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STAR-SHAPED COMPOUNDS FOR ORGANIC
SOLAR CELLS

[0001] The present invention relates to compounds of the
general formula (I)

@
K—L—R],,

a process for the preparation of such compounds, the com-
pounds obtainable by this process, the use of these com-
pounds, semiconducting layers and electronic components.

[0002] Conjugated organic oligomeric compounds can be
employed as p or n semiconductors, as is described, for
example, in DE-A-10 2004 014 621, DE-A-103 05 945, DE-
A-10 2008 014 158 or DE-A-10 2007 046 904. By incorpo-
ration of donor and acceptor units in organic oligomeric com-
pounds, the absorption can be shifted into the region of the
solar spectrum, so that such compounds can also be employed
as a photoactive layer in organic solar cells.

[0003] The active layer of an organic solar cell comprises at
least one semiconductor component which can be brought
into an electronically excited state by absorption of light.
From this excited state, at least one electron can be transferred
to a second component of the active layer. The electron-
releasing component is also called a donor and is distin-
guished as a hole or p semiconductor. The electron-receiving
component is also called an acceptor and is distinguished as
an electron or n semiconductor. The efficiency of a solar cell
is determined inter alia on the one hand by the efficiency of
the charge separation by charge transfer from the donor to the
acceptor and on the other hand by the charge transport within
the donor or acceptor component to the electrodes of the solar
cell. The charge transfer is substantially influenced by the
energy levels of the lowest unoccupied molecular orbital
(LUMO) of the donor and accepfor material. On the other
hand, the charge transport to the electrodes is substantially
determined by the morphologies of the active layer. For a
charge transport which is as efficient as possible with low
recombination rates of the separated charges, a high charge
mobility within the individual layer components is necessary,
as well as the formation of persistent electronic pathways.
This is achieved in particular in polymeric systems such as
P3HT/fullerene, in which the formation of an interpenetrat-
ing two-phase active layer (bulk heterojunction) with a high
interface between the donor (P3HT) and acceptor (fullerene)
can be achieved by suitable processing. Such systems achieve
efficiencies of 5-6%.

[0004] In principle, such morphologies can also be
obtained with oligomeric organic compounds in the active
layer of organic solar cells. Production can be carried out in
this context either from solution or by vapour deposition.
Corresponding semiconductors therefore also require, in
addition to the requirements of the electronic and optical
properties, a good processability by means of which a layer
morphology which is as favourable as possible for high effi-
ciencies of the solar cell can be achieved. A good wet pro-
cessability, by means of which the organic oligomeric com-
pounds are applied to the corresponding substrates from a
solution, is desirable in particular here. The wet processabil-
ity of the organic oligomeric compounds known from the
prior art which are employed as semiconductors is, however,
still in need of improvement.
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[0005] The present invention was therefore based on the
object of overcoming the disadvantages resulting from the
prior art in connection with the use of organic oligomeric
compounds as p or n semiconductors.

[0006] In particular, the present invention was based on the
object of providing organic oligomeric compounds which not
only are distinguished by particularly advantageous elec-
tronic and optical properties and by a high absorption of
sunlight, but which moreover also have a particularly good
processability, in particular a particularly good wet process-
ability. Layers produced from such compounds should be
characterized by a particularly advantageous photoactivity.
[0007] The present invention was also based on the object
of providing a process with which such organic oligomeric
compounds can be prepared.

[0008] A contribution towards achieving the abovemen-
tioned objects is made by compounds of the general formula

)

oy
K—L—R],

wherein

n is an integer from 3 to 6, where n can assume in particular
the value 3, 4, 5 or 6,

R represents H or a non-conjugated chain,
L are linear conjugated units according to the general formula

uy

an
*—Mp—AfME—*

in which

[0009] x,y in each case independently of each other repre-
sent an integer from 0 to 20, particularly preferably from O
to 10 and moreover preferably from O to 5, but very par-
ticularly preferably independently of each other represent
0,10r2,

[0010] A represents an acceptor group according to one of
the following formulae I1Ia-I1Ir

(I11a)

(IIIb)

(Ille)

m
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N\ /N in which
[0011] m represents an integer from 1 to 20, particularly
| * preferably from 1 to 10 and most preferably from 1 to 5,
[0012] R?represents Hor a linear or branched C,-C,-alkyl
N N group, preferably a C,-C, ,-alkyl group, a linear C,-C,,-
%S/ alkyl group, preferably C,-C,,-alkyl group, which is
- - optionally interrupted by one or more O or S atoms or
— - (k) silylene, phosphonoyl or phosphoryl groups, or an option-
R R ally substituted aromatic radical,
> < [0013] in the case of the acceptor group 11Th R=H
N N
\ / [0014] M represents an aryl compound according to one of
the following formulae [Va-IVr

v
(1011 S e

JNE o
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in which
RP R [0015] R?represents Hor a linear or branched C,-C,,-alkyl
R3 (VE) group, preferably a C,-C, ,-alkyl group, or a linear C,-C,-

alkyl group, preferably C,-C,,-alkyl group, which is
optionally interrupted by one or more O or S atoms or
silylene, phosphonoyl or phosphoryl groups, where, if the
aryl compound A comprises two radicals R?, these can be
identical or different,

R? [0016] K represents a branching group according to one of
the following formulae Va-Vt
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(Va)

(Vb)

(Ve)

(Vd)

(Ve)

vVh

-continued
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5
-continued -continued
Vo)
(Vm)
Q Y |
Si
x : Q . . (V1)
(Vm)
(Vs)
(Vo)
(Vo)
Si
(Vp)
S
* * in which
\ / [0017] R*represents Hor a linear or branched C,-C,-alkyl
group, preferably a C,-C, ,-alkyl group, or a linear C,-C,-
alkyl group, preferably C,-C,,-alkyl group, which is
Si optionally interrupted by one or more O or S atoms or
silylene, phosphonoyl or phosphoryl groups.
[0018] The positions labelled with * in the formulae (II),
/ \ (IlTa)-(I1Ir), (IVa)-(IVr) and (Va)-(Vt) in each case identity
* * the linkage sites. In the case of the formula (II), these are the
S bonding sites in which a linkage of the linear conjugated units

L with the branching group K (via the structural element
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-[M],- if x>0 or via the structural element -A- if x=0) and the
outer radical R (via the structural element -[M] - if y>0 or via
the structural element -A- if y=0) takes place. In the case of
the formulae (I11a)-(111t), these are the bonding sites in which
a linkage of the acceptor group A with the structural element
-[M],- (if x>0) or the branching group K (if x=0) or the
structural element -[M] - (if y>0) or the radical R (if y=0)
takes place. In the case of the formulae (IVa)-(IVs), these are
the bonding sites in which in the case of the structural element
-[M],- alinkage of the unit M with the branching group K and
with the acceptor group A or with a further unit M (if x>1)
takes place, and in the case of the structural element -[M] - a
linkage of the unit M with the acceptor group A or a further
unit M (if y>1) and the radical R takes place. In the case of the
formulae (Va)-(Vt), these are the bonding sites in which a
linkage of the branching group K with the structural element
-[M],- (if x>0) or the acceptor group A (if x=0) takes place.

[0019] The compounds according to the invention prefer-
ably have a so-called “core-shell structure”, in which the
branching group K forms the core and the units -[.-R bonded
to the core form the shell. The compounds can in principle be
oligomers or polymers.

[0020] In the context of the invention, the core-shell struc-
ture is a structure at the molecular level, i.e. it relates to the
structure of a molecule as such.

[0021] Thecompounds according to the invention have, if n

is, for example, 3, 4 or 6, a structure according to the follow-
ing formulae (I-3), (I-4) or (I-6):

-3)

-4

d-6)

in which K, [L and R have the abovementioned meaning.

[0022] The radical R is preferably a non-conjugated chain.
Preferred non-conjugated chains are those which have a high
flexibility, i.e. a high (intra)molecular mobility, as a result
interact readily with solvent molecules and thus generate an
improved solubility. In the context of the invention, flexible is
to be understood in the sense of (intra)molecularly mobile.
The non-conjugated chains (R) are straight-chain or branched
aliphatic, unsaturated or araliphatic chains which have 1 to 20
carbon atoms, preferably which have 1 to 12 carbon atoms,
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and are optionally interrupted by oxygen, or C;-Cg-cy-
cloalkylenes. Aliphatic and oxyaliphatic groups, i.e. alkoxy
groups, or straight-chain or branched aliphatic groups, in
particular C,-C,,-alkyl groups, interrupted by one or more
oxygen or sulphur atoms or silylene, phosphonyl or phospho-
ryl groups, are preferred. Linear or branched C,-C,,-alkyl
groups, in particular C,-C,,-alkyl groups, are particularly
preferred according to the invention as radicals R. Examples
of'suitableradicals R are alkyl groups, such as n-hexyl, n-hep-
tyl, n-octyl, n-nonyl, n-decyl and n-dodecyl groups, and
alkoxy groups, such as n-hexyloxy, n-heptyloxy, n-octyloxy,
n-nonyloxy, n-decyloxy and n-dodecyloxy groups, or C;-Cg-
cycloalkylenes, such as cyclopentyl, cyclohexyl or cyclohep-
tyl.

[0023] Compounds of the general formula (I) which are
particularly preferred according to the invention are those in
which the structural elements M in the linearly conjugated
chains L comprise optionally substituted 2,5-thienylene (IVr)

(Ivr)

wherein the radicals R* can be identical or different and
represent H or a linear or branched C, -C,-alkyl group, pref-
erably a C,-C, ,-alkyl group, or a linear C,-C,,-alkyl group,
preferably C,-C,,-alkyl group, which is optionally inter-
rupted by one or more O or S atoms or silylene, phosphonoyl
or phosphoryl groups. In this connection, structural elements
M in which R? in each case represents a hydrogen atom are
very particularly preferred. In this context, the structural units
M can be present as monomers (in this case x and y have the
value 1)

—

or as dimers (in this case x and y have the value 2)

S S
[0024] According to a particular embodiment of the com-

pounds of the general formula (I) according to the invention,
the branching group K represents a branching group of the

formula (Ve), (Vg) or (Vi)
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(Ve)

(Vg)

(Vi)

where the branching group of the formula (Vi) is very par-
ticularly preferred.

[0025] According to a first development of this particular
embodiment of the compounds according to the invention,
M represents 2,5-thienylene (IVr)

\J
X represents 2;

[0026] v represents O;
A represents an acceptor group of the formula (I1Th)

(ITTh)
NC CN

in which m represents 1; and

R represents a —CH |, radical.

[0027] According to a second development of this particu-
lar embodiment of the compounds according to the invention,
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M represents 2,5-thienylene (IVr)

—

X represents 1;
y represents 2;
A represents an acceptor group of the formula (I1la)

(I11a)

in which m represents 1; and
R represents a radical

[0028] Layers of the compounds of the general formula (I)
according to the invention are preferably conductive or semi-
conducting. The invention particularly preferably provides
those layers of the compounds or mixtures which are semi-
conducting. Those layers of the compounds which have a
mobility for charge carriers of at least 10* cm®/ Vs are particu-
larly preferred. Charge carriers are e.g. positive hole charges.

[0029] The compounds according to the invention are typi-
cally readily soluble in the commonly available organic sol-
vents and are therefore outstandingly suitable for processing
from solution. Solvents which are suitable in particular are
aromatics, ethers or halogenated aliphatic hydrocarbons,
such as, for example, chloroform, toluene, benzene, xylenes,
diethyl ether, methylene chloride, chlorobenzene, dichlo-
robenzene or tetrahydrofuran, or mixtures of these. The com-
pounds according to the invention are conventionally soluble
in these solvents to the extent of at least 0.1 wt. %, preferably
at least 1 wt. %, particularly preferably at least 5 wt. %. The
compounds according to the invention form high quality lay-
ers of uniform thickness and morphology from evaporated
solutions and are therefore suitable for electronic uses, in
particular as a semiconductor layer in organic solar cells.

[0030] A contribution towards achieving the abovemen-
tioned objects is also made by a process for the preparation of
the compounds according to the invention, wherein

[0031] the -[L-R] radical or radicals or synthesis precur-
sors of the -[L-R] radical or radicals are present as an
organoboron compound and the branching group K is
present as an aryl or heteroaryl halide, or

[0032] the -[L-R] radical or radicals or synthesis precur-
sors of the -[L-R] radical or radicals are present as an
aryl or heteroaryl halide and the branching group K is
present as an organoboron compound,
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and the -[L.-R] radical or radicals or synthesis precursors of
the -[L-R] radical or radicals are bonded to the branching
group K via a Suzuki coupling.

[0033] In this context, “synthesis precursor of the -[L-R]
radical or radicals” is understood as meaning, for example,
compounds which obtain their final structure only after cou-
pling with the branching group K. Thus, for example, the
acceptor groups A in the linearly conjugated units L. can be
completed only after coupling of the synthesis precursors
with the branching group K. It is also conceivable to attach the
structural element -[M],-R or only the radical R only after
coupling of the synthesis precursors with the branching group
K.

[0034] According to a first particular embodiment of the
process according to the invention, the organoboron com-
pound employed is either a compound of the general formula
(VD) or a compound of the general formula (VII)

VD

(VID)

in which K, [ and R have the meaning described above and in
which o represents an integer from 3 to 6, where o in particu-
lar can assume the value 3, 4, 5 or 6.

[0035] In connection with the particular embodiment
described above for the process according to the invention, it
is furthermore preferable for the aryl or heteroaryl halide
employed to be either a compound of the general formula
(VIII) or a compound of the general formula (IX)

(VIII)
Y—L—R
(X)
K=Y,

in which K, L and R have the meaning described above, o
represents an integer from 1 to 5 andY represents Cl, Br, [ or
—0—S80,—RS, wherein RS represents a methyl, trifluorom-
ethyl, phenyl or tolyl group.

[0036] Suzuki coupling is described inter alia in Suzuki et
al., Chem. Rev. 1995, 95, 2457-2483. In a preferred embodi-
ment of the process according to the invention, the coupling is
carried out in the presence of at least one base and/or at least
one catalyst which comprises a metal of sub-group VIII of the
periodic table of the elements, in the following called metal of
sub-group VIII for short.

[0037] The preferred embodiment of the process according
to the invention is carried out at a temperature of from +20° C.
to +200° C., preferably from +40° C.to +150° C., particularly
preferably from +80° C. to +130° C., in an organic solvent or
solvent mixture.

[0038] Possible catalysts which comprise a metal of sub-
group VIII are in principle all suitable compounds which
comprise a metal of sub-group VIII, preferably Pd, Ni or Pt,
particularly preferably Pd. The catalyst(s) are preferably
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employed in amounts of from 0.05 wt. % to 10 wt. %, par-
ticularly preferably from 0.5 wt. % to 5 wt. %, based on the
total weight of the compounds to be coupled.

[0039] Particularly suitable catalysts are complex com-
pounds of metals of sub-group V111, in particular complexes
of palladium(0) which are stable in air, Pd complexes which
be readily reduced with organometallic reagents (e.g.
lithium-alkyl compounds or organomagnesium compounds)
or phosphines to give palladium(0) complexes, or palladium
(2) complexes, optionally with the addition of PPh; or other
phosphines. For example, PdCl,(PPh,),, PdBr,(PPh,), or
Pd(OAc), or mixtures of these compounds, with the addition
of PPh;, can be employed. Pd(PPh,),, without or with the
addition of phosphines, in a preferred embodiment without
the addition of phosphines, which is available in an inexpen-
sive form, is preferably employed. PPh;, PEtPh,, PMePh,,
PEt,Ph or PEt; are preferably employed as phosphines, par-
ticularly preferably PPh,. However, it is also possible to
employ as catalysts palladium compounds without the addi-
tion of phosphine, such as, for example, Pd(OAc),. Phase
transfer catalysts are furthermore suitable as catalysts.
[0040] Bases which are employed are, for example,
hydroxides, such as e.g. NaOH, KOH, LiOH, Ba(OH),,
Ca(OH),, alkoxides, such as e.g. NaOEt, KOEt, LiOEt,
NaOMe, KOMe, LiOMe, alkali metal salts of carboxylic
acids, such as e.g. sodium, potassium or lithium carbonate,
hydrogencarbonate, acetate, citrate, acetylacetonate, glyci-
nate, or other carbonates, such as e.g. Cs,CO; or T1,CO,,
phosphates, such as e.g. sodium phosphate, potassium phos-
phate or lithium phosphate, or mixtures of these. Sodium
carbonate is preferably employed. The bases can be
employed as solutions in water or as suspensions in organic
solvents, such as toluene, dioxane or DMF. Solutions in water
are preferred, since the products obtained can thus be easily
separated off from the reaction mixture due to their low solu-
bility in water.

[0041] Itis also possible to employ further salts, such as, for
example, LiCl or LiBr, as auxiliary substances.

[0042] Suitable solvents for the coupling reaction are, for
example, alkanes, such as pentane, hexane and heptane, aro-
matics, such as benzene, toluene and xylenes, compounds
comprising ether groups, such as dioxane, dimethoxyethane
and tetrahydrofuran, and polar solvents, such as dimethylfor-
mamide or dimethylsulphoxide. Aromatics are preferably
employed as solvents in the process according to the inven-
tion. Toluene is very particularly preferred. It is also possible
to employ mixtures of two or more of these solvents as the
solvent.

[0043] Working up of the reaction mixture is carried out by
methods known per se, e.g. by dilution, precipitation, filtra-
tion, extraction, washing, recrystallization from suitable sol-
vents, chromatography and/or sublimation. For example,
working up can be carried out in a manner in which when the
reaction is complete the reaction mixture is poured into a
mixture of acidic (ice-) water, e.g. prepared from 1 molar
hydrochloric acid, and toluene, the organic phase is separated
off, washing with water is carried out, and the product com-
prised as a solid is filtered off, washed with toluene and then
dried in vacuo. The compounds of the general formula (I) can
already be obtained in a high quality and purity without
further subsequent purification processes and are semicon-
ducting. However it is possible to purify these products fur-
ther by known methods, e.g. by recrystallization, chromatog-
raphy or sublimation.
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[0044] A contribution towards achieving the abovemen-
tioned objects is also made by the compounds obtainable by
the process described above.

[0045] A contribution towards achieving the abovemen-
tioned objects is also made by the use of the compounds
according to the invention for the production of semiconduct-
ing layers for electronic components, but in particular for the
production of semiconducting layers in organic solar cells.
Foruse, the compounds according to the invention are applied
to suitable substrates, for example to silicon wafers, polymer
films or glass panes provided with electrical or electronic
structures. All application processes are possible in principle
for the application. Preferably, the compounds and mixtures
according to the invention are applied from a liquid phase, i.e.
from solution, and the solvent is then evaporated. The appli-
cation from solution can be carried out by the known meth-
ods, for example by spraying, dipping, printing and knife-
coating. Application by spin coating and by ink jet printing is
particularly preferred. In this connection it is furthermore
particularly preferable for the compounds according to the
invention to be employed as a donor group in combination
with fullerenes as an acceptor group.

[0046] Thelayers produced from the compounds according
to the invention can be modified further after the application,
for example by a heat treatment, e.g. passing through a liquid
crystal phase, or for structuring e.g. by laser ablation.

[0047] A contribution towards achieving the abovemen-
tioned objects is also made by semiconducting layers which
comprise the compounds according to the invention. Accord-
ing to a preferred embodiment of the semiconducting layer
according to the invention, this comprises the compounds
according to the invention as a donor group and fullerenes as
an acceptor group, the weight ratio of compound according to
the invention to fullerene preferably being in a range of from
10:1 to 1:10, particularly preferably in a range of from 2:1 to
1:5 and most preferably in a range of from 1:1 to 1:3.

[0048] A contribution towards achieving the abovemen-
tioned objects is moreover made by an electronic component
comprising at least one semiconducting layer according to the
invention. Preferred electronic components in this context
are, in particular, organic solar cells.

[0049] The invention is now explained in more detail with
the aid of non-limiting examples.

[0050] Glass equipment was dried in an oven at 150° C. for
one hour, assembled in the hot state and cooled under an inert
gas (argon). Unless mentioned otherwise, exclusively anhy-
drous solvents were used. 2-Isopropoxy-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane, N-bromosuccinimide, n-butyllithium
solution, bis(dibenzylideneacetone)palladium, potassium
acetate, tetrakis(triphenylphosphine)palladium(0), malonic
acid dinitrile, ethylene glycol, heptanoyl chloride and 4,4,4",
4'5,5,5' 5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) ~ were
obtained from SigmaAldrich Co.

[0051] 2-(2-Ethylhexyl)thiophene and 2,7-(thien-2-yl)-2,
1,3-benzothiadiazole (see US 2004/0229925 A1), 2-(2-bro-
mothien-5-y1)-7-(thien-2-y1)-2,1,3-benzothiadiazole ~ (see
Organic Letters 2009, 11, 863-866) and tris {4-(4,4,5,5-tet-
ramethyl-[1,3,2]dioxaborolane)phenyl }amine (see Jens Cre-
mer, Peter Bauerle, Journal of Materials Chemistry, 2006,16,
874-884) were prepared analogously to the literature cited
here.
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EXAMPLE 1
[0052]

Pd(dppf)Cl,

00, e

/

Br S

\ /

[0053] A solution of 2-bromothiophene (83.15 g, 0.51 mol)
in 400 ml of THF was added dropwise to a suspension of
magnesium filings (13.37 g,0.55 mol) in 100 ml of THF inthe
course of 1 hour such that the solution boiled gently. The
mixture was then heated under reflux for a further 4 hours.
The Grignard solution obtained was added dropwise at room
temperature to a solution of 2,5-dibromothiophene (120.97 g,
0.5 mol) and [bis(diphenylphosphino)ferrocene]dichloropal-
ladium(II) (4.08 g, 0.005 mol) in 500 ml of THF and the
mixture was then boiled under reflux for 16 hours. The reac-
tion mixture was stirred into 2,000 ml of ice-cooled water
containing 600 ml of 1M HCl solution. The organic phase was
separated off and the aqueous phase was extracted twice with
300 ml of MTBE each time. The combined organic phases
were washed twice with 250 ml of water each time, dried over
sodium sulphate and filtered. The solvent was evaporated in
vacuo and the crude product obtained was distilled over a
Vigreux column (0.2 mbar, 107-110° C. fraction). Yield: 45.9
g (37.5%) of product as a colourless solid which crystallized
at room temperature (purity according to GC-MS>99%). 'H
NMR (250 MHz, CDCl,, d ppm): 6.91 (d, 1H, J=3.8 Hz), 6.97
(d, 1H, J=3.8 Hz), 7.01 (dd, 1H, J=3.6 Hz, J=5.1 Hz), 7.11
(dd, 1H, J=1.2 Hz, J=3.6 Hz), 7.23 (dd, 1H, J=1.2 Hz, J=5.1
Hz).

EXAMPLE 2

1-(2,2'-Bithien-5-yl)heptan-1-one
[0054]

1) Mg
/ \ S - 2) C¢H;3COCI, Li;MnCly

g \ / THF
I\ s
T\

[0055] A solution of 5-bromo-2,2'-bithiophene (10.5 g,
42.8 mmol) in 110 ml of THF was added dropwise to a
suspension of magnesium filings (1.04 g, 43.7 mmol)in 10 ml
of THF. The Grignard solution was boiled under reflux for 2
hours, subsequently cooled to room temperature and added
dropwise to a solution of heptanoyl chloride (6.34 g, 34
mmol) and freshly prepared Li,MgCl, (1.07 mmol) at 0° C.
The mixture was subsequently warmed to room temperature
in the course of 2 hours and then stirred further for one hour.
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Li,MgCl, was prepared from MgCl, (135 mg, 1.07 mmol)
and LiCl (95 mg, 2.24 mmol) by stirring in 15 ml of THF at
room temperature for 2 hours.

[0056] The reaction solution was added to 400 ml of water
and 600 ml of diethyl ether. The organic phase was separated
off and washed with water, dried over sodium sulphate and
filtered. The solvent was evaporated in vacuo and the residue
was dried in vacuo. 12.1 g of crude product with a content of
98% (measured by GPC) were obtained. Chromatography
over silica gel (mobile phase: toluene-hexane 1:1) resulted in
a pure product (yield: 10.70 g, 94%). 'H NMR (250 MHz,
CDCl;, 6 ppm): 0.88 (t, 3H, J=6.7 Hz), 1.20-1.45 (overlap-
ping signals, 6H), 1.73 (m, 2H, M=5, J=7.3 Hz), 2.85 (t, 2H,
J=7.3 Hz), 7.15 (d, 1H, J=3.7 Hz), 7.30 (s, 1H), 7.28-7.33
(overlapping signals, 2H), 7.58 (d, 1H, J=4.3 Hz). 1*C NMR
(125 MHz, CDCL,): (3 [ppm] 14.03, 22.48, 24.85, 28.99,
31.58, 39.02, 124.06, 125.48, 126.33, 128.18, 132.48, 136.
38, 142.32, 145.24, 193.27. Calculated (%) for C,H, ;0S,:
C, 64.71; H, 6.52; S, 23.03. Found: C, 64.89; H, 6.61; S,
22.79.

EXAMPLE 3

2-(2,2'-Bithien-5-y1)-2-hexyl-1,3-dioxolane
[0057]

O p-TosH,
HO—CH,—CH,—OH
Benzene, 85° C.

2
T\

L]
[V .

S \ / CeHyz

[0058] 1-(2,2'-Bithien-5-ylheptan-1-one (10.0 g, 35.9
mmol) was dissolved in hot anhydrous benzene (350 ml).
When dissolution was complete, 4-toluenesulphonic acid
(p-TosH) (1.37 g, 7.2 mmol) and ethylene glycol (80 ml, 89 g,
1.44 mol) were added. The solution was then boiled at 110° C.
for 18 hours using a water separator. Thereafter, a saturated
aqueous sodium hydrogencarbonate solution was added and
the mixture was extracted with 3x300 ml of toluene. The
combined organic phases were dried over sodium sulphate
and filtered. The solvent was evaporated in vacuo and the
residue was dried in vacuo. 11.79 g of crude product were
obtained with a product content of 80% (according to 'H
NMR analysis). The crude product was purified by chroma-
tography over silica gel (eluent: toluene) and recrystallized
from hexane (vield: 8.35 g, 72%). 'H NMR (250 MHz,
CDCl;, 6 ppm): 0.87 (t, 3H, J=6.7 Hz), 1.18-1.48 (overlap-
ping signals, 8H), 1.99 (t, 2H, J=7.3 Hz), 3.93-4.08 (overlap-
ping signals, 4H), 6.88 (d, 1H, J=3.7 Hz), 6.97-7.03 (overlap-
ping signals, 3H), 7.12 (dd, 1H, J=1.2 and 2.4 Hz), 7.18 (dd,
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1H,J=1.2and 4.3 Hz). ">*CNMR (125 MHz, CDCl,): § [ppm]
14.06, 22.55,23.68,29.25,31.71, 40.55, 64.97, 108.98, 123.
34,123.52,124.28,125.00, 127.75, 136.86, 137.38, 147.71.
Calculated (%) for C,,H,,0,S,: C, 63.32; H, 6.88; S, 19.89.
Found: C, 63.55; H, 6.94; S, 19.75.

EXAMPLE 4

2-[5'-(2-Hexyl-1,3-dioxolan-2-y1)-2,2'-bithien-5-yl1]-
4.4,5,5-tetramethyl-1,3,2-dioxaborolane

[0059]

(I)_(I) 1) BuLi
/ \ < 2) IPTMDOB

THF
S \ / CeHis 78 >+200C.

/B S \ / CeHyz

[0060] A 1.6 M solution of n-butyllithium (15.70 ml, 25.1
mmol) in hexane was added dropwise at —78° C. to a solution
of 2-(2,2'-bithien-5-y1)-2-hexyl-1,3-dioxolane (8.10 g, 25.1
mmol) in 250 ml of THF. The reaction solution was stirred at
-78° C. for 60 minutes. 2-Isopropoxy-4,4,5,5-tetramethyl-1,
3,2-dioxaborolane (5.124 ml, 25.1 mmol) was then added in
one portion. The reaction solution was stirred at —=78° C. for 1
hour, the cooling bath was then removed and the solution was
stirred for a further hour. When the reaction was complete,
600 ml of freshly distilled diethyl ether were added. 25 ml of
a 1M HCI solution were then added dropwise. The organic
phase was separated off, washed with water, dried over
sodium sulphate and filtered.

[0061] After evaporation of the solvent in vacuo, 11.26 g
(95%) of product were obtained (98% purity according to
GPC). The product was employed in the subsequent reaction
without further purification. 'H NMR (250 MHz, CDCl,, &
ppm): 0.84 (t, 3H, J=6.7 Hz), 1.18-1.48 (overlapping signals
with a maximum at 1.33 ppm, 20H), 1.99 (t, 2H, J=7.3 Hz),
3.93-4.08 (overlapping signals, 4H), 6.88 (d, 1H, J=3.7 Hz),
7.06 (d, 3H, J=3.7 Hz), 7.18 (d, 1H, J=3.7 Hz), 7.49 (d, 1H,
J=3.7 Hz). *C NMR (125 MHz, CDCl,): & [ppm] 14.06,
22.54, 23.64, 24.73, 29.24, 31.70, 40.54, 64.99, 84.14, 108.
95, 124.05, 124.73, 125.13, 136.72, 137.90, 144.12, 146 .44.
Calculated (%) for C,3H;33BO,S,: C,61.60; H, 7.42; S, 14.30.
Found: C, 61.45; H, 7.27; S, 14.24.
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EXAMPLE 5

Tris{4-[5'-(2-hexyl-1,3-dioxolan-2-y1)-2,2'-bithien-
5-yl]phenyl}amine
[0062]

Br Br

Jan. 30, 2014

Pd(PPhs)s

Toluene/Ethanol
anol

@

@indicates text missing or illegible when filed

[0063] The degassed solutions of tris(4-bromophenyl)
amine (1.26 g, 2.61 mmol) and 2-[5'-(2-hexyl-1,3-dioxolan-
2-y1)-2,2'-bithien-5-yl]-4,4,5,5-tetramethyl-1,3,2-diox-

aborolane (4.4 g, 9.8 mmol) in 60 ml of toluene, 10 ml of
ethanol and an aqueous 2 M Na,COj; solution (14 ml) were
added to Pd(PPh,), (340 mg, 0.29 mmol) and the mixture was
boiled under reflux for 12 hours. When the reaction was
complete, 200 ml of toluene and 100 ml of water containing
29 ml of a 1N HCI solution were added. The organic phase
was separated off, washed with water, dried over sodium
sulphate and filtered. For purification, the crude product was

CeHyz

chromatographed over silica gel (eluent: toluene), and was
obtained as pale yellow crystals (yield: 2.32 g, 74%). 'H
NMR (250 MHz, CDCL,): d [ppm] 0.85 (t, 9H, J=6.7 Hz),
1.18-1.48 (overlapping signals, 24H), 2.00 (t, 6H, J=7.3 Hz),
3.93-4.08 (overlapping signals, 12H), 6.89 (d, 3H, J=3.7 Hz),
7.02(d,3H,J=3.7 Hz), 7.07-7.17 (overlapping signals, 12H),
7.48 (d, 6H, 1=8.5 Hz). 1*C NMR (125 MHz, CDCl,): §
[ppm] 14.07, 22.56, 23.69, 29.27, 31.73, 40.57, 65.00, 109.
01, 123.09, 123.11, 124.40, 124.44, 125.10, 126.50, 128.94,
136.11, 136.97, 142.65, 145.66, 146.40. Calculated (%) for
CeoH,sNOGS,: C,68.68,H,6.26;N, 1.16; S, 15.94. Found: C,
68.89; H, 6.29; N, 1.08; S, 15.75.
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EXAMPLE 6

1,1',1"-[Nitrilotris(4,1-phenylene-2,2'-bithiene-5',5-
diyl)|triheptan-1-one

[0064]

Jan. 30, 2014

HCI
—_—
THF

CeHyz

[0065] 5.5mlofa 1M HCIsolution were added dropwise to
a solution of tris {4-[5'-(2-hexyl-1,3-dioxolan-2-y1)-2,2'-
bithien-5-yl|phenyl} amine (2.2 g, 1.8 mmol) in 70 ml of
THEF. After the solution had been stirred at room temperature
for 2 hours, it was heated under reflux for a further 2 hours, the
product partly precipitating as a yellow powder. When the
reaction had ended, the organic phase was separated off and
washed with water and the product was filtered off (yield:

1.52 g, 98%). "H NMR (250 MHz, CDCl,): 8 [ppm] 0.88 (t,
9H, J=6.1 Hz), 1.22-1.45 (overlapping signals, 18H), 1.74 (m,
6H, M=5, J=7.3 Hz), 2.86 (t, 6H, J=7.3 Hz) 7.11-7.18 (over-
lapping signals, 9H), 7.20 (d, 3H, J=3.7 Hz), 7.27 (d, 3H,
J=3.7 Hz), 7.52 (d, 6H, J=8.5 Hz), 7.59 (d, 3H, J=4.3 Hz).
Calculated (%) for Cg;HgsNOSS.: C,70.42; H, 5.91; N, 1.30;
S, 17.90. Found: C, 71.10; H, 5.94; N, 1.19; S, 17.61.



