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Abstract : In this study, oligo(3—methylthiothiophene) was synthesized from thiophene derivative
according to the method of reductive coupling using palladium catalyst. For the preparation of monomer,
3—methylthiothiophene was first synthesized through the metal—halogen exchange reaction of 3—bro—
mothiophene with n—butyllithium, and the corresponding 2,5—dibromo—3—methylthiothiophene was formed
by bromination. Their synthesis and characterization were determined by 'H-NMR and ATR analyses.
Thermal stability of the oligothiophene was monitored by thermogravimetric analysis (TGA). Thermal
evaporation of the oligo (3—methylthiothiophene) on the substrate was attempted for OTFT applications.
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sk oAl 2 SEeke o= A3t AT poly
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Oligo (thiophene) & 3}84 0 & 5= HPH O 2= Scholl
<07 47 oxidative coupling WHI} aryl dihalideZ5F-E A
ol Sl shellA A= reductive coupling o] itk
Oxidative coupling #lFlo]u} thiophene ©A|E FeCly 52
Lewis acidE AME-ste] sk Wl sEAWE oxidative
coupling /3% 22| FARES] 727} 1124 (regioregular)
o|A] gt AdE Holrtele wlo] itk wEbA 2 dFtelMe
ST (B D) FARES] 72E Huh YAsHA S, 2,5—4]
38 S-S A7) Y319 reductive coupling WS AME-3}
o] oligothiophenes $HJskth
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Al2k. Methylthiothiophene @] 335 $$F 3—bromothiophene,
n—butyllithium, methyl disulfidet= AldrichAFllA] Q151e] ¥
O] HA T glo] ARgBIITE BEsk o] Ao AREE= gl F
tetrahydrofuran(THF) & -2 AASH] $18F] sodiums 3
7Vgh & 3, SR3te] AREBISI O, hexane> Call s H71st $-
T, SAIA ARRSISIT

Oligomerization &4 2382 WHFAZ AME-EH= 2,5—-di—
bromo—3—methyl thiothiophene?] ¥+3& 93t n—bromo—
succinimide= AldrichAtellA] F+§1ate] ARE-3FSlaL, Aldrichd]
3—methylthiothiophene> 5+~ el 775 Fato] A o]
Sof] ARgSISITE 183 ¥hg- 89l dimethyl formamide (DMF)
= AgETetel ARSIt

Oligomerization A& ARE-¥ PdCls (PPhs) 2= AldrichAFellA]
Tl Ewe] AA 31 glo] AMEEIIT) Aldrich®] zinc:= acetic
acidellA] WRIAIZ - B2 AFEE $ 120 ColA AZRAIR F A}
43139t} Triphenylphosphine (PPhs) 2 ethanol® #2473+ 3
AZAA ARSI

7171 @49 Sl gelume] £E 'H-NMR¥ TLC
(thin layer chromatography) & 213191.2™, '"H-NMR (500
MHz)-& Varian Unity Inova 71712 ARE-38}9ich TLC £41&
254 nm indicator”’} 7} 0.25 mm T2 silica gele] 93
A & TLC plated ARS3IATHMerck). 34 49 €4 44
o] 45 23K TGAE AHE3Iglom 2 gl Ak ER) stellA
10 CT/min®] 52 £5=2 4311 AH)+= TA InstrumentsAt
9] TGA 2050 (thermogravimetric analyzer) S AFE-3Fit) &
e &g A WatersAHe] 590 pump$t 401
refractive index detectorg AME3le] THFE SW|Z AMSH=
AFT2elE 79 (GPO) 2 F7d3tk IR 492 Unicam
Mattson ATR spectrometer (Model GL—5020) & AF&-3}3ich

Sl 2 B2lTn B, Figure 10] BeR3E] Se)mm7%)
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Figure 1. The synthetic route from monomer to polymer : (a) n—
BuLi, Hexane/THF, —40 C, (b) Methyl disulfide, Hexane/THF,
RT, (¢) NBS, DMF, RT, (d) PdCl;(PPh3)s, PPhs, Zn, DMF,
95 TC.

neck round bottomed flask ¢t -2 flame dry S S35l &
F AATE Bof] AAR-9)7] 1] hexane (30 mL) & F43t} vk
719] EE dry iceE ARERI] —40 CT7HA] WHE $oll 3—bro—
mothiophene (0.02 mol)< F%3t & magnetic stirring bar®
3087 wHksk) 71 & ukg7] bl n—butyllithium (0.021 mol) <
FAPIR €& 3 tetrahydrofuran(3 mlL) & §9J3t} 158 & 3—
bromothiophene ] 2%S TLC % GCE 53} o1t o]0
hexane (10 mL)& F8kal Hhg- 255 20 % 25tk Methyl
disulfide (0.024 mol) & dropping funnel& ©]-g-3fo] 3] Jk
S-gdof] H7Ist & 12A1kF wRksit) Jkg $4 & E3ES filter
paperg &3] o]t ] column chromatography & 3]
PRS2 AASH & @A e)e] 3—methylthiothiophenes A
L=

3-Methylthiothiophene : Yield 40%, 'H-NMR (500 MHz, CDCl3)
o(ppm), 2.5(s, 3H), 7.00(d, 1H), 7.03(d, 1H), 7.35(d, 1H).

