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1-1 nILB R T DI E

RV INE A B = By L ) B R A IR AT T Shs ah P A S o R il A SN
CAp X5 IcEHOERE /T 5 F1F, THEAEEZRIT 5, i, n-rEBiC
BT L5 TR NFX DA DO TR NN —ICHL T2 THL, PR LVEEED
JEWINT D 72011, & b RIEERMOSERIIZF 2+ % HOMO-LUMO YE(Zf# D =
FAF—F (HOMO-LUMO ¥ v ) %/NE< 452 & RNEEL 7250

53D HOMO-LUMO ¥ v v 7 &/ NE< §551ELE LTELSKFIHEN D D, nit:
BREIETDHDTETH D, FIZIERI TR TIE, 7o b T8y, T TR, R
VA UDIRIC G R EME SE D 2 & THOMO-LUMO v v 7/ E < 22 0
100 nm F WU E N EH b4 5 (Figure 1-1), ZORICED, 7o FF7® T
I EAB AP A3 380 nm T 5 DTkt L, A2 Z & > Tldi 580 nm o Ak 12 5
BRI KZR"T, £ RN 72O XS ICEMG A &R Z2IET 5 2 & T,
DRI R 2 BRI TE 5 2 enmbnTun s,

L2r L, nde e RILIRIC K DI R O RERAIZIEL, AR R & X 5 R
WhnH, RV7ETH, XUBUVEREOHDE R DIZ0E-> T, HOMO-LUMO * ¥ »
TRNONEDPEFL TN 2 EREAEFHEICE VAL L 2o TR E72,
R EIIET 5 2 £ THOMO-LUMO ¥ ¥ v 7' /hE < 72 5 & [AIFIZ HOMO O =
FOX—HER N 720 | BALICR LRZEIC2 B0, oo fbziyzEttndkh
NEEVHIRERD Y T AR E L TEERNCIR VR Z D DT Z & 3R
Rchrl, £l EREAGT 50 F Cldn-—nflAERANBRW =D, — kit
BROILRICE V| T OWRIMEDMEL R 5N H 50, bndtER AR L
7B AT D IBEO 72T, 750-1400 nm OUTHRAMIE F TR 2 7~ 55 1 & A5 T
B2 RS TIER W, EARIMEICRIN Z RS T AT 572 0I2iE, /hE W1
YA X THRINTRIE R Z R ERT 2 2 EBUETH D,
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Figure 1-1. Absorption spectra of anthracene, tetracene, and pentacene in toluene.

12 EFRSNBRIR - BIeER

WIZ, THE TG SN TS RENRERNRIL AT OB 25T 5, £D—>
N, VT = FETHD,

VT UBRET R VBTN EA I =T AT E NN RY AT U EHT ORI 5
THEEZ AT LHN, ZORY AF U HOR S OEWNC KD RIE RN R Y | ATk
EWILT 5 b O BRI ERINT 5 b O THEETBEL, £/, o7 =%
e ER L, T OEIEETIRIL 10%2° 5 50% & LEHEWMETH D, AU AT
HORWI T = BED, LY REROEERINT 5, FrZ, RY AFUEHIZT DO
AFUREFTDHT = T(CyNRA >~ Ko7 =27 —2(ICG) (Figure 1-2) TlX.
Cy7 IZ DMSO H CilrAR/MIk @ 760 nm Z iz K & § 5 RING LTV 790 nm i K & 775
H &R L, ICG 1% DMSO H CITARFME D 795 nm % fix K & 2 WU E L 18835 nm
T NS AN AN R

ICG

Figure 1-2. Near-infrared absorbing cyanine dyes.
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INH VT = AENEEERINZ BT D ER L 7o T b0, G0 %
HThHH, v 7= BRTEAMEGEOT I ) REREE RSO I =T LT H
WAL Z R — 2 FPICH L, AR U A F U8 EaIEEA A IERERT 2 MHEE % & > (Figure
1-3), ZOEBMOIEFHIEICL D, BY XA F U8 L TORKA BN oM %
BEEDENT D Z & THOMO-LUMO ¥ v 7N &< R AN H 5 =0t =
DRV AF U ETORERBROME /N L BIEE O ORI Z =R L T\ b,
X 73 600 nm T I e WU 2 7R3 DI % L, ICG 23 795 nm Z i K & 95 IV %
RYZ L EEZDE VT = AFETIHEEN/D S Ondt R TRIEE OWIL % 2K
LTWAZ Enbnd, ZOEOSTNEEMPIERTTELT D75 71X, hI otk
R CHARINRIN Z R T 2 9 X TARTH 5,

. I

;\'// =
o]

OG)

Figure 1-3. Resonance structures of Cy7.

T = URBD XD RN - B aFEO ik s LT, Bl AIXEERND S 1D
WREAT O NA A A A=V IRH D, Sy F g A=V 7 i3, AREATED
BHLENAFETT IV LI X X B e RIci S L RN 5t &
DIVEEBRT DL TEDEBNTOREHZHRL D TH D, Ll AIHIRT
(T AEHHRR IS X 2 RIS RO E 8 42 UL F 72 AR & 2O BEL S s A L=
TN, BRE TONRA T A A=V 0 T %47 5 12D B D B iRk A F
AT 252 DB0ETH D, TARIMEEAT T D 650-950 nm O REE TliEFIZ MK IZE £
NAHNEZ B B LD IR, AR K 2 EEGELD D 70 <L st s |
TN, Z OfEKIE T4 kD ZE) (Biological Window) & FEIZL A, = 7=,
NAFA A= TIZB W THFRIME TONIRE EZBIEETE HAENRRD BT
5, LREOTT = BEO—FETHD ICCIFIAKEMEEZHA L TWDHTD, T TIT/ A
FA A=V I HEN TS F7- ERAMRIN 351%, CD-R <° DVD-R 73
EOWFFIBERIC BN T LU= — 2RI LI- EZ AR EIT 5 720 O 3500
CHFASh TV 5D,

Fio, TARARIEF E LT, ST T RIME O 850 nm AT 1288V W IR & 71
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T a7 = EEMEY R B 5 (Figure 1-4), 7 X n v 7= d, 7XRY
T=rDA VA RO EREIEE LD TH D, 7407 =0T
E/VIOEAREL D E > Q Hr2S 700 nm FHTICAEET 272, ndif& R DILiEZ1T > TR
W EAZRRELESE D22 TH 72 a s 7 =0 O TR 2 2/ L TV 5,

Max absorption: 845 nm Max absorption: 851 nm

Figure 1-4. Near-infrared absorbing naphthalocyaninest*™).

FTT7Eu T = TIEADOR B UVREBATLHI LTIy T =0 b g
L T 100 -150 nm ORI F DO R Eb ZZER L T\ 5D, —FH T, ¥ 7= AETIE
AFUHMN 2 WA SND T EITH 100 nm TG E S ERELT P Zok
DOENRANCRIE R 2 R ELT 5 5 2T o7 =0 aF0 X ) ICBERMOIERELRIC
L VFEERBEO/NZS W RZ2 AT 505 FICHOW TR R OIERE 21T 21X 5 7
A R u MR 72D DAL & 2 T &, LT E MO TR -l AAE RIS
K0 FOEMRIEDIR TR EERETHZ L TE D,

LL, 7=V BETIE, R AFUEBEL 25 EHOHEARBENENDS L9
(2720 | WREVESE R CEM BB N AT D 2 L TEE RN T v — R2RRIAS
sz enmbnTtna —orw, v aBTiiBBLEATFUOENT
&> Cy7 < ICG SRR i CEAMTB BN AT BN R W RA DK L 7> T 5,
ZIT, VT = AR L) RRE COWINEZZERTEX 5 LR sns, v 7=
o3 & ARSI R 2 B DI RE LT 2R DO tR 2 IR DI TEIT 5,



1-3 XY T UREBR DN

WNAETHLHXI VT UREOHEL, VT = BaHF L RECHIMER L2 ERNIER
LT 2RI LV FEARBEO/ NSV R AR L, /NS Wa 1A X723 6t
AR B OWI & L T\ 5, ERFV 7 REFEE LT, AEIKOK 500 nm
[ZWRI &8 & 3 Tdh % v —4 X > 110 (Rhodamine 110)° 7 LA Lt A >
(Fluorescein) 7% & % (Figure 1-5)8), ©w— '3 2 110 & 7 VA4 L& A o O 7 23K E M
PR L. ENEFNDOFERNASA A A=V TIZBWNWTEHENNAET L E L THIA
Sl F o —H I 110 & TAF LA VSO YR TR (>90%) A T
T FFEDOWEILD L —V—%RIETL0E L —VF -tk LTHLHVOND
U T LA iy o T U EMRLO KR OBV N SN T= . KR T pH
(2 &0 IR AR I RS B B, RSy 1 O35 A TR B AT R
W % 7m DT DD, MMM TIIKBIEOKENBBEL TTr =42 720
BEMBIEREIEREAT DL D2 LT, AEIRICIRV Y v — 7 7RI &
KHxkTT, 20D, pHA LI r—2—L LTHHAA ST B,

®
HN ) NH, HO o 0
oL CUC
O COOH O COOH

Rhodamine 110 Fluorescein
HoN 2 o 22 CNH, HoN 0 NH, 902 o. A Co o o 0®
Gk 2 999 Gk 20 999
- e - e.
COOH COOH coo coo

O O ‘ Basic conditions O

Max absorbance: 496 nm Max absorbance: 490 nm

Max fluorescence: 517 nm  (in H,0) Max fluorescence: 512 nm (in H,0)
Quantum yield @ = 0.92 Quantum yield @ = 0.95

Figure 1-5. Rhodamine 110 and fluorescein and their absorption, fluorescence wavelengths.
[18]

INEFHI T URORTOWVTIBSROILEZIT 5 Z & T RN &
DRPERALZAT O 2 LN TE FL/mWEDLEFIICRIZEM T b D MlE S 2 A
THI LD, aBRE IR L THREE BN NSWIREBZHERF T 5 L HIfF S L
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Bo ZDTD, FT= 72 IRINRIN « FBEAFEORFUZ SN D S ND, IROIE
CINETICHE SN TV AR R EILE L=V T R EBFEOH 2T,

1-4 B RILEY T U RER

nBRIEIEX V2 T VR ORORER & LT nd B RIEIED kS B e % 2 FEEH

Drtt %T%7wﬁvt4/@%éMBF@m1®m]*ﬂ%@ YT, Y
T UMM AR B UBRICEVIEEL TS, LA LA v LRI UALBICKERE &
HINVKR =N HT 55 %Afi\ﬁﬁé T OTNVA LA LB LT
e R 8 50 nm B E R EAL T2 DR TH DN, T 7 F L U EBAL. ORI KER
FEINR=NIEEF/T 5551 B T, \BEMESMETTCILVALEAL IR LT
BRI 38 100 nm B RALT 5, 202 &0, 7Lt A v OFKER
FFL72IRRE Ot ROIEZ T o7 A KD b, 74 L&A v OB &2 REFE T2
RN E A LR L7z B O BRI E DR RAEONERRKRE N LIRS
NTW5, £/, ZhbDOntRRILE T LA LA NNIERNES THDHT=D, *
DFERO B RRIEABHE STV 5,

Max absorbance: 534 nm
Max fluorescence: 565 nm (in H,O/DMSO)
Quantum yield: @=0.24

Max absorbance: 595 nm
Max fluorescence: 660 nm (in H,O/DMSO)

Quantum yield: @=0.14
Figure 1-6. t-Expanded fluoresceins reported by C.-H. Chen et al.*! and their resonance

structures in anionic forms.