US 2014/0027746 Al
13

EXAMPLE 7

2,2' 2"-[Nitrilotris(4,1-phenylene-2,2'-bithiene-5',5-
diythept-1-yl-1-ylidene)]trimalononitrile

[0066]
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Cely3

NC CN
\/

Pyridine
yridin

NC

NC

@ indicates text missing or illegible when filed

[0067] 1,1',1"-[Nitrilotris(4,1-phenylene-2,2'-bithiene-5',

5-diyl)] triheptan-1-one (1.78 g, 1.7 mmol), malonic acid
dinitrile (1.31 g, 19.9 mmol) and anhydrous pyridine were
stirred in a reaction vessel for 10 hours under microwave
heating (105° C.). When the reaction was complete, the pyri-
dine was removed in vacuo and the product was purified by
chromatography with silica gel (eluent: toluene). 1.44 g

\_/

Cely3

(84%) of the pure product were obtained as a black powder.
'HNMR (250 MHz, CDCl,): § [ppm] 0.89 (t, 9H, J=6.7 Hz),
1.20-1.50 (overlapping signals, 18H), 1.7 (m, 6H, M=5, I=7.3
Hz), 2.92 (t, 6H, J=7.3 Hz), 7.16 (d, 6H, J=8.5 Hz), 7.24 (d,
3H,J=3.7Hz),7.27 (d, 3H, J=4.3 Hz),7.35 (d, 3H, J=3.7 Hz),
7.51(d, 6H,J=8.5Hz),7.95 (d,3H, J=4.3 Hz). '>*CNMR (125
MHz, CDCL,): § [ppm] 13.97, 22.42, 29.19, 30.44, 31.26,
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37.50, 113.87, 114.68, 123.83, 124.55, 124.78, 126.88, 127.
64, 128.45, 133.76, 135.07, 135.15, 146.20, 146.72, 146.84,
166.32. Calculated (%) for C,,HNS¢: C, 70.96; H, 5.21; N,
8.04; S, 15.79. Found: C, 71.15; H, 5.31; N, 7.97; S, 15.52.

EXAMPLE 8
2-[5-(2-Ethylhexyl)thien-2-yl]-4,4,5,5-tetramethyl-1,
3,2-dioxaborolane (EH-T-BPin)

[0068]

[ b,

F/Hexane
THF/Hexane °C.-20°C.
-78° C.-20°C. ®

(0]
;C‘B -~
o7 =0

186.06
CoH9BO3

-78°C.-20°C.

196.36
CiaHzoS

(6]
NN
/B
o S
322.32
C1gH3,BO,S

@indicates text missing or illegible when filed

[0069] 41 ml of n-butyllithium (2.5 M in hexane) were
added at =78° C. to 150 ml of THF. Thereafter, a solution of
20 g of EH-T in 150 ml of THF was added at -65° C. in the
course of 30 minutes and the mixture was stirred at —78° C.
for 1 h. After warming to 0° C., the mixture was cooled again
to —=65° C., 21 ml of 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane were added all at once and the mixture was
stirred in the cold for 20 min and at room temperature over-
night. The cloudy solution was stirred into 600 ml of MTBE
and the resulting mixture was added to a solution of 900 ml of
ice-water with 100 ml of HC1 (1M). After separation of the
phases, the organic phase was washed with 2x500 ml of water
and dried over sodium sulphate and the solvent was removed
on a rotary evaporatot. Yield: 0.58 g (93%) of a pale pink clear
oil; '"H NMR (400 MHz, CDCl,) 8 7.47 (d, I=3.4 Hz, 1H),
6.84 (d, J=3.4 Hz, 1H), 2.79 (d, J=6.9 Hz, 2H), 1.64-1.56 (m,
1H), 1.37-1.24 (m, 20H), 0.88 (dd, J=8.4, 6.4 Hz, 6H).
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EXAMPLE 9

2-{2-[5-(2-Ethylhexyl)-thien-2-yl]-thien-5-y1}-7-
(thien-2-y1)-2,1,3-benzothia-diazole (EH-2T-BTD-T)

[0070]

[\

379.32
C 45BN, S;

379,32
H;BrN,S;

0,
\

s \J

32232 @

C1gH3,BO,S

Pd cat.
o Pd-Kat

—_—
THF, Nap,CO5

322,32
H;,BO,S

/S\

N\ /N
/

S S

494.77 @ 494,77
CasHa6N2S4 26H26N284

@indicates text missing or illegible when filed

[0071] 350 mg of tetrakis(triphenylphosphine)palladium
(0) and 25 ml of degassed 2 M sodium carbonate solution
were added to a degassed solution of 7.33 g of Br-T-BTD-T
and 6.00 g of EHT-BPin in 110 ml of tetrahydrofuran and the
mixture was stirred at 60° C. for 22 h. Thereafter, a further 2
g of EH-T-BPin and 150 mg of tetrakis(triphenylphosphine)
palladium(0) were added and stirring was continued until the
conversion was complete. The reaction mixture was added to
260 ml of ice-cooled hydrochloric acid (0.1M), while stirring,
and the mixture was stirred for 15 min. It was extracted by
shaking with 5x100 ml of toluene. The combined organic
phases were washed with 2x100 ml of water, dried over
sodium sulphate and concentrated on a rotary evaporator and
the residue was dried. The substance was purified by chro-
matography (mobile phase: hexane/toluene 4/1). 4.0 g (70%)
of a red solid were obtained. 'H NMR (400 MHz, CDCl,) §
8.12 (dd, J=3.6, 1.1 Hz, 1H), 8.03 (d, J=3.9 Hz, 1H), 7.85 (q,
J=7.6 Hz, 2H), 7.46 (dd, J=5.2, 1.0 Hz, 1H), 7.21 (dd, J=5.0,
3.8 Hz, 1H), 7.19 (d, J=3.9 Hz, 1H), 7.11 (d, J=3.5 Hz, 1H),
6.71 (d, I=3.5 Hz, 1H), 2.76 (d, J=6.8 Hz, 2H), 1.61 (dt,
J=11.9, 6.0 Hz, 1H), 1.44-1.23 (m, 8H), 0.91 (t, J=7.4 Hz,
6H).
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EXAMPLE 10

2-(2-Bromothien-5-y1)-7-{2-[5-(2-ethylhexyl)-thien-
2-yl]-thien-5-y1}-2,1,3-benzothiadiazole (EH-2T-

BTD-T-Br)
[0072]
N/S\N
\
/\ I\
S S \ /
494.77 17
Ca6Ha6N2Sy ® N>S4
S
N/ \N
\_/
/ \ I\ s
Br S S \ /
@ 573.66 573,66
CoHasBrN>Sy

®indicates text missing or illegible when filed

[0073] A solution of 2.67 g of N-bromosuccinimide in 200
ml of anhydrous DMF was added dropwise at 0° C. to a
solution, kept in the dark, of 6 g of EH-2T-BTD-T in 200 ml
of anhydrous

[0074] DMEF in the course of 95 min and the mixture was
stirred at RT overnight. A further 0.52 g (0.5 eq) of N-bromo-
succinimide was subsequently added in small portions and
the mixture was stirred for a further hour. The solution was
stirred into 800 ml of ice-water with evolution of heat and the
mixture was subsequently stirred for 20 min. The red suspen-
sion was extracted with 3x250 ml of toluene. The combined
toluene phases were washed with 2x250 ml of water, dried
over sodium sulphate and concentrated on a rotary evaporator
and the Bordeaux red solid was dried. Yield: 3.52 g, (48%).'H

573.66
C26H25BrN2S4

N/S\N
\
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NBS, DMF
—_—
-10°C.

NMR (400 MHz, CDCL,) § 8.04 (d, J=3.9 Hz, 1H), 7.83 (d,
J=7.6 Hz, 1H),7.80 (d, J=2.9 Hz, 1H),7.79 (d, ]=7.7 Hz, 1H),
7.19 (d, J=3.9 Hz, 1H), 7.15 (d, J=3.9 Hz, 1H), 7.11 (d, I=3.5
Hz, 1H), 6.71 (d, J=3.5 Hz, 1H), 2.76 (d, J=6.7 Hz, 2H),
1.65-1.57 (m, 1H), 1.43-1.27 (m, 98H), 0.95-0.88 (m, J=0.1,
5.7 Hz, 6H).

EXAMPLE 11

2-[2-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl-
thien-5-y1]-7-{2-[5-(2-ethylhexyl)thien-2-yl]-thien-
5-y1}-2.1,3-benzothiadiazole (EH-2T-BTD-T-BPin)

[0075]

@
Pd(dba),
P(Cy)s
KOAc

0 0
\ /
B—B
/ \
o o

Dioxane, KOAc
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0

73

C32H37BN202S4

@ indicates text missing or illegible when filed

[0076] Bis(dibenzylideneacetone)palladium, tricyclo-
hexylphosphine, EH-2T-BTD-T-Br, 4,4,4',4',5,5,5',5'-octam-
ethyl-2,2'-bi(1,3,2-dioxaborolane) and potassium acetate
were dried in a vacuum drying cabinet at 40° C. for 6 h. A
suspension of 0.32 g of tricyclohexylphosphine and 0.28 g of
bis(dibenzylideneacetone)palladium in 60 ml of dioxane was
stirred for 30 min. 6.08 g of EH-2T-BTD-T-Br in 25 ml of
dioxane were subsequently added. Thereafter, 2.97 g of 4.4,
4'4'5,5,5', 5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) and
finally 1.6 g of potassium acetate were added. The reaction
mixture was heated at 80° C. for 4 h. The solution was stirred
into 250 ml of water and the suspension obtained was
extracted with 4x120 ml of toluene. The combined organic
phases were washed with 2x100 ml of water and 100 ml of
saturated aqueous sodium chloride solution, dried over
sodium sulphate and concentrated on a rotary evaporator. The
dark red residue was taken up again in chloroform, adsorbed
on silica gel and filtered over silica gel with 5 1 of methanol.
Yield: 2.2 g (34%) of a dark red filmy solid. 'H NMR (400
MHz, CDCl,) § 8.18 (d, I=3.8 Hz, 1H), 8.05 (d, J=3.9 Hz,
1H), 7.93 (d, I=7.7 Hz, 1H), 7.85 (d, J=7.7 Hz, 1H), 7.71 (d,
J=3.8Hz, 1H),7.20(d, J=3.9 Hz, 1H),7.12 (d, J=3.5 Hz, 1H),
6.71 (d, J=3.5 Hz, 1H), 2.76 (d, J=6.7 Hz, 2H), 1.92 (m, 1H),
1.38 (s, 12H), 1.40-1.24 (m, 8H), 0.97-0.85 (m, 6H).

EXAMPLE 12
1,3,5{4-(4,4,5,5-Tetramethyl-[ 1,3,2]dioxaborolane)
phenyl}benzene
[0077]
Br
[ 1. n-BuLi, THF

&

\
/B—O
(6]

2.
| Br )\

s @ g
C24H15B13

-continued

O
e}

O~ O

B684.30 |

o® 0

430
C42151B306

@ indicates text missing or illegible when filed

[0078] 2.4 ml of n-butyllithium (2 M in hexane) were added
at —80° C. to a solution of 1.09 g of 1,3,5-(4-bromophenyl)
benzene in 40 ml of THF. The mixture was stirred at -80° C.
for 1 h and 1.3 ml of 2-isopropoxy-4,4,5,5-tetramethyl-[1,3,
2]dioxaborolane were subsequently added to the resulting
suspension. After warming to room temperature, the solvent
was removed. The residue was suspended in chloroform and
subsequently suspended in water. After separation of the
phases, the aqueous phase was extracted with chloroform.
The combined chloroform phases were dried over sodium
sulphate and concentrated to 2 ml on a rotary evaporator. 10
ml of hot ethanol were added to the residue and the mixture
was recrystallized at 24° C. overnight. The product obtained
was filtered off with suction and dried in vacuo.

[0079] The compounds according to the invention can also
be prepared in an analogous manner starting from the follow-
ing branching groups K present as an organoboron com-
pound:
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EXAMPLE 13
O,
>€h [0080] Tris-4-{2-[2-(2-[5-(2-ethythexyl)-thien-2-y1]-
thien-5-y1)-2,1,3-benzothiadiazol-7-yl]-thien-5-y1 }-pheny-
lamine

?)573.66 *

C26H25BrN2584

O
(e}

Pd[P(Ph)3]4
Na,CO; (2M)

THF, H,0

23,22
C36H48B306
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=
1,723.58

@ 23,58

C96H87BrN7812

@indicates text missing or illegible when filed

[0081] 140 mg of tetrakis(triphenylphosphine)palladium
(0) and subsequently 3 ml of degassed sodium carbonate
solution (2 M) were added to a degassed solution of 1.38 g of
EH-2T-BTD-T-Br in 60 ml of THF and the mixture was
heated to 60° C. A solution of 0.50 g of tris {4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolane)phenyl} amine in 40 ml of
THF was added dropwise in the course of 1 h and the mixture
was stirred at 60° C. until the end of the reaction (TLC
control). Thereafter, the reaction mixture was added to 200 ml
of' water and 6 ml of hydrochloric acid (1M) were added, and

o—w
oO—w
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the mixture was stirred for a further 10 min. The mixture was
extracted with 3x100 ml of chloroform. The combined
organic phases were washed with 100 ml of water, dried over
sodium sulphate and concentrated on a rotary evaporator. The
crude product was separated by means of gradient column
chromatography (mobile phase: hexane/toluene 3/1, toluene
and methanol).

[0082] The following compounds according to the inven-
tion can be prepared in an analogous manner:
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1784,66
C102H90B6S12
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1802,74
CO6H84B6S15
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EXAMPLE 14

[0083] The compound according to the invention from
Example 7 is used for construction of an organic solar cell
(OSC). The procedure for the production of the OSCs is as
follows:

1. Preparation of the ITO-Coated Substrate

[0084] ITO-coated glass (Merck Balzers AG, FL, part no.
253 674 XO) is cut into pieces 25 mmx25 mm in size (sub-
strates). The substrates are then cleaned in 3% aqueous Muca-
sol solution in an ultrasound bath for 15 min. Thereafter, the
substrates are rinsed with distilled water and spin-dried in a
centrifuge. Immediately before coating, the ITO-coated sides
are cleaned for 10 min in a UV/ozone reactor (PR-100, UVP
Inc., Cambridge, GB).

2. Application of the Hole-Extracting Layer (HEL)

[0085] About 10 ml of the aqueous solution of CLEV-
1OS™ P AT4083 (Heraeus Clevios GmbH, Leverkusen) are
filtered (Millipore HV, 0.45 pum). The cleaned ITO-coated
substrate is laid on a spincoater and the filtered solution is
distributed on the ITO-coated side of the substrate. The
excess solution is then removed by rotating the plate at 800
rpm over a period of 30 s. Thereafter, the substrate coated in
this way is dried on a hot-plate at 200° C. for 5 min. The layer
thickness is 60 nm (Dektac 150, Veeco).

[0086] The substrate coated with the HEL is transferred
into a glove box system (M. Braun). All the following steps
3-5 are carried out here under a nitrogen atmosphere under a
partial pressure of water and oxygen of less than 1 ppm.

3. Application of the Light-Absorbing Layer (LAL)

[0087] 46.7 mgofthe compound according to the invention
from Example 7 and 46.6 mg of the substance [6,6]-phenyl-
C61-butyric acid methyl ester-1-[3-(methoxycarbonyl)pro-

2287.41
C129H112B8S16

pyl]-1-phenyl-[6.6]C61-3'H-cyclopropa[ 1,9] [5,6] fullerene-
C60-Ih-3'-butyric acid 3'-phenylmethyl ester (PCBM,
Solenne B.V., batch 25-02-10) are stirred in 3.02 ml of dichlo-
robenzene on a hot-plate at approx. 50° C. until all the mate-
rial has dissolved completely. The solution is then filtered in
the hot state via a syringe filter (Millipore HV, 0.45 um) and
then distributed on the HEL-coated substrate, which is on a
spincoater. The excess solution is removed by rotating the
plate at 500 rpm over a period of 30 s. Thereafter, the substrate
coated in this way is dried on a hot-plate at 60° C. for 10 min.
The total layer thickness of HEL and L AL is 145 nm (Dektac
150, Veeco).

4. Application of the Metal Cathode

[0088] Metal electrodes are vapour-deposited as cathodes
on the substrate with the ITO//HEL/LAL layer system. A
vacuum apparatus (Edwards) equipped with two thermal
vaporizers which is integrated into the glove box system is
used for this. The layer system is covered with a shadow mask
which consists of circular holes of 2.5 mm and 6 mm diam-
eter. The substrate is laid on the rotating sample holder with
the mounted shadow mask downwards. The dimensions of
the sample holder are such that four substrates can be accom-
modated at the same time. A 25 nm thick Ca layer and then,
without intermediate ventilation, an 80 nm thick Ag layer are
vapour-deposited from two thermal vaporizers under a pres-
sure of p=10~> Pa. The vapour deposition rates are 10 A/s for
Ba and 20 A/s for Ag. The circular metal electrodes isolated
from one another have an area of 4.9 mm?> and 28 mm?>
respectively.

5. Characterization of the OSC

[0089] The characterization of the OSC is likewise carried
out in the glove box system filled only with nitrogen. A solar
simulator (1,000 W quartz-halogen-tungsten lamp, Atlas
Solar Celltest 575), the homogeneous light of which is



US 2014/0027746 Al

23

directed upwards, is recessed into the base of this. An alu-
minium plate with a circular recess of 2 cm diameter as a
holder for the OSC is located in the cone of light. The OSC to
be measured is positioned centrally over the recess. The dis-
tance from the sample plane to the base is 10 cm. The light
intensity can be attenuated with inserted grating filters. The
intensity at the sample plane is measured with an Si photocell
and is approx. 500 W/m?. The Si photocell was calibrated
beforehand with a pyranometer (CM10). The temperature of
the sample holder is determined with a heat sensor (PT100+
testtherm 9010) and is max. 40° C. during the measurement.

[0090] The OSC is contacted electrically by connecting the
ITO electrode to an Au contact pin (+ pole) and pressing a thin
flexible Au wire on to one of the metal electrodes (- pole).
Both contacts are connected via a cable to a current/voltage
source (Keithley 2800). The light source is first covered and
the current/voltage characteristic line is measured. For this,
the voltage is increased from -1 V to +1 V in increments of
0.01V and then lowered againto —1 V. The current is recorded
at the same time. Thereafter, the characteristic line is plotted
analogously under illumination. From these data, the param-
eters relevant to the solar cell, such as conversion efficiency
(efficiency TO, open circuit voltage (OCV), short circuit cur-
rent (SCC) and fill factor (FF), are determined in accordance
with the European standard EN 60904-3.

6. Results:

[0091] In a current/voltage characteristic line of the cell
construction described in Example 1-5, on the left is plotted
the current density over the voltage, and on the right the
electrical power of the photocell over the voltage applied. The
maximum of the curve gives the highest power of the cell
(Pm) at a radiation power of P0=498 W/m? and specifies the
maximum power voltage (WP). The efficiency rl and the fill
factor FF can be calculated according to m=Pm/PO and
FF=Pm/(OCV-SCC). These parameters are shown in Table 1.

EXAMPLE 15

[0092] The compound according to the invention from
Example 7 is used for construction of an organic solar cell
(OSC). The procedure for the production of the OSCs is as in
Example A, with the difference that under point 3. “Applica-
tion of the light-absorbing layer (LAL)” 48.8 mg of the com-
pound according to the invention from Example 7 and 97.6
mg of the fullerene PCBM (Solenne B. V., batch 25-02-10) are
dissolved in 4.73 ml of dichlorobenzene. The layer is pro-
duced analogously to Example A point 3. The total layer
thickness of HEL and LAL is 140 nm (Dektac 150, Veeco).

[0093] The OSC-relevant parameters are shown in Table 1.
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EXAMPLE 16

Comparison Example

[0094] The procedure for the production of the comparison
cells is as in Example 14, with the difference that under point
3. “Application of the light-absorbing layer (LAL)” 97.8 mg
of the substance poly(3-hexylthiophene-2,5-diyl) (P3HT,
Sepiolid P 200, BASF) are stirred with 97.9 mg of the
fullerene PCBM (Solenne B.V., batch 25-02-10) in 6.33 ml of
dichlorobenzene on a hot-plate at approx. 50° C. until all the
material has dissolved completely. The solution is then fil-
tered in the hot state over a syringe filter (Millipore HV, 0.45
pm) and then distributed on the HEL-coated substrate, which
is on a lacquer whirler coater. The excess solution is spun off
by rotating the plate at 750 rpm over a period of 30 s. There-
after, the substrate coated in this way is dried on a hot-plate at
130° C. for 10 min. The total layer thickness of HEL. and LAL
is 210 nm (Dektac 150, Veeco).

[0095] The OSC-relevant parameters are shown in Table 1.
EXAMPLE 17
Comparison Example
[0096] The procedure for the production of the comparison

cells is as in Example 14, with the difference that under point
3. “Application of the light-absorbing layer (LAL)” 72.8 mg
of the substance poly(3-hexylthiophene-2,5-diyl) (P3HT,
Sepiolid P 200, BASF) are stirred with 145.6 mg of the
fullerene PCBM (Solenne B.V., batch 25-02-10) in 7.06 ml of
dichlorobenzene on a hot-plate at approx. 50° C. until all the
material has dissolved completely. The solution is then fil-
tered in the hot state via a syringe filter (Millipore HV, 0.45
um) and then distributed on the HEL-coated substrate, which
is on a spincoater. The excess solution is spun off by rotating
the plate at 750 rpm over a period of 30 s. Thereafter, the
substrate coated in this way is dried on a hot-plate at 130° C.
for 10 min. The total layer thickness of HEL and LLAL is 210
nm (Dektac 150, Veeco).

[0097] The OSC-relevant parameters are shown in Table 1.
CONCLUSION EXAMPLES 14-17
[0098] As can be seen from Table 1, the compound accord-

ing to the invention from Example 7 is suitable as a compo-
nent for the construction of the active layer of OSCs deposited
from solution. Compared with the prior art, such as e.g.
P3HT:PCBM, the compound according to the invention from
Example 7 has the advantage of higher open circuit voltages
(OCV). As can be seen from Table 1, the open circuit voltage
for cells comprising the compound according to the invention
from Example 7 in combination with PCBM is 0.85V -0.9V,
whereas with the comparison substance in similarly pro-
cessed cells only 0.54 V -0.56 V is reached.

TABLE 1
Compound
from

Example 7: Area SCC ocv Pm PO n
PCBM [em?]  [mA/em?] [V] [mW/em?] [W/m?] [%] FF
Ex. 14 1:1 0.283 2.06 0.890 0.68 498 137 0.37
1:1 0.049 2.24 0.876 0.75 498 151 0.38
1:1 0.049 1.96 0.873 0.56 498 .12 0.32
1:1 0.049 2.13 0.702 0.56 498 .12 0.37
Ex. 15 1:2 0.283 2.38 0.777 0.67 498 134 0.36
1:2 0.049 2.25 0.865 0.76 498 153 0.39
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TABLE 1-continued

12 0.283 175 0.843 0.56 498 113 038
12 0.049 1.66 0.755 0.48 498 0.97 038

P3HT: Area sce ocv Pm PO n
PCBM [em?]  [mA/fcm?] [V] [mW/em?] [W/m?] [%] FF
Ex. 16 1:1 0.049 2.87 0.556 0.97 488 1.99 0.61
1:1 0.282 3.57 0.560 1.02 488 2,08 0.51
1:1 0.049 3.57 0.559 1.19 488 244 0.60
1:1 0.049 3.73 0.551 1.24 488 2,54 0.60
1:1 0.282 3.48 0.559 0.90 488 1.84 046
Ex. 17 12 0.282 1.77 0.551 0.53 485 110 055
12 0.049 1.64 0.540 0.43 485 0.89  0.49
12 0.049 1.95 0.550 0.60 485 125 057
12 0.282 1.80 0.549 0.51 485 1.05 051

1. Compounds of the general formula (I)
@

K—L—R],

wherein
n is an integer from 3 to 6,

R represents H or a non-conjugated chain,

L are linear conjugated units according to the general for-

mula (1)

*—Mp—AfME—*

in which

an

X, v in each case independently of each other represent

an integer from 0 to 20,

A represents an acceptor group according to one of the

following formulae I1Ia-I1Ir

m

N

m

(ITla)

(ITIb)

(Illo)

(T1Id)
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-continued
(Ille)
N\
S *
N
N m
(I1If)
N N
Ngwgs
8 s” 1,
(Ilg)
* \ *
<N /]
(I1Ih)
NCYCN
(I1I)

_ 11
S
N\/ \/N
*
N%S /N
(1K)
R? R?
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-continued

(11l

O

* *

\_{

(ITIm)

(ITIn)
NC CN

(ITo)

(1lIp)

N N
>\ /<
_RZ Rz_m
(Ig)
N N
N7 N\
S)_QS

in which
m represents an integer from 1 to 20,

R? represents H or a linear or branched C,-C,,-alkyl
group, preferably a C,-C,,-alkyl group, a linear
C,-C,,-alkyl group, preferably C,-C,,-alkyl group,
which is optionally interrupted by one or more O or S
atoms or silylene, phosphonoyl or phosphoryl groups,
or an optionally substituted aromatic radical,

in the case of the acceptor group I1Th R=H,

M represents an aryl compound according to one of the
following formulae [Va-IVr
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*

0

\ / Y\ [

*

S
\ /N
R? S
S S
*
S
S S
*
S S
*
N
\
R3

j8Ss e
*
<

()
Vg
>

3

-
oo
*
\S/*

(IVa)

(IVb)

(IVe)

Ivd)

(IVe)

avh

Vg

(IVh)

Ivi)

avp
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-continued C,-C,,-alkyl group, preferably C,-C,,-alkyl group,

(IVk) which is optionally interrupted by one or more O or S
atoms or silylene, phosphonoyl or phosphoryl groups,
where, if the aryl compound A comprises two radicals
R3, these can be identical or different,

K represents a branching group according to one of the
following formulae Va-Vt

R3

Oy

avi

*

(Va)

3

Si
/\
R R}
(IVm)
\ / \ /
NR?
R® R
S

*

(Vb)
(IVn)

(IVo)
(Vo)

o

T

S
* k3
S
*
*
? k3
*
3 3 *
RY CN
* k3
N\ N NC CN
. *
* 8
(IVp) O
‘ . *
O Si
R} R
*

x>

(Vd)

Vg

N\

* *
Ivr)
* *

1T

R R?

in which

R? represents H or a linear or branched C,-C,,-alkyl
group, preferably a C,-C,,-alkyl group, or a linear
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-continued

*

* O *
* O *

*

Jan. 30,2014

27
-continued
(VD
. (Vk)
Si
!
| (VD
\Si/*
/\/Si/*
; ~
S
o
e \\
Si—
(Vg) N
(Vm)
(Vh)
(Vi) (Vn)
(Vi)
(Vo)
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-continued -continued
(V)
(Vp)
g W,
Si 0
S
in which
(Va)
R* represents H or a linear or branched C,-C,,-alkyl
* * group, preferably a C,-C,,-alkyl group, or a linear
C,-C,,-alkyl group, preferably C,-C,,-alkyl group,
which is optionally interrupted by one or more O or S
B atoms or silylene, phosphonoyl or phosphoryl groups.
2. Compounds according to claim 1, wherein M represents
optionally substituted 2,5-thienylene (IVr):
* (IVr)
S
" \ /
B wherein
R? can be identical or different and represents H or a linear
or branched C,-C,,-alkyl group, preferably a C,-C,,-
alkyl group, or a linear C,-C,,-alkyl group, preferably
C,-C,,-alkyl group, which is optionally interrupted by
| one or more O or S atoms or silylene, phosphonoyl or
phosphoryl groups.
3. Compounds according to claim 2, wherein R> represents
a hydrogen atom.
4. Compounds according claim 1, wherein K represents a
X V) branching group of the formula (Ve), (Vg) or (Vi)

(Ve)
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29
-continued 7. Compounds according to claim 5, wherein:
(Vg) M represents 2,5-thienylene (IVr)
(IVr)
S
R} R}
(Vi) in which R? represents a hydrogen atom,

X represents 1;
y represents 2;
A represents an acceptor group of the formula (I1la)

(I11a)

5. Compounds according to claim 4, wherein K represents

a branching group of the formula (Vi) o which L and
in which m represents 1; an

R represents a radical
Vi)

8. A process for the preparation of compounds according to
claim 1, wherein
the -[L-R] radical or radicals or synthesis precursors of the
-[L-R] radical or radicals are present as an organoboron
compound and the branching group K is present as an
aryl or heteroaryl halide, or
6. Compounds according to claim 5, wherein: the -[L-R] radical or radicals or synthesis precursors of the
M represents 2,5-thienylene (IVr) -[L-R] radical or radicals are present as an aryl or het-
eroaryl halide and the branching group K is present as an
organoboron compound,
s avr) and the -[L-R] radical or radicals or synthesis precursors of
. . the -[L-R] radical or radicals are bonded to the branch-
\ / ing group K via a Suzuki coupling.
9. The process according to claim 8, wherein the organobo-
e ron compound employed is either a compound of the general
formula (VI) or a compound of the general formula (VII)

wherein R? is a hydrogen atom;
X represents 2;

VD
y represents 0; 0

A represents an acceptor group of the formula (IITh) \B—L—R
/
O
(IIIh) VI
NC CN o
e sl >
* . =4 * \ ’
mn O

in which m represents 1; and
R represents a —CH  ; radical. in which o represents an integer from 3 to 6.
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10. The process according to claim 8, wherein the aryl or
heteroaryl halide employed is either a compound of the gen-
eral formula (VIII) or acompound of the general formula (IX)

(VIII)
Y—L—R

Ix)
K—tY],

in which o represents an integer from 1 to 5 and Y repre-
sents Cl, Br,] or —O—S0,—R, wherein R° represents
a methyl, triftuoromethyl, phenyl or tolyl group.
11. A compoundobtainable by the process according to
claim 8.
12. A method of producing an electronic component, the
method comprising integrating a semiconducting layer com-

Jan. 30, 2014

prising a compound according to claim 1 in an electronic
component.

13. The method of claim 13, wherein the compound of
claim 1 are employed as a donor group in combination with
fullerenes as an acceptor group.

14. A semiconducting layer, comprising a compound of
claim 1 applied to a substrate with electrical or electronic
structures.

15. The semiconducting layer according to claim 14,
wherein the semiconducting layers comprise the compounds
according to claim 1 as a donor group and fullerenes as an
acceptor group.

