Description Method for Producing a Dendrimer, Building
Bl ock Conmpound, and Method for Producing a Thi ophene
Compound Techni cal Field The present invention rel ates
to a method for producing a novel dendriner having a
t hi enyl ene noiety, which is a prom sing useful

pol yner material for prqducing.a variety of
hi gh-function materi al s%ﬁ?‘?ﬁ%tﬁ"a ds of chemistry,

pharmaceuticals, electronic materials, etc. The
invention also relates to a building block conpound
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Background Art

Dendritiec polymers, having a highly branched atructure,
are considered to exhibit physical and chemical properties
and functions differing from +those of conventional chain-form
polymers. Dendritic polymers are generally classified into
dendrimers and hyperbranched polymers. A dendrimer has z
regularly controlled branching structure. Generally, a
dendrimer has a radially and regularly branching structure in
which polymer chalns are branched from a core or a focal
point serving as a center structure. The molecular weight of
a dendrimer is virtually a single value; this is remarkably
different from the case of conventional polymers, which

exhibit a broad molecular weight distribution profile.



Characteristic features of a dendrimer include |ow
viscosity, high solubility, and anorphous nature, and
these properties are of interest for various
applications. In this connection, extensive studies
have been carried out to inpart new functions to the
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the _outernost positions serving as reaction
branchés are successively extended from = foecal point or a

core; the "convergent method!" in which branching units for
forming branch ends are succesgively connected and the thus-
connectad units are finally bonded to a focal point or a
Core; and self-condensation of a polyfunctional monomer of
AB; type (A and B are mutually reactive functional groups) .
Among them, self-condensation of a polyfurictional monomer of
AB; type is employed for synthesizing hyperbranched relymers
exhibiting a molecular weight distribution, while the
"divergent method" and "convergent method" are employed for
synthesizing dendrimers having virtually a gingle molecular
weight. The "divergent method" has- some drawbacks, That is,
the number of the outermost positions serving ag reaction
points increasez as the generation number inecreases, thereby

readily forming defects, and excessive amounts of reaction



poi nts increases as the generation nunber increases,
thereby readily form ng defects, and excessive
anounts of reaction 2 reagents are required so as to
prevent defect formation. In contrast, the
"convergent nethod" is advantageous. That is, the
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Thus, the repeating structure of dendriners is a
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functional material, and therefore, further new
methrdi'ddnedude praysrricetheranpoaysrelietkiyienc,

i¥nthesis nmet hod therefor are keenly demanded,
pol¥arylene, polyalkyl ether, pelyarylalkene, polyamide, and
polycarbonate. Specific examples include polybenzyl ether,
polyphenylene, polyphenylene~vinylene, and
polyphenylacetylene, Dendrimers will have a varlety of
functions in accordance with the combination of a core
{center portion), end moleties (outer cores), and repeating
structures for forming an inner skeleton. Thus, the
repeating structure of dendrimers 1s a critical factor for
determining characteristics of a functional material, and
therefore, further new candidates of the structure and an
effective synthesis method therefor are keenly demanded,

Meanwhile, thienylene moieties, having excellent

electric properties and stability to heat and light, have
been studied as base structures of conductive n-conjugated

polymers and oligomers. In the field of dendritic polymers,

there has been reported a dendrimer having an oligothiophens



meanwhi | e, thienyl ene noieties, having excellent
el ectric properties and stability to heat and |ight,
have been studi ed-as base structures of conductive
n-conjugated polyners and oligoners. In the field of
dendritic polyners there has been reported a
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the reaction systemis essential. Thus, the
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method in which the generation of the dendrimer is increased
through Grignard reaction or Stille coupling reaction. When
Grignard reaction is employed, the reaction proceeds rapldly
and exothermically, making temparature control in industrial
production thereof difficult. In addition, in order to
enhance yield of the synthesis, rigorous control of water
content in the reaction system is essential, Thus, the
Grignard-reaction-based method is unsuitable for large-scale
productlon. When Stille coupling reaction is employed, a
highly-toxic orgznotin compound must be used, and a severs
deoxygenation step is required to enhance synthesis vield.
Thus, the Stille coupling-based method iz also unsultable for
large-scale production. In the afoxrementioned convergent
method, bullding blocks serving as branch portions of

repeating units are formed exclusively of 2,3~

dibromothiophene, thereby limiting the dendritic structure.



production, When Stille coupling reaction is enpl oyed,
a highly-toxic organotin conpound nust be used, and a
severe deoxygenation step is required to enhance
synthesis yield. Thus, the Stille coupling-based
method is al so unsuitable for I|arge-scale production.
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as those possessed by dendrinmers cannot be provided.
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outer end portions), thereby failing to inpart
capgaetr kg rorvireds tBhehefpotynths. compounds synthesized

through the Grignard-based method exhibit a brocad molecular
distribution profile, as conventional polymers exhibit, and
functional groups are introduced at random into a core
{center moiety}_and end moleties (ocuter end portions),

thereby failing to impart desired functions to the polymers.

.Disclosure of the Invention

In view of the foregoing, an object of the present
invention is to provide a method for producing a novel
dendrimer having a thienylene moiefy on the basis of the
"convergent method," the method enabling to synthesize the
dendrimer having few defects athﬁféﬁer efficiency in a
comparatively simple manner. Ansother ohject of the invention
ig to provide a bullding block compound therefor., 8Still
another object of the invention is to provide a method for

producing a thiophene compound.




.Disclosure of the Invention In view of the
foregoi ng, an object of the present inventionis to
provi de a method for producing a novel dendriner
havi ng a thienyl ene noiety on the basis of the
"convergent nethod,"” the nethod enabling to synthesize
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hydrogen of the thiophene ring to an active group
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causi ng groups serving as end noieties
Conventionally, the “convergent method" includes providing a
building block having two or more reactive groups and one
masked reactive group; causing groups serving as end moieties
of the dendrimer to react with the building block;
deprotecting the masked reactive group; and causing another
compound to react with the building block. However, the
above-characterized method of +the present invention is an
advantageous method and is different from the conventional
"convergent method,” in that reaction steps are simplified by
eliminating a masking step. The present inventors have also
found that, in Suzuki cros#-coupling reaction, a thiophene
organic boron compound having a boron-substituting group
serving as an active group is gradually added in a continuous
or intermittent manner to a reaction gystem containing a

reactive compound having a substituent (e.g., halogen)

serving as a reaction counterpart, whereby decomposition of




of the dendriner to react wth the building bl ock;
deprotecting the masked reactive group; and causi ng
anot her conpound to react with the buil ding bl ock.
However, the above-characterized nmethod of the
present invention is an advantageous nethod and is
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for producing a dendrinmer on the basis of the

" coRvengennotint had'E1ira+ el RAt o ﬁﬁéyéﬂ%“fﬁﬁédﬂf$n
or

of a dendrimer can further be enhanced. Acc i ngl’y,
pravidest anpdehofl fhe predentngnyeabhaR imBrOVEYE SR 2

met hod for producing a dendrinmer having a structura
strepéurpigrepeetihgchni$ whprasest edpRysboteul 8y( Ebrmula (1)
and which contains a linear portion including a thienylene
moiety and a branch portion Y formed of an optionally
substituted trivalent organic group, the method being based
on the convergent method, characterized in that the method
comprises reaction step 1 of converting O-position hydrogen
of the thiophene ring of a thienylene-moiety-containing
compound (a) for forming end moieties to an active group W
which undergoes Suzuki cross-coupling reaction, to thereby
form compound- (b); reaction step 2 of subjecting a compound
(c) to Suzukl ocross-coupling reaction with the compound (b},
to thereby yield compound (d), the compound (c) having a
linear portion and a branch portion Y and having, ét the
branch portion Y, two active groups Vz whilch undergo Suzuki
cross-coupling reaction with the active group Vi; reaction
Btep 3 of converting o-position hydrogen of the thiophene

ring of the thus~formed compound to an active group Vi which




and which contains a linear portion including a
thienylene noiety and a branch portion Y forned of an
optionally substituted trivalent organic group, the
nmet hod bei ng based on the convergent nethod,
characterized in that the method conprises reaction
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a deme@aiimeaer:ti on and a branch portion Y and having, at
the branch portion Y, two active groups V2 which
undergo Suzuki cross-gbupling reaction with the
sup V1;Z+eayfion step 3 of converting
df ogen of\t he thiophene ring of the

cross-coupling reaction, and reacting
C) with thg)active group V1, to thereby
for dendr onz of a subsequent generation; and a step
of repeating the reaction step 3 in accordance with
needs, to thereby for 7 dendrinmer: (a) a R2
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Z YI[W m(d) Ro - R2 (wherein Z represents a single
bond or an optionally substituted dival ent organic
group having no active group; each of P. and R2 is
sel ected fromanong a hydrogen atom an al kyl group,
and an al koxy group; Y represents an optionally
substituted trivalen% organjcgqrpoup; Y1 is identica
to Y or represent @ﬁﬁﬁ&%ﬁﬁnup havi ng a skel et on
identical to th ; Wnmay be absent or represents
an optionally t ed nonoval ent organi c group
|veRgroup;R2n1is an integer of 0 or nore;
and V2 serving as active groups is

S ' under Suzuki
,%%Tﬁggh&pﬁ1beidgpable to be
cross-coupyedj. A second node of the present
invention is dra 0 speci fic enbodi nent of the
met hod for produggng a Bendrimer of the first node,

81N pt t V1 i ted fr th
R 2 PR R Hhota BB g rvehd onediiget cc
f o ' - 9. G -B 2 C
EGRS R ERA BRI sl i iR s arou;

each of Ri and R is selected from amonyg a hydrogen atom, an

alkyl group, and an alkoxy group; Y represents an optionally
substituted trivalent organic group; Y; is ldentical fo Y or
represents an organie group having a skeleton identical to
that of Y; W may be absent or represents an optioﬁally
substituted monovalent organic group having no active group;
m is an integer of 0 or more; and each of Vi and V2 serving
as active groups is selected from active groups which undergo
Suzukl cross-coupling reaction, Vi and V, being able to be
mutually cross-coupled).

A second mode of the present invention is drawn to a
specific embodiment of the method for producing a dendrimer
of the first mode, wherein the active group V: is selected
from the following ¢roup 1 and the active group V: is

selected from the following group 2.




CH3 CH3 CH3 ,CHCHCH3 '"CHCHCH CH3 CH3 group 2
ad, Br, I, OS2 (CkF2x+l) K=11to 4 Athird node of
the present invention is drawn to a specific

enbodi nent of the nethod for producing a dendriner of
the first node, wherein the active group vl is
grRpgted fromthe followng group 3 and the active
group V2 is selected fromthe follow ng group 4.
group 3 d, Br, I 10 Gogpz4 --B(OH2 -B(OR2 R -
ek, et hyl isopropE}A), mputyl )2 CHO CH3
NCHCHCHY . ¢ 5 CHy

—B(OR); oL

CHy
R = methyl, ethyl, Isopropyl, or butyl

<0 ~{0)

CHs ?Ha

[

CH-CH-CH,
—_— 7’

?H"‘CH"GH;{

CHg CHg

group 2
Cl, Br, I, 0S02{CiFaxs1)

K=1 to 4

A third mode of the present invention is drawn to a
speciflic embodiment of the method for producing a dendrimer
of the first mode, wherein the active group Vi ils selected

from the folleowing group 3 and the active group Vz is

selected from the following group 4,

group 3
Cl, Br, I
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-B'"CHCHCHO CH9 CHO A fourth node of the present
invention is drawn to a specific enbodi nent of the
nmet hod for producing a dendriner of any of the first
to third nodes, wherein, in the case where a conpound
used in the Suzuki cross-coupling reaction is a

‘kabqphene organi ¢ boron conpound contai ni ng boron, the
t hi ophene organi c boron conpound is gradually added in
-ap(gHYti nuous or internittent nmanner to a reaction
system containing the other counterpart conpound,
tF&*ﬁPy performng Suzuki cross-coupling reaction. A

node of the present invention is drawn to a
s peldi=f methglybtyl, isopropyl, or hetymet hod for producing a
dendrinmer of any of the first to fourth nodes, which
furthegy,i ncludes a reaction step of converting

tlgp hydrogen of the thiophene ring of a

e) produced through singly or repeatedly

|qg ut the reaction step 3 to an active 11 group

hereby forma conpound (f) ; and a reaction

Vi,
steo reacting the conpound (f) with a conpound (g)

hav °* servi nf
-epr--n

core, to thereby forma
formula (2) : z

72

CHs CH;

|
"GH-CH-CH

CH;g CHj

A fourth mode of the present invention is drawn to a
specific embodiment of the method for producing a dendrimer
of any of the first to third modes, wherein, in the case
where a compound used in the Suzuki crosg—-coupling reactiocn
iz a thiophene organic boron comﬁound centaining boren, the
thiophene organic boron compound is gradually added in a
continuous or intermittent manner to a reaction system
containing the other counterpart comﬁound, thereby performing
Suzuki cross—coupling reaction.

A fifth mode of the present invention is drawn to a
specific embodiment of the method for producing a dendrimer
of any of the first to fourth modes, which further includes a
reaction step of converting a-pesitlon hydrogen of the
thlophene ring of a compound (e) produced through singly or

repeatedly carrying out the reaction step 3 to an active

11l




Yifw] mmY2--+V2 J r (g) YIi"""[_W] rn (a) (2) mr
(wherein Y2 represents an r-valent organic group, and
r is an integer of 1 or nore). 12 A sixth node of the
present invention provides a conmpound serving as a
bui | di ng bl ock enployed in a nethod for producing a
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£ 1%n(2qlkoxy group; when pis 2 to 10, R3 and R4 in
each thienyl ene structural repeating unit may be
different fromeach Qther;s _and V3 is selected from
the follow ng group 5 Y “’T
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(wherein Y; represents an r-valent organic group, and r is an

integer of 1 or more).
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ad, Br, I, OSQ2(CkF2k+l ) K-1to 4 -B(OH2 -B(OR2

R - nmethyl, ethyl, isopropyl, or butyl Cu 3CH3 -B
.16H61-1-0H, 'CHCH CH3 6H3 CH3 13 A seventh node of
the present invention provides a conpound
characterized by being represented by formula (2-2); 5

et 1221 SR Rl GCH i It Shnrbroidag &
CoBRR Sl D A SEN Sloe PG BRUS SPIECS L
P ror g e A B R A R R methos,
traNPhIrimer having.a structural repeating unit including a
thienylene molety, characterized in that the compound is

represented by formula (I-1):

Vs
H s

9 =

s R4 Vs

(wherein p 1s an integer of 1 to 10: each of R; and Ry is
selected from among a hydrogen atom, an alkyl group, and an
alkoxy group; when p is 2 to 10, R; and Ry in each thienvlene
structural repesting unit may be different from each other:

and V; is selected from the following group 5.

Group &

Cl, Br, I, OSO4(CFziu4)

K=1 to 4
~—B(OH),

—B{OR),
R = methyl, ethyl, isapropyl, or butyl

CHy

—a:jy:;
Hy
O
-—B ~—B
g @)

GH3 CHg
CH-CH-CHj,
Ha CH3
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and V4 is selected fromthe follow ng group 6. Goup 6
a, Br, I B(OHH2 -B(OR2 R - nethyl, ethyl,

i sopropyl, or butyl CH3 -B/° CH3 % CH3 CH3 CH3 CH3
,CH~CHCN3 B '"CHCHCH3 CH3 CH3.14 An eighth node
of the present invention provi des a conpound

|
Ve E R Bl SRR e i vidan; a
coMpRIurtl '&gré&eélozebcgléy WA RGN SaGR EEERe L L (1oa)

repeating unit may

S vV
\ / |
YRSZ
(I-2)
S
/]
o Ry Ss

(wherein each of S$; to 8;, which may be identlcal to or
different from each other, is an integer of 1 to 10; each of
Rs to Ris is selected from among a hydrogen atom, an alkyl
group, and an alkoxy group, and Rs to0 Ry, in each thienylene
structural re?eating unit may be different from one another;

and V; is selected from the following group 6.

Group 8
Cl, Br, |
~—B{OH);
—B{OR)2
R = methyl, ethyl, isopropyl, or butyl
CHz
_B/o CHg
\0 CH4
CHy
_ ,0 _ \ ot
‘o:© 2
?Ha CHy
\?H-?H-CHa
CHy CH,

14




different fromeach other; and V5 is selected fromthe
following group 7). Croup 7 H d, Br, | -B(OH)2
-B(OR)2 R - methyl, ethyl, Isopropyl, or butyl -B -B
CH3 CH3 NCHCHCH3 "CHCHCH3 CH3 CH3 15 A ninth
node of the present invention provides a nethod for

pro%E{:iélQJ}?cH HQRENE GO %Je”sdergtgggévé?{ o8, rﬂerf o% ng

Suz cross-coupl i ng reaction i

CORPBRNLC cHiRGH: reactive .conpound, t
?ﬁgﬂebyqforﬁ%ge%?%%%gﬁghgﬂgggbgfﬁ,E%ﬁﬁﬂ%énﬁﬁﬁgéﬁTﬁi§ (I-3):
that the thiophene.~Gwgani c boron conpound is

nti nuous or intermttent

gradual | y added in
manner to a reacti OR stem contai ning the reactive

compound, thereby pe fo Suzuki cross-coupling
W,
4

e present invention is
c enbeenment of the method for

i 0 pene (1-3)

(wherein each of g is an integer of 1 to 10; when g is 2 to
10, Ru and Ry in each thienylene repeating unit may be
different from each other; and Vs is selected from the
following group 7).
‘Graup 7

H, Cl, Br, |

~—B{OH),

—B(OR}.
R = methyl, ethyl, Isopropyl, or butyl

CHa
/" ~F—CcH
—B 3
\0 CHgj
Ha
fo \
=10 —-O)
° 2
GHegr
\?H-l’IJH—CHs
CHj CHy
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conpound of the ninth node, wherein the thiophene
organi ¢ boron conpound has an active group Vg
selected fromthe following group 1 and the reactive
conmpound has an active group V7 selected fromthe
follow ng group 2. Goup 1 CH3 -B(CH)2 IC CH-B(OR) 2

b 0)2 CH3
S B W e
X esi Modes, for Carrying Qut the
I nvention n{‘ﬁe pi)"lrhé'sg]rkl]te | nvéeﬁr{'t':i' M%qqm%&l% L
suztidelRldss - BR 11 HMr (AR T roducggsio::c%g% 9120

t he pr esent i nventd on conce

e s sl S PSS, o
thiophene compound, characterized in that the thiophene
organic boron c¢ompound is gradually added in a continuous or
~intermittent manner to a reaction system containing the
reactlve compound, thereby performing Suzuki crogs-coupling
reaction,

A tenth mode of the present invention is drawn to a
specific embodiment of the method for producing a thiophene
compound of the ninth mode, wherein the thiophene organic
boron compound has an active group Vg selected from the

following group 1 and the reactive compound has an active

group V7 sslected from the following group 2.

" Group 1
CHy
—B(OH), P~chg
_B‘o CHg
_"'B(OR)z CH 3

R = methyl, ethyl, isopropyl, or butyl

<0 +0)

CHg CH4

bH-&
\?H—?H-CHS

CHzCHg
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dendrimer synthesis nmethod and excl udes hyperbranched

pol yners synt hesi zed through a typical polynerization

nmet hod. Thus, the dendriner enconpasses any conpounds

having a structure in which the aforenentioned

structural repeating wunit represented by formula (1)

%%.e., dendritic structural wunit) is repeated once or
P8P Rotably, a structure including the

af qre tioned structural repeating unit represented
CJUy%{rdr ao%’fg,‘:"?"‘?kel.), a structure including the

repg@giqgé#ﬂés whi ch have been repeated so as to form
a I vergen tructure, is referred to as a "branching

structure.” Dendrinmers and hyperbranched pol yners are
generally represented by the follow ng structura

Bé@ﬁﬂmﬁdyg,fd¥5dgypyyﬁﬂig}glgig(ﬁﬁggfk, t he dendri mer

has a regularly repe branchi ng stPUcture, while

t he TRep Il AnGhad ] Vi Jg%‘gl'r ?'{Ei»xﬂ Ul %@%{gﬁ;@gpdtail.

branchi ng structure. The c poly

t hr augh ddien MALRN et NS YRR 4 cq:rg:i.ino%ttroﬁgﬁtﬁ present

dendrinmers, and the dendrimers nmay have a

in¥énifioah coheepeipner, GhFdly ae g%%%‘i‘rail.tlhrc %f@ﬁ%&iﬁi&%ﬁimers

fromone focal point, or a strdcture

whikal axeapeoduadidatad olgMMtaed buhadlidn®’ re2%aly RYWS a5 o
linked to a polyfunctional nolecul é serving as a

depdrémesl siyathls it methodehingl ekenNsdel HPSSeLSRECHSS

may al so be acceptable, in any case, the dendriner
Poéwmeﬂgedynhheagheuhghmeu@hdao&ybh&al pelymerization method.
Thus, the dendrimer encompasses any compounds having a
gtructure in which the aforementioned structural repeating
unit rgpresanted by formula (1) (i.e,, dendritic structural
unit) is repeated once or more. Notably, a =tructure
including the aforementioned structural repeating unit
repregented by formula (1); i.e., a structure inclﬁding the
repeating units which have been repeated so asz to form a
divergent structure, is referred to as a "branching
structure.™

Dendrimers and hyperbranched polymers are generally

represented by the following structural formulas. As shown.
in the formulas, the dendrimer has a regularly repeated
branching structure, while the hyperbranched polymer has an
lrregularly repeated branching structure. The dendritic
polymers produced through the method of the present invention

are dendrimers, and the dendrimers may have a structure in
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present invention has a regularly repeated branching
structure and enconpasses dendriners which may have a
dendritically branching structure or a radially
branching structure. Needless to say, the dendriner
of the present invention also enconpasses dendri nmer

: e ough a._ conventional convergent
wr%e%og a?d h'aw ng&l e"}tfl{]egctasIge i%e%&%{%ﬁ%%qﬁf&%ﬁ‘ efrom one
ridut.abl t . According to a ner al

fﬁ%leﬁdﬁg'e% %1?% i%%d%%gedam _q}_t c:l%‘i‘*‘rﬂc"terlﬁjé?s Hi @
FERANE A B Y AR Rt TR e

d1y MRfeah i Gy ‘generation.” 1t
P sﬁzoul & be not ed@isehée‘f?'eet he gequéﬁir%si oanqzo ey hgéﬁa}iﬁﬁepther
deadieard ter t R ' [ vers thqs .

havi ng dggstdrfucﬁi&i n \/\hilécéf:\hgéavc:r?q%foct Te X é:r?é%a?:ilce' in any

cagle Uaihy alendiiiines WHSdhRAE HY8A &R ﬁ%%&%gftqlﬁgt e

with the sane basic structure are repeate

pnmmamﬁﬂﬁnwéﬁﬂﬂonMﬁdﬂ'&Iﬂééuﬁﬂﬁﬁef@bééﬁ%ﬁEﬁ%ﬁﬁ%ﬁng

i nvention. The concepts in relation to

s thyyodnirea etk n qRElpERes @h%drah%x%e%ﬁﬁhﬁe%a&n3&9@’a
exanpl e, Masaaki KAKIMOTO, Chem stry, Vol. 50, p. 608

defiigd s cadd yVicrmoblieculsesuctolre 4F a Radd@4 1 1998hching

and these publications can be referred to and 18 are
Strwesiperat Bdetideesntbysapf ethac@entipiB¥er oft fRe present

descriptions in these publications should not be

inysnsirnedlas enicobasgsshdepdedart icoMpBuNGs bRoHALAD
through & conventilonal convergent method and having defects
in a branching structure attributable to the method.

According to a generzlly accepted definition, when a
dendritic structural unlt extends from its preceding
dendritic structural unit ag an exact copy thereof, the
extension of the unit is referred teo as the sSubseguent
"generation." It should be noted that the definitlon of 1
"dendrimer" according to the present invention covers +those
having a structure in which each of the dendritic structural
units which are similar to one another with the same basic
structure are repeated at least once also fall within the
scope of the present invention.