— 5, HEHICL 0 Bl Gt Rr 2 YRR Lz 7 v 4 L A > (C; Figure 1-7)8 X
O DI ST 5P gt RikiE o J7i%1% C.-H. Chen H 23 LT
L0 FLREBETH DD, 53F C DRARBRIERIZT708nm THY, ZLrFLtAf &
L TR 220 m BERE(L L TWD, 2O Enb, ZAF LA iionTxH
VT LD F T T~ R OIRBR 24T o T A B A R R O B RAb
HHNDHZENRHELINTH D, 1 C ISR T TN & 13 500-800 nm, 2
JEIE R iX 750-900 nm & RIS BT ARAME E T OWRIYL & T ARAME T O I A
ERLTWD,

HO 0 o)
90000
COOH COOH
Te g

Max absorbance: 708 nm

L

O~ 0 o} o} (0] o~
S =

-

Max fluorescence: 790 nm  (in H,O/glycine)

Quantum yield: @ = 0.0017
Figure 1-7. Laterally n-expanded fluorescein reported by Tsubaki et al.”® and its resonance
structures in anionic form.

LorL, AT LA AZON T RILTE LT 9 T & ITdOtE IR 7
LEMCH D, ENEND T OIS T TCOENEFINEROMEIL, v Ltk
AN BN THDDIZRI L., 771 AT 24%, 531 B T14%, 731 C T017% TH 5,
ZDTH, sy CITEARIMEITIRIN & F 62 79705, st FICRBMEW & 5 [
DD,

ZIT, L EWEEEFINERA R TIT RN ERLHEST L2 2 Em L,
Figure 1-8 |Z/" 7% —7 v b1 OAKEBIE LTZ, RO 7 VA LtEA DS
FC LR, 7=V EOINVEFUNEEREL THWDDE, 2 DOEEN
HD, 120, INA LA TIIDVEFUNVENINORELREKEL, B
BNTT 7 FURESEZTRT D 2 E N B TE Y (Figure 1-9)4 = D288 % PefR-4
L2 THRYMEETM LT KT D0 THD, b 1%, 7 ==V ERLE
AT LI LT, PMEREEZIT) ZENTEDLLIICT DO THD, 2E 0, Aif
ZEOSEHE LT, T 71 OMEEHA LML, BHREZEAT D 2 & TS E
EITHOZ L xBR L,



Figure 1-9. Equilibrium of neutral fluorescein.

Flo, INF LA UL INVRF NV ERE LT 1L 7 v A4 | > (Figure 1-8)
RN, ERARIELHSI SN TWEEL co-n, Tt n s EAR LTS
T 1 LR T D 2 L Tr R RILBRO IR DN T I 21T o 72,

AEZFIR L TE LR =7 v FMrT 1 OEEPHEDIC XL D MSLIZFER TR
DI TG Sz (Figure 1-10), LosLimste LTHE SN TE LT, 20
LWAEBEIZOWTIEH B E 72 o TV, Z D728, fiffe L CTHMSIIZ X —7 > b
3T 1 ONEDFHI &2 1T > 7=,

R4, R =Hor Me

Figure 1-10. Laterally n-expanded fluorone reported by K. Tsubaki et al.”*®
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Framick T, AU 7' &6l L L CTndt ROtk L0 I RO R R
ERTE 5 2 & alk e, Fo, ndRILIRIC K0 AT DB LRI E M
DA T 70 E OFERIEZ BT 272 0121E, WREZRBR Y /N SOt R TRIE R WIS 2
L0 AN S WD R R TRERWINZ#ER L TWDHHE LTy 7T =Bk
EXH T UROEOHE T, VT = AEICOWVWTIIRY ATF OIS
JEIRICB T DRANRENTWER, TV T VRAFRICOWVTEF VT U BEO
I BERILIRZAT o T2 flld D70 < BT CHET Ten b RILE 7 VA LA D
Tho, FrZ, IV 7 U RARTEVEOLETFIREZ AT 5720, nd &R Lk
L7220 Th PG IR CRWVEOLE IR A R~ 2 LR SN D, 20
e, FY T UREFITOWNW T RILEZITV., ZONIPEIZOWTEEL <FF
Mz1T 5 2 &id, ARZHBLEARIMRINL - N0 T 25T 5 9 A CHELRRETH
Do

ZZ T, FEmTE IR ATOWTCEMF IR eItk Lz, o7
GO RILE T VA v v L R WG CTER L, TOXMMEZTI~D Z
EHRHIE LTHEA OMFEITo 7o, £, OISO N T 7 v A r v & Dbk
o Ry

53 F 1 OMEREMIC K 0 | SR DK T2 X 2 RIS 2520 5 & v 9 b
e R ZEWERTHZENHLMNERoT, 2O, B = ETIIREREEZZT
RTWENL A T BT TIR#E LT 26-P 7 A n 7 = o LFER RS L, F Dk
BATINBOS )3 2 22 E M3 L Otk 23k L7z, £7-, EXEMEEORm WD v F#
JR 28 AT 52 & THOMO DY 222 E L L i b 2B < 2 & b RRFICHER L7e,
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BB gdBRIBETNVF O OERE LU

2-1 FFaf

B RYERE 7 v A 1 > 1 (Figure 2-1) DA R A2 BEZT HICH20, 7t u
DFE R AR 2@ L TV b e EIc Lz, ZoRKTIE, £97eE
(A4-TA XL T 2= V)Y TR T L ELBEHREATFIVE D Grignard KSIZE D 7
NFarOFEREEE LA AT vy 7 H), ZRBAERTRITL Y A F b & BoKHEER
ZEIFFIATOQR AT v 7R)E VI EWRIG AT » 78T, MIETOTVFr D
BN FIHE CTd D (Scheme 2-1), £/, AWVWDEZEEFMA FIVICELILAZEANTDH Z
T, a7 VAT UFEROGENEETH D, ZORKEFIATSZ LT, i
BB RIEBE 7 VA v v 1 OBERIEEZ ML TE 5 EHIfF SIS,

Figure 2-1. Chamical structure of n-expanded fluorone 1.

OMe OMe

MeQ. OMe HO
U THF -78°C OH 1) BBr_—, @ O
MgBr 2] H*

Scheme 2-1. Easily synthesis of fluorone reported by Yang et al.l"!

BOIX, BRx el RILR X 7 R OFEL BT D 9 2 TEHEREPHMAE L
725 o b (dibenzoxanthones) @7 & iR RILIE 7 L A 1 A AR LT
V5 (Scheme 2-2, 2-3), Scheme 2-1 D& BAREE 2 THFH TE AL, A BRI O KiE 704
MCBN Y | n B RYE T VAo o OFERL L B ITR D,
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RO OR n—BuLn RO ~_-OR
‘ ‘ B OMF A
93% E

R=MOM ¥ 0~

1) n-BuLi OF. OR OR OR

2E RO OR MnO, RO = OR
—_— = e e
THF CH,Cl,
80% H OH 78% o

OH OH

OH
" cj DO “COCTO
l:ileane
85%

97%
(dl)benzoxanthone

Scheme 2-2. Synthetic scheme of (di)benzoxanthone reported by Tsubaki et al.”?

MOM = %™
HO OH  MOMCI — MOMO._~ O~ OMOM
 NaH L |
(dl)benzoxanthone 90% F
1) n-BuLi  MOMO. OMOM OH
L, ” ss O

Ri R THF dioxane

Br

65% O

Ry, Rz =Hor Me
Scheme 2-3. Synthetic scheme of n-expanded fluorone reported by Tsubaki et al.?!

B RILE T VA v B GRR LTk, IR TOWIN A~ R AHE R X OFL
A7 MVRIEIZ L O VDT 21T -7, £, BT mA~OrIt R ILEIC &
DW= FEEWE R DR RAL DR R AT 2 7o 6D WU « FEIEA T BT DN T
TGy LI EIT o7,

2-2 B RIEE I e L DA

B RILE 7 VA o v OE L. Scheme 2-4 |2 IE CT{T > 7-, Scheme 2-1 &
HE@U\ﬁ%5®émTiGmmmﬁmTﬁ@<mmu%ﬂﬁbfﬁﬁéﬁf?
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NEDRISEIT e, ZhUE, EERD27-UA X7 % L@ 34055 n-BuLi
XV U FH STV E W) BIEENZFIA LTV 5, ZORKTIISNF 104
RN 2,7-Vk Rax v 7 XL 3mb3AT v CEMRTE METHDL, LL,
BRI BN T ZRALR 7 3 (BBra) D 7 = o F 4238 AT D BAV K FEBE(HBr) D 7=
DISGERDEEYEE 720 . BEOWIZ HBr i OIRIE, T7bb 7o AR 1-H E L
THELIL,

0]
n-BuLi ©)L0Me MeO QMeOMe . _oMe
HO OH  (MeQ),S0; MeO OMe TMEDA OG 0 OG
K,CO3, acetone THF THF
3 80% 4 25% O 5
HO
BBT3
CH,Cl,
(83%)*
* : crude yield

Scheme 2-4. Synthetic scheme of 1-H".

