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o*-m*HLEFE AAEM D germole IZHB W TH A LN TS, Fb~ =10 LA0MoO & EH 14 Kot
FIZBT 2 HEMHEAERAICOWNTHEW OO RERINH Y | FHALEH O S OIS
BT DRI e ST D 323738, S 13 A R XV mEM 14 RooROMREMA B L L
TOIHDH I LIZEA TN OTIF RV EEZ LD,
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OH ,
Si Gé

LUMO OH

i
1
1
1

3.929 eV

""l,

o
o- 8%

oy, LUMO LUMO

||-|||||||||||||||||||||||||||||||

2.690 eV

2.640 eV

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, HOMO HOMO
-8.320 6V T

-8.760 eV -8.760 eV

H S_.H H
' Ge
H H )

|\
Hs, S &

1-7 cyclopentadiene, silole 33 X UF germole Df#iE & HOMO, LUMO T3/ ¥ —HEf]
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134 YANRRIZBIRXLE®EEY VAN 0 I AN

ST AR S VDR T DRI Y VS b 7 i I XL LT TV D,
BIROBMERm < 2D L. WMINEERNRER S 7 M2 ZLIFIEO Y VAR m I XA
HEEY 7 M T2 83O YN 7 I XA EIFER TS, —i%ic, FIRIREE &6
FOREE CESIMFE— A POREINDERD53FITT, BHERY AN NI B I A L%
RTZERMONTWD, WEZNREZ 25 9 2T, FEERAE & B IRIE OV E - IEAE A
TERMWNEE L5, WK EWEIX, TNENDNEFOKABMGA-, R, 58I H
KT 2BBAIT K-> T, BEMEMENEZTRT, 20D, BEWOERMIZL->T, 510F
TIERFE TR L, TR X —BICRE R A D, —MRISA A PRIR R Tk
B IR RR B LS TR BN L ET D72 W ORI LAY 513 EWIR A~
MBEREEY 7 M T 5O Y AN R a I X L),

— 07, HOLE OWBREEIZEOE Y VR b7 v 2 XA EHER TV D 39, O W
F— A MIERINOERIZ L > TE{LT %25, Franck-Condon OJFFE LV | EREHE % O
BERLANIZE D B2\, Z D7 | EREAZITE ORI X D R LEEIT RV FX —Z o7,
IVPHIRIEFIRRECH D, T DK, BIIRREIZI T 2 FERR BB IZ 17 5 > CIRIE O FECSIAS
2 %, EEEORFFEFR T —MRICHEOEF @ L D EW oD #OEDI1TZ & A SRR
WRHEN BV | WILART MLV EREHART FADT T MNA R—=27 A7 MRAEL D,
ZD1=D ., EIEEORYEIZ LV i R EEARE < AL+ 2L, A =27 227 b R%HL
T2,

YR b w Iy 7 BFROBEGE T ORI R OEW D, WO 2 E&(hT 2 2
ENTE DL, ZORENRED E LT, Er(B0)D H 5 4, Z 1L pyridinium N-phenolate betaine
dye (NF A 2 30) & FETI D BAFES FOER., KKUE N CHEBELEE FICHT 2 mol 729 DO
FEBT XNV —%ROIZEOT, WATHEZLND Y,

E+(30) (kcal - mol™) = heNy Vypgy = 28591

o eq.1 13

ZIT R TR ¢ IEE, NJIT AN R, Ve IEEL, A (35 B RO
FANCBLN D WRIH OMRIE R & 72D, ¥ A 2 30 DE BRI T NEMBENC X
D, 7=/ b— sOBRBRT LOBTEENMETNT LI LT, KEHEGOT 7872 —H
ERGAE— A "METT 5, ZOMWEEFIA L, EtQONKAEEEDOKFEREAME L §EEH A
EROBS 2 RKBLT 57 2A—4—L LTHRIHAINTWD, T72bb, Ex(30) & MR
Fa7ny b 4528 T, XEA 30 EZHRWEL LTEOEY VAN N v I X LAORES
R Z E N ERETH D,

WO 2 2 b S g & &, HKERRE L EIRED IR T-E— A hDZER L K
I R & el R O ZERIZ OV TIL, RO Lippert-Mataga DI TH- 2 H 115 9245
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_ 2
V4 — Vg = %(“Ea—gc) eq.1 14

-1 n?-1
Af = 2e+1  2n?+1 eq.1_15

Z 2T v IEIRIR - B R (em™), X T T 7 B o 13GE, e ITEER. n ITEITER,
pIFBRBAE— A b a (TR TH D, WK R & ORI R OEIL, o
FHEELIBITENOGE I ONT/NT A= —Af O, FEIREE & EhiE R RE o W AR-1-&— 2
v NDED2FIZHGIT H Z L AR LTV D, Af 13 orientation polarizability & FEIZALTH Y |
5 1D (e-D)/2e+ DT, IWHIHRF O FELY & IR H OEF OFNIZ L D AT b
VI RNERTHTHD, —FH., H2EHOM-1)/Qr*+ D)ITEEES 1 OB+ DI B D I % £
LTW5, E7o, 289 a IZOWTIR, 0 FOREID 40% O Z AW TZHE 46, s
AT DR DT FREZR WS o N —e 7 78 7% —HORREZ A 7o 4o
AVSIISY S G AT

Z
A\
l:
<
CZ
+

1-8 pyridinium N-phenolate betaine dye D& & 1B 7 1 & X
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1.4 BT ¥ OB LR E
141 BT I NVORENE

GHET L. BOSHRECTEERESE D R LZERLEW TH YD | FRH LMAETE
RONHDELT—RKIZEHOATWSD, —FH, BRERKK T CHODEEICHBERER 7 IV
FIEL, TNOIXREAKT P H IV LRI TWD, 7 VIV EAFIET D212, ”
WS RV ZE BN & B LBV D 2 SDOFMERH Y . TR OKMENER Y BV, HF
DAL TEENRE S LD,

HERRI L ENEX, RIS RICER T2 ZENETH D, SAEFEEDORKE RE#ELIC
L0, SR THL T VAN ER#EST D2 T, BEMR EEZXD Z N TESD, 3
FRHRICE D BEREBOZ RV —EMNEED | AGHREL 2D Z & TRIGEEI/NS
7Y, FUANENLEL 2B 1-10), KETVHNELTHMBNS N FLTIHN
WTRBHLT OHNTHLIN, 7aXT LIZHFEERMNME LI, T FLREL ST &
BOS LIZS WiEZ A LTV D,

IfILF—

—J7. BRI ZEER. TN FEO T XX —HMEGLN EORRELE Th D E T
FBIETH D, MIGEEIXHEWE L AR O R NX—2EIRFT 5720, TV AFED
TRV —EGLMRNER . EMEDS A B35, B PR E N A R SRR & LTI,
REWRZHIE & OKRFSIERERNICBIT L 2V E—EIC L > TiHMishd 9, 7
R TUHNVIZEBNTULT =T RS L TRLEbN S,

‘CH; + RH —»AH ‘R + CHy4
R'\.,-R" . " H. . -H
Ho _H AH R'<-R
N + E —_— \'\.‘ + E

X 1-11 GHET 20 OB FR 4 E N
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T E=NT VANDLEEVIZET DB RIC OV T, FHREILER R TFEICLY
MZRFHIE 2N 2 SR TWD Y, FERBRPBHEEIRIE L L TIFELIZGE, 7 I=0 T DR
LEAT D2 ENMONTEY, ZHEIANEFRHEFR LIZIENY , LIBZET D Z
LICERT D LEXbND, RBR, FEBEBHET I =17 VUV TEHFFR EICAE VR
IR TWDH Z & ESRMEIC K VB SN TV 5, o, HEMR LTI, HEHERE LD
p NLOEHS L U TIE ARG TIIALZEN L, BFHGMETILERT 286N
TWDs 4,
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142 AV BT 2 H

AT D ANCEMII IS E S R OWBMERETH Y . AT 22 HRIRIC
DI ETWAL LTOBRBERIIT LS & T2 A0 20 Hfdai-L v fiéﬂf%f:o
ZHUZIZ T I 3 IRGTHNZ D OIREEERN S T D BN H D, ZZTIEETH T
W TR EO‘/’E;Ekﬁ[Jé"Gféf:&)@’ﬂi’(“@ﬁﬁ?ﬁﬂl’)b\féﬁﬁ“é

FFRNOAE BB 5 I, 1936 40 Hiickel (2 X % Schlenk-Braun O fR{b/KFHE

IR DBE b & LT D 4849, %@fﬁ 1950 =12 Longuet-Higgins (2 & - T A kAL
7k—;ﬁ@ rAR B =B FMEE R L7200 FNDO A Y 235 S8 5 HiR N RE S50, Z
TUTEF % 1 DT RO IEREMEIuE 0B Z2FH T 2L FOBIHITH 5,

EFZ 1 SDIETROHERFEMEIEDOR =N — 2T eq.1_16
N : 2p Jilf#liE D%
T fbPHEERICE D AliE7e ERE G O

X 1-12 123 ) P A & U BYERO TN T 2 A BV EBHIORT- %2759, KIZRTE Y
AZBMRDT 2 HOAE BFATICHI O T H, TVANPLENBUERORA S
FLENLTHORIZETAE U HI O & TPRIENS, ZD%., Ovchinnikov, Klein 512X >
T VAN E A B TORWTZRHI S FNO A B RS9 5 2 L SFEH Sz 5652,
R HIRAC KBTS D IRBE EO A UBEOIEANR ALY U MRIZ L0 Z BTS20
AEVBFHSIIT v TAE LA T UAE L DETEZLND,

S
X 1-12 &/ VA X BMEKRDyFNAE Y



DTN TAE U EZPATIZWARD Z LN TEThH, fEdhT CHES 1 & O RORBEMER
FEAEAERDME T IXEARAN IR E IR SN T LE 5, 207D, 43+ T Ok
PERMAER 2R Z ENEETH D, o FRIO A E BEYIFE T /L O FEARR 72 PRI,
McConnell (Z 5V 1963 AF-IZHEE X 4153, 1995 4F|Z Hoffmann 512 K - TS 672 B iR M 72
ST 4,

McConnell 1%, (Si, §)D AL &8 " ODRHFALKZEZDDTNAZ v 7 LT2BHED
BRI EAE O S 2R TR Lz, AEDF TIE—RISERERE B CROETICIEUS
T AFHOJERADMEATD L B2 D &, ROMEEARREIVIRED A & BENR
WS THIGEAITHFH TAE N ATICE R T WEEZ NS, £Z T, ffmicT
A B S DRTFEEET 5 L9110t D 2 LT AR TCOmBMM AR &
HELL) LTHEZTHD,

1-13 BN D5y KA AAEH O McConnell €7 /v

—J7, Hoffmann &3, 53+ DA & Tid/e <. SOMO O#LERHAIEMIZEH Lz,
B 1-14 122 DD T VT DA V3B ie B BEE I AR IR 28257, (2). (b) T,
253 FOHGEDER VS S1X 0 TR, ZD720, 0.DTFNX—H#EMNBREE, -
DEFVF PRI L, ENEROT IR MR BYEF DIz, 2 DDA L 7
OIS FATICA D, T7bb, 2007 AT U VSRR %52
EEZLND, UKL, @OTIEX 2 2OT VAT IANDERVES SN0 LY, £
PE OB O T L X — AL THEE L TV D, 2 DO A B R — O#GEIC A -
% a. BIRBICELDANLENRT DO, TNENOHIEIZ 1 DT OVATICEIE SN D
EEZ b5, T70bb, Hoffmann H OBEGRICHE S & 431D SOMO DOHE % B S+ 5
O FRAEIT O SE LD ZEITR D, BTN, 5 FHIOBHR AR OB
SNTIHE L O ES L ORBITE LD BTN S 56,

S = [ xaxzdr eq.1 18
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(b) (c)
0. %Ag 0. %T%
g S NE
78 . &8

(8 } P+

2 S X5
Q;:gg Q—$——$—%

X 1-14 T VAT I H VB ORSAIFE BAER

73T
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143 BHEROBEERFNE LT LK

WVE DWRHIMEE I E O B VIR & iROFEBAA & 5, Curie 12 X » TWIE O LR
TREOHTEIZHGT 5 Z LB RWESnTe, T2ROBIREN BRI 5 L WE OB LEIT
INSVMEZRT, A% Curie Al & W ZOHBIEEL C 1X, Curie EEL & FFHENL TV D,
SRIGHEDWE Tl OB = R L X — Tk L3RR & 72 D & BB MERIPEE 2~ 7,
ZORFIZHOWT, Weiss [IE B IERONE THEHERE—A > MIESGNBEL TWDH EE
Z 77, Curie BIJIZ Weiss D3O IE% . Wiess IREO THRIR L 7=t DL Curie-Weiss 8l &
FEZAL TR Y, ATREND &,
eq.l 19

Xmol = T—0

0>0: BEEAE A b ENSEBEEROF B AE R
0=0: AL YA NENSHAER L
0<0: BEEEAE A RN ORBEERIFE AR

RELOBEKIEZITV, D FHOBKEHE A/ EROME 2 JRES 588, 5+ OMAIEH
DT, EVHZNIZAE L OFEROMEFTIZ L » THFEERE L TOMKEE~DHENTT
NI D, 22T, AV OEEKRIC LY B 527 VX2 AV THKEHEA/ERZH
H3 2%, (REHNR L O E LT EKET /L (Breaney-Bowers 7)) & Heisenberg — K LE#{E T /L
(Bonner-Fisher E7 /W)X dH 5, _EBEET /WL - OORINEFDBxER L THFELTED,
Y EAEER LW EZICHEASNDETATHY, R TEILENRE SN D o,

Nag*us® 1 2

Xmol =

eq.1 20
ug : A—T WA

kg : RV~ U ERR

Flo, AR —RICRESHZ T L TV C, ROBMMERIHE BAEH 2 756 13kl
THALRBF S LD 76,

¥ _ Nag?ug? 1 0.25+0.074975x+0.075235x2 eq.1 21
mol kg T 1.040.9931x+0.172135x2+0.757825x3 i
X =—
kgT

TEEETN ~REEHETNVOANI THOEEEAL, XzIGHT 52 L bl
THY., I L VEY Rz WD LEERH 5,
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1.4.4 BB EAER OFH R 7RI

ZODEERY A N 1L 21ZB T DBEREIZHE EAEIZOWN T, N BV T DA A
EUANAIN =T VERRTETZENTED N, 20L&, S LESITTNTR ALY U fAiE
BEOHE L0 JNEOMED & & 5B AB/ER 277,

H=-2J5,-5, eq.1 22

TIT. IUMNE COEOE T VA AOEE, JOffIE S EERE L EEREO T X
AR Lo TREND, LoT, SHEREL ~EEREDT XX —235HT5 2
LTE T U HAORGIR B OMS & R 5 = LS L 725,

E(S=1)—E(S=0)= —2J eq.1 23

INEFNOTZFNX—2EHNT L2007 7u—F L LTL 2 250, —2FThEh
DTZFNF—FIEMICKRD S Cl 7 7 ua—FTh b 83, HL ZIUTFHREOAR IR IS
VN, & Z T, broken-symmetry(BS){% &\ HIENF SN, a AV & BAY U ZENE
NN O FHOEIZ S TEO THEZIT O 2, —HEREOZ VX —2HMNT 58, =&
FREIZE DAy av X I x—va ik, ELVERAF—NEHETE RN S, 2
2T, U 3APRHEEINTND,

DFTy __DFT
@ _ (" Eps _ Er) eq.1 24

Smax

](3) _ (PFTE, o PFTE )
Smax (Smax+ 1)

eq.l1 25

](4) _ (PFTE, o PFTE ) cq. 1_26

<8?2>7-<82>pg

J?IX Ginsberg, Noodleman, Davidson 52X > THERINTEY | MRHELEDEL D M+
TN ENGERIT L ERFERZ FHELT 2 7078, —F7, JX Ginsberg, Noodleman, Davidson
?Dfttt Bencini, Ruiz’?% HIC L > TEAINEZRNTH Y | BKHLEDEZR Y PR EWEEIZH
HATE2, RBRICINILAGIZEY FRR2KXEZREIEZLOTHY, BAKHLEDOERY
DRENGES, NSVWHELELLBIWFIREZEX D T ENMBILTND 88, KFeSC
T, ALK LZ2AXEZHNWT, BRHIHAEERORE S Z/ELL 2L L L,
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145 H¥EZ D ESR A7 kL

AxEF DFAEDTERI LORHEFORELZFNT 5 FEE LT, EFAL 200G
(ESR)23 8 D, AXE AT FICINL LB FAMFEL, TOBFIIHRE—A L N &2f
LTW%, A OGZ 0TT2BR, B FOBKE— A ME, BGIAT I RCEATO
COOFRLNEDLZENTET, o0& HLINTREEZ LD, ZOTDH, TUIN
RS 2 T TOIRBE T, BRI Z BT 5 &L oD REM O XL X — KIS LT-E
BRI END, ZINEF AL O RFETH D,

TIONNDEERET— A N p, BRI OIREE A v, Wi5E H & T 5, BSEIZFETRT
CHNEOVATIRT P HNVD T FIVK—E; EXZETNTEIE = —12gugH. E>= 12gugH
Thzbhd, LoT, EBREEOWINEINDSRMHIILL T &5,

E, —E; =gugH =hv eq.1 27

ZIT, Ehg & g T LM 2 DfEE L DY, B OBIEEBIEK Y SRR T — A
Y FBIXOFRAEOBERET— AL FOREBICLY 20 bbb hizT P aVEA Off
ERT, TVNNVDBRET—A L FINAEUETICEDEE L., e S8 L
HERIC LD LB TOMIENRDE | g = 2.002319230 £ 725, gKFITHOWTHFELEZ AV
f%#kﬁﬁk@éo

g0 (1437, [semlislenl eq.1 28
m=#p €p~&m
n |<‘Pm|Ly|‘/’p>|
< +{ Zm;p p—— eq.1 29
92z = ge |1+ (T Iww?%ﬂ eq.1 30
m:tp €p~&m

ZIZT, CIFEAV UGB EERER. v X7 VN DSFLE, e IZEDTZRLF— p,
m (XZNENOLTHLEZ KB D55, L I35EE Y ofbEoRfiszs RIERE - TH D,
I gore gy g 1FRRDMEZRTD, WIKT TIZRGER B S, FHREEZ RS
FHERDH, FRANLDNL LI g RFAIFAE U EGERE o FHLEOBIRESKOHE, 45
FHUEDO T XN F—HOFEIZOWTE S FIEOMAZ &L o7 b D & 725, C, Si, Ge DHH
JRAIZHT D p ETDOAE VELERS G EBILENLIL, C:29, Si:149, Ge:940 cm! TH-Z 5
N, BFEFTHHIIE, A URBEERIIRE L5 %,

ESR A7 MZHET D L, RETFEBRAE L EOMEEMIZED, A7 hLrd
DRDBBR S, T INVOEBEIREIZOWTIMET 5 2 LN TE D, AT Mo ZARGE
OS5 E B a) TR+ OuE EOARKIE 8L & BT — A M RO O L flE
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BoOETEE, EHRFICBIIAHNBEBLOLNY ZROLZENTEDL, 22T, RED
P BE EORGEA & RHE L AT HAELE DA OWTE 25, KA HEICT
EZTA . IRELKEORFBERICIE 2 DDA ORENELRDEFNH D, WD
WAET, IRFEOD p, ME EORME S LR —FHBEDAL VN R X—ICZELEIND T
W, KFELRIZAEURGIhD 2L LD, Ko T, KEOBUMIESERaxii~5 =
& T EEIRE EOARKTE T EEE RN TRO D Z &3 TE D (McConnell DEIR), = Z T,
FEBIES Q 13-23.0 TH 2B D,

at = Qp¢ eq.1 31

RNEF%H O OET I HNLTIE, —ODAE U N T THIVUE., HF2ikE LT
K[RE—AL MEAT DO, ESR IGMEA RO, ZORE, SNBSS 28 & LT,
W5 &b WAT, AAFDOHYAT, Wil & bRFATD 3 SOREREZZHND, 2T, g=4
DA MABBHISAUR, ZFEEREZRTROVGELE 705, BT U LVO5A, %t
LI DAKIEFDED WG OB LY | ARG ER L FEA XY MARGET D,
SYZNE 2D 13RI EEEE R (A)NTIRIE L. D=27800/R? & 725,

[
o oAb e

K}\JL/GX E,=-2pH

P
<

115 SEEREOT R —
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m.=0

hy

D' = guyD = FWIHZHH
2D
)

Tr ( gIZ f B

1-16 Z“HEIEREO TR LX—HEN L Amg= 1 & Ams= T2 DER
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B2E Ve a7 s Y vroyBtENREICRIEITEBRTE
HazhR

