wo 2012/121192 A1 || IO OO OO 0 AR

12) FEFBAENICE DV T AR S -ERERE
(19) W5 K97 5 e éé? A0 00 I 0
=

ERE%ED \ -
\ 10) B ARES
43) ERARAB _-%
WO 2012/121192 A1
2012 %9 A 13 H(13.09.2012) WIPO | PCT
(51) B4R (72) ERE:; BLU
C09B 67/20 (2006.01) C09B 57/10 (2006.01) (75) BBEFB/HEEA CKEIZDOWTO&): BO ERE
C09B 23/00 (2006.01) HOIL 31/04 (2006.01) (SEKIGUCHI, Takashi). $5fE I 4 (SUZUKA, Mi-
C09B 47/00 (2006.01) HOIM 14/00 (2006.01) chio). ¥ EHAYASHIL Naoki). LUK .2 (YA-
. o MAKI, Takeyuki). Fi tf 7 Z (NISHIDE, Hiroyuki)
1) ERHBES: PCT/JP2012/055518 UPIPL. T 1608050 R ME SR FZE 1 TH 1
(22) EEHREER: 2012 4 3 A 5 H(05.03.2012) 1553 :%%ﬂb FRGEANBRTRBEXZENRN Tokyo (JP). /Jﬁ\
- =5, s IiZ  Bf—(OYAIZU, Kenichi) [JP/JP]; T 1698050
@5 ERHEO=S:E: BRE  omyERSZE1TE] 0 4B SREA
(26) EFABEDEEE: HARE BREEAXZEMN Tokyo (JP). MNEE AR (KATO, Fu-

miaki) [JP/JP]; T 1698050 R R EPFHEXFIZFAET 1T

(30) BIEET—4: B104%H 2HEARBEAEN Toko

4%F8 2011-053587 2011 £ 3 A 10 H(10.03.2011)  JP (JP).
1) HEA CREZR ETOWERICOWNT) /ST 74 (03 A. 5)I| H3E, 5H(NISHIKAWA, Yoshikiyo ct
Y = w9 #% K &1t (PANASONIC CORPORATION) al), 75300001 KIRFFARMILRMEE1 TH 1 2

[JP/IP], T 5718501 KIRFFAEMARKFMAE 100 £172 HWAXRYIFEILORE Jrlisss

6§ﬁcmmmu$&ﬁx$m§x?%mmms B Ouaka (IP),

UNIVERSITY) [JP/JP]; T 1698050 R I##H7E XK F . _ .

IZET1TH 10 4% Tokyo (JP). @) BFEE (RTOLVRY ., £ TOEEOEANR
A A EE): AF, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO,
CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI,

[(fEH]

(54) Title: LIGHT-ABSORBING MATERIAL AND PHOTOELECTRIC CONVERSION ELEMENT
G4 EADEWH  KRIRM B E UV ALBEBREF

[E1]
1
/

1-6
T4
2
3
5

(57) Abstract: Provided is a light-absorbing material which can exhibit high photoelectric conversion efficiency when used in a
photoelectric conversion element. The light-absorbing material has a structure represented by the following formula (1): X-Y. In for-
mula (1), X represents a light-absorbing moiety, and Y represents a radical moiety which can be converted into a radical when the
radical moiety is in an oxidized state and/or a reduced state and which can be oxidized and reduced repeatedly, wherein X and/or Y
has a functional group having a chemical interaction with a conductive material.
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-78°C, 2h

(]
q ether Nitrasopropane
Denol?
Br Br -78°C, 2h OH OH
(B)-2

)31 rt., 10h
a}
DMP Br@—CHQMgBr
Imidazole >|\ k Era
t-Butyldimetryisilile chrolide N N THE
7 h
Ll 5P j
78, 2h
rt,10h /\\ 4\ rt., 10h
B3
H
i
7N @b

Br
O Ps(dba)gHO BL
Maoi-BU O-N

! P(Buk %SI;\ O
AUO Lk o™ o
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[0127] [RF—452]
[0128] [{b24]
e
=1 CHO P B)c
%ﬁ [ 7 i NC ~COCH
O Q N%\f ammonium acetate
S §.) / o
O*N)T o~
i N CCCH
QO-N i
%‘S"\ TBAF
THF AgO
—(: :>—N
| - \7/ Arrt,bh Arrt,2h
7
)V )6
- Ne. COCH
0= i
<\ Y : y
ava
NeSN
)v
&3]
[0129] (&R 2)

