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(57) Abstract: The present invention describes novel compounds of the formula (I)

X

@

polynucleotides.

o—-=2

wherein Q is H or a sugar or a sugar analogue or a nucleic acid backbone or back-

bone analogue, Y=0, S, NR, where R is H, alkyl alkenyl, alkynyl, X is H, alkyl,
I alkenyl, alkynyl, aryl, heteroaryl or a combination thereof or, preferably, a reporter
group. The novel compounds are suitable for incorporation in oligonucleotides and
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BASE ANALOGUES
Introduction

The present invention relates to novel compounds e.g. modified base analogues that
can be used to label nucleic acids which can be used in a wide variety of molecular

biology applications.

Background

Nucleic acid molecules labelled with reporter groups have been used in many
molecular biology techniques such as 'sequencing and hybridisation studies. The
labelled nucleic acid molecules have been produced by a variety of methods. These
methods have included labelled nucleoside, deoxyﬁucleoside, or dideoxynucleoside
triphosphates, labelled phosphoramidites and direct coupling of labels to nucleic acids
(Renz, EP 120376). The labelled nucleotides and labelled nucleic acid molecules
produced can be used in hybridisation studies of nucleic acid and nucleic acid
sequencing. A wide variety of labels have been used in these techniques including
radioactive isotopes, eg *H, “C, P, 3P and g, hapten, biotin, mass tags or

fluorescence.

There has been increasing interest in the use of modified base and nucleotide

analogues in the labelling of nucleic acids. Some of these analogues are base specific
and may be incorporated into nucleic acids in the place of a single natural base i.e. A,
T, G or C. Other analogues have the potential to base pair with more than one natural

base and hence be incorporated in the place of more than one natural base.

WO 97/28177 discloses nucleoside analo gues containing the structure

CONFIRMATION COPY
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R2 R4

Wherein X is O, S, Se, SO, CO or NR’

Rl, Rz, R> and R* are the same or different and each is H, OH, F, NH,, N3, O-
hydorcarbyl or a reporter group,

R® is OH or mono-, di-, or tri-phosphate or thiophosphate or corresponding
boranophosphate, .

orone of R?and R’ is a phosphorarpidite,

Zis 0,8, Se, SO, NR’ or CH,

and R®, R, R®, R’ are the same or different and each is H, alkyl, aryl or a reporter
group.

WO 99/06422 discloses base analogues of the structure

XY
Wn
N~ |
e
Q

where X =0 or NH or S

Y =N or CHR® or CR®

W =N or NR® or CHR® or CR®

n=lor2 .

each R® is independently H or O or alkyl or alkenyl or alkoxy or aryl or

a reporter moiety,
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where necessary (i.e. when Y and/or W is N or CR®) a double bond is
present between Y and W or W and W,

Q is a sugar or sugar analogue

Summary of Present Invention

The present invention describes novel compounds of the formula

formula ()

N/N\ X

’ =
HN t
Y )\ N
d .
Wherein Q is Hora sugar or a sugar analogue or a nucleic acid backbone or backbone
analogue, Y=0, S, NR"’, where R is H, alkyl alkenyl, alkynyl , X is H, alkyl,

alkenyl, alkynyl, aryl, heteroaryl or a combination thereof or, preferably, a reporter
group.

Detailed Description of Invention

In a first aspect, the present invention provides novel compounds of the formula O,
Wherein Q is H or a sugar or a sugar analogue or a nucleic acid backbone or backbone
analogue, Y=0, S, NR", where R'* is H, alkyl alkenyl, alkynyl, X is H , alkyl,
alkenyl, alkynyl, aryl, heteroaryl or a combination thereof or preferably a reporter
group. The reporter group may be joined to the heterocycte via a suitable linker arm
which can be similar to the options already defined for X or may be larger. In this
aspect, suitably X can comprise a chain of up to 30 atoms, more preferably up to 12
atoms. The reporter may contain more than 12 atoms. X may also contain a charged

group which imparts a net positive or negative charge to the nucleotide base.

Suitably, Q may be H or a group selected from A
@
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R5
R' R3

R? Ré

Where Z is O, S, Se, SO, NR® or CH_, where R’isH, alkyl, alkenyl, alkynyl or a
reporter,

R, R% R’ and R* are the same or different and each is H, OH, F, NH,, N3, O-
hydrocarbyl , NHR!" where R is alkyl,alkenyl,alkynyl, or a reporter group. Suitably
the hydrocarbyl group has up to 6 carbon atoms. R'! and R® may comprise a chain of

up to 30 atoms, preferably up to 12 atoms.

R’is OH, SH or NH, or mono-, di or tri-phosphate or-thiophosphate, or corresponding
boranophosphate, or one of R ,R #, and R’ is a phosphoramidite or other group for
incorporation in a polynucleotide chain, or a reporter group;

or Q may be of one of the following modified sugar structures:

Acyclic sugars having structures (ii) or (jii)

(i) (iif)
i i
=~ —_ ' p — O\/
0 . Q
B R12 R12

wherein R' is C1-C4 alkyl, hydroxyC1-C4alkyl, or H, preferably methyl,
hydroxymethyl or H, or sugars having structures (iv) to (vi)

(iv)
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O
v) HO/\[ j/
| H
/

!
o—=P—N

| H ‘
by
-

O.
oY

N’

ke

R = C1-C6 alkyl, hydroxy C1-C6 alkyl, C1-C6 alkylamine, C1-C6

carboxyalkyl or preferably a reporter moiety.