1-H"%2 DMSO (Y AFIVANVEF T R) (AR SE, EE KRR CTHRE2IT- 72,
ZOLELHTIEUR Y X T UL L 7 = =V OFEEE A R < EIL Sy
W45 Z LA DFT (BELEIEIE) FHEP BRI STk Y (Figure 2-2), IO
(ZKEAL A 2 (OHNT L B REELBENFAE L, 501 LITKD TN L 7o fids %
H DKAINAE 1-H,0 235 H 72, 1-H' 13X DMSO @ K 9 22 RIS I D Ir (IR % o
T8, 1-H O 1T EARMIRIE DAL A F L A B IR 5720, AK—Hb A F L% T
T2 2 & CTHEEL 7, 1-H0 O L A T L U EIRIC OV TRIE MG, W8 a1T 5
Z & T 1-H,0 DA A BLEE L 7=,

1-H,0 DE A% EZE T, 150 °C T 2 BEEIMEVT 2 = & THUKSIEAHA L, Ko7
DEEL 72T 135Nz, 202 A7 v 7OEEICLY | 1-H D HIZIEEEMIC
N 1EEDZENARETH D,

Scheme 2-5. Manipulation for conversion of 1-H" to 1.
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(Mulliken charge)

Figure 2-2. Charge distribution of 1-H* from DFT calculations (B3LYP/6-31+G*).

53 F LIRS D DMSO IZHHI BT, 72 F=FUALLTHF (7 FJE R
07 7) b EDEIG THEMT 50, AT LR M 2T LD LT 50
RS L S L 720,

BFL1OETE R=F U, |ETOHNMR 227 L% Figure 2-3 12777,
HHREETIE 7 = =V EHROKFEOE— 7 LAMNEI T r— RiZe>TWo, ZHL,
BT F= MUV EOKRBREIZE D AKBEN MM UTREE L Z 5 TRUVREES ©
WA ISR L, BRSO R XY T UENL O KR EL O REDS —E LW
D TILRNDNE B Z T 5H(Scheme 2-6), — . NMR $ 2 FVIRIRIZ T X ¥ R D
ETHHEREMEDODBU (1,8- 77 u[5.4.01vV v T B-1-= ) a2 BERINT 5
ET=Fr A ERY, TRTOT B OB —7 R S vi=(Figure 2-3), 7 =
FUL-ADE—7 DIFEIL K —27 DA 7V 7% S &2, H-H COSY (Figure 2-4)
ZRIH L CTIT-o 72, BEEEEO H-HCOSY £V, ¢, doigEWh » 7Y v 7B LW
C, bDFIWEIRD T >~ 7Y T NRBONTZZ EnD, ¢ DKFED oLl d. m-fLi b
DKENGIETDHZ EDRBEINTZ, ZD7=0H, b e, diZTX Y FH T LD
KugDORVP B EOKFICHKT L ZENHLMNE ot Fo, FTALET Ly
MNAdYD B v TV o TRBELND FIZONT g hD3HGOE—T D) T
NHLNTZZ b, 0, hE7 2= VIEROKFICHEKT D Z LAVRENTZ, ED 2
DDV T Ly FOE—7 a, el T —T WG DOBEO R B UBEOKFIZHEK L, FF
(2. T—=T VOBERPEEG L TWDKED o-(IFET HKkFEa LD b, m-fLIfF7E
T oKFE e DFH, =7 PRGN FET H LB 60D, UEDORELD ., 1-A
DREEDFEE S L7z,

F72. LA T EEBO VR Y 0T VN DO LE A R OB ICIFAET D e —
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N, TNENFEEZ I ALY T MIEHNATHD Z &b, 1-A TIZAEER OIER[HEL
DAL, HEE L 2> TNAZ LRI,

(400 MHz, in CD3CN)
Neutral

oh

8.0 15 7.0
&/ppm

(400 MHz, in CD3CN)
Anion (Base: DBU)
DBU'-H, 1H

| | | | |
8.0 7.5 7.0 6.5 6.0
&/ppm

Figure 2-3. "H NMR spectra (8.0-6.0 ppm) of 1 and corresponding anion (1-A).

HyCC=N.. ‘°+ Electron rich

.o
HO O
OO0 g DT
ol ®

Scheme 2-6. Polarization of 1 in acetonitrile.
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Figure 2-4. H-H COSY NMR spectrum of 1-A in CD3;CN.

F72. OF LITEBIEAEE T TR FIC L D REREEZTed <, miitto®E
DMSO |ZIEfiE ST 'HNMR A~47 MVHIEZE4TH &, HDMSO IZE £ 5K T
IZ K DHEBEEZ T 1-H,0 IR D Z & BB 5o & 72 - 7= (Figure 2-5), £ L4
DE—27 8 1-H,0 IZH3KT 5 Z &id, [ U< Figure 2-5 {2759 1-H,0 O DMSO H
TOMHNMR A7 RL LT HZ EICEVHALHCL TS, . BTk b=
kU VI Z O RS 3H S v, Figure 2-3 038 Y KA SO B — 7 [ 3R &
TV, DMSO H TARAINS LT L Wold, 72 F=F U &L
THYEDN LV BN OICH A D A F o DAREEN 2 EA E <23 < (Scheme 2-7), &
72 DMSO BREKLRLT W ENFERTH D EEZBND,
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(400 MHz, in DMSO-dg)
Neutral

Derived from
1-H,0

&/ppm

(400 MHz, in DMSO-ds)

1-H,0
Ar-OH,2H
| | | |
10.0 9.5 9.0 8.5 8.0 75 70 6.5

&/ppm ‘

Figure 2-5. "H NMR spectra (10.0-6.5 ppm) of 1 and 1-H,0 in DMSO-ds.

DMSO

Scheme 2-7. Hydration reaction of 1.

2-3 Stk

BHC L7253 F 1 O 2 3l 9 5 7o oD ARSI TR A~ 7 VHE R KO
AR WAVHEEITST2, 0 1%ET 2 h= NI VRS ED &, 5O T
1 OKEERE EOKRFEPBEEZET S 72 b=V M XD BI &7 =4 1-A
H S DRI 23 o § 22 H & 7= 72 b (Figure 2-6). Figure 2-7 124311 @ THF 1 CoD
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WG A7 v Zssd, £7-. Figure2-8 127 h =k U L T4F 112% LT DBU
ZIS5UEMZz DI LT bAb LT =4 v 1-A ORI « AT h V&R

R

Figure

£(10° M ecm™)

in CH;CN, 26.9 uM
030 — ( 3 uM)

HO o 0]
sevee
=
0.20
o

0.15 —

Absorbance

Absorption derived from

0.10 / anion 1-A.

0.05 —

| | | | |
400 600 800 1000 1200

Wavelength (nm)

2-6. UVIVis/NIR absorption spectrum of 1 in acetonitrile.

100 —
(in THF)
80 —
HO 0 0
Q0
60
SR
40 =
i _\A/\/\

0 I I | T i
400 600 800 1000 1200

Wavelength (nm)

Figure 2-7. UV/Vis/NIR absorption spectrum of 1 in THF.
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100 = 778 nm 809 nm (iNCHCN) | 4,
Excitation: 702 nm
80 = Absorbance —25 _
I::C'i. - x g
~ 60— Fluorescence KJC P — 20 3
: ' :
< N — 15 3
= w0 8
\9'./ — 1.0 QCJ
W Y
20 — 05
0 - 0.0

400 600 800 1000 1200
Wavelength (nm)

Figure 2-8. UV/Vis/NIR absorption and fluorescence spectra of anionic 1 (1-A) in
acetonitrile with 1.5 eq. of DBU.

Figure 2-6 & 0 | 437 LIZHPEIREE TIEK 800 nm LA O FEIIZ B AW AR e =
20000 Mem* AT D7 0 — RN Z2oR9 2 & 2B 5782 L=, —J5. Figure 2-7 X
D, T =F 2 1-ADRETITRIGERES KRR L, 778 nm Z i K & 4% £= 93000
Miem™ ORI Z 7T 2 E A ST L=, £7-. 702 nm Ok YE T, 809 nm %
K ETDIRNENZRTZERHLNE o T2, PR TIEHW T 1 — R
W 2R T DK U RSB a b AL L CABMOIERENLT S XL H 1k
D B EMANZEWRIN 2R T E W BT 7 VA LA o7 A e s LREETH
%1,

S BT 1-A DEOEE IR L | TRAMRIN - #EAFR TH D ICC & OEXEIZ K
D3ROz, HHETIEEODFEAIL,

@ = @ (Ar/A) (I/1R) (n*/n’R) (D/DR) (1)

TRENDE, iV 77 L2 (BEIOBEIZICG) DR TILE, A, Ag L
R REICBITDRMEBEE Y 77 L ZAERENOWNE, |, IRIZTZFNENOEIEA
A7 BVIEFRE, n, RrIZENENOBEEDJEHTEE, D, DrILABE (WIHIEY 7
DIFEFOCREDS T NVDOIRE) ThD, ABliE, DMSO 1 ThD ICG DE i1
NR(@=013)1% ) 77 Lo 2L LTHWE,
ICG DMWY « #5227 kL% Figure 2-9 IR L CW 5, 1-ADT & =k U Lth
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TOWIL « B AT FL e ICG D DMSO I TOWRIY « w27 hL L 0 573
Z A —H —% Table 2-1 |2~ 7,

_ - 35
0.6 — (in DMSO)
o — 3.0
Excitation: 732 nm
0.5 7 Absorbance :':_"
=25 o
C ) -~
s 04 Fluorescence |, 2
S 0.3 - B
o .0 ™
3 — 15 E
< 02 g B
— 1.0 <
014 L 05
0.0 - — |

400 600 800 1000 1200
Wavelength (nm)

Figure 2-9. UV/Vis/NIR absorption and fluorescence spectra of ICG in DMSO.

Table 2-1. Parameters obtained from absorption and fluorescence spectra of 1-A and ICG.

