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ABSTRACT

Pyrrolo[2,3d]pyrimidines and pyrazino[2,8}pyrimidines were synthesised to
investigate their biological activities to eventyglroduce potential new antifolates.
Funtionalised nitroalkenes were successfully addete C5 of 2-thioalkyl-6-amino-
4-oxopyrimidinesvia a Michael reaction. Subsequent cyclisation wasmaptished
by a Nef reaction using a titanium(lll) chloride dmted system. Displacement of
the thioalkyl moiety at C2 was also successfala modified oxidation-substitution
methodology, obtaining crude sulfone by oxidatiatioived by reaction in neat
amine. 6,7-Functionalised pteridines were prepénedhe Isay cyclocondensation.
The thiobenzyl group at C4 of prepared pteridines wffectively displaced by five
different amines without an oxidation step. Micrewaassisted reaction reduced the
reaction times and produced a library of 25 compisun moderate to good yields.
Cytotoxic, antibacterial and antiparasitic actegtiwvere screened for thirty pteridines
and eight 7-deazapurines. In many cases, pterithiaeisg 2-chlorophenyl groups at
C6 and C7 exhibited cell growth inhibition for canmormal cells and bacterial cells.
The majority of compounds had antiparasitic activior T. b. bruceiand four
pyrrolo[2,3d]pyrimidines had encouraging 46 (12.5 ~ 5QuM) depending on the
functional group at the C2 position.

Through a modeling study, a deazaguanine was edlexd an ideal framework to
design potential inhibitors for trypanosomatid [s#es’ pteridine reductase 1 (PTR1).
Two major hydrophobic pockets were found at the &&l C6 positions of a
deazaguanine scaffold. To occupy hydrophobic pascket the active sites of
trypanosomal PTR1, phenethyl and phenyl groups wéreduced at the C5 and C6,
respectively. Six 4-thiobenzyl pyrimidines wereacaynthesised to investigate for
their inhibitory activities for PTR1. Two deazaguss and six pyrimidines were
examined for inhibitory activity foL. majorandT. bruceiPTR1. Two deazaguanines
exhibited 70% inhibition at 1@M for T. bruceibut only less than 30% inhibitory
activities forL. majorwere found. Six pyrimidines showed better inhibyjtactivities
(45 ~ 61%) forL. major PTR1 than the two deazaguanines but lower a@s/i2 ~
38%) were found foll. bruceiPTR1.
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1. INTRODUCTION

This thesis is focused on discovery of new potéatisifolates to produce new drugs

for treatment of cancer, bacterial and parasiseases.

As an introduction of this thesis, coverage of tledlowing will be given:

biochemical background based on folate biosynth€3ection 1.1), strategies for
development of antifolates (Section 1.2), trypamosio diseases, and pteridine
reductase 1 (PTR1) as a main biological targett{@ed.3), synthetic review for
pyrimidine based 6-5 and 6-6 heterocyclic antileda{Section 1.4), and finally, a

project overview (Section 1.5).

1.1. Biochemical outline

In this section, the importance of folic acid iwitig organisms, its biosynthetic
pathway (Section 1.1.1), and enzymes involvingitsynthesis (Section 1.1.2) will
be outlined.

1.1.1. Folic acid and its biosynthesis

Folic acid 1.1 consists of three building blocks: a pterfaminobenzoic acid
(PABA) and glutamic acid (Fig. 1.1).
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Figure 1.1. Structure of folic acid.

Folic acid1.1is biosynthesised and is found in green plantsraitdoorganisms but
it was first discovered when some lactic acid b@téStreptococcus lactiswere
found to require an essential growth factor isalai®em green leavesand other

sources, which was ultimately shown to be foliddciL?

Folate is a generic name of folic acid derivativdammalian cells do not synthesise
folates which are acquired from dietary intake. @eenovobiosynthetic pathway of
pterins and folates is well known (Fig. 1.2). Tldafe biosynthesis pathway is a
particular therapeutic target not only becauserofial biological role of folate but

also mammalian inability of its biosynthesis.

Several microorganisms and higher eukaryotic dedige the ability to synthesise
pterin derivativegle novafrom GTP (guanosine triphosphate), although in mais

a reduced pterin in the form of tetrahydrobiopte,) is formed® The first and
rate-limiting step is catalysed by GTP cyclohydseld (GTP-CH-I). G. Auerbacét
al.* and M. J. Duftoret al> proposed the detailed mechanism.
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Figure 1.2. De novobiosynthesis of pterins and folates. GTP-CH-I (&yelohydrolase 1), DHNA
(dihydroneopterin aldolase), HPPK (hydroxymethyiydiropterin pyrophosphokinase), DHPS
(dihydropteroate synthase), DHFS (dihydrofolatetlsgse), DHFR (dihydrofolate reductase), PTPS
(6-pyruvoyltetrahydropterin synthase), SR (sepiapteductase].

Tetrahydrofolate (THF)L.3 a reduced form of two double bonds of folic acsda
crucial cellular cofactor involved in supplying eoarbon units of three major
metabolic pathways: the biosynthesis of (i) metimen (ii) purines and (iii)
pyrimidines. Pathways (ii) and (iii) are essenf@ DNA generation. For example,
folate in the form of 5,10-methylenetetrahydrofel&t4 is necessary to provide the
methyl group that converts dUMP '{@oxyuridine-5monophosphate)l.5 into
dTMP (2-deoxythymidine-5monophosphate}).6, whose triphosphate derivatives
are used by DNA polymerase to add thymine nuclestitb growing DNA chains

(Fig. 1.3)° All active folate cofactors are found in the tatdro form. They are also



subject to polyglutamation by folypolyglutamate thase (FPGS) activity, whereby
additional glutamate residues are linkad peptide bond formation at the gamma
position” It has been shown that this process is criticalttie cellular retention of

folates as well as enhancing their affinity forafig-dependent enzymes.

From these facts, we know the enzymes which arelved in folate biosynthesis
and metabolism, must be effective targets to make inhibitors. We will look at the

key enzymes involving folate metabolism in thedaling section.

O

o
HN/ﬂt] HN/ﬂt]/Me

| —— » DNA
4l\N | Oél\N

| |
ribP ribP

1.5 Uridylate El 1.6 Thymidylate
0 %
NH Q
<\COOH O)‘\
Q I_N COOH Jj: j/\
HoN

O

COOH
N

HN COOH

\

NADPH+H"*
Glysine

DHFR
SHMT

NADP"

JI ]A fcow

COOCH

Serine

Figure 1.3. The thymidylate synthase-dihydrofolate reductagdec NADPH (nicotinamide adenine
dinucleotide phosphate), DHFR (dihydrofolate redse), SHMT (serine hydroxymethyl transferase),
TS (thymidylate synthasé).



1.1.2. Folate pathway enzymes as drug targets

In this section, brief characteristics of six enmgmnguanosine triphosphate
cyclohydrolase | (GTP-CH-I), dihydroneopterin alae¢ (DHNA), 7,8-dihydro-6-

hydroxymethylpterin pyrophosphokinase (HPPK), dilmpdeorate synthase (DHPS),
dihydrofolate synthase (DHFS) and dihydrofolateuctdse (DHFR) involved in the
biosynthesis of tetrahydrofolic acid (Fig. 1.1) radowith thymidylate synthase (TS),
serine hydroxymethyltransferase (SHMT) and folyWgdbltamate synthase (FPGS)
will be introduced. In a broad sense, all theseym@s are biological targets as
inhibition of any of these can lead to disruptioh folate metabolism which

eventually results in cell death.

1.1.2.1. GTP-CH-I (Guanosine triphosphate cyclohyanase I)

GTP cyclohydrolase | catalyses the conversion oP&T into 7,8-dihydroneopterin
triphosphatel.8 (Fig. 1.4, A). In plants and certain microorganisrtiee enzyme
product serves as the first committed intermediate the biosynthesis of
tetrahydrofolaté€. The structures of the GTP-CH-I frof. coli and humans have
been solved. These studies identified the key odle zinc ion in human and
bacterial GTP-CH-I and provide a mechanisticallyjnptex ring expansion reaction
(Fig. 1.4, B)?

The suggested mechanisms can be explained as $ol(Big. 1.4, B)

(@) The zinc-bound hydroxyl ligand could attack &BGTP, whereas His210
could act as a proton donor for N7 of the substrate

(b) Protonation of the furanose ring oxygen atomHigl43 could assist the
opening of the imidazole ringa transient generation of a Schiff base from
theN-glycoside.

(c) Deprotonation by His143 reforms tNeglycoside.

(d) Displacement of the formamide bond: zinc caitdultaneously polarise the

formamide carbonyl bond and activate a water mdéedor nucelophilic



attack.
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Figure 1.4. A: Conversion of GTP to dihydroneopterine triphosie by GTP-CH-I. B: Hypothetical
reaction mechanism for GTP-CH-I.



(e) Amadori rearrangement involves in the finalgriormation to givel.8 but

detailed mechanisms are unknown.

Although, catalytic mechanisms seem to be ideniitahe E. coli and the human
enzymes, the sequence identity between the twoneesys only 37%. In addition,
superposition of human and bacterial GTP-CH-I iaths that the human enzyme
lacks theN-terminal regiorf. These sufficient structural differences allow s t
consider GTP-CH-I, the first enzyme in folate patlyyas an interesting target so

that to exploit for the design of selective inholog.

1.1.2.2. DHNA (Dihydroneopterin aldolase)
A pyrophosphatase and a phosphatase have been spdopto convert

dihydroneopterin triphosphatk8 into 7,8-dihydroneopterid.9 in two consecutive

steps, but the details are still not fully undeost¢Fig. 1.5):°

o oH o OH
N A~ N -~
HN | S OPPP, —  » HN | j/Y\ on
)\ OH )\ OH

1.8 1.9

O
-~ N CH,OH
Tetrahydrofolate e — HN ~
- |
N
H,N N N
H

1.10

Figure 1.5. Conversion of 7,8-dihydroneopterin9 to 6-hydroxymethyl-7,8-dihydropterid.10 by
DHNA.



Dihydroneopterin aldolase (DHNA) catalyses the @awn of 7,8-dihydroneopterin
1.9 into 6-hydroxymethyl-7,8-dihydropterih.10 (Fig. 1.5). A hypothetical reaction
mechanism is shown in Figure I6A retroaldol displacement of the C-C bond
between C-1and C-2 has been proposed to be the crucial reaction fetegphe

enzyme catalysed reaction.

H A—H

o >9H o
S LT
< o) N 0
H,N N H e

o) <z\'/OH (\OH /
HNl):lj[Nj)p\v

o
H—B
<

/

Figure 1.6.Hypothetical mechanism for retroaldol displacenwit,8-dihydroneopterine.

The crystal structure of DHNA frorstaphylococcus aureuséirst reported by M.
Hennig and coworkers, shows that this enzyme dfigeta as an octamé&ft. The
crystal structure of DHNA complexed with the protdwé the enzyme-catalysed
reaction, 6-hydroxymethyl-7,8-dihydropterinlQ was also reported by M. Hennig
and confirmed the location of the enzyme active’$iDHNA is conserved across

bacterial species and is nonexistent in humans.

However, only limited efforts have been directeddad the design of new DHNA
inhibitors. As a relatively recent result, W. J.n8arset al. reported inhibitors of

DHNA for Staphylococcus aureussing CrystaLEAD X-ray crystallographic high-
throughput screening followed by structure-directgdimisation™® Screening of a

directed library in the enzymatic assay provideeesa hits with 1Go values on the

order of 1uM (Fig. 1.7)13
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Figure 1.7.(A) Three-point hydrogen-bonding motif used in toastruction of a directed library for
enzyme inhibition screening. (B) Inhibitors iderd in an enzyme inhibition assay of a directed
library. IG5 1.11(1.3uM), 1.12(0.6 uM), 1.13(1.0uM), 1.14(1.5uM).

1.1.2.3. HPPK (Hydromethyl-dihydropterin pyrophosphokinase)

HPPK catalyses the transfer of pyrophosphate frdi? fadenosine triphosphate) to
6-hydroxymethyl-7,8-dihydropterii.10 (Fig. 1.8). This enzyme is essential for
microorganisms but absent in mammalian cells. Tie,ddPPK has not been the
target for any existing antibiotics and is therefan attractive target for the
development of novel antibiotics that are urgeméeded to fight the worldwide

antibiotic resistance. The mechanism of HPPK-ca&dypyrophosphoryltransfer and



the crystal structure of tHe coli. HPPK 3D-structure, complexed with one (HPPP, 6-
hydroxymethyl-7,8-dihydropterinpyrophosphatel5 and two product molecules
(HPPP and AMP, adenosine monophosphate) have beently describetf'

TP AMP

(@] A (0]
N CH,OH N CH,OPP;
HN | x HN | X
)\ > )\
HoN N H HoN N H

eek |

1.10 1.15

Figure 1.8.Reaction catalysed by HPPK.

1.1.2.4. DHPS (Dihydropteorate synthase)

DHPS is essential for thde novosynthesis of folate in prokaryotes, in lower
eukaryotes such as protozoa and yeast, and insplBrtPS is absent in mammals.
This enzyme catalyses the condensatiopav-aminobenzoic acid (pABA) with 6-
hydromethyl-7,8-dihydropterinpyrophosphate (HPRP)5 to form pyrophosphate
and 7,8-dihydropteroate 16 (Fig. 1.9)*>

COOH
PABA PP,

o o T
N _ CH,OPP; N
Y'Y 08
N Y N DHPS I N Y N

1.15 1.16

Y

Figure 1.9.Reaction catalysed by DHPS.

The crystallographic structure of DHPS has beemesblin many bacterial species,

including Staphylococcus auretisand Mycobacterium tuberculosig It is the only

1C



enzyme of thede novo folate pathway that is used as a drug target inctimc.
Although this has two substrates: 6-hydromethytdit8/dropterinpyrophosphate
(HPPP) and pABA, currently, only analogs of pABAilfar-based drugl.17 and
1.18), act as competitive inhibitors of DHPS, are uskuically (Fig. 1.10)*

o CH,4 o
I H — I

HoN ﬁ—N \ _0 H,N ﬁ NH,
0 N o)

Sulfamethoxazole 1.17 Dapsone 1.18

Figure 1.10.Two sulfa drugs used in the treatment of mycobadtmfections.

1.1.2.5. DHFS (Dihydrofolate synthase)

DHFS adds the first glutamate residue to fhaminobenzoate component of
dihydropteroatel.16 the product of DHPS catalysis, to form dihydratell.2, the
substrate of DHFR (Fig. 1.11); this reaction is fival step inde novofolate
synthesis. In bacteria, DHFS and FPGS (folypolyaghdte synthase; the enzyme for
adding further glutamate residues to the molecudesivities can be found on the
same or different proteins, depending on the spétihe potential of this enzyme
as a drug target has been demonstrated with theofusmalogs of pteridine in
bacterig?® #* S. Pongsmaret al. tested dihydrofolate, the product of the reaction
catalysed by DHFS, as an inhibitor and reportett388.:M dihydrofolate gave 50%

inhibition against DHFS fror\eisseria gonorrhoea®@

o}

NH

COOH /@Aj\
o] L-Glu o]
ST :
HN)‘j[ j/\u - HN)‘j[ j/\H (\COOH

COOH

1.16 1.2

Figure 1.11.Reaction catalysed by DHFS.
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1.1.2.6. DHFR (Dihydrofolate reductase)

DHFR catalyses the reduction of 7,8-DHRto 5,6,7,8-THFL.3 (Fig. 1.12) and has
a pivotal role in two major folate-based reactiofissynthesis of endogenous THF
1.3 (in microorganisms that can produce foldeenovg and (ii) salvage of oxidised
forms of folate, particularly the recycling of DHFE2 resulting from the synthesis of
dTMP (Section 1.1.1, Fig. 1.3), and from exogensosgrces? The central role of
this enzyme has made it a major target for druceldgvnent against cancer and a

variety of infectious diseases caused by bactpripzoa, and fundt

O

= H

N I N

ﬂ\‘\)‘j[ j/\u (\COOH DHFR HN)‘I j/\u

A X

HNT N7 OON HZN)\N N

COOH
1.2 1.3

0
(\COOH

COOH

Figure 1.12.Reaction catalysed by DHFR.

The recognition of the importance of these enzyaras the routine availability of

protein crystallography led to an explosion of mfi@ation of 3D-structures of

DHFRs from human, protozoal, fungal, and bactexmlrces with numerous ligands
and cofactors bound in their active cenffeSeveral examples of DHFR inhibitors
are introduced in Section 1.2.1 (Fig. 1.14). Charstics of trypanosomatid

parasitic DHFR are presented in Section 1.3.4.2.

1.1.2.7. TS (Thymidylate synthase)

TS catalyses the reductive methylation of dUMP teegdTMP, using 5,10-
methylene tetrahydrofolate as the one-carbon umiiod (Section 1.1.1, Fig. 1.3).
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The TS cycle is the solde novopathway for the synthesis of dTMP. Complete
blocking of TS ultimately leads to “thymineless ttéaMammalian cells can either
synthesise thymidinde novoor salvage it exogenously. However, the demand for
this DNA precursor is so great in rapidly dividicglls that the salvage pathway
cannot supply enough nucleotides, making TS a quaatily vulnerable target in
tumour cells’? Recently approved anticacer drugs as TS inhibaoesintroduced in
Section 1.2.2. (Fig. 1.16 and 1.17)

The TSs studied exhibit striking structural homadsg and so far there are no
appropriate selective inhibitors known for TS frdracteria or protozoa. However,
this situation could alter based on the recentodisy of thymidylate synthase
complementing proteins in a number of bacteria &xdiibit a different kinetic and

molecular mechanism. These new proteins could tegeisting targets for selective

inhibitors?* 2

1.1.2.8. SHMT (Serine hydroxymethyl transferase)

SHMT, a pyridoxal-5phosphate (PLP) requiring enzyme, cleaves th€ bond of
serine to form glycine and formaldehyde and thenmediately transfers
formaldehyde to the coenzyme (THF) to produce BEdkylene-THF1.4 (Fig.
1.13); this provides the primary source of the oadson unit for the THF-dependent
reactions. In the first step of the mechanism fdrP{atalysed ¢Cs; bond
displacement, a basic group at the active sitb@fnhzyme removes a proton from a
hydroxyl group bonded to thgcarbon of serine (Fig. 1.13). This causes the&Cg
bond to be cleaved.
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Figure 1.13.Reaction catalysed by SHMT.

There are about 10 entries in the protein data bank-ray structures of SHMTs
isolated from different bacteria, animals, or MASHMT inhibition is expected to
affect cell growth dramatically due to the decisireée for producing a one-carbon
unit donor, especially because there is a condikeracrease in its activity in
proliferating cells. Thus, human SHMT is consideeethrget for anticancer drugs,

but there are currently no useful potent and sekeathibitors knowrf>

1.1.2.9. FPGS (Folylpolyglutamate synthase)

The polyglutamylation reaction is catalysed by #mezyme FPGS, an MgATP-
dependent enzyme present in all cells. FPGS forowmlex with MgATP, a folate
derivative, and glutamate, in an ordered mannerrelhyethe three substrates are
added sequentialfy. Polyglutamylated forms have been studied extehsiie
mammalian cells and consist of between one andgiutamate residues attached to

the p-aminobenzoate moiety of the folate molecile.

Polyglutamated folates are better substrates thanogilutamated substrates for
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folate-dependent enzymes, exhibiting more efficikinetics and longer retention
times, resulting in an increased concentration iwittells?’ Recognition of the
significance of polyglutamylation for the cytotoiic and theraputic efficacy of
antifolates has led to a drug development strategggents that are both inhibitors
of folate-dependent enzymes and are efficientlyglatamylated?® A representative

example is shown in Section 1.2.2.2 .



1.2. Strategies for development of antifolates

This section reviews the characteristics of meth@tre (MTX) 1.20 as a key
antifolate and the strategies to produce novefa@ates based on overcoming drug
resistance for MTXL.20

1.2.1. Characteristics of methotrexate (MTX)

Aminopterin (AMT 1.19, Fig. 1.14) was the first antifolate used to tqeaients with
lymphoblastic leukemia in 1947 ~ 1948. It was, heere soon displaced by its 10-
methyl analogue, methotrexate (MTX.20 Fig. 1.14), which proved to be
therapeutically superiéf. MTX 1.20is a folate-based drug that primarily inhibits
dihydrofolate reductase to block tetrahydrofolagégeneration from dihydrofolate.
This inhibition induces cytotoxic effects by thetimlate suppression ade novo
biosynthesis of purine nucleotides and thymidyfaté® MTX 1.20 is effectively
transported across the cell membrane by the ubggliy expressed reduced folate
carrier (RFC). Upon entering the cell, MTIX20 undergoes polyglutamylation that

decreases its efflux and enhances inhibitfon.

)\)\/E jﬂ d coon )\/E jﬁ d CCOOH

COOH COOH

AMT 1.19 MTX 1.20

Figure 1.14.Chemical structures of AMI.19and MTX1.20

Since the late 1940s, MTX.20 remains one of the most widely used drugs in

medical oncology for treatment of several typeaficer” It is also used in the
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treatment of inflammatory diseases such as rhetdatthritis?® However, several
causes of cellular resistance against MI20 have been discovered. The major
causes of resistance to MTX20are categorised as follows.

Cause A. Inefficient cellular accumulation:
A-1. Impaired polyglutamylation of MTX1.20 due to alterations in the
expression or function of FP&S
A-2. Overexpression of multidrug-resistance (MDRNngs that encodes efflux
pumps can lead to rapid drug excretion and conselyueeduced exposure of
the target protein (DHFR) to the inhibitor (MTX20>*
A-3. Impaired transport: In murine and human cels$, mutations in the RFC
have been associated with resistance to MT20 by virtue of alterations in the
binding properties of the carrier and/or the maypidif the carrier loaded with its
substrate¥

Cause B. Qualitative and quantitative decreasarwfifig affinity of MTX 1.20 due

to overexpression and mutation of DHER

To overcome resistance to MTX2(Q, a great deal of effort has been put into the

development of novel antifolates.

1.2.2. Strategies for development of new antifolate

This section will review different approaches tovelep novel antifolates with

examples.

1.2.2.1. Multi-targeted strategy (Strategy A)

As described above, in folate pathway, there aeeiip enzymes for each stage and

all these enzymes can be an effective drug taiges fact means that the multi-
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targeted strategy can be a solution to overcome kdsistance mainly derived from
cause B (Section 1.2.1). The multi-target strategry be divided into two different
approaches.

Strategy A-1. Combination therapy
Combination therapy has been developed on the tdmebasis that a cell might
overcome inhibition of a single enzyme but not aculate sufficient changes to

become resistant to a combination of compoundsinthéiit several enzyme$.

A major advantage of combination therapy is thataty enable mutual protection of
one inhibition mechanism by the other thereby editem the useful therapeutic life
of the compounds involved.In many cases, the development of antifolatesnagai
malaria and bacteria is based on the combinatiori3H-R inhibitors and sulfur-
based drugs as DHPS inhibitors. Although sulfurebdadrugs are weak antimicrobial
agents on their own, they substantially increaseatttivity of the DHFR inhibitors,
and are therefore used as a component of the lat¢ifoombinatior® Fansidar™
(pyrimethamine-sulfadoxine), Metakelfin® (pyrimethime-sulfalene) and Lapdap®
(chlorproguanil-dapsone) are well known as comlppmadrugs for treatment of
malaria (Fig. 1.15).
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Figure 1.15.Examples of combinational drugs for treatment ofama.

Strategy A-2. Single-agent multi-targeted strategy

The other approach in multi-targeted strategy isigusa single agent having
inhibitory ability toward more than one target emas. Pemetrexed (Alimta®, Fig 1.
16) 1.25is a representative drug fulfilling the single-agenulti-targeted strategy.
Although pemetrexed.25is considered to be primarily an inhibitor of TiEcan
also inhibit other enzymes including DHFR. The comopd was developed by Eli
Lilly and approved in February 2004 by the FDA (B@nd Drug Administration) as
the first treatment of malignant pleural mesothekp a condition usually associated

with asbestos exposufe.
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Figure 1.16.An example for a single-agent multi-targeted drug.

1.2.2.2. Increase on folypolyglutamate synthase (&%) activity (Strategy B)

FPGS is the enzyme involving polyglutamation ofifafdtes to give sufficient

accumulation so that a drug can inhibit a targeyere. Raltitrexed (Tomudex®, Fig.
1.17)1.26is an example for Strategy B. Raltitrexe@6is an excellent substrate for
FPGS hence rapidly and almost completely polyglataoch inside cells. It is a
selective TS inhibitor developed by AstraZen&t&xtensive polyglutamation has

been confirmed in a number of human cell liffes.

Raltitrexed 1.26

Figure 1.17.An antifolate having good FPGS activity.

Polyglutamation of raltitrexed.26 has several consequences. Firstly, it increages th
potency of the drug through accumulation of chemispecies which are
significantly more active as TS inhibitof5Secondly, it leads to intracellular drug
retention. This property induces prolonged inhdmtiof TS and cytotoxic effects

without the necessity for continuous drug expoétire.
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1.2.2.3. Non-classical antifolates (Strategy C)

The non-classical antifolates which do not carrg ghutamate moiety, have been
developed in an attempt to overcome the resistaacsed by MTX1.2Q0 These
compounds are envisioned to be more lipophilicstban enter the celia passive
diffusion. This character of non-classical antitekavoids low cellular accumulation
which is found in classical antifolates derivednfrgpoor activities toward folate

carrier (e.g. reduced folate carrier, RFC) and FFGS

Two exemplary compounds belonging to non-classacaifolates are trimethoprim
(TMP) 1.27, a pyrimidine derivative, and piritrexim (PTX).28 a pyrido[2,3-
d]pyrimidine derivative (Fig. 1.18).

OCHs OCHs4

Trimethoprim 1.27 Piritrexim 1.28

Figure 1.18.Examples of non-classical antifolates.

While TMP 1.27 has excellent species selectivity in its bindingponmammalians.
mammalian DHFR, its potency as a DHFR inhibitorekatively low (a weak but
selective inhibitor). For this reason, it is cliaily useful only when given in
combination with a sulfur drug like sulfamethoxazl17 or dapsond.18to block

de novareduced folate synthests.

PTX 1.28was first synthesised by E. M. Grivs&yal. as a lipophilic analogue of the
MTX 1.20* Extensivein vitro andin vivo preclinical studies were subsequently
carried out with a view to exploring the mechanesma scope of action of PTX28
The binding of PTX1.28to DHFR is orders of magnitude higher than that BP

1.27, but unfortunately this increased potency is aakdeat the cost of a dramatic
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loss of species selectivity (Table 1?1)Thus, PTX1.28requires coadministration of
leucovorin 1.29 (Fig. 1.19), a mixture of the diastereoisomerstliod 5-formyl
derivative of tetrahydrofolic acid, to selectivgbyotect the mammalian host from

toxic effects*®

Table 1.1.Inhibition of P. carinii, T. gondii, M. aviumand rat DHFRs by TMR.27and PTX1.28%

ICs0 (NM) selectivity
Compounds pc tg ma rl rl/pc ri/tg rl/ma
TMP 1.27 12000 2800 300 180 000 14 65 600
PTX1.28 13 4.3 0.61 3.3 0.26 0.76 5.4

pc (Pneumocystis carinij tg (Toxoplasma gondii ma Mycobacterium aviuprl (rat liver)

)

/@)‘\NH
(\COOH

COOH

%
(0] ?H
N
HN N
JNP SP
x>
oN N N
H
Leucovorin 1.29

Figure 1.19.An antidote to drugs which act as folic acid antagts.

Therefore, new lipophilic non-classical antifola® required to enhance potency
without assistance of sulfa drugs and to reducé-d¢elstoxicity without expensive
leucovorin 1.29 To tackle this challenging task, medicinal cheamibave been
designing, synthesising, and evaluating new pyiimed based non-classical
antifolates, mainly as DHFR inhibitofs.*" A. Rosowskyet al. reported two
remarkably improved compounds by structural modifan of TMP 1.27, with
regard to selectivity as well as potency (Fig. 1.Z5 an inhibitor ofToxoplasma
gondii DHFR, 1.30 had 1G, of 5.5 nM (510-fold lower than that of TMR27 and
similar to that of PTXL.28 and selectivity value of 120 (2-fold better thEMP 1.27
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and vastly superior to PTX.28. CompoundL.31with the carboxy group at thgara
rather than themeta position, had a low 1§ of 3.7 nM againsiMycobacterium
aviumDHFR anddiplayed 2200-fold selectivity (I against rat liver: 8200 nMy.

Toxoplasma gondii DHFR selective Mycobacterium avium DHFR selective

NH, OCHs
OCH3

NH,
T
N/
PS | H2N/L§N
HNT N
1.30

COCH COOH

131

Figure 1.20.Two compounds with good inhibitory activity (potstselectivity) against DHFRs.



1.3. Trypanosomatid parasites and PTR1

In this section, the research background of drugcadiery for trypanosomatid
parasitic diseases is introduced, part of this Réd2arch specifically belongs to this
area. This review covers a general introductionctiSe 1.3.1), past and present
endeavours for treatment of the diseases (Secti8r2 nd 1.3.3) and the key
trypanosomatid parasitic enzymes (Section 1.3.4)FR (dihydrofolate reductase)
and PTR1 (pteridine reductase 1).

1.3.1. Trypanosomatid parasites and related disease

Trypanosomatid is the common name for a member leg family of
Trypanosomatidae. Trypanosomatid parasiegroup of kinetoplastid protozoa, are
distinguished by having only a single flagellum amd found primarily in insects. A
few genera have life-cycles involving a secondarsthwhich may be a vertebrate or
a plant. These include several species that caaga diseases in humans. The most
notable trypanosomal diseases are sleeping sickn€ssmgas disease, and

Leishmaniasié®

Sleeping sickness also known as Human African Trrigpamiasis (HAT), is caused
by single-celled parasite$rypanosoma bruceivhich are transmitted to humans by
infected tsetse flies. Two sub-specie§ obruceicause different forms of the disease.
T. b. gambienseauses chronic infection, whereksb. rhodesiensgenerally causes
a more acute infection. The parasites first deveidpe blood, lymph and peripheral
organs (early-stage), then spread to the centraons system (late-stage), where
they cause serious neurological disorders. Withim#tment, the disease is fatal.
HAT is known to occur in rural areas of 36 courdrie sub-Saharan Africa, where
tsetse flies are endemi€. b. gambienses found in central, west and some parts of
eastern Africa, whereaB. b. rhodesiensis found in southern and eastern Africa.

In certain villages of many provinces of Angolag themocratic Republic of Congo
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and southern Sudan, the prevalence is between 20%658%. Now, sleeping
sickness has become the first or second greatese cd mortality, ahead of AIDS, in
those province®

Chagas disease (South American trypanosomiasigh isnfection caused by the
parasiteTrypanosoma cruzandfound mainly in Latin America. It is named after
Carlos Chagas, a Brazilian doctor who first desatilthe disease in 1909. The
parasite is transmitted to humans in three way3.he faeces of reduviid (known as
assassin bug or kissing bug) contain parasiteshatan enter the wound left after
the blood-meal, usually when it is scratched orbed (i) Transfusional

transmission with infected blood is also possibfethe insect vectors. (iii) In some
cases, the parasite is transmitted from mothem&tut, congenitally} After the

initial acute phase, which has low mortality andofeen asymptomatic, a chronic
condition establishes which can lead in 30 ~ 40%ases to irreversible lesions in
the gastrointestinal tract and of the héar€urrrently, there are 18 ~ 20 million
people infected witiT. cruziand another 40 million people at risk of acquirthg

diseas@®™>*

Transmitted by the bite of the infected female pbtemine sandfly, leishmaniasis is
a globally widespread group of parasitic diseasesramains a major public health
problem throughout much of the tropical and subt@pwvorld. The sandfly vector is
usually infected with one species of flagellate tprzoa belonging to the genus
Leishmania® The epidemiology is extremely diverse: (i) There &4 infective
Leishmaniaspecies, excluding the number of intra-speciemne™® (ii) 30 sandfly
species are known vectoYsLeishmaniasis has traditionally been classifiethiree
different clinical forms, visceral (VL), cutaneou€CL) and mucocutaneous
leishmaniasis (MCL), which have different immundpdbgies and degrees of
morbidity and mortality. Most VL caused bleishmania donovanis fatal if
untreated, whereas CL, caused by species sudleissmania majqrLeishmania
mexicanalLeishmania braziliensiandLeishmania panamensigequently self-cures
within 3 ~ 18 months, leaving disfiguring scars. eTltutaneous forms of

leishmaniasis are the most common and represent/59%6 of all new cases.



1.3.2. Current treatments of trypanosomal diseases

1.3.2.1. Human African Trypanosomiasis (HATY’

Research over the past century has yielded onlydimnically approved drugs, three
of which were introduced more than 50 years agg.(Ei21) to treat HAT. These
drugs arose as a result of research and developfoeneterinary or anticancer
indications, and only one (eflornithire35 of these was destined for use against
HAT.

Sumarinel.32was introduced in the early 1920s and to thisréayains the drug of
choice for treatment of the early phaseTob. rhodesiensimfections>® Owing to its
highly, ionic nature, the drug does not penetragdl imto the central nervous system
(CNS) and is therefore only effective in the prignatage of the disease. Immediate

life-threatening side-effects include collapse hwiausea, vomiting and shotk.

Pentamidinel.33 an aromatic diamidine, was first introduced ie th940s and
remains the drug of the choice for eafllyb. gambiensénfections>® Efficacy is
restricted to early-phase disease because the compimes not readily penetrate the

CNS. Pentamidine can cause damage to the livereigland the pancreas.

Melarsoproll.34was introduced in 1949 for the treatment of lasgye HAT caused
by eitherT. b. gambienseor T. b. rhodesiens® Melarsoprol1.34 causes a serious
reactive encephalopathy in 5 ~ 10% of cases, haliviich are fataf® Other
common side-effects include vomiting, abdominaligolperipheral neuropathy,
arthralgia and thrombophlebitis.
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(a) Early-stage African trypanosomiasis
(i) Sumarin (1916)
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(b) Late-stage African trypanosomiasis

(i) Melarsoprol (1946) (ii) Eflornithine (1977)
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Figure 1.21. Structure of drugs used to treat (a) early stappe late stage human African

trypanosomiasis and their date of synthesis.

Eflornithine 1.35is the drug of choice for treatment of late-stbigdd caused byl. b.
gambiense The drug is far from ideal; it is costly and ditflt to administer,
requiring 400 mg kg per day in four daily infusion over two hours feeven or
fourteen days. Only one drug for treating HAT isreatly undergoing clinical trials.
The orally available prodrug DB28B36 (Fig. 1.22) is converted systemically into
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another diamidind.37(DB75) that is active against early-stage dis&ase.

/ \ / \
HsCON O o O NocH; — —>» N O o O NH
——
HoN NH, HaN NH,

1.36 (DB289) 1.37 (DB75, furamidine)

Figure 1.22. The diamidine DB2891.36 is a prodrug of 2,5-bis(4-aminodinophenyl)furar87
(DB75) and is currently in Phase Il clinical tgdbr treatment of stageTl b. gambiens@fection in

Central Africa.

1.3.2.2. Chagas disea%

The drugs most frequently used for the treatment Gifagas disease are
nitroheterocyclic compounds, a nitrofuran, nifurdxl.38 and benznidazolg.39 a

nitroimidazole derivative (Fig. 1.23), whose antieruzi activities were discovered
empirically three decades affoBoth drugs have significant side effects, inclgdin
anorexia, vomiting, peripheral polyneropathy ardrglc dermopath§? can in some

cases lead to treatment discontinuation. The nlajotations of these compounds
are, however, their very low antiparasitic activittythe chronic form of the disease

because over 80% of treated patients are not palmgcally cured

O,N ‘ i :
2
= }NH
N

el
) G=N-N SO, N
NO,

1.38 (Nifurtimox) 1.39 (Benznidazole)

Figure 1.23. Chemical structure of drugs currently available floe specific treatment of Chagas

disease.
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These clinical limitations could be related to wufiable pharmacokinetic properties
of the drugs in the chronic stag@Novel approaches, rationally developed on the
basis of increasing knowledge of the physiology brathemistry of the etiological
agent, are being advanc¥dAs a successful example, X. Rual.reported new lead
scaffolds for inhibitors of cruzipain, also knows eruzain, which is responsible for
the major proteolytic activity of the parasite lifgcle (Fig. 1.24§° Many of the
compounds, derived from the lead scaffold40 and1.41, were active in the low
nanomolar range against pure cruzipain and hadamggidal activity against
intracellular parasitef vitro.®* °® These results made cruzipain as an attractive anti

T. cruzitarget in order to produce a potential new treatnfi Chagas disease.

NHR? R!
RY _;N%S /Z_\N NHR? R: = alkyl
> X - R< = H or alkyl or aryl
A
Ar ' N \\i
1.40 141

Figure 1.24.New scaffolds for inhibitors of cruzipaffi.

1.3.2.3. Leishmaniasf®

The drugs currently recommended for the treatménieishmaniasis include the
pentavalent antimonials, sodium stibogluconate t@%am) and meglumine
antimonate (Glucantime, Fig. 1.2%,42, amphotericin B (Fungizone, Fig. 1.25,
1.43 and its lipid formulation (AmBisome), and pentame (Fig. 1.211.33. The
antimonials were first introduced in 1945 and remeffective treatments for some
forms of leishmaniasis, but the requirement for tap 28 days of parenteral
administration, the variable efficacy against VLda@L, and the emergence of
significant resistance are all factors limiting theigs’ usefulness. The usefulness of
the diamidine pentamiding.33 as an antileishmanial drug has been limited by its
toxicity. It is normally used as a second-line dmilgen antimonials have proved

ineffective.



The polyene antibiotic amphotericin1B42 has proved to be highly effective for the
treatment of antimonial-resistaht donovaniVL and cases of MCL that have not
responded to antimonials. However, it is an ungleasgirug because of its toxicity
and the need for slow infusion parenteral admiaiigtn over four hours. Fortunately,
lipid-associated formulation of amphotericin B (Am&me), which has reduced
toxicity and an extended plasma half-life in congam to the parent drug, has
proved to be effective and has been approved by Foeed and Drug

Administration®” But high cost limits the wider use of AmBisome foeatment.

Several new compounds are undergoing clinicalstrialthough most of these have
been painfully slow and are based on studies andfpsf principle established

several decades agb.

CHoNHCH; CHOH
H?—O\Sg)/ O—CH
H?—O/ \o—?H

CIIHOH (I3HOH
CIIHOH (I3HOH
CH,0H CH,CH,CH3
Hoj;)joH
NH,
1.91 (Meglumine antimonate) 1.92 (Amphotericin B)

Figure 1.25.Chemical structure of antileishmanial drugs.

1.3.3. Future prospects for treatments of trypanosoal diseases

As previously mentioned above, the currently usedysl for the treatment of the
three trypanosomal diseases (HAT, Chagas diseasshrhaniasis) were derived
empirically, mainly decades ago and simply modifiexn already developed ones.
Moreover, for the majority, severe adverse effertd resistance of the drugs have

limited the real clinical usages, and the high ¢@st also prevented the wider spread
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of the currently available drugs. Although, comliimas of drugs can be alternatives
which might be expected synergistic effects, deskiction, fewer adverse events,
and improved cost-effectivene®shbut these cannot be the final solutions. Thereby,
these circumstances continually have spurred niyt medicinal chemists but also

molecular biologists to search new drugs to cuesealtdiseases effectively.

Unprecedented advances in the understanding dbithegy of the trypanosomatid
parasites during the past years have been madeamdllow scientists to access
potential drug targets. Now, modeling based on timee-dimensional crystal
structure of proteins from the parasites providagedts for structural-based lead
discovery. Hence, it is now possible to synthepntial inhibitors more easily to
provide better possibility to produce new effectideugs for the treatment of

trypanosomatid parasites in the future.