2,5-Dibromo-3-methylthiothiophene2| &4 : Dropping funnel®]
224 250 mL round—bottomed flaskol] A4 #$)7] 3fof|A
DMF (5 mL) &} 3—methylthiothiophene (7.7 mmol) & ¥ 30
22 vkdE vk 93 WA o371l AldrichARellA 45
3t n—bromosuccinimide (15.7 mmol) & DMF (10 mL) o] %<1
445 dropping funnelS o188t A% H7ket & 1241 &

AT ¥R 54 ¥, =5 J7FFAL hexaneE o83t &
& %o column chromatographyS F=33F3t). Yield 90%,
"H—NMR (500 MHz, CDCls) oppm), 2.5(s, 3H), 7.00(d, 1H).

Oligo(3-methylthiothiophene)2| £ : 125 mL Schelenk tube
Qo] zinc(10.41 mmol), PdCle(PPhs)s (1.041 mmol), PPhj
(0.694 mmol) & golFal nlvg viE ¥ & yFepl=E Y
B3tk Aol HFEER IRkl USEES 242K 53t
AZAIZ & RS AR AR v AR @A (3.47 mmol)
¢} DMF (3 mL) & FAPIR a5 Fall U8 595 Tel 24
Al &t WRIAIFTE

HEgo] B & Ao YA Fof, REES HS HCl
Follof] Ho] FAAZE FAES o7} & =2 AFHSIch v
=2 A% & A% chloroform®] %% methanol®ll AFAA|
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thylsulfanylthiophene) 2} pentacenes 6.25% 107° Torr, 22+
£ 1 Alsec, 7|2 E= A0 2 GA|5 oA 55 npaa
= A}g-slo] 213 S (thermal evaporation) F3Th

2 A EE

CI2fo] 88 U =2 Fio| 28 &L Methylthio” |5 =18
k) S 98l 3—bromothiophene?] bromo”]S metal
halogen exchange HFg-of 2J& lithio”]Z X231t (Figure 1).
3—Lithiothiophene=> 74 &l Qllx= Ad=20lA QFgsh] o
ol hexanes Z= U 7S & 02 RES2EE S8
methyl disulfideE 37}8F] ¥H-5-A]7 3—methylthiothiophene
& S’ o] Wh o]l WIkkEo] flame dryE EllA]
HES- el RES7] U9 F=E-& AN AlAE Fo=2ZM el ot
Bapgo] dojulA] UEE 3191 RS AJek] methyl disulfideS
2 A7l b5 8] AlA FHESS HAasAHT 40%

[e)

¥l 3—methylthiothiophene®l| bromo”|& E£%18F7| $1351
n—bromosuccinimide®} ¥Hg-& Al TE FHES-(excess bro—
mination) ©] LoIUA] 9%= n—bromosuccinimide® E1jjol] =
©] dropping funnel& AHg31o] 234 FRIAA 90% o1de] &
& g A9t

Figure 20+ ¥ 9] S| Azl ARE-E+& reductive
coupling W*HIA palladium "1 Z coupling W2 X831
W o] RHgHZIES ERNIEE” PA(D Fli zincoll 23]
Pd(0) 2 ZHEC) o|Re g2zt whegkAel wkgste] Ar—
Pd(D —XLy7} #th 01714 A" Ar—Pd(ID) —XLo= zincoll 9
&l oA ArPd(D) ® FHEa I O wakA|eh ARkSato] Ar—
PA(ID —Ars @Adsict o7 354 0= reductive elimination
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Figure 2. Mechanism of Pd(0) catalyzed reductive coupling
reaction (X =Leaving group, L=PPhs).!?

75 palladium(0) o] T7lete] AR RESES 98
A (EF 10 mol% A€ A] Mn 450, 30 mol% Z& A Mn
675), TAdell AREE 2]71=21 triphenylphosphine ] o] 9]
Froll what aEAte] go] 7haeiglEdl (& oin] 66 mol% 2
& Al & 53%, 100 mol% A& Al & 26%) °l= BRI=rt
palladium—ligand complex2] SFAS Z7IA 10 M whekA] o
gt BESA S aA7)E Ao R AlEE

Oligo(3-methylthiothiophene)2| £A1. 3—Bromothiophene<
5 982 3}¢] 3—methylthiothiophenes /J311 11, ¥-50] &
W & column chromatography 2 %3] A5l 'H-NMRZ -
Z5 RISt Figure 32 3—bromothiophene 2] bromo”]&
methylthio”] 2 X%kt 3—methylthiothiophene®] 'H—NMR
spectrum®]t}. & ] 2.5 ppm AEA methylthio”]2] CHsell
Gl i Pt AEEE Aow Kol X|glo] 2 HYleS &
At