A I n D Excitation
1-A | 0.0772 34.3 1.34 (CH5CN) 0.078 732 nm
Ar Ir Ng Dr Excitation
ICG | 0.1200 73.4 1.48 (DMSO) 0.13" 732 nm

INHOEEXWICY LD TEIREZTTH L @=0.078 LRIz, 67
DENEFINROFYEEZ L DL, @=0.07710.002 THDH Z ERHLDITR -T2,
[FREDIE RN & B Z R L, EERICAA, A A=V ZICb STV 5 ICG
® DMSO H COENETFIENRDP=013 THDHZ L E2BETDH L. @=0.077 1 LITR
ARtz L L UIRERETH D,

21



2-4 T T v DNtk & DBk

2-3 TORMMEFHMIZ LV . e RILRE 7 VA v v LITEH RN &8t 2R
FTZEBRALNE R oTz, KIS, 7 A v > & ORI K a5 R IEERIC K D WY -
FNWRDRWRAC DN RA TG L=, 74 2 Z3cMicst- TAR LT,
Figure 2-10(121 & 2 DH Y > 7 LD THFE R TOWIL AR Y kv %787, F 7=, Figure
217 F=FUAVHFTIBIU 21X LTDBU Z 15 % EMZ 52 & TYr =4
AL LY TIV(L-A, 2-A) DI « T AT MV EIRT,

100 —
(in THF)
80
. 1 —
g 60 —
< 2 —
s
mo 40 —
)
@
20 -
0 I
400 600 800 1000 1200
Wavelength (nm)
Figure 2-10. UV/vis/NIR absorption spectra of 1 and 2 in THF.
100 — — 1.0
778 nm 809 nm (in CH,CN)
i
80 — 1A — 0.8 g
—~ . . (D
e Excitation: 702 nm é
S 60— — 06 3
= 2-A @
S a0 Excitation: 490 nm |_ o, &
s 3
g
20 — —02 2
\ —
0 ———-00

400 600 800 1000 1200
Wavelength (nm)

Figure 2-11. UV/vis/NIR absorption and fluorescence spectra of 1-A and 2-A in acetonitrile

with 1.5 eq. DBU (solid line: absorption, dashed line: fluorescence).
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Figure 2-10 XV . 3+ 1 & 7 v A v 2 DRI ALY k)L TEIRNAREL D f KME
ITEDLL2WVR, 1 OFBREREE TR AWEICRIN A ~TZ EDRH LN E
7257z, 72, HOMO-LUMO [ ™ 0-0 IR IZAH Y 3 2 WU X2 vE s+ 1 T 716
nm, 4312 T513nm THYH, 2083 nm EHELL TWAEZ ENRWLNERSTZ, Th
B ORI L W ENZID HOMO-LUMO ¥ v v 7 %58 3% & | Z DEIZAE; = 1.74
eV.AE;=242eV TH Y 431 1 TiE2 & ik LT HOMO-LUMO % v » 77 0.68 eV
W o TVWD I ENRENTZ, ZOFRRLY | B RILEIC LV 2 EAIZ HOMO-
LUMO ¥ v v 7D/ L, WINEENERELL TS Z BRI,

Figure 2-11 DI L 0 . 7 =F 2 1-A OB KLU (778 nm) i 2-A O KWL
WFR(522 nm) & Lbis LT, 256 nm B FEAL L TWA Z ERH LN E o7, ZNTEH
DRI BT % B /AWEAREIE, 1-A 23 93000 Mem™, 2-A 73 80000 M em™ T
HY . nBEROIRICE D BNV HARBEPE R L TWD I RSN, EREh
OWILEE, 1-A 728 814nm, 2-A 3544 nm TH Y . ZH S OWIURNHZH LD
HOMO-LUMO ¥ v 7 %5835 L AE1a= 153 eV, AE,a=2.28¢eV NG 57z, H
MDA LD & ZENE N HOMO-LUMO X v v 7/ & < 725 T B A3, HOMO-
LUMO ¥ v v 7 &l 3 5 7o DI B OB W L 0B L RET HIMER D D,
IS FNENDOHFHESFIZHOWNT T = kU AHTHRILARY FVRIEZTT
U, RIS 5 HOMO-LUMO 5 % v 7 % 3R 6 7= (Figure 2-12), & D& 5 AE; = 1.65 eV
(752 nm), AE;=2.39eV (520 m»HF 6Tz, =72 L, ZOEIZITDLT NI =4
HOROWINE — 27 OFENEEND D, ZEREOT —Z L LTHW, Zhbo
% Table 2-2 IZF & D 7=,

1.2 = (in CHsCN)
S 10—
(0]
RS \
g 0.8 — \ Tangent line
o
= 0.6 =
S Absorption Absorption HO_~_O__~_O
a _ derived from 2-A derived from 1-A |
2 04 N
3
Q
< 2 - 2
00 .
| 520 nm | 752 nml I I
400 600 800 1000 1200
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Figure 2-12. UV/vis/NIR absorption spectra of 1 and 2 in acetonitrile, and tangent lines for
obtaining their absorption edge wavelengths.
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Table 2-2. HOMO-LUMO gaps of 1, 2, 1-A, 2-Ain THF and CH3CN, and difference
between 1 and 2, 1-A and 2-A.

Conditions Molecule 1 Molecule 2 Difference
in THF (Neutral) AE; =1.74 eV AE; =2.42 eV 0.68 eV
in CH3CN (Neutral) (AE; =1.65eV) (AE; =2.39 eV) (0.74 eV)
in CH3CN (Anion) AE1.A =153 eV AE;. A =2.28 eV 0.75 eV

Table 2-2 1281725 THF 1 & 7& h= F U L TOHMES 0O HOMO-LUMO ¥ v
v, TR M= NI AHTOT =4 2D HOMO-LUMO v v 7O ERIZ LY | 75
T 1, 2 ENENHHAIREEN O T =F 2 RBBIZ 72 5 Z & T, HOMO-LUMO & % » 773
MENLTWBZ ENHLNERSTz, L L, ZTOETG 1. 2 &biT/hanz &
WA BNEIRoTz, Thbb, 531 1,2 L bIcT7 =4 21kic L %5 HOMO-LUMO % ¥
v THE ORI/ NS N LRSI T,

7YX b= h UL THXEIC LD 2-A DOENEFICREZHIE L7245, @=0.051
PO, LADEAEFIERITZTIN THHLZ LD, AR VA OdtE
TR A I3 ITHERE L. 2B DI - BOLRE O RERGEZZER L TWDH Z & &2 H
SN LT,
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2-5 SFEEEICZ L D HOMO-LUMO X% v FDEE

2-4 THHES T 1.2 BEXOEREND T =4 v OFEBEF TO HOMO-LUMO F v
TEE, ZHIDDOEIZOWT, DFT IZ X 5 FiuE#HHE 2 53k 72 HOMO-LUMO
Xv v 7OEEHEEZITo, HFHEFRORER. BLOZDORKRN /B
HOMO-LUMO  + v 7% Figure 2-13 & Table 2-3 |2 £ & H T 5,

HO o o} HO._~_0 o}
QO o

Molecule 1 Molecule 2 S
Molecule 1 © ; Molecule 2

-2.71 eV
LUMO

AE; =3.17 eV

Anion 2-A

0.80 eV

LUMO

AE,. A =2.80 eV

Figure 2-13. DFT calculations for HOMO, LUMO molecular orbitals of 1, 2, 1-A, 2-A (Basis
set: B3LYP/6-31+G*).
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Table 2-3. HOMO-LUMO gaps of 1, 2, 1-A, 2-A, and difference between 1 and 2, 1-Aand
2-A calculated by DFT method (Basis set: B3LYP/6-31+G*).

Conditions Molecule 1 Molecule 2 Difference
Neutral AE; =2.25 eV AE, =3.17 eV 0.92 eV
Anion AE1 A =1.87 eV AE, A =2.80 eV 0.93 eV

Table 2-3 |27~ L7240 FHLEFHEIZ &V 572 HOMO-LUMO % % » 7I%, Table 2-2 ®
WL AT SV LD R&OTZHOMO-LUMO ¥ v » 7D BB L ZDHEAZFHEH L T\ 5
ZENRbhol, TNENDEIZENFET DD, o FiuEsE LY 1572 HOMO
& LUMO D=/ F — AT E O AER ZZE L TV R NWEZER D432
%T@ﬁ%?%ét@tk%zf%é

F 72, Table 2-2 TiZFHIREED S ﬁ/ﬁmzﬁm#é@’A%lz%m%m
HOMO-LUMO ¥ - » 73 ifi/d 5 2 k#ﬁéﬂf%t#\_ﬂi > FRLER A
DT =2 THRKTHY . o7 L2000 T HFMES LD 7= ﬁ/@ﬁm
HOMO-LUMO & v » 7'M/ N DR MG H iz,

Fo, DTEGERE IV EET =2 T, TS LT =4 TR HBEO
HOMO-LUMO ¥ v v 7O/ NORREN /37 1 & 2 TIF L A EERRD LD I FERMN
%6%to_@_kﬁ®\nﬁﬁ%mﬁ_ibﬁﬁﬁ®#ETm GEEA IR L TH T
=F ALDEED HOMO-LUMO ¥ v v 7 Offi/MTIFIZ & A EFLG L2 Z &R X
iz,

PLEDFERBIOEZRLD, 51 1,2 TIHMHS 06T =4 122 BRI
HOMO-LUMO ¥ v 7O/ N BAET 5 2 E X B E O R L v EZ T oh
oM, ZFOMNOREIT/ NS W ERHLNE ST, DF 0 FRREECTT Tz
53/ EUVYHOMO-LUMO F v v 7R SN TR Y | 7 =AU RETIEIEBIC
HOMO-LUMO ¥ v v 7'M/ N D H 5D FIET 5 2 &R,
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2-6 HFHESF LT =4 ORINART M DNTDELE

2-5 TOELIZEY, HEy 1 &7 =42 HOMO-LUMO % v 7IZixdH £ Y K

XRFENIRNZ LRI, ZTTWIC, PSS LT E R=F) L TTr—
K725V 2 7R3 DIZxf L, 7 =2 1-A D3RV Y v — 72 ]IV & 7Rk 3 B 2D
T, TD-DFT (Rpfkfrs L) Pc X 2 R8) F g B AR L TEEE21T
72, Figure 2-14 (2, TS F 1 &7 =42 1-AICOW IR R EH R 21T o 724
BB I IRE) FREN D PR INDRINART MLV ERT,
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Figure 2-14. Oscillator strengths for molecule 1 and anion 1-A, and predicted absorption
spectra of 1 and 1-A calculated by TD-DFT (B3LYP/6-31+G¥*).

Figure 2-14 X v . F 455+ 1 Tl HOMO-LUMO [ 0ER 7358 < % 5-4 5 R854
FEMNFLY RANOIRE) 758 & i L TS < 2o TH Y, PRI DWIN AT FL
MEERE RO ZEORE FREIZ L VAR SN TS Z ERRB I, 2B
gV e — RRRINARTEFRZEEE 2 bbb, —FH T, 7=41-A T
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HOMO-LUMO [ D& 235 < %5 5-9 2 IRE) 58 B DS O IR Eh 758 B & b L TR &
<L PRENDBINARY MV TEHEREANCRORINZ R T 2 EDRB S, 2
BN v — T RN 2R T ERTE LB 2 5D,

wIZ, FESY 1 & 7 =4 1-A T HOMO-LUMO [ D& 1358 < H 54 B iRE+
FRIE DR E SITENRBNTZHAICOWTH FIUERZFIH L TER 21T o 1o, 15
T 1 &7 =42 1-ADHOMO 3 X T LUMO D45 FBlIE X F L ONER IR 1-E— A
~O1% Figure 2-15 12779,

HO o o ©0 o o}
90900 9090e
@ 1 1.8743 O 1A
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e

0.4526
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Figure 2-15. Illlustrations of HOMO and LUMO of molecule 1 and anion 1-A and transition
dipole moments of the electron transition from HOMO to LUMO (B3LYP/6-31+G*).

