- 1 - SPECI FI CATI ON METHOD FOR NUCLEI C ACI D REPLI CATI ON AND NOVEL
ARTI FI Cl AL BASE PAIRS TECHNI CAL FI ELD [0001] The present application clains
priority to Japanese Patent Application Nos. 2005-356883 (filed on Decenber
9, 2005) and 2006-189806 (filed on July 10, 2006), the entire contents of
whi ch are incorporated herein by reference. [0002] The present invention
relates to a nethod for nucleic acid Teplication and novel artificial base
pairs. BACKGROUND ART [0003] Nucleic acids are anplified and act as

catal ysts and |igands through sel SPEGHDIGNEERMrity of A-T(U and G C base
pairs. However, unlike 20 different am no acids in natural proteins,

natural nucleic acids aMETEODPPSEMNUECLEIC! ZOID OREBPLTOARBIGNI ng of only 4

different bases. This nunpgh NovEL ARESFICEAS BASEfpHEREONs of DNA and RNA
nol ecul es. Unnatural base pair systens provide a resolution to this problem

because they increase the types of nucleic acid bases to allow expansion
of genetic information (Non-patent Docunents 1-5). Unnatural base pairs are

required to have highly specific conplenentarity which allows site-specific
|ncorporaIESHELEé_sgéﬁﬁBI nucl eoti de anal ogs into DNA and RNA through
pol yner as Iyze reactions. If_this.requirenment is ch ev current
genetic eﬁaﬁﬁinlng ECRHSFSB§ aRH%iﬁaE§°anhFi@ﬁ Byichd XuﬁBeSaBPn ese
naturally can be p nove tec nol Qgy usi ng
innat ur o) PRESHE APH1523€T 00 Bhs " 2ah8E06RE ST L L2 80 B pe BEBER  BF
unnatural ,B85¢ RALT 50885189806 (filed on July 10, 2006), the entire

contents of which are incorporated herein by reference.

[0002] The present invention relates to a method for

nucleic acid replication and novel artificial base pairs.

BACKGROUND ART

[0003] Nucleic acids are amplified and act as catalysts and
ligands through self-complementarity of A-T(U) and G-C base
palrs. However, unlike 20 different aminoc acids in natural
proteins, natural nucleic acids are composed of nuclectides
consisting of only 4 different bases. This number limit
restricts the functions of DNA and RNA molecules. Unnatural
base pair systems provide a resolution to this problem because
they increase the types of nucleic acid bases to allow
expansion of genetic information (Non-patent Documents 1-5).
Unnatural base pairs are required to have highly specific
complementarity which allows site-specific incorporation of
special nucleotide analogs into DNA and RNA through
polymerase-catalyzed reactions. If this requirement is
achieved, current genetic engineering technclogy, which is
limited by the number of naturally-occurring bases, can be

replaced with a novel technology using unnatural base pair



made by Benner et al (Non-patent Docunents 6-7). They devel oped sone
unnatural base pairs, including isoguanine- isocytosine (isoGisoC and

xant hosi ne-di am nopyri m di ne, based on different hydrogen bondi ng patterns
than those of natural base pairs. Recently, these unnatural base pairs have
been applied to PCR anplification (Non-patent Docunents 8-9) and sequence
anal ysi s (Non-patent Docunent 10) of DNA® fragments containing these base
pairs. However, the fidelity 1is relatively not high and/or conplicated
procedur e§Y&E@MSrequired. In addition to these problens, 2-am nopyrim dine
anal ogs such as isoC and di am nopyrim dine are not recognized as substrates
by T7 RNALBBP#der as®heThiEst: pdiempis&opareategpanagturpdi bageypairsoves)
Subsequently, Kool et al. synthesized hydrophobic bases having shapes
sinilar tﬁaéﬁogg Benpstuprkl aladNen-patentaPReHpente &ni7)i-t yTheYform a

hydr ogen hond_duri,ng base ggiring gNon- atent Docunents 11-12). These

hydr ophobHEVELERE GRME YBRBLUFRL PasecBgATrFediBFiBRANGOLFRGN &-

suggestin t hat geo ri hape conpl e tarity getmeen ari bases is
Tore. | npotFaRF CARTRAG (FEBLT FAPE dnanAaRRBE RO AAREE PAPTY BAD YRGS
interactign.eRecen§L¥ - %grheg of hyBrOﬁhobic g?se p%brs Q@ye been
devel oped®BieRoRBsBar §eEEnh| DYSRG9eR;: PSRALRY PRSESTPRAPARA TO0FS Sfent ary
manner by e_action o e now . fragpent o ..coli-derived,
by Lp§ Rgtb balil KU§% t 0l OfnE: url% 5L Ved
pol yner asBAFUFRSnPBEPRELE Boc URERTRT 18: 15V fiMRIRFIT 2 1 R3S Ay R HBRoBREe bases
did not nf or hapepeaMRl ari duging replication _and .-
non- speci ggniﬁghéggﬁaﬁpoﬁegccuﬁgggaggF%égn?ﬁgarBB%%BFCﬁBgEQ?n%FNgﬁpgatent
Docunent ) r %E [ . u% e se pakhms functioning
corima o A sMARSENE pobigh s BAGERRAE, BhehRBES B BA7BNRS Lunl o
pattern fragments containing these base pairs. However, the fidelity
is relatively not high and/or complicated procedures are
required. In addition to these problems, 2-aminopyrimidine
analogs such as isoC and diaminopyrimidine are not recognized
as substrates by T7 RNA polymerase. Thus, these base pairs
are of limited use.
[00051] Subsequently, Kool et al. synthesized hydrophobic
bases having shapes similar to those of natural bases, but
lacking the ability to form a hydrogen bond during base
pairing (Non-patent Documents 11-12). These hydrophobic bases
were selectively recognized by DNA polymerases, suggesting
that geometric shape complementarity between paring bases is
more important during replication, rather than hydrogen
bonding interaction. Recently, a series of hydrophobic base
pairs have been developed by Romesberg et al. and introduced
into DNA in a complementary manner by the action of the Klenow
fragment of E. coli-derived DNA polymerase I (Non-patent
Documents 13-15). However, these hydrophobic bases did not

conform to shape complementarity during replication, and



and shape conplenentarity, the inventors of the present invention devel oped

unnat ural base pairs between 2-am no-6-(2- thienyl)purine (s) and

2-oxopyridine (y) (Non-patent Docunents 16-17) as well as between

2-am no-6-(2-thiazolyl)purine (v) and y (Non-patent Docunment 18). The bul ky

substituents at the 6-position of s and_ v efficiently prevented undesirable

base pairing (non-cognhate pairing) with3a natural base, and a substrate

(nucl eoside 5" -triphosphate) of y or nodified y was introduced in a

site- specnbncsnﬁﬂhéiCi ANGORNAT8EBOBI pecyrpedybetweehehydrpphobibybasesact i on

of T7 RNA g ynmerase. This specific transcription is available for

practi cal (NeB-natgnt Pagymept ddvel MPFRPYSRCttRpEe FRUNepreReTtsof

(Non-patent Documents 19-21), bhut the selectivity of s-y and v-y base

pai ri ngs BhﬁﬁﬂgbﬁﬁﬁlPE&FFoﬁ“P§thSPiH8tQBF}nﬁl§H€PSFH&BtPH&t duri ng

transcription (Non-patent unent s and 18 0007] . To _sol ve the probl ens
3 GBRAAGthe: 1deRSyef BraF

stated abb0806{her eBYsCQMD edsvef PBEPaPoﬁgéﬁngPFt§Fﬂmﬁng
(for desi BRGCFRRBRCEVBRLFTRGERELLY acthE) LBV enbaFFngLat “osggas%f22fféhpt'°“
transcripti nd trans ati spgn of func naI |ns) 008]
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COmentS el E R Saani ) REREL S Ler R BY GSEE Bgsymntpmemm
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and y (Non-patent Document 18). The bulky substituents at the

6-position of s and v efficiently prevented undesirable base

pairing (non-cognate pairing) with a natural base, and a

substrate (nucleoside 5’'-triphosphate) of y or modified y was

introduced in a site-specific manner into RNA opposite s or v

in the template by the action of T7 RNA polymerase. This

specific transcription is available for practical use as a

means for developing functional RNA molecules (Non-patent

Documents 19-21), but the selectivity of s-y and v-y base

pairings during replication is not notably higher than that

during transcription (Non-patent Documents 16 and 18).

[0007] To solve the problems stated above, there is a

demand for a novel artificial base pair showing excellent

efficiency and selectivity during replication and

transcription (for design of functional nucleic acids) or

during all of replication, transcription and translation (for

design of functional proteins).

[0008] The following documents are listed as reference

documents, the entire contents of which are incorporated

herein by reference.
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activity is selected fromthe group consisting of Klenow fragment, T4 DNA
pol ynerase and t hernophilic DNA pol ynerase (e.g., Thernbcoccus
litoralis-derived Vent DNA pol ynerase), each having 3'-'5" exonucl ease
activity. [0014] Enbodi nent 5. The nethod according to any one of

enbodi nents 1 to 4, wherein the deoxyribppucl eoside 5'-triphosphate used as
a substrate has an unnatural base. [0U1%¥'Enbodinent 6: The net hod
according to any one of - 12 enbodinents 1 to 4, wherein the

deoxyr i bomddirepyirFeles Tetnshednemc 2bed’a$2a IRHHKrate has a natural base.
[ 0016] Enmbodi nent 7: The nmethod according to any one of enbodinents 1 to 5,
wher ei n t RESELOSHRE, OF) JHER JNYENTHON | j phosphat e used as a substrate has a
base represented b%} the faollowing fornmula 1: &§017] [Formula 1] R2 Al
[0018] [ ] , R2 is a substituted or

unsubsti t yt -thi | group, a__substituted qr unsubstituyted 2-thiazolyl

gr oup, orLtzQ%%§5bst i ﬁnl%e@%&sq%‘r%&l?é’ﬁr{ aims, Lo, nEevGida t&‘@oé&l%nﬂ is N

or CH . [0019]..Enbaqdi t 8: The method according to any one of enbodi nents
LREPEI TR S 0

1to 5 Sd i bonucl eoside 5'-triphosphate used as a substrate

nas 2 basg ggRiese it dlinddt® 1 O WSS Poli2 A1 Iy 4 Rl 2 R

acid, wherein a deoxyribonucleoside 5'-triphosphate, in which
the hydroxyl group of phosphoric acid at the y-position is
substituted with a group selected from the group consisting of
an amino grcup, a methylamino group, a dimethylamino group, a
mercapto group and a fluoro group, is used as a substrate
during replication reaction (preferably in combination with
usual substrates).

[0011] Embodiment 2: The method according to embodiment 1,
wherein the substituent 1s an amino group.

[0012] Embodiment 3: The method according to embodiment 1
or 2, wherein a DNA polymerase having exonuclease activity is
used during the replication reaction.

[0013] Embodiment 4: The method according to any one of
embodiments 1 to 3, wherein the polymerase having exconuclease
activity is selected from the group consisting of Klenow
fragment, T4 DNA polymerase and thermophilic DNA polymerase
{(e.g., Thermococcus litoralis-derived Vent DNA polymerase},
each having 3'—5’ exonuclease activity.

[0014] Embodiment 5: The method according to any one of
embodiments 1 to 4, wherein the deoxyribonucleoside
5'-triphosphate used as a substrate has an unnatural base.

[0015] Embodiment 6: The method according to any one of



N | - 13 - [0021] [wherein R3 is a group selected from hydrogen, an iodo
group, a substituted or unsubstituted Cl-C3 al kyl group, a substituted or
unsubstituted C2-C3 al kenyl group, or a substituted or unsubstituted C2-C3
al kynyl group, and R4 is a fornyl group or a nitro group]. [0022] Enbodi nent
9: A deoxyri bonucl eosi de 5 -trlphosphatﬁﬁ,,S in which the hydroxyl group of
phosphoric acid at the y-positionis's tituted with a group selected from
the group consisting of an amino grou a methyl am no group, a

di met hy| agitheddmengs & ﬁ@réapWBeﬁpéBptgﬁddSOFYHéPBHQPéGBSldFOOZB] Enbodi ment
10: A deoxyribonucl eoside 5'-triphosphate having an unnatural base, in

whi ch t heShy&réRbrsghats BFedpA§sphslbPetaate hast Renprpsailt PeSei-s
substituted with a sel ected fron1the rouESconS|st|n of an_am no

group, a HQ?ﬁ}Ianingaﬂaﬂﬁnt 13i fBenpeihrAoagreypging er 2B%: 878 8fp and a

%mwﬁm%%?WW#%%%%%%ﬁﬁﬁﬁmmwx

bonst shing” ERaRhaR ﬁs*'aﬁﬁta% g mn@ﬁﬁﬁﬁﬁsé@“e sra?%‘stpﬁéﬁgm%‘éﬁf B¥oup. a
0025] E 12: T

mer capt o ﬁh§|§8§ﬂ§glgg grgup [ ] odi nment e use of a

deoxyri bo r|p osphate as a substrate in the nmethod for
replicatl E°g73 $?£§hﬁlgci according to any one of enbodinments 1 to 8, in
I OX

whi ch t he group Of phosphoric acid at the y-position is
substituted wth a group selected fromthe group consisting
R
A2
¢
TNR’

[0018] [wherein

R' is hydrogen or an amino group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH].

[0019] Embodiment 8: The method according to any one of
embodiments 1 to 5, wherein the deoxyribonuclecside
5'-triphosphate used as a substrate has a base represented by.
the following formula 2:

[0020] [Formula 2]



- 14 of an am no group, a nethylam no group, a dinethylamno group, a
nmercapto group and a fluoro group. [0026] Enbodinent 13: A nucleic acid, in
whi ch a nucl eotide having a base represented by the following fornula 1:
[0027] [Fornmula 3] R /" ADC1;, N R 1[0028] [wherein Rl is hydrogen or
an amno group, R2 is a substituted or_ %qupstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a substituted or
unsubstituted 1H 2-im dazolyl group, and Ais Nor CH forns a base pair
with a nuéP88Lildéwhe¥rA® a base represented by the follow ng formla 2:

[ 0029] [Fornulaagl R3 RdAN 1 LOOSO& %mherein R3 is a group selected from
hydr ogen, an i Bdot§rduProdP Sehected: HOB hYRACRULR  t AR e40€9- g8OUPKyR group,

5 nsuBuPRLAEREeRo 08 uneRbRT Eitetn Cr st FHHS oyt SRR IS 1 110

group] . [893%1155%2%9.&:%2% %ﬂic;r haelkneurgfigcro%% ,d oarccaorsdlibn .’Etouted or
unsubstituted C;-C; alkynyl group, and

R* is a formyl group or a nitro group].

{0022] Embodiment 9: A deoxyribonucleoside 5'-triphosphate,
in which the hydroxyl group of phosphoric acid at the
y-position is substituted with a group selected from the group
consisting of an amino group, & methylamino group, a
dimethylamino group, a mercapto group and a fluoro group.
[0023] Embodiment 10: A deoxyribonucleoside 5°'-triphosphate
having an unnatural base, in which the hydroxyl group of
phosphoric acid at the y-position is substituted with a group
selected from the group consisting of an amino group, a
methylamino group, a dimethylamino group, a mercapto group and
a fluoro group.
[0024] Embodiment 11: A deoxyribonucleoside 5'-triphosphate
having a natural base, in which the hydroxyl group of
phosphoric acid at the y-position is substituted with a group
selected from the group consisting of an amino group, a
methylaminoe group, a dimethylamino group, a mercapto group and
a fluoro group.
[0025] Embodiment 12: The use of a deoxyribonucleoside
5"-triphosphate as a substrate in the method for replicating a
nucleic acid according to any one of embodiments 1 to 8, in
which the hydroxyl group of phosphoric acid at the y-position

is substituted with a group selected from the group consisting



enbodi nent 13, wherein the base of fornula 1 is selected from the group

consisting of: Al) a 7-(2-thienyl)-3Himdazo[4, 5-b]pyridin-3-yl group; A2)

a 7-(2-thiazolyl)-3Himdazo[ 4, 5-b]pyridin-3-yl group; A3) a

7-(1H 2-im dazol yl)-3Him dazo[ 4, 5-b] pyridin-3-yl group; A4) a

5-am no-7-(2-thienyl)-3Himdazo[4,5-b]lpyridin-3-yl group; A5) a

5-am no-7-(2-thiazolyl)- 3H—i m dazol[ 4, 5- Bl]‘{)y'ridi n-3- yl group; A6) a
5-anino-7-%1H—2 i mdazol yl)-3H i m dazo[ 4, 5- b] yrldln 3-yl _group; A7) a
4- (2-t hi eR¥ PR1AMIRPY SF-'SHP 3ﬂb]n39=hwaﬁﬁ1199y9rgpeupa digpthylamino group,
4-(2-thiazo|y£)-|H-pyrrolo%Z 3- bkgﬁrldln 1 group; A-9) a

4-(1H-2-i /i B8 GRPIEP- IROBPr ABAoR2: BFByBF&P 1-yl group A-10) a

6- am no- 4- |eny yrrol [2 3-b] pyridin-|- rqQu -

6- ami no- 4Ib§29 |azohgpfgéﬁ93§rﬁ Fof2R L@Fﬁ?rP&FﬂJ ény% guﬁ eﬁtiﬂf a
6- am no-4- (14 2-i dazo o] r.idi group [ 0032]
Enbodlnenng%nQTﬁ ﬁﬁ@l§¥8%§598 cgyd&ﬁﬁ F89£g§énge%85ﬂﬁﬁén9 *13, wherein
t he base S | ected from the group consisting of: Bl) a
2-forny|-ib§éggggk9 - h g?ﬁup; B2) a 2-fornyl-4-iodo-1H pyrrol-1-yl group;
B3) a 2-forny|-4-n?i£yl-lkkpyrrol-1-y| group;

[o028] [wherein

R! is hydrogen or an amino group,

R? 1s a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazelyl group, and

A is N or CH]
forms a base pair with a nucleotide havling a base represented
by the following formula 2:

[0029] [Formula 4]

F{”'ﬂ

[0030] [wherein
R is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted

or unsubstituted C,-C; alkenyl group, or a substituted or



B4) a 2-fornyl-4-(1-propyn-1-yl)-1Hpyrrol-1-yl group; B5) a

2-fornyl -4-(2-substituted am novinyl)-1H pyrrol -1- yl group; B6) a

2-fornyl -4-(3-substituted am no-1-propyn-1-yl)-1H pyrrol-1-yl group; B7) a
2-nitro-1Hpyrrol -1-yl group; B8) a 2-nitro-4-iodo-1H pyrrol-1-yl group;

B9) a 2-nitro-4-nethy|-lkkpyrrol-l-yl_gﬁgyg; B10) a
2-nitro-4-(1-propyn-1-yl)-1Hpyrrol -1-yl"group; BlIl) a
2-nitro-4-(2-substituted am novinyl)-1H pyrrol-1- yl group; and Bl12) a

2-ni t r o- 4UPSUbgHdEtNtetef2aty YN HFRWR y19N4 H pyrrol - 1-yl group. [0033]
Enbodi nent 16: Thf nucleic acid according_to an¥ one of enbodinents 13 to
15, which forn® a %agef%5T¥?s?r?HptﬂE aHibrer9FPWscri ption, reverse

For pr epatPRILA' mucFEPEedBelt 247t AR AYCTebCPEE: AECHIINRG £ovase
NR1C1 | BOSBHPRR, aBn AECFRIRy GFSgBRSs: Ofn SSRTRISgdods, SRaccaeg fron |
nsubst |t 116095 0RR, SOBPUEaRaLeE or s SUbst i tuted or unsubst it ut ed
1K 2-im dazol yh,9r QUR. (31¢hieny1)-3H-imidazo[4,5-bIlpyridin-3-yl group;
A2) a 7-(2-thiazolyl)-3H-imidazo[4,5-blpyridin-3-yl
group;
A3) a 7-(1H-2-imidazolyl)-3H-imidazo[4,5-blpyridin-3-yl
group;
A4) a 5-amino-7-(2-thienyl)-3H-imidazo[4,5-b]lpyridin-3-yl
group;
A5) a 5-aminc-7-(2-thiazolyl}-3H-imidazo[4,5-b]lpyridin-3-
vl group;
A6) a S5-amino-7-(1H-2-imidazolyl)-3H-imidazo[4,5-
blpyridin-3-yl group;
A7) a 4-(2-thienyl)-1H-pyrrolof2,3-blpyridin-1-yl1 group:
A8) a 4-(2-thiazolyl)-1H-pyrrole[2,3-blpyridin-1-yl
group;
A-9) a 4-(1H-2-imidazolyl)-1H-pyrrolo[2,3-blpyridin-1-yl
group;
A-10) a 6-amino-4-(2-thienyl)-1H-pyrrolo[2,3-blpyridin-1-
Yyl group:;
A-11) a 6-amino-4-(2-thiazolyl)-1H-pyrrolo(2,3-blpyridin-
1-yl group; and
A-12) a 6-amino-4-(1H-2-imidazolyl)-1H-pyrrolo[2,3-
blpyridin-1-yl group.

[0032] Embodiment 15: The nucleic acid according to



Ais Nor CH, wherein the nmethod conprises effecting transcription,

reverse transcription or replication by using, as a tenplate, a nucleic
acid containing a nucleotide having a base represented by the foll ow ng
formula 2: [0037] [Formula 6] R3 N1 [0038] [wherein R3 is a group sel ected
from hydrogen, an iodo group, a substituted or unsubstituted Cl-C3 al kyl
group, a substituted or unsubstituted G2 C3 al kenyl group, or a substituted
or unsubstituted C2-C3 al kynyl group, and - 18 R4 is a fornmyl group or a
ni tro gr ogpbodimendb\l 3t haherellootthge blasei 0§ £oravdaof2 fisr mellecteids from

I ncorporated at a site conplenentary to the nucleotide having a base of
fornul a 2the0@FYUPEFesELStANgI @ :A net hod for preparing a nucleic acid
cont ai ni ng a nucl eoti de havin% a base represented by the follow ng formula
2: [0040] [ For Bd)a a7 -Rormyd -Li-pyrredodry ] @OM®i:n R3 is a group sel ect ed
from hydrogen, an iodo group, a_ substituted or unsubstituted Cl-C3 al kyl
group, a subst Bédt &d 2-ermydudsiioderdd -eYreelalkddy I9XQUBUp, or a substitut ed

or unsubstitute% C2-C3 al kynyl %Jou , .and
B3) a 2—formf&-4-m thy&-lH—pyrrol-1~yl group;

B4) a 2-formyl-4-(1l-propyn-1-yl)-1H-pyrrol-1-yl group;
B5) a 2-formyl-4-(2-substituted aminovinyl)-1lH-pyrrol-1-
vl group;
B6) a 2-formyl-4-(3-substituted amino-1l-propyn-1-yl)-1H-
pyrrol-1-yl group;
B7) a 2-nitro-1H-pyrrol-1l-yl group;
B8) a 2-nitro-4-iodo-1H-pyrrol-1-yl group;
B9) a 2-nitro-4-methyl-1H-pyrrel-1-yl group;
Bi0) a 2-nitro-4-(l-propyn-1-yl)-1H-pyrrol-1-yl group;
Bll) a 2-nitro-4-(2-substituted aminovinyl)-1H-pyrrol-1-
vl group: and
B12) a 2-nitro-4-(3-substituted amino-1l-propyn-1i-yl)-1H-
pyrrol-1-yl group.
[0033] Embodiment 16: The nucleic acid according to any one
of embodiments 13 to 15, which forms a base pair(s) in the
step of transcription, reverse transcription, replication or
translation.
[0034] Embodiment 17: A method for preparing a nucleic acid
containing a nucleotide having a base represented by the

following formula 1:



Ris a fornyl group or a nitro group], wherein the nethod conprises
effecting transcription, reverse transcription or replication by using, as
a tenplate, a nucleic acid containing a nucleotide having a base
represented by the followng fornula 1: [0042] [Fornula 8 R2 <A - 19 -
[0043] [wherein Rl is hydrogen or an am no group, R2 is a substituted or
unsubstituted 2-thienyl group, a subst ituted or unsubstituted 2-thi azol yl
group, or a substituted or unsubstituted 1H 2-im dazolyl group, and Ais N
or CH, whépapy {FKermudredili de having a base of fornula 2 is incorporated
at a site conplenentary to the nucl eotide having a base of fornmula 1.

[ 0044] Enbodi nment 19: A nucleic acid containing a nucleotide having a base
of formula 1 and/orpyRornula 2, which is prepared by the nmethod according to
enbodi ment 17 or 1 [ 0045] Enbodi nent 20: The nucleic acid according to
enbodi nent 19, whicli is tRNA, nmRNA, antisense DNA or RNA, a ribozynme, an
apt aner or Si . ] Enbodi nent 21: A ribonucl eoside 5 -triphosphate
havi ng a baag're Iesen ed by the following fornula 1: [0047] [Formula 9) R2
f NR [0048 Pi [ el 1.45 hydrogen or an am no group,

[0036] [wherein

R' is hydrogen or an amino group,

R’ is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH],

wherein the method comprises effecting transcription,
reverse transcription or replication by using, as a template,
a nucleic acid containing a nucleotide having a base
represented by the following formula 2:

[0037] [Formula 6]

[0038] [wherein

R?® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or

unsubstituted C,-C; alkynyl group, and



R2 is a substituted or unsubstituted 2-thienyl group, a substituted or
unsubstituted 2-thiazolyl group, or a - 20 substituted or unsubstituted

1H 2-im dazolyl group, and A is N or CH . [0049] Enbodi ment 22: A

ri bonucl eoside 5 -triphosphate having a base represented by the foll ow ng
formula 2: [0050] [Formula 10] R3 R_[agfl] [wherein R3 is a group selected
from hydrogen, an iodo group, a substi ed or unsubstituted Cl-C3 al kyl
group, a substifuted or unsubstituted C2-C3 al kenyl group, or a substituted
or unsubsti tuBeoF-%Zﬂ@%lﬁk%/rﬂEm&?dﬁb aanﬁtm 9o Y ornyl group or a nitro
group] . [OOSZL Enmbodi ment 23: A 5 é ‘- di methoxytrityl)-3" -0

(2- cyanoeWh?F RVN¢3F|§55463§FBﬁo§BH6P aﬁ1HPF§)°fd§8¥VPFBoﬁu3FeOS|de havi ng a

Fis° [0SHHCPRAFEFRSRBY; & RYRPofemPLPRANEart: FOLERR ANPREOLIORphaYIng Ro

is a substiéuted gr unsu?st tuted 2-thienyl group, a substituted or
unsubst i t 3t BASS- Phi §95MPLa, oup, or a substituted or unsubstituted

1H2-imd gro A [ r [ 0055] _Enbodi nent _24: A

5'-C>(4,4?6§# thoxsﬁp??§W?n§ §e> R mgtmod 9 Lreparlng a4 nuclelic acid
containing a nucleotide having a base represented by the
following formula 2:

[0040] [Formula 7]
133
! \S
R* T

[0041] [wherein

R? is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R* is a formyl group or a nitro group],

wherein the method comprises effecting transcription,
reverse transcription or replication by using, as a template,
a nucleic acid containing a nucleotide having a base

represented by the following formula 1:

[0042] [Formula 8]



(2-cyanoet hyl N, N-dii sopropyl phosphoroam dite) deoxyribonucl eosi de having a
base represented by the followwng fornula 4: [0056] [Formula 12] R7 R8 4 4
N 1 [0057] [wherein R7 is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted Cl1-C3 al kyl group, a substituted or
unsubstituted C2-C3 al kenyl group, or a_gsubstituted or unsubstituted C2-C3
al kynyl group, and R8 is a fornyl groﬂp1 r"a nitro group, excluding the case
where R7 is hydrogen or a 1-propynyl group and R8 is a fornyl group].

[0058] Enb®@#¥kntwirereinnucleic acid containing a nucleotide having a base
represented by formula 2, which is prepared by the nmethod according to
enbodi ment 18, RuHdr fvdnagen QHan «@yERe @FqWPfornula 2 is a Cl-C3 al kyl
group, a C2-C3_, al kenyl group or_a C2-C3 alkynyl group, each being
substituted wWR? H%i%tﬁ%%ﬁiﬁl?ﬁ%&%%ﬂb%%%z‘-th}?n}[-"omu?&rrt?odi ment

26: The ribonucl eoside 5 -triphosphate. accordjng to enbodi nent 22, wherein
RBis a CﬂFQﬁF%ﬁﬁﬁ?ag?Bu ,Suéﬁ%it€§e§|%éﬁQ$aa?%ﬂg FFOoWP c22¥32al kynyl group,
each being . supstjtuted with bjoti r | yorescent . nol ecul e. [ 0060]

embod renfubstLented: F, thsibstihufed 18 21 AR E3E6 (S 85ncmmay )
N,N—diisopropx&aﬁos&hqéggﬁ}dite) deoxyri bonucl eosi de according to

enbodi nent 24, 2rei A § a Cl-C3 al kyl group, a C2-C3 al kenyl group or

a C2-CG3 a&ﬁﬁf@%y the nucleotide having a base of formula 2 is
incorporated at a site complementary to the nucleotide having
a base of formula 1.

[0044] Embodiment 19: A nucleic acid containing a
nucleotide having a base of formula 1 and/or formula 2, which
is prepared by the method according to embodiment 17 or 18.
[0045] Embodiment 20: The nucleic acid according to
embodiment 19, which i1s tRNA, mRNA, antisense DNA or RNA, a
ribozyme, an aptamer or siRNA,.

[0046] Embodiment 21: A ribonucleoside 5'-triphosphate
having a base represented by the following formula 1:

[0047] [Fermula 9}

[0048] [wherein
R! is hydrogen or an amino group,
R’ is a substituted or unsubstituted 2-thienyl group, a

substituted or unsubstituted 2-thiazolyl group, or a



group, each being substituted with biotin or a fluorescent nolecule. MEANS
FOR SOLVI NG THE PROBLEMS [0061] As a result of extensive and intensive
efforts made to solve the problens stated above, the inventors of the
present invention have arrived at the present invention. [0062] Devel opnent
of unnatural base pair systems of the sent invention To obtain an
artificial base pai r showi ng excellent “efficiency and selectivity during
reacti ons of Ellcatlon and_ transcription, the inventors of the present
|nvent|onSHB§E1 §F89l86 HB§BDE§FF§t83n Fr@c?@&dﬁﬁ°&gﬁbﬂﬁPﬁg s8%& al

unnat ur al basg S _whi had been devel oped on their own. [0063] The

i nventors of tfte ﬁr s8ht CRA vention have found that a conbination between

ot UHBBRE MGl ol s ARRIN R SETERL Bt
d ff d P bl i shed).

FhCine pr BeEhbal H, bAFe KEBERERLEAN Pk BhE FoPRBHIRR, rrpliih 451, PO NeY

7-(2- th|egg?lOik¢kg}ﬂaig[€0§hb]pyrldln 3-yl - 23 group (Ds) frpn1s t hr ough

CH substi or one o e two N atons in the 6-nmenbered ring of the
purine ring and replacenent of the amno group at the 2-position with
hydr ogen, i.e., thro deaza nodi fication and deam nation, and have
studi ed the fldellty artificial base pairing between Ds and Pa. As a
result, the inv s have found that artificial base pairing between Ds
and Pa is h| hi ective and efficient during replication and
transcrlpt;q eg dl ess of which of them serves as a tenplate or

substrat e, heredﬂ arriving at the present invention.

[0051] [wherein

R® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R* is a formyl group or a nitro group].
[0052] Embodiment 23: A 5'-0-(4,4' -dimethoxytrityl)-3'-0-
(2-cyanoethyl N,N-diisopropylphosphoroamidite)
deoxyribonucleoside having a base represented by the following
formula 3:

[0053] [Formula 11]

Fqﬁ

A

¢T
N7 RS

[0054] [wherein

R® is hydrogen or a substituted amino group,



[0064] More specifically, it has been found that hydrophobic base pairings
between 7-(2-thienyl)-imdazo[4,5- b]pyridine (Ds) and

pyrrol e- 2-car bal dehyde (Pa) as well as between Ds and

4- propynyl pyrrol e- 2-car bal dehyde (Pa') (Figure |la) are highly selective
during in vitro replication and transpg%ftion (Figure ic). During
replication, the inventors of the pres Tnvention have used usual
5'-triphosphate, substrates in conbination with nodified 5' -triphosphate
substrates, i.& 6 18 aysuRsldtutpRosphureuberifuted| By thigaylhgheuPur fher
used DNA pol ynerases having 3'-+5" exonuclease_ activity to thereby achieve

hi gh sel e SUBFtLFURHI P URGHEP SPAR U tey 4-thdaz0ody 1o IT9NR «f PFgFent s cont ai ni ng

a Ds-Pa bas air. reover, thes nnat ur al base ave been introduced
o R SR R B ORI g OV AL S0 Gl Ch 17 RA
pol ynerase. [O 63%i3£re %ﬂﬁcifically, the inventors of the present

i nventi on have & ‘s Ds- Pa base pair in consideration of the

fol |l owi ng i.deas: dr gphgpbi ases se shape - 24  differs from
that Jof ndodBs basgg‘pé’r&é%l?é‘gﬂdr}%'t%‘ £hé aﬁ% dislﬂ'ﬁfcg'\ﬂ’%’ T e e ty of
base pairing n- n Jocunents 1 nd_22): _and. prot on acceptor

gr oups red%i F&g%ote(%?ltyiﬁh?qérbg?ﬁi osr?p\tﬁowaﬁoofl?\ifro)afgggu%ﬁo%-)patent Docunent s
23-25) ar her i ingludi_ng _t he ni - it of
Ds (correg%S% F%§§ﬂ§a¥€§%¥§§x§aﬁﬁg%ng%RSEH5Q%§£%%§HF%%b&2ﬁ€§h3%§%§ﬁ¥h?(ﬁ
Pa (corregg diing 4.0 the keto group at the 2-position of Cand T) (Figure
la). [006 ]Qﬂb rophobi c base pairs have a fatal problemin that non-cognate
base paringgghiq@gymdﬂapqgﬂrs bet ween hydrophobi ¢ bases, whose are not

conpl ementary i'n shape (e.g., Ds-Ds pairing) (Non-patent Docunments 14 and
29). To test the 7

[\

N
|

[0057] [wherein

FqB

R’ is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C,-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted ox
unsubstituted C,-C; alkynyl group, and

R® is a formyl group or a nitro group,

excluding the case where R’ is hydrogen or a l-propynyl
group and R® is a formyl groupl.

[0058] Embodiment 25: A nucleilic acid containing a
nucleotide having a base represented by formula 2, which is
prepared by the method according to embodiment 18, wherein the
substituent R® in formula 2 is a C;-C; alkyl group, a C,-C;
alkenyl group or a C,-Ci; alkynyl group, each being substituted

with biotin or a fluorescent molecule.



sel ectivity of Ds-Pa base pairing during replication, the inventors of the
present invention have studied the base pairing capacity between substrate
and tenplate in a single nucleotide insertion experimnment using the Kl enow
fragnent | acking exonucl ease activity (KF exo-) (Figure 2a) (Non-patent
Docunents 30-32). [0067] The substrates (dDsTP and dPaTP) and tenpl ate DNA
containing Ds or Pa used in the experiT ‘Wwere chemcally synthesized
(Exanples | and 11). The results fromthe experinent indicated that Ds-Pa
base pai ril@@581d A- Fmbaddmepdi 2itrng Togc Fidnaned ensdier 5seltadphpisphatiean t he
pai ring select|V|ty of the other, non-cognate, base paring __conbinations
(Fi gure 2BCCPASHEg 1oapEmboimendsdR TableseinER)els néng ¥t Slkgle F@Peot | de
insertion intg tenplate DNA with the Kl enow fragnent - 25 - L0069] [ Tabl e
1] pri ner 3 C2 76T ESAACITUE AT 2 tCnCanadkynyl "group, each being

3' - TATTATGCTGAGTGATAT GAGCT Entr ItN de KMY, ., a,
Ef fi ci encyud ﬂFlFPFeﬁoggﬁgnggﬁﬁP 03 & ﬁﬂﬁ@f%éve " v egﬁng 26 12 "a28
5) 1.1 2 Pa_dDaTPN 1 0) 12 dA ) 0 2](6
0L X 1o [0968)° o ERBpRametito 07 b ThE 5 -P-1ls 1) -ggh Fatalasd’ Lea,

0.42 (0.0 80 (530 0.097 (0.025)

1.1 x | ié §Y§8°8%g¥é §95?36§£qyf%ﬁi%ﬁ%%ﬁ;ﬁ°f§aw ll? %9 Pa’ dDsTP 24(2)
21(6) 8. 8déoﬁgglb%%ugieo%?ﬁEPQC%%%dgﬁy to %%Lo%1me§t194 wherein R’ is

a C;-C; alkyl group, a C;-C; alkenyl group or a C,-C; alkynyl
group, each being substituted with biotin or a fluorescent
molecule.

MEANS FOR SOLVING THE PROBLEMS

[0061] As a result of extensive and intensive efforts made
to solve the problems stated abhove, the inventors of the
present invention have arrived at the present invention.

[0062] Development of unnatural base pair systems of the

present invention

To obtain an artificial base pair showing excellent
efficiency and selectivity during reactions of replication and
transcription, the inventors of the present invention have
studied base pairs constructed by combining several unnatural
base pairs which had been developed on their own.

[0063] The inventors of the present invention have found
that a combination between 2-amino-6-(2-thienyl)purin-9-yl (s)
(Non-patent Documents 17 and 33) and 2-formyl-1H-pyrrel-1l-yl
(Pa) (Non-patent Document 26) is highly selective and
efficient during transcription (Patent Document 4: not yet
published}. In the present invention, the inventors have

further prepared a 7-(2-thienyl)-3H-imidazo[4,5-b]pyridin-3-yl



Pa' dATP 570 (240) 2) (11) 3.7 x 10' 12 Pa' dATPH 800 (400) 2.4 1.3)

|

3.0 x 10' 13 Pa' dGTP 800 (170) 0.44 (0.09) 5.5 x 101 14 Pa' dCTP n.d.

n.d. 15 Pa' dTTP 1400 100 0.14(0.04) 1.0 x 101 16 Pa' dP.' TP 190(90) 7.8
(2.4) 4.1 x 100 17 A dDsTP 33(9) 1.1(0.1) 3.6 x 10° 18 G dDssTP 37(6) 1.5
0.3) 4.1 x 10" 19 C dDsTP 47(26) 1.3 (Q.1) 2.8 x 10" 20 T dDsTP 45(14) 3.9
0.3) 8.7 x 10 21 A dDaTP 270 (150) 0.52 (0.16) 1.9 x 101 22 G dDsTPN
30080 0.58(0.06) 1.9 x 10' 23 C dDSTPN _ 440 %130) 0.64 (0.(5).1.5 x 30'

24 T dDsTPRO¥BO (Pslofrems s ghypughsCH sybstisutigRTos gpe 9f14hes tyo Ng)

4.1 x 106 26 T.dATPN 13(11) 3.2(1.7) 2.5x105 27 C dAT? 50Q(90) 23 (0. 8)
4.6 x 10 atsms éndR?PNE:gGQgefffof1692Bf(GPG4P“§FEexriGQ apgd c dorp 2.3

.00 bbb ok L0 B0 o bbbt ™™
-Dri . 5-50 0.3-1500 '
BB o RMASRITR B Ao P, ) o
mvl 2, T . . i .al. vn.. E

s avaPdobave sitaled PRgntiBerdly B 3 E R A bl BRI AR Ne are
det oot od BEFFERCRES andl BA72IAS A LEGERL | DREL 1 fREfL Thave FelndCEfiat

5' -triphogpl3eg 309 BAsBMpEi7YNG between Ds and Pa is highly selective

and efficient during replication and transcription, regardless
of which of them serves as a template or substrate, thereby
arriving at the present invention.

[0064] More specifically, it has been found that
hydrophobic base pairings between 7-(2-thienyl)-imidazo([4,5-
b]lpyridine (Ds) and pyrrole-2-carbaldehyde (Pa) as well as
between Ds and 4-propynylpyrrole-2-carbaldehyde (Pa’) (Figure
la) are highly selective during in vitro replication and
transcription (Figure lc). During replication, the inventors
of the present invention have used usual 5'-triphosphate
substrates in combination with modified 5'-triphosphate
substrates, i.e., 5'-y-amidotriphosphates (Figure 1b), and
have further used DNA polymerases having 3'—5' exonuclease
activity to thereby achieve high selectivity which allows PCR
amplification of DNA fragments containing a Ds-Pa base pair.
Moreover, these unnatural bases have been introduced into RNA
in a complementary manner during normal transcription with T7
RNA polymerase.

[0065] More specifically, the inventors of the present
invention have designed this Ds-Pa base pair in consideration

of the following two ideas: 1) hydrophobic bases whose shape



[0073] d. The units of this termare % mn-1M1. [0074] Table 2 Experi nent
of single-nucleotide insertion into tenplate DNA with the Kl enow fragnent
[0075] [Table 2-1] priner 5 -ACTCACTATAGGGAGGAAGA tcm 35N
3' - TATTATGCTGAGTGATATCCCTCCTTCTNTCTCGA Entry Tenpl ate Nucl eoside KMV, ,,
Efficiency O tri hos hate (M (A mn) (V,,,,IKMI Ds dPaTP 340 (150)' 21(3)
6.2 x 10' 2 Ds dP& TP 8207) 21(6 2.6X'fﬁ%"3 Ds dATP 150 40) 0.36 0.04 2.4
x 103 4 Ds dATP 150(30) 0,048 (0.022) 3.2- 101 5 Ds dGIP n.d." n,d. 6 Ds
dCTP 410 946ferssfgopsihatzof pgrurplpbases, axgoused) withy the)aim of x 103
8 Its dDsTP 8.0 .3.9) . 1.6 0.%) 2.0 x 105 9 Ds dD TP 79&13) 0.18(0.12) 9.9 x
103 10 AlmpzerisgothesseiecEivily. o4 base padpine {Neps®pterds1 (0.006) 4.4
x 10 12 C dPaTP n.d. n.d. .13 T dPaTP 170(60) 0.053 (0.016) 3.1 10 14 A
iPa’ TP 11BOCHBPNSE 47 208 22005 andl 38 BERIPR BSCERI08 S5CODEaF SRR TRA0s 16
C dPa' TP 8034,0.059 0..023 7.4 x 101 17 T a' TP 120 (110 0.19 (Q.0 1.6 X
10' 18 A ﬁTé“&?f&Eg.i%‘) with ?F’é)‘*”“&.”@sﬁslg§°fgpﬂ%&&fpﬁffb‘6'e o%?’z%(’o. 9)
1.8 x to, __20_G P 0.24 18), 5.5 (1.7).2.3.%x 10" 2 dTTP_14Q(70) 0.29
(0.12) 2, =8 FGeL067cPrR v RSEs dnfaRd by FrB, Ralrbaems 2t F5E B ppidgioh
mnutes UengsS (MoteMREALGIRY T 14”5053 130n WSR2 4R ¥1%ana the

aldehyde group of Pa (corresponding to the keto group at the

2-position of C and T) (Figure 1la}.

[0066] Hydrophobic base pairs have a fatal problem in that

non-cognate base paring efficiently occurs between hydrophobic

bases, whose are not complementary in shape (e.g., Ds-Ds

pairing) (Non-patent Documents 14 and 29). To test the

selectivity of Ds-Pa base pairing during replication, the

inventors of the present invention have studied the base

pairing capacity between substrate and template in a single

nucleotide insertion experiment using the Klenow fragment

lacking exonuclease activity (XF exo’) (Figure 2a) (Non-patent

Documents 30-32).

[0067] The substrates (dDsTP and dPaTP) and template DNA

containing Ds or Pa used in the experiment were chemically

synthesized (Examples I and II). The results from the

experiment indicated that Ds-Pa base pairing and A-T base

pairing each showed higher selectivity than the pairing

selectivity of the other, ncn-cognate, base paring

combinations (Figure 2b, Tables 1 and 2).

[0068] Table 1 Experiment of single-nucleotide insertion

into template DNA with the Klenow fragment



0. 3-1500 pM nucl eoside 5' -triphosphate in a solution (10 1)

50 MM Tris-HC1 (pH 7.5),
Each paraneter was averaged
St andard devi ations are given in parentheses.
products (<2% were detected after

al bum n.

nucl eosi de
termare

i nc

5' -tri phosphate and 50 nM’e
dDsTP was i ncorporated opposite Ds in the

% m n-1M 1.
tenpl ate WOOROHi §Fabiei dilency (Vimax/ KM = 2.0 x 105),

However,

M ni mal

27

[0077] b.

cont ai ni ng
10 MM MgC12, 1 nmM DTT and 0.05 ng/m bovi ne serum
from3 to 8 data sets.

[ 0078] c. I nserted

tion for 20 mnutes with 1500 pM

me.

the incorporation efficiency of dPaTP opposite Ds

whi ch was

hi gher

[0079] d. The units of this

t han

(Vmax/ KM = 6.2 x 10').

This Ds-Ds pairing falls within_a_problematic base paring with no shape
fitting betweemmmhydrophoblc b54CECACTATAAGGAGEITOrI | cause deformation ijn the
B- type DNALst I leropds A AGTGACKTIRC Gnacon opposite Ds ijn the
tenpl ate w || Emtyop theuﬁubseiuenhﬂﬁmﬁen>ion xuring replJcat O Rtficidng)
exanpl e, when Ds-cpntai@® Ng tlenpipipmeDNA Wagmyuseq t quR@ff or M BL IR .
extension ip alsolJt!onppongalnlqgﬂpoth aB ly»anc aD51 R sun>thﬁtg§——pr|ner
ext ensi on Wt mrne P\I ENpw T TAgMEI, frav g (2,0) EXOTH] TasE %\jtxiq\iu ti,,j (KF
exo') was mhi b tgd—Frgure2d—rattes u aft- 4 r—becatst—dbsT —He ration
opposi t e DsiH-Aithel-terpiate—y A -8k [\ : TP
(O 5 or 1 nol ar" egl HLal E\'nf of dlzﬁﬂﬂzl nrﬂﬁ@?}(“ﬁmn JD] vE2{iRi s l]d(ﬂﬁl‘ﬂ%nt dl
probl em of |hydéfophbbi c Phase |pai rdSHY dul i ntfof1dgy] | dat 04310.09% hej | B8emtord of
the present| ivention ®ave fiurt WeTP used a nwfli fi ¢d 5 nd.ri phosphate, i].e.,
-y-am dotfiphosphate mf Ds {(Fi goree | bi deagted 3as wbDGed) BS 1.1a;@ubgtrate.

The inventofs Rave|foungh t hat] thgedrpcorpor agol@f - (25 0.56(0.09) 1.5 % 10°

9 Pa' dDsTP 24 (2) 2(5) 88 10°

10 Pa' dDsTPy 230 (50) 13(5) 5.7 % 10

1 Pa' dATP 570 (240) 21010 3.7 %0’

12 Px' dATPy 800 (400) 2.4 (1.3) 3.0 x i’

13 Pa' dGTP 800 {170) 0.44 (0.09) 5.5 x 10

14 P’ dCTP nd. nd, -

15 Pa' dTrP 1400 {106) 0.14 (0.04) 1.0 x 102

16 P’ dPa'TP 190 (90) 7.8 (2.4) 43 %10

17 A 3D(TP 33 (9) 1.2(0.1) 3.6x10*

I8 G dDsTP 37(6) 1.5 (0.3} 4,1 x 10*

19 C dDsTP 47 (26) 1.3(0.1) 2.8 %10

20 T dDsTP 45 (14) 3.9(0.3) 8.7 « 10’

2] A dDsTPy 270 (150) 0.52 (0.16) 1.9 x 10’

22 G dDsTPy 300 (80} 0.58 (0.06) 1.9x 10"

23 C dDsTPy 440 (130) 0.64 {0.15) 1.5x 10°

24 T dDaTPy 480 (110) 1.7 (0.2) 3.5% 10

25 T dATP 0.81 (0.44) 3.3(1.8) 4.1 x 10*

26 T dATPy 13 (11) 3.2(1.7) 2.5% 10°

27 C dATP 500 (90) 2.3(0.8) 4.6 % 10"

28 c dATPy 590 (110) 0.20 (0.04) 34x10

29 C dGTP 2.3 0.1} 16 (4) 70x 10t

30 T dGTP 420 {20) 1.2(0.1) 29x10°

[0070] a. Assays were carried out at 37°C for 1 to

35 minutes using 5 uM template-primer duplex, 5-50 nM enzyme

and 0.3-1500 puM nucleoside 5'-triphosphate in a solution

(10 ul) containing 50 mM Tris-HCl1l (pH 7.5),

DTT and 0.05 mg/ml bovine serum albumin.

10 mM MgCl,,

1 mM

Each parameter was



efficiency of dDsTPN opposite Ds in the tenplate was significantly reduced
(Vmax/ KM = 9.9 x 103). However, a further problemarose in that the

i ncorporation efficiency of dDsTPN opposite Pa in the tenplate (VnmaX KM =
6.7 x 10) was reduced to a level close to the incorporation efficiency of A
opposite Pa in the tenplate (Vmax/KM = 4.3 x 104). This problem could be
sol ved by using 5 -y-am dotri phosphat e A & (dATPN). When wusing dATPN

i nstead of dATP, the incorporation efficiency of dDsTPN opposite tenplate
Pa was 37avgradedyfaom Bata Batdad S@ABPN opposite tenplate Pa (Vmax/ KM =
1.8 x 103), so that the high selectivity of Pa-Ds base pairing could be
mai nt ai ned 9071do81] brhfta 4 deadeddonss arge Jivededn PRFERLIESSFaye

achi eved the highly conplenentary selectivity of unnatural base pairing
during repl09d2di on” 1§y dindgalsdaserted prodycigai&2d)dpere deteetedcTp and
dTTP in conbination with 5'-y-am dotriphosphates dDsTPN and dATPN (Figure
2c). [o008ZEtex dmeubaddonc£oz 20haipydies wdtudS001+¥ apsteqsideri ner

R R R L Tl e RS
RS G G RN N U2 Tk S A
Lanes 2. o, | TORhR A b R S LSS IR AR (e
CHTRCLenCtds TRALRED S DR RS B R Tho0eorpor ot on o

| mprove tnﬁoislﬁbgﬁﬁ%#% 2o_fllunnatural base - 29 pairing, the inventors of

t he prese aveé ‘'used a DNA polynerase having 3'--5" exonucl ease
activity in this
primer §.ACTCACTATAGGGAGGAAGA
termp3SN- F-TATTATGCTGAGTGATATCCCTCCTTCTNTCTCGA

Entry Template Nucleoside Ku Viax Efficiency
™ iriphosphate {pM) {% min™) hﬂfu)d

| Ds dPaTP 340 (150)° 21(3) 6.2 % 10*

2 Ds dPa'TP 8217 21 (6) 2.6 x 10°

3 Ds dATP 150 (40) 0.36 (0.09) 24 % 10°

4 Ds dATPy 150 (30) 0.048 (0.022) 3.2x 10

5 Ds dGTP nd. n.d, -

[ Ds dCTP 410 {190) 0.34 (0.05) 8.3x 10

7 Ds d1TP 220 (20) 041 {0.17) 1.9 x 1¢*

8 Ds dDsTP 3.0 (3.9) 1.6 {0.1) 2.0 x 10°

9 D ADSTPy 7903 0.78 (0.12) 9.9 x 10°

10 A dPaTP 330 (160) 17 52 10°

1 G dPaTP 140 (20) 0.061 (0.006) 44 %10

12 C dPaTP n.d. nd. -

13 T dPaTP 170 (60) 0.053 (0.016) 3.1 %10

14 A dPa'TP 119 (40) 20 (6) 1.8 % 10°

15 G dPa'TP 80 (14) 0.)3 (0.03) 1,6 %10

16 C dPa'TP 80 (34) 0.059 (0.023) 7.4 x 10°

17 T dPa'TP 120 (50) 0.19 (0.07) 1.6 10°

18 A dTTP 0.70 {0.40) 28(L%5 40x10°

19 A dCTP 1200 (600) 2.2 (0.9) 1.8%10°

20 G dCTP 0.24 (0.18) 5.5(.7) 2.3x 10

21 G dTTP 140 (70) 0.29(0.12) 21x 10

[0076] a. Assays were carried out at 37°C for 1 to 35

minutes using 5 pM template-primer duplex, 5-50 nM enzyme and

0.3-1500 pM nucleoside 5'-triphosphate in a solution (10 pl)



system The use of KF exo+ significantly reduced the efficiency of priner
extension after formation of undesired A-Pa and Ds-T base pairs, whereby
pri nmer extension paused around the unnatural base position (Figure 2d, Lane
1 and Figure 2e, Lanes 9, 10, 17 and 18). [0084] Thus, the inventors of the
present invention have preferably used a DNA pol ynerase having 3 --5
exonucl ease activity in conbination wrtB7usual 5'-triphosphate substrates
and nodified 5 -triphosphate substrates to create a specific wunnatural base
pai r syst eronta iifigined imM STt DgeHtEr (pH th. 5% .7 1emM MgCbasa M mardwndg
replication. [0085] Unnatural base pairing is forned by specific shape
conpl enent®rd 3 ymgpbtvdzow 1xzes eseremoa Heurein | ad&Eashh pairageterborad mydndgedact i on
bet ween bases. During replication, this unnatural base pairing shows
parti cul arfsomiyhtsed edataisgts when conbi ni ng usual 5'-triphosphates and
nodified 5'-triphosphates (i.e., 5 -y-am dotriphosphates) for use as
subst r at esl 877l DNA ol Shandaed deviat Bong' arx ogingrabe parehiheseg 3' - 5'
exonucl ease-proficient DNA pol ynmerase) which allows PCR anplification,
pref er abl ylMW &l pr acti dinimak| ingrrted tprodugts | 0&2% 1 yweirmdétegredt s
cont ai ni ng unnatural bases can be confirnmed for their sequences by
di deoxynu@fiey dencuthal on eforr e i vingkeg arciingl SUpplemutkebsidé substrates
of the unnatural bases. Mreover, the conplenentarity of wunnatural base
pai rs can hethEkRhesRRA Hrand o3P AMt#REEDases into RNA during normal T7
transcription. - 30 _[0086] The present invention grovigesla novel nucleic

C

acid anpli99eation Systhen iR tR) ehytibe rmrate comimatlion of 1) to 3)

shown below (90971, 1) R LoNNE) 951 988 s ARIOSHIE 5y Lk v ©f

template with high efficiency (Vmax/Ku = 2.0 x 10°), which was
higher than the incorporation efficiency of dPaTP opposite Ds
(Vnax/Kn = 6.2 x 10%). This Ds-Ds pairing falls within a
problematic base paring with no shape fitting between
hydrophobic bases, and hence will cause deformation in the B-
type DNA structure. As a result, dDsTP incorporation opposite
Ds in the template will stop the subsequent extension during
replication. For example, when Ds-containing template DNA was
used to perform primer extension in a solution containing both
dPaTP and dDsTP substrates, primer extension with the Klenow
fragment having 3'—5' exonuclease activity (KF exo') was
inhibited (Figure 24, Lanes 3 and 4) because dDsTP
incorporation opposite Ds in the template would be facilitated
with increase in dDsTP (0.5 or 1 molar equivalent of dPaTP).
[0080] To solve this fundamental problem of hydrophobic
base pairing during replication, the inventors of the present
invention have further used a modified 5'-triphosphate, i.e.,

5'-y-amidotriphosphate of Ds (Figure 1lb; denoted as @DsTPy) as

a substrate. The inventors have found that the incorporation



t he hydroxyl group of phosphoric acid at the y-position is substituted with
a group selected fromthe group consisting of an am no group, a nethylam no
group, a dinmethylam no group, a mnercapto group and a fluoro group, is used
as a substrate during replication reaction; 2) a DNA pol ynerase having
exonucl ease activity is used during repljcation reaction; and 3) artificial
base pairing between a nucl eotide havrhg " base of fornmula 1 described

| ater and a nucleotide having a base of formula 2 is used. [0088] To enable
a better effdciensy of GPsTPs pppeshte Pavintthe, tempiabpnwas of the
background and of the present invention has been  expl ai ned above. The scope
of the predendificanddyi eedusedo ViixiKued BHy9tnel @boveHewpramat rofurheri s
defined by the clains. [[0089] Method for nucleic acid replication In one
enbodi nenProbhemALegs: iy HoRti dhepiderdeerationertdcinggyr OF P&TENc acid
replication. The nethod of the present invention_is characterized in that a

deoxyr i boRBPPESEdE a5 in thendeprdpde (Nna{Kuh=t fie7 hydt Xy Ivagykaipcsd to

T o o Vi B, bt ety Beopodpatiie! ¢l o

Subst 1 at o LAUEPg CPBBALA (G RaTm 41 ot 00 [ 5858 DRREAemnEoRdr BRyl ~gr oup

S Ui phodahaed by Beihdes “35a5t dnBetPhefrhars rot Bol ihEPrbn MBSBi on i s

Subst Ut il WarBicln BBk HRRk 28k EhSSEERNPLoh EpERbESAY B O
dDsTPy opposite template Pa was 37-fold higher than that of

dATPy opposite template Pa (Vpax/Ku = 1.8 x 10°), so that the
high selectivity of Pa-Ds base pairing could be maintained.
[0081] Thus, the inventors of the present invention have
achieved the highly complementary selectivity of unnatural
base pairing during replication by using usual 5'-
triphosphates, dPaTP, dGTP, ACTP and 4dTTP in combination with
5'-y-amidotriphosphates dDsTPy and dATPy (Figure 2c).

[0082] In the presence of the modified substrate dDsTPy,
primer extension after Pa incorporation opposite template Ds
proceeded without being inhibited (Figure 24, Lanes 5 and 6).
Moreover, primer extension after dDsTPy incorporation opposite
template Pa or after AATPy incorporation opposite template T
also proceeded efficiently (Figure 2e, Lanes 2 and 14).
Interestingly, when 4ATPy was misincorporated opposite
template Pa, the subsequent extension reaction showed
significantly reduced efficiency as compared to the extension
reaction after misincorporation of AATP c¢opposite template Pa
{Figure 2e, Lanes 4 and 5).

[0083] To further improve the selectivity of unnatural base



| nproved sel ectivity, the use of such nodified 5'-triphosphates allows the
replication reaction involving artificial base pairing to proceed in a
substantially avail able nmanner, even if the efficiency of substrate

i ncorporation is reduced as conpared to unsubstituted substrates. [0091]
The above substituent is preferably an ) no group. [0092] The hydroxyl
group of phosphoric acid at the y-positTon of deoxyribonucl eoside
5'-triphosphates can be nodified in any known nmanner. For exanpl e, Exanple

| - 3-(15) Pad&ings) thesdnvisators: &fh the Pregesnd éé’é’eév:ﬁ-tql?e ayeo B8 @  from

correspondi ng nucl eosi des where the substituent is an am no group.
Al ter nat i PERy pollgmegasenthapdaghent>47 axeBuclieaseodesivyhvhdsi shppocedures

for y-an1dated nucl eot i des. kOOQSL Li kewi se, in_other cases where the
substitueﬁtYSi §7y  GheuBstt AL KFhex anséﬁﬁﬁiﬁ?%w Fe€u°e§ ?r@?hyl ani no

, t o fl
modi 1 ed BHEIRISHd: 68 #h °“pse%@n§§mnhap Yo ommat gt TABRLEES t hose
killed h t Repl t t t ed

cxcept fob-G8 AGY R@[%biv% A S g P &s‘&%‘me ugediom

W.t hout h t f bl
to use a BEAUHS 3?}&“ e Pavsn poraseen (ETRYER 24 tae S o ¢
avoi di ng ] %ihrag n%%n%%eglfwb t¥yu% |r|ng durlng repllcat|on reaction.

C

The pol ynerase ™ havi Ng exondcledse ‘a IVIt ‘is selected fromthe group

const st ngBlafe BN (620 o T RAleY JEARET, ideritichTaAe | © DA

pol yner as Therndcoccus litoralis- 0 ynerase) each
having 3 __gfe§é%&§95§%%?a %ﬁ%‘ﬂ&i&merase having 3'—5' exonuclease

activity in combination with usual 5°-triphosphate substrates
and modified 5'-triphosphate substrates to create a specific
unnatural base pair system which functions together with A-T
and G-C base pairs during replication.

[0085] Unnatural base pairing is formed by specific shape
complementarity between bases, and hence lacks hydrocgen
bonding interaction between bases. During replication, this
unnatural base pairing shows particularly high selectivity
when combining usual 5'-triphosphates and modified

5’ -triphosphates (i.e., 5'-y-amidotriphosphates) for use as
substrates of a DNA polymerase having 3'—5' exonuclease
activity (3'—5’' exonuclease-proficient DNA polymerase) which
allows PCR amplification, preferably on a practical level and
with high fidelity. DNA fragments containing unnatural bases
can be confirmed for their sequences by dideoxynuclecotide
chain termination sequencing supplemented with substrates of
the unnatural bases. Moreover, the complementarity of
unnatural base pairs can mediate incorporation of these bases

into RNA during normal T7 transcription.



[ 0095] As an enbodi nent of the nethod of the present invention, a

deoxyri bonucl eoside 5' -tri phosphate having an unnatural base may be used as
a substrate. In recent years, studies have been conducted to devel op base
pai rs having hydrogen nodes different fromthose of natural base pairs and
capable of elimnating base pairing with natural bases by steric hindrance;
and hence sone artificial base pairs Hav¥® Deen reported. Conbi nati ons known
as artificial base pairs include those based on hydrogen bondi ng between
bases, and008ikdse bIbedpPFesend HpYedihebi proyideshasaovelln npgdiedicc agdidds
havi ng these unnatural bases, the present invention has achieved increased
sel ecti vi eppddd ieptione §¥y tedy Msdnot BRYs OnepPfoRT Aegiorbinaddonn@fod )

transl ation reaction by _ nodifying the hydroxyl group of phosphoric acid at
the vy-poditiddnsSheyDobPlPMere is no particular linitation on the type of
unnatural bases in the present invention. For ,exanple, the present

i nvent i on [888dApasséd BhaeQXITdPoguclersidsucl sdEiabosphaFeng 10 yhksbwn
unnat ural bases shown bel ow. [0097] 2-anino-6-dinethylaninogurine (x) and

2- ani no- 6 theahydroydn griour /& PRPSPROFicaredf Bdcihent-Ba§ition 1s

g oup (v) SEEREETBA IHER &1 HRiR) peteRteanaEaRuhoL SFoug constB¥ing B V!
ar oup () 2PPETaRD BEPHHERE TetRInoBuRh o-obaz . e fmeeY Lgd e rolp) 3 Y
(Xon- pat ol ARG izt 22y L7 GoFR, Sy, dB: S5 e BT EUBRE2Btbont i on
have furt%ﬁ&ing replication reaction;

2) a DNA polymerase having exonuclease activity is used
during replication reaction; and

3) artificial base pairing between a nucleotide having a

base of formula 1 described later and a nucleotide having a
base of formula 2 is used.
[0088] To enable a better understanding of the present
invention, development of the background and of the present
invention has been explained above. The scope of the present
invention is not limited by the above explanation, but is

defined by the claims.

[0089] Method for nucleic acid replication

In one embodiment, the present invention provides a novel
method for nucleic acid replication. The method of the
present invention is characterized in that a
deoxyribonucleoside 5'-triphosphate, in which the hydroxyl
group of phosphoric acid at the y-position is substituted with
a group selected from the group consisting of an amino group,
a methylamino group, a dimethylamino group. a mercapto group

and a fluoro group, is used as a substrate during replication



i nvented a novel artificial base pair, and filed a patent application on
August 4, 2005 (Japanese Patent Application No. 2005-226492). The above
application relates to an artificial base pair between
pyrrol e-2-car bal dehyde (Pa) and a 2-am no-6- (2-thienyl)-9H purin-9-yl group
(s). The above base pair shows excellent selectivity, particularly during
transcription reaction where Pa is usedhs a tenplate and s is used as a
substrate. [0098] Moreover, the inventors of the present invention provides
a further neg@edlioartificial base pair in the present invention. This novel
artificial base pair may al so be used effectively during replication
reaction i[0994 pre¥ben the AyndrexylTreupniofhphospliordq adidedt: A&t o, the
deoxyri bonucl eosi de 5' -tri phosphate used as a substrate has a base
repr esent #dpdgithent of | awlagxroihonucleoside 5°rboiphospbakel fo1be wred A
[0100] [wherein Rl is hydrogen or an am.no gyoup, R2 is a_substituted or
unsubst i t @Se@ SUOStERFE Gurdng Terddgation Lgagtigns diss SupgtdFuted, witdy v
group, or a _substituted or unsyhstituted 1H 2-im dgzolyl .group, and Ais N
or Chi . [ GBS BaRttIErraty 25 Hhd St BPH G P ST S LY T Hosphat e used
s A SbSLaNS I o PR O SRR Yool " h0gal 0L Thk A Res £0102]

improved selectivity, the use of such modified

5'-triphosphates allows the replication reaction involving

artificial base pairing to proceed in a substantially

available manner, even if the efficiency of substrate

incorporation is reduced as compared to unsubstituted

substrates.
[0091] The above substituent is preferably an amino group.
[0092] The hydroxyl group of phosphoric acid at the

y-position of deoxyribonucleoside 5'-triphosphates can be
modified in any known manner. For example, Example I-3-(15)
and {(16) described herein later disclose synthesis examples
from corresponding nucleosides where the substituent is an
amino group. Alternatively, Non-patent Document 47 also
discloses synthesis procedures for y-amidated nucleotides.
[0093] Likewise, in other cases where the substituent is a
group other than an amino group, i.e., a methylamino group, a
dimethylamino group, a mercapto group or a fluoro group, such
modified triphosphates can also be synthesized in a manner
known to those skilled in the art.

