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Figure 1-1 Photo-radical generation reaction
mechanism and reaction mechanism of photo-

polymerization of olefins.
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Figure 1-7 Photochromic compounds: a) flugide, b) azobenzene, c) spiropyran, d) hexaal-
lylbiimidazole (HABI), e) diarylethene, f) diarylethene with perfluorocyclopentene moiety,

g) Photon-quantitative 6 x -electrocyclization of terarylene.
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Figure 1-8 Acid generation mechanism of terarylene

photo-acid generator.
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BE 74huIviE—7V—LUVEREERL UV AR ERI DS Fi%
Bt

2-1 REDOHEW

BOECIE, 74 2u Iy x—T7 Y —L v OMBRRIGEICHE S BB SGIC X B RE
HNRAFFVIEEE RN E Lz, CORMNEZERT 272012, NEREESEEZ 7Y — i
I LB 2 RLEfll, F =7 ) — A BB A BEERE O @ Bk 2 BB G i

EBAL=Sen 4 RiEFAER] (PLAGs: Photo Lewis Acid Generators) #BHFE L 7=,

EIE XN RBREFOHFRS

uv

.
—lp
Vis
(R: OMe) .
Open form Closed form Carbocation form

2-2 DTG BEROBET

VTV =TT VBBRE IS IC XD RLSARICBABRIR A~ L 2L 5 2 L A HRETH D |
ZD7+ Fomly ZRHEIEREONME, B RDOILN Y ¥ FRICL Y H
TEICIRD ZEDARETH B, T2, ZORIIFHBRE D HEHBRE~D 7+ + 7 v 3 v 7Rk
2T, PIRBEEORLEWRICOHELE X5, FFICT ) — 2V HOFHIIHETH Y,
~NTRAEHRAEBRBEZ AT VT YY) AT VIFEVRLEEE B L TWwb 2, v
Y VERBEARONEBRESESEAET YT ) — T v ORISR AL ETH BV, A
FTHANBBREEDF 7 2L v 2T ) —AFICH O CHRREE 2 A RENRT 2 2 L T,
HANKHF A VEEER LT VT ERRG L 72, b, BIREIEEZICERT 2 LR
HFF v Ry FF T2y, 72 ANFF 72RO F—W0T%2T ) —AEHIGE
RLTCANVEAF A v OREREZED, KISREBEBRHEL CFT VL —T ) -1 v Ei%
IC L7z ROGRIC A+ ¥ 3 (PLAG-10). PV 77— M (PLAG-20) 2H 3 %KL
A AFEFAA] (Figure 2-1) 2 &HL 72,
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Figure 2-1 Photo-chromic reactions of PLAG-10 and photo-induced Lewis acid-generating
reaction of PLAG-2o0.
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2-3 EFLFEHE
2-3-1 EFAFARICLDFEBRRON R IGIE MR B OIS T
74 brva iy 2SS FHRRICHET S nlETFRO~FH Y v G xffray
T7F A= aVRIRTGAICETT S 2 LMo N TS, RIHTIE, X =T ) —L VT
PLAG-1,PLAG-2 iIc2 W T, 2N Z DB (PLAG-10, PLAG-20) @YK IGIEH: D anti-
parallel U W IR 2> & % EEPLBIECRRR (DFT) FHEIC X W m&EBE 2 L 72
(Figure 2-2), ¥ 7z, PLAG-lo. PLAG-20 OJ¢ISIETENED parallel B U W FIHAREE I
DWW T DFTEHEIC X Y IBELREE % 518 L 72 (Figure 2-3), & 512, LA @ anti-parallel
BINGE & parallel GG D — D2 KL, KEBR AV 7+ A—v a vV ERGIL 72,

Figure 2-2 Optimized geometry of anti-parallel conformation of (a) PLAG-10 and (b) PLAG-
20 based on B3LYP/6-31G (d, p) level and its simulated absorption spectrum by TD-DFT
method.

PLAG-lo iICBWTRY VI A7 = v DI & KIGHE TR\ A FAFEDO KK F DI
Bl 0.296nm TH V| Fidd & /KFE D van der Waals D EE2 0.305nm L Y w2 &
PHRYFFT 2V ERIGE TRWAFLEDR O CH/S HEMER SRR & iz,

F 7. PLAG-20 ICBWTRY VT4 7 = VORER T & KGR TR\ A FAEOKERT
DOEAEEIX 0.270nm TH Y | BidE & /KFED van der Waals HZED A2 0.305nm L D T
ZEHHbRYYVFFT7 2V ERIGR TRV AFAEDMB O CH/S MHAMFHR®B I 1T,
5, RIGRTRWAFAEOKBR T MY 77—+ EoMHEETOE#E T 0.256 nm
TH Y., KFELEHED van der Waals FREDEFF230.260 nm K Y HiivZ &2 RIGHT
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BTWAFAEL VY 77— oo CH/O AR RS Iz, I 51, RIGHATF
NI F 7 2L v ORI 0.255 nm TH Y, KFET L IHFEHEERD van der Waals EOH
@ 0.290 nm XY L o RIGH A F AL F 7 2L v ofilo CH/mHAER AR
XNz,

Kz, PLAG-10, PLAG-20 @ parallel 20 #)ikGE iIc o wvwCd DFT &I L Y &%
FELREE Z L 72, PLAG-1o ICH VTRV Y FF 7 = v OFREIF T & MG A F LD
KFEIET OFFEREZ 0.294nm TH Y | Bii# & /KFED van der Waals FE DA EFS 0.305 nm X
DHIMNT PRy YV FF7 v e KGR AT VDR O CH/S AR X L7z,
T RIGRAFAHEDKFF T L X b F o HOBRFETFOHHEL 0.242nm TH Y, K&K
EFESE D van der Waals %28 0.260 nm X D W T & 25 RIG A FVELDKFFT &

FY 77— RO CH/O AR R®RI Nz, S 0IC, RIEH TRV AF I L F
7 2L v Ol 0.282nm TH b, KFEFET L HEFERD van der Waals %D 0.290 nm X
DB e OIGRTRWAFVEL F7 2L v oo CH/mHEAFHRE X 17,

%72, PLAG-20 ICBWTRY V' F A7 = v OEFET & KIGH A FAHEDKEF T O
1% 0.297 nm TH Y | Wi & /KFE D van der Waals *FEDOEEFS 0.305nm L Y b2 &
PORYVFFT7 v RIGEAFAROM O CH/S HEFHABNRB I N, 7. Kb
RAFNEEDKFIRT & A+ F HOBRFIFTOHEL 0.244 nm TH Y, KELEFRD
van der Waals %28 0.260 nm £ 0 DT & 00 RIGR A FNFEDKFREFL MY 75
— FE oo CH/O AP RE I Nz, T, KGR TRWAF AL F T 2L Y
DEEEEE 0.286 nm TH Y | /KFRIFEF & F7EHD van der Waals 2D 0.290 nm X Y Hiiv
EDOLRIGRTRWAFARLL F 7 2L voflo CH/mHEERARE S Wiz,

L Eo &R ofER S 6. PLAG-1o0 @ anti-parallel BUi#i&E & parallel B o i
Hri 325 &, parallel BIEED /723X 0 % < OIFE AWM AN IC X 2 2 ARRED
AP REE N TE D, HRISIEN: 7 anti-parallel BU#EE X 0 3 YEIERIGH: D parallel T
FhED T B EEMN I NS LHEH E L5, 72, PLAG-20 D4 Tld, anti-parallel 2Uf#SE &
parallel 2UfEiE O] C AR O IEA R AWM ANERIC X 2 VARBEO ZEN P REI N TE

D, MEZFDa Y74 A=y avFABEICLELIN TS LN,

LLEof Rz #f 2T, RKIHBURKEO B LR ICE W TIERHICH ) 237 WIR Y F

PLAG-10 Tl parallel BUf#&, PLAG-20 T3 anti-parallel #i& 0 A Z O 5 2 & L 35,

16



b)

0.297 nm

Figure 2-3 Optimized geometry of parallel conformation (a) PLAG-10 and (b) PLAG-20
based on B3LYP/6-31G (d, p) level and its simulated absorption spectrum by TD-DFT
method.
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2-3-2 EFHLEFHBEIZIBERIABL VR AT A AR DL &M ETM
FNF OB (PLAG-1c, PLAG-2¢) D% EMEICOWTdH DFT &I X - TEF
fiiL 7= (Figure 2-4),

L L
D,
O [s O ‘ STM0 Q
PLAG-1c F=FFI
[ PLAG-2c @
36.3 kcal/mol o
O ISE !
38.5 kecal/mol @ O O
SN =
. 3)/}N 17.5 kcal/mol
0.0 kcal/mol b —— — e

EiEE 22 E5iz 2% EiEE 323 FAIR{E FIRME FAIRIA

Figure 2-4 Calculated aromatic stabilization energy difference between two isomers of PLAG-
1o and PLAG-20, ter-phenylthiazole, by DFT calculation using B3LYP/6-31G(d,p).

TIV—NERIOOAEBBRD 7 2 =V F TV — VTR I WX —F TV — L ORERE
LEABRA D T v 2 v —ZLIZAH = 17.5 keal/mol TH 3 T & 3K 5 DIELERCIC THL
HaIhTn3 19), UEoFEEREL O, 2t hofiRiAo T v 21 v —% (0kcal/mol &
Lz¢ xic, AREDO v 21 v —Z{biZAH = 38.5 kcal/mol (PLAG-1c¢). 36.3 kcal/mol
(PLAG-2c) TH o7, HEBRTHERINZ 2 —F T/ —nich~, KFECEKLZANE
BRD PLAG-1c,PLAG-2¢ TIZAH 2SR E SR T 2 2 L A DFT HHEICCTHAL i - 72,
CNIBAER2ED X —F 7/ —ricttx, PLAG ©F 7 2 L v BEHERIKIEIERC 61
ZRA LT EBRELE L KT 3 2 & CHBREEES AL ENR T2 2 L IERLTWw3
CHEHIL 7=,
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% 72 PLAG-2c" 12 2\ C b AR IC IR L EME % DFT GHEIC X U FF{fi L 72 (Figure 2-5),

a = a.'.
f")b PN l f‘)b
C C J—

TfO

N
atb+c (Y ® a+b+c
340.2° 359.2°
P ALKRAFAAR S
B HIVH DT F 4R
(A) - (A)
a-b 1.52112 < 1.40815
b-c¢ 1.39369 -~ 1.46040
c—-d 1.46892 < 1.42647
d-e 1.36790 > 1.40196
e—f 1.44503 < 1.41888
f-g 1.37440 1.40214

Figure 2-5 calculated (a) bond angle and (b) bond length difference between two isomers of
PLAG-10, by DFT calcuation using B3LYP/6-31G(d,p). (c) The structure of PLAG-2c* pre-
dicted from the bond angle and bond length calculated by DFT.

BAERIA D G SR BIR T OfE A A D AEHE 340.2° TH Y sp3 &G CH o 72, —J7 T,
ANEHF A KOG ADOAG T 359.2° TH Y, IS FIHELED sp?BITH 2 2 L A3
LT o7z, T2, BABRIK L HVR A F A VRO D DFT st HfGER oM &K% bk +
% L. a-b, b-c. ZDMhDHEE DRFEIRFEEEHEO R I B3 VR F A4 vLic & b 7 idilis
LTED FEERIICE D F 72 VL VB ERY YV F 4 7 = VERDOFHIFEWEDMEN L 72 Figure
2-3c OEIRMEEIC 7 5 LHEHI SN 5,

¥7:. PLAG ODANAAF I v DEBERT VY v v X OB BEN % B LR
WXV EH L7 (Figure 2-6),

a) B e I b)

Figure 2-6 (a) electrostatic potential and (b) Mulliken charge distribution of 1C*, which was
simulated by DFT calculation (B3LYP/6-31G (d, p)).
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FERT vy vy VORMEMR T, FEMSEERMICIERER L ZfETh 5 2 L 2L
Pl olzy, TNERY YV FA T2 VR T 2oAF A 72D LS FF—HERAL % EA
T2 LICX Y TRECIERELLZEEZLNS, 72, BWEEIMOFHHERER TIE,
LIERLEIC X Y IEBMATFE LSS C2, C10, Cl12, C23 o <ix C10 23 b IEEM & H
CTVWBZERHEMEI N, LEX Y, AAEHFA VIRDIEBRR IZ FF —EEKOEAC
LU BRICER o TwB EHEHIE N B 23, Cl0 DRERRDIMNAF A VIERRT T &8
HH & 2610 72 5 726

20



2-5 X KREE SiE SRR
PLAG-10 3 X U' PLAG-20 O HAEHIZEB LT =P U AER I VIE T 5 2 & 28
T&7- (Figure2-7, Figure2-8), CIF {&#|Z Table2-1, Table2-2 127" 9,

Figure 2-7 ORTEP drawing of (a) PLAG-10 and (b) packing structure of PLAG-10, showing
50% probability displacement ellipsoids. White: hydrogen, gray: carbon, red: oxygen, yellow:

sulfur, green yellow: fluorine.

