thienopyrrolopyrimidine
nucleoside$1, 66(Table 23). Most of those compounds exhibiteceast some fluorescence
except 4-amino derivativélj, which is not fluorescent at all. Nucleosides sitilied in
position 4 by amind6j, methylthio 611, 66l, dimethylamino61i, 66i groups are weakly
fluorescent with quantum vyields lower than 0.1, mgetand methoxy derivatives showed
slightly higher fluorescence with quantum yield$-0.15. The most fluorescent compounds
are nucleosides bearing furyl and benzofuryl groupdilst quantum yields of 3-furyl
derivatives61b, 66b are still moderate (~ 0.1), 2-furg@la and 66a derivatives exhibited
stronger fluorescence with quantum yields 0.19 @80, respectively. Benzofuryl derivative

66ewas the most brightly fluorescent coumpound wikbelent quantum yield 0.79.

89



4 Conclusion

Syntheses of ribonucleosides with tricyclic basesdd 7-deazapurines: pyrimido[4,5-
blindoles and thienopyrrolopyrimidines) were devedpand compounds were tested for
cytostatic and antiviral activities.

Although C-H arylation approach to pyrimido[4findoles was not successful,
synthesis of these heterocycles was developedmRigindoles were built-up part by part
from simple commercially available chloronitrobenes, first step was nucleophilic
substitution with ethyl-cyanoacetate followed byuetion of nitro group and spontaneous
cyclization to indole derivatives, pyrimidoindoleotif was then formed by cyclization with
formamide. 4-Chloropyrimidoindoles were obtained time last step by reaction with
phosphorus oxychloride. The whole synthesis wasnigetd for 30 g scale. Key-intermediate
ribonucleosides bearing additional chlorine atompasitions 4 and 5 or 6 were prepared by
Vorbriiggen glycosylation method. Hetaryl groups were omhiiced into position 4 of
4,6-dichloropyrimido[4,3]indole nucleoside by Stille or Suzuki coupling cgans using
standard conditions. Final free nucleosides wer¢aioéd by Zemplén deprotection.
Biological activity screening showed interestingosucromolar anti-dengue activities of
4-hetaryl-6-chloro nucleosides bearing 2-furylhizhyl and 2-benzofuryl groups in position
4. On the other hand, there was no cytostatic effeanti-HCV activity of these nucleosides
with one exception; 2-furyl derivative displayed cn@molar activity against THP-1 and
HepG2 cell lines.

Since chlorine atom in position 6 is far less re@cthan chlorine in position 4 and
stayed untouched under standard cross-couplingitcmms] | found effective catalyst-ligand
system (palladium acetate and X-Phos ligand) fapting in position 6 and prepared small
series of 4,6-bis(hetaryl)nucleosides, which wemnagletely inactive in all biological assays.

A series of pyrimidoindole nucleosides substitubetly in position 4 was synthesized
by nucleophilic substitution with ammonia or amineskyl groups were introduced into
position 4 by palladium catalyzed alkylation ustnglkylaluminiums or by Negishi coupling
and then deprotected by Zemplén procedure. Thesnwasignificant cytostatic and anti-
dengue activity in this series, but 4-methylpyrioiiole nucleoside44a showed

submicromolar anti-HCV activity and no toxicity.

In next part of the project, benzo-fused analogufesibercidin were synthesized by

Suzuki or Stille cross-coupling reactions of 4-apaBichloro- or 4-amino-5-
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chloropyrimidoindole nucleosides employing previgusptimized conditions (X-Phos

ligand). The target 4-amino-5(6)hetarylpyrimidoitelonucleosides did not show any
significant cytotoxic or antiviral activity. The b active compound was the starting 4-
amino-5-chloropyrimidoindole nucleoside with subemimolar activities against dengue and

HCV, unfortunately these activities were accompaug cytotoxicity.

In the last part of my project, synthesis of thidnsed 7-deazapurine nucleosides was
developed. Tricyclic bases were synthesized by gtocedure from 4,6-dichloropyrimidine
and iodothiophene, which were connected by Negisupling and after introduction of azido
group into position 4 on pyrimidine ring, tricyclinotif was formed by thermal cyclization or
photocyclization of tetrazole. Tricyclic bases weseaccessfully glycosylated to key-
intermediate 4-chlorothienopyrrolopyrimidine ribaheosides. Two series of nucleosides
with isomeric bases were synthesized by Suzuki tdte Scoupling in case of hetaryl
derivatives, methyl group was introduced into posit4 by palladium catalyzed alkylation.
Amino, dimethylamino, methoxy and methylsulfanykidatives of unprotected nucleosides
were obtained from the reaction of the chlorothipgoolopyrimidine nucleosides with
corresponding nucleophiles. Biological acitivityeening of thieno-fused nucleosides is still
in progress, only results of anti-HCV screening areailable. 2-Furyl, 3-furyl and
dimethylamino derivatives are completely inactagainst HCV. Whilst benzofuryl and
amino derivatives showed only low activity againsC\H methyl, methoxy and
methylsulfanyl derivativesrom both series showed sub-micromolar activityiagaHCV,
unfortunately accompanied by micromolar cytotoyicithe most active compounds are both

methyl derivatives.

Anti-dengue activities of some pyrimidoindole nud&les and anti-HCV activities of
thienopyrrolopyrimidine nucleosides confirm the mutal of nucleosides with fused
7-deazapurine bases to have an interesting bi@bgitivities and study of such types of

nucleosides will continue in the Hocek group.
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5 Experimental part

5.1 General remarks

All reactions with organometalic reagents as welbH palladium catalyzed reactions
were done in flame-dried glassware under argon sphere. THF was always freshly
distilled from sodium/benzophenone. 4,6-Dichlorapydine, 4-chloroaniline, 2-bromo-4-
chloroaniline, 2-chloronitrobenzene, 2,3-dichlotosbenzene, 2,4-dichloronitrobenzene, 2-
iodothiophene and 3-bromothiophene were purchased Sigma-Aldrich. All other solvents
and reagents were purchased from commercial sup@ied used as received. Reactions in
microwave reactor were performed in The Biotage@Gitidior Microwave Reactor.
Photocyclizations were performed using 4W Spectedi E-Series UV lamp (Sigma-
Aldrich). Reactions were monitored by thin layerarhatography (TLC) on TLC Silica gel
60 F54 (Merck) and detected by UV (254 nm) or by solutidrt-anisaldehyde in ethanol and
10 % of sulphuric acid. In reasonable cases, @astivere monitored by Advion expression
Compact Mass Spectrometer using electrospray iboiza(ESI). Melting points were
determined on a Kofler block and are uncorrectqutidal rotations were measured in DMSO
on Autopol IV polarimeter (Rudolph Research Analgt), [«]3° values are given in 10
deg.cni.g™ IR spectra were recorded on Bruker Alpha FT-IRcsmeter using attenuated
total reflection (ATR). NMR spectra were measured Bruker Avance 400 MHz
spectrometer (400.1 MHz foH and 100.6 MHz for*C) or Bruker Avance 500 MHz
spectrometer (499.8 MHz fotH, 125.7 MHz for **C) or Bruker Avance 600 MHz
spectrometer (600.1 MHz fdH and 150.9 MHz forC) in DMSO4d6 (referenced to the
residual solvent signal) or in CDQITMS was used as internal standard). Chemicalsshie
given in ppm §-scale), coupling constant3) (n Hz. Complete assignment of all NMR signals
was performed using a combination of H,H-COSY, HRBESY, H,C-HSQC and H,C-
HMBC experiments. Low resolution mass spectra waeasured on LCQ Fleet (Thermo
Fisher Scientific) using electrospray ionizationS(E High resolution mass spectra were
measured on LTQ Orbitrap XL (Thermo Fisher Sci@ijtif Elemental analyses were
measured on PE 2400 Series Il CHNS/O Analyzer {Rdekmer, USA) — C,H,N; other
elements were determined on SPECTRO iQ Il (Spe&tralytical Instruments, Germany).
UV spectra were measured on CARY 100 BIO UV-Visilsieectrophotometer (Agilent
Technologies) in Microcell 8(l, 4 mmx10 mm (Agilent Technologies) at room tenagpere.

The fluorescence measurements of all pyrimidoindoleleosides were performed on
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Aminco Bowman Series 2 spectrofluorometer with 2ZZ86- nm range, xenon source,
excitation and emission wavelength scans, spestradiwidth 1-16 nm, PMT detector, scan
rate 3-6000 nm/min, and Seya-Namioka grating morooohtor. The fluorescence
measurements of all thienopyrrolopyrimidine nucides were performed on JASCO FP-
6600 spectrofluorometer. High performance flashootatography (HPFC) were performed
with Biotage SP1 apparatus on Biotage St@lumns or KP-C18 columns (reversed phase) or
with ISCO Combiflash Rf system on RediSep Rf Gollic& Gel Disposable columns or
Reverse Phase (C18) RediSep Rf column. X-ray diifra experiment of single crystals was
carried out on an Xcalibur PX X-ray diffractome{@xford Diffraction) using Ci, radiation
(A=1.54180 A). Purity of all final compounds (unpritsl nucleosides) were determined by
analytical HPLC or by elemental analysis and byacIBIMR spectra.

5.2 General procedures

Suzuki cross-coupling in position 4 (General proagé A):

Protected nucleoside (0.5 mmol), boronic acid (&duiv), K:CO; (2 equiv) and
Pd(PPh)4 (0.1 eq.) were dissolved in toluene and heatetlO®°C for 6 hours. Then, the
reaction mixture was diluted with water and extdctvith chloroform. Organic layer was
washed with saturated N&I, then with water and was dried over MgS@®fter evaporation
of solvent, the crude product was purified by catuchromatography (hexane/EtOAc, 0 — 20
% EtOAC). Products were obtained as white solidsrgstals.

Stille cross-coupling in position 4 (General proag B):

Protected nucleoside (0.5 mmol), tributylstannah2 €q) and Pd@IPPh), (0.1 eq.)
were dissolved in anhydrous DMF and heated to ID@of 6 — 8 hours. The volatiles were
removed in vacuo and the residue was loaded ocasdolumn containing 15 % of KF.
Column was washed with 3 litres of hexane, tham gradient of ethyl-acetate in hexane (0-
20 % EtOAc). Products were obtained as white sardsystals.

Suzuki cross-coupling in position 5 or 6 (Generaiggedure C):

Free aminochloronucleoside (0.5 mmol), boronicda.5 eq.), KCO; (3 eq.),
Pd(OAc) (0.05 eq.) and X-Phos (0.1 eq.) were dissolvddNt and heated to 100 °C for 12
hours. The volatiles were removed in vacuo andrésedue was purified by RP-HPFC on
C-18 (0-100% MeOH in water). Products were obtained asempitwders or crystals after
recrystallization from MeOH/ED mixtures.
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Stille cross-coupling in position 5 or 6 (Generatqredure D):

Free aminochloronucleoside (0.5 mmol), tributylsi@me (1.5 eq.), ¥CO; (3 eq.),
Pd(OAc) (0.05 eq.) and X-Phos (0.1 eq.) were dissolvddNt and heated to 100 °C for 12
hours. The volatiles were removed in vacuo andrésgue was purified by RP-HPFC on
C-18 column (6-100% MeOH in water). Products were obtained as evpibwders or

crystals after recrystallization from MeOH/BI mixtures.
Zemplén deprotection of benzoylated nucleosidesn@al procedure E):

Protected nucleoside (0.2 mmol) was disolved inhar@d! (10 ml) and 1M solution of
MeONa in MeOH (0.3 equiv.) was added. Reaction unetwas stirred at r.t. overnight.
Solvent was evaporated under reduced pressureradd products were purified using RP-
HPFC (HO/MeOH, 0 % to 100 %, 2 L).

5.3 Synthesis of pyrimidoindoles via C-H activation
4,6-Dichloro-5-iodopyrimidine (1)

Compound 1 was prepared from 4,6-dichloropyrimidine (2.89 9.5 mmol)
according to literature conditiod® Compoundl (3.5 g, 65 %) was obtained as yellowish

crystals*H NMR and MS are in agreement with literattife.
6-Chloro-N-(4-chlorophenyl)-5-iodopyrimidin-4-amine (3)

Compound3 was prepared in analogy to modified literaturecprure® 4,6-dichloro-
5-iodopyrimidine ) (1.3 g, 0.47 mmol) was dissolved in isopropylcaial (40 ml),
4-chloroaniline 2) (660 mg, 5.19 mmol) was added and the reactiotuma was refluxed for
30 hours. Solvent was evaporated and solids wasolded in ethyl-acetate, extracted with
1 M HCI, then with saturated NaHGOOrganic layers were evaporated and the crude
material was purified by column chromatography iinas(hexane/EtOAc 1 to 5 %) to obtain
product3 (1.3 g, 73 %) as white crystals after recrystadian from ethyl-acetate. m.p. 180-
183 °C. IR (ATR):v = 3372, 1600, 1558, 1541, 1496, 1417, 1392, 19638, 825, 805, 761,
565, 502, 488H NMR (500.0 MHz, DMSQde): 7.40 (m, 2H, Hn-NHCgH4CI); 7.55 (m,
2H, H-0-NHCgH4CI); 8.27 (s, 1H, H-2); 8.83 (s, 1H, NHJC NMR (125.7 MHz, DMSQd):
81.42 (C-5); 125.81 (CH-NHCgH.CI); 128.44 (CHm-NHCgH.CI); 128.74 (Cp-
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NHCgH4CI); 137.79 (C-FNHCgHCI); 156.75 (CH-2); 162.03, 163.14 (C-4,&SI MS m/z
(rel. %): 365.9 (100) [M+H], 367.9 (67) [M+H+2]69.9 (11) [M+H+4]. HR MS (ESI) for
Ci10H7N3ICl; [M+H]: caled 365.90562; found 365.90567.

6-Chloro-N-(4-chlorophenyl)pyrimidin-4-amine (5)

Compounds was obtained from several C-H arylation experireewhich were done
according to general procedure for C-H arylatiod are summarized in Tables 1-3, pages 43-
45.'"H NMR is in agreement with literaturé®

N-(2-Bromo-4-chlorophenyl)-6-chloropyrimidin-4-amine (7)

4,6-Dichloropyrimidine (1.6 g, 10.7 mmol) and 2-tmo-4-chloroaniline (2.0 g, 9.8
mmol) were dissolved in isopropyl alcohol and reéld for 36 hours. Solvent was evaporated
and the residue was dissolved in EtOAc and exiawith saturated NaHC{and then with
water. The organic layer was evaporated and crudéermal was purified by column
chromatography on silica (hexane/EtOAc 5:1) to givee product (2.8 g, 82 %) as white
crystals after recrystallization from ethyl-acetate.p. 195-198 °C. IR (ATR)v = 3376,
3096, 1589, 1568, 1498, 1488, 1448, 1383, 1103, 888, 812, 467, 448H NMR (500.0
MHz, DMSO-d): 6.80 (d, 1H,Js5,= 1.0, H-5); 7.50 (dd, 1Hls ¢ = 8.6,J5 3 = 2.4, H-5); 7.64
(d, 1H,Js 5 = 8.6, H-6); 7.85 (d, 1HJ3 5 = 2.4, H-3); 8.39 (d, 1HJ, 5= 1.0, H-2); 9.57 (bs,
1H, NH). *C NMR (125.7 MHz, DMSQdg): 104.63 (CH-5); 120.36 (C2 128.57 (CH-5;
129.19 (CH-6; 130.81 (C-9; 132.41 (CH-3; 135.81 (C-1); 158.64 (CH-2); 158.70, 162.18
(C-4,6). ESI MS m/z (rel. %): 318 (62) [M+H], 32000) [M+H+2], 322 (45) [M+H+4]. HR
MS (ESI) for GoH7N3BrCl, [M+H]: calcd 317.91949; found 317.91965.

N-4-(4-Chlorophenyl)-5-iodopyrimidine-4,6-diamine (§

Compound3 (1.2 g, 3.3 mmol) was put into autoclave and tigammonia (30 ml)
was added. Reaction was heated to 100 °C for 16hammonia was then let to evaporate
and crude material was purified by column chromiaplgy on silica (hexane/EtOAc 3:1) to
obtain producB (885 mg, 78 %) as white crystals. m.p. 235 RC(ATR): v = 3450, 3331,
3080, 3045, 2975, 1691, 1574, 1466, 1459, 13866,1B897, 1298, 1085, 1049, 1005, 921,
798, 635, 588, 567, 4154 NMR (500.0 MHz, DMSQds): 6.67 (bs, 2H, Nb); 7.32 (m, 2H,
H-m-NHCgH4Cl); 7.56 (m, 2H, He-NHCsH4CI); 7.89 (s, 1H, H-2); 7.98 (s, 1H, NHYC
NMR (125.7 MHz, DMSOdg): 59.06 (C-5); 123.76 (Cl8-NHCgH4CI); 126.56 (Cp-
NHCsH4CI); 128.20 (CHArNHCgH4CI); 139.22 (CHFNHCgH4CI); 156.69 (CH-2); 159.47 (C-
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6); 163.74 (C-4). ESI MS m/z (rel. %): 347 (100)4M]. HR MS (ESI) for GoHoN4ICI
[M+H]: calcd 346.95549; found 346.9551.

6-Chloro-9H-pyrimido[4,5-b]indol-4-amine (9)

Compound was isolated from two C-H arylation experimenta@according to the
general procedure for C-H arylation: a) from reactof 8, just with palladium acetate (0.1
eg.) without any ligand and with KOAc (2 eq.) anBAB (1 eq.) at 150 °C for 48 h. b)
reaction of8 with palladium acetate (0.1 eq.), (4-F§h)0.2 eq.), KCOs (3 eq.), PivOH (0.3
eg.) in DMF at 130 °C for 48 h (page 49, Table diries 4,5). m.p. 215-220 °C. IR (ATR):
= 3467, 3404, 3293, 3063, 1641, 1601, 1568, 1488411415, 1390, 1354, 1312, 1293,
1276, 983, 815, 763, 518, 495, 42R. NMR (499.8 MHz, DMSQdg): 7.31 (bs, 2H, Nb);
7.35 (dd, 1H,); = 8.6,J75= 2.0, H-7); 7.43 (dd, 1Hlg 7= 8.6,Jsnu = 0.5, H-8); 8.25 (s, 1H,
H-2); 8.45 (d, 1HJs7 = 2.0, H-5).°C NMR (125.7 MHz, DMSQdg): 94.91 (C-4a); 112.45
(CH-8); 120.81 (CH-5); 121.39 (C-4b); 124.48 (CH-T24.90 (C-6); 135.00 (C-8a); 155.69
(CH-2); 156.47 (C-9a); 157.87 (C-4). ESI MS m/4.(%): 219 (100) [M+H]. HR MS (ESI)
for C1oHgN4Cl [M+H]: calcd 219.04320; found 219.04319.

N-4-(4-Chlorophenyl)pyrimidine-4,6-diamine (10)

Compoundl0Owas obtained from several C-H arylation experiragwhich were done
according to the general procedure for C-H aryfaiad are summarized in Table 4, page 46.
'H NMR is in agreement with literaturé’

General procedure for Pd-catalyzed C-H arylation

All the reactions were carried out in flame-driedotBge microwave vial under argon
atmosphere. Starting halogenakéghenylpyrimidin-4-amine3,7 or 8) (100 mg) was placed
into vial and palladium catalyst (0.1 eq.), liga@2 eq), base and additive were added. Vial
was evacuated and flushed with argon (3 timesye®ol(6 ml) was added and the reaction
mixture was placed into pre-heated oil bath or imicrowave reactor. Detailed conditions

and results are summarized in Tables 1-4, pagéf46-
5.4 Synthesis of 4-hetaryl- and 4,6-bis(hetaryl)pymidoindole nucleosides

Ethyl 2-(2-nitrophenyl)-2-cyanoacetate(14)

Compoundl14 was prepared from 2-chloronitrobenzendd)((20 g, 127 mmol) and
ethyl cyanoacetate (27.1 ml, 2 eq, 254 mmol) adngrtb literature condition¥ Compound

14 was obtained as dark oil. For analysis, the oi$ \warified by column chromatography
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(hexane/EtOAc 0 — 10 % EtOAc)H NMR is in agreement with literatuté® The crude
material was used directly for the next step.

Ethyl 2-(6-chloro-2-nitrophenyl)-2-cyanoacetate (1p

Compoundl5 was prepared from 2,3-dichloronitrobenzei® (20 g; 104 mmol) and
ethyl cyanoacetate (26.12 ml; 208.4 mmol) accordtiniferature condition& CompoundL5
(21 g; 86 %) was obtained as a dark oil. The cnud¢erial was used directly for the next
step. For analysis, the oil was purified by coluammomatography (hexane/EtOAc 0 — 10 %
EtOAc).'H NMR is in agreement with literatufa.

Ethyl 2-(5-chloro-2-nitrophenyl)-2-cyanoacetate (16

Compound16 was prepared from 2,4-dichloronitrobenze@8) (6.0 g, 31.3 mmol)
and ethyl cyanoacetate (6.66 ml, 2 eq., 62.6 mraotording to literature conditiofis.
Compound16 was obtained as a dark oil. For analysis, thewak purified by column
chromatography (hexane/EtOAc 0 — 10 % EtOAB)NMR is in agreement with literatuf®.
The crude material was used directly for the neeq.s

Ethyl 2-amino-1H-indole-3-carboxylate (17)

Compoundl7 was prepared as described 1& from crudel4 (44.2 g), producil7
(33.1g, 86 %) was obtained as brown powdkr.NMR is in agreement with literatufe’

Crude material was used directly for the next step.
Ethyl 2-amino-4-chloro-1H-indole-3-carboxylate (18)

Compound18 was prepared as described i@ from crudel5 (27 g; 115 mmol).
Compoundl8 (21.0 g; 66 %) was obtained as brown solid. Faiyais, the crude compound
was purified by column chromatography (hexane/dfitom, 0-60 % chloroform). m.p. 147—
149 °C. IR (ATR)v = 3459, 3347, 1633, 1596, 1492, 1 426, 1, 3780, 1 318, 1232, 1
177, 1 143, 731 cth *H NMR is in agreement with literatuf@.Crude material was used

directly for the next step.
Ethyl 2-amino-5-chloro-1H-indole-3-carboxylate (19)

Compound19 was prepared according to modified literature dtons2®> Crude 16
(60 g, 221 mmol) was dissolved in glacial acetic 600 ml) and zinc dust (40 g) was added
in 5 parts during 45 minutes. The mixture was atirfor 2 hours without external heating
(reaction is exothermic, temperature in the flaskched 55-60 °C during the reaction) and

filtered through a pad of cellite. The pad was vealstvith acetic acid (400 ml) and solution
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was evaporated. The residue was then washed wtil water and dried under reduced
pressure. Compouri® (46.1 g, 88 %) was obtained as brown powder. Ralyais, the crude
compound was further purified by column chromatpbsa (hexane/chloroform, 0-60 %
chloroform). m.p. 190 — 193 °GH NMR is in agreement with literatufé? Crude material

was used directly for the next step.
3H-Pyrimido[4,5-b]indol-4(9H)-one (20)

Compound20 was prepared as described 2&from crudel7 (20.0 g, 108 mmol) to
give 15.8 g, (87 %) 020 as dark powder. The crude compound was used Igiiadhe next
step. For analysis, the crude compound was funtheified by column chromatography
(chloroform/MeOH, 3 % MeOH); mp: > 300 °C. IR (ATR) = 3031, 2359, 2342, 1640,
1587, 1541, 1377, 1248, 750 ¢ntH NMR (500.0 MHz, DMSQdg): 7.23 (ddd, 1HJs5 =
7.9,J67=7.2,J58= 1.0, H-6); 7.32 (ddd, 1H; 5= 8.2,)76=7.2,J75= 1.2, H-7); 7.48 (ddd,
1H,J37=8.2,J36=1.0,J35= 0.8, H-8); 7.99 (ddt, 1Hl5 6= 7.9,J5 7= 1.2,J55 = Jsnu = 0.8,
H-5); 8.12 (s, 1H, H-2), 12.17, 12.20 (2 x bs, 2k, NH). **C NMR (125.7 MHz, DMSO-
ds): 100.4 (C-4a); 111.9 (CH-8); 120.9 (CH-5); 12(CH-6); 122.3 (C-4b); 124.4 (CH-7);
135.7 (C-8a); 147.7 (CH-2); 153.9 (C-9a); 158.64)CESI MS m/z (rel. %): 186 (12)
[M+H], 208 (100) [M+Na]. HR MS (ESI) for ¢gH;N3ONa [M+Na]: calcd 208.04813; found
208.04815.

5-Chloro-3H-pyrimido[4,5-bjindol-4(9H)-one (21)

Compound21 was prepared as described &2 from crudel8 (20.5 g; 73.8 mmol).
Desired productl (15.0 g; 93 %) was obtained as brown powder. Falyais, it was
purified by column chromatography (chloroform/MeOB1,% MeOH); m.p. > 300 °C. IR
(ATR): v=3176, 3062, 2 959, 2 920, 1 669, 1 635, 1 %87, 1 551, 1 422, 1 354, 1 343,
1313, 1 084, 992, 766H NMR (499.8 MHz, DMSOdg): 7.23 (dd, 1HJs5= 7.8,J55 = 1.1,
H-6); 7.28 (t, 1HJ; 6 =J75= 7.8, H-7); 7.40 (dd, 1Hs 7= 7,8,J36= 1.1, H-8); 8,13 (d, 1H]
= 3,5, H-2); 12.19 (bs, 1H, NH-3); 12.51 (bs, 1H{-8). **C NMR (125.7 MHz, DMSQd):
99.64 (C-4a); 1110.68 (CH-8); 120.93 (C-4b); 1226H-6); 125.26 (CH-7); 125.88 (C-5);
137.16 (C-8a); 148.68 (CH-2); 154.51 (C-9a); 157aet). ESI MS m/z (rel. %): 242 (100)
[M+Na], 244 (33) [M+2+Na]. HR MS (ESI) for fgHsCIN3ONa [M+Na]: calc. 242.00916;
found 242.00915.
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6-Chloro-3H-pyrimido[4,5-b]indol-4(9H)-one (22)

Indole derivativel9 (30 g, 126 mmol) was dissolved in formamide (10026 mol)
and after heating to 190 °C for 18 hours, the reaanixture was cooled down, precipitate
was filtered out, washed well with water and drieter reduced pressure. Compoid
(23.6 g, 85 %) was obtained as dark powder. Fotysisa the crude compoung2 was
purified by column chromatography (chloroform/MeC3H% MeOH); mp: 188 — 193 °C. IR
(ATR): v = 2924, 1661, 1588, 1447, 1359, 1250, 794" ciH NMR (600.1 MHz, DMSQCdg):
7.34 (ddd, 1HJ);5=8.6,J75= 2.2,J7nu = 0.4, H-7); 7.49 (ddd, 1Hg 7= 8.6,J35= 0.6,Js nH
= 0.4, H-8); 7.91 (ddt, 1Hls 7 = 2.2,J5 8 = 0.6,J5xut = 0.4, H-5); 8.16 (bd, 1H, ny = 3.5, H-
2), 12.31 (bs, 1H, NH-3); 12.36 (bs, 1H, NH-¥C NMR (150.9 MHz, DMSQ4dg): 99.9 (C-
4a); 113.5 (CH-8); 119.7 (CH-5); 123.4 (C-4b); 24CH-7); 125.6 (C-6); 134.1 (C-8a);
148.4 (CH-2); 154.6 (C-9a); 158.3 (C-4). ESI MS rrA. %): 242 (100) [M+Na], 244 (33)
[M+2+Na]. HR MS (ESI) for GoHsCIN3ONa [M+Na]: calcd 242.00916; found 242.00915.

4-Chloro-9H-pyrimido[4,5-bJindole (23)

Compound23 was prepared as described fofrom crude20 (10.0 g, 54.0 mmol) to
give 23 (9.9 g, 90 %) as brown crystals; m.p. 188 - 190IRC(ATR): v = 2361, 2340, 1719,
1558, 1265, 1225, 704 ¢m'H NMR (500.0 MHz, DMSQde): 7.43 (ddd, 1HJs 5 = 8.0,J5.7
=6.0,Js5= 2.2, H-6); 7.64 (m, 2H, H-7,8); 8.29 (bd, 1Hs = 8.0, H-5); 8.78 (s, 1H, H-2),
12.79 (bs, 1H, NH)"C NMR (125.7 MHz, DMSGQdg): 111.3 (C-4a); 112.5 (CH-8); 117.9
(C-4b); 121.9 (CH-6); 122.6 (CH-5); 128.6 (CH-73817 (C-8a); 151.4 (C-4); 154.1 (CH-2);
156.1 (C-9a). ESI MS m/z (rel. %): 204 (100) [M+12]6 (33) [M+2+H]. HR MS (ESI) for
C10HsCIN3 [M+H]: calcd 204.03230; found 204.03229.

4,5-Dichloro-9H-pyrimido[4,5-blindole (24)

Compound24 was prepared as described fofrom crude21 (15.0 g; 68.3 mmol).
Desired produc4 (12.0 g; 74 %) was obtained as brown powder. Falyais, it was
purified by column chromatography (chloroform/MeOBl,% MeOH); m.p. 252 °C. IR
(ATR): v = 3048, 2 967, 2 804, 1 590, 1 559, 1 541, 1 44397, 1 306, 1 159, 988, 774.
NMR (500.0 MHz, DMSOdg): 7.44 (m, 1H, H-6); 7.59 (m, 2H, H-7, H-8); 8.80 1H, H-2);
13.17 (bs, 1H, NH)}¥C NMR (125.7 MHz, DMSQdg): 110.45 (C-4a); 111.50 (CH-8);
115.73 (C-4b); 123.91 (CH-6); 127.23 (C-5); 129(€H-7); 140.42 (C-8a); 151.52 (C-4);
154.16 (CH-2); 156.45 (C-9a).ESI MS m/z (rel. %382100) [M+H], 240 (66) [M+2+H],
242 (16) [M+4+H]. HR MS (ESI) for ¢HsCIN3 [M+H]: calc. 236.9861; found 236.9860.
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4,6-Dichloro-9H-pyrimido[4,5-blindole (4)

Compound22 (24.0 g, 0.11 mol) was dissolved in PQC330 ml) and heated to
120 °C for two days. Then, solvent was evaporatedeu reduced pressure, residue was
diluted with water and slowly neutralized with aque ammonia to pH 7. Crude product was
filtered out, washed well with cold water, then lwhydrochloric acid and again with cold
water. After drying under reduced pressure, thé&egproductd (21.5 g, 83 %) was obtained
as dark powder. For analysis, the crude compourslpugified by column chromatography
(chloroform/MeOH, 3 % MeOH), recrystallization (jpan-2-ol/ethanol) furnished compound
4 as white crystals; mp: 258 °C (sublimation). IRT@): v = 2953, 2362, 2342, 1604, 1560,
1436, 1269, 1230, 1195 ¢m'H NMR (499.8 MHz, DMSQdg): 7.65 (d, 2H,)7 5865 = 1.4, H-
7,8); 8.21 (td, 1HJ57=Js5 = 1.4,Jsnu = 0.6, H-5); 8.81 (s, 1H, H-2), 12.94 (bs, 1H, NH)
13C NMR (125.7 MHz, DMSQdg): 110.63 (C-4a); 114.20 (CH-8); 119.11 (C-4b); B71
(CH-5); 126.14 (C-6); 128.55 (CH-7); 137.19 (C-8&52.02 (C-4); 154.75 (CH-2); 156.46
(C-9a). ESI MS m/z (rel. %): 238 (100) [M+H], 2466) [M+2+H], 242 (16) [M+4+H]. HR
MS (ESI) for GoHsCIoN3 [M+H]: calcd 236.9861; found 236.9860.

