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Synthesis and Self-assembled Nanostructures of 1,2,3-Triazole
Liquid Crystals and Polycyclic Aromatic Diimide Derivatives for
the Organic Thin-Film Transistors Application

Student: Ming-Shou Ho Adviser: Dr. Chain-Shu Hsu

Institute of Applied Chemistry

National Chiao Tung University

Abstract

The goal of this research is to study the self-assembly of small
molecules and polymers. The. first part of this study is focused on the
synthesis and self-assembled nanostructures. of 1,2,3-triazole liquid
crystals via click chemistry: The second part is to study the synthesis of
polycyclic aromatic diimide /derivatives and their application on the
solution-processed n-type organic thin-film-transistors.

In the first part, a series of novel chiral amphiphilic liquid crystals,
which contain 4-[1,2,3]-triazolephenyl 4-alkoxybenzoate mesogens and
B-D-galactopyranoside end-group, were synthesized. All obtained
compounds were exhibited a chiral smectic A phase. The self-assembling
behavior of these liquid crystal amphiphiles in the solution, which
exhibited high segregation strength for phase separation, was studied by
electron microscopy. The morphological transformation of self-assembled
chiral amphiphilic liquid crystals, from a platelet-like morphology to
helical twists, was obtained by increasing the length of the hydrophobic
alkyl tail. In addition, three kinds of chiral saccharide-containing liquid

crystalline acetylenic monomers were prepared by click reaction between
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2-azidoethyl-2,3,4,6-tetraacetyl-pB-D-galactopyranoside and 1-biphenyl-
acetylene 4-alkynyloxybenzoate. The obtained monomers were
polymerized by WClg-Ph,Sn to form three side-chain LC polyacetylenes.
All monomers and polymers show a chiral smectic A phase.
Self-assembled  hiearchical superstructures of the  chiral
saccaride-containing LCs and LCPs in solution state were studied. Due to
the LC behavior, these molecules exhibit a high segregation strength for
phase separation in dilute solution. The self-assembled morphology of LC
monomers was dependent upon the alkynyloxy chain length. Increasing
the alkynyloxy chain length caused the self-assembled morphology to
change from a platelet-like texture (KGE) to helical twists morphology
(K11E and K12E). Furthermore, the helical twist morphological structure
can be aligned on rubbed polyimide layer to form two dimensional
ordered helical patterns. In/contrast to LC. monomers, K11P was
self-assembled into much<meore complicated morphologies, including
nanospheres and helical nanofibers.” These nanofibers are evolved from
the helical cables ornamented with entwining nanofibers upon natural
evaporation of the solution in a mixture with a THF/methanol ratio of 3:7.
The second part of the work is mainly devoted to the development of
new soluble and air-stable n-ytpe semiconducting materials. The
synthesis and comprehensive characterization of 20 organic
semiconductors comprised of four different sizes of polycyclic aromatic
cores and five different fluorinated substituents are described. The
influences of the structural modifications of the fluorinated substituent,
spacer and central core on the charge mobility were examined. Top

contact/botton gate organic thin film transistor devices were constructed
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by spin-coating process of these derivatives on SiO,/Si wafer that had
been pretreated with hexamethyldisilazane (HMDS). The -electrical
characterization of all devices was accomplished in a nitrogen
atmosphere as well as in air. The mobilities of P(1), P(2) and P(3) were
measured to be 4.71x107, 1.03x10®, and 4.3x10® cm*V~'s™, respectively.
With longer spacer inserted between perylene core and fluorinated
dendrons, the mobility is increased. The highest mobilities of P(-) and
PCI(-) are 3.88x10™* and 5.31x10™ cm®V''s™, respectively, as measured
in the glove-box. However, only PCI(-) shows good OTFT behavior and
comparable mobility of 3.61x10™ cm®V™'s™ as measured in air. The result
demonstrates that Cl4-PTCDA core (perylene with 4 chloro substituents)

can serve as a good candidate for OTET:.



>f =1

Bl B
SRS S AGICE RS Y RS
A2 RN R DK ’%:ff’. EF2F F B FF it £ Xmm»:}ﬁ e *

R h AT F S e s LA e ELF R AR AR ] g

@é\j
a
F_&

AAARE S G AL A AR AT ERDR

P REFER BFEOB o Afur g o M2 A K2 REE

gt
&+
ke
5
3
P
4k
T
by
o
-
*;E
2{&
94
&
5
Xy
A—.
i
A
(—m\:»
g %

R E R LB RR i R B 2 R TR

\-\-\
(_
‘_ﬁ-
o
&
s
o
o
x_
&
),
ﬁ

Hp s P REEEXFENRS WEE 0 A
Prof. Percec E#\i& » & g B V18 » WHR L L7 HE BT
HEAE S BRFRAN- A R i Ear e

«% i -R7E B »

BROEFE LR EARE RANBRI TR

inens RrR I RE BRALEELE

SRBAT F o ARG EA TR
FREGHRes Aok ER T SR BLT-BIEX
bo? e dF FFE AT RAE ERAPE L RS

FHAE - TENRFH CHATATR

PdLEd FERWAEAE OBFCG R

NERAG § EERPER 2EEZLA ELRL

w ?fﬁiﬂi"ﬁ%’?ﬁﬂﬂ - ’ﬁ&‘ﬂ'quqr. Lt'ugﬁ”f%?-—:é_’ﬁ

Vi



FAp el o BAG 4 - B AT Y RER R <R
HABE O RALE - BRERFEI FL o F - BAKE- AT
EEESI GRS S E AN BT TR0 £ E

SO RE D FRE - E RS BF G  ¢

\

EREEPHENPEARE DR B E FE LSS d P
PSR g R ARAE AR R FRE SR o R

TR A JHEIRRE AR FAANFY PR A HE A g

z‘"\

&
-

;fggz,gg%@ﬁi 4 5 3 ij\o,y—ﬁgg, - B R Awpe mg{

FIpFZ @ BORE e R & 2 B oRobby B P E L % E

PFE sk F R P S RE LR R o F e WP R > LG Ren

ek g 32 B e ER miE il o EAT 48
FAE LG T AF AR WO s Pt o RS
ARAFRFRAOLTEG FAEPAEI A ERNALFAT- B

e p o GRA LSRRI L R LA EAS

viii



A

Hen® > - EAANY EETZ e HR ORI f o w1 FRITA

A\

FWRHRAPREERERE DR L B S M - T EARE
PAEEAL Y R R R A B I L Lk
BET AR akd ap o ity Scomeon & F pHee &7
F 4k AR A PE B AR K o e AR RE i R

Y
£ e

PRI WA B 2 B oo % 2 8 SkehE o B 0 g

Ry gfe et 288X > RF aML G 5 p Ao
PO F RS R - AR R F R R A R
Proos FRE g R FEE R OARSE R KE I E SR T
VT A o g Percec FRE Kl A LI FAL R LS
TR AROFAR - AT R R - 2T Y e i
PUEEOR T R e 4 Bk R e avi ) £ F R R B R RG R

Feofs g > APaFg Rk kP F- B HSUR %%
Bofd o FEHL SR T RRIE A BT DR A B kR FIL R R

i AW E s A L EEAEZ R E XA R TP AS

o
K|
4
e
¥

L3 FAY A AR e A o X BT L ae B E ML



1-4.1
1-4.2
1-4.2.1
1-4.2.2
1-4.2.3
1-4.3
1-4.4
1-4.5
1-4.5.1
1-4.5.2

1-4.5.3
1-5

1-6.1
1-6.2
1-6.3
1-7

Iy

NN

............................................................................. [
............................................................................. i
............................................................................. vii
............................................................................. Xi
............................................................................. XV
............................................................................. XVii
............................................................................. XiX
Synthesis and self-assembled nanostructures of 1,2,3-triazole

liquid crystals via click chemistry...........ccoocoii s 1
T PP 3
k3 p e (Self-assembly of molecules).......oovovvvie i, 3
A B B I 3
L B L T i 3
FES TR B R NT]E 5
B AR T B e e, 10
pE 7o 5 (Glycolipids)m f ik &4 e p e, 12
BN = B B A5 (Block copolymers).........oooovvviviinnnnnnn, 17
BB R B AT A 17
BEis X B3 43 aptf(bulkstate)® sdp 7 5 o 18
Coil-coil block copolymers 2o 3235 i, 18
Rod-coil block copolymers 2. 3225 .. ..o 20
Rod-coil block 0ligomersZ. J2 2 ... e e, 23
B L RE A+ AFERRY RS 23
BB EREAF AENY T 5 i, 26
B E BB A F T BB 26
Coil-coil block copolymers..........ccoviiiiii i, 26
Rod-coil block copolymers..........cooeiiiiiiii i, 28
Rod-coil block oligomers..........ccoov i 29
& % e Mz i (Effect of molecular chirality) ................... 32
Z F e (Triazole) .o, 35
Click Chemistry sl @ 2 .. vve e i 35
Click Chemistry e77x 4] .o, 36
Click Chemistry sr s oo e e 38
B B 39
B R et e 41
P 41
] 41



7-3.1

Synthesis of species A (A7~AL2) .....ccoviiiiii i,
Synthesis of carbohydrate-coated amphiphiles (species T) ......
Synthesis 0f SPECIES AE..........iiiiii i v,
Synthesis of carbohydrate-coated monomers.......................
Synthesis of carbohydrate-coated LC Polyacetylene...............
B B R R B A
B e B e
Carbohydrate -coated amphiphiles (species T) ......cccovvvennnn.n.
&éﬂdﬁbﬁ ........................................................
’-‘?Lra’ p? BB\/JQ BE‘;}TB f’T"; ............................................
ﬁmm&ﬂmwﬁp ..................................................
Carbohydrate-coated LC polyacetylene ..............cceoviennnn.
o Gl P

?g“ i ﬂ;‘] R a2 R dp 7“27 [,

%%@ﬂ ..................................................................

Studies on the synthesis and application-of polycyclic aromatic
diimide derivatives on the solution-processed n-type organic
thin-film transistors. .. i e

T R R
?:;E ] %_EJE% (R3O
tﬁi A T
BB 782225 (Hopping Model) ..o,

RT (Multiple Trapping and Release) model......................

FWEERAS T FRPETFESIORE
qﬁ’bﬁ/‘g}‘?—ﬂ,aa’gﬁsﬁ’ Q ...............................................
fx] '\;Fi p’bﬁ %%ﬁ ................................................
;5
(¥ias

xii

43

44
46
58
63
69
71

7

77
7

78
82

84
84

85
86
88
91
93

105
107

107
109
112
116
118

119
119

122
122
127
137
139
139
139
141
141



Synthesis of (3,4,5)5FEG1-0-NH2.............ccooiiiiinnnnn.

Synthesis of (3,4,5)5FEG1-1-NH2...............cooiiiiiennen,

Synthesis of (3,4,5)5FEG1-2-NH2.............coiiiiiiiennnn,

Synthesis of (3,4,5)5FEG1-3-NH2............cooiiiiiiiienne,

General procedure for the synthesis of diimides....................
Synthesis 0f SPECIES P ... e,
Synthesis of Species PCl.........cco oo,
Synthesis 0f SPECIES N......oi i e

Synthesis Of SPECIES B.......vviviiiiii e
B BT
T R 2 e,
B T B e e
B R BT B Bl e e,
P T e e
Pl 21 e
N 2 e e e,
Bt e L e
T
T2 }}% ..................................................................

Xiii



Scheme 1.  Synthesis of carbohydrate-coated amphiphiles (species T)....... 72
Scheme 2.  Synthesisof AE6and AELL..........cocoiviiii i 73
Scheme 3.  SynthesiSOf AEL2.......cooi i e 73
Scheme 4.  Synthesis of carbohydrate-coated monomers....................... 74
Scheme 5. Synthesis of carbohydrate-coated LC polyacetylene............... 75
Scheme 6.  Synthesis Of 5SFE-3-NH2.............c i, 159
Scheme 7. Synthesis of (3,4,5)5FEG1-0-NH2............cccooviiiiiiiiin . 159
Scheme 8.  Synthesis of (3,4,5)5FEG1-1-NH2............coiiiiiiiiini i, 160
Scheme 9.  Synthesis of (3,4,5)5FEG1-2-NH2.........cccovviiiiiiii i, 161
Scheme 10.  Synthesis of methyl 3-(3,4,5-trihydroxyphenyl)propionate (18). 162
Scheme 11.  Synthesis of (3,4,5)5FEG1-3-NH2...........c.ccooeiiiiiiii e, 162
Scheme 12.  Synthesis of diimides..........coooeiii i, 163

XV



Table 1-1.

Table 1-2.
Table 3-1.

Table 3-2.
Table 8-1.
Table 8-2.
Table 8-3.
Table 8-4.
Table 8-5.
Table 8-6.
Table 8-7.

Optical Activity of Monomer Solutionsa and Supramolecular
Morphology of Hydrated N-Dodeca-5,7-diynyl Aldonamides
and N-Dodecylaldonamides.

Four levels of chirality in different length scales.

The transition temperatures and associated enthalpies data for
the chiral amphiphilic LC species T.

Thermal properties of LC monomers and LC polyacetylenes.
P(-) OTFTs data sheet.

P(1) OTFTs data sheet.

P(2) OTFTs data sheet.

P(3) OTFTs data sheet.

PCI(-) OTFTs data sheet.

N(-) OTFTs data sheet.

B(-) OTFTs data sheet.

XVil

15
33

81

85
171
175
176
176
178
182
185



Figure 1-1.

Figure 1-2.
Figure 1-3.

Figure 1-4.
Figure 1-5.

Figure 1-6.
Figure 1-7.

Figure 1-8.

Figure 1-9.

Figure 1-10.

Figure 1-11.

Figure 1-12.

Figure 1-13.

Figure 1-14.

Figure 1-15.

B P 4

The primary, secondary, and tertiary structure of a
self-assembled morphology...........cccooiiiiiiiiiii i
Impact on supramolecular structures of solvents...................
Schematic illustrations of possible morphology of amphiphilic
molecules in aqueous SOIULION. .........c.ovvviiiiiiiiiiii i,
Self-organization structures of block copolymers and
SUITaCtants. ... ...ooeii
Model of the hierarchical self-assembly of chiral rodlike
1001070107011 ¢
The divisions of an amphiphilic structure...........................
Various self-assembled morphologies depending on the critical
packing parameter (P) of each lipid.......................ooal .
TEM images of one-dimensional, twisted (top), coiled
(middle), and tubular morphologies (bottom) self-assembled
from glycolipids 1 (middle and bottom) and glycolipids 2 (top).
a) Schematic illustrations of ‘the.self-assembled morphologies
of helical solid bilayers in high-axial-ratio nanostructures of
glycolipids 1. b)- Schematic representation of interdigitated
lamellar layers in the nanotubes.........ccc..coooiiiiiiii i
A) EF-TEM and SEM images, of the self-assembled
morphologies from (a) G, (b and c¢) F, and (d and ¢) E. B) CD
spectra of the self-assembled (a) G, (b) F, (¢) E at 25.0 °C, (d)
F, and (e) E at 70.0 °C;.respectively........cooviiiiiiiiiiinnn....
(A and B) FE-SEM images of the xerogel prepared from the
mixed gel of M and N (M/N = 1:1 w/w) in water-methanol
(10:1 v/v). (C) A possible self-assembling model in the
bilayered chiral fiber from the mixed gel of M and N.............
Schematic representation for the creation of silica structures
from the organogel state of M+N by sol-gel polymerization.....
(A and B) FE-SEM and (C and D) TEM images of the
double-helical silica nanotube obtained from the mixed gel of
M and N (1:1 w/w) after calcination, and (E) schematic
representation of the double-helical structure of the silica
nanotubes through SEM and TEM observations...................
(a) coil-coil diblock copolymers. (b) rod-coil diblock
copolymers (total molecular weight >20000 g/mol). (¢) rod-coil
diblock  oligomers (total molecular weight <20000

Phase diagram for a structurally symmetric coil-coil block
copolymer (hex = hexagonally packed cylinders, bcc =
body-centered cubic, lam = lamellae)................................

XiX

10
11

12

13

13

14

16

16

17

17

20



Figure 1-16.
Figure 1-17.

Figure 1-18.
Figure 1-19.

Figure 1-20.

Figure 1-21.
Figure 1-22.

Figure 1-23.

Figure 1-24.

Figure 1-25.

Figure 1-26.

Figure 1-27.

Figure 1-28.

Figure 1-29.

Schematic representation of a monolayer puck.....................

Phase diagram including the hockey puck and lamellae phases.
The phases are (I) bilayer lamellae, (II) monolayer lamellae,
(III) bilayer hockey pucks, (IV) monolayer hockey pucks, and
(V) incomplete monolayer lamellae.................................
Preparation of core-shell micelles via self-assembly of diblock
copolymer at the critical micelle concentration.....................
Schematic representation of micelles depending on the relative
block lengths: (a) star micelle, (b) crew-cut micelle...............
The backscattered electron imaging (BEI) image of a fracture
surface of a block copolymer/40% homopolymer blend film.
White areas are polyisoprene stained with OsO,4 and dark areas
are polystyrene. Arrows indicate defects where the
homopolymer tends to concentrate...............ccovvvveviennennn.

TEM image of a completely hydrolyzed PtBA-b-PCEMA
polymer film....... ...
TEM images for (a) zigzag lamellar morphology with f,q =
0.90 and (b) arrowhead morphology with f,4=0.98...............
Fluorescence photomicrographs of solution-cast micellar PIms
of PPQ10PS300 wobtained by ambient air drying of different
diblock solution concentrations .in CS2: (A) 0.005 weight %,
(B) 0.01 weight %, and (C) 0.5 weight %. Arrows in (B)
indicate regions of self-ordering.........................oooial

Molecular structure . of the rod-coil diblock copolymer
PPQMPSn and schematic illustration of its hierarchical
self-assembly into ordered microporous materials.................

Schematic diagrams of (a) strip morphology with f,q = 0.36
and (b) hexagonal superlattice with f,,q =0.25.....................

Schematic representation of supramolecular structures of
rod-coil molecules O. (a) Smectic A, (b) bicontinuous cubic,
and (c) hexagonal columnar phases...................cooeiiiin.

Schematic representation for the organization of the hexagonal
columnar and spherical micellar phases of rod-coil molecules

Schematic diagram for the honeycomb-like layer formed by the
rod segments of rod-coil molecule Qb..............................
Schematic drawing of four levels of chiralities and their
transferring process. The four levels of chiralities are
configuration (a), conformation (b), phase (c), and object (d).
The packing mechanism is the key for the higher-level chirality
formation. Parallel packing of the helical chain could lead to a
flat morphology while twist-packing will lead to a helical
morphology. The handedness of the helicity depends on how

XX

21

23

24

25

27

27

28

29

29

30

30

31

31



Figure 1-30.

Figure 1-31.
Figure 1-32.
Figure 1-33.
Figure 1-34.

Figure 1-35.

Figure 1-36.

Figure 3-1.
Figure 3-2.

Figure 3-3.

Figure 3-4.
Figure 3-5.

Figure 3-6.

Figure 3-7.

Figure 3-8.

Figure 3-9.

the molecules pack together.................ooiiiiiiiiiiii..
Schematic illustration that shows chiral molecular assembly, in
which molecules packed at a nonzero angle with respect to the
nearest Neighbors. ...

Possible formation mechanism of lipid ribbons based on chiral
molecular self-assembly...............coooii
Proposed reaction mechanism of of copper(l) acetylides with
OTZANIC AZIA@S. ..\ttt e
Schematic representation (energy vs reaction coordinate) of the
reaction of copper(l) acetylides with organic azides...............

Application of click chemistry for the parallel synthesis of
pharmacological test compounds..............ccooeviiiiiiiiiininn...
Schematic illustration of the “clicking-and-probing ligation™.
Profluorophores (or “prelinkers”) containing azide or alkyne
moieties are fluorescent inactive, which upon cycloaddition
would lead to the formation of triazolyl units with enhanced
fluorescent EMISSIONS. ... .ueuteetteite it

Variation of helical . itwisting. _ power in self-assembled
schiff-base chiral rod-coil amphiphiles..............................
Polarized optical micrographs displayed by (a) T7, (b) T8, (¢)
T9, (d) T10, (e) T11, and (f) T12..0c..ovee i

Differential scanning thermograms for-the first heating and
cooling cycle for T12, scanrate 5°C min™.........................

Melting (Tm,m) ‘and isotropization (Tsnma*,0) temperatures of
the chiral amphiphilic LC species-T, as a function of the carbon
number of the alkyl group. ...

FESEM (right) and TEM (left) micrographs
self-assembled morphologies in THF/H,O solution...............

TEM micrographs of T11 (left) and T12 (right) self-assembled
morphologies in THF/H,O solution....................oooeinnn..
Polarized optical microscopy of the fan-shaped textures
exhibited by the carbohydrate-coated momoners: (a) LC-6, (b)
LC-11,and (c) LC-12at 100 °C....ccviieiiiiiiiieieie e,

Polarized  optical  micrographs  displayed by the
carbohydrate-coated polymers: (a) K6P, (b) K11P, and (c)
N 1 U e

Corresponding UV-vis spectra and CD results of monomers of
species K (a) (b) and polymers of species K (¢) (d) in THF.
The spectral data below 250 nm are not taken because of the
interfering absorption...........ooevviiiiiiiiiiiiii e
FESEM micrographs of the self-assembled morphology
exhibited by monomers (a) K6E, (b) K11E, and (c) K12E. The
bar represents 100 nMm............ooiiiiiiiii

XX1

33

34

34

37

38

39

39

40

79

81

82

84

84

86

86

87

88



Figure 3-10.

Figure 3-11.

Figure 6-1.
Figure 6-2.
Figure 6-3.

Figure 6-4.
F igure 6-5.
Figure 6-6.
Figure 6-7.
Figure 6-8.

Figure 6-9.
Figure 6-10.
Figure 6-11.

Figure 6-12.

Figure 6-13.

Figure 6-14.

Figure 6-15.
Figure 6-16.

Figure 6-17.

Figure 6-18.
Figure 6-19.
Figure 6-20.
Figure 6-21.
Figure 6-22.
Figure 6-23.