We are interested in making new potential inhilsittor specific target enzymes in
biosynthetic and metabolic pathways of fol&é This thesis shows the partial
results of our work in collaboration with Profesaét N. Hunter (University of
Dundee, Dundee, UK). It concerns the design ofbidnis, their synthetic methods
as well asin vitro results specific for trypanosomatid parasites PTBteridine

reductase 1), which is a crucial enzyme in folagtaiolism.

1.3.4. Target enzymes (DHFR and PTR1)

1.3.4.1. Metabolic pathway of pteridine (folate angbterin)

Once trypanosomatid parasites take up pterins gggterin) or folic acid from the
environment, these are reduced to their bioactiven foy the appropriate enzymes,
DHFR and PTR1 (Fig. 1.26), which will be discussetbw in turn. Pterins are also
essential for the growth of several species ofangsomatid® Although some of the
roles of pterins are still putative, reduced pter{e.g. 5,6,7,8-tetrahydrobiopterin,

1.46 are involved in a number of metabolic and cetifilactions.
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Figure 1.26. Reactions catalyzed by the DHFR domain of DHFRar8 PTR1 fromLeishmania
major. The left side depicts the reduction of bioptelria4 into 5,6,7,8-tetrahydrobiopterin46 The
right side depicts the reduction of folatel to 5,6,7,8-tetrahydrofloat#.3. NADPH (nicotinamide
adenine dinucleotide phosphate), DHFR-TS (dihydatéo reductase-thymidylate synthase), PTR1

(pteridine reductase 1).

The main known function of reduced folated_gishmaniais in the biosynthesis of
thymidylate 1.6 (Section 1.1.1, Fig. 1.3). The enzyme dihydromlaeductase
(DHFR) reduces dihydrofolaté.2 to tetrahydrofolatel.3. This reduced folate is
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modified to 5,10-methylenetetrahydrofolatet to serve as a carbon donor for the
synthesis of thymidylate — an essential compondnDNA biosynthesis - in a

reaction catalysed by thymidylate synthase (TS).

1.3.4.2. DHFR

Dihydrofolate reductase (DHFR) is a biologicallyiversal housekeeping enzyme,
which catalyzes the NADPH-linked reduction of 7jBydirofolate (DHF)1.2 to
5,6,7,8-tetrahydrofolate (THHA).3. As reduction of DHA..2to THF 1.3 is a starting
and decisive step for the synthesis of thymidylatepilding block of DNA, DHFR
can be a crucial drug target for trypanosomatidagites. In trypanosomatid
protozoan parasites, DHFR and TS (thymidylate sas#h are fused resulting in a
bifunctional DHFR-TS proteif{*

Figure 1.27.Tertiary structure of the active site of (A) humamd (B)L. major DHFR. The human
enzyme is co-crystallised with folate in the actsite (shown in purple) and the majorenzyme with
methotrexate (shown in purple). Residues showimgifscant variation between the human and
protozoan enzymes are also indicated human PhdB35GAsn64;L. major Met53, Lys57, Phe9f.

The figures were reproduced under permissiofinaedrican Chemical Society (Appendix V).

Structurally, the protozoan enzymes are closelgtedl to one another, suggesting

that it may be possible to design a compound wisichultaneously inhibits the



enzymes from all three specidseishmaniaT. b, T. ¢).” The active sites of the
enzymes also show significant differences fromtbman enzymes, which suggest
the possibility of designing compounds, which alestive for the protozoan DHFR
(Fig. 1.27). These differences are found in thepshaof the active sites and the
nature of residues present at the active siteiallyitsequence alignment of the
structures was undertaken. Alignments were founidlasvys: L. majorandT. cruzj
50%;L. majorandT. brucei,46%;T. bruceiandT. cruzi 58%;L. majorand human,
26%:; T. cruziand human, 27%[. bruceiand human, 26%. The leishmanial and
trypanosomal enzymes showed much higher sequeanstidto one another than to
the human enzyme. This suggests that structutadlydgishmanial and trypanosomal

structures are more closely related to one anaoliaer to the human structure.

From this knowledge, we can predict that antifdat@rgeting DHFR, in principle,
should provide an ideal treatment. However, DHHRUitors are largely ineffective
for the control of trypanosomatid infections, padiue to the presence of pteridine
reductase 1 (PTRI).

1.3.43. PTR1

Pteridine reductase 1 (PTR1) is a short-chain tegec(SDR) responsible for the
salvage of pterins in parasitic trypanosomatidRPTs a NADPH dependent pterin
reductase active as a tetrarffdn addition to reducing biopterin to dihydrobiogite
and tetrahydrobiopterin, PTR1 is also capable @ficeng folate to dihydrofolate and
tetrahydrofolate. W. N. Hunteat al, our collaborators, have well described accurate
structures of PTR1-ligand complexes béishmania majqr and Trypanosoma
brucei’® ® Ribbon diagrams of themPTR1 and th&bPTR1 subunits are shown in
Figure 1.28.
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Figure 1.28. A ribbon diagram of thé mPTR1 (AY°and theTbPTR1 (BJ° subunits. Helices are
coloured cyan, b-strands are coloured purple. Gofdmonds are drawn as sticks, coloured according
to atom type: N, blue; P, purple; O, red; C, yellde figures were reproduced under permission of
Elsevier Ltd. and John Wiley & Sons Ltd. (Appentfixand VII).

PTR1 is the only enzyme known to reduce bioptemith@ishmaniaand has been
proven to be essential for growith vivo by gene knockout studiééSince PTR1 is
less sensitive to methotrexate (MTX) than DHFRs{I€1.1 uM and 0.005 uM fd.
major PTR1 and DHFR-TS, respectively)out catalyses the reduction of DHF, it
compromises drugs targeting of DHFR by acting asegabolic bypas This, in
part, explains why antifolate therapies focusedirgnbition of DHFR have failed
against trypanosomatid infectioffsAny antifolate therapy targeting the DHFR of
trypanosomatids must also target PTR1 to block lijneass and allow effective
inhibition of essential folate metabolism. Therefoit is necessary to develop two
separate compounds (I-1 and I-2) inhibiting theivimiial enzymes or a single

compound (I-3) with good inhibitory properties agsiboth (Fig. 1.29).

A number of compounds active against both enzyrage been characterised but in
these cases either PTR1 is less susceptible tbitiohi than DHFR or the level of
inhibition is poor’® 8 There are explanations why envisaging a singlepoomd
with the necessary inhibitory properties for usaiasf both DHFR and PTR1 is
extremely difficult. (1) DHFR presents distinct wsttural features compared with



PTR1 allowing it to bind cofactor and substrateirtibitors in any ordef® (2)

DHFR also undergoes extensive conformational clengson ternary complex

formation®* ®whereas PTR1 appears more rifjid.

PTRl ----- @
DHFR

metabolic and
cellular functions

Figure 1.29. Role of PTR1 as a metabolic bypass (dotted liB), (dihydrobiopterin), BH
(tetrahydrobiopterin), DHF (dihydrofolate), THF tfhydrofolate), PTR1 (pterin reductase), DHFR
(dihydrofolate reductase), I-1 (inhibitor of DHFR}?2 (inhibitor of PTR1), I-3 (dual inhibitor of
DHFR and PTR1¥?

A structure-based sequence alignmentld?TR1 ando.mPTR1, the sequences share
51% identity. TheTbPTR1 topology is closely related tonPTR1; an overlay of one
monomer ofTbPTR1 onto one subunit @MPTR1 matches 244 residues (Fig. 1.30).
The TbPTR1 sequence is shorter tHamPTR1 due to two deletions and a truncation
at theN-terminus. INTOPTR1 a shorg3-a3 loop is well ordered whereasiilmPTR1,
the loop is extended by 13 residues and generilyrdered’ A second, smaller
deletion of four residues occurs at the C-termsgg/ment of the loop linking4 and

ad in TOPTRL1. This loop is also surface-exposed and disedd@ bothTbPTR1 and
LmPTR1%
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Figure 1.30.The overlapping view of a subunit 8PTR1 (black) andmPTR1 (redf° The figure
was reproduced under permissionafin Wiley & Sons Ltd. (Appendix VII).

There are already potent DHFR inhibitors with weltharacterized
pharmacokinetic&® Therefore, based on this information we are noeu$ing on
development of PTR1 inhibitors to complement ergstilrugs though dual inhibitors
for both PTR1 and DHFR can be found in a fortuitoase.

Recently, N. Schormanet al. have expressed a recombindnt cruzi enzyme,
TcPTRZ’ which can also reduce dihydropteridiffé$iowever, PTR2 cannot reduce
oxidised pteridine$* so if we find an effective PTR1 inhibitor whichrcaeduce
oxidised pteridines thus block the formation of ydifopteridines, then the role of
PTR2 to reduce dihydropteridines might be neglectEderefore, we are not

considering PTR2 as a target enzyme at this stage.
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1.4. Synthetic review

This section proposes a couple of synthetic mofiel§-deazapurine and pteridine

analogues based on their bicyclic ring formation.

1.4.1. Structural classification

Pyrimidine based 6-5 and 6-6 membered heterocyhkege been synthesised
continually not only for synthetic interests busalfor biological applications.
Pyrimidine 1.47 (Fig 1.31) is a heterocyclic aromatic compound taming two

nitrogen atoms at position 1 and 3 of the six-meatheng.

4
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6 5 7 4 5 4 5 4 5
1N|/\/[N\ 8 INTT \ 3N/\/[Nj6 3N/\/(j6
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§4H9 ZKN/ H7 2KN N 2> % 7
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Figure 1.31.Structures and the naming method of pyrimidine igstlsed rings.
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Although pyrimidinel.47 itself has a great deal of possibilities to becfionalised
for biomedical applications, pyrimidine based fusied compounds are becoming a
main stream for development of novel antifolatee ttutheir structural similarities
with folic acid 1.1 with regard to the main scaffold, and its divecsifion potentials
at annular carbons and nitrogens. In pyrimidineebdasicyclic fused ring systems,
imidazo[4,5d]pyrimidine 1.48 pyrrolo[2,3d]pyrimidine 1.49 pyrazino[2,3-
d]pyrimidine 1.50 and pyrido[2,3]pyrimidine 1.51 are main scaffolds (Fig. 1.31).
And these fused rings can be funtionalised depgnaiinspecific biological activities

to produce new medicinal compounds.

In the following sections, we will see some synthetxamples of pyrrolo[2,3-

d]pyrimidines and pyrazino[2,8}pyrimidines based on their ring formation.

1.4.2. Synthesis of pyrrolo[2,3]pyrimidines

The synthetic methods for pyrrolo[2dByrimidines can be divided into three major
approaches. Firstly, a pyrimidine can be annulaiatb a pyrrole intermediate.

Secondly, a ring transformation-annulation invotviguanidine is also known.

Thirdly, a pyrrole ring can be fused onto a pyrimaiscaffold. The examples of the
three synthetic strategies are introduced in thx¢ sections.

1.4.2.1. Synthesis from pyrrole intermediates

This strategy is based on formation of a 2-amir@y@Aa0 pyrrole from a reaction of
an appropriate starting material with malononitrifenis intermediate can easily
provide a fused pyrimidine ring in the followingept Detailed reaction conditions
and numbers of reaction steps can be differentrikpg on starting materials and

desired positions of functional groups. Two examsalee shown as follows.



Synthesis from ana-hydroxy ketone with malononitrile

Substituted 1-benzyl-2-amino-3-cyanopyrraleS3can be obtained by reactionwf
hydroxy ketones1.52 with benzylamine and malononitrile. Reflux of the
cyanoaminopyrrolesl.53 with 85% formic acid afforded the 5,6-substitutéd
hydroxy-7-benzylpyrrolo[2,3f]pyrimidines1.54(Scheme 1.15°

N= R? 2
1 2 / \ HN | A R
R R a RL c K 1
>_< % 5 HN N — = N N
O  OH b K© L@
1.52 1.53 1.54

R1, R? = alkyl and/or phenyl

Scheme 1.1.Reagents and conditions: (a) benzylamine, toluéitel, reflux. (b) malononitrile,
toluene, reflux. (c) formic acid (85%), 110 °C,5 h

Synthesis from a substituted acetamide with malonatrile

Condensation of substituted amide$5 with malononitrile furnishes 2-amino-3-
cyano-4-phenyl pyrroled.56 which are then converted into the amidih&7 by
reaction with triethyl orthoformate followed by amnolysis of the resulting
iminoester. Cyclization to the 4-amino-5-arypyrrolo[2,3-d]pyrimidine 1.58 can

be achieved by treatment with sodium ethoxide (Beh#.2)*

R v ‘(R
o) s _ _
PP OIS W
N 7 — /\ _ Dy
H
o HNT S HNT SN
H
1.56

1.55

Scheme 1.2Reagents and conditions: (a) £EN),, NaOEt, EtOH, 55 °C. (b) (i) HC(OEt)80 °C.
(i) NH3, MeOH, rt. (c) NaOEt, EtOH, 80 °C.
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1.4.2.2. Ring transformation/ring annulation approah

This method is based on a ring transformation/angulation by a reaction of an

appropriate cyclic intermediate with guanidine. Tex@amples are shown as follows.

Synthesis from 2-acetylbutyrolactone

Refluxing 2-acetylbutyrolactong.59and guanidine carbonatdth absolute ethanol
in the presence of triethylamine or sodium methexaffords the intermediate
compound1.60 Compoundl1.60 can be converted intd.61 by refluxing with
phosphorus oxychloride. Condensation of benzylamaite compoundl.61in the
presence of triethylamine under reflux nrbutanol affords the bicyclic compound
1.62 Oxidation of compoundL.62 by manganese dioxide produced 2-amino-4-
methyl-7-benzylpyrrolo[2,2f]pyrimidine 1.63(Scheme 1.3}

COCH3 CHs CHs
OH cl
F<A\o 2 . ’\i o b, N7
0 A A
H2N ” o H,N N cl
1.59 1.60 1.61
lc
CH3 CH3
NT O \ d N7
)l\ = )l\ Z
H,NT N N C H,N™ TN N C
1.63 1.62

Scheme 1.3Reagents and conditions: (a) guanidine carboia@H, triethylamine, reflux. (b) POgI
reflux. (c) benzylamine, triethylamine;BuOH, 90 °C. (d) Mn@ 1,4-dioxane, reflux.
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Synthesis from 2-amino-3-cyano-4-alkyl furan

The requisite furano-aminonitrile precursorl.65 can be obtained by the
condensation of a suitabéehydroxy keton€l.64 with malononitrile in the presence
of triethylamine. Reaction with guanidine in refing ethanol then yielded 2,3-

diamino-5-alkyl-H-pyrrolo[2,3-d]pyrimidine 1.66(Scheme 1.4¥>%*

Plausible mechanisms for the amidine-mediated tiagsformation/ring annulation

reactions were suggested by E. C. Tagloal*

COOEt
COOEt
N . COOEt
a N b
—_ a —_— NH,
HoN o NT N\

0 )\ |
N
OH N N

1.64 1.65 1.66

Scheme 1.4Reagents and conditions: (a) malononitrile, tgtmine, MeOH, 25 °C. (b) guanidine,
EtOH, reflux.

Mechanism A:

Initial Michael addition of the guanidine to thep@sition of the furam-aminonitrile
1.67 could be followed by furan ring displacement tongete an open-chain
carbonyl derivativel.69 which was then recyclises to an intermediate qgrr
Subsequent intramolecular addition completes tmempgine ring annulation to give
compoundL.70(Scheme 1.5, A¥
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Mechanism B:

Deprotonation of the acidic 2-amino group of theafuo-aminonitrile by the
strongly basic guanidine could be followed by C-@hd displacement to generate an
intermediate ketemine which, by prototropic reagement, would lead to the
substituted malononitril&.72 Further reaction with the guanidine in the usuay

followed by ring closure would form the fused pyeraing (Scheme 1.5, BY.

NH
/\ q\l'() ) R > R
RN o oL R HoSc NN
o e — e — LA
e, HNT ON
NH HNT TS HN" N7 ORNH, ’ H
H NH,
HN- - NH, - 1.68 169 1.70
N\\\C . NH
C q\‘\\/D NC R HoN NH, e R
/ N\ — C R y
H—N o — _— N —0
b, \ NC P |
H) 1.67 HN™ ~o 0 HoN NH;
B 171 1.72 1.73

Scheme 1.5Two plausible mechanisms for syntheses of pyrro®f@pyrimidines from 2-amino-3-

cyano-4-alkyl furan.

1.4.2.3. Synthesis from pyrimidine intermediates

This method is related to the reactivities of siibistd pyrimidines. Halopyrimidines
with a halogen atom at position 5 or 6 can be $witstl by a suitable nucleophile,
these can undergo ring closure to form a fusedom?®’ In the case of 2,6-

diamino-4-pyrimidinones, reaction of C5 and then@ir®o group with electrophilic



partners, eventually to form pyrrolo[2d¥pyrimidines have been reported. Some

related examples are shown as folloWs.

Synthesis from 5-halopyrimidine

Typical Sonogashira coupling with a suitable termhalkyne followed by immediate
ring closure can afford the 6-substituted pyrro)8{@pyrimidine 1.75 (Scheme
1.6)%

1.74 1.75
Scheme 1.6Reagents and condition: Pd(RRE€I,, Cul, EEN, DMF, 80 °C.
A Stille cross-coupling reaction of a 5-bromopymiinie 1.76 with a vinylstannane

produced an intermediaté.77 that was deprotected and cyclised under acidic
conditions to vyield the pyrrolo[2,8}pyrimidine 1.78(Scheme 1.7%°

o
=
OCH

OCH3 \/\Sn\_/— 3 OCH3
N a N7 OEt b N7

)l\ )l\ Z )l\ =
. Ac H3;CO N NH N
Hco~ N N 8 | HCO™ N H

H Ac
1.76 1.77 1.78

Scheme 1.7Reagents and conditions: (a) Pd(B)EI,, EyLNCI. (b) HCI, MeOH.
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Synthesis from 6-halopyrimidines

The displacement of a 6-chloro group from a 1,32dyl protected uracil.79by an
N-benzyl protected glycine yielded the correspondingnouracill.8Q0 Heating this
compound with acetic acid anhydride caused cyatisab the acetoxypyrrolo[2,3-
d]pyrimidine 1.81(Scheme 1.8}’

0 T o OAc
. J\/L 1) Nan
N a b
O)\N cl 07 NT N7 TcooH O)\'?‘ N
Flz R R R R
1.79 1.80 1.81

R = benzyl protecting group

Scheme 1.8Reagents and conditions: (a) sodium 2-(benzylaraoetpte, EtOH, water, reflux. (b)
Ac-0, 80 °C.

Cyclocondensation witha-halo ketones
Although, this reaction can produce mixtures of rpka{2,3-d]pyrimidines and
furo[2,3d]pyrimidines (Scheme 1.9), separation of thesepvaalucts is not difficult.

In addition, this synthetic strategy provides fa@he-step annulations of substituted

pyrroles or furan§®*%
(0] NH
cl ? 2 R
HN 0 HN NZ
T oy —— T D T
H,N NH, R HoN N H,N~ N7 O
1.82 1.83 1.84 1.85

Scheme 1.9Reagent and condition: DMF, 50 ~ 60 °C.



The mechanisms leading 1084 and1.85 must involve at least three major steps: (i)
bond formation between a heteroatom (O or N1.82 and a carbon of the-halo
ketone, (ii) bond formation between C-5X82 and a carbon of the-halo ketone,

and (iii) loss of watet®

1.4.3. Synthesis of pyrazino[2,8]pyrimidines (pteridines)

Pteridines have been synthesised continually dtteeio significant possibilities with
regard to bioactivities, which are mainly derivedni the structural similarities of
the main scaffolds compared to folic acids andrtimeetabolic derivatives. The
synthesis of the ring system has been approachdd/dybvious routes: one is a
classical method involving condensation of a 4#&vdnopyrimidine with aro,f3-
dicarbonyl compounds (Isay synthesf)and the second, the elaboration of the
pyrimidine ring on a preformed pyrazine (Taylor hesis):*

The disadvantage of the Isay-type synthesis idaveselectivity of condensation of
the 5,6-diaminopyrimidine with an unsymmetrical -tljdarbonyl compound. Since
separation of a mixture of 5/6-substitutued isonmersften extremely difficult, this
approach is only used when selectivity can be aekieSyntheses are sought which
selectively produce a single isoni&t.Representative examples of Isay and Taylor

synthesis are introduced in the following sections.

1.4.3.1. Condensation of 5,6-diaminopyrazines (Isaynthesis)

Most pyrimidines possesing 5,6-diamino groups seemmndergo this reaction with
appropriate doubly activated two-carbon fragmeiitse types of such compound
which may be used include; 1,2-diketones, aldehgtinles, dialdehydes,-keto

acids (or esters}-aldehydoacids (or esters), 1,2-dicarboxylic a¢mestersf®*
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Generally, it is observed that in reaction withedlgde or keto acids in neutral or
weakly acidic media (pH ~ 5), the primary condeissabetween the 5-amino and
the keto (or aldehydo) groups produces 7-hydroxigptees 1.88 whereas in a
highly acidic midium (pH ~ 0.25), protonation ofetimore strongly basic 5-amino
group leads to the formation of 6-hydroxypteridiae89(Scheme 1.10)%

N R

NT Y S . .
M/I I ~<«— (major in neutral media)

N A
/ N N on
NE NH; R 0 1.88
L - T

N7 N COMH \

N OH
N X X
1.86 1.87 L/ji I -«— (major in highly acidic media)
N/ N/ R

1.89

Scheme 1.10Preferential orientation at different pH.

1.4.3.2. Synthesis from pyrazine intermediates (Téyr synthesis)

This method was first exploited by E. C. Taylerr al'®® This approach has an
advantage that because the pyrazine ring is prihessised, it eventually produces,
regioselectively, 6-substituted pteridines. The dmmsation of ethyl a-
aminocyanoacetat&.90 with oximinoacetonel.91 gave 2-amino-3-carbethoxy-5-
methylpyrazine 1-oxidd.92 which was cyclised with guanidine in the preseote
sodium methoxide to 6-methylpterin 8-oxide93 This latter compound can be
reduced with aqueous sodium dithionite to 6-meth8kdihydropterin 1.94
Potassium permanganate oxidation1o34 proceeded to give 6-methylpterin95
(Scheme 1.11%%
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Scheme 1.11Reagents and conditions: (a) MeOH, 35 °C. (b) glinaji DMF, reflux. (c) sodium
dithionite, hot water. (d) KMngXaq), rt.
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1.5. Project overview

1.5.1. Aim of this project

As described in Section 1.2, 6-6 membered pyrineidased small molecules have
been a main stream of the antifolate discoverdfitdTX 1.20is a representative
classical pyrazino[2,8]pyrimidine antifolate as a folate derivative. Ratixed1.26
and Piritrexim1.28 are relatively new antifolates with different fdsengs, phenyl
and pyridine rings, respectively. In addition, ag-& membered fused pyrimidine,
pemitrexed 1.25 a pyrrolo[2,3d]pyrimidine antifolate has stimulated medicinal

chemists to synthesise derivatives of this scaffolgroduce new antifolate drugs.

From the medicinal chemistry view point, this resbas based on folate metabolism
(Section 1.1), syntheses of new analogs of pyregBfilpyrimidine and
pyrazino[2,3d]pyrimidine (Section 1.4), and development of efifex antifolates

(Section 1.2) eventually.

The main aims of this study can be summarised |ks\v®.

0] Development of effective synthetic methods &malogs of pyrrolo[2,3-
d]pyrimidine and pyrazino[2,8]pyrimidine based on diversity oriented
strategy to produce library compounds.

(i) Target oriented synthesis for development @wninhibitors against
trypanosomatid parasitic enzyme PTR1.

(i)  Evaluation of biological activities for theysthesised compounds for

further synthesis and assays eventually for clingsts.

Further details and backgrounds of this researelgiaen in the following sections.



1.5.1.1. Diversity oriented strategy

This strategy involves screening analogs of pyf&&d]pyrimidine and
pyrazino[2,3d] pyrimidine for their abilities to inhibit a biotpcal pathway in cells
or organisms without regard for any particular pnottarget. For this, we explored
effective synthetic routes to synthesise efficierdl collection of small molecules
capable of perturbing any disease-related biolbggathway, mainly, folate

metabolism, leading eventually to the identificataf the therapeutic protein targets.

Pyrrolo[2,3-d]pyrimidines
The pyrrolo[2,3d]pyrimidine ring system has aroused considerabierést as this
skeleton has been often encountered in importardrnpcologically active

substances. A couple of examples are as follows.

As natural antibiotics, Q bas#.96a and nucleoside Q.96b are well known
examples with the pyrrolo[2,8lpyrimidine ring’® Rigidins 1.97a ~ 1.97emarine
natural products containing a pyrrolo[dRpyrimidine ring, have been shown to
exhibit very significant calmodulin antagonist &ity. As a synthetic compound,
multitargeted antifolate, Pemetrexed25 (Section 1.2.2.1) is a representative

example of a clinically approved drug to treat sagpes of cancer.

1.96a Q base (R =H)

1.96b Nucleoside Q (R = ribose) 1.97a X =Y =Z = H Rigidin
1.97b X=0CHj3; Y =Z=H Rigidin B
1.97c Y =0OCH3 X=Z=H Rigidin C
1.97d X=Y =0CH3; Z=H Rigdin D
1.97e X =Y =H Z=CHj; Rigidin E

Figure 1.32.Structures of Q base, Nucleoside Q, and Rigidins.
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Due to the significant success of Pemetrege?h the pyrrolo[2,3d]pyrimidine

structure has become an attractive hetero-bicygdaffold for drug discovery. This
thesis details effective synthetic methods not ofdy the ring formation of
pyrrolo[2,3-d]pyrimidines but also for incorporation of diver&enctional groups at

annular positions to produce a library of pyrrol8H]pyrimidines.

Pyrazino[2,3-d]pyrimidines (Pteridines)

Because of multi-functional bioactivities, pteridicompounds have been actively
synthesised and screened to produce new drugscafwgr activities of pteridines
have been reported by many research gréUps° Antiparasitic activity of 2,4-
diamino pteridine analoguds98with a bridged diarylamine side chain has alsambee
reported-** Recently, Y. Dinget af*? and M. Slusarczyket al**® reported 4,6,7-
functionalised pteridine$.99 as potent inhibitors of hepatitis C virus (HCV) HE

an RNA-dependent RNA polymerase. This viral enzymecrucial to HCV
replication in the host liver. In addition, R. Ceyholdset al. reported a new 2-
carbamoyl pteridinel.100 as an inhibitor for mycobacterial FtsZ, named rafte
filamenting temperature-sensitive mutant Z andnseasential protein for bacterial

cell division**

EtzN\/\)\
N
N N\ N X ,\i)\I A
)I\ EtOOC )\ N~
NP N N N O
H,N N N H
1.98

X 1.100
()
9 ()
PPN
H.NT N7 ON O
1.99
X

X=HorF
R = Cl or H or aminoalkyl group

Figure 1.33.Bioactive pteridines.



These multifunctional bioactivities of pteridineavie attracted us to synthesise novel
library compounds to produce new possibilities areneffective drugs for related
diseases. For these reasons, we planned to sy#hgderidine analogues
funtionalised at C4, C6, and C7 positions (Fig4).3'he synthetic (Section 2.1.2)
and biological results (Section 2.2.2) of these poumds will be described in this

thesis as a part of this research.

Alkyl, cycloalkyl, aryl groups

4
T N
| Hydrophobic groups

Figure 1.34.4,6,7-functionalised pteridines.

1.5.1.2. Target oriented strategy (Inhibitor for PTR1)

Modern drug discovery often involves screening smallecules for their ability to
bind to a pre-selected protein targetAs mentioned before, a part of this study was
focused on synthesising new inhibitors of trypamostid parasites. PTR1 was
selected as a target enzyme because of its cradhlpeculiar action in pteridine
(folate and pterin) metabolism (Section 1.3.4.3)e &ctive site of. majorwas well
defined by Professor W. N. Hunter (University ofridiee), our collaborator, thereby

we have discussed potential inhibitors based ostalgtructure of the active site.

From the study of the active site from the X-rasctsire of L. major PTR1, we
observed that the 7-deazaguanine (2-amino-4-oxoloy®;3-dlpyrimidine)
framework fits into the active site (Section 2.1)3.Thus we designed several
potential inhibitors and synthesised them. Accagljinthis report contains design of

new inhibitors for PTR1, synthetic methods of deeijcompounds and their vitro
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results against trypanosomatids. We expect théystan give an inspiration to make
new effective drugs for treatment of leishmaniadl &nypanosomal diseases. Indeed,
finding new effective pro-drugs for these diseasdbe goal of this research.

1.5.2. Synthetic plans

1.5.2.1. 2,5-Functionalised pyrrolo[2,3]pyrimidines

Michael reaction of 2,6-diamino-4-pyrimidinones hvinitroalkenes followed by
subsequent ring closure can provide 5-functiondlggrolo[2,3d]pyrimidine (Fig.
1.35, A)M® However, 2-thioalkyl-6-amino 4-pyrimidinones andlRylhydrazino-6-
amino 4-pyrimidinones have not been exploited is thute (Fig. 1.35, B and C). In
addition, we were interested in diversificatiortta# C2 positiorvia substitutions by
suitable amine nucleophiles. Therefore, we decideexploit routes B and C (Fig.
1.34) to find out effective reaction conditionsorder to provide 2,5-difunctionalised

pyrrolo[2,3d]pyrimidines for biological screening.
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Figure 1.35.Michael reaction route for the formation of pyofd,3-d]pyrimidine.

1.5.2.2. 4,6,7-Functionalised pyrazino[2,8}pyrimidines

This work was based on our published synthetic WoAt the outset of this work,
this had not been accomplished, mainly due to ikerivenient displacement stage

using DMDO (dimethyldioxirane), which is used fodidation of the sulfide.

To produce a library compounds for high-throughpateening, we selected five
different symmetrical biacetyls to form pteridiniegs and five different amines were
chosen for final C4 substitution. Finding simpledaconvenient C4 displacement
method was a challenging task. The proposed syatpathway is summarised in
Figure 1.36.

The first step required benzylation bfLlO1with benzyl bromide. Then nitrosation at
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C5 followed by reduction will produce compoutdl04 The pteridine scaffold can
be formed by condensation &f104 with biacetyls, subsequent oxidation of the
sulfide moiety followed by displacement with amingisould give final library
compounds, 4,6,7-funtionalised pteridirie$06

SH
NT X S S S
PR NO NH
=z 2
HNT N7 NH, N7 NI N N7
P A - P
HNT N NH, HNT TN TNH, HNT N

NH,

1.101 1.102 1.103 1.104

e
)\)II T )\)II

1.106 1.105

Figure 1.36.A synthetic pathway of 4,6,7-substituted pteridibhek06

1.5.2.3. Inhibitors for PTR1 (5,6-funtionalised deaaguanine)

We have reached two important conclusions fromntieéecular modeling study of
PTR1-ligand of L. major (Section 2.1.3.1): (i) deazaguanine is a reasonable
framework to assemble into the active site, (iBréhare three accessible pockets, two
major hydrophobic pockets (Fig. 1.36, A and B), ané minor pocket (Fig. 1.37, C)

in the active site for deazaguanine.
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Figure 1.37.Deazaguanine framework and its three potentiabnsg(A, B, and C) to diversify.

Thus we selected four different forms of potenitiddibitors in order to diversify on
the two regions of deazaguanine. Figure 1.38 shbedour selected categories of
inhibitor candidates in this project. The first ébrcategories were based on the
deazaguanine framework. Though the inhibitor iregaty 1 (R = 4-COOH) has

|18as an intermediate molecule for Pemetrexed

already reported by E. C. Taylet a
1.25 an anticancer agent, we are interested in thisecute because of the
diversifying possibilities (e.g. length of alkaneiety and substituent on the phenyl
ring) at the C5 position. Category 2 shows repridime model compounds in order
to vary the substitutes at C6. Category 3 was desi@s a structural hybrid of the

categories 1 and 2, to accommodate the two majdropyobic pockets at the same

time.
[ —
~
~ R s \_ g
o CN
o — R NZ |
HN AN =
HN N\ PS | \ / HZN)\N NH,
| HNT N7 N
N
HoN N
Category 1 Category 2 Category 3 Category 4

Figure 1.38.Selected potential inhibitors for trypanosomatidgsites’ PTR1.
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Category 4 (pyrimidine framework) was targeted dase previous biological results
from our group where the compoufdiO2displayed an 16 of 10 uM for L. major
PTR1’ From this result, we decided to synthesise furétimeiogues by varying the
substitutes on phenyl ring in order to compareittgbitory activity against PTR1
with compoundlL.102 Then, we might have more knowledge to modify giscture
to gain stronger inhibitory activity. This can bepported by computer aided

modeling study as X-ray crystal structures of PHrR available.

)
NZ |
HZNJ\N NH,
1.102

Figure 1.39.A potential lead compounti102(ICso = 10uM for L. major PTR1) that was reported by
J. K. Huggart!’

Routes to synthesise each group of potential itdrbiare outlined in Figure 1.40.
Route 1-1 and 1-2 are well described by E. C. Tagtwl B. Liu*® In this study,
producing of the known compound 1.112 is a majonceon for a preliminary
biological screening hence the reported metfoavill be adopted without a
significant change. In brief, route 1-1 is relatedhe synthesis of nitroalkerie109
through nitroaldol (Henry) reaction followed by miedion. Then the synthesised
compoundl.109could be employed in a Michael addition with diaopyrimidine
1.110followed by conventional Nef reaction which shogige the desired product
1.112
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Route 1-1

CHO
CH,NO, NO,
1.107 1.108 1.109
Route 1-2 I
o}
1.109
o o
HNT Yy oo - > 79 .
)\ | HN NO, N \
H,N N NH, | )\ |
N g8
H,N N NH, H,N N
H
1.110 1111 112
Route 2
Q CN Q CN o cN
HN HN
L C AT e OO
)% N Y N HNT SN N
H,N™ N N 2 N 2 N
1.113 1.114 1.115
Route 3 |
0 o}
HN | \ ------ L HN | \ e T -
N A
HoN N H HoN N N
1.112 1.116
—
Route 4 ,/@R
/]
SH S
N/ N/
LA, .
X X
HN NH, HaN N NH,
1.101 1.118

Figure 1.40.Synthetic routes for each five categories.
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In route 2, bromination ofi..113 at C6 followed by Suzuki coupling can allow
variation at the C6 position. This step has beguoged in our research group but
poor yields due to the ineffectiveness of this dmgpreaction made us improve the
reaction method. To do this we will adopt a modifreethod by G. A. Molandest

al.”® Once we achieve successful improvement on the x@nsionvia Suzuki

coupling, in route 3, compourid112will be treated with the same methodology of
route 2 to synthesise a hybrid compoundll7 Route 4 is simple benzylation of

commercially availablé.101with different benzyl halides.



2. RESULTS AND DISCUSSION

2.1. Synthetic results

2.1.1. Pyrrolo[2,3d]pyrimidine framework

In the following sections, the formation of pyrrf2¢8-d]pyrimidines categorised by
C2 connected moieties; 2-thiobenzyl (Section 211)]1.2-thiomethyl (Section
2.1.1.2), and 2-alkylhydrazino (Section 2.1.1.3)rplp[2,3-d]pyrimidines will be
delineated. Then, in Section 2.1.1.4, results otiiSRlacement will be discussed.

2.1.1.1. 2-Thiobenzyl pyrrolo[2,3d]pyrimidine

2-Thiobenzyl-5-substituted pyrrolo[2@pyrimidines 2.5 are key precursors to
produce a library of 2,6-functionalised library gooundsvia C2 displacement by
amine nucleophiles. In this section, synthetic Itesof analogs of 2-thiobenzyl

pyrrolo[2,3-d]pyrimidine are introduced.

Retrosynthetic analysis (Scheme 2.1)

2-Thiobenzyl-5-substituted pyrrolo[2@pyrimidines 2.5 can be formed by a
reaction of a 2-thiobenzyl-6-aminopyrimidi@e4 with a nitroalkene?.3 via Michael
reaction followed by Nef reaction. To obtain theimeatermediate pyrimiding.4,
benzyl bromide2.1a was used for benzylation of commercially availalde

mercapto-6-amino-4-pyrimidinori22
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HN HN
[ |
:ASA\N > = ©ASA\N N
NO,
2.5 2.4 2.3

2.2 2.1a

Scheme 2.1Retrosynthetic analysis of 2-thiobenzyl-5-substitpyrrolo[2,3d]pyrimidines2.5.

Benzylation
Benzylation was performed by a method developeduingroup® Compound2.4
was obtained as a white solid (Scheme 2.2).

o)
HN |
_—
)\ ©/\5)\N NH,
2.2 2.1a 2.4

Scheme 2.2Reagents, condition and yield;®YEtOH (3:5), E4N, rt, 88%.

Michael addition
The Michael reaction, the addition of a stabiliseatbon nucleophile (Michael
donor) to an electrophilic C=C bond (Michael acoepthas attracted enormous

attention as one of the most important carbon-carond forming reactions in
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organic synthesis?

Nitrostyrenes can act as good Michael acceptorsausec of the high electron-
withdrawing power of the nitro group. E. C. Taykiral. have performed the reaction
successfully between 2,6-diaminopyrimidine andoaitkenes under biphasic solvent
system (EtOAc/KO, 1:1) without bas&® 2% *2!n 6-aminopyrimidine derivatives,

the electron releasing 6-amino group can activa®e t@vard electrophilica,p-

unsaturated carbonyl compourlds.

Actually, we can provide some explanations for tkeason that 6-amino-4-oxo
pyrimidine derivatives can act as effective Michdehors. First, the 6-amino group
can provide electron density at C5 through therpiline ring (Scheme 2.3, a-b).
Second, if the N3 anion is formed, it can also ease the electron density at C5,
allowing this carbon to act as a Michael donor tiglo electron delocalisation
(Scheme 2.3, c-d). These can be the reasonablamatighs why the 6-amino-4-

pyrimidinone scaffold has a high propensity toast good Michael donor.

O O
S]
(j\ij-\) base ):‘j\
R N NH, R N* (_NH2
c a
T i leophilici
nucleophilicity nucleophilicity
N)ﬁi) " increase HNJ\AE)/ increase
A PN
= X @
R N NH, R N NH,
d b
I J L -
C5 activation by N3 C5 activation by C6-NH2

Scheme 2.3C5 activation by 6-NEand N3.
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Scheme 2.4 depicts the two possible mechanismsiadiddl addition between a 6-
amino-4-pyrimidinone and a nitrostyrene based @nedkplanation in Scheme 2.3.
The pathway-A shows the activation of C5 by 6-amgnoup and the pathway-B
describes the activation of C5 by N3.

& o
o
o
H-N R _ = ®,0
% N N N_
R” N7 TNH, 3 - Og

NO, R™ N7 TNH,

Scheme 2.4Two plausible mechanisms of Michael addition. (Atiation by 6-NH, B: activation
by N3).

Because of Taylor's satisfactory work using the el addition under neutral
biphasic solvent system (50% water in ethyl acetatd,™® 2% **\we adopted these
reaction conditions in our reaction between 2-thiotyl-6-aminopyrimidin€.4 and

a nitrostyrene.3a(Scheme 2.5).

aorborc

)\ HN | s

OASJ\N NH,

2.4 2.3a 2.5a

Scheme 2.5Reagents, conditions and yields: (a) EtOA€H1:1), reflux, 3 d, 35%. (b) EtOAc/®
(1:1), NaOH, reflux, 5 d, 38%. (c) EtOAc/E (1:1), NaHCQ, reflux, 5 d, 33%.



However, the reaction did not occur at room tenipeea This may be due to the

poor solubility and low permeability of the pyrinme 2.4 from the aqueous phase

into the organic phase to react with a Michael ptare We could obtain the product

2.5ain a relatively low yield (35%) under reflux foeeral days. Subsequently, we

added sodium hydroxide or sodium bicarbonate usiege biphasic conditions to

investigate any change in yield and reaction rBitese changes did not produce any

remarkable differences in either yield or reactmate. The products were only

obtained in yields of 33 ~ 38%, by heating at reflor five days (Scheme 2.5).

