1 DESCRI PTI ON TI TLE OF THE | NVENTI ON: METHOD FOR QUANTI TATI VELY DETECTI NG
8- 0X0- 2' - DEOXYGUANGCSI NE | N AQUEQUS SAMPLE SOLUTION WTH HIGH 5 SENSI TIVITY
TECHNI CAL FI ELD [ 00011 The present invention relates to a nmethod for
guantitatively detecting 10 8-oxo 2'-deoxyguanosi ne in an aqueous sanple
solution with high sensitivity, nore sdecifically to a nethod for
quantitatively detecting 8-oxo 2'pggeRIPHRNQSI Ne i n an aqueous sanpl e
solution, conprising the steps of: 1) inmmobilizing a fluorescent probe
nol ecul e showi ng a fluorescence response specific to 8-o0xo

2' - deoxyguanosi ne on the surfaces of fine particles via a spacer unit and
15bri ngi AYTLPOBEABIIN VEN TIONMEAHD B 60RaQU AN TITATHEELY sk PacTINGes; and

2) neasuring a physical property of the fine particles before and after the
cont act BOKOrTeDEOXNY GUANQRINGNIN A QIBER@YKSAMPhE SENARGEON WEIhEHpG s cal
property. BACKGROUND ART 20 [0002] 8-oxo 2'-deoxyguanosi ne (hereinafter also
cal | el 8S6RBIUGITYs attracting attention as an oxidative stress narker
because it directly reflects the quantity of reactive oxygen generated by
environmental factors or associated with netabolic activities in a living
body. Thus, accurate neasurenent of the quantity of 8-o0oxo0-dG present in a
l'iving 28I KAL RlEPne is extrenely significant for studies of nutation
agi ng, and many di seases. Several nethods for detecting 8-oxo-dG have been
devel oped, including instrunental analysis such as the HPLC-ECD net hod,

Non- Pat ent - B0t P EPresntl EHa R IRRest hasneh e RE s BRat ogr aphy
fhe 1 oK WL ha N E A e iR ARl Lo Bodah Hgh ShiRE oG o “hu et
Cocurent 3k B9 LR RPIE BRARSH SRRt st bl G011
cell. 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
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-oxo 2’-deoxyguanosine (hereinafter also called 8-oxo-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-oxo-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 8-0x0-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,



5To overcone the problem a | ow nol ecul ar-wei ght fluorescent probe show ng
a fluorescence response specific to 8-oxo-dG has been devel oped (see, for
exanpl e, Non-Patent Docunents 4 and 5). The | ow nol ecul ar - wei ght

fl uorescent probe recogni zes 8-o0x0-dG yr:r ough formation of multiple

hydr ogen bonds with 8-o0oxo0-dG in an organic solvent and shows 10specific

f | uor escanzeP AR MRUAGNt THNbsd the 198 dMthddwith nre¥RneIGnEbege N seé, Tot he
system can be detected by neasuring the degree of fluorescence quenchi ng.
Anong a RimpleyNoh-Pdeht Datuas 30f the | ow nol ecul ar-wei ght fl uorescent
probe, a | ow nol ecul ar-wei ght fluorescent probe showi ng a fluorescence
response spdoDdilc tWitkthededotygiommosthods, hbeeernafstdfficalt soqealtitayeldyG has
been found (see, for exanple, 15 Non-Patent Document 6). Shown bel ow
are a no@bse¥) thepreshinesoitSrexd-da-inndad tolean aligellf | uor escent probe show ng
a fluorescence response specific to 8-oxo-dG recogni zes 8-oxo-dG and forns
nul tipl e hydbogercaseniis paefdera, avaemoRculap wekght fluprescang prape [sbetiingre- wei ght

fl uorescent probe showing a_fluorescence response specific to dG recogni zes
dG and f SRUAEESERICE FSPRNsEEDRRIHE By@nexprditiaas been develoned(gsolor sgamplst t he

| ow nol e?\fl alréa-wei ht fl uor esc%nt probe showi ng a fl uorescence response
speci fi c NB- e S0emeABiANdr)A has a conpl exation ability with 8-oxo-dG in

hl f | uti h i 0 ti i t.h h
2oL or o o L el Ly o TEE MR LB B0 NG e
Spect L TR 0o BebERo R SOTPE SRR Pl alg?,

chl orof o uti on

spoct i ¢ Spsc HEhOmoc ARNERAEN, TRESRR QAR shid dRDERERT fid S3paNse
hydrogen Bopdgete gfb?%?ﬁ:éﬁgﬁ%tﬂé’agg?e@@’ filhofeREhce hek@iifg. that is a protic

polar solvent. T uorescent probe cannot recogni ze 8-o0x0-dG

t hrough nul tApbg Q)&Qﬁ&?%ﬁﬂ d89NES el Hf HRIAI-mi&ulldr-waghididotdseetlt rdR, gi rect |y
detect highly water-soluble 8-o0oxo-dG in an agueous sol ution such as urine.

I n addi t i@pmdlbildsuabhtaeeRtitaro i shoivit ORGodehe 1EpdILe bgecifRport ed to be
extrenely low of 10 ng/nlL, to 20 ng/nL (corresponding to 35 nMto 70 DM

assum ng 2adésxlygeanlogine {Rerviifirtaldoocatied 283 pas Hdearfedal @ge, fdreexample,
| ow- nol ecul ar - wei ght fl uorescent probe needs to be inproved for higher
sensilfi viNop-Ravers iadohmedied)ect i on of 8- oxo-dG at | ower concentrations, in
order to use the probe for detection of 8-oxo-dGin urine. Prior Art
Docunent s Shown below are a mode (A) in which the low-molecular-weight fluorescent probe
showing a fluorescence response specific to 8-oxo-dG recognizes 8-0x0-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 8-0xo-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-o0xo0-dG.



Non- Pat ent Docunents 15[ 0004] Non- Pat ent Docunent 1: Hofer, T., Seo, A Y,
Prudencio, M, Leeuwenburgh, C.; Biol. Chem, 387, p.103-113 (2006)

Non- Pat ent Docunent 2: Di zdaroglu, M, Jaruga, P., Birincioglu, M,
Rodriguez, H ; Free Radical Biol. Med., 32, p.1102-1105 (2002)

Non- Pat ent Document 3: Nakao, Y., Stowdrd, P. J., Bespal ov, I. A,

Mel amede, 20Wallace, S. S.; Hi stochem Cell Biol., 124, p.335-345 (2005)
Non- Pat ent Docunenf 4: Nakagawa, 0., Ono, ., Li, Z., Tsujinoto, A,

Sasaki, S.; Angew. ¢ Int. Fd., 46, p.4 4503 (2007) Non- Pat ent
Docunent 5: Nasr, 'ps/td", g4 Nakagaw, O. iguthif Y., Sasaki, S.;

<730 (2009. 4,Jﬂon-,|\PaJi nt Docunent 6:
chi ?}( Basaki HS. | ﬁaBi oorg. Med.
LNVENTLON 5 Problemto be

Bi oorg. Med. Chem QLeit.,, P
Li, Z., Nakagawa, (é\\( I&)‘g@' YA T
Chem, 18, p. 3992/-»3%9'8\1'2 OINS
Sol ved by the | m¥entjon N

05] An offect of“whel present invention is to

provi de a nethod for \‘qggN aty vel y detecti n'g.H§- \ - deoxyguanosi ne
(8-0x0-dG in an aqueoushsanpldg solution with high sefsitivity. 10 Means
for Sol ving the Problem [0006] As a result of intensive study to solve

the problem_the inventors of the present inventign, etc. have found the
fol | owi ng. ﬂ%}ﬁtlowgmlp?ﬁ%ﬁbwgwﬁwﬁscsm RIoq YOMERER HUOISECABES FRSPYEEl e showi ng

o o eecerie, eshonse sperl L1 o B oro g on L he dSeHAR e ah e
O e A BRGHFR B L LR REeRST ENFRET 20 e
sanpl £ s ﬂlugrteisc%rf'lt f)r%bg %grgiot recognize 8-0x0-dG through multiple hydrogen bonds in water,
so it was difficult to directly detect highly water-soluble 8-0x0-dG in an aqueous solution
such as urine.
In addition, the usual concentration of 8-0x0-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 8-0x0-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., Tsuyjimoto, 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)



As aresult, it is possible to quantitatively detect 8-oxo-dG and
significantly inprove detection sensitivity to the degree sufficient for,
for exanple, quantitative detection of 208-o0oxo-dGin urine. Thus, the
i nventors have conpleted the invention. In addition, it is al so
possi ble to provide a device for use fd¢ guantitative detectlon of 8-o0xo0-dG
wi th high seRghiPavdnk Dob@Betle: BREL] Nakaaly, Of, K& ghI esBitigudhy entS4kir ¢ at es
t o: [1] a method for quantltatlvely detecting 8-oxo

- deoxy @iasngsivired. CherdD 1 UEIRS3 WB90M)e sol ution, conprising the steps of:
1) imobilizing a fluorescent probe nol ecule shomﬁng a fluorescence
response specific to 8-oxo 2'-deoxyguanosi ne on the surfaces of fine
particles via a spacer unit and bringing the sanple solution into contact
wi th t he SUMMAPRY QITHE;INMINTION measuring a physical property of the fine
particles before and after the contact with the 5 sanple solution to
det erfine the change in the physical property; [2] the method according
to [1], in whic he fl uorescent probe nol ecul e showi ng a fl uorescence
response §@@@Wﬁ?@e§8hﬁd8¥@ﬁzny@@&%yguan05|ne is a molecule of Fornula (1)
5 (where R1 6- am no- 2- Hd or-mr CH2 22 (where R2 is a
hydrogen at oligs 5 Aéso%c RV g rols 1 PR e %aépgécrr Giapganyely 3n g
one of X a pr.ot ectin r t.ne hydr ox oup .and e other is
Lhe spacéff{’eam% deoxy[gng?H% @@?ﬂo@a«‘e&a@ s Ve fls SRR IR 1S ¢ he
spacer Lt where the spacer unit is -(CH2)",-NHCO (where mis an integer
of 2 to fﬁ%} 'Hhd Y is -Si R3R4RS (where R3, R4, 10and R5 are each
|nde@ﬁndently a nmethyl group, a tert-butyl group, or a phenyl group);
[4] the method according to any one of [1] to [3], in which the fine

part|cIe§4§&gﬂhqgﬂg@§ﬂﬁﬂﬂggkhples or polynmer resin particles, and the
change in the physic property is determ ned by neasurenent of the

f1 uor escence[goobpnNAd a/sesult of intensive Eﬁﬂd?/tt@ SoliBiHAGHoBeMOdIinentdds bfthe 1 N Whi ch
the inorganic particles are silica gel 15particles; [6] the method

accor di ngrdsentiftferion] &¢..have foMidahe fdRwika Nt THadlsl temeBilliestidnasTa S carried out
by drying the fine particles in a meroplate well to adhere to the well,

addi ng t leosgeen peobsangibails sHowinga fluordstemcaedshonsangdedifasug-org-dGhen the
fluorescence intensity of the fine particles with heating; 20[7] the method
accoli f§li ngutfacep 4 fioe pfrifles via adpiactr unitdogquaminutahydreplbdiespacoon iks carri ed
surfaces of the fine particles, which allows the probe molecule to recognize 8-oxo-dG
through formation of multiple hydrogen bonds even if an aqueous sample solution is used.
As aresult, 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-oxo 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-oxo0 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



out by packing a colum with the fine particles, passing the aqueous sanple
sol ution through the colum, and neasuring the fluorescence intensity of
the fine particles thus packed; [8] a silica gel particle having a nol ecul e
of Fornmula (1) imobilized on the surfgce a a spacer unit: (where Rl is
a 6-am no-2-pyridyl group or -C 02(CH2)LR2 (where R2 is a hydrogen atom

or a CG_@&@nﬁlE)ébluﬁbQWdet@xﬂﬁné tHeShailzd iRtROSKysRbI frop&t3) ; and one of X and Y
is a protecting 5group of the hydroxyl group and the other is the spacer
unit); [[2] tHehBetBod h&drdigd top@l tih GHechahe dludicdeert @rdb8lmoledulaliottingai s t he
spacer unit (where the spacer unit is -(Cl12),"-NHCO (where mis an

i nt eger @llio2stemcd Bsponsanpectfié¢ ® 8-SkRBRAKEygwhesime R3a niddgcuberud Hebmalaq1 pach

i ndependently a nethyl group, a tert-butyl group, or a phenyl group); and
10[ 10] a separation colum for separating 8-oxo 2'-deoxyguanosi ne,
conprising the silica/cﬂ partycle as described in [8] or [9] as a packing
material. Effects of ®edthBn [ 0008] According to the present
invention, a nmethod f guantitatively detecting 158-o0xo-dG in an aqueous
sanpl e solution withY <dknsitivity can be provided. The net hod
according to the presgni\invention can achi eve highly sensitive
quantitative ction of 8-oxo-dG with easy operation through the use of a
fl uorescent prob | e showing a fluorescence response specific to

8- oxo0-dG so the hod &an be considered to be an excel | ent nethod. 20FI G
1 shows a schemat®¢ di agram of the present invention. As shown in FIG
1, immobilization of a fluorescent probe nolecule 2 showing a fluorescence

e i T4 ¢ , : .
Cpacer ohTEER: ifa bt Ead i Dohlf: SO AIGIR: BITAER i T
|1 - 4, : ' h
‘% ?‘(’)\5 ; g?%n ¥ %]l%ﬁg‘l- %r% ngggsﬂé}l A oer 8N0toS)0%Rr SIE oF PEEFEH 2 pRO1AGHEOUS phase
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 -(CHy)-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4R5 (where R3, Ry,

10 and R; 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 [S], 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



7 bonds with the probe nolecule 2 in the m nute hydrophobic space 6,
resulting in fluorescence quenching of only the probe nol ecul e 2 having
mul ti pl e hydrogen bonds with 8-o0xo-dG 4. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS [0009] [FIG1] FIG 1l is a scq?natic diagramillustrating the
present invention. [FIG 2] FIG 2 is a schematic diagramillustrating an
enbodi MeRt, 4 Shavh it @ col um packed with the fine particles with a
(8- oxo-dG selective) fluorescent probe 10nol ecul e is used. [ FI G
3] FIG 3 is fluorescence m croscopy photographs show ng fl uorescence
reactivity of the silic el particles (33) to (35). [FIG 4]
FIG 4 shows a graph o aomyerirati ons of 8-oxo-dG and dG versus the
relative fluorescence S:;Eﬁ;ities of the silica gel particles (33) (left)
and a graph 15obt ai ned? by Xdhverting the rel ati onship of the concentration
of 8-0x0-dG versus the nching ratio to a hill plot (right).