Figure 2-8 ORTEP drawing of (a) PLAG-20 and (b) packing structure of PLAG-20, showing
50% probability displacement ellipsoids. White: hydrogen, gray: carbon, red: oxygen, yellow:

sulfur, green yellow: fluorine.
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Table 2-1 Crystallographic parameters and refinement details for PLAG-1o.

formula C;,H,,08, V(A3) 2361.42(17)
formula weight 476.65 VA 4

crystal system monoclinic Agem) 1.341

space group P2,,.(#14) T(K) 123

a(A) 14.7058(3) refl. measured 39315

b(A) 10.8534(2) refl. unique 5401

e(A) 16.2209(3) R\(1>2.00a(1)) 0.0355
a(deg) 90.0000 WwR,(all data) 0.0861
pldeg) 114.202(8)

Hdeg) 90.0000

Table 2-2 Crystallographic parameters and refinement details for PLAG-20.

formula C;,H,,F;058;4 V(A3) 2632.27(12)
formula weight 594.68 Z 4

crystal system monoclinic Agem) 1.500

space group P2,,(#14) K) 103

a(A) 16.3908(3) refl. measured 35733

b(A) 8.62288(17) refl. unique 4822

c(A) 19.0929(4) R\(I>2.000(1)) 0.0355
o(deg) 90.0000 wR,(all data) 0.0480
fH(deg) 102.722(7)

Adeg) 90.0000

7+ bzuly 7&56&163\%4:9% fIET S nETHRDO~FF )TV G Xfra v
T A A=Y avERTEAIGETT 22 ERAILNT WS, PLAG-1o 345 & ©~*
P+ YT RS Cz;'lfir\ﬁfﬁ:: V7 F A=y avoIERIGEEREE L o T Y, KRG
HCIBABRRIG 2R S 2\ Hﬁ%ﬁl AN, THIEERD 2-3-1JHIC BT DFT &% Hw
THR-EERECO/R L IZIT T 5, T/, PLAG-1o DS RICIEEED S-
PLAG-1o ¢ R-PLAG-10 @ﬁf%%%?ﬁ{a@ TS L7z,

—J5.PLAG-20 Cld GXFray 7+ A —3 a v ORIGIENECTH 3 2 & SR T X
fhE SR ORI E R T L EZA LN D, TS IEHETRO DFT G % v 5 72 i
fefiE L 131583 %, CH/S. CH/ndFdta M A3 2 i FEiE#t I 2 e
1.0.295nm & 0.290nm TH o 7z, Z 5 1% van der Waals DT H % 0.305 nm(CH/S)
£ 0.290 nm XV biHEEL T3 Z &2, PLAG-20 134 FINIEHA RS A A ELEH 1
Dav 74 A—vavyBPRERLTD LHEL R, 7. HUCIEEED S-PLAG-20 &
R-PLAG-20 DGR O RGN,
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2-4 SR
PLAG-lo, PLAG-20 7+ F = F U A TOHRKIGHEICOWTHRETL 72, 2N Z D
N A~ 27 b V2% Figure 2-9 1IR3,

| | | ! | | ' L
0.16 - 0.16
o (a) (b)
Isosbestic point
8 012 — 8 012 (302 nm) —]
] c
5 @
o 2
50.08 -1 go0.08 50s+
< 2 A 208
0.04 — 0.04 — 20
oo N 08
0.00 =t ot L 0.00 b Vb p i
300 400 500 600 700 800 300 400 500 600 700 800
wavelength / nm wavelength / nm

Figure 2-9 (a) Absorption spectral changes of PLAG-10 upon UV light irradiation (red line:
0 s, pink dot line: 10 s, purple dot line: 20 s, blue Line: 40 s). (b) Comparison of absorption
spectral changes of PLAG-20 upon UV light irradiation (red line: 0 s, red dot line: 10 s, pink
dot line: 20 s, purple dot line: 30 s, blue Line: 50 s). TD-DFT spectra of PLAG-2c* (Black
line). Solutions were deoxygenated with N bubbling in acetonitrile and illuminated at 254
nm.

PLAG-lo OE@T & b = F U VEIICEIMR (254nm) %S4 2 & 576nm v — 7
by 7L L7 450 nm~670 nm ORFURIC > 7 m~F 52 T v RIO R BRI v F A
Wi, LEcEt Lz (Figure2-9a), 2O e 6 x—T Y —L VO ERgc

DEALL 722 & TPLAG-Ic KL 72 & FE 2 b b, i, A#DE (A>600 nm) %
B9~ 2 & T 570 nm FREDRINY v FA3HA L, JCD PLAG-1o OIRINS v FIZE 5 Z &
PO FHEEREL TR IR ahoTEN, =TV —L VORI 7+ 70
VR RT3 0T, T, HFRINE (302nm) BFETET S Z & v 6 Figure 2-10
IR L7ZBIRIGD T RO 7 + b 70 IXLTH DT L hbhoT,

L FOR
@O
O SoVls O S°

PLAG-10 PLAG-1c

w

/44

Figure 2-10 Photochromic reaction of PLAG-1o.
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—77. PLAG-20 D7 %t F = V) AVIERE CTIREISEIREEE (254 nm) 1< PLAG-10 & 138
72 5 A D =D DI N v F (396 nm, 526 nm, 694 nm) BEIN TR E T L 72 (Figure
2-9b), F7z. PLAG-lo TIIAIFDEZ RS -2 & nlimyIc BB IA~ & Z{L L 7223, PLAG-
20 DEGE TR EZRE L T BB L b o7z, Lo L, FRIT (308nm) 237
T 5 e oRIEBYDOFELEV KGR TH LI LBRRINTEH Y, PLAG-10 &
TR LEEOEEYIREON TR e Bbh ol P 77— MERBIEET 22 LT
ANRHFF v WEEET L EHEEL T, 2-3-21HD DFT HEIC L kR bz v R HF
F v kD PLAG-2c*iC D W TR FEJLBAE. (TDDFT) FHR TN A~ 27 v D
fifi 21T > 720 Z DEMERER & EEICHIE L 72RINA <27 P2 T 2 &, Al o =20
NS Y FABFHINT WD Z LWL Ik o7- (Figure2-9b), ML EX Y., £E40E%21E
$3 % Z & Figure 2-11 IR T RIGBET L, AR AHF A v %2 HT 5 PLAG-2crD 4
AR X Tz,

PLAG-2c*

PLAG-20

Figure 2-11 Photo-induced Lewis acid-generating PLAG-2o.

PLAG-20 DRKIGHEDOIEEL LC, 7t b = F YV VIEE T © 6nBHRE L RIGD KI8T
I () ZHH L7z PLAG-20 %> & PLAG-2c*~ DGR T (0,.) 1XFBF L Z 50%
RS BT EATE A HRD 2-3-1 1D DFT 551 X VR b N7 RIGIETED anti-
parallel BUfE & SCSOGIETETED parallel BIREE DM #1338 2 = > D JEHL ARG A
EHIC X o CliiDay 74 A =2 a VARABRECRELIN TS 2 EPRRINTE
DT b= b Y AERPCIRIEEIXIZIE 50:50 THIEL T2 Ll 5, LA D DFT
AHEOMREE T 25 &, T = P ARET CHERICTEMED anti-parallel S & 6K
JGIETEME D parallel BIRS&E D — 2231313 50:50 TEHEN T 5729, PLAG-20 7> 5 PLAG-
2t~ DNHRIEETICE (Do) 28 50%TH 2 LHETE 2, £/, 2D PLAG-2c"id® 7
ZLTERINEZT = FYAEKPT 100 HU FoREHEZELCBY, ALrEHrF
* v ERREICHECE S EaHEETE 3 (Figure 2-12),
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Figure 2-12 Logarithmic decay of absorbance at 526 nm of PLAG-20/PLAG-2c¢* after UV

light irradiation in acetonitrile in a rubber sealed vessel. The solution was bubbled with N,

gas before UV light irradiation.
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2-5 KESIEIS (NMR) 533 I & 58 5 F OREE ST
L @i, PLAG-20 DOfffiiic 2\ Tld 'TH NMR #IE i TRHE %17 > 7z (Figure 2-13),

40

an

an

é%;&‘ 0 6.0 50 ] i0 !{ L 20 |[

X - pare per Miltion - Prown

Figure 2-13 'H NMR spectrum of PLAG-20 (in CD,Cl,).

'H NMR 2227 b ACld, BIGEEKICA 2D X FArRO Y — 2 2BIHICX 72, b
D X FLHIZ NOE & NOESY i X 2 f##ric X v JERUGHER S A 7 3 (1.52, 2.35 ppm)
FOGHERE A F L5 (1.64,256 ppm) D DDA F UKD — 7 1T 5 2 L B TE 7=,
ZE, 2-3-1 HOB LYt H O R» bR I N2 S oM AR X U7 = = FF
Tz VDAFARE FT7 ALY ONREEIC XY S EEIAE L I X L, ERISEED
anti-parallel Bf#& & HRICIETEMED parallel BED =2 OVARBREAFEL TWE T &
IGERLTwS EZLNS, ZOMEOREEDHHIT 'H NMR ORESEO{EA S anti-
parallel 2U#iE : parallel BifE=1:1TH 2 L3 nh o7z, T OfERIT, Ak 2-4 1H
THMIGET IR DD 50%EETH 722 & KT 3,

R D 2-2 & 2-4 TIHETLFEFROMRECAHMINA <27 P rDZift s &2 6, PLAG-
20T EZ e THARIF A Vv IEEET 2 PLAG-2¢" 3 EK T 5 2 L AR S 7z,
RIHTIE A VA A FA RICOWT XY FEHICEER T 5 72 ® 12 NMR 2065047 < PLAG-
20 DBIELEAT o 72, Figure2-14 I[CEHEIESTRT# © '"H NMR, Figure 2-15 1 *C NMR o
iRk % "9, PLAG-20 ® 'THNMR Tl HERBERICERO 7w + v 7 F iRl #
STREEIL 156 e b TG L 7. E 72 BENIEREI Tl PLAG-20 ® 4 DD XA F Ao
—Z7PACD 2.81 BX U231 ppm T 2 OFi7zm A F Ao — 7 3 llE Nz, o
'H NMR O#g52 5. BBRAD L I3ANEHF A+ VRO ERBITE X T,
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®
a) Solvent : CD,CI, ®

Reference standard : TMS
© 15H
T 1
=1:1 |
b) ®
o
[ ]
=1:1 L
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1082 80 78 76 74 72 70
ppm Estimated conversion ~24% ppm

Figure 2-14 '"H NMR spectral changes of PLAG-20 (a) before and (b) after UV (254 nm)
light irradiation for 15 min in CD,Cl,. (c) aromatic region of after UV light irradiation. Con-
version ratio to PLAG-2C* was 24%. The solution was bubbled with N3 gas before UV light

irradiation.
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Figure 2-15 *C NMR spectral changes of PLAG-20 after UV (254 nm) light irradiation for
15 min in CD;Cl,. Expanded figure of (b) aromatic and (c) aliphatic region. The solution was
bubbled with N, gas before UV light irradiation.

27



AL O v T TlE, BCNMRICBWTH -7 24 D — 7 #BUHI L 72, FFEL
M7x e — 2 & LTl TGS I CH % 200 ppm HEICHT 72 v — 27 2R T2 Z L 3T
/2, COXIICKEREESG S 7R ANKEHIF AV 2ET 50 TORMTH Y, EHE
WU R IC B L 72 PLAG-2cHid A A FA Vv lEZRALTWw3EE 2 b5, $7-, B
%8 THIBSE (HMBC) #Cld. 191 ppm @ 13C ¥ — 2 23 C23(2.3ppm) ¥ X 18 C31(2.8
ppm) O CHsD X FAHED H v —27 %3 C10 TH H, 206 ppm O BC v'— 2
13 C31(2.8 ppm) He—7 bME%ZRT C23TH % Z &L I » 72 (Figure 2-
16), % 7. PLAG-2c*DFH#IN 72fb2:> 7 b i3 DFT I X 2 BCNMR 2= 27 by 3
2l—vavickoTHET S R TE - (Figure 2-17),

abundanc
10 0
i i
—

0

2000 1800 1600 140.0 120.0 1000 80.0 600 400 200

Y : parts per Million : Carbonl 3

T T T T T T T
8.0 7.0 6.0 50 40 30 20 0 0102030405
X : parts per Million : Proton abundance

Figure 2-16 HMBC of PLAG-20/PLAG-2c* (in CDCl,).
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Figure 2-17 *C NMR simulation of 1C* in DFT calculation (B3LYP/6-31G(d,p).
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2-7 EBIH

"H-NMR (300 MHz) spectra were recorded on JEOL JNM-AL300. 'H-NMR (400 MHz) and "*C-
NMR (100 MHz) spectra were recorded on JEOL JNM-ECP400 and JEOL JINM-ECX400P. '"H-NMR
(600 MHz) and '*C-NMR (151 MHz) spectra were recorded on JEOL JNM-ECA600. Recycling pre-
parative GPC were performed on LC-9110NEXT (Japan Analytical Industry). Reverse Phase HPLC
were performed on LaChrom Elite (Hitachi). Mass Spectroscopy and High resolution mass spectros-
copy (HRMS) were measured by a JEOL IMS-Q1000TD and JMS-700 Mstation, respectively. Matrix
assisted laser desorption/ionization (MALDI) time of Flight (TOF) —MS spectra were measured by a
Bruker Autoflex II. UV-Vis absorption spectra were obtained on JASCO V-550, JASCO V-660 and
JASCO V-760. Photo-quantum yield (PQY) value were obtained on a Shimadzu QYM-01 setup. Light
source of UV (254 nm and 365 nm) was AS ONE SLUV-4. X-ray crystallographic analyses were
carried out with a Rigaku R-AXIS RAPID/s Imaging Plate diffractometer with Mo Ka radiation. The
structure were solved by direct method (SHELXL-97) and refined by the full-matrix least-squares on
F>. All non-hydrogen atoms were refined anisotropically and hydrogen atoms were placed using AFIX
instructions. All calculations were performed with the Gaussian09 package.! We worked at the B3LYP 6-

31G(d,p) level of theory in vacuo.

30



2-8 &AIE
2-8-1 GAE

Br
/O Pd(PPh3)4, N82C03
S +
— OO toluene, ethanol, water
B(OH),

80°C, 20 h

s O Pd(OAc),, CsCOj3, pivalic acid,
_ . Br tricyclohexylphosphoniumtetrafluoroborate
O 8 toluene, 110°C, 24 h
o0 :
/

Scheme 2-1 Synthetic route to PLAG-1o.

