TITLE OF THE INVENTION: METHOD FOR QUANTITATIVELY DE IECTING
8-0X0-2'-DEOXYGUANOSINE IN AQUEOUS SAMPI F SOLUTION WITH HIGH 5 SENSITIVITY
IECHNICAL FIELD [0001]The present invention relates to a method for quantitatively detecting 10
8-oxo 2'-deoxyguanosine in an aqueous sample solution with high sensitivity, more specifically to a
method for quantitatively detecting 8-oxo 2'-de ine in an aqueous sample solution,
comprising the steps of: 1) immobilizing a fluorescent probe molecule showing a fluorescence
response specific to 8-oxo 2'-deoxyguanosine on the surfaces of fine particles via a spacer unit and
15bringing the sample solution into contact with the fine particles; and 2) measuring a physical
property of thElTihé& GHrtidits IDeftrN BriaNafd Ethd@oritadt WithAiNe ISah it udiom BE dBiE mine the

hange in the physical . BACKGROUND ART 20 [0002]8-0x 2'-d ine (hereinaf
oo callet B ARNAC] TRy AR DNEALNA LB SHUELR SOOI thleprorecs |

the quargity é@ﬁb{@ﬂgen generated by environmental factors or associated with metabolic
activities in aliving body. Thus, accurate measurement of the quantity of 8-oxo-dG present in a living
25body or in urine is extremely significant for studies of mutation, aging, and many diseases. Several
methods for detecting 8-o0xo-dG have been developed, including instrumental analysis such as the
HPLC-ECD nié&thbliN whitH-tokibines HPLC and an electrochemical detector (see, for example,
Non-Patent Document 1) and the GC-MS method, which uses gas chromatography and a mass
spectrometer (see, for example, 2 Non-Patent Document 2), and the ELISA method with monoclonal

antbodies (sce. gyl NgBcBRIRIL ARSIEDL ) K0NANYHY sk dsaiopasiiods however,

it is difficult to qu erve the presence ot 8-0xo-dG In real time In a fiving celll 5To

overcon@ thesjesaiole rdeddayvamsypeulaemgigbd dheieptesii priobestronviicsenbitpieseaore response
specific to 8-ox0-dG has been developed (see, for example, Non-Patent Documents 4 and 5). The

low-moleculasPRefifil iore seethopfob duetidighizly deisrbngS oxe dgtfeonyurnosineinlaple hydrogen
bonds with 8-0x0-dG in arLer?r anic solvent and shows 10specific fluorescence quenching. Thus, the

guantity of 8-TXEUE ?ﬂ!@g t Wé‘s%ﬂsé'&g\t & Hisheded by measuring the degree of fluorescence

quenching. 1) immobilizing a fluorescent probe molecule showing a fluorescence response specific
to 8-0xo 2’-deoxyguanosine on the surfaces of fine particles via a spacer unit and
15  bringing the sample solution into contact with the fine particles; and
2) measuring a physical property of the fine particles before and after the contact with the

sample solution to determine the change in the physical property.

BACKGROUND ART
20
[0002] 8-oxo0 2’-deoxyguanosine (hereinafter also called 8-oxo0-dG) is attracting
attention as an oxidative stress marker because it directly reflects the quantity of reactive
oxygen generated by environmental factors or associated with metabolic activities in a
living body. Thus, accurate measurement of the quantity of 8-o0xo-dG present in a living
25  body or in urine is extremely significant for studies of mutation, aging, and many
diseases. Several methods for detecting 8-ox0-dG have been developed, including
instrumental analysis such as the HPLC-ECD method, which combines HPLC and an
electrochemical detector (see, for example, Non-Patent Document 1) and the GC-MS

method, which uses gas chromatography and a mass spectrometer (see, for example,



Among a variety of derivatives of the low-molecular-weight fluorescent probe, a low-molecular-weight
fluorescent probe showing a fluorescence response specific to 2'-deoxyguanosine (hereinafter also
called dG) has been found (see, for example, 15 Non-Patent Document 6). Shown below are a mode
(A) in which the low-molecular-weight fluorescent prol# showing a fluorescence response specific to

B0x0-dG recRRaSh SR AG A TRTEIRIR eRe) RaRHRANAA TetR) g the

R ! .
low-molecular-weig ??uorescent € showing a fiuorescence response specific 1o C?& recognizes

dG and fOVm%XHHP@,Q\RQ\%ﬁggﬂm-B). It is reported that the low-molecular-weight fluorescent
probe showing a fluorescence response specific to 8-oxo-dG shown in A has a complexation ability

with 8-ox0-dG in §08Bkofdivitistiiasiodethetits Ithods biostewdth it G diffiduliddawantihsbubr-weight
fluorescent probe showing a fluorescence response specific to dG 25shown in B has a complexation

ability with d@IFER/RH5BRAFASH R @idbdnesaHEE da MA%SERo-dG. N-d  The

low-molgcular-wei f t OWi f ifi -0x0-dG
preciselgl?recognizllg)géé{%%ﬁi?c%Fgc})ri%?h&ﬁlélt%%&%@éé%%@é%%%if@?ﬁéﬁ@%@% t%%?gg]ﬁ;érdly actin
water that is furicdpelarespirRBbpEbIR {68-SxILTaREaeRTdhR PR Pide FogBiEeP1IeX0-dG through
multiple hydrogen bonds in water, so it was difficult to directly detect highly water-soluble 8-0xo-dG in

an aqueous SddntBaisnidPossreinte 4 angh Pddition, the usual concentration of 8-oxo-dG in urine is

reported to be extremely low of 10 ng/mL to 20 ng/mL (corresponding to 35 nM to 70 nM assuming a
olecuiar 10 weilt B La S TR TSR AOTEE PR BT AR be noods (© be

improved for pigher GEAPIYIYAR AUABEASREIANAT BHPRSIALICHGE SOTGRNTRIRRSH i 8rder to use

the probe for detection o Ine. Prior Art Documents Non-Patent Documents
15[0004[Nonspesiit Mesesdatekivdaiaing.., $80s AhdquRiititlest®oRb-dapressn il sgStemiol.
Chem., 387, p.103-113 (2006)  Non-Patent Document 2: Dizdaroglu, M., Jaruga, P., Birincioglu, M.,
Rodriguez, HcarhecdptaetrbPBivEanEng 32 geanesoof flogrescamep quencRivg-Patent Document 3: Nakae,

Y., S d, P.J.,B lov, |. A., | de, Il . S. S Hi h . Cell Biol., 124, p.335-345
005 Nonp al TR AARE BT B b e 0 O NE I O AR R
Chem. Int. Eqe, i a1 500 ASRAAA corh BREARB, PECHRR G NaTesBorsh Zediikagaw, O

Taniguchi, Y., Sasaki, S.; Bioorg. Med. Chem. Lett., 19, p.727-730 (2009)
2'-deoxyguanosine (hereinafter also called dG) has been found (see, for example,

15  Non-Patent Document 6).

Shown below are a mode (A) in which the low-molecular-weight fluorescent probe
showing a fluorescence response specific to 8-0xo-dG recognizes 8-oxo-dG and forms
multiple hydrogen bonds and a mode (B) in which the low-molecular-weight fluorescent
probe showing a fluorescence response specific to dG recognizes dG and forms multiple

20 hydrogen bonds.

It is reported that the low-molecular-weight fluorescent probe showing a
fluorescence response specific to 8-0xo0-dG shown in A has a complexation ability with
8-0x0-dG in a chloroform solution that is 10 times that with dG, and the
low-molecular-weight fluorescent probe showing a fluorescence response specific to dG

25  shown in B has a complexation ability with dG in a chloroform solution that is 25 times

that with 8-oxo-dG.



4 Non-Patent Document 6: Li, Z., Nakagawa, 0., Koga, Y., Taniguchi, Y., Sasaki, S.; Bioorg. Med.
Chem., 18, p.3992-3998 (2010) SUMMARY OF THE INVENTION S Problem to be Solved by the
Invention  [0005] An object of the present invention is to provide a method for quantitatively detecting
8-oxo 2'-deoxyguanosine (8-oxo-dG) in an aqueous s@mple solution with high sensitivity. 10 Means for
Solving the Problem  [0006] As a result of intensive study to solve the problem, the inventors of the
present invention, etc. hava found the following. That is, imgnobilization of a fluorescent probe

molecule showing a fluores e responsg specific to 8-ox on the 1%surfaces of fine particles via
a spacer unit forms minute opkobi ace on the surfa gfie fingjparticles, which allows the
probe molecule to recogni? 81axp-dGy thraeigh, fegmation &f m Ltiple Iﬁdrogenclp{onds even if an
aqueous sample solution & uged. Aga reossibl tal quahtigéltiveﬂ/ detedt 8-0x0-dG and

significantly improve deteétigh ‘s‘ensid\d%';i e degree s;,rfﬁgi"émlfpr gxample, quantitative
detection of 208-oxo-d&in ubine. T Qs\ inventors H&ve o@mplti%% 7nvention. In addition, it is
also possible to provide a devicéfgt ule fak quantitative detecfiﬂn‘ f 8-oxgkdG with high sensitivity.
[0007] Specifically, the present invéntion relates to: [1] a method for quantitatively detecting
8-oxo 2'-deoxyguanosine in an aqueous 25sample solution, comprising the steps of: 1) immobilizing a
fluorescent probe Thelksvuieakhowatgvaifhbfkscestestrebersbe wpscifitduorssestserasporsguanosine on
the surfaces of fine particles via a spacer unit and bringing the sagH)Ie olution jnto contact with the

fine particles BFANG L BEO A RIS BB PO A B TRl e Y ARGEARO e contact
Ml T DT e L TR L el
8-0x0 2'-5leoxXy@irastesins ibcarpiectdeoghizedruna-t3 through multiple hydrogen bonds in water,
so it was difficult to directly detect highly water-soluble 8-oxo-dG in an aqueous solution
such as urine.
In addition, the usual concentration of 8-0xo-dG in urine is reported to be extremely
low of 10 ng/mL to 20 ng/mL (corresponding to 35 nM to 70 nM assuming a molecular
10  weight to be 283). Therefore, the low-molecular-weight fluorescent probe needs to be
improved for higher sensitivity to enable detection of 8-ox0-dG at lower concentrations,
in order to use the probe for detection of 8-0x0-dG in urine.
Prior Art Documents
Non-Patent Documents
15 [0004] Non-Patent Document 1: Hofer, T., Seo, A. Y., Prudencio, M.,
Leeuwenburgh, C.; Biol. Chem., 387, p.103-113 (2006)
Non-Patent Document 2: Dizdaroglu, M., Jaruga, P., Birincioglu, M., Rodriguez, H.;
Free Radical Biol. Med., 32, p.1102-1105 (2002)
Non-Patent Document 3: Nakae, Y., Stoward, P. J., Bespalov, I. A., Melamede,
20  Wallace, S. S.; Histochem. Cell Biol., 124, p.335-345 (2005)
Non-Patent Document 4: Nakagawa, O., Ono, S., Li, Z., Tsujimoto, A., Sasaki, S.;
Angew. Chem. Int. Ed., 46, p.4500-4503 (2007)
Non-Patent Document 5: Nasr, T., Li, Z., Nakagaw, O., Taniguchi, Y., Sasaki, S.;
Bioorg. Med. Chem. Lett., 19, p.727-730 (2009)



\0OHN-R1 N-H,N ON'5(where R1 is a 6-amino-2-pyridyl group or -002(CH2)1122 (where R2 is a
hydrogen atom or a C616 aryl group, and 1 is an integer of 1 to 3); and one of X and Y is a protecting
group of the hydroxyl group and the other is the spacer unit); [3] the method according to [2], in
which X is the spacer unit (where the spacer unit is -(@H2)",-NHCO- (where m is an integer of 2 to

10)), and Y is -SiRgR4 re R 4,.1 S ar ch inde ently a. methyl groyp, a
ool aroun. o e R K e Ve e 2 e

fine particles gigoigorgaficRamictes prapodyawssresingyarticles, and the change in the physical property
is determined by measurement of the fluorescence intensity; [5] the method according to [4], in

which the inorganic particles are silica gel 15particles;  [6] the method according to [4] or [5], in
which the quantitative detection is carried out by drying the fine particles in a microplate well to adhere
to the well, aéHqugoﬂé%é%w:é\%Q%n to the well, and measuring the fluorescence intensity
of the fing particles with heating; 20[7] the method according to [4] or [5], in which the quantitative
detection is carried out by packing a column with the fine particles, passing the aqueous sample

solution throuygbifeencelyeselaad ipeaswirgdaa fluorescence intensity of the fine particles thus
packed; [8] a silica gel particle having a molecule of Formula (1) immobilized on the surface 6
[0005] An object of the present invention is to provide a method for quantitatively
detecting 8-oxo 2’-deoxyguanosine (8-0xo-dG) in an aqueous sample solution with high
sensitivity.
10
Means for Solving the Problem
[0006] As a result of intensive study to solve the problem, the inventors of the
present invention, etc. have found the following. That is, immobilization of a
fluorescent probe molecule showing a fluorescence response specific to 8-oxo-dG on the
15  surfaces of fine particles via a spacer unit forms minute hydrophobic space on the
surfaces of the fine particles, which allows the probe molecule to recognize 8-0xo0-dG
through formation of multiple hydrogen bonds even if an aqueous sample solution is used.
As a result, it is possible to quantitatively detect 8-oxo-dG and significantly improve
detection sensitivity to the degree sufficient for, for example, quantitative detection of
20  8-0x0-dG inurine. Thus, the inventors have completed the invention.
In addition, it is also possible to provide a device for use for quantitative detection
of 8-0x0-dG with high sensitivity.
[0007] Specifically, the present invention relates to:
[1] a method for quantitatively detecting 8-0xo 2’-deoxyguanosine in an aqueous
25  sample solution, comprising the steps of:
1) immobilizing a fluorescent probe molecule showing a fluorescence response specific
to 8-oxo 2’-deoxyguanosine on the surfaces of fine particles via a spacer unit and
bringing the sample solution into contact with the fine particles; and

2) measuring a physical property of the fine particles before and after the contact with the



via a spacer unit: HN-Ri 0 N-H XO OY (where R1 is a 6-amino-2-pyridyl group or -002(CH2)1122
(where R2 is a hydrogen atom or a C616 aryl group, and 1 is an integer of 1 to 3); and one of X and
Y is a protecting 5group of the hydroxyl group and the other is the spacer unit); [9] the silica gel
particle according to [8], in which X is the spacer unit (Bvhere the spacer unit is -(CH2)",-NHCO- (where

m is an integer, of 1 nd Y is -SIR3R4RS5 (where R3,.124, and R5 are each independently a
methyl group?aa e%t-%()allj ﬁ%ﬁr%ug?tgﬁélﬁ%%ﬁyﬁﬁgap ép ; %r?do %ﬂcg{l grgggﬁaﬁon column for separating

8-oxo0 2'-deoxyg U?Efﬂ};ﬁié‘@né%ﬁﬁdpé&m iktetsi[icp Bl RRAIgE AsHesebarbit [Bbric(H agcwviarking
material. Effects of the Invention [0008] According to the present invention, a method for quantitatively
detecting 158toarestenie sasEanse spsciteripl8-sxufivreaitygbayodeasitvitotmnlbepirovioad.(1) The
method according to the present invention can achieve highly sensitive quantitative detection of
8-0x0-dG with easy operation through the use of a fluorescent probe molecule showing a fluorescence
response specific to 8-oxo-dG eéﬁ?t}*h@_ckgan be considered to be an excellent method. 20FIG 1
shows a schematic diagram ofthe/present invention.  As shown in FIG 1, immobilization of a
fluorescent probe molecule 2 ghowig+a fluorescence response specific to 8-oxo-dG on the surfaces of
fine particles 1 via a spacer uni}-3forms minute hydrophobic space 6 on the surfaces, which allows

only 8-oxo0-dG 4, a dG 5 nd\ -0x0-dG 4 presént in aqueous phase 7, to form multiple hydrogen
7 bonds with the probe culeAin the minute hydrophobic space 6, resulting in fluorescence

guenching of only the pr olecle 2 having multiple hydrogen bonds with 8-oxo-dG 4. 5 BRIEF
DESCRIPTION OF THE®YRAWINGS [0009] [FIG 1] FIG 1 is a schematic diagram illustrating the
present invention.

