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Chapter 1. Synthesis and optical characterization of
pentiptycene—thiophene copolymer for Chemical

SENsSors

Han, Joungmin

Advisor : Prof. Cho, Sungdong, Ph.D,
Department of Chemistry,
Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

The synthesis, spectroscopy, and fluorescence quenching behavior of
thiophene  pentiptycene-derived  phenyleneethynylene  polymer. The
incorporation of rigid three-dimensional pentiptycene moieties into
conjugated polymer backbones offers several design advantages for
solid-state (thin film) fluorescent sensory materials. The {fluorescence
attenuation (quenching) of polymer films upon exposure to analytes
depends on several factors, including the exergonicity of electron transfer
from excited polymer to analytes, the binding strength (polymer-analyte
interactions), the vapor pressure of the analyte, and the rates of diffusion
of the analytes in the polymer films. In short, thinner films show a larger
response to nitro—aromatic compounds, but show a lower response to
quinones. Such differences are explained in terms of polymer—analyte
interactions, which appear to be electrostatic in nature. The rapid
fluorescence response (quenching) of the spin-cast films of porous
polymer to nitro—containing compounds qualifies these materials as

promising nitroaromtic compounds chemosensory materials.
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II. Experimental Section

1. Materials & Instrument

1-1. Materials

B Ao A o] &3 A 7]& 2 standard vaccum line Schlenk technique
£ Abgstslen BE A e S ofmZ VA 1A ARk
o} Ao AFE3 A]9FE, mesitylene, n-butyllithum, potassium bromate,
sodium chloride, chloroform, ethyl acetate, (trimethylsilylacetylene,
2-iodothiophene 59 &4 &2 Sigma-Aldrich Chemicalsol 4] F¢3sled Ab
L5t gl o2+ b2 SholA] sodium/benzophenone®} A 244 7F
ol refluxE ol&ste #FAIZI = F5 THF$ diethyl ether, hexane,

toluene &2 AFE3FA TR

1-2. Instruments

Fet =AHA AR £ THE= FisherAtel HPLC gradeE T 8)]
AAGle] AbgsA . 33 ~HEGL UV-VIS spectrometer (UV-2401 PC,
Shimazw)& ©ol-&ste] A 3= +x 42 Bruker AC-300 MHz
NMR spectrometer (‘H-NMR, 300.1 MHz)E o] 435le] gt NMR 4w
Chloroform-d+& shF &<t CaHe® WWHAA ZHy FEE fhdstAl A A
71 & AR Sy g3~ E-S Perkin-Elmer  luminescence
spectrometer LS 5H50BE ©] &3} thiophene 3¥ =9 ¥ % 10 mg/L =
10ppme  Argsted  SAeHo. FFA2HERS UV-Vis  spectrometer

(UV-2401 PC, Shimazu)2 o]-&3d}e] &3 3}¢ )

2. Pentiptycene A

2-1. Iptycene Quinones® &4

Anthracene (178 g, 0.1 mol)# benzoquionone (5.4 g, 0.05 mol2 250
mL  Schlenk flasko] #7}3 %  Schlenk lined ©o]&ste] HF A=
anthracene®} benzoquionone 2 ZE&AZIth HAxd F Edo] Eo Y&
Schlenk flaskE o}2+ 7}2=Z XJA|Zl & AJHA]E o] &3}o] mesitylene

75 mLE #H7Vsha, refluxEs ©]&3to] 24 AlF wol 3R wub drp 2 E



165C 744 AA3 LUWA flask te] S HASY F3A Golo]
oz Wa He AL ¢ 5 Ak Su7F Ree] @ WAX A% wikA

