SPECI H CATI ON PROCESS FOR THE PREPARATI ON OF POLYSI LANES TECHNI CAL FI ELD 5
The present invention relates to a process for the preparation of

pol ysi | anes. BACKGROUND ART Pol ysilanes are attracting attention for their
use as ceram c precursors; optoelectric materials such as 10 photoresist,
organi ¢ photosensitive material, optical waveguide, and optical nenory,
etc. Heretofore, a nmethod for producing polysilane is known wherein

di al kyl di hal osi | ane or di hal otetraal kyl - disilane dissolved in toluene is
subj ected to reductive 15 coupling in th%’presence of alkali netals such
as netallic sodiumw th thorough stirring at a tenperature over 100[err] C
(J. Am Chem Soc., 103 (1981) 7352§?EQ¥é&94E§¢NKL however, including the

steps of heating, tharou tirri nd . di rsin ' tal which is
i Lambl e 20 i ¢ REROTER PR e R BN, B Bof ks Ehand,

I ndustrial -scal e production. Further, the quality of the polysilane
produced by this nmethod is unsatisfactory; its nol ecul ar-wei ght

distribution is polynodal, for ex me these drawbacks,
several new nethods 25 for produgﬁggﬁ%%gggizgﬁég have been proposed, as

descri bedg The present invention relates to a process for
the preparation of polysilanes. .
BACKGROUND ART

Polysilanes are attracting attention for their

use as ceramlc precursors; optoelectric materials such as
10 photoresist, organic photosensitive material, optical
waveguide, and optical memory, etc.

Heretofore, a method for producing polysilane is
known wherein dialkyldihalosilane or dihalotetraalkyl-
disilane dissolved in toluene is subjected to reductive

15 coupling in the presence of alkali metals such as metallic
sodium with thorough stirring at a témperature over 100°C
(J. Am. Chem. Soc., 103 (1981) 7352). This method,
however, including the steps of heating, thoroughly
stirring and dispersing alkali metal which 1s inflammable

20 in the presence of air, has safety problems for

| industrial-scale production. Further, the quality of the

polysilane produced by this method is unsatisfactory; its
molecular-ﬁeight distribution is polymodal, for example.

Td overcome these drawbacks, several new methods

25 for producing polysilanes have been proposed, as described



-2- below. (a) Anionic polynerization of disilenes masked by bi phenyl or
the like. (Japanese Unexam ned Patent Publication No. 23063/1989). 5

(b) Ri ng-opening polynerization of cyclic silanes (Japanese Unexam ned

Pat ent Publication 170913/ 1993). (c) Dehydrogenative pol ycondensati on of
hydrosil ane in the presence of transition-netal conplex 10 catal yst
(Japanese Unexam ned Patent Publication No. 17753/1995). (d)

El ectroreduction of dihalosilane at roomtenperature or |ower tenperatures
(Japanese Unexani ned Patent Publication 389953/1995). 15

However, the above nmethods (a) and (b) suffer fromvarious defects: they
require crwnﬂb@%ﬂ%ﬂ processes for producing nononers, the total yield of
nononer is lowin synthe5|s and there are safety concerns due to the al kyl
li thium reagent enpi oyed®) Anjanie nolymesd zathen20f ndisblenes maskedt to be
i mproved in the nolecul ar wei ght  and the structure of resultlnglgoly5|lane

(e.g., formatPHreiRhennk 9% Hhey ldke ct { eya%?%%l%%ﬁ%m@% Bafeeteact i on

'[ngﬂﬁplqﬁren ]'E(I’; ‘S‘?%%ﬁ%‘?f@m ho%dé&ﬁ%%gt)agl SLPer hand, is an 25 excell ent

(b) Ring-opening polymerization of cyclic
silanes (Japanese Unexamined Patent Publication
170913/1993).

(c) Dehydrogenative polycondensatibn of
hydrosilane in the presence of transition-metal complex

10 catalyst (Japanese Unexamined Patent Publication No.
17753/1995). |

(d) Electroreduction of dihalosilane at room
temperature or lower temperatures (Japanese Unexamined
Patent Publication 309953/1995).

15 However, the above methods (a) and (b) suffer
from various defects; they require complicated processes
for producing monomers, the total yield of monomer is low

' in synthesis, and there are safety concerns due to the
alkyl lithium reagent employed in polymerization. The

20 method (c) has yet to be improved in the molecular weight
and the structure of resulting polysilane (e.g., formation
of crosslinked structure) attributable to the reaction
mechanism thereof.

' The method (d), on the other hand, is an

25 excellent technique for providing high-molecular-weight



-3- and high-quality polysilane safely and efficiently in a high yield. The
nmet hod, however, requires a special reaction apparatus, i.e., electrolytic
cell. Accordingly, the nethod is not suitable for producing polysilane for
5 || ess valuable applications although very useful for producing

pol ysil anes for highly valuable applications. In view of the above, it is a
principal object of the present invention to provide a new nethod for
produci ng desired polysilanes w thout conplicated 10 operations, and
safely and econom cally. DI SCLOSURE OF THE™I NVENTI ON The inventors

be. subst ant | al P38 dEMPETRUALH oL bpf YUY Panald, ardieBp oteptiz iy o™ °"
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Li salt and spé€ec e present Tnventron pr €S a net hod
for producing | cri hed I ; d f 5¥H§¥ g
pol ysi | anes coﬁ%éﬁygélgr%, sugqu:’t i#\lg%ed %?heyggﬁ'?g@gng%&?he %%cn&e}'ﬁ a r'mul a

Rlerr] the method is not suitable for producing polysilane for

5 less valuable applications although very useful for
producing polysilanes for highly valuable applications.
In view of the above, it is a principal object'
of the present invention to provide a new method for
'producing desired polysilanes without complicated
10 operatibns. and safely and economically.
DISCLOSURE OF THE INVENTION
The inventors conducted extensive research and
discovered that the prior art problems can be
substantially obviated or significantly mitigated by
15 placing halosilane under the action of Mg or Mg alloy in
the presence of specific Li salt and specific metal halide.
The present invention provides a method for
producing polysilanes as described below:
1. A method for producing polysilanes comprising

20 subjecting a dihalosilane of the general formula

X—sir—X (1)



-4- (wherein mis 1 to 3; R represents hydrogen atom al kyl group, aryl
group, al koxy group, amno group or silyl group and two Rs are the sane or
different in case of mel, four Rs are the sane or at |east two of themare
different 5 in case of n¥2 and six Rs are the same or at |east two of them
are different in case of m=3; X represents hal ogen aton) to the action of

My or Mg alloy in an aprotic solvent in the presence of Li salt and netal
hal i de, thereby produci ng polysilane reprgégnted by the general 10 formul a
R[err] (wherein Ris as defined above corresponding to the starting

o the i tem 1 CRIRRILE L (10 53 R PRTRprtes RYArOhel” mbpyonhel
product 19 Dol YahaBe SRPE' St i Bl 2Tl BEnp B8, Bidshl el 2
gﬁ%[ze”s]ncm %@é]%ﬁ({?i 1%%1¥%m%err erzle t %Berrfzggl&hl
met hod for progyg: NEs PRk SERG Sarié ¥ Ut'Addbt RS0 of them are different
5 1n case of m=2 and six Rs are the same or at least two of

them are different in case of m=3; X represents halogen

atom) to the action of Mg or Mg alloy in an aprotic

solvent in the presence of Li salt and metal halide,

thereby producing polysilane representéd by the general

10 formula

(2)

(wherein R is as defiﬁed above corresponding to the
starting material; n is 2 to 1000).
2. The method for producing polysilane according to the
item 1 above, wherein Li salt is LiCl.

