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method for producing a thiophene compound.

Background Art

Dendritic polymers, having a highly branched structure,
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 a
regularly controlled branching structure. Generally, a
dendrimer has a radially and regularly branching structure in
which polymer chains 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.
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are of interest for various applications. In this
connection, extensive studies have been carried out
to inpart new functions to the polyner through
i ntroduction of a variety of functional groups into
end noieties serving as outer cores and a core
serving as a center portion. In contrast, a _ _
chhypetbrasehed fealtymers s astorenctmime r rigyll e 1309 oieycosity,
than that of a dendriner and exhibits a w de .
highskobilhptiilamryi,n aner reno rgfhavs eciivare weinghtthgre properties
branchi ng degree. Among nethods for synthesizing .
ardendr iihite feelity fers vatimre dmvel deeioksowdn Hdiis connection,
“di vergent nethod” in which branches are successively
ex@xhended sfruames frecad EeEmtcaorriged corte;tq hignpart new
"convergent method" in which branching units for .
fubertiong hroaridte gudymere Wusodsiine 50 derinket ff ahdvehkety of
thus- connected units are finally bonded to a foca
fupeitiorarl grooure;irgrd edl MTididersais ol By @S outer cores
pol yfunctional nononer of AB2 type (A and B are
aniutaualdne rseacting furktdsHRT @oitpsIl. AbrPHaRt, 2
sel f-condensati on of a polyfunctional nononmer of AB2
hytpyed des ey Gyddfor hamtHesi ¢ Weg hypey baht hgglower than
polymers exhibiting a nolecular weight distribution,
thati logf tehalerndii e gemd estihide tam WEdRvet YEREPHEEABgER terms
are enpl oyed for synthesizing dendrinmers having .
ofvimaledylam witiafite Frfd RIARFHIRE §PETThe "di vergent
nmet hod" has sone drawbacks. That is, the nunber of
t he ARRg MRS FPHNSYRERGF hEiRE FBACEFGAC 88%{{“&“'
i ncreases as the generation nunber incgga es, th regy
thenrlingre ReRhgiRdfecte ahtVekeesti v8 ﬁ% nt® #fic
reaction 2 reagents, are required sp as to_preyent.
bRt Ehas f%ﬁraﬁ%?ﬁssrhve%%nﬁ‘%%?‘?e?hgm‘BoﬁvEBaént Bbint or a

cgggfugkeI§c§§¥§¥gg§€qggthgg@tihSWhich branching units for

forming branch ends are successively connected and the thus-
connected 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 polyfunctional monomer of
AB, type is employed for synthesizing hyperbranched polymers
exhibiting a molecular weight distribution, while the
"divergent method" and "convergent method" are employed for
synthesizing dendrimers having virtually a single molecular
weight. The "divergent method" has some drawbacks. That 1is,
the number of the outermost positions serving as reaction
points increases as the generation number increases, thereby

readily forming defects, and excessive amounts of reaction



the nethod is remarkably effective neans for
synthesizing, wth high efficiency, a high-purity
dendri mer having no defects, fromthe viewoint of no
requi renent for excessive anounts of starting
materials and easiness of purification of synthesis
internmedi ates (see J. M J. Frechet et al.; Chem
reBRepenth0hre33EQRE8EH (ROGE) )to Prawins didgovwprmation. In
repeating structures of the dendriners synthesized _
conttrasgh tihe dfcnmeresrgdronere thashl dryerdvanigagrpies . That is,
i nclude polyaryl ether, polyaryl-alkyl ene, o
theomearhyldenes, peoiariadily exffegctipn yeednal kehesynthesizing,
pol yam de, and pol ycarbonate. Specific exanples,
 wiithc lhidgn Ed fibsrendy etehdrighpolsiptierderdielmer having no
pol yphenyl ene-vi nyl ene, and pol yphenyl acetyl ene. )
delBendrs ,nefromitite havevro el | @f ynofredyieenems for excessive
accordance with the conbination of a core écenter, ,
amporticon)f vk i@t Uit erardreajinemy eepeatihycation of
structures for formng an inner skel eton. Thus tge
syrepesting steurediated Rerird néfs §s Breshefcaf fdct ofhem-
for determ ning characteristics of a functiona
Revat érflal , 3&R38her e2QP¥®),) furt her new candi dates of
the structure and an effective sgnthesis ne%h H
t heriBtampee KB HehBPAIREI VeShRFFBESENP ng €ne
noi eti es, having excellent electri

_ . roperties.apd N
dendapingns I Heeeli e FREProlnthe aﬁ%ﬁﬁm%lﬁmad. agonvergen
base structures of conductive n-conjugate ol ymers
metiP | i erreide PHLYMEY i etiehs e%ﬁaﬁ??@ﬁ%ﬁﬁ%,
there has been reported _a dendr]

nmer__hayjng _an .

DRI a- 1% LEY LeF EF B scr ot Mo Eee LiBdre pebnpRide, and
p%ﬁ%&%ﬁggﬁéig)t?ien{fi%ﬁé&{ﬁ%fﬁgWQAghéiee%gh§ggfg§fsether,
polyphenylene, polyphenylene-vinylene, and
polyphenylacetylene. Dendrimers will have a variety of
functions in accordance with the combination of a core
(center portion), end moieties (outer cores), and repeating
structures for forming an inner skeleton. Thus, the
repeating structure of dendrimers is a critical factor for
determininé 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 m-conjugated
polymers and oligomers. In the field of dendritic polymers,

there has been reported a dendrimer having an oligothibphene



Frechet et al.; J. Am Chem Soc., 120, 10990-10991
(1998) and J. Og. Chem, 63, 5675-5679 (1998)).
Anmong dendrinmers having thienylene noieties in the
repeating units (including synthesis nethods
therefor), a dendrinmer having structural repeating
units formed exclusively of a thenylene structure is
s et se s d1seeng Guian] ¢ar e bcentat . poOrgan) candt thisnyl
2002, Vol . 4, No. 12, 2067-2070)). The above
gyudhesd sy ivet heowl érsd andypeies Couver gepreshethed dn M. J.
whi ch the generation of the dendrinmer is increased
Fidrloeghe &ra hnard. risactCloemorSSti | | 82¢oupPPRg—1LABEI 6A298)
Wien Gignard reaction is enployed, the reaction
ampt oteedhsy r aphethy, @hd X0 hee 9 cal$98) haki ng
tenperature control in industrial production thereof
di f fAmohg . déndaiiters onavingottéeny denenhaneéipseld &he
the synthesis, rigorous control of water. content in
répeat bagtinhtsy steel ndivgseyrthesishpsthpfs therefor), a
Gignard-reaction-based nethod is unsuitable for
dé¢mdyimer ahavipy oslbee ¢ brra WhERPSRELNE BBLUBFI A§TMELcti on
is enployed, a highly-toxic organotin conmpound nust
edeluside lvnaf aa skhere e@%o&?fﬂéﬁgwénlﬂ dpsraopeduilres
to enhance synthesis yield. Thus, the Stille
Cloami 1 mgXbased @bt hodrganafsbetirgnpt abPe f¥pLl- 4, No. 12,
| arge-scal e production. In the aforenmentioned
2¢ohveP géht - met hod, buil ding bl ocks serving as branch
portions of repeating units are fornmed excl usively of
2, 3-THRbRBABENFBPhBRELSt REFBRY REnft THES RE FORTARAR
structure. 4 Except for the aforenenti,oned,dendri nmers d
nABIPRGLE VBT ehaC SREFEEDROB Pt UPaRePapelEing SunrEe e

and synthesi s nethods . . .
throug% Grignard reaction or Stille coupling reaction. When

Grignard reaction is employed, the reaction proceeds rapidly
and exothermically, making temperature 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
érignard—reaction—based method is unsuitable for large-scale
production. When Stille coupling reaction is employed, a
highly-toxic organotin compound must be used, and a severe
deoxygenation step is required to enhance synthesis yield.
Thus, the Stille coupling-based method is aiso unsuitabie for
large-scale production. In the aforementioned convergent
method, building blocks serving as branch portions of
repeating units are formed exclusively of 2,3-

dibromothiophene, thereby limiting the dendritic structure.



therefor, no other such dendriners and synthesis
nmet hods therefor have been known. Japanese Patent No..
3,074,277 discl oses a hyperbranched polymer having
t hi enyl ene-phenyl ene units serving as structura
repeating units. However, since the polyner is
produced t hrough polynerlzatlon based on Gignard
Exfoeqat ifar, Hiieghd §o reagpn witceted ragredt imer stharcing eshierhlene
as those possessed by dendriners cannot be provided. '
s KEertefrorse; rudie mednporpreskst Syt bkt v eand t $iyotlghs $ henethods
G i gnard-based nethod exhibit a broad nol ecul ar
thairstfid hutricoro tiveof i dush aderodbnivesits omad gt ihesbs methods
exhibit, and functional groups are introduced at
thenuﬁmnihavrzbeﬂneanWEnter noi ety) and end noieties
(outer end portions), thereby failing to inpart
desiJaghrifesetPament oNe he3 pof §n?é. disrsepesupehpperhganched
Invention In view of the foregoing, an object of the
pairesenthay imenth ieny keno- phovy Hena wethodsepying as
produci ng a novel dendriner having a thlenylene
stmiatyran teredains Wilthe "convergent nethod," the
met hod enabling to synthesize the dendriner haV|n
f ew Hefeces, af Imeghehe PPl CPeRCYS HradueeﬁpEPaPPgel y
si npl e manner. Another object of the |nvent|on [
Prove ez at 1 | RRFRA PRk £SRpEUnEc2 Akt @R or b 1@% reg‘ﬂated
anot her object of the inventionis to rOV|de a od
rﬁRﬁatkﬂqKﬁkﬁWEF%F$%l%%%%n%scBh%%%nHOSBe?ﬁ% pP%s@ﬁPdrlmers

i nventors have found that_ a novel dendrine haV|n & od
catahe Rr ey c I FE LHR hddtS PP Y 1ze
téég;qéqugr fﬂénggéhggsed me%gogrov gg§ta dgggganﬁolecular

distribution profile, as conventional polymers exhibit, and
functional groups are introduced at random into a core
(center moiety) and end moieties (outer 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 moiety on the basis of the
"convergent method," the method enabling to synthesize the
dendrimer having few defects at higher efficiency in a
comparatively simple manner. Another object of the invention
is to provide a building block compound therefor. Still
another object of the invention is to provide a method for

producing a thiophene compound.



few defects with high efficiency, through repeated
enpl oynent of reaction steps including converting
a-position hydrogen of the thiophene ring to an
active group and linking the active group to another
conpound vi a Suzuki cross-coupling reaction. The
present invention has been acconplished on the basis
of tthe piradémy. idhentdos enenei Soeddptbbteasnbmed| deddrimer
in Gignard reaction and Stille coupling reaction can
hdeing o vigdi ¢y Dergd remix oy neant bé §M1Ukesczedsonoubelthls of
reaction. Conventionally, the "convergent nethod"
thacl agese prave dierghad , burh démgobdotdehayi agndwpmer having
nore reactive groups and one nmasked reactive group;
f @a e frerc g owipsh sket gh ngf fisc eamicypi ehrewghofeppated employment
dendrinmer to react with the buil di ng bl ock;
o flepsptecsn ngrépe eskedingacohvergingpi-poditaasi hydrogen
anot her conpound to react with the buil ding bl ock.
o Hovtew eth i ¢ pieenaboieg charact ect red gronpdanfl thaking the
present invention is an advantageous nethod and is
adifterentup rom ahetbenvesnponadl vigofverléncrasshequpling
in that reaction steps are sinplified by elimnpatin
readsii ng ﬁt@mréﬁﬁlfprléwﬁtl}qwé?ﬁsor%e?fav%c%ﬂ%ll-‘F]é%f%don the
that, in Suzuki cross-coupling reaction, a thiophene
bas Han £ Pot onf tedboand %l%@@%@f@%ﬁﬁ?%ﬁﬂﬁ% involved
group serving as an active group is gradual ly added
inGrigontdnoeastior aRdePhilientonBALBY £B25TAERCCRENDPE
system containing a reactive conpound having_a
selived i tlepegl cegPlowaeREePT SYERKLnGragsSacPERLtPgn reaction.
counterpart, mhereby deconposi tion of 6 the thi opheng
Comgamt £omat by, cBRPOlLIAGNEARIBRE pREVRAES dlnCQ—HQPébg’rOVldlng a
enhancing the yield of the dendrinmer. The present
b?h%%h%go?lﬁQE %%%hnﬁcEﬂﬁpPFsﬂgaeaF§8¢6ﬁVFh TEHRSs aGF one

this
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 cross—-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 system containing a
reactive compound having a substituent (e.g., halogen)

serving as a reaction counterpart, whereby decomposition of



finding. Through enpl oynent of the above addition
met hod along with the aforenenti oned net hod for
produci ng a dendrinmer on the basis of the "convergent
met hod” in conbination, synthesis yield of a
dendrinmer can further be enhanced. Accordingly, a
first node of the present invention provides a nethod
thiok hpoptietien @ rayathaed idarem heonpugired Gt et wprgvented,
repeating unit which is represented by fornula (1)
thakébwhictihaterina nhea Yiialehrofportte atendwingli ng The present
thienylene noiety and a branch portion Y formed of an
inephitdoal has Seest idadet tirdhed ents@repaniiee geaps hethis
met hod bei ng based on the convergent nethod,
f iclidmact eThzedghnempabytes tmetthsdie edepe Selslirtdaay imsihod
step 1 of converting a-position hydrogen of the
aliomigo phienre theng: fofr emarhi iema @ rmee i@t §oe oA wE g 2
conpound (a) for forming end noieties to an active
degraoimey?, omtiteh hawdey goestisuZidenee g eowprieg” 1n
reaction, to thereby formconpound (b); reaction step
cobdfnasuifsjrects vt le sionpovmed ¢£)a tdemipiRer can further be
cross-coupling reaction with the conmpound (b), to
ertheerasdsl. yi el d conpound (d), the compound (c) having a
linear portion and a branch portion Y and having, at
t he Adraringly t i dnf YrsEviBedet PHethPoBpeS B tWARERDELOD
undergo Suzuki cross-coupling reaction with the
preotides gr oigrhad FRa@TRUCERSp? 3ABRIEHRGEr ERHGRY 2@
a- posi ti on hydrogen of the thi ophene ri%g of %he 1 1
s MBI e ROHp O R b A ek | v8 GPRERSSA tRAi R Formula (1)
under goes Suzuki cross-coupling, reaction, and_reactin
aricharh GONRAINER {9 i } HREHE BREFYEn giBGL AR 8 ERGPEByene
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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 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 (c) haying a
linear portion and a branch portion Y and having, at the
branch portion Y, two active groups Vz which undergo Suzuki
cross-coupling reaction with the active group Vi; reaction
step 3 of converting a-position hydrogen of the thiophene

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



the reaction step 3 in accordance with needs, to

thereby form a dendriner: SZ .Y R R2ZHSZY 4WI

M 1R (a) V, SZ-Y, 4wl m 9 (b) R RV2 HSZMW

V2 R RR8S ZY) 4wm HS Z-YR ZFR 2 S S (d) Z~

Z-Y14AW MR R2 R R2 (wherein Z represents a single

bond or an optionally substituted dival ent organic
unge@yp ebagiuagkio cactsisveogrdumy  neRe ish Ranghd REipg the

sel ected fromanong a hydrogen atom an al kyl group,
coapduad Alckowy thr dlye; a¥tiemsr @smnts Van &pt ithgarby form a

substituted trivalent organic group; Y] is identical ,
dehdr¥nobf e pudbseniusndn gemgnd td gy odnhayisieh skl 1n9

identical to that of Y, Wmy be absent or represents
then repidtdoal Isfkep 3 in accordance with needs, to thereby form

a dendrimer:
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substituted nonoval ent organi c group having no active
group; mis an integer of O or nore; and each of V,
and V2 serving as active groups is selected from
active groups which undergo Suzuki cross-coupling
reaction, V, and V2 being able to be nutually
cross-coupl ed). A second node of the present invention
is dramn to a speci$ic EHbV¢$V$hﬁ of the nethod for
producing a dendr) of the first node, wherein the
active group V, ected fromthe follow ng group
1 and the actiVer is selected fromthe
Hfollsovmrzg_groupz 9 Goup 13 -B(OH)2 -B/ 0 H3

met hyl hyl , |€opropyl, or
.0 z»—mefw} YBa) -B
gfoup 2 d, Br, I, OS02
( _ _ third node of the present
invention is dragy’'to aR,specific enbodlnent of the
met hod for producing a dendrlner

(wherein Z represents a single bond or an optionally

substituted divalent organic group having no active group;
each of R; and R, is selected from among a hydrogen atom, an
alkyl group, and an alkoxy group; Y represents an optionally
substituted trivalent organic group; Y: is identical to Y or
represents an organic group having a skeleton identical to
that of Y; W may be absent or represents an optionally
substituted monovalent organic group having no active group;
m is an integer of 0 or more; and each of Vi and V; serving
as active groups is selected from active groups which undergo
Suzuki cross—coupling reaction, Vi and V; being able to be
mutually cross-coupled).

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

selected from the following group 2.



of the first node, wherein the active group V, is
selected fromthe following group 3 and the active
group V2 is selected fromthe follow ng group 4.
group 3 d, Br, I 10 Goup 4 -B(OH2 -B(OR2 R =
nmet hyl , ethyl, isopropyl, or butyl -B/ 0 j;3 H3 CH3

~0CH3 -B/011~-B 1& \0:0 -0)2 CH3CH3 | | -B -B
gobpW i _L;"3 \CHCHCH | I CH3 C13 A fourth node
of the present invention j.§ drawmn to a specific

g_n%igg}zrrent of the methag_fot producing a dendriner of
an the first to third[Hidées, wherein, in the case
where a conpound used i\ (easuzuki cross-coupl i ng
reB@Rizon is a thi ophene SHgani c boron conpound
cont ai ni ng boron, the

R = methyl, ethyl, isopropyl, or butyl

-0 ~HO),

Gragrs
_CH-CH-CHs
—B —B
\CI:H-Cle-CH;;
CH3CHs

group 2

Cl, Br, I, 0OSO2(CxFak+1)

K=1 to 4

A third mode of the present invention 1s drawn to a

specific embodiment of the method for producing a dendrimer

of the first mode, wherein the active group Vi is selected

from the following group 3 and the active group Vi is

selected from the following group 4.

group 3

Ccl, Br, I
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t hi ophene organi c boron conpound is gradually added in
a continuous or intermttent manner to a reaction
system containing the other counterpart conpound,
thereby performng Suzu ki cross-coupling reaction. A
fifth node of the present invention is drawn to a
' speci fic enbodi nent of the method for producing a
Gesapdr i ner  of any of the first to fourth nodes, which
further includes a reaction step of converting
-aBds ti on hydrogen of the thiophene ring of a
compound (e) produced through singly or repeatedly
J;Eé%lng out the reaction step 3 to an active group
VI, t'® thereby forma co nd (f) ; and a reaction
ste_B=Blethyéeﬁf’PX"dﬁoﬁrH@y'cQTMnd (f) with a conpound (g)
having Y2 serving as a core, to thereby forma
conpougH; represented by formula (2): S Nh Z-Y] -+W
Z-YY CI_||—|3---(- \ ~SS R~R2 R RSZYl4w R R2 S
-ZBYJ-Bvweh. MV, 2 SR ~/ Z-YR R2 S~ Z-Yj --+WRi
R2 CF{+\72 rw

0 +O),

Gt g
CH-CH-~CHy
—B ——B\
(IDH—CI:H—CH;;
CH; CH3

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 cross-coupling reaction
is a thiophene organic boron compound containing boron, the
thiophene organic boron compound is gradually added in a
continuous or intermittent manner to a reaction system
containing the other counterpart compound, 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-position hydrogen of the

thiophene ring of a compound (e) produced through singly or

repeatedly carrying out the reaction step 3 to an active

11



S N-Z-YI+wMY2 S Z-YRL R (2) R R2\S ZY +W

IMRL R2 r (wherein Y2 represents an r-val ent organic

group, and r is an integer of 1 or nore). 12 A sixth

node of the present invention provides a conpound

serving as a building block enployed in a nethod for

produci ng a dendrinmer on the basis of a convergent
gueeichod, tbheéhdertyi Wermhayicegreuid udbur &nd épeadig-on step

unit including a thienylene noiety, characterized in
oft hatadthieng dripo uwrngaand epfesehtleds byompewad a(g) -h3ving Yo

HSp 1Z p R3R4 V3 (whereinpis an integer of 1 to
selfireacds &f R¥andRithereky| feted f ¢oApawpfgrapresented by

hydrogen atom an al kyl group, and an al koxy group;
fodMmerleg (P 2 to 10, R3 and R4 in each thienylene

structural repeating unit ray be different from each

other; and V3 is selxct he—fYai—i-[dW }1"9 group 5.
Goup 54, Br, 1, OS0 k,l) K=11to 4

H s R4 Ry
\ ) Z—Y.
R4 Ro \S/ Z—-—Y1—{—W ]m
R R,

S\
\ /

Vi s R Ry
W z—YX (f)
R4 Ry \S/ Z——Y1—-[-W ]m
R} Ry

Yo—V, | ] (9)

Ly |

(e)

Z—Y, le]m

\S/ _ Z_—Y1—{—W ]m
/ S Ry Ry
Yy \ )(_/(—z——v
R Ry M‘Z_n _[__W ]m
R4 Rz

L— —

()

r

(wherein Y, represents an r-valent organic group, and r 1s an

integer of 1 or more).
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-B(OH)2 -B(OR2 R = nethyl, ethyl, isopropyl, or
butyl ¢cH3 -B/ OCH3 \ OCH3 CH3 -B/ 0. | --"z -B
1101 \0:0 0)2 CH3CH3 -BQ -B CH&CH3 \CHCHCH3 I
| CH3CH3 13 A seventh node of the present invention
provides a conpound characterized by being
represented by formula (1-2): SV4 HSR/I RS2 R5 R
S, @ WixtR mellq wiferdie perdet S1ventisy mEPekIemy be
identical to or different fromeach other, is an
comploagelr sefrvinigo ak0;a éadh difng RELaak Rinpjoyesk|getaednethod for
fromanong a hydrogen atom an al kyl group, and an
p ralduaxdy gy o WiendaricheRS5 dro tRieo has ienchf tehi ey epgent method,

the dendrimer having a structural repeating unit including a
thienylene moiety, characterized in that the compound is

represented by formula (I-1):

(wherein p is an integer of 1 to 10; each of Rs; and R4 is
selected from among a hydrogen atom, an alkyl group, and an
alkoxy group; when p is 2 to 10, Rz and Rs in each thienylene
structural repeating unit may be different from each other;

and V; is selected from the following group 5.
" Group 5

Cl, Br, |, 0SO5(CyFak+1)

