DESCRI PTI ON TI TLE OF THE | NVENTI ON: Hydrosi | ane Derivati ve,

Met hod for Producing Sane, and Met hod for Producing
Silicon-Containing Thin film TECHNI CAL FI ELD [ 0001] The
present invention relates to a hydrosil ane derivative useful, for
exanple, as the material for the production of a sem conductor

device, a nethod for producing the sane, and a nethod for producing a
silicon-containing thin film BAGSERERINPSKT [ 0002] A silicon
si npl e substance and a silicon-containing conmpound is used as a thin
filmin many parts constituting a sem conductor device, because

el ectri cafyREORe e AN S HNIBR: €l ectrical resistivity and relative
permtti ﬁty canr]g{e ad?usted by changi ngqjt he type and/or proportion

of the consti t UdriroslaageRerivativg, tMethodappl iPeediictng iSamiendanst Nethed for
expect ed §,84 EXP b hih e iU €. The silicon-containing
conpound lﬁge%%i&apg??g)gt#gng toLng{sem' conduct or devi ce includes

vari ous substances such as silicon dioxide, silicon oxynitride,
silicon niddidscAngRERAl silicate. Furthernore, in proceeding with
hi gh int egratl on of a sem conductor device, it is very inmportant to
est abl i sH0@0klhr ee- di mensi onal formation of the device structure, that
is, a techniquef 911'#;5% L L | . - dl | gnal
shaped subst raﬁge%?sggfg@'g r_o%élfﬁlgg&?/lh é/\lljgli;)l nfﬁégb%ﬁ%n@%:%ﬁqégpor dlé{ as
deposi t i ¢he matemiglifqrabprestuntel) obmdemisondusidrcdevicges mbdipskior ippedueiighbel
(ALD met hod) 246 Rahbi ?&ﬁ&&%ir@téﬂﬁ&gﬂ-%&ﬁhﬁlg?ﬁih(}ﬁlg.as. a thin-film
production process suitable tor the process produci ng a

sem conduct or device of future generations. As the material for
producin R C aining thin filmby using a CVD nethod or an
ALD net h%;d@cgtti{l} I esDa@gﬁ"bei ng made on use of various silicon
corrpoun_diOOQQ.c'bvv.ever., a silane gas explosively reacts with an oxygen
gas, which |1 Ma SlibdrPsittfe st laAPhRON oI Afifie CORBRn 8 usbdhd £thid "
its use, because a high“tenperature or a plasha s I nhdispensable tor
t he proddidmiiormety patthicenstititing arsémicondustdrydeaitien byesinbe alecitit@iVASerties

s b AP L0, s

Docunent typedasléri fyepordoneillibel cémtitysnt digoienty and sheir @pplicition iinléndusiry is

film by - 1 C ap [ et .
et hod) PR ARAC ARG I e Aok the IPRAR. b OAT dAbobAF T in
descri bespplicatiensoth Rosenpeadlucionglesicsi inpludes dudxisdsibstangesf $ucin &y siliben
ALD net h i M Z r..: o ST 03 it h
respect ta g)x ensglﬁ%s a%&'@?‘g‘%\% ggg%ﬂs) I%lgﬁt?h?{(%%? %gi ﬁﬂé%gede?% %oée’ﬁ
of the ppusesding withhighnintegmtiopasfeatseDitonduesior devdes dt iihaery mgportant to
Conmpound A : : . . .

OB AT o By BIRRS, ik dimensional, formation of the devioe structure, thet s a fechnique for

( Si ( BuNCEOdNEBE ) HiNEl®) omadthree-dimensionally shaped substrate surface. From this

(s BoncEERRE ¢ 0] bt sl P Blapy shenslbod e
usi ng sudé¢pasiticonpeibed @41 eethed)eare glarticawlarlyr aithacting atiention as a thin-film

silicon- @%’&h@th&ﬂ oLl alitfau[ehfor ’%}@a @roctegke bf Pg({a%(;{ﬁ ty QU At device ?f

descriptfon abouf a derivative Ing ad m NO gr oup except Tor
di et hyl afiitrre ggnerapionnd Al§ pheopwtenial fier produging er siticateedntiziningethirafilmgbyan

am no gr | am an. 1:5QC u .
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[ 0004] silicon c@apemidsDotiomentr, b silhergeatdxphaiveBubdactsawitbran oxygen gas,
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Tris(dimethylamino)silane (TDMAS) is also being studied as the material for producing
a silicon-containing thin film by the CVD method or ALD method. For example,



PROBLEMS THAT THE I NVENTION IS TO SOLVE [ 0006] In the case of
produci ng a sem conductor device, thin filnms forned of a plurality of
di fferent conpounds nust be stacked. However, there is a problemin
usi ng existing silicon conpounds as the practical material for
producing a silicon-containing thin film For exanple, in producing a
silicon dioxide thin film by using only TDMAS and an oxygen gas, a

hi gh subs t
P20, on HBRAGRAS LUeS 4 AR A SRS Ry o
stated t hdasmawemhaeceﬁhsl@nuﬁalma@dudq:mgltlansmtth@d) (PRI ¥R methot) nsifg [TAMBAS

the ALD ngt 19 y e
produced o Heaietshy Aol pUABaAReAD SRR G0l ibBabiihl ol
not deposdioxide thiw filmdythe ALD method asing TDMAS mnd ogotmareanf axiygeh gas.
produce gughdyi con dioxide thin filmby the CVD method using TDVAS and
an oxygerr gas and confirmed that deposition of a filmscarcely
proceeds at a sWithirespeet tt)élmt)%uba‘iaucveeamiogbos)tb the hyydwsilqredleriv@rend) of thee
Exanpl e- 3 e
subst r a PTDERERd M BB eD Gyl TRRRRNAL, et BIRS Bne APhES
may ari séela-butytbabdlethslmhn@rs} 3| dltamr %Sﬂ&qyslopmtdlf-embel ami nation bet ween

i at Aol RACHETRIHRLELE Cnd i d-ERbATR b ARMER Ca' s
using a psilaww:iaomnw-anwé‘ilthN@ﬁGI@l\I BrEBNRr S, rabpwotivelyohu ds asotutely m@m
to acce' ag{ rae@oﬁliaﬂo?lﬂd %% tﬁeD:F{ﬁ@ﬁ:A‘fnfoP Pf&ﬂ‘c,?ﬁgfrﬁg (fuégy&or{?@&xﬁ 1&‘1(61% ¥ film.

narrowapplc I on as rac fon me
because tAleo, Hﬁwmﬁemhcﬁdmdast all Fies@tlp@m eboud andegyivative thhwing Lbdialkytamiby

a plasm e e
ubstrat £ BUERCHE WAL AR BERD S R GoRh A s ! R:f0e Bhbe
thin fil anemiyo gyoupeamqmgak}wtakmm guosp, of isacyanatoi growy, thgmmpymatmgmsp
pl asma a tenperature as | ow as possible is required,

‘but such%gmgé%g%r%%és not been found yet. For solving these
problens, it is necessary to develop a new silicon material for thin

filmpro@ﬁt'rp@m tch makes it possible to efficiently produce a
silicon-con‘% ni r‘ﬁ\gtThin filmsuch as silicon dioxide or silicon

nitride MEMTWGM&%H ature of 500C or |ess without using a

pl asma ok, ﬁ) MEANS FOR SCLVI NG THE PROBLEMS [ 0007] As a
resul t o{ I'n enS|ve studies to solve the above-descri bed probl ens,

t he present i nVetehblPecumaant 1f oundlitérasticnahy dPoldidatine dé¥d. va2D0e-0hE64ng
a cyclic %Hl% ure represented by formula (1) or (1') is an excellent
conpoundpcaB e of efficiently producing a silicon-containing thin
fil msuch as sPhﬁentiaoozjilmdtde or $F-A-2UK-135688de even at a | ow

t enper at C %%@}E, thout using a plasma or ozone. The
pr esent ﬁl@gné %een acconpl i shed based on this finding.
That is, [A00&] present invention relates to a hydrosil ane deri vati ve

r epr esent ed byﬁgg[yeg#gg%ﬁme%t[loog! Bl%@%m 1{,P1 bg %Lf%aw each

of RL and R2 in car bon
nunber of 3 to 12, Za represents an isocyanato group, an

i sot hi oc } oup, a nonosubstituted am no group

represen?%@%ﬁ%@%l kyl am no group represented by

N( CH3) RAPROBIHME TkERY THE BNYENIVONG S (@ 8ODME nunber of 2 to 6, 12.3

represent(ﬁ)oﬁr al kyl group having a carbon nunber of 1 to 12, which
Stit

may be s uted with a fluorine atom and R4 represents an al kyl
group havi ng almﬂrdaoamenoﬁrlpmduoﬁlgla tsamik)ondr[u@&‘lﬁ]:vxce thin filins oformhéd of a

present jnventian es to f.or cin draosil ane .
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only TDMAS and an oxygen gas, a high substrate temperature is indispensable for



[ Chem 3] M2Z(4) [0014] (wherein Z represents an isocyanato group, an
| sot hi ocyanato group, an am no group, a nonosubstituted am no group
represented by NHR3, a disubstituted am no group represented by
NR4AR5, or an al kenyl group having a carbon nunber of 2 to 6, R3
represents an al kyl group having a carbon nunber of 1 to 12, which
may be substituted with a fluorine atom each of R4 and RS

I ndepende&bélxrahﬁgrtﬁé%&ﬁo@ef MAs%ﬁyexfgm na 1R, %@@Q@%%Hﬂ‘&ﬁént% itlis

to 4, Y% repr esents a sodi um atom or assli Um atom IS an
i socyanat %ate¢ Bahinothe gase of gredusingastiepngtioxige thip fifra hyabe ALD methpd sigan
atom or aoﬂl? TP MR M WNRS KlgnRgﬁs aN AR oY g)r(ﬂiu%’d‘ Qe UbHiC bt Sbthe

am no group represented by or a disubstitu am no group

r epr esentB8stEye I‘QR@RB‘amé%dS NPWr dipfils it &otadepagitrssi uhiustheinaereg itheu proagndn
Z is an ahigmus lﬁ%@‘ﬁ@ed‘ﬁ)vgf&u& &@ﬂieeﬂ dmm,emnphhﬁ ﬁ g)c‘tfﬁ xf‘l%lﬁg&"ﬁ?in?

hydrosi | ane der.ivative represented formul a

[0016] (wHeMdihandharoxyeReasangd %ﬁﬁﬁ%@éhmﬁlﬂyn p’épf émrselmr@qek@q at
group havj fghs@aeak g&aﬁﬂgtb?rm@ﬁc%rtl@ss]ﬂ]ee 4 nﬁ‘}%@cﬁ%”ﬁygaggﬁlgs S TRk Qe

group, an I sot hi ocy nat o group, an am gﬁ‘]

ani no gr dRMe? exitsh m;atNHR@xm@plm3§ub enuﬁléds@ﬁﬁrm tgmperpture at the
representﬁ&’mﬁﬁd}'%%mﬁfm@ms%%ﬁrmére% SRI2Y R SRABRNRUTREEiOR o
to 6 R3 represents an a roup ha car on nu er o

12, whi cHchayingonsbaiyeen mse‘wthtlweas falnddhfn‘ﬂ‘@r%tlbm reawaecbacproducmﬂand
RS i “dep%ﬂﬁ%fa'téfmf)&ﬁﬁﬁééﬂo%v %fr}ao%éﬁsbé' %g Qd&tla?%'mw&%tﬂm%?gfasm
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formul a (sgl)stra[edp)zqgone That is, a silicon compound capable of formmg a thin film only v
heating without use of an auxiliary agent such as plasma and ozone, at a temperature as
low as possible is required, but such a compound has not been found yet. For solving
these problems, it is necessary to develop a new silicon material for thin film production,
which makes it possible to efficiently produce a silicon-containing thin film such as
silicon dioxide or silicon nitride even at a low temperature of 500°C or less without

using a plasma or ozone.

MEANS FOR SOLVING THE PROBLEMS

[0007]
As a result of intensive studies to solve the above-described problems, the

present inventors have found that a hydrosilane derivative having a cyclic structure
represented by formula (1) or (1') is an excellent compound capable of efficiently
producing a silicon-containing thin film such as silicon dioxide or silicon nitride even at
a low temperature of 500°C or less without using a plasma or ozone. The present
invention has been accomplished based on this finding.

That is, the present invention relates to a hydrosilane derivative represented by
formula (1):



[Chem 6] [0021] (wherein each of Rl and R2 independently represents
an al kyl group having a carbon nunber of 3 to 12), and further
reacting the chlorosilane derivative (3) with a conpound represented
by forrmula (4): [0022] [Chem 7] M2Z(4) [0023] (wherein Z represents
an isocyanato group, an isothiocyanato group, an am no group, a
nonosubstituted am no group represented by NHR3, a disubstituted
anm no grq@goﬂepresented by NR4AR5, or an al kenyl group having a carbon
nunber of 2 to 6, R3 represents an al kyl group having a carbon nunber
of 1 to 12, whil6hemayl be substituted with a fluorine atom each of R4
and R5 independently regsesents an al kyl group having a carbon nunber
of 1 to 4, M representﬁ a sodium atomor a potassiumatomwhen Z is
an i socyanato group or fan isothiocyanato group, M represents a '
hydrogen atom or a_lL+tRj um daom when Z is an anino group, a
nonosubstituted amj|no g nﬁ re ngented by NHR3 or a disubstituted
am no group repres nteq/ NR4 and M2 represents a nagnesi um
hal i de group when h5,/an adHkenyl group having a carbon nunber of 2
to 6) to produce a hy gPsiIane derivative represented by formula (1):
[0024] [Chem 8] [Oozd%z(mherein each of RI and R2 independently
represents an al kyl grodp having a carbon nunber of 3 to 12, Z
represents an i socyanato group, an isothiocyanato group, an an no
group, alR#¥substituted am no group represented by NHR3, a
di substi ;A b ki I
A o e R e e R P
havi ng a teEbsoel duithé?. 4f represenipan jgacrenatmgrave, snsethiogyawtagiqypaan
fluorine ghiaMeaRd £adhodlbsitid dmitn 'gmg‘apﬁzgﬂﬁgﬁtéd ngﬂ'fﬁ?,e%sNﬁﬂethyl-
al kyl group having a carbon nunber of "1 to 4). [0026] )
Fur t her mefigylaniine grpuR aaprepeniech by oN(Gia1)B 1 eer ap alkemgl oonr drvipg oo garbpry
a silicon; F i t ' 0. i & 1.0, i1 &k,
nydr os | g O 7078, €, Epreseli GOURYY ol HiImpth sdtBph sSuPet B 10137
which may be substituted with a fluorine atom, and R

represents an alkyl group having
a carbon number of 1 to 4).
[0010]

Also, the present invention relates to a method for producing a hydrosilane
derivative, comprising reacting a chlorosilane derivative represented by formula (3):
[0011)

[Chem. 2]

[0012]
(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12) with a compound represented by formula (4):



\R2 [0028] (wherein each of RI and 122 independently represents an

al kyl group having a carbon nunber of 3 to 12, Z represents an

i socyanato group, an isothiocyanato group, an am no group, a

nonosubstituted am no group represented by NHR3, a disubstituted

am no group represented by NR4AR5, or an al kenyl group having a carbon

nunber of 2 to 6, R3 represents an al kyl group having a carbon nunber

of Ito 1g[oomf]ich may be substituted with a fluorine atom and each of

R4 and R5 I'ndependently represents an al kyl group having a carbon

nunmber of 1 to [£hem[B®D29] That is, the gist of the present invention

resides in the following (1) to (9). (1)A hydrosilane derivative

represented by fornmula (1): [0030] [Chem 10] [0031] (wherein each

of RI and R2 independently represents an al kyl group having a carbon

nunber of 3 to 12,M2Z reprdégnts an i socyanato group, an

i sot hi ocyanato group, an am no group, a nonosubstituted am no group

represented by NHR3, an N-nethyl al kyl am no group represented by

N( CH3) F{4,[081r4 an al kenyl group having a carbon nunber of 2 to 6, R3

represents aA al kyl group having a carbon nunber of 1 to 12, which

may be s\abeiciruZ eeprasents @ beyanatn eratp an isnidoR4nategrews anhsidno ghdup| a

group havi f [ ] . . T
%&%a@bs‘ﬁ%t?@ Mﬂgb%éu re%re CF%IIegl) ZZ)X) IQ@% a dlsubstltl(t%% r%‘{%ﬁ?/, groun

hydr osi | ahne derivati Ve as cribe erern, pre
of Rl andepR@sentedi bl &fRRdent lay @kenal lgydupghaipg laasarban aumbebofi 2nienbeR’

of 3 to 1S S : r . .
monosubs (o GREl urAl BRUT ARG P RtBn sBRBI BRI E e ey b shosirged
havi ng a vdtir dfinommendtem, edchD R ahd Rindde@ndentyreprckoplts ayr alipl dgravp hayviag
carbon n f i ituted wi.th.a fluorine. .
arom " eRop ol 8¢ Dap SO RecBni3 SHNGL Mot Gl P ROE 7 i
E 2) t \Qh;alaeiimcymm eraipl gr, are mothiadfyaiito zgnohp;&sﬁ mpiresdntpgan@bgqxl #om or a
ert-butyl,.aro rt- r . ' r
ronosubst i FeiBadingd 2 BRI Ko 8 mobeli b Mot ARGl by
group haWHRY ar eadisebstimiedeminé gtouporeprefeRdyPy NR'R®, afdiMArerpesentd a
for produyci . I jvat| LisSing rgact]j
chl of os: Pt idp REECBINBIRAZ [l dGo) BRTR e P ARG ef 20 ©
11] [ 6DpBHuce a hydrosilane derivative represented by formula (1'):
[0015]
[Chem. 4]

/R1
"\
I Si (1
/N |
N H
R2
[0016]
(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino

group, a monosubstituted amino group represented by NHR® a disubstituted amino
group represented by NR*R, or an alkenyl group having a carbon number of 2 to 6, R?



(wherein each of RI and R2 independently represents an al kyl group
having a carbon nunber of 3 to 12) with a conpound represented by
formula (4): [0036] [Chem 12] M2Z(4) [0037] (wherein Z represents an
i socyanat o group, an isothiocyanato group, an am no group, a
nonosubstituted am no group represented by NHR3, a disubstituted

am no group represented by NR4R5, or an al kenyl group having a carbon

nunber of i r
of Ito 17°Phpen Ryl ERUGNEINE ot W‘E‘#&F?Fﬁéé‘?%e@ AL
and R5 i n‘déb@rﬂimmeyatmmpmgtea@sofah ahdk R ingependently irepresentsaarb aticyh groivpr
of 1to !Y%J@a%&?ﬁﬂﬁﬁer%f?‘??hrm atom or a potassiumatomwhen Z is
an i socyanatc group or an isothi'ocyanato group, M represents a

hydr ogen [@bhh or a lithiumatomwhen Z is an anino group, a
nonosubstitute r r

am no group regﬁggkﬂﬁlg QHpﬂkﬁ%Egﬁﬁgﬁgg%d¥Pg§F§§%h ﬂﬂkﬁ%@?éﬁ&ﬂﬁﬁ% 2
hal i de grhydposilemn darwsn\em @inkeisilg geastipg rfawmbgexmd:aammdn mllkainemetaf salt
to 6) to ane derivative represented by forrmula (1):
[ 0038] [dﬁ@%ggﬁéﬁgﬁi§%§5&ibg i(1') /\ NH\IR2 [0039] (wherein each of
R and RZODHﬂependently represents an al kyl group having a carbon
nunmber of 3 to[éﬁ fepresents an i socyanato group, an

i sot hi ocyanat o group, an am no group, a nonosubstituted am no group
represented by NHR3, a Bﬂsubstltuted am no group represented by
NR4R5, or an al kenyl ggbup havi ng a carbon nunber of 2 to 6, R3
represents an al kyl gr havi ng a carbon nunber of 1 to 12, which
may be substitut ed_w )] fluorine atom and each of R4 and RS

i ndependently repfjesents an al kyl group having a carbon nunber of 1
to 4). [0040] (5) The pro tion method as described in (4),
wherein, preferab Y, Z is an isocyanato group, an am no group, a
nonosubstituted a qufup represented by NHR3, or an al kenyl group
havi ng a carbon nunbe 2 to 4, each of R and R2 is independently
an al kyl group having carbon nunmber of 3 to 8, and R3 is an al kyl
group having a carbon npﬁber of 1 to 8, which nmay be substituted with
a fluorine atom (6) The production nmethod as described in (4)
or (5), WHOSin, preferably, Z is an ami no group or a nonosubstituted

and Rt UL Y R *ﬁ"% eApbg o Suretels 4Rt bk dF g fbon
and R3 i sumherloky3 tgrbl;paliah\M gemeseatsb@rhthumbentomforlat md@.xm[ﬂﬁml]mth
() A TRt 811 0800, Buldianl 4 a%gtl\sﬂeelre?;éegéenﬁgae@ ]

reacting a vin ened am ni de a rep
[0020]

Ia(2)

[0021]
{(wherein each of R! and R? independently represents an alkyl group having a carbon

number of 3 to 12), and further reacting the chiorosilane derivative (3) with a compound



[0042] [Chem 14] WNM (2) NM\R2 [0043] (wherein each of R and
R2 i ndependently represents an al kyl group having a carbon nunber of
3 to 12, and 1\41 represents a lithiumatomor a sodiumaton) wth
trichlorosilane to produce a chlorosilane derivative represented by
formula (3): [0044] [Chem 15] \R2 [0045] (wherein each of R and
R2 independently represents an al kyl group having a carbon nunber of
3to 12), ing the chlorosilane derivative (3) with a
conpound rr“’@%?eer{stéegnl%};gﬁ%’&}%inula (4): [0046] [Chem 16] M2Z(4) [0047]
(wherei n [2022Jpresents an i socyanato group, an isothiocyanato group,
an am no group,Cﬂprgfsubstituted am no group represented by NHR3, a.
di substituted Aﬁ1no'g oup represented by NR4R5, or an al kenyl group
having a carbon nunber of 2 to 6, R3 represents an al kyl group having
a carbon number pf23 to 12(4yhich may be substituted with a fluorine
atom each of R4 'and R5 i ndependently represents an al kyl group
havi ng a carbon nunber of 1 to 4, M represents a sodiumatomor a
pot assi um atom when Z is an i socyanato group or an isothiocyanato
group, M2 represents a hydrogen atomor a lithiumatomwhen Z is an
am no grda@23la nonosubstituted ami no group represented by NHR3 or a

manesi uiv G oitsEht i fB8-RASIIES, dl i Ren ity (PR BS BT
nunber ofmehosubstifuted Fumindugreun thyeseantid hFeNHR’| \aatlisubstiteted emminb egroby
formil a Q%rééen&e%og)g ]NR4R5, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R’ independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR® or a disubstituted aminoe group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)
to produce a hydrosilane derivative represented by formula (1'):
[0024]
[Chem. 8]

[0025]

(wherein each of R and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR>, a disubstituted amino
group represented by NR*R’, or an alkenyl group having a carbon number of 2 to 6, R>



[Chem 17] \R2 [0049] (wherein each of RI and R2 independently
represents an al kyl group having a carbon nunber of 3 to 12, Z
represents an i socyanato group, an isothiocyanato group, an am no
group, a nonosubstituted am no ;coup represented by NHR3, a

di substituted am no group represented by NR4AR5, or an al kenyl group
havi ng a carbon nunber of 2 to 6, R3 represents an al kyl group having

b , . . o .
2tom  and Easis i al frobghatile s ol MERYBEY 18 f2 BAnith bihyhq SRR
havi ng a Wik Bofnasineteemoand each @) R’ pb BOJindeppudently epreseots ar oty eroypa
si | i con- qoRtRl MAEhd Ridledr e o G9MPri sing using, as the material, a

hydr osi | ane derivative represented by formula (1'): [0051] [Chem

18] Z il0P36]) / NH \R2 [0052] (wherein each of R and R2

i ndependently r S | i Syc
to 122 repy e mpentcte i hnekein BN E bRl R MR s Blical
am no gr cwptairngrohins dibst | compeigingrissing,gro Uhe regedalen dydipgilateRderivative
di substi t{ gen@ég O%Q}émg:epresent ed by NR4R5, or an al kenyl group
havi ng a carbon n er of to 6, R3 represents an al kyl group having
a carbon [Atder of 1 to 12, which may be substituted with a fluorine
atom and each @flelgélge]and R5 i ndependently represents an al kyl group
havi ng a car borl; nunber of 1 to 4). [0053] (9)The production nethod as
described in (8), whereRh, preferably, Z is an amno group or a
nonosubstituted am no group represented by NHR3 and R3 is an al kyl
group having a carbon hunber of 1 to 4. ADVANTAGE OF THE | NVENTI ON

