DESCRI PTI ON PonS|Ianes and Process

for Preparation of Sanme - Technical Field 5
The pr esent i nvention relates to novel pol ysi | anes regarded
I nportant as starting materials for engi neering plastics such as
~nodi fied pol ycarbonates, as materials for resists or as materials for
el ect r ophot o- graphi c photoreceptors, and to a process for preparing
the 10 sane. Background Art

| nvesti gati ons have been made on the use of engi neering plastics,
e.g. polycarbonate, as a material foDESCRIPTEONI coat. In fact, some of
such plastics have been in 15 actual use. However, bisphenol A

pol ycarbonate is not satPeipsibagesnahdr Bnesssand has been nodifi ed
to increase t he hardness. The pol ysi |l anes havi ng
phenol groups at both ends formPaepdinat itom tafe §Samssent. i nventi on can be
used as a 20 starting material for producing a polycarbonate or

pol yester having a polysilane skeleton in the nmain chain. Thus, when
the polysilane of the invention is used, a . .polycarbonate or the l.ike
wi th inproved hardness can be iy nore useful material for
P?Lg coatscan be 25 Q{OVIdeg Ether th 2.0 a{nedlggegcarggnatgogélthe

polysilanes regarded important as starting materials for
engineering plastics such as modified polycarbonates, as
materials for resists or as materials for electrophoto¥ 
graphic photoreceptors, and to a process for preparing the
10 same. -
Background Art
Investigations have been made on the use of
engineering plastics, e.g. polycarbonate, as a material for
hard coat. In fact, some of such plastics have been in-
15 actual use. However, bisphenol A polycarbonate is not
satisfactory in hardness and has been modified to increase
the hardness.
The polysilanes having phenol groups at both ends
“according to the present invention can be used as a
20 starting material for producing a polycarbonate or
polyester having a polysilane ékéleton in the main chain.
Thus, when the polysilane of the invention is used, a
polycarbonate or the like with improved hardness can be
prepared and a more useful material for hard coat can be

25 provided. Further the obtained polycarbonate or the like



-2- 7 wi th a polysilane skel eton has a photosensitive property

and a charge-transporting property derived from the pol ysi | ane
and is usable as a new type of hard: coat mat eri al showi ng an

opt oel ectroni c function. 5 However, no research has been
conducted on such pol ysil anes wi th phenol groups at both ends which
are. useful in producing a nodified polycarbonate or the |ike.

No praocess for preparing the polysilanes is known. Furt her
it is needless to say that a process was -210 unknown for preparing such
pol ysi | anes havi ng phenol groups at both ends wherein the degree of
pol yneri zati omith a polysdllesid asleelstamonhas! laepharicb gerenidt iy oppsparty

i nt roduced at both ends in order to produce a nodified pol ycarbonate
or the |ike hawilngapr opergeesrapspomitihgr paoperty 15lemiysd cafieoms thea
hard coat material. Di scl osure of the Invention

An obj ect of P@lypibaret andedsi onsableo gf 0@ daew typPe wdvehargol §@at ane
which is inportant. as a, starting ' material for engineering :
plastics suditesiakoehoviag 20 OBE@?%%?Eéﬂa%%sfuagtaoﬁaterlaI for resists

or as a numteri al : for electrophotogra hi c photorece ors.
Anot her obj ect of the iHERY$En N FBSBASGRgBag been ?QNOQN%ﬁﬁﬁlng

tsﬁghpm)\é?l poll)allsysffanes with phenol Igrcyd;?sw %ft the Oreei"gzpsl nghlchuaéxlré)n of

useful in producing a modified polycarbonate or the like.
No process for preparing the polysilanes is known.
Further it is needless to say that a process was
100 unknown for preparing such polysilanes having phenol groﬁps
at both ends wherein the degree of polymerization of
polysiléne is controlled and phenol grbups are introduced
at both ends in order to produce a modified polycarbonate
or the 1like having properties optimal for various
15 applications as a hard coat material.
An object of the present invention is to provide
a novgl. polysilane which is important as a starting
material for engineering plastics such as modified
2b polycarbonates, as a material for resists'or as a material
for electrophotographic photoreceptors.
Andthef object of the invention is to provide a
process for preparing such novel polysilane.
In view of the foregoing situation of the prior

25 art, the inventors of this invention conducted exteﬁsive



25 ar?, the inventors of this invention conducted extensive

research and found out a process for preparing the desired pol ysi | ane
by reacting a pol ysil ane havi ng hal ogen atons at both ends with a
Gignard reagent prepared by reacting magnesiumwith a

hydr oxyl - pr ot ect ed hal ogenat ed phenol or 5 a hydroxyl-protected

hal ogenated phenol derivative, ° fol | oned by deprotection.

The inventors al so discovered a process for preparing a pol ysil ane
havi ng phenol groups at both ends in -3a manner to control the degree

of polynerization in the 10 pol ysi | ane noiety, the pol ysi | ane bei ng
useful in pro#@epagch and éoﬁﬁélPPédapEF?é&FEoﬁﬁFePﬁ&P?ﬁ@“ﬁr6B§r??§§red
opti mal for various applications as a hard coat naterlal t he process
conpri si ng coRB4¥FHAGNENPE| ERAF BHRIr2 RN BH kA Pay ing a%ﬂﬁﬁﬂ'ﬁl@”ﬁBF&l as
t he anode or 2 Educt on reﬁctlon u5|ng 15 a specific t in th%
presence of aP@pBci¥NA® | Vikhuf sGFtanard Fepgent,cPFEPATRY g%nﬁ?@ﬁ rBPal
to give a polysilane Hv 6ﬁglo en at.o a end
According to %ﬁgnﬁ§é§@nylt @h?&' ﬁiﬂﬂf?ﬁe € hé#%) %F?h%h?ﬁ?}oﬁfng
pol ysi | angs havi n%p 0., bot rocCe
preparlnggt hegsa[r]@cp ﬂ [%&!:'é’été& %}515) eyr{sl} ane @%rg’%ent§§§§‘§£‘?%‘ée'
formula (1) followed by deprotecEEBEl
The inventors also discovered a process for
preparing a polysilane having phenol groups at both ends in
a manner to control the degree of polymerization in the
10 polysilane moiety, the polysilane being useful in producing
a modified polycarbonate having properties optimal for
various appliéations as a hard coat material, the process
comprising conducting an electrode reaction wusing a
specific metal as the anode or a reduction reaction using
15 a specific metal in the presence of a specific lithium salt
and a specific haldgenated. metal to give a ‘polysilane
having halogen atoms at both ends.
According to the present invention, there are
provided the following polysilanes having phenol groups at

20 both ends and processes for preparing the same.

1. A polysilane represented by the formula (1)

. "R
HO - OH
X\ sy /X
R T o
I



- 4- ) wherein R is hydrogen atom al kyl group, aryl group, alkoxy

group, amno group or silyl group; R s may be the sane or - at | east
two of them nmay be different fromeach other; each hydr oxyl group is
in the p-position or mposition; and nis 5 2 to 10, 000.

2. The polysilane as defined initem1, wherein nis 5 to 8,500.

3. The polysilane as defined in item1, wherein nis 13 to 8,500. 10
4. A process for preparing a polysilane having phenol groups at both
ends which is represented by the forgula (1) [err]
wherein Ris hydrogen atom al kyl group, aryl group, alkoxy group,

am no group Ofwhdrdefln ® 98PhyRr&g8RYabEm} F@u@fﬂﬁgﬁup Laryl dreass, tatkddy
them may be different fromeach other; each hydr oxyl group is in the
p- posi tion or gnoupsi tantihio xbup icr silyP gfodP; OROs iAg beothes semedidrsi ng
the steps of (a) conducting the C?lgnard reaction between (i) a

pol ysi | ane at Deasmtgtial ofjetham ansdy die kit fif eareist vilranh daschr epphesgnieadhby
20 -the formula (2)
_ hydroxyl group is in the p-position or m-position; and n is
5 2 to 10,000.
| 2. The polysilane as defined in item 1, wherein
n is 5 to 8,500.
3. The polysilane as defined in item 1, wherein
n is 13 to 8,500.
10 4. A process for preparing a polysilane having

phehol groups at both ends which is represented by the

formula (i)
R ' |
oH
—A
O o
R

wherein R is hydrogen atom, alkyl group, aryl group, alkoky
group, amino group or silyl group; R’s may be the same or.
15 at least two of them may be different from each other; each
hydroxyl group is in the p-position or m-position; and n is
2 to 10,000, the process comprising ‘the steps of (a)
conducting the Grignard reaction between (i)'a polysilane
having halogen atoms at both ends which is represented by

20 the formula (2)



S5 [err] wherein R and n are as

defi ned above; and X i s hal ogen atom and (ii) a Gignard reagent
prepared by reacting magnesi um wi t h a hydroxyl - prot ect ed hal ogenat ed
phenol . represented by the formula (3) :

[err]: 5 wherein Rerr] is hydroxyl-protecting group, and represents
al kyl group, al koxyal kyl group, silyl group, acyl group,

al kyl t hi oal kyl group or al kyl sul foxy group; protected hydr oxyl group
is in the p-position or mposition; and X[serr] i s hal ogen atom
t her eby producing a polysilane represented 10 by the formula (4)
[err] wherein R, R err], the position of protected hydroxyl group
and n are as defined above alth®ugh variant depending on the
starting materials; and (b) reactingit pol ysi |l ane of the formul a (4)
with an acid. x—@?it')ix (2) - '
n
R

wherein R and n are as defined above; and X is halogen
atom, and (ii) a Grignard reagent pkepared by reacting
magnesium with a hydroxyl-protected halogenated phenol

represented by the formula (3)

R;0

——

\ / X1 (3)

5 wherein R, is hydroxyl-protecting group, and represents

1
alkyl group, alkoxyalkyl group, silyl group, acyl group,
alkylthioalkyl group or alkylsulfoxy group; protected
hydroxyl group is in the p-position or m-position; and X,

is halogen atom, thereby producing a polysilane represented

10 by the formula (4)

R
R0 — l R ORy o
S\ Ly X
Oty @
R .

wherein R, Rl' the position of protected hydroxyl group and
n are as defined above although variant depending on the
.starting materials; and (b) reacting the polysilane of the

formula (4) with an acid.



B 5. The process for preparing a polysilane having

phenol groups at both ends as defined in item4, the- process bei ng
characterized in that the-polysilane having "~ hal ogen atons at both
ends which is represented by the 5 formula (2) _ :

[err] wherein R is hydrogen atom al kyl group, aryl group, alkoxy
group, amno group or silyl group; R s may be the sane or at least two
of themmy be different fromeach other; nis 2 to 10,000; and X is
hal ogen atom is produced by 10 subjechﬁng to an electrode reaction
a dihal osil ane represented by the fornmula (5) . L

R - The[prp¢éss for pERPAFHNH #sPalysibang having
hydrogen atom . al k rou aryl gr.oup, oyp, Aam no grou
silyl group; Bh ‘PQ“%Y oups { gt ck?;%"ehoﬁnﬁ'él a% g%éﬂ‘?%{ héﬁca%%er&f 40t Rﬁ 6

Rs inthe 15 case

I b
di ff erent froﬂ?%%%ﬁsogﬁépg gﬁ%%;c%grﬁéﬁ géﬁ tﬂ%?ﬁ%’*%%&fénér$5Vln¥ ©
M- based al| Oﬂafggéﬁ'ea%mge af L ER‘ Lgﬂésal bndén?is represented by the

5 formula (2)
T
x—ésr)—x (2)
|
R

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group or silyl group; R‘s may be the same of
at least two of them may be different from each other; n is
2 to 10,000; and X is halogen atom, is pfoduced by
10 subjecting to an electrode reaction a dihalosilane

represented by the formula (5)

R
x-(-%i-):x (5)
! |

wherein m is 1 to 3; R is hydrogen atom, alkyl group, aryl
‘group, alkoxy group, amino group or silyl group; 2 R'; in
the éase of m=1, 4 R’s in the case of m=2, or 6 R’s in the
15 case of m=3 may be the same or at least two of them may be
different from each other; and X is halogen atom, uSing Mg

or a Mg-based alloy as the anode, a lithium salt as a



- 7- ) supporting electrolyte and an aprotic solvent as a sol vent
with or without use of a hal ogenated netal as a current carrying aid.
6. The process for preparing a polysilane having 5 phenol groups at '
both ends as defined in item4, the process being characterized in
that the pol ysil ane having hal ogen atons at both ends which is
represented by the formula (2) [err]
wherein R is hydrogen atom al kyl group, aryl group, al koxy 10 group,
am no group or silyl group; R s may be thezsanme or . at | east two of
them may be different fromeach other; nis 2 to 10,000; and X is
hal ogen at om supporednge @ lee tirediydien@nd an aprdithal eillvare raepraee seritveghtby
the forrmula (5) [err] wherein mis
1to 3; Ris midhogen wibhputl kgl groum, halphgenafedgmmiml arkory qpungnt
am no group or silyl group; 2 Rs in the case of nFl, 4 Rs in the
case of nr2, GRXFYRNg jaid-he case of m=3 may be the sane or at | east
two of them nay be :
6. The process for preparing a polysilane having
5 phenol groups at both ends as defined in item 4, the
.process being characterized in that the polysilane having
halogen atoms at both ends which is represented by the

formulé (2)

R
X-(—%i-):x (2)
R )

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
10 group, amino group or silyl group; R’‘s may be the same or
at least two of them may be different from each other; n is
2 to 10,000; and X is halogen atom, is produced by reducing

a dihalosilane represented by the formula (5)

R
i
R :

wherein m is 1 to 3; R is hydrogen atom, alkyl group, aryl
15 group, alkoxy group, amino group or silyl group; 2 R’s in
the case of m=1, 4 R’s in the case of m=2, or 6 R’s in the

case of m=3 may be the same or at least two of them may be



different fromeach other; and X is hal ogen atom using My or

My- based alloy in an aprotic solvent in the presence of a lithium
salt and a hal ogenated netal . 7. A polysilane represented by
the formula (6) [err] - 5 wherein Ris
hydrogen atom al kyl group, aryl group, al koxy group, am no group or
silyl group; R s may be the sane or at least two of them may be
different fromeach other; Y is CHerr], Cerr]Herr], (err]Herr],
Clerr]Herr], Oor S; each hydroxyl group-8s in the p-position or

m position; and nis 2 to 10,000. 10 ~ 8. The polysilane as
defined in itdbfferentr €rom eachnother;t and, X0@s halogen .atom, u8inghMg
pol ysilane as defined in item 7, wherein nis 13 to 8, 500.

10. A processofroMgpbepad adlaeypdhnyanl apeohkici sglvéht phetbe grespacet offot h
ends which is represented by the formula (6) [err] wherein

R i s hydrogenaaddthiamkgllgr end, aahplogesatedamedal -
7. A polysilane represented by the formula (6)

HO\ e R __OH
O w
R

5 wherein R is hydrogen atoﬁ, alkyl group, aryl group, alkoxy.
group, amino group or silyl group; R’s may be the same or
at least two of them may be different from each other; Y is
CHZ’ C2H4, C3H6’ C4H8’ Q0 or S; each hydroxyi group is in
the p-position or m-position; and-n is 2 to 10,000.