4-Chloro-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-b]indole (25)

Compound25 was prepared as described 23rfrom pyrimidoindole23 (300 mg, 1.5
mmol) to give nucleosid®25 (440 mg, 46 %) as white crystals; m.p. 178 — 182IR (ATR):
v = 2360, 2336, 1718, 1546, 1442, 1261, 1090, 1068, cm'. 'H NMR (600.1 MHz,
DMSO-ds): 4.69 (dd, 1HJgen= 12.4,J5p 4= 4.2, H-5'b); 4.85 (dd, 1Hjenm 12.4,J50.4= 3.2,
H-5'a); 4.91 (ddd, 1H)s 3= 6.6,J45= 4.2, 3.2, H-4"); 6.36 (t, 1Hlz » = J3. 4= 6.6, H-3";
6.61 (dd, 1HJ, 3= 6.6,J2 1= 4.6, H-2"); 7.03 (d, 1H]; »= 4.6, H-1"); 7.41 (m, 2H, H+Bz-
2"; 7.50 (m, 4H, Hn-Bz-3',5"); 7.51 (ddd, 1Hls5=7.8,Js7= 7.3, 8= 1.0, H-6); 7.57 (ddd,
1H, J; = 8.4,J76= 7.3,J75= 1.3, H-7); 7.62 (m, 1H, -Bz-2"); 7.68 (m, 2H, H-Bz-3',5";
7.84 (m, 2H, He-Bz-2'); 7.93 (m, 2H, H>-Bz-5"); 7.99 (m, 2H, H-Bz-3"); 8.10 (ddd, 1H,
Jg7=8.4,J36=1.0,J35= 0.7, H-8); 8.35 (ddd, 1Hs = 7.8,J57=1.3,J55 = 0.7, H-5); 8.78
(s, 1H, H-2)."*C NMR (150.9 MHz, DMSQ4dg): 63.1 (CH-5'); 70.3 (CH-3'); 72.2 (CH-2Y);
78.8 (CH-4"); 86.2 (CH-1'); 112.1 (CH-8); 112.4 4@); 118.0 (C-4b); 122.9 (CH-5); 123.3
(CH-6); 128.6, 128.8 (CBz); 128.9 (CHm-Bz); 129.0 (CH-7); 129.3 (Cl8-Bz-5"); 129.4
(C-i-Bz); 129.5 (CHe-Bz-2"); 129.6 (CHe-Bz-3'); 133.8, 134.1 (Ck-Bz); 138.4 (C-8a);
152.1 (C-4); 154.0 (C-2-furyl); 154.0 (CH-2); 155@3-9a); 164.8 (COPh-2"); 165.0 (COPh-
3); 165.5 (COPh-5"). ESI MS m/z (rel. %): 670 (LQMA+Na], 672 (33) [M+2+Na]. HR MS
(ESI) for GeH27CIN3O7 [M+H]: calcd 648.15320; found 648.15318.
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4,5-Dichloro-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-blindole (26)

Compound26 was prepared as described &t from crude24 (1.0 g; 4.2 mmol).
Desired produc®6 (1.4 g; 52 %) was obtained as white crystals dfsh chromatography in
hexane/EtOAc 7:1 and crystallization in chlorofommethanol mixture. m.p. 169-173 °C. IR
(ATR): 3071, 2925, 1732, 1720, 1560, 145279, 1261, 1244, 1109, 1088, 1068,
1051, 1 034, 1 023, 7084 NMR (499.8 MHz, DMSQlg): 4.69 (dd Jgem= 12.3,J5 4= 4.2,
H-5'b); 4.85 (ddJgem= 12.3,J5a4= 3.3, H-5'a); 4.90 (dddly 3= 6.7,J45= 4.2, 3.3, H-4);
6.37 (t,J3 2= Jz 4= 6.7, H-3"); 6.54 (dd)o-3= 6.7,Jp.1:= 4.3, H-2"); 7.08 (A »= 4.3, H-1);
7.41 (m, 2H, HM-Bz-2'); 7.49, 7.50 (2 x m, 2 x 2H, M-Bz-3'5); 7.53 (m, 2H, H-6,7); 7.62
(m, 1H, Hp-Bz-2'); 7.68 (m, 2H, H-Bz-3',5); 7.83 (m, 2H, H-Bz-2"); 7.92 (m, 2H, Hb-
Bz-5); 7.98 (m, 2H, H>-Bz-3'); 8.10 (m, 1H, H-8); 8.81 (s, 1H, H-2YC NMR (150.9 MHz,
DMSO-dg): 63.05 (CH-5"); 70.17 (CH-3); 72.40 (CH-2'); 78.80 (CH-486.52 (CH-1);
110.99 (CH-8); 111.70 (C-4a); 116.19 (C-4b); 125@51-6); 127.66 (C-5); 128.64, 128.79
(C-i-Bz); 128.90, 128.95, 128.97 (QGiHBz); 129.33 (CHe-Bz-5', Ci-Bz); 129.51
(CH-0-Bz-2'); 129.61 (CHbs-Bz-3'); 129.84 (CH-7); 133.80, 134.10 (G+Bz); 140.01 (C-
8a); 152.14 (C-4); 153.91 (CH-2); 155.62 (C-9a)4.88 (COPh-2'); 164.98 (COPh-3;
165.52 (COPh-5'). ESI MS m/z (rel. %): 682 (100)+N], 684 (66) [M+2+H], 686 (26)
[M+4+H]. HR MS (ESI) for GgH26CI.N3O7 [M+H]: calc. 682.11480; found 682.11423; for
C36H25CIN3O7Na [M+Na]: calc. 704.09660; found 704.09618.

4,6-Dichloro-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-blindole (27)

Pyrimidoindole4 (200 mg, 0.84 mmol) was suspended in aceton{@ilal) and BSA
(206 pl, 0.84 mmol) was added. The reaction mixture wiarsed for 10 min at r.t., then
TMSOTTf (308ul, 1.68 mmol) and 13-acetyl-2,3,5-tri©-benzoylf-D-ribofuranose (430 mg,
0.84 mmol) were added. The mixture was heated t&C6dr 8 hours. After cooling to r.t., the
mixture was extracted with EtOAc and water, orgdaier was washed with NaHG@nd
again with water, dried over MgQ@nd evaporated under reduced pressure. Crudeqtrodu
was purified using column chromatography (hexar@Aft 10-40 % EtOAc). After
crystallization from chloroform/methanol mixtureuateoside 27 (572 mg, 54 %) was
observed as white crystals; mp: 164-165 °C. IR (KWR= 1722, 1545, 1472, 1433, 1292,
1266, 1119, 1098, 714 ¢m'H NMR (600.1 MHz, DMSQdg): ): 4.68 (dd, 1HJgen= 12.4,
Jsba= 4.3, H-5'D); 4.85 (dd, 1Hlgen 12.4,J55.4= 3.2, H-5'a); 4.90 (ddd, 1H4 3= 6.6,Js 5
=4.3, 3.2, H-4"); 6.36 (t, 1H3 »=J3 4= 6.6, H-3"); 6.59 (dd, 1H], 3= 6.6,J2 1= 4.4, H-2");
7.02 (d, 1HJy »= 4.4, H-1"); 7.42 (m, 2H, HA-Bz-2"); 7.49 (m, 4H, Hn-Bz-3',5"); 7.60 (dd,
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1H, J;5=9.1,J;5= 2.2, H-7); 7.62 (m, 1H, {-Bz-2'); 7.68 (m, 2H, H-Bz-3',5"); 7.84 (m,
2H, H0-Bz-2"); 7.91 (m, 2H, H-Bz-5"); 7.99 (m, 2H, H>-Bz-3'); 8.15 (dd, 1HJs7 = 9.1,
Jg5= 0.5, H-8): 8.28 (dd, 1Hls7 = 2.2,J55 = 0.5, H-5); 8.81 (s, 1H, H-2J°C NMR (150.9
MHz, DMSOdg): 63.1 (CH-5'); 70.3 (CH-3"); 72.5 (CH-2'); 78.9 (CH-4'); 86(CH-1":;
111.7 (C-4a); 114.0 (CH-8); 119.4 (C-4b); 122.0 (B}128.6, 128.8 (G-Bz); 128.9 (CH-
7); 128.9, 128.9, 129.0 (Ch#Bz); 129.3 (CHe-Bz-5'); 129.3 (G-Bz); 129.5 (CHe-Bz-2');
129.6 (CHe-Bz-3'); 133.8, 134.1 (CH-Bz); 137.1 (C-8a); 152.7 (C-4); 154.6 (CH-2); 155.
(C-9a); 164.8 (COPh-2"); 165.0 (COPh-3'); 165.5 RBG'). ESI MS m/z (rel. %): 682 (100)
[M+H], 684 (66) [M+2+H], 686 (26) [M+4+H]. HR MS (&) for CsgH26CloN3O7 [M+H]:
calcd 682.11480; found 682.11423; foseldsCIoN3O;Na [M+Na]: calcd 704.09660; found
704.09618.

6-Chloro-9-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-3H, 9H-pyrimido[4,5-b]indol-4-one
(28)

Nucleoside28 was prepared in the same manner as nucleo®8l23 from ketobase
22 (500 mg, 2.28 mmol) and @-acetyl-2,3,5-triO-benzoyl$-D-ribofuranose (2.30 g, 4.56
mmol). Nucleoside28 (340 mg, 22 %) was obtained as yellowish solid. NMR (499.8
MHz, DMSO-g): 4.67 (dd Jgem= 12.1,J56.4= 4.6, H-5'0); 4.79 (ddlyem= 12.1,J50,4= 3.4,
H-5'a); 4.82 (dddJs 3= 7.5,ds5= 4.6, 3.4, H-4"); 6.20 (ddly 3= 6.5,J» 1= 2.9, H-2'); 6.27
(dd, J3 4= 7.5,J3.2= 6.5, H-3"); 6.40 (dJ1»= 2.9, H-1'); 7.39 (dd, 1H}; s = 8.6,J75= 2.2,
H-7); 7.43-7.51 (m, 6H, Hr-Bz); 7.54 (dd, 1HJs; = 8.6,J35 = 0.6, H-8); 7.63-7.68 (m, 3H,
H-p-Bz); 7.90-7.93 (m, 4H, H-Bz-2",3); 7.96 (dd, 1HJs7 = 2.2,J55 = 0.6, H-5); 8.08 (m,
2H, H-0-Bz-5'); 8.63 (s, 1H, H-2)*C NMR (125.7 MHz, DMSQd): 63.18 (CH-5'); 70.39
(CH-3"); 74.28 (CH-2"); 79.08 (CH-4"); 91.36 (CH:199.05 (C-4a); 114.00 (CH-8); 119.83
(CH-5); 123.40 (C-4b); 124.63 (CH-7); 126.01 (C-6§8.75 (CHm-Bz); 128.78, 128.81
(C-i-Bz); 128.78, 128.92 (CHa-Bz); 129.51, 129.53, 129.63 (C#iBz); 133.64, 133.99,
134.10 (CHp-Bz); 134.93 (C-8a); 149.81 (CH-2); 153.93 (C-456108 (C-9a); 164.89
(COPh-2'); 164.94 (COPh-3'); 165.73 (COPh-5'). BSIm/z (rel. %): 664 (100) [M+H]. HR
MS (ESI) for GeH26CIN3Og [M+H]: calcd 663.1408; found 663.1412.

4-(Furan-2-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-b]indole (29)

Nucleoside 29 was synthesized according to general procedurePitected
nucleoside25 (450 mg, 0.69 mmol) and 2-(tributylstannyl)furé&@®§é mg, 0.83 mmol) were
used. Desired produ2® (390 mg, 82 %) was obtained as yellowish powdep. 89 — 91 °C.
IR (ATR): v = 2932, 2363, 2331, 1742, 1578, 1547, 1452, 1868,cm'. 'H NMR (600.1
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MHz, DMSO-dg): 4.71 (dd, 1HJ)genm 12.4,J5p,4= 4.2, H-5'); 4.85 (dd, 1Hlgen= 12.4,J53,4
= 3.1, H-5'a); 4.91 (ddd, 1H4 3= 6.7,J4 5= 4.2, 3.1, H-4"); 6.39 (t, 1Hz »= J3 4= 6.7, H-
3); 6.64 (dd, 1HJ)> 3= 6.7,J> 1= 4.7, H-2"); 6.89 (dd, 1H]s3 = 3.5,J45 = 1.7, H-4-furyl);
7.07 (d, 1HJy 2> = 4.7, H-1"); 7.41 (m, 2H, W+-Bz-2"); 7.45 (ddd, 1HJs5 = 8.0,Js7 = 7.3,
Jo.s = 1.3, H-6); 7.48 (ddd, 1Hl; s = 8.0,J76 = 7.3,J;5 = 1.3, H-7); 7.50 (m, 4H, Hs-Bz-
3'.,5); 7.60 (dd, 1HJ)34 = 3.5,J35 = 0.8, H-3-furyl); 7.61 (m, 1H, K-Bz-2"); 7.66, 7.68 (2 x
m, 2 x 1H, Hp-Bz-3'\5"; 7.84 (m, 2H, H-Bz-2"); 7.97 (m, 2H, H6-Bz-5"; 7.99 (m, 2H, H-
0-Bz-3'); 8.04 (ddd, 1HJs7 = 8.0,Js6 = 1.3,J5 = 0.6, H-8); 8.29 (dd, 1H]54 = 1.7,J53 =
0.8, H-5-furyl); 8.892 (ddd, 1H]s ¢ = 8.0,J57 = 1.3,J55 = 0.6, H-5); 8.893 (s, 1H, H-2)°C
NMR (150.9 MHz, DMSOdg): 63.2 (CH-5"); 70.3 (CH-3'); 72.1 (CH-2"); 78.6 (CH-4"); 86.
(CH-1; 108.4 (C-4a); 111.4 (CH-8); 113.1 (CH-4¥f)y; 115.2 (CH-3-furyl); 119.1 (C-4b);
122.7 (CH-5); 125.0 (CH-6); 128.2 (CH-7); 128.681(Ci-Bz); 128.9 (CHmBz); 129.4
(CH-0-Bz-5"); 129.4 (G-Bz); 129.5 (CHe-Bz-2); 129.6 (CHe-Bz-3'); 133.7, 134.1
(CH-p-Bz); 138.5 (C-8a); 146.8 (CH-5-furyl); 147.8 (C-462.4 (C-2-furyl); 153.8 (CH-2);
156.2 (C-9a); 164.8 (COPh-2"); 165.0 (COPh-3");.6§&80Ph-5"). ESI MS m/z (rel. %): 702
(100) [M+Na], 704 (29) [M+2+Na], 680 (15) [M+H]. HRIS (ESI) for GoH3oN3O0g [M+H]:
calcd 680.20274; found 680.20275.

4-(Furan-2-yl)-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (30)

Deprotection 0of29 (250 mg, 0.37 mmol) according to the general ptace E
afforded compoun@0 (108 mg, 80 %) as white crystals: m.p. 106 — 1TPIR (ATR):v =
3326, 1591, 1561, 1540, 1490, 1461, 1466, 14401,11@91, 1074, 741*H NMR (500.0
MHz, DMSO-dg): 3.69 (ddd, 1HJgen= 12.0,J5p,01= 5.6,J5p4= 4.0, H-5'b); 3.75 (ddd, 1H,
Jyer= 12.0,J55. 04= 5.1,J504= 3.4, H-5'a); 4.00 (dt, 1H 5= 4.0, 3.4, 3= 3.1, H-4"); 4.25
(ddd, 1H,J3 »=5.9,J3 0n= 4.9,J3 4= 3.1, H-3"); 4.84 (ddd, 1Hy ;.= 7.3,J2.0n= 6.4,J2 3=
5.9, H-2"; 5.17 (d, 1HJon 3= 4.9, OH-3"); 5.18 (dd, 1Hpn 5= 5.6, 5.1, OH-5"); 5.25 (d, 1H,
Jon2= 6.4, OH-2; 6.57 (dJ1 2= 7.3, H-1); 6.89 (dd, 1Hly3 = 3.4,J45 = 1.7, H-4-furyl);
7.44 (ddd, 1HJs5 = 8.1,J67 = 7.2,Js8 = 1.0, H-6); 7.59 (dd, 1Hl4 = 3.4,J35 = 0.9, H-3-
furyl); 7.60 (ddd, 1HJ);5=8.4,J;6=7.2,J75= 1.2, H-7); 8.08 (ddd, 1Hlg 7= 8.4,Js6= 1.0,
Jg5=0.6, H-8); 8.29 (dd, 1Hls 4= 1.7,J5 3= 0.9, H-5-furyl); 8.90 (ddd, 1Hls 6= 8.1,J57 =
1.2,J56= 0.6, H-5); 8.94 (s, 1H, H-2°C NMR (125.7 MHz, DMSGdg): 61.8 (CH-5'); 70.2
(CH-3"); 70.4 (CH-2'); 85.6 (CH-4"); 87.1 (CH-1108.1 (C-4a); 112.9 (CH-8); 113.1 (CH-4-
furyl); 114.9 (CH-3-furyl); 119.2 (C-4b); 122.2 (C6); 124.7 (CH-5); 128.1 (CH-7); 138.3
(C-8a); 146.6 (CH-5-furyl); 147.6 (C-4); 152.5 (€hdtyl); 153.7 (CH-2); 156.7 (C-9a). ESI
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MS m/z (rel. %): 390 (100) [M+H]. HR MS (ESI) for1§H:gN30s [M+H]: calcd 368.12410;
found 368.12408. Anal. Calcd fong;:7/N30s: C, 62.12 %; H, 4.66 %; N, 11.44 %; O 21.78
%. Found C, 62.18 %; H, 4.69 %; N, 11.38 %.

6-Chloro-4-(furan-2-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5- b]
indole (31a)

Nucleoside3la was synthesized according to the general proceBur@rotected
nucleoside27 (200 mg, 0.29 mmol) and 2-(tributylstannyl)furak2§é mg, 0.35 mmol) were
used. Desired produdtla (165 mg, 79 %) was obtained as yellowish powder; 2 - 93 °C.
IR (ATR): v = 2360, 2342, 1720, 1262, 1091, 1068, 706"ctH NMR (500.0 MHz, DMSO-
dg): 4.69 (dd, 1HJgen= 12.4,J51 4= 4.3, H-5'b); 4.85 (dd, 1Hyen= 12.4,J55.4= 3.2, H-5'a);
4.90 (ddd, 1H,)y 3= 6.6,J4 5= 4.3, 3.2, H-4"); 6.39 (t, 1Hlz3 » = J3 4= 6.6, H-3"); 6.62 (dd,
1H, Jy 3= 6.6,J, 1= 4.5, H-2; 6.91 (dd, 1H],3 = 3.5,445 = 1.7, H-4-furyl); 7.04 (d, 1H,
Ji 2= 4.5, H-1Y; 7.41 (m, 2H, Ha-Bz-2'); 7.49 (m, 4H, HnBz-3',5"); 7.53 (dd, 1HJ};s =
8.8,J;5= 2.2, H-7); 7.62 (m, 1H, §¥-Bz-2'); 7.64 (dd, 1HJs4 = 3.5,J35 = 0.8, H-3-furyl);
7.66, 7.68 (2 x m, 2 x 1H, p-Bz-3'5"); 7.84 (m, 2H, H-Bz-2'); 7.94 (m, 2H, H>-Bz-5");
7.99 (m, 2H, He-Bz-3"); 8.10 (dd, 1HJs 7 = 8.8, H-8); 8.38 (dd, 1Hl5 4= 1.7,J5 3= 0.8, H-
5-furyl); 8.82 (d, 1HJs 7 = 2.2, H-5); 8.91 (s, 1H, H-2$3C NMR (125.7 MHz, DMSQd):
63.2 (CH-5"); 70.3 (CH-3"); 72.3 (CH-2"); 78.7 (CH-4"); 86(CH-1"); 107.5 (C-4a); 113.2
(CH-8); 113.4 (CH-4-furyl); 115.8 (CH-3-furyl); 120 (C-4b); 124.1 (CH-5); 127.0 (C-6);
128.1 (CH-7); 128.7, 128.8 (cBz); 128.9, 128.9, 129.0 (Ch+Bz); 129.4 (CHe-Bz-5";
129.4 (Ci-Bz); 129.5 (CHe-Bz-2"); 129.6 (CHes-Bz-3'); 133.7, 134.1 (Ch-Bz); 137.2 (C-
8a); 147.2 (CH-5-furyl); 148.3 (C-4); 152.2 (C-24l); 154.4 (CH-2); 156.4 (C-9a); 164.8
(COPh-2"; 165.0 (COPh-3); 165.6 (COPh-5"). ESI M& (rel. %): 736 (100) [M+Na], 738
(42) [M+2+Na], 714 (50) [M+H]. HR MS (ESI) for gH29CIN3Og [M+H]: calcd 714.16382;
found 714.16377.

6-Chloro-4-(furan-3-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-
blindole (31b)

Nucleoside31b was synthesized according to the general proceBurBrotected
nucleoside27 (500 mg, 0.73 mmol) and furan-3-boronic acid (b2% 1.1 mmol) were used.
Desired producB1b (360 mg, 69 %) was obtained as white powder; na®. 1124 °C. IR
(ATR): v = 2360, 2342, 1719, 1260, 1095, 1067, 705 ciH NMR (500.0 MHz, DMSQCdg):
4.70 (dd, 1HJgen= 12.4,J50 4= 4.3, H-5'0); 4.85 (dd, 1Hlyen= 12.4,J54,4= 3.2, H-5'a); 4.90
(ddd, 1H,J4 3= 6.6,J4 5= 4.3, 3.2, H-4"); 6.39 (t, 1Hg »= J3 4= 6.6, H-3"); 6.65 (dd, 1H,
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J2.3= 6.6,J21= 4.6, H-2"); 7.03 (d, 1H]y 2= 4.6, H-1'); 7.12 (dd, 1Hl45= 1.8,J4,= 0.8, H-
4-furyl); 7.42 (m, 2H, Hn-Bz-2'); 7.50 (m, 5H, H-7, HA-Bz-3',5); 7.62 (m, 1H, H-Bz-2";
7.67, 7.68 (2 x m, 2 x 1H, p-Bz-3',5"); 7.85 (m, 2H, H-Bz-2'); 7.94 (m, 2H, H>-Bz-5");
8.00 (m, 2H, He-Bz-3"); 8.02 (dd, 1HJ54= 1.8,J5, = 1.5, H-5-furyl); 8.09 (d, 1HJs 7 = 2.0,
H-5); 8.10 (dd, 1HJs 7 = 9.0, H-8); 8.56 (dd, 1Hl 5= 1.5,J,4= 0.8, H-2-furyl); 8.93 (s, 1H,
H-2). °C NMR (125.7 MHz, DMSQdg): 63.2 (CH-5'); 70.4 (CH-3"); 72.2 (CH-2'); 78.7
(CH-4'); 86.2 (CH-1"); 110.7 (C-4a); 110.7 (CH-43fl); 113.4 (CH-8); 120.5 (C-4b); 121.9
(CH-5); 124.2 (C-3-furyl); 126.7 (C-6); 128.0 (CH:7.28.6, 128.8 (G-Bz); 128.9, 128.9,
129.0 (CHmM-Bz); 129.4 (CHe-Bz-5"); 129.4 (O-Bz); 129.5 (CHe-Bz-2'); 129.6 (CHe-Bz-
3); 133.8, 134.1 (CH»+-Bz); 136.9 (C-8a); 144.7 (CH-2-furyl); 144.9 (CHr&yl); 153.5 (C-
4); 154.6 (CH-2); 155.7 (C-9a); 164.8 (COPh-2"5.06(COPh-3"); 165.6 (COPh-5'). ESI MS
m/z (rel. %): 714 (100) [M+H], 716 (39) [M+2+H], 83(10) [M+Na]. HR MS (ESI) for
Ca0H26CIN3Og [M+H]: calcd 714.16370; found 714.16377.

6-Chloro-4-(thiophen-2-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-
blindole (31c)

Nucleoside31c was synthesized according to the general proceBurrotected
nucleoside27 (500 mg, 0.73 mmol) and 2-(tributylstannyl)thiopke(326 mg, 0.9 mmol)
were used. Desired produgic (416 mg, 78 %) was obtained as yellowish powder; 148 -
155 °C; IR (ATR):v = 2359, 2341, 1720, 1560, 1261, 1106, 1068, 1028,cni". ‘H NMR
(600.1 MHz, DMSOdg): 4.69 (dd, 1HJgen= 12.3,J5p4= 4.3, H-5'b); 4.85 (dd, 1Hlgen
12.3,J554= 3.2, H-5'a); 4.90 (ddd, 1H4 3= 6.6,Js 5= 4.3, 3.2, H-4"); 6.39 (t, 1Hg »=J3 4
= 6.6, H-3"); 6.64 (dd, 1Hly 3= 6.6,J,.1:= 4.4, H-2"); 7.05 (d, 1H}y = 4.4, H-1'); 7.42 (dd,
1H, J45 = 5.0,d4 3 = 3.6, H-4-thienyl); 7.425 (m, 2H, B-Bz-2'); 7.50 (m, 4H, Hn-Bz-3',5";
7.53 (dd, 1HJ;5=8.9,J;5= 2.2, H-7); 7.62 (m, 1H, §-Bz-2"); 7.66, 7.68 (2 x m, 2 x 1H,
H-p-Bz-3',5"); 7.85 (m, 2H, H-Bz-2"); 7.94 (m, 2H, H>-Bz-5"); 8.00 (m, 2H, H-Bz-3");
8.02 (dd, 1H,Js4 = 5.0,J53 = 1.1, H-5-thienyl); 8.09 (dd, 1Hl34 = 3.6,J35 = 1.1, H-3-
thienyl); 8.13 (d, 1HJs7 = 8.9, H-8); 8.24 (d, 1HJs7 = 2.2, H-5); 8.92 (s, 1H, H-2}3C
NMR (150.9 MHz, DMSOdg): 63.2 (CH-5"; 70.3 (CH-3"); 72.3 (CH-2"); 78.7 (CH-4"); 86.
(CH-1Y; 109.4 (C-4a); 113.6 (CH-8); 120.4 (C-4b21.7 (CH-5); 126.7 (C-6); 128.2 (CH-7);
128.7 (Ci-Bz); 128.8 (CH-4-thienyl); 128.8 (GBz); 128.9, 129.0 (CHm-Bz); 129.4
(CH-0-Bz-5"); 129.5 (CHe-Bz-2"); 129.7 (CHe-Bz-3"); 130.3 (CH-3-thienyl); 131.9 (CH-5-
thienyl); 133.8, 134.1 (CH-Bz); 137.1 (C-8a); 140.8 (C-2-thienyl); 153.8 (&-454.4 (CH-
2); 156.1 (C-9a); 164.9 (COPh-2"; 165.1 (COPh-B55.6 (COPh-5"). ESI MS m/z (rel. %):
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752.3 (50) [M+Na], 730.3 (100) [M+H. HR MS (ESI)rf€scH2sCIN:O;S [M+H]: calcd
730.14112; found 730.14093.

6-Chloro-4-(thiophen-3-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-
blindole (31d)

Nucleoside31d was synthesized according to the general proce8urBrotected
nucleoside27 (500 mg, 0.73 mmol) and thiophene-3-boronic at¥dD(mg, 1.1 mmol) were
used. Desired produ@ld (375 mg, 70 %) was obtained as yellowish powder; @v1 -
184 °C; IR (ATR):v = 2360, 2342, 1721, 1561, 1264, 1106, 1068, 705. ¢t NMR (500.0
MHz, DMSO-ds): 4.70 (dd, 1HJgen= 12.4,J5,4= 4.3, H-5'D); 4.85 (dd, 1Hgenm 12.4,J5a.2°
= 3.2, H-5'a); 4.90 (ddd, 1H4 3= 6.6,Jy5= 4.3, 3.2, H-4"); 6.40 (t, 1Hg »= J3 o= 6.6, H-
3; 6.66 (dd, 1HJ), 3= 6.6,J» 1= 4.6, H-2"); 7.04 (d, 1H}y »= 4.6, H-1'); 7.42 (m, 2H, His
Bz-2"); 7.50 (m, 5H, H-7, Hr-Bz-3',5"); 7.62 (m, 1H, H-Bz-2"); 7.67 (m, 3H, H-4-thienyl,
H-p-Bz-3',5"); 7.85 (m, 2H, H-Bz-2"); 7.88 (dd, 1HJs54 = 5.0,J5, = 2.9, H-5-thienyl); 7.95
(d, 1H,J57 = 2.0, H-5); 7.96 (m, 2H, 4-Bz-5'); 8.00 (m, 2H, H-Bz-3"); 8.11 (dd, 1HJg 7=
9.0, H-8): 8.34 (dd, 1H] 5 = 2.9,J,4 = 1.3, H-2-thienyl); 8.96 (s, 1H, H-2Y)C NMR (125.7
MHz, DMSO-g): 63.2 (CH-5"; 70.4 (CH-3'); 72.3 (CH-2"); 78.7 (CH-4"); 86(CH-1";
110.6 (C-4a); 113.5 (CH-8); 120.6 (C-4b); 121.8 (6}1126.6 (C-6); 127.6, 128.0, 128.2
(CH-7, CH-4,5-thienyl); 128.6, 128.8 (Bz); 128.9, 128.9, 129.0 (CH-2-thienyl, Ghi-
Bz); 129.4 (CHe-Bz-5'); 129.4 (G-Bz); 129.5 (CHe-Bz-2'); 129.6 (CHe-Bz-3'); 133.8,
134.1 (CHp-Bz); 137.0 (C-8a); 139.0 (C-3-thienyl); 154.6 (@)-155.8 (C-9a); 155.9 (C-4);
164.8 (COPh-2"); 165.0 (COPh-3); 165.6 (COPh-BE®I MS m/z (rel. %): 752 (100)
[M+Na], 754 (48) [M+2+H], 730 (13) [M+H]. HR MS (B% for C4oH29CIN3O;S[M+H]:
calcd 730.14089; found 730.14093.

4-(Benzofuran-2-yl)-6-chloro-9-(2,3,5-triO-benzoylf-D-ribofuranosyl)-9H-pyrimido-
[4,5-b]indole (31e)

Nucleoside31le was synthesized according to the general proceBurrotected
nucleoside27 (500 mg, 0.73 mmol) and benzofuran-2-boronic &&&8D mg, 1.1 mmol) were
used. Desired produ8tLle (358 mg, 64 %) was obtained as yellow powder; 14® - 158 °C.
IR (ATR): v = 1716, 1582, 1559, 1446, 1280, 1125, 1065, 707. ¢mhi NMR (600.1 MHz,
DMSO-0g): 4.71 (dd, 1HJgen 12.3,J5,4= 4.3, H-5'b); 4.87 (dd, 1Hgenm 12.3,J50.4= 3.2,
H-5'a); 4.91 (ddd, 1H)4 3= 6.6,J45= 4.3, 3.2, H-4"); 6.40 (t, 1Hlz > = J3 4= 6.6, H-3");
6.64 (dd, 1HJ> 3= 6.6,Jy 1= 4.6, H-2"); 7.06 (d, 1H]y = 4.6, H-1"); 7.42 (m, 3H, -Bz-
2', H-5-benzofuryl); 7.49 (m, 4H, H+Bz-3',5"); 7.50 (dd, 1H});s=9.0,J;5= 2.1, H-7); 7.55
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(ddd, 1H,J67=8.3,J65=7.1,J6 4 = 1.2, H-6-benzofuryl); 7.62 (m, 1H, pHBz-2"); 7.65, 7.68
(2 xm, 2 x 1H, Hp-Bz-3'\5"); 7.78 (ddt, 1HJ;6 = 8.3,J73 = 1.0,J74 = J75 = 0.8, H-7-
benzofuryl); 7.85 (m, 2H, t-Bz-2"); 7.87 (ddd, 1HJs5 = 7.8,d46 = 1.2,d47 = 0.8, H-4-
benzofuryl); 7.95 (m, 2H, ¥-Bz-5"); 7.99 (d, 1HJ37 = 1.0, H-3-benzofuryl); 8.00 (m, 2H,
H-0-Bz-3"); 8.10 (dd, 1HJs 7 = 8.8,J35 = 0.5, H-8); 8.92 (dd, 1Hls 7 = 2.2,J5 5 = 0.5, H-5);
8.97 (s, 1H, H-2)*C NMR (150.9 MHz, DMSGdg): 63.2 (CH-5); 70.3 (CH-3); 72.3
(CH-2"); 78.7 (CH-4"); 86.2 (CH-1'); 108.9 (C-44)11.1 (CH-3-benzofuryl); 111.5 (CH-7-
benzofuryl); 113.2 (CH-8); 120.2 (C-4b); 123.0 (@benzofuryl); 124.4 (CH-5-benzofuryl);
124.6 (CH-5); 127.1 (C-6); 127.4 (CH-6-benzofuryli®7.6 (C-3-benzofuryl); 128.2 (CH-7);
128.7, 128.8 (G-Bz); 128.9, 128.9, 128.9 (CHrBz); 129.4 (CHe-Bz-5"); 129.4 (G-Bz);
129.5 (CHe-Bz-2'); 129.6 (CHe-Bz-3'"); 133.7, 134.1 (CH-Bz); 137.4 (C-8a); 148.3 (C-4);
153.6 (C-2-benzofuryl); 154.3 (CH-2); 155.3 (C-7bofuryl); 156.5 (C-9a) 164.8 (COPh-
2"); 165.0 (COPh-3"); 165.6 (COPh-5"). ESI MS mi&.(%): 786 (100) [M+Na], 788 (45)
[M+2+H], 764 (10) [M+H]. HR MS (ESI) for ¢H3cCIN3OgNa[M+H]: calcd 786.16098;
found 786.16136.