16. An electronic component comprising at least one semi-
conducting layer according to claim 14.

17. The electronic component according to claim 16,
wherein the electronic component is an organic solar cell.

#* #* #* #* #*
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H300peTeHne OTHOCUTCA K 00JIACTH XUMUYECKOM TEXHOIOTHH OPraHHUYEeCKUX COETMHEHMIA
U MOYKET HAWTH MPOMBIIIIEHHOE TPUMEHEHHE TTPU TTOTYUYEHUHM HOBBIX (DYHKIIMOHATBHBIX
OPTaHUYECKUX MATEPHAIIOB, 00JIIAIOITUX TTOYITPOBOJHUKOBBIMU U POTOBOIBTANIECKIMH
CBOMCTBAMU. boee KOHKPETHO, M300PETEHUE OTHOCUTCS K JOHOPHO-AKIETTTOPHBIM MOJIEKYJIAM
JUHEMHOTO CTPOEHUS U CIIOCOOY UX TOJTyICHHUS.

K noHOPHO-aKIENTOPHBIM COMPSDKEHHBIM MOJIEKYJIAM B PAMKaX JAHHOTO U300peTEeHUs
OTHOCSITCS TAKUE OPraHUYECKUE COCUHEHU S TUHEHHOTO CTPOEHHUSI, KOTOPBIE MPEACTABIISIOT
000 MOJIEKYJTbI IMHEHHOTO CTPOCHHUSI, UMEIOIINE JIEKTPOHOJOHOPHBIN U
3NEKTPOHOAKIETI TOPHBIN (hPATMEHTBI, CBSI3aHHBIEC IPYT C APYTOM Uepe3 COMPSHKEHHBIN
ApOMATUUECKUN WITH TETEPOAPOMATUUECKUN CIIENCED.

N3BeCcTHBI pa3zHOOOpa3HbIe JOHOPHO-AKIETITOPHBIE MOJIEKYJIbI KaK Pa3BETBICHHOTO
(Angew. Chem. Int. Ed. 2005, 44, 2482, Chem. Commun., 2006, 1416-1418; J. Phys. Chem. C
2009, 113, 2636), Tak u nuHeitHOTO cTpoeHus (J. Am. Chem. Soc. 2012, 134, 11064; Nature
Materials, 11, 44; Adv. Mater. 2011, 23, 5387), coaep>kaliiue caMmble Pa3IMYHbIE IO TPUPOE
3IEKTPOHOAKIICIITOPHBIE U JIEKTPOHOIOHOPHBIE OJIOKH.

Hampumep, P Bauerle ¢ coaBTopamMu onucall psii OJIMTOTHO(GEHOB, UMEIOIIUX JIOHOPHBIE
OJIMTOTUEHUITbHBIE (PpAarMeHThI M AKIENTOPHBIE TUIHAHOBUHHIBHBIE 3aMeCTUTEIHN (Adyv.
Funct. Mater. 2007, 17, 2991, Adv. Funct. Mater, 2011, 21, 897).

N N
NC™™\ fs\"/ CN

H H
n=1-6

R =H: CH,; C,H,
Haubonee OTM3KUM 1O CTPOESHUIO K 3asIBJISIEMBIM TOHOPHO-AKIENTOPHBIM COTPSIKEHHBIM
MOJIEKYJIaM, MOYKHO OTHECTH COSAUHEHHE, UMETOITee ICHTPAIbHBIN JOHOPHBIN
M TUEHOCUITOIBHBIN OJIOK, KOTOPBIN CBS3aH C MEKTPOHOAKIEN TOPHBIMHU TUIHAHO BUHUTbHBIMU
TPYIITIAMU Yepe3 COMPsHKEHHbBIN OUTUEHMITBHBIN parMenT (J. Mater. Chem. A, 2013, 1, 7622).

BeiieonrucanHbie OMMTOMEDPBI ¢ TUIMAHOBUHWIBHBIMU TPYIIIIAMHA JEMOHCTPUPOBAIU
3¢ hexTUBHOE TTOTIOIICHHE B JUIMHHOBOTHOBOM 001ACTH BUAMMOTO CITEKTPA U OBbLTH
UCTIOJTb30BAHBI B KAUECTBE KOMITOHEHTA (POTOAKTUBHOTO CIIOSI OPTAHUYECKUX COTHEUHBIX
Oartapeit. HemocraTku maHHBIX COeIMHEHUM OOYCIIOBIIEHBI UX CTpOeHUeM. Takue JOHOPHO-
AKLETITOPHBIE MOJIEKYJIbI COAEPKAT AKTUBHBIC "AJIbACTUAHBIC" TPOTOHBI MTPU
TTUITUAHOBUHUITLHOM TPYIIE, 9UTO MOXKET 3HAUMTEITBHO CHUKATH X CTAOMITBHOCTD CO BPEMEHEM

Ctp.: 3



10

15

20

25

30

35

40

45

RU 2624820 C2

MIPU UCMIOJIB30BAHUU B YCTPOUCTBAX OPraHUYECKOM IMEKTPOHUKU. KpoMe Toro, JaHHbIe
COCIMHEHUS HE MOTYT UMETH KOHUEBBIX AJIKWJIBHBIX TPYILI, YTO CUJIBHO OTPAHUUUBAET
BAPUAHTHI AU3aHA TAKUX MOJIEKYJI U TOHKOM HACTPOWKH UX CBOWCTB, HATIPUMED,
PACTBOPUMOCTH, (Da30BOTO MOBEACHHMS, TOTYITPOBOIHUKOBBIX, CTPYKTYPHBIX U OTITHUECKHX
CBONCTB U p.

B nanHOI1 3a51BKe TTpeQIaraeTcs UCIOJIb30BATh HOBBIE JOHOPHO-AKLIETITOPHbIE
COTIPSDKEHHBIE MOJIEKYJTBI, UMEIOITHE BMECTO AKTUBHBIX "aJTbACTHIHBIX ' TTPOTOHOB CTAOUITBHBIE
AJKWJIBHBIE TPYIITHI TP AUIMAHOBUHUJIBHOM (PparMeHTe, 4TO MOBBICHT UX TIOTEHIMATBHYTO
CTAOUIIBHOCTH U TTO3BOJIUT MCITOJIB30BATh KOHIIEBBIE AJIKUITBHBIE TPYIIIBI 7SI HACTPONKH
KOMILIEKCA CBOUCTB TAKUX COEAUHEHU. J[J1s peau3aiuu 3TOU UAEH ITPU CUHTE3€ 3asIBJICHHBIX
TTOHOPHO-AKIETTOPHBIX COTIPSHKEHHBIX MOJIEKYJT BMECTO ATbAETHIHBIX TPEKYPCOPOB OyaAyT
KCIIOJIb30BAHBI KETOHOBBIE IIPEKYPCOPHIL.

Haubonee OM3KUMU K 3aBIIEHHOMY CIIOCO0Y TTOTyUeHHUST JOHOPHO-AKIETTOPHBIX
COTIPSDKEHHBIX MOJIEKYJI SIBIISIETCS] CHHTE3 3B€31000Pa3HBIX TOHOPHO-AKIETTTOPHBIX
onmMroMepoB Ha ocHOBe TpudeHmtamuHa (ITatent 2012, WO 2012/100908 A1; Organic
Electronics 2013, 14, 219; Adv. Energy Mater. 2014, 4, 201301234), ansa CUHTE3a KOTOPBIX
MPOBOIUIIN PEAKIMIO KOHAeHCAlu KHeBeHareas Mex 1y MaJIOHOHUTPUIIOM U
3B€31000pa3HBIMH KETOHAMMU:

SRR e

OmHako MoTydeHUe IMHENHBIX JOHOPHO-AKIENTOPHBIX COMPSHKEHHBIX MOJIEKYIT C
UCTIOJIb30BAHUEM JAHHOM CXEMBI CHHTE3a HE OTIMCAHO.

3anadeit 3aBISEMOTO U300PETEHUS SABIISACTCS TTOJTYUEHHE HOBOTO TEXHHUYECKOTO PE3YJIbTATA,
3aKITFOYATOIETOCS B CHHTE3¢ HOBBIX TOHOPHO-AKIENTOPHBIX OJIMTOMEPOB, KOTOPBIE MOTYT
HaWTH TPUMEHEHHUE, B YACTHOCTH, B KAUeCTBE (DOTOAKTUBHBIX, CBETOTIOTIOIIATOIINUX U
CBETOIPEOOPA3YIONTUX MATEPUAIIOB B PAZIIMIHBIX YCTPOUCTBAX OPTaHUIECKOM IJIEK TPOHUKH
U GOTOHUKH, HAIIPUMED, B OPTAHUUECKUX COTHEUHBIX OaTapesix, poToaeTekTopax u ap. B
KQ4YeCTBE TAKUX CBOMCTB B paMKax JaHHOTO U300PETEHUS BBICTYMAIOT 3 (PEKTUBHOE
MTOTJIOIIEHHUE CBETA B IIIUPOKOM CIIEKTPATBHOM JTHATTA30HE, PACTBOPUMOCTD B OPTraHUUECKHX
PACTBOPHUTEIISIX ¥ MIOBBIIIIEHHAS] TEPMUYIECKAS CTAOUITBHOCTb.

Kpome Toro, 3amadeit maHHOTO U300PETEHUS ABIISIETCS pa3padoTKa HOBOTO criocoda
MTOJTyYEHUs 3aBIIEHHBIX TOHOPHO-AKIENTOPHBIX COMPSIKEHHBIX MOJIEKYJT, TTO3BOJISIOIIETO
CHHTE3UPOBATH MPOIYKTHI 3aJaHHOTO CTPOSHUS, BBICOKOW YUCTOTBI U TPUTOTHOTO K
MIPUMEHEHUIO B MPOMBIIIIJIEHHBIX YCIIOBHSIX.

3agaua pemaercs TeM, YTO TOJIYYEHBI JOHOPHO-AKIETITOPHBIE COMPSKEHHBIE MOJIEKYIThI
obmeit hopmynsr (1)
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cNR2 R3 R3 R2 NG

NG CN
N/ N I \1_ 4
R1 S n Al s N ry O

rae R1 o3nauaet 3amectutenu u3 psiaa: muHetinbie C-C 1o vy pa3seTBieHHble C3-Cog Uu
muknnaeckue C3-Cg ankunnbHble rpynibl; JuHeiHble C-C, unu pa3seTsiieHHble C3-Coy

QAJIKWIbHBIC TPYIIIbI, PA3AEICHHBIC ITO KpAHHEeH Mepe OAHUM ATOMOM KUCIIOPOAA; TUHEHHBIC
C1-Cp unu paszserBieHHble C3-Co aNKUIBHBIE TPYIIIBI, PA3AEIEHHBIE 10 KpalHEeH Mepe
OIHUM aTOMOM Cepbl; pa3BeTBIeHHBIE C3-Cy( ATKUIBHBIE IPYIIIbI, PA3AEICHHBIC ITO KpaliHel
Mepe OJHUM aTOMOM KpeMHUsl; Cy-Co() aIKEHUIIBHBIE TPYTIIIBI; APOMATHUECKHE PAIUKATbI
U3 psaaa GeHmT, OSH3MII, TT-TOUI, O-TOJIHII, M-TOJINIT;

R2 v R3 He3aBUCMMO APYT OT Apyra 03HA4arOT H WM 3aMECTUTENTD U3 BBILICYKA3AHHOTO
psaa os R1;

n o3Hagaet O UM 11eoe 9uciio ot 1 0o 4;

Ar 03HAYaeT apWICHOBBIN UM TETEPOAPUIICHOBBIN paUKall, BEIOPAHHBIN U3 psiaa:

TUEHWIT-2,5-muvit o01ment popmynsr (11-a)

R4 RS
- s "

¥

2,2'-outnoden ooeit popmymst (11-b)

RB, 9
A
\ f’ s = {Il-b}
R& R?

2,2":5',2"-TepTroden odmeit hopmyisr (11-¢)
R10.  RI1  RM R10

7N s A
R N

R1Z R13

3

dbnyopen-4.4'-muun obmeit hopmys (11-d)
._<\M /§\}. {il-dj
R14 R14 ,

mutheHo| 3,2-b:2',3'-d]-cumon od1meit hopmynbr (11-e)

R14\ LR14
Si

' m' (li-e)

8 5

4H-mukmno|[2,1-b:3,4-b'|nutnoden odmeir hopmymst (11-f)
R14, R14
/ r e
* S S * .

TUTHEHOTTUPPOIT 00111eH popmysr (11-g)
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14

Z—7}

rsy.. ™
AN

kap0Oazom odtmelt hopmybr (11-h)

R14
|

kap0dazon odmeit hopmysst (11-i)

I;'\‘M

]
7
/Q_Q i

0en3o[ 1,2-b:4,5-b"|gutnoden odmeit hopmyinsr (11-j)

R14
S
R .
- * (-
%\f;l}
R14

uHaaneHoautuoden ooment hopmymsr (11-k)

R14 R14
S
s0ege
T (1K)
R14 R4

nuppononHaaneHotTuoden odmeit popmynsr (11-1)
R14

: $
B "
)
R14
mutheHo| 3,2-b;2',3'-d|tuoden odmeit popmyibr (II-m)

S
YR {1
g g

OenzoTraana3on ooueit hopmyst (11-n):

N/S\N
-
. s {kn)

TUTHEHO-TUEHOTUAIMA301 0011el hopmysr (11-0):
/{ YW os. 4N
78 U/ s 7 (o)

Ny N
5
4.4-muprop-tukionenTal2,1-b:3,4-b' | mutroden odmeit hopmyisr (11-p):

s 5

q /Q\ T e
F7OF
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npu 3ToM R4-R14, He3aBUCUMO APYT OT Apyra O3HadaroT H Wi 3aMeCTUTEND U3
BBIIIEYKA3aHHOIO psiaa aist R1.

JIOHOPHO-aKLUENTOPHBIE COMPSKEHHBIE MOJIEKYIbl OTIMYAIOTCS TEM, UTO R1 03HauaeT
muHelHy1o C-Cq, Uy pa3BeTBiIeHHYIO C3-Co ANIKUIBHYIO IPYIIILY.

JIOHOPHO-AKIENTOPHBIC COMPSIKEHHBIE MOJIEKYJIBI OTIIMYAIOTCA TeM, UyTO R2 1 R3 03Hauaer
H.

JIOHOPHO-aKUENTOPHBIE COTTPSKEHHBIE MOJIEKYJIBI OTIMYAIOTCS TEM, UTO N UMEET 3HAUCHUS
ot 1-3.

JIOHOPHO-aKLUENTOPHBIE COTIPSKEHHBIE MONIEKYJIbI OTJUYAIOTCS TEM, UTO Ar O3HA4aeT
muTheHo| 3,2-b:2',3'-d]|-cuiton, BEIOpaHHbIM U3 psana coequnenutt hopmynsr (11-).

JIOHOPHO-aKLUENTOPHBIE COTIPSKEHHBIE MONIEKYJIbI OTJUYAIOTCS TEM, UTO Ar O3HA4aeT
TUTHEHOTTUPPOJT, BBIOpAHHBIN U3 psina coemuHeHvit hopmys (11-g).

JIOHOPHO-aKLUENTOPHBIE COTIPSKEHHBIE MONIEKYJIbI OTJUYAIOTCS TEM, UTO Ar O3HA4aeT
kap0a30J1, BEBIOPAHHBII U3 psaga coenuHenutt hopmyisl (11-h).

JIOHOPHO-aKLUENTOPHBIE COTIPSKEHHBIE MONIEKYJIbI OTJUYAIOTCS TEM, UTO Ar O3HA4aeT
Kkap0a30J1, BEBIOPAHHBII U3 psifa coenuHeHutt hopmyisr (11-1).

JIOHOPHO-aKLUENTOPHBIE COTIPSKEHHBIE MONIEKYJIbI OTJUYAIOTCS TEM, UTO Ar O3HA4aeT
Oen3o[ 1,2-b:4,5-b'| qutroden, BbIOpaHHbIN U3 psiga coenuHenuit popmyisr (11-)).

JIOHOPHO-AKIENTOPHBIE COMPSIKEHHBIE MOJIEKYJIBI OTINYAIOTCS TeM, uTO R4-R10 ipu Ar
o3HauaeT nuHelHyo C1-C |, umm pasBeTBiIeHHYIO C3-Cy ATKUIBHYIO TPYTIILY.

JIOHOPHO-aKIENTOPHBIE COMPSIKEHHBIE MOJIEKYJIBI OTIUYAIOTCS TEM, YTO OHHU
XapaAKTEPUBYIOTCS TEPMHUECKOM CTAOUIBHOCTHIO He HIke 250°C.

JIOHOPHO-AaKIENTOPHBIE COMPSIKEHHBIE MOJIEKYJIBI OTIUYAIOTCS TEM, YTO CITEKTPBI
MOTJIOIIEHUST UX TOHKHUX TNIEHOK TOMIMUMHOMN 50-200 HM UMEIOT Kpai MOTIOIIEHUs HE MEHEE
625 HM.

JIOHOPHO-aKIENTOPHBIE COMPSIKEHHBIE MOJIEKYJIbI OTIIMYAIOTCSA TEM, UTO XaPAKTEPU3YIOTCA
PACTBOPUMOCTBIO HE MEHee 2 MI/MJT B O-IUXJIOPOEH30I1e, TPH KOMHATHOM TeMIiepaType.

Kpowme Toro, B yactHOCTH, R1 MOXeT 03HauaTh 3aMeCTUTENH U3 psiaa: JuHelHbie Ci-Cqo

wu pa3BeTBiieHHbIe C3-Coq unu nuknuueckue C3-Cg ankunbHble rpynimbl; auHelHbie C1-Co
wH passeTBieHHble C3-Co ANKUIBHBIE TPYIIIBI, PA3AEIEHHBIE 1O KpalHEH Mepe OJHUM
aToMoM kucnopoaa; muHerHbie C-C, umu pa3BeTsiieHHble C3-Co() aIKWIBHBIE TPYTIHI,
pa3aeNeHHbIe IO KpaiHel Mepe OAHUM aTOMOM Cepbl; pa3BeTBIeHHbIE C3-Co(y aTKUIbHBIC
CPYIIIBL, PA3AeJICHHbIE TIO KpaifHel Mepe OAHUM aTOMOM KpeMHUsT; Cy-Co aIKEHUIIBHBIE

TPYIIIBI; APOMATUYECKUE PAAUKAIIBI U3 psiaa GHeHwI, OSH3UI, MI-TOJIUI, O-TOJIMI, M-TOJIUIL.
Haubonee nmpeamoututensabie mpuMepbl R1 310 muneitHbie C1-C o WM pa3BETBICHHBIC

C3-Cy( ankunbHble rpynnbl. Hampumep, MeTU, 3TUI, H-TEKCUIT, H-OKTHIL, 2-3TUJIT€KCHIL.

B wactHoCTH, Y THeHUIBHOTO (hparmenTa R2 u R3, He3aBUCUMO APYT OT APyra, MOXKET
O3HAa4aTh ATOM Bogopoaa H umu 3aMecTuTeNh U3 BBILIEYKA3aHHOTO psiaa aas R1.
[TpenmouturensubiM mpuMepoM R2 v R3 y TuernimbHOTO hparmenTa sisasiercs H. B atom
ciydae o0mmas popmMysia TOHOPHO-AKIETTTOPHBIX COMPSHKEHHBIX MOJIEKYJT MIMEET CIIEAYFOLIUIA
BU[:

CN NG
NC CN
N/ ! \1_ 7
R1 s nAr "M Ry 0
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B wacTHOCTH, B JOHOPHO-AKIENTOPHBIX COMPSXKEHHBIX MOJIEKYJIAX N, O3HAYAIOIIEE YUCIO
COTIPSIKEHHBIX THO(EHOBBIX KOJIEI, MOXKET UMETh 3HaUeHUs 1eNbix urcen oT 0 1o 4. Haubonee
MPEANOYTUTENBHBIE 3HAUEHUS n OT 1 00 3, mpeumyiecTBeHHO 2. Hampumep, B Ciiyuae, koraa
n paBHO 2, TO o01mmast hopmysa JOHOPHO-AKIEITOPHBIX COMPSIKEHHBIX MOJIEKYJT HIMEET
CIIEOYIOLIUI BUI:

R2 R3 R3 R2

B mOHOPHO-aKIENTOPHBIX MOJIEKYIAX Ar O3HAYAET APUIICHOBBIM WJTH T€TEPOAPUTICHOBBIN
paauKa, BEIOpaHHBIN U3 Bblieyka3aHHOTO psiaa (1I-a)-(1I-p). ITomoxxeHusi, OTMEUEHHbBIE B
dhopmymnax (II-a)-(II-p) 3HaKOM * (3B€3/109YKA), SIBISFOTCS TOUKAMHU COSIMHEHMS, B KOTOPBIX
cTpykTypHbie pparmenTsl (I1-a)-(I1-p) CBsI3aHBI ¢ THEHUITBHBIM (hpArMEHTOM, 00paszysi
JUHEWHYIO COTTPSIKEHHYO eTh. B 9acTHOCTH, Ar MOXKeT 0003HAYATH TUEHUIT-2,5-TUHIT OOTIIei
dbopmyiel (I1-a), roe R4=R5=H; 2,2'-6utnoden odmeit popmymsi (1I-b), rme R6=R9= n-rexcu;
2,2":5'2"-tepTroden obdmeit hopmyinsr (I11-¢), rae R10-R13=H; ¢nyopen-4,4'-nuun odimeit
dbopmymsi (11-d), tae R14= n-oxTur; nutueHo[3,2-b:2',3'-d]-cunomn obmeit hopmynsi (11-¢), rae
R14= u-oxTw; 4H-tmkio[2,1-b:3,4-b'|mutnoden odmeit popmymst (II-f), tae R14= H-OKTHIT;
TUTHEHOTIUPPOII 001elt hopmyisl (11-g), rae R14= 2-3tunrexcut; kapOaszon odtmelt hopMyIibt
(II-h), rme R14= denwr; kapdazon odmeit hopmyisi (11-i), rae R 14=2-3tunrekcurt; 0en3ol 1,2-
b:4,5-b’|nutnoden odmeit popmysl (11-)), rae R14= 2-3TUITeKCHIT; HHOAIEHOAUTHODEH
obmmeit popmynsl (11-k), rae R 14= H-TekcHT, mupposionHaaneHOTHOGEH 00111eit popmyisl (11-
1), tme R14= m-oxTuir; mutreHo| 3,2-b;2',3'-d|tuodhen odmeit hopmyisl (II-m); GeH30THAAMAZOT
obmmeit hopmynbr (11-n); nuTHEHO-THEHOTHAAMA30JT 001l hopmysl (11-0); 4,4-mudTop-
mukonenTal2,1-b:3,4-b'|mutroden odmeit hopmyis (I1-p). Haubonee mpeanoyTuTenbHbIE
npuMepsl Ar: quTueHo[3,2-b:2',3'-d]-cunon, IMTHEHOTTUPPOJI, Kapdasoir, O0en3o[1,2-b:4,5-b’]
muTHodeH.

B wactHoCTH, B ciydae, koraa Ar o3HadaeT autueHo|3,2-b:2',3'-d]-cumnon, BeIOpaHHbIN U3
psna coemuHeruit popmyisl (11-e), To oOmmas popMyta TOHOPHO-AKIETTOPHBIX COMPSHKEHHBIX
MOJIEKYJI UMEET CIEOYIOLINI BUL:

B cniyuae, korza Ar o3HadaeT IUTHEHOITUPPOIT, BEIOPAHHBIN U3 P COSTUHEHUN (hOPMYJTbI
(Il-e), To oOmmas hopmyna JOHOPHO-AKIENTOPHBIX COMPSKEHHBIX MOJIEKYJT UMEET CITeIYFOIU I
BU[:

B cimygae, koraa Ar o3HagaeT kap0a30i1, BBIOpaHHBIN U3 psifa coeauHeHuit hopmysst (11-
h), To ob1mas hopmyna JOHOPHO-AKIENTOPHBIX COMPSKEHHBIX MOJIEKYJI UMEET CITCAYFOIITHIA
BUII:
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B cimygae, koraa Ar o3HagaeT kap0a30i1, BBIOpaHHBIN U3 psifa coeauHeHuit hopmysst (11-
i), To o0mmasi popmysia TOHOPHO-AKIETITOPHBIX COTIPSIKEHHBIX MOJIEKYJT UMEET CIIeIyIOTni
BUII:

B ciyugae, korna Ar o3Hauaet O0eH3o| 1,2-b:4,5-b'|autnodeH, BEIOpaHHBIN U3 A
coenunenuit popmyisl (11-j), To obmas hopMyna TOHOPHO-AKIENTOPHBIX COMPSKEHHBIX
MOJIEKYJI UMEET CIEOYIOLINI BUL:

R14

B wactHOCTH, R4-R14 mpu Ar HE3aBUCMMO APYT OT Apyra o3Ha4daroT H wnu 3amecTurens
13 BBILLIEYKA3aHHOTO psiaa ajisi R1. [IpeanouturenpubiM mpuMmepamu R4-R 14 mpu Ar sBisttoTcst
munelHbie C1-C12 wmm pasBerBiaeHHbie C3-C20 ankunbl. HampuMep, METHIT, 3TUJI, H-TEKCUII,
H-OKTWJI, 2-3TUJITEKCUIT U AP.

[IpencraBnennbie 3HaueHus n, R1, R2-R3, R4-R14, Ar 9BISIOTCS YaCTHBIMM CITy4asiMU U
HE UCUEPTBIBAIOT BCE BO3MOKHbBIE 3HAUCHUS U BCE BO3MOXKHBIE COUCTAHUS 3HAUCHUH n, R1,
R2-R3, R4-R14, Ar mexay coOoi.

OTIUUuTETBHOM 0COOEHHOCTBHIO 3asIBIIEHHBIX IOHOPHO-AKIENTOPHBIX COMPSKEHHBIX
MOJIEKYJ SIBISICTCS] UX BBICOKASI TPMUUECKAS YCTOMUMBOCTb, MOATBEPKICHHASI HA HEKOTOPBIX
nmpuMepax. B paMkax m1aHHOTO HU300PETeHUs TEPMUUECKAs yCTOWIHUBOCTD OTIPEACIIIETCS KaK
TEMIIepaTypa MOTEPH 5% MACCHI TPU HATPEBAHUY BEIIECTBA B UHEPTHOM aTMocdepe. [lanHas
TEMIIEpATypa A PA3IUUHBIX YACTHBIX CIYy4aeB COCTABISIET HE MeHee 250°C,
npeanouTuTenbHO He MeHee 300°C. [lanuble TepMorpaBuMeTprdeckoro anammsa (TTA),
UILTIOCTPUPYIOIIHUE BBICOKYIO TEPMUUECKYIO CTAOUITBHOCTD 3asIBJIEHHBIX IOHOPHO-
AKIETITOPHBIX COMPSKEHHBIX MOJIEKY, mpuBeeHbl HA Dur. 1 u dur. 2, a Taxxke B Tadmure
1.

3asiBIeHHbIE JOHOPHO-AKIETITOPHBIE COMPSEHHbIE MOJIEKYJIbI COACPKAT
JWLOMAHOBUHUIIBHBIC TPYIIIBI U COMPSIKEHHBIE OAUHAKOBBIE WJIM PA3JIMUHbBIC APUIT- WU
reTePOAPUIICUIIAHOBBIE (parMeHThl, oOmagaromue 3hGHEeK TABHBIM MTOTIOIICHHEM CBETA.
OTanuuTeTbHON 0COOEHHOCTHIO 3asIBJICHHBIX IOHOPHO-AKIETT TOPHBIX COMPSIKEHHBIX MOJIEKYJT
SIBIISIETCS] CTIOCOOHOCTH UX TOHKHUX IJICHOK MOTJIONIATH CBET B JUIMHHOBOJTHOBOM TMATIA30HE
crekTpa (400-1000 aM). B paMkax JaHHOTO U300 PETEHHS CITOCOOHOCTH K IMTOTIOMIEHUIO CBETA
B JJIMHHOBOJTHOBOM JIMAIA30HE CIIEKTPA OMPEALIISIETCI TEM, UTO CIIEKTPBI MOTIOLICHUS UX
TOHKHX TIJIEHOK ToJuHON 50-200 HM UMEIOT Kpalt oraoleHus He MeHee 625 um. Kpait
MOTJIOIIEHUS IS PA3MUYHBIX YACTHBIX CIYy4a€B JOHOPHO-AKLUCTITOPHBIX COMPSIKEHHBIX
MOJIEKYJT COCTABISECT HE MEHee 625 HM, IPEeANOUYTUTENBHO HEe MeHee 750 uMm. [aHHBIE,
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UILTIOCT PUPYFOIITHE CITOCOOHOCTD 3asIBIIEHHBIX JOHOPHO-AKIETTTOPHBIX COMPSIKEHHBIX MOJIEKYJT
B IUICHKAX MOTJIOIATh CBET B JJIMHHOBOJIHOBOM IMATa30HE CIIeKTpa, mpuBeaeHbl HA Dur. 3
u dur. 4, a Taxxe B Tadmure 1.

OTIUUuTETBHOM 0COOEHHOCTBHIO 3asIBIIEHHBIX IOHOPHO-AKIENTOPHBIX COMPSKEHHBIX
MOJIEKYJI SIBJISIETCSI UX PACTBOPUMOCTD B OPraHUUECKUX PACTBOPUTENSAX, HATIPUMED, B
terparuapodypane, xjaopodhopme, XJTOopOEH30IIe, O-TUXIOPOEH30IIe U T.1. PacTBOpUMOCTD
SIBASIETCS] BAXXHBIM ITAPaMETPOM JIs BO3MOXKHOCTHU UCTIOJIb30BaHUs JOHOPHO-AKIETITOPHBIX
COTIPSDKEHHBIX MOJIEKYJI B OPTAHUYECKUX COTHEUHBIX OaTapesiX, TOCKOJBKY, B 3TOM CIydae
AKTUBHBIN CIIOW OPTAHUYECKUX COTHEUHBIX OaTapeif MOXKET OBITh TTOIyUeH U3 PACTBOPA, a
HE TOPOTOCTOSIINM BaKyyMHBIM HaIbIeHHEM. B paMKkax JaHHOTO N300peTEeHUSI MUHUMAJTBHOM
PaCTBOPUMOCTBHIO B OPTAHUUECKUX PACTBOPUTEIISIX CUUTAETCS PACTBOPUMOCTD HE MEHeEe 2
MT/MJT B O-AUXJIOPOEH30J1e, TTPU KOMHATHOM TeMriepaType. [IpeamoaturensHon
PACTBOPHMOCTBIO CUUTAETCS PACTBOPUMOCTD 10 Mr/mi o-auxiiopoen3one. JlaHHbie,
UILTIOCT PUPYFOIITHE CITOCOOHOCTD 3asIBIIEHHBIX JOHOPHO-AKIETTTOPHBIX COMPSIKEHHBIX MOJIEKYJT
PACTBOPSATCS B O-IUXJIOPOEH30I1€e, MpuBeAcHbI B Tadmume 1.

[TpuBeaeHHbIE JAHHBIE ABISIOTCS TOJABKO JEMOHCTPAMOHHBIMU TPUMEPAMU, U HU B KOEIH
Mepe He OTPAHUYUBAIOT XaPAKTEPUCTUK 3asIBJICHHBIX JOHOPHO-AKIETITOPHBIX COMPSIAKEHHBIX
MOJIEKYJL.