15 3. The method for producing polysilane according to the

item 1 or 2 above, wherein the metal halide is at least

one member selected from the group consisting of FeCl,,
FeCly, FeBry, FeBr3, CuCl;, Al1Clj3, AlBrj3, ZnCl;, SnCl,,
SnCly, CoCly, VCly, TiCly, PACly, SmCly; and SmIy

20 4. The method for producing polysilane according to the



-5- item 3 above, wherein the netal halide is Fed 2. 5. The nethod for
produci ng pol ysilane according to the item 3 above, wherein the netal
halide is CuCl2. 6. The nethod for producing polysilane according to the 5
item 3 above, wherein the netal halide is ZnCl2. In the present invention,
the hal osil ane used as the starting material is a dihalosilane represented
by the general formula R I [err] (wherein mis 1 to 3; R represents
hydrogen atom alkyl 10 group, aryl group, al koxy group, ami no group or
silyl group and two Rs may be the sane or ¥fferent in case of m=1, four Rs
may be the sa St b tRfe k). case of m=2 and
six Rs may ber]sthegl{ sagtr?\yog%'at \62:33 %%%ﬁ%%eﬁ?%éébiégﬁ?df%ént I n case of

m=3; X 15 reg.,r.g tﬁe@o@?&ﬁé%uelﬂﬁ Pg?ﬁ%?g&gr?‘g‘?ﬁdﬂvﬁtwﬁ{ esent

i nvention is orysilane o generar _ _ erein s as
defined above jqQin &5 RIMHY)I whereln tha' mbtd1"Ratisa! is ncadlZ. to 1000) .

6. The method for producing polysilane according to the
5 1item 3 above, wherein the metal halide is ZnCl,.

In the present invention, the halosilane used as

the starting material is a dihalosilane represented by the

general formula -
R
| -
X {Si%m X (1)
|
R

(wherein m is 1 to 3: R represents hydrogen atom, alkyl

10 group, aryl group, alkoxy grbup, amino group or silyl
group and two Rs may be the same or different in case of
m=1, four Rs may be the same br at least two of them may
be different in case of m=2 and six Rs may be the same or
at least two of them may be different in case of m=3; X

15 represents halogen atom).

The reaction product of the present invention is

a polysilane of the general formula



In the dihal osilane represented by the general fornmula (1), mis 1 to 3,
and hydrogen atom am no group, 5 organic substituents (al kyl group, aryl
group, al koxy group or am no group), and silyl group which are represented
by R may be the sane or at |east two of themmy be different. Stated nore
specifically, two Rs may be the sane or different in case of m=l, four Rs
may be the 10 sane or at least two of themmy be different in case of nmr2
and six Rs may be t-he same or at |east tm@sgf themmay be different in case
of me3. Preferred conpounds represented by the general formula (1) are
those in which mis 1 or 2. Exanples of 15 the al kyl groups are those
having 1 to 10 carbon atols, anmong which those of 1 to 6 carbon atonms are
pref erabl e. Exanples of tHe aryl groups include, phenyl group, phenyl group
substituted with at | easttppé—atkyl grogp)of 1 to 10 carbon atons,

p- al koxyphenyl group, napHthyl® group, etc. 20 Exanpl es of the al koxy groups
are those having 1 to 10 garbon atonms, anong which those of 1 to 6 carbon
atons are -7- preferred. Exanples of the silyl groups are those having 1
to 10 silicon atons, anong which those of 1 to 6 silicon atons are

preferable. WihdReri & 304 HH108a dud¥e"Bo2ERHBon81AG LS EHRSH LNt S
starting material; n is 2 to 1000).
In the dihalosilane represented by the general
formula (1), m is 1 to 3, and hydrogen atém, amino group,
5 organic substituents (alkyl group, éryl group, alkoxy
group or amino group), and silyl group which are
represented by R may be the same or at least two of them
may be different. Stated more specifically., two Rs may be
the same or different in case of m=1, four Rs may be the
10 same or at least two of them may be different in case of
m=2 and six Rs may be the same or at least two of them may
be different in case of m=3.
. Preferred compounds represented by the general
formula (1) are those in which m is 1 or 2. Examples of
15 the alkyl groups are those having 1 to 10 carbon atoms,
ahong which those éf 1 to 6 carbon atoms are preferable.
Examples of the aryl groups include, phenyl group, phenyl
group substituted with at least one alkyl group of 1 to 10
carbon atoms, p-alkoxyphenyl group, naphthyl group, etc.
20 Examples of the alkoxy groups are those having 1 to 10

carbon atoms, among which those of 1 to 6 carbon atoms are



5 of hydrogen atons may be substituted with other functional group such as
al kyl, aryl, or al koxy group. Exanples of the functional groups are those
as stated above. In the general forrmula (1), X represents a hal ogen atom
(d, F, Br, I). d is nore preferable as the 10 hal ogen atom In the nethod
of the present invention, dihalosilanes of the general fornula (1) are
usable singly or at least two of themcan be used in m xture. Di hal osil anes
of the highest purity are preferably used. 15 For exanple, a liquid

di hal osilane is preferably dried over caréfum hydride and then distilled,
and a solid dihalosilane is preferably purified by recrystallization. Prior
to the reactiRFeIeRTRd osBxamples Gifs§é9v§%11ﬂa graeps ke thess havisg usef ul
solvents include a wide 20 variety of aprotic_solvents,. ?pecific exanpl es

arebpolar solkéﬂ?sl%pﬁ§4%§fQGﬁ ldeBFWFbﬁpigPQ;HEﬁFtRF? efgaﬁe?ib16 | ene
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solvent, a m
group such as alkyl, aryl, or alkoxy group. Examples of

the functional groups are those as stated above.

In the general formula (1), X repY¥esents a

halogen atom (Cl, F, Er, I). Cl is more preferable as the
10 halogen atom.

In the method of the present invention,
dihalosilanes'of the general formula (1) are ﬁsable singly
or at least two of them can be used in mixture. -
Dihalosilanes 6f the highest purity are preferably used.

15 For example, a liquid dlhalosilane is preferably dried
over calcium hydride and then distilled, and a solid
dihalosilane is preferably purified by recrystallization.

Prior to the reaction, dihalosilane is dissolved
in a solvent. Examples of useful solvents include a wide

20 variety of aprotic solvents. Specific examples are polar
solvents such as tetrahydrofuran, 1,2-dimethoxyethane,
propylene carbonate, acetonitfile, dimethylformamide,
dimethylsulfoxide, bis(2-methoxyethyl)ether, 1l,4-dioxane,
methylene chloride, etc.; non-polar solvents such as

25 toluene, xylene, benzene, n-pentane, n-hexane, n-octane,



two of- polar solvent, and a m xture of polar solvent and 5 non-polar

sol vent are used as the solvent. When a polar solvent and a non-pol ar
solvent are used as a mxture, they are preferably in a proportion of the
fornmer:the latter = 1 to 0.01-20. Preferred polar solvents to be used
solely or in conbination with other solvents are 10 tetrahydrofuran and
1, 2-di net hoxyet hane. Too | ow a concentration of dihalosilane in the sol vent
reduces polynerization efficiency. Contrarily, too high a concentration

t hereof may deteriorate the solubility of8 salt and netal halide to be
used in the 15 reaction. Accordingly, a suitable concentration of

di hal osi | ane hndefaanse| g¥alohexanreytetc 05 Thgsghsalventgopre, ugablerabl y
about 0.2 to about 15 nol/], nore preferably abqut 0.3 to about 13 nol/I.