TEM micrographs of KI11E (left) and KI12E (right)
self-assembled morphologies in THF/H,O solution...............
FESEM micrographs of the self-assembled morphologies
exhibited by KI11P in solution (a) primary stage, (b)
intermediate stage, and (c) final stage. The bar represents 100

Flexible active-matriX diSplays........cccceeveeriieerieeniieeeieeeveeennee.
Sony's flexible OLED display...........cccooiviiiiiiiniiininnn.n
Electronics based on organic transistors of Takao Someya

Device configuration of OTFT............oooiiiiiiiiin,
Common OTFT device geometries. ........ooevveeeieeieenennn.n.
Charge transport in top and bottom contact devices...............
P-type and n-type OTFT device.........coooeviiiiiiiiiiiiiiinnnnn,
(a) Output and (b) transfer characteristic of a typical organic
thin film transistor..........oiii i
Energy levels diagram of polaron and bipolaron...................
Hopping transport. ...« i i iis e e
Charge transport in‘different orientations: a) crystalline-good
charge transport;~b) amorphous-no charge transport; and, c)
polycrystalline- grain boundaries interrupt the charge transport.
Herringbone (top) and m-stacking (bottom) arrangements,
showing HOMO orbital interactions.....................ceevnnn..
Schematic illustration -of (a) different molecular smectic
arrangements (b) the layer structure of the conducting channel
in an optimal OTFT. Red arrow indicates the preferred charge
transport dir€CtioN. ... .ovutie ittt
The first attempt was made to fabricate an OTFT utilizing the
polyacetylene/polysiloxane field defect.............................
The schematic of stacked pentacene layer OTFT..................
6,13-pentacenequinone concentration in pentacene in different
stages of purification: (1)-as-received, (2)-single sublimation
clean, (3)-double sublimation clean, (4)-crystal grown from
untreated powder, (5)-crystal grown from doubly cleaned

POWACT . ..ttt e et
Chemical  structures of common  p-type  organic
SEMICONAUCTOTS. ...ttt et

Chemical structures of Pc,Luand Pe,Tm. oo,
Chemical structures of TCNQ.........cooiiiiiiiii i,
Electron-transporting metallophthalocyanines..............ccccuc........
Chemical structures of DFH-6T ...,
Chemical structures of fluoroarene-thiophene 1, 2, and 3.........
Crystal structures of fluoroarene-thiophene compounds 1 (a), 2

xxil

88

&9
109
109

109
110
111
112
113

114
117
118

120

120

121

122
124

125

126
128
128
130
130
131



Figure 6-24.

Figure 6-25.
Figure 6-26.

Figure 6-27.
Figure 6-28.
Figure 6-29.
Figure 6-30.
Figure 6-31.

Figure 8-1.

Figure 8-2.

Figure 8-3.

Figure 8-4.
Figure 8-5.
Figure 8-6.
Figure 8-7.
Figure 8-8.
Figure 8-9.

Figure 8-10.
Figure 8-11.
Figure 8-12.
Figure 8-13.
Figure 8-14.
Figure 8-15.
Figure 8-16.
Figure 8-17.
Figure 8-18.
Figure 8-19.
Figure 8-20.
Figure 8-21.
Figure 8-22.
Figure 8-23.

(D), and 3 (C).nnriiii
Chemical structures of DCMT and AFM topographic image of
its thin film vacuum evaporated onto a SiO, substrate............
Chemical structures of NTCDA and NTCDI........................
Crystal packing diagram of fluorinated NTCDI showing the
herringbone motif....... ...
Complementary inverter circuit configuration......................
Chemical structures of PTCDA and PTCDI........................
Chemical structures of DPP................oii,
Chemical structures of PTCDI-C8H..............c.ocoiiiiiiiiintn.
Chemical structures of PTCDI-C4F7..........coooiiiiiiiiiiiin
A chain of structural consequences. From top to bottom,
specific chemical structures lead to spatial conformations,to
self-assembly and finally to self-organization into
supramolecular architectures.The basic dendron molecule used
is shown inthe middle.................ooiiii
Schematic illustration of the self-assembly and co-assembly
processes of fluorinated first-generation dendrons containing
donor (D) and acceptor (A) groups.«iu..eereeeirreeeineeennneennnnn.
Self-assembly mechanism of the fluorinated first-generation
dendron  containing — a - larger = perylene  diimide
electron-accepting GrOUP. ... vcviteeneie ettt et e eieeaineeennnenn
Device configuration of OTFT in this study........................
16 transistors on each substrate with different W/L...............
I4-V4 characteristics of P(-) device 10 without annealing.........
Id—\/ld—Vg characteristics of P(=) device 10 without annealing....
I4-V4 characteristics of P(-) device 10 after annealing............
Id-\/Id-Vg characteristics of P(-) device 10 after annealing........
I4-V4 characteristics of P(-) device 11 inair........................
Id-\/Id-Vg characteristics of P(-) device 11 in air....................
I4-V4 characteristics of PCI(-) device 10 without annealing......
Id-\/Id-Vg characteristics of PCI(-) device 10 without annealing.
I4-V4 characteristics of PCI(-) device 10 after annealing.........
Id-\/Id-Vg characteristics of PCI(-) device 10 after annealing.....
I4-V4 characteristics of PCI(-) device 10 in air.....................
I4-VIg-Vg characteristics of PCI(-) device 10 in air................
I4-V4 characteristics of N(-) device 3 without annealing...........
Id-\/Id-Vg characteristics of N(-) device 3 without annealing......
I4-V4 characteristics of N(-) device after annealing................
Id-\/Id-Vg characteristics of N(-) device after annealing............
I4-V4 characteristics of B(-) device 11 without annealing.........
Id-\/Id-Vg characteristics of B(-) device 11 without annealing....

XXI1i1

131

132
133

134
135
135
136
136
136

166

167

167
169
170
172
172
173
173
174
174
179
179
180
180
181
181
183
183
184
184
185
186



I

Synthesis and Self-assembled Nanostructures of
1,2,3-Triazole Liquid Crystals via Click Chemistry
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Figure 1-1. The primary, secondary, and tertiary structure of a self-assembled
morphology.
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Figure 1-3. Schematic illustrations of possible morphology of amphiphilic
molecules in aqueous solution.
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Figure 1-4. Self-organization structures-of block copolymers and surfactants.
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Figure 1-5. Model of the hierarchical self-assembly of chiral rodlike
monomers.
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Figure 1-7. Various self-assembled 'morphologies depending on the critical
packing parameter (P) of each lipid.
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1-8) o Ir PFs 3 Fglycolipid 15 e Kischg RIS "EFp vk

PR e £ o B S R B HE(Figure 1-9) -

OH

a "o

OH

glycolipid 1 : a(5%) / b(50%) / c(16%) / d(29%)
glycolipid 2 : a
Figure 1-8. TEM images of one-dimensional, twisted (top), coiled (middle),
and tubular morphologies (bottom) self-assembled from glycolipids 1 (middle
and bottom) and glycolipids 2 (top).

a) o _
W
M
Yy <€y ] C Mm | ‘

Figure 1-9. a) Schematic illustrations of the self-assembled morphologies of
helical solid bilayers in high-axial-ratio nanostructures of glycolipids 1. b)
Schematic representation of interdigitated lamellar layers in the nanotubes.

Shimizu % 4 73 4 & 7  #icp chF N etz ¥ A fe pE 48 (phenyl
glucosides) 2.1 & 4% d TEM/SEM™ 9 48 % F 3\ 4t dcp hs

dvo p ol isdTA 2 enA) A 7 d twisted nanofibers (G) ' helical ribbons
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Figure 1-10. A) EF-TEM and SEM images of the self-assembled morphologies
from (a) G, (b and ¢) F, and (d and ¢) E. B) CD spectra of the self-assembled (a)
G, (b)F, (c) Eat25.0 °C, (d) F, and (e) E at 70.0 °C, respectively.
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O’Brien® 4 £ & — % 7|diacetylenic aldonamides’ ¥ ¥ T % f
Yy

FESEAL KA o 333 Ediynet A F f e g en® 7 (Table 1-1) -

OH QH OH OH OH OH
o Pr w3 EN Y A Mg
N N OH N OH -
A Y\/\o H R Y A Y R oH
0 oH 0O OH OH O OH OH o oH
L-Thracnamide D-Giycero-D-gluconamide D-Glycero-L-mannonamide D-Erythronamide
OH OH OH OH y o PH w oM oH
H 3 Bz 5 E H
I3 boi A Lo
N : rs
& _. oH e W\(\DH . 7 “on & S H
O OH OH O OH OH O oOH OH 0 ok oH
D-Galactonamide D-Gluconamide L-Manronamide D-Gulonamide
 OH OH y OH OH wo £ P
"}[ H OH )'4 H ! OH ,f‘ ; OH
-
R 1 R W/ R A = CH3ICHzlsC=C— C = C(CHz)4—
o oOH 0 OH 0 oH or CH3{CHzhy—
L-Arabonam|de D-Xylonamide L-Lyxonamide

Table 1-1. Optical Activity «of ‘Monomer Solutionsa and Supramolecular
Morphology of Hydrated . N-Dodeca-5,7-diynyl  Aldonamides and
N-Dodecylaldonamides.

N-dodeca-3,7-diynyl- N-dodecyl-

headgroups [a]p (deg) morphology [a]p (deg) morphology
L-arabinose +133 braided fibers +304 helices and tubules
D-galactose +28.3 helices and tubules +214 helices and tubules
D-glucose +143 shests +11.1 braided fibers
D-glycero-D-glucose +150 sheets NA NA
D-glycero-L-mannose +120 helices and tubules NA NA
D-glucose +158 tubules +146 sheets
L-lyxose +230 open and closed tubules +178 open and closed tubules
L-mannose +16.0 tubules +148 helices and tubules
Lethreose +36.6 sheets +380 sheets

# Optical rotations were determined for aldonamide solutions in DMSQ t 23 *C and are reported for | g/mL concentration,

tp EERE* > 5 > Shimizu¥ % 4] * p-dodecanoyl-aminophenyl-
p-D-glucopyranoside f #¢ i+ & 4= (M) - p-aminophenyl glucopyranoside

(N) hiz ™ » VL p A2 4R AME » 3= E [£3-25 nmeh

N}
=
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& ¥ (M) > # E =4 chamino group®_— B ¥ 14 frtetracthoxysilane (TEOS)
F OB av A 0 % 4 » TEOSH b — p je k{8 il sg 258 + » @

TUH-F A S P s Sh R I HE 9 38 & Silica Nanotubes'™

(Figure 1-12,1-13)

= H
& A/ """ﬂ-s_w__‘_‘k«?r« ’{‘H
N—¢, T
H \ i i
hydrophilic
group

Figure 1-11. (A and B) FE-SEM images of the xerogel prepared from the
mixed gel of M and N (M/N = 1:1 w/w) in water-methanol (10:1 v/v). (C) A
possible self-assembling model in the bilayered chiral fiber from the mixed gel

of M and N.

12-1.5 nm

Figure 1-12. Schematic representation for the creation of silica structures from
the organogel state of M+N by sol-gel polymerization.
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{/'%m

‘i‘&- ; oo T e ©
Figure 1-13. (A and B) FE-SEM and (C and D) TEM images of the
double-helical silica nanotube obtained from the mixed gel of M and N (1:1
w/w) after calcination, and (E) schematic representation of the double-helical

structure of the silica nanotubes through SEM and TEM observations.

1-4 B\ & B3 4 F (Block copolymers)
1-41 BB L RAB L FHA

B B enBm st £ R § A F S AB copolymer - ¥ 3 & H T
= ZH A BRI E S S e o F A 5 coil-coil block copolymers
(BFdri B3 8 & F) ~ rod-coil block copolymers (#it# .38 B 4 )

% rod-coil block oligomers (#it/l F B 3% & &~ &) » Figure 1-14 -

(© {:”'L\ﬂ/

Figure 1-14. (a) coil-coil diblock copolymers. (b) rod-coil diblock copolymers
(total molecular weight >20000 g/mol). (¢) rod-coil diblock oligomers (total
molecular weight <20000 g/mol).
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Coil-coil block copolymers » H %= = ;N § A i & + 35 B h A 7
WMEEWETH s BRILF AT 0 R GaED> N pid s 3 (b
4opoly(styrene)-b-poly(isoprene)) o o >t H B iL § = &2 7% o 0 i@ =
Bt e ApF > Fp A 4 Hcdp 4 3t (microphase separation)I % o A
SRTG AP RN B

Rod-coil block copolymers/oligomers > 2 & £ (rod block)$R 4 rARR
FHE S FR S o ok (coil block) R ¥ 14 iE F ALK MR ER R
# b > #tblock copolymers™ F fcdp 4~ 82 p ke g o B RS
(DHEFREAERRA AN ERA BRI R T
QU B F — R b s
(33 dp2 = 3 g A A B BLTILR]

Block copolymers ¢ 7 #cAp A 3@ p e XS 3 B A5 ¥ B
AN KBt n Mip # BT 5 AT F A TR EME R e
Pl o Ae B FEREIRESAPEPT T T FHEATR X F]
AR Al BRI E RS A RWEALE DA T
75 T A5 57 g A~ 483 & 0 block copolymers=4p 4] i
BBER AR ER S o ERZ AR P
1-42 M2 KB A+ aHH(bulk state) ¢ eip (7 5 )

1-4.2.1 Coil-coil block copolymersz_ 32 #;
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Coil-coil block copolymers=iificp &+ #3124 » 1 & d Meiser®® s Y
block copolymers=4p 7 % (phase behavior) #t# 1) & - 4= #1]coil-coil
block copolymerssjictp # 317 5 L & 5 = I F]+:

(1)3%, & _& & (total degree of polymerization): N (=N+Np) >

(2) Flory-Huggins interaction parameter y @ d = # BB R &4 2.7 3

Ik

TR RS E

(3) i F B 88 FF 4 5 (volume fraction): (fa% fg » fa=1-1p) °
Flory-Huggins interaction parameter ()% 3% & B (N)ehk f## N

B e ddcdp 4 BAL R %% > 7 43Rl coil-coil block copolymers#g T

TR o BHENGT o0 T A L BT T B

(I)33 » 3% (weak-segregation) » yN= 10 >

(II) ¢ % % (intermediate segregation) » 10<yN =50 >

(IIT) 52 % %2 ¥ (strong segregation) > YN — oo ©

EiER SRR 0 F N 3 A #TE o H 4p it 4 (phase boundaries)&_

L8 S Fh TR RIS S (D) T L A A e G T

%o % yN =3¢ o @3 % » P H order-disorder transition (ODT)-2_

c(Figure 1-16 (a)) o d Leiblersri2 v v > Hiph w2t d €3 | m

%W > B17ODTehw 5575 Figure 1-15 (b) o
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Figure 1-15. Phase diagram for a structurally symmetric coil-coil block
copolymer (hex = hexagonally packed cylinders, bcc = body-centered cubic,
lam = lamellae).

1-4.2.2 Rod-coil block copolymersz_ 32 3#;

Rod-coil block copolymerssig de g8 2 & d 4p 4 F ke > F] 3
HHAEZFAHERAE BB ERE ATt g2 pokpEm, 8
HeAp > BEfe s B % BUin S el 8 5 4p LY 9 o Rod-coil block
copolymers= F A & 5% $F 12 % frcoil-coil block copolymerstp

o )I} ¢ i¢ ¥ Flory-Huggins interaction parameter y, 3§ ¢ o $| P wv 5 1t
¥+ rod-coil block copolymerseritp {7 & /23 — B = B ehIRsh o @ iT
£ ko 3w 74 2 & 747 £ 49 (nematic and smectic mesophase)
B3GR &K GG o Aot o R EF 2R R ) B
(non-lamellar morphologie) v 14 3g | o

$150 40 7 5 3% 0 B4 d SemenovirVasilenco (SV)# 4 SV
L % Jg nematicfrsmectic A phase » iz 7 fEA4p <A £ (rod) R & E ¢ 4p

& (lamellae) o 5 {5 8- H A TsmecticC> @ HA BN A ppk = - B
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£ RO e st g d et E S SViliEw BEF: ()R L GIEEF
¥4 % i@ (ideal gas entropy of mixing): fr#ick fx~ + Fr & By FFfe ¥

3 B QKR 2 MR nip 3 (8% 4 (steric interaction among rods):
28 3 8 54 (Flory lattice) = 7% #7145 41 % » Q) E 0 & (coil
stretching): & F T H AR T TR I kHE - FE D) § AU AR iR
kP o ()r B A 3 % eni®* 4 (unfavorable rod-coil interactions):
d Flory-Huggins interaction parameter y #7i&-%_o % & #4p B3 5 ¢ §

ko L FEIZ B

o

Boo A n] A B A A A 0 o AE N
B oF B o B R k5 v o.Rod-coil ‘block copolymersri4p B e
A5k Zvar R A o

WilliamsfrFredrickson#$ #1207k b o3k crd o i 45 2 Rk
+ #273] (Hockey puck micelle) * > K jZ ¥ rod-coil block copolymers:iip
{7 % ° tthockey puck micelle2-A & 15 » H A Bt 32 fh @A) =

F Al ek o BRI R E S 5 Figure 1-16

Figure 1-16. Schematic representation of a monolayer puck.
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Williams{rFredrickson g iR] § #c £ eha 5 1%~ (> 0.9)fF » J g
1 ERTNT o SABME T Tl A R IR - d
rod-coil block copolymerseigr i £ 4 e Lt » BR 2 2 A 37 7
e TR B e B2 B A s - KA T o ha g7 R
L/ A fﬂ%%%f‘]ﬁ‘”%ﬂ,@"’x » FR Y xhpd g2 WE - A
Flory-Huggins interaction parameter y %~ PF > @ A BB 7 3T 3 14
,é?} < o W OUEEE R R SLHCER 5 B 4d(coil chain)di AR BLATAS S e
EEF o Aimicelle puck® o A BN A F_EK T LR AR T R (e 2 REIE
FRENR AL P - 2] A e B RARBRR ) - B AR heehd s B A
ERE D A B ATA5 A g P s BIER o BB s ok ik ¢
5.4 ehid B oo pt i BRR BRI E R Rk ¢ BT B i
ME R BRENE ok NTEIRR e > Bl BER A d g
oA d o BRI N G - Bpd FEREREC RIS o
¥t iz faHockey puck micellet-3| 342 BE 8 4p 44> lamellar 5 % i 0!
- B mEkG o T FRAT G A e R e L e g oo
Williamsf-Fredrickson~ ﬁ SV jx %ﬁ % o micelle puck 3] fe
lamellar g H57 p o 5o 4p 3 - i o i} ¥ ¥l micelle puck4p B (Figure

1-17) -
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Taglv ) —

Figure 1-17. Phase diagram including the hockey puck and lamellae phases.
The phases are (I) bilayer lamellae, (II) monolayer lamellae, (III) bilayer
hockey pucks, (IV) monolayer hockey pucks, and (V) incomplete monolayer
lamellae.

1-4.2.3 Rod-coil block oligomersz_ 32 4

Rod-coil block oligomersfrrod-coil block copolymersei 32 2 (4 &7
Kgou o » Fd B BRL K e % ffifecoil-coil block copolymersip
vt » Flory-Huggins interaction parameter y 3 4v o 3 8 xchig % > i@
MeAp & 3R 2 p e I G Ao g H s 3§ ik M3 coil-coil block
copolymers o d **igfh A F R B0 A AT U - LB LA E L
= % 4 it s #f1urod-coil block oligomersiT # k < £ el Fm 7 o
1-4.3 BB 5 R A+ afp@pind fp 7 5

AP F v bulk statesi4p {7 5 0 block copolymers A ffi# 73 i ¢ chdp {7

ST N 2 f g BEL AR RB PP B A

B0 fp L FTE Y R M RUR L E i 4
block copolymers § F1 3 %405 & § #ed g j2 R 7 Bk B B 4 g8
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B N - AAER| RSB fRARL D B .
Amphiphilic block copolymers ] £ — =44 3 hydrophilic chain’ ¥ —
#%7% 3 hydrophobic chain® f& 2 H 7 I g v K434 G-kipiRe >
proksaboe p B E o B AL RMEE Rt E S Bt a2 FEARK
8 T Tt e Jk B (CMC : critical micellar concentration)fF » ¢ 35 = 35 3
& %z encore-shell micelle @ H %< (core) 7 #r-k4aEL » Flvan der waals

forcem & & 25 = & p engn R A 5 b K (shel) ] 5 ® B il R 4aE

| b

(Figure 1-18) - — 4 % > polymeric micelles # %2 3 J& ¥ s +

Liw E 3323 ik 3 &+ [ 20block copolymers ©

aw

o

. " ——
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i f o ~
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.-. Ellf-n::-nhly poe X" m, \
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Figure 1-18. Preparation of core-shell micelles via self-assembly of diblock
copolymer at the critical micelle concentration.

EEUKARE hE B MORAAELE 0 BokiB R Y A5 R e A R
i & crew-cut micelles'®™ 5 & 2 kg gL > PIAE S star

micelles”* (Figure 1-19) o
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(a) (rf:

(L

(b)

¢

Figure 1-19. Schematic representation of micelles depending on the relative
block lengths: (a) star micelle, (b) crew-cut micelle.

crew-cut micelles % & 5 = fficore% # | cishell » 20 8/ & o 5748 2

epcRe s 7 L H#block copolymerii B— B ¥ & 4BEY ¥R GR H|

3

? (good solvent) » £ P& Mte ~ © iF & M RGAE A f2 9% F (selective
solvent) » p* PF X ’Jié:éﬁlﬁ‘&: & Mfh T Em Aj= it s o # ‘ﬁ &
Y17 F ek % A (co-solvent) QT R WG BB R A i o

crew-cut micelles 3] fi % W5 TF 000 e R 1E {42 | HfE A7 g 1]

‘b 5 & 7 ok star micelleszc &4 gL 5 ~ 3k B V7 & 2 4] micelles

>‘1\

RIFRR - BR?PPEXFLIFIEFLFIEGO N 2 f B F
o BHR TR B R PPN NP 488 (corn chain) 2 iR AR e B
% 5 4 (interfacial energy) ~ 1% < 4aE B erfe @ 4 (stretching)fe¢h 344
F(corona chain)f¥ 94p 3 £ & 4 (repulsion)# 78 5 o f| * iz = B T

3]

4 B end 7 i =k Sitotal free energy s *E 0 € AR 4F T Ak i
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i o PR R PR ek aniE 2 (kAR B AR~ pH
B8 AR NG A S s e g 2 g
FLEE (E% 4 hT fr> @ 253 & A 35 4L e o
1-44 BB L BB A F @Y afp 7 3

Block copolymers £ L ",’TT TEBH MR B RY o Ekaa 4
o B R G p mES A AR A B4 o block
copolymersi& %-erFr 7 > & 5 ff it 211 2 2 % [ (orientation) T~
o AR AL > B ¥ F 3t e 28 Eu ok 4o S de 4 (driving force) k % <
BOAE B E S e - dud 2 o e @t s N v 4o § H(electric
field)® « o) % 4 2% % (shear force induced)®” - & & = + % ¥
(crystallization induced) ™22 # 44 ¥2 4= & 434 8 (substrate confined)™”
2o P ARE A b kmpEe A TREGR R A R AR 5 - e
et e B Y o
1-45 BB L BB LAFFTFE
1-4.5.1 Coil-coil block copolymers

Thomas & 4 #-poly(styrene-b-isoprene) $ » 1:1( &£ & ) #7R & 9
polystyrenefrpolyisoprene » #-2_ = 35(8 o p e A =0 3F Hp ek Sk )
it (lamellar morphology) » ** & — K =7 &% 5 (refractive index)3" % 7 >

£ F 1k J %8 ( photonic crystal )erafd B » ¥ ke L & F R kR
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ek £ o2 > F s D %P (Figure 1-20) o

Figure 1-20. The backscattered electron imaging (BEI) image of a fracture
surface of a block copolymer/40% homopolymer blend film. White areas are
polyisoprene stained with OsO, and dark areas are polystyrene. Arrows
indicate defects where the homopolymer tends to concentrate.