[ 0054] By viriui of usgng the hydrosilane derivative (1') of
the present inverfjion a§ tht material, a silicon-containing thin film
such as silicon dfoxide gjf silic€p)nitride can be efficiently
produced even at Iow/en‘{{eratu e’ of 500C or less without using a

pl asma or ozone. N H

R2

[0028]
(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R?
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4),
[0029]

That is, the gist of the present invention resides in the following (1) to (9).

g} A hydrosilane derivative represented by formula (1):



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0055] [Fig. 1] Fig. 1is a
schematic view of the thin-film produci ng apparatus used in

Exanpl e-39 to Exanpl e-52, Exanpl e-57 to Exanpl e-65, and Conparative
Exanple-1 to Conparative Exanple-4. [Fig. 2] Fig. 2 is TO and DSC
charts of Si (PrNCHCHNIPr)(H NHEt. [Fig. 3] Fig. 3 is TO and DSC
charts of Si(lSrNCHCHNtPr)(FDNHiPr. [Fig. 4 Fig. 4is TO and DSC
charts ofrogdBUNCHCHNt Bu) (H)NH2. [Fig. 5] Fig. 5 is TO and DSC charts
of Si(tBu CH&HNtBu)( NHMe. [Fig. 6] Fig. 6 is TO and DSC charts of
Si ( BUNCHCHNt Bu)[ClsmHEY]. [Fig. 7] Fig. 7 is TO and DSC charts of

Si (t BUNCHCHNt Bu) (HHNWPr. [Fig. 8] Fig. 8 is TO and DSC charts of
Si(tBuNCHCHNtBu)(H)NHIPq§1[Fig. 9] Fig. 9 is TO and DSC charts of

Si (BUNCHCHNt Bu) (H)NHPr. fFig. 10]Fig. 10 is TO and DSC charts of

Si (BUNCHCHNt Bu) (H) N\VBu. /[ Fig. 11]Fig. 11 is TO and DSC charts of

Si eBUNCHCHNt Bu) (H) N X [Fi@a 12]Fig. 12 is TO and DSC charts of

Si ( BUNCHCHNt Bu) ( H) Cy. Fvé. 13%Flg 13 is TO and DSC charts of

Si eBUNCHCHNt Bu) ( H) I[Flg IJ4]Fig. 14 is TO and DSC charts of
Si ( BUNCHCHNt Bu) ( H) oﬁs . 15]Fig. 15 is TO and DSC charts of
Si eBUNCHCHNsBu) (H) NHEEN [ Fi ¢! 16] Fig. 16 is TO and DSC charts of

Si (t PeNCHCHNt e) ( H) NH2. kFig. 171Fig. 17 is TO and DSC charts of

Si (PeNCHCHNt e) (H) NHMe. [fk2g. 18]Fig. 18 is TO and DSC charts of

Si (PeNCHCHNt e) (H)NHEt. [Fig. 19]Fig. 19 is TO and DSC charts of

Si (tCct N Cbt)(kthQ [Fig. 20]Fig. 20 is TO and DSC charts of

Si (tCct N ( Nﬂ; - g 21]Fig. 21 is TO and DSC charts of

Si (tBu chleehmp@c@eyc H;D and R dndependengy remresestsTay. alil BoCpdiaingsa efrbon

Si oN f
('t BUNCi i4 BJ M‘& %sz. r&;’frb&nt a’ﬂ 'féog%an%?o @%515 grig’oda% eﬁﬁﬁf gﬁmﬁ

Si ('t BUNCH DSC
Si ( t BuNCHOEHM Bcgwmnowhsgtutezism@ gD @pm@xﬁ% bmsﬁf%aransNonethyl-

S {1 RN B i . By

Si (t BuNCHomkeBoS 2Hyp repRisguts 28] 4ty . growp h@vm@aamb@s@umharr @% 1df’ 12,
Si ('t BUNCIHGEHN i i

Si (tBu NCHCHNtlg %i{%ﬁﬁﬂ%{ﬁed {Nﬁlhg ﬂl%% Eag’m 32%1 dllg r%%ean% %’g"%k@rﬁ%ﬁ‘@ h%};mg
Si ( t BuNCRCReBmmHporRIlach2. [Fig. 31 JFig. 31 is TO and DSC charts
of Si(tB Nt Bu) ( H) CHC( CH3) 2. [Fig 32]Fig. 32 is TO and DSC
charts o t BUNCHCHNt Bu) ( H) C( CH3) CH MODE FOR CARRYI NG QUT THE

| NVENTI ON [00564) The hyﬁ@sﬁm@sémvanm@ﬁtdeanmhed indd brivherdin, preferably,

det ai | @é&ﬁ‘_‘}%f & a{nﬁltRz id ?%de@é% eﬁﬂi aﬂfalk?a?ré)ﬁﬁ hali a%%r@ﬁ%&e@%??) to 8, Za

descri bed u avil er o)
r epr esenisean lsgcmatarmom mlmgqune@monm@ﬁ@m@d agping ;gmupcmp@ﬁ@ted by
speci fi C ”H} E&alk@ 1 @gfl%}{%a%m&ﬁ ’nuB'ﬁJQPPP@% 495RHRT | %10 ij‘lré?&}ﬂ

group, y group p, sec roup, tert

group, ch@lwmpgnbog nnmm;ber lntcvya vdrdupay be @ﬁ@ntu;ﬁd ‘grtb aéluone@)p@m yl
group, tert- pe@‘ QTRé’ph {:y eﬁ%tY\L 495 %gcrl@e "%gb&l Y3), SR B,
1,2- dinethylp pyI propy group, nt yl* “gr oup,
hexyl gr wﬁerablsma@hwg Pgra@drR 1_:14 ﬁ}dep‘émyerrt Qufdb 9roup -oredt thsttnsaiyl group,

. 2 mothyl TS B¥ourtgndmbsui TR Sl L SeHigd by NI B,

group, Z&BQﬂVhﬁﬁhy ﬁungacgﬁ@ummnﬁwBOEE hbeutyI group, 1-ethyl butyl
group, ?Klbutyl group, 1, 1 2-trinmet hyl propyl group,

1,2, 2- tr[ne propyl group, 1- ethyl-I-nethylpropyl group,

1-et hyl - 2- net hgﬂl) pr opsl method fior pry@lcmtm hydrgsibop dedyativepeapyiisieg reatting
group, t hyl group, heptyl group,
cyclohexyﬁhgﬁLﬁ@%L§&R¥lv%#%ﬂﬁfé%%§¥gropj{@EToup, 2- met hyl cycl ohexyl
group, 4- nethylcycl ohexyl group, octyl group,

1, 1-di et hyl-2- nmet hyl propyl group, 2,5- dinethylcycl ohexyl group,



group, isopentyl group, neopentyl group, tert-pentyl group,

1- net hyl butyl group, 2- nethyl butyl group, 1,2-dinethylpropyl group,
1- et hyl propyl group, cycl opentyl group, hexyl group, isohexyl group,
1- net hyl pentyl group, 2-nethylpentyl group, 3- nethyl pentyl group,
1, 1-di met hyl butyl group, 1,2-dinethylbutyl group, 2,2- dinethylbutyl
group, 1, 3-dinethyl butyl group, 2,3-dinethylbutyl group, 3, 3-

di net hyl bg group 1- ethylbutyl group, 2-ethyl butyl group,
1,1,2-tri opyllfroup, 1,2,2-trinethyl propyl group, 1-ethyl-
-nethylpropyl et hyl- 2- nethylpropyl group, cycl ohexyl group,
cycl opropyl met hyl group, cycl opropyl ethyl group, cyclobutyl nmethyl
group, heptyl group, cygDhexyl nmethyl group, 1,1- diethylpropyl
group, 2-methyl cycl ohex group, 4-nmethyl cycl ohexyl group, octyl
group, nonyl group, degyl group, undecyl group, dodecyl group,

1, 1- di et hyl - 2- net hyl pyl gpsp 2, 5-di net hyl cycl ohexyl group,

3, 5-di net hyl cycl rou 1,1,3,3- tetranethyl butyl group,

1-net hyl - | - propylpu p, 1,12, 3, 3-pentanethyl butyl group,
1,1-diethyl-3, 3-di /jSE\L group) adamantyl group,

1, 1-di met hyl oct yl ji propy! butyl group, 1, 1-dinethyl decyl
group, 1,1-diethyloc grou and 1-butyl 1-propyl pentyl group.

[ 0059] These al groups may be substituted with a fluorine
atom and exanples of t ? substituted al kyl group include

fl uoronmet hyl group,- di fRforomet hyl group, trifluoronethyl group,
1-fl uoroethyl group, 2-fluoroethyl group, 1,1-difluoroethyl group,
2, 2-di f1 U89t hyl group, 2,2,2-trifluoroethyl group, perfluoroethyl

group, 1'({1&13{3??9&[&% Rg R? Igdefp%g&%ﬂ? Jeﬁ\élsengar C%IQH(;//F g;dugq{aQH{gOQXLrbon

group, uor opropyl group, | 'uor opr op
5, 3. 1 ndor oy &omph 2 Gorep@ind bk sentednoiyhulg (B,

perfluorg group, 1-trifluoronethyl-2,2,2-trifluoroethyl group,
perfluoraors g group, perfluorobutyl group, perfluoroisobutyl

gr oup, perfluoig gecldut yl group, perfluoro-tert-butyl group,

perfl uoropentyl group, perfluoroisopentyl group, perfluoroneopentyl
group, perfluor tZ‘Et pent group, perfluorohexyl group,
perfluorocyclohgyb group er f | uoroheptyl group, perfluorooctyl
group, perfluorononyl group, perfluorodecyl group, perfluoroundecyl
group, and perfluorododecyl group. [0060] From t he standpoi nt
that the hydrosilane derivative (1') has a high vapor pressure and is
a quuid[@ﬂg easy to handle as a thin-filmformng material and that
when a fi s deposited using the hydrosilane derivative (1') as the
mat er i al (whereind prps¢sehtsranrisqoyamgfto grayipl mmimmmaatnrgngm, Ian @nfing group, a

hi gh, R3 I i a
0% T RRIEERaPNAr S BRSNS, o BB
al kyl gr mppemawddg' N&Br,bmamwﬂmvl gfoup hfong aggagbapeemberc af |2yt0 6t RT |

|ms)(r)gr g;;?&ﬁ%@@ﬁ aft lgi‘éuﬁgﬁ a ?%}ag{l Hﬁﬁ'ngg{ @‘leté)r I(S)EU g{h‘i’cg%'nl g'bg ‘é{?bsitfﬁﬁed

group, &Eﬁ? iglgdryie agprougachaf ﬁl?e ragd WRitipdepgndantly represeoiscamualizyl gc@ruh@vmg
the | k

nunber  of 1 1 pghetL ShEA e mit AR Yon MR B RGPS
ethyl gr @mmocmtwgrog‘pwmn issthpraypydto @"@WPMCWNSP‘MGWWWWWMM
vl ohut TSP St A2 &S el W Bosp g i ooy a3 Bsaned
by Z andNER'i or ahChSldEth@qoanmo @foupheeppesestedtbyi MRERL,i @l Me repessents e d
bel t

bel oW bR RINE ARyl SAEXRLA SOt oL L LARAASHABLPY, o7
N- met hy| togprigpicars yolrepilongpdereptive eaplr@dnﬂagi bN(f@HﬁJ)lR@,'): or an al kenyl

group having a carbon nunber of 2 to 6 (wherein R3 and R4 have the
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[ 0066] The production nethod of the present invention is
descri bed bel ow. The hydrosil ane derivative (1) of the present

i nvention can be produced through the step A shown in the foll ow ng
reaction formula. [0067] [ 0068] The conpound M2Z (4) for
use in the step A can be used by determining M2 as descri bed above
according to the type of the substituent Z of a desired hydrosil ane
derivatiw 0§ ). Specifically, the conmpound M2Z (4) used is
appropri selected fromamonia, |ithiumamde, a primary an ne
represent ed by [NHeR3]3J]a secondary amine represented by NHRAR5, a
l'ithiun(all cylam de) represented by LiNHR3, a lithiun(dial kyl am de)
represented by Li NRARR sodi um cyanate, potassium cyanate, sodi um

t hi ocyanate, potassi thi ocyanat e, and an al kenyl magnesi um hal i de
having a carbon nu 2 2to 6 (R3, R4 and R5 have the sane
meani ngs as abov peci fically, sodiumcyanate or potassium

cyanate is used thesporrpoqmgl (4) when Z is an isocyanato group;
sodi um t hi ocyanatle or /pokassi um thiocyanate is used as the conpound
(4) when Z is an isonhi ocllanat o group; ammonia or lithiumamide is
used as the conpound {4) when Z is an am no group; a primary am ne
NH2R3 or a lithiumal g#l am de) LiNHR3 is used as the conpound (4)
when Z is a nonosubstituted am no group NHR3; a secondary am ne
NHR4RS 0if0@39]i t hi un( di al kyl ami de) represented by Li NRARS is used as
the conp 4 74 a an
al kenyl e SaoBr R Gabd B AR SRS BEa P U R e e £ Ego8h
al kenyl guobpr 63 tnk2, & wardsens aufsoeyanafo Qoup) af i§dRipcFahatngtoRy dnaweno

t he same ni 2N t .th .
Al keny - GRe2 f W%Q@é%?in%rﬁféﬁé?fgﬁﬁh geleRR R AT B B Ruiehed i
an i odi ngrcalpanpreaafmied bly R, afr agcaiicbnyl gilodp dhvinpa dagtbmasinit#Enef 2 to 6, R3

br o ne. SRt ARRERR L8 B RSB 6 P SIS b RB'spled
desi r ed, withrg flapsinaafongsand uabh af R randtfh'cyindapemdexalydrepresents an alkyl group
di et hyl ( ridines may be added as a reaction

ai d. [Ooggﬁog’éggwb_})ﬁrﬁgﬁgw o?toglgbd yield of the hydrosilane derivative
(1), thed®Okp A is preferably performed in an organic solvent. The
or gani ¢ sol ven (o) Sw Ion as.cit

sol vent not i ntlsl)bl ti E’a&? EOeCRI ?%%%& %ﬂ{c'% &es%riﬂg%plﬁgélfl Erggeéa%e;és
anmoni a, am ispcyansty geovipnen NEDHRS gmupaasmmutmt%tedmmmd\kﬁdﬁ&epxssam@db)as

the Conp&{lﬁ Gy 4 ?l?e%ﬁp gﬁﬁl Olgavhbge bognr}umb fo‘t*% % y’c‘%/ h ‘i"’%bgﬂh R? is

sol vent as ‘penta xane, ane, ane

met hyl cyuldepaxdanidy arealkyl group hbmngaearbbn mnmfaez; oftlouk ard R yd anakglingloup
thyl b I

cthor . chelgea R ReRbRA nR S SR HELRE S hol v h B oras woBRe. P

tetr ahydr of ur a(6)and Thepnlxdneﬂdmnykhbdlamdescﬂhei of (4) be6%, whirelne ptm?ﬁdbly,

al one, ok .a urether trar rati .
oo of “FdSattit BB ok %?ﬁ?%%@ D fa i sBre Tt Ry TR s a
hept ane, hychrbgeahgttdmfem}an: Rbmand Rfiix éntepeddeetly actbrttbatyl gingaly of urtem-pentgl

hexane or hep erred. Al so, .in th ere lithium

o de. oEONpRE 4P Ry R BES Beyiad o rbibat S5 0 k1 ami de) Ui NRars,
sodi um cfRda} e, potassiun1cyanate sodi um t hi ocyanat e, potassi um

t hi ocyanate or,4an al nes um hal i sed .as the co

() ixamples Gt netbbel M Te h afile SERARE. Lt e,
et her, davegkhediyiirdtidsalkali salcteppaattyd bynbdrhyla @b:nher, cycl opentyl et hyl
et her, di oxane, tetrahydrofuran and 1, 2-di met hoxyet hane, and a m xed
solvent of this ether solvent and a hydrocarbon sol vent such as

pent ane, hexane, heptane, octane, cycl ohexane, nethylcycl ohexane,
et hyl cycl ohexane, benzene, toluene, xylene and ethyl bertzene. In view
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The hydrosil ane derivative (1') of the present invention can be also
produced by a nethod of performng two steps 1 and 2 shown in the
followng reaction formula. [0073] [Chem 20] R r , NML..."...-N
/a ... /Hsica3lsi ----- NML[ Step 11----- N \H\R2\ 2 R M22(4) EStep
2] (2)(3)(1') [0074] (wherein R1, R2, M, Z, R3, R4, 12.5 and M
have the sanme neani ngs as above). Mre specifically, step 1 of
reacting ggysnyl enedi am ni de alkali nmetal salt (2) with
trichlorosil Jne to produce a chlorosilane derivative (3), and step 2
of reacting thdChamodékil ane derivative (3) with the conpound (4) to
produce a hydrosilane derivative (1') are performed, whereby the
hydrosi | ane derivative¥ 1l ) can be produced. [0075] The step 1
is descried in detail /bel ow. The vinyl enediam nide alkali netal salt
(2) used in the stephéﬂpr a raw material for the synthesis thereof,
that is, NXdial ky#= -di aza- 1, 3- but adi ene ( RLN=CHCH=NR2), can be
produced accor di to the'netQ?d described, for exanple, in Journal
of the Anerican em cal Soci Vol . 120, page 12714 (1998) and
Journal of O ganonetppkli c Chenlstry, Vol . 301, page 183 (1986).
[ 0076] In viem\of good yield of the chlorosilane derivative
(3), ML is preferably l'ithiumatom In view of good yield of
the chl orosil ane derlvatlve (3), the step 1 is preferably perforned
in an ord@®3id sol vent. The organic sol vent which can be used is not
limted t '
TpbEREeRS SR, AR iptePRhodity bR b AU Brd B carbon

I I
E?ﬁgf,eghmsﬁprcﬁif‘gfgéramtﬁdIGQHﬂmmm elithium etttrar or ey sddipenatpm) evhil|
ether, diQxanGsitdndls PROALeL ARfbsARL: &vsrﬁzaﬁerbPe%Xl%S& BPBGmuB@)2 m xed
[0044]

[Chem. 15]

R1

[0045]
(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12), and further reacting the chlorosilane derivative (3} with a compound
represented by formula (4):
[0046]

[Chem. 16]

M2Z “4)

-~12 -



solvent of this ether solvent and a hydrocarbon sol vent such as

pent ane, hexane, heptane, octane, cycl ohexane, nethylcycl ohexane,

et hyl cycl ohexane, benzene, toluene, xylene and ethyl benzene. In view
of good yield of the chlorosilane derivative (3), tetrahydrofuran or
a m xed sol vent of tetrahydrofuran and hexane is nore preferred. The
anount of the solvent used is not particularly limted, and the

chl orosi | 0@7der|vat|ve (3) can be produced in good yleld by using

t he sol vent |n an appropriately selected ampunt. [0077] - The
amount  of (Wheeein ZigPisssds amisapyaaatel Scamn, afdsihiogyaneto) SPURPEEIInG 2HAIp, 2
step 1 i r 3h t t

chl or osi Frgﬁlg;s gﬁh{l}g& :H\fﬁlh% %ﬂOhg]nlteg%S%{r?%ﬁ ugegm%] 3‘10%1(1;@l 9%&53 alhﬁ@ g{oﬁg
pr ef er r edeprgsanias bYIN,RIﬁbF o% i ana@lkenyh sseumhaving aofarbom number pf 2 to 6, R

e al e I I
aﬂgl :‘/r omq%ﬁregﬁ%dd%lgy %}Oﬁlﬂﬁaylh éc\%fb% H:ngir? g% giren1 ?ﬁ g? Vkdflgl‘??ﬁlyrr\at aFSt(tg%%i
(2) and t¥itkhiflypoes atame cagnofR mdegead@ntbrr@p@smtmn alkyl grouprbaéing

f 2
DT a1 ve Gy ubtier 67 136 5 M 30 ol sl Lol Bl P%’%f“‘*%@%@%?ﬁnz“
In the sta@pisqcyanat@ Fewr of @Imlaoémp@wa@tgrgomd\fl mepressatta bydrogereatameonat
|
particul g t%I]Ym'J aItHi‘nt»%’enaZ'fE @%ﬁ%&@% m%icgﬂub?sﬁhﬁé& Silinl %EHI#I Eﬁrefs@rﬁ&?ﬁy

of prefera romO to 10 mnutes to
wher eby tNIéRcerm d@ﬂbﬁﬁ@tedleqamvatgm@p tereseatedbley pIRRIcead i M g@masents a

yield. Al I “d"%ﬁﬁh

(3), exarlrﬁp sélg?lvﬂaﬁ% gllougq% can féerla’ggﬁ)(ﬁp h%ﬁ%eZJ at nosp el?'(egtolg
react i on t¢ prdduekea hydsesilagg sles vativehepresenfedibydermulaél):um neon and -

ar gon. lT Mhﬁn of good yield of the chlorosilane derivative (3), the
reactionrs re preferably perforned in a nitrogen or argon

at nosphere. [0@@bgm. 17] The chl orosil ane derivative (3) produced
through the step 1 nay be purified, if desired, by appropriately

sel ecting a general puRilfication method such as filtration
extraction, distillatipon, sublimtion and crystallization. The
chlor05|lane derivative (3) need not be necessarily isolated, and the
crude chl orohydr osi e derfZvative (3) may be directly used as the
raw material in e stdp 2 or may be used in one-pot system for the
reaction of the gfep 2 Sfter thd')xonpletion of reaction in the step
1. [0080] The st 2 gﬁh'be performed under the sanme conditions as in
the step A above. @l met hdd for producing a silicon-containing thin
film conprising u5|n§%the hydrosi | ane derivative (1') as the

material, is described yn detail below. A silicon-containing thin
filmmay be produced t only by a nmethod using the hydrosil ane
derivatl]tf] é ) alone as the material for thin film production, but
al so by using the hy drosHa?e derivative in conbination with other

silicon (whgonrash a% R'handnBt énden¢ndently répiresents|am alkdgronp drving a carbon
Furt her i 1.i160 f

oxygen gggﬁb%f'zaoof?eﬂo 190%- r%%:‘%&&'t@éﬂ"ﬂﬂé;@h&o g‘rc’.nJgBéHRIIso o&faﬁﬁtHgg?ngJj%n Ui
per oxi degroapme nnanosabsiﬁwgﬂ smige resaxy repcesantﬁdéyoNHRne al dllsebsa@tcmemmo
mat eri al U C | e
o | vat | G5t featestaled U RROKLGH A3 RLch G0 BRIPR Mol duibebued f56/ 8"

i ncl ude tepresents anelkyl geiupi levingd @ﬁrbtdenumbﬂandrto rli2t mihitd, may bé edstituted

car bi de, (silJ tr [

aroxi de Tip! AAMEHBE Eht SaBl6r R b 2 Rna RS AR Sened Bl By
pr oducedhavwitg & carpew hfirnbed dfyl, tofdgr exarrpl e, a silicon oxide thin film
can be p[(ﬂ)% ed by using the hydrosilane derivative (1') of the
present rnvention as the material and using, in conbination, a

material for t@)n fifAnmmpthoduiot ippedusmy apilicabeloptagehg ¢hiadfilim,ornmprsing
group copghstl g rﬁ&teﬁélygﬁ{?d%?‘i‘in%%eﬁ%mz%tfgﬂése%%la%rbﬂ%n%l\é@t%‘ ozone,

-13 -



EXAMPLES [ 0085] The present invention is described in greater
detail below by referring to Exanples, but the present invention is
not limted thereto. In the description of the present invention, M,
Et, Pr, "Pr, CPr Bu, 'Bu, sBu, tBu, tPe, Cy and tCct stand for methyl
group, ethyl group, propyl group, isopropyl group, cyclopropyl group,
butyl group, isobutyl group, sec-butyl group, tert-butyl group,

tert- penqbbsqroup cyclohexyl group and 1,1, 3, 3-tetranet hyl butyl
group (tert- ocjy oeﬁe respectively. [ 0086] Reference Exanple-1:
[0087] [Chem Eﬁﬂﬂ H2 'PrN [0088] 6.06 g (41.8 mmol) of
an aqueous 40% gl yoxal solution was added to a m xed sol ution of 5.32
g (89.9 mmol) of isopregylanmi ne and 50 nL of water, and the m xture
was stirred at roomtepperature for 1 hour. The produced solid was
separated by filtratidn, washed twice with 5 nL of water and then
dried under reduce ssur€ to obtain

N, N1- di i sopropyl-|3, 4- anz Z 1, 3- but adi ene (PrNCHCHNi Pr) as a white
solid (yielded a £i66 g, ¢i'eld: 80%. NMR (500 MHz,
o6D6, 5/ ppn) 7.9 \3.15 (sept, 1=6 Hz, 211), 1.08 (d, J6 Hz,
12H). [0089] Refere Exadﬂle-Z: [ 0090] [Chem 22] [ 0091]

unt
S,

R2

[0052]

(wherein each of R! anid R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR®, a disubstituted amino
group represented by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R®
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4).