The concepts in relation to dendrimer, hyperbranched
palymer, etc. are described in, for example, Masaaki KAKIMOTO,
Chemlstry, Vol. 50, p. 608 (1995) and Macromolecules, Vol. 47,

p. 804 (1998), and these publications can be raferred to and
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Dendri mer Hyper branched pol yner 0 ; Focal point o :End
O : Core (polyfunctional nolecule) in the dendriner

" produced through the nethod of the Present invention,
a dendritic structural unit as shown in the above
formula (1) is formed of a linear portion having a 19

P | et Yo/ branch portion Y which i s an
a%é]ptlﬁ%ynéa y és%%cgtrl}%%]lerﬁﬂw ﬁ/?a’feérn‘%)n%e?'gaﬁio(‘f’ eyeSup tithe
i 6 d j endritic structural unit is
dﬁ%%%%d&éogc%%bp% g’\i}bglelgai*/%}%tsﬁboél MLt B FR§Erued as
1 ih Y [ ' each of the branch
lggﬁiinc?ﬁsﬁ\g oli% éﬁ]eg}t snirhr%tai:baﬁ q%heil’-(eﬁos' bonded to

anDehérimBut i denti cal % it." The resultant
structure is referredH?%géﬂgdfﬁg J#ﬂﬁé%%ration

Yh. 5 A simlar structuresin which dendritic
strosfurgl nunits having he jsane structure are
' ongohands of the
a2t i on dendron is
dendron. In a
jendron is created.

i £al l'y branchi

dendritical | «d depdriners, which

@ : Focal point
O :Ehd
0O )
0 Q A
@, ()
O ()
® ()
O v o .o
()
A ()
L o
()
® ()
()
()
D
") ()
o g O -
() .
()
~ . : Cors (polyfunctional molecule)
O
L -
9 '
)
- QGO0

In the dendrimer produced through the method of the
present invention, a dendritic structural unit as shown in

the above formula (1) is formed of a linear portion having a
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different from one another, are bonded as subunits to
a multivalent core, the forned dendritic polyner is
called "dendriner of radially branching structure.”
In the conpounds represented by fornulas (e), (f), or
(2), the dendritic structural unit enclosed by
LIRS &1 et t cture .reprgesented b
fofﬁﬁ1a (ﬁ?ﬁ!ﬁg%ﬁggkﬁ?gngﬁ{redﬁ?%ﬁﬁ%ﬂig;ﬁh*ﬂ édyd?lnot
optaiaRlaatiel o uHRgulwasd I ndritic branchi ng
pg:?'r uct ur%le in which ebtahe Sé{]agl.rélz}ecldco sqearnulc% FE R ni &Eles )
s threReRed 137 NHIA HHd WSidrh! ' 0 nds
represented by fornulas (e Eﬁ%)%ﬂhﬁ §Qfﬁ:q%¥%éjbgepeated
oneenher pebviieRretd Hhens alyed anah St nuctiyre is n., the
~formed  dendrimer is of Fhe nt h-élgr%ériélﬁfiigln%al%me\?ersr]ﬂucwre
int Whiekpeessi OF the! BraeRel Joh@lonsS YRILINA st ructural
exenpl ary appel | ation, and the conpounds are not
undecessaonked itni bad thert Boge ieheied 2:2%4.08 unic.»
nt h-generation.,, (h) Specific exanples of Fﬁe
Theemdsitrs tpeadueed rehigugh ferheamiched %f"ﬁ@%-%%ﬁﬁﬁgEion
i nvention include the conpounds represented by the
dendrbowi'ngh f simular S:ZidinteWh wh2dhWAEAGED:LBCstructural
branch portion y is a trivalent group, and each
units having the same structure are succegsively linked to

-

the bonding hands of the branch portions Y of a lst-
generation dendron is referred to as a "end-generation
dendron. In a similar manner, an nth-generation dendron is
created. Such dendrons per se and dendrons to which a
desired substituent or substituents are bonded to the ends or
the focal point thereof are referred to as "dendrimers of
dendritically branching structure." When a plurality of
dendritically branched dendrimers, which are identical to or
different from one another, are bonded as subunits to =z
multivalent core, the formed dendritic polymer is called
"dendrimer of radially branching structure."

In the compounds represented by formulas (e), (f), or
(2), the dendritic structural unit enclosed by parentheses;:
i.e., the structure represented by formula (h), represents a
regularly controlled or not completely regularly controlled
dendritic branching structure in which the dendritic
structural unit is repeated arbltrary times. Thus, in the

compounds represented by formulas (e), (f), or (2}, if the
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of the two bonds except the bond connecting to z is
linked to an atomor a group, and two atons or groups
may be a conmon species or different species. Y1l is
identical to Y or represents an organic group having
a skeleton identical to that of Y. The expression 11Y1

nﬂmbéﬁkggifgﬁ £:9% an..Qrgani ¢ group
havi ng a .[I[et onr&{ d‘{eﬁﬁr 2&‘[%[}%%1 tﬁﬁga JJ?sef%'r the, formed
ddritpfimelr als | Sasind Nelides, ding
thereof, a structure i denetl cajIJ]f' §Q%Q’ ?;l??@t greression
ﬂmwm&@ﬁmmﬁhmwﬁQM1 an f Ror
exanpl e, when Y |inking lfo nZ e%s nyl?fgoﬁigtaf\gerlelpartelsoé}ﬁ dtpd the
cdmpdurtdillard Aot Yredds sh g ML Al %)%(43%
(3 (0 (D e A 0 OO o HHES w0 as
thes "arn'ul-n-tgq}ﬁ_arragﬁioh,ho 5; and Qis an arbitrary
substituent). No pargticular limtation is inposed on
the nunber of branc ints contained in the
depdrimer produced tb#ough the nethod of the present
invention is directed to a
g a dengyi ner having a dendritic
(i is represented by formula (1)

Specific examples of the dendrimers produced through
the method of the present invention include the compounds

represented by the following formula:

w2 Y1tWim

E

8, 2:Y R R
a7 \f]z YW m
s Ra
Ry Z-YitW]m
\J /;—Iﬂz
v/
Ry S Z\H+VV]m
s 2.y R2

s ZY W]
i Rz S ZY1IW]m
5 Z-Y/LZR2

R
\ /)
i Re SyZYitW]m
Ri Rz
S

B, Z-Y_.
A/

Ri Rz /SUIZ‘Yd‘Wlm
S, Z-Y. Ri Rz



i near portion including a thienylene noiety and a

branch portion Y, the linear portion being a dival ent

organi c group containing at |east one thienylene

noi ety, wherein the nethod 22 conprises reaction steps

represented by the follow ng schene (I) and reaction
whsel 3 fiRpetethd BHAGH | th.needs, to thereb

form a dendron ofq% degﬁgggqg%g%ra %%ﬁ?EQF]qqﬁyp, and each
off adHeoWw0 Hod®! ledfne f; qng Ve.lsS. an aclive .,

group which undergc}i:gi;1 uéz)lﬁql\gc}:rossq%cotu%fq %O,q‘i‘zs‘s linked to
an e ot 2 &gl dnd AR i sybstitut ed

di val ent or ganidgg'gr oup ha\%{trfg&n%gacﬁb\ﬂé%rm&yp%ear?d common
speadlesoforRY i@TéRAd sperlieated fromanong a hydrogen

atom an alkyl group, and an al koxy group. In the

presantsspdentiealli @8, vuBkesapBerWsSan EE‘S’%hfi'cegrou

t he al kyl group, the al koxy group, or a sinmlar rouB
havdggl at sk2Qedanbadenita®l ¥d Ha8SYH & anrapt LQBaLLY1on ny

sug;Lituted trival ent organic group, and YE is '
isj ddenitdallt doYY or nepresents an rYARHIG FROWR RAV:

a skeleton identical to that of YF@a/nay%Leﬁgbs%%?%%}?
skpépiteseArenaicept itondbly ofulyst ideifeed WBNOWAKERY at least
. organlc‘grouE havi ng no active group, and mis an
inchfidger OR Gher Znbpediny Rédet thereolfema( kkri@agkion

,.Step 1 Hreaction step 2
identlcal to Y or a structure having a skeleton identical to

that of Y. For example, when Y linking to Z is a molety
represented by formula (A), Y is a moiety represented by

formula (B), (C), {D}, etc.:

) ,
@ ‘Z”Q (2)—@[/ Jm m—@——a—gL ' ] "
(A (8) (©) ()

(whereln m is an integer of 1 to 35; and Q is an arbltrary
substituent),

No particular limitation is imposed on the number of
branch points contained in the dendrimer produced through the
method of the present invention.

The present invention is directed to a method for
producing a dendrimer having a dendritic structural unit
which is represented by formula (1) and which contains a
linear portion including a thienylene molety and a branch
portion Y, the linear portion being a divalent organic group

containing at least one thienylene molety, wherein the method
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% Z Yj--jW1l. 11 R2 (d) 1 st-generation dendron
-1p.. 2nd-generation subsequent-generation reaction
dendron repetition of dendron step 3 reaction step 3
The reaction steps represented by the schene (1)
i nclude reaction step 1 of converting a-position

oSG S0 305, AU B o o s
L YR 0 S8l TS i s,
R Hoah th % RSt i h A el S AT R g dap e
SRy LA ST D 1 ALY ST ool

whiRRE /G J N 8RR %o?s%ﬁ:élﬁ.naec%%ae&%% a single

needs. Wserves as an en

boR@N @ B ot drld8 18F %‘?.LE% ekt td; %(lﬁrfa%e%dmf %t(rl_lx_g%g-g.dq group

compound represente ormu

haigle mablay: +arml %&%@p%‘%%ﬁ.@%%h”b%4Rinaﬁgegéﬁﬁ%}% ected

step 2 as the conpolnd (c) serving as a
T ot fon e R BT At el A amy pagony
groh@. In the present specification, unless otherwise
specified, the alkyl group, the alkoxy group, or a sgimilar
group has 1 to 20 carbon atoms. Y represents an optionally
subatituted trivalent organic group, and ¥: is ldentical to v
or represents an organic group having a skeleton identilecal to
that of Y. W may be absent or represents an optionally

substituted monovalent organic group having no active group,

and m ls an integer of 0 or more.,
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conpounds represented by formula (I-1) or (1-2), and
these conpounds nay be synthesized through

conmbi nation of a coupling reaction between the
correspondi ng thi ophene derivative and a benzene
derivative and introduction of a halogen atomor a

Réﬂbﬁ@ﬁ%ﬁ?i‘lﬁh’i@ﬂ? substituent serving as an active

group. ough‘ Gignard reaction and Stille coupling

rgactd on enpl oyed as a upl knNg J egct.|.en,

Sﬁ ‘éT %rE%'ﬁ‘g@upl L.D.Q_I.S_D.Ff g\? § -r?y-fé)&fmsi m | ar
to t production aod o he p ent invention. In
thBireaRfion schené'ggét;]?n 'ﬁ@pp{artﬂ ulaiRglimtation is

i nposed on the method of synthesizing conpound (a)
serving & a starting material in rea&¥ion step 1.
The conpound (a) nmay be produced through a reaction
st rgpresenﬁ@d by the followi ng reaction schenme (I1)
in j formng end noieties is bonded to Y1

t hrouhfr eacti¥8n with Vi and V2. Reagtion schene Ilﬁ
H & V2Im + Vi-W (1) (a) Wen yR{ETYEaTT w
skeletons@--hole conductive mater/Bi-BRge introduced
to branch®nds, aﬂgpdﬁ?gig;_zepn Sented by the above
formula,(l- S ef e y enpl oxed as the conpound
(a) .feﬂ&tlé%ﬁfgn:& ar Iirﬁ'rata on is i dposed on the

nmet hod of produci ng the conpound. | %rFeQVV]m

(d)
1st-generation dendron

- _yu 2nd-generation — subsequent-generation
reaction  dendron repetition of dendron
step 3 reaction step 3

The reaction steps represented by the scheme (I)
include reaction step 1 of converting a-position hydrogen of
the thiophene ring to an active group V,; reaction step 2 of
linking Vi and V; through Suzuki cross-coupling reaction, to
thereby lncrease generation: reaction step 3 of converting
a-position hydrogen of the thiophene ring of the compound
(d}) produced in the reaction step 2 to an active group V; and
reacting compound {c) with the active group Vi so as to
further increase generation: and a step of repeating the
reaction step 3 in accordance with needs. W serves as an end
moiety of the produced dendrimer.

In the scheme (I}, the aforementioned compound

represented by formula (I-1) or (I-2) is preferably emploved
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25 approach, when benzene nucleus is enpl oyed as Y1,
and the conpound in which V2 is a hal ogen and V1-Wis
a secondary arylam ne conpound represented by the
following formula is enployed in the reaction schene
(1T), the above triarylam ne skeletons can be

nsx&%h%@%E%QOEhr%%%h c%Qg%ﬂﬁa::%% Fg C%I n%§%¥¥§§N€Q/§

ary condensa

buEQEﬁ%%E%QOEmr%%thff%%nge%gggpdri e%?ﬁnﬂ cond%g%g ggn

see Lett

148 2h onhe, haBRlayidnd AR AN 2cd %glnﬁc@acgg *he

or the Tosoh netho apanese atent Ap

coh@bdn@@e&eﬁkﬁﬁﬁhkeﬁobgiggéﬁﬁﬁgl)IQ W & %Eadkﬂese

catalyst-tri-t-butylp Ine li'gand and

cofidbahyist mat¥ bet B¢sehelERE eﬁo%ﬂgogﬁﬁh %@mﬁoﬁnﬁ&ﬁ:ﬁr Ledy

since reaction can be per orne con |t|ons

coapdihygkeficeidnand tweehe¢hlV t
Through gnployﬁent gf thghbrgggf%g h?}? %Pgﬁghene

deslteketons anteai beneduecdetrhiaudhe EEE lﬁfﬁgﬂhﬁtlggeof a
foll owi ng reaction schenme. A conpound represente

haibgeabatemfomnulbo&&nlhoh%aiﬂ&ﬁbeEQBEXl%GEhQVQQrQEnEhEs an
conpound (m in the reaction schene (I11) .

actéuet gunupcheletfolgh Grididdd foecteRsti®d stille coupling

reactlon may be employed as a coupling reaction, Suzuki

cross—-coupling is prefefébly employed, similar to the

pProduction method of the present invention.

In the reaction scheme (I), no particular limitation is
imposed on the method of synthesizing compound (a) serving as
a4 starting material in reaction step 1. The cempound (a) may
be produced through a reaction step represented by the

following reaction scheme (II) in which W for forming end

moieties iz bonded to Y; through reaction with Vi and V,.
Reaction scheme(ll)

H S z—Y v, ] A S 2 YW |,

H bovew — L4
R Ri R

Ry
(m) 0 (=)

When triarylamine skeletons——hole conductive
materlial—-are introduced to branch ends, a compound
tepresented by the abeve formula (I-3) is preferably employed
as the compound (a). No particular iimitation is imposed on

the method of producing the compound. In one preferred
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26 between V, and V2 is perfornmed through Suzuki
cross-coupling. Suzuki cross-coupling reaction is
known to inpose few limtations on functional groups
to be enployed, to provide high selectivity of
reaction, and to cause few side reactions such as

hono- coupl,i ng,, and is particularly enployed for a
apﬁr&éaﬁi%md@edig RSN AHSkeTS ey est am dimmehd the
unds nd.vi_pyl conpound derivatives (see Suzuki
cofP G g o 1 k2B aRA LRGBRaR N i~ Weks gassecondary
, i al ., Chem.  Rev., 95, 2457 (1995),
argigihe 2l BoredeliBa i wes 1P e dpplila is
for.e, C [ to the pro ti nmet hod of the
eI R R R Tl Al e B e Sedhhid amine
| i tans,,; IL.a . the,af orenentiqned
SRR By o B0 P ied g Taromsacton.
whi ch are reacted with each other via Suzuki ‘
crossrcoupling. Combinations of substituents V1, and

N2-Ni n each reaction step can be sel ected
indi?&@ually. Exanpl es of preferred combination wll

be des&fibed next. .In i xenpl i fied conbi nation
of V1 and V2, V1 is %€Y£c§§$u§ronithe af orenenti oned

gr odpel camdlevizatd cselreaiotd orf @M the pRir@oemat @ReYgh, for
group 2. Conbinations of V1 (boronic acid ester
exgubdei t YdAmanp( CdnBeosaBLOR) Aseandhya. (Beter. ,| 11356 41989),
preferably enpl oyed, fromthe viewpoint of high yie
SYRf&H- Serasti By, (A8BFD cabitki.0yemplloyihy tbppetasad X base
in_the aforenentioned reaction schenme is a trivalent
cagpddfte gFolrpe Tosoh method (Japanese Patent Application
Laid~Open (kokai) No. 10-310561) employing a palladium
catalyst—tri—t-butylphcsphiné ligand and a base catalyst., Of
these, the Tosoh method is preferred, since reaction can be
performed under mild conditions and high yield and
selectivity can be attained, Through employment of the
reaction, triarylamine skeletons are introduced through, for

example, the following reaction scheme.

L compound represented by the above formula {I-1) is
preferably employed as the compound (m) in the reaction
scheme (II).

In the reaction scheme (I) or (II), the reaction
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whi ch may have a substituent, and exanples of the
trivalent organic group include those having a noiety
to be linked to V2 (e.g., structures such as allyl,

al kenyl , al kynyl, benzyl, 27 aryl, and al kyl, and

het erocycl e-contai ning structures). W Serving as end

f e.,dendr | be. absent _or  represents
b%ﬁ% opiWongﬁpyvéuggt$$%%%dm%%ngbﬁ?%ﬂ Brpukt cCgPeapcoupling.
isn ' ; . used. herein, the expression
D BRSSP B ST s Gt P

1 363 I Cl ' zZuki S- goupl | react.i on. .
R e e e 5,8 e iy 10 Broviae

hi@hOoW1 R ARAIdWY | I QUR ‘Mﬂéf R 4Ty, ubsfec.ai Zﬂéj?watsjit a erdeactions

or non-substituted. Tn a s€cond exenpll

swawﬁ@sn@&ﬁ&5¥c6ﬂpﬂﬁﬁg§e%§ﬁfgg#ﬁ%ﬁggﬂégf%gggfgﬁgnQ%%%gg%xr a

group 3 and V2'is selecte

wigleOWRndre T Hi"o%_sc%%%ipl_\ing” 2R Y 8 '?a.tf.o%ec%hci Sompounds

reaction schenme is a frival ent organi c group

andBy ihEAle canpeReld deeta ARG XA &% kil e tJ] .‘k’f:'ﬁ{?& Gosei

organi c group include those having a noiety to

Kalgakke dybka¥2 sGe., 946 ,S1848Gt UnesssucRuasar e Al kenyl
and al kyl, and heterocycle-con?aining structurésg%ﬁmm/Rev"

95seldiBAg (49960 gndugmzuGfi,t e depdnomRt MRhhE aRSRNt 147
Or represents an optionally substituted nonoval ent '

(1gPgani.c Dheupfhraw| ngcaorathyVveoJtRPprodactsss RELRLA. of
the expression "having no active group,, neans that W

thgobrgiss tnényeospopar thei denided mSuz ¢lin BeOFTSrH@UPIFRS 2
.reaction. Exanples of Winclude an allyl group, an

wigek¥aylety of skeletons, :

In the aforementioned reaction scheme (I) ox (I}, Vi
and V; are groups which are reacted with each other via
Suzuki cross~coupling. Combinations of substituents Vi and Vv,
in each reaction step can be selected individually. Examples
of preferred combination will be described next,

In a first exemplified combination of Vv, and Va, Vi 1z
gelected from the aforementioned group 1 and V; is selected
from the aferementioned group.2. Combinations of V: (boronle
acid ester substituent; B(OH); or B(OR)z2) and V; (Br or I) are
preferably employed, from the viewpoint of high yield and
selectivity, applicabllity, etc. In this case, Y in the
aforementioned reaction scheme is a trivalent organic group
which may have a substituent, and examples of the trivalent

organlc group include those having a moiety to be linked to

V2 (e.g., structures such as allyl, alkenyl, alkynyl, benzyl,
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group, an al kynyl group, a benzyl group, an aryl
group, and an al kyl group, which nay be substituted
or non-substituted. in the aforenentioned first and
second conbinations, Y is a trivalent organic group;
Y1l is identical to Y or represents an organi c group

' | ' i cal hat of Y, d Zi
oA SR I SRR L s Dol o
| ' ti oup. As d herein,
S L e G
SRS B RGYR LS T T ore

AR I L R R SR e R R e

I ntroduced t h hal ogenation

"HEting e addiid SRR, 1Al 5p ANSTAADl oo

enpl oyed in the case where a on of

3G i ty . .S present in
paﬂﬂﬁﬂlﬁétﬁﬁa'gﬁidﬁlz%réygiﬁﬁgﬁaﬁﬂgﬁéggﬁﬁh:n pﬁxapgggs of W

addition to target active- %t on &

retar o St LS 2 M SRR o,
wHil eeen b eALYt A Rldr HAHR AR+ Autda,

In a second exemplified combination, V; ls selected from
the aforementioned group 3 and V; is selectad from the
aforementioned group 4. In this case, ¥ in the
aforementioned reaction scheme is a trivalent organic group
which may have a substituent, and examples of the trivalent
crganic!gtoup include those having a moiety to be linked to
Vz.(e;g.,.structures such as aryl, alkenyl, and alkyl, and
heterocycle-containing structures)., W serving as end groups
of the dendrimer may be absent or represents an optionally
substituted monovalent organic group having no active group.
As used herein, the expression "having no active group" means
that W contains no group participating Suzuki cross-coupling
reaction., Examples of W include an allyl group, an alkenyl
group, an alkynyl group, a benzyl group, an aryl group, and
an alkyl group, which may be substituted or non-substituted.

In the'aforementioned first and second combinationsz, Y
iz a trivalent organiec group; Y: is identical to Y or
represents an organic group having a skeleton identical to

that of Y; and 2 is a Bingle bond or an optionally
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an al kyl group Notably, if each Y and Z is at | east
partially conjugated with thienylene, the produced
dendri mer becones Riro h Al 8 v ~ 7N ~0it Z,
+te s SA Al AA- a ANMRI6, Rl7, R18 - a hydrogen
atom or 30 seni conductive, As used herein, the

X[r.essi o | east partially conjugated wth"
S‘%%e?‘ére%“‘rﬁf{] d&%’ii}%t (IS IRRIR: haying mectactive group.
c n'u Systemis estahlished, but also to the
& lﬁ%’n ‘%ﬁ HRF SARAT SRS VIRG 7 rﬁq:ﬁlé@t rfmmp" means
S UItOUS resent.. [For exa ]
th%nftﬁlg‘?ﬁ éd sys gai"y‘:‘r‘\:iO é’aﬁ:j‘rﬁiﬁ?&ﬁqq ”é’d“"der?z@r?eﬁ
S IIs mnt anln of this
cc@é@' %fF%ﬁc &ipl A7 Eggctﬁ tggnﬂ?? oft§ Gﬁaeﬁlﬁﬁﬁch
rSi f |t| n.hydrogen_of the thlophene
cofPuER, K e iR é- BT o7 r SRR

In¥Yor il W SRS fh%rl%%%n‘éf ion DA 1RE 855 H28Y Thus, the

first combination is also preferably employed in the case
where a skeleton or substituent which is active to a
halogenating agent 1s present in additlon to target active-
group—introduction sites.

Examples of preferred X and Y (X represents ~thicphene

- ring-2-) include the following:

< - -of
R7: AN = Q

0

N— N 7 N—
o)
D\\ FEH\K
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[ Conversion of a-position hydrogen of the thiophene
ring to active group V1] Exenplary reaction
conditions enployed in reaction steps 1 and 3 for
converting a-position hydrogen of the thiophene ring
to active group V1 selected fromGoup 1 wll be
X:descgibed. Wien V1 is féereAd fromB(OR)2 or the
borgrc acid ester rEggﬁg$ ed by the~§§2}a&h@§?/
formul a, a-position hydrog of the thiw®ghene ng is

drawg through the actiop of alkyllithium(e.g.,

L0 . 9 .
n- Dyt hium), lithi 1) propylanrﬁ%ifﬁ§§Ci) to
tégggggk?grn1the corrggg%ﬁg#ES car bani on;* and fkf/
subsequent |y, the correspondi ng alkoxybogane (i.e.,
tﬁHE?Pﬁ%xyborane, trieiﬁf*gggfane, =
tri FSopropoxybor ane, \ (] xyborane,xgki_%:>_<z>/
2-i sopropoxy-4,4,5,5-tetramet hyl -1, 3, 2- di oxabor ol ane)
Eﬁ§f>%ﬁg%pﬁhilically Q%fggéé he carbapian, Q1

/ H Exanpl es oft\ _§r ??:;bly enp?g§zﬁ“hﬁrﬁzg?;

i nclude organic solvents such as tetrahydrof uran,

nhgxane, ~diet hyl other, ang toluene. The reactions
bl y perforne§3?5g§,10 n1nuté&&9ﬁ4§aﬁééflﬁf/

hours at=*-100 to 300C,
Ris
O Ry |
& 3 R >/ 8 e N
_ N
o M s, o ¢ . 2
YT . U N\
Ay
A A 2
x s, —~ %4 \(frw§,C?7
\s{ -_{-(_j\ W{.ﬁ’\ N/ N i

Aq

) s M= fi
— n - 7 L} — = J
St Uy ~ oGy~
> Ria
4 s, N ¢ . —
) (j\ Wﬁ”’\ M@\

A, Ay
Ay Ria Rar @\ 8 = (\'_W",\
s Qv, s /-\j— §s] ~0
m_(fi}g(u)\ \U—\ p — d@
e @7 AnAz=0,8, N-Ryg

8 N 1 )( : Ryia, Ry7, Ryg = & hydrogen atom or
W = an alkyl group

Notably, 1f each Y and Z is at least partially

conjugated with thienylene, the produced dendrimer becomes
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preferably for 30 mnutes to two hours at -78 to 011C
Wen V, is formed fromB (OH) 2, any of the boronic
acid esters obtained in the above manner is

hydrol yzed through addition of water. Although no
particular limtation is inposed on the reaction

Se?nﬁ'xt% it fobie, hefiedhs bheoebbraapioncrat oast
lﬂ.%%?f?% o 5 r%g[sf;%r R b i die Fgee where

: one hour to }ﬁ%ggrcﬁ%y t%?“at 0 %g_r%@%(p%ﬂffg%ed ft%r the

AL el S L N I g L

arkhenkene oukh 8%%3%&%!V6F?E H%H%lge|50586%;§g &hEYStem

abovenenti one oup cribéed

coneaRdnly am &Ll (Centldiy b@%@ fe Bﬁ%&e%%rgﬁégo%giﬂ% within

hal ogenati ng reagent is reacte reby ™~ con

tha-meam&hgnoEy&hqgeaeQEnh%ﬁohhlophene ring to hal ogen.
Exanpl es of hal ogenati ng agents i ncl ude

N- CHxefpleesi Madicd@.on Nnﬁhgﬁﬁ%%%ch%bghd%hi%%gconve slon of
N-i odosucci ni m de, Exanples of preferably ed

c-peadtion houvegkn oFChUde (0;GPRkbe § s a
tetrahydro?ura% n- hexane, &l%th ° Qhéng fﬁﬁéﬁge goup Vi

andarbertienr achboride, gmanb@nv@|§n¢fv5kare performed will
di met hyl f ormam de, and acetic acid. The reaction is
nepieber debgrpbetior med for one hour to 24 hours at -20
to 80C.
[Conversion of o—~position hydrogen of the thiophene ring to

active group Vi]

Exemplary reaction conditions emploved in reaction
steps 1 and 3 for converting G-position hydrogen of the
thiophene ring te active group Vi selected from Group 1 will
be described.

