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Abstract

Synthesize of Silole-Bridged[l]Ferrocenophanes

Kwone, yong hee

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Polysiloles have recently received much attention because of their
unusual electronic properties. These unusual optical and electrical
properties can be useful in electronic devices, such as electron transporting
materials, light-emitting diodes (LEDs), and chemical sensors.
Poly(2,3,4,5-tetraphenyl)siloles (I, so called polysilole,PTPS) shown in
Scheme 1 possess both 2,3,4,5-tetraphenyl-1-silacyclopenta- 2,4-diene and
Si-Si backbone but the unsaturated five-membered ring of the silole shifts
their optical absorption and emission spectra into the visible spectral
region. Polysilanes are well known as thermally stable polymers and they
exhibit efficient emission in the UV region, high hole mobility, and high
nonlinear optical susceptibility. These novel properties arise from 0-0%
delocalization of electrons along the Si—Si backbones. Siloles (2) has a low
reduction potential and a low-lying LUMO due to 0*-T* conjugation
arising from the interaction between the 0% orbital of the silicon atom
and the m* orbital of the butadiene moiety of the five membered ring.
Water-soluble polymers encompass a wide variety of macromolecules,

from biopolymers to synthetic polymers, that are of great industrial and



commercial importance.l Although water—soluble organic polymers have
been widely studied, their inorganic counterparts have been largely left
unexplored.2 Poly[bis(methoxyethoxyethoxy) phosphazene] represents the
most wellknown polymer of this class.3 Several examples of watersoluble
poly(silanes) and poly(siloxanes) have also been reported4d However,
water—-soluble polymers with transition elements in the main chain are
rare. To our knowledge, the only previous report of a water—soluble
ferrocene—based polymer is that from Neuse et al., in which low molecular
weight (ca. A/n ) 2400) poly(ferrocenium) salts were studied.5 Thermal
ring-opening polymerization (ROP) of siliconbridged [1lferrocenophanes 1
provides a convenient route to high molecular weight (U/mn > 105)
poly(ferrocenes) 2 (Scheme 1).6 Ambient temperature transitionmetal
catalyzed and anionic ROP routes to these materials have subsequently
been reported.7,8 Initially, the substituents attached to silicon were limited
to aryl and alkyl groups. More recently, we described a general route to
polymerizable silicon-bridged [llferrocenophanes with amino, alkoxy, and
aryloxy substituents at silicon.9 The resulting poly(ferrocenylsilanes) are
redox—active and possess interacting metal atoms in the main chain.
Interest has also focused on their pyrolytic conversion to magnetic
ceramic materials (including nanostructures) and their semiconductive
properties.6 To further diversify the properties accessible with
poly(ferrocenylsilanes), in this paper we report the introduction of
polyether or ionic substituents that can impart hydrophilicity or water
solubility to the resultant organometallic polymer. These
poly(ferrocenylsilanes) are of potential interest as electrode materials and
as redox-active polymeric electrolytes, in which the ionic conductivity
might be switched by oxidation of the iron centers.10 Such materials are
also of interest for multilayer self-assembly applications and for the

preparation of micellar aggregates as preliminary results indicate that



ferrocene-based surfactants could potentially be used as redox-active drug
delivery agents.11 Moreover, various water—soluble ferrocenium salts have

been shown to display anticancer activity.12
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0. Results and Discussion

Figure 1% ferrocene®] X-ray single crystallographyE WElWt}h. H = w}
9} #o] ferrocene F70¢ CP (cyclopentadiene) anion ¥ Z (Fe) &% o]
of AR AgH v AS & F Avh. ferrocene FEAE FA 7]
8= WA Scheme 13 #o] ferrocenedl n-BuLi ¢F 23332 4o
dilithio- ferrocene 1< WrEolok st o] 1 compoundE & 7)ol wj$- Zob
Aot wFo]l HW wE AFstrb 57 el 4 ALY 2 )
gty AEE By T AFgslo]of gt}