[FIG 5] FIG 5Q&hows _ggiaph of the Cbncentrations of 8-oxo-dG and dG

versus the rel ati edfldborgscence intensities of the silica gel particles
(34) (left) and a h obt ai ned by converting the relationship of the
concentration of 80¥xo-dG versus the 20quenching ratio to a hill plot
(right). [FIG 6] FIG 6 shows a graph of the concentrations of
8- oxo0-dG a

et par t(ohas Koabg otne Y miEhREtR gn OGRS Byhdb RO S ¢ hifomahd o' o2
rel ationship,of the concent.ration of .8-0x%0- ve i ratio to
af hit |h | p|°6taQi6r‘? BRt %?0“551“%{]& a“rin?‘iﬁeb"f ?ttci ?’s()%g‘gg‘r’%ep‘%fs%%f‘%?ﬁrs %ﬁ?‘ﬁé&t § ef f Ieth |
o} c n . .goncentration of 8-oxo-

on the fi %“%eifré@%%%&é@&%éﬁ@n%“ b2 gplssiti‘?g’gacé‘gﬁ"ﬁ’art icles (33) to (35) with
8-0x0-dG [F J:1: El i irk] & i : i ates
(relative {n%ﬁ?@?f@&%é%gﬁgg%g%g%@ﬁ%@oé%g??%%?%ggﬁ£g§§$?gﬁ?ﬁo }Fﬁghgptica
density \éﬁitdéiaﬁni( @(@HE)‘,{Q@ICO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs

(where R3, Ry, 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-oxo 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  8-0x0-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 8-0x0-dG on the surfaces of fine particles 1 via a spacer
unit 3 forms minute hydrophobic space 6 on the surfaces, which allows only 8-0x0-dG 4,

among dG 5 and 8-0x0-dG 4 present in aqueous phase 7, to form multiple hydrogen



S of the silica gel particles (33) in an 8-oxo-dG concentration range of 0
ng/ m. to 500 ng/ m. nmeasured 30 mnutes to 4 hours after addition of

8- 0x0-dG standard sol utions (concentrations: 0 ng/nm. to 500 ng/nlL) to a
mcroplate in which the silica gel partjcles (33) had been dried to adhere
to the surfaces of the wells. 5[FIG 9] FIG 9 is a graph illustrating the

at t enuat phQshtiee pFdeahbMull DL AR thihubd RRArGHIBRT Pcd @ rbdhdingiaf or e
addition) of the optical density values (OD'values) of the silica gel

parti cl efudBentHq@nhcBn@ %o oalp tﬁ@?ﬁﬂaemcﬂédmz havige noitifle Agdiokert Bond® ng/ ni
measured 30 mnutes to 4 hours after addition of 8-oxo-dG standard

sol uti onsith@maedGHati ons: 0 ng/nL to 500 ng/nL) to a mcroplate in which
the silica gel particles 10(33) had been dried to adhere to the surfaces of
the wells. [FIG 101 FIG 10 is a graph illustrating the
attenuation rates (relative intensity % as conpared to that before
addit5onBRéEFiﬁﬁxﬁﬁfﬂBaN(ﬂ%ﬁﬁﬂiDRﬁéWﬁﬁﬁs(CD val ues) of the silica ge
particles (39) in an 8-o0xo-dG concentration range of 0 ng/nL to 500 ng/ nL
measured 30 mnutes to 4 hours after addition of 8-oxo-dG standard

solutions 15(concentrations: O ng/nL to 50Q ng/nL) to a mcroplate in which
the silica éé@o%iﬂ%féﬁ(lgg)a Sfaléfgn%@echagi?méau @ﬂa%lﬂ&@efteat W@rﬁmfaizes of
the well s. A1] FIG.11 is a.,graph illustr.ati t he

L Tencat ton rat edFiG 2l It fselngitiMogrim T iirahie an iRbiHen B iigh o

addi tion) ,of th tical density value oD | ue th ili,ca gel

Sortl of obolfig PR e RN eo Bl B Ta bER A AE e Wk Bl el 950
nmeas edn%%mgquhg%‘to 4 hours after addition of 8-o0xo-dG standard

sol utions (concentrations: 0 ng/nL to 500 ng/nL) to a mcroplate in which

the silica gel p { ( dri the surfaces of
the wells. ms?%%k:ﬁgﬁzv‘?’ﬁ%é“?ﬁr c#ﬁ%ﬁl%%%%rg%oggr%gg%?m%e pr esent
i nventi ofu¥fietdenBered@$ty d1qR LillcATBE$afRIRI(B3) to 535).The met hod of the present
invention for quantitatively detecting 8-o0xo 2'-'deoxyguanosi ne in an

aqueous sanpl e s@FLE UPRIG ANDOIS @S rifttofThe Béncehtratibhs bBRRLIIFZ ANDI@
fluorescent probe nol ecul e showi ng a fl uorescence response specific 9
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 8-0x0-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 8-0x0-dG versus the

20  quenching ratio to a hill plot (right).

[FIG. 6] FIG. 6 shows a graph of the concentrations of 8-0x0-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 8-0x0-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 8-0x0-dG) on the fluorescence quenching of the silica
gel particles (33) to (35) with 8-oxo0-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)



to 8-o0xo0 2'-deoxyguanosine via a spacer unit on the surfaces of fine
particles and bringing the sanple solution into contact with the fine
particles; and 2) neasuring a physical property of the fine particles
before and after the contact with the sanple solution to determ ne the
change in the physical property. 5[ 0011] The aqueous sanple sol utions that
nmay be ug@ehd dMidahR1 PAESRET3F) RY BABIRD-AE Bortehtrmtrhfdt &TJ Mo/l fotsed, provi ded
that the solutions contain any 8-oxo-dG Exanples include aqueous sol utions
derived hpem Beabeed s@migatd ® 4 akesafficraaddion B soxondd sdhdgd Boldons pl ant s,
bacteria, and fungi (for exanple, blood, urine, other body fluids, tissue

| ysat es, (anmdemiedtions:yEad/md)to 5AQuetnk) oal mick@riste px ebehtthé silicagellpastichay bodi es
such as 10intracellular fluid and extracellular fluid are also included in
t he concépl) hafl betredaglecdbers dnpiesusiotestafehe wellt. he present invention.
Further aqueous sanple solutions which nmay be used in the present invention
i ncl ule aqueous s[@%tﬂ]@rﬁ@- Siscteragh flysdatisrthe pienvgtiomraesdrelaiig artifi ci al
chem cal substances, cosnetics, pharmaceuticals, and aqueous sol utions of,
for exanpitensiydeys cempasyiohateeoraddiionet e optical dansvradiycal(QD vakieshat er
extracted from soil and atnmospheric c onents, and envjrongental water.
100121 Tﬁ’éﬂ}?éﬂllﬁcgebf’ar&&l&ﬂﬁ%é? Py 8-0FQTH e EPERNEHION TRRSF %eo ‘E&[’é‘getplpr%t he present

i i b ieved through f d. I'so b
LFXFQtV'eSFlsE?%abeﬁsﬁécEé@?rﬁw%ﬁ ool iR OT L e R s KRG SRBER %0 ™
travi ol et r ot 20T, itatiye. i on through
] UL?Z'S8;&%0@59%2%%8%120?7@@%%Qﬁ‘ﬁﬁéx}%a'&t%ﬁy%ﬁ?%pg%?é' VPP b pR,
: i 400 urn, preferably 3
ut tray! 06%3 l{aa%emaﬂléwtoaadﬂ@%%) ﬁ%%?b%ﬁ% oﬁf?nﬁei %vb'lgsGto urn, preferably 330

nmto 38 rn, and nore prefera 5 nmas an excitation ray

and neasuring t hegpr@t &y i -6 lNg.a wavel ength
of 410 nmto SZO%Hnﬁ'gm%%dr}'elfog%g ﬁgggtﬁﬁlﬁgtt%p%%ﬁ?%%agg IIS(IJE%C\%/]@ A specific

met hod  ofi@aitoh habbMpard@ teGhi BiTolcHdaHBRA) bl BRLEEES AERIGUANKRI(OD Vatuedrhi eved
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parti cl esf tHeQsiNdai ehpatitlet 3B $€ 8N B-ROUTE coeGatiod rhdse dFaedy/mleiBobi zed,

measuring the fluorescence intensities to nake a calibration curve, and
conpar i nggthie nfchsi@ed 3C anmeed totdensir yiteradditioad 8kdxo-dG stangré sslatiois on wi th
the calibration curve to calculate the 10 concentration of 8-oxo-d(1.

A spéfi f i(concettraicnef0 epfahi tb 580 ingéndetoechnicorplath innwhlirhdbs ohipt gdpagplst ra i s
achi eved by adding 8-oxo-dG in various concentrations to the fine

parti cl e39)thadhhércéried foladberede eretsuplaodseofrid welld. e has been i nmobi | i zed,

measuring absorption spectra of ultraviolet ray etc, .
[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



5to make a calibration curve based on the quantities of changes in the
wavel ength range in which absorption spectra change nost significantly, and
conparing the quantity of changes in that wavel ength range in the
absorption spectrum nmeasured with a sargpl e solution with the calibration
curve to calculate the concentration of’ 8-oxo-dG [0014] Fine particles

that may(Pgoys Qdd&;ky%bﬁm@ﬁ@wa spdd¥ieitil ANthHEBYr AR bpﬁhg?mielewﬂ&rt icles or
pol ymer resin particles and the ‘average particle dianmeter ranges, for

exanpl e, bfin@hg thedAmphiRdi@ickAtoBntarNitRNeS Bi@pdiiclbs;ami0. 1 pmto 50 p. mor
from1l Inn to 20 pm Exanpl es of inorganic particles include silicon

parti cl e8) fsaduriag agdlysiparpropdrigf thafiae partiglesbafopaanidiaflee the cahtani wah the
particles, graphite particles, carbon nanotube particles, graphene
parti cl essmpelndolutibh &y dstenpae thechasge it Biexehysicebproperiol ynmer resin particl es
i nclude particles made from pol y-N-dodecyl acr gl am _de (PDDA), )
pol y(phenyl deetly| edby aqurony sarnelapolaHenpibatriny by hsedah thaqupsepymventeon
pol ynmet hyl net hacryl ate (PMVR), polyvinyl alcohol, polystyrene, and
cel | ul os@re not particulpgp iigjitegxpropided thit thersolytions padaimRy Srawedvol Peimres hat i s
I rmobi li zed on the 20surfaces of the fine particles via a spacer unit and
that. shofsidoPaEis SRR @S58 fown ElﬁLlﬂl‘?ail Eellsgaléendiom aamE NS ol ecul o
of Formula (1): N -H X\ 0 . gvvhere 1 is a 6-am.nqg-2-pyrj.dyl group or
P0cp(CL- EByHRBRGREeRe T T i SyBRD G Dt e R gody S bie and 11 o
an int eQFyrsat%g, a%id tcgll ?})sateg)r.]d Aoqrﬁ%ogsf soa<ut1‘fiorr]1%i p}(asler?t ifsifd H%%g l;r)IO(ri]i%s such as
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 8-0x0-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



