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Development of novel organic thin-film solar cell from aromatic spiroorthocarbonate
as a key structure
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Novel thermally stable transparency polymers having cardo and aromatic spiroorthoc
arbonate structures were synthesized. Poly(spiroorthocarbonate)s were synthesized by polycondensation of
bis-catechols having cardo structures with tetrachlolobenzodioxole in chlorobenzene solution. Obtained po
ly(spiroorthocarbonate)s had thermal stability and transparency because of aromatic spiroorthocarbonate st
ructures. Furthermore, polymers were soluble in organic solvents because of cardo structures.
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Development of novel organic thin—film solar cell from aromatic

spiroorthocarbonate as a key structure
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WIEER R OMEE (3£30) : Novel thermally stable transparency polymers having cardo and
aromatic spiroorthocarbonate structures were synthesized. Poly(spiroorthocarbonate)s
were synthesized by polycondensation of bis-catechols having cardo structures with
tetrachlolobenzodioxole in chlorobenzene solution. Obtained poly(spiroorthocarbonate)s
had thermal stability and transparency because of aromatic spiroorthocarbonate

structures.
structures.
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Furthermore, polymers were soluble in organic solvents because of cardo

F—U—R: 204 M H—ARF— b, B FREE, B, T L. AREEIEKEE
M., 77— LR, AR ERASL LAY, A BERZ vy

1. FEBRBUYDOE =

W, HIERIERCRRME & E 2 6D
e bR DA, i =Rk ¥ — DL
HOBENG, AR RV —ITKE 72
BLAFE LI TWD, FBEMREZR/LX—
D7 ThH, KT R F— T HBZ R
TERAF—NRE L, FRABAKRE
ERARVETHETEH 77 2 b OFFED A RE
ThoHID, LABRERCHRERICZEDY 5
LAREMHEE RES AL TN D,

BIE, b 072 KI5 EM T H 2 MR
KEGEHIIEANE L, EENPRKEI W ED
RIEN®H D, ZIIUTHT L. A HERKRSE
ITEEMERY) ~—72 & E T 5720, b
BRI RBAEECTE S, £1-, @b
52T X0 B A S E T A < Z2Ek
WER-ELZELARETH Y . KIE/RER &
bbb AEETH D, LLARL, ZRET
BR % 72 AR TE KBS M B S T & 7
D, WL E AW 5% RE & IETH

W& . ERBIZIZE > T2y,

A ER KB EL IR F—BL 7 7%
T X —fEOMOET K RIELOBEE)N
WEBEWN R ESE S5 ETHFICEE
Thbd, FF—ELT7 7% —EoRmNn
W CTh D WVHA~T R AR OMIETIX, B
R/ HEBLHRDE L 1%RETH D,
FZT, FF—Btrrrvr2—EoREmmE
HERELTHEDIZ, NI ~TaHERA
D i 2 FF O A B T IR K 15 HE i oD BR 3 A3 &
MR SN T& 7= (Figure 1),

BE, FP—{bBMe 7 7872 — (AW
BOERICIRA STt EBLEREEH VL FE
2k oT, 7/ LRV TORE S R AT
WMIENEIITON TN D,

HHEREKEEmD T 7 &7 % —{b&W
ELTIE, mWErEEtE2 LD 77—
YRRV TW D, —H, R—
ke LCERYVFL 72BNl ESH
Tk, FFr—MHomESNN FEXy v 70



e~ BE?F ¥ HIFILF—LL>THREL
7 IFVRVABREICGELL
h*: IEfL > EFLEBFICEBESBEL

| REBHELITONS.

BREREXEEBOREXH =X
Figure 1.

¥

(o}
£
O}\O

&

FEBRAEOAI K

/\
\ / S
R

BERSRZ EOAIL b

fc
153

BB ERE TS 378
EREOEBAAS HHtD
* EETRHEA N, *
FERAT OESRICHA/LY
~F DEAROS N EREER
HAE Wb, & D BT
EHEL,
tNt I W O
— KF-E i‘;‘l’"@‘ﬁ'@@'@ ‘1‘9
b e
FEANT OEST NILIANTFOESR

R,
S

\_/

R

FERD K F—HERY 7 —
RYUFAT >

I\

S — >

AP S B OIS & FEEA = A L

FEBRAEOAI S
H—RF— MEEDHA

H—iiF—h APk
BRICH» M - IEEREDE L
FEERALOXN b H—RF—MEEEETS
R K F —e7 ) 7
Figure 2. AvE AL NI —RF— MEEZHTLHHH K —MHRY ~—

i'é

“ﬂfﬂ>
‘ Az e
FR LI AT ORFEBE HEBET I

T ETI—HEY

Figure 3.