Exanpl es of uSABOLY| PrsaFtleast HEwe ek drem wam hertssd At mixtune.Ng err],
L Ler ] COlor bR ERAE! b afh1e THEFE: Lo Ribde, ThiRair bl thnst
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solvent and a non-polar solvent are used as a mixture,
they are preferably in a proportion of the former:the
latter = 1 to 0.01-20. Preferred polar solvénts to be
used solely or in combination with other solvents are
10 tetrahydrofuran and 1,2-dimethoxyethane.
Too low a concentration of dihalosilane in the
sdlvent reduces polymerization efficiency. Contrarily,
too high a concentration thereof may deteriorate the
solubility of Ll salt and metal halide to be used in the
15 reaction. . Accordingly, é suitable concentration of
dihalosilane in the solvent is about 0.05 to about.zo
mol/l, .preferably about 0.2 to about 15 mol/l, more
preferably about 0.3 to about 13 mol/1l.
Examples of usable Li salt in the present
20 invention are LiCl, LiNOj, Li;CO3, LiClO4, etc. These Li
salts may be used singly, or at least two of them may be
used in combination.
In case that the concentration of Li salt is too
low, the reaction does not smoothly proceed. In case that

25 the concentration is too high, an excessive amount of



of Si-Si bonds in the main chain, thereby reducing the nol ecul ar wei ght of
the desired pol ysilane. Hence the concentration of Li salt in the sol vent
is preferably 5 about 0.05 to 5 nol/l, nore preferably about 0.1 to 4 nol/|
and nost preferably about 0.15 to 3.0 nol/I. The exanples of the netal
hal i de used in the present invention are FeCl[err], FeCl[err], FeBr[err],
FeBr[err], CUCl[err], A C13, A Br3, ZnCl2, SnCl2, SnCl4, CoCl2, VC12,

Ti C14, 10 PdC12, SnCl2, Sm 2, etc. Anong these netal halides, nore
preferred are FeCl2, ZnCl2, and CuCl2. Wh8n the concentration of netal
halide in the solvent is too |low, the reaction does not proceed

suf fi ci ent| y.1idhiumrls depasitad hiyireducdionnt whirbnleads hetaleavhgee

fails to 15 participate in the reaction. A suitable concentration of netal
hal i de in t hePEd} hondg ki the main chadn)| thegebypreducingythgout 0. 02

or Ny 2l 1 oy (URkeRHAR Qi Gb e AasBedh PALESH3ARRr m HEREH Q1R ar as tho
reaction can be successful l dugt.ed. ampl es of Qr Qy
confi gur at i on&BF qn %ﬁgoﬁglsea&tr gﬁ‘ogﬁe ERtLyeny g/gk?rﬁgg?gﬁ'& e, etc.
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is usually eqysd /1 and most preferably about 0.15 to 3.0 mol/l.

| ' The examples of the metal halide used in the

present invention are FeCl;, FeClj, FeBrj, “FeBrz, CuCly,

AlClz, AlBr3, ZnCly, SnCly, SnCly, CoCly, VCly, TiCly,

10 PACly, SmCly, SmIy, etc. Among these metal halides, more
preferred are FeCly, ZnCl;, and CuCl,. When the
concentration of metal halide in the solvent is too low,
the reaction does not proceed sufficiently. Contrarily,
at too high a concentration, the metal halide fails to

15 participate in the reaction. A suitable concentration of
metal halide 1h the solvent is about 0.01 to 6 mol/l, more
preferably about 0.02 to 4 mol/l, most preferably about
0.03 to 3 mol/l.

The configurations of Mg or Mg alloy used in the

20 ﬁresent invention are not limited insofar as the reaction
can be successfully conducted. Examples of Mg or Mg alloy
configurations are powder, granule, ribbon, chip, block,
bar, plate, etc. Among the examples, those with a large
surface area such as powder, granule, ribbon, and chip are

25 preferable. The amount of Mg or Mg alloy is usually equal



--10- t-o or nore than that of dihalosilane in nols (cal culated as M),
preferably three tines or nore, nore preferably five tines or nore than the
anount of dihalosilane in nols. My or My all oy reduces the dihal osil ane
represented by the 5 general formula (1) into the polysilane represented by
the general fornmula (2), while the My or My alloy per se is oxidized to
form hal ogenated My. The reaction in the present invention can be carried
out, for exanple, by charging dihalosilane of the 10 general formula (1),

Li salt, netal halide and My (or My aIIGQﬁ "along with a solvent into a

cl osed vessel as a reactor, preferably with stirring b chani cal or

magnetic nmeark® %@%d@‘%&tﬁq @&t Ea&f’s{’-i‘rén?e%’ét@?{%e calculated;

br of e abl y hei® Ay ERetsiaRIe thrge. timesophybotan BoR Bt ea%fr yesse!
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reaction tinme ation s, as I n genera reac OI’IS

Stirring gon%éﬁém \EdHmAGP I RGN thBepbiﬁﬁgﬂ.Qﬁerféﬁi‘@ééntg@rbfxfﬂ@l e,

when using 1 -vol une eggpl ant- 25 type the Teaction proceeds
nore snoot hl ygdiYeral formula (2), while the Mg or Mg alloy per se is

oxidized to form halogenated Mg.
The reaction in the present inverrtion can be
carried out, for example, by charging dihalosilane of the
10 general formula (1), L1 salt, metal halide and Mg (or Mg
alloy) along with a solvent into a closed vessel as a
reactor, preferably with stirring by mechanical or
magnetic means. The shape and structure of the reactor
vessel are not limited insofar as the vessel can be
15 tightly closed.

The reactor vessel preferably has a d4ry
atmosphere, more preferably an atmosphere of dry nitrogen
or inert gas., most preferably an atmosphere consisting of
deoxidized dry nitrogen or inert gas. |

20 When the reaction mixture is stirred, the faster
the stirring speed is, the shorter the reaction time for
polymerization i1s, as in general chemical reactions.
Stirring conditions vary depending on the types of
reactors. For example, when using 100 ml-volume eggplant-'

25 type flask, the reaction proceeds more smoothly by



stirri-ng with a 10-mmlong or longer stirrer at the stirring speed of 20
rpmor nore. The reacting period depends on the anmpbunt of the materials
such as di hal osilane, Li salt, nmetal halide, and 5 M (and/or M all oy),
and the stirring speed if stirring is required. It is at |east about 30

m nutes, normally about 1 to about 100 hours. Control over the reaction
peri od enabl es the nol ecul ar wei ght regul ati on of polysilane. 10

The reaction tenperature ranges usually from-20[err]C to the boiling point
of the solvent used, preferably about -*@1to about 50[err]C, nore
preferably about -5 to about 35[err] C. | NDUSTRIL AL APPLI CABILITY 15

The present ishigntiingn widii @ d9-mme 1000l owi Agngenaskibrer cat cthe: (a)

Pol ysi | anes having a uni form nol ecul ar wei ght can be produced in a high
yiel d and re&hing @ﬂQQQ'@ﬁhﬁﬁrGP&IOﬁaE@FPals and stirring the reactants
at room tenperature. Pol ysi | anes _.can beggroduced safely w t hout

pol luting the enV|ronm5H9 §§9§ ePP€&99|GﬁPﬁP e Hae amepnt Lk the t he
be. synt hosi 2 RLRTLALR, JuEt @2 1B Lo L Longanthy Eot bagiotel Mot dpE° °"
reaction gQUIngnE( Sdfolfcmgfa‘%lloy). and the stirring speed if stirring
is required. It is at least about 30 minutes, normally
about 1 to about 100 hours. Control over the reaction
period enables the molecular weight regulation of
polysilahe.
10 The reaction temperature ranges usually from
-20°C to the boiling point of the solvent used, preferably
about -10 to about 50°C, more preferably about -5 to about
35°C.
INDUSTRIAL APPLICABILITY
15 The present invention achieves the following
remarkable effects: |
(a) Polysilanes having a uniform molecular weight can be
'produced in a high yleld and readily by using commercial
materials and stirring the reactanfs at room temperature.
20 (b) Polysilanes can be produced safely without polluting
the environment since the reaction process-does not
require the-use of harmful reagents and severe reacting
‘conditions.
(c) Polysilanes can be synthesized at a low cost since

