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2 % F) L&A F Ao AAF M HAEEE 2= Ze)Hd WS Wurtz coupling reaction$
F3ld @A E 14-dibromobenzenes /WAl A & n-butyllithium& AME3ld W32 748 W shA7)
WA FAEEY, o] w LAt FukSof o) sl spectroscopyE £33k ZAgE A 3} main chain®]
phenyl ringoll #-butyl?]¢] attachment®} THF¢}e] Hut3-o] whalale] B AME-Q] n-butyl branch®&
Zt Eolsld ol &4t Phenyl ringoll attachment n-butyl7]2] k& 52.9% ~8.20% 9&\3}.
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Abstract . Polyphenylene having not only solubility in organic solvents but electrical conductivity was
prepared by using n-butyllithium as a initiator and 1,4-dibromobenzene as a monomer through the
Wurtz coupling reaction under a variety of the reaction conditions. Spectroscopic analysis provided
an information about side reactions generating »-butyl branch in the phenyl ring of the main chain

as well as hydroxy group resulting from the reaction of organolithium with tetrahydrofuran. The

amounts of #n-butyl branch attached on the phenyl ring were 52.9% ~8.20%.
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2N 4% F 1X10°S/cme] e W7 AE
=& Yehdth ! mebd, Bo §838 A7) AR
TR g2 Z 3 dd (Polyphenylene) & A}&-3}
7] A3Me ZelgelE gy 43 AU AwAdS
A3 {ABFAA AWHERL f-7)8A ) 7FEAQ
EeadAe Aol a7¥T, a2y, ol
BRANA 7R JAPd A9 hFE-S aroma-
tic ringol| flexibledt alkyl7]E x| &8A)17] G E
343 o] 2 Z3h= substituted polyphenylene &
Ay2~B3 polystyrene E3+ 2o] flexible poly-
mer9}e] copolymerE FAEH= Ao FEH o] gl
oM aey, olgd o s g Zejvdae
2710 o3 ZejaAdd 2 o] Bl g o
E oHA dl2E o|F Y3hri+= 7184 non-substi-
tuted homo-polyphenylene®] Aol Q&)
7}8-4 non-substituted homo-polyphenylene-2- %+
33817 sl A= ZelH 2R chainWol] 422] ortho
22 meta-X37]E £YAA chaine] 2AAS 7+
SAA LS T 71 o] o] 89 5 gtk
199213 TourE2 non-substituted polyphenylene
o] &8}
gl chaintj ol ortho, meta, para®] &332 2 bra-
nchE ®gste Zelddd s Azt e,
t-butyllithium-g AF&3F 19 whgubAgME 2|3
Wl )3t alkyl side chain®) A& $HH3}A 1
A% F glvhal o)Zo] Eni, o] 'H-NMR peakol
os) #AFL = AAUTE® wekx B A7ere A
AAZ n-butyllithiumE Al&&}e] ¥ 27 58
WM 3lA)F|HA]  para-dominant chaintjo] ortho,
meta-X| A7} EFE ZelH A §4 S
UoprE i, o]o] P I 54 Fo dojz AHE
ol @ 117} 3},

€ Wurtz coupling reaction mechanism&

4 ¥

Al ok, GEFA|Q) 1, 4-dibromobenzene(Aldrich
Chemical Co., Inc., 98% )& ethanol(E<3}t3},
AR Grade) ol X A} 2g3}o] Al83}4c). Tetrahyd-

1S - AR

Sturan(THF 5 %318}, EP Grade)® diethyl
ether(°5%3}8}, EP Grade)+= calcium hydride(al-
drich, 95%)¢} sodium dispersion(Aldrich, 50%
in paraffin) 0 8 ZAZAIZl & 7S Fele] ALE-8)
S}, n-Butyllithium(z-BuLi ; Aldrich, 1.6 M sol.
in n-hexane)-2 tiolde] AAglo] AH&-3slA}. Al
A g - AHEE methanol(F%¥3}8, EP
Grade), methylene chloride(5%%}8t, EP Grade)
& A8 AFS THE AR