11 group of the hydroxyl group and the other is a spacer unit). [0016]
Exanpl es of the C6-16 aryl group include a phenyl group, a naphthyl group,
a bi phenyl group, an anthracenyl group, a phenanthrenyl group, and a
pyrenyl group. Exanples of the protectiag group of the hydroxy group
include a trimethylsilyl 5group, a terg-butyldinethylsilyl group, a

tert - but wheieptrhdSot 3Ldx@doup, a tert-butyl di phenylsilyl group, a

met hoxynet hyl group, an ethoxymnethyl group, an ethoxyethyl group, a

met hoxyet hoxx gpdcifyd mgthod pif qaarti4ativelidteonye eirbahydbsgipoiup spand idachieved

benzyl oxycar bonyl group. The spacer unit is not particularly

l i mted, byraddinddotdid® ih heriepaoscentmiions te thisBuk partitlhg td Ohichl dfledressegani ¢
chem stry. Specific exanples of the spacer unit include

( CH2CH20 pretel h@iGite has @i DR D) IBzeGHREHRODE absor BHACHROYJ o DBHA GRS G- stc.
-(C12CH20) J- CH2CH2NHCO-, - (CH2C1420),-00-, -(C12C120)j-CS-, -(0-12)k-,

( CH2) k- C® makg expljrai@@ourve paed ppithappntitighef champes)ik thgpeyelength range in | n t he
above formulae, j is an integer of 1 to 10 and preferably an. integer of 1
to 4; 15avdclabserpiignispedigeharge mostsigneficaRdy.Fdrapapnye b quar@yel of 2 to

12 o DR Y TR h S SRl SR LSF st bl e

P oy SRS S B BSRR B SRR L0 o
0,00 58 = BB CFHhCPAT LSS b SR Ly bR ot
el B T e e

[0018] A @%6@;){%0 utd@g%nf’efnd%@f@fa!blﬂfr&%ﬁiV&ﬁl%%@)t;lhrﬂgr BroAXP G020 -

aqueous sanple’s i I's the net’hod in Ich the fine particl

i nor gani ¢ patdnlI&SofQfioRShi¥ PFRiticld Shdudailiddhl (Rsti A sIRE gelustid éd! dusetz
detection is carried out based on the degree of fluorescence quenching or

based on glRepaeereal@hinhlpiaictsc engritapaiclds, rarbdnthahbebe pgtierRs,afraghege change
i n absorption spectra. Specific exanples of the inorganic particles and
pol ymer pesictespaid fullbese paticlehe
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 8-0x0-dG include a molecule of Formula (1):

/N
HN-R;

X0 (1)

e

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

e
Q N—H
0 N"<g
QY

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



12 particles dianeter as well as nethod of the quantitative detection based
on the degree of fluorescence quenching or based on the degree of

fl uorescence quenching and the degree of the change in absorption spectra
are as descri bed above. The negEod in which the fine particles are
i norganic particles and the inorganic articles are silica gel particles

i s prefegfR.of the hyldd®&PbrAp aadphedberied spadeedhimpnt of the present

i nvention, the method nmay be nentioned in which the quantitative detection
is carried qooldly pkaeplegoftie Cd,perypardupdhdads mpkenyl groop) anaphwell kgrougr yi ng
the particles to adhere to the well, adding the agqueous sanple solution to
t he wel | a bgrdnytemewy, iangnthieeehyligyows egherantimerylgroyp, ehd a pgrehyhgropprt i cl es
wi t h 10heati ng. The microplate used is not particularly limted and a
comer ci al | FExavwldsaibitlee @otogang goup 38 thedsidroxy grpwpirgtude gdyimisthylssial. Thi's
enbodi ment involves placing in a well, for_ exanple, an aqueous suspension
of fihe pEup; tlcaisbHrMimhylsig- g ategereediribelsly] gievscent probe nol ecul e
i mobi li zed on 15t he ,%Tfaces, heating to evaporate water and allow the
fine par farc bl er Al o . gifae B HRELAY| @O & RBPRYMEHY QWP+ an aqueous

I | uti d heating. Th tit f th [ ticl d i
10 hgt o Bty Htrpe srehelieporymipTEatD HirTaroushgREaBow 16 fer el |
The aquegus sus egsiﬁn i s obtained by suspending, for exanple, 1 ng tol00
ng and pg‘él?zé’foé%’?v BN§ 1860 ng of the fine particles in | p, L. The 20
heating t e”pl%easgﬁr%?1e1{11(t)%0@{%gﬁ%ﬁ{ahlg%%@%d?hlb&vfdeﬁqgatttﬂ%%gger L Bl 1 SC to

r
55C, and for ex Ine’1s m nutes to ours,

pref ex ab . . r | he quantity of the
e e SUsfanllnic hemilRLT Sne RS ok gy B Spaces It D 02 )t L o 4

t per 1 ti 1f iR < { , ly 45C to
DEsne a4 4 hour s,

pr ef er ablCHLAMIOY;-CR,EHINNCS -, -20H,E 150 REPI(€H,EHROWCS-, -(CHIfE fl uorescence

intensity of the'line particles is measured with heating by using, for
exanpl e, -@Hy)cCOp|-aCH,)-Eu@Y, -@H )t HE0-,rmrd RECHNRNEHC@ ovi des the degree of
fluorescence quenching of the fine particles and, hence the quantity of
8- 0x0- dG t hdh tieasbovd Boramtaenjisamedteger dfHdoll0med pasfeiablyem iogerd lototdai ned.
This allows calculation of the initial concentration of 8-oxo-dGin the
sanpl® sebdik i inigesef 2 tec3 tnasdhelfeiablyaavimtaegyeblty For quantification of a
sanpl e solution containing a very small quantity of 8-oxo-dG [0020] As
anot her pr eflderspeces pbid et impfobilired pndbe pitrfacayelthe dne parisl Beh

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
-(CHp)-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs (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 8-0xo0-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



5 may be nentioned in which the line particles are packed in a colum and

t he aqueous sanple solution is allowed to pass through the colum and the

guantitative detection of 8-oxo-dGis carried out based on the degree of

fl uorescence quenching of the packed fine particles or based on the degree
of fluorescence quenching and the degré% of the change in absorption

spectra. phAfH& diZn&BoNSwa1 SChemBd bf i Rah@ied ddtbiton HIRAB BB e@be bhE

present invention. As shown in FIG 2, the fine particles 16 having a
(8- ox0- d@upedsesick G@ndhingsraseaidn Pe dbgredBl SattescentdPitinchingdndl ey &@reci S
packed in a colum 17 and, after passing the sanple solution 11 through the
col um 175f tigpudiahgd mtabs@pdet emiciranreods dsaiteddbover t he sanple solution is
carried out based on the degree of fluorescence quenching of the 15packed
fine parti clEs méthod in whivthshefihopirtieles aies nargesin padetns snditennotgenisanpl e
solution contains a very small quantity of 8-oxo-dG This is because after
a cer bai pajisdastare siliod galpertsdasps predatadi i on i s passed to accunul ate 8- oxo-dG
on the finedParticIes 16, the degree of fluorescence quenching of the line
0 o She?

particles 16[084% beAnbprstied cmpoginast @f theruewuhinyprtipngthegn way Yot hat has

accunul ated on the fine particles 16, which enables cal culation of the
initial é@%l@ﬁ%ci W Wish gie aaptigtiveslstectionds sarpt aushy Rlpsias .Hﬂe%tme PREECIESH1 umm
containing the fjne rticles 16 .havj ng,a (8-0x0-dG sel ective) fluorescent
e obe. monte deopliobPi Gube e ai Cale B R e R G R Bl & 2
can be used. .as_ a,se ation column for separating 8-0xe-dG by, usi. an
ruent capibpa SpRIRIL fod Rad st TRk afbeRERA AN BB Bl B ATHAT, O il 5o
relaﬁss ﬁ@aéAlica gel particles having a nolecule of Fornula (1): 14 oY
(where It '$ a 6- am no- 2-pyridyl group or -0Q2(CH2)1122 (where R2 is a

DY 020 Ol 5t LR g SR 3bond o
spacer unj 8R4 hmRictdALE R dehgegur f aces

This embodiment involves placing in a well, for example, an aqueous suspension of
fine particles having a (8-0x0-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 to100 ng and preferably 5 ng to 60 ng of the fine particles in 1 pL.. 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 pL to10 pL and preferably 2
uL to 4 pL 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-ox0-dG that has



5via a spacer unit. The average particle dianmeter of the silica gel
particles used ranges, for exanple, fromO0.001 pmto 100 pm and preferably
fromO0.1 pmto 10 p.m (for high sensitivity nmeasurenent) or from10 jimto
100 jim (for separation colum). Exanplﬁs of the C6_16 aryl group include a
phenyl group, a naphthyl group, a 10bi6 cnylyl group, an anthracenyl group,
a phenangbhi@iihte@bRUR: iR $hraclBYERME obBiA . This allv@ il Rsatidh dffiie: iBrtki ect i ng
group of the hydroxy group include a trinmethylsilyl group, a

t ert - but ybebcARatiyd & §-ydo-gGaH phe @ntpds §olimitiny | diteis it sickholl ig adwaptagaous for
tcrt-butyl di phenylsilyl group, a nmethoxynmethyl group, an ethoxynethyl

group, anuattifesyet biyd saprpde polutomedrharingtahexy smblhylarmgityaps-ogo-dG.

tert-but oxycarbonyl group, and a 15benzyl oxycarbonyl group. The spacer
unit is not [pB2Q]i cu¥sanbihet prefereed, engroduhelg ! theapreseneinypaieay, thermmethpd used in
the field of organic chem stry. Specific exanples of the sgacer unit

i ncl utle naglROrEGIPhedHPEhich the figaapp@HeDyE Paskedtp @golumn and the aqueous

- (CH2CH20) 1- CCH2CH2SCO- &?HZCHZO)l-CHZCHZNHCI), - (CH2CH20) J- 00-,

- ( CH2CcH2 83 pPlesolutiop eypiopved to gassthrongh ficgiplumo ped Phejguagiriative qeggghpRo6cO. | and

- (CH2) k- NHCO-, . IL.n, the above fqrmula j is an integer .of 1 to 10 and

or of o1 abByPRG it cagis i Pasedpndbe drgres ot Qudirsaehecuaisnoiic of g bR e
preferably an integer of to The spgcer unit may be . i nobilized on
Phe. cur f UGG Pr bREd P des feards o Thoress P gn By el 480t pof B B Hoval ent
bond of carbon. ataons,. sulfur atons, oxygen atoms, or 15 nitrogen atons.
[0022]Prg?éFQHF§PSPﬁga§iIica gel partig?es in which Xis a spager unit

100 Oand v e 2 st bTRLITERS B dr el ROBRRL Penc 1y

met hyl  groupyg ﬂmgg%][ihﬁﬁtl 'th&ﬁ@@ﬁarﬁ%s 6 ﬁaﬂﬂgQ?(é-o%-‘a_@s)eléiﬁye)%oﬁ‘@s@&ﬂto”Ed-

[ 0023] The net or preparing the silica gel particles having the

mol ecul e pafbeRRs1831Qirkhbbil iFEPRetdor edpddred BN 17Ad DL Pasiidaad. The
nmet hod for preparing the silica gel particles (1-A) having a nol ecul e of

Formul a gdppleisblutibhe ] Sipaeet thekblunef 17, (GhdtR) e deMctibof Boxokid inz@ie t her eon
is shown in Schenme 1

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 §-oxo-dG

20  that has accumulated on the fine particles 16, which enables calculation of the initial
concentration of 8-0x0-dG in the sample solution.

The column containing the fine particles 16 having a (8-0x0-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):



10 | ame nmeani ngs as above). / Schene | Specifically, the primary hydroxy
group of the conmpound (3) is reacted with carbonyldiimdazole to obtain the
conmpound (4), which is reacted with the silica gel particles (6) nodified
wi th an al kyl ami no group, or reacted with the reagent of Fornula 15(5)

foll owed by reaction with silica gel p& ticles, to obtain the silica gel
particles (1-A). By using the nmethod, other inorgani c particles or polyner
resin particles havi ng jamol |l e of Formula (1) immobilized thereon via
vari ous spacer units, )oamm er; - (CH2C H20)i -C142042",

-(CH2CH( 20) i - CH2CH2 C0- (CH2CH20) i - CCHZCHZSCO -(C12C120)] - CH2CH2NHCO ,
- (CH2CH20) 3-00-, - (CHRCH2B)YH-CS-, - (CH2) k-, - (CH2) k- OCO-, - (CH2) k- SCO-,
and - ( CH2) k- NHCO- (vvhe/\ and k have the sane rreani ngs as above) through
physi cal adsor gbion or{ cowal ent bond @f) carbon atons, sul fur atons, oxygen
atons, or nitroge w@an be prepared. [0024] The method for preparing
the conpound (3-A VI ngORl of -0C2(CH2)1R2, 5 anopng the conpound (3) of
Schenme 1, is showgpyin Schenme 2 (where 122 and | have the same neani ngs as
above; Y2 is a protecting group different fromY, for exarrple a

4, 4" - di met trit roup; X2 is xanple, a
hal ogen &P ?ﬁe dﬁaﬁsa“g @frng’gng@Fo@p@b g?n(‘g era Pgedﬁ'aéi?l‘ﬁ such as
Tgt ;] 3nocs%|rfa 616 ary[ gx% L ('21{1("1] ?pseasnulln egelyof)l to 3? an% one of )é and Splls a pro’[e’cg:o2 (O2R2 (

group of the hydroxyl group and the other is a spacer unit) immobilized on the surfaces

5 viaa spacer unit.