25 expensive reagents and special reaction equipments such as



-:12- electrolytic cells are not used. (d) Polysilanes having a desired

nol ecul ar wei ght can be obtained sinply by controlling the reaction period
and/or stirring speed. 5 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
The foll ow ng exanples are intended to illustrate the present invention in
further detail. Exanple 1 Six granms of granular magnesium 1.6 g of 10
anhydrous lithiumchloride (Lid), and 0.96 g of anhydrous ferrous chloride
(FeCl2) were fed into a 100 m -vol une eggflant-type flask (reactor)

equi pped with a three-way cock. The flasid4ms heated at 50[err] C under the
reduced pressure of 1 nmHg to dry the content of the flask. Dry 15 argon

gas was char gete¢tEelYhic (eebls arermat ased- of tetrahydrof uran

prelimnarily d{ied over sodium benz&gpenone ketyl .was added. The reaction
m xture was sf®} rROL¥silanes (havring @ desikat mederuiarewelght: gan bt ure

was added, wth a syringe..6..4 nm (40 I f 20

mot hyl phenyl (PRFRLISR PRI Y Srtiating the T8ep5apsPrFLati 8RY/SRd «he
reactants werg %ﬁéﬁééd ﬁé goom tenperature about 12 hours. After the

conpl eti on. of F e ¥ d%,‘the reaction solution was added to 50 m of 1N

5 BEST MODE FOR CARRYING OUT THE INVENTION

The following examples are intended to
illustrate the present invention in further detail.
Example 1 -
Six grams of granular magnesium, 1.6 g of
10 anhydrous lithium chloride (LiCl), and 0.96 g of anhydrous
ferrous chloride (FeCljy) were fed into a 100 ml-volume
eggplant-type flask (reactor) equipped with a three-way
cock. The flask was heated at 50°C under the reduced
pressure of 1 mmHg to dry the content of the flask. Dry
15 argon gas was charged into the reactor. Then 60 ml of
tetrahydrofuran preliminarily dried over sodium-
bénzophenone ketyl was added. The reaction mixture was
stirred at room temperature about 30 minutes. To the
mixture was added, with a syringe, 6.4 ml (40 mmol) of
20 methylphenyldichlorosilane preliminarily purified by
distillation, and the reactants were stirred at room
temperature about 12 hours. After the completion of the
reaction, the reaction solution was added to 50 ml of 1N
hydrochloric acid, and extracted with 100 ml of ether.

25 The ether layer was washed with 50 ml of pure water twice,



hydrochl oric acid, and extracted with 100 ml of ether. 25 The ether | ayer
was washed with 50 m of pure water tw ce, -13- and dried over anhydrous
magnesi um sul fate. The ether was renoved by distillation therefromto
produce crude pol ysilane which included | ow nol ecul ar-wei ght fractions. The
crude polysilane was reprecipitated in 20 m of good 5 solvent
tetrahydrofuran and 400 m of poor solvent ethanol to afford a desired

- product. Met hyl phenyl pol ysilane with a wei ght average nol ecul ar wei ght of
14500 (average degree of pol ynerizati on:~J&proxi mately 121) was obtained in
a yield 10 of 47% Exanple 2 A reaction was conducted in a simlar nmanner
as in Exanpl &and \§xieqd pyves ahvdnous, pageesiym sudfatge (e henafasnd was
shortened to 5 hours. 1 fg:hen | pol ysil ane wi_ith a wei ght

average nol e&ﬁ‘%ﬁv%i%?djﬁt%%% o é@ Brogurenerndat i on:
PP O T o R RS b S 26t R TRE s SoRrorne
exception thaf'helzcz({:& (goi%j\.%eu%% reprecipitated in 20 ml of good
5 solvent tetrahydrofurah and 400 ml of poor solvent ethanol
to afford a desired product.

Methylphenylpolysilane with a weight average
molecular weight of 14500 (average degree Ot
polymerization: approximately 121) was obtained in a yield

10 of 47%.

Example 2

A reaction was conducted in a similar manner as
in Example 1 with the exception that 12 hours of the
reaction period was shortened to 5 hours.

15 Methylphenylpolysilane with a weight average
molecular weight of 6300 (average degree of
polymerization: approximately 53) was obtained in a yield
of 37.3%.

Example 3

20 A reaction was conducted in a similar manner as
in Example 1 with the exception that 12.0 g of Mg was used
in place of 6.0 g of the same. |

As the result, methylphenylpolysilane with a
weight average molecular weight of 22800 (average degree

25 of polymerization: approximately 190) was obtained in a



i'n place of 6.0 g of the sane. As the result, nethyl phenyl polysilane with a
wei ght average nol ecul ar wei ght of 22800 (average degree 25 of

pol ymeri zati on: approxi mtely 190) . was obtained in a -14- yield of
56.4% Exanple 4 A reaction was conducted in a simlar manner as in Exanple
1 with the exception that 3.0 g of My was used 5 in place of 6.0 g of the
sane, and the stirring period was 72 hours. Methyl phenyl polysilane with a
wei ght average nol ecul ar wei ght of 17100 (average degree of polynerization:
approxi mately 143) was obtained in a yi el4-10 of 35.2% Exanple 5 A
reaction was conducted in a simlar manner as in Exanple 1 with the
exception thatledd of &b6-MF-al | oy (My=91% Al =6% Zn=3% was used in pl ace
of My. 15 : Met hyl phenyl pol ysil ane with a wei ght average nol ecul ar
wei ght of 13000 (average degree of pot¥RI&#ion: approximtely 108) was

. ) ) g
obtained in a yield Ofl?%ﬁgggtfgﬁagggecgnducted in a similar manner as

in Example 1 with the exception that 3.0 g of Mg was used
5 in place of 6.0 g of the same, and the stirring period was
72 hours.

Methylphenylpolysilane with a weight average
molecular weight of 17100 (average degree OF
polymerization: approximately 143) w&s obtained in a yield

10 of 35.2%.

Example 5

A reaction was conducted in a similar manner as
in Example 1 with the exception that 6.6 g of Mg alloy
(Mg=91%; Al=6%; Zn=3%) was used in place of Mg.

15 Methylphenylpolysilane with a weight average
molecular weight of 13000 (average degree of
polymerization: approximately 108) was obtained in a yield
of 38.5%.

Example 6

20 A reaction was éonducted in a similar manner as
in Example 1 with the exception that the amount of
methylphenyldichlorosilanelwas 12.8 ml1 (80-mmol).

Methylphenylpolysilane with a weight average
molecular weight of 24600 (average degree of

25 polymerization: approximately 205) was obtained in a yield



20 ‘ A reaction was conducted in a simlar manner as in Exanple 1
with the exception that the anmount of nethyl phenyl di chl orosil ane was 12.8
m (80 mmol ). Methyl phenyl polysilane with a wei ght average nol ecul ar wei ght
of 24600 (average degree of 25 polynerization: approxi mtely 205) was
obtained in a yield -15- of 30.3% Exanple 7 A reaction was conducted in
a simlar manner as in Exanple 1 with the exception that 3.2 m (20 mmol)
of 5 nethyl phenyl di chl orosi |l ane was used. Met hyl phenyl polysilane with a
wei ght average nol ecul ar wei ght of 129001@average degree of pol yneri zati on:
approxi mately 10%} was obtained in a yield of 50.7% 10
Exampl e 8 A rfadU-#¥-was conducted in a simlar manner as in Exanple 1 with
the exception that 0.8 g of LiCd was used.. Methyl phenyl polysilane with a
wei ght average 15 nol ecul ar wei ght ofEXP (hverage degree of
. oI . . : . 0
polymerization: approximt el ¥ 430 kal?2oRahdt 8891k "a s Yhel Sr Gannes ‘as
in Example 1 with the exception that 3.2 ml (20 mmol) of
5 methylphenyldichlorosilane was used.
Methylphenylpolysilane with a weight average
molecular weight of 12900 (average degree of
polymerization: approximately 108) was obtaihed in a yield
of 50.7%.
10 Example 8
A reaction was conducted in a similar manner as
in Example 1 with the exception that 0.8 g qf LiCl was
used.
Methylphenylpolysilane with a weight average
15 molecular welght of 16200 (average degree of .
polymerization: approximately 135) was obtained in a yield
of 44.9%.
Example 9
A reaction was conducted in a similar manner as
20 in Example 1 with the exception that 3.2 g of LiCl was
used.
Methylphenylpolysilane with a weight average
molecular weight of 14300 (average degree of
polymerization: approximately 119) was obtained in a yield

25 of 36.5%.



