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1-1. BEMIEZE

BREEEZ . EEMARI SEHRNMBIORIHT T, AEHRICEMT 28ED
FRTH D, CNETHEZDODFHER SN, XBEREBOER L G> TWLWBH, BESD
FHHETHD TADFICL > TERSINIZDIE, 2025 FREIN S =57z 200 F(FE
W5 fc 1800 EXE TN B, 1828 F. KAV DILEETH D Wohler N 7 VT VE
ZOLZEMBLU TRRZER UCERG., BFERTH e "EdmidERlaNIicL -
TOMMESND ) EWSEMBWRIC—AZZR U, ZORRIE. BELEYHNEEL
BYHSERAE THDIIEERTEDTH D, BEEEE—DORIENEF & U THEL
IR IR D e, TDH, LEELBIFEDRROEHZEHEL T. AIHNICEES
FZERT 2RACTEBBITHD &SI o7z, 1860 FERICIE. Kekulé I & > THEE
ROBENBA SN, EMLERDTFOBEZIERIT 2HDHEE LT, BEERLZE
DEEICEWT AR RERFNIREHAZRREL 2,

20 tHZIC A B & Lewis ICL > THERZESDHESINEBA SN, D FEEICEY 2R
HNEET 2 EHICHEBEBEORBECEEHRMAER/IEL., ILATAO—ILEPAFY
N YWRIRD & DEMBDPFOERAINBRESIND L SICHRBEY, KT 1973 FD
EY XY B, DEERGERIE. BRGEREEKERFTEERFEORKICED. Enfilr
ERBDFTHEABDFETARTE S EERULEHRNBRMMEITE 2%, S5,
BREBEENBOMAEZEE L. 7OXAY UV TEOREZIIUH ELIEDF
BI/IREFECY NEEL, BATIREL OEIEEEPIRESEZE T 3EHKLBDFD
THA Y, ROBRBERDATREE B o fee TD KD BBEEBILZDEMEFTN. E
EZPHRERZOREICES L TWS,

1-2. BHFZE

BEREBIEZOHEREICHV. EROEEDFEROBEHEN R LT 2, FED Fi
REDRImZIEM UL TBaFifE OMENBERAICITTON., BEERERRNEATWS,
BAFIEEd 1987 FIT/ —N)MEZEZRE U Lehn. Cram. Pedersen 5 D%
KL > TASKEEESNE L SICB IR TH D D FREEEERZERE L THEES
N2 FEEBREIET, BOTFEARE. HERBSICKER T KKRiEE. BFEHELIER.
BUKMHEEER. ol n-tHEERBEDAFEMEEERZRE N E U THERS
NdZEehs. ZOERMEELHRIEICK D BAFHEAEFTEMIRROEML SHERELEY
TUTZIDOREEE T BLEWSEIEEFINTWS, SIZIEAY XSV iE, ek D
FERRDFORFEBEERICE DRI NEZDTFEEHETH D K. BROIEES,
EBAFAVIEOARRBEZZ T TRHEDERZITSIENTE. A1 Y F VI PE
EREBOERE U TERAENTWS, DL MPFIYI YY) [ FLANILTOE
Ex HE T RE R A TIBERTH D BRIC L 2 YV ORT — )L COMEEZ D FCHIRY




pEHELTEEZEH TV,

Flre. BOTFEZOHRTH, BREVUAYRICHIFT 2R EBNOBROLSIC. OF
T K DREMNG A FEANZFAL TR SIS ., EBIREICENCESRICE
I 2UEZIERAN T AMEZEFIEN D, CDHE. PTFERHBL. BEIT 0 FIER
A RBFEFEFN, —ATRARNDFICRH SN, BBREINDIDFZT AN DPFEES,

INEFTOMRTEHDRA N FRARESNTEA IHTAIMICER S Nic
IRARDFIE Pedersen SICK > TREENCV TV T —FI)LX0TH S (Fig. 1-1),
20V I—FTIIEERREBEZHHE U ROERICEL YA XDEBAF A Y EBR
REFEDA A —NBFHEERIC K > THEZEKRT %, FIZIEKE 12RTF. B
ROREFHSBEBREINZ VT TV IT—FTI)LTHS 18-crown b-ether [&. RED 3ARRE
THDH, 1A VDERDN 26ATHZHY T LAY EFIRNWICHEERL., LEREE
BT D EDFENTWNBL, DR S BEEERITE LT 18-crown b-ether
E AYTLAAVZRERL, ZORT7 A4 OB#FE. RISKEZRALSE3RMF &
UTIbEE N5,

e AU v I RF7L—> (Fig.1-1) EFENZDFEIE. RV EVENRRITER
DEBMBEDEEZLRT DI ENE, ZORTAXICHE LT A M FEERNICHE
FTERARNDFEUTHEBET B, HZIEH) Y I ATL—>DEWDFRRHEZFAB L.
MR—IVRDIEEZ &2 C60 77— L Va2 BIRNICABIT 2 AU VIR 7 L—>%1E
LU M7 7—LYBARDHBNS C60 77— L v ERRNICEEHRZER. TR .
BEEROBRZEWNLDOBIC C0 7F7—LrzRAHsE2 & T afMED C60 7
T—LYEBBELULEWSIDAFINRESI N TWBE,

|’ ]
OH OH QH HO
Fig. 1-1. 20V I—TFTIELTA VY IRTL—>DEE

CDESIC. AIHNICEH B LD FORTFEMEEERICK DD FikgEZRIET
LB TFHFEICOVWT, BHRNICHEIEH SN TS,

1-3. TriQuinolie

BARICFELBNDF ORRL ZOWRILIHIEDRE, 7 5 CICHEAERRI,
b5 £ ORIBIS ORBIEEEEY D B < BN BHIR S B TH 5, BICBRLAY
&, TOMBREED X ICERRA T £ BRBZUMERTBENS <, KRS Z K
(L2 DR S T DRI W\ TBAR BTN R TH Be




UHARETIE. F/VVEBRIZvNET D 3 EARAYIO0YAVILTHS
TriQuinoline (TQ) OERICAEIIL TWS, TQ & /Y Y 39FH 2 L. 8 if T head-
to-tail B ICEERE U BB BFEEORRIEEM TH DD, TQ EBRKN—T7
JUZ7VDRINEEE LTT AV EN. GRS NEH, FIOLZERICIE3IDOEY
VIBRICEHEN—BRFIAADRIEZEL, Blc 7O MY ZRIRWICHR U 78S
THEEEINDS (Fig. 1-2).

Fig. 1-2. TQ/H* D&

TQ 7O VZEIRWICHEIRT Z2MA N FEULTHEEET 2 &EZ 5N H. TQ
FLERICHEI N 7OV IE TQ BRORELICES L TED . ERICIEEERNG
T, TQ/H DR 7O b ZEHATH TQ BIRDDPBENERINDZDHTH S I EHR
INTWVWBZENS, BEIKIFTQ & 7O ViFE, TMENBREEERZRHE T HRR
N—7ZNDOBEREFEZ BV, COFOMNVEREICKD TQ IFEICEEREZ®H
ZORFERISDFRAICRT 2KAEZRT EVWSRENBYEEZET 5 &N
S5hERo T,

TQHHEEWFEEMEEAFAVEEET 22 N5, BOFHEEFIEREIC D W TEHE
INTW3B, FIZIE. TQ D TFAIETH 2 TQeTFA (. nFEEDTFTHDIAORVE
T-mHHEERICL28E8hEEMT 52 ENETHEICKL > TRS i (Fig. 1-3).

TQ/H*

Coronene

Fig. 1-3. TQ/H' & JAXR VIC L B2 REHRDETERELEES (B3LYP-D3/6-31G(d,p))



Ffe. [12]ICPP ZIRA R DF. TQeTFA 47 A M F & ULIeBR FIHBIEROEE I RIE S
hTeh. £IC CH-THBEERICLDIEEZERL TWS Z EABELSMER - (Fig.
1-4) o

[12]CPP

Fig. 1-4. TQ/H* E[12]CPP Ic & 2 ARED S ERBLAEE (B3LYP-D3/6-31G(d,p))

FEREOEEERIE. AFEEETBBEEL S EN TD-DFT SHEIC K > TEBMICKFS
ncTwnak,

I 5IT TQeTFA FKBMEZRT &M S, EARNAFEDHEEERICHBERMET
HH, BEBIChRAY XZ—t 1 BERRICCRABEEZEIERI NI &N S,
TQeTFA DEIFBEMICOWTHHFINTWD,

COMICH TQHIWEAFAVETFHRZEIT DI ENE. A AYRTFEEEANDIL
@A I N DR E, TQ/HE, A FEDnBEER%ZEE LT, RANTZA ML
FOREEYT U PV, BEERY —REEYLRE BEWSE TOISHEN IR FE
KTHZDEZS5ND. BREAICFEELLBRVLWAFOERK. ZDYELEMNRFIEDRER. &
5 ONCHTHEEERR I, LELRRNATFICERNREZESZ 208N H D, FiEv s/ OY
1)L THB TQ OHEEMMRIBIXEELRMRRETH D, ULHULENS, TQ/H DB
FHEAEHREDIGHRER® DNA & OFFMGEEERRN. et sziEm U cFE
HERERICET 2MRIEATT+2THD., TQBEN DS ITHERDHMRIEZLWE

A 5o

[

1-4. KEFTDEHB

RARTIE FIRKERRDFTH S TQAHET 2[/HEYEICED < D FEBEERIC
FHU. ZTOHEEDFE L TORREREZSAHICERT S EZBAMNE Ui, F2 &
Tl TQ salt DB FEEFFABEIC L DBEHIZHEZTOTON Y NMRBIE, £3 &
T3 TQ BB DAR IR ZEE) 2B U IcRRILBE DR, % 4 E T TQ ORISR




#BIEUICHRFBERGRIEDETL. £5FTIE TQFEAFREZFB L ZBABSEERXR
{EKZBREFIORFE. FOCETIETQTERICLDFR G4 UAHY RIERICODWTEN
Fhimlhd 5,
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2-1. REEENE

BEBREEYMDRESFI THZINVEIE. 1825 FIC Faraday Sic &k > THIH THEE
1. 1865 FIC Kekulé 5L > TZDRRBEMRIEBS NI, LML RyEVIFZ
DAFADSFRSINEFEBMEZRS T SRERDEHT CHEELRLELEZRT
ZENEKBINTED, ZOLEMHDERICOVWTRS K BERMNMHELTW e, 2OHL
ZEMIE. BRIEEIRILT—DREILITTEHATEYS ., D FE2EROEFEEP
HIEBEDETENEETHDEEZ SN, 20 WIRAHEICIE. £y T ILAIDRIES
N 4an+2 BOHKT 5 n EFZH I S FHERD FHARIFHENGEENFERE L
UTERINDICE - oo FEKRILEYIZ. B—DDFREFOMDILEYELLEL T
HEXICEWREEZRYT JEMFHTH D, ZOFREREOHRIE. (EERIGICH T
ERYEYOEHZBRT D LTHERBICEETHD . Z< OERIZRISOER Z K
LTW3,

—A. InBDO n EF 2B I 2N FREFHERME L INBHNLOEEZFS. ZORMER
REBHREEEIEND . REBEREEZE T 2D FIE—MRICRLET. EERICHRHIC
RISLUTUESMERANH 2, FIZIEY V704V T NI IV Sn BFZ2HT Do,
RESEEZTRT EFASINTWED, ERICIE > 704757 N TV E T BIECEE
ZED (Fig. 2-1). nBFINERICHEZE L TWBRWI EASHEFEFEREZRL. KEE

IRIEIC X AR E(LZ B U TL B2,

Fig. 2-1. Y7 0OAV %7 N2 T D& & FEE

YOAAVEITRIIVDESIC. P FDIRAPNICEEZELES TSI ETRER
REDFEZ DY 20/ MEICEHFEL. N FBE L BEFREDEFRIMEFNLEM(IC
RIFTHEICDOWTDERZRD D L THERMIRTREG > TS,

2-2. REBRREEEELEY

RILT 1« V> (Fig.2-2) £ ZDBEEMEYTHZRILT 1) /A4 RiE, BERERZELNS
ERNRLAE CREVWVHERRER>TWS, RILT7 1Y VIFBFELIC 18TEF
ZRDOIETCHBREEZRS . —ATRILTZ U /A RO—DTH S /)La0O0—)L (Fig.
2-2) &, MILT7 1 UVBIEHS 2 DDOXYREBERFIARIFEEZFSE. BRFEELEIK
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1nBEFEHO2IENS. by T IIAICEDK /I OA0-IEREEREZRT,

porphyrin norcorrole

Fig.2-2. MIL7 4« UV RG/)ILOO—)LOEE

I a0—-I)LDHEZBENT Dz, 2008 FICHkA AV &EDEEERTH S Fe(ll) /I
JO—ILDEERIRESNTVED, REBKREICLBDTREEDIOH, BPHEZE
{EHER S . BEEICIEE > TRWY, —F7T 2012 FICBARSIE. Ni(l) meso-3 X
YFIL/ IO (Fig.2-3) OEERBREREZREL TWBRE, ZORFIEHLERD
2ERICEVWKFEBREZRL, ALETH D EFlanh, ERICIEERTTEEL
TEH. REBHETHDBHSRERICEYME U T, FlcBEEEMRANDISAD AR
SNTW3,

Mes
Fig. 2-3. Ni(ll) meso-¥' X ¥ F )L/ )L AO— L DEE

2-3. REBIFREDF / ZEH

BOFEZICEWTRA M D FEULTHWSNSERAUT —IRDZER L. —ARHICTE
BIEEDODFICKDEEINS O, TEEREDF /XM, ERAEINS, HEKE
DF /R NERIBICREIND EFFEDTFONEFICL>TIY T NOEY VIRE
MBI N, FEEIGICEK > TASTEEORKISEN BRI D 2 & T, NBEBOEM
BBIENBEIB LD HELBD, LD NMRAIEICEWT, NEBEMICHFEET S
DFITERNRZZT D, —H. REBEREICHEN . "RESEED S /M, A
DRFlF. REBERO/NZ MAEY ZIRERICL D, FEERE FFEAMICERT S
FERIBOEE T, AWHSEHBIESINIREBRWREZR T 2. REBEED S / ZEH
NEDT X MEEYI DRI ZEHERT 2/, INFE TICREERED T/ R DBEN
HASNTEP COLSBF /EEERBET BICIETHROERDED ICARERK

"



FEREZIEEICIEEYT 2ENH DD, FERICHETH >co ULHURIRD Ni(ll)
meso-I A FIL/IILAO—ILIE, REBEEELTEREZHBA DI LS. REBIRE
DS/ EEZBREIT D2DICHERBETH D EEZ 5N, 2019 FIC Nitschke 51 Ni(ll) meso-
IADFIL/INAO-ILDOFEE $hA A & DEMNHEBRESICK D (Scheme 2-1).
HRDEBIRFPEEEDF /ZEHZEIT2RESET—Y 1 OBRRICHKIILTWS

[29]
)

i = — 8NTF,”
N N Q
N/
) gt
\\) <)

NH, N

OIS O
Mes H A Mes
O (12e9

Fe(NTf,), (4.0 eq)

RT, overnight X

CH3;CN Mes
O Mes 95% O Mes (/*‘

2 =

H,N = =N@N O
=\ =
d \/

Scheme 2-1. REEFERT— 1 DEHK

2-4. NMR > 7 hRERE U THEBET D IR B BRI — Y

1ERARNDFELT, BAFOTRANDFZRET DI EAMSHEICKDBASH
ERO>THRD, IEICRNEINLT AMDFIE. 'HNMRICTEE LD HEL EHIS
VIRUIEE=0ZRTMHZAIEIARXRVEZT AN ELEBE2DTFH ITHREEI N,
WE CD:CN A1 8.9 ppm fHEICERAI S5 E— 0D 8.1 ppm BELIZ > 7 b L. 17 ppm
HEICEAIND ZEMNESMIER>Tc (Fig.2-4) 2D ENS, REEERT—IYW
HICHEET 2T AN FIRIFBICRABRIEFRHRZZ(T. NMR E—7 OEES> 7
REHS5TIENRING, TDLSIC, 1IF NMRIEKIS S 7 MEREE & U THERE
ER:E
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5.0 eq

CDsCN, RT, 1 h

Fig. 2-4. 1 ICABINALIOXRYD 'HNMR AT ~L

2-5. AR D BHY

TQ & 3 D2DEU VIIEBRODKRBERICEDHFOLERICTION VY ZRIFT ZH, A
70N VIFEBELRKRESICLDEFEEIMET L. 'HNMR ICEWT 22 ppm
DIERISHEBRICERIN D, ZDH. 1 EDBAFHEEAEZFERIED & T RERK
MRICEDIBIKICERE 7 Ui 70N ABRAIINZ EFHlS N, TQ &O0X
YDORFHAXEEETH D, LTHERICHITZIO0XKYTONMRAIEERERE X
N, BROERERICEL > TTQ/HOFRLZAN > (E 30 ppm HEE TERKIBEY 7 M T3
EEZBN%, 0ppm T TERIEY 7 MU 7O N VIE. 2BERY RICEWTRE
BIIHEH B, BEDOEREY TCHEATEAWVEZRO 7O Y THZ I ENS. TQ
ENTICK BB FRAEIFEENICEKRRENDDICKR D EHFI N, £, Bonicid
DFEEREZREITTZIE T TAMFELTO TQ/H OEBEERA L., FicaiaEE
BRRICENZMREZRBZ e zBMNE Ul

2-6. TQeTFA & RFBEWRY — ¥ OB EBIET

HERD Ni(ll) meso-¥' X F)L/JLAA—)LHMS Nitschke SDHEICED 1 EZHER
U. TQeTFA & 1 DIEEERZHER T 576, HNMRBIEZEML <. 1 D CD.CN A
BITFHUT 5 HED TQeTFA ZHM L. 'H NMR ZRIELfc& 23, TQeTFA HED
22 ppm DE—27 LD BEFIBRAICE— 7 BBRENT. Ky —JYHEOE—I B
KUTWe (Fig. 2-5)0 2D ENS, TQTFA [FT7 —IYABBICIFELDIAENT, 1D
NRZREL TWB AR S i,
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34 31 28 25 22 19 16 13 10 7
(ppm)

Fig. 2-5. TQeTFA & 1 BEBRD 'HNMR AT L

2-7. TQeTFA D7 — A V&ifh
1 DEIE TQeTFA DEBFICEE L TFA ICK 2B D TH D AREMENE X 5.,
5T TQeTFA @D CD:CN ANDBBUEIMENZ & X ZE/ L. TQ/H D7 A U3l &
D 5&TE TFA DRRE ERRIEDE EEAA T TQOTFA & H,0O ITARRE L. 5 HED NaPF,
EARMUIcE 3 BEROTEZHER L e EEZREI 2B L HO THRELIEEZ S
TQeHPF A EHETE SN S Z EA'HNMR, "FNMR [C & DBES M &4 > fo (Scheme

2-2)o
CF3C02
NaPFg (5.0 eq)
H,O, RT, 5 min
71%

Scheme 2-2. TQeHPF, DEAX

Flo. EFROAEICED. TQeHBF,. TQeTLNH Z &R U7z (Scheme 2-3,4), h
S5EVWTNHIEHIMEWVND, 1A VRHED TQsalt DBRMEIC K > TINENKELE
b9 5. IHEETIEBRWEREEZBRRIT Z2NENH .
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O CF3CO,
O NaBF4 (5.0 eq)

H,0, RT, 5 min

O 48%

Scheme 2-3. TQeHBF, D&

O NaNTf, (5.0 eq)

MeOH, RT, 5 min

O 32%

Scheme 2-4. TQeNTf, DEHX

2-8. TQ salt & RAEEKRYT — OIHE {EFRET

BRI LTz TQeHPF % 1 d CD:CNSERITHRMU. 'H NMR ZBIE Ufco ZDHEER.
TQeTFA ZFAWIB A L IBZERD TQEROE—I DT I ALY 7 METH S 22 ppm
LD S SITERBERICTONARASN. RBEFZICEREINCE—7I 37
ppm ZRUTe (Fig.2-6)0 2D EMNS, TQDHRLTON YT —IREBICTERAR
REMIIRZ=Z . BESE 7 MUl ENRBE T,
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b

34 31 28 25 22 19 16 13 10 7
(ppm)

Fig. 2-6. TQeHPF, & 1 BAAR®D 'HNMR Z~_%7 kL
BH. E—U N4 RICHRU TREBI NI, 4RO~ OHBBRZBHY 21

. NMRAERBRZEM L oo ZDIER, TQeHPF Z 1 YERMU LR TE—I M
AFRBA N, SHEFTTMATHRECELIFRES AN > (Fig. 2-7).
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5.00 l ‘
4.50
4.00
3.50
3.00

2.50
2.00

1.75
1.50

1.25 h l
1.00 |
L

) ) skl

i

£ = =

m " A \ . N

o

Amount of TQ*HPFg¢ (eq)

0.75
0.50

0.25

Fig. 2-7. 1 (C39 % TQeHPF, @ 'H NMR FEE=ER

Ffoo 1 & TQeHBR, ZHWT 'H NMR ZRIE Lz & 2 3. TQeHPF, DIHHE & REkD
E—on\ERI N (Fig.2-8) —/ T TQeTHLNH W ZIHE. EERDERMHENE
<. 3ppm DE—=VBEIFET U] (Fig.29), 2O &S, TQDHDI VI —F =
AVICK > THREBOBRNTI T Z I ENESHER STz, ULHLWThDIFE
3N ppm DE—I N ARBFR SN EDD, W IVI—FAVDEEICLBE—Y
KEANDZEIERTE BRI o1,
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,M '_utﬂw hk L | TR AAM‘

34 31 28 25 22 19 16 13 10 7
(Ppm)

Fig. 2-8. TQeHBF, & 1 BEER®D 'H NMR 27 k)L
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S
M A.WW o oo \ , whil

34 31 28 25 22 19 16 13 10 7
(ppm)

Fig. 2-9. TQeHNTf, & 1 BEHBRD 'H NMR AT h L

2-9. BERIZ IO > D HY/D 3k

TQeHPF, E REFEERT — VI L BBEMIE 7O~ > OEE =9 57, CD:OD
ZHRMNT S ETHY/DRIRUCDOWTEFHE U fco CD:OD ICk > T 31 ppm OE—27H
T BR5E. COE—TFEKREMEAELZRTQHROLTAON VERDOE—Y TH
BETFHIENS,

Tmg @ 1 % CD;CN500 uL IC/Af#E L. TQeHPF % 5 HBICHR2D L SITHRMUL. NMR
ZHELfce 2D, CD:OD %Z 100 uL FMML. NMRICTEBIL & 2 5. A& 16
REEIRBHE D NMR Tld 31 ppm fhEICE—I MRS iz DD, 48 BEREEICI 31
ppm DE—T DHHAERT B &SN ERR> T (Fig. 2-10),
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In CD,CN

L et
+ CD,OD (16.7%)
16 h L
.. AL’L___J P SR VN
48 h “l
ol oreiuprgumn oss S,
168 h |
M PR .
34 | | 31 | | 28 | | 25 | | 22 | | 19 ‘@pm)

Fig. 2-10. CD;OD 7 T TD TQeHPF,~1 $4{AD H*/D* 3k

DT ENS, 3ppm DE—7E D' & DRWHIERAIREETH B 7OV ThbE
TQ RLERICHRI N IO Y THZEEZS5ND, T/HOZFOKNVIE CD,OD
FTRBEESATE. SITMRICTERAEG 49 RERETHDZEWS T ENHLSHE
B> TW3, ZOFFEIE. 31 ppm DE—ZBRN 48 KR TH o e & WO RIBRED
BIE—HUTED, RE—ZIF TQ/HHBRTHIHBEEINEVWEEZI SN S,

2-10. FBIERIZE 70~ > DT

E—on 4 XERESNCEREZBITT 2. ANAFAXA NI —DEREHAM T,
UV EERERTIE. TQ & 1 OEEERAHFE <. TQ AHEKD 370, 380 nm DRAXEZE1L
DHEREIN. 1 AROE—T DEEZERRAEEOE(LIFER I NG > &S =
BEBPARAAFAX NI —DEHIEREETH >c (Fig. 2-11),
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3.5

2.5 | 1.0-10 eq of TQ-HPF,

1.5

Adsorption

0.5

370 380

0 300 350 400 450 500 550 600 650 700
Wavelength (nm)

2

[6))

Fig. 2-11. 1 O TQeHPF, & AL\ e UV EERER

BEWT, ESIMSAIEICE D, 1 9 FH2WE 2 2FD TQ A 1 IcAB S itk D
E—0Zz@BE L&D &AM, 1 & TQsalt (TQeHPF.. TQeHBF,) ZZh 21 1:1 &H
ZWE 13 OHERTFZENZNYIVICBBUCBRZERL, RIT4 T4 AVE-R
ICHF B Cryospray ESI-MSHIEZTofc&E 2B, WINDHFETH TQ/HDE—T D
HERIN. ZOMOE—TFEAS AN > IhiE. TQD 7O M VEREEIC K
D TQHDDFAAYE—IDNRIT T4 A ELTHRESIN YT, BRBICE
DMDE—VBEMET T BDTHDIEEZSND BNWTRAT A TA1AVYE—NR
ICHEWT Cryospray ESI-MSSBIEZERBLUIcE T B, 1 &£ 20FD TQeHPF. BRE LTz
EHROE—ION 2 i1 AYE—vELTHRESI N (Fig 2-12), E—7 &
IM+2TQ/H +2NTH, 2H] TH > fc 2 &S, BIEFRICTQDADYY—F_A> &0
NUDBREUTHREL. 7—YARIC TQ2 2 FHARNE SN, 1 HERD NTH2 3FHMIH0
LicE—=J & UTEAIS NI EHERIE NS,
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3ffiA A~ 2ffi 4 # >~

® [M+3NTF,J? B M+ 2NT, ]2 [M+2TQ* + 2NTf, 2H]

NN EN
: MWMM 'V W”W Muwﬁw WM WW'N
u”u’ 1 | .W

Fig. 2-12. TQeHPF, & 1 D 1:1 BEBK (CHCN) D MS AT ML

K BRZ2T7AV%ZHET S TQeHBR, ZHWT MS AIEZ{T > fc & Z 5. TQeHPF,
ERWISE EREKICIMA2TQ/H +2NTHL—2HI D E— I B ERBIS iz, S5, TQ D
JOMYETHRDNTLEDEE L THBEL., T—YIC TQ2 R FHARNE I, BF &3
KRS N E—7 bbb IhIchER I Nz (Fig. 2-13),

BT ___ omay
‘ @M +3NTf, > W [M+2NTf, ] [M+2TQ* + 2(BF ) -2H]* [M+2TQ* + 2NTf, -3H]* [M+2TQ* + 2NTf, -2H]*
i REE REN RER i
| n‘W WW ST
23 il N ﬂ f ) ’\m ‘ M | h
B “VPUMMWNW %q Wu VWWUWW‘W WMM\MWMMWW M \ M%W
. sl L
i MM i HU‘ M'u Hymwﬂf;y “"““W Jmf
M‘ % J«“” ‘Vﬁ‘vﬂw “"f m‘”uw‘ U\U\‘MN b ,ﬂ‘w ““ﬁ% b MJ/ “ W\ "

Fig. 2-13. TQeHBFs & 1 D 1:1 3BEBER (CHCN) D MS A7 kL

MSHEIEICELD 1 9FD TQ DHNT—VIcHESINIEEROE— T IFE RN,
'HNMREEREBEDIER (Fig.2-7) TlE. TQZ 1ICFHULT 1 YEMZ 2BFAR T 31 ppm
I 4 ROE—IMNHERL, HEDBMICK DAFKOEMNRESNBN > DB,
TQ2 A FHEE L BEN T —VAHRICEG L. TQ1 = 21 O#EAFRZEENICEZ S
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AJBEMENRIZ S T,
TQMN2DFHREEINEZET31 ppm I 4 RKDE—I HNEAISNZEBRAICDOVWTE
Rl TQREAEFZB L. A9 vFV T UL TIEILT S & T. meso k& chiral &
D2EDI TP AT LAN—DEEEIND, (Fig.2-14)s ZDIcth. AARTIF 2EDY
FPRATLAN—ICEDEROE— I D ER S NI ATREMENH %, ERRIC. TQ EREKIC
TEtIBRIET2BOIYTFRTLAN—ZEZ SNy (Fig.2-15) & 77—
ICHEB3INZZETTIEBODIONVICDE 2 KOBRBE—IV 25X 2 ENRES
nTuna®,

