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(57) ABSTRACT

The present disclosure provides an organic compound char-
acterized by electronic polarizability and having a following
general structural formula:

R3 Ry
Ry Rz

where Core is an aromatic polycyclic conjugated molecule,
R, is an insulating group, nis 1, 2, 3,4, 5,6, 7 or 8, R, is
substitute located in apex positions, R3 and R4 are located
in side (lateral) positions and, the core has flat anisometric
form and R, are selected from hydrogen and nucleophilic
groups (donors) and R; and R, are independently selected
from hydrogen and electrophilic groups (acceptors) or vice
versa R; and R, are independently selected from hydrogen
and nucleophilic groups (donors) and R, are selected from
hydrogen and electrophilic groups (acceptors).
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ORGANIC COMPOUND, CRYSTAL
DIELECTRIC LAYER AND CAPACITOR

CLAIM OF PRIORITY

[0001] This application is a continuation-in-parts of U.S.
patent application Ser. No. 14/919,337, filed Oct. 21, 2015,
the entire contents of which are incorporated herein by
reference.

BACKGROUND

[0002] A capacitor is a passive electronic component that
is used to store energy in the form of an electrostatic field
and comprises a pair of electrodes separated by a dielectric
layer. Each of the electrodes has an area A and are separated
from each other by a distanced. When a potential difference
exists between two electrodes, an electric field is present in
the dielectric layer. This field stores energy and an ideal
capacitor is characterized by a single constant value of
capacitance which is the ratio of the electric charge on each
electrode to the potential difference between them. Charge
may be considered to be distributed uniformly over the area
A of each electrode, and a surface charge density o for each
electrode can be expressed as +t0=+Q/A. As the width of the
electrodes is much greater than the separation (distance) d,
an electrical field near the center of the capacitor will be
uniform with the magnitude E=p/e. Voltage is defined as a
line integral of the electric field between electrodes. An ideal
capacitor is characterized by a constant capacitance C,
defined by the formula (1)

C=9/v, M

[0003] which shows that capacitance increases with area
and decreases with distance. For high voltage applications
much larger capacitors have to be used.

[0004] One of important characteristic of a dielectric
material is its breakdown voltage V, . There are a number
of factors that can dramatically reduce the breakdown volt-
age that is a breakdown of dielectric layer along electric field
lines will take place. Geometry of the conductive electrodes
is important for these applications. In particular, sharp edges
or points hugely increase the electric field strength locally
and can lead to a local breakdown. Once a local breakdown
starts at any point, the breakdown will quickly “trace”
through the dielectric layer till it reaches the opposite
electrode and causes a short circuit.

[0005] Breakdown of the dielectric layer usually occurs as
follows. Intensity of an electric field becomes high enough
to “pull” electrons from atoms of the dielectric material and
make them conduct an electric current from one electrode to
another. Presence of impurities in the dielectric or imper-
fections of the crystal structure can result in an avalanche
breakdown as observed in semiconductor devices.

[0006] A characteristic electric field known as the break-
down strength E, , is the electric field intensity at which the
dielectric layer in a capacitor becomes conductive. The
breakdown voltage is related to the breakdown strength by
the product of dielectric strength and separation between the
electrodes,

Viei=Epad ()]

[0007] Another of important characteristic of a dielectric
material is its dielectric permittivity . Different types of
dielectric materials are used for capacitors and include
ceramics, polymer film, paper, and electrolytic capacitors of
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different kinds. The most widely used polymer film mate-
rials are polypropylene and polyester. Increase of dielectric
permittivity allows increasing of volumetric energy density
which makes it an important technical task. The dielectric
permittivity & for a material is often expressed as the product
of'a dimensionless dielectric constant K and the permittivity
of free space g, (8.85x107** Farads/meter). Therefore the
capacitance is largest in devices made of materials of high
permittivity.

[0008] The maximal volumetric energy density stored in
the capacitor is proportional to ~&-E2,,. Thus, in order to
increase the stored energy of the capacitor it is necessary to
increase dielectric permittivity & (or dielectric constant k)
and breakdown strength E, , of the dielectric material.
[0009] An ultra-high dielectric constant composite of
polyaniline, PANI-DBSA/PAA, was synthesized using in
situ polymerization of aniline in an aqueous dispersion of
poly-acrylic acid (PAA) in the presence of dodecylbenzene
sulfonate (DBSA) (see, Chao-Hsien Hoa et al., “High dielec-
tric constant polyaniline/poly(acrylic acid) composites pre-
pared by in situ polymerization”, Synthetic Metals 158
(2008), pp. 630-637). The water-soluble PAA served as a
polymeric stabilizer, protecting the PANI particles from
macroscopic aggregation. A very high dielectric constant of
ca. 2.0*10° (at 1 kHz) was obtained for the composite
containing 30% PANI by weight. Influence of the PANI
content on the morphological, dielectric and electrical prop-
erties of the composites was investigated. Frequency depen-
dence of dielectric permittivity, dielectric loss, loss tangent
and electric modulus were analyzed in the frequency range
from 0.5 kHz to 10 MHz. SEM micrograph revealed that
composites with high PANT content (i.e., 20 wt. %) consisted
of numerous nano-scale PANI particles that were evenly
distributed within the PAA matrix. High dielectric constants
were attributed to the sum of the small capacitors of the
PANI particles. The drawback of this material is a possible
occurrence of percolation and formation of at least one
continuous electrically conductive channel under electric
field with probability of such an event increasing with an
increase of the electric field. When at least one continuous
electrically conductive channel (track) through the neigh-
boring conducting PANI particles is formed between elec-
trodes of the capacitor, it decreases a breakdown voltage of
such capacitor.

[0010] Colloidal polyaniline particles stabilized with a
water-soluble polymer, poly(N-vinylpyrrolidone) [poly(1-
vinylpyrrolidin-2-one)], have been prepared by dispersion
polymerization. The average particle size, 24150 nm, have
been determined by dynamic light scattering (see, Jaroslav
Stejskal and Irina Sapurina, “Polyaniline: Thin Films and
Colloidal Dispersions (IUPAC Technical Report)”, Pure and
Applied Chemistry, Vol. 77, No. 5, pp. 815-826 (2005).
[0011] Single crystals of doped aniline oligomers are
produced via a simple solution-based self-assembly method
(see, Yue Wang, et. al., “Morphological and Dimensional
Control via Hierarchical Assembly of Doped Oligoaniline
Single Crystals”, J. Am. Chem. Soc. 2012, 134, pp. 9251-
9262). Detailed mechanistic studies reveal that crystals of
different morphologies and dimensions can be produced by
a “bottom-up” hierarchical assembly where structures such
as one-dimensional (1-D) nanofibers can be aggregated into
higher order architectures. A large variety of crystalline
nanostructures, including 1-D nanofibers and nanowires,
2-D nanoribbons and nanosheets, 3-D nanoplates, stacked
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sheets, nanoflowers, porous networks, hollow spheres, and
twisted coils, can be obtained by controlling the nucleation
of'the crystals and the non-covalent interactions between the
doped oligomers. These nanoscale crystals exhibit enhanced
conductivity compared to their bulk counterparts as well as
interesting structure-property relationships such as shape-
dependent crystallinity. Furthermore, the morphology and
dimension of these structures can be largely rationalized and
predicted by monitoring molecule-solvent interactions via
absorption studies. Using doped tetra-aniline as a model
system, the results and strategies presented in this article
provide insight into the general scheme of shape and size
control for organic materials.

[0012] Thus, materials with high dielectric permittivity
which are based on composite materials and containing
polarized particles (such as PANI particles) may demon-
strate a percolation phenomenon. The formed polycrystal-
line structure of layers has multiple tangling chemical bonds
on borders between crystallites. When the used material with
high dielectric permittivity possesses polycrystalline struc-
ture, a percolation may occur along the borders of crystal
grains.

[0013] Hyper-electronic polarization of organic com-
pounds is described in greater detail in Roger D. Hartman
and Herbert A. Pohl, “Hyper-electronic Polarization in Mac-
romolecular Solids”, Journal of Polymer Science: Part A-1
Vol. 6, pp. 1135-1152 (1968). Hyper-electronic polarization
may be viewed as the electrical polarization external fields
due to the pliant interaction with the charge pairs of excitons,
in which the charges are molecularly separated and range
over molecularly limited domains. In this article four poly-
acene quinone radical polymers were investigated. These
polymers at 100 Hz had dielectric constants of 1800-2400,
decreasing to about 58-100 at 100,000 Hz. An essential
drawback of the described method of production of material
is use of a high pressure (up to 20 kbars) for forming the
samples intended for measurement of dielectric constants.

[0014] Capacitors as energy storage device have well-
known advantages versus electrochemical energy storage,
e.g. a battery. Compared to batteries, capacitors are able to
store energy with very high power density, i.e., very high
charge/recharge rates, have long shelf life with little degra-
dation, and can be charged and discharged (cycled) hundreds
of thousands or millions of times. However, conventional
capacitors often do not store energy in a sufficiently small
volume or weight as compared to the case of a battery, or at
low energy storage cost, which makes capacitors impractical
for some applications, for example electric vehicles. Accord-
ingly, it may be an advance in energy storage technology to
provide capacitors of higher volumetric and mass energy
storage density and lower cost.

SUMMARY

[0015] The present disclosure provides an organic com-
pound characterized by electronic polarizability and having
a following general structural formula:

R3 Ry
Ry Rz

Aug. 13,2020

where Core is an aromatic polycyclic conjugated fragment,
R, are insulating groups which in some instances provide
solubility of the organic compound in an organic solvent, n
is1,2,3,4,5,6,7or 8, R, are substituents located in apex
positions, R3 and R4 are located in side (lateral) positions
and, the core has flat anisometric form and the R, are
selected from hydrogen and nucleophilic groups (donors)
and R, and R, are independently selected from hydrogen and
electrophilic groups (acceptors) or vice versa R, and R, are
independently selected from hydrogen and nucleophilic
groups (donors) and R, are selected from hydrogen and
electrophilic groups (acceptors).

[0016] In an aspect, the present disclosure provides a
dielectric layer comprising the disclosed organic compound.
Further still, in some embodiments the dielectric layer
comprises a mixture of embodiments of the disclosed
organic compound. For example, in some embodiments the
dielectric layer is comprised of regioisomers of the disclosed
organic compound. In some embodiments, the dielectric
layer is crystalline.