2.1 #E

S FREREMM B 28G5 BT, B FOBENICA~AT e lF 2 8AT L5 2 LR, Fo
BIHEENE LSBT 5700, BBRES 2O~ RMICHWON D FIETH D, BATD
A%mﬁ%®@ﬁ®0kotbf 14 RN BZLNDN, Si, Ge &7z 14 HEH#

pRFE & FRICALE L TR Y | flifEFIZ s%p? D 4 B & FOHE %*%Lk D, DD, H

1 ETRER L7z L DI, FHEUOMEAZIRY 2056 @AM 14 oo & e & oM EER
NERZDEZEZOND, ZOMABFERZFIAL T, &M 14 ESES X EFEE D DT
JEPED Sy B B W TR W B L PR E 2 R" T 2 E RN Lo TE TV D,
9-silafluorene!, silole?, germole?, anthrylsilane?. 14 &L & #4 dipyrrin®, pyronines® K> rhodamine®
HOREMNABREA D FRRESNTEY . ZONMHEREFHEEIC OV THFERTEFRIZ
EDLNTWD, ZRHITFNERL, dOLEFICREOBLEN D | RFEZAR L TR
DHFHEE R L, SROAKT LY br=7 2A~ORBEHIfF ST 5,
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Q&DR%QQLHUNN
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I 7N I
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ST OBEHENICA~T e JE2 G0 a7 U NFEICET 598 & LT, Hicks HI2L 0 #
HINTWD verdazyl 7TV ~D Y UEHER O R HIZ LD i STV DR
B4 triphenylmethyl 7 2 /L ~DERIFFEHIA 7, Rubin 52 X % 2-azaphenalenyl 7 %
IWERHBENTWD, ZNHOHEFTIX, FVINVDOEHEEERESEBLEEDL LR
HoT, ~hrFEFEEAL, 7 VWV OFBMIEOERR P ED b TWD, mEY 14 1%
LREGLT VIV L TERTIUI, = ey BT OB % SiliF Tl Lz +
WZOWTHIER ZNETREINTWD T T D v & IV THBERME R 258 5 £ T
SERBEPERFE AR 2 SR THNARE T D ONHAR TH 53, HFHND A EAREICER)
RIS FITFEMEZ L VTV E W MERNH D, TI T, SiiFEr LAy
{REPFRETHIUX, Si O sp’ IRAHLE IR 2 IEM ARG LD . =Rkl Rk nE
WAREIR BT 4 7T ay 7 D—2L72 0G5,
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/E Ph, O Ny
P
arye NN N N
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\P\/ . T .
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Cl
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510-Vt Fa 7= W) UFFERIE, 2 E TEREME OO R 7 oA x 1
FRLBIEA 2, =L hr oI XLERTH PECDEAINTEY, Evbd&EmaT
MEHE LTSRN RS 2av T 5, —F, BFEEERE L TOISHBNTZRWA, £ ORIE
R THEE XD . M EDO DB TOABROMENHIFF S D, 5,10-VE ka7 o7
VR UHBRICEL TR, 2 OMMEIZET 2 mEFNTD R < HE D RS A TR WE
WcThHsb, £z, 510-Ve Fr7 ot U b 510-V Ru 7= LI vo=hn
XY RTOHNVFEEROREFNIIE LA LI ZONVIEEE, EFHEESIHLNICSH
TV, 15T, LATD 2-1 )5 2-6 £ TOILAEMITHONTONRMEIE, EFAHEZH D
DIZTHZEIFABRTHY, RETIE, INOFHEROS TG, o FEHHEEIZ DN
TR 9%,

Ph_ Ph Ph_ Ph
MeO\@MD/OMe MeO\@Mj@/OMe
N N
H o
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N
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Scheme 2-1 IZ/R TG HUL— MGV, T V=7 I 2-1, 22 658023 & 2Dl
HKThHD 24, 2-5BLV2-6 #ER LT, 2-1 DAKTIL9,10-VE ku 7 7 U UGzl
9% — kR Bk V2, 5-methoxy-2-[(4-methoxyphenyl)amino]benzoic acid'* %z %4
B & LT, it MeOH 12 K 5= 27 /WLEUSIZ TG ) 2-8 %1572, %tV > T, PhMgBr
2R D IR = NVEEASDREATIMBOSIZ X VLG 2-9 2GR L | w2 I ZERfliic L 2 51k
BOGZERET 2-1 2R LT,

510-VE Re 7o H U BEWS510-e R 7o W50 0 OARNKIEIT Gilman
HIZX Y HE SN TE Y, dibromodiarylamine & n-BuLi @ U F U A-v 7 U RSN D
D 14 a7 A ~DOREMIMISZ EVIER LS BOND Z ERMmbTng 5, K
A BIEIZHEHL L | N-benzylbis(2-bromo-4-methoxyphenyl)amine's % (H¥#)E & L LAY 2-11,
2-12 Z B K L7ztk, PA/C &Mkl & LIZKIRBOSIZ K0 N D Bz itk L 2-2, 2-3 215
2o 2-1, 222 B LTV 2-3% m-CPBAICTRALT 52 LT, VK24, 25 8L0°2-6
2157,
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2.3 X RS Bl AT

INETS10-VE Rr 72U Bl 05,10-V ke 7oA rIvo=raex
¥ RT D ANFFERO G L OFE OREBEEIZOW TEHEFI A 2, £ 2T, 286
T OEWIZ L DEEDOEREZ TN T 5720, TRENO X B ET 217 - 72,

T F= R UAHND OEEABIEIZL Y | 2-1, 222, 2-3, 2-4, 2-5 3 KOV 2-6 D HfS R
DIFOIT, 15OV B IRIZ OV T X B & 21T o7 & 2 A, £ OMIEZIRTE
T 5 ENTER, TNENOREEMITHE RO ORTEP X% X 2-5 12, ffhT — & 8 L O
EREBALD /T A —2 OFE &3 2-1 [TRT,

2-5 AbLEW 2-1(a), 2-2(b). 2-3(c). 2-4(d). 2-5(e)F L TN 2-6(f)?™> ORTEP [XI(E\EENFSE 4
1% 50% D IFAEMEFR)
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#2-1 LAY 2-1. 2-2. 2-3, 2-4, 2-5BLON2-6 DFEMT —Z B IO
SR AL D /RT A — &

Compounds 2-1 2-2 2-3

Formula C27H23 N O2 C26 H23 N O2 Si C26 H23 Ge N O2

T (K) 296.(2) 296.(2) 296.(2)

A 0.71073 0.71073 0.71073

Crystal system monoclinic orthorhombic orthorhombic

Space group P 2i/c Pbca Pbca

Z 4 8 8

a(h) 17.1678(10) 11.0482(9) 11.1619(8)

b(A) 15.1888(10) 17.7537(14) 17.7106(12)

c(d) 8.0488(6) 21.8706(17) 21.9266(16)

a(®) 90 90 90

IAQ) 90.294(2) 90 90

7 () 90 90 90

V(A% 2098.8(2) 4289.8(6) 4334.5(5)

Deatc (g cm®) 1.245 1.268 1.392

p(mm™) 0.078 0.132 1.436

F(000) 832 1728 1872

Index ranges 20<h<17, -15<h <15, -15<h<14,
-17<k< 18, -20< k<24, -24 <k<24,
9<I<8 -29<1<26 -30</<24

Measured reflection 14644 36027 38814

Independent reflection 3710 5879 6008

Rint 0.0694 0.0554 0.0743

Observed reflection 2980 3911 3786

Goodness of fit on F2 0.917 1.115 1.020

R, Rw (I2o(])) 0.0583, 0.1944  0.0615,0.1671 0.0419, 0.1097

R, Rw (all data) 0.0694, 0.2146 0.0986, 0.1861 0.0893, 0.1291

Resd density - min, max(e A®) -0.351, 0.335 -0.390, 0.305 -0.514, 0.508
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Compounds 2-4-CH3CN 2-5 2-6
Formula C29 Has N2 O3 CxsHnNO3Si  Co Ha GeN O3
T (K) 296.(2) 296.(2) 296.(2)
MA)) 0.71073 0.71073 0.71073
Crystal system monoclinic monoclinic monoclinic
Space group P2i/n C2/c Cc

Z 8 4 4

a(h) 9.4558(5) 14.4127(12) 14.5525(9)
b(A) 35.1657(18) 17.1535(14) 17.2845(10)
c(A) 13.6034(7) 9.1028(8) 9.0760(5)
a(®) 90 90 90

Q) 102.237(2) 105.648(3) 105.877(2)
7 (°) 90 90 90

V(A3 4420.6(4) 2167.1(3) 2195.8(2)
Deatc (g cm™) 1.227 1.301 1.419
p(mmt) 0.080 0.137 1.423
F(000) 1720 892 964

0 min, max (°)

Index ranges

Measured reflection

Independent reflection

Rint

Observed reflection

Goodness of fit on F2

R, Rv (126(1)
R, Ry (all data)

Resd density - min, max(e A~)

2.3164, 25.0560
-11<h <10,
41 <k<4l,
-15<I<16
35176

7785

0.0275

6051

1.099
0.0415,0.1310
0.0579, 0.1451
-0.193, 0.219

2.6690, 28.7290
-16<h <19,
-23<k<23,
-10</<12
9883

2720

0.0325

1957

1.264

0.0535, 0.1630
0.0835, 0.1872
-0.252, 0.417

2.3566, 28.6268
-15<h<19,
-21<k<23,
-12</<10
9967

4520

0.0195

4020

1.092

0.0274, 0.0631
0.0345, 0.0692
-0.318, 0.280
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25CRTIAY | 24 1 TEECH LT ' = U AVERSEENICANE LTz, 2 43 FANZo
WHETIHEET D Z LRI L Lo To (BN EINLE 2-4A, 2-4B LT D), 2-4, 2-5 B L1126
WTNDGF b, MO Z RS TG L2 A L T2y, 2T 2-5 12250 Tike b
FRIFAERE < . N FF & SiFT 25 SRR IS RFRE 2 R o Rt faiid 2 iR < 2 &8
TXlz, 72, 9,10-e Fua 7 7 U P UEiKo o L8 FmE o2 >0V T 2GR O R+
MR L TH, @2 LT,

#2211 X MG AT RS OV DFT 3t K Vo AR LA A%E2 7T, NO
MR IZ T 2-4 : 1.2851(17) A, 1.2874(16) A, 2-5: 1.292(3) A, 2-6 : 1.288(3) A TH
ST, ZNHOEIZZNE THE STV 5 9,10-dihydroacridine-10-oxide #iE &> N-O
B FRREDETH D, L= FaxT RT P H/10 N-O T 1.25A 205 1.30 A,
N-OH D HfEEIHHEE~1.43 A, N=O _HEHGHAHI~120 A THL Z &ML TEY,
EIEOBLEIND 2-4,2-5.2-6 I F= b XU RTTUINLTHDLEBEZHND 1S, BBIGH T C,
Si. Ge & OBERFIR T & OREAHERC6-M)E L OZ DOFES f(C6-M-CHIZENE N,
2-1:1.539(2) A, 1.536(2). 107.70°, 2-2 : 1.8504(19) A, 1.8510(18) A, 102.63°, 2-3 : 1.925(2)
A.1.930(2) A, 101.39°, 2-4:1.5323(19) A, 1.5334(19) A, 1.5267(18) A, 1.5348(19) A, 111.06°,
109.68°, 2-5: 1.8473(19) A, 102.24°, 2-6 : 1.907(9) A. 1.934(8) A. 100.41°Tdh~>7-, i
FTHHEESN TS Siy Ge & BEEIREIRFOM AT Z N 1.95A, 2.00 A ETH
0. 2-1 705 2-6 D X HRAEABERAT 2 DS DN IR EOMEME » B FEVEL /8-
7217, 2-6 DBERBIR T L BEER B O ST 24 L 25 LKL THo & b REWVEREL 72
STHEY, JIPRORE S ERMT LR Lo, HWT9,10-PE kr7 7 vy
BRORUEUVBRIZERT D &, 244, 2-5 TiX C2-C3 OFEEHEEAZ R IZIEFR UE S 204
STNDNR, 2-6 TIE—HOREGHRENEL 720 | NUB VRO G IEREOE RN HIZE
ELTW D EORE AT 1322 A TH VY C=C _EHH L FREOHEEHEHE L 7257,
Z OREE 22 BEARIIZEBL O A RN RKE L, 232 9,10-Vk KaT 7 U D En T
EPEZRFF L TWD 2 EITERER LTV D & BE LT N T & BRI B 1 & DS & BB
FIEIL2-1:1.401(2) A, 1.391(2) A, 2-2:1.3903) A, 1.392(3) A, 2-3:1.394(3) A, 1.395(3)
A, 2-4:1.3970(19) A, 1.401(2) A, 1.398(2) A. 1.403(2) A. 2-5:1.42002) A. 2-6 : 1.391(14)
AL 145714 A L7257z, 2-6 TIEN R & BEERFER T L OREARE S B, e R
n7 7)Y EREOMBERMEL 7o TN D,

FERRRER E R REATHTFERL VGO NHER L KT 5, FHARMBRTIZYe FeTr 2 Y
T UE N BT & SUBIR T E 555 2D Bl B 2 FF o Tz, R SR SRR SR A L
LTWe, fEAAICRE T, BEEBEC W OERREBRERSE T RE REL R
LTCW5, BEL BRI E2RE 2 AR & LT D28, EBRGERIZERRIETH 5720,
S TIEIOFEAER TN EM STV D EHERI L 7=,
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s

C5
C4
C3

c12 N° ¢c1
. c2

%22 bEW 24, 25 BL12-6 DFSEEBLIOHAA

2-1 2-2 2-3
X-ray Calc. X-ray Calc. X-ray Calc.
Bond lengths (A)
N-Cl1 1.391, 1.401 1.387 1.394, 1.388 1.393 1.394, 1.396 1.395
C6-M 1.536, 1.539 1.551 1.850, 1.853 1.872 1.925,1.930 1.926
Cl-C2 1.388, 1.388 1.409 1.400, 1.406 1.413 1.392, 1.401 1.412
C2-C3 1.372,1.376 1.383 1.362,1.372 1.381 1.357,1.366 1.382
C3-C4 1.375,1.380 1.403 1.385, 1.389 1.405 1.383,1.387 1.404
C4-C5 1382, 1.383 1.393 1.378, 1.379 1.392 1.371,1.380 1.392
C5-C6 1.377,1.389 1.406 1.402, 1.404 1.413 1.385, 1398 1.407
C1-Co6 1.393,1.394 1.403 1.401, 1.407 1411 1.394, 1.397 1.407
Bond angles (deg.)
CI-N-C12 118.96 123.1 128.52 129.47 130.06 130.39
C6-M-C7 107.7 110.82 102.7 102.5 101.38 101.28
C2-C1-C6 119.74,119.75  119.82 | 119.07,119.18  119.31 | 118.26,118.47 118.86
C1-C6-C5 118.51,118.99  118.25 | 117.74,118.26 11845 | 118.73,119.18  119.13
C6-C5-C4 120.81,121.08  121.84 | 121.64,122.57 121.88 | 121.31,122.49 121.66
C5-C4-C3 119.52,120.27  119.31 | 11891,119.41 11893 | 118.42,11893 118.83
C4-C3-C2 119.03,120.43  119.66 | 120.08,120.19  120.31 120.24,120.53 120.29
C3-C2-C1 120.41,121.14  121.12 | 121.28,121.61  121.12 | 121.57,121.80 121.22
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2-4 2-5 2-6
X-ray( 2-4A) X-ray( 2-4B) Calc. | X-ray Calc. X-ray Calc.
Bond lengths (A)
N-O 1.285 1.287 1.238 | 1.292  1.286 1.288 1.287
N-C1 1.397, 1.401 1.398, 1.403 1.413 | 1421  1.429 1.392, 1.457 1.432
C6-M 1.532,1.533 1.527,1.535 1.540 | 1.847 1.870 1.934,1.908 1.922
C1-C2 1.401, 1.398 1.396, 1.395 1.398 | 1.406 1.412 1.338, 1.464 1.412
C2-C3 1.352,1.366 1.366, 1.367 1.391 | 1.359  1.380 1.322,1.386 1.381
C3-C4 1.390, 1.387 1.389, 1.380 1.401 | 1.377  1.406 1.402, 1.350 1.405
C4-C5 1.380, 1.370 1385, 1.383 1.403 | 1.389  1.395 1.349, 1.421 1.395
C5-C6 1.390, 1.394 1.387,1.377 1.392 | 1.397  1.409 1.403, 1369 1.403
C1-Cé6 1.396, 1.389 1.394, 1.397 1.411 | 1.408  1.409 1.367, 1.423 1.405
Bond angles (deg.)

CI-N-C12 121.22 120.76 119.17 | 127.01 126.28 128.06 127.03
C6-M-C7 111.06 109.68 108.15 | 102.24 101.85 100.41 100.41
C2-C1-C6 | 120.37,120.56 120.44,119.98 120.92 | 119.77 119.84 | 117.62,120.19 119.38
C1-C6-C5 | 117.72,118.07 118.27,118.10 120.49 | 117.99 11845 | 121.13,116.91 119.11
C6-C5-C4 | 121.49,121.36 121.24,121.57 11932 | 121.51 121.63 | 120.49,122.46 121.42
C5-C4-C3 | 119.68,119.87 119.69,120.03 119.82 | 119.05 119.0 | 119.28,118.05 118.92
C4-C3-C2 | 120.04,121.19 119.99,119.36 121.56 | 121.5 120.49 | 121.64,120.17 120.49
C3-C2-Cl | 120.59,119.94 120.35,120.92 117.86 | 120.15 120.59 | 119.78,122.12 120.68
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2.4 R IIE
241 EANATHEIN A~ 2 S VE

FAEHDOEAIREEZ T~ D72, EOH BHEHIZ T, A TR A~ S AVHIE %
Totzy X 2-6 1T 2-1, 22 B L 2-3 ORIERERZRT,

3.0 H
—2-1
2.5 A )
T 20 - 2-3
(]
=15 - /\
=
= A\
1.0 - / \.\
0.5 +
0.0 . e — i —
200 300 400 500 600 700
Wavelength[nm]

2-6 LAY 2-1, 2-2 BLN2-3 D UV-vis A7 hL(ER, EtOH &)

2-6 \Z/RTIE Y | 2-2, 2-3 T, 2-1 LIFETERDL AT VOB EZE 2 T2, 2-1 TlX
260 nm FFIT IR WIS, 350 nm {13012 e b R RAN OWIN AR S dv7z, — T, 2-2, 2-3
TIE 300 nm AT ISR A, 360 nm T2 e & R RAN OIS B <47z, 2-2, 2-3
TiX 2-1 & AR TRIEEN S nm BEES 7 FLTERY, GEAMTEOEANIZLY, 7>
FICETHREBHNGEZ OO EEZ LD,

UV-Vis A7 MV OFERZFERIC T 5 72, TD-DFT #H5H %2 %l L7- 18, FHRERE
FRZRNF—F AT 7T L%K2-7TIZR-T, HOMO ICEHT D& 2-1, 2251023 T
IR CHLEDOEZ L TW\W5b, —JF, LUMO BLXO'NLUMO IZEHT5 & 2-1 & 22, 2-3°C
X=X —HEN PR L TV D, 2-2, 2-3 O LUMO 723 Si, Ge Jii ¥ FICKE AN > TH
D, ZIUIHEER EO n*fliE & C-Si (Ge)D o*HliEDMHEMEHIZ LY, LUMO WZEL L.
TRNAX—ENN TR EICERT S EEZOND, £70, 2-2, 23 12 TRHEREM
ORI ZIFET D L. FEIZ HOMO 7»5H LUMO ~OERBIZEKNT 25 nn* BB Thod L5
55, silole TIE o*n*MHAEAEMAIC LY LUMO O =R/ F—HEA 2 FiF 5780,
cyclopentadiene & i U T RN R RS 7 M52 LML TWD DY, 2-5, 2-6 T
X NLUMO D= /LF —HEM %2 NiF 5 2 & TRIEENRREE S 7 b 52 LB LM E
ol

42



-0.245

-0.463 —_— 118

9% 7¢ TR # N
Y

X 2-7 AbAW 2-1. 2-2 B L 2-3 D4 F#E X
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WIZ 2-4, 2-5 B L 1N2-6 D UV-Vis A7 "M %[K 2-8 1Z75F, 728, 2-4, 2-5 B L1 2-6
t2-1, 2.2 BX 23 LRISMEICTHIEZTT - 7=,

3.0 - ']
25 - 2-5
_ 2-6
T 20
()
=15
(=}
= | | i
W 1.0 - \ /\\>~\/
0.5 - \\/ \

0.0

200 300 400 500 600 700
Wavelength[nm]

2-8 LW 2-4, 2-5 3 1 12-6 D UV-vis A7 FL(FiR, EtOH IFLE)

TIVK21, 222 BEV 23 DG LERRY WTHOAXT MO BIZZER LT T
o7z, 340 nm fFITIZ S v — T 7MKL A, 450~550 nm (25507 1 — R 7RI AL
STz,

