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HHONL anti KDOREZET LI LI TERVY, RICDERREXEZL L, ZOK
JGIC BT Scheme 9 IC7R L 7z syn-exo 148 40 2HERNICEK L T B EE 2 Tn 5,
RIZ,ZDXHICLTHKLZY I ALY 7T — 1 44 %5 Pd filii o St 1 L
el A, WfEEY 7 74 v Do =BT L. ZBALK 43 2K 72% T3 <
& 3T & 7z(Scheme 10),

18



Ph
Ph
Ph Ph
o)
P y P CsF
TiO O @ 39 TfO - e Ph Pd,(dba)z (30 mol%) Ph
—_—
T™S benzene, reflux  Tyg Oa Ph CH3CN, r.t. Ph
o A 72%
91% Bh
35 syn-exo
a4 Ph
Ph
Ph Ph
R ey g
Ph
p Ph
Scheme 10

OB, =Bk 43 13 2 EEOIRENEKOEREEGME L TRbNZ, YUY
77—t 44 OAREED Lk D syn-exo R TH 5 & L THEBY O AR LA % ABE S

& RGO 234 TR UM & [ 72L& 43a & —D OBEZREERE 23 SO I [\ v
7-ALEY) 43b BAE TN T W5 T &I 7 5 (Figure 7).

Figure 7
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13 A VRV 77y ) ~—D%EBRMNINKIG

DX LTARLEZE8MEA3 2o, vy Ry 757 v ) ~—12 D54 %
RAsz, TFVHRAO R WK TA YRV Y T IV P~ —REERESE L0,
43 O MV VKRR B MEGET L 72, TLC 1T X 32 CIl3R R 0 HE R 2 721 B 25 HE 2R
TELOTHREZRIEHEE L 2%, HAEKMZ HNMR ICX>THELZE T A, T
F I T7 xR UE Y 42 OERIIHERTE 7255, Z Ot RTINS R MR IR A
#5727, TORRIZ, MK CRELZA VRV 7TV BRISHRPTHRL T
LE o722 & %KL T3 (Scheme 11),

toluene, reflux

Scheme 11

Z 2 TR, HRAOWAET TG ETo %, Thbb, 7%/ v 44 %
A L LCORBE L [ARRIC P VIR Z NBGETR L 72, Z D& I3zl &b i
LB L. SO ERABIC RS ANE R D ICERYZFES 2 Z LB TE %
7> 7z (Scheme 12),

toluene, reflux

Scheme 12
20



Z T HEBY ORISR LT 2 HNTRETAFAKZEALLF 7 FF 7 v 46
ZHCTMBASICZ R A Tee COBEICITBEL LT/ maxy ¥y zHuTiivg
MO LIz 2 A, ENWICKIEHET L, ZEBRMAINE 47 210K 76% T
% T & AT E /2 (Scheme 13), 72, 'H NMR X Y ZEBRAIMA 47 137K R AR DR
EVTH D Lot (Bad)

chlorobenzene
reflux, 4 h

Scheme 13

ZOBRMIISD TLC X 285 cld, FRlEE L &b ic—HERMIEK 49, —HEHER
ik 48, ZEERAMIIA 47 1KY 2 2R Y P B2 NENHEZR S, mA&MIC =5
BMINE 47 O ZAF Y MR L7z, % 2 C. ZEBRMNIKZERNICE 2 B <l
Ul OGS R~z & 2 A, INENRE & ISR 2 B ekl 32 ¢ & ©, —&ER
fHnfk 48 2B L TR SN D T & 239 - 72(Scheme 14), T7ab b, N F TL A
CEZBIA 43 L F T X/ v 46 D7 uu Ry R VIRIREINBGER L, KICERH %
45 yECIFIE S % &, —EBRATANA 49, TEBRIINMAK 48, =ZEHBR{THIMK 47 32 1L
Z18%. 45%. 24%DUE T LT (entry 4), T DRIGTIX, X SITIMBAE fit
% & ZEERMINME 47 8RR {AF 5 L7z (entry 5).
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O
Ci2H2s
C12H25

O 46

conditions

Product Yield/%

Entry Solvent Temperture Time/h 47 48 49
1 toluene reflux 12 11 31 27
2 toluene reflux 18 12 32 30
3 chlorobenzene 120 °C 1 24 4 26
4 chlorobenzene reflux 45 min 24 45 18
5 chlorobenzene reflux 4 70
Scheme 14

RIZ, A YRV 75V )~w—DLEBRMNIMKIGIC X > TH b N2 BRIk 47-
49 DAL FICONWTEET L, ZnbDLEYIZ 'HNMR @ JE & {L¥F> 7 A
o ZNENDIARMUFEZREL T35, T72b b, Diels-Alder )G T lE G DR
& LT endo TN exo MDD 2003 %23, HoN5HEBHDOAELFEIZH LR =
NEED o fDKF L TR F LRGN OKFE L DD JEIHIRET 2 Z LB TE S

(Figure 8) o T7ab b, endo K TlEH VKR NID a fLDKFED L K F 2 ZEHEHK
BMDOKFEETD A4 ODRF2 73 HADHK) 3008 72 5 729 Karplus DR 10X b J{E
ZELXZ 6Hz b, TOEE. ANAFZNFEED a /KEITRERIIC 4 ppm 0T i B3H]
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INd, —H. exo R TIEZ D AP 90°L 72570, JEIZT0Hz ITiEO%, %
7. ALY 7 MERRRERAIC 3 ppm T ICEIIE B 49,

1) endof$in

H 0
= Vel =
H HH "o jJOH 7] oH

6=90"°

of DR o= s N
. — " = Cciro f — " . = O@‘O
“ ”H D A @Hj% Ho ifo

Figure 8

PLEicli~7=2 & 28 F 2 C. £, ZEBREMNIE 47 O 2RML% 2 3T 3,
ZEBRAMAIA 47 13, AR E R L T 10 Mo ARBEAESRFET 2 (Figure9) |
ZNZENONEEREROMH T, XD X5 BFIETIT- 72,
(1) AP ogFEREP KD > R CFRNIC 2 DA EREI NS X 51K T 2,
(2) i) MO FRNCHE X N BEREN 2 05 256, 0 FHO0» 6 RT3k
Jil 2 b IREEEHEN Y I 2 OMERAUME EHE T 5 L ) IChES %,
i) MO FATICACE X ARG 3 25 256, 7000 T 3K
DIF D S REEHE Y I o D KIGEE (endo 11, exo 1) @ 5 H % \\iin
WAL 2 X O IKiET 5,

(3) 3o EHEREGZHEEICL <, BEEBAEFRCIAEO5A&%L syn. RO
M EDEE% anti & L TCHKILT 5,

(4) FHES A HREHEI D o, ISR (endo £, exo £HI1) & SEARMY 7o A i &
(syn, anti) %Kit d %,
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Ci2Has
CioHas CizHas

CizHas CizHas CizHas

Ci2Has CizHos CizHos )
exo-endo-exo/syn-anti 47h

CizHas CizHas
© exo-exo-exo/syn-syn 47i exo-exo-exo/syn-anti 47j

Figure 9
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% ZC,Figure 11 IR L7270 —F ¥ — P ICHE» TR FEDOREZITo 72, £F
SHERMIA47T O HNMR /128, 2O ) 722 L VOB FEROE -7 D
BERMED» S, ZobEWL 2 HEONABEEARORAEYTH Y, EEBWIT C
XIFR, BIAERIE Cs N CTh B b, 2, 20T 4:1 TH 2B Z L4525 (Figure
10E) . MARERVERLEL 537 DX FRIE I Figure 10D 225 AT 2 2 & TE 5, X
I 3-4ppm OFEIEK % R 5 & (Figure 10B) | BIAEEPID 7V FR = VIHD o fLDIKFEIZ
3.83(dd, 2H, J1 =2.0 Hz, . =3.6 Hz) & 3.96 (m, 4H)ICEHI ., Z DR EA 21 ‘t%
22800, ZOGTONEEEET S L. ZHETORIGHE TR TT endo N2
ETL. X HIC TR F LRGN DO ARECE DS syn-anti & 72 5T\ 5 Z L0350 5,
o T, BIEBINEIDITIR L 72 endo-endo-endo/syn-anti 47 ThH % LIRFETE %,

|

N_ |

) =m 53 I I B a5 \M
Lo vV
T N T LL

T T T
10.0 9.0 8.0 70 6.0 50

Jointy b b gy 4b )
N $353%°F ISSREED 289333 S E
(A) 2K
1) W A fl
! i
f N ‘ | “J “‘\\ (“/‘m\w‘\ | ‘
U Il N
|\ M \ V Jo\
I - - / (g o
: i Boombo b
(B) 3-4 ppm DILKIK (C) 6 ppm DL KX
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o [ 3 5 H
[ r Fff
|| | ]
[
1 . ¥ Ol
1l L | i
)l _JJ j‘/” ) 1))
f ' | I
& ‘ I |\ i I [l
‘U N I !W\ | (I —
I | I I\ WLV
Il I | VN YU U _
J e Y, J |
L L bop” L) N
(D) 7-8 ppm DL KX (E) 8-8.5 ppm DL KX
Figure 10
D 47a @ 47b 3 47c @ 47d ® 47e ® 47f D 47g ® 47h © 47i (D 47]
endoftnd endoftil&exoft MDREY exoft M
@ 47a @ 47b ®47¢ @ 47d ® 47e ® 47t D 47g ® 47h ® 471 @ 47j
endoftin7aRLEIZ? endofitin&exoft M FOb LEIL? exoftid7AkLEIE?
3:0 2:1 endo:exo =1:2 endo:exo = 2:1 3.0 2:1
47 47b 4a7i 47j
Déra @ ® 47¢c @ 47d © 47e ® 47t @ 479 ® 47h @47 @47]
exoft INERALIE exoftiERGID S 7Ly
DA RIS 0] WDERIEN =1
EESMEBIEN =)

A gk 2D 4D

® 47¢ ® 47e @ 47¢ ® 47h
or
@ 47d @ 47g
Figure 11

—F. FEEMICEWTIEANRZAED o fiioKkFEIL. 3.17 (d, 1H, J = 7.5 Hz).
321(d, 1H,J=7.5Hz) & 3.91 (dd, 2H, Ji = 2.0 Hz, Jo=4.0 Hz). 3.94 (dd, 2H, Ji = 2.0 Hz,
S =40 Hz)IcBIHl X, ZDOEMED 1:2 THEZZ ehb, HoEs LT—2D
exo fTHFAL & =D D endo TINELZ B L7EETH D & 30025, T HIC, TD
DT CLXAMTH S Z & H 5 Figure 9 DGIC/N L 72 endo-endo-exo/syn-anti 47e T
5 LRE L7zs 723, endo-endo-exo DL HE T LAY E L TlE. endo-endo-
exo/syn-syn 47¢ & endo-endo-exo/syn-syn 47d D 2 b H VH 523, T b 13 Cs Mir%
BT 270, exo HENIOKFRIZY v 7Ly PicBlllans Zbichsd, UEo#F
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ik b ZEERMINEIZ, @D endo-endo-endo/syn-anti 47b & & D endo-endo-exo/syn-
anti 47e TH 2 & FEERTE L 72 (Figure 12).

C1 2H25 C1 2H25
@ endo-endo-endo/syn-anti 47b ® endo-exo-endo/syn-anti 47e

Figure 12 ZHER{TIRIGIC X o TR o L7 LAY

ZofFohns 2 EEO ZEBRMNNE (endo-endo-endo/syn-anti 470 : endo-endo
exo/syn-anti47e=4:1)D 7 un X v ¥ ViK% 4 REMEGERT L 72 & Z A IHNMR
LY ey ke o VEROEMEAZEN L, =¥ FEPEAD LT F VR385 L 72,
X 5T 4 KRG EIT - 7256 T FEOMER A R SN 7- 25, 12 FEl#%I2I3I1E21L
Blaholze THOI EIE, —HD T Y MEBERSIFEN R LELD 2D Ic T F VRICZ
ftL Tz 2 EBHECTE 2, ZORISTHRONZACAEY O HEEZ1T - 7228, B{EZ
DOHHE, FEICIEE-TEL T, HENRTE T, —/H, ILICKEETF VK
IfRoE 2 HIT, ZruexvY iRz Hu56, HICERZERR b Nk
D> 77,

T, FoNALEVDBBREERTH 2089 2 EIEIP®O L2010, 2L EIRA
Pre L CHRTIBRBMEMHSMF N IC X 2 RICERAT L A, BUKITEBLDHEST L
HIO~FH7 b vy EONT, 202 L IZBERICZEBRANESE TN TWE Z
DT B,

X I, ZEERMIAE 48 1ICD W T D H NMR 2 5 Z DKL % RIE L 72 (Figure
15) £3. 'HNMR A7 b b, ZOLEYTHE—DTIREEARTH Y | endo ff
WAL & exo FEMERGZD A 2:1 TH B e 30905, TORE, THRFIHUED H
BALT I 7z ruxy ) B L 2845 okEIZ, Bl X
JICZFVAMIMICHETZ L2 E, AIVRAVED o ffDOKFEIZ. WTFND endo
FIIERALICH S T2 2 & ik b, I I, =% VAICHk T 2 KkFR I —fHEHO £ 7
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Ly PeLCTEHlENZ D0, TOEDD 2 DOKREBRFIIIEFEMIC R 5720
48 DVARREEIZF 7 FF 2 vt 722 L VRO E R ERE R SBYUAIIL
2bDTHLETEBnH» D5 (Figureld) o TOLIC, A VYRV TTFTv Y ~—5
flitke 7+ %/ v & “EmERMINRIGI, EERRICHE N7 > PN 25E& IR i
25, ZEHOBRMIMKIGTIE, MZI:EE:.E ZWET 5 K 9T, —EHDBRMINKIG
XN O CTRIGCHEIRNICE C 572 LEfE T 2,

] &
S <
1
=
@
S
~1
S
©7
S
w1
=
1
=]
o \
) ‘
o I
S - |
8
~ il
. | |
5 ©
- S 8
== H " o /““ 3 , @
g S e 8
§ < o~ | =1
: '“ # J‘\ | R . f\' J
3 (N
8
T T T T
10.0 9.0 0 4.0 3.0 0
)V“””‘W\\ /A\\ O ZAN %Q ///”‘K \
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm s
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 8
Y9NSEY  B35KE33888 85885 33885588 2% < dS858353KRANSIBZHHE 8
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 5
X : parts per Million : 1H

(A) 2R

28



o o2 013

0gs 095 05 o7 ope 0o o1

9. 0p1 0p2 093

(C) 6 ppm DL KX
Figure 14

CyaHas
Figure 15 EERAI A D 7 Ak

Z DIRMIINIE D endo/exo ;EIRPEICEEHE L €, —HER{IMA 48 ZHAEWE & LT
F7 L VED=EHOBRMNMKIGZTo728 25, Foh 5 ZEHERMNINE 47 ©
endo/exo tix. 5Eil® Scheme 14 T/ L 7z 3 [BIDOERAI NG % AL IICAT - 7256 D
Z e —E L, endo-endo-exo/syn-anti 47e 2> EAEKY) & L ., ¥ 7. endo-endo-endo/syn-
anti A7Tb IXEIEB & L <S5 72 (Schemel5) . $7bb, A VvV 77+
~—%ffifk & F 7 b ¥ vEDORMINKICICE T, ZEHORMMKICE Tliz v
FERICKIOR Z 225, ZEHOBRMMRIGTIEY T/ 7 4 A28 endo fTIMDER
KT, PV 72=L VYD ETOHEICHZF 7 M X7 Vil iikliE &k 5,
ZDS, ZOVREEZEIT S X 1T, exo fTMBELLZLMET L LHTE
%,
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Scheme 15

B, —EBMNIMAD AL FICOWTHHT 2, 2 ORIGTHEKY 49 11, 7
KRR OREYE LTH 5N (Figure 17) . tHNMR X Y —2 D4 T HNICTFET
endo TNL L exo FHLDIZ 1:2 TH B Z L3925 (Figurel6) ., b X i, —
HEEATINMA 48 13 2 [BlD endo fHINICE D AL EE B LT 2 b, LAY
49 D DOD T X YT R F GO EEG LY A 7 v v BRLAINL 2585
DKFIHYE T B2 BB, L7z > T, TR F O QUGERAL O MY 72 37 (AL
ZERT S L. LAMIORT 3O ARREER DI AIRE & 72 5 23, 'HNMR T
I EDXANZ T &7\ (Figure 17) o
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: 2 |
[ ‘\p
) |
| f%
0 | |
M‘“ﬁ § 3 s [al |
1 3 { L
gc /J\»UL ) ”«j \‘ i 4/{ jﬁ( LS “kju" .
) A 5 (N
X : parts per Million : 1H i 3

Figure 17
1-4 REx—7 2 VG HEHERY T Py OEKE G
RiT, HEBMIMEOFHHRIICL R L —7 2 VIIFEFRERY 7 b v ~0iFHE%
BE Lz, . ZEBAMIME 47 O P LT VIRTRIC ST P LT v RAK VEER I Z
TSI % 50 °CICh#ET 5 &, Bk - HFERBES E N ICHETT L, HEBERY 7
bV 50 ZICKR 52 2 LA TE /- (Scheme 16).
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Ci2Has TsOH- H,0 (10 eq.)

CioHos toluene, 50 °C

Scheme 16

K, ZHEBRMINE 48 Z#FROFMFIC Lz 2, ZoHEITHBIK - HEHE
{LIXFEZ CEFT L, HHBERY 7 b v 51 280K 71% T 5 1172 (Scheme 17),

C12H25

TSOH- H,0

toluene, 50 °C
71%

Scheme 17

XC, X R LTHELNERI T V5L, THICA YRV Y 7T VA
HrEELCEY, Soas2BRoMELAHFCES, 22T, F7 X/ v 44 %
fiPeAl & L < Diels-Alder KG % 1T - 72 2. BRATIIER 52 % Btk St <k - il
g7z, LoLl, Y% HNMR ICK W fEr L7zt 2 A, HNL D 3% D —7
DBEHEIEN, Lopdb v 7 Fanr7ae— ML Twa20ICFET 2 2 LrRiETch -
72o MALDI-MS IZ X 2 HIiE Tl3, HWICHE T2 0 FA A v e— 2 238l T hTn»
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280, EBYIOPRICHMYIRE TN TS Z LR TE T B2, 2L Lok
WA TERVRTTH L, TOXIICNMRICX ZEMEHEL S o TV B REKD—
DL LT, BT PV B3ALDar A&y 7k 3BT HEEDERLETONS,
AU T Py 83k, A& —7 = VEIGEHFEEAR Y 7 v 50 IHA_TT L F VDR
okl A2y JREEERT 5 2 LA AEER 720 BRI L3 LR
ZHLTWEEEZ T3 (Scheme 18),

TsOH- H,0

chlorobenzene toluene, 50 °C
reflux

Scheme 18

—J7. TFAEEREALZF 7 ¥/ v 54 AL L <D MG ATz &
Z A, IENMBISEFRERY 7 v 56 23K 79% TF O 1172 (Scheme 19), & DHAIC
IZ. 'HNMR IC X W 2 OfERFE T3 e 8T 72, 2D X9 Iic, “EERAMINE 51
TR 2 E8YIOBRIRT 3 2 L i X o TIERNIRB D 2 2 — 7 = v HIFSE &R
V7 b RERTE BT EDRHLPICR T2, 2N, RICORTEXRFHBEREIY 7 b
VEGHT S LT, BEEAAAL ko,
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TSOH- H,0

20804
chlorobenzene toluene, 50 °C Bu

reflux

Scheme 19

Thbb, RV x ) veffitedle LTHEREEYD 7 v 51 L O Diels-Alder i
TIEONBBRAIE 57 (2. /7 Vi d 5> —2o RG22 H L TWwWb -0, ¥
)7 4nE LTCORHABARETH S, 22T, ZOBRMINE 57 EAH/HERD) 7 b v
58 D/ unuxvEVFKEE 120 °CThz L. Bt 3 2 LA T oI35 H/ R Y
7 F v 60 %2155 Z L HTE 7 (Scheme 20), Z DILAPID 'THNMR 127 7 — F{EL T
LEWIENTHBREECTH 57225, MSICX B2HIEDL L HNO A4 v v—27ICHY T
20 TEEBMT 5 2 LB TEZ(Figure 18,19), DX HIC, A VYRV TT VY
~ — OB IS Z BRE L <. WAL, IENHR 0T EBEER Y 7 b v 2B R
CART 2 FERII T2 L8 C& 2, £, vV R vERERAIL LSO
24L& 57 IZE KT EED TRED -0 DEHRAR 7oy 2 ERATZ L ATE
%o FEBE. CHEMALZBRMMKISICL YV ERERERY 7 b v oS EERKTE
720

34



chlorobenzene
120 °C

TsOH-H,O
_—
toluene, 50 °C

34% (2 steps)

CioHos CioHps

Scheme 20

2878772

26T77834

1 =141 AT
000-0.73 AV: 41T
FTMS +pMALDIFul ms
[1000 D3-4000.00]

BTSTTE4

found

2678.7893

2874711

Relative Abundan ce

f: 2680786
23 za7amg e

1004 P e e

0] 26TTTB1S

509 26747718 calcd [M+H]+

26787852

2679.7888

M

28807320
2831755
| R1T853

T T T T T T
200 o0 o 00 6000 ET4 2676 %78 2830 |82
L mz

Figure 18 Figure 19

35



1-5 Rx—7 = VEEHFERY 7 b v OEKE KIG-2

RIC, AR =7 2 VRIBEFERY) 7 b v OFELE LT, AIAVFAKEE ERDY
L BREEIC X 2B TR E R A EES T O ERAR L LIT L Tz,
Thbb,. RV F ) VOFEKRTHLT I T ) F )P AXV(TCNQ)IZ., BT
RS FL LA OBGH e BXLEEOHEE DL 2 22 BHbNTWw 5,
FRio, X v ¥ VEROMEER IC X 2 EFRIRNR AR RN R EE D < Pk D Z2 (I Bl 23
-2, 22T, 6 20N F=Fa2 oK) 7+ v 50 % HvT TCNQ FHiElk
DERERA, ZOWEEFARZ LIz, ThbH, 50D 7 v E Y VIERIC
~u/=FYNETiClh, ¥Y Y VHET, MAERICZ AR TFER, TOCNQ FEM4 61
IR 23% TI5 2 T & 25T % 72 (Scheme 21),

—
chlorobenzene
reflux

Scheme 21

A L7ZFY 7 b v 50 & TCNQ #FEMR 61 OBESINAFEZ I A 2 ) v 7R &
v A b Y —H#l5E (THF, 0.5 M n-BusNBF4, 100 mV/s) % i \» T 38~ 7z (Figure 20, Table 1),
F9. AV PV B0IFAIHR 2 DODREITEEZR L, LB IE-153V, F &
JCEAIZ-2.00V 2R L7z, —fRIC, XTALICH ) VEERZFFOT7 v F 7% 7 v AQ.
TE7RvF /v TQ RV EEYF )V PQIE, 2 BT 2 BT OR[N RiETEE
Bxmd, O xERETLE, KUY 50T, £F320F 7 vEMfIO—
DDANRENERZNZNFRFFCEITTIN M) T =AY 79 A0k Y Fiv Tk
DDANRNERFERFISEICEINE LT, PIARAY T oA ViR o72bDEEZ
T\ 25 (Scheme 22), FY 7 b v 5017 F 7y X/ vo=8fthke BT T
XL, INLDBEILENMNME -7 DFBRLUTWwE b, P 7= VEIK
THEFE I N TV ED OB AR AR IZ/NE < EBITHEEMA T ICR 2 5 -
TV I ERREING,
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0

-3 -2 21 -2 1% -18 -1.7 -16 -5 -14 -13 -1 -1l
Waoltage /W vs. Fo/Fo+
1.3 2.2 2.1 z 19 12 1.7 1.6 15 14 13 1.3 1.1 1
Waoltage /' V vy, FejFe”
23 -2 -1 2} A% 48 -7 16 -5 14 43 -l 11 -1
Woltage [ ¥ ws. Fef Fo*
23 232 21 -2 -4 1% -A4Y 16 -1% -14 13 42X -11 -1
Woltage /W v FofiFc
Figure 20
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Table 1

red |y E/*YV
50 ~1.53 ~2.00
AQ ~1.55 2,01
TQ ~1.46 ~1.99
PQ ~1.37 ~1.95

Scheme 22

—J7-C. TCNQ #FHEL 61 1Z5¥i7e 1 D D@L T, H—EICENMIZ-094 V &R
L. KUZ7 Fv50 LY 059V dDORIEREEMS 7 b 3@l X7z, TCNQ FEMA
61 DFEITEN R Y 7 b v 50 IR TE L 7o B L, ) 708 705 |1 E bk
THErI T/ AFLVvEICI b EZLNSE, LAL, —HTHEIZ v 50

CHEWT OBl I CTnwiiE E&##&Lﬁﬁﬂéh&<&ot FHLER R,

MICBEEL T 8AROIZTCNAQ(T F 72 7/ TV 7% 7 V)YBEHRIZ. EICICEEL T
T=A VI ANEPLYT =d V~DEROEILHECHICKEZ 5720, 1 DD
TCHEC2ETEITHE 2 EMEL T3 9, 2k, TCNAQ O—&E T EILHEN Y
VT AFLvEERYVMLOKROVRKFIC X VIFFH DT TH 5729 & it
T&5%, 3habb, FPHOZD 1 EFETICIVER LT =4V 7V AEITZ
DIERTEIC XD REMNEZ T K RV ARERSINDE, —F, 2EFETINT
BT =F VYT IAFI T = ﬁ/%ﬂ@@%f%@i%@%%ﬁjéu
EWTEDLE . EZ2bND, 2O ExETEALD [ 7 NC_-_CN
CHIHl T N —RDEITHIZ. 3ED S5 EN :
ZND TCNQ HR T _RTCY T =4Ik b,
FNR—FIC~FYT oA v oz b DL
Z bivd (Figure 21, Scheme 23),
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Valtage / V vs. Fo/Fc*

Scheme 23

PAERRCTE7ZX51C, ¥/ 4 PREEZBENICHEST 24 YRy Y77 ) ~w—
% SOGARNTHAE X & T EH Y RERMIMBOGIC X 0 R X “HERMNIMEE 7213 =
HERMMEZ AR T 2 FEZ A L2, £, 200 OBRMIEZFAHL <, xf5RE
CIHENHD R X —7 2 VERIFGHBER) 7 P VECER s HER T2 AT 5
TEBTEL,

T, AZ—7 2 VRGGFHRER D 7 b vid, ERALANNEIC XY A 2 R 6
BT ORLETLKZR L, 3200 p-F 7 VEfIBETEET 22 LRHL2r LR 5T,
BoETIE, ZobEICERRALZT ) r—rvavik LT, AR F Vv L
KE M D IEMIEYE & L CRR L 72,
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-1 ¥

U7y LZRXEMMIT, SWIAALF—EEEZAL, EXHBECESEROEET
NARELTIESHHAI AT, ZOREEZREL LT, 1Bk, Ak, SR, &3
L—&—, I EOMED» SR I TS, Figure 112 v A XE RO A %
RL7, Tbb, WMERICAMD Y F v 420 5B THIBEIEICTRN %, EfEo
Y LBEITCCAR S B, REFILY OSSR Y, IEMEE B X, Y
FULITHEINS, COFFZMESHEVIRLITZ S Z 2, ZXEMDRKDKF
cThb, OB, EMEMEICKD 5N Did, BLETKICZE Y IR LLEICET
STEMTELIRMEAL TS, LwHZ ETHB,

FERF ER
e” e” e e
2 L—5— 2N\L—5—
T Lit Li*
; ~ Li =
- Li* Li* | Lit Li*
Li" Li
BB ggy TE BE gy TE
=Xk 2Li*+2e- —> 2Li (EEXRI) 2Li — 2Li*+2e~ (BB{LRIT)
O- o) o) O-
EfE. (; — ¢ ¢ 20 (BALRR) @ f2e — © (EERIS)
O- o) o] O-
Figure 1

BE, VF U L REMOEMEYE LT, LT X2 A2 E&0EBESERILY
FIAETEY, FTha v EEY 57 4 LiCoO: HMEN7- T ERIE(E BT 150
mAh/g f2E, EEIX37TV)ZRT, LA L, BRHAPCKEHOBIEAL, LT XXV
ICEDIH L WIEWEORRAE TN TV S, 2 OREFEH O —2 IcHEELEY 232
Fonz, cofpie LT, LAY RMickiicd s &, T2, EiKo

41



BAILXD2DTHEDTF a2 —=v Ik THWICHEL 20 T2EHEICAKTE %
e, BEFOND, VFUVLREMOGE, MOHRAREF O T LEL T
20, 2 0MEmAEIIX 1 X okvons, bbb muERARYERT 5 1CIL,
FIGETEZESLT (=R RTM %2 0 THICHESLT) », o TEEZ/NSSTh
WERWZ &R d, T2 TnIIRICETFER M ITEYED S FR%Z g AL TRL %
bOTHY, FI77 77 —EHTH 5,
HEG75E = 1000 + nF/3600M = 1000 - 26.8n / M (mAh/g) (#1)

IO lhrb, VFULREMOHBEN R ERENEL LT, KO TETH Y.

