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(57) Abstract: The present invention relates to a method for detecting bio-
material by means of a dye having a linear upconversion fluorescent prop-
erty, the method comprising the steps of: i) preparing a fluorescent sub-
stance having a linear upconversion fluorescent property; ii) reacting the
fluorescent substance and biomaterial to obtain a reaction complex thereof;
iii) exciting the reaction complex by means of a light source having a longer
wavelength than the maximum light-emitting wavelength of the fluorescent
substance; and iv) discovering and measuring the light-emitting signal hav-
ing a shorter wavelength than the wavelength of the excited light emitted
from the excited reaction complex. The present invention additionally
relates to a system and a kit for detecting biomaterial using a dye having a
linear upconversion fluorescent property.

(57 8A: B L i) Mg O*%Vd_ 14 54 A E §3AE
48115 i) 227) 64 Ao AAEA S HL%A]?:W HgA st AAE
Aol S EFANE AL, i) 7] WEERAE, F7] FEFAY
2 o) a0 54 1 o) ﬂﬂﬁu FPoZ o7|A171 A iv) F7] oI 7] ¢ Bt
S H gk 2R E H*"H” ”71 oj7] % o] dgrct vhulge] whag Al
325 gA4slq S4s =, 9AE ﬂﬁ}%,ﬁ‘o AAHA FF B4
LA dRE 01%‘6& *@zﬂ—ge AE U B3 Aot} B iy
T3 AE JdAHA 3 EALS /A F5E o8 AAEL HE
A28l 9 7| Ee %3 Aot}



WO 2016/186412 A1 |IIWAK 00TV T VAR OO

OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,KM, &7:
ML, MR, NE, SN, D, TG). —  FARAEIA G} A (A 21 23)



PCT/KR2016/005166

WO 2016/186412

T8 Al A

Gt AAER AE

<)

FS542 %

=)

0
iz
A

o] Al ©] (assay)

=
=

9] 3

sl

Bl

ol

T
T .

o Sho1A o]

olp
XA
ﬁo

o}

ﬁo
o]

To-

N

o 4

L

714

-
[e]

Alste] 9

==
L

w7} A g ol

A 718 A Y= 2] AHupconversion nanoparticles: UCNPs)
Aol glom AstslA o 2 go| ARE-¥ a1
ol A7]-o]FEe] ol T A E

N

T
T .

[3]

(flow

=
=

=9 Al A
of 285 glom

T
T .

EA & o] &35}o] UCNPs

15

o, ol ¢
8} 2 " (photodynamic therapy), %1

=2
[€)

[4]

A eEIA 7 E e

[5]

b

3
R84

o] &A

F A A=A

S
T

BE 7 dnE olE

wir

-
[s 3]

Aol

T
T .



PCT/KR2016/005166

A <k A A

AAA &g A

[e)

(@)
2 Hks

WO 2016/186412

X . ) -
™ T T oy X -
7o P& o L S S L
O =y L3 i 3 — = X = K QO
C 2 olm ) WO — KT oo ™Y 2

oW =0 o X o ~ ﬂylvﬁll S
o} ol = B ~ <X o] M=
o o 0 A .m0 T o wn
~O ‘UI o ‘IJIL]‘UI — TR gl jlﬂ;l]
T om % o X B oK R S IO
%0 o ) of G mL M ok = ﬁom 7o M_lml X‘_ﬂ o
e ~ — W50 ol q N
N NN o X
= F W sEiwgodon Yasiddg
gy o) ﬂ ﬂL.E .EH_OAT_LI <0 g :.L ﬁo]]uﬂ o
L : <y B4 wm S
X r — 63 = T = oo W K =
0 ~ o f B R = = NG et
T 5 N S oy ol T ool 3T —
gl ° ol ﬁoﬂuﬂz*odﬂo#_c tc._odljuL o . B9 o
i TRT o ® S 2 gi-o T o
R S A N R, - T R e
Top ¥ ERILeinyglEergEaie
2 2 % 3IRERTCiug ssrETO
~ . j OF mo T 0 = K
0 W 2o E X op & AN LD BSE gy W
’ HT s g 0~ a SN TR o X N_.o M Y il J@o o
~ E}M m\awmo_emﬂmﬂﬂl%ﬁfo]ﬂl%ovéumET.7A
E S A ﬁ%ﬂ%%%wﬁmuwWwwﬁ@&ﬁl:
N _ mvaOHE\.r‘Ll.rH]‘.rLfO — 7380
il B A mo L T o T 2T o )
F kTR TERLERN s P R
o o e Y oy N T Qo B o E B
o L NN £H71r1wa N o= 2 o S
O e e i M I B M AN B S
o RBLTRdpwmdTWoog ixwT 2F 1 2 g
L PN ! ° ~ fiase] —_—
CEHT Mg Ry g g W B T T g0 o B =
AN e s T ET P e moy g5 % < o
TRr R =T Py e w T AYRE 2 W
CEN M T TR R ERNHRE ST T SW
B T Gl h B bjm o T = T T AR T o Vv
S o < w <) ~ ) NE=) =
= = = = = = = = 8 )