5  (where Ry is a 6-amino-2-pyridyl group or -CO,(CH2)|R, (where R; is a hydrogen atom
or a Cg.16 aryl group, and I is an integer of 1 to 3); and one of X and Y is a protecting
group of the hydroxyl group and the other is the spacer unit);

[3] the method according to [2], in which X is the spacer unit (where the spacer unit
is -(CH;)m-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs (where R3, Ry,

10 and Rs are each independently a methyl group, a tert-butyl group, or a phenyl group);

[4] the method according to any one of [1] to [3], in which the fine particles are
inorganic particles or polymer resin particles, and the change in the physical property is
determined by measurement of the fluorescence intensity;

[5] the method according to [4], in which the inorganic particles are silica gel

15  particles;

[6] the method according to [4] or [5], in which the quantitative detection is carried
out by drying the fine particles in a microplate well to adhere to the well, adding the
aqueous sample solution to the well, and measuring the fluorescence intensity of the fine
particles with heating;

20 [7] the method according to [4] or [5], in which the quantitative detection is carried
out by packing a column with the fine particles, passing the aqueous sample solution
through the column, and measuring the fluorescence intensity of the fine particles thus
packed;

[8] a silica gel particle having a molecule of Formula (1) immobilized on the surface



[FIG 2] FIG 2 is a schematic diagram illustrating an embodiment in whicha  column packed with the
fine particles with a (8-oxo-dG selective) fluorescent probe 10molecule is used. [FIG 3] FIG 3 is
fluorescence microscopy photographs showing fluorescence reactivity of the silica gel particles (33) to
(35). [FIG 4] FIG 4 shows a graph of the concergrations of 8-oxo-dG and dG versus the relative
fluorescence ipt%nssig&sf Sf IIthe silica gel particles (33) (left) and a graph 150btained by converting the
relationship of the-Concenttation of 8-oxo-dG versus the guenching ratio to a hill plot (right). [FIG
5] FIG 5 shows a graph of the concentrations of 8-oxo-dG and dG versus the relative fluorescence

intensities of the silica gel particlg 34)/694‘-1\) and a graph obtained by converting the relationship of
the concentration of 8-oxo-dG versus-the 2@¢tRenching ratio to a hill plot (right). [FIG 6] FIG 6

shows a graph of the concentrayions of 8-oxo-dG and dG versus the relative fluorescence intensities of
the silica gel particles (35) (Ieft)o n '%Fdﬁaph obtained by converting the relationship of the
concentration of 8-oxg4G vers%it%ﬁ guenching ratgq to a hill plot (right). 25[FIG 7] FIG 7 is a graph
illustrating the effect of the conc nL<ations of dG (0 to %LOO times the concentration of 8-oxo-dG) on the
fluorescence quenching Silicawel particles (33) to (35) with 8-oxo-dG. [FIG 8] FIG 8 is a graph
illustrating the attenuationgates (relative intensity % as compared to that before addition) of the optical
density values (OD values) 8 of the silica gel particles (33) in an 8-0x0-dG concentration range of 0
ng/mL to 500 ng/mL_measured 30 minutes to 4 hours after addition of 8-oxo-q&ftandard solutions

(concentratioV¥ Y G &B BB e Yt ORIR OB IS Gl R 2 MG R o SI30 A998 38 had been

dried to adhe the suif o) 94 mil rati uation rates
(relative intenasﬁt%/%o?dlgs omééﬁ?ﬂ!g% qtg‘%@@dﬁd%t%r%)bﬁ@%ptlca %@:gtg]g u%s }O% values) of

the silicasgel gaviiis fsiiie Byt ey By o divd aho oftidr adicie kpase ah@)Ng/mL to 20 ng/mL measured 30
minutes to 4 hours after addition of 8-ox0-dG standard solutions (concentrations: 0 ng/mL to 500

ng/mL) to a microp¥htearsiieadeknertnieaaersrgindiceclSh apashishKde die gRacerdRid iehetiige surfaces
o TR SR T R R s g s g o
(where R3, R4, and Rs are each independently a methyl group, a tert-butyl group, or a
phenyl group); and
10 [10] a separation column for separating 8-0xo 2’-deoxyguanosine, comprising the

silica gel particle as described in [8] or [9] as a packing material.

Effects of the Invention
[0008] According to the present invention, a method for quantitatively detecting
15  8-ox0-dG in an aqueous sample solution with high sensitivity can be provided.

The method according to the present invention can achieve highly sensitive
quantitative detection of 8-0x0-dG with easy operation through the use of a fluorescent
probe molecule showing a fluorescence response specific to 8-0xo-dG, so the method can
be considered to be an excellent method.

20 FIG. 1 shows a schematic diagram of the present invention.

As shown in FIG. 1, immobilization of a fluorescent probe molecule 2 showing a
fluorescence response specific to 8-oxo-dG on the surfaces of fine particles 1 via a spacer
unit 3 forms minute hydrophobic space 6 on the surfaces, which allows only 8-o0xo-dG 4,

among dG 5 and 8-oxo-dG 4 present in aqueous phase 7, to form multiple hydrogen



of the silica gel particles (39) in an 8-ox0-dG concentration range of 0 ng/mL to 500 ng/mL measured
30 minutes to 4 hours after addition of 8-oxo-dG standard solutions 15(concentrations: 0 ng/mL to 500
ng/mL) to a microplate in which the silica gel particles (39) had been dried to adhere to the surfaces of
the wells. [FIG 11] FIG 11 is a graph illustrating The attenuation rates (relative intensity % as
compared to that, befor ?ﬁi lon). of the optical density val D valu ft@ llica gel particles
(39) inan 8-ol5xoon-EI ﬁgﬁcr:% rrét %ﬁ]%r)iter%leecglé? %hge/ml'_ﬁ c?é 3,8/ g@%@‘%ﬁf Sr%aecgs%r?eea %ﬁ iNutes to 4 hours
after additionfﬁfo?e@é@?%@éﬁﬂqﬂad&@h'ﬂpdﬂ@ ﬁﬁ@!ﬁ'@ﬁfﬂf@é@ﬂé‘? HAASGHR UG 518G b Bydgnicroplate in
which the silica gel particles (39) had been dried to adhere to the surfaces of the wells. MODES FOR
CARRYING @UIT SFeMo0G/ENTION 25 [0010]The present invention will be described in more detail.
The method of the present invention for quantitatively detecting 8-oxo 2'-deoxyguanosine in an
agqueous sample solution comprises the steps of: 1) immobilizing a fluorescent probe molecule

showing§ flugﬁﬁ%q_eB WB%GF’QE%@W-deoxyguanosine via a spacer unit on the

surfaces of fine partlcégiﬁpglrmgmg the sample solution into contact with the fine particles; and 2)
measuring a physical property of the fine particles before and after the contact with the sample
solution to determine the change in the physical property. 5[0011] The aqueous sample solutions that
may be used in tHOIEEENGNUER G asa achgsaaticulimayanmillest iogithecpreserthinetifions contain

any 8-oxo-dG. Examples inclu?e agueous solutions derived from b_iolo%l)cal cells taken from animals

including human, plants [B4&téh5! Gri fihgineBIaE AHAgIAMbIH U LA bETRNHIE UMY W de
lysates, and %@h%ﬁ\?gs@e@wi‘ﬁodiﬁuﬁg%"éin t%l%%ﬁﬁ'tai@ss-i%l-id@gepé?:ﬁi\?%? eggfﬁf’gmege”“'af fluid

and extracellular are also inc e concept of the aqueous sample solution of the present
inventiold  Foldweileaiguseds sample solutions which may be used in the present invention include
aqueous solutions such as food containing natural and artificial chemical substances, cosmetics,
pharmaceuticals, and adiéeus] $dfatiditsf o mRscenemipier opeepy|paoiE e stoVaNty wastes as raw

materials, ang water extracted from_soil apd atmospheric com nts, and environmental water.
10012] The BRSNS G SATATY B UEARE] PR (U TRY prosant imvontion may e

achieved through fluoreggeAce) PRISUENIY gRAMMMIRIIBReARIEHS SBIBKIRE P HEEMeEnt Of

absorption spectra, in particular ultraviolet absorption spectra.
versus the relative fluorescence intensities of the silica gel particles (33) (left) and a graph

15  obtained by converting the relationship of the concentration of 8-oxo-dG versus the
quenching ratio to a hill plot (right).

[FIG. 5] FIG. 5 shows a graph of the concentrations of 8-0x0-dG and dG
versus the relative fluorescence intensities of the silica gel particles (34) (left) and a graph
obtained by converting the relationship of the concentration of 8-oxo-dG versus the

20  quenching ratio to a hill plot (right).

[FIG. 6] FIG. 6 shows a graph of the concentrations of 8-ox0-dG and dG
versus the relative fluorescence intensities of the silica gel particles (35) (left) and a graph
obtained by converting the relationship of the concentration of 8-oxo-dG versus the
quenching ratio to a hill plot (right).

25 [FIG. 7] FIG. 7 is a graph illustrating the effect of the concentrations of dG (0
to 100 times the concentration of 8-oxo-dG) on the fluorescence quenching of the silica
gel particles (33) to (35) with 8-0xo-dG.

[FIG. 8] FIG. 8 is a graph illustrating the attenuation rates (relative

intensity % as compared to that before addition) of the optical density values (OD values)



20The quantitative detection through fluorescence measurement is achieved by irradiating a sample
with an ultraviolet ray having a wavelength of 300 nm to 400 nm, preferably 330 nm to 380 nm, and
more preferably 345 nm to 365 nm as an excitation ray and measuring the intensity of an emitted
fluorescence having a wavelength of 410 nm to 520 n@ and preferably 420 nm to 470 nm. 25[0013] A
specific meth f ptitative detection through fluprescen uenching is-achi dding
2rox0-40 in VA A L e LR B T R R R Y e

molecule has,gggD iReaRiiZaH rnRasUANOHOG JIHRER aERIRR BEeSKicsdaARI®PssRltRIAdion curve,
and comparing the fluorescence intensity measured with a sample solution with the calibration curve to

calculate the (dhcentsdinnationg/id-oxSA3g/nA_3 peeifiv arepiatedi o fduieintitatiécal ged piotictbsough
absorption spectra is achieved by addin%8-oxo-dG in various concentrations to the fine particles, to

which a ﬂuoré%%)e'i‘ﬂ%%%%@eﬂﬁ@'?%% bR ?Hﬁfﬁ%ﬁl‘f’fé_a‘? WeSuring absorption spectra of ultraviolet
ray etc. %to make a CahZ%@EH[&?&E:?Z%#@;EEJ&%@%%% gﬁ&'ﬂ?‘%?&%%%mﬁ/ﬂw length range in

which absorption spectra change mos , andtompari of changes in that

wavelength raqesity theagesaiiien ePeairbeforeeasitied) witha saiepl et valuath a® ¢aliesption
curve to calculate the concentration of 8-oxo-dG. [0014] Fine particles that may be used in the present

invention mayfdbandicaait nopaler(88)on polPraxp eSingraaitiedwmanpe ch@ragelptattfle diameter

ranges, for example, from 0.001 pm to 100 pm, and preferably from 0.1 pm to 50 pm or from 1 pm to
20 o, Exchfis DR RULA HEHIERS fORTS SR GHDHATR S IRA S RIACS YR giass

particles, alumiia gartiies. arAgTie BT Agnierhon PATAAR PAISIE W SpheneIbaticles. and

fullerene particles. 15Examples of polymer resin ‘parti e particles made

poly-N-dodeqg@ichytabristedifiaRAdd nery (pheayiatedenele payigohenylene butadiynylene), polypyrrole,
polymethyl methacrylate (PM MA), polyvinyl alcohol, polystyrene, and cellulose. [0015] Examples
of the fluorescent probe fhiffedQldikaill imtrashidustiatine thexlitavadons igfesffrlaivicles via a

spacer unit and that shows a fluorescence response specific to 8-0x0-dG include a lecule of
P . Intensity % as compared to tﬂatebeefo% ads(ﬁtldon of t eoptlca? ensity values %va ues
Formula (1)

of the silica gel particles (39) in an 8-oxo-dG concentration range of 0 ng/mL to 500
ng/mL measured 30 minutes to 4 hours after addition of 8-oxo-dG standard solutions

15  (concentrations: 0 ng/mL to 500 ng/mL) to a microplate in which the silica gel particles
(39) had been dried to adhere to the surfaces of the wells.

[FIG. 11] FIG. 11 is a graph illustrating the attenuation rates (relative

intensity % as compared to that before addition) of the optical density values (OD values)
of the silica gel particles (39) in an 8-0x0-dG concentration range of 0 ng/mL to 20

20  ng/mL measured 30 minutes to 4 hours after addition of 8-oxo0-dG standard solutions
(concentrations: 0 ng/mL to 500 ng/mL) to a microplate in which the silica gel particles

(39) had been dried to adhere to the surfaces of the wells.

MODES FOR CARRYING OUT THE INVENTION
25
[0010] The present invention will be described in more detail.
The method of the present invention for quantitatively detecting 8-oxo
2’-deoxyguanosine in an aqueous sample solution comprises the steps of:

1) immobilizing a fluorescent probe molecule showing a fluorescence response specific



OY (where R1 is a 6-amino-2-pyridyl group or -002(CH2)1122 (where R2 is a hydrogen atom or a
C616 aryl group and 1 is an integer of 1 to 3); and one of X and Y is a protecting 11 group of the
hydroxyl group and the other is a spacer unit). [0016] Examples of the C616 aryl group include a
phenyl group, a naphthyl group, a biphenyl group, an @nthracenyl group, a phenanthrenyl group, and a
pyrenyl group, Examples of the protecting gro f the hydroxy ar includ rimethylsilyl 5group, a
forc oL cmat O S A T Ve e S BBty
methoxymethy giRidinaRptbRAGTRIDNi SO vontat: FAXME tYe BEPlifled AARthoxyethoxymethyl group, a
tert-butoxycarbonyl group, and a benzyloxycarbonyl group. The spacer unit is not particularly
limited, provid@taatting sphysicahjrxperdy ofithth&regirstic e defard@otheftdsthe Sptasfioviikdneples of
the spacer unit include (CH2CHZ20)j-CH2CH2-, -(CH2CH20)j-CH2CH2CO0-,

-(CH2CH20) ¢TI ealIe e €9 deferiiphre 35 1eng HHbRIMY BLal MO 20)j-00-, -(CH2CH20)j-CS-,

-(CH2)k-x (CH2)k-Q0-, +(CH2)k- - - )k-SGO- - e - have
formulae“r?j is an :Iﬁ(a%lg of ﬁ%o%%%é %gr%?e%a Ej ﬁ%%?‘é%%@&?%té% %gﬁ%%ﬁggﬁ ﬁrs}tgerglg of 2to 30
and preferablytanoinaefiufirl/ thriided, frlo@isbasest undtsolRYide tonaRiirgdaxshecuriaepspdéshe fine

particles through physical adsorption or covalent bond of carbon atoms, sulfur atoms, oxygen atoms,
or nitrogen atoalgde aquefoe 57|uti e tienigedfionebiglngisedisel Intikeuksoshanimglaifiabidisgence
response 20specific to 8-0x0-dG is a molecule in which X is a s&acer unit ﬁwherfe the spacer unit is

(CH2)",-NHCIMalh &8s iagH s edfit UPg! (o e mRE v 190G iARea 8 R4S B35UEHd R5 are
each independently a MEIYERNP: 2AGBHOHRRs BrARRFRIMGIRAR) HaRlgpHe with m of 3is

more preferred.
10 intracellular fluid and extracellular fluid are also included in the concept of the aqueous

sample solution of the present invention.

Further aqueous sample solutions which may be used in the present invention
include aqueous solutions such as food containing natural and artificial chemical
substances, cosmetics, pharmaceuticals, and aqueous solutions of, for example, recycled

15  products using wastes as raw materials, and water extracted from soil and atmospheric
components, and environmental water.

[0012] The method of quantitative detection that may be used in the present
invention may be achieved through fluorescence measurement and may also be achieved
through measurement of absorption spectra, in particular ultraviolet absorption spectra.

20 The quantitative detection through fluorescence measurement is achieved by
irradiating a sample with an ultraviolet ray having a wavelength of 300 nm to 400 nm,
preferably 330 nm to 380 nm, and more preferably 345 nm to 365 nm as an excitation ray
and measuring the intensity of an emitted fluorescence having a wavelength of 410 nm to
520 nm and preferably 420 nm to 470 nm.