D30, WEIATE S L EFHE D AlRE R T kDb 5B,

2-2  IEMGEYIE

chEcic, ALEY % —RE o IEBEWEICH W26 E L <, Elkay v
LIV HMEEM D, IR bEP R, BE S MEIhTw5, Hianri
GYovc, EEH -V ORBIEALCL T A Z ALY E B2 2 S D LIFET %25,
K7ZICEHEE, MAR, VA4 7 AFER Ul T X EFEIE I N TV 3 0BT T
Hb, KR TIE., INOZRTE7-DIChHAF=VLEWICER L7z, ZDHH
. VKRV BIL 28)BAFZIC—EBFRILEZIT S0 THDL, Thbb, (X
DiZHB W Tn=1IcHT2 MDEZRTHITNILTEZLHRAEETH Y, ArFR=n
F—DIHY 3 2 A R 1L 957 mAh/g L IERICKE K 7%, ZDflE. a5V M
U F v L LiCoO2 D) 7 fFICHYL T2, Hlz X, 14V V¥ vEITI N,
RO DBHFEHEWEZRT L0, JLERICIZZ DD H VK= VN BT HH)
DFTTRICHRRZ Y, T =A v BRI LT khd, 72, RERICITHICHEL
FIEDHE Z % 7= ICICIR % (Scheme 1), 1,4-X v V' & / v OBEHA & 134 500 mAh/g %
B2 5, ZO—HT, ZORTIRAEEEZE L. X OICEBR~DEMBEIE N LW
IREBD D20, EMICEEMNATZZLRELVWEINRTWS, D7D, 14-
Nk vEBBMEIAN AT S0, chETIEA Ry VX vEER
DIFHFE X . £ OBEMFFEL FHm E T & 72,

(@] o~ o~
+e~ +e~
—e~ —e~

(0] o’ (o)

Scheme 1
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Bl 21X, 2000 FEIC/NE S 1F, 14-_V V' F /) v D 25MICA M FUHEFT LY R
FEFIRYYF VD, D 14Xy ) x ) v e RS & ERR~ O I X
. TEREDS Al B2 2 & ¥ L T B (Scheme 2)3), ¥Rl D FEAE A & 13, 312 mAh/g
THY., 2BFLTRILINS EIE L A DHRAR 319 mAhg & [FFEE D%
L7z, FEERFR ClE, 2 BT BEIORICKICICHYE T2 77 b —fHE B & .
0 EIDOHF A 7V THNITEREIMET Lnd o7,

O o- o-
OMe  4e- OMe +e- OMe
MeO —€” MeO —€~ MeO
0] o} o-
Scheme 2

oV A4 7 uitEom ExER LRI fThbTn3, T &k, RS
TEEDH Y OREEZRDL OOEMRR~DEH 2 2 5 HI T, 14«//#//%
HEAT B 872 22- Y 2-14- RV F ) VEBKRLTWE, ZOME, 204

FIIWIEFEERE & LT 358mAhg Z7n L7z 2 & 3 L T\ 5(Scheme 3)Y, T D
REMEIZ4EBBTHEHL -HOHERAETH 2 501 mAlg ICHRTHAR VNI LR
TW23 28, T EMBERRICEMRIC 2-2°-C RX-14-_V V% ) VSETH L2729
ThsEHAINT NS, 7z, BMERAEZ 50 1 7 VT o B OMEREIT 198
mNmfﬁm\Lm&yf#/yaw«f&% IRLNZb DD, ZDHEY IR LEE
&L TIHRATT & IZF 2,

Scheme 3

DX IICE—DFHNICEBRDOR Y VX ) Vil Hi-4 5 & v HTEHEs
X, REROKZARETZEI T &L, %47»%@%@Lé%5&m55’3w
THIREND OTIEDH 3 b DD, G To BILClRIEWME ORI % HIFHd 3 1
TR THLEERL TS, THICEREL T, Bz X, 2011 FIC/VES I1X
20DV VX)) VNV RICI VAT 571214V X2V T N TAY
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(P2, FHFEIL 2.1 V TIHEAES 300 mAhlg 22 2 Z & i L T\ 3 (Figure
2)%, ZOfElx. 2NV MEEY F U L LICoO: DINERBD 2f5TH V., KO TELD
% B RS LRTC S M RE R A S E ORI L A KLE w5, 72, o1k 7 v
FT7F 7 VAQLDHIRIC XY, nETROIRAEMRE~DE M EMZ, ¥4 7
Btk oom FIc232 2 L TiREL T3, —/7C. RINERE%E 10 14 2 v
1T o 722 DIEZ =1 200 mAh/g Z T[E D | VIRRERE DK 60%IC T T L7z,
ZORREIT VIR v vOYRIKERECTA 7 VREEL Y b bEL, LA
L., FRFZFMEDOWLIERTIIAR VD, 14V V) VERICERE BT R 2L
BRI LW rakaliEstid. BitbtErEm LIcE» 2L 5% 5,

O O 0]
O 0] O
AQ PT

Figure 2

flicd . 4 7 Vo m ExER L2 e LT, KU ~—#HIchvR= 1 {Li
Va8 5L CEBEDETHLZHHIL 261d 5 2, Fl 21X, HH S 1% 2012 4F
T, 12-_y Y F ) vie L Crn BEFRPMNRL S 2Ffo 'L v-45910-7 + 7
AV PYT 2 Et&E LT, 2R Y v~ —FHITHAAL LAY PPYT 2 &KL 72 9,
Z OFERBEOFEER, YIROMEREIZ 231 mAhg Z7x L. PPYT OHEERAETH
% 262mAh/g &, IZISFEREOMEZ /R L7z, ZOfERIZ, K ~v—FHichrR= 11k
EMEMABALTAEDTH ) F LA F Vv OBEHARHEI N RN EE2REL T
W3, Xbic, FMEREEZ 500 4 72 A T o =B OMERRIZYIE D 83%%HE
BVE Z @ OELA RICERE L 2 EERBR COMRIZIZ L A EED L T, il
HAAEETH 5T L &R L7 (Figure 3), LA L. KU ~=—8ICHEENT %9 1ikG
X, ZEEOGRAT vy 72 H L, £, BERTICARERIMAHE X 2720, €/
~—2=vy P XY QBGRARMET 3288035 25, ZOMEEERT 2721CiF, 7
THAECTEERIOEMY A I AVFER R T 000 FikGHEH BV E L 1 5,
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Figure 3

P EZEF 2, FHEIEROXY VX ) v ol RiC X Wit S e 2EBEXA &
FRYV TPy R FYLEMOIEMEME L L TEHTH L LE2 T, TDHT I,
7 R DYLIRIC X Y WK ICEHATH ) RO FRARILAY CREL o Tw
EBOVA Ik, REDKTE2RIRTELLEZLND, EHIC, 2OHTI
6 DDRILEMIBFEET 5720, TXCOFM TETFHHIE L, SEFEMICD
B2, AT, 1ETRZX5E, 2O TREPFLERCE ) F7FL viEdEx
Fiolw r-a MHAERICX 2 €/ 2 LfFCcE 2, 20X nEAKICE
WTRICATFe T Lol TETFEITFECENE, £/ ~—2=y F XV ERET
H5EWFECE 2, cnE conFEMEAIERZEBIICEBRMEE LCERAL LS
& L7 7 <L AR IITEME O Fakat e LCHi-tidt 2 52 5 b o L ifF T
x5,

2-3 VI VUL REMDIERK

VF v LA REMOFTMERBRICE NTIE, EMie LTy — MREME <L v MR
B _FEOIEEOEHED B 2 BMAER L 7= (AR R ERGE I3 ERIE %
2 . TNZNOEMOILIRICE T 2HES & LT, ¥ — MREMTIIPEDOE
YIE CHIEDSTIRETH 0 . HIERF 2 TET A, BEBOFERAEHEL W 2T 5
Nz, —J. *Ly MREMRITERERICEBOEYE S LEL &0 HERHM?S R
K H 505, BIBOEHE DY — MREMICHERTES THLZ EBEIToLN 5,
AFEECIE R0 Mo IR E . IEMEYE GFEREEY 7 v 50) Kz, EE
M (1=K v77v27;CB) LEER (R 7v{ke =Y 5 v ;PVDF) #E&EIt 1:7:2
DEGERZXIICRALTHML -, 72, AicizE&BY) 77 o, BfRCIT1
mol/L LiPFs in EC : DEC=1:1 viv %% >, a4 vRoD ) Fv A REMZER L <
BRI O BT 21T - 72,
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2-4  FICERER

2-3 TR 7z v — MROERGRICHE V. BHIEWE 5&REE D 7+ v 50) |
Al (%) | Al (PVDF) Z@lHARZzMEt e LC U722 oERLCRA L EMEE
mtkoﬁ%$F%1542v_&% . RIMERBEZITo7/7- 2 A, WIRIOMER
B3 83 mAh/g ZiR L7z, RIC 6 BT HE)L 72RO ARIL 91 mAhlg TH B &
Do, HEBERY T Py PIEMBEYE & L CHEREET 22 B0 o7, TOHEBER
V7 b v O EICH 5T P 7y F ) V(IQORMERAKEITTo7E 25, ¥
MO ERREIE 160mAhlg Z/RL7-, ZOfEIZ. 2B TEH L 20 TQ 0HAGA R
D 208 mAh/g X Y b 48 mAh/g K< 7 o7z, TD XD BHIRINEAEF HRAEL T
M2 7K & LClid, BtFRREOBER T TQ A3 CICEBMR~ LB THL s
BEZOLND, EHIC, TNOLDEMDOI 4 7 VFEZ R 27201, RMERRZ 15
YA TN ToET A, FY T b v ORERREIL 59 mAh/g THIHFERERED 71%
ThHolee 77 VF ) VOGEDONERERIIVIEIO 64%TH Y, FHFHEMBEKRY 7k
VORWBT FI7RvyFx ) v XD A I VSRR EL7Z2Z L3505, 1EETRL
RV T T IR vF ) vOBLSIAIEORER 2 S W & b BLERITKG
R L CEWRERZA LTV Z B0 roTE Y, KIERE T LAY DI iF
DHBEBIRELRVWEEZLNS, LR >T, ZOMEBREOR T IZEITEYE D
BIER~DORITH LICHKRT 22 FE 20N, YWIOHVEY n R%2ILRT L LI X
D AR cE b EZLTVS

Figure5 7 F 7t v ¥/ VIKFEIPVDF = 1/7/2, 1.5-4.2V
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Table 1

B & (mAh/g)
¥ T WA EmANg) 134 270H 1594 7H
50 91 83 59 (71%)?
TQ 208 160 103 (64%)?

WIRBEAE L DL

KT, by MROBEBEZEK L. AEEYE 5&BERY 7+ v 50) . EGHA
(k%) | fi&Al (PVDF) % 172 oEmIt CIRA LEMEZEK L 72, SBRETL % 1.5
42V ICERE L . RIERBR T o 72 & 2 A WIRIOKEREIT 161mAhg %R L 72,
i 6 B HBE L -FrOHRARIL 91 mAhlg X W b F 18 f5E<. W4 ETLLE
TRBEHPEEG L= 80 o7, —H. Tk7«/#//@ﬁm SR o B, W
DINEAREIT 197 mAh/g Z7R8 L, HERAE 208 mAh/g & . IZIZTFRIFEEOEZ R L 72,
HEBERD 7 P50 bz X5 RBGRARIC %«Tﬁ%&ﬂ%ﬁii * ) Vi
DU TOETINENARETH 2 Z LR LTS, ZOFMAEEIIRZHS 2T
BB, TrIRevFE ) VEDHEDE LS, P 7L VY ERKZICET 3{LA
Pch Ao s B Ik T 2 ACERBEA —20HERTH L LEXTnD, Tz,
FHEBERY 7 b v 50 OFMEMRERZ 100 4 7 V1T - - OERE L 127 mAh/g
BHIED 719% TH o720 F72. T F I vF ) volEs., RIERBA 10004 7
To 72 RDIERRIIVIEIO 74%TH Y. FHERY 7+ v 50 DIFH A 7 VERE
B bELZ e 0h 5,

mahfg : Cycle Number

Figure 6 5 & &K Y 7 + v 50/fX#R/PVDF = 1/7/2, 1.5-4.2V
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Figure7 7 + 7% v % / v [[R#HIPVDF = 1/7/2, 1.5-4.2V

Table 2
IR 7 & (mAh/g)
Fv T HERAE(mAh/g) 194 270E 10094 748
50 91 161 127 (79%)?
TQ 208 197 145 (74%)°
"WIRIBER R L DL,

2-5 EETEZEE) D g

Riffiic s WC, HHEBERY 7 b v 50 DR LAERED, Hiaaa X ) dbIEFIC
RERMEZRLZ &L <, EFEn-ttHEFERAIC X 2 EBEOEHEA—RE L 2 Y
Bz, L2LAEDESL, 50 DX5 AR ) 7= L Vv BRHZICAELZEXR
BB TR TOERBRBHICEILHHETCELEVOBEIRTHE, 22T, ZOHE
JRARY 7 b v 50 D4 FHERBZEENCE L THNMR 2=Z7 PAEIEIC X VTS 2 C
Le L7,

Thbb, HHEER) 750 %E 7 narnr st 50°C ICBWTEE 22X
#7255 IHNMR #llE %17 > 7= (Table 3, Figure 8), % D%, FFHMEMHEIH D =KD >
YLy P ERTIBWTEEORD I > TR > 7 P 33T il nk,
D X9 RIS L 72AbsE > 7 MEDOZAIZ, IR FICH T 2 50 FHEEZEEIC L -
THIERZIINZZLDPHIONTED D, P FT7FL VO ATy yamipy
VD X 5 K& R FHnE TR EZROMEEWICE VT, Z DERBBE I FHMICHET S 1L
TW3, BED L 2 AFHFFEHEBICBEl W O v — 7 OIREI35Ee I3 T2
TRV bOD, WIND Y — 27 b5 EFHE L 2 REHHICE W THREOET L &b
ARG ~& > 7 b L7,
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Table 3

Ha (ppm) Hb (ppm) He (ppm)

2.2x102M 7.72 7.79 7.96
1.1x102 M 7.78 7.83 8.04
5.6x10°M 7.91 7.85 8.11
2.8x10° M 8.02 7.89 8.18
1.4x10°M 8.12 7.91 8.25
7.0x104M 8.24 7.95 8.34

residual Alkyl groups

solvent B AL ™S

He  H,
22%x1072 M Nq\“ M
1.1 x 1072 /U—TLL

56x 1073 M

28x107% M

7.0x107* M L MM&_
e -

T T T T T T
10 B [ s 2 o

Figure 8. A&EMER D 7 b v 50 D IHNMR A7 b iC BT % REMK N

COFERIIFEBERY 7 b v 50 32 OREHFHICE W TERKEZERL w5 Z
EHRBETEDDTH S, HIREWZ Lic, oty 7 MEOZEIZ 7x104M I
FOLTHICRE T, HEBEREEZHE > T3 aRENEZRIZ L T3, 5%, BWtr e
XRD #I7E %@ L CHEAIREEIC 351 5 0 FEEZEH)IC %?%ﬂ%% 5ZLT. HE
EARYD 7 b v 50 kT 5, HRARICHS TR CTRE RIERE L FHEEEH)
DEEEAZI L I LT 2 EEZT 03,
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RETRFHEBEAEY 7 P 50 DY F v L RE MO EMIEYE & L TOMEEDHR
FHc oW T ~7-, RMERBRIC X VKD ONZFFEBEEY 7 b v 50 (HiaaR 91
mAh/g) DEEEITEMOTRIHKAE L TEL L, ¥ — MRDEGE 83 mAh/g THERZ
BLIZEFAEFETH o 7—F7 T, 2Ly FMROEE 161mAhg 2R L. HERA & 2
IS Z 2EREZ R LTz 2O X9 BRARBMEOMRKIEIMEIC Y7227 F Ty F )
v (TQ) ZiEWHEL 32V Fv L REMICIIAONT, COFKICBEL CixE A
A EAS Wb DD, P F7FL vEEEORES L KM N DTHE L ER
3, Ibic, BVBLIEMEREZITo/2L A, HEBKRFD 7 F 50 13 TQ ickk~
THRBRMOETA/NE L, H A4 2 AVEEICERTHE 2 Bbrotz, Thb DR
FEBOX Y V¥ ) v EERBETRICHZAD &5 o FakEkA. il A HIE
WG ERRIC B TR a5 A 9 2 2L A TRBT 2D TH S LHE LT
5, Sth. HEBERY 7 b v 50 ORERIREEICEH T 2 WEMEHZEL T, IEMANICE
7% 50 OELEITCEB O 2 Mt 4 2 & &b o, BiA Al B0 B AR
HEBERY T Ly OBMWFE~LERL ThE 2w,
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BEE AYRVYISVOTVRY PABREEEBL LA VYRV ~ATFr—1LOD
AR L Z DA

3-1 ¢

FETI, ¥ /A4 FEEERFOA VRV 7 I v b=k Try 2L LT
FIFH L 72 IR S B/ O AR IC O W TR 72, 2, RICENCTHRE X 7=
AVRyYy 77 veF7 7 v OMEENLRERMNMMICZHELE LEbDTH S, 5
TETE, ZNOORIGTIRHONE FHEEFR Y 7 b v OEREEME L L CoRH - B
FlZXY . VT v L XEMOIEMIEYE & L ORI IC D Wil 7z, RET
FA YRy ~Ta—rox )/ 4 FEEICHED CETFREZIED L 7287 Tk
DA PHEEEE O 52 B & L <, F#lEaREMRoaRIicowcid~ 3,

ITCAYRYYT7FvD e IMLICHEREZ RS, LIBHEER Az
T, LEEEX B ORGSR TE 2, COF /4 FHEEIE. BAI N HER LA
YRy Y77 v e DT EEATERTE ML 5 20, a MR A AR
TLILNTED, CORMEFALC, HlziE. F47 = v BERIKICHE T 5 72
V547 = v 1 p8EFEEMELE LTI T2 Y, CZCTEHERI LI, ¥/
AVHEEADLX 4 FEE B ~OZ(L TR Y ¥ VEROHFHRMEDOZEN %2 C
EHRTELD, 77 VRO F A VG B OFGBKRT 2 LHiIfFE N2
(Figure 1),

Figure 1

THICBEE L T, Swager b 13, BTG LB FRIMEEEZEDEFIOYT Y —
AV RV T7 T v OERNFENME~DRIHZHEH L T2 2, 3hbb, FFr—H
B T 7 A —AEELOE AIC X ), ¥/ 4 MEEOFG 2 mH I, Hu
HAFEE R T L WH b DTH % (Figure 2), il ziE, FF—Ficy 2F17 I /75,
T7e TRV T I REEROA VRV YT T 6 OBKRBINERIEZ v ek
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VLRI 656 nm TH B, Tt FF—He L TC7 2oV EEZFo4 vy vy 7
T2 EHIRLTHIBOM b RFERS 735, 20, [ VYRV ~NTu—ARZE
NHEOEN-OEMELE LCHHETETH 5 2 & 2 L2 REIch 5,

Figure 2

CTCHBELRRA VI A ‘/«“‘/‘/“«%D—M‘%E%mfp ICEIERER AT %2
THhb, TN L T, RELUHAEETIE, 7V FRy PRIGEEBEL T2 13-VT7 Y
~N4V&V77?V®%@éﬁ%%ﬁ%LTMé”o?&b%\ﬁwbﬁwzwﬁ
BEBIATN 8ICNT 2T Y — V& EMEOBKREN 2 ZEREMMMKSZ e L, 2
O@%éﬁﬁ%@%%ﬁkt&?U—»4V&VV7§V11%éﬁﬁéékm5%
DTH% (Schemel), 7z, BT RKEMECEFHGHEBEREOEADAETH Y |
TRHIPERLAKATRETH 2, ZoHKEEHARATNEE, rTdibz k5T, '?-é
TG EEE (D) & B RE MBS (A) ofiaabe e LT D-n-D B, A-n-A
B, D-n-AROBEMRKAEZET 24 VYRV Y 7TV ERKRTE 5,

r2L|

Arl Arl

M+

CHO Ar‘MgBr Ar2MgBr o H+ _

COsMe 0 <
2

2 Ar2

Ar 1

Scheme 1
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CNICEHE L T, D-n-D B A VRV 7 F v ORI LA R 23 Y i 9e =
DHFIILICK o THL2ICINT WS, Thbb, ZODFEFER LD XFALIC NN-
AFATI)EEFEOCT I A4 YRV T7 5y 12 BENBCEEY T2k
B, A2V 7R AR A M) HELVHLRICR>TWS, 2D FIF, B
S DR LB 2 & O PR 2 288 28 L, SR — M LEALIE B> =+0.09V, & _#{LE
{7l E2*=+0.29V TH % (Scheme 2), mWVETHEGMEEZRTT P 7F T 70 L VD
LB TH D E1™*=+031V XV DIEMlicy 7 b L7720, FEFICE WE
BIRTH D e oT2 TNIE DDA YRV T I VUBEEZLTF /4 NV
EOWBEN TS ICL b L TR 3,

+
NMe, NMe,

O E,OX = +0.09 V
o

[~

Tetrathiafulbalene

-
L
-
. O

NM62 NM62

+e”

Scheme 2

MIFRECTHE, THRA YRV Y 77T ) —AEolliceF = VB8 EA S0
aRMA VR 7T VOERICOEIL T3 Y, Thbb, Rvyv a7
FI VA3 I L C T 2oV IF oY) F Y LRSI E 2 &, AR LEE~DK
BATMBISHHEST L T v a— v 14 25 2 5, 2 27 H#)RISH % v Cigt 3
2L O0FAFMEBROFAL EHICT7 P TAT e N 15 %52%, 2721
FoNYFTLEERASES L, R INFA~ORRI 7 KL IC 25T L, 8
WEET. Bk - BEEEZITICETY T ) —AIF AL YRV Y 7TV 17T 5
Z % (Scheme 3),
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OTBS OTBS

o)
o PhI(OAc)2
- Ar R
O "Ar
15 H

Ar!