24, 2-5 BL N 2-6 1BV TH, TD-DFT(UB3LYP/6-31G*) iR CEIRRED ZEMI 722 iR
Wradstz, ThENOHEEREB L O RV X—F AT 77 2% 29, [X2-10, [X2-11
T, RHERBREEY . KL REEEMOBIIIIRE) -58EN 0 72> T, EiZn B
BIEZFFOP AL NG SOMO O B AL U ~DEB THDLZ bbb, 2L, 450 ~
550 nm fHTDOFHTN T 10— R B — 7 13 n-n* BB IR B &5, LUMO & NLUMO O %)L
F—HEMIZONTIT 24, 25 BLON2-6 1 2-1, 222 BLU2-3 OFA & RBRICHER L T
2o —J7. BHEEEDDBAKRILORBILTE R oo, BRI EIX249E 5 12
Eoo>THLy 7 FRALINRWEBIZOWTIEHALMNZTE o7z, ZO/RIZHONTE
IR DORFINVETH D,
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-0.218

-0.571

-0.653

-4.463

-6.422

-6.558

111
. 0.190
A0 0490
110 i 110
109 -0.626 * >
109 “ “’
108 -',.&.J
298 2041 °,0 .7 109
¥ .
e N T
108 9 ’
107 6.014
106Y _ -6.068 .’ ‘.
107 v “
&
105 -6.368 107
106
'ﬂ.&\‘
105 104 6.558 ® ° 106
- 9
" 103 61 z
ineV
103

X 2-9 L& 2-4 D4yFELE
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2-10 L&MW 2-5 D4y T-EEX
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2-11 {bEW 2-6 D4 THIE X
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242 ESR A7 FVHIE

24, 25 BLO2-6 NEF ALV ERTHTIVHNETHDL Z LB T 5720, £t
NHDEF AL LIREEEZFND 720D ESR A7 MVIHIE R FEfi L1z, FLo i,
H T TOZNZEND ESR A7 L EX 2-12 12777, £72, ESR AT hL DT A —
A ZRET A7, PEST. WinSim version: 0.96 % AW CEBEGHIME & A2 E T LT,

(a)2-4
Exp
—— Sim
3485 3495 3505 3515 3525 3535
H[G]
(b) 2-5
Exp
——Sim
3485 3495 3505 3515 3525 3535
H[G]
(c) 2-6
—Exp
—Sim
3485 3495 3505 3515 3525 3535
H [G]

2-12 LAWY 2-4, 2-5 B LT 2-6 D ESR ALY hLF—H( bV U EREE, R
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2-4, 2-5 BLV2-6 VNFTHLHIRV ESR &7 FARBIHI S, TUBAFETH D Z LD
RINTce AT FADIIRE LT, RER 3 ARBRO PR nHEFFO 4 LT
5o 3ABUTBF AL L E NFAOEAY L OMBEAEMRICER L, #2523 5 &R
KFFRFOBAE L OMAERICERT 2D EEZOND, ZHITEFAE L REE
BEETENY, ERELZELLTHNDZ EE2RBRTEHDTHDL, 2-4 TXY v —7 725
Ha LT, 255, 2-6 LRI 03 S A WITR ISR DI > TARY MV DGR NBT 1
—REhot, ZORKRIZOWTIEH LN TE R o720, BFRFHIRIZE D BESR A2
7%»’%@%5z5@(@@wﬂt%szé

WIZ 2-4, 2-5 BL O 2-6 OFEIREL EREMICTHET 5729, BHIGHIHE A E H(hfee) & =K
Wi, o, Himb e A & %Sﬁﬂ_%tﬁx? %72, DFT a8 (B3LYP/6-31G*) % F i L 7=,
FHREIZ L 0 RO B & e E A TR 23 ICRHT 5, TR L E DR
Te AV VB A X 2-13 I[ZFLHiT 5,

O M Home
: N
I

\éHOMe

HOMe

Ho M = C, Si, Ge

# 2-3  HBHE S €5 o SZHIE & BEERE

Compd. 2-4 2-5 2-6

obsd. caled. obsd. caled. obsd. caled.

Ziso 2.0052 - 2.0056 - 2.0048 -
an 9.30 6.97 9.33 9.850 9.66 9.993
ato 2.44 -2.20 2.23 -2.251 2.21 -2.245
hfcc anm 0.60 0.79 0.70 0.970 0.54 0.948
Gl anm 0.70 0.855 0.56 0.849 0.69 0.860
0.606 0.533 0.540
@HOMe 0.35 0.593 0.27 0.524 0.44 0.528
-0.060 -0.053 -0.053
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2-5

4 2-13 LA 2-4, 2-5 B LN 2-6 DA SR

2-4, 2-5 BLN2-6 D g fEHIE 2.0050 FiEDEEZRL TS, BEROIE ker 7)Y
BRERETLZ=baxy R P00 g @ 2.0050~2.0075 TH Y 19, 2-4, 2-5 5L 2-6
DTG BEROME & [FIFEE T o72, Siv Ge TIX C LB L TRER A VHLERAE
HAaFOD(C: 29, Si: 149, Ge: 940 cm™), g[RT+D 7 MIBHI SN2 o7, THUE,
Si, Ge EOBEFACUHENMELS . BEAHTHERTH D Si. Ge & Eie 2-4, 25128V TH,
HEEENE A NI EAEEE L TWWRNWI EICERTS EEZ NS,

2-4, 2-5 K26 D anEEEETH L, 2-6 TREREEZRL TS, ZIUEINET L
DA EENR N EE2REL TN D, X SRS ST O R LY | 2-6 TIEIN T &
Bz R B HRREE RV, 2072 NEFO p Ul & HHER Lo p BB O AAEHD 2-4, 2-5
CHEE L ThEWE, NJRF EDORAE EENGE L 7o TWD EHEIT 5, B b S 5t5E
IZBWTH, N EICEWAE VEEZRD, — OB A NEER EIZIRN 2 HE R
ER ST, BB A EEOMEHEIC W TIIERERARE LS HHRT 2 LIX T
o,
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243 AR VRlE
FACEDOFNEHEL TR D72, BHART MVERE Uiz, £ 2-4 ISR .
MREH R, SR TIEEL T ED, Fio, K 2-14 IZENENOEIEAT hL,
2-15 IZfhfd A2 bV ERT,
F2-4 WX, HHANT L OARERSF

Absorption Emission
Amax® e Aex € Aem®
Compd. Or°

[nm] [10*M'cm'!] [nm] [nm]
2-1 256 2.0 340 398 0.11
2-4 339 1.9 - - -
2-2 289 2.0 345 403 0.15
2-5 338 1.9 - - -
2-3 290 2.6 336 391 0.011
2-6 335 1.5 - - -

wavelenth of absorption maxima

o &

molar absorbance coefficient

¢ excitation wavelength,

o

wavelength of emission maxima,

e fluorescence quantum yield

Normalized intensity

350 400 450 500 550 600
Wavelength [nm]

2-14 AbEW2-1, 2-2 B LV 2-3 DEOLFIE AR FV(EEIR, BtOH I, bR -
2-1 : 340 nm, 2-2 : 345nm. 2-3 : 336 nm)
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Normalized intensity

200 250 300 350 400 450 500 550 600
Wavelength [nm]

X 2-15 L& 2-1, 2-2 B KO0 2-3 DGR A7 FIV(ZRIE, EtOH IAME, #EH & 2-1 ¢
398 nm, 2-2 : 431 nm, 2-3 : 394 nm)

2-1. 22 BEO2-3 TIZEOEBBLUI S 7223 24, 2-5 B LT 2-6 TITEOL AT P
B IN2rol, =XV RITOHMTRITELT L ENMonTEY, 8D
%%ﬁ%%ﬁﬂbk%ﬁ?%ﬂ%’%%#é’kﬁ WENT, 241, 222 BX OV 2-3 o
AT MV OBKRFENEEITIZIZR UALE Th o7z, IR RhE— E@% B/ D FEJE
N _@5%_mmém5tf@5#a 2-1, 22 BLO2-3 OF—iEIREEIXIZIER U=
zw%~EMT%5&%z%néoit\I24s_m?kb\%ﬁx&7%wﬁuvws
AT P ERLK—HLTEY, BONTEEART FVOEEMEIZH2ICH D b0 L
Wrcx s,

2-2 CIFE e FICEA 2-1 1% UK 1S fFIZEN L T2 0Ickt L, 2-3 TIEK 0.1 {5 F
TR TFLTW3, ZivE Tsilole, germole X° dipyrrin, rhodamine % C 14 Rt % & et
DHEFEEA PR DOBENZ OV TIFHMEINTWDED, S EEICLVENEH Y, i3
BT R STy, il z X, dipyrrin TIE Si < Ge < Sn & BT e 0N EmEAMIC /2 D51
B> TH B TUCRIZHEE NN 5 A3, rohdamine Tl Si 2 & 00 T2V T v i IR
oL, MOTFERLEZOHEE TIEbE Y RERERIT RV, £/, Fix D silole, germole
BRI ETICREZHRE STV D23, germole 13 silole (ZHE_T/NE WS R TIER
%%waéoﬁké%f@Gﬂ??%@@%?K%wf\ﬁtg¥W¢#ﬁTLto
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2.5 ERULEAIHIE

2-16 12 2-1, 22 BLTN2-3, K 2-17122-4, 2-5 B LV 2-6 DT & b= b U LERgET
O)Efﬁulﬁﬁ'é CV ?/E\[J"'ﬂi_‘@%%%i—\“é‘o jﬁf:\ i‘% 2-5 @?ﬁ”ﬁiﬂ%%l D %) k @7:@?“2%4ﬁ®f@
ZRT,

-0.5 0 0.5 1
Potential [V vs Fc%*]

2-16 fLEW2-1, 22 BLX V23DV A7 Vw7 BAVEET T A(ER, T =M
R, SR - 0.1 M tetrabutylammonium hexafluorophosphate, A % % > & : 100 mV -s™)

-0.5 0 0.5 1
Potential [V vs Fc%f]

2-16 LW 2-4, 25 8BLN2-6 DYV A7) v IV RAVEZET T ANER, 7T =ML
R, SR - 0.1 M tetrabutylammonium hexafluorophosphate, A % % > : 100 mV-s™)
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#F2-5 2-1, 2-2, 2-3, 2-4, 2-5 B KON 2-6 DER{LEN

Compd. fefb@BAL [V]
2-1 0.19
2-2 0.23
2-3 0.19
2-4 0.10
2-5 0.19
2-6 0.17

BUIRTIEY . T 1| DO 2B GBI S v, 50 FIXER I LE R
WEThHoT2, 2-1, 2-2 B L0V 2-3 X HOMO, 2-4, 2-5 510 2-6 1T SOMO DN %
T 2-4, 2-8 BN 2-6 1IRET 57 I R K VIRV ERLENMEZA L TEBY, SOMO D=
KX —HER HOMO L =X X —MICEmWZ ERbod, £, SiTFE28A LTS
1% SOMO, HOMO R ZEL I THE Y | 2-5 TIHRFEZAKRTH D 2-1 LRBREDO T R
F—H®A 2 LTV,
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2.6 T VHNOEEMEDIAMN

T YAV 2-4 DETEMIZOWTEHI L7, X 2-17 (2 CHCL I H1E TREEUK G % Bt
L72BRD UV-vis A7 NV ORRREFZEALZ 7”79, 350 nm & 550 nm {3 DU L, 450
nm FUTIZHT 7270 B — 27 N8N, F72. 750 nm U DWW DOZAL DR S 47z, [RIEED A
T MVEALS CHCL RO CCL 72 EDE 1 7 I CTRER S T2y, 7' h= R U AR
ML E NS T MO T TIE AT MAZRITR G057z, Bu g7 Uiz
WEUTHZETTVINADNHRLTND D EEZLND X, ZO4fEM% CHCL A
s BIEREASIEIC CHAERT 2 2 & T, REOHEEREZHDLZENTE, HohH
FEERIZ DN T X RS S S ARAT 21TV, [X] 2-18 127”3 amine-N-oxide #i&2H LT\ 5 =
EERBMNE LT,

1 - —O0min —1min ——2min ——3min
—4min —5min ——6min ——7 min

—8min —9min ——10min —— 11 min

0.8 - ——12min —— 13 min 14 min —— 15 min

——20 min 25 min

0.6

Absorbance

0.4

0.2

500 600 700 800 900
Wavelength [nm]

200 300 400

2-17 2-4(CHCL ¥ W LRSI & IR L 72 BR D UV-vis A7 R L DRI ZEAL,

2-18 2-4 DY DRSS & ORTEP [(FMREIFE M IKIL 50%DIFEMES)
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— 5, T DT IARTH D 2-1 12OV TH RO EBRZIT-> 72, CHClL IR+ Che
LUK 2 B U 72300 UVevis A2 bV ORI 2 7R3 (1K 2-19), 2-4 (12 TRl STz
750 nm T DWINARD TR ZRWOLE TBRI SNz, 2T IV Inb TV ANATFFH
AR L7z & &2 800 nm AUTIZWIR BN D Z ERFHNTND 2, £ 2T, 2-1 1[Z8
K% ¥ CTi=th. ESR A7 MV EJIE L72(1K 2-20), 4 ABIT 3 LIm A7 M VsE]
HEN, 22113 0P U BRI TPV F A2 BHIERTILDOEEZOND,
F72. 2-4 D UV-vis A7 FUZT 750 nm FHE ORI ABHI SN TWD Z & L0 R
D—2L LT, = Xy RIVHNVOBRIRIFRFHBBEL 72508 —5FEL T\l &
DR IND,

56



1 e ()min = | min

m—)min =~ =3min
0.8 - e——Admin =~ =—S5min
51
_§ 0.6 -
o
2
2
< 04 -
0.2 -
0 T T T 1
200 300 400 500 600 700 800 900

Wavelength [nm]

2-19 2-1(CHCI; I HE W ERALUR GG 2 FR S L 72 B8 D UV-vis A7 R L OFRIRFEAL

3460 3480 3500 3520 3540 3560
H[G]

2-20 2-1 [ZEREUKEE G A RS L 72 B2 ESR A7 hL(FRiE, CHCly/ b /L= )
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WIE Ve Rar2zVl oo an BERILEIC X D5 FHEEIC

B3R
3.1 fEE

INETELL OIS F BT S L, BN 2 FFod0L R 0 T OERR S
BTV D, R, ORI @RI SE T DB R oHOL BRI FIIRA I Bk
WO R ORRPEARAIZ 5 U TRIERERNZ LT 2 HBITEOE Y VX b7 v S XL LT
NTRY, ZOMIEEZ AT L0 FIEmEREMEH e E~DIS AR S v, IR AAIHISE
DD LN TS L, REAZRSSF & L TIEL 4-dimethylamono phthalimide (4-DMAP)?,
2-propionyl-6-dimethylaminonaphthalene (PRODAN)3,  4-amino-1,8-naphthalimide (4-DMN)* <>
6-N,N-dimethylamino-2,3-naphthalimide (6-DMN)’ R 2 E THEINTEY ., Wb E
WY AN a I ALREZ R T ZENMbNTND, ZIbDaFOREE LT, 7+
PIZ RF—=T7 7 72 R ENGENTEY , YA b7 8 I XAREEZ BT 50+
ETVA T D ETORMeFELR->TNDS,

|
o o O~_N__O
H Vo
w1 VaVa
. . IaVe Ve
| o) |
N

&

4-DMAP PRODAN 4-DMN FRO
AT ‘ -
N
" N
6-DMN Nile red FR8
9Phen

3-1 YA b 7w I ALREE TR O R
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VT 2=V T I UNEE SN B E R 9,10-V Ru T s U UL, W EEEE R
ORIE 7oA A L, SR A2 R 3 BTt i L e o Tnd, 9,10-E KT 7Y
PUD I E ERERRILDOBEANE AT 25, 9,10-V 8 KaT 7 U Vv ZBRILE L7
2,7,9,9-tetraphenyl-9,10-dihydroacridine 23 WV M EZ RS Z L2 R Lz, EHIiZ, V==
WVER p ALIZA B F T ANR=VEZ BN LTEFHERTIE, 9,10- Re 727 U 2D NJH
F&H NP =L LI N F—=T7 2874 +258THIENAETHLEEZX, £D
JALFHIEE 2R L7z, 25 2 TR, SiRFOEBEAICRY, SRR D2 L a2 R
HMLTED, 510-t Fr7=FF U UFEERLELbETHMET o228 & Lz, K 32
RT3 31, 32 BED 33 ITOWTHERK L, ZDNMMEE 3 FrllE, BT
. B TIEICZ VI L 20T, ORI OV T TICER®RT 5,

o) o)
MeO QQ OMe O O
0T Cr
N N
H H

31 M=C 3-3
3-2 M=Si

X 32 910-t Ka7 27 U VgItES 133 & N F—7 27872 -5+ 3-1, 3-2 Dfk

I
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3.2 Ak

LAY 3-1, 32 B L T3-3 125U T Scheme 3-1, 3-2 (Zit»> TAR LT,

9,9-diphenyl-9,10-dihydroacridine(3-4)” & tH¥ME & L T NBSIZ L2 BrikiZ LV 35 &4
% L7-1%. BOC f&i# LIL &9 3-6 #157=, & D1%., 4-methoxycarbonylphenylbronic acid pinacol
ester L DEIAR-EIHZ 0 AT > 7V U ZITCRINNST 787 ¥ — AL 28 A L 3-7 2157,
fFH472 327 O BOC #£% HCLIC X W RE L, BB 3-1 254 A7 v 712 THS 2
EIRTE T, 3505 3-1 ZEFEAT L, WAR-HIH 7 0 20 v 7V v 7 a2 BT-H, I
KPR -T2, BAR-EHZ a0 2D v 7V ZOIERR &K 5720, BOC HEAEATSHZ
&L L7z, 33 HRKRIZ, PhB(OH), & DEAR-EH I » 7Y & VOGS & H L TR WIRERT
HHWZG5 Z LN TET=,

Ph_ Ph Ph_ Ph Ph_ Ph
a Br Br , Br Br
O J— O O — O O
N N '}1

Ph Ph
o OO OO

R = COOMe R = COOMe
3-7 3-1
Ph O Ph_ Ph O
O O S LI
N
3-8 3-3

(a) NBS, DMF (95%); (b) (Boc),0, DMAP, THF (92%); (c) Pd(PPhs)s,, K,COs, 2-(4-methoxycarbonylphenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane, THF(75%); (d) HCl, AcOEt (56%); (¢) PhB(OH),, Pd(PPhs)s, K,CO;, THF (90%); (f)
HCIl, AcOEt (95%).