[0017] Inanother aspect, the present disclosure provides a
capacitor comprising a first electrode, a second electrode,
and a crystal dielectric layer disposed between said first and
second electrodes, wherein said electrodes are more or less
flat and planar and positioned more or less parallel to each
other, and wherein said crystal dielectric layer comprises the
disclosed organic compound. Said crystal dielectric layer
comprises supramolecules formed with the aromatic poly-
cyclic conjugated cores, and isotropic insulating sublayers
formed with the substitutes served as the isolating groups
[0018] Additional aspects and advantages of the present
disclosure will become readily apparent to those skilled in
this art from the following detailed description, wherein
only illustrative embodiments of the present disclosure are
shown and described. As will be realized, the present
disclosure is capable of other and different embodiments,
and its several details are capable of modifications in various
obvious respects, all without departing from the disclosure.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE

[0019] Al publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, or patent application was specifically and indi-
vidually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWING

[0020] FIG. 1 schematically shows a capacitor according
to an aspect of the present disclosure.

DETAILED DESCRIPTION

[0021] While various implementations of aspects of the
present disclosure have been shown and described herein, it
will be obvious to those skilled in the art that such imple-
mentations are provided by way of example only. Numerous
variations, changes, and substitutions may occur to those
skilled in the art without departing from the aspects of the
present disclosure. It should be understood that various
alternatives to the implementations described herein may be
employed.
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[0022] The present disclosure provides an organic com-
pound. Existence of the aromatic polycyclic conjugated
fragment promotes electronic polarizability of these organic
compounds. Under the influence of an external electric field
electrons are displaced from positive to negative field. In
some embodiments, existence of at least one electrophilic
group (acceptor), or at least one nucleophilic group (donor),
or at least one of each on the aromatic polycyclic conjugated
core can promote polarizability under influence of an exter-
nal electric field.

[0023] The R1 groups can be connected via the R2 groups,
alternatively they can be directly connected to the Core. In
some implementations, the R, groups serve as insolating
groups and are attached to the aromatic polycyclic conju-
gated core in apex positions. In some implementations, the
R, groups serve as insolating groups and are attached to the
aromatic polycyclic conjugated core in side positions. In
some implementations, the R, groups serve as insolating
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groups and are attached to the aromatic polycyclic conju-
gated core on apex and/or side positions.

[0024] In some implementations, the R, groups are inde-
pendently selected from the group consisting of hetero-alkyl
C,-C,s, hetero-alkenyl C,-C, ¢, hetero-alkynyl C,-C,g, het-
ero-aryl C,-C,q, unsubstituted C,-C,; alkyl, substituted
C,-C,5y alkyl, unsubstituted C,-C,; alkenyl, substituted
-C,g alkenyl, unsubstituted C,-C, alkynyl, substituted
C,s alkynyl, unsubstituted C,-C,; aryl, substituted
C,-C,5 aryl, fluorinated alkyl, chlorinated alkyl, complex
alkyl, branched alkyl, complex fluorinated alkyl, branched
fluorinated alkyl, complex chlorinated alkyl, branched chlo-
rinated alkyl, and any combination thereof; and wherein
hetero atoms are selected from N, O, S, Si, and P.

[0025] In another embodiment of the present invention,
the aromatic polycyclic conjugated Core in the above gen-
eral structural formula comprises rylene fragments. In still
another embodiment of the present invention, the rylene
fragments are selected from structures 1-7 as given in Table
1.

TABLE 1

Examples of the polycyclic organic compound comprising rylene fragments

SSedodugesol
ORI
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TABLE 1-continued
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Examples of the polycyclic organic compound comprising rylene fragments

O O __ O
(@) - n

< > O O _
N O O O
@) - —In

(0] 6
NH
6]
(0] 7

ay,

6}

[0026]
[0027] In one embodiment the organic compound, the
Core and insulating group combination, e.g. [Core]-(R,),
may have a base structure:

wherein n is an integer ranging from 0 to 3.

wherein n is an integer ranging from 0-3, and wherein R, and
R,' are independently selected from the group consisting of
hetero-alkyl hetero-alkenyl hetero-alkynyl C,-C,, hetero-
aryl C,-C,,, unsubstituted C,-C, , alkyl, substituted C,-C,
alkyl, unsubstituted C,-C, ¢ alkenyl, substituted C,-C,; alk-
enyl, unsubstituted C,-C, ¢ alkynyl, substituted C,-C, 4 alky-
nyl, unsubstituted C,-C, ¢ aryl, substituted C,-C, 5 aryl, fluo-
rinated alkyl, chlorinated alkyl, complex alkyl, branched
alkyl, complex fluorinated alkyl, branched fluorinated alkyl,
complex chlorinated alkyl, branched chlorinated alkyl, and
any combination thereof;, and wherein hetero atoms are
selected from N, O, S, Si, and P.

[0028] In some embodiments, selection of nucleophiles is
made for increasing overall electron density of the organic
compound. Further, position or placement of nucleophile
groups is made based on enhancing non-linear polarizability
of'the organic compound. Still further, in some embodiments
nucleophiles and/or electrophiles are positioned such that
the organic compound has a centrosymmetric structure. In
some embodiments at least one electrophile is present to
enhance the non-linear polarizability of the organic com-
pound. In some embodiments, the Core is centrosymmetric.
In still some embodiments, the Core is non-centrosymmet-
ric.

[0029] In another implementation of the organic com-
pound, the aromatic polycyclic conjugated Core in the above
general structural formula comprises an electro-conductive
oligomer including a phenylene oligomer and a polyacene
quinine radical oligomer. In still another embodiment of the
present invention, the electro-conductive oligomer is
selected from the structures 8 to 16 as given in Table 2

wherein 1=2, 3,4, 5,6,7, 8,9, 10, 11 or 12, Z is —0, —S
or —NR,R|', and R, and R,' are selected from the group
consisting of unsubstituted or substituted C,-C,galkyl,
unsubstituted or substituted C,-C, ;alkenyl, unsubstituted or
substituted C,-C, salkynyl, and unsubstituted or substituted
C,-C,garyl.

TABLE 2

Examples of the polycyclic organic compound comprising
electro-conductive oligomer

she Vel

10

12
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TABLE 2-continued

Examples of the polycyclic organic compound comprising
electro-conductive oligomer

/ \ 13
10
r

V4 ] 15
L~
IN
W4 N 16
L~
N
_Z -

[0030] In yet another implementation, the aforementioned
electrophilic groups (acceptors) in the above general struc-
tural formula are selected from —NO,, —NH;* and —NR,*
and —NRR'R"* (counterion CI” or Br™), —CHO (alde-
hyde), —CRO (keto group), —SO;H (sulfonic acids),
—SO;R (sulfonates), —SO,NH,, —SO,NRR', —COOH,
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—COOR, —COCl, —CONH, (amides, from carboxylic
acid side), —CONRR', —CF;, —CCl;, —CN, wherein R
and R' and R" are radicals independently selected from the
list comprising alkyl (methyl, ethyl, isopropyl, tert-butyl,
neopentyl, cyclohexyl etc.), allyl —CH,—CH—CH,), ben-
zyl (—CH,C4Hy) groups, phenyl (+substituted phenyl) and
other aryl (aromatic) groups.

[0031] In still another implementation, the aforemen-
tioned nucleophilic groups (donors) in the above general
structural formula are selected from —O~ (phenoxides, like
—ONa or —OK), —NH,, —NHR, NR,, —OH, OR
(ethers), —NHCOR (amides, from amine side), —OCOR
(esters, from alcohol side), alkyls, —C¢Hs, vinyls, wherein
R is radical selected from the list comprising alkyl (methyl,
ethyl, isopropyl, tert-butyl, neopentyl, cyclohexyl etc.), allyl
(—CH,—CH—CH,), benzyl (—CH,C4H;) groups, phenyl
(+substituted phenyl) and other aryl (aromatic) groups. In
one implementation, the organic solvent is selected from
benzene, toluene, xylenes, acetone, acetic acid, methyleth-
ylketone, hydrocarbons, chloroform, carbontetrachloride,
methylenechloride, dichlorethane, chlorobenzene, alcohols,
nitromethan, acetonitrile, dimethylforamide, 1,4-dioxane,
tetrahydrofuran (THF), methylcyclohexane (MCH), and any
combination thereof. In another implementation, the insu-
lating groups which in some instances provide solubility of
the organic compound are independently selected from
alkyl, aryl, substituted alkyl, substituted aryl, fluorinated
alkyl, chlorinated alkyl, branched and complex alkyl,
branched and complex fluorinated alkyl, branched and com-
plex chlorinated alkyl groups, and any combination thereof,
and wherein the alkyl group is selected from methyl, ethyl,
propyl, butyl, I-butyl and t-butyl groups, and the aryl group
is selected from phenyl, benzyl and naphthyl groups.
[0032] In yet another implemenation, the aromatic poly-
cyclic conjugated Core in the above general structural
formula comprises rylene fragment, the amino groups
(—NH,) are used as donors, nitro groups are used as
acceptors and said organic compound formulas are selected
from structures 17 to 22 as shown in Table 3.

TABLE 3

Examples of the organic compound

0:N

CioHa)

CioHay

NO,
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TABLE 3-continued
Examples of the organic compound
(@] 18
CioHay
NH,
H,N
CioHyy
CpaHas 19
CiaHps
NO,
0N
CpaHas

CraHos
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TABLE 3-continued
Examples of the organic compound
CpaHas 20
CioHas
NH,
H,N
Ciatys
CioHas

21
O CpHos 22

NH, N NO,

O
O
0N N NH,

CaoHas fo)
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[0033] In yet another implementation, the aromatic poly-
cyclic conjugated Core in the above general structural
formula comprises rylene fragment and selected from struc-
tures 23-25 as shown in Table 4, where other ring position
of R, and R, are possible so that regio-isomers are possible.

TABLE 4

Examples of the organic compound

Aug. 13,2020
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In still another embodiment of the present invention, the structural formula comprises rylene fragment and has a
aromatic polycyclic conjugated Core in the above general structure selected from structures 26-32 as shown in Table 5.

TABLE 5

Examples of the organic compound

O,
\\S/N((CHZ)UCHs)z

0 \\O

‘ 1
‘ O

O\\ o

S
(HCHLC) N \

CoHys 27

28

SO2N(C12Has)2

SO,N(CaHas)s
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TABLE 5-continued

Examples of the organic compound

N

=6
O
SO,N(CaHas)
S

N

29

SON(C12Has)2

CaHas 30

/

CpaHas
CraHhs 31
N=0
: /
/
0=N,

/

CpaHas
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TABLE 5-continued
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Examples of the organic compound

/

CiiHy

CoHyg

CoHyg 32

CnHys

/

[0034] Structures 27 and 28 in Table 5 above are examples
of structures in which R1 groups are connected directly to
the Core.

[0035] In an aspect, the present disclosure provides a
dielectric layer comprising the disclosed organic compound.
Further still, in some embodiments the dielectric layer
comprises a mixture of embodiments of the disclosed
organic compound. For example, in some embodiments the
dielectric layer is comprised of regioisomers of the disclosed
organic compound. In some embodiments, the dielectric
layer is crystalline.