I L B HBAEB RO M k% K- Tl
SHICE LG ERIL A2 E AT DI &
DAIATOR TS, LinLans, EHb
AIHE 7R B AN TR & o T2 RS ORI
EHOBREICIZE->TE LT, EVILELH
R EFERATHIHM TR ~— DB
R EEN TV A,

2. RO E®

AHFZED B, A HEBRCREIZ B0
TEWHKELW R E 5 2 D88 K —E
RU~—%HRTHLETH D,
ZORABEERT DL, AHFE TR
FEHEAC O AL NI —RF— MEEICHER
L7z, BEHRAY A/ R —Rb— G
1. LA a RFII O OREEIR T D3
ALIEEEZLTED, T sp3 ki &
ST EODHEITEAICZE D> T 5, IEEK
DA AN NI —ARF— MIBgIZx LT
F9< . BBRLTA—RF—hMIAR->TLED

HEY & DB L7 ~T n REE g OIS

N, BEEOA 2 LIV NI —RF— MNIEE
WZxf LTI ER & 0 | B, AL PRS2 E 7R
b5 <cdH s (Figure 2),

D, AN NI —RT— MEEIZ L
> THEEOEFRITTEHOEFRICH LT
WICHEAIIRDY R ~—FHIEHE A
HERAELE L TWA, A AL N —RF
—bhD LI FHEEERILAEWIT T
T—LrEoBfEREL, 77— EY
— I ENMLENTWD, T E
TRF—HRY ~—DOHFEIZBWNTIL, R
FAT7 20O R —MEHEXEED
RE v v 7B ESEDHENEAITD
NTETm, AGEIE R F—MHRY ~—LT 7
v 7AW THDH T T —L L DB
PIZEB L, 79 —L 2 RY~—OMIED
MicEeteZ Lz » T, X BRI E R E
ZIEMALT A< H LWV & E2IRET 5 b
DTH5 (Figure 3),



3. MEDOFE

RFP—MR)~—C L TRV F AT =
WY L5, FAT 2O BK, &K
e EOFEEREGR L, Kz avEeLEo
Na UL TER LR, Aue it LL
IR e R AT VICERT S, Fo. Rk
WHEEFBRAER AV NI —RF— FEOE
DOFHEEZ AR L, RIS A I U FERED
NaFUGLERTERT S, ARLTETA T =
VHEEARROEERAY R ANV N —R T
— MFEEKRE, T TUU AR E RV
KeeBHD TV TEEREOESKIGIC
Ko TFA 72 2FHIEDLRY 7=
V/%AWTé EASRME ARG LT BT,

FONT-ARY ~—ONEEHNFRZWE L,
‘J‘)“\? @T%ijtaﬁﬁ?ﬁfﬁé@ﬁ'@%%%
BT 5, BONTHAE TR K —E
RN ~—OfiEERE. AL, JEEHL)
REWMET 5, LEOBEEREOIKL, £V
BB 2 H5 3R D i AR TR B K 5 R i oD B
HEIT,

MRz, Avad)v b —mnRt—k
G ORMEO N 2 REtT 5, HFHEBEAY
oA N b —RF— MEEEEDRY v —
ITERENELS - ERM E LN, I8
itk z 1w L XL MERDH L, BRI

NV RIEEEZEANL CHEREAE AL b A
— A= rEEEI LNy THEEE,
Efgttom EE2X 5,

4. FERRE
(D)E /) ~—DARK
DEABTFa— LT LF L DA

Y AHTF a—,L 74 L (BCFL) O & Ak
/% Scheme 1 I2L7=0N>TiTo7-, 4%ED
HTFa—l 9T NF L ) EMBEEET Y
F W 80 °C T 15 MR S Z LT
& o T 81%DIX =T BCFL %157z,

@F 7Ry AR VXY
—ILDERR

ThI7uuaRU S EAR YU T Y
— L (4C1BD) ®& f%l% Scheme 2 IZL7=0»
fTo72, BHE—NLZEIL, BLTHZ L
ok, "o ARy— v hTra—LiEEak
L., =—7 Uk z4rH 2 Lick-T, _vY
UEAFY—NEERK LT, BonERU Y
F ¥V — B HED ko THFLT
52 LT L 5T 4CIBD 2157,

H,SO, HO OH
+
HO 1,4-dioxane 0.0
80 °C, 24 h.
BCFL
Scheme 1. BCFL ®A&k
0 OH  Fremy's salt, KH2P04 N323204 (O OH
< ]i:f :CE
0 H,O /MeOH, 5 °C, 1 h AcOEt/H,0 O OH
O W DT
DMF, 90 °C, 20 h. 0] 0] PCl3, 90 °C, 4 h. Cl O O Ci
4CIBD
Scheme 2. 4C1BD O& K
HO OH Cl,. O O CI 0 OO (0]
W+ IXTLK - PO X 10T
HO” "OH cI'0 O Cl PhCI, 130 °C, 12 h. O o o
BC 4CIBD poly(SOC)
0 ND®!
e T
& #
BCFL BCSPC BCSPI
Scheme 3. poly(SOC) DEEL



Table 1. poly(SOC) DA il 5
entry  bis-catechols products yield (%) M, M., MuMy  T4(°C)  Tgs5(°C)
1 BCFL poly(SOC-FL) 92 4,500 10,800 242 N.D.1 424
2 BCSPC poly(SOC-SPC) 98 10,000 35,800 3.57 N.D.1 399
3 BCSPI poly(SOC-SPI) 98 N.D.2 N.D.2 N.D.2 N.D.1 435
1 not detected by DSC measurement. 2 not detected (insoluble)
Table 2. poly(SOC) DAHEEMEIT K 2 A gt
poly(SOC)s toluene CH.Cl, CHCl; THF dioxane DMSO DMF DMAc NMP  MEK CHN
poly(SOC-FL) - - + ++ + ++ ++ ++ - ++
poly(SOC-SPC) - ++ ++ ++ - ++ ++ ++ - ++

poly(SOC-SPI) - - - _

Qualitative solubility was measured with as 5 mg of polymer in 1 mL of solvent.
The symbols represent the following: ++, soluble at room temperture; +, soluble on heating; —, insoluble even on heating
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