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

Examples of the C¢.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
-(CH,CH,0);-CH,CH;-, -(CH,CH;0);-CH,CH,CO-, -(CH,CH,0);-CCH,CH,SCO-,
-(CH,CH,0);-CH,CH,NHCO-, -(CH,CH,0);-CO-, -(CHCH,0);-CS-, -(CHp)x-,

20  -(CHy)-CO-, -(CH)-OCO-, -(CH,)x-SCO-, and -(CH,)-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



0 HN-02(CH2) 1IR2 NH HO. e "N 1) Y2X2Y20 N-( 2) Yx2 OH ( 12 ) I\ 0
HN-0Q2(CH2) 1R2 10 NH HO., N-( ei 0 OY ( 3-A) Specifically, the
conmpound (3-A) can be prepared by reacting the conpound (9) with an

i m dazol e conpound (10) to obtain the igrrpound (11) having a -0Q2(CH2) 1R2
group introduced, deprotecting to reno Y to obtain a diol (12),

protecti ﬁgmtge@a@msmary hydr oxy group with Y2 and the secondary hydroxy
group with Y to obtain the conpound 17

[0022] Preferably, the silica gel particles in which X is a spacer unit (where the
spacer unit is ~(CHz),-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs
(where R3, R4, and R 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 -(CHz)n-NHCO- immobilized thereon is shown in Scheme 1

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

Scheme 1

Qo HN- R1 Q’ ~\
(¢} HN_R1
\>/ \< NN o M
N e/ A\ 2—<

N NN
p 0 h \([,'/ ] ,N—§ (4)
(3)
(CHz)m‘NHZ H,N—(CHz)n—SHOE#),
(5)

O,

(6)
an
Jd A HN-R, HN-R,

g NH

\> < (EtO),Si— (cn) </ N

(CHz)mN : z 7 .<

oY
OY (7)

(1-A)

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,CH,0);-CH,CH,-, -(CH,CH,0);-CH,CH,CO-, -(CH,CH,0);-CCH,CH,SCO-,
-(CH,CH,0);-CH,CH,;NHCO-, -(CH,CH,0);-CO-, ~(CH,CH,0);-CS-, -(CH )i-,



(13), and selectively deprotecting Y2. 100251 The conpound (9) shown in
Schene 2 can be prepared by the nethod shown in Schene 3 bel ow (where Y,
Y2, and X2 have the same neaning as above; Ac is an acetyl group; Bnis a
benzyl group; and DTAD is diisopropyl g%odi car boxyl ate) Schene 3 HO
Br.NH AcO "N t24/ 0 QAc ( 18”) 7M NH3 NHCO2Bn NH

Va4NPd( O35, -CO-, -(CH,)-OCO-, -(CH,)-SCO-, and -(CH,)-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 preparing the compound (3-A) having R; of -CO,(CH)Ro,
5  among the compound (3) of Scheme 1, is shown in Scheme 2 (where R, and I have the
same meanings as above; Y5 is a protecting group different from Y, 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
0 NH, O HN-CO,(CH,)R,
9] NH o NH
/E \( N/\N/602(CH2)|R2
YO N-—<N \—/  (10) YO / \N Deprotection
o 0 o N_<O
oY (9) oy (1)
/N Y HN-
Qo HN—CO,(CH,)R; Q’O HN-CO(CH,)R;
J Selective
</ \N 1) YX; Y0 N deprotection
HO N—< o N~< LSRR
0 o 2) YX 07 o
OH (12) oY (13)

O HN-CO,(CH.)R,

0 NH

/\>’ <\

HO N

1503»%0
oY

10 (3-A)

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



oy ( 20) Specifically, the conpound (9) can be prepared by reacting
cliacetate of 5-bronp-2'-deoxyuridine (16) with 2-am noresorcinol to obtain
t he conpound (17), reacting the conpound (17) with benzyl
(2- hydroxyet hyl ) carbamate to obtain the_conpound (18), reacting the
conpound (18) with ammonia to effect ci@l I zation and 10 deacetylation to
obt ain tb@%%ﬁ@ipéélé@dvél 9gprofcRass Yng the conpound (19) with YX2 to obtain the
conmpound (20) having i ntroduced, and renoving CO2Bn fromthe conpound
(20) under hyodzsjgendk ysinpoan@i hamsin Schemle@0@]be Paepanet hiothe hasthqar epar i ng
t he conpound (3-B) having Itt of 6-am no-2-pyridyl group, anong the
conpoundsi{@yn of SeherBebelow (Whah WY i and SGCHeve thk sahfe rhednérgeasibore Acaind DI AD
have the sane nmeani ng as above). 0/ \NNH2 NH HO',,

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

Scheme 3
HO oH
Br 0] 1) ZZI'\: Br NH HO ~_-NHCO;Bn
AcO 7 WH — > ACO <\/ \iN DIAD,PPh,
N N——< >
HO OH
OAc (16) NH, OCAc (17)
O  NHCO,Bn
HO o~~~ NHCOzBn
Br.  NH o M o
{ 7M NH, <\/ \<N 2
AcO <{“ N e MO N
0
0 9 0
OAc (18) OH  (19)
Qo NHCO,Bn Qo‘ NH,

g
PA(OH),/C
\> (, ~ _PdOHLC H
Yo [ N YO /N

(20) (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



7M NH3' N taw O // OH( 24 ) I 0 NN NH2 HO Oy

Specifically, the conmpound (17) of Schenme 3 as a starting nmaterial is
reacted with 2-bronoethanol to obtain the conpound (22), which is reacted
with 2,6-diam nopyridine 5 to obtain t g conmpound (23). The conpound (23)
is reacted wwth ammonia to effect cycli‘Zzation and deacetylation to obtain

the comp@yRgke(Z Ak, atDEAD Ihavd telshRke nfaakessado@gcording to Scheme 2 to
obtain the conpound (3-B) having onIy the secondary hydroxy group protected

with Y. 1 00271 The conp %% A) shown in Scheme 2 can al so be
prepared fromthe 10 cogpound (fg$ wn in ne 3 according to Schene 5
bel ow (where Y, R2 1 d Bn have the sapg ngs &s above). 19 Schene

5 SpeC|f|caIIy, pound (19) is con erfbd to the compound (3-a)
according to the nstho-H IIustr ed in Sch and Bn is renoved under
hydr ogenol ysi s condifions #Ho obt a|n t e co o éﬁ Ahe conmpound (25) is
reacted withAsfi m dazgl e SBBHﬁand"( tro ce a Nep(cHz) 1R2 group
to prepare the.aﬁggpun (3—73__‘“_’“[00 heOS|I|ca gel particles having

t he nol ecul e of |.a (1) prepared asofeschibed above have m nute

hydr ophobi c spacggﬁn(1ﬁe surfaces of the si |ca gel particles because the
particles have the proby nDquuIe i mobilized on the faces of the silica

gel particles, mhi@ ‘ Hbi ve as qg”B» |n an aqueous
mould b ifficult he ppobe nD Mecul e was not

sanpl e sol ution 1Qy

i rmobi | i zed. I'n Ition, by |nnDb|I|Z| he probe nol ecule on the
surfaces of g/pe sil cé«gel papmhn%es the s |t|V|ty i ncreases
significantly, Q ¥xqnpl e, eveto at guantitative detection of
8-0x0-dG in uri s possible. s'h ows quantitative assay of a
very smal | quantaty(gf) 8-oxo-dG in & sa 1580l ution with hi gh accuracy.
Therefore, the silica gel particlez/havi (2hke nol ecul e of Fornula (1)
i mmobi li zed thereon can be a devic or quantitative assay. The silica
gel particles having the nolecul e Formula (1) imobilized thereon can be
used as a packing erlﬁL\ |separat|on col um.
O NH
VAR
HO
%OiN—«O (3-B)
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-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, Ry, 1, and Bn

have the same meanings as above).



20 The separation colum containing the silica gel particles having the
nol ecul e of Fornmula (1) immobilized thereon can be advantageously used as a
separation colum for separating 8-o0xo-dG by using an el uent capabl e of

el uting 8-oxo-dG Specifically, becausg t he separation col umm uses the
silica gel particles having a 5selecti 8 affinity for 8-oxo-dG only the
retention tine of 8-oxo-d6, anong the conponents in the sanple solution,
can be changed. Therefore, even whefckeH&Ssanpl e_sol ution contains a
conponent havi ng the /r ey Hgn time as t 0 déi}nmhxgior a conponent
having a retention t T osé ozg%at of 8-oxo}d& and quantification of
8-o0xo0-dGis difficulgf, Rely the retention tim® of N@- oxo-dG can be changed
so as to l1lOaccuratel uantify 8-oxo-dG Exanp/ [ 0029] Preparation
exanpl e 1: Prﬂ@aratién\nf t he conmpound H#a§) AcD. , NBrOPeOBH/Q 16 ) 0 OAc
15Under argon str%gnﬂ—g;bronD-Zl-aeoxyuridi@ﬁ Zé 6-512—mot ) was
dissolved in 5 anfydr ous pyridine an irr%d. Aceti c anhydride (1.54
m., 16.28 mmol) S gqgﬁd dropwi se to the @Wxtgrg and stirred at room :
tenperature. After 18 hours, the reaction liq d’was diluted with 15 nml, of

ethyl acetate. The /m tufé\m&s washed with a saturated sodi um bi carbonate
aqueous sol ution, rO ant™ saturated sal i 8} uHNORO2A(CH)R,

O NH
.y -COL(CH)R; O NH
2*( N N 7
HO N =/ (10) HO N
7 o N - . N—
0] 8] e
(25) oY (3A)

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

5  compound (10) to introduce a -CO,(CH2)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-oxo0-dG in an aqueous sample solution

10 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 8-0x0-dG in urine is possible.

This allows quantitative assay of a very small quantity of 8-0x0-dG in a sample

15  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.



20The organi ¢ phase was dried over sodium sul fate and the sol vent was
distilled off under reduced pressure. 5 nL of toluene was added to the
resi due and the solvent was distilled off under reduced pressure. The
resul tant crude product was recrystalllzed fromethyl acetate/ hexane to
obtain 2.37 g of the conpound (16) wi t KVa yield of 93% 1H NWR (400 Mz,

CDC13) a ppnThesseéz@raﬁéi%olﬁx)rm cznéﬁmgg“ﬂe sflica g@l €168 ha thé nmoldede b, 255. 9
Hz), 5.22-5.21 , 4.41-4 .56-2.50 (1H, m, 2.18-2.13

(rrr, m Fodndl@ (ﬁﬂlm&)ﬂlzé@i thé&ebBthn 56) advaﬁﬂag&ﬁisi'}l\@eﬁ at BepadatdnQ@31upMide) | R
(cn}l): 3013, 2824 1744, 1710, 1687 mp.C 151.8-152. 8C [ 0030] Preparation
exanpl e Zepdritipes-atai-aG hyfusiﬂgearpe:mmmumhb(elﬂf)ehhﬂﬁgﬂt -okxo-H Aca.,\ N( 17 ) 50Ac
Under argon stream the conpound (16) (3.0 g, 7.69 nmol) and

t ri phenyl phdgghifivelly, deCdisgthelstpHanorntglunve neesdhe silico pegaidlés lamngdr ous
acetonitril e-anhydrous dichloronmethane (20 nL-5 nL) three tinmes and with
anhydp ouseldétotel agiinityefon Sraxood(s enlyrihh y@tr:mum t@ac pb#roxo-dG, among the
tetrachl ori de-di chl oronmet hane (15 nil wer e added and heated 10to
refl ux. Aﬁm@@n@t®nﬁb®ﬁ2§nplﬁ ﬁ@luw@a@ﬁn b Chw@iid heggelons lcsen when Besrmaleper at ur e
and dlazablcycloundecene ﬁ m., 16.9 mol ), 2-am ore rC|n%4 (1.92 g,
15. 4 moB9lufiar eonjaasa camaogfmt RUBS thrBMSGPRMeN Bme o et ebRPreH Fui d was
distilled off un reduced pressure, ane- he -16 )
was adde&(”t"BO‘Eq‘n’ég?\élgg Aoy Hhe Clﬁ??(ﬂf?@ %W@@@Bﬁ gpgnty Cia?‘?réﬁpat room

or e pi 1 Sreuld AR 6 iRt RPRHER St Pekhenli 1B Rashea i th

wat e di chl o acetonltrlle 3.1 g of the conmpound (17) was
obt allicr)led A r?ﬁtelo lﬁaeﬁ@ego?)?cga%

Examples

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

Br O
/
AcO NH
N (16)
—QO
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%.
"TH-NMR (400 MHz, CDCls) & 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, s).