[0094] Replication reaction is not limited in any way
except for using the above substrates, and can be effected in

a known manner. Without being limited thereto, for example,



E [0103] [wherein R3 is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted Cl1-C3 al kyl group, a substituted or
unsubstituted C2-C3 al kenyl group, or a substituted or unsubstituted C2-C3
al kynyl group, and R4 is a formyl group or a nitro group]. [0104] Bases of
formulae 1 and 2 each show excellent - 35 selectivity and efficiency during
replication reaction, regardless of vhith of themis used as a substrate or
tenpl ate. Moreover, these bases al so show excellent selectivity and

ef fi ci ency-tddsi myefenabde 30 siser @aadNPopolymerese hRwiag exopudliasieal base
pair between bases of fornulae 1 and 2 praovided in the present invention
will be @3dvildad fiox ddeaiParpassyatn aved ddag: vupdesiFede noraSPesidia he
present invention based on artificial base pairing." [0106] Alternatively,

t he deoxyPaFénRatdddigiduryng repidstded Feegtdona sThet PALEMREPSRave a
natural base., There are 4 types of natural bases known for

deoxyri boRFVidgs eFeauGleasg et 1yddy A8 ertectedhtron &hre 95PUBsi ne (C) and
whbee hy ERRSLG S5 T SUERGN ELATFRE: Do DNy SOLSMSFARE5S A5 | ¢ Ut od
ol o ¢ acReETRORRIT YA SoAIRTHEE (s Her s e AR ucl cosi de
S Ctri phodBidet VERhESR BRI MASASE): Srotn Do iB%ocs oy e XaRRELEESEhe

y-positiogéfiii tituted with a group selected fromthe group consisting
of an am no @group,” a net hyl am no

[0095] As an embodiment of the method of the present
invention, a deoxyribonucleoside 5'-triphosphate having an
unnatural base may be used as a substrate. In recent years,
studies have been conducted to develop base pairs having
hydrogen modes different from those of natural base pairs and
capable of eliminating base pairing with natural bases by
steric hindrance; and hence some artificial base pairs have
been reported. Combinations known as artificial base pairs
include those based on hydrogen bonding between bases, and
those based on the hydrophcbicity of bases. In nucleic acids
having these unnatural bases, the present invention has
achieved increased selectivity and efficiency during
transcription, replication and/or translation reaction by
modifying the hydroxyl group of phospheric acid at the
y-position,

[0096] There is no particular limitation on the type of
unnatural bases in the present invention. For example, the
present invention encompasses the use of deoxyribonucleotides
having any known unnatural bases shown below:

[0097] 2-amino-6-dimethylaminopurine (x) and 2-amino-6-



group, a dinmethylam no group, a nercapto group and a fluoro group. [0108]
The deoxyri bonucl eoside 5' -tri phosphate of the present invention may have
either an unnatural base or a natural base. The ternms "unnatural base" and
"natural base" are as defined above in the nethod for nucleic acid - 36 -
replication. [0109] The deoxyribonucleo§bde 5'-triphosphate of the present
invention can be used as a substrate in-thé above nethod of the present
invention for nucleic acid replication. [0110] Nucleic acids of the present
i nvent i ontbierylparine: () c(Menppatenti Peegmant o3 hin an artificial base
pair show ng excellent efficiency and selectivity during all reactions of
replication, t®afsaRinerén(Anthiedyl) 2 9HoPurime? il corere 6F) and drisent

i nvention have_ studi ed base pairs consiructed by conbi ni ng sever al
unnaturaIO%%sElﬁbPYgiQkFC%'ﬁgdgﬁ%%ﬂ (gévePabeqt Roswaent oln. Nor-patery) ¢

the inventors have found that a conbination between
2- ani no- 6292 ENYY Y purin-9-yl (s) (Non-patent Documents 17 and 33) and

2-fornyl -1 H |21yl g 26) i s_high | ecti

and o711 ci ont @0 ARENET i Ler FOTRBRLY PLPSRES HCTheSEouR BBl 988 25t | shed).
0111] In_th ' t] t he, i t f h d

7o (2- Ui Ry ( SRTPRF ALY 3 S B rgpP of kT sCHACois IR Cunat {70 MER TRERERR "o
bsti t ut f two N at in the 6-menbered ring of th

our i ne. ri PGCHNERE cEFLEARAT of” the amno oroup at o 2 positron with

otudi ed tne TRUEFEPE 2 oaFRARaLRENS EBL) Dana T HERI LS Ras 81K 22 VY
blpyridine (Q) (Non-patent Documents 26 and 34).

The inventors of the present invention have further
invented a novel artificial base pair, and filed a patent
application on August 4, 2005 (Japanese Patent Application No.
2005-226492). The above application relates to an artificial
base pair between pyrrole-2-carbaldehyde (Pa) and a 2-amino-6-
(2-thienyl)-9H-purin-9-yl group {(s). The above base pair
shows excellent selectivity, particularly during transcription
reaction where Pa is used as a template and s is used as a
substrate.

[0098] Moreover, the 1lnventors of the present invention
provides a further novel artificial base pair in the present
invention. This novel artificial base pair may also be used
effectively during replication reaction in the present
invention. Thus, without being limited thereto, the
deoxyribonucleoside 5°-triphosphate used as a substrate has a

base represented by the following formula 1:



result, the inventors have found that artificial base pairing between Ds
and Pa is highly selective and efficient during replication and
transcription, regardl ess of which of them serves as a tenplate or
substrate, thereby arriving at the - 37 - present invention. [0112] Thus, in
one enbodi ment, the present invention_ provides a nucleic acid, in which a
nucl eoti de having a base represented by the followng formula 1: [0113]

[ Fornul a Al | NR 1 [0114] [wherein Rl is hydrogen or an

am no grotgﬁggi ;éoﬁmggﬁsiSbuted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a substituted or
unsubstituted 1H 2. m dazolyl group, and Ais Nor CH forms a base pair

wi th a nucl eotidefhavi ng a base represented by the follow ng formula 2:

[ 0115] [ For R3 RA N ] [0116] [wherein R3 is a group selected from
hydr ogen, a up, a substituted or unsubstituted Cl1-C3 al kyl group,

a substitug?d -

[0100] [wherein

R' is hydrogen or an amino group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazclyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH].

[0101] Alternatively, the deoxyribonucleoside 5'-
triphosphate used as a substrate has a base represented by the
following formula 2:

[0102] [Formula 14]

[0103] [wherein

R® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R is a formyl group or a nitro groupl].

fo104] Bases of formulae 1 and 2 each show excellent



or unsubstituted C2-C3 al kenyl group, or a substituted or unsubstituted
C2-C3 al kynyl group, and R4 is a formyl group or a nitro group]. [0117] As
used herein, the term"nucleoside"” is intended to nean a glycoside conpound
formed through glycosidic linking between a nucleic acid base and a
reduci ng group of a sugar. It should b%gunexlthat the term"nucleic acid
base" is intended to enconpass adeni ne, guanlne cyt05|ne thym ne,

uracil, and_al so derivatives thereof. The type_of "derivative" is not

i it ed |ﬁe&ﬁ?t%a}tY86€9|P?@ié}éﬁﬁWe§urFH8I6&8155§§§°Pe59é§§ﬁ98d by the

above fornul ae and | eotide" refers to a conmpound in which
the sugar TeRBF s&fO%hQEQSBVB% gﬁdBSP r A8 QnSHEFEFaﬁPtﬁgghosphorlc

d, f
S eﬁgaeﬂﬁgfeon;«a@e gtk BRI Badts 0w i
e ge°xyrksés‘é§t?”3%¥hanﬁr oEESiEREY. Y ?ﬁgu%r%a‘#rﬁggc’%%ope%%'ﬁﬁgég o in the
phosphori ¢ o186hd MogLyoLhs BYduexyl .01 QU0 .RRORRNGELE AGkd.alet he

y-positio y substi h~a~gr 6up~se ron1 e group

CO”S'St'”Q QEuigeaH‘Qﬁpuo gEovidEBt$§e%Hb”grQ58H§ 1§veﬂEEth%&iﬁhBQ group, - a

mercapto group and a rou horic acid noieties

may be ingblE-aRen far fedsial Uity kr&ﬂwnseu%hssashﬁﬁhﬁﬁ%@&hgﬁ tRE

derlvatlves ATl onuc eot | e whose sugar noiety isS ri ur anosyl

can be Usﬁgeéén% GAFRAREBhL BBsBHAonWQbEEficﬁﬁﬁxEE%EO Hikiﬂ%‘de mhose sugar

noi ety 1 s deoxyri bofuranosyl can be used as a conpo ent 0
[0118] Inipapey of harewhativenhe thec@¥bxyrhbsaakbYkogidel M dazol y! group

listed as R2 may be unsubstituted or nay bé
5°'-triphosphate used as a substrate may have a natural base.
There are 4 types of natural bases known for
deoxyribonucleosides, including adenine (A), guanine (G},
cytosine (C} and thymine (T). For these natural bases,
deoxyribonucleoside 5'-triphosphates whose hydroxyl group of
phosphoric acid at the y-position is substituted may also be
used effectively as substrates during replication reaction of

nucleic acids, as in the case of unnatural bases.

[0107] Deoxyribonucleoside 5’'-triphosphates

The present invention also provides a deoxyribonucleoside
5'-triphosphate, in which the hydroxyl group of phosphoric
acid at the y-position is substituted with a group selected
from the group consisting of an amino group, a methylamino
group, a dimethylamino group, a mercapto group and a fluoro
group.

[0108] The deoxyribonucleoside 5'-triphosphate of the
present invention may have either an unnatural base or a
natural base. The terms “unnatural base” and "natural base”

are as defined above in the method for nucleic acid



substituted at the 4- and/or 5-position(s) with one or nore groups

i ndependently sel ected fromthe group consisting of a nethyl group, an
amno group, a nitro group and a hydroxy group. [0119] Anong bases of
formula 1 in the present invention, those in which R2 is a substituted or
unsubstituted 2-thienyl group are hereipn referred to as "Ds" or "Ds

anal og, " depending on the context. Ao bases of formula 1 in the present
i nvention, those in which R2 is a substituted or unsubstituted 2-thiazolyl
group areT§®@AdcAti®herred to as "Dv' or "Dv analog," dependlng on the

cont ext . base of _fornmul iLn t pres L nvepti on, se i n which
R is a s&ggpgﬂuted hg, AGREYB &?PPHF&&° %89 P §}BPQF §P58p°§r§ Rerei n
referred to_ _as "D A "Dm_ana aggend g, on t he con& h0120] Wth
respect tBrﬁfePﬁ ﬂBWﬁBl&°? °F8r S"Ess 5§r&§8dlﬁe ap 88npasses

bot h t.h

some pri of°SPES BbotNeneEeoatin 0% %553 SpStheselrigde ga&d ?s%éﬁf%r £38R ol ooy
dependi ng (8 1bfe eTRAMIETR! 481 a8l oe! thet} [ oG

is an am H gr e
i therbe bt o Begecsatshge Ao N (denzaTorm. such a base |
base 15 expressgdoptainall artllictaiDRhseppitDlbovith BiRERNERct Ne term

"Ds anal og" as us reover

anal og” ”EEf%b%QnE Sﬁh|%%hb%%&%i&?eﬁhEﬁﬂgtQlierQEtlongeB%”d'“9 on the

context. [0122] WThout being limfed thefeto, the base of formula 1 is
pref erabl yepalieaiednf," @PahiderdpeyBncanal skhkAg18tion, the inventors of

the present invention have studied base pairs constructed by
combining several unnatural base pairs which had been
developed on thelr own. As a result, the inventors have found
that a combination between 2-amino-6-(2-thienyl)purin-9-yl (s)
(Non-patent Documents 17 and 33) and 2-formyl-lH-pyrrol-1l-yl
({Pa) (Non-patent Document 26) is highly selective and
efficient during transcription (Patent Document 4: not yet
published).

[0111] In the present invention, the inventors have further
prepared a 7-(2-thienyl)-3H-imidazo[4,5-b]lpyridin-3-y1 group
(Ds) from s through CH substitution for one of the two N atoms
in the 6-membered ring of the purine ring and replacement of
the amino group at the 2-position with hydrogen, i.e., through
deaza modification and deamination, and have studied the
fidelity of artificial base pairing between Ds and Pa. As a
result, the inventors have found that artificial base pairing
between Ds and Pa is highly selective and efficient during
replication and transcription, regardless of which of them

serves as a template or substrate, thereby arriving at the



7-(2-thienyl)-3Himdazo[4,5-b]pyridin-3-yl group (Ds); A2) a

t hi azol yl )-3H i m dazo[ 4, 5-b] pyridin-3-yl group (Dv); A3) a
H 2-i m dazol yl )-3H i m dazo[ 4, 5-b] pyridin-3-yl group; A4) a
no-7-(2-thienyl)-3Himdazo[ 4, 5- b]pyrldln 3-yl group (Ds); A5) a
no-7- (2-thi azol yl)-3H i m dazo[ 4, 5- .gyridin-S- yl group (Dv); A6) a
no-7- (1H 2-i m dazol yl ) - 3H i m dazo] b] pyridi n-3-yl group; A7) a
t
t

2
1
m
m
m
hi enyl )-1H pyrrol o[ 2, 3-b] pyridin-1-yl group (DDs); A8) a
hi apuegentlingentdbol.2, 3-b] pyridin-1-yl group (DDv); A-9) a
H 2-im dazol yl)-1Hpyrrol o[ 2, 3-b] pyridin-1-yl group; A-10) a
m no- 4lozlﬂﬂ|enywﬁuﬁm-éprpapopmbgdbppythdthelprysegtoépvegmépn A-ll) a

6- am no-4-(2-thi azolyl)-1H pyrrol of 2, E yridin- 1-yl group (DDv); and
A-12) a 6PHERVAGES- Plﬂuglpﬁpdéﬁéﬂyl}nlﬂhéﬁ r 8| BpglegotpRpyhpdinglay a@Poup -

Al)

7-(

7-(

5-a
5-a
5-a
4-(2-
4-(2-
4-(1
6-a

41 (0123] Among the above bases, and A4 _are nenbers of Ds, while A7 and
A10 are nEﬁB€P§eBF39D§Y AéeaﬁﬂlABW&PS ﬁ@ﬁﬂ@@é & Dv, while A3 and All are
nenbers of DDv . and_A6 _are nenbers of "Dm" while A9 and Al2 are members
of " IPéiéA][EBF@“&Peﬂéﬂred is Al) a 7-(2-thienyl)-3H
inidazo[4 -b] pyridin-3-yl group (Ds), A2) a 7-(2-thiazolyl)-
lq?
A X
< 1
’]‘NR‘

[0114] ([wherein

R! is hydrogen or an aminc group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH)
forms a base pair with a nucleotide having a base represented
by the following formula 2:

[0115] [Formula 16]

F¥3

n“g;—g

[0116] [wherein
R® is a group selected from hydrogen, an iodo group, a

substituted or unsubstituted C;-C; alkyl group, a substituted



3H i m dazo[ 4, 5-b] pyridin-3-yl group (Dv), A4) a 5-am no-7-(2-

thi enyl)-3Him dazo[ 4, 5-b] pyridin-3-yl group (Ds), or A5) a

5-am no-7-(2-thiazolyl)-3Himdazo[ 4, 5-b] pyridin-3-yl group (Dv). Most
preferred is a 7-(2-thienyl)-3Himdazo[4,5- b]pyridin-3-yl group (Ds)
(Conpound 10 or 14 in Exanple 1). [01_25;8 The base of fornmula 1 in the
present invention and a nucl eoside or nucl eotide containing the same may be

synt hesi zed i n a_kngown n Mor.e eC|f|caII descri bed

I gt er di SEFo%uBFG&@%ggs o¢3 s@iﬁ Lfé. eaos?"ﬂgg%lt‘ﬁ‘?%%%phat es or
am dotri t S(ﬁ a /- H1e 3 m dazo[ 4, 5-b ridin-3-yl

groﬁp ( Ds D€ é%ﬁ%&%H 182093199#¢P¥%«§ﬁﬂ %) %&I 20l Tpyrid Y

2-am no-3-nitrqa4:chlo ol 9 1 in EX nple ) (Non-pat ent
Cocurent 41) K y2o %&%@F%TP PRotli BT S RRNRT |- 1 discloses
EHml Sraiipﬁgﬂpil??éﬁ L ané{‘hﬁFﬂ%f’%%%%f o?%% nadertd )
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the present 'sB\S%'iH' % %Y:ed ‘E%ataltﬁ% %rﬁb’“hﬁ%&'e&%d alcdl %s%anasnanner as
actually disclosed herein and/or in a manner known to those skilled in the

art. [0138keh@el2%®s eplompa®s adénine!, hguahasent cyrb@inkeON thighinkS & group
sel ected from hydrogen, iodo group, a substituted “or unsubstituted Cl-C3

al kyl grouRacdisubsid bllsed gerivatiRels ithleedo€2- CBhal kﬁgaloﬂroun or a

substituted or unsubstituted C2-C3 al kynyl group. 9] Such an al kyl,

al kenyl orgadyaxiverods mex l4mited in any way. Speciflc examples
include bases represented by the above formulae 1 and 2. The
term "nucleotide” refers to a compound in which the sugar
moiety of the above nucleoside forms an ester with phosphoric
acid, more preferably a mono-, di- or tri-phosphate ester.
The sugar moiety of such a nucleoside or nucleotide may be
ribefuranosyl, 2°-deoxyribofuranosyl, or 2'-substituted
ribofuranosyl having a substituent (e.g., halogen) at the
2'-position. Without being limited thereto, in the phosphoric
acid moiety, the hydroxyl group ¢f phosphoric acid at the
Y-position is desirably substituted with a group selected from
the group consisting of an amino group, a methylamino group, a
dimethylaminoe group, a mercapto group and a fluoro group. The
sugar and phosphoric acid moieties may be in the same form as
found in known nucleosides, nucleotides, or derivatives
thereof. A ribonucleotide whose sugar moiety is ribofuranosyl
can be used as a component of RNA, while a deoxyribonucleotide

whose sugar molety is deoxyribofuranosyl can be used as a

component of DNA.



be substituted with one or nore groups independently selected fromthe
group consisting of a |ower al kyl group, a halogen group, a hydroxyl group,
an am no group, an alkylam no group and an aronatic heterocyclic ring.
[0130] Alternatively, such an al kyl, al kenyl or alkynyl group may further
be substituted wth biotin or a fluorescent nolecule. [0131] Biotin is also
call ed Coenzyne R and is a nenber of vidParfins B. Biotin is known to
specifically bind to and form a conplex with avidin (a glycoprotein
contained[Dﬁlﬁﬂbuneﬁ?.ba$ﬁ§spfafﬁﬁmgg@sﬂdethﬁdtbﬂﬁ@Yé-h&giﬁgoﬁwétDﬁ as a
substituent w Il specifically bind tg avidin protein. This neans that a
nucl ei c admddagalilnprguR E)il-§l¥-f3ﬁ- ﬁﬁbB?éﬁPYnRﬁ drsiks bhtutrd 9x mawbee
attached to and hence i mmpbilized _and separated on_ avidin-bound carriers.

I f nucl ei 8uBstdtutedgat iBeafer and/BrndrRgsisiopési)t Wd thopBeuPESMare

I nmobi | i zed, such _immohilized ngcleig aci ds_can be used for detection and

i sol at i on9&PUBSedPApPeRUBRLIN E816PtRLHTR GhEgATSEPCCOREA§EARE, OBy@nay of
exanple. To, introduce biotin,into the alk al kenyl or. al | group

ot od” asAShYY BREGE o8 oARLnR5SrpERy, Autd thg gt P aP%sE BYALEREA v, a an
am no groug either directly or through a linker. [0132] As a fluorescent
nol ecul e, 9 Hﬁpknomn nol ecul e may be used and is preferably selected from

(092 GRASHCL | "Rl BoSh REEhRBTECE gt eeBeE SRR, 0¥

car boxyt ej f, 3ugt %ﬁlt LHedATREe { 6 Tm“@fi% QEyigsubstityted 2-thienyl

di met hyl am nona e-1-sultonic acrd car

24 o cor5uh RERERPIACELIEERACKD bR 1Be) of CBFpailos.” depending
on the context. Among bases of formula 1 in the present
invention, those in which R? is a substituted or unsubstituted
2-thiazolyl group are herein referred to as "Dv” or "Dv
analog,” depending on the context. Among bases of formula 1
in the present invention, those in which R? is a substituted
or unsubstituted 1H-2-imidazolyl group are herein referred to

as "Dm” or "Dm analog,” depending on the context.

[0120] With respect to R! in formula 1, for example, "Ds”
as used herein encompasses both cases where R! is hydrogen and
an amino group. ©On the other hand, in some prior art
documents, such a base is described in different terminology
depending on the embodiment of R', for example, “s” for the
case where R' is an amino group or "s’" for the case where R!
is hydrogen.

[0121] A may elther be N or CH. In a case where A is N
{deaza form), such a base is expressed as, e.g., "Ds", "Dv” or
"Dm.” In a case where A is CH, such a base is expressed as,

e.g., "DDs", "DDv" or "DDm." For example, the term "Ds

analog” as used herein includes "DDs.” Moreover, "DDs” and



2',4,7, 7 -tetrachl orof l uorescein (5-TET), 6-carboxy-2',4,7,7"-
tetrachl orof |l uorescein (6-TET), 5-carboxy-X-rhodam ne (5-ROX),

6- car boxy- X-rhodam ne (6-ROX), and derivatives thereof. In general,
fluorescein and rhodam ne are expressed in both open- ring and spiro fornmns.

[ 0133] For exanple, FAM has an absorptjqnlpgak wavel ength of 493 nmand a
fl uorescence peak wavel ength of 522 nm i kew se, TAMRA has an absorption
peak wavel, ngt 553 nm__and. a rescence pe k wavel engt h 578 nm
DANSYL has é"r pTaSh 3} t\ﬁa\‘/’& %ﬁ"’ Y338 ﬁtﬁrgﬂd to %e“'scence peak
mavelengt%@ gé nm H has ,an . absorpti on peak wavel ength of 535 nmand a
fl uoresce BIEPelt gFW“6FX§56 nm TET has an absorption peak

vavel engt 2521 "R HedAeIGHINRa REREARYCIRIOHAT 3% T FOX

has an ab orptlon pea scence pe

wavel engt Ils E?r%%£ra%ri\¥a 'igét %sgij&gg %r %R%%u%%aé ‘Q%\i%l engt, h of 570 nm and

a fluoresCencCe pea engt cleos nucl eot i de

having a base %f gf %”’i”'(% -Zn1n CBHR?er&%agOH 52 ﬁf’yﬂﬁtﬁ‘d?’ lh(?éﬁé‘r?dent on

fluorescent no ul'e al'l ows nu i c aci etecfio mann

the type of fluore ‘. nDIecuIe Thus, a nucleic acid containing a

nucl eoti de havi ng ase of fornula 2 in which the al kyl, aIkenyI or

al kynyl groupAlzl)stae@b-qa “Rhila> AYA LG W] 42 5 qu R Ihegiap can
be used as a | abel ed nucleic acid probe to det ect’ Stances |nteract|ng

with the nucleic aqigy) Mreover, since these |nd|V|duaI f 1 uorescent
nol ecul es have quorescent colors different fromeach other, they can al so

be used in ml a3yl & 7st(ammzngmiﬁrazjor1tyr1qdm1emitilawlasgerbqp@lﬂlemul-@ -yt o the
al kyl, al kenyl or alkynyl group listed as R3 in the base of fornmula 2, the
fluorescent mol eculgromy; be attached via an am no group,
A4) a 5-amino-7-(2-thienyl)-3H-imidazo[4,5-b]lpyridin-3-yl
group (Ds);
A5) a 5-amino-7-(2-thiazolyl)-3H-imidazo[4,5-b]pyridin-3-
vl group (Dv);
A6) a 5-amino-7-(1H-2-imidazolyl)-3H-imidazo[4,5-
blpyridin-3-yl group;
A7) a 4-(2-thienyl)-1H-pyrrolo[2,3-blpyridin-1-yl group
(DDs);
A8) a 4-(2-thiazolyl)-1H-pyrrolo[2,3-blpyridin-1-yl group
(DDV);
A-9) a 4-(1H-2-imidazolyl)-1H-pyrrolo[2,3-b]pyridin-1-yl
group;
A-10) a 6-amino-4-(2-thienyl)-1H-pyrrolo[2,3-bjpyridin-1-
yl group (DDs);
A-11) a 6-amino-4-(2-thiazolyl)-1H-pyrrolo[2,3-blpyridin-
l1-y1l group (DDv); and
A-12) a 6-amino-4-(1H-2-imidazolyl)-1H-pyrrolo[2, 3-

b]lpyridin-1-yl group.



either directly or through a linker. [0134] It should be noted that in a
case where biotin or a fluorescent nolecule is attached through a |inker to
the alkyl, alkenyl or alkynyl group listed as R3 in the base of formula 2,
the type of linker is not limted in any way and nay be determ ned as
appropriate by those skilled in the art., Wthout being limted thereto, the
linker is preferably selected fromthe &Toup consi sting of chem cal
formulae | and._. Il shown bel ow, &plgS] %Fornula 17] O NH2 H %ﬁ%&)n - 45
[0136] [wh@ierd n i dmoBgethed 3PPy PREEFer 81oRRE A4 BFe HEWPErE18F) DFror nul a

)R B S g A S AP B e
A : FEAF Bl el
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L1, SO by TH038, Hpat GRABA 13, A58 46D, S5 R BLS.BoLY Byl o902

e oa ) oA oLERY, ) St REREEELHELY NS 5o tnanly-5ul0140) W ot
imidazo[4,5-b]pyridin-3-yl group (Ds)}, A2) a 7-(2-thiazolyl)-
3H-imidazo[4,5-b]pyridin-3-yl group (Dv), Ad4) a 5-amino-7-(2-
thienyl)-3H-imidazo[4,5-b]pyridin-3-yl group (Ds), or A5) a
5-amino-7-(2-thiazolyl)-3H-imidazo[4,5-b]lpyridin-3-yl group
{Dv). Most preferred is a 7-(2-thienyl)-3H-imidazo[4,5-
b]lpyridin-3-yl group (Ds} (Compound 10 or 14 in Example I}.
[0125] The base of formula 1 in the present invention and a
nucleoside or nucleotide containing the same may be
synthesized in a known manner. More specifically, Example I-3
described later discloses procedures for synthesis of
nucleoside 5'-triphosphates or 5'-y-amidotriphosphates of a 7-
{2-thienyl)-3H-imidazo[4,5-b]lpyridin-3-yl group (Ds) (Compound
10 or 14 in Example I) from 2-amino-3-nitro-4-chloropyridine
(Compound 1 in Example I) (Non-patent Document 41), by way of
example. Likewise, Example II-1 discloses procedures for
synthesis of nucleoside 5'-triphosphates of 7-(2-thiazolyl)-
3H-imidazo[4,5]pyridine (Compound 4 in Example II) (Dv).
[0126] Further, Example II-3 discloses procedures for
synthesis of nucleoside 5'-triphosphates of 4-(2-thienyl)-1H-
pyrrolo[2,3-b]lpyridine (DDs) and 4-(2-thiazolyl)-1H-
pyrrolo([2,3-blpyridine (DDv).

[0127] Nucleosides, nucleotides or 5°'-y-amidotriphosphates

having other bases of formula 1 in the present invention may



Is preferably selected fromthe group consisting of: Bl) a
2-fornyl -1H pyrrol -1-yl group (Pa); B2) a 2-fornyl-4-iodo-1H pyrrol-1-yl
group; B3) a 2-fornyl-4-nethyl-1Hpyrrol-1-yl group; B4) a

2-fornmyl -4-(1-propyn-1-yl)-1Hpyrrol -1-yl group; B5) a

2-fornyl -4-(2-substituted am novinyl)-1Hpysrol-1- yl group; B6) a

2-fornyl -4-(3- substituted am no- 1- propyn-1-yl)-1H pyrrol-1-yl group; B7) a

3r BL:)r O- LH: %y sgﬁhf%&%%&%lh 8¢ %ﬁ'\ ] %%3)‘}'1" &r 8%;)'1[3.%%_1:%)141%(1%135%1%%%&10' -1
2-nitro- 4h§ajzre9.r Og%ﬁ%t/ljjotrg & %Hm%)ﬁ %J kl'l% Q:rOLIE?roseBJs#()ilﬁ.ed in é‘erf)t

2-nitro-4 antnovrnyl) group; an

2- i £10- 4g3344bSt | byl 0 09 FRLRAY L el vl P ol 0141

Anmong t he above bases, 6 are nenbers o rivative

while B7 t @%qg fe by y % " 1l 1R
preferred |s %Eﬁgﬁb forgﬁ%@gﬁfgﬁgﬁga?Qdaﬂ 3?§Ep ﬁ? 8%%poun N%Q%Fh

Exanpl e |)orOEm%4:)bs%13;Jt%rdel (élkﬂqfh'dhﬂ-‘ﬁ)s@'émd@d lsy! group
(Conpound 20 in Exanple 1) 6 143]" 'A hucl eosi de or nucleoti de having a base

of formil gnshpst ittt el t@ecs am&m Oficd @y, ke Sy st Z8gedd ¢ known

manner. Taking Pa as an exanple, starting materials (e.g.

pyrrol e- 2 efbRitdenedd) oza0; elippighageshg rom for exanpl e Al drich
[ 1003-29-8] or Merck [807574]. Likewi se, Pa derivatives may be synthesized

by being qeni2agad fr Gidhaan alkyl,nGlKenylFor elkyplyd orolgy madt ifaethay ng

Propyne be substituted with one or more groups independently selected
from the group consisting of a lower alkyl group, a halogen
group, a hydroxyl group, an amino group, an alkylamino group
and an aromatic heterocyclic ring.
[0130] Alternatively, such an alkyl, alkenyl or alkynyl
group may further be substituted with biotin or a fluorescent
molecule.
[0131] Biotin is also called Coenzyme R and is a member of
vitamins B. Biotin is known to speclifically bind to and form
a complex with avidin (a glycoprotein contained in albumen).
Thus, a nucleoside and others having biotin as a substituent
will specifically bind to avidin protein. This means that a
nucleic acid containing a biotin-labeled nucleoside and others
can be attached to and hence immobilized and separated on
avidin-bound carriers. If nucleic acids (e.g., aptamers)
binding to specific molecules are immobilized, such
immobilized nucleic acids can be used for detection and
isolation of specific substances or used as diagnostic

reagents, by way of example. To introduce biotin into the

alkyl, alkenyl or alkynyl group listed as R® in the base of



I ntroduced at the 4-position of Pa can be found in Bioorg. Med. Chem
Lett., 13, p. 4515-4518 (2003) (Non-patent Docunent 28). [0144] In Exanple
| -3-(12) described later, 1-(l-D ribofuranosyl)pyrrole-2-carbal dehyde
(Conpound 17) was synthesized from pyrrol e-2-carbal dehyde. Likew se, in
Exanpl e 1-3-(13), 4-propynyl-I-(l-Dribgfuranosyl)pyrrole-2- carbal dehyde
(Compound 18) was synt hesi zed from 4- propynyl 2 - 47 pyrrol ecarbal dehyde

EFZPP?BEﬁgéﬁépéébznﬁgéo@é BAYaB ??Fﬁﬁégaﬁ5232amsﬁe:@§ﬁbLg?#ﬁbﬁf?eﬁﬁgaunds 10
20) . F 11-2
an 0) g%% %iy EEtQﬁFPpgﬂ gxiggkg escri be ater, nucl eoside

S'-tripho F&s¥o pyrrofle Ebnpound 1) (Pn) were synthesized from

2-ni 10Dy ok ( CONRGULTedhoLNaRERA! 585 0oROGUNERY ARbwml RASEL,THE prgsent

i nvention provides a nuclerc aci a nu aving a e of

fornula 1 Eoﬁgﬁdatﬁﬁsis E?EES%%B?X g gkgghlgfoﬂaghgggﬂoﬁgséoﬂEiLF ggla 2.

As used erern e ter I'sS 1 nten an a no

a “UC|e'CofcSdc§E56§$flﬂo¥@bEBiHDK9 ?Hﬂ@ oeecafsbggkuﬂsreécehhnkedphﬁ the

di rection of he nucleic acid of the pres I nvent i on enconpasses

si ngl e- St5aBQEHoﬂghwﬁﬁﬁhét%aA?ﬁaﬂﬁﬂiBHA(QLTERHA)ThG doubl e- stranded nucl eic
acid may be RNA. "DNA af so i ncl udes cDNA obt ai ned

by reverspatbargtetpPhinefhysrAigakifnas (8-rRMRAJL e5- Alternatively, the
nucleic acid may forma triplex, a quadruplex, etc. [0147] Wth the aim of

further esgpmashgnapinBHapRthadend-1EHaCELANS, abh@ (DXRBYRNS StchbBoryesent
|nvent|on have attenpted to design nucl eosi des or nucl eoti des havi ng
",4,4',5",7,7' -hexachlorofluorescein (5-HEX), 6-carboxy-

2',4,4",5',7,7 -hexachlorofluorescein (6-HEX), 5-carboxy-
2',4,7,7' -tetrachlorofluorescein (5-TET), 6-carboxy-2',4,7,7'-
tetrachlorofluorescein (6-TET), 5-carboxy-X-rhodamine (5-ROX),
6-carboxy-X-rhodamine (6-ROX), and derivatives thereof. 1In
general, fluorescein and rhodamine are expressed in both open-
ring and spiro forms.
[0133] For example, FAM has an absorption peak wavelength
of 493 nm and a fluorescence peak wavelength of 522 nm.
Likewise, TAMRA has an absorption peak wavelength of 553 nm
and a fluorescence peak wavelength of 578 nm. DANSYL has an
absorption peak wavelength of 335 nm and a fluorescence peak
wavelength of 518 nm. HEX has an absorption peak wavelength
of 535 nm and a fluorescence peak wavelength of 556 nm. TET
has an absorption peak wavelength of 521 nm and a fluorescence
peak wavelength of 536 nm., 5-ROX has an absorption peak
wavelength of 567 nm and a fluorescence peak wavelength of 591
nm. 6-ROX has an absorption peak wavelength of 570 nm and a

fluorescence peak wavelength of 590 nm. A nucleoside or

nucleotide having a base of formula 2 in which R? is



unnat ural bases. Enbodi nents of newy devel oped artificial base pairs

i ncl ude a base pair between a nucleotide having a base of formula 1 and a
nucl eoti de having a base of fornmula 2. Such a nucl eotide having a base of
formula 1 and such a nucleotide having a base of fornmula 2 each function as
a substrate and as a tenplate with highgefficiency and/or high - 48
selectivity in the nechanisns of both replication and transcription. (0148]
Al t hough re .l sqRi fi e g 4l r i b en bases
of formui S4opttReRR AR & EHor okt TRt a Bl B B B e
base pair fLci gn Wit ¥nO b I L.s as high
as that gPt%gﬁéggli@a?eﬁég???hggb$&?3 Es¥BaEg§§g§g§i?§§ﬁg%§E§%%ﬁP3her

ef fici encyqhiamiehe PhEY] OHShycHEYE! 9ped BYHEAPRLhLCa Aud188E£dRhAvidge
conpl ementary shapes of Ds and Pa are fitted to each ot her, but their

shapes di fif pasker o/F EhoaR1al 2 Al WhalhP¥hen@3k$1d BYkieydi BeS alkngispecific
stereochem cal fitting would elimnate undesired base pairing W th natural

bases, therdly nasteld ag RA D505uBst €4 tY¥a I WibR! deETubBe 886N Pomo IEERTE
replication and transcription. In this way, shape conplenentarity plays an

i mport ant ¢a@l ®el MiseRE@s, aC 1BB%Y edPAC1@d cdaciag prebki ¢at Geteatd
transcription. [0149] In the present invention, a nucleotide having a base

of forml gubsaagdcesnuaitediactangawitth aheantcekitoadida 2Metr€ovet £seihicén two
separate nucleic acid strands and can forma duplex through base pairing.

Al ternati thlege tihdieidualedlvdeescent melpcalest hiavet fdusawecentglelsirsanded
nucleic acid. In this case, such a single strand may forma | oop structure
t hrough baddéfeaientngrofd eagh brithere pheyecan aleot benusedcinamaddliede de
having a staining. To introduce a fluorescent molecule into the alkyl,
alkenyl or alkynyl group listed as R’ in the base of formula 2,
the fluorescent molecule may be attached via an amino group,
either directly or through a linker.
[0134] It should be noted that in a case where biotin or a
fluorescent molecule is attached through a linker to the
alkyl, alkenyl or alkynyl group listed as R’ in the base of
formula 2, the type of linker is not limited in any way and
may be determined as appropriate by those skilled in the art.
Without being limited thereto, the linker is preferably
selected from the group consisting of chemical formulae I and

II shown below:

[0135] [Formula 17]



base of formula 1 or 2 can be incorporated into nucleic acids such as DNA
or RNA through replication, transcription or reverse transcription reaction.
Al ternatively, such a nucleotide nay be incorporated into DNA or RNA
through - 49 chem cal synthesis, as in the case of nucl eosides or

nucl eoti des havi ng natural bases. [OlithThese replication, transcription
and reverse transcription reactions nmay be acconplished according to known

techni i t hout being |imited t f le, it,i ible t
uoe T7 RRORRPInbFReESLFaRale BELGERER. EBOBI BFEFeRRoPE LakCeP Bt FON, K enow
f t f | LON, d AW R T i pt XL (AW- RT,

Li 70" Soi chlep Aok FPERREC B s T ptfon. [0152] Wihout being |im tod

thereto, in one enbodinent, the nucleic acid of the present invention forns

a base pair(s) the step of replication, transcription or reverse
transcription of {fhe nucleic acid. In a case where the nucleic acid of the
present inyentigMforns a bgse pair in the transcription step, a

nucl eot i de ¥Ng Bﬂq oF 2)'nfia,y be a part of DNA, while a

nucl eoti de haying a as@mof foffrula 2 mayNie a part of RNA, or

alternatively, vice versa. [01§3] The unnatural base pair system of the
present invention is sumarize®@ in Figure |c. Effects provided by the
system of the present invention during replication are shown in, for
exanple, Figures 2b to , Figures 3b to 3i, and Figures 8 to 20. Effects
provi ded by the system the present invention during transcription are
shown in, for exanple, Figures 4c to 4e and Figures 5a to 5c¢c. [0154] Method

;8: nucl ef0138ijd [Rhepaiat mOAndhe AFeseathi IM@8peAtledt3§ BEO¥LHRA #rbomt hod
integers of 1 to 5].
[0139] R* is a formyl group or a nitro group. Among bases
of formula 2, those in which R* is a formyl group are herein

referred to as "Pa” or "Pa analog,” depending on the context.
Those in which R* is a nitro group are herein referred to as
"Pn" or "Pn analog,” depending on the context. "“Pa", “Pa
analog”, "Pn" and "Pn analog” may also be collectively
referred to as "Pa.”
[0140] Without being limited thereto, the base of formula 2
is preferably selected from the group consisting of:
Bl) a 2-formyl-1lH-pyrrel-1-yl group (Pa):
B2) a 2-formyl-4-iodo-1H-pyrrol-1-yl group;
B3) a 2-formyl-4-methyl-1H-pyrrol-1-y1 group;
B4) a 2-formyl-4-{(1l-propyn-1-yl)-1H-pyrrol-1l-yl group;
B5) a 2-formyl-4-(2-substituted aminovinyl)-1H-pyrrol-1-
vl group;
B6) a 2-formyl-4-(3-substituted amino-1-propyn-1-yl)-1H-
pyrrol-1-vl group:

B7) a 2-nitro-1H-pyrrol-1l-yl group (Pn);



preparing a nucleic acid containing a nucleotide having a base represented
by the followng formula 1: - 50 - [0155] [Fornula 19] R2 N Rl [0156]
[wherein R1 is hydrogen or an am no group, R2 is a substituted or
unsubstituted 2-thienyl group, a substituted or unsubstituted 2-thiazolyl
group, or a substituted or unsubstituteg 1H 2-im dazolyl group, and Ais N
or CH, wherein the nethod conprises effecting transcription, reverse

transcription %%)r%pr%EEE%Q4Q¥°H%LQ%“P?%r%ltﬁqﬁggbgy a nucleic acid

.. ] up.;: .
cont ai ni ng a nucl’eoti'de havi ng a base présén Pie followi ng formul a

2: [0157] [ For maha_ 2Q]. - 40" Y 9%§§h_[_ rel IS a group
sel ected fron1ﬁ?&rgggnngﬁoigdgegﬁgﬁp}kab substﬁr%?eg&%PBgnsubstituted Cl-C3
al kyl group, a sty thu Qly _YRS thuhe g&%@ yvh _g”ro . a
substituted prBigﬁsu 3t%?§f€a4c3?c§E§P?§n§|9&5%&??? n ? %19&R ngé fornyl
group or a n'tBQlQr%UQLmﬂUE%LQbXztgﬁb%%ﬁkﬁbed%mﬁ%%b&ﬂyﬂabQ%ﬁpQ&rBQLEU|a 1

|

Is incorporated at a site conplenentary to the nucl eo e havi ng
¥l group; and
Bl12) a 2-nitro-4-(3-substituted amino-1-propyn-1-y1l)-1H-
pyrrol-1-yl group.

[0141] Among the above bases, Bl to B6 are members of "Pa”
or "Pa derivative,” while B7 to Bl2 are members of "Pn" or "Pn
derivative.”
[(0142] More preferred is Bl)} a 2-formyl-1H-pyrrol-1l-yl
group (Pa) (Compound 19 in Example I) or B4) a 2-formyl-4-(1-
propyn-1-yl)-1H-pyrrol-1-yl group (Compound 20 in Example I}.
[0143] A nuclecoside or nucleotide having a base of formula
2 in the present invention may be synthesized in a known
manner. Taking Pa as an example, starting materials (e.g.,
pyrrole-2-carbaldehyde) can be purchased from, for example,
Aldrich [1003-29-8] or Merck [807574]. Likewise, Pa
derivatives may be synthesized by being derived from Pa, in
principle. For example, a derivative having propyne
introduced at the 4-position of Pa can be found in Biocorg.
Med. Chem. Lett., 13, p. 4515-4518 (2003) (Non-patent Document
28).
[0144] In Example I-3-(12) described later, 1-(f-D-
ribofuranosyl)pyrrole-2-carbaldehyde (Compound 17) was
synthesized from pyrrole-2-carbaldehyde. Likewise, in Example
I-3-(13), 4-propynyl-1l-(B-D-ribofuranosyl)pyrrole-2-

carbaldehyde (Compound 18) was synthesized from 4-propynyl-2-



a base of fornmula 2. [0159] The present invention also provides a nethod for
preparing a nucleic acid containing a nucleotide having a base represented
by the following fornmula 2: [0160] [Forrmula 21] R3 R4 N [0161] [wherein R3
Is a group selected from hydrogen, an iodo group, a substituted or
unsubstituted Cl1-C3 al kyl group, a suhstjtuted or unsubstituted C2-C3

al kenyl group, or a substituted or wunsubstituted C2-C3 al kynyl group and

ot ot fngﬁ%ﬁh&%%‘%%ﬁe@heﬁyg‘s (FoeBEBh. BT gk te%‘l%eg‘él P%%yfn%g bd00eing, as
?eLEZEeﬁt BeB§vPRe. FhELE.PRGIRSP RGPS, - SO DROPBRROERIAIS TYRo | - 52 -
[0163] y@g&gbg ﬁhbﬁeﬁﬂégg%r@ gﬂtﬁebegear ?EBmBBanE§ agsuhgt gbyt ed or

unsubst i Ien group, ubstituted or unsubstitute hi azol yl

group, or [614 Ybsti pUeHe®” YHSERAMLE WL €6 -2Hads bﬁﬂé&oh&'tegroﬂﬁcléﬂglée' s N

or CH, mhere y the nuc eotlde havi ng a base of formul a | ncor por at ed

at a sitescopphgRBApARY kOOENS - HEQE%B&tQElEaYCBﬂpoﬁnﬁai§ @ﬁnﬁowauha 1.
synthesized from 2-nitropyrrole (Compound 1) (Non-patent
Document 49).
[0146] The present invention provides a nucleic acid in
which a nucleotide having a base of formula 1 forms a base
pair with a nucleotide having a base of formula 2. As used
herein, the term "nucleic acid” is intended to mean a molecule
of a nucleic acid strand in which more than one nucleotide is
linked in the direction of 5'—3'. The nucleic acid of the
present invention encompasses single-stranded or double-
stranded RNA or DNA. The double-stranded nucleic¢ acid may be
DNA/DNA, RNA/RNA, or DNA/RNA. DNA also includes cDNA obtained
by reverse transcription using RNA as a template,
Alternatively, the nucleic acid may form a triplex, a
quadruplex, etc.
[0147] With the aim of further expansion of nucleic acid
functions, the inventors of the present invention have
attempted to design nucleosides or nucleotides having
unnatural bases. Embodiments of newly developed artificial
base pairs include a base pair between a nucleotide having a
base of formula 1 and a nucleotide having a base of formula 2.
Such a nucleotide having a base of formula 1 and such a

nucleotide having a base of formula 2 each function as a

substrate and as a template with high efficiency and/or high



[0164] The nucl eotide having a base of fornula 1 and the nucl eotide having
a base of fornula 2 are as defined herein above in the section "Nucleic
acids of the present invention based on artificial base pairing."” [0165]
The present invention further ainms to provide such a nucleic acid
containing a nucleotide having a base ofggfarmula 1 and/or 2, which is
prepared by the above nethod of the present invention. [0166] The nucleic

aci d 1 nCOLRILALL U8 eh o W RkeRbLASATImd or! 84" 23804 CLRYEAI LR MY e used

as tRNA ense r—an aner. The term
"antlsensg QH?CQ& RNA" refers to DNA or RNA capable of |nh|b|t|ng t he
expression EpeC|fic gene. It was naned to nean that such DNA or RNA

|'s conpl e?g@gg]y tOAﬁ.ggioBﬁh' thepg! Es%ope&gmhésmeﬂ%re efi bbAAIAL gene

sequence ensé stran ntisense be“used as a tool for

arti ficl ababgoubaybANLAtyERACHEXASCBE 0BrmuBEA4S e 2008t gL.0i Backiaaat ur al

bases, such antisense RNA™"i ncorporating the nuél eofi de(s) of the

present i pyeghiopa QﬁBnbﬁgé%%bﬁﬂerhﬁeﬁabﬁ -padbhker patirgomphementarity to a
- 53 target when conpared to the case of using natural bases only. The

ter”1"r|b@ff&&ieh&yaaﬁanQélécﬂiﬁﬁtPObeBbabﬁsb&séOﬁBQ%Qﬂg ok EbAnidheaker m
aptaner" refers to an in vitro-selected nucleic acid having the ability to

bind to athAGCbEi Aatdlratubasespalirdfigd Prviei ms-FAebase | g4 Lr ashelwd QNA or
RNA) (e.g., nRNA, synthetic RNA) incorporating the nucleotide(s) of the

present i higheroefifdyiealkcyothanotheaplreoiongly dtvelppetdchpdeobphapiicde. The
nucleic acid of the present invention nay be used, e.g., as a gene
fragment erzabpsebpaifhe Phesemtplememtaoy shapesncHnpsissed Pa herd ol | ow ng
enbodi nments: partial or conplete replacenent of
fitted to each other, but their shapes differ from those of
natural purines and pyrimidines. This specific stereochemical
fitting would eliminate undesired bhase pairing with natural
bases, thereby resulting in high selectivity between Ds and Pa
during replication and transcription. In this way, shape
complementarity plays an important role in specific base
pairing during replication and transcription.
[0149] In the present invention, a nucleotide having a base
of formula 1 and a nucleotide having a base of formula 2 are
present in two separate nucleic acid strands and can form a
duplex through base pairing. Alternatively, these nuclectides
may be present in the same single-stranded nucleic acid. In
this case, such a single strand may form a loop structure
through base pairing.
[0150] In the present invention, such a nucleotide having a
base of formula 1 or 2 can be incorporated into nucleic acids
such as DNA or RNA through replication, transcription or

reverse transcription reaction. Alternatively, such a

nucleotide may be incorporated inte DNA or RNA through



native genes by the nucleic acids of the present invention; addition of one
or nore nucl eotides of the present invention to native genes; or

conbi nati ons thereof. [0167] Furthernore, the nucleic acids of the present

i nvention incorporating nucl eotides having unnatural bases may also be used
in RNA interference (RNAi). RNA interferF ce is a phenonmenon in which
doubl e- stranded RNA (dsRNA) i nduces degradation in a sequence-specific
manner and hence inhibits gene expression. In a typical exanple of RNA

i nt er f er eseemicgdRgANthesisoe ffedhihg caseh@fongicdgosd defe MMNasel || family
into siRNA (short interfering RNA) of approximately 21 to 23 bases in

| engt h, wiiedeedddes3havdng Matwiadr PAa%§Sof approxi mately 2 bases. siRNA is
associated into an si RNA- protein conplex called Rl SC and i nduces nRNA

degradati d9%%la s dGeEtc & RIGHEIO v tten s SRR 9P AN &FUELSE shown to be
maral & ( STGRS RO BBt L TISE. HICHHP L e AHRGEIR 16 FAPHLng:
Innat ur al tHE0BSET - pRLEBREEabeLP R A AEEFPer ERECCBATRI®s LEr 101 |-
vent | on BRSAIRE oo ihed ' RAPD GRISREI Ao (ke o hicre SERATIG L8 hase
rNepf esRIent orb)értarﬁ%cfrq}ﬂtq.vgnn,g Kfe%rowlf%a]g:me[n(%lq%]?)[ Ef%rrmfcle%l %%t'iio%, <a(1)1]d N11

AMV Reverse Transcriptase XL (AMV-RT, Life Science) for

reverse transcription.

[0152] Without being limited thereto, in one embodiment,

the nucleic acid of the present invention forms a base pair(s)

in the step of replication, transcription or reverse

transcription of the nucleic acid. In a case where the

nucleic acid of the present invention forms a base pair(s) in

the transcription step, a nucleotide having a base of formula

1 may be a part of DNA, while a nucleotide having a base of

formula 2 may be a part of RNA, or alternatively, vice versa.

[0153] The unnatural base pair system of the present

invention is summarized in Figure 1lc. Effects provided by the

system of the present invention during replication are shown

in, for example, Figures 2b to 2e, Figures 3b to 3i, and

Figures 8 to 20. Effects provided by the system of the

present invention during transcription are shown in, for

example, Figures 4¢ to 4e and Figures 5a to 5c.

[0154] Method for nuclelc acid preparation

The present invention also provides a method for
preparing a nucleic acid containing a nucleotide having a base

represented by the following formula 1:



[0170] [wherein Rl is hydrogen or an amino group, R2 is a substituted or
unsubstituted 2-thienyl group, a substituted or unsubstituted 2-thiazolyl
group, or a substituted or unsubstituted 1H 2-im dazolyl group, and Ais N
or CH . [0171] The structure of forrmula 1 including substituents is as
defined above for deoxyribonucl eoti des. §§172] The present invention
furthernore provides a ribonucleoside 5 -triphosphate having a base
representi%ﬁ%ﬁ 99 formula 2: - 55 - [0173] [Formula 24] R3 R4 /
N 1 [01 mhereln &f’ls a group selected from hydrogen, an iodo group, a
substituted or unsubstituted Cl1-C3 al kyl group, a substituted or
unsubstituted C2- F‘ggalkenyl group, or a substituted or unsubstituted C2-C3
al kynyl group, andt¥4 is a fornyl group or a nitro group]. [0175] The
structure of fornulja 2 including substituents is as defined above for
deoxyri bonucl& [0176] Further, the present invention provides a 5 -0-
(4, 4" -di net @pxytyi -3'-0(2- cyanoethyl N, N- diisopropyl phosphoroam dite)
deoxyribonunmﬁ | viqP a base represented by the followi ng formula 3:
[0177] [ For |aZN R

[0156] [wherein

R! is hydrogen or an amino group,

R’ is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH],

wherein the method comprises effecting transcription,
reverse transcription or replication by using, as a template,
a nucleic acid containing a nucleotide having a base
represented by the following formula 2:

[0157] [Formula 20]
F%a

wa

[0158] [wherein

R® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or

unsubstituted C;-C; alkynyl group, and



1 N R5[0178] [wherein R5 is hydrogen or a substituted am no group, R6 is a
substituted or unsubstituted 2-thienyl group, a substituted or
unsubstituted 2-thiazolyl group, or a - 56 substituted or unsubstituted

1H 2-i m dazolyl group, and A is N or . (0179] The substituted am no
group listed as R5 includes an am no gr§?p substituted with a nethyl group,
an i sobutyryl group, a benzoyl group or the like. [0180] R6 is the sane as

R2 in fornul a ¥§ LOlSl% As in exanpl e of gngoundsﬂialling within formula 3,
Conpound 8 was ?h@s ?Eﬂy nIERURPPE £ n# 829 hpounds of fornula 3 are
useful, for ex r.t terlals |n m_cal nt.hesi s of DNA

t enpl at es %&’paﬁ Qt cc}ﬁ g:ﬂﬂfet?’gﬁg' %1% ﬁ' rir?ore t he

pr esent |nve

N N di i sARESE yﬁrg%%bV'qs% %Bii ﬁé%engggﬁblgﬁxﬁf E&e%tlgébé cygnoet hyl

oroam oxXyri Sos1 g aving
represent ed t feQl n fornula 4: [0184] [Formula 26] R7 R8 CMN 1
[ 0185] [wﬁbpg%ﬁ g% f%rhag%bgb sel ected fron1hydrogen an i odo group, a

SUbSt'tthﬁég@éznsuEB ?H%%%nglfg%éﬂﬂﬁgn HQ%t't%E tHhodFor

unsubstitu nyl group, or a su Sttht unsubsti tuted C2-C3

al kynyl  960dpardnd BB nut12i Bl Forbaiding %!hﬁ%l%b&&ﬂe having a base

represented by the following formula 2:

[0160] [Formula 21]

R‘*ﬂ

N
|

[0161] [wherein

RS

R® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C;-C; alkynyl group, and

R* is a formyl group or a nitro group],

wherein the method comprises effecting transcription,
reverse transcription or replication by using, as a template,
a nucleic acid containing a nucleotide having a base
represented by the following formula 1:

{0162] [Formula 22]

R2
A
¢
P
N~ ~R!



excluding the case where R7 is hydrogen or a 1l-propynyl group and R8 is a
fornyl group]. - 57 [0186] R7 is the sane as R3 in fornmula 2. [0187] R8 is
the sane as R4 in fornmula 2. [0188] Conpounds of fornmula 4 are useful, for
exanple, as starting materials in chem cal synthesis of DNA tenplates for
replication and transcription. BRI EF DESGRIPTI ON OF THE DRAW NGS [ 0189]
[Figure la] Figures la to Ic show an unnatural base pair system which

al | ows sz%lflﬁ re Ilcatlon and transcription. Figure | a shows an unnatural
Ds- Pa bas &3l ™ith natural base pairs [Figure Ib] Figures la to

| c show an unnatug gl |l ows specific replication and
transcription. ® Figngaﬁgggﬁo 5 %ﬁ ?% %ure@ of unnodified 5'-tr|phosphate
(dNTP) and nodigki phas ) r

and pri mer extghsﬁgné P%ﬁ}ﬁﬁ%é? €99€$§é€ éff%Hég ghgﬁ?gﬁfﬁnﬂ£§ﬁ? base

pai 1 sYStgRlaulicelied IoQ""%n%'&%%'tfi't%t'éﬁp Hl-4246981900 SLbABSCRLPY O Figure | c

shows an unnatural base pair system which tunct anplification,

primer eX%%%%h&@ut@HAo%e%H%%%b@&t%@@dTiH §ri&iﬁ%zB&bﬁngrbﬁbQU%ﬁd2a] Fi gures
2a to 2e show single nucleotide 1insertion and prinér éxtension experiments

with an unnatupaljs Rage @), system based on Ds-Pa base pairing. Figure 2a
shows the sequences of tenplate-priner duplexes for use in the single

nucl eoti dgnieFedit ithe axedeotade hhbitay & BhkeFogUFesmddat @ 48 show single

nucl eotide insertion and primer extension experinents wth an unnatural

base pair isysrpordaedd adnaDsife kemplemehitady Eogtthe Abcikewide having
a base of formula 1.
[0164] The nucleotide having a base of formula 1 and the
nucleotide having a base of formula 2 are as defined herein
above in the section "Nucleic acids of the present invention
based on artificial base pairing.”
[0165] The present invention further aims to provide such a
nucleic acid containing a nucleotide having a base of formula
1 and/or 2, which is prepared by the above method of the
present invention.
[0166] The nucleic acid incorporating the nucleotide(s) of
the present invention may be used as tRNA, mRNA, antisense DNA
or RNA, a ribozyme or an aptamer. The term "antisense DNA or
RNA" refers to DNA or RNA capable of inhibiting the expression
of a specific gene. It was named to mean that such DNA or RNA
is complementary to the full-length or partial sequence of a
target gene sequence (sense strand). Antisense DNA or RNA may
be used as a tool for artificial regulation of gene expression.
Because of containing unnatural bases, such antisense DNA or

RNA incorporating the nucleotide(s) of the present invention

can be designed to have a different complementarity to a



- 58 the incorporation efficiency of each unnodified substrate (dN TP)
opposite each tenpl ate base by KF exo-. [Figure 2c] Figures 2a to 2e show
single nucleotide insertion and priner extension experinents with an
unnatural base pair system based on Ds-Pa base pairing. Figure 2c shows
the incorporation efficiency of each su rate (unnodified substrate dN TP,
N=Pa, G Cand T, and nodified substrate dN TPN, N = Ds and A) opposite
each tenpl ate ures 2a,to 2e shom/siigle

b -, i d i
e eot | HEALBREaPREBL CERES SRR LRECRERanOy HaLRBeARL IR AL, DRACH, LSy o
b i b -P I I . _Fi d.sh h |
of SEr Eﬁéﬁ The; %ﬁ?{noﬁ%ﬁlgc’%?fmé'ioigf 373EnBRAE BinalERY" BatRaTiRAP cohBRSERoN | 5 ¢
] PaTP i TP
Hoeen [ PEQRNATSHRE] s ool AR Gelt nefErOT£8 SE I ARRENEE L B TH OF

primer exhGRILAN GYRA' %ﬁghge\e@hg%ghg@g‘%wehnd.beaeagggéciééiheglyﬂggﬁggg? or

Ds- Pa base parring. nut e pri mer ensi on

exo' usin -Gco b Qi tenplate or a natural tenplate with a series of
substrateguggsﬁgzgdgé§g%&§%d AN = dATPN). Since dGIP is absent from each

reaction, the &HB'hhéﬂQ&B_BEQdUSBE%EBE Kﬁ%ﬁ'Ye §3:”ﬁﬁgabk§&guhst§e]Rﬁhsures

3a to 3i show DNA sequenci ng an anplificafion o ragnent s

ContainingnaogﬁoEat@ﬁgetﬁeihuclgbgmae(éq 8BOVRe! BReBXAC! HHRBhR  oACRAYE. A
doubl e-stranded DNA Tragnent (150-ner, DNAl) was prepared by priner

ext ensi ona14si BaceleMatal by puethesi aeprobldihr 8gNBRpEiA8]- MBie anecBdider)
containing Ds and Pa. - 59 Figure 3b] Figures 3a to 3i show DNA sequenci ng
and PCR acid of the present invention may be used, e.g., as a gene
fragment or a probe. The present invention also encompasses
the following embodiments: partial or complete replacement of
native genes by the nucleic acids of the present invention;
addition of one or more nucleotides of the present invention
to native genes; or combinations thereof.
[0167] Furthermore, the nucleic acids of the present
invention incorporating nucleotides having unnatural bases may
also be used in RNA interference (RNAi). RNA interference is
a phenomenon in which double-stranded RNA (dsRNA) induces mRNA
degradation in a sequence-specific manner and hence inhibits
gene expression. In a typical example of RNA interference,
dsRNA is processed by Dicer belonging to the RNaseIlIl family
into siRNA {short interfering RNA) of approximately 21 to 23
bases in length, which has a 3'-terminal overhang of
approximately 2 bases. s1RNA is associated into an siRNA-
protein complex called RISC and induces mRNA degradation in a
sequence-specific manner. RNA interference is shown to be a

phenomenon conserved among a wide range of organism speciles

including mammals (e.g., human, mouse), nematodes, plants,



anplification of DNA fragnents containing a Ds-Pa base pair. Figure 3b
shows agarose gel analysis of original DNA fragnents (0 cycle) and their
PCR products after 5 and 10 cycles. DNAL was anplified by PCR with 0.04
units/1 VENT DNA pol ynerase wunder the follow ng cycle conditions: 94C for
0.5 mnutes, 45C for 0.5 mnutes, and gaCfor 4 mnutes. DNAcontl conposed
only of natural bases was anplified by PCR with 0.01 units/| VENT DNA

pol ymer as e I i3 C e Lt : r inutes, 45C
For 0.5 mirdReEhi1dteht) Oiglq, CHRL RubOREh AOIE SFEAS pEeSelE T S o
DNA sequengl A | n i1 Ni ~Pa
base. pai r LAVERSapa; TIEoFpoEat nglnatleBLAEhE, b g i g R Can
perfor medpaceged B¢ LIRIAC 1A RRAIYNeerespbabredf A5 B BHIeS o#amrARd t3D-
Sequencing in the presence (c-f) or absence (g-1) of Pa' TP perfornmed on
the origi pal gbyphagea. 9) and its PCR products after 10 cycles (d, g) and
10+10 cycles (e, h) using the unnatural base pair systemor after 10 cycles
usi ng nafgnglgisubsridbancileosadel 5’ -t2ipBbspbhatieg 3c shows the results of
sequencing with dPa" TP obtalined before PCR (0 cycle). The base at position
40 is a base cher pzpeeditndnivena isnt €ueehprepeoivadyst @ Pibonucheostidepl at e,
and Pa' is incorporated at this site during sequencing reaction. Thus,
peaks of A -®Grifhasghatal havingappeaseomepratehitied byt ¢he[ Eodlogidd] Fi gures
3a to 3i show DNA sequencing and PCR anplification of DNA fragnents

cont ai ni nfoamid3aPa :base pair. - 60 Figures 3c to 3i show the results of PCR
and sequencing perforned according to the procedures explained for Figures
3a and 3h01ePduiEoaudhaors It he resul ts of sequencing wi th dPa' TP

[0170] [wherein

R! is hydrogen or an amino group,

R* is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH].

{0171] The structure of formula 1 inc¢luding substituents is
as defined above for deoxyribonucleotides.

[0172] The present invention furthermore provides a
ribonucleoside 5'-triphosphate having a base represented by

the following formula 2:



obtained after 10 cycle PCR The base at position 40 is a base
corresponding to a site conplenentary to Ds in the tenplate, and Pa' is
incorporated at this site during sequencing reaction. Thus, peaks of A G
Cand T all disappear only at this site. [Figure 3e] Figures 3a to 3i show
DNA sequencing and PCR anplification_ofggDNA fragments containing a Ds-Pa
base pair. Figures 3c to 3i show the results of PCR and sequenci ng

per f or med r,di h rocedures explained for Figures 3a and 3b.

Fi gure 3e[§§g§é {ﬁgr%§%%|?§?0f sequencing with dPa' TP obtained after 10+10
cycle PCR The base at position 40 is a base corresponding to a site
conplenentary to Ds ig@X he tenplate, and Pa' is incorporated at this site
during sequencing r tion. Thus, peaks of A, G Cand T all disappear
only at this sit Figure 3f] Figures 3a to 3i show DNA sequenci ng and PCR
anplification o fragnents containing a Ds-Pa base pair. Figures 3c to
3i show th S of PCR and sequenci ng perforned according to the
procedures expl ai ed for Figures 3a and 3b. Figure 3f shows the results of
sequencing with dRa' TP obtained after PCR (10 cycles) w th natural
substrates alone, wthout using s and Pa substrates. The Ds-Pa base pair in
the tenplate DNAL, which corresponds to the base at position 40, is

conpl et el yongpllagedeweth an A-T base pair (base T at position 40). - 61

[ Figure 3g] Figures 3a to 31 show DNA sequencing and PCR anplification of
DNA fragnments rénigiai dqgowp Dse Reched ef 1om rhydfodgpn £SsaBciddo drebw) 4 he
results of PCR and sequencing perfornmed according to the procedures

expl ai nedstibstEitgiedsoBaunantis8bhtuEeduce- B9 adlkyis grivapr,e aulstrbsafi taredenci ng
wi t hout

or unsubstituted C;-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R' is a formyl group or a nitro group].
[0175] The structure of formula 2 including substituents is
as defined above for deoxyribonucleotides.
[0176] Further, the present invention provides a 5'-0-
(4,4’ -dimethoxytrityl)-3'-0-(2-cyancethyl N,N-
diisopropylphosphoroamidite) deoxyribonucleoside having a base
represented by the following formula 3:

[0177] [Formula 25]

HS
A
¢
N ]q’f FqS

[0178] [wherein
R® is hydrogen or a substituted amino group,
R® is a substituted or unsubstituted 2-thienyl group, a

substituted or unsubstituted 2-thiazolyl group, or a



dPa' TP obt ai ned before PCR (0 cycle). The base at position 40 is a base
corresponding to a site conplenentary to Ds in the tenplate, but there is
no base which fornms a specific base pair with Ds, so that the subsequent
peaks al nost di sappear. [Figure 3h] Figures 3a to 3i show DNA sequenci ng and
PCR anplification of DNA fragnents contggning a Ds-Pa base pair. Figures
3c to 31 show the results of PCR and sequencing perforned according to the

pr ocedur es ﬁﬁpl i f i 3p.. Ei hiﬁﬁﬁﬁE t results of
sequenci ngsvm Jggu d%@%%@%eﬁtﬂ% 3’%01%(%4%&]]%? 'baeggd at position
40 is a base gpryLSp i to a site conplenentary to Ds in the tenplate,
but there is no ﬁase %ﬂ?éﬁg¥orns a specific base pair with Ds, so that the

subsequent| pepkp al Mgt glisAPPaffed diPMEY YrodlPriPaL f4$ RNGACIGERL aR
(read-through) of bases is also observed. These read-through peaks were
slightly 4 apeshpVddbati tiedeaseci M g ipigrodtf, @ic! Bsohaguiyed for
PCR anplification. [q:v: gure 3i] Figures 3a to 31 shov;vixjf DNA sequenci nstg and PCR
anpl i fi catdgsduf OVerddRgmdEcurs Gyt aiHe Ndikee Ds- Pa base pair. Figures 3c to
3i show the results of PCR and sequencing performed according to the

pr ocedur esf g0 Bi neR¥ as kEheusame3as Ridisbfofmguael 31 shows the results of
sequenci ng w thout dPa' TP obtai ned after 10+10 cycle PCR The base at
position -[@B1HU0 | Axn drasexanyYee Spb nebmgpuraisa £4.1 Je rop ol tehdan t#osmd i B, i n
the tenplate, but there is no base which fornms a specific base pair wth
Ds, so thatompusarsdils evpe gypdesi zddoist Bkamgplpedk. However, non-specific

i ncorporation (read-through) of bases is also observed. These read-through
peaks wer el G182ht | y Campowede div fdrmunld ntrass aasefulhe fomisstanfley dses

required for PCR amplification
starting materials in chemical synthesis of DNA templates for

replication and transcription.

[0183] Furthermore, the present invention provides a 5'-0-
(4,4’ -dimethoxytrityl)-3'-0-(2-cyanoethyl N,N-
diisopropylphosphoroamidite) deoxyribonucleoside having a base
represented by the following formula 4:

[0184] [Formula 26]

Fq?

|

[0185] [wherein

R’ is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C,-C: alkyl group, a substituted
or unsubstituted C;-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R® is a formyl group or a nitro group,

excluding the case where R’ is hydrogen or a l-propynyl

group and R® is a formyl group].



[ Figure 4a] Figure 4 shows T7 transcription nediated by Ds-Pa base pairing.
Fi gures 4a and 4b show the experinental schenes. [Figure 4b] Figure 4 shows
T7 transcription nediated by Ds-Pa base pairing. Figures 4a and 4b show t he
experinmental schenmes. [Figure 4c] Figure 4 shows T7 transcription nedi ated

by Ds-Pa base pairing. Figure 4c shows sgel- el ectrophoresis of transcripts

obtained using a tenplate (N = Ds, Pa, Pa', Aor C wth natural NTPs (1

M in thejpgesence Qligﬁéh€Lsg$€?€§E$iﬁﬁg[%ﬁ?%uﬂ%géTP or DsTP. The

transcri pts were | abel'ed w e yield of each transcript was

det er m negghB7jcoNPaPi $OM N t FahdCayi @ dPfeAmiialaial transcript froma
tenpl ate conposed only of natural bases (N = A or C), and the transcription
efficiencyoqgeql d) wempauaBaaved Foemuladat arechiserhi®] eaghewampiel Fagure 4d]
Figure 4 shows T7 transcription nediated by Ds-Pa base pairing. Figures 4d
and 4e shgwatrhengemetbsialis 2R themdeahysiithBshiabekednNpi Bengtheati €6r

3' -nonophosphat es obtai ned from nucl ease digestion of transcripts (17-ner).
[ Figure 4ebpRigateof ahawsranstiapteobhpti on nediated by - 63 Ds-Pa base
pairing. Figures 4d and 4e show the results of 2D TLC analysis on | abel ed
ri bonucl eBRTIEF BESCRIPRIONPOEt PHE DRAWINGS from nucl ease di gestion of
transcripts (17-nmer). [Figure 5a] Figure 5 shows specific T7 transcription
of tRNA folLeegl es ¢Bhparei dg]uFdguwesl lantbctdosbowFagunaen8aurahonasehe
results of gel electrophoresis on tRNA transcripts obtained using tenplates
(DNA1l t opBllAl4yateémDiMAdoht 4l lawshspegtifidal repkica2ion 8nd\) in the presence
of Pa"TP (3 MM or DsTP (2 mM. The transcripts were internally | abel ed
with transcription. Figure la shows an unnatural Ds-Pa base pair,

along with natural base pairs.