% #. High vacuum line(10° mmHg o]|3}) o
A 18 EgA 39879 1, 4-dibromobenzene(60
mmol) & ¥i1 2F3A7)12 THF(100 mD) & 729t
FTHAIZ! &, o] &8 dry-ice/isopropanol bath&

o]-g-3to] —78CE FRAEAL) o] L5 E FA|5HA
A n-butyllithium(45 mmol) & 3] FAA| A}

AAR7F =0k —78CE

mmol9} »-butyllithium-& 2dg A7 714 Fu
HolE F, o] £AS HR0oaE $£LA1A 247k ZF
WEAIHY 9 & A% methanol 2 w3
£ TAANN &, AFY THFE A8l BEse
LiBr 52 AA }95,13} Methylene chloride 2 7]
& FEI F nuke G 55 AAS Y6
©]& methanolo| A ZHA]A 74*“—4 EES A
o} of7]el E3}s o] Q= bromobenzeneo]vt wjj$-
wo Haegks zb= dimer, trimer 59 oligomerE

FZ3|U 7] 93t diethyl ether2 43] A3 o
Hated 50ToNA 24A1E Tk AAAIA Azt
T3¢, #=F branchd A& A} cross-linkingol]
ot} K7 LAl B840 S AAsN 98t
of THFZ A 33} methanolol] A=A X710 3, 60
Coll A 24A12F B9 2 A3k ok
Debromination, v%F-g- bromine?] AAE 93
—78CoA 20 mmol/ge] n-butyllithium-g& Eojg
%, 17 —30Co) A 14)7+5<} halogen metal excha-
nge reactiong ZA|A debrominationr]Zc}, 18
o] 2 debrominated polyphenyleneg 4 2F2] me-
thanol2 ¥H$-& ZZA|ZI ¥ methanold 4] & A A
7 o3}, 71x8}e] debrominated polyphenylene-&
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A, £F 729 YA dd & Aol #is

dick,

2 A, FT-IR spectrum-& Matson series 5000
& A3t} AlEE NaCl plateAto} A film casting
3] 9glon, 'H-NMR#} *C-NMR spectra¥ A]
EE CDCly(Aldrich, 99.9% )] &3A1Z1 F tetra-
methylsilane-2 internal standard® 3}e] Bruker
AM 200 spectrometer& AMg-3ted AAct. Size ex-
clusion chromatogram-2 standard polystyrene sa-
mplesE ©]8-3t¢d universal calibration curved &
o] Waters GPC p-styragel column(5 columns :
500, two 1000, 10*, 10°A)E ol&alel Auid ¥
e 245Gt Y& 542 Carlo Ebra Stra-
metazione Elememtary Analyzer 11062 A}-8-3}<
C, H, O, N9 &g #HF ¥4 F 39 3ES

Brz 2t33te] AldbatAd.
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Wurtz coupling reaction2 alkylhalide %-& ary-
lhalide 52 lithium %9} alkali metal®} ¥}-3-A|A
symmetric product® &A= ks, A (1o
Yehd A3 o] organolithium 3423} dihaloco-
mpound & ©]-§3t Li-R-X& A ¥ o|& 5%
wheAlA ZElWdAS A 4 Qo

X-R-X+R'-Li = X-R-Li+R'-X

1
X-R-Li+X-R”-Li = X-R-R"-Li+Li-X W

o} 714 X=halogen
Wurtz coupling reaction& Zuje] FHol uhe}
Bkgo & 93FS won, Hxg Fukgo] WA
HEo) Fgo] o F2 wrgoz & deiA
. £% dAE I mechanismo] EEestue
Az 222 Fele A9 E&HA govk, Wu-
rtz coupling reaction mechanismg- |83t 1,4-
dibromo benzeneg organolithium 3823 THF W
oA whgAl7iA, whE F3HAQ) 1-bromo-4-lithio-
benzeneo] FAH L o] FHA7} HINSE T3

u

Z3o] A}, ¥k2-%F 3AJH bromo-lithioben-

Eaiy A188 A13 19943 1¥

zene salt™= THF¢) 2]3] dissociation%|®, Scheme
194 B 4= gl%o] #A® carbaniong] resonance
effectol] o]3te] EFT2E 2t TS T4
g F Ut