Figure 1. X-ray crystal structure of ferrocene
silole-bridged[1]ferrocenophanei= Scheme 39 4] & Z+o] dilithioferrocene
siloles 77} 195 w502 Aozttt Scheme 304 &5 9l %ol

508 3% ferrocenedl siloleo] ¥r$3tol 18]3d compoundE THE o]



= AL 2 4 v} Figure 29F Table 1S zhzt
silole-bridged[1]ferrocenophane®] X-ray single crystallography e} 3¢&E<
TAE 92579 ZEZ ol (bond lengths, A)9t 2% ZH(bond angle, °)<

e

Figure 2. X-ray crystal structure of silole-bridged[1]ferrocenophane



Bond-length (A) Bond-angle(®)
Si1-C29 : 1.8863 C29-Si1-C34 : 96.51
Si1—C34 : 1.8843 C1-Si1—-C4 : 93.66
Sil-C1 :1.8634 Sil-C1-C2 : 106.79
Sitl-C4 :1.3733 C3-C2-C1 : 116.45
C1-C2 : 1.361 C4-C3-C2 : 116.10
C2-C3:1.516 Si1—-C4-C3 : 106.67
C3-C4 : 1.363 C29-Fe1-C34 : 88.48
C29-Fel : 2.0197 C33-Fe1-C35 : 148.24
C30-Fe1 : 2.0341 C30-Fe1-C35 : 101.59
C31-Fel : 2.0739 C33-Fe1-C29 : 42.32
C32-Fel: 2.0729 C38-Fe1-C34 : 42.29
C33-Fel : 2.0226 C30-Fe1-C33 : 69.36
C34-Fel : 2.0125 C38-Fe1-C35 : 69.59
C35-Fel : 2.0225
C36-Fel: 2.0782
C37-Fe1: 2.0759
C38-Fe1: 2.0286

Table 1. Selected bond lengths [A] and angles [°]

Dilithioferrocene< 5712 CP-anion¢] #H33d F+ZZ 7FA 12 Yt}7} silole

7} Hk3-3tH A tilt angle (&F 23°)& Zte AS B 471 At} tilt angle?l

3 Ao y|&Eo] olu] Buy wIdrt** Compound 3& A =(Si)e =
1

0% wa-wa BAAF oF Aol 2RANA Hof Yrke AL 9

e 4y o 2

N
-
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Identification code 98219 Theta range for dedélection 2.43t0 29.08°
Empirical formula | (GgH2sFeSi)(GHs) Reflections collected 19210
FormulaWeight 660.68 Independent reflections 8219 [R(int) = 0.0R
Crystal system Triclinic Data / restraints / partars 8219/7 /489
Space group P-1 wR{all data) wR2 = 0.0862
a=7.1407(2)A _
o = 75.855(2)° R(F obsd data) R1=0.0364
Unit cell b = 13.7568(27 N
dimensions B = 86.938(2)° Goodness-of-fit orr 1.036
¢ = 18.5759(3)A
v = 76.307(2)° Observed data [| >H]1)] 6493
Volume 1719.13(633 Extinction coeffcient 0.0040(6)
z 2 Largest and mean shift / s.p. 0.000 an®0.0
Density(calculated] ~ 1.276 Mg/nt Largest diff. peak and hole  0.358 and -0.348.&
Wavelength 0.71074 Max. and Min. transmission 0.862 and 0.760
Temperature 143(2)K Absortion correction E ngall
F(000) 692 Absortion coefficient 0.505 rifm
Table 2. Crystallographic Data for Compound 3
Table 2 Compound 3¢ X-ray Crystallographic DataZ eIt}
Compound 3¢ 'H-NMR (CDCls, TMS = 0 ppm); CP-H, § = 3.982 and

4.39ppm; Ph-H, § = 7~8 ppm.