6-Chloro-4-phenyl-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-blindole
(31f)

Nucleoside31f was synthesized according to the general procedur®rotected
nucleoside27 (500 mg, 0.73 mmol) and phenylboronic acid (134 ng mmol) were used.
Desired producB1f (382 mg, 72 %) was obtained as white powder. m7p. - 180 °C. IR
(ATR): v = 1721, 1560, 1265, 1108, 701 tniH NMR (600.1 MHz, DMSQdg): 4.70 (dd,
1H, Jger= 12.4,35p 4= 4.3, H-5'b); 4.85 (dd, 1Hger= 12.4,J5:0.4= 3.2, H-5'a); 4.91 (ddd, 1H,
Jy3=6.6,Jp5=4.3, 3.2, H-4); 6.41 (t, 1Hg »= J3 4= 6.6, H-3'); 6.68 (dd, 1H], 3= 6.6,
Jy1= 4.5, H-2"); 7.06 (d, 1H}L »= 4.5, H-1'); 7.42 (m, 2H, HaBz-2"); 7.48-7.52 (m, 5H, H-
mBz-3',5', H-7); 7.63 (m, 1H, $-Bz-2"); 7.66-7.70 (m, 6H, k-Bz-3',5', Hm,pPh, H-5);
7.86 (m, 2H, He-Bz-2'); 7.89 (m, 2H, H-Ph); 7.96 (m, 2H, H-Bz-5"); 8.00 (m, 2H, Ho-
Bz-3"); 8.12 (d, 1HJs7 = 8.9, H-8); 9.01 (s, 1H, H-2}3C NMR (150.9 MHz, DMSQd):
63.2 (CH-5'); 70.4 (CH-3"); 72.4 (CH-2'); 78.7 (CH-4"); 86(CH-1); 110.9 (C-4a); 113.6
(CH-8); 120.5 (C-4b); 121.6 (CH-5); 126.6 (C-6)812 (CH-7); 128.7, 128.8 (GBz); 129.0
(CH-m-Bz, CH-0-Ph); 129.1 (CHn-Ph); 129.4 (CHd-Bz-5'); 129.6 (CHe-Bz-2'); 129.7
(CH-0-Bz-3'); 130.8 (CHp-Ph); 133.8, 134.1, 134.2 (CptBz); 137.2 (C-8a); 137.5 (GPh);
154.8 (CH-2); 155.8 (C-9a); 160.7 (C-4); 164.9 (®a&P; 165.1 (COPh-3'); 165.6 (COPh-
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5. ESI MS m/z (rel. %): 746.3 (100) [M+Na], 7483b) [M+2+Na], 724.3 (33) [M+H]. HR
MS (ESI) for G2H3:CIN3O; [M+H]: calcd 724.18463; found 724.18450.

6-Chloro-4-(furan-2-yl)-9-p-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (32a)

Deprotection of3la (150 mg, 0.21 mmol) according to the general ptaoe E
afforded compound2a (72 mg, 86 %) as white crystals. m.p. 188-192 [ -33.1 (c
0.45). IR (ATR):v = 3320, 2922, 1592, 1565, 1538, 1460, 1435, 13888, 1291, 1221,
1130, 1075, 1037, 1012 ¢m'H NMR (600.1 MHz, DMSQd6): 3.69 (ddd, 1HJgem= 12.0,
J5'b,0H = 5.3Jsp4 = 3.9, H-5'b); 3.74 (ddd, 1HJgem= 12.0,J53,0H = 5.3,J53.4-= 3.2, H-
5'a); 4.00 (dt, 1HJ)y 5= 3.9, 3.2J4 3= 3.2, H-4"); 4.24 (ddd, 1H3 »=5.7,J3 on=4.7,J3 4=
3.2, H-3Y); 4.77 (ddd, 1H)y 1= 7.4,J2 0n= 6.4,J23= 5.7, H-2"); 5.23 (d, 1H)on 3= 4.7,
OH-3"); 5.24 (t, 1HJon 5= 5.3, OH-5': 5.31 (d, 1Hlon 2= 6.4, OH-2"); 6.57 ()1 »= 7.4,
H-17; 6.91 (dd, 1HJ43= 3.5,J45= 1.7, H-4-furyl); 7.62 (dd, 1HJ54= 3.5,J35 = 0.9, H-3-
furyl); 7.63 (dd, 1HJ; s = 8.8,J;5= 2.2, H-7); 8.17 (d, 1HJs 7= 8.8, H-8); 8.38 (dd, 1HIs 4
=1.7,J53= 0.9, H-5-furyl); 8.84 (d, 1HJs 7= 2.2, H-5); 8.98 (s, 1H, H-2}3C NMR (150.9
MHz, DMSO-g): 61.7 (CH-5"; 70.2 (CH-3'); 70.6 (CH-2"); 85.8 (CH-4"); 87(CH-1";
107.1 (C-4a); 113.4 (CH-4-furyl); 114.8 (CH-8); 165CH-3-furyl); 120.7 (C-4b); 123.9
(CH-5); 126.6 (C-6); 127.9 (CH-7); 136.8 (C-8a)7131 (CH-5-furyl); 148.0 (C-4); 152.4 (C-
2-furyl); 154.5 (CH-2); 157.1 (C-9a). ESI MS m/zl(r%): 424 (100) [M+Na], 426 (34)
[M+2+Na], 402 (26) [M+H] 404 (8) [M+2+H]. HR MS (Bpfor C;9H17/CIN3Os[M+H]: calcd
402.08520; found 402.08512. Anal. Calcd. fagHGsCIN3Os: C, 56.80 %; H, 4.01 %; ClI,
8.82 %; N, 10.46 %. Found C, 56.97 %; H, 4.02 %10l45 %.

6-Chloro-4-(furan-3-yl)-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (32b)

Deprotection of31b (400 mg, 0.56 mmol) according to the general ptace E and
crystallization (CHGJ/MeOH) afforded compoun®2b (205 mg, 91 %) as white crystals.
m.p. 238 - 242 °C;d]p -27.0 (c 0.28). IR (ATR)y = 3317, 3136, 2934, 1587, 1561, 1471,
1447, 1296, 1173, 1158, 1104, 1070t NMR (500.0 MHz, DMSQOd6): 3.69 (ddd, 1H,
Jgem = 12.0,J5.01= 5.3,Jsp4= 3.8, H-5'b); 3.74 (ddd, 1Hlgem = 12.0,J5:0,01= 5.3, J5:a4=
3.4, H-5'a); 4.01 (ddd, 1H, 5= 3.8, 3.4J4 5= 3.0, H-4); 4.24 (ddd, 1Hl »= 5.8,J3 01 =
4.8,J3 4= 3.0, H-3"); 4.78 (ddd, 1Hb 1= 7.4,Jp. on= 6.5,J» 3= 5.8, H-2"); 5.21 (d, 1Hlon 5
= 4.8, OH-3; 5.21 (t, 1Hlon 5= 5.3, OH-5"; 5.28 (d, 1Hlon 2= 6.5, OH-2"); 6.54 (d}y »=
7.4, H-1); 7.13 (d, 1HJs5= 2.1, H-4-furyl); 7.59 (dd, 1HJ; = 8.9,J75= 2.2, H-7); 8.03 (dd,
1H, Js.4= 2.1,J5 .= 1.3, H-5-furyl); 8.11 (d, 1HJs 7= 2.2, H-5); 8.16 (d, 1HJs 7= 8.9, H-8);
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8.55 (dd, 1H,J,5= 1.3,J24= 0.8, H-2-furyl); 9.01 (s, 1H, H-2)**C NMR (125.7 MHz,
DMSO-dg): 61.7 (CH-5"; 70.2 (CH-3"; 70.7 (CH-2"; 85.8 (CH-4"); 87(CH-1"; 110.3 (C-
4a); 110.7 (CH-4-furyl); 115.0 (CH-8); 120.7 (C-44p1.7 (CH-5); 124.3 (C-3-furyl); 126.3
(C-6); 127.8 (CH-7); 136.5 (C-8a); 144.5 (CH-2-fjyyl44.9 (CH-5-furyl); 153.2 (C-4);
154.7 (CH-2); 156.3 (C-9a). ESI MS m/z (rel. %)24Q00) [M+H], 404 (35) [M+2+H]. HR
MS (ESI) for GgH17CIN3Os [M+H]: calcd 402.08520; found 402.08512. Anal. Ghlor
Ci19H16CIN3Os: C, 56.80 %; H, 4.01 %; ClI, 8.82 %; N, 10.46 %ufRo C, 56.74 %; H, 4.06
%; ClI, 8.81 %; N, 10.42 %.

6-Chloro-4-(thiophen-2-yl)-94-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (32c)

Deprotection of31c (340 mg, 0.47 mmol) according to the general ptace E and
lyophilization ¢-BuOH) afforded compoun@2c (181 mg, 93 %) as white lyophilisate. m.p.
245-249 °C; @]p -16.7 (c 0.23). IR (ATR)v = 3327, 3307, 3289, 2928, 1561, 1461, 1439,
1396, 1288, 1119, 1077, 1044 NMR (500.0 MHz, DMSQds): 3.70 (ddd, 1HJgen= 12.0,
Jsb,on= 5.3,J5p4= 3.8, H-5'b); 3.74 (ddd, 1Hlgen= 12.0,J53,04= 5.3,J5a.4= 3.4, H-5'a);
4.02 (ddd, 1HJs 5= 3.8, 3.4,J4 3= 3.1, H-4"); 4.25 (ddd, 1Hl3 »= 5.8,J3 04= 4.3,J3 4=
3.1, H-3"); 4.78 (ddd, 1Hly 1= 7.4,J> on= 6.4,J 3= 5.8, H-2'); 5.22 (t, 1Hlop 5= 5.3, OH-
59; 5.23 (d, 1HJon 3= 4.3, OH-3"); 5.30 (d, 1Hlon 2= 6.4, OH-2"); 6.56 (d}; = 7.4, H-1);
7.43 (dd, 1HJ,5=5.1,J43 = 3.7, H-4-thienyl); 7.61 (dd, 1H;s=8.9,J;5= 2.2, H-7); 8.01
(dd, 1H,J5 4= 5.1,J53 = 1.2, H-5-thienyl); 8.085 (dd, 1H; 4= 3.7,J35 = 1.2, H-3-thienyl);
8.19 (d, 1HJs 7 = 8.9, H-8); 8.26 (d, 1HJs 7 = 2.2, H-5); 8.99 (s, 1H, H-25°C NMR (125.7
MHz, DMSO-dg): 61.7 (CH-5'); 70.2 (CH-3"); 70.7 (CH-2); 85.8 (CH-4"); 87(CH-1Y);
109.0 (C-4a); 115.1 (CH-8); 120.6 (C-4b); 121.4(6}1-126.3 (C-6); 128.0 (CH-7); 128.7
(CH-4-thienyl); 129.4 (CH-3-thienyl); 131.6 (CH-Binyl); 136.6 (C-8a); 141.0 (C-2-
thienyl); 153.4 (C-4); 154.4 (CH-2); 156.7 (C-98S! MS m/z (rel. %): 440 (33) [M+Na],
442 (12) [M+2+Na], 418 (100) [M+H], 420 (40) [M+24H HR MS (ESI) for
C19H17CIN3O4S[M+H]: calcd 418.06228; found 418.06228. Anal. cdlafor G oH16CIN3O4S:

C, 54.61 %; H, 3.86 %; ClI, 8.48 %; N, 10.06 %. Fb@) 54.51 %; H, 4.00 %; N, 9.95 %.

6-Chloro-4-(thiophen-3-yl)-94$-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (32d)

Deprotection of31d (120 mg, 0.16 mmol) according to the general ptaoe E and
crystallization (CHGJMeOH) afforded compound82d (59 mg, 86 %) as white crystals. m.p.
257-261 °C; @i]p -29.2 (c 0.31). IR (ATR)v = 3356, 3272, 3107, 2920, 1566, 1468, 1442,
1289, 1129, 1078, 103%H NMR (600.1 MHz, DMSQdg): 3.69 (ddd, 1HJen= 12.0,J51 0H
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=5.3,J5p4= 3.8, H-5'b); 3.74 (ddd, 1Hgen= 12.0,J5:,01= 5.3,J504= 3.4, H-5'a); 4.01 (ddd,
1H, Jy 5= 3.8, 3.4043= 2.9, H-4"); 4.24 (ddd, 1Hlz > = 5.8,J3 on= 4.7,J3.4= 2.9, H-3";
4.78 (ddd, 1HJ)o 1= 7.4,30 0n= 6.4,J2 3= 5.8, H-2); 5.24 (t, 1HJons= 5.3, OH-5"); 5.25
(d, 1H, Jon 3= 4.7, OH-3"; 5.32 (d, 1HJon 2= 6.4, OH-2"; 6.55 (dJy 2= 7.4, H-1"; 7.59
(dd, 1H,J;8=8.8,J75= 2.1, H-7); 7.67 (dd, 1Hl; 5 = 5.0,J42 = 1.3, H-4-thienyl); 7.89 (dd,
1H, Js4 = 5.0,J5» = 2.9, H-5-thienyl); 7.96 (dd, 1H7 = 2.1,J55 = 0.3, H-5); 8.17 (dd, 1H,
Js7=8.8,Js5= 0.3, H-8); 8.33 (dd, 1Hl, 5= 2.9,J, 4 = 1.3, H-2-thienyl); 9.03 (s, 1H, H-2).
¥C NMR (150.9 MHz, DMSQdg): 61.8 (CH-5'); 70.3 (CH-3'); 70.7 (CH-2'); 85.8 (CH-4";
87.0 (CH-1"); 110.2 (C-4a); 115.1 (CH-8); 120.84K): 121.5 (CH-5); 126.2 (C-6); 127.8
(CH-7); 128.0 (CH-5-thienyl); 128.2 (CH-4-thienyl};28.7 (CH-2-thienyl); 136.6 (C-8a);
139.2 (C-3-thienyl); 154.7 (CH-2); 155.7 (C-4); 1566C-9a). ESI MS m/z (rel. %): 440 (100)
[M+Na], 442 (33) [M+2+Na]. HR MS (ESI) for fgH;17CIN3O,S[M+H]: calcd 418.06228;
found 418.06227. Anal. Calcd for:§1:6CIN3O4S: C, 54.61 %; H, 3.86 %; Cl, 8.48 %; N,
10.06 %. Found C, 54.51 %; H, 4.00 %; N, 9.95 %.

4-(Benzofuran-2-yl)-6-chloro-98-D-ribofuranosyl)-9H-pyrimido[4,5-b]indole (32e)

Deprotection of31e (200 mg, 0.26 mmol) according to the general ptaoe E
afforded compoun®d2e (92 mg, 78 %) as yellow crystals. m.p. 231-238 [@p -32.2 (c
0.28). IR (ATR):v = 3294, 2922, 1585, 1564, 1532, 1467, 1437, 12802, 989 crt. *H
NMR (499.8 MHz, DMSOdg): 3.71, 3.75 (2 x m, 2 x 1H, H-5"; 4.02 (q, 1H,3= Jy 5= 3.4,
H-4'); 4.25 (bm, 1H, H-3'); 4.78 (ddd, 1Bk 1= 7.4,J o0n= 6.6,J2 3= 5.6, H-2"); 5.24 (t, 1H,
Jons= 5.5, OH-5Y; 5.25 (d, 1Hlon 3= 4.5, OH-3"); 5.33 (d, 1Hlpn 2>= 6.6, OH-2"); 6.60 (d,
1H, Jy = 7.4, H-1"); 7.44 (ddd, 1Hls4 = 7.7,J56 = 7.2,J57 = 0.9, H-5-benzofuryl); 7.57
(ddd, 1H,Js7=8.4,J65= 7.2,Js4 = 1.2, H-6-benzofuryl); 7.66 (dd, 1k; 5= 8.7,J;5 = 2.1,
H-7); 7.82 (dq, 1H,)76 = 8.4,J73 = J74 = J75 = 0.9, H-7-benzofuryl); 7.90 (ddd, 1Hs5 =
7.7,J46=1.2,d47 = 0.9, H-4-benzofuryl); 8.03 (d, 1H;7 = 0.9, H-3-benzofuryl); 8.21 (d,
1H, Jg7 = 8.7, H-8); 8.99 (d, 1HJ57 = 2.1, H-5); 9.08 (s, 1H, H-2§C NMR (125.7 MHz,
DMSO-d): 61.7 (CH-5"; 70.2 (CH-3"; 70.6 (CH-2"); 85.8 (CH-4"); 8(CH-1"); 108.6 (C-
4a); 111.0 (CH-3-benzofuryl); 111.6 (CH-7-benzofurg14.9 (CH-8); 120.5 (C-4b); 123.0
(CH-4-benzofuryl); 124.4 (CH-5, CH-5-benzofuryl)2a.7 (C-6); 127.3 (CH-6-benzofuryl);
127.7 (C-3-benzofuryl); 128.1 (CH-7); 137.0 (C-8ax%8.1 (C-4); 153.8 (C-2-benzofuryl);
154.5 (CH-2); 155.3 (C-7a-benzofuryl); 157.2 (C-98BSI MS m/z (rel. %): 452 (100)
[M+H], 454 (33) [M+2+H]. HR MS (ESI) for H14CIN3Os [M+H]: calc. 452.10075; found
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452.10077. Anal. Calcd forH19CIN3Os (451.9): C 61.14 %, H 4.02 %, Cl 7.85 %, N 9.30
%, O 17.70 %. Found C 61.19 %, H 4.05 %, N 9.25 %.

6-Chloro-4-phenyl$-D-ribofuranosyl-9H-pyrimido[4,5-blindole (32f)

Deprotection of31f (180 mg, 0.25 mmol) according to the general ptaoe E and
lyophilization ¢-BuOH) afforded compoun82f (91 mg, 89 %) as white lyophilisate. m.p.
254-257 °C; @]p -24.5 (c 0.31). IR (ATR)v = 3294, 3063, 2920, 1554, 1464, 1446, 1434,
1287, 1075, 1024 ¢ 'H NMR (500.0 MHz, DMSQdg): 3.69 (ddd, 1HJgen= 12.0,J51,01=
5.3,J5p.4= 3.8, H-5'b); 3.74 (ddd, 1Hgen= 12.0,J55,04= 5.3,J50,4= 3.4, H-5'a); 4.02 (ddd,
1H, Jy5= 3.8, 3.4Jy 3= 2.9, H-4"); 4.25 (ddd, 1Hl3 »= 5.7,J3 on= 4.8,J3.4= 2.9, H-3");
4.80 (ddd, 1HJy 1= 7.4,J» 0n= 6.4,J2 3= 5.7, H-2"); 5.21 (t, 1HJon 5= 5.3, OH-5"; 5.23
(d, 1H,Jon 3= 4.8, OH-3"; 5.31 (d, 1HJon > = 6.4, OH-2"); 6.56 (dJ1 2= 7.4, H-1"); 7.58
(dd, 1H,J; 6= 8.9,J;5 = 2.2, H-7); 7.66-7.72 (m, 4H, H-5, f;p-Ph); 7.90 (m, 2H, H-Ph);
8.165 (d, 1H,Jg7 = 8.9, H-8); 9.09 (s, 1H, H-2)3C NMR (125.7 MHz, DMSQde): 61.8
(CH,-5"; 70.2 (CH-3"); 70.7 (CH-2"; 85.8 (CH-4"); 8 1CH-1"); 110.4 (C-4a); 115.1 (CH-8);
120.7 (C-4b); 121.3 (CH-5); 126.1 (C-6); 127.8 (€}1-128.9 (CHe-Ph); 129.1 (CHM-Ph);
130.7 (CHp-Ph); 136.6 (C-8a); 137.7 (icPh); 154.8 (CH-2); 156.3 (C-9a); 160.4 (C-4). ESI
MS m/z (rel. %): 434 (25) [M+Na], 436 (6) [M+2+Najl12 (100) [M+H], 414 (33)
[M+2+H]. HR MS (ESI) for GiH19CIN3O4[M+H]: calcd 412.10593; found 412.10586. Anal.
Calcd for GiH19CIN3O4: C, 61.24 %; H, 4.41 %,; ClI, 8.61 %; N, 10.20 %;16,54 %. Found
C, 61.14 %; H, 4.45 %; N, 10.20 %.

4,6-Diphenyl-94$-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (33) and 4-phenyl-98-D-
ribofuranosyl-9H-pyrimido[4,5-bJindole (34)

Free nucleosid&2f (50 mg, 0.12 mmol), phenylboronic acid (22 mg,80rfimol),
K2CGO; (833 mg, 0.24 mmol), Pd(OA£)(1.3 mg, 7.5umol) and CataXCium F (8.3 mg,
15umol) were dissolved in mixture of-butanol (2.5 ml) and water (1 ml) and heated to
95 °C for 12 hours. Solvents were evaporated urethrced pressure and the reaction mixture
was separated by column chromatography (1-3 % @M e CHCE). Unseparable mixture
of compounds33 and 34 was obtained as white powder. Products were ifiethtiand
characterised by NMR and MS spectra.

For 33 'H NMR (500.0 MHz, DMSOdg): 3.66-3.80 (m, 2H, H-5'a, H-5'); 4.04 (g,
1H, Jrs= Jpg= 3.5, H-4); 4.28 (ddd, 1Hks »= 3.1,J3.01= 4.8,Js 4= 3.5, H-3"): 4.89 (ddd,
1H, J2',1': 7.4,J2'YOH: 6.5,‘]2',3': 3.1, H-2l); 5.25 (d, 1H]o|-|,3': 4.8, OH-3'); 5.26 (t, 1HJO|-|,5'
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= 5.4, OH-5'); 5.33 (d, 1Hlop2 = 6.5, OH-2"); 6.60 (dJy 2= 7.4, H-1"); 7.34 (m, 1H, k-
Ph-6); 7.45 (m, 2H, HA-Ph-6); 7.56 (m, 2H, H-Ph-6); 7.63-7.73 (m, 3H, If,pPh-4); 7.84
(dd, 1H,J75 = 8.6,J75 = 1.9, H-7); 7.98 (m, 2H, 18-Ph-4): 8.04 (d, 1HJs7 = 1.9, H-5); 8.19
(d, 1H,Js 7 = 8.6, H-8); 9.08 (s, 1H, H-23°C NMR (125.7 MHz, DMSQds): 61.85 (CH-5');
70.31 (CH-3"; 70.70 (CH-2"); 85.72 (CH-4"); 87.43H-1"); 111.26 (C-4a); 113.78 (CH-8);
119.91 (C-4b); 120.16 (CH-5); 126.80 (@HRh-6); 127.09 (CH-7); 127.31 (CptPh-6);
128.95; 129.09 (CHb-Ph-4); 129.27 (CHn-Ph-6); 130.56 (CHp-Ph-4); 134.16 (CH-6);
137.63 (C-8a); 137.99 (GPh-4); 140.49 (G-Ph-6); 154.31 (CH-2); 156.42 (C-9a); 159.87
(C-4).

For 34: *H NMR (500.0 MHz, DMSQdg): 3.66-3.80 (m, 2H, H-5'a, H-5'b); 4.02 (q,
1H, Jy 5= Jg 3= 3.5, H-4"); 4.27 (ddd, 1H »= 3.1,J3 01= 4.8,J3 4= 3.5, H-3"); 4.87 (ddd,
1H, Jy 1= 7.4,32 0n= 6.5,J2 3= 3.1, H-2'); 5.22 (t, 1HJon 5= 5.4, OH-5"); 5.23 (d, 1Hlon 3
= 4.8, OH-3"); 5.30 (d, 1Hlon,2= 6.5, OH-2"); 6.57 (dJ)1 2= 7.4, H-1); 7.26 (ddd, 1Hs 5=
8.1,J7=7.3,Js5= 0.9, H-6); 7.80 (ddd, 1Hls &= 8.1,J57 = 1.2,J55= 0.6, H-5); 7.63-7.73
(m, 3H, HmM,pPh-4); 7.90 (m, 2H, H-Ph-4); 8.09 (ddd, 1H)s = 8.4,Js6 = 0.9,Js5= 0.6,
H-8); 9.05 (s, 1H, H-2)**C NMR (125.7 MHz, DMSQd): 61.85 (CH-5'); 70.27 (CH-3");
70.54 (CH-2"); 85.63 (CH-4"); 87.13 (CH-1"); 111.4%4a); 113.26 (CH-8); 119.20 (C-4b);
121.85 (CH-6); 122.13 (CH-5); 128.08 (CH-7); 128.928.94 (CHe,mPh-4); 130.35 (CH-
p-Ph-4); 138.10 (G-Ph-4); 138.17 (C-8a); 154.07 (CH-2); 155.98 (C-9&9.67 (C-4)ESI
MS m/z (rel. %): 378 (70)33+H]; 400 (100) B3+Na]; 454 (25) B4+H]; 476 (32) B4+Na].
HR MS (ESI) for GiH1gN3O4 [M+H]: calcd 377.1376; found 377.1375; for,A23N30,
[M+H]: calcd 453.16886; found 453.16890.

4,6-Bis(furan-2-yl)-9-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-9H-pyrimido[4,5- blindole
(35a)

Protected nucleosid&la (500 mg, 0.7 mmol), 2-furyltributylstannane (30@,n9.84
mmol), Pd(OAc) (7.9 mg, 0.035mmol) and X-Phos (33.4 mg, 0.07 mmealre dissolved in
anhydrous DMF and heated to 95 °C for 3 hours. Thelvent was evaporated under reduced
pressure. Crude product was purified using coluhmoroatography (hexane/EtOAc, 10-20 %
EtOAc). Nucleoside&5a (416 mg, 79 %) was obtained as white powder. d0g.— 108 °C.

IR (ATR): v = 2360, 2349, 1724, 1560, 1533, 1468, 1449, 12664, 1027, 711 cth 'H
NMR (500.0 MHz, DMSQdg): 4.70 (dd, 1HJgenm 12.4,J504 = 4.1, H-5'b); 4.86 (dd, 1H,
Jgen= 12.4,J534= 2.9, H-5'a); 4.91 (ddd, 1H4 3= 6.7,Js 5= 4.1, 2.9, H-4'); 6.40 (t, 1Hz »
=J34=6.7, H-3"); 6.649 (dd, 1H, 3= 3.3,J45 = 1.8, H-4-furyl-6); 6.652 (ddl, 3= 6.7,J2 1-
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= 4.5, H-2"); 6.94 (dd, 1H]s3 = 3.5,J45 = 1.7, H-4-furyl-4); 7.00 (dd, 1Hlz 4 = 3.3,J35 =
0.7, H-3-furyl-6); 7.06 (dJy »= 4.5, H-1"); 7.42 (m, 2H, Hr-Bz-2"); 7.50 (m, 4H, Hn-Bz-
3',5); 7.62 (m, 1H, H-Bz-2); 7.63 (dd, 1HJ}s4 = 3.5,J35 = 0.9, H-3-furyl-4); 7.67, 7.68 (2
x m, 2 x 1H, Hp-Bz-3',5"); 7.79 (dd, 1HJs 4= 1.8,J5 3= 0.7, H-5-furyl-6); 7.81 (dd, 1Hl; s
=8.7,Jy5=1.7, H-7); 7.85 (m, 2H, 1#-Bz-2"); 7.96 (m, 2H, H-Bz-5"); 8.00 (m, 2H, H>-
Bz-3"); 8.09 (dd, 1HJs 7= 8.7,J35= 0.3, H-8); 8.39 (dd, 1Hls 4= 1.7,J53 = 0.9, H-5-furyl-
4); 8.90 (s, 1H, H-2); 9.14 (dd, 1857 = 1.7,J55 = 0.3, H-5).2*C NMR (125.7 MHz, DMSO-
ds): 63.2 (CH-5"; 70.3 (CH-3"); 72.2 (CH-2"); 78.6 (CH-4"); 8 CH-1"); 105.3 (CH-3-furyl-
6); 108.4 (C-4a); 112.0 (CH-8); 112.4 (CH-4-furyt-413.3 (CH-4-furyl-4); 115.4 (CH-3-
furyl-4); 119.5 (CH-5); 119.5 (C-4b); 124.1 (CH-1R5.4 (C-6); 128.6, 128.8 (cBz); 128.9
(CH-m-Bz); 129.4 (CHe-Bz-5"); 129.4 (G-Bz); 129.5 (CHe-Bz-2'); 129.6 (CHe-Bz-3');
133.7, 134.1 (CH-Bz); 137.8 (C-8a); 143.0 (CH-5-furyl-6); 146.9 (BHfuryl-4); 148.1 (C-
4); 152.3 (C-2-furyl-4); 153.3 (C-2-furyl-6); 154(CH-2); 156.6 (C-9a); 164.8 (COPh-2";
165.0 (COPh-3"); 165.6 (COPh-5"). ESI MS m/z @&): 746 (100) [M+H], 768 (95) [M+Na].
HR MS (ESI) for G4H3.N309 [M+H]: calcd 746.21331; found 746.21328.

4-(Furan-2-yl)-6-(furan-3-yl)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-
pyrimido[4,5-bjindole (35b)

Method A: Protected nucleosidla (400mg, 0.56 mmol), 3-furanboronic acid (94
mg, 0.84 mmol), KCO; (232 mg, 1.68 mmol), Pd(OAc)6.3 mg, 0.028mmol) and X-Phos
(26.7 mg, 0.056 mmol) were dissolved in anhydroddFand heated to 95 °C for 3 hours.
Solvent was evaporated under reduced pressureeQmutluct was purified using column
chromatography (hexane/EtOAc, 10 — 20 % EtOAc). IBhgide35b (192 mg, 46 %) was
obtained as white crystals. m.p. 87 — 91 °C. IRRXTv = 2356, 2346, 1720, 1563, 1538,
1471, 1452, 1263, 1092, 1024, 706 ctH NMR (500.0 MHz, DMSOdg): 4.71 (dd, 1H,
Jgen= 12.3,J5p,4= 4.2, H-5'D); 4.87 (dd, 1Hgen= 12.3,J53,4= 3.2, H-5'a); 4.91 (ddd, 1H, 3
=6.6,Jy5=4.2, 3.2, H-4"); 6.39 (t, 1Hg »= J3 2= 6.6, H-3); 6.64 (dd, 1Hl, 3= 6.6,J2 1=
4.6, H-2'); 6.92 (dd, 1Hls 3= 3.5,J45 = 1.7, H-4-furyl-4); 7.04 (dd, 1Hls5 = 1.9,J,, = 0.9,
H-4-furyl-6); 7.06 (dJy »= 4.6, H-1"); 7.41 (m, 2H, H+-Bz-2"); 7.50 (m, 4H, Hn-Bz-3',5");
7.61 (m, 1H, Hp-Bz-2"); 7.62 (dd, 1HJ3 4= 3.5,J35 = 0.9, H-3-furyl-4); 7.67, 7.68 (2 x m, 2
x 1H, Hp-Bz-3',5); 7.71 (dd, 1H}); 5= 8.6,J75= 1.8, H-7); 7.82 (dd, 1HJs4=1.9,J5, =
1.6, H-5-furyl-6); 7.84 (m, 2H, -Bz-2"); 7.97 (m, 2H, H-Bz-5"); 8.00 (m, 2H, H>-Bz-3");
8.06 (dd, 1HJg 7= 8.6,J35 = 0.5, H-8); 8.27 (dd, 1H,5= 1.6,J, 4= 0.9, H-2-furyl-6); 8.48
(dd, 1H,J5 4= 1.7,J53 = 0.9, H-5-furyl-4); 8.89 (s, 1H, H-2); 8.82 (dtHl, Js7=1.8,J55 =
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0.5, H-5).2°C NMR (125.7 MHz, DMSGQ8g): 63.2 (CH-5'); 70.4 (CH-3"); 72.2 (CH-2"); 78.6
(CH-4"; 86.1 (CH-1"; 108.3 (C-4a); 109.1 (CH-4yi46); 111.9 (CH-8); 113.2 (CH-4-furyl-
4); 115.4 (CH-3-furyl-4); 119.6 (C-4b); 121.3 (CHt-3.26.1 (C-3-furyl-6); 126.2 (CH-7);
126.6 (C-6); 128.6, 128.8 (CBz); 128.9 (CHA+Bz); 129.4 (CHe-Bz-5'); 129.4 (G-Bz);
129.5 (CHe-Bz-2'); 129.6 (CHe-Bz-3'); 133.7, 134.1 (CH-Bz); 137.6 (C-8a); 139.1 (CH-
2-furyl-6); 144.7 (CH-5-furyl-6); 147.2 (CH-5-furd); 147.9 (C-4); 152.3 (C-2-furyl-4);
153.9 (CH-2); 156.5 (C-9a); 164.8 (COPh-2"); 1682®Ph-3'); 165.6 (COPh-5). MS ESI
MS m/z (rel. %): 746 (100) [M+H], 768 (95) [M+NaHR MS (ESI) for G4H3,N309 [M+H]:
calcd 746.21346; found 746.21331.