71 2% Wy 7ol wel A7 dAET. o] 1A= hydroquinone©] ™
<=7 W#HZ w7kbA] xylene 200 mLE Schlenk flaskel] ola
hydroquinone®] £9°]%+= Schlenk flask ¢Fe] &wj7} 2+4d3s] AAL u 17G4
A=z o3ttt o3 E a1 ¥ F Schlenk flask 9F 7]8lo] Eo] 9]
hydroquinone® &4 3% mAF xylene2 2 HolFEth Filter 9ol &=
3] A1 2] hydroquinone® 250 ml Schlenk flask ¢tol] o] ZFAE AxXA
7A £t A% ¥ hydroquinone (8 g)2 #H3d}e] 500 mL Schlenk flaske] %

a1, gleial acetic acid 300 mL¢} H:0 100 mLE ZHzF #2elt) #31 Y& sy

—

rir

r

AV

2] H20 Schlenk flaskel] potassium bromate (15 g, 9mmol)E il 5o,
hydroquinone®] ¢ ¢l Schlenk flaske] A% glcial acetic acidE 4 3L,
potassium bromate’} E¢ A= shuhe] 0 100 mLel ¥+t o] w 74}

et

7] Schlenk flask 0&94 Srje]l AL P FAoA FEgNoz W oF b
B AT 714de g & 2o oW O 100 mLE #H~7}skt}. Schlenk flask
Golo] Aeog & uo] AHE o] &3l o33, acetic acidet H.0ZE A

F3a9  33E  chloroform 120 mLel =%9o]a1, H:0°] ¥ sodium
bicabonate, sodium chloride®. 2 23] A% A& sy, F7]&S 75l
MgSO2 2 AATH 17G4 EH=E &ujE oHstA = Hy 99
HEA Eeeo] ##EY, 9L #e FI4E Ao F349 05
Aste] chloroformell 3¢ & ZHyl #2& 3 AA gk AAEHE

hexane®} ethyl acetate W&2 10112 39 ZJsHdE, A2z st

rir

2

pentiptycene quinone< 1147491 silica gel ¥ w4 A= Ex3T}

F k.



O
1. Mes1tylene
T 2.KBrO, ‘ *
/\ HOAc

Scheme 1. Synthesis of iptycenequinone

2-2. Trimethylsilyliptycene2] &4
Pentiptycene quinone (0.46 g, 1 mmol)2 50 mL Schlenk flask o] % il
g Agolr] FES AAXNZ F of2F 7}AF Schlenk flask ¢He o=
2+ 7t BE9UIE dlE st o2 Jla® x3E Schlenk  flaskell
tetrahydrofuran (30 mL)& Y3 HkstAA] 3] Atk Li-TMS
(acetylene)2 9H=7] 98] n-butyllithum, (trimethylsilyl)acetylene2- A}-&3F
t}. 250 mL schlenk flask®t dropping funnelo] 43t /2 &7]o 42
2 o]838te] 250 mL schlenk flask®t dropping funnelel <1Z2% Schlenk
flaskE 0CE ¥HEo] £k AlHAE o838ty (trimethylsilyDacetylene (0.35
mL, 25 mmol)2 F3dled 0CE A ¥ 250 mL Schlenk flaskel] &3 ndk
stoh, Al A E 3 ¥ 1 o] &38}o] n-butyllithum (4 mL, 2.5 mmol)2 3
3] "oy Frh vEEgoe AL w3t glal, n-butyllithume] o Hoj A
0C A8l 407 AE mwrstt} Cannula® o] &3t tetrahydrofurand] =5
492 dropping funneloll goiFa, &do] t} &A
A o2 AEfo A cannula® A A TF. Dropping funnelol] e &9
A3 tF golmu$H schlenk flaske] &) Ao] otrdo=w wWalA =
ol = ASE AASA 12 A wRkske 12 Al = 10% HCl 1 mL=
g8 AWslal, chloroform™® HO0Z warkupdttl Z4le] g2 Ao
MgSOs& F&2 AAsts HHE ol&dte §4E etk o 92 7
AElE 7t S-Sl hexanel 2 Al H Sle] IHE o] &3] uAE AdErh