Exanple 9 A reaction was conducted in a simlar nmanner as 20 in Exanple 1
with the exception that 3.2 g of Lid was used. Methyl phenyl polysilane with
a wei ght average nol ecul ar wei ght of 14300 (average degree of

pol ymeri zation: approxi mately 119) was obtained in a yield 25 of 36.5%
-16- Exanple 10 A reaction was conducted in a simlar manner as in the
Exanple 1 with the exception that the anDunt of FeCl2 used was 1.92 g. 5
Met hyl phenyl pol ysil ane with a wei ght avera nol ecul ar wei ght of 14000
(average degree of polynerization: approx} tely 117) was obtained in a

yield of 42.1% Exanple 11 10 A reaction was conducted in a
simlar manner as in the Exanple 1.vm$¥ﬂmnk$éMbept|on that t he anount of
FeCl2 used was 0.48 g. Meth henyl pol ysil ane with a ht average

mol ecul ar wei ght of 16460’-'? 9&-%6"%9‘1’%‘@%‘3% 1;5b|ay ganner as

el d
approxi mately,137) . was ofgainefkh the exception that the amount of

FeCl; used was 1.92 g.

5 Methylphenylpolysilane with a weight average
molecular weight of 14000 (average degree of
polymerization: approximately 117) was obtained in a yield
of 42.1%. -

Example 11
10 A reaction was conducted in a similar manner as
in the Example 1 with the exception that the amount of
FeCly used was 0.48 g.
Methylphenylpolysilane with a weight average
molecular weight of 16400 (average degree of
15 polymerization: approximately 137). was obtained in a vield
of 51.0%. |
Example 12
A reaction was conducted in a similar manner as
in the Example 1 with the exception that a mixed liquid of
20 45 ml of THF and 15 ml of toluene was used as solvent.
Methylphenylpolysilane with a weight average
molecular weight of 13800 (average degree of
polymerization: approximately 115) was obtained in a yield _

of 44.7%.

25 Example 13



of 51.:0% Exanple 12 A reaction was conducted in a simlar manner as in the
Exanple 1 with the exception that a mxed liquid of 20 45 m of THF and 15
m of toluene was used as sol vent. Methyl phenyl polysilane with a wei ght
average nol ecul ar wei ght of 13800 (average degree of pol ynerization:
approximately 115) was obtained in a yield of 44.7% 25

Exanpl e 13 -17- A reaction was conducted in a simlar manner as in the
Exanple 1 with the exception that a mxed liquid of 30 mMl of THF and 30 mi
of toluene was used as sol vent. N@thylpﬁ@ﬂw pol ysilane with a wei ght
average 5 nol ecul ar wei ght of 15100 (average degree of polynerization:
approxi mately 126) was gtﬁ%ﬂ‘-ﬁé‘d"’r Wag ﬁoad&%ﬁ%gpz% sipi\ar manner, dsct i on

vas, conduct o0} g, SHbke TS, Fhel Secbat1onTiREL G Ackbba L. §SP O
et hyl pheny! P8 g | 88 i Udnd? 317wl F134R Ve R 48T BBiv8he 13600
' Methylphenylpolysilane with a weight average
5 molecular weight of 15100 (average degree of
polymerization: approximately 126) was obtained in a yleld
of 42.2%.
Example 14 -
A reaction was conducted in a similar manner as
10 in the Example 1 with the exception that 60 ml of 1,2-
dimethoxyethane was used as solvent.
Methylphenylpolysilane with a welght average
molecular weight of 13600 (average degree of
polymerization: approximately 113) was obtained in a yield
15 of 40.4%.
| Example 15
. A reaction was conducted in a similar manner as
in the Example 1 with the exception that 8.76 g (40 mmol)
of p-ethylphenylmethyldichlorosilane was used as monomer.
20 Aé the result, p-ethylphenylpolysilane with a
welght average molecular weight of 15400 (average degree
of polymerization: approximately 128) was obtained in a
vield o} 4i.0%.
Example 16

25 A reaction was conducted in a similar manner as



pol ymeri zation: approximtely 113) was obtained in a yield 15 of 40.4%
Exanpl e 15 A reaction was conducted in a simlar manner as in the Exanple 1
with the exception that 8.76 g (40 nmol) of

p- et hyl phenyl met hyl di chl orosi | ane was used as nononer. 20 As the
result, p-ethyl phenyl polysilane with a wei ght average nol ecul ar wei ght of
15400 (average degree of polynerization: approxinmately 128) was obtained in
a yield of 41.0*. Exanple 16 25 A reaction was conducted in a
simlar manner as in the Exanple 1 wit¥Bthe exceptlon that 7.84 g (40
mmol ) of cycl ohexyl net hyl di chl or.qosi |l ane was used

Cycl ohexyl netHg| VieX vi L ER ey iexcepdioge ¢ te(?upér 9vxé|48hl‘““8“18200
yield of 36 99 BoRERinGtn i otpl B s sl helRanPReZhanner s
hgtLCFpﬁéﬁ;Pg?cﬁlgﬁggi} %ﬁ%ﬁﬁ?ﬁi@g%%¥§§ﬂ¢§é§i€% (%Q&Ineth #g h%g?ggg?ane
wer e used as AOPOSE] Sr J}@i&y{ p&f"WéZdﬁ Wag‘éoﬁ‘élgigﬁr OEO| ysilane with
5 polymerization: approximately 152) was obtained in a yield
of 38.9%.
" Example 17
A reaction was conducted in a simtlar manner as
in the Example 1 with the exception that 3.82 g (20 mmol)
10 of methylphenyldichlorosilane and 1.87 g (20 mmol) of
dimethyldichlorosilane were used as monomers.
Methylphenyl-dimethyl copolymer polysilane with
a weight average molecular weight of 11440 (average degree
of polymerization: approximately 129) was obtained in a
15 vyield of 37.9%.
Example 18

A reaction was conducted in a similar manner as

in the Example 1 with the exception that 1.23 g of FeClj
was used as metal halide.
20 A polysilane having a high molecular weight was
obtained in a high yield.
Example 19

A reaqtion was conducted in a similar manner as

in the Example 1 with the exception that 1.63 g of FeBry

25 was used as metal halide.



a wei ght average nol ecul ar wei ght of 11440 (average degree of

pol yneri zati on: approximately 129) was obtained in a 15 yield of 37.9%
Exanpl e 18 A reaction was conducted in a simlar manner as in the Exanple 1
with the exception that 1.23 g of FeCl3 was used as netal halide. 20

A pol ysil ane having a high nol ecul ar wei ght was obtained in a high yield.
Exanple 19 A reaction was conducted in a simlar manner as in the Exanple 1
with the exception that 1.63 g of FeBr2 25 was used as netal halide.

-19- A polysilane having a high nol ecul &l9%i ght was obtained in a high
yield. Exanple 20 A reaction was conducted in a simlar_manner as 5 in the

Exanmple 1 with the excdbtRUi¥sidane hgviggop high| wplecubar wehoht was ol
hal i de. A pol ysil ane_havi ng a_high | ecul ar wei ght was obtained in a high
yi el d. Exarrpl%btzf’_E'-"!L‘l‘fi in''a high ﬁ-eﬁ]ggct ion was conducted in a sinilar
manner as

Example 20

A reaction was conducted in a similar manner as

5 in the Example 1 with the exception that 1.01 g of AlClj
was used as metal halide.
A polysilane having a high molecular weight was
obtained in a high yield. : -
Example 21
10 A reactioh‘was conducted in a similar manner as

in the Example 1 with the exception that 1.03 g of ZnCl,
was used as metal halide.
A polysilane having a high molecular weight was
obtained in a high yield.
15 Example 22

A reaction was conducted in a similar manner as

in the Example 1 with the exception that 1.44 g of SnCl,
was used as metal halide.
A polysilane having a high molecular weight was
20 obtained in a high yield.
Example 23

A reaction was conducted in a similar manner as

1ﬁ the Example 1 with the exception that 0.98 g of CoCl,
was used as metal halide.