[0053]
(® The production method as described in (8), wherein, preferably, Z is

an amino group or a monosubstituted amino group represented by NHR? and R? is an

alkyl group having a carbon number of 1 to 4.

ADVANTAGE OF THE INVENTION

[0054]

By virtue of using the hydrosilane derivative (1') of the present invention as the
material, a silicon-containing thin film such as silicon dioxide or silicon nitride can be
efficiently produced even at a low temperature of 500°C or less without using a plasma

0Or 0ZOone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055]
[Fig. 1] Fig. 1 is a schematic view of the thin-film producing apparatus used in
Example-39 to Example-52, Example-57 to Example-65, and Comparative Example-1
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84.45 g (582.0 nol) of an aqueous 40% gl yoxal solution was added to a
m xed solution of 86.07 g (1.177 nol) of sec-butylam ne and 200 nL of
hexane, and the m xture was stirred at roomtenperature for 30

m nutes. Thereto, 15.00 g of sodium chloride was added and after
further stirring for 15 mnutes, the stirring was stopped to cause
separation into two | ayers. The aqueous | ayer was renoved and then,
5.00 g of r@ﬁﬁ]&? il iale was added to the hexane |ayer, followed
by stlrrltﬁg at r%%te ergture for 30 m nutes. Insoluble matters

wer e separ at ed [Big. 2] | Kigat isoi( archBSCrabafts pf $iAPNGHSHRY PN

d d i
e ont BN LAt e
97.10 g, yi el d:[Faod] Fight is T§) mthESCwéagrtaOfﬂlkBuN@ HM Bu)(HAHA y of
TR o ATRAE S0 i AR RR b
1.60- 1.50 (m [Pig) 6] Fig 5 is TéBaydSCreharty ofRi( BuNCIEBINBw)GHNHE, 75 (d,
J=7 Hz, 6 I BuN H2
t BUN NtBuH)O [qg%[ngﬁéefﬁwmﬁgﬁgefg So’l{ Egon %@@gﬁ#ﬁ&%}}q}ﬁeiaﬁe
and 20.48 g (2¢Bigo8ming.)8 lofTQ@rdBEC;cﬂlammfs‘SlQ\BBNGHﬂ%B@)(PBI\%meg it
bat h f
oc oo DoLn ealopiien 294 a0 B0 Mt SRS aIBICOLS
1 hour. The aqtﬁB@uéo]lF@elﬂ ind& mﬁ@&@dhmftﬂn@i‘uNQH@G%Bui(Pﬁﬂﬁrﬁm um
sulfate was adﬁ?% ig[‘fﬁré]qm?’f%d'lﬁ‘%(? Charks 'SR gﬁﬂ@ﬁd&ﬁh%@%ﬁﬁ oom
0 I

terrperat ure fo tes. I'nso e matter wer e separ

filtration, anCEFthbZ]ﬁg tl2ds EGwsl ST ebartsrd Si(’ BMH@@%BB}(@NHCUO
whi e sol td (yIEERE L O Alasse tnairelt SUBICHOHR MEAEDREDI, 0° °
C6D6, 8/ ppm s[m [4]Fig it is IGi@d(&sc e, of SRS CHCHN 'Bu) (H)NHCH,CF;.
[Fig. 15]Fig. 15 is TG and DSC charts of Si*BuNCHCHNBu)(H)NHEt.
[Fig. 16]Fig. 16 is TG and DSC charts of Si(PeNCHCHN'Pe)(H)NH,.
[Fig. 17]Fig. 17 is TG and DSC charts of Si('PeNCHCHN'Pe)(H)NHMe.
[Fig. 18]Fig. 18 is TG and DSC charts of Si(*PeNCHCHN'Pe)(H)NHE.
[Fig. 19]Fig. 19 is TG and DSC charts of SitOctNCHCHN'Oct)(H)NH,.
[Fig. 20]Fig. 20 is TG and DSC charts of Si('OctNCHCHN'Oct)(H)NHE.
[Fig. 21]Fig. 21 is TG and DSC charts of Si('BuNCHCHN'Oct)(H)NH.
[Fig. 22]Fig. 22 is TG and DSC charts of Si('BuNCHCHN'Oct)(H)NHPr.
[Fig. 23]Fig. 23 is TG and DSC charts of Si( BuNCHCHN'Bu)(H)NCO.
[Fig. 24]Fig. 24 is TG and DSC charts of Si(BuNCHCHN'Bu)(E)NCS.
[Fig. 25]Fig. 25 is TG and DSC charts of Si(PeNCHCHN'Pe)(E)NCO.
[Fig. 26]Fig. 26 is TG and DSC charts of Si'OctNCHCHN'Oct)(H)NCO.
[Fig. 27]Fig. 27 is TG and DSC charts of SitBuNCHCHN'Bu)(H)NEk.
[Fig. 28]Fig. 28 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NBuMe.
[Fig. 29]Fig. 29 is TG and DSC charts of Si( BuNCHCHN'Bu)(H)CHCH,.
[Fig. 30]Fig. 30 is TG and DSC charts of Si'BuNCHCHN'Bu)(H)CH,CHCH,.
[Fig. 31]Fig. 31 is TG and DSC charts of Si(' BuNCHCHN'Bu)(H)CHC(CHz).
[Fig. 32)Fig. 32 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)C(CHs)CH,.
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Ref erence Exanple-4: [0096] [Chem 24] [0097] A m xed
solution of 160 nmL of hexane and 118.4 g (1.358 nol) of
tertpentylam ne was cooled by dipping it in an ice bath and after
adding 98.04 g (675.7 rrunol) of an aqueous 40% gl yoxal solution, the
m xture was stirred at roomtenperature for 1 hour. The aqueous | ayer
was renoved and then, 5.00 g of magnesium sul fate was added to the

nexane | ayen; bokd NRR NGB T8 RYFPREN erperature for 30

m nut es. ers Were séparate y filtration,
filtrate WA86]dri ed under reduced pressure to obtain

Dot o 1+ o cOle bt G Bl hgpse GLANGHBD! chidSadhutht o
111 NVR (BO®? RCBOR’ & pesribed.0 7Tk alkgHroup hsding a, caﬂim?mh'lzber@fs 1y,
90,5, 2 dfed g e N LRI Y S
aqueous 468mdd propal gmopyisopepylegroa) dydopmpgl gioxpobgpl gtbumns‘ﬂiutsﬂl%r&m
(150 L by s P GRS, B O Rt o
pr oduced r&opamtylv\gmup,epm’r pdrgyl gly)ufu Iltmahylbm;yl veraipe 2-tosthydbutylt brohf, if2-
O 2 PRLSRSlh 5  SESIR GRBLaf) v, oty
(t OOct NCH(ngtpOct Jmedlylpentil tgrowgn! Ednc(ﬂyylpéxﬂgbl gaoap) nB-metBylbdntgl gtblﬁ;i,czi'l,l-
950 gt oot 1 AT S P00 BB By 2
[0101] [ Cimethy®6iyl tdsokp,t TRidhinetBybhBtyNH20MBLB,3-dimethylbutyl group, 1-ethylbutyl
group, 2-ethylbutyl group, 1,1,2-trimethylpropyl group, 1,2,2-trimethylpropyl group, 1-
ethyl-1-methylpropyl group, 1-ethyl-2-methylpropyl group, cyclohexyl group,
cyclopropylmethyl group, cyclopropylethyl group, cyclobutylmethyl! group, heptyl
group, cyclohexylmethyl group, 1,1-diethylpropyl group, 2-methylcyclohexyl group, 4-
methylcyclohexyl group, octyl group, 1,1-diethyl-2-methylpropyl group, 2,5-
dimethylcyclohexyl group, 3,5-dimethylcyclohexyl group, 1,1,3,3-tetramethylbutyl
group, l-methyl-1-propyibutyl group, 1,1,2,3,3-pentamethylbutyl group, 1,1-diethyl-
3,3-dimethylbutyl group, adamantyl group, 1,1-dimethyloctyl group, 1,1-dipropylbutyl
group, 1,1-dimethyldecyl group, 1,1-diethyloctyl group, and 1-butyl-1-propylpentyl
group.
[0057]
From the standpoint that the hydrosilane derivative (1) has a high vapor
pressure and is easy to handle as a thin-film forming material and that when a film is
deposited using the hydrosilane derivative (1") as the material, the deposition rate of a
silicon-containing thin film is high, each of R' and R* is independently, preferably an
alkyl group having a carbon number of 3 to 8, more preferably a secondary or tertiary
alkyl group having a carbon number of 3 to 5, still more preferably a tert-butyl group or
a tert-pentyl group.
[0058]
Examples of the alkyl group having a carbon number of 1 to 12 represented by
R? include methyl group, ethyl group, propyl group, isopropyl group, cyclopropyl group,
butyl group, isobutyl group, sec-butyl group, tert-butyl group, cyclobutyl group, pentyl

-16 -



O tBuN O tCct N [0102] A m xed solution of 66.00 g (510.7 mmuol)
of 1,1,3,3-tetranethyl butylam ne and 37.35 g (510.7 mmol ) of
tert-butylam ne was added to a m xed solution of 200 nL of hexane and
74.10 g (510.7 nunol) of an aqueous 40% gl yoxal solution, and the

m xture was stirred at roomtenperature for 1 hour. The aqueous | ayer
was renoved and then, 5. 00 g of magnesium sul fate was added to the

heranc |yl LAY, HEE NS0, SSBASTRRLPL Y- b el g
filtrate methydutydgreupdds2- dmhnl@dpmpyleg:;up,el-eﬂxymwl rgraupyicx¢lapentylf group,
(1 Bancroe e ot S e B 'ﬁ%%’lhﬂa#a@@@%agim%hs%%@f" i >
l'i quid (ymelhybdmahmng, 1111 -dirggthyibetiyl: g8ifs) . 1,2-dimethylbutyl groupl12R-
) 5. o pey i dolR g didnl e .| pydifelfibynt, Hogh 550
0. 979 ( s)dimethghaityls group3Q- Mb@t}z?Engjz 2-6Dthutd/ gpmp, ]l5172~8ﬂmetl:5']@r<719ﬂ
25 774, F0%6: ba2elmIBEtey opty. pdrabu LR tprt Jerof o et 2
[ Chem 27hethylpropyl Rgrotg,i cMloheRyli BroupPrdyiclopropylmethyl group, cyclopropylethyl
group, cyclobutylmethyl group, heptyl group, cyclohexylmethyl group, 1,1-
diethylpropyl group, 2-methylcyclohexyl group, 4-methy1cyclohe§cyl group, octyl group,
nonyl group, decyl group, undecyl group, dodecyl group, 1,1-diethyl-2-methylpropyl
group, 2,5-dimethylcyclohexyl group, 3,5-dimethylcyclohexyl group, 1,1,3,3-
tetramethylbutyl group, 1-methyl-1-propylbutyl group, 1,1,2,3,3-pentamethylbutyl
group, 1,1-diethyl-3,3-dimethylbutyl group, adamantyl group, 1,1-dimethyloctyl group,
1,1-dipropylbutyl group, 1,1-dimethyldecyl group, 1,1-diethylocty! group, and 1-butyl-
1-propylpentyl group.
[0059]

These alkyl groups may be substituted with a fluorine atom, and examples of
the substituted alkyl group include fluoromethyl group, difluoromethyl group,
trifluoromethyl group, [-fluoroethyl group, 2-fluoroethyl group, 1,1-difluoroethy! group,
2,2-difluoroethyl group, 2,2,2-trifluorcethyl group, perfluoroethyl group, 1-fluoropropyl
group, 2-fluoropropyl group, 3-fluoropropyl group, 1,1-difluoropropyl group, 2,2-
difluoropropyl  group, 3,3-difluoropropyl group, 3,3,3-trifluoropropyl group,
perfluoropropyl group, 1 -trifluoromethyl-2,2,2-trifluoroethyl group, perfluoroisopropyl
group, perfluorobutyl group, perfluoroisobutyl group, perfluoro-sec-butyl group,
perfluoro-tert-butyl  group, perfluoropentyl group, perfluoroisopentyl group,
perfluoroneopentyl group, perfluoro-tert-pentyl group, perfluorohexyl group,
perfluorocyclohexyl group, perfluoroheptyl group, perfluorooctyl group, perfluorononyl
group, perfluorodecyl group, perfluoroundecyl group, and perfluorododecyl group.
[0060]

From the standpoint that the hydrosilane derivative (1") has a high vapor
pressure and is a liquid and easy to handle as a thin-film forming material and that when
a film is deposited using the hydrosilane derivative (1") as the material, the deposition

rate of a silicon-containing thin film is high, R> is preferably an alkyl group having a
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[ 0105] In an argon atnosphere, 26.27 g (187.3 mmol) of
I Pr NCHCHNI FT was di ssolved in 190 nL of tetrahydrofuran and after
adding 2.67 g (385 mmol) of lithium the m xture was stirred at room

tenperature for 7 hours to obtain a dilithiumN, N -
di i sopropyl-1, 2-vinyl enedi am ni de) solution as a dark red uniform
solution. Reference Exanple-8: [0106] [Chem 28] sBu Li NLi sBuNNLi

sBu [ 0107, ..at : .
SBuNHCH S e G PR ARG g Tl ety an
t et r ahydr@kylraapumhevinge catbosinumdennt | dnd, and epecifitalligstitl meregpreBoably a

nours o ‘Bell Hho, BABIERE A PHOUEth Koot AT LIRBPE b S By iods
sol uti on abutyl geaup, eadseitylogravp al sacrlayl gOUDSE iRebuiyd grapEaasyslabutyl
[0109] [ Qhem, o2Me iU Li NLi NtBu tBuNNLi tBu [0110]

[0061]

Examples of the alkyl group having a carbon number of 1 to 4 represented by
R* and R’ include methyl group, ethyl group, propyl group, isopropyl group,
cyclopropyl group, butyl group, isobutyl group, sec-butyl group, tert-butyl group, and
cyclobutyl group.

Definitions of the substituents represented by Z and Za in the description of the
present invention are described below. Za represents an isocyanato group, an
isothiocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, an N-methyl-alkylamino group represented by N(CH3)R?, or an alkenyl group
having a carbon number of 2 to 6 (wherein R? and R* have the same meanings as above).
Z is a broader term of Za and represents an isocyanato group, an isothiocyanato group,
an amino group, a monosubstituted amino group represented by NHR?, a disubstituted
amino group represented by NR*R, or an alkenyl group having a carbon number of 2 to
6 (wherein R?, R* and R have the same meanings as above).

[0062]

The alkenyl group having a carbon number of 2 to 6 may be linear, branched or
cyclic, and specific exaﬁlples thereof include vinyl group, prop-1-en-1-yl group, prop-1-
en-2-yl group, prop-2-en-1-yl group, cycloprop-1-enyl group, cycloprop-2-enyl group,
but-1-en-1-yl group, but-1-en-2-yl group, but-3-en-2-yl group, but-3-en-1-yl group, but-
2-en-1-yl group, but-2-en-2-yl group, 2-methylprop-1l-en-1-yl group, cyclobut-1-enyl
group, cyclobut-2-enyl group, pent-1-en-1-yl group, pent-1-en-2-yl group, pent-1-en-3-
yl group, pent-4-en-2-yl group, pent-4-en-1-yl group, pent-2-en-1-yl group, pent-2-en-2-
yl group, pent-2-en-3-yl group, pent-3-en-2-yl group, pent-3-en-1-yl group, 2-
methylbut-1-en-1-yl group, 2-methylbut-3-en-2-yl group, 3-methylbut-2-en-1-yl group,
3-methylbut-2-en-2-yl group, 2-methylenebutyl group, 2-methylbut-2-en-1-yl group,
cyclopent-1-enyl group, cyclopent-2-enyl group, cyclopent-3-enyl group, hex-1-en-1-yl
group, hex-1-en-2-yl group, hex-1-en-3-yl group, hex-5-en-1-yl group, hex-5-en-2-yi
group, hex-5-en-3-yl group, 2-methylpent-4-en-2-yl group, 4-methylpent-1-en-3-yl
group, 3-methylpent-1-en-3-yl group, 2-methylpent-1-en-3-y! group, 4-methylpent-4-
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In an argon atnosphere, 32.00 g (190.2 nmmol) of tBuNCHCHN Bu was

di ssolved in a m xed solvent of 50 nmL of tetrahydrofuran and 150 niL
of hexane and after adding 2.66 g (383 mmvpl) of lithium the m xture
was stirred at roomtenperature for 16 hours to obtain a
dilithium(N N-di-tert-butyl-1,2-vinyl enedi am nide) solution as a dark
red uni formsolution. [0111] Reference Exanple-10: [0112] [Chem 30]

tpe Li NLIgtP | 3 A }%@ %{Jcnﬁ,r ﬁ?rﬁg% -
(286. 2 mol ?EM?NCPJ%&[—I%%% e%tyldiggosglj vzggielﬁ{ a Ir)’r%(tgig Yo \’/?n;[n%o 58%71_
of t et r ahyethpenetatylarggoum o 2A-distethidRetrieed o] aforaip, adiklolexel-6ayly re8s
mrol ) of égg{og%%mgng,pgmgb,xarnurc?cméx_g_tehwﬁgu&t roomtenperature for 14

hours to
dilithi udP#€3\ 11-di-tert-pentyl-1, 2-vinyl enedi anini de) solution as a

dark red unifo O}t i e oo 14
31]r r [Olill6] o {hlél éﬁ&?ﬁog‘?é%# g?n%g%ﬁ%%ge%@éﬁg%hé%p? ﬁnii%l[ %b??‘
t Oet NCHCHIKEsSRTE, ainglkenyd gooupdehving acarborenimslbsineé Atto dfis aeferredof Specifically,

oty ST T 1ok BTSN AL ST Uk S0 S0,
hour s t o cyelopton-keal| grobp.uaypprapieny! Froun, dhutdmest-hyl ey ) but-12en-2-yl
vinyl enedi &) Nhd8lesPhitd O, 35ut3-dR1 K1 "Eolp! Wit B-$94 YWrb - but-2-en-2-yl
group, 2-methylprop-1-en-1-yl group, cyclobut-1-eny! group and cyclobut-2-eny! group
are preferred, and vinyl group, prop-1-en-1-yl group, prop-1-en-2-yl group and prop-2-
en-1-yl group are more preferred.
[0064]

From the standpoint that in the case of producing a silicon oxide thin film by
using the hydrosilane derivative (1) as the material in the co-presence of an oxygen gas,
the deposition rate of the silicon-containing thin film is high, Za is preferably an amino
group, a monosubstituted amino group represented by NHR?, an N-methyl-atkylamino
group represented by N(CH3)R?, or an alkenyl group having a carbon number of 2 to 4,
more preferably an amino group or a monosubstituted amino group represented by
NHR?, still more preferably an amino group, a methylamino group, an ethylamino
group, a propylamino group, an isopropylamino group, a cyclopropylamino group, a
butylamino group, an isobutylamino group, a sec-butylamino group or a tert-butyl
amino group. Also, from the standpoint that the material has a low thermal
decomposition temperature and is suited for the production of a silicon-containing thin
film at a low temperature, Za is preferably an amino group, a monosubstituted amino
group represented by NHR?, an isocyanato group, or an alkeny! group having a carbon
number of 2 to 4. Furthermore, from the standpoint that the deposition rate of the
silicon-containing thin film is high even at a low temperature, Za is more preferably an
amino group.

[0065]

From the standpoint that in the case of producing a silicon oxide thin film by
using the hydrosilane derivative (1') as the material in the co-presence of an oxygen gas,
the deposition rate of the silicon-containing thin film is high, Z is preferably an amino
group, a monosubstituted amino group represented by NHR?, an N-methyl-alkylamino
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[0117]

Ref erence Exanple-12: [0118] [Chem 32] tBuN [0119] Na

tBu (NNa NNa i Bu In an argon at nosphere, 27.90 g (165.8 mmol)
of t BUNCHCHNt Bu was di ssolved in 180 nL of tetrahydrofuran and after
adding 7.59 g (330 mml) of sodium the m xture was stirred at room
tenperature for 12 hours to obtain a

di sodi um{NN-di tert-butyl-1, 2-vinyl enedi am ni de) solution as a dark

Lot But anpey forRp e Y NIERSE oA IR Yur {VEY o iR Pfror2 o 4

t aui But agnore preferably an amino group or a monosubstituted amino group represented by

NHR?, still more preferably an amino group, a methylamino group, an ethylamino
group, a propylamino group, an isopropylamino group, a cyclopropylamino group, a
butylamino group, an isobutylamino group, a sec-butylamino group or a tert-butyl
amino group. Also, from the standpoint that the material has a low thermal
decomposition temperature and is suited for the production of a silicon-containing thin
film at a low temperature, Z is preferably an amino group, a monosubstituted amino
group represented by NHR?, an isocyanato group, or an alkenyl group having a carbon
number of 2 to 4. Furthermore, from the standpoint that the deposition rate of the
silicon-containing thin film is high even at a low temperature, Z is more preferably an
amino group.
[0066]

' The production method of the present invention is described below. The
hydrosilane derivative (1') of the present invention can be produced through the step A

shown in the following reaction formula.