WO 2016/186412 PCT/KR2016/005166

[22]
[23]

[24]

[25]

[26]

[27]

[28]
[29]

602] *| gk = v x| kel A T], A
hEl Aol SR A Y], ' 6 WA '
B 2 WA BAgm 609] A $E i v x| gk

6 WA BhAa 609 2|3 = v X 3HE 53 R3] &
LmA?ﬂ]lML%ﬂDHW% A= vk s

-H) 22 (2-0 & ) 4)-3,6- V1 (] . %1-2- )31 & 2 [3,4-¢] 7] &-1,4(2H,5H)- ]

[2,5 -bis(2-ethylhexyl)-3,6-di(thiophen-2-yl)pyrrolo[3.,4-c]pyrrole-1,4(2H,5H)-dione][
3}sh4 2];

2,5-H] 22 (2-o] & & a2 5-v] sfo] = &2 3 6-U] | -3 F 2 [3,4-c] ] =-1,4-T] &
[2,5-bis(2-ethylhexyl)-2,5-dihydro-3,6-diphenyl-pyrrolo[3,4-c]pyrrole-1,4-dione][ &} 3}
2] 3];

5-2,5-8] 2=2-o & & 2)-1,2,4,5-H| Eg}lo] B2 -1, 4-1] 2 4-3-(B] . 9-2-2) )
FE[3,4-c]¥ E-6-)E 27 5 =
[5-(2,5-bis(2-ethylhexyl)-1,2,4,5-tetrahydro-1,4-dioxo-3-(thiophen-2-yl)pyrrolo[ 3,4-c]
pyrrol-6-yl)thiophene-2-carbaldehyde][ &} 814 4]; B+
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[5,5'-(2,5-Bis(2-ethylhexyl)-3,6-dioxo-2,3,5,6-tetrahydropyrrolo[3,4-c]pyrrole- 1,4-diyl
)bis(thiophene-2-carbaldehyde)][ 3} 8}2] 5]
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[64] 5 AV AE AN, AV AE AN A 3 54 Vel =
oA =,
[65] 517] s}eh4 12 3 A| ¥ &= DPP(Diketo Pyrrolo Pyrrole) - 5= A, o}41,

2208 AQ, bR, $AL, Blobx, Alolyl, Frdl, Bl B 2w 2
au] Aol 0 % o] o} 7l 7 o w R E AEld of i a} o] el A 4 glo)
ool AFHE= A ol m, A J2ed W EAS el P9,

uhek2] 817 Stokes' shift <100 nm Q1 & F A ebH o] = Al o] & o] &7}5 st
[66] (3} 1]
[67]
[68] R

ot
602] X| 2k Hi= W) X 2kl %‘7&171 %i? 3R] WA 309 A $ s

B
H] 2 S5 Abo] FE ], B 6 A BhAE 609] A § i 1] X S
o}

7], B2 WA Haar 602 X8 = B X 2 | E 2ol Y], i

Ehaem 6 WA §HAaE 609] X2 = W] A ghE £ 1Sk S YL

[69] Boubg o] LA ool A, 47| DPP F- A = vl 2] 51

[70] 2,5-0] 22 (2-o & & 41)-3,6-1] (E] & #-2-) 7] & 2 [3,4-c]¥] &-1,4(2H,5H)- 1] &
[2,5-bis(2-ethylhexyl)-3,6-di(thiophen-2-yl)pyrrolo[3.,4-c]pyrrole-1,4(2H,5H)-dione];

