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Curved m-conjugated molecules, geodesic polyarenes such as buckybowls, fullerene and carbon nanotubes
(CNTs) have been attracting interests of scientific communities because of their unique properties associated
with their strained structure. Among them, sumanene, the smallest Csy buckybowl is one of the interesting
molecules, which is considered as a partial structure of fullerenes and cap of carbon nanotubes. In addition, it is
also well known that it has own unique properties such as bowl inversion behavior, bowl chirality, specific
alignment tendencies in their crystal packing which enables high electron mobility and so on. In order to tune up
these properties, various substituents have been introduced at the rim surface (at benzylic or aromatic position).
It is noteworthy that even the same functional group cause different effects depending on the substitution site,
benzyl or aromatic position because of the structural and electronic differences based on sp3 (exo and endo) and
sp? carbons. However, the difficulty is that the direct functionalization at six aromatic positions results in the
formation of a number of regioisomers while substitution at three benzylic sites can be performed easily through
generation of anions. In terms of achieving the effective m-conjugation and affording flexibility of the
substituents, which are crucial for emergence of unique physical properties, establishment of the effective
functionalization method at aromatic position is urgently required.

On the basis of these backgrounds, this thesis mainly aims the following issues; chapter II includes
establishment of preparation methods of functionalized sumanenes at aromatic position and study the physical
properties of sumanene derivatives with various substituents. Selective synthesis of mono, di and tri-substituted
sumanene at aromatic position was performed by SgAr reactions such as iodination, nitration, formylation,
acetylation and benzoylation and each regioisomer was successfully separated. The observed regioselectivities
for di- and tri-substituted sumanenes were explained well by the HOMO densities calculated by DFT method.
These substituted sumanenes were used for studying crystal packing and bowl inversion. These prepared
compounds could be useful precursors for further transformation.

In chapter III, comprehensive study of dynamic behavior of sumanene dimer, bisumanenyl was performed
based on experimental data and DFT calculation. This investigation of dynamic behaviors of bisumanenyl can
provide good modeling data in order to understand complicated system such as sumanene based macrocyles,
since bisumanenyl is a partial structure of it. Such a macrocyles could be the novel materials in future, which
can show switchable adsorption property depending on temperature.

In chapter IV, pyrenylsumanene was synthesized and its crystal packing and photophysical properties were
studied. A single crystal X-ray analysis revealed that it gave nicely segregated structure in which sumanene
moiety adopts unidirectional columnar packing while pyrene moiety adopts herringbone crystal packing. In
addition, Such a combination between sumanene and pyrene molecules also affect on photophysical properties.
As a result, it showed the better quantum efficiency (0.82) than parent pyrene in the solution phase. This
enhancement of quantum efficiency is assumed to be an effect of prevention of eximer formation by sumanene
moiety.

Finally in chapter V, crystal structure and electrochemical behavior of sumanenetrione were investigated. It
is found that sumanenetrione and its iodo-substituted derivatives revealed the interesting columnar packing
structure with characteristic eclipsed nm-n-stacking. Such perfectly stacked packing without twisting and slipping
was first observed in sumanene derivatives. In addition, The cyclic voltammogram of sumanenetrione showed
multiple redox waves. The first and second one-electron reduction exhibited reversible waves with associated
reduction potentials that are almost equivalent to those of Ceo. Furthermore, its radical monoanion species
exhibited Csv symmetric spin-delocalization over the entire bowl structure, and its dianion showed a Csy

symmetric structure with delocalization over the entire bowl with the closed-shell configuration.




k& X7
RUEEOMBEOEE KO Y E

%K A ( Binod Babu Shrestha )
(%) K ¥4
* & Hif% B P
gl A& oz M
gl A& oz HE
Al A Hif% oo

TR A Y "

L i M W
gl A& oz A fEA
gl A& oz Fiow
Al A Hif% BT E—
Al A Hif% HE il

HWULBEORBEODEE

BRI AEEEY (RN X =R 1, I—RoF ) Fa—T0Fy v FHE, HHWE7I5—L
O EEITHY L, ZOBEAE BT ROBMMEEICH T 282 26525, FlE, Ny F—FRU
WIRIETIZZ OB ED EFAKET 2 (R VKR 282 m L, S -7 5, WA EE#RT 2 2 &8
LERTEY, M- BEFOEANEE 2R 2720 ORBIEME L LTHWLATWAIEN, AL v F
TR THEBA~ORAbHFIN TS, FREERREICENTE, —HoNy ¥—R U LF8 AT, Bun
MEFFICREE L= — 7 RS2 L, ETESERER EOMENREATHZ bbb T3,