1H NVR (400 MHz, DVB0O-4) 6 ppm 8.01 (1H, s), 6.90 (1H, t, J = 8.1 Hz),
6.35 (2H, d J = 8.1 Hz), 6.12 (HT't, J =6.7 Hz), 5.18-5.17 (1H m,
4.27-4.20 (1H, 1, J= 5.8 Hz), 205.19 (1H, m. 4.37 (3H, m, 2.43-2.32 (2H,
m, 2.08 (3H, s), 2.05 (3H, s). ESI-M5_(nfz): 4.98.04 (MtH)1 IR (cm1):
3390, 3301 tn.p.C 249.6-250.0C [0031]2 reparation exanple 3: Preparation

of the cggpmg\gn(z%&m.oz (M+Npder argon stream the conpound (17) (2.60 g,
5.21 mmol ), benzyl 2-hydroxyethyl carbamate (1.33 g, 6.8 nmol), and

tri phenylpk@sphizoes, 2231794, 8719, is8 ) were azeotroped with anhydrous
acetonitrile (40 nL) three times and anhydrous 5 dichl oronmethane (32 ni)
Anhydr oush.plPChl dr&ie2.8&he (36 nL) was added to the residue and the m xture
was stirred in an ice bath. Diisopropyl azodi carboxylate (4.47 nmL, 8.5
mol ) was adbei]dr Epspasgionsxamplerd: Lrepamtian@f theecomipound €1 as al | owed to warm
to roomtenperature and stirred. After 21 hours, the reaction liquid was
washed with water and a<~saturated saline solution. The organi c phase was
dried over anhydrougoi um sul fate and the solvent was distilled off
under reduced pressure.YTh8Hresi due was purified by silica gel colum
chromat ogr aphy (60NPRvalNiabl e from Kanto Chemical Co., Inc.; ethyl acetate:
chl oroform = éfg to I acp‘t.,gt e) to obtain 1.39 g of the conpound (18)
with a yield NVR (400 MHz, CDC13) 6 ppm 7.92 (1H, s), 7.33 (5H,

9%
m, 7.05 (1H t, §2%/8.® Hz), 15 6.71 (1I1-1, d, J = 8.4 Hz), 6.42 (1H t, J
= 8.2 Hz), 6.24 (4 t, J = 7.1 Hz), 5.20 (1H, 1), 5.10 (2H s), 4.36 (2H,
m, 431 (111, ), 4.13 (211, n). 3.66 (211, m), 2.69 (IH n, 2.12 (314,

Dio” SRl B RGP, Ak RFIL R iRl 7
tZﬁeUnder (PHILM 156 HBHT) wéreM BRI 7iBLI98Rus 68QoriTlrile-3nBRIHAP! ) was added to
dichloromethane (20 mL-5 mL) three times and with 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-ds) & ppm: 8.01 (1H, s), 6.90 (1H, t, ] = 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 (em™): 3390, 3301
m.p.°C: 249.6-250.0°C

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



conpound (18) (1.55 g, 2.29 mml) and the m xture was stirred at room
tenperature. After 72 hours, the solvent of the reaction |liquid was
distilled off under reduced pressure. The residue was purified by silica
gel colum chromat ogr aphy (60N availab&g from 5Kanto Chem cal Co., Inc.
chloroform nethanol = 15:1 to 9:1) to“0tbtain 650 ng of the conmpound (19)
with a yield 0155% 11-]-NWR (400 MHz, CD30D) 5 ppm 7.70 (1H, s), 7.29
(5H, m, 6.81 (1H, t, 8.2 Hz), 6.58 (1H, t, J =7.9 Hz), 6.41 (1H d, J
= 8.2 Hz), 6.41 (I ¥ o=~ MICPN - 5 11 (2H, s), 4.37 (111, m, 4.05
(2H, m, 3.92 (1H, , 8481 (1H, dd, J = 3.1 Hz, 12.0 Hz), 3.73 (1H, 10dd,
J =3.7 H, 12.0 Hz) )>R.53 (2H, m, 2.33 (1Il, m, 2.12 (1H m. (mMz):
511.29 (Ml 1) AcQR (cal | N: 34044%) 3199, 1722, 1681, 776 mp.C 131.2-132.0C
[ 0033] Preparati |l e 5: Preparation of the conpound (26) rTh O
NHCO2Bn O NH HOe( ) e/ 0 OIBS 15 (where TBS is a tert-butyldi nmethylsilyl
group) To a sol ut?¥n of the conpound (19) (655 ng, 1.28 mmol), which had
been

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 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, ] = 8.2 Hz),

15 6.71(1H,d,J=8.4 Hz), 6.42 (1H, t,J =8.2 Hz), 6.24 (1H, t, ] = 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)
/N
O  NHCO,Bn
0 NH

HO 2~<& (19)
LM

0
OH



azeotroped wi th anhydrous pyridine, in anhydrous pyridine (11.5 niL), under
argon stream di nmethoxytrityl chloride (652 ng, 1.92 nmmol) was added and
stirred at room 20t enperature. After 1.5 hours, the reaction |iquid was
diluted with CHC13 (30 nlL) and washed §/i3th a saturated sodi um bi carbonate
aqueous sol ution. The organic phase was-dried over sodiumsulfate, and the
sol vent was Ghddrialdoduelih, PMghnoadUsethaRs1&S6 WIS 3. 6B BmoBSKAL Adkd & Mee
product was purified by silica gel columm chromat ography (60N avail abl e

f rom Kantcompbedd @g) (1085 g, 1.0E mmdl @t Bt aiiklukOwahitor«f 0 Fdom tehpamote. = 50: 1 to
met hanol ). 25To a solution of the resultant brown solid in anhydrous

N, N- di metAfydr f7aioars, the soBeidt oflthe rea2don Iiqudd zak dis(il6d offgind&. 10@& echpodsyurand
tert-butyl di nethyl silane chloride (373 ng, 2.015 mmol) were added and
stirred &dtherexdneterypeirdied by silafatgel c@unowhmymatpgaplea@ONmyallabjaiidmmvas di | ut ed
with chloroform (20 nL), washed with a saturated sodi um bi carbonate aqueous
sol ut § on KankeChergigal €o.phes ehlgacfosmi mathenelr= v ditafils th ebiem 658mee efHdesol vent
was 5distilled off under reduced pressure. To the resultant crude product,
3% t ri chicompaerst (10) with@ yigd ohP9”was added and stirred at roomtenperature.

bi car pénﬁﬁéﬁwﬁt&%gﬁ%@} GBron) %%W%aﬂ%', éi?%a?é%ré@@iﬁt éﬁﬁ%ﬁjﬁ&%‘ig‘a The
under feﬁﬁ%iﬁ%iészﬁbﬁaﬁéﬁi et FAHAEa) alE ST BRRAR bl st 11 ca
ohl or of f%?"@@? AP TR AR E sl B R ERR AR T o

[ 3% 1 7 , , 7. , in),
b 770l EIEMEG A08 SSLERS s PRI A AT S P s o6 (o

, 4. 45 (k| . 3y M, 3.91 (2H, 1 , 3.73 (IH , 3.56 -1,
g) , 2. 3(?(8(1%—? (I?S)n%) %&%896‘ 2 9H>, n')s) , 0. 06((3H, E;T) 0.05 (gH, S;T? ESI 5I\/IS((lﬁi ;) ;
625.35241§g5 H:32084198r epar dgd1on7exanpl e 6: Preparation ofthe conpound
a

(27) OIBS Pal | adi um hydr oxi de-carbon (100 ng) and cycl ohexene (1 L) were
added top@p.°oC: 131.2-132.0°C

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

¢ NHCO,Bn
0] NH
HO /N (26)
o.M
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 CHCl3 (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 a solution of the resultant brown solid in anhydrous N,N-dimethylformamide (3.7 mL),



20 solution of the conmpound (26) (100 ng, 0.16 nmol) in nethanol (2 nL) and
the m xture was heated to reflux. After 1.5 hours, the reaction solution
was filtered and the filtrate was distilled under reduced pressure. The
resi due was purified by silica gel col chr omat ogr aphy (60N avail abl e
from Kanto Chem cal Co., Inc. chlorof§g21 met hanol : chl or of orm

triethyl gmideor (506 £2: 3.023 hﬁ’n&?&rﬁi @miﬁgmlrﬂéthytlﬁ@anfé@me@ﬂﬁr& 2815 yel l ow
25solid with a yield of 68% 25 1H N CD30D) 6 ppm 7.67 (1H

s), 6. 83 nirhbl) were dddﬂ'cd&nhﬁﬁmre(ﬁat@&mﬁltﬁn éfatu@e = Afi¢izd hobs, 4k (e&d:‘dlorﬁhquid = 8 Hz),
6.20 (1H, t, J =6 1Tz), 4.49 (1H 5) 4.07 (211, t, J =5 Hz), 3.90 (H,
in), 3.7%ds llli']uteddvitlﬂc}ﬁoﬁ)fcbﬂm (2])2n]|:)z )N&lSl&:d?\Oitlﬁ b siduradkel] sodivm Bichiﬁ),oné.tﬁ Hz), 3. 09
(2H, t, J =5 Hz), 2.28 (1H, in), 2.13 (1H, n), 0.92 (914, s), 0.12 (611,
s). 51 R waudduslsofutio®2 7Bhe ig7d¢ ph&63yasiized ovESiodien fwifaty, .and fie oIk 404 .

Yel | ow caranme [0035] Preparation exanple 7: Preparation of the conpound
(28) 5/ \dlsmxllemoﬁf@@@wyluwﬂ nressgre)  dp tge ©FEENt ¢oTte pepduet, §%4 sihloroachlec
conpound (27) (50 nuy, mol ) i n anhydrous pyridine (2 nL) in an ice
bat h, chlaeiddsP PHetwas @ﬁ@%@i fiBEdpf oom tampEgatiies] YAMigad hot de GAGIM se and

liquid was diluted with a saturated sodium bicarbonate aqueous solution (15 mL) and
extracted with ethyl acetate. The organic phase was dried over sodium sulfate. The
solvent was distilled off under reduced pressure and the resultant residue was purified by
10 silica gel column chromatography (60N available from Kanto Chemical Co., Inc.;
chloroform/ methanol = 50/1) to obtain 540 mg of the compound (26) with a yield of
73%.
"TH-NMR (400 MHz, CDCls) & 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)

/N
O NH,

¢) NH

HO 2/_\<N (27)
e

0
orBS

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%.



the m xture was stirred at roomtenperature. After 30 m nutes,
2- (2-napht hyDet hyl 1ifi m dazol e-1-carboxylate (100 ng) was added and the
m xture was stirred at roomtenperature. After 21 hours, 28% aqueous
ammoni a was added to quench the reacti 33@ 15Extraction was carried out
usi ng chl orof orm and the organi c phase s dried over sodiumsulfate, and
the sol vepinyms 4@0%1{&'@1@3@15%913&97 67gduCHds BB @FII U ¢= 8THL), kB3 Yl tiamty €1 ude
product was purified by silica gel chronatography (60N avail abl e from Kanto
Chemi cal 8Qgz), 6.4B¢1H, d;11-08 BlZnramO (TEY, hanob Hz),5049)1H,en)0bi0di(BH2Q J e HE), t he
compound (28) with a yield of 43% 20111-NWR (400 MHz, CDC13) S ppm 8. 07
(1H, d, J3.99 (8HHm),3.79 83 (dd]J s)3 HZ,. 129H%)1B,70d1 HJdd, J&13 Hz)12 AzBB.001BH, &), 7.45
(2H n) 7.33 (2H m, 7.15 (1H, Br), 6.89 (1H t, J 8 Hz), 6.46 (I H, d,
9 Hz)T $H3)32(2BI(1H ), 2113=(H{Hm),,09€(971 e1B,12t(oHI s)= 6 Hz), 4.50 (1H, m,
4 38 (211, t, J =7 Hz), 3.96 (4H m, 3.79 (1H, m, 3.61 (2H, n, 3.41
(211, 5t, IEV%axgﬁHZ) 32?531572,11—136311’}2612 18 (HT m), 0.88 (9H, s), 0.07 (6H, s).
251R villa. (film: 3275, 1709, 1473, 1087. 26 ESI-M5 (mz): 689.3 (M+H).
[0036] PESEMS{mEN QY EHE- Preparation of the conpound (29) To a
sol uti ona[o t he conpound (27) (50 ng, O 10 nmol) in anhydrous pyridine (2
5m.) in af PWé’aﬁ&%Gn chlorotri rret hyl silane (33 g;iL, 0.26 mmol) was added
dr opwi se an tur was st d at roo er at After 30 m nutes,
o byt enyddbigl TPl aReler: BBt B GBs added and t he
m xture was stirred at roomtenperature. After 21 hours, 28% aqueous
anunoni a was added t the reagtnhnon. Extraction was carried out using
chl orof orm and t he Q; mcgécwgs ed over sodium 10sul fate, and the
sol vent was distill # under red pressure. The resultant crude
product was purifi e silica gel ch+fmatography (60N avail able from Kanto
Chem cal Co., Hbnc. ch Mrof oea) nmet hanol = 50:1) to obtain 18 ng of the
corrpound (29) WI Ia, Ny{\eld of 24% 11-1-NWR (400 MHz, CDCL) 3 ppm 824(111,

1
O

d, J =9 Hz), 7.98% 818 in), 7.54 (1H, s), 15 6.77 (1H, Br), 6.61 (1H m,
6.20 (114, d. J oT8S | 17), 6.13 (H, d, J = 9 11z), 6.07 (HT in), 4.50 (3H,
m, 3.92 (211, m), 3.79 (31-1, in), 3.63 (2H, m), 3.53 (2H, n), 2.24 (1H

rn), 1@. 17 ( Ik a $oMtionOof8He 6&hbmﬁa)d (2D} ((W i 16, 1 (sthmolRn\anaydr(is pyrddine3230, 1710,
1473, 1088. ESI-M5 (mz): 763.4 (MH) I
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, ] = 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, ] = 6 Hz), 4.50 (1H, m), 4.38
(2H, t, J =7 Hz), 3.96 (4H, m), 3.79 (1H, m), 3.61 (2H, m), 3.41 (2H, t,J = 8 Hz), 2.35
(IH, m), 2.18 (1H, m), 0.88 (9H, s), 0.07 (6H, s).
25 IR vy (film): 3275, 1709, 1473, 1087.