Scheme 3-1 {b&# 3-1. 3-3 D&KL — k

2,2'4.4'-tetrabromodiphenylamine(3-8)® % THF AL T, NaH Z##iJk - L CHV, PMBCI &
ISEEEDHZ L TPMBAAEL, 3-9 28 L7z, 3-9 % EbO B . n-BuLi IZCLia /X
R LT, SiPhCh & FUG S 3-10 5L, 510-P R 7 =) gk ot
L LT, £DO%, PMB % Pd/C il X 2 KRS X W iR L, 3-11 AR L7z, 3-1
DERLV— R ERUL, 3-11 % BOC fRE L7, SaAR-EHZ 2 A7) o 712T 3-13
#1372, 3-13 % MeOH AL T, HoSO4 12T BOC £Z ifri# L, mikfbaw3-2 25t 6 A7
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Y ICTCERTDHZEMNTE, 510-0E K7 =¥ UEKEBET HICHTD,
PMB L& fER e UCTHEA LAY, ARAT v 72 4HE9 5729, BOC HOfii % /-
B 510-P Fa 7 =P R eGS0 ZENTE aholz, £, 32 26K T
HW2H720 ., 3-1 LR L < AcOEt IR T HCL I T R#EEZ AR, DRIl T~y g
VEAR L. DEERERINREEECH 57, A FAT AT IARAKSIR S VR CEEDNER
L7 EICERT B2 65, A MeOH & L, % HaSO4 &% Z & TRAFRIL
F(65%) T 32 2155 2 LN TET,

T,

Br PMB Br
3-9 3-10 3-11
Boc
3-12 3-13
% %
Sl S|
—»
R COOMe R COOMe
3-14 3-2

(a) PMBCI, NaH, DMF (90%); (b) n-BuLi, SiPh,Cl,, Et,O (77%); (c) Pd black, H», CH,Cl, (63%); (d)(Boc),O, DMAP, THF
(89%); (e) 2-(4-methoxycarbonylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(PPhs)s, K,COs;, THF(51%); (f) H,SOs,
MeOH (65%)

Scheme 3-2 {L&W 3-2 DAL — b
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3.3 X MRfE AR AT

3-1, 32 OFEZHLMNCT D720, T2 HfE R ERE IOV X ORES sE i 2
Fhi Lz, 7 F=F UV AE AW EEZARIEIC LY . EEhEEao 7 m v 7R
fEem a3 ALz, 3-1 ® ORTEP X #%[¥ 3-3 12, 3-2 ® ORTEP X% [X 3-4 12, ZHZN O
=

=
H

— X LREERBAL DT A—H 25k 31 | ZEEHET D,
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#3-1 fLEW3-1 & 32 DT — 2 B L OEERBEILD/ T A —H

Compounds 31 3-2
Formula C41H31NO4 Ca0H31NO4Si + CH3CN
T (K) 296.(2) 296.(2)
A 0.71073 0.71073
Crystal system monoclinic monoclinic
Space group P2in P2i/c
Z 4 8
a(A) 12.2394(7) 35.973(9)
b (A) 18.8894(11) 9.0438(19)
c(A) 13.5842(8) 21.966(6)
a(®) 90 90
IAQ) 92.6687(18) 99.707(8)
7 (°) 90 90
V(A% 3137.2(3) 7044.(3)
Deatc (g cm) 1.274 1.165
p(mmT) 0.082 0.112
F(000) 1264 2768
Index ranges -14<h<14, -38 < h <40,
20<k<22, -9<k<10,
-16<I<16 -24<I<18
Measured reflection 29202 30691
Independent reflection 5890 10183
Rint 0.0324 0.1365
Observed reflection 3878 4272
Goodness of fit on F2 1.035 0.955

R, R (126(1))
R, Ry (all data)

Resd density* min, max(e A-3)

0.0458, 0.1350
0.0829 0.1714
-0.203, 0.214

0.0745, 0.1541
0.2164, 0.2138
-0.270, 0.241
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3-1ITH T ORME LT 32138 TH L7 = b L EREHICE T, 2 470
Dt e L THEZ RS 2 LN TEZ, TNEND9,10-PE FrT 27 )Y 510-2E K
07 =Y EEIEL, ATREATSEE L TEY, £729,10-e k727 U9
fi£.510-t Fr 7 =% U O 10 fLCEHRIATND 7 = =LA 9,10- 8 FrT 2
U VISR LTRSS & STV Ry 72, 4-methoxycarbonylphenyl 25 & 28 K777
UV UBROEEFERICE D ET U — VB R D 30 R LTV,

3-5, X 3-6 {2 3-1, 3-2 DFEFEINTO/ Ny F 2 7 O % 7”83, 4-methoxycarbonylphenyl
EOBEBRVPETLTRBY, 1 A¥ v 7 LitiE s 2> Tz,

3-5 LAY 3-1 OFERN DOy T T
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3-6 LAWY 32 DFERND Ny T T
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3.4 IEFERIIE
3.4.1 SEAN AT A~ 7 R OVHITE

A
IR

Thy, nEROIEIZELY , BRWINEENRESEREY Y LT,

1 - —12-1
8 —3.3
= 08 -
]
a; 3-1
2 0.6 -
=
N
= 04 -
g
5
Z 02 -

0 T T T I——-—fjﬁ

250 300 350 400 450 500
Wavelength [nm]
3-7 2-1. 3-3 BLU3-1 @ UV-vis 237 k/L(MeOH IAH),

3-8, [X3-9, X 3-10 (2 3-1, 3-2 BL O 3-3 DEIEPBETD UV-vis A7 F Va1,
WARTIER D, WPEEEEC e D EWINE RN REREY 7 AR, 20T 7 MEIT/NS VR
EThHol,

8.0 -
— Toluene
— THF
=~ 6.0 - — CH)(],
g — DMF
- MeCN
E n-BuOH
S — EtOH
@ — MeOH
0.0 T : - .
300 350 400 450 500

FDPEIRIZ X DWRIR e~ DL TR -0, 2-1, 3-3 BL U 3-1 D UV-vis A2
7 NV ZEFIZ OV TEHM L 72(IK 3-7), ZILZ DRI & 13 256, 335 35 XUV 370 nm

Wavelength [nm]

3-8 3-1 OFIAPETD UV-vis AT )L
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£[104 M1 em]

£ [104 M1 em1]

8.0 -
— Toluene
—THF
—— CH,Cl,
— DMF
MeCN
n-BuOH
— EtOH
—— MeOH

300 350 400 450 500
Wavelength [nm]

39 3-2 BT D UV-vis A7 h L

8.0 -
— Toluene

—— THF
—— CH,Cl,
6.0 - — DMF
MeCN
n-BuOH
—— EtOH

4.0 -~
—— MeOH

2.0 A

0.0 .
300 350 400 450 500

Wavelength [nm]
3-10  3-3 DEWMBETO UV-vis A7 hL
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342 WAL FVHIE

3-1, 322 BLU 33 Offix DIEHITI T 28 AR7 bz 3-11, 43-12, K 3-13 12
R, BT D0 RIER R &L HOLEFINRIZOWNWTER 32 I & DD, Rk,
Z 2T Er(30)., Ae)FRIEDOMMEERT NI A—FThHO, fe)FErEEn LUEFEE 10D
EDDLEE D,

X 3-13 £V, 33 Tl b= d MeOH & TOHENANRT MIVORBRKWILS E D 72X
l4nm THY, REQRANT MO 7 MIR OGN oT-, £/, hLbx= | MeOH H1 T
DA =27 A7 MIZNLN 48 nm, 58 nm TH - 72, —J5, K 3-11, K 3-12 [ZR-8 0 |
3-1, 3-2 TIIBEHEORRMEIZ L0 8227 ML OBKRFENRIEREICKRERERNRL SN, ¥
ThFPORETEZELTIE31 TIE98 nm, 3-2 TX77 nm & 72 o7, 3-1. 32D b= T
A b—27 A7 MIZENEI 53 nm, 41 nm (ZxF L, MeOH H TH A h—27 A7 hE 142
nm & 108 nm Th o7z, MUEEFIZHITOIRERA M=V A7 MINF—=T 7 &87%¥
—BOSTEEICERT A LOTHL EBZxLND, Thbbh, RO ClIEIREICE
WTC, RF—E7 787 % —HTnr It % %I L7z Charge Transfer(CT) 7 2 & A 23 U CTE
D, ZOCT 7R IREIREBIC TR E— A FE2EF LIBERIE, Y ks
ALDOFHEERBL TS EE 2 BD,

X 3-14 \ZIEMPEIREE, MMIABNC 31T B 3-1 ORIEORF 27, IEmMATE T3k e
DFENA LT MR TRk ORI & Ip o 7o, WIEOMIEZEIC X 25t R
OB, BRI CTHHE B S N7, 3-1,3-2 T RIZIZIEER N 2 WICH BED 57,
TR K E e 2 BN AL b Tz,
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Normalized Absorbance and

Florescence Intensity

Normalized Absorbance and

Florescence Intensity

1.2

1.0

0.8

0.6

0.4

Toluene
THF

CH,Cl,
DMF

MeCN
n-BuOH
EtOH
MeOH

UV (MeOH)

400 500
Wavelength [nm]

600

700

3-11 3-1 OFREBETOEN AT MR : 325 nm)

300 350 400 450 500
Wavelength [nm]

550

600

Toluene
THF |
CH,C

DMF °
MeCN
n-BuOH
EtOH
MeOH

UV (MeOH)

S R —

650 700

3-12 32 DFEEET ORI AT FIV(hEEE & 325 nm)
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Normalized Absorbance and

1.2~

— Toluene
_ 1.0 A —  THF
= —— CH,Cl,
£ 0871 —_ DMF
= MeCN
g 0.6 1 n-BuOH
54 — EtOH
g 04 | —— MeOH
= ----UV(MeOH)
0.2 -

300 350 400 450 500 550 600 650 700
Wavelength [nm]

3-13 33 OFKIAEBETOHN AT MBI R : 325 nm)

Toluene

3-14 FERBMEPAIE( F v ), @mﬁiﬁt(MeOH)a:%cj‘% 3-1 DI DOFET
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3.5 ERALFHIEE

3-1, 32 BLV33DEFREEZRET L CVIIEEIT-7-, FEiRE, 7% h=h UK
B CO CV AT MV 3-15 18T, 3-1, 32 TIHIEIEFR UEALIC 1 DO A 72zt
AR S HL, 3-1, 3-2 B XN 3-3 DERLENMIL 0.50 V, 0.53V, 043V ThH-o7z, 2-1, 2-2
DELEAMIL 019V, 023V TH V| nILEROILRIZE Y HOMO BN EELI TV D,

)

1 0.5 0 0.5 1 1.5
Potential [V vs Fc%*]

(b) ﬁ
) 05 i

(€Y

-1 -0.5 L5

Potential [V vs Fc%*]

1 0.5 0 0.5 1 L5
Potential [V vs Fc%f]

315 31, 32BLV33DOFA LY v I RAXES T LA 31, B: 32, C:3-3)
(FEiR, 7' b= b UWREE, SRR 0.1M tetrabutylammonium hexafluorophosphate)




3.6 WY N 7 v I X LREORHM

WV NN R 7 v I R AFHEICOWTERMICTHE T 5 7290, Er(30) & 8Kk & DR
fRZE2FHE L7z, Ak L7z X 912, Er(30)iE pyridinium N-phenolate betaine dye % Z:¥%E & L 724
PN T A =2 Th B 7= 8, ARG J5 11T pyridinium N-phenolate betaine dye & D/ /LN K
7 u I XLFEOHER LTV D,

B 3-16 (TR 7T18Y | fix OBEEHIZBODTEWIIBE SR SN, oL, Fr by
PEIRIETIET — 2 ORA > "RET EHFICT 7 P LTW5D, THITRE: & a6+ ok
FEAIT L D 52283 pyridinium N-phenolate betaine dye [ZHb_XT/HNEWZ ENRFTH S &5
2 bivd,

T a h AR CB T 5 7 e v FOBEMROMBE T, 3-1, 3-22 BLO3-3 TERLEH, 240
cml, 241 em!, 78 em! TH o7z, 71 v FOEBOBERIOARNATH H1FH N, #iY
VR R 7 a I RLFRERENZ L ER L 3-3 S L C3-1.3-2 TIERE R E NG LN,
TR TH DB BN VNN m I XARRER BTS2 E RS, £
OFUE & LTk, REAREE Y VN~ v I X LR % 77745 F PRODAN(220 cm™) & [A]
BETH-ST-,

27000
TE a A A
2 25000 -
=
=
E
=
< 23000 -
=
S
2 o
S 21000 - 0 g
® O 3-2 (e}
AA33
O
19000 . : : : : .
30 35 40 45 50 55 60

E+(30)

[ 3-16 3-1, 3-2 35 KX OV 3-3 DRI E & S ERRE T A — % Er(30) & OFEE
(solid symbol : JE7" 11 b UVEFRLE, open symbol : 7' b UPEVEHE, EAROME
3-1:240 (R?2= 0.897), 3-2: 241 (R2=0.906), 3-3: 78 cm’ (R?2=10.584))
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3-16 IZBWT, 7'a hAREEEco T m v b3 EFITRZEDN & > T2 RERIZ DWW TR
D12, KFEHEE DL RN — KB BARA DI 2 B[ L T2ihERIC L DB Ae) & D
B & R 7=,

fle) ==

2e+1 eq.3_1

B4 3-17 1Z fle) & R AL R DOBIfRZ 7~ d, E1(30) & dOCMRKHIE R OBIfR & FIfkIZ, IE
BN MR TS OB DL, 341, 32 TR B b MR T, T2 ORA
VEBNEFTIFHICUT FLIEERMELNTWD, 7a bR B T 57 1y FORZE
I%. 3-hydroxyflavone!'® K> 3-methoxychromone!' IZFB W T HME SN TEY ., AR = 1L
B & DRBREGORBZLY , 2RV F—MICZEM L EI2LDbDLEZ LD,
—F., 33T e bUMEREETH Y ey RRER EICH Y . AU E OKFEREE DT
Wb EBFZ bbb,

27000 -
—_— A
‘TE ‘\‘\A\AA
2 25000 A A
=
=
£
=
S 23000 - ° W
=
2
- O 3-1 9
= (i
= 21000 ~ 00 3-2 |:|O

AA 33
O
19000 . . . .
0.15 0.25 0.35 0.45 0.55
Polarity function f{¢)

3-17  3-1, 32 B LV 3-3 DMK R & IR T A — 4 flg) & OB
(solid symbol : FE7 1~ A, open symbol : 1 b MEIARE, ERROMEE 3-1: 11600 (R?
=0.960), 3-2: 11600 (R2=0.958), 3-3 : 4200 cm’! (R? =0.784))

3-1, 321 BF DY N b7 v I ALRE, R —=T 7 87X —EEICL D CT 7
nt ATERRKT L EHERIEN D, £ 2T, BAERE L BEREOBIGRT-E— A FOER
ZHAEY 5728, Lippert-Mataga DR &1 H L 7=,

Af & vaevr DBRZ RIS D720, FEEICB T D Af A F—=27 227 FORRE T 1
v hL, 7Py hOEE LY, vivp IAf ZRDT-( 3-18), Lippert-Mataga D RAZ(F 241 -
BEPME L 72508, EOMEICEHERRMEAFT D, 2 2Tl X S Eimic L vEo
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NEEEL Y, ZZREEEZ RO, R —T7 27872 =0 50%0HEE & 28R e L&
x| FRECIRTE & EhEDIRRE O BB - — A > b D (up-uc)lE 3-1 (11.0 D), 3-2 (10.5 D) & 72>
=1 =0, BHhO 40%D HEEAE 2SR E Lzl &, (us-uc)ld 3-1 (26.1 D), 3-2(26.2 D)
Elpolz 2, REW B NN N7 1 I X L1 T 5 Nile Red (6.8 D), Prodan (7 D)5
WCUCECd a0 Y AN b7 a2 X BBtk E R LTz,

8000 -
B 3-1 ]
® 3-2
6000 -
g
; 4000 -
'
>
2000 -
0 T T T 1
-0.05 0.05 0.15 0.25 0.35

Af

3-18 3-1, 32 DA h—Z A7 | & orientation polarizability(Af) & D +HRE
(B OB X . 3-1: 9959 emr! (R2=0.673) . 3-2 : 9038 cor'! (R2 = 0.805))

WY R k7 a2 RN TR T F O EFIERITAEIC L > TRES BB,
— RN PR ORI OVABE TIX @O B IR A R TN, £ OMOSER TRV EE
BTINRERD5TFHE, ZOFKICOWTIZLLTDO L 9 RELZ RS TW5D,

(1) FERBP LA
~FH Vo T IR TR EIC L 2 7 = F R D 0T, F e, JE
FRPETRIE I n-n* b IR RE N 2B L35 728, El-Sayed HINNC & 0 TER 287 O FE
DMEES D,

(2) T At
RIEDRBNEIZ 72 DIE EHEREIXREE Y7 L, HOMO & LUMO O = /L¥
—FX ¥y FINEL D, FDH, ZRAF—F v v FHNT L N HLHEE
WL T2 D, DD, MHEEECOENEFICROE TR LIZLIZR LS,

(3) 71 b PR
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RRIERE N, IR VI E T a N MR & OKEREAI L DB AR
DIRSIZRDEEDT=D, 71 b PREEECIE R et & RO TR RS
NoLZERH S,

3-1, 322 TiX bbb EtOH & THOLEFIERD B L E 50%LL EdH D | @ athet
R LT2(F 3-2), FENZE D R & WM OFE A DIV RN B AT 2 0 |
HHEFIRBREIND 2D, VAN N7 1 I R LFHE & RO BERR M O #FH T O i
WO EFINEEO WS LVGRETH D, 3-1, 32 1T W CIEMMERE CTh 5 hLo i
FCHEWEEEFINREZ R LA, 2T nndhillIREE & r-n* iR RE D = 3oL ¥ —2
MEFIRENZ LICERT L EEZ DD,

RRPEIA Il n-n*hE R BB 3 R 22 B AL U L B A 22 O3 4 il 3~ % A3 .HOMO & LUMO
DTZRNF—F v v TIPS T O NEEHROHENIELS 70D, T72bb, HRENDL S
FRMAFRIEIZ B Tid El-Sayed HI & =3 V¥ —F v o THINBEFH & 70D, 3-1, 3-2 B L
TUNBET R b= P VETEWEEE IR A MERF L7201, n-n* iR RE & n-n bk
RROTFILF—BIONEE.R CT 7o R ERNTIEZBND,

7'a R MR T D MeOH Tl OB & it U CHOLE IR OIR TR 67,
3-11, X 3-12 (28T, EtOH FOH AR MUVIZER TS &, BRREMTH LV E—
I BRHELL T D, MeOH HFTIXEDOE—F FHIICTARY hUZT a— RRRLN5,
TR D “ODAXT MVEBHIL TWA T2 EHERITE 5, 3-1, 3-2 TiX 9,10->t
Far7 s Uvero 2,7 HALCHEET 5 Z & A TX, Twisted Intramolecular Charge Transfer
(TICT)M R E TWAHDTITARWN ) E BEE LT,

COOMe
Ph

Phot— >
MeOOC O O NH

hv
Ph OO
MeOOC@ 7 D>—NH

3-193-1 TIN5 TICT

COOMe

I ETOHRATHIZE L LT, 3,8-dibutyl-6-(piperidin-1-yl)pyrene-1-carbaldehyde (PA) &
1-(3,8-dibutyl-6-(piperidin-1-yl)pyren-1-yl)butan-1-one (PK)23& VY /LN~ 7 1 I AL ZRT



BFEL LT, JRFEHOBREICBO TEWENEFINREZ R T ENMbNTND % £,
PRODAN, 7-diethylamino-9,9-dimethyl-9H-fluorene-2-carbaldehyde (FRO)'3, 1-(7-diethylamino-
9,9-dimethyl-9H-fluoren-2-yl)-nonan-1-one (FR8)'3, 7-dimethyl amino-9,9-dimethyl-9H-fluorene-
2-carbaldehyde (9FR)', 7-dimethylamino- 9,10-dihydrophenanthrene-2-carbaldehyde (9Phen)'4,
1,3-diphenyl-2- [4-(N,N-diphenylamino)phenyl]benzo[b]phosphole-P-oxide'® & VN 72431 Lhilg
HYREFRIZ B W TEWEDE R FIEAZ R LT D, 3-1, 32 b ZNH 00 FO—2R T2
EWTEDHLEEZ TS,

79



3.7 EAEERRET

3-1, 3-2, 3-3 OEAAEEICOWTHEAEN L TEZAOCGHMEZTTo 72, R L~V
I3 B3LYP/6-31G* & L, #itiigift & =L F—3tH 21T o 7,

HOMO DT /L¥ —HEAT [T 3-1, 3-2 TREARZERIIAOLNT, EREREZ T80
Th -7z, 3-1, 3-2 ® HOMO & LUMO O43FHulcEH T 5 & HOMO (X K —fHiiic
DFEEDN A LTS DIZR L, LUMO TiX7 7 &7 % —HElZ /oy F8E 23 04 LT
%, —J4. 3-3 TIE LUMO IZBWTHFRIKIZFHUER 3 LT\ D, Zhkb, 3-1,
3-2 TIFAEERIREED O IR BB IO B T 288 0 FINEMBEINAE L TWD Z & 27T 5,
FAREALFNT e —F 10 31, 32 1ZBF 2K Y AR m AT FNCT 7 rE R
WCERTS L0 L HRTE 5,

I P R
“oripaN  auiudl
o aess

-5.25¢eV -1.47 eV
3 ) .
i0ga L ohey il ; b
UGN asiadd
4 ‘ 9 ,.‘““,
,  5.23eV -1.50 eV
P 3
33 ‘e % zl
Q’ﬁ“ %
-5.01 eV -0.76 eV
HOMO LUMO

320 3-1.32BLN33 DRI X—X AT 7T LE LU0 FHuEK(B3LYP/6-31G*)
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BA4E APuBREAETHIYE Fur7 2 Proamle EoyE

LR RFE

4.1. %5

LEFART DAL, A TRY 7FIN ZRER, AEEER L W o T bR
PEZRTHRIEE 2, A bu =2 ARPREE 3, #fix BT A ASOISHBEIFRF S T
Lo FOHFDOUEDE LT, FVHADAL L OMEE ZHIEIT S Z LI2 X o> THFREMR
BT DA, Z ZHEERAITORTE Y L, BT O WIEARERNZIE
BEPELT BN H Y . A ESIZ T 512135 1 BT Lz X 5 250 kG
B2 0, HEFEKICAN LR DBZ LT L AL N0 TIERY, ZOX 5 RERD
b &, MR ORRER & L CEEREIKSEER S OIS W TR/NEML E 72 5
HRIE=FH TOWELHIEL T, ET7VINVORRNRLL 2SN TN D,