14

(vii) or Q is a nucleic acid backbone consisting of sugar-phosphate repeats or
modified sugar phosphate repeats (e.g. LNA) (Koshkin et al, 1998, Tetrahedron 54,
3607-30) or a backbone analogue such as peptide or polyamide nucleic acid (PNA)
(Nielsen et al, 1991, Science 254, 1497 — 1500) or a polycationic ribonucleic acid
guanidine (RNG), Bruice et al, 1995 PNAS 92 6097, or pentopyranosyl
oligonucleotides (HNA), Eschenmosser A., 1999, Science, 284, 2118~ 2124.

In one preferred embodiment, when Q is H, these compounds are base analogues. In
a second preferred embodiment, Q is a sugar or sugar analogue or a modified sugar,
e.g. a group having a structure according to (i) to (vi) and the compounds aré
nucleotide analogues or nucleoside analogues. When Q is a nucleic acid backbone or
a backbone analogue, (vii), these compounds are herein afier called nucleic acids or

polynucleotides.
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When Q is a group of structure (i) R, R% R® and R* may each be H, OH, F, NH,, N,
O-alkyl or a reporter moiety. Thus ribonucleosides and deoxyn'Bonucleosides and
dideoxyribonucleosides are envisaged together with other nucleoside analogues.
These sugar substituents may contain a reporter group in addition to any that might be
present on the base Preferably, Rl= H, R? =H, OH, F, N3, NH,, NH(CH;)n R®or O-
(CH),NH, where nis 0-12, R* =H, OH, N3, NH,, F, OR”, R? =H, OH or OR"® where
R2is alkyl, alkenyl, alkynyl or a reporter. More preferably at least one of R and
R and at least one of R® and R is H.

R’ is OH, SH, NH, or mono, di- or tri-phosphate or thiotriphosphate or corresponding
boranophosphate. When R° is triphosphate, such triphosphate nucleotides may be
incorporated into a polynucleotide chain by using a suitable template- primer together
with a DNA polymerase or reverse transcriptase and appropriate ANTPs and ddN'TPs
when necessary. NTPs can be used with suitable RNA polymerases. The compounds
of the present invention may be incorporated into a PCR product using standard
techniques or used in the production of cDNA from a suitable RNA template, primer
dNTP mix and reverse transcriptase. Oligonucleotide and polynucleotide chains may, |
also be extended by nucleotide analogues of the present invention by the use of

terminal transferase.

Alternatively, one of R? , R*, and R® may be a phosphoramidite or H-phosphonate or
mefhylphosphonate or phosphorothioate or amide, or an appropriate linkage to a solid
surface e.g. hemisuccinate controlled pore glass, or other group for incorporation,
generally by chem_i::al means, in a polynucleotide chain. The use of phosphoramidites
and related derivatives in synthesising oligonucleotides is well known and described
in the literature.

In another preferred embodiment, the nucleoside analogue or nucleotide analogue
which contains a base analogue as defined is labelled with at least one reporter group.
Suitable reporter moieties may be selected from various types of reporter. The

reporter group may be a radioisotope by means of which the nucleoside analogue is
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rendered easily detectable, for example **P or P or 3°S incorporated in a phosphate
or thiophosphate or phosphoramidite or H-phosphonate group, or alternatively *H or
1C or an iodine isotope. It may be an isotope detectable by mass spectrometry or
NMR. It may be a signal gronp or moiety e.g. an enzyme, hapten, fluorophore,
chromophore, chemiluminescent group, Raman label or electrochemical label.
Particularly preferred reporters are fluorescent dyes such as fluorescein, rhodamine,

bodipy and cyanines.

The reporter group may comprise a signal group or moiety and a linker group joining
it to the remainder of the molecule. The linker group may be a chain of up to 30
carbon, nitrogen, oxygen and sulphur atoms, rigid or flexible, saturated or .
unsaturated. Such linkers are well known to those skilled in the art. The linker group
may have a terminal or other group eg NH,, OH, COOH, SH , maleimido, haloacetyl‘
or other group by which a signal moiety may be attached before or after incorporation
of the nucleoside analogue into a nucleic acid chain. It is also possible to link the
molecules of the present invention to a solid surface through a suitable linker group as

described above.

| It is also possible that molecules of the present invention may act as reporters
themselves. Antibodies may be raised to the whole molecule or part of the molecule
e.g. ring structure or modified sugar. The antibodies can carry labels themselves or
be detected by second antibodies by methods well known in the art. These methods

often use enzyme detection or fluorescence.

The nucleoside analogues of this invention can be used in any of the existing
applications which use native nucleic acid probes labelled with haptens, fluorophores
or other reporter groups. These include Southern blots, dot blots and in
polyacrylamide or agarose gel based methods or solution hybridisation assays and
other assays in microtitre plates or tubes or assays of oligonucleotides or nucleic acids
on arrays on solid supports. The probes may be detected with antibodies targeted
cither against haptens which are attached to the analogue or against the aﬁalogues

themselves. The antibody can be labelled with an enzyme or fluorophore.
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Fluorescent detection may also be used if the base analogue is itself fluorescent or if

there is a fluorescent group attached to the analogue.