[71] 2,5-8] =2l @& A)-2,5-t] sto| E&-3,6-U] 7 H- 9] &2 [3,4-c]9] &-14-T] &
[2,5-bis(2-ethylhexyl)-2,5-dihydro-3,6-diphenyl-pyrrolo[3,4-c]pyrrole-1,4-dione];

[72] 5-(2,5-H] Z=2-e e 3 4d)-1,2,4,5-E| Eg}Fo]| B2 -1,4-T] 5 4-3-(F] 2. 31-2-4) 7]
FEE2[3,4-c]¥E-6-)E d-2-7h B =
[5-(2,5-bis(2-ethylhexyl)-1,2,4,5-tetrahydro-1,4-dioxo-3-(thiophen-2-yl)pyrrolo[ 3,4-c]
pyrrol-6-yl)thiophene-2-carbaldehyde]; Be+=

[73] 5,5'-(2,5-9] 2= Q2-o| & & 2.3, 6-T] = 4:-2,3,5,6-E| ET}5ho| = 2 3] & 2 [3,4c] 3] &-
1,4-T] )] 2~ (H] . 3-2-7hH] 5] =)
[5,5'-(2,5-Bis(2-ethylhexyl)-3,6-dioxo-2,3,5,6-tetrahydropyrrolo[3,4-c]pyrrole- 1,4-diyl
)bis(thiophene -2-carbaldehyde)]

[74] Q 4= gl o} o]of] AEE] = AL ol 714 vlbA &L A 817 31Eh A 2=
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2,5-bis(2-ethylhexyl)-3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione &
2= 0)
T OoAT

[75] [&}3}2] 2]
[76] 2,5-8] 2~(2-0| & &

[77]

/\E])_396_q (EI 9‘%_2_0&)5’1] %3[394_(:]11] %_1,4(2H95H)_q %

[78] [&}3}2] 3]
[79] 2,5-8] 2~(2-0| & &

A)-2,5-H o] E2-3.6-H 3 -9 E 2 [3,4-c]9 E-14-H 2
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A Al 4] 1-1. 3,6-Di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 2] ¥4
AF(2.65g,0.13mol) F FeCl; & E3E-& o ¢3-5(250 mL)°ll
23] 8} 9 o} 3‘_%1-%__ 2 o o] o] gl - F’/}}\ﬂ o 2 Wty y}x] 110°C ©| }\1
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[3,4-c]pyrrole-1,4(2H,5H)-dione(DPP-Th) <] §4]
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SIS 110°Co A 3A7FE9F wHEs}GI T, =& kAl o Z 2 o g &l A
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SFES A8 Aol A F¥ F, B = ] A% 3 7] (rotary evaporator) &
AABFA T o] F, B HUtstal, B2 AFEE AT 2He] 52 MeOH=Z
Adgstel Ak A& o= 2 2 ARl
2,5-bis(2-ethylhexyl)-3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione
1.1g(15.7 %)& A4t}

AA 2. 49 A Yer = A 2 A A Y| =] 93
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Ao 29 A AAHH Y=AAE o] &8l Xk 2EF Aol A 9
d 7 (background) thH] A& 1AM &3] A s AwE FA48AT (= 7).
A, 1140 FBS (fetal bovine serum) 2 FBS°ﬂ 1/10% 3] A4 ¥l DPP-Th Y} =H] =
mg/ml in DW)E Xt 2E 9 Abel] 22 A2 A 2k 71 %, 847 £ 19 27l
w2 oA Al 2~ 8lE o] 3l A ?jﬂbﬂ g 5EA S Flatglnt &
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AR 5.4 A2 A FagA o AR oMo 3 A T HAE
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BT’Q‘OH/] 637(4 }\] LH]:]] A—]Kﬂ fﬁ%]]:ﬂ;(:' 6ﬂ)}/\]§7]—1:§ q__,_}]]:ﬂxi] ﬁﬂJ}J/]—
H]) 1 3} T}, Rubrene A 1] A Y= A= 2182} AlH 24 A| (Pluronic F127)
20 mg, rubrene 1 mgE THF & /gl A Ax23e & S/775 H7Fsho]

A F2rse] 28] 8 T} (rubrene 2] F 55 4x104 ME 3] 4853 t}). Resorufin
-8 B 7} Rhodamine B -8 - 10’5M/] L2 247 Q1A eS8 9 (PBS, pH
8.0)9} Sl 1|83 2™, DPP-Th i= ¥ & 55105 MZ 8] 4] 8} <]