2 ODWRE— AL FOMEEZEINISED 9 2T, £ALND SOMO P HEE T 5 MLEE)
b, TO—oODOT T —F L LT, 2 O00MKRE—AL MO E#ZEMMICERT D LD
BT L HERND D, BT V= UbEW=e, 4B e L D2 0ERE Y T Rinb b0
FAMNFIUCEE ST 5, TE, Z2OFTH R o 5203 2K BEEHRIC Wil
DEF-NTWD, A rHETRHIINTZET Ui SO WL E AW EL) B A7
STEY, iR xR MR EL R T A REER S D, A&k rm 357
TGy E LT, 1972 4E® Dreiding 512 & % spiro[5,5]undeca-1,4,6,9-tetraene-3,8-dione
WA THD 5, LnLRB b Ay O Lot LI X W #EfFIRE oD
TH7e< | BERBIFEAEMIZ OWTEEMZR2 #2372 S Tunigino Tz, 2000 4EI272 D O.
Kahn HIC L > TR EEZGTHE T U HANYO TRESI, =hp= =X
RNV EACFAERM LT-A > & v DA 1 S T-@-)ITBIT 550 FHN TR 2 AE
TERIZOWTHID TREMZRFHIS 2 ST 6 £ D%, AEDLICK > TAERT 7 U Vv %
BEARBKET D= baxy KA T UV OREERMEFHBN®E SN7-4-2)7, £z, HF
H5IZED 910-e ka7 7 VP OhF ATV hNnE RNz A n sy HI2B T DA
FHEAERIZ DWW TR 23 72 S H72(4-3)5,
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X 4-1 A uZrEzGI5HET 0 HNLOIATHE

F2EIZBWT, 510-Ve ka7t Hr b 510-0e Ka 7970 vz Hn
le=hax T I VINOERIEEZMIL LT, ZALDOEMIEZIGH LT, At rfbz
Si. Ge & L7z bisdihydroacridine 4D &7 P )V OMEE BfE L7z, Aoz Lz
T IOHATREFIDN D2 b B ZTOAKE LUK EEROFNIERNH
5L EBR T, RMRICEF LI, AETIL, 10,10-spirobi-(2,8-dimethoxy-5,10-
dihydrophenazasiline)-5,10-dioxyl 44 & 10,10’-spirobi- (2,8-dimethoxy-5,10-
dihydrophenazagermine)-5,10-dioxyl (4-5)D &k & W2 HHl & L7 MERE IS KO &
FALFHITFIEIC L 2 A e 8010 2 A L KB AFERORE SIZTONWTOBLE L

[HRBUNC RV
/
O/<\ 2
e N-O
(0]
\

N/ \
0O O o)
O-N Si N-O O-N G
0 O o)
/7 N\ /
4-4 4-5

42 Avm&Ed % Si, Ge & L7z bisdihydroacridine = k2 %o KZ U v
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ah_ dh 8h
3P Y

NH —— > O-N Si NH + O-N

“ °7©O©f\

CHCl,4 \</ f 3 \>/
(0] O
\
4-6 4-7 4-
\ /
0
/0\@ /©/ o> o 2)0eCh Q Q Ph
N Ge N—"
Et,0 o’
Br Br
0
/ \
210 4-8
\ /
H,, Pd black Q Q
CHCl3, MeOH, AcOH Q @
/ \
4-9
/ /
Ge N-O-+ O-N
0
/ \ / \
4-10 4-5

Scheme 4-1 bisdihydroacridine B &7 2 1 v D& R /LV— b
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510-VE Re 7 ¥ v OEMEYD TIT>7201E Gilman 5 THD % 5 1%,
o-dilithiodiphenylamine & i # @ 14 JEJRF OB A OGS E D Z L TI,10-Pk Re 7 2 Y
DU DOREENL A 14 RIRFICEBR L2022 2 LITHILc, ZOEMIETAY
B HLEBAAMETHY, IR SIE, A r L% Si & L7z bisdihydroacridine O A % %
PERE L Tk Y | triarylaminium bis radical cation (4-3) & 10,10 -spirobi-(2,8-dimethoxy-
5,10-dihydrophenazasilane)-5-oxyl (4-7)Z #i2 L TV 5 10, AMFFETIZ, A rHLAE Si, Ge
& L 7= bisdihydroacridine % &7 2 71 )L % Scheme 4-1 |Z9E > THAL L 72,

4-6 7z CHCLIAEET 0 CITTm-CPBAIZTER{L L, £/ TV AN 4T LET VTN 4-4 %
Bz, TNENEB T L7 u~ 87T 7 0= THli%, ECERE 325 2 & CHEE -
Rl 2 Z Licksh Lz, 2 b7 ok, BEERIREEICE O TIE, BolERICE > T&
ETHDHI L EMER LT,

FEEDOGRRIEE 45 ICb#EHT 52 & & Lz, (LEW2-10 ZHEHE L LT, n-Buli &
DYV F UL aly oD%, GeClIZTUER L& Z A, A {bEW 4-8 3 BIFRINEHE
THT2(51%), ZORIGTIXAERENEE CTH Y, F2 BV T 211, 2-12 /L7
WHEIRE CIIBSITIEE A EHEIT LR o 20K L, WHIBEZERELTHZ L T,
FZELWVILROUEN A OV, 1=, % THF & L7254 b RBRICHMOLAMITE S
T, A EREMEET HICHTI > TUIE L WRKISEREBLETH - T,

4-6 DEFKIZHT= 0 | PA/C Al & LT AKIREOSIZ KO RPN EBifR#E L Tl 0 | [
RO BISGRIFIZ T T P AVHIERMA 4-9 DGR AT, LN LB S, ARRONTETET,
JFCEHEI & 72 5 72, ZHUTkE U KESflE & L C Pd black & AV 2% & SUSIE BAFIZHETT L,
7 VIAIVETERE 4-9 24572, FtRIZ CHCL BT 0 “CIZ T m-CPBA I TlRfL L, £/ T ¥
TV 4-10 £ ET T 45 BT,
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4.3. X G A IS AR AT

BT VNN 44, 4-5 OFERIBICE T AEZHOMNCTH 2 L & Mk 53y
XU T ORRERHAND T2, X SR ERIT 277, BT UL 44, 4-5 OEREM %
CHCl;3 & n-hexane DIRAVELE X 0 IIEACRIEIC TS T2, 15 DN TZ AL OBCIRFE R IZ DO W
T X MRAE S fRNT I CEOME A IRET H 2 N TE T, BT YU 4-4 O ORTEP X%
432, BT AL 4-5 O ORTEP % [X 4-4 |2, TNENDORELT — 4 &SR E (LD
RT A=K 41 1T 5,

43 1R TE DT, BT VAL 4-4, 4-51F CHCL ZHEEENIC 1| 9 FE ATV, 42 T
1£9,10- b ka7 7V vra=y "NAVHEEEEZA LTV, BT V00 44, 45 TlE
1 O EHEICERN A BN, 12, 42 TE9,10-Ve ke7 7 U Yra=y O HAM
90°Tho7eh, BT VN 44, 45 TIIETORENR R LN, ENEN DRSS
BERILTWAIZHBEL LT, B 7 U HL 4-5 ORFEIT 4-4 LR L TEFREREEZRLT
W, ZHUIAERIFEFO Ge B Si LD KEWIZ EICERT D EEX LD,

N-O OFEAEHEHIE T VL 4-4 TIZ 1286 A, 1.280 A TH Y, BT VAL 4-5 Tl 1.288
A, 1290 A L7po7-, T E THE STV D 9,10-dihydroacridine-10-oxide #53E (KD N-O
FEBEIL 1.283 A5 1292 A THY | FREOEE 2721, £z, 24, 25 BLV2-6 D
L HIZERUETH -7, C-X-CHIZET IHL 44 T102.0°, 102.1°THH, ©FIH
JL 4-5 TiX 100.8°, 101.3°Th o7, BT VNI 458 NETRERMEERLIZ, 2-5, 2-6 D
C-X-C 413 102.2°, 1004°ThH Y, ®IETHAE RS FLIZERUETH Tz, AERSF
IZBWTH, 9,10-k Ru7 7 vra=y NOWEIZIRE RAERIIR bR ol

Flo, BTV 44, 45 O N-O FULEERREAZ KD D &, EZEi 7.626 A, 7.709 A T
bolz, #%ib3 2KIE ESR @ D EHHEH L7z A v RIFEREX 7.229 A, 7.626 A TH Y |
FOMED REREERLTND, ZHIZAE UM N-O ELOHTHRL, 9,10- Fa T
TV DOFEEFERECOHALTNDLZEICERNTLIEEZOND,
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Fa-1 BT VNN 44, 45 OFEEET — X EREERBELDRT A —H

Compounds 4-4-CHCl: 4-5-CHCl:

Formula C29 Ha24 Cl3 N2 O Si C29 H24 Cl3 N2 Os Ge

T (K) 296.(2) 296.(2)

A 0.71073 0.71073

Crystal system triclinic triclinic

Space group P-1 P-1

4 2 2

a(h) 10.8851(6) 10.7432(7)

b (A) 11.2908(8) 11.3343(6)

c(d) 12.2577(8) 12.4107(7)

a(®) 102.761(2) 102.5440(10)

IAQ) 97.432(2) 96.849(2)

7 (°) 93.392(2) 93.815(2)

V(A% 1450.93(16) 1457.93(15)

Deatc (g cm®) 1.444 1.541

p(mm-") 0.403 1.371

F(000) 650 688

Index ranges -14<h<12, -13<h <13,
-13<k<1e, -14<k<15,
-17<1<16 -17<1<14

Measured reflection 12989 43725

Independent reflection 7113 7257

Rint 0.0415 0.0230

Observed reflection 4618 5969

Goodness of fit on F2 1.043 1.467

R, Rw (I2o(1)) 0.0892, 0.2719 0.0574, 0.1829

R, Rw (all data) 0.1267, 0.3145 0.0801, 0.2113

Resd density * min, max(e A3 -0.679, 1.003 -0.573,0.514
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FNT, Oy F o 7 OBERIZOW T Z T -7, K 4512870 4-4 D 2
SF DNy F v 7 OFRERT, RIRTEY 2 5170 N-O ST L7z & -
TWz, B 7 V0 4-4, 451281 5 N-O FAL O F[RIBEREIL. £ 2.961 A, 2.983 A
L2903 A, 3.050A ThHot-. ZDOEMHIL 2 JR+D van der Waals -5 12 DA FHE DK 3%/
SVWEERD, = haXxy R UHNABOEEEN R oNTIGE . oIS R FE A
ERRROND Z EMHMEINTEBY, BTV H/L 44, 451280 TH o0 1[HO KRB
R AAERAD R @< CHERI SN D B, AHOLOHEEIZEL D E, = e Xy KT U HADHE
pafRAECor 7D N, O JR 1 CHAREAITIHVIRIEBIZH D A[REMED & U | T AUDS SOamedE
HIFEMERDIRK EZ 2 B b T,

4-5 BTN 4-4 DNy F 2 TERE
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4.4. 53 e FRIIE
4.4.1 FEH AR A~ 7 S VIIE

Z e a % Si, Ge & L7z bisdihydroacridine 1= h n > K7 U H VD T ¥ B LHIBER
(4-6. 4-9). E/ T HN@AT, 4-10), £ T (4-4, 4-5)ICONWT, T b= UL
HIUZC UV-vis A7 ML EJIE LT, A aR1% Si & LIZALEMIZTONTD AT [ L
Z4-6 12, Ge & LTAALAEMD AT MV E 47 IR T, 7 ¥ VAR TIE - &%
WZHI T 2 WU AS 380nm FF AT IZ BRI & L TRl S vz, B UL ClE 350nm TS
- DML S AL, 400~550 nm DFIC n-n*B I kT 2RI FT - ICBl S v, T
CANVEIE, BT I ONTIE, 2 BT L 22, 2-3, 2-5 B LN 2-6 LIFIE
Al U A7 MBSz, —J5, £/ 7 YAV T 350 nm AT & 380 nm 3T IZ n-n*
BN, 400~550 nm OMIC n-n BB BN SN, 22T, 7V h, T YHIVAETERE
OWILDE— 27 &F ) 5 HADORIND E— 7 R—F LT,
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Ik, ZhZhoa=y NOMAERBER RS, T7bb, o & ikt LR—
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B IOINORNEREIFZE T OB IOT O HAREEDZ L L F U EICHFEL,
AXRZ MVDY T PR SRIo T, ZOBRZITHOWTERMISTHET 5720, 7
HIVHIERR L ©F OB NN ORI ALY ML LD BRARYT MLVEIEY . ) T HLD A
AT MV E R LT (K 4-6, 4-T), BRANNT MVETE ) TUAND AT MVTIEIEES
=B LTS, Zhid, ZREROWIN ALY b AZBD % 45 FH0E 2 BRI AR AR
AL TWRNWZ EERET5HEOT, SOMO M TOMAEEMNZ <, SOMO DfiiE A3 HFEE
LTV EHfF S5,
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442 ESR A7 FVHIE

WHIRIEDTE ) TV L 4-7,.4-10 L © T 2T )1 44, 4-5 D ESR A7 bV ZHIE LT-,
HAEMAR L7z ML= RIS AR L, S| T CIEE T o7, $£72. BSR AT h LD
T A —=H EPRET HT-H, PEST. WinSim version: 0.96 % W CTHME S EE 2B H LT,
T TIHN AT, 410 DRIEREREZK 49 12, BT V0L 44, 4-5 ORIERERZK 4-10
[ N

T TV AT, 410 D g fHEIZENEIL, g=2.0053 & 2.0055 Th o7, fli7enils
FED BARBETRT AR MANE = BRI 3ARBIT I DOERRAFLE DN T 7,
A2 ZET 7 )V OB OKFEIRFE DD TV o TICHETHHDOTH D, 3 AR
PDELTWHZ LD, B IV BMIAE Bl F AT OO RRERF 2130 v 7
Uo7 LTELT, AEVDEL T—2DT 7 ) Yra=y NI THREL L TFEL
TWHEEZHND,

Vial—va IR AR MVTHER R E IS HBT N TEL, vIalb
—Va VR VIRESNT, A Dy T ) T ERER 42T, BEREF LD
AR B EEL an 12DV T, 410 28 47 LD REZRfEZ/RLTHEY (N-O HIcAE YR X
DIRTELTWAHZ L ERL TS, 2-5, 2-6 D an/’ 9.33, 9.66 G TH Y, FNFhRFLSE
DIETH-T=, ZOZENBLH, AVUREC—DDOT 7V Vra=y NNTHML T
HEBEZBND B,

#4202 F TN 4T L 410 ORBEHIGE A E R

Compd. 4-7 4-10
an 9.26 9.65
AHo 2.17 2.16

hfcc
atmi 0.72 0.72

[G]
aum2 0.55 0.59
AHOMe 0.28 0.28
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(a)
Obs.
3470 3480 3490 3500 3510 3520
Sim.
3470 3480 3490 3500 3510 3520
Magnetic Field [G]
(b)
Obs.
3470 3480 3490 3500 3510 3520
Sim.
3470 3480 3490 3500 3510 3520
Magnetic Field [G]

X 4-9 T, MTUVEEEFOE ) 5P H L 47, 4-10 D ESR A~<7 L

@)t/ 7T HN 47, (b)FE TV 4-10
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BT VA 44, 4-5 DAY MAOE—ZIEIT4-7, 4-10 DZNEIZIEFRBETHY . A
R NVDGEIN 3 AR D 5§ AR E B LTz, ARHAR BAERESL T 23 an 12K LK
EWVWEE U an>5), AT MADGEBBLND Z ENRESNTEY , AL UCHETHAIC
FIEER LTV D Z EDRIBEND 16, AT MR T a— RIZRDHBRD 42 ([ THE S
NTEY ., FAERROHEAEFERDECTHWD EHREEND, LoT, BTV 44, 45132
DDA PR AHEMER L TWD EHIRF S D,

(a)

3480 3490 3500 3510 3520 3530
Magnetic Field [G]

(b)

3480 3490 3500 3510 3520 3530
Magnetic Field [G]

4-10 IRIIRRBIZBIT D E T VL 4-4, 4-5 D ESR A7 hJL(RiE, hLm R
@ETVHI 44, ()BT VAL 45
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BT UHI 44, 45 DEAIRRE L AV R OG- EAEREREZH L MNICT D720,
IR FOEMAIREEICIS 1T D ESR AT M EZRIETHZ L Lic, BT U044, 45 %
T+ A LA L 72 2-methyl-tetrahydrofuran (Z¥AfE « AR L. (IR FIZCOKRE L72IREETO
AT R VAIE % FhE LT, TNEILDAm =1 EAmg =22 D AT V&K 4-11 ITRT,

BRI Y . AR AICL D AN MVEMRT L Z N TE L, £7-. 2
BETHDHAm =22 DAY MR 1670 G FHIIZ 3 A E LTl SNz, ke oy
TV 4-4, 4-5 )8 —HIDREETH 250VGEIL & 72 5,

TG HER D, EZ#REL LD ERBTo, Amg=+1 DAY R UIZEW Tl b IMIlD
AT RVOEMNR 2D IZEEYS L, BT VWL 4-4, 4512855 DITTNTENT4G, 63G &
Tpole, —J. AT MVTHEMETH D Z LK, BEMERT T A—FTHD E &k
ETHZLIITERPST, ZHITKFIREIZEIT D2 ET UL 44, 4-5 30 < DDAE
REEZAE LTS Z EICRRT LD TIZRWNNEEZXTWD, BWESHEE D L A
EUROEEEAE RIS 728 A, BT VNI 44, 45 2TENTN 7229 A, 7.626 A &
Aoy
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(@)

1620 1670 1720

3200 3250 3300 3350 3400 3450 3500
Magnetic Field [G]

(b)

1620 1670 1720

32'00 32'50 33'00 33'50 34'00 34'50 35'00
Magnetic Field [G]

4-11 (KBBEAREICB TS ET7 UL 4-4, 4-5 D ESR A7 L

(2-methyl-tetrahydrofuran &I, ()BT VAL 44 - Ams=1 1% 16.7K, Ams=2 1L 33K (2T

HE, G)E T VI 45 Ams=113253K, Ams=2 (35K (ZTHIE
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4.5. ERALFHIMEE

BTN 44 L ETUHN 4S5 OBZALFHIEEZH O T 572D, TE =1L
WEHIZ T CV B LUDPV ZHIE LTz, ZNENORERFEEK 4-12, 4-13 12, B(kiEx
B ZR A3 T, CVHIEIZE Y, Z oW LEABH S -, okl
BALIE, BTV 4-47TO0.19V, 032V (vs Fe/Fc’), B /145 T020V, 033V (vs
Fe/FcH)Th o7,

FALIBEBT N THDHZELD, BT Vh 44, 45 1 TELILFRNCLERT ¥ IV
ThdLEZXD, # 1 BILEOBALENITIST DE ) T VIV 2-5, 2-6 DENL L [FFLE
DEZ TR LTEY, SOMO DE{LEMEZ KM L TNDHEEZ HND,

BT UM 4-4,4-5 280U 2 BRLEAL & 1 BB 013V OER N R LN,
—J, 42128V TH ZODOBLER R LN TEY, Z0OEIF016V ThoT, Thit, &
JHRFA N oDT )V ra=y MTIHEREILTEZEICEY, ZELLTVWSZ
LICERTHEZZBND,

ESChHIL 44—y

W

ESTAHIL 4-5

-0.4 -0.2 0 0.2 0.4 0.6 0.8
Potential [V vs Fc%*]

M 4-12 ETV0N 44, 45DV A7) v 7 RAVZET T M(ER, 7 b= U IR
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ESTAHIL 4-5

/V

ESCAHIL 4-4

-0.4 -0.2 0 0.2 04 0.6 0.8
Potential [V vs Fc%]

4-13 © 7 VH)V 44, 4-5 D DPV JIERER(ER, 78 b= b U LRE)

#43 BTN 44, 45 B L OHES T Of{VIE TTEN

Compd. FefbEEAL [V]
4-4 0.19 0.32
4-5 0.20 0.33
2-5 0.19 —
2-6 0.17 —
4-2 0.30 0.46
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4.6. FEEIIEE

7T HL 44, 4-5 OFERIRIEICE T 2 KR 2~ 272912, SQUID MHGE % H
WA EERE AT o 7o, SBEMERME=RIZBA L i, v MEEZ W TR L, £
BALRITRER R L 0 kxR L=,

M><f -M'

m H

X~ xF - X, eq.4 1

M (emu) : B, M (emu): 7 7 > 7 BiLER, H (G) : MRS, w () : #UEME &, Fw (g/mol) :
AR, [ MIEfREL

BTV 44, 45 D yuT &y 70y M EZNENIK 4-14, 4-15125R7F, WTho s T
7 HIRE DK FIZHES Ty ymT ESBA L TR Y | SOERBNER 228 BRI S KER & 72> T
Wb, ZUIGFEO=trX R7 UHVEOERENE . RORBEMERIAE BAER 23 1372
b &, O FHNOBKBIHE AR S LT EHERNL 7,

070 . 0.035
u ]
060 F 0.03
— E‘l M
.g 0.50 B 9 10025 x
) —
S 0.40 E 5 002 '
=} im ] c
E 0.30 | 1 0.015 3
2 i ; e
';50.20 5 ;0.01 =
0.10 1 0.005
0.00 ‘ 0

0 100 200 300

Temperature [K]