The use of the different mass of the nucleoside analogue may also be used in detection

as well as by the addition of a specific mass tag identifier to it. Methods for the
analysis and detection of oligonucleotides, nucleic acid ﬁ'agments and primer
extension products have been reported (US 5,288,644 and WO 94/ 16101). These
methods are usually based on MALDI ToF mass spectrorﬁetry. They measure the
total mass of an oligonucleotide and from this the sequence of the oligonucleotide
may be éscerta_ined. In some cases the mass of the oligonucleotide or fragment may
not be unique for a specific sequence. This will occur when the ratio of the natural -
bases , ACGT is similar in different sequénces. For example the simple 4mer
oligonucleotide will have the same mass as 24 other possible 4mers e.g. CAGT,
CATG, CGTA etc.

With longer nucleic acid fragments, it may be difficult to resolve differences in mass

" between two fragments due to a lack of resolution in the mass spectrum at higher

molecular weights. Incorporation of base rhodiﬁed analogues according to the present

invention can be used to help identify the specific oligonucleotide or nucleic acid

fragment, as their masses are different from those of the natural bases. For example,
the two sequences ACGT and CAGT can be identified in the presence of one another
by mass spectrometry if one of the natural nucleotides in one of the sequences is
replaced with one of the analogues of the present invention. For example, in the
oligonucleotide CAGT, the T can be replaced with an analogue of the present
invention with little effect on a specific application e.g. hybridisation or enzymatic
incorporation. Yet the two sequences can be readily identified by mass spectrometry

because of the change in mass due to the introduction of the analogue.

The modification can be made to the bases and also to the sugars or inter nucleotide
linkage. For example thio sugars or phosphothioate linkages will also result in
distinctive mass changes. A large variety of changes to the base, sugar or linker can

yield a number of molecules of differen‘; masses which will be useful to define a



10

15

20

25

30

WO 02/02584 PCT/GB01/02890

9

specific sequence accurately by its mass, especially in multiplex nucleic acid

hybridisation or sequencing applications.

RNA is an extremely versatile biological molecule. Experimental studies by several
laboratories have shown that in vitro selection techniques can be employed to isolate
short RNA molecules from RNA libraries that bind with high affinity and specificity
to proteins, not normally associated with RNA binding, including a few antibodies,
(Gold, Allen, Binkley', et al,1993, 497-510 in The RNA World, Cold Spring Harbor
Press, Cold Spring Harbor N.Y., Gold, Polisky, Uhlenbeck, and Yarus, 1995, Annu.
Rev. Biochem. 64: 763-795, Tuerk and Gold, 1990, Science 249:505-510, Joyce,
1989, Gene 82:83—87, Szostak, 1992, Trends Biochem. Sci 17:89-93, Tsai, Kenan and
Keene, 1992, PNAS 89:8864-8868, Tsai, Kenan and Keene, 1992, PNAS 89:8864-
8868, Doudna, Cech and Sullenger, 1995, PNAS 92:2355-2359). Some of these RNA
molecules have been proposed as drug candidates for the treatment of diseases like

myasthenia gravis and several other auto-immune diseases.

The basic principle involves adding an RNA library to the protein or molecule of
interest. Washing to remove unbound RNA. Then specifically eluting the RNA bound
to the protein or other molecule of interest. This eluted RNA is then reverse
transcribed and amplified by PCR. The DNA is then transcribed using modified
nucleotides (either 2” modifications to give nuclease resistance e.g. 2’ F, 2’ NH,, 2’
OCHj; and/or C5 modified pyrimidines and/or C8 modified purines). Those molecules
fhat are found to bind the protein or other molecule of interest are cloned and
sequenced to look for common (“consensus”) sequences. This sequence is optimised
to produce a short oligonucleotide which shows improved specific binding which may

then be used as a therapeutic.

The base analogues described here, when converted to the ribonucleoside triphosphate
or ribonucleoside phosphoramidite, will significantly increase the molecular diversity
available for this selection process. This may lead to oligonucleotides with increased

binding affinity to the target that is not available using the current building blocks.
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The analogues of the present invention may have properties which are different to
those of the native bases and have other important épplications. They may find use in
the antisense field. They may also be usefitl in the therapeutic field as antiviral (anti-
HIV and anti-HBV  etc) (WO 98/49177) and anticancer agents. Many nucleoside and
_nucleotide analogues have been developed as antiviral agents. They often act by
inhibition of DNA polymefase and/or reverse transcriptase activity by a number of
means. A number of nucleoside analogues, such as AZT, ddC, ddl, D4T, and 3TC are
being used alone or in combination of other nucleoside or non-nucleoside analogues
as anti-HIV agents. The analogues of the present invention may also have antiviral
activities alone or in combination with other compounds. Since combination drug -
therapy is being used more frequen‘gly to treat viral infections, having an increased
number of compounds available by including compounds of the present invention

could enhance the possibility of successful treatments.

Particularly preferred compounds of the invention are compounds of formula (1))

(D

PPPO

HO

Wherein X is as herein before defined.
The invention will now be further described with reference to the following non-

limiting examples.

Synthetic Example 1
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Synthesis of 6-,(B-D-2-Deoxyribofuranosyl)-S-hydro-3-methyl-SH-pyrimido[4,5-
c][1,2]pyridazin-7-one-5°-triphosphate (5).

Cul/ Et;N/MeOH, Reflux

0 | 1
I 0 = 0
j\ | ' " HN 7 )
NZ
A e Aoy
0] - -
o)
HO/\X_% HO/\S——% » 0
R R

Ill

RR R R
1:R=OH,R =H 2R=OH,R'=H 3:R=OH,R'=H
NH,NH,
N
”
NS NI,N\
/
HN NP
o™ N L POCI 07N
o tri-n-Bu,N/PPi
12N
PPPO "G
Rl
R R R
5:R=0H,R'=H R=OH,R =H

(a) 3-([3-D-2-Deoxyribofuranosyl)-6-methyl-furo[2,3-d]pyrimidin-2-one 3).