TH] AT A V] Al B E-2 human serum ¥} 1:1 F3H] 2 23}+351o] gt
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UEbd vhef o), ko)) whE A JAu A S At
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AN 6.8 A Y= YAE o] &3 A HES

A 29 A A Y=q Ao el A E
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UEZAER @~ Wi g ol Ao 42 u:]oﬂa].p_ gols sk Ay e e
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AAle 3¢ w2 et 7| E o] ZAF Ao A s ol A 69 A2 A
AAH A Y=g AS FA5tar &5 29 (cluent loading) S 53 A -5
545480 A A5 2 #5318 1 A7E & 100] eI =
100 YER AT} o], M8 P2 d FF B A YA f5 54l
gy Hu gl G A ol AAstH AEE BS54 dY
AA A 8. A8 AW A &G 7I9E f-1d 2 74
*W‘ﬁﬂﬂﬂi FY 5AE AR A AL 22 E 127}
TACIAE F& Y =YAE o] &3t B f-AAE A&k WS
O‘EW Atk B A eflol A= F e &7l Wil B el s A3
AW A FF VE=S AL FAH R, 5 g A-3 34 E 2 E(gold
]

H A
nanobeacon)< Al 213t €}l DNA 24 318E-8-& Z-3ll ©-L(turn-on) & 34l

A =2
D 5 Uk FAA RO A F A A DL o gk
32 = H DNA A] € (hairpin type): 5'-SH-(CH,)s-TCG CTG AGA TCG GGA TCC

CCA AAA TCA GCG A-(CH,)s-TAMRA-3' (H}-0] 2 1o}

E} 7l DNA A €: 5-GGG GAT CCC GAT CTC AG-3' (B}o] 2.1 o})

15nm AuNP 2 Z 2 H DNA £ 1:1009] &8 & v A A} 2 S 4]
H-S-E-of]l NaCl - 98 (5 M)S 1A]7F 74 0 2 & 43]0) A H7tste] H&
NaCl 5 57F03 Mo] ¥ 55 st 1e] i Al H ol fA 78 & 53 8o
A A 35F33 TH(14,000 rpm, 30 min, 4 °C)

7] 2 H DNA7F A5 Aol A8l & Y=Y AHE EFZ DNASF REGA 7T T &
&4-8 ARt A A o2, 1.5 nM 8] 23} 100 nM EF DNA(pH 7 Tris
H ) E 37°Co A 1A 7F ot HES-al & A&t 33 A5 & o] 85

T

)2} B 3 }Oﬂu} O ARE & 11el el A

Sls BW, A o] | g A(TAMRA) ] & do] Ef7L DNAC] ©f 3
A% (dequ enchmg)ﬂ# A& ol §liz A oM #5E ¢ ek DA o]

ZA) 5= 87 (50% 3] 8))ol A, Bl DNAS] 28] HhAl 3t 833 2571 & 4 9
A71g el 3 Alo] Ak P Frel A ek 1ol 4 QAN A
g B A= @R el f5o) Aol DB WA FF NETE FH ol

>
10: A =2 AZE A 2=H
110: F 5+
120: I 7 E
121: =45 122: ZFAI0| EFj =
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125: W B 99 126: vH-&F
130: '3 T = 131 ==
132: 232 E 133: okl =



WO 2016/186412 PCT/KR2016/005166
22

[159] 140: 4 -



WO 2016/186412 PCT/KR2016/005166

Cdrg i HAwE gamA

iv) 7] o178 S B A 2 E W, o) 9 shga)
bAoA S wAehe] Sk
WA s, 4P A 3 52 P GRS o)
WABA AE P,
(A7 Al gloiA]

]
[ 3] Al 18l %\01*1,

A7 A A 3 54 YEl = 3 A=
517] 3}8k2] 12 3 A] ¥ = DPP(Diketo Pyrrolo Pyrrole) F 5 A, ofAl,

Z2og Aol 2uiul, LA, ElolA, Alo}d, X E HulH, ¥Z
= o] Z o B HE AelE o] - Fr} o] A}l M HHJ

R S uAJold o &2 o] 7
5}

Xl 123
3=
= 82 gk FUL%& 2%ﬂ%ﬁﬁwm¢ﬂ%&%lﬂ;%
e E2olH 7], e ﬂi$6 WA ek 2= 602 X3 iR H) X 3he =3
4%1 LERA
%ﬂi

[7d - 4] |3} o]
|



A o]

A

PCT/KR2016/005166
Fo] = % 5 2 2 [3 4c]

ks)

sho] = 2-1,4-1] & 4-3-(8] 2.91-2-

5

Fol =2-3,6-H 9 d -3 & 2 [3,4-c| 3] F-1,4-U]
Uz Aol gAEAY, Y2

ks)

24

o 91ofA,

3

2,5-8] 2~ 2-o & & 21)-3,6-T] (B] 2.30-2-9) 3] = 2 [3,4-¢] 3] =-1,4(2H,5H)-1]
.