Il
Li——=—Ar o 4MHCI
_— >
9@
16 ||

Ar2

Scheme 3

ZOEBIEIHREFEROERICEEBEDORKIEAT v 7R ETH L0, L VE
THETHlo7 7a—F i X 2E LR ILREA YRV Y 77 v OEIEDFFEL T
W39, $hbb, vy rsurT ) vI3 EAKREMAE A L LTARRL, 7L
TATe FAZHHEWE L T2 ETH S, 3. 77X LT AT e F(18)IC
TCT7 22 NITFnN Y FYLRERHIEE L, DD FNL I NHA~DER E’Jﬁ?k#ﬁ
MBGHSET L, YA —n 19 252 2, Zhrw b~y vic X @Rk
DIKIEFEE IR NFEANE B L, LEECT7 T Ara— 16 ~FELTWD,
BBIC, UL T 2L TCOT ) — LI F AL YRV 75V 17 D&%
AL L T 5 (Scheme 4), 72, TAF VEMiZEITTL, TAT = A~DFFE(L D A]
HETH o7,

Art
f f /l
CHO 1) Li—=—Ar OH MnO, 0 4MHC =
©:CHO 2) Li———Ar? ©i OH o ~°
18 19 | 16 | 17 W\
Ar2 Ar2 Ar2

Scheme 4
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CCCTHERI LI, ThFEFTHEMNOGZ VI FZAELT AT =V HOEA
e, A OB EFFOA VRV Y7 I VIFERERO AR TREIC R 2T L T
Hb, Thbb, A VXV 77 VERICEEA R @ LSRN E5T 3 LR T
2X5C otz R e EYIICTF a—=v 752X, B e bEeE:
STORIE A CE S, L2 L, CORREEZROA4 VYRV YT TV OEEH
AlHEIC e > T, EIRFEROGHEARIML T Y, ZOWEBH4ICHL 21
moTWwi\y, 22T, kb vy _vy 75 vy vRy PEREREEL LT,
TTER. FF—HD)RT 772 —FA)VZEALLL VRV Y7 7 VOERELT
277, EBHIT, TNFETIKHEOLNIZA VYRV Y 7T VvDILERA YRy ) ~T 80—
VDOALEICIGH - BT 2729, ZoRIETHR LN AMPEEEZRIFAL <, Bk
JRFERER 7R L VIRTFICEZIRZ A VRV FA T2V RPAL VR V%
L 72y ~OiFERRR L LI LT, 32HiTiE. An-ABRBIUO DD MO
KBEA VR ~Ta—LDHEK, 33 ficiE N F—&SeT7 7272 —f%FKo
D-n-ABDA Y RV ~Fu— e BRBEKGEE~DERL L THHZMRE L
7z (Figure 3),

3-2ff 3-3#f

Figure 3
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32 KIKMEA YRy Y ~Fo—n

Jei i@ Y . MR ETIIA VRV Y 7T D 1 BXNRIMLICERL 5 EEERR
BT n* B2 /3 2 EHRFEROGHICKII L T 5, AREITIE, Scheme 3
DEBFEEFBELE LT, An-A BB XU DD A VRV ~Tu— LK%
Bl THIC, TNOLDFFEMERE LTOKBEEA VRV Y ~T 08— ~DRE AT
V., ABEERM B~ D ICH 2 B L 2. BRRYICIE Figure 4 IR X S, N —
ELTCT I/ HEEZETS AnA BT 772 —L LTANFEF U HEEED
D-n-D By &, 200 MG ICFHELL 2S00 F 2B+ L LT, )
NEfTo7k, TNOLDHTIE. HENTHHARRD A A -V v 7Rt 7 n—
7 LTHIfF TR 5,

X =0 (18) O

S (19)
Se (20) NMe, COOH

(29) COOK

Figure 4

ZAICBRE LT, 1996 4, Trull S 135K T v = v AHEEE BT 2 KEEY
TYV—=NA YRy 7TvH, Kpc—EHEIHKBREOMIEH & L CHHRRETH 2 Z
& ZHE LT 5 (Scheme 5)0, Z DEHIEIZIRDOMEY TH B, Thbb, HikD 1,3
V7 2= nA YRy Y77 30 1K LT Friedel-Crafts K6 % A7z =+ rfbic X
h, ZODMEEEEIFELON TS, RiC, e FIYvick) = vioETIC
IOT I EALFEL K, REN-ATFAMEEITH & & THEIURT v E=T LI
WEZ ROV T Y N A VRV Y 7TV ERERTEEVIDDTHDL, LIrL, &
DG TN EER R B OE AR R CTH 5720, AROBIR D LR
72 G HGEDRRFERLEEN TV 5,
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R2
10% Pd/C
NaN03 2H4 Mel, K2003
H,S0O,4, 0°C EtOH 50 °C acetone, r.t.

p2; R =NO,, R2=H (33%) p-3; R =NH,, R2=H (quant.)  p-4; R = N*Mejl-, R2=H (32%)
m-2,R'=H,R2=NO, (29%) m-3;R'=H, R2=NH, (61%)  m-4 R'=H, R2 = N*Megl~ (37%)

Scheme 5

CITAYRYY 75 vO—BHIAKRL ORIGICOVWTRT 1,3-¥ 7 =14 Y
XYY 77307 M= b YAEEF, SR IT 452 nm T, ZoETIERIT
9% % ~T 2, ZONTIIERNIC—HIEAER L[4/ MORMMKIG L. ALEE R
IV FR—FF34 FHREIKR3L 2525, 2iE, Zild T, EL» I o fGEE 0 Ul
INTT b 3E525, ZOBE, B HKT 5 (Scheme 6), ZOWEEFIAHL
T Trull HIFFEURT v 2=y LEHEEZEAL VT Y —VA YRV YT T v %
FAWCT—HEBEROZERKRE LTHHATE 222G L9,

Scheme 6

ZOMWEEFMALZERECIGHGI E LT, 2013 F, Nam S i34 YRy Yy 75 v
BIGIC 4-F 7 2=V T I ) RAF ARV R EOFROEZEA L 72L&V D &I
LTWw3 D, ZniE, EENTHREZ7e -7 LRI L., fifgdc—EEESE DR
FULICKII LT3, Thbb, A VYRV Y7 7 v BR—EEAKE &G L 72T,
Z DFRNFESE AT Z LRFC, 52 UoMAMloROGEOREFHT 2
Lo tHEICEOC L wI b D TH B, BIRWICIZ, HEHR 505nm (H¢
BTIER 39%) T4 YRy 7Ty 34 75, —EIEEE L [4+2]5 G L.
VT b N EFE I NALEYEFEEENIC R T 2 R 435 nm (B E TR
41%) R L 7 — 7 b3 % (Figure5), EERIC, 2D b D~ v AHKD RAW264.7
~zsn 77—Vl co—BIEEREOBBICH LN TS

58



Q

REEH o ‘ '
O StPBF (34) T ‘ '

PyPBF (33)

Fluorescence intensity (au)

Wavelength (nm)

Org. Lett. 2013. 15. 3582. X b 5|
Figure 5

NICBHEL T, ZKBOEEE O IX, Mlgd@EaErtz A L, ERNEKTHLT 2
W7 B —TORBICHINL T3, bbb, EREO680nm)Z 2T 7 fHE 0 —
ZIvieEHWw, TV Iy —BHEBRROMIEHI L 35 Si-DMA Z AWK L. T
NHAMIENCc—BHBEOER-CHERRETCH L L 2R L Tnwd, ERRIC, Si-
DMA(HOEE IR 1%)25flifuN ©—BHIHfER & G L 72K, =¥ Fo8—F F 54
N T® % Si-DMEP(HEE IR 17%)08 B T, 2o RiErEn s 2 & T%
=&Y v 7 HAHETH 5 (Figure 6),

| \ / |+ - [ , |+
N Si N _N Si N
P P
102
S O

Si-DMA Si-DMEP
Aem = 680 nm Aem = 670 Nm
®r = 0.01 ®r =0.17
J. Am. Chem. Soc. 2014. 136. 11707. X Y 5[H
Figure 6
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—H. A VRV YT T VERUINCL T e v EREE T 2KERLAY D, —H
FEwoffER & LCHATE 5, B3 1981 . Aubry 5137 b 7 & VEIE

S by
DDHNK VEBERE R B T3 KAEAL 7L v 35 DERERELTWE 9, 2D

VREAN—=FFH A FN36 1B E N0, SNEAAL RO v F
N—FF YA FoHHEE L L CHIfF X L5 (Scheme 7).

Ph Ph Ph Ph
KOOC [ [ ! COOK KOOC [ ! g ! COOK
KOOC COOK KOOC COOK
Ph Ph Ph Ph
35 36
lhv
Ph

Ph
KOOC o

Ph, P
OO o KOOC COOK
cooK OO‘O
KOOC O KOOC COOK
PhPh

COOK Ph Ph
38

37

Scheme 7

H A TN HIKEED n ELEMIIEARANCTCORMICE T &9, FEAME
REDTANAZRELT, RT3 TE S, fHlziX. Miller & 1% 2013 FFiT =V

b»r-
RV ERGIT VR VEER ) 7 LGB A L 72LEY WSP4 23/KICTRIT 3 <
HEE R T o8 £ 2 DRERE

)
EVERMRLE L C OB Z ST L T\ % (Figure 7) 19,

“SCo0oK e
Ce
Wwsr4
FEDIT:F55
KooC.__ o |
Giluss
WSP4

J. Mater. Chem. C, 2013, 1, 2193. X Y 5[ H
Figure 7

ZDXdIic, BT vEy AECAHLR VEBEE A AT A L TuTND
KPP CO—BIEBREAZHIETX 3, KEITIE. A VYRV TITvDT vEREYy FERK

Ev AR
EEFHLCTERAA YRV Y F A T2 v IRV L) 72 VDEKL, #
OYEEZFTE T L EZHNE L7,
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3-2-1D-nm DA YRy ~Tr—L

Scheme 10 I D-n-D A VY Rv ' ~F o0 — Vv OHEKGEIHZ RS, Thbb, 4
FAAINGEBFHBRI AT NI, P AFAT I ) % FD Grignard 3R 2 EFH & &,
BT NIEA VR Y77 v BoNsdbDeEZL, ZHICHRLT, v—
VUREE IR ) v RRMEERER SR, WIGT A4 YRV ~T e AR5
% T I HD N-AF UG X Y FURT v = v LIEEEEH T 2 LEWH
B TE % b D LHEE L 72 (Scheme 8),

NM92

O Lawesson's
reagent
CHO BngONMeZ gor

Woollins'
reagent

NM62

Scheme 8

TF.AVYRVYTZIvOT VR PABEEZFIHL T, Y AFAT I KRR T
ARV T T VDERET T, Thhbb, ANV PRV INKEFHEZ AT L8
D THF /&ARIC—40°C TY A F T I 7 F% 5O Grignard KIGH % /EH & # 7214, TFA
TUHESF 2L, f VYRV 7T 18 DK 63% T D 1172(Scheme 9)e ZD b DI
hexane/EtOAc DIREGTAIED b FAGdE L. Z O X Mt &M 2175 2 L B TE 7=,

BngONMeZ l O
CHO 28 o TFA -,
o =
COMe  THF, —40 — 0°C rt.

8 39 18 Q

NMe,

Scheme 9
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ZDAYVRY Y7718 FHOWT, A YRV Y FF T2V 19 ~LFET L L
b TE/, bbb, 18D AT VRRICH — Y VI A EF ¢, 80°C IThnZE L
LA AVRYYFAT7 v 19 ZWNE A% THET L LB TE L, IbICZ
DAYRY Y FA7 v 1913, BLEORZZe FuXs by 39V b Y 40
POTOFECTELZ LB olz, Thbb, ANV FFALINLEEBRAF LD
THF #IC—40 °C TY A F AT I 7 H%FfD Grignard ROGHI Z EH X & 7= 1%, BUH]
WAL T vE= Y LOKERCUBET 2L, e FaFfo 7 by 39 38507z, Kic, 39
% TPAP & NMO IC X W KR A AN R F~ L L. 7 b v 40 ~FHE L 7=,
ZOXIICHAEBLIZeFrFo by 39 2V by 40 il e —y v 2
HZ&<Td, FACEEY 19 % 5 % 72 (Scheme 10),

NMe2 NMez
Bng@NMez
@ECHO TPAP, NMO
Cone THF _40 — 0 OC MS 4A CH2C|2
then sat. NH,Cl a 58% (2 steps)
8 4 qg. 39 ( P 40
NMe, NMe,
Lawesson's reagent Lawesson's reagent
CHyCly, rt. toluene, r.t.
44% (2 steps) 47%
NMe2 NMe2

_ - Lawesson's reagent O = S E s
= toluene, 80 °C = E Meo‘@’f’_ .
47% | s
19 1
' Lawesson's reagent

NMe, NMe,

Scheme 10

18
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—77. 18 D P AT VIEHF 100 °C TY — VU v ARFERFH I G2 A, 1 UR
VYL 72V 20 ~LREE T 5 T & AT E /2 (Scheme 11),

NMe2 NMe2

E Se
= Woollins' reagent = ' @—E—Se
0 __jse 5 Se.ﬁ’@
toluene, 100 °C : Se
32% !
18 Q 20 Q '

Woollins' reagent
NM62 NMe2

Scheme 11

ZDOXHICHEB LY DD Mo vy y~7a—r%xfw, T F=FYLE
BT, WINEHNART PAEREE L2, ZOFER, A VvV 75 18 Dk
W Rl 459 nm, HEI R I3 573 nm T, HXETUIGEIL 76% %R~ L7z, —/7 T,
AVRYVFA T2V 19 4V Ry 2L /) 72V 20 134V RV Y7 I/~
THRARBPGERIE 7V —> 7 F L, 20 DBKEHENAIHEE (X, 592nm & 605nm T
BV ARV T TVITHRTStokes > 7 FLTWE I EDRDDo72, TNHDH
T AVYRY YRV )/ 7z BPHNETIEE 88% & —F s 0> o 7z (Table 1, Figure 8,9).

Table 1 & FHIE DFEE (25 °C, MeCN)

isobenzoheterol JAabs/NM Jem/nm? DF?
18 459 573 0.76
19 434 592 0.88
20 448 605 0.34

'Excited at the longest absorption maxima (¢ 2.0x10° M). >Absolute Photoluminescence quantum yields

were recorded on a JASCO FP-8500 spectrofluorometer with an integrating sphere.
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UV-Vis Spectra of NMe,-isobenzoheterols (MeCN)
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Figure 8
Fluorescence Spectra of NMe,-isobenzoheterols (MeCN)
- 18
- 19
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Wavelength /nm
Figure 9
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CDEIICERLTZ20DY AFAT I EEZFHO DDA YRy ~T80—
LIZHT LTy N-AF UL ZR WIS X D BUR T v 2= L~ L FHETE /-
(Scheme 12), T7bb, ZNoLDOT kv b vigRICI VLA FARERIE S L, HEN
W7 =Y LR OGO L 720 RIS TR, 2hik AT 2 DR T, AKX
P aRBIciR 2 e TE 2, WINDK~DBERERFEL, AR —12T & b=
FUAITH LT HIBMEL 72,

NMez NMegl~

—_—
acetone, r.t. O S

=018 X = 0 24 (58%)
S19 S 25 (94%)
Se 20 NMe, Se 26 (84%) NMegl~
+
Scheme 12

ZZTCTHBRLZZEURT vy MEORINE X R HERART P ZLITIORT,
AV RvY7 T v 24 ZKPC, BRI R T 412 nm, #KHENFEREIX 476 nm T
CHAEETIERIZI%E R Lz, — T, A YRV FAT7 225094 Ry
VL /) 72V 2613 A VRV 7T VICHARTBRBINEE I v—2 7 F L,
—F. BREEEREZLY Fy 7 L2 b b, -, BEETICRIIZENE
NA6% L %% R L, KT L7-Z & 297 - 7=(Table 2, Figure 8,9).

Table 2 &KFEHHIE DG

B (25°C, H20)

isobenzoheterol Aabs/NM Jem/nm! dr?
24 412 476 0.91
25 395 484 0.46
26 408 510 0.09

'Excited at the longest absorption maxima (¢ 2.0x10° M). >Absolute Photoluminescence quantum yields

were recorded on a JASCO FP-8500 spectrofluorometer with an integrating sphere.
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Figure 10

Fluorescence Spectra of NMesl-isobenzoheterols (H,0)
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Figure 11
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322 A AT VRV Y ~Fu—n

3-2-1 Tk L HIC, TOHABEEZEHVNIEI DD HOA YRy Yy ~Tr— V%
BRTE LT R 0h o7, RIT, A—n—Aﬁ”@/f VR NTFa— e LTHLEY
BIEZE AN L 2HE oM 2k~ $74abb, 817 vEH %D Grignard KSH
41 EA X472 2Ah, V7T UEY 722N YRV I 75V R F BN, Th
D THF #&WIC, —78°C T n-BuLi Z{EH &4, FIATAREMAZETH, AR
VEE2L IO NI, — T VT UEV T 224 YRV YT TV 421cu—y Vil
RERMEE7282A, AVYRVYYFA 72V 43 %1552 8 TE, b, HHEY
BLLTY7 by a4 i, n—Y vEREEA VL4 VYRY Y FH T 2 v~ LFET
72, e Faxo T b v 45 55 I13FHE T & ) o 72(Scheme 13),

COOH
BngOBr n-BuLi;
CHO 41 _— o 002 (dry ice)
~
COyMe THF, —40 — 0 °C; THF
then TFA -78—=0°C
8 49% 42 87%
COOH
Lawesson's CHCly, r.t.
reagent ’
69%
Br Br ! COOH
E n-BulLi;
i CcO (dry ice)
o) (o) : / s 2
o OH | = THF
i -78—=0°C
44 ‘ 45 O 1 43 69%
5 COOH
Br Br !
Scheme 13

—Ti. ARV Y7742 LTy =) vAREETHOEGE, BELR2 LA Y
RV VL /) 72V 46 BIS5 2 ENTERD, BT 22 B8 TE TRV, kb,
H NMR X Y i@t NGk % 5 272720, BEZ OAEBE IR FTH 2
(Scheme 14),
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Br Br

Woollins' reagent —
Se
=
toluene, reflux
8h
42 Q trace 46 O

Br Br
Scheme 14

CZDXIHICERLIZA-m-ARIDA YRy ~Fr =% T, = b ) AEES T,
WA & HHART PAZRHEE L7z, ZDFER, An-ABDA YRy Y7521 84
VRY YV FF T v 22 ORI EIR, £ 4 451 nm & 412 nm TH > 7=,
F 7o, BNART P DMK RICHE A2 I R om0l —Ti0 A VYRV
VT TVNE A YRV FA T 2 VIR THEHARTIER T 98% & IEF I E W EZ R
L 7z(Table 3, Figure 12,13),

Table 3 &HEHIE DfHE (25 °C, MeCN)

isobenzoheterol Aabs/NM Aem/nm! &r?
21 451 503 0.98
22 412 501 0.73

"Excited at the longest absorption maxima (¢ 2.0x10~> M). >Absolute Photoluminescence quantum yields

were recorded on a JASCO FP-8500 spectrofluorometer with an integrating sphere.

UV-Vis Spectra of CO,H -isobenzoheterols (MeCN)

;
— 21
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£
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W 2
1
0
200 300 400 500 700
Wavelength /nm
Figure 12
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Fluorescence Spectra of CO,H-isobenzoheterols (MeCN)

—_— 21

_— 22
Fy
‘N
=
3
£

—
400 500 600 700 800

Wavelength /nm

Figure 13

RZIC, THEREEA Y 7 LD EtOH Il % BRI O SLFIf Lz & 2 A, G
DETITE IR U720, 2nZ AL, 20EKEZ T2 X7 oo
FNALTHHE L, HWE T2 AR VEEH ) v LM %1572 (Scheme 15), 2D Dt

KICEG T T 72,

COOH COOK

K2003
EtOH, reflux
87%
X =0 27 (87%)

2 %,
COOH 528 (93%) COOK

Scheme 15

ZZTHKLEEANRVEBEOWINE X UOHNART PVERT, A VYRV T T
v 27 1%, KHFCTHEEETFIEIR 83%E "Lk, — /7T, A VYRV YT+ 7 28
2. HEB TR 5S4%TH Y A4 VYNV 7 7 VIR THNEETIRIZEL o 7z,
F 72, WA L7 b L ORKIRIGERIZZ 23 429nm & 407 nm 7R L, 3% R~
7 bV ORI R 3B A 2= 1 R b d > 72 (Table 4, Figure 14,15),
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Table 4 & FEHEIE DFEE (25 °C, H20)

Aabs/NM Aem/Nm! &r?
27 429 501 0.83
28 407 501 0.54

"Excited at the longest absorption maxima (¢ 2.0x10~> M). 2Absolute Photoluminescence quantum yields

were recorded on a JASCO FP-8500 spectrofluorometer with an integrating sphere.

UV-Vis Spectra of CO,K -isobenzoheterols (H,0)
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Figure 14
Fluorescence Spectra of CO,K-isobenzoheterols (H,0)
—_ 27
— 28
£z
=
2
1=
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Wavelength /nm
Figure 15
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PERRZZESIC, A YRV Y TI7IT v T vRy bEKEEREBICL T, DD &
RLAT-AWAL IR NT O VDEEBRTE, T/, ZNETNEKEEDA Y
Ry ~NT A=~ EFERARETH D, 2 OB LA R EE B X Y%
RT T EBTES, KT, D-n-ABIf YRV ~Tuo - E2HEKL, ThEOHE
e LTHe R E . L CoEt 21T 7, ROHITIE, D-n-ATAf VY RV
J~Ta— VOR[N ERES Z LI Lz,

3-3 RIS E M

ZOfiTCIR ARV T7ITvDT v Ry FEREEFREBICL T, DA A Y
Ry ~NTH—VDOEREAAT, TOHTFICE, FF— T 7272 —-RorRic
X 20 FNEMRBIEZ IS 72010, e B TBEINTRETH 2HfFTE, &
NEBEFEEMEL L L CoJER % X - 72 (Figure 16), BARIICIZ, D-n-A B4 vV v
J~Tu =GRS LTHRL ZOEREEKGER~OFHZRE L 72,

[X=0,S, Se]

Figure 16

A, K2 R+ OR[REMED B 2 KR O KIGEMOER & L <, A TF2HV2S
ERBEREKRGEMATH TN TH Y, @b EZRE I m T 7= i 5ehFE 23 B A 1A T
b T\wb, BAEDERMBKGEMIZ, Gratzel 51T X - T 1991 FIchFE I iz
MG 7V 2w LT, BT & viEEERN B icaRE2EE L2 KGERO
ZLeTHBHW, ZOBMDOIERICIE, IFAES T, AFVES MR LK S
T3, ZNOHRMEHIEEM, R+, EE. BILF £ v, Wik &%
WTW5b, ZOBEIEREEIIX, BT & v EMR LIS L 72 3R 123 & I L e
Ind e, BYPHELTF & v OBEMR~BH T 5, BT 2 v EB~OBTFHEIC X
DRV ET R, OENTFAVBERT S5, 6FENFA VL, ERRFPOI VR
AF VI XV EFEZITRYEICI N, OROKEIRELHAET 5, BLF % vE
i DEF 1L, SRRl &2 ONB~ZE T 5, Wik ETiEavERL Py 72 20X 4
F V()R ITLI N, BUVRAAVBERT 5, ZOFA 7 ADBHEVIEINE Z LI
L. &Eith& L CHEBE L T\ % (Figure 17),
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E/eVv

J
Dye Electrolyte Cathode
& LUMO
-39eVi----
o
e_ -
-
—4.9eV|---- - I Rt L e
Homo /!
.
L 1

Figure 17

B KPFE M 2 R R AE X ¥ 3 -0 Ic 4B GFES T3, #HY) 7% HOMO
& LUMO DI NEETH 5, T7abb, AFED LUMO DHEMLIZFEL F £ v 8
HRHEERL(-3.9eV) X D D+ ICEH R ERH 5, £/, I VHEL F v 7 XA (-4.9eV)
L0 THIERBE LD 5, MR T, BILF 2 VICIERSETFRZITFAIL L
DITIE, ERHEREATER L, ILEFHOMHE TR ERINTE 3 Ko b T
Wb,

DM R THEL LT Gratzel v ) Py RO TAEMLZLVT =
7 LEERNTIO ZBAFE L 72, Z DRI 400-800 nm F T D JAHiBH T Rl R Ak
DHREPINCTE 3 2L, BRISHREDOEEALCT VI L, ZDhF 4 vERE
ETHE LR EDORERITIY 2 DEWEHRIZ 1% X EZ 5HEZ R L 72, £ DI,
B DLT =7 LERDBHREINTE LD, AT =Y LD X5 AfEEITEiic
HbH-0, TNLEETHRCABRORSTHHFEINTE -, AROERSTFIZ. Z
DENRHARDP K E 72D Z WINPT WEHEAH 5, 2o X Hic, AEER
SfiFa X MHEREL» OENTE Y, BEOSRIEL 4 h L 72H 7 h R 1
DHAEPLEEIN TV S,

)
HO
TBAO
o é TBA = tetrabutylammonium
N719
Figure 18
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Z TR TR, b d B LT, A YRy Y ~Ta—LEBiKE
AR—H =L LT, FF=FN T 7272 =50 % ZNZ D D-n-AD 4 v
Ry ~Ta—VESTREI L, ZO0TFICiE, FFh— T 272 72 -HoihE
X 20 FNERIEEEZIS 7201, e RBTBEINTIRETH 5 L HfFT
X2, LI, AYRVI T T VORVEVEROHEFHEEORENDIZDIC, */
A FPEsEoRERMAT 22T, 75 VEIE D b X5 IR N Ic B EMEE
DYWL b [ IR L 72 (Figure 19), & @ 2 & 205, FEBIR KIS E it thHE MR
ELCHEHBDTTH D LML, BT 21T - 72,