Figure 2-15 LV . 7 =4 1-A TITAEEBM OIERENIC L 0 JFEEEZ BT L7290,
HOMO 35 X O LUMO D43 FHLiE N EA THHFIC/R > TWD T ERDND, 207,
HOMO 7>& LUMO ~D BRI B1T 2B VAT — A > MR REGMICKELS 8o
TW5b, —J7, TS 1 TIEEMREE Th 572912 HOMO & LUMO D43 f-fliE
HAEATHETIIR 20, BEBRIIBTE— A M/NS L Ro TS, EE IR
T—ALV POREINEBOED FMEOREIZREL TWVD, DD, <
EOT =4 1-A 138720 1 1 TILIERFRMEE ThH 5 72912, HOMO-LUMO
MOES PR FHT DR FHREN/ NS R TWND Z EBRB I T,

PboERI Y ftESF1 &7 =42 1-A TR ARZ M LOTARIZ K & 7508
HHNDDOIE, T =242 -ATRFREETH D DIxt L, e 1I3FExFEdE T
HHZENRKE Y ZNEO HOMO-LUMO [ D& I BT 5B W 1-E—
AV PFORE SICHERENREL TWDLEOTHD Z ENRB I T,
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2-7 A

U EDX ST, Vo T VEOLER IR AR LI 7 v A4 v o 1 Off#E 7
BHGEZMESL LT, PEDOFHEIC KV | 07 LIZTHHREBR L O =4 KB O™
FIZBWTT7rAr 2 XD b REEICHRINZ R L, FHZT7 =4 REETIEL, 4012
DT =F 2 2-A DRI EN T h=F ) ALHFTE52m THHIDIT L., -+
1T =42 1-A DRRIIEEIZ 778 nm TH Y | 256 nm EFEL 7 L TWDH 2
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ST LT, 1A DMt EFIERIEIT 2 b= R I ALHFTTI%THY, 2ADT &
k= kUL CORERHE SR TINER 5.1%% 0 1 SHERE L 72 23 IR - 40k RO R
WRALZER L TWD 2 EEHALMNT LT,

W A~ R VORISR S HOMO-LUMO = % v 7= R )L X — DR 217 - 72
B, 1L 2 EHICHES T NE T =4 1272 HBRIZ HOMO-LUMO = 7 723 is
INT DRNRDBEAES D 2 E DR ENTN, Z DM/ NORREIT/ NS W E BB B0 E 7
ofc, ZORERIY . FHELSFOIRRETH571Z HOMO-LUMO ¥ v 713/h SV A3,
T=A D I ETELIZHOMO-LUMO X v v 7 Ofg/ N34 45 2 & 038 5 2>
Elpole, ZORRIE. S FHUERTRICEVEMT O TWD,

Fo ST 1 ET =0 1-A DI AT R LOFEIRDENTONWTELR AT
W, EBEEFEIEIC KD ST 1 E T =40 1A OREEOTFREDE W K D E
BIEAE— A FORE SITEDBIL, ZHBWRINA T FIVOTGIRD B2 5 R
Lo TWDH I L HRBT 5T — X 2537,

U EOFERI Y, 57 1 OFER s oML, EbFaEE2FIHA LS
LBIZED ., 1 LOKIMEICHONWTEHERMRZ G, /o, o1 LIZRmEfEIC
BRTE LT, FHLERANIE NS TFE LTAERTHD Z RSN,
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2-8 EBRIE

General. *H and **C NMR spectra were obtained with JNM-ECP 400 and ECX 400
spectrometers (JEOL) at ambient temperature. Spiral MALDI mass spectra were measured
with a spiralTOF, IMS-S3000 (JEOL). UV/vis/NIR spectra were measured with a
UV/Vis/INIR spectrophotometer V-570 (JASCO). Short wavelength emission spectra were
measured with a FP-6600 spectrofluorometer (JASCO), and long wavelength emission
spectra were measured with a Fluorolog-3 modular spectrofluorometer (HORIBA). Absolute
fluorescence quantum yields were measured on Absolute PL Quantum Yield Measurement
System C9920-02 (Hamamatsu Photonics).

Theoretical Calculations. All DFT calculations were achieved with the Gaussian 09
program package. The geometry was fully optimized at the Becke’s three-parameter hybrid
functional combined with the Lee-Yang-Parr correlation functional abbreviated as the B3LYP
level of density functional theory®..

2,7-Dimethoxynaphthalene (4): This compound was synthesized according to the
literature.*”!

Bis(3,6-dimethoxynaphthalen-2-yl)phenylmethanol (5): A solution of 4 (4.0 g, 21 mmol)
in 40 mL of dry THF was cooled to -10°C before tetramethylethylenediamine (TMEDA,; 6.4
mL, 43 mmol) and n-butyllithium (2.5 M; 9.2 mL, 23 mmol) was added dropwise. After
stirring for 1 h, the mixture was cooled to -78°C. Methyl benzoate (1.3 mL, 11 mmol) in 16
mL of dry THF was added dropwise over 10 min. The mixture was allowed to warm to room
temperature over 5 h. The reaction mixture was quenched with distilled water and neutralized
with 1 N HCI. After removal of THF in vacuo, the resulting mixture was extracted with
CH,Cl,. The extract was dried over Na,SO, and filtered, and evaporated to dryness. The
residue was purified by flash column chromatography (silica gel; CH,Cl,:hexane, 2:1) to
afford 1.8 g (35%) of 5 as a white powder. *H NMR (400 MHz, CD,Cl,): §=7.51(d, J = 9.2
Hz, 2H), 7.43 (s, 2H), 7.29-7.23 (m, 5H), 7.15 (s, 2H), 7.10 (d, J = 2.4 Hz, 2H), 6.95 (dd, J =
2.4 and 8.6 Hz, 2H), 5.23 (s, 1H), 3.90 (s, 6H) and 3.63 (s, 6H) ppm; *C NMR (100 MHz,
CD,Clp): 6=158.39, 156.90, 146.85, 135.39, 132.55, 129.66, 128.65, 127.91, 127.14, 126.52,

123.65, 116.17, 106.31, 104.58, 81.00, and 55.32 ppm; HR-MS (Spiral MALDI): m/z: calcd
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for C31H2505, 503.1834 [M-Na]+; found, 503.1775.

9-Hydroxy-13-phenyl-3H-dibenzo[b,i]xanthen-3-one (1): To a solution of 5 (200 mg, 0.416
mmol) in 8 mL of dry CH.Cl, at -78°C, BBr; in CH.Cl; (1.0 M, 7.7 mL, 7.7 mmol) was
added dropwise. The mixture was warmed to room temperature gradually over 8 h before
quenching with 1.0 mL of distilled water. After stirring overnight with refluxing, a black
precipitate was collected. The precipitate was filtered and washed with water, CH,Cl, and
dried in vacuo to afford a black solid of 1-H,O mixture (157 mg).

A part of the mixture (21.3 mg) was dissolved in 2.0 mL DMSO and neutralized with 2.0 mL
sat. NaHCOs ag., then extracted with CH,Cl,. The organic layer was washed with distilled
water. The extract was dried over Na,SO, and filtered before evaporation to dryness to afford
blue residue (1-H,0). The residue was heated at 150°C in vacuo for 2 h to obtain black solid
of 1 (18.2 mg, 83%, 2 steps). HR-MS (Spiral MALDI): m/z: calcd for C2;H1603Na, 411.0997
[M-Na]*; found, 411.0986; UV-vis-NIR (THF): Amax (¢ [M™* cm™]) = 489 (1.9 x 10*) and 608
(1.7 x 10%) nm.

9-Hydroxy-13-phenyl-3H-dibenzo[b,iJxanthen-3-one trifluoroacetic acid complex (1-H"):
'H NMR (400 MHz, CDCls): 6= 9.80 (br, 2H), 7.98 (s, 2H), 7.74 (d, J = 8.8 Hz, 2H), 7.49 (s,
2H), 7.28 (d, J = 8.4 Hz, 2H), 7.21 (t, J = 8.0 Hz, 2H), 7.11-7.07 (m, 3H) and 6.95 (dd, J =
8.4 and 1.6 Hz, 2H) ppm; *C NMR (100 MHz, CD,Cl,): 8= 156.47, 150.31, 149.52, 135.37,
130.08, 128.76, 128.53, 127.42, 126.84, 125.66, 125.26, 118.13, 109.81, 107.86, and 70.52
ppm; UV-vis-NIR (CH3CN): Amax (¢ [M™* cm™]) = 578 (5.9 x 10*) nm.

9-Hydroxy-13-phenyl-3H-dibenzo[b,i]xanthen-3-one cesium fluoride complex (1-A): *H
NMR (400 MHz, CDsCN): 6= 7.63-7.61 (m, 3H), 7.48 (m, 2H), 7.36-7.32 (m, 2H), 7.31 (d,
J = 9.6 Hz, 2H) 7.23 (s, 2H), 6.83 (s, 2H), 6.50 (dd, J = 9.6, 1.6 Hz, 2H) and 6.36 (br, 2H)
ppm; UV-vis-NIR (CH3CN): Amax (¢ [M™ cm™]) = 778 (9.3 x 10%) nm; FI (CH3CN, Aex = 702
nm): Amax = 809 and 916 nm.
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(Synthesis of fluorone 2)

OMe OMe OMe
OMe Wi |
HOUOH (Me0),S0, MeO OMe LBI’ G MGOWOMQ Mg, [ -
K;CO,, acetone MeCN 9
6 91% 7 89% 8 9%

o] o]
@ e L] L = ®
G BuN” ¥0-5-0-0-5-07 “NBu,
o] o]

m-Methoxyanisole (7): This compound was synthesized according to the literature.[*!

0-Bromo-m-methoxyanisole (8): This compound was synthesized according to the
literature.™"!