25 [0013] A specific method of quantitative detection through fluorescence
quenching is achieved by adding 8-0xo-dG in various standard concentrations to the fine
particles, to which a fluorescent probe molecule has been immobilized, measuring the
fluorescence intensities to make a calibration curve, and comparing the fluorescence

intensity measured with a sample solution with the calibration curve to calculate the



[0018] A preferred method of quantitatively detecting 8-oxo-dG in an aqueous 25sample solution is the
method in which the fine particles are inorganic particles or polymer resin particles and the quantitative
detection is carried out based on the degree of fluorescence quenching or based on the degree of
fluorescence quenching and the degree of the changa@n absorption spectra. Specific examples of the

inorganic par i&%%%n?%%@r%’f’@% re_%i% particles and the 12 particles diameter as well as method of the
guantitative detection based on the egree of fluorescence quenching or based on the degree of

fluorescence quencklipg; e thEifot @ QR iR SlarRgadn ﬁ*ﬁ?§9@ﬁt&b@o‘i[§ﬁﬁﬁ§p@@ré‘%%ﬁ@\ﬂé§d above.
The method in which the fine particles are inorganic particles and the inorganic 5particles are silica gel

particles is pfafexdding S-[0O19PAS v relecrrdantnatdoiistorthe fihepartstast inwvenitibe, flneraseendd may
be mentioned in which the %ntitatiye detection is carried out by placing the fine particles in a

microplate welCRRTIIEHHLEBRREE i Tahihized REAREINGARFAPHS SRRIGUY sdihayialsbiyiéifto the

well, and-me I 'm{gw' f the. fi [ Itk i T icroplate
used is ?150t pﬁtﬁ%@r&%ﬂ#@ﬁﬁ%@%om meé?:(i ﬁl‘ I?/ %%&ﬂaqgﬁeaog@v%vﬁq% :@%%‘&%}{3& ir(]:%hp%%e&g mﬁziy be
used.  This\@rdrOshBdRHY IRVEPINEEaRIRSIE HostWighi flRe SR RINIEsRANAEIHE Btk GilapRigsion of fine
particles having a (8-oxo-dG selective) fluorescent probe molecule immobilized on 15the surfaces,
heating to evelpangae iwihat \saE RGN tiradgnin e tbkas pbcidinect untheaiufed w dh theampls and adding
an aqueous sarﬂgle solution and heating.  The guantity of the fin{(;éi()garticles used is 10 ng to 500 ng

and preferabRP 30!y WeHTH5 A EY PR GH6508 FY ?tﬁ/glﬁ S EAIINLE FpEhdEn is obtained by
suspending, for e@;ﬂﬂ?;ﬁ”@ ARfe0ehang By sieraa v hg é?e?&p Afienfing ﬁgfé%j#ﬁ\cl pi- The

20 heating tempe r evaporating water is 40C to 60C, preferably 45C to 55C, or example,

50C, and thegagadieg dimelisa rEnutagicled hatitse prefagepyriiorourindeheangeamer itagxsisple, 2
hours.  The quantity of the aqueous sample solution used is 2 !IL t010 !IL and preferably 2 !IL to 4 'IL

per well, and flee{k8@ihgeta déhnine dsdipefesab T pretetabiy 050 toPasEaN dndide edamiple, 50C,
and the heating time is 30 mjnutes to 4 hours, preferably 1 hour to 2 hours, and for example, 1 hour.
The fluorescence WRRGIEY O INEHHUCRATISIE IoshEE Peanaartilss S Es deling M r gl o
microplate regfles or ey MERN% WAIRTR! QLARINEHIEpRCe A AERBERCEAHIBC R Rk Hbe fine
particles and; hence the quantity of 8-oxo-dG that has 13

particles, and fullerene particles.

15 Examples of polymer resin particles include particles made from

poly-N-dodecylacrylamide (PDDA), poly(phenylacetylene), poly(phenylene

butadiynylene), polypyrrole, polymethyl methacrylate (PMMA), polyvinyl alcohol,

polystyrene, and cellulose.

[0015] Examples of the fluorescent probe molecule that is immobilized on the

20  surfaces of the fine particles via a spacer unit and that shows a fluorescence response

specific to 8-ox0-dG include a molecule of Formula (1):

/N
O  HN-R;
o N—H
VAR
X0 N (1)
WF‘J?/N_'Qo

(where Ry is a 6-amino-2-pyridyl group or -CO,(CH2)|R, (where R; is a hydrogen atom

or a Cg.16 aryl group and | is an integer of 1 to 3); and one of X and Y is a protecting



accumulated on the fine particles can be obtained. This allows calculation of the initial concentration of
8-0x0-dG in the sample solution. Thus, the method is advantageous for quantification of a sample
solution containing a very small quantity of 8-oxo-dG. [0020] As another preferred embodiment of the
present invention, the method 5 may be mentioned inMhich the fine particles are packed in a column
and the aquegus sg%%ehscalutlop IS aIIowgqhteo (Rﬁgsi yg?ﬁ&%rtnﬁi olumn and the quantitative detection

of 8-0x0-dG i carried outhased dn> eagegree o filioreséence guenching of the packed fine particles

or based on the drgyes) of fuaresesBEeHIUSIChING GoddhrcARBrE PG ARG M IRBTPERHGH

spectra. 10FIG 2 shows a schematic diagram of this embodiment of the present invention. As shown in

FIG 2, the fine lpphgoldi@ paanrath @ enyd-giGupe keghiemntioered gsoupratt apyteoylgimumpobilized
thereon is packed in a column 17 and, after passing the sample solution 11 thr_ou%ré/the column 17,
Eiytee of

quantitative detecﬁéﬁ%'@&%hﬂ@rmwg&w&%g iB)ﬁdi@&mQHFbWFB’éj@eﬁthW
fluorescence g:rgﬁgcﬂgﬂ_% "aiwgﬁ\%ﬁgr@fg‘?%ﬁ%@g q?@ﬁﬁ?@@guﬁeﬂ is advantageous when

the sample solutioh contains a very-sm tity o ecause after a certain quantity

of the samplesseliigripHeassRE tgracpUmmiaiR Bymeendmuthafiaadametes otpe degree of
fluorescence quenching of the fine particles 16 can be measured to provide the quantity of 8-oxo-dG
20that has actexykibyt gnupeafinetiparieleexyseitylcoreuratsiéerchldokaarponyhgritinahedacentration
of 8-0x0-dG in the sample solution. The column containing the fine particles 16 having a (8-oxo-dG
selective) flugleégé@ﬁyﬁ?é%%nﬁﬂcﬂwﬂe immobilized thereon as a packing material as shown in FIG 2

R R T R
(1): n OLB1 NridRdLofTbrgdhid izt 9N -Sphkeific examples of the spacer unit include
-(CH2CH0);-CH,CH>-, -(CH,CH,0);-CH,CH,CO-, -(CH,CH,0);-CCH,CH,SCO-,
-(CH,CH,0);-CH;CH,NHCO-, -(CH,CH;0);-CO-, -(CH2CH;0);-CS-, -(CHa)x-,
-(CH3)k-CO-, -(CH,)x-OCO-, -(CH)k-SCO-, and -(CH,)x-NHCO-.
In the above formulae, j is an integer of 1 to 10 and preferably an integer of 1 to 4;
15 and k is an integer of 2 to 30 and preferably an integer of 2 to 12.

The spacer unit may be immobilized on the surfaces of the fine particles through
physical adsorption or covalent bond of carbon atoms, sulfur atoms, oxygen atoms, or
nitrogen atoms.

[0017] A preferred fluorescent probe molecule showing a fluorescence response

20  specific to 8-0x0-dG is a molecule in which X is a spacer unit (where the spacer unit is
-(CH2)m-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs5 (where R3, Ry,
and Rs are each independently a methyl group, a tert-butyl group, or a phenyl group).

The molecule with m of 3 is more preferred.

[0018] A preferred method of quantitatively detecting 8-0x0-dG in an aqueous

25  sample solution is the method in which the fine particles are inorganic particles or
polymer resin particles and the quantitative detection is carried out based on the degree of
fluorescence quenching or based on the degree of fluorescence quenching and the degree
of the change in absorption spectra.

Specific examples of the inorganic particles and polymer resin particles and the



OY (where R1 is a 6-amino-2-pyridyl group or -002(CH2)1122 (where R2 is a hydrogen atom or a
C616 aryl group and 1 is an integer of 1 to 3); and one of X and Y is a protecting group of the hydroxyl
group and the other is a spacer unit) immobilized on the surfaces 5via a spacer unit. The average
particle diameter of the silica gel particles used ranges2for example, from 0.001 pm to 100 pm, and
preferably from 0.1 pm t010 pm (for, high sensitivity measurement) or.from 10 pm é)f,({)/ m (for
Ceparaton coE AL LR D R B BTk SR AR AR 20
biphenylyl _9r%@ré@e@a@é“tﬁ@@%ﬁh@@%s@d%}?ﬂﬁrﬂ%ﬁé})’bﬂf%@@ﬁ'c@ tﬁl)’é’ﬁrfth@r&htPthe 5@@?6@'95 of
the protecting group of the hydroxy group include a trimethylsilyl group, a tert-butyldimethylsilyl group,
a tert-butyldiethifigitylaggeup ,ahtentuntpltipie ardsibtiepaihedabosthoxymethyl group, an ethoxymethyl
group, an ethoxyethyl group, a methoxyethoxymethyl group, a tert-butoxycarbonyl group, and a

15benzyloxycarbdiif PRI In whiCh - Bipe, RRTHCIFS @B HIRLHARKS RATHSEES Sl ihe riieftife spacer unit
is used ip the fj i ISt Ifi mples of the spacer unit include

(CH2CH20)j- géé%gfg%@&%%ﬁ%ﬁ%&%%g@(CHzcH20)j-CCH2CH28CO-,
(CH2CH20)j-CH2(@bRIYHCAX- a fkertAet @Rl ddPment Cat 26epe5irE frvertfidiy tke ABthddHzay1R0-,
-(CH2)k-OCO-, -(CH2)k-SCO-, and -(CH2)k-NHCO-. In the above formulae, j is an integer of 1 to 10
and preferablyeiiionesybr whichdhe, Guantitas ehderagion d$ 2aroi SDd ppddeiabefinaeagteles 2 to 12.

The spacer unit may be immopilized on the surfaces of the fine partjcles through physical adsorption
or covalent bUHATBIEAREER WElmd YRrIRETHEISS 9 GEReSi D Hells SRHBG e AgHRGUS Sample
bR 1

[0022]Prefer : ij [ inwhj [ it: - It
o) A e R S SRR N R RS R s
are eacfoindepenagntly a methyl group, a tert-butyl group, or a 5 phenyl group) may be mentioned.
[0023] The method for preparing the silica gel particles having the molecule of Formula (1) immobilized
thereon will now bEneleyerRate usaskd et sdtien preydinitedipedsiiecnyaeiséatiylagai ey Aavivedl a

molecule of Formyla (1) with the spacer unit of -(CH2)",-NHCO- immobilized thereon is shown in
Scheme 1 O 384-welf microplate may be used.

This embodiment involves placing in a well, for example, an aqueous suspension of

fine particles having a (8-oxo-dG selective) fluorescent probe molecule immobilized on
15 the surfaces, heating to evaporate water and allow the fine particles to adhere to the
surface of the well, and adding an aqueous sample solution and heating.

The quantity of the fine particles used is 10 ng to 500 ng and preferably 20 ng to400
ng, or 40 ng t0200 ng per well.  The aqueous suspension is obtained by suspending, for
example, 1 ng t0100 ng and preferably 5 ng to 60 ng of the fine particlesin 1 uL. The

20  heating temperature for evaporating water is 40°C to 60°C, preferably 45°C to 55°C, and
for example, 50°C, and the heating time is 30 minutes to 4 hours, preferably 1 hour to 3
hours, and for example, 2 hours.

The quantity of the aqueous sample solution used is 2 puL to10 uL and preferably 2
uL to 4 uL per well, and the heating temperature is 40°C to 60°C, preferably 45°C to

25  55°C, and for example, 50°C, and the heating time is 30 minutes to 4 hours, preferably 1
hour to 2 hours, and for example, 1 hour.

The fluorescence intensity of the fine particles is measured with heating by using,
for example, a microplate reader or other means, which provides the degree of

fluorescence quenching of the fine particles and, hence the quantity of 8-oxo-dG that has



10 below (where RI, Y, and m have the same meanings as above). Scheme | 0Q HON e ,W.™.
NJLNIAIA'N e ,N O NH N-.N N .0is.C...0 30- /<I<7 Y ) ow' 0'?Y4":114/ OY 0 O NHNH 14)" H (,..
Silica)-(CH2)(7,N0,,,sN(Et0)381-(CH2);01 .0",iN itN'i ... ( 7 ) Specifically, the primary hydroxy group of
the compound (3) is reacted with carbonyldiimidazole]]:e) obtain the compound (4), which is reacted

e A T 20 ARG PR e )
concentration of 8-0xo-dG in the sample solution. Thus, the method is advantageous for
quantification of a sample solution containing a very small quantity of 8-oxo-dG.

[0020] As another preferred embodiment of the present invention, the method

5 may be mentioned in which the fine particles are packed in a column and the aqueous
sample solution is allowed to pass through the column and the quantitative detection of
8-0x0-dG is carried out based on the degree of fluorescence quenching of the packed fine
particles or based on the degree of fluorescence quenching and the degree of the change
in absorption spectra.

10 FIG. 2 shows a schematic diagram of this embodiment of the present invention.

As shown in FIG. 2, the fine particles 16 having a (8-0x0-dG selective) fluorescent
probe molecule immobilized thereon is packed in a column 17 and, after passing the
sample solution 11 through the column 17, quantitative detection of 8-0x0-dG in the
sample solution is carried out based on the degree of fluorescence quenching of the

15  packed fine particles 16.

This embodiment is advantageous when the sample solution contains a very small
quantity of 8-oxo-dG. This is because after a certain quantity of the sample solution is
passed to accumulate 8-0x0-dG on the fine particles 16, the degree of fluorescence
quenching of the fine particles 16 can be measured to provide the quantity of 8-o0xo-dG

20  that has accumulated on the fine particles 16, which enables calculation of the initial
concentration of 8-0xo-dG in the sample solution.

The column containing the fine particles 16 having a (8-oxo-dG selective)
fluorescent probe molecule immobilized thereon as a packing material as shown in FIG. 2
can be used as a separation column for separating 8-oxo-dG by using an eluent capable of

25  eluting 8-0x0-dG.
[0021] The present invention also relates to silica gel particles having a molecule

of Formula (1):



By using the method, other inorganic particles or polymer resin particles having a molecule of Formula
(1) immobilized thereon via various spacer units, for example, (CH2CH2C)i-CH2CH2-,
-(CH2CH2C)i-CH2CH2CO0-, (CH2CH2C)i-CCH2CH2S CO-, (CH2CHZ20)j-CH2CH2NHCO-,
-(CH2CH20)j-00-, -(CH2CHZ20)j-CS-, -(CH2)k-, 16 -(€412)k-00-, -(CH2)k-OCO-, -(CH2)k-SCO-, and
-(CH2)k-NHCO- (where j and k have the same meanings as above) through physical adsorption or
covalent bond of carbon atoms, sulfur atoms, oxygen atoms, or nitrogen atoms can be prepared.
[0024] The method for prepari panng (3-A) having R1 of -002(CH2)1R2, 5 among the
compound (3) of Scheme 1, is n in Scheme 2 (where R2 and | have the same meanings as
above; Y2 is a protecting group diffevett from Y, for example, a 4,4'-dimethoxytrityl group; and X2 is a
leaving group, for example, a hgvéin atom such as a chlorine or bromine atom or a sulfonyl group
ue

such as methanesulf§fyl or p-t I‘@ésulfonyl). Schehde 2 t02.10 OY9 ) >-0 HN-002(CH2)IR2 0*NH
‘N HO,1 tsp." “a2) YX2 OH-612) .

oY
(where Ry is a 6-amino-2-pyridyl group or -CO,(CH2)|R, (where R; is a hydrogen atom
or a Cg.16 aryl group and | is an integer of 1 to 3); and one of X and Y is a protecting
group of the hydroxyl group and the other is a spacer unit) immobilized on the surfaces
5  viaaspacer unit.

The average particle diameter of the silica gel particles used ranges, for example,
from 0.001 pum to 100 um, and preferably from 0.1 um to10 um (for high sensitivity
measurement) or from 10 um to 100 um (for separation column).

Examples of the Cs.16 aryl group include a phenyl group, a naphthyl group, a

10  biphenylyl group, an anthracenyl group, a phenanthrenyl group, and a pyrenyl group.

Examples of the protecting group of the hydroxy group include a trimethylsilyl
group, a tert-butyldimethylsilyl group, a tert-butyldiethylsilyl group, a
tert-butyldiphenylsilyl group, a methoxymethyl group, an ethoxymethyl group, an
ethoxyethyl group, a methoxyethoxymethyl group, a tert-butoxycarbonyl group, and a

15  benzyloxycarbonyl group.

The spacer unit is not particularly limited, provided that the spacer unit is used in the
field of organic chemistry. Specific examples of the spacer unit include
-(CH2CH0);-CH,CH>-, -(CH,CH,0);-CH,CH,CO-, -(CH,CH,0);-CCH,CH,SCO-,
-(CH,CH,0);-CH,CH,NHCO-, -(CH,CH;0);-CO-, -(CH2CH;0);-CS-, -(CHa)k-,

20 -(CHk-CO-, -(CH2)k-OCO-, -(CHy)k-SCO-, and -(CH2)x-NHCO-.

In the above formulae, j is an integer of 1 to 10 and preferably an integer of 1 to 4;
and k is an integer of 2 to 30 and preferably an integer of 2 to 12.

The spacer unit may be immobilized on the surfaces of the fine particles through

physical adsorption or covalent bond of carbon atoms, sulfur atoms, oxygen atoms, or



HN-OO2(CHAR2 O NH /\HN-002(CH2M12  Specifically, the compound (3-A) can be prepared by
reacting the compound (9) with an imidazole compound (10) to obtain the compound (11) having a
-002(CH2)1122 group introduced, deprotecting to remove Y to obtain a diol (12), protecting the
primary hydroxy group with Y2 and the secondary hydmxy group with Y to obtain the compound 17
(13), and selectl tecting Y2. [0025] The compound (9) shown in Scheme 2 can be
prepared by Phe rﬁetho§ iown in Scheme 3 below (where Y, Y2, and X2 have the same meaning as

above; Ac is an apgdy grOLmeﬁFh fﬂH@@ﬂY&zQ@@PBa@F&!%QWHﬁ:N’U@%@BH&&MWH&M@G) )\ -0
NHCO2Bn IMNHCO2Bn O \NH Y
spacer unit is -(CH,),-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs
(where R3, R4, and Rs are each independently a methyl group, a tert-butyl group, or a
5  phenyl group) may be mentioned.
[0023] The method for preparing the silica gel particles having the molecule of
Formula (1) immobilized thereon will now be described.
The method for preparing the silica gel particles (1-A) having a molecule of Formula

(1) with the spacer unit of -(CH,),,-NHCO- immobilized thereon is shown in Scheme 1

10  below (where Ry, Y, and m have the same meanings as above).