{Figure 1b] Figures la to lc show an unnatural base pair
system which allows specific replication and transcription.
Figure 1b shows the structures of unmodified 5'-triphosphate
(ANTP) and modified 5'-y-amidotriphosphate for use as
substrates for PCR and primer extension.

[Figure 1lc] Figures la to lc show an unnatural base pair
system which allows specific replication and transcription.
Figure lc shows an unnatural base pair system which functions
in PCR amplification, primer extension, DNA sequencing and T7
transcription.

[Figure 2a] Figures 2a to 2e show single nucleotide
insertion and primer extension experiments with an unnatural
base pair system based on Ds-Pa base pairing. Figure 2a shows
the sequences of template-primer duplexes for use in the
single nucleotide insertion experiment.

[Figure 2b] Figures 2a to 2e show single nucleotide
insertion and primer extension experiments with an unnatural

base pair system based on Ds-Pa base pairing. Figure 2b shows



[ a-32P] GTP. The yield of each transcript was determned in conparison with
the yield of a suppressor tRNACUA transcript from DNAcont4, and the
transcription efficiency (yield) was averaged from 3 data sets for each
case. [Figure 5b] Figure 5 shows specific T7 transcription of tRNA

mol ecul es contai ning unnatural anticodorg _Figures 5b and 5c show the
results of 2D TLC anal ysis on | abel ed ri bonucl eosi de 3' - nonophosphat es

o012 ned, LG BBk 5asar ShOEEEL89oRLy! ERPRREA. ARI-ATRAEHCL,bLeSEL Pl S

[Figure 5 ranscrrptron o ecul es

containingP§m@§5ugskgggkgcgggﬂste %ggggsgggglgﬂgK§cﬁ§gom1the results of

2D TLC an sis‘on el'ed  ri1 bonutl eosi nophosphat es obt ai ned from

nucl ease _di gegirs g8 R TNA GARCANT 2! EDASUDENbiEAB3AG1E! Rucl EbgYaE 5d] Figure

5 shows specific transcription o ecu contal ning unnatura

anticodongncEr-gYbR afla ?g%gﬁragkﬂgﬁﬁibﬁté%ggegméﬁyé WieASehl Ghiatlral E

colt cell- free system 100, Roche). RNA transcripts internally

| abel ed wbabe[9a§2Ph?EEemebaséacuhabgdphnbhbe pahikihgee PYIL 2¢ 6howd 30C
for 30 m nutes, and the am noacylated tRNAs were then analyzed by

el ect rophenesificerpara@Yonokyaseybnsydergehchcoibatpate Quamdirisdacet ate
(pH 4.75) and 3 nM EDTA. [Figure 6] Figure 6 shows the sequences of DNA

fragment sshbstyaeei ANPER, NegqubaGi Gy a@ndndr Bpsandpimoanfesgesupebiate [ Figure
7a] Figure 7 shows the sequences of chemcally synthesized DNA fragnents.
[ Figure 7aN'FPgurie & Béoawsd tAr omposibeseadh chemplatd ybassy b acE zaxch DNA
fragnments. (Figure 8] Figure 8 shows dye term nator sequenci ng of DNAL
cont ai ni ng 0- 10PaiphideoRdl] FhgumesaRaehoe2ef siPa' $PngThenucleotide

insertion and primer extension experiments with an unnatural

base pair system based on Ds-Pa base pairing. Figure 24 shows

the results of primer extension by KF exo’ for 5 minutes using

a Ds-containing template with dPaTP and natural substrates in

the presence or absence of dDsTP or dDsTPy.

[Figure 2e] Figures 2a to 2e show single nucleotide
insertion and primer extension experiments with an unnatural
base pair system based on Ds-Pa base pairing. Figure 2e shows
3 minute primer extension by KF exo” or exo’ using a
Pa-containing template or a natural template with a series of
substrates (Dsy = ADsTPy and Ay = dATPy). Since dGTP is absent
from each reaction, the full-length products are mainly
33-mers.

[Figure 3a] Figures 3a to 31 show DNA sequencing and PCR
amplification of DNA fragments containing a Ds-Pa base pair.
Figure 3a shows the experimental scheme. A double-stranded
DNA fragment {150-mer, DNAl) was prepared by primer extension

using chemically synthesized DNA fragments (9l1-mer and 81-mer)

containing Ds and Pa.



fidelity of Ds-Pa base pairing during PCR can be studied by conparing this
peak pattern with that of DNA fragnent PCR containing a Ds-Pa base pair.

[ Figure 9] Figure 9 shows dye term nator sequencing of PCR products from
DNAL1 with 300 nM dDSTPN, dPaTP, dATP, dGIP, dCTP and dTTP. Sequencing in
the presence (a-c) or absence (d-f) of 4Pa’ TP performed on the original
DNAL (a, d) and its PCR products after 10 cycles (b, e) or 10+10 cycles (c,

S gni {1 cant Ty AEGGvER oB1- Protred i chopteh e bR eeblBndifg hE BR o
PCR d R~

perfofrqéd%&??%gq?g‘f@? 8ol FeeemeREe Poltpaflind sff’.b%e”?’fs 8758 YB3  abe ca
3 ' 0 V
I s P it o ¢ Bl - S N T TS

reaction @l Wii-98) ﬁhherthéiﬁpci pE8adeti5aPEBreychad Was c%%}ézedm@ﬂla 10%
- 65 polyacrylamde-7 Murea gel. The products on the gel "were analyzed

and quant ibisedmphtiFiaaPbg pmgw&&na@abxzahnzbﬁl QENTCbﬁﬂcpoﬂﬁ?leﬁ)ﬁ%e (Y
was cal culated wth Kal eidaG aph using a general curve x (1 +

)" [“her%n&etsthﬂefOEQGHQNPOEyB@B evaaetibRsT 54°8 £6rapds linutesi s the

initial copy nunber, and IS the copy nunmber of a product after n

cycles]. Ns°gagoged es miwdtés pnahdics b |foy NY rBdHiAldsON: DNcontho + Po x
(I'full/1total) [where Po is the nunber of 32P-|abeled priner nolecules,

[full is chmposednsnly of aatardl dasesspasdemplidiedeblulPCRl edghh product,

and Itotal is the total intensity of bands in the |lane]. The Y val ues thus

det er m ned .ad0eunliewy uinVENE DAl pollghmewaspOhfAder( Takl €0213lwing cycle
conditions: 94°C for 0.5 minutes, 45°C for 0.5 minutes, and
72°C for 1 minute.

[Figure 3c] Figures 3a to 3i show DNA sequencing and PCR
amplification of DNA fragments containing a Ds-Pa base pair.
Figures 3¢ to 3i show the results of PCR and sequencing
performed according to the procedures explained for Figures 3a
and 3b. Sequencing in the presence {(c-f) or absence (g-i} of
dPa’'TP performed on the original DNAl (¢, g} and its PCR
products after 10 cycles (4, g) and 10+10 cycles (e, h) using
the unnatural base pair system or after 10 cycles using
natural substrates alone (f).
[0190] Figure 3c shows the results of sequencing with dPa’'TP
obtained before PCR (0 cycle). The base at poesition 40 is a
base corresponding to a site complementary to Ds in the
template, and Pa’ is incorporated at this site during
sequencing reaction. Thus, peaks of A, G, C and T all
disappear only at this site.
[Figure 3d] Figures 3a to 3i show DNA sequencing and PCR

amplification of DNA fragments containing a Ds-Pa base pair,



Vent DNA Yvalues PCR condition substrate el ongation step pol ynerase

5-/3 -labeled (unit/l) primer Unnatural 0.3 nmM dNTPs using and dNTPNS 65
C, 4 min0.04 0.38/0.29 DNA I (a) Conventional 0.2 mM natural using dNTPs
72 C, | mn 0.01 0.43/0.35 DNAcontl(b) [Figure 11] Figure 11 shows the
results of dye term nator sequencing wmggraut dPa' TP obtai ned for PCR
products of DNA2 and DNA4 fragnents prepared fromdifferent sanples (a-d)

cherm gallotesy BLs) 290 HAOTRA S50 Wenchs Y B Thagg results

|nd|cate purity o em ca Iy syn esi zed nts

cont ai nf NgeeBEuRa BEse 0 3 %ﬁgs gl el il £pL 81 oRCB, Tl o

means tha e previous ermnedrt de pai ring

duri ng PCBn(igng%F§59?8d5d0§ho%99tﬂgrfé¥u T:sCJS'f”!-, %ﬂcfﬁ{ L EEH 288, DN
fragnents. Thus, the Idelity appears to e much er t an 99. 8@6[F|gure

12] Fi gur gplaineanariiae amplyichearicRn e@ﬁéCbSQEYatOﬁo§§¥§8ﬁ0dﬂci§ &rom DNAI,
DNA3 to DNA1O and DNAcontl, as determ ned by agarose gel el ectrophoresis.

The PCR plb@t@'écb‘érr‘é%?@n@@.h@c'ft@d a0Bited Yongaemea tasly 20dDst annediew th
et hidium brom de e stained bands were then quantified for their

i ntensi ty templata, Mahac Padr ismageorpdrateds wit emiand iQeaduiriyyg One sof tware
(Bio-Rad). The anplification efficiency was determ ned using the follow ng

equat i on: seulefednligy relack@en .progust ) péhkseasi Ay 6f Cnand DNALior PCR). The
efficiency was averaged from3 to 4 data sheets. Standard devi ations are
disappear only at this site.

[Figure 3e] Figures 3a to 3i show DNA sequencing and PCR
amplification of DNA fragments containing a Ds-Pa base pair.
Figures 3¢ to 3i show the results of PCR and sequencing
performed according to the procedures explained for Figures 3a
and 3b. Figure 3e shows the results of sequencing with dPa’TP
obtained after 10+10 cycle PCR. The base at position 40 is a
base corresponding to a site complementary to Ds in the
template, and Pa’' is incorporated at this site during
sequencing reaction. Thus, peaks of A, G, C and T all
disappear only at this site.

[Figure 3f) Figures 3a to 31 show DNA sequencing and PCR
amplification of DNA fragments containing a Ds-Pa base pair.
Figures 3¢ to 3i show the results of PCR and segquencing
performed according to the procedures explained for Figures 3a
and 3b. Figure 3f shows the results of sequencing with 4Pa’TP
obtained after PCR (10 cycles) with natural substrates alone,
without using s and Pa substrates. The Ds-Pa base palr in the
template DNAl, which corresponds to the base at position 40,
is completely replaced with an A-T base pair (base T at

position 40).



given in parentheses. [Figure 13] Figure 13 shows the results of dye
term nator sequencing obtained for PCR products from DNA2 with priner 2.
[ Figure 14] Figure 14 shows the results of dye term nator sequencing
obtained for PCR products fromDNA3 with prinmer 2. [Figure 15] Figure 15
shows the results of dye term nator sequenci ng obtained for PCR products
fromDNA4 with prinmer 2. [Figure 16] Figure 16 shows the results of dye

term nat or Se‘i'ﬂ‘igﬁﬁg gﬁg&gi[éﬁg-efsors PER B}[iogﬁ%s tho%%%c%éh Rl BeR 1.

[ Figure 17] Fidur results o ye term nator sequdenci ng

obt ai ned fokI1RERBHILUCLE DNAMEPNAMmenitsh conitdRhikg ol Dsdpac bhdk Hadw.e 18

shows the résults of dye termnator sequencing obtained for PCR products

from DNA7 péighilt-eR BB o2 31l Ehaw @ntOlreEud¥ise ok9 PEROWR A BRquRRihy Of dye
term nator “sequenci ng obtai ned for PCR products from 8 withprinmer 2. -

67 [ Fi gupRr2@rmeldydceozdinlows the peodeldures dwplag@neidn®oe’ Figaaeengang
obt ai ned tor PCR products fromDNA9 with prinmer 2. [Figure 21] Figure 21

shows a seh@MBbf.or Faguneasy! shows theupasuutsl ofinsegednoingnvatioay t RNAs in
an E. coil-derived cell-free translation system [Figure 221 Figure 22
shows a syraie® sbtaieed beforeu@CRogiddeyddei)iat Thesbase at position 40
7-(2-thienyl)-3Himdazo[4,5- b]pyridine. Reagents and abbrevi ations: (a)
di chl or obiis( far ibalsen gopirespondd nga ltload shte2 cofmpliemenytlastyartyl Pishiaphtiee, DVF,
(b) palladium carbon, sodium borohydride, ethanol, ethyl acetate; (c)
form c aciteémpladtedaBut ZTheawex\s3ne das@ phiichudpirms- B- eppchifd.cpbatsefl ur anosyl
chloride, CH3CN, (e) NH3, nethanol; (f) and (1) 4,4'- dinethoxytrityl
chl ori de, pgyimi #iid; DEg) s2- dyatodhiey subsequeindopespy ploositoddisappeiatre,
tetrazole, CH3CN, (h) and &p)
[Figure 3h] Figures 3a to 31 show DNA sequencing and PCR

amplification of DNA fragments containing a Ds-Pa base pair.

Figures 3c to 3i show the results of PCR and sequencing

performed according to the procedures explained for Figures 3a

and 3b. Figure 3h shows the results of sequencing without

dPa’'TP obtained after 10 cycle PCR. The base at position 40

is a base corresponding to a site complementary to Ds in the

template, but there is no base which forms a specific base

pair with Ds, so that the subsequent peaks almost disappear.

However, non-specific incorporation (read-through) of bases is

also observed. These read-through peaks were slightly

increased with an increase in the number of cycles required

for PCR amplification.

[Figure 3i] Figures 3a to 31 show DNA seguencing and PCR

amplification of DNA fragments containing a Ds-Pa base pair.

Figures 3c to 3i show the results of PCR and sequencing

performed according to the procedures explained for Figures 3a

and 3b. Figure 31 shows the results of sequencing without

dPa’'TP obtained after 10+10 cycle PCR. The base at position



acetic anhydride, pyridine, then dichloroacetic acid, dichloronethane; (i)
and (n) 2-chloro-4H1, 3, 2, - benzodi oxaphosphori n-4-one, di oxane, pyridine,
tributylamne, bis(tributylamonium pyrophosphate, DVF, then 12/ pyridine,
water, NHAOH (for 5" -triphosphate), 12/pyridine, NHAOH (for

-y-am dotri phosphate); (j) tetra-O acgbyl_-p- D-ribofuranose, chl oroacetic
acid; (k) ammoni a-saturated nethanol. Tol: toluoyl;

§ymhhe5|s
e ana

4. 4" -di t [ A F
Sehers {oROCKY b b¥Es CGrrBEEbNaInG k8 BosEPE 55‘9?;&%“'%@
4-

P SRR AL RASE bR, SEUETEL e
Reagent s ﬁﬁﬂgaﬁﬁ%ﬁvbgt'QBSthﬁﬁ)th@F%ubsééuen peaks almost disappear.

2- deoxy-3 i - O p-toluoyl D-eryt hro-pént of uranosyl  chloride, CH3CN, (b)

anmoni a- sgbikgked Hth§B8b1f£6)1ﬁcérpoghﬁﬁbﬁo¥¥éﬁat¥hréﬁbﬁﬁ'QE pR¥Esdige;
(d) 2-cyanoethyl “N, N - diisopropylam no chloro phosphorani d

dllsopropxhgbhwbagbeed.T*fheéé)ré&aufﬁréﬁgﬁl alk¥Glere 474 phosphat e,
then tributylam ne, bis(tributylamonium q%ophosphate %ﬁ%ﬁy(f) NaH,

CH3CN, thefAcZedsedt twiith BANIbrPasei bAf thanAtnbeehber t¢eles0re§BLBed
di chl oronet hane; (h) 2- chloro-4H 1, 3, 2- benzodi oxaphosphori n-4-one, di oxane,

pyri di ne, fokr PORt whpdiiB&cabiieftri but yl ammoni um) pyrophosphate, DW, then
| Z/ pyridine, water, NH4OH (for 5'-y-am dotri phosphate); Tol: toluoyl; DM
4, 4" - di met hoxy{Fituke Aa] Eighyk. 4] BhguseT24arahsgunipt24nshedsakiv® bpectra
for nucleosides of 7-(2-thienyl)-3Himdazo[4,5-b]pyridine (Ds). Figure 24a
shows 1H DERPa2vBaskHpal DMISO dblgupest4a arid Chpshow stite sexperliméniaglir e 24b]
Fi gure 24 shows NWVR spectra for nucl eosides of
7- (2-t hi eaghem8bhi m dazo[ 4, 5-b] pyridine (Ds). Figure 24b
[Figure 4b] Figure 4 shows T7 transcription mediated by
Ds-Pa base pairing. Figures 4a and 4b show the experimental
schemes.,
[Figure 4c] Figure 4 shows T7 transcription mediated by
Ds-Pa base pairing. Figure 4c shows gel electrophoresis of
transcripts obtained using a template (N = Ds, Pa, Pa', A or
C) with natural NTPs (1 mM) in the presence (1 mM) or absence
of PaTP, Pa'TP or DsTP. The transcripts were labeled with
[y-*?P)GTP. The yield of each transcript was determined in
comparison with the yield of a natural transcript from a
template composed only of natural bases (N = A or C), and the
transcription efficiency (yield) was averaged from 3 data sets
for each case.
[Figure 4d] Figure 4 shows T7 transcription mediated by
Ds-Pa base pairing. Figures 4d and 4e show the results of
2D-TLC analysis on labeled ribonucleotide 3’'-monophosphates

obtained from nuclease digestion of transcripts (17-mer).

[Figure 4e] Figure 4 shows T7 transcription mediated by



shows 1H NVR (270 MHz, DMOSO d6) spectra of Conpounds 6 and 11 (7.0-9.0
ppm . (Figure 24c] Figure 24 shows NMR spectra for nucl eosides of
7-(2-thienyl)-3Himdazo[4,5-b]pyridine (Ds). Figure 24c shows 1D NOCE
spectra of Conpound 6 (in DMOSO-d6). [Figure 24d] Figure 24 shows NWVR
spectra for nucl eosides of 7-(2-thienylgs 3H i m dazo[ 4, 5-b] pyridine (Ds).
Figure 24d shows 1D NOE spectra of Conpound 11 (in DMOSO d6). [Figure 24e]

Fi 24.sh f !
7 (5 thi oRST T HaRRVE, REIENAS, | F1gUeer DR (BRe £ show she results of o
(75 Mz, Eﬁtﬁﬁtdﬁh?gggisruﬁ1Qagggaaggagoﬁucleé%iathgUhsnaﬂﬁbssha@ég 24

shows NMR spectra nucl eosi

7-(2-thieeﬁkhiﬁéaiEkéﬁzahé;éaébpm&begmsoﬁDék-tEaﬁgeeiﬁﬂs (3howery 2D COsY
spectrum of Conpound 6. [Figure 24g] Figure 24 shows NVR spectra for

nucl eosi des OfFigﬁ%etththbuﬁé'B”Eﬁé%@[égéc@k@&eriﬂéaﬁﬁﬁkigfhgﬂr6f24g
shows a 2D NCESY spectrum of Conpound 6. [Figure 24h] Figure 24 shows NVR

spectra f grNAURbeesudes cehtiihinghuaRrkhralt aftdasabAss- bf pyiiteli se (Ds).
Figure 24h shows a 2D HSQC spectrum of Conpound 6. [Figure 24i] Figure 24

shows NVRshp®g&t thel 2estlekcoEi ge3 eQectrophoresis on tRNA transcripts
7-(2-thienyl)-3Himdazo[4,5-b]pyridine (Ds). Figure 241 shows a 2D HVBC
spect rum ebt@anpdundifig empliate24j(pNElgute DPMAIROaRdNDRAspacH)awlioh
nucl eosides of 7-(2-thienyl)-3Himdazo[4,5-b]pyridine (Ds). Figure 241
shows a 2DakivBElsN@Esr (@ o GomMiumd Gheepresgede. ofFPgUT® 23kinMfFi gure 24
shows NMR spectra for nucl eosi des of
7- (2- t hi ebgl’P- 32+ mMi) dazBliel, Brappyriptsewé s ) inepnakly4kabeshadswiti3C NVR
(75 MHz, DMOSO d6) spectrum of Compound 11. [Figure 241] Figure 24 shows NWR
spectra f dpn-MRJGHEsi dPbe yield of each transcript was determined in
comparison with the yield of a suppressor tRNA.,, transcript
from DNAcont4, and the transcription efficiency (yield) was
averaged from 3 data sets for each case.
[Figure 5b] Figure 5 shows specific T7 transcription of
tRNA molecules containing unnatural anticodons. Figures 5b
and 5c¢ show the results of 2D-TLC analysis on labeled
ribonucleoside 3'-monophosphates obtained from nuclease
digestion of tRNAcpa-a and tRNAgyps transcripts.
[Figure 5c] Figure 5 shows specific T7 transcription of
tRNA molecules containing unnatural anticodons. Figures 5b
and 5c show the results of 2D-TLC analysis on labeled
ribonucleoside 3'-monophosphates obtained from nuclease
digestion of tRNAcp,'a and tRNAcqypps transcripts.
[Figure 5d] Figure 5 shows specific T7 transcription of
tRNA molecules containing unnatural anticodons. Figure 54
shows aminoacylation of tRNA transcripts in an E. coli cell-

free system (RTS-100, Roche). The tRNA transcripts internally

labeled with [o-*?P]GTP were incubated in the cell-free system



of 7-(2-thienyl)-3Himdazo[ 4, 5-b]pyridine (Ds). Figure 241 shows a 2D COSY
spectrum of Conpound 11. [Figure 24n] Figure 24 shows NMR spectra for

nucl eosi des of 7-(2-thienyl)-3Himdazo[4,5-b]pyridine (Ds). Figure 24m
shows a 2D NCESY spectrum of Conpound 11. [Figure 24n] Figure 24 shows NWR
spectra for nucl eosides of 7-(2-thienylgy 3Him dazo[ 4, 5-b] pyridine (Ds).
Figure 24n shows a 2D HSQC spectrum of Conpound 11. [Figure 240] Figure 24

(2 thi oy YOS TR RS JTHIGER] pyPid e (HRTOITTIR LS HFVARVEFS HiShvec
2 f

Pl cosi oebat3Feg By é%?&%ﬁ’?“%ﬁe.%%ggéﬁﬁi@%?B??Q‘?XQ%EEEE?SUr e 24p

shows a ZQoHVQthﬂgcbrE”MO&rQQUHEHQQFé &?ghgﬁg?gnggﬁdﬂﬁygnﬁﬁal Figure 25

shows NWMR spectra nucl eosi des e and

4- prOpyny|DyrrTbig%reC@EDPhgﬁBEdG sEbGHr%h85§e§ﬁ8ﬂ@e§ o DR €388mbhies
DMOSO- d6) spectrum of npound . [Figure 25b] Figure 25 shows NMR spectra

for nucl egsirdase 9h PERrobeqaeﬁé&Bg|QSBYGQaﬁgdripEEQHYE¥bB¥&m€h€s2‘
car bal dehyde. Figure 25b shows a 13C NWVR (75 MHz, DMOSO d6) spectrum of

Conpound 17. [Ergytuee2dal]l Figutre 25$§bw/sthsz§qaehbasf Of BHeheealdgs of
pyrrol e- 2- car bal dehyde and 4- propynyl pyrrol e-2- carbal dehyde. Figure 25c

shows a 2pPyabb¥sipedt DN Gragmenpeund 17. [Figure 25d] Figure 25 shows NWVR

spectra for nucl eosides of pyrrole-2-carbal dehyde and 4-propynyl pyrrol e-2-

car bal dehyde. FrFgunee23d)sRagare ZDshb®QE thectegoentesCofipochemidédlly
synthesized DNA fragments.

[Figure 8] Figure 8 shows dye terminator sequencing of
DNAl containing 0-10% DNAcontl in the absence of dPa’'TP. The
fidelity of Ds-Pa base pairing during PCR can be studied by
comparing this peak pattern with that of DNA fragment PCR
containing a Ds-Pa base pair.

[Figure 9] Figure 9 shows dye terminator sequencing of
PCR products from DNAl with 300 mM 4DSTPy, dPaTP, dATP, d4GTP,
dCTP and dTTP. Sequencing in the presence {a-c¢) or absence
(d-f} of dPa’TP performed on the original DNAl (a, d) and its
PCR products after 10 cycles (b, e) or 10+10 cycles (c, f).
When using dATP instead of dATPy to perform PCR, the fidelity
was significantly reduced (e, £f).

[Figure 10] Figure 10 shows autoradiographs of PCR
products obtained with a *?P-labeled 5’'- or 3’-primer. PCR was
performed using *?P-labeled 5'- and non-labeled 3'-primers or
3p-labeled 3'- and non-labeled 5'-primers in 100 pl buffer
solution for Vent DNA polymerase containing DNAl (a) or
DNAcontl (b). An aliquot (10 pnl) from each reaction solution

after 1, 3, 5, 10 or 15 PCR cycles was analyzed on a 10%



[ Figure 25e] Figure 25 shows NMR spectra for nucl eosides of

pyrrol e- 2- car bal dehyde and 4-propynyl pyrrol e-2- carbal dehyde. Figure 25e
shows a 2D HVBC spectrum of Compound 17. [Figure 25f] Figure 25 shows NWR
spectra for nucl eosides of pyrrole-2-carbal dehyde and 4-propynyl pyrrol e-2-
car bal dehyde. Figure 25f shows a 2D NCE®% spectrum of - 71 - Conpound 17.

[ Figure 25g] Figure 25 shows NWVR spectra for nucl eosi des

pyrrol e- 2+ ard p | py bal, d d Rygpse 259
Chove o 1RORVACE a0 vas " DHORE=85 }"@ispe@??ﬁnrg?“%’%‘%p%nﬁ“?%g FeGite 25m)
Fi gure 25aaaq%ewv%nap%famiff%anu;&ltﬁosl #99- /b oR A" Qhﬁl%z%%r bam@hyde and
4- propynyl pyrrol e-2- carbal dehyde. Figure 25h s oms a 13C NWMR (75 WHz,

DMOSO- d6) ef%&%(ﬂah'é?‘ 9ferc@pve%ndﬂ8wak%a%ala%h RiLgur RaaéiaQ@%pHNR spectra
for nucl eosi des pyrrol e-2-carbal dehyde and 4-propynyl pyrrol e-2-

car bal dehydgngFladdetesal Sheve #1320 KESY RPsctnum &) Eaneeend 18 thei gure
25j]1 Figure 23 shows NMR spectra for nucl eosides of pyrrol e-2-carbal dehyde

and 4- pr opyiaplepy ofolPER2 cyedelsal(dehyde. 3Fi guand2dp)shaysie €he NOESYiapect rum
of Conpound 18. (Figure 25k] Figure 25 shows NVR spectra for nucl eosi des

of pyrrol eopycaumbdledehynd dNadid- phepygopypypumbée-2f aapbadvebydfterigure 25k
shows a 2D HSQC spectrum of Conpound 18. [Figure 251] Figure 25 shows NWVR

spectra fayclesl]leosNdesms aletmmriniesd 2Emmn bidied effold>vaindy quatphory:] Ngr =0l e- 2-
No + Po % {Ifu11/Itotar) [where P, is the number of *?P-labeled
primer molecules, If;; 1s the intensity of a band
corresponding to the full-length product, and Ii,tay is the
total intensity of bands in the lane]. The Y values thus

determined are shown in the table below.

[0191] (Table 2-2]

PCR Vent DNA Y values
condition substrate elongation step pOIymerasc /3" labeled
(unit/ul) primer
Unnatural
. 0.3 mM dNTPs ,
using 65°C, 4 min 0.04 0.38/0.29
Conventional
using | O2EMustral § 750 | min 0.01 0.43/0.35
DNAcont!(b)

[Figure 11] Figure 11 shows the results of dye terminator
sequencing without dPa’TP obtained for PCR products of DNA2
and DNA4 fragments prepared from different samples (a-d) of
chemically synthesized fragments containing Ds and Pa. These
results indicate that the purity of the chemically synthesized
DNA fragments containing a Ds-Pa base pair affects their peak

patterns after PCR. This means that the previously determined



car bal dehyde. Figure 251 shows a 2D HVBC spectrum of Conpound 18. [Figure
26m Figure 25 shows NWR spectra for nucl eosides of pyrrol e-2-carbal dehyde
and 4-propynyl pyrrol e-2- carbal dehyde. Figure 25m shows 1D NOCE spectra of
Compound 17 - 72 - (in DMOSO-d6) . [Figure 25n] Figure 25 shows NVR spectra
for nucl eosides of pyrrole-2-carbal dehyge and 4-propynyl pyrrol e-2-

car bal dehyde. Figure 25n shows 1D NOE spectra of Conpound 18 (in DMOSO d6).

790 250 FLe 20 08 S SR SRS, ) MR
e 2 oS8, I M) DAl s S B ot 2B T

(Figure 2 shows e deox enos

5' -y-am daiyr4 LsQun, %gﬁ; ' Ra v 1H NWVR (270 MHz,
D20) spec J?dde&mqg;fgpz%%)%fac#e:nt%slibﬁee -hy[ﬂé%ﬂ(f%t ri pn(s)sph'at%g. [ Fi gure 28b]
Figure 28b shovgya b2 NV (FiQR M2 [R)wsS RS TP 10fe e pienasidie
5'-y-anidotripnggghafz.wﬁ[Figﬁ}e 29a]l Figure Zggﬂghoms 1H NWVR (270 ﬁﬁ?; D20)

spectra ofoe ok iRy Frot BARY, INRT HRPIDHARHA PNacontl, as
i m dazo[ 4, 5-b] pyridine 5 -y-am dotri phosphate (upper) and 5'-triphosphate

| ower). | [ h of
et hi e o e Iyars 2ok, DEBACLES

5' -y-am defdredmsitied (BHPREIJ% alfardse gdpP Al nddwarth dthid@dum 30a]
Figure 30a shows a 1H NMR (300 WMHz, D20) spectrum of
7- ( 2- t hi emdomide.3- Phei Behihadodbphfis3Were then guantified for their
intensity using a Molecular Imager FX Pro system and Quantity
One scoftware {(Bio-Rad}. The amplification efficiency was
determined using the following equation: (Intensity of PCR
product)/(Intensity of input DNA for PCR). The efficiency was
averaged from 3 to 4 data sheets. Standard deviations are
given in parentheses.
[Figure 13] Figure 13 shows the results of dye terminator
sequencing obtained for PCR products from DNA2 with primer 2.
[Figure 14] Figure 14 shows the results of dye terminator
sequencing obtained for PCR products from DNA3 with primer 2.
[Figure 15] Figure 15 shows the results of dye terminator
sequencing obtained for PCR products from DNA4 with primer 2.
[Figure 16)] Figure 16 shows the results of dye terminator
sequencing obtained for PCR products from DNA5S with primer 1.
[Figure 17] Figure 17 shows the results of dye terminator
sequencing obtained for PCR products from DNA6 with primer 1.
[Figure 18] Figure 18 shows the results of dye terminator
sequencing obtained for PCR products from DNA7 with primer 2.

[Figure 19] Figure 19 shows the results of dye terminator

sequencing obtained for PCR products from DNA8 with primer 2.



I m dazo[ 4, 5-b] pyridine 5 -triphosphate (Conpound 14). [Figure 30b] Figure
30b shows a 1H NMR (270 MHz, D20) spectrum of

1- (P-D-ri bof uranosyl ) pyrrol e- 2- car bal dehyde - 73 - 5'-triphosphate (Conpound
19). [Figure 30c] Figure 30c shows a 1H NWVR (270 MHz, D20) spectrum of

4- propynyl -1-(3-D-ri bof uranosyl ) pyrrole-g carbal dehyde 5 -tri phosphate
(Compound 20). [Figure 3la] Figure 3la shows a 31P NWVR (109 MHz, D20)

20)- LR o i 1B R (1 ] »
S"%Cr1 phosphat S¥LEaERoR0Y TAPUepe2f) PCHEFRRY EadTyg) BF 88! feapthRtr 0
Mz, D20) seaBRRkiHE BbthihBaDrbiDeb pRoduLYRY EtohepRasaLRshdpbyslE: o

5'-tr|phosphate (Compound 19). [Figure 31c) Figure 31c shows a 31P NNR (109

MHz, D20) Speq?&gﬁk@fzi]pFQBﬁﬁé|2h ch3wk- hi Behumanesy! hARYhbak91dtion
carbaldehyde 5"-tri phosphate (Conpound 20). [Figure 32] Figure 32 shows the

results OBfehﬁﬁhEﬁ%B&aHntﬂﬁaﬂéﬂLb@ﬂt&&ﬁ&ngpQRﬁhH”lﬁEﬁh BS) cbek -§a2hKaA17P2S.
C3sH40017P2S: cal cd: 924.17(1-); 461.58(2-), found: 924.02(1-); 461.70(2-)

[ Figure 33klEi-gree Bzankowtiansywkhem.s scheme for nucl eoside derivatives of
7-(2-thiazolyl)-3Himdazo[4,5- b]pyridine. Reagents and abbreviations: (a)
di chl or obi s(tri[phenykepRadpRigarpakkadhows a- syhthbueliygl sthamk) Ebrazol e, DIVF;
(b) pall adi um car bon, sodi um borohydride, ethanol, ethyl acetate; (c)
form c acndeledsilaeHder2vdedxegs3ph- di-{@-phiehydyF3H-Dnedukby 4, pent of ur anosyl
chl oride, CH3CN;, (e) ammoni a-saturated nethanol; (f) 4,4'- dinethoxytrityl
chl ori de, bjjpyrdddee . ( ge2geyts omndyabidi-eirialt iewpr ofy) am no chl oro
phosphoroam dite, diisopropylethylamne, THF, (h) acetic anhydride,
pyri di ne, dichlorobis(triphenylphosphine)palladium, 2-
(tributylstanyl)thiophene, DMF; (b) palladium carbon, sodium
borohydride, ethanol, ethyl acetate; (c) formic acid; (d) NaH,
2-deoxy-3,5-d1-0-p-toluoyl-a-D-erythro-pentofuranosyl
chloride, CH3sCN; (e) NH:, methanol; (f) and (1) 4,4'-
dimethoxytrityl chloride, pyridine; (g) 2-cyanoethyl
tetraisopropylphosphordiamidite, tetrazole, CH;CN; (h} and (m)
acetic anhydride, pyridine, then dichloroacetic acid,
dichloromethane; (i) and {(n) 2-chloro-4H-1,3,2,-
benzodioxaphosphorin-4-one, dioxane, pyridine, tributylamine,
bis(tributylammonium) pyrophosphate, DMF, then I,/pyridine,
water, NHOH (for 5'-triphosphate), I,/pyridine, NH,OH (for
5'-y-amidotriphosphate): (j) tetra-0O-acetyl-p-D-ribofuranose,
chloroacetic acid; (k) ammonia-saturated methancl. Tol:
toluoyl; DMT: 4,4’ -dimethoxytrityl; Ac: acetyl.
[Figure 23] Figure 23 shows a synthesis scheme for
nucleoside derivatives of pyrrole-2-carbaldehyde and
4-propynylpyrrole-2-carbaldehyde, as well as a synthesis

scheme for 6-amino-9-(2-deoxy-p-D-ribofuranosyl)purine 5'-y-

amidotriphosphate. Reagents and abbreviations: (a) NaH,



t hen di chl oroacetic acid, dichloronethane; (i) 2-chloro-4H - 74 -

1, 3, 2, - benzodi oxaphosphori n-4-one, di oxane, pyridine, tri-n- butylam ne,

bi s(tri butyl ammoni um pyrophosphate, 12/ pyridine, water, NH4CH Tol:

tol uoyl; DMI: 4,4'-dinmethoxytrityl; Ac: acetyl. [Figure 34] Figure 34 shows
a synthesis schenme for nucleoside derygtives of 2-nitropyrrole (Conpound
1). Reagents and abbreviations (a) NaH, 2-deoxy-3,5-di-0 p-

t ol | D- t hr.o- f h| d CH3CN: i a- sat t ed
ot hanol - 2(ER0¥Y135 AL ARt RoRy EPLEYILEHB ﬁ?a@*hﬁyr-?&?ﬁég)ﬂ(f&%%a' R e
2- t d | t

ai ?ZSB?&@?‘ oRtpel EES@‘?rHOM cattuih £ £ Sy 0K E’fﬁ@ﬂ%%%. nto) e
d'ChlOrOagﬁb%ﬁgaﬁ&QriqgghEﬁiggﬁﬁganﬁyrﬁﬁine (d) anoethyélnéN'—

2-chloro benzodi oxaphosphori n-4- one, dloxa e, pyri

tri-n- bm&ﬁﬁbﬁ%opy%ﬁﬁhb' EH&%E@”BBB%EHLrBM&EE!‘EQSDhate 12/ pyridine, water,
NH4OH. Tol : tol uoyl di met hoxytrityl; Ac: acetyl. (Figure 351

Figure 3548hgwpra IEEB ib&iﬁéheTﬁFfO npebessi dpodgel, vabeygs of
4- (2-thienyl )8§ﬁ-ggrro 2[2 3- b]pyrldFﬁé ? DDs) angO 9 d

4- (2-thi epyhmethynyphokphats, bkﬁﬁhl@rﬂbutﬁDEMXneBEBﬂemtﬁiﬁﬁdyaahmenhﬁhbOnSI
(a) nCPBA, EtOAc, then nethanesul fonyl | ori de, DWVF;, (b) Nal, CH3COC1,

CH3CN, (cbyrbbﬂosﬁhdeegynﬁrs-Qtacnaﬁtobugmﬂ,atmbmryrMra-ﬂept@iuémnpsym-

chloride, CH3CN; (d) dichlorobis(triphenyl phosphine)pall adi um

2- (tribut yibb8nyahbsydpbhlerdde?- (bni BBy] sdiclyljtdmetivare; (WF;2{e)

ammoni a- saturated net hanol; (f) 4,4'-dinmethoxytrityl chloride, pyridine;

(g) 2-cyachablopl4H-0L Gi, 2sbpnapyliaxaphosphboio-ghoaphoddaxadet epyridine,

di i sopropyl et hyl am ne, THF; (h) acetic anhydride, pyridine, then

di chl or oatetibutgdianine,7bis(tributylammonium) pyrophosphate, DMF, then
I,/pyridine, water, NH,OH (for 5'-y-amidotriphosphate): Tol:
toluoyl; DMT: 4,4 '-dimethoxytrityl;: Ac: acetyl.

[Figure 24a] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-b]pyridine (Ds). Figure 24a
shows 'H NMR (270 MHz, DMOSO-d;) spectra of Compounds 6 and 11.

[Figure 24b] Figure 24 shows NMR spectra for nuclecsides
of 7-(2-thienyl)-3H-imidazo[4,5-b]lpyridine (Ds). Figure 24b
shows 'H NMR (270 MHz, DMOSO-d¢) spectra of Compounds 6 and 11
(7.0-9.0 ppm).

[Figure 24c] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-blpyridine (Ds). Figure 24c
shows 1D NOE spectra of Compound 6 (in DMOSO-d:).

[Figure 24d] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-blpyridine (Ds). Figure 244
shows 1D NOE spectra of Compound 11 (in DMOSO-ds).

[Figure 24e] Figure 24 shows NMR spectra for nucleosides

of 7-(2-thienyl)-3H-imidazo[4,5-blpyridine (Ds). Figure 24e

shows a *C NMR (75 MHz, DMOSO-d;) spectrum of Compound 6.



di chl oronet hane; (1) 2-chloro-4H1, 3, 2, - benzodi oxaphosphori n- 4-one,

di oxane, pyridine, tri-n-butylamne, bis(tributylammonium pyrophosphate,
12/ pyridine, water, NH4CH  Tol: toluoyl; DMI: 4,4'-dimethoxytrityl; Ac:
acetyl. [Figure 36] Figure 36 shows a synthesis schene for 1-(13-

D-ri bof uranosyl ) -4-[(3-biotinam do-|-proaynyl)]pyrrol e-2- carbal dehyde
5'-triphosphate (Conpound 28). Reagents and abbreviations: (a) NaH CH3CN,

th 2,3,5-t b I bof | _ch id

G chi of orret hand P EEFEA 246 B 981&‘%2?3?%0&% M, $Bssitde 26t nucleosides
okt s el aigaan ol Stboke BB 8% EVEES (e
th di chl I t

2- gﬂlolg fﬁ¥%%3%2b%énzsgio%ebﬁggpogﬁl?%%%oghg) di oxane, pyridine,
tri-n-butyl b h
1;;p;r|3|%ean1Q%Egungg%ah %? blog:%ﬂbwﬁygggx%?gggkﬁiﬁP%Fnu BSid Fum
car bonat e Jpuff g _thHleSvd)) - 318 miE4E 4 /B NIf\]/Byéﬂinedl(@a«,t hoxyigﬁ{ral 244C:

acetyl. [Figure 37] Figure 37 shows a 500 , spectrum
for r|bongﬂdggﬁbdgnohoﬁswog%@&&&ghpb%~@@m@@hﬁ@hﬁde [ Figure 38a] Fi gure 38

shows NMR spectra for

ri bof uranosyl) - m&&edlzqmommbamd@huhspwg ekcRyar ¢oe- Auciabialidehyde
(Conpound 24). Figure 38a shows a 1H NVR (300 WMz, DMSO d6) spectrum of

Conmpound 24. 7-Kizgthd e3§t]) -Emumﬂda&os[hqwswwﬂmmerz(nfsqr 1F{§ube 24h
ri bof uranosyl)-4-[(3-dichl oroacetam do) - 1-propynyl ] pyrrol e-2- carbal dehyde
( Conpound shbws B Qv S3EL speawrum LICCHMpBoundse.(75 MHz, DMSO d6) spectrum
of Conpound 24. [Figure 38c] Figure 38 shows NWVR spectra for 1-((3-D
[Figure 24i] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-b]pyridine (Ds). Figure 241
shows a 2D HMBC spectrum ¢f Compound 6.
[Figure 24]j] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-b]lpyridine (Ds)}. Figure 2437
shows a 2D HMBC spectrum of Compound 6 (enlarged).
[Figure 24k] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo([4,5-b]lpyridine (Ds). Figure 24k
shows a !°C NMR (75 MHz, DMOSO-d;) spectrum of Compound 11.
[Figure 241] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-b]pyridine (Ds). Figure 241
shows a 2D COSY spectrum of Compound 1l1.
[Figure 24m] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-b]pyridine (Ds). Figure 24m
shows a 2D NOESY spectrum of Compound 11.
[Figure 24n] Figure 24 shows NMR spectra for nucleosides
of 7-(2-thienyl)-3H-imidazo[4,5-blpyridine (Ds)}. Figure 24n
shows a 2D HSQC spectrum of Compound 11.

[Figure 240] Figure 24 shows NMR spectra for nucleosides



ri bof uranosyl)-4-[(3-dichl oroacet am do) - 1-propynyl ] pyrrol e-2- carbal dehyde
(Compound 24). Figure 38c shows a 2D COSY spectrum of Conmpound 24. [Figure
38d] Figure 38 shows NWMR spectra for 1-(I-D

ri bofuranosyl)-4-[(3-dichl oroacet am do) - 1- propynyl ] pyrrol e-2- car bal dehyde
(Conpound 24). Figure 38d shows a 2D NOEgY - spectrum of Conpound 24. [Figure
38e] Figure 38 shows NMR spectra for 1-(j3-D

(conpound hay - @ R E Ry - A o R e Y P S A O o
38f] Figugg %% }h?}% |ch @%‘étt&-ﬁmf QF é‘o(n%%ug'd 11.

rlbofuranosyl roacet am do) propynyl ] pyrrol e-2- carbal dehyde

(Conpound 24) . (Fiugie 34bSagare 20 BM3Gs FRRCUEHUBKeh EaEPauRdeddaddl Our e
38g] Figure 38 shoms NVR specfra for 1-(I-

ri bof uranegyk) 4~ &haeagth@Hoamqaa&b4q)slbngEiaihbpxb@qle ﬁig@ﬂébghﬂehyde
(Compound 24). Figure 38g shows a 2D HVMBC spectrum of Conpound

(enl ar gedkholvki @une BEMBCFispecerdth dFOTOMpolHd\NYR (28Qalkged)DVSO d6)
spectrum of 1-[5-0-(4,4" -dinmethoxytrityl)-f3-Dribofuranosyl]-

4-[ (3-di chl or oardigatied 25a]- Fignyey 2B5pgshowise NBRC apeaittahfde naClepeides?2s) .
[ Figure 401 Figure 40 shows a 1H NVR (500 WHz, DWVMSO d6) spectrum of

| - (2, 3-di o pyeiryllep2bcarbaildenydey andd4[-pRopynylpyrrole-2-

di chl or oacet am do) - 1- propynyl ] pyrrol e- 2- car bal dehyde - 77 - (Conpound 26).
[ Fi gure 4thrBajdebyde .shPigubEAES Sesghasexai th NMR hB0e MHD| (DMOSEd.i)on
patterns of 1-((3-D-ribofuranosyl)-4-[(3-am no-

1- propynyspppyrugl ef2 CompoandeRyde 5' -tri phosphate

[Figure 25b] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25b shows a ’C NMR (75 MHz, DMOSO-dg)
spectrum of Compound 17.

[Figure 25c] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25¢ shows a 2D COSY spectrum of
Compound 17.

[Figure 25d] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25d shows a 2D HSQC spectrum of
Compound 17.

[Figure 25e] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25e shows a 2D HMBC spectrum of
Compound 17.

[Figure 25f] Figure 25 shows NMR spectra for nucleosldes
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-

carbaldehyde. Figure 25f shows a 2D NOESY spectrum of



(Conpound 27) and 1-(3-D-ri bofuranosyl)-4-[(3-biotinam do-I-

propynyl )] pyrrol e-2-carbal dehyde 5' -tri phosphate (Conpound 28). [Figure 42]
Figure 42 shows ESI nass spectra of 1-(13-D

ri bofuranosyl)-4-[(3-am no-I|-propynyl)]pyrrol e-2-carbal dehyde

5' -triphosphate (Conpound 27; upper) ancdil-(P-D

ri bof uranosyl)-4-[(3-biotinam do-I|-propynyl)]pyrrol e-2- carbal dehyde

5'-tripho ound 28; lower). [Figure 43a] Figure 43 shows NWR
spectra fggmﬁgﬁféF%?pribofuranosyl)-4-[(3-biotinanido-l-propynyl)]pyrrole-z-

car bal dehyde 5'rpli,pROGBRZE mgﬁ%p%nghaa)s- Nﬁhggé_ecﬂ%a $ReRucledE1 HVR (300
MHz, D20) spectrum of Conpound 28. [Figure 43b] Figure 43 shows NMR spectra

for 1-((3of phickefdranesybh1dehdcbhati 42prepyhyBpoRYBYE)BRYT I Ol e- 2-
carbaldeh?dep?#;triphosphate (Cgﬁpound 28?? E?ggrgg43b shows a 2D COSY

spect rum ghrbaTaenyde?s. Fi?war £5436hows 0alr a1 4 e Wz s pamise d9r
1-(13-D ribofuranosyl)-4-](3-biotinam do-I-propynyl)]pyrrole-2-

car bal dehggectrum bEhcompauad( @gnpound 28). Figure 43c shows a 31P NWR (109
WMHz, D20) spectrum of Conpound 28. [Figure 44a] Figure 44a shows the

chem cal strucfigiguel 2Bhqt FiguakedsPashBwsBNMRPspR-tCamfornduz2rosiBegure
44b] Figure 44b shows an experinental schenme for transcription and

transcri pofapgirysie-arcarbeldehyidei and 48prbpghyilplairode-aF RNA nol ecul es by
T7 transcription through Ds-Pa base pairing. [Figure 44c] Figure 44c is a
phot ogr apkarbalidebydel. Eigereopbbrekowsod t'CaNMBr i([76sMilat, aDMO80Fds) he
site-specific biotinylation experinent on RNA nol ecul es by T7 transcription
t hr ough DspRetirame ofaiCompgundadds 1-4 indicate the results

[Figure 25i] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25i shows a 2D COSY spectrum of
Compound 18.

[Figure 25j] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 25j shows a 2D NOESY spectrum of
Compound 18.

{Figure 25k] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-prepynylpyrrole-2-
carbaldehyde. Figure 25k shows a 2D HSQC spectrum of
Compound 18.

[Figure 251] Figure 25 shows NMR spectra for nucleosildes
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-
carbaldehyde. Figure 251 shows a 2D HMBC spectrum of
Compound 18,

[Figure 25m] Figure 25 shows NMR spectra for nucleosides
of pyrrole-2-carbaldehyde and 4-propynylpyrrole-2-

carbaldehyde. Figure 25m shows 1D NOE spectra of Compound 17



with the use of tenplates obtained by ligation, while Lanes 5-12 indicate
the results with the use of tenplates obtained by PCR anplification. The
tenpl ates used were DNA6 (Lanes 1, 2, 5, 6, 9 and 10) and DNAcont2 (as a
control; Lanes 3, 4, 7, 8, 11 and 12). Transcription reaction was perforned
in the presence (2 mM or absence of Biyg-RaTP together with natural NTPs
(2 M. The transcripts were |labeled with [y-32P] GIP. [Figure 44d] Figure
44d is ph?&ggbpegé_ahrmﬁng the results of gel shift assay for anal ysis of
bi oti nyl ate ranscfipts. 152-mer RNAs transcribed with Bi o-PaTP from DNA6

tenpl ate Obtai?gggg¥elbgéﬁi9@gﬁﬂg PBASRBY¢ N?ﬂgkgéEt?QtfBEeﬂucQ¥oE§Ees

anplification cycl es as"well as 152-ne ranscribed wth

biotinyIaggdpyIEoﬁng;H{BbaﬁaggkﬁuAgﬁat$_§Qgpy§$£?9ggglgegplates obt ai ned by

ligation were"m xed with streptavidin. Brotin ed RNA-streptavidin

CO"D'eXESc&?Bﬁld&ﬁ?éb@teﬁiéﬁfﬁﬂiSﬁesﬁ@W§ DY NOE %8 ped 88 T of adnfiSound/ 18 ea
gel, and the percentages (yields) of the conplexes were determ ned from

their bandihnbposbty,) [ Figure 44e] Figure 44e is a photograph show ng the
results of sequence analysis on 152-mer transcripts containing Bio-Pa or A

at position 59[rTgare 26¢r Figakky 282BhbabebEdE tepRagekpisnwekenaagei al ly
digested with RNase Ti (Ti) or - 79 alkali (AL). A portion of each

partial | ycahluahi edu@ieéshegatte@nscobiepievayatiefakefest bystreptavi din magnetic
beads to capture RNA fragnments contai ning Bio-Pa (AL+SA), and the rest was

el ect r ophamédetriphesghgtet edOpemgotntcteseimdteate thel yesul s &t 10%
pol yacrylam de-7 Murea gel. [Figure 45] Figure 45 shows a synthesis schene
for 4- po2eDi an,netiifieedodddl edscdesdéniiatitecthef résniltsopyr 28Denm. Reagent s
and abbreviations: (a) N iodosuccinimde, CH3CN, (b)

[Figure 27] Figure 27 shows ESI-mass spectra of

deoxyadenosine 5'-y-amidotriphosphate.

[Figure 28a] Figure 28a shows a '‘H NMR (270 MHz, D;0)
spectrum of deoxyadenosine 5’-y-amidotriphosphate.

[Figure 28b] Figure 28b shows a 'P NMR (109 MHz, D,0)
spectrum of deoxyadenosine 5°'-y-amidotriphosphate.

[Figure 29a) Figure 29a shows 'H NMR (270 MHz, D,0)
spectra of 7-(2-thienyl)-3-(2-deoxy-p-D-ribofuranosyl)3H-
imidazo[4,5-b]pyridine 5'-y-amidotriphosphate (upper) and
5'-triphosphate (lower).

[Figure 29b] Figure 29b shows lp NMR {109 MHz, D;0)
spectra of 7-(2-thienyl)-3-(2-deoxy-p-D-ribofuranosyl)3H-
imidazo[4,5-b]pyridine 5'-y-amidotriphosphate (upper) and
5" -triphosphate (lower).

[Figure 30a] Figure 30a shows a 'H NMR (300 MHz, D;0)
spectrum of 7-(2-thienyl)-3-(f-D-ribofuranosyl)-3H-
imidazo{4,5-blpyridine 5'-triphosphate (Compound 14).

[Figure 30b] Figure 30b shows a 'H NMR (270 MHz, D;0)

spectrum of 1-(p-D-ribofuranosyl)}pyrrole-2-carbaldehyde



propynyl -l -tributyltin, Pd(PPh3)2C 2, DVF or N-(2-propynyl)-
di chl oroacet am de, Pd(PPh3)4, Cul, triethylamne, DM, (c

4, 4" -di met hoxytrityl chloride, pyridine; (d) 2-cyanoethyl-N N

di i sopropyl am no chl oro phosphoram dite, diisopropylethylamne, THF;, (e)
acetic anhydride, pyridine, then dichlgrpacetic acid, dichloronethane; (f)
2-chl oro-4H 1"3, 2-benzodi oxaphosphori n-4-one, dioxane, pyridine, tri-n-

but yl am neg,. _Qi L | .a ' p phosphate, 12/pyridine, water, NHAOH.
DMT : 4,4%-d?E@%ﬁgfg#%¥FyR?Bﬁ@gﬂégéﬁgﬁf [ Figure 46] Figure 46 shows a

synt hesi s schqui?g&?a?ﬁ%aP@igﬁFéﬁaogoghgﬁngR;ﬁ>ﬁﬁﬂ [£9% gdPngfd) Reagents

and abbrevi ations: CoH5) 3 , triethylamne, room

tenper at uige DGR Ml %‘E]BFrt%%yl)-’l@‘( g?-bi-%?B%Bilﬁ%gﬁ%gg?%g%mzde? (D)

DMIr-d, pyridine, roo ratur ( acetic pyridi ne, room

t enper at URrball ARRyEeC Bl 02apBlbisphatied ( cdmpBluagonehane, 0C (d) 2-chloro-
4H 1, 3, 2- benzodi oxaphosphori n- 4- one/ di oxane, pyridine, tri-n- butylam ne,

bi s(tri-n-butylzigamreunaly FagteerRate shbik, at Fen NMR2/ (M09 GHYE, DABYer,
NHACH, roomtenperature; (e) RN hydroxysuccinimdyl ester (R = FAM or

ROX) / DVF, s@ektWulia 6803 --( 28@h iMaE93 3byBL oL ri BBF8rahosi@9mfenperature, 8
hours, then NHAOH [Figure 47] Figure 47 shows a synthesis schene for

NH2- hx- PaEmideall lax SRaTpyaridihaVRA~-xi padEphBeagd Compantd dlkbhr.evi ations: (a)
Cul, Pd[P(C6H5)3]4, DV, triethylam ne, roomtenperature, then
N- ( 2- propynyl ) {&4.gurief 3ldrloFdguaei ddbesaoasi de 'K MIOMI0CIMHzny T,0)ne, room
tenperature; (c) acetic anhydride, pyridine, roomtenperature, then
di chl or ocaepeictram &f di-qBl-oreibblfarance¢l )pgrrdiehReorarbaldehyde
4H 1, 3, 2- benzodi oxaphosphori n- 4- one/ di oxane, pyridine, tri-n- butylam ne,
bi s(tri - nShuttyipmmsphare dCompoyngdhd®d,. DVF, t hen
[Figure 31c] Figure 31c shows a *'P NMR (109 MHz, D,0)
spectrum of 4-propynyl-1-(pf-D-ribofuranosyl)pyrrole-2-
carbaldehyde 5°'-triphosphate (Compound 20).
[Figure 32] Figure 32 shows the results of electrospray
ionization mass spectrum (ESI-MS) for Ci3sH;00:7P2S. CasHyo017P2S:
calcd: 924.17(1-); 461.58(2-), found: 924.02(1-): 461.70(2-)
[Figure 33] Figure 33 shows a synthesis scheme for
nucleoside derivatives of 7-(2-thiazolyl)-3H-imidazo[4,5-
blpyridine. Reagents and abbreviations: (a)
dichlorobis{triphenylphosphine)palladium, 2-
{tributylstanyl)thiazole, DMF; (b) palladium carbon, sodium
borohydride, ethanol, ethyl acetate; (c¢) formic acid; (d) NaH,
2-deoxy-3,5-d1-0-p-toluoyl-co-D-erythro-pentofuranosyl
chloride, CH,CN; (e) ammonia-saturated methanol; {(f) 4.,4'-
dimethoxytrityl chloride, pyridine; (g) 2-cyanocethyl-N,N-
diisopropylamino chloro phosphoroamidite,
diisopropylethylamine, THF; (h) acetic anhydride, pyridine,

then dichloroacetic acid, dichloromethane; (i) 2-chloro-4H-



12/ pyridine, water, NH4OH, roomtenperature; (e) R-N hydroxysuccini m dyl
ester (R = FAMor TAVRA)/DVF, 0.1 M NaHCO3-Na2CO3 buffer (pH 8.5), room
tenperature, 8 hours, then NH4COH [Figure 48] Figure 48 shows a schene for

i ncorporation of substrate Pn having an am no group or a fluorescent dye
into DNA (55-ner) through replication ugj ng Klenow fragnent, along wth
the resul ts obtai ned. [Figure 49] Figure 49 shows a schene for incorporation

Cranscr: pth:ci2ue PG <P LERRPDSEPREF 306 £ HRSi1g CAP R Pho PYFERLPEs SRtaPred. h
EXAMPLES [

fﬁllomﬁngbégga%%in%'whlc %ghghﬁﬁﬁg%ﬁ& ghﬁ P%9$? Pbpﬁegereéﬁﬁfé% fscoLQ gf:
changes. wPtege WRoH?C Ad1 SHEIOPE, PRSP\ Mimed ey it ons an

modi fi cat i, 81 and changes fall within the technical scope of the
|nvent|on [8}93] Exanple | Chem cal synthesis-i 1. CGeneral nethods and

materials Al 11e3geRes 3and FaQUYRNEI WRbRsP4r %%%ﬁ@s&%ogbﬁbﬁed%é suppliers
and were used mnthout further purification. Two- dinensional thin-Iayer

chr omat oghaRN¥osd el ek 1wat 1Relf @Emzdnﬂ&b@?r&oaé TCofpbuga a9l. 60 plates
containing a 254 nm fluorescence indicator (Merck) to monitor transcription

reacti on. pbldgiidits ke HW¥BravdaibBnbYR(aneshHs wedeox§car,dedicn-pdECL EX270
and BRUKER nucl ear magnetic resonance spectronmeters (300 Mz and 600 Miz).

Nucl eosi de cauioyfli-e2D-@ ytiToRehtotRdandzyd Gn1ve1ddlL CHsyRt e(bequi pped with
a preparative C18 col um

ammonia-saturated methanol; (c) 4.,4'-dimethoxytrityl chloride,
pyridine; (d) 2-cyanoethyl-N,N’'-diisopropylamino chloero
phosphoramidite, diisopropylethylamine, THF; (e) acetic
anhydride, pyridine, then dichloroacetic acid,
dichloromethane; (f) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-
one, dioxane, pyridine, tri-n-butylamine,
bis(tributylammonium) pyrophosphate, I,/pyridine, water, NH,OH.
Tol: toluoyl; DMT: 4,4°'-dimethoxytrityl; Ac: acetyl.

[Figure 35] Figure 35 shows a synthesis scheme for
nucleoside derivatives of 4-(2-thienyl)-1H-pyrrolof2z, 3-
blpyridine (DDs) and 4-(2-thienyl)-1H-pyrrolo[2,3-blpyridine
(DDv). Reagents and abbreviations: {(a) mCPBA, EtOAc, then
methanesulfonyl chloride, DMF;: (b) NaI, CHiCOCl, CH;CN; (c)
NaH, 2-deoxy-3,5-di-0-p-toluoyl-oa-D-erythro-pentofuranosyl
chloride, CH;CN; (d) dichlorobis(triphenylphosphine)palladium,
2-{(tributylstanyl)thiophene or 2-{tributylstanyl)thiazole,
DMF;: (e) ammonia-saturated methanol; (f) 4,4'-dimethoxytrityl
chloride, pyridine; (g) 2-cyanoethyl-N,N-diisopropylamino
chloro phosphoroamidite, diisopropylethylamine, THF;:; (h)

acetic anhydride, pyridine, then dichloroacetic acid,



(Waters M crobond Sphere, 150 x 19 mm). Triphosphate derivatives were
purified with a DEAE- Sephadex A-25 columm (300 x 15 mm) and an anal yti cal
C18 colum (Synchropak RPP, 250 x 4.6 mm Ei chrom Technol ogi es). [0194]

Hi gh-resol uti on mass spectra (HRMS) and el ectrospray ionization nmass
spectra (ESI-MS) were recorded on a JEOg4dX- 110 or JMrO0 nmass spectroneter
and a Waters mcro nmass ZMD4000 equipped with a Waters 2690 LC system

respectivels = I nc 5| t MAaS aCGOoNRL ' P- 6500
poctral PR R P AT S X e R I
Docunment 39 d o y Ql e42-car_hal Non- pat ent Docunment 40)
wer e synﬁh)ggﬁn?egigb?gél%g’cﬁ%e iin%'t r%ge%p??gﬁ%&r%nt s. [0196] 2.

Expl anat i ¢j3 sqft YA@RIU R AAOS | 1%?%%%?1%%(39“1 ridine, water, NH,OH.
7-(2-thienyﬁ§-3H—inidazo[4,%ag]6éﬁi I ne was acééﬁ%lished tﬂrougﬁ the

react i ons 10wt g1y 1GUIDMTZZ 4 ,h@r-@_me&%ox?mitfmawc»e, acetyl. _
7-(2-thienyl)-3Himdazo[ 4, 5-b] pyri di ne Conmpound 4) was synt hesi zed from

2-am no- 3- ni tr qQFdgurldl WeAPHigHree 36CAMRANG biyntheR-iRalMenrdo ¢t (1) in 3
steps (729 . A deoxyribonucl eoside of 7-(2-thienyl)-3H

i m dazo[ 4 p-rijhafurdndey19haw| (3s bietioand do)- 1Wps opindilNdeyasode-2i-ngl e
product from Conpound 4 in a yield of 61% by reaction of

1- chl or o- 2at®@ldehydtedis Otirdiph@sphatle: € Coimpoande 2t89f.ur ReagentéNandpat ent
Docunment 42) with a sodiumsalt of Conpound 4, followed by deprotection of

t he t ol uogbbgresiad ifonem Caipdaid THiGNt hthenhapdl betatmOAbanzyloRo7] A

ri bonucl eosi de of 7-(2-thienyl)-3Himdazo[4,5- b]pyridine (shown as
Conpound Fipofasanosyie shdediide :r d&dt IEBY: . béiobéoromethane;: (c) 3-
tetra-O acetyl -3-D-ribofuranose and 4 at 200C with a catalytic amount of
chl or oacet(idd chdioroacehssidy )+l ~nrepyne,

tetrakis(triphenylphosphine)palladium, Cul, triethylamine,
DMF; (d) 4,4'-dimethyltrityl chloride, pyridine: (e} acetic
anhydride, pyridine, then dichloroacetic acid,
dichloromethane; (f) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-
one, dioxane, pyridine, tri-n-butylamine,
bis(tributylammonium) pyrophosphate, DMF, then I,/pyridine,
water, NH4 OH; (g) biotin-N-hydroxysuccinimide, DMF, sodium
carbonate buffer (pH 8.6), then NH,OH. DMTr: 4,4°-
dimethoxytrityl; Ac: acetyl.

[Figure 37] Figure 37 shows a 'H NMR (500 MHz, DMSO-dé)
spectrum for ribonucleoside of 4-iodopyrrole-2-carbaldehyde.

[Figure 38a] Figure 38 shows NMR spectra for 1-(p-D-
ribofuranosyl)-4-[(3-dichloroacetamido)-1-propynyllpyrrole-2-
carbaldehyde (Compound 24). Figure 38a shows a 'H NMR (300
MHz, DMSO-d6) spectrum of Compound 24.

[Figure 38b] Figure 38 shows NMR spectra for 1-(B-D-
ribofuranosyl)-4-[{3-dichlorcacetamido)-1-propynyl]pyrrole-2-

carbaldehyde (Compound 24). Figure 38b shows a °C NMR



obtained in a yield of 29% after deprotection with ammoni a- saturated

nmet hanol and purification by RP-HPLC. [0198] The structures of Nucl eosides 6
and 11 were confirnmed by NNR and hi gh-resol uti on mass spectroscopy (NNR
spectra of Conpounds 6 and 11 in the section "1. General nethods and
material s"). The aromatic proton peaks @fg -Conpounds 6 and 11 showed the
sane chem cal shifts. The HVMBC and HSQC spectra of Conpounds 6 and 11

i ndi d I i.di I.nk b a: d
o cat ool phBLURSS ULk ageclpolnad. et veen sugr O and v

pyT1di né Further, the inventors

of b present (FogRL! $BeOBLTE b el be ik LB OB 0fgupoLnds €

and 11 was att posi fron’o azo I ne ring,

as is Seeh%@i&ahhgiy&)ZQ-M@ESXigﬂio%Qangniasqt&aprzbgg§(mgsg§ksle-§3

configurations of Cofrpounds 6 and 11 were confirnmed to their 2D

NOESY and c3PpNPEehpae! (2ompBand@BRA ) sk §isrof 3dHesHedis NOBR2BXEESY NENt are
that HL' proton irradiation causes enhancenents of 2% and 3% in the H4'

si gnal andpepitaameoentompotin@’2and 9% in the H2 signal in Conpounds 6 and
11, respectively. In the differential NOE experinent, H2 proton

irradi ation caypegueehagaqmeagarel 388s884s1RMRI Bpeberkdlforsigpglpand an
enhancenent of 3% to 5%in the H2' and H3' signals. Thus, based on the NCE

experi mentribbfaranoswili)c 4 -¢¢3Fddehabroasetamfaopotrgeopyand IpFrrvele-2-
determned to be (3. Conpound 6 was converted into its amdite formin a
standard cembaddehgdd t(Cempoumdt 24N .of Fhgipé 638d showera el NQESYr med by
el ectrospray ionization nmass spectronetry (ESI-MS) (see the triner's nass
spect rum spettuwoineofi Gemponndadves of pyrrol e- 2-carbal dehyde and
4- propynyl pyrrol e- 2- car bal dehyde, as well as
6- am no- 9- ( 2- d¢Figu@- B8eilbFilguarosBl showsn¥MBR' spectra for 1-(p-D-
ribofuranosyl)-4-[(3-dichlorocacetamido)-1-propynyl]pyrrole-2-
carbaldehyde (Compound 24). Figure 38e shows a 2D HMQC
spectrum of Compound 24.

[Figure 38f] Figure 38 shows NMR spectra for 1-(f-D-
ribofuranosyl)-4-[(3-dichloroacetamido)-1l-propynyllpyrrole-2-
carbaldehyde (Compound 24). Figure 38f shows a 2D HMBC
spectrum of Compound 24.