DX RNy F—RUNOFE = — 7 RWEEIEAT2720120%, 0T OMYRT A kS ARM
BRTIEORBENRNETH D, ZRHEEET Iy F—RULOEREEKEO—2ThHD A~ X, 20O
JAREIBICH BRI E R UV 2 AT D BUSTEMEZR RV DAL T 5 B RRIE LG 2V TR A
EHINH D H DD, HHFBRBM TOBERELEEAICONTITIE LA ETFERED SN TRV, T I T, A TIE,
Aw R ~OEBIE, FFIr HEROMELZ AN E LIEEBREOHANEORICEH L5, Kimsid, Mamic
ODNTIRARZF - x, RETERLISOMERIRMEICOWTIRARE ZF, A~v3xr ZREROBZEENICE
TOMREBRTZHE =2, CLr2HALLAYR DT IR REERITIC oW TR RZENE, Avx
Vb YA ORE RS NGB T EBIC OV TR ERE, BLOEE» ORI TV 5,

BT, FERESOBEBRLEACROILANLRFETH L RETERGEZIY BT, A 0~DE
BRI BT DALEBRIREICONWTORRE L ORI B R E1T > T\ D, REFEHEKIS IR~ 72 B O B hE
FEHELFEFR LICEATELZ 0D, MO THENPOAEHRKISTH DA, — RIS OBIRME, FFITALE BRI
PEIZZ LS, ZOHIETREECTHY . F2 LIE VIRV EREEROREGY O HERICRNENR AT 5 Z L3 MEE &
NTWz, A, RISEEEZBET L Z L1k, Z2L<ORISICBWT, 1E#ND 3EHRARD £ TORIRKN A
ARIEERENL L, TN ENOMBEREEROBERZEMICOAILTWD, EEE@mIRICLY ., SHEHED
HOMOD f2 4% & I VAL, LB RMERO AR Z I ERICTH CELZL2RHELTVWS, ZoZ licky, HHE
EEINDEREEZ NS T EICEAT 58NN — 2RI THT L L E2AREE LT 5,

WEETIE, EETELNAEAYEHRELE LT, AvXr Z&E (EXvX=1) OAKRBIOEOBN
ZEZOWT O 21T > TV 5, EAXAT R VEBHDIR A R EME SNTEMETHY . 2o BRI
AR VIV IR E 2 R3O L [RIREIC, EASEBAL O #h 5 7 C O RIEESERE) R 3720 2R TR IS B2
#zrt, EEBRICEAY R VERETERINTWDE R, T ORI OV CIXIEM RN A ST
Mole, ZOX D RBRATNERS LS FIEES TEZEA~DISHICE N TS TEERETF—7 ThHHID, £
OERFENOMIT L MLETH D, T I THEIMHEARFECE AR = V2 A/ L, B ZENMREIE, EXSY-NMREIE
REDEBRFEL EHICHRZHAELMAADED Z LTk - T, AU KER L OHEEE O3~ TOBRET OfiF
MrcEzh LT 5,

WU T, BRRS T & Tk o R0 T & B Lo EEHEz B mn s LT, Avpxicery




AL GAN LI FORREZ DT E1T > TWD, %< OFHE 1 R0 FILT OREMEE TIEA~Y > 7R — B
EREETURT 22 ENZVDITR L, A3 UFERITFRNICBHBERBREZ KT 5, A3 iia
BATLHZ LI L MRS BECE IFRELRFT 270D, KRR 5+ Thd E L Ui E
B L TALAOEREIT>TWD, BoNTALAMORBEEEIT. AR HIC L 2EEHE L B L AT
L OB OB TN AR U REEDOW G O aEE A L TWDH D &%Eﬁtfwéo:n’ va*
%M#ﬁm%m®&ml%kbfﬁﬁﬁ HE2RZLTNWDHIEZHLMNILTWVS, S LIHEIKR., BEAIRE
B2 IALFRE ZITV, BEREIZB W TAY RO 7 MRS AR @wrwé_k%ﬁMwa
Do

BHETIE, AR ORVIAMETXTEF M LAY MU AU OA/M, B ERT., 3L Wso
BIHEBZOWVWTHREEZITo TS, AR MU AL ERNC IS ED TTRTHEEFRILS N T HILAW T,
FORESEEE, BXOS r IO NVAR = VERKOE FSHRBICHEN 725, RS CREAMBESIIO THD
FOR xvz/kiﬁﬁw% R FARNEGETRAZ vy X LTS D k%%%ﬁ ILTW3, FERE
WEIZEY, AR NI A VL 2B FE T AW OB CEHZ T L, TOBMITITIE, BEFZAREELTHNS
né7v—7/kﬁé&w%®fbé_k%%%b ILTWA,

FEE T, FEEETONEZRET 2L LI, KMXOBRESE X, HREBLZ B L6 BEHEK
HEROTZDDFEEIT OV TER L TV D,

PlED X Hc, Ksllid, AR ~OEBEILEAE, FrZ o ffRA~WT 724 B REBE S BOEOMESTICEE T
LEMOZAMAEZ RN L TRBY,, FERIIZE L BRI LA G DLE D 2 & T, MERKNETH o 7o bk 4 et iE i
Br. BIEISEENRRATICAREI L TV D,

Lo TR L/ E L TMiES 2 b D LBH D,