K=1to 4
—B(OH),

—B(OR),
R = methyl, ethyl, isopropyl, or butyl

CHa
—B/O CH3
\o CH3
CH,
/o .
——B\ —B
0 2
CHg CHy
/CH-éH-CHa
—B __B\
CH-CH-CH,
CH, CH,

13



structural repeating unit may be different from one

another; and V4 is selected fromthe follow ng group

6. Goup 6 d, Br, i -B(OH2 -B(OR2 R = nethyl,

et hyl, isopropyl, or butyl 3 -E~ 0 H3 \ 0 H3 CH3

110 \0: 0 -0)2 CH3 CH3 -Ba) -B CH CH CH3 ' CH CH CH,

I 1 ULl3 Ul3 14 An eighth node of the present invention

pr oviad e van tho mpaienc fc Hareaaqiraserad ywandiimp provides a

represented by formula (1-3): V5 (1-3) 11 R12 N
coptfeeirgl readtodfr igdd an haitreyeremfedenoed 0oy whermglas (I-2) :

2 to 10, R11 and R12 in each thienyl ene repeating

unit may be differ each other; and V5 is

selected fromthe \gyoup 7). Goup 7

(I-2)

S
Rg R4f™3

(wherein each of S:; to S3, which may be identical to or
different from each other, is an integer of 1 to 10; each of
Rs to Rig is selected from among a hydrogen atom, an alkyl
group, and an alkoxy group, and Rs to Rio in each thienylene
structural repeating unit may be different from one another;

and V; is selected from the following group 6.
" Group 6

Cl, Br, |

—B(OH),

—B(OR);
R = methyl, ethyl, isopropyl, or butyl

CHs

_ o~ cHs
\O CH3
CH,
/O |
—8/ —B
o 2
' $H3 ?Ha
&n-GH-cig
__.B __B\
CH-CH-CHy
CHy CH,
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H d, Br, I -B(OH2 -B(OR2 R = nethyl, ethyl,

i sopropyl, or butyl CH3 0-B3 0CH3 CH3 -E(Oo -B

\00)2 CH3CH3 1 | - Ba) -B/L;tl-L;NU13 \CH CH CH3

I I UM3 L;MB 15 A ninth node of the present invention

provides a nethod for producing a thiophene conmpound

conprising performng Suzuki cross-coupling reaction

bet ieere igyhtth opftene orgenirresmsroni worpoier RRevides a

reacti ve conpound, to thereby forma thiophene
con@nmmmw@hammwedzéw ibe itrmtranre e vphene foFgak c(I-3)

boron conmpound is gradually added in a continuous or

intermttent manne a reaction system cont ai ni ng

the reactive conp t hereby perform ng Suzuki
cross-coupling

(I-3)

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

' Group 7
H, C|, Br, |

—B(OH)2
—B(OR)2
R = methyl, ethyl, isopropyl, or butyl

CH3

_B/O CHs,
\O CH3
CHj
‘p
——B\ —B
O 2

CH3CH3

|

_CH- ~EH-CH,
—B —8]

CH CH-CHj

EHy CHy

15



speci fic enbodi ment of the nethod for producing a
t hi ophene conpound of the ninth node, wherein the
t hi ophene organic boron conmpound has an active group
V6 selected fromthe followi ng group 1 and the
reacti ve conpound has an active group V7 selected
fromthe following group 2. Goup 1 -B(OH)2 / 0 :F3 H3
B \ 20 iGri3:h mB(dR)cX GHZ: R emdriy|inetihyion i opybpys , a opethod
butyl / 0 -B-0)2 \0::CCH3 CH3 | | B CHCH CH3
£ orCigrGduCiing GHAEHD phergr aupnbw@ld Bmprisingsaerforming
(CkF2k+l) K= 1 to 4 Best Mddes for Carrying Qut the
sulzmkentoires sHue upldsentrdanteinin drewiddn rexth bephieseropeahic
in detail. The term"dendrimer"” produced according to
bore ploasenind iamdent imraconeeptaeddynd ef gy sthereby form a
generally defined dendriners which are produced
tHilpougle tdeenpeamder garararetdidz dadhovn Fsata thikendrlemirene
synt hesi s net hod and excl udes hyperbranched
organic boron compound is gradually added in a continuocus or

intermittent manner to a reaction system containing the
reactive compound, thereby performing Suzuki cross-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 Vs selected from the
following group 1 and the reactive compound has an active

group V,; selected from the following group 2.

. Group 1
CHj
—B(OH), go CHa
\o CH3
—B(OR), CH;

R = methyl, ethyl, isopropyl, or butyl

-0 ~O),

CH4CH;,

| |
_CH-CH-CHj
_._.B __B\
CH-CH-CHg

|
CH3CH,

16



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 fornmula (1)
(i.e., dendritic structural unit) is repeated once or
nore. Notably, a structure including the
af arenenti oned structural repeating unit represented
By °F8rfula (1); i.e., a structure including the
regggtupg JEH.LE phlqh have been repeated so as to form
i ‘'ver‘gent structure is referred to as a "branching
strygture.{; Dendriners and hyperbranched pol yners are
generally represented by the follow ng structura
formulas. As shown in the fornulas, the dendriner has
a regularly repeated branching structure, while the
pdiPafdaNched ot yEtg hast athe | Thegut Bshy repeat ed
branchi ng structure. The dendritic polyners produced
t hr opigh s hes et hoglvofit L b8 pIeSenéxtnventiesdribed in detail.
dendriners, and the dendriners nmay have a structure in
17 whehcéhe podydaeimehai psodteedeadeobrdtabl yobtarchedsent
fromone focal point, or a structure in which polymer
irehaifisorarencasii wd ey f refens ptorgénéyadbiyfdeflinpdi desdrimers
linked to a polyfunctional nolecule serving as a
witiafte.a ¥ tihmdiiced hetrowgti | the | omsvefgéheswetspedi ksorwnyas a
al so be acceptable, in any case, the dendrimer
depidshinced 4hiitugdn ¢ hee tieddoaindf exbbudps eseperbngeahedn
has a regularly repeated branching structure and
pEnmosA SSEst et e dretlsr owgle ha neyphaae polueedikaidahl pethod.
- branching structure or a radially branching
Tisis ucthe edeidbeithes sehoompys s¢heanendeipennds hhving a
resent
sééucture in which the aforementioned structural repeating

unit represented by formula (1) (i.e., dendritic structural
unit) is repeated once or more. Notably, a structure
including the aforementioned structural repeating unit
represented by formula (1); i.e., a structure including the
repeating units which have been repeated so as to form a
divergent structure, is referred to as a "bfanching
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
irregularly repeated branching structure. The dendritic
polymers produced through the method of the present invention

are dendrimers, and the dendrimers may have a structure in

17



i nvention al so enconpasses dendri mer conpounds
produced through a conventional convergent nethod and
havi ng defects in a branching structure attributable
to the nmethod. According to a generally accepted
definition, when a dendritic structural unit extends
fromits preceding dendritic structural unit as an
whebacttieomo tthereofha e aextdasdoht bfalle bmitched from one
referred to as the subsequent "generation."” It should
fdmm Ingiceich tt hadr tdhesdedctnite on ofhich "plehyiné neetlains are
according to the present invention covers those
rauae tregl af isim e tpinera hivihich £achl gpoimes dehakedi to a
structural units which are simlar to one another
paditfuntdisl seale makéculstsecting as earepeat edldthquggstother
once also fall wthin the scope of the present
defiveinticors dhetlvone efpeci es rednt & beo tloe depeephalple, in any
hyper branched polymer, etc. are described in, for
capeanpile ddrdakne KAKFOOTced Ohepighryhe vaethag op. thes
(1995) and Macronol ecules, Vol. 47, p. 804 (1998),
praRetthdsw publomatdons cedubarkef eepedted hnangBinge
i ncorporated herein by reference. However, the
s URsErugR TS ¢MCemaes Y ie A1 BALS sHolfl may bave a
construed as |limting the present invention thereto.
demetielr t s L 1y per dranEh@ ds poRReFe Or 02 4radpaliychranching
point O :End O : Core (polyfunctional nolecule) In the
stemurer plesdics® tiar sugh tHe AT e tp aeRitent

~invention, a dendritic structural unit as shown in
invention also encompasses dendrimer compounds produced

through a conventional convergent method and having defects
in a branching structure attributable to the method.

According to a generally accepted definition, when a
dendritic structural unit extends from its preceding
dendritic structural unit as an exact copy thereof, the
extension of the unit is referred to as the subsequent
"generation." It should be noted that the definition of a
"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
polymer, etc. are described in, for example, Masaaki KAKIMOTO,
Chemistry, Vol. 50, p. 608 (1995) and Macromolecules, Vol. 47,

p. 804 (1998), and these publications can be referred to and
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the above fornmula (1) is fornmed of a |inear portion
having a 19 thienylene noiety and a branch portion Y
which is an optionally substituted trival ent organic
group. The structure in which the dendritic
structural unit is repeated once to provide a
two-stage structure is in fact "a structure in which

aeach & rgdes tedanedr @it thpnse e vénddat Htwerstwr athe uni t
i's bonded to another but identical structural unit.”

deldter residianin sthiewd upebl scaefens eshdwldsnat be construed as
"lst-generation dendron. " A simlar structure in

liMm&ihgkﬂHH|ﬁré5éﬁtLunwmmilomntmerabwlng t he sane
structure are successively linked to the bonding
habesddimerhe branch pblypedmmandhest pelyiner- gener at i on

is referred to as a "2nd-generati on dendron.

' an nth-deneration dendron is

bsfi tuent or subst {are bonded to the
focal are referred to as
dendritica oranchlng structure. "
F%y of knanched
, ch are identical different from

g )
g anot her, are bo

mul ti val ent
t he ford dendri tNc pol ynerDis eelled
radially bra trusiure."” In the
conpou reSent ed by f Cf), or (2),

the de drl i C gtructural unj ed by parent heses;

t ormul a (h),
O regularly controll &l or not conpletely
5 cont r ol @edocgbR@PEtic branching structure in
whi ch the dendrltqf Eid uctural unit is repeated
e .

arbitrary tines. in the
o R /0 4
O O O
O O O ] O O
O O
Q O
O
@ O
O
O
O
O
O
Q
O
O 4 O
O
: ‘:Core (polyfunctional molecule)
@
g O
© O
© O OO0

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

19



conpounds represented by formulas (e), (f), or (2), if

the 20 nunber of repetitions of a branch structure is

n, the formed dendrinmer is of the nth-generation.

However, the expression "nth-generation” is nerely an

exenpl ary appel l ation, and the conpounds are not

necessarily limted to those referred to as the "
thilhygener aidiety' aAdy o Mrarh R Spiewi Y ovlekenpl sanf

the dendriners produced through the nmethod of the
opRiesentl yi et idn tert | wuder d et onpyamds grewp esdlited

by the followwng formula: S Z-Y,-+wl M SZ YR R2 S
stiiRture ErRWHRZILS theYldandriMic studuiRel oyiis s yepeated

WI M RRRSZ R RSZY,+WI M RR2 %/ R S
onfeY th REdFideYla iwo-MtaRie RERICRre is in fact "a structure
in which each of the branch portions Y of that structural
unit is bonded to another but identical structural unit."
The resultant structure is referred to as a "lst-generation
dendron." A similar structure in which dendritic structural
units having the same structure are successively linked to
the bonding hands of the branch portions Y of a lst-
generation dendron is referred to as a "2nd-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 a

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 arbitrary times. Thus, in the

compounds represented by formulas (e), (f), or (2), if the
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SZy Sl zZ-Yjf WI M SZY1R ~-R %YR2 S Z-Y,fWm
RLR %S Z-Y,--*, R R SZVYItwl M R R %/ R R
21 wherein the branch portion Y is a trivalent group,
and each of the two bonds except the bond connecting
to Zis linked to an atomor a group, and two atons
or groups may be a commobn species or different
nuBed ef r4pdtsitiderd icfla toranar sepresers siam orgaai gormed
group having a skeleton identical to that of Y. The
deaXyiessd Qs "off tlies ritdentéroatatiow. oHowepregserthe mxpression
organi c group having a skeleton identical to that of
"nNfh-Hgefrers tion'hats Yierdly eastexémpl amtesappdl tdeion, and the
Z-bondi ng side thereof, a structure identical to Y or
campstuTutt wee e e ce skat Btonl inered ced tlosehaeferred to as
For exanple, when Y linking to Zis a noiety
threepy esEntezhdratfioomil a (A), Yj is a noiety represented
by fornmula (B), (Ox (D), etc.: "WIMWIM (A (B) P
(D) (wherein mis an\i4iteger of 1 to 5 and Qis an
arbitrary substituep]). No particular limtation is
ir,{oseéj on the nu r/ of
< z Y. (h)

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

represented by the following formula:

,/////SSYZJYV+VV]m
////é}lkz \\\\\\jiyz“ﬁfvvlm
R Ry /S\S__,Zz-w{-W]m
R1 Ry \S\EIIZ'YV['W]m
S_Z-Y : R1 R2
§\ 1] S Z-Yi+W
R{ Ry /S\—/I 1'[' ]m
S, Z-Y Ri Re
/{1)—IR2 \S\S—IIZ-Yf[-Wlm
S A
R1 R2 /S\S_IZZ'Y1‘['W]m
v e
R1 R2 \S\EIIZ‘YF['W]m
: R1 Rg



branch points contained in the dendriner produced
through the nethod of the present invention. The
present invention is directed to a nethod for
produci ng a dendrinmer having a dendritic structura
unit which is represented by fornmula (1) and which
contains a linear portion including a thienylene
wHi ety e wradanghorpost i vniy, atbeivaheat gootpenand each
bei ng a dival ent organic group containing at |east one
of hitenyiwnenomd et gxcadrierehe bdwed nevimect 22gcbopki seslinked to
reaction steps represented by the foll ow ng schene
ar |3t@Nbr encd o stapd Stwepeatesl ©n @recopdangy kit A common
needs, to thereby forma dendron of a desired
spetieEatoondifhetdet fopéoiesng fornul as, each of V, and
V2 is an active group which undergoes Suzuki
Crossr deupldentical epr e ent srepsisEhies donerganam group
optionally substituted dival ent organic group having
navimeta vekgi oty daden ehchl ofo RthahdoR2Yi s Bt eexeyession "Y)
from anong a hydrogen atom an al kyl group, and an
igl kdeytigubupo Y not heepresentssprcifgeniogroun| Bgying a
ot herw se specified, the al kyl group, the al koxy '
skglbeipyn ofdentipil ato gHratipofal" 1rebers &ar bbatatondt east
represents an optionally substituted trival ent
inchadés, gpouphe ahdbyjpdirg| dedei EArreefy aofPtrBprEgent s
an organi c group having ~ skeleton identical to that
ig¢ntical ney Heorbsentrortuepr B3BARY ansSbpLrEARI fffentical to
substi tuted nonoval ent organi c group having no active
thpoupt Yandan iexamplian egan of DLRFinHred 231 ReACTPHALY
scherne(l) HS Z-yjiWwM V, ' S Z-Y14WM
represented by formula (A), Y: is a molety represented by

formula (B), (C), (D), et

c.:
' e e
m m
0 o
(A) (®) © () |
(wherein m is an integer of 1 to 5; and Q is an arbitrary
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 moiety and a branch
portion Y, the linear portion being a divalent organic group

containing at least one thienylene moiety, wherein the method
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L reactionstep 1 R R R R2 (a) (b) HSZ Y2Y,
V2 s --4wIM R R /4R, '"R2 (C HS ZY reaction
step 2 RLRR ~ S ,,r ZYj--4wl m R R2 (d)
1st-generation dendron 2nd-generation
subsequent - generati on reaction dendron repetition of
dendron step 3 reaction step 3 The reaction steps
cdr@&riwtr@idn&dm%ﬁeﬁwn&ep(ﬂéseﬂm Usie treacfoiowimyp dcheme
of converting (X-position hydrogen of the thiophene
(Thi RGd At EH e af AIprdfcatieicin arsisprco®fwith needs, to
l'inking V, and V2 through Suzuki cross-coupling
theaadiy durnt & ddetmwhy d Mot ebsel gehayateont iomactlironthe
step 3 of converting (X-position hydrogen of the
fdNicedhene aimgl aof, tdeecle anpdlinédn@dd V2 piedasedcitavehgroup
reaction step 2 to an active group V, and reacting
whilanp aumtte {g)e sni Sue e @cts srecqumiuing/, Sorepreeents a single
further increase generation; and a step of repeating
bdrte o eactdponi cataglpl 8 3 ub sctortethodi wa tdnheedganie group
serves as an end noiety of the produced dendriner. In
havhmgaherme(ivyg dhmu@f amberadlonet Rompouit is selected

from among a hydrogen atom, an alkyl group, and an alkoxy
group. In the present specification, unless otherwise
specified, the alkyl group, the alkoxy group, or a similar
group has 1 to 20 carbon atoms. Y represents an optionally
substituted trivalent organic group, and Y; is identical to Y
or represents an organic group having a skeleton identical to
that of Y. W may be absent or represents an optionally
substituted monovalent organic group having no active group,

and m is an integer of 0 or more.
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represented by fornmula (1-1) or (1-2) is preferably
enployed 24 in the reaction step 2 as the conpound
(c) serving as a building block for formng a
dendrinmer. No particular limtation is inposed on the
met hod for synthesizing the conpounds represented by
fornul a -1 (1-2), and these conpounds may be
Qﬁﬂt'ﬁ)&ﬁéé@%ﬂa&ugh conbi nation of a coupling
reacti on between the corresponding thio henﬁ
B Y& i Ze-YaHW]am benzene deri valti Wt i on
of ﬁﬁl ogen atom oF & bor dh- cont & 1 ng substituent
ser as an actlr‘eacgomstﬁpﬂ\lt gh™M&r i gnard
re&eti ofzand Stille coupl i ng readti on 2may be enpl oyed
as a cou Lj ng reaction, Suzuki cross-cdbupling is
pref erabl'y enpl oyed, si mlar to the production nethod
of the present,,invention. In the reaction scheme (1),
no |partg cuigly\(% mtation is inposed on the nmethod of
synt SI/ ng t\zyrpound (a) serving as a starting
mat er | in reaction step 1. The co Vhay—['We]
profdiced Rhrough a reaction step r/%?—g?}; ed by the
fol | ow ng(g)eaction scheng(ll£ i'ch for formng
end noieties is hgnde T ugh reaction wth V,
and : i©on schemrRje 1)HN A' Zyj-fVvV2 1 M+
w-vx)%\ftﬁ'ﬂga%bﬁ)f WIM V/RE RL R2 R yp_(\a,)_?[{wq
Rmateri al -are °'m
2

triaryl am ne skel etons-hol e conductiy,
1st-generation dendron

i ntroduced to branch ends, a conpou

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 Vi; reaction step 2 of
linking V; and V; through Suzuki cross—coupling reaction, to
thereby increase generation; reaction step 3 of converting
o-position hydrogen of the thiophene ring of the compound
(d) produced in the reaction step 2 to an active group Vi 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) 1s preferably employed
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represented by the above formula (1-3) is preferably

enpl oyed as the conpound (a). No particul ar

l[imtation is inposed on the nmethod of producing the

conpound. In one preferred 25 approach, when benzene

nucl eus is enployed as Y] and the conpound in which

V2 is a halogen and VI-Wis a secondary arylam ne

i TR0 Wish d e e setde d2 bys t tiee f ebhpoiing foy nebavisg as a
enpl oyed in the reaction schene (11), the above

pdlidmy afidek Skel ebonsngan dendyhndesi 2ed pawtoughlar
condensation reaction. HN/ Ar \Ar Ar aryl group The

1 iGongensed | O 1esdddnos athdempenddr fred shndohghizing the
exanpl e, Ul mann condensation (see Chem Lett., 1145,

cdrik8Rds Byt s erfosaby 383rmi 188 7]+ 1kt or) (8AR) pyang these
copper and a base catalyst, or the Tosoh nethod

aendatients Appheéshtédnthtangh Opemb{kakabh N6. a

10 310561) enpl oying a pall adi um

cogiblgptrdadctiohuibytpbesphhaecbrgasdonding bhsephene
catalyst. O these, the Tosoh nethod is preferred,

det incet ieacdndne deen hene péef bvacidvanded ihtdodvadichons a
and high yield and selectivity can be attai ned.

hallvgrrg he eopl oy nervoobnthentaénchgoapbetispghantsasving as an
skel etons are introduced through, for exanple, the

adtoltovwnoup ea@thm@h@mgr&rd\kma%@m Fd"$tillg upling
Br + 2 HN-"~\ ~,Z o N A conpound represented by the

redovieot cnacmllae(dsmn}oysd psetecabbyirgprepedias t fezuki
conmpound (m in the reaction schenme (11).

cross-coupling is preferably employed, similar to the

production method of the present invention.

In the reaction scheme (I), no particular limitation is
imposed on the method of synthesizing compound (a) serving as
a starting material in reaction step 1. The compound (a) may
be produced through a reaction step répresented by the
following reaction scheme (II) in which W for forming end

moieties is bonded to Y; through reaction with Vi and V3.

'Reaction scheme(ll)

H S _Z—Y{W ]
H S _Z—Y{Valn 1 m
X v — 3L
1 2

(m) M (a)

When triarylamine skeletons hole conductive

material are introduced to branch ends, a compound
represented by the above formula (I-3) is preferably employed
as the compound (a). No particular limitation is imposed on

the method of producing the compound. In one preferred
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In the reaction schene (I) or (lI1), the reaction 26
between V, and V2 is perforned 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 reac such as
arsiER ToupThary PORETS T EI 5 |‘§}“%]|t-|%¥ eaos?‘glr apid the

wi de range of cross coupl i reactlo f.aromatic
CUIRRIthd Wk Pscénﬁéﬂ QEeFFV%t sifs8e S8ToHRRTY
et. al ., Yuki Gbsel aku Kyaokai _.Shi 848,
S igaHe SERTN HILoRaRAd Ay, the 9%011‘5%%%15@%3“1“ is

and Suzuki , Chem
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present invention, the dendrjmer _can r
S R e o ST eT e | TR af%$§%%ﬁ§?§%°% PlaBeion.
* reaction scheme (I) or (Il), V, and V2 are groups

whi ch #Me reacted with each other via Suzuki

0§~ coupl i ng. Conbi nati ons of substituents V, and V2

I n eagh reaction step can be sel ected individually.

Exanpl of pr_gerred c mbi nation will be described

next. I'n a first™exenml i & Conbi nation of V, and V2,

viig ességﬁéﬁga&em Lagceieﬁee@at bengdrgbenpdl tanduyh, for
is selecte fromthe aforenmentioned group 2.

é‘atdrpﬂﬁaﬂﬁ VonkbREQRiGn askd esb@r substituens, (1989),
B 2"or B(OR)2) and V2 (Br or 1) are preferably

Sfﬂ?ﬁoy@gmmﬁrOﬁBBhe(YQQWP0|thOf bBinghovigabdcapger and a base
selectivity, applicability, etc. In this case, Y in

cibg1yaf orepephbonedonencthod sochpareks Aatenvaheplication
organi c group which may have a substituent, and

LEXAPhes 0kokhe) tNbvahenB1066ganempgb9mpglacbadéadha@e
having a noiety to be linked to
catalyst-tri-t-butylphosphine ligand and a base catalyst. Of
these, the Tosoh method is preferred, since reaction can be
performed under mild conditions and high yvield and
selectivity can be attained. Through employment of the

reaction, triarylamine skeletons are introduced through, for

example, the following reaction scheme.

Br <:> Ho s Nd<:>
N, G e =

Br N

&

A compound represented by the above formula (I-1) 1is
preferably employed as the compound (m) in the reaction

scheme (II).