[0067]
[Chem. 19]
)a1 )%1
O ez "\
| S ——— I Si
}22 >12
3) (19
[0068]

The compound M?Z (4) for use in the step A can be used by determining M? as
described above according to the type of the substituent Z of a desired hydrosilane
derivative (1'). Specifically, the compound M?Z (4) used is appropriately selected
from ammonia, lithium amide, a primary amine represented by NH,R?, a secondary
amine represented by NHR'R®, a lithium(alkylamide) represented by LiNHR? a
lithium(dialkylamide) represented by LINR'R’, sodium cyanate, potassium cyanate,

sodium thiocyanate, potassium thiocyanate, and an alkenyl magnesium halide having a
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[0121] In an argon atnosphere, 41.60 g of a m xture of

t BUNCHCHNt Oct, 13uNCHCHNt Bu and t Oct NCHCHNt Oct obt ai ned by the net hod
described in Reference Exanple-6 was dissolved in a m xed sol vent of
50 nL of tetrahydrofuran and 150 nL of hexane and after adding 2.67 g
(393 mmol ) of lithium the m xture was stirred at roomtenperature
for 12 hours to obtain a mxed solution of dilithiun(N-tert-butyl-N -
él Ill f’hf’u:{%ﬁcﬁ}' 'E%HB 2#;2,%% 36 1313 n}/ahﬁrﬁdhﬁ@ it ngt}le meanings as above). More
vi nyl enedipaeifindltje poditol ¢}1anat|e m@msdhmkymﬁ¢ & used aa thet doptpmming 13) whéh Z

Beanpi o 11 0y D15 ef pBudh Sl Bt ol o Bl oy 1 i 876

In an ar m@mm’umbé@hﬂnm Z @ an isothiocyanato group; ammonia or lithium amide is used as

i 0 U Mo dluh2 005 00N 7 26 LV GRS ILAL IRkl W0 REERA S0

accordi ng e pro dure and r eagen
Ref er enc ditEnafpkgamide LiNBRIds tsedaas by anmp()lﬁﬁt)(émm\)heﬁ @ ista monosubstituted

e i e
pr oduced bye[méll%BE)asrlasBéds the donipouad (ét)nyhmriﬁhstdﬁsdxstmmﬂams grmq.DNRﬁ{fl;)y
di stillatji,gn,f e[lﬁ%ﬁé'i !ﬁ?ﬁgnﬁil{l&g‘ﬁa 1td ?%aecfiasnﬁ'ls pc%?né){?glérg (% grb Zels ih alkenyl

obt ai ned 0|I uider
(distill @"mlqnha\en@arcairburenmﬁh@/df Zxamz(Rﬁa)R tamdoRt have thecdahmr meading as

- di L0 CH 1
25 o ool B, Prafibaé B ing a8 Ur e GlepCpid N i)
11 1 N'VR chb0ide MEbm, LBEENING/appmand.aBGodime aldt, arfil. Hview, of2gdod Held®t(the

Cobs, i) St gt e tonf i ety o FAGRY Bt £ Miine

[0126] [ @wemm@S]|preferably a bromine atom. In the step A, if desired, tertiary amines such

as triethylamine and diethyl(isopropyl)amine, and pyridines may be added as a reaction
aid.
[0069]

In view of good yield of the hydrosilane derivative (1'), the step A is preferably
performed in an organic solvent. The organic solvent which can be used is not limited
as long as it is a solvent not inhibiting the reaction. For example, in the case where
ammonia, a primary amine NH;R® or a secondary amine NHR'R® is used as the
compound (4), examples of the solvent include a hydrocarbon solvent such as pentane,
hexane, heptane, octane, cyclohexane, methylcyclohexane, ethylcyclohexane, benzene,
toluene, xylene and ethylbenzene, and an ether solvent such as diethyl ether, diisopropyl
ether, cyclopentylmethyl ether, cyclopentyl ethyl ether, dioxane, tetrahydrofuran and
1,2-dimethoxyethane. One of these may be used alone, or a mixture thereof in an
arbitrary ratio may be used. In view of good yield of the hydrosilane derivative (1",
hexane, heptane, tetrahydrofuran, or a mixed solvent of tetrahydrofuran and hexane or
heptane is preferred. Also, in the case where lithium amide, a lithium(alkylamide)
LiNHR?, a lithium(dialkylamide) LINR*R®, sodium cyanate, potassium cyanate, sodium
thiocyanate, potassium thiocyanate or an alkenyl magnesium halide is used as the
compound (4), examples of the solvent include an ether solvent such as diethyl ether,
diisopropyl ether, cyclopentyl methyl ether, cyclopentyl ethyl ether, dioxane,

tetrahydrofuran and 1,2-dimethoxyethane, and a mixed solvent of this ether solvent and
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sBur, NL NLi sBu SiHCI3 513u cM /Cl Si / "s" N sBu [0127] In
an argon atnosphere, a

dilithiumN, N-di -sec-butyl -1, 2-vinyl enedi am ni de) solution prepared
according to the procedure and reagent quantities described in

Ref erence Exanpl e-8 was added to a hexane (150 nmi) sol utian
cont ai ni ng 25. 00 g (184.6 mmol ) of trichlorosilane and the m xture
was stlrreq1 om tenperature for 6 ho soluble ma

AlodaiUN GRS 3 as €, ﬁ C §t el %he
produced Wwere separate % ot tratpl%t?fl a %f{aflﬁ’e enfoiR% é(anedy
distill atmcmy]‘cydnhd:)tmaefathj:lcyadl@axanherbem&erm,sqohene ocymmsmdreehylﬁénzene In

obt & ned s Sl yEdd Wi sHRLSHaCHASHNRY T3 tah bbbk 4 2.
2- chl or o- di.thlnbxyeihmebsumdre fieBeretidaza- 2- si | acycl opent - 4- ene

(Si eBuNCl—tggWu)(H)Cl) as a pale yellow liquid (yielded anpunt: 18.10
g, yield This product was a m xture of a plurality of isoners

differing in tHethd enepefx cbmﬁmguntaifltbmdlvmnueabh ok Iperticularly limited, and a
LR (BB RIS, 19, (31 B 8GR G
1. 63- 1. 4%ppropridid]y seﬁl.eode?i—almﬂﬁ)t@fm s@khnt. 1. 14 (d, J=7 Hz)/1.12 (d, J=7
e (S o e 0l B SHEEL 1k UL SORS 5%l 4l 80 Shbouth B9
i ntensit iiedesoﬁbw\belswgnhi the. caée&@lé‘ﬂw&e(cbaﬁaohﬂ-xﬂ (4)@BEbin 1BE premA kldmmonia,
;'E'S O‘:’ a'g- % %W lllelungne %{1{3 or aOSechil‘dary m1n4Nﬁﬁ5}€6 when tertlarg( Narfifes or
dilithi urmrNdN]as dite-rtoe ntlddolLds\al reégtibnwd;ﬂﬂ;eldmwlmmdd&)aﬂse{m ¢anrbepregredd
cceor 5l DRPEP RN AU SE0ETA UL RS i
25.20 g (tdﬂﬁ: ﬂﬂmmﬂle)neoierﬂvamMI dn olsd dmaef adahdg taheaanontami ghavasoati ¢frtkel
2 eSSBS 06 e e AP B SR B Bl
from t he ahd) for akempiadehernthensphtioniatd 3 essd i en afoantobit hbn atbre equivalents
relative to the chlorosilane derivative (3), the hydrosilane derivative (1') can be
produced in good yield by using the compound (4) in an amount of 1 or more
equivalents relative to the chlorosilane derivative (3). Also, in the case where the
compound (4) used in the step A is lithium amide, lithium(alkylamide) LiNHR?,
lithium(dialkylamide) LiNR'R’, sodium cyanate, potassium cyanate, sodium
thiocyanate, potassium thiocyanate or an alkenyl magnesium halide, the hydrosilane
derivative (1') can be produced in good yield by using the compound (4) in an amount
of 1 or more equivalents relative to the chlorosilane derivative (3).
[0071]

In the step A, the reaction temperature and the reaction time are not particularly
limited and are appropriately selected from the ranges of preferably from 0 to 200°C
and from 10 minutes to 120 hours, whereby the hydrosilane derivative (1'} can be
produced in good yield. Examples of the gas which can be used for the atmosphere in
the step A include dry air, nitrogen, helium, neon and argon. In view of good yield of
the hydrosilane derivative (1'), the step A is preferably performed in a nitrogen or argon
atmosphere.

[0072]
The hydrosilane derivative (1"} produced through the step A may be purified, if
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residue was distilled under reduced pressure (distillation
tenperature: 80C/ 3.8x102 Pa) to obtain

2-chloro-1,3-di-tert-butyl-1, 3-di aza- 2-si | acycl opent - 4- ene

(Si (BUNCHCHNt Bu) (H) C1) as a colorless liquid (yielded anount: 35.58
g, yield: 83%. 1HNWR (500 MHz, C6D6, 5/ppm 6.40 (s, 1H), 5.77 (s,
2H), 1.21 (s, 18H). 13C NMR (125 MHz, Ce6D6, 8/ppm 113.1, 51.9, 30.8.

[0131] R 0117 : i .
10t reorned oy SHOPRERE R R st TR thitiod jnbf as ArAal!
at mos pheraxtragtiadi, distilatigmseblanatioarand igepsiallizetionvi nyl enedi ani ni de)

sol ution prepar ol : oI ] tig
described in Re?%r nc‘gSrl g%}% %t%fg?\%\zg?g%ggﬂg%ngﬁgvehg%gggeﬁ P g%f’s'am;%rBéhf‘c%d
sol ut i on wormsthail og perforpong twa gep0t andbl yhayin inrthe fillomdrg teastéon fandulahe
m xture g7fHtirred at roomtenperature for 3 hours. Insoluble
matters \;I)@o ced were separated by filtration, and the sol vent was
removed by di stlCheémt2@n fromthe filtrate under atnospheric pressure.
The obt ai ned resi due was distilled under reduced pressure
(distillation tRenperature: 80C/ 3.8%¥102 Pa) to obtain R

Si ( BUNCHCHNt Bul(1H) Cl) as a color lfess |i quid (yiel ded anbunt . 20. 80 g,

yield: 48% Mt t huggeht ai ne BuJICHCHNy B ( H) Cl ¥ nmegbured for
the 11-1 afjd 13C NNE_s.p.Ee;.La, as SSi esul_t_,_%ﬁsssp ctras-\l%reed W th
spectra of {It hat obtaj ned .,i.n fergnde Ex Le-36. {0134] \Ref erence
Exanpl e- 18: 185] (Beep 1) N H -%%ef’._ %(? N\ H

R? \R2 ' R?
2) 3 ¢!

[0074]
(wherein RYL R ML, Z, R3, R, R’ and M? have the same meanings as above). More
specifically, step 1 of reacting a vinylenediaminide alkali metal salt (2) with
trichlorosilane to produce a chlorosilane derivative (3), and step 2 of reacting the
chlorosilane derivative (3) with the compound (4) to produce a hydrosilane derivative
(1') are performed, whereby the hydrosilane derivative (1') can be produced.
[0075]

The step 1 is descried in detail below. The vinylenediaminide alkali metal
salt (2) used in the step 1 or a raw material for the synthesis thereof, that is, N,N'-
dialkyl-1,4-diaza-1,3-butadiene (R"N=CHCH=NR?), can be produced according to the
method described, for example, in Journal of the American Chemical Society, Vol. 120,
page 12714 (1998) and Journal of Organometallic Chemistry, Vol. 301, page 183
(1986).
[0076]

In view of good yield of the chlorosilane derivative (3), M' is preferably a

lithium atom.

In view of good yield of the chlorosilane derivative (3), the step 1 is preferably
performed in an organic solvent. The organic solvent which can be used is not limited
as long as it is a solvent not inhibiting the reaction. Examples of the solvent include an
ether solvent such as diethyl ether, diisopropyl ether, cyclopentyl methyl ether,
cyclopentyl ethyl ether, dioxane, tetrahydrofuran and 1,2-dimethoxyethane, and a mixed
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[Chem 38] tPe ./CN I Si / NH,1 (Pe [0136] In an argon
atnosphere, a dilithiun(N, N-di-tert-pentyl-1, 2-vinyl enedi am ni de)

sol ution prepared according to the procedure and reagent quantities
described in Reference Exanpl e-10 was added to a hexane (180 mni)
solution containing 25.00 g (184.6 mml) of trichlorosilane, and the
m xture was stirred at roon1tenperature for 4 hours. Insoluble -

tt '
rommved BRHEgt IR SERRAAA Bfjcpitoh 3b1Rl i LORMEC hEGRE MBBne
The obt aiavéanher equdhﬂeimmdﬁhﬁhvtlbb@caumd@hylpﬁddwdn@rlwssmee toluene, xylene
(distill aa&iﬁogglﬁrﬁd%ﬂ?élﬁt urey ek g 38492 gﬁ) tfoth%btcﬂfoﬁisﬂﬁne derivative (3),

2-chloro tert-pentyl-1, 3-di"faza- S|Iac
Si (tPe NCH@FMVéyqu)aalqr @smaed: mlﬁenteqfsteualqm |mddmaam more prefartedy,

Ty, U5, 71iM, amgpat of tho,sopnt ubdd, Yot %ﬁgﬁwgﬁduﬁﬁﬁm Sickslge
8 Hz, 2|—|)der1yat1®9(30 san @H)meucg@ n gsod aiqjd bp wsdg(the sgkventHa, arﬁajl)propr&@ly

NVR (125 g QEQB gﬁﬁﬁﬂ 5/ppm 112.9, 54.6, 35 2, 28.7, 28.2, 8.9. [0137]
Ref er ence t9 [0138] [Chem 39] 'Oct NLi SIiHCI3 tCct NCI Si

[0077]

The amount of the vinylenediaminide alkali metal salt (2) used in the step 1 is
not particularly limited, but from the standpoint that the chlorosilane derivative (3) can
be produced in good yield, it is preferred to use trichlorosilane in an amount of 0.9 to
1.1 equivalents relative to the vinylenediaminide alkali metal salt (2), and from the
standpoint that the vinylenediaminide alkali metal salt (2) and trichlorosilane can be
used in just proportion, it is more preferred to use trichlorosilane in an amount of 1.0
equivalents relative to the vinylenediaminide alkali metal salt (2).

[0078]

In the step 1, the reaction temperature and the reaction time are not particularly
limited and are appropriately selected from the ranges of preferably from 0 to 100°C
and from 10 minutes to 120 hours, whereby the chlorosilane derivative (3) can be
produced in good yield. Also, in view of good yield of the chlorosilane derivative (3),
examples of the gas which can be used for the atmosphere of this reaction include inert
gases such as nitrogen, helium, neon and argon. In view of good yield of the
chlorosilane derivative (3), the reaction is more preferably performed in a nitrogen or
argon atmosphere.

[0079]

The chlorosilane derivative (3) produced through the step 1 may be purified, if
desired, by appropriately selecting a general purification method such as filtration,
extraction, distillation, sublimation and crystallization. The chlorosilane derivative (3)
need not be necessarily isolated, and the crude chlorohydrosilane derivative (3) may be
directly used as the raw material in the step 2 or rﬁay be used in one-pot system for the
reaction of the step 2 after the completion of reaction in the step 1.

[0080]
The step 2 can be performed under the same conditions as in the step A above.
The method for producing a silicon-containing thin film, comprising using the
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NH "Oct ii NLi tQct [ 0139] In an argon at nosphere, a
dilithium(N N-bis(1,1,3,3-tetranethyl butyl)-1,2- vinylenedi am ni de)
sol ution prepared according to the procedure and reagent quantities
described in Reference Exanple-11 was added to a hexane (150 mi)
solution containing 25.00 g (184.6 mml) of trichlorosilane, and the
m xture was stirred at roomtenperature for 3 hours. Insol uble

matters Q&!gc?é \‘I@ﬁ@a ﬁi@#@ga&seﬁx %at[aﬁélt EsaHésQ e dLAR RIOWENA WASon-

renoved b | 'at 1 on trate un er at nospheric pressure.
The obt am@tﬁlmemthuueﬁlmsnaﬂ be iprodaged mae onlye by cethephodswsing: the hydrosilane

(ZdL?]It l)lr La&fhgﬂ%x%eggﬁ%eél%%é' fgttlé%r%ga%rﬁﬁ lﬁﬁﬁl%lg}%lﬁ'gb%idgctlon bélt also by using the
si | acyc| dpdmsilanederivagie (Dawmipmmw thi eihen piligen aompadundg @b tmbierjal fr
ﬁ/l)fllz el gggécﬁ{ﬁg;!ﬂ{ %oﬁéctfén ’Fuﬁ?%’x%r%%éﬁic(‘on—wﬁ_ﬁlnm% ﬂéIB 1%181 m%f'fg"i{ﬁachm?%y

1.43 (s, whig, Oﬁygﬂl gab, Qllﬂmﬁ pitrogoiH)gas,1 hp@ogen 284) wakr9bydroger Siefoxide3C

E e i e N R T L

in comblnatlon the hydrosilane derivative (1"). Examples of the thin film that can
be produced include thin films of silicon dioxide, silicon nitride, silicon carbide, silicon
oxynitride and silicate. Among others, a silicon dioxide thin film or a silicon nitride
thin film can be efficiently produced. More specifically, for example, a silicon oxide
thin film can be produced by using the hydrosilane derivative (1') of the present
invention as the material and using, in combination, a material for thin film production
appropriately selected from the group consisting of oxygen source compounds such as
oxygen, ozone, water, hydrogen peroxide, alcohols and carboxylic acids. Also, a
silicon nitride thin film can be produced by using a nitrogen source compound such as
ammonia, amines and hydrazine in combination as the material for thin film production.
Furthermore, a silicon nitride thin film can be produced by using the hydrosilane
derivative (1") alone without using another material for thin film production in
combination. In addition, various metal silicide thin films can be produced by using
other metal compounds, for example, a compound containing a transition metal such as
scandium, yttrium, rare earth element, titanium, zirconium, hafnium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten, manganese, technetium, rhenium,
iron, ruthenium, osmium, cobalt, thodium, iridium, nickel, palladium, platinum, copper,
silver, gold, zinc and cadmium, or a typical metal-containing compound, as the material
for thin film production in combination with the hydrosilane derivative (1'). Also, a
thin film of a composite oxide with a typical metal or a transition metal may be
produced.
[0081]

Examples of the specific method for producing a silicon-containing thin film
include a vapor deposition method such as CVD method and ALD method, and a
solution method such as dip coating method, spin coating method and inkjet method.
A vapor deposition method is preferred, because a uniform thin film is easily formed

also on the surface of a substrate having a three-dimensionally shaped structure. For
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Cct SIHCA3 tBu NC 1/Si's NH 10O [ 0142] In an argon
at nosphere, a m xed solution of dilithiumN-tert-butyl-N1,1, 3, 3-
tetranet hyl butyl-1, 2-vinyl enediam nide),dilithiumN, N-di-tert-butyl -
, 2- vinyl enedi am ni de) and

dilithium(N Ndi(1,1,3,3-tetranmet hyl butyl)-1, 2- vinyl enedi am ni de
prepared according to the procedure and reagent quantities described

[ Ref

cont ai n roagpe FHRE obBiRaBES it AARRE b 1Tl (LY fllthod or
was stir rtlad AtD rmcihml etlip drydrastlend dcm&tﬂmdi% is Wamimﬂla@ldrr&tita@res gas to a

d d fill . .
B ot i aopRRbAL Chlnlds o Ak Wltn R hGHARL HEDh, dESILE BKGEEY
obt ai ned (rl'é:mCdltn;b W\Ia@bdiim_gmdth@hanﬁmqud égentiod nptesd urBhe tawbbling eethod as
fraction B tdééér i f'bf th &L m%n %39 Iﬁéthg@ wWikeTe ?l?eoﬁ{rd%ggnéo
?oro utyl-1- f , O3-

obtain 2-C -ter
t et r amet Wierivariwel€1D), 8- (dl'awd iftos & Inzassridl oyesaet keépterien fixed temperature by being

oy el ooy = edkéeh) il ik fd Rilel b ke B (AMBHE i P

J 1 Hz 111741)031151167®r(vadye (154 swéh, astheklimm, Adoh) argbn,Adypid, xeirod ahid nitfoge,, is

1 28 (s %é(ﬁgn xit ﬁ ?5356 ﬁ%ﬁﬁ%géﬂapgﬁz%%@hyd%sﬁ%e( gel‘lVJatl%’g (W ﬁ?&l%

(125 MHz injegidé methpd iy a hediod, wiki@the hy8tesilaneskérivativel(19 in 82iqaid e &, fed
31.8, 30.8., %delrizeL Oail'lé,?’ ]foFéQQRf)lg; heatb® 4 4he [VQBSH}erllt]O] thereby vaporize the
hydrosilane derivative (1'). In the liquid injection method, the hydrosilane derivative
(1" can be used alone as the material for thin film production, or a solution obtained by

dissolving the hydrosilane derivative (1) in an organic solvent may be used. The
organic solvent when using the hydrosilane derivative (1") as a solution is not
particularly limited as long as it is a solvent incapable of reacting with the hydrosilane
derivative (1'), and examples thereof include ethers such as 1,2-dimethoxyethane,
diglyme, triglyme, dioxane, tetrahydrofuran, cyclopentyl methyl ether and cyclopentyl
ethyl ether, alkanes such as pentane, hexane, cyclohexane, methylcyclohexane,
ethylcyclohexane, heptane, octane, nonane and decane, and aromatic hydrocarbons such
as benzene, toluene, ethylbenzene and xylene. One of these solvents may be used
alone, or a mixture thereof may be used as the solvent.

[0082]

In the case of producing a silicon-containing thin film by the CVD method or
the ALD method, the hydrosilane derivative (1') fed as a gas to the reaction chamber is
decomposed, whereby a silicon-containing thin film can be produced on a substrate
fixed in the reaction chamber. Examples of the method for decomposing the
hydrosilane derivative (1') include a method by heat, 2 method using a plasma, light or
the like, and a method where a reactant gas such as water, oxygen gas, ozone, hydrogen
peroxide, hydrogen gas, ammonia, alcohols (e.g., methanol, ethanol, 2-propanol) and
carboxylic acids (e.g., formic acid, acetic acid, propionic acid) is fed into the reaction
chamber to cause a chemical reaction. These methods are used individually or in
combination, whereby the hydrosilane derivative (1') can be decomposed and a silicon-

containing thin film can be produced. The substrate temperature when decomposing
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"Pr'Pr N/aNH3 . itSICNNNH2 /1\Si HN H ? I Pr' Pr [0145] In an
argon at nosphere, 4.06 g (19.8 mmol) of Si (i PrNCHCHN Pr) (H) C1 was

di ssolved in 20 nL of hexane. The resulting solution was deaerated by
Freeze- PunpThaw cycling and after creating an ammoni a at nosphere in
the reaction vessel by connecting thereto a ball oon having an
internal volunme of 5 L and being filled with amonia, the solution

was sti rrtﬁg garogffﬁ{@ c%e?ﬁgﬁé;ea#ll‘ﬁrg gf{ogﬁatggru%fecﬁdna%a%rldm&etonfﬁé Ei&!o?n 0515108

produced were separate
di sti | | atdonditionsm Fhe erxampteatla thed ezseamirersp heplasmaprags Sghte is Tﬂoe used in

e mer e 00 0 L RN s

di i sopr opyot-phytieudtirlyy tindtedi dral isc lio paew -of- ense a(lﬁlr(tag%c NGOt yP o H)S NHAD

e (500 WS Ccabi B toni R e, bbrdprofhiby aitfho jorsoog, sy

(sept, Jadoddzprefetably fion2@H50dto 'ﬂGﬂ?CHz AlSi)by dppt@priadely JusihgHa ,pléia, 1@hB4

(1ol SRt beet et et e Yo Eoudipiein i S

produced even in the temperature region of 300°C or less. Furthermore, by using the

hydrosilane derivative (1') of the present invention, a silicon-containing thin film such
as silicon dioxide can be efficiently produced even at a low temperature of 500°C or
less without using a plasma or ozone.

[0083] -

The silicon-containing thin film produced using the hydrosilane derivative (1"
as the material for thin film production has various electrical properties such as
electrical conductivity, electrical insulation and dielectricity according to the
composition and therefore, can be used not only as an electrode, an insulator or a
dielectric material for a semiconductor device such as DRAM and flash memory but
also, for example, as an optical material for a coating film or the like. Among others, a
silicon dioxide thin film and a silicon nitride thin film can be used for an insulator, a
dielectric material, a sacrificial layer, an anti-reflective film, a gas barrier film, a
protective film, a hard mask or the like, and furthermore, the silicon nitride thin film can
be used also for a diffusion barrier film, a durable coating or the like.

[0084]
In addition, the hydrosilane derivative (1') is also useful as various silicon-

containing polymers or silane coupling agents or as a synthetic intermediate thereof.

EXAMPLES
[0085]

The present invention is described in greater detail below by referring to
Examples, but the present invention is not limited thereto. In the description of the
present invention, Me, Et, Pr, ‘Pr, Pr, Bu, 'Bu, *Bu, ‘Bu, 'Pe, Cy and 'Oct stand for
methyl group, ethyl group, propyl group, isopropyl group, cyclopropyl group, butyl
group, isobutyl group, sec-butyl group, tert-butyl group, tert-pentyl group, cyclohexyl
group and 1,1,3,3-tetramethylbutyl group (tert-octyl group), respectively.
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(S \// NHNH\1 "Pr'Pr [0148] In an argon at nosphere, 6.80

g (151 mmol) of ethylam ne was dissolved in 20 nL of hexane, and a

sol ution obtained by dissolving 5.73 g (28.0 mmol ) of

Si (iPrNCHCHNIPr) (HCL in 5 nL of hexane was added thereto at -20C.

After stirring at roomtenperature for 4 hours, insoluble matters

produced were separated by filtration, and the sol vent was renoved by

di stiIIat[ir fromthe filtrate under atnospheric pressure. The

obt ai ned eS|due was distilled under reduced pressure (distillation

t enper at UReferenaaExagpled2 Pa) to obtain

2- et hyl agq?:ﬁl 3- d| -isopropyl-1, 3-di aza- 2-sil acycl opent-4- ene

(Si(iPrN PJI Pr)(H NHEt) as a coI orless liquid (yielded anount: 5.34

g, yield: 89% .[Chem.21] 11-1 NMR (500 MHz, C6D6, 8/ppm) 5.68

(s, 2H), 5.58 (s, 1H), 3.35 (sept, J=7 Hz, 2H), 2.70 (quint, J=7 Hz,

2H), 1.21 (d, J=7 Hz, 6H), 1.19 (d, J=7 Hz, 6H), 0.94 (br, 1H), 0.91

(t, J=7 Hz, 3H). 13C NWR (125 M¥NHLED6, 5/ ppm) 114,0, 47.9, 35.1,

25.0, 24.2, 20.1. %@oExancpl_e—S—[-Q-]-SO] Wﬁjﬁr [ 0151]

In an argon atnosgherey 4.24 g (20.7 mmmol) "of Si (PrNCHCHNI Pr) (H) C1

was di ssol ved in 20 nL of hexane and after adding 2.51 g (42.4 mmol)
|sopr !%gam ne, the mxture was stirred at roomtenperature for 3

hours ble matters produced were separated by filtration, and

the sol vent was$. Gtegried mmoliof e RqEaohs A0Yorgyenaheolfiion was eddaddera mixed

t h tig
eduoad SreBh TS (XN nBR LA RGBT O e B HRE e e
1, 3- di i sopsogiyed2at jogup tasineratientor 11 Bowti. az"ﬁaea;rgducadw@hdpwﬁt sepaatesl by

El S'lgf g?“ﬂﬂ?‘%t ddn) % il With$ rft, 6P \a&%él‘%ﬁ? m%m&ﬁ%gw&é@%e to

5.69 (s, oma)n N, ug@ropy-ll)l 4-8i37- ¢ byadiege{RNC 'Pg) B8 anh11q-|)so 1d
1.21 (d, , 0.96 (d, J=7 Hz, 6H). 13C NMR
(125 M@&E‘BE@%?WE 66%1%&‘& tgrz97/)6 42.2, 2(7 6, 25.0, 24H)1 [0152]

Exanmpl e-4: | 0154 ﬁ]MHAq CsDs, S/ppm) 7.94 (s, 2H), 3.15 (sept J=6 Hz, 2H), 1.08

(d, J=6 Hz, 12H).