Method B: Protected nucleosiddla (400mg, 0.56 mmol), ¥CO; (232 mg, 1.68
mmol), Pd(OAc) (6.3 mg, 0.028mmol), X-Phos (26.7 mg, 0.056 mnaoijl one third of all
amount of 3-furanboronic acid (94 mg, 0.84 mmolYyavdissolved in anhydrous DMF (20
ml) and heated to 95 °C for 1 hour. Second thirthabnic acid was added and the reaction
was stirred at 95 °C for one hour. Then, last tlirtboronic acid was added and the reaction
was heated for another 6 hours at 95 °C. Solvestevaporated under reduced pressure and
crude product was purified by flash chromatogragigxane/EtOAc, 10 — 20 % EtOAc).
Nucleoside35b was obtained (88 mg, 75 %) as white crystals.

4-(Furan-2-yl)-6-phenyl-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-
blindole (35f)

Compound35f was prepared as described 3&afrom 31a(Method A and Method B)
(300 mg, 0.42 mmol). Nucleosid@sf was obtained (196 mg, 62 %, Method A), (202 mg, 64
%, Method B) as white powder. m.p. 92 - 96 °C. IRIR): v = 2359, 2342, 1723, 1470,
1264, 1093, 1069, 708 ¢hiH NMR (500.0 MHz, DMSQdg): 4.72 (dd, 1HJgen= 12.3,J5 4
= 4.1, H-5'b); 4.88 (dd, 1Hlgenm 12.3,J52.4= 3.1, H-5'a); 4.93 (ddd, 1HJs 3= 6.6,Ja 5=
4.1, 3.1, H-4; 6.39 (t, 1Hlz 2= J3 4= 6.6, H-3"); 6.65 (dd, 1H], 3= 6.6,J, 1= 4.7, H-2");
6.91 (dd, 1HJ43= 3.5,J45= 1.7, H-4-furyl); 7.09 (d)y »= 4.7, H-1); 7.40 (m, 1H, k-Ph);
7.41 (m, 2H, HMBz-2"); 7.51 (m, 4H, Hw-Bz-3',5'); 7.54 (m, 2H, HrA-Ph); 7.62 (m, 1H, H-
p-Bz-2"); 7.63 (dd, 1HJ;4 = 3.5,J35 = 0.8, H-3-furyl); 7.67, 7.69 (2 x m, 2 x 1H, HBz-
3'.5"; 7.73 (dd, 1H});s=8.6,J75=1.9, H-7); 7.75 (m, 2H, l8-Ph); 7.84 (m, 2H, H>-Bz-2");
7.99 (m, 2H, He-Bz-5"; 8.01 (m, 2H, H»-Bz-3"); 8.12 (d, 1HJs 7 = 8.6, H-8); 8.34 (dd, 1H,
Js4=1.7,J53= 0.8, H-5-furyl); 8.91 (s, 1H, H-2); 9.08 (dd, 18 ;= 1.9,J55= 0.5, H-5).°C
NMR (125.7 MHz, DMSQdg): 63.2 (CH-5'); 70.4 (CH-3'); 72.1 (CH-2'); 78.7 (CH-4"): 86.
(CH-1'); 108.5 (C-4a); 112.0 (CH-8); 113.3 (CH-4yfiy; 115.3 (CH-3-furyl); 119.7 (C-4b);
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122.7 (CH-5); 127.0 (CH-Ph); 127.2 (CH-7); 127.3 (Cg-Ph); 128.6, 128.8 (GBz);
128.9 (CHmM-Bz); 129.4 (CHmPh, CHeo-Bz-5"); 129.5 (G-Bz); 129.5 (CHe-Bz-2"); 129.6
(CH-0-Bz-3'); 133.7, 134.1 (CH-Bz); 134.9 (C-6); 137.9 (C-8a); 140.6 (&*h); 146.8 (CH-
5-furyl); 148.0 (C-4); 152.4 (C-2-furyl); 154.0 (CB; 156.6 (C-9a); 164.8 (COPh-2'); 165.0
(COPH-3'); 165.6 (COPh-5"). MS: ESI MS m/z (rel.. %56 (62) [M+H], 778 (100) [M+Na].
HR MS (ESI) for GeH34N30g[M+H]: calcd 756.23404; found 756.23371.

4,6-Bis(furan-2-yl)-94-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (36a)

Deprotection of35a (300 mg, 0.40 mmol) according to the general ptaoe E
afforded compoun@6a (72 mg, 86 %) as white crystals. m.p. 92 — 95[&; -32.3 (c 0.29).
IR (ATR): v = 3297, 2363, 2339, 1590, 1563, 1539, 1466, 10045, 1042, 743 cth 'H
NMR (600.1 MHz, DMSOde): 3.71, 3.76 (2 % bdt, 2 x Higenm 11.7,J5 4= Js.0n= 3.5, H-
5Y: 4.01 (q, 1H,d4 3= Jg 5= 3.5, H-4"); 4.27 (bm, 1H, H-3"); 4.84 (bddd, 1l,1= 7.3,J2 o4
=6.1,Jy3=4.7, H-2; 5.20 (bm, 2H, OH-3',5"; 5.29 (d, 1dyy »= 6.1, OH-2"); 6.57 (d}1 >
= 7.3, H-1"); 6.64 (dd, 1Hls3 = 3.4,J45 = 1.8, H-4-furyl-6); 6.93 (dd, 1Hly3 = 3.5,J45 =
1.7, H-4-furyl-4); 7.03 (dd, 1H); 4 = 3.3,J35 = 0.8, H-3-furyl-6); 7.62 (dd, 1H; 4= 3.5,J35
= 0.8, H-3-furyl-4); 7.79 (dd, 1H]s 4 = 1.8,J53 = 0.8, H-5-furyl-6); 7.95 (dd, 1Hl; s = 8.6,
J75=1.8, H-7); 8.15 (dd, 1Hlg 7= 8.6,J55 = 0.4, H-8); 8.38 (dd, 1Hl 4= 1.7,J53= 0.8, H-
5-furyl-4); 8.96 (s, 1H, H-2); 9.17 (dd, 185 7= 1.8,J55 = 0.4, H-5)."*C NMR (150.9 MHz,
DMSO-t): 61.8 (CH-5"; 70.2 (CH-3"); 70.6 (CH-2"); 85.7 (CH-4"); 8 {CH-1"); 105.2 (CH-
3-furyl-6); 108.1 (C-4a); 112.4 (CH-4-furyl-6); 1B3(CH-4-furyl-4); 113.4 (CH-8); 115.2
(CH-3-furyl-4); 119.3 (CH-5); 119.6 (C-4b); 124.GH-7); 124.9 (C-6); 137.6 (C-8a); 142.8
(CH-5-furyl-6); 146.7 (CH-5-furyl-4); 147.8 (C-4}%52.5 (C-2-furyl-4); 153.6 (C-2-furyl-6);
154.0 (CH-2); 157.1 (C-9a). ESI MS m/z (rel. %):44@00) [M+H]. HR MS (ESI) for
Co3H20N306 [M+H]: calcd 434.13466; found 434.13460,3819N30s (433.4): calc. C 63.74,
H 4.42, N 9.70, O 22.15; found C, 63.68 %, H 4.38\!8.75 %.

4-(Furan-2-yl)-6-(furan-3-yl)-9-g-D-ribofuranosyl)-9H-pyrimido[4,5-b]indole (36b)

Deprotection of35b (200 mg, 0.27 mmol) according to the general poce E
afforded compoun®6b (68 mg, 90 %) as white crystals. m.p. 110 — 115[&@p -33.0 (c
0.25). IR (ATR):v = 3359, 2365, 2342, 1748, 1561, 1540, 1472, 10042, 748 cni.*H
NMR (499.8 MHz, DMSO¢dg): 3.70 (ddd, 1HJgen= 11.9,J5,0n= 5.6, J5p4 = 4.0, H-5'b);
3.76 (ddd, 1HJgenm 11.9,J5:3,00= 5.0,J55,4= 3.3, H-5'a); 4.01 (ddd, 1H4 5= 4.0, 3.3J4 3=
2.9, H-4; 4.26 (ddd, 1Hlz »= 6.0,J3 on= 4.8,J3 4= 2.9, H-3"); 4.83 (ddd, 1Hl ;.= 7.3,
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Jron= 6.4,J»3= 6.0, H-2); 5.20 (d, 1HJon 3= 4.8, OH-3"); 5.22 (d, 1HJons= 5.6, 5.0,
OH-5'); 5.29 (d, 1HJon 2= 6.4, OH-2"); 6.57 (d)1 2= 7.3, H-1'); 6.92 (dd, 1H4 3= 3.5,d45

= 1.7, H-4-furyl-4); 7.09 (dd, 1Hl45 = 1.9,J42 = 0.9, H-4-furyl-6); 7.61 (dd, 1Hlz 4 = 3.5,
Jz5 = 0.9, H-3-furyl-4); 7.82 (dd, 1Hls4 = 1.9,J5 > = 1.5, H-5-furyl-6); 7.87 (dd, 1Hl; g =
8.5,J75=1.7, H-7); 8.12 (d, 1HJs ;= 8.5, H-8); 8.31 (dd, 1H,5=1.5,J, 4= 0.9, H-2-furyl-
6); 8.48 (dd, 1HJs 4= 1.7,J53 = 0.9, H-5-furyl-4); 8.95 (s, 1H, H-2); 9.03 (1), = 1.7,
H-5). *C NMR (125.7 MHz, DMSGQd): 61.8 (CH-5"); 70.2 (CH-3); 70.6 (CH-2"); 85.6
(CH-4"; 87.1 (CH-1"); 108.0 (C-4a); 109.2 (CH-4446); 113.2 (CH-4-furyl-4); 113.4 (CH-
8); 115.1 (CH-3-furyl-4); 119.7 (C-4b); 121.1 (ChHi-826.1 (CH-7); 126.1 (C-6); 126.3 (C-3-
furyl-6); 137.3 (C-8a); 139.1 (CH-2-furyl-6); 144(CH-5-furyl-6); 147.0 (CH-5-furyl-4);
147.7 (C-4); 152.5 (C-2-furyl-4); 153.9 (CH-2); 16 1{C-9a). ESI MS m/z (rel. %): 434 (100)
[M+H]. HR MS (ESI) for GsH20N30s [M+H]: calcd 434.13466; found 434.13452. Anal.
Calcd for GsH2oN3Os: C, 63.74 %; H, 4.42 %; N, 9.70 %; O 22.15 %. Fb@) 63.62 %; H,
4.39 %; N, 9.63 %.

4-(Furan-2-yl)-6-phenyl-9$-D-ribofuranosyl)-9H-pyrimido[4,5-blindole (36f)

Deprotection of35f (130 mg, 0.17 mmol) according to the general ptaoe E
afforded compoun®6f (62 mg, 81 %) as white crystals. m.p. 174 -177 [tQp -30.3 (c
0.26). IR (ATR):v = 3296, 2359, 2342, 1734, 1561, 1541, 1470, 10042, 758 cAl. *H
NMR (500.0 MHz, DMSO¢dg): 3.72 (ddd, 1HJgen= 12.0,J5b01= 5.6, J5p4 = 3.9, H-5'b);
3.77 (ddd, 1HJ)gen= 12.0,d54 0= 5.2,J504= 3.3, H-5'a); 4.02 (ddd, 1H; 5= 3.9, 3.3,)43=
3.0, H-4"); 4.27 (ddd, 1Hl3 2= 5.9,J3 o1 = 4.8,J3 4= 3.0, H-3"); 4.85 (ddd, 1HL 1;-= 7.3,
Joon= 6.4, 3= 5.9, H-2; 5.19 (d, 1HJon 3= 4.8, OH-3"); 5.22 (d, 1HJons = 5.6, 5.2,
OH-5"; 5.28 (d, 1HJon,2= 6.4, OH-2"); 6.59 (dJy 2= 7.3, H-1'); 6.92 (dd, 1Hl4 3= 3.5,J45
= 1.7, H-4-furyl); 7.40 (m, 1H, H-Ph): 7.54 (m, 2H, Hr-Ph); 7.62 (dd, 1HJ34=3.5,J35=
0.9, H-3-furyl); 7.80 (m, 2H, H-Ph); 7.90 (dd, 1H}; s = 8.6,J;5 = 1.8, H-7); 8.18 (d, 1H,
Jg7= 8.6, H-8); 8.34 (dd, 1Hls 4= 1.7,J5 3= 0.9, H-5-furyl); 8.97 (s, 1H, H-2); 9.11 (d, 1H,
Js7= 1.8, H-5).2°C NMR (125.7 MHz, DMSGQ8g): 61.8 (CH-5'); 70.2 (CH-3'); 70.5 (CH-2";
85.6 (CH-4"); 87.1 (CH-1); 108.2 (C-4a); 113.2 (@Huryl); 113.4 (CH-8); 115.1 (CH-3-
furyl); 119.9 (C-4b); 122.5 (CH-5); 127.0 (C#iPh); 127.0 (CH-7); 127.2 (CgPh); 129.4
(CH-m-Ph); 134.4 (C-6); 137.7 (C-8a); 140.8 {®h); 146.6 (CH-5-furyl); 147.8 (C-4);
152.5 (C-2-furyl); 153.9 (CH-2); 157.1 (C-9a). B85 m/z (rel. %): 444 (100) [M+H]. HR
MS (ESI) for GsH21N3Os [M+H]: calcd 444.15540; found 444.15513. Anal. Ghlfor
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CasH21N30s: C, 67.71 %; H, 4.77 %; N, 9.48 %; O 18.04 %. b 67.93 %; H, 4.83 %; N,
9.39 %.

5.5 Synthesis of 4-amino-(5)6-hetarylpyrimidoindolenucleosides
4-Amino-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (37)

Compound37 was prepared as described & from protected nucleosidgs (0.8 g;
1.24 mmol). Pure nucleosi®¥ (282 mg, 72 %) was obtained as white crystalspn237-
240 °C; p]p-47.0(0.30); IR (ATR): v = 3467, 3444, 3341, 2373, 2169, 2039, 1656, 1596,
1583, 1567, 1449, 1316, 1198, 1089, 1075, 1024, *HINMR (499.8 MHz, DMSQCdy):
3.63 (ddd, 1HJgem= 12.0,J51,0n= 6.9,J5p4= 3.7, H-5'D); 3.71 (ddd, 1Hgem= 12.0,J5:3, 0=
4.5,J544= 3.2, H-5'a); 3.96 (ddd, 1Hy 5= 3.7, 3.2Js 3= 3.0, H-4"); 4.19 (ddd, 1Hl3 > =
5.8,J3.0n=4.7,J3 4= 3.0, H-3'); 4.83 (ddd, 1H 1= 7.3,J2 0n= 6.7,J2 3= 5.8, H-2); 5.15
(d, 1H,Jon 3= 4.7, OH-3"; 5.20 (d, 1H]on = 6.7, OH-2"; 5.48 (dd, 1Hlons= 6.9, 4.5,
OH-5"; 6.33 (d, 1HJ;: = 7.3, H-1"; 7.29 (ddd, 1Hg 5= 7.8,J67= 7.3,Js 5= 1.0, H-6); 7.32
(bs, 2H, NH); 7.39 (ddd, 1HJ); 5= 8.3,J;6=7.3,J75= 1.2, H-7); 7.82 (dd, 1Hs 7= 8.3, 6
=1.0,Jg5= 0.7, H-8); 8.34 (dd, 1Hls¢ = 7.8,J57 = 1.2,J55 = 0.7, H-5); 8.35 (s, 1H, H-2).
¥C NMR (125.7 MHz, DMSQdg): 62.13 (CH-5'); 70.56 (CH-3"); 70.76 (CH-2'); 85.60
(CH-4"; 87.28 (CH-1"; 95.95 (C-4a); 111.67 (CH-820.29 (C-4b); 121.22 (CH-6); 121.47
(CH-5); 124.90 (CH-7); 136.29 (C-8a); 154.53 (CH-155.25 (C-9a); 157.93 (C-4). ESI MS
m/z (rel. %): 317 (11) [M+H] 339 (100) [M+Na]. HR M(ESI) for GsH;7N4O4 [M+H]: calcd
317.12443; found 317.12448; for 481sN,Os,Na [M+Na]: calcd 339.10638; found
339.10638. Anal. Calcd. for;6H16N4O4 1 HO: C, 53.89; H, 5.43; N, 16.76. Found C, 54.05;
H, 5.28; N, 16.62.

4-Amino-5-chloro-94-D-ribofuranosyl-9H-pyrimido[4,5-bjindole (38)

Compound38 was prepared as described 89 from 4,5-dichloro-9-(2,3,5-tr>-
benzoylg-p-ribofuranosyl)-pyrimido[4,3]indole @26) (0.5 g; 1.4 mmol) to give a pure
nucleoside38 (256 mg, 76 %) as white crystals. m.p. 117-122 [(]; -32.4 (0.26). IR
(ATR): v=3471, 3321, 3188, 2925, 2 859, 1627, 1 36256, 1 449, 1 319, 1 188, 1 120,
1079, 1 041, 986, 778 NMR (600.1 MHz, DMSQdg): 3.65 (dddJgem= 12.0,Js1 0n= 6.1,
Jspa= 3.7, H-5'D); 3.71 (dddlgem= 12.0,J5:0,01= 4.9,J5a4= 3.1, H-5'a); 3.96 (dt)s 5= 3.7,
3.1,J43= 3.1, H-4"); 4.19 (dddl3 2= 5.7,J3 on= 4.8,J3 4= 3.1, H-3); 4.75 (ddd}, ;.= 7.3,

J» on=6.6,J23=5.7, H-2); 5.13 (d, 1H]Jon 3= 4.8, OH-3"); 5.19 (d, 1Hloy 2= 6.6, OH-2";
5.33 (dd, 1HJons= 6.1, 4.9, OH-5"); 6.43 (dy' 2= 7.3, H-1'); 7.26 (bs, 1H, NHip); 7.36
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(dd, 1H,Js7 = 7.8,Js5 = 1.2, H-6); 7.39 (dd, 1H}; s = 8.0,J;6 = 7.8, H-7); 7.65 (bs, 1H,
NHaHp); 7.94 (dd, 1HJg7 = 8.0,Js6 = 1.2, H-8); 8.32 (s, 1H, H-2$3C NMR (150.9 MHz,
DMSO-ds): 61.86 (CH-5"); 70.25 (CH-3'); 70.55 (CH-2'); 85.66 (CH-4§7.23 (CH-1;
94.50 (C-4a); 111.66 (CH-8); 118.92 (C-4b); 122(T#-6); 124.47 (C-5); 126.30 (CH-7);
137.98 (C-8a); 155.18 (CH-2); 155.80 (C-9a); 157C7#). ESI MS m/z (rel. %): 351 (100)
[M+H], 373 (40) [M+Na]. HR MS (ESI) for GH1¢CliN4O, [M+H]: calc. 351.08546; found
351.08552. Anal. Calcd for;@H1sCIN4O4 - 0.55 CHOH: C, 50.70 %:; H, 4.71 %; N, 15.21 %.
Found C, 50.85 %; H, 4.76 %; N, 15.09 %.

4-Amino-6-chloro-94-D-ribofuranosyl-9H-pyrimido[4,5-bjindole (39)

4,6-dichloro-9-(2,3,5-tri@-benzoylg-b-ribofuranosyl)-H-pyrimido[4,5-b]indole 27)
(2.8 g; 4.1 mmol) was dissolved in dioxane (10 amljl 30 % aqueous ammonia (30 ml) was
added. Reaction mixture was stirred in screw-cagssure glass tube at 100 °C for 24 hours,
then cooled to r.t. and filtered. After drying undeduced pressure, desired prodd@{(1.38
g, 96 %) was observed as white crystals. m.p. T74d],-35.8(0.29).IR (ATR): v = 3426,
3325, 3159, 2956, 2931, 1721, 1703, 1663, 16447, 15969, 1451, 1433, 1288, 1269, 1177,
1131, 1096, 1062, 1024, 1008, 905, 848, 829, 708, *H NMR (500.0 MHz, DMSOd):
3.63 (ddd Jgem= 12.1,J51,01 = 6.4,J50.4 = 3.7, H-5'b); 3.70 (ddd)gem= 12.1,J530n= 4.6,
Jsaa = 3.3, H-5'a); 3.96 (dddly 5 = 3.7, 3.3Jy3 = 2.8, H-4’); 4.18 (dddJz 2 = 5.9,J3 0=
4.7,33 4= 2.8, H-3"); 4.77 (ddd)p 1 = 7.5,dp 01 = 6.7,J2.3 = 5.9, H-2); 5.14 (d, 1HJon 3 =
4.7, OH-3"); 5.20 (d, 1HJon 2= 6.7, OH-2’); 5.42 (dd, 1HJon s = 6.4, 4.6, OH-5’); 6.33 (d,
Jy2=7.5,H-1"); 7.39 (dd, 1H}); s = 8.8,J75= 2.1, H-7); 7.46 (bs, 2H, Ni 7.88 (d, 1HJs 7
= 8.8, H-8); 8.30 (s, 1H, H-2); 8.51 (d, 184, = 2.1, H-5)}*C NMR (125.7 MHz, DMSC8):
62.01 (CH-5"); 70.47 (CH-3"); 70.82 (CH-2"); 85.68 (CH-4'87.23 (CH-1"); 95.29 (C-4a);
113.32 (CH-8); 120.80 (CH-5); 121.76 (C-4b); 124(6#-7); 126.06 (C-6); 134.72 (C-8a);
155.23 (CH-2); 155.88 (C-9a); 157.97 (C-4). ESI M& (rel. %): 373 (100) [M+Na], 351
(70) [M+H]. HR MS (ESI) for GsH1604N4Cl [M+H]: calc. 351.08546; found 351.08549.
Anal. Calcd for GsH1sCIN4O4 - 0.2 CHOH: C, 51.11 %; H, 4.46 %; N, 15.69 %. Found C,
51.62 %; H, 4.56 %; N, 15.89 %.

6-Chloro-4-(1,4-dioxan-2-yl)-98-D-ribofuranosyl-9H-pyrimido[4,5- blindole (40)

Nucleoside40 was isolated from reaction of nucleoskie(300 mg, 0.43 mmol) with
aqueous ammonia (2 ml) in dioxane (2 ml). Reactxture was heated to 100 °C for 16 h,
solvents were evaporated and crude material wa$igouby column chromatography on
silica (chloroform/methanol from 1 to 5 %). Unexjext nucleosidelO (30 mg, 16 %) was
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isolated as white solid. The rest of the materiakVB-O"-benzoylated derivative of amino
nucleoside39. Spectra for40 (1:1 mixture of diastereoisomersyd NMR (500.0 MHz,
DMSO-dg): 3.65 (m, 2H, H-5b-dioxane); 3.67-3.74 (m, 4H,5H- 3.76 (m, 2H, H-5a-
dioxane); 3.78-3.86 (m, 4H, H-3b,6b-dioxane); 3(8% 2H, H-6a-dioxane); 4.00 (m, 2H, H-
4"); 4.05, 4.08 (2 x dd, 2 x 1H353p= 11.3,J352= 2.9, H-3a-dioxane); 4.25 (m, 2H, H-3");
4.77-4.84 (m, 4H, H-2', H-2-dioxane); 5.13 (bt, gy 5= 5.5, OH-5"); 5.258, 5.261 (2 x d, 2
x 1H,Jon 3= 4.7, OH-3'); 5.30, 5.31 (2 x d, 2 x 18hy 2= 6.4, OH-2"); 6.447, 6.450 (2 x d, 2
x 1H,J; 2= 7.4, H-1"; 7.58 (dd, 2Hl; s = 8.8,J75= 2.1, H-7); 8.09, 8.10 (2 x d, 2 x 18},;

= 8.8, H-8); 8.46 (d, 2HJs 7 = 2.1, H-5); 9.536, 9.538 (2 x s, 2 x 1H, H-2C NMR (125.7
MHz, DMSO-dg): 61.83 (CH-5); 65.93 (CH-5-dioxane); 66.20, 66.22 (GHb-dioxane);
69.51, 69.54 (Ch3-dioxane); 70.33 (CH-3"; 70.61, 70.62 (CH-2-dior); 70.33 (CH-2;
85.76, 85.78 (CH-4"); 86.75, 86.78 (CH-1"; 112.772.78 (C-4a); 114.90, 114.92 (CH-8);
120.77 (C-4b); 121.77 (CH-5); 126.64 (C-6); 127(8%1-7); 136.83, 136.84 (C-8a); 150.05,
150.06 (CH-2); 157.79, 155.80 (C-9a); 162.49 (CHEBEI MS m/z (rel. %): 444 (100)
[M+Na], 422 (78) [M+H]. HR MS (ESI) for &H2>00sNsCl [M+H]: calc. 421.1041; found
421.1046.

4-Amino-6-furan-2-yl-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (41a)

Free aminonucleosid&d (150 mg, 0.43 mmol) and 2-(tributylstannyl)furé&&8Q mg,
0.64 mmol) were used. Desired prodddt (111 mg, 68 %) was obtained as white powder.
m.p. 219-222 °C;d],-34.8(0.28).IR (ATR): v = 3343, 3215, 3128, 1633, 1597, 1570, 1463,
1311, 1084, 1043, 1012, 800, 73B. NMR (500.0 MHz, DMSQdg): 3.64 (dd,Jgem= 11.9,
Jspa= 3.7, H-5'D); 3.72 (ddlgem= 11.9,J534= 3.2, H-5'a); 3.97 (dddly 5= 3.7, 3.2 s 3=
2.9, H-4"); 4.20 (ddJs 2= 5.8,J3 4= 2.9, H-3"); 4.82 (dd}o-1= 7.2,J» 3= 5.8, H-2"); 5.45 (bs,
3H,0H-2',3',5); 6.33 (dJ12= 7.2, H-1"); 6.62 (dd, 1Hl43 = 3.3,J45 = 1.8, H-4-furyl); 7.04
(dd, 1H,J54 = 3.3,J35 = 0.8, H-3-furyl); 7.46 (bs, 2H, Nt 7.737 (dd, 1HJ; 5= 8.6,J;5=
1.7, H-7); 7.743 (dd, 1Hs 4 = 1.8,J5 3= 0.8, H-5-furyl); 7.87 (d, 1HJs 7= 8.6, H-8); 8.29 (s,
1H, H-2); 8.64 (d, 1HJs7 = 1.7, H-5)."*C NMR (125.7 MHz, DMSGdg): 62.11 (CH-5";
70.58 (CH-3"); 70.94 (CH-2"); 85.67 (CH-4'); 87.@8H-1); 95.93 (C-4a); 104.96 (CH-3-
furyl); 112.01 (CH-8); 112.19 (CH-4-furyl); 116.58H-5); 120.58 (CH-7); 120.80 (C-4b);
124.36 (C-6); 135.67 (C-8a); 142.33 (CH-5-furyl54114 (C-2-furyl); 154.83 (CH-2); 155.79
(C-9a); 157.98 (C-4). ESI MS m/z (rel. %): 383 (LPd+H]. HR MS (ESI) for GgH19N4Os
[M+H]: calcd 383.13500; found 383.13516. Anal. Gafor CgH1sN4Os -1 CHOH: C, 57.97
%; H, 5.35 %; N, 13.52 %. Found C, 58.06 %; H, 382N, 13.60 %.
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4-Amino-6-furan-3-yl-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (41b)

Free aminonucleosidd9 (100 mg, 0.29 mmol) and furan-3-ylboronic acid 8,
0.43 mmol) were used. Desired proddtb (111 mg, 72 %) was obtained as white powder.
m.p. 121-122 °C;d],-41.6(0.33).IR (ATR): v = 3330, 3164, 1652, 1593, 1571, 1464, 1307,
1077, 1046, 1029, 794, 598 NMR (500.0 MHz, DMSQds): 3.64 (bdddJgem= 11.8,Js o
= 6.1,J5p4= 3.3, H-5'0); 3.72 (bdtlyem= 11.8,J5:3 01= Js:aa= 3.3, H-5'a); 3.97 (tdls 5= 3.3,
Jy 3= 2.7, H-4"); 4.20 (dddlz 2= 5.7,J3.01= 4.7,J3 4= 2.7, H-3"); 4.82 (dddL 1= 7.3,J2 o4
=6.7,J»3= 5.7, H-2"); 5.13 (d, 1Hlon 3= 4.7, OH-3"); 5.19 (d, 1Hloy »= 6.7, OH-2"); 5.47
(bdd, 1H,Jon 5= 6.1, 3.3, OH-5"); 6.33 (dy »= 7.3, H-1); 7.19 (dd, 1HL 5= 1.8,J,, = 0.8,
H-4-furyl); 7.43 (bs, 2H, Np); 7.67 (dd, 1HJ; g = 8.6,J;5= 1.7, H-7); 7.76 (dd, 1H]54 =
1.8,J5 2= 1.5, H-5-furyl); 7.83 (dd, 1Hls 7 = 8.6,Jg5 = 0.4, H-8); 8.25 (dd, 1H, 5= 1.5,J,4
= 0.8, H-2-furyl); 8.28 (s, 1H, H-2); 8.51 (dd, 18,7 = 1.7,J55 = 0.4, H-5).33C NMR (125.7
MHz, DMSO-«s): 62.10 (CH-5); 70.56 (CH-3'); 70.89 (CH-2'); 85.64 (CH-487.33
(CH-1'); 95.93 (C-4a); 109.30 (CH-4-furyl); 112.0CH-8); 117.99 (CH-5); 120.83 (C-4b);
122.64 (CH-7); 125.52 (C-6); 126.55 (C-3-furyl);5135 (C-8a); 138.94 (CH-2-furyl); 144.16
(CH-5-furyl); 154.68 (CH-2); 155.59 (C-9a); 157.90-4). ESI MS m/z (rel. %): 383 (30)
[M+H]; 405 (100) [M+Na]. HR MS (ESI) for GH1oN4Os [M+H]: calcd 383.13500; found
383.13495; for @H1sN,OsNa [M+Na]: calcd 405.11694; found 405.11683. Ar@hlcd for
Ci1oH18N4Os-1 HO: C, 57.00 %; H, 5.03 %; N, 13.99 %. Found C, 588 H, 4.89 %; N,
13.96 %.

4-Amino-6-thiophen-2-yl-94-D-ribofuranosyl-9H-pyrimido[4,5-blindole (41c)

Free aminonucleosidg (100 mg, 0.29 mmol) and 2-(tributylstannyl)thiopke(160
mg, 0.43 mmol) were used. Desired prodddct (83 mg, 73 %) was obtained as white
powder. m.p. 228-230 °Cp],-50.0(0.18).IR (ATR): v = 3396, 3301, 1688, 1674, 1659,
1545, 1511, 1502, 1401, 1381, 1243, 1160, 965, ‘F6AIMR (499.8 MHz, DMSCOdg): 3.64
(bd, Jgem= 12.4, H-5'0); 3.72 (bddlgem= 12.4,J5:0.4= 3.1, H-5'a); 3.97 (0la5= Jy 2= 3.1, H-
4'):; 4.20 (ddJz 2= 5.7,J3.4= 3.1, H-3"); 4.82 (dd},.1:= 7.3,J,.3= 5.7, H-2); 5.20 (bs, 2H,
OH-2',3"; 5.47 (bs, 1H, OH-5'); 6.33 (@ »= 7.3, H-1); 7.17 (dd, 1Hl45 = 5.1,J43 = 3.6,
H-4-thienyl); 7.51 (bs, 2H, NJ; 7.51 (dd, 1HJs 4= 5.1,J5 3 = 1.2, H-5-thienyl); 7.63 (dd,
1H, J;5= 8.6,J;5 = 1.8, H-7); 7.69 (dd, 1Hl3 4 = 3.6,J35 = 1.2, H-3-thienyl); 7.89 (dd, 1H,
Js7 = 8.6,Js5 = 0.4, H-8); 8.29 (s, 1H, H-2); 8.63 (dd, 1847 = 1.8,J55 = 0.4, H-5).*°C
NMR (125.7 MHz, DMSOdg): 62.11 (CH-5'); 70.57 (CH-3"); 70.89 (CH-2'); 85.68 (CH-4");
87.28 (CH-1"); 95.91 (C-4a); 112.26 (CH-8); 117(@H-5); 121.05 (C-4b); 122.92 (CH-7);
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123.54 (CH-3-thienyl); 124.98 (CH-5-thienyl); 127.6C-6); 128.50 (CH-4-thienyl); 135.73
(C-8a); 144.41 (C-2-thienyl); 154.90 (CH-2); 155@&59a); 158.01 (C-4). ESI MS m/z (rel.
%): 399 (65) [M+H]; 421 (100) [M+Na]. HR MS (ESIpff CigH1gN4OsS [M+H]: calcd
399.11215; found 399.11219. Anal. Calcd fasiGigN4O4S 1.1 HO: C, 54.56 %; H, 4.87 %;
N, 13.40 %:; S, 7.67 %. Found C, 54.31 %; H, 4.78\%3.28 %; S, 7.58 %.