When Vi is formed from B(OR); or the boronic acid ester
represented by the following formula, d-position hydrogen of
the thiopheﬁe ring is drawn through the action of
alkyllithium (e.g., n-butyllithium), lithium diisopropylamide,
etd., to thexeby form the corresponding carbanion, and
subsequently, the corresponding glkoxyborare (i.e.,
trimethoxyborane, triethoxyborane, triisopropoxyborane,
tributoxyborane, or 2—isopropoxy-4,4,S,S—tetramethyl—l,B,z-

dioxaborolane) 1s electrophilically added to the carbanien,
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[ Reaction of active group VI and active group V21
Exenpl ary reaction conditions enployed in reaction
steps 2 and 3 for reacting V1 and V2 through Suzuki
cross- coupling will be described. Wien Suzuki
cross-coupling is perfornmed, a variety of

conmbggat i ons of pal | adi um catal ysts and base catal ysts

c en, enpl oyed. Exanpl es of palladium catal ysts
'Tﬁ? dey tetrakis(triphenyl phosphine)pal | adi um
pal |

um acetate, palladiumchloride, palladium
bl ack, bis(triphenyl phosphi ne)pal | adi um di chl ori de,
bi s @#amples oxf) | prafpthbie) peap baredn sb oot s daclude

. bi s(di benzyl i deneacet one) pal | adi um
CTga iSO astex sHo Syshi tred)xee et fumadi chi-ardsdme, diethyl

bi s(triphenyl phosphi ne)pal | adi um di acetate, [1, 2-
eﬁﬁ%ﬂmﬁﬁﬁﬂuﬁﬂ%%%%bhiﬁb?bnﬁanﬁ}pabladbupréfehbbﬂydger&bdmed

[ 1, 2- bis(diphenyl phosphi no) et hanol pal | adi um
foFi dif srindges rro dddies doumsomi rdtGlorteof3CAC), i gare

conpound with these palladiumcatalysts may be
PrefiEgdtilye fom SPpmdaudies itgarkwo dommurds ~78c ted@°C

triphen éphospgine, 1, 11-

bi s (tHSBh &ty L BhaSEREACFFERy BJBHY?, 123¥ of the boronic acid
es@e% di phenyl phasphi no) et hane, 1, 3-

5% df%ﬁ@#ﬁ &?pﬁﬁﬁbf 8ﬁaH@anF4i5 hydrolyzed through
ad@i%&%%p%%n%% %%ﬁphﬁfgﬁggé ngb ng{ggh gr limitation is
imposed on the reactlon solvent, water is directly added to
the reaction mixture yielded upon synthesis of a boronic acid
ester in the above manner, to thereby perform hydrolysis,

Ihe addition of water is convenient for production., The
reactlon is preferably performed for one hour to three hours
at 0 to 30°C.

Exemplary reaction conditions employed in reaction
steps 1 and 3 for converting a-position hydrogen of the
thiophene ring to active group Vi selected from the
abovementioned Group 3 will be described.

When V, is formed from any of C1, Br, and T, the
correspending halogenating reagent is reacted, to thereby
convert a-position hydrogen of the thiophene ring to halogen.
Examples of halogenating agents include N-chlorosuceinimide,
N-bromosucoirimide, and N-iodosuccinimide, Examples of

preferably employed reaction solvents inelude organic

solvents such as tetrzhydrofuran, n-hexane, diethyl ether,
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di phenyl phosphi nobenzene- 3- sul f onat e,
tricycl ohexyl phosphine, tri(2-furyl)phosphine,
tris(2,6-di net hoxyphenyl ) phosphine, this

(4- met hoxyphenyl ) phosphine, tris

(4- met hyl phenyl ) phosphi ne,

et “cﬁegl%ﬁ#cﬂ@?"aé% CRRON A A

i s%&)ﬁiweny osShalu{r:lcgta ﬁ)i | an IEE‘% Se@ﬁF&PPdés
plkg cI o?%ﬁéﬁh% 21 Ckel%d;?ghbgl{}g‘-’:&tand% o 80°C.
f“?éiﬁ%%m alﬁﬂ? CIH %H? S3Raer SBobade um ¢ -

b
pﬁg?é{hat e, %hﬁ%ﬁfg&p n:girér%t % Um%g:%f?f#ium
s ehen Susiekis sl 8 Y9N 2ol AL, A

a variety of organic sol'vents

co:’mﬂ;_ﬂg wiurnegd yeafipdd h water is general ly used as
a solvent. Exanples of suitably used organic solvents

inche: st fysamga 1l haner Olaz variety of
di met hyl sul f oxi de, dloxane benzene, tol Uen

coﬁbﬂmaﬁﬁ@mmfw&a®aidhmﬂhh9%%ﬂkﬁ§%%s did“ﬂ&@@ %%%E% s % can be
xyl ene, 1-propanol, 2-propanol, 2-nethyl- 1-prop

emplowieldyl - 2- propanol 1- but anol, 2-butanol, acetone
2- but anone, 3-nethy|-2-butanone, 2-pentanone, 3-

penEaaapd. e 34 -ofetdalll-aipantatengsts include
2-net hyl - 3- - pent anone, 2, 4- di net hyl - 3- pent anone,
te@rgkgﬁgmr;mhngw&phpppMdh@d@a&laddmeﬁh@m&&hhﬁﬁ&,acetate,

et hyl ene glycol, ethylene glycol nononethyl
palladium ¢ lorlde palladium black,

bis (triphenylphosphine)palladium dichloride, bis(tri=-o-
tosylphosphine)palladium dichloride,
bis(dibenzylideneacetone)palladium,

bls (tricyclohexylphosphine)palladium dichloride,
bis(triphenylphosphine)palladium diacetate, [1,2-

bils (diphenylphosphino) butanelpalladium dichloride, and [1,2-
big (diphenylphosphino) ethanelpalladium dichloride. In
addition, combination of a ligand compound with these
paliadium catalysts may be effective. Examples of ligand
compounds include triphenylphosphine, 1,1'-

bis (diphenylphosphine) ferrocene, 1,2-

bis (diphenylphosphino) ethane, 1,3-

bis (diphenylphosphino) propane, 1,4-

bis (diphenylphosphino) butane, sodium
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et her, ethylene glycol nonoethyl ether, ethylene

gl ycol ethyl nethyl ether, diethylene glycol,

di et hyl ene gl ycol nononethyl 34 ether, diethylene
gl ycol nonoet hyl ether, diethylene glycol dinethyl
ether, diethylene glycol diethyl ether, diethylene

R TR PR AT A TR .,
O D BPANS, A5 L PR D ahasgnine,
1Y { QUREs A 5 80C.. T
tﬁ; ga\(c__:t i on cony(ﬁ%%ﬁ's) I}g{sﬁrs}n%tncﬁzfe Il%'ns &%éne%?yc;rspg%mji ‘Fheppaine,
tﬂﬁgﬁQJﬂE{H?fﬂH%d&%zﬁﬁééﬁﬁ¥ﬁéxé Iﬂégaé?lttua reaction
I ch™t he p

condi ti ons under r‘eactt on s repr esent ed

e S S v A R R

nivkell RerelYs 4y QoA A icanpound (a) serving as a
starting material in the reaction step 1,. In one

bial (HUpIin MO HYRGAHY) Fe rd MY it 3t TUUYIS 1o @

desired generation.is grown through the reactior step

bi% (dor i ayerletidxylphefs dHie d) @a%kiean did®h o3 d@Nd ARe nickel

t hus- produced structure may be |linked to a core,

chillvericley hmmathycirag ea mage adsiode gRdesent ed by formul a
(2). In formula (2), Y2 represents an r-valent

or g@Maggreoup f bass: amtaliyagay iofclile scalldint k@ rbdnate,

of conpound (2) refers to the nunber of branches
sogduey atlikeg ifdesm (ehe .cembel umieehypxikie)r, Pt s@H ukDRE,

the dendriner has a radially branching structure,
bufpeides Waadum hydroxide, triethylamine, potassium
phosphate, sodium hydroxide, and potassium carbonate.

When Suzuki cross-~coupling reaction is performed, any
of a variety of organic solvents, mixtures thereof, and
mixtures thereof with water is generally used as a solvent.
Examples of suitably used organic solvents include
dimethylformamide, ethanol, methanol, dimethyl sulfoxide,
dioxane, benzene, toluene, tetrahydrofuran, dimethoxyethane,
dimethylacetamide, xylene, l-propanoil, 2-propanol, 2-methyl-
l-propancl, 2-methyl-2-propanol, l-butanol, 2-butanol,
acetone, 2-butanone, 3-methyl-2-butanone, 2-pentanone, 3-
pentanone, 4-methyl-Z-pentanone, 2-methyl-3-pentanone, 2,4-
dimethyl-3-pentanone, dioxolan, N-methylpyrrolidone,
diethoxyethane, ethylene glycol, ethylene glycel monomethyl
ether, ethylene glycol monoethyl ether, ethylene glycol ethyl

methyl ether, diethylene glycol, diethylene glycol monomethyl
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is 1, a dendriner of a dendritically branching
structure-is forned. In the present invention, Y2 of
this type of dendrinmer is also referred to as a
"core." Specifically, as shown in the follow ng
reaction scheme (I11), a conmpound represented by

ot AR ST Aenidi! s Uathyie siyeol
o Pt SRy Syt AR RlipRA clashyiens

S S R N bl R VR MR eRp de  2adeole,
T T S A T e T S

petieRfel b eFda®13PHILR o hinTAELS] %Wt9ﬁuﬁ§fgﬁ£E§$Qo

hydrogen of the thiophene ring to an active
90, SPEL RIRLURTE Mop o SRERRE T e ao
| MTZe s¥mef WeaBrdofl 48d0tions as employed in the

aforementioned reaction steps 2 and 3 can be applied to the
raaction conditions under which the reaction step represented
by the reaction scheme (II); i.e., linking W serving as end
moleties to ¥; through reaction betwsen V, and Vz, thereby
producing the compound (a) serving as a starting material in
the reaction step 1.

In one alternative procedure, a dendritic structure of
a desired generation is grown throuch the reaction step 3 or
repetition of the reaction step 3, and the thus~produced
structure may be linked to a core, theresby producing a
dendrimer répresented by formula (2). In formula {2y, ¥z
represents an r-valent organic group (r is an integer of 21},
and the "r" of compound (2) refers to the number of branches
generating from the center moiety, If r is 2 or more, the
dendrimer has a radially branching structure, whereas when r
is 1, a dendrimer of a dendritically branching structure is
formed., In the present invention, Y, of this type of
dendrimer is also referred to as a "core."

Specifically, as shown in the following reaction scheme

(III), a compound represented by formula (e) is formed
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r (2) Through the above reactions, a dendrinmer of any
generation can be linked to a center npoiety nol ecul e
t hrough the same reaction steps. However, the nunber
of generations of dendriners is preferably 1 to 10,
nore preferably 1 to 8 further nore preferably 1 to

f t.h [ i nt of .
spaﬁd‘!ﬁ‘iﬁ*ﬁ%ﬁé% S 1 Bl (B e, kpaction
Bt%ﬁjzlsnesat n?/e%t hcestolgls&ycitorgg%n‘;@Peqr 1_3{? br anchesnef rrolrplg?ﬁc>f the

t t d t of
°dﬂ"h1’§’f“3‘é°ﬁ3“ﬁ”néﬁ Core U0 (DS OUSILLEND, B 100,80y,

Folifif QURnghae de)T00RhECRLRBOuRL (800,07 QURS, .gﬁ’ vl a

the course of growth to Inc ease e genera

coffgpiuned [YMRIvielg af,t %‘ér‘%‘i{ﬂ@ | an Qfpd nghng: es® Feactions,

core, A high-purity dendrlner avi ng few defects can

thiee safmeninaegiez@d 2b)s RONLATIRG RY id naf el
conpl etion of each of the afo?éne&? #lg é?é%?

afpaetietitllandd Helaaitiion sitepsmMOo+ed 30R 4hg Rysil ‘T:%“ on
nmet hod, and exanpl es include recrystallization,

co&lw.\&rfsa.lohl 5F oephosRWilohl @ziv‘d'r%%e‘ﬂ Bl bl TR 'h%?)ije %glg to

purification by use of a colum. According

aanQEdULGTEI orompt Nedand téscpienebétweaNen ifHy W variety
dendr | an be produced through
Reactlon sC eme?lls

Z—Y W] Sz
g DS A

AV o — (-
31 Rz S\}{Z—'YH‘W Im s}_gz_yﬁw Im

()

Yz—[_Vz ]r (g) S—z—Yeiwl,,

@

Through the above reactions, a dendrimer of any
generation can be linked to a center moiety molecule through
the same reaction steps. However, the number of generations
of dendrimers is preferably 1 to 10, more preferably 1 to 8,
further more preferably 1 to 7, most preferably 2 to 5, from
the viewpoint of spatial density of dendritic structural

units and easiness of synthesis. The number of branchez from
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appropriate selection of the conmpound (a) form ng end
noi eti es, the conpound (c) serving as a nonomer unit
of the dendritic structure, and the conpound (g)
serving as a center noiety. In addition, since the
present invention enploys the "convergent nethod,” in

[ ifi.cation after ¢ letion of each reaction
R SRR S0 TR L o ire prererably 1 to
4 dendrimer having few defects can be produced. The
present inventors have found, in the Suzuki cross-

CouMA g LRACK AL IR BN A0IONS AN G IR0, o new

conpound a reactive conpoun o)

stafRrERNtd Aned 'ﬁ{}%%geq 0081 N Oe%:fsjce%grgribog%{qﬁagzaifon of

t he thi ophene organi c boron conpoun

o P Y- 0 08 S O Y ] AR e

deconposition of the t oron

geRRiTRE o avent e ol aiAldy A0 g Q%x&;flﬂ%%%%”fotfe Hinking

organi ¢ boron conpound in a continuous or “I'ntérm
tadmnire t 0 the reaction systemcontaining the reactive
conmpound, thereby preferentially proceeding the

Suz UKih 125181 00p | d YR r IMRACtH And Ned NES ¢ I S a4]
t he production of a thiophene C(;gln'pound tﬁwér/%g‘;baéiu;buii

s Yorhes 4 cedp [Hyn g e reain oy @ﬁ?ﬁm&a&i&mia‘ﬁﬂ&n%oﬂﬁﬁ@?ﬂﬁ%n of
boron conmpound and a reactive conpound, the thiophene

eagigadi ¢hisoadfio receparing dds syrepdual ky pddedceiag limitation
continuous or intermttent manner to the reaction

18s yawemedc omt dhei portife cardoh we ttol)ownd feaamPladKiinelude
cross-coupling reaction, whereby the thiophene

reggmsdand leativa ,progeded ldzation, purification with

sublimation, and purification by use of a column.

According to the production method of the present
invention, a varlety of ‘dendrimers can be produced through
appropriate selection of the compound (é) forming end
moieties, the compound (c) serving as a monomer unit of the
dendritic structure, and the compound (g) serving as a center
moiety. In addition, since the present invention employe the
"convergent method," in which purification after completion
of each reaction step can be readily performed, a8 high=-purity
dendrimer having few defects can be praduced.

The present inventors have found, in the Suzuki cross-
coupling reaction between a thiophene organic boron compound
and a reactive compound employed in the aforementioned method

for producing a dendrimer, that the thiophene organie¢ boron

compound is susceptible to hydrolysis in the reaction systen,
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high yield. As used herein, the term"thiophene
conpound” refers to a conpound having a thiophene
ring. Exanples of the thiophene organic boron conmpound
i nclude those having an active group V6 sel ected from
group 1, and exanples of the reactive conpound

ard LS dOROBI LR s A58 G dties sromte econ

' i i L., |0 .Suzuki - coupl i
D Near The el dncad o ST 1Y, S iting [She whiophene

. \ ! o (oretrad e L on
onfhid B SdEE N Sl nidie ' Phattige Stent mannex

td aatd UL S s s & éBﬂéE%ﬁ#ﬂ%i%ﬁ%tﬁé%ﬁ$%ﬁﬁe?ﬁ%%%ﬁEb

transnetal | at1 on-reducti on

exefecby e Rl sl AN S JBA L ABNS SUER B8 101 sng

pal | adium and. hy ( | ophene _
eReRAREOMAURnCEONBYER, 38 thol REoLARNANG OLIRR:C e

boron conmpound i s added gradua

cottoRpitds edh Adhdr & uRAG! i%sﬁ%ﬁ%iﬁrﬁ&% 0o U &

compound is imediately involve arge

thieadidren or 3 R Adil o, i L3l '
i e t%g::étegbcylé}rﬁi compound, the

considered to prevent hydrolysis, _ ancing
thillopheng drgEmgiateal cffduren e ehaRHa 168 8Bded in a

dropwi se addition) may be carried "out continuously or

conpienmust et [intenmia tepec et ol @eL AW readiti dl@ysten
starting materials other than the thiophene organic

co@@p@mi@@ngaun¢ammhavhe¢om@ommﬂiEo&nBMkQREOEHdEEiddﬁpling
reggiion, whereby the thiophene compound can be produced at
high yield. As used herein, the term "thiophene compound"
refers to a compound having a thiophene ring,

Examples of the thiophene organic boron compound
include those having an active group Vg selected from group 1,
and examples of the reactive compound include those kaving an
active group V; selected from group 2,

The cross-coupling reaction -will next be described in
detaill.

In Suzukil eross-coupling reaction, when the essential
starting materials are fed in their entire portiens to
initiate reaction, two reactions proceed competitively:
the target reaction cycle; i.e,, oxidation addition-
transmetallation-reduction elimination in the presence of a

base catalyst and a metallic catalyst such as palladium; and.

hydrolysis of a thiophene organic boron compound, However,
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reaction system followed by gradual addition of the
t hi ophene organi c boron conpound in a continuous or
intermttent manner to the reaction system In the
case where coupling reaction between a conpound
having a plurality of reactive sites and a thiophene

4ﬁ§;ﬁé %p ound |s erformed, steric hindrance
eI a¢ TSR dat 3dsied gizadually
a ronDte droI Si S.
%g gﬁ%cde \ﬁg"e{“sse ce{‘_to °§¥> rad:ﬁ’zﬂ |ag~added
bodde termtten n
“exa ‘Jﬁo&@ %ﬁg%g}]gﬂg{e@i&%&ej‘ n 2GF oY @Irﬂ'inoﬂ:hies target reaction,

anﬁn‘i‘h%a%%‘i{rs—‘i’oé:ach ot "h@d Ljéaavéﬂ% oye&%act A Sdn té: Hravent

adj acent to

R A Wﬁ%‘@rﬁ% YRE LRl

ade |nacont| uous or -interm-t

adﬂ&%&%&‘:%e%fhnﬁtf_\%se(ec%t al ¥lodhAl AN HHYAS on) may be carried

correspondi ng one réactive site, an

ou&t%@nthh%ou@@%ed&aﬁ%ﬁégmﬂﬁ%e%qud | Bpag Qﬁggﬂﬁﬁomgaogedure

corresponding to the other reaCtive site

aldr atieals tagddiihicOha®fe ik s b@b%&hﬁﬁ%an%%nEﬁlgﬁggﬂe organic
conmpound in a continuous or 39 intermttent

bokbhe coapioveky weltrike fods & nc ahaliysbndide &J&% 4 Rin@P t&%” %he
organi ¢ boron conpound nmay be added sinmultaneousl

reactdoni systemyumodlovwed Bysigtadas lMadBR k.  ofi &@'Ehe
deconposabl e conpounds... other than the thiophene

thapghrne bogenicobpaovnd coampohadgiadyalkbytaddeds Bra
_continuous or intermttent manner to the
intermittent manner to the reaction system.

In the case where coupling reactlon between a compound
having a plurality of reactive sites and a thiophene organic
boron compound is performed, steric hindrance and electronic
effect may lower the reaction rate, and .an excessive basa may
promote hydrolysis, Therefore, the base catalyst may also be
gradually added in a continuous or intermittent manner. For
example, when the generation of a dendron is increased, a
compound having two reactive sites adjacent te¢ each other is
employed. Thus, in a first step, a thiophene organic boren
compound is gradually added in a continuous or intermittent
manner in the presence of a base catalyst in an amount
corresponding to one reactive site, and in a second step, the
base catalyst is added in an amount corresponding to the

other reactive site, followed by gradual addition of the

thiophene organic boren compound in a continuous or
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reaction system thereby enhancing the yield. Next,
exenpl ary reaction conditions wll be described. Wen
a solid-formthi ophene organic boron conmpound is

enpl oyed, the conpound is dissolved in a solvent to
forma solution,, which is readily added to the

i y |.nh a Qnti nuous manner, whereas _when
inr(]l ssoﬁ%%ng%?m%{]e‘ c Hr%&&fﬁ&tli"ﬁié{rs el@Ses catalyst and
+Hd g nd. -in the solid formor |iquid

forgrﬁliggﬁaeg]cfégﬁoq% r ec{ !lfzyc’qiod1 t%oéﬂl?oe"’_d'l:ci R %%t'séjrﬁe@'he
2 ifhARQIRINIQARED %ag&nqﬂﬁﬁooluvseqrtlaﬂns Suitably enployed
as the above solvent. "Unl'ess ‘Iédction is affected, a

reaciy QN g IFPUAY G A1 RS @_o}zcéogﬁﬁﬁa% tcgcif{g;?ohtfnn S..

organi ¢ boron conpound na

othert Reant erd Rl _H&ﬁeF¥¥'é#?ﬂiﬂb%éﬁﬁ%§¥§§Q§dsﬁay be

i nposed on the addition speed 1nt

greduialilyousicaddith an cﬁ%qn%ﬁs%ﬁfiéérﬂi\%ﬁ%uﬁrgar@&vrﬁ&o the

hours 1s preferred, with 30 mnutes to

re&nmeonpegﬁﬁhm@dthb&e _ éﬁﬁa%dqaglyﬁ?w?gﬁ$?t addi ti on
n

no particular Iimtation is inpose € anmount of

addiNeixdn ex@mpaReiaticaMh [ dHtiemehs jhet :
addi tion operations. However, tﬁélhé%unt tokgga%iﬁﬁbed'
i n #henopesatliich formadhisieénd @x?atﬂl@%%tz‘oq@'(f ound 1is
required total anount divided by to 50, and the

emphoyedti thll yompguinted st dialscaredntinot he veRPeNG49 4
is preferably added in an intermttent manner within a

sopékion, whithmbsotezBilynatided: @ob theUkeackebs system in a
preferably 30 mnutes to two hours, The sane
COpEARRPHENBAABeEnpbpEdaabohenaddssolution of the compound
in a solvent 1s difficult, the compound in the solld form or
liquid form is added directly to the reaction system. The
aforementioned reaction solvent is sultably empioyed as the
above solvent, Unless reactlon is affected, 2 reacticn
mixture containing an as-prepared thiophene organic boron
compound may be used without any further treatment. No
particular limitation is imposed on the addition speed. in the
case of continuous additien, and a time of 15 minutes to five
hours is preferred, with 30 minutes *o two hours being more
preferred. In the cvase of intermittent addition, no
particular limitation s imposed on the amount of addition
per coperation and.the intervals between addition operations.
However, the amount to be added in one operation is adjusted

to a theoretically required total amount divided by 5 to 50,

and the theoretically required total amount of the compound
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applied to continuous or intermttent addition of a
base catalyst. In a preferred manner, the thiophene
organi ¢ boron conpound is added simultaneously wth
the base catalyst, or prior to addition of the base
catal yst. Furthernore, continuous addition and

i g ' #HH& i;oh Jmy:_he canhi ned. For exanpl e, .
5 ?ﬁfgrtpatggg}i bl € f):{rolg"e ﬁel,n X SP i L g 6n period
FCORRRY I; r tant is continuously added
5 % hal%? t%:a\ﬁlpj'rl?lg1 et eracr?l ﬁsg CASUnt9nF & ceofmigutes
toba%® heRhal YShhal I eterm ned _angount; the

Oother haf? of&h?hgaﬁgséoggggg§§? ?%-3@8§8¥e§ﬁag?ﬁs are

apelihed hal kodftirhRust Ri0NRgREq19a01C at&%{ie nﬂﬁglg 2 8%2% | ®

conti nuously added. The sane reaction

cattas¢ikithedrabgverbseal .ca . the above,
add??ion techn?aueeiségpﬁﬁﬁggkfog%ﬁetﬂgégﬁ%ﬁef%Fganlc boron

coppodud 1g adﬂ%ad%uﬁﬁutahebﬂ§19r%i%ﬂtth%vgggkfggpﬁgyst, or

or gani ¢ boron conpound havi ng”a boron-su

prgooupo REEMtA@na%fakhacblake MheQh g%‘ing£@ﬁg5$$gﬁ
added in a continuous or intermftent mannér to a’

conéantibes aydtedoncankiaiAtednd tEQAROHAR1RA¥LRad pe combined
counter reactive group, a base catalyst, a reaction )

Fosoegenpleandnaomet abksdbgat pkysbdurel, a€¥AUBbRend organic
compound having an active group V, selected Trom

bogppugompbungr aduatihy addedreacan@nikndeHeifliously added in

intermttent manner to a reaction systemcontaining a
hatgnpbanarpdetagmanedaatmbuntgliouph¥2psekeatedofr Mbhase
caggfggtzintQSE%b¥hgeLLgéglggmfied amount; th

‘ ; e pther half aof
the base catalyst is.added: and the other half of the
thiophene crganic boron compound is continuocusly added. The
same reactlon temperature as described above is also
applicable.