20[ 0037] Preparation exanple 9: Preparation of the conpound (30) NH /-1lcl(
30) ., N--( O C O OIBS 27 Under argon stream to a solution of the
conmpound (26) (35 ng, 0.06 mmol) in anhydrous dichl oronethane (1 niL) at
roomtenperature, N, N -carbonyldiimdazole (18 ng, 0.11 nmmol) was added and
the m xture was stirred. After 2.5 howzg, t he solvent of the reaction

i qui d wass1dis (inl4)eskoof fvungter reduced pressure to obtain 39 ng of the 5
conmpound (30) with a yield of 98% 'H NWR (400 MHz, CDC13) 8 ppm 8.19
(11-1, s), 708%6]( 1iremtation.ex8mbld 8:.Pré&paration®F tkd dorspounB.(7H (1H, t, J = 7.9
Hz), 6.44 (I H d, J =7.9 H), 6.40 (1H, d, J =7.9 Hz), 6.14 (1H, t, J =
6.1 Hz), 5.92 (1H, Br 5. (2H, s), 4.67 AOL dd, J = 3.1 Hz, 12.5 Hz),
4.57 (111, dd, J = Wnée&&m m, 4.11 (1H, m, 4.04 (2H, m, 3.58
(2H, m, 2.42 (1H, —<2.23 (1H, 10m._~Q.87 (9H, s), 0.06 (6H, s). LSI-Ms

(mz): 719.40 (M+H) P, [WD38] Prepa exanpl e 10: Preparation of the
conpound (31) Undgrar gon (%)r eam a solution of the conpound (28) (29
ng, 0.04 mol )H°| N%

0 e

OTBS

To a solution of the compound (27) (50 mg, 0.10 mmol) in anhydrous pyridine (2
5 mlL) 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 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, CDCl3) & 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 vmax (film): 3230, 1710, 1473, 1088.
ESI-MS (m/z): 763.4 (M+H)".

20 [0037] Preparation example 9: Preparation of the compound (30)
7N
Qo NHCO,Bn
O NH
[\ /\> S
N_N_O N (30)
hd N
\i[)]/ 0 «o



15anhydr ous di ehl oronet hane (3 nlL) at room tenperature,

N, N1- car bonyl di i m dazole (14 ng, 0.08 mmpl) was added and the m xture was
stirred. After 2.5 hours, the solvent of the reaction liquid was distilled
of f under reduced pressure to obtain 32_ng of the conpound (31) with a
yield of 91% 11-1-NW (400 MHz, CDC13)2 S ppm 9.21 (1H, Br), 8.19 (1H, s),
?1&0 'ElHJ d, Uédﬁgafgoh'%)reargoto asz)ﬁltfo%%f tl‘fgcon?po@?ldgjé'j (357'}ngﬁ)6 %%mglébl ini n), - 6.78
4.66 (1Han®dirows (ﬁcﬂlgroﬁﬂhané (5?n fjalﬁrodﬂ edftufe, N"N dﬁbor&ldfﬁqnﬁ@idle (1')8, 4.12
(1H, m, 3.97 (1H, m, 3.53 (21 ,37(1H n),331(211 t, J =7
Hz), 2.4Zg@0U1mhmoB.v2R addéd ard the tnilard @k stijed. 0 AFker QBHous, thesDlveBof Nl z) :
783.40 (Mr1ll)+. 25[0039] Preparation exanple 11: Preparation of the
conpound tfe3@ction liquidhdes diatilahof$ tindeamgduced presaireitd driaiof39trhgotiwpound (29)
(25 nmg, 0.03 mmol ) in anhydrous diehl oronethane (3 nL) at room tenperature,
N. N' - zar bompbetid (F0pwrblacyi€ld bf R§%0. 0. 06 nmol ) was added and the mi xture was

stirred. After 2.5 hours, the solvent of 5the reaction liquid was distilled
of f underHrI‘éMEc@@OMEs,sQ@@lsbép@m 8ilY (2H. sy 74t (ﬂHeS)ca%éum)(Zs% (MLt a
yield of 96% 0040_}Ex nple 1. Preparation of sil Joartlcles (33)
(aver age op@rdHet.d 8&[@9&%@@4%}' =16% 624 64 Ut @nJ of 47(30)

A SV 160,40 praAiaBOus 08 (B9 ufb/ i1 2 r%%aﬁa@??@ﬁ*&%éfge baric e
%?”Eﬁﬁr.lh%c@o%gﬁéﬁf?e PR o PRIkt Rk RE AR B9 Sk haken

(300 t.e After 3 days, the silica gel particles were
155ep Bg'??ﬁ?ﬁ]s[) Npgg) aﬁd washed t horoughly wi th chl orof orm and

met hanol e10Sivi- gel particles (33) in the heading.
[ 0041] ExaEtSrrgll\g§%rWZgr§%a4r a(ltl\JI Iq)}of silica gel particles (34) (average particle

di ameter 10 [ph#] Preparation example 10: Preparation of the compound (31)

QO/-——I}N _COZ(CHz)z

O NH
— /?~—<\
N__N__O N (31)
hd N
\g/ 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, CDCl3) & 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, ] = 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)



29 To a solution of the conmpound (31) (0.04 nmol) in anhydrous

di chl oronethane (1 nL), am no-treated silica gel NH SMB 100-10

(manuf actured by Fuji Silysia Chem cal Ltd; average particle dianeter: 9.2
m, pore volune: 0.57 nL/g, carbon content: 4.0 5 wt% (100 ng) and

i mdazole (11 ng, 0.16 nmol) were added®and the m xture was shaken (300
rpm at roomtenperature. After 3 days, the silica gel particles were

separated by filtration Béi%@ oughly with chl orof orm and
met hanol to obtain the s a ge %§$ﬂhél

[ (34) in the heading.

[0042]Exanp|e 3: Preparablo Hof silica g articles (35) (average particle
10 di aneter gya(solutlon of conpound (32) (0.04 mmol) in
anhydr ous dlchLQN han mL), (B no-tireated silica gel NH SMB 100-10
(nanufactured by %ﬁg 2 Chemical Ltd; average particle diameter: 9.2

.tm pore volune: O. nL/g, carbon content: 4.0 15 wt% (100 ng) and
|n1dazole (11 ng, 0.18™Fhol) were added and the mixture was shaken (300
rpm) at roomtenperature. After 3 days, the silica articles were

sepa[) at ed byUnder preapispamsdg aseiniog Otfm?r@a@ﬂuydmwgmge QB SAPRMY net hanol

t t th 35 h d 0

om0 g@y&%@?@ s SR R

36 ) 0713% th

an hi/dr oufer pi@%“?m )Was Hé?ﬁﬂ&g‘ﬁ’ﬁﬁ%}?ﬁon?%%%?& I ﬁ#&eﬂ %%Ohn(?‘ﬁi%leosoéml ) was

added anabtrg%‘it{gp tqill'llré W%% IStsltle rf?gndarre@%ga rSTSpu?é% O 2'§\fnll 8 g hOUI’ S, t.he
r

solve%t educe SN e et ue was purlfled

by sili C@orﬂBbun‘a%QWhB%rﬁaH%f95%. 60D,

[0040] Example 1: Preparation of silica gel particles (33) (average particle

diameter 10 pm)

O  NHCO,Bn

O NH

Silica CHy) : o /\> \<N
10um ( 213 \"/ N (33)
o} po o)

oT8S

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
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

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 pm)



di chl oronet hane) to obtain 15 ng of the compound (36) with a yield of 43%
11- ENMR (400 MHz, CDC, 13) 6 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 (H, d, J - 85 Hz), 6.19 (1H, m, 5.79
(1H, Br), 5.19 (1H, Br), 5.10 (211, s),.4.25 (31-1, nm), 3.78 (611, q. J =
7.0 HzZ), 3.58 (2H, m), 3.20 (211, n), 2739 (1I-1, m, 102.12 (1H, ), 1.19
(9H, t, J = 7.0 Hz), 0.95 (21-1, rr), 0.86 (9H, s), 0.62 (2H, m,.0,04 (6H,
s). ESI-M5 (nlz): 827.7957 (M-H) fexl) : 3326,=2930, 1698, 1474, 1102

[ 0044] Preparation exanple 13: @ PatiNoFCdEH:: mpound (37) 150 To
a solution of the conpound (31) {0, 0.04 mmo { n anhydrous THF (1 nl),
3-am nopropyl t hoxyS| | ane (3 0.14 mol) added and the m xture
was stirred af Sr‘iefo(&,q:mergture /Ny er 18 hours, the solvent was distilled
of f under redd&bd"20pressyr e oThe—esi due was purified by silica gel

chr omat ogr aphy L-60D; d?ch metthane) to obtain 14 ng of the conpound
(37) with a yield of 38% 3btAd- ENVR (400 M1z, CDC13) 8 ppm 9.28 (1H,

s), 8.00 (1H, d, J = 8Hz). 7.80 m, m, 769(III r’r), 7.39 (5H m, 6.78
(1H, rr), 640(211 nm, 6.16 (1H, , 4.45 (1H, , 4.26 (4H, m, 4.01

§ gﬂ M, 2.40% aqﬁrm% & the anlfm%i n20104g‘§§’?@|4n aﬁ%lyci%uslﬁgdg@mgn%am& s‘;" (ZéH
2L -356(25251% it e g N syladlo-np byt hersRARY ml 905 sl or 1 o

of the Ci%oa%ggg pal)txcfe (P ameter: 9.2 um, pore volume: 0.57 mlL/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 pm)

H
(CHz)sN <\
N
0 jg

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)



0 HN-O0O2(CH2) NH Hc..,(Et0)3Si-(CH2)3N,0 I Oro OIBS (38) 10To a solution
of the conmpound (32) (40 ng, 0.05 mmol) in anhydrous THE (I 5 nli),
3-am nopropyl triethoxysilane (40 [tL, 0.19 mml) was added and the m xture
was stirred at roomtenperature. After 24 hours, the solvent was distilled
of f under reduced pressure. The residu é%was purified by silica gel
chr omat ogr aphy (FL-601); dichloronmethane) to obtain 18 ng of the conmpound

(38) with a yield of 36% 1511 N?/_(_&'ﬂ%d\%i‘z CDC13) 8 ppm 8.10 (9H, m),
7.50 (1H, s), 6.73 (iH, 14 (1H, t, J = 5.8 Hz), 4.43

(1H, m, 4.30 (211, m) 425( 11NAM), 4.03 (111, m), 4.30 (2H, m, 4.25
(2H, m, 4.03 (H, M, u3. 92 (2 , 3 78 (6H, in), 3.57 (2H ), 3.49 (2H,

m, 3.21 (211(,Etcrr§Sl (@iz&ﬂl m 1H m, 1.64 (2H, m, 1.21 (9H, m,
0.87 (9H, s), 0.61 (2H 8 . 201 R vmax (filrr) 3132, 1704,
1473, 1063. ESI-M5 (m z) I\/H—i) + [ 0046] Exanpl e 4: Preparation of

silica gel particles (39) (éﬁ age particle dianmeter 100 nm The
conmpound (36) (0.01 mmol) was added to a suspensi on of 100

i erost | ca foaenuicorte vora (34 0ot fameens o THakemioc ur ed by
El kcmm Material) in purified wate et hanol (5 nlL), and acetic acid
(5 ni) aﬁoﬁmln@p@ﬁﬂmeﬁh@cm&@er(é@w&« &4anmsb®/as,&f1@%¥ a@éhﬁgw@re WEHAHGH was
O it enderaedused RLESSUE, TG scetifuagfh salibungnes
o o i SEhF oo SRR ALY B0 SRR Y 10"
[0047] Ex%mﬁoei\ror%ethgrrlgeo ogttaino mg o%'t}ke c%%&)%lnd ?%)t\}\/lﬁl g §1€(Cf19f) 43(°/§.V€r age particle
'H-NMR (400 MHz, CDCl3) & ppm: 7.29 (6H, m), 6.76 (1H, t, ] = 7.9, 8.2 Hz), 6.44 (1H,
d,J=7.9 Hz), 6.39 (1H, d, ] = 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, ] = 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 (61,
S).
ESI-MS (m/z): 827.7957 (M+H)"
IR (ecm™): 3326, 2930, 1698, 1474, 1102

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

Q—o/_n\u—coz(craz)z
{ O
H gﬂ\
(EtO);Si—(CH,)aN__O N

e

oTBS
(37)

15 0

To a solution of the compound (31) (30 mg, 0.04 mmol) in anhydrous THF (1 mL),
3-aminopropyltriethoxysilane (30 plL, 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%.