trara) ol 1, 4-dibromobenzene#} n-butylithium €]
Wurtz coupling reactionoll Al #He| F8x1g 4
Aal=t] QoiA Hhgol 7HE 2 F
n-butyllithiume} %, ¥Hg-2% % vt
n-Butyllithium®] & 24 vhgo] Bl FHA
¢l 1-bromo-4-lithiobenzene®] &Alo| & 4+
o, ¥e &% & p-butyllithiume] wkg-Adoy, ub
A 7+e #%E§ branch7t LSt {71 & B8
Aol Bro] gAYed & 92 Fv {40t
(Scheme 1 %%). 1,4-Dibromobenzene® THF &
Aol n-butyllithiume AA3] HoiFH(inverse ad-
dition) &-o4e] Mol bl eER A HEd o
= p-butyllithiumo] ¥ & THF slejj Mele ~78Co
A]i= Wkg-Ao} vro} 1,4-dibromobenzened} ®H-3-3}
2] ¢k9k7] wiEolt}, Cooling bathE At &%=
2 M3 LeFH —50~ —30Co A o) 4y
o] M3 Heme g Walsly) AAstdon, S
o] AYFAFZ WAL MA3] HojF L B
ojei3t MAre] wish= organolithiume] lithium}
dibromobenzene 2] bromine2] X]& wWkg-of of3f 1-

=
s
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=
Q.
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Scheme 1.



ZA% - A& -

bromo-4-lithiobenzeneo] A1 Y& el
ot =3 o] HFM 1.0 Zuj<e] n-butyllithium
S Y¥o|$W chain-termination agent® Z+g3 4
A& 1,4-dilithio benzene?] AAlo] Bt} Lo)3)x
B2, o9 AL A Y5t A9 0.75
Enjgo) 23k n-butyllithiume AMHE3a ), 19
3 Autgo oF] £&& RolAA e Yol
%]+ butyl bromide€ butene, octane 0.2 W$
Al717] 943 712 0.75 Bwleel] si33he n-but-
yllithium& AME-3lgic}. w3 £3S 93 metha-
nol& FYAA terminationA]7)H methoxide7} A
A godo] Myo] Fe wgMog Wataly
o}, olm ¥ =7 wizld @& polyphenylene?]
&% Table 19 8okt ony, £&9 At o
9] A (2ol iy, AA A &2 (27 @
Ao] FAIX0.43)0]H, ol GFA7t THEHA
Bry7t AAE7] o] Hof =80 o] 2AE 4
e17] gg-olc}, 2

F&(%)=

A BA€ Polymerel %
o244 AAdE 4 U= Polymere] %

X100 (2)

n-Butyllithium®] A& ghgFo] SFA| o] 1.0 Eu)

F ol3tollMe RHAIZMS AA o ® e g0

Table 1. The Results of the Wurtz Coupling Reaction
of 1,4-Dibromobenzene with »n-Butyllithium at 25C

No. (n-BuLi)/ Re'fiction Vield
(Monomer)® time

1 0.42 12 hrs 10.59%
2 0.75 2 hrs 13.16%
3 1.00 16 hrs B

4 1.20 2 hrs 14.62%
5 1.46 4 hrs 22.83%
6 1.50 0.5 hrs 15.63%
7 1.50 2 hrs 38.38%
8 1.50 2 hrs 34.90%
9 2.00 2 hrs 12.23%

a) Molar ratio of n#-butyllithium to the total amount of 1,4-dibro-
mobenzene.
b) Polyphenylene soluble in THF was not obtained.
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ABE - AAA