When the above addition technicue is applied to the
method for producing a dendrimer of the present invention, an
organic boron compound having a boron-substituting group
serving as an active Vi or V; is gradually added in a
continuous or intermittent manner to a reaction system
containing a compound having a counter reactive group, a base
catalyst, a reaction solvent, and a metallic catalyst., For
example, a compound having an active group V. selected from
group 1 is gradually added in a continuous or intermittent

manrer to a reaction system containing a compound having an

active group V: selected from group 2, thereby performing
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Suzuki cross-coupling reaction. Alternatively, a

conpound having an active group V2 selected from

group 4 is gradually added in a continuous or

intermttent manner to a reaction systemcontaining a
. .conmpound having an active group V, selected from

p t e rformng Suzyki cross- coupling
SR oo AN, s AL e F R8T e  pe CPRpOURd
h [ t hi.oph rgani.c.boro gnpound i s gradual

sl o, AR R b6 RRER, FReh: ShdnRon”ts aradlally
dueaC L in0 | Iy tq.the nmethod far .
2 pr E)aducrzli %g%?%g‘g%roﬁlﬁe%&gfi Ilt%%é:ml&rteeé%hf“aiwgn%%ﬁ rgaction
R ivFRL 1 r b uged hi gh, yi el
Sy%he preseﬁﬁkﬁﬁgé%i?%#p%?ﬁﬁ %ggg%%é%%ég%kﬁggﬂ%ﬁQQ? ¢z
se @eelN e o0 gtriig pbel oy, | bed £tammles s elation
to the dgndP%neP, Whic%%%%gtpgghot ggg%§#§§$&e -
colibliihighg ekl iolnvention thereto. Apparatus, etc,
enpl oyed in neasurenent are as follows. H NWR
FT- W¥Rd esRalh e iNMAkAN0 1iAQ0 tMdz . f :
sol vent: CDO 3 or DVBO d6, room tteegrrphglg'g'%&r g.,n gr}}leﬁgi%a
thibpheneebegande 60rpRMbonbeLRAMRENYraihaA8 W C,
HLC- 8220 GPC, product of %osoh Cbrégration? g@?%&hﬁﬁ 8
coll§kngehsSope Lnéknil: tEhie b nn&HFtoDat eekeki oHV ﬁ%§em is
nm Measures (wei ght average nol ecul ar wei ght f ,
applibdr toatteagethoHecoraprodughha( Mhhenapdmee! egukak
wei ght distribution (Mv M1)) are reduced to
Prpokpst yneavtasna a dendrimer of interest can be produced at

high yield,

The present invention will next be described with
reference to the below-described Examples in relation to the
dendrimer, which should not be construed as Limlting the
invention thereto. Apparatus, etc, employed in measurement
are as follows,

ly-NMR: FT-NMR, model JNM—AL400 (400 MHz, product of
JEOL) , solvent: CDCl: or DMSO~d5, room temperature, chemical
shift reference (0 ppm): tetramethylsilane (TMS).

GPC: HLC-8220 GPC, product of Tosoh Corporation:
Column: TSK gel Super HZM-M; Eluent: THF; Detector: UV 254
nm; Measures (welght average molecular weight (Mw), number
average molecular weight (Mn), and molecular weight
distribution (Mw/Mn)) are reduced to polystyrene as a

standard.
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standard, 42 (Synthesis Exanple 11 Synthesis of
3rd-generation dendrinmer <Synthesis Exanple 1-1>

Synt hesis of a compound (c), 5-(3,5-

di br onophenyl .)-2, 2' - bi t hi ophene, serving as a nononer
providing a dendritic structure, represented by the

;

[SyHsHRN 0 ExaiTe O GeBothbet 35525"33585%raémr desdiner
<S§)§le€n-g%rre{h§%®qb SRt %%i‘-?ﬂa%'as eSfmpand 1of, 5L (3, 5-
di&rdm&ﬁﬂdﬂyth%ﬁth&ﬂ % ?ﬁ%ln1Xture 5¥$%M§gg§$¥er

dropwi se "t heréto,
rb@gqgnf I yhsequent Ly, trimeth bqr.an
i (3 g)go\%ag&gg%g lgr S’gw se%%%Here JTht etoﬁgfr &é?r‘}tl‘:’“’ing
fo&mmqure was allowed to react for one hour. After
conpl etion of reaction, water was added thereto for
hydrol ysis. Theggeafter, the cooling bath was renoved,
mgereby_the fiper at ure of the reaction m xture was
S tenperature. An aqueous saturated
\Layide solution and di ethyl ether were
added to t he ction mxture, and the resultant
mxture was stirred and left to stand. The forned
org§ﬂ|% Ia&gr was _i,.sol ated from_ the mxture, and the

aquéous rPgﬁ&sa§Wﬂ|? && 1t & - 28xPigdECER SRS Hda 6 9) was
h f d diethyl eth
Rl PSSR Sl
cobREQUEN EXLEGCELAN_VASFQARL NRd. % ?:%98¥flng, al.eM

n-butyllithium/hexane solution (18 mL) was added dropwise

thereto, and the mixture was allowed to react for one hour,
Subsequently, trimethoxyborane (3.4 g) was added dropwise
thereto, and the resultant mixture was allowed to react for
one hour, After completion of reaction, water was added
thereto for hydrolysis., Thereafter, the cooling bath was
removed, whereby the temperature of the reaction mixture was
elevated to room temperature. An aqueous saturated ammonium
chloride solution and diethyl ether were added to the
reaction mixture, and the resultant mixture was stirred and
left to stand. The formed organic layer was isolated from
the mixture, and the agueous layer was subjected to
extraction with a solvent mixture of tetrxahydrofuran and
diethyl ether (volume ratio: 1/2). The organlc layer
obtained through extraction was combined with the above

organic layer, and the resultant mixture was washed with an

43



organi c layer, and the resultant m xture was washed
Wi th an 43 aqueous saturated sodium chl oride sol ution.
The m xture was dried over sodiumsulfate, and the
solvent was distilled off wunder reduced pressure, to
thereby yield a crude product. The crude product was

=S Al ed SR SRR S E,‘%E@nﬁngxture was
2 L AT 0 g L i
un?gﬁ?f_?% e e ek s, S Oa?r”éftugva product.

. 30(s B&qﬁgﬂ? %%tﬁge“% ﬁ%“l\/%ﬁ(w‘i% furan/n-

he{ah@, tl'§e7r ﬂ%ﬁ.a‘; J2‘]2 2 den i i oeohe—%oronic

ring, 1H), 87.3 ede rlng,
acidd, (1 nkehm dHate) T dith dt@aq@ﬂ%@fgm 3 50119, viela:

Subsequently, in a nitrogen at no ere e r es

7 3t ef: | SRR GOMRO WS 72,14 fRhenRe- 5-- boronic
acid (4,0 9) aggol 3, b- f?gﬁﬁgnnbenzghe (9.0 g) were

di ssolved in tetrahydrofuran. Palladiumacetate (0.1
g)gand gtriphenyl phosphine (0.30 g) were added

tghe y OH), sol ution of sodium carbonate (4.4 g)

[ t (34 mL) was further added thereto. The

m xture was allowed to react for six hours while

healig AmBAGdd) 3 1¢d AN AP Sl d T confirmed

through ‘H-NMR spectroscopy. The measurement data are szhown
below.

"E NMR (DMSO-d°) 88.30 (s, BOH, 2H), 87,60 (d, J=3.6 Hz,
thiophene ring, 1K), 87,51 (dd, J=5.2 Hz, J=1.2 Hz, thiophene
ring, 1H), 87.34-7.32 (m, thiophene ring, 2H), 87.10 (d4,
J=3.2 Hz, J=3.6 Hz, thicphene ring, 1H).

Subsequently, in a nitrogen atmosphere, the resultant
intermediate compound, 2,2'-bithiophene-5-boronic acid (4,0
g) and 1,3,5-tribromobenzene (9.0 g) were dissolved in
tetrahydrofuran, Palladium acetate (0.1 g) and
triphenylphosphine (0.30 g) were added thereto, and a
solution of sodium carbonate (4.4 g) in water (34 mlL) was
further added thereto. The mixture was allowed to react for
$ix hours while heating at B0°C in an oil bath under stirring.
After completion of reaction, the temperature of the reaction

mixture was lowered to room temperature, and water (30 mL)
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After conpletion of reaction, the tenperature of the
reaction mxture was |lowered to roomtenperature, and
water (30 nL) 44 was added thereto. The resultant

m xture was subjected to extraction with nethyl ene
chloride, and the forned organic |ayer was washed

v R Uorile.” IR fe s R E e PR bg CopR S RUBT cctad. to
et et a e 1S 8 pade ot
LR, AR U, TR
o\/&'};)%%?t@ pg%%fg%e,g%%olt?ﬁ&els%lgﬁeg}@ w%%o/; _J.es-it::}.a.rlge%t off under
T S e oot e VIS M oMy aFbe
B Al i b R

h@émd@ohrdPhet i (o « hH), . (d,-~J53..6 Hz,
© th?opﬁgﬁe§r?;g?ggﬁﬁﬁaé%éggg?g}' f%%igaﬁf} FﬁigéﬁgRQCt of
MekcRy, &Hien®?. dathdledsd < alhiQp Lin
“87. 05 (dd, 3=5. 2tHg:l stf:glgué,i d%m’ o %%gnﬁi)ﬁg%bléﬁer‘:*'by
yieSynehess obxanel eakyd BYBUNRY Ypahe?yeeTRARLNA), y1era:
6142, 2 The t bt opdrenyd - 5£ yehal dbdbidbd -%ﬁé&@@’e ¥4 - doBEirmed
phenyl enedi am ne, form ng the branch ends of a

thienghi tH-eMBt spettrescoppl eTend ebdBnrltddedold0M NEe shown
N Rornula. <Preparation of catalyst>
alow, .

'H NMR (CDCli) 87.65 (d, J=1.6 Hz, benzene ring, 28) ,
87.55 (t, J=1.6 Hz, benzene ring, lH), 87.26-7.25 (thiophene
ring, 1H), 87.23 (d, J=3.6 Hz, thiophene ring, 1H), 87.22 (d,
J=3.6 Hz, thiophene ring, 1H), 8§7.15 (d, J=3.6 Hz, thiophene
ring, 1K), 87.05 (dd, J=5.2 Hz, J=3.6 Hz, thiophene ring, 1H).
<Synthesis Example 1-2> Synthesis of a compound {a), 5-
[2,2']bithiophenyl—S—yl—N,N,N',N'~tetraphenyl—l,3-
phenylenediamine, forming the branch ends of = dendritic

structure, represented by the following formula.
3 8
WA

<Preparation of catalyst>
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45 Xylene (4.5 nlL) was, added to pall adium acetate (10
nmg) and, in a nitrogen atnosphere,

tri-t-butyl phosphine (36 ng) was added thereto. The
m xture was heated at 80C for 30 mnutes, to thereby
prepare a catal yst sol ution, <Synthesis of

1] bi t h 5-vyl N ,N - tetraphenyl
L3P o Bt scadded (o PAiadiin ARt te KO ng)

xture of 5 3, 5 di i%rom)phenyl)# , 2{ - blt%oi%tggé% )
Gl @Wﬁﬂﬂ@ﬁ mg

1, nyl n1ne 1 60 and pot assi um t - but oxi de
wa(sl a?fldég)b‘: %q n E Ri P& Eﬁeaﬁﬁﬁsbﬁéﬁéd ath80°c for 30
ou red catal st sol uti dded

Fop mnséky ergﬁg &t- BEE. th@r#i? \MiﬂF
ti ure ed_to 120C,
<8 glh%/asg’%al % J%&'&hTPgﬁq l\/\'ﬁ%&’:}s%{'%%e%ent ly,

3t ur f |m1mxtme was | owered
tek&% %%ﬁ?géaﬁgr F%}gwg%%§¥%ﬁ (10 m). was added

ol o WAt o W L [

the "m xture, yer mas

di®%biaphienR ) - bh _fE EM' g‘ﬂ%n%h' @, 'a%e g%f% ngdwbteﬁn

| ayer ~obt ai ned 't hr oug xtraction

prbdecaboye gw&we%ilsam%mpme 1-Qr ggﬁkﬁeﬁﬁgi%s ‘1“ 44y ang

over sodium sul fate, and t he sol'v st|I

pothbsunger-baduaedepr(@ssur ) ,t apkinernaby wiel
product. The crude produc? wasnlsolatédﬁégrg pur| ﬁggphere,

thehpeeghocsllynp rebaewat egarankhy +( BaCkitAg ek bl
Silicagel 60 (product of Merck), elueﬁt neth Ed dr0pwise

thelbkebi de BO?OEXABDer (bmpletion of addition, the reaction

a

mixture was heated to 120°C, and was allowed to react for 1§
hours. Subsequently, the temperature of the reactlion mixture
was lowered to room temperature, and water (10 ml) was added
thereto. The formed organic layer was isolated from the
mixture, and the agqueous layer was subjected to extraction .
with methylene chloride. The organic layer obtained through
extraction was combined with the ébove organic layer. The
organic layer was drled over sodium sulfate, and the solvent
was distilled off under reduced pressure, to thereby vield a
crude product. The crude product was isolated and purified
through column chromategraphy (packing material: Silicagel 60
{(product of Merck), eluent: methylene chloride /n-hexane), to
thereby yield 2.20 g of the target product (pale yellow solid,

yleld: 85%). The structure of the obtained product was

confirmed through ‘H~NMR spectroscopy. The measurement data
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thereby yield 2.20 g of the target product (pale
yellow solid, vyield: 85%. The structure of the
obt ai ned product was confirmed through 1H NMR
spectroscopy. The nmeasurenent data 46 are shown bel ow.
1H NVR (CDO 3) 87.22 (t, J=7.8 Hz, benzene ring, 8H)
7. (dd,, J-1.2 Hz, J=5.2 Hz, thiophene ring, 1H)
ar 7?%%Wn7gﬁﬁoﬁﬁ] t hi ophene ring, 1H and benzene ri ng,

Tngt S 5885y (- SE005" 9t Bistmerieonacny Hing. o,
5785?(2;3?‘!35 195178 REnedrE 61 B8 cEROBRRBPELFLAg.(S) 87 11-
738 35 ShpPeReosaR! T2 BRARSRS, et Plnefgi 02-6.9¢
o PSS ABngaps FOROBEB e 708 g Gl BPGRRS (dof 7-2.0
P aina2hy SPol B AG( PeZbpafEn BRAGSBF Aing, 1.

e Ry oy Kok 8 AL ERPLE] © o s

borbatieapbeayl[212 ' 3npk h 2R (R R &) whi _
geen syntheéized§in %3%?%5??% g&%ﬁ%lg'%fg mﬁg 4238 neny1

1,di-phehyedniaiafiehudr abpdebehtalydyotHea ol@BQ'h?eformula
solution was cogled in a dry ice - nethanol 6a h.

thabugh eoaleRfion 18oWac¥ilk! BbHlb B (0H);, of a-position
d||sopropylan1de/n-hexane suSpensi on (4.5 g, pr%duc?

hydfogahdrichhewasraddpdndingwReophenet 81ngnest Bémpound (a)
m xture was allowed to react for one hour

fosmbseqbbat byanch ends of a dendritic structure

. Yo
mg -

In a nitrogen atmosphere, 5~[2,2']bithiophenyl~-5-yl~
N,N,N',N'-tetraphenyl-1,3-phenylenediamine (2.0 g) which had
been synthesized in Synthesis Example 1-2 was dissolved in
dehydrated tetrahydrofuran, and the solution was cooled in a
dry ice - methanol bath. After cooling, & 10~wt.% 1ithium
dilsopropylamide/n-hexane suspension (4.5 g, product of
Aldrich) was added dropwise thereto, and the mixture was
allowed to react for one hour. Subsequently,
trimethoxyborane (0.5 g) was. added dropwise thereto, and the

resultant mixture was allowed to react for one hour, After
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tri met hoxyborane (0.5 g) was. added dropw se thereto,
and the resultant m xture was allowed to react for
one hour, After 47 conpletion of reaction, water was
added thereto for hydrolysis. Thereafter, the cooling
bat h was renoved, whereby the tenperature of the

cd e¥§ion mxture was elevated to roomtenperature. An
a

Heoue s AU AR Mo MTRFR T HasT i aRded GHHRTSHP divk
i th dd to the, ti i xt , d
T D R B a0 ol hn b SPopas: 5 acisd,

wh-rg%bd{ gﬂ%%de erna{t; rlueggofé ‘c\r/i’ﬂgeisl et%es% tcgﬂﬂgj%&%hfv@s elevated
T E L AR ML S R
eSO R Y S AP SRS e,
SHESHESIA M, 30 B0 R SIS SHUBENL NS, e
i &S PR FET o M RS g, ene

aguieRaeC 1 MRS W YA lddZRd re‘?c@rakc):tion with a gso&Tvent

t etrahydrof uran/ n-hexane, to thereby yie

mitdtenr et wfg@em*a%?*&bfﬁﬂ@neah@ lQw 390y Gtnu.el dcq (0 o
The structure of the product mastigLfiﬁﬁ%%eﬁﬁpaﬁéé ratio:
1/?H=NwﬂhesﬂthﬁﬂﬁcmﬂyeﬁS@b%ﬁﬂheﬁoﬁhﬂS@?HrSQEEBétion as .
DMSO-dS) fromthe fact that a peak aftributed to tﬁe
CoOkiipedt en thf thie aborvenior@@li@ layed)Senieendl »3otlkant
8.3 ppmand that the ratio of the integrated value of
migfarige wasnoasheg ity aat iaqepiet @aturdted sodium chloride

solution. The mixture was dried over sodium sulfate, and the
solvent was distilled off under reduced pressure, to thereby
vield a crude produét. The crude product was recrystallized
from tetrahydrofuran/n-hexane, to thereby yield 1.5 g of the
target product (pale yellow solid, vield: 70%). The
structure of the product was confirmed through H~NMR
spectroscopy (solvent for measurement: DMSO-d®) from the faot
that a peak attributed to the OH proton of the boronic acid
is observed at about 8.3 ppm and +hat the ratic of the
integrated value of the benzene-ring-originating protens to
that of the thiophene-ring-originating protons coincides with
that of the target structure product.

<Synthesls Example 1-4> Synthesis of lst-generation dendrimer
represented by the following formula (11) through Suzuki

cross-coupling reaction of compound (b) with compound (c)
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that of the thiophene-ring-originating protons
coincides with that of the target structure product.
<Synt hesi s Exanpl e 1-4> Synthesis of 1st-generation
dendrinmer represented by the followng fornmula (11)
t hrough Suzuki cross-coupling reaction of conpound
(b) with_conpound (ﬁﬁ:ig rein, "a" represents the
pdﬁj&igg:pf pr ot on nﬁﬁﬁich an integrated val ue
obtarN by 1H NVR spect'foscopy was eval uat ed.
' % ot | oyi ng
3 '&ﬁzmg In a nitrogen

mggngQ? m.) were added

-yl )-N¥, N, N -tetraphenyl -1, 3-
phenyl enedi a ﬁal(1-30 g) which had been produced in
Synt hesi s- Exanpte 1-3;
5- (3, 5-di bromoghenyl ) -2, 2" -bi t hi ophene (0.40 g) which
had been produged in Synthesis Exanple 1-1; palladium
acetate (13 m®); triphenyl phosphine (46 ng); and ‘
sodi um carboka®e (0.22 g), and the resultant m xture
owed to react for eight hours under reflux

Was 1 al |!I 1t : .
YhESRdri Ofs. FERFESENEEEhet Pos idtoreadt bowtorhdla, on which
reaction mxture was cqoled to roomtenperature, and
a"‘v\g'f‘%gg(%eﬁt)"a\?v&é* L8FedneRe by GE-NHR pregtramconyxvase
jected to extraction with nethylene chloride,
evggga%#ghforned organi c |l ayer was washed wth water.

<sb98k2" 93167 113y FeatRIch ST WRhoying M S Tate

continuous/intermittent addition>

In a nitrogen atmosphere, THF (10 mL) and water {2 mL)
were added to a mixture of 5-(5'-boronic acid-
E2,2']bithiophenyl—5~yl)—N,N,N',N'-tetraphenyl—1,3—
phenylenediamine (1.30 g) which had been produced in
Synthesis Example 1=~3; 5—(3,5-dibromophenyl)—2,2'-bithiophene
(0.40 g) which had been produced in Synthesis Example 1-1;
palladium acetate (13 mg); triphenylphosphine (46 mg): and
sodium carbonate (0.22 g), and the resultant mixture was
allowed to react for eight hours under reflux conditions,
After completion bf reaction, the reaction mixture was cooled
te room temperature, and water (20 ml) was added thereto.