3agaua pemaeTcs TAakXKe TeM, UTO pa3padoTaH CIOCO0 MOTyIeHUs JOHOPHO-aKIETTTOPHBIX
COTIPSDKEHHBIX MOJIEKYJT, 3aKTIOUAIOLIUICS B TOM, YTO OCYIIECTBISIOT PEAKIMIO KOHAEHCALIUN
Kuesenarens Mexay MaJJOHOHUTPUIIOM M KETOHOM, BBIOPAHHBIM U3 Psiia COETUHEHUM 001I1ei
dbopmymsr (111),

R R3 R R2
/N T\ (y
Ar

§” In s”in %

rae R1, R2, R3, Ar ¥ n UMEIOT BBIIIEYKA3aHHBIC 3HAUECHUSI.

B wactHOCTH, peakuuto koHaeHcauu KHeBeHarems Mex 1y MaJOHOHUTPUIIOM U KETOHOM
MPOBOJAT B CpeAe MUPUIUHA UIIH €r0 CMECH C MO KpaifHel Mepe OAHUM PACTBOPUTENIEM,
BBIOPAHHBIM U3 PsAZIA TOJYOII, TeTparuapodypaH, xmopodopm, IUXIOPITAH, XIIOPOESH30IT,
MIPU 3TOM TIUPUAMH SIBJISIETCS U KATAIM3aTOPOM.

B wactHOCTH, peakuuto koHaeHcauu KHeBeHarems Mex 1y MaJOHOHUTPUIIOM U KETOHOM
MPOBOASAT MPH Temriepatype oT +20 10 +150°C, mpeaAnouTUTENBHO IPHU TeEMIIEpAType OT +80
o +112°C.

B wactHOCTH, peakuuto koHaeHcauu KHeBeHarems Mex 1y MaJOHOHUTPUIIOM U KETOHOM
MPOBOJSAT IPU HATPEBAHUM MUKPOBOIHOBBIM U3JTyUYEHUEM.

K peaxuuu konaencanuu KueBeHaresnsi OTHOCIT KOHASHCALUIO aJIbAETUA0B UM KETOHOB
C COSAMHEHUSIMH, COACPIKAIMMH aKTUBHYIO METHIICHOBYIO TPYIITY, C 00pa30BaHUEM
MPOU3BOAHBIX ATUIIEHA. B KOHTEKCTE MTAHHOTO W300PETEHUS PeaKIUsl KOHICHC AN
Kuesenarens Mexay MaJJOHOHUTPUIIOM M KETOHOM, BBIOPAHHBIM U3 Psiia COETUHEHUM 001I1ei
thopmymbr (11I), MPUBOAUT K 3aMEIIEHUIO KAPOOHUITBHBIX TPYIIT B KETOHE HA
TUIMAHOBUHUIIBHBIE C 00PA30BAHUEM TOHOPHO-AKIENTOPHON COMPSIKEHHON MOJIEKYJTBI

Q

R1

{h
HeO6XOI[I/IMbIM YCIOBHEM ITPOBCACHUSA KOHACHCAIIUH Kuesenarens spasieTcst IIPpUCYTCTBUC
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KaTanu3aTopa B peaKIUOHHOM cpefie. B kauecTBe kKaTamm3aTopa MOTYT ObITh UCITOIB30BAHBI
pa3IUYHbIe OCHOBAHMS, HATIPUMED, OPTraHUYeCKUe (TPUATHIIAMMH, TTIMPUIUH, TTMIIEPUINH,
3TWIAT HATPHUS U AP). I HEOPTraHUUECKHE (AlleTaT aMMOHHMS, THAPOKCUIBI METAILIIOB,
Harnpumep, NaOH, KOH, KOH, okcunasl, Al,O3 1 Ap., COMM), OCHOBAHMSI, & TAK)KE UX CMECU

¢ kucnotamu JIbrouca (AlICl3, TiCly). IIpeanoururenbHbM OCHOBAHUEM SIBJISIETCS] TIMPUIUH.

Kax npasuno, konaexncanuio KueseHaresst ipoBOIsIT B CpeAe OPraHUueCKOro
pactBopuTens. Haubdomee mpeamodTUTEIbHBIM SIBISETCS TTPOBEICHUE B KATATUTHIECKOM
cpeze mupuaInHa O€3 TOTIOTHUTENTbHBIX OPraHUUECKUX PACTBOpUTENEi. B 3TOM Cityuae mupuanH
BBITIOJTHSIET (PYHKIUIO KaK PACTBOPUTENS, TAK U KaTAIM3aTOpa. Peaknuto KOHaAeHCAIIMN
Kuesenarens Mexay MaJJOHOHUTPUIIOM M KETOHOM, BBIOPAHHBIM U3 Psiia COENUHEHUM 001Ieit
thopmymsr (11T), MOKHO TPOBOIUTH TAKKE B CPE/IE, TPEACTABIISIONIEH COOOM CMECh TUPUINHA
O KpaifHel Mepe C OTHUM U3 PACTBOPUTENEH, BRIOPAHHBIM U3 Psifia TOITyOJI, TeTparuapodypaH,
XJIopodopM, TUXIIOPITAH, XJIOPOESH3O0I, IPU 3TOM TTUPHUINH SBIISETCS M KATAITH3ATOPOM.

OO0BIYHO peaknuio KoHAeHcau KHeBeHarenst MpoBOAST ITPH MOBBIIIEHHBIX TEMTIEPATYPAX
C LENBIO YBEMUYEHUSA CKOPOCTH PEAKIUH U TIOBBILIEHUS BBIXOOA LIENEBOTO MIPOAYKTA.

st mpoBeIeHUs peakiuu KoHAeHcauuu KHeBeHaress nmpu MoBbILIEHHBIX TEMIIEpATypax
WCITOJIB3YIOT HATPEBAHKUE PEAKUUOHHON cMecu. HarpeBaHne MOXKHO TPOBOIUTH KAK
TPAIUIIMOHHBIM CIIOCOOOM, TAK U C UCTIOJTb30BAHUEM MHUKPOBOJTHOBOTO U3ITYUCHHUS.
[IpeanouTUTENEHO MPOBOAUTH HATPEBAHUE PEAKLMH 34 CHET MUKPOBOJHOBOTO U3JTYUEHHUS,
MTOCKOJTBKY B 3TOM CITydae HArpeBaHUE MPOUCXOIUT OOJiee paBHOMEPHO, O€3 TIeperpeBa
PEAKIMOHHOM MACChI, YTO BEAET K YMEHBIIICHUTO TOOOYHBIX MPOAYKTOB U CHIDKEHUTIO BPEMEHU
peaxiuu.

[Tocme oxoHYaHUS peaKIUU TPOAYKT KOHASHCAUH BBIACIISIIOT 11O U3BECTHBIM METOAUKAM.
Hampumep, noOaBIsIFOT BOY U OpTraHUYECKHI paCTBOPHUTENh. OpraHudecKyro Gpasy OTALISIOT,
TIPOMBIBAIOT BOAOW OO HEWTPAIBHON PEAKLUHA U BBICYLIUBAIOT, IIOCIIE YETO PACTBOPUTEND
ynapuBaioT. B kKauecTBe OPraHUIECKOTO PACTBOPUTENS MOXKET OBITh UCIIOJIB30BAH JTIO00ON
HE CMELIUBAIOIIUNCS UJIU OTPAHUYEHHO CMELITUBAFOLIUIACA C BOOOW PACTBOPUTEND, HATIPUMED,
BBIOpAHHBIN U3 psiAa 3GUPOB: AUITUIOBBIN 3PUDP, METUITPETOY THIIOBBIN 3(hUD, UITH
BBIOPAHHBII U3 PSia APOMATHISCKUX COSAMHEHUM: OEH30I1, TOJIYOJT, KCHITOJ, MJTH BBIOPAHHBIN
U3 Psia XJIOPOPTAaHUIECKUX COSIUHEHUM: TUXIIOPMETaH, XJI0POGOPM, YETHIPEXXITOPUCTBIIA
yraepon, XJIopOeH3oit. Takke ajist BhIASISHHUS] MOTYT HCIIOJIb30BATHCS CMECH OPTraHUUeCKHX
pacTBopuTeneil. BeineneHue mpoayKTa MOXKHO TPOU3BOAUTD U O€3 TPUMEHEHHS] OPTaHUYECKIX
PACTBOPHTEIIEH, HATTPUMED, OTTOHKOM PACTBOPHUTEIIEH U3 PEAKIIMOHHON CMECH, WITH JTFOOBIM
JPYTUM U3BECTHBIM MeTOAOM. [IpearnouTuTenbHbIM SIBISIETCS BBIACIICHUE TPOAYKTA OTTOHKON
pPacTBOPUTESL.

O4YuCTKY CBIPOTO TMTPOAYKTA MPOBOASAT JTIOOBIM U3BECTHBIM METOAOM, HATTPUMED,
KOJIOHYATOMN WIIH IPENapaATUBHON XpoMaTorpadueis B a1COpOIHOHHOM HITH 3KCKITIO3HOHHOM
peXuMe, TIEPEKPUCTAILIU3ANUEH, TPOOHBIM OCAXKICHUEM, TPOOHBIM PACTBOPEHUEM HITH UX
JTI000M KOMOUHALUEN.

UKUCTOTY ¥ CTPOCHUE CUHTE3UPOBAHHBIX COCAMHEHUI MTOATBEPXKAAIOT COBOKYITHOCTBIO
TAHHBIX (PU3UKO-XUMHUYECKOTO aHAJIN3a, XOPOIIO U3BECTHBIX CIENUAIUCTAM, TAKUX KAK
xpomaTtorpadudeckue, CIeKTPOCKOTTMIECKHE, MACC-CIIeKTpockonmuueckue. Hanbomee
MPEONOYTUTENBHBIM MTOATBEPKASHUEM YUCTOTHL U CTPYKTYPBI JOHOPHO-AKUENITOPHBIX

COMPSDKEHHBIX MOJICKYJI ABISIIOTCA SIMP-ciekTpel Ha siapax '"Hu KPUBBIE, IIOJIyYEHHbIE
reNbIIpoHuKarolel xpomatorpadueit (cm. Dwur. 5-8).

[TomyueHHbIE 3asIBIEHHBIM CIIOCOOOM TOHOPHO-AKIENTOPHBIE COMPSHKEHHBIE MOJIEKYITbI
UMEIOT TEPMUUECKYIO CTAOUIBHOCTD 10 TeMITepaTypsbl He MeHee 250°C, TpearmouTuTeIbHO

Ctp.: 11



10

15

20

25

30

35

40

45

RU 2624820 C2

He meHee 300°C, kpali MOTJIONIEHUsI B TOHKOH TIeHKe TOMUHON 50-200 He MeHee 625 HM,
MPEANOYTUTEIHFHO He MeHee 750 HM ¥ paCTBOPUMOCTH HE MEHEe 2 MI/MIT B O-AUXJIOPOSH30JIE
IPU KOMHATHOM TEMIIEpATYpe, HPEANOUTUTENIBHO HEe MeHee 10 mr/mit. B kauecTBe mpumepos
cmotpu Tabmuny 1 u @wur. 1-4. CoueTaHue BBICOKON TEPMHUUECKOM CTAOUITBHOCTH,
3(h(HEeKTUBHOTO TTOTJIOIIEHHS B IJTMHHOBOJTHOBOM OOJIACTH CIIEKTPA U PACTBOPUMOCTHU B
OPraHUYeCKUX PACTBOPUTENISIX A€IA€T BO3MOXKHBIM UCTIOJIB30BAHUE JAHHOTO TUTIA COEUHEHUM
B Ka4ueCTBe (DOTOAKTUBHBIX, CBETOIOTJIONIAIOIINX U CBETOMPEOOPa3yIONIUX MaTEPHAIIOB B
PA3IMYHBIX YCTPOUCTBAX OPTAHUYECKOMN JIEKTPOHUKH U (POTOHUKH, HATTPUMED, B
OPTaHWYECKUX COTHEUHBIX OaTapesiX, GOTOAETEKTOPAX U AP.

Hcxonublie KeTOHBI, BBIOpAHHBIE U3 psina coenuHenutt oo1ment hopmynsr (I11), qmst cuaTe3a
JIOHOPHO-AKUENTOPHBIX COMPSIKEHHBIX MOJIEKYJI TIOYUatOT B HECKOJIBKO CTa UM, UCTIONB3YsI
JUIsI 3TOTO PEAKIUU OPraHUYeCKOr0 U METAJUIOPraHMueCKOr0 CUHTE3a B Pa3IMYHOMN
MOCITEA0BATETLHOCTH. KOHKPETHBIM MpUMED TIOJTYyIEeHUsI UCXOTHOTO KETOHA 00111eH hoPMYJIbI
(IT), roe n pasHO 2, R1 o3nauaer CHj, R2=R3 o3Hauaer H, Ar o3Hauaer autneHo|3,2-b:2".3'-

d]-cumon o61meit popmyist (I11-¢), Tae R 14 o3Ha9aeT H-OKTHII, TPOUILTIOCTPUPOBAH HUXKE (CM.
mpumep 1).

Ha ®uwr. 1 mpeacraBiaeHbl CHEKTPbI MOTJIOIIEHUS TOHKUX TJICHOK JOHOPHO-AKLIENTOPHBIX
COMPSDKEHHBIX MOJIEKYJI ITO mpuMepam 2-6.

Ha ®ur. 2 mpeacraBiaeHbl CIEKTPbI MOTJIOIIEHUS TOHKUX TJIECHOK JOHOPHO-AKLIENTOPHBIX
COMPSDKEHHBIX MOJIEKYJI ITO mpuMepam 7-8.

Ha ®uwur. 3 npencrasnensl TT'A kxpuBbie B a30T¢ JOHOPHO-AKIEIITOPHBIX COMPSIKEHHBIX
MOJIEKYJI IO TIpUMepam 2-6.

Ha ®uwur. 4 npencrasnensl TT'A kxpuBblie B a30T¢ JOHOPHO-AKIENTOPHBIX COMPSIKEHHBIX
MOJIEKYJI IO TIpUMepam 7-8.

Ha ®wur. 5 npeacrasnen 'H SMP-cniekTp coeqMHEHUS IO IPUMEDPY 2.
Ha ®ur. 6 npeacraBneH Bc SMP-cniekTp CoOeaMHEHUS IO IPUMEDPY 2.

Ha ®wr. 7 npeacrasneH 254 SIMP-cniekTp CoeaMHEHUS TIO IPUMEDPY 2.

Ha ®wr. 8 nmpeacrasnensl ['TIX kpuBasi COeAMHEHM S, TTIOJIYYEHHOTO IO TTPUMEDY 2.

N3006perenne MoOXeT ObITh TPOUILTIOCTPUPOBAHO HIDKETTPUBEICHHBIMU TPUMEPAMU CHHTE3a
TIOHOPHO-AKIETTOPHBIX COMPSHKEHHBIX MOJIEKYN (CM. TpuMep 2 v Tadmuiy 1 mpumepsl 3-24).
[Tpu 3TOM UCTTOTB30BAIIA KOMMEPUECKH TIOCTYITHBIE PEATeHTHI U PACTBOPUTETH O3
TTOTIOJTHUTENTBHOM OUUCTKHY: 1.6 M 1 2.5 M pacTtBopbI H-OyTrimutus (Buli) B rekcane, TeTpakuc
(Tpudennndochun) namwtaauit (0) (Pd(PPhs),), m-tomyoncynbsdonoBast kuciaoTa, (p-TosH),

MAJIOHOHUTPUIT, ANETHIIXJIOPU, ITPOTTMHOWITXJIOPU]T, H-TENTAHOWIXJIOPH]I, ITHJICHTJIMKOJIb,
2,2-muMeTuI- 1,3-mponananoi, 2,2'-outnodeH, 5-0pom-2,2'-outnoden, 2-6poMtrodeH, 5-
opom-2,2":5"2"-TepTroder u ap. J{OMOTHUTEIBbHBIE PEATSHTHI U BEIECTBA OBLIN TOJTYUYECHBI,
UCTIOJNTB3Ysl OTTMCAHHBIE B IUTEPATYPE METOAUKU. Bee peaxiyu, eciiu He OTOBOPEHO 0c000,
MIPOBOMIN B aTMOc(hepe aproua.

[Tonyuenne keToHOB 00IIEH popmybl (I11) s cMHTE3a TOHOPHO-AKIETTOPHBIX
COTIPSDKEHHBIX MOJIEKYJT

ITpumep 1. Cunres keroHa (7) obmett hopmymst (I11), rae n pasuo 2, R1 o3Hauaetr CH3,
R2=R3 o3naugaer H, Ar o3rauaet nutueno|3,2-b:2',3'-d]-cunon odweit popmymnsr (II-c), rae
R14 o3HagaeT H-OKTUJI, OBLI OCYIIECTBJICH MMOCTAANIMHO COTJIACHO IMTPUBEACHHON HIKE CXEME:
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[Momyuenue coequuenus 2. S-anetui-2,2'-outnode (2) ObLT OTyUeH CIIEAYIONM 00pa3oM:
pactBop 5-6pom-2,2'-6utnodena (18 r, 73.4 mmons) B 170 mn cyxoro TI'® Okt nodasneH
1O KaruisiM K cycnensnu maraus (1.8 r, 75.0 mmons) B 10 mit cyxoro TI'®. ITocne uero
PEAKIMOHHYIO CMECH TIEPEMEIIUBAIIH TTPU HATPEBAHUH B TEUCHHE 2 YACOB U 3ATEM OXJIAIWIH
710 KOMHATHOM TeMIepaTyphbl. Jlaie moydeHHbIN peareHT | puHbspa mpuKamaii K pacTBOPY
anetwixiaopuaa (5.76 r, 73.4 MMOJIb) U CBEXKETPUTOTOBICHHOTO LioMnCly (1.84 Mmosib) B 50

M TT'® mipu 0°C. Tlocne nobaBnenus pearenta [ puHbspa OXJIAXIAOITYIO0 OaHIO yOpamm u
nepeMellBaHue MpoaoIKUIM B TeueHue | uaca. [locre 3aBepiineHus: peakiyu peakiiuoOHHYO
cMech BbUTHITH B 400 MJT XOJI0IHOM AUCTUILTUPOBAHHOM BOABI M TPHXKAbBI 3KCTPATrupOBaIH
TUATUIIOBBIM 3PUPOM. 3aTEM PACTBOPUTEIH OTOTHAIIU B BakyyMme. YucThIi mpoaykT (11 T,

72%) Ob1n monmyueH neperonkoit B Bakyyme (0.2 mbap, 133°C). 'H IMP (250 MTI'u, CDCI3,
0, ppm): 2.54 (¢, 3H), 7.05 (an, 1H, J;=3.7, J,=1.1 T'w), 7.15 (7, 1H, J=4.3 T'), 7.28-7.33

(mepexpbiBatommecst curtaist, 2H), 7.58 (x, 1H, J=4.3 T). 1°C SIMP (75 MT'n, CDCl3): &

[ppm] 26.49, 124.10, 125.60, 126.46, 128.21, 133.31, 136.29, 142.35, 145.74, 190.39. Paccuutano
(%) nnst C1gHgOS,: C, 57.66; H, 3.87; S, 30.79. Hatineno: C, 57.41; H, 3.99; S, 30.83. HRESIMS:

Haitneno m/z 209.0094; paccuurano mis [MTH]™ 209.0100.

[Monyuenne coenuuenus 3. 2-(2,2'-0uTHeH-5-um)-2,5,5-rpumeTwi-1,3-auokcas (3) ObuT
MTOJTyUEeH CenyomuM odpaszom: S-anetui-2,2'-outuoden (1) (6.0 r, 28.8 MMOITB) PACTBOPHITH
B cyxom Oenzojie (90 mn). [Tocne nobaswiu 2,2-numetun-1,3-mpomanamnon (12.0 T, 115 MMob)
u p-TosH (1.1 r, 5.8 mmonb). Peakuuro nepeMeinuBanu ¢ Hacaakol Huna-Crtapka mpu
KUIISTYeHHU 18 9acoB, MOCIIE Yero PEAKIMIO OXJIAIWIHN U 700aBuiau 10 MIT TpUATHIIAMHHA U
PEAKIMOHHYIO CMECh BbUTUIN B 200 MJT AUCTUILIUPOBAHHON BObI U TPUXK/IbI SKCTPATUPOBAIIN
TOyosioM. OpraHUYeCKHif CIIOM OO BEAMHUIIN U TTOCYIIUIIM Ha CyTb(aTOM HATPUS, a
PACTBOPHUTENTH OTOTHAJIH ITPU MMOHMKEHHOM AaBlieHud. YucTtbiit mpoaykT (7.87 T, 93%) 0wt
MTOJTy4eH OYUCTKOM KOJIOHYATON XpoMaTorpadueit Ha cunukarese (JTFOeHT, TeKCcaH). berbrit

nopowmoxk, T ;1 66-67°C. 'H aMP (250 MI'y, CDClg, 8, ppm): 0.67 (¢, 3H), 1.22 (¢, 3H), 1.68
(c, 3H), 3.40 (o, 2H, J=11T'm), 3.69 (a, 2H, J=11 I'n), 6.88 (a, 1H, J=3.7 '), 6.99 (aa, 1H,
J1=3.711,J,=49 1), 7.04 (n, 1H,J=3.7 '), 7.13 (an, 1H, J;=1.2 'y, J,=3.7 '), 7.19 (am, 1H,
J;=1.2Tu, J,=4.9 I'n). Bc amp (125 MTI'y, CDCl3): o [ppm] 21.91, 22.67, 29.76, 32.27, 72.01,
123.46, 123.63, 124.41, 126.65, 127.82. Paccuurtano (%) nist C15sH1g0,S,: C, 61.19; H, 6.16;
S, 21.78. Harineno: C, 61.25; H, 6.19; S, 21.69. MALDI MS: naiinerno m/z 294.070; paccautaHo

s [M]* 294.075.

[Tomyuaenue coequuenus 4. 1.6 M pactop Oytwututus (13.27 mi, 21.2 MMoIb) ObLT
MPUKAIMAaH K pacTBopy 3 (6.25 1, 21.2 mmostp) B 220 Myt cyxoro TI'® mpu -78°C. Ilocne yero
peaknuio nmepeMernuBay mpu -78°C B TedueHUe aca U 100aBUIHM U30TPOTIOKCH-4,4,5,5-
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TerpaMeTi-1,3,2-auokcodopoman (4.33 mi, 21.2 MMOJTB) OAHOM TOPIHEN. 3aTEM PEAKIHUIO
IIEPEMEIINBAIIN B TEUECHUE yaca pu -78°C 1 OoCie NOAHSIIA TEMIIEPATYPY A0 KOMHATHOM.
[Tocne 3aBepieHUs] peAKIMH PEAKLIUOHHYIO CMECh BbUTIIIH B 200 MJT AUCTULIMPOBAHHON
BOmbI, coaepxairei 21.2 it 1 M HCI, u TpHKabl SKCTPATHPOBAIH AUSTUIOBBIM 3(hUPOM.
3aTeM OpPraHUYEeCKUH CIIOM MOCYIIUITH Ha Cyb(GaTOM HATPHS, & PACTBOPUTEH OTOTHAJIH B
BakyyMe. [Iponykr 8.8 r (99%) ObLT UCTIONB30BAH B CIIEAYIOIIEH CTAAUN CHHTE3a 0e3
JOTIOJHUTENBHON OuuCTKU. Cepplif mopowok, T;: 104-105°C. 'H amp (250 MI'u, CDCl;3,
0, ppm): 0.67 (¢, 3H), 1.22 (¢, 3H), 1.34 (c, 12H), 1.67 (¢, 3H), 3.40 (g, 2H, J=11 '), 3.68 (xa,
2H, J=11T'w), 6.89 (a, 1H, J=3.7 I'n), 7.09 (g, 1H, J=3.7 I'm), 7.19 (a, 1H, J=3.7 I'n), 7.50 (7,
1H, J=3.7 T'y). Bc amp (125 MT'n, CDCl3): o [ppm] 21.87, 22.62, 24.75, 29.74, 32.21, 71.96,

84.17,98.57, 124.13, 124.79, 126.35, 137.38, 137.38, 137.92, 144.04, 145.21. Paccuurano (%)
st Cr 1 HygBO4S,: C, 60.00; H, 6.95; S, 15.25. Hatineno: C, 60.09; H, 6.98; S, 15.19. MALD1-

MS: nHaitneno m/z 420.160; paccuntaso s [M]* 420.114.
[Tomyuenue coequuenus 6. B uneptaoit atmochepe k Pd(PPhj3)4 (130 mr, 0.11 MMoib) 6b1TH

T00ABIIEHBI JeTa3UPOBAHHBIE PACTBOPHI coequrenwus 5 (0.52 r, 0.9 mmonb) u 4 (0.91 g, 2.2
MMOJIb) B CMECH TOJIyOJI/3TAHON (25/2.5 MIT), @ Taxke BOAHBIA pacTBOp 2M Nar,COj3 (4 mur).

PeaxipioHHast CMeCh IePEMEIUBAIACH ITPU KUITEHUH B TeUEHHE § 9aCOB, TIOCIIE YeTO OHA ObliTa
oXJIaXAeHA 10 KOMHATHOM U BBUIUTA B JACIUTEIBbHYIO BOPOHKY, COASPKALIYIO 75 MIT
JUCTUJLTUPOBAHHOM BoAbI U 100 MJT TOJTyOIa, U TPWX/IbI 3KCTPATUPOBAIIA TOJYOIOM. 3aTeEM
OPTaHWYECKHIA CITON TTOCYIIHITH Ha CYJIb(aTOM HATPHUSI, & PACTBOPUTEITb OTOTHAIIU B BAKYYME.
YUCTBIN TPOAYKT OBLT TMOJYyUEH XPOMATOTpAPUUIECKHA OUUCTKOM HAa KOJIOHKE C CHITUKATEIIeM
(aJr0€HT - Tonyoun). Beixoa mpoaykra 6 (0.75 r) coctaBuit 82%. TeMHO-KPACHBINH MOPOLIOK,
Ty 133-134°C. 'H aMP (250 MTI'ny, CDCly): d [ppm] 0.68 (¢, 6H), 0.85 (T, 6H, J=6.7 I'n),

0.93 (m, M=5, 4H, J=6.7 I'y), 1.22-1.32 (24H, nepekpbIBaAIOIIMUECS TUKU C MAKCUMYMOM TIPH
1.23 ppm), 1.36-1.44 (ymmupennsiit curuani, 4H), 1.69 (c, 6), 3.42 (g, 2H, J=11 I'n), 3.70 (g, 2H,
J=11T),6.90 (a,2H, J=3.7 I'n), 7.03 (a, 2H, J=3.7 '), 7.04-7.06 (1TepeKpbIBAIOLIUECS CUTHAJIBI,

4H), 7.12 (c, 2H). Bc amp (125 MTI'n, CDCl3): o [ppm] 11.75, 14.11, 21.89, 22.64, 22.66,
24.13, 29.13, 29.23, 29.75, 31.85, 32.23, 33.17, 71.99, 98.59, 123.25, 123.83, 124.25, 126.35,
135.64, 136.38, 137.31, 137.93, 143.17, 144.60, 147.71. 2Si SIMP (60 MTI'u, CDCl3, 8, ppm):
-4.13. Paccuutano (%) nist Cs4H700456Si: C, 64.63; H, 7.03; S, 19.17; Si, 2.80. Haiineno: C,
64.75; H, 7.07; S, 19.05; Si, 2.74. MALDI-MS: natineno m/z 1002.030; paccuuTtaHOo AJIs1 M]*
1002.338.

[Tonyuenne coemuuenus 7. 1.4 ma 1M HCI nobasunm k pactBopy coeaunenus 6 (0.7 g, 0.7
MMouib) B THF (10 MiT) ¥ mepeMemnmnBaiy peakiuyro Py KUTIEHUU B TedueHue 3 4acos. [1ocre

Yero PeakMOHHY0 CMECh OXJIaAUIH, TPOGHIbTpOoBaIU. [ [poayKT, moTydeHHbI Ha GUITBTPE,
OOMIBHO TTPOMBIIM BOJOW M TTOCYIIMIN B BakyyMme. Beixon mpoaykTa 7 (0.57 ) coctaBmit

98%. TeMHO-KpacHBII NOPOWOK, T 169-170°C. 'H simP (250 MTI'u, CDCly): & [ppm] 0.85

(t,6H,J=6.7T'11), 0.94 (M, M=5,4H, J=6.7 I'r), 1.21-1.46 (24H, nepexpbIBAIOLINECS CUTHAIIBI),
2.54 (¢, 6H), 7.07 (n, 2H, J=3.7 I'), 7.13 (m, 2H, J=3.7 T'm), 7.16 (¢, 2H), 7.21 (a, 2H, J=3.7

I'm), 7.57 (o, 2H, J=3.7 I'm). B¢ samp (125 MI'y, CDCly): 6 [ppm] 11.70, 14.10, 22.66, 24.13,
26.48,29.13,29.22,31.85, 33.15, 123.76, 124.08, 126.42, 126.99, 133.41, 134.32, 137.67, 138.61,
142.17, 143.58, 145.46, 148.20, 190.22. 2°Si IMP (60 MI'n, CDCl3, d, ppm): -3.97. Paccuutano
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(%) st C44H500,S¢Si: C, 63.57; H, 6.06; S, 23.14; Si, 3.38. Haiigeno: C, 63.60; H, 6.05; S,

23.07; Si, 3.34. MALDI-MS: HaitneHo m/z 829.951; paccuutano a1s [M]* 830.904.

[MonydeHue AOHOPHO-AKIENTOPHBIX COTIPSIKEHHBIX MOJIEKYL.