LRSS (7) TRINBHBTRIE,
AF—L4] ICRINDZIRICLYERET N,

HEI N D,
[0130] ZF£3. [RF—L3]ITRINBELDHIC. T

haba®me. BER (7)) —aTRINBLEME, REDV VL E,

EhVEMEEIH, —BRERINBZ LT,
LEMIEoNE IRE95~100%) ,
[0131]

TED [RFE—L3] RV [
BHEREICIE. RODEHICLT

ERD\ER (7) — 1 THRT

7

‘e (7)) —2THRIND

RIC, LEOBER (7) —2TREINBLEME, BER (7)) —bT

TINBbame, KBbF ) oLaE, PENVENREIN, —BER
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[0132]

[0133]

[0134]

[0135]

[0136]
[0137]

INdZ&T, TiEEER (7) —3TRINZELEMHIBLND (IRE9

5~100%) ,

RIS, #BE (7)) —3IKARINBEEME. ThZEROT7IVED
— 7 8CTHEBEEEINSG, ChICLYGELONIEEMICEESX (7) —c
ICRINZEEMPMASHh, —78CT2EBREATIN, HWTERETI
OBSEIBHREAINSG, COEAMICISICE/ 7OLT7IVDHEMERE
UIFLI-FILRCTF IS ROT7SVE, 1 0%EBRKAEREHIER
MAsh, FRET1 ONBEEMEAINhS LT, TidlEERX (7) —47T
TINZIELEMHIB/OND (IXEE50~60%) ,

RIS, [RFE—LA] ICHRTINBEDHIC, BERX (7) —4THRINBIL
e, BEX (7)) —dTRINZEEYME. NIRERVYIYTFUTE
NAYYRSTUTL (0) & FRYVTLSY—2v ) ThEIRE MY S —
S YTFIERRT74vE, MLIVERNRBAEIN, —BERINZIET
. FiEEERX (7) -5 TCRINZLEMHIBLND (IXE50-60%)

RIS, #ERX (7) -5 TRINZIEEME. #ERX (7) —ellRTh
EME. BTV EZ VLS, BFRRENREIN. SEEARMBINGZ
ET, FEEEER (7)) — 6 TRINBELEYMIEFLNS,

RIS, BER (7)) —6TRINBLEME. 79T hZ—n—=TFI
TPYEZULE, ThSEROZ7SVEN, PITVEHKITICEWTER
THREREREEGING, ChICLYBLNDREWMICHEICERLENSMA S
hictgk, ZILIVFRAKIITICBWTIERT2HEERRTPREGINS, ThICL
Y, Bt (7)) TRINZIEEMHABLND (REIS~100%) ,

[AF—1£63]
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[1£25]

0]

Br
OH A B 0’%\)%
| - 7ra HO 7 OH
KoC O N MalH
N l
Q 2

! Acetone Acetone
1

S fic

7

O n
)\)va =R
RO OR c"a
7)3

|
<2

BrOCHQM gBr O
THF

e

78, 2h O O
rt. 10h o or

[0138] [R¥—L4]
[0139]
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[1£26]

Pdgidbal, RO

CHO
Madt-Bu
P(rEluJ3
Ve
mluene
¥ /
(-4
HOOC
NeTTcooH "
ammonium acetate O
acetic acid
reflux, 3h

0
L O-N o] -
TBAF O 7
THF 45,0 -
Arrt.,ah Arrt,2h O

. a-N O/G\)_,O @

[0140] ZZT. [RF—L3] RV [RF—£L4] IKEVWT, RIZBIFZnHn
=3 TH2HAD. #ER (7) —3, #BERX (7)) —4, #skX (7) —
5, BEX (7)) —6%LUTIKRT, . HETHFELEHT 2.
[0141] [{£27]

o]

\{/ﬁO\/\N\Oo/\/\\/\/O ) \St
—/Si\O’N ~07 N
(7) —3

Molecular Weight: 953.5

[0142]
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[1£28]

\‘/ 0\/\/\/\0/©/ \Lj\o e O \‘L_\]/

/S!\O’N N 0~ \

(7) —4
Melecular Weight: 1106.8

[0143] [{b29]

OHC

OO

1
T
o

l

.
i
\~/A‘/\\ -0 \_//\_/’\/\O/O)b\o O \|/
'75k01N7<4 Nog S
(7) —5 /

Molecular Weight, 1212.9

[0144] [{£30]

NC.