In the reaction scheme (I) or (II), the reaction
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V2 (e.g., structures such as allyl, alkenyl, alkynyl,
benzyl, 27 aryl, and al kyl, and heterocycl e-contai ni ng
structures). W serving as end groups of the dendrimer
may be absent or represents an optionally substituted
nonoval ent organi c group having no active group. As

used herein, the expression aV|n no_active
bQﬁﬁﬁﬁﬁ-ﬁha?nqvgén%%lﬂ§rﬁﬁrﬂ?6uﬁ rﬁgggléPﬁHFFnﬁrggfuﬁgupllng
cross-coupling reaction. npl es of W_ingclude ap_

SUFIRL GHEASS %%weagqfo&ﬂﬁ %&W%f@ lfb%%%
whi ch may be substituted or non-sulstit ut
1 igderd e Rl i FUnsd kbt BRI v% Jg%ifee% f’f%nﬁ’ro"lde
t he af orenmenti oned group, 3 and V2 is selec%ed frg .
highorseefti ohdd iR ae H1ap « CHEIP T Thet ° t8fctions
af orenenti oned reacti on schemne | rlvalent organ
suffo i RS IR Hifle %P%ub%tl?ft%h fu %’fﬂdy eXBRDTE gg #Or &

the trivalent organic gro | ud th hav
w%ﬁﬁ en(asp.gleo %fe qqqﬁéocqltpg@(%el%gtf%f? a?e]é%rgsuc% gompounds

Al b e P SRR TR . o
e ahsent _or t [
KSR, G b o ot 6 %%é“hiv?‘ﬁ n%'iﬂ%mi’ sBunt {GhER. mev.,

Se t !
9%22&ﬁ]aﬁ[bwcowip%@zs?gmuz%%%@.%Zi.tl‘é%mghé’ﬁﬁﬁ' 147

s co in t .EX

(H{%@ %L?}ﬁre%ﬁ)r‘[ﬁeﬁg clci%nr nog{?p’o gcﬁh aI%yn \{H:égjfr'%ﬁpn?@téhod of

benz%esn%{ OUJI.Jn acgt%{ gugenc’ﬁ){‘]gme cgﬁkﬂé 959M8d from a

S ut éd

be  5u non-substi t ut ed.

wzggr %{gqgg ékéfét@ﬂg second conbi nati ons, Y |s a

ri va rgani ¢ group; Yj is identical to Y or
_repr {‘ﬁfxét%Po?éﬂéﬂf?oﬂé&uPeQéﬂBH acakgketen or (11), Vu

|den I ca
and V, are groups which are reacted with each other via

Suzuki cross-coupling. Combinations of substituents V; and V:
in each reaction step can be selected individually. Examples
of preferred combination will be described next.

In a first exemplified combination of V; and Va2, Vi is
selected from the aforementioned group 1 and V; is selected
from the aforementioned group 2. Combinations of Vi (boronic
acid ester substituent; B(OH); or B(OR)2) and V2 (Br or I) are
preferably employed, from the viewpoint of high yield and
selectivity, applicability, 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
organic group include those having a moiety to be linked to

V, (e.g., structures such as allyl, alkenyl, alkynyl, benzyl,
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that of Y; and Zis a single bond or an optionally 28
substituted dival ent organic group having no active
group. As used herein, the expression 11 having no
active group" neans that that Z contains no group
participating Suzuki cross- coupling reaction.
Notably, in the case of the first conbination,

aryhctdnsh atlepl i Rt ROt AFC ACE T GeCRR BB RY ?FF?SHHEEE w
t hr ough ha“%genatlon can be elimnpated. Thus, th

SEFVERY COMFHATEARS f sEhprerRiabRs® epY o%da‘Pﬁe’PEeor
case where a skeleton or substituent 5 acti

reRYE @S ehed o@%r%@?h‘@“%lbjehtsﬁl%%?-%‘é’%ﬁs ﬂn%@r?%n%%anlc group
target active- group- |ntroduct|on sites. | es of

hajy 1@ rr@ of 5 Bl g(r?WrepArseéje?ﬁ% eiriﬁldbheqbe ‘? Ffﬁgesz's‘)on
include the followng: Y: -1 7, N R 1/3

"RV aqREIVe- ORRUBLRERF RPat I 6@%1?&3“& gﬂ‘ép

pgiticipating Suzuki cross-coupling reaction. Examples of W

include an aryl group, an alkenyl group, and an alkyl group,

which may be substituted or non-substituted.

In a second exemplified combination, Vi is selected from
the aforementioned group 3 and V; is selected from the
aforementioned group 4. In this case, Y in the
aforementioned reaction scheme is a trivalent organic group
which may have a substituent, and examples of the trivalent
organic group include those having a moiety to be linked to
v, (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 combinations, Y
is a trivalent organic group; Y:; is identical to Y or

represents an organic group having a skeleton identical to

that of Y; and Z is a single bond or an optionally
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R13, R14, R15 ~a hydrogen atomor an al kyl group 29

X SSA--- S0S CSk3 N-S SRSN, NI Ro

Rl R17 N ¢S~ JS/ AL Ls~~CAL 0 @8/ \0 NNSS S

--1 ~Iti SA~ LA S AN=N S7Y
substituted divalent organic group having no active grdupT
As used herein, the expression "having no active group" means
that that Z contains no group participating Suzuki cross-
coupling reaction. Notably, in the case of the first |
combination, a reaction step in which an active group 1is
introduced through halogenation can be eliminated. Thus, the
first combination is also preferably employed in the case
where a skeleton or substituent which is active to a
halogenating agent is present in addition to target active-
group-introduction sites.

Examples of preferred X and Y (X represents —thiophene

i o of
, B aws W aYWa
R%—< \\_4>\ @ &

// . Ryg —
0 Q 'g
- >\‘—
(0] / AN

//
Q\ '515\\

ring-Z-) include the following:

\___J\ R43, R4, Ry5 =a hydrogen atom or an alky! group

29



N ACSNLII)- SA SN Q@ -CF/PA Rl7 ARe S

S~ RALA, A20, SS NRI8 ,1I0NR 6, Rl 7, R 8 -

a hydrogen atomor an al kyl group Notably, if each Y

and Z is at |least partially conjugated with

t hi enyl ene, the produced dendriner beconmes 30
X§en1conductive. As usedshergin t he expression "at

e ) partially conjuga &gﬁfih" refer { O T, to

t he se where a perf nj ugat ed syst S
establ i shed, but also tq th% case where not all the

. e

eleﬁms/of t he n-eleeifze»f(zystems ar tgusly
pre t. For exanpl e, Q /oﬁr gated syste / conty i ni ng
an msubstituted benzene nucleus also falls within

the sreaping of this defisqi /oy ExeanaLKZzeffgLQiif
cdﬁ&ﬂf?ﬁiz under mhicﬁagzﬁﬁ%ﬁsion of a- i ™On /

hydrogen of the thiophene ring to active group V, and

reacgio active groups Vy—gnd V2 are f oyare I
s O e

s = Rue — —
U7 @—«Nr 7 Q‘é‘g
N—N

¢ .
L Me— L L Ny
Ay
]
A A1 S = \/\
hi
L~ s/~ AT
f/ = VY
A, N \/A17 A17
7 \ /N L\ TN/ \7
\/A1’7 s zw \_A17 s 1 —/\’Azﬁ\
- 7= £ > U
S N Ve Tash 7
\ [/ N\_7
A, ,
Rz N __ _ &
R Y 3 S
’ et i )T
i s {
S, I3~ [~
\*&th%ig YW,
Tw \,A1/7 A4, Az =0, S, N-Ryg
S — N | X = R1e, R17, R1g = a hydrogen atom or

an alkyl group

Notably, if each Y and Z is at least partially

conjugated with thienylene, the produced dendrimer becomes
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next be descri bed. (Conversion of cc-position hydrogen
of the thiophene ring to active group VII Exenplary
reaction conditions enployed in reaction steps 1 and
3 for converting a-position hydrogen of the thiophene
ring to active group V, selected fromGoup 1 will be
descri bed. Wen V, is formed from B(OR)2 or, the
s eBiCEmc dive -esPEr UspEpheseated thy CHETESISIOR ngt least
formil a, a-position hydrogen of the thiophene ring is
padrtaid ohreeughaatehotiBn' orefefi %yl (Mt ¥ tpe case where
n-butyllithium, lithiumdijsopropylanide, etc., to
> RS ICAIGRE R TR T Dk U7F i 4150 to the
subsequently, the correspondi ng al koxyborane (i.e.,
cass e yor aiel the éﬂﬁﬁ(‘i/‘[fé?sarféf the m-electron systems
triisopropoxyborane, tributoxyborane, or .
are (WREIOUE Y, LIS et r ARt KIEMP1E 2.2 ONAEE G fays tem
s electrophilically_ad%gg to the carbanion,.. 31 s
carprain i@g an TS G TS AP AT O BT TR bt 3° £2F1s witnin
enpl oyed sol vents include organi c solvents such as
thethefRidto iU amt i -Hebddhes Ui et hyl et her, and
toluene. The reactjpns are ef er abl erfor for._.
10 IR TR CE Hournart fagy padaf th ShBr fontEhsion of
preferably for 30 m putes to,t hours at_-78 1o OCC
R RO SRR (Dt 5% CH) 2P A= of FRECBaPORT Eoadtq P Vs
ar)(e tr%{é%gibcgnalgfdacl‘gi\trehegrac?&\)/se \?P%@lecf \}zsamédlbglﬂf%?ﬁed will
next be described.
[Conversion of o-position hydrogen of the thiophene ring to
active group Vil

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 Group 1 will
be described.

When V; is formed from B(OR), or the boronic acid ester
represented by the following formula, o-position hydrogen of
the thiophene ring is drawn through the action of
alkyllithium (e.g., n-butyllithium), lithium diisopropylamide,
etc., to thereby form the corresponding carbanion, and
subsequently, the corresponding alkoxyborane (i.e.,
trimethoxyborane, triethoxyborane, triisopropoxyborane,
tributoxyborane, or 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane) is eléctrophilically added to the carbanion.
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addition of water. Al though no particular Iimtation
is inposed on the reaction solvent, water is directly
added to the reaction m xture yielded upon synthesis
of a boronic acid ester in the above manner, to
thereby perform hydrolysis. The addition of water is
convgpi ent for production. The reaction is preferably

peo @ned for one hour to three hours at 0 to 50'C.
ERe bﬁ}y reacti on conditions enployed in reaction
st®psy.1 and 3 for converting (x-position hydrogen of

the thiophene ring to active group V, selected from
t he Bbowehenté Hnede Feozipl 3 emploped destyebbd. 1Mendy,
is formed fromany of d, Br, and I, the
o mope T ders por ik eyt had wgfe e | tgtr@agdne fusar eaetleexang, diethyl
thereby convert (X-position hydrogen of the thiophene

ettiawy, tandatohesne . B res agfidns egenattafs rdelit Performed
i ncl ude N-chl orosucci ni m de, N- br omosucci ni m de, and

£4\% i pHlositoct e Maethfanpbess oit pked erabd§’ enprarsged
reacti on solvents include organic solvents such as
ptefardtyly of orr a3Y) mimekameto died hybues het, -38 bendthe,
carbon tetrachl oride, carbon disulfide, , )
di meWihemLf Gr rieni fhesmesh of zemetB (Ofci-d anPhe fr ed@ ibeFarsic acid
preferably perfornmed for one hour to 24 hours at -20
e3te89 @taimedicin obhofakeye veagRetpl v, Ao A¥Epdethrough
group V21 Exenplary reaction conditions enployed in
adabietowrt stapsr 2 AEPURY T RAT HE W2 tnd /A 3 Hroght
Suzuki cross- coupling wll be described. Wen Suzué
irpesed corpthfgr $aC PR oF preBS Ry ViR FRFyL1Bfdirectly added to
conbi nations of palladiumcatal ysts and base catgl¥sts .
thenrepction mixture yielded upon synthesis of a botronic acid
ester in the above manner, to thereby perform hydrolysis.
The addition of water is convenient for production. The
reaction is preferably performed for one hour to three hours

at 0 to 50°C.

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

When V; is formed from any of Cl, Br, and I, the
corresponding halogenating reagent is reacted, to thereby
convert O-position hydrogen of the thiophene ring to halogen.
Examples of halogenating agents include N-chlorosuccinimide,
N-bromosuccinimide, and N-iodosuccinimide. Examples of
preferably employed reaction solvents include organic

solvents such as tetrahydrofuran, n-hexane, diethyl ether,
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enpl oyed. Exanpl es of palladium catal ysts include

tetraki s(triphenyl phosphi ne)pal | adi um pal | adi um

acetate, palladiumchloride, palladium bl ack,

bi s(tri phenyl phosphi ne) pal | adi um di chl ori de,

bi s(tri-o- tosylphosphine)palladiun1dich|oride

bi s(di benzyl i deneacet one) pal | adi u
b%@%%@?tc?%¥%%%x??bﬁ%§%h@ﬁé§%alF%HPQH1€F€HF8F?I@

bi s(triphenyl phosphi ne) pal | adi um_ di acetate, [1, 2-
direthy b IS ph?Pe) BEe hhe] pal Fadiihe dF23F ot9Rel s and

[1, 2- bi s(di phenyl phosphi no) et hanel pal | adi um oc
pmfzﬁ-‘F@blﬂePe#ﬁorfa@I@h £pBnoneohdiAatP oA oPORLP| @*andZO to 80°C

npound wi th these palladlun1catal sts ma

[%$$%E%?%e°fE&%ﬁbV%sgB?uPl&aﬁﬂ1 ‘H%‘%ge

trlphenylghosphlne 1,1 -

bi s(BXBRRRGFBhESPRFABYT EPREEEAENS epPloyed in reaction
bi s(di phenyl phosphi no) et hane, 1, 3-
SEﬁ%%d%pﬁ%ﬁy$pﬁ%gpﬁ?ﬁS}bP%théﬂni‘@-through Suzukl cross-=

bi s heny| phosphi no ane, sodium 33
c@?%#%% I%hﬁLp%?n %%ﬁ?éﬁ@ 3- sulfonate

iﬁ?g%gggthﬁﬁFESE BRBCoPyBhoLEn el e BPRERE. 'S variety of

%$¢£§% ;5 %@%$F§gﬁgégﬁéﬁ%lysts and base catalysts can be

i éB nmet hyl phenyl ) phosphi ne, and tris(2
AT Phenyi ) phosphi ne. Instead of pal | adi um

B?L?ﬁ%%%éaﬁﬁpﬂ%ssﬁ%E%§?é%f%§gh REERRGE R o i de.

-H AL LR OUFAL ROSERDARS) B ghabats iy A Lencace
palladium chloride, palladium black,

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

bis (dibenzylideneacetone)palladium,

bis (tricyclohexylphosphine)palladium dichloride,

bis (triphenylphosphine)palladium diacetate, [1,2-

bis (diphenylphosphino)butane]lpalladium dichloride, and f[1,2-
bis (diphenylphosphino) ethane]lpalladium dichloride. 1In
addition, combination of a ligand compound with these
palladium catalysts may be effective. Examples of ligand
compounds include triphenylphosphine, 1,1'-

bis (diphenylphosphino) ferrocene, 1,2-

bis (diphenylphosphino)ethane, 1,3~

bis (diphenylphosphino)propane, 1,4-

bis (diphenylphosphino)butane, sodium

33



Exanpl es of base catal ysts include sodi um carbonat e,
sodi um al koxi des (e.g., sodium ethoxide), potassiumt-
but oxi de, barium hydroxi de, triethylam ne, potassium
phosphat e, sodi um hydroxi de, and potassi um car bonat e.
When Suzuki cross-coupling reaction is performnmed, any

of a variety of organic solvents, m xtures er eof , .
AP BRI RIRITEAAN G 1 Wt 12 T g%lfﬂe%ﬁ%“%?é{jp%sphme'
I t.  Ex I f i tabl d i
o S RS ol S SR S B0 PSS

St Tt O A TR B hanieh £ U 8T WY SRS ghosphine
tgly 'b tﬁ%ﬁ}gﬁg:fhi El,*%f r otri%]g:%n%i%ﬁ%f%f Reetone,
“‘Eﬁ#ﬁ%ﬁﬂ%IW%ﬁﬁﬁpﬁzlp %éﬁ?ngoéfﬁgﬁéwﬁ%?&§%%ﬁﬁﬁﬁ'
nﬁ%%ﬁ%r@$§%ﬁ¥%¥$dﬁﬁgﬂ?iﬁgiikg;ﬁéngﬂé, et hyl ene gl ycol
b T B TR BT e G C 0 SRy TRE RO Y& her
o3 fer e B R R oty R ot hy ot TRE 2R g Pgre
YRS dA T Lt gfie ot L& e Heefl “ether

mesi ﬂi?&xﬁﬁ%s e&PyﬂgﬁgngEa}?%{é§ ol £ 1 gLt EBBEHﬁGFSIb@the,

tetrane ur ea. e coup reaction Is perforne

s ELRT 2 3x:{<g%§/ 3?%%.nm§ﬁd{19m2e4tﬁc9¥£§e}a$ gétagstiglaogc,

nore prefera rohe hour to 12 hours at 2

b é&idéhebéﬁgﬁm:@gﬁﬁéﬁfd&0”9%1é@ﬁ§1§§i§9?'gxﬁgskﬂuﬁhe

af orenmeht’i on ction steps 2 and 3 can be applied

p%ﬁé&ﬁ%ﬁ%{iﬁ%ﬁ%@@ ﬁ§@9é§i@@§ dngderowhi ehuhheatsarkican
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-propanol, 2-propanol, 2Z2-methyl-
l-propanol, 2-methyl-2-propanol, l-butanol, 2-butanol,
acetone, 2-butanone, 3-methyl-2-butanone, 2-pentanone, 3-
pentanone, 4-methyl-2-pentanone, 2-methyl-3-pentanone, 2,4-
dimethyl-3-pentanone, dioxolan, N-methylpyrrolidone,
diethoxyethane, ethylene glycol, ethylene glycol monomethyl

ether, ethylene glycol monoethyl ether, ethylene glycol ethyl

methyl ether, diethylene glycol, diethylene glycol monomethyl
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by the reaction schenme (I1); i.e., linking Wserving
as end noieties to Y] through reaction between V, and
V2, thereby producing the conmpound (a) serving as a
starting material in the reaction step 1. In one
alternative procedure, a dendritic structure of a
desired generation is grown through the reactjon step
ethef., ¢epehyieem @IVend peneetbKlseEpes; gﬁathwéene glycol
t hus- produced structure may_be linked to a
d%m@ﬁ%&% %ﬁ%@%0|%@eéhyé%%ﬁrgﬁﬁ?oieﬂié§eﬁﬁe8tﬁﬁrﬁo?ﬁﬁFBYlene
(2) In formula ( l represents an r-val ent
gy ehi LRy bupe Y seEhant%@%Ftﬁienel)ethﬁﬁBePﬁéner"anlSOle
of conpound (2) refers to the nunber of branches
nheFRP M IIRE f ot t RRTERREERY hFeRy. The (coepbing repgtion is
the dendriner has a_radjall branchlng ructure,
DGHER BB PEREFAbLY 1208 dorBi PREFS oFOa deRBFFEI B4 fy t°
branching structure is_fornmed In the present o
130entidie, PERIRTa % 19He0BE PABRAFPIE P§>U5|Ss& 25 to 80°C

fol F%ﬁﬁﬁagﬁégﬁ%gaﬁl§{aﬁsﬁe§9?ﬁ>3f?3'5' EpiguRa iR he! e
o f e e 5 S T aPet EEPB2of Pind FRRcPPORCBALER 5o the
r%%%b %ﬁggéftééf?gg%%L@%??w{ltcgn%ﬁéf POSRE B Y58b FRBresented
by oEif o %f:g%g%as@g% RG] Lhaer ggnggwngr@f)ﬁge&g%ng as end
nEBEeT one e L e i SRR b sheseoy

n
ﬁéggél Q?g ﬁgﬁ?ﬁggélzg)tger99B§65§|gnsgégQnggghb%QQal in

roge I'ophene ring an acti

tﬁ@dré§@€£$9nngﬁmf?n V, and V2

In one alternative procedure, a dendritic structure of
a desired generation 1s grown through the reaction step 3 or
repetition of the reaction step 3, and the thus-produced
structure may be linked to a core, thereby producing a
dendrimer represented by formula (2). In formula (2), Y

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

(IIT), a compound represented by formula (e) is formed
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Reacti on h
)R R2V,
Z-Y14W | M
[ ~--2Z-Y, 4w | m |
Z-yl-f W MR, R2r (2) Through the above reactions
a dendrinmer of any generation can I ink a

thReieh ﬁ%@e¥?a%5+%%u$Ee?h$o%ﬁhrePﬁElEhﬂ% P aEP?oﬁeaCtlon
steps. However, the nunber of generations

s*@%mdh neRd qtsp@%ﬂe%bhyd{ogenlef ﬁﬁ?etb%@%?%m §1E9t8f the

further pore preferabl nost pre er

C?%P@Pn@rbﬁi %%eCQP%%bB?ﬂtt%fagp%?FéYed%ﬁgﬁPy bf i thereby
dendritic structural units and easiness of hesj.s
EIHR RURDEPOYFI bf Shched'd rcd?ﬁ%%mfcﬁ ?@eﬁtserr%cf%‘? Jsth a
pr ef er abl 6, nore referabl lto t he

CQWE%H%%ngEnHaﬁnglgﬁss Vihe a%n%rFﬁﬁ? I%egﬁese reactions,
structure can be introdyced throug

the FIT AFDRSHF 2BNdYTFOupEOVE, a?ne%g"%sﬁrée 5pe

rowmh to increase th
a orementfone react£o§ steps 1 to 3 are applied to

S rne(l 1 1) SZ-YiWwWMS z Yliwwm H( S
JR1 ' FR2 Z YR RSRLRS %/
-YfgWIM (e) RL R R1 R2 Y2 V2 (g) S

r

% -Y ZYRR 2 10- Y2 %Z R R2 S

cnhe
SZ
I Z

conversion of a-position hydrogen of the thiophene ring to
an active group Vi and reaction between V; and V.

‘Reaction scheme(lll)

2}4@(—1‘“+Wh1 />/§%—z—n+wh,
Ri R Vv R, R
7R R ; 1\6\_3,(—2—Y 12
%&—z—mmm %R %@l—z—mmm
Rz R1 R2
(e) U]

R4

2

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 branches from
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generation to a desired nunber or after conpletion of
linking to a core. A high-purity dendriner having few
defects can be synthesized by perform ng purification
after conpletion of each of the aforenentioned steps.
No particular limtation is inposed on the
purification nethod, and exanples incl
tl’f%d?%‘?ceaq IMARTHAS dRRRTeHIR AT off %urfﬂ?lf%aw%ﬁew?hy 1 to
sublimation, and purification by use of a columm.
4.According to the production nethod of the present
invention, a variety of dendringers can be pro

d
t hr okRjHP %&ﬁw%ﬁﬁ?%ﬁ%ﬁEe?%%t??ﬁFbﬁn?h%fcﬁﬂﬁoﬁﬁﬂg%gTer a new
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% gurlty dendri nmer haV|ng few defects can be
0. The present inventors have found, in the

S
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ecomnposi ti on € organic

$ s &OMound. can. bey ngey&mrﬁgtmd grgﬁeﬂaéumgggg Ngnclude

|ophene organi ¢ poron conpound In a conti nuous
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According to the production method of the present
invention, a variety of dendrimers can be produced through
appropriate selection of the compound (a) 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 employs the
"convergent method," in which purification after completion
of each reaction step can be readily performed, a high-purity
dendrimer having few defects can be produced.