Scheme 1

(3)
{CW f HN—(CHa)y-SI(OEH);
(5)

O HN-R
OHNR1 1

NH

p o
H ?_<\
H / (Et0),Si—(CH,)zN.__O 8
(CHy)zN__O N ’ i N
¥ ko}«o - -
oy

oY
(1-A) (7

=
=

Specifically, the primary hydroxy group of the compound (3) is reacted with
carbonyldiimidazole to obtain the compound (4), which is reacted with the silica gel
particles (6) modified with an alkylamino group, or reacted with the reagent of Formula

15  (5) followed by reaction with silica gel particles, to obtain the silica gel particles (1-A).

By using the method, other inorganic particles or polymer resin particles having a
molecule of Formula (1) immobilized thereon via various spacer units, for example,
-(CH,CH0);-CH,CH>-, -(CH,CH,0);-CH,CH,CO-, -(CH,CH,0);-CCH,CH,SCO-,
-(CH,CH,0);-CH,CH,NHCO-, -(CH2CH0);-CO-, -(CH2CH0);-CS-, -(CH2)x-,



HON bIDne),/0 OH( 19 ) \/\ ONH2 NHNH Pd(OH)2/C e 4 N NN----\K OYQY S( 20 ) Specifically, the
compound (9) can be prepared by reacting diacetate of 5-bromo-2'-deoxyuridine (16) with
2-aminoresorcinol to obtain the compound (17), reacting the compound (17) with benzyl
(2-hydroxyethyl)carbamate to obtain the compound (%), reacting the compound (18) with ammonia to

effect cyclizati to gom (19, ) with
YX2 to obtain @éﬁ hmpour@%ﬁ%ﬁg@ﬂg@%gfced @r?oz r??évmkg' grﬁi'e cg\r/ﬁpognd (20)
under hydroggnalyhisRge iEoasove) RPSGINHe methadd tRf@Bﬁﬂé\%F@}ﬂ ﬁemﬁ%mvmg R1 of

6-amino-2-pyridyl group, among the compound (3) of Scheme 1, is shown in Scheme 4 18 (Where Y,
Ac, and DIABUfwetbmsaxggencdong asratioge).a8rhenas deBrepared.

[0024] The method for preparing the compound (3-A) having R; of -CO,(CH,)R>,
5 among the compound (3) of Scheme 1, is shown in Scheme 2 (where R, and | have the
same meanings as above; Y is a protecting group different fromY, for example, a
4,4'-dimethoxytrityl group; and X is a leaving group, for example, a halogen atom such
as a chlorine or bromine atom or a sulfonyl group such as methanesulfonyl or

p-toluenesulfonyl).

Scheme 2
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N
7907 o
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10
Specifically, the compound (3-A) can be prepared by reacting the compound (9)

with an imidazole compound (10) to obtain the compound (11) having a -CO,(CH,)|R>
group introduced, deprotecting to remove Y to obtain a diol (12), protecting the primary

hydroxy group with Y, and the secondary hydroxy group with Y to obtain the compound



) "AGO\ N OAc (17 ) .---ck-,-,-.. i1H ¢ >-0/ SrNH1:,...; _,.<ii'0O NH AcO0,,c 147M NH3 N-4--A.-r b--1
OAc (23).17//16H (24 ) N,--k.N.... NH2 H/ ---A. 0 NH HO,< N ;tidy 0( 3-8) OY  Specifically, the
compound (17) of Scheme 3 as a starting material is reacted with 2-bromoethanol to obtain the
compound (22), which is reacted with 2,6-diaminopyritiine

(13), and selectively deprotecting Y.
[0025] The compound (9) shown in Scheme 2 can be prepared by the method
shown in Scheme 3 below (where Y, Y5, and X, have the same meaning as above; Ac is

an acetyl group; Bn is a benzyl group; and DIAD is diisopropyl azodicarboxylate).

Scheme 3
HO OH
Brr O 1) ZZTs Br NH Ho~ - NHCOBn
4
AcO <\/ fNH —— 0 <\/ \:N DIAD,PPh;
N -
2 N
HO OH
OAc (16) NH, OAc (17)
O  NHCO,Bn
Br NH Q NH YX
4 7M NH; 7 N 2
AcO <\/ iN T, Ho <N
N o)
o] o o
OAc (18) OH (19)
QO NHCO,Bn Qo NH,
0 NH [0 NH
?__< Pd(OH),/C
A
YO /—QN YO / \N
N N
e LM%
oy oY
(20) 9
5 (9)

Specifically, the compound (9) can be prepared by reacting diacetate of
5-bromo-2'-deoxyuridine (16) with 2-aminoresorcinol to obtain the compound (17),
reacting the compound (17) with benzyl (2-hydroxyethyl)carbamate to obtain the
compound (18), reacting the compound (18) with ammonia to effect cyclization and

10  deacetylation to obtain the compound (19), reacting the compound (19) with YX; to
obtain the compound (20) having Y introduced, and removing CO,Bn from the
compound (20) under hydrogenolysis conditions.

[0026] The method for preparing the compound (3-B) having R; of

6-amino-2-pyridyl group, among the compound (3) of Scheme 1, is shown in Scheme 4



5 to obtain the compound (23). The compound (23) is reacted with ammonia to effect cyclization and
deacetylation to obtain the compound (24), which is further processed according to Scheme 2 to
obtain the compound (3-B) having only the secondary hydroxy group protected with Y. [0027] The
compound (3-A) shown in Scheme 2 can also be prefg@ed from the 10 compound (19) shown in
Scheme 3 acgording,ta Sch low (where Y, R2, 1, and Bn,have the same meanings as above).
5 Scheme SN D IND A K B R AR T0 HcozBn | HONN
NPd(OH)2/CH b OY (3-a) Scheme 4
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Specifically, the compound (17) of Scheme 3 as a starting material is reacted with
2-bromoethanol to obtain the compound (22), which is reacted with 2,6-diaminopyridine
5 to obtain the compound (23). The compound (23) is reacted with ammonia to effect
cyclization and deacetylation to obtain the compound (24), which is further processed
according to Scheme 2 to obtain the compound (3-B) having only the secondary hydroxy
group protected with Y.
[0027] The compound (3-A) shown in Scheme 2 can also be prepared from the
10  compound (19) shown in Scheme 3 according to Scheme 5 below (where Y, R», |, and Bn

have the same meanings as above).
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Specifically, the compound (19) is converted to the compound (3-a) according to the
method illustrated in Scheme 2, and CO,Bn is removed under hydrogenolysis conditions
to obtain the compound (25). The compound (25) is reacted with an imidazole
compound (10) to introduce a -CO,(CH_)R, group to prepare the compound (3-A).

[0028] The silica gel particles having the molecule of Formula (1) prepared as
described above have minute hydrophobic space on the surfaces of the silica gel particles
because the particles have the probe molecule immobilized on the surfaces of the silica
gel particles, which allows quantitative assay of 8-0xo-dG in an aqueous sample solution
which would be difficult if the probe molecule was not immobilized.

In addition, by immobilizing the probe molecule on the surfaces of the silica gel
particles, the sensitivity increases significantly, for example, to a level at which
quantitative detection of 8-0xo-dG in urine is possible.

This allows gquantitative assay of a very small quantity of 8-0xo-dG in a sample
solution with high accuracy.

Therefore, the silica gel particles having the molecule of Formula (1) immobilized
thereon can be a device for quantitative assay.

The silica gel particles having the molecule of Formula (1) immobilized thereon can

be used as a packing material of a separation column.



Specifically, the compound (19) is converted to the compound (3-a) according to the method illustrated
in Scheme 2, and CO2Bn is removed under hydrogenolysis conditions to obtain the compound (25).
The compound (25) is reacted with an imidazole 5compound (10) to introduce a -002(CH2)112.2
group to prepare the compound (3-A).  [0028] The silica gel particles having the molecule of Formula
(1) prepared as desgcri % bov ve minute hydrophohic space on the.surfaces pf t ilica gel
particles because?tﬁ%sggr rélé)g k(?g@%ﬁ8%&%@”%@]55%‘8%&?1B%Fi;h"z:gea F&%V{ﬁﬁ tsﬁll(jr a%%gug?tﬁe silica gel
partlplgs, V‘{h'FBrﬁHlﬂH\/ﬁﬂHﬂﬁﬂi@ﬂiﬁ%@ﬁﬁ%’pﬂfﬁﬂﬁé’%m&@&@%@éﬂ i@_@ﬁ%ﬁé&ﬂiﬂﬂ%ﬂﬂn‘ﬂ'ﬂ&h would
be difficult if the probe molecule was not immobilized. In addition, by immobilizing the probe
molecule on tepasatifar8ord e bijivainghpiticrsateblsafstititygiferrasiés significantly, for example,
to a level at which_quantitative detection of 8-0xo-dG in urine is possible. . This allows quantitative

assay of a very smefCHiIRaNYLPEFBISDERENH 2H19A FIETE R Hdhsita 86HRAUEIGAIYINd Rherefore, the

silica geljart] \é!ﬁ? ecule af S?EM! ' ilized there device for
quantita':?\rl)e ;ggl%@m e%c@%%?%§§él€@ avﬁéd%h{emrﬁ]ct? eélﬁ?e%ot@gémgﬁpb mﬁ%obilized thereon
can be used asn#pbaski€ thhatesaprf s eRAraiAbEehamitd 20ThdlfRE RYERIDALOIERArRPRtaINIng the
silica gel particles having the molecule of Formula (1) immobilized thereon can be advantageously

used as a sepeltitincootainnaeprwoacatingvdroxbedansyreisinitpariieie enthad phBoxd-dting 8-oxo-dG.
Specifically, because the sc}eﬁ)aration column uses the silica gel particles having a 5selective affinity for

8-0x0-dG, onfTHROPER ARG A LIS AUBIRCI %5 Sh HN B QTSR AG AL AaBtLGN8 Siution, can be
changed. Th%%ﬁ_&f—%f(:e}g&\fﬁmﬂ By AR SRR EOnEANG 216Y BQ%@&M@Q Hagssame retention

time as that of 8-oxo-dG or a component having a retention time close to 8-o0x0-dG and
quantificgtioraef fs0:9-6éarisi §iBicids-@aly the retention time of 8-oxo-dG can be changed so as to
10accurately quantify 8-oxo-dG. Examples [0029] Preparation example 1: Preparation of the

compound (16)

Examples

[0029] Preparation example 1: Preparation of the compound (16)

Br o]
<\/ (
AcO NH
o N—§O (16)
OAc
15 Under argon stream, 5-bromo-2'-deoxyuridine (2g, 6.512 mmol) was dissolved in 5

mL of anhydrous pyridine and stirred.  Acetic anhydride (1.54 mL, 16.28 mmol) was
added dropwise to the mixture and stirred at room temperature.  After 18 hours, the
reaction liquid was diluted with 15 mL of ethyl acetate. The mixture was washed with a
saturated sodium bicarbonate aqueous solution, water, and a saturated saline solution.

20  The organic phase was dried over sodium sulfate and the solvent was distilled off under
reduced pressure. 5 mL of toluene was added to the residue and the solvent was
distilled off under reduced pressure. The resultant crude product was recrystallized
from ethyl acetate/ hexane to obtain 2.37 g of the compound (16) with a yield of 93%.
'H-NMR (400 MHz, CDCl5) & ppm: 8.46 (1H, s), 7.87 (1H, s), 6.27 (1H, dd, J = 3.6 Hz,

25 5.9 Hz), 5.22-5.21 (1H, m), 4.41-4.10 (3H, m), 2.56-2.50 (1H, m), 2.18-2.13 (1H, m),
2.16 (3H, s), 2.10 (3H, 9).



15Under argon stream, 5-bromo-2'-deoxyuridine (2g, 6.512 mmol) was dissolved in 5 mL of anhydrous
pyridine and stirred. Acetic anhydride (1.54 mL, 16 28 mmol) was added dropwise to the mixture and
stirred at room temperature. After 18 hours, the reaction liquid was diluted with 15 mL of ethyl acetate.
The mixture was washed with a saturated sodium bicatbonate aqueous solution, water, and a
saturated salj ion, ichase was dried over sodium sulfate and the solvent was
distilled off un éjﬂalécji%%/ez g%%@éég%mr%fof toluene was added to the residue and the solvent was
distilled off undqefetluged Pragsrezaine resulgyit crude product was recrystallized from ethyl acetate/
hexane to obtain 2.37 g of the compound (16) with a yield of 93%. 1H-NMR (400 MHz, CDC13) 5 ppm:
8.46 (1H, s), NP CLH>$B-63278CTH, dd, J = 3.6 Hz, 255.9 Hz), 5.22-5.21 (1H, m), 4.41-4.10 (3H, m),
2.56-2.50 (1H, m), 2.18-2.13 (1H, m), 2.16 (3H, s), 2.10 (3H, s). 21 ESI-MSF&m/z): 413.02 (M+Nar IR
(cm 1): 3013, 2820080k, Rrengrafidexprie 4571 eRaBH Hofd086PBRIVAMEN example 2: Preparation
of the compound (17) S Under argon stream, the compound (16) (3.0 g, 7.69 mmol) and
triphenylphosphine (3.05 g, 11. ol) were azeotroped with anhydrous acetonitrile-anhydrous
dichloromethane (20 mL-5 M@ dignes and with anhydrous dichloromethane once. Anhydrous
carbon tetrachloride-dichlorgmethane (15 mL-15 mL) were added and heated 10to reflux. After 2.5
hours, the reaction liquid wasg:oéled to room temperature and diazabicycloundecene (2.53 mL, 169
mmol), 2-aminoresof€thel (1. v N15.4 Hmol) were added and stirred. The solvent of the reaction
liquid was distilled off un dueed pressure. Dichloromethane-hexane (16 mL-16 mL) was added to
the residue and the mixtygg.was vigorously stirred at room temperature. 85 mL of a 5% citric acid
15aqueous solution was added and the precipitate was suction-filtrated. The filtration residue was
washed with wateyrdigtdegomstbanetrrndapetonittie) 3.0 g, af bertaotpandithéhyysisosptinieed with a
yield of 81%. 1H-NMR (400 MHz, DMSO-d6) 5 ppm: 8.01 (1H, s), 6.90 (1H, t, J = 8.1 Hz), 6.35 (2H, d
J = 8.1 Hz), €305 gHLL.60mn®h) wene szeetmned with amylpvagetqnitile-gnbBIppez), 205.19 (1H, m),

4.37 (3H, m)’d%éﬁ%-r%'r%gt %He’ &r%l?% ﬁl‘j tﬁ)r’ee2 't(l)r?]e 35—#],(15 \?Vith anhydrous dichloromethane once.