N

&

_\ISi/AQO\/‘\/\/\O O O OWVO\Q]L\J:
ad (7) -6 o

Molecular Weight: 1279.9

[0145] (GHHI3)
EEEERX (8) THRINBZABRNMEIE, TD [RF—4L56]., [R
F—£6]., [RF—LT] R [RF—L8] ICRINBIRICLYEE
Ih, EEMICIE, ROLIICLTEEI NS,
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[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

F9., [RF—LB] ICRTINBLHIC. #BERX (8) —1THINBIL
e, SIFLI—FI (ether) &N, —78CTHLEEAIND
o CNICLUYUBONEREEMIC. =% )—TFILYFILBNMA LN,
— 7 8CT2RFEBHEATIN, MULWTERT I REBHREEGING, RIC
ZOREMIC2—AFIL—-2—=—bOvTSOnvhrmASh, —78CT
CEBEBHEATN, SBULWTEET I BEBESINE I & T, BER (
8) —2THRINZLEMLESNDE (INFEL40~50%) ,

RIC, BER (8) —2THRINBELEME. N, N=IXFIRILAT
IRE AZIFY—IE I=SFILTFLIAFLIYoOY) RED,
ERT1 OREBHESEINEZ LT, #BE (8) —3THRINB{LEY
rEHoNnd (IREL80~90%) ,

RIS, #BiE (8) —3TRINBZELEME. MLIVE. FRYDLSY
— v )T MEIRE, ATRAE, ERYDVENDEBREEIN, BILT
WIVERKITTOREERINSG I &ET, BER (8) —ATHRINS(E
BYrEond (IRE50~60%) ,

g, [RF—LB] ICRTINBLHIC, BERX (8) —4THINBIL
ae. mifbikRE. N=7OFEH 72043 ReEDN, ERTOHEHEEBER
BAEINBIET, #iER (8) —5TRINBEEMIEFLND (UKD
0~60%) ,

RIS, BER (8) -5 THRINBELEHE. DXAFLI—TIEN, —
78CTEBRREINDG, CNICLYBELNEREMIC. §—2v ) —TF
WD) FOLRMAGNE., —78CT2HEABKHEEGIN. HWTEERT
1REBHEEINS, RIS, ZOREWMICKIEBN) 4V 7OELA’MA
b, —7 8CT2KEBHEEGIN. MULWTEERET ONERIKREGIN
52&T, #EiERX (8) —BTHRINZILAMAIESNhD (INE40~50
%) o

ZLT, [RFE—LT] IZRTINBEHIC. BERX (8) —ATRINDS
temeE. BEX (8) —BTRINB{LEME., NIV E, FMYDIA
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[0152]

[0153]

[0154]
[0155]

S—v )T hFURE TSI (M) TIZIWKRRT a4 N) RSTUTLA
ENREIN, PITVFESTT—BRERINSZ & T, BER (8) —
6 THRINDELEMNETOND,

RIS, #iERX (8) —6TRINDILEYE. 22T /g, 7 b
ZhJJI (AN) &, ERYDVE TRZ (MJTzZWRRT74FK)
RSV LEMNEEIN, PITIVERAKI T TCOREERINSG I &ET, B
B (8) —DTHRINZELEMIELNDE (NEB8O0~90%) ,

RIS, [RFEF—LB] IARTINBLHIC. #BERX (8) —DTHINSBIL
BE, 7vETF RS —n—TFLTVEZULE, ThIEROTSVE
A PITUVFEITTCTERTOSHEBHESGING, ThilLYFELSND
BAYIC. BIUEEAMASHh, PLITVEESTICEWTERT 2REER
BEIND, ThiZkY, #ERX (8) THRINDEEWHIESNE (XK
95~100%) ,