10 8. The polysilane as defined in item 7, wherein
n is 5 to 8,500.
9. The polysilane as defined in item 7, wherein
n is 13 to 8,500.
©10. A process for preparing a polysilane having
15 phenol groups at both ends which is represented by the

formula (6)

o_,_. ©}
== l — ,OH
<G @

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy



9 'group, am no group or silyl group; R s may be the sane or

at least two of themmay be different fromeach other; Y is CHerr],
Clerr]Herr], . Cerr]Herr], Cerr]Herr], 0 or S;- each hydroxyl group is
in thepp03|t|on or mposition; and nis 2 to 10,000, the 5

process conprising the steps of (a) conducting the Gignard reaction
between (i) a polysilane having hal ogen atons at both ends which is
represented by the fornula (2) ' R '
[err] wherein R and n are as defi4ged above; and X i s hal ogen

atom and (ii) a Gignard reagent prepared by reacting 10 magnesi um
with a hydrogydupr oaminedgrbapogenatidy lplgmwip; R’'s ey ibatthe sapeesent ed
by the fornula (7) [err] wherein
Rlerr] is hy#tolgashprivsrent Mfep may bendifderendntfrom eachapkhergr Sups

al koxyal kyl group, S|Iyl group, acyl group al kyl t hi_oal kyl group or

al kyl sul f oxy Efpup€,Hyis @H[ﬁertq4H80[é?r?H[§FrFaCh1$lY roparly |9 QR |1s 1in
Cerr]Herr], 0 or S; protected hydrox group is in the p- p05|t|on
or m positi on*NAn8- RP&LELONS %”5'@?915-13.%1 it RBAeBy is 2 tor JfrdHly athe

pol ysi | ane re L Se&Is ecdonl\) r%shfm; Otfhrreylste(pg of (a) conducting the Grignard

reaction between (i) a polysilane having halogen atoms at

both ends which is represented by the formula (2)

. M T' -
x—esﬁ-x (2)
‘ n
R
wherein R and n are as defined above; and X is halogen
atom, and (ii) a Grignard reagent'- prepared by reacting

10 magnesium with a hydroxyl-protected halogenated phenol

derivative represented by the formula (7)

R0 /=
}/ Y—X1- _(7)

wherein R1

alkyl group, alkoxyalkyl group, silyl group, acyl group,

is hydroxyl-protecting group, and répresen'ts

alkylthioalkyl group or alkylsulfoxy group; Y is CH2, C2 4,'
15 3 5, C4H8' O or S; protected hydroxyl group is in the p-
position or m-position;' and Xl is halogen atom, thereby

producing a polysilane represented by the formula (8)



-10- R wherein R Rlerr], Y,
the position of protected hydroxyl group and n are as defined above
al t hough vari ant dependi ng on the starting materials; and (b)
reacting the obtained pol ysilane with an aci d. 5 11. The
process for preparing a polysilane having phenol groups at both ends
as defined in item 10, the process being characterized in that the
pol ysi l.kane havi ng hal ogen atons at both ends which is represented by
t he formula (2) - -10- : [err] 10
wherein Ris hydrogen atom al kyl group, aryl group, al koxy group,

am no group or silyl group; Rs nay be th sane or at |l east two of
them may be different from eR 2 to 6R, 000; and X is

n |s
hal ogen atom is produced by s bYec | & ctrode reaction a
di hal osilane . 15 represented b fior ) (8)

wherein R, Rl’ Y, the position of protected hydroxyl group
and n are as defined above although variaht depending on
the starting materials; and (b) reacting the obtained
polysilane with an acid.

5 11. The process for preparing a polysilane having
phenol groups at both ends as defined in item 10, the
process being characterized in tha£ the polysilane having
‘halogen atoms at both ends which is represented by the

formula (2)

R
x—Q%i—);x (@
' R

10 wherein R is hydrogen atom, alkyl group, aryl group, alkoxy

Qroup, amino group or silyl group; R's may be the same or
at least two of them may be different from each other;_n is
2 to 10,000; and X is halogen atom, is produced by
subjecting to an ‘electrode reaction a dihalosilane .

15 represented by the formula (5)




[érr]

wherein mis 1 to 3; Ris hydrogen atom al kyl group, aryl

group, al koxy group, amno group or silyl group; 2 Rs in t he case of
nFl, 4 Rs in the case of nF2, or 6 Rs in the case of m=3 nmay be the

sane or at

| east two of them may be 5 different fromeach other; and X

I s hal ogen atom using My or a My-based alloy as the anode, a |ithium

salt as a

supporting electrolyte and an aprotic solvent as a sol vent

with or without use of a halogenated netal as a current carrying aid.

10

12. The process for preparijig a pol ysilane having

phenol groups at both ends as defined in item 10, the process being
characterized in that the polysilane haviqgu hal ogen atons at both
ends which is represented by the forfrul a (2)

[err]

group, amno group or silyl group; R sX
-of themmay be different -from each other

10

15

15 wherein R is hydrogen at | kyl group, aryl group, al koxy
ﬁ%yﬁbg-xhe sanme( 61 at least two
£
R

wherein m is 1 to 3; R is hydrogen atom, alkyl group, aryl
group, alkoxy group, amino group or silyl group; 2 R’s in
the case of m=1, 4 R’s in the case of m=2, or 6 R’s in the
case of m=3 may be the same or at least two of them may be
different from each other; and X is halogen atom, using Mg
or a Mg-based alloy as the anode; a lithium salt as a
supporting electrolyte and an aprotic solvent as a solvent
with or without use of a halogenated metal as a current
carrying aid. |

12.'The process for preparing a polysilane having
phenol groups aﬁ both ends as defined in item 10, the
process beiﬂg characterized in that the polysilane having

halogen atoms at both ends which is represented by the

- formula (2)

R
x—-(—%i—);x (2)
R .

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group or silyl group; R’‘s may be the same or

at least two of them may be different from each other; n is



-12- 7 2 to 10,000; and X is hal ogen atom is produced by reducing

a di hal osil ane represented by the fornula (5)

[err] wherein mis 1 to 3; Ris hydrogen atom al kyl group, aryl
group, al koxy group, amno group or silyl group; 2 Rs in 5 t he case of
m=l, 4 Rs in the case of mF2, or 6 Rs in the case of nE3 may be the
same or at |least two of them may be -different fromeach other; and X
i s halogen atom using My or My-based alloy in an aprotic solvent in
the presence of a lithiumsalt and ajbal ogenated netal. 10
Hereinafter "the invention recited in claim1 of . I ndependent form
and the inventi 55106060} ednd 'k Glaaindogen atdaperidepirotinerdohy aeducahbed
"first invention in the present application", .and all the

i nventi ons ardihalositahkectbprebgnteld by theelfprinufe [{S9sent invention".
15 1. First invention in the present application The
polysilane of the first invention in the present application is a
novel conpound represented by the fo‘nula (D)

i - | x—(—lj—);x (5)

S

R
wherein m is 1 to j; R is hydrogen atom, alkyl group, aryl
group, alkoxy éroup, amino group or silyl group;_z R’s in
5 the cése of m=1, 4 R’s in the case of m=2, or 6 R’'s in the
'~ case of m=3 may be the same or at least two of them may be
different from each other; and X is halogen atom, using Mg
or Mgébased alloy in an aprotic solvent in the presence,of

a lithium salt and a halogenated metal.

10 Hepeinafter "the invention recited in claim 1 of
independent form and the inventions recited in claims
dependent thereon" are called "first invention in the

| present application”, and all the inventions are
collectively called merely "the present invention".

15 1. First invention in the present application

The polysilane of the first invention in the
present application is a novel compound represented by the

formula (1)



[err]”’ wherein R is hydrogen atom al kyl group, aryl group, alkoxy

group, amno group or silyl group, R s may be the sane or at least two
of themmy be different from each other; each - hydroxyl group is in
the p-position or mposition, and nis 5 2 to 10, 000. In
the polysilane represented by the fornula (1), R represents hydrogen
atom al kyl group, aryl group, alkoxy group, amno group or silyl.
group., The al kyl groups in the formula (1) include those having 1 to
10 carbon atons anmpbng 10 which those havidg 1 to 6 carbon atons are nore
preferred. The aryl groups in the formula (1) include phenyl group,

ani syl group, phenyl group having at |east one of aIkyI groups of 1
to 10 carbon atons as a substituent, pR al yphenyl group, and
napht hyl group. The al koxy grouH&y |th (1) include those
having 1 to 10 carbon at ons a{dng 'sqh%@haw ng{LXo 6 carbon
atons are nore preferred. Th 4 y\ lgr n the formula (1) include

those having 1 to 10 silicon atons anong i ch those having 1to6
silicon atons are nore preferred. Wen Ris amno 20 group, organic

substi t uent or?% %{% Igroé”nald%to%e‘?ﬂ%ttoﬂpea(ﬂcyl gro{]iﬂdré’ﬂfi‘ GEORB, Nk ey

substituted w gr odps
-14-. group, amino group or silyl group, R’s may be the same or

at least two of them may be different from each other; each
hydroxyl group is in the p-position or m-position; and n is
5 2 to 10,000.

In the polysilane represented by the formula (1),

R represents hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group or silyl group. The alkyl groups in the
formula (1) include those having 1 to 10 carbon atoms among

10 which those having 1 to 6 carbon atoms are more preferred.
The aryl groups in the formula (1) include phenyl group,
anisyl group,lphenyl group having at least one of alkyl
groups of 1 to 10 carbon atoms as a substituent, p-
alkoxyphenyl group, .and naphrhyl group. The alkoxy groups

'15 in the formula (l).include those having 1 to 10 carbon
atoms among which those having 1 to 6 carbon atoms are more
preferred. The silyl groups in the formula (1) include
those having 1 to 10 silicon atoms among which those having

1 to 6 silicon atoms are more preferred. When R is amino

20 group, organic substituent or silyl group, at least one of

hydrogen atoms may be substituted with other groups such as



al kyl,” aryl or alkoxy group. Such functional groups I ncl ude

t hose descri bed above. R s may be the sane or at | east two of them
"may be different fromeach other. The hydroxyl group is in the
p-position or mposition on the 5 benzene ring of phenol groups at both
ends. The hydroxyl groups at two ends may be both in the p-position
or both in the mposition, or one of themmay be in the p-position
and | the other in the mposition. Optionally at |east one of
hydrogen atoms on-the benzene ring may be gubstituted with 10 other
groups such as al kyl or. aryl group. The alkyl and aryl groups for

this purpose jpglude fhaseqdesgikdeyf apdisp. suchhersyebobnal n@;mufgsto
10, 000, preferﬂ%*y 5t0 8,500, nnreg preferably 13 to 8, 500.

Second i nventiqmide t{¥odd e§E8¢Er 8PEE 1 8BOVEN R3s may be thellsansecandat
invention is directed to a process for preparing the polysilane of the

first inventipsad® thé of thpmes@Y Wppdifféremt fromheasbcordeimyerhen,
the Gignard reaction is carried out using, as the starting materials,
(i) a polysi llmydrdwewl ngrdapoden iat drtee ap- pmsrmgmmsomhmcposstlzv Képr@@%nted
3%; Q?nf %r rlsjlk?fyxékze)lytrrm@ncpf abRghoyr gupupsar gt soshp en&ﬂskoxg‘he hydroxyl
b groups at two ends may be both in the p-position or both in
the m-position, or one of them may be in the p-position and
the other in the m-position. Optionally at least one of
hydrogen atoms on the benzene ring may be substituted with
10 - other groups such as alkyl or aryl group. The alkyl and
aryl groups for this purpose include those described above.
The symbol n means 2 to 10,000, preferably 5 to 8,500, more
preferably 13 to 8,500. '
2. Second invention in the present application
15 The second invention is directed to a process for
preparing the polysilane of the first invention in the
present application. In the second invention, the Grignard
reaction is carried out using, as the starting materials,

(i) a polysilane having halogen atoms at both ends which is

20 represented by the formula (2)

R
x-Q‘Ti—);x (2)
R

wherein R is hydrogen atom, alkyllgroup, aryl group, alkoxy



group, am no group or silyl group; Rs may be the sane or - at least two

of themmy be different fromeach other; nis 2 to 10,000; and X is
hal ogen atom and (ii) a Gignard reagent prepared by reacting
magnesi um wi t h a hydroxyl - 5 protected hal ogenated phenol represented by
the fornmula (3) [err] wherein Rlerr] is
hydr oxyl - prot ecting group, -and represents al kyl group, al koxyal kyl
group,. silyl group, acyl group, al kyl t hi oal kyl group or al kyl sul f oxy
group; protected 10 hydroxyl group is inl®he p-position or mposition; and
X err\ I s hal ogen atom In the fornula (2), Rand n are

the same in groupletamin@asgrauphers sidyli gremPioR’ sxMay Rf dyin S38™ P8 |
F, ~Br or 1) and C isiPreferred. 15, In th fgénuLan(§g,
X[err] is hal¥gekPaglohwoot gheg may beydiffereptpfrgm pafh BréferrBd’

The pol ysil ang havi | ogen, atjons at_.both ends Ie [ ted
by tﬁe %lorrml E9) l@grqla@é %’ladpa edSpypalogen jgram, e?ggtréﬁg raZa%)feléﬁéﬁ(gi ng
a specific nmetal as the 2

rethod: JapaitREEnt Pregeis%f"‘ﬂo‘éﬁefsﬁé%?ﬁbfj_%é’a.e%néﬁe% Ns2EBoRLSIIERRTY 10
2 suots JE LGS S SR I0GMISIEIL B I 2 A sl B0 LR B¥rmula (3)

R0 —

wherein Rl is hydroxyl-protecting group, and represents
alkyl gréup, alkoxyalkyl group, silyl group, acyl group,
alkylthioalkyl group or alkylsulfoxy group; protected
10 hydroxyl group is in the p-position or m-position; and Xy
is halogen atom;
In the formula (2), R and n are the same in
detail as in the first invention, X is halogen atom (Cl, F,
Br or I) and Cl is preferred.
15 _ In the formula (3), X1 is halogen atom (Cl, F, Br
or I) and Br or I is preferred. | o
The polysilane having halogen'atoms at both ends
which is represented by the formula (2) can be prepared by
(i) an electrode reaction using a specific metal as the
20 anode (electrode reduction synthesis method: Japanese
Unexamined Patent Publication No.309953/1995), (ii) a
synthesis method wherein polymerization is conducted by

reduction using a specific metal in the presence of a



-16- specific lithiumsalt and a hal ogenated netal (cheni cal

pol yneri zati on nethod), or (ii1) a dechlorinating condensati on
pol ymeri zati on by reduction in toluene or |ike sol vent using an al kal
nmetal such as sodiumnetal at a 5 high tenperature at which the sol vent
I's refluxed (Kipping met hod: J. Am Chem Soc., 103 (1981) 7352).

The el ectrode reduction synthesis nethod (i) and Ki ppi ng net hod
(iii) ,are known and the chem cal pol ynmeri zation method (ii) is
novel . 10 The degree of polyggéLzation of a polysilane with
hal ogen atons at both ends significantly arfects the properties of a

modi f1 ed pol ygaLo0RRL € MKt ds2PLY ShANE halogkteliomddn I hechshicaba n.
I n ot her words; e el ectrode reduction synthesis nethod and chemi cal

polynerizatiog 1ymePBLRRHoAT € REEh&E ] 8d hacaugaitife mat hodechioreastliyg
control ﬂe degree of polynerization in producing a polysilane with

hal ogen at 0mscahd@ﬁ&Qtfaﬂspﬁnﬁnéaﬂz&w@lﬂq%acemiq@idrﬁﬁm toluenet bral Ley
degree of pol ynerization. en a pol ysil ane havi ng hal ogen

atoms at bot hgoPPenendsinkgs 4 epBk&li bpethe ahuedt raslesodiunt metadymtesis
met hod, at | east one of dihal osilanes represented by the fol |l owi ng
formula (§) high temperature at which the solvent isigeflyzed](Kipping
method:.J. Am. Chem. Soc., 103 (1981) 7352). |
The electrode reduction synthesis method_(i) and
Kipping method (iii) are known and the chemical
polymerization method (ii) is novel.