[Figure 38g] Figure 38 shows NMR spectra for 1-(p-D-
ribofuranosyl)-4-[(3-dichloroacetamido)-1-propynyllpyrrole-2-
carbaldehyde (Compound 24). Figure 38g shows a 2D HMBC
spectrum of Compound 24 (enlarged).

[Figure 39] Figure 39 shows a 'H NMR (500 MHz, DMSO-d6)
spectrum of 1-[5-0-(4,4’'-dimethoxytrityl)-p-D-ribofuranosyl]-
4-[(3-dichloroacetamido)-1-propynyllpyrrole-2-carbaldehyde
(Compound 25).

[Figure 40] Figure 40 shows a 'Y NMR (500 MHz, DMSO-dé6)
spectrum of 1-(2,3-di-0O-acetyl-f-D-ribofuranosyl)-4-[(3-

dichloroacetamido)-1-propynyl]lpyrrole-2-carbaldehyde



am dotri phosphate"). Nucl eoside 5 -triphosphates shown as Conpounds 10 and
14 were synthesized in a standard manner (Non-patent Docunent 43) for use
as substrates in enzymatic reactions. [0199] Synthesis of nucl eoside
derivatives of pyrrole-2- carbal dehyde (Conpound 15) and

4- propynyl pyrrol e-2- carbal dehyde (Compound 16) was acconpli shed by the
reactions shows in Figure 23. Synthesis of deoxynucl eosi de derivatives of
Conpounds (tampddnk6283s been reported (Non-patent Documents 39 and 40).
Rlbonucle03|des of Conpounds 15 and 16 were synthesized by reaction of

2.3, 5- trl-C>beQ?lguEbrubqu& aeeylal %hbﬂ%lﬂEAENQEBBaH@&ti@ﬁcéﬁéﬂhnéé) with a
sodium salt of Cbnpoun 15 or fol | owed Bars treatnent to

deprotectcbh%mnb%ﬂax&oarga@%erhaeb%bx QELQLBEBBfﬁhHHBH9thﬁL??% -8RPNB -2as
Compounds 17 (yield 15% and 18 (yield in 2 steps 200] The structures

of Conpoundprbdpyard )IpyweodecanrciarvaddehyddVB' teephyBphatet ra of Conpounds
17 and 18 shown in Figure 25) and hi gh-resol uti on nass spectroscopy. The

HVBC and K8@mpoanackrd ahdConppubdgibéfanednd8ynndiacayaedpibatinamitloghycosidic
| i nkage was fornmed between sugar and pyrrol e base noiety at the d' carbon.

The anonepirepyayili)Jpyatriodes 2otatbajdehydel B ' -amdphdsphaceconfirmed by t he
NOE experinment (differential NOE and NOESY spectra). [0201] The nmain
resul ts ofl Compouinidf @B8dnti al NOESY spectrum experinment are as foll ows. HI'
proton irradiation caused an enhancenent of 3%to 4%in the H4' signal. H2'
(and/or H3') [dFdgomei dRddFiguce d2usbdwsnESihmasenspecairaduft d-1f%Din t he
H5 signal. The NOESY spectra of Conpounds 17 and 18 showed cross peaks
bet ween HEibghyrARosYBdrded SHamisnd lepoopyaydn pYanelee2neanbpd dghydry:
(and/ or H3' ) Thus, based on NCE NWVR

5° -triphosphate (Compound 27; upper) and 1-(f-D-

ribofuranosyl)-4-[(3-biotinamido-1-propynyl) lpyrrole-2-

carbaldehyde 5'-triphosphate (Compound 28; lower).

[Figure 43a] Figure 43 shows NMR spectra for 1-(f-D-
ribofuranosyl)-4-[(3-biotinamido-1-propynyl) lpyrrole-2-
carbaldehyde 5'-triphosphate (Compound 28). Figure 43a shows
a 'H NMR (300 MHz, D;0) spectrum of Compound 28.

[Figure 43b] Figure 43 shows NMR spectra for 1-(p-D-
ribofuranosyl)-4-([(3-biotinamido-1-propynyl) lpyrrole-2-
carbaldehyde 5'-triphosphate (Compound 28). Figure 43b shows
a 2D COSY sgpectrum of Compound 28.

[Figure 43c] Figure 43 shows NMR spectra for 1-(B-D-
ribofurancsyl)-4-[{3-biotinamido-1l-propynyl) lpyrrole-2-
carbaldehyde 5'-triphosphate (Compound 28). Figure 43¢ shows
a *'P NMR (109 MHz, D,0) spectrum of Compound 28.

[Figure 44a] Figure 44a shows the chemical structure of
biotinylated PaTP (Bio-PaTP; Compound 28).

[Figure 44b] Figure 44b shows an experimental scheme for

transcription and transcript analysis on site-specific



the anoneric configurations of Conpounds 17 and 18 were determned to be I.
The ri bonucl eosi des shown as Conpounds 17 and 18 were converted into their
ri bonucl eoside 5 - triphosphate formin a standard manner (Non-patent
Docunent 45). [0202] Nucl eoside 5' -triphosphates were synthesi zed as
disclosed in prior art docunents (Non-patgent Docunents 43 and 45).

Synt hesi s of 5'-y-anidotriphosphates was acconplished in a standard manner

(Non- pat gl PORYARAL AL sbid HRTEERSAL 80°n7 PrahSELofedun! eRzbigh shown s

Conpounds wer e
2- chl or o- ﬂg—%a baske égg&géaphosphorln 4- one. The protected nucl eosi de
phosphite erlvatlve were~ converted into

P2, P3- di oxo- Pl iﬁgﬁgglqqgldyhgﬁggogﬁbpggsgh h8§°?E$PEr§ﬁBg&Pp'§E&h

pyrophosphate er treatnment with i ne mate e resu

5"tr'"Et%&QQ%Eﬁﬁh%§ew§%e ol ¢2hRdcribtl 6pRaeAbhaiRd tRBUERYE - QBEEEEictO gi ve
nucl eosi de 5' -y-"am dotri phosphates. [0203] Purification of these

5' -y-anm dghbkRRgIRkALAS e wgérimehEobHEQNhymambealeécB?nmq PEARsSenpedsx
colum chromat ography and RP-HPLC. The DEAE col umm el ution patterns and

el ectr ospitay¥oughi Dat-Panbages papeshhd OflaseoxyafleNndidLtd the results
y-am dotri phosphate are shown in Figures 26 and 27. [0204] During

- y- am detithphhephakee ofy tehpiatesSobtainplobphatigattiodeoxwadennanae was
al so forned, and the 5 -y- am dotri phosphate and 5 -tri phosphate were in the
rati o of 5418: inddsatal theatredulltsnwilthi ther asei off abmplbhieseobfatpednd 22
was eluted relatively faster than deoxyadenosi ne 5' - phosphate (dATP) and
separ at edblgy PDEAEmpAidiieagdonf.i cCBie obemplates' ugednvens r Dihe sphanes whs
confirmed for its nolecular weight by ESI-M spectronetry. The difference
between 2, 5, 6, 9 and 10) and DNAcont2 (as a control; Lanes 3, 4, 7,
8, 11 and 12). Transcription reaction was performed in the
presence (2 mM) or absence of Bio-PaTP together with natural
NTPs (2 mM). The transcripts were labeled with [y-*’P]GTP.
[Figure 44d] Figure 44d is photographs showing the
results of gel shift assay for analysis of biotinylated
transcripts. 152-mer RNAs transcribed with Bio-PaTP from DNA6
template obtained by ligation and DNAceont2 template obtained
by PCR amplification (20 cycles), as well as 152-mer RNAs
transcribed with biotinylated UTP (Bio-UTP) from DNAcont5 and
DNAcont6 templates obtained by ligation were mixed with
streptavidin. Bilotinylated RNA-streptavidin complexes were
separated from free RNAs on a 7% polyacrylamide-7 M urea gel,
and the percentages (yields) of the complexes were determined

from their band intensity.

[Figure 44e] Figure 44e is a photograph showing the

results of sequence analysis on 152-mer transcripts containing
Bio-Pa or A at position 59. The 5'-terminally *?P-labeled

transcripts were partially digested with RNase T1 (Tl) or



Conpound 22 and dATP was 1 mz. After final purification by HPLC the

nucl eosi de 5' -y-am dotri phosphates were obtained as triethylamoniumsalts
and confirnmed for their structure by NWR spectroscopy ('H and 31P NWR).

y- Phosphat e signals from deoxyadenosine 5'-y-am dotriphosphate and Conpound
6 were shifted to |lower magnetic field f940-50 and -0.52 p.p.m, as

conpared to those of 5'-phosphates of Conpounds 6, 11, 17 and 18. This

h I b ' ' ; 6 i d ' hat e.
[0208] 5. LT (AR B BPEeABn U RaKACpar {1 100a1kA 1 (a1 GbRaAP !

2- A no- 3-aldfecdr 2 il A AP SRR nalihch 150 Hdden oof

2-am no-3-nitro- | oropyridine (Conp n- pat ent Docunent 41)

1.74 g, ' ' ' ' || g I 50
. 0. 80 S R e ol Ty o (5. B8 FESe)

ol ) was M@ia&t&wfmeyemn eheDapieEted TREagmEHL I RBreNBAEH! € VaS
stirred at 100C for hours. The m xture was poured into water (250 m) and

then extr agiad,26d bretahos peaycry(18n( dd- X M3 )ureAf igesz .dryi ng over Na2SO4,
the solvent was distilled off under reduced pressure. The residue was

applied to fl aqlFizydrecatsgelFigjur@Tsiiso ghandsy al Siyihd hestilsy lsehemec [Hoar idde: et hyl
acetate (100:1 to 49:1) as an eluent to give 2.07 g of Conpound 2 (Rf 0.30
on met hyl gesidhiloor mdeticftiled nuwdelicosicle- dBTitvatives wifel2d ndft répirrod206] ' H
NVR (270 WMHz, CDC13) S 8.17 (d, 1H, J=5.1 Hz), 7.4 (dd, 1H, J=5.0 and 1.1
Hz), 7. 1ReayntEHant=Abdbreavdatibngz) (a)7 oioddductiiniivitie) @HICB:6{bl),
6.77 (d, iH J=5.1 Hz), 5.66 (bs, 2H)
propynyl-l-tributyltin, PA(PPh,).Cl,, DMF or N-(2-propynyl)-
dichloroacetamide, PA(PPh,;),, Cul, triethylamine, DMF; (c)
4,4’ -dimethoxytrityl chloride, pyridine; {(d) 2-cyancethyl-N,6N-
diisopropylamino chloro phosphoramidite,
diisopropylethylamine, THF:; (e} acetic anhydride, pyridine,
then dichlorcacetic acid, dichloromethane; (£f) 2-chloro-4H-
1,3,2-benzodioxaphosphorin-4-one, dioxane, pyridine, tri-n-
butylamine, bis(tributylammonium) pyrophosphate, I,/pyridine,
water, NH,OH. DMTr: 4,4'-dimethoxytrityl; Ac: acetyl.
[Figure 46] Figure 46 shows a synthesis scheme for
NH,-hx-dPnTP, ROX-hx-dPnTP and FAM-hx-dPnTP. Reagents and
abbreviations: (a) Cul, PA{P(CgHs)3]14, DMF, triethylamine, rocom
temperature, then N-{(2-propynyl)-6-
trifluorocacetamidohexanamide; (b) DMTr-Cl, pyridine, room
temperature; (c) acetic anhydride, pyridine, room temperature,
then dichloroacetic acid, dichloromethane, 0°C; (d) 2-chloro-
4H-1,3,2-benzodioxaphosphorin-4-one/dioxane, pyridine, tri-n-
butylamine, bis(tri-n-butylammonium) pyrophosphate, DMF, then
I,/pyridine, water, NH,OH, room temperature; (e) R-N-

hydroxysuccinimidyl ester (R = FAM or ROX)/DMF, 0.1 M NaHCO;-



[ 0207] HRVS (FAB, 3-NBA, matrix) COH8N3QZS (M+l): cal cd, 222.0337; found,
222.0337. [0208] (2) 2,3-Di am no-4-(2-thienyl)pyridine (Conpound 3) To a
m xture of Conpound 2 (2.06 g, 9.3 nmmol) and 466 ng pal | adi um carbon (10% by
wei ght) in ethanol (130 ml) and ethyl acetate (65 m), 28 ml of 1 M aqueous
sodi um borohydride was - 87 added at O(gg The resulting mixture was stirred
at OC for 1 hour. To the mxture, 43 m of 5% aqueous amoni um chl ori de

dded,, T ' ' dth h lite., The fi
G 1 utod wNARCERO Ok, (T 8¢9 by S0 o ARG 19 ANt A PR o
th 1 Xt t A thyl {at Al dryi
over Na250s, | A TRl T Waiohgel W hfNE B Syprbals hehlme sl LY 1)

flash ST hifandekath! OPRiCRkapltpUShBITRRRRYEEISAE! Od S St landoct at

(19:1 to as an'e ion solvent to give npoun (Rf 0.24

on net hyl QI ide, Lt ateey 1% in I ebds; Q 20 “H NVR
(270 M, %&%ﬁgﬁ%&%ﬂ& . @g?l(%ﬁg%),ﬂl?.'4%M¥hd#gi%?h§§§‘i{‘ghdgﬁ?? ) ,

7.23 (dd, =¥ - dg-1H, J=5.1 and 3.5 Hz), 6.74 (d,
1H, J(=5.1t%)p,e%f%§6§e?'gg,h%2n&oﬂ? 3 Pt?gly(lgH)G. [ 0210] H%nl\/s ( FAB, é NBA (

MRt riX) CHEHNES Hodobtanflobibx sh9a 1095 ( )0 whehr -£92- 99841 k02 kbon( 3)
7-(2-Thienyl)-3Him dazo[ 4, 5-b] pyridine (Conpound 4) A solution of Conpound

3 (956 Ny temperatve; M d)0ETet iAGnhydadd,) pyaddield, U redn’ temberadure., To

t he reaction
then dichloroacetic acid, dichloromethane, 0°C; {(d) 2-chloro-
4H-1, 3, 2-benzodioxaphesphorin-4-one/dioxane, pyridine, tri-n-
butylamine, bis(tri-n-butylammonium) pyrophosphate, DMF, then
I,/pyridine, water, NH,OH, room temperature; {(e) R-N-
hydroxysuccinimidyl ester (R = FAM or TAMRA)/DMF, 0.1 M
NaHCO;-Na,C0O; buffer (pH 8.5), room temperature, 8 hours, then
NH,CH.

[Figure 48] Figure 48 shows a scheme for incorporation of
substrate Pn having an amino group or a fluorescent dye into
DNA (55-mer) through replication using Klenow fragment, along
with the results obtained.

[Figure 49] Figure 49 shows a scheme for incorporation of
substrate Pa having a fluorescent dye into RNA (17-mer)
through transcription using T7 RNA polymerase, aleng with the
results obtained.

EXAMPLES

[0192] The present invention will now be further described
in the following examples, which are not intended to limit the
technical scope ¢of the invention. Based on the detailed

description, various modifications and changes will be

apparent to those skilled in the art, and such modifications



m xture, 24 m of 28% NHAOH was added on an ice-cold bath. The resulting
precipitate was filtered, washed with H20 and ethyl ether, and then dried
at 60C for 12 hours to give 7-(2- thienyl)-3Himdazo[4, 5-b]pyridine (970
ng, 96% . - 88 - [0212] 1H NWR (300 MHz, DWMSO-d6) S 13.20 (s, 1H), 8.48 (s,
1H), 8.30 (m 2H), 7.78 (dd, 1H J=1.0g3nd 5.1 Hz), 7.54 (d, 1H, J=5.1 Hz),
7.25 (dd, 1H, J=3.8 and 4.9 Hz). [0213] 13C NWMR (75 MHz, DMVMSO d6) 8

145, 66, [ 8234PhRRRES(Fanl Wi fBRe EPF ﬁé’cﬁéﬁ%&c%ﬁéﬁg §0F chvaRLos0;
fpund 20§28§?f [Qgi 5_4),17C mIga ny % egfs foxy , 5-di - O (toluoyl)-p-D

ri bofuran d 5) To a solution of

Conpound ¢ (égﬁegglaﬁeQPﬁ?QIgnhnméggggg*%Sz m), NaH (96 ng, 2.4 mmol, 60%

di spersion’i n_m ner was a e resulting m xture was stirred at

room tenperatﬂiﬁr£gé éng UéndTQoFGSREBXﬁHES(BgrgﬁQ§¥d3f§oﬂ'sE%Rdard

tol uoyl - a- D-er yt nto uranosy | ori de 33 ng, 2.4 mol Non- pat ent

Document 4dg)y m@érédsﬁa wbkbetisgll WitRoud! faPEHbr! BIPEEREHE Loh QT BWycr hoOUTS,
t he reactlon m xture was partitioned between ethyl acetate and water. The

organi ¢ hamehsyefaleshed-1Ayee Eh#BRavbgPapRyU( abedLe)URAYSpELEbHIRA
chloride, dried over Na2SO4, and then evaporated under reduced pressure.

The produgkingsoppsi minedibYcai bbtascgeplaobsNBontALATAG 08" 288Ynih0. 5% met hanol
in CH2C12) to give Conmpound 5 (714 ng, 65%.

fluorescence indicator {Merck) to monitor transcription
reaction. 'H NMR, '’C NMR and *'P NMR spectra were recorded on
JEOL EX270 and BRUKER nuclear magnetic resonance spectrometers
{300 MHz and 600 MHz). Nucleoside purification was performed
on a Gilson HPLC system equipped with a preparative Cl8 column
(Waters Microbond Sphere, 150 x 19 mm). Triphosphate
derivatives were purified with a DEAE-Sephadex A-25 column
(300 x 15 mm} and an analytical C18 column (Synchropak RPP,
250 x 4.6 mm, Eichrom Technologies).
[0194] High-resolution mass spectra (HRMS) and electrospray
ionization mass spectra (ESI-MS) were recorded on a JEOL HX-
110 or JM700 mass spectrometer and a Waters micro mass ZMD4000
equipped with a Waters 2690 LC system, respectively.
Fluorescence measurement was accomplished by using a FP-6500
spectral fluorometer (JASCO).
[0195] Pyrrole-2-carbaldehyde (Non-patent Document 39) and
4 -propynylpyrrole-2-carbaldehyde (Non-patent Document 40) were
synthesized as described in these prior documents.
(0196] 2. Explanation of compound synthesis

Synthesis of 7-(2-thienyl)-3H-imidazo[4,5-b]pyridine was

accomplished through the reactions shown in Figure 22, More



[0216] 1H NVR (270 MHz, CDC13) S 8.32 (d, 1H, J=5.3 Hz), 8.26 (s, 1H), - 89
- 8.16 (dd, 1H, J=3.8 and 1.2 Hz), 7.93 (m 4H), 7.50 (dd, 1H, J=5.1 and 1.2
Hz), 7.47 (d, 1H, J=5.3 Hz), 7.22 (m 5H), 6.68 (dd, 1H J=8.6 and 5.8 Hz),
5.82 (m 1H), 4.69 (m 3H), 3.18 (ddd, in, J=14.2, 8.6 and 6.4 Hz), 2.86
(ddd, 1H, J=14.2, 5.8 and 2.0 Hz), 2.4%xs 3H), 2.37 (s, 3H). [0217] HRVB
(FAB, 3-NBA matrix) 031H25N3058 (Mr1): cal cd, 554.1750; found, 554.1748.

[0238) {ShpbekEFNTOy v Faltudsapn R bbb suen bpdthane
IO . 53 T3 DGOyl ABTba"2s oATdSAndhcS. nThecsaLuT | OF 1

stirred m tenperaturé for hours. After the reaction, the solvent

was di sti l:h%r%&rraadnteheecbﬁ\ﬁb@iua 13s (RBh'—PhQénEYDthﬁéhtS 4hi)Cangs!
chromat ography uSing net hylene chloride:ethanol (97:3 to 93:7) as an

el ution salgpat (7219i,Ven dddxPBivbncoTdesde Cof ma(yxahﬂbmhz 43¢~ [ 0219] 1H
NVR (300 MHz, DMBO-d6) S 8.75 (s, 1H), 8.35 (d, 1H, J=5.1 8.30 (d, 1H,

J=3.7 Hz) imia82o(d, 51b]pFyrIdinkz X sho¥nbas( dompBund= 5)1WH§)ob¥aZﬁeﬁtaslﬂ,
2 Hz), 6.54 (t, 1H, J=6.9 Hz), 5.34 (d, 1H, J=4.1 Hz), 5.11 (t, 1H,

3;2-7 Hz) sifgde piodudt, £3oflCompol, 43i6G0a( fhiedd) of B8180bgnreadbrioRr. 37 (M

1H). [0220] 13C NWR (75 Mz, DVsO d6) S
of 1l-chlore-2-deoxy-3,5-d1i-0-toluoyl-a-D-erythro-pentofuranose
(Non-patent Document 42) with a sodium salt of Compound 4,
followed by deprotection of the toluoyl groups from Compound 5
with methanolic ammonium.
[0197] A ribonucleoside of 7-(2-thlienyl)-3H-imidazo[4,5-
blpyridine (shown as Compound 11) was synthesized by reaction
between tetra-O-acetyl-p-D-ribofuranose and 4 at 200°C with a
catalytic amount of chloroacetic acid. Compound 11 was
obtained in a yield of 29% after deprotection with ammonia-
saturated methanol and purification by RP-HPLC.
[0198] The structures of Nucleosides 6 and 11 were
confirmed by NMR and high-resolution mass spectroscopy (NMR
spectra of Compounds 6 and 11 in the section 1. General
methods and materials”). The aromatic proton peaks of
Compounds 6 and 11 showed the same chemical shifts. The HMBC
and HSQC spectra of Compounds 6 and 11 indicated that an
N-glycosidic linkage was formed between sugar Cl' and N-3
position of the imidazo[4,5-b]pyridine base moiety. Further,
the inventors of the present invention confirmed that the
thienyl moiety of Compounds 6 and 11 was attached at the

7-position of the imidazo[4,5-b]pyridine ring, as is seen from

their 2D NOESY and 2D HMBC spectra. The anomeric



- 90 - 147.10, 144.04, 143.62, 137.06, 132.00, 131.00, 129.78, 129.06,
128.07, 113.93, 87.88, 83.72, 70.80, 61.74, 39.40. [0221] HRVS (FAB, 3-NBA
matri x) C15HL6N303S (M+1l): cal cd, 318.0912; found, 318.0905. [0222] W
Amax, 311 nm E = 2.04 x 104 in 25 nNIsodiun1phosphate buffer (pH 6.8).
[0223] (6) 7-(2-Thienyl)-3-[2-deoxy-5-0,44,4" -

di met hoxytrityl)-3-D-ribofuranosyl]- 3H4q%¢$azo[4,5-b]pyridine (Conmpound 7)
A 317 ng (1.0 mmol ) portion of Conpound 6 was azeotroped three tinmes with
dry pyridceafigorationssof fempekpdsobsangylildwasenwaonfdamedatd be § by

di met hoxytrityl chloride (356 ,. 1.1 mol) was further added._The n1xture
was stirr&hed¥elRi BRES: a“ﬂo&ﬁ’??‘@ﬁpéi’&f-’ﬁ?—'é p'B‘Eﬂ" efE!a:l-%tBe%:'t%ﬁ‘ ?%Otl'l‘ﬁ’) Bind

then extracted wth nethylene chloride x . 3). After glng over
Na2so4, PRE §6P§€ﬁﬁe%&s esthptellof PTR 88r1F€GG&€&iBPe§§HFﬁ The residue
was rifie fIa h silica hro 0 e

Chior 1 de: EPRRR e*spiﬁec"zfg'z% a5 38738, Ehankdr (¥a Rt gndchnbeBCEmentaso

L ST b 08 AR A e 8 1
5 ot o e Ll oo s

1H, 4. 1&g5d1§¥ioﬁ Lgug%d %H%ancements of 9% and 10% in the H1l'

signal and an enhancement of 3% to 5% in the H2' and H3'
signals. Thus, based on the NOE experiment, the anomeric
configurations of Compounds 6 and 11 were determined to be §.
Compound 6 was converted into its amidite form in a standard
manner, and the formation of a Tp(6)pT trimer was confirmed by
electrospray ionization mass spectrometry (ESI-MS) (see the
trimer’s mass spectrum in "nucleoside derivatives of pyrrole-
2-carbaldehyde and 4-propynylpyrrole-2-carbaldehyde, as well
as 6-amino-9-(2-deoxy-f-D-ribofuranosyl)purine 5'-y-
amidotriphosphate”). Nucleoside 5'-triphosphates shown as
Compounds 10 and 14 were synthesized in a standard manner
(Non-patent Document 43) for use as substrates in enzymatic
reactions.

[0199] Synthesis of nucleoside derivatives of pyrrole-2-
carbaldehyde (Compound 15) and 4-propynylpyrrole-2-
carbaldehyde (Compound 16) was accomplished by the reactions
shows in Figure 23. Synthesis of deoxynuclecoside derivatives
of Compounds 15 and 16 has been reported (Non-patent Documents
39 and 40). Ribonucleosides of Compounds 15 and 16 were
synthesized by reaction of 2,3,5-tri-0O-benzyl-D-ribofuranosyl

chloride (Non-patent Document 44) with a sodium salt of



3.75 (s, 3H), 3.42 (dd, 1H, J=10.1 and 4.6 Hz), 3.38 (dd, 1H J=10.1 and
5.4 Hz), 2.86 (m 1H), 2.56 (ddd, 1H, J=13.8, 6.5 and 4.6 Hz), 2.06 (d,
1H, J=3.5 Hz). [0225] HRVS (FAB, 3-NBA matrix) C36H34N305S (Mtl): cal cd,
620. 2219; found, 620.2230. [0226] (7) 7-(2-Thienyl)-3-[2-deoxy-5-0(4,4'-
di met hoxytrityl)-p-D-ribofuranosyl]-3Him dazo[ 4, 5-b] pyri di ne

2- cyanoet hyl - N, N-di i sopr opyl phosphor arfi &% & (Conpound 8) Conpound 7 (425 ny,
0.69 mmol) was azeotroped three tines wth anhydrous pyridine and then

t hree ti nEempiouindadbydrods, fodflowedr blye BBThi srewbment std vdeprotenthytheus
acetonitrile (4.6 m), followed by addition of 2-cyanoethyl

t et r ai sopbepglyphgsphpsoditheirébye op2einingoraRonmolepsidesashownsak
acetonitrile solution of tetrazole (1.68 mM). This mxture was stirred for
1 hour at Coopeundspdrialyieldallsd) aaddil8i dwieldarfydivug ssepsnol (90 1),
the m xture was poured into water (50 ml) and extracted with 1%

tri et hyl akiP380(v/ v) TheostEMRitRFeFe ORy COMPOBRASr ldeapdolf wers) copfismed yi ng
over Na2SO4, the solvent was distilled off under reduced pressure. The
resi due wRY DMRi (see YR PRER TR PEaCORPONRASNRT 0gPEphE SheWRgipoFigure
triethylamnne (v/v)-containing hexane: ethyl acetate 4:1 to 3:2) as_an

el ution saﬁoeﬁpdtBlgpvéeﬁgéuﬁgoBfméﬁﬁp&?ﬁﬁtrgsFHPX-yi ¢ MBG7pd [ B30G ) 1H
NVR (270 MHz, DWBC)d%% S - %2 8.65 (m 1H)h 8.27 g”‘ 1H), 8.23ﬁ§m 1H),
7.81 (m SRpCt¥agsf fompppnds 34 apd df) indicagegnthafy angN7glygpsific’ 5 54
(m 1H),

linkage was formed between sugar and pyrrole base moiety at
the C1°' carbon. The anomeric configurations of Compounds 17
and 18 were confirmed by the NOE experiment (differential NOE
and NOESY spectra).

[0201] The main results of the differential NOESY spectrum
experiment are as follows. H1l' proton irradiation caused an
enhancement of 3% to 4% in the H4’' signal. H2' (and/or H3')
proton irradiation caused an enhancement of 9% to 10% in the
H5 signal. The NOESY spectra of Compounds 17 and 18 showed
cross peaks between H1' and H4', between H1l' and CHO proton,
and between H5 and H2' (and/or H3'). Thus, based on NOE NMR,
the anomeric configurations of Compounds 17 and 18 were
determined to be . The ribonucleosides shown as Compounds 17
and 18 were converted into their ribonucleoside 5'-
triphosphate form in a standard manner (Non-patent Document
45).

[0202] Nucleoside 5'-triphosphates were synthesized as
disclosed in prior art documents (Non-patent Documents 43 and
45). Synthesis of 5'-y-amidotriphosphates was accomplished in
a standard manner (Non-patent Document 43) with modifications.

Protected nucleosides shown as Compounds 9 and 21 were



4.81 (m 1H), 4.13 (m iH), 3.84-3.45 (m iOH), 3.21 (m 3H), 2.82-2.48 (m
3H) 1.13 (m 12H). [0228] 31P NMR (109 MHz, DMBO-d6) S 148.76 ppm and

148. 14 ppm [0229] HRMS (FAB, 3-NBA matrix) CA5H51IN506SP (M+1): cal cd,

820. 3298; found, 820.3325. [0230] (8)

7-(2-Thi enyl)-3-(2-deoxy-3-0 acetyl -3-D
ribofuranosyl)-3FLinidazo[4,5-b]pyrimiu§?Cbnpound 9) Conpound 7 (124 ng,
0.20 mol ) was azeotroped three tinmes with anhydrous pyridine. This was

di ssol ved phesaiiyalaled withdi2rehlere -4ty 1.3nd-benzoddozgphesphogingdet i ¢
anhydride was further added thereto. _The resultingenixture was stirred at

room t enp&gt-ur Eheoprotagied puelapgide cPhesphitecderivativaseverso n) and

extracted with nethylene ¢ghloride (50 ml, x 3). After drying over Na2S0O4,
the sol veonNEE teds iintoed  of - difwRTP rad 1euF1EPreddyley cind riphrgpb ifes

di ssolved_in 20 ml anhydrous nethyl ene chloride, and 200 | djchloroacetic

acid was P¥ddeeatmend ih e¥rophosphater i After deeabrent wifRutes, the

m xture was poured . into m_ sat uyr.at ed ,aqueou odi um bi car bonat e, .di_l uted
W th a5 nofiRgyWare .« he eRLRig hu LR LRBLAPRORENATRS: AaLS( SOHted 8)
After dryin over Na2SO4, the sol vent was %istilled of.f under reduced
pressure. COBCERG TREL T FGUEONF BIMPN48n Lo give Ju¥cleofidfatog¥aphy using

met hyl ene _chl.ori de: et hyl etate (9:1to - 93 3:2) as an elution solvent to
gi ve 65 n&’“&“&&ﬂ%’%‘g’ﬁ%‘ﬁ 5 yield of 88% [0231] 1H NMR (270 MHz, CDCL3)

S 829 (Qozby IO pliiPreatibh 61 enklde $73y8afldotriphBipnates was

performed by anion exchange DEAE Sephadex column
chromatography and RP-HPLC. The DEAE column elution patterns
and electrospray ionization mass spectra of deoxyadenosine 5°-
v-amidotriphosphate are shown in Figures 26 and 27.

[0204] During 5'-y-amidotriphosphate synthesis, 5'-
triphosphate of deoxyadenosine was also formed, and the 5'-y-
amidotriphosphate and 5'-triphosphate were in the ratio of
4.8:1, as calculated from their fraction absorbance. Compound
22 was eluted relatively faster than deoxyadenosine 5'-
phosphate (dATP) and separated by DEAE column purification.
The 5'-y-amidotriphosphate was confirmed for its molecular
weight by ESI-MS spectrometry. The difference between
Compound 22 and dATP was 1 m/z. After final purification by
HPLC, the nucleoside 5'-y-amidotriphosphates were obtained as
triethylammonium salts and confirmed for their structure by
NMR spectroscopy (!'H and *'P NMR). y-Phosphate signals from
deoxyadenosine 5'-y-amidotriphosphate and Compound 6 were

shifted to lower magnetic field (-0.50 and -0.52 p.p.m), as
compared to those of 5'-phosphates of Compounds 6, 11, 17 and

18. This phenomenon was also observed in guanosine 5°-y-



8.13 (s, 1H), 7.53 (dd, 1H, J=5.0 and 1.1 Hz), 7.50 (d, 1H, J=5.4 Hz), 7.20
(dd, 1H, J=5.0 and 3.8 Hz), 6.69 (m 1H), 6.37 (dd, 1H, J=10.1 and 5.4 Hz),
5.5 (m 1H), 4.28 (m 1H), 3.96 (m 2H), 3.32 (ddd, 1H, J=15.9, 10.1 and
5.9 Hz), 2.41 (m 1H), 2.12 (s, 3H). [0232] HRMS (FAB, 3-NBA matrix)
Cl7H1I8N3O4S (M+l): cal cd, 360.1018; foung 360.0993. [0233] (9)
7-(2-Thienyl)-3-(f3-D-ribofuranosyl)-3H 1 mdazo[ 4, 5-b] pyridi ne (Conpound
11) A m xtur, f. ound 4 (80 ng, 0.4 mmol), tetra-Oo
acetyl-p-EmFﬁBgF&Snggga $30 ny, 0.4 mol) and chloroacetic acid (2 ng) was
heat ed at for Lnutes. -The resulting _dark rup was treated with
nethanolié%g ni a ?40 %fl dr85 apg 8Pa96r§YPSng§Bhours. After the

SO e R SRl A LSRR IR, KEBghBagyuas 0 utec
LS L0 5L SOk -t sshgbgl L BGHop M0 M
* 1o, bkt 1, 5, Bt Sobtibne, o1 14770 Srgipal e |
It e e R
13C NWR ( fimolhz 1nDWH® ¢8b RA1), 2-(tributylstanyl)thiophene (3.82 ml, 12
mmol) was added under an argon atmosphere. The resulting
mixture was stirred at 100°C for 4 hours. The mixture was
poured into water (250 ml) and then extracted with ethyl
acetate (250 ml x 3). After drying over Na,SO;, the solvent
was distilled off under reduced pressure. The residue was
applied to flash silica gel chromatography using methylene
chloride:ethyl acetate (100:1 to 49:1) as an eluent to give
2.07 g of Compound 2 (Rf 0.30 on methylene chloride:ethyl
acetate = 19:1) in a yield of 93%.
[0206] 'H NMR (270 MHz, CDCl;) &
8.17 (4, 1H, J=5.1 Hz),
7.4 (dd, 1H, J=5.0 and 1.1 Hz),
7.12 (dd, 1H, J=3.6 and 1.1 Hz),
7.07 (dd, 1H, J=5.0 and 3.6 Hz),
6.77 (d, 1H, J=5.1 Hz), 5.66 (bs, 2H).
[0207] HRMS (FAB, 3-NBA, matrix)
CoHgN30,8 (M+1): calcd, 222.0337; found, 222.0337.
{0208] (2) 2,3-Diamino-4-{(2-thienyl)pyridine (Compound 3)
To a mixture of Compound 2 (2.06 g, 9.3 mmol) and 466 mg
palladium carbon (10% by weight) in ethanol (130 ml) and ethyl

acetate (65 ml), 28 ml of 1 M agqueous sodium borohydride was



147. 29, 144.07, 143.91, 137.00, 132.13, 131.08, 129.86, 129.14, 128.10,
114.02, 87.76, 85.57, 73.48, 70.43, 61.43. [0236] HRVS (FAB, 3-NBA matri x)
C15H16N304S (Mt1l): cal cd, 334.0862; found, 334.0871. [0237] (10)
7-(2-Thienyl)-3-[5-0-(4, 4" -di net hoxytrityl)-p-

D-ri bofuranosyl]-3H i m dazol[ 4, 5-b]pyrchpe_(Cbnpound 12) Conmpound 11 (99
nmg, 0.29 nmol) was azeotroped three tinmes wth anhydrous pyridi ne and t hen

di ssolved in p |dlqe .. To this solution, 4, 4" -dinmethoxytrity
chloride EAF®IRt 00C31 T%I‘Fe%t%é@-x%‘ﬁﬁ RS r%%’tﬂ"t'@%ga‘?n‘?(ﬁunf@rv\és

Pt o 5% adsie Ran erai#ﬁﬁ%ﬁréﬁtwic@df’ Eatgpng) aanepipll SniRRLBRLLN
e
oot hanol - TR ”%‘Sﬁ&%?pyﬁ‘ 2oy, Rude CREVDR EUCBORARIRAPRE e
L A i e e
6H), 3.46% 1‘%ﬁé£#£§‘i 5%ﬂé?]A&§g53éfggn§ ?F&§i§g§ﬁ§nd@§é 5 (s

[ 0239] HRMS[l(xFe%% w%é\l%&éﬁtlr 'e>a) oF25H34 0§§s£&’ﬁé) wasabﬁf'lfﬁéﬁ 896§1afsﬂund
636. 2173 0240] (11) 7-(2-Thienyl)-3- 3-di -0 acetyl -p-D

silica gel chromatography using methylene chloride:ethyl
acetate (19:1 to 93:7) as an elution solvent to give 1.46 g of
Compound 3 (Rf 0.24 on methylene chloride:ethyl acetate = 9:1)
in a yield of 82%.

[0209] 'H NMR (270 MHz, CDCl,) &

7.64 (4, 1H, J=5.1 Hz),

7.40 (44, 1H, J=5.1 and 1.1 Hz),

7.23 (44, 1H, J=3.5 and 1.1 Hz),

7.14 (44, 1H, J=5.1 and 3.5 Hz),

6.74 (d, 1H, J=5.1 Hz),

4.26 (bs, 2H), 3.72 (bs, 2H).

[0210] HRMS (FAB, 3-NBA matrix)

CoH3oN3S (M+1l): caled, 192.0595; found, 192.0588.

[0211] (3) 7-(2-Thienyl)-3H-imidazo[4,5-blpyridine
(Compound 4)

A solution of Compound 3 (956 mg, 5.0 mmol) in formic
acid (15 ml) was refluxed for 12 hours. To the reaction
mixture, 24 ml of 28% NH,OH was added on an ice-cold bath. The
resulting precipitate was filtered, washed with H,O and ethyl
ether, and then dried at 60°C for 12 hours to give 7-(2-

thienyl)-3H-imidazo[(4,5-b]pyridine (970 mg, 96%).



ri bofuranosyl)-3H i m dazo[ 4, 5-b] pyri di ne (Conpound 13) Conpound 12 (120 ng,
0.19 mol ) was azeotroped three tines wth anhydrous pyridine. This was

di ssolved in anhydrous pyridine (1.9 m), and 72 R (0.76 mmol) of acetic
anhydri de was further added thereto. This nixture was stirred at room
tenperature for 7 hours and poured into _5% NaHCO3 (50 ml) and ethyl acetate
(50 mM). The organic |layer was washed ~ 3 ce with saturated aqueous sodium

chloride, dried over Na2SO4, and then evaporated under reduced pressure to

renove thé0233vent HTmRré%‘PQitMW\asmﬁfétﬁw}o@ed twice with toluene and
di ssol ved in CH2C12 ilg m f ol | owed bﬁ addltlon of 190 R dichloroacetic
acid at 0C. Thits-2BaédfiohHdi x?uﬁé ﬁés d prréd fmGC Hdr 15 ninutes. The

m xture was po t.o H and_e ted with CH2C12. The organic
| ayer was mashgdggnéa miﬁhhg'ﬁzﬁaﬁﬁa Eegﬁg *sodi um chl oride, dried over
Na2SO4, and 2 eYa g geh reduced pressure to renove the sol vent.
The product wa gﬁrl y“frash §|P|ca gel chromat ography wusing a 2%

13 ina yield 8 28508€ 3 é 3R A B 00 Wz, (VB0 d6) S8.79 (5
Jo0 1 anat B3l TR awyrs et S8k 47577 G0 Th 5237 and 501 He).
0,30 (5 Srgchygt) oo (e B, foR a0 o) 858 (o e
DMBO-d6) S 130.00, 131.16, 137.60, 143.44,
144.09, 148.66.
[0214] HRMS (FAB, 3-NBA matrix)
Ci1oHgN3S (M+1): calcd, 202.0439; found, 202.0444.
{0215] (4) 7-(2-Thienyl)-3-[2-deoxy-3,5-d1-0-(toluoyl)-p-D-
ribofuranosyl]-3H-imidazo[4,5-b])pyridine (Compound 5)
To a solution of Compound 4 (403 mg, 2.0 mmol} in CHaCN
(32 ml), NaH (96 mg, 2.4 mmol, 60% dispersion in mineral oil)
was added. The resulting mixture was stirred at room
temperature for 1 hour. To the mixture, 2-deoxy-3,5-4i-0-p-
toluoyl-a-D-erythro-pentofuranosyl chloride (933 mg, 2.4 mmol)
(Non-patent Document 42) was added. After stirring at room
temperature for 2.5 hours, the reaction mixture was
partitioned between ethyl acetate and water. The organic
layer was washed three times with saturated agqueous sodium
chloride, dried over Na,S0O;, and then evaporated under reduced
pressure. The product was purified by silica gel column
chromatography (0.5% methanol in CH,Cl;) to give Compound 5
(714 mg, 65%).
[0216] 'H NMR (270 MHz, CDCl;)} &
8.32 (d, 1H, J=5.3 Hz), 8.26 (s, 1H),



169. 55, 169.22, 146.98, 144.39, 143.85, 136.74, 132.50, 131.02, 130.11,
129. 32, 128.14, 114.36, 85.20, 83.63, 72.34, 71.23, 61.05, 20.44, 20.13.
[0243] HRMS (FAB, 3-NBA matrix) CL9H20N306S (M+l): cal cd, 418.1073; found,
418.1049. [0244] (12) 1-((3-D Ri bofuranosyl)pyrrol e-2-carbal dehyde
(Compound 17) To a sol ution of pyrrole:%¥§a[baldehyde (330 ng, 3.5 nmmol) in
CH3CN (18 m), NaH (60% oi | di spersion, 2 ng, 3.8 mmol) was added and

ol Ut on of 2. 348 N Hfnsn2 & ABbAuaiE LﬁYﬁ?i d (31 mol)
Stirrod at roort e oot Wil SR e Toodiet hids Har 1 ¢ 1 oned
Pﬁﬁ\gge?. ﬁ;gy\l/\nt eﬂ}s’g:(f‘?rg 2-10. aqueougﬁ d&pﬁr%%r ﬁ\norl 97dr: %e(r)vg?sl\lggggi? and
thp)f’gt 533 LG el v ‘?sp‘zﬁglff&?fﬁtvidt W th 20%ethyl acetate in
rlbofuranosyl)py§$%ﬂ§‘2 carboxyal&gﬁ>gﬁn(506 ng). After the crude

1-(2,3,5-tri-Opayyladd r |1l;pf WA PN T E 624 qﬁr)boxyal dehyde (506 ny,
1.0 mol ) was azeotroped with toluene, CH?C12 (17 m’) was added to the

residue. To thizs geqlddd ony BF=34.2 M@ Wi, 0343 )1l) was added at -78C
and stirred for 2.5 hours, followed by additi on of a 50% net hanol - CH2C12

solution (25 mp .4 After 3I-f‘)'3. s;_ol31;t|((.'§1 wap Sstirred at -78C for 10 m nutes, 28%
NHAOH (0.5 m) was added. The
[0217] HRMS (FAB, 3-NBA matrix)

C3 HzgN305S (M+1): calcd, 554.1750; found, 554.1748.
[0218] {5} 7-(2-Thienyl)-3-(2-deoxy-f-D-ribofuranosyl)-3H-
imidazo[4,5-b]lpyridine (Compound 6)

To 1.33 g (2.40 mmol) of Compound 5, ammonia-saturated
methanol (120 ml) was added at 0°C. The solution was stirred
at room temperature for 2 hours. After the reaction, the
solvent was distilled off and the residue was purified by
flash silica gel chromatography using methylene
chloride:ethanol (97:3 to 93:7) as an elution solvent to give
717 mg of Compound 6 in a yield of 94%.

[0219] 'H NMR (300 MHz, DMSO-ds) &

8.75 (s, 1H), 8.35 (d, 1H, J=5.1 Hz),

8.30 (d, 1H, J=3.7 Hz), 7.83 (4, 1H, J=5.1 Hz),

7.65 (4, 1H, J=5.1 Hz), 7.28 (t, 1H, J=4.2 Hz),

6.54 (t, 1H, J=6.9 Hz), 5.34 (4, 1H, J=4.1 Hz),

5.11 (t, 1H, J=5.7 Hz), 4.46 (m, 1lH),

3.91 {m, 1H), 3.60 (m, 2H),

2.80 (m, 1H), 2.37 (m, 1H).

[0220] 3¢ NMR (75 MHz, DMSO-ds) &



reaction mxture was further stirred until it reached room tenperature. The
product was partitioned between CH2Cl2 and H20O and the aqueous | ayer was
washed three tines with CH2Cl2 and evaporated under reduced pressure to
remove the solvent. The product was purified by reversed-phase C18 HPLC to
gi ve 1- (3-D-ribofuranosyl)pyrrole-2-carg Idehyde (108 nmy, 15% 2 steps).

[ 0245] 1H NWR (270 MHz, DMSO d6) b 9 5 ? 7.74 (s, 1H, 7.06 (dd,

1H, J=1.6 and 4 39 (d, 1 6.30 (dd, in, J=3.0 and 4.0
Hz), 5. 27a?d 114h7 164442‘54(514035 %1 ]13r? 0221.9 Hz),(5.ooI ?t, 1H, 398, 3

Hz) . 4.02 85 OH). [02461 13C NMR (75
I\/H)z, DIVISO((:Ig; é@%ﬁ’ é%13]13“1"’-68“(2[312"5_0241239 'gzln, T)lo. [23, 89. 34, 84. 3%,
75.64, 69.50, 47]. H A BA matrix) CLloH 4NOG (Ml):
calcd, 228. 0872162(]? BCEFrrd 1%84%8%8({ %4?13']3"J(V_1L3)msl 1) Clodt (ML)

4- Propynyl-l-( baf.urano rrole 2- carbal dehyde (Conpound 18)
4- Propynyl - | -( (gérq'bcglurg{l’os%yyg{')pyrrol e- 2- car bal dehyde (Conpound 18) was

synthesizq%# .y Conpound 17, starting with

4- propynyl - roI ecar .ba e yd’é%#%orrpd{}rf 16) (Non-patent Docunent 40)
(266 g, 2.0 Nl n.6fd GMAY . [dLatd O 1Y, AP llou®MmAd ok Was obt ai ned
(39 ng, 7% 2 st ‘?

[0222] UV: hmax, 311 nm;

g = 2.04 x 10* in 25 mM sodium phosphate buffer (pH 6.8).
[0223] (6) 7-(2-Thienyl)-3-[2-deoxy-5-0-(4,4'-
dimethoxytrityl)-f-D-ribofuranosyl]-3H-imidazo([4,5-b]lpyridine
{Compound 7)

A 317 mg (1.0 mmol) portion of Compound 6 was azeotroped
three times with dry pyridine. To this, 5.0 ml anhydrous
pyridine was added and dimethoxytrityl chloride (356 mg, 1.1
mmol) was further added. The mixture was stirred overnight at
room temperature, poured into water (50 ml) and then extracted
with methylene chloride (50 ml x 3)}. After drying over Na,SO0,,
the solvent was distilled off under reduced pressure. The
residue was purified by flash silica gel chromatography using
methylene chloride:ethyl acetate (9:1 to 13:7) as an elution
solvent to give 550 mg of Compound 7 in a yleld of 89%.

[0224) 'H NMR (270 MHz, CDCl;) &

8.29 (d, 1H, J=5.1 Hz), 8.22 (s, 1H),

8.17 (dd, 1H, J=3.8 and 1.1 Hz},

7.49 (44, 1H, J=5.1 and 1.1 Hz),

7.44 (4, 1H, J=5.1 Hz), 7.37 (m, 2H),

7.27 {(m, 5H), 7.20 (m, 3H), 6.78 (m, 4H),

6.57 (ad, 1H, J=6.5 and 6.2 Hz),



[0249] 1H NMR (300 MHz, DMSO-d6) S 9.50 (s, 1H), 7.91 (s, 1H), 7.09 (d, 1H,
J=1.8 Hz), 6.32 (d, 1H, J=3.6 Hz), 5.32 (d, 1H, J=5.5 Hz), 5.07 (t, 1H
J=5.2 Hz), 5.05 (d, 1H, J=4.2 Hz), 4.01 (m 1H), 3.86 (m 1H), 3.66 (ddd,
1H, J=3.4, 5.3 and 11.9 Hz), 3.55 (ddd, 1H, J=3.6, 4.9 and 12.1 Hz), 1.97
(s, 3H). [0250] 13C NMR (75 MHz, DMVBO-dg) S 179.60, 131.15, 130.43, 126.13,
106. 22, 89.62, 85.26, 84.49, 75.86, 73.17, 69.30, 60.53, 3.79. - 99 -

[ 0251] HRMS (FAB, _3-NBA. pmatri x) ,Cl3HL ), .ca , 266.1028; found,
266.1023. [0282P6( 1%y égﬁrhésﬁé iw-nﬁbﬁﬁoé?ﬁé gsftbﬁ hosphat es of
7-(2-thienyI)-%FHgnigazgh , 5-b] pyridine A protected nucleoside (0.1 mml,
Conmpound 9 or 1I3) mé " azeotroped wth pyridine to dryness. The residue was

di ssolved in a,m,xe ol ygnt 10k opyr idizn 1 ) and dioxane (300 1). To
this, a1l M digiggqugrugﬁénJo 02¥chﬁgrgfﬁkgg)'

1, 3, 2- benzodi oxagho orhg-4y2he 1104l 5.9 mmol ) was added. After 10
m nut es, trietéypgniﬁg'(}g'~?1) and ggSEM g%%(tributylannnniun)

pyrophosphat e bngpVirm(3Qg)l,, 0.15 mml) were quickly added to the reaction
m xture. This mxture was stirred at roomtenperature for 10 m nutes,

followed by addikgi eaaaf, 1%,i gdiinesi,nepyr bfang/ vahen ,(98/2, v/iv) (2.0 m).
After 15 mnutes, 150 | of 5% aqueous NaHSO3 was added, and 5.0 ml water
was further addedet haretua, Akbes HRg .solution was stirred at room
tenperature for 30 mnutes, 20 m of

[0225] HRMS (FAB, 3-NBA matrix)

CagH34N30s8 (M+1): calcd, 620.2219; found, 620.2230.
[0226] (7) 7-(2-Thienyl)-3-[2-deoxy-5-0-(4,4"'-
dimethoxytrityl)-pf-D-ribofuranosyl]-3H-imidazo[4,5-b]lpyridine
2-cyanoethyl-N,N-diisopropylphosphoramidite (Compound 8)

Compound 7 (425 mg, 0.69 mmol) was azeotroped three times
with anhydrous pyridine and then three times with anhydrous
acetonitrile. This was dissolved in anhydrous acetonitrile
(4.6 ml), fellowed by addition of 2-cyanoethyl
tetraisopropylphosphorodiamidite (262 pl, 0.82 mmol)) and a
0.45 M acetonitrile solution of tetrazole (1.68 ml). This
mixture was stirred for 1 hour at room temperature. After
addition of anhydrous methanol (90 pl), the mixture was poured
into water (50 ml) and extracted with 1% triethylamine (v/v)-
containing methylene chloride (50 ml x 3). After drying over
Na,S0,, the solvent was distilled off under reduced pressure.
The residue was purified by flash silica gel chromatography
using 2% triethylamine (v/v)-containing hexane:ethyl acetate
(4:1 to 3:2) as an elution solvent to give 490 mg of Compound
8 in a yield of 87%.

[0227] 'H NMR (270 MHz, DMSO-dg) O



concentrat ed aqueous ammoni a was added to cause ammonol ysis at room
tenperature for 2 hours. The solvent was distilled off wunder reduced
pressure, and the product was purified by DEAE Sephadex (A-25) columm
chromat ography (eluted with a linear gradient of 50 MMto 1 M TEAB) and
then purified on a C18-HPLC colum (elué d wth a linear gradient of 0%to
30% CH3CN in 100 nNItrlethyIannDnlun1ace ate) to give the desired

nucl eosi de 5'-tnégmwphate [ 0253

7-(2- Thi enyl ) xyui’l) 'r ﬁm% r(é'hos]ﬁ)) 423 rﬁ“brazw[h 5- b] pyri di ne
RS B B o W, 1 e
S AT o MO @
ig) J= 2891(}42)247%110(_"'7'23](}5‘2) %1[30%317] 11?1]35) I\WR-(zéogsl\TtZ ?éo)Jszof? Eé).(d’
cai od, 556,07 () ity ReFed N w0 ST PRI
LG e SR TS R Ly (o
1H, J=5.4 11_622)28] 8. Oblﬁdm§H(1693bu§zﬁzﬁmsg-(§§) @d, 1H J=1.1 and 5.1 Hz),

148.76 ppm and 148.14 ppm.

[0229] HRMS (FAB, 3-NBA matrix)

C4sHs1Ns0,SP (M+1): calcd, 820.3298; found, 820.3325,

[0230] (8) 7-(2-Thienyl)-3-(2-deoxy-3-0O-acetyl-p-D-
ribofuranosyl)-3H-imidazo[4,5-b]pyridine (Compound 9)

Compound 7 (124 mg, 0.20 mmol) was azeotroped three times
with anhydrous pyridine. This was dissolved in anhydrous
pyridine (2.0 ml), and 38 pl (0.40 mmol) of acetic anhydride
was further added thereto. The resulting mixture was stirred
at room temperature for 2 days. The mixture was poured into
water (50 ml) and extracted with methylene chloride (50 ml x
3). After drying over Na,S0;, the solvent was distilled off
under reduced pressure. The residue was dissolved in 20 ml
anhydrous methylene chloride, and 200 pl dichloroacetic acid
was added thereto at 0°C. After stirring at 2°C for 15
minutes, the mixture was poured into 8 ml saturated agueous
sodium bicarbonate, diluted with 42 ml water, and then
extracted with methylene chloride (50 ml x 3). After drying
over Na,S0,, the solvent was distilled off under reduced
pressure. The residue was purifiled by flash silica gel

chromatography using methylene chloride:ethyl acetate (9:1 to



7.64 (d, 1H, J=5.1 Hz), 7.25 (dd, 1H, J=3.5 and 5.1 Hz), 6.25 (d, 1H, J=6.0
Hz), 4.82 (m 1H), 4.57 (m 1H), 4.36 (m 1H, 4.20 (m 2H), 3.11 (g, 1SH,
3=7.3 Hz), 1.19 (t, 27H, J=7.3 Hz). [0257] 31P NWR (109 MHz, D20) S -9.80
(d, 1P, J=20.1 Hz), -11.03 (d, 1P, J=18.9 Hz), - 101 - -22.78 (t, 1P,
J=20.1 and 18.9 Hz). [0258] ElectrospLa»3iQnization mass spectroscopy
(ESI-M5) C15H18N3OL3P3S; calcd, 571.97 (MH-; found, 571.74 (MH)-

02591 (L5125 BhP53. B GtaBChETaUHE B, ueaml B8 pbofeoelbpundlomdiare of

protected 4s¢hegsl 48¢(0. 1 mml, Conpound 21 (Non-patent Document 46) or
3? was azeotroped mnth pyridi ne to dryness. The residue was

dlssolved m Xt %@ﬁ &&g p and dioxane (300 I). To this, a
1M dloxahgasg utlo#E 2- cﬁ?oro 4ﬁé )2 benzodi oxaphosphori n-4-one (110

|, 0.11 nmol) gwas pgdedy, Agter 418z nutes, triethylamne (10 11) and 0.5 M
bi s(tributyl amoni um) pyrophosphate in DMF (300 |, 0.15 nmol) were quickly

added to the rgaggi eaan xhur g-and shirned Hag,roon1tenperature for 10
m nutes, followed by addition of 1% iodine in pyridine/water (98/2, v/v)

(2.0 mM). Afteg.13 (@i nutes, 7158 kaaf 380 agusousahaHPOB we$,added. After the
sol vent was distilled off under reduced pressure, 20 m of 28% aqueous
amoni a was addegot ¢4t haHr,eg:dua Ha)cause amonol ysis at 60C for 5 hours
(for deoxyadenosi ne 5 -y-am dotri phosphate) or at roomtenperature for 2
hours (for 5'-y-.am ¢ddr;i pHosgk&. & and 3.8 Hz),

6.69 (m, 1H), 6.37 (44, 1H, J=10.1 and 5.4 Hz),

5.58 (m, 1H), 4.28 (m, 1H), 3.96 (m, 2H)},

3.32 (ddd, 1H, J=15.9, 10.1 and 5.9 Hz),

2.41 {(m, 1H), 2.12 (s, 3H).

[0232] HRMS (FAB, 3-NBA matrix)

Cy7H;5N30,5 (M+1): calcd, 360.1018; found, 360.0993.

[0233] (9) 7-(2-Thienyl)}-3-(f-D-ribofuranosyl)-3H-
imidazol4,5-blpyridine (Compound 11)

A mixture of Compound 4 (80 mg, 0.4 mmol), tetra-oO-
acetyl-p-D-ribofuranose (130 mg, 0.4 mmol) and chloroacetic
acid (2 mg) was heated at 200°C for 5 minutes. The resulting
dark syrup was treated with methanolic ammonia (40 ml) at room
temperature for 18 hours. After the solvent was distilled off
under reduced pressure, the residue was diluted with 30%
aqueous CH3;CN, and the product was purified by reversed-phase
HPLC to give Compound 11 (39 mg, 29%, 2 steps).

[0234] !H NMR (300 MHz, DMSO-ds) &
8.78 (s, 1H), 8.36 (d, 1H, J=5.2 Hz),
8.31 {(dd, 1H, J=1.0 and 3.7 Hz),

7.84 {(dd, 1H, J=0.9 and 5.1 Hz),



of Conpound 6). After the solvent was distilled off under reduced pressure,
the product was purified by DEAE Sephadex (A-25) colum chromat ography
(eluted with a linear gradient of 50 nMto 1 MTEAR) and then purified on a
C18-HPLC colum (eluted with a linear gradient of 0% to 30% CH3CN in 100 nM
triethyl ammoni um acetate) to give the deagjred nucl eoside 5'-y-

am dotri phosphate. - 102 [0260] 6-Am no-9-(2-deoxy-3-D-ri bofuranosyl)purine

5'-y- am dotri ¢ d 1H NMR (270 MHz, D20) S 8.35 (s, 1
3. 11 (‘;‘”‘1‘&)“ %ef&?cog&pg’ug ) 4.16 (m( 1H), 4.03 %m 2H) | 3.(35 (;?

18H, J=7.3 Hz) 9%%ﬂ§nhﬂzg?“§%7?%; (ﬁthﬁl 13 (t, 27H, J=7.3 Hz).

[0261] 31P NI\/R( J=19.5 Hz), -10.77 (d, 1P,

J=19.5 Hz), 2.0 0262]; 5E! SRl ni zati on mass
spect r oscopy (éSI &ﬁPH N8 1?%? %a%?d(d48g g(%kagﬂkqfound 488. 98

(MH-.  (0263]5 Es(%tThllﬁW'J)-s%( 9808 2% Qe i B, U208y ) 3H
|n1dazo[4 5-b] pyridine 5 -'y-am dotri phosphate (y- an1dotr|phosphate of

Conpound 10) 11 MR (27 Qs tg=sahad 820§ 1y, 846 o( )2t J75.3 Ho),
7.85 (d, 1H, J=3.6 758 (d. TH, 'J=4.9 Moy, 7.45 (d. im J=5.3 M),

715 (1, 14 Jaddp Wi, 1804800 (i 14::;6 3.59) (md. 18)(m 1H), 4.05 (m 2H),
3.03 (q, 18H, J=7.3 Hz),

[0235] 1f‘c NMR (75 MHz, DMSO-ds) d

147.29, 144.07, 143.91, 137.00,

132.13, 131.08, 129.86, 129.14,

128.10, 114.02, 87.76, 85.517,

73.48, 70.43, 61.43.
[0236] HRMS (FAB, 3-NBA matrix)

CisH16N304S (M+1): calcd, 334.0862; found, 334.0871.
[0237] (10) 7-(2-Thienyl)-3-[5-0-(4,4'-dimethoxytrityl}-p-
D-ribofuranosyl]-3H-imidazec[4,5-b]pyridine {(Compound 12)

Compound 11 (99 mg, 0.29 mmol) was azeotroped three times
with anhydrous pyridine and then dissolved in pyridine (3.0
ml). To this solution, 4,4'-dimethoxytrityl chloride (106 mg,
0.31 mmol) was added, and the resulting mixture was stirred at
room temperature for 2 hours. The reaction mixture was poured
into 5% aqueous NaHCO; and then extracted with ethyl acetate.
The organic layer was washed three times with saturated
agqueous sodium chloride, dried over Na;S0,, and then evaporated
under reduced pressure to remove the solvent. The product was
purified by silica gel column chromatography (1% methanol-
CH,Cl;) to give Compound 12 (131 mg, 71%).
[0238] 'H NMR (600 MHz, CDCl;) b

8.39 (s, 1H), 8.28 (4, 1H, J=5.2 Hz),



2.75 (m 1H, 2.50 (m 1H), 1.11 (t, 27H, J=7.3 Hz). [0264] 31P NWR (109
MHz, D20) 8 -0.52 (d, 1P, J=20.1 Hz), -10.75 (d, 1P, J=19.5 Hz), - 103 -
-22.14 (t, 1P, J=20.8 Hz). (0265] El ectrospray ionization nass spectroscopy
(ESI-M5) C15H1I9MN4OL1P3S; cal cd, 554.99 (MH)-; found, 555.01 (MH)-.

[ 0266] (16) Nucl eosi de 5'-triphosphatqsg§ pyrrol e-2- carbal dehyde and

4- propynyl pyrrol e- 2- car bal dehyde (Non-patent Docunent 45) To a solution

t ai ni 1- (3- D-ri hof I | e- 2- bal.d : I Co d
17) o 4" opyRyP31 (e, B asr i Hrdsy Py 831 (8028 cBFBaraBiYde (0 1 ol
Co d 18 3 , 0,15 in trimethyl phosphat
(500 1), pacis’c 22 R0 Aot T "duden sapSongMde rea at oc for o
h . To th ti | Xt y ol b AN- | api 120 R, 0.5 I
added and a 0. 8- BROUE"sFat PR 81 M7 7Syl &fon um pyrophosphat 6 (1.0
m, 0.5 mmol) Qaig Bﬂrtqﬁgfgqg$%AngrgggiféﬁggrﬂgénInutes, 0.5 M aqueous

triethyl amoni umbi carbod 5 was addéd to stop the reaction

The resulting grygde pro t PUYLsiaf i by _ ephade A-25) col umm
chronatography%(?SS(%ﬁIgﬂéo ?%?6 gPEfegﬂﬁI?hBSEﬁgﬁga?Bgﬁa ?gﬁt of 50 mMMto 1

M TEAR) and thgnaspyiaidl,i 6,003 918nEPhe, 60Ky N (Synchropak RPP, Ei chrom
Technol ogi es, el'ufed wi'th a gradient of 0%to 30% CH3CN in 100 nM

triethyl aggerigym acgippise) #FABO28INBA matrix) _
1- (P-D- Ri bof uranosyl ) pyrrol e-2-car bal dehyde 5 - triphosphate (Conpound 19) S
C3¢H34N306S (M+1): calcd, 636.2168; found, 636.2173.
[0240] (11) 7-(2-Thienyl)-3-(2,3-di-0O-acetyl-f-D-
ribofuranosyl)-3H-imidazo[4,.5-b]lpyridine (Compound 13)
Compound 12 (120 mg, 0.19 mmol) was azeotroped three
times with anhydrous pyridine. This was dissolved in
anhydrous pyridine (1.9 ml), and 72 pl (0.76 mmol) of acetic
anhydride was further added thereto. This mixture was stirred
at room temperature for 7 hours and poured into 5% NaHCO; (50
ml) and ethyl acetate (50 ml). The organic layer was washed
once with saturated agqueocus sodium chloride, dried owver Na;S0,,
and then evaporated under reduced pressure to remove the
solvent. The residue was azeotroped twice with toluene and
dissolved in CH;Cl, (19 ml), followed by addition of 190 ul

dichlorcacetic acid at 0°C. This reaction mixture was stirred

at 0°C for 15 minutes. The mixture was poured into 5% NaHCO;

and extracted with CH,Cl,. The organic layer was washed once
with saturated aqueous sodium chloride, dried over Na,S0,, and
then evaporated under reduced pressure to remove the solvent.
The product was purified by flash silica gel chromatography
using a 2% methanol-methylene chloride solution as a solvent

to give 77 mg of Compound 13 in a yield of 93%.