From the above observations on the Michael addiitowas concluded that the pH

itself does not affect the reactivity of Michaelndos. Thus, we decided to use a

phase transfer catalyst (PTC) to activate the pgiime 2.4 to act as an effective

Michael donor using biphasic conditions. Quaternagmmonium salt

(PhCHN"Me3sHO) was employed as a PTC in our reaction. Schemacéunts for

the role of the PTC which acts as a shuttling apgnextracting the anion from the

aqueous phase into the organic reaction phase i@ @nionic compound can react

with the organic reactant (Michael acceptor) alyeadated in the organic phase.

® O ® O
Q N)j\ +  H,0 —_— HN)‘j\ +  PhCH,NMe3OH
PN PN

RO N NH, R™ N7 TNH,

Q = PhCHzNMe3

Scheme 2.6Action of a phase transfer catalyst in a biphasieent system.
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Accordingly, we could imagine that the PTC’s actimay reduce the reaction time
and allow lowering the temperature in the two-phsdgent system. Results that are
summarised in Table 2.1 and Scheme 2.7 also suiadéathe effectiveness of the
PTC.

s)\ N~ TNH,
NO,

2.3aR = 2-CF4 2.5a R = 2-CF3, 55%
2.4 2.3b R = 4-Br 2.5b R = 4-Br, 72%

2.3c R = 4-OMe 2.5¢ R = 4-OMe, 96%

23dR =H 25dR = H, 81%

Scheme 2.7Reagents and conditions: EtOAgf(1:1), PhCHN*Me;HO', reflux or mild heating in
an oil bath (50 °C), 4 ~ 72 h.

Table 2.1.Michael addition results using phase transferlgsitén the biphasic solvent system.

Compounds Reaction period (h) Temperature (°C) Yields (%)
2.5a 72 80 55
2.5b 4 70 72
2.5¢ 48 60 96
2.5d 4 60 81

Ring closure by Nef reaction

The Nef reaction, the conversion of a nitro groofo ia carbonyl functionality is one
of the most important functional group transforrasi? It is also a crucial step in
our overall synthetic plan because the Nef readsothe penultimate step to form
pyrrolo[2,3d]pyrimidine framework. E. C. Tayloet al. used the classical Nef

reaction, this involved hydrolysis of strongly aciddonditions of a nitronate salt



produced by basic treatment of a nitroalkene (Seh2r8, A)'** '**The produced
intermediate carbonyl compound then generated yhlp ring via intramolecular
condensation (Scheme 2.8, By.'?E. C. Tayloret al reported 40~57% yield of
cyclised products in most cases among the 17 diffecompounds through the
conventional Nef reaction. However, they also regmbisome limitation$® (i) This
transformation failed to afford the expected prddufrom methoxy-substituted
precursors at their extended phenyl ring; (ihi€ torecursor has a hydroxy group at
C6 instead of an amino group, the reaction aldedab generate the corresponding

pyrrolo[2,3-d]pyrimidines (Scheme 2.8, C).

S
Ri 0 ® Ri 50 ® R OH R OH
_® H oS  H_ TNoe H,0 1@
N\ ©) N\ ~ N\ NI—\|
R, O Ry OH Ry OH R, OH OH
Ry
—_— )==O + Hzo + H + HNO
Rz
] : :
i —_— ®)
HN NO2
Ny T
H,N N NH, o \ y
<
X
| /_Rs
R R; = OH, Ry = NHj, R3 = 3,4,5-trimethoxy
R1 = NH5, R, = NH,, R3 = 3,4,5-trimethoxy
NO 1 2 R2 2, R3 4,0-trimethoxy _ ___ ___ >  no product
N7 ? Ry =OH,R,=OH,Rz=H produ
)l\ = R; = OH, R, = OH, R3 = 4-Cl

H,N~ "N~ TR,

Scheme 2.8A: conventional Nef reaction, B: ring formatioma Nef reaction, C: samples that do not

undergo ring formation.
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Therefore, to overcome this limitation and to imgrdhe yield of this important step,
we decided to investigate other reaction conditi@hsr first attempt to improve the
cyclisation procedure was encouraged by R. Badliral. who reported the one-step
conversion of secondary nitro compounds into theresponding carbonyl
derivatives using 1,8-diazabicyclo[5.4.0Jundec-&-¢DBU) in acetonitrile (Scheme
2_9)_126a

S]
NO, Ri(® P H® R, OH
DBU >=N N\ N
)\ R \O N R
R]_ R2 2 @ O
o} Ry
-HNO
/”\ R2
Scheme 2.9

In our cases, the cyclised produit6a was obtained in relatively low yields (16-
26%) using DBU under microwave or normal thermalct®ns (Scheme 2.10).
Although nitroalkanes are remarkably acidic in wgfKa~ 10), acidity decreases
significantly in nonhydroxylic solvents such astacérile (pKa~ 30), mainly due to

the decreased stabilisation of nitronate anionsdobg of hydrogen bondings from
aprotic solvents. In addition, P. H. Boy& al. have demonstrated that DBU in
acetonitrile is not able to efficiently convert mogthane into the corresponding
nitronate*?®® In the same manner, the primary nitroalkane moietpur substrate

2.5amay not readily form the nitronate anion for carsu@n into the corresponding
aldehyde. Indeed, R. Ballini commented that the D8jdtem is chemoselective
toward secondary nitro groups in the presence ofigry ones?®® Hence, the

cyclisation using DBU was not very satisfactoryur case.

67



o} CF o}
NO, aorborc CF;

Scheme 2.10Reagents, conditions and yields: (a) DBU, MeCNg¢rowave, 85 °C, 1h, 16%. (b)
DBU, DMF, microwave, 85 °C, 1 h, 24%. (c) DBU, Me(380 °C, 48 h, 26%.

The second approach involved a reductive methodwknas the McMurry
method"?’ This employs titanium trichloride to reduce nitada salts into aldehydes
or ketones. A likely intermediate in this processhe oxime that can be obtained by
reduction of the titanium nitronate. The oxime igther reduced to the imino
derivative and then hydrolysed to the parent caybcompound (Scheme 2.11). The
details of the N-O bond displacement step are mearcalthough radicals are

probably involved since Ti(lll) is a one-electreeducing agent?’

4—
Scheme 2.1%’
We could obtain the cyclised products in good 8€Wi7 ~ 71%) smoothly using the
McMurry method?’ with overnight stirring under mild conditions (rodemperature

~ 60 °C, Scheme 2.12). The reactaric which contained a 4-methoxy group also

produced the anticipated cyclised prod2i&cin this reaction.
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(e} —/ R
MeOH/NaOCH3
TiCl3/NH,OAC
X
Cfs*” :

25a R =2-CF; 2.6a R =2-CFj3, 71%
2.5b R =4-Br 2.6b R =4-Br, 47%
2.5¢c R = 4-OMe 2.6c R =4-OMe, 52%
25d R=H 2.6d R=H, 70%

Scheme 2.12

As an alternative metal-mediated Nef reaction, Ifin€Chloride dihydrate was
introduced in our reaction. Although a tin contamireaction is undesirable for the
medicinal synthesis due to the toxicity of tin, itgard to the synthetic feasibility,
a tin-mediated reaction can be more convenientowitithe need for any additive
reagents and may be a cheaper way to synthesisartfeting compounds. N. B. Das
et al. reported an example of tin(ll) chloride dihydrageluction off,y-unsaturated
nitroalkenes (Scheme 2.13§.

NOZ (o]
2.7 2.8

Scheme 2.13Reagents, conditions and yield: SpZH,0 (3 eq), THF, rt, 6 h, 70%.

The possible mechanism for this transformation wasgposed to be taking place
through the hydrolysis of the intermediate stanitridnate (Scheme 2.14D)
Formation of intermediat® is possible due to the strong co-ordination oflffin
chloride with oxygen of the nitro group which faigtes the removal of the proton
from the a-carbon atom. In our reaction, the cyclised compo@réd was also
successfully synthesised under tin(ll) chlorideyditate-mediated system (Scheme



2.15).

S] 2H,0-Cl,Sn0_®_0 2H,0-Cl,Sn0 @ 0°
0.®,0 N N
N SnCIZZHZO |
)\ )\
Ry R, Ry b R Ry R
A B C
l SnCl 2 2H20
2H,0-C1,SnO N,OSnCIz-ZHZO 2H20-C|23no\§1>,05n(:|2- 2H,0

o}

i, — I
R R R R
S
H,O

F E D

Scheme 2.1%#8

o) o)
HN | e o HN | N\
©/\st NH, O/\S)\N H
2.5d 2.6d

Scheme 2.15Reagents, conditions and yield: Sp2H,0 (3 eq), EtOAc, 90 °C, 24 h, 72%.

Overall reaction pathway
The overall successful reaction pathway to formhigkdenzyl-6-substituted

pyrrolo[2,3d]pyrimidines is shown in Scheme 2.16.
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Br 0
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HN NO,
HN | —_—
I —— N b
):‘j\ a S)\N NH,
HS NH,
2.2 2.4, 88%
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RS
(@] —/ R
—_— HN \
c |
N
Cﬁs*“ :
2.5a R = 2-CF3, 55% 2.6aR =2-CF3, 71%
2.5b R =4-Br, 72% 2.6b R =4-Br, 47%
2.5¢c R = 4-OMe, 96% 2.6c R =4-OMe, 52%
25d R=H, 81% 2.6d R=H, 70%

Scheme 2.16.Reagents and conditions: (a),®EtOH (3:5), EN. (b) EtOAc/HO (1:1),
PhCHN"MesHO", 60~90 °C, 4 ~ 72 h. (c) MeOH, NaOMe, TiG} ~ 6 eq), NHOAc, rt ~ 60 °C,

overnight.

2.2.1.2. 2-Thiomethyl pyrrolo[2,3d]pyrimidine

In a similar sequence of reactions, we synthesee®-thiomethyl pyrrolo[2,3-
d]pyrimidine scaffold2.10 (Scheme 2.17). Methylation was successfully cdraet
using the same reaction conditions as benzylat®ection 2.1.1.1, Scheme 2.1).
However, in the following step, using a biphasisteyn with phase transfer catalyst
produced not only uncyclised produz8 but also the oxime intermediage9 and
cyclised produck.10at the same time. We presume that the thiometbigtynmight
give less hydrophobicity to the pyrimidine scaffolither than the thiobenzyl one.
Thereby, uncyclised produ@.8 may have more opportunities to form a nitro salt
through deprotonation by hydroxyl anion of phasmsfer catalyst in water layer.
Then the quaternary ammonium cation may resulénformation of imminium ion
which can be attacked by water to produce correfipgnaldehyde and oxime

intermediate2.9. Finally, these intermediates can generate thésegcproduci2.10
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via intramolecular condensation.

o] o) o]
I | ) N ! NO,
HN a HN +
| — | N — |
HSAN NH, H3CS)\N NH, )\N

2.2 2.7, 80% 2.3d 2.8, 26%

Hcs” N

2.10, 28%

Scheme 2.17Reagents and conditions: (a) EtOKLIH(2:1), EtN, Mel, rt, 5 h. (b) EtOAc/KD (1:1),
PhCHN"Me;HO, 60 °C, 3 h.

2.2.1.3. 2-Alkylhydrazino pyrrolo[2,3-d]pyrimidine

To exploit a different approach of C2 displacemenslkylhydrazino-5-substituted
pyrrolo[2,3d]pyrimidines2.19a~ 2.19cwere designed, the hydrazine group can be
displaced by amine nucleophiles after protonatioN X of the alkylhdrazine. In this
section, formation of 2-alkylhydrazino-5-substiditgyrrolo[2,3d]pyrimidine is
reported and the results of C2 displacement willliseussed including the case of 2-
thioalkyl-5-substituted pyrrolo[2,8}pyrimidine.

Retrosynthetic analysis (Scheme 2.18)
To synthesise 2,2-dialkylhydrazino substituentCat we explored three different
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pathways. The main scaffold.19 can be prepared from Michael addition-Nef
reaction route (Section 2.1.1.1). 2-(2,2-Dimethyltazino) pyrimidine2.18acan be
formed from amino(2,2-dimethylhydrazino)methanimimi iodide2.17 and ethyl 2-
cyanoacetat®.16 (Route A). Amino(2,2-dimethylhydrazino)methanimimi iodide
2.17 can be obtained from amino(methylsulfanyl)methaniom iodide 2.15 and

1,1-dimethylhydrazin@.12

(0]
|
HN | \
Re AN
Ay
H
HaC C,QDHZ © 2.19a R = N(CHg),
N—NH, + )]\ 2.19b R = pyrrolidinyl
4 2.19c R = piperidinyl
HaC HsCS™ NH, pipendiny

2.12 2.15 ﬂ

N R.
H R=dimethyl N N7 NH
2.16 2.17
2.18a R = N(CHs), NO,
2.18b R = pyrrolidinyl 2 3d

2.18c R = piperidinyl

' cH i
3
HN N Q
PN | " j\l\ | v l(\/)/\
X CHg,
HoN X n
2SN ONT ONH, !

2.7 2.12 H °
: : 2.13 2.14an=1
o o}
! |
ﬂ\l\ | +  CHgl <:I ﬂ\‘\)j\ + HN—NH,
N
N
HS® N° NH, HaeS” N7 NH,
2.2 2.1b 2.7 2.11

Scheme 2.18Retrosynthetic analysis of 2-alkylhydrazino-5-ditbhted pyrrolo[2,3d]pyrimidines.



Alternatively, compoun@.18acan be obtained from 2,2-dimethylhydrazih&2 and
2-thiomethyl pyrimidine2.7 through C2 displacement (Route B). 2-Thiomethyl
pyrimidine 2.7 can be easily obtained from 2-thio pyrimidia® and iodomethane
(Section 2.1.1.2).

Alternatively, 2-cycloalkylhydrazino pyrimidin2.18band2.18cmay be synthesized
from 2-hydrazino pyrimidin2.13and a dialdehyd2.14 via reductive amination. 2-
Hydrazino pyrimidine2.13 can be prepared from 2-thiomethyl pyrimidid& and
hydrazine2.11(Route C).

Failure of Route A

Route Ais a ring formation strategy to give a ketgermediate2.18a(Scheme 2.18).
As reported??® amino(methylsulfanyl)methaniminium iodid215 was successfully
displaced by 1,1-dimethylhydrazin2.12 to produce2.17. However, the ring
formation step was unsuccessful using several tondi (Scheme 2.19, b).
Therefore, we decided to try the C2 substitutio2-ofiomethyl pyrimidine2.7 with
1,1-dimethylhydrazin@.12(Scheme 2.18, Route B)

® 0
H3C . 1© CHy, NH, 1°
| NH2 I )J\/CN
NTNHz _a o N + EtO
-~ ~N
HsC HyCS™ NH, HaC”™ N7 TNH,
2.12 2.15 2.17, 95% 2.16

Scheme 2.19Reagents, conditions and yields: (a) 1,1-dimetyddazine, reflux, 20 h. (b) EtOH,
NaOEt, reflux, 15 h or BN, EtOH, reflux, 15 h or DBU, EtOH, reflux, 15 h.
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Displacement at C2 by hydrazine and 1,1-dimethylhyzine

As previously reportet® the 2-thiomethyl moiety of compoun@.7 was
successfully displaced by hydrazir®ell to give 2.13 However, reaction of
compound2.7 with 1,1-dimethylhydrazin®.12 under various conditions (Scheme
2.20, a) did not produced C2 displaced produtB8a The obtained compound after
recrystallisation still clearly showed tf&@methyl group in the'H (2.41 ppm in
DMSO-ds, compound.7 = 2.40 ppm) and*C NMR (12.39 ppm in DMSQ@i
compound2.7 = 12.52), and no evidence was found for C2 sulistitproduc®.18a
These results led us to focus on route C (Scheni®) 2to synthesise 2-
cycloalkylhydrazino-6-substituted  pyrrolo[2dBpyrimidine 2.19b and 2.19c
(Scheme 2.18).

o}
CHs .
HaN—N 4H-> ?Hai |
CH NOAY
3 Hic” "N N7 TNH,

o H

2.12 2.18a
HN
A)i ‘ 0
X

Hcs™ N7 TNH,

b HN |
2.7 HaN—NH; - =
HoN. I
z N)\N NH,
H
211 2.13, 66%

Scheme 2.20Reagents and conditions: (@BuOH, 1,1-dimethylhydrazine (5 eq), 125 °C, 2 d-or
PrOH, 1,1-dimethylhydrazine (5 eq), 130 °C, 2 d Id,1-trifluoroethanol, TFA (1 eq), 1,1-
dimethylhydrazine (5 eq), 80 °C, 1 d. (6BuOH, hydrazine hydrate (2 eq), 125 °C, 4 h.

Failure of synthesis of succinaldehyde

In our first attempt, we wanted to synthesise Zgdidinylaminopyrimidine2.18b
but partner substratg.14a was not commercially available (Scheme 2.18). We
simply thought that butane-1,4-diBl20 can be oxidized by relatively mild oxidant
such as PCC (pyridinium chlorochromate) to prodidieédehyde2.14aas PCC will
not fully oxidize the alcohol to the carboxylic dciHowever, intramolecular ring



closure was predominant thereby the lact@i23 was solely produced (Scheme
2.21).

OH OH oH ?
—_ —_—
K/\ K/W —_— Eéo _ &O
OH o
2.20 2.21 2.22 2.23,55%
M o

Scheme 2.21Reagents and conditions: PCC, DCM, rt, 20 h.

Synthesis of 2-piperidinylaminopyrimidine by reducive amination

Fortunately, glutaraldehyd214bis commercially available, so reductive amination
to obtain 2-piperidinylaminopyrimidin®.18c should be feasible (Scheme 2.18).
Reaction of an aldehyde or ketone with ammonianary amine, or secondary
amine at pH ~ 7 in the presence of 8] leads to primary, secondary, or tertiary
amines, respectivelyyia reductive amination of the carbonyl group (Scheme
2.22)13¢

R! RS R1 RS 1 3
, - R R
‘R4 slow \ .

R, R R? R4 fast R2 R4

Scheme 2.22Pathway of reductive amination.

In conventional reductive amination, a pH 6 ~ 8@simum for reductive amination,
however, the key requirement appears to be thepecesof enough proton source to
generate positively charged iminium moiety. Undeéandard Borch reaction
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conditions'® reductive aminations are usually run using a fivid excess of the

amine; although this improves the initial formationthe iminium intermediates, the
main purpose is to prevent the product amine (wpr@mary or secondary) from

undergoing further reductive aminatiofis.

To overcome the need for a large excess of amiodjfivation of the conventional

conditions have been report€d For instance, R. J. Mattseh al. reported the use of

titanium(lV) isopropoxide as a mild and effectiveevis acid catalyst for the

reductive alkylation of amines with ketones andeblgtle (Scheme 2.23). They
suggested a possible mechanism; once the stablpleons formed, which then is

reduced either directly atia a transient iminium specié®

R 1 3

R! /Rs Ti(OiPr) 4 ! - NaBH3;CN R R
>:o + iN —mMM R2+O—T|(O|Pr)3 —————> CHN,

R, R4 - iPrOH NR4R, R2 R*

Scheme 2.23Pathway of reductive amination in the presendiariium(lV) isopropoxide.

In our case, in order to obtain tt#&l18¢ the mono-alkylated intermediate must
proceed by further intramolecular alkylation, threxcess of the substré&el 3was
unnecessary. In the same manner, high excess wiepatialdehyde.14b was not
required either. Actually, we could obtain the estpd produc.18cin a moderate
yield via conventional reductive amination conditions witl2 Inolar excess of
glutaraldehyde.14b(Scheme 2.24).

? i
I
o}
_
HoN. AN S NO AN
2SN N ONH, © NT N
H H
2.13 2.14b 2.18c, 37%

Scheme 2.24Reagents and conditions: MeOH, HOAc, NaBN, rt, 19 h.
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The possible reaction mechanism can be considerstavn in Scheme 2.25, where
a slow and rate-determining preequilibrium stepegates the iminium intermediate
2.26 which is then rapidly reduced &27 The carbinol amine (hemiamin&)24
can also be converted into the iminium a6 via formation of the enamin2.25
which can converted into the key intermediai26 by rapid reversible protonation.
Due to the short reaction time for enamine reduacfio 15 min) compared to that of
the reductive amination (several hours), it is pmesthat the enamine reduction
pathway (Scheme 2.25, dotted line box) may be iradt**

i
i el
HN HO No )\
H,N X
Y NH, ©
H
2.13 2.14a 0 2.24

: 5 / | \ .

! | ! |

! HN | | y HN |

E H\ )\ e E—— 2B N7 SN e

AU R I ! N 2

: H :

! 0 2.25 NS

2.26

_______________________________________

Scheme 2.25The possible reaction mechanism of reductive afioina

Subsequent formation of a pyrrolo[2,3d]pyrimidine scaffold

The obtained key intermedia®18c was used to synthesise 2-piperidinylamino
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pyrrolo[2,3d]pyrimidine 2.19c through Michael addition followed by Nef reaction
(Scheme 2.26). In this case, the both steps we@ @lccessful using conditions
developed in Section 2.1.1.1.

o
HNJj\ a (|)
AL L~
2 \H N NH
2.28

NO,
2

2.18¢c 2.3d
\

Scheme 2.26Reagents, conditions and yields: (a) EtOAGH1:1), PhCHN"Me;HO, rt, 19 h, 58%.
(b) SnC}-2H,0 (3 eq), EtOAc, 90 °C, 24 h, 48%.

2.2.1.4. 2-Mercapto pyrrolo[2,3d]pyrimidine

The Michael-Nef reaction route was attempted indage of 2-mercaptopyrimidine
also. This was just to compare the reactivity afielcBveness of the route with 2-
thioalkyl pyrimidines2.4 and 2.7 (Section 2.2.1.1 and 2.2.1.2). Using the same
reaction conditions as thiolalkyl pyrimidines, weutd obtain the intermediat&30
and the cyclised produc.31 in moderate vyields, 42% and 45% respectively
(Scheme 2.27). But the yields were relatively lowean those of 2-thiobenzyl
pyrimidine in both step2(5d = 81%, Scheme 2.16 a@dbd= 72%, Scheme 2.15).



0 HN AN
| |
N
HN | . HS)\N N
)\ N
Hs” SN ONH, . 2.31
NO2 67.87 13¢ NMR
. m
2.2 2.3d a ;PP ( )

' 51.77 ppm (*3C NMR)
Vo -~ 4.5ppm (*H NMR)

duplicate phenylHand C __
peaks apeared \

; 1 13 NNty
inthe “Hand ~“C NMR 2.29 (not isolated)

Scheme 2.27Reagents, conditions, and yields: (a) EtOAGH1:1), PACHEN*Me;HO', rt, 15 h, 42%.
(b) SnC}2H,0 (3 eq), EtOAc, 85 °C, 24 h, 45%. NMR spectraX@9were obtained in DMSds.

In the Michael reaction step, we postulated th#fus@addition t0o2.3d would give
compound2.29 However, although, the crude solid appearedmascure by*H and
13C NMR before purification, only the C5 addition grmt 2.30 was isolatedvia
column purification (Appendix I). We presume thiag tformation of unwanted by-

product2.29might lead to lower yield in the Michael additistep.

The subsequent cyclisation @30 proceeded well but typical organic-aqueous
extraction was unsuccessful due to the lack ofh@rrthydrophobic group on the
sulfur. Instead, careful filtration to remove urotal tin(ll) chloride followed by

column purification gave cyclised prod&B81l
From these drawbacks including the formation ofpbyduct and the lower yields,

we conclude that alkylation of 2-mercaptopyrimidiagreferred before going to the

Michael-Nef reaction route.
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2.2.1.5. 2-Thiomethyl-6-carboxyl ethyl pyrrolo[2,3d]pyrimidine

2-Thiomethyl-6-carboxyl ethyl pyrrolo[2,8}pyrimidine 2.35was designed to study
the C2 displacement reactivity as the 6-carboxguigrcan reduce electron density of
the fused ring due to its electron withdrawing elcser. Details for displacement
reaction are discussed in the following sectiontelte we simply present synthetic
method towards this compound.

Retrosynthetic analysis (Scheme 2.28)

Route A is the cyclocondensation pathway withalo ketones described in Section
1.3.2.3. Although, there is a possibility of format of furopyrimidine2.36 it is
worthwhile to attempt as the reaction procedures \ary simple. Route B was
previously exploited by J. K Huggal. Ethyl bromopyruvate oximé&.34 can be
obtained from the reaction of ethyl bromopyruvaé@e32 with hydroxylamine
hydrochloride2.3333

HaCS

NHz ookt (|3
N)I% H)N\ | N—cook
)\N o HsCS Y N
2.36

2.35
%
O O

COOEt
o /\n/cooa . N HN | . B /\”/
)% | A NOH
N NH, HeCS™ N7 TNH,

o}
HsCS
2.32 2.7 2.7

N 74 U

o}

2.34

o COOEt
| +  CHyl Br /\[]/ + NH,OHHCI
)\
HS” N7 TNH,

o

22 2.1b 2.32 2.33

Scheme 2.28Retrosynthetic analysis of 2-thiomethyl-6-carboetflyl pyrrolo[2,3€]pyrimidine 2.35
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Route A

Initially, we expected that a mixture of the twagucts from the route A (Scheme
2.29), however, the furopyrimidin236 was obtained as a sole product. Although,
this would be a good point to synthesise C5-furatieed furopyrimidines, it is not

appropriate to obtain the required C6 extended@atkylpyrimidine.

i
COOEt
HN BI'/\H/ HN \
+ COOEt
ey r — L
HsCS™ N7 "NH, Hees” N7 N
2.7 2.32 2.35
\ NH2 ookt

NT \

Scheme 2.29Reagent, conditions, and yield: DMF, rt, 3 d, 62%.

Route B

Route B was reported by J. K. Huggan (Scheme 3!30he partner substrag34
was synthesised from hydroxylamine hydrochlorid@3 and ethyl bromopyruvate
2.32 through the reported procedure by H. C. J. Otgmhet al®*® The 2-
thiomethylpyrimidine was reacted with oxin#34 in DMF to give the desired
product 2.37. However, in this work, Dowex-50 (Hform) was used as the acid
catalyst instead of hydrochloric acid for the supsnt cyclisation. The Dowex-50

(H") catalysed reaction was more effective with regarthe yield (85%s.54%"".
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HCS™ "N” "NH, NOH HsCS~ N7 "NH, “OH
2.7 2.34 2.37
d|c
a
o

|
COOEt N \
NH,OHHCI  + ©°F /\f( PR | COOEt
(0] X N

HsCS™ N N
2.33 2.32 2.35

Scheme 2.30Reagents, conditions, and yields: (a) C5lMeOH, rt, 24 h, 84%. (b) DMF, B, rt, 2
d, 21%. (c) HO/EtOH, HCI, benzaldehyde, reflux, 54%6.(d) Dowex-50 (H), H,O, reflux, 15 h,
85%.

2.2.1.6. Displacement at C2 of pyrrolo[2,8]pyrimidines

Substitution at C2 in deazapurines/purines is & wseful synthetic route for the
library synthesis for drug discovery* **” However, the C2 substituion of purin&s
136 and pyrrolo[3,2d]pyrimidines™’ has proved extremely difficult and remained a

challenging task.

Basic concept

Nitrogen has a higher electronegativity than caytzord when present as —N= in an
aromatic ring, nitrogen distorts theelectron distribution by its inductive ability. In
the pyrimidine ring the annular nitrogen atoms siteated in the 1,3 positions,
which results in a combination of their effects siag markedrt electron deficiency
at the 2, 4, and 6 positions (Scheme 2.31). Thexefinese active positions are
readily attacked by nucleophiles, for example, ltesy in ready substitution of
leaving groups (e.g. halogens) at such positionsdtegr, amines, etc’



4

RS B R B
L= .
RS CE s ®

Scheme 2.31Mesomeric forms of pyrimidine.

Difficulty of C2 displacement
Although the electron deficient character of C2gréh are some reports of
unsuccessful C2 substitution in purine scaffoldshé®ne 2.32, a and 1} ***and

pyrrolo[2,3-d]pyrimidine, as in our case (Scheme 2.32, c).

We can suggest reasons for the difficulties of Gpldcement in these maotifs: (i) the
introduction of electron-releasing substituents ydrbxy, amino, mercapto, etc. —
counteracts the electron deficiency of the pyrimidine rirfg%(amino group at C4
for the case a and b, Scheme 2.32); (ii) lone phactrons of N1 and N3 can
electronically hinder the approach of nucleophitethe C2 position (Scheme 2.32, a
and b); (iii) in the case c, the annular nitrogeNK— type), N7 gives the electron
densities at the carbon sites of the fused ringhleyfact that the nitrogen provides
two electrons for the cyclic, conjugated, bond system (Scheme 2.32, c); (iv)
nucleophilic attack at C2 may be significantly algated as N3 is ionisable with
basic nucleophiles (Scheme 2.32, c)
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Scheme 2.32Reagents and conditions: (a)Ff@NH (5 eq), 1,4-dioxane, 80 °€° (b) RNH,, DMF,
130 °C, 7 d*® (c) benzylamine (3 eq), DMF, 100 °C, 20 h.

Direct displacement

From a review of the literature, it was found tkatcessful C2 displacement had
been reported by G. B. Elicet al. for 2-thiomethyl guanin@.44 via direct thermal
reaction (Scheme 2.33)° All the reactions were attempted at a relativeighh
temperature (140 or 160 °C) and under high conagair of amines (12 ~ 50%) in
aqueous or alcoholic media or using no solventoligih this direct method, G. B.

Elion et al. obtained a series of amino-substituted guar2#s



o o)

! |
N N R =NHCHs, NHC,Hs, N(CH
T\)j: > > HN)I S NHCeHe, p-CI2C65H4I\(lH i
N N )\ N(CH2)4?H2

2.44 2.45

Scheme 2.33Reagents, conditions and yields: water or MeOlt@H or no solvent, corresponding
amines (12 ~ 50% conc. or neat amines), 140 orC6Q0 ~ 65%.

In our study, benzylamine was selected as a testeophilic amine in C2
substitution in pyrrolo[2,3pyrimidinesvia a direct displacement method (Scheme
2.34). By varing the temperature, we observed th@atformation of an inseparable
mixture at over 130 °C (confirmed Byl NMR). Although, the ratio of by-product
was reduced at 115 °C, the isolation of pure produas very difficult and the
starting substrate consistently remained. At tlveelotemperature (103 °C), the by-
product was not formed, however, the reaction didgo very well and the majority

of starting substrate remained.

o)
? I
| o HN \
HN [ |
O S
N
RS N N H
R = benzyl, 2.4 2.43a
CHs, 2.7

Scheme 2.34Reagent and conditions: neat benzylamine, 1030~°C5 several days, no pure product

was isolated.

Normal oxidation-substitution pathway
The oxidation of sulfides to sulfoxides or sulforse®l substitution is a typical two-

step method to replace a sulfide moiety on an amruarbon of fused pyrimidinés:
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In our case, isolation of the sulfo@e16 was not successful using several oxidizing
agents such asrchloroperbenzoic acid, Oxone®, MgOb with H,O,, SeQ with
H,O,, NaWwO, with H,O, using various reaction conditions. In some cases,
oxidation by Oxone® gave a mixture of sulfone aulffioxide in low yields (> 30%).
We presume that a possible cause of the ineffews& of isolation of sulfon2.46

can be derived from nucleophilic attack by watenrmythe aqueous reaction work-
up, which can lead the water soluble compo2id (Scheme 2.35).

? o]
. |
j\l\ | \ oxidising reagent 5 HN | \
X
S N S)\ N N
7 H
O O
2.6d i 2.46
7 (not isolated)
¥ H,0
(0]
|
L)
N
(@) H H
2.47

(not isolated)

Scheme 2.35lneffectiveness of isolation of sulfo2e46

Alternatively, a one-pot consecutive oxidation-gitbBon method was attempted

(Scheme 2.36) as isolation of sulfahd6was difficult. However, the C2-substituted

product was not obtained probably because, aftédatmn, the remaining acid

protonated the amine nucleophile.
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)\
O/\S N
2 6d R =NHCH,Ph 2.43a

N(CH,)sCH, 2.43b
L |

Scheme 2.36Reagent and conditionstCPBA (3 ~ 4 eq), DMF (or CHGITHF), rt, 4 h then amines
(5~ 10 eq), rt ~ 100 °C, 15 ~ 48 h.

Modified oxidation-substitution pathway

After failures in the direct thermal reaction andegpot oxidation-substitution
reaction, we developed an effective C2 substitutimethod (Scheme 2.37).
Oxidation withm-chloroperbenzoic acid in DMF at room temperatunrefbur hours
was successful. After a simple work-up, involvirige tremoval of DMF under
vacuum, then washing with diethyl ether, the craddone2.42 was obtained in a
good vyield (80%). The identity was confirmed by awiresolution mass
spectrometry and indicated a predominant moledolampeak (MH = 290.1). The
crude sulfone was then treated with selected naates without any solvents, and
after stirring overnight at 100 °C, the C2 subs#tu products were obtained in
acceptable yields (25 ~ 55%).

o o 0
a b
HN | N\ > HN | AN > HN N\
N PN Py
MeS N H Mells\\ N H R N H
o O
27 2.42, 80% 2.43a R = HNCH,CgHs, 36% (from 2.7)
: - 2.43b R = N(CH)3CH,, 55% (from 2.7)
(not purified)

2.43c R = HNCgHs, 25% (from 2.7)

Scheme 2.37Reagents and conditions: @CPBA (3 eq), DMF, rt, 4 h. (b) corresponding ansine
100 °C (in a sealed tube), 15 h.
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Although oxidation followed by treating with aminase standard methods for this
type of chemistry, two points are important in case: (i) simple non aqueous work-
up gave crude sulfone, (ii) high-concentration ahirees without solvent.
Interestingly, there are no reported cases for aedhe nucleophiles to cleave a
sulfone moiety at C2 in the purine/pyrrolopyrimidirscaffolds. Therefore, we
presume that our successful C2 displacement metandoe applied to the similar
type of frameworks for the library synthesis in thedicinal chemistry fields.

C2 Displacement reactivity of 6-ester containing pyolo[2,3-d]pyrimidine

To investigate C2 displacement reactivity, we sgaibed a 6-ester containing model
compound2.35 (Scheme 2.30). The crude sulfo2&8 was obtained by the same
method described above, and then treated with mhesizylamine at lower
temperature to compare any reactivity difference6tansubstituted pyrrolo[2,3-
d]pyrimidines (Scheme 2.38). The reaction progress wonitored by thin layer
chromatography (TLC) and low resolution mass spewttry (LRMS). After stirring
for 14 hours at 40 °C, sulforie48 was found predominantly. The temperature was
increased to 60 °C and stirred for a further 24rbodowever, sulfon2.48was still
the major product and compoun@gl9 and2.50 formed concurrently together; the
molecular ion peaks were at m/z 313.2 (Mibr 2.49 and 396.1 (MN9 for 2.50
The reaction was completed at 100 °C after furl#ehours, however, a mixture of
mono 2.49 and di-substituted compound®2.50 was obtained after column
purification. Isolation of the two compounds was@uoplishedvia further separation

using high-performance liquid chromatography (HPBGJ fully characterised.

Through this test, we conclude that there is noiBaant activating effect in the case
of 6-ester connected pyrrolo[2d¥pyrimidines with regard to the reactivity of C2

displacement; the ester group is as reactive adispacement.
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Scheme 2.38Reagents and conditions: (e}CPBA (3 eq), DMF, rt, 4 h. (b) neat benzylamine,
100 °C, 24 h.

C2 Displacement of 2-piperidylamino pyrrolo[2,3d]pyrimidine

To exploit a different approach for C2 displacemeabmpound 2.19¢c was
synthesised (Scheme 2.26). 4-Methoxyaniline waslaary selected as a partner
amine and the corresponding hydrochloride salt added as an acid catalyst to
protonate at the piperidyl nitrogen. The ethanoéaction mixture was heated at
85 °C for two and a half days in a sealed tube €8&h2.39). However, only starting
substrate2.19cwas recollected and any other by-product or deasitipn were not

found.
This displacement strategy was not fully investgaand further experiments are

continuing in our research group. Finding an effectoncentration of amines and

the ratio of acid catalyst might be key points ¢oamplish this task.
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Scheme 2.39Reagents and conditions: 4-methoxyaniline (1.2 éghethoxyaniline hydrochloride
(1.2 eq), EtOH, 85 °C, 2.5 d.

Two unexpected results

Whilst developing procedures for the C2 displaceameaction, we found two
unexpected results. The first example is the readietween cyanogen bromide and
the 2-thiobenzylpyrrolo[2,8]pyrimidine 2.6d. Originally, we thought that cyanation
at sulfur would form more labile leaving group2r6d to give2.53 (Scheme 2.40).
However, the intermediat2.53 was not formed, instead, brominated prod2i&b
was obtained in 93% yield.

The plausible mechanism is presented in Scheme.'%.4lhe initial step is
nucleophilic attack by the pyrrole on the carbamnabf cyanogen bromide followed
by bromination at C6. Then the rearomatisation@aur by the loss of HCN to give
6-bromo produc®.55 The obtained produ@.55was fully characterised by HRMS,
'H, BC-NMR, and IR spectrophotometry.
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Scheme 2.41The plausible mechanism of 6-brominated pyrrolofd®@/rimidine.

The second case is the reaction betwhe@-dimethylhydroxylamine and the 2-
thiobenzylpyrrolo[2,3d]pyrimidine 2.6d (Scheme 2.42). In this reaction, the C6
substituted produ@.57was obtained instead of C2 substituted comp&usé

Scheme 2.43 gives a possible mechanism for thistioed*® The lone pair of

electrons of the free amine nitrogen remove on¢hefO-methyl protons of the

amine salt to produce methylamine and formaldehy&gain, the lone pair of
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electrons of the free amine nitrogen can attaclc#itbonyl carbon of the aldehyde to
give an iminium cation. Then the final produ2t57 can be obtained by the
nucleophilic attack of the pyrrole on the carboanatof iminium cation. The C6
substituted produ@.57 was fully characterised and the connection patieas also
confirmed by HMBC (heteronuclear multiple bond etmtion) NMR spectrum (the
H-C long range correlation, Appendix II).

X
O/\S)\N \ O
HN
2.6d | \ o
N -
Oﬁs N AV
Me

2.57

Scheme 2.42. Reagents, conditions and yield:N,O-dimethylhydroxylamine, N,O-
dimethylhydroxylamine hydrochloride, EtOH, 100 438 h, 15%.



H

H
@ ’_/—\ ,Me
WH T > Me—NH; + O=CH,
MeO

HN5 O
Me

H H Me0O” ‘OMe

Scheme 2.43The plausible mechanism of formation of compoQ@ri.
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2.1.2. Pyrazino[2,3d]pyrimidine framework

2.1.2.1. 6,7-Functionalised pteridines

6,7-Functionalised pteridines were synthesised eastally (Scheme 2.44). The
reaction route was adopted from S. La R8&a previous PhD student in our

research group.

N X a s b s
| —_— —_—
= NO
HZN)\N NH, N N)\/[
)l\ = )l\ Z
H,N N NH, HaN N NH>
2.58 2.59a, 77% 2.60, 79%

lc

2.62a R = CH3, 75%
2.62b R = Ph, 65% d s

2.62c R = 4-OMePh, 41%
2.62d R = 2-CIPh, 37% NI NH;
2.62e R = 2-pyridyl, 55% )\ |
H A
H,N~ N7 TNH,

2.61, 98%

Scheme 2.44Reagents and conditions: EtOH® NaOH, benzyl bromide rt, 20 h. (b) NaNO
DMF/H,0, AcOH, rt, 2 d. (c) Na®,, MeOH/HO, rt, 23 h. (d) DMF/100 °C or EtOH/reflux, , 4 2~
d.