The resultant mixture was subjected to extraction with
methylene chloride, and the formed orgaﬁic layer was washed

with water. The organic layer was dried over sodium sulfate,
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49 and the solvent was distilled off under reduced
pressure, to thereby yield a crude product. The crude
product was isolated and purified through col um
chromat ogr aphy (packing material: Silicagel 60
(product of Merck), eluent: nethylene chloride

eu%ﬂ'.r1 (?(gluc%'?)?l.)arqr}toﬁahs]e%@t%% Y eldd ﬁofqu gmgcge;%/()gehdeuég gpez.fessure to
th bt d t f d

Ry #f%%wr%p%ctp?‘%o” &E%ve%’?fe&%'%ﬁbéﬁr ement

15@@9‘:%_')\%1@ 15{ ?{)5..‘{1:& rkc)a tl.\ngﬂn atkfﬁqoa%lag‘:lr?%%%}ge elpacking

maft‘érﬂff'élla CLEYVP \i' % t o%iq;c%cfeor# %m G oQ&ﬂé{%ﬁ:n.séqq;@ylene

fromthe fact t the ratio o Ve

chOb e DanAeAR NG SR 134 & Sl arget

t he t hi ophene- r|n -ori gi nat ns “Coi%h

f t d Lty
prbdrofiphe t2ngek, SH1UE!,ULA HIAC %%%Heraﬁﬁ%QSQ H5ture of

descriptions’in relation’t
theebsis inked prReNEeNG ki G aR: Y RY g$? %% _gdkacent
nitrogen atons. The neasurenent f'e sho bel ow.

spéberveicg oLt Feleqldl |t
aver age %glgfular wei ght (aéﬁfwﬁe% E#@% ?arﬂg§|rﬁFeren°e

todast LhhetranedMiaVik, ads 6oasphad (2H)" QWY1
found to be 1,265, 1,241, and ? Of9 ) respegﬁﬁvng% benzene

riflgepeovahuta i{sdiecgbemubal (Lhe)t angehePelyney a%%%t
hi gh purity and assunmes a single dispersion sfate.

nifkRIECDLBNSE7£r66 e Fabt 2hkE, thenzaneol beUrn2H
87.65 (t, a=1.2 Hz, benzene ring, 1H), 87.32 (d, J=3.6

inpﬁgrated value of the benzene-ring-originating protons to
~ that of the thiophene~ring-originating protons coincides with
that of the target structure product, Hereinafter, in
descriptions in relation to other generations, Ha also refars
' to a benzena ring proton having two adjacent nitrogen atoms.
The measurement data are shown below. The welght average
molecular weight (Mw), number average molecular weight (Mn),
and molecular welght distribution {(Mw/Mn) , as measured
through GPC were found to be 1,265, 1,241, and 1.019,
respectively. These values indicate that the target polymer
has high purity and assumes a single dispersion state,

'H NMR (CDCls) 87.66 (d, J=1.2 Hz, benzene ring, 2H),
67.65 (t, J=1.2 Hz, benzene ring, 1H), 87.32 (d, J=3.6 Hz,
thiophene ring, 1H), 87.30 (d, J=3.6 Hz, thiophene ring, 2H),
87.25~7.22 (m, benzene ring, 16H and thiophene ring, 2H),

87.18 (d, J=3.6 Hz, thiophene ring, 1H), §7.13-7,10 (m,
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t hi ophene ring, 1H), 87.30 (d, j=3.6 Hz, thiophene

ring, 2H), 87.25-7.22 (m benzene ring, 16H and

t hi ophene ring, 2H), 87.18 (d, J=3.6 Hz, thiophene

ring, 1H) , 87-13-7. 10 (m so benzene ring, 16H and

t hi ophene ring, 2H), 7.08 (d, J=3.6 Hz, thiophene

rin 2H., 7. (dd =5.2 Hz, J=3.6 Hz, thiophene
bendidie Hira 7 4 ik O haR G n @ BH Bl (4, 9=3.6 Hz,

t:hi_ gphene ,ring,..,.2H) 92 (d, J=2'.0 Hz, benzene
thri.%ﬁgl,oe“me’ﬁi"é{%”(’v, 755 oy Tt St i~%;,6 %, tisiophene
sz ukj, C j I eaction _invol vi,ng ] '
m B L AR Tl TRRARS G Bfyanc Brrasbene zing,
2HGONMRO dJntermttent addition of, base catalysts
BT BB Ba e BT ity Una Vi () 2.0 Be,

bedBlef oA t m xture of 5-(3,5-di bronophenyl)-2,2"-
%ﬁ%ﬁ% o%ﬂg ] ?&340 g) which had been produced in

Swihes) EX qﬂ : ' acetate (13, o
<str?bh§%§ﬁ€ﬁos hiﬁ% 6%@ %%%%qghgﬂi6ﬁvﬁﬁf%§$¥ﬂGH&Q?rmittent
; ! Lt ! X heated i.n .
ad@?ﬁi&g?ﬁfat 8ca%T%%?ﬁ§ %%x S&é@ %EE%?% eFe ﬁ%ent 5§&lti°n

of5baBe Rakaniveraci d-[2, 2'] bi t hi ophenyl - 5-yl) -
N, N, N ,N -tetraphenyl -1, 3- phenyl enedi am ne (0. 65-g)

obt ainned niitroBuH ReSics R gga%éfg% Ol Jaler (1 mn

tetrahydrofuran (3 nL)  was a Se ovéer one

welreusddadd tbha Alixiure was sal(kowed i ph-an nder 5.
reflux conditions for 0.5 hours. Sodiu#?ﬁ%gyg ngfg

bigBidphghedi(9sabved whivht Bad( beth) p¥RauRdded nt @yhiRfesis
reaction m xture. Subsequently, a solution in
Example 1-1; palladium acetate (13 mg) ; triphenylphosphine
(46 mg); and sodium carbonate (0.11 ¢), and the resultant
mixture was heated in an oil bath at 80°C. To the mixture, a
solution of 5-(5'-boronic acid-[2,2']bithiophenyl-5-yl)~
N.N,N',N'~tetraphenyl-1,3-phenylenediamine {(0.65 g) obtained
in synthesis Example 1-3 dissolved in tetrahydrofuran (3 mb)
was added dropwise over one hour, and the mixture was allowed
to react under reflux conditions for 0.5 hours. Sodium
carbonate (0.11 ¢) dissolved in water (1 mL) was added to the
reaction mixture. Subsequently, a solution in
tetrahydrofuran (3 mL} of 5~(5'-boronic acid-
[2,2’]bithiophenyl—S-yl)—N,N,N',N’—tetraphenyl-1,3—
phenylenediamine (0.65 g) which had been prepared in
Synthesis Example 1-3 was added dropwise over one hour to the

resultant mixture, followed by allowing the mixture to react

for 5.5 hours under reflux conditions.
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tetrahydrofuran (3 nL) of 5-(5'-boronic acid-
j2,2"]bithiophenyl-5-yl)-N,N, N ,N -tetraphenyl -1, 3-
phenyl enedi am ne (0.65 g) which had been prepared in
Synt hesi s Exanple 1-3 was added dropwi se over one hour
to the resultant m xture, followed by allow ng the

5 hours under refl ux

Condrites BaERYL A o A o hE, sad ah on Het ktuze vas
oG A VR 000 3 S e gt o
thr%e%t%%toi onTELALUEAI KRR HBL RS 5 ﬂéﬁtg%gﬁ%lg}qﬁ?@r:tﬁésto
ex‘l’;@%ﬂ%@o‘ﬂ' mt‘f’{ah%rth -ﬂ%ﬁ %ﬁ.@' G Y rnai"‘%?:] gdm@rd? Yaerrganic

sodi um sul T at e, VeNnt wva

la?@Qe&asr%@Qﬁ%ﬁ @&3%5%%% &HSrSP%?é ? ga¥%gr%ag dried

product, The crude product was Su

ovb&obaﬁhﬁﬁfﬂﬁ&Tﬁh%athﬁﬁ Eﬂ%ogggge%%p%o s%nﬂhggr%%%yunder

(packing materi al; I'i cagel

dhuedt pravkhyrkenesC age Ly
rey|eId €r14 gfof ?ﬁeQ?gFgg?/gﬁ%géb? 5 P% ?EP B%QYOIFEE

erydel grodi:. wibesﬁbgbétéast%oﬂgbﬂﬁﬁgoh9 9@1%&@§$ggg through

t hrough continuous and intermttent ad

codtmucthrematotbaphobtiphBRdnpr peYek1WAS 69Af L om
the fact that the 1H NWR spectrun100|n0|3es %th%?h at

(pobdubt pEoMectk) hr eligbnthemeghol eReNtho8edasPHZHkkane) . to
coupl i ng not enploylng conti nuous/intermttent
thayebyi pheldndl. L hegf a€t thbatamgkecpkatucyeiight evabliiesy solid,
(obtai ned through GPC) of the target product
yield: 82%). The yield was confirmed to be enhanced through
continuous and intermittent addition. The structure of the
obtained product was confirmed from the fact that the 'H-NMR
spectrum colncides with that of the product through the
aforementioned <Suzuki coupling not employing
continuous/intermittent addition> and the fact that molecular
welght values (obtained through GPC) of the target product
almost coincide those of the aforementioned product.

<3ynthesis Example 1-5> Synthesis of 2nd-generation

dendrimer represented by the following formula
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al nost coi nci de those of the aforenentioned product.
<Synt hesi s Exanpl e 1-5> Synthesis of 2nd-generation
dendrimer represented by the followi ng formula 52
wherein, "a" represents the position of proton Ha, on
which an integrated val ue obtained by 'H NWR
spectrosco wa eval uated. <Synthesis of boronic
acid derivﬁ??ve 1st-generation dendriner
represented bm, e follow ng fornula (1&? t hr ough

conver SI chw group B(OH) 4 Jo Posi tion
hydroge cofrespondi ng th|-ohen rlng of

1st - generatloo endrinmer> (12) *m ni trogen
at nosphere, the 1st-generation cke ndr| -4 g) which

had been producgdyin Synthesis Exanp%: 1 4 was 53
di ssol ved i n dehydrated tetrahydrofurjgh, and the
SO ion was c?eued in adry ice -=fethanol bath.
After coghi n@, a1t W . % |ithium =
| iNapg opg ahdlde/ n-Siéxane suspensi (2 1 g, prd@ct
Ad#i ch) was addeo>gropmﬁ S b e+ ~Q sanr\the

Lg
n1xtump was al | oned the bne héur \(j
Iy, trimet hoxorane (0.42 g) vvas .‘u
dro se thereto and the resultant m xture

all owed to react for onéBour. After conpl
reaction, water was adgdgd thereto for hydrolysis.
Thereafter, the cooling®bath was renoved,

wherein, "a" represents the position of proton Ha, on which

an integrated value obtained by 'H-NMR spectroscopy was

evaluated.
<Synthesis of boronic acid derivative of lst-generation
dendrimer represented by the following formula (12) through

conversion, to active group B(CH)z, of d-position hydrogen of

the corresponding thiophene ring of lst-generation dendrimer>

O &0

{12)

B(OH)z
In a nitrogen atmosphere, the lst-generation dendrimer

(1.4 g) which had been produced in Synthesis Example 1-4 was
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whereby the tenperature of the reaction m xture was
el evated to roomtenperature. An aqueous saturated
ammoni um chl oride solution and diethyl ether were
added to the reaction mxture, and the resultant

m xture was stirred and left to stand. The forned

P col ' ted f t i Xt : dth
d%?@ﬁt? %?ﬁ%@’%ﬁﬁ i%?e%ﬂﬁf'%&?‘f%% . oelrf@t ff%” asc:lhrftion was
; r r qf ur.an ie et her

csleeNln ANty fc<=702—) :ﬁ%@yodl %a'%h.l a%&?ce&"btcglo g, a 10-

(volume ratio: 1 . e organ

H# 'y QUG 8k resCi d j e 1.th the above
Mor ganic | ayecfl%éadr?(} tiﬁe arnglgfﬁ)}trpaﬁfeﬂrﬁ%(tsu%@%%s%dl g,
patddur @ pguepus-roat ted;, i or.i.d ol uti on.

The m xture was hgr iwcgjéoa\e/cgir&ggiﬁr%& L’Hﬁ ftgiegr,eéorfd alrﬁlg%he

mistueentuapadicidd el fdetinder geduaad prespute, Lo,

thereby vyield a crude product. crude pro

tmieeystaiddzet  (0.ap @t haly i
thereby yield O.g g o?ﬁthe ?ﬁ?ﬁ%ﬁq%%ﬁﬁﬁgé?%ﬁﬁfék%; and the

rekstl-tgerte nalx b GiaeN a0 136l 4y ingdY i nafter
abbreviated as "G -B(0H) 211) (pale tygol(lg%/rn?o:%fb ,Ie' After

copipdled:loB3%E rEaeiSionyC iwdt Ofvald @ d¥ROUSH 8D for
. confirmed through 'H NVR spectroscopy (solvent for 54

hYﬂ@@d@ﬁéﬁentThEMEﬁfdét,ftD§1bbeliﬁﬁtbﬁﬁﬁtw&spﬁéﬁoved,
attributed to the OH proton of the boronic acid is

whetrebyy ¢l catteaipera tBird ofprohandolaail ohheikdiire Hast B8 evated
i ntegrated value of the benzene-ring-originating
topFEPEnderperisanref. the efuephensatutagedr aghdaitfdchloride
rotons coincides with that of the target structure :
sogpg&egt;nd diethyl ether were added to the reaction mixture,
and the resultant mixture was stirred and left +to stand. The
formed organic layer was isolated from the mixture, and the
aqueous layer was subjected to extraction with a solvent
mixture of tetrahydrofuran and diethyl ether (volume ratio:
1/2). The organic layer obtained through extraction was
combined with the above organic layer, and the resultant
mixture was washed wlth an aqueous saturated sodium chloride
sclution. The mixture was dried over sodium sulfate, and the
solvent was distilled off under reduced Pressure, to thereby
vield a crude product. The crude broduct was recrystallized
from tetrahydrofuran/n-hexane, to thereby yield 0.9 g of the
taxget product; l.e., a lst-generation boreoniec acid
derivative (hereinafter abbreviated as "G1-B(OH)z") (pale

yellow solid, yield: 63%). The structure of the product was

confirmed through 'H-NMR spectroscopy (solvent for
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<Suzuki coupling reaction not enpl oying
continuous/intermttent addition> In a nitrogen

at nrosphere, THE (3 nL) and water (0.6 M) were added
to a mxture of A-B(OH)2 (0.9 g); 5-(3,5-
dibronDphenyI) 2, 21- bi t hi ophene (O 12 g) which had

h 1 1; I | adi
nedBf enilt 180 rﬁsfy%%"ﬁ\ii‘%ﬁ%ﬁ hats argpakaptributed to
. | t ang t .
t%?ﬁ?% Ot?%t r eac?gc‘@ﬂ agﬁhct"c{tgtﬁ Sﬁllj%ﬁ’g‘?d ragf} rq}alguet 8.3
pPRCRAI teRS thld &a (GYTRI Ll °” :.%ft rea @H&{]ﬁeﬁef

reaction m xture was coole tOT

o ieh gt o A
ripgdorhgihataBed SHGRING Joz%t%rld\%s t?sﬁ%th 3‘%%; - tei;ﬁ&-get

The organic |ayer was drie over
stirhetagkverbdwag . distilled off under reduced pressure,
"to thereby yield a crude product. The crude pr oduct

<Suwaskisabapedngneepiiibned ckhip gggyﬁﬁ
chr omat ogr aphy (packi ng mater| SI'T°i cagel 60

cofiplnduck/ahtebtekbntebdgnis opBt hyl ene chlori de
/ n-hexane), to thereby vyield 0.47 g of the target

prodoct; nthQgea anthogenerat | erp dgndily Mg,
yellow solid, yield: 52%. The structuge P &%ﬁ%r (0.6 mL)

weght afided produmlxwaseconf GLreqdokhs oughs ' ﬂNW” -
spectroscopy (solvent for neasurenent: t%
dibgerephenyll o2ah’ rhtegiaphdnuaucelatg@bgﬁ&cﬁ Ra8PBken

(4H) attributed to benzene ring proton Ha having two
prg@yg@@n;nnﬁynbgeﬁiatEnample 1-1; palladium acetate (4 ma) ;
triphenyiphosphine (14 mg}; and sodium carbonate (66 mg), and
the resultant mixture was allowed to react for elght hours
under reflux conditions. After completion of reaction, the
;eaction mixture was cooled to room temperature, and water (3
ml) was added thereto. The resultant mixture was subjected
to extractlon with methylene chloride, and the formed organic
layer was washed with water. The organic layer was dried
over sodium sulfate, and the solvent was distilled off under
reduced pressure, +o thereby vield a ecrude product. The
crude product was isolated and purified through column
chromatography (packing material: Silicagel 60 (product of
Merck), eluent: methylene chloride /n-hexane), to thereby
vield 0.47 g of the target product; i.e., a 2nd-generation
dendrimer (pale yellow solid, yield: 54%). The structure of

the obtained product was confirmed through ‘H-NMR
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fromthe fact that the ratio of the integrated val ue
of the benzene-ring-originating protons to that of

t he thi ophene- ring-originating protons, observed at
about 6.9 to a-bout 7.4 ppmand about 7.6 to about
7.8 ppm coincides wwth that of the target structure

e i.ght erage nol ecular _wei ght (My),
sﬁh%%er céj\Pyr]ags\é&rm netcﬁﬁloarr HHETS | %39wp&éup:'g|ference
' ' j ' / a asured through_ GPC
tcﬂm"grng g%'! a{ﬂé%ﬁé}agﬂte(l%% % Sea.:.r(g @nbsél’l—l) attributed to
tdg e l.ues indicate that the target
be{[)ngl%as%cerﬂl‘ﬁgs)ﬁmogi:[y%paﬁ #1% g‘r?d EWO. &ﬁ@écgr% fgitFoger atoms,
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continuous/intermttent —a ion O

euRd i {RL60 it f talyst>
befEReL R b il Sl Pritils 1 wlle B SRR e ne-
. 5 t
il MRS LR ot il Whielved at about 6.9 £o ahout 7.4

dnia ' L heg -1; _pakl adi
oS ShoRr ) M Y B Bkl A A

theodizugetashenate re3d rd@ictandrh B eyE esHl t Lxt
was heated in an oi% bat h at 8006? T% %h§0%¥§%érg§fgcular

wedghut i (M) of nGbBEOEN2 rbQel Mol clilagokeedhitN (vn) , and
tetrahydrofuran (0.7 nL) was added dropw se over one

mcﬁsanlaanueﬁqetwﬂﬁbmmebuwa&naumeﬂﬁ)goa@egggsgggarthrough
reflux conditions for 0.5 hours. Sodi um carbonate (33

GPRyyedies folwdd tionbeaBe5140. 3,685 ,waad added,t eekBectively.
reacti on m xture. Subsequently, another 56

These values indicate that the target polymer has high purity -
and assumes a single. dispersion gtate.

<Suzuki coupling reaction involving continuous/intermittent
addition of organic boron compound and intermittent addition
of base catalyst>

In a nitrogen atmosphere, TH¥ (1.6 ml) and ﬁater {0.3

mL) were added to a mixture of 5-(3,5-dibromophenyl)-2,2'=
bithiophene (0.12 g) which had been produced in Synthesis
Example 1-1; palladium acetate (4 mg); triphenylphosphine (14
mg) ; and sodium carbonate (33 mg), and the resultant mixture
was heated in an oll bath at 80°C. To the mixture, a
solution of G1-B(OH):; (0.45 g) dissolved in tetrahydrofuran
(0.7 mL}) was added dropwlse over one hour, and the mixture
‘was allowéd To0 react under reflux condltions for 0.5 hours.

Sodium carbonate (33 mg) dissolved in water (0.3 ml) was

added to the reaction mixture. Subsequently, another
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solution of GL-B(OH)2 (0.45 g) dissolved in

tetrahydrofuran (0.7 nL) was added dropw se over one

hour to the resultant mxture, followed by allow ng

the m xture to react for 5.5 hours under reflux

conditions.. After conpletion of reaction, the
sd1RAGHd P M et S /acqal t,@ _roaom tenperature, and

wat er (3 niL mag)a dég‘qghgyng?S?ggeﬁe t&frahydrofuran
(0.€RGHT 0N AY iRy WBS, j£6led. t xtraction with

net hyl ene chl ori de, fﬁ]ﬁtyt{e fg‘crr‘;"eae i &° Jqq%ﬁ/e?e%tant
mivashied Wdih oirliEy HE gani A s . dried over

sodi um sul fate, and tﬁ(ﬁslo éﬁlmel \%/égt(ﬁ% 79 &P for 5.5
hownge undeed 4ead X @S58 drfy t hereby yield a crude

product. The crude product was subjected to

| solraittenn/quupIfd tG@dn Y tAELQuUah,, C t Qar.aph

(packing nmaterial; Silicagel 60"’ ?%rogd%?ﬁggﬁkbr€?1%g% was
coellaentto mebhy tengeehtorede//huh¢eans) (3t tir)t BeeRNdeag

yield 0.64 g of the target product (a 2nd-generation
th@eﬁdphnerbepﬁé@uyethMtéﬂbtﬂonymfkgﬁrg1%@3_EHE‘¥E@E§ to

was confirned-to be enhanced through cont i nUOUS - &n
exitrastiiont with mddhyilens TheostiteGt Whe ehet B plkaiL

product was confirmed fromthe fact thaF thg 'H—ﬁwggnic
laygecwranweshadi wésh wathrt hathefotdien DE OUsGE r t L OUFP: og

t he af orenmenti oned <Suzuki coupling not enploying

OVEEnEPAGYls AlAfeER t adt thddbblonntands thethackdt BaE under

| ecul ar wei ght val ues (obtained through GPC) of the
refyrget PEPsUER  akADSheteblcvdeldi hherhdseppbdtibe. The
af orenenti oned product. <Synthesis Exanple 1-6>

CrYffit REeruchs wapdsykhersefono isolation/purification through

column chromatography (packing material: Silicagel 60

(product of Merck), eluent: methylene chloride/n-hexane), to

thereby yleld 0.64 g of the target product (a 2nd-generation

dendrimex, pale yellow solid, yield: 71%), The vield was

confirmed to be enhanced through continuous and intermitten<

addition. The structure of the obtained product was
confirmed from the fact that the *H-NMR spectrum colincides

with that of the product through the aforementioned <Suzuki

coupling not employing continuous/intermittent addition> and

the fact that molecular weight values (obtained through GBC)
of the target product almost coineide with those of the
aforementioned product.

<Synthesis Example 1-6> Synthesis of 3rd-generation

dendrimer represented by the following formula (13)
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dendrinmer represented by the following fornmula (13) 57
Wherein, 'fall represents the position of proton Ha,
on which an integrated val ue obtained by 1H NWVR
spectroscopy was evaluated. A boronic acid derivative
of the 2nd- generation dendri mer was synt hesi zed

* through conversi on, active group B(OH) 2, of
“ﬁ4p05|t|on hydr og the correspondlng t hi ophene
ring of the 2nd- ggﬁeﬂa én, dri pger whi chfhadeeen
synt hesi zed i n Synt he {-j R4 5. subs ly,
t he §Sht|ve und we qk | Cr 0ss- coupl iqg
r eact with 5- ' -dlg}jﬁb h)-2,2" - & m’;@&@%ne
whi ch QL--~n sya shesi zed i Sy {hesi s Banp
to tﬁé%*by jigkd rd- generlation &&ndr fer. | the
above s theS|”, A e procedure of Syf{hesis Exanple
1-5 was Tepeat ed, gexcept that the 2nd-}generation

dendri mer was enpl pyed i nstead of the$@st 58

generation dendrif{gr. The structure g§ the obtained
product was confi n-d through 1H NMR spectroscop

(sol vent for rreas |nt CDCI 3) ¢ wi reference @\hﬁ@

| ntieyr at ed vaI St ab 6. u-‘ attributed a/O
zene T ng §€oton Ha havikg two adj ackst nigr gmen

akEME. & (the fact that t e ratio of ey eﬁiategj
a u ue of the henzene-ri ng- o ginating protdns to tha
he thi opfene-ring-ori gtnating protons, ¢pbserved
at'tbout 6. 90 about 7.4 ppm and about 7.6 ta about

. .
O-ba & O\% 50
wherein, "a" represents the position of proton Ha, on which

an integrated value obtained by H-NMR gpectroscopy was

evaluated.