Q.

5,5'_(295_‘:]] */_\‘(2_01] BE —6‘:“_1‘| /\E])_396_q %»/J\—_2939596_Eﬂ Ea]_

5-(2,5-8] =20 & & A)-1,2,4,5-E| E2}
¥ E-1,4-H )n] 2 (H 2 H-2-7HE )

2,5-8] 2~ (2-o| & 3 A)-2 5-1]
o3 & Z2[3,4-c]H] F-6-2

<
A1

3} 5]

WO 2016/186412
)

Q_—rL

3|

[

) - T
B T i i Gl
w T ) . ) e ~ . L&
B <0 o T T X B T BT
= 0 oo, il '~ =R — o ol
R o =y zn X — AR . ©
ﬂaﬂwl o = o o il ) <% o w0 T
% o EJ = 5 - K 2
; R O -
‘L|1: N X ﬂ_ﬂl [ o =
=1 ‘m.ﬂ © —_ ) = _EO ~ =
.5 AR S X 7 I 2 — ol Ko X
® X " . - = o BT
m 7 oz X W ) 0 Ao X s
= W do — 0 % ok T = 2y 7 B p
q‘n_!‘._ N TO 0 i = L 1_!1__
(i H < Ay Nro ,Ao e X9 = ) o X TK
) o ® = ) S eI
) .ok I o £ T om 2
‘o i) N L oy - 820 A woar
° M TN -~ R Gl = ~o TO do B _-
™ m o L N = 2 a3 = e
— Ho %;_OE w_;@l 0 m ' X° Pl 2o
5 g = B° g s GO ¥ =T
T T~ ) olo o= iy - i = "y
X 9XL ‘Irw_.-/ o] go _— E.L\W‘._ 9_EO
N % D W i = X jld} o e
X 3 i R = ol =
M- — X Tm 0 X Ay o
of - o T X o )| = o v I
H H o ~ i HIPL o e w N my
my N NN N 07 o ol H_.Jrﬂ T
N L] SEE W T - B M
LA~ - Nde RO T S - . . I = S T
ST RY Fpr iR feTalTay T U8x g AZX
0 , D= p —_— —_— X o
ToR® ST TR ES LR FILT SRl oWy
o O% WHOMﬂﬂ_ 5 R = B¢ OR W L) R W ok R = -
oA x L oY P R EWR_Z® 2 Dy R AR
@quoulmuuu,wo”n%_cwomoﬂﬂWo”nmﬂwo”u .qwo.wiwomo?dl
MmN A T RN TN NTLINT DN DN RSN K
MREDOTHRTRRIORLTT ROCPTRDETLOHETLH O
<) =~ % > = = a
o° o 700 0 0 0 0
In In In In In In In
O O O O O O O

T
T .

3 13]

q.

Q_—rL

3|

[



PCT/KR2016/005166

25
=2

A

2 o] Fo)7 4]

\=]

T

[e)

k3

=]
R

WO 2016/186412

Mo

2
2

Stokes' shift <100 nm <

o]
o1,

o)
PR
|
o)
PR

ol 9101 A

1
ol
ol

[e]
1

[e}

q.

@
o,

13
13
13

|
|
|

14

[e]
F15

[e]
16

[e}

q.

q.

q.

Q_—rL
Q_—rL
Q_—rL

3|

[7(

3|

_O
[78
[8

ol

wir

T

3h3l

DPP(Diketo Pyrrolo Pyrrole) f- %A, o}A4ll,

a2 WA A 609 X $ mEi= B) X

6 WA

T .

ALE =
55
EHas

T .