R D R i S a R RSN T
Liu % A 12 poly(tert-butylacrylate)-b-poly(2-cinnamoylethylmethacrylate)
(PtBA-b-PCEMA) % H 42 4 JPBA £ ;% i & PCEMA #77) & e §8
¢ooop fe g a4k % 38 (cylindrical domain) 0 E HE-fert-butyl B 2L oK fE

P25 & 3 33Uk & 5 (Figure 1-21) > 7 ¥ 23 PBAE B & 23 £3L i

Yy
- CH,

AN
§—l—CH2—CHJ] l——CHz—t:t 1y
4]

:’l— { — - m
Q ;‘u _co
_ COOC(CH,), o

P{BA-b-PCEMA o (

0

Figure 1-21. TEM image of a completely hydrolyzed PtBA-b6-PCEMA
polymer film.
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1-4.5.2 Rod-coil block copolymers
Ober¥? Thomas & + M A3 3+ B & 0> ;8 » & = ) 12 poly(hexyl
isocyonate) = # £ » polystyrene = #it £~ s7block copolymer » poly(hexyl

isocyonate) s & B % 900 > polystyrene B & B 2300 p4& % 4~ + £

vy
=3

93-95]

CFLTBNT

$ 2k 5 )% & (lyotropic liquid crystal) s 57!

B R K

b

BB L% B3 4k e i (zigzag morphology) 0 5 &

7| 4p ek 4244 B (long-range order) > Figure 1-22 -

B CHy= CHy=CHL _ |I}_{'|§:-
" X CHACH )~ N=C=0 _{'GHj n i ]m
. (CHCH;

and (b) arrowhead morphology with f;,q = 0.98.

Jenekhe & 4 ¥ % 12 polyphenylquinoline 5 A £ > polystyrene & it £
errod-coil block copolymer  H & = = ;% 12 5 % polystyrenetiketone
methylene % =4 2 £2 S-acetal-2-amino-benzophenone:& 7 %5 & & &7 ¥
PO o wp & it ko cn@ A F 5 p e | 254 1R AT & 0
ft 3 7 7 3k (hollow sphere) ~ & ;& (lamellar) ~ ¢ % 41 (hollow

cylinder)fr ¥ 2 (vesicle) e @ iz p fo 22570k cn 7 o Be o33 B cnfd i
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2175 A §5 % g B (Figure 1-23, 1-24) -

Figure 1-23. Fluorescence photomicrographs of solution-cast micellar Plms of
PPQ10PS300 obtained by ambient air drying of different diblock solution
concentrations in CS2: (A) 0.005 weight %, (B) 0.01 weight %, and (C) 0.5
weight %. Arrows in (B) indicate regions of self-ordering.

Ot
DI
G proPes,

— R

Rod Codl
'* Giond sohvent for coil

Lo R
L 0L
50

+Euhrent evaparation

Figure 1-24. Molecular structure of the rod-coil diblock copolymer PPQmPSn
and schematic illustration of its hierarchical self-assembly into ordered

microporous materials.

1-4.5.3 Rod-coil block oligomers
Stupp & % % % 2 H - & @ ( monodisperse) ciipolyisoprene 7 #c
B0 i & 22 5 A B2 rod-coil block oligomer > H & £ enE B 56 nm

o R R R KA A B PR A F (fog) 0 R SR B A A

i A2 A8 g ' Figure 1-25

4
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(b)

v
—
v

Figure 1-25. Schematic diagrams of (a) strip morphology with f,,q4 = 0.36 and

(b) hexagonal superlattice with f;oq = 0.25.
Myongsoo Lee# A & fl3 3% 3 2% 8 3k 5 A £ chrod-coil block

oligomers ° % d 22 7 4t fopoly(ethylene oxide) & & » € 2 H p

5, 4p 22 2 U Figure 1226, 1-28, 1-28) -

ok
s}

W, ¥, S,V Vol

o ajn=7% bin=8 en=10

din=12 e}n=15 fHn=17
an=20

Figure 1-26. Schematic representation of supramolecular structures of rod-coil
molecules O. (a) Smectic A, (b) bicontinuous cubic, and (c) hexagonal

columnar phases.
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oo oA e

P a)n=22 b)jn=27 cjn=34

Colummnar Spherical Micellar

Figure 1-27. Schematic representation for the organization of the hexagonal
columnar and spherical micellar phases of rod-coil molecules Pa-c.

W S Wy S, W, Wt T

Q an=22 b)n=34

Figure 1-28. Schematic diagram for the honeycomb-like layer formed by the
rod segments of rod-coil molecule Qb.
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1-5 & 3 ¥ H3c g(Effect of molecular chirality)

b ;ﬁ:{ d o3 FFenz 0Tt 4 5 yo2 8w 4 (steric hindrance) ~
. En K 1+ (amphiphilic effect) ~ # &% # (electrostatic force) & & 4&
(hydrogen bonding) % 4p 3 £ % 4 »itm p a4 b ¢ < & = % &2

gy

==
G

2 *#_[105] o # 7 7 %24 % i (helical superstructures) = # 4~ %8 @ &
o A4 AR EAE e Y o F 13 (chirality) £ & U3 R4 4R
ABRFZ—o S AL IFoEr S B EP L AT AFA
FAPE o AE A e 2 R e
/> %+ (chiral molecule)iﬁ%—{ H R AR A ke g o 4 E 2 1R
ot EFa 222k BRI T L5 ARz
2RSS R 1 (enantiomer)e oA F W - p KA T o8
G E a2 WorM A G A2 R AR s Y Figure 129 -
Table 1-24p & iz ¥ HenE M 2 H 2 R A 6|3 B 7 2 2 o

% — (1% level) : configurational chirality( e f5 ¥ {2) » 22 + K
Boe¥ (¢ o (chiral center) B > ARG 7 BB 1Y B AR B 4ig
- By EGIFDRST L -

% = (2" level) : conformational chirality(#-2; ¥ {£) > b F13 7
e R g

% = ,.“é»(Brd level) : phase chirality(4p e0 ¥ 4) » 22 8835k el T#
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(helical phase structures) 3 B - |4 © wisted lamellar crystals -
monodomains of chiral liquid crystalline (LC) phases %

$ e (4" level) : object chirality(4~ R er¥ }4) > 5 5B & | o
¢ % = %phase chirality #7122 S35 R SHRE S £ 0 5 RT L

¥ MR8 o 4ok 3R 2k 5 (banded spherulites)— £k o

o /ﬂ_-" ‘t__, b
[ _“‘J-
1 h - ri
S
a Z

- L
Nunp.i.:rdllrzl Fzaral lel
o o

d o nghl—hal]de.d Left-Famded

-:'Lf x ‘ T Laty E st

Figure 1-29. Schematic drawing of four levels of chiralities and their
transferring process. The four levels of chiralities are configuration (a),
conformation (b), phase (c), and object (d). The packing mechanism is the key
for the higher-level chirality formation. Parallel packing of the helical chain
could lead to a flat morphology while twist-packing will lead to a helical
morphology. The handedness of the helicity depends on how the molecules
pack together.

Table 1-2. Four levels of chirality in different length scales.

. . 1* Level 2 Level 3% Level 4= Level
Hierarchics Configuration Conformartion Phase Ohject
Scale .1 -1 nm nm - pm S0nm - 100wm = 1 pm
d, /C
Schematic C
Representations PR
pre a b
Examples Atom Sites Polymer Chains Eg:‘;;ﬁsre"ﬁm 3‘:%3;;%?;;:;
Microscopy, Microscopy,
Smdying Methods Polarimetry... CD, X-ray... X-ray, Light X-ray, Light
Scattering. .. Scattenng. ..
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A G E BT U k298 A 3 3 p(molecular packing) lFA5 o ¥
}4. 7% % 4 (chiral interactions) § FRE Ao F B H AT L F 2T &
& (nonzero angle)s= 3% ?f 3 'S Figure 1-30 o & 3 eh¥ €34
B wELFE- BRSSP AEERETER I EA

2 2 LIRS

Figure 1-30. Schematic illustration that shows chiral molecular assembly, in
which molecules packed at a nonzero angle with respect to the nearest
neighbors.

¥ 4 p % % (chiral self-assembly) €415 = helically coiled ribbon > @
helical ribbonrs @ 23425 % 1 — FAREE(pitch) ¥ 2d S5F TR 7 %
T, Figure 1-31(a) ; ¥ - Fa-s4 5 A % 57 1357 %" Figure
1-31(b) > @ ¢[I§J%“ PR R IR

T>T,,

N
q;-b;-r.}-h
P B

Width

Figure 1-31. Possible formation mechanism of lipid ribbons based on chiral
molecular self-assembly.
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1-6 = § = (Triazole)

1960 # > R. Huisgen % 1,3-dipolar! 17k it 40 & £ a7 352 e
% o Huisgen 1,3-dipolar it 4c = §3c# F Jis - H &3 B 7 & foeh
FReyPeig 2 & N & fhend etk o B¢ udpg it & 4 (azides) fr
Ao (alkynes) i3k 14 4e & F A5 2 = § ek(triazole)B B 2 F1* 0 F i
FREAT X3 BlA4 A4 o i7# % K. B. Sharpless # & ) 7 click
chemistry 4| * I; 4F (copper(l)) &Lt 25 = triazole ~ J& » i€ ¥ 1,3-dipolar

FRittedFRERESZBFAER &Y

E

B A AV EAERER
o

1-6.1 Click Chemistry sz_i& '

3

BB RERD AN R F R B 5 3 S o PN
FpRaErd o APy AR FARAR RS 5 B(C-X-C0) 0 @) ¥
AR AP R T RERA- £G4 A B EREY
Wit @ A bl AR R o A P LS AR 2
v click chemistry - K. B. Sharpless #_3 click chemistry 3 @ * &<
AFAF2 AL RTORAY FL DRI BAES F A g AT
(nonchromatographic) > /2 v = 4 4% £ |4 (stereospecific) = ;= (i 7 -

4 TSE # M enantioselective) o & B ARF 1L o H ok BiE

B(HEEFIRIcE FAAF B T 3% "K’/T\‘*) VR A ED

'—H
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FRyAewsl > 2@ > ALy md 2y s "f—i e79;% A (4
K)o AT U E A A AR o dok T BB T G 2
B * nonchromatographic = % » 4 %8 ~ & > ™ A 2 Bk
BTREE T

= ** 20 kcal/mol e 4 § 48 € 5x %> 4 E_click reaction 1l 4 - i%
TeiE s B A2 22 e B ERPNE - FF )=
carbon-heteroatom 4¢ ek B e 7 X WA F L ek F » e 0T L i
Feerfddg ()3 47 & P fEenTpsk 4o = 5 0 £ 2 §_1,3-dipolar ek it
‘v k&> Diels-Alder e0F & " fF3bd s o Q)M - F > A
HF AT+ etk &~ 3 (strained heterocyclic electrophiles) s B Ik &
& > T Ik 5 # (epoxides) » Tk % 4§ (aziridines) ~ aziridiniumions v
episulfoniumions - (3)Non-aldol” &5 & i & » 42 & Ff % 47 (ureas),
F Bl % (thioureas) ~ = 4 #23k 4 (aromatic heterocycle) ~ g %4 (amide)
oxime ether ~ hydrazones #1775 = o (4) 4t 4T R - 4c = F B A
HEF M F g 4oBk 3 i (epoxidation) ~ = # 4 it (dihydroxylation) ~
% ¥ 1 (aziridiation)fr sulfenyl halide 34c = > 23 3 4% 22%|(Nu-H) 0
Michael 4c = & J o
1-6.2 Click Chemistry gk 4% 4]

R Feknit e F BV R FERTER LY §ERLAL
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fo 1,5 =8 P~ R 4 P (regioisomers) [Eq. (1)] » * F 7% 4 2 x4 8

- B P B (regioisomers) A 4+ i 4 ¢ fE @ a2
RZ_ 1 RE
4 e : Sty -
N=N—pN I._—_-__:_{lg;“ * 3 _,,»}:1-1::-_/” (1)
- —
ca.1:1

K. B. Sharpless | * & 4F it fp g it S frr P58 > =5 & =

W

dE 4 1,4-B~ i 1,2,3-triazoles! Y o B F 4] 5 & s 03 4 2
% copper(l) acetylide (I)!'*"** > Figure 1-32 - ‘&d @5 > 2 Ik
e B O B WL Ao 84 0 £ 8 12-15 keal/mol 0 F]pt
AL SR X RIS Gl o A R || Gt R VR
3] it 4e = (B-direct #B-1—5B-2—B-3) © Figure 1-32 & ;4% 8.1t 2

Tt e F R0

“J_N
= Culp, ‘N R
' B-3 ~* N, N-
F ;‘c{“'-r - ::;"H N R
i % ’ v c
N N,
‘xkx“ A f
p o :
B-2 | ! +
: | B-direct [LACu]
_—Cullj_,,_ L‘h‘
N=H
NENT
+ e ™y
) B-1 ieme R'—=—0ul,
|
st N,
g2

Figure 1-32. Proposed reaction mechanism of of copper(I) acetylides with
organic azides.
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Energy ———»

(2)

N%N,N\

L = CHyCN or H,0 -

Reaction Coordinate ———»

Figure 1-33. Schematic representation (energy vs reaction coordinate) of the
reaction of copper(I) acetylides with organic azides.

To 4 (B0 R dm 2 TR 4o 2 FE s i o AV Figure 1-33) 0 F R

CEEE PR S TR TR X% NI A C L

14.95 Kcal/mol > & +* & 7 4F

ﬁf

it z_7 i g¢ 25.7 kecal/mol -7 7-8 i #ic
%o F|Pt A triazole & AR F AR T 4 feTk o
1-6.3 Click Chemistry e #

2= L1 N v s L £ 127 i3 ; N2 L= /,‘1 A
ity vk gy e Pharai iz ekl 29

~|

e LM %zr% B~ g A~ 24 U6 Click chemistry 7+ 7 # 3¢
BH AT RPE S KR BASLZ F e MR 2
B R EERA] S 1L % % %:$ dopaminergic :## 4 + E > 4r Figure
1-34 #7712
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/OAB" O.Bn
é 6Chck resins d“m _b %

Figure 1-34. Application of click chemistry for the parallel synthesis of
pharmacological test compounds.

. Wang % A JI* & 4% L0t A5 = § e (triazole)z > 4 je3k k3
g

be ¥ kM 1 * bioconjugation 7 3V o R KA I3 B A TR TP
AP mret o Ea- kAEG A EFRPER A S =

Figure 1-35 #713% o # 4 o imee 4 58 b 4k 3 B 7 % 4 % k3

Gk R F) AT e T B0 A SR 4 (probe) = & et o

profluorophore

/ "swltch“\ _

prelinkers ﬂ
highly fluorescent linkage
biomolecules

Figure 1-35. Schematic illustration of the “clicking-and-probing ligation”.
Profluorophores (or “prelinkers”) containing azide or alkyne moieties are
fluorescent inactive, which upon cycloaddition would lead to the formation of
triazolyl units with enhanced fluorescent emissions.

1-7TF 3 548
*F % % % % & - % 7| chiral schiff-base rod-coil # 4% & i & 4
2 AFp KA S kot g A R E 2 s S p ek

B E E AT R %T#Li] B8k A psak fe e 4 [131-133]
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Figure 1-36. Variation of helical twisting power in self-assembled schiff-base
chiral rod-coil amphiphiles.
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21 3%

Foke T @ 2 FEL WM B - Acros ~ Aldrich -
Lancaster ~ Merck 2 TCI =+ @ » A% itm 2 & * o 97 * 2 73 A&
Bl A Bp i Merck~ = 02 BW it o K fu? 518 * chig k73 Al
dichloromethane 4 calcium hydride ** § # TR 3 T 4v i i 4e 1Y “,f K
tetrahydrofuran P12 sodium % % F 5 T 4v ik % 4 SRR TIPS

S

benzophenone & 4p 77 Al #75 '5 RaG3 A Y E F R

o
A
Ed
e
4
4

—

TFiE F o
2-2 RlFE 2

a0 FETE PRRTEASTELE S T AIRRERE
(1)¢ & %~ #7(Chromatography)

% 554 K 4 47 (thin layer chromatography® TLC) 7% ¢ * Merck 5735
DC Silica gel 60 F-254 ] #% % j& 5 o ?, 4 k& ~ 47 (column
chromatography) % i# * Merck 7734 Kiesel gel 60 (70~230 mesh)3| #
Mo AL E A S R A H g o £ % TLC ¥ 1% o £ (UVGL-25
EDL A
Q)i #é & 4% % 3# &R (NMR)

i * Varian Unity-300MHz #%& % 3k % - H ¢ 12 d-chloroform 3
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A BB =B E 5 ppmo & 3L 85=T724ppm f i IR E
BP0 3=T77.0ppm 5 p IR B 5 2w L d-DMSO A& 0 & %025
=249 ppm i m PN IRAE > BRI §=39.5ppm 5 P R o Sk

e s 4ot H 4 (singlet)  d % 77 = £ (doublet) > t % o = £ %

R

(triplet) » m % 5= % £ *% (multiplet) °
(3) ir & Bz 4% (Polarizing Optical Microscope, POM)
i * Ziess Axiophot 3| & & B ficst > x5 5 40~320 B 0 e A

PR dp 4k kLo T * Mettler FP82 7 4r #t % 4 Mettler FP90 3|48 B
(4 £ ¥ #u F i+ (Differential Scanning Calorimeter, DSC)

iz * SEIKO SSC5200 DSC 1z 2 Computer / Thermal Analyzer >
5 ¢ * liquid nitrogen cooling accessary 4 £7 % st o § & ™ In et »
F & PEAEP~ R 3 ~ 10 mg o PR FE B &2 4p # 45 (phase transition)i§
BoRRPHiEE > & B IFE A F R (glass transition temperature, T,)
P|B~H & % F & Zh(infection point) -
(5)#: £ & #7 % (Thermal Gravimetric Analyzer, TGA)

¢ * PerkinElmer Pyris £t & A~ 47% - F %R~k & 2 ~ 10
mg > &S ArFEF 5 10 °C/min * &F F /& 100 mL/min T B &
BEAHRGED > BAFZER I AFES %™ 8 B2 o

(6)527% % 3% & 47 &R (Gel Permeation Chromatography, GPC)
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i * Viscotek VE2001 GPC % B FIif kst @R % 5 Viscotek
LR 125 Lase Refractometer ¥2 T50A Differential Viscometer  i% % i# *
» &£ - % American Polymer Standards Corporation » 73 ~v 2_ gel
4 %} & 5 10751040 10°A >  # * polystyrene 13 4 54 (74 3
4l o A o jp|E pF 2 tetrahydrofuran 7 % 3% 0% 0 JniE 5 1 mL/min o
T FET 35°C R B ¢ R E R R PEE S F 2.0 mg B E iR
1.OmL THF ¢ > @ * % & g 12 0.2 um &7 Nylon filter 8 jjg {5 & * o
(7% #b-v R skexyz sk 3# % (UV-Vis Spectrophotometer)
i * HP 8453 4] UV-Visible se g ix o % i |4k F-2 e jz k¥
BIFFRSA B fES BN EE LN EPR L FHE L nm o
8)7 & %+ Hiks& (TEM)
Transmission Electron Microscopy i¢ * JEOL 2000-EX 3] 7 +

R e > 0 120.0 KV ehdeid R > 2+ % 5 100 K ™ > fie & 4gst

Mr

4 e i holder » LR & p B8 051k o
9F-# s 3 T + B (FE-SEM)

Field-emission Scanning Electron Microscopy & #* JEOL
JSM-6700F 7] & + & jicdi > 4eid T & 0.5~ 1KV sample /g >t 2 5L 7

+ 32% > fe & Pdsputtering > BLEB P B S R o chf o
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AEGT LS AT AN REFE S5 B i)z F S
Felp d it L4 0 4G 1L L R A RS R4 G 0 scheme
5 2t ahs > toscheme ® G It EF iR (L A Em L
S L A

2-3.1 Synthesis of species A (A7~A12)

R= C/His (A7)

@)
CsH A8
>_©70R sHi7  (A8)
HO C‘)Hl‘) (A9)
CioHzi (A10)

C11H23 (All)
CioHys (A12)

S i b ) A SR AL 0 8 S BT

Q
>_©,O/\/\/\/\/\/\

HO
#- 4-hydroxybenzoic acid (10 g, 72.35 mmol) ~ NaOH (5.76 g, 144
mmol) % it § FKIE »F BFLH T4 » 150mLe fE e F O RIA R
A TAMI R R o n 30 A 482 15 0 jF 4 1-bromododecane
(18.03 g, 72.35 mmol) > T 4F F4c# 24 -] PF o F 47 * TLCE B
FERR N2 (8 0 L FPE R o Bk AT > 350 mLavk e 5 T4
»> 20 mL137 % HCI & 1 ° iz & FI1 > 42 & 4+ * ethyl acetate
/n-hexanel % &% » ¥ ¢ ¢ F48 20g° & & 90% o 'H-NMR (CDCl5):5
= 8.02 (d, 2H, J = 9.00 Hz, aromatic protons), 6.91 (d, 2H, J = 8.60 Hz,

aromatic protons), 4.00 (t, 2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H,
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-PhOCH,CH>-), 1.44-1.25 (m, 18H, -(CH,)yCHj;), 0.86 (t, 3H, J = 5.70,
-CH,CHj3). MS (EI): 306.

Al1l: Yield 92%. 'H-NMR (CDCl)$ = 8.03 (d, 2H, J = 8.70 Hz,
aromatic protons), 6.91 (d, 2H, J = 8.70 Hz, aromatic protons), 4.00 (t,
2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H, -PhOCH,CH>-), 1.46-1.25 (m,
16H, -(CH,)sCH3), 0.86 (t, 3H, J = 6.60, -CH,CH;). ?C-NMR (CDCl,): &
= 171.51, 163.66, 132.31, 121.30, 114.17, 68.28, 31.90, 29.60, 29.58,
29.54,29.34,29.33, 29.07, 25.96, 22.68, 14.11. MS (EI): 292.

A10: Yield 95%. 'H-NMR (CDCl): 8 =8.03 (d, 2H, J = 8.70 Hz,
aromatic protons), 6.91 (d, 2H, J = 9.00 Hz, aromatic protons), 4.00 (t,
2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H, -PhOCH,CH>-), 1.44-1.23 (m,
14H, -(CH,),CH3), 0.86 (t, 3H, J=16.30, -CH,CH;). "C-NMR (CDCl,): &
= 171.29, 163.67, 132.31, 121.27, 114.19, 68.28, 31.88, 29.56, 29.54,
29.34, 29.30, 29.08, 25.96, 22.67, 14.10. MS (EI): 278.

A9: Yield 92%. 'H-NMR (CDCly): & = 8.03 (d, 2H, J = 8.70 Hz,
aromatic protons), 6.91 (d, 2H, J = 8.70 Hz, aromatic protons), 4.00 (t,
2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H, -PhOCH,CH>-), 1.44-1.23 (m,
12H, -(CH,)sCHj3), 0.86 (t, 3H, J = 5.70, -CH,CH3). "C-NMR (CDCLy): 3

= 172.00, 163.69, 132.33, 121.36, 114.18, 68.28, 31.86, 29.50, 29.35,
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29.24, 29.08, 25.96, 22.66, 14.09. MS (EI): 264.

A8: Yield 90%. 'H-NMR (CDCl;): & = 8.03 (d, 2H, J = 9.00 Hz,
aromatic protons), 6.91 (d, 2H, J = 9.00 Hz, aromatic protons), 4.00 (t,
2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H, -PhOCH,CH>-), 1.44-1.23 (m,
10H, -(CH,)sCHs;), 0.87 (t, 3H, J = 5.40, -CH,CHj;). MS (EI): 250.