[Tpumep 2. O61mast METOAUKA CITOCO0A MOJTYYeHUSI TOHOPHO-aKIETI TOPHBIX COMPSIKEHHBIX
MoJIeKyJ1 00tent hopmyisl (I) peaknueit koHaeHcau KHeBeHATE MEX Ty MAJTOHOHUTPUIIOM
U KETOHOM, BBIOPAHHBIM U3 psia coequHenuit ootmet hopmyssr (111), mpuBeaeHa HUXe HA
MIPUMEPE NOJYYEHHOTO BBILIE KETOHA (CoeauHeHue 7, mpumep 1), rae n paBHo 2, R1 o3Hauaer
CHj3, R2=R3 o3naugaer H, Ar o3nauaet autueHo|3,2-b:2',3'-d]-cumosn odueit hopmysmst (II-c),

rae R14 o3HadaeT H-OKTUIT:

g s Wi W
q P R Rl i e PO
) {" }‘ *:; S Ve \r*"{e Q‘E‘“""&F’f‘l AN /\’“‘*«“"Sm-* ;"}‘?\\\»’S\ N 4 E}‘\w"g\,«ji.,
‘: i‘_,j Bt e - N A T *}T’“‘K}: FTRTRLT
P Vndl ‘g B R
R uxmwmsm wEpey, SO N
e R o e
. \“w 7
Mj X g’w Y
3 %"\' P g
-»Pj 2\ e \w\

Keron u3 mpumepa 1 (0.5 g, 0.6 mmosb), manononutrpui (0.24 g, 3.6 MMOJTb) U CyXOli
mupuanH (10 MIT) TOMEIIAIOTCS B PEAKIMOHHBIN COCY U TIEPEMEIIIUBAIOTCS B aTMOChepe
a30T1a B TeueHue § uacoB npu 107°C, UCIONIBb3yst KOHTPOIUPYEMBIH MUKPOBOJIHOBBINA HATPEB
(107°C). Ilocne oOKOHYAHUS PEAKIUN TTUPUANH OTTOHSIOT TPU MOHWKEHHOM JaBIICHUH.
[TpoayKT OUMIIIAIOT METOAOM KOJIOHUATON XpoMaTorpaduu Ha CUITUKArene (3JTFOSHT
JUXJIOPMETAH), C MOCACAYIOIIMM COKCIETUPOBAHUEM B ciupTe. Beixoa mpoaykra (0.45 r)

cocrasun 80%. YepHubiit nopomox, Ty 247°C. 'H simP (250 MTI'u, CDCl3): o [ppm] 0.86 (T,

6H, J=6.7 I'm), 0.96 (M, M=5, 4H, J=6.7 I'ny), 1.24-1.47 (24H, nnepeKpbIBAIOIIUECS CUTHAIBI),
2.66 (c, 6H), 7.10 (n, 2H, J=3.7 I'), 7.19 (¢, 2H), 7.23 (n, 2H, J=4.3 T'n), 7.27 (a0, 2H, J=3.7

W), 7.94 (z, 2H, J=4.3 Tw). 13C SIMP (75 MTI'u, CDCly): & [ppm] 11.83, 14.01, 22.65, 23.05,
24.17,29.14,29.20,31.86, 33.11, 113.88, 114.45, 124.47, 124.69, 127.51, 133.35, 135.16, 136.02,
137.69, 140.08, 144.18, 146.56, 148.72, 160.76. *°Si NMR (60 MTI'n, CDCls, 8, ppm): -3.71.
Paccuurtano nms (%) C5gHs50N4SgSi: C, 64.75; H, 5.43; N, 6.04; S, 20.74; Si, 3.03%. Hatiaeno:
C, 64.80; H, 5.45; N, 6.01; S, 20.69; Si, 3.00%. MALDI MS: Haiineso m/z 926.011; paccunrano

s [M]F926.213.
Hpyrue mpumepsl (ITpumepst 3-24) TOHOPHO-AKIENTOPHBIX COTPSHKEHHBIX MOJIEKYJT 00TIIeH
thopmymbr (1), MOTYyYEHHBIX AHAIOTUYHBIM CITOCOOOM, TIpencTaBaeHbl B Tabmure 1.
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(57) ®opmya u300pETEHUS
1. JIOHOPHO-aKIENTOPHBIE COMPSHKEHHBIC MOJIEKYIbI 001eit popmyisr (1),
cNR2 R3 R3 R2 NG
NC CN
< Y A A )
R S R T

rae R1 o3HauaeT 0IMHAKOBBIE 3AMECTUTENH U3 psiaa: TuHelHbIe Ci-Cy, WK Pa3BETBICHHbBIE
C3-Cyp umu nukmmyeckue C3-Cg aNKWIbHBIE TPYIIIbI; ADOMATHUYECKUI PauKaT QEHUIT;
s R2 u R3, He3aBucuMO Apyr ot Apyra, o3HadaroT H wm muneiinse C-Cq, win
paszseTBieHHbIe C3-Cy ANKUIBHBIE TPYIIIIBL;
n o3Hagaet O UM 11eoe 9uciio ot 1 0o 4;
Ar 03HAYaeT apWICHOBBIN UM TETEPOAPUIICHOBBIN paUKall, BEIOPAHHBIN U3 psiaa:

Crp.: 17
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TUEHWIT-2,5-muvit o01ment popmynsr (11-a)

P
=

R5

/N . (1-a)
2,2'-outnoden ooeit popmymst (11-b)

R8 R9

{

dbnyopen-4.,4'-muun obmeit hopmysr (11-¢)

A v

R10 R10 ,

mutheHo| 3,2-b:2',3'-d]-cumon ob1meit hopmyb (11-d)
R10_ _R10
Si
7\ 7N ()
* S S *

4

/
N

4H-1ukmno|2,1-b:3,4-b'|nutnoden oomeit hopmyns (11-¢)

R10 R10

3y
* S S *

muTHeHoTUppoIt o01melt popmysr (11-f)
R10

%Z_

I\ I\ -
* S S *

kap0Oazon odtmeit hopmynbr (11-g)

F'HO

3
¢

{(-g)

kap0Oazom odtmelt hopmybr (11-h)

10

(2

*

Zz—2

)

0en3o[ 1,2-b:4,5-b"|gutnoden odmeit hopmynsr (11-1)
R10
N

S
R10

uHaaneHoautuoden oomeit hopmysr (11-))
R10 R10

(U1-i)

%
Z

)

~
(7]
2 )
a
X
n
o
H

R10

Crp.: 18



10

15

20

25

30

35

40

45

RU 2624820 C2

nuppononHaaneHotTuoden odmeit popmynsr (11-k)
R10

f!l S
B —
/CS—D_SJ/ )
)
R10
mutheHo|3,2-b;2',3'-d|tuoden odmeit popmysr (11-1)

S
. [ A7) )
S s "

OenzoTrannazon ootmeit hopmyist (11-m):

N’S\N
N\
. «  (1-m)

TUTHEHO-TUEHOTUAIUA301 0011en hopmysr (I11-n):
7\ s U\
s \ / s " @n
Ng N
S

4.4-muprop-tukionenTal2,1-b:3,4-b' | mutroden odmeit hopmyisr (11-0):

* S S *
\ / \ / (11-0)
F7OF

nipu 3ToM R4-R10, HezaBucuMO ApyT OT Apyra, o3HadaroT H wnu nmunetinsie C1-C12 umm
pasBerBieHHbIe C3-C20 aTKUIBHBIC TPYIIITBI UK APOMATUYECKUN paauKa GpeHus.

2. JIOHOPHO-AKIENTOPHBIE COMPSHKEHHBIE MOJIEKYJIBI IO 1. 1, OTiIMUaromuecs TeM, 94to R1
o3HauaeT nuHelHyo C1-C |, umm pasBeTBiIeHHYIO C3-Cy ATKUIBHYIO TPYTIILY.

3. JIoHOpHO-aKIENTOPHbIE COMPSKEHHBIE MOJIEKYJIBI 110 1. 1, OTJIMYaIoLIuecs TeM, yTo R2
1 R3 o3Hauaer H.

4. JIOHOPHO-AKUENTOPHBIC COMPSKEHHBIE MOJIEKYJIbI IO 1. 1, OTAMYAIOIIMNECS TEM, UTO N
UMeEeT 3HaueHus 1-3.

5. JIoHOpHO-aKIEeNTOPHbIEC COMPSHKEHHBIE MOJIEKYJIBI TIO T1. 1, OTIMYAIOIIUECS TEM, UTO Ar
o3HavaeT auTreHo(3,2-b:2',3'-d]-cunon, BeIOpaHHbId U3 psiaa coenuHenuit popmynsr (11-d).

6. JlIoHOpHO-aKIENTOPHbIEC COMPSHKEHHBIE MOJIEKYJIBI IO T1. 1, OTIMYAIOIIUECS TEM, UTO Ar
O3HAYAET AUTHECHOTUPPOJI, BBIOPAHHBIIN U3 psaaa coeaquaenutt hopmyib (11-1).

7. JOHOPHO-AKUECTITOPHBIE COMPSI>KEHHBIC MOJIEKYJIBI TTO T1. 1, OTIMYAIOMINECS TEM, UTO Ar
O3Ha4aeT Kap0a30J1, BRIOpaHHbIN U3 psina coequaenutt popmynsr (11-g).

8. JloHOpHO-aKIENTOPHbIE COMPSKEHHBIE MOJIEKYJIbI IO T1. 1, OTIMYAIOIIUECS TEM, UTO Ar
O3Ha4aeT Kap0a30J1, BRIOpaHHbIN U3 psina coequaenutt popmyisl (I11-h).

9. JIOHOPHO-AKUENTOPHBIE COTIPSHKEHHBIE MOJIEKYJIBI 1O . 1, OTJIMYAIOLIUECS TEM, UTO Ar
o3HavaeT 0eH3o[ 1,2-b:4,5-b'| muTroden, BeIOpaHHbIi U3 psaa coenuuenutt popmynsr (11-1).

10. JJOHOPHO-aKUEITOPHBIE COMPSIKEHHBIE MOJIEKYJIBI 11O T1. 1, OTIIMYAIOIIHUECS TEM, UTO
R4-R10 npu Ar o3Hauaet nmuuelHy1o C;-C, unu pa3zseTBieHHYI0 C3-Cop ATKUIBHYIO TPYTIILY.

11. JJOHOPHO-aKUENITOPHBIE COMPSIKEHHBIE MOJIEKYJIBI 11O T1. 1, OTIIMYAIOIIHUECS TEM, UTO
OHU XaPAKTEPUIYIOTCS TEPMUUECKOM CTaOMITBHOCTBIO He Huxke 250°C.

12. JIOHOPHO-aKUEITOPHBIE COMPSIKEHHBIE MOJIEKYJIBI 11O T1. 1, OTIIMYAIOIIHUECS TEM, UTO
CTIEKTPbI MOTIOIICHUS UX TOHKUX TJICHOK TOMIMUHOMU 50-200 HM UMEIOT Kpai MOTJIOICHUS
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He MeHee 625 HM.

13. JJOHOPHO-aKUENITOPHBIE COMPSIKEHHBIE MOJIEKYJIBI 11O T1. 1, OTIIMYAIOIIHUECS TEM, UTO
XapaKTEPUBYIOTCS PACTBOPUMOCTBIO HE MEHee 2 MT/MIT B O-IUXJIOPOEH30J1e, TPH KOMHATHOMU

TEeMIEpaType.

RU 2624820 C2
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Chloroform-d
—f (“v;'l -
202 200
4 Wiy
T Yo aanst Bt S IS I
80 75 70 85 60 55 50 45 40 35
Chemical Shift (ppm)
i No. f Annolau'pn f (ppm} Z No. } (ppm) i ] Value lAbsoluleValue
[1 | cniorotorm-d © 7.26 | [ 1 [082. 0.89] [ 6.055 | 1.07203e+10 |
2 | [094.099] | 4063 | 7.20003e+9
[3 [[124. 147 24009 434 .
4 [12.65..268] ; 8039 | 1.07009e+10
5 | [7.06..7.12] | 1.909 | 354171e+0
6 | [717..7.21] 2000 | 354403e+9 |
7 |(7.22..7.25 | 1997 353865e+9
8 [[7.26..7.29] | 1999 | 354207e+9
[ 9 [794..7961 | 2019 | 357853er9
®ur. 5
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170 160 150 140 130 120 110 100 @0 80 70 60 50 40 30 20
Chemical Shift (ppm)
No. [ (ppm) | (Hz) | Height || No. | (ppm) ~ (Hz) [ Height [ Ne. ! ) (ppm)
1 [ 1183 | 8927 01466.| 14 | 11445 86383 [0.0777 . 1  Chioroform-d | [76.58 . 77@
2 | 1401 [ 1057.7 . 0.1866 | 15 | 124.47 93946 | 0.1201 T
3 " 2265 | 17095 | 02092 | 16 | 12469 94112 01367
[ 4 2305 17307 | 01684 |: 17 | 12751 96243 | 0.2131
5 | 2417 | 18240 | 01729 |; 18 | 133.35 | 100652 | 0.0903
8 | 2914 . 21997 | 0.2082 || 19 | 135.16 | 10201.5 | 0.1342
7 | 2020 © 22041 | 02249 || 20 | 136.02 | 10266.2 | 0.0807
| 8 | 3186 | 24050 | 0.2185 || 21 | 137.69 | 103925 | 0.1007
9 | 3311 | 24990 | 0.1887 || 22 | 140.08 | 10572.8 | 0.1044
10 | 7658 | 5780.0 | 1.0000 || 23 | 144.18 | 108827 | 0.0973
11| 7700 | 5811.8 [ 0.9948 |[ 24 | 146.56 | 110623 | 0.0840
12 | 7742 | 58439 | 09897 || 25 | 14872 | 112254 0.0723 |
13 [113.88 | 85957 | 00707 || 26 | 160.76 | 12133.8 . 0.0886 |
@ur. 6
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HA UBOBPETEHHUE

Ne 2667362

JloHopHO-aKEeNnTOPHBIE OJIMTOMEPBHI €
(eHUIAMIIHAHOBUHIIbHBIMHU 3AMECTHTE/ISIMU HA OCHOBE
TpudeHnJIaMUHA U C10CO0 UX MOJTYYEeHUS

Marentootnazarens: DedepanvHoe 20CyOapcmeeHHoe 0100HCemHOe
yupesxcoenue nayku Uncmumym cunmemu4eckux noaumMepHovix
mamepuanoe um. H.C. Enuxkononoea PAH (HCIIM PAH) (RU)

Asropsr: JIynonocoe IOpuit Hukonaeeuu (RU), Conodyxun
Anexcanop Hukonaesuu (RU), Ilonomapenko Cepzeii
Anamonvesuu (RU)
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POCCHUMCKA S ®EJEPAIIA A RS S S
(19) RU (11) \}\‘\\‘\\g\\‘i\: RN »\§ \§\\§ \§

(51) MIIK
CO7D 333/00 (2006.01)

OEJEPAIIBHAA CIIVIKBA

IO UHTEJUIEKTVAJIBHOM COBCTBEHHOCTHU

(12) 3AABKA HA U3O0BPETEHUE

(21)(22) 3asska: 2015133973, 13.08.2015 (71) 3asBUTEIbM):

depepalbHOE TOCYJapCTBEHHOE OIOMKETHOS
yapexpaenue Haykd MHCTHTYT CHHTETHISCKHX
oMMMEpHBIX MaTepuanos uM. H.C.

ITpuopurer(nl):
(22) Jara nomaun 3assku: 13.08.2015

(43) Jara mybaukamau 3asteku: 16.02.2017 Bron. Ne 05 Ennkononosa PAH (MCIIM PAH) (RU)
AJlpec 171 HepenUCcKu: (72) ABTOp(BI):
117393, Mockaa, yi1. [Tpodcorosnas, 70, UHCTHTYT JIynorocos ¥Opuii Huxomnaesua (RU),
CHHTETHYECKHX TTOIMMEPHBIX MaTepuanos um. H.C. Cononyxun Anexcarnp Huxonaesua (RU),
Enuxononosa (MCIIM PAH) ITonomapenko Cepreit Anaronbesuy (RU)

(54) JloHOpHO-aKIEeNTOPHEIE OIMIOMEDPEI ¢ DeHIITUNMAHOBUHUILHBIME 3aMECTUTEIIIMH Ha OCHOBE TPH(EHIIAMAHA
H CIIOCO0 HX IMOIYIEHHS

(57) ®opmyna n3o0peTeHus
1. JIoHOpHO-aKIEeNTOPHBIE OJTUTOMEPhI 001eit popmyis (1),

e n o3Ha4daeT 1eIoe 9uciio ot 1 1o 5;

m O3HaYaeT [ejIoe 9uciio oT 1 1o 3;

2. JIoHOPHO-aKIENTOPHBIE OJIMTOMEPHI 110 I1. 1, OTJIMYaoIIecd TEM, UTO N UMEET 3HAUCHUS
oT 2 o 3.

3. JIOHOPHO-aKUENTOPHBIE OJIMTOMEPHI 110 I1. 1, OTIIMYAOIIHecd TeM, UTO M UMEET 3HAUCHUS
1 vum 3.

4. JIOHOPHO-AKIEIITOPHBIE OJIMTOMEDHI 110 II. 1, OTIIMYAIOIIMECH TEM, YTO OHHU
XapaKTEPUBYIOTCS TEPMHUECKOM CTAOMIBHOCTHIO He HIKe 400°C.

5. JJOHOPHO-aKUENTOPHBIE OJIMTOMEPHI 110 1. 1, OTIIMYAIOLIMECS TEM, YTO CHEKTPbI
MOTJIOIIEHUS UX TOHKHUX INIEHOK TOJIIUMHOMN 50-300 HM UMEIOT Kpai IOTJIOIIEHUS HE MEHEe
600 HM.

6. JJOHOPHO-AKIENITOPHBIE OJIMTOMEPBHI 110 I1. 1, OTIIMYAIOLIUECH TEM, UTO XaPAKTEPUIYIOTCH
PACTBOPUMOCTBIO HE MEeHee 3 MI/MJT B O-IUXJIOPOEH30JIe ITPU KOMHATHOM TeMItepaType.

7. C11oco® notyueHus JOHOPHO-AKIEITOPHBIX OJIMTOMEPOB IO 1T 1-6, 3aKITFOYAFOIUHCS
B TOM, YUTO OCYIIECTBIISIFOT PEAKIUIO KOHAeHCAIU KHeBeHare sl MeKay KeTOHOM, BBIOPAHHBIM
u3 paaa coequHeHnit oo1e Gopmysl (1) 1 MAIIOHOHUTPHIIOM,
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[A€ N, M UMEIOT BbIIICYKA3aHHbIE 3HAUEHUS.

8. Crtoco0 1o 1. 7, OTIUYAIONIUICS TeM, UTO PEAKIUIO KOHAeH A KHeBeHaremss Mexy
KETOHOM M MAJIOHOHUTPUIIOM IIPOBOJAT B CPe/ie MUPHANHA UJIU €r0 CMECH C, TIO KpaHel
Mepe, OJTHAM PACTBOPHUTEIIEM, BBIOPAHHBIM M3 PsIa TOIYOII, TeTparuapodypaH, XaopodopM,
TUXJIOPA3TAH, XJIOPOEH30, IIPH 3TOM IMUPUAUH SBISETCS OJHOBPEMEHHO U KATAITM3aTOPOM.

9. Crtoco® 1o 1. 7, OTIIMYATOIIHIACS TEM, UTO PeaKIUio KoHAeHcanun KHeBeHaremst Mexay
KETOHOM U MaJIOHOHUTPUJIOM MPOBOISAT MpU Temrepatype oT +20 10 +150°C,
MPEANOUYTUTENBHO TPpU TemmepaTtype oT +80 no +115°C.

10. Crtoco0 1o 1. 7, OTIMYAFOIIHICS TEM, UYTO PEAKIUI0 KOHAeH A KueBenarens Mmexmy
MaJIOHOHUTPUIIOM U KETOHOM MPOBOIST MPU HATPEBAHUU MUKPOBOJIHOBBIM U3TyUeHUEM.
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(57) ®opmyna u3006peTeHUs
1. JIOHOpHO-aKIENTOPHBIE OIUromepsl obuei popmyiel (I)

rJIe n O3HAYaET LeJI0e Yucio ot 1 10 4;
m O3Hauaer 1ejioe uucio ot 1 g0 3.

2 Ilonopuo-akuenToprle OJIMT'OMEPHEI 110 I1. 1, oTIIMYaroUUECH TEM, YTO N UMEECT 3HAUCHUSA

ot 1 mo 3.

3 JIOHOpHO-aKllel'lToprle OJIMI'OMEPBHI 110 I1. 1, oTJIMYAIOIIMECS TEM, YTO M UMEECT 3HAYCHHU

1 unu 3.

4. JIOHOPHO-AaKUENTOPHBIE OJTMTOMEPHI 10 II. 1, OTIIMYAIOLIHECS TEM, YTO OHH
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XapaKTEPU3yIOTCSl TEPMUYECKON CTaOMIIBHOCTBIO He Huxke 380°C.

5. JIOHOPHO-aKUENTOPHBIE OJIMTOMEPHI 110 T1. 1, OTIIMYAIOIIMECS TEM, UTO CIIEKTPBI
HOIIOMICHUS] UX TOHKHUX IJICHOK TOIIMHOM 50-300 HM UMEIOT Kpaii IIOIJIOLIEHUS HE MEHEe
600 HM.

6. JIOHOPHO-aKLENTOPHBIE OJIMTOMEPBHI 110 1. 1, OTIIHYAIOLIMECS TEM, UTO XapaKTepU3yIoTCsa
PacCTBOPUMOCTBIO HE MeHee 3 MI/MII B O-IMXJIOPOEH30JIE ITPH KOMHATHOMN TEMIIepaType.

7. Cr1oco6 monyvenus JOHOPHO-aKIENTOPHBIX OJIMIOMEPOB 10 M. 1-6, 3aKiTroyarommiics
BTOM, YTO OCYIICCTBIISIOT PEAKUMIO KOHIeH ALK KHEBEHATeNst MeX/Ty KETOHOM, BBIOPAHHBIM
M3 psia coeiMHenui oowwen Gpopmyset (IT), 1 MATOHOHUTPUIIOM

[JIE N O3HAYAET LeJIoe YnciIo ot 1 10 4;

m O3Hauaer nejoe yucio ot 1 g0 3.

8. Cr10co6 10 11. 7, OTIIMYAIOIMIACS TEM, YTO PEAKIHIO KOHJIeHcauu Kuésenarerns Mex iy
KETOHOM M MaJIOHOHUTPHUJIOM ITPOBOJSIT B CPeJIe MMPUIMHA WITH €r0 CMECH C, TIO KpaiiHel
MEpe, O/THUM PaCTBOPUTENIEM, BEIOPAHHBIM W3 Psi/ia TOILYOII, TeTparuapodypas, xsopodopm,
AMXJIOPITaH, XJIOPOEH30J1, IPH 9TOM NUPU/IMH SIBJISETCS OJTHOBPEMEHHO U KaTaJIu3aTOPOM.

9. Cnoco6 1o 1. 7, OTIMYAIOLMICS TEM, YTO peaxumio koneHcauun Kuépenaremns mexy
KETOHOM U MaJIOHOHMTPUIIOM MPOBOMAT IPH Temnepatype ot +20 10 +150°C,
NIPEANOYTUTENIBHO NPH TeMmIiiepatype ot +80 1o +116°C.

10. Crtoco6 1o 11. 7, OTIIMYAIOIIMICS TEM, YTO peakiuio konaeHcanuu Kuésenaremns Mex iy
MaJIOHOHHTPHUIIOM Y KETOHOM IPOBOJISAT IIPH HATPEBAHUM MUKPOBOJIHOBBIM H3JTy4ECHHEM.
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(54)  Star-shaped compounds for dye-sensitized solar cells
(57)  The present invention relates to compounds of the general formula (1)

KIL-R], (n

The present invention also relates to electronic components comprising at least one semiconducting layer, wherein
the semiconducting layer comprises these compounds, and to the use of these compounds for the production of semi-
conducting layers in electronic components.
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Description
[0001] The present invention relates to compounds of the general formula (i)
KiL-R], M,

to electronic components, in particular to dye-sensitized solar cells, comprising at leastone semiconducting layer, wherein
the semiconducting layer comprises these compounds, and to the use of these compounds for the production of semi-
conducting layers in electronic components, in particular in dye-sensitized solar cells.

[0002] A solar cell (also called photovoltaic cell) is a photoelectrical device that converts the energy of sunlight into
electricity. According to materials of cells and operation theory, it can be divided into crystalline silicon solar cell, amor-
phous silicon solar cell, copper indium gallium selenite (CIGS) solar cell, cadmium telluride (CdTe) thin film solar cell,
silicon thin film solar cell and dye-sensitized solar cell (DSSC), etc., wherein DSSC has advantages of simplifying the
fabrication process, mass production and low material cost, so that it already becomes cne of the important next-
generation solar cells.

[0003] In general, a unit cell of a dye-sensitized solar cell consists of upper and lower transparent substrates, a
conductive transparent electrode consisting of transparent conductive oxide (TCO) respectively formed on the surface
of the transparent substrates, a dye-adsorbed transition metal oxide porous layer, usually based on TiO,, formed on
one conductive transparent electrode corresponding to a first electrode, a thin film electrode formed on the other con-
ductive transparent electrode corresponding to a second electrode, and electrolyte filled between the first and the second
electrode.

[0004] As the dye for the dye-sensitized solar cell, a ruthenium metal complex exhibiting high photoelectric conversion
efficiency of 10% or more has been widely used, but the ruthenium metal complex is too expensive and difficult to purify.
However, it has been found that a metal-free organic dye exhibiting excellent properties of absorption efficiency, redox
reaction stability and charge-transfer (CT) absorption can be used as a dye for a solar cell replacing the expensive
ruthenium metal complex.

[0005] Organic dyes that are suitable for DSSCs usually are chromophores comprising a donor function, an acceptor
function, an anchor group by means of which the dye can be adsorbed to the transition metal porous layer and which
is arranged in the proximity of the acceptor function, and a hydrophobic periphery. Dyes having such a structure are,
for example, disclosed by Mishra et al. in Angewandte Chemie, Vol. 121 (14), pages 2510-2536 (2009). Some of these
compounds comprise triphenylamine as the donor function. However, compounds based in triphenylamine that are
described by Mishra et al. are characterized by a low symmetry.

[0006] Dyes having a higher degree of symmetry and which can be used for the preparation of semiconducting layers
in solar cells are disclosed in WO-A-2012/100908. These compounds, however, have the disadvantage that their ab-
sorption to porous transition metal oxides such as TiO, is sometimes to low, which impedes their use as a dye in a dye-
sensitized solar cell.

[0007] The present invention was therefore based on the object of overcoming the disadvantages resulting from the
prior artin connection with the use of arganic oligomeric compounds in solar cells, in particular in dye-sensitized solar cells.
[0008] In particular, the present invention was based on the object of providing organic oligomeric compounds which
not only are distinguished by particularly advantageous electronic and optical properties and by a high absorption of
sunlight, but which moreover also have a particularly good processability, in particular a good wet processability. Layers
produced from such compounds should be characterized by a particularly advantageous photoactivity.

[0009] Moreover, the organic oligomeric compounds should be characterized by an improved binding affinity to porous
transition metal oxides such as TiO,, compared to the compounds of the prior art, making them particularly suitable as
dyes in a dye-sensitized solar cell.

[0010] A contribution towards achieving the abovementioned objects is made by compounds of the general formula (1)

KiL-R], )
wherein
n is an integer from 3 to 6, where n can assume in particular the value 3, 4, 5 or 6,
R represents H or a non-conjugated chain,

L are linear conjugated units according to the general formula (11)
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(ID

in which

X, ¥ in each case independently of each other represent an integer from 0 to 20, particularly preferably from 0 to
10 and moreover preferably from 0 to 5, but very particularly preferably independently of each other represent 0,
1or2,

A represents an acceptor group selected from the group consisiting of group Illa-llll

S
A~

C COOH N
LN\( *A}yg

* HOOC
m
(I1Ia) (11Ib)
S
* * S‘{
SO TS 0
N N 0 COOH
o > o >
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R R R R
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1k 11l

in which

Rrepresents H or a linear or branched C4-C,g-alkyl group, preferably a C4-C,o-alkyl group, or a linear C4-Cyg-alkyl
group, preferably C4-C4,-alkyl group, which is optionally interrupted by one or more O or S atoms or silylene,
phosphonoyl or phosphoryl groups, where, ifthe aryl compound A comprises two radicals R3, these can be identical
or different, and
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m represents an integer from 1 to 20, particularly preferably from 1 to 10 and maost preferably from 1 to 5, and
wherein in case of group Illa the NC-group may be partially or completely hydrolyzed to form a H,N-C(O)-group
or a OH-C(0)-group and the -COOH-group may be esterified to form a -COOR?-group, in which R’ represents a
C,-Cg-alkyl group,

M represents an aryl compound according to one of the following formulae 1Va-IVqg

S S S
*m—** \ ] \ / *

(IVa) (IVb)

S S
A\ N
* \
S S R3
(IVe) (IVd)

S S S
"N NN\ T
S S
(IVe)

S  _So S
Y AYWAWA

S S S
(Ivh)

S
aSsve
S

(IVg)
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(IVi) avyp
R3
* / * S S *
S YAy
S * A
R3 3R R3
(Ivk) avn
N S S . O *
Sptalen
N * 3
e mN
(IVm) (IVn)
< 5
AN Yalls
3R 3R R3 * S *
(IVo) (IVp) (IVg)

in which
R3represents H or a linear or branched C4-Cyg-alkyl group, preferably a C4-C4,-alkyl group, or a linear C4-C,g-alkyl
group, preferably C4-C4,-alkyl group, which is optionally interrupted by one or more O or S atoms or silylene,
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phosphonoyl or phosphoryl groups, where, ifthe aryl compound A comprises two radicals R3, these can be identical

or different,

represents a branching group according to one of the following formulae Va-Vi

* *
R4
* *
4R R4
* *

(Va)

*

N)§N
L
* N *

(Vo)

EP 2 873 662 A1

(Vb)

* : :R4 ; ok
N
R? R?

*

(Vd)

. R4
%* * * R4
BOUeS Ii
R N R 4g N
‘R

(Ve)

R

(V)
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in which

R*represents H or a linear or branched C-C,g-alkyl group, preferably a C-C4,-alkyl group, or a linear C4-C,4-alkyl
group, preferably C4-C,-alkyl group, which is optionally interrupted by one or more O or S atoms or silylene,
phosphonoy! or phosphoryl groups.

[0011] The positions labelled with * in the formulae (il), (Illa) and (llIb), (IVa)-(1Vq) and (Va)-(Vi) in each case identify
the linkage sites. In the case of the formula (I1), these are the bonding sites in which a linkage of the linear conjugated
units L with the branching group K (via the structural element -[M],- if x > 0 or via the structural element -A- if x = 0) and
the outer radical R (via the structural element -[M]y- if y > 0 or via the structural element -A- if y = 0) takes place. In the
case of the formulae (llla) and (lllb), these are the bonding sites in which a linkage of the acceptor group A with the
structural element -[M],- (if x > 0) or the branching group K (if x = 0) or the structural element-[M]y- (ify > 0) or the radical
R (if y = 0) takes place. In the case of the formulae (IVa)-(IVq), these are the bonding sites in which in the case of the
structural element -[M],- a linkage of the unit M with the branching group K and with the acceptor group A or with a
further unit M (if x > 1) takes place, and in the case of the structural element -[M]y- a linkage of the unit M with the
acceptor group A or a further unit M (if y > 1) and the radical R takes place. In the case of the formulae (Va)-(Vi), these
are the bonding sites in which a linkage of the branching group K with the structural element -[M],- (if x > 0) or the
acceptor group A (if x = 0) takes place.

[0012] The compounds according to the invention preferably have symmetric structure. The expression "symmetric
structure” as used herein indicates that within a given compound of the general formula (1) all connecting points within
a given connecting level (in the case of a branching group K with, for example, structural formula (Ve) these are the
three branching points indicated with "*") are connected to the same molecule of the next level (in case of a branching
group K with, for example, the structural formula (Ve) this means thateach branching point indicated with "*" is connected
to the same molecule L). However, this definition of symmetry does not apply for acceptor group "A" with formula (ll1a),
if in a given compound of the general formula (1) in these acceptor groups the cyanide group is hydrolysed to a different
degree. This means that if, for example, a compound comprises branching group (Ve) (three connecting points) and if
these three connecting points are linked to the following three groups -L-R (x =0, y = 0, A = group (llla), R = H),
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OH
COOH

~~ H N—(Ii COOH 0=C
MY ™
L L ]

(lla) (Ia") (Ia")

such a compound is nevertheless regarded as "symmetrical” as it is based on the same structural precursor-unit (i. e.
formula (llla)). The same also applies if in case of the acceptor group "A" with formula (Illa) some of the COOH-groups
within a compound of the general formula (1) may be present in the form of an alkyl ester. Thus, if in case of n = 3 one
or two of the three COOH-groups are esterified and are thus present in the form -COOR, in which R may be an alkyl-
group such as a methyl- or an ethyl-group, the compound is also considered as "symmetrical".

[0013] The compounds according to the invention preferably also have a so-called “core-shell structure”, in which the
branching group K forms the core and the units -L-R bonded to the core form the shell. The compounds can in principle
be oligomers or polymers.

[0014] Inthe context of the invention, the core-shell structure is a structure at the molecular level, i.e. it relates to the
structure of a molecule as such.

[0015] The compounds according to the invention have, if n is, for example, 3, 4 or 6, a structure according to the
following formulae (1-3), (1-4) or (I-6):

i R
R _R L R L R
L L [ e R
L L
% L
R R R

(I-3) (I-4) (1-6)

in which K, L and R have the abovementioned meaning.