A boronic acid derivative of the 2nd-generation
dendrimer was synthesized through conversion, to active group
B(QOKE)z2, of O-position hydrogen of the corresponding thiophene
ring of the 2nd-generation dendrimer which had been
synthesized in Synthesis Example 1~5, Subsequently, the
derivative underwent Suzuki cross-coupling reaction with 5-
(3,5-dibromophenyl)~2,2'-bithiophene which had been
synthesized in Synthesis Example 1-1, to thereby yield a 3rd-
generation dendrimer. In the above synthesis, the procedure
of Synthesis Example 1-5 was repeated, except that the 2nd-

genération dendrimer was employed instead of the 1st-
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7.8 ppm coincides wwth that of the target structure

product. The wei ght average nol ecul ar wei ght (Mw),

nunber average nolecular weight (M), and nol ecul ar

wei ght distribution (Mwm M), as neasured through GPC

were found to be 7,8901 7,610, and 1.037,
gEeSPLel by eldmad. v indi.cate that the target

pol yner has %?gﬁﬁ%ﬁri?fyﬂégf}s(#élgcs%%O gﬁkﬁ?gl tained product
wak SRS 81 Bfled el Lou b SYH AR S £ le 21

1st- Generation, 3- rgﬁiheg 3¥$§§ﬁ2%590FP%pg§§éﬁ¥¥ﬁiQRF
medeen f §hd:oM NEbd 1) Myia K hondl % st~ generati on

5 55t TR gatue at

dendrinmer to benzene core
alhtO eMTergmim, (8 £epFaserd |14 on. of proton
Ha, on wﬁ%&h (;ﬁ integrateJ§Q%F3%§%E%é#r#éﬁﬂ%y£%?$$@ﬁ¥a

hasplans HoRE GRYS Mesh t %@&ﬁ@ééﬂ-amyk&r&ﬁ’g@{ﬁ {‘J?ao.{n{a;ﬁ#tg”the

not enploying continuous/intermttent

ratiito ey rtiad nnsphesfsed R (6 H4 ﬁ{l@ct?’%{zaﬂ;né-]riﬁ%o%f&ienating

added to a mixture of the boronic a eriva

Puctens] sto girer atf athed e idgiind-r 8 q-d3 1B
represented by formula (f!‘ZF%_rmhirclh ad 1k?§éng@pir%g§dlﬁzre°dt°ns'
obsroiegh 2tc aibeartsican, o abaatt Ve, O Bd ok % .6 to about

7.%_. ?@%?éif“ on hydr og&r;@gftdtmljtgrdﬂigﬁrl espondi ng t hi ophene

e Qarget structure product.
The weight average molecular weight (Mw), number average
molecular weight (Mn), and molecular welght distributioen
{(Mw/Mn) , as measured through GPC were found to be 7,890,
7,610, and 1.037, respectively. These values indicate that
the target polymer has high purity and assumes a gingle
dispe;sion etate.
[Synthesis Example 2] lst-Generation, 3-branched dendrimer

represented by the following formula (bonding of 1st-

generation dendrimer to benzenc core)
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Synt hesis Exanple 1-5 (1.03 g); 1,3,5-tribronobenzene
(68 ng); palladiumacetate (15 ng)
tri phenyl phosphine (51 ng); 60 and sodi um car bonat e
(95 mg), and the resultant m xture was allowed to
react for eight hours under ref lux conditions. After
conpl etign-o0 eaction, the tenperature of the
reacti ork ik%%re was | owered to roomtenperature, and
wat er | added thereto. The resultant m xture
was s ect efl extraction with chloroform and the
formed ‘orgahic l'ayer was masheg;yr wat er. The
organic | afef was dried over so ul fate, and the
solvent was dfsyilled off un pressure, to
ﬂ;;eby yi el d ? crude produc:ﬁfﬁ:rhiji product was
i SO ateu aq? 1h|fied t hrough colgm chr omat ogr aphy
T Silicagel 60w 0duct of Merck),

ne ylenﬁ.chloride / n- hexane) and

Ezfg ntly recrystallized frolyg chIorofor to

-t @@yi eld O0.3% @: S §I lamo 3 u\v Ct a
1st -generation, 3- bBwanched—dendr haer (n lglD Iow
solid, yield; 39%.ghpe structure of th tai ned
product was confi gpee/t hrough ' H NWR scopy
(solvent for neasysenent: CDO 3) with ref ence to an
integrated val ue at about 6,7 ppm (6H) attributed to
benzene ring proi@ﬁ Ha having two adj acent nitrogen
atons, fgomtkgsfacg dhat fhe ratio of the integrated
val ue o he henzene-ri ngtalli gi nati ng protons to that
of the,tRi gphrpe-rin:zori %ati ng protons, observed at

T
N N
g0 00
wherein, "a" represents the position of proton Ha, on which

an integrated value obtained by ‘H-NMR spectroscopy was

evaluated,
<Suzuki coupling reaction not emploving
continuous/intermittent addition>

In a nitrogen atmosphere, THF (6 ml) and water (1 ml)
were added to a mixture of the boronic acid derivative of the
lst-generation dendrimer {(i.e., G1-B(OH):) represented by
formula (12) which had been produced through "convergion, to
active group B(OH): of a-position hydrogen of the
corresponding thilophene ring of lst—generation dendrimer" of
Synthesls Example 1-5 (1,03 ¢); 1,3,5-tribromobenzene (68

mg); palladium acetate (15 mg); triphenylphosphine (51 mg) ;
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about 6.9 to about 7.2 ppm and about 7.4 to about 7.5
ppm coincides with that of the target structure
product. The neasurenment data are shown bel ow. The
wei ght average nol ecul ar weight (Mv), nunber average
nol ecul ar wei ght (Nh) and nol ecul ar wei ght

qistr hution s neasured 61 through GPC were

oun Ak bcea%éwe 4(%%7"3‘3 ) arftPd. B8, resuktratt inveture was
alhlg 1 i RO T R ol oFh B Send it

enz%?ng?’%@é ff benzene r| ngi?énﬁﬁq?dlj@i)% ‘Ehe reaction
e &@W%eﬁ%‘ﬁge‘-‘gﬁnﬁ} e nt et Mool ) was
2R TG seﬁézﬁgéﬁééﬁgt?ﬁﬁatﬂ%° QS”Eu%:-vQ%aeé’ﬁt"s’ 2
ex'ﬂz:sacttll'o‘?xomﬁ% rdh'l%’ro e né%'r é:té“& ‘lf(?ﬁ’ﬁeﬁ?v%rﬁ enzeiayer was

ring, 6H) . <Suzuki cou

waGhRd %&Q%ﬁ%%&k&r”‘&ﬁ@nBrFQHggt%ggegfwgé ggégéggéggsﬁedlum

conmpound and Intermtten

sull fage) BhedehALMASRAY GasHE fsﬁ:}lg. ?‘t)orfl%gg Ee ﬁ'?génged

m.) were added to a mxture o

pre&8uty),; topahleadiy %@HaﬁecQﬁg ”gkgduc ona u?%z

tri phenyl phosphi ne (51 |un1car
proguctandst heolatelt ank @Slu&tilf&%dv\%ro%ﬁt ‘ééflhﬂmﬁ” oi |
the

bath at 800C. To the mi xture, a solution o
chrsmagegeaahyoﬂpdehdhgﬁmhtEQ&QMLCSQQ&@a@%&' @tuﬁgogﬂbt of
Merck), eluent: methylene chloride /n-hexane) and
subsgsequently recrystallized from chloroform, to thereby vield
0.36 g of the target product; i.e., a lst-generation, 3-
branclied dendrimer (pale yellow solid, yield: 39%). The
structure of the obtained product was confirmed through H-
NMR spectroscopy {(solvent for measurement: CDCl3z) with
reference to an integrated value at about 6.7 ppm (6H)
attributed to benzene ring proton Ha having two adjacent
nitrogen atoms, from the fact that the ratio of the
integrated value of the benzene-ring-originating protons to
that of the thiophene~ring~originating protons, observed at
about 6.9 t¢ about 7.2 ppm and about 7.4 to about 7.5 ppm,
coincides with that of the target structure product. The
measurement data are shown below. The weight average

moiecular weight (Mw), number average molecular weight (Mn),

and molecular weight distribution {(Mw/Mn), as measured
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B(OH)2 (0.34 g)----which had been produced in
Synthesis Exanple (1-5) through conversion; i.e.,
conversion, to active group B(OH)2, of cc-position
hydr ogen of the corresponding thiophene ring of
1st-generation dendrinmer, and which is represented by

for mul 2) ----dissalved in totrahydrofuran 1.5
Bl Ba Here S Fahe T hrod 66 Ab TR0y o
I d tg.react under reflux conditions for 0.5
re}\%ﬁercgé.i‘;) Jdi u 85?b3ﬁi?85( éi‘gﬁﬁ?tﬁi sbakvEhei fangesr polymer
0. 62 ded to the reaction m xture.
ne uggg%?rﬁ‘éﬁ%y g ngiglal?tsiua}?sofa NEik FREFSipn Ptate.

6 S3al Y9N, LBckly ALy o, (8 v it

ss
dropwi se for oné hourt

SRR, NP NG TG LA 0% 2115

hours un réef’l ux condi’ti o

befBknd $3AVedy Bhs 5%56(Qi%ﬁﬂb?7§§3033ﬂﬁgﬁaﬁﬁtW%r benzene

reaction m xture. ubsequén

riﬁb‘Qh@Hk%iBQh%ﬁegkigézsggﬁ§d %Q QL%R?%h%%%g %%%%p%;ﬁang and

nm.) was added dr opw dne "hour

thibshene, riakl owed)by sabliowiyng sLRe gmxt u Q. _react
for four hogié under re |3§'cgngrﬁr§§§.£%ﬁt§Pe ring, 12H),

6.e0nmuet Ues . of Rzeaehl 8BLehBE XA RBCT KRR  MgXLUr § as,,
cooled to roon1tenpe?ature, a%d mg?é?%(g%nﬁf”mgéz'o Bz,

beaddrd theaget 64) The resultant reaction mxture was
subjected to extraction with chloroform and the

<ngukéQGongamhg ta;et;mﬁSiﬂﬁsmeﬂnyiEBnt%ﬁhSﬁs/IHSerFﬁttent
gani c layer was dried over sodiumsulfate, an e
addbkient ofiasrdastil bedonf Eompdandr aducedtRERSSVER: bAJition
of base catalyst>

In a nitrogen atmosphere, THF (1.5 mL) and water (0.4
mL) were added to a mixture of 1,3,5-tribromchenzene (68 mg);
palladium acetate (15 mg); triphenylphosphine (51 mg) ; and
sodium carbonate (32 mg), and the resultant mixture was
heated in an oil bath at 80°C. To the mixture, a solution of
the lst-generation dendrimer boronic acid derivative G1-
B(OH)z (0.34 g)=———which had been produced in Synthesis
Example (1-5) through conversion; i.e., conversion, to active
group B(OH)2, of e-position hydrogen of the corresponding
thiophene ring of lst-generation dendrimer, and which is
represented by formula (12)——dissolved in tetrahydrofuran
(1.5 mL) was added dropwise over one hour, and the mixture

was allowed to react under reflux conditionz for 0.5 hours.

Sodium carbonate (32 mg) dissolved in water (0.3 mL) was
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thereby yield a crude product, The crude product was
subjected to isolation/purification through colum
chr omat ogr aphy (packing material: Silicagel 60
(product of Merck), eluent: nethylene

chloride/n hexane), and then recrystallized from

hIorof to t hereb ield 0.48 of the target
d@ﬁgdﬁgt &gﬁ@rgél ES. bFHHéﬁSHeﬂéﬁawuﬁePOluﬁéPé of
I d. 5 Th f d_t
R R e
ad?%@'f h‘r%%al E%Er%%%fhé%‘ 1 eu‘%{ R Hife SRR %@#%’a

fo‘i?;g%'dd% Wh | %vﬁ%@é&c&f uﬁ"&r Loquct, Lhr O% o)pl r%g hours under

rementi oné I'ng not

re@@ﬂk'%gﬂﬂiﬁH% rm %Sﬂﬁmaggkboﬂgg aErothe el t?v§ﬂe1n

mol ecul ar “wei ght’ ues (obtarne ugH

wakdrd]lh . 3ppegu salgg%H %%'Q d%égé 'hlgigf

af orement i one pro ESIS

subyBbhness of al a an d
u<8yﬁ?he3|g Exa%%lg%%%%55 %Fh?épgﬁéfqg g4b§g QEEEOIVEd in

teRbaRRtRbenyk)] -(2- %hmgwyha%néﬁa%daﬁé %w%s@ ErESE%e(iour to

bronnthlenyl)lbenzene whi ch serve a$ nononmer un

theo&auum@ant(ﬁthQ&@ln@o@l@ﬁ%@fb&'%lib%ﬁﬁbugﬁeaﬁﬁx%ﬁ%e to

represented by the follow ng fornula:
reacas SotoplirngohRacunde rN ek fAHR Qnad tgenki NUREE.r

addi ti on of organic boron conpound>
completion of reaction, the reaction mixture was cooled to
room temperature, and water (3 mL) was added thereto. The
resultant reaction mixture was subjected to extraction with
chloroform, and the formed organic layer was washed with
water. The organic layer was dried over sodium sulfate, and
the solvent was distilled off under reduced pressure, to
thereby yield a crude product. The crude product was
subjected to isolation/purification through column
chromatography (packing material: Silicagel 60 (product of
Merck) , eluent: methylene chloride/n-hexane), and then
recrystallized from chlorcform, to thereby yield 0.48 g of
the target product (a lst-generation, 3-branched dendrimer,
pale yellow =olid, yield: 52%). Thé yield was confirmed to
be enhanced through continuous and intermittent addition.
The structure of the obtailned product was confirmed from the

fact that the 'H~NMR spectrum coincides with that of the

product through the aforementioned <Suzuki coupling not
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In a nitrogen atnosphere, thiophene (14 g) was

di ssol ved i n dehydrated tetrahydrofuran (100 nL), and
the solution was cooled in a dry ice-nmethanol bath.
After cooling of the solution to -70C or |ower, a

1. 6M n- butyllithiunihexane solution (100 nL) was

q dropwi.se .t o | ed solutlon over 40

eﬁ% 3%. Fipug @i H et gt qnﬁafact that
By A G wb";ﬁa%azw% SRR e
prk&:m d %.n{oesrpvc%qncq.@e ttl'fle srg X er NS Og_r adug) lq\;’@gﬁm%ﬁﬁu'ﬁt

0 Toomtenperature’ t
nlxture A. 1,3,5-Tri bronobenzene (13 a)., paIIadlum
acetate (0. 8 a), triphenylphosphine (2.9 g), sodium

and_wa
R A T O A i B R o o D S TS
b rlalh cAS RHerd MBS added to reactlon m xture A, and the
m xture was further nitrogen- substituted. The

<SHRTHEAR MRkl 30AS aé?ﬁ%ﬁgsig gagt ¢ 'ﬂ%s? eggl bat h

at 85C for four hours. Alter conp etiron o Ction,

braRictiehy(150 M-k rand yiBel hl0dnil ) W01se 134494 1@ t he

reaction m xture, followed by cooling ‘to
bromaReiahnylg.] bERe eher, "R 1RHe GleRhiAlgS miRled; fre 25‘&&%0' ccsmpounds

through filtration, and nethyl ene chlori
(cAndowmtieny 61QRnJIFLY: Ieeke raddet o anidhe o |r§e&ﬁ:‘é%an‘é*é% by the
i nsol ubl e conponent contained in the filtrate was
fofdmmiad throwdl:filtration, and the organic |ayer was

SEParated. The organic | ayer was
Br.

<Suzukl cross-coupling reaction not employing continusus
addition of organic boren compound>

In a nltrogen atmosphere, thiophene (14 g) was
dissolved in dehydrated tetrahydrofuran (100 mL} , and the
golution was c¢ooled in a dry ice-methanol bath. After
cooling of the solution to -70°C or lower, a 1.6M n-
butyllithium/hexane solution (100 mL) was added dropwise to
the cooled solution over 40 minutes. The mixture was sllowed
te react for one hour, and trimethoxyborane (20 g) was added
dropwise to the reaction mixture over 10 minutes.' The

cooling bath was removed, and the mixture was gradually
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washed sequentially with water and an aqueous sodi um
chloride saturated solution and dried over sodi um
sulfate, and the solvent was distilled off under
reduced pressure, to thereby vyield a crude product.
The crude product was purified t hrough col um

he%p: ?Jﬁcg?%rofop%ycre&%acm n ri als 3,]:'@' %aézgi?'lg 6roeactic>n |
ot b %ﬁ%ﬁ% 'za'azgssagziashghaegcm
L SO S
9 2? At es S R 2‘9%&“"&%%&& Im bR
@%@He '&%@t n‘i%ﬁz‘}g@he s%%%“ﬂ'ltﬁ%'e‘&wimad%nf)e? 4 Wﬁﬁ? adjied to

benzené 11 n

i h
IEQCQ OQ &1ﬁﬁgr%t%?g% gﬁeerﬁaf%gh) %a? %% %%&r Eitggq?n-

suBsQiH&tedﬁhlﬁﬁgeﬁgsﬁlﬁ t3ﬁaxt§?éuhéscgff£g§§ ko react in

i nvol vi ng cont i nuous I t1on organi c

anCBAROURER kA @5%tfese§oé£gxg§§’9 fe’Aéc}!fophe”ez(él rﬁLc)f

was dissolved in dehydrat r anydr Ut

reandibhe meehdhbon (BASmEPOked WA tardry obCair ol
bath. After cooling of the solutloé to gE%EQE added to

theowergtaod. ﬁWknurbutybh&bheuWBbe&66§1§%|%5'960&100 "L)

was added dropw se to
temperature. The formed precipitates were removed through
filtration, and methylene chloeride (100 mL) and water (100
mL) were added to the filtrate. The insoluble component
contained in the filtrate was removed through f£lltration, and
the organic layer was separated. The organic layer was
washed sequentially with water and an aqueous sodium chloride
saturated solution and dried over sodium sulfate, and the
solvent was distilled off under reduced pressure, to thereby
vield a crude product. The crude product wag purified
through column chromatography (packing material; Silicagel 60
(product of Mexrck), eluent: methylene chloride/n~hexane) and
subsequently recrystallized from methylene chloride-methancel,
to thereby yield 7.6 g of 1,3,5-tris(2-thienyl)benzens {yleld
57%, white powder) serving as an intermediate and repregented
by the following formula (13). The structure was confirmed
from a 'H-NMR spectrum. The measurement data are shown

below,
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t he cool ed solution over 40 m nutes. The m xture was
allowed to- react for one hour, and trirnethoxyborane
(20 g) was added dropwi se to the reaction mxture
over 10 m nutes. The cooling bath was renoved, and
the m xture was gradually heated to room tenperature,
- thef®py producing reaction mxture A
8- Tri bromobenzene (13 g), palladiumacetate (0.8
iphenyu osphine (2.9 g), and sodi um carbonat e
1) gvere ‘added to nethanol (130 nlL) and water (25
i #h had been degassed and nitrogen-substituted
in advance, and the mxture was further

i trAORMES Yesknl ntedy . de(s T 9AGLI Q. M XL &) PILRAlEd oy

i n advance was added dropw se
J M BUtees qurderz Stupily [ i 14 at t .=8 and_t he
iz SRR AP L 9 503 gty

resul tant mnmixtute was all owe €act for nbt he

0.8htge hourcoheiNd & et i @n-o0%qr tigng hanol
(50 m) aﬁglmaterif%gg@#ﬁf ge?éﬁédggg'tﬁe rgggfigns Rz,

thidiophene, rihel,! @d by cooling to roomtenperature. The
formed precipitates were renoved through filtration,

<Suaukiechyipdiag dhvelvdeg( HftThhoaRd Q0 e oh1Q3 @rﬁanic

were added to the filtrate. The insol ubl e conponerit
boggnt goApeund>t he filtrate was renoved through

filtration, and the organic |ayer was separated. The

or gam & Fayacgmts akashedtiesequaitiophleyieni (Il grak@rs and

an aqueous sodi um chl ori de saturated solution and
digepéyegvin debydmnsert sesrahydroffiersal (@00 wa$, and the

iztilled of f _under reduced pressure, to thereby

SOy hELARaVEEUBROpEEdEBL 8 ATy ice-methanol bath. After
cooling of the solution to -70°C or lower, a 1.6M n-
butyllithium/hexane solution (100 ml) was added dropwilse to
the cooled solution over 40 minutes. The mixture was allowed
to- react for one hour, and trimethoxyborane (20 g) was added
dropwise to the reaction mixture over 10 minutes. The
coeling bath was removed, and the mixture was gradually
heated to room temperaturs, thereby producing reaction
mixture A, 1,3,5—Tribromobénzene (13 g), palladium acetate
(0.8 g), triphenylphosphine (2.9 g), and sodium carbonate
(8.7 g) were added to methanol (130 mlL) and water (25 mL)
which had been degassed and nitrogen-substituted in advance,
and the mixture was further nltrogen-substituted. The

reaction mixture AR prepared in advance was added dropwise to

the miXxture over 80 minutes under Stirring in an oil bath at

85°C, and the resultant mixture was allowed to react for
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The crude product was subjected to isolation through
columm chromat ography (packing material: Silicagel 60
(product of Merck), eluent: nethylene

chl ori de/ n- hexane) and subsequently recrystallized
from net hyl ene chl ori de-nethanol, to thereby yield 12

f 1,3,5-tri 2-thi )b (yield 90, whit

et RS, A AR bl FRBRLAEA Chn Gt Epretentioqaghancl

faoll i f 13). Th ield fi d
(s g S i B T Srn e asRe e e gadtoice,

T t t f th bt ai d duct
2oV TR R e R s P AR 7 1 B8 BRr
PrER s Wl biorEa G dStrE e, 439 msthyene
30 TSR S 0 PR S o
Ny ~fri -t hi The t - ot ai
D L -
I Ry ﬁﬂygda% . d | i 67

waggoledi%gp;n ice-mg%gﬁﬂ%ﬁ?ﬁ%nAas?F&?%%Eﬁ%#ghap 165er was

N e e B RNERE

walt@th ands an' edRvets ERRimm e as Reated L %%ggiﬁgg and

tenperature. After conpletion of reaction, wa

draddedviclesedduml Bl eyl bakl +heachh QR ¥hY §:W8S11ed off
subjected to extraction with chloroform and the

‘unfierneedocgdnpt esayet Was WaskedyWil1aatl @kudEhe roduct .
organi c layer was dried over sogiun1sulfate, ang
The crude product was subjected to isclation through column
chromatography (packing material: Sllicagel 60 (product of
Merck), eluent: methylene chloride/n-hexane) and subseguently
recrystallized from methylene chloride-methanol, to thereby
vield 12 g of 1,3,5-trig (2-thienyl)benzene (vield 90%, white
powder} serving as an intermediate and represented by the
following formula (13). The yield was confirmed to be
enhanced through continuous addition of organic boron
compound. The structure of the obtained product was
confirmed from the fact that the H-NMR spectrum coincides
with that of the product through the aforementioned <Suzuki
cross-coupling reaction not emploving continuous addition of
organic boron compound>.
<Bromination of intermediate 1,3,5-tris(2-thienyl)benzene>

The thus-obtained 1,3,3~trls(2-thienyl)benzene (2.0 g)

wag dlssclved in dimethylformamide (10 ml) , and the s¢lution
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the solvent was distilled off under reduced pressure,

to thereby yield a crude product, The crude product

was subjected to isolation/purification through

col um chromat ography (packing material: Silicagel 60

(product of Merck), eluent: chloroforn n-hexane), to
i.e., 1.05 g of

wag A Eod! 4 50 Hea et 1550 1 hiforaAlsS e whi ¢ e
bﬁ%ﬁf%%%@e%‘%%#%eﬁzzg% eg]”( 3\}5 t‘éifg%%{‘ﬁ%égrﬂl*vf\ém%@? ut? urkes was

i $ £ Od Idinth If o E MR spegtya, The, yeasurement
sy g AR Y nhpd e R Kooy after
cobiiegion bF redtffony VY sanddde tivgets v Tos
rdiirah eattion mufurd e JPIRGE { Gipddeich grien
o [ £erled Hrliarir QAYes Tips, washeg with
e sterhl 7ot By frigh gytel SERTMPRRE, an
thaRko 1v8yn hew YiPEmla 32> wEesif Yy RESPIF 0

1, 3-di chl oro-5-(2- thienyl)benzene represe

thiealebewiyng Lo mdraideChroduwiki  @hassrGaMPLEBALREL! was
enpl oyi ng conti nuous addition of

subjected to isclatlon/purification through column
chromatography (packing material: Silicagel 60 (product of
Merck), eluent: chloroform/n~hexane), to thereby yield the
target products; i.e., 1,05 g of 3,5-bis[2-(5—bromothienyl]-
2-thienylbenzene (white solid) and 1.49 g of 1,3,5-tris[2~ (5~
bromothienyl) Jbenzene (white solid)., The structures were
confirmed from 'H~-NMR spectra. The measurement data are
ghown bealow.
3,5~bis[2—(5—Bromothienyi)3—2-thienylbenzene

"H NMR (CDCl;) 8 7.64 (d, J = 1.6 Hz, benzene ring, 2H),
8 7,52 (t, J = 1.6 Bz, benzene ring, 1H), 8 7.39 (dd, J = 1,2.
Hz, J = 3.6 Hz, thiophene ring, 1H), & 7.35 (dd, J = 1.2 Hz,
J = 5.2 Hz, thiophene ring, 1H), § 7.15-7.12 (m, thiophene
ring, 3H), 6 7.08 (d, J = 4.0 Hz, thiophene ring, 2H).
1,3,5-tris[2-(5-Bromothienyl) benzene

'"H NMR (CDCls) 8 7.53 (s, benzene ring, 3H), § 7.07 (4,

J = 4.0 Hz, thiophene ring, 3B), 8§ 7.00 (d, J = 4.0 Hz,
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organi ¢ boron conpound> In a nitrogen atnosphere,
t hi ophene (7.0 g) was dissolved in dehydrated
tetrahydrofuran (55 nmL), and the solution was cool ed
In a dry ice-nethanol bath. After cooling of the
solution to -700C or lower, a 1. 6M n-

i thi,uni h ne Solution (50 nL) was$ added

t%ﬁ%ﬁ%é%ﬁa%%Pg%ﬁﬁﬂcboled sol uti on over one hour. The
t for ane hour, and

' , | | t
Gﬁ%r#e%{lo%oa?nﬁgemﬁgf% 8)9%%3 e34geqt dr SpRites logorfe (2~
AL AR Ko entad B VB Flha g Fmraen i o

room t@nperature, thereby producing reaction mxture

A er nitrogen, 1-brono-3,5-dichlorobenzene (16.3
\ 9, | adi um acetate (0.5 g), triphenyl phosphine (1.7
9), di um carbonate (6.9 g), methanol (150 ni) and

water (30 nL) which had been degassed and
<Smizhrkg enrosthaiouip e ln%ta‘éYr@lfb?’in\@erc%naﬂ%‘?%‘{jsgraddition of

reaction mxture A, and the m Xture was furt

o ngiairiey doremb Shoiodtug:d> The resul tant mi xture was
allowed to react in an oil bath at 85 C for four

hourlsy aAftidrrogsmal teicsehedfe 1 aaGldptitndBhane)y (R m)
and water (100 nL) were added the reaction m xture,
dipsilawed iby debykivad etio tetorhflrogmpanat(Bse mufhe sher e
preci pitates were renoved through filtration, and
sojuthphe Ha sc krodiede Lol 60 drly) iardmeatenc(10R thr.nLAryese
added to the filtrate. The insol ubl e conponent
cogdangi rédthe shéutilbtr abe-Ra8Crerovedet hroughsM n-

filtration, and
butyllithium/hexane solution (50 ml) was added dropwize to

the cooled sclution over one hour, The mixture was allowed
to react for one hour, and trimethoxyborane (9.8 g) was added
dreopwise to the reactlon mixture over 10 minutes, The
cooling bath was removed, and the mixture was gradually
heated to room temperature, thereby producing reaction
mixture A. Under nitrogen, l-bromo~-3,5-dichlorobenzene (16.3
g) , palladium acetate (0.5 gq), triphenylphosphine (1.7 g),
sodium carbonate (6.9 g), methanol (150 mlL) and water (30 ml)
whlch had been degassed and nitrogen-substituted in advaﬁce,
were added to reaction mixture A, and the mixture wasg further
nitrogen-substituted. The resultant mixture was allowed to
react in an oil bath at 85°C for four hours. After
completion of reaction, methanol (50 mL) and water (100 mL)

were added the reactlon mixture, followed by cooling to room
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the organic | ayer was separated. The organic | ayer was
washed sequentially with water and an aqueous sodi um
chloride saturated solution (three tines) and dried
over sodium sulfate, and the solvent was distilled
of f under reduced pressure, to thereby yield a crude

e Ot S0 AT, Sl g CRCeriaze TGTavary dnmsoieh
R ol exé‘ﬁéé%hyleé fatia il efﬂfolw FR ger (100
mﬂs)? :“%euriud\/)\g*swgo ‘Tglrfried%%ér/\nhaﬁgf )‘p‘ga‘ter GRPPRETt
cqy%%%%ﬁ?“%?_ﬁkﬂiﬁfﬂﬁka enzene rlng, qﬁquéégﬁgﬁgF%Qﬁcn’ and

the Drgdid.c tih r S
thlg%%enéirlgggh?ﬁ% %fﬂ%ﬁéﬁ% T, Téenze%én%%nééyfﬁ)waf

waBHRQ (sdducht A% 1348 Haked *Hr&?*lﬁ-ﬂ% dil: ;sg)dd um chloride

<Suzuki cross-coupling invol ving cont|

satfuradregiEod urdice GoReURENdd)den i
1- brono- 3, 5-di chl or obenzene GEABG ?fld]g &ﬂ%erbved: Fgdium

suAdettat,e apdl Ttg) s dlvidnie R P hasgtined laf7f Q:)ndeﬁ:rd:(e%bced

sodi um carbonate (6.9 g) were added to netha

preispuaed teattheredy yikelshic ek aeouuegasesd apdqe

nitrogen- substituted in advance, and the m xture was
Prigucikewasi progdideds tihstonight ed.l ukine dﬂr&dart%gﬂmlr (packing

stirred in an oil bath at 85C. 70. The reaction
mapexiald AlMiceleiadObderopueandd Merok ) TBR&ent : methylene
chloride/n-hexane), to thereby vield 11.7 g of the.target
pProduct (yield 70%, white powder)., The structure was

confirmed from a 'H-NMR spectrum. The measurement data are

shown below,

»