M. Experimental Section

1. Sample preparation.
RE @A x2S standard vaccume-line Schlenk techniqued ©] -8 3}o]
o 2 7} 22 5} of] A o] F o]t} rE & (diethylether, hexane,
G eS| At Al Y3l sodium
I} benzophenonel & ZH 3 f ok AFE ST whElA AR EE B
© A2 ApEE7] el = dglo A Fhdst] AR AFEgT
NMR Ho]E* Bruker AC-300 MHz 2~=lE=Zu¥ (‘H-NMR< 300.1MHz)
2 dojxth. NMRE W CDCh2 Na/K& X3 FHol o] dojxl &4
£ Alg3%Y. NMR 3329 384 o] 52 part per million (§ ppm)2. & & o]
A "Hop, EARFREAAS #9357 ¢ X-ray single crystallography =
[Reaia=

(@]
rot

[¢)

2.1,1 " —dilithioferrocene - TMEDA 2 &4

1,1 " —dilithipferrocene - TMEDA 2] &4 2 Scheme 1°| A9} Zo] <x=g
2ol A FY e ferrocene 3g (16 mmol)S S F 3 hexane 100mLeol ¥ &
1= A]lZIt}. ferrocene©] hexaned] €d &38]7lE " TMEDA (tetramethyl
ethylenediamine) 3mL (20 mmol)S %+ t. olul TMEDA< ferrocened| Li&
EoF7] A3 EuAZ L9y, TMEDAE Y32 Yy® n-Buli (25M in
hexane) 14.8mL 233 %< Wol&rh 19 F oF 12A7H5¢ AWAAFEL, o
WA 8 product(orange powder)E ZEE o] A AF I hexane 100mLE Al

o

%
HAT MHAFn, AFFANZ AZAAFY. o] producte 7194 o wj¢
7l T A

3

i

A, Ash 57 47 Wl wEA AFdE L dRALE BolFHA

n-BuLi
Fe Fe
l TMEDA Q
< > Li—
Ha \CHa



Scheme 1. Synthesis of 1,1~ —dilithioferrocene - TMEDA

3.1,1-dichlorotetraphenylsilole 2 34

1,1-dichlorotetraphenylsilole 22] A2 Scheme 20|41 ¢} Zo] dxgx
A 93k diphenylacetylene 17.8¢g (100mmol) ¥} 29 %2 Li wire 1.39g
Na/benzophenone . 2 %73k diethylether 120mLol °F A 7F whEoF W
sto] WA FAIZE REA R AJZRo]l A v =) salt (1,4-dilithio-
1,2,3,4-tetraphenyl-buta-1,3-diene) o] A 71 t}.

=

of
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b
oF

N
>
N
ky

A dw SiCly 30mLA %= 3}

=]
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LiCD3} =4 o F7t drh %] 54845 e Fdram

d

&7 A productE el A4 wW7t=] 7Het Stoll A S AATT EefAo AR
product= A A A 3} (recrystallization) A1 A -20C 2 W% B A3

Li metal
O=0 = L
Et0 Co eg

SiCls {/ éph“
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Scheme 2. Synthesis of 1,1-dichlorotetraphenylsilole
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4.Silole-bridged[1 Jferrocenophane? 343
Silole-bridged[1]ferrocenophane® 34 2 Scheme 39 4 ¢ 7+o]1,1-dilithio
ferrocene - TMEDA®| silole 19% ®W&o=z 3IFAHC.  silole> Na/
benzophenone®. 2 53¢ diethylether 100mLol 3] &A1& -78T
ice batholl 4] 1,1-dilithioferrocene ¥} overnight W3 A| 71t} o] uw] 1 1-dilithio
ferrocene= Al A7t ¥ 7] wEol Eetrbstol A RES Al ZITE overnight
o WA E  filter2 oA salt7b AARE A A Sdvio] TFA
AS AFAHZ suctiondto] product 3°] A7 A AA 3} (recrystal
lization) A # -20C= W& &2 &3},