Clockwise O O Counterclockwise

meso chiral

Fig.2-14. TQ ZERICE T2 I T AT L AN —DHEE

Fig. 2-15. NILZ > DOfEE

ULHL TQDFBE, 1 BOFOLTAORNVICDEA4RDE—IUDERI N WS ED
5, MLZEYVICERTRIELGRETH 2 TQ DESHNT —IHNTHIRS ., 1~ —
BT 2 TQ2 A FHIRFIShERIND & T, YPRATLAN—FIcE—UH 2
FEHE N, B4 EXDE—IMNERUIcEFHEI NG, 20U, BETZ NMR I &
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D, 60°C THELETE, E—2DY 7 NIERSNILEHDD, 31 ppm DE—Z
DEHBDENRESNBM el &h S T—IHNEBTOEENFHIR S T WS ATEEE
FEL . FHBEREBESH &R > TWERW (Fig. 2-16),

Free TQ/H+*
25 °C
, N
60 °C
WMA“AV/ULWW\WW\NW//
312 310 24 23 22 pem

Fig. 2-16. JRERIZ NMR A7 kL

Klc. 2DFDRRIYEFVITUTWER, 4 RXOE—VD>5 2 K9 D NOE H'ER
HEN2EEZSNZD, 4 KOE—IMEFEICMHBEL TWS I EMNS. 2D NOESY,
ROESY BIEICEWTIVARAE—T DEBMNELRD. NOE OERIIFHREETH >z, 1D
NOESY ICEWTHRAKIC. E—IMEFEICHNBEL TWBSZ NS, HEDE -V %8
FISEBZENTET. 31195 ppm DE—V ZRBEFI BT 3, BETZE—IN
ERICEAFIL. 2 TOE—IDERUTc. SBIEBROMERNTB o BEEORERIEH REE
THD, RBRNIC2DFDRI XV IBEEZEET DICIFES KL 5T

2-11. TQ A DBFIC L BBIEMEIE 70O k> Q&L

TQ/H ICHEWT 30 ppm ZBX ZEHIS 7O MV ZERTE 22 & BEKREVA. TQ
DMICH FO b ZBE ICHE L. BRISRBICY V7 FILERI D FIFHFEET 5. 20D
feh. INSDRFICDVWTHRRDEETZITV., TQ OFER LB U co KRERIC
K DEESERICTON VY ZRIEEMELTEICASNTVEDIE 1,8-EX (UXF
WFP=/) #7750y (Fig.2-17) THB. INld. ZDDIXFILFI/EILL-T
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7OV ZBEICHIET 2IEEE U THET S I s BEESHICE TS 70O N ViR
EHEUVTBEWSNZZEEHD, 7OMN VARV IV EMEIN S, 7OV ARV IIC
SDHERE N 7ONVIZ KFREBICE > TEFREERD, T DMSO FT 18 ppm
HEDERIZERICERA I ND Z ENRESNTWBPY, £fe, PHAHY v I XnjEY
IV BUYVEBRICLDEEBULEAVY I RTZL—>O—ETHD ., BEICKHU
THIET 2T ANEHIRT 2RA N DFEUTHEBEET 20 TFEHORINTH SN, FTH
3DDOEVIVRICKDERENZ 7T AY Yy I RBIEY VY (Fig. 2-16) . TQ &
FARO—REFHA ADEEZB L. 7ON Y ZREICHEIETZ2HEEZRT I ENS, B
BEZREIZIETBIPPOL SRR 7 7 EVIEBR LD HMAOKRTOY ATy RE
HeoRIGE A S U THEET D2 &N RES N TWBR, ZHAY v I ZBIEY IV ICH
BEInf7OM Vi 32OV VIILBRICLZAEREICL > TEFRBIREE LS
TED. 'HNMR ICT 22 ppm HEDEBSEBICENEI NS, CNF TQICRE SN
270KV ERETH B,

H+
>N NZ /’P N7

proton sponge

azacalix[3]pyridine
Fig.2-17. ZOKY ARV IROCTFHFAHY v I ABIE) IV OEE

FREDILEYERFERT—YVICRAEIETD 2 E T, TQ EEKICBERS 7O N>
ZEATEDIEEENEZ SN ENE, IS DLEYZ AW TRBERISHER TD
ZOMVERAZERMTC, TARY IRV JeHPF 2 ITEWT, TQ ICH I 2 KER & FARR
DAETCNMRBEIEZERBLcE 3. 2HEROTON Y LD BHEBSEBICTON Y
HEEII NS C & da <, BERZE IO N Y OBRICIZES R 572 (Fig. 2-18), Th
FF 7L VROY A IWNNS LK REEEKRT —Y E DRBERMEIMNMEVNHIEEE
ZbNd,
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PFg~
H+
>N NC

5.0 eq

CD3CN, RT, 1 h

34 31 28 25 22 19 16 13 10 7
(ppm)

Fig. 2-18.2 & 1BAAR® 'HNMR R~7 kL

e, YAV I RBIEY I VeHPR 3 b WTH, BERS7ONE8EIT S
ZEFTEBMoZ (Fig.2-19). IhiE. 1 DDFHA ANEBEWKRKENWC & T KA
BRT—IVHICHNBINBVWC ENRERTH D EEZS5ND,

=\

/ \

5.0 eq

CDsCN, RT, 1 h

34 31 28 25 22 19 16 13 10 7
(ppm)
Fig.2-19.3 & 1 EBEBRED 'HNMR AR ~NL
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LIEDERMNS, 31 ppm OE—7E. TQ O 70O b VIEREE & B8O FHEARF R EEN
EMICHWEET DI ETRAISNZE - TH B I ENRI NI

2-12. #E5

RFEEET—I 1 & TQ/H OB FHEAERICED. TQHRLZERICAEEI NS 7O
N IER DR REBREZZ T, 'HNMR IZT 30 ppm %82 2 BEFSHEEICE—0
MRS ND ZENBESIER STz, 2DE—VIE TQ BIRODTFH 1 XHY 1 I[SEYIIC
NBINZTA XA THBZIETERINDZE—TTHD. proton sponge 2.
azacalix[3]pyridine 3 R EAFH A XHBEYI TR BEWT X M DF TR, BERSEZD
E—0 %8BT3 EETERN>co 31 ppm DV T FILIGEEDEEILEY TITE
AENBZWE—TTHD. TQ DRFEGYIBECZNREZRIUCHERTH D EEZX %,
AR THWRFEERT—Y 1 OREPZEREICIE TQ »' 2 2 FEBRINELELLT
W3 Z ENREEI N AFZEEOMKRPKRE S ICER L., SBAEBRRIMBENEE
Z5N%, AR TOHEZTTIC. KDIEWAREBEZET 27 —IPZDOMARD T
—JILLkD TQ TIBZEE), WV VI—TFT_AVDEEFZEEREIT S LT, TQ ODBDTF
EARZAAULZ ZAVEDFES. T —IYAIBTQ £ D nBEERIC L 2B EED
FOFEIRBED AHZEANDISADERFET N2,
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538 TQRIBRAKERRA I =V LIGIC K SERCANERLEE DRI

3-1.TO DER
TQRYYZFIVIBERI=ZY M55 RO A 7L TH D EEICRAT
DREEYEERIET DI ENASHEBR > TVEH, BRERREICE W TH A REE
ZRYo

FATIRAEICT TQ &, TIRA = =7 L& T8 S DiQuinoline-Imine (DQ-Im) (Z%¢ L.
BFEERYI/ 74 EUVLTITFIEZINI—FTILEFER LR Povarov RIGICTH
BENfc, BED Povarov RIBTIE, 1 IV EVI/ 74k B HMBRIERIGDHE.
F/UEDBAFIERINT 2 EICKDMARICTEF /Y VREERT Z2ENH
%, UH U, DQ-Im ICR LTI FILEZ LI —FILEER I B 5E. BEFIERML
TWRWZHEHh 59 REFREIETH % dihydro TQ (RIS, EEMIC TQ &/
NET U, RIBEBOBTZTolce 3. RIGEETHS DQ-Im BEEAERU R
SRAREUTERL, RISFEETH S dihydro TQ DIKRRIGZIRT ZETTQ %
BEZ22ZENESHERSTZ, TI T DQ-Im e KUY REREE U T dihydro TQ %
24 U7z, 77 = V16T 5 DiQuinoline-amine (DQ-Am) NERITTE N5 H, DQ-Am
FEKHFDEEICKL > THEPHIC DO-Im NEFEL I, DQ-Im/DQ-Am B{L:ETTH
17 IDERNBHEITICE > T—ED TQ ERRIGHTIET D ENBESINER

(Fig. 3-1)
o by yass RUIb e
Cycloaddition Elimination Hydride
O 0"Bu O transfer ‘
TQ

DQ-Im Dihydro TQ

O,

Oxidation

Fig. 3-1. DQ-Im/DQ-Am BR{LRTTY 1 7 JLIC L DH57K7E povarov Rty
FPE. ARBICEWT DQ-Im [FER(EA| & U THREL. S 512 DQ-Am D HENER
fLicE>THES NS & T MENICRRIERDZREVLICEER S, BEY I VLG
PIEA S UNEBHRNICERILT 2 i3l LZEREORILAIZERT 5 RG>
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Y. SEMEEFERU KRG, HEEZER U BRI TEON AL RIFNIE
AIINEBTRTZIEETERN, ZDsH. 72TV THS DQ-Am hSETHDE
RICEZ2EPHRBBILICE > TA IV THD DO-Im NEZBI ZBRIIELVWEHT
HH. XoOOTA U IEBEICHRT 2HHERIEHITH S EEZ .

3-2. HRER

TQ OEBIATETREHE N DQ-Im &, AaFHh5DE K RZBEIZ5|ERLIT I
ETEBLEIE U THEEEL . RIGEICE U % DQ-Am IFBEEMIC DQ-Im NEBRE{EIh
5 EVWSHEHRGBEHZERT, DI ENS, DQIm/DQ-Am T 7 )L% dihydro TQ K
NDOEEICH U THEEY %2 & T, DQ-Im IFEEDRKEZERIGE. DQ-Am OFE1LIC
&£% DQ-Im OBFLEZRDIRL., ZXHOBERZREDOEH & T HEIMEE U TN
FRgETH D & RiAENTz, £z, DQ-Im/DQ-Am 1 7 JLICBEL TRzt g 5
ETHEOSNZMRIFR. ¥/ OY A V7 I)ILIBEICERT 2R ERR S D—F % EET %
MBERD, BEREV, F I TERARTIE. DQ-Im/DQ-Am 1 7 )L DT RO, DO-
Im IC K BELAERISICDOWTEHMAT 22 & 2B E LT,

3-3. DQ-Im/DQ-Am B 7 )LICBI T B S¥f AR

DQ-Im/DQ-Am DRHHRICEAL TIREIZ TS5 726, BDERULDKRIGICDWTEHE L 7=,
DQ-Im %, TFAET#%H % DQ-ImeTFA & U TEEEL. DQ-ImeTFA M MeOH-d, &K IC
U, 1 HED Hantzsch TAX T )L 4a (Fig.3-2) ZR/IMULIEE 25, DQ-Im IFEPHIC
DQ-Am AN ERITTE N, 1 KEEE O NMRAIZE I TH 14%D DQ-Am H* DQ-Im N\ & BEE
bENZENBESH R o Tce ZDH. BREACRIDIFHREFRICET L. 12 KERIC
DQ-Am [FE£T DQ-Im NEB{bEINfco £ LI DQIMm I UL TEE 1 HED 4a Z
WL E 23, —EBORMNKEBKICEYHIC DQ-Am D4R L. 12 KfE T DO-
Im ZBE4E T2 ENBESNER ST 3 A ZIBICDWTHRKRDERIERI N
o2 EMS.DQIM/DQ-Am T A ZILIFIRDRUVETI B2 2 ENARETH S 2 AR

Shitc (Flg 3-3)0
EtOZCJ\/j/\COZEt
|
N

H
Hantzsch Ester 4a

Fig.3-2. 4a DEE&
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100 T

90
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40
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0 3 6 9 12 15 18 21 24 27 30 33 36
—e—DQ-Am —e—DQ-Im time (h)

mole fraction (%)

Fig. 3-3. '"H NMR (C & % DQ-Im/DQ-Am Y 7 )L DB

LT DQ-IM/DQ-Am Y1 7LD X HZ X LICDWTHRET U foo DQ-Am AAEFBIIC
Bbd2ICBRL. IhoeY 7OV 17)ILO—FH2WEmANAIRLICI DRI, B
{ERBZREL TWBIHE. DQ-Im/DQ-Am B ZJLIEN 7 O 1 7L DXYEIC & 2
RIETHDERRIFTDIENTES, UM U DQ-ImM/DQ-Am T 7 L% EHEEIC
THETLIcEC B, BEOERHFLDENERINT ., MER < DQ-Am OER{ENHER S
hizZ &5, DQ-Im %5 W id DQ-Am M HIBERE & U THEBE L T U2 ATREME IS HERR
Inic

IIZ T, DQ-IM/DQ-Am T V7 JVICHESEBYZ. NILAF T -l L 2@EE{LK
FOBERTOHEECEBEETEREORIEKIGICEIDBEEZET ZHERKIC TH
R UTz& 2 2,.DQ-Im/DQ-Am B 7 LI IFBELKRDREZEH# S < E ARSI Nz

(Fig. 3-4) o
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Fig. 3-4. DQ-Im/DQ-Am H 1 7 )LIC# S @b kR DFEE

Ffe. DQ-AM ICXF U T, T Y HILEREITH S TEMPO, BHT (Fig. 3-5) Z/EE S
BfcE 23, DOQ-Am OBRINEESI N, DQ-Im DERIFER I NG >fce TD
EDS. DO-Am ORLICIZ S VY HIVENBEEST % 2 ENRBREI N,

b e

TEMPO

Fig. 3-5. TEMPO & & U) BHT D&

E5IC, DQ-AM OBRILICEWTEETH S EEZASNDRBEICDWTIHETYT 2
e FERRIEEY D E R & 3+ foo 2-(quinolin-2-yl) aniline & quinoline-8-carbaldehyde
IE& M I VERICLD acyclicDQ-Im (acDQ-Im) Z&RUL & 5 &AM, KE
PIFZEKHFDKICH U TRRETH D EEEHNREETH > Tco ZDfth, 1 IV EFRL
cBIC 4a ICTEILT 52 & TacDQ-Am ZERK L. KMEEWZIERRNBILEME L
T BRICLDBEACOBEICDOWTEHEL 7o
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HH
Etozcricoza
— * /
N
CC Ve OO
O Xy NH, X MgSO, (2.0 eq) N O (1.0 eq) N O
Z>N Z "N

= pZ >
N + N - ~
DCE NN DCE N HN
CHO N ‘ x
80 °C, 24 h 40°C, 16 h
— — 43%
acyclic DQ-Im (one-pot, 2 steps) ac DQ-Am

Scheme 3-1. ac DQ-Am D& K

ZDFER. ac DQ-Am FERRFHEIKT. EERT 48 HERBERLBLEINT. BEL
THEEIZIENREIN, 2D EL S, DQ-Am ORRALICIFRIRIEEN VA TH 2
CENESHIERS T,

BlEDZ EMS, DO-IM/DQ-Am Y 7 )LD RIGHEREIC D WTHEE U fzo DQ-IM-TFA
DHFLMCAIET 27Ok, E7ZEMZKUJLAH 'H NMR T 20.4ppm ICERIE 11,
TQ EARRICEICHDICHRSNRETHER I NS, ZD7éd DQ-Im IE. 7AKVIC
EDFEHLUIEA SV THDERRT IENTE, ZOHERBVETHI TH S 4a lc K
% DQ-Am NDERFDIZETT & FNICHED Hantzsch TRXTIVELIAE) ¥ = LIg 48
DR EETIEZEEZ 5N %, TEMPO & BHT Ic &% DQ-Im/DQ-Am Y 7 )LD
BEZZERITDE. ATAT7IILICIEZINIENEEL TWBEEENSL. VAL
NFAVDRR—=I—AF I RII NIV ZA Y EHICERS . TNHERRLKRDE
BEH#STIININAFAYEAZZILAFAY DQ-Im (BT Z1&%EN = > TL
BEHEINSE (Fig 3-6)0 TEMPO (&, A—/X\—AF I RS I D7 ZAVH 5B
{EKRANDEBRZEHNT B ENRESNTHEDW, ZNICK>TFIVAILAF AL
5 DQ-Im NOZEWA I 5. BELGRISEEYNESNcEEZ 5N,

F e ac DQ-Am TIEEEIERIGHFEZR S NI > fc 2 &M 5. DQ-Am DEELETR L.
DQ-Am DI IANAFAYZREBL T, FEHEOEWIAIER DQ-Im 252252 & T
DEEEBHNETDEEZ SN D,
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H / \
EtO,C CO,Et  EtO,C CO,Et
CF;CO,
\ +

DQ-Im-TFA H CF3CO5 DQ-Am
4a 42’

Fig. 3-6. DQ-Im/DQ-Am ¥ ¥ )L DHETE RIGHERE

3-4. DO-Im I & % i AL RIS
DQ-Im/DQ-Am B 1 V)L ZFEBIT 22 & T BRFPOEEEZBILFE T2 NY REE
tRSZMET 2 ENAETH D EFRISNIEI ENS, DO-Im Ic &k BEBILRIGIC
DWW ZTo 7o BADEEE 5mol%® DQ-ImeTFA % CD;OD A 40°C TRIH S
Brle& 23, Fig 37 ICRI{LEMZREE L UHRICHE T 2BRIERISIFER S nEh
STz RIGERE%R 70°C £ T3|E EIF % 2 & TRIDDIRERE HM D, DQ-Im DR
FINnfcledd, RRICLBRIMEEIFRAHBW ENBESMERR ST,
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Q K
@ AO)LN,NTOv
H
(0]
Cyclihexadiene y-Terpinene 1,9-Dihydroanthracene reduced DEAD

OH OH NH,
© “‘O »O “

OH (0] NH,

Hydroquinone 1,4-Dihydroxynaphthalene 1,4-Diaminonaphthalene Benzohydrol

H
Indoline 1,2,3,4-Tetrahydroquinoline  2,3-Dihydrobenzofuran  2,3-Dihydrofuran  Pyrrolidine
o
N NO,
MEOZC COzMe

||

N

H
BNAH Niphezipine

Fig. 3-7. DQ-Im IC & 2B{L RIEHEIT U D - I BB OIS

DQ-Im &RERICE KU RZERMEE U THEET S 23-Y70056-IY 7 /Ry F
/> (DDQ) &, BLFIE LT/ ONFH I T Y DEFRIEP PRV I)L7ZI)ILa—)L
DEALERT ZENBESINTVSEH, DO-Im IFVWTHOEBICHEWTHRILKRIE
ZETIE®B &G ED e, 2D ENS, DO-Im (& DDQ It U TKREFHEHIMELY
ZEMRE NI,

—AT, BfceE RURRKF—&EUTHISNS Hantzsch TR 7 )L 4a ICT DQ-Im
K DAL ZRESR U Tco 'HNMR TOEBERC & D ARG IE 5 mol%d DQ-ImeTFA
ZiRIEE U THWS 2 & T, CD:OD #1140 °C ThiKERIGHNZEICETL. WIHT 3
BILERYMESZ 2 ENELIER T, oo BADYERAOEY Y VEFEERK 4b-
4d (Fig. 3-8) ZHEH L. RIGEEZ 'HNMR TEHLIzE 23, RIGKT £ TORMHE
FITRTIVERD & 2,6 (IDBHREICHKEF L. IEEEORH DR 4a DRIGIE 12 FFE
BLAICETI2—AT. saVWBREEZ DHERTH S 4c. 4d DRIGEEFETI
b enmEnte (Fig 3-9,
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EtO,C CO5Et PrQ,C CO,"Pr BnO,C CO,Bn
"Pr= "N” "Pr N
H H

N
H
4b 4c 4d
Fig. 3-8. Hantzsch TX 7 I)LFEERDIEE

R;0,C CO4R; (5 mol%h R102C._~_CO2R;
Ry N N
? H

R CD30D, 40 °C R; R,

Scheme 3-2. DQ-ImeTFA C & % Hantzsch T2 7 JLEEEA D i FES{L KIS

100 —_—0
80
=
Q
& 60 O—4p =—@=ic =8=id
C
ke]
Y
o 40
>
C
o
(@)
20
0
0 12 24 36 48
Time (h)

Fig. 3-9. DQ-ImeTFA Ic & % Hantzsch TR 7 )LEEELE 4a-4d DERIEMNEL(L

Fic. 910-Ye ROF VIV de ICEWTHBERIEDBIESND Z ENBESHE
E'DTC (Flg 3—10)0
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() —— OO
N CD50D, 40 °C N7
H

9,10-Dihydroacridine 4e acridine
Scheme 3-3. DQ-ImeTFA £ & % 9,10-dihydroacridine 4e DRI KRG

100 ®
9
80
70
60
50
40
30
20
10

—.—14c

Conversion rate (%)

0 2 4 6 8 10 12
Time (h)

Fig. 3-10. DQ-ImeTFA (&3 9,10-YE ROF VUV de DEMEHIFEY

—AT. da, e KDBENTCERY R RF—THS BNAH® (Fig. 3-7) IcHBTF B
ERIGIIHER S NGB > fc 2 NS ARBIBIZFEEICL DT EZREICRITZ &
NRENTco UEDERLD, DQ-Im BRZFEBEEDNSVWIE ROEY IV ERER
TOEBEZMBENICHRILT DEEZHEI DI ENBESHER ST,

3-5. f#EEm

TQ FIEKATH ZRERFEIRC T =T A& DQ-Im A, D FIREEZHE—DELH
& UT. Hantzsch TR FILEEER 4a-4d B KU 9,10-YVE ROF U UV de DARIEK
B E{RERRETH D EEBHSHMIC LTz DQ-Am 5D DQ-Im OBLEIF. AHF
DI THIRELFEBEEFOERICEITZION VEREICLZDDEEZS
nd.
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FA4E R TQFHEMK Q2Qz1 DERERF

4-1. TQ FEHDERK

BEABCZOERMKIG. BEOLEYICEEEHMERL. FIEYEDONES, KU
BEZ b ZTREE T2 RICH D, BEERILFEDIREN S 200 FEREDELZRT. &
EZN7 7O0—FRABICKEL. EBRARLDFEROBHERIRENICEE - 2hl
TOy HECDL S ICHER/IN—YZRS>EFICTERT 2L SBFEIFKRIEFE
LiaW, ZD7csh. BHDIEEYMEERT D ICIEEREYE & RIDEHDBBBRRETH Y
ZTHH. BNYDRREBAFTHZIFEEAREZEIF LRI ZHERICH D, KARD
WRTHZ TQ BHNATIEARL, TQEEIZARAY 7Y VI PHFARARKEBRKIGIC K
BPREBE, BEEZOSNDFETREHRERET. RATHEMIEIF 6%ICBE-T
Wiz (Fig. 4-1),

< (J
©\/NJ\CI * O Cross coupling
B(OH), |

O Nucleophilic

6% cyclization

Fig. 4-1. TQ BRICHEATERVWERFE (HITEK)

BANRBEREDRELZR T, TQ & DQ-Im IERT 2T FILEZILT—FT )LD
BRI E 7))L =)L DRREE. DQ-Im/DQ-Am B 7 LI & 2B{LRIGIC K > TEB
SN AFEICRITZRADRATY 7 THHHIMRICICHERIEREEIEFES
BIT/ T4IICREND Z ENS, RERFESHRENS TQ FERSHKICHEAT 3
CENTERWN, FTHARICT, YT/ T740)LELT23-YEROTZZVZAEVWSDZ L
T, TQFEBHERTH S hydroxyethyl TQ DEMIERLSNTVEHDD (Scheme 4-1).
BENERES. BHEOSWVEBEBMIHITSN TV, COLSBERICED, &
NETTQICH U CEHRICEEEHZEL. FIRYMMEOREZRBENICITSLODER
FEFFEELGEN >,
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MeOH
25°C, 24 h

34%

Scheme 4-1. hydroxyethyl TQeTFA D&

TQ OHEEERIL R ED 5 LTI, BADBTEFEZEH L. P TFOYEZREGFLESZ
ENEFE LW, ZDIsH, HENR TQ FEAREHEDENLISEELRMEEETH D,
UH UBRERA TQ FERSHEZHEILT 2ICiE. DQ-Im ICR1ZHF 4 TQ HIER{E
ETHAYUL. FIREBEZHETDIDNENH D EEZ S5SNI

4-2. D FOFmEME

DFOFEMEIF. BREZESCMBERZICEWTEELRRED—DTHD., 200
FOYEPEEEEICRSHEZEZD2ERTHD. FHEMEZET 20 FE. EREED
R, BFHME. XENRME. 2 U T FRBEERICE W TREBNGES ZRT
EDHENTWD, ZDIs. DFEREHCEWTFEEEZFIET 5 & 1d. BEEEKED T
DEFEPHFMHOAIMICEWTEELRRBE L >TWS,

FEMENEZSTHRO—DIF. A FHRBLCDFREDO n-nBEER%ERILT R
TH 2. FERILEYPHRRZH OAF Ik, FELEE I 2EBEEnHEDERD
ZRAELU. TRILF—NICLEVCEBBEZEARLYT W, ZOFEIF. 2 FREE
BERNEZEERZMEL AIZIEEHFEFRLPEERALIL 7 hOZ I AT /A RicH W
THICEETHD ., FEAEIEWEEETFOBREEN M LU, 7/\1 XAED M _EHER
FoE 3,

o, FEMEOB WD FiE. DNA ERENICHEE T 2N EZ/F O ENEZ W, K,
SEEFEDFIIAFEOT-n A5 v ¥V VHEERICE>T DNA DZESTARE
B VY —HL—hU. BEESNZZETDNABEESISRI L, ERVEES
BHET 2 & THEREEZ R T, flZIE. MINARIELTHSNhE RFYILEY VP
IRRYRIEDNAEDA VT —HAL—> 30N U TDNAEREPEEZEEL, A
AR DIETEZ IHEIT 2,

Ho&b. FEMEOAELEFMRT UEMEZELZEST I EIEND TERL, D FOEE
IC &K 2BBEDET Y. EENDF & OEFENEEERICEL AT -7y hEHD
KPR E, TAVY MNTOBMZZEHZVY, UHUDTFEREHCEWT, FmEiEE L
SYMEIERT D & D FEEEERDERIC L DHEEFRIRIC DR D H ARHkEE
FMREFETH %,
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4-3.TQ OFEM

TQ FFEEEOEVWEEEHRILEM THZN. TQOF /Uy 3MekEy/ V> 74
DKERFEOILANREICED., TQ FELLBFEBEZFER TERL, EBIC TQ
DOFEEMEZFHEST 2/cHlc. TQ LOBRRFRNSBVW RN ZEFTAEERREFRED
BEZEHUECE. REEWVWRFEDHERIF 06ARE L. bIMhichUniEs
ZHEI B EhTREEIN (Fig 42, 3).