To a 100-ml glass pressure reaction vessel under argon was added 7.1 g (20

mmol) of 5-iodo-(B-D—Z-deoxyribofuranosyl)uridinei_ 2.32 g (2 mmol) of

10 tetrakis(triphenylphosphine)palladium(0), and 0.76 g (4 mmol) of copper(Diodide.
Anhydrous DMF (50 ml) and triethylamine (4.2 ml, 30mmol) were then injected into
the reaction vessel. Into the éthred and cooled (0°C) reaction mixture, propyne gas
was bubbled for ten minutes. Upon sealing the pressure vessel, the temperature of the
reactants was increased to 55-60°C via an oil bath. The reaction was allowed to stir

15  under these conditions for 18 hours. On cooling, no starting material was detected by
TLC analysis. Methanol (25 ml), Chelex 100 resin (5 g, 200-400 mesh, sodium form)
and AG 1-X8 resin (5 g, 20-50 mesh, bicarbonate form) were added to the reaction

)
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mixture and stirred gently for one hour. After filtration, the solution was ~evaporated
to an oil under high vacuum. The residue was purified by silica gel column
chromatography (chloroform/MeOH 100% to 10:1) yielding S-propynyl-(p-p-2-
deoxyribofuranosyl)uridine 2(cf: 0.4) as a tan foam in 45% yield, and 3-(B-p-2-
deoxyribofuranosyl)-6-methyl-furo[2,3-d]pyrimidin-2-one 3 (¢f: 0.2) as a yellow solid
in 50% yield. 5-Propynyl-(B-b-2-deoxyribofuranosyl)uridine was converted to 3-(B-o-
2-deoxyribofuranosyl)-6-methyl-furo[2,3-d]pyrimidin-2-one by refluxing in
methanol/triethylamine (7:3) containing 5% copper(I)iodide for 2 hours. After
column chromatography a 61% yield was obtained. 'H NMR (DMSO-dp): 2.06 (ni,
1H, 2°), 2.33 (s, 3H, Me), 3.38 (m, 1H, 2’); 3.65 (m, 2H, 5%), 3.91 (q, 1H, 4°), 4.24 (m,
1H, 3°), 5.09 (t,1H, OH-5°), 5.26 (d,1H, OH-3"), 6.18 (t, 1H, 1), 6.41 (s, 1H, H-5),
8.66 (s, 1H, H-4). >C NMR (DMSO-ds): 29.8 (Me), 40.3 (2°), 60.8 (57), 69.9 (3%),
85.3 (), 88.1 (4°), 88.8 (C-5), 98.3 (C-4a), 144.8 (C-4), 147.8 (C-6), 150.1 (C-2),
162.1 (C-7a).

b) (6-([3-D-2-Deoxyribofuranosyl)-S-hydro-3-methyl—8H-pyrimido[4,5-
c][1,2]pyridazin-7-one (4).

To 500 mg (1.35 mmol) of 3-(B-p-2-deoxyribofuranosyl)-6-methyl-furo[2,3-
d]pyrimidin-2-one (3) in a 25 ml round bottom flask was added 6 m] of anhydrous
hydrazine. The reaction mixture was allowed to stir at room temperature for 2 hours.
The excess hydrazine was then removed by evaporation under high vacuum. The
residue was purified by silica gel column chromatography (chloroform/MeOH 10:1)
to yield an off white crystalline product in 85% yield. X-ray quality crystals were
obtained from methanol. "H NMR (DMSO-ds): 1.80 (m, 1H, 2°), 2.14 (m, 1H, 2°),
2.49 (s, 3H, Me), 3.49 (m, 2H, 5°), 3.62 (q, 1H, 4°), 4.16 (m, 1H, 3°), 4.40 (s, 2H, H-
5),4.79 (t,1H, OH-5"), 5.13 (d,1H, OH-3"), 6.24 (t, 1H, 1°), 7.34 (s, 1H, H-4), 10.29
(bs, 1H, NH-8). °C NMR (DMSO-dq): 21.1 (Me), 35.1 (2°), 47.8 (C-5), 61.8 (57),
70.6 (3°), 83.1 (1°), 86.0 (4°), 120.8 (C-4a), 124.8 (C-4), 151.8 (C-7), 153.2 (C-3),
155.2 (C-8a).