[0036] By way of example and not limitation, a crystal
dielectric layer can be produced from the disclosed organic
compound by Cascade Crystallization. For example, the
symmetric arrangement of electrophilic groups (acceptors)
and nucleophilic groups (donors) in the aromatic polycyclic
conjugated core promotes formation of supramolecules.

[0037] Cascade Crystallization process involves a chemi-
cal modification step and four steps of ordering during the
crystal dielectric layer formation. The chemical modification
step introduces hydrophilic groups on the periphery of the
molecule of the disclosed organic compound in order to
impart amphiphilic properties to the molecule. Amphiphilic
molecules stack together into supramolecules, which is the
first step of ordering. At certain concentration, supramol-
ecules are converted into a liquid-crystalline state to form a
lyotropic liquid crystal, which is the second step of ordering.
The lyotropic liquid crystal is deposited under the action of
a shear force (or meniscus force) onto a substrate based on
a Mayer Rod shearing technique, so that shear force (or the
meniscus) direction determines the crystal axis direction in
the resulting solid crystal layer. The external alignment upon

the lyotropic liquid crystal, can be produced using any other
means, for example by applying an external electric field at
normal or elevated temperature, with or without additional
illumination, magnetic field, or optical field (e.g., coherent
photovoltaic effect); the degree of the external alignment
should be sufficient to impart necessary orientation to the
supramolecules of the lyotropic liquid crystal and form a
structure, which serves as a base of the crystal lattice of the
crystal dielectric layer. This directional deposition is third
step of ordering, representing the global ordering of the
crystalline or polycrystalline structure on the substrate sur-
face. The last step of the Cascade Crystallization process is
drying/crystallization, which converts the lyotropic liquid
crystal into a solid crystal dielectric layer. The term Cascade
Crystallization process is used to refer to the chemical
modification and four ordering steps as a combination
process.

[0038] The Cascade Crystallization process is used for
production of thin crystalline dielectric layers. The dielectric
layer produced by the Cascade Crystallization process has a
global order which means that a direction of the crystallo-
graphic axis of the layer over the entire substrate surface is
controlled by the deposition process. Molecules of the
deposited material are packed into supramolecules with a
limited freedom of diffusion or motion. The thin crystalline
dielectric layer is characterized by an interplanar spacing of
3.420.3 A in the direction of one of the optical axes.

[0039] In another aspect, the present disclosure provides a
capacitor, an example of which is shown in FIG. 1. The
capacitor generally includes a first electrode (1), a second
electrode (2), and a crystal dielectric layer (3) disposed
between said first and second electrodes and wherein said
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crystal dielectric layer comprises sublayers (4) which are
characterized by electronic polarizability and have supra-
molecules formed with the aromatic polycyclic conjugated
Cores, of any of the types described herein, and isotropic
insulating sublayers (5) formed with the A-groups which
serve as the isolating groups described above. These insu-
lating sublayers prevent occurrence of percolation with
formation of continuous electrically conductive channels
under action of electric field.

[0040] The electrodes 1, 2 may be more or less flat and
planar and positioned more or less parallel to each other.
Alternatively, the electrodes may be more or less planar and
parallel, but not necessarily flat, e.g., they may coiled, rolled,
bent, folded, or otherwise shaped to reduce the overall form
factor of the capacitor. It is also possible for the electrodes
to be non-flat, non-planar, or non-parallel or some combi-
nation of two or more of these. By way of example and not
by way of limitation, a spacing d between the electrodes 1,
2 which may correspond to the thickness of the crystal
dielectric layer 3 may range from about 10 nm to about 100
000 nm. As noted in Equation (2) above, the maximum
voltage V, , between the electrodes 1, 2 is approximately the
product of the breakdown field and the electrode spacing d.

(@)
CiiHas

N
CiiHys

(@)

For example, if, E,,=0.1 V/nm and the spacing d between
the electrodes 1, 2 is 100 the maximum voltage V,, would
be 10,000 volts.

[0041] The electrodes 1, 2 may have the same shape as
each other, the same dimensions, and the same area A. By
way of example, and not by way of limitation, the area A of
each electrode 1 may range from about 0.01 m? to about
1000 m>. By way of example and not by way of limitation,
for rolled capacitors, electrodes up to, e.g., 1000 m long and
1 m wie are manufacturable with roll-to-roll processes
similar to those used to manufacture magnetic tape or
photographic film.

[0042] These ranges are non-limiting. Other ranges of the
electrode spacing d and area A are within the scope of the
aspects of the present disclosure.

[0043] If the spacing d is small compared to the charac-
teristic linear dimensions of electrodes (e.g., length and/or
width), the capacitance C of the capacitor may be approxi-
mated by the formula:

C=xe, A/d, ©)
where ¢, is the permittivity of free space (8.85x107'2 Cou-
lombs®/(Newton.meter®)) and x is the dielectric constant of

the dielectric layer. The energy storage capacity U of the
capacitor may be approximated as:

U=1CV, 7 (©)]
which may be rewritten using equations (2) and (3) as:

U=Yike AE, d (3)
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[0044] The energy storage capacity U is determined by the
dielectric constant k, the area A, and the breakdown field
E,, By appropriate engineering, a capacitor or capacitor
bank may be designed to have any desired energy storage
capacity U. By way of example, and not by way of limita-
tion, given the above ranges for the dielectric constant K,
electrode area A, and breakdown field E,, a capacitor in
accordance with aspects of the present disclosure may have
an energy storage capacity U ranging from about 500 Joules
to about 2x10'® Joules.

[0045] For a dielectric constant ¥ ranging, e.g., from about
100 to about 1,000,000 and constant breakdown field E,,
between, e.g., about 0.1 and 0.5 V/nm, a capacitor of the
type described herein may have a specific energy capacity
per unit mass ranging from about 10 Wh/kg up to about
100,000 Wh/kg, though implementations are not so limited.
[0046] In order that aspects of the present disclosure may
be more readily understood, reference is made to the fol-
lowing examples, which are intended to be illustrative of the
invention, but are not intended to be limiting the scope.

EXAMPLE 1

[0047] This Example describes synthesis of organic com-
pound F:
F
(0]
6]
(€]
NH,OAc
NaCNBH;
_—
CriHas CiiHys MeOL/65° C.
N
CiiHps CiiHas
A

Synthesis of A: Tricosanone (100 g, 295 mmol, 1 eq.) and
Ammonium acetate (NH,OAc) (114 g, 77.1 mmol, 5 eq.)
were added to a round bottom flask with 590 mL of
Methanol. This mixture was heated to 65° C. After 1 hour,
Sodium Cyanoborohydride (NaCNBH;) (11.2 g, 117 mmol,
0.6 eq.) was slowly added over 30 min. The reaction was
monitored by APCI mass spectrometry. Once the reaction
was complete (1 hour), the reaction was extracted with 500
ml., of Hexanes. The Hexanes layer was collected and
washed with an additional 500 mL of water (H,O). The
organic layer was collected, dried with Magnesium sulfate
(MgSO,), filtered and the solvent was removed under
reduced pressure to yield a viscous light-yellow oil. This oil
was re-dissolved in 100 mL of Dichloromethane (DCM) and
poured into 1000 mIL, of Methanol (MeOH). This solution
was cooled to -20° C. for 2 days and A was collected by
vacuum filtration as a white solid (88.8 g, 88%).
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O, O (0]
KOH, Br
H,0,85° C., 1h
(@) O (0]
NDA
(¢] O (0]
Br Br
B

Synthesis of B: A round bottom flask was equipped with a
magnetic stir bar, Naphthalene dianhydride (NDA) (50.0 g,
186 mmol, 1 eq.), Potassium Hydroxide (KOH) pellets (51.7
g, 932 mmol, 4.2 eq.), and H,O (370 mL). This mixture was
placed into a preheated oil bath set to 85° C. and vigorously
stirred for 20 minutes, until the dispersion completely dis-
solved. To this was added Bromine (Br,) (25 mL, 466
mmol), dropwise over the course of 2 hours. As Br, is added,
CQO, is released from the reaction and a yellow precipitate
begins to form. Once all Br, has been added, the reaction
was allowed to stir for an additional 1 hour after which the
flask was removed from the heat and cooled to room
temperature. The crude reaction mixture was poured into
400 mL of 2M aqueous Hydrochloric acid (HCI). The
resulting precipitate was filtered under vacuum before being
washed with 100 mL of H,O and 300 mL of Methanol. The
collected solid was dried under reduced pressure overnight
to yield a light brown solid (58.9 g, 89%). The solid was
used in the next step without further purification.

O, O (0]
KOH/n-BuBr
KITBABr
_—m
H,0/16 h, 85° C.
Br Br
B
(¢] (¢]
C4HyO | OC4Hy
Br Br
C
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Synthesis of C: B (25.1 g, 70.2 mmol, 1 eq.) and KOH
pellets (19.8 g, 300 mmol, 4.2 eq.) were added to a round
bottom flask filled with 140 mL of H,O. This mixture was
heated to 85° C. until fully dissolved (20 min). To this
mixture was added Potassium iodide (KI) (1.17 g, 7.02
mmol, 0.1 equivalent), Tetrabutylammonium Bromide
(TBABr) (11.4 g, 35.3, 0.5 equiv.) and n-Butyl bromide
(45.2 mL, 6 eq.). This mixture was allowed to stir at 85° C.
for 16 h, and was monitored by TLC (75:25 Hexanes/Ethyl
Acetate). Once the reaction was complete, it was removed
from heat and cooled to room temperature. The crude
reaction was extracted with DCM (3x100 mL), dried with
MgSO,, filtered and concentrated under reduced pressure.
The crude reaction was filtered through a silica plug (25%
Ethyl Acetate (EtOAc) in Hexanes) and solvent removed
under reduced pressure. The crude mixture was dissolved in
a minimum amount of warm hexanes and placed into a -20°
C. freezer to precipitate overnight. The resulting solid was
collected under vacuum filtration to isolate C as a light
yellow solid (13.98, 41%).