[RF¥—L5]
[{E£31]
ether H
EBULi Mitrosopropane I
/©/ \©\ gr -f87T, 2h T8, 2h I\IJ N
rt,10h OH @2 OH
DF toluens
Imidazole >< /©/ \©\ NaD+Bu
FButydimethylsilile chrolide Cul
—Sl-— —Sl
rt,10h 1 _]> Ar, reflux, 5h
@3

Br

.
A AT T

+ F
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[0156] [RF—L6]
[0157] [{E32]

— CCly
/\/‘/ N-Bromosuccin imide =
=  Br H
A\ S g
H{ g7 H rt,3h
{85
-4 Br

N-Bromosuccin imide

ether
nBuLi Triisopropyl borate
g (HO) B’E [ B
-78°C, 2h 780, 2h 2 S, r

Y

r.t., 10h
B)B

[0158] [RF—ALT7]
[0159] [{£33]

toluene S] %

NaO#-Bu |

Pd{(PPhs).

EAHE)- 2 / s\ -+
Ar, reflux, 5 h @
s*

2-cyanoacetic acid

{86
| ){
|
AN —%a—o
piperidine [

- N
1l
C
Fow y OH
S /p
Ar, reflux,5 h o

Pd(PPhs),

—_—

legy
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[0160] [RF—L8]
[0161] [{E£34]

TBAF
o THF AgHO
Arort.5h Arort,2n

~L
DN
— i
C
\_/ I, d o
I S R h
O=N 53]
X

[0162] (&Rf4)

LE#EEN (1 1) THRINSEEDE. AL EFRFY bEMEIETNDS
WMWNFERETZ)—FJDINICKEETEHIETRIEINDS, EF Ry &l
IEhaWEFIE. Chemistry Letters] 20074,
36%, 65, 712H, IKEHINTWEEIILFETHERING, E
FRYMERETV—STVRIICHETEHEELTIE, TJournal

of Morecular Catalysis A:Chemical
1 1995%F, 101%, P45R, KRBEINTWVWDLIRHFEZRAL
5ZENTED,

[0163] ERIERAL X I L TEFEBRERD S IAIIEAY 2B T 2 KRN
g S
(&Hf15)
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[0164]

[0165]

[0166]

[0167]

[0168]
[0169]

FEEEERX (14) TRINDZABNMBE, FRO [RF—L9] TR
INBZTRICLYEREIN, BEHENICIE. ROLDICLTHRHEI NS,

F9. [RAF—LOTITRINBLDIC, 4, 4—-EEYILATY /—
VIZIA S, BIC2—-T7OFIFIL7IVAMALHR, ChiIZLYUBLH
BB 7T OCTREREBERESINSGZET, #BER (14) —1THRTH
ILEYMOBBERIBLOND (INEL9%) .

RIS ThZERAOT7ZY (THF) /T4 —IVEREBREPICEERN (
14) —1TRINZLELEMED | 31BREIPMASH, BICTATIIE
BF (44— (4, 6=UXARFY—1, 3, 5 N)TIV—2—-1J) —
4 —XFIENKR)ZDL78Y K ; DMT-MM) | ROIEE (M) TF
WFZ7IY; TEA) IIAbNE, THICLYBONLBARNERT—E
BMEINDE, BERX (14) —2TRINDLEMPERT D (IRET O
%) o

RIS, TH 7 —=NLAICEER (14) —2 TRINZEEUHIIMA SN,
BICA—RNASUNBRENMAOND, THICFIYBELNLABARNE60TCT
REBBEINELE, KTHREIN, BICERADP Y I FILII—TILHTHERE
BInd, hicsy, #@BER (14) TRINDARNMFBORBEE K
"Eond (INEE65%) .

ZOBERX (14) TRINDZABREMBE/OQFRILL, PEIN=Z MY
e X8 J—IJLICHATHY . KICRATHD, #ERX (14) TRIND
HRIAEHE, TH=-NMRBELVFAB—MassLYREIND,

[AF—£69]
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[1£35]