4-Amino-6-thiophen-3-yl-94-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (41d)

Nucleoside 41d was prepared according to the general procedureF@e
aminonucleosid&9 (50 mg, 0.14 mmol) and thiophene-3-boronic acidl@ng, 0.21 mmol)
were used. Desired produdid (43 mg, 77 %) was obtained as white powder. mgy- 1
169 °C; |t]»-38.9(0.30). IR (ATR):v = 3373, 3364, 1640, 1630, 1469, 1080, 782NMR
(600.1 MHz, DMSO+d): 3.65 (dddJgem= 12.0,J51,0n= 6.7,J5p.4= 3.7, H-5'D); 3.72 (ddd,
Jgem= 12.0,J5a,0n= 4.5,J50.4= 3.4, H-5'a); 3.99 (dddly 5= 3.7, 3.4, 3= 2.8, H-4); 4.21
(bdd,J3 2= 5.5,J3 4= 2.8, H-3"); 4.83 (bdd], 1= 7.3,J» 3= 5.5, H-2); 5.14 (bs, 1H, OH-3);
5.20 (bs, 1H, OH-2'); 5.47 (dd, 1Bby 5= 6.7, 4.5, OH-5'); 6.34 (dy »= 7.3, H-1"); 7.46 (bs,
2H, NHy); 7.66 (dd, 1HJ5 4 = 5.0,J5» = 3.0, H-5-thienyl); 7.79 (dd, 1H; 5= 8.6,J;5= 1.7,
H-7); 7.82 (dd, 1HJ45=5.0,J42 = 1.4, H-4-thienyl); 7.85 (dd, 1Hg 7 = 8.6,Js5 = 0.5, H-8);
7.97 (dd, 1H,J, 5= 3.0,J, 4= 1.4, H-2-thienyl); 8.29 (s, 1H, H-2); 8.63 (dH, Js7=1.7,J5 8
= 0.5, H-5)."*C NMR (150.9 MHz, DMSGdg): 62.09 (CH-5"); 70.54 (CH-3'); 70.87 (CH-2');
85.62 (CH-4"); 87.31 (CH-1"; 96.03 (C-4a); 111(@H-8); 118.55 (CH-5); 119.96 (CH-2-
thienyl); 120.90 (C-4b); 123.22 (CH-7); 126.74 (GHhienyl); 126.93 (CH-4-thienyl);
128.93 (C-6); 135.46 (C-8a); 142.14 (C-3-thiengh4.69 (CH-2); 155.70 (C-9a); 157.93 (C-
4). ESI MS m/z (rel. %): 399 (100) [M+H]; 421 (9BJ+Na]. HR MS (ESI) for GeH19N4O4S
[M+H]: calcd 399.11215; found 399.11211. Anal. G@afor G gH18N404S-1.15 HO: C, 54.45
%; H, 4.88 %; N, 13.37 %. Found C, 54.39 %; H, 282N, 13.47 %.

4-Amino-6-benzofuran-2-yl-9$-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (41e)

Nucleoside 41le was prepared according to the general procedureF@e
aminonucleoside89 (150 mg, 0.43 mmol) and 2-benzofurylboronic acddd(Q.0 mg, 0.86
mmol) were used. Desired produtte (138 mg, 75 %) was obtained as yellowish crystals.
m.p. 265-268 °C;d], -53.3(0.30).IR (ATR): v = 3342, 3202, 2940, 2372, 1632, 1594, 1569,
1452, 1084, 1042, 799, 75%4 NMR (500.0 MHz, DMSQds): 3.66 (bddd,Jgem= 12.0,J51, 0w
= 6.1,J5p,4= 3.6, H-5'0); 3.74 (bdtlyem= 12.0,J54,01= Js:aa= 3.6, H-5'a); 4.00 (tdly 5= 3.6,

Jy 3= 2.8, H-4Y); 4.22 (bddlz 2= 5.6,J3 4= 2.8, H-3"); 4.86 (bddl, 1= 7.2,J> 3= 5.6, H-2";
5.16 (bs, 1H,0H-3"; 5.24 (bs, 1H,0H-2"; 5.47 (btid, Jon 5= 6.1, 3.6, OH-5"; 6.37 (dy >
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= 7.2, H-1; 7.27 (ddd, 1Hls 4 = 7.5,J56 = 7.2,J57 = 1.0, H-5-benzofuryl); 7.31 (ddd, 1H,
Jo67=8.1,Js5=7.2,Js4= 1.5, H-6-benzofuryl); 7.54 (d, 1K;7 = 1.0, H-3-benzofuryl); 7.55
(bs, 2H, NH); 7.64 (dtd, 1HJ); 6= 8.1,J;3=J;5= 1.0,J;4= 0.7, H-7-benzofuryl); 7.68 (ddd,
1H, J45=7.5,d46 = 1.5,J47 = 0.7, H-4-benzofuryl); 7.96 (dd, 1k 5= 8.6,J;5 = 1.5, H-7);
7.98 (dd, 1HJs7 = 8.6,J35 = 0.6, H-8); 8.33 (s, 1H, H-2); 8.89 (dd, 1H,; = 1.5,J55 = 0.6,
H-5). *C NMR (125.7 MHz, DMSGQdg): 62.09 (CH-5'); 70.57 (CH-3"); 70.91 (CH-2'); 85.73
(CH-4"); 87.36 (CH-1'); 95.90 (C-4a); 101.03 (CHb&nzofuryl); 111.14 (CH-7-benzofuryl);
112.17 (CH-8); 117.97 (CH-5); 120.94 (C-4b); 120(@H-3-benzofuryl); 121.60 (CH-7);
123.32 (CH-5-benzofuryl); 123.44 (C-6); 124.42 (GHbenzofuryl); 129.37 (C-3a-
benzofuryl); 136.60 (C-8a); 154.33 (C-7a-benzofyryb5.02 (CH-2); 155.97 (C-9a); 156.49
(C-2-benzofuryl); 158.03 (C-4). ESI MS m/z (rel. 9483 (92) [M+H]; 455 (100) [M+Na].
HR MS (ESI) for GzH21N4Os [M+H]: calcd 433.15065; found 433.15073; calcd 43259;
for CysHzoN4OsNa [M+H]: found 455.13266. Anal. Calcd. fora4E,0N4Os - 1.3 HO: C,
60.60; H, 5.00; N, 12.29. Found C, 60.85; H, 418912.04.

4-Amino-6-phenyl-94-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (41f)

Nucleoside39 (50 mg, 0.14 mmol), phenylboronic acid (25 mg, On2hol)), K.COs
(58 mg, 0.42 mmol), Pd(OAg)1.6 mg, 0.007 mmol) and X-Phos (6.7 mg, 0.014 thmere
dissolved in acetonitrile/water mixture (3:2, 5 mahd heated to 100 °C for 16 hours. The
volatiles were removed in vacuo and the residue wasfied by RP-HPFC on C-18
(0—100% MeOH in water). Produdtlf (52 mg, 93 %) was obtained as white powder after
recrystallization from MeOH/BD mixture. m.p. 216-218 °Q¢]p -49.8(0.20). IR (ATR):v
=3437, 3329, 3156, 1651, 1629, 1594, 1570, 1468514316, 114, 1045, 1022, 988, 7H.
NMR (499.8 MHz, DMSQdg): 3.65 (ddd Jgem= 12.0,J5p,01= 6.8,J51p.4= 3.7, H-5'b); 3.73
(ddd, Jgem= 12.0,J5:5,01= 4.5,J50.4= 3.2, H-5'a); 3.98 (dddly 5= 3.7, 3.2,4 3= 2.9, H-4");
4.20 (dddJ3 »=5.7,J3 on=4.7,J3 4= 2.9, H-3"); 4.84 (ddd], 1= 7.3, on= 6.8,J2 3= 5.7,
H-2'); 5.15 (d, 1HJon 3= 4.7, OH-3); 5.22 (d, 1Hlon 2= 6.8, OH-2"): 5.50 (dd, 1Hlon 5=
6.8, 4.5, OH-5"); 6.36 (dl; »= 7.3, H-1'); 7.35 (m, 1H, k-Ph); 7.48 (m, 4H, N& H-m-Ph);
7.71 (dd, 1HJ; 5= 8.7,J75= 1.9, H-7); 7.86 (m, 2H, t&-Ph); 7.91 (dd, 1HJs ;= 8.9,Js5=
0.4, H-8); 8.29 (s, 1H, H-2); 8.62 (dd, 1847 = 1.9,J55 = 0.4, H-5).2°C NMR (125.7 MHz,
DMSO-): 61.15 (CH-5"; 70.61 (CH-3"); 70.89 (CH-2"); 85.69 (CH-487.32 (CH-1";
96.13 (C-4a); 112.13 (CH-8); 119.36 (CH-5); 121(084b); 123.81 (CH-7); 127.00 (Cp+
Ph); 127.25 (CHx-Ph); 128.96 (CH»-Ph); 133.82 (C-6); 135.83 (C-8a); 140.78i(Eh);
154.74 (CH-2); 155.77 (C-9a); 158.03 (C-4). ESI M& (rel. %): 393 (100) [M+H]. HR MS
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(ESI) for GiH21NsO4 [M+H]: calced 393.15573; found 393.15563. Anal. ¢thlfor
C21H20N4O4: C, 61.05 %; H, 5.44 %; N, 13.56 %. Found C, 608, 5.35 %; N, 13.44 %.

4-Amino-5-furan-2-yl-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (42a)

Compound 42a was prepared according to the general procedure Fize
aminonucleosid&8 (150 mg, 0.43 mmol), Pd(OAc)12 mg, 0.05 mmol), X-Phos (50 mg,
0.1 mmol) and 2-(tributylstannyl)furan (230 mg, 9©.6nmol) were used. RP-HPFC
purification furnished nucleosidé2a (54 mg, 33 %) as white solid; m.p. 112-113 °@p|
-37.8(0.21).IR (ATR): v = 3329, 3285, 2373, 2351, 2170, 1557, 1451, 10030, 788, 739.
'H NMR (499.8 MHz, DMSQdp): 3.66 (ddd, 1HJgem= 12.0,Js1,0n= 6.4,J5.4= 3.7, H-5'0);
3.73 (ddd, 1HJgem= 12.0,J55,0n= 4.7,J5a24= 3.2, H-5'a); 3.98 (ddd, 1Ry 5= 3.7, 3.2Js 3
= 3.0, H-4"; 4.21 (ddd, 1H »= 5.8,J3 on= 4.8,J3 4= 3.0, H-3"); 4.82 (ddd, 1Hj 1= 7.3,
J2 on=6.6,J23=5.9, H-2); 5.15 (d, 1H]Jon 3= 4.8, OH-3"); 5.22 (d, 1Hlpon 2= 6.6, OH-2");
5.41 (dd, 1HJons= 6.4, 4.7, OH-5Y; 6.44 (d, 1Ry »= 7.3, H-1"); 6.74 (dd, 1H)34 = 3.2,
J35 = 0.8, H-3-furyl); 6.77 (dd, 1H)s3 = 3.2,J45 = 1.9, H-4-furyl); 7.31 (dd, 1H}s 7 = 7.4,
Jsg= 1.0, H-6); 7.46 (dd, 1Hl; = 8.3,J;6= 7.4, H-7); 7.94 (dd, 1Hls 4= 1.9,J53= 0.8, H-
5-furyl); 8.01 (dd, 1HJg7 = 8.3,Jg6 = 1.0, H-8); 8.27 (s, 1H, H-2$3C NMR (125.7 MHz,
DMSO-0g): 62.00 (CH-5"; 70.41 (CH-3"); 70.65 (CH-2"; 85.66 (CH-487.22 (CH-1;
95.56 (C-4a); 110.77 (CH-3-furyl); 111.92 (CH-4y)r 112.93 (CH-8); 119.61 (C-4b);
124.05 (CH-6); 125.22 (C-5); 124.78 (CH-7); 136(868a); 144.01 (CH-5-furyl); 152.53 (C-
2-furyl); 154.68 (CH-2); 155.93 (C-9a); 157.79 (L-ESI MS m/z (rel. %): 383 (43) [M+H];
405 (100) [M+Na]. HR MS (ESI) for fgH19N4Os [M+H]: calcd 383.13500; found 383.13505.
Anal. Calcd for GgH1sN4Os: C, 59.68 %; H, 4.74 %; N, 14.65 %. Found C, 59Q6H, 4.86
%; N, 14.89 %.

4-Amino-5-thiophen-3-yl-94-D-ribofuranosyl-9H-pyrimido[4,5-bjindole (42d)

Free nucleosid&8 (200 mg, 0.57 mmol), ¥CO; (236 mg, 1.71 mmol), Pd(OAc)
(12.8 mg, 0.053 mmol), X-Phos (54.0 mg, 0.110 mnawmijl one third of all amount of 3-
furanboronic acid (146 mg, 1.14 mmol) were dissolveanhydrous DMF (20 ml) and heated
to 120 °C for 3 hours. Second third of boronic asi@s added and reaction was stirred at
120 °C for 3 hours. Then, last third of boronicdawias added and reaction was heated for
another 3 hours at 120 °C. Solvent was evaporatddrueduced pressure and crude product
was purified by RP-HPFC (MeOH#, 0 —> 100 % MeOH). Nucleosidd was obtained
(54 mg, 24 %) as white crystals; m.p. 141 °@>439.4(0.32).IR (ATR): v = 3464, 3313,
3200, 2919, 2870, 2372, 2346, 1629, 1577, 15594,14320, 1077, 1042, 7384 NMR
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(500.0 MHz, DMSOde): 3.65 (dd, 1HJgem= 12.0,J51 4= 3.5, H-5'b); 3.73 (dd, 1Hlyem=
12.0,J5a.4= 3.2, H-5'a); 3.98 (dt, 1Hly 5= 3.5, 3.2,)4 3= 3.2, H-4"); 4.21 (dd, 1Hlz »= 5.8,
Ja4= 3.2, H-3); 4.84 (dd, 1H)» 1= 7.3,J23= 5.8, H-2); 5.20-5.50 (bm, 3H, OH-2',3',5";
6.44 (d, 1HJy = 7.3, H-1); 7.14 (dd, 1Hls 7 = 7.4,Js5 = 1.0, H-6); 7.36 (dd, 1Hl;5= 4.8,
Ja2 = 1.3, H-4-thienyl); 7.42 (dd, 1H; s = 8.3,J76= 7.4, H-7); 7.74 (dd, 1HLb 5= 2.9,J24=
1.3, H-2-thienyl); 7.80 (dd, 1HJs 4 = 4.8,J5, = 2.9, H-5-thienyl); 7.91 (dd, 1Hg 7 = 8.3,Js6

= 1.0, H-8); 8.23 (s, 1H, H-2)*C NMR (125.7 MHz, DMSQdg): 62.04 (CH-5'); 70.43
(CH-3"); 70.60 (CH-2"); 85.60 (CH-4'); 87.27 (CH:195.71 (C-4a); 111.33 (CH-8); 119.75
(C-4b); 123.65 (CH-6); 124.71 (CH-7); 125.65 (CHkEenyl); 127.10 (CH-5-thienyl);
130.34 (C-5); 130.58 (CH-4-thienyl); 136.75 (C-8a3%2.07 (C-3-thienyl); 154.38 (CH-2);
155.76 (C-9a); 157.56 (C-4). ESI MS m/z (rel. %$93(100) [M+H]. HR MS (ESI) for
C1oH19N4O4S [M+H]: calcd 399.11215; found 399.11218. Analld@afor CigH1gN4O4S 1.0
H,O: C, 54.80 %:; H, 4.84 %; N, 13.45 %; S, 7.70 %uritbC, 54.68 %:; H, 4.86 %:; N, 13.55
%; S, 7.60 %.

4-Amino-5-phenyl-94-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (42f)

Nucleoside38 (200 mg, 0.57 mmol), phenylboronic acid (139 mdl41mmol)),
K2CO; (236 mg, 1.14 mmol), Pd(OAc)12.0 mg, 0.05 mmol) and X-Phos (54.0 mg, 0.11
mmol) were dissolved in DMF (5 ml) and heated t@ 1€ for 16 hours. The volatiles were
removed in vacuo and the residue was purified byHRIFC on C-18 (6>100% MeOH in
water). Producti2f (62 mg, 28 %) was obtained as white powder aéterystallization from
MeOH/H,O mixture; m.p. 185-157 °Cp], -28.2(0.26). IR (ATR):v = 3469, 3378, 2934,
1578, 1561, 1456, 1321, 1092, 1029, 794, 765, HNMR (499.8 MHz, DMSQdg): 3.66
(dd, Jgem= 12.0,Jsp.4= 3.8, H-5'0); 3.73 (ddlgem= 12.0,J53,4= 3.1, H-5'a); 3.98 (dts 5=
3.8, 3.1J4 3= 3.1, H-4"); 4.22 (dd, 1Hl3 »= 5.8,J3 4= 3.1, H-3"); 4.86 (dd), 1= 7.3,J2 3=
5.8, H-2"); 5.28, 5.43 (2 x bs, 3H, OH-2"3"'5U4® (d,J1 »= 7.3, H-1"); 7.13 (dd, 1HJs 7 =
7.4,J55= 1.0, H-6); 7.45 (dd, 1Hl; s = 8.3,J;6 = 7.4, H-7); 7.51 (bm, 2H, 18-Ph); 7.56 (m,
3H, H-m,pPh); 7.92 (dd, 1HJs7 = 8.3,J56 = 1.0, H-8); 8.22 (s, 1H, H-2°C NMR (125.7
MHz, DMSOdg): 62.07 (CH-5"; 70.45 (CH-3'); 70.62 (CH-2"); 85.62 (CH-487.31
(CH-1"; 95.58 (C-4a); 111.20 (CH-8); 119.21 (C:4193.39 (CH-6); 124.86 (CH-7); 128.61
(CH-p-Ph); 128.67 (CH%n-Ph); 130.04 (CHx-Ph); 135.39 (C-5); 136.72 (C-8a); 141.73i(C-
Ph); 154.37 (CH-2); 155.86 (C-9a); 157.37 (C-4)l B m/z (rel. %): 393 (100) [M+H];
415 (89) [M+Na]. HR MS (ESI) for £H»1N4O4 [M+H]: calcd 393.15573; found 393.15573.
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Anal. Calcd for GiH>0N4O4 - 1 HO: C, 61.46 %; H, 5.40 %; N, 13.65 %. Found C, B23
H, 5.52 %: N, 13.48 %.

4-Amino-5-butyl-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (429)

Compound 42g was obtained as unexpected product according o géneral
procedure D. Free aminonucleosR®(150 mg, 0.43 mmol) and 2-(tributylstannyl)thiopke
(230 mg, 0.64 mmol) were used. Unexpected proddgt(66 mg, 42 %) was obtained as
white powder (as the only product); m.p. 125-127 [t -31.2(0.24). IR (ATR):v = 3542,
3384, 3363, 2965, 2169, 1637, 1591, 1559, 14567,13056, 1023, 991, 863H NMR
(500.0 MHz, DMSOdg): 0.88 (t, 3H, Jic = 7.4, H3CH,CH,CHy); 1.33 (m, 2H,
CH3CH,CH,CHy); 1.63 (m, 2H, CHCH,CH.CH,); 3.22 (dd, 2H, J,. = 8.4, 7.1,
CH3CHxCH,CHy); 3.63 (dddJgem= 11.9,J51,04= 6.5,J5p4= 4.0, H-5'D); 3.71 (dddlgem=
11.9,J55.0n= 4.8,J52 4= 3.2, H-5'a); 3.95 (dtly 5= 4.0, 3.3Js 3= 3.3, H-4"); 4.20 (bm, 1H,
H-3"; 4.83 (bdddJy 1= 7.1,32 0n= 6.3,J2 3= 4.3, H-2); 5.12 (bs, 1H, OH-3"); 5.17 (d, 1H,
Jon2= 6.3, OH-2"); 5.39 (dd, 1Hpn s = 6.5, 4.8, OH-5"); 6.39 (dy 2= 7.1, H-1"); 6.76 (bs,
2H, NHy): 7.10 (dd, 1HJs7 = 7.4,Js5 = 0.8, H-6); 7.31 (dd, 1Hl;s = 8.2,J76 = 7.4, H-7);
7.68 (dd, 1HJs 7= 8.2,Jg6 = 0.8, H-8); 8.26 (s, 1H, H-2)°C NMR (125.7 MHz, DMSQds):
13.99 (CH3CH,CH,CH,); 21.82 (CHCH,CH,CH,); 33.27 (CHCH,CH,CH,); 35.64
(CH3CH,CH,CH,); 62.04 (CH-5"; 70.37 (CH-3); 70.44 (CH-2"; 85.46 (CH-487.34
(CH-1"; 96.82 (C-4a); 109.68 (CH-8); 119.33 (C:4193.00 (CH-6); 125.27 (CH-7); 135.86
(C-5); 137.13 (C-8a); 153.68 (CH-2); 155.63 (C-94H8.24 (C-4). ESI MS m/z (rel. %): 373
(100) [M+H]. HR MS (ESI) for GoH2sN4,O4 [M+H]: calcd 373.18703; found 373.18707.
Anal. Calcd. for GgH24N4O4 - 0.85 CHOH: C, 59.66; H, 6.91; N, 14.02. Found C, 59.86; H,
6.52; N, 13.65.

5.6 Synthesis of pyrimidoindole nucleosides subaitied in position 4
4-Methyl-9-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-9H-pyrimido[4,5- blindole (43a)

(Me)sAl (310 pl, 2M in toluene) was added to solution of nuclde&5 (200 mg, 0.31
mmol) and Pd(PRJy (17.9 mg, 0.015 mmol) in THF (8 ml) and the reactmixture was
stirred at 70 °C for 12 hours. Volatiles were reesbwnder reduced pressure and crude
product was purified by HPFC (10 — 50 % EtOAc ixdree) to gived3a (120 mg, 63 %) as
white solid; m.p. 155-158 °C; IR (ATR). = 1733, 1497, 1457, 1420, 1278, 1263, 1136,
1113, 1091, 1072, 727, 70°H NMR (499.8 MHz, DMSOdg): 2.94 (s, 3H, CH); 4.68 (dd,
1H, Jgem= 12.5,J5p 4= 4.1, H-5'D); 4.82 (dd, 1Hlgem= 12.5,J554= 3.2, H-5'a); 4.89 (ddd,
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1H, Jy 3= 6.6,Jp 5= 4.1, 3.2, H-4"); 6.36 (t, 1Hl3 »= J3 4= 6.6, H-3'); 6.65 (dd, 1Hl, 3=
6.6,J> 1= 4.8, H-2'): 6.99 (d, 1H} > = 4.8, H-1"); 7.40 (m, 2H, Hr-Bz-2"); 7.44 (m, 1H, H-
6); 7.45 (m, 1H, H-7); 7.49, 7.51 (2 x m, 2 x 2HnHBz-3',5"); 7.61 (m, 1H, H-Bz-2));
7.67, 7.68 (2 x m, 2 x 1H, gBz-3',5"; 7.82 (m, 2H, H-Bz-2"); 7.95 (m, 2H, H-Bz-5";
7.99 (m, 2H, He-Bz-3'); 8.01 (m, 1H, H-8); 8.20 (m, 1H, H-5); 8.7& 1H, H-2).**C NMR
(125.7 MHz, DMSO¢g): 23.00 (CH); 63.24 (CH-5"; 70.39 (CH-3"); 72.08 (CH-2"; 78.61
(CH-4); 85.96 (CH-1'); 111.65 (CH-8); 112.77 (C):4kH19.84 (C-4b); 122.69 (CH-6); 123.40
(CH-5); 127.71 (CH-7); 128.63, 128.87 {(Bz); 128.97, 129.01, 129.03 (CiHBz); 129.45
(CH-0-Bz-5', Ci-Bz); 129.53 (CHe-Bz-2"); 129.67 (CHs-Bz-3"); 133.84, 134.17 (Cig-Bz);
137.98 (C-8a); 154.01 (CH-2); 154.45 (C-9a); 160(644); 164.84 (COPh-2"); 165.10
(COPh-3"; 165.66 (COPh-5"). ESI MS m/z (rel. ¥9839) [M+H] 650 (100) [M+Na]. HR
MS (ESI) for G7H3oN3O; [M+H]: calcd 628.20783; found 628.20790; fog/B.9N30;Na
[M+Na]: calcd 650.18977; found 650.18975.

4-Ethyl-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-b]indole (43b)

(Et)sAl (760 ul, 1M in hexane) was added to solution of nuclee28 (250 mg, 0.38
mmol) and Pd(PRly (22.0 mg, 0.019 mmol) in THF (12 ml) and the reactimixture was
stirred at 70 °C for 12 hours. Volatiles were reeswnder reduced pressure and crude
product was purified by HPFC (10 — 50 % EtOAc ixdmee) to gived3b (188 mg, 75 %) as
white solid; m.p. 145-146 °C; IR (ATR). = 2982, 2934, 1728, 1587, 1572, 1451, 1256,
1135, 1108, 1090, 1070, 70%H NMR (600.1 MHz, DMSQds): 1.38 (t, 3H,Jic = 7.5,
CH3CHy); 3.30 (g, 2H)ic = 7.5, CHCHy>); 4.68 (dd, 1HJgem= 12.4,J51 4= 4.2, H-5'h); 4.82
(dd, 1H,Jgem= 12.4,J55 4= 3.1, H-5'a); 4.89 (ddd, 1”4 3= 6.6,Js 5= 4.2, 3.1, H-4"); 6.37 (t,
1H, J3.»= J3.4= 6.6, H-3); 6.67 (dd, 1H]y 3= 6.6,J.1:= 4.7, H-2'); 7.01 (d, 1H}1 »= 4.7,
H-1"; 7.41 (m, 2H, HnBz-2"); 7.42 (m, 1H, H-6); 7.47 (m, 1H, H-7); 7,451 (2 x m, 2 x
2H, Hm-Bz-3',5"; 7.61 (m, 1H, H-Bz-2"); 7.68 (m, 2H, H-Bz-3',5"); 7.83 (m, 2H, H>-Bz-

2");, 7.96 (m, 2H, H3-Bz-5"; 7.99 (m, 2H, Hb-Bz-3'); 8.03 (m, 1H, H-8); 8.19 (m, 1H, H-5);
8.84 (s, 1H, H-2)*C NMR (150.9 MHz, DMSGds): 11.77 CH3CH,); 28.88 (CHCHy);
63.24 (CH-5"; 70.36 (CH-3"); 72.08 (CH-2"); 78.54 (CH-85.92 (CH-1"); 111.65 (CH-8);
111.95 (C-4a); 119.40 (C-4b); 122.70 (CH-6); 1233H-5); 127.63 (CH-7); 128.62, 128.84
(C-i-Bz); 128.91, 128.95, 128.97 (CiH-Bz); 129.40 (CHe-Bz-5"); 129.42 (4-Bz); 129.49
(CH-0-Bz-2"); 129.62 (CHds-Bz-3"); 133.77, 134.10 (CH-Bz); 137.99 (C-8a); 154.15 (CH-
2); 154.56 (C-9a); 164.79 (COPh-2); 165.03 (CORh1B5.09 (C-4); 165.59 (COPh-5"). ESI
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MS m/z (rel. %): 642 (85) [M+H] 664 (100) [M+Na].RIMS (ESI) for GgHsoN3O7 [M+H]:
calcd 642.22334; found 642.22348.

4-Cyclopropyl-9-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-9H-pyrimido[4,5- blindole (43c)

Nucleoside43c was prepared in analogy to literature condititisTHF (2 ml) was
added to dried zinc chloride (84.5 mg, 0.62 mmaljler argon atmosphere. Mixture was
cooled to -10 °C and cyclopropylmagnesium chloi@e4 ml, 0.5 M in THF) was added
dropwise. After 40 minutes of stirring the solutiohnucleoside5 (200 mg, 0.31 mmol) and
Pd(PPh)4 (35.8 mg, 0.03 mmol) in THF (5 ml) was added. Theture was stirred at 40 °C
for 2 hours. The reaction mixture was dilluted witater (20 ml) and extracted with ethyl-
acetate (3 x 50 ml). The collected organic phasge avéed over Ng5O, and concentrated
under reduced pressure. Flash chromatography @D % EtOAc in hexane) furnishet8c
(128 mg, 63 %) as white solid; m.p. 202-204 %€ NMR (600.1 MHz, DMSQdg): 1.24-1.33
(m, 4H, CH-cyclopropyl); 2.91 (ttd, 1H}ic = 7.7, 4.72J = 0.5, CH-cyclopropyl); 4.68 (dd,
1H, Jgem= 12.4,J5p,4= 4.1, H-5'b); 4.82 (dd, 1Hlyem= 12.4,J5q,4= 3.2, H-5'a); 4.89 (ddd,
1H, Jy 3= 6.6,J4 5= 4.1, 3.2, H-4"); 6.36 (t, 1Hl3 » = J3 4= 6.6, H-3'); 6.66 (dd, 1Hly 3=
6.6,J21= 4.7, H-2"); 6.99 (d, 1H); 2= 4.7, H-1"); 7.41 (m, 2H, W-Bz-2"); 7.42 (m, 1H, H-
6); 7.45 (m, 1H, H-7); 7.49, 7.50 (2 x m, 2 x 2HM-Bz-3',5"); 7.61 (m, 1H, H-Bz-2;
7.67, 7.68 (2 x m, 2 x 1H, p-Bz-3',5"); 7.83 (m, 2H, H-Bz-2'); 7.95 (m, 2H, H>-Bz-5");
7.98 (m, 2H, He-Bz-3'); 8.02 (m, 1H, H-8); 8.41 (m, 1H, H-5); 8.7@ 1H,°J = 0.5, H-2).
13C NMR (150.9 MHz, DMSGdg): 11.22 (CH-cyclopropyl); 15.04 (CH-cyclopropyl); 63.24
(CH,-5"; 70.38 (CH-3"); 72.05 (CH-2"); 78.55 (CH-8p.94 (CH-1"); 111.64 (CH-8); 112.20
(C-4a); 119.75 (C-4b); 122.59 (CH-6); 123.01 (CH-3p7.46 (CH-7); 128.62, 128.84
(C-i-Bz); 128.91, 128.95, 128.97 (CiH-Bz); 129.40 (CHe-Bz-5"; 129.42 (4-Bz); 129.49
(CH-0-Bz-2"); 129.62 (CHy-Bz-3"); 133.77, 134.09 (Ci-Bz); 137.92 (C-8a); 154.21 (CH-
2); 154.23 (C-9a); 164.80 (COPh-2"; 165.03 (CORh1B5.31 (C-4); 165.60 (COPh-5"). ESI
MS m/z (rel. %): 654 (62) [M+H] 676 (100) [M+Na].RHMS (ESI) for GgH32N307 [M+H]:
calcd 654.22348; found 654.22349.

4-(N,N-Dimethylamino)-9-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-9H-pyrimido[4,5-
blindole (43d)

Dimethylamine (23Qul, 2M in THF) was added to solution of nucleosif#(200 mg,
0.31 mmol) in propan-2-ol (10 ml) and the reactmixture was stirred at r.t. for 24 hours.
Volatiles were removed under reduced pressure amdecproduct was purified by HPFC
(15 % EtOAc in hexane) to givé3d (150 mg, 74 %) as white solid; m.p. 64-67 °C; IR
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(ATR): v = 1724, 1576, 1556, 1512, 1269, 1251, 1099, 10710, *H NMR (499.8 MHz,
DMSO-ds): 3.24 (s, 6H, (CH)2N); 4.67 (dd, 1HJgem= 12.3,J51 4= 4.2, H-5'b); 4.81 (dd, 1H,
Jgem= 12.3,J53,4= 3.3, H-5'a); 4.86 (ddd, 1”4 3= 6.6,Js 5= 4.2, 3.3, H-4"); 6.35 (t, 1Hz »

=Jz 4= 6.6, H-3"); 6.64 (dd, 1H)y 3= 6.6,J2 1= 4.8, H-2'); 6.97 (d, 1HJ); > = 4.8, H-1";
7.29 (ddd, 1H,);§=8.3,J76=7.3,J75= 1.3, H-7); 7.34 (ddd, 1Hs5=8.0,J67= 7.3,J68 =
1.1, H-6); 7.42 (m, 2H, Hr-Bz-2"); 7.48, 7.51 (2 x m, 2 x 2H, M-Bz-3',5"); 7.61 (m, 1H, H-
p-Bz-2"); 7.67, 7.69 (2 x m, 2 x 1H, ptBz-3',5"); 7.84 (m, 2H, H-Bz-2'); 7.93 (ddd, 1H,
Jg7=8.3,J86=1.1,J35= 0.7, H-8); 7.95 (ddd, 1Hs ¢ = 8.0,J5 7= 1.3,J55= 0.7, H-8); 7.97
(m, 2H, Ho-Bz-3); 7.98 (m, 2H, H-Bz-5"); 8.40 (s, 1H, H-2)'*C NMR (125.7 MHz,
DMSO-dg): 40.10 ((CH)2N); 63.36 (CH-5"; 70.41 (CH-3"); 72.11 (CH-2"); 78.44 (CH-4");
85.92 (CH-1; 98.31 (C-4a); 111.10 (CH-8); 120(C34b); 121.99 (CH-6); 123.19 (CH-5);
125.23 (CH-7); 128.66, 128.85 ([€Bz); 128.92, 128.97, 128.98 (CiHBz); 129.44
(CH-0-Bz-5', Ci-Bz); 129.50 (CHe-Bz-2'); 129.60 (CHx-Bz-3"); 133.79, 134.08, 134.10
(CH-p-Bz); 136.48 (C-8a); 153.51 (CH-2); 156.13 (C-9890.12 (C-4); 164.81 (COPh-2";
165.03 (COPh-3"); 165.63 (COPh-5"). ESI MS m/z. (é): 657 (79) [M+H] 679 (100)
[M+Na]. HR MS (ESI) for GgH33N4O; [M+H]: calcd 657.23438; found 657.23432; for
CsgH32N4O7Na [M+Na]: calcd 679.21632; found 679.21619.