0.002950298514280707 * x + 0.00017809190284689969 * y + 0.9999956320014357 * z + 0.00021062520387456026 = 0
nv [2.95029851e-03 1.78091903e-04 9.99995632e-01]

ds2 [ 0.14008732 -0.01181712 -0.02757585 0.09229712 0.21419479 0.24207732

.21176004 0.11930395 0.30140326 0.35502273 -0.09394036 0.22377405

-0.15225051 -0.00945118 -0.32625428 0.02723548 -0.31502417 -0.48629495

0.21311263 -0.12151857 0.20718785 -0.45324234 0.30678469 -0.09159558

0.44116308 0.17641736 0.03857295 0.20990564 -0.13289718 0.09115648

0.31431377 -0.36319946 -0.09585349 -0.10972314 0.12709696 -0.21923821

0.07245398 -0.13813346 0.08469174 0.27199699 0.03171065 -0.54360458
0
2

o

.04521798 0.11707372 -0.37847669 -0.6055612 ]

ds2 abs [0.14008732 0.01181712 0.02757585 0.09229712 0.21419479 0.24207732
0.21176004 0.11930395 0.30140326 0.35502273 0.09394036 0.22377405
0.15225051 0.00945118 0.32625428 0.02723548 0.31502417 0.48629495
0.21311263 0.12151857 0.20718785 0.45324234 0.30678469 0.0919558
0.44116308 0.17641736 0.03857295 0.20990564 0.13289718 0.09115648
0.31431377 0.36319946 0.09585349 0.10972314 0.12709696 0.21923821
0.07245398 0.13813346 0.08469174 0.27199699 0.03171065 0.54360458
0.04521798 0.11707372 0.37847669 0.6055612 ]

mean 0.2033048929830457

STD 0.14636742804548245

MAX 0.6055612011904993

W
%
2
N
% 15
i
10
5 tft byt a8
= T
o274
e — 64 3
Yaws © B 8 10 108 ”‘

Fig. 4-2. TQ BRRICK T o/ _FEFHEBFRIBR E DERMOT, FEERE. RKE

Fig. 4-3. TQ OAIEX

CDO&SIC, TQ EELeFEBSEZFELAWC ENS, TQ ODFEEEZR LEIES
FEERHEITCEICID MR FEDBEERDEREZKD Z ENFRETHDEEZ
E);h.j—:o
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4-4. 1 TQ FEMR Q2071

TQ FF/VY 3 DFISEREINZID, F/ UV 1 FEFFVIVICEBRUL
DiQuinoline-MonoQuinazoline (Q2Qz1, Fig. 4-4) &, ¥/ UV 3fi&BEFx /> 7
NMDOKRRFEICH T BIUAREZHRET D2OHEST. FFYV YUY IMNDOEREBE
F/ UV 7 UOKRBEICKRBEEOEENRAEN., FEMELE LT D EFRHEI NI

Fig. 4-4. Q2Qz1 DS

SRR ERDAET Q2Qz1 OFEEZFMMLIcE 23 RN_FFENSREEWN
[RFEDEREIF0IAERBEOSNIENS, Q2Q21 FTQ I L THEWFHEEZ
BIdLEZ5NS (Fig. 4-5 6)0

-1.0909873363323593e-05 * x + -3.633498936814997e-06 * y + -0.9999999999338863 * z + -3.349526148556709e-05 = 0
nv [-1.09098734e-05 -3.63349894e-06 -1.00000000e+00]
ds2 [ 2.08528022e-04 -5.63735272e-05 -1.90756741e-05 1.36985990e-04

3.87159049%e-04 4.72670175e-04 1.62304619e-04 6.50536618e-05

5.10285674e-04 7.19300751e-04 -1.08649297e-04 1.31234154e-04

-1.40462500e-04 -3.11270847e-05 -2.48545937e-04 -1.26619062e-05

-2.42175637e-04 -3.46648319e-04 1.04131087e-04 -1.17607687e-04

1.50261839%e-04 -3.25915460e-04 1.74568993e-04 -1.06838806e-04

2.34259320e-04 1.67367404e-04 -1.21098914e-04 4.65824241e-04

-3.65246106e-04 4.16805276e-04 7.05037806e-04 -9.01380136e-04

-5.02332075e-05 -3.73897687e-04 7.55456531e-04 -1.67595821e-04

-8.74586029%9e-05 -9.86566014e-05 5.74049433e-05 1.33978624e-04

-8.86606056e-04 6.68044669e-05 -1.20987474e-03 -7.47522181e-05

-1.32540706e-04]
ds2_abs [2.0852B022e-04 5.63735272e-05 1.90756741e-05 1.36985990e-04

3.87159049%9e-04 4.72670175e-04 1.62304619e-04 6.50536618e-05

5.10285674e-04 7.19300751e-04 1.08649297e-04 1.31234154e-04
-40462500e-04 3.11270847e-05 2.48545937e-04 1.26619062e-05
.42175637e-04 3.46648319%9e-04 1.04131087e-04 1.17607687e-04
.5026183%9e-04 3.25915460e-04 1.74568993e-04 1.06838806e-04
.34259320e-04 1.67367404e-04 1.21098914e-04 4.65824241e-04
.65246106e-04 4.16805276e-04 7.05037806e-04 9.01380136e-04
.02332075e-05 3.73897687e-04 7.55456531e-04 1.67595821e-04
.74586029e-05 9.86566014e-05 5.74049433e-05 1.33978624e-04
.86606056e-04 6.68044669e-05 1.20987474e-03 7.47522181e-05

1.32540706e-04]
mean 0.00027668545012143935
STD 0.00026984816271126037
MAX 0.0012098747359023736

W WU WM N

sixe-z
&
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Fig. 4-6. Q2Qz1 OAIEX

D ENS, Q2021 FBEXKRDIHENLBEREIE. TQ OBEBEMRIRICEHITS 1D
DRREFEUVUTERRBRLDICKRDZEEZSNS,

4-5. Q2Qz1 FEBEEDE K

Q2Qz1 FEAZERT DICHID. KFARTIE. F /Uy 2 0FaEHEL. FEIC
3D2BDIZy hEULTHFFVIVREFBL. Q2Qz1 FERKRZENT 24527
A UTce FFVYVERBEELTIE. 72U REBEDT7 X REKREFRICSEMELLU £
BiC.ZMNVIIMEEMZEAINU RIESEZ 2 ETEF YV VIREEET D Movassaghi
SOFEEFALY, RFEICLD, BROZNYIIMLEMZRWS Z & THIGT %
BIREZH I 2 Q2Qz1 FEHROMENZEMNAIEEE D (Scheme 4-2),

TfO"
L 1e,, g
HN 2-Cl Py N =R N N

A+
| |
ngo R! Nl\ -2Clpy le\ﬁ\\ ~TfOH R1J\N/ R
P -TfOH \fC\R
oT
“OTf

Scheme 4-2. 7= RiEEENS DX+ V) VERERKIG

FEOAEICKDIBENDR Q2Qz1 FEREKZERI N, FlcBREREIRAE LS
LT/ U 2a9FET7ZY RiEED S5 DiQuinoline-amide (DQ-amide) &7 1
1> UTzo DQ-amide ZHEREEIE L THWSZET, TQ ICHHL TFAEEDBEWHR
TQ FEBHETH S Q2Qz1 FEA 5 ZHBENICENARETH D EEZ 5N (Scheme
4-3)o %I TAMETIE. DQ-amide ZHFEREIE Uic¥ VU VERICK D [LE4%
BREZEIT 2 Q2Q21 FEHRZEM L. BN FHOYEREZENE Ui,
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DQ-amide Q2Qz1 5
Scheme 4-3. DQ-amide Z HFEWE & U1z Q2Qz1 FEE 5 DEH

4-6. DQ-amide DEAK

DQ-amide I&. FRD 2,8-¥700F /YU VIC BocREFZ U V= HAEHEI/AORA
v FU Y TICTEAUL. Molander 5OAEXICT 8 7 OOEZNOYEIXTI)L &
LicDBic, MABHIORAY FUVJICTZ2EOF /U yZ2BAL, TFA ICT
BocEZREL M DFARY I/ )Y ARIBICTER U = (Scheme 4-4) ,DQ-amide
DERICHITZT7I /Y IVARIGTIE. AWRIEEICK > TERNENKEERD,
IBEE U T NaHMDS Z B U B RICR DN T R > Tc (Table 4-1),

NHBoc
PinB (HO),B-B(OH), (1.5 eq)
XPhos-Pd-G2 (1 mol%)
(1.0 eq) XPhos (2 mol%)
N Pd(PPh3), (5 mol%) D NHBoc ethylene glycol (3.0 eq) X NHBoc
K,CO3 (3.0 eq) P KOAc (3.0 eq) _
—
N Cl . N N
dioxane/H,0 = 2/1 | EtOH, 80 °C, 2 h B
cl 85 °C, 18 h ¢ oo
6 89% 7 /
8
B
N>l
CO,Me (1.0 eq)
Pd(PPh3),; (5 mol%)
PPh; (3 mol%)

KCO3 (3.0 eq) TFA (20 eq) NaHMDS (1.0 eq)

EtOH/H,0 = 4/1 CH,Cly, RT, 2 h DMF, RT, 1 h
83°C, 15 h
62% 99% 77%
(one-pot, 2 steps)
9 10 DQ-amide
Scheme 4-4. DQ-amide D&
Table 4-1. DQ-amide BB D &R ES
entry base solvent Temp. (°C) Time (h) Yield
(%)
1 NaOMe (1.1 eq) Tol 120 15 -
2 NaH (2.5 eq) DMF RT 3 -
3 LDA (4.0 eq) THF 70 38 -
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4 LDA (4.0eq) DMF RT 6 -
5 LHMDS (1.0 eq) THF 70 18 14
6 LHMDS (1.0 eq) DMF RT 1 66
7 NaHMDS (1.0 eq) DMF RT 0.5 77
8 KHMDS (1.0 eq) DMF RT 0.5 70

4-7.Q2Qz1 DAL

5N DQ-amide ICXF L. XYY ZRNYIIZERIGEE & U THWS Z & T phenyl
Q2Qz1 5a ZBKT B RIGICD W TERHFRETZ1To>fc (Scheme 4-5), ZDFER. RIG
BE%Z 150 °C £ T ELITFBETRIGHETL. Z MU ZESYUEFHITZET
FERIAVEAR L. INEAEETZZENHASNER ST (Table 4-2),

Tf,0
2-Cl Py

1,2-dichloroethane
-30to 0 °C

;N:—Q

Temp. Time

phenyl Q2Qz1 5a

Scheme 4-5. 5a D&

Table 4-2. 5a &R D E&H 15T

entry additive nitrile Temp. (°C) Time (h) Yield (%)

1 THO (1.1 eq) 3.0eq 100 16 -
2-Cl Py (2.0 eq)

2 THO (1.1 eq) 5.0 eq 120 16 -
2-Cl Py (2.0 eq)

3 THO (2.0eq) 3.0eq 100 24 -
2-Cl Py (5.0 eq)

4 THO (2.0eq) 3.0eq 130 24 -
2-Cl Py (5.0 eq)

5 THO (2.0eq) 3.0eq 150 24 55
2-Cl Py (5.0 eq)

6 THO (2.0eq) 5.0eq 150 1 88
2-Cl Py (5.0 eq)

Fle. BAOZKNYUIIEEEE LT Q2Q7z1 FEAXKDOERESZ1To> % (Scheme 4-
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6o &-TOAENRYY NI, 2227/ FATzZBWEEHEETH. XYY ZNUJ
FEREF & ARORIGEETEIY 5b, 5c DERICEIN UTce — A, BFHE5EEEET
RV MY EFERLLEE. RIGEE 130 °C. ZhUJL 3 HEICTREREIEE
U. BFRNETCERIYZEONS I ENESIER>Tc, £l ZILFILZRNUIIL%E
HE L UL TAHWSES, RIDEMMBEWMERMIER SN, ZMNUIILZ 10 Y2FEAT
52 ETHRADEAL. BRI ZERT S &I U (Fig. 4-7),

TL,0 (2.0 eq)
2-Cl Py (5.0 eq)

1,2-dichloroethane
-30to 0 °C

s N=C—R (3-10 eq)
130-150°C, 1 h

Scheme 4-6. Q2Qz1 &L 5 DA

I L I8 Is
’\kJN\ IT\JN?LS) h\jl\ )\JN\
O Br -/ O OMe O o

p-bromophenyl Q2Qz1 5b 2-thienyl Q2Qz1 5c¢ p-anisyl Q2Qz1 5d p-(@llyloxy)phenyl Q2Qz1 5e
64% 56% 92% 78%
NG 1 1
| = =
T T B
0/\/Br rTl,Ph ’Tl,p—amsyl
Ph p-anisyl
p-(2-bromoethoxy)phenyl Q2Qz1 5f p-(diphenylamino)phenyl Q2Qz1 5g p-(di(p-anisyl)amino)phenyl Q2Qz1 5h
72% 77% 82%
bt ; 1% X ;
AN AN AN
methyl Q2Qz1 5i n-pentyl Q2Qz1 5j methylthio Q2Qz1 5k
74% 55% 76%

Fig. 4-7. &R U Tc Q2Qz1 &
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—AT UTOZ NV TRRENETUEWD, H2WEENCERNIZEZ 2D
HTHoc (Fig.4-8)e — N YIDEFEEIMEVNT & HDWERREFREEHEDE
FHRVWKRIBICE D BHDORIGEDEITURWC ENRERTH D EEZEND, 2D EH
5. ARIGICERATZES = MU LI, BEFRABTHL, hOk&EEZzES LW~
THDUHREMENTE S N,

I\/N\
Yield - - - - -
O @ @ O, QO
0]
Yield 24% 17%

Fig. 4-8. Q2Qz1 BMICEE BV kUL

ARIGICEFZD2 =NV IILOBEFEEIE. Z MU IILOMMEEICE T2 RIGMHE. iR
BICHBFBRIGHFEEROLREMICEET % EHESINS, Movassaghi 5 DFTARZEH
ICETZ2=ZNVIILOEBHEERICOVWTHERY % & AARTRIDH RSN > e R
VTPV BERTIVEBEZEEIT D 4-EILRY YAIRZ N UILIC TRIGDETHER
HINTWB, Fle, BITARTEERTORBIFHDETIFER L, EBNS 45°CREE
DRETRIGHETL, ¥V VIROEKICEKIIL TWS, AAR TERFGNHE
THoeDIF. RIEOEREICEWT, DQ-amide DR EBEICL BHIEE. SLTT7=
U RBRLICHES UicF /U VRICL 2BFEEOETHEEZICHEL. RIDOETHNH
HERDLDILEEEZOSND, TRDOE. RIGFEAGREINSERYICHEITI X TOER
KREOIRILF—HIEEEEIRILF—ZBI D HICERTORIGHDEITER S
fcEFRENS,

ZhVIILOEEHHICOWT, FERZEI S MV ZEALLEEIR. RIGHHE
BEDOAFAVDNTEFICLDHIBLEMOWRER T TEELRTSHIET AFAVIC
M B2AFARCRIGHETL. BRI ZEZ2EEZ 5N (Fig. 4-9),
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Fig. 4-9. XYV Z KU L EEE & UIBE OHE RICHEE

T, BFHEEZFEIZIRVYY NV I ZFERLUESIE. ATORFOEEICEK
D, HIELZEENS SRS N, RICFIREDO D FA VBENREILT ZZET. BS
ICRIEIETT B EEZ 5N S (Fig. 3-10)0 Zhidk. ANTOREFHILREILT S NN
AFAVH S RIGDEEE UTLKBAVWSNS Z & ERAKDOEBHTH 5%

Fig. 4-10. NZALIEANTORFZEEI DNV NV ZEBEBE & UBEOHEE RN
s

—ATHEEDOAF A ViEEZTEATELRWNGS, 227008 ) I & OFEIC K
STZRNUIDEEL. BRMOERIREEGDEEZ 5N, PILFIL=NYIILZE
FAWEETH. Z NV IILOYEZEL L. RICOFEEZRIEFIBEANERSESR I &
IC& D ERYINE SN, COBEICAINRAFAVEESELRELTERVWRNY XF
WOV T ZRPEEDT7 Y RIEOBRICIAEEIC L D RIGDETHIEL 185 &F
Z5N35-7OFRYYYZNJLTE, RIENTDITETUHEVWEEZ SN, KIS
BE#Z 200 CREXTCLRESEZCETBILERAcE T2, BEBEEYMES X,
BT D ENTERD S fco UEDZENS, RIGHFBEEDOAIRAF AV EREL
TERWZRJIIICKD BN ZR2DIEHETH %,
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EUYYDLSBREEESUZRET SN IILEZFERALBEEIE. Z N YL &5
BHICKEBFRISEEICE NI NERINT 522 & TENET 2RIDOETIY T
Sn3EEZILND, ZDIcdH, EVIVEEZERET S ML ZRISEEE ULTAHL
AR TILFIMEICLODEV I ZOLBEE T B E TREREZRDEDREDL D
BEEZIBND,

4-8. TQ FBADERK

Movassaghi 5. 7 =) REED 7 X NOREFRUEMEL & 77 ILF > OKREZAN.
BIERIGICTHF /U VRZFERT 2FE52REL TWBL, KFEZ DQ-amide |CiE
93T, K& UTHERT 2 7ILFVICRIGT % TQ FEERDEENSREHRH
AEECTH D EEZ S5SNI, 2 TDQ-amide KU, 7z ZIT7EFLVZRZHIE L
TRKRD Rz AM Tz (Scheme 4-7),

TH,0 (2.0 eq)
2-Cl Py (5.0 eq)
1,2-dichloroethane ,

230 t0 0 °C ‘
TfO-
o T

Phenyl TQ

30%
Scheme 4-7. Phenyl TQ D& EX

ARIGIE 70 °C TREIOBEIERI NI, BHYOUEERIE 30%ICEED., 8L
BEUTUTOZILFZILA I UK 11 (Fig. 4-11) HMSShirc, BIERYE L THE
FTEInfc 11 1F, SFHEE LTz DQ-amide IEXF L TZILF VML IZEIC. RIEETIC
B7ORMEDSET L. RIDDIE T T2 ETHRONDIERYTH D RIERIGHHEWN
FeDICHER U = AIBEENE 2 5 vtc,

alkynyl imine 11
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Fig. 4-11. 11 OEE&

e, BN N ICBLDILA ABZERS ERIEZEALLD, WITNOERHEIT
BWTH phenyl TQ DERISHER S NEMN > T (Scheme 4-8), 2D Z ENS, 11 H
FERULTULES &, ZORDFRIERIENHRETH S I ENREE Nic, MM TQ
FEARGHDHICIE. 11 DERT ZHICTF /Y VEDIFERSNZDHNEE L WY,
BENHIETHZ . RUBFAREDNRYEVIRICK DRIERIGREIEWV &EH
5. EWR TQ FEFERIIRETHZEEZ 5N, TQFEREEHT DICiFS
5732 RISEHE DR DNRETH %,

additive (3.0 eq) O TfO-

Solvent

100 °C, 20 h ‘ O

Phenyl TQ

Scheme 4-8. 11 DIRILIC & % Phenyl TQ DEHK

Table 4-3. Phenyl TQ &R D SHRET

entry additive solvent Yield (%)
1 - 1,2-dichloroethane -
2 TFA 1,2-dichloroethane -
3 AgNO; 1,2-dichloroethane -
4 Cul 1,2-dichloroethane -
5 Zn(CFsSOy) 1,2-dichloroethane -
o) AgOTH/TIOH 1,2-dichloroethane -
7 AgOTf Tol -

4-9. Q2Qz1 FEADEEREMA

K D LE7% Q2Qz1 FEFRERZENE U, Q2Qz1 FEMAICH U TREXDEERAZ
AAcET B, Se ICHUT Pd EGFET KCOs ZEAI 2 2 & TP YUILEDRE
KR L. RFQRINETT =/ —ILEEEAE S OGRICEINU Iz (Scheme 4-9),
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Pd(PPh3),; (5 mol%)
K,COs3 (3.0 eq)

CH2C|2/MGOH =1/1
RT,3 h

95%

S5e
Scheme 4-9. 7 = ./ —)LEEE{K 5| DEEX

MMZ T, 5FICUT NaNs ZERR S B2 2 & T INK 73% THID 7 Y NEEE(K 5m
DERRICEINUTe (Scheme 4-10) 0

NaNs (2.5 eq)

DMF
RT,2h

Br
0 72%

Scheme 4-10. 7Y RE&BE{KX 5m OERY

& 5(T. methilthio Q2Qz1 5k ITX LT mCPBA Z{EA X & % & L RIGHETT U
ZIVIRAEDER U RILIRY ER D BRBEREN M EUTc & 2B ICKZERESES 2 & T
ERAFIEDEAICKINU (Scheme 4-11)0 BE. AZFBE(R(IE F NMR [TV
FILESZ G sz eSS, F /YU /—)LD TIOHIETIER L, FFYVAVEERE 12
EUTHEINEHRU .

1) mCPBA (4.0 equiv)
DMF,RT, 1 h

2) H;0, 110 °C, 20 h
80%

Scheme 4-11 . FFYVOVHEEEK 12 DA

ZZTESNI121 . SOCLICK > TIEFRILT B EMNFIRETH D, 5n DERKICAL
IHU7z (Scheme 4-12), 2D EMS, Q2Qz1 BRIFEBEEMSLETORIGICAWS Z
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ENTEBIENHSH ER ST,

SOCl,

DMF, 70 °C, 3 h
82%

Scheme 4-12. 5n D&Y
BWT, PYREEZBTLIZIETTI/EZFITZ1LEY 50 DERMERAI

(Scheme 4-13), Staudinger RIGICK 27 =/ BEANDZEH%Z MS [ THERUH. &l
A ZEEC. BRYMOEBERICIEIES BN T,

PPhs3 (2.0 eq)

DMF/H,0 = 9/1
100 °C, 6 h

50

Scheme 4-13. 77 X VE5E{K 50 D&

e, 5f 1 FFRA AV IC L BRRBBRISICK D TAT IV EZ 5 Z . KA RRIC K
S>TZILA—=)UEBg NEBHOTEETH D Z EMNRE e (Scheme4-14), 5q B 50 &
FIRRICEBEICIEE > TWRWD, BEEAEZHEIIT 5 & T S SICAHBOFERE
ANAEETH D EEZ 5N,
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KOAc (3.0 eq)

DMF
80°C, 1h

K,COs (3.0 eq)

CH,Cl,/MeOH/DMF
=3/3/1,RT,1h XY

81%
(2 steps)

Scheme 4-14. 77 )L A—)LEEE(K 5q DERK

Fiz. Q2Qz1 FEKIFEERGTORIGICELU TXHFARTHZ—H T, EEMERG
TORBICIEBEL TWRWZ EAREI NIz, BIZIE. 5b ICHd 2BEEMERETD
Buchwald-Hartwig 7 = /1t (Scheme 4-15) ¥, #AERH IO Y 7 VI RIGIEH
HTHolc, NIE. BEMERHFICED Q2Qz1 FOEHMEE 7O N vt h, BRLED
FHEEFHEOESHRFICLD Q2021 BRI AAFMNICARERIRFEICR D26
rEEZ5N%,

1-Methylpiperazine (3.0 eq)
KO ¢Bu (3.0 eq)
XPhos (10 mol%)
XPhos-Pd-G2 (5 mol%)

---------------------------- >

Scheme 4-15. Buchwald-Hartwig 77 = /LRIt

BED&LSIT, Q20721 (FBEEUEZEHETORBICITEBRTERVWHDD, LHEBHE
HGESEMN IR TH D . D FZHRRIT 2 L TCOFERERICEWTERLE
BTHDEEZS5ND,

5, BEEEE LRV Q2021 BRICDWTHRET U (Scheme 4-16), 5k
5n ZHEEFERE L. EXNICBEREZRET 22 LT BNET S Q2Qz1 DEEHT
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BEETHBIEEZ SN

additive

solvent, temp.
time

Scheme 4-16. Q2Qz1 DA

BREHBREDOER. ETIC LD BN ZE2DIERETH > /o (Table 4-4) o Entry1-
3 TRIFHIDBERZERLUICHDD, BMMIETSNIEH - foo Entry 4 TIRIREIDERE
DHEFER LU IzD Entry5 ICTEREZ Bn BB L& 2 3. DEDBHNYIDERNKE
FINTco Entry9 ICEWT, 5n lcXF U T TFE/CH.CLRE AR, Et:SiH. Pd(PPhs), &
BIMUEBEIC. BROBRZERL. B—04EBRYZS5 X ch. 'THNMR, MS DfER
s, BONERYIZEND TIERWEHRT Uz, MS DIERED. Bo5nicEmY
FENY+2 DR FEZBIT 2ELEYTH D FEITH 2 BFEEA T dihydro Q2Qz1 (Fig.
4-12) DEMHIRE I NI Entry 10 ICTETHIOHEZHS LIcBEE. 60 °C TIEER
BOERENER SN, 80 °C ICTRINZRATLE IS, B THS Q2Qz1 &
dihydro Q2Qz1 DEEMHIESNc, EDfcsd. BRUIDHEERT 2EXH%BRT
DENH D,

Table 4-4. Q2Qz1 &R DS ET

entry material additive condition result
1 5k Raney Ni MeOH, 80 °C, 16 h -
2 5k Na (25wt% THF, RT, 16 h -
in mineral oil)
5k Pd/C, H; MeOH, RT, 20 h -
4 5k Pd(PPhs)s (5 mol%) MeOH, 100 °C, 24 h -
Et;SiH (2.0 eq)
5 5n Pd(PPhs)s (5 mol%) MeOH, 60 °C, 24 h Messy
Et;SiH (2.0 eq)
6 5n Pd(PPhs)s (5 mol%) TFE, 60 °C, 24 h -
Et;SiH (2.0 eq)
7 5n Pd(PPhs)s (5 mol%) CH:Cl,, 60°C, 24 h -
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Et;SiH (2.0 eq)

8 5n Pd(PPhs)s (5 mol%)
Et;SiH (2.0 eq)

9 5n Pd(PPhs)s (5 mol%)
Et;SiH (2.0 eq)

10 5n Pd(PPhs)s (5 mol%)
Et;SiH (1.0 eq)

EtOH, 60°C, 24 h Messy

TFE/ CHyCl, = 1/1 dihydro Q2Qz1
60°C, 24 h

TFE/ CHyCl, = 1/1 Q2Qz1+
80°C, 24 h dihydro Q2Qz1

Fig. 4-12. Dihydro Q2Qz1 DHEEREIE

FHFVYYDETICOWTIE, FFVYUY%E TFA I[cT7OM VL. KEFHICTE
ML UTcDBE. NaBHs ICTERITL TWBBIBHRESIN TS, Q2Qz1 FEICFAL
VEBRLTWSEWSHELS, Q2Qz1 ZBRT 2FFYV ) VIEKEFHICEMEL
UfeFF VYUY THBEHRTIENTE, ZOR/RE RN REXTHNBRBICET UL
EZo5N%. ZDROBNEETHZFERT 2DIEEYITIEHR. —ATRPHRET
FHTEBRERRISCR/AOT VERIGHETE S BRPNESNBVWT &N 5, FT
KIS & DBBREZHB ULEW Q2Qz1 26K T 2D IFHRETH R EEZ 5N,

4-10. ¥V AVEEHRDO IO Vb

FFVOVEER 12 FHUEDFTHSIH. TAONVETZIET Q2Qz1 BIKEL
TLEIT DAEENEZ SNfc, 2 TEFFYVAVEEERI2ICTFAZRMLIZE S
3. '"HNMR [T THBERE—T DZEL (Fig. 4-13) &BBMEDR ARSI NIz, TFA
AN, BRZEEUICE 3. REFRINETEFF VY /—ILFEEHR 5s hiE 5N,
o, KPFERIE KCO; ZRMIT 2 ETHFHYVAVEERNETRAETHZ I L

MBS ELR ST (Scheme 4-17),
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TFA (5.0 eq)
DMSO, RT, 1 h

K2C03 (5.0 eq)
DMSO, RT, 5 min

o 8 7 (pm)

Fig. 4-13.12 T 5s @ 'H NMR A% k)L (DMSO-dy)

T Sl E7/—I)LEE ROFVEEZBFIZ NS, BEMBICLDODRTON Y
k35T, ¥/ VFEEERIINEEHAETHD., 2556 12 Ak, Q2Q21 &
e DEEZAEEETH 57z (Scheme 4-18) ZDIFA. 'HNMR ICTEERE—Y
DZEAL (Fig. 4-14) EBBEDERTIER S NI,
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K5>COs3 (5.0 eq)
DMSO, RT, 5 min

1M HCl aqg
DMSO, RT, 5 min

22 20 11 10 9 8 (PPm)
Fig. 4-14.51 X1 13 ® 'H NMR X% k)L (DMSO-ds)

4-11. TQ RV Q2071 I HBF 2F0 70 b VRFFEED LLER

—RWICATORFEFEELLEZOMNET7ON VY EEREFTD H/D XA
BITEL 26, CD:0D ¥ DO A TIRE—IMEHATEHRVDS, TQ/H DFE. 7OK
Y DRERENEL . CD:0D HTH Y v—FRE—27HH 200 KR ICE > TERRITTBE
THd. SHEER LT Q2Qz1 B&IZ. TQ [T UL TFAEMENE EL TWS 6, KE
EEOEEMENSEZSDE. 7OMNVERFEBAKICAELTED, CD:OD FTOYE
—V DBERENSSICET I 2 EFHSI N FZTAARTIE. Q2Qz1 FEMAKD
RO ZORN VREREICDOWT TQ ERKRICEHE U 72 (Scheme 4-19),
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5a 5a-D
Scheme 4-19. 5a I[c & 17 % HY/D* R IG

5a ZFWT CD;OD FICHFZFL7AN Y DES% 'HNMR ICTEILIcE Z 3.
5a @ 22 ppm fHEICHERSNZRLTONVIE, 8 KEERETEKRICERING
ENBESNERSTZ (Fig.4-15), 2D EMS, ba TIETQ &L THLZFONY
REFENBEZEICET T2 2 LRI N,
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Fig. 4-15. 'H NMR IZ & 3 5a TO HY/D* 3D B

e, BEEEBRUOFERBZEL U 25 RFEARTIIHERIEN 3.7 KETH S
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ERESN (Fig. 4-16,17),

100
90 %9
80
70
[ J
60 '0..
(¢]
S 50 °
T [
40 °
30 L
® o
20 °
10
0
0 100 200 300 400 500 600
Time (min)
Fig. 4-16. 5a IC &1 % HY/D* IR E
1.2
11 ¢
°
1 1.
-9
-0
0.9 S
i\ y = 1.00019909 (0.00005169)«
o 0.8 ‘ R? = 0.98555527
= ¢
Zo7 S
T ‘..‘
B 06 LN
N
I o
£ 0.5
s o
204 | T
LR
. S,
............. .
0.2
0.1
0
0 5000 10000 15000 20000 25000 30000 35000
Time (s)

Fig. 4-17. At = Aexp(-k) DT Z T \DT 1 VT4 >V

TQ [£&FZ2HO0TA > OFFHI 50 BEREE TH S & WS ETHAOBR L
BIdE. AFEKRICHT 270NV REFEBBREICETLLIENASHER ST
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ATORFERELLTOMN Y DEKZEE OXBEEIFKFESDRE, KL UEBERE
DEFMNRICHKEL TREIN D, Q20z1 Bl TQ BICLE L TFEREN S W
2ENS, R ZRE IT2KRBEEMERL. Q2Qz1 F TQ ItkLTEW A
VIRFREZE T S EFREIND. ERITIE Q2Qz1 IFTQDF/ VY 3DFDSE 1
DFIFNFFVYINANETBRINTVWEZET, FFYV I VBROBREMHEICKD., &
DEBRODBRDEFZEMETL WS ZEN S, BEKEEDTEEN LR UCEE
ZbNd,

4-12. Q2071 B EMIET 2HUET I OV A )Lic T ZH:0 70 b VMRFFEEDO LK

Q20z1 Bt&IF 7O~ v ZREICHIIE L. 12 P13 DL 53Ny sOT17)LicE
72 NH 70> &@7ON VY RBEENARELELR > TVWEEEZISNIOH.D,0 K
T &% NMR 28D ZEZ T U e,

51 & 13 ME DMSO JBRIC 1%®D D,O ZAHRMUL. '"H NMR ZRIE L& T 3. 5l
BWTRZ7z /=)L FOF P EREOE—TERHB L. 22 ppm OFLTO MV
HEURD > (Fig. 4-18) DITXF L. 20 ppm fHEICERIE 2 13 D NH 7O K>
DE—TIFHEEUE (Fig.4-19), 2D ENS, Q20Qz1 BIRICK Z8E LR 7O V1R
ST VAN (9 it

Without D,O

h

With D,O (1%)

22 19 16 13 10 (Ppm)

Fig. 4-18. 51 [ &1F 3 D,O FRhIEER
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Without D,O

With D,O (1%)

M

21 18 15 12 9 (ppm)

Fig. 4-19. 13 [£&F % D,O FINEER

—AHT. 12 & 55 ICLBHETIE, EE5DHED DO DFHMICEK D 20 ppm i ICE
AlEna 7O VHNHEEAT B MRS N (Fig. 4-20, 21). 12 OFLTAOKNY D
TEHEWDE, 5s HEEE U THEBET 2 2 & TD,0 DFETET. 12 EHBEICEBRT S
ETEAKREDRIPZREL TWBEHEEEZ 5N,
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Without D,O

With D,O (1%)

21 18 15 12 9 (ppm)

Fig. 4-20. 5s l[C & F % D,0 FINEER

Without D,O

With D,O (1%)

21 18 15 12 9 (PpM)

60



Flg 4-21.12 (;CEBH% DZO mﬂﬂé’é%ﬁ

4-13. Q2Q71 FEMIc &L 2BEREE 70O k>~ O

F2EICT, RFEET—IV1ZRANDF. TQsat BT A NN FET BT & THB
BRSO Y OEAICHKIIL Iz, Q2Qz1 FHEMATIF TQ & BAEKICEFIZEZO E—
IHERAIND NS REEERT —Y & DB FHEERRIC K 2BEREZ IO N>
DEBAHEEETH D & FHlS Nz, D, Q2Qz1 FEBFET A NDFET BB
FEAZEIC D WTIRET U T,

Sa ICTHAEDOHRZER LU cE 25, AFEARTIHERISERO 70 K VU HERIT
Ehahofc (Fig. 4-22) INlE. BREIC K > THEBANHEEINTWSLHREER
5.