The present inventors have found, in the Suzukl 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 organic boron

compound is susceptible to hydrolysis in the reaction system,
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reaction. In other words, in the production of a
t hi ophene conpound t hrough Suzuki cross-coupling
reacti on between a thiophene organic boron conpound
and a reactive conpound, the thiophene organic boron
conmpound is gradually added in a continuous or
intermttent manner to the reacti on system containing
A Hga G SRIRSHHARRY T or 16170kt CRP 6. CERPRT oo on
reacti on, whereby the thiophene_ conppound. can be
CHIRRIRE AR PhigFeyretel DY dadia %i%‘?djc%% tRfpfhiophene
"t hi ophene conmpound" refers to, a conpound having, a
ORIATHIThRE I rfeP MEEHDI B %fC%El%%%h%ﬁel%F@Hm-gtent manner
boron compound i ncl ude those havi an actjve grousgxg

tS R tERAT THM FORPT, CORMRY RAAFpHES DFAEheVF eGRTP
compound i ncl ude those having. an actjve groug V7 13
RN ERY é@ﬁ@%}fﬁ@?%ﬁh@.p%@%&b&%ﬁemp PRERT eSEPF BroouPLing
i, t. b i bed, in, detail . | Ki ,
r ?Y‘gr%%%grgéuﬁlrﬁer? ?fe?er;é’tosf&‘?l, 'nveiﬁ]eﬁdiaelneo reos&;ue%%izog} IOfstaarvlllnogp hene
terial f in fhej t t] {
e S s R U s
/ titively:. the t t ti e . | .
USRI O ST T JF =T aneHRY S e fon 1 st b ConPound, the
limnati in,.t ..b d.
LA ey iR SRRl R EEL F) YRpR
f t hi oph ic.b 38.,i
R PE AL DO DGR o LB on By ben

r.adual | ) d i se 0 e LQn :
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r 8%&3@9 &ﬂb% t@ﬁQGEh{ ﬁéﬁ@nco ﬁBQ ahgan be produced at
%%US- pr oceedi ng react| ong}?s consi [aer ela to prevent
hi@/ﬁfﬂé(fé.s’ AtJ]Qfseer r%lfbaif}ﬁi NG d ht‘_eeﬂfﬁ eltglio-lg}?ergé a@&%ound"
refers to a compound having a thiophene ring.

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

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

In Suzuki cross-coupling reaction, when the essential
starting materials are fed in their entire portions 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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addition technique (e.g., dropw se addition) may be
carried out continuously or intermttently. In a
specific procedure, all the starting nmaterials other
than the thi ophene organic boron conpound were fed in
their entire portions to the reaction systen1
foll owed by gradual addition of the ophene_ organic
i it ORI GF Eed T SIPOFHR of ot FHERE FRATerLLY
to the reaction system In the case where coup].
(§ kot i AR B Yoot %ea%ﬁwgma Prarelit hofas-added
reactive S|tes and a thio hene o boron_co .
bQLoTh GRS 4ﬁ #e%?r%%?ctaﬁgggcfeaCtlon'

may | ower the rea ion rate and an_excessiv
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dend d
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|nt rn1tt ent. manner t he, .pr s a
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S|te 1.0y 8, second, step c i -
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organlc oron co und I'n a continuous or 39
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o o L e oend hay - Be &dded
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manner y deconposabl e conpounds. ot her than the
t hi opheng, or 9ani ¢n HPL 0B PTPRYNH-JBY B between a compound

SecgJ.r@lc procedure,

having a plurality of reéctive sites and a thiophene organic
boron compound is performed, steric hindrance and electronic
effect may lower the reaction rate, and an excessive base 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 to each other 1is
employed. Thus, in a first step, a thiophene organic boron
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 boron compound in a continuous or

39



gradual |y added in a continuous or intermttent manner
to the reaction system thereby enhancing the yield.
Next, exenplary reaction conditions will be descri bed.
When a solid-formthi ophene organic boron conpound is
enpl oyed, the conpound is dissolved in a solvent to
forma solution, which is readily added to the

Lyt Hre Ry SRR G- a ALEGHMaTuotR! Y it | Paitfertie Wfgh and
di ssol ution of the conmpound in a solvent is

the fEQphens RGO RRIEPH EABPIBIRH 08 % f 0fdde qui d
formis added directly to. the reaction system The

s PHr ERIRY DRt} cactP B BBPYRNT2ReEyi t abl y enpl oyed
as the above solvent. Unless_reaction is_affected,
F eackh oh SHixkak TRBRE T nPAGIAK ASCBRBRSARACt APBRALARS -
organi c boron conpound may be used w thout any

ORRY HATT r'eR et OB S paF YFELF apoF PP FATPOARAEmaY be
i nposed on the addition speed in the, case of

SRASHHA 1 SRR £ o, COMEL BU0T FeoB LI5S R RGEBRE L BRPPGE tO the
hours is preferred, with 30 mnputes to t hour s bei ng

TSRS Othr %??%d.€W%r%%% %%E%ngfngnf%?n¥f¥gﬂt addi ti on
no articular limtation,is i sed on the.apmunt of .
nddi¥F5h FETTBHEF &t | ORC AhEnt RENTAEEPUS) T Bat feencs Cribed.
addi ti on operati ops. wever, the amount to be added . .
in o e%p%r%?fbﬂ_Fgrﬁdfg§?ggeh?ooﬁg?ﬂé8rEPFSEIF?mpound 8
requi red total anount divided t 0 nd. t

e T S RN e Tt ot b Sarba 10r Tt net BBiponga s =

séfu@ifcgﬁ,egaﬂtgh aﬁgfegel%@%nfgu%gg%gkét £aL FBQE%EO}Q‘ LDEReR in a

perio nme ours , nor

céﬁég 5ﬁ4¥m§%53}nu&ﬁ§re£ &Mth895§5}I@§o§aH? the compound

conditions as enpl oyed above are applied to conti nuous
1Pl B £Y '{tPQtd999£é&PE °£Eé 98ﬁ§ouﬁét§ Y$he LB12d form or

preferred manner, the thi ophene ofganic boron
liquid form is added directly to the reaction system. The
aforementioned reaction solvent 1s suitably employed as the
above solvent. Unless reaction is affected, a reaction
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 addition, and a time of 15 minutes to five
hours is preferred, with 30 minutes to two hours being more
preferred. In the case of intermittent addition, no
particular limitation is imposed on the amount of addition
per operation 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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compound i s added sinultaneously with the base
catalyst, or prior to addition of the base catalyst.
Furthernore, continuous addition and intermttent
addi ti on may be conbined. For exanple, in one
possi bl e procedure, a thiophene organic boron
conpound servin S, a reactant is continuousl%.
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an active grou
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nterm eht mann oOar on sy’st em contal ni ng
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gr oup ormng 4 Cross-coup
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group romgroup 4 is gradua added 1 n

céké&?gﬁrEH“ﬁéf¥ EﬁéeﬁP@éé@@%nﬂ@%@e£m$9n@;r€ﬁ§t69ﬂer half of

syst’em cont al ni ng a ‘conpoun I ng an active group V1

ugere'org%eedciémgﬁ oUp Jaadherghy peLforNEAgnSUZUKE the
thiophene organic boron compound is continuously added. The
same reaction temperature as described above is also
applicable.

When the above addition technique 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 V; 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 Vi selected from
group 1 is gradually added in a continuous or intermittent

manner to a reaction system containing a compound having an

active group V, selected from group 2, thereby performing
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coupling reaction. As described above, when the
technique in which a thiophene organic boron conpound
is gradually added in a continuous or intermttent
manner to a reaction systemis applied to the nethod
for producing a dendrinmer of the present invention, a
" dendrinmer of interest can be produced at, high yield.
SYHEK hreleht ~ GO SR L plext Ad sy wé{v [Fompound
reference to, the bel owdescri bed Exanples in relation
haBiRGeAn e T FredZOWRi Bh SSHAA TRt Be Tt 4 ebs gradually

limting the |nvention {hereto, A£Faratus
9

2R obfecP | TP HEHRIP R T—%r%\%t of\vv%nniﬁmma reaction
FT- NMR, nodel , INM AL400 é4g % JEOL
SEBHRATOR EHE o DREER r%%m%n%%r%f tee %ﬁSHPch

shlft reference (0 © tetramet byl si T
s¢hecEes @j@:%?%uﬁt e b DR PR AR f g obgl GRRES-

TSK gel Su HZMM Eluent: THF;, Detector: UV 254
c‘?ﬁlﬁ’l%%sﬁ‘? %tj(%r ght average nol ecul ar wei ght (MN)

nb I I
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BRI AL e
> t d .
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Fefisd B @%ﬁ%{g&gﬁ&!rggwasingegr8§sa£§ﬂe9yo%h%he
present invention, 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 limiting the
invention thereto. Apparatus, etc. employed in measurement
are as follows.

!H-NMR: FT-NMR, model JNM-AL400 (400 MHz, product of
JEOL), solvent: CDCl; or DMSO—dG, room temperature, chémical
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 (weight 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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CSk ~~S, Br In a nitrogen atnosphere,
2,2'-bithiophene (4.6 g) was dissolved in dehydrated
tetrahydrofuran, and the solution was cooled in a dry
ice - nmethanol bath. After cooling, a 1.6M

n- butyl | ithiun hexane solution (18 nL) was added

dr opw se thereto nd, the mxtur | d t
SERdeT o B 1] §%§Slﬁf ity é%%@%%ﬁﬂeendﬂmer
thereto, and the r

<5§M’§<‘i‘}$%l%\mg§xa3€$ﬁ€\eﬂ‘f e O & e o) 218
t
ﬁg,rzn]?? arey %iﬁlﬁe%mfﬁ@Vbaghata,Qgrf%%%ved

by the te erature of _the react|
o e € G RORE T B afor et antantesna Tkl Y opi8 sol10uing
fégﬁﬁiElﬂn chloride solution and dlethyl et her were
to the reaction mxture, and the resultant
m xture was sti
organlc Iayer
A S

red and left to stand. The forned

S isolated from the mixture, and the

s subjected to extraction with a

of tetrahydrofuran and diethyl ether

~\L/2) The organic |ayer obtained

through extract Bbn was conbined with the above
organic |layer, and the resultant m xture was washed
mﬁthIana43iaqugeusa3moapheed,s@d?ﬂnbéhhéppdén§oﬂétﬁog) was
The m xture was dried over sodiumsulfate, and the

dsotvkned was dekydrseedotetrahydrofedatedapdesbar eolpgion was
thereby yield a crude product. The crude product was

coekeysiml 4 i ey icr@mtxe@thw@llolp@thn/ Ptk groling, a 1.6M
thereby yield 4.3 g of 2,21-bithiophene-5-boronic

ndewey Y] htleiwedhexene onpbuhionpil 8 BLUi ¥AswArdedsgrpgwise

yi el d:
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 waé
removed, whereby the temperature of the reaction mixture was
elevated to room.temperature. An agueous 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 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 with an
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73% represented by the followng formula. S S C? - \
~-/ B(OH)2 The structure of the obtained product was
confirmed through 'H NVR spectroscopy. The

measur ement data are shown below 1H NVR (DVBO-d')
88.30 (s, BOH, 2H) , 87.60 (d, J=3.6 Hz, thiophene

aqitiis (1 tudiiad $SGuun o farfanladifrin . LRI re vas
défpﬂ%ecq{éa% iwﬁ%um%‘%%ge%n tﬂﬁgﬁﬁéwgﬁﬁ@?egam%ed oft
B LS PRI FUINETE | bR el

R L oL B 0
neties oo (e nes? bt L Chef ShaBuE f B b Srkfnd-Itporonic

a‘?fe‘it r%t%¥s%€l%£¥ﬁg%lﬁ8%ﬁa$ gf’;\?% nlaimsgl rri% élh loiﬁjéryield:

etion of act t erat of the
15’: aclfer‘%resen%%eb V\%/é%elf(\j/\gggd rrg %ggﬁhﬁ?eﬁper ature, and
water (30 nL) 44 was added thereto. The resultant
mxture was subjected to extraction with nethyl ene
c @% fhyhe forned organic |ayer was washed

é organic layer was dried over sodium

sulfate and the sol vent was distilled off under
reduced pressure, to therebgﬁéleld a crude produ

The Tk ugErPEbatet Ohashrs8ParaReINBTREFC @&St ﬁloé‘ﬁ?dﬁmed

col unn chrorrato raph ackl ng naterial :
tkﬁﬁ uct 6\]=MR spegctrposyc (p % measurement ldaqc%gelreGOshown

below.

'H NMR (DMSO-d°) 88.30 (s, BOH, 2H), 87.60 (d, J=3.6 Hz,
thiophene ring, 1H), 87.51 (dd, J=5.2 Hz, J=1.2 Hz, thiophene
ring, 1H), 87.34-7.32 (m, thiophene ring, 2H), 87.10 (dd,
J=5.2 Hz, J=3.6 Hz, thiophene 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 mL) was
further added thereto. The mixture was allowed to react for
six hours while heating at 80°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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Merck), eluent: nethylene chloride /n-hexane), to

thereby vyield 4.6 g of the target product (pale

yell ow solid, yield: 61%. The structure of the

obt ai ned product was confirnmed through 'H NWR

spectroscopy. The neasurenent data are shown Dbel ow.

1H NMR (CDC13). 87. 65 (nrh’éf benzene rln%, 2I—C9
wagsy astgle tﬁlle@mThﬁe 78 tﬁ“ﬁgmlﬁli)ures?’a%sfl@ cted to

N Al b e

87. 15 , 1 7.05 (d
gl yatp waES Thh vf Sohend i G- H)laélﬁﬁ']t ifried
1-2> Synt h f
o5, B i SPHALA < ST owa Sﬁﬁ °u€ eﬁ%p%%‘gflie% off under

formn nch en

r i ter?”rﬁeds's?qr%&m th% Lohtld By° i Brodirny e
c%ﬁ[eremréra?%%t msvaasso TSt S
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ee[arzazgphéen%l/ Jlﬁ @bgﬂ%énr?eye%%m ne>NB3<%/? ¥1el]( SS?rB'd’ gleld:
SR R, Sk g e
L e
pdl df 0gen at nospher e,

'y NMR (CDCl;) 87.65 (d, J=1.6 Hz, benzene ring, 2H),
87.55 (t, J=1.6 Hz, benzene ring, 1H), 087.26-7.25 (thiophene
ring, 1H), 87.23 (d, J=3.6 Hz, thiophene ring, 1H), 67.22 (d,

=3.6 Hz, thiophene ring, 1H), 87.15 (d, J=3.6 Hz, thiophene
ring, 1H), 87.05 (dd, J=5.2 Hz, J=3.6 Hz, thiophene ring, 1lH).
<Synthesis Example 1-2> Synthesis of a compound (a), 5-
[2,2']bithiophenyl-5-y1-N,N,N' N'-tetraphenyl-1,3-
phenylenediamine, forming the branch ends of a dendritic

structure, represented by the following formula.

<Preparation of catalyst>
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the previously prepared catal yst solution was added
dropwi se thereto at 800C. After conpletion ~of
addition, the reaction mxture was heated to 1200C,
and was allowed to react for 18 hours. Subsequently,
the tenperature of the reaction mxture was |owered

to roomtenperature, and ter, (10 was added, -
t her B benanhéd forikl %?@aﬁ¥€ gagé ﬁgi;9§8Wa?88%FF8n1lo mg)
the mxture, and the ﬁ&geous | ayer was $ ﬁ
angt rigetd ot tYRIeR rRbRYSRART @ hi bF £ aBTPHRELR éﬁﬁ an?aﬁaﬁ ng)
obt ai ned through extraction was conbined wth the
wahRdden gﬁ#ﬁ’éeJq?%yerTheTWlet&r@arﬂa@ IngAdredhast ff9°6d toFers0
sodi um sul f and the sol vent l ed of

MIMYE?S r etfuc %ﬁ%%s%?%pa¥% ?h%?%%$a§FeFa£3£18Pude

”%%%%&ﬁiﬁ%%é SR et R

Slllca Mer ck I t t hyl .
LN RER g éﬁ@syf?%edfﬁﬁiéﬁ% yield 2.20 g of the

;t::%z%w i b g Py
at %§@§5h$9¥if”%ffE°¢ﬁﬁﬁ¢9€%ﬁﬁﬁ 2§3§§5??59§hdﬂéakégen
R g i 7 e o
p%?%@ TN &N u?%lop e e’ r%ng) %S ! g 95”%& §§§§H atﬂSSPhere
tqen5§g$%én$%% %Fg%§§gd7§a§5%g§§yﬁ§%h¥loge?§§ngdﬁbagdaopw1se

anpl e esis o conpoun

é%%%t?ZaE(g%(fhlo%ﬁgﬁyfog FflﬁnNoﬁlaﬂd;Féf¥3 ﬁgﬁirreactlon
TSP SRR B8, oS s LA Lo g cox 10
h9££§.p%ﬁﬁééﬂhently, the temperature of the reaction mixture
was lowered to room temperature, and water (10 mL) was added
thereto. The formed organic laver was isolated from the
mixture, and the aqueous layer was subjected to extraction
with methylene chloride. The organic layer obtained through
extraction was combined with the above organic layer. 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 isolated and purified
through column chromatography (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,

yield: 85%). The structure of the obtained produdt was

confirmed through 'H-NMR spectroscopy. The measurement data
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hydr ogen of the correspondi ng thi ophene ring of

conpound (a) formng the branch ends of a dendritic

structure S S NO (HO2B S, In a nitrogen

at nosphere, 5-[2,2']bithiophenyl-5-yl -

N, N, N1, NIl -t etraphenyl - 1, 3- phenyl enedi am ne (2.0 g)

whi ch had been syntheS|zed in Synthesis Exanple 1-2
arRa$heMEs HNVEH -i n ~ dehydrated tetrahydrofuran, and the

solqtlon was cooled in a dr %Tice - net hanol bat h.
Aft el Y¥BI i(RBCLa) 197 v#2 o4 ti th7 in§ Hz, benzene ring, 8H),

di i sopropyl am de/ n- hexane suspensi on (4.5 g pr.odu
8706 Aldri gf) -vadzadded -dr &pwi $&ioRERSc ¥ Eivy ]ﬁg . 11-

m xture was allowed to react_ for one hour. 57 02-6.96
7 .S¥bs@qudidiophens |rri‘é”t%ox13ﬂod"rnéjné’e(rbz%“eg)r% afed ©7 -0

dropwi se thereto, and the  resultant m xt

(ol RGN Fidisbt HoraTshd IHGRRETR (iorn 9y Bnpl &1 6h G 9=2.-0
e e £ G014 16 R%é?@é?pémydﬁ%%%sfm 1H) .
<A AR A7 aqBYO0E oS APt S SR i (2 5= (5"~
0&2053{4 %%Jﬁf ot S e xﬁmf‘éﬁ’ﬁ&té@ré?ﬁenﬂ-
'rhlr g&fe{]nde egrntlr}%ohzterﬁrkd%seWed {T%geofcgffé)&llll YESrmula

rom ure aqueo_us ayer
tnrawgiﬁb Lo B2 SRMEL of WA Hon
Al L e PN S na (o
£ feSU'gaa{H J cﬁ‘ﬁ 4y C%xy@sfi%\gsﬁe@eﬂ&mf@ SOHEOMSre

. G o

@NO

In a nitrogen atmosphere, 5-[2,2']lbithiophenyl-5-yl-

S
HOB—Q 1 |

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, a 10-wt.% lithium
diisopropylamide/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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solution. The m xture was dried over sodi um sulfate,
and the solvent was distilled off under reduced
pressure, to thereby vyield a crude product. The crude
product was recrystallized from
tetrahydrof uran./ n-hexane, to thereby yield 1.5 g of
the target product (pale yellow solid, yield: 70%
cORyd etsitaructiureeadt tdre, pratrictvwawmsadded i Ehesetar bagh
"H NMR spectroscopy (solvent for neasurenent:
hyvBQyi8)s f r Gimetriea fitagt, thieatco® lggak hattly iwaR Py athe
OH proton of the boronic acid 1is observed at about
wigarBippratendeanparatiere a2 f otld rerction eptatere vipgecbevated
t he benzene-ring-originating protons to that of the ,
ta hiapharemEe TREWTE gi Adt IR RSt GIREWGI tRI Fegnaf i chloride
that of the target structure product. <Synthesis |, ,
s Exarigire andpdiyiesethef vere grddedt Fontlenbppfgpon mixture,
represented by the follow ng fornula (11)_ through
argliZile reTWsERbUP FHYES ¥Rt | DRt b ofpOubBt EpFOWsERARd. The
compound (c) 48 NNa Na SSN SSS S werein,
formed ergaserR slayRr piss t 1 oplatedr 6EOR Hhe BhxhHren aaf the
i ntegrated val ue obt ai ned bg "H NMR spectroscopy S
aqueufatlel e x FUKT LR RPIEAGEP c2EEFBRTHBE @hﬁhogi Aglvent
continuous/intermttent addition> I n_a nj

MR RDHF 68 e TN ARP P T AN et £F LepL ppf het (VO Llume ratio:

1/2). The organic layer obtained through extraction was
combined with the above organic layer, and the resultant
mixture was washed with an aqueous saturated sodium chloride
solufion. The mixture was dried over sodium sulfate, and the
solvent was distilled off under reduced pressure, to thereby
yield a crude product. The crude product was recrystallized
from tetrahydrofuran/n-hexane, to thereby yvield 1.5 g of the
target product (pale yellow solid, yield: 70%). The
structure of the product was confirmed through 'H-NMR
spectroscopy (solvent for measurement: DMSO-d®) from the fact
that a peak attributed to the OH proton of the boronic acid
is observed at about 8.3 ppm and that the ratio of the
integrated value of the benzene-ring-originating protons to
that of the thiophene-ring-originating protons coincides with
that of the target structure product.