o] Z+A ;A= thA] 3k ¥ acetonelE Aol FH A AAE dA ¥

o] pentiptycene quinone



50 mL schlenk flaskel il -&/JefolA] acetones #|A gt} Acetone®]
AAE A 1A (059 g, 090 mmol+ 50 mlL Schlenk flaskel] i1
acetone 10 mLo] 2¥F}aL, tin(II) chloride digydrate (051 g, 2.25 mmol)&
50% acetic acid 10 mLe| =<t} Acetic acidell ol 3+ tin(Il) chloride
dihydrate &912- acetone®] *Ho} U+ 32 iAo A|HX| S o] &sle] HA
3] "Wojmyrh A2 24 Az wQb Rk whgA[FIth Schlenk flask <F
golo] Mo Ao P& w@HMog WMEH 24 A7 Fo] HHE o] &5}
of oot AAE devh o] =4 51A|= chloroform 50 mLel 5o]al
H-0, sodium bicabonate® A #3s}ar, =@k &L do] MgSO2 FEL2 A
Agtth, dHZE MgS048 AAS =3 &9L 100 mL Schlenk flaskel %
a2 74 AFxAZ 5 hexanel®Z A3 & HH=E oJyshd F

el Ao nAE e F U

Of‘

O

[}
£ K

=

1. THF, H,0

o + Li-TMS
2, SnCL,HOAc

o~_)
’ Acetone

Scheme. 2. Synthesis of trimethylsilyliptycene quinone

2-3. Pentiptycene diacetylene2] 4
gl A= 50 mL schlenk flaskel]l ¥ ZFAEA AZRAZ

Schlenk flask ¢F ol23 7}x~2 | &sle] Al A



T™MS H

O ) SO
RN 1. THF, MeoH AN
l/ 2.NaOH |/
Y7 W SN Y
TMS H

Scheme. 3. Synthesis of Pentiptycene diacetylene

3. Thiophene iptycene 34

3-1. Thiophene iptycene ¢4

Pentiptycene diacetylene (0.5g, 1.0456 mmol)2- 500 ml schlenk flaskel
¥ 31, schlenk vacuum lineg ©]-&3sto] ZFAeel ] AxAZ] & flask ¢HE
ol JlA AEHE A EA | AHFAE o]&sle] HAE tetrahydrofuran
°F 300 mLE ¥ 3% &9 wHHAlA U} o] pentiptycene diacetylene
of &mjol = FA 7] wEolth o= JfAE FYotdA Fw Cul
(0.0199 g, 010456 mmol), Pb(PPh3)Cl (0.0727 g, 0.10358 mmol),
triethylamine 0.816 mLE Y2 ¥ Al#€AE o] &34 2-iodothiophene (0.45
g, 20912 mmoD)E Y&l ©] %9 reflux® 500 mL schlenk flaskel &
77 E7HA] @A w2 A AZAET Reflux® AZ3F7] el schlenk
vacuum lineg ©]-&ste] XFdeo ] of2d 7tag AEE AFAA F=
o WS A2 2412wk awkebH A shar, 24]7Fe] Ay Oil bath

|
ol gste] =5 65C7HA 2L refluxE ©]-&38fo] 2413 F<t & L

F H

% o
AT §de]l A2 FAlox Fgom Wit 2417kl AuhE ol

bath& A7 stal §Ho] ALow Eof & wj7bx] wA|A Frh §ofo] A
2ol | F7]eke] HEFE dsly] §8A] of=2 Jhx AdHelA HEE 3
th A A& 52 £ Schlenk vacuum lineg ©

oA 7t TFAZITE 1000 mL Schlenk flaskel & oil FHY 4L
chloroform& % i %< ¥ H.0%9 sodium bicabonate® 33 X Al# )
1000 mL beakerel 7] Z& ¥ol MgSOsE ¥l F#& AAT & IHE
o] g3ty EwEH 0OE F53% MgSOEs AE ¥ £d92 500 mL

,
%
ofr
2
&
&
of
o
u’

MN

=



Schlenk flaskel &7 Y31, Schlenk vacuum line2 ©]-&3Fo] 21 F 3o A
7+t SRt SHA17 500 mL Schlenk flask ¢Fels= F341o] w7} A
AEw o] mAE thA] ethyl acetate® %91 F Ze Ryl AEn)e
hexane® chloroform H| &8 912 ¥EolA AW By S 59 A1z s
= thiophene iptycened silica geld] &0 #AAFHo] Uy & foo]