A7: Yield 95%. 'H-NMR (CDCly): & = 8.03 (d, 2H, J = 8.40 Hz,
aromatic protons), 6.91 (d, 2H, J = 8.70 Hz, aromatic protons), 4.00 (t,
2H, J = 6.60 Hz, -PhOCH,-), 1.79 (m, 2H, -PhOCH,CH>-), 1.45-1.30 (m,
8H, -(CH,);CHs), 0.88 (t, 3H, J = 6:60, <CH5CH;). "C-NMR (CDCl;): &
= 171.65, 163.68, 132.32, 121.31, 114.18, 68.28, 31.74, 29.08, 29.01,
25.93,22.59, 14.07. MS (EI): 236.

2-3.2 Synthesis of carbohydrate-coated amphiphiles (T)

T s 5 eng = Fxr it B 54 BI2> Scheme 1 -

2-azidoethanol (1)!"*
Ho >N

#- 2-chloroethanol (9.80 g, 121 mmol) ~ NaN; (10.25 g, 244 mmol)
Fen-BuyNBr (1.0 g, 3 mmol) & ** 50 mL* &Hg? o F s § © ° &
110 °CH4c# 15 ) pF o F i ks w4 4r > 4o 20 mLe @ Eig
AW prEHFEETIRM E-HEHH > ISP Y

9.5 g &% 90% o 'H-NMR (CDCly): & = 3.76 (t, 2H, J = 4.80 Hz,
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-CH,OH), 3.42 (t, 2H, J = 5.10 Hz, -CH,N;), 1.90 (s, 1H, -OH).
PC-NMR (CDCl;y): §=61.53, 53.54.

135]

2-azidoethyl-2,3,4,6-tetraacetyl-p-D-galactopyranoside (2)"

AcO OAC
Acogowo\/\,\l3
AcO

#- B-D-galactose pentaacetate (5 g, 12 mmol)Z 25 mL g K
dichloromethane /3 f% » I d &+8f /3 &4 2-azidoethanol (2) (2.2 g, 25.61
mmol) o ¥ BiZ R v §F T L Fr2 0°C > EBFER A
BF;-Et,O (2.1 mL, 16.65 mmeol) o & & #:0 °C # F - B pF > 2
(S Z R F 20 | BF o F B2 = %e»r dichloromethane ¥ * 7k-k % £
& NaHCO; -k i3 i 5 Poo f B 5 AR R 3002 -Kopn pl 4 % ko kg 1
¥ H & 172 (ethyl acetate/n-hexane 1:1 Zddeig)d it A4 » 7 @ p
%A 3.6 g0 A% 70% < 'H-NMR (CDCly): & = 5.37 (d, 1H, J = 3.30 Hz),
5.21 (m, 1H), 5.00 (dd, 1H, J = 10.50 Hz, J = 3.60 Hz), 4.54 (d, 1H, J =
7.80 Hz), 4.07 (m, 3H), 3.90 (m, 1H), 3.6 (m, 1H), 3.48 (m, 1H), 3.23 (m,
1H), 2.13 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 1.96 (s, 3H). *C-NMR
(CDCl): 6=170.39,170.23, 170.16, 169.49, 101.12, 70.87, 70.78, 68.49,
68.39, 66.96, 61.22, 50.53, 20.76, 20.65, 20.66, 20.56.

135]

2-azidoethyl-p-D-galactopyranoside (3)'
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HO OH
Hogﬂvo\/\Ng
HO

#-1v &£ 2 (4.0 g, 9.5 mmol) 3+ 10 mL 0.3 M NaOMe & -k
UOARY A R RS ) PELS 0 4~ Amberlitr 15 ¢ ek B3 % I pH
=7 i Hmik ik Hg o M # & 7% (EtOAc/MeOH 4:1 % i+ 4% 7%)
LA% v EEPRM23g A F 95% o 'H-NMR (CDCly): § = 4.83
(d, 1H, J=3.90 Hz), 4.71 (d, 1H, J = 4.80 Hz), 4.56 (m, 1H), 4.36 (d, 1H,
J=3.30Hz),4.12 (d, 1H, J = 6.90 Hz), 3.85 (m, 1H), 3.62 (m, 2H), 3.48
(m, 3H). "C-NMR (CDCly):+8 = 103.58, 75.32, 73.46, 70.43, 68.12,
67.17,60.43, 50.46.
4-(trimethylsilylethynyl)phenol (4)

—s:i%©70H

#- 4-lodophenol (10.0 g, 45.45 mmol) ~ bis(triphenylphosphine)
palladium dichloride [PdCI,(PPhs),] (0.64 g, 0.91 mmol) ~ Cul (0.69 g,
3.64 mmol)F=PPh; (0.95 g, 3.64 mmol);% ** 150 mL Htriethylamine® -
BF F T HAEI A RS 4~ (trimethylsilyl)acetylene (9.6 mL, 68.18
mmol) > ¥ A 70°CT F J& 15/ FF - F iFse* TLCHE B FF B R
> 2 8 0 MR X Mg i Jk HE o Methyl acetatefrér frNH,ClKi3 i 5
Booofofy B E 0 gCRERRRARE K 0 IR ETS g A AT A (ethyl
acetate/n-hexane 1:4 2 W H{HR)H 2 T #AFH 52¢g° A F 60% o
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'H-NMR (CDCl,): 0 = 7.33 (d, 2H, J = 8.70 Hz, aromatic protons), 6.73
(d, 2H, J = 8.70 Hz, aromatic protons), 4.91 (s, 1H, -OH), 0.21 (s, 9H,
-Si(CH3);). C-NMR (CDCL): & = 156.03, 133.66, 115.32, 115.24,
105.13, 92.36, 0.02. MS (EI) : 190.

Synthesis of species TMS (TMS7~TMS12)

R= C7H15 (TMS7)
CeH,;; (TMSS)

O
| }—QOR CoHip (TMS9)
—Si%@*O CioHz; (TMS10)
C;Hy; (TMSI1)
Ci,Hys (TMS12)

i CE D AR AN E BRSPS hT 3 N s e

TMSO: &) » H & %\2&7}.%41\?"“

o)
L >_©,O/\/\/\/\/
=%

#-4 (3.5 g, 18.39 mmol) ~4-(nonyloxy)benzoic acid (A9, 5.8 g, 22.07
mmol)¥ DMAP (0.29 g, 2.39 mmol);% ** 50 mL:& -k dichloromethane
P T grn 0 °C e iRGFF ~ 53 50 mLenEDCI (4.23 g, 22.07
mmol) > jF ez 2w iR T FIEMEILE20 ] P o & iR TLCE B
B s =2 2 1 IM sodium hydroxideis it 2 K 5B~ o o B 5 5 4
I KRR 4E ",’TT ko k & f¢ 11 g 4Lk 47 i (ethyl acetate /n-hexane 1:8
LRR)AM AT EY ¢ FRE 6.6 &% 82% H-NMR (CDCly):

6 =28.10 (d, 2H, J = 8.70 Hz, aromatic protons), 7.49 (d, 2H, J = 8.70 Hz,
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aromatic protons), 7.13 (d, 2H, J = 8.70 Hz, aromatic protons), 6.94 (d,
2H, J = 9.0 Hz, aromatic protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-),
1.80 (m, 2H, -PhOCH,CH,-), 1.45-1.27 (m, 12H, -(CH,)¢CH3), 0.87 (t,
3H, J=6.30, -CH,CH,), 0.23 (s, 9H, -Si(CHj3)3). MS (EI): 436.

TMS7: Yield 85%. '"H-NMR (CDCl;): & = 8.10 (d, 2H, J = 9.30 Hz,
aromatic protons), 7.49 (d, 2H, J = 8.70 Hz, aromatic protons), 7.13 (d,
2H, J = 9.00 Hz, aromatic protons), 6.94 (d, 2H, J = 9.3 Hz, aromatic
protons), 4.02 (t, 2H, J= 6.60 Hz, -PhOCH,-), 1.80 (m, 2H,
-PhOCH,CH,-), 1.45-1.25«(m, 8H; -(CH,)sCH;), 0.86 (t, 3H, J = 6.30,
-CH,CH;), 0.23 (s, 9H, -Si(CHj3)3). MS (EI): 408.

TMSS: Yield 90%. 'H-NMR (CDCls): 5=8.10 (d, 2H, J = 8.70 Hz,
aromatic protons), 7.49 (d, 2H, J'=8.40 Hz, aromatic protons), 7.13 (d,
2H, J = 8.40 Hz, aromatic protons), 6.94 (d, 2H, J = 8.7 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 1.80 (m, 2H,
-PhOCH,CH-), 1.45-1.21 (m, 10H, -(CH,)sCHj5), 0.87 (t, 3H, J = 6.30,
-CH,CHs;), 0.23 (s, 9H, -Si(CH3)3). MS (EI): 422.

TMS10: Yield 87%. '"H-NMR (CDCls): & = 8.10 (d, 2H, J = 9.00 Hz,
aromatic protons), 7.49 (d, 2H, J = 8.10 Hz, aromatic protons), 7.13 (d,

2H, J = 8.40 Hz, aromatic protons), 6.94 (d, 2H, J = 9.0 Hz, aromatic
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protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 1.80 (m, 2H,
-PhOCH,CH>-), 1.45-1.26 (m, 14H, -(CH,),CH3;), 0.86 (t, 3H, J = 6.30,
-CH,CHs;), 0.23 (s, 9H, -Si(CH3)3). MS (EI): 450.

TMSI11: Yield 87%. "H-NMR (CDCl5): & = 8.10 (d, 2H, J = 9.00 Hz,
aromatic protons), 7.49 (d, 2H, J = 8.70 Hz, aromatic protons), 7.13 (d,
2H, J = 8.40 Hz, aromatic protons), 6.94 (d, 2H, J = 9.30 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 1.80 (m, 2H,
-PhOCH,CH>»-), 1.41-1.25 (m, 16H, -(CH,)sCH3;), 0.86 (t, 3H, J = 6.30,
-CH,CHs;), 0.23 (s, 9H, -Si(CH3)3). MS (EI): 464.

TMS12: Yield 90%'H-NMR (CDCls): & =8.10 (d, 2H, J = 8.70 Hz,
aromatic protons), 7.49 (d, 2H, J = 8.70 Hz, aromatic protons), 7.13(d,
2H, J = 8.40 Hz, aromatic protons), 6.94 (d, 2H, J = 8.70 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.30 Hz, -PhOCH,-), 1.80 (m, 2H,
-PhOCH,CH>-), 1.45-1.25 (m, 18H, -(CH,)9CH3;), 0.86 (t, 3H, J = 6.30,
-CH,CH;), 0.24 (s, 9H, -Si(CHj3);). MS (EI): 478.

Synthesis of species Y (Y7~Y12)
R= CHs (Y7)
0] CsHi;  (Y8)
@OR CHio (Y9)
H4<: fo CioHa (Y10)
CiHys (Y11)

7 14 L4 d TMS & 7] i & F= 41 * tetrabutyldritwofith fluoride
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(TBAF)2 3 m 18 o 1YL &) » H & &) e
o}
B >_©,O/\/\/\/\/
= s

#TMS9 (5.24 g, 12 mmol);3 »>* 4 mLeTHF# > #3038 T 4e »
TBAF (18 mL, IM/ THF, 18 mmol) ° ¥ & & % 8 #84— ] pFis » 12
kR 4 B A E 1 CHCL frde foNaHCO; ki3 ik 5 o e
B L E kSRR R AR g K 4T 2 (ethyl
acetate/N-hexane 1:8 2 "3 R)H A% » ¥ @v ¢ HE 23 g A F
52% o 'H-NMR (CDCls): & = 8:1'1 (d; 2H; J.= 8.40 Hz, aromatic protons),
7.53 (d, 2H, J = 8.10 Hz, aromatic protons), 7.16 (d, 2H, J = 8.10 Hz,
aromatic protons), 6.95 (d, 2H, J=8.70. Hz, aromatic protons), 4.02 (t,
2H, J = 6.60 Hz, -PhOCH,-), 3.05 (s, 1H, -C=CH), 1.80 (m, 2H,
-PhOCH,CH>-), 1.46-1.25 (m, 12H, -(CH,)sCHj3), 0.86 (t, 3H, J = 6.30,
-CH,CHj3). MS (EI): 364.

Y7: Yield 50%. 'H NMR (CDCL): & = 8.11 (d, 2H, J = 9.00 Hz,
aromatic protons), 7.53 (d, 2H, J = 8.40 Hz, aromatic protons), 7.16 (d,
2H, J = 8.70 Hz, aromatic protons), 6.95 (d, 2H, J = 9.00 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.30 Hz, -PhOCH,-), 3.06 (s, 1H, -C=CH), 1.80
(m, 2H, -PhOCH,CH,-), 1.41-1.23 (m, 8H, -(CH,),CHj3), 0.88 (t, 3H, J =

6.30 Hz, -CH,CHs). MS (EI): 336.
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Y8: Yield 50%. 'H NMR (CDCl;): & = 8.10 (d, 2H, J = 8.70 Hz,
aromatic protons), 7.50 (d, 2H, J = 8.50 Hz, aromatic protons), 7.15 (d,
2H, J = 8.50 Hz, aromatic protons), 6.94 (d, 2H, J = 8.7 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 3.06 (s, 1H, -C=CH), 1.80
(m, 2H, -PhOCH,CH,-), 1.45-1.21 (m, 10H, -(CH,)sCH3;), 0.87 (t, 3H, J =
6.30 Hz, -CH,CHj3). MS (EI): 350.

Y10: Yield55 %. '"H NMR (CDCly): & = 8.10 (d, 2H, J = 8.40 Hz,
aromatic protons), 7.52 (d, 2H, J = 8.70 Hz, aromatic protons), 7.16 (d,
2H, J = 8.70 Hz, aromatic. protons), 6.95 (d, 2H, J = 9.00 Hz, aromatic
protons), 4.02 (t, 2H, J =6.60 Hz, -PhOCH,-), 3.05 (s, 1H, -C=CH), 1.80
(m, 2H, -PhOCH,CH,-), 1.45-1.26 (m, 14H, -(CH,),CH3;), 0.86 (t, 3H, J =
6.00 Hz, -CH,CHj3). MS (EI): 378.

Y11: Yield 60%. '"H NMR (CDCL): & = 8.11 (d, 2H, J = 8.70 Hz,
aromatic protons), 7.53 (d, 2H, J = 8.70 Hz, aromatic protons), 7.16 (d,
2H, J = 8.40 Hz, aromatic protons), 6.95 (d, 2H, J = 8.70 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 3.06 (s, 1H, -C=CH), 1.80
(m, 2H, -PhOCH,CH,-), 1.46-1.26 (m, 16H, -(CH,)sCH3;), 0.87 (t, 3H, J =
6.30, -CH,CHj3). MS (EI): 392.

Y12: Yield 62%. '"H NMR (CDCly): & = 8.11 (d, 2H, J = 9.00 Hz,
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aromatic protons), 7.53 (d, 2H, J = 8.70 Hz, aromatic protons), 7.16 (d,
2H, J = 8.70 Hz, aromatic protons), 6.95 (d, 2H, J = 9.00 Hz, aromatic
protons), 4.02 (t, 2H, J = 6.60 Hz, -PhOCH,-), 3.06 (s, 1H, -C=CH), 1.80
(m, 2H, -PhOCH,CH,-), 1.46-1.25 (m, 18H, -(CH,)yCH3;), 0.86 (t, 3H, J =
6.30, -CH,CHj3). MS (EI): 406.

Synthesis of species T (T7~T12)

R= C7H15 (T7)

HO OH CsHy; (T8)
CoHyo  (T9)

g \_O >_< >7
HO %Nw CioH,; (T10)
CiHy (T11)

CiHys (T12)

“r3 14 & 4 &t click chemistry 1% Cu(D)-catalysed feLit #.-K =4 e
azido-sugar (3)fran K :Henk :3 X ag(Y)o S Ik itdea k fga 7 o 12
TO: b » 3 & 4 % Fhe ™

HO _OH

Hogwox/\,\l/\\ C @

#-3 (1.22 g, 4.88 mmol) ~ Y9 (1.78 g, 4.88 mmol) {-Cul (4.65 g,
2442 mmol) % >t F BFL? o &2 10 mL& R THF 3 f#2. o S 18 e »
diisopropylethylamine (DIPEA, 8.4 mL, 48.84 mmol) > %8 ™ g4~ 24
o BE e B OB AR TLCRE B FF % = 218 0 #-F i3 i % B Celite
iR 0 ek R HFAC 18 4 B LA 1702 (EtOAc, MeOH/EtOAc 1:4 & i 3%

R)ATC AP T EG ¢ FRE 24 A% 80% - 'HNMR (DMSO-dg): &
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= 8.65 (s, 1H, -C,N3H-), 8.07 (d, 2H, J = 9.00 Hz, aromatic protons), 7.92
(d, 2H, J = 8.40 Hz, aromatic protons), 7.33 (d, 2H, J = 8.70 Hz, aromatic
protons), 7.11 (d, 2H, J = 8.70 Hz, aromatic protons), 5.06 (d, 1H, J =
4.80 Hz), 4.77 (d, 1H, J = 5.40 Hz), 4.60 (m, 3H), 4.35 (d, 1H, J =4.80
Hz), 4.20 (d, 1H, J =7.20 Hz), 4.08 (m, 3H), 3.90 (m, 1H), 3.62 (m, 1H),
3.50 (m, 1H), 1.74 (m, 2H, -PhOCH,CH,-), 1.42-1.25 (m, 12H,
-(CH,)sCHjs), 0.85 (t, 3H, J = 5.70, -CH,CH,). °C NMR (DMSO-dg): & =
164.23, 163.25, 150.19, 145.57, 132.05, 128.62, 126.22, 122.50, 122.36,
120.74, 114.68, 103.41, 75.41, 73.35,.70.47, 68.14, 68.00, 67.18, 60.48,
49.81, 31.34, 29.11, :28.97, 28.74, 2851, 2542, 22.14, 13.97.
MALDI-TOF: 614.301 [M+H]" HRMS (m/z) Calcd for C;H4;3N;00:
613.6985, found: 613.6979.

T7: Yield 82%. "H NMR (DMSO-dg): & = 8.66 (s, 1H, -C,N;H-), 8.07
(d, 2H, J = 8.70 Hz, aromatic protons), 7.90 (d, 2H, J = 7.80 Hz, aromatic
protons), 7.33 (d, 2H, J = 7.80 Hz, aromatic protons), 7.11 (d, 2H, J =
8.70 Hz, aromatic protons), 5.10 (d, 1H, J = 4.20 Hz), 4.78 (d, 1H, J =
4.80 Hz), 4.61 (m, 3H), 4.40 (d, 1H, J=4.20 Hz), 4.19 (d, 1H, J = 6.60
Hz), 4.07 (m, 3H), 3.89 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H), 1.73 (m, 2H,

-PhOCH,CH,-), 1.41-1.23 (m, 12H, -(CH,)sCHs), 0.84 (t, 3H, J = 5.70,
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-CH,CH;). °C NMR (DMSO-dg): & = 164.24, 163.26, 150.20, 145.59,
132.04, 128.60, 126.25, 122.51, 122.37, 120.75, 114.65, 103.43, 75.43,
73.33, 70.45, 68.15, 68.01, 67.16, 60.45, 49.82, 31.33, 29.12, 28.54,
25.42, 22.17, 13.96. MALDI-TOF: 586.269 [M+H]" HRMS (m/z) Calcd
for C30H39N309: 585.6454, found: 585.6465.

T8: Yield 85%. '"H NMR (DMSO-d): & = 8.66 (s, 1H, -C,N;H-), 8.07
(d, 2H, J = 8.70 Hz, aromatic protons), 7.90 (d, 2H, J = 8.40 Hz, aromatic
protons), 7.33 (d, 2H, J = 8.40 Hz, aromatic protons), 7.11 (d, 2H, J =
8.70 Hz, aromatic protons), 5.09 (d; 1H; J =4.80 Hz), 4.77 (d, 1H, J =
5.10 Hz), 4.60 (m, 3H),4.39 (d, 1H, J=4.20 Hz), 4.19 (d, 1H, J = 6.60
Hz), 4.08 (m, 3H), 3.90 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H), 1.74 (m, 2H,
-PhOCH,CH,-), 1.41-1.26 (m, 12H, <(CH,)sCH3), 0.85 (t, 3H, J = 5.70,
-CH,CH;). °C NMR (DMSO-dg): & = 164.23, 163.26, 150.19, 145.59,
132.05, 128.60, 126.22, 122.51, 122.36, 120.75, 114.68, 103.43, 75.41,
73.33, 70.47, 68.15, 68.00, 67.16, 60.48, 49.82, 31.34, 29.12, 28.74,
28.53, 25.42, 22.15, 13.96. MALDI-TOF: 600.284 [M+H]" HRMS (m/z)
Calcd for C3;H4N3Og: 599.6719, found: 599.6729.

T10: Yield 80%. '"H NMR (DMSO-dg): & = 8.64 (s, 1H, -C,N;H-),

8.07 (d, 2H, J = 9.00 Hz, aromatic protons), 7.90 (d, 2H, J = 8.70 Hz,
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aromatic protons), 7.33 (d, 2H, J = 8.70 Hz, aromatic protons), 7.11 (d,
2H, J = 8.70 Hz, aromatic protons), 5.03 (d, 1H, J =4.80 Hz), 4.71 (d, 1H,
J=5.10 Hz), 4.56 (m, 3H), 4.35 (d, 1H, J = 4.80 Hz), 4.20 (d, 1H, J =
7.20 Hz), 4.08 (m, 3H), 3.91 (m, 1H), 3.62 (m, 1H), 3.51 (m, 1H), 1.74
(m, 2H, -PhOCH,CH,-), 1.42-1.25 (m, 14H, -(CH,),CH3;), 0.85 (t, 3H, J =
5.70, -CH,CH;). °C NMR (DMSO-dg): & = 164.20, 163.25, 150.20,
145.56, 132.03, 128.64, 126.25, 122.49, 122.35, 120.72, 114.69, 103.43,
75.43, 73.33, 70.46, 68.16, 68.03, 67.19, 60.46, 49.80, 31.35, 29.11,
28.97, 28.75, 28.64, 28.52, 25.45,.22.14, 13.99. MALDI-TOF: 628.230
[M+H]". HRMS (m/z) Caled for C33H4sN309: 627.7251, found: 627.7261.
T11: Yield 85%. 'H'NMR (DMSO-ds); 8= 8.66 (s, 1H, -C,N;H-),
8.07 (d, 2H, J = 9.00 Hz, aromatic protons), 7.90 (d, 2H, J = 8.70 Hz,
aromatic protons), 7.33 (d, 2H, J = 8.70 Hz, aromatic protons), 7.11 (d,
2H, J =9.00 Hz, aromatic protons), 5.09 (d, 1H, J =4.80 Hz), 4.77 (d, 1H,
J =5.40 Hz), 4.60 (m, 3H), 4.39 (d, 1H, J = 4.50 Hz), 4.19 (d, 1H, J =
6.90 Hz), 4.08 (m, 3H), 3.89 (m, 1H), 3.62 (m, 1H), 3.50 (m, 1H), 1.73
(m, 2H, -PhOCH,CH,-), 1.41-1.24 (m, 16H, -(CH,)sCH3;), 0.85 (t, 3H, J =
5.70, -CH,CH;). "C NMR (DMSO-dg): & = 164.22, 163.25, 150.19,

145.56, 132.05, 128.64, 126.22, 122.49, 122.36, 120.72, 114.68, 103.43,
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75.41, 73.33, 70.47, 68.16, 68.00, 67.19, 60.48, 49.80, 31.34, 29.10,
29.03, 28.97, 28.76, 28.64, 28.51, 25.44, 22.14, 13.98. MALDI-TOF:
642.331 [M+H]". HRMS (m/z) Calcd for C34H4N3Oo: 641.7517, found:
641.7525.