Acceptor pspacer Donor nd, AL
e -
- Ko~ [ X
PO
\ Y
nd, L
-
=
,w\" Y

Figure 19

3-3-1Dn- AL YRV ~FTu—)L

B L 72X TV N4 YRy T77v07 vRy PEREEZRAL T, A-
AWML DDA YRy S ~Fu— ik AKT 2 LB TR, FAEOESKE
ZRAWT.D-7-ABIL YRV ~NTFu—LNDEK ARz, 2T THDT, [ VYRV
STV DTVRY PERKOAF—LERELZ, 2ORIGTIE, A bFr Iy
BEMBIZATAL8ICH LT, 148D Grignard il ZEAE 2, T 5iIcd 9 1 4ED
Grignard FR3E £ 7212 Y v LA ROHI Z HRAEH X ¢ 7212, BRIESSF T cll 2 2 &
T.D-m-ATRST V=N A IRV T TV AT 15D L) HDTH S (Scheme16).,

D D A A D
: CD Joo [ ) QD

CHO MgBr MgBr Li H* _—

oo, - Oy - O
CO,Me
(o]

: &
A

D: donor

8 A: acceptor

48

Scheme 16
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:@%\Wméﬁéﬁ&@®m%%khﬁiéa 2OHDREHNDBT 727 %
— AL KIS T 2@ D2, TD0, BIRNICT 7+ v ~O RG22
T3 57-01cit, IWOICFF -2 FEORKBER ZEFRE € 2 08B H 5, L
DL, T2RTRx—=LTAIACYT 7 %G T2 Grignard 3838 % 2 2 HIC/EA
B, KIZREDZ L W D ISDHEIT LIC K WHIADZ T TICH{ 5N TW» 5 DT,
TRV F v LRIGHIZFRIFT %5 2 &iC L 7z(Figure 20),

A
D
(0]
/\ Li
MgBr l O MgBr
D
BIEINBRIG KIZBEDIEWVEFI A

Figure 20

INHLDILEREELT, AVYRVYT7I7VvDTvRy PEKEEZFIHL, FF
— YT 2T IR T2 TRy T ) RO DAL vy RS TT
YOERERATZ, Thbb, AN R INLERFBI AT 8 I LT, HiEk
FHELL 2 ) 7 2= AT 3 EEFEO Grignard KIGH] 49 % THF A d—40 °C <©1E
FXE,0CETTCHRIRZ -, KT, X7 7 vEXRY Y= b JLD THF A IC "BuLi
PEF X CREHRBLL 25> 7 ) 722V ) F 745011, KIGIREYAINZ0
°C T CHIBE ¥, miRiC, F) 74 aBKYEZEHEE 2 &, Bk - HHERE
LT L, HIND DA B4 vV Ry V' 7 5 v 51 2K 23% TS 3172 (Scheme
17)e TO—HDOILG%E TLC ICX 3BIHEITo72L 24, HEDAF Yy F3E LN
2o e, BIBRHFABIL 50T ) 7220 F 74 50 #ICEEYICIZ 72
A, BRoAEEMIE N0z, ZOHBLE LT, N7 T /) 722V ) FY
LEFHZT 5B, BEO LEFRICXVKEAFRLICL2FK) v—DBRIC L 2D
DELEZTVwE, UEoEREZEE 2, BEWICKIGZES 72DIC—FE7 27 v
52 %Ak 3 5z eic L7z,

74



NPh,

Bng@NPh2 Li@CN O
©iCHO 49 50 TFAA / o
COMe THF, -40—0°C THF, -78 > 0°C 0°C =

23%
8 51

CN
Scheme 17

Thbb, ANV FRLVINVEZEFHRI AT AL 8IIHN LT, JlEHELEZNY 7 =
=T 37 FEFFO Grignard KGH] 49 % THF AR —40 °C TEH S ® 72 L 2 5,
RV I NFEAOBEIRN 7 KEAAMBIE B ETL. 77 by 52 ZINERS B LT
(Scheme 18),

NPh,
Bng@Nth O
CHO 49
o)
CO,Me THF, -40—0°C
(0]

90%
8 52

Scheme 18

CDXSICT I MY B2EBMT BB TELEDTHBDOKIGEELFEL X5
G EIT 2728 2A DAL YRy V7 5751 % 66%TIHE 2 &R TE T,
IDXHIC, TVvRy FPTERT 0TI AL, BBEWICKIGEZED S Z LIz
(Scheme 19),

NPh,

50 TFAA
OH
(L (L ——— L
THF, =78 = 0 °C o 0°C =
0 66%
52 53 ‘ 51 O

Scheme 19
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RIC, A VXY TTVBLDBHA YR FFT 2V 54 ~DEWE R, T
bbb, HERFHAT CHEEIE D Lawesson iAZE A EH & & % & HIWY) 54 23K X
{fEonz, TOXICHMARKIETHZICHELL T, KICHEMIZHS 2 icdh
Tk, BEINZICHEME LT, A YRy Y 7 7 v RBERICLY YT T
v B5 TR X L, RIT Lawesson SFKIC X W S F A7 b v 56 ~LHE I N,
BBRILIEHRID, 4 VNV FA 72y 54 RERLZbDEEZTVS
(Scheme 20) .

NPh, NPh,

Lawesson's reagent®, O,

Cad -

(Lp g9

CH2C|2, r.t.
77%

. “ O

Lawesson's Reagent

Scheme 20

AIEICIE_72 X 91 DD e A A DA VYRV YV FFH T 2 v BERT L
i, V7 b5 e FuFs sy by B3 L THEILERYES 272, T D D-n-A
RO TFICHBEATE20E )2 dlNbbic Lz, Thbb, 77 b B2ICHL
TRIT 7 7z= V) Fy nefHEE, —E, HBEwmEL e X st
v 53 &fglte., Wit~y v iERuRBRIURIGICEY YT v 55 2527, &
hice =y VSR FRS 2L 25, BILRICETL, BV 54 2185 2 & 23
TE, EOICMBLENSERZ e FeF o 7 VB3 RLTHOAf VYRV FEA T 2V
~LFHEST L2 LD A[HETH o 72 (Scheme 21)
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NPh, NPh, NPh,

Cry CL2 e O3
THF, 78 = 0 °C O ioluene, 80°C 0
52 O 53 ] 82%(2 steps) 55 O

CN CN
Lawesson's
reagent CH20|2, r.t.
56%
NPh,
Lawesson's reagent _
9
S
CH2C|2, r.t.
61% (2 steps) 54 O
CN
Scheme 21

LEnksic, A VRvYT7ZITvDTviEREy VEKEYREEL LC=2>20HLE )
LD mABA YRV VFFAT 2 V~DEWOURETH B T B>, RIT, 7
— ) Vv ZHAEEAHC A VYRV vL ) T 2 vy ~DEWRIG % S 72 (Scheme 22)

Ary E
(0] |
0 Lawesson's E 3
reagent : R =5
Ar2 ! S- ﬁ@ OMe
I S
i Lawesson's reagent
Ar. !
1 Lawesson's Ary '
OH reagent _— S |
0 =~ |
Ar2 Ar2 E .
1 e
i Ortse
o : “0)
_ Lawesson's \ Se
0 reagent ' Woollins' reagent
= 1
Arp E
Scheme 22
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ZOMEER, eFueFo s brys55L Y756 DA A YRV RL ) T2V
57 MEINETH LN, BB, TUOLDORIGTIIA VYRV 7T v 58 BHEET
BoNlzlcd, A VYRV 77V EREHL TS DD LE Z 72 (Scheme 23),

Woollins' reagent

O OH
0 CH,Cly, rit.
Ar = @”Bu
CN

NAr,

Woollins' reagent

D@
o toluene, reflux
Ar = @”Bu
CN

Scheme 23

ZITHREMEL LT YRYY 7558 VT, 7—1 v ZAEEEH X &
e TAH MIHLAZBYA YNy YR ) 72 57 & 2% THLIENTE
(Scheme 24), TLC i X 2@lHlcid, KIGEFICkIZEOHFAEMECTHL e FrF
TPV BEERY T bV B BRONARr 02T b, Filmmr— N TCEBYES 2
b0 EIRBRING,

NAr, NAry

o (D

Woollins'

_— Reagent _—
O —> Se
— —
toluene, r.t.

58 Q 23% 57 O
CN CN
ar= e

Scheme 24
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NICBEEL T, / VYRV Y 7T VvOERETH 2 23-V AF LT XY TV 59
Ky =Y v AREEER S ¢z A, [4+2PBRMAINRICHHHEST LERFTNE 60 % 5
277 TOMREZD LICUTICRTMOER T, YRy 2L ) 72 v RELNS
bDOLBEDL ZAMHILCWE, Thbb, TFTAVYRVY T IVEYT—Y VR
AR & DT, [A2BRMINRICHET L, BN E 52 5, Ric, BERTH7+
LYBFLEBEEEDIA YRy YL ) 72y~ EINEZE WS b DTH B
(Scheme 25),

I . ﬁe Woollins' reagent jC?‘e
P=Se CH,Cly, 1. P=8e

] Ph 629% Ph
9 60
Ar Ary Ar,
[4+2]
O + EES _— O: $iS - O(:) $e> IS}
i o o
Ary Ar, Ary

Ary
- o @Se
Se + I R O
=~ |I3:Se P Se
AI’2 Ph Ar 3 Ph

Scheme 25

ZOEICLTARLE—#HDODa-AMA YRy Y7 TV 5l A YRV FH7
tVBABIUNL YRV YL ) 72V 6l DEMEHIEERITo72, 3. 2R FA L
B D EEH TN A = 7 P VHIE 21T o 72 & & A, MRRIGK R 1ZZ2 W L 474
nm, 440 nm, 452 nm Z~n L, AEESFTHLI LB o7, IHICHA 7Y
v 7 RNE Y ALY —HIEEIT o TR, — BB O LaE % & &l 25 8) 2 R

—MELEN Epa 13, 7z B VEHETZNZ I 0.10eV, 0.35eV. 0.33eV %R
L7ze TUHDHEMEE D LIT, HOMO #Efr % HiED o7z & 25, HOMO D#EfT
TN Zi-490eV, 515eV, 513eV &b, ZNHLDH T, VYRV 7751
DEROBILINCT VI R olz, T, AVYRVYFFAT2v B4 4Ry
kL /7 v 61D HOMO OHERITITH A7 I1X R O L7k 2> o 72 (Figure 21)o
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product  Amax (NM)  Agpser (NM)  Eg (€V)  Epa (€V) HOMO (eV) LUMO (eV)

51 474 530 2.34 0.10 —4.90 -2.56

54 440 505 2.46 0.35 -5.15 -2.69

61 452 520 2.38 0.33 -5.13 -2.86
Figure 21

IS —#HD DAL YRy ~FTu—1d DD B E An-A B EFIRRIC,
AVRY I 77vDTvEy FEREERZEELE LT, HHEOBHAL— 2 O)ET
ZHIYIA~EFESTZ LB TEZ, RIT, Tho—#Hoy T2 GHEL LTHAL
B GE R ~DJSH - B %Z{T- 72,

3-3-2 MEfbF & v EWIEY

ToNA R ARG L, BEPPE S Nz LT 2 vER e B e L CHESBMT
PBABEARICITHEL Py 7 2EFHOT05, U ICZ ofFR-IFNEZ R L 72,
fz{t 5 % v % Ti-Nanoxide (HT/SP. T/SP. D/SP. R/ISP)% i\ 7z, T D FikiciE-> T
FRLL 72 7 N4 2% o CRAENE 217 - 720

O Vv

2 Ti-Nanoxide (HT/SP % —Ia], T/SP % —[a] & D/SP % —[a])FlJl
@ BEIFT—XHBEK (500 °C, 30 min)

@ 0.1 M TiCl 7k IcE$ (70 °C, 30 min)

(® Ti-Nanoxide R/SP % —[a]F1Jl

© BN HBER (500 °C, 30 min)
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3-3-3  VERERTM

ZD XS ITER L 72FfL T & v @kz FlvC et L 72 N719 2 BRHEME & L <,
PEREREATT % 1T o 72, Gratzel 51 X 2 L EBEERIHRIL 11% %A 5 LHEL T3
2, FRRICR LML F 2 vEBROIEVARIC LY, KE SEEIE(LT 25460
H57-OMNFHEE LTiTo 2 it Lz,

FE N9 ZT = UAE 7 X7 —1% 1:1 D 5.0X10* M DR ICIAD
L. Bt 2 &%z 30 °CT 16 KEERE S # 7z, Z 0k, PLHANT%Z L2t
2 VR NEMCTEH 7 4 VL RBAD, Z OREFICERREZFEAL, BET 5
Z L TT A R%EFHLL 7z (Figure 22),

L2
=

5.0x104 Mi&i& 30 °CTL16BsfRESES FEFF

7 BRE

@ )T TEE
- (g T
=7

Figure 22

18

16 F
NE 14
Q
% 12
g 12 -1
2 A—2
=
g 6 3
B 4 ——4

2

0 1 1 1 1 1 1 1

0 01 02 03 04 05 06 07 08
FAREE(V)
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71 GBI BIMCEIE P ——

Jse (MA/CcmM?) Ve (V) FF 7 (%)

Y7 13.80 0.73 0.73 7.43

Y72 15.38 0.69 0.72 7.67

Y73 14.39 0.72 0.67 6.96

Y74 14.35 0.71 0.72 7.24
Figure 23

Figure 7 IC/R L 72 X 91T N719 ZHI5E L 7245381, 3 v 7 2 (FEA& B IR E E Jse=15.38
mA/cm 2, BARCEE Voo = 0.69. HHARIKT FF =0.72, JEEEEINE 7.67%) %
T, MHXFEm % 1T 5 Z &I L 72 (Figure 23),

KIZ, D-n-A I A /«//Tﬁ7:/%éﬁ§7\%k L CHW 7z B FI K G E b
FER L. Z OWREFHIi 21T o720 COAMEBREZBE S/t 2 v &L 3
VRL Ny 7 REREERACTERL7Z2T N AONRELIHE 2 {To728 2 5,
0.04% & FEith & L CHERE L 722> > 72(Table5), EA LN AFKE LT, 7727 4&—
Ficy 7 7 HEFOOENT 54 LT 2 v RIBICEE IR TR W0, GG
FEhPoLTF 2 VRA~DEFBEPEZ T ndDeEZLNS,

Table 5
dve ERERTE FMEE HEERT rtETHME
y Joo (MAICM?) Voo (V)  FF (%)
54 0.19 037 050 0.04

Z CHBORIEI T 2 v REICKE LT WEREEZFHARCAZL A, AL
REFECALFVERTICHHAIN TV, ZoHE e LT, BLF £ v & Dfichs
TR F 2 v ERECH KB ZATABAET 22 EICLVBEL TS
bDEEZLNTWSE, ZOHTH, B OB RO T /27 7 VAR % YA
e LTHAL THaRE, BRNREREE LT, 7 /7 HoETKGL 0 ELN S K
NV INFEOMERICICE VT 777 VAT~ BT 25 25 b DTH % (Scheme
26), T DEMENL, AR VEEEAL TR T 2 v e o BE R LS K T 5 LFEIRFIC,

BIREIETHET 7T 7 VNEDPEMOSEREZ LT KT 2L 0 R 2R
Db DLMRFFI NG, FITR LI AN R ~ 7 P VHIE OFFR X 0. AL,
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BRALT NI RE R Y I apfitiig LT wbame LAy Ry T4 72 v
T@ﬁ?%:k:bto

NAr2 NAr2 NAr2
DIBAL “>COOH
64
NC—7/
COOH
Scheme 26

ZZT, YT/ HEOBRICKIGEAARDL ZLICL, Thbb, A VYRV Y FAT 2
¥ 54 1 LTKFELT A Y TFAT AL =7 A(DIBAL) ZER & &, /KEg{tF +V
T LEMATKIGEEIELZEZ A, AL INK 65 ~LFET LB TER, K

\:h&VT/ﬁwﬁV% YV YDOEE N, 7 v u ki LN EGE R

®ic
L2 Zh, MEARIGHETL, OFEDTTPINE 4% THEKRTH I R TE
(Scheme 27),
NPh2 NPh2 NPh2
“>COOH
DIBAL Plpendlne O
CHZCIZ CHClj, reflux =
78% 829
COOH
Scheme 27

FIEEDTET, BILINSL TV 2OMOV IS L W EBRIL T Yy Yy
77V THRLTALE A, RIGIRRBIFICHETLEABERD T 69 2155 2 LB TE 2,
T/, ARV L) T2V DPLDFHEED TE DT & D5 DH o 72 (Scheme 28),
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NPh2 NPh, NPh,

NC~ >COOH
DIBAL Piperidine
—_ >
CHZCIZ 0°C CHCly, reflux
- 051 X =0 67 (81%) X = O 69 (55%)
Se 61 Se 68 (97%) Se 70 (75%)
(0] H NC

COOH
Scheme 28

A7k, 727 2= LT T/ T2 I AErsiEof vy y~F
o —/L 66, 69, 70 #hFE N T L L THW-EBMEKBGEBZIER L. * DURET
MiZ 1T o720 JEIR L ZFARRD FETT N A 2R B AERL L CEEHIE 21T - 724558,
Bt % v K LICBE L 7272 0 BRI E M & LIERES 2 Z L 033 o 72, Bl
A AV NV eV T 2 v 70 ZEAGTEE L Je=12.99 mAlem 2, BT Voo
=0.67. Hi#EF FF =071, NXEEHEIE 6.18%% R L. DA Y RV y~F
H—ADPT—FRWEREZ R Lz, T30, 7472V 70 LAY RV Y FAT =
v 66 RT3 L EAREREE smAcm U Eb B ELZZ e b b, T OfER
X XY VERDIZIC X ) HEREDFG IV F 2 4 FREED X 0 K L ERTE
A LZbDEEZLNS, A, 7% DHRIC X Y RKBIGERE S ERE Y
ZhLAZET, IVREBINLLT Ao dbDEERX D, /2, N719 & 1ER 3
& BT & B T I3 FE O %2 R 3723, IS EIE E MKW & & 2399 %> % (Figure
24) ZD XS Dn-ABA YRy ~Tr—VIHMR ST EKTH Y FEEOS
BARZTODH 720, £LEEEABEZWD 0+ TH S EHAFFTE 5,

NPh, NPh, NPh, NPh,
— - — —
S = — —
NC NC NC NC

COOH COOH COOH COOH
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18

N719

B (mA/cm?)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

BACRE(V)

N ERERTE BB MEET  RSTROME

y Jso (MA/cM?) Vs (V) FF n(%)

N719 15.38 0.69 0.72 7.64

69 11.25 0.67 0.72 5.44

66 12.21 0.66 0.70 5.61

70 12.99 0.67 0.71 6.18

71 8.99 0.72 0.75 4.84

Figure 24

T, INHHED DA A4 YRV Y ~Fr—)LD HOMO & LUMO DEN %
A AHRBINA R 7 PLVEIEEFA 7D vy 7R 2y XA ) —HE LY BED - 72
(Table 4), 3. {LEW 123 D 27 v v R L LEIEF TSI R A ~ 7+ VHIE
AT o T AEHR, MRRINGE R 1 2 12 30 521 nm, 476 nm, 495nm %7~ L7z, ZiLid,
Fr—Rke LCo T/ EEfFotaR ok T 2L, Thznf40m EEREY 7
F L7z THIE. ANKFOEBZEALZZ L ICX 2 EMOEEREDT G 2K I N
2HDEREINSE, RIT, $A 27V 7RAZ ALY —HIEZTo5ER, B—
(LN Epa 137 = mk VIEEETZ NZE 1 0,12V, 0.31eV, 0.26eV ZRL 7z, TH
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LOfERE D LI, HOMO DO #E(-4.92 eV, -5.11eV, -5.06eV & BfED o7z, —F
T, LUMO D¥ERTITIZH A IZ R b Nl > 72(Table6), b DFERIE, AL
X HICavEL Y 7 REN(L49eV) X VKL, BBLTF & v B RHENT (-3.9 eV) X
D EWALE IS EFED HOMO-LUMO #7235 %2 DT, - Fixkal & LTIER»-72d D
LE XD

Table 6

dye  Amax (M) Aonset (NM)  Ego (€V) Epa (€V) HOMO (eV) LUMO (eV)

69 521 635 1.95 0.12 —4.92 -2.97
66 476 580 2.14 0.31 -5.11 -2.97
70 495 595 2.08 0.26 -5.06 -2.98

3-3-4  PhrERHI 2

A CibRCTE 72X 912, DA B[ Vv Yy ~Tu—rp3taHzoste LTH
W B EMERGEMICICHTE S 2 LB o7z, T2, N719 EHERERERTD
HTHLRET, DA B4y Ry y~7ua—Li3@Eilhe L THoHEELZD D
EFE R T RiT, LV EHREAREERD T OO ZDIC, 4 VYRV Y ~Ta—VEFK
AL TR OEIREEZEAT Z LR HWE LR 21T 72,

LY RWOESTEZHIET 2720103, iR S N GREFE» OB 2 v EMic
BIEMERILKMIVERDH S, LrL, Figure25 IR L7z X 5, FIiZ 3 DDERK
TETOEANEMET T 280D 5, OQoBE. —KNICr EFR9 T En-nH
AERICX Y D TRITOREEREERL LT W20, ST RToO T 2L F—FEiE
ZHLTLARY, TICREAIAREZ LS, SHEDHTIE, D-x-AMOZIRICKD
S HNBEMEREZI S C L TE, BOEEBEHEERICX VBB IcSE L, &L
TeBAHERERKIE LT 2 Bar b5, QLBogGA, s -t Rk)E
TR PEREMICHEE L COIEBET, ZoafficavHLFy 7244y (1;,7) ®
tBEH F A VICHFET L, BEREEESRI VEET 2, 2ok Hicaind R
ZRiCZEDTE ZERSTORAELI KD LN TS,
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TiO, Dye Electrolyte Cathode

/ a2 LUMO

£ [0 8e| @

- N N

12& @ N hv :k\‘\\\

-%l!?' e \\\ i \\‘\\\ /

@ |y «pomo /1%
—
| |
Figure 25

T, Flan Tt ziro7z, TNLOBEMEMA LN CT20IT, T FLEH
DEANT 5L TOVEREEDHRICL Y TFHOEHIHNSE O AL F -1
B DIt b2, QT AV FAHBBUKETH 27203 vEL Vv 724
z“/fbi‘@%ﬁ“& VRENCEDZICL S b bFF L7z, ¥72, A LEOBIEA2»6, X

BEHNIOMMERE S T, BEBRDT L LTA YRV IV FF 7 = VFEERDEK
%ﬁotoﬁﬁ@*ﬁiﬁ%%mf FFr—2LTn7FAr7zc=nHl o7 F17
= VEZRE AL, BETZ1T9 Z &IC L 72 (Scheme 29),

NArg

L 1
CHO BngONArZ L O oN : :;Z:’Z?‘s{on s

COMe  THF, —40 — 0 °C THF, =78 °C —> r.t. CHyCly, r.t.
8
Ar= Mz (74%) %Q—\_] (73%)
H 73 (69%) 0 75 (70%)
NAr2 NAr2 NAr
“COOH !
DIBAL Plpendme O _—
S
=
CHzclz CHCl,, reflux
0°C —rt. O
NC—¢/

Ar = %@qs (78%) Ar= %—@—\_7\8 (45%) COOH
%@—g 77 (80%) %@—g 79 (90%)

Scheme 29
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DX ICERL 2EaRTTFORGEMEEZFARHR, -7 F A EELBEAL -
FE 78 T AR EIRNEE I = 12.05 mA/lem 2, BHILEIE Voo = 0.68. HIFRAT FF =
0.69, JEEEAMEN®K 566%% N L7z, Tid, FF—JRicT v F 8B WEVE 40 &
RT3 23 o7z, 2D & iE, SAREEDORRIC X 0 47 IEEE%
BRETZDICEALZ FF—FALIC T A FAEDBEAL 72D DIC X 220% 1%, BHE ICH
NgpoltbtER5, DI, mEmWEIREL L Ts-7FAELZBALTH, ZD%)
REIRohdrolz, ZOMA L LT, BT X VICBHESTIBRELIZRFICZNE
NDT N FIVEDPEENT-IEICHFES 5720, VIREEIC X VFEELZ T o723
DLEZT,

14
) 40
12 4 ) 60
z/\;\ . - — 61
g 10 - n\
L
. \
i A
8 a
i
£ 4
2]
2 ‘
0 T T T \_
0 0.2 0.4 0.6 0.8
BECEE(V)
dve ERERZE B EE B4R &+ K EBE R
Y Joo (MA/CM2) Ve (V) FF N (%)
40 12.21 0.66 0.70 5.61
60 12.05 0.68 0.69 5.66
61 10.96 0.66 0.70 5.09
Figure 26
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3-3-5 Mh:rEqH 3
Cht’oﬁ%‘é%ﬁ’ki ZSELF 2y REDLL XD ITWVEICT VX AEPEAT S 72
/\%%%ﬁt CEEH L2, Thab b, HRIFERTH 240 bR IAVREFE A F
CTAFANEBEALZEEZEMT 22 e TENIE, FIUAKTETED ICHK
TELLDEEZ T,

T VT REF AT v EHRYE L LT NIMEEH 2202y Ty v
SIS XD 7 F B DEA L 72, mCPBA I X 3B{LRICHEITWF A7 = v A
FUPFPPRRLAGEONZ, RIC, TNETEF LY VAL R VBT ATV E D[4+2]
BRATINBG I < . BiEFHSL L 72 DIBAL & ‘BuONa DFERINIC— T D = 2 7 L
fLDRITSISIC X Y . B Z AT 5 T & 25T & 72(Scheme 30),

5 RMgBr R
rE NiCl(dppp) jjs mePEA RE 0
S ——> S<
~ S o =~/ 0O
Br Et,0, reflux R CHCl 0°C —rt.
80 R = propyl 81 (75%) R = propyl 83 (81%)
hexyl 82 (81%) hexyl 84 (87%)
(‘:OOMe
COOMe RD[C%MG SDBBA R CHO
R —
o-dichlorobenzene THF, 0 °C
reflux R CO,Me R CO,Me
R = propyl 85 (98%) R = propyl 87 (70%)
hexyl 86 (90%) hexyl 88 (62%)
Scheme 30

CDXIICTAEFAHPBEAINZAN P FAINLRERBAFLEERKT S
EMTELOT, AROEKTFEEZH ORI TFOEREITo72 8 25 RBIFRIGE
THWNDO T2 EKRT 5T ERTE T,
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NPh,

Bng—<;>—NPh2 R Li @—CN Iﬁ?avavgzﬁ?nls

R CHO
X Ly
R CO,Me THF, -40—0°C R THF, =78 > 0°C  CH,Cl,, rt.