10di aneter 100 ntn) O HN-OO2(CH2) NH e *2si/ 0O OIBS ( 40 ) The
conpound (37) (0.01 mmol) was added to a suspension of 100 ng of
Mcrosilica (Hydro 20000 average particle diameter: 0.1 um manufactured by
El kem Material) in purified water (5 rrL) et hanol (5 nmL), and acetic acid
(5 nm) and the 15m xture was tell uxed 34t 80C. After 36 hours, ethanol was
di stilledyc MRJ rMH%"@E@@%B;%%?W@ ﬁhr@)b@co@t (1f, 8C) <39, ytdoQRrinas,

neutralize a saturate di'um bi carbonat'e $ol'ution. The silica gel
particleg. éw(fl@l sopasaisd, Ry, 79 (tIHiTrﬂ)OG 4enTHWas et (i moughk Y1 Mt 40 i fi ed
wat er and acetone to obtain the silica gel particles (40) in the heading.
100481 Ex ] ®),6t.0 PREpan)as ji7on6Hf m3id.s& e yeh), paASt(RH| &, L MP2H,aves2g€¢2Har ti cl e
20di aneter 100 nrn) OIBS ( 41 ) The compound (38) (0.01 nmmol) was added to
a suspensmn)od.4af(1HOm),Ng9 b1 HVincy, oS3 1(RHam(Hy 88 (OI2000 GE749Hr sige.op&2il) 9l e
dianeter: 0.1 p,m manufactured by El kem Material) in purified water (5
m.), &thd&dW (GfBshl), and acetic acid (5 nL) and the 5m xture was refluxed

at 80C. After 36 hours, ethanol was distilled off under reduced
IR vinax (film): 3320, 1704, 1473, 1102.

ESI-MS (m/z): 937.34 (M+H)".

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

Qo HN-CO,(CH,), O

oSN e
(EtO);Si—(CH,) *J o] /N O
3ol L)y

N
\l(])/ 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, CDCl3) & 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 (94, s),
0.61 (2H, s), 0.05 (6H, s).

20 IR vpax (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 sodi um
bi carbonate 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 exanple 1: Elenental

anal ysis 10The silica gel particles (3%3 to (35) and (39) to (41) were
subjected to el enental analysis ob}akn nitrogen contents % which were
used to calculate the content cﬁéi}?}oproﬂucdnm ecul e contained in each kind
of particles. The results are sh in Table 1. Table 1 Silica gel

particles Nitrogen contents (% ©pr nol ecul e contents (ftinol/ 100 ng)
Silica (NH SMB kP 1gé@ﬂ.33 0 Sifi gel particles (33) 1.83 8.91 Silica
gel particl es \(@dh 1 % I'c@ gelsparticles (35) 2.26

o]

o
oTRs

The compound (36) (0.01 mmol) was added to a suspension of 100 mg of
Microsilica (Hydro 2000G, average particle diameter: 0.1 pm, manufactured by Elkem
Material) in purified water (5 mL), ethanol (5 mL), and acetic acid (5 mlL.) 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 S: Preparation of silica gel particles (40) (average particle

10 diameter 100 nm)

O HN_COZ(C Hz)z O
. 9

o
N 8
m o

oTBS
(40)

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)



16.61 Silica (Hydro 2000G 0 O Silica gel particles (39) 0.2 0.4 2.85 5.72
Silica gel particles (40) Silica gel particles (41) 0.2 2.09 As
is clear fromTable 1, it was found that the silica gel particles (35) to
(37) and 15(39) to (41) all contained the probe nolecule. [0050] Test

exanple 2: (bservation under a fl uor eséénce mi croscope 2 ftL of a 25
tt M 8- oxo-dG aqueous sol ution wa ddgd\to the silica gel particles (33) to
(35) and allowed to stand at ro Op SHNCPs(EHH.0f Wat er evaporation to

obtain sanmples. 2 [IL of a 25 ft NCS aqueous so was added to the

silica gel partieles (33) Q
213
T e

The compound (38) (0.01 mmol) was added to a suspension of 100 mg of
Microsilica (Hydro 2000G, 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

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 mg)
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 pM 8-ox0-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 pL of a 25 uM dG aqueous solution was added to the silica gel particles (33)



34 to (35) and allowed to stand at roomtenperature for water evaporation
to obtain sanples. The sanples were observed under a fluorescence

m croscope to determ ne the change of fluorescence reactivity. An
excitation wavel ength of 345 nm and a fl uorescence wavel ength of 455 nm
were 5used for the measurenent. The phé?ographs obtained as a result of

obser vat P sahed SRV bRl G rodm tempefifureFoCWRRS evapOfitibh %o BHACARPRIS

obvi ous fl uorescence quenching was observed in all the sanples to which the

8- ox0- dGTaguanpiss setddtserved asddeaMucackdeiteaticERBRRY 16 detcdmimahe Biing O bf
(water), whereas such fluorescence quenching was not observed in the

10sanpl eslubesodnce Feattidtyaqueous dG sol uti ons has been added. [0051] Test
exanple 3: Evaluation of the ability to recogni ze 8-oxo-dG For the
silica gel particgtaten (@8)lengsh 08345 pmepdrdihoassceles ovavbledghbdié, nmheembi | ity
to recogni ze 8-o0xo-dG was eval uated as foll ows. Pol ystyrene bl ackpl ates
wer e Usedsalsfonthwgugasmgmshat es. A near-ul travi ol et 15cpi scopi ¢ il | uni nat or
(365 nm and a Y5 15 filter (Y515-Di) were used for evaluation. A 10 nM
sol uti on of Theathetograpks @blgined as gresudi@f obyervatiqnare shav wdtlex 3was pr epar ed
and diluted to prep rgwg 5 mM st ock soluhion. The sol ution s added in
units of i _IASiggleahipmithe gheipgrephs, ohvigus HgaiesGeareguenahing vagiopsgysd g, t he

fl uorescence intensitie f the silica gel, particl es re neasur by usin
L o & el e Syieh P& oot b e So P e hs oSt el o EBIade ot | o
Detectio oQr.escenc Pl), filter:

o f | i gh : 36 ;
Veret ChelRblSftvater RS AT bty Sihe Sias BPLftRER el el ) & {1 e

AUTO 0 LT gyt ST ihoyaubod B 880l 1H0B.GPRERRL rat ons of 8-oxo-dG and

dG versu ere uorescencé intensities of the silica gel particles

(33) is Sho‘r’l:’g%flg g?@st'e%r‘hgie@:@v%uaﬁén é@tﬁe%?%i%@g& e*?ieaé-&@ l4gy converting

the relatio the concentration rsus the quenching

ratio to a higkhdiligda def peNS 62y 16 85) e fabed R deb@ibet abdv I HRRIbIRY 14 he

concentrations of 8-o0xo0-dG an G versus the relative fl uorescence
i ntensit i®Rsghibe BRRoIG Wae@hat®Psid folb®S. (34) is shown on the left in FIG

5; and a graph obtained by converting the relationship of the concentration
of 8- 0x0- dGPegyssend bleckpliaacheRisédbd Bedsuriag pldtds. plAodear-dhraviolet
15  episcopic illuminator (365 nm) and a Y515 filter (Y515-Di) were used for evaluation. A
10 mM solution of nucleic acid base (8-0x0G, 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 8-0x0-dG versus the
quenching ratio to a hill plot is shown on the right in FIG. 4. A graph of the
concentrations of 8-0x0-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 8-0x0-dG versus the quenching ratio to a hill plot



is showmn on the right in FIG 5. A graph of the concentrations of 8-o0x0-dG
and dG versus the relative fluorescence intensities of the silica gel
particles (35) is shown on the left in FIG 6; and a graph obtained by
converting the relationship of the co\rll\é%ntrati on of 8-o0x0-dG versus the
guenching ratio to a hill plot is sho on the right in FIG 6. 5Fromthe

left Figy ﬁﬁ)moﬂh%glh@-& 116, 42, Alghaphest thOUa1ehipaiont BesIxbQIRaEIG e

intensities of the silica gel partlcles (33) to (35) decreased as the

concent r 3kisaB tHRfreRtioX Audiesdenes RasRHicwbeRagidalke] sanclentIsatd owefondée had
substantially no influence on the fluorescence intensities. The right

figures @éft 36 64aridn Grapibbtamedibg chivdrtipg tleselafionshe eftthe emideatratamsofof 10
8- 0x0-dG versus the fluorescence quenching ratios of the silica gel

parti cl eS-@83)Gtvers(8 8k, qushchingyatid td & hdhpiot is, shdenwnshe aghtig HG t he
particles cause fluorescence quenching in a manner dependent on the
conceht r at i dfroof thg lefkbgeres of FI S:rlﬁrﬁ@tl%et s Eyoreat the flugigscroesiatenbities
quantitative assay is possible if 8-oxo-dGis present in a concentration of
25 nM or ofifhessiligarict partigles k) [to 9 deetsnted @ the qamaentiptipnef §splfhs and t hat
the silica gel particles (3 t.o may be used for quantltatlve assay of
urine, wARGEERSEd Whersgs ff@cf()p%enéraﬂ@apﬁ’:’g% hag éubﬁ@n&aﬁy B inHcass on they
concentration of 10 /m_ to 20 ng/nmL (35 nMto 70 nM. [0052] Test exanple
4: Conpet uPFQ?%enL"Eé‘fte 1148: ox0- dG and dG To the silica gel particles (33) to

Content rat1 o BN GRS 0751654 o 3P MR b B CERRAREN ol o Racea
36 o0t nd 4R E7 SERET LT ERRLL SRl TS b Lo B R AR R R &

quenc hi ng o\i‘yé’%ﬂa ﬁn&irﬁggl eg%ﬁ%@ g\rtktl%é‘ilé lgad(q@% &RHQ %g&%m&@_&%@gﬂ%ﬁ geﬂgsdl y

i nf | uenced, By @%Bendent o (IR B FBHRBP BBk 0-d( Is clear that quantitative
assay of 8-oxo-dG wth high sensitivity is possible in an aqueous sanple

sol uti on cont@inthdgoressiig 8t R¥Ofclid AN qdénthbtie dsidytik Bodsitlé UEIER-0E i§ he
concentration of dG [00 3] Test exanple 5: Determ nation of the

concent r gidsei-idapencaintatibn byPs ARSe m3e, ahichnsidicilORest abiehratitsi ingha
mul tiplate reader 1) Experinental pr ocedur e
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  8-0x0-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-oxo-dG with high
sensitivity is possible in an aqueous sample solution containing both 8-0x0-dG and dG
with little influence of the concentration of dG.