c) 6-([3-D-2-Deoxyribofuranosyl)-S-hydro-3-methyl-SH-pyrimido[4,5-
c] [1,2]pyridazin—7-one—5’-tripliosphate o).
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To 140 mg (0.5 mmol) of dried 6-(B-D-2-Deoxyribofuranosyl)-5-hydro-3-methyl-
8H-pyrimido[4,5-c][1,2]pyridazin-7-one (4) in a 50 ml round bottom flask under
argon was added 5 ml of trimethylphosphate. The homogenous solution was cooled
(ice bath) and 70 pl1 (0.75 mmol, 1.5 eq.) of phosphorus oxychloride (redistilled) was
added. The reaction was stirred with cooling for one hour. TLC analysis indicated
the reaction to be about 70% complete. Therefore, 25 pl (0.27 mmol, 0.51 eq.) of
additional phosphorus oxychloride was added and the reaction allowed to stir for an
additional hour. Both 1 M tributylammonium pyrophosphate in anhydrous DMF (2.5
mi, 2.5 mmol, 5 eq.) and n-tributylamine (0.6 ml, 2.5 mmol, 5 eq.) were
simultaneously added to the cooled solution. After 30 minutes cooled 1M
h'iethylammoniﬁm bicarbonate buffer (TEAB, pH = 7.0) was added to the reaction
mixture until the solution became neutral. The buffer was then added to a final
volume of 40 ml and the mixture was stirred overnight at room temperature. The
reaction mixture was evaporated under high vacuum to a viscous solution, diluted
with water and filtered. The filtrate containing crude triphosphate was then applied to
a 50x300 mm DeltaPak (15u, 100A) C18 HPLC column which was eluted using a
linear gradient over 25 min. with 0.1 M TEAB (pH = 7.0) to 0.1 M TEAB in 25%
acetonitrile at a flow rate of 130 ml per minute. A peak containing the product 5 was
collected at 10.5 minutes. After evaporation, the triphosphate obtained was repurified
on a 21x250 mm Synchropak Ax100 HPLC cblumn using a linear gradient for 30
minutes at 15 ml per minute of 0.1 M TEAB in 40% CH3CN to 1 M TEAB in 40%
CH,CN. P NMR (D,0): -9.26 (d); -10.20 (d); -22.43 (t). HPLC (APAK C 18,3.9
by 30 cm, 0.1 M TEAB (pH = 7.0) to 0.1 M TEAB in 25% CH3CN in 30 minutes at 1

ml per minute) 12.7 minutes. UV Amax 237nm and 292nm.
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R R

8a: R=0OH,R'=H
8b: R, R'=H

Synthesis of 6-(B-D-2-Deoxyribofuranosyl)-5-hydro-3-aminomethyl-8 H-pyrimido

[4,5-c][1,2]pyridazin-7-one-5’-triphosphate (8a).

a) 3-([.’)-D-2-Deoxyribofuran:syl)-G-triﬂuoroacetamidomethyl-furo[2,3-

10  d]pyrimidin-2-one (6a).

Triethylamine (3.04 g, 4.2 mL, 30 mmol, 1.5 eq) was addeed to a stirred solution of
5-10do-2’-deoxyuridine (7.1 g, 20 mmol, 1 eq), PA[P(CsHs)3]4 (1.16 g, 1mmol, 0.05
eq), Cul (0.38 g, 2mmol, 0.1 eq) and 2,2,2-trifluoro-N-propargyl acetamide (4.53 g,
15 30mol, 1.5 eq) in dry DMF (75 mL) and the resulting mixture was then stirred for
two days at 55 °C under inert atmosphere. To the reaction mixture was then added the
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bicarbonate form of AG1 X8 resin to remove triethylammonum hydroiodide,

CHELEX resin to remove metal cations and activated charcoal to remove colour.

After filtration on celite a slightly yellow solution was produced. Solvent removal

under vacuum and silica gel chromatography yielded 4.2 g (56%) of 6a. UV (MeOH)

Amax 324 nm; "H NMR (ds-DMSO) 6 (ppm) 10.07 (s, 1H, exchangeable, H-NH-

COCF3), 8.78 (s, 1H, H-6), 6.63 (s, 1H, H-CH=C(0O)CH,), 6.18 (t, J=6.55 Hz, H-1°),

5.00-5.3 (bm, 2H, exchangeable, 2xOH), 4.48 (m, 2H, H-CH,-NH), 4.23 (m, 1H, H-

4%),3.95 (m, 1H, H-3’), 3.63 (m, 2H, H-5"), 2.40 (m, 1H, H—2’b), 2.07 (m, 1H, H-2’a)

b) 3-(B-D-2,3-dideoxyribofuranosyl)-6-trifluoroacetamidomethyl-furo[2,3-
d]pyrimidin-2-one (6b).

The title compound was prepared following the procedure described for 3-(B-p-2-
deoxyriboﬁlranosyl)-6-methy1—fﬁro[2,3-d]pyrimidin—Z—one. "HNMR (CD;0D): 1.94
(m, 2H, 3°), 2.01 (s, 3H, Me), 2.18 (m, 1H, 2°), 2.57 (m, 1H, 2°), 3.75-4.06 (ddd, 2H,
5’),4.27 (m, 1H, 4°), 4.52 (s, 2H, CH,NH), 6.11 (dd, 1H, 1°), 6.65 (s, 1H, H-5), 9.13
(s, 1H, H-4).

¢) 6-(B-D-2-Deoxyribofuranosyl)-5-hydro-3-trifluoroacetamidomethyl-8H-
pyrimido[4,5-c][1,2]pyridazin-7-one (7a). - ‘

To 754 mg (2 mmol) of 3-(B-p-2-deoxyribofuranosyl)-6-
trifluoroacetamidomethyl-furo[2,3-d]pyrimidin-2-one (6a) in a 25 ml round bottom
flask was added 5 ml of anhydrous hydrazine. The reaction mixture was allowed to
stir at room temperature for 3 hours. The excess hydrazine was then removed by |
evaporation under high vacuum. To the residue 20 ml of methanol, 0.5 ml of
triethylamine followed by 5 ml ethyl trifluoroacetate was added. The reac‘&on mixture
becomes homogenous with stirring after about one hour. Afier overnight stirring at
room temperature, the reaction mixture was evaporated and the residue obtained was
purified by silica gel column chromatography (EtOAc/MeOH 20:1). A pale yellow
crystalline compound was collected in 86% yield. "H NMR (DMSO-ds): 1.79 (m, 1H,
2’),2.15 (m, 1H, 2°), 3.49 (m, 2H, 5°), 3.61 (q, 1H, 4°), 4.15 (m, 1H, 3°), 4.46 (d, 2H,
H-5), 4.57 (d, 2H, CH,NH), 4.81 (t, 1H, OH-5"), 5.14 (d,1H, OH-3"), 6.24 (t, 1H, 1°),
7.43 (s, 1H, H-4), 10.1 (t, 1H, NH-TFA), 10.51 (s, 1H, NH-8). ). *C NMR (DMSO-
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dg): 35.1 (CH,NH), 39.0 (2°), 42.8 (C-5), 61.7 (5°), 70.5 (3°), 83.0 (17), 85.9 (4"),
117.9 (CF3), 121.2 (C-4), 123.4 (C-4a), 152.7, 152.8 (C-3, C-7), 154.2 (C-8a), 156. 7
(g, COCFs3).