[0089]

Reference Example-2:

[0090]

[Chem. 22]
s
(0] . - AV B
o7 ~F > SBuN
[0091]

84.45 g (582.0 mol) of an aqueous 40% glyoxal solution was added to a mixed
solution of 86.07 g (1.177 mol) of sec-butylamine and 200 mL of hexane, and the
mixture was stirred at room temperature for 30 minutes, Thereto, 15.00 g of sodium
chloride was added and after further stirring for 15 minutes, the stirring was stopped to
cause separation into two layers. The aqueous layer was removed and then, 5.00 g of
magnesium sulfate was added to the hexane layer, followed by stirring at room
temperatufe for 30 minutes. Insoluble matters were separated by filtration, and the

filtrate was dried under reduced pressure to obtain N,N'-di-sec-butyl-1,4-diaza-1,3-
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tBu ,.---N"NH2 N H tBu Li NEI 2 [0154] In an argon

at nosphere, 505 ng (purity: 95% 20 9 mmol) of |ithium am de was
suspended in 20 nL of 1, 2-di methoxyethane and after adding 4.65 g
(20.0 muol ) of Si (BuNCHCHN43u) (H)Cl, the mixture was stirred at room
tenperature for 2 hours. Subsequently, 20 nL of hexane was added to
the reaction mxture, and the m xture was stirred at roomtenperature

; |O|rt %gt |m olﬂﬁcg q (ﬁm v}g\rlft%%évtggr 85%%@%%193@ e?‘feat ron "E@r om(% ﬁeyleld

filtrate Qﬂ%l)er T@lm&dhetr wes prms@meeaf a mhnmliiyanfnledmmssdlﬁanng\m the steric
distille ure (distillation tenperature:

780 3. SX%({)JBH;‘%%tI(EI?ﬂU aln g&gm no-1, 3-di-tert-butyl-1, 3-

di aza- 2- si | acycHONMR (500aviElz( G54, BNEHC-P 8u¥mﬂ)mésemsl=a6 pa) 2Hydld0ew

NV (500" WL CECRBR a2ty 18R S0 b, 075 . for . ot o
1H), 1.2900%] 18H), 0.83 (br, 2H). 13C NWR (125 MHz, C6Ds, 8/ppn)_
111. 9, STy dueith fyankd35] Exanple-5: [0156] [ Chem 45] tBu (NC Si N

H t Bu
[0093]

[Chem. 23]

'BUNH, -

Z~A° T
[0094]

A mixed solution of 50 mL of hexane and 20.48 g (280.0 mmol} of tert-
butylamine was cooled by dipping it in an ice bath and after adding 20.30 g (139.9
mmol) of an aqueous 40% glyoxal solution, the mixture was stirred at room temperature
for 1 hour. The aqueous layer was removed and then, 2.00 g of magnesium sulfate
was added to the hexane layer, followed by stirring at room temperature for 30 minutes,
Insoluble matters were separated by filtration, and the filtrate was dried under reduced
pressure to obtain N,N'-di-tert-butyl-1,4-diaza-1,3-butadiene (‘BuNCHCHN'Bu) as a
white solid (yielded amount; 22,90 g, yield: 97%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 8.07 (s, 2H), 1.12 (s, 18H).
[0095]
Reference Example-4:
[0096]

[Chem. 24]

PeN Hg

N'Pe
- -
ONO > peN?
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[0157] NH3 tBu N "NH2 iiSi Hs' iBu In an argon

at nosphere, 6.44 g (27.7 mol) of Si (BuNCHCHNt Bu) (H) C1 was di ssol ved
in 20 nL of hexane. The resulting solution was deaerated by

Freeze- PunpThaw cycling and after creating an ammoni a at nosphere in
the reaction vessel by connecting thereto a ball oon having an
internal volunme of 5L and being filled with ammoni a, the solution
was sti rr@gggt roomtenperature for 3 hours. Insoluble matters

pr oduced re separated by filtration, and the solvent was renoved by
distillation frémixké solutionaefelethder cfthemaphend d 18degsii3é8 mhb of tert-

obt e ESHENE, 195 dhd 4 Shplln sy LR RS ST s
pﬁl e_ yg![ Inoavoliod _ai(ltdq@oiue Ha%del ol aelution, 45 Igixtgaiee’léas:stiﬁﬁé@t roftnetemperature
s, o e IR BGRB8 R 9 of Mg S
t hat obt avaseddéttoRka hptanedayer0l68¢d Bx stimping -a6roopDehgerature [fod BDminutes.

In an ar r : .
a1 1ty o GRS ForeScpargted by Sluption, gnd the filge wap died oy syt
by usi ng pi&ses g obtainBYNCHIHBI-Benty R0, 4ndiazsf 1,8-dutadiend r (ReNGIECHBPayLasod

hexane a : I £ Rl ofr g . Q o f rocedure described in
Ref er enc@q@gﬁg}v&@Edmgéélg%}éée%&%g%ﬁh%g%%d(%/oﬁt) sol uti on cont ai ni ng
9.98 g (73.7 miHINME (S0PiNHEzoC R, Bémen) S070(st BH),nh.52 (g, =hdkz, dH),r I.ed(sat
roomte t far rs. The resulting reaction m xture was
deaer at gﬁ%@‘ @?%@z@ﬁﬁ%p- haw cycling and after creating an amoni a
at nrosphe@938) t he reaction vessel by connecting thereto a ball oon
havi ng am, .l dme of 5 L and being filled with amonia, the
m xture \%{/aeg&élfclrerﬁggl\@% SI'r oom tenperature for 20 hours. Insol uble
matters PO@Plced were separated by filtration, and the solvent was
renoved by di SL&%W n fromthe filtrate under atnospheric pressure.
The obt ai ned residue s distilled under reduced pressure
(distillation tenperature: 78C 3.7x102 Pa) to obtain

Si (BUNCHCHNI 3u) (H)NH2 as a pal e yBfM0w |iquid (yi eLdtt anount: 14.09
g, yield: 90%. The thussbbt aiﬂEd‘Si‘(TBEﬂilCl-HﬁhN%}(l—l) NH2 was neasured
for the 11-1 and 13% NWR spectra, as a result, these spectra agreed
w th spectra of those obtained in Exanple-4 and Exanpl e-5.

[0100]

10.66 g (73.5 mmol) of an aqueous 40% glyoxal solution was added to a mixed
solution of 19.50 g (150.9 mmol) of 1,1,3,3-tetramethylbutylamine and 100 mL of water,
and the mixture was stirred at room temperature for 1 hour. The produced solid was
separated by filtration, washed twice with 10 mL of water and then dried under reduced
pressure  to  obtain  N,N'-bis(1,1,3,3-tetramethylbutyl)-1,4-diaza-1,3-butadiene
("OctNCHCHN'Oct) as a white solid (yielded amount: 19.54 g, yield: 95%).

"H NMR (500 MHZ, CeDg, 8/ppm) 8.09 (s, 2H), 1.61 (s, 4H), 1.14 (s, 12H),
0.98 (s, 18H).
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[0161] Exanple-7: [0162] [Chem 47] tBu'Bu i/Hc NciNNM\ . MNH
I/SIN, ,r( N/ ISI / NriNHXx" tButBu [0163] I n an argon

at nosphere, 5.24 g (22.5 nmol) of Si (BuNCHCHN Bu) (H) C1 was di ssol ved
in 20 nL of hexane and after adding 25.0 nL (48 8 nmmol) of a
tetrahydrofuran solution (concentration: 1.95 nol/L) of nethylam ne,
the mxture was stirred at roomtenperature for 1 hour. Insoluble
matters r parated by filtration, and the sol vent was
renoved @§§%%§§?F¥%$@8%ﬁfron1the filtrate under atnospheric pressure.
The obt ai[A&@l])r esi due was distilled under reduced pressure
(distillation % ‘§r ure: 80C/ 3.8x102 Pa) to obtain
1,3_-di-tert-but§"¥¥B - hyl am nol, 3-di aza- 2- si | acycl opent - 4- ene

(Si ( BUNCHCHNt Bu) (H) NHMe) as a pal e yel |l ow quuidxﬁx&gﬁﬁ@@ianount:
4.41 g, yield: 86%. 1H NMVR 'B80G° M. C6D6, 8/ ppm)
5.81 (d, J=1 Hz, 2H), 5.60 (5, IgkiNR, 31 (d, J=7 Hg, 3H), 1.28 (s,
18H), 0.65 (br, 1H). 13C NVR 023p\ykg, C6D6, 8/ ppm 11%¢8U 51.3, 31.2,

26. 4. [0164] Exanple-8: [©165] [Chem 4&_ ¢ NG
ON BuN
o+
N'Oct
=
‘OctN/I\/

[0102]

A mixed solution of 66.00 g (510.7 mmol) of 1,1,3,3-tetramethylbutylamine
and 37.35 g (510.7 mmol) of tert-butylamine was added to a mixed solution of 200 ml.
of hexane and 74.10 g (510.7 mmol) of an aqueous 40% glyoxal solution, and the
mixture was stirred at room temperature for 1 hour. The aqueous layer was removed
and then, 5.00 g of magnesium sulfate was added to the hexane layer, followed by
stirring at room temperature for 30 minutes. Insoluble matters were separated by
filtration, and the filtrate was dried under reduced pressure to obtain a mixture of N-tert-
butyl-N'-1,1,3,3-tetramethylbutyl-1,4-diaza-1,3-butadiene (‘BuNCHCHN'Oct),
‘BuNCHCHN'Bu and ‘OctNCHCHN'Oct as a pale yellow liquid (vielded amount: 111.4
g, yield: 97%).

'H NMR (500 MHz, CsDs, 8/ppm) 8.094 (s), 8.091 (d, J=8 Hz), 8.08 (d, J=8
Hz), 8.07 (s), 1.61 (s), 1.60 (s), 1.14 (s), 1.12 (s), 1.11 (8), 0.979 (5), 0.976 (s).

3¢ NMR (125 MHz, C¢Dg, 8/ppm) 157.80, 157.79, 157.76, 61.97, 58.10,
56.63, 56.56, 32.51, 32.47, 32.19, 32.18, 29.774, 29.69, 29.66, 29.61.

[0103]

Reference Example-7:

[0104]

[Chem. 27]
iPr
I .
- _NIPr - - E
=
PN NLi

i\
Pr
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[0166] In an argon atnosphere, 3.40 g (75.5 nmol) of ethylam ne was
di ssolved in 30 nL of hexane, and a solution obtained by dissolving
5.78 g (24.8 mmol ) of Si (BUNCHCHNI3u)(H)ClL in 5 nL of hexane was
added thereto at -20C. After stirring at roomtenperature for 2
hours, insoluble matters produced were separated by filtration, and
the sol vent was renoved by distillation fromthe filtrate under

at nospherfggofr essure. The obtained residue was distilled under
reduced essure (distillation tenperature: 86C 4. 1x102 Pa) to .obtain
1, 3-di -t ert - butlp1amp-asgony |atmpsphene, 326. 21 @z 41923 maol)c bd pBANCHCEREPr was

L5 A TR b B A 1 S

5.83 (s, thedmix®resvassstirrell)at rRo@otetpaiatitre for=7 haurs fHpbtain 3olilithium(@E)'-

0.92 (t, sd= 1 3l : : : , 5/ ppm
112. 0, 5f‘.l%?lzfgﬁg’lﬁ5?19%%‘*?5‘%@%?5%0@%@%3 i-cg:]&?(?%f 1u9‘89160169]

| n an ar qafergneedpimeple-3: 6. 22 g (26.7 mmol) of Si (BuNCHCHNt Bu) (H) C1
was di ss in 30 nL of hexane and after adding 3.14 g (56 0 nmol)
of cyclogrop | am ne, the m xture was stirred at roomtenperature for
3 hours. Insol Ghemm&lt ers produced were separated by filtration, and
the solvent was renoved by distillation fromthe filtrate under

at nospheric pressure. The obtained residue was distidgded under
reduced pressure (distillation tenperature: 100C/ 3.7x102 Pa) to

obtain 1,3-di-tert-butyl-2- Li NLi

cycl or popyl am no- 1, 3-di azgN®ggi | acycl opent - 4- gpne

(Si (t BUNCHCHNt Bisjg M) as a colorless liquid (%_elded anount: 6.07
g, yield: 90%. 11-1 NMR (500 MHz, CeMé;! 5/ ppm 5.80
(s, 2H), 5.34 (s, 1H, 2.08 (m 1H), 1.28 (s, 18H), 0 (br, 111),

10.39-0.29 (m 4H). "C NWR (125 MHz, ©6D6, 8/ppnm) 1138, 51.4, 31.2,
23.8, 7.99107/40170] Exanpl e-10: [0171] [Chem 50]

In an argon atmosphere, 31.24 g (185.6 mmol) of ‘BuNCHCHN®Bu was
dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 200 mL of hexane and
after adding 2.71 g (390 mmol) of lithium, the mixture was stirred at room temperature
for 12 hours to obtain a dilithium(N,N'-di-sec-butyl-1,2-vinylenediaminide) solution as

a dark red uniform solution.

[0108]
Reference Example-9:
[0109]
[Chem. 29]
'Bu
/
Li NLi
N'Bu . > [
22
tBuN//,\/ | l .
NLi
' \
'‘Bu
[0110]

In an argon atmosphere, 32.00 g (190.2 mmol) of 'BuNCHCHN'Bu was
dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 150 mL of hexane and
after adding 2.66 g (383 mmol) of lithium, the mixture was stirred at room temperature
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1Bul8u I/H . IcNO 181 \\ /CON'PrNH2 N - "Pr Si, / \ NHN H X\
1Bull3u [0172] In an argon atnosphere, 5.70 g (24.5 mmol ) of
Si (BUNCHCHNI 13u) (H) C1 was dissolved in 40 nL of hexane and after
adding 2.90 g (49.1 mol ) of isopropylamne, the m xture was stirred
at roomtenperature for 5 hours. Insoluble matters produced were
separated by filtration, and the solvent was renmoved by distillation
fromthe & hEhgh o8t 8 Q- RUET R 0y RRERLAEAY B3 o
was di sti edu ced pressire (di sUIIM|oXtmmmauﬂe

90C/ 3. 7x180®rb99dm@f0@msaluﬁlom 3-di-tert-butyl-2-

i sopropyl 0- 1, 3-di aza- 2-si | acycl opent - 4- ene

(Si (BuN 3u)(HHNHi Pr) as a pale yellow liquid (yielded anount:
5.65 g, ﬁ@"@lﬁne 1ple-10: 11-1 NMR (500 MHz, C6D6, 8/ppm)
5.80 (s, [?g%ﬁ .64 (s, 1H), 3.20 (doubl eseptet, J=8 Hz, 7 Hz, 1H)
1.31 (s, 98 (d, J=7 Hz, 6H), 0.87 (br, d, J=8 Hz, 1H). 13C
NVR (125 MHz, ¢6D@m E)]ppm 111.9, 51.4, 42.3, 31.3, 27.5. [0173]
Exanpl e- 11: [0174] [Chem 51] 18u /ci ISi HtBU PrNH2 1Bu

tPe

/
t : Lj . I NLi

N'Pe - [::
2

peN? | L

\
'Pe

[0113] :
In an argon atmosphere, 36.55 g (186.2 mmol) of ‘PeNCHCHN'Pe was

dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 190 mL of hexane and
after adding 2.66 g (383 mmol) of lithium, the mixture was stirred at room temperature
for 14 hours to obtain a dilithium(N,N'-di-tert-pentyl-1,2-vinylenediaminide} solution as
a dark red uniform solution.
[0114]
Reference Example-11:
[0115]

[Chem. 31]

tCj)ot
L NLi
N'Oct ' » [::
octn? 7 l NLi
\
Oct

[0116]
In an argon atmosphere, 52.28 g (186.4 mmol) of 'Oc¢tNCHCHN'Oct was

dissolved in a mixed solvent of 30 mL of tetrahydrofuran and 200 mL of hexane and
after adding 2.68 g (386 mmol) of lithium, the mixture was stirred at room temperature
for 16 hours to obtain a dilithiom(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide) solution as a dark red uniform solution.
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/ HcN NPr I\Si/ N H 1Bu [ 0175] In an argon at nosphere,
5.90 g(25.4 mol ) of Si (1BUNCHCHN Bu) (H) C1 was di ssolved in 40 nmL of
hexane and after adding 3.03 g (51.3 mmol) of propylam ne, the

m xture was stirred at roomtenperature for 3 hours. Insol uble
matters produced were separated by filtration, and the sol vent was
renoved by distillation fromthe filtrate under atnospheric pressure.
The obt aigegresi due was distilled under reduced pressure

(distill r]terrperature 92C/ 3. 5x102 Pa) to obtain

1, 3-di -tel?tetfen@n@q/ﬁxanmiﬁ-déyl ani nol, 3- di aza- 2- si | acycl opent - 4- ene

(S| (3uN 6:1—1% Bu) (HHNHPr) as a pale yellow I iquid (yielded anount:
599909! c] 92% 11-1 NMR (500 MHz, C6D6, 5/ ppm
5.83 (d, J=1 Hz[ChQIH)32]5 67 (s, 1H), 2.65 (g, J=7 Hz, 2H), 1.31 (s,
18H), 1.30 (sext, J=7 Hz, 2H), 0.94 (br, 1H), 0.75 (t, J=7 Hz, 3H).
13C NWR (125 MHz, C6D6, 8/ppn) 112.0, 51.4, 42.6, 31. 93u27 7, 11.9.
[0176] Exanpl e- 12 [0177] [ Chem 52] tBut Bu /1) Si HC13|H (2)

PrNF2NLi cN N-Pr |'Si' NLi Ni {4 Na
N'Bu
BUND NF > E
NNa
tBu

[0119]

In an argon atmosphere, 27.90 g (165.8 mmol) of 'BuNCHCHN'Bu was
dissolved in 180 mL of tetrahydrofuran and after adding 7.59 g (330 mmol) of sodium,
the mixture was stirred at room temperature for 12 hours to obtain a disodium(N,N'-di-

tert-butyl-1,2-vinylenediaminide) solution as a dark red uniform solution.

Reference Example-13:

[0120]
[Chem. 33]
N'Oct
Oct ,Bu (IJct
+ : Li NLi NLi NLi
B —
BN L, +C, - C
NLi N\Li N\Li
* * By By . tQct
N'Oct ’
‘OctNN
[0121]

In an argon atmosphere, 41.60 g of a mixture of 'BuNCHCHN'Oct,
‘BuNCHCHN'Bu and ‘OctNCHCHN'Oct obtained by the method described in Reference
Example-6 was dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 150 mL
of hexane and after adding 2.67 g (393 mmol) of lithium, the mixture was stirred at
room temperature for 12 hours to obtain a mixed solution of dilithium(N-tert-butyl-N'-
1,1,3,3-tetramethyibutyl-1,2-vinylenediaminide), dilithium(N,N'-di-tert-butyl-1,2-
vinylenediaminide) and dilithium(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide) as a dark red uniform solution.
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?\ tButBu [0178] In an argon at nosphere, a
dilithium{NN-di-tert-butyl -1, 2-vinyl enedi am ni de) sol ution prepared
by using 32.00 g of tBuNCHCHNt Bu, 50 nlL of tetrahydrofuran, 150 niL of
hexane and 2.67 g of lithiumaccording to the procedure described in
Ref erence Exanple-9 was added to a hexane (50 ni) solution containing
25 16 g (185.7 mmol ) of trichlorosilane, and the m xture was stirred
roomrm[g rature for 3 hours. To this reaction m xture, 22.40 g
(379 0 1c) ropyl am ne was added, and the m xture was stirred at
r oom t enpRefereneeExample-Iour s. I nsol ubl e matters produced were

separ at eotp!p)g filtration, and the solvent was renoved by distillation
fromthe Tiltrate under atnospheric pressure. The obtai ned residue
was distilled dfbem. 3€lduced pressure (distillation tenperature:

78C/ 3. 7x102 Pa) to obtain Si(tBuNCHCHN Bu) (H)NHPr as a pale yel | ow
liquid (yielded armufﬁr 41.46 g, yiel®: 87%. The thus-obtained

Si ('t BUNCHCHNt Bu)(l—DNhi_Pr was rreasure Nfog the 11-1 and 13C NMR
spectra, as a res a@’eed with spectra of that

obt ai ned i n Exanpl ,31_1[ [0179] Exin( eyl3: [0180] [0181] [Chem 53]
tBu , c, SBUNH2 ] Si NH tBu | A In an argon at nosphere,

5. 23 g (22.4 mol) oF"'Sl ( BUNCHCHNt Hu)F("H) Cl was dissolved in 30 nmL of
hexane and after adding 3.30 g (45.1 nmol) of sec-butyl am ne, the

m xture @BE24tirred at roomtenperature for 14 hours. |nsoluble
matters produc a)rqql \; Q _

renoved by di S'?]Ig| Eongﬁﬁé%\thegfdlﬂlflﬁ%%@}dn ISOBH}?) “gg‘f:’ l}égégrlag}si\@fjdre .
The obt aisp@éion agepared \agsording 1o |thel puertdrrer enidigedept awenfities described in
(distill g ;fé}gncteegﬁﬁn\ﬁgﬁEW Gras g@cﬁtos§]1'%§%€ea§20born9?tsgluﬂo conta1mﬁg 25.00 g

2-sec-butyl am no ditert-butyl I acyc opent ene
(S (¢ BUNCL R hamagl) pj wnuysilase, g Ahcomipsiiteonss sifed &t i legenbraimmouin 16
5.56 0, Yb&lsd 1R6fbie matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained oily
material was distilled under reduced pressure (distillation temperature: 64°C/4.4x10°
Pa) to obtain 2-chloro-1,3-diisopropyl-1,3-diaza-2-silacyclopent-4-ene
(Si(PrNCHCHN'Pr)(H)C) as a colorless liquid (yielded amount: 12.96 g, yield: 34%).
'H NMR (500 MHz, CeDs, 8/ppm) 6.36 (s, 1H), 5.59 (s, 2H), 3.20 (m, 2H),
1.13 (d, J=7 Hz, 6H), 1.10 (d, J=7 Hz, 6H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 115.3, 48.3, 24.7, 24.0.

[0125]
Reference Example-15:
[0126]
[Chem. 35]
SBu *Bu
/ _ /
NLi SiHCI, N, C
| -
: PN
o
SBu - *Bu
[0127]

In an argon atmosphere, a dilithium(N,N'-di-sec-butyl-1,2-vinylenediaminide)
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11-1 NMR (500 MHz, CeD6, 8/ ppm 5.83 (s, 2H), 5.69 (s, 1H), 3.02
(sept, J=7 Hz, 1H), 1.45-1.35 (m 2H), 1.32 (s, 18H), 1.00 (d, J=6
Hz, 3H), 0.98 (br, 1H), 0.77 (t, J=7 Hz, 3H). - 13C NWR
(125 MHz, Ce6De6, 8/ppm 112.01, 112.00, 51.46, 51.43, 47.7, 31.3,
31.2, 23.8, 10.6. [0182] Exanple-14: [0183] [Chem 54] tBu |Bu /' H
,Cl tBuNH2 N, N-' Bu \'Si/

solution prepared according to the procedure and reagent quantities described in
Reference Example-8 was added to a hexane (150 mL) solution containing 25.00 g
(184.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 6
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 85°C/5x10? Pa)
to obtain 2-chloro-1,3-di-sec-butyl-1,3-diaza-2-silacyclopent-4-ene
(SiCBuNCHCHN Bu)(H)CI) as a pale yellow liquid (vielded amount: 18.10 g, yield:
42%). This product was a mixture of a plurality of isomers differing in the steric
configuration from each other.

'H NMR (500 MHz, C¢Ds, 8/ppm) 6.39 (s, 1H), 5.61 (m)/5.58 (m) (2H as the
total of integrated intensities of two signals), 2.95 (m, 2H), 1.63-1.49 (m, 2H), 1.42-1.29
(m, 2H), 1.14 (d, J=7 Hz)/1.12 (d, J=7 Hz) (6H as the total of integrated intensities of
two signals), 0.80 (t, J=7 Hz)/0.78 (t, J=7 Hz) (6H as the total of integrated intensities of
two signals).

BC NMR (125 MHz, C¢Ds, 8/ppm) 115.4, 115.3, 114.7, 114.5, 54.4, 54.0,
31.38, 31.36, 30.82, 30.81, 22.51,22.49, 21.6, 11.4, 11.3.