25 . A polysilane having a high molecular weight was



in the Exanple 1 with the exception that 1.03 g of ZnCl2 was used as netal
hal i de. A pol ysilane having a hi gh nol ecul ar wei ght was obtained in a high
yield. 15 Exanpl e 22 A reaction was conducted in
a simlar manner as in the. Exanple 1 with the exception that 1.44 g of
SnCl2 was used as netal halide. A polysilane having a high nol ecul ar wei ght
was 20 obtained in a high yield. Exanple 23 A reaction was conducted in a
simlar manner as in the Exanple 1 with the exception that 0.98 g of CoCl2

was used as metal halide. 25 2%ol ysi |l ane having a high
mol ecul ar mei%gt was -20- obtained in a high yield. Exanple 24 A
reacti on was eRtireddn A highi¥i@ldwanner as in the Exanple 1 with the

exception that 0.92 g of VC12 5 was used as netal halide. A polysilane
having a hi gh nol ecul ar wei ght was oft¥AMRI® i4¢ a high yiel d. Exanple 25

A reaction was conducted in a similar manner as
in the Example 1 with the exception that 0.92 g of VCl,
5 was used as metal halide.
A polysilane having a high molecular weight was
obtained in a high yield.
Example 25 -
A reaction was conducted in a similar manner as
10 in the Example 1 with the exception that 1.44 g of TiCl,
was used as metal halide.
A polysilane having a high molecular weight was
obtained in a high yleld.
Example 26

15 A reaction was conducted in a similar manner as

in the Example 1 with the exception that 1.34 g of PACl,
was used as metal halide.

A polysilane having a high molecular weight was
obtained in a high yield.

20 Example 27

A reaction was conducted in a similar manner as

in the Example 1 with the exception that 1.68 g of SmCl,p
was used as metal halide.

A polysilane having a high molecular weight was
25 obtained in a high yield.



A reaction was conducted in a simlar manner as 10 in the Exanple 1 with
the exception that 1.44 g of TiCl4 was used as netal halide. A polysilane
havi ng a hi gh nol ecul ar wei ght was obtained in a high yield. Exanple 26 15
A reaction was conducted in a simlar manner as in the Exanple 1 with the
exception that 1.34 g of PdCl2 was used as netal halide. A polysilane
havi ng a hi gh nol ecul ar wei ght was obtained in a high yield. 20

Exanpl e 27 A reaction was conducted in a simlar manner as in the Exanple 1
with the exception that 1.68 g of SnCl2 vk~ used as netal halide. A

pol ysil ane having a hi gh nol ecul ar wei ght was 25 obtained in a high yield.
-21- Exanple 28 A reaction was condudt®dmRke 28&i ni|ar manner as in the

Exanple 1 with the exception that 3.06 of .S was us as netal halide.
5 A polyer | ARCERAGHIGR o8 ERIGEAN 30 RoRiRLIASSTEBRSF 8R | n a

high yield. in the Example 1 with the exception that 3.06 g of SmI,
was used as metal halide.
5 ' A polysilane having a high molecular weight was

obtained in a high yield.
Comparative Example 1
6.8 g of granular aluminum, 1.6 g of anhydrous
lithium chloride (LiCl), and 0.96 g of anhydrous ferrous
10 chloride (FeCl;) were fed into a 100 ml-volume eggplant-
type flask (reactor) equipped with a three-way cock. The
flask was heated at 50°C under the reduced pressure of 1
mmHg to dry the content of the flask. Dry argon gas was
charged into the reactor. Then 60 ml of tetrahydrofuran
15 preliminarily dried over sodium-benzophenone ketyl was
added thereto. The reaction mixture was stirred at room
temperature about 30.minutes. To the mixture was added,
with a syringe, 6.4 ml (40 mmol) of
methylphenyldichlorosilane preliminarily purified by
20 distillation and the reactants were stirred at room
temperature about 12 hours. After the completion of the
reaction, the reaction solution was added to 50 ml of 1N
hydrochloric acid, and extracted with 100 ml of ether.
The ether layer was washed with 50 ml of pure water twice,

25 and dried over anhydrous magnesium. sulfate. The ether was



Conparative Exanple 1 6.8 g of granular alum num 1.6 g of anhydrous
lithiumchloride (Lid), and 0.96 g of anhydrous ferrous 10 chloride
(FeCl2) were fed into a 100 ml -vol unme eggplant- type flask (reactor)

equi pped with a three-way cock. The flask was heated at 50 C under the
reduced pressure of 1 nmHg to dry the content of the flask. Dry argon gas
was charged into the reactor. Then 60 m of tetrahydrofuran 15
prelimnarily dried over sodi umbenzophenone ketyl was added thereto. The
reaction mxture was stirred at roomtemP&-ature about 30 minutes. To the
m xture was added, with a syringe, 6.4 m (40 mmol) of

met hyl pheny| dremavad Yy MHetiddations theyefrom:. | fheyanalyshsaf (the on and
the reactants were stirred at room tenperature about 12 _hours, After the
conpl eti on offeselting mraduat, showed thats pedvsitangshadmetibeed m of 1IN
hydrochl ori c aci %Pd extracted with 100 ml of ether. The ether |ayer was
washed with RF d?ﬁ ure water tw ce, 25 and dried over anhydrous

Thorefrom The anaiysis of the CRRBRFRES"B BMMILSbued that pol ysi | ane had
not been groduced. Cbnpa&ﬂﬁi%ﬁxﬁé?%&'%r%nular magnesium and 1.6 g of

anhydrous lithium chloride (LiCl) were fed into a 100 ml-
volume eggplant-type flask (reactor) equipped with a
three-way cock. The flask was heated at 50*C under the
reduced pressure of 1 mmHg to dry the content of the flask.

10 Dry argon gas was charged into the reactor. Then 60 ml of
tetrahydrofuran preliminarily dried over sodium-
benzophenone ketyl was added. The reaction mixture was
stirred at room temperature about 30 minutes. To the
mixture was added, with a syringe, 6.4 ml (40 mmol) of

15 lmethylphenyldichlorosilane preliminarily purified by
distillation, and the contents were stirred at room
temperature about 12 hours. The analysis of the resulting
product showed that polysilane had not been produced.

Comparative Example 3

20 Six grams of granular magnesium and 0.96 g of
anhydrous ferrous chloride (FeCly) were fed into a 100 ml-
volume eggplant-type flask equipped with a three-way cock.
The flask was heated at 50°C under the reduced pressure of
1 mmHg to dry the content of the flask. Dry argon gas was

25 charged into the reactor. Then 60 ml of tetrahydrofuran



5+ - Six grans of granular nagnesium and 1.6 g of anhydrous
lithiumchloride (Lid) were fed into a 100 m - vol une eggpl ant-type fl ask
(reactor) equipped with a three-way cock. The flask was heated at 50[err]C
under the reduced pressure of 1 mHg to dry the content of the flask. 10
Dry argon gas was charged into the reactor. Then 60 m of tetrahydrofuran
prelimnarily dried over sodi um benzophenone ketyl was added. The reaction
m xture was stirred at roomtenperature about 30 mnutes. To the m xture
was added, with a syringe, 6.4 m (40 moR$-of 15

met hyl phenyl di chl orosilane prelimnarily purified by distillation, and the
contents wer eP¥elipdpagily griednpeett sedlumdienacphenane ketylawasysi s of
the resulting product showed that polysilane had not. been produced.