34 31 28 25 22 19 16 13 10 7
(Ppm)
Fig. 4-22.5a & 1 EETBARD 'HNMR AT ~L

—ATEBBRENX FILETH S 5 DIFEIE. 16 ppm RV 25 ppm fHEICHFEE—2
HER I NIz (Fig.4-23)0 16ppm DE—ZIEXFILEICHR T ZE—I THDEEZ
51, 25 ppm OE—7 (& Q2Qz1 AL 7O VAR TH D EEZSNDH. E—7U&
ENEEICTHEL. HHBBITIRETH 7z 16 ppm DE—V DHBREICERINT
WBZ NS, 5i DBEBRRERXFILEDHDIREEET —VIcREBI N, AR—X%Z5HE
952 ET Q2Qz1 BEMNAMAIICAIE L. #IFICHEITS Q2Qz1 FHROE—IDRHT
SRS IFIRENEZ 5N 5,
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34 31 28 25 22 19 16 13 10

(Ppm)
Fig. 4-23.5i & 1 BEARD 'HNMR AT NL

UEDLSIC, TQ ERRICEBERBKRBERICK > TERSEBRICTON VY ZET S
Q2Qz1 ICHEWVWTIE, BEREZEZONVOFAICIEIE->TES5T. HRATE. RFE
BT —YAEICEWT 30 ppm EVWSTEBICE—IZET 2D TQH DA TH S
ENER I NI,

4-14. #E55H

TQ OEERRZESD D16, Fic/x TQ FIRAE U T DQ-amide Z7H1 > U,
TQOFEEEB EIC L2 THEERADER S, LELBEREDEAX AR L T3 Q2Qz1
FERS OEBERREEER U . AR TIE.TQ FERDERKIERE TH S —H T\
Q2071 DERBIIHBWBERIGER TE S &, Q2021 TR TQICkKLTHLZO N Y
RFENEZICETI B & Q2Qz1 BRIFEBERGTORIGICAWS Z EHNTES
— AT, BEERETORBGICIGERTERWC ENBESNER ST, Q2Q21 IEHIF
ZEEERIILBNARSICITAS I D5 AFEIF TQ D% 88 U o HEEED T
DERICEWTHERBERETH %,
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F£5F EEQ2Qz1 A IV—Ic & 2Z2BREEERILKE (PAH)

FREFIFF

5-1. BIREE R DA

WMENBENMBORREGZ ST, +RCHBEINT ICREFICERE T 25D TIE
HARERICEVWEFEZSZ 2NN H 251 YE thF@ﬁénTMé'ﬁima
BRYEET A AT VET, RUIBEIRY Y p-F1AF2 > (PCDD) RUIEL
IRV T T (PCDF) EWo e BARIERIEEMBEDRINTH %, NS DILEYIE
%%%®mﬂ¢m%§m®%ﬁﬁ&TﬂE%tb?i&éné%m#%D\%wm%m
TEMHEEBEOS I STREFRICRIBRBELLT VWS, e, ¥1AFI VI
BYE#HZEL CEMEBEZEC L. RIENICEREEE TH I ABPRERREICS
BETERIZYRINH DY, ZOHEIEFEBICEL. METERNAKE. NOWE
ELERA. REIMHIMREZRT 2 NS TS,

CDEDIT. REBFEMEBRANRDERZEUSEITZIENDHI2METHBDZ &h
5. BEEIME DA IEPERER EDMIGRKINE TH S,

5-2. ZEAFEIEXI{LKE (Polycyclic Aromatic Hydrocarbons: PAH)
FAAXIVHEICMZ, ZIRAFEEKILKE (PAH) ICKDREFRIEEE Lo
TW3, PAH (E, 2 DU EDFEBER Y EVBHIBER U IEEYEORINTH 2, B0
FhEEEL, E0B 7O ICEREERT NS, —EREFICREINhD ER
HERESNTICRBEFRICEXR D E VWS HHZEE T 5, PAH FIERBOEEBERE®
BEENS OHH. RED I OBREH. {CAREIOBRER ERLIFRICL > THRES N
iz, KAl £, KGR ETEKRHEINTE D, REZFLEI &N
RESINTW5,

PAH RN AMEPADDEEZIFE, FHEDMRETH B0, FRICEERFTEY
BTHD. £ NTlE. PAH IZEEE DBELD, KEBDIBECRE, TEGMEED T
DEBEBEERG|EFRI T, £< D PAH (&, ZOBRBEPRFEESH, BRIV
Tiﬁﬁﬁ%wﬁkt%Lbfab ZDFER. L BEDEDREEIC DN B,
I5IC. INSOBRYMEICIEENICREIND &, DNA DEENEEI . 20O
R. DESPHAGE, WSO DEESERBNDOBRZIELNEESD I EABESI N TV
3,

%mwmm;ﬁﬁﬁﬁﬁéﬁ KERERET (US-EPA) &, RIEDFREGWE

IEXNT2BEMEDOERNS. BIBERYEL LT 16 EEDILEY. TabE. F

79L//\ FeFIFLY, FEFTITTV. FRTEY. TILALY, TxFUE
Ly, RoVialZ7vhZty, 70Uty ZIAZYTFY, ELY, RUVEIEL >,
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IRV a TV RStV RUVINTINASYT Y RV TILATY T A
F/11,23-cdEL >, Ry YV[ghiRYU LY (Fig.5-1) ZFEHTWS (US-EPA,2014),

naphthalene acenaphthylene acenaphthene anthracene fluorene
phenanthrene benzo[a]anthracene chrysene fluoranthene
pyrene benzo[a]pyrene dibenzol[a,h]lanthracene benzo[k]fluoranthene

benzo[b]fluoranthene Indenol[1,2,3-cd]pyrene benzo[ghi]perylene

Fig. 5-1. KERRRETICK DEBEFRYEICIEE S Nic PAH OEE

FTHERYV[EIEL ViE. E NIRRT 2RNAEIEETH S & LT BENAHE
B3 (IRAC) IC &K DEMNAMEDFED T IL—T 1 ICIBESINTWS, £fe, EREMUAICH
B4 D PAH FERICEWTEMENRESIN TR D, RIBEFRHI S D PAH BREEZDFHE
IS DFETH B,

5-3. PAH BRFEIE
INFET, BREINLLEOKPNS PAH ZBRETDZ2FEDNLLHARINTE /.,
B ZIFERIE), DR, BRDERED, PAH THERS Nic LFELKOERILIET
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ETHD. UHU. INSDOFEIRE, RIERECHERFICHDND IR MO, BMGIRIEF
B2 EDRBEEBLTWD, 5, INSOMB7OEADRICIE. ZRIBREIER
MERETZ2EDNH D, ZORICIEENAEYERREDH ZLEY (MU/\OXY
v, \OFEEBLRE) NEFENTWSEH, hA > TARBEICEFEZRIFTHDD
HB5o

— AT, PAHREED 1 DTHIRE LT, BREFIDRET EIRENEE T, RIBKRE
EHMRFOXMNMES, BEUCABWVWEIERYZE LI BBV EN S, PAHBREEE L
TEERFEEB>TWD, FIZIFTTEERZFIAL K PAH IREDFHRE S . PAH DR
ELICEFZERAENRINTWVWE, COLSBEEEOERENS. L DIHEWE
PAH IRERFIEZRIET 2T Y ZILDORIEAROSNTED., FIZIEFEREL—T>
K7 7OV 7 o EEE U TH D TIL—L—3 PP SAEA Y T
&% PAH BREBIDREENRESNTWVWS, UH L. $IERANDRBIRMICEER PAH &
FEWRET DHEEET T Y ZILORIRIEEEETH D FEDFRETICEL S PAH BREH
DHEENEFN TS,

5-4. AR D BHY

Q2Qz1 IFBEWFEMEHAFAVEEET DI EHN S, PAH HFICHFHNLE n FEHE
DFEDFRND DOVERNLBEEHEENAETH S E TSN, T5IC Q2Qz1 1358
EEHINBS THDIIEMNS, AV IV—LICFIATEZ2BHEEZEAL, AVIY—
DEREUVUTHRETZ I EDTETH D, DI EMS, Q2Qz1 Z#2AVINY—1LT 3
ZET, PAH BRBRERFEZE T D RERET T U 7 ILORIENEIEETH S
EHFEINTc, AARICED. TNETRASNTELFT7 YOI 7 VICLDREE
TOFEKICKDMBEDEFMEE KT 5 2 & T Fifcs PAH BREBRIORRIEH 0B C
ENRRAENT, FITHRAERTIE. Q2Qz1 AU IV —IC LD PAH BRERIDRER &
ZOWREEMTHEICEF U,

5-5.02071 & PAH & DEEREME

AVIN—ZEMT BICHEL. ERICEBREZE T 5 Q2Qz1 ' PAH E REBRZ
ITENE S U oo Methyl Q2Qz1 51 (Fig. 5-2) ZfER L. PAH O—f&TH 2O
AXVICXT D DMSO-ds HTD 'H NMR TAERERIC L D MEERBTZITHRS o
BERBROER. 5 ZRNIT 2 EICOAOXRVARDODE—Y OFRNGEHIEY 7 b
#U, 5iEanNRYAIMEEERAL TWBS Z ENRB I (Fig. 5-3),
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Fig. 5-2. 5i D&

36

F31

26

Increase the amount of Methyl Q2Qz1

coronene

T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69
1 (ppm)

Fig.5-3.5i £ AR > & D 'HNMR EE

'H NMR BERBRICEDEBESNILTIHILY 7 NE{HED S, Thordarson Sic kD
WE I N bindfit”™7¢ (http://app.supramolecular.ora/bindfit/) ZEAWTESEEHR =&
HUkcEZ 3, £C5:IARY =111 ODEEFENMESNDZ EFHEIN. K=1.23x10°M"
'THBIENEShER ST (Fig. 5-4,56), FITHARICT, TQ £ JAXRYZAWE
DMSO-ds TD 'H NMRIEEHERIC T, 111 BEKDOSETEHIE K=1.62x10° M £ Bi&
HE5NTVWBZEZERT S E.Q2Qz1 FBREZE I 5EHTH TQ L FAEED PAH
SERMEET I EN RSN
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Fittar: NMR 1:2 Fit Summary Save Fits Muolafractions Details

9.2 ppm
Details + shift
Time to fit 182955
9
sSR 2.93238-4 e
Fitted datapoints 41
Fitted params 4 ki
Parameters
© B&ppm
(bounds) Optimised Error Initial
B4
Ky (0= m) 122001  +0.8542  1000.00 i
M % M
Kiz (0= ) S5O3MY  +17048  1000.00 e
% Mt
@ ppm
U 5 10 15 0 25
Equivalent total {GLAH],
@01 ppm
- shift residuals
0,005 ppm |.' »
J;I\‘ oo f/ \‘L /'\
o @ pom .’ ' . 4 \‘\ J y.l e v'_- a\“
S\ X i g .
L]
0,005 ppm h\./
0.01 ppm
10 15 20 25

Exuivalent 1otal [G]TH],

Fig. 5-4. "H NMRJEE T — % DIEARFELIF 21T

Fittar: NMR 1:2 Fit Summary Save Fits Molefractions. Details
1 1
\ - H molefraction
Details \ =y
Time to fit 182055 o I — HG2 molefraction
ssR 2902304 |
Fitted datapoints Cil \
Fitted params 4
o8
Parameters
Parameter o7
(bounds) Optimised Error Initial
Ky (0= ) 122001  +08542 100000 os
M ¥ M §
Kag (0= m) S503MT  +17046  1000.00 £ os
% M g
o4
‘Back Next.

[ [ 10 15 20 2
Equivalant total (GL1H],

Fig.5-5. 85 NcSAEHRICEDCIARY 5i=1:1EEERELV 1 2EEED
EIDROYZIaL—Y 3V
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Fitter: NMR 1:2 Fit Summary Save Fits Molefractions Details

LECLE Quality of fit
Time to fit 182055
SR 2.83230-4 Fit RAMS Covarlance
Fitted datapoints 4
Fitted params 4 shift 2.67430-3 9.75920-5
Parameters Total 267430-3 9.75020-5
Parameter -
(bounds) Optimised  Error Initial Coefficients
Ky (0 o) :‘g?s.m ;Mm :‘q?om it H He HG2
shift 2.0891 82010 7.3427
Kiz (0~ ) S593M7  +17046  1000.00
% M
Back Naxt

Fig.5-6. 74 YT AT DIAYT «

DIEDHERMNS, Q2Qz1 ZAVIN—(kI B2 &ICLD. PAH REREEZET DA
) IN—%BIRAETH D ENRB I N,

5-6.Q2Qz1 A ) A —DEHRK

Q2Qz1 AV IN—ZBRIT BICHD, AV I —BHRICHBARERRE /Y —EE
EULTTVIIIEBEEZBEAL, St 28R ULTIER. ZYNILERICEDFZIUL—KA
DIN—14 OERZzAAIE D, RROBREFOHMERI NI ENS, EERIGH
MREITETL TWRWATREEDNRE E e (Scheme 5-1),

Sodium acrylate (3.0 eq)

DMF, 80 °C, 1 h

81%

AIBN (2 mol%)

DMSO

14
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Scheme 5-1. 5t D& EA ) TV —1t

MRNBEERICOETZHFLU. /ILRILRXVEBEDEALHRAYI LI RER
(Ring opening methasesis polymerization: ROMP) Ic &A1) OV¥—&H % R 7
DQ-amide (X U T 5-/JLIRILR > -2-AILIR= kU JL7Z W e Q2Qz1 FEEU RIS EEST
L7Zah o> fcfes. Chloro Q2Qz1 5n [CXY B 5-/ILINILR Y -2- X FILF 2V DRIGIC

T 5-norbornene-2-methyamino Q2Qz1 5u Z &R L7z (Scheme 5-2),

HZNA“Lb

(3.0 eq)
Pr,NEt (5.0 eq)

DMF, 100 °C, 16 h

68%

5n Su
Scheme 5-2. 5-norbornene-2-methyamino Q2Qz1 5u D &K

HEWT. ROMP I TEHWEEBEEMENHRE ST WS grubbs 58 3 HAAAEIC LK 5 &
5T Q2Qz1 A1) ¥ —15 #&R U7z (Scheme 5-3),

Br
(2mol%)

ﬂmﬁb CH,Cl,/MeOH
5/1

RT,1h

S5u 15
Scheme 5-3. Q2Qz1 Y I~¥—15 D&

5-7.Q2Qz1 A Y ¥ —15 O
BB U 15 DR FEP T Z. BY —2 Yy —ICTAEL TEW:,

GPC BIE &M
GPC % E&: HLC8320GPC (BRY —H)
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NI

AEER

g

TR

HhoLRE .

SURLRE -

SEBEAE :
SURRTALE

RERR

TSKgel guardcolumn SuperH-H

+TSKgel SuperHM-H (6.0mml.D.x15cm) x2 & (BRY —8)
Pentafluorophenol (X7 « JLLAMYHEZES) /Chloroform (EX 7
A JVLFONHEERE. HPLC grade) =1/2 (EELL)

TEBITRET (RIBEER). polarity= (+)

0.6 mL/min

40 °C

0.03% (wt/wt)

20 uL

Az 1.77mg FEE L. 2 g D pentafluorophenol ZH1Z 7T 100 °C T
4 BEREMELL 2. 120 °C T 1 BFEMEA S Bz, BUSE. 49 D
chloroform Z I X THEPMNCIR DB E o MABYMDFER S Nl iz &,
0.45um @ PTFE H— kU w7 4 L5 —ERWIBBIE & DEREL.
AR DH GPCRIEICHU feo

FEERUZXFLY (PS) (RY—&) ZRAW 3 RITAMHER. > T
"FoNBEIFPSBENFE LR D,
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[mV] 3.000

2.000

1.000

0.000

4,000 6.000 8.000 10.000
[min]

Fig.5-7. GPCAIED VAN N7 Z L

Differential distribution value

150.000
100.000
50.000

0.000
[LogM]

Fig. 5-8. FENTHERIR

Table 5-1. X—=ZXE—7

Peak No

12.000

8 [LogM]

Integral distribution value

100.000

50.000

0.000

[min] [mV] [mol] Mn
peak start 7.577 -0.058 79,168 Mw
peak top 8.332 0.035 12,980 Mz
peak end 8.625 -0.016 6,307 Mz+1

My
Mp
height (mV) 0.098 Mz/Mw
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14,818
20,390
28,089
36,254

12,515
1.378



area (mV*sec) 3.523 Mw/Mn 1.376
area% (%) 7.734 Mz+1/Mw 1.778

Table 5-2. A#E—7

[min] [mV] [mol] Mn 176

peak start 8.625 -0.016 6,307 Mw 389
peak top 9.873 1.520 226 Mz 1837
peak end 10.300 0.381 63 Mz+1 3889
Mv 1

Mp 226

height (mV) 1.594 Mz/Mw 4.727
area (mV*sec) 42.031 Mw/Mn 2.202
area% (%) 92.266 Mz+1/Mw 10.009

Table 5-3. A FETEHKER

All

[min] [mV] [mol] Mn 191
peak start 7.577 -0.058 79,168 Mw 1935
peak top 9.873 1.520 226 Mz 23226
peak end 1032 0.381 63 Mz+1 35780
Mv 1
Mp 226
height (mV) 1.692 Mz/Mw 12.001
area (mV*sec) 45554 Mw/Mn 10.131

area% 100.00
% 0 Mz+1/Mw 18.487

AEERIE. BELEA) IY—15 ODEEFHIFFE (Mw) H 2000 BETHDZ &
ZERULTED, B/ XY—DDFEI G0 THZ I EEEEIT D&, AAYIT—DIE
BOKR¥EZ 3ERNESHZEEZSND, AYIN—DEFEIMEVDIF., Q2Qz1 M
LEBRETLNT 2 EICHTFREBEERICE D RAEDESEREFLR L. RISRAICH
HI 2t eEZ SN, ERICAY IY—BHE. RSB 5 2% ICEEI T
FTEIEEERLTWD, Bo5NlcAYIY—15 DESEIMBEVWE DD, PAH IREH
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HERIIYTYUTZILE LTI EET D EEZSND T ENS . PAH IREAERICERU fco

5-8. IREFHER

Bonfk15lck b, ENXAMEINBEZINS PAH TH BV [alEL > 167D IRE
ABREEML oo WREFE U T, PAHIREFRHZTRT CENMRESNTVWD T IL—L —
FYERFER Uz, UTIC. 15 F£id7I—L—3VERNUICARE 24 BEEEL
F2BROBRPD 16 DEEFEEZRT (Fig. 5-9). BH. RERIIABRDHNBEN S,
BRERERAVWTEE U .,

100 i

%
®
S O
T T T

Remaining ratio (
() T N
o o
——
—
N

o

control 100mg/L  10mg/L 100 mg/L
Bluerayon Oligomer 15 Oligomer 15

Fig. 5-9. IREREBERD RNV V[aELY 16 DEEE

BERALUE 15 DREREFENIC 16 DEGFENFHLSLTVWBR I EN S, 16 BIRESI N
AIREMED R S NTco Ffoy 100mg/L DT IL—L—IAVZRMUIHZED 16 DEKEFE
EHBULT. BEDYT U ZILANKICH I 2REENMBEERLIcZENS, AVUDT
N—1512& % 16 DIMENBIRENRE S N,

BWTIRERERERD 15 ZEIN U, 14-IAFHVEZBVWTIS 1S 16 ZHHEH L. [
INEZEHUTco 2R, 600Ul @D 1,4-FAFH 2T TH 80%D 16 DEIUHHEFZ S
Nfco 2OZEMNS, AVITY—15RMBOEEICE S 16 DA IFE. EAEDFEDORE
FHEICLDEDTHB I ENRINT

5-9. REEB DR
BADODEBICOWTIRERBRZEZERE L oo AT ICEEDEE & RESR, EIEZRT,
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Table. 5-4. EE DS & REXRK O O]IIER

substrate

Adsorption (%)

Overall recovery

|
N

OO

(%)
RValEL Y 16 82.0+4.9 >80
1-eROxF>ELY 17 86.2+5.4 >99
OH
18-YeRkOx>+74L > 18 63.0+3.1 >99
OH OH
|Q (2-Amino-3-methylimidazo(4,5-f)quinoline) 19 22.1x1.2 -
NH,
N=
N-
oo™
»
N
0L 70Ny VIR 20 - -

REVILEY VIEREE 21
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NH2 . e

REREBRDIER, BFEEX PAH TH2 1-E ROFIEL Y 17 ILEWTIEHEN
RIREEER L. BENBA U PAH TH S 1,8-YE ROFVF 75 LV 18 TIERE
SEOBETZER U, 2D ENS, ATV —15Ic kD PAH IREREIF. BF A
B7% Q2Qz1 &£ PAH IC &2 nHEERICHERT D EEZS5ND, lco ATOYATY
VOTIVD—ETHSIQ19 3. BRPICEENZIENAMYE THZ I ENRES
NTWZHNE 19 TRIFEAERBENERSINT ., XBHRES L TERAINS
JOITAORIVIERIE 20, PRI A 7Y Y ROTDAFITHD REFVILEY
VIBREIE 21 TIRREDER I NGI >fco 2D EMNS, AUTTY—15 IC &S PAH
BIRNBRERFEN RS NI

5-10. ZI—L—I > & D&

AR —15 IC L BREICEAL. PAHBREFIE L TOBENRESI N TWS T IL—
L—aAyv D&z Tolce 16 DIRBICET ZRFHICDOWVWT, TIL—L—3 ¥ TIEF 30
PEEDIRECEEDORENTTITZDICHU. AYIY—15 TEEEMNH <D E
REDET L. 24 FFEDIREZIC TIREENRA LG >z (Fig.5-10), ZhlE, Q2Qz1
Bi& & PAH OHEAETRICENWT, SEREEHE L UCBREEREEHNNE <, EER
BMEWCHICTFELICET BN RS. —ATTIL—L—IVZEHIT 5750
V7= (Fig.5-11) TIHMEERWHAREL . FEICET DX TORFBEIENEWS T
ERBLTWS, 2OZ eSS, SAIDKSBAKRMNRWNZETT PAH IREICFERT S
BEICE. AVIY—15FTIL—L—IY EEBU TRFITH D AN RE I L,
AR —15TlE. Q2Qz1 A=y NEAEHASEICEEL TWS I & TaF & DRIk
BREMETLTWREEZSNDZENS Y YA—RMPERZOA Y IV—ZERK
U. REREANOFEZIRTT 2HENH 2,
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o100
=)

Remaining ratio (%
B (0} (0}
o o o
——
—
N

)]
o
—

o

20 min 2h 8h 24 h

Fig. 5-10. 15 BETICR T 3 16 ODREEDORKEE

Fig. 5-11. ##7%AY 7 =Y DiEE

HEEREICOWTE, TI—L—3Y0uiTMER7PeRIz&, JIL—L—3 v
TIEAMEEBFRDOEREZGEDE E. 19 [CBWVWT 79%. 20 [CHEWT 61%DIREDHFE
HEInTWBdZens, EEEREIIES. Q2Qz1 ZAWRERICE W TE L PAH
BIREDER SN PAH A FIFBEFEETC. ATOYA 7YY I T IVIEFEFART
HBDIEDS, BFARTH D Q2Qz1 IFEFEER PAH EHEEAL. BFRAEDOE
BEFHEERLRWEEZSND, —AT7YAV 7 ZVIEFEERIV AV R—
ILBENSRBFEEDFTHZIENS, EFARDEE EHEERYT 5 2 &M B
THDEEZILND, TDIENS Q2Qz1 ICK BBREARIZ. £EH S UKER
M5 PAH ZBIRWICIRE T 2FERERICEVWTEN THBE EEZSNEN. REFIE &
VEBEDEFEELREWEROHEBICEAT 23MB@HTE. KDAHBREEBEDRER
MRAETH %,

5-11. JKAIC & BHHHER
A1) IV —15ICTKE LTz PAH AN, KFRIC & » THRE LB E. BRANS D PAH
BREICAAY IV—2AWVWDZEFTELR W, ZZTC.PAHZIRE LAY OV —%K
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MICHAL. PAH MRS NN ESHAERL 2,

17 ZIRES B/ 15 Z 0.1 mU/min DARIC 1 BEEL, RERICEENS 17 2F
2Lk, ZORER., MERICIEEBENEETNBWVW ENERSI N, e, KRICHES
Niz 15 ZE L. MeOH I TRE S BZE T3, EEMIT 17 DEINHIHER S iz,
DT EMNS, KRICK>TIS ICKRES NI PAH [FH S BRWZ EARES Tz,

5-12. BBFAEHEER

151C &% PAH IREHIEDIRUAIEETH 2 H Z i T /6. PAH ZIRkE U FcEE
NS PAH ZEHARETHE L., ZR@SeiAYIV—Ick> BEREARERMET
52 ET. PAHIREOHERBRZFML oo