(0]
R = propyl 87 R = propyl 89 (67%) R = propyl 91 (67%)
hexyl 88 hexyl 90 (64%) hexyl 92 (51%)
NPh, NPh, NPh,

O O NC” “COOH O
R _ DIBAL R _ MS 4A, piperidine R =
o e ek s
R = CH,Cl, R = CHCl, reflux R =

NC—¢/
R = propyl 93 (39%) R = propyl 95 (95%) COOH
hexyl 94 (78%) hexyl 96 (80%)

Scheme 31

BIFIC., TAFAEA A VRV Y FF 7 2 VEKE FF T8 A L - ta S

b, [EEED T % v TARL 72 (Figure 27).

Figure 27

I o —HEDEFRS T ORI L KBEMIEZ Lo, £ LI
ARY PACEBEWTIE, TUVFAHZEALLE L EIC X > TE(LT 5 2 L3y
o7z FRIZ, FF—bt a AR—F —ICTEA L4780 84 i3, EEHAKDD D LI
T, K30nm Db RBFERS 7 P Lz, —77, WURIIER/EEIRO N o7, &
oo A7V v 7R L2y A ) —HIE & ENAHBINZAZ P LX) BED o7
HOMO DHERLIZ 7 v F AHDOEAICHE N, 02-0.11 eV EddoTz, B 5L, Tx
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WHDFTCE G L LTR8BS, £ il 2138 Z DR BEIN 2 b
D & #F Z T\ 5 (Table 7),

Table 7

dye Amax (M) Aonset (M) Ego (eV) Epa (eV) HOMO (eV) LUMO (eV)

40 476 580 2.14 0.31 -5.11 -2.97
60 484 580 2.14 0.26 -5.06 -2.92
61 490 600 2.07 0.26 -5.06 -2.99
95 496 595 2.08 0.22 -5.02 -2.94
96 497 595 2.08 0.26 -5.06 -2.98
97 497 595 2.08 0.20 -5.00 -2.92
98 505 600 2.07 0.20 -5.00 -2.93

RZIC, KIGEMEEZFHRER, FF—t L Tn7FiEe g 2_—9—|
FONETEBANLZHE 84 25, FASEMAIE Jse = 13.30 mA/em2, FAEH: Voo =
0.71. HEARIAF FF=0.67. NEEAWNE 6280 % R~ L7z, Zid, TAFARE2EA
LCWARWHEE &R T, 9 0.7%E 0 E 1M E L2, i, MEEEREE 1.1
mACcM2 b EL7ZZ &b, TAFARLOEAIKC L YV EMEESEHHE X200
EEZTC D, T2, TALFABEOH T FAREEHWEFE 80 Ictk3 tmEL
TV eBbrbid, TNETAFAHOEIICLY, VhogEmEicksdbo
& # % T\ % (Figure 28),
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BAREE(V)
EREREE  FKEE HREF  KBTRHE
dye Joe (MA/CM?) Ve (V) FF 7 (%)
40 12.21 0.66 0.70 5.61
60 10.96 0.66 0.70 5.09
61 12.05 0.68 0.69 5.66
95 12.36 0.66 0.68 5.55
96 12.65 0.66 0.72 5.99
97 12.80 0.67 0.70 6.06
98 13.30 0.71 0.67 6.28
Figure 28

bRz 51, /vy Rvy 77 voTvRy PEREEREEICL T, D-7-A
A YR ~NTa—VDOHERBTEIz, IHIC, Thb—HEoBESTLLTH
W ERREMEMRL . L CRFEMBORGEMOBR S T L LTHHAT 2 LB TE /2,
F A FHEZAH L CEMBE ZER T 2HKEVITTFLER S,
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General Experimental Procedures

All experiments dealing with air- and moisture-sensitive compounds were conducted
under an atmosphere of dry argon. THF, toluene and chlorobenzene (anhydrous; Wako Pure
Chemical Industries, Ltd.) and was used as received.

For thin-layer chromatography (TLC) analysis, Merck pre-coated plates (silica gel 60 F2sa,
Art 5715, 0.25 mm) were used. For flash column chromatography, silica gel 60 N (spherical,
neutral, 63-210 um) from Kanto Chemical was used. Silica gel preparative TLC (PTLC) was
performed on Merck silica gel 60 PF2s4 (Art 7749).

H NMR and *C NMR were measured on a JEOL JNM ECA-300, JEOL JNM ECA-400
and a JEOL JNM ECX-50011 spectrometer. Attenuated Total Reflectance Fourier
Transformation Infrared (ATR-FTIR) spectra were recorded on a JASCO FT/IR-4200
infrared spectrometer. Photoluminescence spectra were recorded on a JASCO FP-8500
spectrofluorometer. Absolute PL quantum yields were recorded on a Hamamatsu Photonics
Quantaurus-QY. UV-VIS spectra were recorded on a JASCO V-630 spectrophotometer. High
resolution mass spectra were obtained with a JEOL The AccuTOF LC-plus JMS-T100LP,
JEOL MALDI-TOFMS and Bruker micrOTOF. Melting points (Mp) were measured on an
OptiMelt Automated Melting Point System from Stanford research systems and are
uncorrected.
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Chapter 1
Scheme 4. Preparation of diiodotosylate 21

HO\©/OH ICl HO OH TSCl, K,CO; TSO:@[C)TS
Et,0, r.t. | I acetone, r.t. | |
27 quant. 28 29

3M NaOH aq. HODiOTS TBDMSCI, imidazole TBDMSO:@(OTS
dioxane, r.t. | | DMF, r.t. | |
30 83% (3 steps) 21

Synthesis of diiodotosylate 21:

To a solution of resorcinol 27 (15.4 g, 140 mmol) in Et20 (200 mL) was added iodine
monochloride (50.0 g, 308 mmol) at 0 °C. After warming up to room temperature for 2 h, the
reaction was quenched with sodium sulfite aq. at 0 °C. The products were extracted with
EtOAc (X3), and the combined organic extracts were washed with sat. aq. NaHCO3 and
brine, and dried (Na2SOs4). After the solvents were removed under reduced pressure to give
the crude product 28 (50.7 g, quant.).

To a solution of 4,6-diiodoresorcinol 28 (20.2 g, 55.8 mmol) in acetone (140 mL) was added
tosylchloride (23.4 g, 123 mmol) and K2COs3 (27.0 g, 195 mmol) at room temperature. After
20 h, the reaction mixture was poured into water. The resulting suspension was filtered under
vacuum. The solid was washed with water and hexane (0 °C) to give bistosylate 29 (37.2 g).
To a solution of 29 (37.2 g) in 1,4-dioxane (200 mL) was added 3 M NaOH aq. (45 mL, 135
mmol) at room temperature. After 28 h, the reaction was quenched with 2 M HCl aq. The
products were extracted with EtOAc (X3), and the combined organic extracts were washed
with sat. aq. NaHCO3 and brine, and dried (Na2SO4). After the solvents were removed under
reduced pressure to give the crude product 30 (32.5 g).

To a solution of 30 (32.5 g) in DMF (50 mL) were added TBDMSCI (10.0 g, 66.3 mol) and
imidazole (5.71 g, 83.9 mmol) at room temperature. After 35 min, the reaction was quenched
with sat. aq. NaHCOs.  The products were extracted with EtOAc (X3), and the combined
organic extracts were washed with brine, dried (Na2SOa). After the solvents were removed
under reduced pressure, the residue was purified by silica-gel flash column chromatography
(hexane/EtOAc = 96/4) to give diiodotosylate 21 (29.1 g, 82.8%, 3 steps) as white solids.
Recrystallization from hexane gave 21 as white solids.

TSOI;[OTS

| |

bistosylate 29

"H NMR (CDCls, 300 MHz) 2.48 (s, 6H), 7.25 (s, 1H), 7.37 (d, 4H, J = 8.6 Hz), 7.81 (d, 4H,
J=28.6 Hz), 8.13 (s, 1H);

BC NMR (CDCls, 75 MHz) 21.8, 89.0, 117.2, 128.9, 130.1, 132.2, 146.3, 148.5, 150.6;

IR (ATR) 3080, 1594, 1449, 1374, 1361, 1344, 1191, 1173, 1136, 1090, 1041, 975, 895, 822,
812, 751,721,704 cm;

HRMS (ESI) m/z calcd for C20H1606S2Na [M+Na]*692.8375, found 692.8363.

TBDMSO:@OTS
| |

96



diiodotosylate 21

"H NMR (CDCls, 300 MHz) 0.27 (s, 6H), 1.04 (s, 9H), 2.45 (s, 3H), 6.86 (s, 1H), 7.33 (d, 2H,
J=7.9 Hz), 7.78 (d, 2H, J= 7.9 Hz), 8.05 (s, 1H);

BC NMR (CDCls, 75 MHz) —4.3, 18.3, 21.8, 25.7, 79.9, 89.3, 112.9, 128.8, 129.9, 132.5,
145.9, 147.6, 150.5, 156.3;

IR (ATR) 2959, 2928, 2882, 2857, 1571, 1459, 1379, 1362, 1276, 1255, 1194, 1180, 1153,
1092, 1039, 1000, 853, 838, 803, 786, 763, 711, 703 cm!;

HRMS (ESI) m/z calcd for C19H241204SSiNa [M+Na]* 652.9152, found 652.9141.

Scheme 5. Preparation of 35

TBDMSO OTs n-Bui TBDMSO:“O TBAF HO Oe’
:C[ T Eo THF, 0 °C |
32

-78°C —r.t. 72% (2 steps)

HMDS  TMSO Bl _THO, iPrNEt Tio
110 °C | OG’ THF, =78 °C TMS CHZCIZ -78°C TMS
33 68% (3 steps) 35

Synthesis of silyltriflate 35:
To a mixture of 21 (4.07 g, 6.46 mmol) and furan (2.10 mL, 29.0 mmol) in Et2O (25 mL) was
added n-BuLi (1.65 M in hexane, 4.00 mL, 6.60 mmol) at —78 °C. After warming up to room
temperature, the reaction was quenched with water. The products were extracted with EtOAc
(X3), and the combined organic extracts were washed with brine, dried (Na2SO4). After the
solvents were removed under reduced pressure to give the crude product 31 (2.69 g, quant.).
To a solution of 31 (2.69 g) in THF (15 mL) was added TBAF (1.0 M in THF, 7.20 mL, 7.20
mmol) at 0 °C. After 30 min, the reaction was quenched with water. The products were
extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried
(Na2S0a4). After the solvents were removed under reduced pressure, the residue was purified by
silica-gel flash column chromatography (hexane/EtOAc = 7/3) to give iodophenol 32 (1.34 g,
72.3%, 2 steps) as white solids.
A solution of 32 (1.22 g, 4.26 mol) in HMDS (7.0 mL) was stirred at 110 °C for 1.5 h. After
cooled to room temperature, the solvent was removed under reduced pressure to give the
crude product 33.
To a solution of crude product 33 in THF (15.0 mL) was added n-BuLi (1.65 M in hexane,
3.10 mL, 5.12 mmol) at —78 °C. After 30 min, the reaction was quenched with water. The
products were extracted with EtOAc (X3), and the combined organic extracts were washed
with brine, abd dried (Na2SOs4). After the solvents were removed under reduced pressure to
give the crude product 34.
To a solution of 34 and N, N-diisopropylethylamine (1.50 mL, 8.76 mol) in CH2Clz (15.0 mL)
was added trifluoromethanesulfonic anhydride (0.90 mg, 5.35 mmol) at —78 °C. After 25 min,
the reaction was quenched with 1 M HClI aq. The products were extracted with EtOAc (X3),
and the combined organic extracts were washed with sat. aq. NaHCOs3 and brine, dried
(Na2S0a4). After the solvents were removed under reduced pressure, the residue was purified
by silica-gel flash column chromatography (hexane/acetone = 92/8) to give silyltriflate 35
(1.12 g, 72.1%, 3 steps) as white solids.

pec

iodophenol 32
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"H NMR (CDCls3, 500 MHz) 5.23 (s, 1H), 5.63-5.65 (m, 2H), 6.97 (s, 1H), 6.98-6.99 (m,
2H), 7.45 (s, 1H);

3C NMR (CDCls, 125 MHz) 79.1, 81.5, 82.1, 109.4, 128.9, 142.2, 142.5, 143.1, 152.2,
152.3;

IR (ATR) 3267, 3011, 1686, 1616, 1583, 1447, 1397, 1354, 1281, 1235, 1195, 1092, 1026,
985, 952, 868, 846, 742 cm™!;

HRMS (DART) m/z calcd for C1o0HslO2 [M+H]™ 286.9569, found 286.9562.

Mp. 95.3-95.9 °C

TfO

TMS

silyltriflate 35

'H NMR (acetone-ds, 300 MHz) 0.36 (s, 9H), 5.80 (s, 1H), 5.85 (s, 1H), 7.07-7.12 (m, 2H),
7.37 (s, 1H), 7.51 (s, 1H);

13C NMR (acetone-ds, 75 MHz) —0.7, 82.6, 82.9, 113.9, 119.3 (q, /= 318.9 Hz), 127.0, 128.5,
143.6, 144.2, 150.4, 153.1, 156.2;

IR (ATR) 3019, 2957, 1584, 1445, 1416, 1375, 1315, 1281, 1249, 1237, 1208, 1140, 1122,

1101, 1002, 961, 870, 844, 822, 763, 719 cm™';
HRMS (DART) m/z calcd for C1aH16F304SSi [M+H]* 365.0491, found 365.0503.

Scheme 7. Preparation of triphenylene 37

TfO H,, Pd/C TfO Pdy(dba)s (30 mol%), CsF % O ¢
—_——
TMS EtOAc, r.t. T™S CH3CN, r.t.
88% 64%
35 37 g 38

Synthesis of triphenylene 38:

A suspension of silyltriflate 35 (360 mg, 0.989 mmol) and 10% Pd/C (96.3 mg, 0.965 mmol)
in EtOAc (3.0 mL) was stirred under H2 at room temperature for 24 h. After changing the
atmosphere to Ar, the mixture was filtered through a Celite pad, which was washed with
EtOAc. After the solvents were removed under reduced pressure, the crude product was
purified by silica-gel flash column chromatography (hexane/acetone = 8/2) to give silyltriflate
37 (319 mg, 88.1%).

To a mixture of CsF (323 mg, 2.12 mmol) and Pd2(dba) 3*CHCI3 (30.5 mg, 0.0295 mmol) in
CH3CN (3.0 mL) was added silyltriflate 37 (216 mg, 0.590 mmol) at room temperature. After
24 h, the mixture was filtered through a Celite pad, which was washed with EtOAc. The
filtrate was concentrated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 5/5)
to give triphenylene 38 (54.3 mg, 63.8%) as white solids.

TfO
TMS
silyltriflate 37

'H NMR (CDCls, 300 MHz) 0.36 (s, 9H), 1.37-1.40 (m, 2H), 2.05-2.08 (m, 2H), 5.39 (s,
1H), 5.39 (s, 1H) 7.24 (s, 1H), 7.37 (s, 1H);
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BC NMR (CDCls, 75 MHz) -0.9, 26.0, 26.1, 78.4, 78.7, 110.9, 118.4 (q, J = 320.1 Hz),
125.5, 130.1, 144.7, 149.5, 153.6;

IR (ATR) 2956, 2901, 2873, 1615, 1577, 1417, 1327, 1275, 1252, 1240, 1208, 1138, 1104,
1030, 994, 949, 897, 841, 761 cm™;

HRMS (DART) m/z calcd for C1aH1sF304SSi [M+H]* 367.0647, found 367.0660.

triphenylene 38 (dr 6.0:1)

# the underlined data corresponds to the minor isomer’s

"H NMR (CDCl3, 500 MHz) 1.48-1.56 (m, 6H+6H), 2.18-2.19 (m, 6H+6H), 5.62-5.63 (m,
6H+6H), 8.38 (s, 6H), 8.45-8.47 (m, 6H);

BC NMR (CDCls, 125 MHz) 27.2, 79.16, 79.21, 112.9, 112.96, 113.05, 113.09, 128.72,
128.82, 128.88, 128.92, 144.51, 144.60, 144.63, 144.65;

IR (ATR) 3018, 2952, 1400, 1153, 1653, 1558, 1521, 1473, 1419, 1246, 1285, 1215, 1109,
985, 908, 872, 851, 752 cm’!;

HRMS (MALDI) m/z calcd for C3o0H2403 [M]*432.1725, found 432.1703.

Scheme 9. Preparation of triphenylene 43

Ph

);:Ph Ph
o
Ph

Ph

Tfo TfO Oﬁ’&) Ph  Pd,(dba)g (30 mol%), CsF
T™S benzene reflux  Tms CH4CN, r.t.

91% 72%

35

Synthesis of triphenylene 43:

A solution of silyltriflate 35 (218 mg, 0.598 mmol) and tetraphenylcyclopentadienone (235
mg, 0.611 mmol) in benzene (7.0 mL) was heated at 80 °C. After 12 h, the mixture was
cooled to room temperature, and concentrated in vacuo. The residue was purified by silica-gel
flash column chromatography (hexane/acetone = 9/1—8/2) to give silyltriflate 44 (408 mg,
91.2%) as white solids.

To a mixture of CsF (134 mg, 0.882 mmol) and Pdz(dba) 3*CHCIs (16.1 mg, 0.016 mmol) in
CH3CN (12 mL) was added silyltriflate 44 (200 mg, 0.267 mmol) at room temperature. After
24 h, the mixture was filtered through a Celite pad, which was washed with EtOAc. After the
solvents were removed under reduced pressure, the residue was purified by silica-gel flash
column chromatography (hexane/acetone = 7/3—5/5) to give triphenylene 43 (101 mg,
71.8%) as white solids.
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Ph
TfO. Ph
™S Oe’e’ Ph
Ph
silyltriflate 44
"H NMR (CDCls, 300 MHz) 0.40 (s, 9H), 3.10 (s, 1H), 3.10 (s, 1H), 5.81 (s, 1H), 5.83 (s, 1H)
6.85-7.02 (m, 10H), 7.27-7.44 (m, 11H), 7.54 (s, 1H);
BC NMR (CDCls, 75 MHz) —0.8, 46.2, 46.4, 64.17, 64.20, 80.7, 81.1, 111.3, 116.3, 118.7 (q,
J=319.4 Hz), 125.9, 126.8, 127.42, 127.47, 127.53, 128.28, 128.33, 129.46, 129.50, 129.8,
131.3, 134.86, 134.94, 135.0, 135.2, 138.5, 145.6, 150.2, 153.8, 196.3;
IR (ATR) 3058, 2954, 1775, 1604, 1575, 1497, 1445, 1417, 1382, 1321, 1291, 1242, 1212,
1139, 1107, 1075, 1027, 982, 939, 908, 878, 841, 768, 733 cm™!;
HRMS (ESI) m/z calcd for CasHssF3OsSSiNa [M+Na]* 771.1824, found 771.1824.

triphenylene 43

"H NMR (CD2Cl2, 300 MHz) 3.34 (s, 2H), 3.35 (s, 4H), 6.16 (s, 4H), 6.17 (s, 2H), 7.05 (m,
30H), 7.35-7.63 (m, 30H), 8.89 (s, 6H);

BC NMR (CD:Clz, 75 MHz) 29.8, 47.1, 64.7, 81.7, 114.0, 114.1, 127.0, 127.7, 128.4, 129.58,
129.62,129.9, 130.0, 135.4, 135.5, 138.84, 138.87, 138.93, 145.9, 196.7;

IR (ATR) 3059, 3033, 2923, 2852, 1777, 1604, 1497, 1444, 1344, 1231, 1184, 1158, 1073,
1025, 983, 954, 921, 910, 857, 841, 820, 789, 771, 746 cm™!;

HRMS (ESI) m/z calcd for C117H7s0sNa [M+Na]* 1601.5696, found 1601.5671.

Scheme 13. Preparation of trinaphthylene 47

chlorobenzene
reflux, 4 h




Synthesis of trinaphthylene 47 :

To a mixture of 51 (21.3 mg, 0.0135 mmol) and naphtoquinone 46 (30.1 mg, 0.0608 mmol) in
chlorobenzene (3.0 mL) was stirred at reflux. After 4 h, the mixture was cooled to room
temperture, and concentrated in vacuo. The residue was purified by PTLC (hexane/Acetone =
8/2) to give triphenylene 47 (17.4 mg, 70.4%, ds. 2.0:1) as orange solids.

CyaHas

CyoHas

triphenylene 47b (including 47d)

# the underlined data corresponds to the minor isomer’s

"H NMR (CD2Cl2, 400 MHz) 0.62—1.44 (m, 134H+136H), 1.63—1.68 (m, 4H+2H), 1.86-2.14
(m, 8H+6H), 2.21-2.39 (m, 4H), 2.76-2.80 (m, 4H+2H), 3.08 (d, 1H, J= 8.0 Hz), 3.13 (d,
1H, J=8.0 Hz), 3.83 (dd, 2H, J1 =3.6 Hz, . =2.0 Hz), 3.86 (dd, 2H, /1=4.0 Hz, ). = 1.6
Hz), 3.89 (dd, 2H, J1 =4.0 Hz, J> = 1.6 Hz), 3.96 (m, 4H), 5.941-5.948 (m, 2H+2H), 5.98—
5.99 (m, 4H), 6.023-6.028 (m, 4H), 7.13 (s, 1H), 7.14 (s, 1H), 7.15 (s, 2H), 7.20 (s, 1H), 7.21
(s, 1H), 7.41 (s, 2H), 7.44 (s, 2H), 7.96 (s, 1H), 7.98 (s, 1H), 8.05 (s, 2H), 8.09 (s, 1H), 8.11
(s, 1H), 8.14 (s, 2H), 8.17 (s, 1H), 8.20 (s, 2H), 8.21 (s, 1H), 8.44 (s, 1H), 8.47 (s, 1H)

13C NMR (CD2Clz, 100 MHz) 14.0, 22.8, 29.0, 29.11, 29.16, 29.18, 29.22, 29.41, 29.44,
29.55,29.62, 29.63, 29.69, 29.76, 29.81, 30.11, 30.18, 20.23, 30.51, 30.55, 30.85, 31.96,
32.02,32.15, 32.29, 32.50, 32.56, 32.63, 33.04, 50.60, 50.70, 50.85, 50.90, 52.55, 82.28,
82.35, 83.10, 83.16, 83.25, 83.30, 83.34, 85.25, 85.32, 109.1, 114.0, 114.1, 114.3, 115.8,
1159, 116.2,116.3, 126.3, 126.4, 126.7, 127.2, 127.7, 128.7, 128.8, 128.9, 128.98, 129.03,
129.07, 129.12, 129.17, 131.4, 132.0, 132.18, 132.24, 132.68, 132.74, 133.1, 133.3, 140.9,
141.2, 141.3, 141.5, 142.1, 143.7, 143.8, 147.8, 147.96, 148.03, 148.1, 148.3, 148.4, 149.2,
194.5, 194.58, 194.63, 194.7;

IR (ATR); 2919, 2850, 1677, 1596, 1465, 1303, 1278, 1198, 1155, 1100, 1050, 998, 951, 854,
790, 759, 720 cm™!;

HRMS (MALDI) m/z calcd for C24H1203 [M—3(C34H5402)]* 348.0781, found 348.0781.
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Scheme 14. Preparation of triphenylenes 47, 48, 49

C12H25
CyoHos

O 46

chlorobenzene
reflux, 45 min

Synthesis of 47, 48, 49:

A solution of 43 (200 mg, 0.127 mmol) and naphthoquinone 46 (494 mg, 0.409 mmol) in
chlorobenzene (4.0 mL) was heated at 150 °C. After 45 min, the mixture was cooled to room
temperature, and concentrated in vacuo. The residue was purified by silica-gel flash column
chromatography (hexane/acetone = 98:2) to give 49 (35.7 mg, 18.0%), 48 (99.8 mg, 44.9%),
47 (55.6 mg, 23.9%).
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Cy2Has

triphenylene 48

'H NMR (CDCls, 500 MHz) 0.84-1.28 (m, 92H), 1.93-2.23 (m, 8H), 3.17 (d, 1H, J=7.5
Hz), 3.21 (d, 1H, J= 7.5 Hz), 3.91 (dd, 2H, Ji = 4.0 Hz, J> = 2.0 Hz), 3.94 (dd, 2H, J1 = 4.0
Hz, J>» = 2.0 Hz), 5.97 (s, 1H), 6.00 (s, 1H), 6.05-6.08 (m, 4H), 6.93-7.06 (m, 10H), 7.22—
7.58 (m, 14H), 8.14 (s, 1H), 8.16 (s, 1H), 8.22 (s, 1H), 8.27 (s, 1H), 8.40 (s, 1H), 8.41 (s, 1H);
BC NMR (CDCls, 125 MHz) 14.1, 22.7, 29.0, 29.1, 29.29, 29.31, 29.33, 29.37, 29.47, 29.52,
29.54, 29.58, 29.63, 29.66, 29.69, 30.1, 30.16, 30.18, 31.89, 31.92, 32.23, 32.31, 32.36, 47.1,
47.2,50.5, 50.65, 50.69, 64.2, 64.5, 81.3, 81.4, 82.9, 83.0, 83.13, 83.15, 113.4, 113.7, 115.6,
115.7,116.16, 116.21, 126.4, 126.5, 126.67, 126.71, 126.8, 127.5, 127.6, 128.4, 128.5,
128.65, 128.70, 129.01, 129.04, 129.07, 129.10, 129.56, 129.62, 129.90, 129.96, 131.89,
131.94, 132.2, 135.05, 135.14, 135.3, 135.4, 138.5, 138.8, 141.0, 141.1, 141.2, 141.3, 145.7,
145.8, 148.16, 148.18, 148.2, 148.5, 194.56, 194.59, 194.9, 195.0, 196.4;

IR (ATR) 3019, 2924, 2852, 1777, 1676, 1596, 1497, 1466, 1345, 1305, 1275, 1215, 1200,
1099, 1072, 1026, 954, 854, 698 cm™;

HRMS (MALDI) m/z calcd for C2aH1203 [M—2(C34H5402)—C30H22—CO] " 348.0781, found
348.0771.

triphenylene 49

"H NMR (CDCl3, 400 MHz) 0.83-1.26 (m, 46H), 2.00-2.26 (m, 4H), 3.22-3.30 (m, 4H),
3.94-4.03 (m, 2H), 6.02-6.15 (m, 6H), 6.95-7.05 (m, 20H), 7.29-7.60 (m, 22H), 8.38-8.65
(m, 6H);

3C NMR (CDCl;, 100 MHz) 32.8, 41.4,47.9, 48.0, 48.1, 48.4, 49.0, 50.7, 51.2, 66.1, 66.4,
66.5, 66.6, 69.6, 83.1, 83.2, 83.3, 83.6, 100.4, 100.5, 102.0, 102.2, 132.1, 132.3, 132.7, 132.9,
134.9,135.0, 145.4, 145.5, 145.7, 146.4, 147.1, 147.3, 148.0, 148.5, 148.8, 150.9, 151.0,
151.2,154.0, 154.1, 154.2, 154.5, 157.3, 157.4, 157.8, 160.0, 160.1, 164.5, 164.6, 164.7,
164.8, 167.0, 167.2,213.5,213.7, 215.2;

IR (ATR); 2925, 2852, 1776, 1682, 1598, 1457, 1445, 1302, 1276, 1220, 1072, 1026, 983,
953, 920, 855, 841, 772, 695 cm™!;
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HRMS (MALDI) m/z calcd for C24H1203 [M—C34Hs5402-2(C30H22)-2CO]* 348.0781, found
348.0764.