Br B,Piny
AcOK
Pd(dpp1),Cl
Dioxane/2D
110°C.
Br

Synthesis of D: 1,4-dibromonaphthalene (25.1 g, 87.4
mmol, 1 eq.), Pd(dpph)Cl, (3.20 g, 4.37 mmol, 0.05 eq.),
Potassium Acetate (AcOK) (25.74 g, 262 mmol, 3 eq.), and
B,Pin, (55.5 g, 218 mmol, 2.5 eq.) were added to round
bottom flask. This mixture was then evacuated and back-
filled with N, 3 times. In a separate flask, dioxane (170 mL)
was bubbled with N, for 30 minutes. This degassed solvent
was then added to the reaction flask under an N, atmosphere
and placed into a preheated 110° C. oil bath. After 1 h, the
reaction was removed from the oil bath and allowed to cool
to room temperature before being washed with deionized
H,O (200 mL) and extracted using EtOAc (3x200 mL). The
organic layers were collected, dried with MgSO,, filtered,
and the solvent was removed under reduced pressure. The
crude product was triturated in 400 mL of methanol for 30
min and the solid collected by vacuum filtration to yield D
(19.7 g, 59% yield).
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o
o

C4H,0 OC,H,

Br Br
C

ol

o 0

~N B/
Pdy(dpa)3/PCy;
CsCO;
_—
1-CL-Naph, 160° C.
B
%O/_\@
D

Synthesis of E: C (1.45 g, 2.98 mmol, 2.25 equ.), D (0.501
g, 1.32 mmol, 1 eq.), Pd,(dba); (0.253 g, 0.276 mmol, 0.2
eq.), PCy; (0.297 g, 1.06 mmol, 0.8 eq.), and Cesium
carbonate (CsCO;) (2.63 g, 8.06 mmol, 6 eq.) were trans-
ferred to a round bottom flask and purged with N,. In a
separate flask, 1-Chloronaphthalene (45 mL) was sparged
for 30 min under a flow of N, before being added to the
reaction flask. This mixture was put under vacuum for 10
minutes and once again backfilled with N, before being
placed into a preheated oil bath set to 160° C. and stirred for
24 hours. Once the reaction was complete, the crude mixture
was poured into 200 mL of hexanes and was passed through
a silica plug using hexanes (200 mL) then 25% EtOAc in
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Hexanes (200 mL) until a purple band began to elute. This
purple band was collected and eluted with an additional 200
ml of 1:1 Hexanes/EtOAc until completely collected. The
solvent was removed under reduced pressure and re-dis-
solved into a minimum amount of Diethyl ether (Et,O) (20
ml) and precipitated into 200 mL of methanol. This mixture
was then placed into a —20° C. freezer for 2 hours and the
dark purple solid was collected by vacuum fltration on a 0.2
nylon filter (0.569 g, 55%).

NH,

CyiHaj CpiHas

A
Imidazole, 170° C.

CyiHa CpiHas

~

e}

Cris Cy1Hps

i

Synthesis of F: To a round bottom flask equipped with a stir
bar was added E (0.111 g, 0.125 mmol, 1 eq.), A (0.380 g,
1.12 mmol, 9 eq.), and imidazole (1.55 g, 22.8 mmol, 180
eq.). This mixture was purged with N, 3x then placed into
a 170° C. oil bath and let to stir for 16 hours. The next
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morning the reaction has changed color from dark violet to
dark blue. Once complete, the reaction was cooled to 100°
C. and was washed with 10 mL of 2 M HCI and extracted
with EtOAc (3x20 mL). The organic fractions were col-
lected, dried with MgSO,, filtered and solvent was removed
under reduced pressure. The product was then purified by
column chromatography (Hexanes—26% FEtOAc in
Hexanes). The blue fractions were collected, and solvent
removed before being re-dissolved into a minimum amount

0 CH,
Cone. HNO3
NH
_—
Cone. HySO4
o 3-6°C.,2h o
\S \S
a” [l a” [l
(@] (@]
1
o} CH;
Y
NH
N
O O
>s NO, >s
ol ol
(@] (@]
2 3
RN
/S
(CroHas)N" ||
(@]
O
H (1 atm)
NH Pd/C
_— -
o EtOH, 1t
16 h
Es NO,
(Cr2HaspN ||
(@]
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of CH,Cl, and precipitated into 40 mL of Methanol. The
mixture was placed into a —=20° C. freezer overnight and the
blue resulting blue precipitate (F) was collected via vacuum
filtration (0.069 g, 53%).

EXAMPLE 2

[0048] This Example describes synthesis of the disclosed
organic compound (see, general structural formula 41 in
Table 5) according following structural scheme:

o) CH;
NO,

NH NH,

NO, >s NO,

(C12Hp5),NH
pyridine
_— -

DCM
0°C.-1t,16h

O,
Y NO,

NH NH,
* O
>
NO, s NO,
(CraHas)N™ ||
(@]
4 5
O
NH
O
Es NH,
(CraHas)N™ ||
(@]
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-continued
OY
NH KOH, H,0 NH,
—_—
o THF, MeOH o
reflux, 16 h A
s NO, Pr NI,
P
CraHsuN" || (CraHs) N7 ||
(@] (@]
6 7
NH,
O
Es NH,
(CpaHas) N7 ||
(@]
7

145° C., 3h PDA
180°C., 12 h | imidazole

(C12H25)2NOLS

(C12H25),NO,S

8b

[0049] To a cooled (ice-water) concentrated H,SO, (240
ml) was added Sulfony] chloride 1 (50.0 g, 0.210 mol, 1.0
eq.) in portions. The mixture was stirred at 0° C. until a clear
solution. A pre-mixed mixture of concentrated Sulfuric acid
(H,SO,) (98%, 30.0 mL) and concentrated Nitric acid
(HNO,) (70%, 30.0 mL) was added slowly to maintain

SO,N(CaHas)s

SO,N(CaHas)s

reaction temperature below 10° C. After addition, the reac-
tion mixture was stirred at 10° C. for 4 h, poured into
ice-water (2000 mL). The precipitate was brought into hot
Benzene (60° C., 1000 mL), separated organic layer from
water, dried over Sodium sulfate (Na,SO,), filtered and
concentrated to give 47.0 g (77%) of a mixture mono-nitro
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compound 2 and bis-nitro 3-(2:3=3:2:-by NMR). '"H NMR
(300 MHz, CDCl;) 8 10.67 (bs, 1H), 9.19-9.16 (d, J=9.0 Hz,
1H), 9.12 (s, 1H), 9.04 (bs, 2H), 8.91-8.90-(d, J=3.0 Hz, 1H),
8.26-8.22 (dd, J=9.0 Hz, J=3.0 Hz, 1H), 2.38 (s, 3H).
[0050] To a solution of Didodecylamine (25.0 g, 70.7
mmol, 1.0 eq.) in DCM (400 mL.), was added pyridine (35.1
g, 440 mmol, 5.0 eq.) and a mixture of mono-nitro 2 and
bis-nitro 3 (20.0 g, 68.9 mmol, 1.0 eq.) at 0° C. The resulting
mixture was stirred at room temperature for 16 h, diluted
with DCM (400 mL), washed with water (2x200 mL), brine
(200 mL), dried over Na,SO,, filtered and concentrated to
give a residue. The crude product was purified by flash
chromatography column (from 30% to 50% EtOAc/Hexane)
to give 6.3 g (15.4%) of mono-nitro compound 4 as a yellow
solid and 11.0 g (26.7%) of bis-nitro 5 as a red-yellow solid.
Compound 4: '"H NMR (300 MHz, CDCL,) 8 10.50 (bs, 1H),
8.99-8.96 (d, J=9.0 Hz, 1H), 8.64 (s, 1H), 8.02-8.98 (d,
J=10.8 Hz, 1H), 3.16-3.11 (t, I=7.8 Hz, 4H), 2.34 (s, 3H),
1.61-1.44 (m. 4H), 1.40-1.15 (m, 36H), 1.00-0.80 (t, I=6.0
Hz, 6H).

[0051] To a suspension of the mono-nitro compound 4
(6.30 g, 10.6 mmol, 1.0 eq.) in Ethanol (700 mL.) was added
Pd/C (10% on carbon, 50% wet, 1.3 g, 10 w %). The mixture
was degassed (vacuum and fill with H,) three times, and
stirred at room temperature under 1 atm H, for 16 h, filtered
through Celite. The filtrate was concentrated to give 6.0 g
(100%) of the amine 6 as a yellow solid. 'H-NMR-
(300-MHz, CDCl,) 9 7.38 (d, I=8.1 Hz, 1H), 7.32 (bs, 1H),
7.20 (s, 1H), 7.18-7.15 (dd, J=8.4 Hz, J=1.8 Hz, 1H), 3.95
(bs, 2H), 3.08-3.03 (t, J=7.5 Hz, 4H), 1.45-1.40 (m, 4H),
1.35-1.15 (m, 36H), 0.92-0.80 (t, I=6.3 Hz, 6H).

[0052] To a solution of the amine 6 (6.00 g, 10.6 mmol, 1.0
eq.) in THF (30 mL) and MeOH (30 mL) was added a

OYCH3
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solution of KOH (6.00 g, 110 mmol, 10 eq.) in water (5.0
mL). The mixture was stirred at reflux for 6 h and concen-
trated. The residue was partitioned between EtOAc (100
ml) and water (100 mL). The organic layer was separated,
dried over Na,SO,, filtered and concentrated to give a
residue. The crude product was purified by flash chroma-
tography column (50% EtOAc/Hexane) to give 3.5 g (63.
1%) of diamine 7 as a light yellow solid. '"H NMR (300
MHz, CDCl;) § 7.18-7.14 (dd, J=7.8 Hz, J=1.8 Hz, 1H),
7.12 (s, 1H), 6.72-6.69 (d, J=8.1 Hz, 1H), 3.07-3.02 (t,]=7.2
Hz, 4H), 1.45-1.40 (m, 4H), 1.35-1.15 (m, 36H), 1.00-0.80
(t, J=6.0 Hz, 6H).

[0053] The diamine 7 (3.40 g, 6.50 mmol, 2.2 eq.), 3.4,
9,10-Perylenetetracarboxylic dianhydride (PDA) (1.20 g,
2.90 mmol, 1.0 eq.) and Imidazole (31.0 g, 455 mmol, 70
eq.) were mixed well in a 200 mL round-bottom flask
equipped with a rotavap bump guard. The mixture was
degased (vacuum and fill with N,) three times and stirred at
145° C. for 3 h, 180° C. for 12 h. After cooling to room
temperature, the reaction mixture was crushed into water
(500 mL), stirred for 1 hour, and filtered through a filter
paper to collected precipitate which was washed with water
(4x50 mL) and Ethanol (4x50 mL), dried on a high vacum
to give 3.7 g (91.5%) of the diamidine isomers 8a and 8b as
adark purple solid. '"H NMR (300 MHz, CDCl,) & 8.80-8.40
(m, 8H), 8.22-8.06 (m, 2H), 7.70-7.60 (m, 4H), 3.20-3.00
(m, 8H), 1.60-1.40 (m, 8H), 1.40-1.10 (m, 72H), 0.96-0.80
(m, 12H).