PLAG-10

3-(2-methoxynaphthalen-1-yl)benzo[B]thiophene (1)

Benzo[B]thiophene-3-boronic acid (1.49 g, 8.4 mmol), 1-bromo-2-methoxynaphthalene
(1.00 g, 4.2 mmol), sodium carbonate (0.93 g, 8.8 mmol) and tetrakis(triphenylphosphine)palla-
dium(0) (0.24 g, 0.2 mmol) were dissolved in a mixture of toluene (20 mL), ethanol (4.0 mL) and
water (4.4 mL). The mixture was stirred at 80 °C under N, for 20 h, and then extracted with ethyl
acetate. The organic layer was dried with anhydrous sodium sulfate, filtered, and concentrated. Silica
gel column chromatography (hexane/chloroform 1:1) afforded compound 1 (1.16 g, 95%) as a color-
less powder. '"H NMR (500 MHz, CDCls, 25°C, TMS): §(ppm) 3.82(s, 3H), 7.25-7.26(m, 2H), 7.28-
7.32(m, 1H), 7.33-7.39(m, 2H), 7.41-7.47(m, 3H), 7.86(d, 1H), 7.99(d, 2H)
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PLAG-1o0,
(2-(2, 4-dimethyl-5-phenylthiophen-3-nyl)-3-(2-methoxynaphthalen-1-yl)benzo[b] thiophene)
3-(2-methoxynaphthalen-1-yl)benzo[ 3 ]thiophene (1) (1.04 g, 3.6 mmol), 3-bromo-2, 4-di-
methyl-5-phenylthiophene (1.9 g, 7.1 mmol), caesium carbonate (2.88 g, 8.9 mmol), pivalic acid (0.43,
4.3 mmol), tricyclohexylphosphoniumtetrafluoroborate (0.66 g, 1.8 mmol)and palladium(II) acetate
(0.2 g, 0.9 mmol) were dissolved in toluene (20mL) and the mixture was stirred at 110°C under N, for
24 h. After the reaction had completed, the mixture was filtered through celite. Then the mixture was
extracted with chloroform. The organic layer was dried with anhydrous sodium sulfate, filtered, and
concentrated. Silica gel column chromatography (hexane/chloroform 7:3) and reverse phase HPLC
(acetonitrile) afforded compound PLAG-10 (0.20 g, 12%) as a colorless powder. 'H NMR (600 MHz,
1,1,2,2-tetrachloroethane-D4, 25°C, TMS), (ppm) 1.84, 2.26(s, 3H, conformation isomer), 1.87,
2.38(s, 3H, conformation isomer), 3.59, 3.73(s, 3H, conformation isomer), 7.15(d, 1H), 7.19-7.48(m,
11H), 7.82(t, 1H), 7.89(d, 1H), 7.96(t, 1H). '*C NMR (151 MHz, 1,1,2,2-tetrachloroethane-D4, 25°C,
TMS) 14.2,14.5,14.9,15.1,55.5,55.7,79.3,79.5,79.7,99.4, 113.0, 116.8, 121.9, 122.0, 123.3, 123.8,
123.8,123.9,124.1, 125.5,125.6, 125.9, 126.1, 126.7, 126.8, 127.9, 127.9, 128.3, 128.4, 128.6, 128.6,
128.8,129.8, 129.8, 130.5, 130.5, 132.5, 133.1, 133.3, 133.3, 133.4, 133.8, 134.5, 134.7, 136.5, 136.8,
137.0,137.9, 139.6, 140.2, 140.5, 154.6, 154.9 HRMS(EI) (m/z):[M]+ calcd. for C31H2408S, 476.1269;
found 476.1269.
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Pd(PPh3),, Na,CO3 _

HO
& - O
— toluene, ethanol, water O

B(OH), 80°C, 20 h HO

L L

N-bromosuccinimide —

O acetic acid, chlorofrom, Br
O 60°C, 24 h

HO HO
3
() .
S 5 Pd(PPh3),, Na,CO4
— " 0
Br 0 4 | toluene, ethanol, water
HO O s 80°C, 20 h

triflic anhydride,
1,8-Diazabicyclo[5.4.0]-7-undecene

CH,Cl,
0°C then RT, 24 h

PLAG-20

Scheme 2-2 Synthetic route to PLAG-2o.

1-(benzo[B]thiophen-3-ny)naphthalen-2-ol (2)

Benzo[ 3 ]thiophene-3-boronic acid (0.71 g, 4.0 mmol), 1-bromo-2-naphthol (0.45 g, 2.0
mmol), sodium carbonate (0.45 g, 4.2 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.12 g,
0.1 mmol) were dissolved in a mixture of toluene (10 mL), ethanol (2.0 mL) and water (2.2 mL).
The mixture was stirred at 80 °C under N> for 20 h, and then extracted with ethyl acetate. The organic
layer was dried with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chroma-
tography (chloroform) afforded compound 3 (0.46 g, 83%) as a colorless powder. 'H-NMR (300 MHz,
CDCls, 25°C, TMS) d8(ppm) 5.20(s, 1H), 7.29-7.48(m, 6H), 7.61(s, 1H), 7.83-7.91(m, 2H), 7.99-
8.04(m, 1H).
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1-(2-bromobenzo|[B]thiophen-3-yl)naphthalen-2-ol (3)

1-(benzo[b]thiophen-3-ny)naphthalen-2-ol (2) (0.38 g, 1.4 mmol) and N-bromosuccinimide
(0.24 g, 1.3 mmol) were dissolved in acetic acid (20 mL) and chloroform (20 mL). The mixture was
stirred at 60°C under N, for 24 h, and then neutralized with sat. sodium hydrogen carbonate aq., and
extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate, filtered, and
concentrated. Silica column chromatography (chloroform) afforded compound 4 (0.23 g, 52%) as a
colorless powder. '"H-NMR (500MHz, CDCls, 25°C, TMS) §(ppm) 5.01(s, 1H), 7.17(d, 1H), 7.20(d,
1H), 7.23-7.28(m, 1H), 7.31-7.43(m, 4H), 7.85-7.9(m, 2H), 7.94(d, 1H).

1-(2-(2, 4-dimethyl-5-phenylthiophen-3-yl)benzo|[ | thiophen-3-yl)naphthalene-2-ol (4)

1-(2-bromobenzo[ B |thiophen-3-yl)naphthalen-2-ol (3) (0.23 g, 0.65 mmol), 2-(2, 4-dime-
thyl-5-phenylthiophen-3-yl)-4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolane (0.453 g. 1.4 mmol) and
tetrakis(triphenylphosphine)palladium(0) (0.041 g, 0.035 mmol) were dissolved in a mixture of tolu-
ene (20 mL), ethanol (2.0 mL) and water (2.2 mL). The mixture was stirred at 80°C under N> for 20
h, and then extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate,
filtered, and concentrated. Silica gel chromatography (hexane/chloroform 7:3) afforded 5 (0.16 g,
49%) as a colorless powder. 'H-NMR (300 MHz, CDCl3, 25°C, TMS) 8(ppm) 1.91, 2.04(s, 3H, con-
formation isomer), 2.19, 2.38(s, 3H, conformation isomer), 5.18(d, 1H), 7.11-7.50(m, 12H), 7.74-
7.84(t, 2H), 7.90-8.00(m, 1H)

PLAG-2o0, (1-(2-(2, 4-dimethyl-5-phenylthiophen-3-yl)benzo[b]thiophen-3-yl)naphthalen-2-yl
trifluoromethanesulfonate)

1-(2-(2, 4-dimethyl-5-phenylthiophen-3-yl)benzo[ B]thiophen-3-yl)naphthalene-2-0l(4)
(0.025 g, 0.054 mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.016 g, 0.10 mmol) were dissolved
in dichloromethane (20 mL) under N, gas atmosphere. Trifric anhydride (0.023 g, 0.082 mmol) was
added to the mixture dropwise under 0°C and stirred for 30 min, After that the mixture was stirred at
25°C for 24 h and then extracted with dichloromethane. The organic layer was dried with anhydrous
sodium sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) and reverse phase
HPLC (acetonitrile) afforded compound 10 as colorless powder. 'H-NMR (600MHz, CD,Cl,, 25°C,
TMS) 8(ppm) 1.52, 2.35(s, 3H, conformation isomer), 1.64, 2.56(s, 3H, comformation isomer), 7.10-
7.47(m, 10H), 7.54-7.67(m, 2H), 7.94-8.10(m, 3H). *C-NMR (151 MHz, CD,Cl,, 25°C, TMS) 14.4,
14.7, 14.8, 14.9, 117.3, 117.4, 119.5, 119.5, 119.6, 119.6, 121.6, 121.6, 122.1, 123.8, 123.9, 124.5,
124.8,124.9,125.6,127.0,127.1,127.1,127.2,127.4,127.4,127.4,127.7, 128.4, 128.5, 128.5, 128.7,
129.0,130.8,131.0, 131.3,131.5, 132.7, 132.7, 133.0, 133.0, 133.8, 134.2, 134.5, 134.6, 134.8, 138.0,
138.9, 139.2, 139.2, 139.7, 139.8, 140.0, 140.3, 145.6, 145.8. ’F-NMR (600MHz, CD,Cl,, 25°C,
CeF¢) -76.69, -76.62. HRMS (EI) (m/z): [M]" calcd. for C31H2105F5S3 594.0605; found 594.0605.
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Figure 2-20 '"H NMR spectrum of PLAG-10 (in CDCl,).
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Figure 2-21 3C NMR spectrum of PLAG-10 (in CDCl,).
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Figure 2-22 '"H NMR spectrum of PLAG-20 (in CD,Cl,).
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Figure 2-23 '3C NMR spectrum of PLAG-20 (in CD-Cl,).
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Figure 3-1 (a) Photo-product of and (b) Molecular weight distribution of the polymer by GPC.

Figure 3-1 @ b)icB W T, HEOMAEIOE RIS L 729 v 7 v, i3 50 % B
Lol vy IAThd, BEEBOY Y LTI OWF v 7L e L TES T &2
DILEPDERL T3 2 L PERTE 72, AR L LAV OE I E1F 1.4X10°, &
BV TEIX 21X103 THRUEIR 1.5 TH -7z, Ki, MALDI-TOF-MS i X 2 G &%
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Figure 3-2 MALDI-TOF-MS spectrum of sample after bulk-polymerization. Sample: 1,2-
epoxycyclohexane (1.0 eq.) and PLAG-20 (0.08 eq.) under N, gas atmosphere, UV light-ir-

radiation (A =365 nm) for 5 min and reaction at 110°C for 4 hours.
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Figure 3-3 MALDI-TOF-MS spectra sample after polymerization in CH3CN. Sample: PLAG-
20 (5.0%10® mol) in CH3CN (2 mL) under N gas atmosphere. PLAG-2c* was generated
after UV light irradiation (1 = 365 nm) for 5 min, then 1,2-epoxycyclohexane (ca. 1g, 0.01
mol) was added with a syringe. Sample solution immediately became opaque and insoluble

part was observed. The soluble part was put on the sample plate for the instrument.

3-2 HE[FBRIC, m/z 98 D#EVIRLBABHI I N &b 1,2-2KF o rua~F
PV OEERICHBHET L2 L b oTz, 7. PLAG-2¢t & &5 KN I PLAG-2¢* 23
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Figure 3-4 Mukaiyama-aldol reaction of benzaldehyde and silyl enolates, SE1 and SE2.
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Table 3-1 Results of Mukaiyama-aldol reactions of benzaldehyde and silyl enolates, SE1 and
SE2.
entry silyl enolate catalyst UV time (h) solvent temperature (°C) yield (%)

1 SE1 PLAG O 1 CH,Cl, 78 36%
2 SE1 PAG O 1 CH,Cl, 78 N.D.
3 SE1 - @) 1 CH,CI, 78 N.D.
4 SE1 TIOH - 1 CH,Cl, -78 N.D.
6 SE2 PLAG O 1 CH,CI, 78 62%
7 SE2 - @) 1 CH,CI, 78 N.D.
8 SE2 TIOH - 1 CH,Cl, .78 N.D.
9 SE1 PLAG O 1 CH,CN -40 20%
10 SE2 PLAG O 1 CH,CN -40 45%

Table 3-1 /R L 7= & 9 I, entry 1 & entry 6, entry 9, entry 10 ® 4 D D&M TRIGD
HEFTHEEC X 7= (Figure 3-5, Figure 3-6, Figure 3-7, Figure 3-8), ¥ 7z, entry6 & entry
10 T SE2 %M L 2 SSSMFECIE syn BYER L and BVERO LI 2 2 i) 3:2 &
L1 olcfEonsz, 51T, entry6 TIFFRHTH LT 1mol%® PLAG-20 Z il L 62%
DEBMH»HFONTEHEY, D X — v — =53 62 nFThHb I enbdr b, 'H
NMR Z~<7 r A Tlit PLAG-20 *5 PLAG-2¢ct~Da v X—=2 g VB 2% TH 5 Z & A
FERCE 2o LT A F = ARIETH FEBED 3 v X—3 2 v C PLAG-2c BER L 72 L T3
& PLAG-2c+D & — v F — =T 258 431 CH % LHETE 5. —J7, (ERADEHFEE
FlOFY) 7z ZAAF=T LMY 77—+ BT entry 2, HERER > L SR
o b Y7rAdu X xy ANk vEZRFIF L7z entry 4 & entry 8 TIEMILT v F— VG
WEITL o 72, THE, EBRAERC T LY ATy FEEIZRILT v F — V)G % i
T VA AEETE T 5 PLAG-20 TO AR E NS Z L 2FEAEL T 5,
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Figure 3-5 '"H-NMR spectra of Mukaiyama-aldol reaction product (entry 1, crude).
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Figure 3-6 'H-NMR spectra of Mukaiyama-aldol reaction product (entry 9, crude).
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Figure 3-7 'H-NMR spectra of Mukaiyama-aldol reaction product (entry 6, c-sym: c-anti =
0.47: 0.61, crude).
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Figure 3-8 '"H-NMR spectra of Mukaiyama-aldol reaction product (entry 10, c-syn: c-anti =
1.0: 1.0, crude).
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3-6 #Ei@

BB THR L A REEFEEF], PLAG-20 (3EBHIC X b v 4 2R TEE T B 2 &
B Lz, $72, AETIEZ D PLAG-20 2FIH L 2R ¥ v /) ~— O RBHREAKIG
CHEILT VN = VRGO HNFHE CHRAMEEZ FEIEL 72, FRCrILT A F = RIGE, P 7 =«
ZAANKFZT ALY TG REDHTL Y RT v FEIERIRN T ¥ H VFEH]C X
FERTE RV, 2T, S HE TS & T E LRI % A A 5 B~ & FFH HipH %
ERTDZEBTELAREMEZ R LT3, &m0 A REEZ W 7zmILT v B =V RIG
IARFEMIBSOGD TR E LThHE TN T B85, v A4 RABEOLEN, MIGEF DB X1
LV EHRKIGHR & 7 %o RFFETHK L 72060 4 RERFAER <13, ARG % 6721 Cff
fEICHIRT 2 2 L3 TE %, T/, A4 RMREERIHEHS T TH Y o Fikal o BHED
F L AFREEAT 2004 ABFAER OG- SR FRET, AF LT v F =V RIG &
T CRARE T E B ATREME R LD T B,

3-7 ZEH

1. a) Mahrwald, R.; Diastereoselection in Lewis-Acid-Mediated Aldol Additions. Chem.
Rev. 1999, 99, 1095-1120. b) Meninno, S.; Lattanzi, A.; Asymmetric Aldol Reaction with
Formaldehyde: a Challenging Process. Chem. Rec. 2016, 16, 2016-2030.
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EBIE VA ABFER DS FERRRE
4-1 REDBEWL TGO FHE

RIE TP B TAM L7 PLAG-20 #F[FIL T 12- =R F v 7 u~F 4 v OfiERE
BRIGDEREEZME L 72, 512, PLAG-20 iZ X 3 EILT A F— A G0 gk i ic
RO TN L 72, KETIZ, “ETAML 72 PLAG-20 DREARBEIK 2 HME & LT 4 2
RAEF O TEBBETZ B E L, o4 RBREROEEL L0 Hififb s 22720 1C
F72LvOfRbyiIcRyEVERZEAL PLAG-30 #&K L7z, $72, MILT7 L F—u
FIED AN R =N DERIFE T OIS ETNEZ X VEFEFE LB TELIETRIAY
VY VEREE AL 72 PLAG-40 & PLAG-50 D& Z{To 77, & HIC, FHIGETICEDIH
FEZHBE L7 PLAG-60 DFF S HIE L 72, PLAG-60 T, IGKIC 7 = = VEEZEA
L. Z7z=neF 720 v OMIC@  n-nHEFAZAMA L OULRIGEEa Yy 74 A —v 3
VOREAERHL 72, KETIEFZICERL 724 200 F 0Ly atE oy Fft.
NMR 2= 7 b A7n EOFEREHRET 5,

EFARIZVADEA

PLAG-60

FRINEFINE
DAL

Figure 4-1 Molecular structure of PLAG-30, PLAG-40, PLAG-50 and PLAG-60.