Anhydrous carbon tetrachloride-dichloromethane (15 mL-15 mL) were added and heated

10 toreflux. After 2.5 hours, the reaction liquid was cooled to room temperature and
diazabicycloundecene (2.53 mL, 16.9 mmol), 2-aminoresorcinol (1.92 g, 15.4 mmol)
were added and stirred.  The solvent of the reaction liquid was distilled off under
reduced pressure. Dichloromethane-hexane (16 mL-16 mL) was added to the residue
and the mixture was vigorously stirred at room temperature. 85 mL of a 5% citric acid

15 aqueous solution was added and the precipitate was suction-filtrated. The filtration
residue was washed with water, dichloromethane, and acetonitrile. 3.1 g of the
compound (17) was obtained with a yield of 81%.
'H-NMR (400 MHz, DMSO-dg) & ppm: 8.01 (1H, s), 6.90 (1H, t, J = 8.1 Hz), 6.35 (2H, d
J=8.1Hz),6.12 (1H, t,J = 6.7 Hz), 5.18-5.17 (1H, m), 4.27-4.20 (1H, t, J = 5.8 Hz),

20 5.19 (1H, m), 4.37 (3H, m), 2.43-2.32 (2H, m), 2.08 (3H, s), 2.05 (3H, s).
ESI-MS (m/z): 4.98.04 (M+H)*
IR (cm™): 3390, 3301
m.p.°C: 249.6-250.0°C

[0031] Preparation example 3: Preparation of the compound (18)



ESI-MS (m/z): 4.98.04 (M+HTr IR (cm 1): 3390, 3301 m.p.C: 249.6-250.0C [0031] Preparation example
3: Preparation of the compound (18) 22 NHCO2Bn AcO0 BrNH e \'14 (18 ) OAt Under argon
stream, the compound (17) (2.60 g, 5.21 mmol), benzyl 2-hydroxyethylcarbamate (1.33 g, 6.8 mmol),
and triphenylphosphine (2.23 g, 8.5 mmol) were azeop®ped with anhydrous acetonitrile (40 mL) three
times and anhydrous 5 dichloromethane (32 mL) Anhydrous dichloromethane (36 mL) was added to

the residue and the mixture wagStiyred in an ice bath. Diisopropyl azodicarboxylate (4.47 mL, 8 5
mmol) was added dropwis iytore dHERe mixture was allowed to warm to room temperature

and stirred. After 21 hours, gae reg¢tion liquid was washed with water and a saturated saline solution.
The organic phase was dried r anhydrous 10sodium sulfate and the solvent was distilled off under
reduced pressure. P€-resid ﬁlgs purifié® by silica gel column chromatography (60N available from
Kanto Chemical Co., In yl agetate: chloroform = 1:2 to ethyl acetate) to obtain 1.39 g of the
compound (18) with a yigJg.of 39%. 1H-NMR (400 MHz, CDC13) 5 ppm: 7.92 (1H, s), 7.33 (5H, m),
7.05 (1H,t,J=8.2 Hz), 156.71 (1H, d, J = 8.4 Hz), 6.42 (1H, t, J = 8.2 HZ), 6.24 (1H, t, J = 7.1 H2),
5.20 (1H, m), 5.1Qteter Sigch36daihl, i cérddolid.(17) .88 L6 2MmBdH 62hizyn), 2.69 (1H, m), 2.12

(3H, s), 2.09 (4H, m). ESI-MS (m/z): 675.68 (M+Hr IR (cm 1): 3339, 1741, 1671, 1230, 1093 20[0032]
Preparation exapaix yetrytgasramate ¢ $ibgéndpomed) (29 triphenylphosphine (2.23 g, 8.5 mmol)
were azeotroped with anhydrous acetonitrile (40 mL) three times and anhydrous
5 dichloromethane (32 mL). Anhydrous dichloromethane (36 mL) was added to the
residue and the mixture was stirred in an ice bath. Diisopropyl azodicarboxylate (4.47
mL, 8.5 mmol) was added dropwise to the mixture and the mixture was allowed to warm
to room temperature and stirred.  After 21 hours, the reaction liquid was washed with
water and a saturated saline solution.  The organic phase was dried over anhydrous
10  sodium sulfate and the solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (60N available from Kanto Chemical
Co., Inc.; ethyl acetate: chloroform = 1:2 to ethyl acetate) to obtain 1.39 g of the
compound (18) with a yield of 39%.
'H-NMR (400 MHz, CDCls) § ppm: 7.92 (1H, s), 7.33 (5H, m), 7.05 (1H, t, J = 8.2 Hz),
15  6.71 (1H, d,J = 8.4 Hz), 6.42 (1H, t, J = 8.2 Hz), 6.24 (1H, t, J = 7.1 Hz), 5.20 (1H, m),
5.10 (2H, s), 4.36 (2H, m), 4.31 (1H, m), 4.13 (2H, m), 3.66 (2H, m), 2.69 (1H, m), 2.12
(3H, s), 2.09 (4H, m).
ESI-MS (m/z); 675.68 (M+H)"
IR (cm™): 3339, 1741, 1671, 1230, 1093

20 [0032] Preparation example 4: Preparation of the compound (19)

O  NHCO,Bn

o NH

HO\@QN (19)

o
OH



5\NHCO2Bn HONH N( 19 ) fin0.4/ OH 23 Under argon stream, 7 M ammonia-methanol (80 mL, 3 66
mmol) was added to the compound (18) (1.55 g, 2.29 mmol) and the mixture was stirred at room
temperature. After 72 hours, the solvent of the reaction liquid was distilled off under reduced pressure.
The residue was purified by silica gel column chromaggyraphy (60N available from 5Kanto Chemical

Co., Inc.; chloroform; methangl = 15: 9:1) to.obtain 65 t ompouxnd (19) wit ield of
556, 1HNIR (4B e SEnga e A AR A B R R e SN G e
(IH, 1, J = 7.Qbh oﬁrfal(iém%s]g‘: B3 ihdP) Ahd Ui, HixdureSadd Heirrodlk k8bim Rnthetat(kel, m), 4.05
(2H, m), 3.92 (1H, m), 3.81 (1H, dd, J = 3.1 Hz, 12.0 Hz), 3.73 (1H, 10dd, J = 3.7 Hz, 12.0 Hz), 3.53
(2H, m), 2.33After, A @1d2 tiersphagnES | theSegeiio) Badiddvgydist)HerRofEnmdyr BB poSsaE22, 1681,
776 m.p.C: 131.2-132.0C [0033i_]f_£reparaj[ion example 5; Preparation of the compound (26) NHCO2Bri

ONH HO( 26 J BErfS8IULs Wit HBS B stHea a5 SAMBERRMAGIERNY (60N available from

5 Kanto Chemical Co., Inc.; chloroform: methanol = 15:1 to 9:1) to obtain 650 mg of the
compound (19) with a yield of 55%.
'H-NMR (400 MHz, CD;0D) & ppm: 7.70 (1H, s), 7.29 (5H, m), 6.81 (1H, t, J = 8.2 Hz),
6.58 (1H, t, J = 7.9 Hz), 6.41 (1H, d, J = 8.2 Hz), 6.41 (1H, d, J = 8.2 Hz), 5.11 (2H, s),
4.37 (1H, m), 4.05 (2H, m), 3.92 (1H, m), 3.81 (1H, dd, J = 3.1 Hz, 12.0 Hz), 3.73 (1H,

10 dd, J=3.7 Hz, 12.0 Hz), 3.53 (2H, m), 2.33 (1H, m), 2.12 (1H, m).

ESI-MS (m/z): 511.29 (M+H)*
IR (cm™): 3408, 3199, 1722, 1681, 776
m.p.°C: 131.2-132.0°C

[0033] Preparation example 5: Preparation of the compound (26)

O  NHCO,Bn

oTBS
15

(where TBS is a tert-butyldimethylsilyl group)

To a solution of the compound (19) (655 mg, 1.28 mmol), which had been
azeotroped with anhydrous pyridine, in anhydrous pyridine (11.5 mL), under argon
stream, dimethoxytrityl chloride (652 mg, 1.92 mmol) was added and stirred at room

20  temperature. After 1.5 hours, the reaction liquid was diluted with CHCI3 (30 mL) and
washed with a saturated sodium bicarbonate aqueous solution. The organic phase was
dried over sodium sulfate, and the solvent was distilled off under reduced pressure. The
resultant crude product was purified by silica gel column chromatography (60N available
from Kanto Chemical Co., Inc.; chloroform to chloroform: methanol = 50:1 to methanol).

25  To asolution of the resultant brown solid in anhydrous N,N-dimethylformamide (3.7 mL),



To a solution of the compound (19) (655 mg, 1 28 mmol), which had been azeotroped with anhydrous
pyridine, in anhydrous pyridine (11 5 mL), under argon stream, dimethoxytrityl chloride (652 mg, 1.92
mmol) was added and stirred at room 20temperature. After 1.5 hours, the reaction liquid was diluted

with CHC13 (30 mL) and washed with a saturated sodi4im bicarbonate aqueous solution. The organic

phase was cleg gyt sasum sulie S sevanvaR ntIesal wndsrsoduend piessure, The

resultant crude pr08u0 was Yy SHica gel colu omatograp rom Kanto

Chemical Coming) wleraigemdedchireefafmomatimnahiue0: 1Apensthamalinéebet s Plglien of the
resultant brown solid in anhydrous N,N-dimethylformamide (3 7 mL), 24 imidazole (206 mg, 3.023

mmol) and tevtabulijldibah@ttilylsilkomefotiotRfen(BY vashied. aith msatljaredrenduie diamthetated at room
temperature. After 3 hours, the reaction liquid was diluted with chloroform (20 mL), washed with a

saturated sodIHRAREBBIMRe ddiFaibRARSE ase HRdAYE SAduEn sy ﬁﬁe@@&é‘? SJYRIVGSifate,
dth | jstil d t %
toioro Soerae i A R LR BraShe™” R RS B de MORT S TRIONELRE o,

liquid was dilbgagl (80tma Satdradeddsadi v eisatbonateapereue solntten ( Kaunkhanrd@racted with
ethyl acetate. The organic phase was dried over sodium sulfate. The solvent was distilled off under

reduced preskauidamzs tttedswiting settichiedsadi purigarbgna@siitaays| sobitiiom (@hrovapeddraphy (60N

available from Kanto Chemical Co., Inc.; chloroform/ methanol = 50/1) to obtain 540 mg_of the

compound (2B RRITLWIEIF Y 3881246 NNIROHBBIRAIZSHRE H8FE DfhscAwsaulals. 7 BhesH, m),
6.77 (1H, 1, Izl ﬁg}éﬁ%m ks Kéddcé?gjo(rsﬁ}ﬁrg)ar%%%ﬁyg@tﬁeéiﬁ Wagpg%fé%és%('é;n)'

3.91 (2H. 15m), 3.73 (TH, 86 (1H B, 2. }0.86 0.06 (3H. 5
ESI-MS1m/z}i 1655302 thir(PRR8Y Rptigaetivavexanlp e dn Rienarakienieiltio camapound (27) /\/

\NH2\ 0 NH 1-10,,1 iN( 27 ) N-" Nail O
chloroform/ methanol = 50/1) to obtain 540 mg of the compound (26) with a yield of
73%.
'H-NMR (400 MHz, CDCl3) § ppm: 7.42 (1H, s), 7.27 (5H, m), 6.77 (1H, t, J = 8 Hz),
6.36 (2H, m), 6.12 (1H, t, J = 6 Hz), 5.08 (2H, m), 4.45 (1H, m), 3.97 (2H, m), 3.91 (2H,
15 m), 3.73 (1H, m), 3.56 (1H, Br), 2.30 (2H, m), 0.86 (9H, s), 0.06 (3H, s), 0.05 (3H, s).
ESI-MS (m/z): 625.3524 (M+H)*

[0034] Preparation example 6: Preparation of the compound (27)

O NH;

o NH

/ A\
HO 2_<N (27)
Wgrw

o
OTBS

Palladium hydroxide-carbon (100 mg) and cyclohexene (1 mL) were added to a
20  solution of the compound (26) (100 mg, 0.16 mmol) in methanol (2 mL) and the mixture
was heated to reflux. After 1.5 hours, the reaction solution was filtered and the filtrate
was distilled under reduced pressure.  The residue was purified by silica gel column
chromatography (60N available from Kanto Chemical Co., Inc.; chloroform, methanol:
chloroform: triethylamine = 5: 95: 1) to obtain 53 mg of the compound (27) as a yellow

25  solid with a yield of 68%.



CTRS Palladium hydroxide-carbon (100 mg) and cyclohexene (1 mL) were added to a 20 solution of
the compound (26) (100 mg, 0.16 mmol) in methanol (2 mL) and the mixture was heated to reflux.
After 1.5 hours, the reaction solution was filtered and the filtrate was distilled under reduced pressure.
The residue was purified by silica gel column chromaigraphy (60N available from Kanto Chemical

Cos e chofsggl DA RIS, SO PR B8 o o S5ime A compoun,

(1H, 1, J = 8 K276 .8 usiiidd Ji=B IHg), 8.8 (! .tds 2 5 B2 4 20H{1K), 4.7 G hi2) J&4HEH, m),
4.07 (2H,t,J = 5Z&z), 31.(9|ﬂ(b)4 (1HJ, m),@g (1H@£,tf: 3 Hzﬂ,7|12 Hzﬁ, 3.70)(1H, d, J€J3 Hz, 1j2_|Hz),

3.09 (2H, t, J3-96 (i), MR8 [BH1hh)da, 13-@Hznip 6192398 (8),0ld.2) (6B HY. B RIZm3ARf(Rh); 3275,
1672, 1563, 1261. ESI-I\%%@n_éz): 491.2 éM+H)t Yellow carame [0035] Preparation example 7:

Preparation dftrefd®mp o8N 15 @ Hollidh%r @i b i (5)r) (50 mg, 0.10 mmol) in
anhydrogs pyridine (2. mb.) i i { trimethylsilane (33 pL, 0.26 mmol) was added
dropwise% an %fé"ﬁﬁi tlm]é 'v%fgs]tlir(%zgzltg P(%%rri? emperature. After 30 minutes, 2-(2-naphthyl)ethyl
1H-imidazoleebrmbqyinte) 6100 (MgH)as added and the mixture was stirred at room temperature.
After 21 hours, 28% aqueous ammonia was added to quench the reaction. 15 Extraction was carried
out using chlofélfowrtaiathehe organic phase was dried over sodium sulfate, and the solvent was
distilled off under reduced pressure. The resultant crudegﬁ]roguct was purified by silica gel

chromatography (BORPAVaiABRIFERT REHIP € He hTRA" 2N AIhe ARPBRYAL: @Rlthanol = 50:1) to obtain
29 mg of the compound (28) with a yield of 43%. 201H-NMR (400 MHz, CDC13) 5 ppm: 8.07 (1H, d, J

= 8 Hz), 7.89 (1H, s), 7.79 ( ¥= B fcir ), 7.45 (2H, m), 7.33 (2H, m), 7.15 (1H, Br),
6.89 (1H, t, J = 8 Hz), 6.46 (M4d, J = 9 Hz): 6.33 (tH{ d, J = 8 Hz), 6.17 (1H, t, J = 6 Hz), 4.50 (1H,

m), 4.38 (2H, t, J = 7 Hz), 396 (M, m), 3.79 (1H, .61 (2H, m), 3.41 (2H, t, J = 8 Hz), 2.35 (1H,
m), 2.18 (1H, m), 0.88 (9H, 9§, 0,97 (6H, 5}, 25IR vmax (film): 3275, 1709, 1473, 1087. 26 ESI-MS

(m/z): 689.3 (M+H)t'18 Eg P ration example 8: Preparation of the compound (29)
o]

OoTBS

10 To a solution of the compound (27) (50 mg, 0.10 mmol) in anhydrous pyridine (2
mL) in an ice bath, chlorotrimethylsilane (33 uL, 0.26 mmol) was added dropwise and
the mixture was stirred at room temperature.  After 30 minutes, 2-(2-naphthyl)ethyl
1H-imidazole-1-carboxylate (100 mg) was added and the mixture was stirred at room
temperature.  After 21 hours, 28% aqueous ammonia was added to quench the reaction.

15  Extraction was carried out using chloroform and the organic phase was dried over sodium
sulfate, and the solvent was distilled off under reduced pressure. The resultant crude
product was purified by silica gel chromatography (60N available from Kanto Chemical
Co., Inc.; chloroform: methanol = 50:1) to obtain 29 mg of the compound (28) with a
yield of 43%.

20 'H-NMR (400 MHz, CDCl3) & ppm: 8.07 (1H, d, J = 8 Hz), 7.89 (1H, s), 7.79 (1H, d, J =
8Hz), 7.67 (1H, m), 7.45 (2H, m), 7.33 (2H, m), 7.15 (1H, Br), 6.89 (1H, t, J = 8 Hz),
6.46 (1H, d, J = 9 Hz), 6.33 (1H, d, J = 8 Hz), 6.17 (1H, t, J = 6 Hz), 4.50 (1H, m), 4.38
(2H, 1, J = 7 Hz), 3.96 (4H, m), 3.79 (1H, m), 3.61 (2H, m), 3.41 (2H, t, J = 8 Hz), 2.35
(1H, m), 2.18 (1H, m), 0.88 (9H, s), 0.07 (6H, s).

25 IR vima (film): 3275, 1709, 1473, 1087.



To a solution of the compound (27) (50 mg, 0.10 mmol) in anhydrous pyridine (2 5mL) in an ice bath,
chlorotrimethylsilane (33 pL, 0.26 mmol) was added dropwise and the mixture was stirred at room
temperature. After 30 minutes, 2-(1-pyrenyl)ethyl 1H-imidazole-1-carboxylate (100 mg) was added and
the mixture was stirred at room temperature. After 21 2®urs, 28% aqueous ammonia was added to

quench the reagti gx ract| tried out using chloroform and the organic phase was dried
over sodium sﬁ%t r?ézfu%@;:ﬁmn was distilled off under reduced pressure. The resultant crude

product was purifi silippegailaelorPERaeaI YR AN RYRIEDIE dbarpdtaateghemical Co., Inc.;
chloroform: methagr?lmg:lmZl 50:1) tgo obtain 18 mg of thegcompound (Z%ith a t3$i2egl§zl of 24%. 1H-NMR (400
MHz, CDC13) 5 ppm: 824 (1H.d, J =9Q Hz), 7.96 (8H, m), 7.54 (1H, s), 15 6.77 (1H, Br), 6.61 (1H, m),

6.20 (1H, d, J = 8 Hz), 6.13 Q) =HE 142} N, m), 4.50 (3H, m), 3.92 (2H, m), 3.79 (3H, m),
3.63 (2H, m), 3.53 (2H, m), '%H m), 2.17 (1F 0.87 (9H, s), 0.07 (6H, s). IR vmax (film): 3230,
1710, 1473, 1088. ESI-MS : 763.4 (M+H)t 2 Preparation example 9: Preparation of the

compound (30) N ORHCO2Bn (NNH N 2Ry y o r, 30)00OTBS 27 Under argon stream, to a

solution of the compou\r%(gﬁ‘
temperature, N,N'-carbonyldiimidazole (18 mg, 0.11 mmol) was added and the mixture was stirred.
After 2.5 hours, the solvE8hBdf the reaction liquid was distilled off under reduced pressure to obtain 39
mg of the 5 comp_tl)_gg%&?,u(%?ovr\]/ié? t%é'ic%'?jn;?&?n%(y?z?) (50 mg, 0.10 mmol) in anhydrous pyridine (2
5 mL) in an ice bath, chlorotrimethylsilane (33 uL, 0.26 mmol) was added dropwise and
the mixture was stirred at room temperature. After 30 minutes, 2-(1-pyrenyl)ethyl
1H-imidazole-1-carboxylate (100 mg) was added and the mixture was stirred at room
temperature. After 21 hours, 28% aqueous ammonia was added to quench the reaction.
Extraction was carried out using chloroform and the organic phase was dried over sodium
10  sulfate, and the solvent was distilled off under reduced pressure. The resultant crude
product was purified by silica gel chromatography (60N available from Kanto Chemical
Co., Inc.; chloroform: methanol = 50:1) to obtain 18 mg of the compound (29) with a
yield of 24%.
'H-NMR (400 MHz, CDCls) § ppm: 824 (1H, d, J = 9 Hz), 7.96 (8H, m), 7.54 (1H, s),
15  6.77 (1H, Br), 6.61 (1H, m), 6.20 (1H, d, J = 8 Hz), 6.13 (1H, d, J = 9 Hz), 6.07 (1H, m),
4.50 (3H, m), 3.92 (2H, m), 3.79 (3H, m), 3.63 (2H, m), 3.53 (2H, m), 2.24 (1H, m), 2.17
(1H, m), 0.87 (9H, s), 0.07 (6H, s).
IR vinax (film): 3230, 1710, 1473, 1088.
ESI-MS (m/z): 763.4 (M+H)".