EXAMPLE 3

[0054] This example describes synthesis of the disclosed
organic compound (see, general structural formula 42 in
Table 5) according following structural scheme:

o) CH;
Y

NH Cone. HNO; NH NH,
_ +
Cone. HySOy4

O\s 30ne. 2k O\s NO O%s NO

- - 2 e 2
| o o ||
(@] (@] (@]

1 2 3
0, CH; 0,
NO, Y
NI N, (CiHshNH NH
N pyridine N
DCM
0 0 0°C.-1t 0

>s NO, >S NO, en Es NO»
a” || a” || (CraHs) N7 ||
0 o] 0

2 3 4
NO,
NH,
O
Es NO,
(CpaHas) N7 ||
(@]
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-continued
NO, NO, NH,
NH H, (1 atm) NH NI,
Pd/C
O EtOH - O
ES NO, cyclohexane ES NH, ES NH,
CaMN” || t45min-1h  (CpHyshN™ | (€M N” ||
(@] (@] (@]
5 9 10
NO,
NH,
(@)
>s NH,
(CHs)NT |
(@]
9
145C.,3h PDA
180 C., 12 h|imidazole

(C12H25)NO,S

1la

[0055] Sulfonyl chloride 1 (50.0 g, 0.21 mol, 1.0 eq.) was
added in portions to cooled (ice-water) concentrated H,SO,
(240.0 mL). The mixture was stirred at 0° C. until a clear
solution. A pre-mixed mixture of concentrated H,SO, (98%,
30.0 mL) and concentrated HNO; (70%, 30.0 mL) was
added slowly to maintain reaction temperature below 10° C.
After addition, the reaction mixture was stirred at 10 C for
4 h, poured into ice-water (2000 mL). The precipitate was
brought into hot Benzene (60° C., 1000 mL), separated
organic layer from water, dried over Na,SO,, filtered and
concentrated to give 47.0 g (77%) of a mixture mono-nitro
compound 2 and bis-nitro compound 3 (2:3=3:2 by NMR).
'"H NMR (300 MHz, CDCl,) 8 10.67 (bs, 1H), 9.19-9.16 (d,
J=9.0 Hz, 1H), 9.12 (s, 1H), 9.04 (bs, 2H), 8.91-8.90 (d,
J=3.0 Hz, 1H), 8.26-8.22 (dd, J=9.0 Hz, J=3.0 Hz, 1H), 2.38
(s, 3H).

[0056] To a solution of Didodecylamine (25.0 g, 70.7
mmol, 1 eq.) in DCM (400 mL), was added Pyridine (35.1
g, 440 mmol, 5.0 eq.) and a mixture of mono-nitro 2 and
bis-nitro 3 (20.0 g, 68.9 mmol, 1.0 eq.) at 0° C. The resulting
mixture was stirred at room temperature for 16 h, diluted
with DCM (400 mL), washed with water (2x200 mL), brine
(200 mL), dried over dried over Na,SO,, filtered and

(C12H25)2NOLS

SO,N(CH;
SON(CiaHas)2 NCualtzsh

concentrated to give a residue. The crude product was
purified by flash chromatography column (30% to 50%
EtOAc/Hexane) to give 6.3 g (15.4%) of mono-nitro com-
pound 4 as a yellow solid and 11.0 g (26.7%) of bis-nitro 5
as a red-yellow solid. 5: 'H NMR (300 MHz, CDCl,) § 8.89
(s, 2H), 8.76 (bs, 2H), 3.18-3.13 (t, J=7.5 Hz, 4H), 2.34 (s,
3H), 1.61-1.44 (m, 4H), 1.40-1.15 (m, 36H), 0.90-0.80 (t,
J=6.3 Hz, 6H).

[0057] To a solution of the Bis-nitro compound 5 (8.60 g,
14.4 mmol, 1.0 eq.) in ethanol (800 mL) and cyclohexane
(800 mL) was added Pd/C (10% on carbon, 50% wet, 0.9 g,
5w %). The mixture was degassed (vacuum and fill with H,)
three times, and stirred at room temperature under 1 atm H,
for 1 h, filtered through Celite. The filtrate was concentrated
to give 4.5 g (55.0%) of the diamine 9 as a yellow-red solid,
and 2.3 g of an intermediate as a yellow solid which was
hydrogenated again following the above procedure to give
1.3 g (16.8%) of the Triamine 10 as a dark-brown solid.
Compound 9: *H NMR (300 MHz, CDCl,) § 8.18 (s, 1H),
7.28 (s, 1H), 6.38 (s, 2H), 3.62 (s, 2H), 3.12-3.06 (t, I=8.6
Hz, 4H), 1.60-1.45 (m, 4H), 1.38-1.15 (m, 36H), 0.92-0.82
(t, J=6.3 Hz, 6H).
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[0058] Diamine 9 (4.50 g, 7.90 mmol, 2.2 eq.), 3,4,9,10-
Perylenetetracarboxylic dianhydride (1.40 g, 3.60 mmol, 1.0
eq.) and Imidazole (38.0 g, 550 mmol, 70 eq.) were into a
200 mlL round-bottom flask equipped with a rotavap bump
guard. The mixture was degased (vacuum and fill with N,)
three times and stirred at 145° C. for 3 hrs, 180° C. for 12
hrs. After cooling to rt, the reaction mixture was crushed into
water (600 mL), stirred for 1 hour, and filtered through a
filter paper to collected precipitate which was washed with
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water (4x50 mL) and Ethanol (4x50 mL), dried on a high
vacum to give 5.2 g (99.0%) of the diamidine isomers 11a
and 11b as a dark purple solid.

EXAMPLE 4

[0059] This example describes synthesis of the disclosed
organic compound (see, general structural formula 43 in
Table 5) according following structural scheme:

o) CH; o) CH;
NO,
NH Cone. HNO; NH ) NH,
D ———
Cone. HySOy4
0 3-6°C.,2h 0 o)
>s >s NO, >s NO,
| o o ||
0 0 0
1 2 3
o) CH; o)
NO, Y
NH N, (CrafashNH NH
N pyridine N
DCM
o) 0 . o)
> x> 0°C.-1t, x>
s NO, >s NO, 161 > NO,
a | a | (CiaHas)N7 ||
0 0
2 3 4
NO,
NH,
o)
>s NO,
(C1oHas)N |
0
5
NO, NO, NH,
NH, H, (1 atm) NH, NH,
Pd/C
_—
o) EtOH 0 o)
Es NO,  cyclohexane Es NH, Es NH,
(CraHas) N7 || m45min-lh  (CpHas)N™ || (CiaHas) N ||
0 0 0
5 9 10
NH,
NH,
o)
Es NH,
(CHs) N |
0
10

145C.,3h | PDA
180 C., 12 h|imidazole



US 2020/0258686 Al

Aug. 13,2020

-continued

(C12H25)NO,8

12a

[0060] To a cold (ice-water) concentrated H,SO, (240
ml) was added Sulfony] chloride 1 (50.0 g, 0.210 mol, 1.0
eq.) in portions. The mixture was stirred at 0° C. until a clear
solution. A pre-mixed mixture of concentrated H,SO, (98%,
30.0 mL) and concentrated HNO, (70%, 30.0 mL) was
added slowly to maintain reaction temperature below 10° C.
After addition, the reaction mixture was stirred at 10° C. for
4 h, poured into ice-water (2000 mL). The precipitate was
brought into hot benzene (60° C., 1000 mL), separated
organic layer from water, dried over Na,SO,, filtered and
concentrated to give 47.0 g (77%) of a mixture mono-nitro
compound 2 and bis-nitro compound 3 (2:3=3:2 by NMR).
'"H NMR (300 MHz, CDCl,) 8 10.67 (bs, 1H), 9.19-9.16 (d,
J=9.0 Hz, 1H), 9.12 (s, 1H), 9.04 (bs, 2H), 8.91-8.90 (d, 3.0
Hz, 1H), 8.26-8.22 (dd, J=9.0 Hz, J=3.0 Hz, 1H), 2.38 (s,
3H).

[0061] To a solution of Didodecylamine (25.0 g, 70.7
mmol, 1 eq.) in dichloromethane (400 ml.), was added
pyridine (35.1 g, 440 mmol, 5.0 eq). and a mixture of
mono-nitro 2 and bis-nitro 3 (20.0 g, 68.9 mmol, 1.0 eq) at
0° C. The resulting mixture was stirred at room temperature
for 16 h, diluted with DCM (400 mL), washed with water
(2x200 mL), brine (200 mL.), dried over dried over Na,SO,,
filtered and concentrated to give a residue. The crude
product was purified by flash chromatography column (30%
to 50% EtOAc/Hexane) to give 6.3 g (15.4%) of mono-nitro
compound 4 as a yellow solid and 11.0 g (26.7%) of bis-nitro
5 as a red-yellow solid. 5: 'H NMR (300 MHz, CDCl,) §
8.89 (s, 2H), 8.76 (bs, 2H), 3.18-3.13 (1, J=7.5 Hz, 4H), 2.34
(s, 3H), 1.61-1.44 (m, 4H), 1.40-1.15 (m, 36H), 0.90-0.80 (t,
J=6.3 Hz, 6H).

[0062] To a solution of the bis-nitro compound 5 (8.60 g,
14.4 mmol, 1.0 eq.) in Ethanol (800 mL.) and Cyclohexane
(800 mL) was added Pd/C (10% on carbon, 50% wet, 0.9 g,
5 w %). The mixture was degassed (vacuum and fill with H,)
three times, and stirred at room temperature under 1 atm H,
for 1 hour, filtered through Celite. The filtrate was concen-
trated to give 4.5 g (55.0%) of the diamine 9 as a yellow-red
solid, and 2.3 g of an intermediate as a yellow solid which
was hydrogenated again following the above procedure to
give 1.3 g (16.8%) of the triamine 10 as a dark-brown solid.
Compound 10: "H NMR (300 MHz, CDCL,) 8 6.77 (s, 2H),
3.55-3.35 (m, 6H), 3.06-3.00 (t, J=7.5 Hz, 4H), 1.55-1.42
(m, 4H), 1.38-1.18 (m, 36H), 0.90-0.86 (t, J=6.3 Hz, 6H),
2.98-2.94 (m, 2H), 2.68-2.64 (m, 2H), 2.60 (s, 3H), 2.30 (s,
3H).

(C12H25),NO,S

SON(C12Has)
SO,N(CaHas)s

[0063] Diamine 10 (0.50 g, 0.880 mmol, 2.2 ¢.), 3,4,9,10-
Perylenetetracarboxylic dianhydride (0.16 g, 0.40 mmol, 1.0
eq) and Imidazole (4.2 g, 61.6 mmol, 70 eq to diamine) were
added into a 100 mL. round-bottom flask equipped with a
rotavap bump guard. The mixture was degased (vacuum and
fill with N,) three times and stirred at 145° C. for 3 h, 180°
C. for 12 h. After cooling to rt, the reaction mixture was
crushed into water (200 mL), stirred for 1 hour, and filtered
through a filter paper to collected precipitate which was
washed with water (4x30 mL) and Ethanol (4x30 mL), dried
on a high vacum to give 0.5 g (89.5%) of the diamidine
isomers 12a and 12b as a dark solid.