10 The degree of polymerization of a polysilane with
halogen atoms at both ends significantly affects the
properties of a modified polycarbonate having a polysilane
skeleton in the main chain. In other words, the electrode
reduction synthesis method and chemical polymerization

15 method are preferred because the methods can easily control

- the degree of polymerization in producing a polysilane with
halogen atoms at both ends and can produce é polysilane
with a low degree of polymerization. '

When a polysilane having ha}ogen atoms at both

20 ends is prepared by the electrode redudtion synthesis

method, at least one of dihalosilanes represented by the

following formula (5)



wherei'n mis 1 to 3; Ris hydrogen atom alkyl group, aryl group,
al koxy group, amno group or silyl group; 2 Rs in the case of n¥l, 4
Rs in the case of me2, or 6 Rs in the case of m=3 nay be the sane or
at least two of themmay be 5 different fromeach other; and Xis

hal ogen at om

My- based

el ectrolyte and an aprotic solvent as a solvent with or
a hal ogenated nmetal as a current carryingl7<10 aid. : In the

S subj ected to an el ectrode reaction using My or a
alloy as the anode, a lithiumsalt as a supporting

W t hout use of

formula (5), Rand X are the sane in detail as above. In
the reaction, -the dihalosilane is used a di ssolved in a solvent.
Aprotic solvents useful as the 15 solve i ncl ude those widely used.
Speci fi c exanpl es are et her sol v such as t et r ahydr of ur an,
1, 2- di net hoxyet hane, bi s(2-net YE‘&N;& Xether ah@)1, 4-di oxane,

propyl ene carbonat e, acetonitrile, dl hyl f or mam de, di net hyl

sul foxi de and met hyl ene chl oride. These $blvents 20 are usable either

al one or in conmbination. More preferred sol vents are tetrahydrofuran

and 1, 2- d'”ekhﬁé%EﬂP % §K£O 3; R ls(ﬂ%] ogen atom, alkyl(ﬂroup, aryl

-18-

10

15

20

| oW @ concen

ion of the 03| ane I'n the sol vent
group, alkoxy group, amino group or silyl group; 2 R’s in

the case of m=1, 4 R’s in the case of m=2; or 6 R's in the
case of m=3 may be the same or at least two of them may be
different from each other; and X is halogen' atom, is
subjected to an electrode reaction using Mg or a Mg-baéed'
alloy as the anode, a lithium salt as a supporting
electrolyte and én aprotic solvent as a solvent with or
without use of a halogenated metal as a current carrying
aid. |

In the formula (5), R and X are the same in
detail as'above.-

In the reaction, the dihalosilane is used as

dissolved in a solvent. Aprotic solvents useful as the

solvent include those widely used. ' Specific examples are

ether solvents. such as tetrahydrofuran; 1,2-

dimethoxyethane, bis(2-methoxyethyl)ether and 1,4-dioxane,

.propylene carbonate, ~ acetonitrile, dimethylformamide,

dimethyl sulfoxide and methylene chloride. These solvents
are usable either alone or in combination. More preferred

solvents are tetrahydrofuran and_l,z—dimethoxyethane. Too



|l owers the current efficiency, whereas too high a

concentration thereof may result in failure to dissolve the

supporting el ectrolyte. Consequently the concentration of 5 t he

di hal osilane in the solvent is in the range of about 0.05 to about 20
mol /1, preferably about 0.2 to about 15 mol /1, nore preferably about
0.3 to about 13 nol/I. Supporting electrolytes to be used
are, for example, lithiumsalts such as LiC, LiNgJerr],
Liferr]CJerr] and 10 Lidgerr]. Thege supporting electrolytes are
usabl e either al one or in conmbination. O these supporting

electrolytes, low a bbfRtehSrhB@ofDf PLAberdithlosilane in the $b&vent
concentration of the supporting electrolyte in the solvent is about

0.05 to about 1bweek/| ther efaimddnt 16ffiebenty(. 1wherdasol /doo noliegh a
preferably about 0.15 to about 2 mol /1. To i nprove
current conducbheehyrationrthereof may ceeswylingimifihidayrebeoudédsoksreothbl e
current carrying aids include Al salts such as AIC[err]; Fe salts
such as Fed [ enpporhilng26lecEeGliter] ; Chpseghentiuchhascogckpbraiioinofal ts
such as ZnCl[err]; Sn salts such as SnC [err]; Co salts such as

CoC [err]$ Pdthel déhgdesilane ims theC§elyent visalins thechrange/@f eabputcy
salts such as CuCl[err]; and. Ca salts such as CaCl[err]. . These
current carryPn85atasapouat 20 mekil; cPEREAERPAV0APOHE i 2 dihi #RYEBNlS O

these current  #1 RAILYLIG 2Ld8:, "OLS.R7 615" LaBEGMT hVA. g
| Supporting electrolytes to be used are, for
example, lithium salts such as LiCl, LiNO;, Li,CO; and
10 LiClO4. These supporting electrolytes are usable either
alone or in combination. Of these supporting electrolytes,-
LiCl is the most preferred.
The concentration of the supporting electrolyte
in the solvent is about 0.05 to about 5 mol/l, preferably
15 about 0.1 to 3 mol/l, more preferably about 0.15 to about
2 mol/l.
To improve current conductivity, a current
carrying aid may be used. Favorable current carrying aids

include Al salts such as AlCl Fe salts such as FeCl2 and

37

20 FeCl3; Mg salts such as MgCl Zn salts such as ZnClz; Sn

27
salts such as SnClz; Co salts such as CoClz; Pd salts such
as PdClZ; V salts such as VC13; Cu salts such as CuClZ; and.
Ca salts such as CaClz. These current carrying aids are
usable either alone or in combination. Of these current

25 carrying aids, more preferred are AlCl3, FeClz, FeCl3,



CoCl[err] and CuCl[err]. The concentration of the current carrying
aid in the solvent is in the range of about 0:.01 to about 6 mol /1,
preferably about 0.03 to about 4 nol/l, nore preferably about 0.05 to
about 3 nol /1. 5 The anodes to be used herein are nmade of My
or an all oy predom nantly containing My. Exanples of the alloy
predom nantly containing My are all oys containing about 3 to about
10% of.- Al. The cathodes to be used herein are unlimted insofar as
they are substances through which a 10-Xtrent can flow Exanples
I ncl ude stainless steel such as ~ SUS 304 and SUS 316; netals such as
My, Cu, zn, GeCly amg CuCl,. aRheCeoneentratbon ehtihe furrent carrying
The anmount of electricity applied is at_ | east about 1 F/nol based on
the hal ogen idid Het dilfal gl veme. is 15n the gangeuP4r abRuitg®- 0lpfto tghout
~ reaction product n be controlled by adjusting the ampunt of
electricity %ppﬁ"?%zi' preferably abgyt; h‘?e'%‘?h h%lﬁ‘a‘,lgt He BALAL camore
pol yneri zati gn thod i.s conducted as, fpll . My or My-based all oy
is act e &e&aqq%aé%odﬂ:e %ﬁ%ﬁ%l%&?"}%r@&? esented by the 20
formul a (55) In an aprotI'h% %?10 %t t'onbghtels&rieﬁgggfnoérg rllade of%gc'&cﬁ]%n
pol'ys e e

I
lithium Salt and a hal 6genated metal ,” grving a Il ane.

di hal osi | ane j i1} se ok ase t [
formng a polaylgi a?ﬁhﬁgr}\%éﬁ qgo!{\@a%l-rb%s% "al %%ﬂ g%p%ﬁ%&%%&com
a hal ogenat egrMomifdntly contairiifMFare 48E6Ys 8Bhehifing ¥BBLE ¥ e

pol ar
to about 10% of Al. The cathodes to be used herein are

unlimited insofar as they are substances through which a
10 current can flow. Examples include stainless steel such as
SUS 304 and SUS 316; metalé such as Mg, Cu, Zn, Sn, Al, Ni
and Co; and carbon materiéls.
The amount of electricity applied is at 1least
about 1 F/mol based on the halogen in the dihalosilane.
15 The molecular weight of the 'reaction product can be
controlled by adjusting the amount of elecfricity applied.
On the other hand, the chemical polymerization
method is conducted as follows. Mg or Mg-based alloy is
acted on at leést one of dihalosilanes fepresented by the
20 formula (5) in an aprotic solvent in the presence of a
specific lithium salt and a halogenated metal, giving a
polysilane. The dihalosilane is reduced witﬁ Mg or Mg-
based alloy to polyme?ize, forming a polysilane. The Mg or
Mg-based alloy is consumed to become a halogenated Mg.

25 - Examples of useful aprotic solvents are 'polar



-20- solvents such as tetrahydrofuran, 1, 2-dinethoxyethane,
. propyl ene carbonate, acetonitrile, di met hyl f or mam de, di nmet hyl
ﬂ sul f oxi de, bi s(2-nmet hoxyet hyl)ether, 1,4-di oxane and net hyl ene
i chloride; and non-pol ar solvents such as 5 toluene, xylene, benzene,
n- pent ane, n-hexane, n-octane, n- decane and cycl ohexane. These
sol vents can be used either al one or in conbination. Preferable to
use are polar sol vents used alone, a mxture of at |east 2 species of
pol ar solvents, and a mxture of polar angoson-polar 10 solvents. When
the m xture of polar and non-pol ar -sol vents Is used, it is preferred
to m x them atsodviemtser suchat eer tetrahyatrod ugiangppileZi-gamelthokye thame-,20.
Tet r ahydr of uran and 1, 2-di met hoxyet hane are nore preferred as a pol ar
sol vent propydensed oavbenatein @sdigmitinhlad t hdémeshyddormandde, 15
The concentration of the dihalosilane in the solvent is in t he range
of about 0. 05di8eibydt szdfrﬁswqe pkpwézalmaphmsmt:hyl)etherz o 4aBdgrans
mol /1, nore preferably about 0.3 to about
Exanpl es of tﬁé\dsd%%*%*fx%erwtmh&m@m: afBdLingn- P%r LFR@['@PFF such as
Li[err] errkpﬁnd Li These lithiumsalts . can be used

al

ei t her Pﬁn80n§§i§P?ohbeﬂﬁ%ﬂﬁ (PR 3RS - 5 figene, n-ogfane, n-
f d. ) t f.th th I

ot vent ‘1's i ndPRETPaABY GEIBREROGR0s RheRs, ap kBhse) pan ' De abe; Bikify

about 0.1 to QEBHE 3o lllnl cmfngffér?fabli‘referable to use are polar

solvents used alone, a mixture of at least 2 species of

polar solvents, and a mixture of polar and non-polar
10 solvents. When the mixture of polar and non-polar solvents
is uéed, it is preferred to mix them at a former : latter
ratio of approximately 1 : 0.01-20. Tetrahydrofuran and
'1,2-dimethoxyethane are more preferred as a polar solvent
to be used alone or in combination with other solvents.
15 The concentration of the dihalosilane in the solvent is in
the range of about 0.05 to about.20 mol/l, preferably about
0.2 to about 15 mol/l, more prefefably about 0.3 to about

13 mol/1.

Examples of the specific lithium salt are LiCl,

20 LiNO3, L12c03 and LiClO4. These lithium salts can be used

eithe: alone or in combination. Among them, LiCl is the
most preferred.

| , The concentration of the 1lithium salt in the

solvent is in the range of about 0.05 to about 5 mol/l,

25 preferably about 0.1 to about 3 mol/l, more preferably




-21- about 0.15 to about 2 nol/l. Exanpl es of the |

specific hal ogenated netal are FeCl[err], FedJerr], FeBr[err],
FeBr[err], AIC[err], A Br[ferr], zZnC[err], SnCJ[err], SnC[err],
CuCl[err], CoCl[err], VCl[err], TiCJ[err], PdC[err], SnCl[err] and
Smerr]. 5 O these hal ogenated netals, nore preferable to use are
FeC[err], ZnCJerr] and CuC[err]. The concentration of the
hal ogenated netal in the solvent is in the range of about 0.01to
about 6 nol /I, preferably about 0.02 to abddt 4 mol /1, nore _
preferably about 0.03 to about 3 nol/1. 10 The shape of My or

My- based al | ogbpetn@t 15i hot about 2 mpagdf.ar as the reaction is feasible.
Exanpl es are powders, ?ranules, ribbons, flakes (produced by
cutting), nasses, ExeupleanafptheespecifAgohglogramtedpmetadr @de are
powders, Sgﬂéanul es, ribbons and fl akes which have a Iarc%e specific 15
surface area.Fe@kyt oFEhd 3anciRR  pf KEBSH MPHased ALBEy(t FNCLl,,  BBClsed,

t he amount of is gn_.at |east equinolar_appunt relative to_the

di hal osi | ane %@g]dcl anguFﬁE'a E’ﬁu'of"d\%' rl"'g}‘)4 ba&8§1ar| e Sh FRhe -t he
My conte [ h -b | 1 s an at le | pol ar anpunt
relative 10 '[?1% gﬂgge &ﬁﬁlgq%esrﬁtaeré ‘ﬂ%ﬁ%.isf WIEH S h%laga%ﬁ%ﬁ of tfﬂ)/g il I\fﬁr_e
content in a ed oy be used,is h@ﬂ n._equi pol

amount rel ati veeCIth' t he ;fhal %éllil aﬁ‘é‘e&i’éd, tﬁ‘eﬂer e?g{nl%%ﬂ [ ntiaalrbr? Lng})S@ﬁe

e oo LSO 5 Shel SOTGRRE 39 e, ropd 7 Aol ©
0.01 to about 6 mol/l, preferably about 0.02 to about 4
mol/1l, more preferably about 0.03 to about 3 mol/I.

10 The shape of Mg or Mg-based alloy is not limited
insofar as the reaction is feasible. Examples are powders,
granules, ribbons, flakes (produced by cutting), masses,
rods and plates. ~ Among them, preferred are powders,

- granules, ribbons and flakes which have a large specific

15 sufface area. As to the amount of Mg or Mg-based alloy to
be used, the amount of Mg is an at least equimolar amount
relative to the dihalosilane used and fhe amount of Mg-
based alloy is such that the Mg content in the Mg-based
alloy is an at lé_ast equimolar amount relative to the

20 'dihalosilane used. When the‘amount of Mg or Mg content in
a Mg-based alloy to be used is more than an equimolar
amount relative to the dihalosilane used, the reaction time
is shortened. Thus the amount thereof is preferably at
least 1.5 mols, more pfeferably at least 2 mols, per mole

25 of the dihalosilane used.