4-14 BT PHIL 44 D yuT & ym 7 72~ H(100000e)
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0.60 0.0045
0.004
0.50
_ 0.0035
'Tg 0.40 0.003 3*
¥ o.oozsg
= 0.30 3
E | 0.002 3
= 0.20 0 0.0015%
1 ] -
X 0.001
0.10 ;
1 0.0005
000 B RN
0 100 200 300

Temperature [K]

4-15 BT VIV 45 D T & ym 7 8 > H(100000€)
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4.7. FHEALFE TR X B REEWIAR BLVER O FEf

THED L Ea—2 —Hiff L HGROEARIC LY . DT 2T VA T 5T, 21O
SR AEEROBS ZHETTRTHZ ENABE > TETWDH, £ T, kax2ET
T AN DRI DWW TEIEALFHFIEIC X0 KB EAERIZOW CEHERN ThI T\ 5,
—FH. AERSFO OO EOME L BKIIHAERICET 2T 2 E ThE
TV, £2Z2°C, AvrHLE C &L 411 ZET V551 & LT, 2 HfA &I
HIEROBRESIZOWTEHMl L7z, 4-11 IO\ TG Beii{b 217V, Gauss View % AWV T
EF N D ZERL 7=, 723, BFR L~ULIT UB3LYP/6-31g(d) & L. JAEDH HIZL
AORITFEKE SN T T2 18,

'
o ¥

4-16 AvruifZthhEa C & LIRS+ 4-11 OREE R bk 5

HEERAELE TS T fER. —o07 27 VY ra=y hO 2 EAITIZTE 0L 72 o7, + 2
T, 2D 45975 90°FE TS5 ZNA T2 HANERLFETVEER L, ENELDJ
2R LK 4-17, 3 4-4), 2 A 90BN T 2T 1T A 24 K 2L 0, 2 HANHE
KT DITHE- T, Bff B2 20 DEIVINS < Teofe, 2 AN 70°0 & X 2] OFF SR ED
SAENCER U KB 2 A 2N 45°0D L & 253 K Lo e, AV BOBEN ST D &
4-11 1 FAE DY A AAERAPIEOELZ & 5 LB 2 b DD, 2 WA Db
R & 72572, 14 4-18 12 SOMO D43 FHIED TR NFX =X AT 77 Lz md KR T@Y |
2IEAN 0°DHZEITT 7 ) P ra=y MO FHEENP AL L TORND, 2 DS 45°
DERIEIT 7 VY ra=y MNUTORAEERNAGNT, D7 .2 413 45°TlL SOMO
DOFFED & T L BET D,
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50 -

-50

-100 -

21k, [K]

-150 -

-200 -
gle

-250 -

-300

40

dihedral angle [°]

4-17 4-11 O 2 [Ef4 & J DO

-0.192 98a
in a.u.
(b)
2”@ 0
99p -0.091 32 b
o8P -0.092 s 998
-0.186 +99a in a.u.
0.187 +98a
in a.u.
98a = 98P

4-18 4-11 ® SOMO D4y f-#uE & =RV X —X A T 77 L(a:45°, b:90°)
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#4-4 4-11 O—FEH, ZHIREO T Rx/LX— &2 HH BAEH OfE

Energy [a.u.]
Dihedral AE 2J/ks
Diradical <§>>
angle : - [em™'] K]
Singlet Triplet
-1221.5850123 -1221.5841953
45° -179.3107686 -252.6
1.007035 2.029743
-1221.6979805 -1221.6973623
50° -135.6792132 -191.7
1.008729 2.028358
-1221.777733 -1221.7773176
55¢ -91.16975919 -129.3
1.012672 2.028211
-1221.8340143 -1221.8337589
60° -56.05381923 -79.8
1.016432 2.028211
-1221.873757 -1221.87362
65° -30.06802362 -42.9
ol 1.019669 2.028284
) -1221.9018462 -1221.9017949
70° -11.25904826 -16.1
1.022343 2.028239
-1221.921091 -1221.9211006
75° 2.106956425 3.0
1.02447 2.028174
-1221.9336453 -1221.9336955
80° 11.01762618 15.8
1.025998 2.028094
-1221.9406555 -1221.9407279
85° 15.88996283 22.9
1.026902 2.028044
-1221.9427818 -1221.9428585
90° 16.83370377 24.2
1.027148 2.028032

BT VN 44, 45 BL U411 12OV T 6-31G 15 6-311G**F TREA DFFHE L~ T
DFT A A5 L, A aFul% Si, Ge & L7z & & ORKBOMHEAERIC ZIETEEIZ SN
THHi L7z, ZNENDZFITOWTHEERE(LEITV., TR VX =R E2To7, i
PHOHREMREEZFE 4512, ETVH/L 44, 45 BL 0411 O—FHIE, —EHIEREOT R
WX — LA EAE OE A X 4-19 (28T U HL 4-4, 4-5 BELO 4-11 (281 5 (A<S>>-1)
& 2J DI ZTRT, <S>>I A OHFHED 2 AR, BSIET-HEREBLFHET D
E<S>=1¢700), “HEREZHE T E<S>=24E05, LILAEBL, AV aL X
IXx—Ta VOB TENLOREITETTNAET 5, BBRENZ LIZ(A<S>-1)E 21
ISR 7R ARIE DS AR S T, [RER O RIHRFE 2% Datta HIZ X WS TRY 19 (A<S>-1)
DY DBERAIF EAE A OERE L EVMEZ R L 2 ERRE SN TN D, 44, 45 B LW
4-11 TIIENZTN, 4K, 5K, SKDfEZER LTz, WTHIZLTH, BTV 44, 455
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F 411 TIIE K 225 20 K BRE Dy TN ORI AAER 277 2 L BIRF SN 5, BER
B EERORE S L LTIE4-11>4-5>4-4(C>Ge>S)ERoT72M, RERERITIR LN
T BB BEAERICRE R BT RIES 20 2 &#%%ﬂ&&oto

# 461244, 458X 04-11 O ZFEIRAE \J % A B B 534 (B3LYP/6-31G¥)
BEE LD, ATTHLIC ﬁ%aﬁAﬁﬁith&&wo: OFFERERIL ESR JIELY
gD T 7 MRFZEAER N2 L ZFHIITE S, BKBUHEAERIZENTEH, K
ST S, Ge lZARXE T ESHEVMHAEREZ RS 2NEEX DD,

30 -
25 - ( /.
o®
. _aF
" P o
10 | e ‘ 4-4
A 45
5+
0 I I I
0 5 10 |
(A<s2>-1)x104

X 4-19 7 UV 4-4, 4-5 B X OV4-11 (21T 5 (A<S>-1) & 2J DFHES
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#4-5 44, 45 B L 04-11 O—EIE, Z“HEIEREOT /)L X — L WA E/EH OM

Energy [a.u.]
Diradical | Basis sets <§>> (A<S®>-1) x 10* | 2J/ks[K]
Singlet Triplet
-1679.7622686 -1679.7623521
6-31G 12.42 26.37
1.02799 2.029232
-1680.2162697 -1680.2163461
6-31G* 10.84 24.13
1.029785 2.030869
-1680.1557927 -1680.1558759
4-11 6-311G 12.30 26.27
1.028494 2.029724
-1680.5871016 -1680.5871753
6-311G* 10.32 23.28
1.02955 2.030582
-1680.6245487 -1680.6246221
6-311G™ 10.25 23.18
1.029434 2.030459
-1931.1526168 -1931.152683
6-31G 9.25 20.91
1.0255 2.026425
-1931.6288748 -1931.6289254
6-31G” 6.51 15.99
1.027024 2.027675
-1931.5680913 -1931.5681576
4-4 6-311G 9.16 20.94
1.025819 2.026735
-1932.0158169 -1932.0158663
6-311G” 6.20 15.61
1.026839 2.027459
-1932.0531007 -1932.0531501
6-311G™ 6.21 15.61
1.026754 2.027375
-3716.5877082 -3716.5877767
6-31G 9.86 21.63
1.025278 2.026264
-3717.1308362 -3717.130903
6-31G” 9.39 21.10
1.026735 2.027674
-3719.057952 -3719.0580159
4-5 6-311G 9.03 20.18
1.025633 2.026536
-3719.4815351 -3719.0580159
6-311G” 8.32 19.05
1.02664 2.027472
-3719.5188105 -3719.5188707
6-311G™ 8.29 19.02
1.026554 2.027383
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F4-6 4-4, 4-5 B L V4-11 © =FHIEREBIZ BT 5 A B E 5347 (B3LYP/6-31G*)

Spin  population of Spin population of Spin population of

Site triplet state 4-11 triplet state 4-4 triplet state 4-5
X(C,S1,Ge) -0.035357 0.00612 -0.009644
N1 0.318736 0.306226 0.318204
0O1 0.441694 0.456003 0.459359
Cl -0.090962 -0.084706 -0.088108
C2 0.110856 0.099843 0.087175
C3 -0.04972 -0.04642 -0.046633
c4 0.089898 0.079337 0.080099
C5 -0.059645 -0.047254 -0.047663
Co6 0.112333 0.092219 0.112271
Cc7 0.112325 0.120647 0.094653
C18 0.112306 0.092667 0.099771
C19 0.112376 0.112905 0.106729
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BSE RiE RE

5.1 fAFE

AEFFETIE, 9,10- KT 7 U VU EREKE Lic—HOLES 28/ L, £D
MG & BRI 2 RO L. A RREOM BN S L OV PR B E L TR CTH
LT xR L,

9,10-vt Fa7 7 U VU BKOREGR % Si B LV Ge & Lo HIEEnEiL5,10-T
Re7zFHo Uy 510-0e K770 v EREERTWD, 2T, 2,70%
ICA PFVEEZEALL99-V7 =2 =/1910-Vt a7/ U Y riEkls L Owhsd 5=
"Xy RTZUDNVEERL, 20 OWEEFRIPEEIZ W TR L 7o, X S dh i
FrC L VL E o EN S, S B L Ge TEM LIZFEARTIIFFERORE S %
BEL ., Sid LU Ge &ZDRHERBHERFEOMAERIZE PR AONTZ, o, SiIBXID
Ge TEM L7-FFEA T, AR A Y L EALEAIZY 7 R, Si kLI NGe
LB RIGERE L O o AEMICERT 2 & B L, /2, S BEHATITHOtEF
PCEPHER L, Ge BHAETITENLEFICENBAT 2 2 &2/ L7, 51T, ESR A
7 MRFHEMTFHTFEIC LV BEEEEZR O E L, 510-0 Rr 7oy oF
MEATLH2=baX I UBMIETL2H8EX1HOALTHY, £V FrT7 =)
TV VB ERTH= hudy KT OHVICET D MEFIER 0, 2D ORG-S
BIHEEZH LN TELZ LIIMEARILTFOBENOERDODHLMATH 2,
HIWETIE, 9,10-0 k727 U VO 2IMIC7 ==V A A LZFEK3-3 L, &
BIZT7 == VB p EICA FFR T INAR=NVIEZEANLFER31 & 32280, 5T
FIMEE 27l L7, 3-3 CIIXBE 2B CTEM LIy Ll L, ERROIEEIZ LY, d06E
FIROHE KPR SNz, FTo, BEEMEOZE(L & 3L E OISV TRl L7z &
253132 TIEBEE eat VLN s 7 v I XA STz, iERsE N2 A — & E1(30)
EMRFEI IR L OMBEEZ 7y b5 EEmWEBENAE S, £O7 8y b OREROME
XX, FNFEN3-1:240em’, 3-2: 241 ecml, 3-3:78cm! EWHEAE LT, 3-1, 3-2
IERFEW 28 VN N7 v I AL CTdh D PRODAN (220 em) L D K& 2l &k Lz,
F 7o, HIERIRAE & b IRAE O B F-E — A > b D ZE(up-16) 22V T Lippert-Mataga D% H
WTRHMI L, 3-1:11.0D, 3-2:105D %15, REMREN Y VAR aIXL5FTHD
Nile Red(6.8 D), Prodan(7 D)5 % L[AIZEAZRTZ E A OMNZ L, @EFEZ =T 01
DOIAEH & LT, fluorene, pyrene, PRODAN 72 E3ZEIF L D0, Y kT 7 U vy
BHPSAEREMEE LTERATHD Z 2R LTz,

FABECTEE 2 BIIBIL2=2b XY RIVINVOEMREEZEHL, AR T20L
T2 O0YE Fu7 7 U UV EKaeEilE LA e Bl e s o h oo b2 rrE
BIZOWTHRR LTz, X BRAEEIEMITIC LD . BT P L oOfiEs one L, 4
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JFHIRER L O R FHFEICLVEFEELMI L 2 A, ZERREAFSZ
EDRB SN, BERRETIESFEICET D A RO OBTIC LY KRR
RN KR TH S Z EEWA LM Lz, fHRIEFHFIECED, 2250 R 7
7V EREO 2 A LS TNOBRAIFEEERIZOWTRHME L7z & 2 A, AERFMEN
Ao, 2 mAN 75°0 Edhiu, MMM AEERZ TR T 2 ERRBE NI, F72. S,
Ge DEHN R P WKAHEMERICKETHEITRMTH L Z L 2P b0 e L,
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52 5% 0DRE

AWFFENZT 9,10-E Fu7 7 VDU a2 BAREKE LT, mWaty b7 e I X L%
RY G TEER L, AEIEEMELE LCOFRAMERT ZENTE L, SR-El7 v Al
TV TIZED, e Ra T s VT rOQINIET 7T E N EANT D L TRS
W R F—=T7 787 ¥ —RInT55ONLTFEEHL LIz, Y a7 7 U2 Ik~
IR TERE IR L 72 0 | fLOBEREMEAFE ~DOERNHIFFCE 5, AV AN rIX
LAELIVEDDHIZIE, FT—00T7 787X —~OCT FatANEELRD, RS TIE
2SR LT 78 74 —% B AL, An-D-n-A ROy 12 LTz, Brp b @EHLEE
ATHZET, DaDa-ABRDOS 125 HZEHAEETH D, ZHITX Y, EEREND
IR BEA~ DB WG — A R R L, LY /N b7 m I XLREO M B3 #ifs
ENb, £, A-n-D-n-A TGy BRSO AR BT D 72Dy FakaHEHO—>TH Y | [H
EHEHA~OISHPHFCE 5, 3-1 OWEMEEFICEIT 1%RE L /NS WETH 7208, B
DB S 7z, X B amE AT OFRE R L 0 . 2,7 fLITHRE L2 S E/RICOWT, o F
fMOBEEENR LA TEY, o FEMEEERICEZVHEEL TV b EHERIS D, fEsk T
FHRTIEL Y . ARBRITEEREE~ORBAFEES 2 ONE, o, T27 UV VU EKO
2,7 T EHE A EAN LG A, FEROQ LUK VIEET A REERH D70, 727V
VB OBRILES, BESERE 36 M CRA LI IAF L U T LT A L AR E
Ezbhb,

X 5-1 Vb K77 U ogigosttdis LToiH

AMFZEIZIBNT, A &2 N L CEESNC= hae X2 KT DAV O TN Ok
LI AEAERICOWTCEHMI L, /5 TR B E LTHRATO D Z L2 Al L, A rdt
T TRINTZ T DA VT O OB BRI EA I > TB Y | — k7L &
TR DRSRURE L R T AREERH Y . EHEZED TV AEETH D, DHHES KOG
BALFHTIRIC K D, ZHEREZFFOZ ENRBREINZD, DTREOo=raxr KT
ANVELEEE L, 3 FEO A O AERN BRI~ 72, 5% OMESE LT,
531N ORI EAE O5f S & EEERBRICBIIT 2 2 L3 H 228, AR Mmoo
R=FFE5FEZHND ZENRARTIIRVNEEZ TS, RA MERE LT, T
TIVHIBREZ D Z L2772 203, RIBKKRDREE R T P I VIFER L [F U Th D % e
RTDUERH D, AaBErE N LT Phid, BostHEZ2A L TR0, it
BT ZRIER y N —2 %225 52 LRI/ TE 5, —RICH CITsRmBENE~D
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IR 2 &9, MHEEBIIE R EOWRGTEP BRI L 2R D720, A 1oy I35t oy
TELTOEWAREEEZA LT D, AFRIZBWT, AE BRI S, Ge ZAWVWiGE
TH, HR %mEW%mmﬁéﬁméw:&\%%Wfﬁ&ﬁ%LmEW%bfwé:k
DRI, AL SiZHNWSZ ET, ZRETEHEKEREE o TV AE R
DT OWENEGIZERLTEXHEEZEZLND, Y ka7 7 U VU gERNICT A2 OE#EL
EHAL, fmEr oy ha—35 2 &, M TEBEOBEICERR LT
4 TTay 7l h IS,

38
g8

[X] 52 A B a5 ~DOEHILE A
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6 FE ERIH

6.1 £, THEDOx Y Z 7 2V B—a Tk
B AKHERR T TH NMR, C NMR, Jo3# 04, BlAGHIE. IR, (R MEREE Eo0hT. M0 fReeE
B MW TT o7, ERENORIEIZLL T OB EZ WD 2 & & Lz, NMR HIEMRHT
TiX, %L LT CDCls 720 LI acetone-ds & VY, TMS (6 = 0.00 ppm) & NEREEHE L LT

fb¥v 7 FEEE LT,

"HNMR : JEOL JINM-LA300 FT NMR spectrometer (300 MHz)
BCNMR : JEOL JNM-LA300 FT NMR spectrometer (75 MHz)
TERIHT Organic Elemental Microanalysis( B E# ZA K 57)
IR JASCO FT/IR-4100
o iR Re B BT - JEOL GC-MATE (EI)

BRUKER ULTRA FLEX-ii (MALDI-TOF)
i o3 FRRE E AT JEOL GC-MATE

BCERDORWNES, ARSI N, FTiTo7z, ARkt Bk Sh e L7z At
X, WA LR 2 2o EHHT 2 L L, 2, b, RIFICEE L THERL
BRI TFROEMRERE AW, YV TNV T8 a~ N7 T 7 4 —I3BE#1E
O U A7 (60N (BRIR, ) 63-210um)E W, U DA T A a~ NS T
7 4 =B L ORI ISR LM 7 A0EEE2 2O FEM LT,

X R S AT 13 Bruker 418 Bruker D8 VENTURE % T X #REIHTT — & Z R L
Too EFHEIZ X VREEZRIE L, KFEH T LSO FIZ-OWTIEL SHELX-2013 720 LI
SHELX-2014 % W\ Cog 2418/ N RIBIC TR T — 2 2 U 77 A > LTz, —J7, KFEIK

SRRV B L LT,

ESR A7 hLOHEIEEEE & L CTiL Bruker Elexsys-11 ES00 CW-EPR 7336854 A=, &
I ESR HIIZE 21X, toluene Z¥sME & LTV, HIEIRE Z~5x104M & L, ESR&HEHENIZ
TS5 RS E ., No S TEALZZ S DO ZEH Lz, HEHE A U 72 BB Rrkia 1 2 2
DEFEHW,

AN PTEIRI (UV-Vis) A X7k JUZ-DUNTIE JASCO V-650 43 egs 2 I EEEwE & L TRV,
WY — 7 +— VAR VOEKE 10 mm) 2 L7z, BIESM & LT, B N> Rig -
20nm, 7 —X BV IAAE : 0.5nm & L7,

W AT N UIZ DUV TIX JASCO FP-777W sy tas 2 L, A dt /d ERRIERICH Y
— 7 F—VHE EHW, ESME L CEEbE N> REE 0 S am, #0682 R 5 nm,
F— 2T AL : 0.5nm. & Low, VARL A 1 05sec & LTm, ®|IEAXT FLD
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HEIZHTZV . UV-Vis A7 MVERIE LR AE AR L, REEEEZEZ SRk 5,
JREEZ 10°mol LT LA R & 725 K O WK AT L7z, 2 EOMEMIZOW T, #tEFINED
BHIC & 72> TlL, 1-naphtylamine ZZMW'E & L THW, fHXEFIEEE L TRAUTES
THEHLE,

o

0x
Q

2
sy ts T
IX nSZ

X

oI 5
>

S HOEE PR OFEYERE

O @ HOLEFIER

F @AY MV OREE
A B RICB T 2L
I JhESC DB 50
n: WEEDJRITR

3EOAE W OHEETINEIL, Shimazu RF-6000 (ZFE5 BR A B {4 1) 7 25 & VT
st B ICRIC TR Lz,

CV JIEIZ DWW TIL, WAEEEE L BAS ALS/CH Instruments Model 6102B Electrochemical
Analyzer % H\ 1EHEM: 77 v o — T —AR > XfAEMR: Pt VA Y —, SIREM : Ag/Ag
& LT 3 @y A I TRE Lz, BIECHEMT 278 = U b L<iE CHLCh
EL, Cath O EEAEE LT b DA Lz, XFFEME L LTI tetrabutylammonium
hexafluorophosphate ZfEfl L, JEE4 0.1 M & L7z, JIEEATNZE SRR 2 BA L7
% EEIT>T-, 5B T-T7 — H I3 ferrocene/ferrocenium(Fe/Fch) 4 & 95 728 ferrocene
EZANNTICRIEZITV, Z D ferrocene AN THIEZITV, HFOHNT2T —F % Fe/Fe'
HETHHIE LT,

B LS EIZIX Gaussian 03 7' 7T A& L=,

1S
B

k

116



6.2 552 DAL
6.2.1 5-methoxy-2-((4-methoxyphenyl)amino)benzoic acid methyl ester (2-8)

COOH Moo COOMe
“MeOH N
2-7 2-8

Conc. H2SO4 (2 ml) was added to a solution of 5-methoxy-2-[(4-methoxyphenyl)amino]benzoic
acid (500 mg, 0.18 mmol) 2-7 in MeOH (30 ml), then the reaction mixture was refluxed for 18 h.
The solution was cooled to room temperature and MeOH was evaporated under reduced pressure.
The remaining residue was neutralized with an aqueous solution of NaxCOs and extracted with ethyl
acetate. The organic extracts were washed with brine and dried over Na;SO4. After removal of the
solvent under reduced pressure, the crude product was purified by column chromatography on silica
gel using n-hexane / CHCI; (1:1) as the eluent to afford a yellow oil (506 mg, 96 %). 'H NMR (300
MHz, CDCl3): 6 = 8.93 (s, 1H), 7.44 (d, /= 3.0 Hz, 1H), 7.13 (d, J= 8.7 Hz, 2H), 7.01-6.87 (m, 4H),
3.90 (s, 3H), 3.81 (s, 3H), 3.78 (s, 3H) ppm; *C NMR (75 MHz, CDCls): 6 = 168.5, 156.1, 150.4,
144.0, 134.3, 124.8, 122.8, 115.4, 114.6, 113.6, 111.1, 55.7, 55.4, 51.7 ppm; IR (NaCl plate, cm™'):
3335, 2997, 2950, 2832, 1683, 1592, 1505, 1214; LRMS (EI): 212 (50) [M-COOCH3] *, 255 (48)
[M-OCHj3] 7, 287 (100) [M] *; HRMS (EI): m/z calcd. for CisHi7NO4: 287.1158, found: 287.1158.