YA
ar
. =

ik S

1 o2 7],

=

1

b
=

[}
o

|5+

el 2o} 7],

A

FRAARL 2ol SAR, Elopxl, Alo}
B

171 &

T
~L-

2|3k = 1) X 3 Alo| 22 L V], B 6 WA B4 602 %] S

aL
-

ks)



WO 2016/186412 PCT/KR2016/005166

(7478 17]

[7d -8 18]

[7d7-8 19]

[7d -8} 20]

[7d -8} 21]

[7d -8} 22]

(778} 23]

[7d -8} 24]

[7d -8} 25]

26

o371 & YERd)
Al 163}l oA,
A}71 DPP %4 =,

2,5-8] 2~ 2-o & & 2).3,6-T] (B] 2. 31-2-2) 3] & 2 [3,4-¢] 3] E-1,4(2H,5H)- U]
Q.

-y

M) 22 2-o & 3 A)-2,5-1] o) = 2-3,6-U] 9 -] B 2 [3,4-¢] 9] E-1,4-1]
S

5-(2,5-H] 2=2-o| & & 2)-1,2,4,5- Bl Eg}slo] E 21 4-1] 5 A -3-(E] 2.31-2-
DI E Z[34-c]9] E-6-)H L #H-2- 7P 8] = =

5,5'-(2,5-9] 22 (2-o & & 2))-3,6-1] £ 4-2,3,5,6-Hl E&} 3} o] = 2 5] & 23 4c]
9 E-14-t ey 2 el 2-7b 3 3] =) A A=A s Al 2~HL

A 138}kl o] A,

A7) A= Y2 Al FAEH AW, YA ol H -
&3 g2 A0 AR, A=A FE A L~HL

A 188l o)A,

A7 e z2A = YAl Yen = Yol A, vpo) Al g 25 3
U=t el o= o] Fo] Xl o B FE A ElE of = sl o] 4]l
AR, AAEAD HE A28
A133}e] Qo) A,
%ﬂ%ﬂ”ﬂﬁﬁﬁﬂﬂﬂP =, 7] HEE Yol A A7

} 131, A7 AAEE AES

1=
ol wh-ggho 2 ¥ = A<,

S
Auj
%
§
oo
=
<

)
)
N,
(r
ol
©
it
2
o)
SN
o
l
iz
n)
-
iy}
)
2
Ir
)
L

o]l AR, A EA HE Al 2wl

A 138}kl Qo) A,

71 GFA 2 Aol Fadn gapade] 32, A d3A9
Z o kg v B} 5-50 nmu] 71 ey g o] Bl Al A=A
A= e /\] A< Eﬂ

A 1338}l 2 OW

@ﬂ@%ﬂqgﬁqﬁgig1@ﬂ4ﬂi@ﬂnmmmﬂw° f ey
ool g 25 AN YA EA HE Al 2=H



PCT/KR2016/005166

WO 2016/186412

27

o] #] (dried blood spot) =

2~ HEl
B

AEA A= A

A A

o 91ofA,

@

#|13

3} 26]

Q_—rL

[

FJ|EX gu = A9y E = ELISA 7| EQ A A &4 A%

/\] 2~ El

3} 27]

Q_—rL

[



H

[u—
[a—

Fooo
o

WO 2016/186412 PCT/KR2016/005166
1/12

® [0

REIINE ~120

LBAS 2ES 130

3% ~140




WO 2016/186412 PCT/KR2016/005166
2/12

s Linear




I
@

WO 2016/186412 PCT/KR2016/005166
3/12

B

Linear Upconversion FL (a.u.)

D*Ppa-Th Concentration (‘1 0°* M)



PCT/KR2016/005166

WO 2016/186412

4/12

LSl

!

 (ped

: co.nmm:._couv

22

(3ur 3s31)
AN

(3ur josuod)

AW

(ueiquiaw asojn|
Wi

[220iN)




WO 2016/186412 PCT/KR2016/005166
5/12

[5=5]

140

133~

light

L ! o by
: P e y
139 i32 %Mw s e e mwwi

1131+ X10 e

X

120




WO 2016/186412 PCT/KR2016/005166

o

.