T12: Yield 90%. '"H NMR (DMSO-dg): & = 8.65 (s, 1H, -C,N;H-),
8.07 (d, 2H, J = 8.70 Hz, aromatic protons), 7.90 (d, 2H, J = 8.40 Hz,
aromatic protons), 7.33 (d, 2H, J = 8.70 Hz, aromatic protons), 7.11 (d,
2H, J =9.00 Hz, aromatic protons), 5.08 (d, 1H, J =4.50 Hz), 4.76 (d, 1H,
J=5.10 Hz), 4.60 (m, 3H), 4.39 (d;1H, J=4.80 Hz), 4.19 (d, 1H, J =
7.20 Hz), 4.08 (m, 3H),:3.90 (m, 1H), 3:62 (m, 1H), 3.50 (m, 1H), 1.73
(m, 2H, -PhOCH,CH,-), 1.42-1.23 (m, 18H, -(CH,),CH3;), 0.84 (t, 3H, J =
5.40, -CH,CH;). "C NMR (DMSO-dg): & = 164.22, 163.24, 150.19,
145.55, 132.05, 128.65, 126.22, 122.48, 122.36, 120.70, 114.68, 103.45,
75.41, 73.34, 70.47, 68.17, 68.01, 67.19, 60.46, 49.80, 31.32, 29.10,
29.04, 29.03, 28.96, 28.76, 28.66, 28.51, 2544, 22.13, 13.98.
MALDI-TOF: 656.510 [M+H]" HRMS (m/z) Calcd for Cs;sHN3Oo:
655.7783, found: 655.7793.

2-3.3 Synthesis of species AE

0
HO)&—@*O—(CHz)m-CECH m= 4 (AE6)

9  (AEIl)

s 10 (AE12)



AE6 and AE11:h% & 4 527 (v 8 4§ 738 %> Scheme 2 « 2 AE11

L HE %\F-H},?;?}'&r"‘f

O
> < > O/\/\/\/\/\\
HO S

#- 4-hydroxybenzoic acid ethyl ester (5.43 g, 32.68 mmol) ~
triphenylphosphine (PPh;, 11.69 g, 44.57 mmol){f- 10-undecyn-1-ol (5 g,
29.71 mmol) % **F ¥ ® o> ¥ 12 100 mLa& -RK THFZ f#2. o & i3 7%
BF F THIE LI 0 °C o iEGF ¥ M 4 » diisopropyl
azodicarboxylate (DIAD, 12 mL, 59.42 mmol)- ¥ 4¢ % & { I R #FF(4
Bwig)e F RiEse* TLCE B FF B2 22 (4 lBpT #mikik
Mg o Hede A 4703 2% 100 mL e fg Roo o 4o~ NaOH (3.32 g, 82.92
mmol) - F Bz Ao e o 240 P e B RiEAR Y TLCHE B FF &
R 208 0 A APTER o Bk BARE ~ 300 mLevRk Y s T 4e » 30 mL

7137 % HCI oqfik * ° &g 1z ¥ F48 > 42 2 + * ethyl acetate/n-hexane

®

L2EH T E & FR 772 & F 90%- H-NMR (CDCly): 8 =7.96 (d,

W)

2H, J = 8.40 Hz, aromatic protons), 6.87 (d, 2H, J = 8.40 Hz, aromatic
protons), 3.98 (t, 2H, J = 6.60 Hz, -PhOCH,-), 2.16 (td, 2H, J = 6.90 Hz,
J=2.40 Hz, -CH,C=CH), 1.92 (t, 1H, J =2.70 Hz, -C=CH), 1.77 (m, 2H,

"PhOCH,CH,-), 1.55-1.24 (m, 12H, -(CH,)sCH,C=CH).

59



AEG6: Yield 88%. 'H-NMR (CDCl;): & = 8.03(d, 2H, J = 9.00 Hz,
aromatic protons), 6.91 (d, 2H, J = 8.70 Hz, aromatic protons), 4.05 (t,
2H, J = 6.30 Hz, -PhOCH,-), 2.27 (td, 2H, J = 7.20 Hz, J = 2.70 Hz,
-CH,C=CH), 197 (t, 1H, J = 2.40 Hz, -C=CH), 1.93 (m, 2H,
-PhOCH,CH>-), 1.72 (m, 2H, -CH,CH,C=CH). "C-NMR (CDCL;): & =
171.91, 163.48, 132.33, 121.51,114.15, 83.90 (1C, -C=CH), 68.77, 67.53,
28.06, 24.90, 18.11.

AE12 s g = o Zr e it B 4 B3 5 Scheme 30 8 £ = 9 4o ™
Synthesis of compound AE12a

/\/\/\/\// A
Br

#-trimethylsilylacetylene (10 mL, 70.76 mmol) % >+ 100 mL & -k
THF o & &5 % § T #F20448r 1 -78 °C > i%jF ¥ B 4 » n-BuLi
(2.5 M hexane solution, 28.5 mL, 71.41 mmol) - #+— & | pF{s » * &
Hagra-78 °Co 2 fo % £regaejd e 2 * 10 mLa -k THE f# 0
Pdy(dba); (1.43 g, 1.56 mmol) ~ PPh; (1.56 g, 5.94 mmol) fr
1,10-dibromodecane (16 mL, 70.76 mmol)z_ * EFL? > 4 s v ik 0
24 ] PF o K RiEAEY TLCE B FF B2 208 » A AP » T 4e »
& foNH,CUR B i id & o A5 B3Rk dE > e ok 58 o o i

SR TR RERR SR K RS 0 FL 39 % (n-hexane 5 7 3 i)
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B AS T EG J M 19g A& F 85% 'H-NMR (CDCly): § = 3.41
(t, 2H, J = 6.90 Hz, -BrCH,-), 2.21 (t, 2H, J = 7.20 Hz, -CH,C=C-Si-),
1.85 (m, 2H, -BrCH,CH,-), 1.56-1.29 (m, 14H, -(CH,);CH,C=C-Si-).
PC-NMR (CDCL): & = 107.72 (1C, -C=CSi-), 84.23 (1C, -C=CSi-),
34.03, 32.79, 29.33, 29.29, 29.00, 28.73, 28.69,28.59, 28.15, 19.83, 0.17.

Synthesis of compound AE12b

|
Si
O

C,Hs0

#- 4-hydroxybenzoic acid-ethyl-ester ( 9.95 g, 59.87 mmol) ~ K,CO;
(25 g, 180 mmol) 2 &Y & eaKIE S & fKig® » T 4 » 100 mL
acetonitrile o & J&i% 7% g # T AvA T i SRR o R 30 A 48218
¥ *rAE12a (19 g, 59.87 mmol). I 3% ‘f 4e 48 24 -] pF o & R4z * TLC
EHO FFE R A2 08 0 A AR o BF IR R8I 0 iR RS 1
12 ¥ 41k 4772 (ethyl acetate/n-hexane 1:10 % i# &%)t A4 > 7 7 4
¢ FRE22.2 g0 & & 92%- 'H-NMR (CDCl3): & =7.96 (d, 2H, J = 8.70 Hz,
aromatic protons), 6.87 (d, 2H, J = 9.00 Hz, aromatic protons), 4.32 (q,
2H, J =7.20 Hz, -OCH,CHs), 3.98 (t, 2H, J = 6.60 Hz, -PhOCH,-), 2.19
(t, 2H, J = 6.60 Hz, -CH,C=C-Si-), 1.77 (m, 2H, -PhOCH,CH,-), 1.35 (t,
3H, J = 7.20 Hz, -OCH,CHs;), 1.54-1.28 (m, 14H, -(CH,);CH,C=C-Si-).

BC-NMR (CDCl;): & = 166.44, 162.84, 131.48, 122.62, 113.97, 107.72
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(1C, -C=CSi1-), 84.23 (1C, -C=CSi-), 68.14, 60.57, 29.44, 29.37, 29.32,
29.09, 29.03, 28.75, 28.59, 25.96, 19.83, 14.37, 0.14.

Synthesis of compound AE12

O>\.<>OW

HO

#-AE12b (9.46 g, 23.49 mmol) §-NaOH (4.70 g, 117.47 mmol) ¥
R OEFLY 0 4o r 100 mLe fF oo FORIB IR ¥ F T Ao I R
B DA 24 ) BF o FOREARY TLCHE B FF B> 21

BATRE R o B-F A R ®] ~ 100 mLenK P 5 T 4e ~ 10 mL 37 % HCI

H—

fait o EipicE F4E > 2 A F* ethyl acetate / n-hexanef % &% » 7 (¥
v ¢ FRY6.7g° A F 95% - 'H-NMR (CDCls):-8 = 8.03 (d, 2H, J = 8.70
Hz, aromatic protons), 6.91 (d, 2H, J = 8.70 Hz, aromatic protons), 4.00
(t, 2H, J = 6.60 Hz, -PhOCH,-), 2.16 (td, 2H, J = 6.90 Hz, J = 2.70 Hz,
-CH,C=CH), 1.92(t, 1H, J = 240 Hz, -C=CH), 1.79 (m, 2H,
-PhOCH,CH,-), 1.55-1.24 (m, 14H, -(CH,),CH,C=CH). "“C-NMR
(CDCl5): 6 =171.93, 163.66, 132.31, 121.34, 114.16, 84.77 (1C, -C=CH),
68.24, 68.05, 29.45, 29.38, 29.29, 29.21, 29.05, 28.71, 28.44, 25.94,
18.37.

2-3.4 Synthesis of carbohydrate-coated monomers

K/ﬁ ;IJ FT‘LE{ 1%\' ﬂ'}} % l’/h’ it ;Sﬁ J"fﬁ‘_gﬁ *“Scheme4 °
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Synthesis of compound 5

#- 4-Bromo-4'-hydroxybiphenyl (10.0 g, 40.14 mmol) ~ Cul (0.61 g,
3.21 mmol)~bis(tripheny 1 phosphine) palladium dichloride [PdCI,(PPh;);]
(0.56 g, 0.80 mmol)f-PPh; (0.84 g, 3.21 mmol)/%3 ** 150 mL
triethylamine® > %% # T #3451 73 f# {5 4 » (trimethylsily1)acetylene
(6.8mL, 48.17mmol) » * % 70 °CT* £ & 15 /] BF - F 42 * TLCiE
Bl FF R~ 208 Wipd #git kdg o 1ethyl acetate frér fr
NH,CIR 73 % 550 e b G A8 K T fieRpiphde gk o RS g i
& 17 i (ethyl acetate/n-hexane 1:4 = @ d&iR)Hit 24 » ¥ F A 4 10.2
g A% 95% o Purity: 99+% (HPLC). mp 160 °C. Ry = 0.43 (silica gel,
ethyl acetate/n-hexane 1/4). "H NMR (CDCls): 8 = 7.47 (m, 6H, aromatic
protons), 6.89(d, 2H, J = 3.30 Hz, aromatic protons), 4.94 (s, 1H, -OH),
0.24 (s, 9H, -Si(CHs);). °C NMR (CDCLy): & = 155.41, 141.34, 131.21,
129.92, 128.34, 126.48, 120.29, 115.25, 105.53, 93.01, 0.50. MS (EI,
observed m/z): 266. HRMS (m/z) Calcd for C;;H;30Si: 266.4097, found:

266.4501.

Synthesis of compound 6

=)o
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TBAF (21 mL, IM/THF, 21 mmol) » ¥ & & 3 8 #4—  pFis > L
ik 4EEC © & " CHyCLfr4 frNaHCOs ki3 i 378~ o Jo B 5 8 & &

A i 2 % ko k <) t g 41k 4772 (ethyl acetate/n-hexane 1:8 %

FRR)HCAL T He ¢ FH32 g A F87%-Purity: 99+% (HPLC).
mp 168 °C. Ry = 0.33 (silica gel, ethyl acetate/n-hexane 1/4). '"H NMR
(CDCl): 6 = 7.47 (m, 6H, aromatic protons), 6.89 (d, 2H, J = 8.40 Hz,
aromatic protons), 4.91 (s, 1H, -OH), 3.09 (s, 1H, -C=CH). "C NMR
(CDCl): 6 = 155.39, 141.07, 133.00,.132.52, 128.34, 126.48, 120.29,
115.75, 83.63, 77.55. MS (EI, observed m/z): 194. HRMS (m/z) Calcd for
Ci14H;005: 194.2286, found: 194.2296.

Synthesis of compound 7

AcO OAC
Acog&o\/\w \ O O
AcO NMOH
#-2(3.24 g, 7.76 mmol) ~ 6 (1.51 g, 7.76 mmol)f= Cul (0.74 g, 3.88
mmol) & * F B Y - ¥ 2 10 mL @& -k THF i3 82 o % (4 4 »
diisopropylethylamine (DIPEA) (1.5 mL, 7.76 mmol) > ** /8 T #3~ 24 -]
ok piEAet TLC B FF R =2 18 » #F i3 %% E Celite

Wi it Uk SR AT 18 4 F ALK 47 7% (ethyl acetate/n-hexane 2:1 & ¥ & i% )
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iAo 7Ee ¢ T4 3.1g A X 65% o Purity: 99+% (HPLC). mp
105°C. Ry = 0.30 (silica gel, ethyl acetate/n-hexane 2/1). [a]*p = -2.16 (C
1, CHCLs). "H NMR (CDCls): & = 7.90 (d, 2H, J = 8.10 Hz), 7.89 (s, 1H),
7.59 (d, 2H, J = 8.10 Hz), 7.49 (d, 2H, J = 8.40 Hz), 6.96 (d, 2H, J = 8.40
Hz), 5.39 (d, 1H, J = 3.30 Hz), 5.23 (m, 1H), 4.98 (dd, 1H, J = 10.50 Hz,
J=3.60 Hz), 4.72 (m, 1H), 4.57 (m, 1H), 4.45 (d, 1H, J = 7.80), 4.31 (m,
1H), 4.14 (m, 2H), 3.92 (m, 2H), 2.15 (s, 3H), 2.05 (s, 3H), 1.97 (s, 3H),
1.75 (s, 3H). C NMR (CDCL): & = 170.48, 170.23, 170.08, 169.91,
156.01, 147.36, 140.58, 132.54, 128.43,128.07, 126.90, 126.04, 121.58,
115.85, 100.79, 70.79, 70.52, 68.49, 67.66, 66.83, 61.17, 50.11, 20.64,
20,59, 20.55, 20.50. MS (EI, observed m/z): 611. HRMS (m/z) Calcd for
C30H33N;041: 611.5965, found: 611.5971.

Synthesis of carbohydrate-coated monomers

AcO OAc
Acogvox/\,\,/\\ . . )—@—o (CHp)m-C=CH
= 4 (KG6E)
9 (KIIE)
10 (KI2E)

g v EFd AE AP B it B (T)SEE T > NG S o 1Y
KI1EZ 6] » H & :Nﬁ;.ﬁﬁﬁr“f

AcO OAcC

iy o OO



#-7(0.8 g, 1.31 mmol)~AE11 (0.41 g, 1.44 mmol) DMAP (0.02 g,

(3

0.16 mmol);% ** 10 mLe& -k dichloromethane® > I /4 4r % 0 °C o
FF ~ %> 30mLEDCI (0.3 g, 1.57 mmol)» jF v = 2 8w B 1§
P24 ] pFo F iEAR Y TLCE B #FF = = 2 {6 0 12 1M sodium
hydroxideis it 2 ‘K 5B~ o f B 5 k& & 10 & K ArLfads “,’TT Kok gt 1

# H & 47 7% (ethyl acetate/n-hexane 1:1 Z # 3 ig)H 1t 24 > 7 Fd 4

F42 0.9 g> A& & 90%  Purity: 99+% (HPLC). R=0.10 (silica gel, ethyl
acetate/n-hexane 1/1). [0]*p = -3.03-(¢c-1; CHCL;). 'H NMR (CDCLy): & =
8.14 (d, 2H, J = 8.70 Hz, aromatic protons), 7.96 (d, 2H, J = 7.80 Hz,
aromatic protons), 7.90 (s, IH, -C,N3H-), 7.65 (d, 4H, J = 8.70 Hz,
aromatic protons), 7.27 (d, 2H, J'=8.70 Hz, aromatic protons), 6.96 (d,
2H, J = 9.00 Hz, aromatic protons), 5.38 (d, 1H, J = 3.30 Hz), 5.22 (m,
1H), 4.96 (dd, 1H, J=10.50 Hz, J = 3.30 Hz), 4.70 (m, 1H), 4.58 (m, 1H),
4.43 (d, 1H, J = 7.80), 4.30 (m, 1H), 4.17 (m, 2H), 4.05 (m, 2H), 3.90 (m,
2H), 2.20-2.15 (m, 5H, -COOCH; and -CH,C=CH ), 2.04 (s, 3H,
-COOCH,), 1.99-1.91 (m, 4H, -COOCHj; and -C=CH), 1.84-1.73 (m, 5H,
-COOCH; and -OCH,CH,), 1.54-1.32 (m, 12H, -(CH,)sCH,C=CH). °C

NMR (CDCl;): 6 = 170.35, 170.12, 169.98, 169.72, 164.97, 163.56,
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150.64, 147.16, 140.09, 138.12, 132.29, 129.43, 127.95, 127.44, 126.12,
122.16, 121.63, 121.44, 114.29, 100.86, 84.72 (1C, -C=CH), 70.85, 70.52,
68.47, 68.28, 68.04, 67.57, 66.83, 61.17, 50.12, 29.36, 29.26, 29.06,
28.99, 28.68, 28.43, 25.93, 20.65, 20,62, 20.55, 20.51, 18.37. MS (FAB;
observed m/z): 882. HRMS (m/z) Calcd for CyHssN3Oq;3: 881.9626,
found: 881.9659.

K6E: Yield 85%. Purity: 99+% (HPLC). Ry = 0.50 (silica gel, ethyl
acetate/n-hexane 2/1). [0]*’p = -3.13 (¢ 1, CHCL;). '"H NMR (CDCL;): & =
8.17 (d, 2H, J = 9.00 Hz,.aromatic protons),-7.98 (d, 2H, J = 8.10 Hz,
aromatic protons), 7.92°(s, 1H, -C,N;H-), 7.68 (d, 4H, J = 8.10 Hz,
aromatic protons), 7.30 (d, 2H, J = 8.40 Hz, aromatic protons), 6.99 (d,
2H, J = 9.00 Hz, aromatic protons), 5.40 (d, 1H, J = 3.00 Hz), 5.24 (m,
1H), 4.98 (dd, 1H, J=10.50 Hz, J = 3.30 Hz), 4.70 (m, 1H), 4.58 (m, 1H),
4.46 (d, 1H, J=8.10), 4.31 (m, 1H), 4.16 (m, 2H), 4.09 (m, 2H), 3.92 (m,
2H), 2.31 (td, 2H, J = 6.90 Hz, J=2.40 Hz, -CH,C=CH), 2.16 (s, 3H,
-COOCH;), 2.06 (s, 3H, -COOCHs;), 2.00 (t, 1H, J = 2.70 Hz, -C=CH),
1.97-1.93 (m, 5H, -COOCH; and -OCH,CH, ), 1.80-1.75 (m, 5H,
-COOCH; and -CH,CH,C=CH ). °C NMR (CDCls): & = 170.34, 170.11,

169.97, 169.69, 164.91, 163.34, 150.55, 147.14, 139.96, 138.10, 132.27,
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129.52, 127.91, 127.39, 126.05, 122.21, 121.58, 121.53, 114.23, 100.81,
83.86 (1C, -C=CH), 70.79, 70.49, 68.78, 68.42, 67.69, 67.55, 66.80,
61.15, 50.02, 28.03, 24.87, 20.64, 20,60, 20.55, 20.49, 18.08. MS (FAB;
observed m/z): 812. HRMS (m/z) Calcd for C43H4sN30,3: 811.8297, found:
811.8217.

K12E: Yield 90%. Purity: 99+% (HPLC). Ry = 0.45 (silica gel, ethyl
acetate/n-hexane 3/1). [0]*’p = -3.07 (¢ 1, CHCL;). '"H NMR (CDCLy): & =
8.17 (d, 2H, J = 8.70 Hz, aromatic protons), 7.98 (d, 2H, J = 8.10 Hz,
aromatic protons), 7.92 (s, 1H, -C;NsH-), 7:68 (d, 4H, J = 8.40 Hz,
aromatic protons), 7.30 (d, 2H, J = 8.40 Hz, aromatic protons), 6.99 (d,
2H, J = 9.00 Hz, aromatic protons), 5.40 (d, 1H, J = 3.30 Hz), 5.24 (m,
1H), 4.98 (dd, 1H, J=10.50 Hz, 3 =3.30 Hz), 4.72 (m, 1H), 4.59 (m, 1H),
4.46 (d, 1H, J=8.10), 4.33 (m, 1H), 4.16 (m, 2H), 4.05 (m, 2H), 3.92 (m,
2H), 2.19-2.13 (m, 5H, -COOCH; and -CH,C=CH), 2.03 (s, 3H,
-COOCH,), 1.98-1.91 (m, 4H, -COOCH; and -C=CH), 1.84-1.72 (m, 5H,
-COOCH; and -OCH,CH,), 1.53-1.30 (m, 14H, -(CH,),CH,C=CH). °C
NMR (CDCl;): 6 = 170.33, 170.11, 169.96, 169.69, 164.96, 163.55,
150.62, 147.18, 140.03, 138.11, 132.28, 129.50, 127.93, 127.41, 126.09,

122.15, 121.59, 121.42, 114.28, 100.85, 84.75 (1C, -C=CH), 70.83, 70.51,
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68.46, 68.28, 68.05, 67.68, 66.83, 61.16, 50.07, 29.44, 29.37, 29.29,
29.04, 28.69, 28.55, 28.43, 25.93, 20.63, 20,60, 20.55, 20.49, 18.36. MS
(FAB; observed m/z): 896. HRMS (m/z) Calcd for C4Hs7N30,3: 895.9892,
found: 895.9815.
2-3.5 Synthesis of carbohydrate-coated LC Polyacetylene

Ki7|ehBE L5 & 2H Frer i § g 4f 3L Scheme 5 e B 5B AR
SRR LS R R F R AR AT f R
{7 o NKIIPE &) 0 HEEH BAeT

w25 mLEFgE L P #=» EHKIE (0.6 g,0.68 mmol) > ¥ & % = =&
WEZAF F g B~ 85 mL m-kTHFZ f2 5 88 o i
AR Y - BEgFAae @F 0 2WCly (55.52 mg, 0.14 mmol) £
Ph,Sn (59.79 mg, 0.14 mmol)*> & g @ &> » Wg{s LSR5
mL & -Ktoluene » ¥ #-pL R & %3t 2 B T 30448 0 (B Rk Y
Braisr WAKBERBELUCRARIOEEARY > F 5 760 °C
WA24 L PF o F S R 18 A 2 mLanTHF R » £ 30 e 21335 T g

AR »~300 mL® AR ook o itk 0 B R AR 2 TR T

%

BBt 8 Mk BN E TR TR Y H04gF ¢ FEE
A %67 % - '"HNMR (CDCly): & = 8.18 (d, 2nH), 7.96 (d, 2nH), 7.92 (s,

nH), 7.64 (d, 4nH), 7.27 (d, 2nH), 6.98 (d, 2nH), 6.81 (s, nH),5.40 (m,
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nH), 5.22 (m, nH), 4.94 (m, nH), 4.70 (m, nH), 4.58 (m, nH), 4.43 (m,
nH), 4.32 (m, nH), 4.17 (m, 2nH), 4.03 (m, 2nH), 3.90 (m, 2nH), 2.23 (m,
2nH), 2.10-2.02 (m, 6nH), 1.99-1.91 (s, 3nH), 1.85-1.62 (m, 5nH),
1.54-1.22 (m, 12nH). GPC: M, = 251,000, M,, = 410,500, PDI = 1.64. T
=97.1°C. Tg=265.3 °C.