-22- The chem cal pol ynerization nethod can be carried

out, for exanple, as follows. The di hal osi |l ane of the formula (5)
is placed into a seal able container, along with alithiumsalt, a-
hal ogenated netal, My or M- based all oy 5 and a solvent, preferably
followed by nmechanical or magnetic agitation to cause a reaction.
The shape of the reactor is not limted insofar as it is hernetically
cl osabl.e. The reaction tine is variable depending on the

10 anounts of a dihalosilane as the raw-perial, My or M- based
alloy, alithiumsalt and a hal ogenated netal all ' used toget her and
dependi ng on the stirriMmhespbeticadupblymerizatibni setbhodtc®9 be watres egt
nore. The nol ecul ar wei ght of the reaction product can be controlled
by adj usting W&, 180rr exempde tiae. fobhewst he Thenididialasidang zafi dde

met hod is conducted, a nore preferred degree of polynerization is 5
to 1, 000. formula (5) ishplpegdt inkotamR3kAkie qontainan adedg with om

-20[err]C to a hailing point of the solvent used, preferably 20 6 abqut -10
to about 50[ efr HEthithte S3ldieraiglogrnated metaboulid or Mazbpspd) elloy

The 10", LR e Qe B LR G M cen,, B obfanigileps oo
EEﬁRO'ai L?bfgwggﬁgﬁgff APIVHE AN £ L audd' A UHEALOOSE. COPHE" EhabLY o8V Ehiab! €
reactor is not limited insofar as it 1is hermetically
closable.
The reaction time is Qariable depending on the
10 amounts of a dihalosilane as the raw material, Mg or Mg-
based alloy, a lithium salt and a halogenated metal all
used together and depending on the stirring speed. Usually -
it is about 30 minutes or more. The molecular weight of
the reaction product can be controlled by adjusting the
15 reaction time. When the chemical polymerization method is
conducted, a more preferred dégree of polymerization is 5
to 1,000.
The reaction temperature is in the range of from
-20°C to a boiling point of the solvent used, pfeferably
20 about -10 to about 50°C, more preferably about -5 to about
30°cC.
The Grignard reagent is prepared by réacting Mg
with the hydroxyl-protected halogenated pheﬁol of the

formula (3). Halogenated phenols to be used are known and

25 include those commércially available such as p-bromophenol,



X

- 23- - m bronophenol or p-chlorophenol. The hydroxyl group can be

protected by conventional nethods, for exanple, a nethod usi ng, as
Rlerr], alkyl groups such as nethyl or ethyl (Og. Synth., Coll.
Vol . 4, 836 (1963));. a nethod using, as Rlerr], 5 al koxyal kyl groups
such as net hoxynet hyl, but oxynet hyl, t et rahydr opyranyl or

t et rahydrof uranyl (Tetrahedron Lett., 661 (1978)); a nmethod using, as
Rlerr], silyl groups-such as trinmethylsilyl or t-butyldinethylsilyl
(Tetrahedron Lett., 3527 (1970)); aa@thod using, as R err], acyl

‘groups such as 10 acetyl (Tetrahedron Lett., 2431 (1979)); a nethod

. using, as m-Rfaagheno laldyy pi-khdaidophemgrlaupThe Bydhoxpd group can be

met hyl t hi onet hyl (Tetrahedron Lett., 533 (1977)); and a nethod using,
as Rerr], protsidded sy f gayvgnbmpaaiumﬁ@daat hémewxamileor ap-method
toluenesulfoxy (J. Og., Chem, 32,1058 (1967)). 15 The
Grignard reagéitingan afe’ lﬁ){epalbﬁlbyr@@@ﬁerﬁuCh as mebhyl ast ﬁ@é?é’l TiRrg.
requi red anmount of My i nmol of the

hydr oxyl - protéﬁﬂ@d‘hMQRk%aI%ﬂlpﬁengﬁG (1953)dswﬁIwﬁ??P?h%s+aﬂgea5fRh¢CJ2
nol s. eful solvents include those conyven i-qnal | d 20
in the Gi> gnarac}kroé‘é’(?r]ikgﬁ sgfﬂ“8§ cﬁ"lﬁmylaset‘ﬁ%?h%y'{'%?lﬂé bu? XIW%’I’:EW fan.
The concentratl

sobvent 15 | n e dizerat i et R R,
ﬁgfy} > gStO %%¥n(f§78h%f co é ?ﬁggl ref |g%h?%9ﬂ£ ag??%ﬁ,agaghegs
trimethylsilyl or t-butyldimethylsilyl (Tetrahedron Lett.,
3527 (1970)); a method using, as Rl’ acyl groups such as
10 acetyl (Tetfahedron Lett., 2431 (1979)); a method using, as
Rl' alkylthioalkyl groups-' such as methylthiomethyl
(Tetrahedron Lett., 533 (1977))} and a method using, as R,,
alklylsulfoxy groups such as methanesulfoxy or p-
toluenesulfoxy (J. Org., Chem., 32,1058 (1967)).

15 The Grignard reagent can be prepared by conven-
tional methods. The required amount of Mg is 1 mol or more
per mol of the hydroxyl-protected halogenated phenol,
usually in the range of 1 to 2 mols.

Useful solvents include those conventionally used

20 in the Grignard reaction such as diethyl ether or tetra-
hydrofuran: The concenﬁration of the hydroxyl-protected
halogenated phenol in the solvént is in the range of about
0.1 to about 20 mol/l, preferably about 0.2 to about 8
mol/l, more preferably about 0.3 to abOut.S-mol/l;

25 .  In conducting the Grignard | reaction, the



-24- pol ysi | ane havi ng hal ogen atons in both ends which is
represented by the formula (2) is concentrated by distilling
off the solvent and is added to the Gignard reagent sol ution. 5
The Grignard reaction is usually carried out by stirring at room
tenperature, or by heating or cooling at a tenperature at which the
reaction proceeds. The stirring time is usually about 0.1 to about 36
hours.. If a solvent useful in the Gignard reaction such
10 as tetrahydrofuran is used in prepar+8§-the pol ysil ane
! hal ogenated at both ends, advantageously the reaction m xture can
be added to thelvsi§aned hawient hedlogeinonatoms iyl t hetih #rd$ | Whighof £st he
sol vent . After conpletion of the reaction, water is added

15 to inactivaPECERBtedcedy Glhfhartormalnt (2) THEn, cqnpentrated xthye is

extracted to give, ol ysi | ane havi ng phenol royps at both ends, .the
phenol gr oupsgtﬁﬁfi}gﬁ‘ﬂgoﬁfdr%&ﬂ solveng, gnds i o‘?ge?éd,tot H'SoFpigrard -
bei ng represen edeb th 1t formula (4)

R 20 wherein 8 ?%e?? UStRB  position of protected hydroxyl group and

n are as gefineq above @ﬁéheEQBnXEEi%@EcﬂiB%”QE”%éﬂéfﬂyaqarried'out by
stirring at room temperature, or by'heating or cooling at
a temperature at which the reaction proceeds. The stirring

time is usually about 0.1 to about 36 hours.
If a solvent useful in the Grignard reaction such
10 as tetrahydrofuran is used in preparing the polysilane
halogenated at both ends, édvantageously the reaction
mixture can be added. to the Grignard réagent solution

without distilling'off the solvent.

After completion.of the reaction, water is added
15 to inactivate the excess Grignard reagent. Then, the
mixture is extracted to give 5 polysilane having phenol
groups at both ends, the phenol groups containing hydroxyl
groups protected, the polysilane being represented by the

formula (4)

' R
RO —— O0R;
Si
Dy 1,{ K7

20 wherein R, Rl' the position of protected hydroxyl group and

n are as defined above although variant depending on the



- 25- starting materials. The hydroxyl groups in the
obt ai ned pol ysi |l ane are deprotected t hereby produci ng a pol ysil ane
havi ng phenol groups at both ends which is represented by the 5
formula (1). The hydroxyl groups are deprotected by - met hods .
sel ected according to the type of protecting group. The deprotection
may be effected by treating the protected hydr oxyl group with
hydrochl oric acid, sulfuric acid, - nitric acid, phosphoric acid,
perchloric acid, or organic 10 acids sueb-as p-tol uenesul fonic acid,
trichloroacetic acid, trifluoroacetic acid or nitrophenol, followed
by stirring - starting amharialis t o about 48 hours. The
above- obt ai ned pol ysi | ane havi ng phenol groups at both ends which is

represented by the formithe (hydrasylmgyoupst aim Fheupbtadaesyde lass bl s
evol ved due to the excess ignard reagent. The i urltles however,
can be ARS8 | fepEREGESeHy WRRATRARYt till'cpfgn‘%/‘s’fg afe BP }ﬁsh%?ﬂ%nd'}a"lng
et s g "SBbAES S5 e hach i NG e,
e oD AP (551 07 dife 2 YA YRRl 128" RSt MVea by
methods selected according to the type of protecting group.
The deprotection may be effected by treating the protected
hydroxyl group with hydrochloric acid, sulfuric acid,
nitric acid, phosphoric acid, perchloric acid, or organic
10 acids such as p-toluenesulfonic acid, trichloroacetic acid,
trifluoroacetic acid or nitrophenol, followed by stirring
for about 0.1 to about 48 hours. |
The above-obtained polysilane .having phenol
groups at both ends which is represented by the formula (1)
15 may contain impurities such as phenols evolved due to the
excess Grignard reagent. The impurities, howevér, can be
easily removed by washing:the polysilane with methanol,
ethanol, water or a mixture thereof.
" 3. Third invention in the present application
20 "~ The polysilane of the third invention in the

present appllcatlon is a novel poly511ane represented by

the formula (6)



-26- Jerr] wherein R is hydrogen atom al kyl group, aryl
group, al koxy group, amno group or silyl group; R s may be the sane
or at least two of themnmay be different fromeach other; Y is
CHerr], Cerr]Herr], (err]Herr], Cerr]J]Herr], 0 or S; each hydroxyl
group is in 5 the p-position or mposition; and nis 2 to 10, 000.

In the polysilane of the formula (6), R represents hydrogen atom

al kyl group, aryl group, alkoxy - group, am no group or silyl group.
Usef ul al kyl groups i ncl ude those h&bng 1 to 10 carbon atons. Anbng
them 10 those having 1 to 6 carbon atons are nore preferred. The

aryl groups in the fornmula (6) include ph yl group, anisyl group,
phenyl group having at | east Hﬁ aIkyI roups of— ., 00 1 to 10 carbon
atonms as a substituent, p- alkox he naphthx% group. The
al koxy groups in the fornula (6) ¥n I t%o Vi ng 8 10 carbon
at ons. O these groups, those hav}ng" 6 carbon atons are
nor e preferred. The silyl groups in %he fornula (6) include

those having 1 to 10 silicon atons anong which those having l1to6

silicon atons r ;H% 0 rg
substi tuent oﬁ%égﬁqﬁ grg%eﬁfé%ggeaz$€oné #kfﬂ“ ;éroégﬁ é?gﬁg Qﬂkg
substi t uted WbEBuﬁEh%hlﬁboﬁﬂ%dﬂﬂakE%ﬁlyl group; R’s may be the same or
at least two of them may be different from each other; Y is
CH,, C,H,, C3Hc, C,Hg,
5 the p-position or m-position; and n is 2 to 10,000.

0 or S; each hydroxyl group is in

In the polysilane of the formula (6), R
represents hydrogen atom, alkyl group, aryl group, alkoxy
group, aminé group or silyl group. Useful alkyl groups
include those having 1 to 10 carbon atoms. Among them(

10 those having 1 to 6 carbon atoms are more preferred. The
aryl groups in the formula (6) 1nclude phenyl group, anlsyl
lgroup, phenyl group having at least one of alkyl groups of
1l to 10 carbon atoms as a substituent, p-alkoxyphenyl group
and naphthyl group. The alkoxy groups in the formula (6)

15 include those having 1 to 10 carbon atoms. - Of these
groups; those having' 1 ﬁo 6. carbon atoms are more
preferred. The silyl groups in the formula (6) include
those having 1 to 10 silicon atoms among which those haviné
1 to 6 silicon atoms are more preferred. When R is amino

20 group, organic substiﬁueht or silyi group, at least one of

hydrogen atoms may be substituted with other groups such as



-27- al kyl, aryl or al koxy group. Such functiohal groups

I ncl ude those descri bed above. R s may be the sane or at | east two of
. themmay be different fromeach other. Y is CHerr], Cerr]Herr],
i Cerr]Herr], (Jerr]J]Herr], 0 or S. Each hydroxyl group is in 5 t he
. p-position or mposition on the benzene ring of phenol groups at both
' ends. The hydroxyl groups at two ends nay be both in the p-position
:or both in the mposition, or one of themmy be in the p-position
: and the other in the m . position. <«Ppt+onally at |east one of

? hydrogen atons on the 10 benzene ring may be substituted w th other
i groups such asalkyl, anpwll or aaykomyyouwgrouphe alSkgh afdnatjongloupeodips

this pur pose include those described above. The synbol n neans

2 to 10,000, pmFlads|shase cdescobbednrbopeef eRABI pay3bep the same 5pp.at 15
4. Fourth |nvent|on in the present Bpllcatlon The fourth
i nvention in tifashk dsehtokp ?%amﬁﬁn e dlff?§eé§séﬁpmaﬁéfﬂtﬂ?@ﬁﬁﬁa ife

second |nvent|on exc%Pt t hat ydr.oxyl - ngCted hal ogenat ed,
phenol der| Hgv oy 3%$ré§¢ﬂgedob9rtﬁe f@PF iy HQﬁMﬁHQ¥é%B 1% ded

i[grlrigu of elpn%%‘%qu"roxr}/ ostpro e%teseﬁd hal olgcr}}at }edf)henol . roefprp&eé}‘ﬂ]s
al kyl 9r°“p"HJSBSQ“J%”bé¥ﬁ“$hd§!'y%hgr8y8r0§§X'g% QBQ at two ends may
be both in the p-position or both in the m-position, or one
of them may be in the p-position and the other in the m-
position. Optionally at least one of hydrogen atoms on fhé
10 benzene ring may be substituted with other groups such as.
alkyl or aryl group. The alkyl and aryl groups for this
purpose include those described above. The symbol n means
2 to 10,000, preferably 5 td 8,500, more preferably 13 to
8,500. |
15 4. Fourth invention in the presenf application
The fourth invention in the present applicétion
is essentially the éame as the second invention except that
a hydroxyl-protected halogenated phenol derivative
represented by the following formula (7) is used in lieu of
20. the hydroxyl-protected halogenated phenol

10\_
\ /% (7)

wherein Ry is hydroxyl-protecting group, and represents

alkyl group, alkoxyalkyl group, silyl group, acyl group,




- 28- al kytt hi oal kyl group or al kyl sul foxy group; Y is CHerr],
Cerr]Herr], Cerr]Herr], err]JHerr], 0 or S; protected hydroxyl
group is in the p- position or mposition; and X[ err] is hal ogen
atom In the hydroxyl -protected hal ogenated phenol - 5
derivative represented by the formula (7), Yis CHerr], (err]Herr],
Cerr]Herr] dderr]Herr], 0 or S The hal ogenat ed pheno
derivatives to be used are known. For exanpl e, '
p-([err]-bronoet hyl)phenol can be easily ~28- produced by reacting

hydr obr om ¢ acid with p-([err]- 10 hydr oxyet hyl ) phenol

commerci al | y aldwdithdsiadkyl groupOowerlkylsulfaxygenaubd PhhdlH geGyti ves
i nclude, for exanple, m([err]- br ompet hyl ) phenol and .

p- (y- br onopr ofy3Bgehéngdlgr O or S; protecteqhbyfyaxykyPrgrBupscdn fde p-

deprot ected by canven- tional nmethods, e.g. jn the sane manner as
described in é’?@l%n e A5 RP S kAt A d"rf‘é) X, is halogen At in the fourth

i ion, the d f - pol.wier i zat i on .of L ysilane hal d
2t both ehds " whi G s WSt SUBHEAY PR st A LB e | PP <
the = spropertiies Qe 'Pé‘f:'xje;g(;%‘r?mtt%gi %Sﬁréﬁ%”%to‘i?rwll%‘”(ggt,aqulsyﬁhlza}”%agég tion

skel eton i'n the main'chain | §<reason, e el rode r
synt hesi s net pog ang ghemica | ynmeri zation nmet hod are preferably
utilizable in gré&ducitn§’a pof§§$lane wi th hal ogen atoms at both ends

because the nmethods easitht halogeh@REWObhEN61086F £a€ives! tdyd 2@ld0arand
can produce a 25 polysilane with a | ow degree of pol ynerization.
known. For example, p-(f-bromoethyl)phenol can be easily
produced by reacting hydrobromic acid with p-(f-
10 hydroxyethyl)phenol commercially available. Other
halogenated phenol derivatives include, for example, m-~(f-
bromoethyl)phenol and p-(y-bromopropyl)phenol.
The hydroxyl group can be deprotected by conven-
tional methods, e.g. in the same manner as described in the
15 second invention.
Also in the fourth invention, the degree of
" polymerization of the polysilane halogenated at both ends
_which is represented by the formula (2) greatly affects the
properties of modified polycarbonates having a polysilane
20 skeleton in the main chain. For this reason, the electrode
reduction synthesis method and chemical polymerization
method are preferably utilizable in producing a polysilane
with halogen atoms at both ends because the methods easily
control the deéree of polymerization and can produce a

25 polysilane with a low degree of polymerization.