2,2'4,4'-Tetramethoxytrityl alcohol (9): This Compound was synthesized according to the
literature. ™

9-Phenyl-3-methoxy-3-fluorone (10): This compound was synthesized according to the
literature.™

9-Phenyl-3-hydroxy-3-fluorone (2): This compound was synthesized according to the
literature.™

9-Phenyl-3-hydroxy-3-fluorone cesium fluoride complex (2-A): *H NMR (400 MHz,
DMSO-dg): 6 = 7.57 (m, 3H), 7.36 (dd, J = 7.6 and 1.6 Hz, 2H), 6.67 (d, J = 9.2 Hz, 2H),
6.07 (dd, J=9.2 and 2.4 Hz, 2H) and 5.95 (d, J = 1.6 Hz, 2H) ppm; UV-vis (CH3CN): Amax (&
M em™]) = 489 (2.6 x 10%) and 522 (8.0 x 10* nm; FI (CH3CN, Aex = 490 nM): Amax = 541
nm.
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(NMR spectra)
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Figure 2-16. 'H NMR spectrum of 5 in CD,Cl, at room temperature.
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Figure 2-17. *C NMR spectrum of 5 in CD,Cl, at room temperature.
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Figure 2-19. 3C NMR spectrum of 1-H* in DMSO-d; at room temperature.
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Figure 2-21. *H NMR spectrum of 2-A in DMSO-ds at room temperature.



(HR-MS)
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Adduct ion: Na*, Formula: C31H3805, Monoisotopic mass: 503.1834427, Average mass:
503.5407900.

Figure 2-22. HR-ESI mass spectrum of 5.
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Adduct ion: Na*, Formula: C27H1603, Monoisotopic mass: 411.0997135, Average mass:
411.4039100.

Figure 2-23. HR-ESI mass spectrum of 1.
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Optimized structures

Molecule 1 Molecule F2-1

%.__  Carbon atom W Fluorine atom
(13-position)

Figure 3-1. Chemical structure of 2,6-difluorophenyl derivative (F2-1) and optimized
structures (DFT, B3LYP/6-31+G*) of 1 and F2-1.
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WEEHT S, I T, 7vFEOEFEANZLY HOMO OHEN %2 FiF, E(b LS % ]
T 59 5E I 72, Figure 3-2 12 DFT #HRIC & 0 1572 1-A & F2-1 D7 =74 2 (F2-1-A)
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Enomo-Lumo = 1.87 eV

-2.24 eV Enomo-Lumo = 1.82 eV

R
AEnomo = -0.04 eV

HOMO

HOMO

Figure 3-2. Molecular orbitals of 1-A and F2-1-A obtained from DFT calculations
(B3LYP/6-31+G*).
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Scheme 3-1. Synthetic scheme of F2-1.

Low basicity

Scheme 3-2. Detail of dehydration reaction of 11.

F2-1 & MMV DMSO IZHERIIZIE TH Y . 7 =R U AR THFRIZH —ED
S THIET D0 LA TF LR ML U &3 U & 5 EERR PRI SR L 720,
F 7o HPEIRRE T T 1 OHE & RRRIEBMEASEH T TH NMR 222 hLORIE %
1ToTCH26-Y7N A7 = VEBFKOE =7 N ¥ —TIZHNDDHRT, VX
XY UT UEM DO — 7 137 v — K& RS (Figure 3-3), ZAUE, 0T 1 & [RIERIC AR
PRV X 2 ISR T 2 BN B AET 570072 LB 2 Tns, HEH(DBU, CsF;

41



7okt U D) EMATT =4 (F2-1-A) 2R 58 50y, BE(TFA; R U 7 v A4 a i
)&=z C7a b U ALIRF2-1I-H)ICR D5 2 & TOR Y FH o7 AL SRD
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g
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Figure 3-3. "H NMR spectra (8.5-6.0 ppm) of F2-1 and corresponding anion (F2-1-A) and
cation (F2-1-H") in DMSO-ds.
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Figure 3-4. H-H COSY NMR spectrum of F2-1-A in DMSO-ds.
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Crystallographic data

V = 4696.4(2) A3
a=22.6443(6) A
b =6.8474(2) A

c =30.7630(8) A

Formula: CgH16F203, My 438.43, Space group: C2/c, Monoclinic
T=103(2) K

£=100.073(7)°

GOF =1.046
Ry =0.0894
WR2 = 0.1747

Figure 3-5. X-ray crystal structure of compound 12.

BE I X RS MRAT OFE R, ndt B RILIE 7 LA 0 v Oy THEEPER I TV D
ZENRNHBLTR o2, £, Side view KD PR XV T AL O
W ERDND, 2O Enb, 7y REHLZEAL THFEEIIRDNRNT &
RSNz, AFNIEREES S F2-1 120 T HRBRI N EL 2o TV 5
ZEDNTRBEND, FEMENSE OISR ERRA IR OIEE, S F 0 2R
TRWRIY « KW R DR EALZ R TE D720, 741 2 ORFGEITRIN - FIEHE

DEFEICBWTHEH L TWAZ ERmENT,

3-4 Stk

F2-1 D2 RIS 2720, WINA~T FVHER K OFEE A7 FVEIE %
{T->7=, Figure 3-6 |2 F2-1 OS2 7LD THF HFTORIL ALY MLV ERT, F
44



7=, Figure3-71C7 & F= UL TF2-1 2% L CDBU % 1.5 4&/x 5 Z & THL
7a F AL S HET =AU (F-1-A) DRI « F8IE AT ML &R,

100 —

(in THF)

80 —
60—
o
s
5 40—
W

20 —

0 I I | | |
400 600 800 1000 1200

Wavelength (nm)

Figure 3-6. UV/Vis/NIR absorption spectrum of neutral F2-1 in THF.
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Figure 3-7. UV/Vis/NIR absorption and fluorescence spectra of anionic F2-1 (F2-1-A) in
acetonitrile with 1.5 eq. DBU.
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Figure 3-8. UV/Vis/NIR absorption spectra of neutral 1 and F2-1 in THF.
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Figure 3-9. UV/vis/NIR absorption and fluorescence spectra of 1-A and F2-1-A in
acetonitrile with 1.5 eq. DBU (solid line: absorption, dashed line: fluorescence).
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HOMO-LUMO ¥ v v 7'k < 72 5 L W IO FER DS bz,

Figure 3-2 |27k L 7= DFT FHEIC L W 570 FHLEHEALICB W T, 1-A LB L T
F2-1-A TiZ HOMO OZE(L L VD & LUMO OLZEALDRENRKE S eoTNnNDH L
WNoDd, ZD7d F2-1-A T HOMO-LUMO v v 7R3 nicmk 725 Z &N
RBINTEY, WNEENRERIET D2 E WO RERRE —ELTND,

Fio, T R=MUAFRTOHRED 1 & F2-1 OWULART R Lds BRI 2 K O
7= f& B (Figure 3-10), AE; =1.65eV (751 nm), AEr1=1.55eV (801 nm)& 72~ 7-, Zil
5% Table3-1 2% &7,
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Figure 3-10. UV/vis/NIR absorption spectra of neutral 1 and F2-1 in CH3;CN.

Table 3-1. HOMO-LUMO gaps of 1, F2-1, 1-A, F2-1-Ain THF and CH3CN, and difference
between 1 and F2-1, 1-A and F2-1-A.

Conditions Molecule 1 Molecule F2-1 Difference
in THF (Neutral) AE; =174 eV AEg,.1=1.71 eV 0.03 eV
in CH3CN (Neutral) (AE; = 1.65¢eV) (AEg1 = 1.55 eV) (0.10 eV)
In CH3;CN (Anion) AE;A =153 eV AEpsq1.o=1.45eV 0.08 eV

fER & LTL -1 A B W THMESF & it LT =4 TlZHOMO-LUMO
Xy v TP LTWDLZ EDNRALNE ST, Fo, F2-LIZONWTH T =41k
DEED HOMO-LUMO % » 7/ NIRITN S W Z E BN E o Tz,

KIZ, 1-A & F2-1-AICHOWT A M—27 A7 MO %47 - 7=, Figure 3-9 X v |
I-ADAR—27 A7 ME31Inm THH N F2-1-ADA h—27 A7 ME35nm T
bolcy A=V AT b X F—|ZHE TS L, 1-AIFAEskes = 0.061 eV (493
cm?). F2-1-A [ZAEswkes = 0.065 eV (521 cm™) TH Y . EHLB/NSVWMETH D Z &N
HoENEleoTe, A N—27 A7 ME, FHERIE TORLEME L RIE TCORE
EREEDOEEDEZ IR L TWH ), A h—7 A7 RV NEWNE | 55 HIE
TH VAR L VS LIS W EWRBEND, 2FV, 1-A F2-1-A &
HICHIE TH D Z LR ST, 1-A, F2-1-A M HERH BAF 2O b B IR E R L
DX, ZOSTOREEREEG L THnDLEEZLND,

ZHHDORERREIY, I-AILT v REWEZEANT L2 LT, o FORIEMS X
DNV SHARE R D OOWINE EB L ORI ELZ BRI TE S 2 EBNH L
Llrolz,
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3-5 I « ZOBWEAR T

3-4 TE7 & b= MU AR TRIMEOF 21T > 7225 I OIENR LD 5 &t
PN ED X INZENT DO ONTEHliZIT 572, THFEH, 7& b=k U /LH,
DMSO H CTZHNZ4 F2-1 |Z%F LT DBU % 1.5 &% TRIL - 35 A~ b VHIE
(2 & 0§ 217 - 7= (Figure 3-11),
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Figure 3-11. UV/vis/NIR absorption and fluorescence spectra of F2-1 in THF, acetonitrile,
DMSO with 1.5 eq. DBU (solid line: absorption, dashed line: fluorescence).

FERE LT THFHFTIEIDBU 2 L5 M ENMZ TH T =42 F2-1-A HSR DRI L A~
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BLOTE® b= M) AHFTET =42 F2-1-A RO A A S 7273, DMSO H1C
72 b= bV AHF LD HREREINE—7 28 15nm B RAL L T\ D 2 & 235 5 H
ot Fo, MAFEHEE—Z1EZDMSO HTIETE =K UL & T 16 nm
BERIELTWAZERHLMNE ST, 2O &b, F2-1-AlZxt LIREEOfEE

DENT & DB RPN AT 5 Z LR E T,
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3-6 FHEESFET =4 ORBARREICET I ELE

WIZ, ZFdar 2 & -1 OFMHES T &7 =4 N2 DN TOREE RO i 217
ST, TNAA B 2 OFPERIRIEEDFEAREIZOWNWTEREZITHI D, T/ A MF UK
Me-2 O iEE 2 157-, — T, T =4 2-A OFEREEIIE LN o270,
T = 2-A DEREEME Y B LFRIRICE VIS TER LT 7o, M & &1
LFFRIC L 0 G-/ G IR L O OEFMEICOWTTH H08, 75F 12 O it
W DG FEAIEEE L B L FF RIS L 0 S R ERE O AR i L &
A, FEEHEEXIZIERBEOMTH Y . HEITR K T 0.018 A TH - 7= (Figure 3-12),
C-C Bk A (1.540 A) & “HAEA(1.340 A) DS A EBED 73 0200 A TH D Z L &8
THE, BAERBRIZOWTCEREITOICHZ> THOIEEERDH D BTN D,

Me-2 & 2-A DZNZE O &S A B Figure 3-13 127”7,

Crystal structure Optimized structure (DFT, B3LYP/6-31+G*)

Figure 3-12. X-ray crystal structure and DFT optimized structure of 12,
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C—Cbond: 1.54 A

C=Cbond: 1.34 A

Crystal structure Optimized structure (DFT, B3LYP/6-31+G*)

Figure 3-13. X-ray crystal structure of Me-2 and DFT optimized structure of 2-A.