47



4-2 BHIEIEERT% D PLAG-30. PLAG-40, PLAG-50 D¥MIRINARZ MVELE L
PLAG-20 £ DELES

PLAG-30 & PLAG-40. PLAG-50 Oyt s X WA HIRSTRT ORI A~ 7 b V28
IO WCTHBE R To72, $72. ZOMEHRL “ECTHK L 72 PLAG-20 # kL 72, 217
NDGFDHWIN A~ 7 b VAL % Figure 4-2 1233,

0.6 F | T | T = 1.0 = 1.0
0.6 b
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Figure 4-2 Absorption spectral changes of (a) PLAG-30, (b) PLAG-40, and (c) PLAG-50
upon UV light irradiation (254nm).

Figure 4-2 IZ/R L 7= X 512, PLAG30 & PLAG-40, PLAG-50 |35\ C RS 1c 5 %
TAM L 72 PLAG-20 &L 3 DDA Y FOHBEZBHIE Nz, 72, TXTDHL
A ZABBFEAEFRNT B T BRI ORI T H 2 SIS 2B & iz 2 &, wEEIRE ©
BIBRIA~ D W G HTER T E o 72 2 &b b, Yo 4 REEFAEFIEA O 4 A F
ETHBERRBINSZ, £/, PLAG-4ct & PLAG-5cH 3B IREED & IS EIC X b
HOT BB D o7, T, BIBRIK, IARHFF v iROBRICEENI ) O VR
A4 ZHHL LT %, PLAG-4c' X ' PLAG-5¢ i3 kiG L7 b D e EZ LN B,
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PLAG-30 OF—iiERBEIC NG T % 661 nm DWINAE 1. PLAG-20 (694nm) & HeifiE L
TIN—=27 b L EPMERTE 72, 2N, A4 RAEREFIREARFKOF 7 2L v %
RYXVICEET 5 & Tl T _RERBM/NL 220 B2 LN 5,

— /T CETRIEY Y Y VB %ZE&D PLAG-40 3 X U8 PLAG-50 ¢ Hi#E L. PLAG-30 iZL v

Foy 7 bPFLTwbZe3bd3b (PLAG-40:635nm, PLAG-50:613nm), i 7 ==
HIv w7 7272 —EEziEov ) o vBRIC X 2B TFWEIME T LUMO #47 A%
TL=®LEZOLNS,

4-3 PLAG-60 DEANMIEEFIRDIEIRINA R MV LDBIEE

PLAG-60 DYEIIGHES & EEISEIRBRTER DI Z = 7 F VZALIC DWW TEIHE Z 1T,
Z DfR & “EHTHK L 72 PLAG-20 OEIR A~ 7 FAZ bz iR L 7, ZnZEh Do+
DWWEIL =~ 7 + V2L % Figure 4-3 12783, PLAG-20 D51 EIBE 14 & B D eI 2
R7MVEIR LTz, 2 FWPUSABHICTEZZ O R TH B &, AIEEIHE
BICHIBRA~ L BT 2 HONIEPERTE R o722 &2 b, e 4 RABFRAERFEE
DINA REFRAETH B T L BRB I N7z,
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0.8
0.6

04

Aborbance

0.2

0.0
300 400 500 600 700 800

wavelength / nm

Figure 4-3 Absorption spectral changes of PLAG-60 upon UV light irradiation (254 nm).
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4-4 PLAG-20& PLAG-30.PLAG-60 DXRIGEFINEDHEE EFILFFHEIZLDINK
I DHERE
4-4-1 BEFFEARIIL S0 FOREEESIRE S F 2 M A U RIGEFINED
e

T ORESEBIRES AR R Y <= v IARIcHE ) 2 e pRoNTEY, 7+ o 1y
TN NI T VR TFORIGH. JERIGET Y 74 A — v a VARRK & 75 2R IR, 4y
T ORIEGEERE M GHEE S 2 C L3 A[RETH 5, A TIE, BHLFEERICK o TF
T vy LT ALF—ilifl (potential energy surfaces, PESs) % HfEd 2 2 & T, NG
DRI 2B B 21T > Too F I ERITETIERDHE WHETH - 72 PLAG-20 & PLAG-
30, PLAG-60 DRV V' FH+ 7 2 v —7 2=V FF 7 = VH(C-C Fith) D& i A % [al#x
T, BRREOMERELE = AV F—5RE21TH 2L T XD EKIRED PESs
ZFEAT L 720 BRI, BHBRIR O Bt E 2 ipkiE & L <, C-C —Hifg % 10° 3" D [Hifig &
# T, ZOWEMERELZIT o7z, T D% 35 [T o 7 REEREL LT, KD
TANF —ZEEAEIC LT ry b3 5 2 LT BRIRAED PESs % #fili L 7z, & 512,
DFBIEEAEMTITRERDIANF =R FOROZANF DRI TRES & L
T, 13547z PESs 2> 5 anti-parallel A& & parallel BUFHE D R v < v 5340 ICHE W IFE
ez ko 7z,

FAr IO W TEE L CTHCIRBE D PESs % Figure 4-4 1Z/R L 7z, PLAG-20 @ PESs T
lX. anti-parallel B#i&ED 0° {3 & parallel BIFHED 160° 1 OREE DB LE ICIEET 5 C
&R X7z (Figure 4-4a), anti-parallel BU#id& & parallel BIHE D —DicsWWT, £h
ZNDHRNY < v OB % B $ 5 & | anti-parallel : parallel=0.83:0.17 TH V., HJK
JGIEE D anti-parallel BUREE D 77 235 SOCIEE D parallel BUREE X 0 b LERNE CHA7E L
LT EDBRKRINT,

RIC PLAG-30 D &f5. anti-parallel B D 0° 1A D& & parallel ZfEED 180° £
IEDREE PR EAAET 5 2 L R X L7z (Figure 4-4b), anti-parallel A& & parallel
BIfEED —2ics T, ZNLZNDRNY = v i O % LS % & | anti-parallel : par-
alle]=0.45:0.55 T» v, JKIGIEED anti-parallel UG & L~ CTHIRIGIEEMED parallel
SO ST REME CTHFELR T W E2RR I N7,

PLAG-60 @ PESs Tld. anti-parallel BIfEi&E D 0° 115 DREE D LIE ICHEAES 5 T L 251
2 X #17- (Figure 4-4c), anti-parallel BUfE & parallel B &E D DIt WT, ZNZND
Ry~ VA ORI Z ST % &, anti-parallel : parallel=0.99:0.01 T» b, JeISiENE
® anti-parallel BUHEIE D 5 03N SIETEE D parallel BIFEE X 0 b ZERME CHEL LTV
TR I NI,
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Figure 4-4 Potential energy surfaces as a function of dihedral angle between benzothiophene

and phenylthiophene of Sy states of (a)PLAG-20, (b)PLAG-30, and (c)PLAG-60, by DFT
calculation using B3LYP/6-31G(d,p).
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ARIETIX, ZNZ DN 4 ZEEFEAEHF D anti-parallel BURE & parallel B & I /ER 3
2 IEHEESEMEAIER % i L 72, PLAG-20 & PLAG-30. PLAG-60 @ anti-parallel
W& & parallel i &EDOMHE D2 v 7 + A — a3 v % Figure 4-5 IR~ T,

a) anti-parallel form parallel form
40'255 nm Jf 0.286 nm
PLAG-20 j &= j‘
0.270 nm? /” D j 3]
0.297 nm 17
R R
N \\ *
0-256 nm J 0.244 nm 9
b) parallel form

anti-parallel form paraIIeI form

0.335 nm :'
I 4

‘1;

0.293 nm
dm‘#J

Figure 4-5 Optimized geometry of anti-parallel conformation of (a) PLAG-20, (b) PLAG-3o0,
and (c)PLAG-60 based on ®B97XD/6-31G (d, p) level and its simulated absorption spectrum
by TD-DFT method.

Figure 4-5a ® PLAG-20 ® anti-parallel &EIC B WT, RV V' F4 7 = VOREET
& RIG R TlR A FAFDKERF OIEEES 0.270nm TH Y | Hidh & /KFE D van der Waals
PREOGEH0.305nm L BN LRV VT AT 2 v ERIGR TR AT AHDMH
® CH/S tHAEH» "% I Nz, 72, MY 77— P REROBERT L KIGH TR WA F L
Fo/KFEFEF DEHEX 0.256 nm TH V| Bk LI/KFHE D van der Waals *EEDEFTFD 0.260
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nm XY BT Ao, b7 T — FEOBRERFT & RICR TR WA FAIEOKFERT O
CH/O MHEERDBR®B I N, EbIC, F7 XL v ERIGMA FAIEDKERT O
0.255nm TH Y, /KFEJFT & FEHED van der Waals D EEFD 0.290nm X 0 Hx» 2
o F 7 2LV ERIGH A T AEEDOKERE T O CH/mMHAER SRR I e, LEX D,
PLAG-20 @ anti-parallel & 1 5T, CH/S tHAEA & CH/O MHAEA. CH/niHA.
FRO =20 IEARAMMHAEFRICE 2a vy 74 A —v a vORENMDPREB I LT,

—77C, PLAG-20 @ parallel & ICENWT, RV Y F4 7 2 vV ORERT L KGR A
FNHEDIKRIFE T OFEHED 0.297 nm TH Y| itk & /KFED van der Waals FFEDOEF
0.305nm XV BTN bRy YV FAT7 2 v MGHAAFADM D CH/S M HAER 23
NI NIz, 72, PV 77— PEOBRET & RIGE A FVEOKREET OEREL 0.244
nm T»H Y, B3R & KFED van der Waals FZEDAEETD 0.260nm X Y diF T b, Y
7 7 — P B OEFRR A & JOGRE A ‘}‘ﬂ/ﬁ@ﬂ@?}??@ CH/O HHEAFR»R®Z I N, b
IZ. F 7 2LV ERIGR TR WA FVEOIKEFET-OR#HEE 0.286 nm TH v, /KFEF T &
FHEERD van der Waals FZEDOEFD 0.290 nm X W w2 &b, 7721 v &R
ThW A FAEOKRET O CH/tHAERA R X 117z, PLAG-20 @ anti-parallel I
i e parallel BESEDM ST D a Yy 7 4 A — a viF =2 0RO IEA A TEHEIEM I
XV RENMINT VDS T LARES T,

Figure 4-5b @ PLAG-30 @ anti-parallel & ICHE T, RV V54 7 = vV OWiEET
& RIG R T\ A FAFEDKEIR T OREHES 0.286nm TH Y | Hidh & /KFED van der Waals
FEDOERS0.305nm LD BITNZ ERLRY VT AT 2 v ERIGETR W XA F AEDORH
o CH/S MAFRBTR®R I Nz, $izy P 77— FEOBERT L RICRTRVW ATV
FoIKFEF DR#EL 0.215 nm TH Y, Bk &/KFED van der Waals D EEFD 0.260
nm XY b b, FY 77— FROBEREF L RIGHE TRV A FLHEDOKERF D
CH/O AR RB X Nz, LLEX Y, PLAG-20 @ anti-parallel Bi& i 51T, CH/S
HAEME CH/O #HAEMR O — > DIt EHMHAFRIck 2 a vy 7+ A —v avoXk
EALDIRE S Tz,

—J T, PLAG-30 @ parallel ®ffi&EicswT, FY 77— FEOMBERET & RICH A F
NILDOIKFERF DOEEREIX 0.254nm TH D | 3R & IKFE D van der Waals D EEFD 0.260
nm XY bW ehb, FY 7T FEROEHEET L GH A FAEDKEEFD CH/O
WEERPRB I N, 51T, NVE YV ERIGHTROAF VIO KEFRT O T
0.277nm TH Y . KEZEF & FHFHRD van der Waals FEDOEED 0.290 nm L b g
Ehb, F7 XLV ERIGETRW A FAEDIKRIFEF O CH/tHAEERZA R R E iz, T
DZ & n, PLAG-30 D anti-parallel & & parallel BIfEE QM T D2y 74 A — =
VIR OIFEREMMH AR IC XV LELIN TS 2 &R BREINT,

Figure 4-5¢ @ PLAG-60 ® anti-parallel &I BT, RV F4 7 = v OFi#EHT L
7 2o AFF 7 2 v DIKERTOHEES 0.286 nm TH V| Hi#E & KFED van der Waals 2
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FOEED 0305 nm XY DRI L hLRY Y FAT vl T 22T AT =V OHD
CH/S HAMFRDBRB I Nz, £/, 772 L v OHFLRERIERD 7 =z =V HOH.L A &
DOEFEEIE 0.335 nm TH b, FHEBGEREE FHFEEH# O van der Waals “FEDEEITH 5
0.340nm X VifnwZ &b, F7 2LV ERIGHD 7 = = AVFEDHICPEM 3 % n-nfH AA1EH
BRI, BLEX b, PLAG-20 @ anti-parallel Bf&E Ic 5\Ww<C, CH/S tHAEA & n-n
HHER O —>oJF GG AFERIC X 22y 7+ A =2 a VOREMIRRI N,