1H NNR (270 MHz, D20) 9.28 (s, 1H), 7.64 (s, 1H), 7.08 (d, 1H, J=3.9 Hz),
6.45 (d, 1H, J=4.1 Hz), 6.32 (m 1H), - 104 - 4.32 (m 2H), 4.10 (m 3H),
3.03 (g, 18H, J=7.3 Hz), 1.11 (t, 27H, J=7.3 Hz). [0268] 31P NWR (109 MHz,
D20) S -10.51 (d, 1P, J=19.5 Hz), -11.3 (d, 1P, J=20.1 Hz), -22.91 (t, 1H,
J=20.1 Hz). [0269] Electrospray |on|zat@ﬂp Jmass spectroscopy (ESI-M)

C] . OHL6NOL4P3: cal cd, 465.97 (Mdﬂ found, 465.85 (MH)- [ 0270]

4- Propynyl -1 - D-rhbofura rroIe 2- rbaldehyde 5 -trlphosphate
( Conpound f?@)‘*(ﬁH NNFS*(’B‘?% mg ‘?9% % 7.70 (s, 1H), 7.08 (s,

1H), 6.40 (d y? 1z H)I ?4%thdng“2Hh“53 Hﬁ%) m 3H), 3.06 (q, 18H

J=7.3 Hz), [0271] 31P NMR (109 Mz,

D20) S -10. 10 ( J3H9. 5.k 1,0 1P, J=19.5 Hz), -22.82 (t,
1P, J=20.1 Ft)a ?82%?? EFect?osp?aynﬁbglgahggﬁ mass spectroscopy (ESI- M)

C13H18NO14P3: gaquéd503 189 GWhth- anloynd, 5293. 94 (MH) - [0273] Exanple 11
Chem cal synthesis Synt hesi's of nucleosi de derlvatlves of
7-(2-thiazolyl 3@ (a, 1H, J=5.2 Hz),
7.27 (d4d, 1H, J=3.7 and 5.1 Hz},
6.38 (d, 1H, J=6.8 Hz),
6.02 (dd, 1H, J=5.6 and 6.6 Hz),
5.54 {m, 2H), 4.26 (m, 1H), 3.71 (m, 2H),
2.14 (s, 3H), 1.98 (s, 3H).
[0242] 3¢ NMR (75 MHz, DMSO-ds) &
169.55, 169.22, 146.98, 144.39,
143.85, 136.74, 132.50, 131.02,
130.11, 129.32, 128.14, 114.3s6,
85.20, 83.63, 72.34, 71.23, 61.05,
20.44, 20.13.
[0243] HRMS (FAB, 3-NBA matrix)
C1oH;0N306S (M+1): calcd, 418.1073; found, 418.1049,.
[0244)] (12) 1-(p-D-Ribofuranosyl)pyrrole-2-carbaldehyde
(Compound 17)
To a solution of pyrrole-2-carbaldehyde (330 mg, 3.5
mmol) in CHisCN (18 ml), NaH (60% oil dispersion, 152 mg, 3.8
mmel) was added and stirred at room temperature for 45
minutes, followed by addition of a solution of 2,3,5-tri-oO-
benzyl-D-ribofuranosyl chloride (3.1 mmol) (Non-patent
Document 44) in CHiCN (18 ml). The reaction mixture was
stirred at room temperature for 4 hours. The product was

partitioned between ethyl acetate and water, and the organic



i m dazo[ 4, 5-b] pyri dine (Conmpound 4) (Dv) (Figure 33) The sanme procedure as
shown in Figure 22 for synthesis of nucleoside derivatives of
7-(2-thienyl)-3Himdazo[4,5- b]pyridine (Conpound 4 in Exanple I) (Ds) was
repeated, except - 105 that 2-(tributylstanyl)thiazole was used in Reaction
(a) for introducing a thiazolyl group d{£274] However, with respect to
amdite synthesis (g), 2-cyanoethyl-N, N-diisopropylamno chloro

Bl Though 395 g’?‘?h?fif“is?‘%?: 3REs: SAyRRnBEsoPakEEALERL 2URRR 0 bR BT el hzol o
N B0t ONchabbq akSr 84880 SVAHATBOP, il Pned Yvabd AR ufer reduced

dinethoxyh§%§§hﬁ?(%bDa@hBQLUQ§@0§th@ﬁ%hin@ﬂéZP&éiéaégw%§fﬂﬁgffk%%égy

2- cyanoet di i sopropyl phosphoroani dite (Conmpoun

m”ﬂww&%@%ﬁﬁﬁ%&ﬁ%@%ﬁ@&W&ﬁmw%#gw@aa#-

Synt hesi s of nucleoside derivatives of 2- nitropyrrole npound 1) (Pn)

(Figure 3fbxahb)Ste! Ba%esS cRhab 121968X%-3r2-blbahyyanesyl ) - 2-nitropyrrol e
(Conpound 3) 2-Nitropyrrole (Conpound 1) (Non-patent Document 49) (224 ng,

2.0 nnvl)x@%@fﬁ&%ﬁ@bggqp&&r@qatqnbh&bbﬁ 18efiyne f(sobowgy. baresdi then of
NaH (80 ng, 60% oil dispersion, 2.0 mmol). After stirring at room

t enper at Uegulger 13Q 2ni3NBl-@3i -d~-Bedtyl -D-ribofuranosyl )pyrrole-2-
3, 5-di - O p-toluoyl -a-D erythro-pentofuranosyl chloride (855 ng, 2.2 mol)
was added carboxiyaldetydle (GOH manpar.at mmelfjowaz akeotzopédewti¢hcti on m xture
was washed with ethyl acetate and water, and the organic |ayer was washed
wi th wat etocdnénesaClr@l £d Yol wasndiddad Hortihke . reEhislus gafioc thdger was
dried over anhydrous sodium sulfate, concentrated and then

solution, BBr; (1 M solution, 3.0 ml) was added at -78°C and

stirred for 2.5 hours, followed by addition of a 50% methanol-
CH,Cl; solution (25 ml). After the solution was stirred
at -78°C for 10 minutes, 28% NH,OH (0.5 ml) was added. The
reaction mixture was further stirred until it reached room
temperature. The product was partitioned between CH,;Cl, and
H,0, and the agqueous layer was washed three times with CH,Cl,
and evaporated under reduced pressure to remove the solvent.
The product was purified by reversed-phase Cl8 HPLC to give 1-
(B-D-ribofuranosyl)pyrrole-2-carbaldehyde (108 mg, 15%, 2
steps).
[0245] 'H NMR (270 MHz, DMSO-d) §

9.54 (s, 1H), 7.74 (s, 1H),

7.06 (dd, 1H, J=1.6 and 4.0 Hz),

6.39 (4, 1H, J=4.3 Hz),

6.30 (dd, 1H, J=3.0 and 4.0 Hz),

5.27 {(d, 1H, J=5.6 Hz),

5.05 (d, 1H, J=4.9 Hz),

5.00 (t, 1H, J=5.3 Hz), 4.02 (m, 2H),



purified on a silica gel colum to give Conpound 2 (722 ng, 78% . Conpound
2 (722 ng) was treated with nethanolic ammonia - 106 (50 nml) to deprotect
the toluoyl groups at roomtenperature for 12 hours, and purified on a
silica gel colum, followed by final HPLC purification to give Conmpound 3
(291 ng, 82% . [0276] Conpound 3: 1H_NyR (270 MHz, DVMBO-d6) 6 7.76 (bs,
1H), 7.26 (dd, 1H, J=1.6 and 3.6 Hz), 6.59 (t, 1H, J=5.9 Hz), 6.30 (t, 1H,
J=3.6 Hz), 5.27,£d, 1 =4, 3 5 (t, 1H, J=5.3 Hz) 4.23 (m 1H),
3.85 (m 1H), %?%é fﬁjkggij afﬁgt%%T ﬁ 7 2.19 (m 1H). [0277] El ectrospray
ionizatio spegst.r (o] (ESL- C N2; calcd, 227.07 (MH) found,
227.03 (NF??E,E? C9H1§C§ﬁ§; (PR ,2'2%'.58&3% " found, 229.06 (MH)' .
[0278] (2) Syn Sh$ O -E2-d - ,
dinethoxytrity}?gséﬁﬂri%%fﬁ%éngg§rf?2F%??P%%yrroIe 2-

cyanoet hyl - N, Ny glpi s9pr gpysphogphggoaggdsge (Conpound 5) Conpound 3 (228 ny,
1.0 nmol ) was azeotroped with pyridine, followed by addition of pyridine
(10 M) and 4, 49, dpneghogytrityl chloride (373 ng, 1.1 nmol). After stirring
at roomtenperature for 1 hour, the reaction mxture was washed wth ethyl
acet at e apgzp9q aquegris NaFKER, 3anBatfigtrokpani ¢ | ayer was washed with
saturated aqueous sodium chloride. After drying over anhydrous sodi um

sul fate, the o[ B}NG [(Myan :wealed)censr.ased;afdupdr,i bedogs3a silica gel
colum to give Conpound 4 (493 ng, 93% . [0279] Conpound 4 (265 ng, 0.5
mol ) was[azgs8]roped1si t h-PpypyayDel - { L b oresobyratslsyl ppyoioldE2{2. 5 nl)
and diisopropylethylamne (131 1, 0.75 mmol). To this solution,

2- cyanoet dgtbaldehydsopCoppdandnd8ihl oro phosphoram dite

4-Propynyl-1-(f-D-ribofuranosyl)pyrrole-2-carbaldehyde
{Compound 18) was synthesized in the same manner as used for
Compound 17, starting with 4-propynyl-2-pyrrolecarbaldehyde
(Compound 16) (Non-patent Document 40) (266 mg, 2.0 mmol).
After purification by RP-HPLC, Compound 18 was obtained
(39 mg, 7%, 2 steps).
[0249] 'H NMR (300 MHz, DMSO-ds) &

9.50 (s, 1H)}, 7.91 (s, 1H),

7.09 (4, 1H, J=1.8 Hz), 6.32 (d, 1H, J=3.6 Hz),

5.32 (4, 1H, J=5.5 Hz), 5.07 (t, 1H, J=5.2 Hz),

5.05 (4, 1H, J=4.2 Hz), 4.01 {m, 1H),

3.86 (m, 1H),

3.66 (ddd, 1H, J=3.4, 5.3 and 11.9 Hz),

3.55 (444, 1H, J=3.6, 4.9 and 12.1 Hz),

1.97 (s, 3H).
[0250] C NMR (75 MHz, DMSO-ds) &

179.60, 131.15, 130.43, 126.13,

106.22, 89.62, 85.26, 84.49,

75.86, 73.17, 69.30, 60.53, 3.79.



- 107 (123 1, 0.55 mmol) was added and stirred at roomtenperature for 1
hour. After addition of nethanol (50 |), the reaction mxture was dil uted
with ethyl acetate:water (20:1, v/v) and washed with 5% aqueous NaHCO3. The
organi c | ayer was washed wth saturated aqueous sodium chloride, dried over
anhydrous sodium sul fate, concentrated %nd then purified on a silica gel
colum to give Conpound 5 (315 ny, 86@6 [0280] (3) Synthesis of

1- (2-deoxy- R-D-ri bof uranos -2- nitropyrrole 5 -tri phosphate (Conpound 7)
Conpound iO?EEQ ny, HBM§ P) ﬁa§Béz@éEF6§éd with pyrldlne fol | owed by

addition of pyridine (3.m) and _acetic hydri de (5 0.6 mol). The
reaction m xt uFeHaeiOs ({MH1dq cz?clqdoor%qse td"toémgjo 266 49%3. The reaction

cqueous NLBREHT At 6144 sihdbenti s Lﬁa%@%gg£9§?§C%§Fp§9spga5ﬁé“lts gani ¢
et oy e ChrorhageySo iy ERYSERE 8" BABFrOAtib. U, o ol oroacet ¢ acic
300 1 C '
mxture was wAoREASPLRSDSd08AEeN ks %%S”Fﬁﬁm%ba@m Hapaithe’”
vashed i 4. SHNRERC A bot Kk doONELnaRlY s Sofl a.u,fate the

organi c | ayér "wasS “concent and “puri on a I'ca ge colum to give
iy ARy sl &gﬁezaﬁpﬁﬁéﬁﬁg@( PR R
i 1o satclel o Zettborg (o pandgent sygrbesslioias e (150 1
Tri-n - 1985, Bubghéwesxgﬁﬁgsbhoéﬁﬂ-Q'-aﬁéf (RYBY L2TBNh ¥ hmBY § ORAGSPhat €
added. After 10 minutes, triethylamine (10 pul) and 0.5 M
bis(tributylammonium) pyrophosphate in DMF (300 pl, 0.15 mmol)
were quickly added to the reaction mixture. This mixture was
stirred at room temperature for 10 minutes, followed by
addition of 1% ilodine in pyridine/water (98/2, v/v) (2.0 ml).
After 15 minutes, 150 pl of 5% aqueocus NaHSO; was added, and
5.0 ml water was further added thereto. After the solution
was stirred at room temperature for 30 minutes, 20 ml of
concentrated agueous ammonia was added to cause ammonolysis at
room temperature for 2 hours. The solvent was distilled off
under reduced pressure, and the product was purified by DEAE
Sephadex (A-25) column chromatography {eluted with a linear
gradient of 50 mM to 1 M TEAB) and then purified on a C18-HPLC
column (eluted with a linear gradient of 0% to 30% CH;CN in
100 mM triethylammonium acetate) to give the desired
nucleoside 5’ -triphosphate.
[0253] 7-(2-Thienyl)-3-{2-deoxy-f-ribofuranosyl)-3H-
imidazo[4,5-blpyridine 5'-triphosphate (Compound 10}

H NMR (270 MHz, D,0) &



(450 1, 0.5 Min DVW) were added to the reaction m xture, followed by
stirring for 10 mnutes. After 12/pyridine (3.0 M, 1%iodine in

pyridi ne/ H20, 98/2, v/v) was added and stirred for 15 mnutes, 5% agueous
NaHSO3 (225 |) was added and the reaction m xture was then concentrated.
After H20 (7.5 m) was added and stiLrgggat roomtenperature for 30

m nutes, 28% aqueous ammonia (30 m) was added and stirred at room

t enperature for rs he ion Xt.ur, concentrated, |yophilized
SIS SN B B

and then pur|f|e Ii'near gradient of 50 mMMto

1.0 mM TEAB), o,gogp\ﬁedl szgal6 IﬂDZ(I;)C PUrglef | (‘dat |1r}>1n 112 4919V §1 rrpound 7 of
7

i nterest. [028 oun ' ectrospray |on| ‘zat1’'on mass Spect roscopy

(ESI-M5)  COHL40LENZRS: 1¢al 3(;5 454,97 -,2/11@ ct.faend 3466 Ty (M H -,  [0283]

3. Synthesis of nucleoside derivatives

(thienyl)-1H pyr nal qlt2, 3] pu7.4 5 )( Digsh eanteh Aafhi enyl ) - 1H
pyrrol o[ 2, 3-b] pyridine (DDv) (Figure 35) (1) Synthesis of

4-1odo- | H pyrral.el42, ((ﬁfb]mrl(qu (eMemd 33)7 . 3ligzRyrrol of 2, 3-b] pyri di ne
(Conpound 1) (5.3 g, 45 mmol) was dissolved in ethyl acetate (45 nm). To

this solution, 23 725qmyt i191) ,0f2 .t gnchliengper benzoic acid (14 g, 54 mol) in
ethyl acetate (30 m) was added dropwi se over 1 hour while stirring at 0OC.
After dropw se 1addi t(itQn,27H)e J=a@@ iHY) .M xture was stirred at room
tenperature for 3 hours and then allowed to stand at OC. The crystal was

filtered, [wagikgd w tre ety ! (1esad ¢ pyod Bhen dried under reduced pressure.
This was - 109 dissolved in water (30 mM), adjusted to pH 10 with 30%

K2CO3, and al l-owsd t(dl,stl@nd Ja20r.doMzt)enperature for 1 hour and then at 0OC
for 1 hour. The precipitate was then filtered and
-10.72 (4, 1P, J=20.1 Hz),
-22.58 (t, 1P, J=20.1 Hz).
[0255] Electrospray ionization mass spectroscopy (ESI-MS)
Ci15H15N30,,P3S; calcd, 555.97 (M-H)-; found, 555.69 (M-H)-.
[0256] 7-{2-Thienyl)-3-(p-D-ribofuranosyl)-3H-imidazo[4,5-
b]pyridine 5'-triphosphate (Compound 14)
'H NMR (300 MHz, D;0) §
8.74 (s, 1H), 8.32 (4, 1H, J=5.4 Hz),
8.01 (4, 1H, J=3.5 Hz),
7.68 (dd, 1H, J=1.1 and 5.1 Hz),
7.64 (@&, 1H, J=5.1 Hz),
7.25 (dd, 1H, J=3.5 and 5.1 Hz),
6.25 (4, 1H, J=6.0 Hz),
4.82 {m, 1H), 4.57 (m, 1H), 4.36 {(m, 1H),
4,20 {(m, 2H), 3.11 (g, 18H, J=7.3 Hz),
1.19 (t, 27H, J=7.3 Hz).
[0257] *'P NMR (109 MHz, D,0) d
-9.80 (4, 1P, J=20.1 Hz),

-11.03 (4., 1P, J=18.9 Hz),



washed with ether to give NNoxide (3.5 g, 58%. Noxide (3.0 g, 22 nmol)
was dissolved in DVF (16 m) and heated at 50C A solution of

nmet hanesul fonyl chloride (4.7 m, 60 nmmol) in DV (6.4 m) was added
dropwi se at 70C, and this reaction mxture was stirred at 75C for 2 hours.
The reaction mxture was added to ice gpd then neutralized at OCwth 10 N
NaCH  After stirring at roon1tenperature for 1 hour, the resulting
precipitate was flltered washed with wa and.then dried at 60C under
reduced pressuré? tasgﬁ$e EBnpdtAl -2 #Bd7 B 9g88d : [ 0284] Conpound 2 (2 7 g,

thi o sof ulPaRCT G %a%rtfgsgrw g8 LRty e GaneaoRh ﬁ%ﬁgei['#ﬁaé T roow

t

rigﬁffﬁa“&extu SHhaTt TR g B o a%g%g?ﬁs@ . topd aqf?é&u;"‘*@yc;gf (28 m)
10%

?Qmeratﬁi‘ﬁ‘i‘%ﬁ ms tﬁ‘ﬁéi%’ié F R T T T

acetate, glaﬁlg;ga@ G- kammmﬂ {qggézkﬁ’?thdb]ﬁ?SUF?ﬂéu RbAdpagUReUS

sodlun1ch or| ter drying ove rous $Sodra ate, e organic

Iayer was aped n gua ?led on a silica gel colum to give
odo- I-R@§§@§§FE hgrrg?oﬁz yridine (2.0 g) and 4-iodo-| H pyrrol o(2, 3-

b] pyrl di ne (COﬂpgﬂeﬂeé)ceﬁZnacg)sosialao% h- M-naiet &bmpBMﬁ&ObQ[?Nénbbaféhé' ne
(2.0 g, 7.0 dissolved in ethanol (70 mi) and, after addition of

289650d'“ﬂb8§h€9%'d@)'8r Cé#%ouﬂﬁtb@nﬁhs(ézéoﬁkop@dowﬂﬁﬁ|byrﬂainéhﬁﬂ heat ed
under ref lux for hour e reaction m xture was concentrated and then

partiti onaéyhebweenneé hiyds 2@@é s itk Selvedt Bl qhBOtSre B OHyEA LN Or i de,
and the organic | ayer was washed with saturated aqueous anmoni um chl ori de.
After dryi(Q8oOMe) and dioxane (300 pl). To this, a 1 M dioxane solution
of 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one (110 pl, 0.11
mmol) was added. After 10 minutes, triethylamine (10 pl) and
0.5 M bis(tributylammonium) pyrophosphate in DMF (300 pl, 0.15
mmol) were guickly added to the reaction mixture and stirred
at room temperature for 10 minutes, followed by addition of 1%
iodine in pyridine/water (98/2, v/v) (2.0 ml). After 15
minutes, 150 pl of 5% aqueous NaHSO; was added. After the
solvent was distilled off under reduced pressure, 20 ml of 28%
aqueous ammonia was added to the residue to cause ammonolysis
at 60°C for 5 hours (for deoxyadenosine 5'-y-amidotriphosphate)
or at room temperature for 2 hours (for 5'-y-amidotriphosphate

of Compound 6). After the solvent was distilled off under
reduced pressure, the product was purified by DEAE Sephadex
{A-25) column chromatcography (eluted with a linear gradient of
50 mM to 1 M TEAB) and then purified on a C18-HPLC column
(eluted with a linear gradient of 0% to 30% CH;CN in 100 mM

triethylammonium acetate) to give the desired nucleoside 5 -y-

amidotriphosphate.



anhydrous sodium sulfate, the organic | ayer was concentrated and conbi ned
with Conmpound 3 (2.3 g) which had been previously obtained, followed by
recrystallization fromethanol to give Conpound 3 (4.0 g, 929 . [0285] (2)
Synt hesi s of 1-[2-deoxy-3,5-di-0O(toluoyl)-p-D

ri bof uranosyl ] -4-iodo-pyrrol o[ 2, 3-b] pyriyghne (Conpound 4) To a solution of
Compound 3 (950 ng, 3.9 mmol) in acetonitrile (39 m), NaH (156 ng, 60% oil

di spersion,. 3.9 mul) s added.. After stirri at ro t enper ature for 1

nour - 5+ Ad9ZP%). 5. e BT - EoEe Ry D b ARG TP 1en PorTde. (1. 8

g, 1.2 equ d tiry.ed at roomtenperature for 1.5

hour s. Théﬁ?gﬁiﬁo\nﬁ%aﬁge%ﬂ%v@gng&%wth ethyl acetate and saturated

aqueous ammoni y | oride, ,and.t rgani c |l ayer was partitioned with
g]ugﬁgn%klgumléhl BF(?E &

saturated aque e and saturated aqueous sodium chloride.

The organic Ia;se_r35wa(§ﬁ'dr1il_ﬁd cgv_qr]] a(rylyqrﬁz)qs sodium sul fate, concentrated and
i c

then purified on a silica’del” colum "to ‘give Conpound 4 (1.8 g, 77%.

0286] (3) S i f - Dyt i1lgof 1) -4-(2-
L ony! )byt 1 o6L2, 3-8] vt o e X Sabsound o7y Hnd oA 2. deoxy- | 3

D-ri bof ur anosyly o4 ((%r,t BiEzollos qg,r alg®l 2,53 lpw7)di ne  (Conpound 8) To a
sol ution of Corrpound( 4 (715' ng, 1.2 mmol) and - 111 -

di chl or obi s(trizenyimhasphi e)asal (mdizgm (42 ng, 0.06 mol) in DVF (12 m),
2-(tributyl stanyl)thi ophene (601 I, 1.8 mmmol) was added and stirred at 100C
for 1 hour. Tha .neaqty,0rR7HY Xi=w.&8 W9 .partiti oned between ethyl acetate and

water, and the organic |ayer was washed with water and then with saturated

aqueous sqaizgnichl ortglenMAher®9 ez ¢ DAyed was dried over anhydrous sodi um
sul fate, concentrated and then

-0.50 {4, 1P, J=19.5 Hz),

-10.77 {4, 1P, J=19.5 Hz),

-22,14 (t, 1P, 20.1 Hz).
[0262] Electrospray ionization mass spectroscopy (ESI-MS)

CioH1/Ns0:11P3; calcd, 489.01 (M-H)-; found, 488.98 {(M-H)-.
[{0263] 7-(2-Thienyl)-3-(2-deoxy-f-D-ribofuranosyl)-3H-
imidazo[4,5-b]lpyridine 5'-y-amidotriphosphate (y-
amidotriphosphate of Compound 10)

'H NMR (270 MHz, D,0) &

8.57 (s, 1H}, 8.16 (4, 1H, J=5.3 Hz),

7.85 (4, 1H, J=3.6 Hz), 7.58 (4, 1H, J=4.9 Hz),

7.45 (4, 1H, J=5.3 Hz), 7.15 (t, 1H, J=4.6 Hz),

6.48 (t, 1H, J=6.9 Hz}, 4.18 (m, 1lH),

4.05 (m, 2H), 3.03 (g, 18H, J=7.3 Hz),

2.75 {m, 1H), 2.50 {(m, 1H),

1.11 (t, 27H, J=7.3 Hz).
[0264] P NMR (109 MHz, D;0) &

-0.52 (4, 1P, J=20.1 Hz),

-10.75 (4, 1P, J=19.5 Hz),



purified on a silica gel colum to give Conpound 5 (586 ng, 889). [0287]
Conmpound 5 (580 ng) was treated with ammoni a- saturated nethanol (50 m) to
deprotect the toluoyl groups at roomtenperature for 12 hours, and purified
on a silica gel colum, followed by final HPLC purification to give
Conpound 7 (304 ng, 91% . [0288] ConpopgH¥ls- 6 and 8 were synthesized in the
sanme nmanner, except for using 2-(tributylstanyl)thiazole. Their synthesis

started with Cogpoypd ( 1,0 |) to give Conpounds 6 (449 ny,
81% and 8 (2455213?EI 9@6 §€02§gf0 B ound 7: 'H NMR (300 MHz, DMSO-d6) S

g.gg gg ﬁf? %Tg i EE ctgoééﬁéfdi&ﬁ%ﬁﬂg§%§dh%gs s e@@r?gco (ﬂgfgﬁ%find 5 0

Hz 6.93 (d, Hz 76 scdd g0l 6..0 8. , d, 1H,
J 11 L by g 0%115%1 mlozfp%s l:al@d 1 5(5‘1 89 HM -#78, féﬁﬁd %5'52131 (51 ﬁg -(

2. 57% % (léﬁzNucﬁeggiﬁm 51b&r1%988€$a€‘egpeﬂ §roi€LWR (300 MHz,
DIVISOd6) 8.38 (d, 1 , 8.13 , 8.01 (d, 1H,

J=3.2 Hz ® dHand=3- 1py¥2olé-2lthrdabad éﬁrl 4€lendH,
J=3.7 Hzﬁ"af%%%éﬂ‘é% Fﬁlﬁ J Ergbgﬁ% %y ?42),25 29 (d. ht«e ¢ 0oSsz) "4, 50

(t, 1H Jpbchméft, 454.40 (m 1H), 3.86 (m 1H), 357 (m 2H) 2.58 (m 1H),
2.26 (m 1H).

To a solution containing 1-(p-D-ribofuranosyl)}pyrrole-2-
carbaldehyde (0.1 mmol) (Compound 17) or 4-propynyl-1-(p-D-
ribofuranosyl)pyrrole-2-carbaldehyde (0.1 mmol) (Compound 18)
and a proton sponge (33 mg, 0.15 mmol) in trimethyl phosphate
(500 pl), POCl; (12 pl, 0.13 mmol) was added at 0°C and stirred
at 0°C for 2 hours. To the reaction mixture, tri-n-butylamine
(120 pl, 0.5 mmol) was added and a 0.5 M DMF solution of
bis(tributylammonium) pyrophosphate (1.0 ml, 0.5 mmol) was
further added thereto. After 5 minutes, 0.5 M agueous
triethylammonium bicarbonate (TEAB, 500 pl) was added to stop
the reaction. The resulting crude product was purified by
DEAE Sephadex (A-25) column chromatography (1.5 cm x 30 cm,
eluted with a linear gradient of 50 mM to 1 M TEAB) and then
purified on a C18-HPLC column (Synchropak RPP, Eichrom
Technologies, eluted with a gradient of 0% to 30% CH;CN in 100
mM triethylammonium acetate).

[0267] 1-(pf-D-Ribofuranosyl)pyrrole-2-carbaldehyde 5° -
triphosphate (Compound 19)

'H NMR (270 MHz, D,0) 3

9.28 (s, 1H), 7.64 (s, 1H),

7.08 (d, 1H, J=3.9 Hz),

6.45 (d, 1H, J=4.1 Hz), 6.32 (m, 1lH),



[0291] (4) Synthesis of 1-[2-deoxy-5-0(4,4"-

di met hoxytrityl)-3-D-ribofuranosyl]-4-(2-thienyl)-pyrrolo[2,3- b]pyridine

2- cyanoet hyl - N, N-di i sopropyl phosphoroam dite (Conpound 11) and

1-[ 2-deoxy-5-0-(4, 4" -di net hoxytrityl)-f-D

ri bof uranosyl]-4-(2-thiazolyl)-pyrrol o[ 2¢98-b] pyri di ne 2-
cyanoethyl-N,N—diisopropylphosphoroanidite (Compound 12) Conpound 7 (300 ng,
0.9 mml) was ZSQt Bpeg P 1Ey hdlaﬁ foll owed by addition of pyridine (9
m) and 4,4 - |net oxyftr 6r|de 386 ng, 1.1 mmol ). After stirring

at roon1tenper tage(éorl Hh L? thg, 5eact|on m xture was partitioned

bet ween et hyl acetat aqueous NaHCO3, and the organic |ayer was
washed with sa&u&gt q agyﬁoug §0qi {4 Hoy | chloride. After drying over anhydrous
sodi um sul fate organlc Iayer was concentrated and purified on a silica
gel colu 19i ves i 949 . [0292] Conpound 9 (290 ny,

0. 47 ?Bmgg azeot?ﬁp mnth $%¥$| 0) gfoIIowed by addition of THE (2.4

m ) and di i sopngpyhethy! ap, ng=13828 hz)o 7 mmol ). To this solution,

2- cyanoet hyl - N, N-di i sopropyl am no chl oro phosphoroam dite - 113 (115 |,
0.52 mmol ) was-added(andigti geed.at Hggom tenperature for 1 hour. After
addition of nethanol (50 iii), the reaction mxture was diluted with ethyl
acetate:water ¢20:.%1 Ytv) 18andJ=parti Hegned wi th 5% aqueous NaHCO3. The
organic |l ayer was washed with saturated aqueous sodium chloride, dried over
anhydr ous[8@db0m suElleceroepragntioaiedtdaod mhes ppectredcopya(ESIF-Msy gel
colum to give Conpound 11 (345 ng, 90% . [0293] Starting wth Conpound 8
(220 nmg, 0.7 nupdHLNONE;: searbods oLEEILIE (MsH ) epelduntd | 01 658 he@ZE) -Conmpounds
10 (424 ny, 99% and 12 (227 nmg, 86% . [0294] (5) Synthesis of

1- (2- deoxyo37Dri botuPanpyNlyl-4-(R-D-ribofuranosyl)pyrrole-2-

carbaldehyde 5'-triphosphate (Compound 20)
H NMR (270 MHz, D;0) §
9.28 (s, 1H), 7.70 (s, 1H), 7.08 (s, 1H),
6.40 (4, 1H, J=4.0 Hz), 4.30 (m, 2H),
4.13 (m, 3H), 3.06 (g, 18H, J=7.3 Hz),
1.86 (s, 3H), 1.14 (t, 27H, J=7.3 Hz).
[0271] p NMR (109 MHz, D;0) &
-10.10 (4, 1P, J=19.5 Hz),
-11.02 (4, 1P, J=19.5 Hz),
-22.82 (t, 1P, J=20.1 Hz}.
[0272] Electrospray ionization mass spectroscopy (ESI-MS)
C13H13NO14P3: caled, 503.99 (M-H)-; found, 503.94 (M-H)-.

[0273] Example II Chemical synthesis-2

1. Synthesis of nucleoside derivatives of 7-(2-thiazolyl)-3H-
imidazo[4,5-b]pyridine (Compound 4) (Dv) (Figure 33)

The same procedure as shown in Figure 22 for synthesis of
nucleoside derivatives of 7-(2-thienyl)-3H-1imidazol4,5-

blpyridine (Compound 4 in Example I) (Ds) was repeated, except



thienyl)-pyrrolo[ 2, 3-b]pyridine 5 -triphosphate (Conmpound 15) and

1- (2-deoxy- R-D-ri bofuranosyl)-4-(2-thiazolyl)-pyrrol o[ 2,3- b]pyridine
5'-triphosphate (Conpound 16) Conpound 9 (247 ng, 0.4 nmol) was azeotroped
with pyridine, followed by addition of pyridine (4 m) and acetic
anhydride (751, 0.8 mol). After stirripg at room tenperature for 12
hours, the reaction m xture was partitioned between ethyl acetate and 5%

Thi's or gatet AL e RAEvIPRRRY]) shTkRRIH Bk  UE8R b ARG EBHCE R AP e
and azeo?&ggﬁﬁyg&#g %Okﬂﬁgﬁolg ﬁggakdue was then dissolved in methylene

chl ori de hi's"reac fure, dichloroacetic acid (400 |) was

added at ggzaaq St phedvbe” W15ﬂ2E§95 5a£ﬂ0£hiaﬁeers ﬁEhQBiE‘%&are vas

partition wth 5% aqueols Na e organic ayer was Shed with
5% aqueogscyaﬁgg@hgﬁikeﬁ ﬁ&le?rBﬁ?&aﬁﬂHMd&Hﬂéréo?hHgbﬁHkBﬁhiditéhe organic

| ayer was concentrated and purified on a silica - colum to give

Conpound éiiﬁ&E§oﬁ§ie%ﬁ%iamﬁ939Eth@H?OWBQe1356861ﬂ9th951eﬂ3ﬁ LeVas
azeotroped wt pyridine, followed by addition of pyridine (100 |) and

di oxane (aQanhﬁhTQ b?aﬁoéehgulQatraiﬁbbebpyﬂbhésgnarodlamidite and
benzodi oxaphosphi n- 4- one , 1 Min dioxane) was added and stirred for

10 m nuteg.ab MOQEtkaﬁbﬁéalnracefbhlnrimutwéﬁé1ﬁQeﬁl@Q Ekxampde 1-3(7)
bi s(tributyl ammoni um pyrophosphate (300 I, 0.5 Min DW) were added to the

reaction fbxt gAthekak! ofed-lpg-thienyny-Bo[21Qebkpuben- (Af#er 12/ pyri di ne
(2.0 M, 1%iodine in pyridine/H0, 98/2, v/v) was added and stirred for 15

m nutes, @Y¥magHeaysrNaki®e8pcHSeibpfuRanadgRy-3AnEmi Aaz6€aCE-BIpYTrXaULE Was

then concentrated. After HO (5 m ) was added and stirred at room

t enper at ukecfano8bhyilalNt Bsdiisopropylphosphoroamidite (Compound 8).
Although different reagents are used, the same amidite is
produced.
[0275] 2. Synthesis of nucleoside derivatives of 2-
nitropyrrole (Compound 1) (Pn) (Figure 34)
{1) Synthesis of 1-(2-deoxy-pB-D-ribofuranosyl)-2-nitropyrrole
(Compound 3)

2-Nitropyrrole {Compound 1} (Non-patent Document 49) (224

mg, 2.0 mmol) was dissolved in acetonitrile (20 ml), followed
by addition of NaH (80 mg, 60% oil dispersion, 2.0 mmol).
After stirring at room temperature for 30 minutes, 2-deoxy-
3,5-di-0-p-toluoyl-a-D-erythro-pentofuranosyl chloride (855
mg, 2.2 mmol) was added and stirred at room temperature for 2
hours. The reaction mixture was washed with ethyl acetate and
water, and the organic layer was washed with water and
saturated aqueous sodium chloride. The organic layer was
dried over anhydrous sodium sulfate, concentrated and then

purified on a silica gel column to give Compound 2 (722 mg,

78%). Compound 2 (722 mg) was treated with methanolic ammonia



28% aqueous ammonia (20 m) was added and stirred at room tenperature for 2
hours. The reaction m xture was concentrated, |yophilized and then purified
on DEAE Sephadex A-25 (with a linear gradient of 50 mMMto 1.0 nM TEAB),
followed by final HPLC purification to give Conmpound 15. [0296] Starting

wi th Conpound 10 (210 ng, 0.34 mmol ), _t sane procedure was repeated to
synt hesi ze Conpounds 14 (108 ng, 89% ‘and 16 (0.1 mml synthesis scale).

[ 0297] Cbagound 15: El ectros ra%ﬁion'zat'on nmass s ectroscqﬁg ESI - M5)
C16H18012 %@B})cﬁ?cﬁ?Pﬁgﬁggg e Hpoluey n%?°%3ﬁ.qg FRemy) tempesabiare conpound

L0 5 AR e T PR AL TR S RN
[ - 5 1 I ' : '

corc oo 8t FQERERGEC O ol L AL 409 R
. : KE T . . : : .

per for ol 0426 Gascr FEEROPRR a3 (R BEE PR AER S 50 52y A" pr i rer

(20-rmer) Iabelgg?ﬁgg?SSQEﬁzboyyﬁglr&&g; i ny2f ghgndS%fﬁgg%yas annealed with

tenpl ate DNA ( ating a and sl ow coo 0°4C in 100 nM
Tris-HCL (pH 745 9by£fe%%'cgggg§nﬁgg'ZP_gﬁﬂb@gﬁgﬂ 2Jg§4gﬂﬁi?nd 0.1 nmy/ i
e

bovi ne serum al bum n’ prinmer-tenplate duplex solution (10 M 5 1) was

mxed with 2 Isgggyggfsghythgg.gfﬁg e Kl ggopfregmepls| qckgipg exonucl ease
activity (KF exo-, Amersham USB). Arter the m xture was I ncubated for 2

m nutes, each gNI® sml utipn §386) (mWasupddedsdo(mhi gupol ution to start the
reaction at 37C. The
2.42 (m, 1H), 2.19 (m, 1H).

[0277] Electrospray lonization mass spectroscopy (ESI-MS)
CgH;105N;; calcd, 227.07 (M-H) ; found, 227.03 (M-H)",
CsH130sN,; calcd, 229.08 (M+H)': found, 229.06 (M+H)".

[0278] (2) Synthesis of 1-{2-deoxy-5-0-(4,4"-

dimethoxytrityl)-f-D-ribofuranosyl]-2-nitropyrrole 2-

cyanoethyl-N,N-diisopropylphosphoroamidite (Compound 5)
Compound 3 (228 mg, 1.0 mmol) was azeotroped with

pyridine, followed by addition of pyridine (10 ml) and 4,4'-

dimethoxytrityl chloride (373 mg, 1.1 mmol). After stirring

at room temperature for 1 hour, the reaction mixture was
washed with ethyl acetate and 5% aqueous NaHCO;, and the
organic layer was washed with saturated aqueous sodium
chloride. After drying over anhydrous sodium sulfate, the
organic layer was concentrated and purified on a silica gel

column to give Compound 4 (493 mg, 93%).

[0279] Compound 4 (265 mg, 0.5 mmol) was azeotroped with

pyridine, followed by addition of THF (2.5 ml) and

diisopropylethylamine (131 pl, 0.75 mmol). To this solution,

2-cyanoethyl-N,N-diisopropylamino chloro phosphoramidite



anount of the enzyme used (5-50 nM, the reaction tine (1-35 mnutes) and
the gradi ent concentration of each dNTP (0.3-1500 NM were adjusted to
ensure conditions giving 25% or |ess products. The reaction was stopped
with 10 | stop solution (95% formam de and 20 mM EDTA), and the m xture was
i mredi ately heated at 75C for 3 mnutes,ghhe diluted products were analyzed
I n an aut omat ed AB1377 DNA sequencer equi pped wth GeneScan software

cal cul ated 1P il as e TC R adie and R ipd i R e Aot

h ' d h 2 h
Eoﬁz‘eﬂi’i;’%o&ié o ﬁ%”%‘égﬁ%néﬁztpéa%'ﬁﬁﬁs&ﬁ ?%,,u YwetBe Ehetaeh o
Ha -\Wo [ (gggﬂ ﬁ%ﬁh

avgrezlgedof'éiﬁn@}es ‘mf Bﬁ’[a s‘ée%/?ﬂflé%l[ Pri rrerteexten3| on relgg'[ﬁgﬁt %‘.%SKF A
5' - 32F- | ale] Gk Pr ] 4@%@@@%&@@ oy ?WQé&?c@é%erWé%WEd into

duplex formin 20 mM Tris-HCL (pH 7.5) but containihg 14 2 and
0.2 mM DT},3 Thesé%ﬂ@a%a Seﬁidédd%ﬂ ot Mo Rde), WSl R ddhRdus X

dNTP sol ution ) on ice, followed by addition of 3 | enzyne sol ution

cont ai ni n%dﬁilﬁi(%ul(f]aﬂ@' tdorfferdtrved dnld WHdn pfurAARA dif a Hillliled 21

reaction. After the reaction sol uti on was i ncubated at 37C for 3 or

m nutes, gFdiiens Aditditre (dinpourf®'B AW NGng, 8Be¥Y .Tri s-borate, 2 nM EDTA, 10
M ur ea and 0. 058 BPB was added to stop the reaction. This solution was

i mredi at elpp2dogat ed (&) ﬁ%ﬁrwsi?s e iUl o -AEbi P reraboRitheicesad -gn a 15%

pol yacryl am de-7 Murea gel. The products on the gel were analyzed with a
bi 0-i magi ng targyaerl e rio'cet ripAsith tdujdgmpodr@B )] DNA sequenci ng

Di deoxy-cycl e sequencing (20 |) was perforned on a PTC
Compound 4 (159 mg, 0.3 mmol) was azeotroped with
pyridine, followed by addition of pyridine (3 ml) and acetic
anhydride (57 pl, 0.6 mmol). The reaction mixture was stirred
at room temperature for 12 hours. The reaction mixture was
washed with ethyl acetate and 5% NaHCO,;, and then with 5%
aqueous NaHCO;. After drying over anhydrous sodium sulfate,

the organic layer was concentrated, azeotroped with toluene,

and then dissolved in methylene chloride (30 ml). To this

reaction mixture, dichloroacetic acid (300 pl) was added at
0°C and stirred for 15 minutes at 0°C. The reaction mixture
was washed with 5% agueous NaHCO;, and the organic layer was
washed with 5% NaHCO;. After dryving over anhydrous sodium
sulfate, the organic layer was concentrated and purified on a
silica gel column to give Compound 6 (73 mg, 91%).

[0281] Compound 6 (41 mg, 0.15 mmol) was azeotroped with
pyridine, followed by addition of pyridine (150 pl) and
dioxane (450 pl). To this solution, 2-chloro-4H-1,3,2-
benzodioxaphosphorin-4-cne (180 pul, 1 M in dioxane) was added

and stirred for 10 minutes at room temperature. Tri-n-



100 Program Thermal Controller (M} Research) with 8 gl Ready Reaction M x
(BigDyel .1, Applied Biosystens) containing 0.3 pnol tenplate and 4 pnol
primer 1 or 2 in the presence or absence of 1 nnol dPa' TP. After 25 cycles
of PCR (96C for 10 seconds, 50C for 5 seconds, and 60C for 4 mnutes), the
remai ning dye termnators were renoved { ? n1the reaction solution using a
Centri-Sep' x spln col um (Applied Blosys ens and this solution was then

dried at 55C duced_ . pressure. The |due s resuspended in a
A et U LN IR aP}iéHr&PP}EYi L

anal yoed GEoh Kol fen ' 58, VBT, “Brp sindefucc #ha?%a%@#ﬁ”ﬁﬁgﬁ%oﬁ;i.”
Feactl on TS I98emPY PEEEARECEPE 1 BRERE, e e A ™ 10°
() 2501 32 A VTR 81140 Ty b9R102 10000, S <36, PV, Qhdeg e & ©

and T) an eac

doubl t f d Ne
Eng| aﬁdss%gﬁgﬁgfl%ﬁ ﬂécﬁfﬁﬁtﬁg“mgS Qéet—‘ﬂhésé*éﬁf %%’8%%%*? e oo
45C for OapaMthdt @gac@fén ﬁ§§tﬁ9é #aBl BHERScohBefifPhtel. PAFt&r 41, oM(gash
natural dNTP and 0.01 units/|I Vent DNA pol ynerase were used, and t he step

of extenspnan waacaaaedwaﬁdpeti@gaadaatraaﬁitempératﬁﬁéefofhso Biﬁhaégducts
were stained with ethidiumbrom de on a 4% agarose gel, and the stained

bands wer ggguaguebugdammbnibe(B0 mhY) ewakt yadedhandMeteevéar atnegem FX Pro
system and Quantity One software (Bio-Rad). For sequencing analysis, the

PCR prodyemnpeladubecfopuri hoadsby Tied mwdact 1@phmienise (waé pol yacryl am de-7
Murea gel) or filtration (Mcrocon YM 30 and
concentrated, lyophilized and then purified on DEAE Sephadex
A-25 (with a linear gradient of 50 mM to 1.0 mM TEAB),
followed by final HPLC purification to give Compound 7 of
interest.
[0282] Compound 7:
Electrospray ionization mass spectroscopy (ESI-MS)
CoH14014N2P3; calcd, 466.97 (M-H) ; found, 466.70 (M-H) .
{02831 3. Synthesis of nucleoside derivatives of 4-
(thienyl)-1H-pyrrole[2,3-blpyridine (DDs) and 4-(thienyl)-1H-
pyrrolo[2,3-blpyridine (DDv) (Figure 35)
(1) Synthesis of 4-iodo-1H-pyrrolo[2,3-b]pyridine (Compound 3)
1H-Pyrrolo[2,3-blpyridine (Compound 1) (5.3 g, 45 mmol)
was dissolved in ethyl acetate (45 ml). To this solution, a
solution of meta-chloroperbenzoic acid (14 g, 54 mmol) in
ethyl acetate (30 ml) was added dropwise over 1 hour while
stirring at 0°C. After dropwise addition, the reaction mixture
was stirred at room temperature for 3 hours and then allowed
to stand at 0°C. The crystal was filtered, washed with ethyl

acetate and then dried under reduced pressure. This was



M cropure-EZ). [0304] T7 transcription Transcription (20 I) was acconpli shed
in 40 MM Tris-HC1L buffer (pH 8.0) containing 24 mM Mgd 2, 2 nmM sperm di ne,

5 nmM DIT, 0.01% Triton X-100, 1-3 nM each natural NTP, 0-3 mV

Pa' TP, 0-3

mv DsTP, 10 MM GW, 2 Mtenplate DNA (for 17-nmer transcript synthesis) or
0.5 Mtenplate DNA (for tRNA transcriptiogynthesis), and 2.5 units/!l T7 RNA
pol ynerase (TAKARA). To study the transcription efficiency, the - 118

transcri ptdlq_ggd/m e QfdEs Iggd heL Pr esifs R 10/ -3 G Kk,CO3,

(PerkinEl mer, 1n ace of for 17-nmer transcrlpt synt hesi s

[ a- 32P] GT%r(d“\@fl%Wﬁ fPTs tidAA 41 au | fmperd s SforM 1 four rHi'L&)a\itHé?f‘ at

37C for 3 hours (17-nmer synthesis) or 6 hours (tRNA synthesis),

a

urea- cont giigdg ¢pe JO0hWLron ¥Re BHESHH! Paté!t¥hs t ifefi CAL t@Fea TG SOl Ution
was heated at 75C for 3 mnutes and then el ectrophoresed on a 15% or 20%

(17-mer) cfashidPouitiNAtHxt e rgdviNloxidd WwEas ael 5880 pNodudde were

anal yzed with a bio-imagi ng anal yzer. For nucl eotide conposition analysis
in transcriqute d N@r paiclng wWaor digdal el iandMES){, 14 el X raant tidgtie’l Wt e
internally |abeled with 2 G [a-32P]UTP or [a-32P] ATP (Anersham). After the
transcri ptsagig,. AheopubdostSsf waethahgesl£onwl t Ehlorbden{ 4 s7 ofil RNeS emmial pit

37C for 2 hours in 10 R of 15 nM sodi um acetate buffer (pH 4.5). For
17-mer analny OMF, (b 06 M6 Wamiddial dropwilde taRNA B, gaml thds zeddedibn t he
di gestion reaction solution. The digestion products were analyzed by 2D TLC
(HPTLC pl atisztub) wasl Gt imged Mdr ci5°C Toe dehelasi.ngTsel veattios aditbure he

first and second dinensions were isobutyric acid-amoni a-water

(66:1: 33

v/iviv) amwas soltesbytio dlamieid Hilematesrt (a0 zesl &t \0°C/ wish 19: NSNaOH.v/ v/ v

for Pa' transcripts), respectively. Spots of the

After stlrring at room temperature for 1 hour, the resulting

precipitate was filtered, washed with water and then dried at

60°C under reduced pressure to give Compound 2 (2.7 g,

80%).

[0284] Compound 2 (2.7 g, 18 mmol) and NaI (13 g, 88 mmol)

were dissolved in acetonitrile (28 ml). To this solution,

CH3COCl (3.5 ml, 50 mmol) was added while stirring at room

temperature. The reaction mixture was heated at 85°C for

12 hours. After the reaction mixture was cooled to room

temperature, 10% aquecus Na,CO; (28 ml) and 10% agqueous NaHSO,

(28 ml) were added sequentially and stirred at room

temperature for 15 minutes. The reaction mixture was washed

with ethyl acetate, and the organic layer was further washed

with saturated aqueous sodium chloride. After drying over

anhydrous sodium sulfate, the organic layer was concentrated

and purified on a silica gel column to give 4-iodo-1-N-acetyl-

pyrrolo[2,3-blpyridine (2.0 g) and 4-iodo-1H-pyrrolo([2,3-

blpyridine (Compound 3) (2.3 g). 4-Iodo-l1-N-acetyl-

pyrrolo[2,3-b]lpyridine (2.0 g, 7.0 mmol) was dissolved in

ethanol (70 ml) and, after addition of 28% sodium methoxide in



| abel ed nucl eotides on the TLC plate were analyzed with a bio- imaging

anal yzer. [0305] Di deoxy-cycle sequencing on PCR-anplified products of DNA2
to DNA9 PCR for each DNA was acconplished by using a PTC-100 controller in
Tris-HC1 buffer (pH 8.8) containing 10 nM KC1, 10 mM (NH4) 2504, 2 nM MySO4,
0.1% Triton X-100, 0.3 nmMeach - 119 _dNIP (N = Pa, G C and T) and dNTPN (N
= Ds and A), 1 Meach priner 1 or 2, 2.3 M doubl e-stranded DNA fragnent

DNA2 t
éioLabs? m%%ﬁgégifgfc?e8§agggefﬁ$° bIY Rgﬁ¥ﬂ§£€é§ éﬁ€n1nu€€s 4Eﬁffor
0.5 t ducts had
bgenmplrjlfrjl Seg gy gﬁ% %%%%%%%%sqiéz%;W&a%ﬁ?%ﬁ@au;ef) gr
filtratio ar%f&ﬁ&@”bg%égna@@hM%E&H&@eEgﬂd St 6FafegueREtsgs Wi th or

wi t hout d e sequences were determ ned using an AB1377 DNA sequencer

equi pped Wnhdnfuf%eR0bY¥2EEY! aHEdENE M%aﬁﬁcgfayermé@%amedp@ﬂﬁl ons of
unnatural bases in DNA fragnments can be confirnmed by conparing both peak

patterns ghtaraedal agikotsUumnehiamehilopide W AT UEr disyilly dv307]
Ami noacyl ation of unnatural anticodon-containing tRNAs in E cola cell-free

transl at i gAhgEBbES AvanamCcyLatate, othe RAghn BASTaY et Swi@ScohdehEtateda rapid
transl ati on system (RTS-100, Roche) according to the mnufacturer's

protocol ahdhcombbiedodithcadmpoandThe( 2 RblAg) twhbskrhadsbéén lphpvichelpal |y
| abel ed with [a-32P] were incubated at 30C for 30 mnutes in the system (25
). The oBRbMASnad|efeXlowelledywrebrphtablizatiwntfrdomi éthandl uteagetate (pH
4.5) and then anal yzed by el ectrophoresis at 4C on a 10% pol yacryl am de gel
in an aci dompbuhfied (HHO4g7592%dnt ai ni ng

[0285] (2) Synthesis of 1-[2-deoxy-3,5-di-O-(toluoyl)-p-D-

ribofuranosyl]-4-iodo-pyrrolo[2,3-b]pyridine (Compound 4)

To a solution of Compound 3 (950 mg, 3.9 mmol) in

acetonitrile (39 ml), NaH (156 mg, 60% oil dispersion, 3.9

mmol) was added. After stirring at room temperature for 1

hour, 2-deoxy-3,5-di-0-p-toluoyl-a-D-erythro-pentofuranosyl

chloride (1.8 g, 1.2 equivalents) was added and stirred at

room temperature for 1.5 hours. The reaction mixture was

washed with ethyl acetate and saturated agqueous ammonium

chloride, and the organic layer was partitioned with saturated

aqueous ammonium chloride and saturated aqueous sodium

chloride. The organic layer was dried over anhydrous sodium

sulfate, concentrated and then purified on a silica gel column

to give Compound 4 (1.8 g, 77%).

[0286] (3) Synthesis of 1-(2-deoxy-f-D-ribofuranosyl)-4-(2-

thienyl)-pyrrolo[2,3-blpyridine (Compound 7) and 1-(2-deoxy-f-

D-ribofuranosyl)-4-(2-thiazolyl)-pyrrolo{2,3-blpyridine

(Compound 8)

To a solution of Compound 4 (715 mg, 1.2 mmol) and



0.2 MTris-acetate and 3 nM EDTA (Figure 5d, Figure 21). [0308] 2.
Sequenci ng of DNA fragnents containing Ds The position of Ds-Pa base pairing
in DNA fragnments was confirmed by di deoxynucl eotide chain term nation
sequenci ng (Non-patent Docunment 33) supplenented with a nucl eoside - 120
triphosphate derivative of Pa' (dPa’ TP);{{\on-patent Docunment 34) (Pa' is

4- propynyl pyrrol e- 2- car bal dehyde whi ch |s a nodified formof Pa). The

s BB ARl T )
Vi 10 T

ST i ' eim-aznﬂﬁgieﬁxﬁagamﬁsei%hﬁéa(Z@Shgﬁa A Al

R e L E o T LA

fragment Sm‘iﬂghéhnhﬁg. ﬂg?% ??ongﬁsﬁeﬂ.’m&%n(éi’gg Of:é@%té7én YatDRAMahg DNAL4)

Wer e prepare extension or at’l enlca | y synfhesized DNA
fragnents 9 n n PNAL.§O n

5' CDsA/BtﬁEPg¥bsn§§d}%9§% k?g wégﬂﬁal3%gﬂngBreveﬂ§egﬁéhehgye term nators
of naturestﬁga%aaf aa%eabnloamﬁareaiakﬁaeopp@ﬁt&rdj&wi d¥fer LpA@! at e.

Thus, peaks o al'l di sappeared at a site correspondlng

to Ds in HB@eﬁeﬁﬂbﬁtﬁnﬁ§BQHﬁ§ §6h1umN§ﬁ§E¥teth@oﬂ@éh&kﬂﬂeétaﬂﬁ'EHeHO peak
appeared and a gap was “observed in this sequencing indicates the unnatural

base posphir@Riel03404 Wahika BAlco3ARB €b HheeOtbRpoNASSCOBBSI AGNY

di fferent sequences around the unnatural base showed no clear gap pattern
in their gggyencing with dPa' TP, (Figures 13-20). However, since the
subsequent peaks follow ng the position of
[0287] Compound 5 (580 mg) was treated with ammonia-
saturated methanol (50 ml) to deprotect the toluoyl groups at
room temperature for 12 hours, and purified on a silica gel
column, followed by final HPLC purification to give Compound 7
(304 mg, 91%).
[0288] Compounds 6 and B were synthesized in the same
manner, except for using 2-(tributylstanyl)thiazole. Their
synthesis started with Compound 4 (600 mg, 1.0 mmol) to give
Compounds 6 (449 mg, 81%) and 8 (245 mg, 97%).
[0289] Compound 7: 'H NMR (300 MHz, DMSO-d6) &
8.27 (4, 1H, J=5.1 Hz), 7.87 (4, 1H, J=3.8 Hz),
7.83 (4, 1H, J3=3.6 Hz), 7.79 (d, 1lH, J=5.1 Hz)},
7.41 (d, 1H, J=5.0 Hz),
7.28 (dd, 1H, J=3.7 and 5.0 Hz),
6.93 (4, 1H, J=3.8 Hz),
6.76 (dd, 1H, J=6.0 and 8.2 Hz),
5.28 (d, 1H, J=4.1 Hz),
5.02 (t, 1H, J=5.6 Hz), 4.39 (m, 1lH),

3.85 (m, 1H), 3.56 (m, 2H), 2.57 (m, 1H),



tenpl ate Ds al nost di sappeared in sequencing w thout dPa' TP (Figure 3g),
the unnatural base position in DNA can be confirmed by conparing both peak
patterns obtained from- 121 sequencing with and w thout dPa' TP (e.qg.,
Figures 3c and 3g). [0311] 3. PCR anplification of DNA fragnents containing
Ds-Pa base pair PCR anplification of to DNA14 containing a Ds-Pa base
pair (Figure 6) (150-mer or 174-nmer, 2. M was perfornmed using

t her nophi |'i ¢ DNA golynerase having 3'-+5'" exonucl ease activity (0.04
units/|, VENT BPAnASpbPyntHdse, New England BioLabs) and a substrate nixture
containing dDsTPN, dPaTP, dATPN, dGIP, dCTP and dTTF’éO.S mM each). The PCR
cycle wab038P1as fEpmBRERdofc B NMY QG AHE . MEQ-W6RA seconds, and 65C

Eﬁi\lff o :i“i " RpPBi fBar Ll é?Qi?f*%? yeahd B ?iﬁ:enéggﬁif Ble 5a) At EE 10
PCR (Fj 3b)., [ i

w thout P o b?;&fﬁelsi’éd 103 DY L ¥R e S ty?%%ﬁ?yﬁ%?ﬁiﬁré's”gf “per

10+10 [ PCR

broduct (Fi gul 62 afBan b5 Y SR HBATCR PR PaP T pI- 38T BRLTLCR product s

after 10 cycle d +10ncyelesqr | ked i1pypeak patterns simlar to those
of the originaF'%%Aiagrnggéqﬁeﬁé}ngﬁamﬁfﬁoﬂg)aPa'TP (Figures 3g-3i), the

read-through pgaks (§0! haW BO4t henypnagusgl (Pasgypogisi gy, DNAL were
slightly increased with an increase in the nunber of PCR cycles. Thus, the

hei ght of readatpoygh pRFKS3CAH Eﬁ,u53¢,tg.g¢tpﬁpigﬁ);he rate of
PCR-i nduced mutation fromthe Ds-Pa base pair to a natural base pair. The
mutation rate pasgdemer thpedaf pemiiheinhei ght of read-through peaks in the
PCR products (Figures 3g-
[0291] (4) Synthesis of 1-{2-deoxy-5-0-(4,4'-
dimethoxytrityl)-f-D-ribofuranosyl]-4-(2-thienyl)-pyrrolo(2,3-
blpyridine 2-cyanoethyl-N,N-diisopropylphosphoroamidite
(Compound 11) and 1-[2-deoxy-5-0-(4,4 ' -dimethoxytrityl)-p-D-
ribofurancsyl]-4-(2-thiazolyl)-pyrrole[2,3-blpyridine 2-
cyanoethyl-N,N-diisopropylphosphoroamidite (Compound 12)
Compound 7 (300 mg, 0.9 mmol) was azeotroped with
pyridine, followed by addition of pyridine (9 ml) and 4,4'-
dimethoxytrityl chloride (386 mg, 1.1 mmol). After stirring
at room temperature for 1 hour, the reaction mixture was
partitioned between ethyl acetate and 5% aqueous NaHCO,, and
the organic layer was washed with saturated aqueous sodium
chloride. After drying over anhydrous sodium sulfate, the
organic layer was concentrated and purified on a silica gel
c¢olumn to give Compound 9 (570 mg, 97%).
[0292] Compound 9 (290 mg, 0.47 mmol) was azeotroped with
pyridine, followed by addition of THF (2.4 ml) and
diisopropylethylamine (123 pl, 0.7 mmol). To this solution,

2-cyanoethyl-N,N-diisopropylamino chloro phosphoroamidite



3i), in conparison with the height of read-through peaks - 122 obtai ned by
sequenci ng w thout dPa' TP for control DNA fragnents containing 1-10% A- T
base pair instead of Ds-Pa (Figure 8). The nutation rate of the Ds-Pa base
pair in DNAL after 10 cycles and 10+10 cycles was - 1% and 3-4%
respectively. By using this procedure; 113was also indicated that the use
of y-am dotri phosphate of A increased the selectivity of Ds-Pa base pairing

during P 15n ECRo §8Plninbh §2 hgnaaﬁe@Néﬂapgﬂe&a&d ¥si-8emdbehpbratfadP and

nat ur al Gt not using dATPN, the mutation rate was increased. After

10 cycl esfa@dllﬁasillg CYEf€Sr A881FLSRLbPMmefRdfoDf (deuDs; RtndasCad@idn Was -
5% and - 10% respectively (Figure 9). Mreover, in 10 cycle PCR in the

absence omistborBNwagndidBaél, wikh Bshiya heetapai WatErDMﬂl wasvegoyphnrtdel y
replaced with an A-T base pair (Figure 3f). [0313] The anplification

ef fici encpartibildhedawi¢hab@atgdeotnisoNalHE0g. | Mhensirgardfc draydyre watsai ni ng of
the PCR products on a gel or autoradiography of the products obtained with
each | abehstiegr with. s@ilterated aguebiigusedlbin chdobrated GhiedDbér was
anplified 15-fold after 10 cycles of PCR, while a correspondi ng natural DNA
fragnment ebRxdveuk) spddumnphilfiase. 8Pnrentiratedr and thehepusifPeR ofha nore
accurate efficiency was obtained by autoradi ography of PCR products with a
5'- or 3si32pal gpdl ealpmpmp QFVguﬁ@mPQPndTﬁé é34BnmPon98ffi-ci ency per
cycle (Y) was determn ned using the equation: = No(1+Y) where Nf is the
final copyOR@ader ostarﬁﬁaauﬁﬂthNSOWQOPﬁé 8|ﬁ??PaW9@oBy7nmﬂﬁéﬂ 5h8 n is the
nunmber of PCR cycl es (Non- patent Docunent For t.he eff|C|ency (Y)
of PCR mn?ﬁmelpF8°f§uE?cW€§ %&Qeétﬁg FBrSXQFBﬁ§F6ﬁ FPHHPPHQSS' primer and -

123 (424 mg, 99%) and 12 (227 mg, 86%).
[0294] (5) Synthesis of 1-(2-deoxy-f-D-ribofuranosyl)-4-(2-
thienyl)-pyxrrolo[2,3-blpyridine 5’'-triphosphate (Compound 15)
and 1-(2-deoxy-p-D-ribofuranosyl)-4-(2-thiazolyl)-pyrrolo[2,3-
blpyridine 5'-triphosphate (Compound 16)

Compound 9 (247 mg, 0.4 mmol) was azeotroped with
pyridine, followed by addition of pyridine {4 ml) and acetic
anhydride (75 pl, 0.8 mmol). After stirring at room
temperature for 12 hours, the reaction mixture was partitioned
between ethyl acetate and 5% agueous NaHCO;, and the organic
layer was washed with 5% aqueocus NaHCO,;. This organic layer
was dried over anhydrous sodium sulfate, concentrated and
azeotroped with toluene. The residue was then dissolved in
methylene chloride (40 ml). To this reaction mixture,
dichloroacetic acid (400 pl) was added at 0°C and stirred for
15 minutes at 0°C. The reaction mixture was partitioned with

5% aqueous NaHCO;, and the organic layer was washed with 5%
agqueous NaHCO;. After drying over anhydrous sodium sulfate,

the organic layer was concentrated and purified on a silica



0.29 for extension fromthe 3 -priner, and the Y value in PCR anplification
of DNAcont!| under usual conditions was 0.43 and 0.35, respectively. Thus,
the efficiency per cycle of PCRin the unnatural base pair systemis 76-88%
of that in the conventional natural base pair systens. Based on the thus
obtai ned anplification efficiency of PCR products and the nutation rate of
the Ds-Pa base pair determ ned by DNA sequencing, the fidelity of the Ds-Pa

EZFﬁuﬁZ‘t éakﬁo%}%ért'g? awefﬁlpl SUERERCEIR Y %stNé\ﬁ)nd‘ o depent

?EanttEepEBP§§g?v::?goﬁgggth b %ymé ?Eé ?Egépngggcﬂ eot aF|%§ (L?ég?g

11). T

consi dor aBFGL %ﬁpahiioaﬁf w%slg%w@‘?aﬁ%%t %ﬁé‘pméﬁp@""éiaﬁyh PBSent
DNA2

DNALA) cRPRRRENG BT éﬁ‘gﬁt*éeﬁ%‘% A S R .Sr( After 10

and t he mEERgTORapEPEph AL TEEng LABRL, F?“*W%S Pifaitd) a8, ABRA 7 ol o

13- 20), eéﬁaptst‘f&&'eda%'r." fmca.&har&egf a@NAéemt eeablé%étﬁeat ai gy 5' - X(A) n-3'
sequences (where X = Ds or Pa, and . The anplification efficiency of

these DNApLE99aRALhE hber pig gwel SéisfeftrEQBty@ammbﬁiamf)hayrépﬁesghaﬂal s low

efficiency i§ caused when substrates of or Pa are consecutiVvely
i ncor por ayggo fubseqyemt 1hOpuig WEQQFEEEQH'QB QﬁeYréHb@Qbﬁ'ﬂﬁﬁﬁﬁbﬁgi of A

Thus, all the sequences containing unnatural bases, except for -

5' - DSAA-Sfoaudwéd-BgAAtarr&aquebee&o manubesusenfter Dbyradine i cation.
{2.0 ml, 1% iodine in pyridine/H,0, 98/2, v/v) was added and
stirred for 15 minutes, 5% aqueous NaHSO; (150 pl) was added
and the reaction mixture was then concentrated. After H,O (5
ml) was added and stirred at room temperature for 30 minutes,
28% aqueous ammonia (20 ml) was added and stirred at room
temperature for 2 hours. The reactilion mixture was
concentrated, lyophilized and then purified on DEAE Sephadex
A-25 (with a linear gradient of 50 mM to 1.0 mM TEAB),
followed by final HPLC purification to give Compound 15.
[0296] Starting with Compound 10 (210 mg, 0.34 mmol), the
same procedure was repeated to synthesize Compounds 14 (108
mg, 89%) and 16 (0.1 mmol synthesis scale}.

[0297] Compound 15:
Electrospray ionization mass spectroscopy (ESI-MS)
Ci16H18012N,P38; calcd, 554.98 (M-H) : found, 554.73 (M-H) .
[0298] Compound 16:
Electrospray ionization mass spectroscopy (ESI-MS)
Ci5H;7012N3P3S;: caled, 555.97 (M-H) ; found, 555.82 (M-H)".

[0299] Example III Bioclogical experiments




[0315] 4. T7 transcription nediated by Ds-Pa base pairing Ds-Pa and Ds- Pa
base pairings conplenentarily nmediated site-specific incorporation of DsTP,
PaTP and Pa' TP into RNA by T7 RNA pol ynerase. Transcription was studi ed
with tenplate DNA (35-ner) containing Ds, Pa or Pa' (Figures 4a and 4b).
After 3 hour transcription with ribonucigeside triphosphates of the
unnatural bases, the 32P-| abeled transcripts were analyzed on a gel (Figure
4c). The ﬁ?'brh?@ﬁh@ %ranscripts (17-mer) containing Pa, Pa" and Ds had

yi el ds rangi ng ron1% % to 91% (Figure 4c, Lanes 1, 2, 5 and 7), relative

to transcriptgnCeRskSkikampeBl, YAk Bawbahngaﬁﬁéceahﬁéaede%_t fiselienpl ate DNA
conposed of natural bases FFlgure 4c, Lane In transcription of tenplate

DNAs cont ghhkBe bRBevidbUkpkcikasas, the yields of transcripts obtained
wi t hout adding substrates of the unnatural bases were significantly reduced
(Figure 4¢p3banes 3sifigaednlyleb@2d6] inberbioh efRpeeliimghtyusingskPaearsd
Ds-Pa' base pairingS 1n I7 transcription was coniirned by nucl eofide
conmposi ti on anghgskingilei nuelsaklije32Rskabebadekpaninehpt was(pepfpoineat
Docunents 17 and 33) (Figures 4d and 4e, as well as Table 3). [0317] Table
3. Nucl eonsddesonmbeilt iandapaimgats (Nof#pateatsDocpmentg530-BA318]A [ Tabl e
3a] [a np] Natural Unnatural Conposition ofnuclcdide incorponted a 5
nei ghbor primént (20¥mepl) al.ebRIBPANFRINTP-sanboxyitjudmbcdinpat thel e |
| enp3sDr3 ATP | PM(1) 1.03 11 1.97[21 0.01(01 0.02(01 0.97111 (am  (o.04)
(,DU (0105%) -¢pdowas2anprplisdlwidthTPempbate3pNA. (251mer) Oby2heatdngOat0. 0110]
t.00 (1)

95°C and slow cooling to 4°C in 100 mM Tris-HCl (pH 7.5) buffer

containing 20 mM MgCl,, 2 mM DTT and 0.1 mg/ml bovine serum
albumin. The primer-template duplex solution (10 uM, 5 pl) was
mixed with 2 pl enzyme solution of the Klenow fragment lacking
exonuclease activity (KF exo , Amersham USB). After the
mixture was incubated for 2 minutes, each ANTP solution (3 pl)
was added to this solution to start the reaction at 37°C. The
amount of the enzyme used (5-50 nM), the reaction time (1-35
minutes) and the gradient concentration of each ANTP (0.3-1500
uM) were adjusted to ensure conditions giving 25% or less
products. The reaction was stopped with 10 pl stop solution
(95% formamide and 20 mM EDTA), and the mixture was
immediately heated at 75°C for 3 minutes. The diluted products
were analyzed in an automated ABI377 DNA sequencer equipped
with GeneScan software (version 3.0) (Non-patent Document 32).
The relative velocity (ve) was calculated by dividing the
extent of reaction by the reaction time, and then normalized
to the enzyme concentration (20 nM) for the various enzyme
concentrations used. Kinetic parameters (Ky and Vg..) were

obtained from Hanes-Woolf plots of [dNTP]/vy, against [dNTP].