From the starting materi2l58 benzylation with benzyl bromide (Scheme 2.44p ste
a), nitrosation with sodium nitrite (Scheme 2.44¢psb) and then the reduction with

sodium dithionite (Scheme 2.44, step c) went welptoduce compound.61 as



reported** The cyclocondensation .61 with five different biacetyls was also
successful to give 6,7-functionalised compou2dRa ~ 2.62éScheme 2.44, step d).
DMF was used as a solvent for the cyclocondensatiep by S. La Ros# but we

found that ethanol is a good alternative which asier to evaporate during the

reaction work-up and gives similar or better yields

2.1.2.2. C4 Displacement of pteridines

In the previous research, S. La Rosa reported atation-subsitution strategy using
DMDO (dimethyldioxirane) to replace the C4 thiobginmoiety (Scheme 2.45).
Although, this pathway was successful in terms iefdg, synthesizing DMDO is
relatively difficult and ineffective. In additionlow temperatures (-78 °C) are
required at the outset of the oxidation step. Tioeee we wanted to find convenient

method to produce library compounds effectively.

2.5 eq DMDO
acetone, -78 °C
IS 10 min.

Y

o]
N N N\ CHs
)l\ F F
N ONT ONT cH,

R = OH, OCHj,4 i
appropriate
NH,, NHCeH4CI(p) Hs nﬂglegphile
N(-CH,- )\ -
NH(CHz)sN(CHS)Z

Ha -78°Ctort

71 ~92%

Scheme 2.45C4 displacement pathway by S. La R¥a.

At first, we attempted direct thermal substitutiosing neat benzylamine without
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prior oxidation. After stirring two and a half dags 100 °C, the expected product
was obtained in 38% yield. Then, we decided to mgzowave assisted reactions.
Again, after one hour at 100 °C under microwaves $ubstituted product was
obtained in 46% yield (Scheme 2.46). Because osliwet reaction period (1 h), we
were encouraged to synthesise a library of comp®uiadnicrowave reactions using
five different amines, which were chosen to repmeskfferent structural types and

reactivities.

\j

S O aorb NH ‘
N
0 s
- L
N N )\N N

Scheme 2.46Reagent, conditions and yields: (a) neat benzylamiO0 °C, 2.5 d, 38%. (b) neat
benzylamine, 100 °C, microwave (average 38 ~ 401W), 46%.

Finally, we obtained a library of twenty five 4,&ihctionalised petridine
compounds in moderate to good vyields (Scheme 27 Table 2.2). Biological

activities of these compounds will be discussefiention 2.2.2.

2.62a R =CHj
2.62b R =Ph

2.62c R = 4-OMePh
2.62d R = 2-CIPh
2.62e R = 2-pyridyl

S
N
N)?:N\ R1 )NI\)\/[ I
—_—
= =
HNJ\N/ N;[Rl HoN N N R?
2

2.62

R2
Rl

2.63 ~ 2.67

Scheme 2.47Reagent and conditions: neat benzylamines, 100ni€pwave (average 38 ~40 W), 1

or2h.
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Table 2.2.Yields of 4,6,7-functionalised pteridine librargrapounds. (unit: %)

R2
1
NS N R
)l\ = P
HoN N N R!

RZ
R! NHCH:Ph  NHPh  N(CH)s N(CH)sN(CHs), N(CHy),0
CHs 2.63360 2.64355 2.653 66 2.663 29 2.673 45
Ph 2.63h 49 2.64h 46 2.65h 54 2.66h 76 2.67h 78
4-OCHPh| 2.63¢53 2.64G25 2.65G 53 2.66¢ 55 2.67¢ 44
2-CIPh | 2.63d 62 2.64d 67 2.65d 70 2.66d 44 2.67d 63
2-pyridyl | 2.63e66 2.64e65 2.65€ 80 2.66€ 79 2.67e 76

2.1.2.3. Reactivity comparison of C2s. C4 displacement

From the

oxidation,

above success of one-step displacemefttubalkyl pteridines without
we can conclude that there are diffedr@mical environments between

the C2 of pyrrolo[2,3]pyrimidines and C4 of pyrazino[2@pyrimidines.

Explanations of factors which involve in displacereeactivities of the two ring

systems can be given as follows.

(i)

(ii)

(iii)

In general, pteridines are electron deficieompared to pyrrolo[2,3-
d]pyrimidines as pteridines have two annular nitrogm the fused ring.

In both cases, there are electron relasingreasu (N7 for pyrrolo[2,3-
djpyrimidines, 2-NH for pteridines) which can contribute electron
richness to the ring carbons (Scheme 2.48).

However, a more significant effect is expeattat C2 substitution of
pyrrolo[2,3-d]pyrimidines due to the possibility of anion fornaat of N3

by basic nucleophiles (Scheme 2.48, A). In contrdmre is no anion
formation and distinctive chemical moiety to eleaically hinder
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approaching of nucleophiles at the C4 of pteridin€kerefore, we
suggest that this factor could be involved in teemarkable difference
with regard to the displacement reactivity of tlweo tdifferent ring

systems.

nucleophile
o) R2 \ SR!

3 | N _R?
=z
©N AN 3N A
nucleophile —> m JER |
N 7 ! ¥ 2\N N/ 2
1

Scheme 2.48Different chemical environments at C2 of pyrrol@&]pyrimidine (A) and C4 of

pyrazino[2,3d]pyrimidine (B). Dotted circles: electron donatisgurces to the rings.



2.1.3. Design and synthesis of inhibitors for PTR1

2.1.3.1 Modeling study

A previous study

In collaboration with W. N. Hunter’s group (Univégsof Dundee), we found that
compound2.68 is a moderate inhibitor (80% inhibition at 100 ulfdy L. major
PTRL1. Therefore, we have access to the crystaitateiof the active site &f. major
PTR1, which was co-crystallised with 5-cyano-6-boomteazaguanin@.68 (Fig.
2.1)*" This study was performed in order to get an insigo the binding
orientation of deazaguanine compounds and higlglitite possible interactions with
the residues in the active site. This also provatesdea of how much space is left

for the accommodation of additional substituenthaactive site.

(0]
CN
4 o161 <€. v
HN 4a \5 i 174 ik
j% | Y . Br CAER E‘:"_T & g iﬂ
HNT 2 N7 7a . 1 -
2 N H7 < ~ | K .é’
2.68

HaDF

if

*?::‘5 B4
&
-

Figure 2.1.Crystal structure a2.68in the active site of. major PTR1*’ The nitrogens are coloured
in dark blue and the bromine at the 6-positiomisnagenta. Image was provided by W. N. Hunter’s

group (University of Dundee).

An extended result with a model molecule
Through molecular modeling, the active site wasated and molecul@.69 was
docked into the active site (Fig. 2.2). From thisdy, we could obtain several

important clues to design inhibitors: (i) The deprmnine framework fits well into
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the active site; (ii) tyrosine (Tyr 194) allows gdnogen bond to the 7-NH; (iii) the
end of pocket A contains a hydrophobic tryptophemp 21); (iv) space B also has a
hydrophobic terminus but at the same time it cost@in aspartate (Asp 161) which
can be used to form hydrogen bonds; (v) althougtkgtoC is not very big, it can

accommodate small groups, so diversification as€#ns to be possible.

/W
74
i/

Figure 2.2. Structure of the active site &f major PTR1 and its three pockets (two major A and B,
one minor C). Green: model molec@#9 Yellow: NADPH. Red: aspartate 161. Blue: polaidees
including tyrosine 194 (bottom). Grey: non polasideies including tryptophan 221 (top right).
Interatomic distances are shown for key potentigractions. The molecular model was obtained
using the CACh& molecular modeling system (Fujitsu, Poland) byesimposing a hypothetical
inhibitor 2.69in a crystal structure. Energy minimization was carried out. Image was provided by

C. J. Suckling, the supervisor of this thesis.
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A specialized compound for pocket B

From the modeling study, a hydrogen bonding podsibwvas evident between the
NH of C6 extended pyridone group of compodOaand the carboxylate anion of
Asp 161 of the active site (Fig. 2.3). This cleasgbility of hydrogen bonding
meant that compoun?l70awas a key target. The synthesi2ofOawould allow us
to compare the inhibitory activity of C6-pyridonemmected compound.70a with
the activity of C6-phenyl connected compouhd2(Fig. 2.4).

Figure 2.3. Structure of the active site &f major PTR1 and its hydrogen bonding possibility with
compound?2.70a(red dotted circle). The molecular model was olsdinsing the CACHemolecular
modeling system (Fujitsu, Poland) by superimposindnypothetical inhibitor2.70a in a crystal

structure. Image was provided by C. J. Suckling,ahpervisor of this thesis.

2.1.3.2. Design of inhibitors for PTR1

From the modeling study (Section 2.1.3.1), we hdesigned potential inhibitors of
PTR1 to give diversity on the deazaguanine framkwmffit with two major pockets

(Fig. 2.2, A and B). Figure 2.4 shows our seledtddbitors and their target pockets,
for the first stage of this project. The pyrimidiframework was selected from our

117

previous biological results (Section 1.5.2.3, Fig39):~" The synthetic results of
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these compounds and the biological assays are giv®ection 2.2.1.

Deazaguanine framework

N e pocket A Y
‘. 'j\'\ | A\ ! <——— pocket B
x )
% HNT N7 TN %
(0]
HN | \
X
HZN)\N N
2.71

pocket B

hydrogen bonding with Asp 161

Pyrimidine framework

) 2.59b R = 4-NO,
S \_°r  250cR=4Br
2.59¢ R = 2-CF4

=z
N | 2.59d R = 4-CF4
)\ 2.59e R = 4-CN
H2N N NH; 2.59f R = 4-OMe

Figure 2.4.Potential inhibitors of PTR1 designed from a malac modeling study of the active site
of L. major (deazaguanine framework) and from previous bidaigiresults’ (pyrimidine

framework).
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2.1.3.3. Synthesis of compound 2.71

The successful synthesis of compouhdl was reported by E. C. Taylor and B.
Liu.*® Therefore, we prepared this compound in the samg as these workers
(Scheme 2.50, route a, b, ¢ and d). The first istepived a Henry reactidtf **with
aldehyde2.74 and nitromethane which gave nitroaldol addu@bin excellent yield
(94%, Scheme 2.49). CompouBd’5was then dehydrated by mesylation followed
by treatment with triethylamine to yield nitroalle8.76 as a yellow oil (Scheme
2.50).

© ©
CH3N02 + OH CHzNOZ + Hzo

@ P——
CH,NO, + —_—
CHO H o®
S
+ Hzo —~— + OH
H O@ H OH
2.75

Scheme 2.49Henry reaction to form compourdd75

Compound 2.78 was synthesised by Michael addition between 2,6-
diaminopyrimidine (Michael donoB.77and the nitroalkene (Michael accept2rj6a
Then, a classical Nef reaction followed by intraemoilar condensation gave the
deazaguanin2.71 However, in our repeated attempts, we have fabhatthe one-
step cyclisation is not facile and purificationaiso difficult. Therefore, we decided

to adopt a two-step reaction developed by D. Edmanal,**® and the oxime
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intermediate2.79 and the cyclised produ2t71were synthesised smoothly (Scheme
2.50, route e and f). Although this alternativetws-step, each step is relatively
simple with regard to the reaction work-up, andna® require long reaction period

and gives each product in good yields (58% forakiene intermediat@.79 90% for

b (o]
—_—
(@]
B H“Jl
NO, )\
2.76

the cyclised produ@.71).

a
_—
H OH
CHO

\J

2.74 2.75 HN" 'N° NH
2.77
d
o] > o]
ﬂ\l\ | NO, HN | N\
X X
HoN" "N™ "NH; HZN)\N N
2.78 2.71
\ /

O

HN
PN

H,N~ °N NH;

| —NOH

2.79

Scheme 2.50Reagents conditions and yields: (a)88,, NaOH, EtOH, 94%. (b) DCM, C§$O.Cl,
Et:N, 55%. (c) EtOAc/HO 1:1, 90 °C, 24 h, 94%. (d) (i) ag NaOH, rt, qih;aq H,SO, at 0 °C, 1 h;
(iif) conc. NH,OH to pH 7, rt, 1 h, 43%. (e) SnCbenzenethiol, BN, THF, rt, 1 h, 58 %. (f) Dowex-
50 (H"), H,0, reflux, 15 h, 90%.
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2.1.3.4. Synthesis of compound 2.72

One of the major pockets of the active sitd.ofnajor PTR1 is potentially close to
the C6 position of the deazaguanine framework (@@&.1.3.1). Thus, introducing a
phenyl ring at C6 to access the hydrophobic poblast been a crucial step in our
studies. The Suzuki reaction, involving palladiuatatysed cross-coupling reaction
between organoboron compounds and organic halidasbe a solution to this
synthetic challenge (Scheme 2.8 The innocuous nature of boronic acids, which
are generally non-toxic and thermally, air, and shoe-stable, was a practical
advantage of the Suzuki reactiti.However, as boronic acids are often subject to
dimerisation and cyclic trimerisation through detattbn to form boronic acid
anhydrides and boroxines, potassium organotriflborate salts are widely

employed as an alternativ&: *4°

Pd (0)
Ar-Ar' Ar-X

Reductive elimination ‘ Oxidative addition

Ar-Pd (II)-Ar' Ar-Pd (I1)-X
»

N

X-B(OH)3 Ar-B(OH) 3

Transmetallation

Scheme 2.51Mechanism of Suzuki-cross couplifily.

Substrate.68was prepared in the same way as J. K. Hujgahthese laboratories.
Then, we attempted the conventional Suzuki coupiieghod between a halogenated
substrat€.68and phenylboronic acid.81as a coupling partner (Scheme 2.52, b and
c). However, none of the anticipated products fraither system, THF-
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PhCHN*MesHO -PdCL(PPh), or THF-KF-PAC}(PPh), were formed. Because
substrate2.68 is electron rich, the transmetallation seems oobe facile using
conventional methods. There are several paramietarSuzuki reaction — palladium
source, ligand, additive, solvent, temperature,-etand there are, correspondingly, a
large number of protocols for accomplishing their@elstransformations. The choice
of protocols depends on the structure of the re¢st® Therefore, we decided to
change three parameters: (i) The solvent was cldafrgen aprotic THF to protic
IPA-H,O (2:1); (ii) t-BuNH, was employed as the base; (iii) the coupling partne
potassium trifluorophenylborate was used in plateloenylboronic acid. Using
these conditions, the anticipated prod2i@?2was produced in excellent yield (92%).
This modification was strongly encouraged by theesbations of G. A. Molander, a

pioneer of cross-coupling reactions using orgafietrioborates>°

Scheme 2.52Reagents, conditions and yield: (a) AcOH,,Bt for 20 h then 60 °C for 1 d, 58%. (b)
THF, PhCHN"Me;HO™ (aq), PACI(PPh),, 60 °C, 5 d. (c) THF, KF (aq), PdgPPh),, 60 °C, 5 d. (d)
IPA/H,0O (2:1),t-BuNH,, PdCL(PPh),, 85 °C, 4 d, 92%

Among the three parameters changed, which syndsgican lead to significant
difference in this reaction, the protic solventteys may be a crucial variable. Indeed,
previous reports have indicated that water was ireduas a co-solvent for the
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trifluoroborate coupling reactiorta® Also, one or more hydroxyl groups displace
fluorides on the tetracoordinate boron speciesliain the transmetallation step of
the catalytic cyclé?® ! *2These conditions were more effective than ouripres
method — EtOH, N&COs (aq), PAGI(PPhR),, 26 ~ 74% yields - which was exploited
by L. Keifer from these laboratorié%® We now expect that we can smoothly and
effectively obtain diverse C6 substituted potentiahibitors which have a
deazaguanine scaffold through these improved @ogphng reaction conditions.

2.1.3.5. Synthesis of compound 2.70

Retrosynthetic analysis of 2.70 (Scheme 2.53)
Compounds were designed to occupy pocket B of¢heeasite of PTR1 ok. major
as well as hydrogen bonding to aspartic acid (A& df the active site (Fig 2.4).

Compound2.70a can be obtainedia a cyclocondensation method with the key
substrate2.83 Substrat€.83 can be synthesised from the reaction of e2#@4 and
chloroacetonitrile2.85 with a base. The est@r84 can be prepared by conventional
esterification using methanol with acid catalysariidxylic acid2.86can be obtained

from commercially available compou2d7with aqueous acid.

As boronic ester2.89 is commercially available, a Suzuki coupling rowtas
selected for compoun®.70b which can be prepared from compouh@8 through
hydrolysis. Compound2.80 has been prepared previousiy, which can be
brominated at C6 to give substr2té8(Section 2.1.3.4, Scheme 2.52).
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H3CO HN HN | \ B
o) Br * g =N
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2.68

N/ N RNV ﬂ
[e) N
o] cl HN N\ HN
. | — R
2.86 2.87 )\\N HZN)\N " cl

N
H2N H o)

2.80 ref. 117

Scheme 2.53Retrosynthetic analysis of compou2dQ

Attempted synthesis of compound 2.70a
As discussed before, synthesis of compo2i@adepends on successful preparation

of the key substrat2.83 as this is not commercially available (Scheme .54

o o on
| o 7\ |

HN

L el 8 L0

N7 N7 NH, < . HNT SN N HN
2.77 2.83 2.70a ©

Scheme 2.54Synthesis of compouri2i70a

Ester substrat2.84 was successfully synthesised using the procedurekametani
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et al'® However, the key substra®83 was not obtained from the reaction with

chloroacetonitrile using two equivalent of sodiurathoxide (Scheme 2.55).

o)
o) o) o)
SN\ a /N b /N Q_Q
HO  N= HO  HN HsCO  HN NC | HN
c o
cl o o
2.87 2.86 2.83

2.84

Scheme 2.55Reagents, conditions and vyields: (a) conc. HCI, 9@@or 1 d then 120 °C 1 d, 84%.
(b) MeOH, HSO,, reflux, overnight, 62%. (c) NaOMe (2 eq), MeOHclHoroacetonitril, reflux,

overnight.

One plausible reason of this failure is the po$igitof formation of pyridone anion
with the base. This anion would electronically lndhe approaching of partner

anion to attack the carbonyl carbon (Scheme 2.56).

o) Q HCO &
/ \ S L ‘\@
+ cl CN \ o —H—>
HsCO  HN \ NC HN

[e) Cl (0]
2.84 2.85 S 2.83

Scheme 2.56Failure of formation of compouri83

In order to overcome the above problem, the pyed2B4 was protected using
pivaloyl chloride. The protection reaction was peried in DMF with potassium
carbonate and this gave tleprotected compound.91 solely (Scheme 2.57). This
was confirmed by distinctive IR bands at 1722 a@fidlcm® (ester C=0 stretching
vibration: 1725 ~ 1750 crh Appendix I11)*®> and any bands belong to amide C=0
vibration (1650 ~ 1670 ci)*>° were not found.
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o o |
o
/7N , Y(NJ\OJI\K
HiCO  HN cl OCHj

2.84 2.90 291

Scheme 2.57Reagents, conditions and yields: DMRQO; (2 eq), 60 °C, 24 h, 53%.

The prepared O-pivaloyl protected compound2.91 was reacted with
chloroacetonitrile2.850r methyl 2-cyanoacetaf92as an alternative (Scheme 2.58).
There was no change in TLC after stirring for fiveurs at room temperature. The
reaction was continued overnight under reflux. Hesvethe substituted product was
not obtained in either case, instead, only deptetesubstrat@.84 was found. This

is probably because the electron withdrawing pgedincreases the electrophilicity
of the pivaloyl carbonyl carbon.

Y 9
© N/ (0]
+ CI/\CN —H—>
NC Cl
2.93

|\ o) 2.85
o) _—
N OJ\’< N
OCHs o | 0
+ Y\CN o) =z
2.91 N o
OCHs
2.92 Hscooc” CN
294
Y
(0] (0] pZ
NT o)‘\’< ----- N o)‘\’<
NC” Br Hooc” “CN

Scheme 2.58Reagents, conditions: THF, NaOMe, rt for 5 h thefitux for overnight.
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To clarify the feasibility of this chemistry, we @ded to introduce a robust ether
protecting group, benzyl group, instead of the laiteaester. The reaction of substrate
2.84with benzyl bromide gave two produc@:benzyl2.95andN-benzyl compound
2.96(Scheme 2.59).

X o)
AN | \
l o) = N
o) S N~ o + 5
H © OCH

OCH3 3 OCH3

2.84 2.95, 50% 2.96, 16%

Scheme 2.59Reagents, conditions and yields: DMF, NaH, benzghtide in THF, rt for 15 h then
100 °C for 4 h.

The two compounds were identified by significarffestence of chemical shifts of
benzyl carbons derived from the difference of etewtgativity of nitrogen and
oxygen. TheO-benzyl carbon (less shielded carbon) appeared3&46ppm, in
contrast, 47.22 ppm was recorded for lhbenzyl carbon (more shielded carbon) in
the ®*C NMR (APPENDIX IV). As theO-benzyl produc®.95is less hindered than
the N-benzyl product2.96 toward the carbonyl cabon of the methyl ester typie
partner reagent®.85 or 2.92 were then reacted with compouB®5 using sodium
hydride as a base (Scheme 2.60).

X
o | =
o cete — 1T
NC Cl
2.96

] 2.85
o) =
N o/\©
OCHj, A
° — |
CN

2.95 + V o Z

OCH; N o/\O
2.92 Hscooc” “CN
2.97

Scheme 2.60Reagents and conditions: DMF, NaH, 90 °C for owghhi
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However, the reaction did not proceed and subs&&efirmly remained. Because,
we failed to synthesise the key substa®@3 (or 2.93 or 2.96) our target molecule
270acould not be obtained (Scheme 2.61).

o o o c” e o 1\
2.85
72 N WA /\ ﬂ
HO N= HO HN H3CO HN NC HN
Cl (@] e} Cl (0]
2.87 2.86 Br 2.84 2.83
E)/ N
X

2.95 291
a” en ca” en
2.85 2.85
[ DB
(0] = (@) pZ
N o/\© NT o
NeT al NeT cl
2.96 2.93
. o
' HN
vi T
1 HzN N NH2
v 2.77
I CN
H)N\ N 7\
NS
H,N N N HN
2.70a ©

Scheme 2.61Failure of synthesis df.70a

Attempted synthesis of compound 2.70a Suzuki coupling
As boronic ester2.89 is commercially available, we simply attempted wzKi
coupling to obtain compound.88 The latter can be hydrolysed to give the final

target compoun@.70b(Scheme 2.62).
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? CN
H)’\‘\ N / \
HoN SN N NH
2.70b

Scheme 2.62.Reagents and conditions: IPA®I (2:1) or DMF/HO (2:1), EtN or t-BuNH,,
PdCL(PPh),, 80 ~ 100 °C, 3 d.

To avoid a co-coupling of chloro pyridine boronister 2.89 in the first place,
substrate?.68 was activated with palladium catalyst and a bas#euthe selected
solvent systems, then boronic es?e89 was carefully added. However, we found
that halopyridine boronic est@.89 was not smoothly coupled with the substrate.
Although, in some case¥d NMR spectra showed corresponding peaks of exgecte
product2.88 even after column purification, the pure expegisamuct2.88was not
isolated but coeluted with starting substi2agg

Due to the failure of synthesis of compouh@0aand2.70k, other workers in our

laboratory are now endeavouring to obtain simil@mpounds t@2.70aand2.70b
using different synthetic routes.

2.1.3.6. Attempted synthesis of compound 2.73

To occupy two major hydrophobic pockets of the actsite of L. major PTR1
(Section 2.1.3.1, Fig. 2.22), we designed a hybachpound2.73 of the compound
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2.71 and 2.72 (Scheme 2.63). We expect that this type of 5,6stuibed
deazapurines may show better inhibitory activitigstvity rather than C5 or C6

mono-substituted compounds.

Scheme 2.63A model hybrid compound.73

To synthesise the hybrid compouBd3 compound?2.71 was treated with bromine
in acetic acid to give brominated compou®8 (Scheme 2.64). However, in the
following step, incorporation of a phenyl ring a6 @Qvas not successful by the
improved Suzuki coupling conditions (Section 2.4)3This is possibly because the
phenethyl moiety at C5 can significantly hinder #ygproaching of the coupling
partner2.82
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o o Br, K
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LD T e
X
HaN™ NN HZNJ\ N HoN

N

2.71 2.98 2.82

Scheme 2.64Reagents, conditions and yield: (a),BkcOH, 50 °C ~ rt, 20 h, 70%. (b) IPA/B (2:1),
t-BuNH,, PdCL(PPh),, 85 °C, 4 d.

2.1.3.7. Pyrimidine framework

6-(Benzylsulfanyl)-2,4-pyrimidinediamine2.59b ~ 2.59gwere synthesised by
simple benzylation of 2,6-diamino-4-pyrimidinethiatith six different benzyl
halides (Scheme 2.65). The pyrimidinediami2es9b ~ 2.59gwere identified as
potential synthetic targets based on our previouslodpcal results with
trypanosomatids PTR1 (Section 1.5.2.3, Fig. 1'8%iological results for these

compounds will be discussed in the following seattio

o « ( 2 289R=4:NO, 74%
S /"R 2.59c R = 4-Br, 44%
- . P 2.59d R = 2-CF4, 44%
] A > N 2.59€ R = 4-CF, 69%
PN TR PS 2.59f R = 4-CN, 79%
HN-N° - NHp A HaNT N7 TNH, 2.59g R = 4-OMe, 67%
258

Scheme 2.65Reagents and conditions: EtOH® NaOH, rt ~ 80 °C, 19 ~ 46 h.
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2.2. Biological results

Here, we describe biological data, PTR1 inhibitoagtivities for designed
compounds (Section 2.2.1) and random screenindtsgsytotoxic, antibacterial and
antiparasitic activities) for compounds synthesiégddiversity oriented strategy
(Section 2.2.2).

2.2.1. Inhibitory activity for PTR1

Among the synthesised compounds, eight (Figure ®dye investigated for their
ability to inhibit PTR1 L. majorandT. bruce) by Lindsay Tulloch (W. N. Hunter’s
group, University of Dundee). The author of thisedis acknowledges their
cooperation.

Assay method

Pteridine reductase was purified as descrifédhe enzyme (15 mg/ml, 50 mM
Tris-HCI, 250 mM NaCl, 20% (v/v) glycerol, pH 7.%as flash frozen in liquid
nitrogen and stored at —20 °C until required. Paémhibitors were dissolved in
DMSO, while the substrate dihydrobiopterin was algsd in 0.1 M NaOH. As
initial assays (n=1), inhibition was performed atefl concentrations, 20M for
dihydrobiopterin and 1@M for inhibitors. NADPH oxidation was followed, 840
nm, in assays executed in a Beckman DU640 specitopieter.

Figure 2.6 shows the percentage inhibition resaflihhe compounds compared with

methotrexate (MTX), the archetypal antifolate drug.

o) )  2.59b R=4-NO,
CN
o | S/_@R 2.59¢ R = 4-Br
| HN | N\ y 2.59d R = 2-CF3
N 2.59 R = 4-CF
N 3
P | ) HZNJ\N N P | 2.59f R = 4-CN
N N
H
2.71 2.72

H
NS HN© N™ NHp 2.59g R = 4-OMe

Figure 2.5.Biologically assayed compounds.
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Compounds2.71 and2.72 were designed to fit into pockets A and B of tHeRR
active site, respectively (Section 2.1.3.1 and3221 .Fig. 2.3 and 2.4). Interestingly,
the percentage inhibitions of PTR1 activity by th® compounds were almost the
same (~ 70%) fol. bruceithough compoun@.71inhibited the PTR1 activity more
strongly (~ 25%) than compourti72 (~ 10%)in the case of. major. This result
indicates a C5 and C6 disubstituted deazaguanine hage a stronger inhibitory
character due to the simultaneous interaction thigéhtwo major pockets of the active
site. The series of compoung$9b ~ 2.59gvere shown to have a higher inhibitory
action againsL. major PTR1 activity (45 ~ 61%) thah71or 2.72 However, forT.
brucei the percentage inhibitions #/59b ~ 2.59gwere significantly lower (2 ~
38%) than2.71 and 2.72 These data indicate that we need to study thstadry
structure of PTR1 binding with one of the derivativof2.59 to allow the further

design and synthesis of improved inhibitors.

100
90 -
80 -
70 ]
60 -
50 -
40
30 -
20 -
10 ¢
O L

MTX 271 272 2.59b 2.59c 2.59d 2.59e 2.59f 2.59¢g

Inhibitors

OTb PTR1
mLm PTR1

% Inhibition

Figure 2.6. Percentage inhibition of PTR1 activity with dihy@iopterin (fixed at 20uM) by
inhibitors (10uM), n=1. Lm =L. majorand Tb =T. brucei MTX = methotrexate. Data was provided
by W. N. Hunter’s group, University of Dundee.
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2.2.2. Screening assays

In this project, pyrazino[2,8}pyrimidines (Table 2.3) and most of pyrrolo[2,3-
dlpyrimidines (Fig. 2.7) were synthesised to be agesl for biological activities
without regard for any particular protein targetherefore, we present partial
biological screening results to show the potentilsynthesised compounds to

develop leads. The tested compounds are listedllag/$ (Table 2.3 and Fig. 2.7)

Cell based assays were performed by Carol Clem@hisfessor Alan Harvey's
group) of SIDR (Strathclyde Institute for Drug Rasw). The authour of this thesis
acknowledges their cooperation.

Assay method

Mammalian cell toxicity was evaluated for three mat cell lines H9C2 (rat, heart
myoblast), HS27 (human foreskin fibroblast) and @9&wurine fibroblast), and three
cancer cell lines HepG2 (hepatocellular carcinorpéhelial), ZR75 (epithelial
breast cancer cell) and SHSY5Y (human neuroblastosatibacterial activities
were assayed fdBtaphylococcus aurewdEscherichia coli Antiparasitic activity
was investigated foF. b. bruceiusing the Alamar blue microplate meth8&°The
assay were conducted in 96 well microplates wittulration at 37 °C under a
humidified 5% CQ atmosphere for 24 h for mammalian cells, 20 hbfacteria and
48 h for trypanosomes. Fluorescence was detected adVallac Victor 2 multilabel
plate reader (exitation 560 nm, emmision 590 nmangi % of control values. The
initial screenings were done at a single concaontrgtlO0uM for cytotoxicity and
antiparasitic activity, 50@Qm for antibacterial activity, n=1). Kgs were obtained for

some active compounds agaiiisb. brucei(n=2).
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Table 2.3.Structures of assayed pyrazino[2lJgyrimidines. (30 compounds)

R2
1
NS N R
)l\ = P
HoN N N R!

RZ
R SCHPh  NHCHPh  NHPh N(CH)s;  N(CH,):N(CHs), N(CH,).0
CHsg 2.62a 2.63a 2.64a 2.65a 2.66a 2.67a
Ph 2.62b 2.63b 2.64b 2.65b 2.66b 2.67b
4-OCH;Ph 2.62c 2.63c 2.64c 2.65c 2.66¢C 2.67c
2-CIPh 2.62d 2.63d 2.64d 2.65d 2.66d 2.67d
2-pyridyl 2.62e 2.63e 2.64e 2.65e 2.66e 2.67e
/ N
N
(0] —/ R 0
ﬂ\‘\ | AN HN | \
(= Ny
2.6aR = 2-CF, 2.43a R = HNCH,CgHs
2.6b R = 4-Br 2.43b R = N(CH,)5CH,
2.6¢ R = 4-OMe L
26dR=H 2.43c R = HNCgHs

2.10 R = SCH3

Figure 2.7. Structures of assayed pyrrolo[2iByrimidines. (8 compounds)

2.2.2.1 Cytotoxicity

Cytotoxicity was examined for three normal celleknand three cancer cell lines

namely:

Normal cell lines
H9C2: rat, heart myoblast
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HS27: human foreskin fibroblast
L929: murine fibroblast

Cancer cell lines

HepG2: hepatocellular carcinoma epithelial
ZR75: epithelial breast cancer cell
SHSY5Y: human neuroblastoma

Among the assayed 38 compounds, 14 compounds tedniioixic effects for normal

or cancer cells or both. The most active compoameshown in Figure 2.8.

The data indicate the following.

0] There were no compounds with significant toiidor HepG2.

(i) Two pteridine compounds with the dimethylampmopyl chain,2.66c¢
and2.66d showed remarkable toxicity to ZR75 and SHSY5Y &gdin
these two compounds were also significantly toxicall three normal
cells.

(i) Although, toxicity to L929, a normal cell l®y was found, compound
2.43c exhibited good toxicity for ZR75, a breast cancell line. For
compound2.65d relatively less toxicity to ZR75 was found but no
significant effects were indicated to the threenmalrcells.

(iv) Compound?2.62b had toxicity to SHSY5Y (cancer cell) but it was
slightly toxic to the L929 (normal cell) also.
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Figure 2.8. Percentage growth inhibition of normal cells (H9G2527, L929) and cancer cells
(HepG2, ZR75, SHSY5Y) with each compound (singlacemtration screen at 1M, n=1). Data
provided by Professor A. L. Harvey (SIDR, Univeysif Strathclyde).

Due to the relatively selective toxicity of compau®.65d to the ZR75 (epithelial
breast cancer cell) and strong but nonselectivieitg>of compound2.66d structural

modification at C4 to increase selectivity/poterialy ZR75 might be worthwhile for
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further research (Fig. 2.9).

good selectivity good toxicity
with mild tOXICIty / but nonselective
---> C4 modification
)\ to increase selectivity
)\ and potency for ZR75
2. 65d 2.66d Cl

Figure 2.9. Possibility of new compounds with potential selatyiand potency for ZR75.

2.2.2.2. Antibacterial activity

For two species of bacteri&®, aureusandE. coli, antibacterial activities were not
significant. The majority of tested compounds weot active againsg. aureusand
only 2.63d showed moderate growth inhibition (48% at 20d). For E. coli, 10
compounds, eight pyrazino[2ddpyrimidines and two pyrrolo[2,8}pyrimidines,
exhibited weak growth inhibition (40~75% at 500, a very high concentration).

The data for six compounds are presented in Figu@.

Although, this data does not provide any detailgf@drmation of structure-activity
relationships, interestingly, we have found thatirfeompounds have the same
functional group (2-CIPh) at C5 and C6 among the fctive pteridine compounds.
Also, the most active compourd63d has a benzylamino group at C4 that reflects
the activity of2.63c Compound2.63cdoes not have a 2-chlorophenyl group at C5
and C6. We presume that this basic but distinatlveervation may provide a guide

to produce new lead compounda structural study of a specific target protein.
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Figure 2.10.Percentage growth inhibition &. coliwith each compound (single concentration screen
at 500uM, n=1). Data provided by Professor A. L. HarveyR, University of Strathclyde).
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2.2.2.3. Antiparasitic activity

Antiparasitic activity was evaluated faér b. brucei Most encouragingly, among the
30 compounds, 24 compounds exhibited antiparaadiwity. Most of the pteridine
compounds showed good cell growth inhibition (> 88%4.00uM). Among eight
pyrrolo[2,3d]pyrimidines, four compounds showed antiparasitictivity. The
percentage growth inhibition (88.2 ~ 98.5% at 100) and IG, values (12.5 ~ 50
uM) are presented in Table 2.4

Despite the fact that the screening results dprmtide data about specific enzymes,
we have found that diversification at C2 can aleca the antiparasitic activity in
the case of pyrrolo[2,8}pyrimidines. The results imply that the variatiahC2 of
pyrrolo[2,3-d]pyrimidines may need to be considered to produgb-affinity (< 0.1
uM) leads for trypanosomatid parasites’ enzymes, RHhd PTR1. In addition,
pteridine scaffolds are worthwhile to design patdntnhibitors via molecular

modeling study.

Table 2.4.The percentage growth inhibition andd@alues (M) for pyrrolo[2,3d]pyrimidines forT.
b. brucei Data provided by Professor A. L. Harvey (SIDRjiwénsity of Strathclyde).

O O
R HN \ i
HN \
P ey QUL
O/\S N H ©/\H H N \N N
H H
R = CF3 2.6a 2.43a 2.43c
R=H 26d
Compounds Growth inhibition (%) at 100M (n=1) ICs0, UM (N=2)
2.6a 98.0 25
2.6d 97.9 25
2.43a 88.2 50
2.43c 98.5 12.5
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3. CONCLUSION

3.1. Synthesis of pyrrolo[2,H]pyrimidines

2-Thioalkyl-6-amino-4-oxo  pyrimidines were succedlsf reacted with
functionalised nitroalkenesia a Michael addition reaction. Biphasic reactions
(H,O/EtOAc, 1:1) with a phase transfer catalyst (PBiCHesHO) proved very
effective in these Michael additions. Subsequentisgtions were accomplished by
the Nef reaction. Titanium(lll) chloride or tin(dhloride dihydrate mediated system

provided cyclised products in better yields thassthby the reaction using DBU.

Displacement of the thioalkyl moiety at C2 in pyaf@,3-d]pyrimidines were also
successful using a modified oxidation-substitutimethodology; obtaining the crude
sulfone by simple work-up followed by reaction imaat amine. This achivement

will be useful to diversify at C2 of pyrrolo[2 @pyrimidines for library synthesis.

3.2. Synthesis of pyrazino[2,3]pyrimidines

6,7-Functionalised pteridines were synthesisedheylsay cyclocondensation. The
thiobenzyl group at C4 was effectively displacedfivg different amines without
oxidative activation of the 4-thioether. Microwaassisted substitution reduced the

reaction times and produced a 25 compound librangaderate to good yields.

3.3. Synthesis of inhibitors of PTR1

Through molecular modeling, a deazaguanine sulisteievas selected as an ideal

framework to design potential inhibitors for trypsomatid parasites’ PTR1. Two
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major hydrophobic pockets were found at C5 and G$tipons of a deazaguanine

scaffold.

To occupy hydrophobic pockets at the active spgaenethyl and phenyl groups were
introduced at C5 and C6, respectively. The phehegiigup was successfully
introduced using the method of E. C. Taydorl™® Incorporation of a phenyl group
at C6 was accomplished by Suzuki coupling in a chiagueous solvent system
(H2O/IPA, 1:2). However, a pyridone group, that maywégrovided additional

hydrogen bonding interactions, could not be intastlby Suzuki coupling under
various conditions. In addition, a hybrid compoumdiich was substituted with a
phenethyl at C5 and a phenyl at C6, could not leiodédvia Suzuki coupling. This

was postulated to be due to steric hinderance fhenC5 phenethyl moiety.

Six 4-thiobenzyl pyrimidines were also synthesigethvestigate inhibitory abilities
to PTR1.

3.4. Biological activities

Two deazaguanines and six pyrimidines were examioetheir inhibitory activity
of L. majorandT. bruceiPTR1. The two deazaguanines exhibited 70% inbibit
10 uM for T. bruceibut less than 30% inhibition fdr. major PTR1 was found. Six
pyrimidines showed better inhibitory activities (451%) forL. major than the two

deazaguanines but lower activities (2 ~ 38%) weuad forT. brucei

Cytotoxic, antibacterial and antiparasitic actesti were screened for thirty
pyrazino[2,3d]pyrimidines and eight pyrrolo[2,8}pyrimidines. In many cases,
pteridines with 2-chlorophenyl groups at C5 andeRBibited cell growth inhibition
for cancer/normal cells and bacterial cells. Thejomtg of compounds had
antiparasitic activity forT. b. bruceiand four pyrrolo[2,3]pyrimidines showed
different 1Gos (12.5~5QuM) depending on the functional group at C2 position
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3.5. Further study

In this section, a basic sketch for further stuslysiiggested based on the obtained
biological data (Section 2.2).

Some points for further structural modificationd#fazaguanine framework for PTR1

are presented in Section 3.5.1.

From the screening results, we obtained 28 hitsptadidines and 4 pyrrolo[2,3-
d]pyrimidines) for T. b. brucei This achievement provides a strong potential to

produce high affinity leads. Related comments @mit@duced in Section 3.5.2.

3.5.1. Inhibitior for PTR1

3.5.1.1. Deazaguanine framework

The two synthesised compoun2l§1 and2.72 exibited the same inhibitory activity
for T. b.PTR1 (~ 70% at 1QM, Section 2.2.1). This result supports the vieat i@

hybrid molecule may have stronger inhibitory agyiiby synergy as this molecule
occupies the two main hydrophobic pockets of PTiRlukaneously. However, some
detailed points may need to be considered to inmgtbe inhibitory activity. These

can be summarised as follows (Fig. 3.1)

(1) an optimal length of the alkyl chain betweee thain framework and the
phenyl ring — Fig. 3.1, A.