4-Methyl-9-p-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (44a)

Deprotection of43a (80 mg, 0.12 mmol) according to the general praocedE
afforded compound4a (36 mg, 92 %) as white solid. m.p. 212-215 °@}; [25.6(0.21).IR
(ATR): v = 3341, 3253, 1598, 1457, 1433, 1111, 1056, 10692, 994, 749, 739H NMR
(600.1 MHz, DMSOde): 2.95 (s, 3H, Ch); 3.66 (bdt, 1HJgem= 12.0,J51 4= Jsp,on= 4.0, H-
5'b); 3.73 (bdt, 1HJgem= 12.0,J5:3,4= Jsa,0on= 3.3, H-5'a); 3.98 (ddd, 1Hy 5= 4.0, 3.3Js 3
= 3.1, H-4"); 4.23 (dd, 1Hlz »= 5.9,J3 4= 3.1, H-3"); 4.83 (dd, 1H]y 1= 7.2,J» 3= 5.9, H-
2"): 5.22 (bm, 1H, OH-5'); 5.27, 5.31 (2 x bs, 2b, OH-2',3"); 6.47 (dd, 1Hl; »= 7.2,y 5
= 0.4, H-1Y; 7.43 (ddd, 1H5 = 8.0,J67= 7.3,J65 = 1.0, H-6); 7.57 (ddd, 1Hj; 5= 8.3,J7¢
=7.3,J75= 1.2, H-7); 8.04 (ddd, 1Hg; = 8.3,J56 = 1.0,Jg5 = 0.7, H-8); 8.21 (ddd, 1H¢
=8.0,J57=1.2,J55= 0.7, H-5); 8.84 (d, 1HJ = 0.3, H-2).**C NMR (150.9 MHz, DMSO-
de): 22.93 (CH); 61.88 (CH-5'); 70.30 (CH-3"); 70.57 (CH-2'); 85.56 (CH-8).08 (CH-1');
112.32 (C-4a); 112.95 (CH-8); 119.93 (C-4b); 12208-6); 123.07 (CH-5); 127.43 (CH-7);
137.77 (C-8a); 153.82 (CH-2); 154.83 (C-9a); 160(@4). ESI MS m/z (rel. %): 316 (15)
[M+H] 338 (100) [M+Na]. HR MS (ESI) for €H1sN3O4 [M+H]: calcd 316.12918; found
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316.12924; for gH17N30O4Na [M+Na]: calcd 338.11113; found 338.11105. Ar@ahlcd. for
C16H17N3O4 - 0.6 HO : C, 58.92; H, 5.62; N, 12.88. Found C, 58.675128; N, 12.58.

4-Ethyl-9-B-D-ribofuranosyl-9H-pyrimido[4,5-bjindole (44b)

Deprotection of43b (100 mg, 0.16 mmol) according to the general ptoce E
afforded compound4b (39 mg, 76 %) as white solid. m.p 181-183 P, -30.2(0.25). IR
(ATR): v = 3402, 3296, 2986, 1688, 1675, 1659, 1545, 13402, 1243, 1161, 965, 916,
761. 'H NMR (499.8 MHz, DMSQdg): 1.40 (t, 3H,Jic = 7.5, G45CH,); 3.31 (m, 2H,
CHsCHy); 3.66 (ddd, 1HJgem= 11.9,J50,0n= 5.8,Jsp4= 4.0, H-5'b); 3.73 (ddd, 1Hgem=
11.9,J550n= 5.2,J5a4= 3.5, H-5'a); 3.99 (ddd, 1H, 5= 4.0, 3.5,J4 3= 3.1, H-4"); 4.23
(dddd, 1HJ3 »=5.8,J3 0n= 4.8,J3 4= 3.1,J3.1= 0.4, H-3"); 4.84 (ddd, 1Hp 1= 7.2,J2 on=
6.5,J2 3= 5.8, H-2"); 5.18 (d, 1HJon 3= 4.8, OH-3"); 5.21 (dd, 1Hon s = 5.8, 5.2, OH-5;
5.24 (d, 1HJon 2= 6.5, OH-2"); 6.48 (dd, 1Hl;: »= 7.2,J1: 3= 0.4, H-1"); 7.43 (ddd, 1Hg 5
=8.0,J57=7.3,J68 = 1.0, H-6); 7.57 (ddd, 1Hl; s = 8.3,J76 = 7.3,J75 = 1.2, H-7); 8.05
(ddd, 1H,Js7=8.3,J36 = 1.0,J35 = 0.7, H-8); 8.20 (ddd, 1Hps = 8.0,J57=1.2,J55 = 0.7,
H-5); 8.89 (s, 1H, H-2).°C NMR (150.9 MHz, DMSGds): 11.90 CH3CH,); 28.89
(CH3CHy); 61.89 (CH-5"; 70.31 (CH-3"); 70.52 (CH-2"); 85.57 (CH-487.03 (CH-19;
111.53 (C-4a); 113.00 (CH-8); 119.51 (C-4b); 122@B-6); 123.07 (CH-5); 127.42 (CH-7);
137.79 (C-8a); 154.00 (CH-2); 155.01 (C-9a); 164C€34). ESI MS m/z (rel. %): 330 (15)
[M+H] 352 (100) [M+Na]. HR MS (ESI) for GH>oN3O4 [M+H]: calcd 330.14483; found
330.14484; for &H2N30O4Na [M+Na]: calcd 352.12678; found 352.12670. Ar@ahlcd. for
Ci19H24N4O4 - 0.85 CHOH: C, 59.66; H, 6.91; N, 14.02. Found C, 59.866132; N, 13.65.

4-Cyclopropyl-9--D-ribofuranosyl-9H-pyrimido[4,5-blindole (44c)

Deprotection of43c (80 mg, 0.12 mmol) according to the general praoedE
afforded compound4c (37 mg, 89 %) as white solid. m.p. 230-231 °€}; {31.3(0.26).IR
(ATR): v = 3389, 3228, 2185, 2000, 1597, 1085, 1053, 1220,cm". 'H NMR (499.8 MHz,
DMSO-dg): 1.22-1.36 (m, 4H, CHcyclopropyl); 2.92 (tt, 1H,J,c = 8.0, 4.7, CH-
cyclopropyl); 3.66, 3.73 (2 x bd, 2 x 2B}en= 11.7, H-5'); 3.98 (td, 1Hly 5= 3.8,J4 3= 3.0,
H-4"; 4.23 (dd, 1HJ3 2= 5.9,J3 4= 3.0, H-3"); 4.83 (dd, 1H, 1= 7.3,J2> 3= 5.9, H-2"); 5.22
(bs, 3H, OH-2',3'5"; 6.46 (d, 1H; »= 7.3, H-1"); 7.42 (ddd, 1H 5= 8.0,J57= 7.3,J68 =
1.0, H-6); 7.56 (ddd, 1H}; 5= 8.3,J76= 7.3,J75= 1.2, H-7); 8.03 (ddd, 1Hg ;= 8.3,Js6 =
1.0,Jg5= 0.7, H-8); 8.42 (ddd, 1Hls = 8.0,J57= 1.2,J5 = 0.7, H-5); 8.77 (d, 1HJ = 0.2,
H-2). *C NMR (12.57 MHz, DMSQdg): 10.98, 11.03 (CHcyclopropyl); 14.97 (CH-
cyclopropyl); 61.89 (CH5"); 70.30 (CH-3"); 70.51 (CH-2"); 85.55 (CH-487.07 (CH-1";
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111.86 (C-4a); 112.95 (CH-8); 119.86 (C-4b); 1230HB-6); 122.77 (CH-5); 127.25 (CH-7);
137.76 (C-8a); 154.04 (CH-2); 154.63 (C-9a); 164874). ESI MS m/z (rel. %): 342 (15)
[M+H] 364 (100) [M+Na]. HR MS (ESI) for €H2oN3O, [M+H]: calcd 342.14483; found
342.14486; for ggH19N3OsNa [M+Na]: calcd 364.12678; found 364.12668. Ar@hlcd for
Ci1sH19N30,4 -1.8 HO: C, 57.84 %; H, 6.09 %; N, 11.24 % Found.C, 5284, 6.12 %; N,
11.20 %.

4-(N,N-Dimethylamino)-9-p-D-ribofuranosyl-9H-pyrimido[4,5-blindole (44d)

Deprotection of 43c (80 mg, 0.12 mmol) according to the general pracede
afforded compound4d (37 mg, 88 %) as white solid. m.p. 98-101 °@}p[-28.5 (¢ 0.29). IR
(ATR): v = 3279, 3243, 1580, 1556, 1113, 1070, 1043,'F48IMR (499.8 MHz, DMSO-
de): 3.24 (s, 6H, (CH)2N); 3.64 (bdd, 1HJgem= 11.6,J514= 4.0, H-5'b); 3.72 (bdd, 1Hlgem
=11.6,J554= 3.2, H-5'a); 3.96 (ddd, 1H, 5= 4.0, 3.2J4 3= 3.1, H-4); 4.21 (dd, 1Hl3 »=
5.9,J3 4= 3.1, H-3"; 4.84 (dd, 1H], ;= 7.3,J> 3= 5.9, H-2"; 5.21 (bs, 2H, OH-2'3"; 5.35
(bs, 1H, OH-5Y; 6.42 (d, 1H; »= 7.3, H-1'); 7.34 (ddd, 1Hs 5= 8.0,J7= 7.3,J68 = 1.1,
H-6); 7.43 (ddd, 1HJ);5=8.1,J;6=7.3,J;5= 1.3, H-7); 7.91 (ddd, 1Hg;=8.1,Jg6= 1.1,
Jgs5 = 0.5, H-8); 7.95 (ddd, 1Hls¢ = 8.0,J57 = 1.3,J55 = 0.5, H-5); 8.43 (s, 1H, H-2}°C
NMR (125.7 MHz, DMSOdg): 40.12 ((CH),N); 62.04 (CH-5'); 70.41 (CH-3'); 70.66
(CH-2"); 85.53 (CH-4"); 87.28 (CH-1"); 98.19 (C-44)12.20 (CH-8); 120.03 (C-4b); 121.45
(CH-6); 122.94 (CH-5); 125.12 (CH-7); 136.49 (C:8H3.22 (CH-2); 156.33 (C-9a); 160.25
(C-4).ESI MS m/z (rel. %): 345 (100) [M+H] 367 (79M+Na]. HR MS (ESI) for
Ci17H21N4O4 [M+H]: calcd 345.15573; found 345.15577. Anal. €hlfor G/H2oN4O4: C,
56.35 %; H, 6.12 %; N, 15.46 %. Found C, 56.22 %6181 %; N, 15.33 %.

4-(N-Methylamino)-9-p-D-ribofuranosyl-9H-pyrimido[4,5-b]indole (46)

Nucleoside46 was prepared in analogy to literature procedtir&minonucleosid&7
(2100 mg, 0.32 mmol) was dissolved in DMA (5 ml) avidl (0.2 ml, 0.62 mmol) was added.
The reaction mixture was stirred overnight at pdured into diethylether and precipitated
hydroiodide45 was filtered out and dried under vacuum. IR (ATR} 3397, 3302, 2985,
1667, 1502, 1462, 1411, 1243, 1119, 1034, 966, 7686,'H NMR (500.0 MHz, DMSQdg):
3.70 (ddd, 1HJgem= 11.8,J5,0n= 5.1,J5p4= 3.9, H-5'b); 3.73 (ddd, 1Hgem= 11.8,J53,01=
5.1,J5a24= 3.2, H-5'a); 3.89 (s, 3H, G{ 4.00 (ddd, 1HJ, 5= 3.9, 3.2J4 3= 2.8, H-4'); 4.21
(ddd, 1H,J3 »=5.7,J3 0n= 4.9,J3 4= 2.8, H-3"); 4.69 (ddd, 1Hy ;.= 7.5,J2 0n= 6.6,J2 3=
5.7, H-2"): 5.19 (t, 1HJon,5= 5.1, OH-5"); 5.28 (d, 1Hlon 3= 4.9, OH-3"); 5.29 (d, 1Hlon »
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= 6.6, OH-2); 6.44 (d, 1Hly = 7.5, H-1"); 7.51 (ddd, 1Hls5= 7.7,Js7= 7.3,Js8 = 1.0, H-
6); 7.57 (ddd, 1HJ}; 5= 8.3,J76= 7.3,J75 = 1.2, H-7); 8.22 (d, 1HJs7 = 8.3, H-8); 8.62 (d,
1H, Js = 7.7, H-5); 8.88 (s, 1H, H-2); 8.94 (bs, 2H, NH’C NMR (125.7 MHz, DMSO-
ds): 38.21 (CH); 61.62 (CH-5'); 70.08 (CH-3'); 71.03 (CH-2"); 86.07 (CH-8).08 (CH-1";
95.58 (C-4a); 114.21 (CH-8); 119.26 (C-4b); 121(8H-5); 123.21 (CH-6); 126.88 (CH-7):
136.37 (C-8a); 149.87 (CH-2); 151.11 (C-4); 15AB82a).ESI MS m/z (rel. %): 331 (100)
[M+H]. HR MS (ESI) for GgH1904N4M+H]: calcd 331.14008; found 331.14006.

Crude hydroiodide sa#t5 was dissolved in 1M NaOH (5ml) and heated to 10Gdr
1.5 hr. Reaction mixture was cooled to r.t., fégrand the filtrate was neutralized with 2M
HCI. The product crystallized from solution afteéarsding at 4 °C for 48 hours. Filtration
furnished desired compourdd (66 mg, 64 %) as white crystals. m.p. 242-244[%];-61.8
(0.14).IR (ATR): v = 3395,3119,2261,1626,1608,1576,1027,1011,999, 740 cm™. 'H
NMR (600.1 MHz, DMSOde): 3.10 (d, 3H,Jiic = 4.6, CHN); 3.63 (bddd, 1HJgem= 11.8,
Jsb,on= 6.6,J5p4= 3.8, H-5'b); 3.71 (bddd, 1Hgem= 11.8,J53,0n= 4.8,J5a4= 3.8, H-5'a);
3.96 (td, 1H sy 5= 3.8,J4.3= 2.9, H-4"); 4.19 (dd, 1Hlz » = 5.7,J3 4= 2.9, H-3"); 4.83 (bdd,
1H, 3 1= 7.3,12 3= 5.7, H-2"); 5.15, 5.20 (2 % bs, 2 x 1H, OH-2,,8%7 (bdd, 1HJon sb=
6.6, 4.8, OH-5"; 6.35 (d, 1H; »= 7.3, H-1"; 7.29 (bq, 1H}i. = 4.6, NH); 7.32 (ddd, 1H,
Jo5=7.9,J57=7.2,d68= 1.0, H-6); 7.40 (ddd, 1H; = 8.3,J76= 7.2,J;5= 1.2, H-7); 7.84
(ddd, 1H,Js7=8.3,J36 = 1.0,J55 = 0.6, H-8); 8.35 (ddd, 1Hps = 7.9,J57= 1.2,J55 = 0.6,
H-5); 8.39 (d, 1H>J = 0.4, H-2).3C NMR (150.9 MHz, DMSQdg): 28.05 (CHN); 62.14
(CH,-5"; 70.56 (CH-3"; 70.83 (CH-2"; 85.60 (CH-8)7.31 (CH-1"; 96.38 (C-4a); 111.79
(CH-8); 119.96 (C-4b); 121.18 (CH-5,6); 124.84 (@)i-136.09 (C-8a); 154.51 (C-9a);
154.53 (CH-2); 157.14 (C-4). ESI MS m/z (rel. %813(100) [M+H]. HR MS (ESI) for
C16H1004N4[M+H]: calcd 331.14008; found 331.14005. Anal. Gafor CgH1sN4O4 - 1 HO:
C, 55.17 %; H, 5.79 %; N, 16.08 %. Found C, 55.234/6.71 %; N, 16.02 %.

N,N-dimethyl-N"-(9--D-ribofuranosyl-9H-pyrimido[4,5-blindol-4-yl)methanamidine
(47)

POCE (32 ul, 0.32 mmol) was mixed with an ice-cooled DMF (® end stirred for
30 min. at r.t., then, solution of nucleos&ié(100 mg, 0.32 mmol) in DMF (2 ml) was added
and the reaction mixture was stirred overnight.atThe reaction mixture was neutralized
with saturated NaHC§) solvents were evaporated and crude material waBea by column
chromatography on silica (DCM/MeOH 10:1) to obtaucleosided7 (40 mg, 34 %) as white
solid. *H NMR (500.0 MHz, DMSOde): 3.24 (d, 3H*J = 0.4, CHN); 3.26 (d, 3H*J = 0.6,
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CH;sN); 3.66 (ddd, 1HJgem= 11.9,J5b 01= 6.3,J5.4= 3.9, H-5'b); 3.73 (ddd, 1Hgem= 11.9,
Jsaon= 4.8,J5a4= 3.5, H-5'a); 3.99 (ddd, 1H, 5= 3.9, 3.5)4 3= 2.6, H-4"); 4.22 (bdd, 1H,
J3.2= 5.4,J3.4= 2.6, H-3): 4.87 (bm, 1H, H-2"); 5.20 (bs, 1H, @H; 5.27 (bd, 1HJon 2=
4.9, OH-2; 5.43 (bdd, 1Hoh 5= 6.3, 4.8, OH-5"); 6.37 (d, 1Hy »= 7.2, H-1"); 7.33 (ddd,
1H,Js5=7.7,367= 7.2,J68 = 1.0, H-6); 7.43 (ddd, 1H; g = 8.3,J76= 7.2,J75= 1.3, H-7);
7.85 (ddd, 1HJs 7= 8.3,Js6 = 1.0,Jg5 = 0.6, H-8); 8.38 (ddd, 1Hss= 7.7,J57 = 1.3,J58 =
0.6, H-5); 8.52 (s, 1H, H-2); 9.05 (m, 1] = 0.6, 0.4, HC=N)*C NMR (125.7 MHz,
DMSO-dg): 34.99, 40.89 ((CH)2N); 62.13 (CH-5); 70.57 (CH-3); 70.80 (CH-2); 85.59
(CH-4"); 87.36 (CH-1"); 104.56 (C-4a); 111.78 (CH-B21.18 (C-4b); 121.45 (CH-6); 123.16
(CH-5); 125.74 (CH-7); 137.23 (C-8a); 153.93 (CH-256.33 (C-9a); 157.29 (CH=N);
161.56 (C-4). ESI MS m/z (rel. %): 372 (100) [M+HiR MS (ESI) for GgH2204Ns [M+H]:
calcd 372.16720; found 372.16726.

5.7 Synthesis of thienopyrrolopyrimidine nucleoside
4-Chloro-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (48)

Compound48 was prepared in analogy to literature conditin$etrazole57 (750
mg, 3.2 mmol) and 1,4-dibromobenzene (4 g) werdeldeto 180 °C for 35 min. Crude
mixture was purified by HPFC (500 ml hexane, thénr30 % ethyl-acetate in hexane).
Compoun8 (345 mg, 52 %) was obtained as white powder. 888-240 °C, IR (ATR)v
= 3028,2948,2865,1615,1596,1501,1468,1430,1315,1265,1230,1107,1068,917, 840,
162.*H NMR (500.0 MHz, DMSQdg): 7.39 (d, 1HJ76 = 5.2, H-7); 7.96 (d, 1HJs7 = 5.2,
H-6); 8.67 (s, 1H, H-2); 13.02 (bs, 1H, NHJC NMR (125.7 MHz, DMSQd): 111.89 (C-
4a); 112.12 (C-4b); 112.92 (CH-7); 132.43 (CH-&)355 (C-7a); 147.89 (C-4); 151.08 (CH-
2); 156.20 (C-8a). APCI MS m/z (rel%): 209 (100)4M]. HR MS (APCI) for GHsN3CIS
[M+H]: calcd 209.98872; found 209.98875.

4-Chloro-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (49) and4-chloro-8H-thieno
[3',4"4,5]pyrrolo[2,3- d]pyrimidine (50)

Compound49 was prepared in analogy to literature conditidtiBetrazole63 (200
mg, 0.84 mmol)) was dissolved in TFA (20 ml) anidratl at r.t under irradiation by 4W UV
bulb for 24 h. UV bulb was placed inside the flagkh the reaction mixture. Solvent was
evaporated and crude material containing compod@dmnd50 in ratio 2:1 (determined by
NMR) was purified by HPFC (40 g silica cartridgeadient hexane/EtOAc, 20-30 % of
EtOAC) to obtain tricyclic baset9 (98 mg, 56 %) an80 (32 mg, 18 %) as white solids.
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Characterization 049: m.p. 258-261 °C. IR (ATR} =3047,2931,2861,2804,2663,
1607,1568,1499,1470,1425,1313,1267,1229,1107,1071,917, 835, 783,635.'H NMR
(500.0 MHz, DMSOs): 7.41 (d, 1HJs5 = 5.3, H-6); 7.50 (d, 1HJs¢ = 5.3, H-5); 8.65 (s,
1H, H-2); 13.23 (bs, 1H, NH)**C NMR (125.7 MHz, DMSQdg): 111.11 (C-4a); 118.01
(CH-5); 119.59 (C-4b); 121.46 (CH-6); 142.54 (C:7B)8.48 (C-4); 150.69 (CH-2); 156.69
(C-8a). APCI MS m/z (rel%): 209 (100) [M+H]. HR M@&PCI) for GHsN3CIS [M+H]:
calcd 209.98872; found 209.98874.

Characterization ob60: m.p. 215-217 °C. IR (ATR)y = 2931, 2861, 1602, 1560,
1503, 1440, 1368, 1238, 1197, 1158, 793, 749, HONMR (500.0 MHz, DMSQdg): 7.16
(d, 1H,Js7 = 2.4, H-5); 8.04 (d, 1H};5 = 2.4, H-7); 8.62 (s, 1H, H-2); 12.08 (bs, 1H, NH)
13C NMR (125.7 MHz, DMSGdg): 97.45 (CH-5); 109.38 (C-4a); 116.34 (CH-7); B26(C-
4b); 141.00 (C-7a); 149.69 (C-4); 154.79 (CH-2)4D2 (C-8a). APCI MS m/z (rel%): 209
(100) [M+H]. HR MS (APCI) for GHsNsCIS [M+H]: calcd 209.98872; found 209.98871.

5-lodo-4,6-bis(thiophen-2-yl)pyrimidine (51) and 4,6-tri(thiophen-2-yl)pyrimidine (52)

4,6-dichloro-5-iodopyrimidine (100 mg, 0.36 mmotjdaPdC}(PPh). (25 mg, 0.036
mmol) were dissolved in DMF (5 ml) and 2-(tributgsnyl)thiophene (202 mg, 0.54 mmol)
was added and the reaction mixture was stirred @ €r 1 hour. Solvent was evaporated
under reduced pressure and crude reaction mixtase amalyzed by HPLC/ESI. Only 4,6-
disubstitutedb1 and trisubstitute®2 products were observed. ESI M8 51 m/z (rel%): 371
(12) [M+H]; 393 (100) [M+Na]. ESI MSor 52 m/z (rel%): 327 (100) [M+H].

Tetramethylpiperidinylzinc complex with magnesium dloride and lithium chloride (53)

Zinc complex53 was prepared according to literature procedtir@ry and argon-
flushed sealed-flask was filled withPrMgCI-LiCl (1.3 M in THF) (5.0 ml, 7.5 mmol) and
2,2,6,6-dimethylpiperidine (1.48 ml, 7.88 mmol) wadded dropwise and the reaction was
stirred overnight at r.t. for 32 hours until gasolesion stopped. Formed solution of
TMP-MgCI-LiCl was added dropwise to zinc chlori®@®@ mg, 3.75 mmol) and the reaction
was stirred at r.t. for 12 hours to give zinc coexd@3, which was used directly to the next

step.

Bis(4,6-dichloropyrimidin-5-yl)zinc (54)

Organozinc specie54 was prepared according to modified literature pdore!®®

4,6-dichloropyrimidine (8 g, 53.4 mmol) was dissadvin THF (20 ml) and added dropwise
into an ice-cooled solution of (TMZ&n-MgCb-LiCl 53 in THF (0.35 M, 85 ml, 29.8 mmol)
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and the reaction mixture was stirred at 0 °C fdrolr, then let to warm to r.t. for one hour
and used directly in the next step. Conversiorhis teaction was determined by NMR from
small sample of the reaction mixture, which wasngphed by deuterium oxide.

4,6-Dichloro-5-(thiophen-2-yl)pyrimidine (55)

Zincated pyrimidines4 was prepared as described above from 4,6-dichjoiroline (1.0 g,
6.7 mmol). Solution of 2-iodothiophene (0.74 ml7 énmol) and Pd(PR), (775 mg, 0.67
mmol) in THF (3 ml), which was pre-stirred at far 20 min., was added to a solution of
zincated pyrimidiné4 and stirred at 65 ° for 16 hrs. After that, solveras evaporated under
reduced pressure and crude mixture was purifieHBFC (0-1 % ethyl-acetate in hexane) to
obtain55 (950 mg, 62 %) as white solid. m.p. 174-175 ¥&.NMR (499.8 MHz, CDGJ):
7.16 (dd, 1H,J34 = 3.6,J35 = 1.3, H-3-thienyl); 7.18 (dd, 1HlL5 = 5.0,Js3 = 3.6, H-4-
thienyl); 7.58 (dd, 1HJs 4 = 5.0,J53 = 1.3, H-5-thienyl); 8.77 (s, 1H, H-2Y)C NMR (125.7
MHz, CDCk): 127.32 (CH-4-thienyl); 128.32 (C-5); 128.54 (Gkthienyl); 129.97 (CH-3-
thienyl); 131.86 (C-2-thienyl); 156.90 (CH-2); 162.(C-4,6).MS

4-azido-6-chloro-5-(thiophen-2-yl)pyrimidine (56)

Compounds6 was prepared in analogy to modified literatureditons’ from 55 (900 mg,

3.9 mmol), which was dissolved in DMF (10 ml), Na{254 mg, 3.9 mmol) and LiCl (163
mg, 3.9 mmol) were added and the reaction mixtuas stirred overnight. Solvent was co-
evaporated several times with toluene, dissolvedtinyl-acetate and extracted with water.
Organic layer was evaporated several times withettd and crude material was purified by
column chromatography on silica (hexane/EtOAc 6gsired product6 (845 mg, 92 %)
was obtained as yellow solid and according to NMf &R spectra is present in form of
tetrazoles7; m.p. 78-79 °C. IR (ATR)v = 3388, 3074, 2145 (weak), 1577, 1505, 1399, 1324,
1182, 1086, 967, 898, 794, 763, 633, 584.NMR (500.0 MHz, DMSOdg): 7.39 (dd, 1H,
Ja5=5.1,J43= 3.8, H-4-thienyl); 8.04 (dd, 1Hg4=5.1,J53= 1.2, H-

5-thienyl); 8.48 (dd, 1HJs3 4= 3.8,J35 = 1.2, H-3-thienyl); 10.14 (s, lH,N,N\N N\
H-2). NTNFs

HN™O
N-formyltetrazolo[1,5-a]Jthieno[2,3-d]pyridine-9-carboxamide (58) o7 H

The crude reaction mixture containing tetraZzslen DMF was irradiated by UV lamp
for 24 h at r.t. Solvent was evaporated and crudéenal was purified by HPFC on silica

(gradient 20-40 % EtOAc in hexane) to gi5@ (14 mg) as the only isolated compoufid.
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NMR (500.0 MHz, DMSQdg): 7.69 (dd, 1HJs7 = 5.8,Js5 = 0.5, H-6); 8.12 (dd, 1Hl; 6 =
5.8,J;5 = 0.5, H-6); 9.40 (d, 1H) = 9.5, CHO); 10.35 (t, 1HJs¢ = Js7 = 0.5, H-5); 11.46
(bd, 1H,J =9.5, NH).**C NMR (125.7 MHz, DMSQd): 107.45 (C-5a); 121.05 (CH-6);
126.20 (CH-5); 133.53 (C-9); 136.70 (CH-7); 145(@59a); 150.55 (C-8a); 162.50 (CO);
162.92 (CHO). ESI MS m/z (rel%): 270 (100) [M+N&]R MS (ESI) for GHsNsO.SNa
[M+Na]: calcd 270.00620; found 270.00580.

4-chloro-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8 H-thieno[2',3":4,5]pyrrolo[2,3-
d]pyrimidine (59)

Tricyclic base48 (250 mg; 1.2 mmol) was dissolved in MeCN (30 nmiyl &8SA (295ul, 1.2
mmol) was added. Reaction mixture was heated aCaor 30 minutes, then, TMSOTf (538
ul, 2.98 mmol) and 1-acetyl-2,3,5-tri©O-benzoylf-D-ribofuranose (1.2 g, 2.4 mmol) were
added. Mixture was heated to 60 °C for 12 hourgerA€ooling to r.t., the mixture was
extracted with EtOAc and water, organic layer wasshed with NaHC@and again with
water, dried over MgS£and evaporated under reduced pressure. Crudeqgineds purified
using column chromatography (hexane/EtOAc, 15-3&t®@Ac). Nucleosideb9 (486 mg,
62 %) was obtained as white crystals. m.p. 165-X68IR (ATR): v = 1728, 1604, 1542,
1495, 1455, 1432, 1271, 1239, 1185, 1126, 11140,10971, 1028, 1003, 973, 824, 719, 708.
'H NMR (500.0 MHz, DMSQdp): 4.72 (dd, 1HJgem= 12.3,Jsp.4 = 4.7, H-30); 4.83 (dd, 1H,
Jgem = 12.3,J5a.24 = 3.3, H-3a); 4.92 (ddd, 1HJ)s 3= 5.9,ds 5= 4.7, 3.3, H-4"); 6.25 (dd, 1H,
Jg 2= 6.5,J3 4= 5.9, H-3); 6.47 (dd, 1Hl, 3= 6.5,J> 1= 5.1, H-2); 6.95 (d, 1H}; »= 5.1,
H-1%; 7.41, 7.49, 7.50 (3 x m, 3 x 2H,Bz); 7.62, 7.67, 7.68 (3 x m, 3 x 1H,pBz);
7.77 (d, 1HJ; 6= 5.3, H-7); 7.82, 7.93, 7.99 (3 x m, 3 x 2HpHBZ); 8.00 (d, 1HJs 7= 5.3,
H-6); 8.67 (s, 1H, H-2)**C NMR (125.7 MHz, DMSQdg): 63.44 (CH-5'); 70.48 (CH-3");
72.57 (CH-2"; 79.16 (CH-4"); 86.84 (CH-1"); 112.@2-4a); 113.22 (C-4b); 113.23 (CH-7);
128.48, 128.79 (CBz); 128.94, 129.00 (CHxrBz); 129.35 (G-Bz); 129.37, 129.50, 129.63
(CH-0-Bz); 133.12 (CH-6); 133.79, 134.11, 134.17 (PBz); 143.46 (C-7a); 148.57 (C-4);
151.25 (CH-2); 155.11 (C-8a); 164.68, 164.99, 1B%E0-Bz). ESI MS m/z (rel%): 654 (24)
[M+H]; 676 (100) [M+Na]. HR MS (ESI) for &H2sN3z0;S [M+H]: calcd 654.10962; found
654.10989.
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4-(Furan-2-yl)-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-
thieno[2‘,3":4,5]pyrrolo[2,3- d]pyrimidine (60a)

Nucleoside60a was prepared according to the general procedufer@®ected nucleosids9
(200 mg, 0.31 mmol) and 2-(tributylstannyl)furar8{img, 0.37 mmol) were used. Desired
product60a (175 mg, 84 %) was obtained as yellowish powdep. h10-113 °CH NMR
(600.1 MHz, DMSO+de): 4.72 (dd, 1HJgem = 12.3,Js4 = 4.7, H-8b); 4.82 (dd, 1HJgem =
12.3,J5a4 = 3.3, H-8a); 4.91 (ddd, 1HJ), 3= 5.9,J45= 4.7, 3.3, H-4"); 6.28 (dd, 1Hg »
6.5,J3 4= 5.9, H-3"); 6.51 (dd, 1Hl 3= 6.5,J» 1= 5.2, H-2"); 6.87 (dd, 1Hl; 3= 3.5,J45 =
1.7, H-4-furyl); 6.96 (d, 1HJ;: »= 5.2, H-1"); 7.41 (m, 2H, Wr-Bz); 7.47-7.53 (m, 5H, H-3-
furyl, H-mBz); 7.61, 7.65, 7.68 (3 xm, 3 x 1H,#4Bz); 7.71 (d, 1HJ; 6 = 5.4, H-7); 7.82
(m, 2H, Ho-Bz); 7.88 (d, 1HJs 7 = 5.4, H-6); 7.95, 7.99 (2 x m, 2 x 2H,d4Bz); 8.23 (dd,
1H, Js4 = 1.7,Js53 = 0.8, H-5-furyl); 8.78 (s, 1H, H-2}3C NMR (150.9 MHz, DMSQu):
63.54 (CH-5"; 70.54 (CH-3"); 72.41 (CH-2"); 78.93 (CH-436.44 (CH-1"; 107.95 (C-4a);
112.98 (CH-7); 113.14 (CH-3-furyl); 113.30 (CH-4¥0); 115.16 (C-4b); 128.50, 128.82 (C-
i-Bz); 128.92, 128.98 (CH+Bz); 129.40 (CHe-Bz, C4i-Bz); 129.48, 129.62 (Cla-Bz);
132.01 (CH-6); 133.75, 134.11, 134.14 (@HBz); 143.20 (C-7a); 144.31 (C-4); 146.59 (CH-
5-furyl); 151.58 (CH-2); 152.21 (C-2-furyl); 156.2C-8a); 164.70, 165.01, 165.62 (CO-Bz).
ESI MS m/z (rel%): 686 (100) [M+H]; 708 (78) [M+NaHR MS (ESI) for GgH2sN30sS
[M+H]: calcd 686.15916; found 686.15943; fogsl,/N3OsSNa [M+Na]: calcd 708.14111;
found 708.14121.