20 [0037] Preparation example 9: Preparation of the compound (30)

O  NHCO,Bn



1H-NMR (400 MHz, CDC13) 5 ppm: 8.19 (1H, s), 7.44 (1H, s), 7.28 (1H, s), 7.08 (1H, s), 6.78 (1H, t, J
= 7.9 Hz), 6.44 (1H, d, J = 7.9 Hz), 6.40 (1H, d, J = 7.9 Hz), 6.14 (1H, t, J = 6.1 Hz), 5.92 (1H, Br), 5.08
(2H, s), 4.67 (1H, dd, J = 3.1 Hz, 12.5 Hz), 4.57 (1H, dd, J = 11.6 Hz), 4.33 (1H, m), 4.11 (1H, m), 4.04
(2H, m), 3.58 (2H, m), 2.42 (1H, m), 2.23 (1H, 10m), @B7 (9H, s), 0.06 (6H, S). ESI-MS (m/z): 719.40

(M+Hy+- 10038 Plopaialion 2Xample 40 SIGRAaion. oL NS SRAPAYNGLRR PMNAOR(GHIN 7 101F1

e(31) 14%, NN erargon stream, t0 a so of compoun I(58) (29 mgq,
0.04 mmol) indprbydmudishlenanethans 63 %‘é&@éﬁﬂ%’ﬂ&ﬂﬁ@]mﬁf@t@éﬁod\#ﬁhﬂi%ﬁﬁﬁf&@ymidam'e

(14 mg, 0.08 mmol) was added and the mixture was stirred. After 2.5 hours, the solvent of the reaction
liquid was distitied. bif mnid) wed uddedoand soeenixtokeaiassimes of iBecchipguumsl {84 salitntofield of
91%. 1H-NMR (400 MHz, CDC13) 5 plpm: 9.21 (1H, Br), 8.19 (1H, s), 8.0_(3&1H, d,J=8Hz),207.79
(1H, m), 7.67ME pagstion Ly e fiss Hegl @fifurdsrreslyes ORSUEH0 PR MISLE]R1H, m), 6.15

(1H, m), 4.66 =12 H7), M), 4.39 (1H, m), 4.31 (2H, m), 4.12 (1H, m), 3.97 (1H,
m), 3.536(12H,Cﬁﬁf’é??@?@%%ff@ﬁ%ﬁ 7 Hz), 2.42 (1H, m), 2.22 (1H, m), 0.86 (9H, s), 0.05
(6H, s). ESI-M&NNMR (Z@BMPIIMIDUT) 331003 8] Rrenargfiouaxampls 1 bsRiepaptias el the),
compound (32) OTBS

6.78 (1H,t,J = 7.9 Hz), 6.44 (1H, d, J = 7.9 Hz), 6.40 (1H, d, J = 7.9 Hz), 6.14 (1H, 1, J =

6.1 Hz), 5.92 (1H, Br), 5.08 (2H, s), 4.67 (1H, dd, J = 3.1 Hz, 12.5 Hz), 4.57 (1H, dd, J =

11.6 Hz), 4.33 (1H, m), 4.11 (1H, m), 4.04 (2H, m), 3.58 (2H, m), 2.42 (1H, m), 2.23 (1H,

10  m), 0.87 (9H, s), 0.06 (6H, s).
ESI-MS (m/z): 719.40 (M+H)".

[0038] Preparation example 10: Preparation of the compound (31)

QO HN—-CO,(CH,), Q
et 9

/= /\>‘—<\
N. N__O N (31)
e N _<
o) 0 o)
OTBS

Under argon stream, to a solution of the compound (28) (29 mg, 0.04 mmol) in
15  anhydrous dichloromethane (3 mL) at room temperature, N,N'-carbonyldiimidazole (14
mg, 0.08 mmol) was added and the mixture was stirred. ~ After 2.5 hours, the solvent of
the reaction liquid was distilled off under reduced pressure to obtain 32 mg of the
compound (31) with a yield of 91%.
'H-NMR (400 MHz, CDCl5) § ppm: 9.21 (1H, Br), 8.19 (1H, s), 8.00 (1H, d, J = 8 Hz),
20 7.79 (1H, m), 7.67 (1H, m), 7.41 (7H, m), 6.78 (1H, t, J = 8 Hz), 6.40 (1H, t, J = 9 Hz),
6.29 (1H, m), 6.15 (1H, m), 4.66 (1H, dd, J = 12 Hz), 4.57 (1H, m), 4.39 ( 1H, m), 4.31
(2H, m), 4.12 (1H, m), 3.97 (1H, m), 3.53 (2H, m), 3.37 (1H, m), 3.31 (2H, t, J = 7 Hz),
2.42 (1H, m), 2.22 (1H, m), 0.86 (9H, s), 0.05 (6H, s).
ESI-MS (m/z): 783.40 (M+H)".

25 [0039] Preparation example 11: Preparation of the compound (32)



Under argon stream, to a solution of the compound (29) (25 mg, 0.03 mmol) in anhydrous
dichloromethane (3 mL) at room temperature, N,N'-carbonyldiimidazole (11 mg, 0.06 mmol) was
added and the mixture was stirred. After 2.5 hours, the solvent of 5the reaction liquid was distilled off
under reduced pressure to obtain 28 mg of the comp@gnd (32) with a yield of 96%. [0040]Example 1:
Preparation of silica gel particles (33) (average particle diameter 10 pm) OrThNHCO2Bn 'NH Silica \
10tm-(CH2)3AN O e (33) OTBS o arsalution of the compound (30) (0.04 mmol) in anhydrous
dichloromethane (1 mL), amino-tredted sﬁ’lcd"ﬂéfﬂfﬁ@ﬁ/l 0-10 (manufactured by Fuji Silysia
Chemical Ltd; average particle diagheten9.2 pm, pore 0.57 mL/g, carbon content: 4.0 wt%)
(100 mg) and imidazgte, (11 mg, O. mol) were added the mixture was shaken (300 rpm) at
room temperature. s, th@ a gel paftlcles werell5separated by filtration and washed
thoroughly with chlorofornp an arngl to obtain the silica gel particles (33) in the heading. [0041]
Example 2: Preparation of sili gl particles (34) (average particle diameter 10 pm) To a solution
of the compound (31) (0.04 mmol) in anhydrous dichloromethane (1 mL), amino-treated silica gel NH
SMB 100-10 (manyfaetargenstrEath SHyst I Ghanited-tdhperirue s gisngtamsiinm, pore
volume: 0.57 mL/g, carbon content: 4.0 5 wt%) (100 mg) and imidazole (11 mg, 0.16 mmol) were
added and thanhyistcove Gveld sioaresha(BOE rph))aitr eoomiempesaliaeumd, Micar® algsnmitaziiedldel particles

were separated by filtration and the washed thoroughly with chloroform and methanol fo obtain the
silica gel partitfe @4511%1?9@/\@@589@ and the mixture was stirred.  After 2.5 hours, the solvent of

5 the reaction liquid was distilled off under reduced pressure to obtain 28 mg of the

compound (32) with a yield of 96%.
[0040] Example 1: Preparation of silica gel particles (33) (average particle

diameter 10 um)

O  NHCO.Bn

NH

0
Silica H /\> \<
(CHy);N_ _O N
<::::>_ 0 O/ _§D

OoTBS

10 To a solution of the compound (30) (0.04 mmol) in anhydrous dichloromethane (1
mL), amino-treated silica gel NH SMB 100-10 (manufactured by Fuji Silysia Chemical
Ltd; average particle diameter: 9.2 um, pore volume: 0.57 mL/g, carbon content: 4.0
wit%) (100 mg) and imidazole (11 mg, 0.16 mmol) were added and the mixture was
shaken (300 rpm) at room temperature. After 3 days, the silica gel particles were

15  separated by filtration and washed thoroughly with chloroform and methanol to obtain
the silica gel particles (33) in the heading.

[0041] Example 2: Preparation of silica gel particles (34) (average particle

diameter 10 um)



[0042] Example 3: Preparation of silica gel particles (35) (average particle 10 diameter 10 pm) id? 0
.N-002(042)2 NH 10u Am /-(CH2)3N yONe \ N [iHM 0 Igf;24/ 0TBS (35)  To a solution of the
compound (32) (0.04 mmol) in anhydrous dichloromethane (1 mL), amino-treated silica gel NH SMB
100-10 (manufactured by Fuji Silysia Chemical Ltd; ag@rage particle diameter: 9.2 pm, pore volume:
0.57 mL/g, carbon content: 4.0 15 wt%) (100 mg) and imidazole (11 mg, 0.16 mmol) were added and
the mixture was shaken (300 rpm) at room temperafure. After 3 days~the silica gel particles were
separated by filtration and washed thorough @ hldgNofs ¢ ind @ anol to obtain the silica gel
particles (35) in the heading. [0043] Prepargfiomexample 12: Prepgration of the compound (36) 30
<NHCO2Bn 07 NH (Et6)361-(CH2)3 N 04N 4/ 0 (36) OTBS 7 a solution of the compound (30)
(28 mg, 0.04 mmol) icaLsNT HE (2 mL), éNaminopropyltriethoxysilane (50 pL, 0.24 mmol) was
e Was stirred?ro gt l?‘n‘ﬁerature. After 18 hours, the solvent was distilled off

added and the mixt
under reduced 5pressure. The residue nJiurif%d by silica gel chromatography (FL-60D;
dichloromethane) to obtain 15 mg of the*d8 paynd (36) with a yield of 43%.

To a solution of the compound (31) (0.04 mmol) in anhydrous dichloromethane (1
mL), amino-treated silica gel NH SMB 100-10 (manufactured by Fuji Silysia Chemical
Ltd; average particle diameter: 9.2 um, pore volume: 0.57 mL/g, carbon content: 4.0

5 wt%) (100 mg) and imidazole (11 mg, 0.16 mmol) were added and the mixture was

shaken (300 rpm) at room temperature. After 3 days, the silica gel particles were
separated by filtration and the washed thoroughly with chloroform and methanol to
obtain the silica gel particles (34) in the heading.

[0042] Example 3: Preparation of silica gel particles (35) (average particle

10  diameter 10 um)

Q—o/_l-}ucoz(cm)z O
N
7 N
N
_<\o

q (1
o O
(CHz)sN_ _O
§ e
OTBS

(35)

To a solution of the compound (32) (0.04 mmol) in anhydrous dichloromethane (1
mL), amino-treated silica gel NH SMB 100-10 (manufactured by Fuji Silysia Chemical
Ltd; average particle diameter: 9.2 um, pore volume: 0.57 mL/g, carbon content: 4.0
15  wt%) (100 mg) and imidazole (11 mg, 0.16 mmol) were added and the mixture was
shaken (300 rpm) at room temperature.  After 3 days, the silica gel particles were
separated by filtration and washed thoroughly with chloroform and methanol to obtain
the silica gel particles (35) in the heading.

[0043] Preparation example 12: Preparation of the compound (36)



1H-NMR (400 MHz, CDC13) 5 ppm: 7.29 (6H, m), 6.76 (1H,t, J =7.9, 8.2 Hz), 6.44 (1H,d,J=7.9
Hz), 6.39 (1H, d, J = 8.5 Hz), 6.19 (1H, m), 5.79 (1H, Br), 5.19 (1H, Br), 5.10 (2H, s), 4.25 (3H, m),
3.78 (6H, g, J = 7.0 Hz), 3.58 (2H, m), 3.20 (2H, m), 2.39 (1H, m), 102.12 (1H, m), 1.19 (9H,t,J=7.0
Hz), 0.95 (2H, m), 0.86 (9H, s), 0.62 (2H, m),.0,04 (6830s). ESI-MS (m/z): 827.7957 (M+Hr IR (cm 1):
3326, 2930, 1698, 1474, 1102 [0044] Preparation example 13: Preparation of the compound (37) 150

OTBS (37) To a solution of the compo%\é@ﬂgggg 0.04 mmol) in anhydrous THE (1 mL),
) Was

3-aminopropyltriethoxysilane (30 pL, 0.14 ePAnd the mixture was stirred at room
temperature. After 18 hours, the solvent was dis#iled off under reduced 20 pressure. The residue was
purified by silica gel chromatography (FL-60Bdichloromethane) to obtain 14 mg of the compound (37)
with a yield of 38% (E8): 3R (R MHZ}, CBC13) 5,ppm: 9.28 (1H, s), 8.00 (1H, d, J = 8Hz), 7.80
(AH, m), 7.69 (1H, m), 7.39 (5H, nY, 6. H, tg), 6.40 (2H, m), 6.16 (1H, m), 4.45 (1H, m), 4.26 (4H,
m), 4.01 (2H, m), 3.79 (6H, m), 3.58 (154g®), 3.43 (2H, m), 3.34 (2H, m), 3.21 (2H, m), 2.41 (1H, m),
1.97 (1H, m), 1.63 (2H, m), 1.18 (9H, m), 0.87 (9H, s), 0.62 (2H, s), 50.06 (3H, s). IR vmax (film):
3320, 1704, 147374 4Q31eSH MSHEw@ 3R B0y miN@Ie) Riapp g gl Rreyaration of

the compound (38) rTh / 0 HN-COACH2)2 NH (Et0)351-(CH2)3Ny.0,,(N r
3-aminopropyltriethoxysilane (50 pL, 0.24 mmol) was added and the mixture was stirred
at room temperature.  After 18 hours, the solvent was distilled off under reduced

5 pressure. The residue was purified by silica gel chromatography (FL-60D;

dichloromethane) to obtain 15 mg of the compound (36) with a yield of 43%.
'H-NMR (400 MHz, CDCls) § ppm: 7.29 (6H, m), 6.76 (1H, t, J = 7.9, 8.2 Hz), 6.44 (1H,
d, J=7.9 Hz), 6.39 (1H, d, J = 8.5 Hz), 6.19 (1H, m), 5.79 (1H, Br), 5.19 (1H, Br), 5.10
(2H, s), 4.25 (3H, m), 3.78 (6H, g, J = 7.0 Hz), 3.58 (2H, m), 3.20 (2H, m), 2.39 (1H, m),

10 2.12 (1H, m), 1.19 (9H, t, J = 7.0 Hz), 0.95 (2H, m), 0.86 (9H, s), 0.62 (2H, m),.0,04 (6H,
S).
ESI-MS (m/z): 827.7957 (M+H)"
IR (cm™): 3326, 2930, 1698, 1474, 1102

[0044]  Preparation example 13: Preparation of the compound (37)

Q—o HN—CO,(CH,), O
O NH

15 0

(EtO),Si {CH): (o] <‘/ N
ol 2)3'
N
\ér ) _ﬁo
OTBS
(37)

To a solution of the compound (31) (30 mg, 0.04 mmol) in anhydrous THF (1 mL),
3-aminopropyltriethoxysilane (30 pL, 0.14 mmol) was added and the mixture was stirred
at room temperature.  After 18 hours, the solvent was distilled off under reduced

20  pressure. The residue was purified by silica gel chromatography (FL-60D;

dichloromethane) to obtain 14 mg of the compound (37) with a yield of 38%.