—77C, PLAG-60 @ parallel & ICENWT, RV Y F4 7 =2 vV ORERT L KGR A
FNFLDOKFIFE T DEERES 0293 nm TH Y, Widi & /KFED van der Waals FEDGFHDS
0.305nm & W biFNT ALYV FF 7 2 v ERIGM A FAIDM O CH/S AR 28
TR X N7z, U EDHEIER DR S anti-parallel B D /723 parallel FUREE IC <R T
BERAV I+ A= a vy THbH I ERRBRINT,

A ClE PLAG-20 & PLAG-30, PLAG-60 DG % & 7L FEEHRIC X O R 72537
DO EFLGEEDAIC X D HEE L7z, BERNEFERE LTI Ry Y FA 72 v -7 2= FF
7 = VIEOfEA M % s X & T PESs Zf#iT L. Ry~ v AICHE > T anti-parallel
I parallel BIEE D LKA FH L 72, Figure 4-4 @ PESs 2> 53 b 72Ky < v Aiic
& % L HIGTEPETH % anti-parallel & X PLAG-60 TIRD % S FFHET 5 2 L HRE X
N7z, T4 PLAG-60 ©DF 7 2L VL & RIGH 7 = = VIO N < n-nfH AAERIC X
% anti-parallel TUREE D LEITER L Tw 3 LHEETE 3,
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4-4-2 HRIGEFINEDHE

4-4-1 <X, B FILFEHR T PESs Z A D 5 & & THRIICHED BRI 2 B HE 21T 5 72,
Z DfEE, PLAG-20 & PLAG-30 ICH~RT, RISHICT7 = =B % FH 3 %5 PLAG-60 23
IGiE®E R a vy 7+ A—va vEERLL T WI &2 PESs TRBI Nz, RIEHTIE,
PLAG-30. PLAG-60 DJEIIGH: % e G R 1 IERHE & 2 7 2 QYM-01 CaHfi L 72, ¢
FOCEFUICEDFER & R vy~ v idih bK® 72 anti-parallel B & parallel ZUEE O E|
A% Table4-1 1T 3, HERIGETUCK & Ry~ v 534 O anti-parallel RS O FF1EE &
D /7T PLAG-60 23 b M \WMEZ R L, EICEFIEE L Ry < Vi X 3 - EElG
DM BB L2 —HT 5 Z L HL TR o7z,

PAEDfER DB S 4 ABBEROBEAREKICE T, n-rfHAEHZEKTE 27 =
=N EFEBRE KOG RIRFRIAICGE AT 5 2 LI BIcHERTH B Z L
NI NI,

Table 4-1 Results of photochemical quantum yield from open form to carbocation form
with Shimadzu QYM-01 (A = 313 nm) and calculated populations of the anti-parallel
conformers and parallel conformers, using free Gibbs energy at 298 K. Solutions were

bubbled with N gas before quantum yield measuring.

Population (%)

Do (%) Anti-parallel conformers Parallel conformers
PLAG-20 50 83 17
PLAG-30 29 45 55
PLAG-60 62 99 1
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4-4-3 PLAG-20 & PLAG-30.PLAG-60 D F NMR DELER

4-4-1 JETIX, PLAG-20 ¢ PLAG-30, PLAG-60 D Y¢IGHEH: D anti-parallel Y,
JCIETEVED parallel i EDFFIELL # B TALFRHE 2 OKD 72, Z DfER, PLAG-20 &
PLAG-30 T/ D a v 7 + A — a YHFFE L, anti-parallel 1, parallel 2Uf%i& o Tl /5
DAy 74 A—vavFIEEEREHEHAERNCLEI NS Z LRI N, —J7T,
PLAG-60 Tl3F 7 2L vifie 7 = = A E o { n-nfHAERIC X Y anti-parallel %
WiEDADPRENEIND T &P FHTE, anti-parallel : paralle]=0.99:0.01 O & WIFFELLE
R L7z, DX 97 anti-parallel | parallel fiEoa v 7 + A —v 2 v OFFEIX F
NMR 2227 b L CHHERT 2 2 & BN T&7- (Figure 4-6), PLAG-20 & PLAG-30 ® } U
77— FHED PFNMR v — 27 3 2% L Tk Y, anti-parallel B & parallel U
BEO_ODEEPERCLEICHFRETE L T ERRBI NS (PLAG-20: -76.62, -76.69
ppm, PLAG-30: -74.06, -74.22 ppm), —7 . PLAG-60 <Gl F NMR & — 27 D5 Z R,
LN o7 (PLAG-60:-77.12ppm), T DFEHRIL, 4-4-1 HHO & TLFEHE O R 2 &R
X N72% i O AAEH o fEB) 33 L ] X 4, YERIGIEM: 72 anti-parallel & D
VRIZWIRLEI N 2D EZILND,

-77.12 ppm

-76.62 ppm
-74.06 ppm -74.22 ppm

-76.69 ppm s
< _
o
2l
PLAG-30
PLAG-20 L '
|||||||||||||||||||||||||||||||||||||||||||||||||||
-78 =77 -76 -75 -74 -73

ppm

Figure 4-6 YF NMR spectrum of PLAG-20 (red line), PLAG-30 (blue line), and PLAG-60
(green line) in CDCl..
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4-5 PLAG-30 & PLAG-60 DA MIRINFTED 3C NMR AR MVZEL

KIETREARECAML 7200 4 ZABFEERIOHTH IR I F I VIROREEDE D> -
72 PLAG-30 & PLAG-60 @ %5 CIBE T D BC-NMR 2 <27 + V&A% &9 % (Figure
4-9. Figure 4-10), AR OM ST D v 7T, BCNMR IZEWTHH ke —
7 % BUAI L 7=, PLAG-20 & [FIBRDHRD CTEIES IO 200 ppm i ICHi721C v — 7 Z R
T2 EnTEE, TOFED S, PLAG-30 & PLAG-60 ICSM 2 RS T2 &, ALK
HF A RD PLAG-3ct & PLAG-60" 234K 5 Z & 255 A ic 7 o 72,

£ S ]
| L
16.0 15.0
“1 |y
T T
16.0 15.0
=
II|IIII|IIII|IIII|IIIIIIIIIIIIIII—IIII|IIIIIII

200 175 150 125 100 75 50 25 0
ppm

Figure 4-7 '*C NMR spectral changes of PLAG-30 after UV (254 nm) light irradiation for
15 min in CD;Cls. The solution was bubbled with N> gas before UV light irradiation.
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Figure 4-8 3C NMR spectral changes of PLAG-60 after UV (254 nm) light irradiation for 15
min in CD;Cl,. The solution was bubbled with N> gas before UV light irradiation.
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Figure 4-11 MALDI-TOF-MS spectra sample of after polymerization with (a) PLAG-20 and
(b) PLAG-30 in CH2Cl,. Sample: 2 mL PLAGs (5.0 X 10° mol/L, in CH,Cl.) solution in un-
der N; gas atmosphere. Carbocation form was generated after UV light irradiation (1 = 365

nm) for 5 min, then Isobutyl Vinyl Ether (ca. 1g, 0.01 mol) was added with a syringe.
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Scheme 4-1 Synthetic route to PLAG-30, PLAG-40, and PLAG-50.
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2-(2-methoxyphenyl)benzo[B]thiophene (1b)

Benzo[B]thiophene-3-boronic acid (1.04 g, 5.8 mmol), 2-bromoanisole (1.00 g, 5.3 mmol),
sodium carbonate (1.19 g, 11 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.31 g, 0.27
mmol) were dissolved in a mixture of toluene (30 mL),ethanol (6.4 mL), and water (6 mL).the mixture
was stirred at 80°C under N2 for 20 h, and then extracted with ethyl acetate. The organic layer was
dried with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chromatography
(chloroform) afforded compound 1b (1.28 g, 100%) as a light pink color powder. *H NMR (400 MHz,
CDCls, 25°C, TMS) 8(ppm), 3.78 (s, 3H), 7.02-7.09 (m, 2H), 7.31-7.45 (m, 5H), 7.60-7.64 (m, 1H),
7.87-7.82 (m, 1H).

2-(2,4-dimethyl-5-phenylthiophen-3-yl)-3-(2-methoxyphenyl) benzo[B]thiophene (1c)

1b (1.28 g, 5.3 mmol), 3-bromo-2,4-dimethyl-5-phenylthiophene (1.55 g, 5.9 mmol), cae-
sium carbonate (4.28 g, 13 mmol), pivalic acid (0.64 g, 6.3 mmol), tricyclohexylphosphoniumtetra-
fluoroborate (0.97 g, 2.6 mmol), and palladium(Il) acetate (0.89 g, 4.0 mmol) were dissolved in tolu-
ene (30 mL) and mixture was stirred at 110°C under N2 for 24 h. after the reaction, the mixture was
filtered through celite. Then the mixture was extracted with chloroform. The organic layer was dried
with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chromatography (chloro-
form) and reverse phase HPLC (acetonitrile) afforded compound 40 (0.43 g, 1.00 mmol, 19%) as a
colorless powder. *H NMR (500 MHz, CDCls, 25°C, TMS) &(ppm), 2.10, 2.15 (s, 3H, conformation
isomer), 2.12, 2.17 (s, 3H, conformation isomer), 3.68, 3.54 (s, 3H, conformation isomer), 6.90 (t, 1H),
6.95 (g, 1H), 7.20-7.43 (m, 9H), 7.52 (dd, 1H), 7.88 (dd, 1H).

2-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo[B]thiophen-3-yl)phenol (1d)

40 (230 mg, 0.54 mmol) were dissolved in dichloromethane (20 mL) and mixture was
stirred at 0°C under N» for 30 min. after the flask was covered aluminum foil, BBr; (0.3 mL, 3.20
mmol) was added to the solution dropwise. Then the mixture was stirred at room temperature for 1
day and the mixture was extracted with dichloromethane after the reaction. The organic layer was
dried anhydrous sodium sulfate, filterd, and concentrated. Silica gel column chromatography (chloro-
form) afforded compound 1¢ (230 mg, 96%) as a colorless powder. "H NMR (500 MHz, CDCls, 25°C,
TMS) & (ppm) 2.01, 2.13 (s, 3H, conformation isomer), 2.19, 2.31 (d, 3H, conformation isomer), 4.94,
4.87 (d, 1H, conformation isomer) 6.85-7.14 (m, 3H), 7.24-7.32 (m, 2H), 7.33-7.48 (m, 6H), 7.57 (d,
1H), 7.93 (d, 1H).
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2-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo[B]thiophen-3-yl)phenyl trifluoromethanesul-
fonate (PLAG-30)

1c (150 mg, 0.36 mmol) and 1,8-dizazabicyclo[5.4.0Jundec-7-ene (110 mg, 0.72 mmol)
were dissolved in dichloromethane (50 mL) under N> gas atmosphere. Triflic anhydride (200 mg, 0.71
mmol) was added to the mixture dropwise at 0 °C and stirred for 30 min and that the mixture was
stirred at 25°C for 24 h and then extracted with dichloromethane. The organic layer was dried ith
anhydrous sodium, sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) and
reverse phase HPLC (acetonitrile) afforded compound 10 (95 mg, 0.17 mmol, 47%) as colorless pow-
der. "H NMR (600 MHz, CD,Cl,, 25°C, TMS) &(ppm) 1.81, 2.26 (s, 3H, conformation isomer), 1.96,
2.44 (s, 3H, conformation isomer), 7.24-7.33 (m, 2H), 7.33-7.45 (m, 6H), 7.46-7.59 (m, 4H), 7.93 (d,
1H). *C NMR (151 MHz, CD,Cl,, 25°C, TMS) 14.50, 14.71, 14.95, 15.02, 115.54, 117.66, 119.79,
121.92, 122.19, 122.26, 122.47, 122.50, 123.32, 123.42, 124.90, 125.14, 125.21, 127.46, 127.52,
128.61, 128.70, 128.86, 128.92, 129.19, 129.34, 129.64, 129.82, 130.07, 130.19, 131.81, 132.05,
133.34, 133.42, 133.50, 133.62, 134.96, 135.03, 135.15, 137.77, 137.82, 138.20, 139.00, 139.77,
139.98, 140.28, 140.41, 148.07, 148.24. 'F NMR (600 MHz, CD>Cl,, 25°C, C¢Fs) -76.56, -76.41.
HRMS (EI) (m/z): [M]" calcd. for C27H19F303S3 544.0448; found 544.0449.

2-(benzo|pB] thiophen-3-yl)-3-methoxypyridine (2b)

Benzo[ B]thiophene-3-boronic acid (0.92 g, 5.2 mmol), 2-Bromo-3-methoxypyridine (0.88
g, 4.7 mmol), sodium carbonate (1.0 g, 9.4 mmol) and tetrakis(triphenylphosphine)palladium (0) (0.30
g, 2.6 mmol) were dissolved in a mixture of toluene (40 mL), ethanol(8.0 mL), and water (8.8 mL).
The mixture was stirred at 80°C under N, for 24 h, and then extracted with ethyl acetate. The organic
layer was dried with anhydrous sodium sulfate, filterd and concentrated. Silica gel chromatography
(chloroform) afforded compound 2b (0.73 g, 64%) as a colorless powder. 'H NMR (400 MHz, CDCl;,
25°C, TMS) 6 (ppm) 3.87 (s, 3H), 7.27-7.29 (q, 1H), 7.34-7.41 (m, 3H), 7.89-7.90 (dd, 1H), 7.95 (s,
1H), 8.21-8.23 (dd, 1H), 8.36-8.38 (dd, 1H).
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(2-(2-(2,4-dimethyl-5-phenylthiophen-3-yl) benzo[J |thiophen-3-yl)-3-methoxypyridine) (2¢)

2b (1.52 g, 6.3 mmol), 3-bromo-2,4-dimethyl-5-phenylthiopehene (1.85 g, 6.9 mmol), ce-
sium carbonate (5.10 g, 1.6 mmol), pivalic acid (0.76 g, 7.6 mmol), tricyclohexylphosphoniumtetra-
fluoroborate (1.16 g, 3.2 mmol), and palladium (II) acetate (0.89 g, 4.0 mmol) were dissolved in tolu-
ene (75 mL) and mixture was stirred at 110 °C under N, for 24 h. After the reaction had completed,
the mixture was filtered through celite. Then the mixture was extracted with chloroform. The organic
layer was dried with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chroma-
tography (chloroform) and reverse phase HPLC (acetonitrile) afforded compound 50 (0.90 g, 33%)
as a colorless powder. '"H NMR (400 MHz, CDCls, 25 °C, TMS) § (ppm) 2.10-2.17 (dd, 6H), 3.54-
3.68 (d, 3H), 6.89-6.99 (m, 2H), 7.03-7.24 (dd, 1H), 7.26-7.42 (m, 8H), 7.48-7.56 (dd, 1H), 7.87-7.89
(d, 1H).