.
| 912 500 mL flask® ol &ale] AASE FFAe] LA} AP F
% 3 o}

8

(o]

oot

Aol A= ThA] hexanel & A& sla Y
HE 9o hexaned] HA Ze BHeEEo| ol 9}31 %Eiﬁﬂ/ﬂ Aol
£ 500 mL Schlenk flaskel] ¥ & % Schlenk vacuum lined ©]-&38}e] =

Aejoll A 7Fet =5 A7) F349] thiophene iptycene©] A4 €t}

f Cul, Pb(pph;)Cl, f

= p—=-n o+ A ) | rmetyimine_ /7 — 5

’ S THF s:\/:w

Scheme. 4. Synthesis of thiophene iptycene 2 h room temperature/ 2 h
65T reflux

i)

OH 1

3-2. Thiophene iptycene® #38t& EA ZA}

Thiophene iptycene 0.01 g2 HPLC grade THE 100 mLel -&3l3le] 10
ppme WEI g 3RS SA467] 98l UV-pe 2420 (SHIMAZU)E ©]
|ste] SA4skqaL, o] Hul F S ol 8ot RS SHsy] Aok

Perkin-Elmer luminescence spetrometer LS 50BE o] &8} =43} t}.

3-3. Nitroaromatic®] 34 % H]|

Picric acid, DNT, NB, TNT5 ¢ YE=z #3d= 33EL nitrobenzene
(NB) (99%, Aldrich), 24-dinitrotoluene (DNT) (97%, Aldrich) , picric acid
(PA) (98%, Aldrich)E A& 3F3L, 24 6-trinitrotolune (TNT)= 21¢ 2o
A S st AFEsA T TNT &4 250 mL flaskell Aldrichel ]



Tuj¥ DNT analytical grade (3 g), sulfuric acid (22 mL)2 %31, do]
7] wfZel ice batedhel A nitric acid (6 mL)S s
0Cel 3A]ZF heating®t % overnight (25C )3}

A& Yl aspirator® o] &35} filteringdlel Al 4" TNTE=

e =
Uo

O

Wt

=

do -
)

R

o

=

[e]
el

Adzg st A&kl

H3

N02
1,3,5-TNB 1,3-DNB 2,4-DNT TNT

NO,

H3C~ ~NO, 1

PA RDX Tetryl or nitramine

Scheme 5. Chemical structural of explosive

© \)\
H sC S H,SO,, HNO, —NO2
| 90T ,3hours ‘\)

NO,

N02

Scheme 6. Synthesis of TNT

4. Polythiophene iptyene €A
4-1. Polythiophene iptyene 34
Pentiptycene diacetylene (0.5 g, 1.0456 mmol)2 500 mL Schlenk flaske®l
, Schlenk vacuum lines o]-&3ste] & HolA AxAZ] %= flask +&

o]_ 23 72 AR AFA I AARE o835l AAE  tetrahydrofuran

_10_



2 °F 300 mLE 4“1 g ot 3
diacetylene®] &wjjol Z+ =X k7] wliL-ol )
"l Cul (0.062763 g, 0.3293766 mmol), Pb(PPh3)2C12 (0.00958 g, 0.031365
mmol), triethylamine 01 mLE Y& $ 25-diiodothiophene (0175 g,
0.52282 mmol) & ¥&=th o] 9 refluxE 500 mL schlenk flaskel] & &
717 Eo7kAl @A mEA AAgTE Reflux® A438H7] #el schlenk
vacuum line2 ©|&3dlo] Z-FAE oA ol2F 7tagE AUE AFAFA =
t}. Polymerg ®HE7] 93¢k #H&-o]Z = oil bathE o|&3sle] 255 65T

<23l refluxE o] &ste] oF 3Y FQF FF wWHEA[ZITEH G Alg FAlo
A Fgo g WIth 39l AW oil bathE A|ASL & =

ot & wWi7bA wHkAlA Frh §do] Aol HYl FrIete] HHE& H 6]
A o= 7k Aol FHE dlevh. HEA 22 w2 &2
Schlenk vacuum lineg o]&3sto] F-gdejol s 7+t SFA1ZIth 1000 mL
Schlenk flaskell $1i= oil o] 222 2 il
9= methanol® FE3kal 308 F¢ AS Azt AEHE ARES|A o