d) 6-(B-D-2-Deoxyribofuranosyl)-5-hydro-3-aminomethyl-8 H-pyrimido [4,5-
c][1,2]pyridazin-7-one-5’-triphosphate (8a).

The phosphorylation of 200 mg (0.51 mmol) of dried 6-(B-D-2-
Deoxyribofuranosyl)-5-hydro-3-trifluoroacetamidomethyl-8 H-pyrimido[4,5-
c][1,2]pyridazin-7-one (7a) was carried out the same way as reported above for

compound 5. The crude mixture was applied to a 50x300 mm DeltaPak (15p, 100A)

- C18 HPLC column which was eluted using a linear gradient over 25 min. with 0.1 M

TEAB (pH = 7.0) to 0.1 M TEAB in 25% acetonitrile at a flow rate of 130 ml per
minute. A peak containing the product was collected at 15 minutes. After
evaporation, the triphosphate obtained was repurified on a 21x250 mm Synchropak
Ax100 HPLC column using a linear gradient for 30 minutes at 15 ml per minute of
0.1 M TEAB in 40% CH3CN to 1 M TEAB in 40% CH3CN. The triphosphate was
treated with conc. NH4OH for 30 minutes without change as observed by analytical
HPLC, verifying that the trifluoroacetyl-protecting group had been removed prior to
this step. *"P NMR (D,0): -9.65 (d), -10.86 (d), -22.54 (t). HPLC (A PAK C 18, 3.9
x30 cm, 0.1 M TEAB (pH = 7.0) to 0.1 M TEAB in 25% CH;CN in 30 minutes at 1

ml per minute) 12.2 minutes. UV Amax 241nm and 293nm.

€) 6-(B-D-2,3-Dideoxyribofuranosyl)-5-hydro-3-trifluoroacetamidomethyl-8H-
pyrimido[4,5-c][1,2]pyridazin-7-one (7b).

The synthesis was carried out as reported above for compound 7a. A tan foam
‘was collected in 65% yield. "H NMR (CD;0OD): 1.84-2.23 (m, 4H, 2°,3%),2.01 (s, 3H,
Me), 3.58-3.78 (m, 2H, 5°), 3.99 (m, 1H, 4°), 4.50-4.71 (dd, 2H, H-5), 4.66 (s, 2H,
CH,NH), 6.22 (dd, 1H, 1°), 7.48 (s, 1H, H-4).
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NT NH N
I _ 2 N7 NHR" .
HN l Z
)\ HN
0 N Dye-NHS ester
DieNHS ety oy
o)
PPPO 0
PPPO
R R'
R R
8a: R =OH, R'=H 9a: R =OH, R'= H, R" = Cy3, 9a": R =0H, R’ =H, R"= Cy5.5
8b: R, R'=H : 9a": R =OH, R'=H, R"= (5,6)-Carboxy-x-fluorescein
9a™: R =OH, R' =H, R" = Cy5
9b: R, R'=H

Cy3

Cy5.5

NH(CH2)5)1\

(5,6)-Carboxy-x-fluorescein

Cy5

. Example 3

Synthesis of 6-(8-D-1, 2-Dide0xyribofuranosyl)-S;hydro-3-aminomethyl-8H—

5 pyrimido [4,5-c][1,2]pyridazin-7-one-5’-triphosphate (8b).
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The synthesis (on 0.73 mmol scale) and purification/isolation of 8b was carried out as

described for compound 5.

Synthesis of 6—(B—D-2—Deoxyribofuranosyl)-S-hydro-3-Cy3-amidomethyl-8H—
pyrimido [4,5-c][1,2]pyridazin-7-one-5’-triphosphate (9a).

6.0 pmol (690 pL aqueous solution) of 8a was diluted with 310 pL of Na,COs-
NaHCOs3 buffer (pH = 9.4) and added to a stirred DMF (1.0 mL) solution of Cy3-
NHS ester (7.2 pmol, 1.2 eq.). After 2 h of stirring at room temperature, the Cy3 dye
—nucleotide conjugate (9a) was isolated (35%) by purifying on a Q-Sepharose HPLC
column (10x16 mm), using a linear gradient of buffer A (40% CH;CN in 0.1 M
TEAB) to buffer B (40% CH;CN in 1.0 M TEAB) in 60 min at 5 mL/min.TOF MS
ES- m/z, cone 100v, CH;CN/H,0: 1144 (MH-3).

Synthesis of 6-(B—D~2-Deoxyribofuranosyl)-S-hydro—3—Cy5.5-amid0methyl-8H—
pyrimido [4,5-c][1,2]pyridazin-7-one-5’-triphosphate (9a°).