2-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo|[ 3] thiophen-3-yl)pyridin-3-ol (2d)

50 (180 mg, 0.42 mmol) were dissolved in dichloromethane (20 mL) and stirred at 0°C
under N> for 30 min. after the flask was covered aluminum foil, BBr3 (17 % in Dichloromethane, ca.
Imol/L) (1.26 mL, 1.26 mmol) was added to the solution dropwise. Then the mixture was stirred at
room temperature for 1 day and the mixture was extracted with dichloromethane after the reaction.
The organic layer was dried anhydrous sodium sulfate, filterd, and concentrated. Silica gel column
chromatography (chloroform) and reverse phase HPLC (acetonitrile) afforded compound 2¢ (92 mg,
53%) as a colorless powder. 1H NMR (500 MHz, CDCls, 25°C, TMS) 6 (ppm) 1.89-2.3 (d, 6H), 7.09-
7.11 (dd, 1H), 7.18-7.21 (m, 1H), 7.24-7.28 (tt, 1H), 7.31-7.41(m, 6H), 7.72-7.77 (m, 1H), 7.82-7.98
(m, 1H), 8.31-8.36 (dd, 1H).
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(2-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo[B ] thiophen-3-yl)pyridin-3-yl trifluoro-
methanesulfonate) (PLAG-40)

2¢ (42 mg, 0.10 mmol) and 1,8-dizazabicyclo[5.4.0]Jundec-7-ene (33 mg, 0.22 mmol) were
dissolved in dichloromethane (10 mL) under N gas atmosphere. Triflic anhydride (62 mg, 0.22 mmol)
was added to the mixture dropwise at 0 °C and stirred for 30 min and that the mixture was stirred at
25°C for 24 h and then extracted with dichloromethane. The organic layer was dried with anhydrous
sodium, sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) and reverse phase
HPLC (acetonitrile) afforded compound 20 (30 mg, 0.05 mmol, 50%) as colorless powder. 'H NMR
(600 MHz, CD3;CN, 25°C, TMS) 6 (ppm) 1.62, 2.33 (s, 3H, conformation isomer), 1.80, 2.54 (s, 3H,
conformation isomer), 7.20-7.50 (m, 7H), 7.54 (q, 1H), 7.66 (q, 1H), 7.77-7.82 (m, 1H), 8.00 (d, 1H),
8.76-8.83 (m, 1H). “C NMR (151 MHz, CDs;CN, 25°C, TMS) 14.35, 14.76, 14.80, 15.39,
120.40,123.16, 123.18, 124.33, 124.40, 125.09, 125.61, 125.77, 125.84, 125.88, 126.17, 126.26,
128.28, 128.43,128.51, 129.71, 129.80, 129.88, 130.35, 130.72, 132.27, 133.73, 134.12, 135.25,
135.45, 135.71, 1316.11, 138.29, 138.37, 138.42, 138.47, 138.51, 138.55, 139.09, 139.47, 139.54,
139.61, 139.80, 139.94, 140.00, 140.04, 140.11, 140.40, 140.68, 140.86, 146.50, 146.69, 148.61,
148.73, 150.74, 150.84. 19F NMR (600 MHz, CD3CN, 25°C, CesFs) -79.40, -79.28.

3-(benzo|pB]thiophen-3-yl)pyridin-2-ol (3b)

Benzo[ B ]thiophene-3-boronic acid (2.25 g, 12.64 mmol), 3-bromo-2-hydroxypyridine (2.00
g, 11.49 mmol), sodium carbonate (2.56 g, 24.15 mmol), and tetralis(triphenylphosphine)palladium(0)
(0.66 g, 0.57 mmol) were dissolved in a mixture of toluene (32 mL), ethanol (6.4 mL), and water (6
mL). The mixture was stirred at 80°C under N; for 20 h, and then extracted with chloroform. The
organic layer was dried with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column
chromatography (chloroform) afforded compound 3b (1.01 g, 4.44 mmol, 39%) as a colorless powder.
'H NMR (400 MHz, CDCls, 25°C, TMS) & (ppm) 6.40 (t, 1H), 7.34-7.42 (m, 3H), 7.72 (dd, 1H), 7.77
(s, 1H), 7.80-7.85 (m, 1H), 7.88-7.94 (m, 1H).

3-(benzo|p|thiophen-3-yl)-2-(methoxymethoxy)pyridine (3c)

The mixture of 3b (430 mg, 1.89 mmol), sodium hydride (110 mg, 4.58 mmol), and THF
was stirred at 0°C under N for 30 min. chloromethyl methyl ether (560 mg, 2.10 mmol) was added to
the mixture dropwise at 0°C and stirred for 30 min and that the mixture was stirred at 25°C for 24 h
and then extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate,
filtered, and concentrated. Silica gel chromatography (chloroform) affored compound 3¢ (400 mg,
1.47 mmol, 78%) as a colorless powder. 'H NMR (400 MHz, CDCl;, 25°C, TMS) § (ppm) 3.46 (s,
3H), 5.41 (s, 2H), 6.33 (t, 1H), 7.31-7.40 (m, 2H), 7.43 (dd, 1H), 7.62 (dd, 1H), 7.74-7.80 (m, 2H),
7.86-7.90 (m, 1H).
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3-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo[ ] thiophen-3-yl)-2-(methoxymethoxy)pyridine
(d)

3¢ (0.40 g, 1.47 mmol), 3-bromo-2,4-dimethyl-5-phenylthiophene (0.80 g, 2.99 mmol), cae-
sium carbonate (1.23 g, 3.80 mmol), tricyclohexylphosphoniumtetrafluoroborate (0.28 g, 0.76 mmol)
and palladium(II) acetate (0.09 g, 0.40 mmol) were dissolved in toluene (20 mL) and the mixture was
stirred at 110°C under N for 24 h. after the reaction had completed, the mixture was filtered through
celite. Then the mixture was extracted with chloroform. The organic layer was dried with anhydrous
sodium sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) afforded compound
3d (0.38 g, 0.83 mmol, 55%) as a colorless powder. 'H NMR (400 MHz, CDCl3, 25°C, TMS) 2.20 (4,
6H), 3.28, 3.35 (s, 3H, conformation isomer), 5.21, 5.53 (dd, 2H, conformation isomer), 7.05-7.50 (m,
10H), 7.55-7.61 (m, 1H), 7.82-7.90 (m, 1H).

3-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo|[B] thiophen-3-yl)pyridin-2-ol (3¢)

3d (0.38 g, 0.83 mmol) and HCI aq. (6N, 15 mL) were dissolved in methanol (50 mL) and
the mixture was stirred at 70°C for 24 h. after the reaction, the mixture was neutralized with sat. sodium
hydrogen carbonate aq., and extracted with ethyl acetate. The organic layer was dried with anhydrous
sodium sulfate, filtered and concentrated. Silica gel chromatography (chloroform) afforded compound
3e (0.20 g, 0.48 mmol, 58%) as a colorless powder. |H NMR (400 MHz, CDCl;, 25°C, TMS) 2.07,
2.35 (s, 3H, conformation isomer), 3.28, 3.36 (s, 3H, conformation isomer), 6.10-6.30 (m, 1H), 7.20-
7.50 (m, 9H), 7.55-7.62(m, 1H), 7.82-7.91(m, 1H).

3-(2-(2,4-dimethyl-5-phenylthiophen-3-yl)benzo[|thiophen-3-yl)pyridin-2-yl trifluoro-
methanesulfonate (PLAG-50)

3e (0.20 g, 0.48 mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.14 g, 0.91 mmol) were
dissolved in dichloromethane (30 mL) under N> gas atmosphere. Trifric anhydride (0.26 g, 0.91 mmol)
was added to the mixture dropwise at 0°C and stirred for 30 min and that the mixture was sturred 25°C
for 24 h and then extracted with dichloromethane. The organic layer was dried with anhydrous sodium
sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) 'H NMR (600 MHz,
CD:Cl,, 25°C, TMS) 2.34, 2.18 (s, 3H, conformation isomer), 2.10, 2.22 (s, 3H, conformation isomer),
7.27-7.33 (m, 1H), 7.35-7.47 (m, 7H), 7.48-7.53 (m, 1H), 7.68, 7.83 (dd, 1H, conformation isomer),
7.95 (dd, 1H), 8.36 (dd, 1H). *C NMR (151 MHz, CD,Cl,, 25°C, TMS) 14.10, 14.59, 14.78, 15.12,
115.52(d), 117.65(d), 119.78(d), 121.90(d), 121.17,122.69(d), 122.94, 123.05, 124.26, 125.18, 125.45,
127.63(d). 128.00, 128.34, 128.92(d), 129.30(d), 131.28, 131.63, 133.16, 133.28, 134.90, 135.63,
138.13, 138,67, 138.73, 138.82, 138.85, 138.97, 140.21(d), 143.61(d), 147.81(d), 154.46(d).
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Scheme 4-1 Synthetic route of PLAG-60.
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3-bromo-2,5-diphenylthiophene (4a)

2,3,5-tribromothiophene (3.00 g, 9.35 mmol), phenylboronic acid (2.39 g, 19.6 mmol), cae-
sium carbonate (4.96 g, 46.8 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.72 g, 0.627
mmol) were dissolved in a mixture of tetrahydrofuran (30 mL) and water (25 mL). The mixture was
stirred at 70°C under N for 20 h, and then extracted with ethyl acetate. The organic layer was dried
with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chromatography (hexane)
afforded compound 4a (2.53 g, 86%) as a colorless powder. 'H NMR (400 MHz, CDCls, 25°C,
TMS) d(ppm), 7.26 (s, 1H), 7.30-7.47 (m, 6H), 7.56-7.61 (m, 2H), 7.68-7.72 (m, 2H).

2-(2,5-diphenylthiophen-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b)

4a (2.53g, 8.03 mmol) and 2-Isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.97 g,
16.1 mmol) were dissolved in tetrahydrofuran (30 mL). The mixture was stirred at -78°C under N, for
30 min, and then added 1.6M n-BuLi (5.51 mL, 8.83 mmol). The mixture was stirred at -78°C for 1day,
and then extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate,
filtered and concentrated. Silica gel column chromatography (hexane) afforded compound 4b (1.85 g,
63.5%) as a colorless oil. 'H NMR (400 MHz, CDCls, 25°C, TMS) §(ppm), 1.30 (s, 12H), 7.24-7.29
(m, 1H), 7.31-7.39 (m, 5H), 7.57 (s, 1H), 7.61-7.66 (m,4H).

1-(benzo[B]thiophen-3-ny)naphthalen-2-ol (4¢)

Benzo[ 3 ]thiophene-3-boronic acid (0.71 g, 4.0 mmol), 1-bromo-2-naphthol (0.45 g, 2.0
mmol), sodium carbonate (0.45 g, 4.2 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.12 g,
0.1 mmol) were dissolved in a mixture of toluene (10 mL), ethanol (2.0 mL) and water (2.2 mL).
The mixture was stirred at 80 °C under N> for 20 h, and then extracted with ethyl acetate. The organic
layer was dried with anhydrous sodium sulfate, filtered, and concentrated. Silica gel column chroma-
tography (chloroform) afforded compound 4¢ (0.46 g, 83%) as a colorless powder. 'H-NMR (300
MHz, CDCls, 25°C, TMS) &(ppm) 5.20(s, 1H), 7.29-7.48(m, 6H), 7.61(s, 1H), 7.83-7.91(m, 2H), 7.99-
8.04(m, 1H).
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1-(2-(2,5-diphenylthiophen-3-yl)benzo[b]thiophen-3-yl)naphthalen-2-ol (4d)

4b (0.73 g, 2.05 mmol), 4c (1.11 g, 3.07 mmol), caesium carbonate (0.46 g, 4.30 mmol), and
tetrakis(triphenylphosphine)palladium(0) (0.12 g, 0.10 mmol) were dissolved in a mixture of toluene
(20 mL), ethanol (4.0 mL) and water (4.4 mL). The mixture was stirred at 80°C under N for 24 h, and
then extracted with ethyl acetate. The organic layer was dried with anhydrous sodium sulfate, filtered,
and concentrated. Silica gel chromatography (hexane/chloroform 1:1) afforded 5 (0.48 g, 46%) as a
colorless powder. 'H-NMR (500 MHz, CDCls, 25°C, TMS) 8(ppm) 4.91 (s, 1H), 7.11-7.39 (m, 16H),
7.76 (dd, 2H), 7.86(dd, 2H).