Scheme 16. Preparation of trinaphthylene 48

Ci2Has TsOH- H,0 (10 eq.)

CioHos toluene, 50 °C

CioHog CyoHps

Synthesis of trinaphthylene 50:

To a solution of 47 (65.8 mg, 0.0359 mmol) in toluene (2.0 mL) was added TsOH - H2O (68.4
mg, 0.359 mmol) at room temperature. The reaction mixture was stirred at 50 °C for 7 h. The
reaction was quenched with sat. ag. NaHCOs3. The products were extracted with CHCIz (X3),
and the combined organic extracts were dried (Na2SOs4), then concentrated in vacuo. The
residue was purified by PTLC (EtOAc) to give trinaphthylene 50 (56.2 mg, 87.8%) as orange
solids.

C12H25

C12H25

trinaphthylene 50

"H NMR (CDCls, 400 MHz, 50 °C) 0.91-0.95 (m, 18H), 1.33-1.49 (m, 120H), 2.26 (m, 12H),
7.62 (br. s, 6H), 7.79 (br. s, 6H), 7.95 (br. s, 6H);

BC NMR (CDCls, 100 MHz, 50 °C) 14.1, 22.7, 29.5, 29.7, 29.8, 29.9, 30.3, 30.6, 32.0, 32.8,
124.3,127.2,128.7, 129.0, 129.9, 131.8, 132.8, 147.3, 180.9;

IR (ATR) 2921, 2852, 2360, 1676, 1589, 1458, 1425, 1371, 1337, 1292, 1188, 1149, 987,
932, 865, 738 cm!;

HRMS (MALDI) m/z calcd for Ci26H1680s [M]* 1777.2835, found 1777.2939.

Scheme 17. Preparation of triphenylene 51
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TsOH- H,0

toluene, 50 °C
71%

Synthesis of triphenylene 51:

To a solution of 48 (106mg, 0.0608 mmol) in toluene (3.0 mL) was added TsOH * H20 (114
mg, 0.601 mmol) at room temperature. The reaction mixture was stirred at 50 °C for 5 h. The
reaction was quenched with sat. aq. NaHCO3. The products were extracted with CHCI3(X3),
and the combined organic extracts were dried (Na2SO4), and concentrated in vacuo. The
residue was purified by silica-gel flash column chromatography (acetone — Hexane/CHCL
=5/5) and GPC to give triphenylene 51 (74.3mg, 71.2%) as orange solids.

CizHzs

triphenylene 51

'"H NMR (CDCls, 400 MHz, 50 °C) 0.89-0.92 (t, 12H, J= 8.0 Hz), 1.30-1.58 (m, 80H), 2.40—
2.54 (m, 8H), 3.27 (s, 2H), 6.22 (s, 2H), 7.05-7.10 (m, 10H), 7.27 (t, 2H, J= 7.3 Hz), 7.40 (t,
4H, J=17.3 Hz), 7.56 (t, 4H, J=7.3 Hz), 7.78 (s, 2H), 7.86 (s, 2H), 8.36 (s, 2H), 8.40 (s, 2H),
8.45 (s, 2H), 8.48 (s, 2H), 8.58 (s, 2H);

3C NMR (CDCls, 100 MHz, 50 °C) 14.1, 22.7, 29.4, 29.5, 29.6, 29.7, 29.8, 30.0, 30.3, 30.5,
32.0,32.86,32.91,47.3,64.6,81.7, 114.5, 124.4, 124.7, 126.9, 127.3, 127.4, 127.6, 127.7,
128.4,129.1, 129.2, 129.8, 130.0, 130.1, 130.2, 130.8, 132.0, 132.6, 133.2, 135.4, 135.6,
139.0, 147.8, 147.9, 148.1, 181.8, 181.9, 196.3;
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IR (ATR) 2923, 2852, 1777, 1675, 1592, 1460, 1423, 1372, 1337, 1293, 1192, 1151, 985,

930, 861, 786, 759, 750, 740, 696 cm™!;

HRMS (MALDI) m/z caled for CiasH13906 [M+H]* 1713.0600, found 1713.0528.

Scheme 19. Preparation of triphenylene 56

C12H25

O 54

chlorobenzene
reflux

TSOH- H,0

toluene, 50 °C

To a mixture of 51 (74.3 mg, 0.00434 mmol) and naphtoquinone 54 (15.0 mg, 0.0555 mmol)
in chlorobenzene (3.0 mL) was stirred at reflux. After 3 h, the mixture was cooled to room
temperture, and concentrated in vacuo. The residue was purified by silica-gel flash column
chromatography (Acetone — Hexane/CHCL = 5/5) to give triphenylene 55 (63.8mg, 93.5%)

as orange solids.

To a solution of 55 (63.8mg, 0.0406 mmol) in toluene (3.0 mL) was added TsOH - H20
(23.9 mg, 0.126 mmol) at room temperature. The reaction mixture was stirred at 50 °C for 3
h. The reaction was quenched with sat. aq. NaHCO3. The products were extracted with
CHCI3(X3), and the combined organic extracts were dried (Na2SO4), and concentrated in
vacuo. The residue was purified by silica-gel flash column chromatography (EtOAc —
Hexane/CHCl2= 5/5) and GPC to give triphenylene 56 (49.6mg, 78.6%) as orange solids.

C12H25

C12H25

trinaphthylene 56
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'H NMR (CDCls, 500 MHz, 50 °C) 0.90-0.94 (m, 18H), 1.30—1.42 (m, 106H), 2.16 (m, 12H),
7.49 (m, 4H), 7.70 (m, 2H);

13C NMR (CDCl, 125 MHz, 50 °C) 13.9, 14.04, 22.7, 23.0, 29.4, 29.6, 29.7, 29.8, 30.2, 30.3,
32.0,32.2, 32.3,32.7, 123.98, 124.01, 124.04, 127.0, 128.5, 128.7, 129.7, 131.6, 132.5, 147.1,

180.6;
IR (ATR, cm!) 2922, 2852, 1675, 1589, 1559, 1457, 1423, 1371, 1290, 1220, 1187, 1149,

988,931, 864, 772, 737,
HRMS (MALDI) m/z calcd for C110H1370s [M+H]* 1554.0410, found 1554.0477.

Scheme 20. Preparation of pentacenequinone 60
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Synthesis of pentacenequinone 60.

To a solution of 57 (4.0 mg, 0.0028 mmol) in chlorobenzene (1.5 mL) was added 58 (3.6 mg,
0.0021 mmol) was stirred at 120 °C. After 5.5 h, the mixture was cooled to room temperature,
and concentrated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 7/3) to give
59.

To a solution of 59 in toluene (1.5 mL) was added TsOH + H20 (9.2 mg, 0.048 mmol) at room
temperature. The reaction mixture was stirred at 50 °C for 3 h, the reaction was quenched with
sat. ag. NaHCOs. The products were extracted with CH2Cl> (X3), dried (Na2SOs4), and
concentrated in vacuo. The residue was purified by PTLC (EtOAc) to give pentacenequinone
60 (1.9 mg, 34%) as a orange solid.
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pentacenequinone 60
"H NMR (toluene- ds, 400 MHz, 95 °C)

39

: |

]

.

M Lt L) i Lt T s L1 e () L]

—
<_
E__‘.:

HRMS (MALDI-TOF, matrix:TPBD) m/z calcd for Ci90H233010 [M+H]* 2676.7782, found
2676.7785.
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Scheme 14. Preparation of TCNQ 61

TiCly, pyridine

chlorobenzene

reflux
23%

NC

Synthesis of TCNQ 61:

To a solution of 50 (60.1 mg, 0.0337 mmol) and malononitrile (33.4 mg, 0.506 mmol) in
cholorobenzene (5.0 mL) were added TiCls (0.20 mL, 1.37 mmol) and pyridine (0.55 mL,
5.44 mmol) at 0 °C. The reaction mixture was stirred at 150 °C for 2 h. The reaction was
quenched with 1 M HCL The mixture was filtered through a Celite pad, which was washed
with CHCls. After the solvents were removed under reduced pressure, the residue was
purified by silica-gel flash column chromatography (CHCI) to give TCNQ 61 (11.8 mg,
22.7%) as orange solids.

CizHas

Synthesis of TCNQ 61

"H NMR (C2D2Cls, 400 MHz, 130 °C) 0.95 (m, 18H), 1.39-1.57 (m, 108H), 1.83 (m, 12H),
2.89 (m, 12H), 8.20 (s, 6H), 8.94 (s, 6H), 8.97 (s, 6H);

13C NMR (C2D2Cls, 100 MHz, 130 °C) 13.8, 22.5, 29.2, 29.4, 29.5, 29.6, 30.3, 31.8, 33.0,
82.0, 113.5,114.5, 125.0, 128.2, 128.3, 128.4, 128.8, 131.4, 132.3, 147.3, 160.9;

IR (ATR) 2954, 2923, 2853, 2224, 1539, 1466, 1435, 1306, 1181, 926, 733 cm™';

HRMS (MALDI) m/z calcd for CiaaHiesN12 [M]* 2065.3532, found 2065.35009.
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Chapter 2

Fabrication of Batteries of Polyketon 50

To fabricate the Li-Polyketon batteries, two kinds of cathodes were prepared as follows:
1. Sheet-type cathode

107 mg of polyketone 50, 701.3 mg of carbon black (Tokai Carbon), and 198.6 mg of
poly(vinylidene fluoride) (Aldrich), in a weight ratio of 1:7:2, respectively, were mixed a

mortar and ground for 1 h. The mixture was then suspended in an appropriate amount of N-
methyl-2-pyrrolidone (NMP) and stirred for 1 h. The resulting slurry mixture was spread
evenly in a thickness of 150 um onto an aluminum sheet, then dried in vacuo at 120 °C for 10
h. A sheet-type cathode was obtained by cutting the sheet into a disc with a diameter of 15.95

mm.

2. Pellet-type cathode

108 mg of polyketone 50, 712 mg of carbon black, and 210 mg of poly(vinylidene fluoride),
in a weight ratio of 1:7:2, respectively, were mixed a mortar and ground for 1 h. The mixture
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was then suspended in an appropriate amount of N-methyl-2-pyrrolidone (NMP) and stirred
for 1 h. The resulting slurry mixture was spread evenly onto an aluminum sheet and cut into a
disc with a diameter of 15.95 mm. A pellet-type cathode was obtained by drying the disc in
vacuo at 120 °C for 10 h.

Fabrication of Li-batteries

A Li metal foil with a thickness of 0.2 mm was used for the anode material. Under argon
atmosphere, the cathode, anode, and separator (polyolefin film) were placed in a coin-shaped
cell (2320-type) with an electrolyte solution composed of 1 M LiPFs in a mixed solution of
ethylene carbonate (EC) and diethyl carbonate (DEC) (1:1).

The charge/discharge tests of the as-prepared batteries were conducted at a constant current
on a Hokuto HJ1001-SMB8A charge/discharge device.

Chapter 3
1. Synthesis of Trimethylammonium lodide

NM62 NM62

BngONMeZ l O
CHO

TFA
38
g ey ——— (Ip
O =~
COMe  THF, —40 — 0 °C .
63%
8 39 ‘ 18 Q

NMe,

NMe,

To a solution of o-formyl benzoate 8 (50.1 mg, 0.305 mmol) in THF (2.0 mL) was
added [p-(N,N-dimethylamino)phenyl]Jmagnesium bromide 38 (0.50 M in THF, 2.0 mL, 1.0
mmol) at —40 °C, and the reaction was gradually warmed to 0 °C. After stirring for 2 h,
trifluoroacetic acid (0.24 mL, 3.2 mmol) was added to the reaction mixture, and the reaction
was further stirred for 30 min at 25 °C. The product was gradually precipitated, and the

reaction mixture was filtered to give an orange solid, which were dissolved with CHCIs,
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washed with sat. ag. NaHCOs and brine, and dried over Na:SO4. Evaporation of solvents gave
essentially pure isobenzofuran 18 (68.1 mg, 63%).

Rt 0.30 (hexane/EtOAc = 9/1);

Mp 143-145 °C (hexane/EtOAC);

'H NMR (ds-acetone, 500 MHz) 3.02 (s, 12H), 6.88-6.93 (m, 6H), 7.78-7.84 (m, 6H);

13C NMR (ds-acetone, 125 MHz) 40.4, 113.5, 120.9, 121.0, 121.2, 124.9, 126.2, 143.9, 150.3;
IR (ATR) 2886, 1606, 1509, 1441, 1351, 1168, 1061, 938, 809, 739 cm™;

HRMS (MALDI, TCNQ matrix) calcd for C24H24N20 [M]* 356.1883; found 356.1895.

NM62

O &
@CHO 38 O OH Lawesson's reagent O _
S
CO,Me  THF, —40 — 0 °C; 0 CHyCly, rt. -~

then sat. NH,CI aq. 44% (2 steps)

8 e S

NMe, NMe,

To a solution of o-formyl benzoate 8 (164 mg, 1.00 mmol) in THF (5.0 mL) was
added [p-(N,N-dimethylamino)phenylJmagnesium bromide 38 (0.89 M in THF, 3.7 mL, 3.3
mmol) at —40 °C. After gradual warming to 0 °C for 4 h, the reaction was quenched by an
addition of H20. The products were extracted with EtOAc (x3), and the combined organic
extracts were washed with brine. After concentration, the crude ketoalcohol 39 was dissolved
in CH2Cl2 (5 mL). To this mixture was added Lawesson’s reagent (121 mg, 0.300 mmol) at
room temperature. After stirring for 1 h, the mixture was concentrated and the products were
purified by silica-gel column chromatography (hexane/EtOAc = 95/5) to give
isobenzothiophene 19 (165 mg, 44%) as an orange solid.
R 0.35 (hexane/EtOAC = 9/1);
Mp 169-170 °C;
IH NMR (ds-acetone, 300 MHz) 3.02 (s, 12H), 6.90 (d, 4H, J = 8.8 Hz), 7.03 (dd, 2H, J = 7.2,
3.0Hz), 7.54 (d, 4H, J =8.8 Hz), 7.76 (dd, 2H, J = 7.2, 3.0 HZ);
13C NMR (de-acetone, 75 MHz) 40.5, 113.7, 122.1, 123.1, 124.3, 130.5, 134.0, 135.3, 151.1;
IR (ATR) 2888, 1600, 1523, 1493, 1441, 1340, 1205, 1167, 1063, 945, 813, 741 cm;
HRMS (MALDI, TCNQ matrix) calcd for C24H2a4N2S [M]* 372.1655; found 372.1648.
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NMe, NMe,
BngONMeg O O
CHO 38 on  TPAP,NMO o
_—
0 o) o)
COMe  THF, 40— 0°C; MS 4A, CH,Cl,

then sat. NH,ClI aqg. % (2
8 4Llaq 39 58% (2 steps) 40

NMe, NMe,

To a solution of o-formyl benzoate 8 (82.0 mg, 0.500 mmol) in THF (2.0 mL) was
added p-(N,N-dimethylamino)phenyl magnesium bromide 38 (1.50 M in THF, 1.0 mL, 1.5
mmol) at —40 °C. After gradual warming to 0 °C for 4 h, the reaction was quenched by an
addition of H20. The products were extracted with EtOAc (x3), and the combined organic
extracts were washed with brine. The solvents were removed under reduced pressure to give
keto alcohol, which was used without further purification.

To a mixture of the crude ketoalcohol 39, NMO (264 mg, 2.25 mmol), and MS 4A
(250 mg) in CH2Cl2 (5.0 mL) was added TPAP (18 mg, 0.051 mmol) at 0 °C. After stirring
for 4 h at room temperature, the mixture was filtered through a Celite® pad. Concentration
and purification by silica-gel column chromatography (hexane/acetone = 9/1—7/3) to give
diketone 40 (107 mg, 58%) as white solids.
Mp 212.6-213.5 °C;
'H NMR (CDCls, 500 MHz) 2.96 (s, 12H), 6.52 (d, 4H, J = 8.5 Hz), 7.47-7.55 (m, 4H), 7.62
(d, 4H, J = 8.5 Hz);
13C NMR (CDCls, 125 MHz) 39.8, 110.2, 125.0, 128.7, 129.0, 132.1, 140.5, 153.1, 194.7;
IR (ATR) 2911, 1642, 1581, 1541, 1439, 1377, 1317, 1283, 1191, 1146, 1071, 998, 930, 819,
784,729 cm;
HRMS (ESI) m/z calcd for C2sH24N2NaO2 [M+Na]* 395.1759; found 395.1730.

NMe,
NM62

(@] Lawesson's reagent —
o S
toluene, r.t. <
47%
40 O 19 Q

NMe, NMe,
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To a solution of diketone 40 (10.0 mg, 0.0268 mmol) in toluene (1.0 mL) was added
Lawesson’s reagent (5.8 mg, 0.0143 mmol) at room temperature. After stirring at 80 °C for 1
h, the product was purified by silica-gel column chromatography (hexane/EtOAc = 9/1) to
give isobenzothiophene 19 (4.7 mg, 47%) as orange solids.

NMe, NMe,
_ Lawesson's reagent O = S
O
= toluene, 80 °C =<
47%
* O " O
NMe, NMe,

To a solution of isobenzofuran 18 (18.3 mg, 0.0513 mmol) in toluene (0.8 mL) was
added Lawesson’s reagent (7.5 mg, 0.0185 mmol) at room temperature. After stirring at 80 °C
for 1 h, the product was purified by silica-gel column chromatography (hexane/EtOAc = 9/1)
to give isobenzothiophene 19 (9.0 mg, 47%) as orange solids.

NM82 NMeZ

= Woollins' reagent —
O Se
S S
toluene, 100 °C
32%
* O e
NMe2 NM62

To a solution of isobenzofuran 18 (28.6 mg, 0.0802 mmol) in toluene (1.0 mL) was
added Woollins’ reagent (16.0 mg, 0.0300 mmol) at room temperature. After stirring for 4.5 h
at 100 °C, the mixture was purified by silica gel column chromatography (hexane/EtOAc =
95/5—9/1) to give isobenzoselenophene 20 (10.7 mg, 32%) as orange solids.
Rr 0.31 (hexane/EtOAc = 9/1);
Mp 183-184 °C (EtOAc/hexane);
'H NMR (CDCls, 500 MHz) 3.02 (s, 12H), 6.84-6.87 (m, 6H), 7.50-7.63 (m, 6H);
13C NMR CDCls, 125 MHz) 40.4, 110.3, 112.5, 121.8, 122.8, 130.3, 132.2, 149.6;
IR (ATR) 2922, 1734, 1646, 1591, 1523, 1490, 1439, 1371, 1320, 1290, 1235, 1194, 1147,
1057, 933, 817, 748 cm;
HRMS (MALDI, TCNQ matrix) m/z calcd for C2aH24N2Se [M]* 420.1100; found 420.1100.
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NMez NMegl~
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NMe; I-

To a solution of isobenzofuran 18 (45.4 mg, 0.127 mmol) in acetone (2.0 mL) was
added Mel (80 pL, 1.28 mmol) at room temperature. After stirring for 72 h at this
temperature, the products were filtrated and washed with ice-cold acetone to give ammonium
iodide 24 (47.4 mg, 58%) as yellow solids.

Mp 179 °C (dec);

'H NMR (ds-DMSO, 500 MHz) 3.69 (s, 18H), 7.27 (dd, 2H, J = 7.0, 2.5 Hz), 8.08-8.13 (m,
6H), 8.28 (d, 4H, J = 9.0 Hz);

13C NMR (ds-DMSO, 125 MHz) 56.4, 119.9, 121.5, 122.8, 125.8, 127.0, 131.5, 142.4, 145.7;
IR (ATR) 3421, 3011, 1587, 1471, 1373, 1293, 1194, 1110, 935, 836, 742 cm™;

HRMS (ESI) m/z calcd for C26H30012N20 [M-21-CHs]* 371.2123; found 371.2115.

NMe; I~

To a solution of isobenzothiophene 19 (36.7 mg, 0.0985 mmol) in acetone (2.0 mL)
was added Mel (100 uL, 1.61 mmol) at room temperature. After stirring for 72 h at this
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temperature, the products were filtrated and washed with ice-cold acetone to give ammonium
iodide 25 (60.6 mg, 94%) as yellow solids.

Mp 186 °C (dec);

H NMR (ds-DMSO, 500 MHz) 3.73 (s, 18H), 7.35 (dd, 2H, J = 7.0, 2.5 Hz), 7.90 (dd, 2H, J
=7.0,2.5Hz),8.02 (d, 4H, J = 8.8 Hz), 8.20 (d, 4H, J = 8.8 Hz);

13C NMR (ds-DMSO, 125 MHz) 56.5, 120.6, 121.8, 125.8, 129.9, 132.2, 134.7, 135.3, 146.4;
IR (ATR) 3435, 3015, 1601, 1517, 1486, 1464, 1395, 1230, 1191, 1129, 928, 839, 744 cm™;
HRMS (ESI) m/z calcd for C26H30012N2S [M—21-CHzs]* 387.1895; found 387.1898.

N*+Mel-

oS
o
.

N*Megl-

To a solution of isobenzoselenophene 20 (26.9 mg, 0.0641 mmol) in acetone (2.0 mL)
was added Mel (120 uL, 1.92 mmol) at room temperature. After stirring for 72 h at this
temperature, the products were filtrated and washed with ice-cold acetone to give ammonium
iodide 26 (38.0 mg, 84%) as yellow solids.

Mp 176 °C (dec);

'H NMR (ds-DMSO, 500 MHz) 3.68 (s, 18H), 7.16 (dd, 2H, J = 7.0, 3.0 Hz), 7.66 (dd, 2H, J
=7.0,3.0 Hz), 7.90 (d, 4H, J = 9.0 Hz), 8.13 (d, 4H, J = 9.0 Hz);

13C NMR (ds-DMSO, 125 MHz) 56.4, 120.9, 121.6, 125.2, 130.3, 136.7, 137.5, 141.4, 146.3;
IR (ATR) 3427, 3015, 1599, 1485, 1464, 1411, 1395, 1338, 1287, 1233, 1190, 1129, 1013,
949, 927, 838, 817, 741, 724,623 cm™*;

HRMS (ESI) m/z calcd for C2sH27N2Se [M—21-CHs]* 435.1341; found 435.1327.
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2. Synthesis of Potassium Carboxylate
Br

BngOBr O
CHO
41
X (e
—
COMe THF, -40 — 0 °C;

then TFA

8 49% 42 Q

Br

To a mixture of magnesium (73.0 mg, 3.00 mmol) and 1,4-dibromobenzene (1.06 g,
4.49 mmol) in THF (6 mL) was added one crystal of iodine. The mixture was heated under
reflux for 1 h. A solution of o-formate 8 (165 mg, 1.01 mmol) in THF (2.0 mL) was added at
—40 °C. After gradual warming to room temperature, TFA (700 pL) was added and stirred at
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room temperature for 1 h. The reaction was carefully quenched by an addition of NaHCOs3
sat. ag. The products were extracted with EtOAc (x3), and the combined organic extracts
were washed with brine. After concentration, the products were triturated by Et20 to give
isobenzofuran 42 (146 mg, 49%) as brown solids.