EXAMPLE 5

[0064] This example describes synthesis of the disclosed
organic compound (see, general structural formula 44 in
Table 5) according following structural schemes:

O
l
Br NH,
1
Pd(dppH)Cl, Cul, K2C03
Cisthy DMF, 90° C
z e
2
O
1|\|1
\O
4 NH,
C3H7
3

To anhydrous DMF (15.0 mL) was added compound 1 (3.30
g, 150 mmol, 1.0 eq.), compound 2 (4.80 mL, 180 mmol, 1.2
eq.), Pd(dppt)Cl, (0.240 g, 0.300 mmol, 0.02 eq.), Copper
Todide (I) (Cul) (0.120 g, 0.600 mmol, 0.04 eq.) and K,CO,
(4.20 g, 300 mmol, 2.0 eq.). The mixture was degassed
under vacuum and purged with N, three times. The reaction
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was stirred at 90° C. for 8 hrs. The mixture was cooled down
and Ethyl acetate (15 mL) was added to dilute. The solid was
filtered. The filtrate was poured into water, extracted with
Ethyl acetate (3x10 mL). It was sashed organic phase with
water (10 mL) and brine (10 mL), dried over MgSO,,
filtered and concentrated. The residue was treated with a
silica gel column to give 2.1 g (40%) of product 3 as a dark
yellow solid. "H NMR (300 MHz, CDCL,) § 8.17 (s, 1H),
734 (d, 1H), 6.70 (d, 1H), 6.19 (s, 2H), 2.36 (t, 2H),
1.26-1.56 (m, 22H), 0.87 (t, 3H).

O
I|\|I
x>
o H,, Pd/C
_
EtOAc, it
% NH,
Ci3Ha7
3
Ci3Hay

Sa
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-continued

NH,

NH,

\

Ci3Hy7

To Ethyl Acetate (2.0 mL.) was added compound 3 (500 mg,
1.44 mmol, 1.0 eq). and Pd/C (50.0 mg, 0.1 eq). The mixture
was stirred at room temperature under H,-balloon for 20
min. The solid was filtered off. The solution was concen-
trated to give compound 4 346 mg (80%) as light yellow
solid. "H NMR (300 MHz, CDCl,) 8 6.61 (d, 1H), 6.50 (d,
1H), 6.54 (s, 1H), 7.86 (t, 2H), 1.25 (m, 22H), 0.88 (t, 3H).

NH,

NH,

N\

Ci3Ha7

130-180° C. | imidazole

Ci3Hay

/
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-continued

/

Ci3Hay

[0065] To a 25 ml flask was added compound 4 (758 mg,
2.40 mmol, 2.2 eq.), PDA (429 mg, 1.10 mmol, 1 eq.) and
Imidazole (5.20 g, 77.0 mmol, 70 eq.). The mixture was
degassed under vacuum and purged with N, three times. The
reaction was stirred at 130° C. for 3 h and 180° C. for 12 h.
The dark purple mixture was cooled down. The solid was
washed with water (3x2 mL) and EtOH (3x2 mL), vacuum
dried to give product 5a and 5b 912 mg (40%) as a dark
purple solid. "H NMR (300 MHz, CDCl, ) not available.

EXAMPLE 6

[0066] This example describes synthesis of the disclosed
organic compound (see, general structural formula 46 in
Table 5) according following structural schemes:

I
N
X
0
By, AcOH, 120° C.
.
NH,
N
0% o

o

Br.

Z,

NH,

N\
Vi
o

Compound 1 (5.00 g, 27.3 mmol, 1 eq.) was suspended in
Acetic acid (AcOH) (50 mL). Br, (1.50 mL, 30.0 mmol, 1.1
eq.) was added dropwise at room temperature. After addi-
tion, the temperature was increased to 120° C. and kept
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/

CizHys

stirring at this temperature for 2 h. The mixture was poured
into ice water. The precipitate was filtered, washed with
water and dried under vacuum to give product 2 6.8 g (95%)
as a yellow solid.

I
Br. N,
N
=0
n
NI,
N,
N
0% o
2
/C13H27 Pd(dppf)Cla, Cul, K2CO;3
4 DMF, 90° C.
3
o) 0
XN Z
X7
NI,
0
=
Iﬁ/
C3Ha7 O
4

To anhydrous DMF (10.0 mL) was added compound 2 (2.00
g, 7.60 mmol, 1.0 eq.), compound 3 (2.40 mL, 9.10 mmol,
1.2 eq.), Pd(dpph)Cl, (0.130 g, 0.150 mmol, 0.02 eq), Cul
(60.0 mg, 0.300 mmol, 0.04 eq.) and K,CO; (2.10 g, 15.0
mmol, 2.0 eq.). The mixture was degassed under vacuum
and purged with N, three times. The reaction was stirred at
90° C. for 8 h. The mixture was cooled down and Ethyl
acetate (10 mL) was added to dilute. Filtered off the solid
and poured the filtrate into water, extracted with Ethyl
acetate (3x5 mL). Washed organic phase with water (5 mL)
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and brine (5 mL), dried over MgSQO,, filtered and concen-
trated. The residue was treated with a sil-gel column to give
520 mg (17%) of product 4 as a dark yellow solid. 'H NMR
(300 MHz, CDCl,) 6 8.53 (s, 2H), 2.37 (t, 2H), 1.26-1.55
(m, 22H), 0.87 (1, 3H).
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organic phase was collected, concentrated and separated
through a silica gel column to give product 5 21.8 mg (40%)
as a dark red solid. "H NMR (300 MHz, CDCl,) 8 7.81 (s,
1H), 6.94 (s, 1H), 6.03 (s, 2H), 3.26 (s, 2H), 2.36 (t, 2H),
1.26-1.53 (m, 22H), 0.87 (t, 3H).

NH,
NH,
% NO,
C3H7
5
130-180 .|, TPA
imidazole
Ci3Har
// ON
==—C;Hy
NO,
O,N O2N,

Ci3tar
6a
O, O
XL P
X N =
NH,
(NH,),S, EtOH, 90 C.
- e
O
=
Z N
Ci3Hy7 0
4
NIL
NH,
0]
=
A~ i
Ci3Hys 0

To EtOH (1.0 mL) was added compound 4 (60.0 mg, 0.150
mmol, 1.0 eq.) and ammonium sulfide (104 mg 20% water
solution, 0.300 mmol, 2.0 eq.). The mixture was stirred at
80° C. for 1 h. Additional ammonium sulfide (104 mg 20%
water solution, 0.300 mmol, 2.0 eq.) was added. The mixture
was stirred at 80° C. for 1 h. The mixture was concentrated,
diluted with Ethyl acetate, washed with water and brine. The

/

Ci3Hay

6b

To a 5 mL vial was added compound 5 (21.8 mg, 0.0600
mmol, 2.2 eq.), PDA (10.8 mg, 0.0280 mmol, 1 eq.) and
Imidazole (131 g, 1.93 mmol, 70 eq). The mixture was
degassed under vacuum and purged with N, three times. The
reaction was stirred at 130° C. for 3 h and 180° C. for 12 h.
The dark purple mixture was cooled down. The solid was
washed with water (3x0.5 mL) and EtOH (3x0.5 mL),
vacuum dried to give products 6a and 6b 27 mg (45%) as a
dark purple solid.

EXAMPLE 7

[0067] This example describes synthesis of the disclosed
organic compound (see, general structural formula 46 in
Table 5) according following structural schemes:

Cully OH " NaBr, NalCOs, tempo, NaCIO
DCM/HL0, < 15 C.
CoHyg
1
CriHps \O
CoHjg

To H,O (10.0 mL) was added NaHCO; (1.70 g, 20.2 mmol)
and Sodium bromide (NaBr) (280 mg, 2.70 mmol). The
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mixture was stirred to form a clear solution. Compound 1
(20.0 g, 56.4 mmol, 1 eq.) in DCM (70 mL) and 2,2,6,6-
Tetramethylpiperidine 1-oxyl (TEMPO) (340 mg) were
added to the solution. The two-phase mixture was cooled
down to 10° C. The Sodium hypochloride (NaClO) solution
(70.5 mL, 0.8 N, 1 eq) was added dropwise with vigorously
stirring. After addition, removed ice bath and kept stirring at
room temperature for 30 min. The organic phase was col-
lected. The aqueous phase was extracted with DCM (25
ml.x2). All the organic fractions were collected, washed
with water and brine, dried over MgSO, and concentrated to
give compound 2 (18 g, 90%) as a colorless oil.

Bestmann reagent, K,CO3

x
Cuihas o MeOH, 1t, overnight

CoHjo

Cy1Hps

CoHjo

To MeOH (60 mL.) was added freshly made compound 2
(18.0 g, 51.1 mmol, 2.0 eq.), Dimethyl (1-diazo-2-oxopro-
pyDphosphonate solution (Bestmann reagent) (5.00 g, 25.6
mmol, 1.0 eq) and K,CO; (7.10 g, 51.1 mmol, 2.0 eq). The
mixture was stirred at room temperature for 24 h. Ethyl
acetate (30 ml) was added to dilute the mixture. The
mixture was filtered to remove the precipitate, and washed
with Ethyl acteate. The filtrate was concentrated. The resi-
due was separated through a silica gel column to afford
compound 3 7.4 g (82%) as white solid. 'H NMR (300 MHz,
CDCl,) 0 2.15 (m, 1H), 2.03 (s, 1H), 1.26-1.41 (m, 40H),
0.87 (t, 6H).

I I
N\O I N%O
L, AgSO4
EtOH, 1, 18 h
NH, NH
N, N,
2 N
O/ \O O/ \O
5 6

To EtOH (40.0 mL) was added compound 5 (4.20 g, 23.0
mmol, 1.0 eq.), Silver sulfate (AgSO,) (10.0 g, 32.1 mmol,
1.4 eq.) and Iodide (I,) (8.20 g, 32.1 mmol, 1.4 eq.). The
mixture was stirred at room temperature for 18 h. The
mixture was filtered to separate solid sediment (precipitate)
and washed with Ethyl acetate. The filtrate was concen-
trated. The residue was separated through a silica gel column
to afford compound 6 5.4 g (77%) as a dark yellow solid.
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O
| Pd,
% I N, Cul,
0 TEA,
CyHa3 70 C.
+ e
NH,
CoHyo
N
3 2
0% o
6
O O
xnL 2
\N/
NH,
O
=
A~ i
CyHas 0
CoHyg
4

To anhydrous Tetrahydrofuran (THF) (10 mL) and Trieth-
ylamine (TEA) (10.0 mL) was added compound 3 (7.40 g,
21.2 mmol, 1.2 eq.), compound 6 (5.20 g, 16.7 mmol, 1.0
eq.), Pd(dppfH)Cl, (50.0 mg, 0.0800 mmol, 0.02 eq.), Cul
(20.0 mg, 0.1 mmol, 0.04 eq.). The mixture was degassed
under vacuum and purged with N, three times. The reaction
was stirred at 70° C. for 8 h. The mixture was cooled down
and Ethy] acetate (10 mL) was added. The solid was filtered
off. The filtrate was concentrated, and the residue was
separated with a silica gel column to afford compound 4 7.5
g (84%) as a yellow solid. *H NMR (300 MHz, CDCl,) &
7.99 (s, 2H), 2.45 (m, 1H), 1.26-1.55 (m, 40H), 0.87 (t, 6H).