<Synthesis 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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were added to a m xture of 5-(51-boronic acid-

[2,2"]bithiophenyl-5-yl)-N, N, N1, Nl -tetraphenyl -1, 3-

phenyl enedi am ne (1.30 g) which had been produced in

Synt hesi s Exanpl e 1-3;

5- (3, 5-di bronmophenyl ) -2, 2" -bi t hi ophene (0.40 g) which

- had been produced in nt hegi s Exanple 1-1; pall adi um

ag:;ate 3 ng),; tridiégyl sphine (46 ng); and

S ﬂ bonate (0.22 gN; and the resultant m xture
was allowed to react faop

ai g hours under refl ux
. L0 reaction, the
G+t 2 Nt o room tenperature, and
wat gr Eﬁj:o. TH&Nresul tant mni xture
gﬁFUbject ith nethylene chloride,
and“t he f orxe Ic layer was washed wth water.
The organic | ayef was dried over sodiumsulfate, 49
and the solvent |was distilled off under reduced
pressure, to 9reby yield a crude product. The crude
product was is0olated and purified through colum
chromat ogr aphys( packing material: Silicagel 60
(product of Merck), eluent: nethylene -chloride
whdrbexaneyy toptbesgby vhel gobi8dof 6F bhetbargat on which
product (pale yellow solid, yield: 60%. The structure
afintder bt @i Hetupr FHEL n¥ASHE OFH - NNe ds 1 did e Ol NMRs
spectroscopy (solvent for nmeasurenent: CDCl3) with
eveieiesrge to an integrated value at 6.74 ppm (2H)
attributed to benzene ring proton Ha (see fornula
<$dd)R i hayippihyoradiacent nosi empyeniagons, fromthe
fact that the ratio of the integrated value of the
chepzenea s/ hgtormgttaht ngdptoions to that of the
t hi ophene-ring-originating protons coincides with
t hat Infat héttagget ashoaphare, praducil 0 e eanaf warteri N2 mL)

were added to a mixture of 5-(5'-boronic acid-
[2,2']bithiophenyl-5-y1)-N,N,N', 6 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); tripheﬁylphosphine (46 mg); and
sodium carbonate (0.22 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 mixture was subjected to extraction with
methylene chloride, and the formed organic layer was washed

with water. The organic layer was dried over sodium sulfate,

49



descriptions in relation to other generations, Ha al so
refers to a benzene ring proton having two adjacent
nitrogen atonms. The mnmeasurenent data are shown bel ow.
The wei ght average nol ecul ar weight (Mv), nunber
aver age nol ecul ar wei ght (M), and nol ecul ar wei ght
di stribution (Mv M), as_ neasured through GPC were
anumke t o beent 2ess disuylledgdoifoynder gggueeryprgssure, to
These values indicate that the target polyner has
theeePpurield ahdoBedanREOAUGT ngl B Qi FPEFS | P SE Gk 723 H
. NVMR (CDC13) 87. 66 (d, J=l. 2 Hz, benzene ring, 2H) )
igylateq tand puoi fped pEhsepgh r faguma Hphramajogrgphy=4pgcking
Hz, thiophepe ring, 1H), 87.30 (d, J=3.6 Hz,
m%wwpwehegﬂh@?g%)éo 87rodugt 29T (MerpbhzeRéUPRRg, MEShyLlene
and thiophene ring, 2H), 67.18 (d, J=3.6 Hz,
CQ%?%b%%né”T?%ﬁ?nﬁgb,t%7ﬁﬁ%§?bioyf dsB-BangeRé FRRgrarget
16H and t hj ophene ring ,2%0,,7.38 g§° J=3.6 Hz,
PEPFpheMRA? ngel DRy, STL 48, (Wheldzs09%)y s gtyycture of
t hi ophepne ring, 1H), 7.02-6, 98 benzene ring, 8H
t%%d"ﬁ?ﬁ%%%n%rgﬁﬁﬁF WaR) TO ?éém%é?LHE%P@hkt?‘%%ﬁzene
ring, 4H), 6.74 (t, J=2.0 Hz, benzene_[i , 2H)..
SRl ol S Fihotobrengbrorag e coeld i reference
conti nuous/intermittent ddi tion r i ¢, boragn
t G GHbOUCE R T BF b Sht & adihi PPBn (28 BALESRHEAR) spsbenzene
In a nitrogen atnosphere, T 4 .and, water..(1 nl)
SRS TR T PRI IR SR o L
bi t hi ophene (0.40 g).whigch_ha e r d_i.n
S B e e A A
. triphenyl phosphi n 4 .. and. sodj [ t
it ghT eI PORRROE e p R en B ERCO LN AR ERER Proggne v

_ tﬁg{ gﬁtbhgttﬁggﬁiegg—Ebﬁgﬂ$§£8£§at§ng protons coincides with

that of the target structure product. Hereinafter, in
descriptions in relation to other generations, Ha also refers
to a benzene ring proton having two adjacent nitrogen atoms.
The measurement data are shown below. The weight average
molecular weight (Mw), number average molecular weight (Mn),
and molecular weight 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),
87.65 (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),
867.25-7.22 (m, benzene ring, 16H and thiophene ring, 2H),

87.18 (d, J=3.6 Hz, thiophene ring, 1H), 87.13-7.10 (m,
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solution of 5-(51-boronic
acid-[2,2"]bithiophenyl-5-yl)-
N, N, N1, NI -t etraphenvl - 1, 3- phenyl enedi am ne (0.65 @)
obtained in Synthesis Exanple 1-3 dissolved in
tetrahydrofuran (3 nL) was added dropw se over one
hour, and the m xture was allowed to react under
bertens tbndi t 1 6ORsandr thigphenpsringd 4 / carB8ndfle J=3.6 Hz,
(0.11 g) dissolved in water (1 nL) was added to the_
thiephend FiRYurdl) subsequéfdl yJ=a-3oHatriéndi A Hz, thiophene
tetrahydrofuran (3 nL) of 5-(51-boronic acid- _ '
ringp' 1Bl t hf ophehyP 859 ) bRORERE, Kinget BHphABAyFhioghene ring,
phenyl enedi am ne 60.65 ) which had been prepared in
2185y nt he? s (Exadhpt e 1HBrmg§né§H@dr6F6pmﬁ§éro@e 4oné hdae -0 Hz,
to the resultant m xture, followed by allow ng the
benzenfertddredadt - for 5.5 hours under refl ux
conditions. 51 After conpletion, of reaction, the ,
<§@RLEE oROVP LI B T RS L LBBOHBUOLBLREORPEERBEP IS BECRRY Etent
water (20 nmL) was added thereto. The resultant L
afdhetPon° fi RFERBR1GR8C50D] 6ETBAVED 2BRt FREEFBA ThPRl addition
net hyl ene chl oride, and the forned organic |ayer was
ohal#ed GREMLWAEEr. The organic layer was dried over
sodium sul fate, and the golvent was dissil
I

undef? FeBLEEAIFPeaSHPEP FGthgﬁgbﬁéyW@ daé%?y%&%r (1 mL)
wBEGI S5 P { TLAEPBR Phr 0GR SCHRBAATCRPORYE bgPaBhy
LRSI ImL 5 AL S R0 OB (DL UG sHELEnecss
oYh e 43t e A0SO POt pkhel Bt B e
B I R S b R R
migguigc&aghﬁéaggg %Ekgﬁﬁgil bath at 80°C. To the mixture, a
solution of 5-(5'-boronic acid—-[2,2']lbithiophenyl-5-yl)-
N,N,N' , N'-tetraphenyvl-1,3-phenylenediamine (0.65 g) obtained
in Synthesis Example 1-3 dissolved in tetrahydrofuran (3 mL)
was added dropwise over one hour, and the mixture was allowed
to react under reflux conditions for 0.5 hours. Sodium
carbonate (0.11 g) 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-5-y1)-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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spectrum coi ncides wth that of the product through
the aforenentioned <Suzuki coupling not enpl oying
continuous/intermttent addition> and the fact that
nol ecul ar  wei ght val ues (obtained through GPC) of the
target product al nost coincide those of the
af orementi oned_ product. <Synthesis Exanple 1-5>
SynthEtes %@mQh@tg@%e@étF@ﬁCHéﬁGV|ﬁﬁ? F@BF@é@ﬁt@éxﬁyre was
the following fornula 52 al Na -S ONN
copled F& @ Zeenperarune, Spghevarar (4P| mLépWé§eﬁ€1§ed
the position of proton Ha, on which an integrated
thRI&ie0 obtThien && S tam VR a6y st e iREERE to
<Synt hesis of boronic acid derivative o
extg¥agekrn af 1 gh m@@bﬂ%@%ﬂ%@%@%m apd b*yh? h&orBrfofragnic
formula (12) throu conversion, to active group
1y oH)pas df(a%.h%s‘ﬂ%@annw$ og&h%for‘l%%o]raﬂé%’-bd’l’ﬁff ngried
t hi ophene ring of 1st- eneratlon dendri nmer > 1' N
ovqn()scglurN S\@?@q_teN 3ng e fpivenyg @:El%.staslled 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), to
thereby yield 1.14 g of the target product (pale yellow sélid,
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 coincides with that of the product through the
aforementioned <Suzuki coupling not employing
continuous/intermittent addition> and the fact that molecular
weight values (obtained through GPC) of the target product
almost coincide those of the aforementioned product.
<Synthesis Example 1-5> Synthesis of 2nd-generation

dendrimer represented by the following formula
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S B(OH)2 1In a nitrogen atnosphere, the
| st-generation dendriner (1.4 g) which had been
produced in Synthesis Exanple 1-4 was 53 dissolved in
dehydrat ed tetrahydrofuran, and the solution was _
cooled in a dry ice - nethanol bath. After cooling, a
- 10- wt. % lithiumdiisopropyl am de/ n-hexane suspensi on
(2.1 g, plCBuct(?f Al drich) was added dropw se
thereto, and the | m xture was allowed t eact for one
hour. Subsebluentd Vs~ tri met hoxybor (042 g) was
added dr@ﬁﬁﬁS‘ he o, and the regulaagt m xture was
al owed to reag

for one hour. onbt%{ion of
reaction, wate gwas added thereﬁgﬁfor hydrél ysi s.
Thereafter, the e9oling bath was renoykd, whereby the

t enper at ure of € reaction mxture el evated to

ro t enper at ure,l_An aqueous sat ur a=e
chﬁ%?ide & ' NYwere added tq the
reant i on Jm ]

§Ui r &g n ed_qy gapj c | ayer
was isplated from thels O Z
wth a solvent m

was~sdbiest ed to extraétigﬁ :
teﬁ;jﬁygijfuran and di ethyl ether (volune ratioy
1/2). The organic |ayer @byained through ext ctTﬁj

was conbined with the ajpove organic | ayer, d the
resultant m xture was (shed with an aqueous
saturated sodi umchloride solution. The m xture was
widsreth pves" spdpuassntéatbe andithen sdl penttowasia, on which
distilled off under reduced pressure, to thereby
ayi ehdegratedevat vducbtaThedchuddH piMRluspe ®aBOSCOPY Was
recrystallized fromtetrahydrofuran/n-hexane, to
evhkuzbydyield 0.9 g of the

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

conversion, to active group B(OH),, of o-position hydrogen of

the corresponding thiophene ring of lst-generation dendrimer>

oWe SN

(12)

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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target product; i.e., a 1lst-generation boronic acid
derivative (hereinafter abbreviated as "G -B(COH) 2")
(pale vyellow solid, yield: 63% . The structure of
the product was confirmed through 'H NVR spectroscopy
(solvent for 54 neasurenent: DMSO-d 6) fromthe fact
that a peak attributed to the OH proton of the .
dbpyohied ath dleRydpaeed cbie ¥ aapdue 8ran, pphflahet Ratution was
the ratio of the integrated value of the _
corle@nil ra ngror i ¢f natMeaghprot opdthe thiiehfcadeing, a 10-
t hi ophene- ring-originating protons coincides with
wi bt lbthive dhigeproryiysidefnprodaee. sespeprion (2.1 g,
coupling reaction not enploying
PEOHE G hudtish] GF e t%%ta%@@%tqi?éqagwmeath?f%aenand the
at nosphere, THF (3 nL) and water (0.6 nL) were added
MiBCH P wEBr 2L bPVER - B0 (TRfCh for ong)houn. (Subsgquently,
di br onophenyl ) -2, 2' - bi t hi ophene (0. 12 &,mhich had
thERRth o vRRERe | 1O SHhit BbsTRS BRS Tied{‘?g,lﬁ‘él F8FGHP, and the
acetate (4, ng); triphenyl phosphine (14 ng); apd
eS8 o b HORGER 15B ) S Gt RESPbshPE ahbenfighEr o ATTET
was. al | oned_to react for eight hour under refl ux
B T OheoT AT EEE € LORpI BE T BFSr SUieRoRIEFRES £6F
‘reaction m xture s cool.ed to room.tenperature, an
hYEESHYRBS  mNSRRE e THerGA LT b 1T B S U o
was subjected to extraction with t hyl ene chl ori de
WBERE R ot For MEPBTRERFE OF abh? HASCHASHER A ERowAEEr SLevated
tThe organi c Iager ma§1dried over_.,sodi u sulfateu aqgl L d
? HEC BT R S HAEEFT st it STV Uit r Tt F e U A P e (e or tae
s%ﬁgﬁ?@%ﬁ%%%é&%%ghglCé%ﬁ%ﬁpéﬁggcgﬁdggetoc£ﬂgereggqggh mixture,

uriri rough col um
a Cé‘pr%@

t?@é?f@¥n£p§f§£99en@égrggifré%lgﬁagfgfﬁoto stand. The
roduct "o

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 with an agqueous saturated sodium chloride
solution. The mixture was dried over sodium sulfate, and the
solvent was distilled off under reduced pressure, to thereby
yield a crude product. The crude product was recrystallized
from tetrahydrofuran/n-hexane, to thereby yield 0.9 g of the
target product; i.e., a lst-generation boronic acid
derivative (hereinafter abbreviated as "G1-B(OH).") (pale
yellow solid, yield: 63%). The structure of the product was

confirmed through 'H-NMR spectroscopy (solvent for
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Merck), eluent: nethylene chloride /n-hexane), to
thereby vyield 0.47 g of the target product; i.e., a
2nd- generation dendrinmer (pale yellow solid, yield:
529 The structure of the obtained product was
confirmed through ' H NVR 55 spectroscopy (solvent for
measurenment: CDC13) with reference to an integrated

et Weekg N b RNSG-F ppgiquphaatiaghuthar t PehAteributed to

ring proton Ha having two adjacent nitrogen atons,
the doH tec e tof helte therenicoreidt he pPheegradedatvabost 8.3

of the benzene-ring-originating protons to that of
PRM ARG Hitenele riFdglorP i Hati HutpebebAL, vebyer 9&dthe

about 6.9 to apbout 7,4 ppmand about 7.6 _to about 7.8
beppgneor Hed RS G Rat inAt PP LoORBetPathaE fr REuFBiophene-

product . The wei ght average nol ecul ar meight (Mw) ,
r Hgrer 1 @l B nof ekl ar coerghicd Wit thahBatnefetlifafarget

wei ght distribution (Mv M), as neasured through GPC
st et Y BRIRF e Be- 3, 514, 3,385, and 1.038,

respeptively, These val ues indicate that the target
<PAYRercPRI YN PUTFES" BNE SBRLABLNE singl e

di spersion, state, <Suzuki .coupling reaction involving
c Fi%?ﬁ&ﬁé???ﬁ%?h???%ﬁtad%ﬂﬁ? Pon of organic boron

conpound and intermttent additjgon, _of base catalyst>

o RS  SEro At o prasBheRRE [HEG (P HadBrsFo 4 - 6 mL

nmL e.added tp a mxture o ]
ward A oD ERErSE 05161 B (R b (®. 1250 v o

ad been produced, in, Synt hesis le 1-1; pall.adi um

o Rketeh By Py T BhEGPERCa i el 1h8) ngfeangegorth

car bonate (33 .and the resultant.mxture i
PRI P o e Pe b P At Bh0C o PREU R kbOractEite (4 mo)s
t%éﬁ#%#éi#%éﬁéﬁ}ﬁ%c&qg &8)?5ag& 968§Q%V8Qrb8nate (66 mg), 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 (3
mL) was added thereto. The resultant mixture was subjected
to extraction 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, to thereby yield a crude 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
yield 0.47 g of the target product; i.e., a 2nd-generation

dendrimer (pale yellow solid, yield: 52%). The structure of

the obtained product was confirmed through 'H-NMR
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(0.7 m) was added dropw se over one hour, and the
m xture was allowed to react under reflux conditions
for 0.5 hours. Sodium carbonate (33 ng) dissolved in
water (0.3 nmL) was added to the reaction m xture.
Subsequent |y, another 56 solution of G-B(OH)2 (0.45
g) dissolved in tetrahydrofuran (0.7 nlL) was added
speopwpseopver soheehbuEoromepsurenantantDChiktwieh reference
followed by allowing the mxture to react for 5.5
tooakrsinheerated| urlesndtt pbayt Af VePPBonpHet péifrédputed to
reaction, the reaction mxture was cooled to room
bepppee af URE, PEATONaler NEBiRY) tHas2ddaEaT Tt RéfEPgSNTREOMS,
resul tant reaction m xture was subjected to
fexwrbleei 6aCh EReteth§| EAELenPSr FBE, 1BRGITRECHOVARYS of the
organic | ayer was washed with water., The _organic,
bengerenwaindrped9ingEingonraRPaal £at Ehaknatt kBesshvertiene-
was distilled off under reduced pressure, to thereby
riNGrAragERgHengr BYAEPRSTheLSeFHad pFoghetitngs? to about 7.4
subjected to isaolation/purification through colum
pEﬁr@ﬂﬁt@a@abhﬁ-EpaekﬁHQUHa?ePiapmstPF85¢8F866lth that of
roduct of Merck), eluent; neth

SRR BFTaBFneRERGREFS PEOSRer oEyhe1 BT SO A erage hRlecular
o B PSSt e SO a1 0B SEndELBRL, BRe e
BB E BT ER" S, SPECUID OB LONRU 80 N SRk g ncovgr
BPHEFSHo LRI Bg! b0t b LEAVE ect Cileceiveny
LB ETEDL TS TR Lo EOURL) DO TBL STELEN e pyon puricy
o5 S50 o5, S pYELUSSELRRL BTG L ouah SR of e
<Suzuki coupling reaction involving continuous/intermittent
addition of organic boron compound and intermittent addition
of base catalyst>

In a nitrogen atmosphere, THF (1.6 mL) and water (0.3
mlL) 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 oil bath at 80°C. To the mixture, a
solution of G1-B(OH), (0.45 g) dissolved in tetrahydrofuran
(0.7 mL) was added dropwise over one hour, and the mixture
was allowed to react under reflux conditions 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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af orenenti oned product. <Synthesis Exanple 1-6>
Synthesis of 3rd-generation dendriner represented by
the following fornula (13) 57 (13) ONP -a NP NON
P Sba, aN NaS SSS ONSSS SSSI N'JOS
SaON pr_ ] SSI NaSSS SNSN ONaNa
wherein, "all represents the position of proton Ha, on
smmnmlﬁle@f@ﬂm \Wal4Pe Dbt sl wsd #n NMEErahydrofuran
spectroscopy was evaluated. A boronic acid derivative
(@F7 trhie) 2nls geddecht doepw Heamde v aer omasheyat hesuth@d resultant
through conversion, to active group B(OH)2
m¥¥¢mmﬂt|fﬂﬂl®@#@d@h(®¥l®%en@oth%s®9ﬁ§Pﬁg Fﬁlé@ﬁéﬁefor 5.5
ring of the 2nd-generation dendrinmer which had been
hayns herdeedreé il Synedrdt sieanmpl e 1-5. Subsequently,
the derivative underwent Suzuki cross-coupling
reachfbarwrenpbet{gnsofi brarbphBaytRe2r2achiion BaféHEe was

whi ch had been
cooled to room temperature, and water (3 mL) was added

thereto. The resultant reaction mixture was subjected to
extraction 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, 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), to
thereby yield 0.64 g of the target product (a 2nd-generation
dendrimer, pale yellow solid, yield: 71%). 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 coincides
with that of the product through the aforementioned <Suzuki
coupling not employing continuous/intermittent addition> and
the fact that molecular weight values (obtained through GPC)
of the target product almost coincide 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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synthesi zed in Synthesis Exanple 1-1, to thereby yield
a 3rd- generation dendriner. In the above synthesis,
the procedure of Synthesis Exanple 1-5 was repeated,
except that the 2nd- generation dendriner was enployed
instead of the Ist 58 generation dendrinmer. The
. structure of the obtained product was confirned
(13hr ough 1 H NWR spect@scopy (sol vent for

measur enent : ference.to an inkegrat ed

val ue at about 6 7 P h(gl) @?\t f\guted tor@e z@w

ring prot Ha havil g t:@ @ig ent nitrogen atao
R t

from@reNfact t hat e integra ettt ue

of the Qegnzepe-ringsoriginating p¥btons tg tha@of
the QPfierre\rd ng-/Aof i gi nati ngprot ¢¥s, pserv at
about 6. %éto abouf }7. 4 ppm and about @I to about 7.8
ppm coingides with \that of the target [structure

product. The wei gt average nol ecul arSaei ght (My),

nunber average pbecul ar wei ght ( M)z and nol ecul ar

wei ght distributior (MM M), as measl redthrough&C
were found to be 7,8p0sy 7,610, and X 037,

res ctlvely Thes¢ vaPues indiQatdrthag) the target D

has hi g} ur|ty ahd@ssunes a si nNg A
ser i Of date. [ Synt hesi s|Example 2] ~ S
Qc- r§t|, 3-branched &endri ner represnt ed by @
f ol I owi ngspor nul a (bon ng of |st- generadion

deggri mer to henzene core) M9 a QS 10 GQ OS 0 N No
CcT S S sSSC ;} Sy
¢ 3N

50 Sy

5 O
wherein, "a" represents the position of proton Ha, on which
an integrated value obtained by 'H-NMR spectroscopy was
evaluated.

A boronic acid derivative of the 2nd-generation
dendrimer was synthesized through conversion, to active group
B(OH),, of a-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-

generation dendrimer was employed instead of the lst-
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NOSI SCTSNa-U SSQSSSONN aa(DNO
G 00 wherein, "a" represents the position of proton
Ha, on which an integrated val ue obtained by 1H NWR
spectroscopy was eval uated. <Suzuki coupling reaction
not enploying continuous/intermttent addition> In a
ni trogen atnosphere, THF (6 nL) and water (1 nL wer e
gemeteait ton ademda imer of Thee PorpHiureacid W iakitd eedfproduct
the 1st-generation dendriner (i.e., @-B (OH) 2)
waepresbitee biyh.x $1yluiFer NMER )S vt totP SR sh el Jprastiu clear
through "conversion, to active group B(OH) 2 of
mea POSEh HyRIE bge v idth iRt e rastaespordl nigh e optirchevalue at
ring of 1st-generation dendriner"” of Synthesis
alpxaiaph 7 1PN (18HB ytribytedt g b%%%ﬁzéh@gwsotﬁﬁ) Ha
pal | adium acetate (15 ng); triphenyl phosphine (5 %

&0l pedt @ R U CoR BORREROTSH AEIMS anbrPhe F@sﬁﬁ?ﬁn?ha the
m xture was allowed to react for eight hours under )
raefe uxf cerli inbrgratedrerlednpf ek RenPer2eRacEBA CFRELRATING

tenperature of the reaction mxture was |owered to
PFOEPRS chpekdiref BhR Watephenentingaeriginating protons,

observed at about 6.9 to about 7.4 ppm and about 7.6 to about
7.8 ppm, coincides with that of the target structure product.
The weight average molecular weight (Mw), number average
molecular weight (Mn), and molecular weight distribution
(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 single
dispersion state.