OTBS (38) 10To a solution of the compound (32) (40 mg, 0.05 mmol) in anhydrous THE (1 5 mL),
3-aminopropyltriethoxysilane (40 pL, 0.19 mmol) was added and the mixture was stirred at room
temperature. After 24 hours, the solvent was distilled off under reduced pressure. The residue was
purified by silica gel chromatography (FL-60D; dichlor@methane) to obtain 18 mg of the compound (38)

with a yield of, 369 -N z, CD ), 5, PRMN; H, m), £.5Q ( 73 (1H, m),
6.32 (2H, m), gm%ﬁm’\@d&%&gj%'{t’lﬁgrﬁr\%(i"gosT%%(}w?)lﬁ95%5%3)tgbsf}(ﬁﬁm ), 4.30 (2H,
m), 4.25 (2H7ra) Q3K H; 50) 28 79 (6l 3.7 248 (@M. 24.48H, m),
2.34 (1H, m),7r28.)3(§L (Qh@n:; %géﬁg@ rr%?%f ,(gﬁH): ?nh)log%@ ?3&%6%%94? glrcp)q% ( Iié. g)@ 20IR
vmax (film): 3482 704911278 MO8 HEHMB)(MAS (181mpE3 .AA-(PHit )[R [ Zxamp24: Rrparation
of silica gel particles 239 (average particle diameter 100 nm) 32 0/\NHCO2Bn 0 NH He cd y-N--4(
390 01134M): 71 CHFhRBLrkP (GO AR A cbidRdtE 9 GHrSEn 468 (AP mticrosilca

(Hydro 2900?{586/ F_tp%particle diameter: 0.1 Rm, manufactured by Elkem Material) in purified water (5
mL), ethanol m%, and acetic acid (5 mL) and the 5mixture was refluxed at 80C. After 36 hours,

ethanol was giistilled aihnderoedrmed 473, 1102,
ESI-MS (m/2): 937.34 (M+H)".

[0045]  Preparation example 14: Preparation of the compound (38)

Q

O HN-CO,(CH,), O
o (0
4

H \>_<\
(Et0);Si—(CH,)sN_ _O N O
N
ll/ o _<o
OTBS
(38)
10 To a solution of the compound (32) (40 mg, 0.05 mmol) in anhydrous THF (1.5 mL),

3-aminopropyltriethoxysilane (40 pL, 0.19 mmol) was added and the mixture was stirred
at room temperature.  After 24 hours, the solvent was distilled off under reduced
pressure. The residue was purified by silica gel chromatography (FL-60D;
dichloromethane) to obtain 18 mg of the compound (38) with a yield of 36%.

15  H-NMR (400 MHz, CDCl5)  ppm: 8.10 (9H, m), 7.50 (1H, s), 6.73 (1H, m), 6.32 (2H,
m), 6.14 (1H, t, J = 5.8 Hz), 4.43 (1H, m), 4.30 (2H, m), 4.25 (2H, m), 4.03 (1H, m), 4.30
(2H, m), 4.25 (2H, m), 4.03 (1H, m), 3.92 (2H, m), 3.78 (6H, m), 3.57 (2H, m), 3.49 (2H,
m), 3.21 (2H, m), 2.34 (1H, m), 2.00 (1H, m), 1.64 (2H, m), 1.21 (9H, m), 0.87 (9H, 3),
0.61 (2H, s), 0.05 (6H, S).

20 IR vmax (film): 3132, 1704, 1473, 1063.
ESI-MS (m/z); 1011.53 (M+H)".

[0046] Example 4: Preparation of silica gel particles (39) (average particle

diameter 100 nm)



pressure. The acetic acid solution was neutralized with a saturated sodium bicarbonate solution. The
silica gel particles were separated by filtration and washed thoroughly with purified water and acetone
to obtain the silica gel particles (39) in the heading. [0047] Example 5: Preparation of silica gel
particles (40) (average particle 10 diameter 100 nm) 32 HN-002(CH2) O NH H\......... <
-(OH2)3N.,,,..0,",e 'Pi liN----k 0 01.133 (40) The compound (37) (0.01 mmol) was added to a
suspension of 100 mg of Microsilica (Hydro é{v_em%;@,rticle diameter: 0.1 Rm, manufactured
by Elkem Material) in purified water (5 mL), ethaiol (5 mL), and acetic acid (5 mL) and the 15mixture
er 36 hours, ethanol asMstilled off under reduced pressure. The acetic acid
solution was neutralizedcy 'th r ed SO \picarbonate solution. The silica gel particles were
separated by filtratio] %2RY 55?% ‘tln’or ughl {th purisexd water and acetone to obtain the silica gel
particles (40) in the heading. [0048]°Exwpreparation of silica gel particles (41) (average particle
20 diameter 100 nm) oTBS

was refluxed at 80C. A

The compound (36) (0.01 mmol) was added to a suspension of 100 mg of
Microsilica (Hydro 2000G, average particle diameter: 0.1 um, manufactured by Elkem
Material) in purified water (5 mL), ethanol (5 mL), and acetic acid (5 mL) and the

5  mixture was refluxed at 80°C.  After 36 hours, ethanol was distilled off under reduced
pressure. The acetic acid solution was neutralized with a saturated sodium bicarbonate
solution. The silica gel particles were separated by filtration and washed thoroughly
with purified water and acetone to obtain the silica gel particles (39) in the heading.

[0047] Example 5: Preparation of silica gel particles (40) (average particle

O HN-CO,(CH,), Q
J 9

N /0
(CH2)3 N Eo@@:

oTBS
(40)

10  diameter 100 nm)

The compound (37) (0.01 mmol) was added to a suspension of 100 mg of
Microsilica (Hydro 2000G, average particle diameter: 0.1 um, manufactured by Elkem
Material) in purified water (5 mL), ethanol (5 mL), and acetic acid (5 mL) and the

15  mixture was refluxed at 80°C. After 36 hours, ethanol was distilled off under reduced
pressure. The acetic acid solution was neutralized with a saturated sodium bicarbonate
solution. The silica gel particles were separated by filtration and washed thoroughly
with purified water and acetone to obtain the silica gel particles (40) in the heading.

[0048] Example 6: Preparation of silica gel particles (41) (average particle

20  diameter 100 nm)



The compound (38) (0.01 mmol) was added to a suspension of 100 mg of Microsilica (Hydro 20000,
average particle diameter: 0.1 pm, manufactured by Elkem Material) in purified water (5 mL), ethanol
(5 mL), and acetic acid (5 mL) and the 5mixture was refluxed at 80C. After 36 hours, ethanol was
distilled off under reduced pressure. The acetic acid sggution was neutralized with a saturated sodium
bicarbonate solution. The silica gel particles were separated by filtration and washed thoroughly with
purified water and acetone to obtain the sili Q
Elemental analysis 10The silica gel particles
analysis to obtain nitregen contents %, whi content of the probe molecule
contained in each kind'iof

QEI%BGS- The results 2ge shown in Tablefl. Table 1 Silica gel particles
Nitrogen contents (34)%F

bbe moledfle ogtes{(pmo1/100 mg) Sillsa’(NH SMB 100-10) 1.33 0 Silica
gel particles (33) 1.83 8.91 Silica g8| pa s (39) 1.78 8.05 Silica gel particles (35) 2.26

OTBS
(41)

were subjected to elemental

The compound (38) (0.01 mmol) was added to a suspension of 100 mg of
Microsilica (Hydro 2000G, average particle diameter: 0.1 um, manufactured by Elkem
Material) in purified water (5 mL), ethanol (5 mL), and acetic acid (5 mL) and the

5  mixture was refluxed at 80°C.  After 36 hours, ethanol was distilled off under reduced
pressure. The acetic acid solution was neutralized with a saturated sodium bicarbonate
solution. The silica gel particles were separated by filtration and washed thoroughly
with purified water and acetone to obtain the silica gel particles (41) in the heading.

[0049] Test example 1: Elemental analysis

10 The silica gel particles (33) to (35) and (39) to (41) were subjected to elemental
analysis to obtain nitrogen contents %, which were used to calculate the content of the

probe molecule contained in each kind of particles. The results are shown in Table 1.

Table 1
Silica gel particles Nitrogen contents (%) Probe molecule contents
(umol/100 mQ)
Silica (NH SMB 100-10) 1.33 0

Silica gel particles (33) 1.83 8.91
Silica gel particles (34) 1.78 8.05
Silica gel particles (35) 2.26 16.61
Silica (Hydro 2000G) 0 0
Silica gel particles (39) 0.2 2.85
Silica gel particles (40) 0.4 5.72
Silica gel particles (41) 0.2 2.09

As is clear from Table 1, it was found that the silica gel particles (35) to (37) and
15  (39) to (41) all contained the probe molecule.
[0050] Test example 2: Observation under a fluorescence microscope
2 uL of a 25 uM 8-oxo-dG aqueous solution was added to the silica gel particles
(33) to (35) and allowed to stand at room temperature for water evaporation to obtain

samples. 2 uL of a 25 uM dG aqueous solution was added to the silica gel particles (33)



16.61 Silica (Hydro 20000) 0 O Silica gel particles (39) 0.2 2.85 Silica gel particles (40) 0.4 5.72 Silica
gel particles (41) 0.2 2.09 As is clear from Table 1, it was found that the silica gel particles (35) to
(37) and 15(39) to (41) all contained the probe molecule. [0050] Test example 2: Observation under a
fluorescence microscope 2 !IL of a 25 !AM 8-oxo-d@4aqueous solution was added to the silica gel

particles (33),10, ngd, allow d at ragm te rature for water evaporation to_obtain
Camples. 2 plogrD AT S R PR B N ST BRI (o)
and allowed tpnatadiféd Qe BHRRGERIURALPA WadRIBMRROTABRIIORRAEPHR AN RISHe CRErRRMDPIES were
observed under a fluorescence microscope to determine the change of fluorescence reactivity. An

excitation wafletgagtnoé Bt6thrityand a fluorescence wavelength of 455 nm were 5 used for the
measurement. The photographs obtained as a result of observation are shown in FIG 3. As is clear

from the photograAEXEHANI YRS G RI3Ga e AREATRO EESRICRW YN ShAMEE WY RiRich the

8-oxo-d% aq%?@d’?oi%létiﬂga&%[%gp added as compared to the control (water), whereas such
fluorescence quenching was not observed in the

The photographs obtained as a result of observation are shown in FIG. 3.

As is clear from the photographs, obvious fluorescence quenching was observed in
all the samples to which the 8-ox0-dG aqueous solution has been added as compared to
the control (water), whereas such fluorescence quenching was not observed in the

10  samples to which the aqueous dG solutions has been added.

[0051] Test example 3: Evaluation of the ability to recognize 8-0xo0-dG

For the silica gel particles (33) to (35) prepared as described above, the ability to
recognize 8-oxo-dG was evaluated as follows.

Polystyrene blackplates were used as measuring plates. A near-ultraviolet

15  episcopic illuminator (365 nm) and a Y515 filter (Y515-Di) were used for evaluation. A
10 mM solution of nucleic acid base (8-0xoG, G) in purified water was prepared and
diluted to prepare a 5 mM stock solution. The solution was added in units of pL to each
kind of silica gel particles. After air drying, the fluorescence intensities of the silica gel
particles were measured by using a cold CCD camera system LAS 4000 manufactured by

20  Fujifilm Corporation.

Detection method: fluorescence DAPI, light source: UV (365 nm EPI), filter: Y515-Di,
sensitivity: standard, exposure type: precision, exposure time: AUTO, tray position: No. 1

A graph of the concentrations of 8-0x0-dG and dG versus the relative fluorescence
intensities of the silica gel particles (33) is shown on the left in FIG. 4; and a graph

25  obtained by converting the relationship of the concentration of 8-o0xo-dG versus the
guenching ratio to a hill plot is shown on the right in FIG. 4. A graph of the
concentrations of 8-oxo-dG and dG versus the relative fluorescence intensities of the
silica gel particles (34) is shown on the left in FIG. 5; and a graph obtained by converting

the relationship of the concentration of 8-oxo-dG versus the quenching ratio to a hill plot



10samples to which the aqueous dG solutions has been added. [0051] Test example 3: Evaluation of
the ability to recognize 8-oxo-dG For the silica gel particles (33) to (35) prepared as described
above, the ability to recognize 8-0xo-dG was evaluated as follows. Polystyrene blackplates were used
as measuring plates. A near-ultraviolet 15episcopic illggninator (365 nm) and a Y515 filter (Y515-Di)

were used for.cyalation I, SEIUION O pUEIIE ALK bask (010G oG n guilgdwater was

prepared and'di 0 prepare a stock’solution. The solution was a In units of !IL to each

kind of silica gglsnaEHe| Rarien @FEdRS Meritupreseancaliciengipagielh@s)lisarasiparigles were
measured by using a cold CCD camera system LAS 4000 manufactured by 20 Fujifilm Corporation.

Detection melgfoih AlGrésaemheg@ptPoplia)hed oyMes N (g Bermalal Phphiitef: td ¢ G Crntsathaitiofty :
standard, exposure type: precision, exposure time: AUTO, tray position: No. 1 A graph of the

cont_:entratior%%- YeERySh8 %%Fggé%%%%ﬂwwmgqﬁ@ﬁé%é eesilica_t gel
particles{33) is S'I‘—??ﬁﬁ? fad fg@@eﬁﬂé‘s% ﬂéé‘.nfb?log{??ﬁ %%%Pé@}%ﬂ%oﬁl‘!&%%gnt%ﬁiﬁ‘?éﬁ]'{?f@h'p of

the concentration ot 8-0x0 rsus the quenching rat ot Is shown on the right In FIG 4. A

graph of the epfieetlistigabralfcR¥qIIPtanssyderrisid thate e fiiaiaseesceignsities of the
silica gel particles (34) is shown on the left in FIG 5; and a graph obtained by converting the

relationship dhetieageshodrteas dhesoBaertaliGnel dis ek syhstaotipdty raaitn tuenpdigside3s is shown on
the right in FIG S. A graph of the concentrations of 8-oxo-dG and dG versus the relative fluorescence
intensities of t fﬁ&%b%%%[ﬁf&%% (35) is shown on the left in FIG 6; and a graph obtained by

converting the relaiignaiip Rl e GPERESUZHDR SlfAteiImRuS R AURaGIARGALGo a hil plot s

shown on the right in From the left figures of FIGS. 10 to 12, it was found that the fluorescence
intensitigs of ghexslia esbpatiicisoi8SicinéIpjedesiirpatidasttie cniaapirptintiet 838xedshincreased

whereas the concentration of dG had substantially no influence on the fluorescence intensities. The
right figures SheVa®04 tneaniihidprapashintinetdaithiedaditdestrae ik o stogaoxeUbIna iU the

e B T TR oo oot nearty, et
= comoentration o B o e R L R e s
gel particles (@33dit (3%2) omaeineatisadf@sqMditatore, agsial 3fthe lowest concentration in the
15 graphs and that the silica gel particles (33) to (35) may be used for quantitative assay of
urine, which is reported to contain 8-oxo-dG approximately in a concentration of 10
ng/mL to 20 ng/mL (35 nM to 70 nM).
[0052] Test example 4: Competitive test of 8-oxo-dG and dG
To the silica gel particles (33) to (35) prepared as described above, 2.5 pmol of
20  8-oxo0-dG and various concentrations of dG (0, 2.5, 5, 12, 5, 25, 50, 125, 250 pmol) were
added and the fluorescence intensities were measured to evaluate the influence of dG on
the fluorescence quenching by 8-oxo-dG.
The results are shown in FIG. 7.
As is clear from FIG. 7, it was found that the fluorescence quenching of the silica gel
25  particles (33) to (35) by 8-0x0-dG is hardly influenced by dG.
From the foregoing, it is clear that quantitative assay of 8-o0xo-dG with high
sensitivity is possible in an agueous sample solution containing both 8-oxo-dG and dG

with little influence of the concentration of dG.