(i) a necessity of any heteroatom linker or bratthinker (e.g. S, NH, N-
CHs) — Fig. 3.1, B.

(i)  an optimal functional group at C5 extendecepil group with regard to
variety and position — Fig. 3.1, C.

(iv) an optimal orientation of C5 extended phemylg which can be
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affected by the factors (ii) and (iii) - Fig. 302,
(V) the incorporation of a pyridone group at Céotmiain hydrogen bonding
with Asp 161 (Section 2.1.3.1) — Fig. 3.1, E.

Figure 3.1.A postulated hybrid structure and considerableofact

3.5.1.2. Pyrimidine framework
In the pyrimidine compound®.59b ~ 2.59¢(Fig. 3.2), no significant differences

were found in the inhibitory activity for PTR1 frothe variation of thiobenzyl group
at C4 (Section 2.2.1).

2.50b R = 4-NO,

/
s” \_J°R 250cR=4Br
y 2.59d R = 2-CF3
" 2.59¢ R = 4-CF
PS 2.59fR = 4-CN
HoN” N TNH, 2.59g R = 4-OMe

Figure 3.2.Six pyrimidine compounds.
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However, these compounds exhibited better inhipitactivities to theL. major
PTR1 (45 ~ 61%) than the deazaguanine compo@ntksand2.72 (below 30%).
Therefore, further structural design would be ddde through molecular modeling

study.

3.5.2. Anti-T. b. brucei compounds

The screening results (Section 2.2.2.3) proved gl df pteridines and 4 hits of
pyrrolo[2,3d]pyrimidines for T. b. brucei For pteridine compounds, elaborate
modeling studies with important protein targetschsias DHFR and PTR1, may
provide more idea to develop a lead. The posgthdfta dual inhibitor for DHFR

and PTR1 may need to be considered also.

In the case of pyrrolo[2,8}pyrimidines, 1G, data (Section 2.2.2.3) demonstrate that
C2 variation strategy may be an important issuenfioibitory activity forT. b. brucel
Thereby, more synthesis of pyrrolo[2jByrimidines focused on C2 diversification
seems also worthwhile to produce a lead by SARugBire-activity relationship)

study.
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4. EXPERIMENTAL

4.1. Instrumentation and general materials

NMR spectra were determined on a Bruker Spectrospectrometer operating at
400 MHz for'H spectra and 100 MHz fdfC spectra. Chemical shifts are reported
as ppm relative to the residu# in the solvents, DMS@s (2.50 ppm for'H, 39.5
ppm for**C) or CDC}(7.27 ppm for'H, 77.0 ppm forC) or TFAd (164.2 ppm for
3C). Multiplicities are indicated by s (singlet),sbboroad singlet), d (doublet), dd
(double-doublet), dt (double-triplet), dg (doubleagtet), t (triplet), g (quartet), qt
(quintet), or m (multiplet). Coupling constadt\(alues) are given in Hz. IR spectra
were recorded on a Nicolet Impact 400D FT specttemas KBr discs or neat
samples on sodium chloride plates for oils. Meltpaints, when measurable, were
determined on a Reichert hot stage apparatus amdumcorrected. The newly
synthesised compounds were further characterisedHRWMS. Data for electron
impact (El), chemical ionisation (Cl) and fast atbombardment (FAB) modes were
obtained on a JEOL JMS-700 High Resolution Mass@®p@eter system. Data for
electron spray ionisation (ESI) mode were obtaime@d ThermoFinnigan LCQ mass
spectrometer. Elemental analysis data, when olitlnavere also determined on a
Perkin Elmer series Il CHN analyser 2400. Howeedemental analysis data are
extremely difficult to obtain from polyazahetero®s even using tungstate as a
combustion catalyst. Results within the normallyceptable limits (£ 0.4%) of

anlaysis were not obtainable for many compoundgsgresl.

Microwave reactions were conducted using an lmitidtnit (Biotage, Uppsala,

Sweden) using the stirring option. HPLC separatias carried out when necessary.
Waters 1525 binary pump, Waters 2487 dual absoebatetector, and Breeze
software (Column: Phenomenex Luna 5 micron C18¢ @2 mm, wavelength = 254

nm) were used on a gradient eluting system acogiaithe following table.
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Table 4.1.Gradient condition of mobile phases for HPLC sapan.

Flow rate

Time (min) %A’ % B’
(ml/min)

0 6.00 90 10
28.00 6.00 40 60
33.00 6.00 0 100
38.00 6.00 90 10
39.00 6.00 90 10
40.00 0.00 90 10
40.10 0.00 90 10

"A: water containing 0.1% TFA, B: acetonitrile coniag 0.1% TFA.

TLC was carried out on silica (Merck 0.25 mm 684 Column chromatography
was carried out using silica gel (230 ~ 400 meéh: 40um) using the method of W.
C. Still et al**® Reagents were obtained from commercial suppliedsused without
further purification. According to standard procesfti® solvents were dried over
reasonable drying agents (Mg(OMd&ypr MeOH and Mg(OEp) for EtOH, CaH for
CH,CI, and CHCN) prior to use or bought as anhydrous one (DMimfAldrich
Co., Gillingham, Dorset, UK). THF, 0 and DCM were dried using standard
operating procedure for Innovative Technology Solveurification System (Pure-
Solv® 400 Solvent Purification System).

132



4.2. Synthetic procedures

6-Amino-2-(benzylsulfanyl)-4(3H)-pyrimidinone

O

HN |
PN
©As N~ TNH,

2.4

6-Amino-2-sulfanyl-4(81)-pyrimidinone monohydrate2.2 (8 g, 50 mmol) was

suspended in a mixture of water (30 ml) and eth&@Iml). Triethylamine (10 g,

0.1 mol) was added and the solution became clearzy chloride (7 g, 55 mmol)

was added to the stirred solution. Within a few ut@s an exothermic reaction
started with formation of a colourless precipitéérring was continued for 30 min,
the mixture was cooled to 4 °C and the precipitaés filtered and washed with
water and diethyl ether to afford the prod@ct as a white solid (10.3 g, 44 mmol,
88%; mp 241-243 °C, |2 248-253 °C).

'H NMR (DMSO-dg) 6 4.32 (2H, s, SH.), 4.95 (1H, s, B=CN,), 6.52 (2H, s, M>),
7.21-7.26 (1H, mPh), 7.28-7.32 (2H, m, Af), 7.41-7.44 (2H, m, Ad), 11.43 (1H,
brs, HNCO). **C NMR (DMSO4ds) ¢ 33.22 (£H.), 81.28 CH=CN,), 127.06,
128.34, 129.06 (5C, &), 137.92 (1C, AECH,), 162.27 (CHEN,), 163.58 (E€=N),
164.57 C=0). IR (KBr) 3448, 3294, 3151, 2931, 1847, 159843, 1304, 1219, 980,
818, 714 crit.
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6-Amino-2-(benzylsulfanyl)-5-{2’-nitro-1’-[2"-(tri fluoromethyl)phenyl]ethyl}-
4(3H)-pyrimidinone

o) CFs
HN | NO,
)\
OAS N~ NH,
2.5a

To 6-amino-2-(benzylsulfanyl)-4E)-pyrimidinone2.4 0.2 g, 0.86 mmol) in water
(5 ml) was addedl,N,N-trimethyl(phenyl)methanaminium hydroxide (40% smo

in water, 0.51 ml, 1.3 mmol). The mixture was stirfor 5 minutes and then IE)¢
2-nitroethenyl]-2’-(trifluoromethyl)benzen®.19 g, 0.86 mmol) and ethyl acetate (5
ml) were added. The resulting mixture was stirnecm oil bath at 80 °C for three
days, whereafter, ethyl acetate (30 ml) was added, the organic layer was
separated, dried, and concentrated. The residue magied by column
chromatography (silica gel/ethyl acetatbexane = 1:3 to 1:2) to give the product
2.5aas a yellow solid (0.21 g, 0.47 mmol, 55%; mp 81°8}

'H NMR (DMSO-ds) 6 4.34-4.80 (2H, s, S) 4.80 (1H, t,J 7.5, GHCH,NO,),
4.98-5.62 (2H, m, CHB,NO,), 6.16 (2H, brs, Ny), 7.22-7.25 (1H, mPhSCH),
7.28-7.31 (2H, mPhSCH,), 7.41-7.43 (1H, mPhSCH,), 7.45 (1H, tJ 7.6,PhCR;),
7.59 (1H, t,J 7.6,PhCF), 7.71 (1H, dJ 7.8, PhCF;), 7.90 (1H, dJ 7.9, PhCR),
11.90 (1H, brs, OCN). **C NMR (DMSO4s) 6 33.16 (£H,), 36.24 CHCH,NO,),
75.33 (CHCH2NOy), 90.49 C=CNy), 120.49 (qJ'c.r 272, CFs3), 126.23 (ACCF),
126.29 (qJ%c.r 29, AICCFs), 126.32, 127.28 (ABCFs), 127.79, 128.42, 129.18 (5C,
ArCCH,), 130.62, 132.59 (ABCF;), 137.49 (1C, AECHy), 158.63 (C€Ny), 160.17
(SC=N), 162.73 C=0). IR (KBr) 3525, 3405, 2826, 1613, 1548 (ChAA423, 1375,
1311 (CR), 1163, 1110, 769 cm HRMS (EI) found 450.0976, 4&gH17/FsN4OsS
requires 450.0973 (M. Anal. Calcd for GoH17F3N4O3S: C, 53.3; H, 3.8; N, 12.4; S,
7.1. Found: C, 53.3; H, 3.1; N, 11.7; S, 6.8.
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6-Amino-2-(benzylsulfanyl)-5-[1'-(4"-bromophenyl)-2’-nitroethyl]-4(3 H)-

pyrimidinone

Br

HN | NO,

To of 6-amino-2-(benzylsulfanyl)-4€8-pyrimidinone 2.4 0.4 g, 1.72 mmol) in
water (10 ml) was addeN,N,N-trimethyl(phenyl)methanaminium hydroxide (40%
solution in water, 1 ml, 2.6 mmol). The mixture vasred for 5 minutes and then 1-
bromo-4-[E)-2-nitroethenyl]benzene (0.39 g, 1.72 mmol) ard/leacetate (10 ml)
were added. The resulting mixture was stirred iroéurbath at 70 °C for 4 hours,
whereafter ethyl acetate (30 ml) was added, andotbanic layer was separated,
dried, and concentrated. The residue was purifiedatumn chromatography (silica
gel/ethyl acetate:hexane = 1:3 to 1:1) to give the prodacbb as a brown solid
(0.57 g, 1.23 mmol, 72%; mp 93-95 °C).

'H NMR (DMSO-ds) d 4.33 (2H, s, SH;) 4.60 (1H, tJ 7.4, GHCH,NO,), 5.29-5.46
(2H, m, CHGH,NO,), 6.79 (2H, brs, M), 7.22-7.45 (9H, m, At), 11.81 (1H, brs,
HNC=0). *C NMR (DMSOds) J 34.60 (£H,), 38.47 CHCH,NO,), 76.84
(CHCH2NO,), 90.88 C=CN,), 119.83 (1C, AEBr), 127.20, 128.37, 129.12, 129.96,
130.94 (9C, AE), 137.56 (1C, AECH,), 139.65 (1C, AECHCH,), 158.19 (CEN)),
159.99 (£=N), 162.15 C=0). IR (KBr) 3489, 3389, 1610, 1545 (Ch)D1488,
1420, 1374, 1222, 1073 (PhBr), 975, 698 'crhiRMS (FAB) found 463.0271,
Ci1oH172'BrN,4O5S requires 463.0264 (MW Anal. Calcd for GoH14BrN3;OS: C, 55.3;
H, 3.4;N, 10.1; S, 7.7. Found: C, 55.8; H, 3.19M; S, 7.3.
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6-Amino-2-(benzylsulfanyl)-5-[1'-(4"-methoxyphenyl)-2’-nitroethyl]-4(3 H)-

pyrimidinone

OCH,

HN | NO,

To 6-amino-2-(benzylsulfanyl)-4E8)-pyrimidinone2.4 0.4 g, 1.72 mmol) in water
(10 ml) was added,N,N-trimethyl(phenyl)methanaminium hydroxide (40% smo

in water, 1 ml, 2.6 mmol). The mixture was stirred 5 minutes and then 1-
methoxy-4-[E)-2-nitroethenyllbenzene (0.38 g, 2.1 mmol) and/letitetate (10 ml)
were added. The resulting mixture was stirred iroéath at 65 °C for 48 hours,
whereafter, ethyl acetate (30 ml) was added, ardotiganic layer was separated,
dried, and concentrated. The residue was purifiedatumn chromatography (silica
gel/ethyl acetate:hexane = 1:3 to ethyl acetate 100%) to give tloelpet2.5cas a
brown solid (0.68 g, 1.65 mmol, 96%; mp 88-90 °C).

'H NMR (DMSOdg) 6 3.70 (3H, s, OB3), 4.33 (2H, s, SH,) 4.54 (1H, t,J 7.7,
CHCH:NOy), 5.22-5.47 (2H, m, CHE,NO,), 6.68 (2H, s, W), 6.80 (2H, m,
ArHOCH,), 7.21-7.25 (1H, m, AMCH,), 7.27-7.31 (2H, m, ACH,), 7.41-7.43 (4H,
m, ArHCH, and AHOCH;), 11.77 (1H, s, HNC=0):*C NMR (DMSO«s) 6 33.06
(SCHy), 38.47 CHCH,NO,), 54.99 (GCH3), 77.49 (CHCH2NO,), 91.73 C=CNy),
113.53 (2C, AEOCHg), 127.19, 128.39, 128.86, 129.12, 132.16 (3C+5COCHs
and AICCH,), 137.64 (1C, ACCH,), 157.88 (C€N,), 158.07 (1C, ACOCHg),
159.89 (£=N), 162.33 C=0). IR (KBr) 3486, 3385, 2835, 1610, 1546 (CNO
1510, 1420, 1249, 1030, 971 ¢mHRMS (FAB) found 413.1286, &H20N404S
requires 413.1284 (MB. Anal. Calcd for GoHooN4O4S: C, 58.2; H, 4.8; N, 13.5.
Found: C, 58.8; H, 4.3; N, 13.2.
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6-Amino-2-(benzylsulfanyl)-5-(2’-nitro-1’-phenylethyl)-4(3H)-pyrimidinone

HN NO,

2.5d

To a mixture of 6-amino-2-(benzylsulfanyl)-HBpyrimidinone 2.4 0.4 g, 1.72
mmol) in water (10 ml) was addedl,N,N-trimethyl(phenyl)methanaminium
hydroxide (40% solution in water, 1 ml, 2.6 mmdhe mixture was stirred for 5
minutes and then H)-2-nitroethenyl]benzene (0.26 g, 1.72 mmol) arfiyleacetate
(10 ml) were added. The resulting mixture was edtirin an oil bath at 60 °C for 4
hours, ethyl acetate (30 ml) was added, and thanardayer was separated, dried,
and concentrated. The residue was purified by colwhromatography (silica
gel/ethyl acetate:hexane = 1:3 to ethyl acetate 100%) to give tloelpet2.5d as a
brown solid (0.53 g, 1.39 mmol, 81%; mp 83-85 °C).

'H NMR (DMSO-ds) 6 4.33 (2H, s, SH,) 4.62 (1H, tJ 7.5, (HCH,NO,), 5.28-5.51
(2H, m, CHQH,NOy), 6.72 (2H, s, M), 7.17-7.49 (10H, m, At), 11.78 (1H, brs,
HNCO). "*C NMR (DMSO4ds) ¢ 33.11 (¥£H,), 77.18 (CHCH.NO,), 91.41
(C=CNyp), 126.68, 127.23, 127.75, 128.14, 128.41, 12957 £ 5C, ACCH and
ArCCH,), 137.60 (1C, ACCH,), 140.20 (1C, AECCH), 158.07 (C€Ny), 160.06
(SC=N), 162.34 C=0). IR (KBr) 3484, 3389, 1610, 1545 (ChD1419, 1375, 1222,
973, 766, 698 cih HRMS (FAB) found 383.1183, 16H1gN4OsS requires 383.1178
(MH™). Anal. Calcd for GgH1gN4OsS: C, 59.6; H, 4.7; N, 14.6; S, 8.3. Found: C,
60.2; H, 4.8; N, 14.1; S, 8.6.

"The peak folCHCH,NO, overlapped with the peaks of DMSO (38.88-40.13).
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2-(Benzylsulfanyl)-5-[2’-(trifluoromethyl)phenyl]-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one

(a) Microwave reaction using DBU
6-Amino-2-(benzylsulfanyl)-5-{2’-nitro-1’-[2"-(trfluoromethyl)phenyl]ethyl}-
4(3H)-pyrimidinone 2.5a (0.1 g, 0.22 mmol) was suspended in solvent (3 ml,
acetonitrile or dimethyl formamide) in a sealedsetsand then DBU (4@l, 0.33
mmol) was added. The mixture was irradiated (ave@&gW) at 85 °C for 1 hr and
then ethyl acetate (30 ml) was added and evapotatellyness. The residue was
purified by column chromatography (silica gel/ethgetaten-hexane = 1:5 to 1:2) to
give the produc®.6a(green solid, 14 mg, 0.035 mmol, 16% in acetomitriirown
solid, 21 mg, 0.052 mmol, 24% in dimethyl forman)id8pectroscopic data are

detailed below.

(b) Thermal reaction using DBU

To a solution of 6-amino-2-(benzylsulfanyl)-5-{2itro-1’-[2"-(trifluoromethyl)
phenyl]lethyl}-4(3H)-pyrimidinone2.5a 0.09 g, 0.2 mmol) in acetonitrile (5 ml) was
added DBU (4hl, 0.3 mmol). The reaction mixture was stirred ¥slan an oil bath
(60 °C) under nitrogen. Through the same work-up anrification procedure
described above for the microwave reaction, thérettproduct2.6awas obtained

as a green solid (21 mg, 0.052 mmol, 26%). Spextfms data are detailed below.

(c) Tin(Il) chloride reaction

To a mixture of 6-amino-2-(benzylsulfanyl)-5-{2'tm-1"-[2"-(trifluoromethyl)
phenyl]lethyl}-4(3H)-pyrimidinone2.5a(0.1 g, 0.22 mmol) in ethyl acetate (15 ml)
was added tin(ll) chloride dihydrate (0.15 g, OrB6ol). The resulting mixture was
stirred in an oil bath at 85 °C for 24 hours thenned into ethyl acetate (20 ml) and
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washed with saturated aqueous sodium bicarbonéten(® 1% hydrochloric acid
(20 ml) and with brine (20 ml), then dried with gdhous magnesium sulfate, and
concentrated under reduced pressure. The residue puaified by column
chromatography (silica gel/ethyl acetatbexane = 1:2) to give the prodittaas a

yellow solid (45 mg, 0.11 mmol, 50%). Spectroscajata are detailed below.

(d) Titanium(lll) chloride reaction
6-Amino-2-(benzylsulfanyl)-5-{2’-nitro-1’-[2"-(trfluoromethyl)phenyl]ethyl}-
4(3H)-pyrimidinone2.5a(0.16 g, 0.35 mmol) was dissolved in methanol (band
treated with one equivalent of sodium methoxide.q1&1g, 0.35 mmol). A
titanium(lll) chloride solution was prepared sepaa by adding an aqueous
solution of ammonium acetate (0.65 g, 8.4 mmolwater (2 ml) to titanium(lll)
chloride (1.8 ml, 1.4 mmol, 10% solution in hydr@mic acid) under nitrogen. The
prepared titanium(lll) chloride solution was thedded carefully to the anionic
solution under nitrogen with vigorous stirring. Tleelour changed slowly from
brown to yellow. The mixture was stirred overnightroom temperature then poured
into ethyl acetate (20 ml) and separated into tWwasps. The aqueous phase was
extracted with ethyl acetate (30 ml x 3). The orgaextracts were combined,
washed with 5% sodium bicarbonate (20 ml) and Wwrthe (20 ml), then dried with
anhydrous magnesium sulfate, and concentratedreBidue was purified by column
chromatography (silica gel/ethyl acetatbexane = 2:1) to afford the prodibtaas

a yellow solid (0.1 g, 0.25 mmol, 71%; mp 188-1€9).°

'H NMR (DMSO-dg) 6 4.44 (1H, s, SH.), 6.89 (1H, dJ 1.9, C=GINH), 7.25-7.75
(9H, m, AH), 11.99 (1H, s, C=CHN), 12.04 (1H, SHNCO).**C NMR (DMSO<s)

6 33.52 (£H,), 103.05 C=CN,), 115.45 C=CHNH), 118.55 (CEHNH), 122.98 (q,
Jcr 272, CFs), 125.43 (AECRs), 127.18 (m,J%cr 28, AICCF;), 128.42, 129.11
(ArCCH,), 131.19 (ACCFs), 133.49 (ACCH,), 134.11 (AECF;), 137.32 (1C,
ArCCHy), 147.91 (C=CM), 153, 69 (SC=N), 158.41 (C=0). IR (KBr) 3064, 165
1313 (CR), 1169, 1122, 1059, 1034, 972, 765, 697 'chiRMS (FAB) found
402.0890, GoH14F3N30S requires 402.0888 (MM Anal. Calcd for GoH14FsN3OS:
C,59.8; H, 3.5; N, 10.4; S, 7.9. Found: C, 60.53H; N, 10.8; S, 8.4.
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2-(Benzylsulfanyl)-5-(4’-bromophenyl)-3,7-dihydro-4-pyrrolo[2,3-d]pyrimidin
-4-one

Br

(a) Tin(ll) chloride reaction

To a mixture of 6-amino-2-(benzylsulfanyl)-5-[1"*(romophenyl)-2’-nitroethyl]-
4(3H)-pyrimidinone 2.5b (0.1 g, 0.22 mmol) in ethyl acetate (15 ml) was extld
tin(Il) chloride dihydrate (0.15 g, 0.65 mmol). Tresulting mixture was stirred in an
oil bath at 85 °C for 24 hours then poured intg/ketitetate (20 ml) and washed with
saturated aqueous sodium bicarbonate (20 ml), 1@tobiloric acid (10 ml) and
with brine (20 ml), then dried with anhydrous magjoen sulfate, and concentrated.
The residue was purified by column chromatograp$ilica gel/ethyl acetate:
hexane = 1:1 to ethyl acetate 100%) to give thelymt2.6b as a yellow solid (23
mg, 0.056 mmol, 25%). Spectroscopic data are a@etéielow.

(b) Titanium(lll) chloride reaction
6-Amino-2-(benzylsulfanyl)-5-[1'-(4"-bromopheny:-nitroethyl]-4(3H)-pyrimidi
none2.5b (0.33 g, 0.72 mmol) was dissolved in methanol ifilp and treated with
one equivalent of sodium methoxide (38.9 mg). a&niiim(lll) chloride solution was
prepared separately by adding an aqueous solutiammonium acetate (3.3 g, 43
mmol) in water (5 ml) to titanium(lll) chloride & ml, 4.3 mmol, 10% solution in
hydrochloric acid) under nitrogen. The preparedniiim(lll) chloride solution was
then added carefully to the anionic solution undi&rogen with vigorous stirring.
The colour changed slowly from brown to yellow. Trheture was stirred overnight
at room temperature then poured into ethyl ac@eml) and separated into two
phases. The aqueous phase was extracted withaetbtgdte (30 ml x 3). The organic

extracts were combined, washed with 5% sodium baraate (20 ml) and with brine
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(20 ml), then dried with anhydrous magnesium sejfahd concentrated. The residue
was recrystallised from ethyl acetate antlexane to afford the produ2t6b as a
yellow solid (0.14 g, 0.34 mmol, 47%; mp 270-272.°C

'H NMR (DMSO-dg) 6 4.44 (2H, s, SH.), 7.22-7.34 (3H, m, Ad), 7.39 (1H, dJ
2.5, C=GHNH), 7.46-7.51 (4H, m, Af), 7.92-7.94 (2H, m, Ad), 12.08 (1H, s,
C=CHNH), 12.15 (1H, sHNCO). **C NMR (DMSOds) ¢ 33.53 (£H,), 101.16
(C=CNy), 118.08 (1C, A€), 118.74 C=CHNH), 118.77 (CEHNH), 127.29, 128.45,
129.09, 129.68, 130.77 (9C, @), 133.48 (1C, AT), 137.25 (1C, AEL), 149.46
(C=CNyp), 153.79 (£=N), 159.09 C=0). IR (KBr) 3251, 2819, 1649, 1431, 1212,
1073 (PhBr), 1010, 970, 782, 729 ¢tmHRMS (El) found 411.0042,
CioH14""BrNsOS requires 411.0041 (Y Anal. Calcd for GoH14BrN;OS: C, 55.4; H,
3.4; N, 10.2; S, 7.8. Found: C, 55.8; H, 3.2; %, &, 7.3.

2-(Benzylsulfanyl)-5-(4’-methoxyphenyl)-3,7-dihydre4H-pyrrolo[2,3-d]
pyrimidin-4-one

OCH3

(a) Tin(ll) chloride reaction

To a mixture of 6-amino-2-(benzylsulfanyl)-5-[1*(nethoxyphenyl)-2'-
nitroethyl]-4(3H)-pyrimidinone2.5¢(0.1 g, 0.24 mmol) in ethyl acetate (15 ml) was
added tin(ll) chloride dihydrate (0.18 g, 0.82 mjndlhe resulting mixture was
stirred in an oil bath at 85 °C for 24 hours theniqed into ethyl acetate (20 ml) and
washed with saturated aqueous sodium bicarbon@ten(® 1% hydrochloric acid

(20 ml) and with brine (20 ml), then dried with gdhous magnesium sulfate, and
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concentrated. The residue was purified by colunmoraatography (silica gel/ethyl
acetater-hexane = 1:1 to ethyl acetate 100%) to give tloglypet2.6cas a grey solid
(41 mg, 0.1 mmol, 42%). Spectroscopic data ardlddtbelow.

(b) Titanium(lll) chloride reaction
6-Amino-2-(benzylsulfanyl)-5-[1'-(4"-methoxyphenyP’-nitroethyl]-4(3H)-pyrimi
dinone2.5¢(0.14 g, 0.34 mmol) was dissolved in methanolrfPand treated with
one equivalent of sodium methoxide (18.4 mg). Tuar(lll) chloride solution was
prepared separately by adding an aqueous solutiammonium acetate (1.5 g, 20
mmol) in water (2.6 ml) to titanium(lll) chlorid@.6 ml , 2.0 mmol 10% solution
in hydrochloric acid) under nitrogen. The prepatigd@nium(lll) chloride solution
was then added carefully to the anionic solutiodanmitrogen with vigorous stirring.
The colour changed slowly from brown to yellow. Trhe&ture was stirred overnight
at room temperature then poured into ethyl ac@eml) and separated into two
phases. The aqueous phase was extracted withaetitdte (30 ml x 3). The organic
extracts were combined, washed with 5% sodium baraate (20 ml) and with brine
(20 ml), then dried with anhydrous magnesium selfahd concentrated The residue
was purified by column chromatography (silica gble acetaten-hexane = 1:1) to
give the produc®.6cas a yellow solid (64 mg, 0.18 mmol, 52%; mp 233-23).

'H NMR (DMSO<g) § 3.77 (3H, s, O63), 4.43 (2H, s, SH,), 6.88 (2H, dJ 8.8,
ArH), 7.19 (1H, dJ 2.4, C=GINH), 7.24-7.49 (5H, m, A), 7.84 (2H, dJ 8.8,
ArH), 11.90 (1H, s, C=CHN), 12.04 (1H, sHNCO).**C NMR (DMSO+g) ¢ 33.49
(SCH,), 54.99 (QCH3), 101.15 C=CN,), 113.36 (2C, AE), 116.49 C=CHNH),
119.84 (CEHNH), 126.70, 127.24, 128.41, 128.88, 129.06 (58Ct ArCCH,and
ArCOCH;), 137.30 (1C, AECH,), 149.07 (C€Ny), 153.23 (€=N), 157.60 (1C,
ArCOCHs), 159.12 C=0). IR (KBr) 3203, 2833, 1646, 1525, 1438, 124179,
1031, 970, 832 cth HRMS (FAB) found 364.1119, 48H:7N30,S requires 364.1120
(MH™). Anal. Calcd for GoH17N:O,S: C, 66.1; H, 4.7; N, 11.5; S, 8.8. Found: C,
65.6; H, 4.2; N, 10.8; S, 8.3.
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2-(Benzylsulfanyl)-5-phenyl-3,7-dihydro-H-pyrrolo[2,3-d]pyrimidin-4-one

(a) Tin(ll) chloride reaction

To a mixture of 6-amino-2-(benzylsulfanyl)-5-(2'tr@-1"-phenylethyl)-4(81)-
pyrimidinone 2.5d (0.4 g, 1.04 mmol) in ethyl acetate (30 ml) waslext tin(ll)
chloride dihydrate (0.71 g, 3.1 mmol). The mixturas stirred in an oil bath at 90 °C
for 24 hours. The organic layer was separated, @dhghith brine (40 ml), dried, and
concentrated. The resulting solid was dried un@euum to give the produ2t6d as

a yellow solid (0.25 g, 0.75 mmol, 72%). Spectrgscalata are detailed below.

(b) Titanium(lll) chloride reaction
6-Amino-2-(benzylsulfanyl)-5-(2’-nitro-1’-phenyleyh)-4(3H)-pyrimidinone  2.5d
(0.53 g, 1.38 mmol) was dissolved in methanol (1) amd treated with one
equivalent of sodium methoxide (74.5 mg). A titan{Ul) chloride solution was
prepared separately by adding an aqueous solutiammonium acetate (6.3 g, 83
mmol) in water (10 ml) to titanium(lll) chloride @1ml, 8.3 mmol, 10% solution in
hydrochloric acid) under nitrogen. The preparedniiim(lll) chloride solution was
then added carefully to the anionic solution undiérogen with vigorous stirring.
The colour changed slowly from brown to yellow. Theture was stirred overnight
at room temperature then poured into ethyl acd@eml) and separated into two
phases. The aqueous phase was extracted withaetktgdte (30 ml x 3). The organic
extracts were combined, washed with 5% sodium baraate (20 ml) and with brine
(20 ml), then dried with anhydrous magnesium selfahd concentrated. The residue
was recrystallised from ethyl acetate arntiexane to afford the produ2t6d as a
yellow solid (0.32 g, 0.96 mmol, 70%; mp 267-269.°C
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'H NMR (DMSO-dg) 6 4.44 (2H, s, SH.), 7.16-7.28 (2H, m, Ad), 7.30 (1H, dJ

2.2, C=GHNH), 7.31-7.35 (4H, m, Afl), 7.46-7.48 (2H, m, A), 7.91-7.93 (2H, m,
ArH), 11.99 (1H, s, C=CHN), 12.09 (1H, sHNCO).**C NMR (DMSO+) ¢ 33.53
(SCHy), 101.26 C=CN,), 117.60 C=CHNH), 120.06 (CEHNH), 125.70, 127.28,
127.73, 127.89, 128.43, 129.09 (5C + 5C, ArC), 1841C, ACC=CH)), 137.29
(1C, ArCCHy), 149.33 (C€N,), 153.51 (£=N), 159.08 C=0). IR (KBr) 3203,
3061, 2829, 1643, 1433, 1212, 1095, 973, 753, 684. HRMS (FAB) found
334.1017, GgH15N30S requires 334.1014 (MM Anal.Calcd for GgH1sN30S: C,

68.4; H, 4.5; N, 12.6. Found: C, 68.4; H, 4.6; R,6l

6-Amino-2-(methylsulfanyl)-4(3H)-pyrimidinone

To a suspension of 6-amino-2-sulfanyl-é{3pyrimidinone2.2 (5 g, 31 mmol) in
ethanol (50 ml) and water (25 ml) was added trietimyne (8.3 ml) and iodomethane
(2.1 ml). The reaction mixture was stirred at rotemperature for 5 hours. The
precipitate was collected by filtration, washedhaitater (50 ml) and ether (50 ml),
to afford the required produ@.7 as a white solid (4 g, 25 mmol, 80%; mp 270-
273 °C).

'H NMR (DMSO-ds) J 2.40 (3H, s, SH3), 4.88 (1H, s, C=8), 6.43 (2H, s, M,),
11.46 (1H, brs, OCN). *C NMR (DMSO4g) J 12.52 (£Hs), 81.14 C=CNH,),
162.81 CNH,), 163.49 CSCH;), 164.20 (@N). IR (KBr) 3499, 3472, 3320, 3203,
2923, 2741, 1640, 1616, 1588, 1448, 1303, 12477,1980, 905, 798, 534 ch
HRMS (CI) found 158.0385, 4E1;NsOS requires 153.0388 (MM

144



6-Amino-2-(methylsulfanyl)-5-(2’-nitro-1’-phenylethyl)-4(3H)-pyrimidinone

NO,

To a mixture of 6-amino-2-(methylsulfanyl)-44¥pyrimidinone 2.7 (2 g, 12.7
mmol) in water (40 ml) was addedN,N,N-trimethyl(phenyl)methanaminium
hydroxide (40% solution in water, 6 ml). The miduvas stirred for 10 minutes at
60 °C and then H)-2-nitroethenyllbenzene (2 g, 13.4 mmol) and ethgétate (40
ml) were added. The resulting mixture was stirredn oil bath at 60 °C for 3 hours.
The organic layer was separated, washed with [§Z@enl), dried, and concentrated.
The residue was purified by column chromatograp$ilica gel/ethyl acetate:
hexane = 2:1 to 1:1) to give the prod@d as a purple solid (1.0 g, 3.3 mmol, 26%;
mp 107-110 °C).

'H NMR (DMSO-<dg) 6 2.40 (3H, s, SHs), 4.60 (1H, tJ 7.7, GHCH,NO,), 5.25-

5.52 (2H, m, CHE,NO,), 6.04 (2H, s, Nk, 7.16-7.47 (5H, m, Ad), 11.78 (1H, s,
CONH). *C NMR (DMSOds) § 12.35 (£Hj), 38.85 CHCH.NO,), 77.07

(CHCH,NOy), 91.13 CCHPh), 126.60 (ATH), 127.66, 128.07 (4C, AH), 140.18

(ArC), 159.02 (€N,), 160.06 CSCH), 162.13 (@N). IR (KBr) 3478, 3389, 3214,
1613, 1574, 1546 (C-N) 1419, 1377, 1220, 971, 757, 699 tnHRMS (FAB)

found 329.0693, GH14N4OsS requires 329.0684 (MNga
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(2’E/Z)-[4’-Amino-2’-(methylsulfanyl)-6’-ox0-1",6’-dihydr o-5-pyrimidinyl]
(phenyl)ethanal oxime

(0]

|
HN |
HsC )\
557 SN WK

2.9

—NOH

2

To a mixture of 6-amino-2-(methylsulfanyl)-44¥pyrimidinone 2.7 (2 g, 12.7
mmol) in water (40 ml) was added\,N,N-trimethyl(phenyl)methanaminium
hydroxide (40% solution in water, 6 ml). The miduvas stirred for 10 minutes at
60 °C and then H)-2-nitroethenyllbenzene (2 g, 13.4 mmol) and etigétate (40
ml) were added. The resulting mixture was stirredn oil bath at 60 °C for 3 hours.
The organic layer was separated, washed with §2@enl), dried, and concentrated.
The residue was purified by column chromatograp$ilica gel/ethyl acetate:
hexane = 2:1 to ethyl acetate 100%) to afford avhreolid2.9 (0.68 g, 2.3 mmol,
18%; mp 105-107 °C) as &z mixture (3:2 by'H NMR).

'H NMR (E isomer, DMSOds) 6 2.43 (3H, s, SHs), 4.75 (1H, d,J 7.6,
CHCHNOH), 6.43 (2H, brs, NJ), 7.12-7.26 (5H, m, Ad), 7.98 (1H, d,J 7.6,
CHCHNOH), 10.42 (1H, s, 6), 11.78 (1H, brs, OCN). *C NMR (E isomer,
DMSO-dg) 6 12.41 (¥£Hs), 40.27 CHCHNOH), 92.74 (OC), 126.03 (ACH),
127.34, 128.02 (4C, AH), 140.86 (A€), 150.68 (CHCHNOH), 159.02 (CEN,),
159.79 (€£N,), 162.16 (@N). IR (KBr) 3376, 3208, 1613, 1577, 1541, 142026.,2
967, 699, 543 cth HRMS (FAB) found 291.0924, 16H14N40,S requires 291.0916
(MH™).
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2-(Methylsulfanyl)-5-phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one

(@) Tin(ll) chloride reaction

To a mixture of 6-amino-2-(methylsulfanyl)-5-(2'tro-1-phenylethyl)-4(81)-
pyrimidinone 2.8 (0.2 g, 0.65 mmol) in ethyl acetate (10 ml) wasletl tin(ll)
chloride dihydrate (0.44 g, 1.95 mmol). The mixtuvas stirred in an oil bath at
90 °C for 24 hours. The organic layer was separatedhed with saturated aqueous
sodium bicarbonate (20 ml) and with brine (20 mben dried with anhydrous
magnesium sulfate, and concentrated. The residgedwad under vacuum to give
the produc.10as a yellow solid (74 mg, 0.29 mmol, 45%). Specivpsc data are

detailed below.

(b) one-step reaction

To a mixture of 6-amino-2-(methylsulfanyl)-44¥pyrimidinone 2.7 (2 g, 12.7
mmol) in water (40 ml) was addedN,N,N-trimethyl(phenyl)methanaminium
hydroxide (40% solution in water, 6 ml). The miduvas stirred for 10 minutes at
60 °C and then H)-2-nitroethenyllbenzene (2 g, 13.4 mmol) and ethgétate (40
ml) were added. The resulting mixture was stirredn oil bath at 60 °C for 3 hours.
The precipitate was collected by filtration, washeéth water (20 ml) anah-hexane
(20 ml), to afford the required produgtiOas a light purple solid (0.92 g, 3.6 mmol,
28%; mp >260 °C).

'H NMR (DMSO-dg) 6 2.52 (3H, s, SH3), 7.15-7.19 (1H, m, Ad), 7.27 (1H, d
2.2, CCNH), 7.29-7.32 (2H, m, Af), 7.91 (2H, m, AH), 11.97 (1H, s, CCN),
12.10 (1H, s, OCN). *C NMR (DMSO+g) § 12.75 (£Hs), 101.02 (OC), 117.45
(PhC=CH), 119.94 (PB=CH), 125.66 (A€H), 127.71, 127.88 (4C, AH), 134.19
(ArC), 149.55 (OCCENH), 154.73 CSCHy), 159.02 (@N). IR (KBr) 3417, 3170,
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3050, 2906, 2829, 1655, 1584, 1523, 1429, 12947,12095, 970, 752, 692 ¢m
HRMS (FAB) found 258.0699, gH1:NsOS requires 258.0701 (MM Anal. Calcd
for C13H11N30S-0.1HO: C, 60.2; H, 4.4; N, 16.2; S, 12.4. Found: C5661, 3.9; N,
15.4; S, 12.1.

Amino(2,2-dimethylhydrazino)methaniminium iodide

(C] S)
C|:H3 NH, |

HiC” N7 TNH,

A mixture of amino(methylsulfanyl)methaniminium idé 2.15 (0.9 g, 4.1 mmol)
and 2,2-dimethylhydrazine (6 ml) was refluxed f@enty hours, cooled and diluted
with ether (10 ml). The remaining amine and etherenevaporated under vacuum
(510 mmHg) and ethanol (20 ml) was added, kept toam temperature for one
hour, and a small amount of white solid was preaipd. The ethanol layer was
carefully decanted and evaporated under vacuum 1@h®ig) to give the product

2.17as a light brown semisolid (0.9 g, 3.9 mmol, 95%).