17 #BEBE UTHERL, BRERREZEE Lz, 2D, 15 2B L, 5-8 B & RO
FIET17 OREZER U Tco EIRLIAY TY—H5 17 % MeOH THE L. EEX
BORZEER LB, AV IV—Z2EZZR L. BERKORERREZERE L. D
HR, 2O HOERERBRICE T 82%D 17 DIREHIER SN, FERIC 3 BB DRER
HERBELIZEZ S, B0%DRENR SN EN S, 15 [FHR DR URERERICFIFERTAE
THBZ MRS (Fig. 5-12),

100
90 \
80 —
70
60
50
40
30

20
10

Adsorption (%)

1 2 3

Nmber of uses

Fig. 5-12. FIFAEI¥E DRER)E

5-13. Q2Qz1 A Y ANXN—DEEENE

BEREOELEZEW. Yy h—Z@IELLFERICTAY IY—(bZH Mo 5F X
UTS5-/ILRILR Y 2-AFILVT IV ERGSE, 5v 2GR U, BENRETH >
feD  AFEERDEREICIEES T Q0B REDME TIEH > b DD, 5v ITK L TROMP
ZERBLU. 15 ERROTRNEEDERE 15 2B LTz (Scheme 5-4)
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Br
(2mol%)

(3.0 eq)

DMF, 100 °C, 16 h

54%

CH2C|2/MeoH
5/1
RT,1h

Scheme 5-4. 15D &R

GPC [C T LIcET B, Mw 1 4 BRREEKIBICKEL A, FEYHBFOE—7
[C&D Mn DMEWSY T U 7B Snfcc ENBESNER S T,

GPC AIE &K
GPCEE:
NI

BRER

i Junfr
TR
HZLRE
ARNRE
ARLEAE !
AR RTALIE

RERR

HLC8320GPC (Y —#)

TSKgel guardcolumn SuperH-H

+TSKgel SuperHM-H (6.0mml.D.x15cm) x2 & (BRY —&)
Pentafluorophenol (B 7 « JLAFIYEHZEESL) /Chloroform (EX 7
A JVLFONHEEEE. HPLC grade) =1/2 (BEELL)

TEEITEET (RIBEER). polarity= (+)

0.6 mL/min

40 °C

0.1% (wt/wt)

20 pL

Atz 2.7mg FEE L. 0.9 g D pentafluorophenol Z11Z T 100°C T
1 KRB L foo BUSE. 1.8 g D chloroform ZH1Z THEPMITIRD
B, NABYHER I NIz, 045um D PTFE h— KU w Y7
1Y —ZRAWCERICKDERELV.FIBEDDH GPCRIEICH U T,
SERUZXFLY (PS) BRY —8) R 3 RITIABEIR, f€> T
FoN5EIE PSBENFEL RS,
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[mV] [LogM]
8

10.000
7
6
L5
5.0001
4
3
P
0.000 | :
4000 6.000 ‘ s_doo[ . 10000 12.000
Fig. 5-13. GPCBIED I O IS L
Differential distribution value Integral distribution value
100.000
60.000
40.000 50.000
20.000
0.000 0.000
3 4 5 6
[LogM]
Fig. 5-14. A FENTREIR
Table 5-5. R—AE'—7
[min] [mV] [mol] Mn 380,395
peak start 6.498 -0.103 1,332,697 Mw 448,100
peak top 7.027 0.111 383,135 Mz 532,562
peak end 7.278 0.085 211,389 Mz+1 624,037
Mv 1
Mp 383,136
height (mV) 0.214 Mz/Mw 1.188
area (mV*sec) 6.342 Mw/Mn 1.178
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area% (%) 6.627 Mz+1/Mw 1.393

Table 5-6. AE—7

[min] [mV] [mol] Mn 430

peak start 7.278 0.085 211,389 Mw 13,822
peak top 10.062 1.411 160 Mz 94,436
peak end 10.198 0.871 106 Mz+1 136,807
Mv 1

Mp 160

height (mV) 1.513 Mz/Mw 6.832
area (mV*sec) 89.368 Mw/Mn 32.170
area% (%) 93.373 Mz+1/Mw 9.898

Table 5-7. D FEFTEHKR

All

[min] [mV] [mol] Mn 460

peak start 6.498 -0.103 1,332,697 Mw 42,600
peak top 10.062 1.411 160 Mz 399,826
peak end 10.198 0.871 106 Mz+1 589,172
Mv 1

Mp 160

height (mV) 1.727 Mz/Mw 9.386
area (mV*sec) 95.710 Mw/Mn 92.585
areat 100.000 Mz+1/Mw 13.830

(%)

LEDHERED., BYBREDY Y H—%2BL. " OMERSAKTES Q2Qz1 5
BRZRFU.EASIEDILICED . EAEDRER TR THDEEZI SN D R,
BEETEICDODVWTHERFTORMNH D NS, SSRZIBTFICEDEGEDT VA Y
ONY—%ZRI8 L. PAHRRERIE U TICATREEZRET & RH 5N,

5-14. #&im
JILRILR U EEEE T D Q2Qz1 HEMAKICKT S ROMP IcTEShzAY IV —
15 (. PAH 2F 16-18 Z#IRMIC. VERPICKE T D ENBEShER >, e
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KRICLBDRENESNT, BDEBUVIREICFERAETH D ZENE. Q2Qz1 &l
PAH BREFIDORREICERRBAF TH D I RSN, SEBSNcAY IV—IEE
BEMEWEWSEBBEEZEIT DN, Q20z1 EAYIVY—{LIZEEEBOY VH—K
ZEIFT. NYIIBEFEOE ROFVEERIGUPTVWEREZE I 2FEAZ/ILO—
Ao FROFVEERIGSE, B O—RICHEREEIEDE VWS AETERE
DEBHEMRT B ET. KDMRNAE PAH IREA U IXN—DOREENFIRETH B EE
ZbN5,
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E6E TQFEBRICLBZIT7ZUMEH (G4) TEKUAYRD

FAF

6-1. 7V UEH (G4)

DAL 1981 ENSHAADFRFE—MNDORK[THD. INE TICHRENBIAEE
EDREINED SN TERD, ERODABEICIEKREBEVERNMES NS, BIFE
BEERUIDABTIORENEENTWD, BVERZEFE I 5 0HICiE. DA
ICDMMERL. IEEMIICIFERURWRREEZERT 20ENH D, £I T EIC
NAMIBEDBIEICE W CEBELRKREIZRICI N FEENE T 2R/BEEICK D, IEEME
NDOEBEUEERT 2HEMERINTWD, ZOF TEFEFEZEH TVWIONT 7=
VIUEH (G4) THD. G4 ldk. J7ZVICETL DNABIIN, FNUTLAAVHS
WEAVDTLAA Y EN U TRET % & TR N R BaREETH S (Fig. 6-
Do G4 1ET7 7 = 4 3FhH hoogsteen BLDKFREEICL D FEEE L B> G-HIL
Ty D, THEERICKDBHER S IBEZRHET S,

Fig. 6-1. G4 D

G4 |& c-MYC ¥ KRAS &£ W e A ARBEFO7OE—Y —HERICEEEICKIRT
52 ENBMESINTHED, BE-TFOERE., BRZHET 5 2 & TEMIBOIBTEICEEL
TWBZENRASMNER > TWBE, -MYC BEEFIENABLGFO—ETHD, Z<D
DA TERFKBOEFHENERINTWIEEREGRTF TH D, CDEGFIFERD T
OF—%—%ZHF5. TnN5 OEMLBEEFIEHIC X > TEGFRERIHRIE PRAFICID
UCTHREEINTWS, $FIC P1 7OT—7—0D 117 BEWT ERICAIET D nuclease
hypersensitivity element (NHE) 111 (&, c-MYC B FDEEFMED 80~90% % HIET
BDBMHTEERILAY RN THZDEREINTWLWBRE, 2D NHE N EFiE. /7=
VICEORHBIEERINEZFE. HEDERHT T G4 ZFEHT 22 ENBESHNITHE
TWBES, G4 BEDRIE. -MYCERFICH T BDEERMKBY RNA RUXZ—E
DIEEWMEICHFEERIFIOUREENMERINTE D 2O & S LRHIEEE T A
ICBITD -MYCEGFOERERKRZIGE T 2HMicGBEENE U TEEINTED,
INPFIEYZRW: GABEDREIE. NABRBEANEIGHAIRETH D EHfFanT
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L\ B8,

T5Ic. G4 IE[TTAGGGIETDIE DR U 8 & T2 7 AOX PHEBRICEWTHERK
SN, G4 MERSNBEICIE. TAOXTFEBOBRICES T 2BETHDITAXZ
—BIC L2 TOXTEBOZFNHESIND I EMNMRESINTVBY, TOXT—FE
HAMRRICE W TERICE K & THAMBOBRRBRIEEICES L TWS I Eh b,
TAXZ—E%ZEET S & THAMBDIBIEZ NG T2 Z ENAEETH B, TR B,
G4 #REAIEZARMEY AV Rid. TAOXTHEEICEITD G4 EREREL, 70O
AT—EDEUZEET S5 & T AAMBEOEBHENHNRZS 5T EEZSNTW
%, ERRIC. G4 ZREIT DY HY RTHS pidnarulex (Fig.6-2) ICLBDTOXT—
CTHREL., ZNICHESTESEENRBHINTHE D, A9 FIE 2023 FICHE KRS
ERICEIT U, 2025 EIRERBMETHTHZ®, CDXSIC G4 YAy Rk, HAMERE
ICEWTHICEERKREZES G4BEZY—T v M UEFIBREFOTMMNAFIE LT
DISEIERFI N TWS,

O O
X N N\
LR T
NQ\N NN N
Pidnarulex

Fig. 6-2. Pidnarulex D#i&

£ G4 UAY ROMRISMOREBEBRZN 7O AANDIGHICHEND DDH 2,
FIZIE. G4 DEBISECTRIREOFAHMCEEAEL TV EEZSNTED., PADH
259, HEMERIZRE{CEDAREEI® COVID-19 BRI DAREO7%% &, 18AVWREIC
NI BREI—T Y NEUTOABEEEMO TVND, G4 BERZIRITESDZ &N S,
EDBIREDEWVNGL U HY ROBEENMED & T, IS DHREBICHT DFHREBFE
DL HFI NS,

6-2.G4 VAV RIckd 5 n 28

G4 ) AV RITIEEIRMNDEBEIC GABEZTENT 21.H DY KD 5N 2,
G4 VAV RDEREHEHE UV TREDE I BEILINTWBSDIE, UTOREZHON
FODRIETH B,

1. MIERFERES
G4 (&, G-HILT Y hHEBUIBEZRHET B IS5, G4 DRFAIICEWNT
G-AITY h&EnHERRITZNFHIHFEIT S ET. GABENLEILEND, %<
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D GLYIAYRICEKSD G4 BEIF. GAICHTBIIVRRAYYF VT lck>THRD
INd, CDZEDS, G4 EDEEERZERT ZeHICiE. G-AILTY hMEDTHE
BERA IRELRTHEBEZ D FRICHMAK TV RAFYvF U TICLD GAREILZ
BSDONEFELW, MMAT. G4 EDRYYFVIHBEERZRERODET B0,

ZUTZEHDNAANDA VI —HL—avic&kdA 79—y hEEEB S Too I,
UAY RIEMEREEZBLTVWS I ENEELWVWEEZ SN TWNBY,

2HNFA VM

G4 EFBICIFX T LAF REEDOREY ) VEESUNEESINTWD, | VEEERMIIET
ZAVEDEETH B ENS VAV RRICHAFAVEBBREZEAT S & T G4
RFEICEET DY VBN E DA AV EEEERZRL. G4 LDiEEZ L DREICT
B ENTEETH Do BIZIE. MRUTIVPTZILFILTIVEWScAFAVEDER
B ONFZIAYRICBEATEZIENEZSND, COLSBAFAVEHERED
BAICKD, G4IRFBICHFEET S Y VB E OBEBENLAEEERAMNMEES N, G4 &Y
HY ROEEHH M LT BFIHNEEIRE S TWBE,

FROELSBFHERF ONDFISCGL U AV REUVUTEBN EEEZBEIEEZ 5N
ZENS, GAYAYRBRETOFELREKE SN TWD,

6-3. X704 )L GAIUHVR
LEFEICTEFIREEUCFEBEZE I 27001 7)LiE. NI G4 & 18
BEBRT2BARBIAYRE U THEET 2 EDNRESN TV FIZIETAXRYF
> (Fig. 6-3) ERLAXD 8T 24 EX /7 OANTOY A I THD, G4 I U THEE
ICEWEMMEERL, ZE#E DNA ICIKIFEACBIIMEE RIRUVEIRNG G4 VA Y
KRTHz I EDRINTWB,
ZToMICL<MEND G4 YHY RELTIE. 510,15,20-tetra-(N-methyl-4-
pyridyl)porphine (TMPyP4, Fig. 6-3) H'Z (515, TMPyP4 [FRED G4 I L T
WEIMZRL., BENICBBICAFAETHZ NS, BESKHARICAVWSKTE
Jzo TMPyP4 & DNA & DHEEERICEET 2A%IE 1979 FICH THREI N, Z0D
20 FRICENIE G4 UAY RE UL TONMARREICDVWTIRES N, TMPYP4 (37
OXFHEBICEITE G4 DEEMENUTTOXZ—EEEHEBEEL. NEBWRER
FZENRESINTVWBI,
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Telomestatin

TMPyP4
Fig. 6-3. TAX R4 F > &R TMPyP4 D

R7ATA7ILIAY RIZERORES EWSBENHZHDD, BAKRGA ) TV
REUTHRET DI LD S, G4 UNY RORRICEWTEERARBIHTH 5,

6-4. AR D BHY

TQ F. AIELREBEFEEY O 7L THD,. FOERICIFEICTONHAERS
N, AFAVEZTITWS, 2O ENS, TQIFGA VAV RELTENRIYEZ
B 3EEZ SN, FITMEICTTQ & DNA ICKZHEEEROFHEHZMENES
NTW2N, FMllC DNA & DEEERZ T U ICARAIF R W, EEFEEDFE&
LT TQ OREM 2RI 2 LT, G4 COHEBEERBTNIEEERMBICKRZ EEZS
Nico fco BRNEZMHEIILE Q2Qz1 FEAFRZAWSD & T, FEHMEMALEICKD G4
EDnHEEROE®RY. hFAVHRIBEOBAICK S G4 Y VEEEINI & OB EREE
BEES CENFRETH D I EN S, TQ Fiem & UTFEED G4 U H Y RERHAH
HETHDIENRRAETFNTC, ZITAMETIE. TQICKZHHR G4 VAV NE|E=ZB
& Ul

6-5.TQ & G4 OEE {EREET

TQ & G4 DIEEER%FHMEIY 576, -MYC G4 ZH W T UV EERERZEHE L =,
TQBARICXH U T c-MYC G4 ZIRARICHINT % &, TQ DIRIVBAFER TH S 380nm T
R ARBENERR I N, RIEMITIE 390 nm IZHLVWE—IDNEU T (Fig. 6-4)
ZDZENS, TQE m-nBEERICT -MYCG4A EMHEERALTWS I ENREBEN
1o
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0.16 - (G4 1.0 eq
0.14 —G4 0.25 eq
0.12 G4 0 eq

340 360 380 400 420 440
Wavelength (nm)

Fig. 6-4. TQ R c-MYC G4 [c & % UV EERER (10uM TQ in 0.75 mM KPi, 2.25 mM
KCI buffer)

ZDE, G4 = 8 HEFXTHEL. BONKIRNKEREEZ bindfit ICX DAL
(Fig. 6-5)0 ZDFERTQ X -MYCGA ELBTEH 2.3x10° M7, BBETEE 28 uM THE
BlLTWBZ ENRENT

Fittar: LIV 1:1 Fit Summary Save Fits Muolafractions Details

Details » absorbance
Time to fit 0.3690 &

SSR 3.9347-5 e airis

Fitted datapoints 40 » absorbance Ar0.0739

Fitted params a

Parameters

£ 008
Parameter 2
(bounds) Optimised  Error Initial =
K({D— o) 22530.84 +1.4009  100.00
M % M 0.06
Back Next

Fig. 6-5. UV SEET — ¥ DIERFE LR T

Ric. CD BERERIIZERL T, c-MYC G4 [CXF 2 TQ OLE(LRES % 54 L
fco G4 lE. BRFHEICT—AREDNANETHL, GABEICHFKT S CD ARYZ MNL
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3T %, LA L. 3HUED TQeTFA FE T, G4 ORURHIRIS AT 5 MVEHIRZ R
U. c-MYC G4 DORFERE (T.) h° 20°C U EIBINT 52 EABHSH &> (Fig. 6-
6)e TDZENS. TQD -MYCGA ICBLFEB L. TEILL TWB Z EATRE S N,

1.0 G4 +TQ(3.0eq)

0.8

0.6

Normalized CD

0.2

20 40 60 80 100
Temperature (°C)

Fig. 6-6. TQ BE T TD c-MYC G4 BB (3 uM c-MYC G4 in 0.75 mM KPi, 2.25
mM KCI buffer)

Fle. HNMRBEEZEM L T EEOFMZRANIc, UTICRT &SI, #5 c-MYC
G4 pu22 1F12 DA/ 7OV E—=TZRTH. 100 uM D c-MYC G4 IR L T
TQ ZHRMUTBR. pu22 O X/ 7OV E—T LFEBDFIcBRE—IDHERS
Nico TORERELD. NMR DY A LARXT—)LELRU TGEVWREBRIGICE>T TQ &
G4 M BEERYT 2 &R I (Fig. 6-7)
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WMUHM 1 c-MYC G4

JL +TQ 0.5 eq

T B

12.0 11.0 10.0 (ppm)

Fig. 6-7. -MYC G4 & TQ @ 'H NMR EE =52

fef£U. NOE ZRA W e NMR EIETD TO-G4 EEABERNTZzXET 5T,
HBEERDBENTT2THD. EERDOEBEZHEHET DICIESHBMN o fc. Ric. 1
BIEREDRT ) —Z v 7 2RAHcb DD, TQ-G4 EEARDERIFB S5SNI, TQ O
RP, EHIEDER. G4 BEATORBEIMEONDIDHTH >l eh b, BERDHE
EZHRIT S L TERI ST

HmWT, BIDOEEER#ENTF A E U T Fluorescence indicator displacement (FID) 77
YA ZEBUco AFETIE. G4 EOHEAERICK > THAEZFK T ZF 7Y —ILA
L>222 (Fig. 6-8) BET. GAUAYRZRMT B &ICL>T G & 22 DIEEE
FZEZEL. ZOERLBEDRIBICEI>TGL UHY RRNEDEEDRE T G4 ITHES
U. 22 & G4 DHEEERZBAET 2hZFHETE %,

Me
g8
3 X
+
TsO~ N
Me

Fig.6-8. F7YV—ILAL VY 22 DEE
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0.25 UM @ c-MYC G4 RT* 0.5 uM @ 22 FET. #RRIC TQ & TMPyP4 % 7N
L. EXBEZ7AOY NI DI ETHRABEOBRBESVWZTEL fco ZDHER.
TMPyP4 (3#) 2 UETRELRIC 22 & G4 DHEBEERAZHEEL. 22 BROENLZHELSE
fc—AT. TQIR 10 HEMATH 22 DEAXZTRITHEAS ®E ST TlELRHL > 12 (Fig.
6-9)0 FNDD 22 Z BT BZDICERRETH S DCsold. TMPyP4 Tl 0.1 uM TH
5—AT. TQDHBEIF 1.5uM THolco Flo. TAXT G4 ZAWVWCEHEBICHRAKD
EREG ST,

2 TMPyP4 —=TQ

1.6
1.2

0.8

FL at 531 nm

0.4 _
0 2 4 6 8 10 12 14
Equivalent of ligand

Fig. 6-9. FID 7 v 1 IC kK 2B EER#EMT (0.25 uM c-MYC G4, 0.5 uM 22 in 0.75 mM
KPi, 2.25 mM KCl buffer)

COFERICDWT, TQ A 22 EMHEEAT 2 E THADRBEESWICHEZ RIF
LTWBHAEEHZERL. 22 & TQ DEEERICOWTFHliL/c& 2 5. 'HNMR EE
RBRICBWTCHEERIIERI NG 2o 2D, TQ BHD 22 DEAZIERS
T TWBHEEEIFBEVNEEZ SN2, ULich > T, TQ & G4 DIEEEAIE. TMPyP4 &
G4 EOMEEERICLEL THEWI ENRBEI N, LML TQ & TMPyP4 (AT, =10
°C) ICHHUTGAD T, [EZKRELE{LTE (AT, =20°C) Z&EMS, TQEGLD
HMEERIFRENEWI LR, BRTIFECABWAREENS D, chidTyhOE—
MICEFZBEEERORETH S EEZ %,

G4 VAYRIZIEF, TvhOE—REBEDOYAYRNE, TV IILE—RERDOY 57V
ROGFET %, TMPYPA F TV ZIILE—RBBD ) TV RTHZ—AHT, F/UZDU L
BEMNSHD., GXMMEEET 2 TrisQ (Fig. 6-10) &, G4 EDHEEERICEVWTIY
NOE—MICEFLGEREZ S ZENESMNER>TVBE,
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Fig. 6-10. TrisQ DEIE

TrisQ (&, TAX 7 G4 ORfEMIRE RS < EIE,. AT, IE25 CRREZRI—H
T, FID 7Y tEAIcH1F S DCx I 0.3-23 uM &, TMPyP4 EEEEL TELLRLWZ EN
MESINTWVWBS, T40DE5 TrisQ 1d. TQ EEAKRDEHETRT, COZEMS, TQ &
G4 DHEERICEWT, AT, DREL. BREEEH KXV DCo ENARZVDIE, TQ &
G4 ODHEEERFENSHIATESZEEZS5ND, £ERNT G4 UHY K& U THEE
355, EARNEBEEIL I CRERETHDIZENS, AT ICED G4 UAH Y REULTDE
PRI Z0FBEY TR S SICHBLRELERBITNLETH D EEZI 5N S,

6-6. G4 b ROY— & HBEER DBI%

G4 [TIFEHD MROY—HEFEEIT D ENRESNTED, GHEDETIC K> T/
LB ZYFIRZ LB N T Uy REID 3BREICHEIND/NT LILEITIE.
G #HiIF2THEAMICIHETILTWBH, ZYF/IZLIILETIE G EHORAEAELEWIC
BolcBEZ 5, \A1 7y RBIINSLILBEZYFISLIILED G #H#OMA%
BI3EETH D, SEIRERICE W c-MYC G4 DECFIE. -MYC 7OE—45 —%8
D27 BEDSE. G4 DFEBICHER 22IBEBEOHAZRDOHEL, 5/ LB MR
OY—0OHZBIRNICHEET 5 & SBERIZHIE U LERA Y IV—Z2FHWTE
BRZiT>TW3,

TQIF/NFTLILEI G4 TH D -MYC G4 ZRENT B ENRESNnfeh, KT LILE
AD GAEBEZLENNT BN ESHFHIET 5/cod. KEET. BRPTFVF/INZL
B G4 DHZFEIRVICER T 2L DI, TAXTD 1 IEEDF TV EFIVUANEE
LAY OO SJRAT/NA TV RBNROY—0 G4 ZEHT % 2 EHR
EINTVWSTOXT G4 (AGGG[TTAGGG]) "% AWTREEDEREE{Tofc & 2 3.
WINDFEES TmEH 20 °CREER LR (Fig. 6-11,12), L EDERMNS, TQ &
G4 OHEERICEWVWT, G4 MRAYV—DEBWIBRIIEICEERFELXSZ RN &
NRENfco TNEFYIZ7AOY1 7L GA YAy RICHBORHTHD., MIELRESEZ
BIBUAYRTR. WIFhD G4 MROV—ICEWTH G WILT v D nHEE
EEMIcEE. G4EENTELI N,
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1.0 r

=o—G4+TQ (3.0 eq)

0 0.8 -t (G4
@)
3 06
s
g 04 |
S
< 02t

0 1

20 40 60 80 100

Temperature (°C)

Fig. 6-11. TQBFEE T TOF7 >V F /T LILE G4 ORfERIR (3 uM anti-parallel
telomere G4 in 0.75 mM KPi, 2.25 mM KClI buffer)

1.0
=o—G4+TQ (3.0 eq)
O
B 06
N
©
€ 04 |
o
Z
0.2
O 1 1
20 40 60 80 100

Temperature (°C)

Fig. 6-12. TQFEE T TD/\A 7w RBI G4 OREEAR (3 uM hybrid telomere G4 in
0.75 mM KPi, 2.25 mM KCl buffer)

6-7. G4 FEIR M D ¥

BAEMNG G4 YAV RiE, ZE#E DNA Zthe &9 21EA D DNA #EE S HEERE
9. GABEICH L TEVWEEE R ZRREA L) Y RTHS, TQ E DNAD
HEERICE T2 G4 HFEMZHMET 276, —EHE DNA ZHVTEKRDOERRET>
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foo Z DFER. TQ (FZAHH DNA ORfFFREZZL S B ah > 2 &5 (Fig. 6-13).
“AREDNA £DH G4 ZBRNICEN E LIcZ ENRSI NI

1.0 dsDNA+TQ (3.0 eq)
=o=CsDNA
D 08 B
@)
3 06
N
g 04 |
o
< 02t
0 1 1 1
20 40 60 80 100

Temperature (°C)

Fig. 6-13. TQ 77 F TD dsDNA DOFt##f#R (3 uM dsDNA in 0.75 mM KPi, 2.25 mM.
KCI buffer)

6-8. Acyclic TO D& E G4 ZE{LEER

TQILLD GALEICKE T PIRBEODEEZFMM T 2. IFRRF/ UV IE
AT B acyclic TQ (ac TQ) ZEFH L. G4 BE(LEEZFHM U /oo HERD 8- OE-2-
rsO0%/Y> 23h5 Buli ek 87AEEDY FAE, BOMe): I &k BRO
VBLICK>THELON 24 &, 227AOFF /I VICEBBABHEI/OR DY T VT
ICT25 8L, 8-F /Y YROVBEDHAEFEI/AZXA DAY PV I ICTacTQ %
&R U7 (Scheme 6-1),
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CrL
N~ "Br N
(1.0 equiv) _
N BuLi (1.0 eq) X Pd (PPh3)4 (5 mol%) e
— | B(OMe)3 (4.0 eq) _ K,CO3 (3.0 equiv)
N C

N~ >l Z "N
Br THF, -78 °C to RT B(OH), Dioxane/H,0 = 5/1 X l
3h 80°C, 1h
) , 25
3 88% 4 89%
X
N/

B(OH), (1.2 equiv)

Pd (PPh3)4 (5 mol%)
K>CO3 (3.0 equiv)

Dioxane/H,0 = 5/1
80°C,2h

63%
Scheme 6-1. acTQ DERL

FEW T acTQICTFAEMZ GHEZEET 5 & TacTQeTFA Z AR U.ac TQeTFA,
acTQZAWT CD BBAREERELIE 23, WIThDILEYE G4 DRREEEE
fbZERD oo TDZEDS, acTQ I G4 ZREAET. TQICL D G4 DREILIC
FRREENDETH S EDRI NI

1.0 ¢ =+=G4 + acTQ-TFA (3.0 eq)
-t (G4
A 08 - =o=G4+acTQ
@)
® 0.6 f
N
©
g 04 ¢
o)
< 02 t
0 ] ] ] ]
20 40 60 80 100

Temperature (°C)
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Fig. 6-14. Ac TQ BFE T TD c-MYC G4 BURETE (3 uM c-MYC G4 in 0.75 mM KPi,
2.25 mM KCI buffer)

B EDFERMIS, TQICED G4 ZEICIE. PFBEROFEENKE<LESL TV
% < t 75‘\2_'\3%7':0

6-9. XY OHY AU IIT LD G4 REL

TQ EDHBDI$, FAEICTESNIFFVAOVFEERKR12 (Fig.6-15) ZFAWT
FEROERZITolco AFERIE. TQ ERAZFEDOFEEZEL TWSH, FEDOY /O
YA I THBH. TQDAFAVEN G4 DRENRICEWTEETHINE SHh%Z
THES Bl HDONBILEY &2,

Fig. 6-15. 12 D&

12 [FKAHEDME V=8, 5%D DMSO BE T CTOERBRZTofc & T 5. G4 BfRHRIR
ICEWVWT G4 OREREDZEIF 10 )CEBETH >z (Fig. 6-16), DMSO EENERS
FeDEMNRERIETERWA, TQ L&D G4 BELLICEAFAVENEBETHD I &
NRB I,
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1.0 r

—o—G4+12 (3.0 eq)
——G4
D 08 B
@)
3 06 |
N
g 04 f
o
< 02t
0
20 40 60 80 100

Temperature (°C)

Fig. 6-16. 12 BEE T TD ¢-MYC G4 BUZER#R (3 iM c-MYC G4 in 0.75 mM KPi, 2.25.
mM KCI buffer, 5% DMSO)

Flo BERICHEF /D o017 )L TH S DQ-amide I K BEIRDEFR T,
{EEYVEET. REHRICEIRESNEN > ENS. DQ-amide & G4 BE(LRN
RzBI W ENREI N (Fig. 6-17),

1.0 ¢ —e—G4+DQ-amide (3.0 eq)

0.8

04 r

Normalized CD

0.2

20 40 60 80 100
Temperature (°C)

Fig. 6-17. DQ-amide F7E T T®D c-MYC G4 gtfErh#R (3 M c-MYC G4 in 0.75 mM KPi,
2.25 mM KCI buffer, 0.5% DMSQO)
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BlEDz e, TQOOY NO—JLEERMESFHHEF /Y0017 )LLE
MTIE G4 BECHIENHIZH 2 WEEHET S ENASNERD, TQ OFE M. 5
FAUEN G LZEIICEETH S I EDRS NI,

6-10. Q2071 FFEEIC L DR G4 U > RAIE

Q2Qz1 FEAIE TQ ICHL U TFEMELSEL. G4 EDRY vy F Y VHEERICETIT
HBEEZSN. NOBHEOEWEBRESANTRETH D I NS, KAMKR LD
VB & DIEEERERZIER U LEERRHANEIDEATE S, 2 TAME T,
Q20z1 FEIKICLZBN G4 VAV RDTH1 Y, GRZENE L. BAKREZT
Sfce 913 Q2Qz1 FEMIT L D G4 TE(LREZTHE S B7cth. Phenyl Q2Qz1 5a %
BWwT D@z EmL i, BRZUTICRT,

1.0 G4 + 5a (3.0 eq)

0.8
06

04

Normalized CD

0.2 r

20 40 60 80 100
Temperature (°C)
Fig. 6-18. 5a F7E F CTD c-MYC G4 RfF#I#R (3 uM c-MYC G4 in 0.75 mM KPi, 2.25.
mM KClI buffer, 0.5%DMSO)

Sa FET. G4 DRFERE(IFH 30°CHALET BRI EMNESNERD, TQICKKL TG4
ZECEDHE ENARBEI Nz, S5, BADFERKICH T ZRBHROERERT,
FERIEVWINEEBHUKREWAT, ZRUED. 7z ZIILED/INFAICESVERE
HEASNFHEE b, 5f. 59 TIERMRHIRO (LN ER I NG > (Fig. 6-19),
G4 EDRFyFVIHEERICEWT, BBRELNEEWVI & THET 2EIEEY
VEEERGLE DIFEEICL D HAEERHEEICRDAREELNRE S N,
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Normalized CD Normalized CD

Normalized CD

Fig.