The Cy5.5 fluorescent dye nucleotide-conjugate (9a’) was synthesized and isolated
(33% yield) on a similar scale by reacting 8a with Cy5.5 NHS ester as described for
9a.

Synthesis of 6-([3—D-2-Deoxyribofuranosyl)-S-hydro-3-ﬂuorescein(5,6)
hexanamido-amidomethyl-8H-pyrimido [4,5-c][1,2] pyridazin-7-one-5’-
triphosphate (9a°%).

8.0 pmol (aq.solution) of 8a was diluted with 1.0 mL of Na;CO3-NaHCOs; buffer (pH
=9.0) and to the stirred solution was added anhy. DMSO solution of (5,6)-carboxy-x-
NHS ester (17.0 pmol, 2.1 eq.). After 2 h, the dye labelled nucleotide was purified on
a Q-Sepharose column as described for 9a to give 9a°*. TOF MS ES- m/z, cone 100v,
CH;CN/H,O: 1003 (MH-3). _

Example 4: -
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N’N\ Nl’N\ NI’N\
| =
N HN HN N
o)\N DMTCUPyridine o)\N N, N-Dilsopropylethylamine/CH,Cl, 0PN
2-Cyanoethoxy-N, N—diisopropylaminochlorophos;;ine
o 0 o
DMTO DMTO
H
4

9
P

Z

Synthesis of 6-(5-Dimethoxytrityl—-B—D-2-deoxy-ribofuranosyl)-5-hydro-3-methyl-
8H-pyrimido[4,5-¢][1,2]pyridazin-7-one (10).

1.16g (4.1 mmol) of the 4 was co-evaporated with anhydrous pyridine and re-
~dissolved in 30 mL of anhydrous pyridine. 4.15 g (12.24 mmol, 3 eq.) of DMT-CI
was added to the stirred solution of 4, at room temperature under Ar atmosphere.
After 3.5 h, the reaction mixture was evaporated under reduced pressure and residue
dissoiiled in CHCl3.The organic layer was washed with saturated NaHCOs solution,
dried with anhydrous Na,SO, and evaporated under reduced pressure. The residue
obtained was purified on a silica gel column eluting with CHCl; followed by 5%
MeOH in CHCl; to afford 10 (2.35 g, 99%). TOF MS ES- m/z, cone 100v,
CH;3;CN/0.1 M TEAB: 581.24 (MH-1).

Synthesis of 6-(5-O-Dimethoxytrityl-3-O-(2-cyanoethyl N, N-
diisopropylphosphoramidite)-B-D-Z-deoxy-ribofurénosyl)-S-I;;fdro-S-methyl-8H-
_pyrimido[4,5-¢][1,2]pyridazin-7-one (11)
583 mg (1.0 mmol) of compound 10 was co-evaporated with anhydrous pyridine
followed by toluéne and dissolved in anhydrous dichloromethane (5 mL). To the
stirred solution under a slow stream of Ar, at room temperature, 0.7 mL (4.0 mmol,
4.0 eq.) of N, N-diisopropylethylamine was added followed by dropwise addition of
2-cyanoethoxy N, N-djisopropylaminochlorophospﬁine (0.28 mL, 1.25 mmol, s).
After 30 min, TLC in 10% MeOH-CHCI; indicated completion of the reaction. The
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reaction mixture was diluted with CH,Cl,, washed with 10% NayCOj, and the organic
layer after drying (anhy. Na;SOy4) was evaporated under reduced pressure. The residue
obtained was purified on a silica gel column (4x13 cm) eluting with
CH,Cl:EtOAC:Et;N (2.9:7:0.1) to give 11 (570 mg, 73%). >'P NMR (CDCL):
8149.66. '

Example 5 '
Primer extension assays to study the incorporation of Triphosphate 5 by DNA

polymerases

A primer extension assay was used to evaluate the triphosphate 5 as a substrate for
exonuclease free Klenow fragment DNA polymerase I (EFK). The assay used a *P 5°
end labelled 15mer primer hybridised to a 24mer template. The sequences of the

primer and template are:

Primer 5’ TGCATGTGCTGGAGA 3’
Template 3> ACGTACACGACCTCTGAACTAGTC 5>

One picomole *’P labelled primer was hybridised to 2 picomoles of template in x2
Klenow buffer (100mM Tris-HC1 pH 7.5, 10mM MgCl,., 10mM 2-mercaptoethanol)
To this was added either 4uM dNTPaS or 40puM (test compound 5¢) or a mixture of
4uM dNTPaS and 40pM (test compound). One unit EFK and 20mU inorganic
pyrophosphatase were used per reaction. Primer alone, primer plus template plus
enzyme controls were also carried out. The reactions were incubated at 370C for 3
minutes. Reactions were then stopped by the addition of formamide / EDTA stop
solution. Reaction products were separated on a 20% polyacrylamide 7M urea gel and
the product fragments sized by comparison with the labelled primer and the products
of extensions in the presence of 4uM dNTPaS after exposure to Kodak Biomax

autoradiography film.

This showed that the test compound was a substrate for EFK and that it was
incorporated in place of dTTP. Other compounds of the invention containing groups

such as fluorescein or cyanine may be incorporated by similar methods.
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CLAIMS

1. A compound having the structure

N X
NT

| =

HN

YZSN

I
Q

Q is H or a sugar or a sugar analogue or a nucleic acid backbone or backbone
analogue where X is H, alkyl, alkenyl, alkynyl,aryl, hetero-aryl or a combination
thereof or a reporter, Y= 0, S, NR where R is H, alkyl, alkenyl alkynyl.