PLAG-60, (1-(2-(2,5-diphenylthiophen-3-yl)benzo[b]thiophen-3-yl)naphthalen-2-yl trifluoro-
methanesulfonate)

4d (1.40 g, 2.74 mmol) and 1,8-diazabicyclo[5.4.0]Jundec-7-ene (0.58 g, 5.48 mmol) were
dissolved in dichloromethane (50 mL) under N gas atmosphere. Trifric anhydride (1.16 g, 4.11 mmol)
was added to the mixture dropwise under 0°C and stirred for 30 min, After that the mixture was stirred
at 25°C for 24 h and then extracted with dichloromethane. The organic layer was dried with anhydrous
sodium sulfate, filtered, and concentrated. Silica gel chromatography (chloroform) and reverse phase
HPLC (acetonitrile) afforded compound PLAG-60 as colorless powder. "H-NMR (600MHz, CD,Cl,,
25°C, TMS) &(ppm) 6.88-6.91 (m, 3H), 6.95-7.00 (m, 2H), 7.03(d, 1H), 7.10-7.27 (m, 5H), 7.30-7.38
(m, 4H), 7.39-7.46 (m, 3H), 7.84 (d, 1H), 7.91 (dd, 2H). *C-NMR (151 MHz, CD,Cl,, 25°C, TMS)
14.3, 23.1, 32.0, 115.5, 117.7, 119.7, 119.8, 121.9, 122.5, 124.1, 124.8, 125.1, 125.7, 126.1, 126.4,
127.1,127.6,127.7,128.2, 128.3, 128.4, 128.6, 128.9, 129.4, 130.6, 131.2, 132.8, 133.1, 133.3, 134.0,
139.2,139.7, 140.3, 142.0, 142.8, 145.6. ’F-NMR (600MHz, CD,Cl,, 25°C, C¢Fe) -77.12.
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Figure 5-9 (a) Photochromism of three atropisomers of optically resolvable diarylethene 1o.
(b) UV-vis spectrum (in CH3CN) of the anti-parallel form and c¢) CD spectra of the isolated

first (thick line) and second (thin line) isomer (in heptane). The solid line represents the open

form and the broken line the photostationary state.
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Figure 5-10 (a) Interconversion relationship of 1a, 1p, and 1c. '"H NMR spectroscopic changes
of DAE 1 in THF-d8: (b) 1c and (c) 1a generated from 1c by visible irradiation; (d) equilib-
rium state of 1a and 1p. The low-field (markedwith shadow) is magnified by 4 folds for better
presentation. (e) Timedependent isomerism from 1a to 1p at 293 K. Inset in (e): the experi-

mentalactivation energies of 1a and 1p.
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Figure 5-11 chiral Lewis acid generation mechanism of PLAG-20
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AETIZ, BUEIEEAHCTR Y Y F A 7 2 v —F 7 2 L VB0 i A o [afizE )
O PESs % HfEd 2 Z & CHERD = 4 L ¥ —[EEE 2 KD 72, PLAG-20 DRV YV F47 =V
—F 7 XL v OfE A% R ¢, BEREBOMEREL L = AV F—FHEZITS C
& CHRIKIREED PESs ZMRHT L 720 BEARIICIZ, HRIGHEME 2 v 7 4 X — v 2 v OBER{ED
ol S iRIREE L U<, Westml 0 g5, KEFRHE D J7 26 C-C I % 10° -0-0[H]
Wi X T, 7 DR RS 2 To 72, T OEEER 35 [HfTo 72 kEEA BRAEL L, K
DT ANF—FOEEAEICHLCTry bT 5 LT, FEERED PESs ZHiE L 7
(Figure 5-12), _v V' FA7 2 v —F 7 2L VEDOREEEICIZ DD KE 7 T AL ¥ —[RhE
(IRegtEl » 751 : D296 kJ/mol (3194 kJ/mol, KIKEEHE b F71A) : (2330 kJ/mol @189 kJ/mol)
DBIAET 5 BTNz, Walko D 238RGE L7 =2 F Vv FL VY ZEDYT Y -V T
VR Zhu LbDORY Y ERFT V=L EELYT Y =7 v Tld, 100 kJ/mol F2JE @ [aliiz
DIEHAL T A L X — CHFRMAR D BiEfIC i) L T % (Figure 5-9, Figure 5-10) %10, F
2. TDTIE CD ARZ MATI I —A4 A—VRBIET 22 LR TE, EheRE <y
T AT VA BRI AR EC SR I N, Chi3F TV T4 %27+ b27m 1y 75
THBNBHETHF TV T APMREINS Z LRI LT3, T Hic, B ATE%
LA T2 2 & TRV IR LItEZ RO 2 & 28 CD A=27 bt XY@l S
BO, HOCEBRVELTHF TV T ABMREFEINDSG Z L EIRL T3, PLAG-20 I 2
LOME L 2T OEME bz AL ¥ —X 0 b REL LM 2 2L PRETLHFHD PESs T
NENTEY, PLAG-20 I FEMEAKOHBENFIRETH 5 2 L AR I N7z,

w0 @,
300 e .
r‘g 250 . . @\ @
S 200 |- . . . ,/
< 150 ° . ° ° e Clockwise
) . °o e Counter clockwise
S 100 |- ¢ o
0 s . o o
50 — ° hd Y . L ] [ ] ®
L]
ofpse” | Teecgploace | Boatel |
0 50 100 150 200 250 300 350
Dihedral angle / ©
@® @ ® @
dE/kJ mol-! 296.54 330.44 194.59 188.57

Figure 5-12 Potential energy surfaces as a function of dihedral angle between benzothiophene

and naphthalene of Sy states of PLAG-20, by DFT calculation using ®B97XD/6-31G(d,p).
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5-5 HZENEILFIIVALEY O BKEREE D

PLAG-20 & PLAG-60 @ % 7L HPLC Z M\ 7z53#7ic X V| Figure 5-13 IZ/R$ 7 v+
&2 L %1372, PLAG-20 (% Figure 5-13a @ 27.8 min 3 X 18 32.2 min ® v*'— 7 1cxf L T
P E T 272, T T, ENEFND Y — 7 Za-PLAG-20, B-PLAG-20 &9 %, —J7. PLAG-
60 I Figure 5-13b ® 21.7 min 3 X 18 34.0 min D ¥ — 271X L CoHltsfr > 72, 2 2T,
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Figure 5-13 Chiral HPLC chromatogram of (a) PLAG-20, and (b) PLAG-60 in hexane. (Flow
rate: (a) 1 mL (b) 4 mL, column temperature: (a) 30°C (b) 25°C, column: DAICELL Chiral

Pack IA)

¥ 70 HPLC T3 E| L 72 ¥ 9 A 7ra-PLAG-20, B-PLAG-20, a-PLAG-60, B-PLAG-
60 DHFEFKIZEND T F= PV ABERICX VIET 5 2 & ICHY L7z, (Figure 5-13,
Figure 5-14), CIF {&¥t% Table 5-1, Table 5-2, Table 5-3, Table 5-4 iZ/~xJ, Figure 5-
13 D &ED ORTEP M2 5 PLAG-20 D ¥ I MLEMIE~v YV FA 72 v—F 721
VIMOBIAKICHKT 2 X7V T4 2FF0 2 MR TE 2, X 51T, PLAG-60 b [ARIC
RYVFA7 2V —F 7 XL VBOWAFICHKT 2F 7V 7 4 s <% 7= (Figure 5-
14), BARF OB AICHE, a-PLAG-20, B-PLAG-20, a-PLAG-60, B-PLAG-60 D{L&
Yo DK E % (R)-PLAG-20, (S)-PLAG-20, (R)-PLAG-60, (S)-PLAG-60 &3 %, %
7oy ZNE N OISR O L EY) % (R)-PLAG-2¢*. (5)-PLAG-2¢*, (R)-PLAG-6¢*,
(8)-PLAG-6¢* & 3% (Figure 5-15),
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(5)—PLAG—26

Figure 5-13 ORTEP drawing of (a) (R)-PLAG-20 and (b) packing structure of (S)-PLAG-
20, showing 50% probability displacement ellipsoids. White: hydrogen, gray: carbon, red: ox-

ygen, yellow: sulfur, green yellow: fluorine.

(S)-PLAG-60

Figure 5-14 ORTEP drawing of (a) (R)-PLAG-60 and (b) packing structure of (S)-PLAG-
60, showing 50% probability displacement ellipsoids. White: hydrogen, gray: carbon, red: ox-

ygen, yellow: sulfur, green yellow: fluorine.
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Table 5-1 Crystallographic parameters and refinement details for (®)-PLAG-2o0.

formula
formula weight
crystal system
space group

a(A)

b(A)

c(A)
a(deg)
/(deg)
Adeg)

C_H FOS

31 213 33

594.68

orthorhombic

P222,
9.45887(17)
15.1011(3)
18.7582(3)
90.0000
90.0000

90.0000

3
V(A)
Z
-3
pAgem )
T(K)
refl. measured

refl. unique
R (1>2.000(1))

wRZ(aII data)

2679.41(8)
4
0.331
103
45025
6143
0.0260

0.0666

Table 5-2 Crystallographic parameters and refinement details for (S)-PLAG-2o.

formula
formula weight
crystal system
space group

a(A)

b(A)

c(A)
a(deg)
/(deg)
Adeg)

C H FOS
31 213 33

594.68

Orthorhombic

P222
9.45685(17)
15.1065(3)
18.7546(3)
90.0000
90.0000

90.0000

3
V(A)
Z
-3
ogem )
T(K)
refl. measured

refl. unique
Rl(|>2.00cs(l))

WRz(aII data)

2679.29(8)
4
0.331
103
45119
6145
0.0232

0.0586
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Table 5-3 Crystallographic parameters and refinement details for (®)-PLAG-60.

formula CH,FOS, VA) 2914.0(2)
formula weight 642.70 VA 4
crystal system monoclinic p(gcm's) 0.311

space group P12 1 T(K) 103
a(A) 15.0487(6) refl. measured 49051
b(A) 8.7161(3) refl. unique 12979
c(A) 23.1991(9) R (1>2.005(1)) 0.0332

o(deg) 90.0000 WR (all data) 0.0627

B(deg) 106.739(8)

Adeg) 90.0000

Table 5-4 Crystallographic parameters and refinement details for (5)-PLAG-60.

formula C,H,FOS, VA) 2911.61(14)
formula weight 642.70 z 4
crystal system Monoclinic p(gcm's) 0.311
space group P12 1 T(K) 103
a(A) 15.0328(3) refl. measured 49568
b(A) 8.71087(16) refl. unique 11388
c(A) 23.2214(4) R (1>2.005(1)) 0.0314
o(deg) 90.0000 WR (all data) 0.0627
B(deg) 106.762(8)
Adeg) 90.0000
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(S)-PLAG-20 |:>(5)-PLAG—2<:+

PLAG-60

(S5)-PLAG-60 |:>(5)—PLAG—6<:+

Figure 5-15 Names of open form and carbocation form after optical separation.
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5-6 YA ABEFEFID CD AT MVOFHT
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FAHEICL 2L, (R-PLAG-20 & (5)-PLAG-20 13 350 nm 2» 5 FNZNIEEL EBD CD 27
PRI L., SGRERICR RIS O N, 72, (R)-PLAG-2¢*1Z 800 nm 25 1ED =
v bR ETR L, (9-PLAG-2ct i3 #ifGBRO D2 y F VIR E R L, 2y P VIR
DRFFICE Y., (R-PLAG-2c I IEDJiEEF* 7V 74 %% day b VIR, Thbb, =
DOFKBHOBLRBELE— AV FORULABAED TH B Z EARBI N, —FT(9)-
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Figure 5-16 Simulated CD spectra of (a) (R)-PLAG-20 and (5)-PLAG-20 and (b) (R)-

wavelength (nm)

wavelength (nm)

PLAG-2c* and (8)-PLAG-2c* by DFT calculation using ®B97XD/6-31G(d,p).
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—77C. Figure 5-17 12 PLAG-60 3 X 18 PLAG-6¢*® CD ZA<Z by Ial—vay
%RY, EtEIck 2 &, (R-PLAG-60 (% 375 nm CIED 2 v } Y%k L. (S)-PLAG-
6c 3B F L ZHEEREFROADT Y F VIIERER Lz, 72, (R-PLAG-6¢*1Z 800 nm 2> &
Eoay b+ vihRER L. (9-PLAG-6c i3 GEAGROADa Yy b vEiRER L, 2V b
VIIROFFFIC L Y, (R-PLAG-2c*IZIEDRF*F 7V T4 2T ay F viIIE, 374b
L, ZODOROBHOBELREBEE—A VY FORENPHED TH D ERRBI NS, —T
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Figure 5-17 Simulated CD spectra of (a) (R)-PLAG-60 and (5)-PLAG-60 and (b) (R)-
PLAG-6¢c* and (5)-PLAG-6¢* by DFT calculation using ®B97XD/6-31G(d,p).
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Figure 5-18 IC ¥4 EIRSTHT O PLAG-20 3 X U2 D PLAG-2¢*® CD XA~ 7 v %
T, (R)-PLAG-20 & (85)-PLAG-20 (% Figure 5-16a @3> I 2L —> a3 vOEF L E &
Z—HT 5L PR TE 72, HEDENRD Y v TR RS L 72 (R)-PLAG-2c* &
X O(S)-PLAG-2¢*® CD <7 b A} [FIFEIC Figure5-16b D 2 2L — 3 a v O¥E ¢ &
BLE T L LR TE /2, £ 72, Figure 5-19 ® PLAG-60 & X OYEAERKY D PLAG-
6D CD A7 Py Ial—vaViEREITIT L 72,
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Figure 5-18 CD spectral of PLAG-20, a) before and b) after UV light irradiation.
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Figure 5-19 CD spectral of PLAG-60, a) before and b) after UV light irradiation.
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5-7 XTIV A AT A F Dl I i M D FFA

A% T3 BINAP OBl R # &7 5 L PLAG-20 3 X 1N PLAG-60 D¢ #0 #2170,
CD A7 bV EHEEREEL O Z DX 7Y 7 4 ZiHlli L7z AETE, LTV F =LK
J5 D RIS E I oW TR B,

AW T, n-nfHEERIC X 20T TAT e FoEgZ vy, fillisre L <
PLAG-60, [AIUT 1V F—AKIGOERE LT 1-F 7 P TATe FEFHLZ, mLd 35 7
F =S TIRFIAT2HEICX > T4 DN EWEMB AR T 5, AWFZETIERY O
Hififtoizo, IV ) —AFEERICECAFATTVAFAP Y AFALT ) LT &R
— L ERFIFL 72, fil#iciZ T & ko PLAG-20 & PLAG-60, Y #5El#% D (R)-PLAG-60
& (8)-PLAG-60 % F|H L 7= (Figure 5-19),

o SiMe,
O o” PLAGS
+
H e
= 07 1) uVirrad., -78°C, 10 min
2) -78°C, 60 min

3) Wash with HCl aaq.

a)

b) fRg

Racemic PLAG-20 Racemic PLAG-60 (R)-PLAG-60 (S)-PLAG-60

Figure 5-20 Scheme of chiral Mukaiyama aldol reaction, using PLAGs.