Kol

Tpafef dojxl ¥

F Fol wwkAlA £t} o]+ pentiptycene
o)

beg teg Eqeus

O

2
o
>
2

oo
12
flo
a1
(]
(]
=]

=
=
jab)

wn

%,
=2
ot
k]
oo
)
il
2
N,
ot
O,

PbCl(PPh3 ),

Cul, Triethylamine
THF

Scheme. 7. Synthesis of thiophene iptycene ( 3 days 65T reflux)

4-2. Polythiophene iptyene®] Zst# S5A ZA}

Polythiophene iptycene 0.01 g2 HPLC grade THF 100 mLel -&3)|35}¢]
10 ppme WEN FF IJHFE SA37] 98t UV-pe 2420 (SHIMAZU)E
o &3stod FAsI L, o HW FF HAE ol&slo] FFE SAH6r] st

o] Perkin-Elmer luminescence spetrometer LS 50BE ©]-&3&te] =35}t

_11_



IMl. Results and Discussion
1. Thiophene iptycene 43}
1-1. 33g& #4
A7) W o2 3499 thiophene iptycenes 'H NMRES o] &3t0] 24 3}
oz o] 1ol vERAUTH

BnasEantLLE 7 1100
-1000
€| f—f -900
.'F ‘ +e00
700
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IV. Conclusion
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Chapter 2. Optical Characterization of
Dihydrotetraphenylsilole and Nanoaggregates

Han, Joungmin

Advisor : Prof. Cho, Sungdong, Ph.D,
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Abstract

The purpose of this project is the synthesis of dihydrosilole and its
optical characterization for their applications. Dihydrosilole was synthesized
from the reduction reaction of either dichlorosilole or chlorohydrosilole
with lithium aluminium hydride. The reaction yield for the dihydrosilole
through the Ilatter method was higher. The optical characteristics and
AIEE effect of dihydrosilole nanoaggregates was investigated for the
purpose of increasing the photoluminescence efficiency. Photoluminescence
efficiency of dihydrosilole nanoaggregates increased about 100 times

compared to that of molecular state.
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II. Experimental Section

1. Materials & Instruments

W Agoe|x o]&3 A 7| E2 standard vacuum line Schlenk technique

= AHgstaden BE Age] e 42 o2 JA E97|ddA APt
o} Ao AR&$H  A]ekE] diphenylacetylene, lithium, trichlorosilane,

methyldichlorosilane, sodiums < Aldrich®} Fisherol| 4] -¢Jslo] AR&3}4 2
o gl o2 vhA B9Vl A sodium/benzophenone®t &7 24A]7F o]
A SR A7l & F4=9] THF® diethyl ether, hexane, toluene 52 ARE3}A
. 48 SAHA ALEEE &)l THF, toluene® H:0E Fisher 3}8}3]Afo
A HPLC grade® T-9sto] th2 32 glol AR&stith. NMR dlo] =
Bruker AC-300MHz =#E=ue('H NMR® 300.1MHz)% Z43ste] A%
th. NMR &7 chloroform-d+= shF &<t Call® W WAA - F73& A
Aslel AF&3tS ). Perkin-Elmer luminescence spectrometer LS 50BE Ak
st AT FF2AER S SA6H7] fjste] B dAHEY] R
100 mg/1 L=100 ppmS. & Yr3o] ARSI a1 ZFzte] ©EXLe] U w2 A E
9] ¥%+ 10 mg/L=10 ppme]t}. 1,1-dichlorotetraphenylsilole®] €42 H a1
Hio] oJsle] FAF IH}Hor FAHHAOH RFARAANES Foto YHE
glakar AHEsFATHIL

\

o i

2. 1-Hydro-1-chlorotetraphenylsilole®] 34
Diphenylacetylene (17.8 g, 100 mmol)2 dried diethyl ether (120 mL)®l
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150 mmol) & A& Aol FHsled & we Hrbst

4 u7tA] 2E Sv FHA

—_

i

—

i



5SS AASY d& w4 aA+= chlorohydrotetraphenylsilole®] ™ 7FQ}
Aee Al AxAA A=th FA4E chlorohydrotetraphenylsilole?] 'H-NMR
spectroscopy & ©]4-38te] g2lskirh. 'H-NMR (300 MHz, CDCls), § (TMS,
ppm): 7.78-7.37 (m, 20ID), 5.7 (s, 1IH). 2.3.