6.2.2  [5-Methoxy-2-(4-methoxyphenylamino)phenyl]diphenylmethanol (2-9)

COOMe MeO OH OMe
PhMgBr |O
N
H

2-8 29

To a solution of phenylmagnesium bromide prepared from magnesium (0.51 g, 20.85 mmol, 6 eq.)
and bromobenzene (1.8 ml, 17.38 mmol, 5 eq.) in dry THF (9 ml) was dropwise added to a solution
of 2-8 (1.00 g, 3.48 mmol) in dry THF (5 ml) under nitrogen. The mixture was refluxed overnight.
After an aqueous saturated ammonium chloride solution was added to the mixture, the organic layer
was separated, washed with brine and dried over NaxSOjs. After the removal of the solvent under
reduced pressure, the crude product was purified by column chromatography on silica gel using
n-hexane / AcOEt (6:1) as the eluent to afford an orange oil (1.09 g, 76 %). '"H NMR (300 MHz,
acetone-de): 0 = 7.33-7.20 (m, 10H), 7.06 (d, J = 8.8 Hz, 1H), 6.81 (dd, /= 3.0 Hz, 8.8 Hz, 1H), 6.67
(m, 5H), 6.37 (s, 1H), 6.17 (d, J = 3.0 Hz, 1H), 3.68 (s, 3H), 3.58 (s, 3H) ppm; '*C NMR (75 MHz,
acetone-de): 0 = 154.9, 154.0, 147.4, 143.2, 139.1, 138.6, 128.5, 128.5, 127.8, 122.1, 120.1, 118.0,
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115.1, 113.2, 83.3, 55.6, 55.5 ppm; IR (NaCl plate, cm™): 3390, 3057, 2935, 2832, 1597, 1509, 1464,
1446; LRMS (EI): 316 (100) [M-CqHs] ¥, 393 (97) [M] *; HRMS (EI): m/z caled. for C7H,sNOs:
411.1834, found: 411.1833.

6.2.3 2,7-Dimethoxy-9,9-diphenyl-9,10-dihydroacridine (2-1)

Q5= oye

HCI

MeO OH OMe MeO OMe
—_—
LI Ggoon U O
N
H
2-9 2-1

2-9 (1.00 g, 2.43 mmol) was first dissolved in acetic acid (20 ml). Concentrated hydrochloric acid
(0.2 ml) was then added to the solution and the reaction mixture was refluxed for 3 h. The mixture
was neutralized with an aqueous solution of K»COj3. The mixture was extracted three times by ethyl
acetate and dried over Na SO4. After removal of the solvent under reduced pressure, the crude
product was purified by column chromatography on silica gel using r-hexane/ CH,Cl, (2:1). The
collected material was further purified by recrystallization from CH,Cly/n-hexane in the dark to give
a white solid (0.92 g, 96 %). Mp 213~215 °C; 'H NMR (300 MHz, acetone-de): 6 = 7.84 (s, 1H),
7.30-7.23 (m, 6H), 7.01-6.98 (m, 4H), 6.87 (d, J = 8.8 Hz, 2H), 6.78 (dd, J = 2.4 Hz, 8.8 Hz, 2H),
6.34 (d, J= 2.4 Hz, 2H), 3.60 (s, 6H) ppm; '3C NMR (75 MHz, acetone-de): 0 = 154.3, 147.0, 136.4,
131.0, 128.6, 128.4, 127.1, 116.7, 114.9, 114.8, 113.5, 55.7 ppm; IR (KBr pellet, cm™'): 3380, 3058,
2998, 2935, 2831, 1594, 1482, 1439; LRMS (EI): 393 (100) [M]*; HRMS (EI): m/z calcd. for
C27H23NO3: 393.1729, found: 393.1727.

6.2.4  27-dimethoxy-9,9-diphenyl-9,10-dihydroacridine-10-oxyl (2-4)
O O OMe m -CPBA  MeO

OMe
CHC|3 O O
N

21 24
2-1 (100 mg, 0.25 mmol) was dissolved in CHCI3 (5 ml). m-CPBA (48 mg, 0.28 mmol, 1.1 eq.) in

MeO

CHCI; (2 ml) was slowly added to the solution at 0 °C, then the reaction mixture was stirred for 4 h.
The solution was treated with aqueous solution of K»COj; and extracted three times with CHCl3. The

red organic layer was separated and dried over Na;SOs. The solvent was evaporated, and the crude

118



product was purified by column chromatography over silica gel using n-hexane / acetyl acetate
(10:1). The collected material was further purified by recrystallization from CH,Cly/n-hexane in the
dark to give a red solid (63 mg, 62 %). Mp 185-186 °C; IR (KBr pelet, cm™): 3433, 2935, 1590,
1465, 1436; LRMS (EI): m/z (%): 316 (100) [M-92]%, 393 (37) [M-15]*, 408 (7) [M]"; elemental
analysis calcd (%) for C27H22NO3: C 79.39, H 5.43, N 3.43; found C 79.11, H 5.48, N 3.26.

6.2.5  N-benzyl-2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazasiline(2-11)

MeO OMe 1) n-BuLi 2)SiPh2C|2 MeO\@SiD/OMe

Br kBr

Ph Ph
210 2-11

A cyclohexane solution of #n-BuLi (2 M, 0.95 ml, 2.1 eq.) was dropwise added to a solution of
2-10 (0.43 g, 0.90 mmol) in Et,O (17 ml) at 0 °C. After stirring for 1 h, SiPh,Cl, (0.24 ml, 0.99
mmol, 1.1 eq.) was dropwise added to the reaction mixture. The resulting solution was warmed to
room temperature and heated at reflux for 4 h. The organic layer was extracted three times with
CH>Cl; and dried over NaxSOs. The crude product was obtained after removal of the solvents. The
crude product was purified by column chromatography on silica gel using n-hexane / CH>Cl, (2:1)
as the eluent to afford a white solid (299 mg, 66 %). Mp 179~181 °C; 'H NMR (300 MHz,
acetone-de): 0 = 7.60-7.56 (m, 4H), 7.47-7.39 (m, 6H), 7.24-7.19 (m, 2H), 7.14-7.11 (m, 2H), 7.01 (d,
J=4.8 Hz, 2H), 6.98 (d, J = 1.2 Hz, 2H), 6.90 (dd, J = 3.0 Hz, 9.0 Hz, 2H), 5.19 (s, 2H), 3.66 (s,
6H) ppm; *C NMR (75 MHz, acetone-de): = 154.3, 145.8, 139.4, 136.8, 134.9, 130.7, 129.3, 128.9,
127.5, 127.4, 120.6, 120.0, 118.4, 117.3, 55.8, 55.6 ppm; IR (KBr pellet, cm™): 3065, 2999, 2929,
2828, 2366, 1556, 1490, 1436, 1411; LRMS (EI): 408 (100) [M-CH,CsHs]*, 499 (48) [M]*; HRMS
(ED): m/z calcd. for C33H29NO»Si: 499.1968, found: 499.1968.

6.2.6 2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazasiline(1-Si)

MeO Si OMe H,, Pd/C MeO Si OMe
T e LI
N CH,Cl, N
L H
Ph

2-11 2-2
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Pd black (140 mg) was placed in a two-necked flask and filled with N». 2-11 (429 mg, 0.86 mmol)
dissolved in 15 ml of CH,Cl, was added via a syringe. The reaction flask filled with H, and the
mixture was stirred for 7 h. The organic layer was extracted three times with CH>Cl, and dried with
NaxSOs. The crude product was purified by column chromatography on silica gel using n-hexane /
CH.Cl; (1:2). The collected material was further purified by recrystallization from CH,Cl,/n-hexane
in the dark to give a white solid (279 mg, 66%). Mp 195~198 °C; 'H NMR (300 MHz, acetone-de): &
= 8.36 (s, 1H), 7.62-7.59 (m, 4H), 7.42-7.37 (m, 6H), 7.04-6.95 (m, 6H), 3.69 (s, 6H) ppm; '3C
NMR (75 MHz, acetone-dg): 6 = 153.5, 142.9, 136.7, 136.5, 130.3, 128.8, 119.1, 119.1, 117.7, 112.8,
55.7 ppm ; IR (KBr pellet, cm™): 3418, 3019, 2991, 2961, 2834, 1578, 1494, 1470, 1436, LRMS
(EID): 409 (100) [M] *; HRMS (EI): m/z calcd. for C2sH23NO,Si: 409.1498, found: 409.1493.

6.2.7 2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazasiline-5-oxyl (2-5)

MeO Si OMe m-CPBA MeO Si OMe
_—
T e O
H o
2-2 2-5

2-5 was procedure by similar method with 2-4 and obtained as red solid. (Yield: 47 %); Mp
202-203 °C; IR (KBr-cm'): 3446, 3066, 2954, 1589, 1459, 1427, LRMS (ED): m/z (%): 332 (9)
[M-92]%, 409 (100) [M-15]7, 424 (9) [M]’; elemental analysis calcd (%) for CysH2NOsSi -
0.05(CH2Cl,): C 72.94, H 5.19, N 3.27; found C 72.83, H 5.20, N 3.17.

6.2.8  N-benzyl-2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazagermine(2-12)

MeO OMe 1) n-Buli 2)G€Ph2C|2 MGOQGteOMG
N Et,0 N

Br kBr k

Ph Ph
2-10 212

2-10 was procedure by similar method with 2-11 and obtained as white solid. (Yield: 53%); Mp
159~161 °C; '"H NMR (300 MHz, acetone-ds): 6 = 7.56-7.53 (m, 4H), 7.46-7.43 (m, 6H), 7.11-7.02
(m, 7H), 6.94 (d, J = 3.3 Hz, 2H), 6.88 (dd, J = 3.3 Hz, 9.0 Hz, 2H), 5.11 (s, 2H), 3.67 (s, 6H) ppm;
3C NMR (75 MHz, acetone-ds): 6 = 154.9, 145.5, 139.5, 135.9, 135.8, 130.3, 129.3, 129.0, 127.9,
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127.3, 125.7, 119.8, 119.2, 115.9, 55.9, 55.5 ppm; IR (KBr-cm™') 3066, 3001, 2930, 2828, 2360,
1600, 1559, 1490, 1464, 1433, 1409; LRMS (EI): 454 (100) [M-CH2CsHs]*, 545 (72) [M]*; HRMS
(ED): m/z calcd for C33H20NO>Ge: 545.1410, found: 545.1410.

6.2.9 2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazagermine(2-3)

MeO Ge OMe H,, Pd/IC MeO Ge OMe
LT e O
N CH,Cl, N
k H
Ph
212 2.3

2-3 was procedure by similar method with 2-2 and obtained as white solid. (Yield: 57 %); Mp
197~198 °C; 'H NMR (300 MHz, acetone-ds): 6 = 8.11 (s, 1H), 7.60-7.56 (m, 4H), 7.41-7.38 (m,
6H), 7.02-6.99 (m, 4H), 6.92 (dd, J = 2.7 Hz, 9.0 Hz, 2H), 3.69 (s, 6H) ppm; '3C NMR (75 MHz,
acetone-dg): 0 = 153.6, 142.1, 138.0, 135.5, 129.9, 129.1, 119.2, 118.1, 117.7, 117.6, 55.7 ppm; IR
(KBr-cm™): 3416, 2990, 2961, 2833, 1583, 1472, 1437; LRMS (EI): m/z (%): 378 (39) [M- C¢Hs]",
455 (100) [M]*; elemental analysis calcd (%) for C26H23NO»Ge: C 68.77, H 5.11, N 3.08; found C
68.60, H 5.06, N 2.97.

6.2.10 2,8-dimethoxy-10,10-diphenyl-5,10-dihydrophenazagermine- 5-oxyl (2-6)

MeO\QGeD/OMe m-CPBA MeO Ge OMe
o LY
H CHCl3 N
&
2-3 2-6
2-6 was procedure by similar method with 2-4 and obtained as red solid. (Yield: 65 %); Mp
175 °C (decomposition); IR (KBr-cm™!): 3416, 3064, 2954, 2928, 1588, 1472, 1459, 1434; LRMS

(ED): m/z (%): 378 (44) [M-92], 455 (100) [M-15]", 470 (18) [M]*; elemental analysis calcd (%) for
C26H22NO3Ge: C 66.57, H 4.73, N 2.99; found C 66.52, H 4.71, N 2.88.
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6.3 55 3 EDOAEK
6.3.1 2,7-Dibromo-9,9-diphenyl-9,10-dihydroacridine (3-5)

Ph_ Ph Ph_ Ph
Br Br
CLI)— 110
N N
H H
34 3-5

NBS (7.8 g, 4.4 eq.) dissolved in 20 ml of DMF was added to a solution of
9,9-diphenyl-9,10-dihydroacridine (1.7 g) in 10 ml of DMF. The reaction mixture was stirred at
room temperature for 10 h. An aqueous solution of K,COs; was then added to the mixture. The
organic phase was extracted with AcOEt and dried over Na,SOj4. After removal of the solvent under
reduced pressure, the residue was purified by silica gel column chromatography (CH,Cl,/n-hexane =
1/2). The collected material was further purified by recrystallization from CH,Cl,/r-hexane to give a
white solid (2.4 g, 95 %). Mp 280-283 °C; 'H NMR (300 MHz, acetone-de): 6 = 8.63 (s, 1H),
7.35-7.27 (m, 8H), 6.96-6.92 (m, 6H), 6.86 (d, J = 2.4 Hz, 2H) ppm; '3C NMR (75 MHz,
acetone-ds): 0 = 146.0, 140.2, 133.1, 131.1, 130.8, 129.9, 128.9, 127.7, 116.7, 112.5, 57.5 ppm; IR
(KBr): 3389, 2360, 1665, 1598, 1472 cm’!; MS (MALDI, matrix: SA): 490 [M+H]*; E.A. (%) :
found: C 61.01, H 3.33, N 2.87, calcd. for CosHsBroN: C 61.13, H 3.49, N 2.85.

6.3.2  2,7-Dibromo-9,9-diphenyl-9,10-dihydroacridine-10(9H)-carboxylic acid tert-butyl ester (3-6)

Ph_ Ph Ph_ Ph
Br Br Br Br
COg— I
N N
H Boc

3-5 3-6

A solution of 2,7-dibromo-9,9-diphenyl-9,10-dihydroacridine (1.67 g, 3.4 mmol) and
4-dimethylaminopyridine (145 mg, 1.2 mmol, 0.35 eq.) in THF was added to a solution of
di-tert-butyl dicarbonate (1.13 g, 5.1 mmol, 1.5 eq.) in THF, and the mixture was stirred for 2 h.
After the addition of water, the resulting mixture was extracted with ethyl acetate. The organic
extracts were washed with brine and dried (Na>SO4), concentrated, loaded on silica gel and purified
by silica gel column chromatography (CH>Cly/n-hexane = 1/1). The collected material was further
purified by recrystallization from CH>Cly/n-hexane to give 3-6 as a white solid (1.86 g, 92%). Mp
204-209 °C; 'H NMR (300 MHz, acetone-ds): 6 = 7.60 (d, J = 8.4 Hz, 2H), 7.54 (dd, J = 8.9 Hz, 2.4
Hz, 2H), 7.36-7.34 (m, 6H), 6.96 (d, J= 2.7 Hz, 2H), 6.85-6.83 (m, 4H), 1.18 (s, 9H) ppm; '*C NMR
(75 MHz, CDClL): 0 = 151.1, 143.2, 142.6, 137.8, 131.1, 130.0, 129.6, 128.1, 127.3, 127.0, 118.3,
82.0, 58.3, 27.7 ppm; IR (KBr): 3049, 2983, 1720, 1464, 1323, 1159 cm™'; MS (MALDI, matrix:
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SA): 588 [M-H] *; E.A. (%) : found: C 60.70, H 4.35, N 2.16, calcd. for C30H25Br2NO2: C 60.93, H
4.26,N 2.37.

6.3.3 2,7-Bis(4-methoxycarbonylphenyl)-9,9-diphenyl-9,10-dihydroacridine-10(9H)-carboxylic

acid tert-butyl ester (3-7)
R R
Ph_ Ph Ph_ Ph
Br Br
LI — T UL
N N
Boc Boc R = COOMe

3-6 3-7

To a solution of 3-6 (59 mg, 0.10 mmol) in dry THF, 2-(4-methoxy-
carbonylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxa- borolane (69 mg, 0.25 mmol, 2.5 eq.), potassium
carbonate (276 mg, 2.0 mmol, 20 eq.) and Pd(PPhs)4 (7 mg, 6.0 umol, 0.06 eq.) were added and the
reaction mixture was refluxed for 24 h under nitrogen. The reaction mixture was then poured into
water and extracted with ethyl acetate. The organic extracts were washed with brine and dried with
NayS0Os. After removal of the solvent under reduced pressure, the residue was purified by silica gel
column chromatography (ethyl acetate/ n-hexane = 1/3). The collected material was further purified
by recrystallization from CH)Cly/n-hexane to give 3-7 as a white solid (53 mg, 75%). Mp
151-154 °C; '"H NMR (300 MHz, acetone-ds): 0 = 8.03 (d, J = 8.4 Hz, 4H), 7.81 (d, J= 9.0 Hz, 2H),
7.74 (dd, J = 8.6 Hz, 2.1 Hz, 2H), 7.63 (d, J = 8.4 Hz, 4H), 7.35-7.33 (m, 6H), 7.22 (d, J = 2.7 Hz,
2H), 6.99-6.98 (m, 4H), 3.88 (s, 6H), 1.24 (s, 9H) ppm; '3C NMR (75 MHz, CDCls): § = 166.9,
151.5, 145.1, 143.5, 141.8, 139.0, 136.2, 130.3, 130.1, 128.7, 127.9, 127.3, 127.1, 126.9, 125.9,
125.3, 81.8, 58.6, 52.1, 27.9 ppm; IR (KBr): 2950, 1720, 1608, 1478, 1329, 1280 cm™'; LRMS (EI):
m/z (%): 524 (100) [M-177], 601 (38) [M-100]*, 701 (9) [M]"; HRMS (ESI+, Quadrupole): m/z
caled. for C46H30NOg[M + Na]: 724.2670, found: 724.2676.