[0053] Test example 5: Determination of the concentration-dependent brightness



urine, which is reported to contain 8-oxo-dG approximately in a concentration of 10 ng/mL to 20 ng/mL
(35 nM to 70 nM). [0052] Test example 4: Competitive test of 8-oxo-dG and dG To the silica gel
particles (33) to (35) prepared as described above, 2.5 pmol of 20 8-oxo-dG and various
concentrations of dG (0, 2.5, 5, 12, 5, 25, 50, 125, 258 mol) were added and the fluorescence
intensities were m red tp evaluate the. influence of dG on the fluorescence quenching by 8-oxo-dG.
The results a?ttfes u%\?!/%nHir'(fa Igy_/u_smg é %%ﬁ'splctzée{re r(%er?] FIG 7, it was found that the fluorescence
quenching of the siicg@eimaRaristrRed$?) to (35) by 8-oxo-dG is hardly influenced by dG.  From the
foregoing, it is clear that quantitative assay of 8-oxo-dG with high sensitivity is possible in an aqueous
sample solution cénthiofrag botledosusmiBsamdod EOvmghofittie snficeegelepeaftiblesc@3yavittation of dG.
[0053] Test example 5: Determination of the concentration-dependent brightness 36 attenuation rate

by using a maYRsRIERFHA HESSEAREhIN pratRIEGRE 1N eagh el Qh adRAsu(ed SuisH¥Malen of 40 ng of
the silicasgel %ﬁng?Bg &%”a Wt&&ﬂ@&jﬁ%gg particle diameter of 101,tm was placed in each well of a
plate E y

384-well micr manufacture orning Inc.).  The plate was allowed to stand in a dry heat

oven at 50C (EYEtf NROWGRRIHBWEItE Siandsier avpteeyaarmtbordqRiew ARsdwsogsbyarticles to

adhere to the well surface. 2 'IL of each of aqueous sample solutions (agueous solutions of 8-0xo-dG
standard 10 {av2kwwefercyatenieranachticmniés allav)ihssdica-geb putictasttandher® tgthelwallng/mL, 2
ng/mL, 4 ng/mL, 20 ng/mL, 100 ng/mL, and 500 ng/mL, 4 wells for each concentration) was added and
the plate wasWif86ed to stand in a dry heat oven at 50C. By using the average value (N=4) of the ODs

e e eSS R SRR e e e
hour, 2 fpurs)\/Gako WisreaDitedh haliisrieidd) e atyit®oxa)ddapidtamarcansifions 1 ng/mL, 2
ng/mL, 4 ng/mL, 20 ng/mL, 100 ng/mL, and 500 ng/mL, 4 wells for each concentration)
was added and the plate was allowed to stand in a dry heat oven at 50°C.
By using the average value (N=4) of the ODs before the addition of the sample
solution as a reference, the brightness attenuation rate for each time was calculated from
15 the average value (N=4) of the optical densities (OD) measured 30 minutes, 1 hour, 2
hours, 3 hours, and 4 hours after the addition.
2) Measurement conditions
Instrument: Microplate reader MTP-880 Lab (manufactured by Corona Electric Co.,
Ltd.)
20 Excitement wavelength: 365 nm
Measurement wavelength: 450 nm
Number of flashes: 100
Measurement sensitivity: x 1
Mixing: 5 seconds, linear
25 FIG. 8 shows a graph of the results of measurements at each time in an 8-oxo-dG
concentration range of 0 ng/mL to 500 ng/mL, and FIG. 9 shows a graph of the results of
measurements at each time in an 8-0xo-dG concentration range of 0 ng/mL to 20 ng/mL.
The above procedure was conducted except that 4 uL of an aqueous suspension of

160 ng of the silica gel particles (39) with an average particle diameter of 100 nm was



Instrument: Microplate reader MTP-880 Lab (manufactured by Corona Electric Co., Ltd.) 20Excitement
wavelength: 365 nm Measurement wavelength: 450 nm Number of flashes: 100 Measurement
sensitivity: x 1 Mixing: 5 seconds, linear 25FIG 8 shows a graph of the results of measurements at
each time in an 8-oxo-dG concentration range of O nggmL to 500 ng/mL, and FIG 9 shows a graph of

the results of measurements at each time in an 8-ox0-dG centration range of Q.ng/ 0 20 ng/mL
The above piRB TRt e A e LA By e R Bt REal o e

silica gel pa”\i@i@ﬁa@@éﬁdgé parAvR'aRM PRI oliamete of 19hBmsWaFast 3SR sipadrof 4 pL of the

aqueous suspension of 40 ng of the silica gel particles (33) with an average particle diameter of 10
pm. FIG. 10 sheamgrenptaiplatafatietmsuitsio BrmzasiGanacasiatioachngmefin ag/i@loims0G ngindentration
range of 0 ng/mL to 500 ng/mL, and FIG 11 shows a graph of the results of measurements at each

time in an 8-GR8-G8 5 L SHEWSRABRTRHYE 678 RARDEBSYERENSIAL SFRELTRIN AR Usilica gel
particles5(33)c\6/ﬁté’blqtrp yRrage b 6&]] 'ir[be%r /r]n(l)_pm was used, it was found that the
concentrations correl?ﬁeﬁ 6?/?}% tﬁg r%

ness att€nuation rate (as the concentration of 8-oxo-dG
increased, the OR3yVRUsgIeecreased) 1 hour after the 10 addition of the sample solution in the 8-oxo-dG
concentration range of 0 ng/mL to 500 ng/mL as well as in the 8-0xo-dG concentration range of 0
ng/mL to 20 ng/mV{sediriSlcaiahpagicles S3pwuitiabowweingeagaftiolediihaietacakLbingntivasOD values
1 hour after the addition of the sample solution allows accurate and guantitative detection of 8-oxo-dG

15even in a $5AThIE YR UG P e RHeN S P A (RAL W Kb HERHRNBE HAEREARN B0 ng/mL
When the siliga gl patigles 39)0‘9@?%9%%%65 pe fartple S meie RERI0 BN WAS Upef ¢ikwas found

that the concentrations correlated wi rightness attenuation rate (as the concentration of
8-oxo-df inchedish dhenoRavinldaslattedisaty Boxvioatesricert2Bbauts gfter theyadditiosoof the

sample solution) in the 8-oxo-dG concentration range of
ng/mL as well as in the 8-0x0-dG concentration range of 0 ng/mL to 20 ng/mL (see FIGS.
8 and 9).
As shown above, it was found that measuring the OD values 1 hour after the
addition of the sample solution allows accurate and quantitative detection of 8-oxo-dG
15  even in a sample solution containing 8-oxo-dG in a very low concentration of 0 ng/mL to
20 ng/mL.
When the silica gel particles (39) with an average particle diameter of 100 nm was
used, it was found that the concentrations correlated with the brightness attenuation rate
(as the concentration of 8-ox0-dG increased, the OD value decreased) (30 minutes to 4
20  hours after the addition of the sample solution) in the 8-o0x0-dG concentration range of
100 ng/mL to 500 ng/mL. However, data was not obtained that shows the
concentrations did not correlate with the brightness attenuation rate in the 8-0xo-dG
concentration range of 20 ng/mL to 500 ng/mL (see FIGS. 10 and 11).
From FIG. 11, which shows the change in the OD values in the 8-oxo0-dG
25  concentration range of 0 ng/mL to 20 ng/mL, a phenomenon was observed that the
sample emitted light (the OD value exceeded 100%) in a low concentration range of 1
ng/mL to 4 ng/mL at different times.  Specifically, the sample with 1 ng/mL emitted
light 1 hour after, the sample with 2 ng/mL emitted light 2 hours after, and the sample

with 4 ng/mL emitted light 3 hours after the addition.



100 ng/mL to 500 ng/mL However, data was not obtained that shows the concentrations did not
correlate with the brightness attenuation rate in the 8-oxo-dG concentration range of 20 ng/mL to 500
ng/mL (see FIGS. 10 and 11). From FIG 11, which shows the change in the OD values in the
8-0x0-dG 25 concentration range of 0 ng/mL to 20 ng88L, a phenomenon was observed that the

sample emitted Iigmeger}gr E& Ysas“daﬁ %§ ﬁ rarégzﬁf 1 ng/mL to 4

C d 100%.).in a low,concentrati
ng/mL at different times. Specific ,ﬁﬁﬁéﬁggtrr% 2 Wi ! %ag%r‘%‘?%?rﬁftlga Yivg% 9 a‘t’yter, the sample

with 2 ng/mL gymitieealpht et howrmalters ﬁgﬁﬁh,easam%%wﬂh Kenr@ARtit@mEigddabled Wpwrpigher the
addition. 38 Therefore, it is suggested that even with a sample solution with a very low
concentratiors@fsitimgynit the dmeanwhisio ke d@npde doeitguhtiiatvedguledected with high sensitivity if
the time at which the sample emits light is measured. 4) Conclusion 5The decrease in the brightness
of the silica gel pAhiERELFWbrting the 8-oxo-dG-recognizing molecule changed in a rational manner,

dependi%g on the 8@&5@&% fﬁetgﬁ ﬁiﬁ%ﬁ ‘%ﬁéﬁggﬁ%%%eg%@%ﬂm‘% tpié's also suggested that

the silica gel particles with an average cle diame nm ma more suitable for

measuremeng\yith- B9 esepsitivity rHoMT e PG ¢h RAEIRIAS With R, ApEAEmPartigle 10 diameter of
10 pm. [0054] Test example 6: Practicality as an HPLC separation column (Study of ability to retain

8-0x0-dG) 1)Erpeitratinfadititscsidoderd 8-axordf ahthbsilivangdiparticlets (3) wgbesiedikatiye particle
diameter of 10 Pm was 15 packed in an HPLC precolumn, and segaration and identification of

8-ox0-dG wePt EAGRABTIETS Ish & 3YaAge AaFURIR AHABRIANRINO0 ML MM BR MRR-R &R kom
Corporation) {B:0%s n‘fvﬁﬁﬁﬁglgggﬂgﬁ\} t%&?fﬁ&%‘?ﬁ%ﬁé’eipﬁ&%'%qh9#&?/9%@(?%&&'3X 150 mm

Precolumn: 100 mg of ODS part pm) for separatio 0 mg of the silica'gel particles (33)
Mobile phasejipheapltechufier (oH 6.5-6.8), 2% methanol, 90 mg/L SDS Reagent: 8-oxo-dG (Wako
Pure Chemical Industries, Ltd.), 10 pL of a 500 ng/mL 25solution injected 3) Results It was found
that the retention #824df 8-esb xe@npiss2 8 ootipatitiaes amBR titespratsiameptimadbishtai the silica

gel particles (%?@nd 29.00 minutes when the precolumn contained the silica gel particles (33),
producing a &€l dP %)@(%f?féqé@gr te

1) Experimental procedure
10 mg of the silica gel particles (33) with an average particle diameter of 10 um was
15  packed in an HPLC precolumn, and separation and identification of 8-0xo-dG were
carried out by HPLC.
2) Measurement conditions
Instrument: HTEC-500 (Eicom Corporation) (8-oxo-dG was electrochemically
detected)
20 ODS column: CA-50DS, 2.1 ¢ x 150 mm
Precolumn: 100 mg of ODS particles (5 um) for separation and 10 mg of the silica
gel particles (33)
Mobile phase: phosphate buffer (pH 6.5-6.8), 2% methanol, 90 mg/L SDS
Reagent: 8-0x0-dG (Wako Pure Chemical Industries, Ltd.), 10 uL of a 500 ng/mL
25  solution injected
3) Results
It was found that the retention time of 8-0xo-dG was 28.09 minutes when the
precolumn did not contain the silica gel particles (33) and 29.00 minutes when the

precolumn contained the silica gel particles (33), producing a delay of 3.2% (a delay rate



39 of 3.2%). The peak value of 8-ox0-dG was 43.96 mV when the precolumn did not contain the silica
gel particles (33) and 44.22 mV when the precolumn contained the silica gel particles (33), indicating
that the peak did not decrease. 54) Conclusions  When the silica gel particles (33) that chemically
support the 8-oxo-dG-recognizing molecule were placgdl in the flow path of the HPLC, the peak
appearance %ff%;?g@-dG delayed, but the peak value did not decrease. Although the mobile phase is
generally phosphate buffer containing methanol as the one used in this example when HPLC and

10ECD (electrochprgipaalkl 9RGIBP B RHRoUSE IR 488 GHIN AP eOpreo AP licrna et aineig g (33)

show a certain level of affinity for 8-oxo-dG in the phosphate buffer, showing the usefulness of the
silica gel partidies g agutickin (BR)atetiad 22 snYepheatibe petotumbesdsipedrihef stheRelerence
Numerals 15[0055]1: Surfaces of fine particles _ 2: Fluorescent probe molecule showing a
fluorescence REYsiSE I ddicating Bablofpeak SiERAIAGaRAte.  4: 8-ox0-dG 205: dG 6: Minute
hydroph%bic spac%nepﬁgmg%ﬁ phase 11: Aqueous sample solution 16: Fine particles having a
fluorescent probe molecule showing a fluorescence 25response specific to 8-oxo-dG immobilized

thereon 17: wabiie 4ifica gel particles (33) that chemically support the 8-0x0-dG-recognizing
molecule were placed in the flow path of the HPLC, the peak appearance of 8-oxo-dG
delayed, but the peak value did not decrease. Although the mobile phase is generally
phosphate buffer containing methanol as the one used in this example when HPLC and
10 ECD (electrochemical detection) are used for detection of 8-oxo-dG, the silica gel
particles (33) show a certain level of affinity for 8-0xo-dG in the phosphate buffer,
showing the usefulness of the silica gel particles as a packing material for a separation
column.
Description of the Reference Numerals
15 [0055]  1: Surfaces of fine particles
2: Fluorescent probe molecule showing a fluorescence response specific to
8-0x0-dG
3: Spacer unit
4: 8-0x0-dG
20 5:dG
6: Minute hydrophobic space
7: Agueous phase
11: Aqueous sample solution
16: Fine particles having a fluorescent probe molecule showing a fluorescence
25  response specific to 8-0xo-dG immobilized thereon

17: Column



CLAIMS 1. A method for quantitatively detecting 8-oxo 2'-deoxyguanosine in an aqueous sample
solution, comprising the steps of: 51) immobilizing a fluorescent probe molecule showing a
fluorescence response specific to 8-oxo 2'-deoxyguanosine on surfaces of fine particles via a spacer
unit and bringing the sample solution into contact with4the fine particles; and 2) measuring a physical
property of the fine particles before and after the ﬁ[‘%’m@'ith the sample solution to determine a
change in the physical property. 10 2. The method according to claim 1, wherein the fluorescent
probe molecule showing a fluorescence response specific to 8-oxo 2'-deoxyguanosine is a molecule of
Formula (1) / /\ 0 HN-R1 0 N-H XOCI N-K b OY 15(where R1 is a 6-amino-2-pyridyl group or
-002(CH2)1122 (wHerk Ra&thedfhydragttatvely detectd®ll 8-axgl Zrdapxymariosnarinmegeuesius to 3); and
one of X and Y is a protecting group of the hydroxyl group and the other is the spacer unit). 3. The

method ac_co?amﬁl?c?@l‘é‘i‘r?@?%ﬂ%rﬂaH%@h%_fFf‘é’_%BEicer unit (where the 20 spacer unit is -(CH2)",-NHCO-
(where r§ 'S gy Imﬁ%%'ili’i‘i %otg flr%)re?déﬂ éﬁb‘%ﬁ&ﬁfé%&ﬂﬁgﬁﬁ%&%@eﬁ@gr %&f?e%gg tfic

independently’a methyl group, a tert-butyl group, or a pheny Inorganic particles or polymer

resin particlegs 8rskehe eleaRgsuHhamE BHSIGEREEOBEFMd paleiaeigd {pacacasiiamdnigiilyorescence
intensity. 5. The method according to claim 4, wherein the inorganic particles are silica gel

Sparticles. the samplerreddidratdoreiintpebweitithel forexatielesirnbde quantitative detection is carried

out by drying the fine particles in § microplate well to adhere to the well|, adding the aqueous sample
colution to thENTAPSHE G ANGHA HOBRAGLRLAE HRe RaRJCLFRETAFANd after (e contact with the

sample solution to determine a change in the physical property.
10
2. The method according to claim 1, wherein the fluorescent probe molecule
showing a fluorescence response specific to 8-o0xo 2’-deoxyguanosine is a molecule of

Formula (1)

0
XO. 2—_\<N (1)

oy

15  (where Ry is a 6-amino-2-pyridyl group or -CO,(CH>)R;, (where R, is a hydrogen atom
or a Cg.16 aryl group, and I is an integer of 1 to 3); and one of X and Y is a protecting

group of the hydroxyl group and the other is the spacer unit).

3. The method according to claim 2, wherein X is the spacer unit (where the
20  spacer unit is -(CH;)m-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs

(where R3, R4, and Rs are each independently a methyl group, a tert-butyl group, or a

phenyl group).

4. The method according to any one of claims 1 to 3, wherein the fine particles are



10particles with heating. 7. The method according to claim 4 or 5, wherein the quantitative
detection is carried out by packing a column with the fine particles, passing the aqueous sample
solution through the column, and measuring fluorescence intensity of the fine particles 15thus packed.
8. A silica gel particle having a molecule of Formula (#)limmobilized on a surface of the silica gel

partile via 883686 iic Q. POINEIS 5 B STIng GRS IoHR S COR(GHRHAR2 (where

R2 is a hydrogerratom or a group, IS’an integér o n

protecting greidi@hihe) iyl BideR: ¢l toraibssd snildRspigacer unit). 42 the spacer unit is
-(CH2)",-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4R5 (where R3, 124, and R5 are

each independently a methyl group, a tert-butyl group, or a phenyl group). 510. A separation column
for separating 8-oxo 2'-deoxy%uanosine_, comprisin% the silica gel particle as claimed in claim 8 or 9 as
a packing material. 5. The méthod according to claim 4, wherein the inorganic particles are silica gel

5 particles.

6. The method according to claim 4 or 5, wherein the quantitative detection is
carried out by drying the fine particles in a microplate well to adhere to the well, adding
the aqueous sample solution to the well, and measuring fluorescence intensity of the fine

10  particles with heating.

7. The method according to claim 4 or 5, wherein the quantitative detection is
carried out by packing a column with the fine particles, passing the aqueous sample
solution through the column, and measuring fluorescence intensity of the fine particles

15  thus packed.

8. Assilica gel particle having a molecule of Formula (1) immobilized on a surface

of the silica gel particle via a spacer unit:

O  HN-Rq

X0 ¢ W (1)

20  (where Ry is a 6-amino-2-pyridyl group or -CO,(CH>)|R, (where R; is a hydrogen atom
or a Cg.16 aryl group, and | is an integer of 1 to 3); and one of X and Y is a protecting

group of the hydroxyl group and the other is the spacer unit).

9. The silica gel particle according to claim 8, wherein X is the spacer unit (where



42
the spacer unit is -(CH2)m-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs

(where R3, R4, and Rs are each independently a methyl group, a tert-butyl group, or a

phenyl group).

10. A separation column for separating 8-oxo 2’-deoxyguanosine, comprising the

silica gel particle as claimed in claim 8 or 9 as a packing material.