)

3. 1,1-Dihydortetraphenylsilole®] %4

1,1-Dihydrotetraphenylsilole- g $/d3st7] ¢38] F 7}A wWHE o] &3} H ).
WA, kel Al A% dichlorosiloleo] LiAIHE H7Fshie Wzt dbelx] 4]
3t hydrochlorosiloled] LiAIH,E #H7lste F 71/ wWH e £38o] 4649

o A AW AT BeA e oldhel ALttt

3-1. DichlorotetraphenylsiloleE ©]-8% dihydrotetraphenylsilole®] %
A

1,1-Dichlorotetraphenylsilole  (4.00 g, 88 mmol)& o372 3folA]
tetrahydrofuran (80 mL)ol 4] x¥kel™ A3 =<lvf. HES-&87]5 dry ice
baths °]-§3te] -78 T & whEal FAZ]E o]§3to] LiAll (440 mL, 4.4
mmol)E F kel AMA 3] FH7bskAn whggele] AL HAgA I =
Aoz WEHTh Dry ice bathE |73 3_? Aol d w7bA] 2RE &Y
FHA AAZE T wgkgin dEEFR S A AAE A st F
ANA AAT F diethyl ether (100 mL)E #H7}stal oJste] Azg &
methanol (50 mL)Z 53 AHX F7F A& gch dojzl w2k AdES 749t
st A AxAZ F YxESHAE  Axsted ARgsidd. @344
dihydrotetraphenylsilole®] 'H-NMR spectroscopy & o] 438Fe] &<l ).
1H-NMR (300 MHz, CDCls), 6§ (TMS, ppm): 7.78-7.37 (m, 20H), 45 (s,
2H).

o
FUE

3-2. 1-Hydro-1-chlorotetraphenylsilole® ©o]-&3% 1,1-dihydrotetra-
phenylsilole®] 34

Dihydrotetraphenylsilole®] &4 W2 3-1.94 7] WHId st
LiAIH: (1.10 mL, 1.10 mmoD)E #H7Istth AAE F5 %

4 &2 '"I-NMR spectroscopy S ©]43}e] et A &9



4. 1,1-Dihydrotetraphenylsilole Y%= $& A9 A4

=$3AE wE  dihydrotetraphenylsilole (10 mg)S HPLC grade
tetrahydrofuran (100 mL)el =2 &  EEE W% AlEE
dihydrotetraphenylsilole®] =9°}9l+ tetrahydrofuran®<) 10 mLE 34
HPLC grade & 90 mLel WREES slHA] g Wel HIlsto] A xgtr) o] 9}
2o WHog B HE 80, 70, 60, 50% A EE siloled] TEE 24 871 9
3}l dihydrotetraphenylsilole®] #9¢}9l& tetrahydrofuran£ <) 10 mLE 22
#Hal A 43 tetrahydrofuran® ] 10, 20, 30, 40 mLel| #H7}% & HPLC
grade & 80, 70, 60, 50 mLol| ¥FE }HA gk Wl 7} H7bsie] Az
=3
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. Results and Discussion

1. Hydrochloro-2,3,4 5—tetraphenyl silole®] 3}3EE4 #4
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Scheme 9. Synthesis of Dihydrotetraphenylsilole
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IV. Conclusion