K6P: Yield 65%. '"H NMR (CDCly): & = 8.18 (d, 2n H), 7.97 (d,
2nH), 7.90 (s, nH), 7.65 (d, 4nH), 7.32 (d, 2nH), 6.95 (d, 2nH), 6.82 (s,
nH), 5.44 (d, nH), 5.22 (m, nH), 4.91 (m, nH), 4.73 (m, nH), 4.56 (m, nH),
4.44 (m, nH, J = 8.10), 4.32 (m, nH), 4.17 (m, 2nH), 4.10 (m, 2nH), 3.94
(m, 2nH), 2.31-2.21 (m, 2nH), 2.16 (s, 3nH), 2.06 (s, 3nH), 1.95-1.90 (m,
5nH), 1.85-1.63 (m, 5nH). GPC: M, =99,300, M,, = 118,200, PDI = 1.19.
Ty=57.6°C. Tq=277.9 °C.

K12P: Yield 60%. 'H NMR (CDCly): & = 8.19 (d, 2nH), 7.98 (d,
2nH), 7.93 (s, nH), 7.63 (d, 4nH), 7.30 (d, 2nH), 6.99 (d, 2nH), 6.81 (s,
nH), 5.42 (m, nH), 5.21 (m, nH), 4.93 (m, nH), 4.72 (m, nH), 4.59 (m,
nH), 4.46 (m, nH), 4.33 (m, nH), 4.16 (m, 2nH), 4.08 (m, 2nH), 3.92 (m,
2nH), 2.22 (m, 2nH), 2.18-2.01 (m, 6nH), 1.98-1.91 (s, 3nH), 1.87-1.65
(m, 5nH), 1.56-1.22 (m, 14nH). GPC: M, = 73,400, M,, = 148,300, PDI =

2.02. Tg=65.5°C. T4 =270.3 °C.
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FR BT EI R RS o BEF(K kAR = 4
Foooled IRt P B o

TEM sample ® & : 10if § 5 Pe— 4 F p B 2 {8 ko if
3 4EER 4 e+ (200 mesh) 0 B NI B BN B 52 0 MRS R S B
B2 ORBT HEE- X o

SEM sample %> r0if B B S f it 2 2 3 R BOF o OF

NP P I RERIGTOBEMERAEE YR AT RIE- X o Y
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HO
~el I@OH

NaN
’ PdCl, (PPh3),
n-BuyNBr MesSi——
PPh3, Cul / EN
OAc
AcO
HO\/\
N3 + ACO&/OAC Me.Si—— OH _|_ 2
1 AcO = C HO)X_@? OR
4 A
BF;-Et,0 / CH,C1
l o = l EDCI, DMAP / CH,Cl,
AcO OAc o
(0]
Acog;%g ’O\/\Na M83Si%QO )3—< >—OR
AcO 2 q
™
l NaOCH; / MeOH l TBAF / THE
HO OH o
O
HO&Q/O\/\M X ~ < > O)—Q’OR
HO
3 Y

l Cul / DIPEA

R= C/H;s (T7)
CgHy; (T8)
CoHyo  (T9)
CioHz1 (T10)
CiHa; (T11)
CioHys (T12)

Scheme 1. Synthesis of carbohydrate-coated amphiphiles (species T).
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b

0 _2 . 0 LA
>—< >—OH }—< >—O—(CH2)m-CECH
HsC,—O HsC,—O
o)
@o—(CHz)m—CECH
HO m=4 AE6

m=9 AEll

Scheme 2. Synthesis of AE6 and AE11: (a) DIAD, PPH;, HO(CH,),,C=CH,
THEF, 24 h. (b) NaOH, EtOH.

AE12b

0 C o~
O

HO AE12

Scheme 3. Synthesis of AE12 : (a) i. trimethylethynylsilane, n-BulLi, THF,
-78 °C, 1 h; 11. Pd,(dba);, PPh;, THF (b) K,COs3, KI, CH;CN. (c) NaOH, EtOH.
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NaN3
n-Buy,NBr PdCl, (PPhs),
MesSi——
’ PPh3, Cul / Et;N
OAc
AcO
O + AcO&&/OAC
1 AcO l\/le3Si0H
5
l BF;-Et,0 / CH,Cl,
lTBAF/THF
AcO OAc
Q o o
! v =0
AcO
2 6
lCuI/DIPEA
AcO OAc
o]
ACO&/O\/\N N
7
0
EDCI, DMAP / CH»Cl, . OJ—@—O—(CHZ)m—CECH
AE
AcO OAc

AcO N‘N

m= 4 (K6E)
9 (KIIE)
10 (KI2E)

Scheme 4. Synthesis of carbohydrate-coated monomers.
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&/ \/\Nm L@;o (CHy)m-C=CH

N=

m= 4 (K6E)
9 (KIIE)

Wl 10 (KI2E)

Ph4Sl’l

W
C=C,

(?Hz)m

AcO OAc

AcO"acO

Scheme 5. Synthesis of carbohydrate-coated LC polyacetylene.
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click reaction > #-% B 7 o fL B A BB EFe TR 455 - A2 o F]pt
O o P L T Ty S SR S
A 0 B azides B4R F B PSR o o PF s R ok S A

AR R 2 R A S F s o
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Re+E3 4 EALSF P A g DS F BHER KRS

he+ RIE AR F R A F AR RE S AL ph b B4R A
¥ 12 smectic % 4 [1B3&1381,
3-12 #Fe AR H2 2HIFE 5

B et a5 o TR G REA T g & S 3l 2) 2 e

NV

A% fo M > % § A (mesogenic group) d fig A ATl E 7 7 FEF TR D

WIAL 545+ 2 = P alkoxyl chain 3 KRIAREL 5 A MoK B PEAT 8t (> 2

FTHEIHEIMORE TS s ABERL TSP L R
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Figure 3-1. Polarized optical micrographs displayed by (a) T7, (b) T8, (c) T9,
(d) T10, (e) T11, and (f) T12.
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FEE7EFE > &a p 2K F iy
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=y

Table 3-1. The transition temperatures and associated enthalpies data for the
chiral amphiphilic LC species T.

Melting point® Clearing temperature® Glass transition
tempera‘cureb
Compound T/°C AH/(Jg™) T/°C AH/(Jg™h T/°C
T7 1323 37.11 157.9 4.75 70.4
T8 153.1 50.35 179.8 2.79 65.2
T9 168.0 79.59 186.8 1.01 72.4
T10 161.3 59.86 189.5 0.12 70.8
T11 166.3 83.27 196.2 0.58 68.8
T12 170.6 65.65 185.3 2.29 60.0

“Data obtained by the DSC first heating scan.
®Data taken from the DSC first cooling scan:

127 Tn=170.6 °C

09
5
=
s 06
% T.=1853°C
I

03

00

| L______ T,=170.7 °C
T, =60.0 °C —

R 25 75 125 175 225

Exo Dovn Temperature (°C) Universal V4.5A TA

Figure 3-2. Differential scanning thermograms for the first heating and cooling
cycle for T12, scan rate 5 °C min.
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Figure 3-3. Melting (Tm,m) and isotropization (Tspmax,©) temperatures of the
chiral amphiphilic LC species T, as a function of the carbon number of the
alkyl group.
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Figure 3-4. FESEM (right) and TEM (left) micrographs of T10 self-assembled
morphologies in THF/H,O solution.

Figure 3-5. TEM micrographs of T11 (left) and T12 (right) self-assembled
morphologies in THF/H,0O solution.

3-2 Carbohydrate-coated LC polyacetylene
321 AF R\ LA

OAC flexible polymerizational

AcO linker group
ACO O\/\N \ )&_@7 e e NS
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flexible hydrophobic tail

chiral linking rigid mesogeic
head group group
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FORF AR EF R RO R e BRS -8
AR EF Y o H P LR & F1H & 5 n-conjugated systemiF %] 5
A 8 4% o Polyacetylene = & 3 H#fLidacni =g A F > H pleaRHE &
3 e g B A sty HRA 4R A2 7 b AUl RS o F

B s

4y
P

o AErok BB enk g dd(alkoxy chain) i AF b ok 23
Ao SR EF ol (T o - HIRFPERE L T OEE R A
TP EEOPE
322 AR B2 R EHTE

iR AET 0 KO HM{eR Ed ik fh it T E R )
chiral smectic A & 7}k i f» #7 & F 02535 % 12(fan texture) (Figure 3-6,
3-7) > 2 3B RI M k= Hd MLt 4 17T % 5 % (Table

3-2) 0 FEIR d IR KRR T LB EDIRE A R

Table 3-2. Thermal properties of LC monomers and LC polyacetylenes.
phase transitions, °C* (kcal/mol)

heating Ty
K6E G 66.2 SA* 165.9 (10.73) 1 283.2
K11E G 54.7 SA* 110.3 (6.90) I 362.9
K12E G 59.1 SA* 134.1 (8.46) 1 373.8
K6P G 57.6 SpA*>250 I° 277.9
K11P G 97.1 SpA*>250I° 265.3
K12P G 65.5 Sp* >250 I° 270.3

% G = glass transition, Sp = smectic A phase, I = isotropic phase. Data taken from
the first cycle at 10 °C/min. ° Determined by TGA. Ty = temperature at which weight
loss of 5% occurred. © Data obtained from polarizing optical microscopy, since it is
affected by degradation.
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Figure 3-6. Polarized optical microscopy of the fan-shaped textures exhibited
by the carbohydrate-coated momoners: (a) LC-6, (b) LC-11, and (c) LC-12 at
100 °C.

Figure 3-7. Polarized optical micrographs displayed by the carbohydrate-coated
polymers: (a) K6P, (b) K11P; and (¢) K12P-at 150 °C.
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Figure 3-8. Corresponding UV-vis spectra and CD results of monomers of
species K (a) (b) and polymers of species K (¢) (d) in THF. The spectral data
below 250 nm are not taken because of the interfering absorption.
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e 34 AR FIEAESE S Tl SIS T IS P

m K 78 r}ﬁ,gP"FK %I AL o
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Figure 3-9. FESEM micrographs of the self—assembld morphology exhibited
by monomers (a) K6E, (b) K11E, and (¢) K12E. The bar represents 100 nm.

Figure 3-10. TEM micrographs of KIIE (left) and KI2E (right)
self-assembled morphologies in THF/H,O solution.
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Figure 3-11. FESEM micrographs of the self-assembled morphologies
exhibited by K11P in solution (a) primary stage, (b) intermediate stage, and (c)
final stage. The bar represents 100 nm.
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Figure 6-3. Electronics based on organic transistors of Takao Someya Group.
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Figure 6-8. (a) Output and (b) transfer characteristic of a typical organic thin
film transistor.
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Figure 6-9. Energy levels diagram of polaron and bipolaron.
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Figure 6-10. Hopping transport.
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Figure 6-11. Charge transport in different orientations: a) crystalline-good
charge transport; b) amorphous-no charge transport; and, c) polycrystalline-
grain boundaries interrupt the charge transport.
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Figure 6-13. Schematic illustration of (a) different molecular smectic
arrangements (b) the layer structure of the conducting channel in an optimal
OTFT. Red arrow indicates the preferred charge transport direction.
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Figure 6-14. The first attempt was made to fabricate an OTFT utilizing the
polyacetylene/polysiloxane field defect.
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Figure 6-15. The schematic of stacked pentacene layer OTFT.
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Figure 6-16. 6,13-pentacenequinone concentration in pentacene in different
stages of purification: (1)-as-received, (2)-single sublimation clean, (3)-double
sublimation clean, (4)-crystal grown from untreated powder, (5)-crystal grown
from doubly cleaned powder.
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Figure 6-17. Chemical structures of common p-type organic semiconductors.
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Figure 6-18. Chemical structures of Pc,LLu and Pc,Tm.
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Figure 6-21. Chemical structures of DFH-6T.
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Figure 6-23. Crystal structures of fluoroarene-thiophene compounds 1 (a), 2
(b), and 3 (¢).
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Figure 6-25. Chemical structures of NTCDA and NTCDI.
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Figure 6-26. Crystal packing diagram of fluorinated NTCDI showing the
herringbone motif.
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Figure 6-27. Complementary-inverter circuit configuration.
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Figure 6-29. Chemical structures of DPP.
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Figure 6-30. Chemlcal structures of PTCDI—C8H.
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Figure 6-31. Chemlcal structures of PTCDI-C4F7.
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7-1 &

FoY ATF R 2 FEL WEMA Acros 2 Aldrich 2 7 A
Bitam e g o 47 2 A AP Fisher o F B¢ #7i¢ * cha -k
7% A ¢ dichloromethane 1 calcium hydride ** % F & & T 4e iz
tetrahydrofuran (THF)R| 2 sodium *t § § B T 4cvfik j > 2 4o »

benzophenone pa‘ T A T “,4rt KB A T e F F TRBT 24D

-2 PlFE3 2
TETATEY R RRALFE R T ARE

(1)¢ & & 47 (Chromatography)
% 9 ¢ Kk & 47 (thin layer chromatography, TLC) % @& *
SIGMA-Aldrich Silica gel F-254 #4855 % » & & 200 um > 3g#-~ /]
2-25 um e ¥ 4.4 £ A~ $7(column chromatography) % i¢ * Merck 7734
Kiesel gel 60 (70~230 mesh) 3|7 ¥ > 73 &1 € 4 3 i3k > & gic fk
£ * TLC % » 1% ¢ X (UVGL-25 3k ¢ o
(2) ¥ £ & k3 R (NMR)

i# * Bruker DRX 500 % = #= & - 2 ¢ 12 d-chloroform 3 % | »

HivB2egH i ppm» & #17 §=7.26ppm i P 0L 5 g P
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M o=T77.0ppm & p FRALE ; E w5 d-DMSO 3 & 0 @ w2 §=2.49
ppm s N FRE I B F A2 6 =39.5 ppm 5 PRI K TS
s % 7+ H 4% (singlet) > d % 5= = & *# (doublet) > t % 7+ = & % (triplet) > m
#. 7% % £ % (multiplet) o
(3) 8 2z 4p & 45 Rk (HPLC)
High performance liquid chromatography i * Shimadzu LC-10AT
B RFF k¥ el B 5 Shimadzu SPD-10A UV £ Shimadzu RID-10A
RI- % E i * AM Gel 500 A 10 um column © ;B] # p¥ 14 tetrahydrofuran
SR o i 5 I mL/min> T i3S 20°C R R R ¢ o R IR R
el 5 # 20mg B &4 73> L.OmLTHF &> @& * 5 & 58 2 0.2 um
11 Nylon filter i Jjg {6 € % o
(4) i B B4 T &5 AR/ R R E 3% 22 (MALDI-TOF)
Matrix-assisted laser desorption/ionization time-of-ﬂigh‘[’}{rr iR
PerSeptive Biosystems-Voyager-DE (Framingham, MA) > e % § § &
B33 2k A 45 (sample plate) © 12 Angiotensin II and Bombesink
oo ABEF > VR &5 R (5~10 mg/mLTHF)E A 73 i
(4-hydroxybenzylidenemalononitrile, 10 mg/mL THF):& & (1/5 v/v) > #X
fSR-REBRFRANE L > gz 5 ¢ p AR fz(air-dried) > 2 5% A&l

{6, Btk AN A4 o

140



(5) %, sk &g ek (Polarizing Optical Microscope, POM)

2 * Olympus BX51 3|k 5 R ficd » 2x~ B 5 5 100 & » fioif PR
AP & kL T8 * Mettler FP82 4v # % {r Mettler Toledo FP90 458 %
(6) 4 £ # #u + 3+ (Differential Scanning Calorimeter, DSC)

iz * TA Instruments Q100 DSC 4 2 Computer/Thermal Analyzer o
BRI In ARE 0 SRR S 3~10 mg o Bl EBFHE S IPES
(phase transition);§. & » ;8 B B~H & & > @ .33 3% # '8 & (glass transition
temperature, T,) | B~ & < & ¢ BL(infection point) °
73 L &2 &

AT &5 P PCIsBfe N B AFivLd > i1 P &P 2
8 S ULARF3N {8 6 ehscheme A 3 2 485k 4 0 Ascheme ¢ it
3 1t & 4 e 5L - methyl 3-(3,4,5-trihydroxyphenyl)propionate (18) %%
S )1?6[46] B S e & e B e T
7-3.1 Synthesis of 5SFE-3-NH2

SFE-3-NH2:7 4 =& % S g7 (& &4 4732 4 Scheme 6 -

0O
HO/\/\Nf
1 O

#-3-aminopropan-1-ol (4.5 g, 60 mmol) - phthalic anhydride (8.9 g,

60 mmol) % 4-dimethylaminopyridine (DMAP, 0.7 g, 6 mmol);® & » #3=
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(64c #2120 °C o 2} PF2 g5 1 3 0 4o » CHCLAFIRE 2 54
R BoF W U E K ALfR4E “f Ko B J&‘fﬁ:é vE 4k 45 i (silica
gel, EtOAc/hexane 1:1)%A it 2% » ¥ {F v § F49.2¢g° & F75% -

NMR (CDCl;, 500 MHz): & = 7.85 (m, 2H), 7.73 (m, 2H), 3.86 (t, J = 6.2

Hz, 2H), 3.62 (t, J = 6.2 Hz, 2H), 1.89 (m, 2H).

0
F(F2C);0FHCF,c0” > N C
2 o)
#-Perfluoropropyl vinyl ether (6.5 g, 24.4 mmol)§*» % J = i & i
H g FIR¥g? » A 4r1-78°C  KLfs v x it £ 41 (5.0 g, 24.4 mmol)
feDMF(30 mL) o & ~ &4~ F 83 f% 2 (s > - 4 » potassium
tert-butoxide (0.3 g, 2.4 mmol) e 7kis T AIF4E2 | pFE J B w R B
$20/) PF o £ il & 4 5] ~ 5 lomEiE B i 1100 mLik-k ¢ > 4e »
oﬁb%ﬁﬁoﬁﬁjwﬁiug¢mﬁg%¢’@ﬁ’%ﬁ’uﬁ
+L & +7 % (neutral alumina, EtOAc/hexane 1:6)4 it & 4 » 7 F 5 P /R 48
10.6 ¢ » & %92% « 'H NMR (CDCls, 500 MHz): & = 7.85 (m, 2H), 7.73
(m,2H), 5.83 (dt, J = 53.5 Hz, J = 3.2 Hz, 1H), 4.06 (t, J = 6.6 Hz, 2H),
3.81 (t, J = 6.6 Hz, 2H), 2.09 (m, 2H).

F(F,C)30FHCF,CO~ " “NH,
5FE-3-NH2

#-phthalimide 2 (2.4 g, 5.2 mmol);% *+ethanol/THF (2/1 v/v, 30 mL)
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® 5 4v » hydrazine hydrate (1.3 mL, 25.9 mmol) > #4278 4e $rze 7 1)

PEo PR G 9 RS o KRR A SRR D FIR 0 A R R

%43 A 0 £ 4~ THF » i 18 Celitei Ja - MY - #pik ks > 7 @

EP 14 g & %78% 'HNMR (CDCls, 500 MHz): & =5.86 (dt, J =
53.5 Hz, J=3.2 Hz, 1H), 4.07 (t, J = 6.4 Hz, 2H), 2.83 (t, J = 6.4 Hz, 2H),
1.82 (m, 2H).

7-3.2 Synthesis of (3,4,5)5FEG1-0-NH2

(3,4,5)5FEG1-0-NH2: & =& # o7 it 5 2 4 72 5+ Scheme 7 -

HsCO

H3c04€;>7No2

H3;CO 3

#-3,4,5-trimethoxybenzoic acid (12.7 g,.60 mmol))Z 150 mL
acetonitrile% f%{s » 4r » Jknitric acid (21.35 M, 9 mL, 180 mmol) » “E &
£ 4 » Bt § ehazobisisbutyronitrile (AIBN, 210 mg, 1.2 mmol) - * &
B E P 250 °CHFE20-] PF > K RIR & 5 ~ 50 mLik-K ¥ 0 Ao~ T E
FPeooftfh A I RCRER AR R Bl RS R AT
(silica gel, EtOAc/hexane 1:5)% - Z 4 » ¥ (8§ ¢ F MY g A& F

69% > 'H NMR(CDCls, 500 MHz): & = 7.51 (s, 2H), 3.93 (s, 9H).

HO,

HO@NOZ

HO 4
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#nitroarene 3 (0.3 g, 1.2 mmol) # pyridine hydrochloride (1.0 g, 8.8
mmol)i? & > e £ 1200 °C- 404482 381 FF > v r 0
Bo gl £ A SR AR R e 8 B E B o §
& KR % “,/TT Ko iRk gt 1 # 4Lk 47 7% (silica gel, EtOAc/hexane
)i AT FF ¢ F480.16 g0 & 5 78%° 'H NMR (d-DMSO, 500

MHz): § = 9.92 (s, 2H), 9.71 (s, 1H), 7.21 (s, 2H).
F(F,C)3s0FHCF,CO
F(F,C)3sOFHCF,CO NO,

F(F,C)3sOFHCF,CO 5

#-Perfluoropropyl vinylether (6.5 g, 24:4 mmol)§*» % J = i & i
BRIP4 4378 °C » Mgiste X (- 5474 (1.4 g, 8.1 mmol)ifr
DMF (50 mL) o & * & ¥ 48 % f& 2 & > F-i# 4v » potassium
tert-butoxide (0.3 g, 2.4 mmol) s fpkin ® LI PFE B v R 8
WAE20/ ) pF o F R &3 > 73 Il mL JEBAFE 100 mLAk- kP > 4
NC L g S Bo e by kTR ’Jiﬁﬁ-‘rii%é",’f QAR )
? 1 & 4772 (neutral alumina, EtOAc/hexane 1:20)% it 2 4= » ¥ F & P
% A83.9 g0 & % 48% "H NMR (CDCL, 500 MHz): & = 8.25 (s, 2H), 6.12

(dt, J = 53.3 Hz, J = 3.2 Hz, 3H).