“tERSTE o] A whgol #Adl=
bromo-4-lithilbenzene ¥ AJl] )

o2 AZtEY, AAHE v 713 o Scheme
29} 21}

PRI m—@—-r —-;s""—c- Bl ¢+ aBll 4+ lr u*

n-BuBr +  n-Bull —_— n-Octane 4+ LiBr

LY TR sr u — n-!»-—@—!' + uer

Scheme 2,

n-Butyllithiume] ) &aFo] daFae] 1,554
Fo A M & ££8 UYeRed ol i
thium-halogen exchange reactionol] 2j&] AAE
butylbromide7} 22} 93t o & 2} n-butyllithium}
HHE-ated AdE g oukgo] dNE FEo] FAh
HA7l Eo 2 Aztsy, o= Scheme 29| me-
chanism$& F¥3 & 5= = Aolr}, whEAIZFS
2A Aer) A on 308 A H &A= T
HHgol 9J3te] go] W= o] =3 Scheme 2
oA B vle} o] n-butyllithiumo] A4 n-but-
ylbromide2} ¥F3-3ld 1-bromo-4-lithiobenzene 2
Adol A FA3FR 7] WMotk 4417 o]4de] wh
SAIRAIME HEdh branch7t BAEE Fu-gol
oske] THFol 28491 Eeisiddo] Y4Ho] 5
o] Polxe dA4S Kokl E3F organolithium
83tE2 Aol A THFS} w-8-3te] A n-butylli-
thiume] ¥=& ¥Fc &S 3/ dvd 1 kg
mechanism& o]u] 2 &7 91c}??(Scheme 3).
e ZEwdale AdeolA THF, CHCL,
CH,CLoll 7}-&410] 21T}, Polystyrene-2 reference 2

3l size exclusion chromatography 2 ¥ 2}2S H]

RT - .
R-Li + ———— R—(CH)-O Li
4
o 2

. RT. - 4+
R-Li + ——* R-H + CH;CH2 + CH2=CH~0 Li
(]

Scheme 3.
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7h8A, EF T2 ZHEA T gloAM Y Bk

o, 4% A3 Mn=478, Mw/Mn=3.328 #3zt
= ok(Fig. 1).

38 FeEsdAe IR spectrumg Fig, 29 4
EbdTh. 700 cmlol A meta-X|8+7]|2] peak7}, 760
em’ 20| A ortho-X|$+7)¢] peake} 815 cmlolj A
para-x| 8719} peak’} \tebsieh EejH 2o F¢-
UukE o2 1000 cm? ©]&+¢] finger-print zone)
peak7} FjrH Q] FZEMA [FLIA A=W,
para-X]$7] 9] peakE chaint] 9} para-unit®] v]£-9]
74l wet BRo] e #o 2 olFgril uhs
Ak 700 cm™ ~810 cm1¢) peaksE £3lo] Z3He
Zg#ddo] ortho, meta, parad) £ F%& 7}
A5 S BN 4 At 22, debromina-
tion ©AE AFsted 1070cm? 29 C,-Br
peak®] ZA=7F wigtelA] ¢kgko n, debromination
3 948N Axw C:73.7%, H:4.52%, Br:
21.0% 2 JEstt}. ol n-butyllithiumo] & uh
S o 2 2lsle dehydrogenationo] 25 HBr< A
2381 A phenyl”]ol attachment¥ = & debromina-
tiono] A2 P Fat7] fe&d ROz
Azr e,

THFe] E84<9 Zd=dale] IR spectrum&

— )
S
L L] L L F v g
30 35 40 45 50 55

Elution Volume (ml)
Fig. 1. Size exclusion chromatogram of polyphenylene
prepared from the Wurtz coupling reaction of 1,4-dib-
romobenzene. (A) before debromination, (B) after
debromination.

Z2|0 A18A A1E 1994d 19

Fig. 3¢l Jeldon THF E&42 9%e 815
cm o) para-X) 37 9] peak =9} 760 cm™ 9] ortho
2.2 mono-X|§7], 760cm™2] meta-X| g 712} peak
=g vlalste] & of para-X| 7]l }F solubility
Faol o]gk Zlo] oln] 758 branche} A4 T
cross-linkingol] Q13}od A3 HAAU-L B9 4
At

thg2] Fig, 4% ©}2 'H-NMR 248 27|
5.=2.8, 8.=1.6, §,=1.3, §.=1.0 ppmo}A bu-
tyl”] W] methylene 2 methyl7]19] peak7} #aHs]

(A)
-
X
LY
g B) |
2400 2600 2000 1800 1600 1400 1200 1000 800

Wavenumber (cm™)

Fig. 2. FT-IR spectra of polyphenylene prepared from
the Wurtz coupling reaction of 14-dibromobenzene.
(A) before debromination, (B) after debromination.