[0016] The radical R is preferably a non-conjugated chain. Preferred non-conjugated chains are those which have a
high flexibility, i.e. a high (intra)molecular mobility, as a result interact readily with solvent molecules and thus generate
an improved solubility. In the context of the invention, flexible is to be understood in the sense of (intra)molecularly
mobile. The non-conjugated chains (R) are straight-chain or branched aliphatic, unsaturated or araliphatic chains which
have 1 to 20 carbon atoms, preferably which have 1 to 12 carbon atoms, and are optionally interrupted by oxygen, or
C4-Cg-cycloalkylenes. Aliphatic and oxyaliphatic groups, i.e. alkoxy groups, or straight-chain or branched aliphaticgroups,
in particular C4-Cog-alkyl groups, interrupted by one or more oxygen or sulphur atoms or silylene, phosphonyl or phos-
phoryl groups, are preferred. Linear or branched C4-C,q-alkyl groups, in particular C4-C45-alkyl groups, are particularly
preferred according to the invention as radicals R. Examples of suitable radicals R are alkyl groups, such as n-hexyl, n-
heptyl, n-octyl, n-nonyl, n-decyl and n-dodecyl groups, and alkoxy groups, such as n-hexyloxy, n-heptyloxy, n-octyloxy,
n-nonyloxy, n-decyloxy and n-dodecyloxy groups, or C5-C4-cycloalkylenes, such as cyclopentyl, cyclohexyl or cyclohep-
tyl. Particularly preferred residues R are H, -CH5 and -CyHs,.

[0017] Itis preferred that in the compounds according to the present invention the structural elements M in the linearly
conjugated chains L comprise optionally substituted 2,5-thienylene (IVp)
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wherein the radicals R3 can be identical or different and represent H or a linear or branched C4-C,4-alkyl group, preferably
a C4-Cyp-alkyl group, or a linear C4-Cyg-alkyl group, preferably C4-C4,-alkyl group, which is optionally interrupted by
one or more O or S atoms or silylene, phosphonoyl or phosphoryl groups. In this connection, structural elements M in

which R3 in each case represents a hydrogen atom are very particularly preferred. In this context, the structural units M
can be present as monomers (in this case x and y have the value 1)

or as dimers (in this case x and y have the value 2)

[0018] 1t is also preferred that in the compounds according to the present invention the branching group K represents

a branching group of the formula (Vd)
* : :R4 *
N

R4\© R*
*

(Vd)
in which

R*  represents H or -O- (CH,),,CHs, wherein n is an integer from 0 to 11, preferably from 0 to 8 and more preferably
from O to 2.

[0019] According to a preferred embodiment of the compounds according to the invention,

M  represents optionally substituted 2,5-thienylene of formula (IVp):

(IVp)

in which

R3 can be identical or differentand represents H or a linear or branched C4-C,g-alkyl group, preferably a C4-C4,-alky!
group, or a linear C,-Cyq-alkyl group, preferably C4-C,4,-alkyl group, which is optionally in-terrupted by one or more
O or S atoms or silylene, phosphonoyl or phosphoryl groups;
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represents a branching group of the formula (Vd)

in which

R4represents H or -O- (CH,),,CHs, wherein n is an integer from O to 11, preferably from 0 to 8 and more preferably

from 0 to 2.
represents 2;

represents 0;

*

(Vd)

represents an acceptor group of the formula (llla), (l1la’) or (llla")

N=C COOH

T

il T

(IMTa)

I
H,N—C.__COOH

T

OH
COOH

(M)

m

0=C
LT
[

(Ill2")

in which the -COOH-group may optionally be esterified to form a -COOR-group,

and

represents a -C,H, or a -CHj radical.

[0020] According to a particularly preferred embodiment of the compound according to the invention,

M

K

represents 2,5-thienylene

represents triphenylamine

—
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* *

X represents 2;

y represents 0;

A represents an acceptor group of the formula (Il1a), (llla’) or (llla")

OH
N=C COOH

0
|
\lr HZN—ETCOOH OZCTCOOH
Jm | HeT |

L
m m m

(Illa) (ITa") (Irfa")

in which the -COOH-group may optionally be esterified to form a -COOR-group,
and

R represents a -C,H; or a -CHj radical.

[0021] Layers of the compounds of the general formula () according to the invention are preferably conductive or
semiconducting. The invention particularly preferably provides those layers of the compounds or mixtures which are
semiconducting. Those layers of the compounds which have a mobility for charge carriers of at least 104 cm2/Vs are
particularly preferred. Charge carriers are e.g. positive hole charges.

[0022] The compounds according to the invention are typically readily soluble in the commonly available organic
solvents and are therefore outstandingly suitable for processing from solution. Solvents which are suitable in particular
are aromatics, ethers or halogenated aliphatic hydrocarbons, such as, for example, chloroform, toluene, benzene, xy-
lenes, diethyl ether, methylene chloride, chlorobenzene, dichlorobenzene or tetrahydrofuran, or mixtures of these. The
compounds according to the invention are conventionally soluble in these sclvents to the extent of at least 0.01 wt.%,
preferably at least 0.1 wt.%, more preferably at least 1 wt.%, particularly preferably at least 5 wt.%. The compounds
according to the invention form high quality layers of uniform thickness and marphology from evaporated solutions and
are therefore suitable for electronic uses, in particular as a semiconductor layer in organic solar cells.

[0023] The compounds according to the present invention can be prepared by means of a process wherein

- the -[L-R] radical or radicals or synthesis precursors of the -[L-R] radical or radicals are present as an organoboron
compound and the branching group K is present as an aryl or heteroaryl halide, or

- the-[L-R]radical or radicals or synthesis precursors of the -[L-R] radical or radicals are present as an aryl or heteroaryl
halide and the branching group K is present as an organoboron compound,

and the -[L-R] radical or radicals or synthesis precursors of the -[L-R] radical or radicals are bonded to the branching
group K via a Suzuki coupling.

[0024] This process is described in detail in WO-A-2012/100908 and the disclosure of this reference with respect to
the preperation of compounds of the general formula (1) is incorporated herein by reference.

[0025] A contribution towards achieving the abovementioned objects is also made by an electronic component com-
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prising at least one semiconducting layer, wherein the semiconducting layer comprises the compound according to the
present invention.

[0026] According to a preferred embaodiment of the electronic component according to the present invention, the
electronic component is a solar cell, in particular a dye-sensitized solar cell. In this context it is preferred that the dye-
sensitized solar cell comprises

(i) a first electrode having a porous oxide semiconductor layer coated onto a transparent conductive substrate,
wherein the compound according to the present invention is immobilized on the porous oxide semiconductor layer,

(ii) a second electrode which is provided so as to face the porous oxide semiconductor layer of the first electrode,
(iii) a redox electrolyte disposed between the first electrode and the second electrode.

[0027] The dye-sensitized solar cell according to the present invention comprises as a first component (i) a first
electrode having a porous oxide semiconductor layer coated onto a transparent conductive substrate, wherein the
compound according to the present invention is immobilized on the porous oxide semiconductor layer.

[0028] As the transparent conductive substrate onto which the porous oxide semiconductor layer is applied preferably
a transparent substrate is used having a conductive surface. Specific examples thereof may include those obtained by
forming a thin film of metals such as steel, silver, gold, etc. or conductive metal oxide such as indium, fluorine or antimony
tin oxide, in particular indium tin oxide (ITO), on the surface of transparent materials such as glass or a transparent
polymer material such as polyethyleneterephthalate or polyethersulfone, etc. The conductivity may be preferably 1000
Q or less, particularly 100 Q or less.

[0029] The porous layer of the oxide semiconductor preferably comprises particles of the oxide semiconductor. Specific
examples thereof may include oxides of titanium, tin, zinc, tungsten, zirconium, gallium, indium, yttrium, niobe, tantalum,
vanadium, etc. Zinc oxide and tin oxide are more preferable, and titanium oxide (TiO,) is most preferable. The average
diameter of the oxide semiconductor particle may be preferably 1 - 500 nm, more preferably 1 - 500 nm.

[0030] The oxide semiconductor thin film may be directly formed on the transparent conductive substrate for example
by spraying oxide semiconductor particles, or it may be formed by a method of electrically precipitating a semiconductor
particle thin film onto the transparent conductive substrate with the substrate as an electrode, or by a method of coating
a paste containing particles obtainable by hydrolysis of semiconductor particle precursors such as semiconductor alkox-
ides or semiconductor particle slurries onto the transparent conductive substrate, and then subjecting the coated substrate
to a heat-treatment. In this method, the slurry may be obtained by dispersing coagulated oxide semiconductor particles
in a dispersion medium by a common method such that the average primary particle diameter may become 1 - 200 nm.
The dispersion medium for dispersing the slurry may include those capable of dispersing semiconductor particles without
specific limitation, and specific examples thereof may include water, alcohol such as ethanol, etc., ketone such as
acetone, acetylacetone, etc., hydrocarbon such as hexane, etc. and a combination thereof. Water is preferable because
it minimizes viscosity change of the slurry. A dispersion stabilizer may be used to stabilize the dispersion of the oxide
semiconductor particle. Specific examples of the dispersion stabilizer may include acids such as acetic acid, hydrochloric
acid, nitric acid, etc., acetylacetone, acrylic acid, polyethyleneglycol, polyvinylacohol, etc..

[0031] The transparent conductive substrate coated with the slurry may be heat treated to a temperature of 100°C or
more, preferably 200°C or more, and the upper limit may be generally a melting point of the substrate, commonly 900°C,
preferably 600°C. The heating time may be preferably within 4 hours, but is not specifically limited thereto. The thickness
of the thus obtained thin film on the transparent conductive substrate may be 1 - 200 pum, preferably 1 - 200 pm.
[0032] The thus obtained oxide semiconductor thin film may be secondarily treated. For example, the thin film may
be immersed in a solution of alkoxide, chloride, nitride, sulfide, etc. of the same metal as the semiconductor, and heat-
treating, thereby improving the performance of the semiconductor thin film. The metal alkoxide may include titanium
ethoxide, titanium isopropoxide, titanum t-butoxide etc., these alkoxides preferably being applied in the form of solutions
inwhich the corresponding alcohol serves as the solvent. The chloride may include titanium tetrachloride, tintetrachloride,
zinc chleride, etc., wherein the chlorides are preferably applied in the form of agueous solutions.

[0033] The thus obtained oxide semiconductor thin film consists of oxide semiconductor particles and the compound
according to the present invention is immobilized onto the porous oxide semiconductor layer, in particular onto the
surface of the oxide semiconductor particles. In the case of TiO,-particles the compound according to the present
invention is bound to the TiO,-particles via the COOH-group of the acceptor group.

[0034] The method of immobilizing the compound according to the present invention onto the oxide semiconductor
particle thinfilm, in particular onto the surface of the oxide semiconductor particles, is not specifically limited. For example,
the conductive transparent substrate, on which the oxide semiconductor thin film is formed, may be immersed in a
solution or dispersion containing the compound according to the present invention. The solution can be obtained by
dissolving the compound in a solvent capable of dissolving it and the dispersion can be obtained by dispersing the
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compound in a dispersing agent capable of dispersing it. The concentration of the compound in the solution or dispersion
may be appropriately determined. The immersion temperature may be room temperature to a boiling point of the solvent
or dispersing agent, and the immersion time may be 1 minute to 48 hours. The solvent or dispersing agent for the
compound according to the presentinvention may include water, tetrahydrofuran, 1,2-dichlorethane, methanol, ethanol,
acetonitrile, dimethylsulfoxide, dimethylformamide, acetone, t-butanol or a mixture of at least two of these solvents. The
concentration of the compound in the solution or dispersion may be in the range from 1 X 106 M to 1 M, preferably from
1% 105Mto 0.1 M.

[0035] The dye-sensitized solar cell according to the presentinvention comprises as a second component (ii) a second
electrode (counter electrode) facing the porous oxide semiconductor layer of the first electrode. For this purpose, materials
can be used having a sufficiently high conductivity and being able to catalyze the reduction of the redox electrolyte.
Suitable as the counter electrode are, for example, glass substrates or polymer films onto which conductive materials
such as platinum, carbon, rhodium, ruthenium, etc. have been deposited.

[0036] The dye-sensitized solar cell according to the present invention comprises as a third component (iii) a redox
electrolyte disposed between the first electrode (i) and the second electrode (iii). The redox electrolyte may include
halogen redox electrolyte comprising a halogen compound with a halogen ion as a counter ion and a halogen molecule,
metal redox electrolyte such as metal complex such as ferrocyanate salt-ferrocyanate salt or ferrocene-ferricinium ion,
cobalt complex, etc., organic redox electrolyte such as alkylthiol-alkyidisulfide, viologen dyes, hydroguinone-quinone,
etc., wherein a halogen-based redox electrolyte is preferable. The halogen-based redox electrolyte comprises a halogen
compound and a halogen molecule, the halogen molecule may preferably be an iodine molecule (l,), and the halogen
compound with a halogen ion as a counter ion may include metal halides such as Lil, Nal, Kl, Cal,, Mgl,, Cul, etc., an
organic ammaonium salt of halogen such as tetraalkylammonium iodide, imidazolium iodide, pyridium iodide, etc..
[0037] If the redox electrolyte is present in the form of a solution comprising the redox electrolyte and a solvent, an
electrochemically inert solvent should be used. Specific examples thereof may include acetonitrile, propylenecarbonate,
ethylene carbonate, 3-methoxypropionitrile, methoxyacetonitrile, ethyleneglycol, propylene glycol, diethylene glycol,
triethylene glycol, butyrolactone, dimethoxyethane, dimethyl carbonate, 1,3-dioxolan, methylformate, 2-methyltetrahy-
drofuran, 3-methoxy-oxazolidin-2-on, sulfolane, tetrahydrofuran, water, etc., and acetonitrile, propylenecarbonate, eth-
ylene carbonate, 3-methoxypropionitrile, ethyleneglycol, 3-methoxy-oxazolidin-2-on, butyrolactone, etc. are particularly
preferred. The solvent may be used alone or in combination with another solvent. If the solid electrolyte is present in the
form of a gel, gelling agent such as starch can be used serving as a matrix for the redox electrolyte.

[0038] The dye-sensitized solar cell according to the present invention can be manufactured by processes known to
the person skilled in the art, for example by means of the process disclosed in EP-A-2 386 607. For example, the dye-
sensitized solar cell can be manufactured by coating a titanium oxide paste on a conductive transparent substrate, heat-
treating the paste-coated substrate to form a titanium oxide thin film, impregnating the substrate having the titanium
oxide thin film with a solution or dispersion in which the compound according to the present invention is dissolved or
dispersed so as to immobilize the compound onto the porous oxide semiconductor layer, in particular onto the surface
of the SiO,-particles, providing a counter electrode, for example glass coated with a conductive layer serving as the
counter-electrode, such that the conductive layer faces the porous oxide semiconductor layer, and filling the space
between the two electrodes with the redox electrolyte.

[0039] A contribution towards achieving the abovementioned objects is also made by the use of compounds according
to the present invention for the production of semiconducting layers in electronic components. Particularly preferred is
use of compounds according to the present invention for the production of semiconducting layers in a dye-sensitized
solar cell, wherein the compounds are used as the dye.

[0040] The present invention is now explained in more detail with the aid of non-limiting figures and examples.
[0041] Figure 1 shows a dye-sensitized solar cell according to the present invention. The solar cell comprises a first
electrode 1 having a porous oxide semiconductor layer 103, preferably based on TiO,-particles, coated onto a transparent
conductive substrate 101,102. The transparent conductive substrate 101,102 may for example be a transparent material
101 such as glass or atransparent polymer foil, for example a foil based on polyethylene terephthalate or polyethersulfone,
onto which a transparent conductive coating 102, for example a layer of indium tin oxide (ITO), has been applied. The
compound according to the present invention 104, for example compound 1 or compound 2 prepared in the examples
below, is immobilized on the porous oxide semiconductor layer 103. The solar cell further comprises a second electrode
2,which is provided so as to face the porous oxide semiconductor layer 103 of the first electrode 1, and a redox electrolyte
3 that is disposed between the first electrode 1 and the second electrode 2.

[0042] If sunlight passes through the transparent electrode 1 into the layer comprising the compound according to the
presentinvention 104, where it can excite electrons that then flow into the titanium dioxide 103. The electrons flow toward
the transparent electrode 1 where they are collected for powering a load. After flowing through the external circuit, they
arere-introduced into the cell via counter electrode 2 on the back, flowing into the redox electrolyte 3. The redox electrolyte
3 then transports the electrons back to the dye molecules 104.
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Example 1: Synthesis of compounds according to the present invention
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KOH, C,H;OH, H,0
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N N
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— 2 R=*| .

R

[0044] Synthesis of 5: Compound 5 was prepared by Kndvenagel condensation of 3 and ethylcyanoacetate. Com-
pound 3 (1.35 g, 1.56 mmol) and ethyl cyanoacetate (4.27 g, 37.5 mmol) were dissolved at heating in dry 1,2-dichlo-
roethane (350 ml) and cooled to room temperature. Afterwards, TiCl, (1.04 ml, 9.4 mmol) was added dropwise to the
reaction mixture and the mixture was stirred at room temperature for 20 min and then the second portion of dry pyridine
(3.92 g, 49.7 mmol) was added dropwise. The reaction mixture was stirred at reflux for 3 hours under argon stream.
After that, the reaction mixture was filtered and the solution was passed through silica gel column (eluent warm dichlo-
roethane). The solvent was evaporated in vacuum and the residue was dried at 1 Torr to give a crude product, which
was purified from the rest of ethylcyanoacetate by precipitation from its solution in THF by addition of hexane. Finally,
the crude product was purified by preparative GPC chromatography to give pure 5 (0.49 g, 30%) as a mixture of
geometrical isomers. 'H NMR (250 MHz, CDClg, 8, ppm): 1.34 (t, 3H, J=7.3 Hz), 1.38 (t, 6H, J = 7.3 Hz), 2.66 (s, 2H),
2.78 (s, 7H), 4.25-4.37 (overlapping peaks, 6H), 7.14 (d, 6H, J = 8.5 Hz), 7.20(d, 3H, J =3.7 Hz), 7.24 (d, 3H, J = 3.7
Hz), 7.28 (d, 3H, J=4.3Hz). 7.47 (d, 1 H, J = 4.3 Hz). 7.51 (d, 6H, J = 8.5 Hz), 7.97 (d, 3H, J= 3.7 Hz).

[0045] Synthesis of 1: The mixture of compound 5 (0.4 g, 0.3 mmol) in THF (40 ml), ethanol (5 ml) and water (5 ml)
with KOH (0.33 g, 5.9 mmol) was stirred at reflux for 30 minutes. After that, the equimolar amount of 1 M HCI (5.9 ml)
was added dropwise to this mixture and the resulting reaction mixture was diluted with water and filtered. The product
on filter was washed with water and dried under reduced pressure to give crude product (0.26 g, 70%) as a mixture of
geometrical isomers with different number of hydrolysed groups containing in average 3 COOH-groups.

[0046] Synthesis of 6: Compound 6 was prepared by Kndvenagel condensation of 4 and ethylcyanoacetate. Com-
pound 4 (1.25 g, 1.38 mmol) and ethyl cyanoacetate (3.76 g, 33.1 mmol) were dissclved at heating in dry 1,2-dichlo-
roethane (350 ml) and cooled to room temperature. TiCl, (0.92 ml, 8.3 mmol) was added dropwise to the reaction mixture
and the mixture was stirred at room temperature for 20 min and then second portion of dry pyridine (3.92 g, 49.7 mmol)
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was added dropwise. The reaction mixture was stirred at reflux for 45 min under argon stream. After that, the reaction
mixture was filtered and the solution was passed through silica gel column (eluent warm dichloroethane). The solvent
was evaporated in vacuum and the residue was dried at 1 Torr to give a crude product, which was purified from the rest
of ethylcyanoacetate by precipitation from its solution in THF by addition of hexane. Finally, the crude product was
purified by preparative GPC chromatography to give pure 6 (0.6 g, 37%) as a mixture of geometrical isomers. 'H NMR
(250 MHz, CDCls, &, ppm): 1.08-1.32 (overlapping triplets, 18H), 2.89 (m, 2H), 3.09 (m, 4H), 4.15-4.32 (overlapping
peaks, 6H), 7.08 (d, 6H,), 7.41(d, 1H,), 7.44-7.56 (m, 8H,). 7.58 (d, 1H), 7.65 (d, 6H), 7.97 (d, 2H). 13C NMR (600MHz,
DMSO-d6, &, ppm): 14.16, 14.38, 14.81, 24.02, 28.79, 29.36, 33.04, 62.23, 62.52, 67.08, 67.48, 98.08, 101.05, 107.45,
116.6,118.13,124.67,124.77,125.03, 125.37,127.15, 127.74, 128.15, 128.37, 128.46, 133.91, 135.14,135.27,135.49,
137.42, 143.74,144.42, 143.74, 144.42, 144.83, 146.57, 162.43, 162.92, 165.43.

[0047] Synthesis of 2: The mixture of compound 6 (0.45 g, 0.4 mmol) in THF (50 ml), ethanol (10 ml) and water (10
ml) with KOH (0.36 g, 6.4 mmal) was stirred at room temperature for 40 minutes. After that, the equimolar amount of 1
M HCI (6.4 ml) was added dropwise to this mixture and the resulting reaction mixture was diluted with water and filtered.
The product on filter was washed with water and dried under reduced pressure to give crude product (0.37 g, 87%) as
a mixture of geometrical isomers with different number of hydrolysed groups containing 1-3 COOH groups. '3C NMR
(600MHz, DMSO-d8, &, ppm): 8.83, 14.16, 14.24, 14.38, 14.81, 15.12, 25.6, 28.79, 31.73, 62.23, 62.53, 63.23, 67.48,
98.11, 107.42, 118.15, 118.59, 120.78, 123.6, 124.7, 124.91, 125.08, 125.29, 125.38, 125.81, 126.99, 127.15, 127.74,
127.96, 128.16, 128.43,133.9, 134.48, 134.96, 135.14, 135.27, 135.51, 137.42, 141.83, 143.74, 14439, 144.48, 144.85,
146.58, 146.65, 162.43, 165.45, 193.62.

Example 2: Preparation of an DSSC according to the present invention

[0048] A solar cellwas manufactured similar to the procedure in Example 3 of EP-A-2 386 607. A TiO, paste (Solaronix,
Ti-Nanoxide T/SP) was screen printed on a fluorine-doped tin oxide glass substrate to form a TiO, transparent layer
with a thickness of 10 um. The TiO, electrode was treated with a 40 mM TiCl, solution at 70 °C for 30 minutes, and
sintered at 500 °C for 30 minutes. Subsequently, the TiO, electrode was respectively impregnated with compound 5
(0.3 mM dye in tetrahydrofuran) and then allowed to stand at room temperature for 24 hours. A hot melt film (Surlyn)
was positioned as a spacer between the dye-adsorbed TiO, electrode and a platinum counter electrode, and heated to
80°C to assemble a sealed sandwich type electrode. As an electrolyte solution, 1,2-dimethyl-n-propylimidazolium iodide
(DMPImI) (0.6 M), I, (0.1 M), NMBI (0.5 M) and poly(vinylidenefluoride-co-hexafluoro)propylene (PVDF-HFP) (5 wt%)
dissolved in 3-methoxypropionitrile (MPN) were used.

REFERENCE LIST
[0049]

1 first electrode

101 substrate of the first electrode (for example glass)

102  transparent conductive coating (for example ITO)

103 porous oxide semiconductor layer (for example based on TiO,-particles)
104  compound according to the present invention

2 second electrode (counter electrode)
3 redox electrolyte
Claims

1. Compounds of the general formula (1)

wherein

17



10

15

20

25

30

35

40

45

50

55

EP 2 873 662 A1

nis an integer from 3 to 6,
R represents H or a non-conjugated chain,
L are linear conjugated units according to the general formula (Il)

in which

X, y in each case independently of each other represent an integer from 0 to 20,
A represents an acceptor group selected from the group consisiting of group Illa-1l|

*A[NCTCOOH_J | *A\O;jz;/*s

HOOC
(Illa) (IiTb)
S
S S _—~ N
SO S W N
N N 0 COOH
0 > 0 >
HOOC HOOC - :
(lllc) (Ille)
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N,C
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X=N,C
Ille
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R R « ox
R R R R
R R R R
0~ N7 Yo o 0 "0
*)\ *
11115 10l

in which
R represents H or a linear or branched C4-C,g-alkyl group, preferably a C4-C,-alkyl group, or a linear
C4-Cyg-alkyl group, preferably C4-C45-alkyl group, which is optionally interrupted by one or more O or
S atoms or silylene, phosphonoyl or phosphoryl groups, where, if the aryl compound A comprises two
radicals R3, these can be identical or different and
m represents an integer from 1 to 20,
and wherein in case of group llla the NC-group may be partially or completely hydrolyzed to form a
H,N-C(O)-group or a OH-C(O)-group and the -COOH-group may be esterified to form a-COOR'-group,
in which R represents a C4-C44-alkyl group,

M represents an aryl compound according to one of the following formulae iVa-IVq

S S S
Y AYERY Y

(IVa) (IVb)

S S

N NN, N
S S R3
(IVc) (Ivd)
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R3
* 72 *\( S 87/*
5 ey
S * /Sl\
R3 3R R3
(IVk) avl
. S S N *
T Q0
N * 3
€ R
(IVm) (IVn)
A TR
(IVo) IVp) Ivg

in which
R3represents H or a linear or branched C,-C,4-alkyl group, preferably a C-Cy,-alkyl group, or a linear
C4-Cyg-alkyl group, preferably C4-C,,-alkyl group, which is optionally interrupted by one or more O or
S atoms or silylene, phosphonoyl or phosphoryl groups, where, if the aryl compound A comprises two
radicals R3, these can be identical or different,

K represents a branching group according to one of the following formulae Va-Vi
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(Vi) *

in which
R4 represents H or a linear or branched C4-C,g-alkyl group, preferably a C4-Cq,-alkyl group, or a linear
C,4-Cyg-alkyl group, preferably C4-C,,-alkyl group, which is optionally interrupted by one or more O or §

atoms or silylene, phosphonoyl or phosphoryl groups.

2. Compounds according to claim 1, wherein M represents optionally substituted 2,5-thienylene of formula (IVp):

in which

R3 can be identical or different and represents H or a linear or branched C4-Cyq-alkyl group, preferably a
C+-C4o-alkyl group, or a linear C4-Cog-alkyl group, preferably C4-C,-alkyl group, which is optionally interrupted
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by one or more O or S atoms or silylene, phosphonoyl or phosphoryl groups.

Compounds according to claim 2, wherein R3 represents a hydrogen atom.

Compounds according to claim 3, wherein K represents a branching group of the formula (Vd)

(Vd)

in which
R4 represents H or -O-(CH,),,CH4, wherein n is an integer from 0 to 11.
Compounds according to claim 5, wherein:

A represents an acceptor group of formula (lila)

NC\W/
L

(I1Ta)

COOH

in which m represents 1 and wherein the NC-group may be partially or completely hydrolyzed to form a H,N-
C(0)-group or a OH-C(O)-group and the -COCH-group may be esterified to form a -COOR-group, in which

R represents a C4-Cqg-alkyl group;

X represents 2;

y represents 0;

R represents a -C,H; or a -CHj radical.

Electronic component comprising at least one semiconducting layer, wherein the semiconducting layer comprises

the compound according to at least one of claim 1 to 5.

Electronic componentaccording to claim 6, whereinthe electronic componentis a dye-sensitized solar cell comprising

the compound according to at least one of claim 1 to 5.

Electronic component according to claim 7, comprising

(i) a first electrode (1) having a porous oxide semiconductor layer (103) coated onto a transparent conductive
substrate (101,102), wherein the compound according to the present invention (104) is immobilized on the

porous oxide semiconductor layer (103),
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(ii) a second electrode (2) which is provided so as to face the porous oxide semiconductor layer (103) of the
first electrode (1),

(iii) a redox electrolyte (3) disposed between the first electrode (1) and the second electrode (2).

The electronic component according to claim 8, wherein the porous oxide semiconductor layer comprises TiO,-par-
ticles.

The electronic component according to claim 9, wherein the compound according to at least one of claims 1to 5 is
bound to the TiO,-particles via the COOH-group of the acceptor group.

Use of compounds according to at least one of claims 1 to 5 for the production of semiconducting layers in electronic
components.

Use according to claim 11, wherein the electronic component is a dye-sensitized solar cell and wherein the com-
pounds are used as the dye.
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1. HecumMmeTpuYHBIE JTIOMHUHECIICHTHBIE IOHOPHO-aKIIENITOPHbBIE MOJICKYJIBI 00IIIeH

bopmynsr (1):
R1 @,

S
N \ / EWG

R1

rae R1 o6o3navgaet H mnu 3amectutens, BEIOpaHHbI U3 psaga: nuHeitnsle Ci-Cjy nin
passeTBinéHHBIE C3-Cy( ankunbpHble rpynnsl; tuHeiHbIe C(-C ) nin pa3seTBaéHHbIE C3-
Cy( ankuiabHbIE TPYIIEL, pa3feleHHble 110 KpaliHell Mepe OJHUM aTOMOM KUCJIOPOAA;

EWG o0603HadaeT 2IeKTPOHOAKIIETITOPHYIO TPYIITY, BRIOPAHHYIO U3 pslia:
N-ankun- i N-(QeHmI-mpou3BoaHOE 2-THOKCO-1,3-THa30IuauH-4-0Ha 001

dhopmynsr (11-a):

(Il-a),
j\N#Rz

S
/ Yo
H

N-ankui- unu N-GeHUI-pou3BoaHOE 2-(TUIITHaHOMETHIICH)-1,3-THa30IuanH-4-0Ha
obmeit popmynsr (11-b):

r
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NC CN {I-b),

_R?
S
/ o
H
anKuI- Wik GEHUNI-TIPOU3BOAHOE HaHoanerara oomei popmynsr (11-¢):
0 (Il-c),

ne M R2

4-metundennn-, 4-metokcueHu- Wi 4-HUTPOQEHUIT-TPOU3BOIHOE AllETOHUTPHUIA
ob6meit popmynsr (11-d):
NC (II-d),
/ R3

H

MPOU3BOHOE 3-(AUIIMaHOMETHIICH \HHIaH- 1 -0Ha 00mmeit hopmynsr (11-¢):
(II-e),

rae R2 obo3navaeT ankunbHble nuHeHHbIe C1—Cg nnu passersinenHbie C3—C ) rpynmsl

nnu peHnnpHyo rpynny; R3 o6o3nagaer MeTuI-, METOKCU- HJIM HUTPO3aMECTUTEIIN.
2. HecuMMeTpUYHbIE TIOMUHECIIEHTHBIE JOHOPHO-aKI[ENTOPHBIE MOJIEKYIBI 110 1. 1,
omuyaromuecs teM, uto R1 obo3nauaer nuneitnsie C-C, unu passersiaéunsie C3-Cy

ankwibHble rpynnsl; nuHelHbIe C(-C |y nnu passeTBiénHble C3-Cy() aIKUIbHBIE TPYIIIBL,

pas3aelieHHbIE 110 KpallHEH Mepe OJTHUM aTOMOM KHUCIIOpPO/a.

3. HecummeTpu4HbIe TIOMUHECHEHTHBIE IOHOPHO-aKIIENTOPHbIE MOJIEKYJIbI 110 1I. 1,
otnuyaromuecs TeMm, uto EWG 0003HauaeT 3J1eKTPOHOAKLENTOPHYIO TPYIIILY, BEIOPAHHYIO
u3 psaga coequaenuit hpopmynsl (I11a-e).

4. HecuMMeTpHUYHBIE TIOMHHECIICHTHBIC TOHOPHO-aKIIETITOPHEIE MOJICKYIHI 10 1. 1,
OTJINYAIOIIHECS TEM, YTO MAKCUMYMBI UX CIICKTPOB IOTJIONICHUS B MTOJIMMEPHOM
MO CTUPOJIBHON MaTpuIle HaXoAATCs B HHTepBase oT 470 M 10 620 HM.

5. HecumMmeTpHUYIHBIE TIOMUHECIIEHTHBIE TOHOPHO-AKI[EITOPHBIE MOJIEKYJIBI MO 1I. 1,
OTINYAIOIIHECS TEM, YTO MAKCUMYMBI UX CIIEKTPOB JIIOMUHECIICHIINH B MOJTMMEPHOM
MOJMCTUPOJIBHON MaTpHIle HAXOAATCSA B HHTepBasie oT 560 HM 10 710 HM.