[Synthesis.Example 2] 1lst-Generation, 3-branched dendrimer
represented by the following formula (bonding of lst-

generation dendrimer to benzene core)
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added thereto. The resultant m xture was subjected to
extraction with chloroform and the fornmed organic
| ayer was washed with water. The organic | ayer was
dried over sodium sulfate, and the solvent was
distilled off under reduced pressure, to thereby
~yield a ude-Qroduct. The crude product was isol ated
and puri@a @rough col um chromat ography (packi ng
material :NSLJ iNcggel 60 (product of Merck), eluent:
nmet hyI ghiJor / n-hexane) and subsequently
recrystalliZed om chl or of orm t eby yield 0.36
g of the taf et product; i.e., ag & “gener ati on, 3-
branched dendn#yer (pale yell ghd, Y el d: 39%.
T structur 84f the obtaine 'ct@s confirmed
tmugh ,\ N pectroscopy (sol gegt for neasurenent:
) Ak S/ sFeence to an i nkedFated val ue at about
'Rp 6H)y” attS¥buted to bertesne ring prgton Ha
haw Ng_tWo adj acengs nitrogen aons, from fact
_ttratio of \Ehe~ iy 36 .w@ waldd of Nh
benzene-ring-ori gi nag pr&fons tW/ thaf n
t hi ophene-ring-originati ng protons, obser¥%ed at about
6.9 to about 7.2 ppmahd about 7.4 to HU .5 ppm
coincides with thFSof the target structure™product.
The neasurenent dhta are shown bel ow. The wei ght
average nol ecul a ei ght (Mw), nunber average
nol ecul ar wei ggr ) and_nol ecul ar wei ght
di stribu@n (NW Mnh)TYas ngasured 61 through GPC were
found to e 550847, 4,467, and 1.073, respectively.
These @t'ﬂl PTdi cat e¥t J target polymer has
high p ay~vand assunes y4d e di spersion state. 1H

NVR (CDC@N7©48 (s, @JNZ ring, 3H , 7. 46 (s,

wherein, "a" represents the position of proton Ha, on which
an integrated wvalue obtained by 'H-NMR spectroscopy was
evaluated.
<Suzuki coupling reaction not employing
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., G1l-B(OH)2) represented by
formula (12) which had been produced through "conversion, to
active group B(OH), of a-position hydrogen of the
corresponding thiophene ring of lst-generation dendrimer" of
Synthesis Example 1-5 (1.03 g); 1,3,5-tribromobenzene (68

mg) ; palladium acetate (15 mg); triphenylphosphine (51 mg);
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benzene ring, 6H), 7.43 (s, benzene ring, 3H)
7.22-7.18 (m benzene ring and thiophene ring, 57H)
7.10-7.08 (m benzene ring and thiophene ring, 60H)
6.99-6.94 (m benzene ring and thiophene ring, 33H)
6 90 (d, J=0.8 Hz, benzene ring, 12FD 6 87 (d, J=3.2
, thiophene rin , 6. benzene
amql n3Pd By . caxprkte cbg%lm%b r%%%ti‘-laﬁ FﬁéBF*\%F‘Hlj nixtire was
continuous/intermttent. addition of organic bor
akbbpiRinke aftP ¢ ht B9 Fi ¢1ERE BedT i bRdesf T 5§8x059839§%9n5
In a nitrogen atnosphere, THF (1.5 nL) and wat é
A?ﬁjrv\%?rép]a%@’e‘dnt%f 2F FRKELPR oF 1§ BCBPEFRBPBROB n% Rereaction
;  palladium acetate é% ng%
mm:%%nw%hlo%mm% FS1THY,; Tahke T Sbif tim BaFpBRLEE (321 was

eated .in an

2354 500 " EHE TR e v b Tefed to
e%%%%?%f%%aéégn)gﬁfgﬁﬁ %mﬁgrgﬁéﬁhgﬁkgaﬁgéhg?ﬁaxlcc§ayer was
WSS Arel B, A EPR L TE Dt ey S el frep, sodium
{yfLegen.of Lhe corres Owgéﬂglaﬁh%ﬁgge”ﬂféb?gsen sgupse
pglglﬁz%a?ed%%{ %erg%sg"LYf%né” bEhtDYangLE iy %rl%’?“@)
ﬂodugg %?d ggfgtg &h r8?§§§18§ ghk&gg ggﬁugn

rum car ona I SSO In water

é§%sequ%n gp ?fﬁggﬁa%€§léf?g%%EEEQ%é&gﬁg' (product of
gzl ves s chEAAYIEGEUERD, (15 gglhwggne?dgﬁq

or one e resu nt mxture

%Qéé ag{ 9&&9&&9911@§e81fLHﬁecBQOES§8EmﬁQEo tﬁereby yield

our
0.36 g of the target product; i.e., a lst-generation, 3-

o°

branched dendrimer (pale yellow solid, yield: 39%). The
structure of the obtained product was confirmed through 'H-
NMR spectroscopy (solvent for measurement: CDCls) 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 to 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

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

and molecular weight distribution (Mw/Mn), as measured
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reflux conditions. Sodium carbonate (32 ng) dissol ved
in water (0.3 nL) was added to the reaction m xture.
Subsequently, a solution of A-B(OH)2 (0.34 Q)

di ssolved in tetrahydrofuran (1.5 nL) was added
dropwi se for one hour to the resultant m xture,

followed by allow ng th t f f
RN JHRer S EF | FRURA Y {hona: D5 asﬁzﬁpﬁaﬁf 0848
reaction,. the reaction m xture d.t
re SRR RYSH%: m%ﬁa'tval%efxn% Jv%éaéeag gtméjeﬁ%gé)%epolymer
resul t ant reactlon m xture was SUE ected to,extr %lon
" b SR O or i afe e (O e bodhPReFSIER Ragte:

S P g U SRS L 2
PRSI A
o A LT A OB AT oy ncen
cSL4eplo FRIhepe ellar gl ooy cand 'Q;SQPaeBe ging and
B By LRS! PR o9 ) S TR 120,

f d
6“?? CHEIEIR ARttt T O It R S
béﬁ gtr%@ cgﬁ |rned fronlthe fact that the 'H NWR

rum cof ncides with that of the product through

<§Q§%@{05 fiﬁgnfgaééyéHk%gGQHQLhBQCBHEﬁﬁﬁ?EE?E9¥bgﬂ1ttent

Inuous/intermttent addition>"and t act that

aaﬁ’i@f&k a&fV\@fggﬂljyaf)&'Pén(QQﬁlﬁbﬁﬁg ghaogghe@ﬁgt%a B8dition

target product nost coi nci de those of
Oﬁfggﬁ Q1L 9pedeproduct. [ Synt hesis Exanple 3]
es

I's of” 1st-generation, 3
In a nitrogen atmosphere, THF (1.5 mL) and water (0.4

mL) were added to a mixture of 1,3,5-tribromobenzene (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 Gl-
B(OH), (0.34 g)——which had been broduced in Synthesis
Example (1-5) through conversion; i.e., conversion, to active
group B(OH);, of a-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 conditions for 0.5 hours.

Sodium carbonate (32 mg) dissolved in water (0.3 mL) was
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branched dendrimer <Synthesis Exanple 3-1> Synthesis
of 3, 5-bis[2-(5- bronothienyl)1-2-thienyl benzene and
1,3,5-tris[2-(5- bronothienyl)l benzene, which serve as
nmonomer unit compounds (c) formng a dendritic
structure and are represented by t he follomﬁng
formula: Br Br SS SBr | SBr CSS S ~ %yzukl
a@%st%o’@}'tﬁ|W?W|Wﬁ%eenﬁlﬁiﬁwm¥mﬁ)u@ tion of
addltlon of organic boron conmpound> In a nitrogen
B d¥preer@;- %l%pﬁéﬁéqlfﬁcb)lwtliﬁ%%ar% (1.5 mL) was
&ggydrated tetrahydrofuran (100 nmL), and the  sol ution
TR P EOHr9NF cROWRt hanble pEeRUL ARRE MXBBF fng
of the solution to -700C or lower, a 1.6Mn
£k gHeq Iy LA ek %%?uflesEUfﬁOBOn{?aWésfaBdeS hours under
dropwi se to . the cool ed solutlon ove Tln tes. g
rﬁ&w%o%tﬂaq%m&owr@m Ptn olved in

trlnethox bor ane dded to th
WAt oo et dee ol ot Fif oteas éog\ém‘BbT%tHﬁebaf h

VS ST ER: St @&{Pﬂ:%gbgl%%z UFIAY B hesiStvea sn
T e TR Kot e -
tﬁ%gggg?iﬁaégdmbﬁgﬁfe' %O?Toweélg g&logggg mgg%ure to
react for four hours under reflux conditions. After
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: methyleﬁe chloride/n-hexane), and then
recrystallized from chloroform, to thereby yield 0.48 g of
the target product (a lst-generation, 3-branched dendrimer,
pale yellow solid, yield: 52%). 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 coincides with that of the

product through the aforementioned <Suzuki coupling not
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degassed and nitrogen-substituted in advance, were
added to reaction mxture A and the m xture was
further nitrogen- substituted. The resultant m xture
was allowed to react in an oil bath at 85*C for four
hours. After conpletion of reaction, nethanol (50 ni)
and water (100 nlL) were added to the reaction
SR JQNFYT G F RN B BRI T gt R radtt t1@hpet B uFRe FRgt that
formed precipitates were renpved through _filtratjon
NGRF R h@HEN e DR (ADFR MG ahid W rG]fcibOO?rrB‘e target
were added to the fjltrate. Th insolgble coE?onegt d
DRQHETF et t FRIFFHES abPtRsC T oY et P ReBEghtoned product.
filtration, and the organic |ayer was separated. The
organi c |l ayer was washed sequentially with water and

an aqueous_sodiumchlorid sat urated sol ution and
LS SRP T r BT Ui LI PSR (Ho 153%1%}1%1?%&5“' 3-

distilled off, under reduced pressure, to thereby
brAREhed Y Product . The crude product was purified

&y abcoLum, £ B oA ool g mielil e,
oFPASERESE LPEATe) g atBRRUEIl ¥ seciyslat g
I
PSRRI BEaAF [ELL O BBLE ko) i vy <o

¢ g#{ggepérggig:are shown below. 65 S S (13) Irk,

Br Br
S - Si;
S S
~ ~x
Q d | ) Br 4 ) \/ Br
Br

<Suzuki cross-coupling reaction not employing continuous
addition of organic boron compound>

In a nitrogen atmosphere, thiophene (14 g) was
dissolved in dehydrated tetrahydrofuran (100 mL), and the
solution was cooled 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 allowed
to 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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1 ( CDC13) 8 7. 81 (s, benzene ring, 3H) 7. 74
(d = 3.6, 0.8 Hz, thiophene ring, 3H), 5 7.65

(dd J = 5.2, 0.8 Hz, thi ophene ring, 3H), 8 7.21
(dd, J = 5.2, 3.6 Hz, thiophene ring, 3H). <Suzuki

coupling |nvoIV|ng continuous addi tion of organic
boron conmpound> In a nitrogen atnosphere,  thi ophene
heated)) tvaseomni Ly RRIE R Fe deW%?%]?iédpF%fiPﬁhﬂ}a r SFBF’éﬁon
(100 nL and the solution was cooled in a dr
mixturrethand!, AT T Amasob gty b Q»megﬁﬂ¥ﬂ$%ﬁpt%9etate
-700C or lower, a 1.6M n- butylllthlunihexane sol uti on
(q 1909 ) t wirh epitRh A RIpR 8 e (£ 09 ghe 200t Bl §6FBPF6ﬁe (8.7

over 40 m nutes. The m xture was_al omed to egc%

Ionengidianohnbl 3¢ i ek ARG LBR BRE (20 B)) wikighdea een’
dropwi se to the reaction m xture over 10 m nutes. HS

degti9y IR P iEECIBNDYERS taRdt Ele i REURBCRasVeTe added to
gradual ly, heated to roon1te erature,

r§4 SRR ¥ ORCE o ST XLUF dURREITS, ek FBFbAGheRERETN"

al | adi um acet at e

S 47T BRI oS HESD ) MR R TR BERA B TeRTt 1P
g) were added to nethanol (130 nl) and water (25

arv\/(rjmeh aeh b%*gnsﬁé‘gafs%reof% MiTogedt ﬁ%tqqlqﬂlt?otﬁ# of
advance, t t h

r?ﬁ??%@%n %%EQT??ELE%& W%g ap a%?%%ﬁek}QPuP&)AWEFSpQPQSd to
i n advan d i

oh ERAEERBE I EPRRELHY bRl icseBie
{ { ant l

e Rl g R AU WS el Br € cnrouon

f?ﬁ%ﬁ?l% %g ﬂ%%h?fg?%aégiggigg QEbo“ﬁt? Qﬂge@aEQQ (100

ure cooling to'roo
mﬁFnP§£gtg&§edTP§ £ﬁ£n§gltrate. The insoluble component

contained in the filtrate was removed through filtration, 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
yield a crude product. The crude product was purified
through column chromatography (packing material: Silicagel 60
(product of Merck), eluent: methylene chloride/n-hexane) and
subsequently recrystallized from methylene chloride-methanol,
to thereby yvield 7.6 g of 1,3,5-tris(2-thienyl)benzene (yield
57%, white powder) serving as an intermediate and represented
by the following formula (13). The structure was confirmed
from a 'H-NMR spectrum. The measurement data are shown

below.
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preci pitates were renoved through filtration, and
nmet hyl ene chloride (100 nL) and water (100 nL) were
added to the filtrate. The insol ubl e conponent
contained in the filtrate was renoved through
filtration, and the organic |ayer was separated. The
ani ¢ | ayer was washed sequentially with water and
an Sagueous sodi um chl ori de saturated sol uti on and
dried over sodiumsulfate, and the solvent was

| ed of f("3under reduced pressure, to thereby
e 8 ude product. The crude product was
\ Bibj ected to |solat|on through col um chr omat ogr aphy
(packi ng materjal:

ofuet Mt Bt ow‘é‘?fn H@ﬁ%ﬁé?jgﬁta iﬁsgﬁﬁék%’ ad,
t
{%g%ﬁz«/zo 'Z*EE, EEIgAE e 31(?@5??.@1?%' BT, Q@%zg -
%
06%3%'ep1?1'€s‘%‘m%‘|&iég’§/l‘%e %otl%r/\fr%ﬁf a|na| ?tl i ﬁI-ﬁéeeﬂz,

1ﬂﬁ qﬂﬂQS confl ﬁpd to be enhanced through continuous
ofth t7'on of " %fganlo boron conpound. The structure of

é%hgulgﬁw (gOQﬁk%w@ﬁ SQHEiIEH‘c“ﬁ fﬁ&&lwsm@tow%ic

trun100|n i des

bé¥é§u%%(é§$ﬁﬁgh t he af orenenti oned <Suzuki

Cross-c¢ I Ng reacti on not errpl oy| ng cont i nuous

addliﬁog Rgtrg&gﬁnégmgg%ggrgonEHHBEBenéBR@q]Qﬁthﬁg of

I nterme 5-tris t hi'enyl ) benzene>
aj h
SR S 0oy drRekt SRR ey pag ae0(ALf fhpe ene

s5¥¢{469“w§% &@él@@oiﬁd '8r9n1b89m$@53ﬁo@abathﬁ\ After

ution o bromosuccinimde (2.4 g) in

c&%{@%?y&Eo{ﬂgnéﬁfu&?oﬁtio“a$O%@qgﬁdloﬁbfhQaCPOé@dn—

e cooling bath was

butyllithium/hexane solution (100 mL) was added dropwise to
the cooled solution over 40 minutes. The mixture was allowed
to react for one hour, and trimethoxybofane (20 g) was added
dropwise to the reaction mixture over 10 minutes. The
cooling bath was removed, and the mixture was gradually
heated to room temperature, thereby producing reaction
mixture A. 1,3,5-Tribromobenzene (13 g), palladium acetate
(0.8 g), triphenylphosphine (2.9 g), and sodium carbonate
(8.7 g) were added to methanol (130 mL) and water (25 mL)
which had been degassed and nitrogen-substituted in advance,
and the mixture was further nitrogen-substituted. The
reaction mixture A prepared in advance was added dropwise to

the mixture over 80 minutes under stirring in an oil bath at

85°C, and thé resultant mixture was allowed to react for
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renmoved. The m xture was heated to room tenperature.
After conpletion of reaction, water was added
thereto. The resultant reaction mxture was subjected
to extraction with chloroform and the forned organic
| ayer was washed with water. The organic |ayer was
dried over sodiumsulfate, and_ the solvent was
angitdtein [téd esf howrder AfHatedoppéssiipg, oforepRELEBy methanol
yield a crude product. The crude product was ,
(59ubjle c eed W@ﬁ%ol@qooﬁﬂﬁumefﬁ%aﬁq t%l}@?%@l‘?}hﬁ“l"turer
chromat ography (packing material: Silicagel
£ ol oot Yo fc NNk JEO S1aREh tEe MBI KoY ITISt -l hﬁei&ﬁ@)@d to
thereby yield the target products; i.e., 1.05
Pr3.c8-pite{ L Wreorﬁwmvmﬂtlhrozlqhmfewwwz%he wﬂ.weethylene
solid) and 1.49 g of 1,3,5-tris| (5 br onpt hi enyl )
crerdsite (WM s @ndd)va tephel 144 Lﬁ‘btt Jurer sustddet oirft ﬁ'rh%d
from'H NVR spectra. The neasurenment data are shown
fijgimaie -3, Bhpi spzoésbéﬁoﬁefﬂﬁpéﬁgﬂrt) FOE‘t?HP@ﬁyIlB‘eH‘@néllfrate
HNW (CDC13) 8 7. 64 (d, J = 1. , benzene
WaEH)r emp vz (tthroyg@ iflelm&atlb%hrze%ﬂéi rfrfh‘g Orlqﬁ)nl% i%%%f was
(dd, J = 1.2 Hz, 3.6 Hz [ n
sepag:@.t(qj:}j Fhe Qrgap&c lgyerSWQS%gsslﬁldoﬁﬁ:@%l& lﬁdJ.y with
1H), 8 7.15-7.12 (m thio Cing 3@ 6 é
wa\j:e.r Ang 130 Et%e(%’r’?ensé) JTLHE %rl e “satu éted utidén and
3,5-tris Br
rrle%yv(esr AkHoghe 1 TRe £ i nd % T LY rent Sy %Cg&?z%iigled off
thlophene rpn J =4
RO et Sﬁi'gr%seﬁn %%m%c@ 376 pradiet
Tf?ﬁq&?ﬂe}dgﬁ%ﬁ{(?%r i &lpjl eecpella btecpziesno cgnesm?lm:c?gglpycolumn
chromatography (packing material: Silicagel 60 (product of
Merck), eluent: methylene chloride/n-hexane) and subsequently
recrystallized from methylene chloride-methanol, to thereby
yvield 12 g of 1,3,5-tris(2-thienyl)benzene (yield 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 employing continuous addition of
organic boron compound>.
<Bromination of intermediate 1,3,5-tris(2-thienyl)benzene>

The thus-obtained 1,3,5-tris(2-thienyl)benzene (2.0 g)

was dissolved in dimethylformamide (10 mL), and the solution
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Cl CS P OC | <Suzuki cross-coupling not enploying

conti nuous addition of organic boron conpound> In a

nitrogen atnosphere, thiophene (7.0 g) was dissol ved

i n dehydrated tetrahydrofuran (55 nL), and the

solution was cooled in a dry ice-nmethanol bath. After

cooling of the solutionto -70"C or lower, a 1.6M n-
warutadd Iddi iunm dve xiaree-wot et i omti 50 Ariso wdst el defd N-

dropwi se to the cool ed solution over one hour. The
brindsires waisniadd olkdd g iradimébhy bferhanide anf mL) was

tri nmet hoxyborane (9.8 g) was added dropw se to the
adasttionthe xterkedverludion nuaed. tiipecoebblhy ngabht Has

was renoved, and the m xture was gradually heated to
remomned e midreatnisg;u neh etesbyh artrtl cin F ABh ESTRE L& Uk Qur e AL TET

A. Under nitrogen, 1-brono-3,5-dichlorobenzene (16.3
caiplyaldmd fireretier, (Grtey)vasrppaedyrhaBespai nelha. 7

g), sodiumcarbonate (6.9 g), nethanol (150 nL) and ,
rewtrar30read tigmimhx hage beap &ehhegbadahg extraction with

ni trogen-substituted in advance, were added to :
chlezree form ni sadir ehe, farged her ar it Gr £2¥@% Vaft Haphed with

ni trogen-substituted. The resultant m xture was :
wait ¢ owe Fheo OHEAEC I IRYAT 0T3S EHRIPGOWBO IR ofpl fate, and

hours. After conpletion of reaction, netaanol 50 nL%
the e Rt (189 FFtihkee affecdntRE FEIREFPONPREREHFE, ©°

foll owed by cooling to room 69 tenperature. The fornmed
CRRERRDI (L8 AePERTRrBURALERr oURIE TT14T ) O rlfes
L egeoh orl de (100, n) and vt (100 ) tero
oA neg L 0 Lk £ RS 8881 STRYUCLHE YD (proauct 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
shown below.
3,5—5is[2—(5—Bromothienyl)]—2—thienylbenzene

'H NMR (CDCls) & 7.64 (d, J = 1.6 Hz, benzene ring, 2H),
& 7,52 (t, J = 1.6 Hz, benzene ring, 1H), & 7.39 (dd, J = 1.2
Hz, J = 3.6 Hz, thiophene ring, 1H), 8 7.35 (dd, J = 1.2 Hz,
J = 5.2 Hz, thiophene ring, 1H), 8 7.15-7.12 (m, thiophene
ring, 3H), 8 7.08 (d, J = 4.0 Hz, thiophene ring, 2H).
1,3,5-tris[2-(5-Bromothienyl)benzene

!y NMR (CDCls) & 7.53 (s, benzene ring, 3H), 6 7.07 (d,

J = 4.0 Hz, thiophene ring, 3H), 6 7.00 (d, J = 4.0 Hz,
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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
product. The crude product was purified through

thdepivemec hriowst ddhaphy (packing material: Silicagel 60
(product of Merck), eluent: nethylene

<Syhitoreisdey Exeewdre)3-20 Shatbbyigi effd118-Aighdpnond- (2-
target product (yield 70% white powder) The

theitemydt) lrem agaes  nemHeSerEed tamtdie HNVRWEIEE t F iU ihe
neasurgnent data are shown below. T4 NMR (CDC13) 8 7.
47 (d 5 =0 8 Hz, benzene ring, 2H) 7 .35 (d, J =

, thiophene ring, 1H , 8 7. 32 (d, J 3.6,

\ t/i ene ring, 1H), 5 7.26 (br, benzene ring, 1H)

7.09 (@d, J = 5 2, 3.6 Hz, thiophene ring, IH.