F(F,C)3sOFHCF,CQO
F(F2C)3OFHCF2CO NH2

F(F,C);0FHCF,CO
(3,4,5)5FEG1-0-NH2
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F=P~it £ 475 (1 g, 1.0 mmol) ~ hydrazine monohydrate (0.3 mL, 5.2
mmol) % graphite (1.1 g);3 **ethanol/THF (2/1 v/v, 30 mL)*® > #3+15 4¢
Fiwin o 190 PFiE " E T 38 0 4o » THFF-fR > ik #-graphite » %
ek e <IN ¥ HL A& 72 (neutral alumina, EtOAc/hexane 1:4) i &
o7 EEPRA0.57 g A& 558% - '"HNMR (CDCls, 500 MHz): § =
6.56 (s, 2H), 6.03 (dt, J=53.4 Hz, J = 3.2 Hz, 3H), 3.97 (s, 2H).

7-3.3 Synthesis of (3,4,5)5FEG1-1-NH2

(3,4,5)5FEGL-1-NH2:1 £ = # Zr 22 i« & 245 #7325+ Scheme 8 -

F(F5C)30FHCF,CO
o)
F(F5C)30FHCF,CO
OCH,4
F(F,C);0FHCF,CO ¢

#-Perfluoropropyl vinyl ether (8.7 g, 32.6 mmol)f=» & 5 = F & o
¥ sg Fl A #g ¢ > /4 #r 3 78 °C > % 1 4r > methyl
3,4,5-trihydroxybenzoate (2.0 g, 10.9 mmol)f=DMF (50 mL) - & F &4~
T8 A fE 2 {6 0 P-iE 4v » potassium tert-butoxide (0.4 g, 3.3 mmol) ° A
PRiE T AR PR W B SR E20- B o F R £ 4 3
F1mL JEBAAHI00 mLA-K? > e x 2 fRe AaXBoft 5 i8Rk T
IR @ il 2 % koo im0 JRHFTS Y E LA 1972 (neutral alumina,
EtOAc/hexane 1:6)% it 24 > 7 (75 P ;2 4889 g & 5 84% - '"H NMR
(CDCl;, 500 MHz): & = 8.01 (s, 2H), 6.09 (dt, J = 53.5 Hz, J = 3.2 Hz,
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3H), 3.97 (s, 3H).
F(F,C)sOFHCF,CQO

F(F,C)3OFHCF,CO
OH
F(F,C);0FHCF,CO 7

F=5~LiAlH, (0.2 g, 5.3 mmol);% *:20 mL& -k THE® > i » § # >
PRI TR F ~ 33020 mL& AR THE it £ 426 (3.8 g, 3.9 mmol) - &
Faom S o ks T w30~ ERERRAF ~02 mLa
THF -~ 0.2 mL#715% NaOH-k ;3 i% % 0.6 mL#h 457k o i i Celiteif i
HARfE FIRE > HRR RN T WS PR35 A2 595% - 'HNMR
(CDCls, 500 MHz): & = 7:35 (s, 2H); 6.06 (dt, J = 53.4 Hz, J = 3.2 Hz,

3H), 4.76 (s, 2H), 3.74 (s, 1H).

F(F,C)3s0FHCF.CO

F(F,C);0FHCE,CO
Br
F(F,C)30FHCF,CO 8

#-it & 7 (1.3 g, 1.3 mmol)frn-bromosuccinimide (NBS, 0.3 g, 1.6
mmol);% > 10 mL#& K THF? > @ » § § > /kig T&EFIF »%>10mL
& K THFPPh; (0.4 g, 1.6 mmol) = @i +e 2 % » rkip T S #8420
¥ o F iR & F 15 ~ hexane® - i FM 0 MRk RNE 0 LR ALA
17 7% (silica gel, EtOAc/hexane 1:5)# i 24 » 7 @5 P %2409 g> & F
67%¢"H NMR (CDCls, 500 MHz): & = 7.37 (s, 2H), 6.07 (dt, J = 53.4 Hz,
J=3.2 Hz, 3H), 4.44 (s, 2H).
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F(F,C)3s0FHCF,CO

F(F,C)30OFHCF,CO
N3
F(F,C)30FHCF,CO 9

¥t £ 48 (3.8 g 3.9 mmol)ia *+20 mLeDME ¥ » 5§ {5 4r »
sodium azide (0.8 g, 11.7 mmol) o Z i§ ##2-] FF » 4v » ¢ i 2 fig - ¥
T LEA RSP o G AR KRR K B RERE R LR
45 ;% (silica gel, hexane)* it A4 » ¥ 5 P 2 483.2¢g > & 585%  'H
NMR (CDCls, 500 MHz): & = 7.38 (s, 2H), 6.07 (dt, J = 53.4 Hz, J = 3.2

Hz, 3H), 4.58 (s, 2H).

F(F5C)30FHCF,CO

F(F2C)sOFHCF,CO
NH,
F(F,C);OFHCF,CO

(3/4,5)5FEG1-1-NH2
F=B~LiAlH, (0.2 g, 5.3 mmol);3 *20 mLj& -k THF® > i » § # -
sRIE TR GEF ~ %2720 mL & -k THF cvazide 9 (3 g, 3.1 mmol) o i 4r
TR PRIE T MR PF O M1 ¥R % A F ~ 0.2 mLaTHF ~ 0.2
mL15% NaOH-K i3 i 2 0.6 mLehz 4k o i i Celitei i #-407% 7
1 #mr ok ‘{ﬁ' » 12 41 K 72 (neutral alumina, EtOAc/hexane 2:1) %
LAY T EEP W27 g A593% - 'HNMR (CDCl;, 500 MHz):

§="7.34 (s, 2H), 6.06 (dt, J = 53.4 Hz, J = 3.2 Hz, 3H), 3.95 (s, 2H).
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7-3.4 Synthesis of (3,4,5)5FEG1-2-NH2

(3,4,5)5FEG1-2-NH2: & =& # S g7 {5 24 72 25 Scheme 9 -

BnO
0O
BnO
OCHj4
BnO 10

#-hydroxybenzoic ester (10 g, 54 mmol) ~ benzyl chloride (20 mL,
171 mmol)4rK,CO; (33.8 g, 244 mmol);% *400 mL DMF? > #4213 4¢
RMITS5°C-20 2 iz"8 B2 3R F R EFE 2500k - iF
Jalc ek A inde 2 4 0 12 g 4 & 4972 (basic alumina, CH,Cly) % it &
o v Ee ¢ F4823.9 g2 & 5 97% o 'H NMR (d-acetone, 500 MHz): &

= 7.43 (m, 15H), 7.20 (s;2H), 5.16 (s, 4H), 5.04 (s, 2H), 3.85 (s, 3H).

BnQO

BnO
OH

BnO 11

FEB-LiAlH, (1.1 g, 29.7 mol)7% *+50 mL & -k THF ¥ » 3 » § # » 7k
i TR F ~ % %750 mL & -k THF crbenzyloxybenzoic ester 10 (9 g,
19.8 mmol) o & if 4v % & » w iR SIS PE o RE1EE R kA F
1.2 mL=ATHF ~ 1.2 mL715% NaOH-ki% ;% % 3.6 mLen g 45 K o il i
Celiteif Jl H-2b4F FIRE > Joik k4G > AP U LS H > 7 @0 ¢
T1488.4 g A 5 99% 'H NMR (d-acetone, 500 MHz): § = 7.39 (m, 15H),

6.83 (s, 2H), 5.15 (s, 4H), 5.03 (s, 2H), 4.56 (s, 2H).
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BnO

BnO
Br

BnO 12

#-alcohol 11 (8.9 g, 20.8 mmol);% *>+20 mL & -KCH,CL,® » i » §
F 0 skiE T AEFF ~ % %710 mL & -k CH,Clyshosphorous tribromide (2
mL, 20.8 mmol) o FjF s & > KiF T BFIHILI0L 4B F BRIRE S
oo BATRE P G A R Rk Bl RS T R 4
Z1489.7 g> & 5 96% 'H NMR (d-acetone, 500 MHz): § = 7.39 (m, 15H),

6.95 (s, 2H), 5.16 (s, 4H), 5.04 (s, 2H), 4.59 (s, 2H).

BnO
BnO
CN
BnO 13

#-benzyl bromide 13(9 g, 18.4 mmol);% %+ 50 mL=DMF ® » & {4 4¢
» sodium cyanide (1.8 g, 37.3-mmol) # triethylbenzylammonium
chloride (0.2 g, 0.9 mmol)  F § #4304 48 > & BR & F 5 » 50 mL
SN LR CE R S R R EARE S LR
k 5 {6 2 methanol/Acetonef & ¢ > 7 Hv ¢ FHET.8g & F98% -
'H NMR (d-acetone, 500 MHz): & = 7.39 (m, 15H), 6.86 (s, 2H), 5.18 (s,

4H), 5.04 (s, 2H), 3.88 (s, 2H).

BnO

BnO
NH,

BnO 14
#-benzyl cyanide 13 (3.6 g, 8.2 mmol);%3 **50 L& -k THF® -3 » §
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=

F > 7KifF T & FF » IM borane tetrahydrofuran complex solution (25
mL, 24.5 mmol) o FijF4r = > Aok 19 BF o EEER I RR -
Brkis TR~ T ERISRR e PORIR SRR L A e T
e o RHgHCR > VERBRRMAY > EERNT - .

BnO

BnO
15 'e)

#-amine 14 - phthalic anhydride (1.2 g, 8.2 mmol)# DMAP (0.1 g,
0.8 mmol)iR & » IS4 1 120°C 0 2/ PF2 "8 1 F i 0 4v »
CH.CL 8 £ 1 745k $5° e PR i Kt ss 4 k> R ik 55
42 & ¥ 2 methanol/CH,CLE & 8% > 7 @ v ¢ FRE3.7g> & F80% - 'H
NMR(d-acetone, 500 MHz): 6 = 7.85 (m, 4H), 7.40 (m, 15H), 6.70 (s,

2H), 5.05 (s, 4H), 4.97 (s, 2H), 3.91 (t, J = 7.3 Hz, 2H), 2.94 (t, J = 7.3

Hz, 2H).
HO

HO
16 O

H#-iv £ 4215 (2.4 g, 4.1 mmol) % Pd/activated carbon (10% Pd/C, 0.2
g)F=» 500 mL ¥ §g 5L ¢ > 4v » 100 mL«~THF/MeOH (1/1 v/v) > id » &
FIR o EE M o IR 2120/ pE o B0 B3 1B Celitei A
FURSE RS 4 B4 0 d A % U THF Hexane & & dy » 7 1896 ¢ 7
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£1.0 g & 83%- 'H NMR (d-DMSO, 500 MHz): & = 8.69 (s, 2H), 7.87

(s, 1H), 7.84 (m, 4H), 6.08 (s, 2H), 3.68 (t, J = 7.4 Hz, 2H), 2.63 (t, J =

7.3 Hz, 2H).
F(F,C)30FHCF,CO
F(FZC)3OFHCF2C04©1 )
F(F,C)s0FHCF,CO N;:O
17 o)

#-Perfluoropropyl vinyl ether (6.4 g, 24.1 mmol)f=» & 5 = 5 & e

H g FlAFLY » 4 4r2-78°C» » "gfs e » 1 & 316 (2.4 g, 8.0 mmol)
feDMF (50 mL) - & &~ J& 4 B84 f% 2. (& > P-i# 4 » potassium
tert-butoxide (0.3 g, 2.4 mmolys ki T H4RE2 | P i Mt v iF S F %
20 FF o F R & 5 ~ 75 LmL JE BpLen100 mLik-k ? oo 4
©PhC Fa R o ey BRI R ARk o g 0 RIS L
114 1772 (neutral alumina, EtOAc/hexane 1:6)% it & 4+ > ¥ 1734 P /% 48
g> A %65%- 'HNMR (CDCls, 500 MHz): & = 7.83 (m, 2H), 7.71 (m,

2H), 7.19 (s, 2H), 6.03 (dt, J = 53.5 Hz, J = 3.2 Hz, 3H), 3.96 (t,J=7.3

Hz, 2H), 3.06 (t, J = 7.3 Hz, 2H).

F(F,C)3s0FHCF,CQ
F(F,C)30FHCF,CO
NH,
F(F,C)3s0FHCF,CO

(3,4,5)5FEG1-2-NH2

#-phthalimide 17 (5.8 g, 5.2 mmol):% *+ 60 mL ethanol/THF (2/1 v/v)
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® 5 4v » hydrazine hydrate (1.3 mL, 25.9 mmol) > #4278 4e $rze 7 1)

o PR 4 FIRMAE o KR & F R D R A ORI RS

»

2 73 A > f 4o » THF » i g Celite:jn - FIHY - ik kg 7 915
M A84.8 ¢ & 595% o 'HNMR (CDCls, 500 MHz): § = 7.19 (s, 2H),
6.06 (dt, J = 53.4 Hz, J = 3.2 Hz, 3H), 3.02 (t, J = 6.9 Hz, 2H), 2.79 (t, J
= 6.9 Hz, 2H).

7-3.5 Synthesis of (3,4,5)5FEG1-3-NH2

(3,4,5)5FEG1-3-NH2: & = 4 Zx gz i § g 4f 38 2> Schemel 1 -

F(F,C)30FHCF,CO
F(F,C)30FHCF,CO o)
F(F2C)0RHCF,CO 1 g OCHs

#-Perfluoropropyl vinyl ether (13.4 g,/50.2 mmol)f*» % F x 7 %
M FF R KA 4 4r 278 °C KL fé 4r ~ 14 £ $ 18 (3.6 g, 16.7 mmol)
feDMF (50 mL) - & &~ &4 B 8873 f# 2 & » P-i# 4 » potassium
tert-butoxide (0.6 g, 5.0 mmol) > 7kiz T L2 | L M w IR BT
20/ pF o F R &~ £ F 1mL k@A H100 mLk-k P o 4o »
L R ek AT VA RERL A K Wim > RAFE IR
+L & +7 % (neutral alumina, EtOAc/hexane 1:4) it 2 4 » # F 5 P /R 48
13.9 g+ & % 82%- 'H NMR (CDCl, 500 MHz): 5 = 7.18 (s, 2H), 6.06 (dt,
J=53.4Hz, J=3.2 Hz, 3H), 3.69 (s, 3H), 3.00 (t, J = 7.4 Hz, 2H), 2.66 (t,

152



J=17.4THz, 20).

F(F,C);OFHCF,CO
F(F,C);0FHCF,CO

F(F,C)30FHCF,CO OH

20
F2B~LiAlH, (0.7 g, 17.6 mmol);3 *50 mLi& -k THE® >3 » § # -

Pkig TR FF ~ 350 mL& kK THFen v & 419 (13.6 g, 13.5
mmol) o FiF 4e % & 0 RiE T #3044 FSER BB F 0.6
mL - THF ~ 0.6 mL715% NaOH-k % i% 2 1.8 mLez 457K - il 5 Celite
A FIAE 0 R kAR TR P RI3.0g 0 A F99% - 'H
NMR (CDCl;, 500 MHz):6 =7:17 (s, 2H), 6.06 (dt, J = 53.4 Hz, J = 3.2

Hz, 3H), 3.71 (t, = 7.7 Hz, 2H), 2.78 (t, J = 7.4 Hz, 2H), 1.90 (m, 2H).

F(F,C)3OFHCF,CO
F(F,C);OFHCF,CO

F(F,C)3OFHCF,CO 21 Br
-1t & 420 (7.6 g, 7.7 mmol)*NBS (2.1 g, 11.6 mmol);3 *+20 mL
&KTHF® > 3@ ~ § § > 7kig T & FF »i%>20 mLa& -k THF PPhs
(3.0 g, 11.6 mmol) o FiF4v 2 & > /kip T BFIEHELD | P F BB L I
3] » hexane® B /g 55 B Bg ik g0 1 4Lk 47 7% (silica gel,
EtOAc/hexane 1:6)% it 24 > 7 {F5 P ;2 484.8 g & 5 60% - '"HNMR
(CDCl;, 500 MHz): & = 7.18 (s, 2H), 6.06 (dt, J = 53.5 Hz, J = 3.2 Hz,

3H), 3.42 (t, J = 7.3 Hz, 2H), 2.85 (t, J = 7.3 Hz, 2H), 2.19 (m, 2H).
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F(F,C);OFHCF,CO
F(F,C)3OFHCF,CO

F(F,C);OFHCF,CO N3

22
#5421 (14 g 1.3 mmol)iz >720 mL#DMF® > %15 4c »

sodium azide (0.3 g, 4.0 mmol) * F g #4£24-] pF > e > ¢ Fe 2 o ffrfd
T LEA RSP o G AR KRR K B TRERE R LR
17 7% (silica gel, EtOAc/hexane 1:9) i 2 4= > ¥ & P %4812 ¢g° A2 F
88%- 'H NMR (CDCls, 500 MHz): & = 7.16 (s, 2H), 6.06 (dt, J = 53.5 Hz,
J=3.2Hz, 3H), 3.35 (t, J = 7.2 Hz, 2H), 2.76 (t, J = 7.2 Hz, 2H), 1.92 (m,

2H). F(F3C)30FHCF,CO
F(F3C)30FHCF,CO
F(F,C)3OFHCF,CO NH,
(3,4,5)5FEG1-3-NH?

F=B~LiAlH, (0.1 g, 3.6 mmoDi#3+30 mL& -k THF® - i » § § »
PkiE TR GEE ~ 732020 mL& -k THF 01 & 422 (2.4 g, 2.4 mmol) - &
v RS ks T B P RS ¥ R B F ~ 0.2 mLeTHE
0.2 mL15% NaOH-K 7% i % 0.6 mL % 45 -k © i i Celiteifs b 1404
FRY > kR T WS P RM19g > A 583%  'HNMR (CDCL,
500 MHz): & = 7.16 (s, 2H), 6.06 (dt, J = 53.4 Hz, J = 3.2 Hz, 3H), 2.79 (t,

J=7.4Hz, 2H), 2.72 (t, J = 7.4 Hz, 2H), 1.84 (m, 2H).

7-3.6 General procedure for the synthesis of diimides

Diimides= 4 = # E}FEE’ L ?ﬁé—#ﬁ_fﬁ‘ﬂ%?Scheme 12 -
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Method A: #-dianhydride (1 equiv) ~ amine (2.5 equiv) # zinc acetate
(1 equiv);% **quinoline (30 mL per mmol dianhydride)® > § # T #4=F
et 2180 °Co4 [ PF2 iFER T R F IR &4 )~ BEY (1M, 80
mL) - & * glass filter funneljz & i7cik 41 chde & = > g LK 4772 (silica
gel, CHCLy) % it 2 F » & (¢ "2 THF/methanol £ "tk o

Method B: #-dianhydride (1 equiv) ~ amine (2.5 equiv)%* DMAP
(0.25 equiv)iz **SMLDMF ¥ » § § T #4515 40 4 1 130 °C » 20-]: f 2.

=

1

=

FRIZE o F BB EFFE 100 mLAK-RKP o 4e ~ T FET figF B o

SH

Ted 3 8 2 vt R AR PRSER K o il R SRS 1 LR 472 (silica
gel, CHCLy) 4 it 2 # » % (¢ ™2 THF/methanol £ 7t ik -

7-3.7 Synthesis of species P
D_NHz = 5FE-3-NH2 P()

(0] (0]
Q C (3,4,5)5FEG1-0-NH2  P(0)
@N . NO (3,4,5)5FEG1-1-NH2  P(1)
O Q (3,4,55FEG1-2-NH2  P(2)

(@] (@]

(3,4,5)5FEG1-3-NH2 P(3)

P(-): Method A. Yield 20%. "H NMR (CDCl;, 500 MHz): & = 8.69 (d,
4H, J = 8.0 Hz), 8.62 (d, 4H, J = 8.0 Hz), 5.87 (dt, 2H, J = 53.5 Hz, J =
3.2 Hz), 4.34 (t, 4H, J = 6.8 Hz), 4.16 (t, 4H, J = 6.8 Hz), 2.20 (m, 4H).

P(0): Method A. Yield 24%..'"H NMR (CDCls, 500 MHz): & = 8.86
(d, 4H, J = 8.0 Hz), 8.69 (d, 4H, J = 8.0 Hz), 7.84 (s, 4H), 6.11 (dt, 6H, J

=534 Hz,J = 3.2 Hz).
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P(1): Method A. Yield 46%."H NMR (CDCl;, 500 MHz): & = 8.62 (d,
4H, J = 6.0 Hz), 8.48 (d, 4H, J = 6.0 Hz), 7.62 (s, 4H), 6.04 (dt, 6H, J =
53.4 Hz, J=3.2 Hz), 5.38 (s, 4H).

P(2): Method A. Yield 29%."H NMR (CDCl;, 500 MHz): & = 8.38 (d,
4H, J = 8.0 Hz), 8.15 (d, 4H, J = 8.0 Hz), 7.34 (s, 4H), 6.04 (dt, 6H, J =
53.5 Hz, J=3.2 Hz), 4.45 (t, 4H, J=7.6 Hz), 3.17 (t, 4H, J = 7.6 Hz).

P(3): Method A. Yield 26%."H NMR (CDCls, 500 MHz): & = 8.52 (d,
4H, J = 8.1 Hz), 8.36 (d, 4H, J = 8.1 Hz), 7.25 (s, 4H), 6.04 (dt, 6H, J =
53.5 Hz, J = 3.2 Hz), 4.30.(t, 4H, 3. = 7:5 Hz), 2.86 (t, 4H, J = 7.5 Hz),
2.17 (m, 4H).

7-3.8 Synthesis of species PCI

ClCl
O, O

Q C D_NHz = 5FE-3-NH2 PCI(-)
D_N . NQ (3.4,5)5FEG1-0-NH2  PCI(0)
: (3,4,5)5FEG1-1-NH2  PCI(1)
O (3,4,5)5FEG1-2-NH2  PCI(2)
O @) (3,4,5)5FEG1-3-NH2  PCI(3)

CIClI

PCI(-) : Method A. Yield 21%.'H NMR (CDCl;, 500 MHz): & = 8.69
(s, 4H), 5.89 (dt, 2H, J = 53.5 Hz, J = 3.2 Hz), 4.34 (t, 4H, J = 6.7 Hz),
4.15 (t,4H, J = 6.7 Hz), 2.17 (m, 4H)

PCI(0): Method A. Yield 26%."H NMR (CDCls, 500 MHz): § = 8.77
(s, 4H), 7.40 (s, 4H), 6.11 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz).

PCI(1): Method A. Yield 58%.'H NMR (CDCls, 500 MHz): § = 8.73
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(s, 4H), 7.64 (s 4H), 6.06 (dt, 6H, J = 53.5 Hz, J = 3.2 Hz), 5.40 (s, 4H).
PCI(2): Method A. Yield 23%.'H NMR (CDCl;, 500 MHz): & = 8.68
(s, 4H), 7.33 (s, 4H), 6.06 (dt, 6H, J = 53.5 Hz, J = 3.2 Hz), 4.48 (t, 4H, J
=7.7Hz), 3.12 (t, 4H, J = 7.7 Hz).
PCI(3): Method A. Yield 24%. '"H NMR (CDCls, 500 MHz): § = 8.62
(s, 4H), 7.25 (s, 4H), 6.06 (dt, 6H, J = 53.5 Hz, J = 3.2 Hz), 4.26 (t, 4H, J
=7.0 Hz), 3.15 (t, 4H, J = 7.0 Hz), 2.49 (m, 4H).