[0128]
Reference Example-16:
[0129]
[Chem, 36]
Bu ‘Bu
/- /I
NLi SIHCI, N, e
l - I Si
Pl
NLi N H
A \
Bu ‘Bu
[0130]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared according to the procedure and reagent quantities described in
Reference Example-9 was added to a hexane (50 mL) solution containing 25.20 g
(186.0 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was

removed by distillation from the filtrate under atmospheric pressure. The obtained
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I ii S Hteu N/HiBu [0184] I n an argon at nosphere, 4.87
g (20.9 mmol) of Si(BUNCHCHN Bu) (H)Cl1 was dissolved in 40 niL of
hexane and after adding 3.13 g (42.8 mmol) of tert-butylam ne, the

m xture was stirred at roomtenperature for 14 hours. |nsoluble
matters produced were separated by filtration, and the sol vent was
renmoved by distillation fromthe filtrate under atnospheric pressure.
-{28 C;) ?t g;(r%%gueig\g{ss ?18? %@ grilcf]ellj' diufgg& preSS(u.rr]e&flStﬁ%tlgl? rr%e%tHz[eeSOC’CB 8x10? Pa)
2-tert-bubyl am no-obiddadi - t er t 2bakflord-1]3-Bi-@irtdnag- k8 dérg<-simentlopeneAeene

yiela: oasy e CHCHN Bl oFe Fo Sl i Sl TSY o 6T,

(s, 111), 1.33 'FENMRBE0,MHz18Is §/ppi) 6.40.(81TH)DE,7714,DH), LIC(HIVRH].125
Mz, CoD6, 8/ prsg \MR-({25 R B2 SPpprirt 131, 31:9%30..

[0131]
Reference Example-17:
[0132]
[Chem. 37]
'‘Bu "EU
NNa SIHCI, N, C
| ~ 8
FERN
NNa N H
\ \
By 'Bu
[0133]

In an argon atmosphere, a disodium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared according to the procedure and reagent quantities described in
Reference Example-12 was added to a hexane (50 mL) solution containing 25.20 g
(186.0 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 80°C/3.8x10? Pa)
to obtain Si(‘'BuNCHCHN'Bu)(H)CI) as a colorless liquid (yielded amount: 20.80 g,
yield: 48%). The thus-obtained Si(BuNCHCHN'Bu)(H)CI was measured for the 'H
and C NMR spectra, as a result, these spectra agreed with spectra of that obtained in

Reference Example-16.
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[ 0185] Exanpl e-15: [0186] [Chem 55] tBu N/C ifSi N H tBu [0187]
CyNH2 tBu ,/ H(Pi N-Cy >1%i/ NN taU I n an argon

at nosphere, 5.70 g (24.5 mol ) of Si (BUNCHCHNI Bu) (H) C1 was di ssol ved
in 100 nL of hexane and after adding 4.86 g (49.0 mol) of

cycl ohexyl am ne, the m xture was stirred at roomtenperature for 4
hours. Insoluble matters produced were separated by filtration, and
the solv s renoved by distillation fromthe filtrate under

at nospheric %ﬁessure. The obt ai ned resi due was sublinmated (heating.
t enper at UReferebGOBanEg-182 Pa) to obtain

2-cycl Ogﬁﬁ#\ﬁm no-1, 3-di-tert-butyl-1, 3- diaza-2-sil acycl opent -4-ene
(Si (BuN Bu) (HHNHCy) as a white solid (yielded anount: 6.95 g,
yield: 969% . [Chem, 38] 111 NWR (500 MHz, C6D6, 8/ppnm) 5.83 (d,

J=1 Hz, 2H), 5.71 (s, 1H), 2.87 (m 1H), 1.86 (m 21-1), 1.57 (m
2H), 1.44 (m 1H), 1.33 (s, 18H), 1.20-0.95 (m 611). BC NMR (125
MHz, C6D6, 8/ppm) 11P20, 51.5, 49.8, 3878 31.3, 26.4, 26.0. [0188]

NLI SiHCI, N, cl
l -

VY
It
'Pe 'Pe

[0136]

In an argon atmosphere, a dilithium(N,N'-di-tert-pentyl-1,2-vinylenediaminide}
solution prepared according to the procedure and reagent quantities described in
Reference Example-10 was added to a hexane (180 ml) solution containing 25.00 g
(184.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 4
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 95°C/3.8x10? Pa)
to obtain 2-chloro-1,3-di-tert-pentyl-1,3-diaza-2-silacyclopent-4-ene
Si('PeNCHCHN'Pe)(H)CI) as a colorless liquid (vielded amount: 44.11 g, yield: 92%).

'H NMR (500 MHz, CgDs, 8/ppm) 6.45 (s, 1H), 5.71 (s, 2H), 1.47 (dq, J=16
Hz, 8 Hz, 2H), 1.41 (dq, J=16 Hz, 8 Hz, 2H), 1.199 (s, 6H), 1.197 (s, 6H), 0.78 (t, J=8
Hz, 6H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 112.9, 54.6, 35.2, 28.7, 28.2, 8.9.

[0137]
Reference Example-19:
[0138]
[Chem. 39]
t(})ct t(IJCt
[N“ SiHCl; [N\S_/C'.
i
NL 1\{’ “H
'Oct : 'Oct
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Exanpl e-16: [0189] [Chem 56] tBu N/C C\1Si" N H tat Li[NH Cct]
teuf HNN- tOCt \'" Si NHtBu [ 0190] I n an argon

at nosphere, a solution obtained by dissolving 5.14 g (22.1 mmol) of

Si eBUNCHCHNt Eu) (H)C1 in 10 nL of hexane was added to a
lithium(1,1,3,3- tetranethyl butyl am de) sol ution prepared by addi ng
10 nL of hexane and 2.94 g (22.8 mmol) of

1,1, 3, 3-tgys@met hyl butylamne to 13.8 nL (22.8 mml) of a hexane

sol ution [?co centration: 1.65 nol/L) of butyllithiumand stirring the
m xture at roorntampegen atmospberel 4 HidithismRIMN--bisqé, 1363 tdtamethydhuty il -

b oduced T S BMTIREA HPeldlaccotaifid Toe HBSRNEDHRY FBLLE haniies,
de; : Inlegtdemr_ﬂ:fedom tReferbidet Exeplntierwas mddqshéo | |r T lm.(etgm t&0 rhe I:)solutlon
obt ai ned ffighih 24P 1Bh RS drRGAIGAGILETRA AL Hifhurd BASK S RY0d R
t et r amet hgthperatprd &mi hbours.3- hiselpble2natidrapydhondemtre 4eparated by filtration, and

yret - oo Ot Dbl Siaditn fon e dight tyHEna @Ry prefind
(s, 1H) Thebdbtéiged 2bhiduel wa36 digilletiSder Tedi@ed presSd, (distidlati¢mo tempdsture:
1.00 (s, 1?,'5‘9%/5%30@ élzo'sot&{h'z 2R Ro-1%B8D1,3 3 Pum ARy 1ButyDt, Sudidd2!

32.6, 32.
sﬂacyclopent-4-ene (Sl( 'OctNCHCHN'Qct)(H)Cl) as a pale yellow liquid (yielded

amount: 57.22 g, yield: 90%).

"H NMR (500 MHz, C¢D¢, 8/ppm) 6.44 (s, 1H), 5.73 (s, 2H), 1.60 (d, J=15 Hz,
2H), 1.43 (s, 6H), 1.31 (d, J=15 Hz, 2H), 1.28 (s, 6H), 0.95 (s, 18H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 113.0, 55.7, 53.8, 32.7, 32.0, 31.8, 30.0.

[0140] ’
Reference Example-20:
[0141]
[Chem. 40]
Bu By
NLi |
! SiHCl, N C
| [ s
VRN
NLi N H
\ : \
‘Oct 'Oct
[0142]
In an argon atmosphere, a mixed solution of dilithium(N-tert-butyl-N'-1,1,3,3-
tetramethylbutyl-1,2-vinylenediaminide), dilithium(N,N'-di-tert-butyl-1,2-
vinylenediaminide) and dilithium(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide prepared according to the procedure and reagent quantities described
in Reference Example-13 was added to a hexane (100 mL) solution containing 25.14 g
(185.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained

residue was distilled under reduced pressure, and the fraction at a distillation
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[0191] Exanple-17: [0192] [Chem 57] teutBu ii H N CF3CH2NH2
y.o.-=-\s, IN/ NCHRCF3 [Sil E., /. a, NNHNHtt tBufeu [0193]
In an argon atnosphere, 5.63 g (24.2 mmol) of Si(tBuNCHCHNt Bu) (H) C1
was di ssolved in 20 nL of hexane and after adding 5.38 g (54.3 mmol)
of 2,2,2- trifluoroethylam ne, the m xture was stirred at room
tenperature for 15 hours. Insoluble matters produced were separated
by filtr t I r ved d |

11 rat o nar Rl R SR, Yo el Bhud SRR Bt Sk BB, 3.
di sti | | edetamaghylbegid Sddipraed siiaayclopest4- blheattSl(éBluN SHEEMEOGEDCI) as a pale

80C/ 4.7 0
1, 3-di ;ﬁ%ﬁ %ﬁqyu&d)(ﬁ%igeadzﬂao%n”%ii ylel h%/gp@m no- 1, 3-di aza- 2-sil acycl op
ent-4-ene (Si( WMHWM &4 (taJplatle, WB| b GW(dd,ded dz, 1 Hz,

(viel degé%fjv;l ﬁ%‘flgz%@( éﬂ 1%),42%/%1 15 Hg 1H), LAY Gs 3@%@%@@9?1{2

J 9 Hz, 221}5),1281@31&9,,118@ 9H),.0035 (sb9H). 1H) . 13C NVR

éizi Ve 1_06[[)8 i"f@é}%ﬁ@lﬁg(&%ﬂéfm H23.4, 1128 2554 %471 (S0, %5338 357) -

31.8,30.8, 30.1.

[0143]
Example-1:
[0144]
[Chem. 41]
‘Pr 'Pr
f\{ Cl I NH
NH 2
[ Si 2 - [ s
VRN
H . N H
'Pr 'Pr
[0145]

In an argon atmosphere, 4.06 g (19.8 mmol) of Si(PrNCHCHN'Pr)(H)Cl was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an aminonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 3 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 80°C/8.8x10° Pa) to obtain 2-amino-1,3-
diisopropyl-1,3-diaza-2-silacyclopent-4-ene (Si(PINCHCHN'Pr)(H)NH,) as a colorless
liquid (yielded amount: 2.11 g, yield: 58%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.66 (m, 2H), 5.62 (t, J=5 Hz, 1H), 3.35
(sept, J=7 Hz, 2H), 1.20 (d, J=7 Hz, 6H), 1.18 (d, J=7 Hz, 6H), 0.84 (br, 2H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 114.0, 48.0, 25.3, 24.3.
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[Chem 58] EtNH2 513u HN N-Et I\pi/ N\ H sBu [ 0196] In
an argon atnosphere, 3.30 g (73.2 mol) of ethylam ne was di ssol ved
in 30 nL of hexane, and a sol ution obtained by dissolving 6.21 g
(26.7 mmol ) of Si eBuUNCHCHNI 13u) (H)Cl1 in 5 nL of hexane was added
thereto at -20C. After stirring at roomtenperature for 2 hours,
insoluble matters produced were separated by filtration, and the
sol vent V[‘%§4é’erTDV€d by distillation fromthe filtrate under
at nospher rJr essure. The obtained residue was distilled under
reduced HExmsmle-2: (distillation tenperature: 92-96C 4. 0x102 Pa) to
obtain 1@!%] sec-butyl-2-et hyl am nol, 3-di aza- 2-si | acycl opent - 4- ene
(Si CBuN 3u)(HHNHEt) as a pale yellow liquid (yielded anount:

.61 g, yield: [BHeéf.4Fhis product was a mixture of a plurality of
|sorrers differing in the steric configuration fromeach other.
11-1 NMR (500 MHz, CoPs, 8/ ppm 5.68 (s)/5. 66F’(s)/5 65 (s) (2H as the
total of |ntegrated | te&smles of three si ’ -*—E? 57 (s, 1H), 3.06

(sept, J=7 Hz, 6269(&‘_2;1),,16 1\ (m 2H), 1.51-1.33
(m 2H), 1.21 (d N/ 1.20 (d, .1=7 Hz) g_gthetotal of
integratedlnten5|t| of two S|gnals) 100“0 (m 10El). NWR (125
MHz, C6D6, 8/ppm 114pg8, 113.9, 113.2, 112. 9'p,541 54.0, 53.4,
11.74, 11.73. tpei "-- NNHR2 L " Si N H

[0148]

In an argon atmosphere, 6.80 g (151 mmol) of ethylamine was dissolved in 20
ml of hexane, and a solution obtained by dissolving 5.73 g (28.0 mmol) of
Si(PEINCHCHN'Pr)(H)Cl in 5 mL of hexane was added thereto at -20°C.  After stirring
at room temperature for 4 hours, insoluble matters produced were separated by filtration,
and the solvent was removed by distillation from the filtrate under atmospheric pressure,
The obtained residue was distilled under reduced pressure (distillation temperature:
74°C/4.3x10% Pa) to obtain 2-ethylamino-1,3-di-isopropyl-1,3-diaza-2-silacyclopent-4-
ene (Si(iPrNCHCHNiPr)(H)NHEt) as a colorless liquid (yielded amount: 5.34 g, yield:
89%).

'H NMR (500 MHz, CgDg, 8/ppm) 5.68 (s, 2H), 5.58 (s, 1H), 3.35 (sept, J=7
Hz, 2H), 2.70 (quint, J=7 Hz, 2H), 1.21 (d, J=7 Hz, 6H), 1.19 (d, J=7 Hz, 6H), 0.94 (br,
1H), 0.91 (t, J=7 Hz, 3H).

13C NMR (125 MHz, C¢Ds, 5/ppm) 114.0, 47.9, 35.1, 25.0, 24.2, 20.1.

[0149]

Example-3:

[0150]

[Chem. 43]
ipr Pr y
N Ci PrNH, N, NP
I Si > | Si

/ /N
N H  H
i‘I‘?‘r Pr
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t tpe In an argon atnosphere, 379 ny (purity: 95% 15.7 mmol)
of lithium am de was suspended in 10 nL of 1, 2-dinethoxyethane and
after adding 3.99 g (15.3 mmol) of Si(tPeNCHCHNte)(H) Cl, the m xture
was stirred at roomtenperature for 3 hours. To the reaction m xture,
10 mL of hexane was added, and the m xture was stirred at room
tenperature for 10 m nutes. Insoluble matters produced were separated
by fiItra[pirl]gg, and the solvent was renoved by distillation fromthe
filtrate r atnospheric pressure. The obtained residue was

di still ed underlnrandargend afprosphare,e4.24igSR017] mtmobnoft SIPENGHGERI'Pr)(H)Cl was

G ora. 5 cffolbh h 203 ek e Rriskefadthg 253715 D} ¥atadhy 37 isomropgleming.

l'i quid (yhekhdethrawas stirred aﬂﬁ)om temmi‘aﬂureﬁal%i hours. Insoluble matters pkddiiced

\WR (500 M. o558y §, Rk Bpe Skt Gas 3edboy® 39 Gluglicg #n s

( S 6H), filtr2s under ﬁhﬂosplﬁbrﬁ:?préﬂsureJ Thmbtafdd)d, reﬂdﬂéfm(ab distile] undes CedivRXd

2o g R, A S it Py, s Ak

L- - N HNitopropylarmabple3 LR26-2} silacyclopent-d-ecaa ﬂldBrNGH@BB\ﬁP@ﬂBNPBPﬂtB ag a

23.7 | ved 20 nL of h
gl'he remf’f"ﬁ%s%@%ﬁ‘? 'Fj%\'%@na%‘ﬁeﬁﬁ §dy18§i g?é gevgun;)'rllhaw cycf)l ngegﬁge
after creating HINMRrQS“GOaMHz;r&Dh@@th Bbhds, rﬂa)gtSliSn(syeﬁié Ibgsept, I=7

boi ng 11 Fa L AR 2 e ot P GeElEri ) BSIR Fa e B

t enperat ure f o’ GNMRI(ES Miko Cib), 6/ppat)tldB s, $7.64L2D A& 0s.05epar at ed by
filtrati ?{)] ind t he sol vent was renoved by distillation fromthe
filtrate If‘?& r atnospheric pressure. The obtained residue was

di sti || edExamgper4:r educed pressure (distillation tenperature:

90C 3. 7xi€]%3ia) to obtain 2-am no-di-1, 3-

tert-pen 3-di aza- 2-sil acycl opent - 4-ene (Si (PeNCHCHNt e) (H) NH2) as
a pal e yell ow [Chem#4(]yi el ded anmount: 5.36 g, yield: 94% . The

t hus- obt ai ned Si (t PeNCHCHNt Pe) (H) NH2 was neasured for the 1H and 13C
NMR spectra, as a resul {Bu t hese spectra agreed wW¥h spectra of that

i in Exanple-19.y [0203] Exanpl e- 21: 4
obt ai ned in Exanpl e 9N\ /[C,q 03] Liﬁﬁg_e RQ]/NHZ

L ¥,

\ \
tBU tBl.l

[0154]

In an argon atmosphere, 505 mg (purity: 95%, 20.9 mmol) of lithium amide
was suspended in 20 mL of 1,2-dimethoxyethane and after adding 4.65 g (20.0 mmol)
of Si('BuNCHCHN'Bu)(H)C], the mixture was stirred at room temperature for 2 hours.
Subsequently, 20 mL of hexane was added to the reaction mixture, and the mixture was
stirred at room temperature for 10 minutes. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.8x10% Pa) to obtain 2-amino-1,3-di-tert-butyl-1,3-
diaza-2-silacyclopent-4-ene (Si(BuNCHCHN'Bu)(H)NH,) as a pale yellow liquid
(yielded amount: 3.93 g, yield: 92%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.81 (d, J=1 Hz, 2H), 5.68 (t, J=5 Hz, 1H),
1.29 (s, 18H), 0.83 (br, 2H).
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[Chem 61] 'Petpe HN aMeNH2N ,N-Me / [\ St/ 1\ Si HN H ? t Pet Pe

[ 0205] I n an argon atnosphere, 5.24 g (20.1 mmol ) of

Si (TeENCHCHNt e) (H) C1 was di ssolved in 20 nL of hexane and after adding
24.0 nL (46.8 mmol) of a tetrahydrofuran solution (concentration:
1.95 nol /L) of methylam ne, the mxture was stirred at room
tenperature for 3 hours. Insoluble matters produced were separated by
filtration, ands e‘%}%ﬁﬂ Vo Gh st ki Lation fromthe
filtrate under a mgﬁyf%{%%ﬁg%g&re. lelqégb?éi%hggh'r esi due was

distill edOl¥der reduced pressure (distillation tenperature:

104C 3. 8@)%315&%3 to obtain 2-nmethylam no-1, 3-di-tert-pentyl-

1, 3-di aza-2-si 1 acycl opent - 4-ene (Si (PeNCHCHNt e) (H) NHMe) as a pal e

yel | ow | i[§U§4 (yiel ded amount: 4.71 g, yield: 92%.

111 NWMR (500 méh‘é‘%% 5/ppm 5.73 (d, J=1 Hz, 2H), 5.62 (s, 1H),
2.34 (d, J=7 , , 1.58 (dq, J=14 Hz, 7 Hz, 2H), 1.48 (dg, J=14
Hz, 7 Hz, 2H), 1.25 (Bu6H), 1.24 (s, 6H), 0.@-‘(t, J=7 Hz, 6H), 0.64

br, 1H). 13C NMR (1 , CoDe6, 8/ 111.
(br, 1H) ( gfgisn%ia ppM &,
N\

: §§g8, 35.6, 29.2,
28.4, 26.4, 9.2. | nple-M3s [ 0207] Char 62] r-N /CIEN H2
Si,, , NHtpe tpe AN /N
N H
\

[0157]

In an argon atmosphere, 6.44 g (27.7 mmol) of Si('BuNCHCHN'Bu}(H)CI was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 3 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 78°C/3.7x10*> Pa) to obtain
Si("BuNCHCHN'Bu)(H)NH, as a pale yellow liquid (yielded amount: 5.45 g, yield:
92%). The thus-obtained Si('BuNCHCHN'Bu)(H)NH, was measured for the 'H and
B¢ NMR spectra, as a result, these spectra agreed with spectra of that obtained in
Example-4.
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H/NEt 1"H tpe [0208] In an argon at nosphere, 6.80 g (151
mmol ) of ethylam ne was dissolved in 25 nL of hexane, and a sol ution
obt ai ned by dissolving 6.96 g (26.7 mml) of Si(teNCHCHN Pe) (HYCL in
5 nmL of hexane was added thereto at -20C. After stirring at room
tenperature for 3 hours, insoluble matters produced were separated by
filtration, and the solvent was renoved by distillation fromthe
fiItrateJﬁ@ﬂgr at nospheric pressure. The obtai ned residue was
distilled under reduced pressure (distillation tenperature:

110C/ 1. 5x&¢pkerp: t o obtain

2-ethy|agh 1,3-di-tert-pentyl 1, 3-di aza- 2-si | acycl opent - 4- ene

(Si (" PeN "Pe) (HHNHEt) as a pale yellow liquid (yielded anount:
6.63 g, yield: [Cheg, 46] ~11-1 NWR (500 MHz, C6D6, 8/ppm
5.72 (d, J=1 Hz, 2H), 5.64 (s, 1H), 2.73 (quint, J=7 Hz, 2H), 1.60
(dgq, J=14 Hz, 7Hz, 21Bu 1.48 (dq, _ J=14 Hz, 7B#, 2H), 1.27 (s, 6H),
1.25 (s, 6H), 0.94 (ta)9=7 Hz]J8HCk 0. 89 (t,5;127N , 6H), 0.83 (br,
1H). 13C NWR (125 ﬁ ceDe, &/Ndm) 111.8, 53:\9,V38. 7, 35.2, 29.3,

[

28.3, 19.9, 9.2. [QR09] Example-23. | 10]![09%:@-63] 'Pe'Pe / | ¢ N
/ NEL- 1Pt -NSi CINErNH2 FI -Si / NNH N\H'l%'Pe'Pe

‘Bu 'Bu

[0160]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 12.65 g of ‘BuNCHCHN'Bu, 20 mL of tetrahydrofuran, 60
mL of hexane and 1.05 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (20 mL) solution containing 9.98 g (73.7 mmol) of
trichlorosilane, and the mixture was stirred at room temperature for 3 hours. The
resulting reaction mixture was deaerated by Freeze-Pump-Thaw cycling and after
creating an ammonia atmosphere in the reaction vessel by connecting thereto a balloon
having an internal volume of 5 L and being filled with ammonia, the mixture was stirred
at room temperature for 20 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.7x10* Pa) to obtain Si(BuNCHCHN'Bu)(H)NH, as a
pale yellow liquid (yielded amount: 14.09 g, yield: 90%). The thus-obtained
Si('BuNCHCHN'Bu)(H)NH, was measured for the 'H and '*C NMR spectra, as a result,
these spectra agreed with spectra of those obtained in Example-4 and Example-5.
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[ 0211] In an argon atnosphere, 6.49 g (24.9 mmol) of

Si (t eNCHCHN Pe) (H) C1 was dissolved in 25 nL of hexane and after
adding 2.96 g (50.1 mmol ) of isopropylamne, the m xture was stirred
at roomtenperature for 3 hours. Insoluble matters produced were
separated by filtration, and the solvent was renoved by distillation
fromthe filtrate under atnospheric pressure. The obtained residue
was subl i ﬁ]d (heating tenperature: 160C/ 70 Pa) to obtain

2-i soprodgﬁé ino-1,3-di-tert-pentyl-1, 3-di aza-2- sil acycl opent -4-ene
(Si (t eNCHOtNpR2Y(H)NH Pr) as a white solid (yielded amount: 6.77 g,
yi el d: 9(‘10&{%_62] 11-1 NMR (500 MHz, C6D6, 5/ppm) 5.73 (s, 2H),
5.66 (s, - 3.22 (m U, 1.64 (dq, J=14 Hz, 7 Hz, 2H), 1.46 (dq,
J-14 Hz, 7 Hz, [CHpm. 47]30 (s, 6H), 1.27 (s, 6H), 1.00 (d, J=7 Hz, 6H),
0.90 (t, 1=.7 Hz, 6H), 0.86 (br, 1H). 13C NMR (125 M1z, C6D6, 8/ ppn)
111.8, 42.3, 35.7, 29B4, 28.0, 27.5, 9.1. [0Bv2] Exanple-24: [0213]
[ Chem 64] tOcttNOctr,{Nl;glsN\ (CLLINH2 i NN § %t Cctl Ot [0214]

In an argon at nospljer e, Q_m_rﬂﬁm.MQ A ‘% 2 mmol) of lithium

am de was suspende i”8|2|9 mL of 1, 2-di nmet hx eﬁ?lari e and after adding
(

6.07 g (17.6 mmol) o Si{t Cct NCHCHNt Oct) (H) €1, the nixture was
stirred at roomtenpepature for 4 hours. To ‘Bue reaction mixture, 20
nL of hexane was added, and the m xture was stirred at room

t enper at 0B53for 10 m nutes. Insoluble matters produced were separated

by filtration, yand_the sol vent d s et a0

By L L2 O 0 b, PLATRL, 195,00k U
di stil | edissolted me@0ced prfebexme ant siftcr| addinn 2Sehpela(4.8: midB)C/of. 8
x102 Pa)

to.obtain 2-am no-1 3-bis(1 3 . o
ot ramot iy BSRy Ti SaRfoR e Badteblog 1 b5 Ry pethytamine, the mixtre was
(Si ( Oct NetiekiNaGob) tdigeRiuragon] halue” Vasdlehie matparschrégrocet] cente acanated by
4.99 g, yeld:. 879 . 1 NMVR, (500 , 1 C6 8/
5 73 (o, HEin, 0 jhe gobpony gvas, ggmoyeds B WEHAGRP 0K e e B
J=15 Hz, afhdsphdricl bréssure6HThe loldainéd ,refdl)e whsOdistflied tBddyr, reQuésl ptessure
2H). 13C 125 MHz. . C6D6ne > 9. 55 2 54 2 8 1
32.0, 31 F‘gl?l\{ﬁla(t‘loﬁztiﬁ?e%ﬁp%egggg[%z‘%’é]l‘o[‘&%aéﬂ\ IZ%'Q]‘te“'b“t%gz'meéy%mmno'
1,3-diaza-2-silacyclopent-4-ene (Si(‘BuNCHCHN'Bu)(H)NHMe) as a pale yellow
liquid (yielded amount: 4.41 g, yield: 86%).
'H NMR (500 MHz, C¢Ds, 8/ppm) 5.81 (d, J=1 Hz, 2H), 5.60 (s, 1H), 2.31 (d,
J=7 Hz, 3H), 1.28 (s, 18H), 0.65 (br, 1H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.3, 31.2, 26.4.