4-(Furan-3-yl)-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-
thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (60b)

Nucleoside60b was prepared accroding to the general proceduiréected nucleosids9
(350 mg, 0.53 mmol) and furan-3-boronic acid (99 thg mmol) were used. Desired product
60b (301 mg, 82 %) was obtained as white powder. 147-149 °C. IR (ATR)v = 2934,
2862, 1724, 1605, 1563, 1551, 1454, 1262, 10930,10027, 707'*H NMR (500.0 MHz,
DMSO-<ds): 4.73 (dd, 1HJgem = 12.3,J51,4 = 4.8, H-3b); 4.83 (dd, 1HJgem = 12.3,J504 =
3.3, H-Ba); 4.91 (ddd, 1HJ4 3=5.9,J45=4.7, 3.3, H-4"); 6.28 (dd, 1Hz »= 6.5,J3 4= 5.9,
H-3"; 6.52 (dd, 1HJ, 3= 6.5,J 1= 5.2, H-2); 6.98 (d, 1H}; »= 5.2, H-1); 7.24 (dd, 1H,
Ja5=1.9,J,,= 0.9, H-4-furyl); 7.41, 7.50, 7.51 (3 x m, 3 x 2Hm-Bz); 7.61, 7.66, 7.68 (3
xm, 3 x 1H, Hp-Bz); 7.77 (d, 1H);6 = 5.3, H-7); 7.83 (m, 2H, l-Bz); 7.90 (d, 1HJs7 =
5.3, H-6); 7.96, 8.00 (2 x m, 2 x 2H,%Bz); 8.02 (dd, 1HJ5 4= 1.9,J5, = 1.5, H-5-furyl);
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8.59 (dd, 1H,Jo5 = 1.5,J,4 = 0.9, H-2-furyl); 8.82 (s, 1H, H-2)*C NMR (125.7 MHz,
DMSO-dg): 63.50 (CH-5'); 70.53 (CH-3"); 72.38 (CH-2); 78.93 (CH-486.50 (CH-1");
109.40 (CH-4-furyl); 110.46 (C-4a); 113.14 (CH-7)13.95 (C-4b); 125.03 (C-3-furyl);
128.46, 128.79 (G-Bz); 128.87, 128.88, 128.93 (Qi-Bz); 129.35 (CHe-Bz); 129.38 (C-
Bz); 129.44, 129.57 (Cl8-Bz); 130.80 (CH-6); 133.70, 134.05, 134.08 (PiBz); 143.08
(C-7a); 143.98 (CH-2-furyl); 145.34 (CH-5-furyl)48.61 (C-4); 151.63 (CH-2); 155.73 (C-
8a); 164.65, 164.97, 165.57 (CO-Bz). ESI MS m/4%)e 686 (13) [M+H]; 708 (100)
[M+Na]. HR MS (ESI) for GgH2gN30sS [M+H]: calcd 686.15916; found 686.15937.

4-(Benzofuran-2-yl)-8-(2,3,5-triO-benzoyl$-D-ribofuranosyl)-8H-thieno[2',3":4,5]
pyrrolo[2,3-d]pyrimidine (60e)

NucleosidesOewas prepared accroding to general procedure Ae€texl nucleosidg9 (350
mg, 0.53 mmol) and benzofurane-3-boronic acid (%8 1.1 mmol) were used. Desired
product60e (341 mg, 87 %) was obtained as white powder. d2@-125 °CIR (ATR): v =
2933, 2862, 1724, 1605, 1563, 1552, 1495, 1454414264, 1093, 1070, 1028, 70H
NMR (500.0 MHz, DMSO¢dg): 4.74 (dd, 1HJgem = 12.3,J5p4 = 4.8, H-3b); 4.84 (dd, 1H,
Jgem = 12.3,J5,4 = 3.3, H-3a); 4.93 (ddd, 1HJs 3= 5.9,dsa 5= 4.7, 3.3, H-4"); 6.29 (dd, 1H,
Jz3 2= 6.5,J34= 5.9, H-3'); 6.53 (dd, 1Hly 3= 6.5,J2 1= 5.2, H-2'); 6.99 (d, 1H};: »= 5.2,
H-1"); 7.38-7.44 (m, 3H, H-5-benzofuryl, M-Bz); 7.47-7.56 (m, 5H, H-6-benzofuryl, k-
Bz); 7.61, 7.65, 7.68 (3 xm, 3 x 1H,p4Bz); 7.75 (d, 1HJ);6= 5.4, H-7); 7.80-7.89 (m, 4H,
H-4,7-benzofuryl, He-Bz); 7.92 (d, 1HJ; 7 = 1.0, H-3-benzofuryl); 7.94-7.98 (m, 3H, H-6,
H-0-Bz); 8.00 (m, 2H, He-Bz); 8.87 (s, 1H, H-2)}*C NMR (125.7 MHz, DMSQdg): 63.53
(CHx-5); 70.55 (CH-3"); 72.43 (CH-2"); 78.99 (CH-4%6.51 (CH-1'); 108.53 (CH-3-
benzofuryl); 109.31 (C-4a); 111.64 (CH-7-benzofyrgll3.09 (CH-7); 115.30 (C-4b); 122.89
(CH-4-benzofuryl); 124.30 (CH-5-benzofuryl); 127.G8H-6-benzofuryl); 127.87 (C-3a-
benzofuryl); 128.50, 128.81 (icBz); 128.90, 128.96 (CH+Bz); 129.38, 129.47, 129.60 (C-
i-Bz, CH-0-Bz); 132.83 (CH-6); 133.72, 134.08, 134.11 (@iBz); 143.70 (C-7a); 144.12
(C-4); 151.55 (CH-2); 153.67 (C-2-benzofuryl); 155.(C-7a-benzofuryl); 156.46 (C-8a);
164.70, 165.01, 165.60 (CO-Bz). ESI MS m/z (rel786 (14) [M+H]; 758 (100) [M+Na].
HR MS (ESI) for GoH3oN3OsS [M+H]: calcd 736.17481; found 736.17504.
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4-Methyl-8-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[ 2, 3-
d]pyrimidine (60h)

Compounds0h was prepared as described 4&a from 59 (300 mg, 0.46 mmol). Nucleoside
60h (252 mg, 87 %) was obtained as white solid. m§9-171 °CIR (ATR): v = 2927, 1729,
1456, 1435, 1261, 1134, 1121, 1090, 1042, ABNMR (500.0 MHz, DMSQCds): 2.74 (s,
3H, CHs); 4.71 (dd, 1HJgem= 12.2,J54 = 4.7, H-3b); 4.81 (dd, 1HJgem= 12.2,J524 = 3.3,
H-5'a); 4.90 (ddd, 1HJ)y 3= 5.8,J45= 4.7, 3.3, H-4'); 6.25 (dd, 1Hg > = 6.5,J3 4= 5.8, H-
3"); 6.50 (dd, 1HJ, 3= 6.5,J, 1= 5.3, H-2"); 6.92 (d, 1H};: »= 5.3, H-1); 7.41, 7.50 (2 x m,
6H, Hm-Bz); 7.61, 7.67, 7.68 (3 x m, 3 x 1H,#4Bz); 7.71 (d, 1HJ; 6= 5.3, H-7); 7.82 (m,
2H, H-0-Bz); 7.88 (d, 1HJs 7= 5.3, H-6); 7.95, 7.99 (2 x m, 2 x 2H,d4Bz); 8.69 (s, 1H, H-
2). ®*C NMR (125.7 MHz, DMSGdg): 22.22 (CH); 63.51 (CH-5'); 70.55 (CH-3'); 72.33
(CH-2"; 78.90 (CH-4"); 86.40 (CH-1"); 113.00 (Ch-713.11 (C-4a); 114.40 (C-4b); 128.45,
128.80 (Ci-Bz); 128.90, 128.95 (Ch+Bz); 129.38 (CHe-Bz); 129.39 (G-Bz); 129.44,
129.58 (CHe-Bz); 131.15 (CH-6); 133.72, 134.07, 134.11 (piBz); 142.03 (C-7a); 151.65
(CH-2); 154.60 (C-8a); 156.89 (C-4); 164.64, 164.985.58 (CO-Bz). ESI MS m/z (rel%):
634 (71) [M+H]; 656 (100) [M+Na]. HR MS (ESI) for s¢H.6N:0;S [M+H]: calcd
634.16425; found 634.16453; fors4E,sN30;SNa [M+Na]: calcd 656.14619; found:
656.14633.

4-N,N-Dimethylamino-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-
thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (60i)

Compound60i was prepared in the same mannerdad from 59 (300 mg, 0.46 mmol).
Nucleoside60i (235 mg, 78 %) was obtained as white solid. m45-148 °C.*"H NMR
(500.0 MHz, DMSOdg): 3.42 (s, 6H, (Ch)2N); 4.70 (dd, 1HJgem = 12.2,J5p4 = 4.8, H-30);
4.78 (dd, 1HJgem = 12.2,J55,4 = 3.3, H-Ba); 4.85 (ddd, 1HJs 3= 5.5,Js 5= 4.8, 3.3, H-4");
6.22 (dd, 1HJ3 > = 6.3,J3 4= 5.5, H-3"); 6.43 (dd, 1H], 3= 6.3,J2.1:= 5.4, H-2"); 6.93 (d,
1H, J1»= 5.4, H-1); 7.41, 7.49, 7.51 (3 x m, 3 x 2HMHBz); 7.52 (d, 1HJs 7 = 5.4, H-6);
7.56 (d, 1HJ; 6 = 5.4, H-7); 7.61, 7.67, 7.68 (3 x m, 3 x 1HpHBz); 7.82, 7.97, 7.98 (3 x
m, 3 x 2H, He-Bz); 8.22 (s, 1H, H-2)**C NMR (125.7 MHz, DMSQdg): 38.94 ((CH)N);
63.67 (CH-5"; 70.58 (CH-3"); 72.29 (CH-2"); 78.72 (CH-486.27 (CH-1"); 98.60 (C-4a);
113.01 (CH-7); 116.08 (C-4b); 127.03 (CH-6); 128.3@8.82 (C-Bz); 128.93, 128.95,
128.97 (CHm-Bz); 129.43 (O-Bz); 129.44, 129.47, 129.58 (C#iBz); 133.77, 134.08,
134.13 (CHp-Bz); 138.76 (C-7a); 151.52 (CH-2); 155.17 (C-84%6.30 (C-4); 164.67,
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165.00, 165.64 (CO-Bz). ESI MS m/z (rel%): 663 (P@y-H]; 685 (100) [M+Na]. HR MS
(ESI) for GgH3:N4O;S [M+H]: calcd 663.19080; found 663.19101.

4-(Furan-2-yl)-8-(-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (61a)

Deprotection of60a (150 mg, 0.22 mmol) according to the general ptaoe E afforded
compound6la (51 mg, 62 %) as white crystals: m.p. 205-208 [@p -7.0 (c 0.17), IR
(ATR): v = 3294, 1604, 1433, 1126, 6281 NMR (600.1 MHz, DMSQOde): 3.68 (m, 2H, H-
5; 3.99 (td, 1HJy 5= 3.7,J4 3= 2.6, H-4"); 4.19 (ddd, 1Hl3 »=5.5,J3 on= 4.5,J3 4= 2.6,
H-3"; 4.62 (ddd, 1HJ), 1= 7.6,J2 0n= 6.7,J2 3= 5.5, H-2"); 5.17 (t, 1HJons= 5.2, OH-5";
5.21 (d, 1HJon 3= 4.5, OH-3"); 5.31 (d, 1HJon > = 6.7, OH-2); 6.46 (d, 1H}; »= 7.6, H-
1'); 6.87 (dd, 1HJ)s3 = 3.5,d45 = 1.7, H-4-furyl); 7.50 (dd, 1HJs54 = 3.5,J35 = 0.8, H-3-
furyl); 7.76 (d, 1HJ; 6= 5.3, H-7); 7.90 (d, 1H)s 7= 5.3, H-6); 8.23 (dd, 1H 4= 1.7,J53=
0.8, H-5-furyl); 8.84 (s, 1H, H-2)*C NMR (150.9 MHz, DMSQdg): 61.86 (CH-5'); 70.49
(CH-3"); 71.88 (CH-2"; 85.70 (CH-4"); 86.50 (CH:1107.46 (C-4a); 112.82 (CH-3-furyl);
113.22 (CH-4-furyl); 114.31 (CH-7); 115.10 (C-41)81.37 (CH-6); 142.82 (C-7a); 143.99
(C-4); 146.37 (CH-5-furyl); 151.48 (CH-2); 152.438-@-furyl); 156.76 (C-8a). ESI MS m/z
(rel%): 396 (100) [M+Na]. HR MS (ESI) for 1&H16N3OsS [M+H]: calcd 374.08052; found
374.08064; for &/H1sN3OsSNa [M+Na]: calcd 396.06246; found 396.06255.

4-(Furan-3-yl)-8-(B-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (61b)

Deprotection of60b (280 mg, 0.41 mmol) according to the general ptaoe E afforded
compound6lb (107 mg, 70 %) as white crystals: m.p. 190 °C dgzo [a]p -15.6 (c 0.25).
IR (ATR): v = 3068, 1590, 1574, 1564, 1496, 1435, 1345, 13264, 1159, 1129, 1076,
1055, 877, 786, 731, 59tH NMR (500.0 MHz, DMSOdg): 3.68 (dd, 2HJs. on= 5.3,J5.4 =
3.7, H-5"; 4.00 (td, 1H)y 5= 3.7,J4 3= 2.4, H-4"); 4.19 (ddd, 1Hg »= 5.5,J3 ou= 4.5,J3 4

= 2.4, H-3"); 4.60 (ddd, 1Hly 1= 7.6, ou= 6.6,J>3= 5.5, H-2"); 5.20 (t, 1HJons= 5.3,
OH-5"; 5.23 (d, 1HJon 3= 4.5, OH-3"); 5.32 (d, 1Hlon 2= 6.6, OH-2"); 6.48 (d, 1H];' > =
7.6, H-1'); 7.26 (dd, 1Hl,5= 1.9,J4, = 0.9, H-4-furyl); 7.83 (d, 1H}; 6 = 5.3, H-7); 7.92 (d,
1H, Js.7 = 5.3, H-6); 8.03 (dd, 1Hs 4= 1.9,J5, = 1.5, H-5-furyl); 8.60 (dd, 1Hl,5=1.5,J,4

= 0.9, H-2-furyl); 8.88 (s, 1H, H-2}°C NMR (125.7 MHz, DMSGCde): 61.82 (CH-5'"); 70.46
(CH-3"; 71.97 (CH-2"); 85.71 (CH-4"); 86.58 (CH:1109.46 (CH-4-furyl); 109.94 (C-4a);
113.87 (C-4b); 114.50 (CH-7); 125.22 (C-3-furyl30117 (CH-6); 142.68 (C-7a); 143.79
(CH-2-furyl); 145.28 (CH-5-furyl); 148.19 (C-4); 155 (CH-2); 156.31 (C-8a). ESI MS m/z
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(rel%): 396 (100) [M+Na]. HR MS (ESI) for 1&H16N3O0sS [M+H]: calcd 374.08052; found
374.08063.

4-(Benzofuran-2-yl)-8-@-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine
(6le)

Nucleoside60e (260 mg, 0.35 mmol) was deprotected accordingh® general
procedure E to obtaiéle (101 mg, 68 %) as yellowish crystals: m.p. 82-86 [t]p -35.8 (c
0.26), IR (ATR):v = 3324, 3087, 2947, 1562, 1492, 1454, 1430, 13423, 1080, 1052,
1034, 976, 831, 792, 739, 715, 658, 5F8.NMR (500.0 MHz, DMSQd): 3.68, 3.71 (2 x
ddd, 2 x 1H,Jgem = 11.8,J5.0n= 5.3,J54 = 3.6, H-5Y); 4.01 (td, 1HJ)s 5= 3.6,Js3 = 2.4,
H-4"); 4.20 (ddd, 1HJ3 »= 5.5,J3 on= 4.5,J3 4= 2.4, H-3"); 4.64 (ddd, 1H 1= 7.6,J2 on=
6.6,J» 3= 5.5, H-2"); 5.20 (t, 1HJon 5= 5.3, OH-5"; 5.24 (d, 1Hlon 3= 4.5, OH-3); 5.36 (d,
1H, Jon 2= 6.6, OH-2"; 6.50 (d, 1Hl;: »= 7.6, H-1); 7.41 (ddd, 1Hls 4= 7.9,J56= 7.2,J57
= 1.0, H-5-benzofuryl); 7.54 (ddd, 17 = 8.4,J65 = 7.2,Js.4 = 1.3, H-6-benzofuryl); 7.82
(d, 1H,J;6 = 5.4, H-7); 7.87 (ddd, 1Hl5 = 7.9,d46 = 1.3,J47 = 1.0, H-4-benzofuryl); 7.89
(dq, 1H,J 6 = 8.4,373 = J;4 = J75 = 1.0, H-7-benzofuryl); 7.92 (d, 1Hz7 = 1.0, H-3-
benzofuryl); 7.99 (d, 1H)s7 = 5.4, H-6); 8.94 (s, 1H, H-2J°C NMR (125.7 MHz, DMSO-
de): 61.83 (CH-5'); 70.47 (CH-3'"); 71.91 (CH-2'); 85.74 (CH-8B.58 (CH-1'); 108.24 (CH-
3-benzofuryl); 108.81 (C-4a); 111.63 (CH-7-benzgliyrll4.42 (CH-7); 115.23 (C-4b);
122.82 (CH-4-benzofuryl); 124.26 (CH-5-benzofuryli26.89 (CH-6-benzofuryl); 127.91 (C-
3a-benzofuryl); 132.22 (CH-6); 143.33 (C-7a); 143(C-4); 151.49 (CH-2); 153.92 (C-2-
benzofuryl); 155.28 (C-7a-benzofuryl); 157.02 (Q-&SI MS m/z (rel%): 424 (15) [M+H];
446 (100) [M+Na]. HR MS (ESI) for £HigN3OsS [M+H]: calcd 424.09617; found
424.09618.

4-Methyl-8-(p-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (61h)

Deprotection of60h (220 mg, 0.35 mmol) according to the general ptaoe E afforded
compound61h (91 mg, 82 %) as white crystals: m.p. 150-153 [WQp -40.5 (c 0.20). IR
(ATR): v = 3287, 3088, 2933, 1602, 1560, 1488, 1437, 13392, 1204, 1127, 1111, 1080,
1050, 981, 887, 723, 668, 593, 538. NMR (600.1 MHz, DMSQCde): 2.76 (s, 3H, Ch);
3.64, 3.67 (2 x ddd, 2 x 1Hgem= 11.8,J5 0n= 5.2,J5 4= 3.6, H-5%; 3.97 (td, 1Hls 5= 3.6,
Jy 3= 2.4, H-4"); 4.16 (ddd, 1Hg »= 5.5,J3.0n= 4.5,J3 4= 2.4, H-3"); 4.59 (ddd, 1Hl ;-=
7.6,)0n= 6.7,J23= 5.5, H-2); 5.18 (t, 1HJons = 5.2, OH-5Y; 5.21 (d, 1Hlon 3 = 4.5,
OH-3"); 5.29 (d, 1HJon 2= 6.7, OH-2'); 6.39 (d, 1Hl;: = 7.6, H-1); 7.75 (d, 1H}; 6= 5.2,
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H-7); 7.89 (d, 1HJs7 = 5.2, H-6); 8.75 (s, 1H, H-2}3C NMR (150.9 MHz, DMSQde):
22.23 (CH); 61.89 (CH-5); 70.54 (CH-3'); 72.00 (CH-2"); 85.67 (CH-486.55 (CH-1Y);
112.60 (C-4a); 114.29 (C-4b); 114.10 (CH-7); 130GH#-6); 141.69 (C-7a); 151.59 (CH-2);
155.15 (C-8a); 156.38 (C-4). ESI MS m/z (rel%): 322) [M+H)]; 344 (100) [M+Na]. HR
MS (ESI) for G4H14N304S [M+H]: calcd 322.08560; found 322.08576.

4-(Dimethylamino)-8-(3-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine
(611)

Deprotection of60i (220 mg, 0.33 mmol) according to the general place E afforded
compound6li (57 mg, 49 %) as white crystals: m.p. 200-204 [®p -47.9 (c 0.28)IR
(ATR): v = 3257, 2932, 1580, 1548, 1505, 1420, 1402, 13327, 1100, 1075, 1041, 719,
587.'H NMR (500.0 MHz, DMSQde): 3.43 (s, 6H, (Ch)-N); 3.64 (bm, 2H, H-5; 3.93 (td,
1H, Jy 5= 3.7,J4 3= 2.5, H-4"); 4.13 (dd, 1Hl3 »=5.7,J3 4= 2.5, H-3"); 4.56 (dd, 1Hl, ;=
7.4,3,3=5.7, H-2"; 5.16, 5.21 (2 x bs, 2 x 1H, OH-2,,3'5 (bt, 1HJons = 5.1, OH-5);
6.33 (d, 1HJy »= 7.4, H-1); 7.55 (d, 1HJs7 = 5.4, H-6); 7.58 (d, 1H};¢ = 5.4, H-7); 8.23
(s, 1H, H-2).1°C NMR (125.7 MHz, DMSQdg): 39.23 ((CH).N); 62.24 (CH-5"); 70.79
(CH-3"); 72.10 (CH-2"; 85.74 (CH-4"; 87.13 (CH:198.51 (C-4a); 114.51 (CH-7); 116.01
(C-4b); 126.72 (CH-6); 138.94 (C-7a); 151.48 (CH155.81 (C-8a); 156.58 (C-4). ESI MS
m/z (rel%): 351 (47) [M+H]; 373 (100) [M+Na]. HR ME&SI) for GsHi1oN4O4sS [M+H]:
calcd 351.11215; found 351.11228.

4-Amino-8-(B-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (61))

Compound6lj was prepared as described & from 59 (200 mg, 0.31 mmol). The
crude product was purified by RP-HPFC (gradientewatethanol 10-100 %). Nucleosifi2
(74 mg, 75 %) was obtained as white powder. milp. Z decomp.fja]p -28.2 (c 0.22). IR
(ATR): v = 3349, 3250, 3120, 2929, 2875, 1581, 1549, 14880, 1129, 1090, 1053, 1027,
716, 659."H NMR (600.1 MHz, DMSQds): 3.61 (ddd, 1HJgem = 11.9,J5.04 = 5.9,J5p.4 =
3.6, H-8b); 3.65 (ddd, 1HJgem = 11.9,J50.01 = 5.0,J5a4 = 3.6, H-3a); 3.93 (td, 1HJa5 =
3.6,Jy3 = 2.5, H-4); 4.13 (ddd, 1HJ3 > = 5.5,J3.04 = 4.5,J3.4 = 2.5, H-3); 4.60 (ddd, 1H,
Jp1=7.5,Jr0n=6.8,J23=5.5, H-2); 513 (d, IHJon 3 = 4.5, OH-3); 5.21 (d, IHJon 2 =
6.8, OH-2): 5.28 (dd, 1HJons = 5.9, 5.0, OH-5; 6.26 (d, 1HJy» = 7.5, H-1); 7.11 (bs,
2H, NH,); 7.54 (d, 1HJ;6 = 5.2, H-7); 7.62 (d, 1HJs7 = 5.2, H-6); 8.16 (s, 1H, H-2]°C
NMR (150.9 MHz, DMSOdg): 62.04 (CH-5'); 70.63 (CH-3); 71.88 (CH-2; 85.47 (CH-4);
87.02 (CH-1); 97.37 (C-4a); 113.24 (CH-7); 114.17 (C-4b); 1®7(CH-6); 139.08 (C-7a);
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152.25 (CH-2); 155.14 (C-8a); 155.89 (C-4). ESI M& (rel%): 323 (23) [M+H]; 345 (100)
[M+Na]. HR MS (ESI) for GsH1sN4O,SNa [M+Na]: calcd 345.06280; found 345.06304.

4-Methoxy-8-(-D-ribofuranosyl)-8H-thieno[2',3":4,5]pyrrolo[2,3-d]pyrimidine (61k)

Nucleoside39 (280 mg, 0.43 mmol) was suspended in methanoh{Btnd sodium
methoxide (46 mg, 0.85 mmol) was added. The reactixture was stirred overnight at r.t.,
then, solvent was evaporated and crude materialpaaBed by RP-HPFC chromatography
(gradient water/methanol 10-100 %). Nucleostd& (95 mg, 66 %) was obtained as white
powder. m.p. 139-141 °C.a]p -54.3 (c 0.14), IR (ATR)y = 3246, 2932, 1582, 1548, 1439,
1423, 1402, 1343, 1124, 1080, 1054, 1033, #IAMNMR (600.1 MHz, DMSQCds): 3.64, 3.67
(2 x ddd, 2 x 1HJgem = 11.8,J50n= 5.3,J5.4 = 3.6, H-5"; 3.97 (td, 1Hls 5= 3.6, 3= 2.5,
H-4"); 4.14 (s, 3H, CED); 4.16 (ddd, 1HJ3 »= 5.5,J3 o= 4.5,J3 4= 2.5, H-3"); 4.59 (ddd,
1H, Jy 1= 7.5,J2 0n= 6.6,J2 3= 5.5, H-2'); 5.15 (t, 1HJon 5= 5.3, OH-5"); 5.18 (d, 1Hlon 3
= 4.5, OH-3"); 5.27 (d, 1Hlon 2= 6.6, OH-2"; 6.36 (d, 1Hl;: »= 7.5, H-1"); 7.69 (d, 1H}; 6
= 5.2, H-7); 7.77 (d, 1HJs7 = 5.2, H-6); 8.53 (s, 1H, H-2J°C NMR (150.9 MHz, DMSO-
ds): 54.16 (CHO); 61.88 (CH-5); 70.51 (CH-3'); 72.06 (CH-2"); 85.63 (CH-486.92
(CH-1%; 99.77 (C-4a); 113.24 (C-4b); 114.10 (CH-129.19 (CH-6); 140.60 (C-7a); 151.36
(CH-2); 156.48 (C-8a); 161.04 (C-4). ESI MS m/2%¥ 360 (100) [M+Na]. HR MS (ESI)
for C14H15sN30sSNa [M+Na]: calcd 360.06246; found 360.06256.

4-(Methylsulfanyl)-8-(p-D-ribofuranosyl)-thieno[2',3":4,5]pyrrolo[2,3-d]py rimidine (61l)

Nucleoside39 (150 mg, 0.23 mmol) was suspended in methanol fil0 and sodium
thiomethoxide (32 mg, 0.46 mmol) was added. Theti@a mixture was stirred overnight at
r.t., then, solvent was evaporated and crude nahtesias purified by RP-HPFC
chromatography (gradient water/methanol 10-100 Rficleoside61l (52 mg, 64 %) was
obtained as white powder. m.p. 150-155 °@]p[-35.3 (c 0.22). IR (ATR)y = 3076, 2935,
1575, 1554, 1493, 1432, 1124, 1054, 978, 965, 328,"H NMR (500.0 MHz, DMSCdy):
2.76 (s, 3H, ChB); 3.66 (bd, 2HJs 4 = 3.6, H-5Y); 3.97 (td, 1H]y 5= 3.6,J4 3= 2.4, H-4");
4.17 (dd, 1HJ3 2= 5.5,J3 4= 2.4, H-3"); 4.58 (dd, 1Hl, ;.= 7.5,J» 3= 5.5, H-2'); 5.10-5.40
(bm, 3H, OH-2',3',5"); 6.37 (d, 1Ky »= 7.5, H-1"); 7.76 (d, 1H}; 6 = 5.2, H-7); 7.91 (d, 1H,
Js.7 = 5.2, H-6); 8.74 (s, 1H, H-2§3C NMR (125.7 MHz, DMSQdg): 11.69 (CHS):; 61.86
(CH-5"; 70.52 (CH-3"); 72.11 (CH-2"; 85.74 (CH-85.68 (CH-1"; 110.57 (C-4a); 113.67
(C-4b); 114.35 (CH-7); 130.93 (CH-6); 141.06 (C:7E§1.29 (CH-2); 153.21 (C-8a); 158.07
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(C-4). ESI MS m/z (rel%): 376 (100) [M+Na]. HR M&$I) for G4H16N304S, [M+H]: calcd
354.05767; found 354.05778.

4,6-Dichloro-5-(thiophen-3-yl)pyrimidine (62)

Compound62 was prepared in the same mannebasDesired produc62 (890 mg, 58 %)
was obtained as white solid. m.p. 178-180 IRC(ATR): v = 2932, 2862, 1510, 1404, 1326,
813, 774H NMR (600.1 MHz, CDGJ): 7.15 (dd, 1HJs5= 4.9,d42 = 1.4, H-4-thienyl); 7.47
(dd, 1H,J;5 = 3.0,J,4 = 1.4, H-2-thienyl); 7.48 (dd, 1H 4 = 4.9,J5, = 3.0, H-5-thienyl);
8.75 (s, 1H, H-2)*C NMR (150.9 MHz, CDQ): 126.12 (CH-5-thienyl); 126.91 (CH-2-
thienyl); 128.08 (CH-4-thienyl); 129.83 (C-5); 18&.(C-3-thienyl); 156.44 (CH-2); 161.55
(C-4,6). APCI MS m/z (rel%): 231 (100) [M+H]. HR M&PCI) for GHsN,Cl,S [M+H]:
calcd 230.95450; found 230.95456.