D131

—MH,
Br“_/ DT

R B W
Etharcl J\,J_ THF/Ethanal

(14)-1

\Nf O
Ethanol
NG

(143-7

Br 1
NG 0

(143

[0170] (&R 5)
tEEER (15) TRINDZAHBNMBE, TRD [RF—4610] K
TAINDZIRICLYEEI N, BEFENICKE,. ROLIICLTHES
[0171] 9. [RF—L10] ITRINBLHIC. 7 /EBAT7EZNZN)IL
BRI N, BICT —AILRZLDAIF DB NAOSNE I ETHILR
FUIENEMELT D, I, BIZ [RF—L9] ILRINBRISICELY
BERINEEBER (14) —1IIRINBEAO5 VEFEERSINASN T,
7 I REEIHEEIN, BER (15) — 1 TRINBLAYIESN D,
[0172] #EX (15) — 1 TRINZELEMWOERIE. FAB—Massil&l
BInd, ZoEER (15) —1 TRINBLEYMD, T4/ -t
MAHN, BICEEED131BRENMNMASLNDIET, #EER (15)
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— 1 TRINZLEEWED 13 1BFEIEEL, BEX (15) THRIH
SRR BDNE SN D,

[0173] [AF¥—4L10]

[0174] [1£36]

(@)
CN
N E\/N_‘q 7=
+ = N =
N
coon § ) oreN N
N
Br
oN Br H +N - o N
2 e O —
N N N N
& =N NH SN CH3CN
NGO (15)-1

[0175] (&RHI6)
EEEBEERX (16) THRINDIHBRMEE, FRD [RF—L1 1] I
TINBDTIRICKLYREI L, EFEMICIE, ROLDICLTHEIN S,

[0176] 9. [RF—LTT] ICRINBLDIC, PEMVHICE, 4—-EEY
iEl—sn00—2, 4—y—baOxRyEVAMALN, ChIZLUEDS
NISEBRN 1 2EEBRERIND I E T, MBMAB LN, TOXREY
BANFHVICELYHEIN, BICERLZBRINDIET, #ERX (16) —
1 TRINDEENODREBRNFLND (IXET 9%) ,

[0177] kI, #ER (16) — 1 TRINB{LEHMET, 4—TxZLVYITX
VENIY ) —LBICMASN, ThICLYEBESNEBRBRIEBRFESTT
1 2REBERERIND, RIS, TOBRBLISBENREIN, ThiZLY
BONBIEEN 7 M ICLYRSEIN, HIVWTEZRGZEINSE I &ICLY
. BER (16) —2TRINZLENOBEMKRIEOND (INFEI2%
) o

[0178] RIC, #ER (16) —2 TRINBLEND ALY / —ILHRIZMZ Sh,
ChICEYEBONEARICEIC, D13 148%, 858% (DMT-MM) |
ROEE (MJTFILT7IY (TEA) ) BHASGNE, ZOBRNERT
—FEREINS . BER (16) —3ICRINZELEYMIELND (I
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£92%) ,

[0179] S ®RIC. #EX (16) —3ICHARINZEEMH TS/ —ILIMASN, T
NICEYBONZBRICEICBREZEDOI—RAIUIMALN S, TODBER
PR E6 OCICMEAI N=tE. KTHEFEIh, BICERMA Y I FILI—T
IWHTHRBINS, nICHY. BEX (16) THRINDARINMEOD
REEERNIELND (INEE5%) ,

[0180] [R¥—411]

[0181] [{£37]

0N
cl T UZN
HO }
ST \\ i iy \. / z r,f _\. l'r:_,r ‘~.\: . A
N N ; ).I..',_f'.lll‘ N = N ,'..:' : .r' H _‘,\ I.}\.’_ NU .
RN — acetone N/, N z
Cl
{1611
£ -f \\'-
e — Ny
- /:\—/_\\\ R J — _
N 4 M—f{ }—MH, —_—
Et0H \\‘_‘H \'-:-"' - \'\«‘ / :-’f’ h NeQH
Cl
{16)-2
cl
R N S U N e CH, |
N fj\ ’,,}—\\ N _"r\ J,}_ N \—'{\ N [
e o S A g Ethano|
Pl s
b N0
S (15)-3
— H — Cl — — | - E 2
N—y Wl N N \rf “ W
P‘F \\\\\ f'll}l ‘\:\'\ / W f',:f"_ o /i ‘\\\ I e

[0182] (&R 7)
EEEEERX (17) TRINDHBIRMEHE, FRED [RF—L12] (T
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[0183]

[0184]

[0185]

[0186]

[0187]
[0188]