1-F7 727 F (0.3lmmol) EVAFATTVYAFALITIXAFASYALTREZ— L
(0.31 mmol), YA ZR@EFAEHR (3.1 umol) Y 7ru X2y (5ml) # 07 7 A2lC
ANT 10 [ Ny X7 ) v 72 fT o 72t%ic, 10 7358 (365 nm) % HAGF L. 1 R,
-78°C THifE L7z, £ D%, NayCOszaq. THAHIL, Hle CULELL TH 5 NaySO, THME S ¢
%, AT NaSOy Z#HUY BREWLERMEZ T r—F o '"HNMR BEIEZ{To72, %
D, ¥ 71 HPLC T INVEFYIDO L F v F ABRELREMER L 72, BEIC DR %
Table 5-2, &) ® 'HNMR 272 } L% Figure 5-20 IC/R T,

Table 5-6 Result of chiral Mukaiyama aldol reaction.

entry catalyst Yield (%) e.e. (%)
1 Racemic PLAG-20 20 0
2 Racemic PLAG-60 61 0
3 (R)-PLAG-60 27 0
4 (8)-PLAG-60 40 0
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Figure 5-21 2. 'TH-NMR spectra of Mukaiyama-aldol reaction product (entry 2, crude).

Table 5-6 DFEHRH B 7 & I filillt, & 7 VO C T F v FAEFEFIL 0% TH - 7,
F 7z ML T v B = VRSO INEIT SOCRIRFRIC A F V% FiD PLAG-20 IR T 7 = =
NFE%EFFD PLAG-60 DA BEWFEER & 72 o 72,

* 7 V7 PLAG-60 28 % 7 Vil e U CHERE L e 2> o 72 Bl & L < IEEH 0 IERTEL A
ZiFonb, PLAG- 2 CIRIEBRA 7 2=V F A 72 v D Cyp & Cuy DETIERLELL T
W3 Z % 2-5D BCNMR 3 X X HMBC ic X Y BI5 2212 L 7= (Figure 5-21), PLAG-6¢*
BRI 7z =VF47 =¥ RICIEBEHBIERENT 2 L FZ 6055, FERERICE -
TTATe FZEETCETICHRARRMNZTA L2720 L F 272, PLAG-60 TlEH LR
NFFVERBZCR YV FAT72veF 72y, FRRVEVERICXZ[5]~) kv Dk
O RIRIERNE A TS %, 2O X 5 IEERGEIC X 2 ¥ I A8 S HFFC X 7225, [5]~Y
VIFERTT7 LT 22 eAHMONTE Y, PLAG-6c"D~Y & VAL D [FERIC 7 & 2
ftFzzenvlTE, FIVELAEMODERICHFE L rdo/zE X b5, PLAG-20 IC
HART7 2 =B %FD PLAG-60 DR EWWEIH & LT, PLAG-6c"®D 7 = =4k L
ZrT7ATe Rl EERHIC X o TR L 72720t E 2 b, XY REAFEREN
JCRETIICEAT 2 2 e, XV Men-rHAFHA@HEZ 7 v 7 e FORHME%R
RKELHIRT 22 8 MAHFCTE L, COZOREELZF T AN REHRERZFE T
FE. FIAMLT P -V RIGOEBDBFECE 5,
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Figure 5-21 HMBC of PLAG-20/PLAG-2c* (in CD,Cly).
5-8 #&EEm

RETEAFRALT M F—=ARISOERZHIEL, ¥ 71004 RBBFREFRORFE % 1T
27z, BB THML 72 PLAG-20 &FEMNETHMK L 72 PLAG-60 % ¥ 7L HPLC T
5El %17, CD A7 P VLHEEREE DT 21T 5 2 & TENTE RO A RAFEFAFI D
¥ I LAV O % 1T - 72, J655rEC & 72 (R)-PLAG-20 & (5)-PLAG-20, (R)-PLAG-
2ct (8)-PLAG-2¢*. (R)-PLAG-60 & (S)-PLAG-60. (R)-PLAG-6¢& (S)-PLAG-6¢*i%
ZNEFNDOMAE D CHEEGBEFED CD 2<27 F L&KL, B L% E® CD 2<2
N ial—vaviEBlEr—HL7%, PLAG-6o ZHWmILT A F—ARIETIE, =
F v FAERN R SR TE D> b DD, RICHELELEZ 7 2 = VILICEE T 3
e CTRICINEZRE M LEX ¢ 2 2 L IClYIL 7z, 5% iE. AVKAF A vikO A F4 v
ZlRTEAL X, OCREBIHRE L BE L on-ntHAFEAZMHA LEE O HHEZ K CHIRS
52ET, FIAMANTAF—ARIGEERLEZWEEZ S,
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BARNE R
6-1 AREWSXDFRHE

BB TR T 2 AT R & 2N E TOMEBRICOWTE & KL
D HN B X O Z ik~ 7=,

BT, T AR T 5 4 A EFA A (PLAGs: Photo Lewis Acid Gen-
erators) DFIFEZHW & Lz, 74 F7 v v 7 2—=T 1) —L vONHRKIGCEICHE S K&
R O BEER G2 O B L, BEHRICRIE AN H T4 v 2B T 559 F O AR EZAT
o7z BAFIKIONEERDOF 7 2 L v 2 MM LEABRIA 2 R LEN, P F—Eo~xv V547
TV T2 ENFF T2 VEBALINKAF AV 2 RTEEET, KETIZIZDERE
MICHiEEL 2R XA P F O HAEAL 72 PLAG-1o &S 2 Y 77— FEAZEAL /-
PLAG-20 D=2 D& =7 V) —L vV E&H5LAFREE RBRINA =27 VTR L 72,
PLAG-1o IC¥4 2 IS4 2 & A[HIRIC S 7 ) — A 27 VI ORI v F 3B i
Bl 51T, COROOERICAIEDE R BT 2 2 & TR OB v FA3HK L.
JCD PLAG-10 DWEWRIN AR Z AL ZIR LI L ba[¥i:2H 92 Z & 23902 ) . PLAG-
lold 74 b2 v IXL%RT BRI o7, —/7 T, PLAG-20 ICEEI R IRE T2 & 7]
I PLAG-10 & 13572 2 =20 v FBHIR LAREBICE R L 72, 2 OREGOERIC
AR % BEAT L 72 I PLAG-10 L RIBROHEERIGA R oAb 072720, 74 P27 a 1y
7RIS 3R DALAEVI O NFEDTRE X iz, ISR #% D PLAG-20 (3 ¥C NMR T
bR 2B 2 R L 72, Mo TERREG I 200 ppm fHEICHT 7272 DD ¥ — 7 AT
BILNTER, ZOXIICKREREEGES 7 VALK F AV 2HT 20 FOR T
H Y. PLAG-20 ITEININERICER L ALEWIANVF A FA v ZFFOEEZ LN D,
¥ 72, WGSBS E (HMBC) I X o T, AAEHF 4 V13 PLAG-2¢D 7 = =
NFAT7 2V ETHRELTnE L 2R L 7z, 72, KETHM L7 PLAG-20 D}
SOGE T PERIIHPERB R A & e~ TR 50% % 5ed L 72,

B=8TlIZ D PLAG-20 ZF|JH L2z RKF o2/ ~—ONHFEESKIGCHEILT LR
— NGO HE R CHERAMZEIEL 72, I DI, TRFLE/ ~v—Th3 12-TKF ¥
Zu~%%vORBREAICOWTHHE L 72, PLAG-20 &£/ ~— DAY RSS2
LT VRIEEMR RO N, ZOTVIRDILEMIIT NVRE I v~< 757 4 MS A
7 FATCIRFLE)—DEAKRTH S Z L BMWRATE =, £/, T b=} V) AR
T FAMRICEAMCHTERTE -, UEX D, PLAG-20 3R F >/ ~v—DHREA®
BREAZN T CE 2 2L D h o7z, 51T, PLAG-20 ZFHWTHILT Vv F =LK
JED NI D I L 720 RED LT A F—AKIG T, JFEHCX LT 1 mol%® PLAG-
20 WML T 62%DAEEBESLNT WS Z 225, PLAG-20 D ARICH T2 42—V
F—N—BUIK 62 T THBE L HRbhr B, 'HNMR 2~ b ATk PLAG-20 5
PLAG-2ct~D a2y N—=Y a3 VB 24%TH 5 Z EPMERTE 2, MILT L F =G TdH A
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ooy —2 9y T PLAG-2¢ 8 EK L 728453 &, PLAG-2c+D X — v A — =3
258 37 TH D EHEETE %,

FEPUE T "R CAM L 72 PLAG-20 OHEAFKEZHBE L L, F 7 2L VElfiz R v ¥
VERICHE ¥ 2 72 PLAG-30 28K L 72, $7-. XV KEBEFHEDOEH AR D FF v R
THLDIC, BYRIEYY Y VRICEZ #1272 PLAG-40 & PLAG-50 & L7 X5
I, G EFINEDE Ex2 & L7z PLAG-60 DBiF b HiE L 72, PLAG-60 Ti3. X
JGIC 7 2=V HEABAL, 7zt F 7 2L v OMICE L n-ntHEAEH ZFIH L TER
JGiEEa vy 7 A=y a vORERESKL -, BTRIEY ) Y v E2E&T PLAG-4o &
PLAG-50 (C¥415E % 185 LS & 1172 PLAG-4c* & PLAG-5¢*Cld, HWINZA~2 b rick
WTETREYY) Vv 28T\ PLAG-30 L IERTL Yy FY 7 M T3 L ERTE 72,
ZHIZPLAG-30 D7 = = A X D T 7 72 —ko v ) ¥ VBT LUMO #47 DK
TLizzovtEz2boN%, 7. $7-. PLAG-4c* & PLAG-5cT 3B RIBL Y & VEBRIC X
S THOCETWEIEEZ R LAA AL L CHERATH 2 EEZ LN, L L, BAEK
ICEENZ ) Y VERMPAA RIEE L Ui & 06T 5 2 & B RIEIRE R o B R IG T
RBINTEY, LA gAML LCofARRREcH L EZLND, /2, £—T V —
L v EEN T oIEE RS AER 2RI L 72 PLAG-60 T, 62% D &\ RIGE
TIEZ Gk L 72,

FHETRAFRALUT N F—=AKISOERE HIE L, ¥ 7 VN A RBFRER OB %
fTo7ze B ETHMKL 72 PLAG-20 L PR THIL L 7z PLAG-60 % ¥ 7 v HPLC T}t
HorEI ATV, CD A7 PV RREEE DT 21T 9 2 L TZENZ DN A R EFEEA
DX T MEAEVOFHIEI % 1T > 720 ¥ T A A ABFREREFIA L 2L 7 v F =K
JGTIR, TF v F AR A KIEPHERTE R 572d DD, KIGHELELY 7 = = V3
ZHFT L TRIGINEZRES A LXE2 2 LTI 7,
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6-2-1 FI)mELU7IVR—IVRIE

BILEClL, 0 EI %D PLAG-60 25 % it e LClali 7 v F— A SOSICFIA L 7=
2, TFVFABRN ARG IERCE R o7z, THIE A ZBED AR S F 4 v
JERENL vt EZONSE, IAFAFF VY OIEFENICE D 7L T K8 EE
L NTHBARMEZHR L2200 EE LT, LEDB>T, AIVKRHFA v & —HIcFEL
TETCTAT e FOHMBERZKRECHIRT 2 22 BT hiF, oF v F &R RKIGS
Wifcx 3, 2012 4EIc)lI S IR Y Y F A7 = Vv OSEBEEREEZFH LA F 4 v DfE
LI L CE Y, BESRFETTA Moo LM %R 2L ICIILTw 5
(Figure 6-1) Y,

Selen

Figure 6-1 Suggested reaction mechanism for the elimination of ethanol followed by the introduction

982e®

S EO S

of a methoxy group.

5113 PLAG-20 D7 2 =V FF 7 2 VEi ARV YV F A7 2 VICE T2V A AR
FREROEK%1T S (Figure 6-2), ¥ 72, RIGHETRE & VEOBHE 2 BRI L, KIS E R
HicF 720 v o ERZEANT S,

QIS

STfO

FRERIE Eif=ln F35IUIA B

(RSO IAX—23Y)

Figure 6-2 Photo-Lewis acid generator containing benzothiophene.
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6-2-2 RUIABOEEG KL

1835 4E1C Regnault I X > TRV = A Z &R L LR, 77 2F v 7134 04
AR L ZMBERAIRGFEME IR o T3 Y, 1950 LI, EEI NS 77 2F v 7 13RI
PSR LB CTE Y| FRICEREINSE 772 F v 7 0B OMA L2, ThEffRT 2T
BLLTC,. 7 I7RF v 7%V FAINT2FENHEINLL HININETITRF v 70D
ILOLTPRBOADBY F A4 7 I, ZDITE A EIZED T TRMHHESE~ 0K LM
INTHY, ZOFEEYORIT 2050 FI1CZ 120fE F v 223 2 e FEEINn3 Y, 75
ATy 2132 DEWITAESHEHTH 5 ). 5K aRRBS0LECH 5 & 23[E
TH 5, WETIE, ENNET I A F v 7B OREERRT 2 & 260, % Diff3E
N—TRERNBFEMERIEL 2. 2o Td, K ARBIIEVHERDO TR O AT
52D TE, RYA—FA— PCILHT 2R EOECHAMEERT 2 2 Mo TS,
7o, ERAN TR I N WE R b EREGEMR L L CERS T~ 0ICH b ifF
T3, ZOXIICTIRFy 7Y BRI EZKRE LS 2 TREN 2 FbD 2 Y
AEETIEH B0, HEMCTIIARAXZHMAL Th Y 2 0@ErsBEInsg, £72. 20
HATEDD BRI —h@n 2155 2 L BNETH 5, nzfifikd 2
BEAOME L L CEEVWEREEFFOLA ALV 4 2GR EZ A A DE S FLP (Frustrated
Lewis Pair) &MEN 2 &5 EH S T3, 2007 4£1C Stephan 512 X - TR X v/
FLP 132 O KE v REEIC K VG ZERE T, B - HEom oE 2T HbHT L
7 B RICER R I NS Y, ZORIGOHIE LTRTAT v BXTTVF v O
HAL IR KBTI, X 2 27 VATEA F A DEAMIG EOMBRIEAZE T b3 49,
REHSCTEE L T 4 AEEFAEF L, S cEm e A AL A ZFHE (P ) 75—
FT=F V) OXRTEEKTSEZ L5 FLP OB&ICYTIEE 2, 5RIZZ DX A4 RE
FAEFNCX 2R ) IBMONEAMCE HIE T,
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