‘Conpar ative ER4ApHe 3TBY reaction mixtung wag Hidrdedypin&PaM nagnesi um and

0 e e o NABELBEEoHESE! 35 SEnf ST ", i Pude BlaSiel T
o e BB YBURARBES b ke L ) By e content of the f1ask
oL i St S8smyapREnvEASLATLASELL tod bEGH 00N} YRR 0" Vet
distillation, and the contents were stirred at room
temperature about 12 hours. The analysis of the resulting
product showed that polysilane had not beemrproduced.
Example 29
10 Ten grams of granular ﬁagnesium, 2.66 g of
anhydrous lithium chloride (LiCl), and.1.60 g of anhydrous
ferrous chloride (FeCl;) were fed into a 100 ml-volume
eggplant-type flask (reactor) equipped with a three-way
cock. -The flask was heated at 50°C under the reduced
15 pressure of 1 mmHQ to dry the content of the flask. Dry
argon gas was charged into the reactor. Then 44.4 ml of
tetrahydrofuran preliminarily dried over sodium-
benzophenone ketyl was added. The reaction mixture was
stirred at room temperature about 30 minutes. To the
20 mixture was added, with a syringe, 12.7 g (66.6 mmol) of
methylphenyldichlorosilane preliminarily purified by
distillation, and the reactants were stirred at room
temperature about 12 hours. The stirring was carried out
using a magnetic stirrer (rotation speed: 1350 rpm) with a

25 magnetic chip (7 mm in diameter, 30 mm in length) placed



tenperature about 30 minutes. To the m xture was added, with a syringe, 6.4
m (40 mol) of 5 nethyl phenyl dichlorosilane prelimnarily purified by
distillation, and the contents were stirred at roomtenperature about 12
hours. The analysis of the resulting product showed that polysilane had not
beer produced. Exanple 29 10 Ten grans of granul ar nmagnesi um
2.66 g of anhydrous lithiumchloride (Lid), and 1.60 g of anhydrous
ferrous chloride (FeCl2) were fed into a 100 nl-vol une eggpl ant-type flask
(reactor) equipped with a three- may cockz24ne flask was heated at 50 C
under the reduced 15 pressure of 1 nmHg to dry the content of the fl ask.
Dry argon gasingidenthecueagt@rt he reactor Then 44.4 nm of tetrahy

drofuran prelimnarily dried over so benzao henone dded. The
reaction mxture was stPfFFeg E‘Per%‘b‘f‘ﬁ’ % & tgt?'% H'\L@ega t he

et h;nl phenyl dPE Ehes, ek %@eﬁﬁﬁsm‘ﬂgﬁ? g’p‘tﬂ gﬁ‘f’ﬁ‘@‘%"%’% FHERH O ¢ he
Carri od out uSPRohaeRaghcppRaHth HBEAE, Lhfy 7 tben EnBoHEEa1 TRENE ek 00 7
magnetic i p L Fal ?rgﬁlagﬁéef:eaéeim s81LEIGH By PGS tion.24-
Subsequently, the ether layer was poured into 50
ml of 1N hydrochloric acid and extracted. The ether layer
was washed with 50 ml of pure water twice, "and dried over
anhydrous magnesium sulfate. The ether was removed by

10 distillation therefrom to obtain crude polysilane which
included low-molecular-weight fractions. The crude
polysilane was then reprecipitated in 20 ml of good
solvent tetrahydrofuran and 400 ml of poor solvent ethanol
to afford a desired product.

15 Methylphenyipoiysilane with a weight average
molecular ﬁeight of 18800 (average degrée of
polymerization: approximately 157) was obtalined in a yield
of 52%. |

Example 30

20 A reaction was conducted in a similar manner as
in Example 29 with the exception that 1.72 g of anhydrous
zinc chloride (ZnCl,) was used as metal salt instead of
anhydrous ferrous chloride.

Methylphenylpolysilane with a weight average

25 molecular weight of 16600 (average degree of



I nsi-de-the reactor. After the conpletion of the reaction, 100 m of ether
was added to the reaction solution for salting-out the nost of soluble
netal salt. Then the netal salt was 5 renoved fromthe reaction solution
by filtration. Subsequently, the ether |layer was poured into 50 m of 1N
hydrochl oric acid and extracted. The ether |ayer was washed with 50 ml of
pure water tw ce, and dried over anhydrous nagnesi um sul fate. The et her was
renoved by 10 distillation therefromto obtain crude polysilane which

i ncl uded | ow nol ecul ar-wei ght fractions. ~-ZRe crude pol ysil ane was then
reprecipitated in 20 m of good solvent tetrahydrofuran and 400 ml of poor
sol vent et hanpolymexfizatdoa:daepprogipatelyt138)p was obtained in a yield

Met hyl phenyl pol ysil ane with a wei ght average nol ecul ar wei ght of 18800
(average degr©f &l%pol yneri zation: approxi mately 157) was obtained in a
yield of 52% Exanple 30 20 A reaction was conducted in a
similar manner as in Exanple 29 with E¥gmpkeedlion that 1.72 g of anhydrous

zinc chloride (Znd 2) was used. as netal salt ipstead o hydr ous ferrous
chloride. Met hyl phenyl pd FeRCEAEOD VRS S°%F§F?3a£%r%g%{‘?€f?%lwe£ &fki ght

of 16600 (€VEE%9%3%S&ﬁ%Fz%fw1th the exception that 1.70 g of anhydrous
copper chloride (CuCl;) was used as metal salt, and the
stirring period was 72 hours.

Methylphenylpolysilane with a weiht average
molecular welight of 17900 (average degree of

10 polymerization: approximately 149) was obtained in a yield
_ of 56%.
Example 32

A reaction was conducted in a similar manner as

in Example 30 with the exception that 12 hours of reaction
15 period was shortened.to 5 hours.

Methylphenylpolysilane with a weight average
molecular weight of 6300 (average degree of
polymerization: approximately 53) was obtained in a yileld
of 37.3%. |

20 i Example 33

A reaction was conducted in a similar manner as
in Example 30 with the exception that the rotation speed
of the magnetic stirrer was 720 rpm instead of 1350 rpm.

Methylphenylpolysilane with a weight average

25 molecular weight of 8300 (average degree of



-25- pol ynerization: approximtely 138) was obtained in a yield of 51%
Exanpl e 31 A reaction was conducted in a simlar manner as 5 in Exanple 29
with the exception that 1.70 g of anhydrous copper chloride (CuCl2) was
used as netal salt, and the stirring period was 72 hours.

Met hyl phenyl pol ysil ane with a wei ght average nol ecul ar wei ght of 17900
(average degree of 10 polynerization: approximtely 149) was obtained in a
yield of 56% Exanple 32 A reaction was conducted in a simlar nmanner as in
Exanple 30 with the exception that 12 hoo#€-of reaction 15 peri od was

shortened to 5 hours. Methyl phenyl pol ysilane with a wei ght_ average
nol ecul ar wei @ﬁﬂY@PIQQGGiPEWeFHQEOHWE%lYSfs%bl"ﬁ%r‘?t?%ﬁjgkﬁﬁ R (it gﬁa% ely
53) was obtained in_a yield of 37.3% 20 Exanpl e
33 A reacti on%as$3cédfducted in a similar manner as in Exanple 30 with the

exception that the rotation speed of the ngjic stirrer was 720 rpm
I nstead of 1350 rpm Met hyl phenyl poly f?ﬂﬁzgmﬁ%h a wei ght average 25

nDIecu!ar wei ght of 830Q (aygidgdh @49 ESndlicted in a similar manner as

5 in Example 30 with the exception that 15 g of Mg was used
instead of 10 g of the same, and the stirring period was 8
hours.