7-3.9 Synthesis of species N

(@) O
Q D—NHz = 5FE-3-NH2 N()
(3,4,5)5FEG1-0-NH2  N(0)
N N (3,4,5)5FEG1-1-NH2  N(1)
(3,4,5)5FEG1-2-NH2  N(2)
o o (3,4,5)5FEG1-3-NH2  N(3)

N(-): Method B. Yield 27%. "H NMR(CDCl;, 500 MHz): § = 8.77 (s,
4H), 5.85 (dt, 2H, J = 53.5 Hz, J=3:2.Hz), 4.33 (t, 4H, J = 6.7 Hz), 4.14
(t, 4H, J = 6.7 Hz), 2.17 (m, 4H).

N(0): Method B. Yield 36%."H NMR (CDCls, 500 MHz): & = 8.90 (s,
4H), 7.42 (s, 4H), 6.10 (dt, 6H, J = 53.5 Hz, J = 3.2 Hz)

N(1): Method B. Yield 43%."H NMR (CDCls, 500 MHz): & = 8.82 (s,
4H), 7.59 (s, 4H), 6.04 (dt, 6H, J = 53.5 Hz, J = 3.2 Hz), 5.38 (s, 4H).

N(2): Method B. Yield 32%."H NMR (CDCls, 500 MHz): & = 8.76 (s,

4H), 7.30 (s, 4H), 6.04 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz), 4.46 (t, 4H, J =
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7.7 Hz), 3.11 (t, 4H, J = 7.7 Hz).

N(3): Method B. Yield 35%."H NMR (CDCl;, 500 MHz): & = 8.75 (s,
4H), 7.20 (s, 4H), 6.04 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz), 4.30 (t, 4H, J =
7.5 Hz), 2.84 (t, 4H, J = 7.5 Hz), 2.16 (m, 4H).

7-3.10 Synthesis of species B

Q O (P = sEEaNH2  B()
(34,5)5FEGL-0-NH2  B(0)

ON NO (34,5)5FEGL-1-NH2  B(1)
(34.5)5FEGL-2-NH2 B(2)

(3,4,5)5FEG1-3-NH2  B(3)

B(-): Method B. Yield 38%."H NMR (CDCls, 500 MHz): & = 8.28 (s,
2H), 5.85 (dt, 2H, J = 53.5 Hzy 3'=3.2 H2),.4.06 (t, 4H, J = 6.5 Hz), 3.87
(t, 4H, J = 6.5 Hz), 2.11 (in, 4HD.

B(0): Method B. Yield 20%."H NMR(CDCls, 500 MHz): § = 8.56 (s,
2H), 7.67 (s, 4H), 6.11 (dt, 6H,d.= 53.3 Hz J = 3.2 Hz).

B(1) : Method B. Yield 58%."H NMR (CDCls, 500 MHz): & = 8.35 (s,
2H), 7.44 (s, 4H), 6.05 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz), 4.91 (s, 4H).

B(2) : Method B. Yield 53%.'H NMR (CDCls, 500 MHz): & = 8.25 (s,
2H), 7.19 (s, 4H), 6.03 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz), 4.02 (t, 4H, J =
7.3 Hz), 3.08 (t, 4H, J = 7.3 Hz).

B(3): Method B. Yield 36%. 'H NMR (CDCl;, 500 MHz): 5 = 8.19 (s,
2H), 6.89 (s, 4H), 6.03 (dt, 6H, J = 53.4 Hz, J = 3.2 Hz), 3.83 (t, 4H, J =

7.0 Hz), 2.79 (t, 4H, J = 7.0 Hz), 2.13 (m, 4H).

158



0]

0
a b
HO/\/\NHZ — HOM%—» F(FZC)3OFHCF2CO/\/\%
o) o]
1

2

2 ——» F(F,C)sOFHCF,CO~ > “NH,
SFE-3-NH2
Scheme 6. Synthesis of 5FE-3-NH2. Reagents and conditions: a) phthalic

anhydride, DMAP, 120 °C; b) t-BuOK, CF,=CFO(CF,);F, DMF; c¢) NH,NH,,
EtOH/THF.

H3CO H3CO HO
0 a b
H5CO > HscOo NO, HO NO,
OH
H3CO H3CO HO
3 4
F(F,C)3OFHCF,CO F(F,C)3OFHCF,CQ
c d
4 T F(F,0)50FHCF,CO NO, ™ F(F2C)sOFHCF,CO NH>
F(F2C)3s0FHCF,CO F(F,C)3OFHCF,CO
5 (3,4,5)5FEG1-0-NH2

Scheme 7. Synthesis of (3,4,5)5FEG1-0-NH2. Reagents and conditions: a)
HNO;, AIBN, CH;CN, 50 °C; b) Py-HCI, 200 °C, 1 h; ¢) t-BuOK,
CF,=CFO(CF,);F, DMF; d) NH,NH,, graphite, EtOH-THF, reflux.
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HO F(F,C);OFHCF,CO

O a
HO > F(F,C),0FHCF,CO
OCH,
HO F(F,C)30FHCF,CO
6
F(F2C)30FHCF,CQ
c d
! > F(F,C);0FHCF,CO TTITy
Br
F(F,C)30FHCF,CO
8
F(F,C)3OFHCF,CO
c
9~ F(F,C)30FHCF,CO
NH;
F(F,C)3OFHCF,CO

(3,4,5)5FEG1-1-NH2

Scheme 8. Synthesis of (3,4,5)5FEG1-1-NH2. Reagents and conditions: a)
t-BuOK, CF,—CFO(CF,);F, DMF; b) LiAlH,, THF; c¢) NBS, PPhs;, THF; d)

NaN;, DMF; e) LiAlH,, THF.
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HO BnO BnO
0 a 0 b
HO — " Bno —” Bno
OCHj OCHj OH
HO BnO BnO
10 11
BnO BnQO, BnQO
c d e
N—— Bno@—\ — BnO‘Q_\ - BnO@x
Br CN NH,
BnO BnO BnO
12 13 14

n

BnO HO
f 0 g 0]
N N
BnO HO
15 «O 16 ©

F(F»C)30FHCF,2CO
16 h 0
> F(F2C)30FHCF,CO
N
F(F»C)30FHCF,CO
17 ¥
F(F,C)30FHCF,CQ
g
17— FKF,0:0FHCF,CO
NH
F(F»C)s0FHCF,CO

(3,4,5)5FEG1-2-NH2

Scheme 9. Synthesis of (3,4,5)5FEG1-2-NH2. Reagents and conditions: a)
BnCl, DMF, 80 °C; b) LiAlH4, THF; ¢) PBr;, CH,Cl,, 0 °C; d) NaCN,
triethylbenzylammonium chloride, DMF; e¢) 1M BH;-THF, THF; f) phthalic
anhydride, DMAP, 120 °C; g) H,, Pd/C, EtOH; h) t-BuOK, CF,=CFO(CF,);F,
DMF; 1) NH,NH,, EtOH-THF.
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COOH
COOH

SeeaRRL o
e Dy g

BnO OCH3 OCH3

Scheme 10. Synthesis of methyl 3-(3,4,5-trihydroxyphenyl)propionate (18)"°!.
Reagents and conditions: a) PCC, CH,Cl,, 1h; b) morpholine, AcOH, reflux; c)
H,SO, cat./MeOH, reflux; d) H,, Pd/C, EtOH.

BnQ,
BnO@MO
BnO OH
B

F(F,C)sOFHCF,CO
@1{ 5 | F(F2C)30FHCF,CO 0
OCHj F(E,C)sOFHCE,CO OCHs
19
F(F,C)30FHCF,CO F(F,C)3OFHCF,CO
b c
19 F(F,C);OFHCF,CO F(F,C);OFHCF,CO
F(F,C)3OFHCF,CO OH F(F,C);OFHCF,CO
20 21
F(F,C);OFHCF,CO F(F,C)30FHCF,CQO
d e
21 > F(F,C);0FHCF,CO > £ (F,C)sOFHCF,CO
F(F,C)sOFHCF,CO Ng F(F,C)sOFHCF,CO
22 (3,4,5)5FEG1-3-NH2

Scheme 11. Synthesis of (3,4,5)5FEG1-3-NH2. Reagents and conditions: a)
t-BuOK, CF,—CFO(CF,);F, DMF; b) LiAlH,, THF; c¢) NBS, PPhs;, THF; d)
NaN;, DMF; e) LiAlIH,, THF.
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=~ P alatha
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CIClI ClCl
CI-PTCD PCI
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_NH2
A S
1999 =98
O O O (@)
NTCDA N
(@] (@] (0] O
(@] (@] (@] (@]
PMDA B

WP\, = 5FE-3-NH2
(3,4,5)5FEG1-0-NH2
(3,4,5)5FEG1-1-NH2
(3,4,5)5FEG1-2-NH?2
(3,4,5)5FEG1-3-NH2

Scheme 12. Synthesis of diimides. Reagents and conditions: a) Zn(OAc),,
quinoline, 180 °C, 4h; b) DMAP, DMF, 130 °C, 20h.
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(fluorophilic effect) » & F4daEr > 3 1% 3 'ﬁ A AR A2 A
(fluorophobic effect) » i = ficAp A &L > W5 A + p m&a 4 > A= -

B ATEA T 3 AR e Al oo LBk A T ek s e & R

Cubic lattice Hexagonal columnar
Figure 8-1. A chain of structural consequences. From top to bottom, specific
chemical structures lead to spatial conformations, to self-assembly and finally
to self-organization into supramolecular architectures.The basic dendron
molecule used is shown in the middle.

Percec % + M7x de o & plaaeh ¥ - SRR A S EY 3 B R
(flexible spacer) 4 ¥| ¥ + & % (electron-donor, D) 2 T &+ % #
(electron-acceptor, A)Z B+ » “T & S el F ¢ 7 i5d X peiady

(n- stacking) % &¢ & »T & (fluorophobic effect) p e 25775 = 43k chdg &
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Fiudp o ppFEL 3 TG 8 45k E b doFigure 8-2 o

O(CH,)(CFF OCHCH,Oly- O(CH,CH,O)~ (CH,), 0~ 5
y_QiotCHzl‘[CF*}a Nil“H CH,O)- 8_} o { f\)"{o[CH?CH;U]r
O[CH,)LICF),F 0,
(3,4,5)12F8G1-D/A A1
sufem2 V- ) hole: 1.3x1m{=:-hr65) hole: 3.5x10-2 (,/50)  hole: 9.4x10- (0, /60)  hole: 1.bx104{=1-hr:30) electron: 2.3x10-2 (i,_./50)
hole: 5.0x10°% (g, /18) hole: 1.3x10°2 (g, /18) electron: 7.5x10°% (gb,_/10)

D1+A1 w @

Molar ratio 95/5
ulem?V-15"") hole: 1.6x10-2 (4,/70)

Figure 8-2. Schematic illustration of the self-assembly and co-assembly
processes of fluorinated first-generation dendrons.containing donor (D) and
acceptor (A) groups.
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Figure 8-3. Seclf-assembly mechanism of the fluorinated first-generation
dendron containing a larger perylene diimide electron-accepting group.
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8-3 T WEFHELRES

Source Drain

dielectric

Figure 8-4. Device configuration of OTFT in this study.
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TRT A EGnAET I (Ip) & Rie-x kT R (Vps) 2 B 7% B ok 2] 2~

SRS I BAS I o
160 um 120 um 70 um 50 um (?)
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Figure 8-5. 16 transistors-on each substrate with different W/L.
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8-3.1P,

%z 1

(A) Compound P(-)

P(-)f1* 7% i

41 * annealing®> 58~

5 W

Table 8-1. P(-) OTFTs data sheet.

device W/L

#

9 3.125
10 4.167
11 7.143
3 21.429
6 8.333
7 14.286
10 4.167
11 7.143
6 8.333
7 14.286
10 4.167
11 7.143
3 21.429
6 8.333
7 14.286
7 14.286
11 7.143

# 7 >

IR =

% Table 8-1 o

solvent

3F-toluene
3F-toluene
3F-toluene
3F-toluene
3F-toluene
3F-toluene
3F-toluene
3F-toluene
6F-benzene
6F-benzene
6F-benzene
6F-benzene
6F-benzene
6F-benzene
6F-benzene
6F-benzene

6F-benzene

speed
(rpm)
1000
1000
1000
1000
1000
1000
1000
1000
2000
2000
2000
2000
1000
1000
1000
2000
2000

annealing
(O or X)

=

X RO O O (X [ X [ X [ X0 O O O O X X
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On/Off

5.43x10?
2.60x10°
3,09x10°
1.90x10°
2.63x10°
4.76x10
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(cm?/Vs)
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1.34x107
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T
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Vi
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Figure 8-6. [4-V4 characteristics of P(-) device 10 without annealing.
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Figure 8-7. Id—\/Id—Vg characteristics of P(-) device 10 without annealing.
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Figure 8-9. Id-\/Id—Vg characteristics of P(-) device 10 after annealing.
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Figure 8-10. I;-V4 characteristics of P(-) device 11 in air.

1E-10 |

Id (A)

1E-11 |

40
Vg (V)

80

100

0.000012

0.000008

2

()

0.000004

0.000000

Figure 8-11. Id-\/Id—Vg characteristics of P(-) device 11 in air.
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(B) Compound P(1)
#-P(1) 2 chloroformi% f# ¢ » 12 & & 5 1000 rpm60F) *e3& % 7 .~

ErogRAF FTERETHMEM > 3% FE L annealings

Sy,

FEL A THIARAEL > 50~100 V2 FEE FRRT LT
i TIRBE M 5<1000 FF BB F L<10em’V s 0 A iR
ST T S ML R RIS % I 4 Table 8-2 -

Table 8-2. P(1) OTFTs data sheet.

device W/L | annealing | On/Off | Mobility Vin N, or
# (O or X) (cm?/Vs) V) Air
3 21.429 X 3108x10" 1 15.58x10"° | -583.04 | N |
6 8.333 X 8.00x10" . 1.43x10” | -583.04 N
7 14.286 X 9.64x10" | 43707 | -591.14 N |
3 21.429 0 1.26x10"  2.40x10° | -228.14 N
6 8.333 0 1.89x10' 4.71%10° | -15837 N |
7 14.286 o) 3.68x10' | _1.20x10° | -301.75 N
3 21.429 0 1.72x10" | 4.16x10° | -307.58 A
7 14.286 0 3.57%10' | 8.28x10° | -14585 A |

(C) Compound P(2)

#-P(2) 12 chloroform ;3 f#15 > 144 :& 5 1000 rpm60 #) 2 d& 4 F o
~RE O FRAF F TERET AL RHEARRL 0 2 0~100
V2ZRHEFEETTRT R iniiMeo g UFE LRI AH > TIF M
<109 3334 % 5<107 ecm®V's'; % 12 annealing = 3% "f—i %R
TRBEMY A<I10T T BB FL<10%em’V s it iE R e T
T o 8 R enid % B2 4 Table 8-3 o
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Table 8-3. P(2) OTFTs data sheet.

device W/L annealing . On/Off Mobility Vi N, or
# (O or X) (cm?/Vs) V) Air
2 12.500 X 1.18x10% | 4.08x10” | -110.25 N
3| 21429 X 1.01x10% | 1.03x10° 8.83 N |
7 14.286 X 6.02x10* | 1.90x10” | -99.44 N
2 | 12500 0 9.45x10° | 4.62x10™" | 203933 | N |
3 21.429 0 9.10x10° | 1.10x10” | -300.41 N
7 14.286 o) 2.03x10' | 1.31x107 | -278.13 N
3| 21429 0 1.39x10" | 1.10x10° | -9.62 A
7 14.286 o) 3.96x10" | 2.20x10°® -0.05 A
(D) Compound P(3)

#-P(3) 4 chloroform ;% f#%5 > 14 & & & 1000 rpm60 #; %2 i 4 i+ &

.

hl
™=

2> HE RRMERERT Eo K BRI <10 T 5
B F<107 em’ Vs 5 BERIR Sa ki ehis % B I2 2t 4 Table 8-3 o

S, B

Table 8-4. P(3) OTFTs data sheet.

device W/L annealing On/Off Mobility Vi N, or
# (O or X) (cm?*/Vs) V) Air
2 | 12.500 X 1.34x10% | 3.38x10° | 32.69 N |
3 21.429 X 1.57x10* | 1.75x10® 15.71 N
6 8.333 X 8.92x10' | 4.15x10° 37.69 N
7 | 14.286 X 3.33x10' | 6.49x10” 6.78 N |
2 12.500 o) 7.92x10" | 4.27x10°® 45.50 N
3| 21.429 @ 448x10' | 2.38x10° | 35.22 N |
6 8.333 0 5.18x10' | 4.30x10°® 45.72 N
7 14.286 o) 2.92x10° | 1.41x10™® 48.76 N
3| 21.429 0 2.08x10% | 4.13x10° | 19.80 A
6 8.333 o) 5.18x10" | 4.82x10°® 48.68 A
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(E) “ # P & 7
P(1) ~ P(2) ~ P(3)#7ip| 1 chde it T F B4 & A u] E_ 4.71x107 ~
1.03x10° 4 4.3x10° cm®V''s™ & perylene i %8 4c % 4 f]4# dendron
2. P p4d3g £ > dendron = REFEAER ] 0 A e { ?f‘% B
A o BEART S B I F Y O ospacer L A H Ao IR EW R D
4 2 AR A& 5 P(-) 1 4~5 i E 5(3.88x10" em’Vs) -
8-3.2 PCI ,x 7
PCI(0) ~ PCI(1) ~ PCI(2) ~ PCI(3) % 3F-toluene - 6F-benzene &

v PN N . . 3

chloroform 2_ ¥ ' @& ;2 r..spin coating ; = & % - ¥ & drop casting £

0

S H A R R @S A el o PCI() 1

=

3F-toluene ;3 %16 > ™ dak 5 60 4 1000 rpm *add % F 7 i+ > &7

F Il+ i* ”erﬂ’.f:r ?_. 'Eﬁ;]'*‘r’:"ﬂ ,P ‘L%Eglm”l\ % Table 8-5 -
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Table 8-5. PCI(-) OTFTs data sheet.

ﬁ’»';h o k% \f; Id-Vd E B o

device W/L annealing
# (O or X)
3 21.429 X
6 8.333 X
7 14.286 X
10 4.167 X
11 7.143 X
3 21.429 o
6 8.333 o
7 14.286 o
10 4.167 o
11 7.143 o
3 21.429 o
6 8.333 o
7 14.286 o
10 4.167 o
11 7.143 o
F1FEFE 30 448 f—i
TR iR
Tol AT BT SR

AT R(Vin) # +7.42 Vo d d2de T

s

R RBF S

On/Off

8.34x10
4.56x10
4.89x10
1.01x10°
6.95x10
2.32x10°
4.96x10
8.38x107
7.33x10°
5.42x10°
1.90%10°
6:89x10"
6.36x10°
2.66x10°
2.45%10°

Mobility
(cm?/Vs)
3.22x10™
2.45x10™
2.44x10™
3.86x10™
3.16x10™
3.59x10™
2.76x10™
2.74x10™"
5.31x10™
4.00x10™
2.42%10™
1.59x10*
1.69x107*
3.61x107
2.45%10"

Vi N, or
V)
4.56
7.69
3.51
7.42
4.85
-6.11
-13.69
-11.83
-10.57
-13.73
15.80
16.43
27.32
32.22
23.96

2

> > > > »|Z|Z|Z 2 2z |2 |Z|Z Z Z

A% T I EL R 120 um > F A& 500 um -

~ itz pfr
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Figure 8-12. 14-V, characteristics of PCI(-) device 10 without annealing.
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Figure 8-13. Id—\/Id-Vg characteristics of PCI(-) device 10 without annealing.
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Figure 8-14. 1;-V4 characteristics of PCI(-) device 10 after annealing.

- 0.00045
1E-7 |
- 0.00030
1E-8 E S
< >
o >
- 0.00015
1E-9 |
- 0.00000
1E-10 |
E 1 A 1 . 1 " 1 h 1 A 1 A 1
-20 0 20 40 60 80 100
Vg (V)

Figure 8-15. Id—\/Id—Vg characteristics of PCI(-) device 10 after annealing.
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Figure 8-16. I;-V4 characteristics of PCI(-) device 10 in air.
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7 E NS 160°C hannealing &J2 > ¥ i 7+ BB
B AL 10 ks R R RE NS B
8-3.3 N ,x 7

N(0) ~ N(1)F= N(2) . 3F-toluene ~ 6F-benzene # chloroform 2z ¢ ¥
# ;% 11 spin coating A5 = & - o W ié ¥ & * drop casting e ;4 > H =
Wl d o B2 EIERR S EE o NQ) R ET LARER
R 7 T 8 8 e B o N(-) 2 3F-toluene i3 f& 15 > v gk 5 1000

rpm60 f’}*@’ RV E ”}é ,$ B AR TR HHB'g.éEL'"

Table 8-6. N(-) OTFTs data sheet.

device | W/L | annealing On/Off Mobility Vin N, or
# (O or X) (cm?/Vs) V) Air
2 12500 X 5.01x10% 1 79.66x10° | -4.17 N |
3 21.429 X 1.38x10* | 2.07x107 8.51 N
7 14.286 X 5.73x10" | 3.18x107 | -13.25 N \
10 4.168 X 3.97x10" | 4.12x10° 4.29 N
2 12.500 o 3.03x10° | 7.80x10° | -0.76 N |
3 21.429 o 5.76x10" | 1.60x107 9.95 N
7 14.286 o 4.00x10* | 2.29x107 4.29 N
10 4.167 o 5.13x10* | 1.08x10° 18.26 N \
EFEE 304 .,ﬁ%—i AA T hMEgE R 70um> A& 1500 pm >

PTET BB ARG o Sd IV &R > 2 0~100 V 2 f e (T3 B

U

TOL A T WA e e DB M L 1.38x10%
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Figure 8-18. I4-V4 characteristics of N(-) device 3 without annealing.
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Figure 8-109. Id-\/Id—Vg characteristics of N(-) device 3 without annealing.

% ' annealing = 3\ ",’TT 2 AT HMEEE R 70 um> & 1500 pm>

—_

B A 3

FhoiE o DIRE ML 5.76x10" 0 Ad4n T R (V) S

(g8
&

“

+995 V> 238 4 1.60x10° cm?V'is! > H ip ki T Bl 4o T B 97

—~

183



1.20E-008
—=—Vg=0V
Il —e—\Vg=20V
—A—Vg=40V > >
—v— Vg=60V
8.00E-009 |- Vg=80V »/
T — > Vg=100V
> VP e I B
i) A
4.00E-009 + ‘
w}——* RARARAR n an 2 28 28 28 20 oo 4
4
(A/MA A A AAAAAAA
0.00E+000 - - .
1

Figure 8-20. I;-V, characteristics of N(-) device after annealing.
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Figure 8-21. Id—\/Id—Vg characteristics of N(-) device after annealing.
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32 5t 4 Table 8-7 ©

Table 8-7. B(-) OTFTs data sheet.

device W/L annealing On/Off Mobility Vi N, or
# (O or X) (cm?/Vs) V) Air
2 12.500 X 2.71x10° | 2.08x10* | 22.11 N
3 21.429 X 1.45x10° | 1.02x10™ 36.56 N
6 8.333 X 1.48x10* | 4.10x10" | 24.57 N
7 14.286 X 3.32x10° | 1.94x10™ 19.43 N
10 4.167 X 539x10° | 3.46x10" | 22.52 N
11 7.143 X 1.45x10* | 4.46x10" | 2491 N
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Figure 8-22. 1;-V4 characteristics of B(-) device 11 without annealing.
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