"
Silole 1 equiv

Phy
Fe /y + 2Lid
EO
CON

Fe

3
Scheme 3. Synthesis of silole-bridged[1]ferrocenophane

IV. Conclusions

82

, A71A™ gl wgd 5EA4E Zte AE% organometallic
compound 32 1,1 * —dilithioferrocene - TMEDA ¥} 1,1-dichlorotetra
phenylsilole®] ®-g-of &l A A=), o] 21 organometallic compound 3
e '"H-NMR ~#E=2n €9 X-ray single crystallography® 3}§& 2] =4
S 9. compound 3¢ ZAF tilt- angle> °F 23.703°%th. @A,
compound 3 ¥ A}¢l poly(ferrocenylsilole)e] A 2 AF37E Ao 3

t}. 18] 31, chemical sensorZM 9] $-&7FFAo deid= A Fof 9l
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CHAPTER 2

Synthesis and Structural Characterization of

1,1-Dichlorosila-fluorene and Its Polycondensation



Abstract

Synthesize of 1,1-Dichlorosila-fluorene

Kwone, yong hee

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Polysiloles have recently received much attention because of their
unusual electronic properties. These unusual optical and electrical
properties can be useful in electronic devices, such as electron transporting
materials, light-emitting diodes (LEDs), and chemical sensors.
Poly(2,3,4,5-tetraphenyl)siloles (I, so called polysilole,PTPS) shown in
Scheme 1 possess both 2,3,45-tetraphenyl-1-silacyclopenta- 2,4-diene and
Si-Si backbone but the unsaturated five-membered ring of the silole shifts
their optical absorption and emission spectra into the visible spectral
region. Polysilanes are well known as thermally stable polymers and they
exhibit efficient emission in the UV region, high hole mobility, and high
nonlinear optical susceptibility. These novel properties arise from 0-0*
delocalization of electrons along the Si—Si backbones. Siloles (2) has a low
reduction potential and a low-lying LUMO due to 0O*-T* conjugation
arising from the interaction between the 0% orbital of the silicon atom

and the m* orbital of the butadiene moiety of the five membered ring.
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Silafluorene =538 d714 A& zta 9t o] sFELS ul$ Hold
13d A AAER A Ueda ol Ad= Qldte] LEDEY &
b s Zral e Aot olge g IFELS 553 AUA Ade o
T O ol LUMOZ 74 9 olux @l o] 9m, od 3
FES 22 A7NE5A4Y =2 YFELES 57 diot $E e taE
do] &0 Eo]7F= LEDs (light emitting diodes)? A A9l silafluorene
=A s g A F o)} w3 %7] FrEAY s I 2 K8

l

2,2" —dibromobiphenyl silafluorene® & #7148 &2 18 3FES TA
7] 93 F3HA uisfA A Fask E ol 22 -dibromo biphenyl<

el A4S B HAT & AT a9y, o2 AL ug we 55
—
=

S yedt o] muMoA HHsti = 2,2 -dibromobiphenylS
S EolHAE #E HAS FIA FAHNESF SHA

II. Experimental Section

1. Sample preparation.

2E 34 H3AHLe 722U (Schlenk Line)& o] 83}
st A ofEm 2 7t spoll A FH AT e ¢ A Al ]%L(Aldrlch
Chemiocal Co. Inc.) Al#F& o] g3y, HExH=S YEFS Yo FTHIIA
o}, o] A3¥EL o-dibromobenzene®} -butyllithiume 2:1(0.025 mol

0.0125 mol)® 3] 5] At}

2. 22" —-diboromobiphenyl synthesis

ok 3 Al7F FoF F4 THFo| 25 mmol o-dibromobenzenes % il HH-3-A]
71 g, o17]°] n-butyllithium(1.6M Hexane) 125 mmols HH3| A HH
(FeH7b) H7Fs9 k. o-dibromobenzene & 998 dry-ice/acetone bathZ

o] g3t —78C e Fejell A REGHAT. o] WG EFEL 308 T wHbA

_17_



=]