< Ki I I i, on;
R 05 Co DG ol ST IS 944 son ot
1- brongjs 5-di chl orohenzene (16 3 0), palladlum
Orgadt it PP PP enylphosphlne (1.7 and

. Sod] honat thagp!l ,£150
oy b TSt e 2 e 8, B
! . ted d t
SRR i Foge ATk T B et [ L e
s%{lﬁ‘%ﬂ rgld,!@sg:te%holgéd 81519% czr?y TJhcee rrﬁ@@ﬁér?@l §£Hrepﬁ=hter

epar ed a hanner ar fo
of  the a ove ne tloned <Su Cl 0SS- c pI ng ¢
CO¥HARY éﬁg* Ay Tont i hdolfd 24 |5% ot orani

bor#{&th(qﬁyﬁg§gng%§bfﬁ@¥%hd(@@“ﬁﬁ? § Qs tH8aBHXGHbBwise to

one

the cooled solution over one hour. The mixture was allowed
to react for one hour, and trimethoxyborane (9.8 g) was added
dropwise to the reaction 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 g), triphenylphosphine (1.7 g),
sodium carbonate (6.9 g), methanol (150 mL) and water (30 mL)
which had been degassed and nitrogen-substituted in advaﬁce,
were added to reaction mixture A, and the mixture was 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 reaction mixture, followed by cooling to room
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and the resultant m xture was allowed to react for
further three hours. After conpletion of reaction,
nmet hanol (50 nL) and water (100 nlL) were added the
reaction m xture, followed by cooling to room
tenperature. The fornmed precipitates were renoved
through filtration, and nethyl ene chloride (100 nli)
t eauysk neettiere ( 10Genifio rwverce packdEid e tdre Wene rearoveathethrough
i nsol ubl e conponent contained in the filtrate was
£ irlemmaeicbnt hrandyime thyleme i omlonhdet h&00rghhi enflayekcerad100
separated. The organic |ayer was washed sequentially
mivi tvre neataddemdtantkzeueblisratedi e hinrdldd bateemperent
solution (three tines) and dried over sodiumsulfate,
cantchitted siol vere fvebt e e i veedrenpveddehropghuéédtration, and
pressure, to thereby yield a crude product. The crude
ther oogn wasl ave s frae $epatghedol WFHE chr bt ©giaphy was
(packing material: Silicagel 60 (product of Merck), ,
waghahtsequen hiid bhe chtlorvaesh- AdafB) 2du8ORRefePYyUM chloride
yield 15 g of the target product (yield 90% white
sponcretred el yi e (iekreeohimesbdand BeiefhaHesdsqdium
conpared with the case of the above-nentioned <Suzuki
swkite coupl i B neR L esmt oyphgdisbat i RdonéfabdBfeFrokegrced
organi ¢ boron conpound>. The structure of the
PRt HiTRd B otiRFeNAsY tohfi # nBEYERoRFPAECEact TRE haf "dfe
1H- NMVR spectrum coi ncides with_that of the 8rOdHCt .
PEAAUG hetP § P BEhhl eRet AF OV ehenP} BRBdCRERFGRPITEPDY (Packing

Cross-cou

oSS £ D8 5L 2641 01 195 PTRLOVLAR, SOTLUMENS  pevnyrene
YOI AN RERIEN - ERt FABRERY! VRSSapASnYl nedi Shengaaet
p%§£%$€225g$13y76g? &gngmég%dgggqU|Fhefg P&g ggdwas
confirmed from a ‘H~NMR spectrum. The measurement data are
shown below.

ly NMR (CDCl3) 8 7.47 (d, J = 0.8 Hz, benzene ring, 2H),
& 7.35 (d, J = 5.2 Hz, thiophene ring, 1H), 8 7.32 (d, J =
3.6, thiophene ring, 1H), & 7.26 (br, benzene ring, 1H), o)
7.09 (dd, J = 5.2, 3.6 Hz, thiophene ring, 1H).
<Suzuki cross-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
-sodium 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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the dendritic structure: NNO OGsr-ONO In a nitrogen
at nosphere, tri-t-butyl phosphine (35 ng) was added to
a solution of palladiumacetate (0.01 g) in xylene
(50 m.), and the mxture was stirred for 10 mnutes in
an oil bath at 80'C, followed by cooling the m xture
to room tenperature, to thereby prepare a catal yst
TSy bsspieitd ywikturae Aiwvhbgenhad nbephaprepared in a manner
1, 3-di chl oro-5-(2-thienyl)benzene (10 g) synthesized
simuE@mth@stmaEk@ﬁpt@eSa@pV@Tmﬂehy¢@ﬁdnésﬁagkg)Croaﬁdcoupllng
potassiumt-butoxide (12 g) were added to xylene (18
reddtiommbt heupioyine eentheaces s¢dihien| obaphgaric boron
80*C. The catalyst prepared above was added thereto
camebud> resyl adgrd GrEYEee wae ERE oWeNtEBSr @Y PBE ABUT,
hours in the oil bath at 1200C. After conpletion of
ancache orestheaneant xoar¢i wasr el hawedobPecd ot 69/ further
temperature. The formed organic |ayer was washed with
tiwegerhowne. t R tayuanrPlafian s &aafj eledied ethanol (50 mL)
extraction twce with nethylene chloride. The organic
am@y%a@ermé$%od@hb.W@@et@@@@%eﬁhgnae@ﬁéhoma§héauﬁﬁthfollowed
water. The resultant organic |ayer was dried over
b o wbd BE Fat BOOBNECMPREA 5B 9 entT st eed |H>%%Cld%lftates were
under reduced pressure, to 72 thereby yield a cr ?
r?WQ%ﬁ@tthq%@g%rﬁﬁbtﬁﬁéaﬁﬁt aad mﬁEPYXFE@ FHFSE@HG 100 mL)

col utm chr onat ogr aphy acking naterial Silic
a%%r%@ﬁ%f b*OQ@mgk)weg@ugﬁgedngQh§p@nglltrate ﬂ% 1nsoluble

chl ori de/ n- hexane) and subsequently rec%éstal

cwwe%t%%%%n%wbm*aléenémaﬁaFe ¥8St REPKFyi EFau%

of the
flltratiqn, and the organic layer was separated. The organic

layer was washed sequentially with water and an aqueous
sodium chloride saturated solution (three times) and dried
over sodium sulfate, and the solvent was distilled off under
reduced pressure, to thereby vield a crude product. The
crude 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 addition of organic boron
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target product (yield 70% white powder). The
structure was confirnmed froma 1H NVR spectrum The
nmeasur enent data are shown bel ow. 1H NWMR (CDCl3) 8 7.
22 (t, benzene ring, J =7. 6 Hz, 84 7.16 (dd, J =
1 0, 5.2 Hz,,thiophene ring, 1H, 5 7.09 (d, J = 7.6
, benzene ring, 8H, 8 7.06 (dd, J = 1.0, 3.6 Hz,
CqmﬂQHﬂﬂﬁwarlng, 1FD 7.00 6.94 (m benzene ring and

t hi ophene ring; Fg .91 (d, J = 0 Hz, benzene -
<Syintdie Aty Exarize (153% Sypthesds @énfeﬁ@m%@d 148, 137 (2=

NI\/R(DI\/ISO)8743 (dd, J = 1.2, t hi ophene
thiqpgl) m) NIQ‘] 7rb291'(%traphe@b-1|-rz3 %@ﬁ%}%ﬂ?qi N1Bey 8

7. 43 Hz, b
replt?ﬁemcmi (k?ﬁ tft%r#z@rﬂé?%% %%e%‘%\ﬂef;o“g%%lw n%ngl%%‘etles of

8 6,73 (d,,J = 2.0 Hz, benzene ring, 2H), 8 6.53 (t,
the dendyibic b %S ng, 1H). <Synthesis Exanpl e

© 3-4>jynthesis of a conpound (b) , 5-(5- boronic
aci hi ophen-2-yl)-N N N, N -tetraphenyl -1, 3-

phenyhﬁ%gg%an1ne represented by the follow ng formula,
ghre-i_ cghversion, to active group B(OH) 2, of

\([-4 gition hydrogen of the corresponding thiophene

ring R ound (a) formng the end noieties of the

dengde{ tics/structure: 73 N (HO2B 1SI-0 NO In a

ni tyogen at nosphere, diisopropylanne (3.2 g) was

di ssol ved in dehydrated tetrahydrofuran (50 nL), and

the Isod utionoges zoobsphénea try-tceunrgihhpsphbaeh.(35 mg)

At a tenperature of -700C or lower, a 1.6M
was badddd i tdianddbxanen of palladium acetate (0.01 g) in
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
a nitrogen atmosphere, 1,3—dichloro—5—(2—thienyl)benzene (10
g) synthesized in Synthesis Example 3-2, diphenylamine (16 g),
and potassium t-butoxide (12 g) were added to xylene (18 mL),
and the mixture was heated in an oil bath at 80°C. The

catalyst prepared above was added thereto, and the resultant
mixture was allowed to react for 18 hours in the oil bath at
120°C. After completion of reaction, the reaction mixture
was cooled to room temperature. The formed organic layer was
washed with water, and the aqueous layer was subjected to
extraction twice with methylene chloride. The organic 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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solution (19 n.) was added dropw se to the cool ed
solution over 10 mnutes. The reaction m xture was
allowed to react for 30 mnutes at OOC, to thereby
prepare a lithium diisopropylam de (LDA) sol ution.
Subsequently, 5- (2-

thienyl)-N, N, N1, N -tetraphenyl -1, 3- phenyl enedi am ne
tl(%t&b}g)}fl%%tm@m pm%wﬁ he§'h§ B PTRAWGpas

di ssolved in dehydrated tetrahydrofuran (30 ni), and
putef isayl Uth eaatasco BEw eeh Fonat i APRY- fR2ChiRg-Raparhal:

The LDA solution prepared above was added dropwi se to
S tlhecagml P s@rrdwdt sverMerehourluethe IP%E}&Y%%H?

m xture was allowed to react for_one hour

cftlewéi%mrrfeeﬁneﬁoa@ o UiPERE en BhY f@?ﬁ%ﬁﬁeﬂrba?anérom

(6.9 g) was added dropwi se to the reactio
mekerl eme e intRekde-meigh#Rqd ur g° ]%eﬁ?gﬂu}é?‘?gdnigt ngFothe

roomtenperature over_one hour. er conpl eti on
taegRt ipRdide FekRtd of i xerevagw %Bbre%% Sa‘iF“Cture was
i ce-water bath, and diethyl ether S\?O n.) and wate
cqrpBL g WeF @ ot d el NMRe R SS Y™ hy A6 W%urfﬂk?ntthélata are
reaction mxture was heated to roomtenperature.
showh 281F; water (50 ni) and an aqueous sat ur at ed
amroni um chI oride _sol ution wer.e added
t her &t QMR o(GErebd depar a(ite Pﬁé‘z?ﬁleoFdaﬁ‘i’l o9 aydr e fife 89
nic |ayer was washed twice with an ue
s7atgj1ﬁra@% ahfont U chi orfide E%}?Rh%%e(’ilz’é ?’Hgnd8 7.09 (d,
twice with an agueous sat rate um rid
Jsmbt?o‘ilﬁ(l%n qsle rIRd- of b gvergéo&ﬁi% Qurrhed: ng Bz
sol vent was |II uced pressure
trﬁhm%g»eﬁm ST o §oF Aoed TeF b pEat e Eab G anls,
yel |l ow vvd The struct [
ch o ae [ERRR: spRLLr ik - She'd ésurznénlﬁﬂzdﬁ%ﬁéreé@e?mg' 2H) ,

%?9%? P@JQW= 2.0 Hz, benzene ring, 1H).

ly NMR (DMSO) & 7.43 (dd, J = 1.2, 5.2 Hz, thiophene
ring, 1H), 8 7.29 (t, J = 8.0 Hz, benzene ring, 8H), 8 7.43
(dd, J = 1.2, 3.6 Hz, benzene ring, 1H), & 7.07-7.00 (m,
benzene ring and thiophene ring, 13H), 8 6.73 (d, J = 2.0 Hz,
benzene ring, 2H), & 6.53 (t, J = 2.0 Hz, benzene ring, 1H).
<synthesis Example 3-4> Synthesis of a compound (b), 5-(5-
boronic acid-thiophen-2-yl)-N,N,N', N'-tetraphenyl-1,3-
phenylenediamine represented by the following formula,
through conversion, to active group B(OH)z, of a-position
hydrogen of the corresponding thiophene ring of compound (a)

forming the end moieties of the dendritic structure:
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1H NVR (DVSO) 8 8.20 (s, boronic acid, 2H), 6 7.52 (d,
J 3.6 Hz, thiophene ring, 1H), 8 7.29 (t, J = 3.6 Hz,
benzene ring, 9H), 8 7.16 (d, J = 3.6 Hz, thiophene

ring, 1H, 5 7.07-7.02 (m benzene ring, 12H), 8 6.75
(d, J = 2.0 Hz, benzene ring, 1H, 8 6.54 (t, i = 2.0

Hz, benzgpe ring 1H). <Synthesis Exanple 3-5>
Synt he&@f | st-generation dendron represented by
the fol |l own ormula: 0" N"10 01, N'011 NS SN S

(H§B§_ g <S N_ki ross-coupling reaction not enploying
con intermttent addition of organic boron
conpound p termttent addition of base catal yst>
In a nitroge t rosphere, THF (30 nL) and water (6 nlL)
wer e adto a mxture of
3, 5- bi s[ Z=(5- bronot hirenyl ) 1- 2- thi enyl benzene (1.49 g)
whi cin hach beesg it odltioesihar Sy nd hesosrFby Exmhpee (3-2; g) was
5- (5-boronic acid-thiophen-2-yl)-N, NN ,N -
disdolaphend -delBrdretrsd ettt @inydieo f3r&8 ¢)Owhl.th dad the
been produced in Synthesis Exanple 3-4; palladium
salostiatre WLD aapled rimphenytphbsptmeehdeo R4ogih . arkk a
sodi um carbonate (0.85 g), and the resultant m xture
tomase vl hiove b £ o-T@®actof dloweirghta lIhaiM s1-tmoerl kigfH uxm/hexane
conditions. After conpletion of reaction, the
saleacitdon( A xlr evamsadded ediropvwi oonte ehper apated apgution
water (20 nL) was added thereto. The resultant
oveact® oninuies ur &heas esubjicat el At s e td bhPWEd hto react
nmet hyl ene chloride, and the fornmed organic |ayer was
fawmshednimutesvad erQ°Clheo thereby prepare a lithium

diisopropylamide (LDA) solution. Subsequently, 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-methancl bath. The LDA soluticon 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 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 (70 mL) and
water (20 mL) were added thereto for hydrolysis, and the
reaction mixture was heated to room temperature. Tﬂereafter,
water (50 mL) and an aqueous saturated ammonium chloride

solution (70 mL) were added thereto, to thereby separate the
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organi c |layer was dried over sodiumsulfate, and the
solvent was distilled off under reduced pressure, to
thereby yield a crude product. The crude product was
subjected to isolation/purification through colum
chromat ogr aphy (packing material: Silicagel 60
(product of Merck), eluent: nethyl ene

ORgATIG de? e hex IHE) ormrws?eﬂ@bsﬁly.va% wasfed) tgfigerith an
target product (white solid, yield: 60% The

amtqs m@t%te@@fm@%mf@Wal@ﬂwgb@etHJ%P ﬂrﬁé and
nmeasurenent data are shown bel ow. 1H NMR ( CDC13) 7.

tveigeq rith an agigpus b%%’%‘éiﬁ%t?ﬁi NP LWy 01'71%51%1? S9lutl°n (120
1.6 Hz, benzene ring, 87.40 (dd, J = 1.0 Hz, J

ni 3. andAr ed db‘h%’ﬁes‘?qlh‘gm a%fa1867 3sz9( fplvpnt 1Wf03 Hz,
J =52 Hz thlophene rin

diptilien gpierndThore %Wegwa%sswﬁ% (h? ﬁ%ﬁf%ms YFﬁE;d 5-4.9

16H and thiophene ring, 2H), 7 g genz ne

of i the qaaw%oprq%%bhéﬁéewn%’ Jawt - %eé Or’nPowder :
benzene ring, 8H and thlophene rif %¥D %ﬁs T%

TS BT F AR T8 B, AL PSS Hrgh  The
benzene rin E%ﬁ <Suzuk|ﬁ¥ross coupling reaction

MG FRIGT FIIYE é%ﬁﬂ' BUSIPHE ePRT YT ent addltlon of or gani c

boron conpound a d |ntern1ttent addi ti,
cat alfy M | (M5 rﬁﬂﬁﬂﬁ%ﬁaa %f Tamd
t (3 nm) ded f
'2‘3656631%{ Zt}("'sofbl'l‘m%%tﬁg]é&yl %1) 2 gﬂﬁ %%;fgen%ene (fi §g. gyenzene
whi ch_h d d th
e3P0 1 o St (366 B3 - 6 1P eﬁ@%%%%‘b%iﬁjeng(olli)'

di um car bonate (0O 9) sul t ant
7r§&tﬁr§2m§§ %n?nréﬂg0|F§%5 8a€ g% o thé 0 u
bé%%gkgerlng, 1H), & 6.54 (t, J = 2.0 Hz, benzene ring 1H).

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

represented by the following formula:

sWe GNP

<Suzuki cross-coupling reaction not employing
continuous/intermittent addition of organic boron compound
nor intermittent addition of base catalyst>

In a 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 g) which had been produced in Synthesis
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sol ution of 5-(5-boronic
aci d-thi ophen-2-yl)-N,N,N , N -
t et raphenyl - 1, 3- phenyl enedi anmi ne (produced in
Synthesis Exanmple 3-4, 1.99 g) dissolved in
tetrahydrofuran (10 nL) was added dropw se over one
hour, and the m xture was allowed to react under
Exaafplex Tdndi G+ thdodmon s 5 dibdr ehi st nmd ~hk pdrthe B N' =
(0.42 g) dissolved in water (3 nL) was added to the
teateaghany I XtirgherSubseeiianiye &3 s¥% ugl ofhigh had been
tetrahydrofuran (10 nL) of 5-(5-boronic
praxdu;ed hiropentiesiy Example 3-4; palladium acetate (69 mg);

N, N, N1, NIl -t et r aphenyl - 1, 3- phenyl enedi am ne (1. 99 gb

t piEpERebho SISyIR hé%J%‘l Exahpild 3s@d i aaseenatephfs85 9) .
over one hour to the resultant m xture, followed by

arzd |'Ové nep et an ket y e vanckllered, 5o hpeRstuhgEr e1ght
reflux conditions. After conpletion of reactjon, the

houes tungde i 56 Bk ex veend EebP el t & fidm IR E U £ arpetion,
water (20 mL) was added thereto. The resultant

theaed onlon MR BIRSVaTITeeted O rexfr hePPeRatintR. and
met hyl ene chloride, and the formed organic |ayer wa

wakehetl Witk viideradde BREEATE - | /RS Wa%“]dfraf% rﬁa%’e‘?n
sodium sul fate, and _the solvent was distilled

mipeere wauluvdll preed ke, e%r%%%%yvv%afaeahx}aas chloride,
product. The_ crude, product was s

am%cﬁ%ﬁl%ﬁﬂﬁ%¢|?¥%%?+%nl?%?6uﬁﬁs E%Fb ﬁF%nﬂ?BSFaphyhe
Kk t l: Sil I
otfer ”aﬁi{vée%e PO PHRF reOKEReT S Fabe 1 ABfieByE Solvent
| d the t duct (whit Lid
s gqlastﬁhb/sg S eiSref P BE P Erbiie, ha EhRERRY Y ie1d 2
t hr ou contln us/| ermttent additi,on ofe r@gn|c

CHES %%ﬁ%%ﬁnd SIITERT i T o e Dase
1§%£ %%/pgﬁﬁﬁééé g%#{ﬁﬂ{gyg?ﬁggih&geghggﬁgkgggagﬁgt(packing
material: Silicagel 60 (product of Merck), eluent: methylene
chloride/n-hexane), to thereby yield 2.43 g of the target
product (white solid, yield: 60%). The structure was
confirmed from a lH—NMR.spectrum. The measurement data are
shown below.

ly NMR (CDCl;) & 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), 8 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), 8 7.26-7.22 (m, benzene ring, 16H and
thiophene ring, 2H), & 7.13-7.08 (m, benzene ring, 16H and
thiophene ring, 4H), 7.02-6.98 (m, benzene ring, 8H and

thiophene ring, 1H), 6.91 (d, J = 2.0 Hz, benzene ring, 4H),
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conmpound coi ncides with that of the conpound produced
in Synthesis Exanple 3-5. <Synthesis Exanple 3-6>
Synt hesi s of 1st-generation, 3- branched dendri ner
havi ng the same structure as the dendrinmer produced
in Synthesis Exanple 2 <Synthesis of 1st-generation
dendrinmer boronic acid derivative represented by the
6 f01 | 0w nh =f & rfulke ( Enzeang oUigho, chversi on, to active
group B(OH) 2, of a-position hydrogen of the
<Syorukdis pomel e dun lopre nee # ¢ higpofinge Lger@r at i on
dendrimer: a NNSSN'JOSSO011(14) -SB(OH2
corgt Imcu e ey tens phities Lo | sbprBB3h Bei Peren. gamgyund
was dissolved in dehydrated tetrahydrofuran (10 niL),
arghdirttrermisoiant crddiesi g edrdse scalkdlyee2 met hanol
bath. At a tenperature of -70'C or |lower, a 1.6M
n- bufy| 4 i n h xeg¢re xareosRRE B i oRHT 4 (80 }) wasdaygegr (3 mL)
dropwi se to the cooled solution over 10 m nutes. The
werectdadad i taurmel Kisr al 9 bwed 1t Bact S~ PepmathHeRYt b2~
at OOC, to there%prepar.e a lithium diisopropyl am de ,
trg{qyg;lwm%nﬁl L sPqueht ¢, haheP AR - PERART &E| %ﬂ Synthesis
endrinmer (2.0 g) prepared in Synthesis Ex le 3- 5 .,
EXRED LR S0l v 2P } FAQUGHY (F SR 6 S ol AHYR of bF SR ¢BBLALy SPhine
and the solution was cooled in_ a dr ice-get anol
(hath.9TheatDSodHIyt SRR Ear £4- %\%o‘g)e' WS aag‘édreSUltant
dropwi se to the cooled solution over 20 minutes. The
mixsite RS Mmsatte® msan| ¢bhdgeth at 80°C. To the mixture, a

solution of 5-(5-boronic acid-thiophen-2-y1)-N,N,N',N'-—
tetraphenyl-1,3-phenylenediamine (produced in Synthesis
Example 3-4, 1.99 g) dissolved in tetrahydrofuran (10 mL) was
added 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 acid-thiophen-2-yl)-
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 allowing the mixture to
react for 5.5 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 methylene chloride, and the formed organic

layer was washed with water. The organic layer was dried
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to react for one hour at a tenperature of -70'C or

| ower, and trinethoxyborane (1.6 g) was added

dropwi se to the reaction mxture over 10 m nutes. The

m xture was gradually heated to roomtenperature over

one hour. After conpletion of reaction, the reaction

m xture was cooled in an ice-water bath, and dieth
ovetrhenbdizé mhil fart watrer 120 sal)vent evasldbs theked ff under

for hydrolysis. The reaction mxture was recovered to
redoemd eTreateur 60 Tirermedft arielah aguievis RERUEAE ed The

amoni um chloride solution (20 nL) was added thereto,
criudlet Iperosinet semarsathy adtedrigani $0 1 alien/ mivel b gkt @n through

| ayer was washed three times with an aqueous
codatur atretrerhayriaphyc hiadkag set ke % bhl { 5oL gaged 60

twice with an aqueous saturated sodium _chloride sol :
(pddoret( B Marckind aelniant oves thwkeren iyl 9B de/Trlexane) , to

solvent was distilled off under reduced pressure, to,
tizrethensmid/iel4 @ aliddpriakeet Tredestdevpibauselid,

was recrystallized fromtetrahydrofuran/n-hexane, t
yitaleBAQ. 0 Theoty ield wasgeondidied Lo RS eyaiasst ifg“hfough

dendrimer boronic acid derivative, (yield 97% pale
coretirawusol inye rhiet et rafd 1iF kOB OF het PRt cPoRRR compound

confirmed through ' H NMR spectroscop¥ %solv nt for
anmbas\ramit te DVBOIL 6190 febrPese Fatelvihat Wpedructure

attributed to the OH proton of the bpronic acid is £ th
waghsenidaread ot 818 bast abide theh e adt MHaSREETHE i@ the

of the integrated val ue of the 4 i
CHRRBIE-F HE BIS Y WaER nghdF o bnkhet GOTRaEngs PERGUCed 1n

t hi ophene-ring-originating protons coincides wth
S¥Hete oS tFrertR} et ~Struct ure product. <Suzuki

