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Introduction

Multi-substituted aromatic compounds are useful compounds in organic synthesis,
pharmaceutical and materiat science. Our group has reported a copper-mediated coupling reaction
of zirconacyclopentadiene with dihaloarenes, which has been applied to prepare various
substituted aromatic compounds such as naphthalenes, quinolines and anthracenes. However,
there are some limitations of this method. In this research, I focused on finding new methods to
synthesize multi-substituted aromatic compounds. On the other hand, the study on the properties
and applications of multi-substituted aromatic compounds are also important. In this thesis, the
reaction of multi-substituted acenes with oxygen and the development of preparative method of
mixed acene-thiophene polymers were investigated.

1. Nickel(0)-mediated _ aromatic _ ring _ extension _ from dihaloarenes _ via
zirconacyclopentadienes

Copper-mediated aromatic ring extension of dihaloarenes with zirconacyclopentadienes was
limited to diiodo- or bromoiodobenzene. Dichloro- and dibromobenzene could not be used for this
reaction. This situation prompted me to develop a new system for the aromatic ring extension
reaction. As described below, I could successfully develop a novel method using Ni reagent.
Dichloro- and dibromobenzene 1 reacted with zirconacyclopentadienes 2 n the presence of 2.0
equiv. of Ni(cod), and ligands to give naphthalene 3 as desired products. For dichlorobenzene,
bidentate ligand, such as dppb, gave the highest yield; while for dibromobenzene, PPh; was the
best ligand. Diiodobenzene was not a suitable substrate in this reaction. To make clear the reaction
mechanism, organonickel(Il) complexes 4a-c were prepared from dihalobenzenes with
NiX,(PPh;), in the presence of zinc powder. The structures were determined by X-ray analysis .
Then 4a-¢ reacted with 2 under the same reaction conditions to afford 3 in good to high yields.

2. Nickel(0O)-ca aromatic ring extension by the reaction of iodohalobenzenes with
zirconacyclopentadienes

When iodohalobenzenes were used as substrates, this reaction could proceed in a catalytic
way. In the presence of 10 mol% of Ni(cod),, 20 mol% of PPh; and 2.0 equiv. of 3- or
4-trifluoromethyl- styrene added as additives, naphthalenes 3 were obtained in high yields.
Without additives, 3 was obtained in a low yield. By far, the roles of additives are not clearly
understood.

3. Synthesis of persubstituted naphthalenes via zirconacyclopentadienes
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Synthesis of octasubstituted naphthalene is a great challenge because the naphthalene cores
are distorted from the planar geometry. Here I report a convenient method to synthesize
persubstituted naphthalene starting from four alkynes and vinyl bromide via zirconacycles.

Zirconacyclopentadienes prepared in situ from Cp,ZrBu, and alkynes were coupled with
vinyl bromide in the presence of NiCl,(PPh;), to give 1,2,3,4-tetrasubstituted benzene derivatives

5. Afier iodination, diiodobenzene derivatives 6 reacted with the second zirconacyclopentadienes
in the presence of CuCl to afford the final products 7. Symmetrically and unsymmetrically
persubstituted naphthalenes 7a-g were formed in moderate yields .

Furthermore, functionalized naphthalenes 7h-k were obtained when started from
polyiodobenzenes. The twisting geometry of iodonaphthalene 7h was verified by X-ray analysis .
The remaining iodine on naphthalene ring allows further reaction such as coupling reactions with
phenylacetylene. )

4. Regioselectivity in photooxygenation of multi-substituted polyacenes

Photochemical-induced cycloaddition of 'O, to acenes was studied because of the high
toxicity of 'O, in biotic system. During the course of my study, I found that the regioselectivity in
photooxygenation was depending on the substitution modes.

Self-sensitized photooxygenation of 1,2,3,4,5,6,7,8-octaalkyl substituted anthracenes 8a-f
(R= Bu, Pr, Et, Me) were carried out in air saturated benzene solution under UV irradiation (365
nm). Two kinds of endoperoxides 9a-f and 10a-f were formed in different ratios, which are mainly
depending on the substituent employed. Phenyl substituted anthracene gave only one product 9f,
while alkyl substituted anthracenes gave 9 and 10 in ratios of about 3:1. In the case of
octamethylanthracene 8a, when irradiated for 15 minutes, 10a was the main product; while under
irradiation for 1 h, a novel diendoperoxide 11 was formed as a main product (64% NMR yield)
instead. To the best of my knowledge, this is the first example of a diendoperoxide.

5. Preparation of mixed acene-thiophene polymers

n-Conjugated aromatic compounds are of great interest because of their numerous properties
in material science. In this work, I developed an efficient synthetic method to introduce acenes
into thiophene oligomers. Zirconocene-promoted intramolecular cyclization of diynes followed by
coupling reaction with alkynes or diiodoarenes afforded mixed acene-thiophene oligomers. Final
polymers were obtained by Stille coupling reaction of these oligomers with thiophene linkers .
The UV absorption and photoluminescence (PL) of these polymers were also investigated.