[0164]
Example-8:
[0165]
[Chem. 48]
'Bu Bu
/ N’ H
N_ Cl EtNH, \ NTE
| s = i s
/N /N
N H N H
\ \
!Bu IBU
[0166]

In an argon atmosphere, 3.40 g (75.5 mmol) of ethylamine was dissolved in 30
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tacttact ii G NN;SI/CHINH3,..---N\ /NH2 L si , . NI-1\? tCcttCct
[0217] In an argon atnosphere, 5.42 g (15.7 mmuol) of

Si Nct NCHCHNt Cct) (H) C1 was di ssolved in 20 nL of hexane. The resulting
sol uti on was deaerated by FreezePunp-Thaw cycling and after creating
an amoni a at nosphere in the reaction vessel by connecting thereto a
bal | oon having an internal volunme of 5 L and being filled with

?mrhgl emﬂﬁ?][sglreut i on Zld%t i JFlr ed bg%{}l% am te rat §[7|%0T$0r(%fﬁ% hourl)s of

sol vent v&éBuIé@bIﬁm‘ﬁu)(d{)Sﬂ iihl fatmloroffheaamet Ivmfaddbd aheretonder20°C.  After
The. o d res

at nospher|j ssure. Sti,l |
 oond il RSPl tembPRafP sl £ b Ridiitde 1ety Sbbicefoveh Soagated by
obt ai n 2-fdtraten, 18} the solvent was removed by distillation from the filtrate under
b 1,1, 3, ,3-tetranet hyl but aza-2-sil ent - 4-.ene
05 { oni N ibbliE by e abwited' SARE i B DR EaShG, preosue
4.52 g, dxdstlmano&&@mperﬁneetsﬁa@#bm @ @epto&mﬁntlwm?yl)z _ethiddmings,3-
NVR t
et widitestfe fope i S AE R EGARGEY), o5 5 Fhi Heiow Yiquia
Exalrrpl e- Zgielde@2dBhing: Glng, ybedd: X6&6t t act t/H NCEt NH2. . . .. -N,NEt \ /L
ST OSRNG0 Mz, CoDs, 5/ppm) 5.83 (s, 2HD), 5.65 (s, 1H), 2.69 (quint, J=7
Hz, 2H), 1.30 (s, 18H), 0.92 (t, I=7 Hz, 3H), 0.82 (br, 1H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.3, 35.1, 31.3, 19.9.

[0167]
Example-9:
[0168]
[Chem. 49]
/ ! .
N, ¢l *PrNH, N, N-cPr
E Si I Si
/SN VAR
N H N
‘l\Bu 'Bu
[0169]

In an argon atmosphere, 6.22 g (26.7 mmol) of Si(BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of hexane and after adding 3.14 g (56.0 mmol) of cyclopropylamine,
the mixture was stirred at room temperature for 3 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 100°C/3.7x10* Pa) to obtain 1,3-di-tert-butyl-2-
cyclorpopylamino-1,3-diaza-2-silacyclopent-4-ene (Si(' BuNCHCHN'Bu)(H)NH®Pr) as a
colorless liquid (vielded amount: 6.07 g, yield: 90%).

"H NMR (500 MHz, Ce¢Ds, 8/ppm) 5.80 (s, 2H), 5.34 (s, 1H), 2.08 (m, 1H),
1.28 (s, 18H), 0.90 (br, 1H), 0.39-0.29 (m, 4H).

BC NMR (125 MHz, C¢Dg, 8/ppm) 113.8, 51.4, 31.2,23.8, 7.9.
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?' tacttact [0220] In an argon atnosphere, 6.80 g (151 mml) of

et hyl am ne was dissolved in 20 nL of hexane, and a sol ution obtained
by dissolving 5.26 g (15.2 mmol) of Si (tOct NCHCHNt Cct) (H)CL in 10 nL
of hexane was added thereto at -20C. After stirring at room
tenperature for 12 hours, insoluble matters produced were separated
by filtration, and the solvent was renoved by distillation fromthe
filtrat eomgﬁ@r at nospheric pressure. The obtai ned residue was
distille er reduced pressure (distillation tenperature:

128C 1. 4xB2nha)0t 0 obtain 1, 3-bis(1,1,3,3-tetranethyl butyl)-

2- et hyl a@ml, 3-di aza- 2-si | acycl opent - 4- ene

(Si (Cct N Cct) (HNHEO as a pale yellow liquid (yielded anount:
5.22 g, yield: [Cheh. 50] [1-1 NVR (500 MHz, C6D6, 5/ppm
5.74 (s, 2H), 5.64 (s, 1H), 2.73 (quint, J=7 Hz, 2H), 1.72 (d, J=15
Hz, 2H), 1.45 (s, 6H),'gd.43 (d, J=15 Hz, 2H),'Bd.33 (s, 6H), 1.06 (s,
18H), 0.95 (t, J=7 Hz,f3H), 0.83 (br, 1H. N (H_Z- MHz, C6D6, 8/ ppm
111.9, 55.2, 54.3, N ~/33.0, 3@rNH, 32 0, H;’;?{ 1979. [0221]

Exampl e- 27 [0222] [lcheth 67] T13utBu N/ CUNHGTE NN's ( H2 1Siii
HN .N'" n ? tCct' Cct 231 I n an argoN at'?msphere, 4.87 ¢
(16.9 mmol ) of Si (BuN Nt Cct) (H) C1 was dissBlved in 20 nL of
hexane. The resulting solution was deaerated by Freeze- PunpThaw
cycling d0t723fter creating an ammoni a at nosphere in the reaction

vessel by connecting thereto a | o avi t (0] of 5

(Sand botng 11 1K &b ket 3000 Bl B EHR ARG s

t enper at disgolved id 90 Indu bE hexans ahd biter adlitige? 903y @ducecholesfisspppylaintit,

by filtration, and the solvent was renoved distil ion_.fromthe

P71t at o i mrnR ek At BPin EperetR Y505 AtpRb o isalsl By PR RE

di sti | | edvenndeparsted e (liatiens und tdsslivent! ahs aembenipby alistillation from the
obt.ai.n _2- an no

et amo i g iR preBlel e i o gried under reduced
pressure (distillation temperature: 90°C/3.7x10° Pa) to obtain 1,3-di-tert-butyl-2-
isopropylamino-1,3-diaza-2-silacyclopent-4-ene (Si(*BuNCHCHNBu)(H)NHPr) as a

pale yellow liquid (yielded amount: 5.65 g, yield: 90%). ' _
'H NMR (500 MHz, Ce¢Ds, 8/ppm) 5.80 (s, 2H), 5.64 (s, 1H), 3.20
(doubleseptet, J=8 Hz, 7 Hz, 1H), 1.31 (s, 18H), 0.98 (d, J=7 Hz, 6H), 0.87 (br, d, J=8

Hz, 1H).
BC NMR (125 MHz, C¢Dg, 8/ppm) 111.9, 51.4, 42.3, 31.3, 27.5.
[0173]
Example-11:
[0174]
[Chem. 51]
‘Bu tBU
/ l\; H
N Cl PrNH, \ NTPr
| s > | s
/N VALY
N H N H
\ \
'Bu By
[0175]

In an argon atmosphere, 5.90 g (25.4 mmdl) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 40 mL of hexane and after adding 3.03 g (51.3 mmol) of propylamine, the
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(Si (t BUNCHCHNt Cct ) (HNH2) as a pale yellow liquid (yielded anount:
4.02 g, yield: 88%. 11-1 NWR (500 MHz, C6D6, 5/ppn) 5.79
(dd, J=4 Hz, 1 Hz, 1H), 5.74 (dd, J=4 Hz, 1 Hz, 1H), 5.69 (t, J5 Hz,
1H), 1.65 (d, 3=15 Hz, 1H), 1.46 (d, J=15 Hz, 1H), 1.41 (s, 3H), 1.35
(s, 3H), 1.28 (s, 9H), 1.05 (s, 9H), 0.85 (br, 2H).

13C NMR (125 MHz, ©6D6, 5/ppm) 112.4, 111.4, 55.2, 54.4, 51.4, 32.8,

32 1. 92 Qe st sihed oy K0P Al 6 280k 0285016 R3AMers hSRERA i)

separated by filtration, and the solvent was removed by distillation from the filtrate

under atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 92°C/3.5x10% Pa) to obtain 1,3-di-tert-butyl-2-propylamino-
1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)NHPr) as a pale yellow liquid
(vielded amount: 5.99 g, yield: 92%).
'H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (d, J=1 Hz, 2H), 5.67 (s, 1H), 2.65 (g,
J=7 Hz, 2H), 1.31 (s, 18H), 1.30 (sext, J=7 Hz, 2H), 0.94 (br, 1H), 0.75 (t, J=7 Hz, 3H).
BC NMR (125 MHz, C¢De, 8/ppm) 112.0, 51.4, 42.6, 31.3,27.7, 11.9.

[0176]
Example-12:
[0177]
[Chem. 52]
t/Bu 1) SiHCI Bu
. Ml /' H
NLi 2) PrNH, N N—Pr
C -
("
'‘Bu 'Bu
[0178]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 32.00 g of '‘BuNCHCHN'Bu, 50 mL of tetrahydrofuran, 150
mL of hexane and 2.67 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (50 mL) solution containing 25.16 g (185.7 mmol) of
trichlorosilane, and the mixture was stirred at room temperature for 3 hours. To this
reaction mixture, 22.40 g (379.0 mmol) of propylamine was added, and the mixture was
stirred at room temperature for 3 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.7x10% Pa) to obtain Si('BuNCHCHNBu)(H)NHPr as a
pale yellow liquid (yielded amount: 41.46 g, yield: 87%). The thus-obtained
Si('BuNCHCHN'Bu)(H)NHPr was measured for the 'H and “C NMR spectra, as a

result, these spectra agreed with spectra of that obtained in Example-11,
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[/Si, NH tQCct In an argon atnosphere, 4.82 g (16.9 nmmol) of

Si (BUNCHCHNt Oct ) (H) C1 was di ssolved in 40 nL of hexane and after

adding 2.02 g (34.2 nunl) of propylam ne, the mxture was stirred at

roomtenperature for 3 hours. Insoluble matters produced were

separated by filtration, and the solvent was renoved by distillation

fromthe filtrate under atnospheric pressure. The obtained residue

was di st L[Q;l under reduced pressure (distillation tenperature:

106C/ 97 t'o obtain 1-1,1,3,3-tetramethyl butyl-3-tert-butyl-

2- propy| dfmanmplé 13- di aza- 2-si | acycl opent - 4- ene

(Si (BuNCZEW]Oct)(H) NHPr) as a pale yellow liquid (yielded anount 4
i ;

53 g, y 87% . 111 NVR (500 MHz, C6D6, 8/ ppm
5.80 (dd, J=4 HEher.$¥, 2H), 5.75 (dd, J=4 Hz, 1 Hz, 2H), 5.67 (s,
1H), 2.66 (q, J=7 2H), 1.73 (d, J=15 Hz, @§), 1.46 (s, 3H), 1.43

(d, 3=15 Hz, 1H), 1./33 (s, 3H), 1.32 (sext, J=7 gz, 2H), 1.30 (s,
OH), 1.06 (s, 9H) B 9LI(br, gy 77 (t, N7 phi=SBH) .
13C NVR (125 MHz (| C6l9%, 8/ ppmy—ttz~4—%i1.b, 56 1, 54.5, 51.3, 42.8,
33.1, 32.1, 32.053) 3H30.4, 27.7, 11.9. “FR22M Exanpl e-29: [0228]
[Chem 69] tau ‘I\3/CI ( %Si, NtBu NaOCN %I?Gu Nl NCO\Si' N n

u

[0181]
In an argon atmosphere, 5.23 g (22.4 mmol) of Si('BuNCHCHN'Bu)(H)CI was

dissolved in 30 mL of hexane and after adding 3.30 g (45.1 mmol) of sec-butylamine,
the mixture was stirred at room temperature for 14 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 98°C/3.5 x10? Pa) to obtain 2-sec-butylamino-1,3-di-
tert-butyl-1,3-diaza-2-silacyclopent-4-ene (Si(BuNCHCHNBu)(H)NH*Bu) as a pale
yellow liquid (yielded amount: 5.56 g, yield: 92%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (s, 2H), 5.69 (s, 1), 3.02 (sept, J=7
Hz, 1H), 1.45-1.35 (m, 2H), 1.32 (s, 18H), 1.00 (d, J=6 Hz, 3H), 0.98 (br, 1H), 0.77 (t,
J=7 Hz, 3H).

BC NMR (125 MHz, CgDs, 8/ppm) 112.01, 112.00, 51.46, 51.43, 47.7, 31.3,
31.2,23.8, 10.6.

[0182]

Example-14:

[0183]

[Chem. 54]
IBU [BU
/ I\f H ,
N, Cl tBuNH, \ B
| Si > | Si

/N A
N H N H
ti\3u By

[0184]

In an argon atmosphere, 4.87 g (20.9 mmol) of Si(BuNCHCHNBu)(H)Cl was
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t Bu [ 0229] In an argon atnosphere, 7.69 g (33.0 nmol) of
Si eBUNCHCHNt Bu) (H) C1 was di ssolved in 30 nL of tetrahydrofuran and
after adding 2.58 g (purity: 90% 35.7 mol) of sodium cyanate, the
m xture was stirred for 8 hours under heating and refl uxing.

| nsol ubl e matters produced were separated by filtration, and the
sol vent was renoved by distillation fromthe filtrate under

Feducod i SelsRan ol P ReRHARERE BANAY3. MO8 A8 rholg S e Bl agine.

1, 3- di - t ¢he nhxiuyel was stwtcyarraom-t&msenamq forA4diduas y dhenpeble maatierseproduced

(1 BN BI85, SB35 67 8

1H), 1. 14il{rate wsldr .atmhePhRR frasddrelHI he CdboneBtespie Wwas sehlimdted Theating

o - kR0 eI A0S0 O LEHSl e PR phf FHOEN N
8.33 g ( siBcyclopentdfensi (SHRSHEHNMBHWENH Bas af %owmw sqiud?,(]iylnidedf

tetrahydr %{;1% &ngpﬁglaegoo/aﬁdl ng 3.19 g (purity: 96% 37.8 mml) of

pot assi um cyanafe re was stirred for 15 hours under heating
and refl uxing. PR\HMRIM@ Nz, €2sDspblopme ST Msr 8H3,epab 4¢,eldDby.33 (s, 18H),
filtrati t was renmoved by distillation fromthe
filtrat eqﬂrnd@n%i ?ne)bslp €ri ¢ pressure. The obtained residue was

distilled under’ GEIMRébBﬁoNHrkzs@zBs,(Bébm)mula?t, b 0.0, 42 At3dre:
85C 3. 3XJ{§128[5§6‘) to obtain 1,3

-di-tert- | - 2-1socyanat o- 1, 3-di aza- 2-sil acycl opent-4-ene
Example-15:
[0186]
[Chem. 55]
tBu Bu
/ N, H
N, CyNH, \ MNTCY
I Si gl I Si
;N VAR
N H N H
\
tBy ‘Bu
[0187]

In an argon atmosphere, 5.70 g (24.5 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 100 mL of hexane and after adding 4.86 g (49.0 mmol) of cyclohexylamine,
the mixture was stirred at room temperature for 4 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was sublimated (heating
temperature: 160°C/7.0x10*> Pa) to obtain 2-cyclohexylamino-1,3-di-tert-butyl-1,3-
diaza-2-silacyclopent-4-ene (Si(BuNCHCHNBu)(H)NHCy) as a white solid (yielded
amount; 6.95 g, yield: 96%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (d, J=1 Hz, 2H) 5.71 (s, 1H), 2.87 (m,
1H), 1.86 (m, 2H), 1.57 (m, 2H), 1.44 (m, 1H), 1.33 (s, 18H), 1.20-0.95 (m, 6H).

3C NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.5, 49.8, 38.4, 31.3, 26.4, 26.0.
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(Si (BUNCHCHNI 3u) (HHNCO) as a colorless liquid (yielded anount: 7.07
g, yield: 83%. The thus-obtained Si (BuNCHCHNt Bu) (H) NCO was neasur ed

for the Il-1 and | 3C NVR spectra, as a result, these spectra agreed
with spectra of that obtained in Exanple-29. [0233] Exanpl e-31:
[ 0234] [Chem 71] tBu tBu 1) SiFICI3 NLi 2) NaOCN N NCO
[0188]
Example-16:
[0189]
[Chem. 56]
!Bu tBU
/ Nj H
N, Ci LIfNHOct] \ N 0ct
[ Si > || si
/N VARRS
N H N H
\ \
[0190]

In an argon atmosphere, a solution obtained by dissolving 5.14 g (22.1 mmol)
of Si('BuNCHCHN'Bu)(H)Cl in 10 mL of hexane was added to a lithium(1,1,3,3-
tetramethylbutylamide) solution prepared by adding 10 mlI. of hexane and 2.94 g (22.8
mmol) of 1,1,3,3-tetramethylbutylamine to 13.8 mL (22.8 mmol) of a hexane solution
(concentration: 1.65 mol/L) of butyllithium and stirring the mixture at room temperature
for 14 hours, and the resulting mixture was stirred at room temperature for 24 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
sublimated (heating temperature: 180°C/64 Pa) to obtain 1,3-di-tert-butyl-2-(1,1,3,3-
tetramethylbutyl)amino-1,3-diaza-2-silacyclopent-4-ene
(Si(BuNCHCHN'Bu)(H)NH'Oct) as a white solid (yielded amount: 5.85 g, yield: 81%).

TH NMR (500 MHz, C¢Dg, 8/ppm) 5.80 (d, J=1 Hz, 2H), 5.61 (s, 1H), 1.51 (s,
2H), 1.36 (s, 18H), 1.28 (s, 6H), 1.04 (br, 1H), 1.00 (s, SH).

BC NMR (125 MHz, CgDs, 8/ppm) 111.8, 59.3, 53.9, 51.7, 32.6, 32.2, 32.1,
31.2.
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ISi / NLi ti3u NtBu H[0235] - In an argon
atnosphere, a dilithium(N, R-di-tert-butyl-1,2-vinyl enedi am ni de)
solution prepared by using 32.16 g of tBuNCHCHN13u, 250 ni of
tetrahydrofuran and 2.67 g of lithium according to the procedure
described in Reference Exanple-9 was added to a hexane (30 ni)
solution containing 25.12 g (185.5 mml) of trichlorosilane, and the
m xt ure W?zggtirred at roomtenperature for 3 hours. To this reaction
m xture, A7 g (purity: 96% 213.7 nmol) of sodium cyanate was
added, angkamyde-d¥xture was stirred for 4 hours under heating an
refluxing@ %gsoluble matters produced were separated by filtration,
and the ﬂ nt was renoved by distillation fromthe filtrate under
at nospheri c pr d€hemes57]The obt ai ned resi due was distilled under
reduced pressure (distillation tenperature 85C/ 3. 3x102 Pa) to obtain
1,3-di-tert-butyl-2- ﬂsocyanato 1, 3- diaza- 2- Iacyclopent 4- ene

(Sl(FBuNCHCHNtBu)( NCleas l,ess Nld -¥Cﬁ d anount: 35.44
g, yield: 80%. TBE?NE&? bLZEd@hﬂgﬁLLB NE% Bu)( NCO was measur ed
for the 11-1 and pectra, as a res Yrese spectra agreed
W th spectra of thos alned i n Exanpl e- 2 and Exanpl e-30. [ 0236]
Exanpl e-32: [0237] %u
[0193]
In an argon atmosphere, 5.63 g (24.2 mmol) of Si('BuNCHCHNBu)(H)Cl was
dissolved in 20 mL of hexane and after adding 5.38 g (54.3 mmol) of 2,2,2-
trifluoroethylamine, the mixture was stirred at room temperature for 15 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 80°C/4.7x10? Pa) to obtain
1,3-di-tert-butyl-2-(2,2,2-trifluoroethyl}amino-1,3-diaza-2-silacyclopent-4-ene
(Si(‘BuNCHCHN'Bu)(H)NHCH,CF3) as a pale yellow liquid (vielded amount: 4.74 g,
yield: 66%).
'H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.47 (s, 1H), 2.89
(quint, J=9 Hz, 2H), 1.19 (s, 18H), 1.02 (br, 1H).
BC NMR (125 MHz, C¢Dg, 8/ppm) 114.8 (q, J=269 Hz), 112.2, 42.7 (q, J=33
Hz), 51.4,31.1.

[0194]
Example-18:
[0195]
[Chem. 58]
SBu ‘SIBU H
N\ Cl EtNHz N\ /N—"Et
[ /Sl - i /St\
N H N H
S\Bu SBu
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[Chem 72] tBu N/ C NaSCN Si

[0196]
In an argon atmosphere, 3.30 g (73.2 mmol) of ethylamine was dissolved in 30

mL of hexane, and a solution obtained by dissolving 6.21 g (26.7 mmol) of
SiCBUNCHCHN’Bu)(H)Cl in 5 mL of hexane was added thereto at -20°C. After
stirring at room temperature for 2 hours, insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 92-96°C/4.0x10 Pa) to obtain 1,3-di-sec-butyl-2-ethylamino-
1,3-diaza-2-silacyclopent-4-ene (Si*BuNCHCHNBu)(H)NHEL) as a pale yellow liquid
(yielded amount: 5.61 g, yield: 87%). This product was a mixture of a plurality of
isomers differing in the steric configuration from each other.

'H NMR (500 MHz, C4Ds, 8/ppm) 5.68 (s)/5.66 (s)/5.65 (s) (2H as the total of
integrated intensities of three signals), 5.57 (s, 1H), 3.06 (sept, J=7 Hz, 2H), 2.76-2.69
(m, 2H), 1.69-1.59 (m, 2H), 1.51-1.33 (m, 2H), 1.21 (d, J=7 Hz)/1.20 (d, J=7 Hz) (6H as
the total of integrated intensities of two signals), 1.00-0.88 (m, 10H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 114.3, 113.9, 113.2, 112.9, 54.1, 54.0, 53 .4,
35.2,31.9,30.9,22.9,22.8,22.1,22.0,20.3, 11.9, 11.74, 11.73.