TAINDZIRICLYEEI N, BEFENICKE,. ROLIICLTHES

9. [RF—L12] TRINBEDIT, 4— (AMFPHLEZWL)
20RO VEBOY FAICEZ Ay TV IRISICEY . #EEX (17
) — 1 TCRINBILEMDEKT 5,

RIS, BER (17) =1 TRINBZEEMIPAC T, (PPhjy) .0 b
JIFLTIV, 4, 4, 5, 5=FrSAFIL, RV, 3, 2-UF*F
BROSUDMMASN, ThICLIYBLNEESYIRERTEI T, ML
ITVHT8OCTHRERERIND, TELT. CZOBREMOABRKRUHPL
CHEICL>T, BERX (17) —2TRINSILEYOBERRIAESH
%,

RIS, BER (17) —2TRINBEENEMD—22 B8RV EY )/
KEABERITNASON, ChICLYBLONLARICEICPA (PPhy) 4
RUK,CO ;M MALN, ZOARBNAS0CTI 2HEREIND & RN
NETTD BKRDhYy FIVVYT) . TLT. ZOBROD/BRTHPLCHE
BICLoT, BER (17) —3TRINZEEMORBEHARLIELND

RIS, #BEX (17) —3TRINbaWerREEFESTTY 2700
X VITARL, KERIEF M) D LBEFMKERZE TS 5, EETF. 304
DIFRICL Y ARISBELNSBEFERIZELL, 72V T7 kAU ILER
Mg, IHIC3ONIRKT B ETARITEBEELRD, RIGKTE, 2K
H (ooOx4vy,/K) §d2&C&Y, #EERX (17) TRINEAR
NMRDBE SN D,

[ZF—412]
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[1£38]

Br

/ \<
B B 7 = P, (FFh,);
EtN
e i Sy 0 E
Br T tolusne
R
S AN
0 H
J
LN
MD-22 I
/ T Pel(PPhg 4 T
. : oty DAY
- HO ]
berzene/water
t7)-2 (17)-3
DE
R =

[0189] (GHHI8)

SURAINEMYIC) VEEBEAEA L#EER (19) TRINDHRIM
BOREHEE [AF—L13] L7, ) VEBERER EBRGLEOEEMH
EEZEMICHEERY 2ERE S L THET 5,

[0190] [RF—4L13]
[0191]
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[{£39]
E/OEI Br HBr
— — B~ SOt T HoN Br
e = W N Bom — 00"
(19) —1
HBr - Br Br DVITMM
HNXNQ_QNX'F’\SE: 4-me§l}‘|—|yllzrr;c|)—:sgoline N:ZZFG
(19) 2
TF PFs PF6 R}l’N PFe PFG
7 BrSiMe4 i
‘\; \ x _OEt CH,Cl, _\_ \ x LOH
“OEt “OH
(19) —3 (19)
R: N
%CN
o

[0192] ZF9d. [RF—AL13] THRINBLDHIC, 4, 47 —EEYDIL (3.
559, 22. Tmmo |) ZHEMWEELL T, 2—-TOFTIFILKRAKRY
BTFIL (12, 2g, 49, 9mmo |) BA50CT 1 2EBEARIGIH
EBMEI—TIVESRL. BRERFRREZRT. EReEAOEESX (19
) —1DkEWeERB (yield 34%),

[0193] xkic., #BER (19) —1D{Edaw (4. 54, 1. 2mmo 1) &2
—JOEIFNTIVRILKEREE (1. 5449, S5mmo |l) ZT4
J—ILIZAE L. 1 6IEMRERRE. BREERRICLYERBEKOEER
(19) —20ikEWeE"IL (yield 27%),

[0194] O xkIC, #BEKX (19) —20D1kEHW (570mg, 0. 94mmo |) &

D131 (478mg, 0. 94mmo 1) .