Methylpheny;polysilane with a weight average
molecular weight of 14400 (average degree of
10 polymerization: approximately 120) was obtailned in a yield
of 47.8%.
Example 35
A reaction was conducted in a similar manner as
in Example 30 with the exception that 5 g of Mg was used
15 instead of 10 g of the same, and the stirring period was
72 hours. |
. Methylphenjlpolysilane with a weight average
molecular weight of 16000 (average degree of
polymerization: approximately 133) was obtalned in a yleld
20 of 35.2%.
Example 36
A reaction was conducted in a similar manner as’
in Example 30 ﬁith the exception of using 13.2 g (66.6
mmol) of n-hexylmethyldichlorosilane in place of 12.7 g of

25 methylphenyldichlorosilane as the starting material.



- 26+ polynmeri zation: approximtely 69) was obtained in a yield of 33.1%
Exanpl e 34 A reaction was conducted in a simlar manner as 5 in Exanple 30
with the exception that 15 g of My was used instead of 10 g of the sane,
and the stirring period was 8 hours. Methyl phenyl polysilane with a wei ght
aver age nol ecul ar wei ght of 14400 (average degree of 10 polynerization:
approximately 120) was obtained in a yield of 47.8% Exanple 35 A reaction
was conducted in a simlar manner as in Exanple 30 with the exception that
5 g of Mg was used 15 instead of 10 g of2fne sane, and the stirring period

was 72 hours. Methyl phenyl pol ysil ane with a wei ght. average nol ecul ar wei ght
of 16000 (average degredSo hﬁoF?ﬁ'é”za‘?TW%ﬁ)ﬁ%H?&tYé%&%f’dﬁg’s Bbt ai ged
in ayield 20 of . 2% Exanple 36. A reagction C cted in simlar
nmanner as in E?érﬂg?-eager%ﬂ?hnp‘?ﬁ%c‘é&%&?ﬁ?%@%@f#ﬁ%u"’é’ed’a@o% .‘%gree

of polymerization: approximately 94) was obtained in a

yield of 44.9%.
5 Example 37
A reaction was conducted in a similar manner as
in Example 30 with the exception that 12.7 g of
methylphenyldichlorosilane was replaced by-the mixture of
6.6 g (33.3 mmol) of n-hexylmethyldichlorosilane and 6.4 g
10 (33.3 mmol) of methylphenyldichlorosilane as the starting
material.
Thus, n-hexylmethyl-methylphenyl copolymer
polysilane with a weight average molecular weight of 20700
(average degree of polymerization: approximately 169) was
15 obtained in a yield of 41.9%.
Example 38 -

. A reaction was conducted in a similar manner as
in Example 30 with the exception that 12.7 g of
methylphenyldichlorosilane was replaced by the mixture of

20 6.5 g (33.3 mmol) of cyclohexylmethyldichlorosilane and
6.4 g (33.3 mmol) of methylphenyldichlorosilane as the
starting material.

Cyclohexylmethyl-methylphenyl copolymer
polysilane with a weight average molecular weight of 19100

25 (average degree of polymerization: approximately 155) was



myol) of n-hexyl methyldichlorosilane in place of 12.7 g of 25

nmet hyl phenyl di chl orosi |l ane as the starting material. -27- As the result,
n- hexyl met hyl pol ysil ane with a wei ght average nol ecul ar wei ght of 13900
(average degree of polynerization: approximately 94) was obtained in a
yield of 44.9% 5 Exanmpl e 37 A reaction was
conducted in a simlar manner as in Exanple 30 with the exception that 12.7
g of nethyl phenyl di chl orosi |l ane was repl aced by-the m xture of 6.6 g (33.3
mmol ) of n-hexyl met hyl di chl orosil ane and"#82 g 10 (33.3 mmol) of

met hyl phenyl di chl orosil ane  as the starting material. Thus,

n- hexyl net hyl ohtatpeghényd ¥iobl\e&r4dA¥Ysil ane with a wei ght average

nol ecul ar wei ght of 20700 (average degree of polynerization: approxinmately
169) was 15 obtained in a yield of 41.9% Exanple 38 A reaction was
conducted in a simlar manner as in Exanple 30 wth the exception that 12.7
g of nethyl phenyl di chl orosil ane was replaced by the mxture of 20 6.5 g
(33.3 mmol ) of cycl ohexyl net hyl di chl orosilane and 6.4 g (33.3 nmol) of

‘met hyl phenyl di chl orosi | ane as the



sttarting material. Cycl ohexyl nethyl - net hyl phenyl copol yner polysilane with
a wei ght average nol ecul ar wei ght of 19100 25 (average degree of
pol ymeri zati on: approxi mately 155) was -28- obtained in a yrelrd of
49. 0% -29- CLAIMS: 1. A nmethod for produci ng pol y§jf | 15O
subj ecting a dihal osilane of the general formula [errﬁ"lmmnmnrm”ﬁm to
3; R represents hydrogen atom alkyl 5 group, aryl |grbdupS & kaxysgreup,
am no group or silyl group and two Rs are the sanme or different in case of
mel,,. four Rs are the sane or at |east two28f themare different in case of
m=2 and six Rs are the sanme or at least two of themare different in case
of me3; X repr &&&dME:hal ogen 10 aton) to the action of My or My alloy in
an aprotic solvent in thﬁ presen

e

f Li t d | lid th b
produci ng pol ysil ane rep sénP@&ﬁSQOFHEIBES pgfﬂgoﬁgﬁfé}fghés(%ompf¥§iﬂ§

subjecting a dihalosilane of the general formula

X —S iy—X (1)

(wherein m is 1 to 3; R represents hydrogéﬁ'atom, alkyl

5 group, aryl group, alkoxy group, amino group or silyl
group and two Rs are the same or different in case of m=1,.
four Rs are the same or at least two of them are different
in case of m=2 and six Rs are the same or at least two of
them are different in case of m=3; X represents halogen

10 atom) to the action of Mg or Mg alloy in an aprotic
solvent in the presence of Li salt and metal halide,
thereby producing polysilane represented by the general

formula

(2)

-~
o0 —un—x
pudy
v

(wherein R is as defined above corresponding to the
15 starting material; n is 2 to 1000).

2. The method for producing polysilane according



R« efr{ (wherein Ris as defined above corresponding to the 15 starting
material; nis 2 to 1000). 2. The nethod for producing polysilane according
-30- toclaiml1, wherein Li salt is LiCl. 3. The nmethod for producing '

pol ysil ane according to claim1 or 2, wherein the r'reCM m'uﬂﬁmm | east
one nenber selected fromthe group consisting of Fe ", 5
FeBr[err], FeBr[err], CuClf[err], AlCl[err], A Br[err], Zth[eﬂr]F *

SnCl[err], SnCl[err]4, CoCl[err], VCl[err TiCl[err], PdCl[err], SnCl[err]
and Snmi[err] 4. The method for produci ng 9901 ysi |l ane according to claim 3,

wherein the netal_halide is FeG 1[err]. 5. The _nethod for producing
pol ysi | ane acE%rﬁ}ﬂiblg't ?F%&qn%Q %&ﬁ§%$§1ﬁﬁ9§'netal halide is CuCl[err].

6. The nethod for produgi ol vsi | accordi to ¢laim 3, wherein the
metal halide is ZnCl2. ! Phd method Fort prod%d%ﬂg poiysighné accordgng
to claim 1 or 2, wherein the metal halide is at least one
member selected from the group consisting of FeCl;, FeClj,
5 FeBrp, FeBrj, CuCly, AlCl3z, AlBr3, ZnCly, SnCly, SnCl,,

CoCly, VCljp, TiCly, PACly, SmCl, and SmI,

4. The method for producing polysilane according
to claim 3, wherein the metal halide 1s FeGly.

5. The method for producing polysilane according
10 to claim 3, wherein the metal halide is CuCl,.

6. The method for producing polysilane according
to claim 3, wherein the metal halide is ZnCl,.