FefEU. INS OFBEIEHKBEDMEL

1.0 ¢ —e—G4+5b (3.0 eq)
0.8
0.6 -
04

0.2 -

20 40 60 80
Temperature (°C)

100

1.0 —o—G4-+5f (3.0 eq)
0.8
06 |
04 L
N

0.2 -

20 40 60 80
Temperature (°C)

1.0 —o—G4+5i (3.0 eq)
0.8
0.6 r
0.4

0.2

20 40 60 80
Temperature (°C)

100

Normalized CD Normalized CD

Normalized CD

1.0 —e—G4+5d (3.0 eq)

0.8 -

0.6 -

0.4 -

0.2 r

20 40 60 80
Temperature (°C)

100

1.0 —o—G4+5g (3.0 eq)
0.8
0.6 |
04 N

0.2 r

20 40 60 80
Temperature (°C)

100

1.0
—o—G4+5k (3.0 eq)
0.8 +
0.6 +
04 +

0.2 -

20 40 60 80
Temperature (°C)

100

6-19. Q2Qz1 FEMAEFET TD c-MYC G4 BHfF##RE (3 uM c-MYC G4 in 0.75 mM.

KPi, 2.25 mM KCI buffer, 0.5% DMSO)

FERIC 0.5%D DMSO Z &R 2ENH

> Tco KAMDETIFBERIEEDET., §RDLENAATFRAZE) T 1 DIETICE
59 2AEENH DD, KDKBEDEWY Y RORIENRkD SN D, I T, K
BEOEEZBVL. Q2Qz1 ICAFAVHAEOBAZHAC, DFAVERAIEIF. G4
U VBRI E DR BERIERICENZ E RAFTFNZ 2 &h 5. FEREROERKRE LT
BLTWREEZ SN SFICHL. PEUPEV YV ERIBIE®EZZET, hFAY
HEREOBAZRMS o VIFILTIVUP I AFILERSIVRBREDT I VIBEDE
ACEWTIEENYOBEERBRENRETH > VIV LABEZE T 258K



MeCN/Pyridine = 5/1
100°C, 16 h

o >Br 59%

Scheme 6-2. ) =7 I\558 (K 5w D&

5w L TQeTFA [CEE T K BMZ R L. G4 RifERRIRIC TRIFEE %= 30 °C KU kM
FEEfccELBE, GAUAYREUVLTEETHDEEZ SN D,

1.0 —o—=G4 + 5w (3.0 eq)

0.8 r

06

04

Normalized CD

0 | | | J
20 40 60 80 100
Temperature (°C)

Fig. 6-20. 5w FEE T TD c-MYC G4 BHRETS (3 uM c-MYC G4 in 0.75 mM KPi, 2.25
mM KCI buffer)

ZDZTEDS, AFAVUBHBEDEAIZGL UHY RERICEWTEWLRFERTH
b ENTREBEI N,

6-11. &

TQICEL 2 GAZEDREI N, S5ICBLD Q2Qz1 FEIERICLD G4 Y HY RHE
BARETH D EDRENTco EDEBERAFAVUBIREDOBEAFEZHRE L. &5
I MD ¥ aLl—y a3V DElBEERADEBEE, SoNEFERICKZTE
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BalttlcBALU TR ZITVWEBEEEREOZ LM ZFHEL TW< & TUHERHD G4
DAY RERREDARETH D EEZ SN S,
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BTE RE

AARTIF. TQDB ST A FEEEERICK D B FZE e~ T U 7L,
EEEMECEME U TDIGRIC DLW TR Z 1T o 2.

F2ETIE. TQICKZDBAOFEEZSISICERL. RESTEKRT —Y 2B W BB
B0 Y OBRICEIN Uz 'HNMR IZT 31 ppm EWS E—7 OERIL. BEDE
BEEYTIIRBEFN R, TQILL 2B FHREDEKENERTH D EE R %,

FI3ETIE. TQ DHIFFAETHZ2ARIRI I ZVALE DO-Im (&, YeRAOEBU Y Y
EBEZBRLLU. ZD% DQ-AM NERTTIND ERPMNCEIHFDOERICELD DQ-Im
ANEBB{EIN., DO-Im ZE49 52 & T DO-Im IC & 2MENBIERIGEETIE
B ENHELSHIER DT,

£ 4 BT, TQ OLELFTEMEKROFEREOH EZBMNE U, DQ-amide H5
Q2Qz1 FEEZMBENICERT 2FEZHEIL LU, AFERTIILBRNBHRRERE
BANTIRETH D, TQ OYIMEEIER L e D FEOEIENTBETH %o

FE5ETIE. TQ, Q2Qz1 Z#EEME~YT Y 7ILE UTIGET 3726, Q2Qz1 DBEHBE
DEWBBEEAICLDAY IV—2EK L. KFD PAH DFEREHRIE U TIHFTTAE
THDIENEASIER Do, BWPAHBIREZRLIEZ &S, Q2Qz1 IFIREFD
PAH BREBIFIRDBEMND E R B2 DFERTHZ EEZ 5N,

FO6ETIE. TQ. Q2Qz1 IL &3 G4 DREHMREMNBESMNERD ., G4 2T EHT S
ALUAY RELT. RRPICEKE L BWIREREE L EMORRICES T 20 FHT
HBDIEERASHE U,

BED&SIC. AARTIEAFEEEEROE RIS TQ DDFILEEZREMRAL . TQ
DOHEEEMRRRRIC L D, EENMZE, MEMEREADRRMENRFE NS,
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FE8E RO

8-1. General methods

8-1-1. Reactions and purifications

Unless otherwise noted, all reactions were carried out under an inert atmosphere and were stirred
with Teflon-coated magnetic stir bars. All work-up and purification procedures were carried out
with reagent-grade solvents under ambient atmosphere. Thin layer chromatography (TLC) was
performed on Merck TLC plates (0.25 mm) pre-coated with silica gel 60 F254 and visualized by

UV quenching. Flash column chromatography was performed on a Biotage Isolera One.

8-1-2. Characterizations

Infrared (IR) spectra were recorded on a JASCO FT/IR-4700 Fourier transform infrared
spectrophotometer. NMR spectra were recorded on a Bruker AVANCESQ0, a Bruker AVANCE
NEO 600 and chemical shifts (§) are given in ppm relative to residual solvent peaks." Data for "H
NMR are reported as follows: chemical shift (multiplicity, coupling constants where applicable,
number of hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet), dd (doublet
of doublet), dt (doublet of triplet), dg (doublet of quartet), ddd (doublet of doublet of doublet),
g (quartet), m (multiplet), brs (broad singlet). High resolution mass spectra (ESI) were measured
on a JEOL JMS-T100LP. Melting points were measured on a Yanagimoto Seisakusho Micro
Melting Point Apparatus. Single-crystal X-ray data were collected on a Rigaku R-AXIS RAPID I
imaging plate area detector with graphite-monochromated Cu-Ka radiation. UV-Visible
absorption spectra were recorded using a 0.1 dm cell on a Jasco V-660 spectrophotometer.
Fluorescence emission spectra were recorded using a 0.1 dm cell on a Jasco FP-8600
spectrofluorometer. Circular dichroism studies were performed on a J-1100 circular dichroism

spectrophotometer (JASCO, Japan).

8-1-3. Solvent and reagent

Anhydrous DMF, 1,2-dichloroethane, CH,Cl,, DMSO were purchased from commercial suppliers.
All other starting materials were used as supplied by commercial vendors or prepared by the
method described in the corresponding reference. H,O- test strips were purchased from

Sigma Aldrich. DNA oligomer was purchased from Thermo Fisher Scientific.
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8-2.TQ E RETET —VICLSBERE 7O N > DEH

8-2-1. Synthesis of TQ salt

TQeHPF,

O CF3CO,"
O NaPFg (5.0 eq)

H,0, RT, 5 min

J

To a solution of TQeTFA (3.0 mg, 0.006 mmol) in H,O 3.0 mL was added NaPF; (5.1 mg,
0.030 mmol, 5.0 eq) and stirred at room temperature for 5 min. The precipitated solid
was filtered, washed with H,O and MeOH to give TQ®HPF; (2.3 mg, 71%) as a yellow
solid.

M.p.: >300 °C; IR (neat) 3667, 3112, 1616, 1596, 1566, 1504, 1423, 1358, 1288, 1219, 1157,
1133, 826, 751 cm™; 'H NMR (500 MHz, CDsCN) & 21.65 (s, 1H), 8.13 (d, J = 7.4 Hz, 3H), 8.09
(d, J=8.8Hz, 3H), 7.83 (d, J = 8.8 Hz, 3H), 7.74 (d, J = 7.8 Hz, 3H), 7.45 (t, J = 7.6 Hz, 3H); *C
NMR (151 MHz, DMSOQO) 6 153.36, 140.76, 140.31, 133.98, 133.21, 128.01, 127.57, 125.04,
119.28; "F NMR (471 MHz, CDsCN) § -72.14, —-73.64; HRMS (ESI-TOF): m/z calculated for
Ca7H1sNs [M—PF¢]*: 382.1344, found: 382.1344.

TQeHBF,

O CF3CO,
O NaBF4 (10 eq)

H,O, RT, 5 min

O 48%

To a solution of TQeTFA (3.0 mg, 0.006 mmol) in H,O 3.0 mL was added NaBF, (3.3 mg,
0.030 mmol, 5.0 eq) and stirred at room temperature for 5 min. The precipitated solid
was filtered, washed with H,O and MeOH to give TQ®HBF, (1.4 mg, 48%) as a yellow
solid.
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M.p.: >300 °C; IR (neat) 3667, 3112, 1615, 1595, 1560, 1504, 1422, 1351, 1288, 1219, 1157,
1030, 835, 772 cm™; 'H NMR (600 MHz, CDsCN) § 22.21 (s, 1H), 8.47 (d, J = 7.4 Hz, 3H), 8.38
(d, J=8.7 Hz, 3H), 8.19 (d, J = 8.7 Hz, 3H), 7.97 (d, J = 7.7 Hz, 3H), 7.65 (t, J = 7.5 Hz, 3H); *C
NMR (151 MHz, DMSOQO) 6 153.95, 141.33, 140.89, 134.53, 133.73, 128.54, 128.13, 125.64,
119.85;"F NMR (471 MHz, DMSO) § -148.28; HRMS (ESI-TOF): m/z calculated for C27H1sN3 [M—
BF47*: 382.1344, found: 382.1364.

TQeHNTf,

O CF3CO,"
O NaNTf, (5.0 eq)

MeOH, RT, 5 min

O 32%

To a solution of TQeTFA (3.0 mg, 0.006 mmol) in MeOH 1.0 mL was added NaNTf; (9.1
mg, 0.030 mmol, 5.0 eq) and stirred at room temperature for 5 min. The precipitated
solid was filtered, washed with H,O and MeOH to give TQeHNTf, (1.3 mg, 32%) as a

yellow solid.

M.p.: >300 °C; IR (neat) 3105, 2917, 2360, 1616, 1596, 1566, 1505, 1424, 1347, 1289, 1220,
1175, 1129, 1047, 835, 772, 754 cm™; 'TH NMR (600 MHz, DMSQO) &§ 21.79 (s, 1H), 8.54 (d, J =
7.5 Hz, 3H), 8.41 (d, J = 8.7 Hz, 3H), 8.30 (d, J = 8.8 Hz, 3H), 7.98 (d, J = 7.8 Hz, 3H), 7.59 (t, J =
7.6 Hz, 3H); 3C NMR (151 MHz, DMSO) § 153.54, 141.00, 140.52, 134.25, 133.57, 128.34,
127.84, 125.22, 120.00 (g, J1 = 321.6 Hz), 119.50; "F NMR (471 MHz, DMSO) & -80.10; HRMS
(ESI-TOF): m/z calculated for Cp7H1sN3 [M=BF,]*: 382.1344, found: 382.1356.

8-2-2. Encapsulation of guest compound

In a grass vial were added guest compound (5.0 equiv), Cage 1 (1.0 mg, 0.12 nmol)
solution in CD3CN (500 pL) and stirred at room temperature for 1 h. The resulting mixture
was added to a 5 mm NMR tube and "H NMR analysis was performed.

8-2-3. H*/D* exchange study for extremely low field proton

In a grass vial were added TQeHPF; (0.32 mg, 5.0 equiv), Cage 1 (1.0 mg, 0.12 nmol)
solution in CD3CN (500 pL) and stirred at room temperature for 1 h. The resulting mixture
was added to a 5 mm NMR tube and "H NMR analysis was performed. Then, CD;OD 100 pL was
added to the tube. After being sealed with a cap, the NMR tube was well-shaken to ensure
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complete homogeneity, and the NMR sample was left stand at 25 °C. 'H NMR analysis was
performed after 3 h, 16 h, and 48 h.

8-3. TQ BIRKARIRIRA S = U LRI & SELL AN EIERE DR

8-3-1. Synthesis

1,4-Dihydropyridines 4a—d were prepared by the reported procedure!’?. 4a,c,d"® were reported
compounds (CAS reg#; 4a: 1149-23-1, 4c: 56912-18-6, 4d: 36138-79-1).

Synthesis of diethyl 2,6-dipropyl-1,4-dihydropyridine-3,5-dicarboxylate (4b)

HCHO (1.0eq) EtO,C CO,Et
w NH,OAc (1.5 eq) H
N
0 H,0, 80 °C, 1 h PN TP
(2.0 eq) 41% 4b

To a pressure-proof glass vial capable of being sealed with a Teflon cap (for microwave
experiments) were added ethyl 3-oxohexanoate (3.16 g, 20.0 mmol, 2.0 eq), NH:OAc (1.16 g, 15
mmol, 1.5 eq), and 37% HCHO,, (0.81 mL, 10 mmol, 1.0 eq). The vial was sealed and the reaction
mixture was stirred at 80 °C for 1h. The resulting mixture was diluted with CH,Cl,/H,O and
extracted with CH,Cl, for three times. The organic layer was washed with brine, dried over Na,SOy,
filtered, concentrated under reduced pressure. The residue was purified by column
chromatography (alumina, hexane/AcOEt =5/1) to afford diethyl 2,6-dipropyl-1,4-
dihydropyridine-3,5-dicarboxylate 4b (1.26 g, 41% yield) as an yellow oil.

EtO,C CO,Et IR (neat): 2961, 1721, 1280, 1233, 1194, 1109, 1052 cm™; 'TH NMR (500

jl\/\/lf MHz, 298 K, CDCl3): 6 4.18 (g, J = 7.1 Hz, 4H), 3.30 (s, 2H), 2.57 (t, J =
N "Pr 7.9 Hz, 4H), 1.57-1.63 (m, 4H), 1.30 (t, J = 7.1 Hz, 6H), 1.00 (t, J = 7.3 Hz,
4b 6H); 3C NMR (500 MHz, 298 K, CDCl,) 6; 167.8, 149.3, 99.2, 59.8, 34.5,
25.1,21.9,14.6, 14.1; IR (ATR): 2961, 1721, 1280, 1233, 1194, 1109, 1052 cm™"; HRMS (ESI-TOF) m/z
calculated for Ci7H2zN1OsNai [M+Na]*: 332.1838, found: 332.1794.

npy

Synthesis of ac DQ-Am
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MgSO4 (2.0 eq)

DCE
80 °C,24 h

W,
A/

N I

7\
z

acyclic DQ-Im

HH
EtOZCJ\)iCOZEt
|
N

H 4a
(1.0 eq)

DCE
40°C, 16 h

43%
(one-pot, 2 steps)

L,
)
ne

Z "N HN

\I

ac DQ-Am

To a flame dried pressure-proof glass vial capable of being sealed with a Teflon cap (for microwave
experiments) were added 2-(quinolin-2-yl) aniline (44 mg, 0.20 mmol), quinoline-8-carbaldehyde
(32 mg, 0.20 mmol, 1.0 eq), MgSOs (48 mg, 0.40 mmol, 2.0 eq). The vial was sealed, evacuated
and filled with N,. DCE (2.0 mL) was added via syringe and the mixture was stirred at 80 °C for 24
h. After cooling the mixture to room tempature and removing the seal, 1,4-dihydro-2,6-dimethyl-
3,5-pyridinedicarboxylate 4a (Hantzsch ester, 51 mg, 0.20 mmol, 1.0 eq) was added and stirred at
40 °C for 16 h. The resulting mixture was diluted with CH;Cl,, filtered, and concentrated. The
residue was purified by flash column chromatography (n-hexane/EtOAc, 100/0 - 3/2) to give ac
DQ-Am (31 mg, 43% yield) as a yellow solid.

M.p.: 133-135 °C; IR (neat): 1598, 1577, 1519, 1498, 1472, 1444, 1335, 1320,

1275, 1263, 1222, 1172, 1125, 1026, 831, 821 cm™; 'TH NMR (500 MHz, 298

K, CDCl3): 8 9.90 (t, J = 5.6 Hz, 1H), 8.97 (dd, J = 1.8, 4.2 Hz, 1H), 8.19 (dd,

J=22,8.6Hz, 2H), 7.93-7.87 (m, 3H), 7.80 (dd, J = 1.5, 7.8 Hz, 2H), 7.74

X (dd, J=0.7,7.4 Hz, 1H), 7.65 (ddd, J = 1.4, 7.1, 9.8 Hz, 1H), 7.51-7.48 (m,

2H), 7.44 (dd, J = 4.2, 8.4 Hz, 1H), 7.23 (ddd, J = 1.5, 7.2, 8.5 Hz, 1H), 6.87

(dd, J=0.7,8.3Hz, 1H), 6.76 (ddd, J=1.1,7.2, 8.0 Hz, 1H), 5.27 (d, J = 5.8

Hz, 2H); *C NMR (600 MHz, 298 K, CDCl;) &; 159.6, 149.5, 148.9, 146.6,

137.7,136.5,136.5, 130.9, 130.0, 129.6, 128.8, 128.5, 127.5, 127.5, 126.9, 126.6, 126.3, 126.1, 121.2,

120.7,115.6,112.3, 43.6; IR (ATR): 1598, 1577, 1519, 1498, 1472, 1444, 1335, 1320, 1275, 1263, 1222,

1172, 1125, 1026, 831, 821 cm™"; HRMS (ESI-TOF) m/z calculated for CasHzoN3 [M+H]*: 362.1657,
found: 362.1610 (-4.7 mmu).

ac DQ-Am

105



8-3-2. Iterative DO-Im reduction and DO-Am oxidation.

H H
Etoch\)i:ozEt
||
N
H

4a (1.0 eq)

02 (1 atm)

CDs0D, 30 °C
DQ-ImeTFA DQ-Am
To a 5 mm NMR tube were added DQ-ImeTFA (2.29 mg, 4.86 umol, 1.0 eq), diethyl 1,4-dihydro-
2,6-dimethyl-3,5-pyridinedicarboxylate 4a (Hantzsch ester, 1.23 mg, 4.86 umol, 1.0 eq), and
CD3;0D (500 pL) to prepare CD3;OD solution of DQ-Am. The tube was flushed with O, gas, sealed
and left stand at 30 °C. The NMR tube was placed into an NMR spectrometer, and the '"H NMR
analysis was performed at the times indicated to trace mole fraction of DQ-Am (methylene proton
at 4.95 ppm) and DQ-Ime®TFA (proton at iminium position at 8.24 ppm) In addition, H,O, test
strips were used to qualitatively check the H,O; content of the reaction mixture in the period of
0-12 h, indicating continuous increase of H,O, concentration. After confirming the full recovery
of DQ-Im at 12 h, the volatiles were removed under reduced pressure and Hantzsch ester 4a (1.23
mg, 4.86 pmol, 1.0 eq) in CD3;0D (500 pL) was added. The NMR tube was flushed with O, gas,
sealed and treated in the same way as above to run the second cycle of regeneration. The third

cycle was performed in an identical manner

8-3-3. Catalytic oxidation of dihydropyridines with 5 mol% of DO-ImeTFA

DQ-ImeTFA (0.27 mg, 0.57 umol, 5 mol%), test compound (1eq), and CD;OD (500 pL) were added
to a 5 mm NMR tube. The tube was then left stand at 40 °C. The nmr tube was placed into an

NMR spectrometer, and the 'TH NMR analysis was performed at the times indicated.

8-3-4. Oxidation of DO-Am in the presence of TEMPO

To a 5 mm NMR tube were added DQ-ImeTFA (2.29 mg, 4.86 umol, 1.0 eq), 1,4-dihydro-2,6-
dimethyl-3,5-pyridinedicarboxylate 4a (Hantzsch ester, 1.23 mg, 4.86 umol, 1.0 eq), 2,2,6,6,-
tetramethylpiperidine 1-oxy free radical (TEMPQO, 1.52 mg, 9.72 pmol, 2.0 eq) and CD;OD (500 pL)
to prepare CD3;OD solution of DQ-Am. The tube was flushed with O, gas, sealed and left stand
at 30 °C. The nmr tube was placed into an NMR spectrometer, and the "H NMR analysis was
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performed after 1, 2, 4, and 12 h to confirm that any trace of DQ-ImeTFA was regenerated.
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8-4. ¥1# TQ FE(E Q2Qz1 DERUERF

8-4-1. Synthesis of DQ-amide

NHBoc
PinB (HO),B-B(OH), (1.5 eq)
XPhos-Pd-G2 (1 mol%)
(1.0 eq) XPhos (2 mol%)
SN Pd(PPh3), (5 mol%) D NHBoc ethylene glycol (3.0 eq) X NHBoc
K,CO3 (3.0 eq) P KOAc (3.0 eq) _
—
N~ ~Cl - N N
dioxane/H,0 = 2/1 | EtOH, 80 °C, 2 h B
cl 85 °C, 18 h ¢ oo
6 89% 7 /
8
B
Niel
CO;Me (1.0 eq)

Pd(PPh3), (5 mol%)

PPh; (3 mol%)

KoCO3 (3.0 eq) TFA (20 eq) NaHMDS (1.0 eq)
EtOH/H,0 = 4/1 CH,Cl;, RT, 2 h DMF, RT, 1 h
83°C,15h

62% 99% 77%

(one-pot, 2 steps)

9 10 DQ-amide

tert-Butyl (2-(8-chloroquinolin-2-yl)phenyl)carbamate (7)

To a pressure-proof glass vial were added 2,8-dichloroquinoline 6 (1000 mg, 5.08 mol, 1.0 equiv),
tert-butyl (2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)carbamate (1620 mg, 5.08
mmol, 1.0 equiv), Kz2CO3(2101 mg, 15.2 mmol, 3.0 equiv), and Pd(PPhs)s (176 mg, 0.152 mmol,
3.0 mol%) and the vial was evacuated, back-filled with N, gas for several times, and sealed. To
the mixture, 1,4-dioxane (40 mL) and H,O (10 mL) were added and the resulting mixture was
stirred at 80 °C for 16 h. The resulting mixture was diluted with EtOAc/H,O and extracted three
times with EtOAc. The combined organic layer was dried over Na;SOy, filtered, and concentrated.
The residue was purified by flash column chromatography (n-hexane/EtOAc, 19/1 - 3/2) to give
tert-Butyl (2-(8-chloroquinolin-2-yl)phenyl)carbamate 7 (1601 mg, 89% yield) as an orange solid.

Methyl 2'-(2-((tert-butoxycarbonyl)amino)phenyl)-[2,8'-biquinoline]-8-carboxylate (9)

To a pressure-proof glass vial were added XPhos Pd G2 (11 mg, 0.014 mmol, 1 mol%), XPhos (12
mg, 0.025 mmol, 2 mol%), tetrahydroxydiboron (170 mg, 1.90 mmol, 1.5 equiv), KOAc (373 mg,
3.80 mmol, 3.0 equiv), and tert-butyl (2-(8-chloroquinolin-2- yl)phenyl)carbamate 7 (452 mg, 1.27
mmol, 1.0 equiv). The vial was sealed, evacuated, and filled with N, gas (four times). EtOH (13.0
mL) was added at 0 °C via syringe followed by the addition of ethylene glycol (212 uL 3.80 mmol,
3.0 equiv). The resulting mixture was stirred at 80 °C for 2 h. After cooling the mixture to room

temperature and removing the seal, K;COs (263 mg, 1.90 mmol, 1.50 equiv), PPhs (10 mg, 0.038
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mmol, 3 mol%), and Pd(PPhs)s (73 mg, 0.063 mmol, 5 mol%) were added. After adding H-O (3.7
mL) via a syringe, the mixture was left stand for 5 min. After subsequent addition of methyl 2-
chloroquinoline-8-carboxylate (307 mg, 1.39 mmol, 1.1 equiv), the vial was sealed, evacuated, and
back-filled with N, gas (four times). The resulting mixture was stirred at 83 °C for 15 h. The
resulting mixture was diluted with EtOAc/H,O and extracted three times with EtOAc. The organic
layer was dried over Na SOy, filtered, and concentrated. The residue was purified by flash column

chromatography (n-hexane/EtOAc = 19/1 — 3/2) to give 9 (394 mg, 61% yield) as a white solid.

M.p.: 232-234 °C; IR (neat) 3229, 2974, 1715, 1504, 1270, 1205, 1146,
1037, 885, 767, 753 cm™; 'TH NMR (500 MHz, CDCls) § 10.84 (s, 1H),
8.60-8.51 (m, 2H), 8.37 (d, J = 8.7 Hz, 1H), 8.30 (dd, J = 8.4, 1.2 Hz, 1H),
8.25(d, J=8.6 Hz, 1H), 8.08-8.00 (m, 2H), 7.97 (dd, J = 8.2, 1.5 Hz, 1H),
7.86(d, J=8.7 Hz, 1H), 7.80-7.71 (m, 2H), 7.59 (dd, J= 8.2, 7.1 Hz, 1H),
7.42 (ddd, J=8.6,7.3, 1.6 Hz, 1H), 7.19-7.12 (m, 1H), 4.04 (s, 3H), 0.85

9 (s, 9H); 3C NMR (126 MHz, CDCl3) § 168.56, 158.07, 157.98, 153.28,
146.06, 14413, 138.17, 138.15, 138.07, 135.09, 133.58, 132.11, 130.93, 130.21, 130.16, 130.07,
129.30, 127.69, 127.21, 126.82, 126.27, 125.44, 125.36, 122.33, 121.31, 120.73, 79.31, 52.42, 27 .62,
HRMS (ESI-TOF): m/z calculated for C31H2sN3O4 [M+H]*: 506.2080, found: 506.2072.