Rr 0.61 (hexane/EtOAC = 8/2);

Mp 193-195 °C;

'H NMR (CDCls, 500 MHz) 7.05 (dd, 2H, J1 = 6.9 Hz, J2 = 2.9 Hz), 7.56-7.61 (m, 4H),
7.74-7.80 (m, 6H);

13C NMR (CDCls, 125 MHz) 119.9, 120.8, 122.5, 125.7, 126.1, 130.3, 132.1, 143.1;

IR (ATR) 3047, 1584, 1539, 1486, 1438, 1404, 1291, 1207, 1070, 1004, 971, 940, 824, 814,
772,742,733, 705 cm™;

HRMS (DART) m/z calcd for C20H13Br20 [M+H]* 428.9314; found 428.9311.

Br Br

BngOBr O O
41 MnO,

O3 e O

THF, —40 — 0 °C; OH toluene, reflux o

CHO then sat. NH4Cl aq.

72% (2 steps)
8 45 O 44 ‘

Br Br

To a solution of o-formyl benzoate 8 (332 mg, 2.02 mmol) in THF (6.0 mL) was
added p-bromophenyl magnesium bromide 41 (1.0 M in THF, 10.0 mL, 6.34 mmol) at —40
°C. After gradual warming to room temperature for 6 h, the reaction was quenched by an
addition of H20. The products were extracted with EtOAc (x3), and the combined organic
extracts were washed with brine. After concentration, the crude product was dissolved in
toluene (5 mL) and then added MnO2 (534 mg, 6.13 mmol) at room temperature. After
stirring for 0.5 h at reflux, the mixture was filtrated thought celite and concentrated, the crude
products were purified by silica-gel column chromatography (hexane/EtOAc = 8/2) to give
dibromodiketone 45 (643 mg, 72%) as a white solid.
Rt 0.41 (hexane/EtOAcC = 8/2);
Mp 182-183 °C;
'H NMR (CDCls, 300 MHz) 7.53-7.66 (m, 12H);
13C NMR (CDCls, 75 MHz) 128.4, 129.6, 130.6, 131.2, 131.7, 135.7, 139.5, 195.4;
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IR (ATR) 3306, 3052, 1666, 1653, 1582, 1480, 1395, 1301, 1270, 1220,1173, 1152, 1069,
1010, 933, 922, 842, 773, 736 cm%;
HRMS (ESI) m/z calcd for C20H12Br202Na [M+Na]* 466.9082; found 466.9060.

Br Br

0) Lawesson's reagent _—
(0] = S
CH20|2, r.t.
44 O 92% 43 Q

Br

Br

To a solution of diketone 44 (307 mg, 0.691 mmol) in toluene (3.0 mL) was added
Lawesson’s reagent (281 mg, 0.695 mmol) at room temperature. The mixture was heated
under reflux for 1 h. The mixture was filtered through short-pad silica-gel column
chromatography (CH2Cl2). After concentration, the products were triturated by Et.0 to give
isobenzothiophene 43 (284 mg, 92%) as yellow solids.

Br
Lawesson's
reagent
/
S
CH20|2 rt. \
69%

43 Q
Br

To a solution of isobenzofuran 42 (25.5 mg, 0.0596 mmol) in CH2Cl2 (3.0 mL) was
added Lawesson’s reagent (121 mg, 0.300 mmol) at room temperature. After stirring for 24 h
at this temperature, the mixture was concentrated. The products were purified by silica-gel
column chromatography (hexane/EtOAc = 9/1) to give isobenzothiophene 43 (18.4 mg, 69%)
as yellow solids.
Rt 0.65 (hexane/EtOAcC = 8/2);
Mp 214-215 °C;
IH NMR (CDCls, 500 MHz) 7.12 (dd, 2H, J1 = 6.9 Hz, J> = 2.9 Hz), 7.53-7.57 (m, 4H),
7.59-7.65 (m, 4H), 7.77 (dd, 2H, J1 = 6.9 Hz, J2 = 2.9 Hz);
13C NMR (CDCls, 125 MHz) 120.9, 121.7, 124.7, 130.6, 132.2, 133.0, 133.1, 135.4;
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IR (ATR) 3051, 1507, 1478, 1394, 1195, 1069, 1006, 812, 737, 703 cm;
HRMS (DART) m/z calcd for C20H13Br2S [M+H]* 444.9085; found 444.9074.

Br COQR

(D (D

n-BuLi

= CO, _—
— o) _— > — o]
THF, =78 °C R =H (21) :| K,CO4
42 87% =K (27) EtOH, reflux
87%

Br CO2R

To a solution of isobenzofuran 42 (1.00g, 2.34 mmol) in THF (15 mL) was added n-
BuLi (1.64 M in hexane, 3.1 mL, 5.08 mmol) at —78 °C. After stirring for 10 min, the pieces
of dry ice (2.13 g) were added at this temperature and the mixture was gradually warmed to 0
°C. After stirring for 20 h, the reaction was quenched by an addition of 2 M NaOH/EtOAc.
The products were extracted with H20 (x3), and the combined aqueous extracts were
carefully acidified with 2 M HCI. The precipitates were collected by filtration to give
dicalboxylic acid 21 (0.76 mg, 87%) as orange solids.
Rt 0.66 (CHCIls/MeOH/ACOH = 90/5/5);
Mp 304-306 °C;
'H NMR (ds-DMSO, 500 MHz) 7.24 (dd, 2H, J1 = 6.5 Hz, J> = 2.5 Hz), 8.08 (d, 4H, J = 8.5
Hz), 8.11 (dd, 2H, J1 = 6.5 Hz, J2 = 2.5 Hz), 8.18 (d, 4H, J = 8.5 Hz);
13C NMR (ds-DMSO, 125 MHz) 120.3, 123.2, 124.4, 126.9, 129.0, 130.3, 133.9, 143.4,
166.9;
IR (ATR) 3073, 2850, 2670, 2547, 1680, 1596, 1425, 1316, 1287, 1171, 850, 771 cm™%;
HRMS (DART) m/z calcd for C22H1505 [M+H]* 359.0919; found 359.0902.

COOK+
To a solution of dicalboxylic acid 21 (50.3 mg, 0.140 mmol) in EtOH (3.0 mL) was
added K2COs3 (40.5 mg, 0.293 mmol) at room temperature. The mixture was heated under
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reflux for 1.5 h. The mixture was filtered then washed with acetone and chloroform to give
potassium carboxylate 27 (52.6 mg, 87%) as red solids.

Mp 317 °C (dec);

H NMR (D20, 500 MHz) 6.81 (dd, 2H, J1 = 7.0 Hz, J2 = 2.5 Hz), 7.51 (dd, 2H, J1 = 7.0 Hz,
J2=2.5Hz),7.58 (d, 4H, J =8.5Hz), 7.68 (d, 4H, J = 8.5 Hz);

13C NMR (D20, MeOH, 125 MHz); 120.6, 123.3, 124.4, 126.5, 130.1, 133.5, 134.4, 143.6,
175.7, WERIEHEIC X % ) — A B Wz,

13C NMR (D20, Acetone-ds, 125 MHz); 120.3, 123.0, 124.1, 126.2, 129.9, 133.2, 134.2,
143.3, 175.3; WHBEEHEIC Acetone-ds % v 7z,

IR (ATR) 3210, 2912, 2856, 1590, 1540, 1457, 1375, 1321, 1205, 1175, 1137, 1094, 998,
975, 858, 838, 785, 743 cm;

HRMS (ESI) m/z calcd for C22H12K30s [M+K]* 472.9596; found 472.95809.

Br CO2R

(D ()

n-BuLi

CO,
(Cs —— (L
< (o]
THF, -78 °C R=H (22) K,CO,
69% —K (28 EtOH, reflux
o O SE

Br COR
To a solution of isobenzofuran 43 (200 mg, 0.450 mmol) in THF (5.0 mL) was added

n-BuLi (1.64 M in hexane, 0.6 mL, 0.99 mmol) at —78 °C. After stirring for 10 min, the pieces

of dry ice (569 mg) were added at this temperature and the mixture was gradually warmed to

0 °C. After stirring for 4 h, the reaction was quenched by an addition of 2 M NaOH/EtOAc.

The products were extracted with H20 (x3), and the combined aqueous extracts were

carefully acidified with 2 M HCI. The precipitates were collected by filtration to give

dicalboxylic acid 22 (116 mg, 69%) as orange solids.

Rt 0.64 (CHCIls/MeOH/ACOH = 90/5/5);

Mp 323-324 °C,;

H NMR (ds-DMSO, 500 MHz) 7.28 (dd, 2H, J1 = 6.9 Hz, J2 = 2.9 Hz), 7.87 (d, 4H, J = 8.0

Hz), 7.93 (dd, 2H, J1 = 6.9 Hz, J2 = 2.9 Hz), 8.10 (d, 4H, J = 8.0 Hz);

13C NMR (de-DMSO, 125 MHz) 1201.0, 125.7, 128.7, 129.8, 130.4, 133.5, 135.4, 137.4,

166.9;

IR (ATR) 3393, 2956, 2849, 2663, 2540, 1681, 1598, 1418, 1314, 1275, 1176, 1119, 1015,

928, 851, 803, 768, 741 cm;

HRMS (DART) m/z calcd for C22H1504S [M+H]* 375.0691; found 359.0671.
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COOK+
To a solution of dicalboxylic acid 22 (51.3 mg, 0.137 mmol) in EtOH (3.0 mL) was

added K2COs3 (41.3 mg, 0.299 mmol) at room temperature. The mixture was heated under

reflux for 1.5 h. The mixture was filtered then washed with acetone and chloroform to give

potassium carboxylate 28 (57.3 mg, 93%) as red solids.

Mp >400 °C;

'H NMR (D20, 500 MHz) 7.10 (dd, 2H, J1 = 7.5 Hz, J2 = 2.5 Hz), 7.65 (d, 4H, J = 7.5 Hz),

7.80 (dd, 2H, J1 = 7.5 Hz, Jo = 2.5 Hz), 7.77 (d, 4H, J = 7.5 Hz);

13C NMR (D20, MeOH, 125 MHz); 121.5, 125.6, 129.0, 130.3, 134.4, 135.6, 135.7, 136.8,

175.6; NERIRHEIC A 2/ — v w7z

IR (ATR) 3363, 2921, 2853, 1587, 1539, 1391, 1297, 1180, 1103, 1013, 930, 861, 842, 785,

745, 725, 701 cm™%;

HRMS (ESI) m/z calcd for C22H12K304S [M+K]* 488.9367; found 488.9345.

3. Synthesis of D——A isobenzoheterole

Scheme 18. Preparation of lactone 52
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NPh,
BngONPhQ O
CHO 49
O
CO,Me THF, -40—0°C
(0]

90%
8 52
To a solution of 2-formylbenzoate 8 (2.47 g, 12.2 mmol) in THF (31 mL) was
added 4-diphenylaminophenyl magnesium bromide (0.247 M in THF, 11.0 mL, 15.4 mmol)
at —40 °C, and the reaction was stirred at room temperature for 4 h, the reaction was quenched
with 1 M HCL The products were extracted with EtOAc (x3), and brine, dried (Na2SOs4), and
concentrated in vacuo. The residue was purified by recrystallization (hexane/CHCI3) to give
lactone 52 (5.12 g, 90.1%) as a white solid.
"H NMR (CDCls, 500 MHz) 6.36 (s, 1H), 7.00-7.10 (m, 10H), 7.23-7.27 (m, 4H), 7.38 (d,
1H, J=8.0 Hz), 7.56 (t, 1H, J= 7.5 Hz), 7.67 (t, 1H, J= 7.5 Hz), 7.96 (d, 1H, J = 8.0 Hz);
3C NMR (CDCls, 125 MHz) 82.8, 122.9, 123.0, 123.5, 124.8, 125.6, 126.0, 128.3, 129.2,
129.3,129.4, 134.2, 147.3, 149.0, 149.6, 170.5;
IR (ATR) 3024, 1760, 1588, 1509, 1489, 1332, 1314, 1281, 1213, 1176, 1153, 1094, 1062,
1014, 958, 910, 837, 746 cm™!;
HRMS (ESI) m/z calcd for CasHioNO2Na [M+Na]*400.1313, found 400.1303.

Scheme 19. Preparation of isobenzofuran 51

NPh, NPh,

O Li@—CN I O
50 TFAA
H
(L e (L ——— X
THF, =78 > 0 °C o 0°C =
0 66%
52 53 ‘ 51 Q

CN
To a solution of 4-cyanophenyllitium 50 (1.00 M in THF, 10.0 mL, 2.47 mmol)

was added lactone 52 (776 mg, 2.06 mmol) at —78 °C, and the reaction was stirred at room
temperature for 4 h, the reaction was quenched with excess TFAA. After further stirring for
10 min, the reaction was stopped by adding sat. aq. NaHCOs3. The products were extracted
with EtOAc (x3), and brine, dried (Na2SOa4), and concentrated in vacuo. The residue was
purified by silica-gel flash column chromatography (hexane/EtOAc = 9/1) to give
isobenzofuran 51 (627 mg, 66.0%) as red solids.
"H NMR (CDCls3, 500 MHz) 7.01-7.17 (m, 10H), 7.29-7.32 (m, 4H), 7.67 (d, 2H, J= 8.5
Hz), 7.78-7.82 (m, 4H), 7.94 (d, 2H, J = 8.5 Hz);
13C NMR (CDCls, 125 MHz) 108.4, 119.3, 119.4, 120.9, 121.8, 123.0, 123.6, 123.8, 124.4,
124.9, 126.2, 126.9, 129.4, 132.6, 135.4, 140.6, 146.5, 147.2, 147.6;
IR (ATR) 3056, 3021, 2221, 1592, 1541, 1493, 1455, 1442, 1330, 1315, 1282, 1214, 1175,
1075, 1029, 999, 974, 942, 836, 756, 697 cm™!;
HRMS (ESI) m/z calcd for CssH22N20 [M]*462.1732, found 462.1714.
Scheme 20. Preparation of isobenzothiophene 54
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CN CN

To a solution of 51 (135 mg, 0.291 mmol) in dichloromethane (4.0 mL) was added
Lawesson’s reagent (589 mg, 1.46 mmol) under O2, the reaction was stirred for 7 h at room
temperature. After concentration, the residue was purified by silica-gel flash column
chromatography (hexane/EtOAc = 9/1) to give isobenzothiophene 54 (108 mg, 77.3%) as red
solids.

"H NMR (CDCl3, 500 MHz) 7.07-7.19 (m, 10H), 7.29-7.32 (m, 4H), 7.52 (d, 2H, J= 8.5
Hz), 7.74 (d, 2H, J=9.0 Hz), 7.79 (d, 2H, J= 9.0 Hz), 7.82 (d, 1H, J= 8.5 Hz), 7.86 (d, 1H, J
= 8.5 Hz);

BC NMR (CDCls, 125 MHz) 110.0, 119.0, 120.4, 121.8, 123.1, 123.5, 124.2, 124.9, 125.6,
127.0, 129.0, 129.4, 129.9, 132.8, 135.3, 137.6, 139.3, 147.3, 147.9;

IR (ATR) 3060, 3022, 2925, 2224, 1734, 1675, 1588, 1515, 1488, 1451, 1415, 1314, 1276,
1194, 1177, 1154, 1118, 1074, 1029, 1015, 930, 835, 750, 696 cm™';

HRMS (ESI) m/z calcd for CssH22N2S [M]*478.1504, found 478.1515.

Scheme 24. Preparation of isobenzoselenophene 57

NAr, NAr,

(D (D

Woollins'

_ Reagent _
0] —_— Se
= Y

toluene, r.t.

58 Q 23% 57 Q

CN CN
ar= 5

To a solution of 58 (52.4 mg, 0.0912 mmol) in toluene (2.0 mL) was added
Woollins’ reagent (48.9 mg, 0.0919 mmol), the reaction was stirred for 1 days. The residue
was purified by silica-gel flash column chromatography (hexane/EtOAc = 9/1) to give

isobenzoselenophene 57 (13.4 mg, 23.1%) as red solids.

'"H NMR (CDCls, 400 MHz) 0.95 (t, 6H, J= 7.2 Hz), 1.38 (sextet, 4H, J = 7.2 Hz), 1.56-1.65
(m, 4H), 2.59 (t, 4H, J=7.2 Hz), 6.93-7.12 (m, 12H), 7.41 (d, 2H, J= 8.8 Hz), 7.62—7.72 (m,
6H);

BC NMR (CDCls, 125 MHz) 14.0, 22.4, 33.6, 35.1, 110.0, 119.0, 120.8, 121.7, 122.3, 123.6,
125.1, 155.2, 128.0, 129.3, 129.6, 130.1, 132.6, 137.3, 138.29, 138.34, 141.3, 144.8, 147.5,
148.3;

IR (ATR) 3031, 2948, 2927, 2855, 2221, 1906, 1653, 1591, 1506, 1486, 1463, 1448, 1415,
1379, 13121, 1287, 1273, 1197, 1180, 1118, 1073, 1016, 961, 928, 901, 886, 832, 792, 747,
722 cm™;

HRMS (ESI) m/z calcd for CaiH3zsN2Se [M]*638.2204, found 638.2205.
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Scheme 21. Preparation of idiketone 55
NPh, NPh, NPh,

Cry O e O3
THF, —78 > 0 °C O foluene, 80 °C 0
52 O 53 ] 82%(2 steps) 55 O

CN CN

To a solution of 4-cyanophenyllitium (0.32 M in THF, 2.0 mL, 0.64 mmol) was
added lactone 52 (210 mg, 0.530 mmol) in THF (5.0 mL) at —78 °C, and the reaction was
stirring at room temperature for 5 h, the reaction was quenched with H20. The products were
extracted with EtOAc (X3), and brine, dried (Na2SOs4), and concentrated in vacuo. After
concentration, the crude product was dissolved in toluene (4 mL) and then added MnO2 (229
mg, 2.63 mmol) at room temperature. After stirring for 2 h at 150 °C, the mixture was filtrated
thought a Celite® pad and. Concentration and purification by silica-gel column
chromatography (hexane/EtOAc = 7/3) to give diketone 22 (213 mg, 82.1%) as white solids.
"H NMR (CDCl3, 300 MHz) 6.90 (d, 2H, J = 8.7 Hz), 7.13-7.17 (m, 6H), 7.33 (t, 4H, J= 8.1
Hz), 7.52-7.68 (m, 8H), 7.81 (d, 2H, J = 7.8 Hz);
3C NMR (CDCls, 75 MHz) 115.9, 118.0, 118.9, 125.0, 126.2, 128.7, 129.2, 129.6, 129.7,
129.9,130.3, 130.5, 131.7, 132.1, 139.1, 140.3, 140.6, 146.1, 152.4;
IR (ATR) 3062, 3035, 2925, 2855, 2230, 1668, 1649, 1580, 1554, 1506, 1489, 1451, 1425,
1404, 1335, 1310, 1276, 1188, 1150, 1099, 928, 850, 751 cm™!;
HRMS (ESI) m/z calcd for C3zsH22N202Na [M+Na]*501.1579, found 501.1566.

Scheme 27. Preparation of isobenzothiophene 54
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To a solution of 54 (771 mg, 1.61 mmol) in dichlorometane (6.0 mL) was added
diisobutylaluminium hydride (1.0 M in THF, 1.9 mL, 1.9 mmol) at 0 °C, and the reaction was
stirred at room temperature for 1 h. The reaction was reaction was quenched with 2 M NaOH.
After further stirring for 10 min, the products were extracted with EtOAc (x3), and brine,
dried (Na2S0Os), and concentrated in vacuo. The residue was purified by silica-gel flash
column chromatography (hexane/EtOAc = 9/1) to give aldehyde 65 (604 mg, 77.9%) as red
solids.

To a solution of aldehyde 24 (217 mg, 0.115 mmol) in CHCI3 (3.0 mL) was added
cyanoacetic acid (116 mg, 1.35 mmol), and piperidine (0.20 mL, 2.0 mmol) at room
temperature, and the reaction mixture was stirred at reflux for 7 h. The residue was directly
purified by silica-gel flash column chromatography (CHCIs only — CHCI3/MeOH = 95/5) to
give isobenzothiophene 66 (202 mg, 81.7%).
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'H NMR (CDCls, 500 MHZ) 7.06-7.19 (m, 10H), 7.30 (t, 4H, J = 8.5 Hz), 7.52 (d, 2H, J =
8.5 Hz), 7.83-7.89 (m, 4H), 7.96 (d, 2H, J = 8.0 Hz);

13C NMR (CDCL, 125 MHz) 120.7, 121.7, 123.1, 123.5, 124.2, 124.9, 125.4, 127.2, 129.0,
129.4, 129.9, 130.5, 130.9, 134.6, 135.3, 136.0, 137.3, 140.8, 147.3, 147.8;

IR (ATR) 3022, 2924, 2826, 2736, 1695, 1592, 1562, 1516, 1489, 1451, 1414, 1383, 1315,
1277, 1214, 1167, 1119, 1075, 1029, 1014, 929, 826, 751, 697 cm™';

HRMS (ESI) m/z calcd for CasHasNOS [M]* 481.1500, found 481.1500.

NPh,

NC
COOH

"H NMR (DMSO-ds, 300 MHz) 7.09-7.28 (m, 10H), 7.34-7.40 (m, 4H), 7.63 (d, 2H, J = 8.7
Hz), 7.85 (d, 1H, J=8.7 Hz), 7.92 (d, 2H, J= 8.1 Hz), 7.96 (d, 1H, J= 8.7 Hz), 8.18 (d, 1H, J
= 8.7 Hz), 8.32 (s, 1H);
3C NMR (DMSO-ds, 125 MHz) 117.4,121.4, 121.9, 123.1, 124.3, 125.3, 126.3, 126.9,
129.2, 130.3, 130.4, 130.5, 131.2, 132.1, 135.2, 136.0, 136.8, 138.4, 147.2, 147.9, 163.9;
IR (ATR) 3399, 3018, 2958, 2928, 2857, 2219, 1699, 1622, 1590, 1507, 1454, 1395, 1339,
1318, 1281, 1215, 1184, 1151, 1092, 1017, 933, 829, 799, 751 cm™';
HRMS (MALDI) m/z calcd for C3sH24N202S [M]* 548.1553, found 548.1565.

Preparation of isobenzofuran 58

NAr, NAr,

o o
O . 'O TFAA : o
S

THF, =78 °C — rit. THF, r.t.
72 0 60% 58

SRERAVASN CN
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To a solution of 4-cyanophenyllitium (1.00 M in THF, 2.0 mL, 0.534 mmol) was
added lactone 72 (209 mg, 0.427 mmol) at —78 °C, and the reaction was stirred at room
temperature for 11 h, the reaction was quenched with excess TFAA. After further stirred for
10 min, the reaction was stopped by adding sat. aq. NaHCO3. The products were extracted
with EtOAc (x3), and brine, dried (Na2SOs4), and concentrated in vacuo. The residue was
purified by silica-gel flash column chromatography (hexane/EtOAc = 5/5) to give
isobenzofuran 58 (146 mg, 60.0%) as red solid.

"H NMR (CDCls, 500 MHz) 0.95 (t, 6H, J = 7.5 Hz), 1.38 (sextet, 4H, J = 7.5 Hz), 1.61
(quintet, 4H, J= 7.5 Hz), 2.59 (t, 4H, J= 7.5 Hz), 6.99-7.12 (m, 12H), 7.66 (d, 2H, J = 8.0
Hz), 7.75-7.81 (m, 4H), 7.92 (d, 2H, J = 8.0 Hz);

3C NMR (CDCls, 125 MHz) 14.0, 22.4, 33.6, 35.1, 108.2, 119.4, 121.0, 121.5, 121.8, 123 .4,
123.7, 124.5, 124.8, 125.1, 126.1, 126.9, 129.3, 132.6, 135.4, 138.4, 140.3, 144.7, 146.8,
148.1;

IR (ATR) 3019, 2957, 2929, 2858, 2222, 1598, 1541, 1501, 1455, 1442, 1321, 1284, 1214,
1174, 974, 833, 751 cm™;

HRMS (ESI) m/z calcd for Ca1H3sN20ONa [M+Na]*597.2882, found 597.2877.

Preparation of isobenzothiophene 61

NPh, NPh;

(D ()

Woollins'
_ Reagent _—
O —_— Se
~ ~
CH20|2, r.t.
51 Q 59% 61 O

CN CN

To a solution of isobenzofuran 51 (164 mg, 0.355 mmol) in dichloromethane (10
mL) was added Woollins’ reagent (90.4 mg, 0.170 mmol), the reaction was stirred at room
temperature for 2 days. After concentration, the residue was purified by silica-gel flash
column chromatography (hexane/EtOAc = 9/1) to give isobenzoselenophene 61 (98.6 mg,
58.9%) as red solids.
'"H NMR (CDCls, 500 MHz) 6.97-7.00 (m, 1H), 7.02-7.05 (m, 1H), 7.08 (t, 2H, J= 7.5 Hz),
7.14 (d, 2H, J=8.5 Hz), 7.17 (d, 4H, J= 7.5 Hz), 7.30 (t, 4H, J= 8.5 Hz), 7.46 (d, 2H, J =
9.0 Hz), 7.65 (d, 2H, J= 8.5 Hz), 7.70-7.74 (m, SH);
BBC NMR (CDCls, 125 MHz) 110.1, 119.0, 120.9, 122.3, 122.9, 123.5, 123.8, 124.9, 125.2,
129.0, 129.4, 129.7, 130.3, 132.7, 137.5, 138.3, 138.7, 141.2, 147.0, 147.3, 147.9;
IR (ATR) 3033, 2223, 1733, 1587, 1515, 1486, 1451, 1416, 1331, 1273, 1220, 1175, 1113,
1073, 1032, 928, 890, 832, 772, 721 cm!;
HRMS (ESI) m/z calcd for CssH22N2Se [M]*526.0951, found 526.0937.