6. HecumMmeTpuIHBIE TIOMUHECIIEHTHBIE TOHOPHO-aKI[EITOPHBIC MOJIEKYJIBI 1O 1. 1,
OTINYAIOIIHECS TEM, YTO UX KBAHTOBEIH BBHIX0OJ ()OTOTIOMHHECIICHITUN B TIOJTUMEPHON
MOJIMCTUPOJIBHON MaTpulie cocTaBiseT He MeHee 20%.

7. HecumMeTpHUYIHBIE TIOMUHECIICHTHBIE TOHOPHO-AaKI[EITOPHBIE MOJIEKYJIBI MO 1. 1,
OTIUYAIOIIHECS TEM, UTO 00JIalaf0T BEICOKOW TEPMHUYECKON CTaOMIBHOCTHIO HE MEHEE
300°C.

8. Criocob mosry4eHruss HECUMMETPUIHBIX TIOMHHECIEHTHBIX TOHOPHO-aKIENTOPHBIX
MOJIEKYJ 110 M. 1, 3aKJIFOUAIOIUIICA B TOM, YTO OCYIIECTBIISIOT PEaKUI0 KOHICHCAIuU
KuéseHnarens MexJy KeTOHOM, BRIOpaHHBIM M3 psiia coequHeHuit obmieit popmynsr (111):

R1 (1),

R1

Y pa3IHIHBIME TpeKypcopamMu EWG, nMeronmMu akTHBHBIE METHUIICHOBEIE T'PYIIIIHI,
BBEIOpaHHBIMU U3 psga (I[Va-e):
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O (IV-e).
rae R2 o6o3nauaer ankunbHble TuHelHble C1—Cg nnu passeTiaeHHble C3—C ) rpynmnsl

unu peHmwTpHyI0 rpymnmy; R3 0603HauaeT METHI-, METOKCH- FUIH HUTPO3aMECTUTEIIH.

9. Crioco6 1o 1. 8, OTIMYAIOIIHIACS TEM, YTO PEaKINIo KoHaeHcaruu Kuépenarens
MEXIY KETOHOM M pa3IMYHBIMU NpekypcopamMu EWG, uMerommMu akTUBHbIE METHIICHOBBIE
CPYIIIBL, IPOBOMASAT B Cpelie MUPUINHA WIIM €r0 CMECH C, TI0 KpaiiHe Mepe, OTHUM
pacTBOpHUTENIEM, BEIOPAHHBIM U3 PANa: TOIYOJ, TeTparuapodypat, xiaopodhopm,
JUXIIOPATaH, XJ0POEH301, MPU dTOM MUPUANH SABIAECTCA OJJHOBPEMEHHO U KaTalu3aTOPOM.

10. Crioco06 1o 1. 8, OTIMYAIONIUICS TeM, UTO peakiuio KoHaeHcannu Kuépenarens
MEXIy KETOHOM W pa3IMYHBIMU npekypcopamu EWG, nMeromumMu akTHBHBIE METHUICHOBEIC
TpYIIBL, IPOBOAAT IpH TeMieparype oT +20 no +150°C, npeanoyTUTENbHO IpU
temmneparype ot +80 mo +150°C.

11. Cnoco6 mo 1. 8, OTIHYarouiCcs TeM, YTO peakiuio KouaeHcannn Kuésenaremns
MEXJy KETOHOM U Pa3nYHbIMU NpekypcopamMu EWG, nMeronumMu akTHBHBIE METUIICHOBBIC
TPy, IPOBOJAT IIPH HATPEBAHUH MUKPOBOJIHOBBIM U3TyYCHHUEM.
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MIIK2°C07D 333/10, C09K 9/02

HecumMeTpnyHbIe JIIOMHHECHIEHTHBIE JOHOPHO-aKIeNTOPHbIE MOJIEKY./IbI HA OCHOBE
TpUu(eHHITaMUH-THO(PEHOBOTr0 0J10Ka ¢ PA3JIMYHBIMU 3JIeKTPOHOAKIENNTOPHBIMHU I'PYNIIAMHU H
Crocod uX MoJTy4eHHust

OBJIACTb TEXHUKH, K KOTOPO OTHOCHUTCS M30OBPETEHUE

3asBrisieMoe M300pETeHHE OTHOCUTCS K 00JacTH XMMHYECKOW TEXHOJIOTMH OPTaHHMYeCKHX
COCIMHEHUH U MOXKET HAUTU POMBIIIUICHHOE PUMEHEHHE MTPH MOTyYeHUH HOBBIX (DYHKITMOHATBEHBIX
CBETOMPEOOPa3yIOMUX W  CBETOM3IYYAIOIIMX OPraHUYeCKHMX MAaTepuajoB B  ONTHUKE W
OTNTORJIEKTPOHUKE, 00J1aatoMX Kak 3()(PEeKTUBHBIM MOTJIOMIEHUEM CBETa B BUIUMOM YacTH CIIEKTpa,
Tak 1 3¢ HekTUBHON (HOTOTIOMUHECIICHINEH B ITTMHHOBOJIHOBOM JIMAaIa30He CIEKTpa (OT KEITOro A0
KpPacHOT0) B COYETAaHUH C BBICOKOW TEPMHUUYECKOW CTaOUIBHOCTHIO. bojee KOHKpeTHO, n300peTeHue
OTHOCUTCS K TOJYYEHHUIO HOBBIX OPraHUYECKUX JOMHUHECLHEHTHBIX MATEPHAIOB, MPEACTABIISIIOIIAX
c000#1 HeCHMMETPHUYHBIE MOJIEKYJIbl JOHOPHO-AKIIENITOPHOTO THIIA HA OCHOBE 3JIEKTPOHOAOHOPHOTO
Tpu(EeHUIaMIHA, WIA €r0 alKUJl-, WU aJIKOKCH-TIPOU3BOJIHBIX, CBA3AHHOTO Yepe3 T-COMPSIKEHHBIN

THO(EHOBBIN (PparMeHT ¢ KOHIIEBOH 3JIEKTPOHOAKIETITOPHON TPYIIION PA3IMYHOMN MTPUPOIBL.

YPOBEHb TEXHUKU

B pamkax 3asBisieMoro n300peTeHHs K HECHMMETPUYHBIM JIOHOPHO-AKIICTITOPHBIM MOJICKYJIaM
OTHOCATCSL ~ OpPraHMYECKHE  COCJUHEHHUS, KOTOpbIE HMEIOT  OJWH  3JEKTPOHOJOHOPHBIH
Tpu(eHWITAMUHOBBIN, WM JHATKAITPU(DEHUIAMUHOBBIN, WM JIHATKOKCHUTPU(ECHUIAMUHOBBIN
(dbparMeHT, CB3aHHBINA Yepe3 M-COMPsHKEHHBIN THOGEHOBBIN crielicep (m-crieticep) ¢ N-amkui- uiau N-
(beHUIPOTaHUHOBBIMH, N-aJKWwi- Wik N-QEHUIIUIUAHOPOAaHUHOBBIMH, TUITHAHOMHIAHOHOBBIMH,
QJIKWIT- WK PeHIITIUAHIPUPHBIME U 4-METUIT-, 4-METOKCH- WU 4-HUTPOPEHWIAKPUIOHUTPHILHBIMH
AIIEKTPOHOAKIECTITOPHBIMH TPYTIIIAMHU.

Wcropuyeckn, TMOAOOHAs KOHIENIMS WCIOJNB30BAaHMS TPOW3BOIHBIX TpU(EHIIAMIHA
pa3IMYHON apXUTEKTYphl, CBSI3aHHBIX YEpe3 T-COMPSIKCHHBI dYepe3 THO(EHOBBIN crelcep ¢
AIIEKTPOHOAKLIETITOPHBIMH 3aMECTUTEISIMH, IPHUMEHSIIACH B NIEPBYIO OYepelb MPH pa3paboTKe HOBBIX
(YHKIMOHATBHBIX MaTEpPHAIOB Ui opraHudeckoit poroBompTanku (J. Am. Chem. Soc., 2006, 128,
10, 3459-3466) 1 B OCHOBHOM ObLJTa OpPUEHTUPOBAHA HA MOJTYUYCHUE CHUMMETPUYHBIX TPU3aMEIICHHBIX
3BE3/1000pa3HbIX Mpou3BoAHBIX Tpudenmwnamuna (Faraday Discuss., 2014,174, 313-339). Onnako
CHHTE3 3Be371000pa3HbIX MOJEKYJ OTHOCHUTEIBHO CJOXEH, YTO B pEe3yJbTaTe NMPHUBOIUT K BBICOKOM
CTOMMOCTH KOHEUHBIX COCJIMHEHUH M YCTPOWCTB Ha WX OCHOBE. [10MOOHBIX HEJOCTATKOB JIMIICHBI
aHAJIOTHYHBIC, HO HECHMMETPHYHBIC JOHOPHO-AKIICTITOPHBIE MOJIEKYJIbl, XapaKTePU3YIOIIUECs
MPOCTBIM CHHTE30M, 4TO JIeJIaeT ATOT KJIacC COCTUHECHUH 00Jiee IEPCIICKTHBHBIM ISl IIPAKTHYECKOTO
npumenenus (Phys. Chem. Chem. Phys. 2010, 12, 11715-11727; Chem. Commun. 2012, 48, 8907—
8909).



K nambonee ONM3KHM MO CTPOCHHUIO K 3asBISIEMbIM HECHUMMETPHUYHBIM JIOMHUHECHEHTHBIM
JIOHOPHO-AKIENTOPHBIM MOJIEKYJIaM MOXHO OTHECTH CXOXKHE COCIUHEHHUS, HMEIOIINE TaKKe
Tpu(eHMITaMUH B Ka4eCTBE AJIEKTPOHOJOHOPHOTO (parMeHTa, THOPEH B KauyecTBe T-Creicepa, HO
JUIMaHOBUHWIbHBIE TIPYyNIbl B KAayecTBE HJIEKTPOHOAKLENTOpHOro (parmenta. IlogoGHble
HECUMMETPUYHbIE MOJIEKYJIbI BIIepBble ObUTN omyOnukoBaHbl B paborax (Phys. Chem. Chem. Phys.
2010, 12, 11715-11727; Chem. Commun. 2012, 48, 8907—8909), rae B mepBoii paboTe ObLITN OMICAHBI
X OINTHYECKHE CBOWCTBA, a B Oojiee MO3AHEH paboTe OHM OBUIM WCIIOJIB30BAaHBl B KadeCTBE
KOMIIOHEHTa aKTUBHOT'O CJ10s (POTOBOJBTAMYECKHX SUEEK.

JlanpHeiiiee pa3BUTHE MOAOOHBIX HECUMMETPUYHBIX JOHOPHO-aKIENTOPHBIX MaTepHaioB
onucato B pabote (Adv. Funct. Mater. 2017, 1704039; mexxaynaponas 3asska W0O2019057196, nata
nyOmukanuu  28.03.2019), roe Takue HECHMMMETPUYHBIE MOJIEKYJIbl HU3YYaJUCh C MO3ULUU
CBETOM3IYYAIOIMX MAaTEepPHUaIOB, HAIIPAaBJICHHBIX, B IEPBYIO OYepe/lb, HA AalibHEHIIee MPAaKTUIECKOe
IpPUMEHEHHE B CUCTeMax OMOJIOTMUYECKOM BHU3yalM3allMu B KadeCTBE JIIOMMHECLIEHTHOIO KOHTpPAcTa
JUIE KOMOMHHUPOBAaHHON TPaHCMHCCHOHHO-3MUCCHOHHON ToMorpaduu. B nmaHHO# paboTe aBTODHI,
TaKXKe WCIONB30BATH YIOMSHYTBIE JIUIIMaHOBHHWIBHBIC AIIEKTPOHOAKLIENTOPHBIE TPYIIIBL, HO
BapbUPOBAJIM 3AMECTUTEIH HA TPU(PEHUITAMUHOBBIX (PparMeHTax.

B marentax RU2667362C2 (mata mnyOmukamuu 19.09.2018) u RU2694209C1 (mara
ny6mukanuu 09.07.2019) packpbIBatoTCst CX0KH€ HECUMMETPHUHBIE MOJIEKYJIbI, HO C (DEHWIBHBIM U
n-GTophEHUITFHBIM 3aMECTHTENEM IPH IUIMAHOBUHWIBHOW TpyIIe, BMECTO aToMa BOJIOPOJA.
OpHaKo JIIOMUHECLIEHTHBIE CBOMCTBA TAKUX MaTEpHAIOB HE ObUTM U3YUYEHbI U ONUCAHBI.

bnuskas kK paHHUM NyOJaMKalMsIM MOJIEKYJsipHas apXUTEKTypa, HO C HCHOJIb30BAHUEM
MH/IaHAMOHOBBIX JIEKTPOHOAKIIETITOPHBIX TPYIII BMECTO UCXOAHBIX TUIIMAHOBUHUIIBHBIX ObllIa TAKXKe
ormcana B padore (ChemPlusChem 2016, 81, 637-645).

Crour OTMETUTh, YTO JIFOMMHECLIEHTHBIE CBOHCTBA MOJEKYJ BO BCEX YHNOMSHYTBHIX BBIIIE
pa0boTax, He ObUIM M3yuYeHbl BOBCE MJIM M3Y4YEHbl YAaCTUYHO, TOJIBKO B Pa30aBIEHHBIX PacTBOpax.
OpHako, XOpOIIO HM3BECTHO, YTO ONTHYECKUE XapaKTEPUCTUKU OPraHMYECKUX MaTepHalioB B HUX
pacTBOpax MOTYT KapAWHAIBHO OTIMYATHCS OT UX CBOIMCTB B OJIOKE MJIH MMOJUMEPHON MAaTpHIIE, T.€. B
TOM BHUJI€ KaK OHU PEATBHO MCIOJB3YIOTCS B OOJIBIIMHCTBE ONTORJIEKTPOHHBIX YCTPOHUCTB. Takum
o0pa3oM, peajgbHbIi MOTEHIMAN JUIs NPAKTUYECKOro IMPUMEHEHHs] YNOMSHYTBIX  BBIIIE
HECUMMETPUYHBIX JTIOMHUHECHEHTHBIX JOHOPHO-AKIIEITOPHBIX OCTAaeTCsl Heu3BecTHhIM. Kpome Toro,
PUMEPOB COCIMHEHUI C aHAJOTMYHBIM CTPOCHUEM M 00JIQIAI0NINX CPa3y KOMIUIEKCOM BaXKHBIX IS
IPAaKTUYECKOI0 IMPUMEHEHHs] CBOWCTB (BBICOKMII KBAaHTOBBII BBIXOJ (DOTOIIOMMHECLEHLIUU B
NOJMMEPHON MaTpUlLle C M3JIyYeHHUEM M MOIJIOIEHHEM B IIMPOKOM CIIEKTPAJbHOM JHala3oHe,

BBICOKAsA TCPMHUYCCKAA CTaOMILHOCTE U T.H.) HCT.



Kax npaBuino, cuHTE3 TakuX COEIMHEHUN OCHOBAH HA MPOBEIEHUM PEAKLMU KOHACHCALUU
Kuéenarenst Mex 1y MaJIOHOHUTPHIIOM U MOJTy4eHHBIM 3apaHee anpaeruaom (Chem. Commun. 2012,

48, 8907-8909; mexxnynapoanas 3asiska W02019057196, nara myonukaruu 28.03.2019):
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Onnako, moj00HbIe HECUMMETPUYHBIE TFOMUHECIIEHTHBIE JOHOPHO-AKIIENITOPHBIE MOJIEKYJIBI C
N-ankun- wm  N-QeHwIpomaHMHOBBIMU, N-ankui- Wi N-QeHWITUIIMaHOPOJaHUHOBBIMH,
TUIIUAHOWHIAHOHOBBIMU, AalKWI- WM (eHuIuaHdupHeiIMU U 4-MeTui-, 4-MeTOKCU- win 4-
HUTPO(DEHUITAKPUIIOHUTPIIIBHBIMU  3JIEKTPOHOAKIIENTOPHBIMUA TPYNIaMH, a TaKXKe METOH WX
MOJTydeHUsT He omnucaHbl. [lomydeHue MOJOOHBIX MOJIEKYJ B YCIOBHUSX PEAKIUU KOHJICHCAIIUU
Képenarenst sBnsieTcsS HE COBCEM TPHUBHAJIBHOM 3amadeil, T.K. MOXKET OBIT CONPSKEH C PSIOM
CIIOHOCTEH, BBI3BAHHBIX pA3TUYHON PEAKIMOHHON CHOCOOHOCTBIO WCXOMHBIX —albICTUIHBIX
cyOCTpaToB W TPEKypCOPOB AJICKTPOHOAKIENTOPHBIX TPYII, CTEPUUECKHX (HAKTOPOB MPH HUX
B3aMMOJICHCTBUH M XUMUYIECCKOW CTAOMIILHOCTBIO B YCIOBHUSX peakiiuu. [IoMUMO 3TOTO, YITOMSHYTHIC
BbIIlIE METOAMKU CHHTE3a MOJAOOHBIX MOJIEKYJ OTJIMYAIOTCA CBOEW HETEXHOJIOTMYHOCTHIO, T.K.
HCIIONB3YIOT XJIOPCOAEpKAIIME OPTraHMYECKUe PACTBOPUTENN U JOIMOJHUTENbHBIE KOMIOHEHTHI IS

KaTajJm3a.

CYIIHOCTBb U30BPETEHUA

TexHuyeckass mpobiema, Ha pelIeHHe KOTOpPOW HampaBlIEHO 3asBisieMoe H300peTeHue,
SIBJISIETCS] PACIIMPEHUE aCCOPTUMEHTAa HECUMMETPUYHBIX JTIOMUHECIIEHTHBIX JOHOPHO-aKIENTOPHBIX
MOJIEKYI.

TexHU4ecKud pe3ysbTaT, JOCTUTAEMBIM TPH peau3aliK 3asABIIEMOr0 H300pEeTeHMUS,
3aKJIF0YAETCS B TOMyUYEHUHU HOBBIX TIOMUHECIEHTHBIX JOHOPHO-AKIIENTOPHBIX MOJIEKYJI M MaTEPHUAJIOB
Ha UX OCHOBE, 00Jamaromux 3PGEKTUBHBIM TOTJIONICHUEM CBETa B MOJMMEPHBIX MOTHUCTUPOIBHBIX
Marpuinax B jauamnazone ot 470 go 620 HM, BBICOKMMH 3HAYCHHSIMH KBAHTOBOTO BBIXOJA
doromomunecuenunu ot 20 10 50% B nuanazone ot xxentoi (560 Hm) g0 kpacHoH (710 HM) oOmacTu
CIIEKTpa, & TAKKe BHICOKOW TEPMHUUECKON YCTONUHNBOCTBIO.

B pannoil 3adBKe mpeaiaraercs  paclIUpEeHUE  aCCOPTUMEHTa  HECHMMETPUYHBIX
JIOMHHECIICHTHBIX  JIOHOPHO-AaKIENTOPHBIX ~ MOJIGKYJ ~ IIyTeM  HCIOJb30BaHUS  HOBBIX
AIEKTPOHOAKIICNTOPHBIX TPYII, TaKUX KakK N-aJKui- Wik N-GeHUIpOJaHUHOBBIX, N-aakui- wim N-
(beHUIIMIUaHOPOTAHUHOBBIX, TUITHAHOWHIAHOHOBBIX, AlIKWII- UK (eHUIIHAHYQUPHBIX U 4-METHII-,

4-MeToKCH- HITH 4-HUTPOPEHUITAKPUIIOHUTPUIIBHBIX 3JICKTPOHOAKIEITOPHBIX TPYIII.



CylIecTBeHHOM OCOOCHHOCTBIO  3asBIIIEMOro crocoba TOJMy4YeHHsS HECHMMETPUYHBIX
JFOMHHECHEHTHBIX JOHOPHO-aKIENTOPHBIX MOJIEKYJI SIBJISIETCS €ro 0oJiee BBICOKAsi TEXHOJIOTHYHOCTh
BCJIE/ICTBUE HCIIOJIb30BAHUS MUPHAMHA KaK B KaueCTBE PACTBOPUTENS, TaK M KaTajau3aTopa JaHHOMN
PEaAKIMH.

Jis pemieHHss TEXHMYECKOW MpoOJeMbl ObLIM IOJNYy4EHbl pa3iMyHble HECUMMETPUYHBIE

JIOHOPHO-aKIENTOPHBIE MOJIEKYJIbI 001ei Gpopmysl (I):
R1

—-Orewe

R1 (D,

rae R1 o6o3navaer H wnm 3amectutenp, BbIOpaHHBIM u3 psga: auHedHble Ci1-Ci2, wiun
pasBetBi€HHbIe (C3-C20, anmkwibHbie Tpynnbl; JuHeiHble Ci-Ci2 wimm  pasBerBiéHHbIe C3-C20
QJIKUJIBHBIC TPYIIILL, PAa3ACIICHHbIE 110 KPAHEN MEpe OJHUM aTOMOM KHUCJIOPOJa;

EWG 00603Ha4aeT 3JeKTPOHOAKIETITOPHBIE TPYIIBI, BRIOpAaHHBIN U3 psiaa:

N-ankun- unu N-peru- mpousBoaHoe 2-THOKCo-1,3-Tnazonuaun-4-ona oduieit popmysr (11-

a):
S
S)LN’RZ
* / (0]
H (Il-a),

N-ankwin- win N-peHwn- nmpous3BoHOE 2-(IUIIMaHOMETHIICH)-1,3-TuazonuanH-4-oHa o01ei

dopmyist (1I-b):
NCiCN

|

s N’RZ

N @)

H (11-b),
QIKWI- WK (HEHUII- TPOU3BOIHOE ITMaHoarerata oomiei Gopmynsl (11-c):

N 0—-R2

*

C
Z @)

: (Il-c),
4-metungenun-, 4-meTokcupeHun- win 4-HUTpoEeHmI- MPOU3BOAHOE AIETOHUTPHIIA OOIIeH

¢dopmyusl (1I-d):

NC
H

(I1-d),



MPOU3BOIHOE 3-(TUIIMAaHOMETHIICH )JMHAaH- 1 -0oHa obmiei hopmynsl (11-e):

(II-e),

rae R2 nuneitnbie Ci1—Cs, unu pazBerBieHHble C3—Ci2 aJKWIbHBIC, WM LHUKINYECKUE
apomarnieckue (eHmIbHbIe TPy nbl; R3 — METHII-, METOKCH- WIIH HUTPO3aMECTUTEITH.

OnTuyeckre CBOWCTBA HOBBIX HECUMMETPUYHBIX JIIOMUHECHEHTHBIX JOHOPHO-AKLIENTOPHBIX
MOJIEKYJ MOTYT BapbUpOBaThCi B I[IUPOKHX TMpeleiax B 3aBUCUMOCTH OT BBIOpaHHOM
aneKkTpoHoakuenTopHoil rpynnsl EWG. 310 MoXeT ObITh HNPOMJUTIOCTPHUPOBAHO, HANpUMEp, Kak
CHEKTpaMH MOTJIOUICHMSI, TAK U MX CIIEKTPAaMHU JIOMUHECUEHIIMH B MOJIUCTUPOJBHBIX MOJIUMEPHBIX
Matpurnax (®wur. 1) o [Ipumepam 2-5, 7. HekoTopsie onTHYECKUE XapaKTEPUCTHKU JIIOMUHECIIEHTHBIX
HECUMMETPUYHBIX JOHOPHO-AaKIIENTOPHBIX MOJEKYJ, a TaKke HX TepMHuYecKas CTaOWIbHOCTh
npuBeneHsl B Tabmune 1 mo Ilpumepam 2-9. Kak BHIHO M3 MPHUBEACHHBIX CIIEKTPAIBHBIX TAHHBIX,
3asIBJICHHbIE HOBBIE HECHMMETPHUYHBIE JOHOPHO-AKIENTOPHbIE MOJEKYJbl 001a/1al0T UHTEHCHUBHBIM
criekTpoM norsionieHust B uaTepBasie oT 470 no 620 M. ITonucTuposibHBIE MOJUMEPHBIE MIICHKH,
MOJTy4YeHHBIE C 100aBJICHHEM HECUMMETPUUYHBIX JOHOPHO-AKIENTOPHBIX MOJEKYJ, JEMOHCTPUPYIOT
s (heKTUBHOE UCITYCKaHHE B IIMPOKOM CIEKTPAIbHOM JUaNa3oHe OT kedToi (560 HM) 10 KpacHOM
(710 HM) obmacTy crieKTpa ¢ BBICOKUMH 3HAYCHUSIMU KBAHTOBBIX BBIXOJIOB (DOTOTFOMUHECIICHIIH, OT
20 1 10 50%. [Tox BEICOKMM KBaHTOBBIM BBIXOJIOM B paMKaXxX JaHHOI'O U300pETEHMsI T0Apa3yMEBAETCS
KBaHTOBBII BbIXoA (oTomomMuHectieHnu He MeHee 20%. BappupoBanue kak TOHOPHBIX (hparMeHToB,
TaK M Pa3IMYHBIX DJJIEKTPOHOAKLENTOPHBIX TPYyMI, MPEACTABICHHOE B paMKax 3asiBIsIEMOrO
n300peTeHus], MO3BOJIsIeT TOHKO HACTPaUBaTh KOMILJIEKC (PU3MKO-XUMHUUECKUX CBOWCTB MOJTy4aeMbIX
Ha UX OCHOBE MaTepuaiioB. [IpuBeieHHbIE JaHHbIE ABIISIOTCS TOJIBKO IPUMEPAMU, U HE OTPaHUYUBAIOT
XapaKTEPUCTHUK 3asBJICHHBIX HECUMMETPHUYHBIX JTIOMHUHECIIEHTHBIX JOHOPHO-aKIIENTOPHBIX MOJIEKYII.

Takxe OogHOW U3 OTIUYHUTETHHBIX OCOOCHHOCTEH 3asiBICHHBIX HECUMMETPUYHBIX TOHOPHO-
aKIENTOPHBIX MOJIEKYJI SBJISICTCS UX BBICOKAsi TEPMHUUECKasi CTAOUIBLHOCTD, ONpeernsieMasi B paMKax
JAHHOTO M300peTeHHs] Kak TeMmImepaTrypa moTtepu 5% mepBOHAYaIbHONH Macchl NPU HarpeBaHUU
BellecTBa B MHEPTHOM aTmocepe. [lanHas TtemmepaTypa [Uisl pa3iMYHBIX YacTHBIX CiIy4aeB
cocrasisieT He MeHee 300°C, mpenmyniectBeHHo 340°C. JlaHHBIE TEPMOIPaBUMETPUYECKOIO aHAIN3a
(TTA) nns IlpumepoB 2-9 mpuBenensl B TabGmuue 1. IlpuBeneHHbIE AaHHBIE SBISIOTCA TOJBKO
IpUMEpaMUd U HE OIrPAaHUYMBAIOT XapaKTEPUCTHK 3asBJICHHBIX HECUMMETPUYHBIX JTOHOPHO-
AKLIENITOPHBIX MOJIEKYI.

TexHuyeckasi mpoOieMa TaKkKe perraercs myTeM pa3padoTku 3PGEeKTUBHON CXeMbI CHHTE3a
HOBBIX HECUMMETPUYHBIX JIIOMHUHECLIEHTHBIX JOHOPHO-aKLIENTOPHBIX MOJIEKYJ, CBOJAIIEHCA K
MOJy4YEHHUI0 HEOOXOIMMBIX ajbaeruaos, oodmero Buaa (III), ¢ ganpHelmMM npoBeneHUEM peakuu
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kouaeHcanuu Kuésenarens (J. March, Advanced Organic Chemistry: Reactions, Mechanisms, and

Structure, McGraw-Hill, New York, NY: 1968, pp. 693, 697-698).
R1

R1 (I11)

Takum 00pa3oMm, KITIFOYEBOH CTaaueil Ui TONyYeHHUsS MPEIOKEHHBIX HECHMMETPUYHBIX
JIOMHUHECLEHTHBIX JIOHOPHO-AaKIETITOPHBIX MOJICKYJ SIBJISICTCSI TMPOBEACHHE PEaKIMK KOHICHCAINU
MEXIy ailbJEeTHUAOM, BBIOpaHHBIM U3 psna coeauHeHuid obmeir dopmynsl (III) u paznuunbIMEU

npekypcopamu EWG, nMeroniiiMu akTHBHBIE METUIICHOBBIE TPYIIIBI, BHIOpaHHBIM U3 psiaa (IVa-e):
S NC._CN

S\J_Lz'Rz SIN’RZ 0 NG
— ne L _R2 —( )RS3
O (avay O vy ~o (IV-0); (IV-d);

NC

~

NC
O av-o),
rae R2 nuneitnbie Ci1—Cs, unu pazBerBieHHble C3—Ci2 aJKWIbHBIC, WM LHUKINYECKUE
apomarnieckue (eHmIbHbIE Tpynibl; R3 — METHII-, METOKCH- MIIH HUTPO3aMECTUTEITH.

B xoHTekcTe JaHHOTO N300peTeHNs peakius KoHAeHcanny KHéBeHaremst Mex /1y aabAeruaom,
BbIOpaHHBIM U3 psia coeaunenuit oomeit popmyusl (I1I), u npexkypcopom EWG, BeIOpaHHBIM U3 psija
coenunenuii (IVa-e), npuBOIUT K 3aMeIIeHUI0 KapOOHUIBLHOM TPYIIIBI B alibAerHIe ¢ 00pa30BaHUEM
HECUMMETPUIHON JTIOMUHECIICHTHON TOHOPHO-aKIIENTOPHOU MOJIEKYJTbI 0011el popmydsr (I). Oburyro

CXEMY PEaKIMH1 MO>KHO MPECTaBUTh CIEAYIOIIUM 00pa3oM:

R1 R1
O p EWG-2H 5
" \_/ H Catalyst N_Q_@_EWG + Hzo
R1 R

B uactHOoCTH, peakiuio kKoHAeHcanuu KHEBeHarens MeXIQy ajabIerHIOM M METHIIEHOBBIM
cyOCTpaToM TMPOBOJAT B PANTMYHBIX OPTAaHUYCCKUX PACTBOPHUTEIIAX WM MX CMECSAX, HANpUMEp, B
Toyose, XjaopOeH3one, TeTparuapodypane, uxiopITane, xjaopodopme, MUPUINHE B TIPUCYTCTBHE
OCHOBHOTO KaTajnu3aTopa B pEakIHMOHHOW cpene. B kadecTBe KaranmzaTopa, MOTYT OBITh

UCTIOJIb30BaHbl PA3JIMYHbIE OCHOBAHMs, HANpUMep, OpraHuyecKkue (TPUATHIAMHMH, MHPHUIUH,
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MUIEPUINH, STUIAT HATPUS U JIp.) WIM HEOpraHUYecKue (amerar aMMOHHUS, THIPOKCH Il METAJJIOB,
nanpumep, NaOH, KOH, KOH, okcunei, Al203 u nap., coaM) OCHOBaHHUS, a TaKKE MX CMECH C
kucnoramu JIstouca (AlCIs, TiCls). [IpeamodrurensHO HCIIOIB30BATh MUPHUIHH, TOCKOJIBKY B 3TOM
cllydae, OH BBINOJIHACT (PYHKIMIO KaK paCTBOPUTEIA, TaK U KaTanu3aropa. TemmnepaTypHbIi AUana3oH
IIPOBEJCHUS pEakLUU B 3TOM ciydae Bappupyercs oT +20 1o +150 °C, npenoyTUTENsHO IPOBEIEHUE
peakuuu npu temrepatype ot +80 1o +150 °C, mockosibKy NpOBEIEHUE PEAKIIMU MPU MOBBIIIEHHBIX
TEMIIEpPATypax CIOCOOCTBYET YBEIMUEHUIO CKOPOCTH PEaKUUU U IMOBBIIIEHUIO BBIXOJA IEJIEBOTO
nponykra. Jig 3Toro HarpeBaHWe PEaKIMOHHOM CMECHM MOXHO IMPOBOAUTH KaK TPaJULUOHHBIM
croco0oM, Tak M C UCIOJIb30BAHUEM MHKPOBOJIHOBOrO M3iMydeHus. IIpeamoururensHO HarpeBaHue
peaxkiuu 3a C4€T MUKPOBOJIHOBOI'O M3JIyUYEHUS, IOCKOJIBKY B 3TOM CIIy4yae HarpeBaHUE MPOMCXOIUT
Oonee paBHOMEpHO, 0e3 TeperpeBa PEakIMOHHON MAacChl, YTO BEAET K YMEHBIICHHIO IMOOOYHBIX
IIPOAYKTOB U CHHJKEHUIO BPEMEHU PEaKIINH.