""H NMR (DMSO-<g) 6 2.92 (3H x 2, s, NB3), 7.10 (2H x 2, brs, N,). *C NMR
(DMSO-ds) 6 37.76 (NCH3), 156.79 CNHy). IR (KBr) 3372, 3219, 1645, 1435,
1344, 1116, 1064, 780, 710, 628, 538"chnal. Calcd for GH13N4l1Cl-0.3H,0-0.5
CHsCH,OH: C, 18.6; H, 5.7; N, 21.7. Found: C, 18.6; KB; 3, 20.9.

“-NH- proton was not found.
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Dihydro-2(3H)-furanone

O

2.23

To a suspension of pyridinium chlorochromate (29.41 mol) in dichloromethane
(100 ml) was added a solution of 1,4-butaned®?0 (2 g, 22 mmol) in
dichloromethane (10 ml) over a period of one hdaupam temperature. After a total
reaction time of 20 hours, ether (200 ml) was adddad resulting brown solution
was passed through Florisil (30 g, 30-60 mesh) tedsolution was evaporated
under vacuum (510 mmHg) to give the prod2@3 as a yellow oil (1.1 g, 12.2
mmol, 55%).

'H NMR (CDCk) 6 2.23-2.31 (2H, m, OCHCH.CH,), 2.48-2.52 (2H, m,
OCH,CH,CH.), 4.36 (2H, t,J 7.0, OGH,CH.CH,). *C NMR (CDC}) ¢ 22.15
(OCH,CH,CH,), 27.76 (OCHCH,CHy), 68.49 (QCH,CH,CH,), 177.69 (@O). IR
(KBr) 3522, 2992, 2917, 1769 (OC=0), 1461, 142377131280, 1168, 1036, 991,
930, 870, 801, 676, 636, 535, 492tm

6-Amino-2-(1’-piperidinylamino)-4(3H)-pyrimidinone

o)
HN |

PN

HN” N7 TNH,

|
N

9

2.18¢c
To a suspension of 6-amino-2-hydrazinoH) $yrimidinone 2.13 (0.19 g, 1.3

mmol) in methanol (10 ml) was added acetic acid 80 After five minutes, a

solution of pentanedial (50% solution in water,812l) in methanol (2 ml) was
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added and then a solution of sodium cyanoborohgdi@?2 g) in methanol (2 ml).
The resulting mixture was stirred at room temperafar 19 hours then the methanol
was evaporated under reduced pressure (450 mmHdgyvater (20ml) was added.
This mixture was poured into ethyl acetate (20 aml extracted (20 ml x 3). The
organic layer was combined and washed with satirag@eous sodium bicarbonate
(30 ml), and with brine (30 ml), then dried withhgdrous magnesium sulfate, and
concentrated. The residue was purified by colunmoraatography (silica gel/ethyl
acetate 100% to ethyl acetate:methanol = 1:1) Ve the produck.18cas a white
solid (100 mg, 0.48 mmol, 37%, mp 155-157 °C).

'H NMR (DMSO<dg) 6 1.22-1.46 (2H, m, NCHCH,CH,), 1.57-1.63 (4H, m,
NCH,CH,CH,), 2.65 (4H, brs, N8,CH,CH,), 4.47 (1H, s, OCH), 5.95 (2H, s,
NH,), 8.36 (1H, s, CBtNNH), 8.97 (1H, s, OCN). **C NMR (DMSOds) 6 23.29
(NCH,CH,CH,), 25.72 (NCHCH,CH,), 56.65 (NCH,CH,CH,), 77.19 (OCH),
154.91 CNH,), 162.56 (HNCNH), 165.86 (@NH). IR (KBr) 3344, 2938, 2854,
1631, 596, 1493, 1467, 1284, 1100, 1036, 973, 896,cm*. HRMS (ESI) found
210.1348, GH15N50; requires 210.1349 (MP. Anal. Calcd for GH15N50;-1.0HO:
C, 47.6; H, 7.5; N, 30.8. Found: C, 47.6; H, 718, 27.1.

"A satisfactory N analysis could not be obtained tuthe difficulty of complete burning even when
aided by WQ.

6-Amino-5-(2’-nitro-1’-phenylethyl)-2-(1"-piperidi nylamino)-4(3H)-

pyrimidinone

NO,

2.28
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To a mixture of 6-amino-2-(1'-piperidinylamino)-443-pyrimidinone 2.18c 0.1 g,
0.48 mmol) in  water (10 ml) was addstN,N-trimethyl(phenyl)methanaminium
hydroxide (40% solution in water, 0.28 ml, 0.72 mMim®he mixture was stirred for
5 minutes and then Hj-2-nitroethenyllbenzene (71 mg, 0.48 mmol) andyleth
acetate (10 ml) were added. The resulting mixtuas stirred at room temperature
for 15 hours, ethyl acetate (30 ml) was added, taedorganic layer was separated,
dried, and concentrated. The residue was purifiedatumn chromatography (silica
gel/ethyl acetate:hexane = 1:1 to ethyl acetate 100%) to give tlelpet2.28as a
white solid (0.1 g, 0.28 mmol, 58%; mp 138-140 °C).

'H NMR (DMSO<dg) 6 1.23-1.45 (2H, m, NCHCH,CH,), 1.58-1.60 (4H, m,
NCH,CH,CH,), 2.63 (4H, brs, NB,CH,CH,), 4.56 (1H, t, J 7.7, BCH.NOy),
5.25-5.30, 5.45-5.50 (2H, m, CHiGNO,), 6.15 (2H, brs, NJ), 7.13-7.17 (1H, m,
ArH), 7.21-7.25, 7.49-7.51 (2H x 2, m, &), 8.34 (1H, s, CBNNH), 9.12 (1H, s,
OCNH). 3C NMR (DMSO4s) § 22.75 (NCHCH,CH,), 25.18 (NCHCH,CH),),
56.16 (NCHCH,CH,), 77.56 (CHCH,NO,), 86.34 (OC), 126.32 (AE), 127.72,
127.90 (2C x 2, AR), 141.21 (AE), 152.69 CNH,), 161.38 (HNCNH), 162.24
(OCNH). IR (KBr) 3402, 2941, 1610, 1547 (CM)(1494, 1451, 1377, 1080, 1034,
877, 790, 770, 700 cm HRMS (ESI) found 359.1825, :@,,N¢Os requires
359.1826 (MH). Anal. Calcd for G/H22NgOs:0.3H:0: C, 56.1; H, 6.3; N, 23.1.

Found: C, 56.5; H, 6.5; N, 22.4.
"The peak folCHCH,NO, overlapped with the peaks of DMSO (38.88-40.13).
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5-Phenyl-2-(1’-piperidinylamino)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-
one

2.19c

To a mixture of 6-amino-5-(2’-nitro-1’-phenylethy®)-(1"-piperidinylamino)-4(3)-
pyrimidinone 2.28 (84 mg, 0.23 mmol) in ethyl acetate (10 ml) waslexttin(ll)
chloride dihydrate (0.16 g, 0.7 mmol). The mixturas stirred in an oil bath at 90 °C
for 24 hours. Ethyl acetate (20 ml) was added, thashed with saturated aqueous
sodium bicarbonate (20 ml), brine (20 ml), 1% hyihoric acid (10 ml), dried, and
concentrated. The residue was purified by colunmoraatography (silica gel/ethyl
acetater-hexane = 1:1 to ethyl acetate 100%) to give thozlypet2.19cas a white
solid (35 mg, 0.11 mmol, 48%; mp 258-260 °C).

'H NMR (DMSO4ds) 6 1.36 (2H, brs, NCbCH,CH,), 1.63-1.66 (4H, m,
NCH,CH,CHy,), 2.72 (4H, brs, NE8,CH,CH,), 7.01 (1H, dJ 2.4, HN), 7.11-7.15
(1H, ArH), 7.26-7.29, 7.90-7.92 (2H x 2, m, KA, 9.48 (1H, s, CHMN), 11.27
(OCNH). **C NMR (DMSOds) § 22.93 (NCHCH,CH,), 25.95 (NCHCH,CHb,),

57.79 (NCH,CH,CH,), 99.18 (OC), 114.67 (HNCH), 122.15 (HNCK), 126.34
(ArC), 128.06, 128.21 (2C x 2, B), 134.05 (A€), 151.60 (OCCNH), 151.69
(HNCNH), 158.65 (O€). IR (KBr) 3424, 3307, 3203, 2932, 1653, 1610,3,4289,
1144, 1119, 1031, 824, 757, 693 tnHRMS (ESI) found 310.1662, 1@H10N50;

requires 310.1662 (MB. Anal. Calcd for GH1gNsOs: C, 66.0; H, 6.2; N, 22.6.
Found: C, 65.5; H, 6.4N, 21.5.

"A satisfactory N analysis could not be obtained ttuthe difficulty of complete burning even when
aided by WQ.
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6-Amino-5-(2’-nitro-1’-phenylethyl)-2-sulfanyl-4(3H)-pyrimidinone

NO,

To a mixture of 6-amino-2-sulfanyl-4€B-pyrimidinone 2.2 (0.5 g, 3.1 mmol) in
water (20 ml) was addeN,N,N-trimethyl(phenyl)methanaminium hydroxide (40%
solution in water, 1.8 ml). The mixture was stirréotr 10 minutes at room
temperature and thenH)-2-nitroethenyl]benzene (0.46 g, 3.1 mmol) andyleth
acetate (20 ml) were added. The resulting mixtuas stirred at room temperature
for 15 hours. The precipitate was collected bydtlon and purified by column
chromatography (silica gel/ethyl acetate 100%) itee ghe product28e as a light
yellow solid (0.34 g). The mother liquid was exteat by ethyl acetate (20 ml x 2).
The organic extracts were combined, dried with dnbiys magnesium sulfate. The
ethyl acetate was evaporated and the residual salgddried under vacuum to give
the product2.30 as a yellow solid (0.05 g, total 0.39 g, 1.3 mn##1%; mp 185-
187 °C).

'H NMR (DMSO-ds) d 4.60 (1H, tJ 7.3, Ph®), 5.27-5.45 (2H, m, PhCH&), 6.60
(2H, brs, NH), 7.18-7.42 (5H, m, Af), 11.50 (1H, s, B), 11.81 (1H, s, OCN).
13C NMR (DMSO4ds) 6 37.97 (PiEH) 76.67 (PhCIEH,), 88.08 (OC), 126.75
(ArCH), 127.51, 128.17 (4C, AH), 139.53 (AE), 151.73 CNH,), 161.03 CSH),
173.15 (QCNH). IR (KBr) 3450, 3362, 3230, 2910, 2379, 162650, 1429, 1374,
1209, 1163, 765, 696, 537 @mHRMS (FAB) found 293.0713, 1gH1:N40:S
requires 293.0708 (MB. Anal. Calcd for GH1oN4OsS: C, 49.3; H, 4.1; N, 19.2; S,
11.0. Found: C, 50.0; H, 4.0y, 18.0; S, 10.5.

"A satisfactory N analysis could not be obtained ttuthe difficulty of complete burning even when
aided by WQ.
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5-Phenyl-2-sulfanyl-3,7-dihydro-4-pyrrolo[2,3-d]pyrimidin-4-one

To a mixture of 6-Amino-5-(2’-nitro-1’-phenylethyB-sulfanyl-4(34)-pyrimidinone
2.30(0.13 g, 0.44 mmol) in ethyl acetate (20 ml) wadettin(ll) chloride dihydrate
(0.3 g, 1.33 mmol). The resulting mixture was stirin an oil bath at 85 °C for 24
hours. The reaction mixture was then diluted withyeacetate (20 ml), and the
remaining tin(ll) chloride was removed by filtratioand the liquid portion was
concentrated in vacuo (270 mmHg). The residue wasfigd by column
chromatography (silica gel/ethyl acetate 100%)it@ ghe produck.31as a yellow
solid (0.05 g, 0.20 mmol, 45%, mp > 250 °C).

'H NMR (DMSO<g) 6 7.03 (1H, s, HN®), 7.16-7.83 (5H, m, Af), 11.41 (1H, s,
HNCH), 11.87 (1H, s, OCN), 13.23 (1H, brs, B). **C NMR (DMSO«s) § 99.21

(HNCH), 120.81 (HNCHCPh), 126.10 (AEH), 127.73, 127.92 (4C, AH), 133.29

(ArC), 140.11 (OCCN), 157.86 (HE), 171.17 (&N). IR (KBr) 3445, 3208, 1659,
1610, 1410, 1292, 1174, 1116, 740, 691, 600, 513" HRMS (ESI) found
244.0533, GHyN:OS requires 244.0539 (MM

Ethyl (2E)-3-bromo-2-(hydroxyimino)propanoate**®
(0]

Br /\’R}\O/\CH3

NOH
2.34

Hydroxylamine hydrochloride (1.8 g, 25.9 mmol) waded to a stirred solution of
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ethyl bromopyruvat®.32 (5.1 g, 26.2 mmol) in chloroform (70 ml) and metbh
(50 ml) at room temperature under a nitrogen atimesgp The mixture was stirred at
room temperature for 24 hours prior to being cotre¢éed to dryness on a rotary
evaporator in vacuo (450 mmHg). The residue wasotlied in dichloromethane (50
ml) and washed with 0.1 N hydrochloric acid (50 .mhhe organic layer was
collected and washed with brine (50 ml) and drieithvanhydrous magnesium
sulfate. Evaporation of the solvent under vacuurhO(fmHg) yielded the title
compound2.34 as a white crystalline solid (4.6 g, 21.9 mmol%84np 71-73 °C,
lit.13378-79 °C).

'H NMR (DMSO-ds) 6 1.23 (3H, t,J 7.1, CHCHS3), 4.19 (2H, s, Brél), 4.21 (2H, g,
J 7.1, GH,CHy), 13.17 (1H, s, N@). ¥C NMR (DMSOds) J 13.88 (CHCHa),
30.88 (BCH,), 61.22 CH,CHs), 146.74 CNOH), 162.01 COO). IR (KBr) 3285
(OH), 3054, 2983, 2873, 1725, 1440, 1325, 1226711626, 856, 776, 721. ¢m

Ethyl-3-[4’-amino-2’-(methylsulfanyl)-6-oxo-1’,6’-dihydro-5’-pyrimidinyl]-2-

(hydroxyimino)propanoate®’

| COOCH,CHj
HN |
)\ NOH

N” TNH,

2.37

HsCS

6-Amino-2-(benzylsulfanyl)-4@)-pyrimidinone 2.7 (0.63 g, 4.0 mmol) was
dissolved in dry DMF (8 ml). Triethylamine (0.40 40 mmol) was added and the
mixture was stirred under nitrogen at room tempeeator 1 h. A solution of ethyl
bromopyruvate oxime (0.94 g, 4.4 mmol) in dry DM& i) was added over a
period of 4 hours. Stirring was continued for alier 2 days. DMF was evaporated
under vacuum and the residue was purified by colwhromatography (silica
gel/ethyl acetate 100%). The desired produ87 was crystallised from ethyl acetate
and hexane, and dried to give a yellow solid (0g2®.87 mmol, 21%, mp 181-
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183 °C).

'H NMR (DMSO-dg) 6 1.15 (3H, tJ 7.1, CHCHs), 2.40 (3H, s, SB3), 3.41 (2H, s,
CH,C=NOH), 4.07 (2H, g 7.1, GH,CHs), 6.51 (2H, brs, M), 11.73 (1H, brs,
NOH), 12.14 (1H, s, OCN). *®*C NMR (DMSOds) 6 12.40 (£Hs), 13.86
(CH,CH3), 19.20 CH.CNOH), 60.47 CH,CHs), 87.94 CCH,CNOH), 150.24
(CNOH), 159.72 CNH,), 162.41 CSCH), 163.41 (@NH), 163.67 COO0). IR
(KBr) 3467, 3373, 2934, 2851, 1717, 1621, 1580,2]155123, 1316, 1248, 1031,
1001, 968, 773 cth

Ethyl 2-(methylsulfanyl)-4-oxo-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidine-6-car
boxylate

o)
|
HN
| N COOCH,CHs
= N
H,cS” N

2.35

Ethyl-3-[4’-amino-2’-(methylsulfanyl)-6’-oxo-1’,6 dihydro-5’-pyrimidinyl]-2-
(hydroxyimino)propanoat@.37 (0.24 g, 0.83 mmol) was heated for 15 hours at
reflux with Dowex-50 (H form, 0.14 g) in water (20 ml). The reaction mietwas
then diluted with methanol (150 ml), and the Dowesin filtered. The methanol was
evaporated in vacuo (450 mmHg) to give the pro@ugb as a brown solid (0.18 g,
0.71 mmol, 85%, mp > 270 °C, ft’> 230 °C).

'H NMR (DMSO<s) 6 1.27 (3H, tJ 7.1, CHCHs3), 2.53 (3H, s, SB3), 4.23 (2H, q,
CH,CHs), 7.02 (1H, s, OCCB), 12.13 (1H, brs, OCCH), 12.59 (OCM). °C
NMR (DMSO-<g) & 12.87 (£Hs), 14.18 (CHCHg), 60.24 CH,CHs), 105.39
(OCCCNH), 109.10 C=CCOO0), 122.35 (CEC0OO0), 149.61 (OCCNH), 158.15
(CSCH3), 158.60 (GNH), 160.21 COO). IR (KBr) 3478, 3241, 3126, 2934, 2840,
1651, 1569, 1492, 1401, 1273, 1242, 1212, 1166),1987, 762, 526 cih
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Ethyl 4-amino-2-(methylsulfanyl)furo[2,3-d]pyrimidine-5-carboxylate

NHz  cookt

NZ | N\
HSC\S)\N (o)

2.36

To a mixture of 6-amino-2-(methylsulfanyl)-43-pyrimidinone 2.7 (0.5 g, 3.2
mmol) in DMF (10ml) was added ethyl 3-bromo-2-ox@gmanoate(0.44 ml). The
mixture was at room temperature for 3 days. The DX evaporated in vacuo (17
mmHg) and the residue was purified by column chitography (silica gel/ethyl
acetater-hexane = 1:2 to ethyl acetate 100%) to give thedypet 2.36 as a light
yellow solid (0.52 g, 2.0 mmol, 62%; mp 156-158.°C)

'H NMR (DMSO-dg) 6 1.30 (3H, t,J 7.1, COOCHCHS3), 2.46 (3H, s, SHs), 4.31
(2H, q,J 7.1, COO®,CHg), 7.51 (1H, s, M), 7.93 (1H, s, M), 8.46 (1H, s,
C=CH). *®*C NMR (DMSO4ds) 6 13.35 (¥£Hs), 13.97 (COOCHKCHs), 61.44
(COOCH,CHg), 94.01 (NHCC=C), 113.09 CCOO), 146.81 (CE€HO), 158.04
(CO0), 163.49 (CENO), 167.42 CSCHg), 167.90 C=NH,). IR (KBr) 3373, 3131,
1703, 1640, 1593, 1550, 1465, 1412, 1369, 13553,1P800, 1064, 1037, 927, 754,
595, 565 crit. HRMS (Cl) found 254.0603, 1gH1:N30sS requires 254.0599 (MM
Anal. Calcd for GoH11N3OsS: C, 47.4; H, 4.4; N, 16.6; S, 12.7. Found: C/4H,
4.0; N, 16.1; S, 12.3.
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2-(Benzylamino)-5-phenyl-3,7-dihydro-4-pyrrolo[2,3-d]pyrimidin-4-one

2.43a

To a mixture of 2-(methylsulfanyl)-5-phenyl-3,7-gdro-4H-pyrrolo[2,3-
d]pyrimidin-4-one2.7 (0.2 g, 0.78 mmol) in DMF (5 ml) was addedCPBA (77%,
0.52 g, 2.3 mmol). The resulting mixture was stirfer 4 hours at 3 °C. The DMF
was evaporated in vacuo (17 mmHg). The resultinigl seas washed with ether (50
ml), to afford the crude sulfone as a light pinkidd0.18 g, 80%, confirmed by
LRMS-ESI: M + 1 = 290.1). The crude sulfone intedia¢e was heated with
benzylamine (1 ml) in a sealed tube for 17 hours0& °C. The excess benzylamine
was removed under vacuum (15 mmHg) and the resicase purified by column
chromatography (silica gel/ethyl acetatbexane = 1:2 to ethyl acetate 100%) to
afford the required produ@.43aas a yellow solid (88 mg, 0.28 mmol, 36%, mp
278-280 °C).

'H NMR (DMSOdg) § 4.49 (2H, dJ 5.8, Ph@®l,), 6.51 (1H, t,J 5.8, HNCH,Ph),
6.99 (1H, d,J 2.4, PhC=El), 7.11-7.34 (8H, m, A), 7.91-7.93 (2H, m, At), 10.30
(1H, brs, PhAC=CHN), 11.34 (1H, brs, OCN). **C NMR (DMSOds) ¢ 43.67
(PhCH,), 97.28 (O=C), 115.19 (PhCEH), 119.69 (PB=CH), 125.23, 126.86 (2C,
ArCH), 127.02, 127.38, 127.76, 128.31 (8C,CAi), 134.79, 139.34 (2C, M),
151.50 (O=CCE), 152.11 CNHCH,Ph), 158.96 (GN). IR (KBr) 3412, 3197, 2785,
1654, 1477, 1292, 1100, 749, 694, 655 ‘cnHRMS (El) found 316.1326,
C1oH16N4O requires 316.1324 (W
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5-Phenyl-2-(1’-pyrrolidinyl)-3,7-dihydro-4 H-pyrrolo[2,3-d]pyrimidin-4-one

To a mixture of 2-(methylsulfanyl)-5-phenyl-3,7-gdro-4H-pyrrolo[2,3-
d]pyrimidin-4-one2.7 (0.2 g, 0.78 mmol) in DMF (5 ml) was addedCPBA (77%,
0.52 g, 2.3 mmol). The resulting mixture was strfer 4 hours at room temperature.
The DMF was evaporated in vacuo (17 mmHg). Theltiagusolid was washed with
ether (50 ml), to afford the crude sulfone as dtligink solid (0.19 g, 84%,
confirmed by LRMS-ESI: M + 1 = 290.1). The cruddfene intermediate was
heated with pyrrolidine (1 ml) in a sealed tube fis hours at 100 °C. The
pyrrolidine was removed under vacuum (270 mmHg) dhd residue was
recrystallised from methanol and ether to afforel pinoduct2.43b as a brown solid
(0.12 g, 0.43 mmol, 55%; mp > 250 °C).

'H NMR (DMSO-dg) 6 1.88 (4H, tJ 6.6, NCHCH,), 3.43 (4H, t,J 6.6, NGH,CH,),
6.98 (1H, dJ 2.2, PhC=@l), 7.11-7.29 (3H, m, Af), 7.91-7.93 (2H, m, A4), 9.86
(1H, brs, PhC=CHN), 11.30 (1H, brs, OCN). *C NMR (DMSOds) § 24.85
(NCH,CHy), 46.65 (NCH,CHp), 96.27 (0=C), 115.28 (PhCEH), 119.35
(PRC=CH), 125.15 (A€H), 127.37, 127.78 (4C, AH), 134.95 (AE), 150.20
(O=CC=C), 152.57 CNCH,), 159.68 (@N). IR (KBr) 3439, 3126, 2956, 1646,
1519, 1344, 1127, 1078, 905, 746, 6947 cntiRMS (FAB) found 303.1219,
Ci16H16N4ONa requires 303.1222 (MNa Anal. Calcd for GgH16N4O-0.2H0: C,
67.7; H, 5.8; N, 19.7. Found: C, 67.5; H, 5.8; §,71
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2-Anilino-5-phenyl-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one

2.43c

To a mixture of 2-(methylsulfanyl)-5-phenyl-3,7-gdro-4H-pyrrolo[2,3-
d]pyrimidin-4-one2.7 (0.2 g, 0.78 mmol) in DMF (5 ml) was addedCPBA (77%,
0.52 g, 2.3 mmol). The resulting mixture was stirfer 4 hours at room temperature.
The DMF was evaporated in vacuo (17 mmHg). Theltiagusolid was washed with
ether (50 ml), to afford the crude sulfone as dtligink solid (0.20 g, 89%,
confirmed by LRMS-ESI: M + 1 = 290.1). The cruddfene intermediate was
heated with aniline (1 ml) in a sealed tube forhbars at 100 °C. The aniline was
removed under vacuum (16 mmHg) and the residue pwagied by column
chromatography (silica gel/ethyl acetatbexane = 1:3 to ethyl acetate 100%) to
afford the required produ@.43cas a yellow solid (58 mg, 0.19 mmol, 24%, mp >
250 °C).

'H NMR (DMSO-<g) 6 6.99-7.17 (3H, m, A), 7.27-7.34 (3H, m, At), 7.30 (1H, d,
J 2.7, PhC=@l), 7.64-7.66 (2H, m, Af), 7.94-7.96 (2H, m, Ad), 8.63 (1H, s,
PhNH), 10.32 (1H, brs, PhC=CH#), 11.62 (1H, brs, OCN). *C NMR (DMSO-
ds) 6 98.55 (O=C), 116.15 (PhCEH), 118.94 (2C, AE), 119.87 (PE=CH), 122.09,
125.42 (ACH), 127.46, 127.83, 128.79 (6C, @), 134.56, 139.11 (AT), 148.04
(O=CC=C), 150.88 CNCH,), 158.65 (@N). IR (KBr) 3391, 2923, 2852, 1672,
1632, 1595, 1565, 1497, 1441, 1329, 1264, 1146, B55, 689 cril. HRMS (FAB)
found 303.1255, GH14N4O requires 303.1246 (MM
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Ethyl 2-(benzylamino)-4-oxo-4,7-dihydro-3-pyrrolo[2,3-d]pyrimidine-6-carbox
ylate

o
|

i | N—cookt
N N
orh

2.49

To a mixture of 2-methylsulfanyl-4-oxo-4,7-dihyd8stpyrrolo[2,3-d]pyrimidine-6-
carboxylic acid ethyl este2.35(0.16 g, 0.63 mmol) in DMF (5 ml) was added
CPBA (77%, 0.42 g, 1.9 mmol). The resulting mixtuvas stirred for 4 hours at
room temperature. The DMF was evaporated undercegtipressure (17 mmHg).
The resulting solid was washed with ether (50 mal)afford the crude sulfone as a
brown solid (0.13 g, 73%, confirmed by LRMS-ESI: Mi# 286.0). The crude
sulfone intermediate was heated with benzylaminen{lLin a sealed tube for 15
hours at 100 °C. The excess benzylamine was remaowatuo (15 mmHg) and the
residue was purified by column chromatographydqailjel/ethyl acetate 100%) and
separate from the disubstituted product by HPL@ftord the required produ@.49
as a white solid (24 mg, 0.077 mmol, 12%, mp > 25

'H NMR (DMSO-ds) § 1.23 (3H, t,J 7.1, CHCH3), 4.17 (2H, qJ 7.1, (H-CH),
4,49 (2H, d,J 5.8, HNMH,), 6.79 (1H, t,J 5.8, HNCH,), 6.91 and 6.92 (1H,
OCCH), 7.22-7.34 (5H, m, Af), 10.49 (1H, s, OCCCH), 11.91 (1H, s, OCN).
13C NMR (DMSO4s) 6 14.24 (CHCHj3), 43.73 (HNCH,), 59.74 CH,CHs), 101.87
(OCCCNH), 109.72 (CCNH), 120.27 (HCNH), 126.96 (ACH), 127.24, 128.36
(4C, ArCH), 138.97 (AE), 152.36 (OCCNH), 152.96 (HNCNH), 158.75 COO),
160.28 (GCNH). IR (KBr) 3422, 3120, 2978, 1662, 1615, 155322, 1410, 1303,
1240, 1196, 1026, 776, 696, 548 tnHRMS (FAB) found 313.1311, 1gH16N4Os
requires 313.1301 (MB. Anal. Calcd for GeH1eN4Os: C, 61.5; H, 5.2; N, 17.9.
Found: C, 61.9; H, 5.2; N, 17.6.
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N-Benzyl-2-(benzylamino)-4-oxo-4,7-dihydro-Bi-pyrrolo[2,3-d]pyrimidine-6-

carboxamide

0
(@]
HN \
H H

2.50

To a mixture of 2-methylsulfanyl-4-oxo-4,7-dihyd8bt-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid ethyl este2.48(0.16 g, 0.63 mmol) in DMF (5 ml) was added
CPBA (77%, 0.42 g, 1.9 mmol). The resulting mixtuvas stirred for 4 hours at
room temperature. The DMF was evaporated in vaddonfmHg). The resulting
solid was washed with ether (50 ml), to afford thede sulfone as a brown solid
(0.13 g, 73%, confirmed by LRMS-ESI: MH= 286.0). The crude sulfone
intermediate was heated with benzylamine (1 mlaisealed tube for 15 hours at
100 °C. The excess benzylamine was removed undkrced pressure and the
residue was purified by column chromatographydaailyel/ethyl acetate 100%) and
separated from the mono-substituted product by HRL&fford the required product
2.50as a white solid (24 mg, 0.064 mmol, 10%, mp > Z5p

IH NMR (DMSO<ds) & 4.40 (2H, d,J 5.9, OCNHG,), 4.47 (2H, d,J 5.8,
NCNHCH.,), 6.65 (1H, tJ 5.8, NCNHCH,), 7.01 and 7.02 (1H, OCGQ, 7.21-7.34
(10H, m, AH), 8.53 (1H, tJ 5.9, OCNHCH,), 10.37 (1H, s, OCCN), 11.54 (1H, s,
OCNHCN). 3C NMR (DMSOds) § 41.98 (OCNHKCH,), 43.75 (NCNKCH,), 101.19
(OCCCN), 104.95 (OCCH), 124.41 (OCCH), 126.68, 126.93 (AH), 127.16,
127.29, 128.25, 128.33 (8C, @), 139.12, 139.77 (2C, A), 151.46 (OCCN),
152.43 (OCNHKEN), 158.90 (@NHCH;), 160.27 (@NHCN). IR (KBr) 3422, 1613,
1544, 1451, 1292, 1245, 1215, 784, 749, 696 .cHRMS (FAB) found 374.1618,
C21H19NsO; requires 374.1617 (MH.
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2-(Benzylsulfanyl)-6-bromo-5-phenyl-3,7-dihydro-4-pyrrolo[2,3-d]pyrimidin-
4-one

To a suspension of 2-(benzylsulfanyl)-5-phenyl-8iffydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one 2.6d (0.05 g, 0.15 mmol) in tetrahydrofuran (2 ml) wadded
cyanogen bromide (0.5 ml, 3 M in dichloromethanE)e reaction mixture was
stirred at 40 °C for 15 hours. The solvent was evated in vacuo (400 mmHg) to
afford the required produ@.55as a dark green solid (58 mg, 0.14 mmol, 93%, mp
>250 °C).

'H NMR (DMSO<g) d 4.43 (2H, s, SB,), 7.25-7.52 (10H, m, At), 12.22 (1H, s,
HNCO), 12.78 (1H, s, C=CHMN). *C NMR (DMSO4) 6 33.52 (£H,), 101.55
(C=CN;), 102.62 (CEBIrNH), 119.32 C=CBrNH), 126.62, 127.34, 127.51, 128.48,
129.17, 130.18 (10C, AH), 132.17 (1C, AE), 137.29 (1C, AE), 148.58 (CEN),),
154.45 CN3), 157.52 C=0). IR (KBr) 3423, 3027, 2923, 1651, 1550, 141809,
1111, 973, 757, 691, 620 (CBr), 526 tmHRMS (FAB) found 412.0113,
CioH14""BrNsOS requires 412.0119 (MM
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2-(Benzylsulfanyl)-6-{[methoxy(methyl)amino]methyl}5-phenyl-3,7-dihydro-
4H-pyrrolo[2,3-d]pyrimidin-4-one

2.57

To a mixture of 2-(benzylsulfanyl)-5-phenyl-3,7-giro-4H-pyrrolo[2,3-
d]pyrimidin-4-one 2.6d (68 mg, 0.20 mmol) in ethanol (6 ml) in was add&®-
dimethylhydroxylamine (0.12 g, 2.0 mmol) and,O-dimethylhydroxylamine
hydrochloride (0.2 g, 2.0 mmol). The mixture inealked tube was stirred in an oil
bath at 100 °C for 24 hours and then a furthewaligpf N,O-dimethylhydroxylamine
(0.12 g, 2.0 mmol) was added. The resulting mixtues stirred at 100 °C for 24
hours. The ethanol was evaporated in vacuo (210 g)nafid the residue was
extracted by ethyl acetate (20 ml x 3), washed \bitime (20 ml), dried, and
concentrated. The residue was purified by colunmoraatography (silica gel/ethyl
acetater-hexane = 1:2 to ethyl acetate 100%) to give trmdpet2.57 as a white
solid (13 mg, 0.03 mmol, 15%; mp 185-187 °C).

IH NMR (CDCk) 6 2.60 (3H, s, NEls), 3.50 (3H, s, O83), 3.91 (2H, s, NE,),
4.46 (2H, s, SE,), 7.20-7.23 (2H, m, Af), 7.28-7.35 (4H, m, Ad), 7.39-7.42 (2H,
m, ArH), 7.55-7.57 (2H, m, At), 9.08 (1H, s, C=CN), 10.99 (1H, sHNCO).*C
NMR (CDCk) § 35.18 (£H,), 44.36 (NCH3), 54.26 (NCH5), 59.94 (QCH3), 102.74
(O=CC), 119.66 (NCHC=C), 126.09 (NCHC=C), 126.66, 127.65, 127.71, 128.68,
129.10, 130.55 (10C, @H), 132.75 (1C, AE), 136.25 (1C, AT), 148.50 (OCNH),
153.99 (£=N), 159.89 (@NH). IR (KBr) 3423, 2929, 1657, 1551, 1524, 1195
(CH»N-CHg), 1044, 976, 762, 697 ¢m HRMS (FAB) found 407.1536,
C2:H2oN405S requires 407.1542 (MY
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6-(Benzylsulfanyl)-2,4-pyrimidinediamine***

To a suspension of 2,6-diamino-4-pyrimidinethibb8 (6.3 g, 26.2 mmol) and
sodium hydroxide (1.6 g, 41.6 mmol) in ethanol (1Bl) and water (100 ml) was
added benzyl bromide (3.4 ml, 28.8 mmol). The lieaanixture was stirred at room
temperature for 20 hours. The precipitate was cwte by filtration, washed with
water (50 ml) andh-hexane (50 ml), to afford the required prodd&9aas a white

solid (4.7 g, 20.2 mmol, 77%; mp 144-146 °C}1{t144-146 °C).

'H NMR (DMSO<g) d 4.31 (2H, s, SH,), 5.78 (1H,HC=CS), 6.74, 7.03 (2H x 2,
brs, NH), 7.24-7.42 (5H, m, Af). *C NMR (DMSOds) § 32.85(%H.), 90.64
(HC=NH,), 127.22 (1C, AEH), 128.47, 128.93 (4C, AH), 137.05 (1C, AE),

158.41 CN3), 161.93 (HCEN2), 163.35 (8=N). IR (KBr) 3342, 3166, 1642, 1533,
1503, 1245, 1111, 991, 699, 661, 617, 537-cm

6-(Benzylsulfanyl)-5-nitroso-2,4-pyrimidinediaming**

2.60
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To a suspension of 6-(benzylsulfanyl)-2,4-pyrimatiramine 2.59 (4.1 g, 17.5

mmol) and sodium nitrite (1.5g, 21.7 mmol) in DMEO(mI) and water (40 ml) was
added glacial acetic acid (7 ml). The reaction ortwas stirred at room
temperature for 2 days. The precipitate was catebly filtration, washed with water
(50 ml) andn-hexane (50 ml), to afford the required prod2@&0as a purple solid
(3.6 g, 13.8 mmol, 79%; mp 253-255 °C).

'H NMR (DMSO<e) 5 4.45(1H, s, SE,), 7.21-7.51 (5H, m, Ad), 8.00-8.08 (2H, s,
N,CNH,), 8.14 (1H, d,J 3.7, NH,CCNO), 9.67 (1H, dJ 3.7, N\H,CCNO).**C NMR
(DMSO-ds) 6 31.81(H,), 126.98(1C, ABH), 128.37, 129.29 (4C, AH)138.10
(1C, AIC) 145.29 CNO), 149.19 (NHCCNO), 160.74 CN3), 180.51 (€N). IR
(KBr) 3488, 3303, 3174, 1619, 1542, 1492, 1361,513256, 1142, 1008(C-NO),
921, 788, 694, 609, 525 &

6-(Benzylsulfanyl)-2,4,5-pyrimidinetriamine™**

S

NN
A
H,N” N7 TNH,

261

To a suspension of 6-(benzylsulfanyl)-5-nitroso-@yfimidinediamine2.60 (2.6 g,
9.9 mmol) in methanol (30 ml) and water (30 ml) wadsled sodium dithionite (5.1 g,
29.3 mmol). The reaction mixture was stirred atmaemperature for 3 hours and a
further aliquot of sodium dithionite (5.1 g, 29.3nol) was added and stirred for 20
hours. The precipitate was collected by filtratisrgshed with water (50 ml) and
hexane (50 ml), to afford the required prod2@&las a light yellow solid (2.4 g, 9.7
mmol, 98%:; mp 173-175 °C, it 175-177 °C).
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'H NMR (DMSO-ds) 6§ 4.26 (2H, s, SB,), 5.71, 6.29, 6.40 (2H x 3, brsHy), 7.19-
7.35 (5H, m, AH). **C NMR (DMSOds) 6 34.15(%H,), 116.89 (SCNH,), 127.02
(ArC), 128.32 (2C, AEH), 128.90 (2C, AEH), 138.02 (AE), 153.72 CN3), 155.72
(NH2CCN5y), 166.31 (€N). IR (KBr) 3329, 3166, 1642, 1533, 1503, 1245111991,
699, 661, 617, 537 cm

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinaminé**

S
HzN)l\N/ N7
2.62a

To a suspension of 6-(benzylsulfanyl)-2,4,5-pyrimédriamine 2.61 (0.8 g, 3.2

mmol) in ethanol (45 ml) was added biacetyl (0.34. Mhe reaction mixture was
refluxed for 4 hours. The precipitate was colledbgdfiltration, washed with ether
(25 ml) andn-hexane (25 ml), to afford the required prod2@2aas a yellow solid

(0.71 g, 2.4 mmol, 75%; mp 210-213 °C }it208-210 °C).

'H NMR (DMSO-dg) J 2.48, 2.54 (3H x 2, s,1), 4.55 (2H, s, SB,), 7.20 (2H, brs,
NH,), 7.22-7.25 (1H, m, Af), 7.28-7.32 (2H, m, Ad), 7.48-7.50 (2H, m, Ad). °C
NMR (DMSO-ds)  21.71, 23.24 (20CH3), 32.04 (£H,), 125.73 (SCN), 127.03
(ArCH), 128.34, 129.21 (4C, AH), 137.85 (AC), 147.73, 152.93 (2C, GCH),
160.75 (CNCCH3), 161.33CNs3), 172.49 (8N). IR (KBr) 3413, 3153, 1630, 1556,
1553, 1407, 1363, 1193, 932, 696, 642'cm
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4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamine

To a suspension of 6-(benzylsulfanyl)-2,4,5-pyrimédriamine 2.61 (0.8 g, 3.2
mmol) in ethanol (60 ml) was added benzyl (0.78.§,mmol). The reaction mixture
refluxed for 20 hours. The precipitate was collddbg filtration, washed with ether
(50 ml), to afford the required produ2i62bas a yellow solid (0.88 g, 9.7 mmaol,
65%; mp 175-177 °C).