WO 2016/186412 PCT/KR2016/005166
7/12

Ajsusiu] oAl oY Aysuoju sapejoy
— | |

2o

ey HEY



WO 2016/186412 PCT/KR2016/005166
8/12




WO 2016/186412 PCT/KR2016/005166
9/12




WO 2016/186412 PCT/KR2016/005166
10/12




WO 2016/186412 PCT/KR2016/005166
11/12




WO 2016/186412 PCT/KR2016/005166
12/12




INTERNATIONAL SEARCH REPORT Tnternational apphcation No.
PCT/KRZ016/005166

A, CLASSIFICATION OF SUBJECT MATTER
GOIN 33/38¢2066.81 ), GOIN 33/543(2006.01)i, GOIN 2U/64{2006.01), COTD 409/142006.01)i, COTD 487/04{2006.01 )

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

B. FIELDS SEARCHED

Minimum documentation searched {classificatt

ion system followed by classification symbols)
GOIN 33/58; GOIN 30/84; GOIN 33/543; GOIN 21/64; COTD 409/14; COTD 487/04

Documentation searched other than mintnnnn documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications {or Utility models: IPC as above
Fapanese Utility models and applications for Utility models: IPC as above

Electronic data base consudted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: linear, upconversion, phosphor, single photon, absorption, diagnosis, Diketo Pyoolo

pyrrole, thiophene

ONSIDERED TO BE RELEVANT

C. DOCUMENTS

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X KAUR, Matinder et al., Diketopyirolopyrrole: Brilliant Red Pizment Dye-based Fluorescent 1-12,27

Probes and their Applications, Chemical Society Reviews, 2015 (Date of Online
Publication: 04 September 2014}, vol. 44, pages 58-77
See pages 58-76.

v 13.26
Y US 2000-0211345 Al (NAHM, Kie - Bong et al.) 27 Aungust 2009 13-26

See paragraphs {0073]-[0266]; and claims 1-15.

A LIU, Shi - Yong et al., C-H Activation: Making Diketopyrrolopyrrole Derivatieves easily 1-27
Accessible, Journal of Matertals Chemistry A, 2013, vol. 1, pages 2795-2805
See pages 2795-2802; and fignre 1
A L UNAK, Stanislav Jr. et al., Absorption and Fluorescence of Soluble Polar Diketo- 1-27
pywrolo-pyreoles, Dves and Pigmeunts, 2011, vol. 91, pages 269-278
See the entire document.
A FTOUNT, Husseln et al., Functionalized Two-Photon Absorbing Diketopymolopyrrole- 1-27
Based Fluorophores for Living Cells Fluorescent Microscopy, Bioconjugate Chemistry,
2013, vol. 24, pages 942-950
See the entire document.
E:j Further documents are listed in the continuation of Box C. See patent family annex.
* ecial cat ies of ctted documents: s .
Special categories of cited documents: 17 later document peblished after the international filing date or priornity
“4”  document defining the general state of the art which is not considered date and not in contlict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
“E"  earlier application or patent but published on or after the international <X  document of particular relevance; the claimed invention cannot be
filing date considered novel or ot be considered to mvolve an inventive
L7 document which may throw doubts on priority claim(s) or which iz step when the document is taken alone
cited to establish the publication date of another citation or other oy
special reason {as specified)

mvention cannet he
n the document is

considered to i tive step v

“07  document reforring to an oral disclosure, use, exbibition or other combined with one or more cther such documents, such corabination
means being obvious to a persen skilled in the art

(355 SE R SO chad nri ~ intarnatianal £ ate bt latar tha . . L.
P document published prior 1o the international filmg date butlater than «g>  gocument member of the same patent family
the priority date claimed

Drate of the actual completion of the international search Date of mailing of the international search report
2 SEPTEMBER 2016 (02.09.2016) 5 SEPTEMBER 2016 (05.09.2016)
Name and matiing address of the [SA/KR Authorized of

Korean Intellectual Property Otfice
Government Complex-Dagjeo Seonsa-ra, Dagjeon 302-701,
Republic of Korea
raile No. 82-42-472-7140 Telephons No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

o ) S . International application No.
Information on patent faraily members

PCT/RKR2056/605166

Patent document Publication Patent farnily Publication

cited in search report date mermber date

I5 2009-0211345 Al 27/08/2009 EF 1550872 A2 06/07/2005
EP 1550872 A3 02/11/2005
EP 15508 72 B1 26/08/2015
KR CDu‘j 76 81 27/10/2006
KH 10 20050072015 A 08/07 /2005
US 8011228 82 "6,'0" /2011
WG 2005-066624 Al 21/07/2005

Forrn PCT/ISAZTE (patent family annex) (January 2015}



= A 24 B 1A

SAZANS
PCT/KR2016/005166

o] £3h 7S R TFFAS3 £ FAPC))

A.