BLU, fEEHIELTE - (
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[0195]

[0196]

[0197]

4, 6-IARFY—1, 3, 5-RYTPIV=2—-9)) —4—XAFIE
ILERY=9420Y KR (DMT—MM) (650mg, 2. 35mmo |)
ETHF /H,ORGBFEIEML., 4 —AFILELKR)Y (238myg,
2. 35mmo |) ZHRMULEXLT, ERETFTTIA4RBARGBIEZ, RIE
B, A9/ —IENZ. ARBOD 13 1EEIRFIEEAFILIZATI
L, T—FTIEBEERICLYRRISEOD 13 1%2RELE, D13 1RE
BORISYICHKEMA., BRIEOAFHFTILAOY VE7VYEZTU L (N
H,PFg) (1. 539, 9. 4mmo |) ZMATHAAURHL, T—
TIVEBRER R CRBEEGFDOBEEN (19) —3DeaWMeFr (y i
eld 74%),

RIS, #BER (19) —30ka®w (614mg, 0. 536mmo |)
Z2oO0O0XSVICEHEL, BEEOTOEMNIAFILYSY (BrSiM
e;) (7. 889, S51mmo |) ZHRMLE, RIBE. X5/ —ILIZLY
ARIEDB r S iMe; ZKEIE, T-TURBRER. 7 VRFERT
. REEFOBER (19) ODILENER"TE (yield 52%),

BiEX (19) —1, 85X (19) —2, #ERX (19) =3, R,
BeEX (19) OFRLEEMICOVWT, " H-NMR, 'SC—NMR, FAB-—
Mas siC&LYRELAE, REDRE FERICTT,

BiEX (19) —1DLED:

TH-NMR (D,0, ppm): 9.06 (d, 2H, viologen—-CH), 8.80 (dd,2H, viologen-
CH), 8.49 (d, 2H, viologen-CH), 7.94 (dd, 2H, viologen-CH), 4.99(dt,
2H, N‘CH,CH,P), 4.14 (q, 2H, POCH,CH,),4.13 (q, 2H, POCHCH,), 2.18 (dt,
2H, N‘CH,CH.P),1.25 (t, 6H, POCH,CH,). 13C-NMR (D,0, ppm): 154.8, 150.1,
145.3, 142.4, 126.2, 122.6, 64.0, 55.4, 26.0, 15,5, FAB-MS:found 321,
4 [-Br-], caled 321.3 [-Br-].

BiERX (19) —20LEa%W :

TH-NMR (D,0, ppm): 9.27 (d, 2H, viologen-CH), 9.24 (d, 2H,viologen-C

H), 8.69 (d, 2H, viologen-CH), 8.66 (d, 2H, viologen-CH), 5.14 (t,2H,
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N‘CH,CHNH,), 5.07 (dt, 2H, N'CH,CH,P),4.17 (q, 2H, POCHCH,), 4.15 (q,
2H, POCH,CH.),3.82 (t, 2H, N‘CHCHNH,), 2.85(dt, 2H, N‘CH,CHP), 1.28 (t
, 6H, POCH,CH,)."SC-NMR (D,0, ppm): 151.1, 150.5, 146.3, 146.1, 127.7,12
7.2, 64,0, 58.4, 56,0, 39.2, 26.0, 15.6, FAB-MS: found 365.3 [-2Br-, HB
r], calcd 365.4 [-2Br-, HBrl].
BiEX (19) —3DLEa:
H-NMR (acetone-d6, ppm): 9.50 (d, 2H, viologen-CH), 9.49 (d, 2H,vio
logen—-CH), 8.88 (d, 2H, viologen-CH), 8.87 (d, 2H, viologen-CH), 7.93
(s,1H, Ph), 7.88 (s, 1H, Ph), 7.79 (t, 1H, -CONH-), 7.64 (dd, 1TH, Ph
), 7.48-7.03(m, 15H, Ph), 6.92 (d, 1H, Ph), 5.20 (m, 2H, -N*CH,CH,P-),5
.17 (t, 2H, -N*CH,CH,NH-), 5.05 (m, 1H, CH),4.17 (dt, 2H, -N*CH,CH,NH-),
4,11 (q, 2H,-POCH,-), 4.09 (q, 2H, -POCH,-), 3.88 (t, 1H, CH), 2.81(d
t, 2H, -N*CH,CH,P-), 2.11 (m, 1H, CH),1.90-1.32 (m, 5H, CH), 1.26 (t, 6
H, -POCH,CH;). "C-NMR(acetone-d6, ppm): 164.0, 152.7, 152.1, 151.2, 15
0.9, 147.6, 144.1, 142,6,141.5, 140.2, 137.4, 135.1, 133.8, 131.5, 13
0.9, 129.8, 129.1, 128.5, 128.3,128.1, 128.0, 128.0, 127.9, 127.8, 12
7.5, 123.3, 121.3, 118.5, 108.1, 96.9,70.2, 62.9, 57.7, 45.3, 41.8, 3
6.0, 33.8, 30.6, 28.2, 27.1, 24,7, 16.7. FAB-MS:found 855.5 [M‘], calc
d 856.0 [M].
BiEx (19) DkEY:

TH-NMR (acetone-d6, ppm): 9.48 (d, 2H, viologen-CH), 9.36 (d, 2H,vio
logen—-CH), 8.87 (d, 2H, viologen-CH), 8.83 (d, 2H, viologen-CH), 7.92
(s,1H, Ph), 7.88 (s, 1H, Ph), 7.74 (t, 1H, -CONH-), 7.64 (dd, 1H, Ph
), 7.43-7.07(m, 15H, Ph), 6.92 (d, 1H, Ph), 5.17 (t, 2H, -N*CH,CH,NH-),
5.05 (m, TH, cyclopentane ring-CH), 4.73 (s, 3H, -CH;), 4.18 (m, 2H,-N
+CH,CH,NH-), 3.89 (t, 1H, cyclopentanering-CH), 2.11 (m, 1H, cyclopenta
ne ring-CH), 1.82 (m, 3H, cyclopentanering-CH), 1.68 (m, 1H, cyclopen

tane ring-CH), 1.42 (m, 1H, cyclopentanering-CH). 3C-NMR (acetone-d6,
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ppm): 163.9, 152.7, 152.2, 151.1,150.4, 147.9, 147.6, 144.1, 142.6,
141.5, 140.2, 137.5, 135.1, 133.8, 131.5,130.9, 129.8, 129.1, 128.5,
128.3, 128.1, 128.0, 127.9, 127.7, 127.5, 123.3, 121.3,118.5, 108.1,
96.8, 70.2, 62.8, 49.4, 45,3, 41.8, 36.0, 33.8, 30.3. FAB-MS:found 80
0.3 [-2PF,], calcd 799.9 [-2PFs 1.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:
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3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)
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The claims of document 1 [WO 2010/134607 A1 (Panasonic Electric Works Co.,
Ltd., Satoko KANBE) 25 November 2010 (25.11.2010) ] disclose a light-absorbable
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light-absorbing moiety (X) and a radical moiety (Y) capable of being converted
into a radical when the radical moiety is in an oxidized state and/or a reduced
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(6)-(12) [which correspond to compounds represented by formula (1) of the
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as specific examples in the document.

Therefore, the inventions described in claims 1-3 and 5-6 <a
light-absorbable material having a structure represented by formula (1)
of the present application, wherein X represents a group represented
by general formula (B), Y represents a nitroxide radical, and the
functional group represents a carboxy group> are not novel over the
invention disclosed in document 1 and have no special technical feature.

Consequently, the claims include five inventions each of which has
a special technical feature as stated below.

In the classification, the inventions described in claims 1-3 and
5-6<alight-absorbablematerial havingastructure representedby formula
(1) of the present application, wherein X represents a group represented
by general formula (B), Y represents a nitroxide radical, and the
functional group represents a carboxy group>, which have no special
technical feature, are classified into invention 1.

(Invention 1) Claims 1-3 and 5-6

The inventions relating to <a light-absorbable material having a
structure represented by formula (1) of the present application, wherein
X represents a group represented by general formula (B), Y represents
anitroxide radical, and the functional group represents a carboxy group>.

(Invention 2) Claims 1-4 and 6

The inventions relating to <a light-absorbable material having a
structure represented by formula (1) of the present application, wherein
Y represents a bipyridinium group>.

(Invention 3) Claims 1-4 and 6

The inventions relating to <a light-absorbable material having a
structure represented by formula (1) of the present application, wherein
Y represents a galvinoxyl radical group>.

(Invention 4) Claims 1-3 and 5-6

The inventions relating to <a light-absorbable material having a
structure represented by formula (1) of the present application, wherein
X has a structure represented by general formula (A)>.

(Invention 5) Claims 1-3 and 5-6

The inventions relating to <a light-absorbable material having a
structure represented by formula (1) of the present application, wherein
X has a structure represented by general formula (C)>.

Form PCT/ISA/210 (extra sheet) (July 2009)
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