O%N 0
NH,
(NHy),S
o FtOH 80 C.
Né
|
CriHs o]
CoHyg
4
NH,
NH,
O
=
N
7 ||
CriHs o]
CoHyg

To EtOH (20.0 mL) was added compound 4 (7.50 g, 14.1
mmol, 1.0 eq.) and Ammonium sulfide (8.60 g, 20% water
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solution, 28.2 mmol, 2.0 eq.). The mixture was stirred at 80°

C. for 1 h. Additional Ammonium sulfide (8.60 g, 20% water %

solution, 28.2 mmol, 2.0 eq.) was added. The received H

mixture again was stirred at 80° C. for 1 h. The mixture was N

concen.trated, diluted With ethyl acetate, washed with water 1) Fe(IICl 6 H,0
and brine. The organic phase was collected, concentrated 2)HC1—>
and separated through a silica gel column to give product 7 NH

6.1 g (87%) as a dark red solid. '"H NMR (300 MHz, CDCl,) 8a

5 7.81 (s, 1H), 6.94 (s, 1H), 2.45 (m, 1H), 1.26-1.46 (m,
40M), 0.87 (t, 6H).

NH,
NH,
4 NO;
CyyHas
CoHyg
7
PDA
130-180 C.|. .
imidazole
CyyHas
// CoHyg 0,N
. CyiHas
N NO, CoHio
O,N 0N
CoH
CiiHzs i C11Hxs CoHyo
13a 13b

To a 25 mL flask was added compound 7 (5.10 g, 10.2 mmol,
2.2 eq), PDA (1.70 g, 4.60 mmol, 1 eq.) and Imidazole (21.0
g, 325 mmol, 70 eq). The mixture was degassed under
vacuum and purged with N, three times. The reaction was
stirred at 130° C. for 3 h and 180° C. for 12 h. The dark
purple mixture was cooled down. The solid was washed with
water (3x2 mL) and EtOH (3x2 mL), vacuum dried to give
products 13a and 13b 6.2 g (100%) as a dark purple solid.

-continued
H
N N
-
N/
HCl NH,
8b

A 5 L 3-neck flask equipped with a magnetic stirrer and
addition funnel was charged with Nphenyl-1,4-benzenedi-
amine (328.5 mmol, 60.5 g) then 1M HCI (2 L). Let stir 20
min. Added an additional 200 mL. 1M HCI to get all starting

EXAMPLE 8

[0068] This example describes synthesis of the disclosed

organic compound wherein Core is PANI type (electro-
conductive oligomer structure 22 from Table 2) according
following structural schemes:

material into solution. FeCl; H,O (328.5 mmol, 88.8 g) was
dissolved in 1M HCIl (500 mL) and transferred to the
addition funnel. The iron solution was added over 5 minutes
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to the starting amine solution. The sludgy solution was
diluted with additional water (500 mL.). Reaction was stirred
vigorously for 4 hours. Using a giant Buchner funnel the
reaction mixture was filtered (5-7 hours total for complete
filtration. The filter cake was washed with water until pH
was neutral and then continued washing (3 L total). The
brilliant blue green solid was triturated with acetone/water/
1M HCI (5:2:5) in a 2 L round bottom flask equipped with
a mechanical stirrer. The suspension was stirred vigorously
for 4 hours. The suspension was filtered, the filter cake
washed with water (2 L), giving a blue green solid (46.7g,
71% yield).

8d
o O
NaH, LDA CoHa
_—
O CroHay Bromodecane ~ HO
THF
8¢ C10H21

8d

A clean dry 2 L 3-neck flask equipped with a mechanical
stirrer and Ar inlet/outlet was charged with dodecanoic acid
8c (149.8 mmol, 30.0 g). Anhydrous tetrahydrofuran (THF)
(1 L) was cannulated into the flask and the solution was
sparged with Ar. The reaction mixture was then cooled to 0°
C. Powdered NaH (164.8 mmol, 3.96 g) was added in two
equivalent portions (30 minutes between additions). Break-
ing from normal experimental speak, this part of the reaction
is extremely touchy. At 0° C., there is no evolution of
hydrogen gas, but if the solutions gets above approx. 10° C.
there is massive evolution of hydrogen gas. To counter this,
remove the ice bath until gas evolution started and then put
it back in the ice bath once the internal temperature reached
about 5-8° C. (cycled through ice bath/no ice bath until all
gas evolution ceased when the internal temperature is in the
range of 10-15° C. or greater. In tandem, a separate clean dry
500 mL round bottom flask was charged with anhydrous
THF (100 mL) and diisopropyl amine (180 mmol, 18.2 g).
The resulting solution was cooled in an ice/methanol
(MeOH) bath. N-Butyllithium solution (2.36 M in hexanes
determined by titration, 180 mmol, 76.3 ml) was cannulated
into the diisopropyl amine solution and lithium diisopropy-
lamide (LDA) was formed by allowing the reagents to react
for 30 minutes. Once gas evolution of the decanoic acid
solution had ceased the formed LDA solution was cannu-
lated into it in 5-10 mL portions (total time 45 minutes).
After addition was complete, the reaction was allowed to stir
at 0° C. for 10 minutes, at which time the ice bath was
removed with additional stirring for 30 minutes.

Bromodecane (164.8 mmol, 41.0 g) was added in one
portion. The flask was then placed in an oil bath and heated
to 45° C. (external temp.). The reaction was allowed to stir,
with heating, for 16 hours. The reaction mixture was care-
fully quenched with water (50 mL) and then acidified with
1M HCI (300 mL) to pH=2. The layers were separated and
the aqueous layer was extracted with THF (2x500 mL). The
combined organics were washed with brine (1x500 mL),
dried (Na,SO,), filtered and concentrated in vacuo. The
resultant sludgy solid was stirred with hexanes (300 mL) for
1 hour, filtered over diatomaceous silica and the mother
liquor was stripped. The resultant solid was cold triturated
with ethanol (EtOH) (200 mL) in a =10° C. MeOH/ice bath,
letting stir for 30 minutes. The suspension was filtered,
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washing with ice cold EtOH and the filter cake was dried
under vacuum until constant weight. The title compound 8d
(324 g, 64%) was isolated as a white powder. NMR
(CDCI13) d 2.33 (g, 1H), 1.2-1.5 (m, 4H) 1.15 (m, 32H) 0.84
(t, 6H).

8e

CioHaj
CioHay

8d

NH
AN
HO, Q Oxalyl C1
fo) + —_—
\ N
HN

8b
H
N N
P CoH
N N)S/IOZI
H

CioHay
8e

A clean dry 1 L 3-neck flask equipped with a stir bar,
addition funnel and Ar inlet was charged with 2-decyldo-
decanoic acid 8d (26.0 g, 76.3 mmol) and dichloromethane
(300 mL). The addition funnel was charged with dichlo-
romethane (40 mL) and oxalyl chloride (2M in dichlo-
romethane, 42 mL, 84.0 mmol). The oxalyl chloride solution
was added dropwise over 1H and the reaction mixture was
stirred at room temperature overnight. The solvent was
removed under reduced pressure and the resulting acid
chloride was dried under vacuum until at constant weight.
Under the assumption that there was 100% conversion to the
acid chloride the yellow oil was dissolved in dichlorometh-
ane to give a 0.3M solution. A separate clean dry 1 L. 3-neck
flask equipped with a stir bar, addition funnel and Ar inlet
was charged with pyridine (300 mL), molecular sieves and
8b HCI (9.42 g, 23.5 mmol). To the addition funnel was
added 78.3 mL of the 0.3M acid chloride solution. The acid
chloride was added dropwise over 3 hours and the reaction
was allowed to stir overnight at room temperature. The
molecular sieves were removed via filtration over a short
pad of diatomaceous silica and the mother liquor was diluted
with THF (300 mL). The organic layer was washed with
brine (5x100 mL), dried (Na,SO,), filtered over diatoma-
ceous silica and concentrated in vacuo. The resulting solid
was triturated with toluene/MeOH (1 L, 7:3), stirring over-
night. The ppt was filtered away and the mother liquor was
concentrated in vacuo to afford 8e (15.65 g, 97%) as a dark
purple/blue solid.
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8f

H
N N
= 0
/ C ol Sulfonyl chloride
N N
H

8e

CioHa)

H
" | N P | N o

A LT T
038 038 H

8f

A clean dry 1 L 3-neck flask equipped with an addition
funnel and reflux condenser was charged with 8e (14.4 g, 21
mmol) and dichloroethane (400 mL). The suspension was
heated in an oil bath and the addition funnel was charged
with sulfonyl chloride (4.89 g, 42 mmol) and dichloroethane
(40 mL). Once the reaction mixture was at reflux, addition
of the sulfonyl chloride solution began (time of
addition=1H). The reaction was allowed to reflux for an
additional hour once addition was complete. The reaction
mixture was cooled to room temperature and the resulting
sludgy suspension was filtered over filter paper. The filter
cake was washed with dichloroethane (200 mL) and then
hexanes (200 mL). Crude 8f was allowed to dry on the
funnel overnight. The solid was suspended in water (500
mL) and refluxed for 5 hours. The suspension was cooled to
and the solvent was reduced to 80% of its original volume.
The product was precipitated with acetone and the suspen-
sion stirred overnight. The solid was filtered away and the
filter cake was washed with acetone (200 mL) and dried in
a vacuum desiccator for 48 hours. The mother liquor was
concentrated to dryness by co-evaporation with acetone. The
resulting solid was triturated with acetone (200 mL), filtered
and dried in a vacuum desiccator for 48 hours. The solids
were combined to afford 8f (11.2 g, 63% yield)

EXAMPLE 9

[0069] This example describes synthesis of the disclosed
organic compound wherein Core is PANI type (electro-
conductive oligomer structure 22 from in Table 2) according
following synthetic scheme:

9%

s

H,N NH;
9a

CioHa)