Methyl 2'-(2-aminophenyl)-[2,8'-biquinoline]-8-carboxylate (10)

To a solution of methyl 2'-(2-((tert-butoxycarbonyl)amino)phenyl)-[2,8'-biquinoline]-8-carboxylate
9 (795 mg, 1.57 mmol) in CH:Cl; 15 mL was added TFA (2.4 mL, 31.4 mmol, 20 equiv) and stirred
at room tempature for 2 h. The resulting mixture was diluted with EtOAc/H;O and extracted
once with H;O, two times with 1M HClaqg. The combined aqueous layer was basified to pH 11
with 1M NaOH aqg and extracted 3 times with CH2Cl,. The combined organic layers were washed
with brine, dried over NaySO,, filtered and concentrated under vacuum to give methyl 2'-(2-
aminophenyl)-[2,8'-biquinoline]-8-carboxylate 10 (304 mg, 99%) as a yellow solid. An analytically
pure sample was obtained after purification by flash column chromatography (n-hexane/EtOAc

= 2/1) and characterized as follows.

M.p.: 91-93°C; IR (neat) 2359, 1718, 1597, 1498, 1272, 1203, 1143, 1034,
838,751 cm™; 'H NMR (500 MHz, CDCl3) § 8.32 (d, J = 8.5 Hz, 1H), 8.31-
8.25 (m, 2H), 8.23 (d, J = 8.5 Hz, 1H), 8.06 (dd, J = 7.2, 1.5 Hz, 1H), 8.01

(dd, J=8.2, 1.5 Hz, 1H), 7.95-7.89 (m, 2H), 7.74 (dd, J = 7.9, 1.5 Hz, 1H),
7.67 (dd, J=8.0,7.2 Hz, 1H), 7.60 (dd, J = 8.2, 7.1 Hz, 1H), 7.15 (ddd, J
=8.5,7.2,1.5Hz, 1H), 6.77 (ddd, J = 8.2, 7.2, 1.2 Hz, 1H), 6.63 (dd, J =
10 8.1, 1.2 Hz, 1H), 5.93 (s, 2H), 4.01 (s, 3H); 3C NMR (151 MHz, CDCl3) §
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168.80, 159.39, 159.03, 147.75, 145.76, 144.76, 138.44, 137.09, 135.29, 132.54, 132.11, 131.10,
130.58, 130.34, 129.90, 129.14, 127.44,126.67,126.26, 125.56, 125.41,121.01, 120.37, 117.22,
117.02, 52.65; HRMS (ESI-TOF): m/z calculated for CoeH2N3O, [M+H]*: 406.1556, found: 406.1545.

4,6-(epiethane[1,2]diylidene)-10,12-ethenotribenzolb,f,j][1,5,9]triazacyclododecin-18(17 H)-one
(DQ-amide)

To a solution of 2'-(2-aminophenyl)-[2,8'-biquinoline]-8-carboxylate 10 (44 mg, 0.11 mmol) in
DMF 1 mL was added NaHMDS (1.0 M solution in THF, 0.11 mL, 0.11 mmol, 1.0 equiv) at 0 °C
via syringe and stirred at room temperature for 1 h. The resulting mixture was acidified with 1 M
HCl ag and precipitated solid was obtained by filtration, washed with water, and dried under
vacuum to give DQ-amide (34 mg, 77 %) as a yellow solid. An analytically pure sample was

obtained after recrystallization from CH,Cl.,/MeOH and characterized as follows.

M.p.: 216-218 °C; IR (neat) 2837, 1739, 1644, 1503, 1488, 1419, 1217, 838,
762 cm™; 'H NMR (500 MHz, DMSQO) § 17.16 (s, 1H), .11 (dd, J= 8.5, 1.3
Hz, 1H), 8.81 (dd, J = 7.6, 1.4 Hz, 1H), 8.71-8.62 (m, 2H), 8.64-8.58 (m,
2H), 8.38 (d, J = 8.9 Hz, 1H), 8.32 (dd, J = 8.1, 1.6 Hz, TH), 8.19 (ddd, J =
14.0, 8.1, 1.4 Hz, 2H), 7.78 (ddd, J = 17.6, 8.0, 7.4 Hz, 2H), 7.52 (ddd, J =
8.6,7.1,1.6 Hz, 1H), 7.25 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H); *C NMR (151
MHz, DMSQO) 6§ 164.36, 157.60, 155.05, 144.23, 143.63, 140.42, 138.84,
138.41, 134.23, 132.77, 132.37, 131.79, 131.51, 131.49, 130.63, 130.34,
127.94,127.33,127.17,126.74,124.60, 123.47, 121.85, 119.98, 119.93 (One carbon overlap); HRMS
(ESI-TOF): m/z calculated for CosH1sN3O1 [M+H]*: 374.1293, found: 374.1323.

Q2-amide

8-4-2. Synthesis of Q2Qz1 derivatives 5

7,0 (2.0 eq)
2-Cl Py (5.0 eq)

1,2-dichloroethane
-30to 0 °C

s N=C—R (3-10 eq)
150°C, 1h

General procedure
To a suspension of DQ-amide (1.0 equiv) and 2-chloropyridine (5.0 equiv) in 1,2-dichloroethane
(0.08 M) was added TH,O (2.0 equiv) at =30 °C via syringe and the resulting mixture was stirred at
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0 °C for 15 min. Nitrile (3.0-10 equiv) in 1,2-dichloroethane (0.02 M) was added via syringe, and
the mixture was stirred at 150 °C for 1 h. After cooling to room temperature, the resulting mixture
was added CH:Cl,/MeOH = 9/1 and purified by flash column chromatography (CH2Cl,/MeOH =
49/1 — 4/1), further washed by EtOAc and CH,Cl; to give Q2Qz1 derivatives 5.

Q2Qz1 with a Ph group (53)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), Tf,O (9.0 pL, 0.054 mmol, 2.0 eq), benzonitrile (13.8 pL, 0.135 mmol, 5.0
eq), and isolated as a yellow solid (14.5 mg, 88%).

M.p.: >300 °C; IR (neat) 3480, 1614, 1596, 1567, 1227, 1168,
1027, 846,762 cm™"; "TH NMR (500 MHz, DMSO) 6 21.55 (s, 1H),
8.60 (d, J=7.2Hz, 1H),8.54 (d, J=7.5Hz, 1H), 8.30 (d, J = 8.7
Hz, 1H), 8.23 (t, J = 10.0 Hz, 2H), 8.17 (d, J = 8.9 Hz, 1H), 7.99
(d, J=8.1Hz, 2H), 7.85-7.76 (m, 3H), 7.77 (dd, J = 6.8, 1.6 Hz,
2H), 7.75-7.68 (m, 2H), 7.57 (t, J = 7.7 Hz, 1H), 7.47 (t, J = 7.5
Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H): 3C NMR (126 MHz, DMSO) §
168.49,155.23,151.40, 145.35, 141.53, 140.80, 138.97, 137.65, 136.41, 135.39, 134.65, 133.94,
133.53,133.02, 131.93, 131.14, 130.52, 128.83, 128.57, 128.05, 127.82, 126.90, 126.67, 124.80,
124.65, 121.70, 120.69, (g, J: = 323.8 Hz), 120.45, 119.08, 118.00 (One carbon overlap); "F
NMR (471 MHz, DMSQO) 6§ -77.78; HRMS (ESI-TOF): m/z calculated for Cs;HisNs [M=TFO7]*:
459.1610, found: 459.1622.

Q2Qz1 with a p-bromophenyl group (5b)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), T£,0 (9.0 pL, 0.054 mmol, 2.0 eq), 4-bromobenzonitrile (24.6 mg, 0.135
mmol, 5.0 eq), and isolated as a yellow solid (11.5 mg, 62%).

M.p.: >300 °C; IR (neat) 3452, 2095, 1738, 1564, 1476, 1251,
1026, 843, 758 cm™; 'TH NMR (600 MHz, DMSO) § 22.03 (s, 1H),
8.90 (d, J = 7.3 Hz, 1H), 8.84 (d, J = 7.4 Hz, 1H), 8.64 (s, 1H),
8.59 (dd, J=16.0, 8.7 Hz, 2H), 8.49 (d, J = 8.9 Hz, 1H), 8.42 (s,
1H), 8.14 (d, J = 8.1 Hz, 1H), 8.08 (dd, J = 16.1, 7.9 Hz, 2H),
gBr /-97-7.93 (m, 2H),7.83(d, J=7.9 Hz, 2H), 7.74 - 7.69 (m, 2H),
7.64 (t, J = 7.5 Hz, TH); 3C NMR (126 MHz, DMSO) § 167.28,
155.25,151.50, 151.39, 145.50, 141.68, 140.88, 139.07, 137.64, 136.51, 134.69, 134.39, 134.07,
133.64,133.09,132.42,131.78, 131.63, 128.64, 128.11, 127.91, 126.98, 126.75, 125.27, 124.98,
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124.61,121.76,120.70 (q, J: = 322.6 Hz), 120.23, 119.14, 118.11; ""F NMR (471 MHz, DMSO) §
—77.75; HRMS (ESI-TOF): m/z calculated for Cs;H1”?BrN, [M=TfO]*: 537.0715, found: 537.0722.

Q2Qz1 with a 2-thienyl group (5¢)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), T,O (9.0 pL, 0.054 mmol, 2.0 eq), 2-cyanothiophene (12.4 pL, 0.135
mmol, 5.0 equiv), and isolated as a yellow solid (7.3 mg, 56%).

M.p.: >300 °C; IR (neat) 3110, 1615, 1594, 1424, 1262, 1164, 1027,
840, 773 cm™ ; 'TH NMR (600 MHz, DMSOQ) § 21.75 (s, 1H), 8.62 —
8.59 (m, 1H), 8.56 (d, J = 7.4 Hz, 1H), 8.52 (d, J = 8.6 Hz, 1H), 8.45
-8.41(m, 1H), 8.39(d, J = 8.4 Hz, 2H), 8.31 (d, J= 8.6 Hz, 1H), 8.27
-8.23 (m, 1H), 8.17 (dd, J = 4.9, 0.9 Hz, 1H), 8.07 (d, J = 7.8 Hz,
1H),8.02(d, J=3.5Hz, 1H),7.87 (d, J=7.7 Hz, TH), 7.64 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.7 Hz, TH),
7.46 (dd, J =4.9, 3.6 Hz, TH); *C NMR (151 MHz, DMSO) § 159.65, 154.90, 151.69, 151.23, 145.71,
141.22, 141.16, 140.00, 138.65, 138.19, 136.14, 134.27, 134.23, 134.00, 133.88, 133.53, 132.98,
130.91, 129.55, 128.51, 128.15, 127.70, 127.01, 126.80, 124.61, 124.31, 122.26, 120.71 (g, J1 = 321.6
Hz), 119.14,118.56, 118.13;"°F NMR (471 MHz, CDsCN) 6§ —77.72; HRMS (ESI-TOF): m/z calculated
for CsoH17NsS [M-TTO]*: 465.1174, found: 465.1157.

Q2Qz1 with a p-anisyl group (5d)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), Tf,0O (9.0 pL, 0.054 mmol, 2.0 eq), 4-methoxybenzonitrile (10.8 mg, 0.081
mmol, 3.0 eq), and isolated as a yellow solid (15.9 mg, 92%).

M.p.: >300 °C; IR (neat) 3649, 2359, 1595, 1541, 1478, 1244,

1169, 1027, 844,761 cm™; 'TH NMR (500 MHz, DMSOQO) § 21.66

(s, TH), 8.59 (d, J = 7.3 Hz, 1H), 8.54 (d, J = 7.6 Hz, 1H), 8.34 (t,

J=95Hz 2H),8.26(d, J=8.6Hz, TH), 8.20 (d, J = 8.9 Hz, 1H),

8.06 (d, J=8.8Hz, 1H),8.01(d, J=8.0Hz, 1H),7.89(d, J=7.9
OMe Hz 1H),7.82(d, J=7.9Hz 1H),7.76-7.70 (m, 2H), 7.54 (t, J =

7.8 Hz, 1H), 7.46 (dt, J = 15.1, 7.5 Hz, 2H), 7.26-7.19 (m, 2H),
3.99 (s, 3H); 3C NMR (151 MHz, DMSQO) § 167.67, 161.80, 155.11, 151.51, 145.39, 141.36, 140.83,
138.96, 137.98, 136.16, 134.48, 133.98, 133.50, 132.92, 132.56, 131.99, 128.23, 127.96, 127.86,
127.65, 126.89, 126.77, 124.81, 124.67, 122.03, 120.71 (g, J1 = 321.6 Hz), 120.25, 119.08, 118.03,
114.22, 55.60 (One carbon overlap); "F NMR (471 MHz, DMSO) § —77.51; HRMS (ESI-TOF): m/z
calculated for C33H21N4sO [M=TfO*: 489.1715, found: 489.1708.
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Q2Qz1 with a p-(allyloxy)phenyl group (5e)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), Tf,O (9.0 pL, 0.054 mmol, 2.0 eq), 4-(allyloxy)benzonitrile (12.9 mg, 0.081
mmol, 3.0 eq), and isolated as a yellow solid (14.0 mg, 78%).

M.p.: 270-272 °C; IR (neat) 2357, 1738, 1594, 1561,
1476, 1225, 1027, 847, 758 cm™; '"H NMR (500 MHz,
DMSOQO) 6 22.00 (s, 1H), 8.83 (d, J = 7.3 Hz, 1H), 8.75 (d,
J=7.6Hz, 1H), 8.55 (dd, J = 15.7, 8.1 Hz, 2H), 8.48 (d,
J=288Hz 1H), 841 (d, J=9.0Hz, 1H), 8.32 (d, J=8.8
Hz, 1H), 8.14 (d, J = 8.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H),
7.99(d, J=7.9 Hz, 1H), 7.86-7.80 (m, 2H), 7.71-7.57 (m,
3H), 7.31-7.25 (m, 2H), 6.21 (ddt, J=17.3, 10.4, 5.2 Hz, 1H), 5.57 (dq, J = 17.3, 1.7 Hz, 1H), 5.43
(dg, J = 10.6, 1.5 Hz, 1H), 4.82 (dt, J = 5.3, 1.6 Hz, 2H); *C NMR (126 MHz, DMSO) § 167.10,
160.67, 154.56, 150.90, 144.86, 140.87, 140.46, 138.33, 137.38, 135.80, 134.08, 133.55, 133.23,
132.62,132.39,131.73,129.72,127.97,127.59, 127.51,127.44,126.39, 126.30, 124.22, 124.04,
121.99 (q, J1 = 323.8 Hz), 121.35, 119.76, 118.61, 118.03, 117.48, 114.71, 68.54 (One carbon
overlap); "F NMR (471 MHz, DMSO) 6§ -77.67; HRMS (ESI-TOF): m/z calculated for CssHzsN4O
[M=TfO]*: 515.1872, found: 515.1868.

Q2Qz1 with a p-(2-bromoethoxy)phenyl group (5f)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), TFO (9.0 pL, 0.054 mmol, 2.0 eq), 4-(2-bromoethoxy)benzonitrile (18.3
mg, 0.081 mmol, 3.0 eq), and isolated as a yellow solid (14.2 mg, 72%).

M.p.: 220-222 °C; IR (neat) 3446, 3080, 2359, 1561,
1246, 1222, 1152, 1072, 1025, 843, 758 cm™";"H NMR
(600 MHz, DMSO) 6 21.30 (s, 1H), 8.38 = 8.32 (m, 2H),
8.16 (d, J=8.5Hz, 1H), 8.06 - 8.10 (m, 1H), 8.06 — 8.02
(m, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.90 (d, J = 7.8 Hz,
1H), 7.82-7.78 (m, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.64
(d,J=7.8Hz 3H),7.43 (t, J=7.5Hz, 1H), 7.37 - 7.30
(m, 1H), 7.27 = 7.30 (m, 1H), 7.26 — 7.22 (m, 2H), 4.57 (t, J = 6.3, 2H), 4.00 (t, J = 6.3, 2H); *C
NMR (151 MHz, DMSQO) 6 167.67, 160.49, 155.20, 151.57, 145.48, 141.48, 140.88, 139.05,
138.00, 136.25, 134.57,134.03, 133.55, 133.00, 132.63, 132.03, 128.34, 128.17, 128.04, 127.91,
126.96, 126.82, 124.87, 124.77, 122.08, 120.71 (g, J1 = 321.6 Hz), 120.33, 119.13, 118.11,
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114.87, 68.19, 31.38 (One carbon overlap); ""F NMR (471 MHz, DMSO) § -77.74; HRMS (ESI-
TOF): m/z calculated for CaH2"BrNsO [M-TfO]*: 581.0977, found: 581.0988.

Q2Qz1 with a p-(diphenylamino)phenyl group (5g)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), TH,O (9.0 pL, 0.054 mmol, 2.0 eq), 4-(diphenylamino)benzonitrile (21.9
mg, 0.081 mmol, 3.0 eq), and isolated as a red solid (16.1 mg, 77%).

M.p.: >300 °C; IR (neat) 3376, 2080, 1589, 1563, 1476,
1375, 1252, 1154, 1028, 845, 757 cm™; 'TH NMR (500
MHz, CDsCN) 6 20.98 (s, 1H), 8.03 (d, J = 6.9 Hz, 1H), 7.78
(d, J=8.1Hz, 2H), 7.65 (t, J = 9.7 Hz, 3H), 7.49 - 7.37 (m,
6H), 7.35 - 7.26 (m, 4H), 7.24 (d, J = 8.0 Hz, 2H), 7.22 -
7.15 (m, 4H), 7.15 - 7.05 (m, 2H), 7.01 (t, J = 7.2 Hz, 1H),
6.98 — 6.92 (m, 2H); 3C NMR (151 MHz, CDsCN_SPE) &§
168.57, 156.30, 152.89, 152.65, 152.06, 147.33, 146.40,
142.27, 141.61, 140.61, 139.72, 136.65, 135.99, 134.73,
134.53, 133.91, 133.46, 133.17, 130.99, 129.22, 129.06, 128.95, 128.10, 128.04, 127.15, 126.23,
126.08, 125.64, 123.68, 122.22 (g, J1 = 312.6 Hz), 121.62, 120.35, 120.28, 119.81, 118.84; "F NMR
(471 MHz, CDsCN) 6 -79.27; HRMS (ESI-TOF): m/z calculated for CasHzsNs [M=TTfO*: 626.2345,
found: 626.2368.

Q2Qz1 with a p-(di(p-anisyl)amino)phenyl group (5h)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv, THLO (9.0 pL,  0.054 mmol, 2.0 eq), 4-(bis(4-
methoxyphenyl)amino)benzonitrile (26.8 mg, 0.081 mmol, 3.0 eq), and isolated as a red solid
(18.5 mg, 82%).
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M.p.: >300 °C; IR (neat) 2051, 1593, 1503, 1474,
1324, 1239, 1153, 1027, 829, 760 cm™"; '"H NMR
(500 MHz, CDsCN) § 19.92 (s, 1H), 7.22 (d, J = 5.7
Hz, 1H), 7.07 (d, J = 7.8 Hz, 1H), 7.03-6.90 (m, 3H),
6.86 (td, J=7.0, 4.1 Hz, 1H), 6.79 (td, J = 6.4, 2.9
Hz, 5H), 6.76-6.70 (m, 4H), 6.73-6.61 (m, 2H), 6.58
(d, J =7.0Hz 2H), 6.47 (dt, J = 9.6, 6.1 Hz, 3H),
6.41-6.34 (m, 3H), 3.60 (s, 6H); 3C NMR (151 MHz,
CDsCN_SPE) 6 168.21, 158.58, 155.77, 152.92,
152.56, 152.36, 145.75, 141.78, 141.32, 140.21,
139.78, 139.64, 136.31, 135.69, 134.43, 134.27, 133.79, 133.54, 133.02, 129.10, 128.97, 128.84,
128.68, 127.87, 127.75, 126.05, 125.69, 125.04, 124.25, 123.56, 122.22 (q, J: = 321.6 Hz), 119.46,
117.49, 116.20, 115.78, 56.31; F NMR (471 MHz, CD:CN) & -79.07; HRMS (ESI-TOF): m/z
calculated for CssH32NsO, [M=TfO]*: 686.2556, found: 686.2580.

OMe

Q2Qz1 with a methyl group (5i)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), TH,0 (9.0 pL, 0.054 mmol, 2.0 eq), acetonitrile (14.2 pL, 0.270 mmol, 10
eq), and isolated as a yellow solid (10.9 mg, 74%).

M.p.: >300 °C; IR (neat) 2359, 1568, 1259, 1223, 1146, 1028, 760,
634 cm™;, TH NMR (500 MHz, DMSQO) 6 21.08 (s, 1H), 8.21 — 8.15
(m, 2H), 8.15-8.08 (m, 3H), 7.83 (g, J = 9.7 Hz, 2H), 7.63(d, J=7.8
Hz, 1H), 7.42 (t, J = 7.4 Hz, 1H), 7.27 (dt, J = 21.4, 7.4 Hz, 2H), 2.53
(s, 3H); ®*C NMR (126 MHz, DMSO) 6§ 170.00, 154.77, 151.14, 151.05,
151.02, 142.99, 141.49, 140.27, 138.99, 137.17, 135.56, 134.10,
133.96, 133.62, 132.65, 130.09, 127.79, 126.65, 126.56, 124.40,
124.00, 121.70, 121.47,120.69 (q, J1 = 322.6 Hz), 118.62, 117.95, 22.23 (One carbon overlap); *F
NMR (471 MHz, DMSQO) § -78.16; HRMS (ESI-TOF): m/z calculated for CyxHi7Ng [M=TFO7]*:
397.1453, found: 397.1445.

Q2Qz1 with a n-pentyl group (5j)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), Tf,0O (9.0 pL, 0.054 mmol, 2.0 eq), n-hexanenitrile (32.4 pL, 0.270 mmol,
10 eq), and isolated as a yellow solid (8.9 mg, 55%).
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M.p.: >300 °C; IR (neat) 3481, 2929, 2362, 2083, 1737, 1593,
1562, 1487, 1370, 1254, 1147, 1027, 844, 757 cm™, 'TH NMR
(500 MHz, DMSO) 6 21.41 (s, 1H), 8.39 - 8.34 (m, 2H), 8.30 (d,
J=28.9Hz 1H), 8.26 (d, J = 8.8 Hz, 1H), 8.07 (d, J = 8.2 Hz,
2H), 8.00 (d, J = 8.1 Hz, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.77 (d,
J=7.8Hz, 1H),7.51 (t, J=7.6 Hz, TH), 7.43 (t, J = 8.1 Hz, 1H),
7.39(d,J=7.6Hz, 1H),2.97 (t, J=7.6 Hz, 2H), 1.64 (t, J=7.3
Hz, 2H), 1.46 (dt, J = 7.3, 3.8 Hz, 4H), 1.04-0.97 (m, 3H); *C NMR (151 MHz, DMSO) § 171.87,
154.30, 150.70, 142.57,141.10, 140.22,138.43, 136.91, 135.24, 133.69, 133.62, 133.42, 133.39,
132.53, 129.25, 129.23, 127.69, 127.55, 126.30, 126.27, 123.93, 121.28, 120.73 (q, J1 = 321.6
Hz), 120.72, 118.39, 117.58, 33.39, 30.96, 25.29, 22.06, 14.05 (One carbon overla); "F NMR (471
MHz, DMSO) § —77.52; HRMS (ESI-TOF): m/z calculated for C31HzsN4 [M=TfO]*: 453.2079, found:
453.2075.

Q2Qz1 with a methylthio group (5k)

Prepared by general procedure from DQ-amide (10 mg, 0.027 mmol), 2-chloropyridine (12.8 pL,
0.135 mmol, 5.0 equiv), Tf,O (9.0 pL, 0.054 mmol, 2.0 eq), methyl thiocyanate (18.2 pL, 0.270
mmol, 10 eq), and isolated as a yellow solid (11.9 mg, 76%).

M.p.: >300 °C; IR (neat) 3100, 2359, 1736, 1594, 1568, 1540, 1471,
1264,1146,1029, 994, 756 cm™;"H NMR (600 MHz, CD3CN_SPE)
§ 21.03 (s, 1H), 8.01 = 7.96 (m, 1H), 7.94 — 7.90 (m, 1H), 7.90 -
7.85(m, 2H), 7.75-7.71 (m, 1H), 7.76 (d, J = 7.4 Hz, 1H), 7.55 -
7.50 (s, 1H), 7.46 (d, J = 7.3 Hz, 1H), 7.42 - 7.36 (m, 2H), 7.12 (t,
J=7.1Hz, 1H), 7.04 (t, J = 7.3 Hz, TH), 2.33 (s, 3H); ®*C NMR (151

MHz, DMSO) § 172.94, 153.44, 151.12, 150.96, 141.40, 141.00,
140.40, 139.07, 137.43, 135.34, 134.17, 134.07, 133.85, 132.94, 128.00, 127.75, 127.28, 126.74,

126.56,124.46,123.61,121.96,120.72 (q, J: = 321.6 Hz), 120.46, 118.57, 118.07, 12.60 (One carbon

overlap); F NMR (471 MHz, DMSQ) § -77.67; HRMS (ESI-TOF): m/z calculated for C»H17N4S [M—
TIO]": 429.1174, found: 429.1169.

8-4-3. Structure modification of Q20z1 derivatives

Synthesis of Q2Qz1 with a p-(2-azidoethoxyphenyl) group 5m
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NaNs (2.5 eq)

DMF
rt. 2 h

N
72% o

5m

In a 2 mL glass vial charged with 5f (22 mg, 0.03 mmol) and NaNj3 (4.9 mg, 0.075 mmol, 2.5 equiv)
was added DMF 0.3 mL, and the resulting solution was stirred at room temperature for 3 h. EtOAc
was added and the resulting precipitates were filtered, washed with EtOAc and H,O to give 5m
(15 mg, 72%) as a brown solid.

M.p.: 226-228 °C; IR (neat) 3396, 2358, 2108, 2030,
1738, 1593, 1561, 1475, 1218, 842, 757 cm™;'H NMR
(600 MHz, CDsCN_SPE) 6§ 22.27 (s, 1H), 8.96 (d, J=7.2
Hz, 1H), 8.53 (d, J = 7.5 Hz, 1H), 8.39 (t, J = 10.7 Hz,
2H), 8.18 (dd, J=16.1, 8.4 Hz, 1H), 8.12 (d, J= 8.9 Hz,
1H), 7.97 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H),
7.81(d, J=8.6Hz, 1H),7.61(p, J=7.7 Hz, 2H), 7.24 -
7.20 (m, 1H), 4.38 (dd, J = 5.2, 4.3 Hz, 1H), 3.79 — 3.74 (m, 1H); '*C NMR (151 MHz, DMSO) §
167.94,160.54,155.47,151.85, 145.73, 141.70, 141.01,139.37, 138.29, 136.39, 134.72, 134.19,
133.63, 133.09, 132.66, 132.08, 128.42, 128.32, 128.14,128.01, 127.19,127.03, 125.16, 125.14,
122.42, 120.70 (g, J: = 315.6 Hz), 120.57, 119.35, 118.37, 114.80, 67.29, 49.63 (One carbon
overlap); "F NMR (471 MHz, DMSO) 6§ -77.75; HRMS (ESI-TOF): m/z calculated for Cs:Hz2N;O
[M-TfO]*: 544.1886, found: 544.1891.

Synthesis of Q2Qz1 with a p-hydroxyphenyl group 5I

Pd(PPh3), (5 mol%)
K2C03 (30 eq)

CH,Cl;/MeOH = 1/1

O rt, 3 h
O/\/

95%

S5e

In a glass vial charged with 5e (33 mg, 0.05 mmol), Pd(PPh3)s (2.8 mg, 0.0025 mmol, 5 mol%) and
Ko:CO; (21 mg, 0.15 mmol, 3.0 equiv) were added CH:Cl, 0.5 mL and MeOH 0.5 mL, and the

resulting suspension was stirred at room temperature for 3 h. EtOAc was added and the resulting
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precipitate was filtered, washed with EtOAc, 1M HCIl ag and H,O to give 5l (30 mg, 95%) as a

yellow solid.