10

2. A compound as claimed in claim 1, which is a) a nucleoside or nucleoside

analogue wherein Q is

RS
z
R! Rs

R2 R4
15 "

where Z is O, S, Se, SO, NR® or CH, , where R’ is H, alkyl, alkenyl, alkynyl or a
reporter,

20 R', R% R3 and R* are the same or different and each if H, OH, F, NH,, N3, O-

hydrocarbyl, NHR or a reporter moiety, where R is alkyl, alkenyl or alkynyl,

R’ is OH, SH or NH; or mono-, di or triphosphate or thiophosphate, or corresponding

boranophosphate, or one of R? , R*, and R%is a phosphoramidite or other group for

incorporation in a polynucleotide chain, or a reporter moiety, or Q consists of one of
25  the following modified sugar structures.
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N
| v
| R
R14 ! H
| \ioj/
N
' R14

wherein R'? is C1-C4 alkyl, hydroxyC1-C4alkyl, or H, preferably methyl,

hydroxymethyl or H, and wherein R™ is C1-C6 alkyl, hydroxy C1-C6 alkyl, C1-C6

alkylamine, C1-C6 carboxyalkyl or preferably a reporter moiety,

or b) a polynucleotide wherein Q is a nucleic acid backbone consisting of sugar-
10  phosphate repeéts or modified sugar-phosphate repeats (LNA), or a backbone

analogue such as peptide or polyamide nucleic acid (PNA).

3. A compound as claimed in any one of claims 1 or 2, wherein a reporter moiety is

15 present.
4. A compound as claimed in claim 3, wherein the reporter moiety is a signal moiety.
5. A compound as claimed in claim 3 or claim 4, wherein the reporter moiety is a

20 reactive group or signal moiety or solid surface joined to the remainder of the

molecule by a linker of at least 2 chain atoms.
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6. A compound as claimed in claim 1 to 5 wherein X imparts net positive or negative

charge to the nucleotide base.
7. A compound as claimed in any one of claims 1 to 6 wherein R’is triphosphate.

8. A compound as claimed in any one of claims 1 to 5, where one of R? , R*and R’ is

selected from phosphoramidite and H-phosphonate.

9. A polynucleotide comprising at least one residue of a nucleotide analogue according

to any one of claims 1 to 8.
10. A polynucleotide as claimed in claim 9 which is DNA or RNA.

11. A chain extension method which comprises reacting a polynucleotide with a
nucleoside triphosphate analogue according to any one of claims 1 to 7 in the

presence of a polymerase or a terminal deoxynucleotidyl transferase enzyme.

12 A method of detecting the polynucleotide according to claim 9 or claim 10, which
method comprises using for detection an antibody which binds to the base of the

nucleoside analogue residue.

13. A method of making cDNA which comprises incubating an RNA template with a
monomer mixture including a nucleotide analogue as claimed in any one of claims 1

~ to 7 in the presence of a reverse transcriptase.

14. A method of amplifying a polynucleotide by PCR which method comprises using a
monomer mixture including a nucleotide analogue as claimed in any one of claims 1
to 7.

15. Use of a compound according to any one of claims 1 to 8, as a label for analysis by

mass spectrometry.
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16. A compound according to any one of claims 1 to 8, for use in therapy.

17. A compound according to claim 16 for use as an anti-viral agent.



INTERNATIONAL SEARCH REPORT

iational Application No

PCT/GB 01/02890

CLASSIFICATION OF SUBJECT MATTER

A,
IPC 7 CO7H19/23 C07D487/04
GO1N33/53 A61K31/706

CO07F9/6561 CO7H21/00
A61P31/12

According to International Patent Classification (IPC) orto both national classification and IPC

€12Q1/68

B, FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 CO7H CO7D CO7F C12Q GOIN A61K A61P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

(GB); LOAKES DAVID (GB);
cited in the application
the whole document

(GB); BROWN DANIEL (GB);

cited in the application
the whole document

A WO 97 28177 A (HAMILTON ALAN ;BROWN DANIEL

SIMMONDS ADRI)

7 August 1997 (1997-08-07)

A WO 99 06422 A (HAMILTON ALAN ;HILL FERGAL

LOAKES DAVID ()

11 February 1999 (1999-02-11)

1,10,15

1,10,15

D Further documents are listed in the continuation of box C.

Patent family members are listed In annex.

° Special categories of cited documents :

*A" documnent defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an orai disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the

invention

*X" document of pariicular relevance; the claimed invention
cannot be considered novel or cannot be considered to
Involve an inventive step when the document is taken alone

"Y* document of parlicular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled

inthe art.

*&* document member of the same patent family

Date of the actual completion of the international search

13 September 2001

26/09/2001

Date of mailing of the international search report

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

de Nooy, A

Form PCT/1S8A/210 (second sheet) (July 1982}




INTERNATIONAL SEARCH REPORT | ational Application No
Information on patent family members FET/GB 0 1/02890

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9728177 A 07-08-1997 AU 712867 B2 18-11-1999
AU 1610697 A 22-08-1997
CA 2243637 Al 07-08-1997
EP 0880539 Al 02-12-1998
Wo 9728177 Al 07-08-1997
GB 2309968 A ,B 13-08-1997
JP 2001501581 T 06-02-2001

WO 9906422 A 11-02-1999 AU 8552898 A 22-02-1999
EP 1003762 A2 31-05-2000

WO 9906422 A2 11-02-1999

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