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



4 kiL of an aqueous suspension of 40 ng of the silica gel particles (33)
with an average particle dianeter of 10 p. mwas placed in each well of a
384-wel|l mcroplate 5(manufactured by Corning Inc.). The pl ate was

allowed to stand in a dry heat oven at 50C (EYELA NDO 601SD) for 2 hours
for water evaporation to allow the si | PBa gel particles to adhere to the

wel | surfagRtién Plie BY u§ia Qngﬁu dueesMirsanpl e sol utions (aqueous sol utions
of 8-o0xo0-dG standard 10( ure Chemical Industries, Ltd.)) (8-o0ox0-dG

concentrati anE @mgkﬂklpﬂmagﬁ@ﬂ" 2 ng/m., 4 ng/nL, 20 ng/mM" 100 ng/ m." and
500 ng/m., 4 wells for each concentration) was added and the plate was

al l owed to st@hdf amaqueduysiipaisicvaioatg &Qke siBya pdipagiddg3aveitage val ue
(N=4) of the ODs before the addition of the sanple solution as a reference,
t he bri ghteregspatitle dismbdtearpfrl@tyan fwas pkaecdhin ¢ack wellsofadi8duhvel micrbplom 15t he
average value (N=4) of the optical densities (OD) neasured 30 mnutes, 1
hour,52 fhoergact@reddbyrsommgdnd).hours after the addition. 2) Measur ement
conditions Instrument: M cropl ate reader MIP-880 Lab (manufactured by

Cor ona El ect¥edlats was allewyd wowaas ingrdsy heaieven ehd s (F3GH.AMDRA4S 11$Ié)Te nt

wavel engt h: 450 nn1Nunber of flashes 10 asurenent sensitivity: x 1

M xi ng:  Erelaitior Watsjexpparaiigrdo a I&a g?lazaﬁlge s torgdh ?réémheswqﬁ
nmeasurenents at each tinme in an 8-oxo- dG concentration range of 0 ng/nL to
500 ng/ nfWiaghy FIG. 9 shows a graph of the results of nmeasurenents at each

above. pr acequlsSHISMCATIRYE SRR EepL PR o fob o R ERHE endpdnsi on of
160 g(g OEWtapo P1§1le| dhe"f’nlgﬁllnm{rﬁésctﬁ%) £8?‘ 8)(0 \Aht&n@é}ltl%ylgﬁ a(gﬁ“g/gﬁr (L n%/rﬁLdi anet er
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 8-0x0-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



37 used instead of 44 of the aqueous suspension of 40 ng of the silica gel
particles (33) with an average particle dianeter of 10 'Am FIG 10 shows a
graph of the results of neasurenments at each tine in an 8-oxo-dG
concentration range of 0 ng/nL to 500 Ir_;?g/rrL, and FIG 11 shows a graph of
the results of neasurenents at each ti in an 8-oxo-de 5 concentration

range of \Qe@kidhd 504 40 MW dHquedls SagSiAkio of 40 n‘@ylﬁ'"t‘het $fBcaSidl be@icRglzparticl es

(33) with an average particle dianeter of 10 VIMwas used, it was found

that t he vagnaenlefat fp@ﬂﬁ:l@&lﬁﬁq@ieﬁbﬁmwﬁ h F1Gel (stioghtatessh ettherssals on rate (as
the concentration of 8-o0xo0-dG increased, the OD val ue decreased) 1 hour

af t er t henchS@dnhichisanecavh tinheinsmn§zbxo-861 cohtartratinn rdvge 84 6g/mllGte H0Legitdat | on
range of 0 ng/nmL to 500 ng/nm. as well as in the 8-o0xo0-dG concentration
range of add kéb.nill show2@ grapbrdf theweulF @neBuannd)at edgh tshownaneadbove-dG t was
found that measuring the OD values 1 hour after the addition of the sanple
sol ut pon can¢epirstiererangacel agenlgieadtt ig/mli ve detection of 8-oxo-dG 15even in a
sanpl e solution containing 8-o0xo-dGin a very |ow concentration of 0 ng/nL
to 20 ng/ niL.3) Resulfhen the silica gel particles (39) with an average

particle diageter of 100 nm was it was foun hat the concentrations
correl at ed wVbeD fhseilisagghpaibisles Qﬁéﬁﬂ’a"m PRraegpart g%élf“ﬁléteEBﬁE%H{“r‘éﬁ‘% on of

' hgxgd;?t“;s o’ easefﬂani@%% ceme&frﬁfgﬁfsrq%ﬁr%@ﬁ% \&%8;}? EEs AEETOHS ange. of
100 500 h
COﬂant r b e & ness at’t enLats| on I’;t : in
9 mg?% tﬁﬁ gor&:eatg?{t ({n Ctl‘go -0XQ- §{} incre SﬁdWﬁé dgf) %/alﬁ Eiéicrga% (il) 1hﬁlour aﬁglv\ﬁle
t he OX%d%Q&Q %ﬁ%%ré \/\#ﬁ’? q'hs%ﬂﬁ{o?ﬂg eO§ %&d@géo%er{tﬁatlg%% r%g lo% n(glﬁﬁﬁt{!iw 10 and

11). rom ange 1nt ues e 8- oxo-dG

25 concenj Qﬂleﬂ%‘ |.g n&?%mehaa@&ﬁgé@sfog% %ozmw V@&fq@sserved

t hat the a e emtte t he val ue " exceeded 100% | ow
concentr@tejngrg).r ange of 1 ng/nL to 4 ng/m, at different ti mas.
Specifically, "'the sanple with 1 ng/nL emtted light 1 hour after, the

sanpl e Wi th & §@wH aboesjit vaefdungliiat tdaouirg taé 0 vane t haursiepihe with 4
ng/m, emtted |ight 3 hours after the addition. 38
addition of the sample solution allows accurate and quantitative detection of §-ox0-dG
15  even in a sample solution containing 8-0x0-dG in a very low concentration of 0 ng/mL to
20 ng/mlL.
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 8-0x0-dG increased, the OD value decreased) (30 minutes to 4
20  hours after the addition of the sample solution) in the 8-ox0-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-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 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.



Therefore, it is suggested that even with a sanple solution with a very | ow
concentration of 1 ng/nL to 4 ng/nL, 8-o0xo0-dG can be quantitatively
detected with high sensitivity if the time at which the sanple emts |ight

i s measured. 4) Conclusion 5The decreaSg in the brightness of the silica
gel particles supporting the 8-oxo-dG Pecogni zi ng nol ecul e changed in a

rational min]‘lf%?efoﬂeﬁ%Qig@gst&ﬂthtah@veﬁ%ﬁ%‘&{rﬁﬁlb@&uﬁf)nWi‘tﬁasxle%nﬂﬁ\‘d 8- oxo0- dG
and the drying tine. I's al so suggested that the silica gel particles

with an gygleadstidsti @/&MbW@L Rioxd Q0 U BEYhaBetativElg dstictealith High
measurenment with high sensitivity than the silica gel particles wwth an

aver age pafsitividyaf (he tidheaaratlach tic sAfpramits light d0Dddsukest exanpl e 6:
Practicality as an HPLC separation colum (Study of ability to retain

8- oxo0-dG 1)4)BEqnelsiwant al procedure 1() ng of the silica gel
particles (33) with an average particle dianmeter of 10 pmwas 15 packed in
an HPLC preéﬁlelﬂmream thepaghingso of thediliadast particlas punpodingghexo- dG wer e
carried out b | PLC. 2) Measurenent conditjons I nstrunent: HTEC- 500
( Ei com C8rq¥er fmgm(zglgon olcade hanged st Fasionalmeanier depending erithe200DS coI um:
CA-SODS, 2.1 x Precol um: of, ODS particles (5 pn)

separ at i Sﬂncéﬁﬁatl‘@ Qfdh%ﬁa@@i’éd $iPdH 6’%.4 %ﬁé’ﬂflpé fige- (§t3‘f also Sug%ﬁﬁfilﬂéﬁ [SII*Fase

h hat e. buf f 8 2% I R t dG
Prakn. pusbcenemoediley Wikt iy sded Ty doggiesol 108 M u8obn brog se%@a £ on
was: 28, 08 R RETER ek iers Vé@otﬁﬂhﬁ“e&qﬁ’a% SelfbEPi t%ﬁéltV‘%faﬁ? Bl
part &I e%aﬁ%g 29 00 mi nutes when the precolunm contained the silica
gel !’)artlé r(oggg producing a delay of 3.2% (a delay rate 39 of 3.29%.

fhe peak valggsq %aégarﬁﬁevz@%r&%caﬁyqyaﬂvmd RGaRNi6K BhIAT @hfhydet contain

ability to retain 8-0x0-dG)
1) Experimental procedure
10 mg of the silica gel particles (33) with an average particle diameter of 10 pm was
15  packed in an HPLC precolumn, and separation and identification of 8-oxo-dG were
carried out by HPLC.
2) Measurement conditions
Instrument: HTEC-500 (Eicom Corporation) (8-0x0-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 8-0x0-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



silica gel particles (33) and 44.22 nV when the precolumm contained the
silica gel particles (33), indicating that the peak did not decrease. 54)
Concl usi ons When the silica gel particles (33) that chemi cally support
t he 8-o0xo-dG recogni zi ng nol ecul e were gl aced in the flow path of the HPLC,
t he peak appearance of 8-oxo-dG del aye&, but the peak val ue did not

decr ease.ofAlopugh the nobile phase is generally phosphate buffer

cont ai ni ng methanol as the one used in this exanple when HPLC and 10ECD
(el ect r ochenflgapeati @@ tdf @r)x0ad® was €d.96a1 V dete@thd pracalliimB-dik fotd@ntaihehesi | i ca
gel particles (33) show a certain level of affinity for 8-oxo-dGin the
phosphat eilafegkepartislho@i3ngnd hé 22 86V whae 8§ ptcdlivan sbhtamad gel silardel cl es as a
packing material for a separation columm. Description of the Reference
Nuner al s paB{cdd6553)1 indBuatihg tled thuf pek déd peirderichees 2: Fl uorescent probe
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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 HPL.C and
10 ECD (electrochemical detection) are used for detection of §-0x0-dG, the silica gel
particles (33) show a certain level of affinity for 8-oxo-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-ox0-dG
3: Spacer unit
4: 8-0x0-dG
20 5:dG
6: Minute hydrophobic space
7: Aqueous phase
11: Aqueous sample solution
16: Fine particles having a fluorescent probe molecule showing a fluorescence
25  response specific to 8-0x0-dG immobilized thereon

17: Column



1. Anethod for quantitatively detecting 8-o0xo 2'-deoxyguanosine in an
aqueous sanpl e solution, conprising the steps of: 51) immobilizing a

fl uorescent probe nol ecul e showing a fluorescence response specific to
8-ox0 2'-deoxyguanosi ne on surfaces of élne particles via a spacer unit and
bringing the sanple solution into cont48t with the fine particles; and 2)
measuri ng a physical property of therfaAmesparticles before and after the
contact with the sanple solution to determ ne a change in the physical
property. 10 2. The nethod according to claim 1, wherein the

fl uorescent probe nol ecule showing a fluorescence response specific to

8- oxo T- deoxyduAmeshastefor guantitatietyudacaingBeoxnil addokyguanoOive bqndipieceusl?21 is a
6- am no- 2- pyridyl group or -0Q2(CH2)1R2 (where R2 is- a hydrogen atomor a
C6_16 ar yimplecojufiopmbniprissigghe stiapegler 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 neél hoaobidizmedi thipresserl apba molemlé shoWing & Buarersergsagesmonsmipecifisher e t he
20 spacer unit is -(CH2) m NHCO (where mis_an integer of 2 to 10)), and Y
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S5parti cl d ace rdin m4 or 5, wherein the
quant.taf@g%kagng?gﬁﬁﬁﬁgnggrPﬁgge 9 &y F?ﬂnép?h% fine particles in a
nicrﬁ@late well to adhere to the mell addi ng the aqueous sanpl e sol ution
to the well, and neasuring f1 uor escence intensity of the fine
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)

X0, ﬂn (1)

oy

15  (where R; is a 6-amino-2-pyridyl group or -COo(CH3)R;, (where R, is a hydrogen atom
or a Cq.j6 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 claim 2, wherein X is the spacer unit (where the
20 spacer unit is -(CHy)n-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4Rs

(where R3, R4, and R 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 nmethod according to claim4 or 5,
wherein the quantitative detection is carried out by packing a colum with
the fine particles, passing the aqueous sanple solution through the colum,
and neasuring fluorescence intensity of the fine particles 15thus packed.
8. Asilica gel particle having a mol eédl e of Fornmul a (1) imobilized on a

surface Ghobhigc phiticled 0B BblyRRF kst SarMlds, And BRC@Englintthe physid¥l pRPeMhare RL is
a 6-am no-2-pyridyl group or -0Q2(Cl-12)112.2 (where Rg is a hydrogen atom
or a C6. Weteamited Byahgasu@i@nilof BuddtsckmdedgRnsigfl 1 to 3); and one of X and Y
is a protecting group of the hydroxyl group and the other is the spacer
unit). 42 the spacer unit is -(CH2)mNHCO (where in is an integer of 2 to
10)), and Y is -Si RBR4AR5 (where R3, R4, and R5 are each independently a

net hyl group, SaThentethwndtagborgmmip claom 4a whiceny thegn@gm)ic particles atedsiliga gel
separation colum for separating 8-oxo 2'-deoxyguanosine, conprising the
silica geartigdesticle as clained in claim8 or 9 as a packing materi al .

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. A silica gel particle having a molecule of Formula (1) immobilized on a surface

of the silica gel particle via a spacer unit:

a
XO. NN (1)

oy

20 (where R; is a 6-amino-2-pyridyl group or -CO,(CH,)R, (where R, is a hydrogen atom
or a Cg.16 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).

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



42
the spacer unit is -(CHy),,-NHCO- (where m is an integer of 2 to 10)), and Y is -SiR3R4R5

(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.