<SRRI G BRRLRI & bor o CHTOE ot TSI T et °”
bggguﬁééwhendrimer 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),, of oa-position hydrogen of

the corresponding thiophene ring of lst—-generation dendrimer:

78



of base catalyst> In a nitrogen atnosphere, THF (28
m.) and water (2 nL) were added to a m xture of the
1st-generation dendrimer boronic acid derivative (2.1
g) represented by formula (14) above;
1,3,5-tris[2-(5-bronothienyl)l benzene (238 ng) which
had been produced in Synthesis Exanple 3-1;_pa||§d5gm
acetBt e 1I4roggn ENPARAGFPhoShhePRTPBYLAYF ekl - 73 ) was
sodi um carbonate (0.18 g%, and the resultang nixtgre
diveer latebwied dehydrrted oke LRl r AbaFan uhbermbbs | g the
conditions. After conpletion of reaction, tﬂe
sqlasttdoran xae Eethasn coolky +eeTBeRRRAperatlir e, 2t dhd
water (20 nL) was added thereto. The resultant |
temgaeta ture o &tu? @ Gy Sijeiot éd & PYer TRy it i dn/ hexane

chloroform and the fornmed _ organic |ayer was hedl .
SQ@Q?#%@té+:3T%%)oY@%n?@d?ﬁy%FoEﬁ§sﬁrF%dtéeeFogﬁgauﬁ? ution
sul fate, and the solvent was 80 distilled { fw%%dgg react
oY UkR A E5e%r e, THY FIRFERF Ve % "BUR ProdictS
The crude product was subjected to ey
£oB 0l AtMEPMBRT | #F cBG ort? HIRRIGIPE A ARRA Thromkt Byt Ephy
Ki terial; Sili 60 duct Me
AL Po D8 Tl S 2 a b £ AR e 00, AR P K 15
tallized f I to.th b iel. _
GH ST THe" (P RF LBROdGt O &) | BEPEERGr Ati it THoRtAngRagPLe 2
dendri per, I I [i.d ield; 19
5 Grrct bt 86T B hoR P YA Cprobaet SRS SRR FPmad® PEYm 7
the fact that the ' MR t ] ' ' T W th
£t SeRELHPBAIRE GPOSHAL hlehe CElaRprar il Bk | "Fhe ToA
I | ar - wei ght.- | at . Qlt
SPhPhEh CHONBFE 38013l oot ions: JECPRierags molesa A

s%ﬁ%?gé?(%®%gg Ogﬁgﬁﬁ%ﬁgqnbfﬁea¥§£ﬁ9€an@“&§§€ﬁﬁé Wek9ht 1owed

ecul ar wei ght

fo 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 thereto
for hydrolysis. The reaction mixture was recovered to room
temperature. Thereafter, an aqueous saturated ammonium
chloride solution (20 mlL) 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 aqueous saturated sodium
chloride solution (50 mL), and dried over sodium sulfate.

The solvent was distilled off under reduced pressure, to
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di stribution factor (Mwv M) of 1.079. These val ues
indicate that the target polyner has high purity and
assumes a single dispersion state. <Suzuki
cross-coupling involving continuous/intermttent
addi tion of organic boron conmpound and intermttent
addition of base catalyst> In a nitrogen atnosphere,
thEdeby? vieldard amicder redpai.) Ther e radge ® rodug trivéasur e
of 1,3,5-tris[2-(5- bronothienyl)]benzene (238 ny)
reghiyett aidd: assk rf qam dieta e r afhtaosl-h Saml et a- 1;Lhereby 2.0
pal | adi um acetate (14 ng); triphenyl phosphine (50
g o) ;thendaseitumrssitsdnatie (0 GBERHLatiEon £¢f@¥@§%¥t%¥0nlc
m xture was heated at 80'Cin an oil bath. To the
agigs Wetrdmatitiva ure@ied A4 ditlef dhlel v tsekdr at (THe
dendr.i mer boronic acid derivative (0.7 Q) represented
s thya gl deprafull t § IO s SV ake - ATHE kERe A HyiF OF R ark
m.) was added dropw se over one hour, and the n1xture
s raldanmet (50 ket famdese Twiensd eorRI9he figrom e fact
hours. Sodi um carbonate (0.06 g) dissolved in water, )
thed: & e nas-ddditFad thehe tEPlEﬁfC?ﬁ Qurehe T%O’E%lc acid
resultant m xture, a solution of enerat i on

LsaaRerTiad ik aiiad ¢ T AT Vg ofGazcrg)t FepriSentbip of

by formula (14) dlssolved |n t et rahydr of ur an, % N
thgas @R ThDPIR St RertithP HARS aPIHE 1 %Hen%a% otons

al | owed to react, under reflux condi tions for 4
LS © ISR AR rgﬁnesdaﬂrrtﬂn%m P poegyS coincides

di_ ssol ved in water was added to the reaction
Wikl thdiee Oﬁ)ﬁﬁﬁ;?ﬁﬁﬂﬁqzﬁﬁru FREQrREOMSHl uti on of the

1st-generation dendrimer boro acid der'g§§}¥§té9m3ttent
S ra P s TRt or e
addition of organic boron compound nor intermittent addition
of 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) ]lbenzene (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 coocled to room temperature,
and water (20 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
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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
resul tant reaction m xture was subjected to
diettidded of fWiundesh|radiardprarsuife ot feewiganield a
| ayer was washed with water. The organic | ayer was
crghdee prodarct so@hancsurdrabeodasd vhe sobiestafaso
distilled off under reduced pressure, to thereby ,
ispilatd op dﬂmeflpﬂﬁcidlt%t thmpugly repfe mmwraphy (packing
subjected to isolation/purification thr ough colu
madiatddt ogridpifpqPadd nPiRdwTE AL M5YGiagetl Bert: TMethylene
(product of Merck), eluent: nethylene
cr@mr@rqqfémqa@we)a%cth%ewqw%%]a}461"—%%@% ofhloroform,
chl oroform to thereby yield 1.01 of the target
topridereby & yestd gend & ioh, the b?%‘%c%%ﬂbﬂne@ Byt~
(pale yellow solid, yield; 56% . The yield was )
g trifey (o P15 rﬁt%railtﬂm%gh ROt | HRIOMRW ot 1d, yield:
intermttent addition of ganl c bor on compoun

41%1cor APEL SRECSEUFET G O babE S0Res PEOMET TS colElrmed

structure of the ohtaine roduct was Qonfl ned .fro
fa9e theotf atarthdde Hie NﬁRNg‘%eEPF% rG) GRS da (H Ehatat of

thr%‘fo@:ﬁge roduct throusf%gsthe a%?ge LrTrtheeped <Suzlar —weight-
S e L LA 5 UL v
%?J%’r@\c’\%ﬂ hgalle;r/fgésfae%o‘l(%ﬁ%é ﬁgose ?é'gé‘%ﬁcl)mn%e} h§verage
TR PERt 4 ASLARL opLi g g ygSince
distribution factor (Mw/Mn) of 1.079. These values indicate
that the targef polymer has high purity and assumes a single
dispersion state.
<Suzuki cross-coupling involving continuous/intermittent
addition of organic boron compound and intermittent addition
of base catalyst>
In a nitrogen atmosphere, THF (2 mL) and water (0.4 mL)
were added to a mixture of 1,3,5-tris[2-(5-
bromothienyl) lbenzene (238 mg)rwhich 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 oil bath.
To the resultant mixture, a solution of the lst-generation

dendrimer boronic acid derivative (0.7 g) represented by
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based on the "convergent nethod," which does not
require excessive anounts of starting materials and
facilitates purification of synthesis internediates,
a high-purity dendrinmer having no defects can be
synt hesi zed at high efficiency. Therefore, a novel
dendrinmer having a thienylene noiety, which is a
£ opmantias i (g ) usiefasio Lysidy vy teftrativarafoiranr Ghukittly das added
variety of high-function materials in the fields _of
d roiperiisst oye mplvaremiceut,i calds the exitrtoriec Wit et lved to react
etc., can be provided. 83 claims 1. A nethod for
unpreod i figixa adaredrtimers Havi iy S hAwikct uPRRVEp&aRgate
unit which is represented by formula (1) and which
(CcOt @i)nslizdalves pomatat i (feldding we RIIRA e the
moi ety and a branch portion Y fornmed of an optianall
requistan wtietuys valfenther gaaveé tgidupl XtHe Smeth &P 13¢ of
based on the convergent nethod, characterized in th?é
thiehd stetdeo L oy idensirianas iRpr tigp acH donvrtivg 0.7 9
a-position hydrogen of the_thiophene ring of a
r e SRy itk i ke §itiont | P it S SORERFind (St hYIeehiRge (8- 4
end noieties to an active group V, which undergoes
e s Sy G T PR ¢ (RAGDTIS (BT RFILe Was
conpoun ; reaction step 2 of supjectin onpound
2 10t RS TS U 1T GO TP R Tt heo NORES

R R el N T R
B bS8 oL Lher, PLATED BOLLL Ol AP s s
s Sa Tt ADLD, o6 o LoD M £PEL! Sl SoBlonsc
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 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 recrystalliied from chloroform, to thereby yield 1.01 g

of the target product, a lst-generation, 3-branched dendrimer
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ring of the thus-forned conpound to an active group V,
whi ch under goes Suzuki cross-coupling reaction, and
reacting the conpound (c) with the active group Vi,
to thereby forma dendron of a subsequent generation;
and a step of repeating the reaction step 3 in
accordance with needs, to thereby form a dendriner:
(p@desypllew Rolpal Hyd eAdy, 63N ﬁheRZl@é}i yass ceng igged to
|l mz (b) R R V2 HSZY\ V2 (O FRI R S ZY,A4w
be| ephagcsdRtyERUGh Soatimigumany) 1REeplFren: qf@dltlon of
(wherein Z represents a single bond or an_optional
orgighd PRred Formemd @r‘ﬁjarﬁrbt%r@tFpt%R/l%@dh%l%t?@ebase

roup; 85 each of R, and R2 is _selected fromanong a
a%@dg@@en gpgnﬁtgﬁcture of the obtained product was

confirmed from the fact that the 'H-NMR spectrum coincides
with that of the product through the aforementioned <Suzuki
coupling not employing continuous/intermittent addition of
organic boron compound nor intermittent addition of base
catalyst> and the fact that molecular weight values (obtained
through GPC) of the target product almost coincide those of

the aforementioned product.

Industrial Applicability

Since the production method of the present invention is
based on the "convergent method," which does not require
excessive amounts of starting materials and facilitates
purification of synthesis intermediates, a high-purity
dendrimer having no defects can be synthesized at high
efficiency. Therefore, a novel dendrimer having a thienylene
moiety, which is a promising useful polymer material for
producing a variety of high-function materials in the fields
of chemistry, pharmaceuticals, electronic materials, etc.,

can be provided.
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al kyl group, and an al koxy group; Y represents an
optionally substituted trivalent organic group; Y] is
identical to Y or represents an organi c group having
a skeleton identical to that of Y; Wmay be absent or
represents an optionally substituted nonoval ent
organi ¢ group having no active group; mis an integer
of 0 or nore; and each of Yladm$ V2 serving as active
groups is selected fromactive groups which undergo
Suzuki cross-coupling reaction, V, and V2 being able
to be nutually cross-coupled). 2. A nethod for
produci iy ree hertirf omerp e Q@ tdendt Hiew 1havwhed ed n
the active group V, is selected fromthe follow ng
s grecipudahntep et ey | vel grelpcly2is sreeresepbedr bin foppula (1)
followng group 2. Goup 1 CH3 j -B(OH)2 -B/ C
and-GArich gomHsins B CR}pe@FRPo Rt opei gl udepgyp, thienylene
i sopropyl, or butyl /0 -B: -B 1~0 1:)) 2 CH3 C H3
moBaly - B EH GHr@pEh POFE PP CH3forprdCcpS apreppignally

substituted trivalent organic group, the method being based
on the convergent method, characterized in that the method
comprises reaction step 1 of converting a-position hydrogen
of the thiophene ring of a thienylene-moiety-containing
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 (c) having a
linear portion and a branch portion Y and having, at the
branch portion Y, two active groups V, which undergo 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 to an active group Vi which
undergoes Suzuki cross-coupling reaction, and reacting the
compound (c) with the active group Vi, to thereby form a
dendron of a subsequent generation; and a step of repeating
the reaction step 3 in accordance with needs, to thereby form

a dendrimer:
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a, Br, I, Os02 (CkF2k+l) K=1to 4 86 3. A nethod
for producing a dendrinmer according to claiml,
wherein the active group V, is selected fromthe
followi ng group 3 and the active group V2 is sel ected
from the followng group 4. group 3 -d, Br,

- Goup 4 -B(OH2 -B(OR2 R = nethyl, ethyl,

i sopropyl, or butyl 3 -3// O H3 \o H3 CH3 -EI /0 -B

\0:0 - CH3 Z4+—+-Y¥YB -B /CH Ut1-U 13 CH CH CH3

I thod f produci ng a dendri nmer

of clainms®1 to 3, wherein, in the

npound used in the Suzuki

eaction is a %?;ophene organi c

accordin
case wher
Cross-co

R; R,
HﬁZ——ﬁ—%W] "
R R, (@)
V1 ﬁ Z—_“Y1—{W } m
R; R, (b)
Vs
/
H S
AN

o s z—vAWlm @
Rj_z;z \/ZY‘[-W]

(wherein Z represents a single bond or an optionally

substituted divalent organic group having no active group;
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boron conmpound contai ni ng boron, the thiophene organic
boron conpound is gradually added in a continuous or
intermttent manner to a reaction system containing
the other counterpart conmpound, thereby performng
Suzuki cross-coupling reaction. 87 5. A nethod for
produci ng a dendrinmer according to any of clains 1 to
earh i dh fapd fer 1pnerphgesed feqrt pERNS: 8p hgdrogen atom, an
converting a-position hydrogen of the thiophene rin%_
aldfyla gxvnpoud () pHERKE edrPWP ouYhrSPREF§LEF an optionally
repeatedly carrying out the reaction step 3 to an
s%tw@@%@rw&ale@@tt%@%yc gHPHPa onpourtPticalanee Y or
a reaction step of reacting the conmpound (f) wth a
r e () PEYRRmEC YQrowp vRaging a gbeectoroldmBiépsyl to
forma conpound represented by fornmula (2): S -Z-Y,-+w
thats of Y W 2Ny /RarebseRl ® FOPBeseytayAR OPRIOR3LLY
Z-Y,4w |l M V, 1 RR ZY R R SZY -+W R R2 |,
suos tifpgted (MYnEgren i ArgFniG\gRPYR kaing ROZPRELRS Jgroup;
2

m is an integer of 0 or more; and each of V; and V; serving
as active groups is selected from active groups which undergo
Suzuki cross-coupling reaction, V; and V; 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
G
—B(OH), B,O CH,
\O CH3
—B(OR); CHa

R = methyl, ethyl, isopropyl, or butyl

<3 ~0)

o
_CH-CH-CHj
—B —B
\(IJH-(IDH-CH;;
CH3 CH,

group 2
Cl, Br, I, OSO2(CxFax+1)

K =1 to 4
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S RRRR Z-YI Nh +WIMR R2r (wherein Y2
represents an r-valent organic group, and r is an
integer of 1 or nore). 6. A conmpound serving as a
bui | di ng bl ock enployed in a nethod for producing a
dendrinmer on the basis of a convergent nethod, the
dendrimer having a structural repeating unit including
a th enyl evedhosi doy, priealiusdmer iaz skeridy e agrording to
conpound is represented by fornula (I-1): 3 HSP

clRAmV3 ( whermsim pthes agtive eprunfVi itso sed:ecddch ﬁﬁOHR’othe
and R4 iS selected fromanong a hydrogen atom an

£l loping anpurart & ik agt Grouwpownere g5 $elqg-erp, from
R3 and R4 in each thienylene structural repeating

theifo Ineyw iy difdwr ¢ht from each other; and V3 is
selected fromthe followng group 5) 89 Goup 5 d,
Broup, 30802( CkF2k-11) K=1to 4 -B(OH)2 -B(OR)2 R =
net hyl, ethyl, isopropyl, or butyl CH3

.Cl, Br, I

"Group 4

—B(OH),

—B(OR),
R = methyl, ethyl, isopropyl, or butyl

CHs,
_B/O ’ CH3
\o CH3
‘p
——B\ —B
o 2
G gt
_CH-CH-CH;,
—B —B\
CH-CH-CHy
CHj CHy

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 Suzukil cross-coupling reaction is a thiophene organic
boron compound containing boron, the thiophene organic boron
compound is gradually added in a continuous or intermittent
manner to a reaction system contailning the other counterpart

compound, thereby performing Suzukl cross-coupling reaction.
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-E~E0CH3\ 0OCH3 CH3 -B .10 1 1~ -B \0:01101 0)2
CH3CH3 - Ba) -B & & CH3 \CHCHCH3 | | CH3CH3 7. A
compound characterized by being represented by
formula (1-2): SV4 HSRS25RS S (1-2) V4 RO
R 0S3 (wherein each of S1 to S3, which may be
identical to or different fromeach other, is an
i nt éger Pofmethogl Rr @aEfusfingR & dandyimes axterdiay to any
from anong a hydrogen atom_ an alkyl group, and an
o falddadynsgrlo v ‘g,ndﬂfFiBth o Rhen rehudes epyFepetbon step of
structural repeating unit may be different from one
caanettemg carmbaMticn seydcegen fobnthdethbdbploenagringupt a
6) Goup 6 d, Br, I -B(OH)2
compound (e) produced through singly or repeatedly carrying

out the reaction step 3 to an 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 a core,

to thereby form a compound represented by formula (2):

\S ) z—y,—fw | -

H S R1 R2
Z—Y. (e)

R Rz \S/ Z'_Y1—['W ]m

R1 R2 :

Yo—fVz | (9)

88



-B(OR)2 R = nethyl, ethyl, isopropyl, or butyl 3 -E~
OH3 H3 OCH3 "10 1\0:0 -0)2 CHB3CH3 1 I -B
/UHCHCH3 CHCHCH3 | | UH3 L;H3 8. A conpound
characterized by being represented by -~ormula (T -3):
V5 (1-3) 11 R12 g N (wherein each of g is an integer
of 1 to 10; when qis 2 to 10, Rl11l and R12 in each
thiheﬁyl eng repeating unit may be different from eaa
ot her|; and V5 is selected fromshe 91 fol/l gw rou
7 Gloup 7 H O, Br, | - 2 -B%@Ti1%—w?mg

// S R1 Rg
Y, /i—zi——z———Y
\R‘ Re S z Yi——w
Cr— 1
Ri Ry

[@ s}

2

r

(wherein Y, represents an r-valent organic group, and r is an
integer of 1 or more).

6. A 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 a thienylene moiety, characterized in that the

compound is represented by formula (I-1):

(I-1)

(wherein p is 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, Rs; and Rsq in each thienylene
structural repeating unit may be different from each other;

and V; is selected from the following group 5).
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R = nethyl, ethyl, isopropyl, or butyl CH3 [~ O CH3

\OCH3 CH3 0 -B" -B-Q2 \0O CH3CH3 I | ,UHL;NUM

-B-BCHCHCH3 | | UH3 UM3 9. A nethod for producing
a thi ophene compound conprising perform ng Suzuki
cross-coupling reaction between a thiophene organic

. _boraon compound and a reactive conpound, to thereby

Gf®PH a t hi ophene conmpound, characterized in that the

| O rganj ¢ boron conpound is gradually added in

Ci‘rﬂrclgm&fg%} intermttent manner to a reaction
syst eqr1aolt ai ni ng the reactive conpound, thereby

_Qggﬁggning Suzuki cross-coupling reaction. 10. A

nmet hod for producing a thiophene conpound according

to claim9, wherein the thiophene organic boron

T8Pund has an active group V6 selected fromthe

f @l 1 MetHyY et ostprdpydiod blfye reactive conpound has an

active group V7 selected fromthe follow ng group 2.

CH,4

g CHs
\O CH3
CHy
0
—B —B
\o 2

CHj CH,

/éH—éH-CHs
—B _B\

CH-CH-CH,

CHj, CH,

7. A compound characterized by being represented by

formula (I-2):

S
Yans

S
Ro Ry~ °

(wherein each of S; to S3, which may be identical to or
different from each other, is an integer of 1 to 10; each of
Rs to Rig is selected from among a hydrogen atom, an alkyl

group, and an alkoxy group, and Rs to Rio in each thienylene
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92 Goup 1 -B(OH)2 -E~ 0O H3 . \ OFCH3 -B(ORi CH3
R = nethyl, ethyl, isopropyl, or butyl .10 --B': -B
0)2 CH3CH3 -Ba) -BCHCHCH3 "CHCHCH | I
cH3L; M3 group 2 Cl1, Br, I, 0S02 (CkF2k+l) K 1 to 4
93

structural repeating unit may be different from one another;

and Vs is selected from the following group 6).

" Group 6
Cl, Br, |
—B(OH),
—B(OR),
R = methyl, ethyl, isopropyl, or butyl
CHs
__B/o CH3
\O CH3
CHs
/Q
——B\ —B
0 2
QHagrs
\ _CH-CH-CHs
—B _B\
?H—?H—CH3
CH3 CHs

8. A compound characterized by being represented by

formula (I-3):

(I-3)

(wherein each of g is an integer of 1 to 10; when g is 2 to
10, Ry; and Rj» in each thienylene repeating unit may be

different from each other; and Vs is selected from the
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following group 7).
- Group 7

H, Cl, Br, |

-—B(OH);

—B(OR)2
R = methyl, ethyl, isopropyl, or butyl

CHs
___B/O CHs
\0 CHa
CH3
‘p
—B\ —B
0 2
Gt
/CH—CH—CH;;
—B ——B\
?H-?H—CH3
CH; CH3

9. A method for producing a thiophene compound
comprising performing Suzuki 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
cross—-coupling reaction.

10. A method for producing a thiophene compound
according to claim 9, wherein the thiophene organic boron
compound has an active group Ve selected from the following
group 1 and the reactive compound has an active group Vy

selected from the following group 2.
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. Group 1

CH,
—B(OH), P CH,
B A-CHs

—B(OR)Z' CH3

R = methyl, ethyl, isopropyl, or butyl

<0 ~O),

THa Oy
_CH-CH-CHg
—B —B
@ "CH-CH-CHj
CH3CH,

group 2
Cl, Br, I, OSO2(CxFak+1)

K=1 to 4
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