Figure 3-13 1 V. Me-2 O LD F V0 T VEN.OAMNCF / A FHEEEZETD 2
EDECHBENDH NI oTe, TR, MERBENGETDHZ sz,
— 05, 2-A DEEARE TIE XY 0 T UEMLO S TRIGIREEN PR & e > T D 2
LAVRE S Tz, A A MBS S TV A28, Me2 TrEGERBEN <
TP R Do TG B DV T, RS SN R < o> TRV | ME BN HE
THEN L TND Z ENRR ST,

F 72 F2-1 IZOWTE, PSS FOREAREIZONWTELET H 72010507 12 Dbl
MG AFH Lz, 7=4 v F2-1-AlZoW T, RZERHE B bFHEIC kv &
TEEE(ToT2, TNENORE & /5 A% Figure 3-14 27577,
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Crystal structure Optimized structure (DFT, B3LYP/6-31+G*)

Figure 3-14. X-ray crystal structure of 12 and DFT optimized structure of F2-1-A.
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FHE/NLTWND T ERRBEINT, FH _ETOBLEIZLY, P TFEVET =4
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WRITT =4 ORETHEERBED ML TnD Z LichkTsEEEx 65,

3-7 BIRPCOREM
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MED LR 21T > 72,
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KFET—ERH Z S ITRINARY SARIEZIT D & 1-A F2-1-A & ITRERFRY 72 %
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HEDP D NI HILD Z & DB 69 & e - 7= (Figure 3-15),
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Figure 3-15. Absorption spectra of 1-Aand F2-1-A (DBU 1.2 eq.) with time-dependent
degradation in DMSO.

Z ORI 72 E DOPI AN DN THE AT 5 72D, 1-A & F2-1-A @ DMSO %R
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L 7= (Figure 3-16), Figure 3-16 Ofitdiliix, 0 h TOE KU L — 7 (28T 5 W (1-A:
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Figure 3-16. Time dependent plots for maximum absorbance of 1-A and F2-1-A DMSO
solutions with 1.2 eq. DBU.

Figure 3-16 1 V. WHEDHADIEEIZ1-A LV b F2-1-A D TR 5N TH D Z
ERHBMNE o, ENENDOT By MZOWTHEEBEE T v v T 4 7 %179
&L LA O (WIEEE DS 50%IZ 29 A REfH]) 13 147 53 THHDITK L, F2-1-A D
FIINEL 263 3 TH DL Z ENHLNERD  LREEDN 2MHEBREREL WD EnD
D,

WIZ, ZORNEDORADNIERIZ L LBLICHEXT 2O EH LT 5720,
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YNT Y710 43) B E R T D& EET O E N EN 2 BB O SR A S
PET, 0h75 23h £ T—ERM Z S ITRINARY MLV ZHEE L, s RRIE—7
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DONEHLMNTT D Z &% B L= (Figure 3-17), T ZENDSAED AL,
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Figure 3-17. Time dependent plots of maximum absorbance of F2-1-A DMSO solution (2.1
uM) with 1.2eq. DBU in four conditions.
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Figure 3-18. Fluorescence lifetime spectra (black line), fitted line (red line), and spectra of
excitation light (blue line) for 1-Ain CH3;CN (DBU 1.5 eq.), in DMSO (DBU 1.2 eq.) with

and without Ar bubbling (Ex: Excitation, Em: Emission).
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Figure 3-19. Fluorescence lifetime spectra (black line), fitted line (red line), and spectra of
excitation light (blue line) for F2-1-A in CH3sCN (DBU 1.5 eq.), in DMSO (DBU 1.2 eq.)

with and without Ar bubbling (Ex: Excitation, Em: Emission).
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3-10 ERRIFE

Fluorescence lifetime. Fluorescence lifetime was measured by using femtosecond pulse laser,
cavity-dumped Ti:sapphire laser, Mira 900-F & Pulse Switch (COHERENT), excited by a
Nd:YVO4 laser, Verdi 5W, to produce 780 nm and 800 nm light for excitation of the sample.
A Streak Scope C4780 (Hamamatsu Photonics) was used for analysis. The excitation laser
power, the pulse width and the repetition frequency were originally 20 nJ, 150 fs, and 100 Hz,
respectively. To avoid detector saturation due to high laser power, the excitation laser was
reduced by ND filter.

Bis(3,6-dimethoxynaphthalen-2-yl)(2,6-difluorophenyl)methanol (11): A solution of 4 (2.0
g, 11 mmol) in 20 mL of dry THF was cooled to -10°C before tetramethylethylenediamine
(TMEDA,; 3.2 mL, 21 mmol) and n-butyllithium (2.4 M; 4.9 mL, 12 mmol) was added
dropwise. After stirring for 1 h, the mixture was cooled to -78°C. Methyl
2,6-difluorobenzoate (710 pL, 5.3 mmol) in 8.0 mL of dry THF was added dropwise over 10
min. The mixture was allowed to warm to room temperature over 2 h. The reaction mixture
was quenched with distilled water and neutralized with 1 N HCI. After removal of THF in
vacuo, the resulting mixture was extracted with CH,Cl,. The extract was dried over Na;SO4
and filtered before evaporation to dryness. The residue was roughly separated by flash
chromatography (silica gel; CH,Cl,:hexane, 3:1). Collected mixture was suspended in ethyl
acetate and filtrated to afford 0.65 g (23%) of 11 as a white powder. '"H NMR (400 MHz,
CD,Cl,): 6= 7.64 (s, 2H), 7.57 (d, J = 9.2 Hz, 2H), 7.16-7.13 (m, 3H), 7.11 (d, J = 2.8 Hz,
2H), 6.95 (dd, J = 2.8 and 8.8 Hz, 2H), 6.71 (dd, J = 8.8 and 10.0 Hz, 2H), 5.33 (s, 1H), 3.90
(s, 6H) and 3.71 (s, 6H) ppm; *C NMR (100 MHz, CDCls): § = 162.33, 159.82, 158.29,
156.64, 135.27, 131.00, 130.06, 127.76, 127.37, 123.90, 116.10, 111.37, 105.32, 104.68 and
55.31 ppm; HR-MS (Spiral MALDI): m/z: calcd for Csi1H26F20s, 539.1641 [M-Na]*; found,
539.1646.

9-Methoxy-13-(2,6-difluorophenyl)-3H-dibenzo[b,i]xanthen-3-one (12): To a solution of
11 (125 mg, 0.24 mmol) in 5.0 mL of dry CH,Cl; at -78°C, BBr3 in CH.Cl, (1.0 M, 4.3 mL,
4.3 mmol) was added dropwise. The mixture was warmed to 0°C gradually over 4 h before
quenching with 0.5 mL of distilled water. After stirring overnight at room temperature, a
black precipitate was collected. After neutralization of the reaction mixture with saturated

NaHCOs ag., the precipitate was filtered and washed with water and CH,Cl,, then dried in
59



vacuo. The filtrate was extracted with CH,Cl,, washed with water. The organic layer was
dried over Na,SO, and filtered before evaporation to dryness. The evaporated residue and
filtered residue were combined and purified by column chromatography (silica gel; ethyl
acetate only) to afford a black solid of 12 (56.2 mg, 53%). *H NMR (400 MHz, DMSO-dg): &
=7.91-7.82 (m, 2H), 7.76 (s, 1H), 7.63-7.61 (m, 2H), 7.50 (t, J = 8.4 Hz, 2H), 7.40 (d, J = 2.0
Hz, 1H), 7.28 (s, 1H), 7.10 (dd, J = 2.4 Hz, 1H), 6.92 (s, 1H), 6.43 (s, 1H), 6.43-6.38 (m, 2H),
and 3.92 (s, 3H) ppm; *C NMR (150 MHz, CDCly): & = 186.49, 161.14, 160.45, 159.52,
150.18, 149.42, 141.89, 137.96, 136.25, 133.59, 132.16, 131.24, 130.59, 130.04, 129.489,
127.52, 125.82, 124.87, 119.91, 119.48, 119.06, 112.36, 112.23, 110.54, 105.76, 104.68 and
55.53 ppm; HR-MS (Spiral MALDI): m/z: calcd for CygHiF203, 439.1140 [M-H]*; found,
439.1156; UV-vis (CH2Cl,): Amax (¢ [M™* cm™]) = 492 (2.2 x 10* and 619 (1.7 x 10*) nm.

9-Hydroxy-13-(2,6-difluorophenyl)-3H-dibenzo[b,i]Jxanthen-3-one (F2-1): To a solution of
12 (72 mg, 0.16 mmol) in 10 mL of dry CHCl, at -78°C, BBr3 in CH,Cl, (1.0 M, 6.6 mL, 6.6
mmol) was added dropwise. The mixture was warmed to room temperature and stirred for 12
h before quenching with 2.0 mL of distilled water. After stirring for 30 min, a black
precipitate was collected. After neutralization of the reaction mixture with saturated NaHCO3
ag., the precipitate was filtered and washed with water and CH,Cl,, then dried in vacuo to
afford black solid of F2-1 (59 mg, 85%). *H NMR (400 MHz, DMSO-dg): & = 10.49 (s, 2H),
7.87-7.82 (m, 2H), 7.66 (s, 1H), 7.61 (d, J = 10.0 Hz, 1H), 7.55 (s, 1H), 7.50 (t, J = 8.4 Hz,
1H), 7.26 (s, 1H), 7.16 (s, 1H), 7.02 (d, 9.2 Hz, 1H), 6.89 (s, 1H), and 6.41-6.37 (m, 2H)
ppm; HR-MS (Spiral MALDI): m/z: calcd for CyHisF20s, 425.0984 [M-H]"; found,
425.0971; UV-vis (CH3CN): Amax (6 [M™* cmi™]) = 494 (1.9 x 10%) and 607 (1.6 x 10%) nm.