6.3.4 2,7-Bis(4-methoxycarbonylphenyl)-9,9-diphenyl-9,10-dihydroacridine (3-1)

R R R R
‘ Ph_ Ph O O Ph_ Ph O
LI 7 — T

) )
Boc R = COOMe R = COOMe
3-7 31

Concentrated hydrochloric acid was added to a solution of 3-7 (53 mg, 0.08 mmol) in ethyl acetate

and the mixture was refluxed for 1 h. The mixture was then cooled to room temperature and
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neutralized with a K,COj; solution. The mixture was poured into water and extracted with ethyl
acetate. The organic extracts were washed with brine and dried with Na;SOa. After removal of the
solvent under reduced pressure, the residue was purified by silica gel column chromatography (ethyl
acetate/n-hexane = 1/2). The collected material was further purified by recrystallization from
CH,Cl/n-hexane to give 3-1 as a pale yellow solid (27 mg, 56%). Mp > 300 °C; '"H NMR (300 MHz,
acetone-ds): 0 = 8.81 (s, 1H), 7.98 (d, J= 8.4 Hz, 4H), 7.62 (dd, J = 8.3 Hz, 2.0 Hz, 2H), 7.56 (d, J =
8.7 Hz, 4H), 7.33-7.10 (m, 14H), 3.87 (s, 6H) ppm; *C NMR (75 MHz, CDCl3): 6 = 167.0, 145.5,
145.3, 139.5, 132.1, 130.2, 130.1, 129.2, 128.4, 128.0, 127.9, 126.7, 126.3, 126.1, 114.3, 57.0, 52.0
ppm; IR (KBr): 3342, 2947, 1820, 1602, 1481, 1434, 1284, 1186, 1114 cm™!; LRMS (EI): m/z (%):
524 (100) [M-C¢Hs]*, 601 (28) [M]"; HRMS (EI): m/z calcd. for C41H31NO4: 601.2253, found:
601.2268.

6.3.5 2,7,9,9-Tetraphenyl-9,10-dihydroacridine-10(9H)-carboxylic acid tert-butyl ester (3-8)

Ph_ Ph Ph_ Ph
Br Br
Ly — T
N N
Boc Boc

3-6 3-8

3-8 was obtained by a method similar to 3-7 and was obtained as a white solid (Yield: 77 %). Mp
242-246 °C; 'H NMR (300 MHz, acetone-ds): 0 = 7.75 (d, J = 7.5 Hz, 2H), 7.63 (dd, J = 7.7 Hz, 2.0
Hz, 2H), 7.48 (d, J = 7.8 Hz, 2H), 7.41-7.30 (m, 12H), 7.14 (d, J = 2.7 Hz, 2H), 6.98-6.96 (m,
4H) ,1.22 (s, 9H) ppm; *C NMR (75 MHz, CDCL3): 6 = 151.7, 143.8, 141.7, 140.7, 138.3, 137.3,
130.3, 128.7, 127.8, 127.1, 127.0, 127.0, 126.9, 125.6, 125.0, 81.4, 58.6, 27.8 ppm; IR (KBr): 3056,
3029, 2969, 2928, 1712, 1600, 1474 cm’'; LRMS (EI): m/z (%): 408 (100) [M-C11H70,]*, 484 (36)
[M-Boc]*, 585.3 (18) [M]"; HRMS (EI, Quadrupole): m/z caled. for C3H2iN[M-Ci1H70,]:
407.1674, found: 407.1683.

6.3.6 2,7,9,9-Tetraphenyl-9,10-dihydroacridine (3-3)

O Ph_ Ph O O Ph_ Ph
N N
Boc Boc

3-8 3-3
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3-3 was obtained by a method similar to 3-1 and was obtained as a white solid (Yield: 95%). Mp
120 °C; 'H NMR (300 MHz, acetone-ds): 6 = 8.57 (s, 1H), 7.51 (d, J = 2.4 Hz 2H), 7.42-7.07 (m,
22H) ppm; '3C NMR (75 MHz, acetone-ds): & = 147.3, 141.9, 140.6, 133.4, 131.1, 129.6, 129.5,
128.6, 128.5, 127.3, 127.2, 126.9, 126.7, 115.3, 57.9 ppm; IR (KBr): 3392, 3056, 1602, 1474, 1303
cm’'; LRMS (MALDI, matrix: SA): 485 [M]"; E.A. (%) : found: C 91.22, H 5.46, N 2.62, calcd. for
C37H27N: C 91.51, H 5.60, N 2.88.

6.3.7 2,4-Dibromo-N-(2,4-dibromophenyl)-N-(4-methoxybenzyl) aniline (3-10)

00— Y

Br PMB Br
3-9 3-10

A solution of 2,2',4,4'-tetrabromodiphenylamine (969 mg, 2.0 mmol) and NaH (54 mg, 2.2 mmol,
1.1 eq.) in DMF was stirred for 1 h. The mixture was then added to 4-methoxybenzyl chloride (289
ul, 2.1 mmol, 1.06 eq.) and stirred for 14 h at room temperature. Water was added to the mixture and
the precipitate was filtered. The crude product was purified by silica gel column chromatography
(CHCly/n-hexane = 1/2). The collected material was further purified by recrystallization from
CH,Cly/n-hexane to give 3-9 as a white solid (1.09 g, 90%). Mp 195-198 °C; 'H NMR (300 MHz,
CDCL): 6 =7.70 (d, J = 2.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.26 (dd, J = 8.9 Hz, 2.3 Hz, 2H),
6.79 (d, J = 8.4 Hz, 4H), 4.68 (s, 2H), 3.75 (s, 3H) ppm; '*C NMR (75 MHz, CDCls): ¢ = 158.7,
145.8, 136.6, 130.9, 128.7, 128.6, 126.4, 121.9, 117.2, 113.8, 56.0, 55.1 ppm ; IR (KBr): 2930, 1509,
1464, 1240, 1175 cm™; LRMS (MALDI, matrix: SA): 600 [M] *; E.A. (%) : found: C 40.01, H 2.63,
N 2.20, calcd. for CooH5sBrsNO: C 39.71, H 2.50, N 2.32.

6.3.8 2,8-Dibromo-5-(4-methoxybenzyl)-10,10-diphenyl-5, 10—dihydrophenazasiline (3-11)
0,0 — w@t J@r
Br PMB Br
3-10 3-11
To a solution of 3-10 (605 mg, 1.0 mmol) in 19 ml of Et,O, n-BuLi (2.6 M in n-hexane solution,
0.84 ml, 2.1 mmol, 2.1 eq.) at 0 °C was added dropwise and the mixture was stirred for 0.5 h.
SiPh,Cl, (0.25 ml, 1.2mmol, 1.2 eq.) was next added to the reaction mixture. The mixture was

warmed to room temperature and stirred overnight. Water was added, and the resulting mixture was

extracted with ethyl acetate. The organic extracts were washed with brine, dried with Na,SO4 and
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concentrated. The residue was purified by silica gel column chromatography (CH»Cly/n-hexane =
1/3). The collected material was further purified by recrystallization from CH,Cl,/n-hexane to give
3-11 as a white solid (483 mg, 77%). Mp 204-208 °C; '"H NMR (300 MHz, CDCl;): 6 = 7.53-7.33 (m,
14H), 7.01 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 6.82 (d, J = 8.4 Hz, 2H), 5.08 (s, 2H), 3.80
(s, 3H) ppm; '*C NMR (75 MHz, CDCl5): 6 = 158.7, 148.9, 137.1, 136.1, 133.5, 132.6, 130.2, 128.5,
128.2, 127.4, 121.7, 118.5, 114.3, 114.0, 55.3, 55.3 ppm; IR (KBr): 3066, 2954, 1509, 1449, 1394,
1291, 1220 cm’!'; LRMS (MALDI, matrix: SA): 625 [M] *; E.A. (%) : found: C 61.24, H 4.08, N
2.08, calcd. for C32HosBroNOSi: C 61.26, H 4.02, N 2.33.

6.3.9 2,8-Dibromo-10,10-diphenyl-5,10-dihydrophenazasiline (3-12)

Ph_ Ph Ph_ Ph
Br Si Br Br Si Br
—_—
O™ — “Cry
PMB
3-11 3-12
Pd black (15 mg) and 3-11 (44 mg, 0.09 mmol) were placed in a one-necked flask and

dichloromethane was then added. Nitrogen displacement was next conducted. The mixture was
stirred for 15 h after the H, displacement. Nitrogen was again displaced. The mixture was then
filtered through Celite. Dichloromethane was added to carry out a conventional separation treatment.
The organic extracts were washed with brine and dried with Na>SO4. After removal of the solvent
under reduced pressure, the residue was purified by silica gel column chromatography
(CH2Cly/n-hexane = 1/3). The collected material was further purified by recrystallization from
CH,Cly/n-hexane to give 3-12 as a white solid (25 mg, 63%). Mp 254-257 °C; '"H NMR (300 MHz,
acetone-ds): 6 = 9.01 (s, 1H), 7.60-7.57 (m, 6H), 7.51-7.44 (m, 8H),7.08 (d, J = 9.0 Hz, 2H) ppm;
BC NMR (75 MHz, CDCl;3): 6 = 144.8, 137.8, 135.8, 133.9, 133.8, 130.1, 128.2, 117.4, 115.9, 112.8
ppm; IR (KBr): 3403, 1595, 1457, 1370, 1327, 1231 cm™!; LRMS (MALDI, matrix: SA): 505 [M]*;
E.A. (%) : found: C 56.61, H 3.41, N 2.64, calcd. for C24H17BroNSi: C 56.82, H 3.38, N 2.76.

6.3.10 2,8-Dibromo-10,10-diphenyl-5,10-dihydrophenazasiline-5(10H)-carboxylic acid tert-butyl

ester (3-13)
Ph_ Ph Ph_ Ph
Br Si Br Br Si Br
Ty — Crxr
N N
H

éOC
3-12 3-13
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3-13 was obtained by a method similar to 3-6 and obtained as a white solid. (Yield: 89%); Mp
201-204 °C; 'H NMR (300 MHz, CDCls): 8 = 7.54-7.36 (m, 16H), 1.15 (s, 9H) ppm; '3C NMR (75
MHz, CDCl3): 6 = 152.5, 145.8, 136.2, 136.1, 134.3, 132.6, 130.6, 129.4, 128.3, 120.0, 81.6, 27.8
ppm; IR (KBr): 3069, 2874, 2930, 1714, 1450, 1369, 1312, 1248 cm™'; LRMS (MALDI, matrix:
SA): 605 [M]*; E.A. (%) : found: C 57.12, H 4.20, N 2.13, calcd. for C20H»sBraNO,Si: C 57.34, H
4.15,N 2.31.

6.3.11
2,8-Bis(4-methoxycarbonylphenyl)-10,10-diphenyl-5,10-dihydrophenazasiline-5(10H)-carboxylic
acid tert-butyl ester (3-14)

Ph_ Ph Ph

Br\@iSij@/ \‘\‘:SI:‘/‘/

N R = COOMe

Boc

3-13 3-14
3-14 was prepared by a method similar to 3-7 and was obtained as a white solid. (Yield: 51%); Mp

120-122 °C; '"H NMR (300 MHz, acetone-ds): & = 8.04 (d, J = 8.7 Hz, 4H), 7.84-7.83 (m, 4H),
7.74-7.71 (m, 6H), 7.66-7.63 (m, 4H), 7.52-7.45 (m, 6H), 3.88 (s, 6H), 1.26 (s, 9H) ppm; '*C NMR
(75 MHz, CDCL): & = 166.9, 153.3, 148.5, 145.6, 137.8, 137.0, 133.1, 133.1, 131.5, 131.4, 130.8,
129.9, 1294, 129.3, 129.2, 127.8, 81.6, 52.3, 28.1 ppm; IR (KBr): 2976, 2950, 1719, 1609, 1457,
1432, 1321, 1278, 1161, 1110 cm™'; LRMS (EI): m/z (%): 540 (20) [M-177]", 617 (80) [M-1007",
662 (100) [M-551F, 717 (11) [M]"; HRMS (ESI+, Quadrupole): m/z calcd for CssH39oNOsSi [M +
Na]: 740.2439, found: 740.2446.

6.3.12  2,8-Bis(4-methoxycarbonylphenyl)-10,10-diphenyl-5,10-dihydrophenazasiline (3-2)

R =COOMe R =COOMe
3-14 3-2

H>SO4 was added to a solution of 3-14 (100 mg, 0.14 mmol) in MeOH and the mixture was stirred
at room temperature for 3h. The mixture was then neutralized with a K,COs solution. The mixture
was poured into water and extracted with ethyl acetate. The organic extracts were washed with brine

and dried with Na;SO4. After removal of the solvent under reduced pressure, the residue was

127



purified by silica gel column chromatography (ethyl acetate/n-hexane = 1/2) The collected material
was further purified by recrystallization from CH>Cly/n-hexane to give 3-2 as a pale yellow solid (56
mg, 65%); Mp 272-274 °C;'H NMR (300 MHz, acetone-ds): & = 9.16 (s, 1H), 8.02 (d, J = 8.7 Hz,
4H), 7.95 (d, J = 2.1 Hz, 2H), 7.81 (dd, J = 8.7 Hz, 2.1 Hz, 2H), 7.74-7.68 (m, 10H), 7.45-7.42 (m,
6H), 7.29 (d, J = 8.1 Hz, 2H), 3.88 (s, 6H) ppm; '3C NMR (75 MHz, CDCl3): & = 167.0, 146.2,
145.1, 135.9, 134.9, 134.7, 131.7, 130.1, 129.9, 129.8, 128.1, 128.1, 126.2, 116.2, 114.0, 52.1; IR
(KBr): 3423, 1720, 1597, 1460, 1434, 1285 cm™!; LRMS (EI): m/z (%): 540 (20) [M- C¢Hs]", 617
(80) [M]"; HRMS (ESI-, Quadrupole): m/z calcd for CsoH31NO4Si [M - H]: 616.1950, found:
616.1962.
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6.4 55 4 EDOE
6.4.1 10,10’-spirobi-(2,8-dimethoxy-5,10-dihydrophenazasiline)-5,10-dioxyl (4-4) and
10,10’-spirobi-(2,8-dimethoxy-5,10-dihydrophenazasiline)-5-oxyl (4-7)

N/ N/ N/

2

0O O
HN Si NH ————> O-N 'S NH + O-N 'Si N-O
0 O
/

\
4-6 4-7 4-4

10,10°-Spirobi(2,8-dimethoxy-5,10-dihydrophenazasiline) (4-6) (49 mg) was dissolved in
CHCIl3(2ml). mCPBA (75mg, 3eq.) in CHCI3 (2ml) was slowly added to the solution at 0 °C, then
the reaction mixture was stirred for 4 h. The solution was treated with aqueous K>,COs and extracted
three times by CH,Cl,. The red organic layer was separated and dried over Na,SO4. The solvent was
evaporated, and crude product was purified by column chromatography over silica gel using
n-hexane/acetyl acetate (4:1) as the eluent. Pure 4-4 and 4-7 were obtained by recrystallization from
CHCI; and n-hexane (4-4:16 mg, 30 %, 4-7:13 mg, 26 %). (4-4); IR (KBr) Vmax: 2938.0, 2836.8,
1587.1, 1555.3, 1460.0, 1386.6, 1346.1, 1318.1, 1274.7, 1240.0, 1182.2, 1120.4, 1068.4, 1030.8,
881.3, 855.3, 822.5, 692.3, 600.1, 528.4, 468.6; MS (MALDI, matrix: SA): 512 (M*); elemental
analysis calcd (%) for C2sH24N206Si-0.2(CHCls): C 63.14, H 4.55, N 5.22; found C 63.29, H 4.96, N
5.14. (4-7); IR (KBr) vmax: 3393.1, 3339.1, 3001.7, 2933.2, 2832.0, 1584.2, 1493.6, 1464.7, 1436.7,
1388.5, 1340.3, 1259.3, 1238.1, 1216.9, 1179.3, 1120.4, 1078.0, 1035.6, 891.0, 854.3, 815.7, 722.2,
693.3, 578.5, 528.4; MS (MALDI, matrix: SA): 497 (M") elemental analysis calcd (%) for
C23H25N>05Si: C 67.59 H 5.06 N 5.63 found C 67.31 H 5.26 N 5.50.
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6.4.2  N,N’-Dibenzyl-10,10’-spirobi(2,8-dimethoxy-5,10-dihydrophenazagermine) (4-8)

O O

Et,0

oy)

=
/—Z
oy)

=

Ph

~ 1) n-BulLi 2)GeCI4 Q Q

\
210 4-8

An n-hexane solution (1.64 M) of nBuLi (2.8 ml, 1.1 eq.) was dropwise added to a solution of
2-10 (1020mg) in Et,O (20 ml) at 0 °C. After stirring 1 h, GeCls (0.5 eq., 120 pl) was dropwise
added to the reaction mixture. The resulting solution was warm to room temperature and then heated
at reflux overnight. The organic layer was extracted three times by CH,Cl, after quenching with
water and dried over MgSOa. The crude product was obtained after the solvent was evaporated. The
crude product was purified by column chromatography over silica gel using n-hexane/ CH,Cl, (2:1)
as the eluent to afford a white solid (389 mg, 51%). '"H NMR (300 MHz, CDCls): $=7.39-7.30 (m,
10H), 6.98 (d, J = 8.7 Hz, 4H), 6.89 (d, J = 3.3 Hz, 4H), 6.78 (dd, J = 9.2 Hz, J = 3.3 Hz), 5.25 (s,
4H), 3.66 ppm (s, 12H); 3C NMR (75 MHz, CDCls): =153.5, 144.9, 138.6, 128.7, 126.8, 126.5,
122.1, 118.9, 117.8, 116.2, 57.1, 55.5 ppm; IR (KBr) vmax: 3434.6, 2933.2, 2830.0, 1600.6, 1559.2,
1488.8, 1464.7, 1436.7, 1407,8, 1357.6, 1286.3, 1236.2, 1208.2, 1044.3, 1006.7, 866.8, 805.1, 702.0,
612.3, 459.0, 418.5; MS (MALDI, matrix: SA) :708 (M™), elemental analysis caled (%) for
CasH33N204Ge: C 71.31, H 5.41, N 3.96; found C 71.31, H 5.35, N 3.89.

6.4.3 10,10’-spirobi(2,8-dimethoxy-5,10-dihydrophenazagermine) (4-9)
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R
fhsgs)

CHCl3, MeOH, AcOH

g8
g9

£
4-8

,@(;@/

Pd black (45 mg) was placed in a two-necked flask and nitrogen displacement was conducted. 4-8
(110 mg) dissolved in 4 ml of solvent (MeOH/ CH,Cl,/ acetic acid=2/2/1) was injected by a syringe.
The reaction mixture was stirred for 7 h after H, displacement and nitrogen was displaced again. The
organic layer was extracted three times by CH>Cl, and dried over MgSQOs. The crude product was
purified by column chromatography over silica gel using CH,Cl, as the eluent to afford a white solid
(45 mg, 55%). 'H NMR (300 MHz, CDCl;): 6=6.88 (dd, J= 8.7 Hz, J=2.6 Hz, 4H), 6.79 (d, J= 8.1
Hz, 4H), 6.75 (d, J=2.7Hz, 4H), 6.33 (br-s, 2H), 3.64 (s, 12H), '*C NMR (75 MHz, CDCl;): §=153.0,
141.0, 119.0, 117.7, 116.2, 116.0, 55.7 ppm ; IR (KBr) vmax: 3394.1, 2934.2, 2831.0, 1579.4, 1469.5,
1436.7, 1256.4, 1241.0, 1215.9, 1179.3, 1036.6, 875.5, 810.0, 448.4, 426.2; MS (MALDI, matrix:
SA) :528 (M") elemental analysis calcd (%) for CasH2¢N2OsGe: C 63.80, H 4.97, N 5.31; found C
63.50, H 5.08, N 5.12.

6.4.4 10,10’-spirobi(2,8-dimethoxy-5,10-dihydrophenazagermine)-5,10-dioxyl (4-5) and
10,10’-spirobi(2,8-dimethoxy-5,10-dihydrophenazagermine)-5-oxyl (4-10)

ah . gh g5
SE = geTEy

4-9 (75 mg) was dissolved in CHCI3 (4 ml). mCPBA (84 mg, 3 eq.) in CHCI; (4 ml) was slowly
added to the solution at 0 °C and the reaction mixture was stirred for 3 h. The solution was treated
with aqueous K,COj3 and extracted three times by CH2Cl,. The red organic layer was separated and

dried over MgSO4. The solvent was evaporated, and the crude product was purified by column
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chromatography over silica gel using n-hexane/acetyl acetate (4:1) as the eluent. Pure 4-5 and 4-10
were obtained by recrystallization from CHCl; and n-hexane (4-5:20 mg, 24 %, 4-10:12 mg, 16 %).
(4-5); IR (KBr1) vmax:2937.1, 1586.2, 1460.0, 1389.5, 1341.3, 1315.2, 1273.8, 1238.1, 1182.2, 1114.7,
1052.0, 1029.8, 818.6, 672.1, 598.8, 508.2, 421.4; MS (MALDI): 559 (M +1%), elemental analysis
caled (%) for CagH24N206Ge-0.2(CHCl3): C 58.30, H 4.20, N 4.82; found C 58.54, H 4.20, N 4.77.
(4-10); IR (KBr) vmax: 3340.1, 2932.2, 2831.0, 1583.3, 1468.5, 1436.7, 1337.4, 1258.3, 1216.9,
1178.3, 1055.8, 1034.6, 857.2, 811.9, 679.8, 575.6, 454.2; MS (MALDI): 542 (M -17); elemental
analysis calcd (%) for C2sH2sN2OsGe: C 62.03 H 4.65 N 5.17 found C 62.09 H 4.82 N 4.92.
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