B Ao B3 F7)9F4 38E2 dihydrotetraphenylsilole®] A 2 8-

st 7} dihydrotetraphenylsilole®] #-AFA e = w3 A Aejo] Ao
FEE

2}
o] ZrbE ZAsgon ZAEES o 1009 o] ol= ANE A9
gl

g HY HFHEEEIE B BEgo] 90%Y wWol micelle 4 HAFEE
E TEo 70%Y dzte= A3E Ak FEE s SUHdEle AIEE 54
of| 4] 7115k ol 7] AMdE B 87 ggEl

PTPS(Polytetraphenylsilole) 2] AIEE 54 3} vlwg] & wf w9 -$-

F Al weta] ke 2 dihydrotetraphenyl nanoaggregateS ©]-8sle] =}
5 setER odux UEE WIS 33E(Nitrobenzene, DNT, TNT,
Picric acid) ¢ FUEE &A s&d 78 o=z gl fFEA3)
A Z1A F¥ chemosensor %= biosensor 22| S-890] 7l& & o = Azt
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Chapter 3. Synthesis and Optical Characterization

of 2,5-Difunctional silole

Han, Joungmin

Prof. Cho, Sungdong, Ph.D,
Department of Chemistry,
Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

New functionalized siloles have been synthesized and their optical
characterizations are investigated. Silole unit has been interested, since
silole has a unique optical and electronic properties. Here we report the
synthesis of new type of photoluminescent silole. New siloles have been
characterized by NMR, FTIR, and UV-vis absorption spectroscopy. Their
optical characteristics have been also investigated using photoluminescence
spectroscopy. Possible applications such as OLED and chemical sensors

will be presented.
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22 uEA =S Aty sl Metallole  (2,3,4,5-tetraphenyl-1
-metallacyclopenta-2,4-diene, M=Si %3 Ge)2 A Holv} AEvEw2 ¥3
s 57 a1l #gE 2 LUMO (lowest unoccupied molecular orbital)7} 2
g oy AZvkEg Fotod Bl AS} Hol gl7] wjiol vl 5% dAH7
2 5A4E 7HA A o FART| 7O wg FEekA AFEE AL H s
o] 71golAl HAF WA BHE T f7|-ELolA AxE3A EdE f&
3 tH9,10]. Metallole®] 7} S a3 EAHL Metalloleo] 2 &Y AYE 7}
Aa glom s-AgS dta e AEFEe ox ARTSo 57 1
RO mx AEey Alole] AiAgow 9% ox-mx HHAE 7}1H
2AtH11-15]. Metalloleell A #-& F41 22 & silole conjugation® 3L
shete o] BATxe S5 AAE b deA Jdu16-17]. ol& 3}
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II. Experimental Section
1. Materials & Instruments

Ao A A 7)4 8 Schlenk line techiques® AF&dlH on o232 7~
st A A stATE Agol ARgeE BE Aok A E7|FE Aldrich®t Fisher
oA FUddg e guj= ol=Z# JhA FF oA sodium/benzophenoneit ¢+
A 24X o] BF(reflux)A 71 THE®} diethyl ether, hexane, methanol’s
& ARESFATH

2. Dimethyl-bis(phenylethynyl)silane %4

2-1. Lithium phenylacetylene®] 34

Phenylacetylene (6.37 mL, 58.0 mmol, 2.5 equiv)E 250 mLe 37+ 22~
A H7} g & AAAE o] §ste] THF 60 mLE F7bsle] 3|4 A AFT
FAE §9L dry ice/aceton bathE °o]&ste] -70C R} AFA THEAE
% n-Butyllithium (158 M, 30.8 mL, 487 mmol, 2.1 equiv)E& 3]

dropwise*] 71 o}

2-2. Dimethyl-bis(phenylethynyl)silane €4

Lithium phenylacetylene® dry ice/aceton bathE #A|A3% ¥ ice/water
bath® #mHPoiFEh 5T 9] W2 %2 wEolE 3 dichlorodimethylsilane
(2.80 mL, 23.2 mmol)E 3] H7FAI A= ice/water bathE A AAZ] -
2o A 10e EIACIR g geoR ok
Dimethyl-bis—(phenylethynyl)silane L85 half-saturated
ammoniumchloide(200 mL)Z o= 5 ethyl acetate(150 mL)= FZ3F ¢}
&+ wd ZY7E ol&ste] uHelx #7]%FE water(100 mL), brine(100
mL)Z A FEth MgSOE 58 ¢4A3] AAS ¢ ofzsie] &l rotary
evaporation® A|AgtC} vt o 2 5% yellowwhite solidE hexanedl] 4]