-continued

F' 1) NEty/DMF
2) SnCLy/HCI
—_—

3) Ammonium
0,N Persulfate

4) Hy/PdC
9b

el
N N
P
LN N NI,
9%

A 3 L round bottom flask was charged with 4.,4'-diamino-
diphenyl amine sulfate hydrate (50.0 g), 100° C. 1% (w/w)
KOHagq (2 L) and Na,S,0, (24 g). The mixture was allowed
to stir for 15 minutes and then cooled to 40° C. in an ice bath.
The precipitate was collected via filtration and the filter cake
was rinsed with water. The collected solid 9a was dried in a
vacuum desiccator for 72 hours. A clean dry 500 mL. round
bottom flask equipped with an Ar inlet and stir bar was
charged with diamine 9a (24.5 g, 82.4 mmol), 4-fluoroni-
trobenzene 9b (23.3 g, 164.8 mmol), triethylamine (Et3N)
(20.8 g, 101.2 mmol) and dimethyl sulfoxide (DMSO) (250
mL). The reaction was heated in a 90° C. oil bath for 72
hours. The reaction mixture was cooled to room temperature
and the crude product was precipitated by adding water (2
L). The precipitate was collected by filtration, rinsed with
hexanes (500 mL) and dried in a vacuum desiccator for 24
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hours. The crude dinitro was triturated with CHCl; (500
ml), with vigorous stirring to break up the material, and
collected by filtration, rinsing with CHCl; and dried in a
vacuum desiccator overnight. The crude material was then
triturated with tetrahydrofuran (THF)/CH,Cl, (500 mL),
collected by filtration and dried in a vacuum desiccator for
24 hours to afford N'-(4-nitrophenyl)-N*-[4-[(4-nitrophe-
nyl)amino|phenyl]-1,4-Benzenediamine (32.9 g, 90%) as a
rust colored solid. A 2 L Parr hydrogenation flask was
charged with Pd/C (400 mg), ethanol (EtOH)/THF (1:1, 1 L))
and N'-(4-nitrophenyl)-N*-[4-[(4-nitrophenyl)amino]|phe-
nyl]-1,4-Benzenediamine (32.0 g, 72.5 mmol). The flask
was evacuated via vacuum and charged with H, three times
and hydrogenated in a Parr shaker for 48 hours. The reaction
mixture was evacuated via vacuum to remove hydrogen and
back flushed with N, three times. The solution was allowed
to sit under ambient conditions overnight. The Pd/C was
filtered away over diatomaceous silica rinsing with methanol
(MeOH) (200 mL) and acetone (200 mL) and the mother
liquor was concentrated in vacuo. The resulting solid was
triturated with 1M HCI (500 mL), stirring overnight. The
suspension was filtered over No. 54 filter paper, rinsing with
water (500 mL). The filter cake was then deprotonated by
suspending in 2M NH,OH and stirring vigorously. The
aqueous layer was extracted with THF (1x300 mL), ethyl
acetate (EtOAc) (1x300 mL). The combined organics were
washed with brine (1x500 mL) and concentrated in vacuo
and then dried in a vacuum desiccator for 48 hours to afford
the title compound 9c (10.1 g, 37%) as a dark purple/blue
solid.

9d
LN
NH
NZ\
o +
\ N
CioHa)

8d

H,N

9%

Oxalyl Cl

—_—

CioHay
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-continued
CioHa)
O

HN
NH
N,
=N
HNiO
CoH:
CIOHZI 10H42]

A clean dry 1 L 3-neck flask equipped with a stir bar,
addition funnel and Ar inlet was charged with 2-decyldo-
decanoic acid 8d (18.0 g, 52.8 mmol) and dichloromethane
(200 mL). The addition funnel was charged with dichlo-
romethane (40 mL) and oxalyl chloride (2M in dichlo-
romethane, 29 mL, 58.1 mmol). The oxalyl chloride solution
was added dropwise over 1 hour and the reaction mixture
was stirred at room temperature overnight. The solvent was
removed under reduced pressure and the resulting acid
chloride was dried under vacuum until at constant weight.
Under the assumption that there was 100% conversion to the
acid chloride the yellow oil was dissolved in dichlorometh-
ane to give a 0.3M solution. A clean dry 1 L round bottom
flask equipped with a stir bar, addition funnel and Ar inlet
was charged compound 9¢ (10.0 g, 26.4 mmol) molecular
sieves (20 g) and pyridine (400 mL). The addition funnel
was charged with CH,Cl, (100 mL) and the acid chloride
(173 mL, 0.3M in CH,Cl,, 52.8 mmol). The acid chloride
was added dropwise over 4 hours. The reaction was stirred
at room temperature overnight. The reaction was filtered
over diatomaceous silica to remove the molecular sieves and
the diatomaceous silica was then rinsed with THF (300 mL).
The mother liquor was transferred to a separatory funnel and
the organic layer was washed repeatedly with brine (4.5 L
total), dried (Na,SO,), filtered over diatomaceous silica and
concentrated (pyridine was removed by azeotropic distilla-
tion with heptane 4x300-400 mL). The crude material was
then dried in a vacuum desiccator for 4 hours. The resulting
solid was triturated with hexanes (500 mL.) and putina -25°
C. freezer for 48 hours. The suspended solid was recovered
by filtration, rinsing the filter cake with ice cold hexanes
(100 mL). The filter cake was then dried to constant weight
in a vacuum desiccator to afford the title compound 9d (9.9
g). The mother liquor was concentrated in vacuo suspended
in Et20 and concentrated 3 times. The resultant solid was
triturated with toluene (250 mL), filtered and dried in a
vacuum desiccator to afford additional 9d (12.5 g, 22.4 ¢
total, 83% yield) as a purple blue solid.

CioHaf

9d
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CioHyy

CroHaf

NH

N

CioHyf
9d

e

A clean dry 3-neck flask equipped with a stir bar, reflux
condenser and addition funnel was charged with 9d (11.6 g,
11.3 mmol) and dichloroethane (300 mL). The addition
funnel was charged with dichloromethane (30 mL) and
sulfonyl chloride (2.63 g, 22.6 mmol). The reaction was
heated to reflux in an oil bath. Once at reflux the sulfonyl
chloride solution was added dropwise over 1.5 hours. Once
addition complete the reaction was stirred at reflux for an
additional 2 hours. The reaction was cooled and then the
solvent was removed under reduced pressure. The resulting
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e

Sulfonly chloride
—_—

CioHyy

CioHay

solid was suspended in water (500 mL) and heated to reflux
overnight. Upon cooling the solid was isolated by filtration
and dried in a vacuum desiccator for 24 hours affording 9e
(12.1 g, 88%) as a dark purple/blue solid.

[0070] While the above is a complete description of the
preferred embodiment of the present invention, it is possible
to use various alternatives, modifications and equivalents.
Therefore, the scope of the present invention should be
determined not with reference to the above description but
should, instead, be determined with reference to the
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appended claims, along with their full scope of equivalents.
Any feature described herein, whether preferred or not, may
be combined with any other feature described herein,
whether preferred or not. In the claims that follow, the
indefinite article “A”, or “An” refers to a quantity of one or
more of the item following the article, except where
expressly stated otherwise. As used herein, in a listing of
elements in the alternative, the word “or” is used in the
logical inclusive sense, e.g., “X or Y” covers X alone, Y
alone, or both X and Y together, except where expressly
stated otherwise. Two or more elements listed as alternatives
may be combined together. The appended claims are not to
be interpreted as including means-plus-function limitations,
unless such a limitation is explicitly recited in a given claim
using the phrase “means for.”
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1. An organic compound characterized by electronic
polarizability and having a following general structural
formula:

Rz Ry
Rsz R
Ry R3

where Core is a rylene fragment selected from:

S2eg0qugels

_ _ 2
N N
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N N
3
4
5
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-continued
o _ -
N O O
fo) L i

wherein n is an integer ranging from 0-3,

each instance of R, is independently selected from the
group consisting of hetero-alkyl C,-C, ¢, hetero-alkenyl
hetero-alkynyl C,-C,,, hetero-aryl C,-C,,, unsubsti-
tuted C,-C, 4 alkyl, substituted C,-C, 4 alkyl, unsubsti-
tuted C,-C,; alkenyl, substituted C,-C,, alkenyl,
unsubstituted C,-C,; alkynyl, substituted C,-C, 5 alky-
nyl, unsubstituted C,-C 5 aryl, substituted C,-C, aryl,
fluorinated alkyl, chlorinated alkyl, complex alkyl,
branched alkyl, complex fluorinated alkyl, branched
fluorinated alkyl, complex chlorinated alkyl, branched
chlorinated alkyl, and any combination thereof; and
wherein hetero atoms are selected from N, O, S, Si, and
P;

Nis1,2,3,4,5 6,7 or 8,

R, are located in apex positions,

R; and R, are located in side (lateral) positions and,

wherein the core has flat anisometric form and R, are
selected from hydrogen and nucleophilic groups (do-
nors) and R; and R, are independently selected from
hydrogen and electrophilic groups (acceptors) or vice
versa R; and R, are independently selected from hydro-
gen and nucleophilic groups (donors).

2.-6. (canceled)

7. The organic compound according to claim 1, wherein

[Core]-(R,), combination are the structure

O O __ O O
o O Q o
¢}

wherein n is an integer ranging from 0-3, and wherein R,
and R,' are independently selected from the group
consisting of hetero-alkyl C,-C,,, hetero-alkenyl
C,-C,g, hetero-alkynyl C,-C,q, hetero-aryl C,-Cq,
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unsubstituted C,-C,, alkyl, substituted C,-C,, alkyl,
unsubstituted C,-C, 4 alkenyl, substituted C,-C,g alk-
enyl, unsubstituted C,-C, , alkynyl, substituted C,-C, 4
alkynyl, unsubstituted C,-C, aryl, substituted C,-C, ¢
aryl, fluorinated alkyl, chlorinated alkyl, complex
alkyl, branched alkyl, complex fluorinated alkyl,
branched fluorinated alkyl, complex chlorinated alkyl,
branched chlorinated alkyl, and any combination
thereof; and wherein hetero atoms are selected from N,
O, S, Si, and P.

8. (canceled)

9. An organic compound according to claim 1 comprising
at least one electrophilic group (acceptor).

10. An organic compound according to claim 1, wherein
the electrophilic groups (acceptors) are selected from
—NO,, —NH,* and —NR,* nd —NRR'R"* (with counte-
rion —CI~ or —Br™), —CHO, —CRO, —SO;H, —SO;R,
—SO,NH,, —SO,NRR', —COOH, —COOR, —COCl,
—CONH,, —CONRR', —CF,, —CCl;, —CN, wherein R
and R' and R" are radicals independently selected from the
list comprising alkyl, allyl, benzyl groups, phenyl and other
aryl groups.

11. An organic compound according to claim 1 compris-
ing at least one nucleophilic group (donor).

12. An organic compound according to claims 1, wherein
the nucleophilic groups (donors) are selected from —O~,
—NH,, —NHR, —NR,, —OH, —Or, —NHCOR,
—OCOR, alkyl, —C.H;, vinyls, wherein R is radical
selected from the list comprising alkyl , allyl benzyl groups,
phenyl and other aryl groups.

13. A dielectric layer comprising the organic compound
according to claim 1.

14. The dielectric layer according to claim 13, wherein the
dielectric layer is crystalline.

15. A capacitor comprising a first electrode, a second
electrode, and a dielectric layer according to claim 13 is
disposed between said first and second electrodes, wherein
said electrodes are more or less flat and planar and posi-
tioned more or less parallel to each other.

#* #* #* #* #*