9-Hydroxy-13-(2,6-difluorophenyl)-3H-dibenzo[b,i]xanthen-3-one trifluoro acetic acid
complex (F2-1-H"): *H NMR (400 MHz, DMSO-d): &= 9.81 (br, 2H), 7.81 (s, 2H), 7.70 (d,
J=9.2 Hz, 2H), 7.46 (s, 2H), 7.34 (m, 1H), 7.09 (s, 2H) and 6.99-6.92 (m, 4H) ppm; UV-vis
(CH3CN): Amax (¢ [Mt cm™]) = 459 (1.2 x 10%) and 605 (5.9 x 10%) nm.

9-Hydroxy-13-(2,6-difluorophenyl)-3H-dibenzo[b,i]Jxanthen-3-one ~ cesium  fluoride

complex (F2-1-A): *H NMR (400 MHz, DMSO-ds): 6= 7.83 (m, 1H), 7.61 (d, J = 10.0 Hz,

2H), 7.48 (t, J = 8.0 Hz, 2H), 7.29 (s, 2H), 7.12 (br, 2H) ppm and 6.60 (m, 4H) ppm; **C
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NMR (150 MHz, DMSO-ds): & = 180.49, 160.39, 158.75, 149.46, 141.60, 135.61, 133.37,
132.55, 128.65 128.49, 124.61, 115.31, 112.47 and 103.40 ppm; UV-Vis-NIR (CH3CN): Amax
(e[M~cm™]) = 802 (9.6 x 10%) nm; FI (CH3CN, Aex = 720 nM): Amax = 839 and 951 nm.
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Figure 3-20. "H NMR spectrum of 11 in CD,Cl, at room temperature.
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Figure 3-24. *H NMR spectrum of F2-1 in DMSO-ds at room temperature.
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Figure 3-25. *H NMR spectrum of F2-1-H* in DMSO-ds at room temperature.
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(HR-MS)

msTornado Analysis 1.9.1, 2015-10-02T12:02:21+09:00
1 [1] SP-A01-00-006.tas Description: 151108sezukuri-F2-DBXF_DCTB

1200

539.1646

1000

800 -

Intensity

600 —
400

200 -

= . K Womt S 7R B SR O RN R TR TN SN AR T T
539 540 541 542 543 544 m/z
108 2 [2] C31H2605F2Na-R50000.taip Formula: C31H2605F2Na  Resolving Power: 50000

1.20 H

1.00

539.1641

0.80

Intensity

0.60

0.40 ~

0.20 -

J— 540.1674
=—541.1704

0.00

T T T T T T T

T T T T T

539 540 541 542 543 544 m/z
Elemental Composition Estimation
Parameters:

Mass Tolerance Electron Mode Charge DBE Range Max Results
539.16462 == 0.00270 5.0 ppm 0dd/Even +1 -0.5 - 200.0 100

Elements

c 0-31 H 0-30 F 02 0O 0-5 Na 0-1

Results:

# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 €31 H26 05 F2 Na 539.16405 17.5 0.00057 0.00057 1.05

Figure 3-28. HR-Spiral-MALDI-TOF mass spectrum of 11.
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msTornado Analysis 1.9.1, 2015-10-02T11:33:02+09:00
«10? 1 [1] SP-C01-00-002tas Description: 151109sezukuri-F2-DBXF-OMe_DCTB+PEG600
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.
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439.1156

7.00
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4,00
3.00

2,00

438.1080
440.1187

1.00

— 437.2362

0.00 -

T T T 1\ T T ' v
437 438 439 440 441 442 m/z
x109 2 [2] C28H1703F2-R50000.taip Formula: C28H1703F2 Resolving Power: 50000

1.20

439.1140

1004

0.80

Intensity

0604

0.40

4401174

0.20

4411205

0.00 -

— ——p ot :
437 438 439 440
Elemental Composition Estimation

T LD I ZR |
441 442 m/z

Parameters:

Mass Tolerance Electron Mode Charge DBE Range Max Results
439.11558 = 0.00220 5.0 ppm 0Odd/Even +1 -0.5 - 200.0 100

Elements
c 0-28 H 0-20 F 0-2 o 0-3

Results:

# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C28 H17 03 F2 439.11403 19.5 0.00155 0.00155 3.53

Figure 3-29. HR-Spiral-MALDI-TOF mass spectrum of 12.
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msTornado Analysis 1.9.1, 2015-10-02711:42:18+09:00

x10* 1 [1] SP-E01-00-002.tas Description 1511IOsezukuri-F2-DBX_Fprecursor_DGTB
4.00 -
- =)
1 =)
350 &
B -t
3.00
2,50 o
2 ]
5 200 -
= w
g
150 4 <
-
1.00 4
: =
050 =3
] ~
4 o~
| [ t 5
000 —— — ————— —
425 426 427 428 429
«10% 2 [2] G27H150372-R50000.taip _Formula: C27H1503F2 Resolving Power: 50000
120 + é
S
&
100 i
080
$ 0.60 ~
3 .
2
040 - 2
&
«
0.20 + l g
] e
o
] -
.00 . - iy
425 426 427 428 429
Elemental Composition Estimation
Parameters:
Mass Toerance Electron Mode Charge DBE Range Max Results
425.09705 + 0.00213 50 ppm 0Odd/Even + -0.5 - 2000 100
Elements

cC 0-28 H 0-20 F 0-2 0o 0-3

Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C27H1503 F2 42500838 19.5 0.00132 -0.00132 -3.11

Figure 3-30. HR-Spiral-MALDI-TOF mass spectrum of F2-1.
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4-1 e

AL T, ndBRIEE 7 LA v v B X O OFERE GELRE AR L, I
IROMBIZ BAF R e B IR A R T A BET 2 2 L2 H & LT,

BT, MR RIET VA v 1 OB A RRIEE N L, T O & I
ST Uiz, o 1t c, AL LTDBU 23 &¥5 2 LT 7T
= AE L, 'THNMR A7 bR A7 S VIZZEE RN BIND 2 & 2 BT L
7o WS 713 800 nm LA R O AIHIBUZ 58 WIRIN Z 7~ T8, 7 =A 2 L-A TR A~
7 FVDBEINNZE L, 78 F= R U LHFTT778 nm Z ik & 35 I ES 0V 809 nm
ERKE T DR E T Z NS E Aotz HETITER BI25WIRIE
R UL RS T CIERERISEOVRIN A RT & WO BE T v A e v 2 ERERT
bb, o, T=F 2 1-ADHEMELEFICRIZ7.7% TH Y | g RAF72fEThH
o7,

BELETAFRLDOT =F 2 2-A L OWINEEDOHERIZL Y 2-ANT & F=F
U VAT 522 nm IZHc KRN 2 7r 3 02kt L, 1-A THEWIGE 2349 250 nm E-i F1b
LTCWDHZEnNHbmEleolo, £lo, 01 1,2 L HITHMEIREEL Y &7 =4 IKEE
DIFH3 0T T HOMO-LUMO ¥ ¢ 73 E/ L TWAD 2 & 2B BT Lo, ZHUE,
BOE "B TOBRICLY HHES T LV LT =4 OFPEEREN G INT D2 b
ICHRT D Z e ENT, £lo, B EFRHEEZFIHLIEBRICEID | PiEs1
TIEFFHWT B — RN Z R T OICx L, 7 =4 TRV v — 7 72BN E R LT
DI, 5 F DX FMEDENIZ KD HOMO-LUMO [ OB AGE-T — A > s DEAKIC
Hkd 25 2 L 0VRE &z,

FEETIE, DT 1LORETHD, K17 ERES TSR DR LZEMZH D 72
B, 2,6-Y 70 T = = VEBER F2-1 DA B L OO 21T > 7=, F2-11C
SVWTOHE DMSO FTD tHNMR 2227 FL XV | O FNTKS 2 & e m ik A
HCHRMIEE RO B — 27 135 5T B IIFRMAIIER A EIT L 2 & 23R
v, REMINBOSC R 2 REMEFIZZ EEH LN LT, 127 =42 F2-1-A
37 v FEEHBILOBEADHRICLEY 1-A LV O P ICRIREICRIN & B2 rT
ZERHBMN Lo, EHIZDMSO FTTOLEMIZOWNT 1-A L D AT - 72
FER. F2-1-A CEIH 263 49) 1% 1-A CEIBUY 147 43) & bele U CE b O 3 <, 7
y REWELOBEANIZLY BAORBLBHRIZLDBENLHWEZ & HOMO D #E
MAME TN L2 &Ik b, BRI 2L EMER M ELTWAD Z R, =
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NHDFRER I | F2-1-A 1 1-A 1V & REATINBUSRALIZH L TLEETH Y, 72
BPOL-A XD BRERICEIN EFEEZRTHLERDTFTHDLZ LRSI,

ST FERMIC L O EEED 52179 2 TANAFA A= T ~DISHM
HEESND, DT 1IRPR1LBIRZDT =4 NIKEEE RS20V, 7t a v
DT =F 2 2-ADKEMEERTZ LMD, 7242 AR R-1-AICONTH O &
il & 0 AKEEEDS S D AT+ d B,

Fo. S5 5nBRIEEIC L Y . 1000 nm LA I iR B A e B ISR THOE
AT T OBEIZORT oD Z b iffcsnd, 7rAur 2-ADT7 =1
LT O B U 5.1% TH H DI L, B RILEZIT -7 1-A &
F2-1-A TiL 7.7%, 5.8% & 2-A DHEOLE IR L +ICHERF L TS, Zo7e), &
DA RILIR A 1T > T 1000 nm LA RIZHFEHE R 7 B LTS RERIC BAF2H0t
BFNRERTZ ENAMFEEIND,

IRNETITHE STV D, 1000 nm LA BIZWRINC3 2 R AHaED L ITE
BRI COEMETIEEN L% AR TH Y | FMELE L TOFIFIIRETH 5,
Z D72, 1000 nm LA k2 BAF7R B TR TR A R T T A I T X U, TR
FRAERA LI Fle/e 7 7V r—a R TE 5 LIS L5, 1000 nm LA B
FBHAEARTHFICHEHEEN TS ZED—2 b LT, ARHBREOMERDA A —
VTR DL, FlxIE, 1320 nm IR A AT ET Ny NEFIHT S & 850 nm 23
WERTET Ny b HAWDEHE L i LTSN 10050, BlcdET 25 2 LT
HENTWAM —or-n, A#EAZETHLRBOMENMSOND LIRSS,
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