GO1N 33/58(2006.01)1, GOIN 33/543(2006.01)I, GO1IN 21/64(2006.01)I, CO7D 409/14(2006.01)1, CO7D 487/04(2006.01)1

B. FA e Hof

A H 2T HFHA 5372 714D

GOIN 33/58; GOIN 30/84; GOIN 33/543; GOIN 21/64; CO7D 409/14; CO7D 487/04

B e T P R e ]
T ELEAGTR W I EANTH A HAERIR 7 A" IPC
YESEAEMAFR L R F/ALBALFTR: AL HaTAedd 74| IpC
A Z AL o] &/ WAl dlo]Hd] o] (el o] Bl vl o] o] WA ul A Ao det= Ay
cKOMPASS(E-31 A ulF HAA2H) § 7191 A3 AWM, 4 od A= F5, 9, Diketo Pyrrolo pyrrole,
thiophene
c. #AEd
7kl el QEEHY % DY FAGFAE 499 71A B Y79
X KAUR, MATINDER %, Diketopyrrolopyrrole: brilliant red pigment dye-based 1-12,27
fluorescent probes and their applications, Chemical Society Reviews,
2015\ (22ke]l FAHY: 2014.09.04), 447, #H <)X 58-77
o) x| 58-76 F=.
Y 13-26
Y US 2009-0211345 Al (NAHM, KIE-BONG ) 2009.08.27 13-26
o=t [0073]-10266]; % A7 1-16% 7=,
A LIU, SHI-YONG %, C-H activation: making diketopyrrolopyrrole derivaticves 1-27
easily accessible, Journal of Materials Chemistry A, 20139, 1H,
¥ o] %] 2795-2805
g o)z 2795-2802; % =W 1 FE,
A LUNAK, STANISLAV JR. 5, Absorption and fluorescence of soluble polar 1-27
diketo—pyrrolo—pyrroles, Dyes and Pigments, 2011\, 91d, Ho]=] 269-278
AA A A=
A FTOUNI, HUSSEIN 5, Functionalized Two-Photon Absorbing 1-27
Diketopyrrolopyrrole-Based Fluorophores for Living Cells Fluorescent
Microscopy, Bioconjugate Chemistry, 2013\d, 24%, o o]%] 942-950
AA A .
F7h W el gl 71 A= o) gLk Qe 5se) B3 HAE Fxapil e,
= 2 =1 . _ _ - -
O ERE S A e o FAEAY EE SH Fo FAL EEO R, 203 AF
“p” =@ BEo] gl Ao m Rol= uEel 7| EEs Ao d 3 ghom W o] vzt 5= Ay o] B4 ols)etr] §5) 8=
=9
“gn 2940 %i%o E%O}‘\jo% Z9]¢ o) B B B
F AT TN TR P IR RET e cua ane g v e 99 ge smon 370w el 4
T N v T EE FRAC gle glez g
‘L $AE T gES AV s s mE g2 AT dy FAd 3 o - e }
R Eua i dan 78 v 599880 95 52 99 £20 o o33 e w e
Zeele AR g ZAR A AAE e A5 7 4
‘07 FF AN A, A BE B SR dFsta e B e xnAel gledow 2ot
P o Fol IR FAE AL o)) FAL B & FRA U SR Fohs Ed
A ZA o) A4 97 TAZAIR A L
20161 099 029 (02.00.2016) 2016%3 09¢€ 05¥9 (05.09.2016)
ISA/KR®| W% W §-3F 4 AL
gl 5313
\ (35208) txd#AoA] A AALE 189, Bigehil
= C 4% (EAbE, AR-o A
ST 182-42-481-8578 AU Z +82-42481-3516

A2 PCTASA210 (7 A 831 20153 19)




TAZdN D

SE3e) B3 AR PCT/KR2016/005166

j@ﬁ;‘;ﬂ;@%"” A A9 SRR e

US 2009-0211345 Al 2009/08/27 EP 1550872 A2 2005/07/06
EP 1550872 A3 2005/11/02
EP 1550872 Bl 2015/08/26
KR 10-0639776 Bl 2006/10/27
KR 10-2005-0072015 A 2005/07/08
US 8011228 B2 2011/09/06
WO 2005-066624 Al 2005/07/21

X2 PCT/ISA/210 (H] -2 53] F7182]) 20154 19)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