713 YA, 5C7F 2 w74 2585 &8 T s 5% HCIE H7bsto] 7H&
3 WES-AIZIL oF 3 AIZE FoF WAAlA FU
nGHLi + 2 Br B0 nCHoBr + LiBr
-78C
Br
Br Br
Scheme 1. 22" -dibromobiphenyl®] &4

olgdA s = BEHZAGV| o 9 5 FUFS BIANY. E52 A
etherE Y i tfA] g ZEZOI7] o 93] F75S & T2 A7 F,
E52 ¥ f7|E% oA "Hu RolRA {fUEL FES Q] Hsl
FFIAUEFS Yol F, filtrationA| A o] HEEES T/H FAE
o] &3l 70CE FASTHA AFol & W7A FTHoY. FAEEL o et
22 A3l AAHEELS IF T YAANY. I g AAES
filtrations} 7] $l&ke] 22 <o oet&S H7bsta 1/37F4S S2A 712 W
ZA 7Tk oA FH dEreE AAAI} ANAFH, =53 22
~dibromobiphenyl A &S 4& F Ut F5E82 ¢ 4% P = 21}

NAME Required Quantity(unit : g or mL)

O-CsHa4Br> 5.90g(0.025mol)

Anh. THF 56.25mL

Ether 8.75mL

mBuLi(1.6M in hexane) 7.80mL(0.8mL/0.0125mol)

HCI(5%) At

Absolute Ethanol 6.25mL

Distl. Ether 4 x 2.5mL

Table 7. V+5=9 AFH =X
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3. 1,1-DichlorosilafluoreneandSpirosilafluorenesynthesis
50mL etherZ 2,2' -dibromobiphenyl 6g (19.35mmol)o] % i HFA]Z

T Wzt R o A 58 ¢k n-butyllithium (in 1.6M hexane) 27mLZE

g A ol F A ok AW oA uwkA It &9

r_>f]_'4_l.u
= o

- 2 &

e e
—{z g Oko rZL'

ether 4mLo] SiCl; 1.5¢ (9mmol)S ¥ 2 %O—H% 308 &9k 3 WEH ™
duh AU xol A 1247 Bk mkA Rl 50mLE Y EE r
71T SAntades ¥ s AAT ‘jr% filtration ¢t th. etherv=
FAE T FRAAG SR AAAIFAIIH 33gY =S DA
Hu F5ELS 9 51%AE gkt o] 51% % 1,1-Dichloro silafluorene

70% % 9,9 -spiro-9-silafluorene 30%S 4S5 4 A AT}

o
32

Q Q n-BuLi, Et,0, r.t
- > + Si

SiCl/Et,0, -95C

. Si

1,1-dichlorosilafluorene spirosilafluorene
70% 30%

Scheme 2. 1.1-dichlorosilafluorene®} spirosilafluorene? A
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Figure 2 11-dichlorosilafluorene®] 23 ZolJ[A]9} ZF=[°]:
C(D#-Si(1)-C(1) 94.64(10), C(D#-Si(1)-CI(1) 115.13(6), C(1)-Si(1)-CI(1)
115.13(6), C(1)#-Si(1)-Cl1(2) 112.73(5), C(1)-Si(1)-Cl(2)
112.73(5),CI1(1)-Si(1)-CI(2) 106.47(4), C(3)-C(1)-Si(1) 132.49(13),

C(2)-C(1)-Si(1) 107.20(12)

Empirical formula  Ci2HsCl12Si
Crystal system Orthorhombic
Formula weight 251.17
Space group Pnma

Unit cell dimensions

a=7.4302(2)A o =90

b=12.162(4)A B=90

c=12.732(4)A y=90°
Volume 1150.5(6) A°
Z 4
Density(calculated) ~ 1.450 Mg/m’
Wavelength 0.71073A
Temperature 133(2) K

F(000) 512
Absorption coefficient 0.629 mm’’
Absorption correction Empirical

Max. and min. transmission  0.894 and 0.654
Theta range for data collection 2.32 to 27.27°

Reflections collected 6723

Data / restraints / parameters 1341 /0/ 73
wR(F?all data) wR2 = 0.0755
R(F obsd data) R1=0.0283
Goodness-of-fit on F? 1.045