4-azido-6-chloro-5-(thiophen-2-yl)pyrimidine (63)

Compoundé3 was prepared according to modified literature @bors™ from 55 (1.1 g, 4.9
mmol), which was dissolved in THF (10 ml), Nal820 mg, 4.9 mmol) and LiCIl (204 mg,
4.9 mmol) were added and the reaction mixture viased for 2 days at r.t. Solvent was
evaporated and crude material was purified by coluochromatography on silica
(hexane/EtOAc 6:1). Desired produgB (1.0 g, 90 %) was obtained as yellow solid and
according to NMR and IR spectra is present maimlgtrazole form. m.p. 85 °@R (ATR): v

= 3390, 3086, 2148 (weak), 1587, 1514, 1406, 13824, 1182, 1086, 978, 898, 816, 794,
763, 633, 504'H NMR (500.0 MHz, DMSQdg): 7.75 (dd, 1HJs5 = 5.1,J45 = 1.3, H-4-
thienyl); 7.82 (dd, 1HJs5 4= 5.1,J5», = 3.0, H-5-thienyl); 8.34 (dd, 1H;5=3.0,J,4= 1.3, H-
2-thienyl); 10.17 (s, 1H, H-2}°C NMR (125.7 MHz, DMSQ8dg): 117.66 (C-5); 126.71 (CH-
5-thienyl); 128.78 (CH-4-thienyl); 129.39 (C-3-thid); 130.22 (CH-2-thienyl); 137.98 (CH-
2); 144.00, 150.95 (C-4,6).

4-Chloro-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8 H-thieno[3',2":4,5]pyrrolo[2,3-
d]pyrimidine (64)

Compounde4 was prepared as desribed for compo&f@drom baset9 (150 mg, 0.7
mmol) and 1©-acetyl-2,3,5-tri©-benzoylf-D-ribofuranose (724 mg, 1.4 mmol). Protected
nucleosideb4 (187 mg, 40 %) was obtained as white solid. mg6-169 °C.*H NMR (500.0
MHz, DMSO<s): 4.72 (dd, 1HJgem = 12.3Js4 = 4.6, H-Bb); 4.84 (dd, 1HJgem = 12.3,
Jsaq = 3.1, H-33); 5.03 (td, 1HJs 5 = 4.6, 3.1,)4 3 = 4.6, H-4); 6.11 (dd, 1HJ3 » = 6.1,J3 4
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= 4.6, H-3); 6.32 (dd, 1HJ)> 3 = 6.1,J»1 = 5.7, H-2); 6.96 (d, 1HJy > = 5.7, H-1); 7.43 (m,
2H, HmMBz); 7.47 (d, 1HJs5 = 5.4, H-6); 7.48, 7.52 (2 x m, 2 x 2H,HBz); 7.53 (d, 1H,
Js6=5.4, H-5); 7.62, 7.66, 7.69 (3 x m, 3 x 1HpHBz); 7.82, 7.95, 7.99 (3 x m, 3 x 2H, H-
0-Bz); 8.66 (s, 1H, H-2)*C NMR (125.7 MHz, DMSQdg): 63.76 (CH-5'); 70.94 (CH-3);
72.53 (CH-2); 79.85 (CH-4); 86.54 (CH-1); 112.08 (C-4a); 117.97 (CH-5); 120.41 (C-4b);
123.39 (CH-6); 128.40, 128.76 ([€Bz); 128.85, 128.90, 128.99 (Gin-Bz); 129.32 (G-
Bz); 129.38, 129.46, 129.58 (C#iBz); 133.73, 134.12 (Clg-Bz); 140.99 (C-7a); 149.15
(C-4); 150.91 (CH-2); 155.64 (C-8a); 164.58, 164.965.59 (CO-Bz). ESI MS m/z (rel%):
676 (100) [M+Na]. HR MS (ESI) for £H2sN3O;CISNa [M+Na]: calcd 676.09157; found
676.09181.

4-(2-Furyl) -8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-
d]pyrimidine (65a)

Compound65a was prepared according to general procedure B fpootected
nucleoside64 (200 mg, 0.31 mmol) and 2-(tributylstannyl)furab3{ mg, 0.38 mmol).
Protected nucleosidgba (140 mg, 67 %) was obtained as white solid. mJgl-118 °C. IR
(ATR): v = 2933, 2862, 1722, 1605, 1562, 1446, 1435, 12864, 1134, 1110, 1091, 1055,
1029, 708, 687-H NMR (500.0 MHz, DMSQde): 4.73 (dd, 1HJgem= 12.4,J5 4 = 4.7, H-
5'b); 4.84 (dd, 1H)gem= 12.4,J5a4 = 3.1, H-3a); 5.02 (td, 1H)y5 = 4.7, 3.1)4 3 = 4.7, H-
4"): 6.13 (dd, 1HJz» = 6.1,J3.4 = 4.7, H-3); 6.33 (dd, 1H,), 3 = 6.1,J».1 = 5.9, H-2): 6.84
(dd, 1H,J43=3.5,J45= 1.7, H-4-furyl); 7.00 (d, 1H}; » = 5.9, H-1); 7.40 (d, 1HJs 5= 5.4,
H-6); 7.42 (m, 2H, HnBz); 7.47 — 7.56 (m, 5H, H-3-furyl, If+Bz); 7.62, 7.65, 7.70 (3 x m,
3 x 1H, Hp-Bz); 7.81 (m, 2H, H-Bz); 7.93 (d, 1HJs5 = 5.4, H-5); 7.99-8.02 (m, 4H, b
Bz); 8.24 (dd, 1HJs4 = 1.7,J53 = 0.8, H-5-furyl); 8.76 (s, 1H, H-2}°C NMR (125.7 MHz,
DMSO-): 63.84 (CH-5); 70.92 (CH-3; 72.15 (CH-2; 79.51 (CH-4; 85.94 (CH-J);
107.30 (C-4a); 112.99 (CH-4-furyl); 113.63 (CH-3yf); 121.21 (CH-6); 121.61 (CH-5);
121.71 (C-4b); 128.39, 128. 80 (Bz); 128.91, 128.94, 129.04 (CinBz); 129.41 (C-
Bz); 129.48, 129.62 (Cle-Bz); 133.76, 134.16 (Ci-Bz); 140.83 (C-7a); 145.22 (C-4);
146.86 (CH-5-furyl); 151.21 (CH-2); 152.36 (C-2¥0r 156.98 (C-8a); 164.60, 164.96,
165.67 (CO-Bz). ESI MS m/z (rel%): 686 (45) [M+H]08 (100) [M+Na]. HR MS (ESI) for
CsgH28N30sS [M+H]: calcd 686.15916; found 686.15935.
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4-(3-Furyl) -8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-
d]pyrimidine (65b)

Compound65b was prepared according to the general procedufem protected
nucleosides4 (250 mg, 0.38 mmol) and furan-3-boronic acid (8, ;76 mmol). Nucleoside
65b containing 30 % of inpurities (312 mg, 83 %) wddained as yellow solid and was
directly deprotectedeSI MS m/z (rel%): 686 (19) [M+H]; 708 (100) [M+NaHR MS (ESI)
for CagH27N30sSNa [M+Na]: calcd 708.14111; found 708.14120.

4-(2-Benzofuryl)-8-(2,3,5-tri-O-benzoyl$-D-ribofuranosyl)-8H-thieno[3',2":4,5]
pyrrolo[2,3-d]pyrimidine (65€)

Compound65e was prepared according to the general procedufeoA protected
nucleoside64 (250 mg, 0.38 mmol) and benzofuran-2-boronic ¢@24 mg, 0.76 mmol).
Nucleosideb5e (228 mg, 82 %) was obtained as yellow solid. mi0-113 °C. IR (ATR)v
= 2965, 2938, 1728, 1603, 1454, 1433, 1290, 1267211070, 1030, 709, 6884 NMR
(500.0 MHz, DMSOde): 4.75 (dd, 1HJgem = 12.4,J50.4 = 4.6, H-3b); 4.86 (dd, 1HJyem =
12.4,J5a4 = 3.1, H-3a); 5.04 (td, 1HJs5 = 4.6, 3.1J43 = 4.6, H-4); 6.15 (dd, 1H,J3 »
6.1,J3 4 = 4.6, H-3); 6.35 (dd, 1HJ> 3 = 6.1,J1 = 5.8, H-2); 7.03 (d, 1HJ; » = 5.8, H-1);
7.39 (ddd, 1HJs 4= 8.0,J56 = 7.3,J5 7 = 1.0, H-5-benzofuryl); 7.42 (m, 2H, M-Bz); 7.45
(d, 1H,Js5 = 5.4, H-6); 7.48-7.55 (m, 5H, H-6-benzofuryl,MBz); 7.62, 7.64, 7.70 (3 x m,
3 x 1H, Hp-Bz); 7.82 (m, 2H, He-Bz); 7.85 (ddd, 1H)s5= 8.0,J46 = 1.3,d47 = 1.0, H-4-
benzofuryl); 7.93 (d, 1HJ); 7 = 1.0, H-3-benzofuryl); 7.98 (dq, 1d;6=8.4,J73=J;4=J75
= 1.0, H-7-benzofuryl); 8.00, 8.01 (2 x m, 2 x 2p-Bz); 8.08 (d, 1H,)5 s = 5.4, H-5); 8.86
(s, 1H, H-2)."*C NMR (125.7 MHz, DMSQdq): 63.88 (CH-5); 70.97 (CH-3; 72.26 (CH-
2); 79.61 (CH-4); 86.08 (CH-1); 108.58 (C-4a); 109.31 (CH-3-benzofuryl); 112 (@H-7-
benzofuryl); 121.55 (C-4b); 121.68 (CH-6); 121.83H(5); 122.76 (CH-4-benzofuryl);
124.21 (CH-5-benzofuryl); 126.82 (CH-6-benzofuryl)27.83 (C-3a-benzofuryl); 128.42,
128.82 (Ci-Bz); 128.94, 128.97, 129.07 (Qid-Bz); 129.42 (G-Bz); 129.50, 129.65 (Cld-
Bz); 133.79, 134.19 (Clg-Bz); 141.60 (C-7a); 145.00 (C-4); 151.19 (CH-253109 (C-2-
benzofuryl); 155.62 (C-7a-benzofuryl); 157.19 (Q;8E64.65, 164.98, 165.70 (CO-BFSI
MS m/z (rel%): 758 (100) [M+Na]. HR MS (ESI) fory£1,90N30gS [M+H]: calcd 736.17481,
found 736.17495.
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4-Methyl-8-(2,3,5-tri-O-benzoylfi-D-ribofuranosyl)-8H-thieno[3',2":4,5] pyrrolo[2,3-
d]pyrimidine (65h)

Compounde5h was prepared as described &@h from protected nucleosid&t (150
mg, 0.23 mmol) and 2M solution of trimethylalumimuin toluene (345ul, 0.69 mmol).
Nucleoside65h (137 mg) was obtained in 90 % purity and was dyedeprotected. ESI MS
m/z (rel%): 634 (18) [M+H]; 656 (100) [M+Na]. HR ME&SI) for GsH2sN30;S [M+H]:
calcd 634.16425; found 634.16474.

4-N,N-dimethylamino-8-(2,3,5-tri-O-benzoylf-D-ribofuranosyl)-8 H-thieno[3',2":4,5]
pyrrolo[2,3-d]pyrimidine (65i)

Compound65i was prepared as described &&i from protected nucleosidét (220
mg, 0.34 mmol). Nucleosidé5i (190 mg, 85 %) was obtained as white solid. m48-1
151 °C.*™H NMR (500.0 MHz, DMSQde): 3.35 (s, 6H, (Ch)2N); 4.70 (dd, 1HJgem = 12.3,
Jsb.a = 4.6, H-b); 4.81 (dd, 1HJgem= 12.3,J5a4 = 3.1, H-3a); 4.96 (td, 1H)y5 = 4.6, 3.1,
Jyz = 4.6, H-4); 6.09 (dd, 1HJs» = 6.1,J3.4 = 4.6, H-3); 6.26 (t, 1HJ»1 = Jp.3 = 6.1, H-
2); 6.90 (d, 1HJy » = 6.1, H-1); 7.23 (d, 1HJs5 = 5.5, H-6); 7.39-7.44 (m, 3H, H-5, i
Bz); 7.51, 7.52 (2 x m, 2 x 2H, M-Bz); 7.62, 7.678, 7.684 (3 x m, 3 x 1H,p-Bz); 7.81,
7.97, 8.03 (3 x m, 3 x 2H, B-Bz); 8.20 (s, 1H, H-2)*C NMR (125.7 MHz, DMSQd):
39.36 ((CH)2N); 63.91 (CH-5); 70.88 (CH-3; 71.79 (CH-2); 79.17 (CH-4); 85.59 (CH-
1); 97.93 (C-4a); 119.86 (CH-6); 121.21 (CH-5); TR (C-4b); 128.37, 128.79 (GBz);
128.96, 129.04 (ChHir-Bz); 129.46 (G-Bz); 129.49, 129.54, 129.60 (C#iBz); 133.80,
134.15, 134.19 (CH-Bz); 135.17 (C-7a); 151.12 (CH-2); 156.29 (C-8a%7.01 (C-4);
164.59, 164.97, 165.71 (CO-Bz). ESI MS m/z (rel®&g3 (15) [M+H]; 685 (100) [M+Na].
HR MS (ESI) for GeH31N4O7S [M+H]: calcd 663.19080; found 663.19088.

4-(2-Furyl)-8-(B-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (66a)

Compoundé5a (140 mg, 0.20 mmol) was deprotected accordindnéogeneral procedure E.
Nucleoside66a (52 mg, 68 %) was obtained as white solid. m.[@2-182 °C, f]p -65.1 (c
0.19). IR (ATR):v = 3242, 2930, 1579, 1548, 1504, 1420, 1401, 18827, 1099, 1041, 719.
'H NMR (500.0 MHz, DMSQde): 3.63, 3.67 (2 x bdd, 2 x 1H4em= 11.5,J5 4 = 5.2, H-5);
3.98 (td, 1H x5 = 5.2,d43 = 2.8, H-4); 4.13 (dd, 1HJs > = 5.4,J3.4 = 2.8, H-3); 4.60 (dd,
1H, 31 = 71,323 = 5.4, H-2); 5.01 (bs, 1H, OH-; 5.35 (bs, 1H, OH-3, 5.49 (bs, 1H,
OH-2); 6.48 (d, 1HJ; > = 7.1, H-1); 6.85 (dd, 1HJ, 3= 3.5,J45 = 1.7, H-4-furyl); 7.43 (d,
1H, Js5 = 5.4, H-6); 7.50 (dd, 1Hl3 4 = 3.5,J35 = 0.8, H-3-furyl); 7.96 (d, 1HJs¢ = 5.4, H-
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5); 8.25 (dd, 1HJs54 = 1.7,J53 = 0.8, H-5-furyl); 8.83 (s, 1H, H-2}C NMR (125.7 MHz,
DMSO-dg): 62.19 (CH-5); 70.76 (CH-3; 71.11 (CH-2); 85.47 (CH-4; 86.45 (CH-1);
106.96 (C-4a); 112.97 (CH-4-furyl); 113.41 (CH-3yf); 121.09 (CH-5); 121.38 (CH-6);
121.41 (C-4b); 140.88 (C-7a); 145.00 (C-4); 14668I-5-furyl); 151.14 (C-2-furyl); 152.55
(CH-2); 157.45 (C-8a). ESI MS m/z (rel%): 396 (10Wi+Na]. HR MS (ESI) for
C17H1sN3OsSNa [M+Na]: calcd 396.06246; found 396.06251.

4-(3-Furyl)- 8-(B-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (66b)

Crude compoun@5b (300 mg, 70 % purity, 0.31 mmol) was deprotectembeding to
the general procedure E. Nucleostib (95 mg, 83 %) was obtained as white crystals. m.p.
192-195 °C,[a]p -1.6 (c 0.19). IR (ATR)y = 3424, 3225, 3161, 1565, 1496, 1453, 1441,
1301, 1261, 1132, 1051, 1016, 878, 817, 795, 653, §96."H NMR (500.0 MHz, DMSO-
de): 3.62, 3.67 (2 x ddd, 2 x 1Hgem= 11.5,J5,0n = 5.5,J5.4 = 5.2, H-5); 3.98 (td, 1HJs 5 =
5.2,J¢3 = 2.8, H-4); 4.12 (ddd, 1HJ3» = 5.5,J3.01 = 4.6,J3.4 = 2.8, H-3); 4.59 (ddd, 1H,
o1 =7.3,d20n=6.3,J»3 =5.5, H-2); 5.04 (t, 1HJon s = 5.5, OH-%); 5.35 (d, 1HJon 3 =
4.6, OH-3); 5.50 (d, 1HJon 2> = 6.3, OH-2); 6.48 (d, 1HJ; > = 7.3, H-1); 7.19 (dd, 1H )45
= 1.9,J42 = 0.9, H-4-furyl); 7.43 (d, 1HJss = 5.4, H-6); 7.62 (d, 1H)s ¢ = 5.4, H-5); 7.96
(dd, 1H,J54 = 1.9,J5, = 1.6, H-5-furyl); 8.57 (dd, 1H}), 5 = 1.6,J,4 = 0.9, H-2-furyl); 8.86
(s, 1H, H-2).1*C NMR (125.7 MHz, DMSGdg): 62.24 (CH-5); 70.82 (CH-3; 71.22 (CH-
2); 85.54 (CH-4; 86.54 (CH-1); 109.79 (C-4a); 110.32 (CH-4-furyl); 119.50 (CH-5
120.69 (C-4b); 121.74 (CH-6); 125.17 (C-3-furyl)40165 (C-7a); 144.42 (CH-2-furyl);
144.90 (CH-5-furyl); 149.34 (C-4); 151.29 (CH-2pB6192 (C-8a). ESI MS m/z (rel%): 396
(100) [M+Na]. HR MS (ESI) for &HisN3OsSNa [M+Na]: calcd 396.06246; found
396.06237.

4-(2-Benzofuryl)-8-@-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine
(66e)

Compounde5ewas deprotected according to the general proceeluNicleosidé6e
(100 mg, 86 %) was obtained as yellowish crysmalg. 118-119 °C,d]p -29.6 (c 0.13). IR
(ATR): v = 3259, 1563, 1494, 1435, 1300, 1276, 1129, 10644, 1025, 794, 744, 644, 599.
'H NMR (500.0 MHz, DMSOQdg): 3.65, 3.69 (2 x ddd, 2 x 1Hgem= 11.5,J5.0n = 5.5,J5.4 =
5.2, H-B); 3.99 (td, 1HJy5 = 5.2,Js3 = 2.8, H-4); 4.14 (ddd, 1HJ3» = 5.3,J3.0n = 4.7,
Jya = 2.8, H-3); 4.62 (ddd, 1HJy 1 = 7.1,d0.04 = 6.3,d.3 = 5.3, H-2); 5.03 (t, 1HJon,5 =
5.5, OH-5); 5.36 (d, 1HJon.z = 4.7, OH-3); 5.52 (d, 1HJon 2 = 6.3, OH-2); 6.52 (d, 1H,
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Jr2=7.1, H-1); 7.40 (ddd, 1HJs54=7.9,J56 = 7.2,J57 = 1.0, H-5-benzofuryl); 7.50 (d, 1H,
Jo.5= 5.4, H-6); 7.52 (ddd, 1H 7 = 8.4,J65= 7.2,J6.4 = 1.3, H-6-benzofuryl); 7.86 (ddd, 1H,
Jas5=7.9,d46=1.3,J47= 1.0, H-4-benzofuryl); 7.95 (d, 1K;7 = 1.0, H-3-benzofuryl); 8.00
(dq, 1H,J76=8.4,J;3=J74=J75= 1.0, H-7-benzofuryl); 8.12 (d, 1Hs¢ = 5.4, H-5); 8.94
(s, 1H, H-2).2*C NMR (125.7 MHz, DMSQdg): 62.18 (CH-5'); 70.77 (CH-3; 71.16 (CH-
2); 85.55 (CH-4); 86.52 (CH-J); 108.22 (C-4a); 109.12 (CH-3-benzofuryl); 112(@H-7-
benzofuryl); 121.27 (C-4b); 121.60 (CH-5,6); 122.f@H-4-benzofuryl); 124.20 (CH-5-
benzofuryl); 126.73 (CH-6-benzofuryl); 127.88 (CH3anzofuryl); 141.64 (C-7a); 144.75 (C-
4); 151.15 (CH-2); 154.19 (C-2-benzofuryl); 155.88 7a-benzofuryl); 157.68 (C-8a). ESI
MS m/z (rel%): 424 (31) [M+H]; 446 (100) [M+Na]. HRS (ESI) for GiH17/N30sS [M+H]:
calcd 423.0889; found 423.0894.

4-Methyl-8-(p-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (66h)

Crude compoun@5h (125 mg, 0.23 mmol) was deprotected accordingnéogeneral
procedure E. Nucleosidg6h (43 mg, 70 %) was obtained as white lyophilizatep. 126-
128 °C, p]p -62.3 (c 0.20). IR (ATR)y = 3524, 3131, 2848, 1608, 1504, 1450, 1402, 1323,
1257, 1113, 1051, 6544 NMR (500.0 MHz, DMSOde): 2.84 (s, 3H, Ch); 3.58-3.67 (bm,
2H, H-5); 3.95 (td, 1HJs5 = 5.1,d43 = 2.8, H-4); 4.11 (dd, 1HJs » = 5.3,J3.4 = 2.8, H-3);
4.56 (dd, 1HJy 1 = 7.2,J23 = 5.3, H-2); 5.01 (bs, 1H, OH-%; 5.34 (bs, 1H, OH-}, 5.47
(bs, 1H, OH-2; 6.41 (d, 1HJy » = 7.2, H-1); 7.42 (d, 1HJs 5= 5.3, H-6); 7.63 (d, 1Hls 6 =
5.3, H-5); 8.73 (s, 1H, H-2}°C NMR (125.7 MHz, DMSGdg): 22.28 (CH); 62.22 (CH-5);
70.80 (CH-3); 71.24 (CH-2); 85.42 (CH-4); 86.42 (CH-1); 112.20 (C-4a); 118.75 (CH-5);
121.52 (C-4b); 121.83 (CH-6); 139.32 (C-7a); 151(25i-2); 155.73 (C-8a); 157.35 (C-4).
ESI MS m/z (rel%): 322 (25) [M+H]; 344 (100) [M+NaHR MS (ESI) for GsH15N30,S
[M+H]: calcd 321.0783; found 321.0789.

4-N,N-dimethylamino-8-(B-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-
d]pyrimidine (66i)

Compound 65i (90 mg, 0.14 mmol) was deprotected according te ¢eneral
procedure E. Nucleosidbi (42 mg, 88 %) was obtained as white crystals. dilg. °C, f]p
-8.5 (c 0.16). IR (ATR)v = 3258, 1583, 1460, 1442, 1420, 1314, 1112, 1083, 646.*H
NMR (500.0 MHz, DMSQdg): 3.34 (s, 6H, (Ch)2N); 3.59, 3.64 (2 x dd, 2 x 1”gem= 11.6,
Js4 = 5.2, H-8); 3.92 (td, 1HJy5 = 5.2,y 3 = 3.0, H-4); 4.08 (dd, 1HJ3» = 5.5,J34 =
3.0, H-3); 4.55 (dd, 1HJ, 1 = 7.1,J» 3 = 5.5, H-2); 5.07, 5.37 (2 x bs, 3H, OH;3,5); 6.35
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(d, 1H,Jy> = 7.1, H-1); 7.27 (d, 1HJs5 = 5.5, H-6); 7.44 (d, 1HJs 6 = 5.5, H-5); 8.23 (s,
1H, H-2).%°C NMR (125.7 MHz, DMSQdq): 39.39 ((CH),N); 62.29 (CH-5); 70.82 (CH-
3"); 71.00 (CH-2); 85.20 (CH-4; 86.80 (CH-1); 97.76 (C-4a); 119.65 (CH-6); 120.88 (CH-
5); 121.53 (C-4b); 135.58 (C-7a); 150.85 (CH-2)6.85 (C-8a); 157.10 (C-4). ESI MS m/z
(rel%): 351 (39) [M+H]; 373 (100) [M+Na]. HR MS (ESfor Ci5H19N4O4S [M+H]: calcd
351.11215; found 351.11223.

4-Amino-8-(B-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (66j)

Compound66j was prepared as described 8% from protected nucleosidé4 (280
mg, 0.42 mmol). Nucleosidgsj (107 mg, 78 %) was obtained as white crystals. 88p°C,
[a]p -24.7 (c 0.15). IR (ATR)v = 3452, 3347, 3073, 2933, 2862, 1723, 1605, 15853,
1263, 1093, 1068, 1028, 70/H NMR (500.0 MHz, DMSQde): 3.58, 3.63 (2 x bdd, 2 x 1H,
Jgem=11.7,J54 = 5.0, H-8); 3.92 (td, 1HJs5 = 5.0,ds 3 = 2.8, H-4); 4.08 (ddd, 1HJ3 » =
5.5,J30n=4.3,J3.4 = 2.8, H-3); 4.55 (ddd, 1HJ> 1 = 7.1,J2 01 = 6.5,J2 3 = 5.5, H-2); 5.08
(bs, 1H, OH-5H; 5.25 (bd, 1HJon 3 = 4.3, OH-3); 5.40 (bd, 1H,Jon 2 = 6.5, OH-2); 6.26 (d,
1H, Jy > = 7.1, H-1); 7.18 (bs, 2H, NB); 7.26 (d, 1HJs 5= 5.3, H-6); 7.82 (d, 1H]s 6 = 5.3,
H-5); 8.16 (s, 1H, H-2)"*C NMR (125.7 MHz, DMSGdg): 62.33 (CH-5); 70.89 (CH-3;
71.22 (CH-2); 85.22 (CH-4); 86.77 (CH-1); 96.80 (C-4a); 118.91 (CH-6); 119.96 (CH-5);
121.48 (C-4b); 135.57 (C-7a); 151.95 (CH-2); 155(898a); 156.19 (C-4). ESI MS m/z
(rel%): 323 (15) [M+H]; 345 (100) [M+Na]. HR MS (ESfor Ci3H1sN4O;S [M+H]: calcd
323.08085; found 323.08091.

4-Methoxy-8-(-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine (66k)

Compound66k was prepared as described @ik from protected nucleosid@4 (130 mg,
0.20 mmol). Nucleosidé6k (43 mg, 65 %) was obtained as white crystals. dbp-160 °C,
[a]p -47.3 (c 0.15, DMSO)R (ATR): v = 3617, 3480, 2951, 1610, 1564, 1443, 1335, 1308,
1205, 1127, 1052, 1023, 975, 635, 662.NMR (500.0 MHz, DMSCOdg): 3.60, 3.64 (2 x
ddd, 2 x 1HJgem= 11.6,J5.0n = 5.6,J54 = 5.1, H-5); 3.95 (td, 1HJs5 = 5.1,d43 = 2.8, H-
4"): 4.10 (dd, 1HJz > = 5.3,J3.0n = 4.7,J3.4 = 2.8, H-3); 4.13 (s, 3H, ChD); 4.55 (dd, 1H,
Jo1 = 7.1,dy01 = 6.4,Jp3 = 5.3, H-2); 5.01 (t, 1HJon 5 = 5.6, OH-5); 5.32 (d, 1HJon 3 =
4.7, OH-3); 5.47 (d, 1HJon 2 = 6.4, OH-2); 6.38 (d, 1HJy > = 7.1, H-1); 7.38 (d, 1HJs5 6 =
5.3, H-5); 7.39 (d, 1HJs 5 = 5.3, H-6); 8.53 (s, 1H, H-2J°C NMR (125.7 MHz, DMSQds):
54.11 (CHO); 62.22 (CH-5); 70.80 (CH-3; 71.29 (CH-2); 85.42 (CH-4; 86.72 (CH-J);
99.35 (C-4a); 118.11 (CH-5); 120.51 (C-4b); 122(0®i-6); 137.53 (C-7a); 151.17 (CH-2);
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157.17 (C-8a); 161.53 (C-4). ESI MS m/z (rel%): 3@M0) [M+Na]. HR MS (ESI) for
C14H1sN3OsSNa [M+Na]: calcd 360.06246; found 360.06254.

4-Methylsulfanyl-8-(B-D-ribofuranosyl)-8H-thieno[3',2":4,5]pyrrolo[2,3-d]pyrimidine
(e6l)

Compound66l was prepared as described & from protected nucleosidg& (80 mg, 0.12
mmol). Nucleosidé6l (33 mg, 90 %) was obtained as white crystals. 14g-152 °C|[a]p
-50.9 (c 0.16)IR (ATR): v = 3305, 1576, 1556, 1497, 1471, 1431, 1321, 12886, 1136,
1094, 1055, 912, 821, 719, 6461 NMR (500.0 MHz, DMSOdg): 2.74 (s, 3H, CkB); 3.61,
3.64 (2 x dd, 2 x 1H)gem= 11.6,J54 = 5.2, H-5); 3.96 (td, 1HJs5 = 5.2,J43 = 2.8, H-4);
4.11 (dd, 1HJ3 > =5.3,J3.4 = 2.8, H-3); 4.55 (dd, 1HJ> ;= 7.1,J, 3 = 5.3, H-2); 4.90-5.70
(bm, 3H, OH-23,5); 6.38 (d, 1HJ; » = 7.1, H-1); 7.43 (d, 1HJs56 = 5.3, H-5); 7.45 (d, 1H,
Js5 = 5.3, H-6); 8.73 (s, 1H, H-2§3C NMR (125.7 MHz, DMSQdg): 11.57 (CHS); 62.19
(CH-5); 70.77 (CH-3; 71.33 (CH-2; 85.49 (CH-4); 86.54 (CH-J); 110.05 (C-4a); 118.07
(CH-5); 120.83 (C-4b); 122.46 (CH-6); 138.67 (C:7E51.00 (CH-2); 153.70 (C-8a); 159.00
(C-4). ESI MS m/z (rel%): 376 (100) [M+Na]. HR M&$I) for G4H16N304S, [M+H]: calcd
354.05767; found 354.05772.

3-lodothiophene

3-lodothiophene was prepared according to modifietature condition$®® Cul (1.75 g,
9.0 mmol) and Nal (55.0 g, 367 mmol) were suspendedtoluene (100 ml) and
dimethoxyethane (30 ml), N,N-dimethylethylenediamine (2 ml, 20 mmol) and
3-bromothiophene (17.3 ml, 184 mmol) were added raadtion mixture was heated to 110
°C for 40 hrs. Volatiles were removed under redymexsure and crude mixture was washed
with hexane (3 x 100 ml). Hexane was evaporategiie 3-iodothiophene (27 g, 70 %) of

NMR pure liquid. NMR spectra are in agreement Witdrature'*°

5.8 X-ray crystallography

The single crystal data were collected at 17@kaid 26) and 180K %8 and 62) on
Xcalibur PX diffractometer with the graphite monomimatized Cy, radiation §=1.54180
A). CrysAlisProCCB®* was used for data collection, cell refinement dath reductiorThe
structures were solved by direct methods (SIE82% and 62) and by charge flipping
(SUPERFLIPY*. They were all refined by full-matrix least-squareased on F with

CRYSTALS™® All non-hydrogen atoms were refined anisotropicallhe hydrogen atoms
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were found on difference Fourier map, but thosachttd to carbon atoms were recalculated

into idealized positions and refined with ridingstraints.
Crystal data for 4 (light brown, 0.18 x 0.22 x 0.58 mm)

C10HsCl:N3, monoclinic, space group2i/c, a = 7.6521(4) Ab = 6.9509(3) Ac =
17.7525(8) A, = 91.496(4)°,V = 943.91(8) R, Z = 4, M = 238.08, 7781 reflections
measured, 1967 independent reflections. Hal0.038,wR = 0.050,GoF = 0.991 for 1773
reflections withl > 25(1) and 137 parameters.

Crystal data for 26 (colourless, 0.13 x 0.28 x 0.64 mim)

Cs6H25C12N30O7, monoclinic, space groupy, a = 6.4327(4) Ab = 17.1451(17) Ac =
14.5954(15) A = 99.062(9)°,V = 1589.6(3) &, Z = 2, M = 682.52, 12428 reflections
measured, 6315 independent reflections. Hal0.065,wR = 0.078,GoF = 1.080 for 4230
reflections withl > 25(1) and 434 parameters, Flack paramgter0.03(3).

Crystal data for 58 (yellow, 0.07 x 0.18 x 0.21 mm)

CoHsNs0,S;, orthorhombic, space grol212:2;, a = 6.1658(3) Ab = 9.2302(4) Ac
= 17.2207(7) AV = 980.05(7) R, Z = 4, M = 247.24, 3601 reflections measured, 1971
independent reflections. Fingl= 0.032,wR = 0.034,GoF = 1.028 for 1893 reflections with
> 20(l) and 156 parameters, Flack paramgte0.013(17).

Crystal data for 62 (colourless, 0.12 x 0.33 x 0.73 nm)

CgH4CI2N,S;, orthorhombic, space grol2:2:2;, a = 6.7583(3) Ap = 7.3412(4) Ac
= 18.8485(8) AV = 935.15(8) R Z = 4, M = 231.10, 8246 reflections measured, 1923
independent reflections. FinBl= 0.058,wR = 0.068,GoF = 0.969 for 1866 reflections with
> 20(l) and 120 parameters, Flack paramgte0.0(3).
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