(0-02) (0.03) (<0.01) (0.01) (0.02) 3 tenp35A-3 ATP | Pa (1) 0.99111
1.96121 n0.. (01 1.04[1) n.d.10) (0.01 (0.02 -) 0.02) I-) 4 tenp35A-3 ATP
h(3) 0.99(1) 1.97121 nA, 10) 1.03[1] n.d10) (0.01) (0.02 (- (0.03 () s
tenp350-3 ATP | Pa(1) 1.02[1) 1.96]2] 1 0111] 0.01101 nA.10) (0.01) (0.02)
(0.01) ('0.0l) (.) 6 lenp35(13 ATP | *g) 1.01[1] 1.98121 1.00[1] 0.01101
n.d. 101 (0.03) (0.04) (0.02) ('0.01) (*3% 7 tanp3SDr3 ATP I N. (1) 1.03111
2.00(23 0.01[0) 0.02101 0.95111 (0,02 (O. o4£ (<0.01) (0-01) (0.03) 8

t anp3SDs- BagipParpgetsy Y361§Y§r§9991§£°@ 81 918069290766597111 (0.02)
(0.03) (0.01) éo 01¥ &o 04) 9 |enp35A 3 ATP | Pa (1) 099 (1] 1.98121 nd(0)
1.03(11 nl83044) ) ngneﬁﬁﬁnﬁi (gepsfipn) usingy 35A-3 ATP | Pa' (3)
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(0.01) (OcBikatB18L1kF exo™ (1 unit) or KF exo' (1 unit) (TAKARA) to

start the reaction. After the reaction solution was incubated
at 37°C for 3 or 5 minutes, a dye solution (10 pl) containing
89 mM Tris-borate, 2 mM EDTA, 10 M urea and 0.05% BPB was
added to stop the reaction. This solution was immediately
heated at 75°C for 3 minutes and then electrophoresed on a 15%
polyacrylamide-7 M urea gel. The products on the gel were
analyzed with a blo-imaging analyzer {(model BAS2500, Fujl).

[0302] DNA sequencing

Dideoxy-cycle sequencing (20 pl) was performed on a PTC-
100 Program Thermal Controller (MJ Research) with 8 pl Ready
Reaction Mix (BigDyel.l, Applied Biosystems) containing
0.3 pmol template and 4 pmol primer 1 or 2 in the presence or
absence of 1 nmol dPa’'TP. After 25 cycles of PCR (96°C for
10 seconds, 50°C for 5 seconds, and 60°C for 4 minutes), the
remaining dye terminators were removed from the reaction
solution using a Centri-Sep™ spin column (Applied Biosystems),
and this solution was then dried at 55°C under reduced
pressure. The residue was resuspended in a formamide solution
(4 ul) and analyzed with an ABI 377 DNA sequencer equipped

with a 6% polyacrylamide-6 M urea gel. The sequence data were



18 tcnp35C4 UTP | Do (1) 0.0110) 0.98[1] 2.01121 1.00111 OA [01 (40.01)

('0.01) (0.01) (0.01) O - 126 - [0319] [Table 3b] 19 Ienp75C4 UT? | D, (3)

o 01101 0.97111 203 (2] 1.00 [11 RA [01 (x.05 (0.02) (0.04) (0.02) (-) 20
cnp35T-4 UTP | MO1 0.99 (1] n4. 10] ( ) 1.9912) 1.02 (1) nA (01 (0.01)

(o 01) (0.02) () 21 Icnp3$T4 UTP | (13_)7 Q99 (1) n.d, (0) (-) 2.0012]

1. 01111 nA 101 (0,01) (0.01) (0.02) (-) 22 IcnpSSP, 4 UTP | now 0. 91 U)

0, 05(01 143,17

| errp%SPa e‘%é‘%ﬁ%(eao l:"'ojz(cg"[’&]*3 i) 5%%5"‘13%29?@1’4&@0 ]%‘411’?(501 01) (<
01) (0. 01y (D Lledgdro 24 DNA 1| ATP 3 PL 1(3) 5.08 (5) 3.98 (6) 608 (7)

0. 0b [0] 0. 97111 (0.02) (o. 04) (0.03) (<0.01) (0.02) 25 DNAI2 ATP 3 Pa' (3)

6. 05161 5. 6.9 7 Q8111 (0.06) (0.03) (0.05) (0.01) (023
o6 Drianm g non%ﬂn&iﬁ;&ﬁ:&%ﬁ%.%lgl 1.%)721) O)A(E] (o? 0(7) (o? 0.53) )

(0.02) (0.03) (x)prc-nddNAererdIA ex Rais (ubed 1 deBtdirmd Al &3 tioh 406 (5)
nA (0] (0.10) (0.10) 0.05) (0.03) ( 28 DNA13 ATP 2 D, (2) 5.04 [5) 6.0216)
6.93171 0.Zp3hM 1BAG-HC1 (Buffer ((GH. §)0.dntadihithly 10 .nd8)KC129 1N ATP 2
D (2) 6.13161 5.96(61 6.93(7) 0,03101 0,96 I1) (0.04) (0.05) (0.06) (0.01)
(0.02) 3QNEYACSA4 12 AP MyStne061@ [Elitbnok-(16p,68837MleAdh1ANTA {N1=
(0.04) (0.03) (0.03) (0.02) (-) 31 DNAWMII 4 1 ATP 2 D (2) 6.10(61 5.98161
623(7) 1.09,1)c.0,0%H T).4H (AN (§0=0Bs @AdA0A),( Q- At) eadR Phimek WP 3 Pa’
(3) 2.01(2) 3.98141 5.01[51 4.00 [4] 0.01101

or 2, 2.3 nM double-stranded DNA fragment, and 0.04 units/pl

Vent DNA polymerase (New England BioLabs). The PCR cycle was
set as follows: 94°C for 0.5 minutes, 45°C for 0.5 minutes, and
65°C for 4 minutes. In control PCR, 0.2 mM each natural GNTP
and 0.01 units/ul Vent DNA polymerase were used, and the step
of extension reaction was performed at 72°C for 1 minute. The
PCR products were stained with ethidium bromide on a 4%
agarose gel, and the stained bands were quantified for their
intensity with a Molecular Imager FX Pro system and Quantity
One software (Bio-Rad)}. For sequencing analysis, the PCR
products had been purified by gel electrophoresis (7%
polyacrylamide-7 M urea gel) or filtration (Microcon YM-30 and
Micropure-EZ).

[0304] T7 transcription

Transcription (20 pl) was accomplished in 40 mM Tris-HC1l
buffer (pH 8.0) containing 24 mM MgCl,, 2 mM spermidine, 5 mM

DTT, 0.01% Triton X-100, 1-3 mM each natural NTP, 0-3 mM
Pa'TP, 0-3 mM DsTP, 10 mM GMP, 2 pM template DNA (for 17-mer
transcript synthesis) or 0.5 uM template DNA (for tRNA

transcript synthesis), and 2.5 units/pl T7 RNA polymerase

(TAKARA). To study the transcription efficiency, the



(0.03) (004) (0.04) (0 (<0.01 33 DNA 12 UTP 3 Pa' (3) 2.00121 3.9%41 4A5
(4) 4.01 (4) 0.01101 (0.02) (004) (0.02) (0.06) (<0.01) 34 DNAwm UTP 3
none 101121 3.9714] 5.03 (51 4.00141 nA [-) (0.03) (0.04) (0.04) (0.06) (-)
35 DNAcont4 UTP 3 Pa' (3) 2.02[21 4.00(4] 5.01[5) 3.97(41 n.d. [01 (0.02)
(0.09) (0.07) 50.05) (-) 36 DNAL3 UTP 2 ¢!- 12) 2 00 (2) 3.97141 4.99151
4.03[41 n.d. 101 (0.03) (0.10) (0.07) (0.06) (-) 37 DNA14 UTP 2 D, (2)
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equation. [0321] [Fornmula 27] (Radioactivity of éach nucleotlde)/(TotaI

radi oacti ytRNA €fnthésis¥| et h€s- ¢SntaADNDIG odpd ad €8BI 1on (794 ahddedbes of
nucl eoti des at 5 nei ghbor of [a-32P] NTP) [0322] d: The theoretical nunber

of each nggdgothéerésct GOV THL S GHlR VT cied] hedt@W Ht er5°8t gpdar d

devi ati ons are shown in parentheses. [0324] f: Not detected. [0325] The

internal |y MPRutabehrd themseleptsophoresiedeosthecal 15% or 20% (17-mer) or
10% (tRNA) polyacrylamide-7 M urea gel. The products were
analyzed with a bio-imaging analyzer. For nucleotide
composition analysis in transcripts (Non-patent Documents 17
and 33), the transcripts were internally labeled with 2 uCi
[a-*2P]UTP or [a-?*?P]ATP (Amersham). After the transcription,
the products were digested with 0.75 units of RNase T, at 37°C
for 2 hours in 10 pl of 15 mM sodium acetate buffer (pH 4.5).
For 17-mer analysis, 0.05 A4 units of E. coli tRNA (Sigma)
was added to the digestion reaction solution. The digestion
products were analyzed by 2D-TLC (HPTLC plate, 100 x 100 mm,
Merck). The developing solvents used for the first and second
dimensions were isobutyric acid-ammonia-water (66:1:33 v/v/v)
and isopropyl alcohol-HCl-water (70:15:15 v/v/v or 75:15:10
v/v/v for Pa’' transcripts), respectively. Spots of the
labeled nucleotides on the TLC plate were analyzed with a bio-

imaging analyzer.

[0305] Dideoxy-cycle sequencing on PCR-amplified products

of DNA2 to DNA9

PCR for each DNA was accomplished by using a PTC-100
controller in Tris-HCl buffer (pH 8.8) containing 10 mM KC1,

10 mM (NH,).S0,, 2 mM MgSQO,, 0.1% Triton X-100, 0.3 mM each



with Rnase T2, and the resulting | abel ed nucl eosi de 3'- nonophosphates were
anal yzed by 2D thin-layer chromatography (2D-TLC). In the case of
transcripts obtained with tenplates containing unnatural bases, each spot
corresponding to Ds or Pa appeared on 2D TLC, and there was no spot
corresponding to msincorporation of_npjgiral substrates having shapes
simlar to those of the unnatural bases (e.g., CTP and UTP to PaTP, as

o 2 G BIEAR AN fodtuir B RS i
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ti t 2 C | '
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during transcription. an app i‘on “exanple, e inventors of

the - 128 . Nt 41 ' AR t | (853 C i ni ng
unnat ur al méﬂ??é%doﬁgﬁt‘éﬁ# f)d]'(ﬁa' A %Ds%%%toﬁfgugﬁnﬁ%ﬂ ﬁégri ption.
For this pugRea8inghetREIPERCBroubtsCRAd béuﬁpgeﬁieiea%T%él\Nas used.
[0327] The transcription efficiency of PaTP or Pa' TP into 7- mer

transcri péiemﬁoﬁﬁbaébygl Y7k0pbliatryLansasi pt Moureh g€e)-epntaltragibanger
t RNAs (85-ner) showed high efficiency; the 85-mers had yields ranging from
88% to 93YMicebabhVEMtR0 aRAAMicaoparepES) havAfiger sddueandimpaaitt fogure
5a). For nucleotide conposition analysis, the transcripts were internally
| abel ed wwibhpat3@PAATP, othkasdg@ehies ®eneedéherminedtusahgnan| BBIBURS are
each located at the 5 -side of A  3'-nobnophosphate of each unnatural

nucl eot i dBNAsseghehedroatiyipped with a 6% polyacrylamide-6 M urea gel.

{0306] The positions of unnatural bases in DNA fragments
can be confirmed by comparing both peak patterns obtained from
sequencing with and without dPa‘’TP.

[0307] Aminoacylation of unnatural anticodon-containing

tRNAs in E. coli cell-free translation system

Aminoacylation of tRNA transcripts was studied in a rapid
translation system (RTS-100, Roche) according to the
manufacturer's protocol with minor modifications. The tRNA
transcripts (0.4 uM) internally labeled with [a-?P] were
incubated at 30°C for 30 minutes in the system (25 ul). The
tRNAs were extracted with phenol saturated with scdium acetate
(pH 4.5) and then analyzed by electrophoresis at 4°C on a 10%
polyacrylamide gel in an acidic buffer (pH 4.75) containing
0.2 M Tris-acetate and 3 mM EDTA (Figure 54, Figure 21).
[0308] 2. Sequencing of DNA fragments containing Ds

The position of Ds-Pa base pairing in DNA fragments was
confirmed by dideoxynucleotide chain termination sequencing

(Non-patent Document 33) supplemented with a nucleoside



wi th [a-32P] ATP. Thus, spots corresponding to the unnatural nucleotides are
detected by 2D-TLC only when the transcripts are |abeled with [a-32P] ATP
(Figures 5b and 5c). The selectivity of both Pa' incorporation opposite
tenplate Ds and Ds incorporation opposite tenplate Pa was 96% or nore
(Table 3, Entry Nos. 24-39). [0328] Usjy® the resulting tRNA transcripts,
the inventors of the present invention studied am noacylation in an E. col a

t t ' » D} ' t hayi "A d
Coon ant | EoapRapl e ufrilatlye FRIDE" NARENE) Phlon  AREEN: IBALARREE" A 2
I ti b ! | &= ' ' L t Fi 5d, L
P10y 1M olE L ES diRESPYETRIFEOREr Y kRSB AREA T " o0 tanes

am noacyl gbg¢s{Ed 9868m S8 baNES ﬁté)effﬁfae%ﬁifvaﬂ WH Yol -ma@iaeaqy! ation of
t RNAs having these unnatural anticodons is 129 in good agreenent with the

sel ecti Vi { NcOFpbLELUSHht bPNABE MeebppEsitel bst FAdNe It 1A YE OBV, FigNA
synt het ase (hb%-patent Docunent s %% and 37). These rggglts cgﬁ¥Tfn1

Site-spechihCy 1HOOHROTAY FHI1 HAYHEY ' HarP 3Ry IgH QA e IV
Synt hesi s of bi odti?(r)lyl ated PaTP Birggit?‘:'it nyl ated PaTp (i.e., orpb¥ite B

1- (3-D-ri préutampsyte - M,gﬁxu hi of i-namidey1(PasREBY L) hRUr 29l e-Bhgar bal dehyde
5'- triphosphate; Conpound 28, Bio-PaTP) was synthesized according to the

schene sheaguéncinguo BS-cdNBADhind) styahdeswas operformed using a Taq
1-(S-D-ri bofuranosyl)-4-[(3-
di chl or oabKa apbiiyipetape opgayehping okit 2Btabpal dkh{applLedpBlosys Pd)s )
(Reactions (a)-(c) in the schenme shown in Figure 36): To a solution
cont ai ni ngupplesented wbthzgPa (IPy | Rdwrsamenging and Al muligequehtCCl4
(344 1, 3.6 mmol) in THE (4.6 m), hexanethyl phosphorous triam de (562 R,
3.0 experiments, double-stranded DNA fragments containing a Ds-Pa
base pair (15C0-mer and 174-mer, DNAl to DNAl4) were prepared
by primer extension or ligation of chemically synthesized DNA
fragments (Figure 6).
[0309] In sequencing of DNAl containing 5'-CDsA/3'-GPaT,
addition of 0.05 mM dPa’'TP prevented the dye terminators of
natural bases from being incorporated opposite Ds in the
template. Thus, peaks of A, G, C and T all disappeared only
at a site corresponding to Ds in the template (Figure 3c).
Namely, the position at which no peak appeared and a gap was
observed in this sequencing indicates the unnatural base
position.
[0310] Unlike DNAl, some of the other DNAs containing
different sequences around the unnatural base showed no clear
gap pattern in their sequencing with dPa’'TP, (Figures 13-20).
However, since the subsegquent peaks following the position of
template Ds almost disappeared in sequencing without dPa’TP
(Figure 3g), the unnatural base position in DNA can be

confirmed by comparing both peak patterns obtained from



mml ) was added at -78C. This solution was stirred at -78C for 2 hours and
then at roomtenperature for 30 mnutes (Solution A). To

4-1i odo- pyrrol e-2-car boxyal dehyde (Conmpound 23) (830 ng, 3.7 nmol) in CH3CN
(25 m), NaH (60% oil dispersion, 150 ng, 3.7 mml) was added. The reaction
m xture was stirred at roomtenperaturgzfor 30 mnutes, followed by
addition of 2,3,5-tri-0O benzyl-D-ri bofuranosyl chloride in THE (Solution

M) he r SBGLEARIILXLUGR YRS GARERH Aot BT ol TPCEALULEST 9L ARaNaje; The

product was “par ween e organ | ayer

Vas “ﬁShe? gﬁﬁﬁdertb”E§CW'Eﬂ iik&&é&igﬂ“%QC%gAdEEMQQQ§E%iP?§§§4B$H§.the”

concentra reduced essure e product I1ica gel
col um chbgqggogggghgaﬁgluted with 1% met hanol - 130 in dichloronethane) to
give 1-(2,3,5-tri enzyl ri bof uranosyl)-4-i odopyrrol e-2-car bal dehyde.

[0331) To 1- (2P@R5ahbiigﬁgﬁﬁlbh Ber bRALUEBNBRXN % - ébntaining Ds-Pa
| odopyrrol e-2-carbal dehyde i n di chl oronet hane (15 , (1 M 8.5 mn)

was addedpgke- pR%r Tb@ﬁﬁ@éctnomlﬁbxhéteobﬁ§743hbfred .BorM¥ Wagrs, followed
by addition of 50% nmet hanol in CH2C12 (30 m). After this solution was

stirred aper#8Embar us1ﬁgmtﬁlékﬁ§ph?..§%:'\|ﬁﬂﬂ"?6iyﬂb):a§@5hé@ﬂﬁg gnd.ghe reaction

m xture was stirred until it reached roomtenperature. The solution was

added to er3thdlandeHdOrivheyaqueousuhayeyplasveRer bNAi peegmapdsvasied three
times with CH2C1l2, and the residue was concentrated under reduced pressure.

The produBhglasd B&bthsd Bypdr avenbstirphasmiftrelPbéntaiging #bEPPR:

ri bof uranosyl ) - 4-i odopyrrol e-2-car bal dehyde (330 ng). [03321

1- (3- D R i@akPandafPy; 44GTRppJCTR| and- AETHa( @ichynd eddiyb. mThe) PERmylcle

cont ai ni ng a-anoner) was azeotroped with pyridine and tol uene.

1- (p- D- R makusemnosaygl fodlowgepPufol £oP-30 seconds, 45°C for 30 seconds,
and 65°C for 4 minutes.
[0312] The inventors of the present invention first tested
DNAl for i1ts amplification selectivity and efficiency (Figure
3a). After 10 cycles of PCR (Figure 3b), the products were
analyzed by sequencing with or without dPa’'TP (Figures 34 and
3h). Further, additional 10 cycles of PCR (10+10 cycles in
total) were performed on a part of the 10 cycle PCR preduct
(Figures 3e and 3i). In segquencing with dPa’'TP, the PCR
products after 10 cycles and 10+10 cycles resulted in peak
patterns similar to those of the original DNAl. In sequencing
without dPa’'TP (Figures 3g-3i), the read-through peaks
following the unnatural base position in DNAl were slightly
increased with an Increase in the number of PCR cycles. Thus,
the height of read-through peaks can be used to determine the
rate of PCR-induced mutation from the Ds-Pa base pair to a
natural base pair. The mutation rate was determined from the

height of read-through peaks in the PCR products (Figures 3g-

3i), in comparison with the height of read-through peaks



car bal dehyde (176 ng), tetrakis(triphenyl phosphine)palladium (29 ng, 0.025
nmml ), Cul (15 ng, 0.08 nml) and triethylamne (1051, 0.75 mol) were
dissolved in DV (1.8 m), and a 1 M solution of

3-(di chl oroacet am do) - 1-propyne (0.75 mml) in DMV (750 |) was added
thereto. The reaction mxture was stisregh at roomtenperature for 12 hours.
The product was partitioned between EtOAc and H20O, and the organic | ayer

vas dr i edoBY gine gy BedddncoNGENI LRLAE HPHeTP! £HLCEnREGESHE. The product
was purifred by silica gel colum chromatography (10% methanol in

diCh'OrOnfkgéﬂéhténéoﬁ?htﬁiﬁ?tQ-Qb¥eAC¥”99§édp3fra§n§té£d bBOPBLPA 123 U,
26% total yreld for 3 steps). The structure - 131 of Conpound 24 was

confirnmed(pyghvR 6 guree IRtANbR ¥te &S ANE DY PR Sasd ged 12101HE rDNALThe
HMQC (Figure 38e) and HVMBC (Figures 38f and 38g) spectra of Conpound 24

i ndi cat edakbat 80 chedbycanadif+hpnkpstesegasoLnpd BrEveeypysugar and pyrrole
base site at the ' carbon. Moreover, the cross peaks in the NCESY

spect rum eéspeopiually24 Ky¥iwsieg 3il)s waracedurd aritt avad hellsso afndiogiadand 18
(Figure 25j), and Conpound 24 showed a cross peak between H' and H4'

protons. thag, thB8eus80GEr {-CamDddH 1 Pplics proat e fo LML e dvache dentified to
be i. [0333] Compound 24: 1H NMR (300 MHz, DVsO-d6) S 9.54 (d, 1H, J=0.8
Hz), 9. 10s¢lecthyidy5eof PigyPa Bade¢ psirinly, AUrisg(HCRIH IN-PICWB Hz), 6.49 (s,
1H), 6.34 (d, 1H J=3.5 Hz), 5.35 (d, iH J=5.6 Hz), 5.10 (m 2H), 4.17
(d, 2H, Jespiifiiyation20fnPNRH) perfogBednusingy, ABsEBy( dIRBTRHING=3. 4, 5.3,
12.1 Hz), 3.57 (ddd, 1H, J=3.5, 5.0, 12.1 Hz).

natural dNTPs, but not using dATPy, the mutation rate was

increased. After 10 cycles and 10+10 cycles, the mutation

rate of the Ds-Pa base pair was ~ 5% and ~ 10%, respectively

(Figure 9). Moreover, in 10 cycle PCR in the absence of dDsTPy

and dPaTP, the Ds-Pa base pair in DNAl was completely replaced

with an A-T base pair (Figure 3f).

[0313] The amplification efficiency of DNAl was evaluated

from band intensity after dye staining of the PCR products on

a gel or autoradiography of the products obtained with each

labeled primer. The results (Figure 3b) indicated that DNAl

was amplified 15-fold after 10 cycles of PCR, while a

corresponding natural DNA fragment (DNAcontl) was amplified

37-fold after 10 cycles of PCR. The more accurate efficiency

was obtained by autoradiography of PCR products with a 5'- or

3'-*?p-labeled primer (Figure 10). The extension efficiency

per cycle (Y) was determined using the equation: Nf = No(1+Y)"

where N¢f is the final copy number of a product, Ny is the

initial copy number, and n is the number of PCR cycles (Non-

patent Document 35). For DNAl, the efficiency (Y¥) of PCR with

1 to 10 cycles was 0.38 for extension from the 5'-primer and



13C NWR (75 MHz, DMSO-d6) 8 180.28, 163.78, 131.88, 131.49, 126.85, 105. 23,
90. 23, 85.26, 85.04, 76.83, 76.41, 69.75, 67.01, 60.96, 30.20. HRVS (FAB,
3-NBA matrix) C15H17NZO6Cl2 (Mtl): cal cd, 391.0464; found, 391.0462. (2)
Synthesis of 1-(2,3-di-0Oacetyl-f3-Dribofuranosyl)-4-[(3-

di chl oroacet am do) - 1- propynyl | pyrr ol e: 2y g@rbal dehyde (Conmpound - 132 26)
(Reactions (d)- (e) in the schene shown |n Figure 36): [0334] Conpound 24

oyt i §e70 5E0¢ #FERASGhT BRRH, KBRUE rbERRERT hRACYR4 1Y Ta1i 1A°REED) e
added. T Bﬁ;@i&é@@ﬁ@ﬂﬁ&%@i g BRgaLings L96nd QYT 9289 ohen

added to e organic ayer fifat ed

NaCl, d d t Th
productraas ngﬁ?9§§g¥§V3ﬂ?ruggﬂﬁéfqnﬁfgﬁé ogrrﬂﬁeﬁgﬁ% t ewﬁ# in TR ©
di chi Orongéga?ﬂﬁatﬁfaﬂ'ﬁﬁségﬁ?gfg 9§s€eﬂp9en%2§s%nof Yhetdiff tRe% [0335]

Conpound was azeotroped three tines wth pyridine.

To the reghfiiéntNoRdLi HhP8r&? Badk) pa12Ciktemshy Hdgial (dP3%He thuls MDI) was
added. The m xture was stirred at roomtenperature for 12 hours and then

added to 05$5Eﬁeandm Ya KaEEBon TEEERESAEY bRYBERVBBoREAEDSaNEt BheSat ur at ed
NaCl , dried over 4 and then concentrated under reduced pressure. To

the residmethﬂidanhaéoaethneené2ianbhse fachl @eeeemingdapydpRR70 p. 1) was
added at OC. The m xture was stirred at OC for 15 mnutes, poured into 5%

aqueous sgéiguehchbhgar bneafedeantyt 6ENtREt DacP&AbaEE Npdiehinr DRRL haGeingf t er

drying over Na2SO4, the solution was concentrated under reduced
PCR (for 2-fold amplification of DNAl) is calculated to be
99.8% or more. However, this fidelity was found to depend on
the purity of the chemically syntheslized original DNA
fragments, rather than the selectivity of Ds-Pa base pairing
during PCR amplification (Figure 11). Thus, the selectivity
of the unnatural base pailr system appears to be considerably
higher than 99.8%.
[0314] The inventors cof the present invention also studied
amplification of the other DNA fragments (DNA2 to DNAl4)
contalning different sequences around the Ds-Pa base pair.
After 10 cycles of PCR, each DNA fragment was amplified 16- to
30-fold (Figure 12), and the mutation rate of the Ds-Pa base
pair was 1-3% for each DNA (Figures 13-20), except for
amplification of DNA10 to DNAl4 containing 5'-X(A),-3
sequences (where X = Ds or Pa, and n = 2). The amplification
efficiency of these DNA fragments after 10 cycles of PCR was
less than 5-fold. This low efficiency is caused when
substrates of Ds or Pa are consecutively incorporated
subsequent to the incorporation of y-amidotriphosphate of A.

Thus, all the sequences containing unnatural bases, except for



pressure. The product was purified by silica gel chromatography (1%

nmet hanol in dichloronmethane) to give 118 ng of Conpound 26 in a yield of
92% [0336] Conpound 25: 1H NWR (500 MHz, DMSO-d6) S 9.56 (s, 1H), 9.05 (t,
1H, J=5.0 Hz), 7.72 (s, 1H), 7.38-7.20 (m 10H), - 133 6.87 (d, 4H, J=7.1
Hz), 6.47 (s, 1H, 6.34 (d, 1H, J=3.3 t24,-5.47 (d, 1H, J=5.3 Hz), 5.13
(d, 1H, J=5.7 Hz), 4.12-4.00 (m 5H), 3.73 (s, 6H), 3.22 (m 2H. HRMS

(FAB, 3- NBA_phhi-¥) G3EHNPER&13- (%&heneakcdcaﬁ%elazgd EBHHSNAG% 1721.
Conpound 26: 1H NVR (500 MHz, DMSO- 50 (s 0 (bs, 1H), 8.06

(s, 1H), aﬂla_lj-_fﬁ_@ati_HnJl-?}HZ) 664(d 1H, J50Hz) 6.48 (s, 1H),
5.43 (t. 1M 3=5.0 Hz), 5.35 (t, iH J=5.2 Hz), 5.32 (t. 1H, J=4.8 Hz).

4.17 (m 3bB153. 73 am TYHrradse2ipiiohHned2a®éd( by BE)}Pa’lblie( paisdlihg HRVS
(FAB, 3-NBA nmatrix) CLOH2IN2OS8CL2 (M¢l): cal cd, 475.0675: found, 475.0687.

(3) Synthesis ok-Pa(anB DsbehUr daseyppifihgs- bomplementdarily mediated
propynyl )] pyrrol e-2-carbal dehyde 5' -tri phosphate (Conpound 28) (Reactions
(f)-(9) isitkespekdfdcshinmerporiitdoneoE6psTPO3BATPPantdecPacé@PniniteoBRNae 26
(47 nmg, 0.1 mml) was dissolved in pyridine and concentrated under reduced
pressure. by T7 RNA polymerase. Transcription was studied with template
DNA (35-mer) containing Ds, Pa or Pa' (Figures 4a and 4b).
After 3 hour transcription with ribonucleoside triphosphates
of the unnatural bases, the *P-labeled transcripts were
analyzed on a gel (Figure 4c). The full-length transcripts
(17-mer) containing Pa, Pa’ and Ds had ylelds ranging from 28%
to 91% (Figure 4c, Lanes 1, 2, 5 and 7), relative to
transcripts consisting only ©f natural bases obtained with
template DNA composed of natural bases (Figure 4c¢, Lane 9).
In transcription of template DNAs containing the unnatural
bases, the yields of transcripts obtained without adding
substrates of the unnatural bases were significantly reduced
({Figure 4c¢, Lanes 3, 6 and 8).
[0316] The high selectivity of Ds-Pa and Ds-Pa’ base
pairings in T7 transcription was confirmed by nucleotide
composition analysls of internally *’P-labeled transcripts
(Non-patent Documents 17 and 33) (Figures 4d and 4e, as well
as Table 3).
[0317] Table 3. Nucleotide composition analysis of T7

transcripts



The residue was dissolved in pyridine (100 I) and di oxane (300 |), followed
by addition of a 1 M dioxane solution of 2-

chl oro-4H 1, 3, 2- benzodi oxaphosphori n-4-one (110 1, 0.11 mol). After 10
mnutes, tri-n-butylamne (100 I) and 0.5 M bis(tributylamoni um
pyrophosphate in DVF (300 I, 0.15 nmmol) 135134 were quickly added to the
reaction mxture. The mxture was stirred at roomtenperature for 10

m nut es, I3I1 geg %%)l %glti on of a 1% i odine solution in pyridine/water

(98/ 2, v/ \;9 ? er 15 mnutes, a 5% aqueous sol ution of NaHSCO3
(150 I') was added. The volatile conponents were rermved by evaporation, and
water (5.0 i) was theh a0{R&.i — Axttte tirred at
room t enper gtesi @ Fergiate 3P PUERS q’é{iigg’ thenmt%?”eg% lé"(#‘m"’f'ﬁ”%’d'ﬁ’é"é'r"fqt ed ammoni a
(20 m) at rjoom] tenpef : qucg ST cent rat ed
under reduged PrRSHIN m“ﬁ Pdpo|“ Sephadex
(A-25) columm chromato I’(’:’l benf":g'f 50 Mto 1 M

TEAR) and t §ed Dyefbds ' ij"“.“y 2366 CH3CN i n
100 mM tri etihyl gnmoni u

D 5-10ri fBllsphate 27.
[0338] Afted byoOphislasz S‘l"dfé b1 A 8 buffer (5

, 2
m, pH 8.6) (was|reacted wi fh bijotin-N (olalydrdms Jé%; ni n]'o_ ;a] (9'6J , 0.14 Min
DVF) at room tefipapabur arr {0 3 hayr S esdf1e] e %E PTG o8 S, ol T EELER M th 28%
NHAOH (2 m ) _fof 1 hour. JThe product] was pPudekf|ed, by Qé,&E Sgphadex (A-25)
col unmm chr ofrat ofraptsy | etrut ed W tekma |l i@ 1 Gpafienf | o m o0 1 MTEAR
and then by |[Cl8:tHPLC (leluted with a dr @ enteenf | &P t| 0% CHG!CN in 100 nM
triethyl anmfnisummm @l [ 01 gil veam NJcloaqs) a@i2i5] by PreaeNaleeZB in a yield
of 14% from_ Conpound 126. JThe s$truct Uyr @nf| Gegppuss 3Swas confjrnmed by 1H
NVMR (Fi gur ¢s74Bamamd U3ty) | 81P NMR ((Fieguriezd@ic) oapg | resi& | ossm
©.02) (0.04) {<0.01) ©.01) (0.03)

] tenpdSDs-3 | ATP i Pa'(3) O] | 1992 | 001f0] | 002(0) | os7(1)
(0.02) {0.03) {0.01) 0.0 {0.04)
9 temp35A-3 ATP t Pa{l) 099{1] | 158N n.d. [0} 10301 nd. [0}
(0.03) 0.03) {2 (0.05) (9]
10 temp3SA-3 ATP 1 Pa'(3) 059(t] | 199021 | 00110 1.00 (£} nd. [0)
{0.013 (0.01} (0.01) (0.01) )
1l {empd5G-3 ATP 1 Pa'{l) Loifl] | teR[2) | oo | 0o1f0) | nd (0]
(0.01) (0.02) {0.01) (<0.01) -}
}] emp3sG-3 ATP ! Pa’(3) L00(1) | 198(2) | 01N | 001 [0) nd. 10)
(<001) 0.01) {0.01) {<0.01) )
13 1emp3SDs-3 | ATP ] none K3{I) | zas[2) | 0as(0} | 036100 nd. [-]
0.02) (0.02) (<001 (0.03) )
14 lemp3sPa4 | UTP | Ds (1} 0.02i0 | nd.0) 19y | roofty | ossr
(<0.01} = {0.01) {0.01) ©.01)
(H templ5Pad | UTP [ Ds(3) 001(0] | nd {0 Loy | Lot{n] | osepy
{<0.01) () (0.03) 0.01) 0.02)
16 | temp3SPa’4 | UTP i Ds (1} 005101 | nd.0} 1.98 (2 102011 | os4q1)
(<0.01} ) {0.01) {0.01) 0.67)
17 | tempisea’e | UTP [ Ds (3} 002M0) | od 0} 1.99 (2 102(1] | o8
(<0.01) ) (0.01) {0.61) (0.01)
18 1empSC-4 urp | Ds (1) eolqo] | ossp] | 201(2) | 1.00{1) nd. [0}

(<0.01) | (<0.01) (0.01) (0.64) [




spectrometry (Figure 42).
28 were identica
and the 31P NWR -

135

with those of

spectrumin D20 showed typica

corresponding to nucl eotide 5 -triphosphate.

El ect rospray ionization-nass spect r oscopyg (ESI - M5)

Proton signals fromthe biotin
bi oti nyl ated yTP previously synthesi zed,

nmoi ety in Conpound

phosphorus signal s

(0339] Conp

ound 27:
C13H, 9014N2P3:

cal cd,

519.00 (MH"'; found, 518.98 (MH)-. Conmpound 28: 1H NMR (300 MHz, D20) b
9.36 (d, %HBiQE {i ggé 3g]86 (s, 1H), 7.20 (d, 1H, J=1.7 Hz), 6.44 (d, 1H
J=4.1 Hz) 9 4.23-4.15 (m 4H), 4.06 (d, 2H, J=3.7 Hz),
3.18 (m 1 3 12 ( 24H J=7.3 Hz), 2.82 (dd, 1H, J=4.9 and 13.1 Hz),
2.60 (d, 1H t?leCHz) VP2l 28 [t psoRH] odimy | Qusdrdz )|, 20260010y | 4K | 1.32 (m
2H), 1.20 (+—3pH—J1=7 3 H7) 31P Nl O 7oddid, ebP0) wdn-B. 86 (d, 1P, J=16.5
Hz), -10.6} ?d| WMW*J-Q@.l Hz)) , psty 2P 0861 ( b4 10HF, 198k5F J01.6diHZ ha E} €Ct r ospr ay
I oni zati on- xass_spec.unsr_c*m (ESI-MVB) 00528H33016M4P3Swesal ceh, [745. 07 (M H) -
found, 745. 07! (MerT4 | WY-\viisi bl BespEewnuMm{®A lﬁelm\r sl um phpsphat e
buffer, pH | +O)—a—mgx =1258 nm (e £ @n]{x 104) eadd8wmm |(sw= B.5 x 103).
Exanpl e V S| t%&-|styuti*ti|cUijot'i nyl et oponfn RAe hrigugh 7 I kamscri ption
medi at ed byBs—RPa—art-hiicHal--base. pal (@Mgl ©e) | 000 | (oon ()
23 femp3SPa'-4 urte 1 none 0.97{1) 0.02 [0] .99 2} 1La2[1) nd. [-]
{0.01) {<0.01) {0.01) (0.0 3]
4 DNALL ATP 3 Pa' (3) 5.8 (5] 5.9816) 6.8%[7) 0.09 [0] 0.97 (1)
(0.02) (0.04) {0.03) (<0.01} {0.02)
235 DNAL2 ATP k) Pa' (3) 6.05 8] 5.94 {6] 6967 0.07 0] 098 (1)
{0.06) 10.03) (0.05) (0.01) {0.03)
26 DNAzontid | ATPR 3 none 605[6) | 590061 | 689171 | 1.07(1) | nd(
0.09) {0.05) 0.02) (0.03) )
27 DNAcond ATP 3 P (3) 604[6] | 60076) | 69017} | 106[1) | nd(0]
©10 | @) | @) | o3 %)
23 DNAL3 ATP 2 D3 (2) 5.045) 6.02 16] 693[7] 0.03 [0} 0.96 |1]
(0.05) {0.08) {0.05) (0.01) {0.03)
9 DNAL4 ATP 2 Dt (2) 613 (6] $.96 (6] 693(7) 0.03 1] 0.96 (1]
(0.04) (0.05) {0.06) (0.01) (0.01)
30 DNAcont4 ATP 2 none &10[6) | ss8i6) | esam 104 1] nd.[-]
0o | o | @y | o ()
n DNAgonid ATP 1 Bs (2) 6.10 6] 598 (6] 683(7) 10911 .02 [0}
{0.08) (0.04) (0.02) {0.01) {0.01)
32 DNAIL uTe 3 P’ (3) 201 ]2) 398 14) 5.01 (5} 4.00 [4) 0.01 |0)
(0,03) {0.04) {0.04) {0.05) {«<0,0)
3 DNAI2 uTP 3 Pat(3) 2.00[2) 3IN(4] | 405[4] | 40144} | 0010
{0.02) (0.04) 0.02) 0.06) (<0.01)
34 DNAcont4 uTe 3 none 201 (21 | 3974] | 5.03{5] | 4.00]4) nd [}
003 | o) | (o0 | (008 8!
35 DNAcontd ure 3 Pa'(3) 202[2) 4.00 14] 5.01[5) 35714) nd. [0]
©n) | o | @on | tons &)
36 DNAS) ure 2 D3 (2) 20002} 197{4] 4,99 (5] 4.03 4] nd. [6]
{0.03) {0.10) {0.07) {0.06) )
37 DNAI4 uTP 2 Ds {2} 19912) | 39104} | 40214 | 408(4] | o010
{0.02) (0.03) (0.01) {0.04) (0.01)
k] DNAcontd uUTP 2 none 201{2) 3.98 4] 501[5) 403 [4] nd [}
{0.03) [0.84) (0.02) {6.06) )
3% DNAconi4 Ure 2 D) 1992) 395 |4) 5.0t (5} 4.05 [4] 0.01 |0}
(0.03) {0.04) (0.06) {0.04) {(<0.01)
[0320] a: Composition of nucleotides incorporated at the

5'-side of A (Entry Nos.

23 and 32-39),

b: Np

Pap, Pa'p or Dsp

as shown in Figures 4 and 5

1-13 and 24-31) or U {(Entry Nos.

14-



To study in nore detail the selectivity and potential of - 136 Ds-Pa
artificial base pairing in both transcription and PCR anplification,
site-specific biotinylation was perforned on 152-mer RNA nol ecul es. [ 0340]
Site-specific biotinylation of RNA (152-ner) Transcription (20 !'l) was
perfornmed for 6 hours at 37C wusing 3_Cj,Fy-32P] GTP, 2 nM each natural NTP,
0-4 nmM Bi o- PaTP (biotinylated Pa substrate chem cally synthesized as shomn

Lbt at ot by okl HRE FRINEE FER R e iR By NS IRY, Frb° 281 ToHIPE

reactions ﬁg Rg P DNAcontS and DNAcont6 obtained by ligation (see Figure 6),
transcrip? ﬁ 8" performed only with 2 nM ATP, GIP and CTP in the presence
or absen (biotin-16-uridine-5 -triphosphate, Roche
Applied S ?8223)[ ehgrggeéts were anal yzed and purified on a 7-10%

polyacrylan1deé% H%BF%%iQQE BQS%%thB%cEBBkéﬁéb?Z@@tQNArhﬁ?§§EE%9&? “ere

detected by ¢ assa usi ng streptavi

326- 1 abel g8 LAINGEIA0LANS199 RiphoRbioRBAtEd) ) (PYARRAD) nuitBE: m@;ubat cd

20C for our I's- HC1 ntarnin NaCl and
10 nNIEDTﬁ cIQgtghgglg¥lgb ﬁ §1@gp&@gn;beT¥qnplexes wer e anal yzed by
acryl am

el ectrophoresis on e-7 Murea gel. To determ ne the

posi tion pyheng Bi OdPaTH%S th@b&@citi@ﬁd neaber YA eheR- ARkl evdidealsl ed with
[y-32P]ATP (Perkln El mer) after 5' -dephosphorylation with calf intestinal

al kal i ne phewphahasqualekatrarketise | abel ed RNA was partially digested with

RNase Ti at 55C for 12 mnutes in 13.3 mMMsodiumcitrate buffer (pH 5.0)

contai ni nq03237 M ueeast@ndattl @eVAazidne. dfenghownEincphadenBNAsear. Wi th 137
[0324] f: Not detected.
[0325] The internally *?P-labeled transcripts were digested
with Rnase T,, and the resulting labeled nucleoside 3°-
monophosphates were analyzed by 2D thin-layer chromatography
(2D-TLC). In the case of transcripts obtained with templates
containing unnatural bases, each spot corresponding to Ds or
Pa appeared on 2D-TLC, and there was no spot corresponding to
misincorporation of natural substrates having shapes similar
to those of the unnatural bases (e.g., CTP and UTP to PaTP, as
well as ATP and GTP to DsTP) (Figure 44, N = Ds and Figure {e,
N = Pa). In the case of transcripts obtained with templates
composed entirely of natural bases, there was no spot
corresponding to Pa or Ds (Figure 44, N = A and G, as well as
Figure 4e, N = T and C). The quantified amount of each
nucleotide spot on 2D-TLC was extremely close to its
theoretical value expected from the product sequence (Table 3,
Entry Nos. 1-23), resulting in an estimated selectivity of 95%
or more for Ds-Pa or Ds-Pa‘’ base pairing during transcription.

[0326] As an application example, the inventors cof the



al kali at 90C for 15 mnutes in 32 nmM sodi um carbonate buffer (pH 9.1)
containing 0.6 mM EDTA. The al kal i -di gested RNA solution (9 111) was m xed
with 11 R of 20 nmM Tris-HCl1 buffer (pH 7.6) containing 150 nM Nad, and
the mxture (10 1) was then incubated with streptavidin magnetic beads (0.4
my) (New England BiolLabs) for 5 minutegpgt._roomtenperature to capture the
biotinylated RNA. An aliquot (5 1) of the supernatant was anal yzed toget her

Resul {5 BPSEFADT) ARYAORAcrePsepar b snRR: HETebba s iRt PlSpunt§s™
{ranscr i g fiedh abed RhaBRePRUBASE. BRLFANOCHREN oY RBeR chEBRIAL §700tal ned

by either "[igation or anpl I'tication.” Té ~"anal yze i'ncorporatron of Bio-Pa

nto R\A golacUlancala2 TRE) +n PG AR0 DNACRD! 2o L 6URLAL 68 £Segofi ure 6)

were used to per transcription in the presence of natural Substrate

NTPs (2 m)pprdsBo?- RRNR™2yak fs8l).. The transcription efficiency through
Ds-Pa base pairing was 47%to 85% (Figure 44c, Lanes 2, 6 and 10), relative

to the caggseljusi ngheDNAGRBLZ1p 1N EE2BHBALYC OB PhRPN@rndhural 1heses
alone (Figure 44c, Lanes 3, 7 and 11). In transcription using DNA6

tenpl ate ghtaeRedrBnsertibes WagaireQataveRFR184H! blitcdragBeribeioampent of
the full-length product was significantly reduced in the absence of

Bi 0- PaTP fhi'gubatd4ainganengér tRAAE {B5-MBegeshbRedl highndifgateehbyt very
little replacenent of the Ds-Pa base pair with a natural base pair occurred

duri ng PCBheasgplinkirgahaanydkl@NA¢angidg4Erohesgel eot gty reflaBicePéo

I ncorporation into RNA was - 138 evaluated by gel shift assay on the

bi oti nyl atRNAt tzanscrppts haviggsar EpRaandicodbnn¢Piburei 5g)het Feen

streptavi din and
nucleotide composition analysis, the transcripts were
internally labeled with [a-??P]ATP or [a-’?P]JUTP. Since the
unnatural nucleotides are each located at the 5'-side of A,
3’ -monophosphate of each unnatural nucleotide is laheled only
with [a-?°P]JATP. Thus, spots corresponding to the unnatural
nucleotides are detected by 2D-TLC only when the transcripts
are labeled with [a-??P]ATP (Figures 5b and 5¢). The
selectivity of both Pa’' incorporation opposite template Ds and
Ds incorporation opposite template Pa was 96% or more {Table
3, Entry Nos. 24-39).
[0328] Using the resulting tRNA transcripts, the inventors
of the present invention studied aminoacylation in an E. coli
extract (RTS 100 E. coll HY kit, Roche Diagnostics). tRNAs
having CPa’'A and CDsA anticodons were not aminoacylated,
indicating that they avoided recognition by E. coli-derived
aminoacyl tRNA synthetase (Figure 5d, Lanes 7-10}. In
contrast, tRNAs having CUPa’' and CUDs anticodons were

aminoacylated (Figure 5d, Lanes 1-4). The selectivity of

amincacylation of tRNAs having these unnatural anticodons is



biotin is very strong and specific, the percentages of the gel-shifted
transcripts would be alnost identical with the rate of biotin incorporation
through transcription (i.e., yields of the biotinylated transcripts). In
transcription wusing 2 nmM Bi o-PaTP (equivalent to natural substrates) and
DNA6 tenpl ate obtained by |igation, 90* the transcripts were

bi otinyl ated (Figure 44d, Lane 2), and ﬂﬁ incorporation rate was inproved
to 96% when the Bi o-PaTP concentration was increased (4 nmVM (Figure 44d,
Lane 4). mﬂtmcﬁébﬁééﬁem@nﬁl@ltpathenﬁ9ﬂﬁ§6ﬂﬁéﬁatP@nr@sp&@#ﬁéoﬁaﬁﬁﬁaﬁemases
the yields of the blq;lnylated transcripts were 9% and 16% as evaluated in
transcrlpﬁioﬁoé%péFNWent§DGEFH§°BNACGRF? gynihedases(Nonypagentyr esence of 2
and 4 mM Bi o- PaTP, respect|v |y gure 44d Lanes 6 and 7). These

M si ncor pPPSIMERE S\Sbe 80k 3fdt-ed ?6 BeTesRifs 0coBEirosibe-EBeEEFiGnd 0. 12%
(16% for total) per .base_position_in the 52 mer transcrlpts In

transcr|p§PGﬁ RO 1°Ph8ft a&bpéﬁﬁéd B§°Pé§ Brplification (20 cycles),
t he |ncor§% t|on ) % (Figure 44d,
Lanes 9 af@32P) Thh»'#! L Y ' on rate at the

Ds- Pa base palr S|te 3-4% estinmated b uence analyélé (Figure 31).
| nterestingly, Ba° ﬁﬁgﬁlaﬁgppdﬁaﬁlon%déé g -EdbRiuEARPSHddsd - 3é§ “not

et 250 S o t'v&é‘wﬁ’éﬁs&x ﬁs%‘itgaa pa e BuEE Red by PR
i 51 ncor ot %%h%%h%*%g %Elp%gi.“%&o ) Wi eythesy M aosaratpg,
Iom/durln% PERe2 gghkap%%] mébrgbg%over the selectivity of FB Pa base
pairing uring ranscri p ion S conpadred to that of natural A-T(U)
base pai rifggso0 evalyalgnPnls1606R02 BB - 24 vBrdr¥lBsy1) -4- 1 (3-
dichloroacetamido)-1-propynyl]pyrrole-2-carbaldehyde (Compound
24) (Reactions (a)-{(c) in the scheme shown in Figure 36):
To a solution containing 2,3,5-tri-O-benzyl-D-
ribofuranose (1.0 g, 2.3 mmol) and CCl; (344 pl, 3.6 mmol) in
THF (4.6 ml), hexamethylphosphorous triamide (562 pl, 3.0
mmol) was added at -78°C. This solution was stirred at -78°C
for 2 hours and then at room temperature for 30 minutes
(Solution A). To 4-iodo-pyrrole-2-carboxyaldehyde (Compound
23) (830 mg, 3.7 mmol) in CH,CN (25 mL), NaH (60% oil
dispersion, 150 mg, 3.7 mmol) was added. The reaction mixture
was stirred at room temperature for 30 minutes, followed by
addition of 2,3,5-tri-0O-benzyl-D-ribofuranosyl chloride in THF
(Solution A). The reaction mixture was stirred at room
temperature for 12 hours. The product was partitioned between
ethyl acetate and water. The organic layer was washed three
times with saturated NH;Cl, dried over Na,50, and then

concentrated under reduced pressure. The product was purified

by silica gel column chromatography (eluted with 1% methanol



opposite bases G Cand T in the tenplate strand, control DNA containing
only one A (DNAcont5) or no A (DNAcont6) in the coding region of the

tenpl ate strand was synthesized (see Figure 6). Transcription using
DNAcont5 or DNAcont6 as a tenplate was perforned under the sane conditions
as used in the Ds-Pa base pair systegllgﬁcgpt for using 0 or 2 nM Bi o- UTP
and ot her natural substrates (2 nM ATP, P and CTP). In transcription of
DNAcont5, the transcripts were conpletelé bi oti nyl ated by incorporation of
Bi 0- U oppd#i fldchlporpmetbang] to| giye1dy ( Hé\f\évéif,i'pnbﬁpéﬁécpi‘pt i on of
DNAcont 6, 21% of the _transcripts were biotjinylated by m sincorporation of
Bi 0- U opE&?PﬁBrB§9§¥1¢r4C18ﬁ&PYrFﬁlﬁh@‘PéﬁBPi@Shgﬂﬁand (Figure 44d, Lane
18). Thus, the _m sincorpgratiaon rate %f Bi o- PaTP gosite nat ural bases (9%
and 16% | AOBPddr o 438, 1CARed-8-4Rd-O7 PepEY el FIBPF PERRES¥AUAA 1 o be | over

th that ,of bioting- Link P I 0-,UTP |t t l. b 2199 . It
e L1 B bRt 0B cERBRSL R 35, RSk
e the R LT GRSt ¥ O3S el BB O

ggFLE?:Sgg%g%%hﬁagﬁgohogpﬁ%%g;%élifg?hgg&ganlggﬁhad%[h@gnééﬁ&é%g géhptgﬁ?és
. . : . Bi o- L .

;)r:)pt)?iet %eggétgif df’t d;'i d'I Sd‘?haf:lﬁ_réht"t éanﬁnpg‘Pgs‘Pglﬂegoggp‘ﬁ%‘&EI %I '? %Qgéﬁt O’g- Pa
:nggrggrgﬁpgﬁigggggbtgagéNP%g§6f9ioigeY%$ﬁ$%§é§L%ﬁ§2%%%por% |%%ﬁgite of

e £ oqaiEart’ e sgedl Welholsr Meabhd FSRAteipspatusot g Lo

opposite ByihRibhewheMBlhakd tbhenlea)sald B,8.Wihe agqueous layer was
partitioned and washed three times with CH,Cl,, and the residue
was concentrated under reduced pressure. The product was
purified by reversed-phase C18 HPLC to give 1-(p-D-
ribofuranosyl)-4-iodopyrrole-2-carbaldehyde (330 mg).
[0332] 1-(p-D-Ribofuranosyl)-4-iodopyrrole-2-carbaldehyde
{176 mg, 0.5 mmol, containing oa-anomer) was azeotroped with
pyridine and toluene. 1-(f-D-Ribofuranosyl)-4-iodopyrrole-2-
carbaldehyde (176 mg), tetrakis(triphenylphosphine)palladium
(29 mg, 0.025 mmol), Cul (15 mg, 0.08 mmol) and triethylamine
(105 pl, 0.75 mmol) were dissolved in DMF (1.8 ml), and a 1 M
solution of 3-(dichloroacetamldo)-l1l-propyne (0.75 mmol) in DMF
(750 ul) was added thereto. The reaction mixture was stirred
at room temperature for 12 hours. The product was partitioned
between EtOAc and H,0, and the organic layer was dried over
Na,S0, and concentrated under reduced pressure. The product
was purified by silica gel column chromatography (10% methanol
in dichloromethane) and RP-HPLC to give Compound 24 as a p-

isomer (123 mg, 26%, total yield for 3 steps). The structure



be biotinylated at position 59. The 5 -termnally 32P-1abeled transcripts
were partially digested with alkali or RNase Ti, and the resulting products
were anal yzed by el ectrophoresis. In sequence |adders of the transcripts
cont ai ning Bio-Pa, bands corresponding to fragnents |arger than 59-nmer were
shifted (Figure 44e, Lanes 2 and 8). Ihf flkali-digested fragnents were
further treated with streptavidin to cap%ure the biotinylated fragnents,
and the rest was el ectrophorese i ndj cating that the Bra ment s_ | arger than

59- mer al RbsCOMBPURPLE4, GS(PPBgiEmﬁﬁePYLQHES(§i§HHeQ?§ TRBEeh188G ts prove
ite- i fi i ti Bi 0- P, t L6 i t t | pts.
Further . FPERLEFLBRCRRPBPPRELFENBEET o TIR IS (Rieve: el | 19EI0MA (20
I Fi 44 L -12 d d.th t f
the tempi AFES0EGH 37 ARG, Fadabpalten Ay coRReiRTCARCLhALNARE HARE Tan

i e o Dot Lovl ati - . : ; ¢
Trmobi |12 g RSO eR8g8, wah, TOPREE BPruRAhceRBBF 3R pRELSTRcbase’
Lt Ci b ' fied i | . ot
o {161 ont P8, BtothS §RaEREPEhE ATy te 'FROLY RS AT S o Pa
b . | i i Lot o RNA. -
bases, 02, pes| YBEERBRCoE, PEUoRak 5an(#h3n:0°ahBSORBRE L 1B g
derivativegogk gENtbhBURAOLE frEGSEL! 951900bhhCoRP6LAASHACSHBRbYR! Vs of
2- nitropyrrole were synthesized according to the schene shown In i gure
45. [0349Lrbdl p¥RkhBatFeBh ﬁl(zaHHOKX‘ppEEE?HQtUrfﬁﬁ@Y*Qhé’anomeric

i odo-2-nitropyrrole (Conmpound 1 in Figure
1- (2- DeoxypRERghirRei BhaBeS¥bhpdulht hAP¥AEC i BehfPPi8E: to be B.
[0333] Compound 24:
'H NMR (300 MHz, DMSO-dé) &
9.54 (4, 1H, J=0.8 Hz), 9.10 (t, 1H, J=5.2 Hz),
8.01 (s, 1H), 7.18 (4, 1H, J=1.8 Hz),
6.49 (s, 1H), 6.34 (4, 1H, J=3.5 Hz),
5.35 (d, 1H, J=5.6 Hz), 5.10 (m, 2H},
4.17 (4, 2H, J=5.4 Hz), 4.02 (m, 2H),
3.88 (m, 1H),
3.68 (ddd, 1H, J=3.4, 5.3, 12.1 Hz),
3.57 (ddaa, 1H, J=3.5, 5.0, 12.1 Hz).
3¢ NMR (75 MHz, DMSO-dé) d
180.28, 163.78, 131.88, 131.49,
126.85, 105.23, 90.23, 85.26,
85.04, 76.83, 76.41, 69.75,
67.01, 60.96, 30.20.
HRMS (FAB, 3-NBA matrix)
C1sH17N206Cl,; (M+1): calcd, 391.0464; found, 391.0462.
{2) Synthesis of 1-(2,3-di-0O-acetyl-f-D-ribofuranosyl)-4-[(3-

dichloroacetamido)-1-propynyllpyrrole-2-carbaldehyde (Compound



3.1 mol) was dissolved in CH3CN (12 m ), followed by addition of

N-i odosuccinimde (1.38 g, 6.1 mmol ). After stirring at roomtenperature
for 12 hours, the reaction mxture was partitioned between ethyl acetate
and water, and the organic |ayer was washed twice with water. After drying
over anhydrous sodium sulfate, the organic |ayer was concentrated and
purified on a silica gel colum (CH2C121®%CH = 50:1, v/v) and by HPLC
(25% 40% CH3CN, 10 minutes, 40% 50% CH3CN, 5 mnutes) to give Conpound 1
(607 ny, 86%) (Rmectiensd{dinfeadciadtbeaschagenahewhalin: F2g09ray3631%) . [ 0350]
Compound 1 'H NMR (500 MHz, DMSO-d6): S 7.90 (d, 1H, J=2.1 Hz), 7.40 (d, 1H,
J=2.1 Hz) [038434 (tComHouy%Zé K218 mg270¢ 3 mmpl)was gzpprropsdithree 1H,
=5.2 Hz), 4.23 3.83 (m 3.65 ( 3. 56 1 2.40 (m
H, 2. 23t(lHF51H§-¥}1HRWBi@F=AB 3Tw3w$ra¥9$$éu@3aznm%1&w(1 c'ghd
54.9791; fouynd, 354.9 &

(2" deoxf- 4 DALFRBRGRARELIVE. aRSPERGR A 135 m9420. 33 TWEH): FEFeal@Binound 2)
(

0 e ?}HX%hgngl%h?%f%?g%%i%sednagoageﬁ' LhRBEFaEute %nggoti@&rl% EWS:)(? ’9h
, 6 T
reZic]'E i 83 Rt Eﬁlg aag 8598;& Q%lallggéﬁFgFl'opro i%’&\;l‘) 'ga Yreaf[:t s'(‘? am %hen ©

2C12: H, 50 HPLC
Pos ey, PRshed with: AEtuta el yrbl HRs et Fﬁz%‘yhénde% Y 0351]

Conmpound 2;

J
1
3
1-
1-
0.

concentrated under reduced pressure. The product was purified
by silica gel chromatography (1% methanol in dichloromethane)
to give 197 mg of Compound 25 in a yield of 95%.

[0335] Compound 25 (188 mg, 0.27 mmol) was azeotroped three
times with pyridine. To the residue in pyridine (2.7 ml),
acetic anhydride (103 pl, 1.1 mmol) was added. The mixture
was stirred at room temperature for 12 hours and then added to
EtOAc and 5% NaHCO,. The organic layer was washed with
saturated NaCl, dried over Na,S0, and then concentrated under
reduced pressure. To the residue in dichloromethane (27 ml),
dichloroacetic acid (270 pl) was added at 0°C. The mixture was
stirred at 0°C for 15 minutes, poured into 5% aqueous sodium
bicarbonate, and then extracted with dichloromethane. After
drying over Na,S0,, the sclution was concentrated under reduced
pressure. The product was purified by silica gel
chromatography (1% methanol in dichloromethane) to give 118 mg
of Compound 26 in a yield of 92%.

[0336] Compound 25:

'H NMR (500 MHz, DMSO0-d6) &

9.56 (s, 1H), 9.05 (t, 1H, J=5.0 Hz},

7.72 (s, 1H), 7.38-7.20 (m, 10H),



1H NVR (300 MHz, DMBO-d6): b 7.92 (d, 1H, J=2.2 Hz), 7.27 (d, 1H J=2.2 Hz),

6.55 (t, 1H, J=5.7 Hz), 5.28 (d, 1H, J=4.5 Hz), 5.11 (t, 1H J=5.2 Hz),

4.24 (m 1H), 3.85 (m 1H), 3.67 (ddd, 1H, J=3.6, 5.3, 12.1 Hz), 3.57 (m

1H), 2.43 (m 1H), 2.23 (m 1H), 1.99 (s, 3H. 13C NVR (75 Miz, DVBO-d6): 8

136.21, 129.17, 117.08, 105. 29, 88.7465§g.30, 86.75, 72.91, 69.21, 60.83,
1

42.58, 4.29. HRVB (FAB, 3-NBA matrix)” 5N2C6 (M+1): cal cd, 267.0981;

(30 o oaecr o 88 o KBy s e S AR0TY:  Bgbooung 5 ")
1-(2-Eony-f3-E?hibg&urgﬁostétg-ho 0-2-nitropyrrole (Conpound 1) (354 ny,
1.0 nmmol), Pd(PP é) ¢58 g, 0:05 ), - 143 Cul (30 ng, 0.16 mmol) and

triethylamne (2 o 1 DL ) e dissolved in DWW (3.5 m), followed by
addition of a &'%ﬁ b&F %ofﬂ??éﬁBOﬁgki(Z-propynyl)-dichloroacetanide (1.5 m,

1.5 mol ). After,stiRri at_Eo nperature for 12 hours, the reaction
m xture was pa?f%?igﬁédgﬁétaeéhquhir acetate and water, and the organic

| ayer was washgd;thpegat iqeS=MAth teL. er drying over anhydrous sodi um
sul fate, the gfégn?és?a§@? agz'cghzgnf%étégsénd purified on a silica gel

col um (CH2Cl2-p?§}|m202ﬁ, v/v) and by HPLC (34% 35% CH3CN, 12 mnutes) to
gi ve Conpound 3 19 ny, éi@a. [ 0352] Conpound 3: 1H NMR (300 MHz, DWVBSO- d6):
b 9.01 (t, 1HipMs5(Babl)3-¥BR8mhfridy J=2.1 H),

C36H3sN;0sC1l; (M+1): calcd, 693.1770; found, 693.1721,

Compound 26:

'H NMR (500 MHz, DMSO-d6) &

9.50 (s, 1H), 9.10 (bs, 1H), 8.06 (s, 1H),

7.24 {(d, 1H, J=1.3 Hz), 6.64 (4, 1H, J=5.0 Hz},

6.48 (s, 1H), 5.43 (t, 1H, J=5.0 Hz),

5.35 (t, 1H, J=5.2 Hz), 5.32 (t, 1H, J=4.8 Hz),

4.17 (m, 3H), 3.73 (m, 1H), 3.62 (m, 1H),

2.07 (s, 3H), 2.01 (s, 3H).

HRMS (FAB, 3-NBA matrix)

C19H;1N205C1, (M+1): calcd, 475.0675; found, 475.0687.
(3) Synthesis of 1-(f-D-ribofuranosyl)-4-[(3-biotinamido-1-
propynyl) lpyrrole-2-carbaldehyde 5'-triphosphate (Compound 28)
(Reactions (f)-(g) in the scheme shown in Figure 36):
[0337] Protected nucleoside 26 (47 mg, 0.1 mmol) was
dissolved in pyridine and concentrated under reduced pressure.
The residue was dissclved in pyridine (100 nl) and dioxane
(300 pl), followed by addition of a 1 M dioxane solution of 2-
chloro-4H-1, 3, 2-benzodioxaphosphorin-4-one (110 pl, 0.11
mmol). After 10 minutes, tri-n-butylamine (100 pl) and 0.5 M

bis(tributylammonium) pyrophosphate in DMF (300 pl, 0.15 mmol)



7.33 (d, 1H, J=2.1 Hz), 6.54 (t, 1H, J=5.8 Hz), 6.47 (s, 1H), 5.27 (d, 1H,
J=4.5 Hz), 5.10 (t, 1H, J=5.2 Hz), 4.23 (m 1H), 4.17 (d, 2H, J=5.4 Hz),
3.84 (m 1H), 3.66 (ddd, 1H, J=3.5, 5.2, 12.1 Hz), 3.56 (dt, 1H J-4.6,
12.2 Hz), 2.43 (m 1H, 2.23 (m M Electrospray ionization mass
spectroscopy (ESI-M5) Cl14H1506N3C12; %é d, 390.03 (MH-; found, 389.85
(MH) - (4) SyntheS|s of 1-[2-deoxy-5- ?4 4' - dlnethoxytrltyl) P- D
ri bof ur anos -4-prQ nyI 2-nitropyrrol e anoet hyl - N
di  Sopr opye ﬁogﬁﬁm arded éenﬁaenaeeftéﬂnpéamufe(zo'ahwiastwsenm> wais
t d, wit i di foll db f 7.5 m d
2229 ropﬁﬁﬁﬁ%f?@rg*yFoeﬁFGPpﬁg %¥§6ené°roqg3mgﬂﬂg S Fpghgg?% PVng )a?nroom
t t he t t
cthyl acefdfitagh 8% RaARCAooIRE of u@aéa;asc%%wgnga&g négBgRenv/ 9"
t ted I Af
sul fate, (Bed B éaﬁ."%f %e‘%‘?w,ﬁ%ﬁﬁﬁ%en ot bR 8 FhFELS °€S§$€$’%ﬁ gel
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addi ti on o ano the reaction m xture was

acetate. W%heh t&%‘atéd Wi\eh %@lcaﬁrc&bttbansﬁhm%&a ?%Nﬁtﬂ@%t TB8mor gani c Iayer

was washed with saturated aqueous sodiumchloride, driéd over
temperature for 12 hours. The solution was concentrated under

reduced pressure, and the product was purified by DEAE
Sephadex (A-25) column chromategraphy (eluted with a linear
gradient of 50 mM to 1 M TEAB) and then by C18-HPLC (eluted
with a gradient of 0% to 30% CH3;CN in 100 mM triethylammonium
acetate) to give Nucleoside 5'-triphosphate 27.

{0338] After lyophilization, Compound 27 in 0.1 M NaHCO,-
Na,CO; buffer (5 ml, pH 8.6) was reacted with biotin-N-
hydroxysuccinimide (900 pl, 0.14 M in DMF) at room temperature
for 3 hours. The mixture was treated with 28% NH OH (2 ml) for
1 hour. The product was purified by DEAE Sephadex (A-25)
column chromatography (eluted with a linear gradient of 50 mM
to 1 M TEAB) and then by C18-HPLC (eluted with a gradient of
0% to 30% CH,CN in 100 mM triethylammonium acetate) to give
Nucleoside 5’-triphosphate 28 in a yield of 14% from Compound
26. The structure of Compound 28 was confirmed by H NMR
(Figures 43a and 43b), 3P NMR (Figure 43c) and mass
spectrometry (Figure 42). Proton signals from the biotin
moiety in Compound 28 were identical with those of

biotinylated yTP previously synthesized, and the *'P NMR



anhydrous sodium sul fate, concentrated and then purified on a silica gel
colum (CH2d 2: hexane, 1:4, v/v, 2%triethylamne) to give Conpound 6 (223
ng, 87% . [0353) Conpound 4: '"H NWR (300 MHZ, DVMsO-d6): 6 7.65 (d, 1H, J=2.2
Hz), 7.41-7.23 (m 10H), 6.89 (d, 4H, J=8.8 Hz), 6.59 (t, 1H, J=5.3 Hz),
5.37 (d, 1H, J=5.0 Hz), 4 30 (m 1H),.3 9% (m 1H, 3.75 (s, 6H), 3.21 (d,
2H, J=4.1 Hz), 2.48-2.32 (m 2H), 1.92 (s, 3H). HRNB (FAB, 3-NBA matri x)

S b f o P o B il AT ¢
T il Bty sl G 1

1H, J=6. 4 §gho12. 46cbinodkly 956. 4 Hz), 2.36-2.25 (m 1H), 1.95 and 1.93(s
and s, 3 >3350, 1°88PPm 12H) HRVE (FAB, 3-NBA matrix) CA2HS0N403P (M1):

cal cd, 769. 33663 ebe¥BEprd§idnbation-miBsNepbetLhscopy (ESI-MS)
1-(2- deoxy p- D-ri bof uranosyl ) - 4-propynyl-2- nitropyrrole 5 -triphosphate

(Conmpound 9) Ce{gpQitgnge ;1R 1, @1%80@5@5«% $ PEERAI 0ped . ¥it (M-R fl di ne,
fol |l onwed by addltlon o? yrldlne (2.8 and acetic anhydrlde (5 , 0.56
ol ). After stbinpblfidabgtoom

'H NMR (300 MHz, D;0) §

9.36 (d, 1H, J=0.9 Hz), 7.86 (s, 1lH},

7.20 (4, 1H, J=1.7 Hz), 6.44 (d, 1H, J=4.1 Hz),

4.39-4.33 (m, 3H), 4.23-4.15 (m, 4H),

4.06 (4, 2H, J=3.7 Hz), 3.18 {m, 1H),

3.12 (g, 24H, J=7.3 Hz),

2.82 (44, 1H, J=4.9 and 13.1 Hz},

2.60 (d, 1H, J=13.0 Hz),

2.23 (t, 2H, J=7.0 Hz), 1.60 (m, 4H),

1.32 {m, 2H), 1.20 (t, 36H, J=7.3 Hz).