A AA .
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Cl._CI 7\ n-BulLi
2 = >
Me JMe — i THF \\S//
Me 1Me

Scheme 11. Synthesis of Dimethyl-bis (phenylethynyl) silane

3. 2,5-Dibromolsiloe?] 4

3-1. LiNaPhe] &4

olZ2 7l A 500 mLe ZE#2=9 lithium wire (053 g, 75.6 mmol,
45 equiv)E ZA A2 F toluene® A o159 protective oile A s A7
&) <=t}. Naphthalene(10.12 g, 79.0 mmol, 4.7 equiv)®} THF 50 mLE % 7}3t

o stirA Z10}

3-2. 2,5-Dilithiosilole®] %A
Dimethyl-bis(phenylethynylsilane(4.37 g, 16.8 mmol)°e] A+ 250 mL flask
o THF 120 mLE #7}sttd. 9HEo{ A Lithium naphthalenided] 3 7}A] 71t}

]

\ / LiNp (x4) R
\ Si / THF, RT Li /S\

&

i
Me” Me L Me® Me
Scheme 12. Synthesis of 2,5-Dilithiosilole

y

Li

3-3. 2,5-Dizinc chloridesilole®] ¥4l
e ddE EHL -10C & 255 ZFHF31 THF Evd =< ZnCl

N~
E HIZRAZITE ofF 208 A& Algto] Agd
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7 6 O

= ZnCl, (x4)
- ]\
Li— g L THF, 0C ClZn~>gi” ~ZnCl
Me” Me Me® Me
chloridesilole

Scheme 13. Synthesis of 2,5-Dizinc chloridesilole

3-4. 2 5-Dibromo silole®] g4
A A7 5 NBS(N-bromosuccinimide) & THF-&#|¢] =<1

& A fleo §dE =de HAUIRY 220 #Ad

=

NH,C], Ether, Na:S:0s, 5+, brine 4% work up2 3t} o] &

& H oA AeEolol FRE HA WE F S Zlolth

QO w2

: / \
THF, -78C Br—g

ClZn Si ZnCl
i, Y
Me® Me Me Me
Scheme 14. Synthesis of 25-Dibromo silole

Br
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. Results and Discussion

A7 ]/‘1 o] g3t Ay Hc}‘jd% %6}0% A2 25-Dibromo silole®] =
'H- NMR, "C-NMR 783 massE Z4sto] 2 A3} olegfo} o] gL 5
UATH
R:0.17(hexane); mp: 163-164 'H-NMR (400MHz, CDCI3) 67.18-7.14 (m,
6H), 6.99-6.96(m, 4H), 0.47(s, 6H); BC-NMR (100 MHz, CDCI3) 6156.0,
1369, 1290, 1275, 1274, 1227, -63; HRMS m/z caled. for
CisHi7BroSiM+H+: 418.946624, found: 417.946536
B g oA A%k 25-Dibromotetraphenyl silole®] Z3}+= Tamao®| <£]3}
of @AY BEI AU dA sien, w3 FH 5AE i it
oldle] Axe E AFoA A9 25-Dibromo siloleE o] -&3lo] 48t =
de A A3E VR Blol T

3-2. 25-Dibromo silole®] 3325 54 &4

2 Ay o #E7]7](UV-Lamp, LuminesceceSpectroscope-55)E £
o]-gste] Aol AMET F P A =H <2 polysilole # 1 9o £
Sol Holy BFHL BRI o] F TAESE 340-380 nmel UV G4
o] e Wwoke uf Ayl AxE wg ofy] Hohr) oA 9A) 2

2 z

i :

] o

'

200 360 460 500 600

Wavelength (nm)

Figure 15. Photoluminescence and absorbtion spectra of 2,5-Dibromosilole.
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