Oligomerization®] @EAE 227] 98] 3—methylthiothio—
phene?] 2, 591 29]X]° bromo’|E T3t 2,5—dibromo—
3—methylthiothiopheneS 33}t &4 S22 A7 o
& column chromatography & AH-8F$1.2H Figure 4+ 2, 5
H 9Ho] bromo”|7F ¥ 2,5—dibromo—3—methylthi—

S(ppm)

Figure 3. '"H-NMR spectrum of 3—methylthiothiophene in
CDCls.
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Figure 4. '"H-NMR spectrum of 2,5—dibromo—3—methylthi—
othiophene in CDCls.
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Figure 5. 'H-NMR spectrum of oligo(3—methylthiothio—
phene) in CDCls.
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Figure 6. ATR spectrum of oligo (3—methylthiothiophene).

othiophene 2] "H-NMR spectrum®]|t}h. & 3te] 7.0 7.3 ppm
oA 2] ¢ peak(2,5—aromatic protons)”Z} $lojzl Zow Ho}
Hhgo] SHAE S-S gRlekirh

Figure 5% 2,5—dibromo—3—methylthiothiophene2- oligo—
mer® #35 59 '"H-NMR spectrumo|th. 6.84—7.04¢]4
UEP= broad3t 33 7+ 6.84 ppm(HT—HT), 6.97 ppm
(TT-HT), 6.90 ppmHT—-HH), 7.04 ppm(TT—HH) ¢] 471X
FENe] 221 isomer TE7} Bt oz gl 71918tk

Figure 6= % oligothiophene®] ATR spectrum®]th
1400 cm ')A S—C stretching@ 2850 cm™'el4] C—H
stretching® #2384 ALk 2la A zele ey
oligothiophene 2] #A1&-S ER1st A¥} FF-EAF(M4) 6758
FAE TR (M) 91290 TREARE(PDD 7F vlw 4] 2R 1.32
o]al REEER7F 5~691 &2 els ERleIsith GPCEl %F
232 polystyrene®]| il vl THFo]T},

HE thiophenes TFAR 3+ AEA] WA= 3H fA]of 1
alkyl A £%1519] spin coating 2.2 OTFTY] 7] WHEA]
o ek SR 2 AFelxE 7R Hloll {7 WEAITS
¥4 Al spin—coatingS #9451 Xy FEH, = thermal
evaporation® % 7] WHeAlSE @kl AYstes =ol7]
3 Aol vlwE 22 S uHE AR ST Wil
TGAE ARE3le] 2jame] G2 A4S S48 o) F Figure
7o) YERISITE TGA &4 72K 0 CellA 700 T7HA 43t
Aom 52 &%= 10 C/minolth TGA 4 A3 3734 oligo—

Z0M, 43148 6=, 20074
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Figure 7. TGA thermograms of oligo(3—methylthiothio—
phene) under air and nitrogen conditions.
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(b)

Figure 8. FE—SEM images of evaporated (a) oligo(3—me—
thylthiothiophene) and (b) pentacene on silicon wafer by ther—
mal evaporator.

thiophene ©F 250 CT7H4] 5= Al FAH] 2] =4l0] A2l glgle
1} 250 C o] FHE = 40~50%2] FA 45 Yot o]z 1
o} 250 C ool|A*= oligothiophene®] 7|0 220] =0 75
s} Zolg} oS3t 13 Y- Ex1o] 2 oligothiophene 2
AE3) 7hsA Egk | Al E wiAlE 4 gloka AlsEh
A9 oligo (3—methylthiothiophene) 2 thermal evaporation
system ARES] silicon waferol 2k 3 vlul X8 35197
11, ¥ EAFA pentacenes silicon waferol] 22 oz &
25 slo] 7 2] uit PAE FE-SEMOR w391, ©f
Figure 8¢l YERASITE FE—SEM #4] A3} A= Ao]g) vt}

ol it of
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A JElS B9 pentacenes Bl A 7| flof] #UdsHA S
=t B]3l], oligo (3 —methylthiothiophene) & *|3k7]2] sulfur”]
o &) EAI7t interaction®] 28] ¢} silicon?] interaction
1t} 7 island growth® vhate] PAEcha Alggch
z E
2 A= dolEE Q] PdCly(PPhs), FHUlE ARE-6hed
reductive coupling 5% Wl 23l oligo (3—methylthiothio—
phene) & 3I3TE 3 AW A3, S} ri=g] ofo] At

% 9 el A 9ol 2 AE & 5 Atk FTSAA
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o] oS & 4 SISlth oA BRt=r) Fulle] kA o
sk RSl S AT FulE o3 A7) 93 Sttt ek
ok 283 Fle o] TGS &dskE Pd(0) 7} 57k
T 7RO = Qlal EAREe] AXNES & o SISl AE
S uHE Wy S| QJste] A 7| fof uhaks Adsh
e s, S8 ] #AY interaction®] &2]arH <}
#31}9] interaction BT} 27| W&ol islands growth® 3743t
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