-29- In the sanme manner as in the second invention,

the hydroxyl groups can be deprotected in the polysilane of - the
following formula (8) prepared by the Grignard reaction '

R10 [err] wherein R, Rerr], Y, the position of
protected hydroxyl group 5 and n are as defined above al t hough vari ant
with the starting materials, giving a polysilane of the fornula (6).
Accordi ng to the present invention, the follow ng remar kabl e results
are achi eved. ' . (a) When us?%g a pol ysilane havi ng pheno

groups 10 at both ends  according to the present invention, a
pol ycar bonat e or poIyes?%rtﬁﬁvﬁif%aﬂﬁﬂ%%ﬁI%ﬁel§k&h§(ﬁ?QQPd inveghiommi n

chai n can be uced wifh roved hardness, and e useful hard
coat materi al &&%ﬂ" ‘ir 16£/ Ips’ can be deprotectgyl 1FF?et]BSIQ‘BL pbhane @f the

like with | kel.et d f I h
phonol - or oups %t BAIHAL GG 15 7 EBRe A b¥nEnS oL LalEk i an iea o

phot osensitive property and a charge- _transporting property derived
fromthe polysilane, and can be us to provide a new type of hard
coat material having 20 ap R,6. @ptoel ectro

c functi 0R1 (c)
Wien the el ectrode reduction’s Si s
| %\j /}-—Y—F %—Y‘@ (8)

wherein R, Rl' Y the posxtlon of protected hydroxyl group
5 and n are as defined above although variant w1th the
starting materials, giving a polysilane of the formula (6).
| According to the present invention, the following
remarkable results are achieved. |

(a) When using a polysilane having phenol groups
10 at both ends according to the present invention, a
polycarbonate or polyester having a polysilane skeleten in
the main'chain can be produced with improved hardness, and

a more useful hard coat material can be provided.
(b) The polycarbonate or the 1like with a
‘15 polysilane skeleton prepared from the polysilane having
phenol groups at both ends according to the present
invention has a photosensitive property and a charge-
transporting property derived from the polysilane, and can
be used to provide a new type of hard coat material having

20  an optoelectronic function.

(c) When the electrode reduction synthesis method



-30- or chemnical polynmerization method is conducted, the degree

of polynerization of a polysilane with phenol groups at both ends can
be controlled, making it possible to give a nodi fi ed pol ycar bonate or
the |Iike having properties 5 optimal for various applications as a hard
coat material. Brief Description of the Draw ngs

FIG1 is a [err]HHNVMR chart of the polysilane prepared in
Exanpl e 27. FIG2 is an IR chart of the polysilane prepared
10 in Exanple 27. FI G 3-39-a UV chart of the polysilane
prepared in Exanpl e 27. FIG4 is a [err]HNW
chart of ther gbegéirpranpolymerigagjancmethodbisnppadagtedjsthe degree
FIG5 is an IR _chart of the polysilane prepared i n Exanpl e 28.

FIG6 is a U\Péhé’f"clY(‘}Tertlt?e’tp‘d?fys?faﬁe Rﬂlérf%‘rle'ﬂl? nwith ph@u&ﬂw@,ﬂms at
FIG7 is rl HNVR chart of the si |l ape epared.in
Exanpl e 36. ® pbfh" LHat"Ran bg gantrolded, Wﬁ@%ﬁgcﬁtt?ﬁﬁibgg Qi Fan8iBfepar ed
Lpeggﬁggl?n36mOdiE§gﬂplgoégqarbongig |gra %%;Ch?l th£9§n80| %b#gggles

5 optimal for various applications as a hard coat material.

Brief Description of the Drawings

FIG.1 is a V'H-NMR chart of the polysilane

prepared in Example 27.
FIG.2 is an IR chart of the polysilane prepared
10 in Example 27.
FIG.3 is a UV chart of the polysilane prepared in
Example 27. |
FIG.4 1is a lH.-NMR chart .of the polysilane
prepared in_E#ample 28.
15 | FIG.5 is an IR chart of the polysilane prepared
in Example 28.
fIG.G is a UV chart of fhe polysilane prepared in
Example 28.
FIG.7 is a l!H-NMR chart of the pdlysilane
20 prepared in Example 36.
FIG.8 is an IR chart of the polysilane prepared
in Example 36. _
FIG.9 is a UV chart of the poiysilane prepared in
Example 36.

25 FIG.10 is a IH-NMR chart of the polysilane



25 ’ FIG10 is a HNW chart of the polysilane

- 31- prepared in Exanpl e 40. . FIG 11 is a W chart of
t he pol ysil ane prepared i n Exanpl e 40. FIG12 is a
[err]H-NMR chart of the polysilane 5 prepared-in Exanpl e 42.

FIG 13 is a UV chart of the polysilane prepared ©in Exanple 42.

FIG14 is a [err\ HNWR chart of the polysilane prepared in
Exanpl e 44. 10 FIG 15 is a UV chart of the polysilane prepared
i n Exanpl e 44. Best Mode eBl€arryina Qut the Invention

The foll ow ng exanpl es are given to clarify the features of the
present invenpreparedsin Example 40gxanpl es 1 9 given belom/are

illustrative of the inthe5|s of pol nes wt gen at ons
both ends by the ELBcitod® deﬂ%ﬁﬂ&ﬁg hele sP ¥ﬁb e prepﬁfg l e

SEVﬁ tggn grans of anhydrous I|th|un1chlor|de 20
(L|CI) and 1018 BragmR us ferrous chloride (FeC[err]) mere pl aced

t 800 m | | | i s, |1 h . f
VB Celeatrode o ba Egeﬁh{rérﬁ?' PigeoRs! UEMREDShald hor  crd) BBIGSITRAE Of
(SUS 304) 5(el geLrodgq2t fapRdnpThensl, ) -

FIG.13 is a UV chart of the pqusilane prepared

in Example 42.

F1G.14 is a 1H-NMR chart of the polysilane

prepared in Example 44.
10 FIG.15 is a UV chart of the polysilane prepared
in Example 44.

Best Mode of Carrying Out the Invention
The following examples are given to clarify the
features of the present invention.

15 o Examples 1-9 given below are illustrative of the.
synthesis of polyéilanes with halogen atoms at both ends by
the electrode reduction synthesis method.

Example 1 |
Seventeen grams of anhydrous lithium chloride

20 (LiCl) and 10 g of anhydrous ferrous chloride (FeClz) were
placed into a 800 ml-vol. electrolysis vessel equipped with
an anode made of Mg (electrode area 63 cm2) and a cathode
made of stainless steel (SUS 304) (electrdde area 63 cmz).
The air in the electroiysis vessel was replaced by

25 deoxidized dry argon. Added were 650 ml of tetrahydrofuran



The air in the electrolysis vessel was replaced by 25 deoxidized dry
argon. Added were 650 ml .of tetrahydrofuran '

- 32- (THF) predried over sodi umbenzophenone ketyl and 64 ¢

(0.33 nol) of nethyl phenyl dichlorosilane purified by distillation.
While the reaction solution was stirred and mai nt ai ned at 20[err]C,
an electric current was applied froma 5 constant current power. source.
The current was applied to pass 3.5 F/nol of electricity based on

met hyl phenyl - di chl orosi | ane. ~-32- After conpletion of
current application, the - nmol ecul ar wei ght of the reaction product
was neasur ed. (THE) 1pregriedctioveas sodnumtbehaophangaeghietitder agd rfd egqul ar

wei ght of 19,000 (average degree of fo[ynerization about 158). A
mass spect r ométOri3d am@l)si LCkormethplphenyldhehlagesibane purpfégdct bifas
chl orinated at, both _ends. r.ocedur e of

] ..Exanple 2 15 ) The
Exanpl e 1 was H&fddtafipcepihile th?h£FaFﬁé°Ba§§éHtéPQCVF?c?gﬁrﬁﬁg ang
F/mol . The reaction rqeduct was found to _have a_wei ght .average
nol ecul ar mei&ﬁfntalnedoFtlgP8g0 F&v?ﬁ&ﬁgrdggfgﬁrgp pgﬁﬁnggp;éFgoﬁrgﬁoﬁt
Dep 5 “EMbtells respr.paier, BBRRSC IS ERRSRIRG dplttphces o
product was fpuad t9 Bavg,g,yeigpt é”lve?cr@:gj.ecir@ eHYd WBnI hethylphenyl-
dichlorosilane. |
After completién of cufrent application, the
molecular weight of the reaction prodﬁct was measured. The
10 product was found to.have a weight average molecular weight
of 19,000 (average degree of polymerization about 158). A
mass spectrometric analysis confirmed that the reaction
product was chlorinated at both ends. |
Example 2
15 The procedure.of Example 1 was-repeated'except
that the passed electriéity was 2.5 F/mol. The reaction
product was found to have a weight average molecular wéight
of 10,800 (average degree of polymerization about 90).
Example 3
.20 The proceduie of Example 1 was repeated except
that the passed electricity was 2.0 F/mol. The reaction
product was found to have a weight average molecular weight
of~5,800 (average degree of polymerization about 48).
Example.4'

25 - The procedure of Example 1 was repeated except



of. 5,800 (aver.age degree of polynerization about 48). Exanple 4 25
The procedure of Exanple 1 was repeated except

- 33- that the passed electricity was 1.5 F/nol. The reaction
product was found to have a wei ght average nol ecul ar wei ght of 1,100
(average degree of polynerization about 9). Exanpl e 5 5

The procedure of Exanple 1 was repeated except that 73 g (0.33 nol)
of p-ethyl phenyl net hyl di chl orosi | ane was used as the raw material .
The reaction product was found to hase a wei ght average nol ecul ar

wei ght of 23,000 (average degree of polynerization about 155). 10
Exanpl e 6 that the pasdée plecedicetel wasanplse B/mek. r ehet edastcent
that 82 g (0.33 nol) of p-butyl phenyl net hyl di chl or osi | ane was used as
t he raw nat er ippdoductTiwasr éachdohophadeca waeisght averagenchaledchelssr aevighght
aver age nol ecul ar wei ght of 21,500 15 (average degree of polynerization
about 122). of 1,BR4nleaerage degree of polllymesrigeddiare alfollkdhpl e 1 was
repeat ed except that 65 g (0.33 nol) of

cycl ohexyl net ByR&Pd® &rosi | ane was used as the raw material. The
reaction product was found 20 to have _a weig avera% nol ecul ar

wei ght of 13,300 The, \prosrdurgyr et Ef‘aﬂsll9n€f|"iad‘i|6 Pepbed eFSPPt

that 73 g (0.33 mol) of p-ethylphenylmethyldlchloros1lane
was used as the raw matefial. The reaction product was
found to have a weight average molecular weight of 23,000
(average degree of polymerization about 155).
10 Example 6
The procedure of Example 1 was repeated except
that 82 g (0.33 mol) of p—butylphenylmetﬁyldiéhlorosilane
was used as the raw material. The reaction product was
found to have a weight 5verage mblecular weight of 21,500
15 (average degree of polymerization about 122).
Example 7
| The procedure of Example 1 was repeated except
"~ that 65 g (0.33 mol) of cyclohexylmethyldichlorosilane was
used as the.raw material. The reaction product was found
20 to have a weight average molecular weight of 13,300
(average degree of polymerizafion about 106).
Example 8 .
The proceduré of Example 1 was repeated except
that 32 g (0.16 mol) of methylphenyldichlorosilane and 21

25 g (0.16 mol) of dimethyldichlorosilane were used as the raw



Exanpl e 8 The procedure of Exanple 1 was repeated except
that 32 g (0.16 nol) of nethyl phenyldichlorosilane and 21 25 g (0.16 nDI)
of di net hyl di chl orosil ane were used as the raw

- 34- mat eri al s. The reaction product had a wei ght average

nol ecul ar wei ght of 16, 100. Exanpl e 9 The procedure

. of Exanple 1 was repeated except 5 that 57 g (0.30 nol) of

| met hyl phenyl di chl orosi | ane and 4 g (0.03 nol) of

. dinmethyldichlorosilane were used as the #3#- materi al s. The reaction
product had a wei ght average nol ecul ar wei ght of 14, 700.

Exanpl es 10 tmaPerielsri be@hpel vaactiont pawosuate had %yh’@h@@ts ayerage

pol ysi | anes hal ogenated at both ends by the chem cal pol ynerization

| met hod. medeepl@r 1@eight of 16,100. |nto a 1-liter vol. eggplant type
|, flask equipped with a three way stop-cock were placed 60 g of granular
. 15 nagnesiun?f mmin particle si.ze), 16 g of anhydrous

l'ithium chl oride rrous | ori de

(Lid), and 9.6 of H¥ fﬁ
(Fed [err]).  The nixttP® Rﬁ?cﬁpﬁgﬁ %ﬁ? %ig-t &35 rep%ﬁﬁe rT%fTﬁﬁer a
d d t th
o g S e b e

over SOd'u”}bﬁ?AQ?qﬁgfpeof dimethyldichlorosilane were used as the raw

materials. = The reaction product had a weight average
molecular weight of 14,700. |
Examples 10 to 26 described below illustrate the
10 synthesis of polysilanes halogenated at both ends by the
chemical polymerization method. |
Example 10 _
Into a l-liter vol. eggplant type flask equipped
with a threé way stop-cock were placed 60 g of granular
15 magnesium (about 1 mm in particle'size), 16 g of anhydrous
lithium chloride (LiCl) and 9.6 g of anhydrous ferrous

chloride (FeCl The mixture was dried with heating to

2):
50°C under a.reducéd pressufe of 1 mmHg. Dry argon gas was
introduced into the reactor. Added were 600 ml of

20 tetrahydrofuran (THF) predried over sodium-benzophenone
ketyl, followed by 30 minutes of' stirring at room
temperature. Sixty-four grams (0.33 mél) of methylphenyl-
dichlorosilane purified by distillation waé added with a

syringe. The mixture was stirred at room temperature for

25 about 12 hours.




ketyl,” followed by 30 minutes of stirring at room t enper at ure.
Si xty-four grams (0.33 nol) of nethyl phenyl - di chl orosilane purified
by distillation was added with a syringe. The m xture was stirred at
roomtenperature for 25 about 12 hours. _

- 35- After conpletion of the reaction, the nol ecul ar

wei ght of the reaction product was neasured. It was .found that the
reaction product had a wei ght average nol ecul ar wei ght of 18, 300
(average degree of polynerization about -35- 153). A mass spectronetric
anal ysis confirned that the reacti on product was chlorinated at both
ends. " Exanpl e 11 After completicFhe fHrihedueacbioExatpee mpdegidar
repeat ed except that the m xture was stirred for 10 hours after
addition of Wweighet bl phenyedcthbor psodags. WaSTW@aﬁéé@FlonIGrUéﬁct°H§é a
wei ght average nol ecul ar wei ght of 11,900 (average degree

pol yneri zat i othaotheogeaction Ega(n@u@t 1had a weight ave:rﬂgepplgé@&gllérof

" Exanpl e 10 was conducted except 15 that the m xture was, stirred

hours after aaéﬂghGnQﬁ 18,30 (ﬂy#ﬁﬂgﬂyp&QHQQNQ%lP% Xmerl?ﬁﬁl?ﬁa OBﬁ
product had a ght average nol ecu] ar wei ght of 5 Vv e gree
of pélynéﬁpﬁatldﬁ &BS&tQQECtromet%Rﬁnﬁ ig 1s%con i Thdd ERSEC c18

reaction product was chlorinated at both ends.
Example 11
The proceduré of Example 10 was repeated except
thatlthe mixture was stirred for 10 hours after addition of
10 methylphenyldichlorosilane. The reaction product had a
weight average molecular weight of 11,900 (average degree
of polymerization about 99).
" Example 12
The procedure of Example 10 was conducted except
15 that the mixture was stirred for 7 hours after addition of
methylphenyldichlorosilane. The reaction produgt had a
weight average molecular weight of 5,500 (average degree of
 polymerization about 46).
Example 13
20 The procedure of Example 10 was conducted except
that the mixture was stirred for 2 héurs after addition of
methylphenyldichlorosilane. The reaction product had a
weight average molecular weight of 1,300 (average degree of
polYmerization about 11).