'H NMR (DMSO-dg) 6§ 4.52 (1H, s, SHy), 7.23-7.53 (17H, m, At + NH,). °C
NMR (DMSO-ds) 6 32.22 (£H,), 126.48 (SCN), 127.15, 128.01, 128.40, 129.28,
129.43, 129.56 (15C, AH), 137.63, 138.08, 138.35 (3C, @) 146.84 (SCCR),
152.66 (NCNCPh), 159.09 (IRNCPh), 161.23@Ns3), 173.87 (EN). IR (KBr) 3347,
3065, 1658, 1448, 1412, 1369, 1113, 919, 768, 698,cm’. HRMS (FAB) found
422.1444, GsH1oNsS requires 422.1439 (MM
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4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-pteidinylamine

OMe
NT X N\
)l\ = =
H.NT N7 N 0
OMe

2.62¢

To a suspension of 6-(benzylsulfanyl)-2,4,5-pyrimédriamine 2.61 (1.16 g, 4.7
mmol) in DMF (25 ml) was added 1,2-bis(4’-methoxgplgl)-1,2-ethanedione (2.5 g,
9.4 mmol). The reaction mixture was stirred at 180for 17 hours. The solvent was
evaporated in vacuo (17 mmHg) and the residue wasfigd by column
chromatography (silica gel/ethyl acetate:n-hexarie2=to ethyl acetate:methanol =
1:1) to afford the required produzt62casa yellow solid (0.94 g, 1.95 mmol, 41%,
mp 199-202 °C).

'H NMR (DMSO-ds) 6 3.75 (3H, s, OBl3), 3.77 (3H, s, O83), 4.50 (2H, s, SBY),
6.87-6.92 (4H, m, AH), 7.23-7.32 (5H, m, Ad), 7.38-7.41 (2H, m, At), 7.44 (2H,
brs, NH,), 7.51-7.53 (2H, m, Af). *C NMR (DMSOdg) § 32.18 (£H,), 55.12,
55.18 (2C, @Hs), 113.53, 113.56 (2C, AH), 126.04 (SCN), 127.12 (ACH),
128.39, 129.26 (4C, AH), 130.66, 130.69 (2C, M), 130.71, 131.17 (4C, AH),
137.71 (AC), 146.55 (SCCRE), 152.47 (NCINCPh), 158.48 (AEOMe), 159.43
(NCNCPh), 160.18 (AEOMe), 161.13 (Ch), 173.37 (§N). IR (KBr) 3472, 3126,
1624, 1553, 1525, 1404, 1336, 1108, 1067, 10484,198D, 910, 768, 738, 705, 595,
471 cnit. HRMS (FAB) found 482.1656,6H,3Ns0,S requires 482.1651 (M
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4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-pterdinylamine

Cl

NT X N\

A A
HNT N7 N 0

Cl

2.62d

To a suspension of 6-(benzylsulfanyl)-2,4,5-pyrimériamine 2.61 (0.5 g, 2.0
mmol) in ethanol (30 ml) was added 1,2-bis(2’-cbfdrenyl)-1,2-ethanedione (0.67
g, 2.4 mmol). The reaction mixture was refluxed frdays. The solvent was
evaporated in vacuo (200 mmHg) and the residue pw@sfied by column
chromatography (silica gel/ethyl acetate:n-hexan& kto ethyl acetate 100%) to
afford the required produ@.62d asa yellow solid (0.36 g, 0.73 mmol, 37%, mp
251-253 °C).

'H NMR (DMSO<s) 6 4.52 (1H, s, SH,), 7.23-7.42 (11H, m, At), 7.51-7.53 (2H,
m, ArH), 7.68 (2H, brs, N). *C NMR (DMSOds) J 28.94 (£H,), 126.79 (SCN),
127.18 (ACH), 128.40, 129.29 (4C, AH), 130.43, 130.67, 131.27 (6C, Gt),
131.60 (AC), 131.85 (2C, AEH), 132.29 (A€), 135.97, 136.34 (2C, ACI),
137.53 (AC), 145.55 (SCCR), 152.92 (NCNCPh), 158.38 (IENCPh), 161.43
(CN3), 174.36 (ECN). IR (KBr) 3472, 3126, 1624, 1553, 1525, 140334, 1108,
1067, 1048, 1004, 990, 910, 768, 738, 705, 595, eiit HRMS (FAB) found
490.0660, GsH17>°Cl,NsS requires 490.0664 (MM Anal. Calcd for GsH17CloNsS:
C, 61.2; H, 3.5; N, 14.3; Cl, 14.5; S, 6.5. FouB¢61.2; H, 3.5; N, 14.0; Cl, 14.5; S,
6.8.
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4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridinamine

S N/|
NT X N\ x
|
HZN)\N/ N7 | ~
N A

2.62e

To a suspension of 6-(benzylsulfanyl)-2,4,5-pyrimédriamine2.61 (1 g, 4.0 mmol)

in ethanol (60 ml) was added 1,2-di(2’-pyridinyl2dethanedione (0.85 g, 4.0 mmol).
The reaction mixture was refluxed for 4 hours. Tdrecipitate was collected by
filtration, washed with ether (50 ml), to afforcethequired produ@.62eas a yellow
solid (0.92 g, 2.2 mmol, 55%; mp 260-263 °C).

'H NMR (DMSO-<dg) § 4.53 (2H, s, SB,), 7.24-7.36 (5H, m, Af), 7.53-7.55 (2H,
m, PyH), 7.65 (2H, brs, N), 7.80-7.95 (4H, m, Ry), 8.19-8.24 (2H, m, Ry). °C
NMR (DMSO-g) ¢ 32.32 (£Hy), 12.92, 123.45, 123.64, 123.89 (4C,CPV,
126.38 (SC=C), 127.20, 128.43, 129.34 (5C, @), 136.73, 136.82 (2C, BY),
137.49 (AC), 146.15(N-€C=N), 147.91, 147.97 (2C, B}), 152.87 (N=C=N),
156.27, 156.52 (2C, B, 158.31 (CEN,), 161.52 CN3), 174.07 (EN). IR (KBr)
3475, 3054, 1624, 1576, 1536, 1484, 1399, 13552,12@91, 787, 743, 617, 546,
466 cm'. HRMS (FAB) found 424.1338, 6H:7N/S requires 424.1344 (MM
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N*-Benzyl-6,7-dimethyl-2,4-pteridinediamine

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinaming2.62a (0.15 g, 0.5 mmol) was
suspended in benzylamine (1 ml) in a microwave .tilbe mixture was irradiated at
100 °C for 1 hour. Excess benzylamine was remore¢hcuo (15 mmHg) and the
residue was purified by column chromatography dailgel/ethyl acetate 100% to
ethyl acetate:methanol = 5:1) to afford the requpeoduct2.63cas an orange solid
(85 mg, 0.3 mmol, 61%, mp 230-232 °C).

'H NMR (DMSO-ds) 6 2.51 (6H, s, CH3), 4.66 (2H, dJ 6.4, NHH,), 6.45 (2H, s,
NH), 7.19-7.23 (1H, m, Ad), 7.27-7.31 (2H, m, Ad), 7.34-7.36 (2H, m, Ad),
8.40 (1H, t,J 6.4, NHCH,). *C NMR (DMSO+dg) 6 21.40, 22.85 CH3), 43.12
(NHCH,), 119.56 (HNCN), 126.67 (ACH), 127.39, 128.17 (4C, AH), 139.51,
145.09 CCHS3), 154.27 (A€), 158.68 (HNCC), 160.21 CNH,), 162.24 (HNCN).
IR (KBr) 3467, 3379, 3296, 3115, 1635, 1593, 148137, 1418, 1363, 1336, 1215,
976, 823, 754, 699, 606 ¢mHRMS (ESI) found 281.1507, 16H:¢Ns requires
281.1509 (MH). Anal. Calcd for GsH1gNg-0.1H0: C, 63.9; H, 5.8; N, 29.8. Found:
C, 63.8; H, 5.2; N, 29.1.

"The peak of € partially overlapped with DMSO.
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N*-Benzyl-6,7-diphenyl-2,4-pteridinediamine

(a) Thermal reaction

4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.1 g, 0.24 mmol) was
heated with benzylamine (1 ml) in a sealed tube Zodays at 100 °C. Excess
benzylamine was removed under vacuum (15 mmHg)tlaadesidue was purified
by column chromatography (silica gel/ethyl acetateexane = 1:3 to ethyl acetate
100%) to afford the required produzi63cas a yellow solid (36 mg, 0.09 mmol,
38%).

(b) Microwave reaction

4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.1 g, 0.24 mmol) was
suspended in benzylamine (1 ml) in a microwave .tilbe mixture was irradiated at
100 °C for 1 hour. Excess benzylamine was remore¢hcuo (15 mmHg) and the
residue was purified by column chromatographydailjel/ethyl acetate-hexane =
1:3 to ethyl acetate 100%) to afford the requireatpct2.63cas a yellow solid (46
mg, 0.11 mmol, 46%, mp 246-248 °C).

'H NMR (DMSO-dg) § 4.74 (2H, d,J 6.4, Ph®,NH), 6.77 (2H, brs, N>), 7.21-
7.44 (15H, m, AH), 8.75 (1H, tJ 6.4, PhCHNH). *°C NMR (DMSO+k)  43.26
(PhCH,), 120.94 (NHEC=C), 126.73, 127.37, 127.83, 127.91, 127.98, 128.22
128.80, 129.50, 129.63 (15C, @), 138.47, 138.91, 139.35 (B), 144.66, 154.23
(PhC=N), 157.13 (NHCCE), 160.42 CNH,), 163.15 (HN\C). IR (KBr) 3467, 3412,
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3379, 3269, 3060, 1733, 1629, 1593, 1572, 1445] 14249, 1242, 1176, 1105, 696
cm™. HRMS (El) found 404.1746, &H.oNg requires 404.1749 (M. Anal. Calcd for
CasHo0N6-0.5H0: C, 72.6; H, 5.1; N, 20.3. Found: C, 72.8; H,,AN719.9.

N“*-Benzyl-6,7-bis(4’-methoxyphenyl)-2,4-pteridinediarme

OCHj
NH O
NT X NS
PP
H,N~ N7 N 0
OCHj
2.63c

4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-ptdinylamine 2.62c (0.1 g, 0.21

mmol) was suspended in benzylamine (1 ml) in a omieve tube. The mixture was
irradiated at 100 °C for 1 hour. Excess benzylanwas removed in vacuo (15
mmHg) and the residue was purified by column chitography (silica gel/ethyl

acetate:methanol = 1:5) to afford the required pcb@.63cas an yellow solid (55
mg, 0.11 mmol, 52%, mp 101-103 °C).

'H NMR (DMSO<dg) 6 3.74, 3.77 (3H x 2, s, QG), 4.73 (2H, d,J 6.4, HNCH,),
6.67 (2H, brs, M), 6.85-7.4 (13H, m, A), 8.64 (1H, tJ 6.4, HNCH,). **C NMR
(DMSO-dg) 6 32.27 (HNCHy), 55.10, 55.13 (2C, CHg), 113.36, 113.46 (AGH),
120.32 (HN@N), 126.64, 126.72, 127.38, 128.21, 128.92CHA), 130.85, 130.95
(4C, AICH), 131.07, 131.26, 139.42 (3C, @ 144.41 (NC€N), 153.91
(N=CC=N), 156.49 (A€OMe), 159.09 (CCEN), 159.77 (ACOMe), 160.36
(H2NC), 162.92 (HNEN). IR (KBr) 3379, 3170, 2934, 2840, 1591, 15698241347,
1245, 1174, 1026, 828, 699, 595, 540 ‘cnHRMS (ESI) found 465.2039,
C,7H24N6O, requires 465.2034 (MBI,
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N*-Benzyl-6,7-bis(2’-chlorophenyl)-2,4-pteridinediamne

4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-ptdimylamine 2.62d (0.15 g, 0.3
mmol) was suspended in benzylamine (1 ml) in a owawve tube. The mixture was
irradiated at 100 °C for 1 hour. Benzylamine wamaoeed under vacuum and the
residue was purified by column chromatography qailgel/ethyl acetate 100%) to
afford the required produ@.63d as a yellow solid (88 mg, 0.19 mmol, 63%, mp
139-141 °C).

IH NMR (DMSO<) 6 4.69 (2H, d.J 6.2, GH,NH), 6.99 (2H, s, M), 7.20-7.46
(13H, m, AH), 8.86 (1H, tJ 6.2, CHNH). 1*C NMR (DMSOds) & 43.38 CHoNH),

121.58 (HN), 126.47, 126.54, 126.78 (@H), 127.61, 128.22 (2C x 2, BH),

129.02, 129.22, 130.17, 130.36, 131.10 (ArCH), 131(ArC), 132.01 (ACH),

132.58 (AC), 136.57, 136.69 (2C, ACI), 139.11 (AE), 143.80 (N=C=N),

154.13 (N-€C=N), 156.51 (HNCC), 160.25 (HNC), 162.94 (CHNHC). IR (KBr)

3395, 1591, 1569, 1456, 1437, 1352, 1179, 11112,1D40, 699 ci. HRMS (ESI)
found 473.1048, &H:s°CLNg requires 473.1043 (MBH. Anal. Calced for
CxsH18ClNg: C, 63.4; H, 3.8; N, 17.7; Cl, 15.0. Found: C,33, 3.6; N, 17.4; Cl,
14.6.
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N*-Benzyl-6,7-di(2'-pyridinyl)-2,4-pteridinediamine

NH N/|
N X N\ x
|
= =
HZN)\N N | X
N A

2.63e

4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridimaine 2.62e (0.15 g, 0.35 mmol)

was suspended in benzylamine (1 ml) in a microwauge. The mixture was

irradiated at 100 °C for 1 hour. ExceBenzylaminaswemoved in vacuo (15
mmHg) and the residue was purified by column chitography (silica gel/ethyl

acetate 100%) to afford the required produé&3eas an orange solid (95 mg, 0.23
mmol, 66%, mp 205-207 °C).

'H NMR (DMSO-<ds) J 4.76 (2H, dJ 6.3, GH.NH), 6.30 (2H, brs, N.), 7.16-8.26
(13H, m, AH), 8.86 (1H, tJ 6.3, CHNH). **C NMR (DMSO+g) 6 43.30 CH2NH),
120.88 (HNC), 122.51, 123.21, 123.67, 123.72 M), 126.76 (ACH), 127.39,
128.24 (2C x 2, ATH), 136.35, 136.59 (ABH), 139.22 (AC), 144.16 (N€C=N),
147.71, 147.84 (F§H), 154.41 (N=C=N), 155.63, 156.29 (), 157.29 (HNCC),
160.36 (HNC), 163.44 (CHNHC). IR (KBr) 3445, 3390, 3126, 1559, 1569, 1445,
1421, 1352, 1111, 803, 749, 696 tnHRMS (ESI) found 407.1732, ,¢H1gNg
requires 407.1727 (MBI Anal. Calcd for GsH1gNg: C, 68.0; H, 4.5; N, 27.6. Found:
'C, 67.4,H,3.9;'N, 25.8.

"A satisfactory C, H, and N analysis could not béanted due to the difficulty of complete burning
even when aided by WO
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6,7-Dimethyl-N*-phenyl-2,4-pteridinediamine

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinamin2.62a (0.15 g, 0.5 mmol) was
suspended in aniline (1 ml) in a microwave tubee Thixture was irradiated at
100 °C for 1 hour. Excess aniline was removed ruea 15 mmHg) and the residue
was recrystallised from methanol and diethyl etioeafford the produc®.64aas a
brown solid (78 mg, 0.27 mmol, 54%; mp > 250 °C).

'H NMR (DMSO-dg) 6 2.55, 2.59 (3H x 2, s.H%), 6.29 (2H, brs, N.), 7.07-8.05
(5H, m, AH), 9.61 (1H, brs, PhN). **C NMR (DMSOg) 6 21.47, 22.79 (2CCHs),
119.47 (NCC), 121.58 (2C, AtH), 123.84 (ACH), 128.52 (2C, AtH), 138.48
(ArC), 147.21, 151.40GCH3), 158.03 (NCC), 159.62 (HNC), 159.99 (NCCC). IR
(KBr) 3346, 3181, 1618, 1596, 1555, 1454, 1388,3136.11, 754, 688, 617 ¢hm
HRMS (ESI) found 267.1345,:¢H14Ns requires 267.1353 (MBI,

N* 6,7-Triphenyl-2,4-pteridinediamine

NT NS
PN
HNT N7 N O

2.64b

4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.15 g, 0.36 mmol) was
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suspended in aniline (1 ml) in a microwave tubee Thixture was irradiated at
100 °C for 1 hour. Excess aniline (15 mmHg) wasaeed under vacuum and the
residue was purified by column chromatographydailjelh-hexane:ethyl acetate =
2:1 to ethyl acetate 100%) to afford the requiremtpct2.64bas a yellow solid (65
mg, 0.17 mmol, 47%; mp > 250 °C).

'H NMR (DMSO-dg) 8 7.22-7.26 (1H, m, Ad), 7.28-7.49 (10H, mArH), 7.54-7.57
(2H, m, AH), 7.74 (1H, brs, N), 7.94-7.98 (2H, m, Ad), 8.26 (1H, brs, Ny),
10.54 (2H, s, PhN). °C NMR (DMSO«s) 6 121.46 (HNCC), 123.98, 124.10,
126.25 (ACH), 128.17, 128.39, 128.73 (2C x 3,CGkt), 129.07 (ACH), 129.65,
129.94 (2C x 2, AtH), 136.76, 136.99, 137.04 (B), 144.73, 149.28 (RIN),
135.96 (HNCC), 157.19 (HNC), 158.52 (HNCCC). IR (KBr) 3501, 3364, 3102,
1629, 1596, 1557, 1533, 1493, 1449, 1347, 12418,1101, 630 cil. HRMS (ESI)
found 391.1654, GH:1gNg requires 391.1666 (MB. Anal. Calcd for GsH1gNg: C,
73.8; H, 4.6; N, 21.5. Found: C, 73.4; H, 4.7; N.&2

6,7-Bis(4’-methoxyphenyl)N*-phenyl-2,4-pteridinediamine

O\ OCHjy
I ‘
NT Y NS
A A
H,NT N7 N O
OCHg

2.64c

4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-ptdinamine 2.62¢ (0.15 g, 0.31
mmol) was suspended in aniline (1 ml) in a microgvdaube. The mixture was
irradiated at 100 °C for 2 hour. Ecess aniline vaamsoved in vacuo (15 mmHg) and
the residue was purified by column chromatographyicé@ gelh-hexane:ethyl
acetate = 2:1 to ethyl acetate 100%) to affordrédugiired producR.64cas a yellow
solid (35 mg, 0.08 mmol, 26%; mp > 250 °C).
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'H NMR (DMSO-dg) 6 3.77, 3.78 (3H x 2, s, O), 6.89-6.93 (4H, m, ArH), 6.93
(2H, brs, NH,), 7.10-8.05 (9H, m, A), 9.58 (1H, s, PhN). *C NMR (DMSO«ds) 6
55.14, 55.17 (QHs), 113.44, 113.52 (2C x 2, &H), 120.04 (HNCC), 121.35 (2C,
ArCH), 123.44 (A€H), 128.49 (2C, AEH), 130.86 (AC), 131.06 (4C, AEH),
131.12 (AC), 138.85 (AE), 144.96, 153.88 (OGHPHCN), 156.95 (AE), 158.07
(HNCCC), 159.23 (AC), 159.91 (HNC), 162.47 (HNCCC). IR (KBr) 3471, 3122,
2923, 1603, 1565, 5113, 1434, 1346, 1243, 11768,1836, 752, 604 cth HRMS
(ESI) found 451.1865, £H2NgO> requires 451.1877 (MB. Anal. Calcd for
CaeH22N6O2: C, 69.3; H, 4.9; N, 18.7. Found: C, 69.2; H, N818.4.

6,7-Bis(2'-chlorophenyl)N*-phenyl-2,4-pteridinediamine

.
N A N\
AL

H,NT N N O
cl

2.64d

4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-ptdmamine 2.62d (0.15 g, 0.32
mmol) was suspended in aniline (1 ml) in a microgvaube. The mixture was
irradiated at 100 °C for 1 hour. Excess aniline vemsoved in vacuo (15 mmHg) and
the residue was purified by column chromatographyicd gelh-hexane:ethyl
acetate = 3:1 to ethyl acetate 100%) to affordrélggiired produck.64das a yellow
solid (62 mg, 0.13 mmol, 41%; mp 233-235 °C).

'H NMR (DMSO-dg)  7.09-7.14 (1H, m, Ad), 7.16 (2H, brs, M), 7.24-7.41 (9H,
m, ArH), 7.50-7.53 (1H, m, Ad), 8.01-8.04 (2H, m, Af), 8.79 (1H, PhM). *C
NMR (DMSO-ds) 6 121.39 (NEC), 121.75 (2C, AEH), 123.71, 126.47, 126.57
(ArCH), 128.42 (2C, AEH), 129.05, 129.25, 130.24, 130.42, 131.17qA), 131.75
(ArC), 132.20 (A€H), 132.63, 136.46, 136.65, 138.63 (s 144.10, 154.50
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(CIPhCN), 156.95 (HNCC), 158.26 (HNC), 162.86 (HNCCC). IR (KBr) 3483,
3351, 3065, 1610, 1593, 1561, 1539, 1476, 14372,14349, 1231, 1111, 1056, 751,
625, 469 crit. HRMS (ESI) found 459.0875, -6H1/Ng>°Cl, requires 459.0886
(MH™). Anal. Calcd for G4H17NeCl2: C, 60.4; H, 4.1; N, 19.2; Cl, 16.2. Found: C,
59.9; H, 3.8; N, 18.7; Cl, 16.5.

N*-Phenyl-6,7-di(2"-pyridinyl)-2,4-pteridinediamine

O\NH NT |
NT X ANGFAN
I
HZN)\N/ Nid | X
N A

2.64e

4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridimaine 2.62e (0.15 g, 0.35 mmol)
was suspended in aniline (1 ml) in a microwave tdlhee mixture was irradiated at
100 °C for 1 hour. Excess aniline was removed ruea15 mmHg) and the residue
was recrystallised from methanol and diethyl etioeafford the producR.64eas a
yellow solid (90 mg, 0.23 mmol, 66%; mp > 250 °C).

'H NMR (DMSO-dg) 6 7.12 (2H, brs, M), 7.14-7.42 (5H, m, At), 7.86-8.26 (8H,
m, ArH), 9.78 (1H, s, PhN). **C NMR (DMSO4dg) § 120.65 (NCCC), 121.64 (2C,
ArCH), 122.64, 123.28, 123.70, 123.75, 123.95Q4), 128.50 (2C, AEH), 136.46,
136.64 (ACH), 138.70 (AC), 144.67 (PEN), 147.67, 147.86 (ATH), 154.29
(PYCN), 156.43 (NC®T), 157.15, 157.21 (R5), 158.15 (HNC), 162.97 (HNCCC).
IR (KBr) 3428, 3379, 3142, 1624, 1585, 1558, 158834, 1445, 1412, 1358, 1242,
1149, 1122, 995, 765, 617 ¢mHRMS (ESI) found 393.1562,,8H:1¢Ng requires
393.1571 (MH).
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6,7-Dimethyl-4-(1'-pyrrolidinyl)-2-pteridinamine

L)
N
HzN)l\ N SN CHj
2.65a

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinaming2.62a (0.15 g, 0.5 mmol) was

suspended in pyrrolidine (1 ml) in a microwave tubke mixture was irradiated at
100 °C for 1 hour. Excess pyrrolidine was removedacuo (270 mmHg) and the
residue was purified by column chromatographydailjel/ethyl acetate:methanol =
1:1) to afford the required produ2i65aas a yellow solid (81 mg, 0.33 mmol, 66%,
mp > 250 °C, litt>® > 240 °C).

'H NMR (DMSO-<g) 6 1.87, 1.91 (2H x 2, brs, NGBH,), 2.46, 2.47 (3H x 2, s,
CH3), 3.63, 4,17 (2H x 2, brs, NGCHy), 6.30 (2H, s, ). 3C NMR (DMSOd)
8 22.59 (2C,CHs), 25.53, 28.14 (2C, NCi€H,), 55.80, 57.59 (2C, GH,CHy),
125.04 (NGC), 146.44, 153.64 (20CCH3), 153.64 (NCC), 156.13 (HNC),

162.40 (NCCC). IR (KBr) 3368, 3126, 2972, 2950, 2879, 164352, 1530, 1451,
1426, 1338, 1311, 1223, 973, 820, 642, 460.cm

6,7-Diphenyl-4-(1'-pyrrolidinyl)-2-pteridinamine

I O
N)\/[N\
)l\ Z Z
H,NT N7 N O

2.65b

4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.1 g, 0.24 mmol) was
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suspended in pyrrolidine (1 ml) in a microwave tubke mixture was irradiated at
100 °C for 1 hour. Excess pyrrolidine was removedacuo (270 mmHg) and the
residue was recrystallised from methanol and diegétlger to afford the product
2.65bas a yellow solid (47 mg, 0.13 mmol, 54%; mp > 260

'H NMR (DMSO-ds)  1.86-1.91, 2.00-2.03 (2H x 2, m, NGEH,), 3.69-3.72, 4.24-
4.27 (2H x 2, m, NE8,CH,), 6.61 (2H, NH,), 7.28-7.44 (10H, At). **C NMR
(DMSO-dg) 6 23.23, 26.67 (2C, NC4#H,), 49.45, 50.77 (2C, 6H,CH,), 114.23
(NCCC), 127.78, 128.04, 128.92, 129.16, 129.49 (5C ArZH), 138.76, 138.90
(ArC), 155.35, 158.36 (REN), 160.84 (NCC), 162.52 (HNC), 166.34 (\CCC). IR
(KBr) 3434, 2983, 2763, 1629, 1566, 1525, 1451614322, 1240, 1116, 691, 614,
458 cm'. HRMS (ESI) found 369.1828 ,6H,0Ng requires 369.1822 (MH.

6,7-Bis(4’-methoxyphenyl)-4-(1-pyrrolidinyl)-2-pteridinylamine

<N> l OCH3;
N X N\
A~
H,oN N N 0
OCHg3

2.65¢c

4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-ptdinamine 2.62c¢ (0.15 g, 0.31

mmol) was suspended in pyrrolidine (1 ml) in a mveave tube. The mixture was
irradiated at 100 °C for 1 hour. Excess pyrrolidimas removed in vacuo (270
mmHg) and the residue was recrystallised from nmethand diethyl ether to afford

the producR.65cas a yellow solid (70 mg, 0.16 mmol, 52%; mp > 260.
'H NMR (DMSO4ds) 6 1.88, 2.00 (2H x 2, brs, NGBH,), 3.69 (2H, brs,

NCH,CH,), 3.75, 3.77 (3H x 2, s, O®), 4.24 (2H, brs, NE,CH,), 6.51 (2H, brs,
NH,), 6.87-7.42 (8H, m, At). 1°C NMR (DMSO4ds) 6 23.23, 26.62 (2C, NCi€H)),
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49.34, 50.69 (2C, QH,CH,), 55.06, 55.14 (2C, CH3), 113.49, 113.57 (2C x 2,
ArCH), 122.32 (NCC), 130.35, 130.97 (2C x 2, @H), 131.02, 131.49 (AT),
142.95, 154.58 (OCH#PHCN), 155.07 (AC), 158.29 (NCC), 158.90 (AC), 159.84
(H2NC), 162.33 (NCCC). IR (KBr) 3439, 2961, 1610, 1563, 1528, 150834, 1349,
1322, 1245, 1174, 1028, 836, 598, 546 ‘cnHRMS (ESI) found 429.2039,
C24H24Ng0> requires 429.2033 (MH.

6,7-Bis(2’-chlorophenyl)-4-(1"-pyrrolidinyl)-2-pte ridinylamine

[ > cl

N X N\

.
H,NT N N O

cl

2.65d

4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-ptdmamine 2.62d (0.1 g, 0.2

mmol) was suspended in pyrrolidine (1 ml) in a mveave tube. The mixture was
irradiated at 100 °C for 1 hour. Excess pyrrolidiwwas removed in vacuo (270
mmHg) and the residue was recrystallised from nmethand diethyl ether to afford

the produck.65das a yellow solid (62 mg, 0.14 mmol, 70%; mp > 26).

'H NMR (DMSO-ds) 6 1.86-1.87, 1.94-1.96 (2H x 2, m, NGEH,), 3.7, 4.1 (2H x 2,
brs, NGH,CHy), 6.73 (2H, brs, Ni), 7.18-7.42 (8H, m, At). *C NMR (DMSO<ds)
6 23.15, 26.48 (2C, NCi€H,), 49.59, 50.74 (2C, 6H.CH,), 123.45, (NCC),
126.43, 126.67, 129.17, 129.46, 129.86, 130.31 f8CH), 131.68, 132.59 (AD),
136.70, 136.99 (2C, MCI), 142.12, 155.08 (CIRN), 155.79 (NCC), 158.25
(H2NC), 162.74 (NECC). IR (KBr) 3478, 3291, 3060, 2978, 1637, 156830, 1437,
1421, 1322, 1231, 754, 738, 466 tnHRMS (ESI) found 437.1051,,8:8Ns>°Cl,
requires 437.1043 (MB. Anal. Calcd for GoH1gNeClo: C, 60.4; H, 4.1; N, 19.2; ClI,
16.2. Found: C, 59.9; H, 3.8; N, 18.7; Cl, 16.5.
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6,7-Di(2’-pyridinyl)-4-(1"-pyrrolidinyl)-2-pteridi namine

N N/|
NT X N\ A
I
HZNJ\N/ i | X
N A

2.65e

4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridimaine 2.62e (0.14 g, 0.33 mmol)
was suspended in pyrrolidine (1 ml) in a microwayse. The mixture was irradiated
at 100 °C for 1 hour. Excess pyrrolidine was rengowvevacuo (270 mmHg) and the
residue was recrystallised from methanol and diegétlger to afford the product
2.65eas a brown solid (98 mg, 0.26 mmol, 79%; mp > Z5

IH NMR (DMSO-dg) § 1.88-1.91, 2.02-2.05 (2H x 2, m, NGEH,), 3.71-3.74, 4.26-
4.29 (2H x 2, m, NE,CH,), 6.71 (2H, s, M), 7.21-8.24 (8H, m, A). °C NMR
(DMSO-dg) & 23.23, 26.65 (NCKCH,), 49.54, 50.83 (2C, GH,CH,), 122.32
(ArCH), 122.76 (NECC), 122.90, 123.23, 123.65, 136.61, 136.66 CHAY,
143.02(PEN), 147.72, 147.83 (A&BH), 155.29 (PEN), 155.55 (NCC), 157.03,
157.24 (AC), 158.23 (HNC), 162.75 (\CCC). IR (KBr) 3450, 3126, 2972, 2862,
1632, 1561, 1528, 1440, 1418, 1325, 1144, 1097, 823, 480 cril. HRMS (ESI)
found 371.1733, &H1sNg requires 371.1727 (MH.
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N*-[3'-(dimethylamino)propyl]-6,7-dimethyl-2,4-pterid inediamine

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinamin2.62a (0.15 g, 0.5 mmol) was
suspended imN',N*-dimethyl-1,3-propanediamine (1 ml) in a microwaube. The

mixture was irradiated at 100 °C for 1 hour. Excds§N’-dimethyl-1,3-

propanediamine was removed in vacuo (120 mmHg) taedresidual solid was
washed by diethyl ether to afford the required pm@.66aas a light yellow solid
(40 mg, 0.14 mmol, 28%; mp 223-225 °C).

'H NMR (DMSO-ds) 6 1.73 (2H, q,J 6.9, HNCHCH,CH;), 2.15 (6H, s, ElsNCHs3),
2.30 (2H, tJ 6.8, HNCHCH,CHy), 3.46 (2H, g, 6.8, HNGH,CH,CH,), 6.38 (2H, s,
NH,), 8.14 (1H, tJ 5.6, HNCH,CH,CH,). **C NMR (DMSO4g) § 21.42, 22.81 (2C,
CHs), 26.47 (HNCHCH,CH,), 39.10 (HNCH2CH,CH,), 45.14 CHsNCHa), 57.26
(HNCH,CH,CH,), 119.69 (HN@C), 144.81, 154.18 (BCHs), 158.36 (HNCC),
160.16 (HNC), 162.38 (HNCCC). IR (KBr) 3496, 3121, 2857, 2819 (NgH2772
(NCHs), 1630, 1595, 1568, 1465, 1418, 1349, 1238, 11452, 700, 615 cih
HRMS (ESI) found 276.1929,,¢H,1N; requires 276.1931 (MH.
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N*-[3'-(dimethylamino)propyl]-6,7-diphenyl-2,4-pteridinediamine

4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.1 g, 0.24 mmol) was
suspended imN',N*-dimethyl-1,3-propanediamine (1 ml) in a microwaube. The
mixture was irradiated at 100 °C for 1 hour. Excds§N’-dimethyl-1,3-
propanediamine was removed in vacuo (120 mmHg) taedresidual solid was
washed by diethyl ether to afford the required prt@.66bas a yellow solid (71 mg,
0.18 mmol, 75%; mp > 250 °C).

'H NMR (DMSO-ds) § 1.77 (2H, q,) 6.7, HNCHCH,CH;), 2.15 (6H, s, ElsNCHs3),
2.34 (2H, tJ 6.6, HNCHCH,CH,), 3.54 (2H, q,J 6.7, HNGH,CH,CH,), 6.71 (2H, s,
NH,), 7.28-7.41 (10H, m, At), 8.58 (1H, t,J 5.6, HNCH,CH,CH,). **C NMR
(DMSO-dg) 6 25.94 (HNCHCH,CH,), 45.15 CH3NCHs), 57.60 (HNCHCH,CH,),
121.06 (HNGCC), 127.82 (2C, AEH), 127.89 (ACH), 127.96 (2C, AEH), 128.76
(ArCH), 129.48 (4C, AEH), 138.55, 138.91 (AZ), 144.41, 154.09 (REN), 156.89
(HNCCC), 160.25 (HNC), 163.71 (HNCCC). IR (KBr) 3379, 3162, 2942, 2813
(NCHs), 2789, 2763 (NCH), 1639, 1582, 1438, 1337, 1219, 1037, 977, 822 cm

HRMS (ESI) found 400.2234,.,6H,:N- requires 400.2244 (MH.
"The peak for HICH,CH,CH, overlapped with the peaks of DMSO (38.88-40.13).
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N*-[3'-(dimethylamino)propyl]-6,7-bis(4”-methoxyphenyl)-2,4-pteridinediamine

2.66¢

4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-ptdinamine 2.62c (0.1 g, 0.21
mmol) was suspended M, N*-dimethyl-1,3-propanediamine (1 ml) in a microwave
tube. The mixture was irradiated at 100 °C for Lrh@&xcessN* N'-dimethyl-1,3-
propanediamine was removed in vacuo (120 mmHgtlamdesidue was purified by
column chromatography (silica gellethyl acetateemdme = 2:1 to
methanol:triethylamine = 99:1) to afford the reqdirproduct2.66cas an orange
solid (52 mg, 0.11 mmol, 52%, mp > 250 °C).

'H NMR (DMSO<g) J 1.76 (2H, q, 6.6, HNCHCH,CH,), 2.15 (6H, s, ElsNCHs),
2.33 (2H, tJ 6.6, HNCHCH,CH,), 3.53 (2H, gqJ 6.6, HN(H,CH,CH,), 3.75, 3.76
(3H x 2, s, OEl3), 6.63 (2H, s, M), 6.86-6.90 , 7.35-7.38 (4H x 2, m,HAY, 8.48
(1H, t, J 5.6, HNCH,CH,CH,). *C NMR (DMSO4s) 6 26.02 (HNCHCH,CH,),
45.20 CHsNCHs), 55.11, 55.12 (2C, CHs), 57.64 (HNCHCH,CH,), 113.36,
113.45 (2C x 2, A2H), 120.45 (HNCC), 130.71, 130.95 (2C x 2, @8H), 131.16,
131.28 (AC), 144.17, 153.78 (ORIN), 156.25 (HNCC), 159.04, 159.74
(ArCOMe), 160.19 (KHNC), 163.04 (HNCCC). IR (KBr) 3424, 2934, 2824 (NGH
2774 (NCH), 1592, 1513, 1436, 1346, 1294, 150, 1175, 1033, @n’. HRMS
(ESI) found 460.2446, fH,oN-O, requires 460.2456 (MB. Anal. Calcd for
CasH20N702-1.2H,0: C, 62.4; H, 6.6; N, 20.4. Found: C, 62.0; H,; 3020.3.

"The peak for HICH,CH,CH, overlapped with the peaks of DMSO (38.88-40.13).
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6,7-Bis(2'-chlorophenyl)N*-[3"-(dimethylamino)propyl]-2,4-pteridinediamine

HyC. _CH
3 N 3
KL Cl
NH O
N X N\
AL A~
H,N N N 0
cl
2.66d

4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-ptdmamine 2.62d (0.13 g, 0.26
mmol) was suspended M, N*-dimethyl-1,3-propanediamine (1 ml) in a microwave
tube. The mixture was irradiated at 100 °C for Lrh&xcessN* N'-dimethyl-1,3-
propanediamine was removed in vacuo (120 mmHg) taedresidual solid was
washed with diethyl ether to afford the requiredduct2.66das a yellow solid (55
mg, 0.12 mmol, 46%; mp 235-237 °C).

IH NMR (DMSO-dg) 6 1.74 (2H, qJ 6.8, HNCHCH,CH,), 2.09 (6H, s, ENCH3),
2.29 (2H, tJ 6.8, HNCHCH.CH,), 3.50 (2H, g, 6.8, HNCH,CH,CH,), 6.83 (2H, s,
NH,), 7.25-7.43 (8H, m, At), 8.57 (1H, t,J 5.6, HNCH,CH,CH,). *C NMR
(DMSO-dg) 6 25.97 (HNCHCH,CH,), 39.40 (HNCH,CH,CH,), 45.02 CHaNCHS),
57.25 (HNCHCH,CH,), 121.65 (HNECC), 126.48 (2C, ABH), 129.02, 129.18,
130.08, 130.28, 131.12 (8H), 131.73 (AE), 131.94 (ACH), 132.56 (AC), 136.73,
136.87 (ACCI), 143.35, 154.54 (CIRN), 156.27 (HNCC), 160.21 (HNC),
163.52 (HNCCC). IR (KBr) 3374, 3192, 2942, 2813 (NQH2716 (NCH), 1646,
1595, 1573, 1464, 1435, 1345, 1187, 1110, 1048, 748 cm'. HRMS (ESI) found
468.1453, GiH.5N;*Cl, requires 468.1465 (MPB. Anal. Calcd for
Co3H23N,Cl»0.5H,0: C, 57.9; H, 5.1; N, 20.5; Cl, 14.9. Found: C,5&H, 5.2;'N,
21.6; Cl, 14.1.

"A satisfactory N and Cl analysis could not be atedidue to the difficulty of complete burning even
when aided by W@
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N*-[3'-(Dimethylamino)propyl]-6,7-di(2”-pyridinyl)-2 ,4-pteridinediamine

Hsc\N/CHs

H\NH NT |
N A N\ A
I
HZN)\N/ NT | X
N A

2.66e

4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridimaine 2.62e (0.15 g, 0.35 mmol)
was suspended iN',N*-dimethyl-1,3-propanediamine (1 ml) in a microwauée.
The mixture was irradiated at 100 °C for 1 hour.c&s N'N'-dimethyl-1,3-
propanediamine was removed in vacuo (120 mmHg) taedresidual solid was
washed by diethyl ether to afford the required pod@.66eas a yellow solid (112
mg, 0.28 mmol, 80%, mp 251-253 °C).

'H NMR (DMSO<g) J 1.79 (2H, q, 6.6, HNCHCH,CH,), 2.17 (6H, s, ElsNCHs),
2.36 (2H, tJ 6.6, HNCHCH,CH,), 3.55 (2H, g, 6.6, HNGH,CH,CH,), 6.82 (2H, s,
NHy), 7.23-7.33 (2H, m, ArH), 7.81-7.99 (4H, m, ArH8,16-8.24 (2H, m, ArH),
8.65 (1H, t, J 5.6, HNCH,CH,CH,). *C NMR (DMSOds) & 25.96
(HNCH,CH.,CH,), 39.64 (HNCH.,CH,CH,), 44.89 (CH3NCHj3), 57.51
(HNCH,CH,CHy), 122.47, 123.18, 123.44, 123.69, 136.33, 136&&Id), 144.00
(PYCN), 147.74, 147.82 (ABH), 154.28 (P¢N), 156.58, 156.76 (A%), 157.29
(HNCCC), 160.17 (HNC), 163.54 (HNCCC). IR (KBr) 3486, 3123, 2853, 2824
(NCHs), 2774 (NCH), 1599, 1562, 1466, 1446, 1414, 1350, 1144, 1806, 738,
616, 463 crit. HRMS (ESI) found 402.2143 ,(H,3Ng requires 402.2149 (MH.
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6,7-Dimethyl-4-(4’-morpholinyl)-2-pteridinamine

o

)
HzN)l\ N SN CHg
2.67a

4-(Benzylsulfanyl)-6,7-dimethyl-2-pteridinaming2.62a (0.1 g, 0.34 mmol) was
suspended in morpholine (1 ml) in a microwave tuldee mixture was irradiated at
100 °C for 1 hour. Excess morpholine was removedaicuo (75 mmHg) and the
residual solid was washed by diethyl ether to dffihre required produ@.67aas a
yellow solid (40 mg, 0.15 mmol, 44%, mp > 250 °C).