Scheme 28. Preparation of isobenzothiophene 54
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To a solution of 61 (431 mg, 0.955 mmol) in dichlorometane (6.0 mL) was added
diisobutylaluminium hydride (1.0 M in THF, 1.1 mL, 1.1 mmol) at 0 °C, and the reaction was
stirred at room temperature for 10 min. The reaction was reaction was quenched with 2 M
NaOH. After further stirred for 10 min, the products were extracted with CH2Cl2 (x3), and
brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash
column chromatography (hexane/EtOAc = 9/1) to give aldehyde 68 (421 mg, 97.1%) as red
solids.

To a solution of aldehyde 68 (216 mg, 0.409 mmol) in CHCI3 (3.0 mL) was added
cyanoacetic acid (102 mg, 1.19 mmol) and piperidine (0.2 mL, 2.0 mmol) at room
temperature, and the reaction mixture was stirred at 90 °C for 6 h. The residue was purified by
silica-gel flash column chromatography (CHCIs only — CHCl3/MeOH = 95/5) to give
isobenzoselenophene 70 (183 mg, 74.8%) as red solids.

NPh,

"H NMR (CDCls, 500 MHz) 6.97-7.00 (m, 1H), 7.03-7.06 (m, 1H), 7.08 (t, 2H, J= 7.5 Hz),
7.15 (d, 2H, J= 9.0 Hz), 7.18 (d, 4H, J = 8.5 Hz), 7.31 (t, 4H, J = 7.5 Hz), 7.47 (d, 2H, J =
8.5 Hz), 7.72 (d, 2H, J=9.0 Hz), 7.78 (d, 2H, J = 8.0 Hz), 7.96 (d, 2H, J = 8.0 Hz);

3C NMR (CDCls, 125 MHz) 121.2, 122.2, 123.0, 123.5, 123.8, 124.9, 125.0, 129.3, 129.4,
129.7, 130.3, 130.4, 134.7, 137.6, 138.3, 139.8, 142.8, 146.8, 147.3, 147.8, 191.5;

IR (ATR, cm™) 3059, 3033, 2814, 2732, 1691, 1586, 1513, 1485, 1449, 1410, 1383, 1332,
1316, 1277, 1211, 1168, 1116, 1075, 1028, 1003, 927, 895, 825, 749, 731, 721, 694;

HRMS (ESI) m/z calcd for C3zsH2sNOSe [M]*529.0947, found 529.0928.
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NPh,

NC
COOH
'H NMR (DMSO-ds, 300 MHz) 7.06-7.15 (m, 10H), 7.34—7.40 (m, 4H), 7.56 (d, 2H, J = 8.4
Hz), 7.69 (d, 1H, J = 8.4 Hz), 7.76-7.85 (m, 3H), 8.15 (d, 1H, J = 8.4 Hz), 8.29 (s, 1H);
IR (ATR) 3485, 2924, 2222, 1582, 1513, 1487, 1391, 1314, 1272, 1180, 1117, 935, 822, 790,
748 cm !
HRMS (ESI) m/z caled for CasH2aN202Se [M]* 596.1006, found 596.0999,

Scheme 28. Preparation of isobenzothiophene 78
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To a solution of 2-formylbenzoate 8 (1.51 g, 9.20 mmol) in THF (30 mL) was
added di(4-dibutylphenyl) aminophenyl magnesium bromide (1.0 M in THF, 10 mL, 10
mmol) at —40 °C, and the reaction was stirred at room temperature for 11 h, the reaction was
quenched with 1 M HCL. The products were extracted with EtOAc (X3), and brine, dried
(Na2S0s4), and concentrated in vacuo. The residue was purified by silica-gel flash column
chromatography (hexane/EtOAc = 9/1 — 8/2) to give lactone 72 (3.31 g, 73.6%) as white
solids.

To a solution of 4-cyanophenyllitium (1.00 M in THF, 3.0 mL, 0.616 mmol) was
added lactone 72 (262 mg, 0.536 mmol) at —78 °C, and the reaction was stirred at room
temperature for 12 h, the reaction was quenched with H20. The products were extracted with
EtOAc (%X3), and brine, dried (Na2SO4). After the solvents were removed under reduced
pressure to give the crude product. To a solution of crude product (316 mg) in CH2Cl2 (3 mL)
was added Lawesson’s reagent (65.0 mg, 0.161 mmol), the reaction was stirring for 30 min.
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The residue was purified by silica-gel flash column chromatography (hexane/CH2Cl> = 8/2) to
give isobenzothiophene 74 (232 mg, 73.3%) as red solids.

To a solution of isobenzothiophene 74 (52.6 mg, 0.089 mmol) in CH2Cl2 (3.0 mL)
was added diisobutylaluminium hydride (1.0 M in THF, 0.10 mL, 0.10 mmol) at 0 °C, and the
reaction was stirred at room temperature for 10 min. The reaction was reaction was quenched
with 2 M NaOH. After further stirring for 10 min, the products were extracted with EtOAc
(x3), and brine, dried (Na2SOs4), and concentrated in vacuo. The residue was PTLC
(hexane/CH2Cl> = 9/1) to give aldehyde 76 (41.2 mg, 78.0%) as red solids.

To a solution of aldehyde 76 (51.1 mg, 0.0879 mmol) in CHCIs (3.0 mL) was
added cyanoacetic acid (27.1 mg, 0.319 mmol), and piperidine (0.2 mL, 2.0 mmol) at room
temperature, and the reaction mixture was stirred at reflux for 6 h. The residue was purified
by silica-gel flash column chromatography (CHCIs only — CHCl3/MeOH = 95/5) to give
isobenzothiophene 78 (26.1 mg, 44.8%) as red solids.

NAr,

&
e

0]

lactone 72

'H NMR (CDCl, 500 MHz) 0.93 (t, 6H, J = 7.5 Hz), 1.36 (sextet, 4H, J = 7.5 Hz), 1.55-1.61
(m, 4H), 2.56 (t, 4H, J = 7.5 Hz), 6.34 (s, 1H), 6.95-7.07 (m, 12H), 7.37 (d, 1H, J = 7.5 Hz),
7.54 (t, 1H, J=17.5 Hz), 7.65 (t, I1H, J="7.5 Hz), 7.94 (d, 1H, J= 7.5 Hz);

3C NMR (CDCl3, 125 MHz) 13.9, 22.4, 33.6, 35.0, 82.9, 121.6, 123.0, 124.9, 125.5, 126.0,
128.0, 128.2, 129.2, 134.1, 138.2, 144.8, 149.4, 149.6, 170.5;

IR (ATR) 3027, 2955, 2928, 2857, 2251, 1765, 1603, 1506, 1465, 1319, 1281, 1210, 1177,
1115, 1098, 1060, 1014, 959, 910, 830, 744, 733 cm™!;

HRMS (ESI) m/z calcd for CaaHssNO2Na [M+Na]* 512.2565, found 512.2547.

NAr2

CN

isobenzothiophene 76

"H NMR (CDCls, 400 MHz) 0.95 (t, 6H, J = 7.2 Hz), 1.38 (sextet, 4H, J = 7.2 Hz), 1.61
(quintet, 4H, J = 7.2 Hz), 2.60 (t, 4H, J= 7.2 Hz), 7.08-7.20 (m, 12H), 7.59 (d, 2H, J= 8.8
Hz), 7.73-7.87 (m, 6H);

13C NMR (CDCls, 100 MHz) 14.0, 22.4, 33.6, 35.0, 109.8, 118.9, 120.3, 121.9, 124.0, 125.0,
125.5,125.9, 128.8, 129.3, 129.5, 129.7, 132.6, 135.1, 135.9, 137.9, 138.3, 139.2, 144.8,
148.3;

IR (ATR) 3020, 2959, 2933, 2858, 2226, 1600, 1490, 1454, 1417, 1381, 1321, 1284, 1215,
1179, 908, 834, 751, 734, 671 cm™!;

HRMS (ESI) m/z calcd for Ca1tH3sN2SNa [M+Na]* 613.2653, found 613.2630.
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isobenzothiophene 78

"H NMR (CDCls, 400 MHz) 0.95 (t, 6H, J= 7.2 Hz), 1.38 (sextet, 4H, J= 7.2 Hz), 1.61
(quintet, 4H, J= 7.2 Hz), 2.60 (t, 4H, J= 7.2 Hz), 7.08-7.19 (m, 12H), 7.51 (d, 2H, J= 8.8
Hz), 7.85-7.91 (m, 4H), 7.98 (d, 2H, J= 8.0 Hz), 10.05 (S, 1H);

13C NMR (CDCls, 100 MHz) 14.0, 22.4, 33.6, 35.1, 120.6, 121.8, 1219, 124.0, 125.0, 125.3,
126.1, 128.8, 129.3, 129.7, 130.4, 131.1, 134.4, 135.2, 136.0, 137.7, 138.2, 140.8, 144.9,
148.2, 191.4;

IR (ATR) 3028, 2955, 2927, 2856, 2734, 1899, 1697, 1595, 1561, 1506, 1451, 1415, 1381,
1320, 1283, 1213, 1181, 1167, 1117, 1016, 930, 827, 751 cm™;

HRMS (ESI) m/z calcd for Ca1H3gNOS [M]*593.2752, found 593.2762.

NAr,

NC—¢/
COOH

isobenzothiophene 78

IR (ATR) 3416, 3018, 2958, 2928, 2857, 2219, 1699, 1622, 1590, 1507, 1454, 1395, 1339,
1318, 1281, 1215, 1184, 1151, 1092, 1017, 933, 829, 799, 751 cm™!;
HRMS (ESI) m/z calcd for CaaHaoN202S [M]*660.2810, found 660.2839.
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Scheme 28. Preparation of isobenzothiophene 79
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To a solution of 2-formylbenzoate 8 (1.61 g, 9.81 mmol) in THF (32 mL) was
added 4-s-butyl4-diphenylaminophenyl magnesium bromide (1.00 M in THF, 20.0 mL, 10.3
mmol) at —40 °C, and the reaction was stirred at room temperature for 4 h, the reaction was
quenched with 1 M HCL. The products were extracted with EtOAc (%3), and brine, dried
(Na2S0a4), and concentrated in vacuo. The residue was purified by silica-gel flash column
chromatography (hexane/EtOAc = 8/2) to give lactone 73 (3.28 g, 68.5%) as a white solid.

To a solution of 4-cyanophenyllitium (1.00 M in THF, 13.0 mL, 3.67 mmol) was
added 73 (1.50 g, 3.06 mmol) at —78 °C, and the reaction was stirred at room temperature for
4 h, the reaction was quenched with H20. The products were extracted with EtOAc (%3), and
brine, dried (Na2SO4). After the solvents were removed under reduced pressure to give the
crude product. To a solution of crude product (2.31 g) in dichloromethane (10 mL) was added
Lawesson’s reagent (616 mg, 1.52 mmol), the reaction was stirred for 10 min. The residue
was purified by silica-gel flash column chromatography (hexane/CH2Cl> = 5/5) to give
isobenzothiophene 75 (1.26g, 69.6%) as red solids.

To a solution of isobenzothiophene 75 (1.26g, 2.13 mmol) in CH2CL (7.0 mL) was
added diisobutylaluminium hydride (1.0 M in THF, 2.5 mL, 2.5 mmol) at 0 °C, and the
reaction was stirred at room temperature for 1 h. The reaction was reaction was quenched
with 2 M NaOH. After further stirred for 10 min, the products were extracted with CH2Cl»
(%3), and brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by
silica-gel flash column chromatography (hexane/EtOAc = 5/5) to give aldehyde 77 (1.01 g,
80.2%) as red solids.

To a solution of aldehyde 77 (596 mg, 1.01 mmol) in CHCI3 (3.0 mL) was added
cyanoacetic acid (259 mg, 3.01 mmol), and piperidine (0.2 mL, 2.0 mmol) at room
temperature, and the reaction mixture was stirred at reflux for 6 h. The residue was purified
by silica-gel flash column chromatography (CHCIs only — CHCI3/MeOH = 95/5) to give
isobenzoselenophene 79 (592mg, 89.6%).

lactone 73
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"H NMR (CDCls3, 500 MHz) 0.83 (t, 6H, J= 7.0 Hz), 1.22 (d, 6H, J= 7.0 Hz), 1.57 (quintet,
4H, J

=7.0 Hz), 2.55 (sextet, 2H, J = 7.0 Hz), 6.35 (s, 1H), 6.95-7.07 (m, 12H), 7.37 (d, 1H, J="7.5
Hz), 7.54 (t, 1H, J = 7.5 Hz), 7.65 (t, 1H, J= 7.5 Hz), 7.94 (d, 1H, J = 7.5 Hz);

BC NMR (CDCl3, 125 MHz) 12.2,21.7, 31.2, 40.0, 82.9, 121.7, 123.0, 124.9, 125.5, 126.1,
137.8, 128.0, 128.2, 129.2, 134.1, 143.0, 144.9, 149.4, 149.6, 170.5;

IR (ATR) 3027, 2959, 2927, 2871, 1763, 1602, 1506, 1464, 1376, 1316, 1281, 1211, 1178,
1096, 1060, 1013, 996, 957, 829, 748, 705 cm™;

HRMS (ESI) m/z calcd for C3sH3sNO2Na [M+Na]* 512.2565, found 512.2545.

isobenzothiophene 75

"H NMR (CDCl3, 500 MHz) 0.86 (t, 6H, J = 7.0 Hz), 1.25 (d, 6H, J= 7.0 Hz), 1.57-1.63 (m,
4H), 2.58 (sextet, 2H, J= 7.0 Hz), 7.08-7.17 (m, 12H), 7.49 (d, 2H, J= 8.0 Hz), 7.73 (d, 2H,
J=8.0Hz), 7.77 (d, 2H, J= 8.0 Hz), 7.81 (d, 1H, J= 8.0 Hz), 7.86 (d, 1H, J= 8.0 Hz);

3C NMR (CDCls, 125 MHz) 12.3,21.7,31.2, 41.1, 109.9, 119.0, 120.3, 121.85, 121.90,
124.0, 125.0, 125.5, 125.9, 127.9, 129.0, 129.6, 129.8, 132.7, 135.1, 136.0, 138.0, 139.4,
143.1, 144.9, 148 .4,

IR (ATR, cm™) 2958, 2923, 2871, 2220, 1596, 1506, 1489, 1450, 1412, 1378, 1339, 1318,
1272, 1199,1173, 1110, 1061, 1014, 957, 929, 826, 789, 744, 721;

HRMS (ESI) m/z calcd for Ca1HzsN2S [M]*590.2756, found 590.2738.

isobenzothiophene 77

"H NMR (CDCls, 500 MHz) 0.87 (t, 6H, J = 7.5 Hz), 1.25 (d, 6H, J = 7.5 Hz), 1.55-1.64 (m,
4H), 2.58 (sextet, 2H, J= 7.5 Hz), 7.08-7.17 (m, 12H), 7.50 (d, 2H, J = 8.5 Hz), 7.84-7.89
(m, 4H), 7.96 (d, 2H, J = 8.0 Hz), 10.03 (s, 1H);

3C NMR (CDCls, 125 MHz) 12.3,21.7,31.2,41.1, 120.7, 121.8, 121.9, 124.0, 125.0, 125.4,
126.1, 127.9, 128.9, 129.7, 130.4, 134.5, 135.2, 136.0, 137.8, 140.9, 143.0, 144.9, 148.3,
191.5;

IR (ATR) 3029, 2958, 2925, 2871, 1695, 1593, 1562, 1505, 1450, 1413, 1378, 1317, 1280,
1211, 1181, 1166, 1109, 1065, 1011, 957, 929, 823, 745, 719 cm™;

HRMS (ESI) m/z calcd for CaiH3sNOS [M]*593.2752, found 593.2762.

isobenzothiophene 79

"H NMR (CDCl, 500 MHz) 0.80 (t, 6H, J = 7.2 Hz), 1.20 (d, 6H, J = 7.2 Hz), 1.52-1.59 (m,
4H), 2.58 (sextet, 2H, J= 7.2 Hz), 7.00-7.24 (m, 12H), 7.58 (d, 2H, J= 8.5 Hz), 7.82-7.87
(m, 3H), 7.93 (d, 2H, J = 8.5 Hz), 8.09 (d, 2H, J= 8.5 Hz), 8.13 (s, 1H);

IR (ATR) 3430, 3028, 2958, 2925, 2871, 2220, 1620, 1587, 1506, 1450, 1389, 1374, 1315,
1275, 1182, 1119, 1013, 930, 827, 788, 745 cm™!;
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Scheme 30. Preparation of 2-formylbenzoate 87, 88
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Synthesis of 2-formylbenzoate 87:

To a solution of 3,4-dibromothiophene 80 (15.1 g, 62.2 mmol) in Et20 (205 mL)
was added NiClz(dppp) (1.70 g, 3.13 mmol), and n-propyl magnesium bromide (1.88 M in
Et.O, 100 mL, 188 mmol) at room temperature, and the reaction mixture was stirred at reflux
for 2 h, the reaction was quenched with 2M HCI. The products were extracted with EtOAc
(x3), sat. ag. NaHCOs, brine, dried (Na2SOs4), and concentrated in vacuo. The residue was
vacuum distillation (1.5 mmHg, 65-69°C) to give alkylthiophene 81 (7.82 g, 75%).

To a solution of alkylthiophene 81 (7.80 g, 46.4 mmol) in chloroform (155 mL)
was added 70% mCPBA (27.0 g, 109 mmol) at 0 °C, and the reaction mixture was stirred at
room temperature 1 day, and the reaction was quenched with sat. ag. NaHCOs3. The products
were extracted with CHCIs (x3), 10% Na2S20s3 ag. (x2), brine, dried (Na2SQOs4), and
concentrated in vacuo. The residue was purified by silica-gel flash column chromatography
(CHCIs only) to give dioxide 83 (7.55 g, 81%).

To a solution of dioxide 83 (7.54 g, 37.7 mmol) in o-dichlorobenzene (125 mL)
was added acetylenediester (11.0 ml, 89.8 mmol) at room temperature, and the reaction
mixture was heated to reflux and stirred for 5.5 h, and concentrated in vacuo. The residue was
purified by silica-gel flash column chromatography (hexane/acetone = 9/1) to give diester 85
(10.3 g, 98%).

SDBBA was prepared by the following method. To a solution of sodium zert-
butoxide (1.13 g, 11.5 mmol) in THF (11 mL) was added DIBAL (1.0 M in hexane, 11.5 ml,
11.5 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 1 h.

To a solution of 85 (2.00 g, 7.19 mmol) in THF (24 mL) was added SDBBA (18
ml) at 0 °C, and the reaction mixture was stirred at 0 °C for 1 h, the reaction was quenched
with 1M HCL The products were extracted with EtOAc (%3), and brine, dried (Na2SOs4), and
concentrated in vacuo. The residue was purified by silica-gel flash column chromatography
(hexane/EtOAc = 9/1) to give 2-formylbenzoate 87 (1.25 g, 70%).

_
s

alkylthiophene 81
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'H NMR (CDCls, 300 MHz) 0.99 (t, 6H, J = 7.2 Hz), 1.65 (sext., 4H, J = 7.2 Hz), 2.49 (t, 4H,
J=17.2Hz), 6.89 (s, 2H):;

3C NMR (CDCl3, 75 MHz) 14.1,22.8,30.9, 119.9, 141.9;

IR (ATR) 2957, 2929, 2871, 1456, 1378, 1336, 1279, 1261, 1179, 1109, 1064, 962, 899, 869,
779 cm!;

S
/"0

dioxide 83
'H NMR (CDCls, 300 MHz) 1.03 (t, 6H, J = 7.6 Hz), 1.60 (sext. , 4H, J = 6.2 Hz), 2.29 (t,
4H, J = 6.5 Hz), 6.25 (s, 2H);
13C NMR (CDCls, 75 MHz) 13.7, 20.3, 29.9, 124.8, 147.3;
IR (ATR, cm™1) 3087, 3074, 2957, 2931, 2874, 1752, 1631, 1561, 1463, 1423, 1378, 1279,
1239, 1176, 1088, 911, 876, 791, 712;
HRMS (ESI) m/z calcd for C10H1602S1H [M+H]*201.0949, found 201.0934.

mCOOMe

COOMe

diester 85

'H NMR (CDCls, 300 MHz) 1.01 (t, 6H, J = 7.6 Hz), 1.62 (sext., 4H, J = 7.6 Hz), 2.63 (t, 4H,
J=17.6 Hz), 3.89 (s, 6H), 7.50 (s, 2H);

IR (ATR, cm™) 3439, 2957, 2933, 2871, 1725, 1609, 1560, 1456, 1434, 1395, 1379, 1295,

1276, 1265, 1217, 1191, 1133, 1089, 1046, 1022, 973, 916, 834, 791, 768, 747,
HRMS (ESI) m/z calcd for Ci6H2204Na [M+Na]* 301.1416, found 301.1407.

COOMe

diester 87

Synthesis of 2-formylbenzoate 88:

To a solution of 3,4-dibromothiophene 80 (20.0 g, 82.7 mmol) in Et2O (140 mL)
was added NiClz(dppp) (1.34 g, 2.47 mmol), and n-propyl magnesium bromide (2.00 M in
Et20, 104 mL, 208 mmol) at room temperature, and the reaction mixture was stirred at reflux
for 3.5 h, the reaction was quenched with 2M HCI. The products were extracted with EtOAc
(x3), sat. ag. NaHCOs, brine, dried (Na2S04), and concentrated in vacuo. The residue was
vacuum distillation (3.0 mmHg, 97-127 °C) to give alkylthiopene 82 (8.43 g, 81%).

To a solution of diarylthiopene 82 (8.43 g, 33.4 mmol) in chloroform (110 mL) was
added 70% mCPBA (18.9 g, 76.8 mmol) at 0 °C, and the reaction mixture was stirred at room
temperature 12 h, and the reaction was quenched with sat. ag. NaHCOs. The products were
extracted with CHCls (x3), 10% Na2S203 aq., brine, dried (Na2SQOa4), and concentrated in
vacuo. The residue was purified by silica-gel flash column chromatography (CHCIs only) to
give dioxide 84 (8.24 g, 87%).

To a solution of dioxide 84 (2.04 g, 7.17 mmol) in o-dichlorobenzene (25 mL) was
added acetylenediester (2.0 ml, 16.3 mmol) at room temperature, and the reaction mixture
was heated to reflux and stirred for 5 h, and concentrated in vacuo. The residue was purified
by silica-gel flash column chromatography (CH2H: only) to give diester 86 (2.33 g, 90%).
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SDBBA was prepared by the following method. To a solution of sodium ter#-butoxide (1.36
g, 14.2 mmol) in THF (14 mL) was added DIBAL (1.0 M in hexane, 14.0 ml, 14.0 mmol) at 0
°C, and the reaction mixture was stirred at 0 °C for 1 h.

To a solution of 86 (2.54 g, 7.01 mmol) in THF (20 mL) was added SDBBA (20
ml) at 0 °C, and the reaction mixture was stirred at 0 °C for 1 h, the reaction was quenched
with 2 M HCI. The products were extracted with EtOAc (x3), and brine, dried (Na2SOs4), and
concentrated in vacuo. The residue was purified by silica-gel flash column chromatography
(hexane/EtOAc = 95/5) to give 2-formylbenzoate 88 (1.45 g, 62%).

COOMe
diester 86
IH NMR (CDCls, 300 MHz) 0.89 (t, 6H, J = 6.9 Hz), 1.26-1.42 (m, 12H), 1.52-1.62 (m, 4H),
2.63 (t, 4H, J=7.9 Hz), 3.89 (s, 6H), 7.49 (s, 2H);
13C NMR (CDCls, 75 MHz) 14.0, 22.6, 29.3, 30.8, 31.6, 32.5, 52.4, 129.2, 129.7, 144.3,
168.4;
IR (ATR, cm™) 2952, 2926, 2856, 1727, 1609, 1560, 1457, 1434, 1378, 1293, 1214, 1191,
1133, 1037, 973, 912, 791, 771;
HRMS (ESI) m/z calcd for C22H3404Na [M+Na]* 385.2355, found 385.2348.

CHO
2-formylbenzoate 88

'H NMR (CDCls, 300 MHz) 0.87-0.91 (m, 6H), 1.25-1.45 (m, 12H), 1.55-1.65 (m, 4H), 2.68
(t, 4H, J =7.8 Hz), 3.96 (s, 3H), 7.74 (s, 1H), 7.75 (s, 1H), 10.60 (s, 1H);

13C NMR (CDCls, 75 MHz) 14.0, 22.5, 29.3, 30.7, 30.8, 31.6, 32.6, 32.8, 52.5, 129.1, 129.4,
131.3, 134.6, 145.8, 146.7, 167.0, 192.3;

IR (ATR, cm™) 2954, 2925, 2856, 1772, 1719, 1688, 1601, 1559, 1458, 1435, 1378, 1275,
1223, 1192, 1137, 1054, 915, 853, 785, 725;

HRMS (ESI) m/z calcd for C2:H3203Na [M+Na]* 355.2249, found 355.2232.
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