25 Example 14



x

20 The procedure of Exanple 10 was conducted except t hat
the mxture was stirred for 2 hours after addition of

nmet hyl phenyl di chl or osi | ane. The reaction product had a wei- ght
average nol ecul ar wei ght of 1,300 (average degree of pol ymeri zati on
about -11). 25 Exanpl e 14 - 36-
The procedure of Exanple 10 was conduct ed except that a m xture of
450 m .of THF and 150 ml of tol uene was used as a sol vent. The
reaction product had a wei ght aver ag¥d ol ecul ar wei ght of 17, 900
. (aver age degree of ol ymeri zation about 149). 15

The procedure of Exanpléfhﬁ)R%EFﬁ diyet@f Exampie 10 Waﬁrﬁﬁ“éﬂ?ﬁf?(?%ﬁ?HRN)'

f p-ethyl ph thyl di chl th terial

The'r eacti on M WEEEEES 160 B0 GRE afePHBeahdl dod AL Bl éaﬂl”l%fnee&'zvaafoo
d i zat bout, 150 Le 16

(Tﬁée[)?giedﬁ?éeﬁﬁedexaﬁplae % WYY cpeRBy KRARICR ProdpRk gl (039l )

f butyl ph j |l 5

The'roact bn by odact nagiac iy | dREght” oAPariSHl SlavaPabg oo e Tr 00

(average cgegr%lymerlzcgtlw YABSd 2ot 4 )., about 98). Exarrpl e 17
Example 15

The procedure of Example 10 was repeated except
that 73 g (0.33 mol) of p-ethylphenylmethyldichlorosilane

was used as the raw material. The reaction product had a
10 weight average molecular weight of 22,200 (average degree

- of polymerization about 150).
Example 16
The procedure of Example 10 was repeated except
that 82 g (0.33 mol) of p-butylphenylmethyldichlorosilane
15 was used as the raw material. The reaction product had a
weight average molecular weight of 17,200 (average degree

of polymerization about 98).

Example 17
| The procedure of Example 10 was repeated except
20 that 65 g (0.33 mol) of cyclohexylmethyldichlorosilane was

used as the raw material. The reaction product had a

weight average molecular weight of 13,900 (average degree

of polymerization about 111).

Example 18 |

25 The procedure of Example 10 was repeated except



The prbcedure of Exanple 10 was repeated excépt 20 that 65 g (0.33 nol)

of cycl ohexyl net hyl di chl or osi | ane was used as the raw materi al . The
reaction product had a wei ght average nol ecul ar wei ght of 13,900
(aver age degree of polymerization about 111). Exanple 18 25
The procedure of Exanple 10 was repeated except

-37- that 32 g (0.16 nol) of nethyl phenyl di chl orosilane and 21

g (0.16 nol) of dinethyldichlorosilane were used as the raw

materi al s. The reaction product had a wai7ght average nmol ecul ar

wei ght of 14, 700. 5 Exanple 19 Into a 100 m -vol .

eggpl ant type thadsi32qui peth mol) of thethyhpbenwdgishdproedkaner angl 2ded
50 g of granul ar magnesi um 13.3 g of anhydrous |ithiumchloride

(Lid) and 9 (0316 godh ahhyimetbkykdichldtresilenewere ats9d as the wawt ure
was 10 dried with heating to 50[err]C under a reduced pressure of 1

mHg. Dry amMy$erdadswas iThe otgesipnt ddxedugeadast . a welglhtgdayexage 220
m of tetrahydrofuran (THF) predried over sodi um benzophenone ketyl,
fol l oned by afodecydam wedghtorf 14,708 rring at room tenperature.

Si xty-four gr&gémgqé3§9nnl) 15 of nethyl phenyl di chl orosil ane purified by

di stillatPon added with a syringe. The m xture was stirred at

room  temperature figk b0y LS IR, d0So LAt EPfe "22a8k' 85k S Bpea -
with a three way stbp-cock were placed 50 g of granular
magnesium, 13.3 g of anhydrous lithium chloride (LiCl) and
8.6 g of anhydrous zinc chloride.(ZnClz). " The mixture was
10 dried with heating to 50°C under a reduced pressure of 1
mmHg . Dry argon gas was introduced into the reactor.
Added were 220 ml of tetrahydrofuran (THF) predried over
sodium-benzophenone ketyl, followed by about 30 minutes of
stirring at room temperature. Sixty-four grams (0.33 mol)
15 of methylphenyldichlorosilane purified by distillation was
added with a syringe. The mixture was stirred at room
temperature for about 15 hours. The stirring was effected

by placing into the reactor, magnet chips 7 mm in diameter

and 30 mm in lenéth and stirring the mixture with a
20 magnetic stirrer (number of revolutions 1,350 rpm).
After completion of stirring, the molecular-

weight of the reaction product was measured. It was found

that the reaction product had a weight average molecular
weight of 16,600 (average degree of poljmerization about

25 138). A mass spectrometric analysis confirmed that the




_b§ plééing into the reactor, magnet chips 7 nmin dianeter and'30 nm
in length and stirring the nlxture wth a 20 magnetic stirrer (nunber of

revol utions 1,350 rpn). After conpletion of stirring,
the nol ecul ar wei ght of the reaction product was neasured. It was
f ound that the reaction product had a wei ght average nol ecul ar

wei ght of 16,600 (average degree of polynerization about 25 138). A
mass spectronmetric analysis confirmed that the

- 38- reacti on product was chlorinated8at both ends. Exanmpl e 20
The procedure of Exanple 19 was repeated with the exception of using
8.5 g of anhydreastioppprodhtérivde ch3orin@h€d etr Pptihn epidsce of anhydrous
zinc chloride ancgierr ) and stirring the mxture for 72 hours after
addi ti on of xamppehyPphenyl di chl orosi | ane.  The reactlon product had a

wei ght average nol ecul ar melght of 18, 900 (averagf deg
pol ymeri zati on about 158Fhe REPCesiura@f 2ﬁ¥amp 19 wab repe?ﬁéde6EBdE?% of

Exanpl e 19 was condﬁcted e ure was stirred. fot

hours after ad@ftPBh*GF ogcggr’rﬂﬁhﬂpﬂer‘&l G ctﬁ i Phe COPRRE r%gt]:?f"bﬂg
ProCt 08,2 gl Bt LR, B VELAL o300 (B, PRan
The procedure Qélfffﬁ@l tHe WSk {lﬁpeeatteo(i_ W'7t2h th%%rs. after addition of
methylphenyldichlorosilane. The reaction product had a
weight average molecular weight of 18,900 (average degree
of polymerization about 158).
10 Example 21
Thé procedure of Example 19 was conducted except
that the mixture was stirred for 5 hours after addition of
methylphenyldichlorosilane. The reaction product had a
weight average molecular weight of 6,300 (average degree of_
15 polymerization about 53).
Example 22
The procedure of EXample 19 was repeated with the
exception of revolving a magnetic stirrer at 720 rpm. The
reaction product had a weight éverage molecular weight of
20 8,300 (average degree of polymerization about 69).
Example 23 |
The procedure of Example 19 was repeated except
that 73 g (0.33 mol) of p-ethylphenylmethyldichlorosilane
was used as the raw material and that the.mixture was

25 stirred for 48 hours after addition of the raw material.



except’ion of revolving a magnetic stirrer at 720 rpm The reaction
product had a wei ght average nol ecul ar wei ght of 20 8, 300 (average
degree of polynerization about 69). Exanpl e 23 The
procedure of Exanple 19 was repeated except that 73 g (0.33 nol) of
p- et hyl phenyl met hyl di chl or osi | ane ~ was used as the raw material and
that the mxture was- 25 stirred for 48 hours after addition of the raw
mat eri al . - 39-. The
reacti on product had a wei ght average nol88u ar wei ght of 13,900
(average degree of polynerization about 94). Exanpl e 24 )

The procedur eThe Eranplienl@radsctepedt edwesightt aveFagehawlegulian wed ghf
33 g (0.17 nol) of n-hexyl nethyl-. di chl orosj | ane and 32 (0.17 nol)
of net hyl phengif- 13, 900di(anesagsi dggeeras fuped YIS RIFALIQR ARV %4.) The
reaction product had a wei ght average nol ecul ar wei ght of 2,070
(aver age degr E&aBPlgol¢neri zati on about 170). 10 Exanple 25 .

e Phocedurs of EXapl g L9 80 LERSRSE BItEle 19 .l keBelb e BRcBheS,®
ToL) oot B PURBRETY ey S 0607 b2 UBE RSP RPN TR

(average degrﬁ?cﬁ&o?SEXﬁﬁhgzaEhan @90u§ 1%6117 mol) of methylphenyl-

dichlorosilane was used as the raw material. The reaction

product had a weight average molecular. weight of 2,070

(average degree of polymerization about 170).
10 Example 25

The procedure of Example 19 was repeated except

that a mixture of 6.5 g (0.033 mol) of cyclohexylmethyl-

~dichlorosilane and 57.5 g (0.30 mol) of methylphényl—

dichlorosilane was used as the raw material. The reaction

15 product had a weight average molecular weight of 16,200

(average degree of polymerization about 134).
Example 26

The procedure of Examplé 19 was repeated except

that a mixture of 6.5 g (0.033 mol) of 1,1,3,3-tetramethyl-

20 1,3-dichlorodisiloxane and 57.5 g (0.30 mol) of

methylphenyldichlorosilane was used as the raw material.

The reaction product had a weight average molecular weight'

of 9,800 (average degree of polymerization about 81).
Examples 27-46 given below illustrate the

25 synthesis of polysilanes having phenol groups at both ends.



Eianplé 26 The procedure of Exanple 19 was repeated except
that a mxture of 6.5 g (0.033 nol) of 1,1,3,3-tetranmethyl- 20 _
1, 3-di chl or odi si | oxane and 57.5 g (0.30 nol) of '

met hyl phenyl di chl orosi | ane was used as the raw materi al . The reaction
product had a wei ght average nol ecul ar wei ght of 9,800 (average degree
of pol ynerization about 81). Exanpl es 27-46 gi ven bel ow
illustrate the 25 synthesis of polysilanes having phenol groups at both
ends. _ _ -40- - 40- Exanpl e 27
(Gignard reaction) A2 liter-vol. reactor equipped with a
dr oppi ng Exagypde 27a refl ux tube and a stirrer was charged with 17.8

5 g (0.73 nol) of flakes of My after which dry argon gas was

i ntroduced. TREHINAIG meastt ipAp predrled over sodium benzophenone
ketyl was added and 144 g (0.67 nol)_ of p- met hoxynmet hoxybr onobenzene

was added dropwi se to pﬁoéhdéﬁ?r‘VOl (f?iﬁﬁﬁ% eqebpead . withTRefEgPPéNg
the reaction

i d |
polysilane F uhing |ug§a1 HF& tp‘g%ﬁerﬁ’ﬁmd%) E’gggr&p%’ad‘ﬁﬁs %PHJ-ES gwg% |7r8| ng
fo 4. h Let f
The roact Pon. 288 77 BP13apY: £1axB8 Gk wg, agter yhighed=di pRORBoPRRGVES
i nactivate th%n@%%ﬁﬁéed15 Fhbdanarfhg eagenls o p-eaziban JUt UEEaYaR-

extracted
benzophenone ketyl was added and 144 g (0.67 mol) of p-

methoxymethoxybromobenzene was added dropwise to produce a
Grignard reagent. Thereafter, the reaction product
10 prepared in Example 1 (THF solution of a polysilane
chlorinated at both ends) was added,lfollqwed by stirring
at room temperature for about 24 hours.
After completion of the reaction, 300 ml of water
was gradually added with 6001ing to inactivate the excess
15 Grignard reagent. The reaction mixture was extracted with
ether. The ether layer was dried over anhydrous'MgSO4 and
concentrated, giving 60 g of an unpurified polysilane
(polysilane having methoxymethyl-protected phenol groups
introduced at both ends). |
20 (Purification)
The unpurified polysilane was re-dissolved in 20
ml of THF. With stirring, a mixture of 600 ml of methanol
and 150 ml of water was added dropwise. The impurities
were removed by re-precipitation, whereby an impurity-free

25 polysilane was produced in the form of a white solid. The



ether. The ether layer was dried over anhydrous MgSQJ err] and
concentrated, giving 60 g of an unpurified polysilane (pol ysil ane
havi ng nethoxynethyl prot ect ed phenol groups i ntroduced at both
ends). 20 (Purification) _ The unpurified polysilane was
re-di ssolved in 20 m-of THF. Wth stirring, a mxture of 600 nml of
nmet hanol and 150 ml of water was added dropw se. The inpurities

were renoved by re-precipitation, whereby an inpurity-free 25 -polysilane
was produced in the formof a white solidgi-The

-41- super nat ant was renoved by decantation after which the

resi due was drswgmbrnagiantngwds genfov@edoobysiderentatildre after pohissh| ahe was
structural ly analyzed by [err] H NVR and was found to be a polysilane
havi ng phenol ngsdgve avabotdrismtls, giving t4fe ghenbl arpapysidanai.ni nFhe
hydroxyl groups protected with met hoxynet hyl . 1..(Deprotection
reaction) polysilane wagldéed e t4gad lof ahaiyned ﬂufysHPEMB vtk 25 ni
of THF, 50 m of water and 20 m of concentrated 10

hydrochl ori c 6udd toThe #&iReliellere having pienl GHqups Gt both eagdgut 24

hours. After

| etion of the reactjon, reaction m xture
extract edwi t ﬁhfogBﬁF° fIEPHRS CofHealining té‘[“ﬂ%’r"}flaﬁér" PRREREGSS Vﬁtgg m

of wat er twnce thoxymeI%?ﬁ?after the ether |ayer was dried over anhydrous
MySJ err]
(Deprotection reaction)
| Added to 45 g of obtained polysilane were 175 ml
of THF, 50 ml of water and 20 ml of concentrated
10 ° hydrochloric acid. The mixture was stirred at 40°C for

about 24 hours. After completion of the reaction, the
reaction mixture was extracted with 200 ml of ether. The
ether layer was washed with 50 ml of water twice.
Thereafter the ether layer was dried over anhydréus,MgSO4
15 . and concentrated, giving 40 g of an unpurified polysilane
(polysilane having phendl groups'at both ends).
(Purification)
The unpurified polysilane was re-dissolved in 150
ﬁl of a good solvent THF. With stirring, 3.1iter of a poor
26 solvent ethanol was added dropwise. The impurities were
removed by re-precipitation, whereby a polysilane was
produced in the form of a white solid. The supernatant was
removed by decantatlon after Wthh the residue was dried,
giving 18 g of a polys11ane The polysilane was

25 structurally analyzed by H-NMR, IR and UV (see FIGS. 1, 2



15 and concentrated, giving 40 g of an unpurified polysilane

(pol ysi | ane havi ng phenol groups at both ends). (Purification)

The unpurified polysilane was re-dissolved in 150 m of a good
solvent THF. Wth stirring, 3 liter of a poor 20 sol vent et hanol was
added dropw se. The inmpurities were renmoved by re-precipitation,
whereby a polysilane was produced in the formof a white solid.