M.p.: >300 °C; IR (neat) 3061, 2079, 1592, 1539, 1474, 1275,
1164, 1026, 842, 756 cm™"; 'TH NMR (500 MHz, DMSQ) 6 21.69
(s, TH), 10.53 (s, 1H), 8.61 - 8.57 (m, 1H), 8.53 (d, J = 7.5 Hz, 1H),
8.37 - 8.30 (m, 2H), 8.24 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 8.8 Hz,
1H), 8.03(d, J=8.1Hz, 1H),7.88 (d, J=7.8 Hz, 1H),7.81 (d, J =
7.7 Hz, 1H), 7.67 (d, J= 7.8 Hz, 2H), 7.54 (t, J = 7.6 Hz, 1H), 7.45
(dt, J=15.3, 7.3 Hz, 2H), 7.15-7.09 (m, 2H); 3C NMR (151 MHz,
DMSO) § 168.28, 160.80, 155.42, 151.96, 151.91, 145.62, 141.53, 140.98, 139.37, 138.52, 136.27,
134.71, 134.14, 133.56, 133.07, 132.88, 132.33, 128.26, 128.11, 128.00, 127.16, 127.06, 126.33,
125.24,124.95,122.63,120.69 (q, J1 = 321.6 Hz), 120.54, 119.32, 118.37, 115.81; "F NMR (471 MHz,
DMSQ) 6 —77.74; HRMS (ESI-TOF): m/z calculated for Cz,HisN4sO [M=TfO]*: 475.1559, found:
475.1567.

Synthesis of Q2-quinazolone (12)

1) mCPBA (4.0 equiv)
DMF, rt. 1 h

2) H,0, 110 °C, 20 h

80%

In a grass vial 5k (100 mg, 0.173 mmol) and mCPBA (170 mg, 0.691 mmol, 4.0 equiv) were dissolved
in DMF 5.0 mL, stirred at room temperature for 1 h. The resulting mixture was added H,O and
stirred at 110 °C for 20 h. The resulting mixture was cool to room temperature and the precipitated
solid was filtered, washed with NaHCO3 ag, DMSO and H;O to give 12 (55 mg, 80%) as a yellow

solid.
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M.p.: >300 °C; IR (neat) 3046, 1612, 1586, 1440, 1219, 1094, 837, 772 cm~
. "TH NMR (500 MHz, DMSO) § 20.37 (s, 1H), 9.06 (d, J = 6.5 Hz, 1H), 8.91
(d, J=7.4Hz 1H), 877 (d, J=7.6 Hz, 1H), 8.70 -8.58 (m, 3H), 8.55(d, J
= 8.9 Hz, 1H), 8.22 (dd, J = 14.6, 7.8 Hz, 2H), 8.16 (d, J = 8.0 Hz, 1H), 7.78
(g, J =8.0Hz, 2H), 7.56 (t, J = 7.7 Hz, 1H); ®C NMR (151 MHz, DMSO) §
169.47, 157.43, 155.42, 154.71, 145.04, 143.58, 139.61, 139.32, 138.96,

12 133.59, 133.43, 133.34, 132.58, 130.36, 130.33, 128.20, 127.70, 127.33,
126.29, 125.75, 123.84, 121.63, 119.93, 118.90, 113.93.; HRMS (ESI-TOF): m/z calculated for
CosH1sN4O [M+H]*: 399.1246, found: 399.1226.

Synthesis of Q2Qz1 with a chloro group 5n

s0Cl,

DMF, 70 °C, 3 h
82%

12 5n
To a suspension of 12 (54 mg, 0.136 mmol) in SOCl, 2.5 mL was added DMF 0.5 mL and stirred at
70 °C for 2 h. The resulting mixture was concentrated and added H,O at 0 °C and precipitated
solid was filtered, washed with EtOAc and H,O to give 5n (46 mg, 82%) as a yellow solid.

M.p.: >300 °C; IR (neat) 3046 , 1697, 1591, 1560, 1466, 1284, 1155, 846,
754, 454 cm™"; 'TH NMR (600 MHz, DMSO) 6 20.90 (s, 1H), 8.49 — 8.43 (m,
1H), 8.34 - 8.31 (m, 3H), 8.21 (d, J = 8.9 Hz, 1H), 8.15-8.11 (m, 1H), 7.94
(d,J=7.8Hz, 1H),7.92-7.87 (m, 3H), 7.54 —=7.45(m, 2H), 7.32 (t, J= 7.6
Hz, 1H); *C NMR (151 MHz, DMSO) § 160.89, 152.57, 151.85, 150.62,
142.72, 141.23, 141.08, 139.38, 139.00, 135.17, 134.45, 134.38, 133.61,

5n 130.42, 128.15, 127.55, 127.31, 127.20, 127.13, 123.81, 123.29, 121.57,
120.13, 118.99, 118.83 (One carbon overlap); HRMS (ESI-TOF): m/z calculated for CasH1*CINs [M—
CI]*: 417.0907, found: 417.0931.

8-4-4. Interconversion of guinazolone and Q20z1

12 To 5s under acidic conditions
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TFA (5.0 eq)

DMSO, RT, 1 h

To a solution of 12 (9.9 mg, 0.025 mmol) in DMSO 0.2 mL was added TFA (9.6 uL, 0.124 mmol, 5.0
equiv) and stirred at room temperature for 1 h. The resulting mixture was added H,O and the

aqueous solution was lyophilized to afford 5s (11.2 mg, 88%) as a yellow solid.

M.p.: >300 °C; IR (neat) 3391, 3073, 2087, 1667, 1585, 1294, 1153, 1114,
843, 754, cm™; "H NMR (600 MHz, DMSQ) § 20.00 (s, 1H), 8.10 (d, J =
7.1 Hz, 1H), 8.00 (d, J = 7.2 Hz, 1H), 7.89 (ddd, J = 11.8, 8.0, 5.5 Hz,
3H),7.72(d, J=8.8 Hz, 1H), 7.65(d, J=8.7 Hz, 1H), 7.61 (t, J= 7.5 Hz,
2H), 7.53 (d, J = 7.7 Hz, 1H), 7.19 (dt, J = 10.1, 7.4 Hz, 2H), 7.03 (t, J =
7.4 Hz, 1H); *C NMR (151 MHz, DMSO) 6 164.51, 158.36 (9, J. = 33.22

5s Hz), 152.98, 152.85, 152.78, 141.43, 140.70, 140.52, 139.39, 139.08,
133.47,133.30, 132.82, 132.49, 129.86, 127.20, 127.09, 126.97, 126.66, 125.87,123.21,122.59,
121.19, 118.40, 118.04, 117.11 (q, J1 = 297.47 Hz) (two carbons overlap); "F NMR (471 MHz,
DMSQ) 6 —74.27; HRMS (ESI-TOF): m/z calculated for CasH1sN4O [M—CF:CO4]*: 399.1246, found:
399.1272.

5s To 12 under basic conditions

K2C03 (5.0 EC|)

DMSO, RT, 5 min

To a solution of 5s (11.0 mg, 0.021 mmol) in DMSO 0.2 mL was added K:CO; (14.8 mg, 0.107 mmol,
5.0 eq) and stirred at room temperature for 5 min. The precipitated solid was filtered, washed with

H-O to give 12 (7.7 mg, 90%) as a yellow solid.
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51 To 13 under basic conditions

K2C03 (50 QQ)

DMSO, RT, 5 min

To a solution of 51 (10.0 mg, 0.021 mmol) in DMSO 0.2 mL was added K,COs (14.8 mg, 0.107 mmol,
5.0 eq) and stirred at room temperature for 5 min. The precipitated solid was filtered, washed with

H-O to give 13 (8.2 mg, 90%) as a purple solid.

13 To 51 under acidic conditions

1M HCl aq

DMSO, RT, 5 min

To a suspension of 13 (11.0 mg, 0.021 mmol) in DMSO 0.2 mL was added 1M HCl ag 0.1 mL and
stirred at room temperature for 5 min. EtOAc was addes and the precipitated solid was filtered,

washed with H,O to give 51 (7.7 mg, 90%) as a yellow solid.

8-4-5. Determination of H*/D" exchange rate

CD50D, 25 °C
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5a (0.24 mg, 0.63 pmol, 1.0 equiv) and CD3;OD (600 pL) were added to a 5 mm NMR tube (mole
ratio of 5a/CD3;OD is 1/30000. After being sealed with a cap, the NMR tube was well-shaken to
ensure complete homogeneity, and '"H NMR analysis was performed. The NMR sample was left
stand at 25 °C and monitored by 'H NMR at the elapsed times specified below. Rate constants
(and corresponding half-life) were determined from the slope of a nonlinear least squares fit to
the graph of A: = Avexp(-kt). The y-intercept is taken as the calculated value at time zero, and
this value is used to normalize the final data to a range from 100-0% hydrogen remaining. Then,
rate constant k was determined to be k= 5.17 x 10~ (s') which corresponds to half-life of 3.7 h.

(49.6 h for TQ)

8-5. EtH Q2021 AU IX¥—lc L B LTEAFL ERRILAKE (PAH) BRFEHIFHF

8-5-1. '"H NMR titration of 5i into coronene.

To a ds-DMSO solution of coronene (1.84 x 10* M, 600 pL) was incrementally added a ds-DMSO
solution of 5i (1.84 x 102 M) and analyzed by "H NMR (297K). The obtained data was fitted to 1:2
binding model, indicating that the formation of 1:1 complex coronene/5i and 1:2 complex
coronene/(5i); with association constants of K; = (1.23 + 0.011) x 103 M~" and K; = (0.06 + 0.001) x
10° M, respectively. Non-linear regression analysis of '"H NMR titration data was conducted by

using bindfit web-based program (http://app.supramolecular.org/bindfit/).

8-5-2. Synthesis of Q2021 polymer 15

Q2Qz1 with a 5-norbornene-2-methylamino group 5u

HZN/%‘Lb

(3.0 eq)
Pr,NEt (5.0 eq)

DMF, 100 °C, 16 h

68%

5n S5u

To a solution of 5n (61 mg, 0.15 mmol) in DMF 2.0 mL were added DIPEA (124 uL, 0.73 mmol, 5.0

equiv) and 5-norbornene-2-methylamine (mixture of isomers, 56 pL, 0.45 mmol, 3.0 equiv) and
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stirred at 100 °C for 15 h. The resulting mixture was added EtOAc and precipitated solid was
filtered, washed with EtOAc and H,O to give 5u (52 mg, 68%) as a yellow solid, mixture of isomers.

M.p.: 236-238 °C; IR (neat) 2958, 2019, 1591, 1499, 1404,
1277, 840, 756, cm™ ; '"H NMR (600 MHz, DMSO) § 20.83 (s,
1H), 9.70 (s, 1H), 8.49 — 8.41 (m, 2H), 8.29 — 8.20 (m, 3H), 8.21
—-8.16 (m, 1H), 8.12 — 8.05 (m, 1H), 7.95 (d, J = 7.7 Hz, 1H),
7.89(dd, J=15.6,7.8Hz, 1H), 7.51 (ddt, J = 36.2, 27.2, 7.7 Hz,
3H), 6.36 (dd, J=5.7, 3.1 Hz, 1H), 6.21 = 6.15 (m, 1H), 3.29 (d,
5u J=57Hz 3H), 295 (d, J = 10.7 Hz, 1H), 2.89 (s, 1H), 2.61 -
2.56 (m, 1H), 1.97 (td, J=10.3, 3.7 Hz, TH), 1.45-1.38 (m, 2H),
1.33(d, J = 8.3 Hz, 1H), 0.78 (d, J = 11.2 Hz, 1H); 3C NMR (151 MHz, DMSO) § 158.67, 154.68,
153.43, 153.02, 143.02, 141.65, 138.36, 137.67, 137.54, 136.54, 133.99, 133.87, 133.00, 132.62,
132.35, 132.06, 128.07, 127.30, 127.01, 126.85, 126.62, 126.38, 125.93, 123.21, 123.05, 118.73,
117.52, 112.84, 49.20, 45.73, 44.05, 42.11, 37.52, 29.92; HRMS (ESI-TOF): m/z calculated for
CssH2eNs [M-CI]*: 504.2188, found: 504.2213.

Q2Qz1 polymer 15
I\

Mes~ NN~ Mes
L La

— C'/rlj Ph

Br /|

Br
(2mol%)

S

CH20|2/MeOH
5/1
RT,1h

5u 15

To a pressure-proof glass vial were added 5u (7.0 mg, 0.013 mmol), and Grubbs third generation
catalyst (0.24 mg, 0.26 pmol, 2.0 mol%). The vial was sealed, evacuated, and filled with N, gas
(four times). CH2Cl, (1.0 mL) and MeOH (0.15 mL) was added via syringe and the resulting mixture
was stirred at room temperature for 1 h. After removing the seal, Butyl vinyl ether (1.7 pL, 0.013
mmol, 1.0 eq) was added and stirred for 15 min. The resulting mixture was concentrated and the
residue was washed with CH,Cl;, MeOH, DMSO and water to give PolyQ2Qz1 15 (5.0 mg) as a

brown solid.
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8-5-3. Functional Analysis of Q20z1-BASED Material as a PAH Adsorbent

8-5-3-1. Sample preparation

Aqueous solution of benzo[alpyrene
In a glass vial 1.0 mg of compound was dissolved in dioxane (3.4 mL) to make stock solution and
85 pL of the solution was added to 50 mL of water/dioxane = 4/1 solvent to make aqueous

solution of benzola]pyrene (0.5 mg/L in water/dioxane = 4/1).

Aqueous solution of 1-hydroxypyrene, 1,8-Dihydroxynaphthalene,
In a glass vial 1.0 mg of compound was dissolved in acetone (3.4 mL) to make stock solution and
85 pL of the solution was added to 50 mL of water to make aqueous solution of compond (0.5

mg/L in water, 0.17% acetone).

Aqueous  solution of  2-Amino-3-methylimidazo(4,5-f)quinoline,  Chloropromazine
hydrochloride, Doxorubicin hydrochloride

In a glass vial 1.0 mg of compound was dissolved in water (3.4 mL) to make stock solution and 85
pL of the solution was added to 50 mL of water to make aqueous solution of compound (0.5 mg/L

in water).

8-5-3-2. Adsorption study

To a 6 mL vial charged with aqueous solution of contaminant (0.5 mg/L, 3 mL) was added 0.3 mg
of adsorbent (blue rayon or 15) (100 mg/L) at 25 °C, and the resulting mixture was mechanically
shaken (100 rpm) for 24 h. The aliquot (1.5 mL) of solution was taken and the concentration of the
contaminant was measured by fluorometric analysis or UV-vis analysis to determine the
adsorption ratio (Fig. 8-1 to 8-9). For the following recovery experiment, the adsorbent was taken
out, washed with 3 mL of water to rinse the uncaptured contaminant. The solid material was then
treated with 3 mL of methanol by mixing (vortex) for 30 s, and the amount of eluted contaminant
was determined by fluorometric analysis or UV-vis analysis. Adsorbable and non-adsorbable

contaminants were summarized in Table 8-1, 8-2.

Table 8-1. List of contaminants which were adsorbed by 15

substrate Adsorption (%) Overall recovery (%)
Benzola]pyrene 16 82.0%4.9 >80"
1-HydroxyPyrene 17 86.2£5.4 >99
1,8-Dihydroxynaphthalene 18 63.0£3.1 >99

For elution of benzola]pyrene, 600 pL of dioxane was used and then diluted with 2400 pL of H20 before fluorometric

analysis.
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Benzola]pyrene 16 (Fluorescent analysis, excited at 265 nm)
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Fig. 8-1. Fluorescent spectrum for control solution of benzola]pyrene 16.
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Fig. 8-2. Fluorescent spectrum for solution of benzola]pyrene 16 after treated with polymer.
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Fluoredcence at 408 nm
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Fig. 8-3. Calibration curve for benzo[a]pyrene 16 by fluorescence measurement.

1-Hydroxypyrene (UV-vis analysis)
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Fig. 8-4. UV-vis spectrum for control solution of 1-hydroxypyrene 17.
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Fig. 8-5. UV-vis spectrum for solution of 1-hydroxypyrene 17 after treated with polymer.
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Fig. 8-6. Calibration curve for 1-hydroxypyrene 17 by UV-vis measurement.
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1,8-Dihydroxynaphthalene 18 (UV-vis analysis)
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Fig. 8-7. UV-vis spectrum for control solution of 1,8-dihydroxynaphthalene 18.
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Fig. 8-8. UV-vis spectrum for solution of 1,8-dihydroxynaphthalene 18 after treated with

polymer.
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Fig. 8-9. Calibration curve for 1,8-dihydroxynaphthalene 18 by UV-vis measurement.

Table 8-2. List of contaminants which were not adsorbed by 15.

substrate Adsorption (%) Overall recovery (%)
2-Amino-3-methylimidazo(4,5-f)quinoline 22.1+1.2 -
19

Chloropromazine hydrochloride 20 - -

Doxorubicin hydrochloride 21 - -

8-5-3-3. Elution study with water

To a 6 mL vial charged with aqueous solution of benzola]pyrene 16 or 1-hydroxypyrene 17 (0.5
mg/L, 3 mL) was added 0.3 mg of adsorbent 15 (100 mg/L) at 25 °C, and the resulting mixture was
mechanically shaken (100 rpm) for 24 h. The aliquot (1.5 mL) of solution was taken and the
concentration of the contaminant was measured by fluorometric analysis or UV-vis analysis to
determine the adsorption ratio. Then, the adsorbent was taken out, washed with 3 mL of water
to rinse the uncaptured contaminant and the solid material was exposed to water flow (flow rate:
0.1 mL/min) for 60 min via syringe. The eluent was measured spectrophotometrically, and elution
was not observed. The solid material was then treated with 3 ml of dioxane (for benzo[a]pyrene

16) or methanol (for 1-hydroxypyrene 17) by mixing (vortex) for 30 s, and recovery was checked.

8-5-3-4. Reusability analysis

To a 6 mL vial charged with aqueous solution of 1-hydroxypyrene 17 (0.5 mg/L, 3 mL) was added
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0.3 mg of adsorbent 15 (100 mg/L) at 25 °C, and the resulting mixture was mechanically shaken
(100 rpm) for 24 h. The aliquot (1.5 mL) of solution was taken and the concentration of the
contaminant was measured by UV-vis analysis to determine the adsorption ratio. Then, the
adsorbent was taken out, washed with 3 mL of water to rinse the uncaptured contaminant. The
solid material was then treated with 3 mL of methanol by mixing (vortex) for 30 s. The washed
solid material was then used as the same experiment above. The adsorption study was conducted

three times (94% for 15t use, 82% for 2" use, and 80% for 3 use).

8-6TQFEMRICL BV 7= VMEH (G4) BENY IV RO

8-6-1. Synthesis of acyclic TO

L
N >Br

X
(1.0 equiv) O P
N BuLi (1.0 eq) X Pd (PPh3)4 (5 mol%) N~ >l
_ B(OMe)3 (4.0 eq) _ K>CO3 (3.0 equiv)
N Cl N Cl 2\
Br THF, -78 °C to RT B(OH), Dioxane/H,0 = 5/1 )
3h 80°C,1h
25
23 88% 24 89%
X
N/

B(OH): (1.2 equiv)

Pd (PPh3)4 (5 mol%)
K2CO3 (3.0 equiv)

Dioxane/H,0 = 5/1
80°C,2h

63%
24 was reported compounds (CAS reg#: 2377611-57-7) and prepared by reported method.
2'-chloro-2,8'-biquinoline (25)
To a pressure-proof glass vial were added (2-chloroquinolin-8-yl)boronic acid 24 (50 mg, 0.24

mmol), 2-bromoquinoline (50 mg, 0.24 mmol, 1.0 equiv), KzCO3(100 mg, 0.72 mmol, 3.0 equiv),
and Pd(PPhs)s (14 mg, 0.012 mmol, 5.0 mol%) and the vial was evacuated, back-filled with N, gas
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for several times, and sealed. To the mixture, 1,4-dioxane (2.0 mL) and H,O (0.4 mL) were added
and the resulting mixture was stirred at 80 °C for 1 h. The resulting mixture was diluted with
EtOAc/H,O and extracted three times with EtOAc. The combined organic layer was dried over
Na.SO;, filtered, and concentrated. The residue was purified by flash column chromatography

(n-hexane/EtOAc, 19/1 — 3/2) to give 2'-chloro-2,8'-biquinoline 25 (64 mg, 89% yield) as a white

solid.
AN 2'-chloro-2,8'-biquinoline (25)
O N/ cl M.p.: 144-146 °C; IR (neat) 3374, 3044, 1600, 1504, 1489, 1298, 1120, 1002, 837,
742, 627 cm™; "TH NMR (600 MHz, CDCls) 6 8.35 (dd, J = 7.2, 1.5 Hz, 1H), 8.27
~ "N

“ [ (dd, J =8.5,0.8 Hz, TH), 8.25-8.17 (m, 3H), 7.92 (ddd, J = 19.1, 8.1, 1.4 Hz, 2H),

‘ 25 7.74(ddd, J=8.5,7.0, 1.5Hz, 2H), 7.57 (ddd, J=8.1, 6.9, 1.2 Hz, 1H), 7.43 (d, J

= 8.6 Hz, TH); 3C NMR (151 MHz, CDCl3) 6§ 157.26, 150.70, 148.56, 145.64,

139.36, 138.72, 135.09, 132.87, 129.81, 129.42, 128.93, 127.70, 127.66, 127.39, 127.34, 126.63,

125.12, 122.67; HRMS (ESI-TOF): m/z calculated for CigHi2**CIN, [M+H]*: 291.0689, found:
291.0660.

acTQ

To a pressure-proof glass vial were added 2'-chloro-2,8'-biquinoline 25 (57 mg, 0.20 mmol),
quinolin-8-ylboronic acid (41 mg, 0.24 mmol, 1.2 equiv), KzCO3(81 mg, 0.60 mmol, 3.0 equiv),
and Pd(PPhs)s (11 mg, 0.01 mmol, 5.0 mol%) and the vial was evacuated, back-filled with N, gas
for several times, and sealed. To the mixture, 1,4-dioxane (1.5 mL) and H,O (0.3 mL) were added
and the resulting mixture was stirred at 80 °C for 2 h. The resulting mixture was diluted with
EtOAc/H,O and extracted three times with EtOAc. The combined organic layer was dried over
Na.SQ;, filtered, and concentrated. The residue was purified by flash column chromatography

(n-hexane/EtOAc, 19/1 - 3/2) to give ac TQ (47 mg, 63% yield) as a white solid.

acTQ

M.p.: 142-144 °C; IR (neat) 3043, 1598, 1496, 1218, 817,794,772, 744, cm™
. "H NMR (600 MHz, DMSQ) § 8.99 (dd, J = 4.1, 1.8 Hz, 1H), 8.55 (d, J =
8.5Hz, 1H), 8.49 (dd, J=8.3, 1.8 Hz, 1H), 8.42 (d, J = 8.5 Hz, 1H), 8.39-8.34
(m, 1H), 8.31 (d, J = 8.5 Hz, 1H), 8.27 (dd, J = 7.2, 1.5 Hz, 1H), 8.19 (ddd, J
=128,7.6, 1.5Hz, 2H), 8.11 (dd, J = 8.1, 1.5 Hz, 2H), 8.01 (dd, J = 8.3, 1.4
Hz, 1H), 7.85-7.71 (m, 3H), 7.65-7.59 (m, 2H); 3C NMR (151 MHz, DMSO) § 157.74, 157.50, 150.65,
147.72, 145.22, 145.04, 138.40, 136.68, 135.24, 134.20, 131.30, 129.59, 129.34, 129.20, 129.02,
128.25, 127.69, 127.18, 126.87, 126.47, 126.44, 125.54, 125.24, 121.63 (Three carbon overlap);
HRMS (ESI-TOF): m/z calculated for C5H1gN3 [M+H]": 384.1501, found: 384.1497.
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8-6-2. Synthesis of Q2021 with pyridinium unit 5w

MeCN/Pyridine = 5/1
100°C, 16 h

59%

In a 2 mL glass vial charged with 5f (20 mg, 0.03 mmol) were added acetonitrile 0.5 mL and
pyridine 0.1 mL, and the resulting solution was stirred at 100 °C for 16 h. EtOAc was added and
the resulting precipitates were filtered, washed with EtOAc and CH.Cl; to give 5w (15.3mg, 59%)

as a brown solid.

M.p.: 265-267 °C IR (neat) 3397, 3064, 1634, 1565, 1478, 1248, 1173, 1028, 984, 845, 760, 684, cm~
', 'TH NMR (600 MHz, DMSO) 6 21.94 (s, 1H), 9.32-9.28 (m, 2H), 8.80 (d, J = 7.1 Hz, 1H), 8.76 (ddd,
J=7.9,65,14Hz 1H), 8.74-8.70 (m, TH), 8.55-8.50 (m, 1H), 8.49-8.42 (m, 2H), 8.38-8.35 (m, TH),
8.34-8.30 (m, 2H), 8.29-8.25 (m, 1H), 8.09 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 7.7 Hz, 2H), 7.90-7.85 (m,
2H), 7.68 (t, J = 7.8 Hz, 1H), 7.63 (t, J = 7.6 Hz, TH), 7.54-7.49 (m, 1H), 7.33-7.27 (m, 2H), 5.23 (t, J
=5.0Hz, 2H), 4.78 (, J = 5.0 Hz, 2H). *C NMR (151 MHz, DMSO) § 168.32, 159.90, 155.85, 152.25,
152.19, 146.30, 146.06, 145.60, 142.05, 141.22, 139.77, 138.61, 136.69, 135.01, 134.44, 133.76,
133.32, 132.66, 132.14, 129.00, 128.66, 128.38, 128.16, 128.06, 127.51, 127.27, 125.54, 122.78,
121.76, 120.93, 120.70 (g, J: = 321.6 Hz), 118.75, 115.03, 66.57, 59.98 (One carbon overlap). *F
NMR (471 MHz, DMSOQ) & —77.72. HRMS (ESI-TOF): m/z calculated for CssHz7NsO [M-TfO—Br]?*:
290.6108, found: 290.6100.

8-6-3. CD melting assay

A quartz cuvette with a 10 mm path length was used to record the spectra over a wavelength
range of 200—-330 nm with a 1 nm bandwidth, 1 nm step size, and at a 100 nm/min scan speed.
CD melting assays were performed at a fixed G-quadruplex concentration (3 uM), either with or
without a fixed concentration (9 uM) of TQ in KPi buffer (2.25 mM) with 0.75 mM KCI. The data
at 265 nm were recorded at intervals of 5 °C over a range of 25-95 °C with a heating rate of
1 °C/min. In the experiment for Q2Qz1 5 (except for 5w) and DQ-amide, the melting curve was
obtained in the presence of 0.5% DMSO and for 12 in the presence of 5.0% DMSO derived from

stock solution of compounds.
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DNA Sequence

c-Myc Pu: 5'-TGAGGGTGGGTAGGGTGGGTAA-3'

telomere G4 (antiparallel): GGGTTAGGGTTAGGGTTTGGG

telomere G4 (hybrid): AGGG[TTAGGG];

dsDNA: 5'-CCAGTTCGTAGTAACCC-3',
5'-GGGTTACTACGAACTGG-3

8-6-4. UV titration study

A quartz cuvette with a 10 mm path length was used to record the spectra over a wavelength
range of 200—-330 nm with a 1 nm bandwidth, 1 nm step size, and at a 100 nm/min scan speed.
To the solution of TQ (10 pM) in KPi buffer (2.25 mM) with 0.75 mM KCI was titrated TmM G4
solution in 25 mM KPi, 75 mM KCl buffer.

8-6-5. '"H NMR titration study

G4 samples were prepared in buffer (0.75 mM KPi, 225 mM KCI, 10% D;O, 50 uyM 3-
(Trimethylsilyl)propionic-2,2,3,3-ds acid sodium salt as an internal standard). The final
concentration of G4 DNA was 100 pM, titrated with increasing amounts of TQ.

8-6-6. FID assay
c-MYC G4 (0.25 pM) was mixed with thiazole orange (0.50 uM). Each ligand addition (from 0.1 to

14 equivalents) was followed by a 10 min equilibration period, after which the fluorescence

spectrum was recorded. (area measured from 510 to 750 nm, Aex = 531 nm).
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HEF

SHILOR, B8, CEEZBD XU, AEDFRIBLFHEE RBABSREBIR.
IRSEMHBIZ. Wei Xu BhEL IVWERL FHEBNBICRS B U O EL DL L EIFE T,

AARICENWT, ERICH T 2RI SHARDOAMMEICET ZBIE X THREEICS
RABEEF Ulc. AZEEFHEMR LYY — RKIMZBIRITRZH U, O K DEL
BULEIFET,

AARICEWT, ERULIEEYORERBERTZIT > TWEER U, B&EYL
ZIRRFAARE ANEZBELICOLDELBEL EIFET,

AIAFICE T, BAFEHAED CSI-MS BTz 1T> TWelZZE X U, BrukerJapan
KAt PMEEL. REARETICOELDEILBEL EFET,

HEEBICEWTHMRDIHEEICEWTH, REICE>TEXATEETHXRURLELERA.
RHEAE, BRE AICORSBEHEBL LITERT,

REBICBEDEULD, DFRIBILZBEDIR DHERZHTEWLET,

2025 1 A
R K
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