V

Transmittance { 9% )

200 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™)

Fig. 3. FT-IR spectrum of the insoluble fraction of po-
lyphenylene solution in THF in limited range.
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0 9 8 7 6

3c (ppm)
Fig. 4. 'H-NMR spectra of polyphenylene prepared
from the Wurtz coupling reaction of 1,4-dibromoben-
zene ; (A) before debromination, (B) after debromi-
nation.

t}. Aromatic ¥-237} aliphatic §-%<] WHHE
Axrg Az Zej# g oF 8.20 mole% ol 333t
= alkyl attachment7} A3 Ro2 A=Yt
£ n-butyllithiume] 13} R7}e} 23 ¥7b Alo] 9]
A7t 2t7 o] Z7}gtol u}et aliphatic peake] WA Y]
7} Zrashe o] YERtH(Fig. 5). 13 ¥7tet
23} B7}9] Alole] A|ZHE 0ol A 158714 wshA]
#A 292 mj aromatic F-¥-2] H1]¢} aliphatic ¥
o] WAuE AjZk kAol 0% 4 o 1: 2(Phenyl
‘Butyl=0.89:1). 5% < ® 1:1(Ph:Bu=
2.25:1), 108 o o 2: 1(Ph:Bu=4.5" 1), 15
Q w 5: 1(Ph: Bu=11: 1) & #sag e 15
ol Aol HE & Halst §lde}. ol 1-bromo-4-
lithiobenzene@+ A Al € #-butylbromide} 53 W&
T2 Ar2oj|A] Wurtz coupling reaction®)] 2|3} side
chain phenyl ringol attachment¥ butyl group?]
qg gE Aoz FHEH.

Fig. 62 13C-NMR #4 Zd#=24 §.=140 ppm
B A para-X|$H7]9] peak7t JERROH, §.=
126~128 ppm 9]¢ ortho, meta-X|27]<] peak7}
EAFE ¢ F AAh. £ §.=0~40 ppm
Al AR n-butyl groupol 2|3+ absorption
peakSo] Uehd Zo2 nFo] FA4E polypheny-

=]
U
B
i

12

8. (PF“)
Fig. 5. Comparison of 'H-NMR spectrum of polyphen-
ylene prepared with the time interval in the addition
mode of #-butyllithium; (A) 0 min, (B) 5 min, (C) 10
min, (D) 15 min.

JLLUJ_.L.

160 140 120 100 80 60 40 20 O

& ¢ (ppm)
Fig. 6. *C-NMR spectrum of polyphenylene including
the alkyl branches.

lene - n-butyl branchg ¥ 331 & AAE &

9lic}. para-x|@|e] ¥]&-& HAl phenyl”]9] °F
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n-Butyllithium& AR 2 AHES Zalmdae
3ol 9lojx Bulkeo) 93t u-butyl”)el bra-
nch7} WA =, o)2M ZHdd T
o] Fhg-& ZAaAI AT Fo Qe we ox
4 n-butyllithium®] A|2}% 27} wpglol AL & 5=
N33}, n-Butyllithium<) 1x} ¥-7}9} 23} —r7} A2y
¥Z ol Z7V8EE n-butyl branche] attachmentol]
A Fkge Aasgon, whg Azhe] 4471 o]
4% A$-oll= THF< £-84<l polyphenyleneo]
AT T, F83 A7) AREE AN &
7] Sl ® &8iE = e Zudde] {4
9% para-X @A) o] Hoj vjg 2 olo] FA by,
T F4 20 4 o5 U Y FAE g
=xo A o Folrt,

p

o5

AR a7E v @
7 A4 (Ministry of Education Research Fund for
Advanced Materials)oll 2|3 o]|Folgo g o]
A=,
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