The supernatant was renoved by decantation after which the residue
was dri ed, giving 18 g of a palgzsilane. The polysilane was
25 structurally analyzed by HNWR IR and UV (see FIGS. 1, 2

-42- . anamd) Indandiswasnéonfktméd bevaapkephlenglowrsupd riodunethced

at both ends. The H NWR deterniQation was carried out usi ng

JNM GX 270 matuflbethir eddsbhy T “HaNMR dimfteomdinetion washkerafiedmoas: a
solvent. The IR determ nation was carried 5 out by a KBr nethod using
FTI R- 7000 manisddrdur SMsEX) AGDO. manufaghuredy bviet EEQH nandn deyderatsed i ed
out using U 3410 manuf actured by H TACH , LTD.. and THF as a sol vent
(the . saff LT Rfpads aferde serlvanted iThes Jifs gfernipedifinesjps carried

The nol ecyl ar wei ght of the reaction product s. 10 asured. . _The
pr oduct h§d a & Ot 2K Bragethode ugLng FTIR'7&®ngPn&Fg%§P£ﬁ§'F&V@P§&Q'

degree of pol %riwiocrl]e g]%%tj}.nation 1%%)5' carrie%(a@tllt? 2gsing U-3410
manufacturéd by HITACHI, LTD. and THF as a solvent (the
same analyses were effected in subsequent Examples).

The molecular weight of the reaction product was
10 measured. The product had a weight average molecular
weight of 19,200 (average degree of polymerization about
158). |
Example 28
A reaction was conducted in the same manner as in
15. Example 27 with the exception of using the reaction product.
prepared in Example 3 as the polysilane chlorinated at both
ends. In the purification after completion of the
deprotection ‘reaction, methanoi was used 1in place of
ethanol as the poor solvent. The procedure' gave a
20 polysilane of 6,100 in weight' average molecular weight
(average degree of polymerization about 49) which had
phenol groups introduced at both ends. FIGS. 4, 5 and 6
show lH-NMR, IR and UV charts, respectively.
Example 29.

25 A reaction was conducted in the same manner as in



A reaction was conducted in the same manner as in 15 Exanple 27 with the
exception of using the reaction product prepared in Exanple 3 as the
pol ysil ane chlorinated at both ' ends. In the purification after
conpletion of the deprotection reaction, nethanol was wused in
pl ace of ethanol as the poor solvent. The procedure gave a
20 polysilane of 6,100 in weight average nol ecul ar wei ght (aver age
degree. of pol yneri zati on about 49) which had phenol groups introduced
at both ends. FIGS. 4, 5 and 6 shawslerr]H NVMR, IR and UV charts,
respectively. Exanmple 29 25 A reaction was conducted in
the same manng@xamplien27 with the exception of using the reaction prodict
Exanple 27 with the exception of using the reaction product pr epar ed
i n Exanpl e 4 axepheedolinsEkamplehd cas ndiee padtysiidtdne chlordmasied at] bothhe
purification after conpletion of the deprotection reaction, 25 m
of THF was useddss a gdod the puolifénatins aafiterur somplegdom of nshrano
and 100 m of wat er was used as a poor solvent. The procedure %ave
a wax- | ARPrpsegsiipanaefctigoo 2h wdi ghf FHEr s ndFedulag a goo
wei ght (average_degree of polynerization about 9) which had “phenal
" groups i nProdied¥eBt BHEhacdxturey ofn il @f methanol and 10§ Eéa&fi on
was condueted in the sane nner as in _Exaan% 27 with the exception

of using the W@EEFi&ﬁspﬂHﬂggtas a poor solvent. ' The procedure gave a

wax-like polysilane of 1,300 in weight average molecular

weight (average degree of polymerization about 9) which had

phenol groups introduced at both ends.

10 Example 30

A reaction was conducted in the same manner as in
Example 27 with the exception of using the reaction prqduct
| prepared in Exaniple 5 as the polysilane chlorinated at both
ends. As a result, a polysilane having phenol groups
15 infroduced at both ends was prepared.
Example 31 |
| A reaction was conducted in the same manner as in
Example 27 with the exception of using the reaction product
prepared in Example 6 as the polysilane chlorinatgd at both
20 ends. As a result, a polysilane having phenol groups
introduced at both ends was prepared.
Example 32
A reaction was conductéd in the same manner as in
.Exémplé 27 with the exception of using the reaction product

25 prepared in Example 7 as the polysilane chlorinated at both



T 3
prepared in Exanple 5 as the polysilane chlorinated at both ends. As
a result, a polysilane having phenol groups 15 introduced at both ends

was prepared. Exanpl e 31 : A reaction was conducted in
t he sane manner as in Exanmple 27 with the exception of using the
reaction product prepared in Exanple 6 as the polysilane chlorinated
at both 20 ends. As a result, a polysilane having phenol groups

i ntroduced at both ends was prepared. . Exampl e 32

reaction was conducted in the same nmanner4gs in Exanple 27 with the

exception of using the reaction product 25 prepared in Exanple 7 as the
pol ysi | ane chéundsnat elsata boebult, a polysilane having phenol groups
-44- ends. As a result, a polysilane having phenol groups

i ntroduced atibbredesed @hsbptbpanéd was prep&xedpl e 33 A
reaction was conducted in the same manner as in 5 Exanple 27 with the
exception of E%amRlehd3reaction product prepared in Exanple 8 as the
pol ysi |l ane chl ori nat ed at bot h aresult, a polysilane
havi ng phenol groups req‘%‘i#%dﬁé’d canquederr@stﬂ@ssamepraaeaer as in
Exanpl e action was conducted |n t he sae nmanner as in

4
Exanpl e 3'237 wi FFATRLe gxcé‘ﬁ‘(q}brir CHSPRG RO LU L PGNP ARG L1ON product

prepared in Example 8 as the polysilane chlorinated at both
ends. As a result, a polysilane having phenol groups
introduced at both ends was prepared.
Example 34
10 A reaction was conducted in the same manner as in
Example 27 with the exception of using the reaction product
prepared in Example 9 as the polysilane chlorinated at both
ends. The procedure gave a polysilane of 17,800 in welght
average molecular weight (average degree of polymerization.
15 about 148) which had,phenol.groups introduced at both ends.
Example 35
A reaction was conducted in the same manner as in
Example 27 with the exception'of using 163 g (0.67 mol) of
a halogenated phenol derivative wherein the hydroxyl group
20 of p-(fi-bromoethyl)phenol was_protected with methoxymethyl
group in place of 144 g (0.67 mol) of p-methoxymethoxy-
bromobenzene. The procedure gave a polysilane of 18,300 in
weight average molecular weight (average degree of
polymerization about 150) which had the phenol derivatives

25 introduced at both ends.



prepared in Exanple 9 as the polysilane chlorinated at both ends. The
procedure gave a polysilane of 17,800 in weight ' aver age nol ecul ar
wei ght (average degree of polynerization 15 about 148) which had phenol
groups introduced at both ends. Exanpl e 35 A reaction
was conducted in the same nmanner as in Example 27 with the exception
of using 163 g (0.67 nol) of a hal ogenat ed phenol derivative vherein
t he hydroxyl group 20 of p-([err]-bronoethyl)phenol was protected with
met hoxynmet hyl group in place of 14448-(0.67 nol) of p-nethoxynet hhoxy-
br onobenzene. The procedure gave a polysilane of. 18,300 in ' wei ght
average nol e@dapiplemdisght (average degree of pol yneri zati on about
150) which had the phenol derivatives 25 i ntroduced at both ends.
- 45- Exanpl'e 36 A reaction was/Acopdutted imstharzhms ewnnen [&& dane
manner as in Example 27 with the exception of using the reaction
product Exaspdreed 7i wiEhabhe eeScept 1o pblussinatde keacitione8radussét h
5 ends and using 163 g (0.67 nol) of a hal ogenated phenol, derivative
wher ei n -t he hpdepagedgiouBxahppe( cas |the @alasidane chlox afmboth
protected with nethoxynethyl %roup in place of 144 g é0.6§ nglé gf
p- met hoxy et h@xgdsr cwgthg. 1637k (0.67 Mpble@fr & RILOICRRAFSYi PARAOH
6,100 in wei ght average 10 nolecul ar weight average d?%r e of thvl
pol yneri zat i ofedygtive wherein the hydrox 1 group of p-{p-bromoethy )-

phenol was protected with methoxymethyl group in place of

144 g (0.67 mol) of p-methoxymethoxybromobenzene. The: .

procedure gave a polysilane of 6,100 in weight average

10 molecular weight (average degree of polymerization about
49) which had the phenol derivatives introduced at both

ends. FIGS. 7, 8 and 9 show lH-NMR, IR and UV charts,
respectively.
Example 37

15 A reaction was conducted in the same manner as in
-Example 28 with the exception of using the reaction product
prepared in Example 12 as the polysilane chlorinated at
both ends. As a result, a polysilane haying phenol groups
introduced at both ends was pfepéred. |

20 Example 38

A reaction was éonducted in the same manner as in
Example 29 with the éxception of using the reaction produét
prepared in Example 13 as the polysilane chlorinated at
both ends. As a result, a polysilane having phenol groups

25 introduced at both ends was prepared.



49) which had the phenol derivatives introduced at both ends. FIGS.
7, 8 and 9 show J[err]HNVR IR and WV charts, respectively.
Exanple 37 15 A reaction was conducted in the sane manner as in
Exanpl e 28 with the exception of using the reaction product pr epar ed
in Exanple 12 as the polysilane chlorinated at both ends. As a
result, a polysilane having phenol groups I ntroduced at both ends was
prepared. 20 Exanple 38 A reaction was conducted in the
same nmanner as in Exanple 29 with tlag-exception of using the reaction
pr oduct prepared in Exanple 13 as the polysilane chlorinated at
both ends. Agxamp2eul3y, a polysilane having phenol groups 25 I ntroduced
at both ends was prepared. - : - 46-
Exanpl e 39 A rdatedohi waswasndectedt tnl the tdeme aennean@er ias in
Exanpl e 27 with the exception of using the reaction product - prepared
in Exanpl e 15Examplie pdl yithatke cdkospnivredfitusig thst feagddon proguct
result, a polysilane having phenol groups i ntroduced at both ends was
pr epar ed. prepazppl dMOExample 15 as ther @edoisdd angs ebkemtrabednathe
sanme manner as in Example 27 wth the exception of usin% &he.reaction
product 5 both ends. As a result, a polysilane having phehol groups
introduced at both ends was prepared. |
Example 40
A reaction was conducted in the same manner as in
Example 27 with.the_exception of using the reaction product
10 prepared in Example 19 as the polysilane chlorinated at
both ends. The procedure gave a polysilane of 16,700 in
weight -‘average molecular weight (average degree of
polymerization about 138) which had phenol groups
introduced at both ends. FIGS. 10 and 11 show lH—NMR and
15 UV charts, respectively.

Example 41
A reaction was conducted in the same manner as in
Example 27 with the exception of using the reaction product
prepared in Example 20 as the polysilane chlorinated'at
20 both ends. The procedure gave a poleilane of 19,000 in
weight average molecular weight (average degree of poly—
merization about 158) which had phenol groups introduced at
both ends.
Example 42_

25 " A reaction was conducted in the same manner as in



10 prepared in Exanple 19 as the polysilane chlorinated at bot h ends.
The procedure gave a pol ysilane of 16,700 in wei ght average nol ecul ar
wei ght (average degree of pol ymeri zati on about 138) which had
phenol groups i ntroduced at both ends. FIGS. 10 and 11 show
[err]H-NVMR and 15 UV charts, respectively. Exanpl e 41

A reaction was conducted in the sanme manner as in Exanple 27 with the
exception of using the reaction product prepared in Exanple 20 as the
polysilane chlorinated at 20 both ends._g4ylhe procedure gave a pol ysil ane
of 197000 in wei ght average nol ecul ar wei ght (average degree of poly-

nerization abqutam® MhiihhhadePBrBBptILAUSE wdihigUtiedradction graiducnds.
Exanpl e 42 25 A reaction was conducted in the sane manner as in

-47- Exadepakedii 1R ERam@iecnd i oas ofthesipwl yhicl amacthdorpnatied: at
prepared in Exanple 23 as the polysilane chlorinated at bot h ends.
The procedur e lgmte end®l ysThenprotetiir@0@ave a polgs jhanavefadd Af0ecunt ar
wei ght (average degree of 5 polynerization about 94) which had phenol
groups introdwesight awerageh sodeculpES. wedghtd 182%RBAIPer APAXRGR &fd LV
charts, respectively. Exanpl e 43 )

5 polymerization about 94) which had phenol groups introduced

at both ends. FIGS. 12 and 13 show lH--NMR and UV charts,
respectively. |
Example 43
A reaction was conducted in the same manner as in-
10 Example 27 with the exception of using the reaction product
prepared in Example 24 as the polysilane chlorinated at . -
both ends. The proéedure gave a polysilane with a weight
average molecular weight of 20,800 (average degree of
polymerization about 170) wherein phenol ~groups were
15 introdﬁced at-both ends. o
Example 44 |
A reaction was conducted in the same manner as in |
Example 27 with ﬁhe exception of using the reaction product
prepared in Example 25 as the polysilane chlorinated at
200 both ends. The procedure gave a polysilane with a weight
average molecular weight of 16,300 (average degfee of
polymerization about 134) which had phenol groups
introduced at both ends; FIGS. 14 and 15 show 1H--NMR.and
UV charts, respectively.

25 Example 45



A reaction was conducted in the same manner as in 10 Exanple 27 with the -
exception of using the reaction product prepared in Exanple 24 as the
pol ysi l ane chl ori nated at both ends. The procedure gave a polysil ane
with a weight average nol ecul ar wei ght of- 20,800 (average degree of

pol yneri zati on about 170) wherein phenol groups were 15 introduced at
bot h ends. Exanpl e 44 A reaction was conducted in the
same manner as in Exanple 27 with the exception of using the reaction
pr oduct prepared in Exanple 25 as theggpol ysilane chlorinated at 20
both ends. The procedure gave a polysilane with a wei ght . aver age

nol ecul ar wei ght of 16A3@8actdvarage cdegdeetedl in thdanEmaraidonds ahout
134) which had phenol groups i ntroduced at both ends. FIGS. 14 and
15 show [ err] ExANRlgnd7 withhe hexdept vas pek isdalgy the? TeaExdopl préBuct

- 48- A reaction was conducted in the sane manner as in
Exanpl e 27 w PERePAEedxddpt Fxample ugbn@s hehe epotliysi lameduthtlorinatest epar ed
i n Exanpl e 26, as, t he pol ysilane chl orinated at both ends. The
procedure gavBOhhp8Rgs;| afdenbmeceduregigave R pRAySigkaneovbeh| ar wehghght
of 9,900. (average degree . of . . polynerization about 81) which had
phenol gr%upsaYﬁFggﬁudE ecular ,weight o qtfs. 9,900 (average degree of |

polémerization about 81) which had phenol groups introduced
at both ends.
Example 46
A reactor equipped with a dropping funnel, a
10 feflux tube and a stirrer was charged with 15 g (0.65 mol)
of sodium and 300.ml of dry toluene. After dry argon gas
was introduced, 64 g (0.33 mol) of methylphenyldichlofo—
silane was added dropWise under reflux conditions (110°C).
After dropwise addition, reflux was continued for about 3
15 hours. After completion of the reaction, the supernatant ..
was concentrated, whereby. a polysilane was produced
(Kipping method). The obtained polysilane had a weight
average molecular weight of 47,500 (average degree of
polymerization about 396).
20 : The Grignard reaction and a deprotection reaction
were conducted in the same manner as in Example 27 using
the obtained pélysilane. Phenol groups were intfoduced at

both ends at a ratio of 35%.