Observed data [1>20(1)] 1133
Largest and mean shift / s.u.  0.000 and 0.000
Largest diff. Peak and hole 0.312 and —0.336 ¢/ A°®

Zable 2. 1]1-dichlorosilafluorene?] 2% dlo]E e} vlAl %
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Figure 3 99 -spiro-9-silafluorene] Zg¢Zdol[Ale ZH=[°]:
C(D#1-Si(1)-C(1) 116.56(11), C(1#1-Si(1)-C(12)#1 92.10(7),
C(1)-Si(1)-C(12)#1 114.15(7),C(1)#1-Si(1)-C(12) 114.15(7), C(1)-Si(1)-C(12)
92.09(7), C(12)#1-Si(1)-C(12) 129.85(11), C(2)-C(1)-Si(1) 131.48(13),
C(6)-C(1)-Si(1) 108.92(12), C(11)-C(12)-Si(1) 132.74(14), C(7)-C(12)-Si(1)

107.98(12)
Empirical formula CosH16Si
Crystal system Tetragonal
Formula weight 332.46
Space group P4(3)2(1)2

Unit cell dimensions
a=8.5996(2)A a =90
b =8.5996(4)A B =290
c=23.9657(4)A y =90

Volume 1772.34(7) A®
4 4
Density(calculated) 1.246 Mg/m°
Wavelength 0.71073A
Temperature 143(2) K

F(000) 696
Absorption coefficient 0.135 mm”’
Absorption correction Empirical

Max. and min. transmission 0.978 and 0.777
Theta range for data collection 2.92 to 29.14°

Reflections collected 8561

Data / restraints / parameters 2223/ 0/ 114
wR(F%all data) wR2 = 0.0947
R(F obsd data) R1=10.0439
Goodness—of—fit on F? 1.151
Observed data [1>20(1)] 2040

Largest and mean shift / s.u.  0.001 and 0.000

Largest diff. Peak and hole 0.349 and —0.231e/A°®

Table 3 99 -spiro-9-silafluorene®] AA dlolE e} nA T2
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M. Results and Discussion

1,1-Dichlorosilafluorene-> o] 7] H i xojzl ul7t 9o}, vl & G AR 1
A=A RuFAAT, A G TR HAAA U =
Scheme 2¢] WF$S BT} FAAHIL X-ray T+ Z2E AHT ¢ AdA}. olw

Buy =FoAe 22 -dibromobiphenyl® SiCLE A W2=oA A7 s
HH R 99 -spiro-9-silafluoreneE < Al ¥ 12 1,1-dichloro silafluorene:
22%°] ARt A HAv 2y #=ZFY SiICLE AFEsHaL -95T oA wF
S AAE W, FEE 70%e F5ES A HAT A mEAdS Ho
Silafluorene dianion®] 274 FZ+% 18-Crown- 6-ether®} &7 DME/hexane
Wi AAsA ol wet dA HAn I FF+ X-ray crystallography 2
skel sl 4= 9l A t}.(Figure 3, Figure 4, Table 2, Table 3)

1r

rlr olo

dot o

IV. Conclusions

2,2 ~dibromobiphenyl® Silafluorene® #Z& #7|48& 183 d&ES IA
szl ek T4 wiNAEA e T8 % %é‘o]ﬂ‘ﬂ, g o £E5ES
> FEES F9

Efdlit), o] RauAoA Awsta 3)& 2,2 -dibromobiphenyl
HAE & AA8E Tl S & AdTh

2]+ 1,1-dichlorosilafluorene® scheme 2 ¥r$3A & Ht} FAAZ
X-ray7 x5 AHZ F  AAJT o HIHE  =EodAE 22
~dibromobiphenyl¥} SiCL,E AW 2=olA A stA | ¥ 99 -spiro-
9-silafluoreneE @Al ¥ 3L 1,1-dichlorosilafluorene= 22%2] 4
RA R = H g SiClE AFEsE -95T oA W&& AlF

FEES 24 HA
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