'H NMR (DMSO-ds) 6 2.46 (3H, s,CHs), 3.71 (2H x 2, tJ 3.9, NGH,CH,0), 4.25
(2H x 2, brs, NCHCH-0), 6.52 (2H, s, N). °C NMR (DMSO4dg) § 21.67, 22.71
(CH3), 42.97 (NCH.CH,0), 66.24 (NCHCH,0), 121.35 (NCC), 143.72, 155.75
(NCCHs), 155.75 (NCC), 160.83 (HNC), 166.35 (\CCC). IR (KBr) 3422, 1642,
1556, 1388, 1327, 1441, 1141(0-§H1113 (O-CH), 1022, 876, 636, 616 ¢

HRMS (ESI) found 261.1452,:6H:¢NeO1 requires 261.1458 (M.
“The other El; peak overlapped with the peaks of DMSO.

4-(4’-Morpholinyl)-6,7-diphenyl-2-pteridinamine

O

Y g
(XS
AL AL

H,NT N N O

2.67b
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4-(Benzylsulfanyl)-6,7-diphenyl-2-pteridinamin2.62b (0.15 g, 0.36 mmol) was
suspended in morpholine (1 ml) in a microwave tuldee mixture was irradiated at
100 °C for 1 hour. Excess morpholine was removedaicuo (75 mmHg) and the
residual solid was washed by diethyl ether to dffibre required produ@.67bas a
yellow solid (107 mg, 0.28 mmol, 78%, mp > 250 °C).

'H NMR (DMSO<dg) § 3.75 (2H x 2, tJ 3.9, NGH,CH,0), 4.31 (2H x 2, brs,
NCH,CH.0), 6.78 (2H, brs, Ny). 7.26-7.45 (10H, m, Af). *C NMR (DMSO-s)
d 66.27 (NCHCH,0), 122.25 (NCC), 128.00 (A€H), 128. 05, 128.13 (2C x 2,
ArCH), 129.05 (AECH), 129.16, 129.50 (2C x 2, &H), 138.43, 13857 (AT),
143.04, 155.55 (REN), 155.78 (NCC), 159.06 (HNC), 161.99 (NCCC). IR (KBr)
3495, 3360, 2951, 1622, 1567, 1526, 1453, 14270,18269, 1240, 1144 (O-GH
1104 (O-CH), 870, 694, 636, 619 ch HRMS (ESI) found 385.1763,26H20N¢O:

requires 385.1771 (MH.
"The peak of KLH,CH,O overlapped with the peaks of DMSO (38.88-40.13).

6,7-Bis(4’-methoxyphenyl)-4-(4"-morpholinyl)-2-pteridinylamine

(0]

(]

y OCH;
N !illl
NT XYY X
)l\//
H,NT N7 N lllii
OCH;

2.67c

4-(Benzylsulfanyl)-6,7-bis(4’-methoxyphenyl)-2-ptdinamine 2.62c¢ (0.15 g, 0.31

mmol) was suspended in morpholine (1 ml) in a mi@wee tube. The mixture was
irradiated at 100 °C for 1 hour. Excess morphohlmes removed in vacuo (75
mmHg) and the residual solid was washed by diettiyer to afford the required
product2.67cas a yellow solid (60 mg, 0.13 mmol, 42%, mp 218-20).
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'H NMR (DMSO<g) 6 3.73 (2H x 2, m, N8,CH,0), 3.75, 3.76 (3H, s, OCH3),
4.29 (2H x 2, brs, NCKCH,0), 6.69 (2H, brs, Ny). 6.85-6.91 (4H, m, Af), 7.28-
7.31, 7.40-7.43 (2H x 2, m, B). **C NMR (DMSO+g) § 55.09, 55.15 (2C, CHs),
66.27 (NCHCH,0), 113.54, 113.67 (2C x 2, 8H), 121.59 (NCC), 130.38 (2C,
ArCH), 130.72 (A€), 131.00 (2C, AEH), 131.17 (AE), 142.78, 155.05 (ORIN),
155.25 (NCE), 159.10 (HNC), 159.57, 160.00 (AZOMe), 161.79 (KCCC). IR
(KBr) 3437, 1609, 1561, 1437, 1338, 1297, 1252,61117138 (O-CH), 1113 (O-
CHy), 1026, 620 cm. HRMS (ESI) found 445.1975,,6H,4NgOs requires 445.1983
(MH™). Anal. Calcd for G4H24Ne03:0.1H,0: C, 62.33; H, 5.67; N, 18.17. Found: C,

61.90; H, 5.06; N, 18.91.
"The peak of KLH,CH,O overlapped with the peaks of DMSO (38.88-40.13).

6,7-Bis(2’-chlorophenyl)-4-(4"-morpholinyl)-2-pteridinylamine

4-(Benzylsulfanyl)-6,7-bis(2’-chlorophenyl)-2-ptdmamine 2.62d (0.15 g, 0.2
mmol) was suspended in morpholine (1 ml) in a mi@wee tube. The mixture was
irradiated at 100 °C for 1 hour. Excess morpholwm&s removed in vacuo (75
mmHg) and the residual solid was washed by diegtiyer to afford the required
product2.67das a yellow solid (57 mg, 0.12 mmol, 60%, mp 258-25).

'H NMR (DMSOd) 6 3.71 (2H x 2, m, NE,CH,0), 4.31 (2H x 2, brs,
NCH,CH.0), 6.89 (2H, brs, N>). 7.17-7.45 (8H, m, Af). *C NMR (DMSO«ds) 6
66.19 (NCHCH,0), 122.94 (NCC), 126.50, 126.73, 129.19, 129.32, 130.03,
130.44, 131.51(ACH), 131.61 (AE), 131.81 (ACH), 132.43 (AEC), 136.23, 136.74
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(ArCCl), 141.62, 155.52 (CIREN), 156.06 (NCT), 159.43 (HINC), 162.23
(NCCC). IR (KBr) 3511, 3025, 1631, 1560, 1522, 143414, 1346, 1192, 1111 (O-
CHy), 1025, 761, 741 cth HRMS (ESI) found 453.0985,,6H:5NsO:>°Cl, requires
453.0992 (MH). Anal. Calcd for GH1gNgO:Cl»0.5H,0: C, 57.2; H, 4.1; N, 18.2.
Found: C, 57.5; H, 3.8N, 16.7.

"The peak of KLH,CH,O overlapped with the peaks of DMSO (38.88-40.13).

" A satisfactory N analysis could not be obtained wuthe difficulty of complete burning even when
aided by WQ.

4-(4’-Morpholinyl)-6,7-di(2"-pyridinyl)-2-pteridin amine

)

SR |
N AN N\ A
|
HZN)\N/ N7 | X
N A

2.67e

4-(Benzylsulfanyl)-6,7-di(2’-pyridinyl)-2-pteridimaine 2.62e (0.15 g, 0.35 mmol)
was suspended in morpholine (1 ml) in a microwaNet The mixture was irradiated
at 100 °C for 1 hr. Excess morpholine was remowvesacuo (75 mmHg) and the
residual solid was washed by diethyl ether to dffibre required produ@.67eas a
yellow solid (103 mg, 0.27 mmol, 77%, mp > 250 °C).

'H NMR (DMSO4dg) 6 3.77 (2H x 2, m, NE,CH,0), 4.33 (2H x 2, brs,
NCH,CH-0), 6.87 (2H, brs, Ny). 7.22-7.35 (2H, m, Afl), 7.82-7.94 (4H, m, A),
8.17-8.24 (2H, m, AH). *C NMR (DMSO4s) 6 66.25 (NCHCH,0), 122.10
(NCCC), 122.50, 122.92, 123.40, 123.69 Qif), 136.71 (2C, ACH), 142.76
(PYCN), 147.90 (2C, AEH), 155.58 (PEN), 155.77 (NCC), 156.73, 156.86 (AD),
159.55 (HNC), 162.24 (NCC). IR (KBr) 3469, 1632, 1562, 1523, 1420, 1342,
1144 (O-CH), 1109 (O-CH), 1033, 872, 793, 619 ¢m HRMS (ESI) found
387.1670, GoH1gNgO; requires 387.1676 (MH.
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“The peak of KCH,CH,O overlapped with the peaks of DMSO (38.88-40.13).

1-Nitro-4-phenyl-2-butanof**°

CH,NO,

2.75

To a stirred mixture of nitromethane (3.7 g, 3.3 & mmol), ethanol (2 ml), and 10
N aqueous NaOH (0.1 ml) was added 3-phenylprop@nalg, 6.6 ml, 50 mmol) at
room temperature. After two-thirds of the propawak added, 10 N aqueous NaOH
(0.1 ml) and water (0.4 ml) were added, then #meainder of the propanal was
added. The resulting mixture was stirred at 38$C30D h and then neutralised with 2
N aqueous HCI. A yellow precipitate was collectadhich was washed witim-
hexane, and dried in vacuo (390 mmHg) to give tloelypct2.75as a yellow solid
(9.1 g, 47 mmol, 94%; mp 75-77 °C)

'H NMR (CDCk) 6 1.80-1.98 (2H, m, B,CH,Ph), 2.77-2.84 (2H, m, Gi&H,Ph),
2.88-2.95 (1H, m, CKCHOH), 4.33-4.39 (1H, m, C¥CHOH), 4.44-4.46 (2H, m,
CH.NO,), 7.25-7.38 (5H, mPh). *C NMR (CDCl;) § 31.28 (PhCHCH,), 35.09
(PhCH,CH,) 67.76 (CHCHOH), 80.53 CH,NO,), 126.29 (1C, AEH), 128.37,
128.61 (4C, A€H), 140.58 (1C, AE). IR (KBr) 3360, 3028, 2947, 1549 (CNO
1454, 1384, 1206, 1102, 881, 758tm
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[(3E)-4-Nitro-3-butenyllbenzené*®

NO,
2.76

To a solution of 1-nitro-4-phenyl-2-butan@l75 (2.94 g, 15 mmol) in methylene
chloride (20 ml) at 0 °C was added methanesulfaifbride (1.7 g, 15 mmol)
followed by addition of triethyl amine (3.02 g, 8@mol). The mixture was warmed
to room temperature, and stirred for 20 min, thenred into water (15 ml) and
extracted with methylene chloride (20 ml). The migaextract was washed with
aqueous saturated sodium bicarbonate (20 ml x &) tried with anhydrous
magnesium sulfate and concentrated. The residue puagied by column
chromatography (silica gel/ethyl acetatbexane = 1:9) to afford the prodi¥6as
a yellow oil which was stored at —20 °C (1.45 @ ®mol, 55%).

'H NMR (CDCk) ¢ 2.65 (2H, dqg,J 7.7, 1.4, PhCbCH,), 2.90 (2H, t,J 7.7,

PhCH,CH,), 7.02 (1H, dtJ 13.4, 1.4, ®=CHNQ,), 7.25-7.42 (6H, m, CH=ENO;

andPh). *C (CDCE) ¢ 30.23 CH2CH,Ph), 34.08 (CLCH,Ph), 126.77 (1C, ATH),

128.44, 128.87 (4C, AH), 139.75 CH=CHNO,), 140.16 (1C, AE), 141.55
(CH=CHNO,). IR (neat) 3028, 2929, 1953, 1734, 1648, 1523@§)N1454, 1351,
1089, 953 (CH=CH), 840, 751, 700 ¢m
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2,6-Diamino-5-[1"-(nitromethyl)-3'-phenylpropyl]-4( 3H)-pyrimidinone *°

2.78

To a mixture of [(E)-4-Nitro-3-butenyllbenzen&.76 (1.27 g, 7.2 mmol) in a
mixture of water (15 ml) and ethyl acetate (15 atlyoom temperature was added
2,6-diamino-4(81)-pyrimidinone2.77 (0.9 g, 7.2 mmol). The resulting mixture was
stirred in an oil bath at 90 °C for 24 hours. Thigamic layer was separated, washed
with brine (30 ml), dried, and concentrated. Thguleng solid was dried in vacuo
(120 mmHg) to give the produ2t78as a yellow solid (2.06 g, 6.8 mmol, 94%: mp
143-145 °C).

'H NMR (DMSO4g) ¢ 1.67-1.76 (1H, m, B,CH,Ph), 2.08-2.18 (1H, m,
CH,CH,Ph), 2.43-2.64 (2H, m, GIEH.Ph), 3.42 (1H, brs, BCH,CH,Ph), 4.77-
5.07 (2H, m, G,NO,), 5.95 (2H, brs, C=CN,), 6.08 (2H, brsH,NCN}), 7.13-7.41
(5H, m, AH), 9.85 (1H, brs, OCN). 3C NMR (DMSO+s) § 31.83 CHCH,CH)),
32.98 (CHCH,CHy), 35.09 (CHCHCH,), 77.65 CH,NO,), 84.08 C=CN;), 125.55
(1C, ArC), 127.99, 128.22 (4C, MH), 142.34 (1C, AE), 153.55 (CEN;), 161.93
(CNs), 162.81 C=0). IR (KBr) 3471, 3401, 3183, 2859, 1625, 15953@ (CNQ),
1493, 1450, 1378, 697 ¢
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(1E/2)-2-(2’',4’-Diamino-6’-ox0-1’,6’-dihydro-5’-pyrimidi nyl)-4-phenylbutanal

oxime

To a suspension of 2,6-diamino-5-[1'-(nitrometh$l)phenylpropyl]-4(3H)-
pyrimidinone 2.78 (0.82 g, 2.7 mmol) and tin(ll) chloride (0.77 g04mmol) in
tetrahydrofuran (70 ml) was added benzenthiol (@lRand triethylamine (1.8 ml).
The reaction mixture was stirred at room tempeeafor 1 hour. The remaining
tin(Il) chloride was removed by filtration, and thquid portion was concentrated in
vacuo (400 mmHg). The residue was purified by coluchromatography (silica
gel/ethyl acetate:hexane = 1:1 to ethyl acetate:methanol = 1:1)fforéh a white
solid 2.79 (0.45 g, 1.56 mmol, 58%, mp > 250 °C) asEl# mixture (3:1 by'H
NMR).

'H NMR (E isomer, DMSOds) § 1.94-2.01 (2H, m, B,CH,Ph), 2.42-2.48 (2H, m,
CH,CH,Ph), 3.45 (1H, gJ 7.4, GHCH,CH,Ph), 5.77 (2H, brs, C=CMb), 6.03 (2H,

brs,HaNCNy), 7.13-7.27 (5H, m, Af), 7.58 (1H, d,J 6.9, GCH=NOH), 9.83 (1H, brs,
OCNH), 10.60 (1H, s, CH=NB). *C NMR (E isomer, DMSOdg) § 35.47

(CHCH,CH,), 32.45 (CHCH,CH,), 33.37 (CHCHCH,), 152.10 CHNO), 86.45

(C=CNy), 125.45 (1C, AE), 128.07, 128.17 (4C, @), 153.51 (CEN,), 161.81

(CN3), 161.99 (C=0). IR (KBr) 3371, 3104, 1621, 159603, 1430, 1374, 1020,
987, 787, 694, 559 ¢t HRMS (FAB) found 288.1462, GH:/N4O, requires

288.1460 (MH).
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2-Amino-5-(2’-phenylethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one

IZ/

271

(a) Cyclisation with Dowex-50 H
(1E/2)-2-(2’,4’-Diamino-6’-ox0-1",6’-dihydro-5’-pyrimidnyl)-4-phenylbutanal

oxime 2.79 (0.2 g, 0.7 mmol) was heated for 15 hours at xeflith Dowex-50 (H
form, 0.33 g) in water (25 ml). The reaction mixdwras then diluted with methanol
(50 ml), and the Dowex resin filtered. The metharnak evaporated under vacuum
and the precipitated was filtered and washed wiltew(15 ml) to give the product
2.71 as a brown solid (0.16 g, 0.63 mmol, 90%). Specwpic data are detailed

below.

(b) Classical Nef reaction metho

To an aqueous solution of sodium hydroxide (0.8.6,mmol) in water (5 ml) was
added 2,6-diamino-5-[1’-(nitromethyl)-3’-phenylpydp4(3H)-pyrimidinone 2.78
(0.25 g, 0.82 mmol) at room temperature. The metwas stirred for 2 hours, and
then it was slowly added to an aqueous solutiosutfuric acid (97%, 0.69 g, 7.0
mmol) in water (5 ml) at O °C. The resulting mix@wvas stirred at 0 °C for one hour
and at room temperature for one hour. The colouhefmixture changed to grey.
Concentrated ammonium acetate was added at 0 °‘&@ljtst the pH to 7. The
precipitated solid was collected and purified byljuomn chromatography (silica
gel/ethyl acetate:methanol = 9:1) to give the pod@u7las a dark brown soli@.09

g, 0.35 mmol, 43%; mp 155-157 °C).

'H NMR (DMSOdg) J 2.81-2.85 (2H, m, B,CH,Ph), 2.88-2.92 (2H, m,

CH,CH,Ph), 5.99 (2H, s, N,), 6.31 (1H, dJ 1.5, C=GINH), 7.13-7.28 (5H, m,
ArH), 10.16 (1H, brs, C=CHN), 10.59 (1H, s, OCN). **C NMR (DMSO4d) ¢
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28.34 (ArCHCH,), 36.37 (ACH,CH,), 98.92 C=CNj), 113.50C=CHNH), 118.07
(C=CHNH), 125.60 (1C, ACH), 128.20, 128.37 (4CArCH), 142.51 (1C, AE),
151.37 (C€EN,), 152.27 CN3), 159.48 C=0). IR (KBr) 3340, 3925, 1631, 1433,
1343, 1137, 786, 698, 620 &m

2-Amino-6-bromo-4-oxo-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidine-5-

carbonitrile

N
0 /
HN
I
H,N N N
2.68

To a suspension of 2-amino-4-oxo-4,7-dihydkd{3yrrolo[2,3-d]pyrimidine-5-
carbonitrile2.80 (1.0 g, 5.7 mmol) in glacial acetic acid (50 misvadded bromine
(0.43 ml, 8.4 mmol). The mixture was stirred atmotemperature for 20 hours then
heated to 60 °C for one day. The resulting solid filkered and washed with water
(100 ml), n-hexane (100 ml), and dried in vacuo (120 mmHgyitee the product
2.68as green solid (0.84 g, 3.3 mmol, 58%, mp > 256> 300 °C).

'H NMR (DMSO-ds) 6 6.53 (2H, brs, M), 10.78 (1H, SHNCBr), 12.82 (1H, brs,
OCNH). **C NMR (DMSO+g) 6 88.30 CC=N), 99.91 (OC), 110.81CBr), 114.53
(CC=N), 151.92 CNHCBYr), 153.97 (HNC), 156.35 (@NH). IR (KBr) 3104, 2235
(C=N), 1684, 1535, 1505, 1415, 1359, 1233, 876, 738, 686 crit.
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2-Amino-4-o0xo0-6-phenyl-4,7-dihydro-3-pyrrolo[2,3-d]pyrimidine-5-

carbonitrile

2-Propanol (5 ml) was mixed with water (2.5 ml) anahitrogen. Into this stirred
solution were added 2-Amino-6-bromo-4-oxo-4,7-ditoy@H-pyrrolo[2,3-
d]pyrimidine-5-carbonitrile2.68 (0.1 g, 0.39 mmol) and Pd{PPh), (14 mg, 0.02
mmol). After five minutes, potassium trifluoro(ph#orate (86 mg, 0.47 mmol)
andt-BuNH, 86 mg (1.17 mmol) were added. The resulting meiuas stirred in an
oil bath at 85 °C for four days, methanol (20 mBsaadded, and concentrated. The
residue was purified by column chromatographydailjel/methanol:ethyl acetate =
1:1) to give the produ@.72as a yellow solid (0.9 g, 0.36 mmol, 92%; mp > 260
lit.'*” > 230 °C).

'H NMR (DMSO-<g) 6 6.50 (2H, brs, M), 7.42 (1H, tJ 7.3, AH), 7.49 (2H, tJ

7.3, AH), 7.82 (2H, d,J 7.3, ArH), 10.73 (1H, brs, C=Q#), 12.38 (1H, brs,
O=CNH). *C NMR (DMSO4g) J 82.25 (C€Ph), 100.24 ¢=CN, and CC=N),

116.51 C=N), 126.22, 128.95, 129.29 (5C, ArC), 138.39 (16C)A 152.15 (CENy),
154.03 CN3), 157.32 C=0). IR (KBr) 3421, 2978, 2891, 2694, 2216=(0), 1670,
1595, 1401, 778, 687 ¢

6-Oxo0-1,6-dihydro-2-pyridinecarboxylic acid
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A solution of 6-chloro-2-pyridinecarboxylic aci@.87 (1g, 6.3 mmol) in 36%
hydrochloric acid (20 ml) was heated at 120-135fGC2 days. After cooling, the
solvent was removed in vacuo (120 mmHg) and thielueswas recrystallised from
methanol to afford the required prod@c86as a white solid. (0.74 g mg, 5.3 mmol,
84%, mp 280-282 °C, decomposition 260-262 °C>1i265 °C).

"H NMR (DMSO<ds) & 6.61-6.64 (1H, m, HN(CO)8), 6.95-6.97 (1H, m,
HN(COOH)H), 7.53-7.57 (1H, m, HN(CO)CH#4), 12.42 (1H, brs, COB). *C
NMR (DMSO-dg) 6 109.93, 123.34 (ABH), 137.58 (ACCOOH), 139.91 (AEH),
162.11 (AC=0), 162.85 COOH). IR (KBr) 3430, 3091, 1638 (O=CNH), 1541,
1464, 1309, 1273, 1006, 938, 822, 768, 588, 543, &#'. HRMS (ESI) found
387.1670, GoH1gNgO; requires 387.1676 (MH.

"The peak of OCN was not observable.

Methyl 6-oxo-1,6-dihydro-2-pyridinecarboxylate

2.84

A solution of 6-ox0-1,6-dihydro-2-pyridinecarboxylacid2.86 (0.74g, 5.3 mmol) in
methanol (20 ml) with concentrated sulfuric acidni® was refluxed for one day.
Removal of the solvent under pressure gave a ydlowil, which was neutralised
with aqueous sodium bicarbonate, extracted witlrofibrm (30 ml x 3), and dried
over anhydrous magnesium sulfate. Evaporation leeab gave the required product
2.84as a white solid. (0.5 g mg, 3.3 mmol, 62%, mp 8-100 °C, lit*** 105 °C).

'H NMR (DMSO<s) 6 3.83 (3H, s, Ch), 6.71-6.73 (1H, m, HN(CO)E), 7.14-7.16
(1H, m, HN(COOMe)@®l), 7.61-7.65 (1H, m, HN(CO)CH€), 11.52 (1H, s, N).
13C NMR (DMSO4s) 6 52.56 (CH3), 112.20, 121.11 (@H), 138.89 (ACCOOMe),
139.94 (ACH), 162.54 (AC=0), 162.73 (COO). IR (KBr) 3451, 3059, 2939, 1735,
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1657 (O=CNH), 1602, 1438, 1291, 1264, 1137, 1008, 829, 763, 577, 556 ¢hm

Methyl 6-[(2’,2’-dimethylpropanoyl)oxy]-2-pyridinec arboxylate

CHs | N o)
O = CH3
N~ To
o HsC  CHj
291

To a solution of methyl 6-oxo0-1,6-dihydro-2-pyridrarboxylate2.84 (0.29 g, 1.9
mmol) in dry DMF (7 ml) was added potassium carberf@.51 g, 3.7 mmol) under
nitrogen at room temperature. The resulting mixtues stirred for 15 minutes and
then 2,2-dimethylpropanoyl chloride (0.87 g, 7.2 ofmwas slowly added. The
reaction mixture was stirred at 60 °C for one ddye DMF was evaporated in vacuo
(12 mmHg), whereafter ethyl acetate (30 ml) wasedd@nd the organic layer was
separated, dried, and concentrated. The residue masfied by column
chromatography (silica gel/ethyl acetatbexane = 1:2) to give the prodi9las a
colorless oil (0.24 g, 1.0 mmol, 53%).

IH NMR (CDCk) 6 1.40 (3H x 3, s, CBz), 4.00 (3H, s, O83), 7.23 (1H, ddJ 8.0,
0.8, AH), 7.93 (1H, t,J 8.0, 7.5, AH), 8.05 (1H, ddJ 7.5, 0.8, AH). *C NMR
(CDCly) ¢ 27.04 (3C, C©H3), 39.25 CCH,), 53.03 (Q@H2), 120.57, 123.31, 140.12,
147.06, 158.10 (AT), 164.89 COCHs), 176.61 (@CCHy). IR (neat) 3087, 2972,
2873, 1753 (OC=0), 1722 (OC=0), 1588, 1451, 1439611366, 1319, 1264, 1226,
1102, 1028, 995, 886, 760, 672 tnHRMS (CI) found 238.1080, 1€H15N;04
requires 238.1079 (MH.
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Methyl 6-(benzyloxy)-2-pyridinecarboxylate
A
H3CO | >
N (0]
I /\©
2.95

To a mixture of methyl 6-oxo-1,6-dihydro-2-pyridocagboxylate2.84 (3.0 g, 2.0
mmol) in dry DMF (3 ml) was added sodium hydridé (8g, 4.0 mmol) under
nitrogen at room temperature. The resulting mixtuas stirred for about ten minutes,
and then benzyl bromide (0.23 ml, 2.0 mmol) inaeydrofuran (3 ml) was added.
The reaction mixture was stirred at room tempeeafar 15 hours and further four
hours at 100 °C then water (20 ml) was added tocju¢he reaction. The sample
was extracted with ethyl acetate (30 ml x 3) araldiganic phases were combined,
dried, and concentrated. The residue was purifieddbumn chromatography (silica
gel/ethyl acetatehexane = 1:3 to ethyl acetate 100%) to give tluslpet 2.95 as
colorless oil (0.25 g, 1.0 mmol, 50%).

IH NMR (CDCE) ¢ 3.99 (3H, s, O613), 5.48 (2H, s, O8,), 6.97-7.00 (1H, m, /),
7.31-7.41 (3H, m, AH), 7.51-7.53 (2H, m, A), 7.68-7.75 (2H, m, A). °C NMR
(CDCly) § 52.83 (GCHa), 68.24 (QCH,), 115.77 (ACH), 119.05 (ACH), 128.20,
128.65, 128.69 (5C, AH), 137.10 (AE), 139.35 (ACH), 145.55 CCOOMe),
163.58 (CHOC), 165.90 (O€). IR (KBr) 3626, 3534, 3032, 3951, 2597, 1739,
1724, 1595, 1573, 1497, 1452, 1372, 1328, 12704,11161, 1139, 1074, 1016, 987,
913, 824, 793, 769, 752, 699, 635, 529 'cntRMS (ESI) found 244.0963,
C14H13N1O3 requires 244.0968 (MBI,
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Methyl 1-benzyl-6-o0xo0-1,6-dihydro-2-pyridinecarboxyate

Through the same reaction procedure for compo2udd, the product2.96 was

obtainedas colorless oil (80 mg, 0.33 mmol, 16%).

'H NMR (CDCk) ¢ 3.74 (3H, s, O63), 5.47 (2H, s, NE,), 6.70-6.72, 6.80-6.83
(1H x 2, m, AH), 7.14-7.36 (6H, m, At). *3C NMR (CDC}) 6 47.22 (NCH), 53.15
(OCHg), 111.03 (ACH), 125.19 (ACH), 127.61 (ACH), 127.68, 128.74 (2C x 2,
ArCH), 137.46 (AC), 137.73 (ACH), 138.38 CCOOMe), 162.86 (8=0), 162.97
(O=C). IR (KBr) 3453, 3032, 2593, 1732, 1662, 1591,4,5M96, 1439, 1270, 1194,
1136, 1079, 1050, 1028, 949, 911, 880, 819, 788, 735, 698, 563, 512 ch
HRMS (ESI) found 244.0965,:¢H:3N103 requires 244.0968 (MH.

2-Amino-6-bromo-5-(2’-phenylethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-
4-one

2.98

2-Amino-5-(2’-phenylethyl)-3,7-dihydroH-pyrrolo[2,3d]pyrimidin-4-one  2.71
(0.05 g, 0.2 mmol) was heated at 50 °C for 1 houglacial acetic acid (1 ml).
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Bromine (10ul) was added and the reaction mixture was stirted@m temperature
for 20 hours. The acetic acid was evaporated iiovgd®0 mmHg) and the residue
was purified by column chromatography (silica gélyé acetate:methanol = 9:1) to
afford the required produ@98asa dark brown solid (46 mg, 0.14 mmol, 70%, mp
> 250 °C).

lH NMR (DMSOds) & 2.74-2.78 (2H, m, B,CH,Ph), 2.83-2.87 (2H, m,
CH,CH.Ph), 6.12 (2H, s, NB, 7.13-7.27 (5H, m, Af), 10.27 (1H, s, OCN), 11.42
(1H, C=CBrN\H). *C NMR (DMSOds) 6§ 27.34 CH.CH,Ph), 35.94 (CHCH.Ph),
97.27 C=CNj), 99.31 C=CBrNH), 116.53 (CEBINH), 125.62 (1C, AEH), 128.11,
128.23 (4C, AEH), 141.80 (1C, AE), 151.32 (CEN,), 152.56 CNs), 158.05
(C=0). IR (KBr) 3493, 3396, 2923, 2857, 1670, 164804, 1580, 1492, 1432, 1382,
1075, 866, 776, 713, 691, 620 (CBr) TmHRMS (FAB) found 333.0349,
C12Ho"*BrN4O requires 333.0351 (M

6-[(4’-Nitrobenzyl)sulfanyl]-2,4-pyrimidinediamine

To a suspension of 2,6-diamino-4-pyrimidinet2d8 (0.6 g, 2.5 mmol) and sodium
hydroxide (0.16 g, 4.0 mmol) in ethanol (15 ml) amdter (10 ml) was added 1-
(bromomethyl)-4-nitrobenzene (0.6 g, 2.8 mmol). Téction mixture was stirred in
an oil bath at 80°C overnight. The precipitate wallected by filtration, washed
with water (10 ml) ana-hexane (10 ml), to afford the required prodR&9b as a
yellow solid (0.51 g, 1.84 mmol, 74%; mp 200-203.°C
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'H NMR (DMSO-ds) § 4.06 (2H, s, SH,), 5.62 (1H, s, B=CN;), 6.14 (2H, brs,
CH=CNH,), 6.31 (2H, brs, BCNH,), 7.67 (2H, d,J 8.7,Ph), 8.13 (2H, dJ) 8.7,Ph).
13C NMR (DMSO4s) § 31.08 (£H,), 90.17 CHCN,), 123.36, 130.15 (4CArC),
146.30, 147.27 (2C, &), 162.08 CN3), 163.50 (CN,), 164.23 CSCH,). IR (KBr)
3431, 3308, 3158, 1628, 1559, 1516 (PANQ430, 1342, 1157, 904, 789 ¢m
HRMS (EI) found 277.0635, fH1:Ns0,S requires 277.0633 (W

6-[(4’-Bromobenzyl)sulfanyl]-2,4-pyrimidinediamine

Br

To a suspension of 2,6-diamino-4-pyrimidineti2d8(0.6 g, 2.5 mmol) and sodium
hydroxide (0.16 g, 4.0 mmol) in ethanol (15 ml) amdter (10 ml) was added 1-
bromo-4-(bromomethyl)benzene (0.69 g, 2.75 mmohe Teaction mixture was
stirred in an oil bath at 80 °C for 24 hours. Thegpitate was collected by filtration,
washed with water (10 ml) amthexane (10 ml), to afford the required product
2.59cas a white solid (0.34 g, 1.09 mmol, 44%; mp 108-2C).

'H NMR (DMSO-ds) § 4.27 (2H, s, SH,), 5.67 (1H, s, B=CN,), 6.39 (2H, brs,
CH=CNH,), 6.61 (2H, brs, BCNH,), 7.36 (2H, dJ 8.4, AH), 7.48 (2H, dJ 8.4,
ArH). *C NMR (DMSO4ds) 6 31.59 (£H,), 90.39 CCN,), 120.07 (1C, AE),
131.11, 131.21 (4CArCH), 137.61 (1C, AE), 160.38 CNs), 162.69 (CHCN,),
164.19 CSCHp). IR (KBr) 3312, 3139, 1651, 1554, 1486, 1436,8,18069 (PhBr),
1012, 905, 791 cth HRMS (EI) found 309.9890, ¢H11 *BrN4S requires 309.9888
(M%).
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6-{[2’-(Trifluoromethyl)benzyl]sulfanyl}-2,4-pyrimi dinediamine

To a suspension of 2,6-diamino-4-pyrimidinethiab8 (0.55 g, 2.3 mmol) and

sodium hydroxide (0.16 g, 4.0 mmol) in ethanol (b and water (10 ml) was

added 1-(bromomethyl)-2-(trifluoromethyl)benzenes (6, 2.55 mmol). The reaction
mixture was stirred at room temperature for 28 bBotihe precipitate was collected
by filtration, washed with water (10 ml) amehexane (10 ml), to afford the required
product2.59das a light yellow solid (0.30 g, 1.0 mmol, 44%; a2-165 °C).

'H NMR (DMSO-s) § 4.47 (2H, s, SH.), 5.60 (1H, s, B=CN,), 6.11 (2H, brs,
CH=CNHy), 6.27 (2H, brs, BCNH,), 7.45 (1H, t,J 7.6, AH), 7.61 (1H, tJ 7.5,
ArH), 7.69 (1H, dJ 7.8, AH), 7.74 (1H, dJ 7.7, AH). *C NMR (DMSO«) &
28.20 ($H.), 89.94 CCNy), 123.01 (qJ'cr 272, CR), 125.73 (ACH), 126.51 (q,
Fcr 29, AC), 127.69, 131.97, 132.78 (BH), 136.84 (AC), 162.22 CNs), 163.61
(C=CNy), 164.43 CSCH,). IR (KBr) 3474, 3300, 3157, 1640, 1558, 1438, 731
(CRs), 1179, 1114, 1035, 903, 772 ¢mHRMS (El) found 300.0658, 16H11FsN4S
requires 300.0657 (M. Anal. Calcd for GH11F3N4S-0.2HO: C, 47.4; H, 3.8; N,
18.4; S, 10.6. Found: C, 47.0; H, 2.9; N, 18.71.150.
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6-{[4’-(Trifluoromethyl)benzyl]sulfanyl}-2,4-pyrimi dinediamine

CF3

To a suspension of 2,6-diamino-4-pyrimidinethiab8 (0.55 g, 2.3 mmol) and

sodium hydroxide (0.16 g, 4.0 mmol) in ethanol (b and water (10 ml) was

added 1-(bromomethyl)-4-(trifluoromethyl)benzenes(g, 2.5 mmol). The reaction
mixture was stirred at room temperature for 28 bBolihe precipitate was collected
by filtration, washed with water (10 ml) amehexane (10 ml), to afford the required
product2.59eas a white solid (0.48 g, 1.59 mmol, 69%; mp 188-1C).

'H NMR (DMSO-ds) 6 4.36 (2H, s, SH,), 5.60 (1H, s, B=CN;), 6.02 (2H, brs,
CH=CNH,), 6.19 (2H, brs, BCNH,), 7.61-7.66 (4H, m, At). *C NMR (DMSO-ds)

6 31.19 (£H,), 90.06 CCN,), 120.20 (g,J'c.r 270, CR), 125.07 (2C, AEH),
126.92 (1CJcr 32, AIC), 129.65 (2C, AEH), 143.91 (1C, AE), 162.43 CNy),
163.71 (C£N,), 164.70 CSCH). IR (KBr) 3461, 3302, 3175, 1618, 1557, 1374,
1323 (CE), 1174, 1129, 1066, 852, 786 ¢mHRMS (El) found 300.0656,
C12H11FaN4S requires 300.0657 (W
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4-{[(2’,6’-Diamino-4’-pyrimidinyl)sulfanyllmethyl}b enzonitrile

CN

To a suspension of 2,6-diamino-4-pyrimidinett2d8 (0.6 g, 2.5 mmol) and sodium
hydroxide (0.16 g, 4.0 mmol) in ethanol (15 ml) amdter (10 ml) was added 4-
(bromomethyl)benzonitrile (0.54 g, 2.75 mmol). Tieaction mixture was stirred at
room temperature for 19 hours. The precipitate we@kected by filtration, washed
with water (10 ml) anar-hexane (10 ml), to afford the required prodRd&9f as a
white solid (0.51 g, 1.98 mmol, 79%; mp 194-196.°C)

'H NMR (DMSO-<s) 6 4.29 (2H, s, SH,), 5.62 (1H, s, B=CN;), 6.13 (2H, brs,
CH=CNH,), 6.31 (2H, brs, BCNHy), 7.59 (2H, d,J 8.1,Ph), 7.44 (2H, dJ 8.1,Ph).
13C NMR (DMSO4dg) 6 31.44 (£H,), 90.20 CCN,), 109.55 (2C, AEH), 118.80
(C=N), 129.90 (2C, AEH), 132.17 (AE), 144.93 (AE), 161.93 CNs), 163.43
(C=CNy), 164.38 CSCH,). IR (KBr) 3433, 3321, 3132, 2224 ), 1633, 1546,
1429, 1382, 1167, 900, 801 ¢mHRMS (EI) found 257.0733, gH1iNsS requires
257.0735 (M).

209



6-[(4’-Methoxybenzyl)sulfanyl]-2,4-pyrimidinediamine

OCH,

2.59g

To a suspension of 2,6-diamino-4-pyrimidinett2d8 (0.6 g, 2.5 mmol) and sodium
hydroxide (0.16 g, 4.0 mmol) in ethanol (15 ml) amdter (10 ml) was added 1-
(bromomethyl)-4-methoxybenzene (0.6 g, 2.55 mmohe reaction mixture was
stirred at room temperature for 46 hours. The pr&te was collected by filtration,
washed with water (10 ml) anagthexane (10 ml), to afford the required product
2.59gas a white solid (0.44 g, 1.68 mmol, 67%; mp 182-10).

'H NMR (DMSO-<ds) 6 3.72 (3H, s OCh), 4.25 (2H, s, SH,), 5.81 (1H, s,
CH=CN,), 6.86 (4H, d,) 8.6,Ph and CH=CM,), 7.11 (2H, brs, BCNH,), 7.32 (2H,

d, J 8.6,Ph). **C NMR (DMSO4s) 5 32.63 (£H,), 55.06 (QCH3), 90.89 CH=CN,),
113.9 (2C, AE€H), 128.54 (AE), 130.16 (2C, AEH), 158.16 CN3), 158.48 (AL),
161.94 (C€N,), 163.16 (CSCh). IR (KBr) 3335, 3146, 1656, 1512, 1303, 1249,
1102, 972, 754, 614 ch HRMS found (El) 262.0889, :¢H1.N4OS requires
262.0888 (M).
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APPENDIX |

13C NMR spectra of compound 2.29 and 2.30

Before purification
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APPENDIX I

HMBC (the H-C long range correlation) data for compund 2.57

H(a): correlation with C(2)
H(b): no correlation
H(c): correlation with C(1), C(3), C(4)
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APPENDIX 1l

IR spectrum of compound 2.91
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APPENDIX IV

13C NMR spectra of compound 2.95 and 2.96
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