3p NMR (107 MHz, D,0) &

-8.96 (4, 1P, J=16.5 Hz),

-10.67 (4, 1H, J=20.1 Hz),

-22.36 (t, 1P, J=20.1 Hz).

Electrospray ionization-mass spectroscopy (ESI-MS)

Ca23H330,6N4P3S: caled, 745.07 (M-H) ; found, 745.07 {(M-H) .

UV-visible spectrum (in 10 mM sodium phosphate buffer, pH

7.0},
Amax = 258 nm (¢ = 1.1 x 10%), 308 nm (¢ = 9.5 x 10°%).
Example V Site-specific biotinylation of RNA through T7

transcription mediated by Ds-Pa artificial base pairing

To study in more detail the selectivity and potential of



tenperature for 12 hours, the reaction mxture was partitioned between
ethyl acetate and 5% NaHCO3, and then washed with 5% NaHCO3. The organic

| ayer was dried over anhydrous sodium sulfate, concentrated, azeotroped
with toluene, and then dissolved in nethylene chloride (28 m). To this
reaction mxture, dichloroacetic acid ﬁ% 0_I') was added at OC and stirred
for 15 mnutes at 0C. The reaction m xt was partitioned mﬁth 5@6hbHCC8
and the organlc Iaxer was washed w th 5% NaHCO3. After

anhydr ousPSoBPuATSEFfaEal PRRE BRYLAHRE FByBPtRaEIEBﬁEEﬁPFé?@daﬁﬂdPﬁﬁr|f|ed
I t Co d
951", s AGAPAHL 818 FigEaTRR Lol ifafonceh, dothsEeLa ™
addi tion Eep% dh é 8 i and dioxane (300 |I). To this solution,
DheroREE b3 Fok

2- chl or o- ﬁOSphorln 4-one (110 I, 1 Min dloxane) was
??deddang g%%pﬁgdtf 1 } R . tylan1ne (100
an ut yrarehtti - S—+—Div wer e
iS?SSrTS.%Qe(éﬁﬁgh%ggiﬁéiéﬁé?ﬁﬂ Eér%%fne a%%é§?§°¥°§ yéﬁag‘“ﬁdizcaAfter
df 32p d h
if;{Lse mgéiﬁﬁ g%ﬁiﬁht ;% ?ﬁ 8ﬁ%g?§@€r%?)ﬁ€%2nad ﬁM |rred at

room ten?ﬁié&yﬁglaeéa3ﬁanbﬁugE§at389éﬁaMfeai1§nayﬂtﬁe££9ea1Asw@ﬁowﬂdﬂﬁd and

stirred at roomienperature for hour s reacti on mxture was

Concentraﬁﬁémph¥0@bglIaﬁd QﬂanhEEm?DHEéfKﬁﬁA@naEEAﬁhﬁﬁaﬁﬁﬂe(séeZﬁi?ﬁtéh a
| inear gradient of 50 mMMto 1.0 mM TEAB) to give Conpound 9 354

%ﬂﬁpgugdla) ;bbh&ﬁhé@OBbeBthEmﬁghdﬁbn &nd- POR(ampitfida®idniiz) . 7.30 (d,

[0341] For control reactions using DNAcont5 and DNAconté

obtained by ligation (see Figure 6), transcription was
performed only with 2 mM ATP, GTP and CTP in the presence or
absence of 2 mM Bio-UTP (biotin-16-uridine-5'-triphosphate,
Roche Applied Science). The products were analyzed and
purified on a 7-10% polyacrylamide-7 M urea gel.

[0342] The biotinylated RNA transcripts were detected by
gel shift assay using streptavidin. A mixture (10 pl) of 2
pmol *°P-labeled transcript and 100 pmol streptavidin (Promega)
was incubated at 20°C for 1 hour in 10 mM Tris-HCl buffer (pH
7.6} containing 50 mM NaCl and 10 mM EDTA. The biotinylated
RNA-streptavidin complexes were analyzed by electrophoresis on
a 7% polyacrylamide-7 M urea gel. To determine the position
where Bio-Pa was introduced, each RNA {152-mer) was labeled
with [y-*?P]ATP (Perkin Elmer) after 5'-dephosphorylation with
calf intestinal alkaline phosphatase (Takara). The labeled
RNA was partially digested with RNase Tl at 55°C for 12
minutes in 13.3 mM sodium citrate buffer (pH 5.0) containing

4.7 M urea, 0.7 mM EDTA and 0.17 mg/ml E. coli tRNA, or with



6.60 (t, 1H, J=6.4 Hz), 5.22 (m 2H), 4.13 (m 1H), 3.65 (m 2H), 2.62 (ddd,
1H, J=3.0, 6.0, 14.3 Hz), 2.43 (m 1H), 2.08 (s, 3H), 2.00 (s, 3H. HRWS
(FAB, 3-NBA matrix) CL4H17N206 (M+1l): cal cd, 309.1087; found, 309.1066.
Compound 9: El ectrospray ionization mass spectroscopy (ESI-M)
C12H17014N2P3; cal cd, 504.98 (MH) od, 505.95 (MH) (6) Synthesis of
1- (2- deoxy- 3- C>acety| 3- D-rlbofuranosyI¥ - 147 -

(di chl or oacet am do- I-propynyl) 2-nitropyrrol e (Conpound 8) Conpound 3 (305
nmg, 0.78 mikRlLinat Sﬁe‘btf@pelﬁvmlmlt?ﬁrildl:iﬂa mM Bodiwm ¢yrberite duifer

pyri di ne &7 8 m) and 4,4 - dinmethoxytrityl chloride (291 ng, 0.86 mol).
After stikfPHn§: 1&t°PBGﬂFPéﬁﬁePa§uW§ BTA1L" nohe atkalicdigeskediBiAre was

partitioned between eth acetate and 5@6NBHCCB and the organic |ayer was
washed mnﬁﬁl§§ﬁepaﬂ8duééu€6§sm§66ﬁuW#tBthrFHeOfA?Peﬂdeyiﬁg ek ePuif@ydr ous
sodi um sul fate, the ég?nlc Ia er _was concentrated_ and urlfled on a silica

gel col ukRH( #-8¢180ptaAping. 15 vt Nagle gnd CﬁﬁﬁoﬂﬁHtBrFSQGOnﬁ $38) .
addr t1on SheByFratRated wiRR) S5haBLREERh HRRDAH HooPYRE KBy BEMENSY X
Zta'r{HF%nghgi%ﬁ?"mgéﬁﬂE t!é%e%aﬁ%i’iéﬁgg“é% é@@aigﬁﬁéﬂﬁsﬁ%ﬁ%@aﬁ%fﬁ 5%
Concent rat o8, PAoRaFYARERR R T MEcrtEiof Y Y S S Bpetr e ene
oo o B pbagiadl zsasgﬁa%;w%@auﬁzéhg: SyalbSpACRARETLACoRTL L) 1) o
polyacrylamide-7 M urea gel.
[0343] Results
Biotin-linked Pa (Bio-Pa)} was introduced into RNA through
T7 transcription mediated by Ds-Pa base pairing when using a
template obtained by either ligation or PCR amplification. To
analyze incorporation of Bio-Pa into RNA molecules (152-mer),
DNA6 and DNAcont2 templates (see Figure 6) were used to
perform T7 transcription in the presence of natural substrate
NTPs (2 mM) and Bio-PaTP (2 or 4 mM). The transcription
efficiency through Ds-Pa base pairing was 47% to 85% (Figure
44c, Lanes 2, 6 and 10), relative to the case of using
DNAcont2, a DNA fragment containing natural bases alone
(Figure 44¢, Lanes 3, 7 and 11). In transcription using DNA6
template obtained by either ligation or PCR amplification, the
amount of the full-length product was significantly reduced in
the absence of Bio-PaTP (Figure 44c, Lanes 1, 5 and 9). These
results indicate that very little replacement of the Ds-Pa
base pair with a natural base palr occurred during PCR
amplification of DNAG6.

f0344] The selectivity of Bio-Pa incorporation intoe RNA was



partitioned with 5% NaHCO3, and the organic | ayer was washed wth 5%
NaHCO3. After drying over anhydrous sodium sulfate, the organic |ayer was
concentrated and purified on a silica gel colum (CH2Cl12: MeOH, 50:1, v/v)
to give Conpound 8 (289 ng, 90% 2 steps). [0355] Conmpound 5: 1H NWMR (300
MHz, DMSO-d6): S 9.07 (t, 1H, J=5.3 FE% 7. 67 (d, 1H, J=2.2 Hz), 7.41-7.21
(m 10H), - 148 - 6.89 (dd, 4H, J=1.7 % 6.59 (t, 1H, J=5.4 Hz), 6.48

, 1H), 4. 29 1 4 Hz
$9" (SR Iuakea, By, ok, phabE) psfnd sﬁo"%hakgéoﬁigxffﬁfﬂzﬁgfanm 2
3- NBA nat 7
Compouna BPLhA RRRSPIA0LAD - VRt ey igtnd fetdeh s EelaPidrd %?%6 (d
1H J=2.2 53 1 49

5. 23° m)c% Jetd phiony ayd Shtpsily the plrodibadefipe thedl) <) o

ddd 1H FAB,
g- NBA mat |x) Ssflyed T@N%Oéc:%‘iyﬁ%f) t?’°f:l§f1<(: 434°3§ gée gﬁﬁgwﬂﬁiﬁl\@é
Exanpl e k{atéyekhSEbilﬁfl Edx érﬁE’@Eﬁ‘ tﬁ%ugﬁ égaﬁ%emgtfw (PXedPnTP In

this exanple, NH2-hx-dPnTP. x-dPnTP and FAM nTP wereé synt hesi zed

as dPnTP dephdat b¥esnaceebding1heliN€ranscripts). In transcription
using 2 mM Bio-PaTP (equivalent to natural substrates) and
DNA6 template obtained by ligation, 90% of the transcripts
were biotinylated (Figure 444, Lane 2), and the incorporation
rate was improved to 96% when the Bio-PaTP concentration was
increased (4 mM) (Figure 444, Lane 4). With respect to Bio-
PaTP misincorporation opposite natural bases, the yields of
the biotinylated transcripts were 9% and 16%, as evaluated in
transcription experiments using DNAcont2 as a template in the
presence of 2 and 4 mM Bio-PaTP, respectively (Figure 444,
Lanes 6 and 7). These misincorporations were estimated to be
only 0.06% (9% for total) and 0.12% (16% for total) per base
position in the 152-mer transcripts. In transcription using
the template obtained by PCR amplification (20 cycles), the
incorporation rate of Blo-Pa was reduced by about 3-4% (Figure
444, Lanes 9 and 11). This wvalue was in agreement with the
mutation rate at the Ds-Pa base pair site (3-4%) estimated by
sequence analysis (Figure 31). Interestingly, Bio-Pa
misincorporation opposite natural bases was not increased when
transcription was performed in the presence of natural and
artificial base substrates using DNAcont2 template obtained by
PCR amplification (20 cycles)} (Figure 44d, Lanes 13 and 14).

Thus, misincorporation of Ds and Pa opposite natural bases



synt hesis schenme shown in Figure 46. These derivatives can be introduced
into DNA, for exanple, through replication (PCR or prinmer extension). The
derivative having an am no group can be used for DNA nodification after

i ncorporation, while the other derivatives having fluorescent groups can
each be adapted for fluorescent |abelifpggof DNA, FRET, etc. - 149 [0356]
(1) 1-(2-Deoxy-R-D-ribofuranosyl)-4-[3-(6-

trifluoro ' n dQ).-.1-pr n rrole (Step (a) in
Figure 46?8§&§nb%eg§§§pigb aér%ngaggg %#bﬁzfmégEggﬁltropyrrole (354 ny, 1

|n a 50 m{ﬁ? gg a- P? M%hQZEQEEBEEQ#%SE D\.‘é"—bg ggg}é?éggwg,i%etonitri l e

rtron o pper 60 Eunol)

and tetr amgﬁbpeenag{raﬁgémb@@oﬂahhadbg@&?éa( ?8 PHat 8 Rniurafl %@%ﬁvese

material s were~di sso I N~ anhydr ous triethylam ne

1.5 mmol ) puas Bgﬂﬁﬁnﬁh"ﬁbséﬁéiﬁaﬂeQﬁis{ﬁﬁﬁﬁﬁéﬁﬁﬁiéﬁLﬁffEHELﬁTﬁther stirred

at roomtenperature tnder Ilight-shielding conditions. To this mxture, a
sol ution g B%iea Bagegnml)c6aha|&Iﬂﬁreﬁeetadeahexaeeahde £886r8%. Dia S
mml) in 4 nl) was added dropwi se and stirred overni ght at room

t enper at uaantzmﬁiﬁgashmn ofleXAU{ BNB@SnEsNCEPt hat #d (DRABGNtEFdUREEhRr essur e,
and the resulting crude product was purified by silica gel colum

chromat ogeaghyg( ed@onCofOthentemplaty 80dan8l@abPhgntB8s42&aCBedl i n H20,
15 minutes) to give the desired product as an anorphous substance (408 ny,

yi el d 83%ighpa58) . 1HriNMs ¢210t Mz , usME) DA cEn 95 3Gr (INAcoritd ,a8.28 (t, 1H,

J=5.3 Hz), 7.95 (d, 1H, J=2.0 Hz), 7.30 (d, 1H, J=2.0 Hz), 6.54 (t, 1H,

J=5.6 Hz) temp28tedwasHpetf£érfietliz inde’s. PReSsame( opndhf iods38s4uddd(im 1H),
the Ds-Pa base palr system, except for using 0 or 2 mM Bioc-UTP
and other natural substrates (2 mM ATP, GTP and CTP). In
transcription of DNAcont5, the transcripts were completely
biotinylated by incorporation of Bio-U opposite A (Figure 44d,
Lane 16). However, in transcription of DNAconté, 21% of the
transcripts were biotinylated by misincorporation of Bio-U
opposite bases G, C and T in the template strand (Figure 444,
Lane 18). Thus, the misincorporation rate of Bio-PaTP
opposite natural bases (9% and 16% in Figure 44d, Lanes 6 and
7, respectively) was found to be lower than that of biotin-
linked UTP (Bio-UTP) copposite natural bases (21%). It should
be noted that this Bio-U misincorporation rate (21%) was
higher than the misincorporation rate of Bio-Pa opposite
natural bases (16%) even under conditions where Bio-PaTP was
present in an amount of 2 meclar equivalents relative to
natural substrates. Thus, during T7 transcription, selective
elimination of Bio-Pa misincorporation at the natural base

siltes in the template strand is higher than that of Bio-U

misincorporation opposite bases G, T and C in the template



4.05 (d, 2H, J=5.3 Hz), 3.83 (g, 1H J=4.0 Hz), 3.70-3.50 (m 2H), 3.14 (t,
2H, J=7.3 Hz), 2.50-2.36 (m 1H), 2.30-2.17 (m 1H), 2.08 (t, 2H, J=7.3
Hz), 1.58-1.40 (m 4H), - 150 - 1.28-1.16 (m 2H). HRVS (FAB, 3-NBA matri x)
C20H26F3N4O7 (M + 1): cal cd, 491.1754; found, 491.1761. (2)
1-(2-Deoxy-3-C>acetyI-o-D—ribofuranosyli é- [3 (6-

trifluoroacetam dohexanam do) - 1- propyny i 2-nitropyrrole (Steps (b) and

1-(2- f3-D-ri bof yl
5??¥|uoﬁoasgﬁaﬁvdeﬁsaéhaﬁ1ﬁé?“?g LBGOTDTAS1AR  PRRGFLER DB 3bE SHAGHEDE mol)

S’fl‘lis?fgé’éieﬁe it Sag%ﬁmh -@gxﬂ@%ﬁ%gﬁ%ﬁ'é‘ﬁpéﬂﬁ# i et hoxy! ?ff' y
15" hour LOIHRE"; calls SRERFRLTP. SRAC Tafhencratich, FLupcPhy %ma?é?t ' EBB e
aqueous | gygp @g;gisnv¥ﬁg blgsia 9808 LEYRLAVRS: S aShEd L1 b, SRt Lopt ed

aqueous s arbona ried-over hagnesi

by 511 ca BetrcEPREEntaR, St dhlo.pd e el B 'fn%éﬂ%%) r{%@}‘@ée" AR
| -

Brh;¥hg;§?r|tyﬁgﬂﬁﬁ> BQPE?EELQQFEE EF% %gﬂﬁfa£é43tﬂg)tr&né@rEf?éyw§1£>

trifl uoroagesg&gﬂgiéeea%é%o 1R18RY YL | -Hidlid L ORUE £ 1f 54B- Tpe PB4 01

was azeotrope e times wth anhydious ~pyridine in a and
di ssol VedtanéEPi?EQ“ﬁeEwbﬁkﬂﬁali} Aiyesteat YignSQikhiPNorarRhsE RONYdride

(169 L, 1.79 was ad and stirred overni ght at room tenperature.

The react hfifl Fhit HéQuWﬁinQ' b¥badcrist Wepbhihadgebal By 8l€ctPéphoresis.
In sequence ladders of the transcripts containing Bio-Pa,
bands corresponding to fragments larger than 59-mer were
shifted (Figure 44e, Lanes 2 and 8). The alkali-digested
fragments were further treated with streptavidin to capture
the biotinylated fragments, and the rest was electrophoresed,
indjcating that the fragments larger than 59-mer almost
disappeared (Figure 44e, Lanes 2 and 9). These results prove
site-specific incorporation of Bio-Pa at position 59 in the
transcripts. Further, transcripts from the templates obtained
by PCR amplification (20 cycles) (Figure 44e, Lanes 7-12)
produced the same patterns as those from the templates
obtained by ligation (Figure 44e, Lanes 1-6).
[0347] Thus, site-specific biotinylation of RNA based on
this approach 1s useful for immobilizing RNA molecules without
loss of RNA activity. Since the artificial base Pa even
modified with a bulky residue such as biotin was efficiently
incorporated into RNA, a series of functional 4-modified Pa

bases (e.g., fluorophore-linked Pa) can also be incorporated

into RNA.



organi c | ayer was washed with saturated aqueous sodi um bicarbonate and

satur ated aqueous sodiumchloride, dried over - 151 nagnesium sulfate, and

t hen evaporated to renove the solvent. The resulting crude product was

di ssol ved in anhydrous dichl oronethane (68 nL). To this solution,

di chl oroacetic acid (680 L) was added i?tle stirring at 0C and further

stirred for 15 mnutes. The reaction m re was added to saturated aqueous

sodi um bi car bonat e, _and the aqueous Iayer mas extracted Wit h

di chl or onéPR4R3. ThEXEBRAENN B RE Beda§dednpgnesi um

sul fate and hen -vaoorﬁted to remve the solv nt. The resulting oil was

purified BYE 2rEs = YP238 CH3OH in CH2C12) to give

t he desired pr an_a h u bst 3 77W y|eId for 2

steps). [0358] g°h$gi?§oﬂ°gafg %NB 8?5 é %KPEEVT ofg230 (¢, 1H,

J=5.4 Hz) 3.(d t H,

1203 o) MErRYEReLs eta pimEhbs s ad gt Rréﬂz@ % £t honsfeChnbly 15,

3 75 3. 55F§E§ %Fms 3.16 (t, 2H, J=7.0 Hz), 2.62 (ddd, 1H J=3.0, 6.0, 14.2
2.50-2935%(nP 1H), 2.15-2.05 (m 2H), 2.07 (s, 3H), 1.60-1.40 (m 4H),

1 30 L Zo{ﬁghaikb53§§¥B§$FAEP§}S é HBRQIéeo%%2§2§F39g8§u£anosyl) &alcd

533. 1859;
or opynyl | 13087 ¢r B ELRY2RBTK, Yrlubauhlt ALETARATMY (sep ()
1'(2'EEOXy'S'Cﬁa?ﬁLﬁEb;§lﬁtﬁLPQBUEGEQEXL}l?-Egnigropyrrole {700 mg,
3.1 mmol) was dissolved in CH;CN (12 ml), followed by addition
of N-iodosuccinimide (1.38 g, 6.1 mmol). After stirring at
room temperature for 12 hours, the reaction mixture was
partitioned between ethyl acetate and water, and the organic
layer was washed twice with water. After drying over
anhydrous sodium sulfate, the organic layer was concentrated
and purified on a silica gel column {(CHCl,:MeOH = 50:1, v/v)
and by HPLC (25%-40% CH;CN, 10 minutes, 40%-50% CH3;CN, 5
minutes) to give Compound 1 (607 mg, 56%). Recovered
unreacted starting materials: 219 mg (31%).
[0350] Compound 1
'H NMR (500 MHz, DMSO-d6): b
7.90 (4, 1H, J=2.1 Hz), 7.40 (d, 1H, J=2.1 Hz)},
6.54 (t, 1H, J=5.6 Hz), 5.27 (4, 1H, J=4.5 Hz),
5.10 (t, 1H, J=5.2 Hz), 4.23 (m, 1H),
3.83 (m, 1H), 3.65 (m, 1H), 3.56 (m, 1H),
2.40 (m, 1H}, 2.23 (m, 1H).
HRMS (FAB, 3-NBA matrix)

CoH12IN,0s (M+1): calcd, 354.9791; found, 354.9784.

(2) Synthesis of 1-(2-deoxy-f-D-ribofuranosyl)-4-propynyl-2-



- 152 - trifluoroacetam dohexanam do) - 1- propynyl 1-2-nitropyrrole (53 ng,
100 Mol ) was azeotroped three tines with anhydrous pyridine in a 10 nL
flask, and the reaction vessel was then filled with argon gas. To this,
anhydrous pyridine (100 L) and anhydrous di oxane (300 L) were added for

di ssolution purposes, followed by addi&ign of a 1 M dioxane sol ution of
2-chl oro-4H 1, 2, 3- di oxaphosphori n- 4- one & 10 L, 110 Eunol). After stirring
at roomtenperature for 10 mnutes, tri-n- butylamne (100 ..L) and a 0.5 M
DVF sol ut irdiFrepyBireder i{ GompownA Zanoni um) pyrophosphate (300 L) were added
and stirred for 10 mnutes. A 1%iodine/water/pyridine solution (2 nL) was
added and sti r led ZaDeoymPrOrgdbefyranpsyls dnmiadoe2-nikropyraedet i on of 5%

aqueous sodlun1b|sulf|te 150 RL the _reaction mxture concentrated
under r edd&OMBHRGS Be (280 MG 04170 AFOd) aRds %‘f@ﬁ'#ﬁqlﬂ%emgw P and

concent r aM L ¥Ests SARSIHVEd 38 B (A-CoPldr FPLIGued: b8 SRBHELOR As
o 11 meak R S EEGRYGHT COR { 48 Wit o 61 MIPRAAR TBF eﬂ?féaéljc;?s.xHﬁ‘ﬁc
Coreen R e g B L4 ol SN 2,
5520 gt Mg e 0 0 2
EE%3 i gé nl%z&?@L%H§§4%2f%@ %m?gg nlBlﬁﬁnugegf £b gtttk dodpSubit)z - 193 -
(125 mg, 60%).
[0351] Compound 2:
'H NMR (300 MHz, DMSO-d6): &
7.92 (4, 1H, J=2.2 Hz), 7.27 (4, 1R, J=2.2 Hz),
6.55 (t, 1H, J=5.7 Hz), 5.28 (4, 1H, J=4.5 Hz),
5.11 (t, 1H, J=5.2 Hz), 4.24 (m, 1H),
3.85 (m, 1H),
3.67 (ddad, 1H, J=3.6, 5.3, 12.1 Hz),
3.57 (m, 1H), 2.43 (m, 1H), 2.23 (m, 1H),
1.99 (s, 3H).
c NMR (75 MHz, DMSO-d6): &
136.21, 129.17, 117.08, 105.29,
88.74, 88.30, 86.75, 72.91, 69.21,
60.83, 42.58, 4.29.
HRMS (FAB, 3-NBA matrix)
C12H15N:Os (M+1): calcd, 267.0981; found, 267.0991.
(3) Synthesis of 1-(2-deoxy-f-D-ribofuranosyl)-4-
(dichloroacetamido-1-propynyl)-2-nitropyrrole (Compound 3)
1-(2-Deoxy-f-D-ribofuranosyl)-4-iodo-2-nitropyrrole

(Compound 1) (354 mg, 1.0 mmol), PA(PPh;); (58 mg, 0.05 mmol),



31P NMR (121 MHz, D20) S -8.26, -10.51, -22.05. M (ESI) C18H28N4015P3,
[MH -: calcd, 633.08; found, 633.00. (4)

1- (2- Deoxy-3-D-ri bofuranosyl )-4-[3-[6-(fl uorescei n-5-

car boxam do) hexanani do] - 1- propynyl ] - 2-nitropyrrole 5 - triphosphate

(FAM hx-dPnTP) (Step (e)) NH2-hx-dPnTP %23an|) was dissolved in 0.1 M
aqueous sodi um bi carbonate (pH 8.5, O. foll owed by addition of a

sol ution of 5- carboxyfluoresceln N—h droxgsuccininidél ester (FAMSE) (3.7
, 7.8 phBIL) (3R mEF P46 Mpl)TRBANtXigtBYhawinech2P@qras Foén@?@ﬁ%erature

thi s nixtHRES Sd5RES ﬁ%bi?ﬁhvaﬁ £33 Whionfaigvad by quatsifRceE 8" et e
f d d
5 m T
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oty 40+ dater?: e dHing - adngbrdud GokdaR bl cdE, R (121 M.

organic layer was concentrated and purified on a silica gel
column (CH,Cl,:MeOH, 20:1, v/v) and by HPLC (34%-35% CH,CN, 12
minutes) to give Compound 3 (317 mg, 81%).
[0352] Compound 3: 'H NMR (300 MHz, DMSO-dé6): &

9.01 (t, 1H, J=5.3 Hz), 7.98 (4, 1H, J=2.1 Hz)},

7.33 (4, 1H, J=2.1 Hz), 6.54 (t, 1H, J=5.8 Hz),

6.47 (s, 1H), 5.27 {4, 1H, J=4.5 Hz),

5.10 (t, 1H, J=5.2 Hz), 4.23 (m, 1H),

4.17 (d, 2H, J=5.4 Hz), 3.84 (m, 1H),

3.66 (ddd, 1H, J=3.5, 5.2, 12.1 Hz),

3.56 (dt, 1H, J=4.6, 12.2 Hz}, 2.43 (m, 1H),

2.23 (m, 1H).

Electrospray lonlization mass spectroscopy {(ESI-MS)

C14H1506N3Cl,; calcd, 390.03 (M-H)"; found, 389.85 (M-H) .
(4) Synthesis of 1-[2-deoxy-5-0-(4,4'-dimethoxytrityl)-p-D-
ribofuranosyl]-4-propynyl-2-nitropyrrole 2-cyancethyl-N,6N-
diisopropylphosphoramidite (Compound 6)

Compound 2 (200 mg, 0.75 mmol) was azeotroped with
pyridine, followed by addition of pyridine (7.5 ml) and 4,4'-
dimethoxytrityl chloride (280 mg, 0.83 mmol). After stirring

at room temperature for 1 hour, the reaction mixture was



-10.86, -10.86, -23.13. M (ESI) C39H38N4021P3 [MH': calcd, 991.12;
found, 990.56 (5) 1-(2-Deoxy-p-D-ribofuranosyl)-4-[3-[6-(rhodam ne- X-5-
car boxam do) hexanam do] - 1- propynyl ]-2-nitropyrrole 5 - triphosphate

(ROX- hx-dPnTP) (Step (e)) NH2-hx-dPnTP (6 nol) was dissolved in 0.1 M
aqueous sodi um bi carbonate (pH 8.5, 0.8p4n.), followed by addition of a
sol ution of 5-carboxy-X-rhodam ne N hydroxysuccini mdyl ester (ROX-SE) (5

9. 792 BRRLLLRCRVEbhelt) o kS ILKLNLC anki2S s RRRESY And 0L { erET Al Ure

for 18 holdrs Wi occasi ona I Ng un fng Conditions. To

this m xt g ani‘&og‘égg %dw%%%ﬁ”%i% 'tﬁr(aQeﬁ rg‘g):e\%’@ Qﬂiﬁ a”d react ed

for 5 mnutés wt casi onal shaklng |s m Xt u yop I'lized and

h h
e PUT B daneCEAR Bennaigtng: Ghof oo g SR OBR FBNE e 200, o

| i near concentration grad 8- HPLC
(concentr g Qﬂicg'iﬁ b%nhasléoﬁ%blrﬂ@%hiﬁﬁt ani! preriBa0oh M EiheERYHagmONi UM

acet ate buf . to give the desired product. [0361] 1H NMR (300 MHz,
D20) 6 8. %81(1&:1 %U){zcﬁ Qiedif, 2dv: 1= &Ar)Ha-)o gi?re‘l?:c{nﬁaouﬂd) 4 (363 oy, 1H,
J=7.7 Hz), ©6.68 1H), 6.55 (brs brs, 1H), 6.09 (brs, 1H)),

4.40-4.2586%) . 1F&omﬁod§d347€’1§mm§|'|)0 3:8 rﬁﬁbB) 2x7a£ nazd®tdopea ki€, 18H.
J=7.3 Hz), - 155 - 2.95-2.70 (m 2H), 2.65-2.40 (m 4H), 2.40-2.15 (m 3H)

2.05-1. 70pgiiddhke, fb1660wkdS0y( @dddtionloS0THF1$1(mM m29Hand 31P NWR (121
MHz, D20) 8

diisopropylethylamine (87 pul, 1.5 equivalents). To this
solution, 2-cyancethyl-N,N-diisopropylamino chloro
phosphoramidite (82 pl, 0.37 mmol) was added and stirred at
room temperature for 1 hour. After addition of methanol (50
ul), the reaction mixture was diluted with ethyl acetate:water
(20:1, v/v) and partitioned with 5% NaHCO;. The organic layer
was washed with saturated aqueous sodium chloride, dried over
anhydrous sodium sulfate, concentrated and then purified on a
silica gel column {CH,Cl;:hexane, 1:4, v/v, 2% triethylamine)
to give Compound 6 (223 mg, 87%).
[0353] Compound 4:

'H NMR (300 MHz, DMSO-d6): &

7.65 (d, 1H, J=2.2 Hz), 7.41-7.23 (m, 10H},

6.89 (d, 4H, J=8.8 Hz), 6.59 (t, 1H, J=5.3 Hz),

5.37 (4, 1H, J=5.0 Hz), 4.30 (m, 1H),

3.97 (m, 1H), 3.75 (s, 6H),

3.21 (4, 2H, J=4.1 Hz), 2.48-2.32 (m, 2H),

1.92 (s, 3H).

HRMS (FAB, 3-NBA matrix)

C33H33N,0; (M+1): calcd, 569.2288; found, 569.2246.

Compound 6:



-10.90, -11.59, -23.27. WMS(ESI) C51H56N6019P3 [MH -: cal cd, 1149.28;

found, 1148.77 Exanple VIII Synthesis of NH2-hx-PaTP, FAM hx-PaTP and
TAVRA- hx-PaTP In this exanple, NH2-hx-PaTP, FAM hx-PaTP and TAMRA- hx- PaTP
wer e synt hesi zed as rPaTP derivatives according to the synthesis schene
shown in Figure 47. These derivatives_c be introduced into RNA for
exanpl e, through transcription. The derivative having an am no group can be
used for RNA podification after in oration, while the other derivatives
havi ng fluoresééﬁpﬂb GUH% 1@ Bdapted for fluorescent | abeling of

RNA, FRET 362 | - D-Ri,b 3-(6-
trifluoroacgtgﬁlé hQQQ gh%ao é aBPoByggﬁr O?y#e 5)[gargaldehyde (Step (a)
in Figure 47) 3- QE ;)E%b ?ﬁ sy5)3g oggpéﬁ bﬁéz car bal dehyde (177 ny,

500 nol , contalnlng was azeo f ope mnth anhydr ous

acetonitrile i mL,f;h as ok} o by ditio copper iodide (15
ng, 80 pnol) aﬁd§7 ?Faﬁ?gfrgp én&#pﬁgg hl%e§€a¥+ad?ﬂ (0) (29 ng, 25 nol).

After these majepka disgalyedsgi pman rous DM (2.5 nl),
triethyl am ne %1%% Eﬁ ?%%? n% §gmgsggdggd e%?fe stirring at room

tenperature ang, gg(ghgﬁdsglrgﬁg ap,geom yenpgRrajgye - 156 under
| i ght-shielding conditions. To fhis mxture, a solUtion of

N-(2-propynyl ) 2668r (t|, uenoagetani dehexanasi de, (198 586, 458z) Ml ) in DVF (2
nm.) was added dropw se and stirred overni ght at roon1tenperature The

reaction m xtupesgag,gencent 1gy)edi, updanar edouged gnra@ssuren)and the resulting
crude product was purified by silica gel colum chromatography (10% CH3CH
n 1.20-1.08 (m, 12H).
HRMS (FAB, 3-NBA matrix)
Cy2HsogN4OsP (M+1): calced, 769.3366; found, 769.3166.
(5) Synthesis of 1-(2-deoxy-p-D-ribofuranosyl)-4-propynyl-2-
nitropyrrole 5°‘'-triphosphate (Compound 9)
Compound 4 (160 mg, 0.28 mmecl) was azeotroped with
pyridine, followed by addition of pyridine (2.8 ml) and acetic
anhydride (53 pl, 0.56 mmol). After stirring at room
temperature for 12 hours, the reaction mixture was partitioned
between ethyl acetate and 5% NaHCO;, and then washed with 5%
NaHCO;. The organic layer was dried over anhydrous sodium
sulfate, concentrated, azeotroped with toluene, and then
dissolved in methylene chloride {28 ml). To this reaction
mixture, dichloroacetic acid (280 pl) was added at 0°C and
stirred for 15 minutes at 0°C. The reaction mixture was

partitioned with 5% NaHCO;, and the organic layer was washed
with 5% NaHCO,. After drying over anhydrous sodium sulfate,
the organic layer was concentrated and purified on a silica
gel column to give Compound 7 (78 mg, 90%, 2 steps). Compound

7 (31 mg, 0.1 mmol) was azeotroped with pyridine, followed by



CH2C12) and C18-HPLC (22-24% CH3CN in HZO, 15 mnutes) to give the desired
product as an anorphous substance (126 ng, yield 51%. [0363] 1H NWR (270
MHz, DMSO-d6) 8 9.52 (d, 1H, J=0.66 Hz), 9.38 (brs, 1H), 8.27 (t, 1H, J=5.3
Hz), 7.96 (s, 1H), 7.13 (d, 1H J=1.6 Hz), 6.32 (d, 1H, J=3.6 Hz),

5.42-5.32 (brs, 1H), 5.18-5.05 (m 2H), 144 08-3.95 (m 4H), 3.90-3.84 (m
1H), 3.70-3. 50 (n1 2H), 3.20-3.10 (m }ﬁ) 2.08 (t, 2H, J=7.3 Hz),
1.55-1.40 ( 1.30-1, 15 ( (I;Y HRI\/IS%F 3- NBA matrix)r C21H27F3N307
(M+ 1) @é} G’flmi‘#jdlﬁ'l 104 1))g papd iaxane (300 pl). To this
1-(2,3-Di - Nasy. .

trifluor odtet ugﬁi%}jhg ‘ﬁ% c?o) alp’?%’p )rRﬁrbz[pcéfﬁTo(&a@rﬁnggﬁﬂ}'&éme (Steps (b)

1 1 ot od Ak ono b i SRR STRhASASSE AR SEA TR ST A B 4RES Sy

trifl uorodc aM%ﬂ)

250 pznol) tdﬁ%%%k#} eeTEi”ﬁstWk&QPgﬂ y?agﬂsu?ﬁrhgdne ina 10 nmL

flask and 3 |sso ydr olsS pyri I Ssol ution,

di net h t d d at
‘ oom °é¥rpﬂeir%<¥ﬂuale“b¢t§¥13ﬁ@rﬁloda®§ pikbptsri oeﬁ@n% S EFU A oMY P F
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washed with saturated aqueous sodi um bi carbonate, dried over nagnesium
sul fate ant tfigfht@APOAFRG Igpp:{rﬁi@methzf @%yeni% 6@ resul ting crude

product was purified by silica gel col um chromatography (0-0.5% CH3OH in
CH2C12) t yetivEirie AH, 0L Ybaled peduahsaadasdaaBEPeeY g reabEbanes minutes,

5% NaHSO; (150 pl) was added and the reaction mixture was then
concentrated. After H,O (5.0 ml) was added and stirred at room
temperature for 30 minutes, 28% aqueous ammonia (20 ml) was
added and stirred at room temperature for 2 hours. The
reaction mixture was concentrated, lyophilized and then
purified on DEAE Sephadex A-25 (with a linear gradient of
50 mM to 1.0 mM TEAB) to give Compound 9.
[0354] Compound 7:

'H NMR (300 MHz, DMSO-d6): &

7.90 (4, 1H, J=2.1 Hz}, 7.30 (4, 1H, J=2.1 Hz),

6.60 (t, 1H, J=6.4 Hz), 5.22 (m, 2H),

4.13 (m, 1H}, 3.65 (m, 2H),

2.62 (ddd, 1H, J=3.0, 6.0, 14.3 Hz},

2.43 (m, 1H), 2.08 (s, 3H), 2.00 (s, 3H).

HRMS (FAB, 3-NBA matrix)

C14H17N20s (M+1): calcd, 309.1087; found, 309.1066.

Compound 9:

Electrospray ionization mass spectroscopy (ESI-MS)

Ci:2H;7014N,P3: calced, 504.98 (M-H)-; found, 505.95 (M-H)-.

(6) Synthesis of 1-(2-deoxy-3-0O-acetyl-f-D-ribofuranosyl)-4-



(150 ng). 1-(5-ODinethoxytrityl-3-D-ribofuranosyl)-4-[(3-(6-
trifluoroacetam dohexanam do) - 1- propynyl ) pyrrol e-2- carbal dehyde (149 ng,
188 pnol) was azeotroped three tines wth anhydrous pyridine in a 10 nL
flask and dissolved in anhydrous pyridine (2 nmL). To this solution, acetic
anhydride (53 L, 565 pnol) was added 3f$LStirr6d overni ght at room
tenperature. The reaction m xture was™ ted with ethyl acetate, and the
organi c | ayer was washed wi th saturated _aqueous sodi um bi carbonate and

sat ur at ed (846Bsn5o3satamident oPraeyRYL) ed- Bl EFOREERRLP URFITPPERE, BAnd t hen
evaporated to _renove. the, solvent. The resi ting crude groduct was di ssol ved

i n anhydrous dFEﬂPBVBﬂE?h&ﬁ@S(TQ'nE)78Tﬁm?d ?wg | RFEORT pﬁﬁc?iBPoacetic acid
280 L [ iLrri C [ 1 ' .
(20, 3RS Aot el AR LA R R

. ; o1 ; ;
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2H), 2|?:|j 20zR140168) Hbter arkfiny rdMadtiPardusToastth (l1sdde, the’0-1-15

(m
organic layer was concentrated and purified on a silica gel

column (CH,Cl,:EtOAc, 9:1, v/v) to give Compound 5 (526 mg,
97%). Compound 5 (515 mg, 0.74 mmol) was azeotroped with
pyridine, followed by addition of pyridine (7.4 ml) and acetic
anhydride (280 pl, 3.0 mmol). After stirring at room
temperature for 12 hours, the reaction mixture was partitioned
between ethyl acetate and 5% NaHCO;, and then washed with 5%
NaHCO;. The organic layer was dried over anhydrous sodium
sulfate, concentrated, azeotroped with toluene, and then
dissolved in methylene chloride (74 ml}. To this reaction
mixture, dichloroacetic acid (740 ul) was added at 0°C and
stirred for 15 minutes at 0°C. The reaction mixture was
partitioned with 5% NaHCO;, and the organic layer was washed
with 5% NaHCO;. After drying over anhydrous sodium sulfate,
the organic layer was concentrated and purified on a silica
gel column (CH,Cl,:MeOH, 50:1, v/v)} to give Compound 8 (289 mg,
90%, 2 steps).
[0355] Compound 5: 'H NMR (300 MHz, DMSO-d6): &

9.07 (t, 1H, J=5.3 Hz), 7.67 (4, 1H, J=2.2 Hz},

7.41-7.21 (m, 10H),



HRVS (FAB, 3-NBA matrix) C25H31F3N309 (M + 1): calcd, 574.2012; found,
574.2061. (3) 1-(f3-D Ri bofuranosyl)-4-[3-(6-am nohexanam do) -1 -

propynyl ] pyrrol e- 2- car bal dehyde 5'-tri phosphate (NH2-hx-PaTP) (Step (d))
1-(2,3-Di - O acetyl -3-D-ri bof uranosyl )-4-[ (3-(6-
trifluoroacetam dohexanam do) - 1- propyayh)ygycrol e-2- carbal dehyde (57 ng, 100
pnol ) was azeotroped three tinmes with anhydrous pyridine in a 10 niL fl ask,

and the reactiqgn_ye I s then fille ith argon gas. To this, anhydrous
pyri di ne (100%Efga§§%anﬁ¥@r3%g’grofaﬁe9§g% L) were added for dissolution
pur poses, foll aqehi ti.on qf 1 ipoxane ol ution of
2-ch|oro-4kk1,%&§$d?§Xag dsgﬁgfgnﬁ%)ﬁnghgflggt,IH?IO nmol). After stirring at

room t enper at urze fa0r, 510 1 NULEGS, ni - - Bt yl.am (100 RL) and a 0.5 M DWF
sol ution of big(?Pi}dﬁ-éﬁ%yﬁgﬁﬁgnF%&f %y?gpﬁgép%gﬁé (300 RL) were added and

stirred for 1q gnqh€52uﬁ %%MLQdMQQAW@R@@/gmriQhWE solution (2 nL) was
15 P

added and stirred at roomtenperature for m nutes. - 159 After addition
of 5% aqueous sodigumghi g)f i t3€ 1G13@,! 2H), the reaction nmixture was
concentrat ed under reduced pressure. The resulting oil was m xed with water
(5 n) and stinra¢-at 330qm, benrerature for 30 mnutes, followed by addition
of concentrated aqueous ammonia (20 nL). After stirring for 8 hours, this

m xture was puyrMseqFap ,DBARBRemaadax)A- 25 col utm chromat ography (1.5 x 30
cm linear concentration gradient; 50 mMto 1 M TEAR sol ution) and C18-HPLC

(concentrati ongiRGNSRCL, 0MeDP% aaetani 694l €728; OrduMl r 692 hyyagmoni um
acetate buffer, pH 7.0) to give the desired product. [0365] M5 (ESI)

C19H29N3015P3 [cmigbundcal:cdn RRR. 080ofmuad. DRSE-86): §
9.12 (t, 1H, J=5.3 Hz), 7.96 (d, 1H, J=2.2 Hz),
7.36 (d, 1H, J=2.2 Hz), 6.61 (t, 1H, J=6.3 Hz),
6.49 (s, 1H), 5.23 (m, 2H),
4.18 (4, 2H, J=5.4 Hz), 4.13 (m, 1H),
3.68 (m, 2H),
2.63 (ddd, 1H, J=3.0, 6.0, 14.3 Hz),
2.44 (m, 1H), 2.07 (s, 3H).
HRMS (FAB, 3-NBA matrix)
Ci6H1sN30,CLl; (M+1): calcd, 434.0522; found, 434.0549.

Example VII Synthesis of NH,-hx-dPnTP, ROX-hx-dPnTP and FAM-

hx-dPnTP

In this example, NH;-hx-dPnTP, ROX-hx-dPnTP and FAM-hx-
dPnTP were synthesized as dPnTP derivatives according to the
synthesis scheme shown in Figure 46. These derivatives can be
introduced into DNA, for example, through replication (PCR or
primer extension). The derivative having an amino group can
be used for DNA modification after incorporation, while the
other derivatives having fluorescent groups can each be

adapted for fluorescent labeling of DNA, FRET, etc.



(4) 1-(P-D R bofuranosyl)-4-[3-(6-(fluorescein-5-

car boxam do) hexanam do) - 1- propynyl ] pyrrol e- 2- car bal dehyde 5'-tri phosphate
(FAM hx-PaTP) (Step (e)) One-third of NH2- hx-PaTP synt hesi zed above was
dissolved in 0.1 Maqueous sodium bicarbonate (pH 8.5, 2.5 niL), followed
by addition of a solution of 5-carboxyf Egresceln N hydr oxysucci ni m dyl
ester (9 ng, 19 nol) in DMF (200 RL). m xture was reacted at room
tenperature for 9 hours with occasional shakln under Ilght shi el di ng
condi ti ond© ﬁélthls(1ﬂ1}r&?eDeeﬁﬁcgnPr6488f556886¥1énﬂoﬁ?a bt nm) was added

?Sgpmr f??%ﬁ;ﬁwﬁaﬁgﬁr B 6 SRR ) S1pRaneY K5 22 BR SAREYERPTat S5PRohy

x 30 one ntratlon gradient; 50 nMto 1 M TEAR sol ution)
and Cﬁ8|Hﬁ%gl& %ggﬁfratlgn gradi ent ; 0@650@6acetonitrile ig 0. 1dM
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tetrakistriphenylphosphine palladium (0) (58 mg, 50 pumol).

tate fe&

After these materials were dissolved in anhydrous DMF (5 mL},
triethylamine (210 pL, 1.5 mmol) was added while stirring at
room temperature and further stirred at room temperature under
light-shielding conditions. To this mixture, a solution of N-
{2-propynyl)-6-trifluorocacetamidohexanamide (396 mg, 1.5 mmol)
in DMF (4 mL) was added dropwise and stirred overnight at room
temperature. The reaction mixture was concentrated under
reduced pressure, and the resulting crude product was purified
by silica gel ceolumn chromatography (5-10% CHiOH in CH,Cl,) and
Cl18-HPLC (39-41% CH3;CN in H;0, 15 minutes) to give the desired
product as an amorphous substance (408 mg, yield 83%).
[0357] 'H NMR (270 MHz, DMS0-d6) &

9.38 (brs, 1H), 8.28 (t, 1H, J=5.3 Hz),

7.95 (4, 1H, J=2.0 Hz), 7.30 (4, 1H, J=2.0 Hz),

6.54 (t, 1H, J=5.6 Hz), 5.29 (4, 1H, J=4.0 Hz),

5.20-5.05 (m, 1H), 4.30-4.20 (m, 1lH)},

4.05 (4, 2H, J=5.3 Hz), 3.83 (g, 1H, J=4.0 Hz),

3.70-3.50 {m, 2H), 3.14 (t, 2H, J=7.3 Hz),

2.50-2.36 (m, 1H), 2.30-2.17 (m, 1H),

2.08 (t, 2H, J=7.3 Hz), 1.58-1.40 (m, 4H),



car boxam do) hexanam do) - 1- propynyl ] pyrrol e- 2- car bal dehyde 5'-tri phosphate
(TAMRA- hx- PaTP) (Step (e)) One-third of NH2-hx-PaTP synt hesi zed above was
dissolved in 0.1 M aqueous sodi um bi carbonate (pH 8.5, 2.5 nL), followed
by addition of a solution of 5-carboxytetranethylrhodam ne

N- hydr oxysucci ni mi dyl ester (TAMRA-SE) { M, 19 nol) in DWW (1 nL). This
m xture was reacted at roon1tenperature or 9 hours with occasional shaking
under Iight-sh'eéglfg nd'%ﬁ? To this m xture, concentrated aqueous
ammonia (1 nL§' S aﬁﬁe éacted for 8 hours with occasional shaking.

This m xture y lize n purified by DEAE Sephadex A-25 colum
chronatographyﬁ?%g PPE%O énﬁBﬁ ﬂg%?fﬂ oncentration gradient; 50 rMto 1 M

I 0.1 M 11 bERPATGaT (A8 oot o o For Y, r’f’;""‘&erﬁf’o“%‘?v?yﬁﬁol" s.eﬁiﬁif”l'ai

P S o 8 ot 14 (5

Hz), 7. Oiriﬁlu&'fbaée@alﬂlﬁgﬂexﬁnﬁiéo701(ﬂi-oég%xyl]stﬁifﬂop%fkojéfﬁ 2 HZ)

6.06 (d, 1H, J= t, 1M, J=4 3.80
3 55 3. 30 s gH}b)3ag§ gsc § (m 30H), 2.25 (t, 2H, J=6.3 Hz), 1.75-1.55 (m
265185 (o) 35 1P NVR (121 MHz, D20) 8 -10.84, -11.56, -23.22.

(ESI) C44H49N{591198§x{r%kﬂ) risakﬁﬂané%f) 2%.p30pgd, 1044.09.
trifluorcacetamidohexanamido)-1-propynyl]-2-nitropyrrole (394
mg, 803 umol) was azeotroped three times with anhydrous
pyridine in a 50 mL flask and dissolved in anhydrous pyridine
{4 mL}. To this sclution, dimethoxytrityl chloride (286 mg,
844 pmol) was added and stirred at room temperature for 1.5
hours. The reaction mixture was added to ethyl acetate/water,
and the aqueous layer was removed. The organic layer was
washed with saturated aqueous sodium bicarbonate, dried over
magnesium sulfate and then evaporated to remove the solvent.
The resulting crude product was purified by silica gel column
chromatography (0-0.5% CH,OH in CH;Cl,;) to give a tritylated
product as an amorphous substance (543 mg). 1l-(2-Deoxy-5-0-
dimethoxytrityl-p-D-ribofuranosyl)-4-[3-(6-
trifluorcacetamidohexanamido)-1-propynyl]-2-nitropyrrole
(542 mg, 684 umol) was azeotroped three times with anhydrous
pyridine in a 30 mL flask and dissolved in anhydrous pyridine
(7 mL). To this solution, acetic anhydride (169 pL, 1.79
mmol) was added and stirred overnight at room temperature.
The reaction mixture was diluted with ethyl acetate, and the
organic layer was washed with saturated aqueous sodium

bicarbonate and saturated aqueous sodium chloride, dried over



Exanpl e | X I ncorporation of am no group- or fluorescent dye- |inked
substrate Pn into DNA (55-ner) through replication using Kl enow fragnment In
this exanple, substrates of Pn having an amino group or a fluorescent dye
(FAM attached through a |inker (NH2-hx- dPnTP and FAM hx-dPnTP, prepared in
Example VI1) were used to study the in €£poration of these substrates into
DNA t hrough replication. [0368] Nbre'sﬁ ifically, experinental procedures
as shown bel ow were used. A solution (10 RI% contai ning a duplex between
tenpl at e BRBPG§§F§|ﬁPASaEG:aPnélFh@ﬁeﬁvapﬁ§ﬁ ednko remppeathe sglwent.| Ds,
2Ds, 3Ds, 4Ds, 5Ds (SEQ I D_NGOs: 33-37) or_ a control (SEQ ID NO 38)) and a
priner flEBeeEe8HLL nglSEBpgdpﬁPPHCFIﬁ@FegéﬁﬁﬂlYﬁﬂlﬁﬁrankﬁdﬁ%Pf was mi xed

h a - d I h I | d h I d
vt or (5 FCHAGERPERBAPE, LENORE)  AolR s 9L tﬁ e bidiomRaden s, 2u S
|) to cause rlner exkfn5|on reactlon (20, R B The reacti on was
per f or med26d né6§90“ﬁ Yafppdted VPF%%rStiEBiFQAPBr DHand dshey = A G
C 1, NH2 - h TP ar.. FAM dPnTP nd 0.1 RU I Kl en%c{ r,ﬁgmant (GE
feal th CaF bIEFRASEORME B el miease win e 05 g
BSA. Aft O_R dt
this Solﬁ%léﬁ§§Ee8 §BF§§9 éigmnhig%ﬁgogéguti%ﬁsmééghgg?éﬁﬁgtlsg efor03
s §28, ekBEareag! |i2BnPROCHEbINEERARDCT AR 9 fila Yaighippnor esi s on

a 10@6po|yacry urea ge the're s wer e

detected Vhihrd &Fgg6g;egﬁgsyggaﬁsgﬁaghxaeg é&@ge§ﬂha£héﬂﬂgss?%§%g§ d, FAM

detection talne are shown 1n Frgu and

48C. The pgoyphoob the EBhLehenotthdraducie 8y 4 OReds ighltiEiea by

silica gel column chromatography (2% CH;0H in CH;Cl,) to give
the desired product as an amorphous substance (328 mg, 77%,
yield for 2 steps).
[0358] 'H NMR (300 MHz, DMSO-d6) o

9.39 (brs, 1H), 8.30 (t, 1H, J=5.4 Hz),

7.94 (4, 1H, J=2.2 Hz), 7.33 (d, 1H, J=2.2 Hz),

6.61 (t, 1H, J=6.3 Hz), 5.30-5.18 (m, 2H),

4,20-4.10 (m, 1H), 4.06 (4, 2H, J=5.4 Hz)},

3.75-3.55 (m, 2H), 3.16 (t, 2H, J=7.0 Hz),

2.62 (dd4ad, 1H, J=3.0, 6.0, 14.2 Hz),

2.50-2.35 (m, 1H), 2.15-2.05 (m, 2H),

2.07 (s, 3H), 1.60-1.40 (m, 4H),

1.30-1.20 (m, 2H).

HRMS (FAB, 3-NBA matrix)

Ca2H35F3NOs (M + 1): caled, 533.1859; found, 533.1907.
(3) 1-(2-Deoxy-p-D-ribofuranosyl)-4-[3-(6-aminohexanamido)-1-
propynyll-2-nitropyrrole 5°'-triphosphate (NH,-hx-dPnTP) (Step
(d))

1-{2-Deoxy-3-0-acetyl-p-D-ribofuranosyl)-4-[3-(6-



presence of NH2-hx-dPnTP (Fi gures 48B and 48C) or FAM hx-dPnTP (Figure 48C)
than in the absence of these nodified substrates of Pn, indicating that
these nodified dPnTP substrates were incorporated into DNA opposite Ds in
the tenplate DNA. [0370) Exanple X Incorporation of fluorescent dye-linked
substrate Pa into RNA (17-ner) through transcrlptlon using T7 RNA

pol ynerase In this exanple, substrates 2Py having a fluorescent dye (FAM
or TAVRA) attached through a |inker (FAM hx-PaTP and TAMRA- hx-PaTP,

prepar ed tmiElunppbacetamidebexapswdded-3tndoprynndlradcoipopryEsnlef these
substrates into RNA through transcription. - 163 [0371] More specifically,
experi nenf{&B pgocdflr pwod3 whswazebtropedetbraectiimea wdthivanhydre@s buffer
(pH 7.6) containing 10 mM NaCl, tenplate strand DNA (35-nmer, 10 M was
annealed PMFEﬁlp?sleoﬁpﬂen@ﬁt§i9s§traﬁﬁ BRe srackécp: BREFEL wagi shep21- rmer,
10 NM. Transcription reaction was performed using 2 G y-32P] GTP, 1 nmM
NTPs, 1 nfiithsd UF«ﬂFAWRAORXQPETP Te mﬂe%np@lm@w W@Tl%n(% 0 L7 RNA
pol ymer ase gTakara) in nmM Tris- HC1 buffer 24 mM MyCl2, 2 nmM
sper ni di n@Rd §nRNADPES Gie¥ﬂ@?rﬂﬁgﬁ kL] oWeras & @eﬂeﬁerueﬁsa919? Por 3

h 10 M 2 dd | yt t t ti

oS, ool el 2Bl B hR 3e58' 4 B Re RSB
I d b | ect h 20% pol | am de-7 M 0372

R S T R S L A N ENIGE

Cont ai ni nEBEE AELEES ﬁ?elfl?ﬁkoﬁ??rﬁé%fﬂ%a% 43R 2Bl Ll PR e B o o wer
ntroduceq | 9LQ, RNA9BBORLS %aRa bt Bou' P! 8b%ar DS bEABREILRLLRY

butylammonium) pyrophosphate (300 UL) were added and stirred

for 10 minutes. A 1% iodine/water/pyridine solution (2 mL)
was added and stirred at room temperature for 15 minutes.
After addition of 5% aqueous sodium bisulfite (150 uL), the
reaction mixture was concentrated under reduced pressure. The
resulting oil was mixed with water (5 mL) and stirred at room
temperature for 30 minutes, followed by addition of
concentrated aqueous ammonia (20 mL). After stirring for 8
hours, this mixXture was purified by DEAE Sephadex A-25 column
chromatography (1.5 x 30 cm, linear concentration gradient; 50
mM to 1 M TEAB solution) and Cl8-HPLC (concentration gradient;
X%-xx% acetonitrile in 0.1 M triethylammonium acetate buffer,
pH 7.0) to give the desired product.
[0359] 'H NMR (300 MHz, D,0) &

7.79 (s, 1H)}, 7.31 (s, 1H),

6.68 (t, 1H, J=5.6 Hz), 4.60-4.50 (m, 1lH),

4,.30-4.00 {m, 5H), 3.13 (g, 18H, J=7.3 Hz),

2,90 (t, 2H, J=7.5 Hz), 2.62-2.52 {(m, 1H),

2.46-2.30 (m, 1H), 2.24 (t, 2H, J=7.0 Hz),



efficiency was 14% for FAM hx-PaTP and 10% for TAMRA- hx- PaTP, when conpared
to the control experinment with natural substrates al one (Figure 49,
rightnmost |ane indicated as "None"). | NDUSTRI AL APPLI CABI LI TY (0373] The
inventors of the present invention have developed an unnatural base pair
system ensuring highly practical selecf{iyity during replication and
transcription, which enables the creation of new bi otechnol ogies with

expanded genetic_al phagpet. rophobic -Pa_ba airing - 164 allows PCR
anplification EfG%Ni'ggazﬂezgg)coﬂtgbﬁ?ﬁzstﬂ@'sgﬁg?' Mor eover, Ds-Pa base
pairing al so aldo site-s ific..ipcorporation of Ds and Pa into RNA

t hr ough nor nal 'P?ﬁqtkra(r}?& zi'or?zoi‘hgs, this system provi des a novel

techni que for cgeation, f5?emL55n6%ional artificial DNAs and RNAs. In

addi tion, nodifréd substratés and hydrophobic base pairs are scientifically
inportant in fy tg?ﬁ glucidation of mechanisns for replication and
transcription. FO } To avoi d undesired base pairings (e.g., Ds-Ds and

nat ur al - unnat uﬁ?Jquﬁ%?s 3ai TMDQ?)H 1&9 reP i@ | né'he63:i,_rb/ ntors of the
g

present invention havé achi eved hi selectivity of unnatural base pairing

D o8 805k PDSPLSLPURRRUBATT Pt o adgiane

recogni zi gerBbRAML a6 PABLEARME A6 LY - BebPRRP1PARLhRErBp§eRo1eRECEN Y,
5' -y- P-am nonapht hal ene-5-sul fonate tri phosphat e, ich is another menber

of 5'-y-npdiphedphatBhopAnahesaph®p) pseapreapjted to inprove the fidelity
of reverse transcription (Non-patent Docunent 38). These findings suggest
that recognit NRD-19f- deiPsli {6 Gehd 1) RRAS RIS SR a YA P01 W @sésus
sodium bicarbonate (pH 8.5, 0.72 mL), followed by addition of
a solution of S-carboxyfluorescein N-hydroxysuccinimidyl ester
(FAM-SE) (3.7 mg, 7.8 umol) in DMF (500 uL). The mixture was
reacted at room temperature for 8 hours with occasional
shaking under light-shielding conditions. To this mixture,

. concentrated aquecus ammonia (0.5 mL) was added and reacted
for 5 minutes with occasional shaking. This mixture was
lyophilized and then purified by DEAE Sephadex A-25 column
chromatography (1.5 x 30 cm, linear concentration gradient; 50
mM to 1 M TEAB solution) and Cl18-HPLC {concentration gradient;
0%-50% acetonitrile in 0.1 M triethylammonium acetate buffer,
PH 7.0) to give the desired product.

[0360] 'H NMR (300 MHz, D,0) &
8.29 (s, 1H), 8.04 (&, 1H, J=7.5 Hz),
7.58 (brs, 1H), 7.26 (4, 1H, 7.5 Hz),
7.00-6.60 (m, 7H), 6.39 (brs, 1H),
4.50-4.35 (m, 1H), 4.40-3.90 (m, 5H),
3.50-3.30 {m, 2H), 3.12 (g, 18H, J=7.3 Hz),

2.41-2.10 (m, 4H), 1.75-1.50 (m, 4H),



requires nore accurate geonetric fitting between pairing bases than that
bet ween usual triphosphate substrates. The conbi nation of

5' -y-am dotri phosphat es and pol ynerases having 3'-.5" exonuclease activity
can al so be applied to other unnatural base pairs. [0375) The Ds-Pa base
pair provides the first case where hydrsphobic base pairs are functional
during transcription. This suggests that shape conplenentarity between

pai ri ng bases 51 i so,g@portant in hydrophobic base pairing during
transcription,léé§a%F£gd$héh%angor replication. [0376] The Ds-Pa base pair

systemis veryags I (hoR ose of creating novel functional RNA
nol ecul es. Sincg -p}é%ynypgyrpg?g-g-carbaldehyde (Pa') is also introduced

ina site-specifigsmanngrgsnt opRNPzopposite Ds in the tenplate, a series
of 4-position nodified Pa base derivatives can also be introduced into RNA
In this case, fqgnpkety DNA can be anplified by PCR of a DNA fragnent
containing a Ds-Pa base pair. Thus, the Ds-Pa base pair system provides a

power ful  t ool cf8ksNyOeR4 MY-HICt ec8lad| dg9 havz hotdumd] i 9ol sartifici al
conponents at desired sites. - 166 - CLAIM5S 1. A nethod for replicating a

nucl ei ¢ acs §l, 1 Whe+ BéOx - fleDXy1 bEPiteh 6Pl ed Sf 31 [ 6 pOitsdd@hEne +0-5hi ch the
hydr oxyl group of phosphoric acid at the y-position is substituted with a
group sel eatkoxdmbio ) hexgnampde bnt+sropynyl 1 ad-whtnepyrooebe 5a- net hyl am no
group, a dinmethylam no group, a nercapto group and a fluoro group, is used
as a substriphosphabg (REXikbuntdBnTPj)ebB8teépn(eP) The nethod according to
claim1l1, wherein the
NH,;-hx-dPnTP (6 umol) was dissolved in 0.1 M aqueocus
sodium bicarbonate (pH 8.5, 0.85 mL), followed by addition of
a solution of 5-carboxy-X-rhodamine N-~hydroxysuccinimidyl
ester (ROX-SE) (5 mg, 7.92 umol) in DMF (1 mL). This mixture
was reacted at room temperature for 18 hours with occasional
shaking under light-shielding conditions. To this mixture,
concentrated aqueous ammonia (0.5 mL) was added and reacted
for 5 minutes with occasional shaking. This mixture was
lyophilized and then purified by DEAE Sephadex A-25 column
chromatography (1.5 x 30 cm, linear concentration gradient;
50 mM to 1 M TEAB solution) and C18-HPLC (concentration
gradient; 12.5%-50% acetonitrile in 0.1 M triethylammonium
acetate buffer, pH 7.0) to give the desired product.
[0361] 'H NMR (300 MHz, D,0) &
8.28 (s, 1H), 8.03 (d, 1H, J=8.9 Hz),
7.47 (s, 1H), 7.19 (4, 1H, J=7.7 Hz),
6.68 {brs, 1H), 6.55 (brs, 1lH),
6.43 (brs, 1H), 6.09 (brs, 1H),
4.40-4.25 (m, 1H), 4.15-3.70 (m, 5H),

3.60-3.27 {m, 10H), 3.12 (q, 18H, J=7.3 Hz),



substituent is an am no group. 3. The nethod according to claim1l or 2,
wherein a DNA pol ynerase havi ng exonucl ease activity is used during the
replication reaction. 4. The nethod according to any one of clains 1 to 3,
wherein the pol ynmerase havi ng exonucl ease activity is selected fromthe
group consisting of the Klenow fragnmentygsf4 DNA pol ynerase and thernophilic
DNA pol ynerases, each having 3'-'5" exonuclease activity. 5. The nethod
according to agy,pn ai 1to.4, efein e deoxyri bonucl eosi de
5'-triphosphatg‘a§eg‘gé g 'sgﬁgtrgfgéh%swgn(%hnE%EFaI base. 6. The net hod
according to agy,Qn ai 1 t0,4, efein e deoxyri bonucl eosi de
5'-triphosphatg'ﬁgeg'gé gh'sgﬁgfrgf%éhgévg. @tu?% ‘base. 7. The net hod
according to apygene. g ai 1 §058.1 ef Rl Ny &fie deoxyri bonucl eosi de
5'-triphosphat£'ggeg aé g$'su %fratg haéfg Qgée regiesented by the foll ow ng
formula 1: - 16§ qulrﬂlgmy B%O)/E?‘ 3Cl 'NRL | [wherein Rl is hydrogen
or an am no group, iS a substituted or unsubstituted 2-thienyl group, a
substituted or_ugsgpstiivted 2-phiggolyl group, or a substituted or
unsubstituted 1H 2-im dazolyl group, and Ais Nor CH. 8. The nethod
according to amg(eseyof clains 1 to 5,

Cs1Hs¢NgO19P3 [M-H] : calcd, 1149.28; found, 1148.77

Example VIII Synthesis of NH;-hx-PaTP, FAM-hx-PaTP and TAMRA-

hx-PaTP

In this example, NH;-hx-PaTP, FAM-hx-PaTP and TAMRA-hx-
PaTP were synthesized as rPaTP derivatives according to the
synthesis scheme shown in Figure 47. These derivatives can be
introduced into RNA, for example, through transcription. The
derivative having an amino group can be used for RNA
modification after incorporation, while the other derivatives
having fluorescent groups can each be adapted for fluorescent
labeling of RNA, FRET, etc.
[0362] (1) 1-(p-D-Ribofuranosyl)-4-[(3-(6-
trifluoroacetamidohexanamido)-1l-propynyl)pyrrole-2-
carbaldehyde (Step (a) in Figure 47)

1-({f-D-Ribofuranosyl)-4-iodopyrrole-2-carbaldehyde
(177 mg, 500 umol, containing a-anomer) was azeotroped twice
with anhydrous acetonitrile in a 10 mL flask, followed by
addition of copper iodide (15 mg, 80 umol) and
tetrakistriphenylphosphine palladium (0} (29 mg, 25 pmol).
After these materials were dissolved in anhydrous DMF (2.5

mL), triethylamine (105 pL, 750 umol) was added while stirring

at room temperature and further stirred at room temperature



wherei n the deoxyribonucl eoside 5 -tri phosphate used as a substrate has a
base represented by the following fornula 2: [Fornmula 2] R3 R4-/ N |
[wherein R3 is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted Cl1-C3 al kyl group, a substituted or
unsubstituted C2-C3 al kenyl group, or -aiggbstituted or unsubstituted C2-C3
al kynyl group, and R4 is a fornyl group or a nitro group] 9. A

deoxyr i bonig %_i%ﬁ sHid AP R i C‘i‘ot@ ﬁﬁtubgdrgxxb ?Hg from

phosphorlc acid at” the y-position Is su stltute a group se

t he group d‘fornsJ(Szuﬂq,ﬁnyla)n@Eﬂqwd&%ceacamﬁitdweamn%weoqagsamg, 750
di met hyl am no group, 'a "nercapto group and a fluoro group. 10.

deoxyr ! DOREHGOSIIDME (2 t)0 N2 iRl IRDEA el Y wtalln%fa%véﬁ tch the

hydr oxyl phosphoric acid at the y-position is substltute mnth a

group sel eat eddn ABmpdiatdir@lp TRASkehthdoAl maRtafFeNQagr 80AceAt#FRERYMI ami no
group, a dinethylam no group, a nercapto group and a fluoro group. 11. A
deoxyri borndeaoJigiuded iprgyae)atad ateGesulatinglcridrs roducthivegds t he
hydr oxyl group of phosphoric acid at the y- position is substituted with a
group sel gairdd fedmwyt b Igica e 1 @adivkin R romatioraphy oW CHROHeLAY| am no
group, a dinethylam no group, a nercapto group and a fluoro group. 12. The
use of a duREYs) bamd o BOSHPIRC 5( 22 2 H 0SHYCN dmadl,@, d68bminatesi)ntbhgiwet hod
for replicating a nucleic acid

the desired product as an amorphous substance (126 mg, yield

51%).
[0363] 'H NMR (270 MHz, DMSO-dé) d

9.52 (d, 1H, J=0.66 Hz), 9.38 (brs, 1lH),

8.27 (t, 1H, J=5.3 Hz), 7.96 (s, 1lH),

7.13 (4, 1H, J=1.6 Hz), 6.32 (4, 1lH, J=3.6 Hz),

5.42-5.32 (brs, 1H), 5.18-5.05 (m, 2H),

4.08-3.95 (m, 4H), 3.90-3.84 (m, 1H),

3.70-3.50 (m, 2H), 3.20-3.10 (m, 2H),

2.08 (t, 2H, J=7.3 Hz), 1.55-1.40 (m, 4H),

1.30-1.15 (m, 2H).