'H NMR (CDCls) & 7.47 (d, J = 0.8 Hz, benzene ring, 2K),
0 7.35 (d, J = 5,2 Ez, thiophene ring, 1H), 8 7.32 (d, J =
3.6, thiophene ring, 1K), & 7.26 (br, benzene ring, 1H), §
7.09 (dd, J = 5.2, 3.6 Ez, thiophene riﬁg, 1E) .
<Suzuki crosg~-coupling involving continuous addition of
organic boron compound>

Under nitrogen, l-bromo-3,5-dichlorobenzene (16.3 q),
palladium acetate (0,5 g), triphenylphosphine (1.7 g), and
godium carbonate (6.9 g) were added to methanol (150 mL) and
water (30 mL) which had been degassed and nitrogen=-
substituted in advance, and the mixture was further nitrogen-

substituted., The mixture was stirred in an oil bath at 85°C
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simlar to that of the above-nenti oned <Suzuki
cross-coupling reaction not enploying continuous-
addi tion of organic boron conpound> was added
dropwi se to the m xture over one hour, and the
resultant m xture was allowed to react for further

o 5 | et,i f tion, th |
TSR it AR Had o S ¢t 1omannex
.‘s..‘L]Ei‘ﬂ."1.Xltai‘l.I %o Md O oy a%ooo\Lé—r}x%{{;tgtf{:f 2 5 S Y ri,a:clr'lrrétesi so—-rrp’hoeupl ing

ormed precipitates were rte

PR B e Sl BRI o1 s boron
R R . T h M R, ong pons,
e A A IE 172" TN o, e ot drhes
il i e i ST e ST L

anyl eladex CrlOde m)OGidile sl ®hedeRQdUGt \ﬁgcfclugcllé_r,i féoﬁq.owed

t hrough col um chronmat ography (packi ng ma

bySiclloddgel @0 ropir0 Heip <2l tMaieCK) ThE! ¥8Pk:
chi or i de/ n- hexane), to thereby yield 1%33 g?&?%%?ﬂgtes were

reravge throdett filitelatid®l anehidetnpaeder knlbe el oo mr)

was confirnmed to be enhanced as conpared with the

angdayetefr (160 altovercreniadared teStRekiriQkeeTeCOUBhE NInaoluble
not enploying continuous addition of organic boron

CO@@npguﬁdspnfaéngdrdutmhe dfi 1tthre tebivaksneempiedu ¢h raagh
.confirmed fromthe fact that the 1H NWVR spectrum
fidsratieas wnehthisaprghntce lpyedusts ebparagadt hronghorganic
t he af orenmenti oned <Suzuki cross-coupling
layer was washed sequentially with water and an agueous
sodium chloride saturated solution (three times) and dried
over sodium sulfate, and the solvent was distilled off under
reduced pressure, to thereby yield a crude product. The
c¢rude product was purified through column chromatography
(packing material; Silicagel 60 (product of Merck), eluent:
methylene chloride/n-hexane), to thereby yield 15 g of the
target product (yield 90%, white powder). The yield was
confirmed to be enhanced as compared with the case of the
above-mentioned <Suzuki cross—coupling not employing
continuous addition of organic boron compound>. The
structure of the obtained product was confirmed from the fact
that the H-NMR spectrum coincides with that of the product

obtained through the aforementioned <Suzuki cross-coupling

reaction not employing continuous additien of organic boron
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reacti on not enploying continuous addition of organic

boron 71 conmpound>. <Synthesis Exanple 3-3> Synthesis

of a conpound (a), 5-(2-

thienyl)-N, N N ,N -tetraphenyl - 1, 3- phenyl enedi am ne,

represented by the following forrmula, form ng end
cdifidps of the dendritic structure: In a nitrogen

atnosphere, tri-t-butyl phosphine (35 ng) was added to

i | adj te (001 g) i |
BN TR e el P & BbmigunituRds o (2-
i1y Bath @t 80 |ing the mixt t
T AR Y S s
Ik 4 i h 1 ,
e o i AR AR Efnigiy end motettes of

they e 1zed gt riWitigsi s Exanpl e 3-2, di phenyl am ne
(16 0 and potassiumt-butoxide (12 g) were added to
xylﬁﬁk (18 m.), and the mixture was heated in an oi

: +—4 C. The catalyst prepared above was added

$ d the resultant mxture was allowed to

@ 18 hours in the oil bath at 120C After
Fret i.aQ of reaction, the reaction m xture was
roomtenperature. The formed organic |ayer

wa shed with water, and the aqueous | ayer was

subj€cted to extraction twice with nethyl ene

and T hen e A S i R s e (35 mo)
et stovstosod ypau gt R0d. 6 39 57,

was distilled o
Xylene (50 .mL), and the mixture was stirred for 10 minutes in

~—+

an oil bath at 80°C, followed by cooling the mixture to room
temperature, to thereby prepare a catalyst., Subsequently, in
@ nitrogen atmosphere, 1,3-dichloro-5-(2-thienyi)benzene (10
g) synthesized in Synthesis Example 3-2, diphenylamine (16 g,
and potassium t-butoxide (12 g) were added to Rylene (18 mL),
and the mixture was heated in an oil bath at 80°C. The
catalyst prepared above was added thereto, and the resuyltant
mixture was allowed to react for 18 hours in the oil bath at
120°C. After completion of reaction, the reaction mixture
was cocled to room temperature. The formed organic layer was
washed with water, and the aqueous layer was zUbjected to
extraction twice with methylene chloride. The organle layers
were combined together and then washed with water. The
resultant organic layer was dried over sodium sulfate, and

the solvent was distilled off under reduced pressure, to
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72 thereby yield a crude product. The crude product
was purified through col unm chromat ography (packi ng
material: Silicagel 60 (product of Merck), eluent:
met hyl ene chl ori de/ n- hexane) and subsequently
recrystallized from nethylene chloride-nethanol, to

Vo, yiehd 15 of th target product (yield 70%
AP b S it 3Ee Biae mesdicmes
The measurenent data are  shown

P o o Gy S R r i oAby DRt rias:

Hz, 7 J= 3. 1. 5.2 Hz,.thiophene ring,
Sl;iiil)cf l7,6(?’9 %p}%é]gé‘::ofgw%fz&)b’en%@ﬁ MEheng 7. 06

; 6 o) rin 1 5.,

c%%%ﬁi%%éﬁfﬁé%amégnfggae%44%?%%%? |6§%%$E§?4%ﬁﬁz%ﬂﬂ§rQF

& 2. en i v s , t, J
P R e e R S 1 4 (ke
takgetl & | olhen I 8 29 (t -

8.0 I—Iz%otfgrnc}eg@ir%ln@g, 8H) %hé'#qgj\’smﬁ%rc} J?P;le .s%,rug.%é‘m was
cddZ i MeRT e iaNGa-kik, i/ - rin

an(;'thiophenea'riﬁg?;hhlp\sS ?ZEQé¢730§%§ﬁﬁe§Q§£%ﬁ€§F data are
shieemzénra ow.ng, 2H), 8 6,53 (t, J - 2.0 Hz, benzene

ri 2% 1H). <Synthesis Exanple 3-4> Synthesis of a

CONPHURMR( REDC3; B DoFodn| L4l aphen- 25 vl ), - N N,
s N , NF -?et?a%ﬁenyl--1,t€tqﬁﬁgﬁ§ egggﬁghi%e 7'£JHZ’ gH) ,

Fepsedadted byiltbe Eobl aw ngnk . wit,r oygh

conversion, to ac?ive group E(%ﬁ?%%aoflgggo§%tfoﬁ 7.09 (d
T fydr.6géiz obenzeneoriaghore)ngst hi oeheae,ro"d 9fo, 3,6 Kz,

conpound (a)
thiophene xzing, 1H), & 7.00-6.94 {m, benzene ring and

r

thiophene ring, 5H), 8 6.91 (d, J = 2.0 Hz, benzene ring, 2H),
8 6.73 (t, J = 2.0 Hz, benzene ring, 1H).

"H NMR (DMSO) & 7.43 (dd, J = 1.2, 5.2 Hz, thiophene
ring, 1K), 8 7.29 (t, J = 8.0 Hz, benzene ring, 8), 8 7,43
(dd, J = 1.2, 3,6 Hz, benzene ring, 1H), 8§ 7.07-7.00 (m,
benzene ring and thiophene ring, 13H), 8 6.73 (d, J = 2.0 Hz,
benzene ring, 2H), & €.53 (t, T = 2,0 Hz, benzene ring, 1H).
<Synthesis Example 3-4> Synthesis of a compound {b), 5-(5-
boronic acid—thibphen-z-yl)~N,N,N‘,N‘~tetraphenyl-l,3~
phenylensdiamine represented by the following formula,
through conversion, to active group B(OH)z, of da-position
hydrogen of the corresponding thiophene ring of compound (a)

forming the end moieties of the dendritic structure:
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formng the end noieties of the dendritic structure:
73 In a nitrogen atnosphere, diisopropylamne (3,2 g)
was dissolved in dehydrated tetrahydrofuran (50 niL),
and the solution was cooled in a dry ice-nethano
bath. At a tenperature of -70C or |lower, a 1.6M

n- butyl | i um hexane solution (19 nL) was added

dr opwi se t cool ed solution over 10 m nutes. The

reaction was allowed to react for 30 mnutes
(HERB hereby prepare a lithium diisopropylanide

(LDAYs0

Subsequently 5-(2-
t hi enyl) - N%:> -tetraphenyl - 1, 3- phenyl enedi ani ne
(5.0 9) sized in Synthesis Exanple 3-3 was

dlssolve n dehydrated tetrahydrofuran (30 ni), and

e 08 ST A ool e SRl 5 o s
e %&sﬁé‘ﬁ%ﬁ% < e ofaﬁ@Tnh“?;&rPefﬁf)éa'étnd the
B o G B R e i T, B EHLY
£eRfREa 0.l B €9oocThE FLLH &, vasagrad U@Jﬁ%;ggﬁgﬁgéfngxm

roomtenperature over one

soll@agbhonist Be)r Gast LRl é%%%%l@%s C% legooge%nsoéptlon

i ce-water bath, and di et her

ové&OIULh1WQtésadd§ﬁetP@é@ﬁ?oﬁoﬁlﬂ¥gfglWéésalfgge&hEO react
reaction mxture was heated to room tenperature

forhgteafihtes Wat @Pc( 5@onﬁﬁe§@§%aﬁr FQUS %f{@l&&ed

anmoni um chl ori de sol ution were a
_diihepebpylhmlﬁbeﬂabm)seaau&&anthGSubsequently, 5= (2~

thienyl)-N,N,N',N'-tetraphenyl-1, 3-phenylenediamine (5.0 g
synthesized in Synthesis Example 3-3 was dissolved in
dehydrated tetrahydrofuran (30 ml}, and the solution was
cooled in a dry ice-methanocl bath. The LDA solutien prepared
above was added dropwise to the cooled solution over one hour.
The resultant mixture was allowed to react for one hour at a
temperature of =70°C or lower, and trimethoxyborane (6.9 )
was added.dropwise to the reaction mixture over 10 minutes.
The mixture was gradually heated to room temperature over one
hour. After completion of reaction, the reaction mixture was
cooled in an ice-water bath, and diethyl ether (70 mL) and
water (20 mL) were added thereto for hydrolysis, and the
reaction mixture was heated to room temperature. Tﬂéreafter,
water (30 mL) and an aqueous szaturated ammonium chloride

solution (70 mL) were added thereto, to thereby separate the
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74 organic |layer. The organic |ayer was washed tw ce

Wi th an aqueous saturated amoni um chl ori de sol ution

(120 nL) and twice with an aqueous saturated sodi um

chloride solution (120 nL), and dried over sodium

sul fate. The solvent was distilled off under reduced
oY BEISUMEy v d0 t RELE Lel.d of _the target product

A ( arge ?%?é:’ﬁ%&wlg‘é’\%&eﬁﬁs HaFRE heRy Mg th an
a4 iy cirum, The r enent

data are shown cEel ovv.riljl}_"ﬁN ( )= B LR ?Efzsd{;d? ni&nd
twlCRH widld) \arB atnizddd t hi ophene rin ,

8 7.29 (t. § sy He zzerré‘;’ceeﬁie%c}lhg%; e 37%%1%"20“ (120
ml) - ahd d#ed HRRENRIUANY S 0¢: (

benzene ring, 12H), 8 6.751%%ﬁ@?f'- 558 o?vgégngéﬁe
distig,lelHof 8 ikt (deduked enze i ng, 1H).

<Synt hesi s Exanpl e 3-5> &/ﬁjtz%ggiﬁsregf q:71°s?:fiiggefne atyiloeril'd 5.4 9
ofdlenhar dargeapaceticad (M diRe doal | euling koIl 135, SRYAHK

cross-coupling reaction not_enployﬁhg nggif%w ﬁg%aér)'
Theosttiruetunslel Maer Bonifdtimedd didon0R 0f-RKE28LEcRRLHAN The

compound nor intermttent addition of base catalyst>
mekS U emento glar aa mires pieie, bElow( 30 nl) and water (6 ml)

wer e added to a m xture of

3, 5-'Bi MR- (BMbopndt Bl e0Yks] . Borbhienybbenzene (§- )

whi ch had been produced in Synthesis 75 P %9 (d, J
= 3.6 Hz, thiophene ring, 1H), § 7.29 (t, J = 3.6 Hz, benzene

ring, 9H), 8 7.16 (d, J = 3.6 Hz, thiophene ring, 1H), &
.7.07-7.02 (m, benzene ring, 12H), § 6.75 (d, J = 2.0 Hz,
benzene ring, 1H), 8 6.54 (t, J = 2.0 Hz, benzene ring 1H).

<Synthesis Example 3-5> Synthesis of lst~generation dendron

répresented by the following formula:

Q0 &,

<S8uzuki crosg=coupling reaction not employing
continuous/intermittent addition of organic boron compound
nor intermittent addition of base catalyst>

In & nitrogen atmosphere, THF (30 mL) and water (6 mL)
were added to a mixture of 3,5-bis[2- (5-bromothienyl)]-2-

thienylbenzene (1,49 ¢) which had been produced in Synthesis
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Exanple 3-1; 5-(5-boronic

aci d-thi ophen-2-yl)-N,N,N , N -
tetraphenyl -1, 3- phenyl enedi anmi ne (3.98 g) which had
been produced in Synthesis Exanple 3-4; palladi um
acetate (69 ng); triphenylphosphine (O 24 g); and

Re)
i T Bttt s a8 ef#a& o K -
f f th
e U e S %% TR ed hfen
prififled 49, oh fas addedLIie ol 1@%331'%1{ Wekate (69 mg);

reaction mxture was su ] ect

trE%‘h@: R cERHAnd8 o ﬁ"i’i”%)t h%rfdor@%q- uftf & W%g gﬁag‘- CUPabs g)

washed wi th water. or'ganic Iayer

ango@hemrahhaber andtihe $@lsvent ' |.eqQf f
under reduced pressure, ?% t%gﬁggg%iFgl % get %05 eight

hopredugtierThe raLndeopaedysh swas e
|solat|on/pur|f|caf|on t%rgughAgggk Eéﬁﬁ%%ﬁ% S ﬁeaction

thépaekichid onBil&ktudlk: wis! c6adely 8 QBE&d%%h %%a%%%%k)and
el uent: nethyl ene chloride/n-hexane)

wayeel d22. 48)gwak kHEcHARGRY e 1Bl 00HES fgﬁhi |
yield: 60%. The structure was onflrnedg?1§19 fgaCtlQn

ml&HaNHRwapesubgm:tﬂ:let&ea&&&aﬁeﬂbndﬁr&@hafnﬁth ﬂ@% hlori
below. 1H NVR (CDA3) S 7.68 (d, J = QS ERyIOUE Shioride,

andj hje zH;mgdSo?gﬁﬁlét1a9§rlwﬁsHWashﬁﬂZﬁﬂthWEﬁerlllihe
8 7.40 (dd, J- 1.0 Hz, J 3.4 Hz, thiophene ring,
, orggplcglaygn ved, dﬁiedlo@et&sod&um Sulfhize ,tBhapRBBesclvent
ring F% 37.29 (d, J ; 3.6 Hz, thlophene ring, 2H)
wag qhgtal ed eﬁﬁ badeeneedizngd pBkisande., t bbopherekhyi Rlecld =
2H), 8 7.13-7.08 (m benzene ring, 16H and
crude product. ‘The crude product was subjected to
isolation/purification through column chromatography (packing
material: Silicagel 60 (product of Merck), eluent: methylene
chloride/n-hexane), to thereby yield 2.43 g of the target
broduct (white solid, yield: 60%). The structure was

confirmed from a H-NMR spectrum, The measurement data are
shown below.

'"E NMR (CDCl3) 8 7.68 (d, J = 1.6 Hz, benzene ring, 2H),
8 7.65 (t, J = 1.6 Hz, benzene ring, 1H), & 7.40 (dd, J = 1.0
Hz, J = 3.4 Hz, thiophene ring, 1H), & 7.34 (dd, J = 1,0 Hz,
J = 5.2 Hz, thiophene ring, 1H), 8 7.29 (d, J = 3.6 Hz,
thiophene ring, 2H), & 7.26-7.22 (m, benzene ring, 16H and
thiophene ring, 2H), 8 7.13-7.08 (m, benzene ring, 16H and
thiophene ring, 4H), 7.02~6.98 (m, benzene ring, 8H and

thiophene ring, 1K), 6.91 (d, J = 2.0 Hz, benzene ring, 4H),

76



t hi ophene ring, 4H), 7.02-6.98 (m benzene ring, 8H
and thiophene ring, 19), 6.91 (d, J = 2.0 Hz, benzene
ring, 4H), 76 6.74 (t, J = 2.0 Hz, benzene ring, 2H)
<Suzuki arose-coupling reaction involving
continuous/intermttent addition of organic boron

f b I
5 T o Caf e Mo e il %er M) and vator (3 i)
<gﬁyﬁ%&?g?%%55%€? E%@ﬁ“g%a%&ﬁg? iphoé%ﬁnﬁénzene (1 49 g)
L i { O, 3 |8
co‘ﬁ‘%‘ 91"1110%%‘71'?1%%'} Hg:%%g%e%d)d'lt%% hgsi §C|gﬁgfs( cﬂ%oeron( (?'Oflgound

| adi um acet a héen

ar) ¢n&@qn§q@ew 53RN 60 Pé%eg)cat%&gg%@e resul tant

m xture was heated in an oi To the

M XTI & nd trel 2@ ded- i
aci d- thlophéﬁﬂg yﬁ) d%gﬁé Q9ﬁ°W1% mL) and water (3 mlL)

wetre! aadeanyb- 3, AiRReRy @&egl errb g rgnrad | }
Synt hesi s Exan%le 3-4, 179 E é?ség %g?%°€ﬂienyl)] —2

thiietyabydeeher qn . @Qogwthhw&h h@@d%@eﬁf9EWH%%e@V§hr%§%thesls

hour, and the m xture was allowed to "react un

Exampﬂex3eandphuma$iﬁmraQeiah@UWSQ 8a9i; Uk i SRR g
(0.42 g) dissolved in water (3 nL)gﬁaS aégﬁd ?g@%hgphine

(Or. 84c i onaniixkodéumSehskbaguantl ¥ ,a35ah Ut koR tRe resultant
tetrahydrofuran (10 nmL) of 5-(5-boronic

migtudet Wrepheatddybh- an oil bath at 80°C. To +he mixture, a

N, N, N, N -tetraphenyl -1, 3- phenyl enedi am ne (1.99 g)
SOéﬁﬁpaneef Bn (Syhphesis Emadpthiapaemag-gdweﬂ o mpwWiNs &

over one hour to the resultant m xture, fol | oved
teby2RhEBYLng . Bhehanylenedismineadprobdnckds thosyathedes
_ref lux conditions.
Example 3-4, 1.99 g) dissolved in tetrahydrofuran (10 mL) was
gdded dropwise over one hour, and the mixture was allowed to
react under reflux conditions for 0.5 hours, Sodium
carbonate {0.42 g) dissolved in water (3 mL) was added to the
reaction mixture. Subsequently, a solution in
tetrahydrofuran (10 mL) of 5-(5-boronic acld-thiophen-2-vy1) -
N,N,N',N'-tetraphenyl=-1,3-phenylenediamine (1.99 g) prepared
in Synthesis Example 3-4 was added dropwise over one hour to
the resultant mixture, followed by allewing the mixture to
react for 5.5 hours under reflux conditions.

After completion of reaction, the reaction mixture was:

cooled to room temperaturea, and water (20 mL) was added
thereto. The resultant reaction mixture was subjected to

extraction with methylene chlorlde, and the formed organic

layer was washed with water., The organic layer was dried
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After conpletion of reaction, the reaction mxture
was- cooled to roomtenperature, and water (20 nL) was
added thereto. The resultant reaction mxture was
subjected to extraction with nmethylene chloride, and
the fornmed organic |ayer was washed with water. The

o BB S Al A LG a0
Bl o sbe i, o copls ot Tho, oy

g H oo YRR PR B R e e R S ehrough
oS R (Beg i W st heen B

(P uelnis PRI &G ,b%l%@é?%t}h%%g%h chlgrﬁige[{&—&%xane) , to

continuous/intermttent a ( org

the@ERPURE e 18NS igdt f T gy A e ?J}ﬁgufgcif&t}ﬁg:t%t f" Sy,

The Structure was confirne Fomt

i efldNMg 4gpect o4 ewa§O I pGi 4es Wi a
YIgf t he cgnpoung]gég%gcgggiEgﬂggg?ﬁgsgg %gaﬁghéﬁggg.khrough

conB NUBE%/L neain e 03 ARt RS ok %%gﬁihbgfﬂﬁﬁﬁﬁic %Fﬁund
e

3- branched dendrinmer having the san€ structure as

ande ddrtietes ttehed uedd tidnSHH Ra%eS BXAIRS .2 FRYNERESLBure
of Ist-generation dendrimer boronic aCid derivative

waseppeféntied Hyotthehkolflaow g aformel An(ivk, spBEGHEA of the
conversion, to active group R(OH) 2, of a-position

commpdupgderodhcides with that of the compound produced in

Synthesis Example 3-5,

<Synthesls Example 3-6> Synthesls of lst-generation, 3-

branched dendrimer having the same structure as the dendrimer

produced in Synthesis Example 2

<Synthesis of lst-generation dendrimer boronic acid

derivative represented by the following formula (14) , through

conversion, to active group B(OH)j;, of O-pogition hydrogen of

the corresponding thiophene ring of lst-generation dendrimer:
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the correspondi ng thi ophene ring of 1st-generation

dendrinmer: (14) 78 In a nitrogen atnosphere,

di i sopropylam ne (0-73 g) was dissolved in dehydrated

tetrahydrofuran (10 M.), and the solution was cool ed

in a dry ice-nmethanol bath. At a tenperature of -700C
sol ution (4.3

o) e b RRSR it TR St BeS 1 was
RS TR vt et B i ehe
= F, S Sl e S Rt R A%
o o S0°KL Bk ot Re bloRUBHb 4AS haBBY banane
et ST Bt einting R B om

ovédd monwliesitekhe TﬁéUEEQBEiHBXhH%Euwgsygg;gf@ggF&FBaeFeact

react for one hour at a tenperature o

e s o o et ovenede YR PR AL TR EBpe e

the reaction m xture over

digeaguaiphy e dieed oo ) @QQ%hH%%Refﬁgﬂ§§%8¥ﬁ£19”e ?g“est—

After conpletion of reaction, t ction h1§ r

genasatdohedendrimer i(@eowWafe hikegan: ' Iy e _
(20 nL) and water (20 n&?ﬂmgfgﬁadged ?hg?gﬁggﬁ%grﬁggﬁple 3

5 wpdrdﬁwsb&vaﬁhenrea&&ﬁﬁatEHX&@tQaWQErb%%QH%VZ@Ot%Lﬁ?oghd
tenperature. Thereafter, an aqueous saturated anmoni um

thehbedudéosokasl onol2@ Hh) awvdsyaddedmbheaabd, bheh. The LDa
so&gigggyprepared above was added dropwise to the cooled
sclution over 20 minutes. The resultant mixture was allowed
to react for one hour at a temperature of -70°C or lower, and
trimethoxyborane (1.6 g) was added dropwise to the reaction
mixture over 10 minutes. The mixture was gradually heated to
room temperature over one hour. After completion of reaction,
the reaction mixture was cooled in an ice-water bath, and
diethyl ether (20 mL) and water (20 ml) were added therato
for hydrolysis. The reaction mixture was recovered to room
temperature., Thereafter, an agueous saturated ammonium
¢hloride solution (20 ml) was added thereto, to thereby
separate the organic layer. The organic layer was washed
three times with an aqueous saturated ammonium chloride
solution (50 mL) and twice with an aquecus saturated sodium

chloride solution (50 mL), and dried over sodium sulfate.