[Tocie OKOHYaHMS peaKUMH MPOLYKT KOHJEHCALUHM BBIJCISIIOT 10 M3BECTHBIM METOJUKAM.
Hanpumep, no6aBisioT BOAy M OpraHUYEecKHid pacTBopuTenb. OpraHuyeckyro ¢a3y OTIEINSIOT,
IIPOMBIBAIOT BOJIOM 10 HEUTPAIBHOM PEaKIUU U BBICYLIMBAIOT, IIOCJIE YETO PACTBOPUTEND YIIAPUBAIOT.
B kauecTBe OpraHMYeCKOro pacTBOPHUTENSI MOXKET ObITh MCIOJIb30BaH OO0 HE CMENIMBAIOLIUICS
WY OTPaHMYEHHO CMEIINBAIOIIMICS ¢ BOJJON pacTBOPUTEIb, HAIIPUMED, BHIOPaHHBIHN U3 psaa 3pupos:
JUBTUWIOBBIA  3up, MeTuATpeTOyTWIOBBIA 3(up, WM BBHIOPAHHBIM W3 pAga apOMaTUYECKHX
COEIMHEHUI: OEH30J1, TOJIyOJ, KCUJIOJ, WIM BBIOpaHHBIN U3 psiia XJIOPOPTaHUYECKUX COECTUHEHUI:
JUXJIOPMETaH, XJI0po(opM, YETBIPEXXITOPUCTBIN YIiIepo, XnopOoeH301. Takxke A BbIACICHUS MOTYT
MCIIOJIb30BaThCsl CMECH OPraHUYECKUX PACTBOpUTENEH. BoleeHne npoaykra MOKHO IPOU3BOIUTE U
0e3 TNPUMEHEHUS OpPraHUYECKHX pacTBOpUTENICH, HampuUMep, OTIOHKOW pacTBOpUTENeH U3
PEaKIMOHHON CMECH, WM JIIOOBIM JIPYTUM HM3BECTHBIM METOAOM. lIpeanoyTUTEeNnbHBIM SBIISETCS
BBIJICJICHUE MPOYKTa OTTOHKOM pacTBOPUTEIIS C TOCIEAYIOIIEH OUMCTKOM.

OuucTKy 1eeBOro MPOJIYKTa TMPOBOIAT JIIOOBIM M3BECTHBIM METOJOM, HAaIpHMED,
npenapaTUBHON KOJIOHOYHOM Xpomarorpadueid B afcOpOIMOHHOM WIJIM SKCKIIO3UOHOM PEXHME,
NepeKpUCTALTU3ANCH, APOOHBIM OCaXKICHHEM, JPOOHBIM pACTBOPEHHEM WIH UX JHO00M
KOMOUHaIMen.

YucTtoTy M CTpPOEHHE MOIYYEHHBIX HECHMMETPUYHBIX JOHOPHO-AKLENTOPHBIX MOJEKYJI
MOJTBEPKIAIOT COBOKYITHOCTBIO JAaHHBIX (DPU3UKO-XUMHUYECKOTO aHAJIN3a, MOJTYYEHHBIX C IMOMOIIBIO
TaKMX METOJIOB, KaK XpoMaTorpauueckue, CIEKTPOCKOMHYECKHUE, MacC-CIEKTPOMETPUUYECKHUE.
HauOonee mnpeanoyTUTENbHBIM MOATBEPXKICHUEM YHMCTOTBI U CTPYKTYPbl JOHOPHO-AKIENTOPHBIX
MoJIeKyn siBstorcs IMP-crekTpsl Ha sapax 'H (cm. @ur. 3-4).

Ncxonubie anpaerubl, BEIOpaHHBIC U3 psfa coenuHenuit oomeit popmyns (I11), ans cunTesa
HECUMMETPUYHBIX JIFOMUHECLEHTHBIX JIOHOPHO-AaKLENTOPHBIX MOJIEKYJ IMOJy4aloT B JBE CTaJuH,

WCIIONIB3YS IJIS1 ATOT0 HA0Op pEeaKIMi OPraHMYECKOTO U METAJUIOPTaHNYECKOTO cHTe3a. KOHKpEeTHBIM
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npUMep MOIy4eHHUs] UCXOAHOro anpaeruna oomeit ¢popmynst (III), rne R1=H, mpowmnmtoctpupoBan

Huxe (cm. [lpumep 1).

CBEAEHUA, IIOATBEPXXJIAIOUIUE PEAJIN3ALINIO U3OBPETEHU A

Ha ®ur.1 B kauecTBe WIUTIOCTPALIMU NPEICTABIEHBI CIIEKTPBI OTIOMICHHS U IIOMUHECLIEHIIUH
B IIOJIMCTUPOJIBHBIX MOJUMEPHBIX MAaTPHUILIAX HECUMMETPUUHBIX JOHOPHO-AaKIENTOPHBIX MOJIEKYJI 110
[Tpumepam 2-5, 7.

Ha ®wur.2 B xayecTBe WUTIOCTPAIMM BBICOKOM TEPMHUUYECKOW CTaOWMILHOCTH TPEICTABIICHbI
kpuBble TI'’A B MHepTHOM aTMocdepe HECUMMETPUYHBIX JOHOPHO-AaKUENTOPHBIX MOJIEKYJ IO
ITpumepam 2-5, 7.

Ha ®ur.3 npencrasnen 'H SIMP cnextp coeaunenus mno Ipumepy 2.

Ha ®ur.4 npencrasnen 'H IMP cniexktp coenunenus no Ipumepy 7.

N300peTeHne MoXxeT ObITh MPOMJLTIOCTPUPOBAHO HUXKETIPUBEIEHHBIMU IPUMEPAMU CHHTE32
HECUMMETPUYHBIX JTIOMUHECLIEHTHBIX IOHOPHO-aKLENTOPHBIX MoJieKyl (cM. [lpumep 1 n Tabmumy 1
¢ IIpumepamu 3-9). IIpu 3TOM HCNONB30BAIM KOMMEPUECKH JOCTYIIHBIE PEAr€HThl U PACTBOPUTEIU
0e3  JIOTIOTHUTEIIbHOW  OYHUCTKH: 4-6pomtpudeHnIamMut,  THO(DEH, maraui  (Mg),
ouc(nudenundocduno)deppouet|auxaopnanaauii (2) (Pd(dppf)Clz), 1.6 M pactBop H-OyTHILIUTHIA
(n-BuLi) B rekcane, N,N-aumermndopmamun, N-3TUIAULIUAHOPOAAHUH U Ap. JlOMOJIHUTENbHBIE
peareHThl M BellecTBa ObLIM IOJYYEHBI, MCIOJIb3Yysl OMNMCAHHbIE B JUTEpaType MeToAuKu. Bce

pEaKIMu, €CII He OTOBOPEHO 0c000, MPOBOIMIIMA B aTMOC(epe aproHa.

[onyyenne anbaeruaoB odmeii ¢opmyast (III), rome RI=H pas cuHTe3a
HEeCUMMETPUYHBIX JIOMHHECIIEHTHBIX IOHOPHO-aKIeNTOPHBIX MOJIEKY.JI.
IIpumep 1. Cunres anpaeruna (3) oomieit popmyiel (I11), rne R1 pasro H 6bu1 ocymecTBi€éH coraacHo

MIPUBEAEHHON HUXKE CXEME:

MgBr 1) n-BulLi Q
Q_@_ \(_7 Q 2) OMF- s {

N T _Q_@ THF; 78C 1t/ \ J H
C} 1 THF; 0°C...r.t. O 2 @ 3
[Monmyuenne coemmuenus 2. 4-(audenmnamuHo)peHmnTropeH (2) ObUT TONYyYEH ITyTeM
peakmuu Kpocc-codeTanus B ycinoBusax Kymanapl: k pactBopy 5.52 r (17.0 mMounb) TpudeHHIaMUHA
monobpomuaa (1) u 83 wmr (0.1 mmons) Pd(dppf)Cl B 35 ma cyxoro TI'® wmeaneHHo mpu
nepeMeIMBaHuy MpHKanamy 37 mia pactBopa Tuodpenmaruuitopomuna (leq) B TI'®D, nomydenHoro in
Situ, TIpU OXJIAKICHUN B MHEpTHOW aTMmocdepe. [locime dero temmepaTypy peakIMOHHOW CMECH B

TeueHun 1 gaca YBCIUYUIIN 10 KOMHATHOM C MOoCJICAYIOIUM MEPEMEINNBAHUEM B TCUCHUC 8 Jacos.
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[Tocre OKOHUAHUSI PEAKINH PEAKIMOHHYIO CMeCh BBUTIUIA B 150 MJ JAMCTUIUIMPOBAHHON BOJBI U
AKCTPAruPOBATH TUITHIOBBIM dPupoM. Opranndeckyto ¢a3zy OTMBIBAIN IUCTUILUTUPOBAHHOMN BOJON U
cymiu HaJ 6e3BoHbIM Na2SO4. PacTBopuTeNb ObIJ1 OTOTHAH B BaKyyM€E M YUCTBINA MPOAYKT (4.62 T,
83 %) ObLI MOJIy4eH MOCJe OYMCTKU Ha Xpomarorpaduyeckoil KOJOHKE C CHIIMKaresieM (JII0CHT
rekcan:tomyon 12:1). '"H AIMP (250 MI'u, CDCls, 6, m.x1.): 7.00-7.17 (mepeKpbIBarOIIMECS CUTHAIIBL,
OH), 7.21-7.32 (nepekpoiBatomuecs curnainsl, 6H), 7.49 (a1, 2H, J = 8.55 Hz).

[Momyuenne coemunaenus 3. S-[4-(mudenmnamuno)dennn|rnodpen-2-kapdanpaerung 3 ObuT
MOJTy4eH cieayromumM oopa3om: 1.6 M pactBop #-Oytwiutuii B rekcade (10.4 mu, 16.7 MMoutb) ObuT
MeJIeHHO 100aBIieH K pacTBopy coeanHenus 2 (5.43 1, 16.7 mmonp) B 160 mn cyxoro TI'® mpwu -78
°C B unepTHOU atmMoc(epe. [Tocne vero nepemernmBanue mpu remmneparype -78 °C ObLI0 MPOJOIKEHO
B TeueHHH | yaca. 3aTeM K peakIMOHHOW Macce no0aBwiu onHy nopruio 1.22 1 (16.7 MMoib)
o6e3BogHoro N, N-mumetrmndopmamuna mpu Temneparype -78 °C. Ilocme yero temmeparypy
pPEaKIMOHHONW cMecH B TeueHHHM | yaca yBeldWuwiIn 10 KoMHaTHOW. [locie oxoHuaHuUs peakuuu
PEaKIMOHHYIO CMeCh BBUTHIIM B 250 MJI ANCTUIUTMPOBAHHON BOABI U SKCTPArupOBAIId JUITUIOBBIM
sapupom. Opranuueckyro ¢azy OTMBIBAIM JWCTHJUTMPOBAHHOW BOJOH M CYIIMJIM Haja O€3BOJHBIM
Nax2SO4. PacTBOpUTENH OBUT OTOTHAH B BaKyyMe M YUCThIHN poAyKT (5.10 1, 87 %) 66111 mosTyueH mnocie
OYKCTKH Ha XpoMaTorpauuecKoi KOJOHKE ¢ CHIMKareieM (Ir0eHT auxinopmeran:rekcan 10:1). 'H
AMP (250 MInu, CDCls, o, m.m.): 7.03-7.20 (mepekpbiBatomquecst curHanbl, 8H), 7.26-7.36
(mepexpsiBaronuecs: curnainel, SH), 7.53 (n, 2H, J = 8.55 Hz), 7.72 (n, 2H, J=3.97 Hz), 9.87 (c, 1H).

IHonyyenne HeCMMMETPHYHBIX JIOMHHECHEHTHBIX JOHOPHO-aAKIENTOPHBIX MOJIEKY.I.
IIpumep 2. O6mas MeToarka crnocoda MoJyYeHUs HECUMMETPUYHBIX JTIOMHUHECHEHTHBIX JOHOPHO-
aKIENTOPHBIX MoJeKysn obmieit gopmynsr (I) mocpenacTBoM peaknwii KoHAcHcannu KHEBeHArens
MEXIy ajbJCTHIIOM, BBIOpAaHHBIM W3 psAga coenuHeHmid obmen  dopmynsr  (III), w
N-3TUIAULIMAHOPOAAHUHOM, BBHIOpAHHBIM U3 psiAa coeauHeHui obmieir hopmynsl (IV), nmpuBenena
HW)KE Ha npumepe nonydeHHoro Bbimie anpaernga (Coenunenue 3, Ilpumep 1), rne R1=H, R2=

nmuHeiHas Co ankuiibHas rpyima, oomel hopmysl (IV-b):

N (
N
o)
0 NS¢ P Q
S S . Y
\_/ H Pyridine; Microwave heating
reflux

PactBop anbaeruna (3) uz [lpumepa 1 (0.80 r, 2.3 Mmonb) u N-3tunaunuadopoaanuna (0.65 r,

I
&

3.4 MMonb) B 24 MJI CyXOro MUpPHAKMHA MOJABEPrajicsi MUKPOBOJIHOBOMY OOIYYEHMIO NPU KUIICHUU B

TeyeHne 8 vacoB. [locie 3aBeplieHHs] peakMy PEaKIMOHHYIO Maccy yMapHBaJId OT MUPUAMHA Ha
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BakyyMe 1 4ucThIid npoayKT (0.86 1, 72 %) ObUI MOIydeH Mociie OYUCTKU Ha XpoMaTorpapuueckoit
KOJIOHKE C CHJIMKareaeM (3moeHT xaopodopm). 'H IMP (250 MI'u, CDCls, J, m.1.): 1.42 (1, 3H, J =
7.32 Hz), 4.32 (an, 2H, J:= 7.02 Hz, J>= 14.34 Hz), 7.03-7.20 (nepekpriBatomuecs curHaisl, 8H),
7.26-7.36 (nepexpsiBaromuecs: curaansl, SH), 7.46 (n, 1H, J = 3.97 Hz), 7.54 (n, 1H, J = 8.85 Hz),
8.06 (c, 1H).

Hpyrue mnpumepsl (Ilpumepbl 3-9) HECUMMETPUYHBIX JIFOMHUHECLEHTHBIX JIOHOPHO-
aKIEeNTOPHBIX MOJIEKYJ oOmel ¢opmynsl (I), mMomydeHHBIX aHAJIOTHYHBIM CHOCOOOM, a TaKXkKe
HEKOTOpPbIE€ OCHOBHBIE (U3UKO-XMMHUYECKHE CBOWCTBA IOJYYEHHBIX MOJIEKYJ IPEICTaBJICHbl B

Taomuue 1.

10



Tabmuua Nel.

CrpyxrypHas opmyna | HekoTopble CBONCTBA HECHMMETPUYHBIX JJOHOPHO-AKLCTITOPHBIX MOJICKY.I
Ne HECHMMETPHAHEX MakcuMyM CieKTpa MakcuMyM CHeKTpa T
epMuuecKas
fiprmepa TFOMHHCCHCHTHRIX MOTJIOIEHHS B ¢doromomunecuenimu | PLQY,
JIOHOPHO-aKIENTOPHBIX . . o CTaOMIIBHOCTB,
IMOJIMCTUPOJIbHON B IMOJIMCTUPOJIbHON %
MOJIEKYJT °C
MaTpuie, HM MaTtpuue, HM
CN
NC
o
2 Q @_@/ﬁo 525 620 50 355
oY
3 i?; 505 600 23 361
4 Ql 615 710 26 300
ul
Q ne
5 d \S/ /H ° 479 565 40 315
LY
6 s I o 485 581 46 301
d W
NG NO,
QoY
7 d (7 486 605 33 340
0 o
NC,
s
8 §T>N V" 471 591 37 334
\b e
9 Iﬁ O 479 599 24 345

[Mpumeuanue: PLQY — KBaHTOBBIH BBIXOJ] (POTOIIOMHHECIICHIIUH.
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Normalized Abs / Lum, a.u.

—o—abs 2
—>—2abs 3
—>—abs 4
—>—abs 5
——abs 7
-=0==|um 2
--v==lum 3
-=<d==-lum 4
-=0=-|lum 5
-=0==|lum?7
0,0 T | T | Y ] 1 ]
400 500 700 800 900 1000
Wavelength, nm
Dur. 1
100 —
o 75—
o~
- — — )
XS J
= ——3
()]
= 504 T4
Q2 —— 0
S Y
©
n
25 —
0 I L I L I L I L I L
100 200 300 400 500 600
Temperature, °C
dur.2

12



CHLORQ FORM-d

JUVL | N

e et
0.90 1.00 7.70 2.05 3.07
Ry =

R A R E N E R R E R RN R R R R RN RN T R R R R R R A AR R R R R RS AR R IR RRA R
. X . K . . X A X . .5 2.0 15 1.0

" Chemical Shift (ppm)

No. (ppm) Value Absolute Value Non-Negative Value
1[1.3082 .. 1.50B.07470274]  1.80094260e+7 3.07470274
2[4.2145 .. 4.422.04848146]  1.19985500e+7 2.04848146
3[7.p099 .. 7.217.70286608  4.51179200e+7 7.70286608
4[7.R776 .. 7.374.75644827]  2.78598960e+7 4.75644827
5[7.4278 .. 7.47[1.00000000  5.85729000e+6 1.00000000
6[7.1960 .. 7.581.98072898  1.16017040e+7 1.98072898
7[8.p402 .. 8.090.89890665  5.26515700e+6 0.89890665

dur. 3

CHLORQFORM-d
i
NO,
NC
N
\ / H
2.00 2.05 8.05
Hud o
R R RN AR R RN R R RN R RN RN R RN R AR R RN R RN RS
7 4 3 2 1 0
Chemical Shift (ppm)
No. (ppm) Value Absolute Value Non-Negative Value
1[7.p295 .. 7.208.05002117]  3.83606006e+10 8.05002117
2[7.p783 .. 7.36%4.99823570  2.38179881e+10 4.99823570
3[7.5025 .. 7.58{2.04666662  9.75293850e+9 2.04666662
4[7.6310 .. 7.671.00000000  4.76527923e+9 1.00000000
5[7.7497 .. 7.832.99952245  1.42935624e+10 2.99952245
6[8.2391 .. 8.321.99510205  9.50721843e+9 1.99510205

Dur. 4
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®OPMYJIA U3OBPETEHUSA

1. HecuMMeTpu4HbIE JTIOMUHECLIEHTHBIE JOHOPHO-AKIIEITOPHBIE MOJIEKYJIBI 00IIeH (opMyITbI

(D:
R1
?-@-@-EWG
R1 (1,

raie R1 o6o3nawaer H wnm 3amecturtens, BbIOpaHHBIA u3 psaga: auHeiHbie Ci1-Ci2 wmm
paszBeTBiEHHBIE C3-C20 ankuibHbIe rpymbl; tuHeHHbIe C1-Ci2 niu pa3BeTBiéHHbIe C3-C20 aKUIIbHBIC
TpYyTIIbL, pa3IelCHHbBIE 0 KpailHe Mepe OJHIUM aTOMOM KHCIIOPO/Ia;

EWG 00603Ha9aeT 2J1eKTPOHOAKIICTITOPHYIO TPYTIITY, BEIOPAHHYIO U3 Psija:

N-ankun- unu N-perwn- mpousBoaHoe 2-THOKCo-1,3-Tnazonuaun-4-ona obmieit popmyssr (I1-

: (Il-a),
N-ankun- wid N-QeHwun- Tpou3BOAHOE 2-(TUIIMAHOMETHIICH)-1,3-TnazonuanH-4-o1a o0Ien
dopmyst (1I-b):
CN

NC
1 -R2
S

N

*._4%*—_473

H (II-b),

aNKWI- Win (GEeHUII- MPOU3BOIHOE ITMaHoareTaTa oomieit popmyss (I1-¢):
0
NC A R2

4-metungenmn-, 4-metTokcupeHmn- win 4-HUTpoPEeHNWIT- TPOU3BOJHOE ALETOHUTPUIIA OOIIEH

dbopmyasr (11-d):

NC

H (I1-d),

(II-c),

MPOM3BOHOE 3-(IUIIMAaHOMETHIICH )uHIaH- 1 -0oHa o61ieit popmyss (I1-e):
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(I1-e),

rae R2 o6o3navaer ankuibHble auHelHble Ci—Cs unu pasBerBieHHble C3—Ci2 IpymIibl, WX
¢denunpHytO Tpymny; R3 0603HadaeT METHII-, METOKCH- MJTM HUTPO3aMECTUTEIH.

2. HecuMMeTpuYHbIE JTIOMHHECHIEHTHBIE JIOHOPHO-aKIENTOPHBIE MOJIGKYJNbl 1o 1. |1,
omauuaruiueca mem, uto R1 o6o3navaer nuneiitnsie Ci-Ci2 nin pa3zserBiaéHHble C3-Co0 alKuIbHBIE
rpynsl; tuHelHble Ci-Ci2 mim pasBeTBiéHHbIe C3-C20 aIKUIBHBIC TPYIIIIBI, Pa3AeJICHHbIE 110 KpalHEH
Mepe OJJHUM aTOMOM KHCJIOPO/a.

3. HecumMmeTpu4HbIE JIOMHUHECLEHTHBIE JTOHOPHO-aKIENTOPHBIE MOJIGKYJNbI 1o 1. |1,
omauuaruiueca mem, uto EWG 0603HauaeT 31eKTpOHOAKIIENITOPHYIO TPYIITY, BBIOPaHHYIO U3 psAla
coenunenuit popmynsi (Ila-e).

4. HecuMMeTpUYHbIE JIIOMHHECLEHTHbIE JIOHOPHO-aKLENTOPHbIE MOJIEKYJbl 1o 1. |1,
omauyaruuecs mem, 9T0 MAaKCUMyMbI UX CIIEKTPOB MOTJIOMIEHUS B IOJTMMEPHON TOJIMCTUPOIBHOM
MaTpuile HaxoasTcsi B uHTepBajue oT 470 uM 10 620 HM.

5. HecummeTpuyHble JTIOMUHECHEHTHBIE JOHOPHO-AKIENTOPHBIE MOJIEKYJIbl 1Mo 1. 1,
omauyarwuwuecs mem, 4YTO MaKCUMyMbl HX CHEKTPOB JIIOMHHECLUEHIIMM B TOJUMEPHOM
MOJIMCTUPOJIBHON MaTpule HaxoadTcs B uHTepsaiie ot 560 uM 10 710 HM.

6. HecumMMmeTpu4HbIE JTIOMHUHECLEHTHBIE JTOHOPHO-aKLIENTOPHBIE MOJIGKYJNBI 1o 1. |1,
omauuawwuecsa mem, 4YTO UX KBAaHTOBBIK BbIXOJ (OTONIOMUHECHEHIIMM B TMOJUMEPHOI
MIOJIMCTUPOJIBHOM MaTpule cocTaisieT He MeHee 20%.

7. HecuMMeTpuYHbIE JIOMHUHECLEHTHbIE JTOHOPHO-aKLUENTOPHbIE MOJIEKYyJNbl 1o 1. |1,
omauuarouuecs mem, 9To o0JIa1ar0T BEICOKOW TEPMHUECKOM cTaOMIBHOCTRIO He Meree 300°C.

8. Criocob mony4eHus: HECUMMETPUYHBIX JTIOMUHECHEHTHBIX JOHOPHO-aKIENTOPHBIX MOJIEKYJI
mo 1. 1, 3aKITI0YAIONIMIiCS B TOM, YTO OCYIIECTBIISIOT peaklnio KoHAeHcannuun KuéBeHarens Mexmy

KETOHOM, BEIOpaHHBIM U3 psijia coenuHeHui oomei hopmynsl (111):
R1

RT (I11),
u pazauuHbiMA - TipekypcopamMu  EWG, uMEOIMMMHU  aKTUBHBIE METUJICHOBBIE TPYIIIHI,

BBIOpaHHBIM U3 psna (IVa-e):
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NC._CN

S
A -R2 I R2
S\_z S\—é\r 0] NC
NC .R2 _< >—R3
O (v-a O (v-b) ~o (IV-0); (IV-d);

NC

~

NC
O (v-e).

rae R2 o6o3nauaer ankuibHble JuHelHble C1—Cs wnu pa3BerBieHHble C3—Ci2 TpyMIbI, WK
denunbHyto rpynmny; R3 0603HauaeT MeTUII-, METOKCH- WM HUTPO3aMECTUTEIH.

9. Cnocob mo 1. 8, omauuarowuiica mem, 910 peakuio KoHaeHcanun KHEBeHArenss MexKIy
KETOHOM W pa3nIHbIMU TpekypcopamMu EWG, uUMEONMME aKTHBHBIC METHIICHOBBIC TPYIIIHI,
MIPOBOJSAT B cpejie MUPUANHA WM €0 CMECH C, M0 KpaiiHe Mepe, OTHUM PaCTBOPHUTENEM, BLIOPAHHBIM
U3 psfa TONMyon, TeTparuapodypas, XiopodopM, IUXIOPITaH, XJIOPOEH30JI, MPU ITOM HHUPUIUH
SIBIIIETCS. OJTHOBPEMEHHO M KaTallu3aTOPOM.

10. Cnocob 1o 1. 8, omauuarouwguiica mem, 910 peakiuio KoHaeHcanu Kaésenarens Mexmy
KETOHOM U pa3iu4yHbIMU Tpekypcopamu EWG, umeronmu akTHBHbIE METHJIEHOBBIE TPYMIIHI,
npoBoaiT npu temneparype or +20 mo +150°C, mpeanouturensHo npu Temmeparype ot +80 no
+150°C.

11. Cnocob 1o 1. 8, omauuarouwguiica mem, 9T0 peakiuio KoHaeHcanu Kuésenarens Mexmy
KETOHOM U pa3iu4yHbIMU Tpekypcopamu EWG, umeronmy akTHBHbIE METHJIEHOBBIE TPYMIIHI,

MMpOBOJAT IIPpHU HArp€BaHU MUKPOBOJIHOBBIM H3JIYUYCHUCM.
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MIIK20C07D 333/10, CO9K 9/02

HecuMMeTpruHbIe JIIOMUHECHIEHTHbIE IOHOPHO-aKLEeNTOPHbIE MOJIEKYJIbl HA 0OCHOBE
TPU(PEHWIAMHH-THO(EHOBOT0 0JI0KA ¢ PA3JIMYHBIMH 3J1eKTPOHOAKIENTOPHBIMH IPYyNIIAMHU U
CIoco0 UX MOJyYeHUs

PE®EPAT
N300peTeHne OTHOCUTCS K 0OOJACTH XMMHUYECKON TEXHOJOTUHU OPTaHMYECKHX COCTUHEHUH.

3asgBIEHBI HOBBIE HECUMMCTPUYHBIC JTFIOMHUHCCHCHTHBIC JOHOPHO-AKICIITOPHBIC MOJICKYJIbI O6H.ICI>1

dopmysl (I):
R1

—-Orewe

Ri @,

rae R1 oGosnauaer H wmnum 3amecturens, BeIOpaHHBIM W3 psga: JuHeHble Ci-Ci2 wimum
pa3BeTBiEHHBIE C3-C20 ankuiibHbIe rpyibl; JuHeldHbIe C1-Ci2 wim pa3BeTBiaEHHbIE C3-C20 aKUIbHBIE
TPYIIIBI, pa3lieICHHBIC TI0 KpalHEH Mepe OJIHUM aTOMOM KHCIIOPO/a;

EWG 0603Ha4aeT 37eKTPOHOAKIIETITOPHYIO I'PYIIIY, BEHIOPAHHYIO U3 psaa:

N-ankun- unu N-peru- mpousBogHoe 2-THOKCO-1,3-Trazonuaun-4-ona oduieit popmysr (11-

a):
siN’Rz
4/2—{\ 0
H (I1-a),

N-ankun- unu N-¢GeHun- npou3BogHoe 2-(AUIMaHOMETHIICH)-1,3-THa3zonuanH-4-oHa oO01ei

dopmysl (1I-b):

NC-_-CN
1 -R2
S

N

*4/2’40

H (II-b),

ANKWI- WK (PeHUII- TPOU3BOIHOE ITMaHoarerarta oomiei Gopmyssl (I1-c):

0
Ne L R

4-metungenu-, 4-meTokcupeHmI- Wik 4-HUTpo(eHmII- MPOU3BOAHOE ALETOHUTPHIIA OOIIeH

dopmynsr (11-d):

(IT-c),
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NC

H (1-d),

pOu3BOHOE 3-(AUIIMaHOMETHIICH )MHAaH- 1 -oHa o6mei popmysl (11-e):

(Il-e),

rae R2 o6o3nauaer ankuibHble nuHeiHble C1—Cs unu passersiaeHHble C3—Ci2 Tpynibl, Win
¢dennnpHytO Tpyny; R3 0603HadaeT METHII-, METOKCH- MJIM HUTPO3aMECTUTEIH.

Crioco® moNy4YeHHss HOBBIX HECHMMETPHUYHBIX JIFOMHHECIICHTHBIX JIOHOPHO-aKIENTOPHBIX
MOJIEKYJ, 3aKJIIOYaeTCsl B TOM, YTO OCYHICCTBIIAIIOT PEAKLHUI0 KOHJeHcauuu KHEBeHaremss Mexny

KETOHOM, BBIOpaHHBIM U3 psiia coenuHeHuit oomei hopmynsl (111):
R1

RT (1D,

U pa3nuuHbIMU nIpekypcopamMu EWG, nMeromuMu akTHBHBIE METUIICHOBBIE TPYIIIbI, BHIOPAHHBIM U3

X

psana (IVa-e):
S NC

Jl\NIRZ

CN

8 §” N-R2 0 NC
—{ — NC .R2 \—®—R3
O (IV-a); O (IV-b); \)LO (IV-c); (IV-d);
NG
NC T

O (1v-e).
rae R2 o6o3navaer ankuibHble JuHeiHble C1—Cs win pasBerBieHHble C3—Ci2 rpynmbl, WK
¢enmnbHylo0 rpynny; R3 0603HauaeT MeTUII-, METOKCH- WM HUTPO3aMECTUTENH.
TexHuueckuil pe3ysbTaT - HOBbIE COEIMHEHMsI 001a1al0T Y3PPEKTUBHBIM MOIJIOLIEHUEM CBETA
B [IOJIUMEPHBIX MOJIMCTUPOIBHBIX MaTpuliax B n1uana3oHe ot 470 1o 620 HM, BBICOKUMU 3HAYEHUSIMU
KBaHTOBOTO BbIxojaa (oromomuuectieHimu ot 20 mo 50% B nuamazone ot xentoir (560 HM) 10
KkpacHoii (710 HM) 00JIaCTH CIIEKTpPa, a TAK)KE BRICOKOW TEPMHUYECKOH yCTONYMBOCTRIO. 2 H. II. (P-JIbL.,

9 3.1. -JBI1.
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