Conclusion

In this work, new synthetic methods of multi-substituted aromatic compounds were
developed and their properties were investigated. First, novel nickel(0)-mediated and -catalyzed
reactions of zirconacyclopentadiene with dihaloarenes are reported. Tetraalkylsubstituted
naphthalenes could be obtained in good to high yields from dihalobenzenes including
dichlorobenzene and dibromobenzene. In the second part, persubstituted naphthalenes were
prepared stepwisely from four molecules of alkynes and one vinyl bromide via zirconacycles. In
the third part, regioselectivity in photooxygenation of multi-substituted anthracenes was found to
be dependent on the substitution modes; a novel diendoperoxides was obtained from
octamethylanthracene. In the last part, mixed acene-thiophene polymers were prepared via
zirconacycles and their fluorescence properties were examined.

— 945 —



FA G LCEEDOEE

EFE OH R OB R {23
BoE #H K K FAF
B & B SER OE E
B A BEE £ % x #

20w X E 4%
Synthesis and Properties of
Multi-substituted Aromatic Compounds

(S BBEFEFFRLEWDOER L WD)

JBk & A OSynthesis and Properties of Multi-substituted Aromatic Compounds” (ZE#BFHEFHE(L
BYDERL ETOMEORR) LESNHMERIUL, 25ENORY, EROBHREISHAZX
NEMEERAULEVOERL. TOHRIIOVTRRLA TS,

BIEIFETH S, FERBSFERLLEDIL. EXHOHEREBEREME 2 IR ONWSEER
LEIBRTHY ., ThEERT 5 LOBEERICOVTHA TV S, £ LT, BFEOAREE R
MALARL, BRENIREIBELAZRRLTNWS, £, SEBREBFHEILEVEFTOER Y
HIZOWTHLERALTWS,

B2ETR, = TASEERAW IV I F Pt Ona UL EERILEY
DB 7Y VTSI OVTRRONTWS, ¥, ZOBOKIGIL, Y3 —FUEU#H
WTIThh T, ZhiCH L, BREO= o NV ERAVWDZ LIZL > T, XY RIGHEDEWT
0, B oo BRETH, RERORSHEITL, FHEROBMBBIGZITI &I
B Uiz, #k2 RRUHRMOKR, ~Na SOt =y 7V EORNMT L ORMICEN MRS
DERHHZLERHLTWS,

EBIT, TORIGI., =y SOV TOMBERIGICEB I TR Y, ARNEEX®HDLHh
TW3, ZOHE, BMFE LT (MY 7AFaArFL) AFLURBELTWAHZLRRHEH
TS, Efe, AR EYR=y FVICRICAMMN L PR 2 HBE L, X iRl EMRTIC
LD TOMELIRIC L, £ORER &b RKISEEIC OV TOEERR LTS,

BIETI, VnariruvEgTz oA, £BRT 7Y LU ORRIZOWVWTRR D
NTWV3, T RTOMEBREBERINT- T 77 LR, MEBECERTHEAEESL. T L
BEORIGER E DAL, BB LR TOBILAMTH BB, RO ARELMABNT

— 946 —



Whholk, ZITR, PhatriruaRv O RHNWA I LT, BAOBBREYRoT-2
BHRT 7 XL UBERBICHAMTE DI LHRENTNDS, EHIZ, FRICER LIc2BRT 7
Lo X BESBEFET bR Eh TV,

HAETE, SERT L LT HEED, KRN TICBT MEST & OMMEISICONT
BRENTWS, BH. 7Y b TEUE I0MOREHERELS . BEOMHMLEOMBETEZ
BT EHEN, LirL, SEBET U FTEVOBAITIE, 9104LL Y b, 14-F X 58I TD
RISHDIZI BBV EBRHENRTWS, £, AMoERREIT, BRECEE. KLU
B OBBITKELTELT S, &L, AVHAFAT U F 7Tk L4ABLT 58-uD
BHICBOMM U, P F_AE% v MBS h, Zhid, PV FULrt ¥
YRELTIRLDTORTH 5, '

HE5ETIE, INatiraRv P UhbBRENIZBEEERILEDL. £) IFF
T2t ORAEFRBEEEDERIZOVTRRLENTWS, EA L., Stille vy 7Y U 7REICK
DFTbh, HER, BLOA ) IF A7 =V ORBRR2Z—EDIEEERESREINTVD, ¥
2. FRLOBNBLOBRHKEALS MAORIENL. PRI HOVWTEEIATVS,

Pk, ARCICiE. —EOSBEBBREFELSHIZOVT, SEOMIE. FOCHEORN., BX
VB LTOIRRAR Y. REMNRZHIERZENTWS, EOPTRHEEIA MR, &
OHRFICBITIEERRBREEATVS, Lo T, FRXT, @LOFMIC+H2ET S LHBTL
7

— 947 —