The solvent was distilled off under reduced pressure, to
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separate the organic |ayer. The organic |ayer was
washed three tinmes with an aqueous saturated ammoni um
chloride solution (50 nL) and twi ce with an aqueous
saturated sodium chloride solution (50 nL), and dried
over sodium sulfate. The solvent was distilled off

b I d d
e c{ﬁ%gd%%‘ﬁﬁéj R s T PecRV e PrPEBE T Mo
. « 0 _9 of
oL %@% 34 %“%—’ﬁ Ly 'ﬁ-mﬁ?é}erbg%nﬂzereby 2.0
i d % Il
S L M

a iRE A ASAORY S Oyt oor rLom
the fact that ad%eak attrl ut ed toql%e% pro‘t oﬁ‘ 5f

s HrRR RO € A6 brddh DS %r@iﬁ@&l& ﬂ%ﬁpﬁaﬁﬂl t he

fact that the ratio of the integrate

8 PRI A= VBTN i hertd IR0 t%‘iofnhthe fact

t hi ophene-ring-originating protons coi nCi des

thiatata @lealkhe drari@eitedt e e ot QAlon TRUZMK 1 opde acid
cross-coupl i ng not enpl oyi ng contlnuousllntern1t

isaditistiroedota torgamitc s0Qr Yprt AR WHE FRlct "cth%ftméhﬁeﬁ@atio of
addition of base catalyst> In a nitrogen atnos

tHEHE 2§ matt)eda rveh Twat @rf &&mtb)enz\&e;reera%e%ﬂl@ﬁamiﬂgu 'Protonas
of the 1st-generation dendrinmer boronic acid

todshiatawifv €he2 thigpheepredent-ed iy rfaeimd drotéhs @é%%ldes
1,3,5-tris[2-(5-bronothienyl)l benzene (238 ng) which

Wlﬁﬁdtbé§n0§r@@@c@@rgntSmeMmeerpamﬁbet3 1; pal | adi um
<S%%%&?t%ross-coupling not employing continuous/intermittent
addition of oxganic boron compound nor intermittent addition
0f base catalyst>

In a nitrogen atmosphere, THF (28 ml) and water (2 mL)

were added to a mixture of the lst-generation dendrimer

boronic acid derivative (2,1 g) represented by formula (14)

above; 1,3,5-tris[2- (5-bromothienyl) |benzene (238 mg) which

had been produced in Synthesis Example 3-1; palladium acetate
(14 mg); triphenylphosphine (50 mg); and sodium carbonate
(0.18 ¢g), and the resultant mixture was allowed to react for

eight hours under reflux conditions. After completion of

reaction, the reaction mixture was cooled to room temperature,

and water (20 mL) was added thereto, The resultant reaction
mixture was subjected to extraction with chloroform, and the
formed organic layver was washed with water., The organic

layer was drled over sodium sulfate, and the solvent was

g0



(14 ng); triphenyl phosphine (50 ng); and sodi um
carbonate (0.18 q), and the resultant m xture was
all onwed to react for eight hours under reflux
conditions. After conpletion of reaction, the
reaction m xture was cooled to roomtenperature, and

. 20 s added t hereto, The resultant
dlm% & gln fﬁ SEESF WS oty dhazsbwindeld a

Ig%&&t@F Thgh%he f.or med 02 angc | ayer was washed

r55H116 F’é?@P ¥agr pERIB9ERds @i um
PR LS S Pl e
ma?%% Slos iRaEe ba EA%%#P%%&?%L%WW GBS apRyhyLene
cHPELHEIHIRAEE) DA IR (U] (Ll ELT L o,
o Sppespg buead brom g %%ss@.argg%etp%srd%% g0
seflaRALAES . 3CBeLe el awngglme V'Bade yvaliby g viela:

structuré of the obtaine pro

f th t
abfe (o6 Sbalothse 14 %ggge%ﬂga cgwgug]erswws Dok PEtmea

frenl ehyl gaceeiabt- th@l3ﬂ£ﬁMﬁP§$Qé€P§ﬁtéof?éf&@? ith that of

t hrough GPC were as fol wel ght average nol'ecul ar

theepgbtingMp £o0EyR-R48: sneRhep1aver age, -
(M) of 4,855, ya ad ﬁgleculgr wei ght eg?%f%&%utfgﬁé£$5t

reiatedrméhhhbhmeﬁﬁs1oBE91n$He%ﬁrMabHe§anﬁbﬁétSs EBRUows ;
the target polyner has high purity and assunes a

wesghyl evedagpemslenuihat geight (Mw) of 5,240, number average
molecular weight (Mn) of 4,855, and molecular weight
distribution factor (Mw/Mn) of 1.079. These values indicate
that the target polymer has high purity and assumes a single
dispersion state.
<Suzuki cross—coupling involving continuous/intermittent
addition of crganic boron compound and intermittent addition
of base catalyst>

In a nitrogen atmosphere, THF (2 mlL) and water (0.4 mL)
were added to a mixture of 1,3,5-tris[2~ (5=
bromothienyl) Jbenzene (238 mg) which had been produced in
Synthesis Example 3-1; palladium acetate (14 mg) ;
triphenylphosphine (50 mg); and sodium carbonate (0.06 g),
and the resultant mixture was heated at 80°C in an oll bath.

To the resultant mixture, a sclution of the lst-generation

dendrimer horonic acid derivative (0.7 g) represented by
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<Suzuki cross-coupling invol ving
continuous/intermttent addition of organic boron
conmpound and intermttent addition of base catalyst>
In a nitrogen atnosphere, THF (2 nlL) and water (0.4
m.) were added to a mxture of 1,3,5-tris[2-(5-

£

e e L B B e
ST R ST HUA LS e
ey g8 ORI R poPoliot R GoR8kpaersopaty
B L S RS B B o
o or BaA T Gne TorrD. BoRebPARY ixbRPE, ponarucion of

£nE0198-BhadiasaLed hBrARRE Hhdof 1k 085 AN NG 1 o)

reaction mxture. T e resultant mx

re@&esbh%g@$b¥g%9§g?ﬁhoﬂ1@?”@&%g§ﬁvgﬁrgﬂi%e%%%%xprofuran (8.4

derivative repr esent by formil a

mL@i&S@!&ﬂdeﬁndkebhégﬁdBQEEr@Be(ﬁoﬂr,”ﬁhdwﬁieaﬁqSEure was
dropwi se over one hour, and the mxture was allowed

alflowedacb weder uaHkuxreendikt ceRA1LILNY. 2oROWN S
Subsequent |y, sodi um carbonate (0.06ng)§8PsgdﬁvgauFﬁ'

SulvatgnentQy4 sbYivwamscagdedate Rb@OGGQ?tEQ@sghﬁkﬁrQn Rter
the resultant m xture, a solution of the

(014t mheneaat addedendr iher rbacghoa magkdrder ivating £9sd1tant
g) represented by fornula (14) dissolved
mixture, a solution of the lst-generation dendrimer boronie
acid derivative (0,7 g) represented by formula (14) dissolved
in tetrahydrofuran (8.4 mL) was added dropwise over one hour,
and the mixture was allowed to react under reflux conditions
for four hours. After completion of reaction, the reaction
mixture was cooled to room temperature, and water (20 mlL) was
added thereto. The resultant reactlon mixture was subjected
to extraction with chloroform, and the formed organic layer
was washed with water. The crganlec layer was dried over
sodium sulfate, and the solvent was distilled off under
reduced pressure, to thereby yield a crude produet, The
crude product was subjected to isolation/purification through
column chromatography (packing material: Sllicagel €0
(product of Merck), elue;t: methylene chloride/n-hexane) and

then recrystalliéed from chloroforxm, to thereby yield 1,01 g

of the target product, a lst-generation, 3-branched dendrimer
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in tetrahydrofuran (8.4 nL) was added dropw se over
one hour, and the mxture was allowed to react under
reflux conditions for four hours. After conpletion of
reaction, the reaction mxture was cooled to room
tenperature and water (20 nL) was added thereto. The

Biet JEULSH R oGy ong TRe FoPhEdvaeqsAReimed to
bed %@amve 8 e R A H%rts%%?»i;&r%e%é;ddnmn of
oot 3ol SRS AR vase
T G I R R I A
CO(‘I@ .Qr.'ﬂﬁé t/f@ Mat'i’l%k)f’ac%l l‘!;%[%ht tﬁﬁ%t hﬁ ﬁ{@ ?Pfgar*@oﬁ?incides

chlorl exane) and en'recrys

withl ehekoL® +hQ g%rd%@(: g %gh Q‘.:l’l %'fo theﬂt‘tﬁ.@ et§12<Suzuki

product, a Ist-generation, ranc

coﬁﬁéﬁﬁgy%bkoﬂhiﬁbengyb%lgi 200/ 119 ?J%E%nwa%ﬁgiticn of

confirmed to “be“enhance rou R cont I nuous

orgahebmbbken! cadgiolindn nehk: 1Q+GIM:IE Q%&PQ Reynd and . .

intermttent addition of base cataly e structdre

catblybe>obha red PREYUEHWAKo1GRRMILR
tha? the 1H NVR SpectruﬁlcanC|degrn%% %ﬁQHg%H§ ngtained

thpboghc GPChr eufgi&h@h%a&f;@&eﬁa&tdu@&e@lﬁéwi&'oln%%@' H:B%se of
not enploying continuous/intermttent addition of

ther gédpremeatapnednpaeddctQr intermttent addition of

base catalyst> and the fact that nol ecul ar wei ght

val ues (obtained through GPC) of the target product

al nost coi nci de those of
Industrial Applicability

Since the production method of the present invention is

based on the "convergent method," which does not ragquire
excesslve amcunts of starting materizls and facilitates
purification of synthesis intermediates, a high-purity
dendrimexr having no defects can be synthesized at high
efficiency. Therefore, a novel dendrimerx having & thienylene
moiety, which is a promising useful polymer material for
producing a variety of high-function materials in the fields

of chemlstry, pharmaceuticals, electronic materials, etc.,

can be provided, -
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the aforenenti oned product. Industrial Applicability
Since the production nethod of the present invention
is based on the "convergent nethod," which does not
require excessive anmobunts of starting materials and
facilitates - purification of synthesis internediates,
a high-purity dendriner hﬁiin no defects can be
synt hesi zed at high effic ﬁé@? Therefore, a novel
dendri mer having a thienylene noiety, which is a
prom sing useful polynmer material for producing a

vari Ly 0hdudl TRC AR ala e s O

chem stry, arnmaceuti cal s ectr

e R e B R hpa R R gl arpeta (1)

Produci ng a avi g a

ariéDiyn W %ﬂt?airrfsoraesﬂﬁrifeeaq: .l%yo{%ﬁgi%f(%]%qiﬁﬁae\r@ice%ylene

contains a linear portion inc

mOTtS) AN BRI BRI FIMIPG Oler BN AN Y

substituted trival ént organic group, the

suRRSAt Lt (e GORKY G TRl : é;tpce,gac{haeggrﬁe@h%%d kjellr}gcp%tased

the nethod conprises reacti convertin

onC:heo JYdnvat el @@thodf dHag-aldHeQRReRe 1h nchfa‘{f 't?xe method
t hi enyl ene-noi ety-contai ning conmpound (a) for formng

CORMPC 1HRise IR tHGrAR 3 11V S 19T eYor 1 0 MN4819068 5 o gan
Suzuki cross-coupling react-lon, to theréby orm
o £ Gigo wind ofplbener eatly @F 3t & 1209l eHPIRG S RnTRATRAW
compound (a) for forming end moieties to an active group Vi
which undergoes Suzuki cross-coupling reaction, to thereby
form compound (b); reaction step 2 of subjecting a compound
{c) to Suzuki cross—coupling reaction with the compound (b},
to thereby yield compound (d), the compound (o) having a
linear portion and a branch portion Y and having, at the
branch portion Y, two active groups Vi which underge Suzuki
cross-coupling reaction with the active group Vi; reaction
step 3 of converting o-position hydrogen of the thiophene
ring of the thus-formed compound te an active group Vi which
undergoes Suzuki cross~coupling reactlon, and reacting the
compound (c) with the active group Vi, to thereby form a
dendron of a subseguent generation; and a step of repeating
the reaction step 3 in accordance with needs, to thereby form

a dendrimer:

84



(c) to Suzuki cross-coupling reaction with the
conpound (b), to thereby yield conpound (d), the
compound (a) having a |linear portion and a branch
portion Y and having, at the branch portion Y, two
active groups V2 whi ch undergo Suzuki cross-coupling
reaction wwth the active group VI; reaction step 3 of
converting g -position h qrsgen of the thiophene ring
rme nd to an active group Vi
Suzuki cMNQss-coupling reaction, and
onpound, (c) with the active group VI,
dendron of a subsequent generati on;
peating the ﬁzaction step 3 in

eds, to they'eby form a dendriner:
84 (1) Y14W m(a) (c) Yl4w Il m1 R2 (Werein Z
represents a single bond or an optionally substituted

H]“ val erg orgaﬁi c ou e\&a ing no active group; 85 each
0 an S Sel1ec mom anong a hydrogen at om
an | kyl /f/gr oup, and an dl koxy group; Y represents an

opti substituted trivalent organic group; Y1 is
i de o Y or
R] Ry (a)

Vi S z—v1—}w ] m

R R, (b)
Va2
H S z——-v<
\/ V2
R ; RZ (c)

S ZF‘J{f+VV]m

\ /

Ho 8. 7—y R R,
<
(R (

R{ Ry

(wherein Z represents a single bond or an optionally

substituted divalent organic group having no active group;
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represents an organi c group having a skel eton
identical to that of Y, Wnay be absent or represents
an optionally substituted nonoval ent organic group
havi ng no active group; mis an integer of O or nore;
and each of V1 and V2 serving as active groups is

ca}fl &% zadu%fzﬁms“fe% PR L e e o, o
It 3 0 S b e s B S ome
su%%ﬁ%gﬁe&é%rﬁ%&% ntd fr;g%rﬂlgcm%ﬁf %Ié)lr’oyﬂng g%ﬁgﬁb‘%fg?dto Y or
ret ?%g?ggf|§90° apchg%f a&ﬁp@ﬂ% séﬁéega@h eth l’to
thg%cﬁgéﬁpCﬂgﬁ§92bgcﬁﬁéﬁﬁ¥)orKrep%es%nis an opHionally
substltuted monovalent organic group having no active group;
m is an integer of 0 or more; and each of Vi and V; sexrving
as active groups is selected from active groups which undergo
Suzuki cross-coupling reaction, Vi and Vz being able to be
mutually cross—coupled).

2. A method for producing a dendrimer according to
claim 1, wherein the active group V: is selected from the
following group 1 and the active group V; is selected from

the following group 2.

' Group 1
BioH o CHg
—B(C
(OH), B 0H3
0 CHj
—B(CR); CHg
R = methyl, ethyl, Isopropyl, or butyl
-0 —=0),
GH30H3
—_ "-*B
?H-?H-CHG
CHz CHg

group 2
Cl, Br, I, 0S0:(CkFaks1)

K=1 to 4
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B V2 is selected from86 3. A nmethod for producing a
dendrinmer according to claim1, wherein the active
group V1 is selected fromthe follow ng group 3 and
the active group V2 is selected from the foll ow ng
group 4, group 3 d, 9r r Goup 4 -B(OH)2 _,B(OR) 2

" W e o SRR or Uty 10 B 10
di f | ai 1t
= mmﬁg'r@?“‘—‘afedlﬁpdﬁ% Al e Bradunslesead Fromehe
t { h '
Sl %%oguh e B Fin St (i BngRa S5 ganEsom

tHRPE 1 £ gradual Iy added in a continuous or
Intermtte na ner to a reaction system contai ni ng
t he ot her counterpart
group 3

Cl, Br, I

"Group 4

~~B{OR)y
R = methyl, ethyl, isopropyi, or butyl

CHy
O
_B’ CHy
‘b CH3
Ha
0
i ~40)
O 2
CHg CHa
—_ —8
“GH~CH=GH,
Hs CHg

*

4. A method for producing a dendrimer according to any
of claims 1 to 3, wherein, in the case where a compound used
in the Suzukl cross-coupling rezction is a thiophene organic
boron compound  containing boren, the thiophene organic boron
compound is gradually added in a continuous or intermittent
manner to a reaction gystem containing the other counterpart

compound, thereby performing Suzuki cross-coupling reaction.
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conpound, thereby perform ng Suzuki cross-coupling

reaction. 87 5. A nethod for producing a dendriner

according to any of clains | to 4, which further

i ncludes a reaction step of converting a-position

hydrogen of the thiophene ring of a conpound (e)

prodyiceq h singl r.:repeatedly .carryin qut

t he react%%%gggég%i 5&%@%ﬁ%f€ed§P€éﬁm&£ qﬁé%@%ﬁ%b$° any
off MW LAMUND (f)s; ctjon step of reactin

the conpound (f) Hvﬁct}ﬁrbg’l.&c%eﬁf‘goll?nc “(CE = i $RF PR step of
cos®iad $ &, n b ereby faqrm a conpound .

rep?r édg'glr??ed_%t?;sqf orcrl;luIhgﬁl%g.t&nb{alff %ﬁelaﬁ‘ﬁ 8PS _Ting \pf a
colpoul@ (&)Y brodiddd AW b X g d1Vd ;

(2) Yi MIlﬁﬁr(WMerein Y5&¥e5}eégﬂyé&é?%ﬁ%égégﬁy carrying
outy @hR Ge@cOURn MY I AR active group Vi, to thereby

form a compound (f); and a reaction step of reacting the
compound (f) with a compound (g) having Y. serving as & core,

to thereby form a compound represented by formula (2):

¢ S ) Z——v—fw | ~

Rl R,
(e)
s
<) z—v,—~fw ]m
R R,
s
(e,
V4 S , y 1 Rz
\ 4 - ®
MR \s/\ z—v—fw |
RY R,

Yo—iVa | (@)
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integer of 1 or nore). 6. A conpound serving as a
bui I di ng bl ock enployed in a nethod for producing a
dendrimer on the basis of a convergent nethod, the
dendri mer having a structural repeating unit including
a thienylene noiety, characterized in that the
conpgund is represented by formula (1-1): v3 a R4
(wherlein p is an integer of 1 to 10; each of R3 and |R4
is delected fromanong a Qydr iﬂﬂLvﬁi-ﬁ| yl
group, and an al koxy group pis 2te 10imR3 and

R4 i t hi enyl ene repeating unit nay|.
qu om gach,, r, an%2 V3 is selected frlom

t he f Joroup 5) Goup 5 C, Br, 1, (2)

oso2 -1to 4 -S(OR)2 R - nethyl|,

et hyl or butyl LlLQk?_hﬂT+C}+C}B

6H3 6H3 - dm

] 2 r

(whereln Y; represents an r-valent organic group, and r is an
integer of 1 or more).

6. g compound serving as a building block employed in a
method for producing a dendrimer on the basis of a convergent
method, the dendrimer having a structural repeating unit
including & thienylene moiety, characterized in that the

compound is represented by Fformula (I-1):

=

Vy
) (-1}
Vs

(wherein p is an integer of 1 to 10; ea;h of R; and Rq is
selected from among & hydrogen atom, an alkyl group, and an
alkoxry group; when p 48 2 to 10, R; and Rs in each thienylene
structural repeating unit may be different from each other:

and V3 is selected from the following group 5).
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7. A conpound characterized by being represented by
formula (1-2) (1-2) (wherein each of $1 to S3, which
may be identical to or different fromeach other, is
an integer of 1 to 10; each of R5 to Ric is selected
from anong a hydrogen atom an al kyl group, and an
Grdue®xy group, and RS to RIO in each thienylene 90
structural repeating unit may be different from one

mrﬁ:th@soz(amk+\(p is selected fromthe followi ng group
u@clg , Sr, 1 -B(OH)2 - B(OR 2 R = net hyl,
ropyl, or butyl 8. A CH3 CH3 CH3 -0 CH3

eth
2CH-CH-CH3 -B'CHCH CH3 CH3 CH3

—B{OR),
R = methyl, ethyl, Isopropyl, or butyl

CHg

-q:::

Hs
o]

<1 ~O
o 2

CHy CHy
n-dr-cn,
— —8/
CH-CH-CHj{
H3 CHy

7. A compound characterized by being represented by

formula (I-2);

(I-2)

(wherein each of 81 to 83, which may be identical to or
different from each other, is an integer of 1 to 10: each of
Rs to Rip 18 selected from among a hydrogen atom, an alkyl

group, and an alkoxy group, and Rs to Ryp in each thienylene
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conmpound characterized by being represented by formula
(I--3) (z-3) (wherein each of g is an integer of 1 to
10; when g is 2 to 10, R11 and R12 in each thienyl ene
repeating unit may be different fromeach other; and
V5 is selected fromthe 91 following group 7). G oup
7 H, Cl, Br, S(OH2 -B(OR2 R = nethyl, ethyl,
SHUGHGAL | %ﬁeﬁﬁhﬁﬂ Wit may Rf/dxﬁtﬁnnnﬁji;qm{pupcaﬂbther-
CH3 ' 3 CFI3 -B 9. A nethod
aﬁ%j§4pﬁ8dﬁgrﬁ§tsdt%?Saheﬁe ésﬁéeuaeg 58PPI 6) ng

ch&id @r m ng Suzuki cross-coupling reaction between

Cl, Br, |
—B(OH),
~-B{OR),
R = methyl, ethyl, Isopropyl, or butyl
CHs
__Blo CH3
\0 CH3
O
<13 —
o} 2
CHaCHa
—B —a]
“CH-CH-CHy
&Ha CHg

8. A compound charxacterized by being represented by

formula (I-3):

(wherein each of q is an integer of 1 to 10; when g 1ls 2 to
10, Rii and Riz in each thienylene repeating unit may bhe

different from each other; and Vs is selected from the
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a t hi ophene organic boron conmpound and a reactive
conpound, to thereby form a thiophene conpound,
characterized in that the thiophene organic boron
conmpound is gradually added in a continuous or
intermttent manner to a reaction system containing
t : j C ound, thereby perform ng Suzuki
fcgpggéﬁgﬁgg%ﬁ'nqueaction. 10, A nmethod for producing a
Giddpgphene conpound according to claim9, wherein the
t hi ophene organi ¢c boron conpound has an active group
N@eCisBrdcted fromthe following group | and the
reacti ve conpound has an active group V7 selected
+eoopyy he fol lowing group 2. 92 CH3 R - nethyl, ethyl,
Is&gropyl, or butyl -B CH3 CH3 | -BeCH CH CH3
Ret CH3 CH3 CHB group 2 d, Br, T, OS2 (CkF2k+z)
K R 4 nmethyl, &Ryl, isopropyl, or butyi

CHa
Q
____B/ CHa
\0 CHjy
CH,
10 \
'_B\:I::j __&-€<::>)
o 2
G
CH=-CH~CH
“CH-CH-CH,
Hsy CH4

9. A method for producing a thiophene compound
comprising performing Suzukil cross—coupling reaction between
a thiophene organic boron compound and a reactive compound,
to thereby form a thiophene compound, characterized in that
the thiophene organic boron compound is gradually added in a
continuous or intermittent manner to a reaction system
containing the reactive compound, thereby performing Suzuki
¢rosa~coupling reaction.

10. A method for producing a thiophene compound
according to claim 9, wherein the thiophene organic boron
compound has an active group V¢ selected from the following
group 1 and the reactlve compound has an active group Vs

gelected from the following group 2.

g2



' Group 1

CHs

~~B(OH}, P~ ch,
-—-’B\o CHa

—B(CR)g CHy

R = methyl, ethyl, isopropyl, or butyl

<0 ~0)

| CH3 GH,
|
CH~CH-CH4

-1 -—-B:
CH-CH-CHy
GHg GHg

group 2
Cl, Br, I, OS0z(CyFars1)

K=1+to 4
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