HRMS (FAB, 3-NBA matrix)

C21Hz7F3N30O7 (M + 1): calecd, 490.1801; found, 490.1815.
(2) 1-(2,3-Di-0-acetyl-pg-D-ribofuranosyl}-4-[(3-(6-
trifluorocacetamidchexanamido)-1-propynyl)pyrrole-2-
carbaldehyde (Steps (b) and (c))

1-(p-D-Ribofuranosyl)}-4-[(3-{6-
trifluoroacetamidohexanamido}-1-propynyl)pyrrole-2-
carbaldehyde (122 mg, 250 umol) was azeotroped three times
with anhydrous pyridine in a 10 mL flask and dissolved in

anhydrous pyridine (4 mL). To this solution, dimethoxytrityl



according to any one of clainms 1 to 8, in which the hydroxyl group of
phosphoric acid at the y-position is substituted with a group selected from
the group consisting of an am no group, a nethylam no group, a
di net hyl am no group, a nercapto group and a fluoro group. 13. A nucleic
acid, in which a nucl eotide having a ba 5& represented by the follow ng
formula 1: [Formula 3] R2 Ar - 169 - F erein RL is hydrogen or an am no
group, R2 is a substituted or unsubstituted 2-thienyl group, a substituted
or unsubsphﬂaﬁédeziﬁﬁlmﬂolﬁﬁ3gmmaé) ¥asaaddedsapdystdraeduasuboem ut ed
1H 2-i m dazolyl group, and A is C}%ﬁforns a bgf pai r mnth a nucleotlde
havi ng a 5&@@3F€8P59eﬁ95d2 ﬁyhPWESfol ReAf bl om ™ %tuf?oVﬂﬁI% Q$ R R4
[ wher ei n R%gls a s | ected from hydroge an_iodo grou
subst i t ut &FhgL Gﬁ? 85 cf“éstgﬁkﬁ u&Pgﬁp}aXe§uH§?lg he
unsubsti t uted g? 33 § F%ﬁ % bst tyted or —uns stltuted C2-C3
al kynyl gP&dF™4&n amgr ga ﬁf 8F5Hps ugaﬁp r 8YFRYS) 5°4 "™ The nucl eic
acid acco g | ai wher ei a f f or.myl [ el ected from
t he group% gpgga% g&%%ﬁ OVer mggBQ%iuR 301% ate anﬁ %h%n %v%pora eg
to remove the solvent. The resulting crude product was
purified by silica gel column chromatography (0-0.5% CH;0H in
CH,Cl;) to give a tritylated product as an amorphous substance
(150 mg). 1-(5-0-Dimethoxytrityl-f-D-ribofuranosyl)-4-[(3-(6-
trifluoroacetamidohexanamido)-1-propynyl)pyrrole-2-
carbaldehyde (149 mg, 188 umol) was azeotroped three times
with anhydrous pyridine in a 10 mL flask and dissolved in
anhydrous pyridine (2 mL). To this solution, acetic anhydride
(53 puL, 565 pmol) was added and stirred overnight at room
temperature. The reaction mixture was diluted with ethyl
acetate, and the organic layer was washed with saturated
aqueous sodium bicarbonate and saturated aqueous sodium
chloride, dried over magnesium sulfate, and then evaporated to
remove the solvent. The resulting crude product was dissolved
in anhydrous dichloromethane (19 mL). To this solution,
dichloroacetic acid (280 uL) was added while stirring at 0°C
and further stirred for 15 minutes. The reaction mixture was
added %o saturated aqueous sodium bicarbonate, and the aqueous
layer was extracted with dichloromethane. The combined
organic layers were dried over magnesium sulfate and then
evaporated to remove the solvent. The resulting oil was

purified by silica gel column chromatography (1-2.5% CH3:OH in

CH,C1,) to give the desired product as an amorphous substance



Al) a 7-(2-thienyl)-3Himdazo[4,5-b]pyridin-3-yl group; A2) a
7-(2-thiazolyl)-3Himdazo[ 4, 5-b]pyridin-3-yl group; A3) a
7-(1H 2-im dazol yl')-3Him dazo[ 4, 5-b] pyridin-3-yl group; - 170 A4) a
5-am no-7-(2-thienyl)-3Himdazo[ 4, 5-b] pyridin-3- yl group; A5) a
5-am no-7-(2-thiazolyl)-3Himdazo[ 4, 5-pdpyridin- 3-yl group; A6) a
5-am no-7- (1H 2-i m dazol yl ) -3H i m dazo] 4, 5 b] pyridi n-3-yl group; A7) a
4-(2- thle )-1H rol o bl p group; A8) a
j Eikﬁgla byW?ilF?%yr¥6%£F fgf ? éE%BF 1 yl ngup; A-Q)Aélo)

' ylh): r -yl group; A a
6- am no- 4° ggﬁl enyI#Wp{/ﬁ@ ’ﬁf’z %]r%lcéﬂfﬁ)di - 1-yl group; A-1l1) a

6-am no-4-(2-t ol ¥l r I ridin-1-yl group; and A-12) a
6- am no- 4- ElH—g g gézéFﬁ?§p§Fégy fo[%ﬁ£pyb]pyridix Igyl group 15. 4he

nucleic acid agcggdkgg if, cbagnblﬁz)mhgrggn(ghel base of formula 2 is
sel ected fromthe grolp consisfing o ’ ?ornyl-lkkpyrrol 1-yl group;

S 1 e Tt ) gt S 2153w
2-fornyl -4-(1-praay(bisyl 1H}t+ BYR006:38Y(myr oup,

4.20-4.15 (m, 1H), 4.05 (d, 2H, J=5.3 Hz),

3.80-3.56 {m, 2H), 3.20-3.10 (m, 2H),

2.14-1.98 {m, 8H), 1.55-1.40 (m, 4H),

1.30-1.15 (m, 2H).

HRMS (FAB, 3-NBA matrix)

C,sH3FaN3Os (M + 1): caled, 574.2012; found, 574.2061.
(3) 1-(p-D-Ribofuranosyl)-4-{3-(6-aminohexanamido)-1-
propynyl]pyrrole-2-carbaldehyde 5'-triphosphate (NH,-hx-PaTP)
(Step (4))

1-(2,3-Di-0O-acetyl-f-D-ribofuranosyl)-4-[(3-(6-
trifluoroacetamidohexanamide) -1-propynyl)pyrrole-2-
carbaldehyde (57 mg, 100 pmol) was azeotroped three times with
anhydrous pyridine in a 10 mL flask, and the reaction vessel
was then filled with argon gas. To this, anhydrous pyridine
(100 uL) and anhydrous dioxane(300 uL) were added for
dissolution purposes, followed by addition of a 1 M dioxane
solution of 2-chloro-4H-1,2,3-dioxaphosphorin-4-one (110 RL,
110 pmol). After stirring at room temperature for 10 minutes,
tri-n-butylamine (100 uL) and a 0.5 M DMF solution of bis(tri-
n-butylammonium) pyrophosphate (300 uL) were added and stirred
for 10 minutes. A 1% iodine/water/pyridine solution (2 mL)

was added and stirred at room temperature for 15 minutes.



B5) a 2-fornyl-4-(2-substituted am novinyl)-1Hpyrrol- 1-yl group; B6) a
2-fornyl -4-(3-substituted am no-1-propyn-1-yl)- 1H pyrrol-1-yl group; - 171
B7) a 2-nitro-1Hpyrrol -1-yl group; B8) a 2-nitro-4-iodo-1H pyrrol-1-yl
group; B9) a 2-nitro-4-nethyl-1H pyrrol-1-yl group; B10) a
2-nitro-4-(1-propyn-1-yl)-1H-pyrrol -1:y{gg@roup; BIl) a
2-nitro-4-(2-substituted aninovinyl)-lkkpyrrol- 1-yl group; and Bl2) a

nucl o o abFEeRceanhHiBR o an) ameltRs X?é%i%r'")%i%ﬁi%r “Lasatin i b pase
pair (s) | gﬁsggj,éaelﬁiq&ﬁ}éagagrea}.egﬂtraE.@a o' BUSGELA! bROsohER! | Gifd O Of
preparing a nucl ef ¢ ac) arning a

“UC' eot | dfﬁgﬁ#fﬁ%eﬁ?i‘sﬁa eﬂiﬁéﬁ“&f@hb%awﬁ (8 hey 2hq E{?iﬁ%&_ &taﬁ-g&ﬁw' a

rein ydrogen or an am ho gro
Subst'tutedmﬁér&9ﬁ9Q8£b£uagdmznaheenykogiewea é&éiii&ﬂtsﬁ or

unsubstituted 2-thiazolyl group, or substituted or unsubstituted

1H-2-im dagpéyht 54068 agi€ods! amihbﬁiact&o MO§! CinEddie SBEMOthS FHBY iges
effecting transcription, reverse transcription or replication by using, as
a tenpl atRours, this mixture was purified by DEAE Sephadex A-25 column
chromatography (1.5 x 30 cm, linear concentration gradient:; 50
mM to 1 M TEAB solution} and Cl8-HPLC (concentration gradient;
0%-50% acetonitrile in 0.1 M triethylammonium acetate buffer,
pH 7.0) to give the desired product.
[0365] MS (ESI)
C1oH29N30:5P3 [M-H] : calcd, 632.08: found, 632.00
(4) 1-(B-D-Ribofuranosyl)-4-~[3-{6-(fluorescein-5-
carboxamido)hexanamido)-1-propynyl]lpyrrole-2-carbaldehyde
5'-triphosphate (FAM-hx-PaTP) (Step (e})
One-third of NH,-hx-PaTP synthesized above was dissolved
in 0.1 M aqueous sodium bicarbonate (pH 8.5, 2.5 mL), followed
by addition of a solution of 5-carboxyfluorescein N-
hydroxysuccinimidyl ester (9 mg, 19 pumol) in DMF (200 pL). The
mixture was reacted at room temperature for 9 hours with
occasional shaking under light-shielding conditions. To this
mixture, concentrated aquecus ammonia (1 ml.) was added and
reacted for 1 hour with occasional shaking. This mixture was
lyophilized and then purified by DEAE Sephadex A-25 column
chromatography (1.5 x 30 cm, linear concentration gradient:; 50
mM to 1 M TEAB solution) and C18-HPLC (concentration gradient;
0%-50% acetonitrile in 0.1 M triethylammonium acetate buffer,

pH 7.0) to give the desired product.



- 172 a nucleic acid containing a nucleotide having a base represented by
the following fornula 2: [Fornula 6] R3 R4A N | [wherein R3is a group

sel ected from hydrogen, an iodo group, a substituted or unsubstituted Cl-C3
al kyl group, a substituted or unsubstituted C2-C3 al kenyl group, or a
substituted or wunsubstituted C2-C3 alkygyl-group, and R4 is a fornmyl group
or a nitro group], whereby the nucleotide having a base of fornmula 1 is

incorpora&sgggﬁ a sh%qgﬁ?nfgggg@ﬁgr%%kﬁ %he nucl eoti de having a base of
. . od"To

formula 2 A et preparin nucleic acid containing a
nucl eoti de havign 7a(ggsgﬂggpgg§gnq§g hiythe following fornmula 2: [Formula
71 R3 R4 N | therein IS a group Selected from hydrogen, an iodo

group, a - 1737 sygbghit yhedgan gnguhst 7t ghedped, C3ugl kyl group, a
substituted or unsubstituted C2-C3 al kenyl group, or a substituted or
unsubstituted 2183 (al kyryl Jg709pHz3Nd7.00-6.60 (m, 7H),

6.10 (4, 1H, J=3.2 Hz), 4.25-3.80 (m, 7H),

3.40-3.20 (m, 2H), 3.04 (g, 18H, J=7.3 Hz),

2.16 (t, 2H, J=6.4 Hz), 1.65-1.45 (m, 4H),

1.40-1,00 (m, 29H).

'p NMR (121 MHz, D,0) &

-10.%0, -11.38, -23.25.

MS (ESI)

Cs0H39N30,,P3 [M-H] : calecd, 990.13; found, 989.78.

(5) 1-(p-D-Ribofuranosyl)-4-[3-{6-(tetramethylrhodamine-5-
carboxamido)hexanamido) -1-propynyl]pyrrole-2-carbaldehyde
5'-triphosphate (TAMRA-hx-PaTP) (Step (e))

One-third of NH,-hx-PaTP synthesized above was dissolved
in 0.1 M aqueous sodium bicarbonate (pH 8.5, 2.5 mL), followed
by addition of a solution of S5-carboxytetramethylrhodamine
N-hydroxysuccinimidyl ester (TAMRA-SE) (10 mg, 19 pmol) in DMF
{1 mL). This mixture was reacted at room temperature for
9 hours with occasional shaking under light-shielding
conditions. To this mixture, concentrated agueous ammonia
(1 mL) was added and reacted for 8 hours with occasional
shaking. This mixture was lyophilized and then purified by
DEAE Sephadex A-25 column chromatography (1.5 x 30 cm, linear
concentration gradient; 50 mM to 1 M TEAB solution} and C18-
HPLC (concentration gradient; 12.5%-50% acetonitrile in 0.1 M

triethylammonium acetate buffer, pH 7.0) to give the desired



R4 is a fornyl group or a nitro group], wherein the method conprises
effecting transcription, reverse transcription or replication by using, as
a tenplate, a nucleic acid containing a nucleotide having a base
represented by the following fornmula 1: [Fornula 8] R2 A NDC N R1
[wherein R is hydrogen or an am no gr oyp, R2 is a substituted or
unsubstituted 2-thienyl group, a substiiuted or unsubstituted 2-thiazolyl
group, or a _substituted or unsubstituted 1H 2-im dazolyl group, and Ais N
or CH, WREPBBGttnhe nucleotide having a base of formula 2 is incorporated

at a site_conplementary to the nucleotide having a base of fornmula 1. 19. A
nucl ei c aépaggéntaiﬂiﬁém% Ry ?dépﬁﬁvsng a base of fornula 1 and/or
formula 2, whigh,Ls,pre ed byt od according to claim17 or 18. 20.
The nucleic ac'dOZcégrdﬁﬁg'tg'%Pa?%fqg? which is tRNA, nRNA, antisense DNA
or RNA, a ribogype, ;a0 t age IS . 4 . A ribonucl eosi de

R, (80 B 9T oy (51, 18

5'-tri phosphat ng a base ‘fepr following fornula 1
[Formula 9] R2; &8 RECINy, RL7.9 Hz), 7.10 (4, 1H, J=9.4 Hz),

7.01 (A, 1H, J=9.4 Hz), 6.88-6.70 (m, 3H),

6.39 (4, 2H, J=9.2 Hz), 6.06 (4, 1H, J=3.5 Hz),
4.20 (t, 1H, J=4.9 Hz), 4.10-3.80 (m, 6H),
3.55-3.30 (m, 2H), 3.25-3.00 (m, 30H),

2.25 (t, 2H, J=6.3 Hz), 1.75-1.55 (m, 4H),
1.40-1.10 (m, 29H).

3'p NMR (121 MHz, D,0) & -10.84, -11.56, -23.22.

MS (ESI)

Ca4H4sNsO1oP3 [M-H]": calcd, 1044.22; found, 1044.09.

Example IX Incorporation of amino group- or fluorescent dye-

linked substrate Pn into DNA (55-mer)} through replication

using Klenow fragment

In this example, substrates of Pn having an amino group
or a fluorescent dye (FAM) attached through a linker (NH,-hx-
dPnTP and FAM-hx-dPnTP, prepared in Example VII) were used to
study the incorporation of these substrates into DNA through
replication.

[0368] More specifically, experimental procedures as shown
below were used. A solution (10 pl)} containing a duplex
between template DNA containing Ds at different positions
{Template, 55-mer; 1Ds, 2Ds, 3Ds, 4Ds, 5Ds (SEQ ID NOs: 33-37)
or a control (SEQ ID NO: 38)) and a primer fluorescently

labeled with fluorescein (Primer, 20-mer) was mixed with a



| [wherein Rl is hydrogen or an am no group, R2 is a substituted or
unsubstituted 2-thienyl group, a substituted or unsubstituted 2-thiazolyl
group, or a substituted or unsubstituted 1H 2-im dazolyl group, and Ais N
or CH. 22. A ribonucleoside 5 -triphosphate having a base represented by
the followng fornula 2: [Fornul a 10]_F§62-_0" R4 N [wherein R3 is a group
sel ected from hydrogen, an I odo group a substituted or unsubstituted Cl-C3
al kyl groyp, a substi stlt en group, . or

Substi Lt dRoutensede: GraghesBBats rTuFigRoan ubnl Rt thes2eRs g r oup
or a nitro

570 (4, avedp rouﬁﬁomrﬁm f&gn% (22gPaRbeAgliRgne -5 exonuclease d
by the f 5#@%@3 Foafl § 49| B8’ ke Y ne®” refenBlopureparorstEl Kidr ogen
of a subsiibyLgd 3??1%03:958990%5? S S T S e i

group, a ansu I az0 group,
Primer, 100 pM or 200 uM 4NTPs (N = A, G, C, T), 10 uM NH;-hx-

dPnTP or FAM-hx-dPnTP, and 0.1 pU/pul Klenow fragment (GE
Health Care) in 50 mM Tris-HC1l (pH 7.5), 10 mM MgCl,, 1 mM
DTT, 0.05 mg/ml BSA. After reaction at 37°C for 5 minutes,

10 M urea (20 pl) was added to this solution to stop the
reaction. The solution was heated at 75°C for 3 minutes, and
the reaction products were then analyzed by electrophoresis on
a 10% polyacrylamide-7 M urea gel. Bands of the reaction
products were detected with a fluorescence image analyzer
{Molecular Imager, Bio-Rad, FAM detection mode).

[0369] The results obtained are shown in Figures 48B and
48C, The amount of the full-length product was higher in the
presence of NH;-hx-dPnTP (Figures 48B and 48C) or FAM-hx-dPnTP
(Figure 48C) than in the absence of these modified substrates
of Pn, indicating that these modified dPnTP substrates were
incorporated into DNA opposite Ds in the template DNA,

[0370] Example X Incorporation of fluorescent dye-linked

substrate Pa into RNA (l17-mer} through transcription using T7

RNA polymerase

In this example, substrates of Pa having a fluorescent
dye (FAM or TAMRA) attached through a linker (FAM-hx-PaTP and
TAMRA-hx-PaTP, prepared in Example VIII} were used to study
the incorporation of these substrates into RNA through

transcription.



substituted or unsubstituted 1H 2-im dazolyl group, and Ais Nor CH . 24. A
'-0O (4,4 -dimethoxytrityl)-3" -0 (2-cyanoethyl N, N

di i sopropyl phosphoroam di te) deoxyri bonucl eosi de having a base represented
by the following formula 4: [Fornula 12] R7 R8 [wherein R7 is a group

sel ected from hydrogen, an iodo group, g3 Ssubstituted or unsubstituted Cl-C3

al kyl group, a substituted or unsubstituted CZ-C3 al kenyl group, or a

aroup or OHHo gieRe ”%é%?%%%ﬁfde%&%ﬁm@%ﬁ%c ety i !
el oot | e bl e S Vel | Rap Akl ax ) e, Hiitr s W. IS SR, "
ai- &3 al 156 ot 2 %ﬂ&%‘*@%“% u*phﬁ%é”b“ . A SRR ©
P?nguzrﬁj}g%uigg-t r |%%%g%aﬁfg%ggér%#%@g@f]tilzhgﬁégt%%%lerel%ir% (I S -fa Cl-C3
L5, A O S 3 e e
il, I\I-Odl(|43i)1p ¥ ﬁf@"ﬁgg (r)rp%gﬂr@%%f e?%%oﬁwpg%\%ml%% %%'I(‘:%r ng to cl aim 24,
wher ei n Fi?erh% 18t £1pKB, aakd | 5@ ewDE s 2o £27 LRNA KS6me B4 S8ID( Tk &P - {8 al kynyl
group, each being substituted with

40 mM Tris-HC1l buffer (pH 8.0), 24 mM MgCl,, 2 mM spermidine,

5 mM DTT, 0.01% Triton X-100. After reaction at 37°C for 3

hours, 10 M urea (20 plL) was added to this solution to stop

the reaction. The solution was heated at 75°C for 3 minutes,

and the transcripts were then analyzed by electrophoresis on a

20% polyacrylamide-7 M urea gel.

[0372] The results obtained are shown in Figure 49. The

band mobility of the transcript (17-mer) on electrophoresis

was slow only when template DNA containing Ds was used,

indicating that these modifled PaTP substrates were introduced

into RNA opposite Ds in the template. The transcription

efficiency was 14% for FAM-hx-PaTP and 10% for TAMRA-hx-PaTP,

when compared to the control experiment with natural

substrates alone (Figure 49, rightmost lane indicated as

"None”).

INDUSTRIAL APPLICABILITY

[0373] The inventors of the present invention have
developed an unnatural base pair system ensuring highly
practical selectivity during replication and transcription,
which enables the creation of new blotechnologies with

expanded genetic alphabet. Hydrophobic Ds-Pa base pairing



biotin or a fluorescent nol ecule. SEQEUNCE LI STI NG <110> Uni versity of Tokyo
<110> Ri ken <120> METHOD FOR NUCLEI C ACI D REPLI CATI ON AND NOVEL ARTI FI CI AL
BASE PAI RS <130> R-6-10 <140> PCT/ JP2006/ 324484 <141> 2006-12-07 <150>
JP2005- 356883 <151> 2005-12-09 <160> 41 <210> 1 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Synthegdged prinmer for replication <400> 1
actcactata gggagcttct 20 <210> 2 <211> 35 <212> DNA <213> Artificial

o ons R TP B L FELEL Uo7 R e oihdics "oSRAUERTRY BNF dimdI°

2-tornyl gt doPLPPYPY.pa 165 8Y ' p Qi rlny ! a1s8de M s H'BOL SFecific
incorporation of Ds and Pa into RNA through normal T7
transcription. Thus, this system provides a novel technique
for creation of new functional artificial DNAs and RNAs. In
addition, modified substrates and hydrophobic base pairs are
scilentifically important in further elucidation of mechanisms
for replication and transcription.
[0374] To avoid undesired base pairings {(e.g., Ds-Ds and
natural-unnatural base pairings) during replication, the

inventors of the present invention have achieved high

selectivity of unnatural base pairing by combination of 5'-y-
amidotriphosphates with usuval 5’'-triphosphates. 5'-y-
Amidotriphosphates are useful as DNA polymerase substrates for
recognizing proper complementarity between palring bases.
Recently, 5’'-y-P-aminonaphthalene-5-sulfonate triphosphate,
which is another member of 5'-y-modified triphosphates, has
been reported to improve the fidelity of reverse transcription
{(Non-patent Document 38). These findings suggest that
recognition of y-modified triphosphates by DNA polymerases
requires more accurate geometric fitting between pairing bases
than that between usual triphosphate substrates. The
combination of 5'-y-amidotriphosphates and polymerases having
3'—=5" exonuclease activity can also be applied to other
unnatural base pairs.

[0375] The Ds-Pa base pair provides the first case where
hydrophobic base pairs are functional during transcription.

This suggests that shape complementarity between pairing bases



thym ne cytosine <220> (223> Synthesized tenplate strand for replication
<400> 2 tcgaganaga agctccctat agtgagtcgt attat 35 <210> 3 <211> 20 <212>
DNA <213> Artificial sequence <220> <223> Synthesized prinmer for

replication <400> 1 actcactata gggaggaaga 20 <210> 4 <211> 35 <212> DNA
<213> Artificial sequence <220> <221> gggc_feature <222> 7 <223> n neans

any one of the followings: 7-(2-thienyl)-3Himdazo[4,5-b]pyridin-3-yl,

S oA B P, b g B R 5760z Rz W TGE ol e
transcription, as already shown for replication,
[0376] The Ds-Pa base pair system is very useful for the
purpose of creating novel functional RNA molecules. Since
4-propynylpyrrole-2-carbaldehyde (Pa’) is also introduced in a
site-specific manner into RNA opposite Ds in the template, a
series of 4-position modified Pa base derivatives can also be
introduced into RNA. In this case, template DNA can be
amplified by PCR of a DNA fragment containing a Ds-Pa base
pair. Thus, the Ds-Pa base pair system provides a powerful

tool for creating nucleic acids having functional artificial

components at desired sites.



agctctntct tcctccctat agtgagtcgt attat 35 <210> 5 <211> 16 <212> DNA <213>
Artificial sequence <220> <223> Synthesized prinmer for replication <400> 5
actataggga gcttct 16 <210> 6 <211> 16 <212> DNA <213> Artificial sequence
<220> <223> Synthesized priner for replication <400> 6 actataggga ggaaga 16
<210> 7 <211> 23 <212> DNA <213> Artifégkal sequence <220> <223>

Synt hesi zed prinmer for replication <40 7 at aat acgac tcactatagg gag 23
<210> 8 <211> 21 <212> DNA <213> Artificial sequence <220> <223>

Synt hesi zed non-tenpl ate strand for t & ption

1. A method for replicating a nucleic acid, wherein a
deoxyribonucleoside 5'-triphosphate, in which the hydroxyl
group of phosphoric acid at the y-position is substituted with
a group selected from the group consisting of an amino group,
a methylamino group, a dimethylamino group., a mercapte group
and a fluoro group, is used as a substrate during replication
reaction.

2. The method according to claim 1, wherein the
substituent is an amino group.

3. The method according to claim 1 or 2, wherein a DNA
polymerase having exonuclease activity is used during the
replication reaction.

4, The method according to any one of claims 1 to 3,
wherein the polymerase having exonuclease activity is selected
from the group consisting of the Klenow fragment, T4 DNA
polymerase and thermophilic DNA polymerases, each having
3'—=5" exonuclease activity.

5. The method according to any one of claims 1 to 4,
wherein the deoxyribonucleoside 5'-triphosphate used as a
substrate has an unnatural base.

6. The method according to any one of claims 1 to 4,
wherein the deoxyribonucleoside 5’-triphosphate used as a
substrate has a natural base.

7. The method according to any one of claims 1 to 5,
wherein the deoxyribonucleoside 5'-triphosphate used as a

substrate has a base represented by the following formula 1:



<400> 8 ataatacgac tcactatagg g 21 <210> 9 <211> 35 <212> DNA <213>
Artificial sequence <220> <221> msc_feature <222> 5 <223> n neans any one
of the followings: 7-(2-thienyl)-3Himdazo[4,5-h]pyridin-3-yl, adenine,
guani ne <220> <223> Synthesized tenplate strand for transcription <400> 9
cactnctcgg gattccctat agtgagtcgt attat i? <210> 10 <211> 35 <212> DNA
<213> Artificial sequence <220> <2215 gc:feature 3 <222> 5 <223> n neans
any one of the follow ngs: 2-f arnyl-1Hpyrrol-1-y 1,

2-fornyl - 4Fprmydapy¢dyl ) - 1H-pyrrol -1-yl, thymine cytosine <220>

R2
A
ab

TNR‘

{wherein

R! is hydrogen or an amino group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl greoup, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH].

8. The method according to any one of claims 1 to 5,
wherein the deoxyribonucleoside 5°'-triphosphate used as a
substrate has a base represented by the following formula 2:

[Formula 2]

RS

[wherein

R? is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C;-C; alkynyl group, and

R* is a formyl group or a nitro groupl.

9. A deoxyribonucleoside 5'-triphosphate, in which the



<223> Synt hesi zed tenplate strand for transcription <400> 10 ctcanaggga
agctccctat agtgagtcgt attat 35 <210> 11 <211> 17 <212> RNA <213>
Artificial sequence <220> <221> misc_feature <222> 13 <223> n nmeans any
one of the follow ngs: 2-fornyl-1H pyrrol-I-yl,
2-forny|-4-(1-propyny|)-1H—pyrro|-1-y|,1 racil cytosine <220> <223> RNA
transcript <400> 11 gggaaucccg agnagug 8% - <210> 12 <211> 17 <212> RNA
<213> Artificial sequence <220> <221> misc_feature <222> 13 <223> n neans
any one ohydhexyd| goaitpgef pRogphoniengeid3ati theayasbtidmpyks di n- 3-yl

adeni ne, guani ne <220>
substituted with a group selected from the group consisting of

an amino group, a methylamino group, a dimethylamino group, a
mercapto group and a fluoro group.

10. A deoxyribonucleoside 5'-triphosphate having an
unnatural base, in which the hydroxyl group of phosphoric acid
at the y-position is substituted with a group selected from
the group consisting ¢of an amino group, a methylamino group, a
dimethylamino group, a mercapto group and a fluoro group.

11. A deoxyribonucleoside 5'-triphosphate having a natural
base, in which the hydroxyl group of phosphoric acid at the y-
position is substituted with a group selected from the group
consisting of an amino group, a méthylamino group, a
dimethylamino group, a mercapto group and a fluoro group.

12. The use of a deoxyribonucleoside 5°'-triphosphate as a
substrate in the method for replicating a nucleic acid
according to any one of claims 1 to 8, in which the hydroxyl
group of phosphoric acid at the y-position is substituted with
a group selected from the group consisting of an amino group,
a methylamino group, a dimethylamino group, a mercapto group
and a fluoro group.

13. A nucleic acid, in which a nucleotide having a base
represented by the following formula 1:

[Formula 3]



<223> RNA transcript <400> 12 gggagcuucc cunugag 17 <210> 13 <211> 91
<212> DNA <213> Artificial sequence <220> <221> nmisc_feature <222> 79...83
<223> nnnnn neans any one of the follow ngs: cytosine-
7-(2-thienyl)-3Himdazo[ 4, 5-b]pyridin-3-yl - adenine - guanine - thym ne,
cytosine - thymne - 7-(2-thienyI)-3Ftif%gago[4,5-b]pyridin-3-y| - guani ne -
thymne, cytosine - thymne - adenine = guanine - thym ne, <220> <223>
Synt hesi zed DNA fragnent for PCR, sequencing and transcription <400> 13
gaaat t aat A¥BGEEERact a tagggttaac tttaagaagg agatatacca tgggctccaa 60

gaagccggt ¢ cccatcatnn . nnpgcaaccg ¢ 91 <210> 14 <211> 81 <212> DNA <213>
Artificial sequ cé"s4hYg{Z1%l?§n< SN0, gTQUP . <2005 68. .. 72 <223> nnnnn

e o one et s PR R TR UG 5 LR roup.
2-formyl - LEnRYiEGk ol Yk undfB0tRRuted|30kAEazB95Y BRonpSybgohne - thym ne -
substituted or unsubstituted 1H-2-imidazolyl group, and
A is N or CH]
forms a base pair with a nucleotide having a base represented

by the following formula 2:

[Formula 4]
an

/ \

N
|

[wherein

|q4

R® is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R* is a formyl group or a nitro groupl.

14. The nucleic acid according to claim 13, wherein the
base of formula 1 is selected from the group consisting of:

Al) a 7-(2-thienyl)-3H-imidazo[4,5-b]pyridin-3-yl

group;

A2) a 7-(2-thiazolyl)-3H-imidazo[4,5-blpyridin-3-yl

group;

A3) a 7-(1H-2-imidazolyl)-3H-imidazo[4,5-b]pyridin-3-yl

group;



<220> <223> Synthesized DNA fragment for PCR, sequencing and transcription
<406> 14 tttcacacag gaaacagcta tgacccgggt tattacatgc gctggcactt gcccgtacgg
60 cggttgcnnn nnatgatggg g 81 <210> 15 <211> 66 <212> DNA <213>
Artificial sequence <226> <223> Synthesized DNA fragnment for PCR,

sequenci ng and transcription <400> 15 attaata cgactcacta tagggttaac
tttaagaagg agatatacca tgggctccaa 60 gaagcc 66 <210> 16 <211> 47 <212> DNA

<213> Artificial e%gfeSn_the%i%_l O% 1> SC;{}ﬁgf L%Lrae.-:lzo<[24225 BIpyridinds

nnnnn means anypb o
7-(2-thienyl)- 3H—|n1 S- b]pyr|d|n 3- yI - adeni ne - guanine - thynmn ne,
cytosine - thym ne -4 -? ?%1eny|) 3FL|n1dazo[4 5 b]pyrldln 3-yl - guanine -

cytosine - thymie 2 21l T A S h S e ST IS e
adenine - 7-(2- thie f} 35# dazo[ 4, 5- b]pyrldln 3- yI - cytosine - thym ne,
cytosine - guanine - % %E%hyl) 3H i m dazo[ 4, 5-b] pyridin-3-yl - thymne -

e ek Sttt e L ik s AP
adeni ne - guani ne - ﬁfb@&{ﬁin §¥§PS§ASup; thym ne - adenine - guanine -
t hym ne,
A7) a 4-(2-thienyl)-1H-pyrrolo(2,3-blpyridin-1-yl
group;
A8) a 4-(2-thiazolyl)-1H-pyrrolo[2,3-b]pyridin-1-yl
group;
A-9) a 4-(1H-2-imidazolyl)-1H-pyrrolo[2,3-blpyridin-1-
¥l group;
A-10) a 6-amino-4-(2-thienyl)-1H-pyrrole[2,3-b]lpyridin-
1-yl group;
A-11) a 6-amino-4-(2-thiazolyl)-1H-pyrrolo[2,3-
blpyridin-1-yl group; and
A-12) a 6-amino-4-(1H-2-imidazolyl)-1H-pyrrolo(2,3-
blpyridin-1-yl1 group.
15. The nucleic acid according to claim 13, wherein the
base of formula 2 is selected from the group consisting of:
Bl) a 2-formyl-1H-pyrrol-1l-yl group:
B2) a 2-formyl-4-iode-1H-pyrrol-1-yl group;
B3) a 2-formyl-4-methyl-1H-pyrrol-1-yl group:
B4) a 2-formyl-4-(l-propyn-1-yl)-1H-pyrrol-1-yl group;
B5) a 2-formyl-4-(2-substituted aminovinyl)-1H-pyrrol-
1-v1 group;
B6) a 2-formyl-4-(3-substituted amino-l-propyn-1i-yl)-

lH-pyrrol-1-yl group;



cytosine - thym ne - adenine - cytosine - thym ne <220> <223> Synt hesized
DNA fragnment for PCR, sequencing and transcription <400> 16 ggtccccatc
atnnnnngca accgccgtac gggcaagacg cagcgcg 47 <210> 17 <211> 61 <212> DNA
<213> Artificial sequence <220> <223> Synthesized DNA fragment for PCR,
sequenci ng and transcription <400> 17 gﬁgggtctca tcatcatcat catcattaat
aacccgggtc atagctgttt cctgtgtgaa 60 a <210> 18 <211> 71 <212> DNA
<213> Artificial iﬁque ce <22£§ <223> Srnt esi zed DNA fragnent for PCR,
sequenci ng and tPAhstr2pRitRo- LHoR¥riglt {1 ¥hc@EAWP jaaacaget a t gacccgggt

<2125 DA <3100 8T ) ErARPERTECHpeo 1Rl i O et e <2225 21 .. 25
B9) a 2-nitro-4-methyl-1H-pyrrol-1-yl group;
B10) a 2-nitro-4-(l-propyn-1-yl)-1H-pyrrol-1-yl group;
Bll) a 2-nitro-4-(2-substituted aminovinyl)-1H-pyrrol-
l-yl group: and
Bl2) a 2-nitro-4-(3-substituted amino-1l-propyn-1-yl)-
l1H-pyrrol-1-yl group.
16. The nucleic acid according to any one of claims 13 to
15, which forms a base pair(s) in the step of transcription,
reverse transcription, replication or translation.
17. A method for preparing a nucleic acid containing a
nucleotide having a base represented by the following
formula 1:

{Formula 5]

H2
A
¢
PI"NH‘
[wherein

R' is hydrogen or an amino group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH],

wherein the method comprises effecting transcription,

reverse transcription or replication by using, as a template,



<223> nnnnn neans any one of the follow ngs: adenine - cytosine - thymne -
2-fornyl -1H pyrrol-1-yl - guanine, adenine - cytosine -

2-fornyl-1H pyrrol -1-yl - adenine - guanine, adenine - cytosine - thymne -
7-(2-thienyl)-3Himdazo[ 4, 5-b] pyridin-3-yl - guanine, adenine - cytosine -
7-(2-thienyl)-3Himdazo[ 4, 5-b]pyridin-3-yl - adenine - guanine, adenine -
guani ne - 2-fornyl-JH pyrrol-1-yl - thy%?%e‘- guani ne, adeni ne - adenine -

2-fornyl-1Hpyrrol-1-yl - cytosine - guanine, guanine - adenine -
2-fornyl -aHapgledt- acyfl conpypadsing a guaheotideabaving a basesi ne - thym ne
- 2-fornyl -1Hpyrrol -1-yl - adenine, adenine - cytosine - thym ne - adenine

- guani nerepteaented buwakheefolipyingeformudai #e - guani ne <220> <223>

Synt hesi zed DNA fragnent for PCR, sequencing and transcription <400> 19
cttgcccgt&Feﬁgébgtﬁgc nnnnnat gat ggggaccggc ttcttggagc 50 <210> 20 <211> 53
<212> DNA <213> Artificial sequence <220> <223> Synthesized DNA fragnent
for PCR, sequencing g transcription <400> 20 ccatggtata tctccttctt
aaagttaacc ctatagtgaﬁi cgtattaat ttc 53 <210> 21 <211> 67 <212> DNA <213>

Artificial sequ <220> <221> m sc_feature <222> 54...58 <223> nnnnn
nmeans any one tNe fol | owi ngs:
Fﬁ
)
[wherein

R? is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C,-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C;-C; alkynyl group, and

R* 1is a formyl group or a nitro group],
whereby the nucleotide having a base of formula 1 is
incorporated at a site complementary to the nucleotide having
a base of formula 2.

18. A method for preparing a nucleic acid containing a
nucleotide having a base represented by the following
formula 2:

[Formula 7]

};3

/ \

N
f

{wherein

§q4

R? is a group selected from hydrogen, an iodo group, a



cytosine - thymne - 2-fornyl-1Hpyrrol-I-yl - adenine - adenine, cytosine
- 2-fornyl-1Hpyrrol -1-yl -adenine - adenine - adenine, cytosine - thym ne -
7-(2-thienyl)-3Himdazo[ 4, 5-b] pyridin-3-yl - adenine - adenine, cytosine -
7-(2-thienyl)-3Himdazo[ 4, 5-b] pyridin-3-yl -adenine - adenine - adeni ne,
cytosine - thym ne - adenine - adening j53deni ne <220> <223> Synt hesi zed
DNA fragnment for PCR, sequencing and transcription <400> 21 gataatacga

R B A
<222> 1 <3235 0, EA03 Wl §2265 Sy I HoiEAIAE & STRRR Gothfd 1 oans g

<220> m ScC eature nhnnn neans any one of the

foI | owi NgSn hﬁ%%@%tedt Eé”bneaIk}ngélz iﬁu@yl&nd?.l—l-l m dazo[ 4, 5- b] pyri di n- 3-yl

- adeni ne - "guani ne, thym ne -

7-(2-thienyl)-3H4 njd q_[ozg_,ngd)] Sddid¥ 35 Wi€r thym ne - thym ne -
2- forrryl-ll—l—pyrrolnj} a% enlén% -Egguaﬁhl ne, cﬂﬁ Lgﬁ thymne - thym ne -
2- fornyl-lk#pyrr@hefeyﬁ th@URBLRSA comprises effecting transcription,
reverse transcription or replication by using, as a template,
a nucleic acid containing a nucleotide having a base

represented by the following formula 1:

[Formula 8]

HZ
A
¢
TNR‘
{wherein

R! is hydrogen or an amino group,

R* is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1lH-2-imidazolyl group, and

A is N or CH],
whereby the nucleotide having a base of formula 2 is
incorporated at a site complementary to the nucleotide having
a base of formula 1.

19. A nucleic acid containing a nucleotide having a base of
formula 1 and/or formula 2, which is prepared by the method
according to claim 17 or 18.

20. The nucleic acid according to claim 19, which is tRNA,

mRNA, antisense DNA or RNA, a ribozyme, an aptamer or siRNA.



thymne - thymne - thym ne - adenine - guanine <220> <223> Synt hesi zed DNA
fragnment for PCR, sequencing and transcription <400> 22 nngtggtggg
ggaaggattc gaaccttcga agtctgtgac ggcagannnn nagtctgctc 60 <210> 23 <211> 25
<212> DNA <213> Artificial sequence <220> <223> Synthesized priner for PCR
and sequenci ng <400> 23 gaaattaata cggg%iacta taggg 25 <210> 24 <211> 24
<212> DNA <213> Artificial sequence <223> SyntheS|zed primer for PCR

and sequenci ng <400> 24 tttcacacag gaaacagcta tqﬁ; <210> 25 <211> 86
<212> RNA2L213> BaRiRonyclecsifipe e trdphes wing aythase <222> 35. .. 37

<223> nnn_neans anpy.o ol | ow pgs: tosine - uracil -
S Formy) - HSPRSRERELALPY. She oIt bpwiy) EoTRyEE e s T
2-forny|-ﬁﬁé%ﬁgigpgTyl)-1FprrroI-I-yI - adeni ne,

;32
A
¢
TN/F\”
[wherein

R! is hydrogen or an amino group,

R? is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazelyl group, and

A is N or CHJ].

22, A ribonucleoside 5°'-triphosphate having a base
represented by the following formula 2:

[Formula 10]

L3

[wherein

R® 1s a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C;-C; alkyl group, a substituted
or unsubstituted C,-C; alkenyl group, or a substituted or
unsubstituted C,-C; alkynyl group, and

R' is a formyl group or a nitro group].



cytosine - uracil - 7-(2-thienyl)-3H1imdazo[4,5-b]pyridin-3-yl, cytosine -
7-(2-thienyl)-3Himdazo[ 4, 5-b]pyridin-3-yl - adenine, cytosine - uracil -
adeni ne <220> <223> RNA transcript <400> 25 ggugggguuc ccgagcggcc
aaagggagca gacunnnaau cugccguca ucgacuucga 60 agguucgaau ccuuccccca ccacca
86 <210> 26 <211> 66 <212> DNA <213> Artificial sequence <220> <223>

Synt hesi zed DNA fragnment for PCR sequengsng and transcription <400> 26
gaaattaata cgactcacta tagggccaac cagaagaagg agacagacca agggcaccaa 60 gaagcc

66 <210> iy > &Iﬁg a_ S <223>
Synt hesi zég DNAji?lisagrgencg%r se ueiré\icils*\:g, ?nd tra! nscil pt i o <48%)
ggaccccaa&1§§6ﬁ¥9ﬁ?£?|éQﬁHSEG&ﬂQdQGG?a&Géﬁ?rfﬁSﬁﬁ&ﬂeéZidé23Q€13§ 52Q35e61

<212> DNA <213> Ar cial sequence <22
represented by the following formula 3:

[Formula 11]

fqﬁ
A
¢
TN/F@
[wherein

R® is hydrogen or a substituted amino group,

R® is a substituted or unsubstituted 2-thienyl group, a
substituted or unsubstituted 2-thiazolyl group, or a
substituted or unsubstituted 1H-2-imidazolyl group, and

A is N or CH].

24. A 5'-0-(4,4'-dimethoxytrityl)-3'-0-(2-cyanocethyl N,N-
diisopropylphosphorcamidite) deoxyribonucleoside having a base
represented by the following formula 4:

[Formula 12]

nﬂﬂ

[wherein
R’ is a group selected from hydrogen, an iodo group, a
substituted or unsubstituted C,-C; alkyl group, a substituted

or unsubstituted C,;-C; alkenyl group, or a substituted or



<223> Synt hesi zed DNA fragnment for PCR, sequencing and transcription <400>
28 ggggaacaca acagcaccaa cagcaccaac aacccgggac aaagcagcaa ccagggagaa 60 a

61 <210) 29 <211> 53 <212> DNA <213> Artificial sequence <220) <223)
Synt hesi zed DNA fragnent for PCR, sequencing and transcription <400> 29
ccttggtctg tctcettctt ctggttggec ctatagtgag tcgtattaat ttc 53 <210) 30

<211) 50 <212> DNA <213) Artificial segggnce <220> <223) Synthesized DNA

fragnment for PCR, sequencing and transcription <400) 30 cttgcccgtt

tt t <210) 31 <211) 71 <212) DNA
gg%g)ggArtg%P%@Ptglqatggt&ég%ggg&'g%%@ngigé%?ffr?g% zed D?\IA fragrre)nt for PCR?

ot a0t oot ottoghoeh 4 Caraire et 4P Yeckaiae FHP 218 5 Y511 0%
excluding the case where R’ is hydrogen or a l-propynyl

group and R? is a formyl group].
25, A nucleic acid containing a nucleotide having a base
represented by formula 2, which is prepared by the method
according to claim 18, wherein the substituent R® in formula 2
is a C;-Cy alkyl group, a C,-C; alkenyl group or a C,-C; alkynyl
group, each being substituted with biotin or a fluorescent
molecule.
26. The ribonucleoside 5'-triphosphate according to
claim 22, wherein R® is a C;-Cs alkyl group, a C,-C; alkenyl
group or a C,-C; alkynyl group, each being substituted with
biotin or a fluorescent molecule.
27. The 5°-0-(4,4' -dimethoxytrityl)-3'-0-(2-cyanoethyl
N,N-diisopropylphosphoroamidite) deoxyribonucleoside according
to claim 24, wherein R’ is a C;-C; alkyl group, a C,-C; alkenyl
group or a C,-C; alkynyl group, each being substituted with

biotin or a fluorescent molecule.



<212) DNA <213) Artificial sequence <220> <223> Synthesized DNA fragnent
for replication <400) 32 gataatacga ctcactatag <210> 33 <211> 55 <212)
DNA <213> Artificial sequence <220> <221) nmisc_feature <222> 28 <223> n
means 7-(2-thienyl)-3Himdazo[ 4, 5-b] pyridin-3-yl <220> <223> Synt hesi zed
DNA fragment for replication 8 <400> 33 gcagtgaaga attcgcttag atgtggancc
attccctata gtgagtcgta ttatc 55 <210) 34 <211> 55 <212> DNA <213>

Art i f PEQRUME L&dilGence <220> <220 misc _feature <222> 25 <223> n neans

7- (2- yhdyenyihorsidihi fkfazo[ 4, 5-b] pyridin-3-yl <220> <223) Synthesized DNA
fragnene> Roen replication <400> 34 gcagtgaaga attcgcttag atgtngatcc

at t CCELAL FerBio S0 MicEh @adid FpEicRIRoN AND NOVEL ARTIFICIAL BASE PAIRS

<130> R-6-10

<140> PCT/JP2006/324484
{141> 2006-12-07

<150> JP2005-356883
151> 2005-12-09

180> 41

210> 1

{211> 20

<{212> DNA

{213> Artificial sequence

{2207
{223> Synthesized primer for replication

400> 1
actcactata ggeagettet 20

210> 2

211> 35

{212> DNA

{213> Artificial sequence

{2200

221> misc_feature

22y 1

{223> n means any one of the followings:
2-formyl-1H-pyrrol-1-yl,
2-formy|-4-(1-propyny|)-1H-pyrroi-1-yl,
adenine,
guanine,
thymine
cytosine

{220>
{223> Synthesized template strand for replication

400> 2
tcgaganaga agctccctat agtgagtcgt attat 35

10 3

2Hy 20

{212 DNA

{213> Artificial sequence

{220
{223> Synthesized primer for replication

400> 1
actcactata gggaggaaga 20

{210y 4

211> 35

<212> DNA

(213> Artificial sequence

220>

221> misc_feature

Qi 1

€223> n means any one of the followings:
7-(2-thieny!)-3H-imidazo{4, 5-b]pyridin-3-yl,
adenine,
guanine,
thymine
cytosine



<210) 35 <211> 55 <212> DNA <213> Artificial sequence <220> <221>

msc _feature <222) 21 <223) n neans

7-(2-thienyl)-3Himdazo(4, 5-b]pyridin-3-yl <220> <223) Synt hesi zed DNA
fragnent for replication <400> 35 gcagtgaaga attcgcttag angtggatcc
attccctata gtgagtcgta ttatc 55 <210) 36 <211> 55 <212> DNA <213>
Artlfl bal sequence <220> <221> m sc feature <222) 31 <223) n neans

7-(2- K B)eﬁWtBesﬁH' teip | Gk Zs0add For BRoD)ekdigh N- 3-yl  <220) <223) Synt hesi zed DNA
frag for replication <400> 36 gcagtgaaga attcgcttag atgtggatcc
”ttcgg Bﬁettﬁcgicgé%ﬁgig?gaéﬂcﬁtaQta55 35<210> 37 <211> 55 <212> DNA <213>
Artlflﬁgal sequence <220> <221> msc_feature <222) 34

<211 16

<212 DNA
213> Artificial sequence

{2200
(223> Syathesized primer for replication

400> 5
actataggga gcttct 16

210> 6

{2y 16

212> DHNA

213> Artificial sequence

220>
£223> Synthesized primer for replication

{400> &
actataggga gegaaga 16

10y 7

a1y 23

212> DNA

{213> Artificial sequence

220>
{223> Synthesized primer for replication

<400> 7
ataatacgac tcactatage gag 23

£210> 8

iy

212> DNA

{213> Artificial sequence

220>
223> Synthesized mon~template strand for transcription

400> 8
ataatacgac tcactatage g 21

210 0§

211> 35

212> DNA

213> Artificial sequence

220>
{221) nmisc_feature
222> 5
{223> n means any one of the followings:
7-{2-thienyl)-3H-imidaza[4, 5-b)pyridin-3-yI,
adenine,
guanine

20>
<223> Synthesized template strand for transcription

400> 9
cactnctcgg gattccctat agtgagtcgt attat 35

1 10
211y 35
{212> DNA
213> Artificial sequence

<2207
{221> misc_feature



<223) n nmeans 7-(2-thienyl)-3Himdazo(4,5-b]pyridin-3-yl <220> <223)

Synt hesi zed DNA fragnment for replication <400> 3T gcagtgaaga attcgcttag
atgtggatcc attncctata gtgagtcgta ttatc 55 <210) 38 <211> 55 <212> DNA
<213> Artificial sequence <220> <223) Synthesized DNA fragnent for
replication 9 <400> 38 gcagtgaaga attcgcttag atgtggatcc attccctata

gt gagt@%tzgtatc 55 <210> 39 <2l1> 213 <212> DNA <213> Artificial sequence
<220>¢% e¥Nhhesioz ask Nowihgsagment for transcription <400> 39 ataatacgac
t cact at~ lqlr?mrnldz 10> 40 <211> 35 <212> DNA <213> Artificial sequence
<220> ﬁ%ii""é"é‘ﬂ'“é tfiarrelcbs2> 5 <223> n neans

7-(2-toramgl ) - 3H i m dazo[ 4, 5- b] pyridin-3-yl or adenine <220>

{2207
223> Synthesized template strand for transcription

<400> 10
ctcanagega agetecctat agtgagtcgt attat 35

21 N

<y 1t

212> RNA

{213> Artificial seguence

{2200

221> misc_feature

222> 13

{223> n means any one of the followings:
2-formyl-TH-pyrrel-1-yl,
2-formy|-4-(1-propyny|) -1H-pyrrol-1-yl,
uracil
cytosine

{2200
{223> RNA transcript

400> 11
gggaauccce agnagug 17

210> 12

uy 17

{212) RNA

£213> Artificial sequence

{2200
<221> misc_feature
222> 13
<223> n means any one of the followings:
7-{2-thieny!)-3H-imidazo[4, 5-bIpyridin-3-y!,
adenine,
guanine

{020
{223> RNA transcript

<4005 12
gggagcuuce cunugag 17

10> 13

ey 9

{212> DNA

{213> Artificial sequence

{220>

(221> misc_feature

{2227 79...83

€223> nnnnn means any one of the followings:
cytosine- 7-{2-thienyl}-3H-imidazo[4, 5-blpyridin-3-y} - adenine - guanine - thymine,
cytosine - thymine - 7-(2-thienyl)-3H-imidazo[4, 5-b]pyridin-3-y| - guamnine - thymine,
cytosine - thymine — adenine - guanine - thymine

{220
223> Synthesized DNA fragment for PCR, sequencing and transcription

400> 13
gaaattaata cgactcacta tagggttaac tttaagaage agatatacca tgggctccaa 60
gaagecegtc cccatcatnn nnngcaaccg ¢ 91

<o) 14

{211) 81

{212> DNA

{213> Artificial sequence



<223> Synt hesi zed DNA fragnment for transcription <400> 40 cactnctcgg
gattccctat agtgagtcgt attat 35 <210> 41 <211> 17 <212> RNA <213>
Artificial sequence <220> <221> misc_feature <222> 13 <223> n nmeans any

one of the follow ngs:

2-fornyl-4-[3-(6-(fluorescein-5- carboxan1do)hexanan1do] 1- propynyl ]-1H pyrro
| -1-yl,

2- for&yb:4 [ 3-[6- (tetramnet hyl rhodam ne-5- car boxam do) hexanam do] - 1- pr opynyl ]

-|H-p%g?0mﬂk1¥ﬂuw <400> 41 gggaaucccg agnagug 17
223> nnnnn means any one of the followings:
adenine — cytosine — thymine - 2-formyl-1H-pyrrol-1-y! - guanine
adenine - cytosine - 2-formy!-1H-pyrrot-1-yt - adenine - guanine
adenine - cytosine - thymine - adenine - guanine

220>
{223> Synthesized DNA fragment for PCR, sequencing and transcription

<400> 14
titcacacag gaaacagcta tgacccgget tattacatge gotggeactt geccgtacge 60
cggttegcnnn nnatgatgge ¢ B

210> 15

211> 66

<{212> DNA

{213> Artificial sequence

220>
{223> Synthesized DNA fragment for PCR, sequencing and transcription

{400y 15
gaaattaata cgactcacta taggettaac tttaagaagg agatatacca tegegctecaa 60
gaagcc 66

210> 16

11> 47

{212> DNA

<213> Artificial sequence

{2200

221> misc_feature

222> 13...17

<223> nnnnn means any one of the followings:
cytosine - 7T-(2-thienyl)-3H-imidazo[4, 5-blpyridin-3-y! - adenine - guanine - thymine,
cytosine — thymine - 7-(2-thienyl)-3H-imidazo[4,5-blpyricdin-3-y! - guanine - thymine,
cytosine - 2-formyl!-TH-pyrrol-1-y|{ - adenine - guanine - thymine,
cytosine - thymine - 2-formyl-1H-pyrrol-1-y| - guanine - thymine,
cytosing - adenine - 7-(2-thienyl)~3H-imidazo{d, 5-b]pyridin-3-yI - cytosine — thymine,
cytosine - guanine - 7- (2-thieny!)-3H~imidaza[4,5-b]pyridin-3-y| - thymine - thymine,
cytosine - guanine — 7-(2-thienyi)-3H-imidazo[4, 5-blpyridin-3-yl - thymine - ¢ytosine,
thymine - 7-(2-thienyl)- 3H-imidazo[4, 5- -blpyridin-3-y| - adenine - guanine - thymine,
cytosine — thymine - adenine - guanine - thymine,
cytosine - thymine - adenine - cytosine - thymine

220>
223> Synthesized DNA fragment for PCR, sequencing and transcription

<400> 16
ggtccccate atnnnnngea accgecgtac gegcaagacg cagcgcg 47

QI 17

211> 61

{212 DNA

{213> Artificial sequence

{220>
223> Synthesized DNA fragment for PCR, sequencing and transcription

<400> 17
geegttetea tcatcatcat catcattaat aacccgegtc atagetgttt ccoigtgtgaa 60
a 61

10> 18

Q1 1

{212> DNA

{213> Artificial sequence

220>
{223> Synthesized DNA fragment for PCR, seguencing and transcription

400> 18
tttcacacag gaaacagcta tgacccgget tattaatgat gatgatgatg atgagaacce 60



ccgegetgeg t T

{2107 19

211> 50

<212> DNA

213> Artificial sequence

220>

{221> nmisc_feature

222> 21...25

{223> nnnnn means any one of the followings:
adenine - cytosine - thymine - 2-formyl-1H-pyrrol-1-yl - guanine,
adenine - cytosine — 2-formyl-1H-pyrrol-1-y| - adenine - guanine,

adenine - cytosine - thymine - 7-(2-thienyl)~3H-imidazo[4, 5-blpyridin-3-yl - guanine,
adenine - cytosine - 7-(¢-thieny!)-3H-imidazo[4, 5-blpyridin-3-y! - adenine - guanine,
adenine - guanine - 2-formyl-1H-pyrrot-1-yl - thymine - guanine,

adenine - adenine — 2-formyl-1H-pyrroi-1-yl - cytosine - guanine,

guanine - adenine - 2-formyl-1H-pyrroi-1-yl -~ cytosine - guanine,
adenine - cytosine — thymine - 2-formyl-1H-pyrrol-1-y| ~ adenine,
adenine - cytosine - thymine - adenine ~ guanine,

adenine ~ guanine - thymine - adenine - guanine

(220>

223> Synthesized DNA fragment for PCR, sequencing and transcription

<400> 19

cttgeccgta cggcgegttec nnnnnatgat geggaccege ttcttegage 50

210> 20

{211) 83

<212> DNA

213> Artificial sequence

{220

223> Synthesized DNA fragment for PCR, sequencing and transcription
<400> 20

ccatgegtata tctecttctt aaagttaacc ctatagtgag tcgtattaat ttc 53

210> 21

211> 67

(212> DNA

{213> Artificial seguence

{220

221> misc_feature

222> 54...58

223> nnann means any one of the foilowings:
cytosine - thymine - 2-formyi-1H-pyrrol-1-yI - adenine - adenine,
cytosine - 2-formyl!-1H-pyrrol-1-yl -adenine - adenine - adenine,
cytosine - thymine - 7-(2-thienyl)}-3H-imidazo[4, 5-b)pyridin-3-yI - adenine - adenine,
cytosine - 7-{2-thienyi)-3H-imidazo[4,5-bIpyridin-3-y| —adenine - adenine - adenine,
tytosine - thymine - adenine - adenine - adenine

{2200
223> Synthesized DNA fragment for PCR, sequencing and transcription

{400 1
gataatacga ctcactatag gtgeegttcc cgagcggcca aagggagceag actnnnantc 60
tgccete 67

{210) 22

211> 60

<212> DNA

213> Artificial sequence

{2000

221> misc_feature
{22 1

€223> n means tm

{2207

221> misc_feature
222> 2

223> n means gm



{220
221> misc_feature
222> 47...51

€2?3> nnonn means any one of the followings:
thymine - thymine - 7-(2-thienyl}-3H-imidazo[4, 5-bIpyridin-3-yl - adenine - guanine,
thymine - thymine - thymine - 7-(2-thienyl)-3H-imidazo[d4, 5-blpyridin-3-yl - guanine,
thymine - thymine - 2-formyi-1H-pyrrol-1-y! - adenine - guanine,
thymine - thymine — thymine - 2-ferayl-1H-pyrrol-1-y{ - guanine,
thymine - thymine — thymine - adenine - guanine

{2200
223> Synthesized DNA fragment for PCR, sequencing and transcription

{400> 22
nngteetege geaaggattc gaaccitega agtcigtgac gecagannnn nagtcigecte 60

<210 23

{211y 25

212> DNA

{213> Artificial sequence

{220)
223> Synthesized primer for PCR and sequencing

400> 23
gzaattaata cegactcacta tagge 25

{210 24

Q21N> 24

212> DNA

(213> Artificial sequence

220>
€223> Synthesized primer for PCR and sequenting

400> 24
tttcacacag gaaacagcta tgac 24

{210> 25

{211> 86

212> RNA

{213> Artificial sequence

220>

<221> misc_feature

{222y 35...37

<223> nnn means any one of the followings:
cytosine - uratil - 2-formy!-4-(1-propyny!)-1H-pyrrol-i-yI,
tytosine — 2-formyl-4-(l-propynyl)-1H-pyrrol-1-y! - adenine,
tytosine - uracil - T-(2-thienyl)-3H-imidazo[4, 5-blpyridin-3-yI,
cytosine - 7-(2-thienyl)-3H-imidazo[4, 5-blpyridin-3-yl - adenine,
¢ytosine — uraci! - adenine

{20
<223> RNA transcript

400> 25
EEUEELRUUC CCZARCRECC 2aagEEAgCa gacunnnaal CUECCEUCA uCgacuucga 60
agguucgaau ccuuccccca ccacca 86

210> 26

{211> 66

<212) DNA

<213> Artificial sequence

220>
{223> Synthesized DNA fragment for PCR, sequencing and trans¢ription

400> 26
gaaattaata cgactcacta tagggccaac cagaagaagg agacagacca agggcaccaa 60
gaagce

<10y 27

211y 47

(212> DNA

213> Artificial sequence



{2207
a2y

<400>

Synthesized DNA fragment for PCR, sequencing and transcription
27

ggaccccaac aacaygagca accgccgaac gggcaagacg cagcgce 47

210
Qi
{1y
{213

Qe
Q23>

£400>
a
2100
a1y
{21
kY

2
{223

<400>

28

61

DNA

Artificial sequence

Synthesized DNA fragment for PCR, sequencing and transcription

28

ggggaacaca acagcaccaa cagcaccaac aacccgggac aaagragcaa ccaggepagaa
61

29
53
DNA
Artificial sequence

Synthesized DNA fragment for PCR, sequencing and transcription

29

ccttgetcty tctectictt ctggtteece ctatagtgag tcetattaat tte 53

216
211>
Q12>
Q13D

<220>
{223

400>

30
50
DNA
Artificial seguence

Synthesized DNA fragment for PCR, sequencing and transcription
10

cttgcccgtt cgeceettge tertettgtt eeegtocgge ttcttgetac 50

Q10>
a1
212>
219

220>
23

<400>

K|

71

DNA

Artificial sequence

Synthesized DNA fragment for PCR, sequencing and transcription

3t

tttctccetg gttgctgett tgtcccgent tgitgetect gtigetectyg ttgtettcce
cegegotgeg t

210>
a1
{12y
Q1

220>
2

<400)

32
20
DNA
Artificial seguence

Synthesized DNA fragment for replication
32

gataatacga ctcactatag

210>
Q211>
<12
218

<220y
221y
222>
<223

<220
223>

33

55

DNA

Artificial sequence
misc_feature

28

n means 7-{2-thienyl)-3H-imidazo[4, 5-blpyridin-3-yI

Synthesized DNA fragment for replication

60

§0



<400

33

gragigaaga attcgcttag atgtgegance attccctata gtgagtcegta ttate

{210
211D
Q12
{213

<20
<221
{222
223>

<220
ey

<400

34

55

DNA

Artificial sequence
misc_feature

25
n means 7-{2-thienyl)-3H-imidazo[4, 5-blpyridin-3-yI

Synthesized DNA fragment for replication
34

gcagtgaaga attcgcttag atgtngatec attcectata gtgagtegta ttate

<210»
Qi
212>
213

{220)
221>
222>
223

{220
a2y

<400>

35
55
DNA
Artificial sequence

g:sc_feature
n means 7-(2-thienyl)~3H-imidaza[4, 5-blpyridin-3-yl
Synthesized DNA fragment for replication

35

geagtgaaga attcecttag angtggatee attccctata gtgagtegta ttatc

210>
Qi
{212
{213

220>
<221
22y
223>

<2207
223>

400

36
55
DNA
Artificial sequence

?;sc_feature
n means 7-{2-thienyl)-3H-imidazo[4,5-b]pyridin-3-y|
Synthesized DNA fragment for replication

36

geagtgaaga attcgcttag atgtgeatee nttcectata gtgagtcgta ttatce

€210>
Iy
212>
<213

220>
221>
<222>
223>

(220>
223>

400>

37
55
DNA
Artificial sequence

misc_feature

34

n means 7-(2-thienyl)-3H-imidazo[4, S-blpyridin-3-y!
Synthesized DNA fragment for replication

37

geagtgaaga attcgcttag atgtegatce attncctata gteagtecgta ttate

{210
Q1
Q212>
{3

{2207
{223

38
55
DNA
Artificial sequence

Synthesized DNA fragment for replication

55

55

55

55

55



9

400> 38
geagtgaaga attcgcttag atgtgeatcc aticcctata gtgagtegta ttatc 55

<210 39

@y 21

212> DNA

{213> Artificial sequence

(220>
¢223> Synthesized DNA fragment for transcription

<400> 39
ataatacgac tcactatagg g 21

<210> 40

Q11> 35

<212> DNA

213> Artificial sequence

{2203

221> nmisc_feature

{222> 5

223> n means 7-(2-thienyl)-3H-imidaza[4,5-blpyridin-3-y! or adenine

{220>
223> Synthesized DNA fragment for transcription

<400> 40
cactnctcgg gattccctat agtgagtcegt attat - 35

210 4

1y 11

{212y RNA

<{213> Artificial sequence

220>

{221> misc_feature

222> 13

223> n means any one of the followings:

2-formy!-4-[3-{6- (fluorescein-5-carboxamido)hexanamidol-1-propynyl]-1H-pyrrol-1-yl,
2-formy!-4-[3-[6-(tetramethylrhodamine-5-carboxamido)hexanamido]l-1-propynyl1-tH-pyrrol-1-yI,

<400> 41
gggaaucceg agnagug 17