Exrarrplé 46 A reactor equipped with a dr-oppi ng funnel, a 10
reflux tube and a stirrer—was charged with 15 g (0.65 nol) of sodi um

and 302[”"'” [ . After dry argon gas was i ntroduced, 64 g
(0.33 mdl ' m "‘yﬂ HHI di chl or o- ~ silane was added dropw se under
] r] 0. After dropw se addition, reflux was

reflux cdndi¢ti ens
continued for about 3 15 hours. After conpletion of the reaction, the
super nat ant ~was concentrat ed, mherebX a pol ysil ane was produced
(Ki pping nethod). The obtained polysilane*frad a wei-ght aver age
nmol ecul ar meig#t of . 47,500 é ver age degree of pol ymeri zati on about
396). 20 hat isqplagp gné?ﬂ reacti on and a deprotection reaction

were conducted in the sa nner _as_in Exanple 27 usin the o i ned
pol ysi | ane. Phenol gr oupg‘?v\g‘ral ofﬁff‘gﬁﬁ%eﬁegggsengegof’ﬁ gﬁﬁsfﬁfmﬁf?aﬁ of
35% - 49- What is clainmed is:
1. A polysilane represented by the fornulﬁT(l)
S
R

[err] wherein R is hydgpgen ato al kyl_ up, aryl group, al koxy
{3 e /Aane or (1)
AW |

group, am no group or silyl group;

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy °
group, amino group or silyl group; R’s may be the same or
5 at least two of them may be different from each other; each
hydrokyl group is 'in the p-position or m-position; and n is
2 to 10,000. -
2. The polysilane according to claim 1, wherein
n is 5 to 8,500.
.10 | 3. The polysilane according to claim 1, wherein
n is 13 to 8,500.
4, A proceés for preparing a polysilane having
phenol groups at both ends which is represented -by the

formula (1)-

R
HO : OH
N l /XK
R

15 wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group[ amino group or silyl group; R’s may be the same or

at least two of them may be different from each other; each



5 at least two of themmay be different fromeach other; each

hydroxyl group is in the p-position or mposition; and n is 2 to

10,000. =2 —7Fhe polysilane according to claim1, wherein

nis 5to - 3. The polysilane according to claiml1,

wher ein ”"ﬂm"l Im'mllm!hoo . 4. A process for preparing a
‘M s ol

pol ysi | ane *ha¥i ng groups at both ends which is represented by

t he . formula (1) [J[err]: 15 wherein R is hydrogen atom al kyl
group, aryl group, alkoxy group, amng.group or silyl group; R's may
be the sane or at least two of them may be different from each other;
each hydroxyl group is in the p-position-8P-m-positi¥Alf canyd rgrieup
is in the p-posSition or mposition; and n is 2 to 10,000, the process
conprising the stepsi®fod®) the peeBdlstidemphes ggraidl seapsi onf betayeen
(i) a polysilane havi ng hal ogen atons at both ends which is -

represent ed byonductiigy fthendpidrldrd reaction between (i) a polysilaRe
[err]
having halogen atoms at both ends which is represented by

5 the formula (2)

R
xfe‘?i-);x T (2)
R

wherein R and n are as defined above; and X is halogen
atom, and (ii) a Grignard reagent prepared by reacting
magnesium with a hydroxyl-protected halogenated phenol

represented by the formula (3)

R0

.®—'X1 (3)

10 wherein Ry is hydroxyl-protecting group, and represents
alkyl group, alkoxYalkyl group, silyl group, acyl group,
aikylthioalle group or alkylsulfoxy group; protected
hydroxyl group is in the p-position or m-position; andlx1
is haiogen atom, thereby producing a polysilane represented

15 by the formula (4)



wherein R and n are as defined above; and X is hal ogen atom and (ii)

~a Gignard reagent prepared by reacting magnesiumw th a
hydr oxyl - prot ect ed hal ogenat ed phenol represented by the fornula (3)

. R10 H&"Mﬂm!‘muﬁ"’ i s hydroxyl -protecting group, and represents
al kyl gr group, silyl group, acyl group,
alkylthloalkyl up Sor *al kyl sul f oxy group; protected hydr oxyl group
is in the p-position or mposition; and X/ err] i s hal ogen atom
t her eby producing a polysilane representeds145 by the formula (4)
-51- [err] wherein R, Rerr], the position of protected hydroxyl
group and n are as defined above aIt ugh vari ant dependi ng on the
starting materials; and (b) read®0 ggly5|lane R{ t he formula (4)
wi th an acid. 5 5. The ro e s agecgratdg to claim4 which is
characterized in that the polysila anog atons (4) at both ends
which is represented by the formul a n

wherein R, Rl' the position of protected hydroxyl group and
n are as defined above although variant depending on the
starting materials; and.(b) reacting the polysilane of the
formula (4) with an acid.

5 5. The process according to claim 4 which is
cha;actefized in that the polysilane having halogen atoms

at both ends which is represented by the formula (2)

R
ik @
R

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group or silyl group; R’s may be the same or

10 at least two of them may be different from each other; n is
2 to 10,000; and X is halogen atom, is produced by
_subjecting to .an electrode reaction a dihalosilane

represented by the formula (5)

R
x—e%i%x | (5)
R



é [err] wherein R is hydrogen atom al kyl

group, aryl group, alkoxy group, am no group or silyl group; Rs may
be the se”m'm”l 'm st two of themmy be different from each other;
nis Hﬂ'" E X is hal ogen atom is produced by

subjecting fo 'an" el ectrode reaction a dihalosilane represent ed
by the fornula (5) [err]

-52- - wherein mis 1 to 3; Ris hydrogen atom al kyl .group, aryl .~
group, al koxy group, amno group or silyb2group; 2 Rs in t he case of
m=l, 4 Rs in the case of mF2, or 6 Rs in the case of m=3 may be the
same or at IU&@?euWOmoﬂStﬂeﬁpnéy Beis bydaptker atomr ghkydclorouper arydd X
i s hal ogen atom using My or a My-based alloy as_the anode, a lithium

salt as a  9ro¥gppéd STERT /0| A I QP a@ﬁoﬂ&ybogvem),aa B’Soldent

with or without use of a halogenated netal as a currg carrylng ai d.
10 tge ?Héep95c9§§'a cBr 8 Ag tBecrasm 2LwAém PE 6 R’s in the

characterized_in t go éshhane havi ng_hal o en %tonsf th at bogh ends
whi ch is  epragEnPeansy B §F or at ledst two of them”may
5 different from each other; and X is halogen atom, using Mg
or a Mg-based alloy as the anode, a lithium salt as a
supporting electrolyte and an aprotic solvent as a solvent
with or without use of a halogenated metal as a current
carrying aid.
10 6. The process according to claim 4 which is

characterized in that the polysilane having halogen atoms

at both ends which is represented by the formula (2)

R
x—(%i-};x (2)
R

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group dr silyl group; R’'s may be the same or
15 at least two of them may be different from each'other; n is
-2 to 10,000; and X is halogen atom, is produced by redﬁcing_

- a dihalosilane_represented by the formula (5)

R
x—(—l?i-)n-x (5)
L



[érr] ) wherein R is hydrogen atom -al kyl grbup,'aryl group, al koxy
group, amno group or_silyl group; Rs may be the sane or 15 at least two

of themmay be different fromeach other; nis 2 to 10,000; and X is
hal ogen at o “l“l Imjnﬂ Im "lml reduci ng a di hal osil ane represented by
the fornul a - 53-
wherein mis 1 t% i § hydrogen atom al kyl group, aryl group,

al koxy.group, amino group or silyl group; 2 Rs in the case of nel, 4
Rs in the case of nF2, or 6 Rs in the case of n¥3 may be the sane

or at least two of them may be 5 dlffePgnt fron1each other; and X is

hal ogen atonlwﬂékaﬁnwﬂ is 1 tB{PNbRb§§eﬂ¥§£5§¥n'Q 38?2§hcg§8hﬁ?”kr&@ the

presence of I|t ifum sal f "and™a nate

7. A polysil aaﬁohgprﬁi‘fc’%&d i?éax}pge g rﬂard“&)k or sil rou;lJ g2 R's in

[err] rein R gen ato yl grou ary roup, al koxy
10 group, amghe GheépermS'll,YK 87 8URn Bhé BEYeDBft mezsam@ 6'R’s in &he

| east. two of themmay be different fromeach other; Y i's CH[err]
Clerr]Herr], ceker 6fHmendr hayCher £h&l samb, o at $eagechwbydfoxuémgmaypbes in
S different from each other; and X is halogen atom, using Mg
or Mg-based alloy in an aprotic solvent in the presence of

a lithium salt and a halogenated metal.

7. A polysilane represented by the formula (6)
R
HO . O
Ot
i 6)
\ 7 Y“{%Tl r Y \ 7/
R

wherein R is hydrogen atom, alkyl_group, aryl group, alkoxf
10 group},amino group or siiyl group; R‘s may be the'séme or
at least two of tﬁem may be different from each other; Y is
CH,, C,H,, C3H., C,Hg, O or S; each hydroxyl group is in “
the p—poéition or m-position; and n is 2 to 10,000.
8. The polysilane according to claim 7, whergin
15 n is 5 to 8,500. | | -
9. The poly51lane according to claim 7, wherein
n is 13 to 8 500. o
10. A process for preparing a polysilane having
phenol groups at both ends which is représented by the

20 formula (6)



. - . _—__—’/ .
the p-position or mposition; and nis 2 to 10, 000. 8. The

80' ¥ﬁle| Sgﬁygmﬂm“ﬂﬂm “Em?u \gumranr(;i nwhé?euﬂ s 0 g i85552g'to 8, 500.

10. A process*fof pteph r|ng a pol ysil ane havi ng phenol groups at both
ends which is represented by the 20 formula (6) ,
-54- Jerr] wherein R is hydrogen atom al kyl group, aryl group,
al koxy. group, amno group or silyl group; R s may be the sanme or
. at least two of them may be different framgeach other; Y is CHerr],
‘Cerr]Herr] Cerr]Herr], (Jerr]J]Herr], 0 or S; each hydroxyl group is
in 5 the p-position or mposition; and nis 2 to 10,000, the process
conprising the steps of (a) conducting thqzC}lgnard reacti on between

(i) a polysilane having halog gH mhlch |s
represented by the formul a (2) _1%
[err] wherein R and n et/s a nd X |s halogen

wheréin R is hydrogen atom, alkyl group, aryl group, alkoxy
. group, amino group or silyl group; R’s maj be the same or
at least two of them may be different from each other; Y is

C,H C.H O or S; each hydroxyl group is in

CHy, CoHys C3Hgs CyHg,

5 the p-position or m—position; and n is 2 to 10,000, the
process comprising the steps of (a) conducting the Grignard

' reaction between (1) a polysilane having halogen atoms at

both ends which is represented by the formula (2)
T
x—(—sﬁ—x (2)
| n
R

wherein R and n are as defined above; and X is halogen
10 atom, and (ii) a Grignard reagent prepared by reacting
magnesium with a hydroxyl-protected halogenated phenol

derivative represented by the formula (7)

. R0 =
/ . ! @—-Y—xl (7)

wherein R, is hydroxyl-protecting group, and represents

alkyl group, alkoxyalkyl group, silyl groﬁp, acyl group,



10 atom Gignard reagent prepared by reacting magnesi um
wth a h MMI Hi hal ogenat ed phenol derivative represented
by the formula ﬂ [err]

wherein R[err] |s hydroXyI protecting group, and represents al kyl
group, al koxyal kyl group, silyl group, acyl group,

- 55- al kyl t hi oal kyl group or alkylsulfoxy group; Yis CHerr],
Cerr]Herr], C[err]H[err], Cerr]Herr], 0 or S; protected hydroxyl
group,is in the p- position or mpe@ﬁtion; and X[err] is halogen
atom thereby produci ng a polysil ane represented by the fornula (8)
[err] abkylipateahkrl grewp|or alkHds %X(9¥QHquroﬂécFBg H%ﬂﬁ@xyl
group and n are_as defined above althou vari ant dependj ng :
the starting efiaulgs 9nAT Bh) PreLgcitedy hty%éf%“é’t Ligkayp is l’bo‘F@%rPane

h d Th 0 h
1o e A L PORE IR L RE: RS U B I ThALBERh el " eReBbgh | S
ends whi ch '$pféﬁﬁ@fﬁ@t§dpgfy§Dfa&grggﬁgeég%ted by the formula (8)

[err]
RO T __/OR1
O @

5 wherein R, Rl' Y, the position of protected hydroxyl group -
and n are as defined above although variant depending on
the starting materials; and (b) reacting the obtained
polysilane with an acid.

ll.-The process according to claim 10 which is
10 characterized in that the polysilane having halogen atoms

at both ends which is represented by the formula (2)

R
x-(-%ii—x (2)
| |

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, amino group or silyl group; R’s may be the same or
at least two of them may be different from each other; n is
15 2 to 10,000; and X is halogen atom, is produced by
subjecting to an electrode reaction a dihalosilane

represented by the formula (5)



wherei’n Ris hydrogen atom al kyl group, aryl group, al koxy group,
am no group or sityfi—group;- Rs nmay be the sane or at |l east two of

| them may each other; nis 15 2 to 10,000; and X is
haI ogen Imllﬂ'mlmlmmmnm d by subjecting to an el ectrode reaction a
hal osi | L wepresented by the fornula (5) '
-56 [err] wherein mis 1 to 3; R is hydrogen atom al kyl ‘
group,. aryl group, al koxy group, am no group or silyl group; 2 Rs in
the case of nFl, 4 Rs in the case of me256er 6 Rs in the case of me3
may be the sane or at least two of themmay be 5 different from each
other; and X is halogen atom using My or a My-based alloy as the
anode, a lithiumsalt as a supportin% el ectrolyte and an aprotic

sol vent as a sol vent with or withou of a hal ogenated netal as a
current carrying aid. 10 yhe proced3y according to
claim10 which is characterized i t 4 he pol ysi | ane havi ng halogen
at ons at both ends which is represent d by the formula (2)

wherein m is 1 to 3; R is hydrogen atom, alkyl group, aryl
group, alkoxy'group, amino group or silyl group; 2 R‘s in
the case of m=1, 4 R’s in the case of m=2, or 6 R’s in the
caee of m=3 may be the same or at least two of them may be

S different from each other} and X is halogen atom, using Mg
or a Mg-based alloy as the anode, a lithium salt as a
supporting electrolyte and an aprotic solvent as'a solvent
with or without use of a helogenated metal as a current
carrying aid.

10 12. The process according to claim 10 which is
characterized in that the polysilane having halogen atoms

at both ends which is represented by the formula (2)

R
X—(-%i-)gx (2)
R

wherein R is hydrogen atom, alkyl group, aryl group, alkoxy
group, aﬁino group or silyl group; R;e may be the same or
_15.' at least two of them may be different from each other; n is
2 to 10,000; and X is halogen etom, is produced by reducing

a dihalosilane represented by the formula (5)




ferrj~-————~—-——Mﬂ§L§LQ_E?iS hydrogen atom al kyl group, aryl "group, al koxy
group, ahiﬂﬂﬂr oup or | group; R s may be the same or 15 at least two

of the !ﬂMﬂLE fromeach other; nis 2 to 10,000; and X is
hal ogen ! "nh by reduci ng a di hal osi |l ane represented by
the fornmula (5 -57-

R [err] wherein mis 1 to 3; Ris hydrogen atom al kyl group, aryl
group,- al koxy group, amno group or silyl group; 2 Rs in t he -case of
mel, 4 Rs in the case of mF2, or 6 R s +¥W+the case of n¥3 may be the
same or at |east two of then1nay be 5 different fromeach other; and X is
hal ogen atom using My or My-based alJoy in an aprotic solvent i.n the
presence of alithiumsalt and a hald%enated nmet al .

x'—eii-):x (5)

wherein m is 1 to 3; R is hydrogen atom, aikyl group, aryl
group, alkoky group, amino group or silyl group; 2 R’s in
the case of m=1, 4 R’s in the case of m¥2, or 6 R’s in the
case of m=3 may be the same or at least two of them may be
5 differentlfrom each other; and X is halogen atom, using Mg
or Mg-based alloy in an aprotic solvent in the presence of

a lithium salt and a halogenated metal.