[0197]
Example-19:
[0198]
[Chem. 59]
'Pe Pe
| Nl NH
cl LiNH, 2
[ :S|: > E :SI:
H N H
) \
'Pe Pe
[0199]

In an argon atmosphere, 379 mg (purity: 95%, 15.7 mmol) of lithium amide
was suspended in 10 mL of 1,2-dimethoxyethane and after adding 3.99 g (15.3 mmol)
of Si("PeNCHCHN'Pe)(H)CI, the mixture was stirred at room temperature for 3 hours.
To the reaction mixture, 10 mL of hexane was added, and the mixture was stirred at
room temperature for 10 minutes. Insoluble matters produced were separated by

filtration, and the solvent was removed by distillation from the filtrate under
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/ "HH \ tBu [ 0238] In an argon at nosphere, 6.10 g
(26.2 mmol ) of Si (BuNCHCHNt Bu) (H)C1 was di ssolved in 20 nL of
tetrahydrofuran and after adding 2.15 g (purity: 99% 26.3 nmol) of
sodi um t hi ocyanate, the m xture was stirred at roomtenperature for
14 hours. Insoluble matters produced were separated by filtration,
and the solvent was renoved by distillation fromthe filtrate under

2t mospher LioBieas e utlie PR 3ART SIS MRSt LBl LT pressure

reduced preés ure enpera ur e:
obtain  (distillation temperature 90°C/3.7x10* Pa) to obtain 2-amino-1,3-di-tert-pentyl-1,3-

ST v
(o 30, 119 (oot M LM 08, 810D 9% o i,
156 (dq, J=14 Hz, 7 Hz, 2H), 1.48 (dq, =14 Hz, 7 Hz, 2H), 1.26 (s, 6H), 1.25 (s, 6H),
0.87 (t, J=7 Hz, 6, 0.85 (br, 2H).
3C NMR (125 MHz, C¢Ds, 8/ppm) 111.7, 54.0, 35.6, 29.3, 28.7, 9.1.

[0200]
. Example-20:
[0201]
[Chem. 60]
lpe "Pe
Nf hf NH
Cl NH3 \ 2
[ s’ > [ S’
ERN AN
N H N H
\
tPe 'Pe
[0202]

In an argon atmosphere, 6.18 g (23.7 mmol) of Si('PeNCHCHN'Pe)(H)Cl was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 6 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 90°C/3.7x10? Pa) to obtain 2-amino-di-1,3-
tert-pentyl-1,3-diaza-2-silacyclopent-4-ene  (Si('PeNCHCHN'Pe)(H)NH,) as a pale
yellow liquid (yielded amount: 5.36 g, yield: 94%). The thus-obtained
Si(*PeNCHCHN'"Pe)(H)NH, was measured for the 'H and *C NMR spectra, as a result,
these spectra agreed with spectra of that obtained in Example-19.
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"Pe N/ci iiSi NHtPe tpe NaOCNNCO p. L Si N/H %' Pe [0241]

In an argon atnosphere, 11.3 g (43.3 mol) of Si(teNCHCHN Pe) (H) Cl1
was dissolved in 80 nL of tetrahydrofuran and after adding 2.81 g -
(purity: 96% 41.6 mmol) of sodiumcyanate, the m xture was stirred
for 18.5 hours under heating and refluxing. Insoluble matters
produced were separated by filtration, and the sol vent was renoved by
distill ab@a&from the filtrate under reduced pressure. The obtai ned
resi due 5 Ji stilled under reduced pressure (86C 9.6x102 Pa) to

obt ai n 2-Exaogptafdt o- 1, 3-di -tertpentyl-1, 3-di aza- 2-si |l acycl opent - 4- ene
(Si(teN Pe) (HHNCO as a colorless liquid (yielded anmount: 9.37
g, Yyiel (?WJ@ IH NMR (500 MHz, Co6D6, 8/ ppm 5.68
(s, 1H), 5.62 ([€hemHHl] 5.61 (s, 1H), 1.36 (g, J=8 Hz, 21-1), 1.35 (q,
J=8 Hz, 2H), 1.10 (s, 6H), 1.09 (s, 6H), 0.76 (t, J=8 Hz, 6H). 13C
NVR (125 MHz, C6D6, ¥ ppn) 125.3, 112.1, 53P8, 34.9, 28.3, 28.2,
8.59. [0242] Exarrplﬁf3fm [024ﬂeNng:heni 74 ,\f\o(,:ﬁ_%t i

AY
| s | s
[ N/ N H N! \-H
\ \
Pe ‘Pe

[0205]
In an argon atmosphere, 5.24 g (20.1 mmol) of Si('PeNCHCHN'Pe)(H)Cl was

dissolved in 20 mL of hexane and after adding 24.0 mL (46.8 mmol) of a
tetrahydrofuran solution (concentration: 1.95 mol/L) of methylamine, the mixture was
stirred at room temperature for 3 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 104°C/3.8x10? Pa) to obtain 2-methylamino-1,3-di-tert-pentyl-
1,3-diaza-2-silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NHMe) as a pale yellow liquid
(yielded amount: 4.71 g, yield: 92%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.62 (s, 1H), 2.34 (d,
J=7 Hz, 3H), 1.58 (dq, J=14 Hz, 7 Hz, 2H), 1.48 (dq, J=14 Hz, 7 Hz, 2H), 1.25 (s, 6H),
1.24 (s, 6H), 0.88 (t, J=7 Hz, 6H), 0.64 (br, 1H).

3C NMR (125 MHz, C¢Ds, 8/ppm) 111.8, 53.8, 35.6,29.2, 28.4, 26.4, 9.2.

[0206]
Example-22:
[0207]
[Chem. 62]
'Pe 'Pe
/ f\{ H
N\ ‘ G EtNH, . I \Si/N——-—Et
I /Si\_ SN
N H N H
A
Pe Pe
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N/CINaOCN ¢ NNCOi ;si,, v, .. " NHNH\? '"CcttCct [0244] .

In an argon atnosphere, 7.57 g (22.0 mmol) of Si (Oct NCHCHNI Cct ) (H) C1
was dissolved in 30 nL of tetrahydrofuran and after adding 2.14 g
(purity: 96% 31.6 mml) of sodiumcyanate, the m xture was stirred
for 18 hours under heating and refluxing. Insoluble nmatters produced
were separated by filtration, and the solvent was renoved by

distill atdoz@}from the filtrate under atnospheric pressure. The

obt ai ned ]due was distilled under reduced pressure (distillation

t enper at ur e: lﬂﬁﬁhﬁgcﬁﬁatmmﬁdﬁé 66 80 g (151 mmol) of ethylamme was dissolved in 25
ent - ondik <Pl BEERRSICHI &Py PR EaE! P AP 168 42091 BRUG O
amount :  &iOReNCHEHRNH)(FH0) in 5 mL of hexane was alded\lNR:réﬁoﬁ’t Mﬁﬁ’C Col¥er
J-14 L. Rpie s abtgtioganh for hou Ryt rireiprbinudte vors adnapnetd bys
MHz, C6D4iltrathgay mindl 2he lsoldeh?. tras 55m3¥ec533y7 distiflation 3fted, thkl.fitratdOulder
[ 0245] Ex?mr’rgsp%egg pr[asos246] "1Lh%h g]a1neg]res1due Walél éhg‘!ﬂle% ugdérl :rgeLcjiucel %yesls}{fi"e
(distillation temperature: 110°C/1.5x10% Pa) to obtain 2-ethylamino-1,3-di-tert-pentyl-
1,3-diaza-2-silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NHEL) as a pale yellow liquid
(yielded amount: 6.63 g, yield: 92%).
'H NMR (500 MHz, C¢Ds, 8/ppm) 5.72 (d, J=1 Hz, 2H), 5.64 (s, 1H), 2.73
(quint, J=7 Hz, 2H), 1.60 (dq, J=14 Hz, 7Hz, 2H), 1.48 (dq, J=14 Hz, 7Hz, 2H), 1.27 (s,
6H), 1.25 (s, 6H), 0.94 (t, J=7 Hz, 3H), 0.89 (t, J=7 Hz, 6H), 0.83 (br, 1H).
B3C NMR (125 MHz, C4Dg, 8/ppm) 111.8, 53.9, 35.7, 35.2, 29.3, 28.3, 19.9,

9.2.
[0209]
Example-23:
[0210]
[Chem. 63]
Pe Pe
/ !OH
. O PrNH, N, N=Pr
[ i a1
H N H
\ \
'Pe 'Pe
[0211]

In an argon atmosphere, 6.49 g (24.9 mmol) of Si(‘'PeNCHCHN'Pe)(H)Cl was
dissolved in 25 mL of hexane and after adding 2.96 g (50.1 mmol) of isopropylamine,
the mixture was stirred at room temperature for 3 hours, Insoluble matters produced.
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was sublimated (heating
temperature: 160°C/70 Pa) to obtain 2-isopropylamino-1,3-di-tert-pentyl-1,3-diaza-2-
silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NH'Pr) as a white solid (yielded amount:
6.77 g, yield: 96%).
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CN/NM )O- ISi NH? 43u [0247] In an argon at nosphere,
3.98 g (17.1 mol) of Si (13uNCHCHN113u)(H) Cl1 was dissolved in 20 nL
of hexane. The resulting solution was deaerated by Freeze-PunpThaw
cycling and after creating a dinmethylam ne atnosphere in the reaction
vessel by connecting thereto a balloon having an internal volune of 5
L and being filled with dinethylam ne, the solution was stirred at
room t enper at ury [ s. . l.nsaql ubl.e t raduce

separated by fi ﬁ&%iﬁﬂmz’tg@]ﬁsgh}’@ﬂts ﬁé ?@DS@E @yﬁg? gﬁepﬁt
from the Ié4 (dpUel4Hae? Had OHY, 048 (dy, ED#BISHu,r'EHzTIIQ) akBeisner),resi @;JGH),

\glzsé/ ?1| ?;Illoé&%a;'l J{jglr Oéﬁgtbr{)eo t%rgi—fzu%ﬁ)(djéeswl I%tl on tenperature:

1, 3-di -t ert - but'yQ NMEI (15 MHZ T De-Slppin)di 14784235 B 5 Ac 9.4 M7, Orte

(Si (tBuN B 1Bu)(H)NM92) as a colorless liquid (yielded anmount: 3.76
g, yield: . 1H NWR (500 MHz, C6D6, 8/ppm 5.83 (s, 2H), 5.63 (s,
1H), 2.3&7(aﬁlple6m 1.22 (s, 18H). 13C NWR (125 MHz, Ce6D6, 8/ ppm

112. 0, 51[0%13 6, 31.0. [0248] Exanple-36: [0249] [Chem 76]

[ 0250] Fin an argon atnosphere, a

di I'i thi um(N, N' {@Ghernes4}- but yl - 1, 2- vi nyl enedi ani ni de) sol ution prepared
by using 32.00 g of tBuNCHCHNt Bu 50 nL of tetrahydrofuran, 150 nL of
hexane and 2.67 g of %t hi um accor di ng to the'Qatocedure described in
Ref erence Exanpl e-9 v@z added to a hexane (12{ ni) solution

contai ning 25.20 g Aol ) L8¥H ri chl orgsih an¥2 and the nixture
was stirred at roorEﬁﬁnerature for 4 hours ;5'¢ his reaction

m xture, 30.00 g (4TEN2 Hmol) of diethylamn vaaé" added, and the

m xture was stirred ab troomterrperature for &d& urs. Insoluble
matters produced were separat ed by filtration, and the sol vent was
renoved bguwjstillation fromthe filtrate under at m)spheri C pressure.

The obtai ned resi due was di s under .re ess . .
(i sl ol T on TR hhdFeat parostbmey Hoedouphy Sodh J8TLmRnoD of lithium amide
183 SIIB - }\| &Fds shsfeyide R iR @ b1y bﬁmrtﬁﬁlfﬁmﬁyiﬂiﬁﬁrc%}lﬁl df@g ﬁ@cﬂlﬁgﬁjm; 4(ENE mmol)
S 5oy o sicpt BN e o R TS e R B abo i b aEs o8 A gHys
(5t 82J( ? 'IZ)Hhe r&achiOn (Bixtukk]) 20 AIB6f hékand WasH#ldediHind the 2BixtEe WaBHtirred 200

room tléil)nperature for 10 minutes. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtéjned residue was distilled under reduced pressure
(distillation temperature: 116°C/1.3x10° Pa) to obtain 2-amino-1,3-bis(1,1,3,3-
tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene (Si'OctNCHCHN'Oct)(H)NH,) as a
pale yellow liquid (yielded amount: 4.99 g, yield: 87%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.70 (s, 1H), 1.63 (d,
J=15 Hz, 2H), 1.46 (d, =15 Hz, 2H), 1.41 (s, 6H), 1.35 (s, 6H), 1.05 (s, 18H), 0.88 (br,
2H).

BC NMR (125 MHz, C¢Dg, 8/ppm) 111.9, 55.2, 54.2, 32.8, 32.1, 32.0, 31.2.
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13C NWR (125 MHz, C6D6, 8/ppn) 112.1, 51.3, 38.6, 31.2, 15.1. [0251]
Exanpl e-37: [0252] [Chem 77] tButBu Me | IcN ., /CILiNBu)MiN
eN-Bu SiSi / 1\1/ HNH tBu 'Bu [0253] In an argon at nosphere,
5.50 g (23.6 mmol ) of Si (BUNCHCHNt Bu) (H)Cl was dissolved in 10 nlL of
hexane and after adding a |ithium butyl (nmethyl)am de sol ution
(prepared by mxing 14.2 nL of 1.67 nol/L butyllithium hexane

sol ution, 0%@ ]rrL of tetrahydrofuran and 2.07 g of

N but yl I\L %hyl am ne and stirring the m xture at roomtenperature
for 1 houfdamdl&@5m xture was stirred at roomtenperature for -20
hours. Igﬁ?i@gl e matters produced were separated by filtration, and
the solv s renoved by distillation fromthe filtrate under

at nospheri c pr €hame65[The obt ai ned resi due was distilled under
reduced pressure (ditat{' | lati on tenperature: Q.)%?C/ 3.3x102 Pa) to

obt ai n 7° ;

1, 3-di-tert-butyl-2-Nut y| met hyl am,no- 1, 3-di bi{i- Api | acycl opent - 4- ene
(Si ( BUNCHCHN' Bu)()KNBgNE) as—a—eet-ertees ||| quisd (yi el ded anount: 5.67
g, yield: 85%. ‘' H 11-1 NWR WHz, C6D6, 8/ ppm) 5.85
(s, 2H), 5.68 (s, 1H;, 2.75 (m 2H), 2.40 (s\ 3H), 1.46 (m 2H), 1.26
(s, 18H), 1.21 (m 2Byt 0.88 (t, J=7 Hz, 3H)'Och3C NMR (125 MHz, C6D6,
5/ppm 112.1, 51.2, 48.7, 32.7, 31.6, 31.1, 21.1, 14.6. [0254]

Exanpl e- 36217]

In an argon atmosphere, 5.42 g (15.7 mmol) of Si('OctNCHCHN'Oct)(H)Cl
was dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-
Pump-Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 41 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 115°C/1.2x10? Pa) to obtain 2-amino-1,3-
bis(1,1,3,3-tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene
(Si('OctNCHCHN'Oct)(H)NH,) as a pale yellow liquid (yielded amount: 4.52 g, yield:
88%). The thus-obtained Si(*OctNCHCHN'Oct)(H)NH, was measured for the 'H and
BC NMR spectra, as a result, these spectra agreed with spectra of that obtained in

Example-24.
[0218]
Example-26:
[0219]
[Chem. 66]
‘(I)ct t(?ct y
N ¢ EtNH, N, N—Et
IE /Si\ = E /Si\
N " N
'Oct Oct
[0220]

In an argon atmosphere, 6.80 g (151 mmol) of ethylamine was dissolved in 20
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[0255] [Chem 78] tBu cN/C Si " N'Su KSCN tBu /NCS Siii N H tBu
[ 0256] In an argon atnosphere, 3.36 g (14.4 mmol) of

Si ( BUNCHCHN1BuU) (H) C1 was dissolved in 20 nL of tetrahydrofuran and
after adding 1.47 g (purity: 98% 14.8 mml) of potassium cyanate,
the m xture was stirred at roomtenperature for 18 hours. |nsoluble
matters produced were separated by filtration, and the sol vent was

renoved dgﬁﬂ&é&té' Qrﬂi f r%H‘th:‘l?e@t&hé tb‘ay g&g&ﬂu W%ﬁgiﬁz PhfirorH of

The obtained resi r'éSs
(distill afi{ GntN@iﬁHNaﬂ@cn)(é{)CldlB@Daanfdﬁsxm whap adthedathereto at -20°C. After

B v

3.28 g, Milthton, 8@% th& heolvdmh swabh tramoeed Biv( Buﬂﬂﬂhﬁ]bﬁ\ll ﬁu)‘l( HeNEbirava sunder

aor oed w okl oy FeCe MR %%?ﬁﬁ%xwﬁsﬁﬁt@%s Upl o RRERRE

Product i ddistifatiq empefteepl 28°C4 .4>d 0ERanol thadﬁ lgblis@ohpArtatramethylbutyl)-

Fime werse By Gl e R ot e S CPRETEORD Befiydfiy' 2 s
derivati \paleqfellbhehq)ndaéwdﬂed amentti HA2 gy yiidHpNo2) 3 (TDMAS) as the
meterial | Fig 1y SERERRIO M) ¥ IshaR.er ARDIEAT Ry U adn! 95 LAl hiLy m

production. The pos I"on cbn WEl e hown *I’'n

| nci dent &4, 2H)st.Zn(d, sI=ﬂﬁ¢Hz,nth), hhﬁ)fa, 6@1),t hé3 ’(dl dwlb iz 28f), K33 és 6HanH0d

sccm i ndi a speed of 2.68 mml/h in

terms of (ig’gtggﬁ’ 62§h i’L ? Fég flﬁ;)he material to the reaction

chanber can be ‘H2MNVRi (128 MHE,OCdDm@/ppm)tHé & A5 1 4td, 3.3, 33,132, 10132.0,

(fl ow rat3§50f19 arrier gas x vapor pressure of material total

pressure’iin’naterial vessel), and, for exanple, the material vessel

t enper at 0221¢r the carrier gas (argon) flowrate was adjusted so as

to make x?img?et |aI feed rate uni formas nuch as possi bl e throughout
n

al | 'deposi exanples of
[0222]
[Chem. 67]
By tBU
! /
N ol NH; N NH,
[ /Si\ - I /S'\

N H N H
\ \
'Oct 'Oct

[0223]

In an argon atmosphere, 4.87 g (16.9 mmol) of Si’BuNCHCHN'Oct)(H)CI was
dissolved in 20 mL of hexane. The resuiting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 19 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 114°C/3.3%x10? Pa) to obtain 2-amino-3-tert-
butyl-1-1,1,3,3-tetramethylbutyl-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Oct)(H)NH,) as a pale yellow liquid (yielded amount: 4.02 g, yield:
88%).
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Exanpl e-39 to Exanpl e-47 and Conparative Exanple-1 to Conparative
Exanple-3. Also, in addition to the material and the carrier gas, an
oxygen gas was introduced into the reaction chanber at a flow rate of
60 sccm Furthernore, the anount of the diluent gas (argon)

i ntroduced was adjusted so as to make uniformthe oxygen
concentration in the reaction chanber and the total gas flow rate

Exanpl e 47 and O R, e R0 3 PO TUE SETRUET 10% IUESRA Tag g

is, the pimdstiz.elHn 5686t Teadt oH),chéitk I=imEzathld tiéddt b-15. Mz, ke, byl

i ntroduci h i t a Wotat sccmin Exanpl e-39
to Exarrpl(gg%p’ g%g (%??Q’%'?g&/s’?gt)’el'g# 2%@%@%%@’%@@& ative Exanple-1
to Conparative BaRe(1235 MHe, ks bipptmd Iduded L BH, 5520545 sBR%8.138, 1,
and the 23?%)%2@ gplti me was 1 hour. In all of Exanple-39 to

Exanpl e- 477@and’ Conpar ati ve Exanpl e-1 to Conparative Exanple-3, when
the fil m[p2uced was confirnmed by X-ray fluorescence analysis, a
char acteréx%r'"?e_?%,r ay based on silicon was detected. The film

t hi ckness™“conputed fromthe intensity of the detected X-ray is shown
in Tabl e [02254s apparent from Table 1, in Conparative Exanple-1 to
Conparative Ex%{:ﬂg‘l_3 g’g where production of a silicon dioxide thin
filmby the CvD e hoo] usi ng TDVAS and an oxygen gas was tried, it
was confirmed that ‘@aposition of a filmscaBoely proceeds at a
substrate tenperatyfe of 500C or less. Wthire pegct to Exanpl e-39,
Exanpl e- 41, Exa *44Chnd ExdiriHe- 46, the NV ?%rrposi tion was
confirmed by X—%pﬁbtoel ectron spectrogico %‘,\ as aresult, the film
was reveal ed to beh sHlicon dioxide film 02’58] Exanpl e- 48:

A silicon-contai ni ng ghin filmwas producedpgy the thermal CVD nethod
usi ng Si ( BUNCHCHN' Buf(H) NH2 as the material. Fig. 1 schematically
shows th 0 aratus used for thin film production. The deposition
condi tions re as follows: tenperature of material vessel: 40C,
vapor pressur e lman amgoerimbsphet, P82 gd46.Piremol) a S{(EINCHCENDCc)EDE] wad
sccm totgal S i i S : rat .

at or i a1 CLgoREERT A0 for. R AR bl gl Gl 2028 (L8 O LR eipr sy
rate: 28Mnismonwas stira¢d grresmuemperaturefortdi lomre hdmoduble maBeisRapduned were
substrate,_t t . 500G, . Feed| : .

pert or medch e eaptiFien e bl o ot B At Rl e flvace
deposi t i onddriatreosphsrid ptessure. Vlenottiieed redsitup mad distitl edvarsder ogrfuicedrpatsduye

s et e RORR SEpPRRNE 1Dg- 0T BRI BN 1.6 5 ERmRRT AR Bt
t he det e2tprdpylaming- hbdidzadasllacpclmen?d-ane (S BoNCHEINIQeyH¥HBsi &6 on

fi X-ray. t t , It, th
T m i PHEVEURY TR e B RARLERREODY . o8 i trogen.
[0259] Exanpl el HMMR (500 MKzsC{De Sippo) 58 @idndra Hiznl Fizl 2Hyes7 piddg et d

by the ther 0 Si Si N; By) G HLI a h

mat eri al EEF@Z’ %@cﬂgzg%’i (I:—QT ?'gggﬁoj\%?%%%e%;ml)ggéé’?s— |}I:?E,HezdSlg_lé’r ia't4 ﬁi(sri Sle)i m
producti ¢d3 (ﬂfﬂkldefﬁz;sliﬂ)’; 033 cmridi) ildﬁs{sem,rbzg}gg B\ﬁj\hnma:ésﬁi%?ﬁfﬁﬁm,@mfs
except t ate, f.e rature was : en the film

pr oduceda&éﬁ%gﬁﬁiﬁﬁg’ %? é{?’r “fluorescence analysis, a

charact eri sti c& NMR §HsebHmn GD,i &ppmpvhs2.det Hed,&x. 1, Thes, f5il13p42.8, 33.1,

t hi cknes e intensity of the detected X-ray and

f ound tﬁ%i’?%&%?@%é?%&; | e- 50: A silicon-containing

thin filmwas produced by the thermal CVD net hod using

Si MUNCHCHN Bu) (H)NH2 as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions
were as follows: tenperature of material vessel: 40C, vapor pressure
of material: 31 Pa, carrier gas (argon) flow rate: 40 sccm total
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[ 0264] Exanpl e-53: [0265] [Chem 79] tBui CNci 1Si NH ? tBu
17-%wCl tBu C /Si\ NIH IBu [0266] In an argon at nosphere,
6.54 g (28.1 mmmol ) of Si (BuNCHCHNI 3u) (H) C1 was dissolved in 20 nL of
hexane and after adding a vinyl magnesium chl oride tetrahydrofuran
solution (1.61 nol/L, 34.5 nL, 55.5 nmol), the resulting solution was
stirred at roomtenperature for 22 hours. Insoluble matters produced
wer e sequg%ﬁd by filtration, and the sol vent was renoved by
distillat fromthe filtrate under atnospheric pressure. The

obt ai ned Bxasipteieowas distilled under reduced pressure (distillation

t enper at ibgz 85C/ 6. 1x102 Pa) to obtain
1,3-di-t 8dutyl 2-vinyl-1, 3-di aza2-sil acycl opent - 4-ene

(Si ('t BUNCHCHNt BChér) 633CH2) as a yellow liquid (yielded anount: 3.01
g, yield: 48%. 1H NVR (500 Mz, C6D6, 8/ppm 6.25
(ddd, J=20 Hz, 14 HiBUS Hz, 1H),” 6.09 (d, J—ﬁ Hz, 1H), 5.92 (dd, J=20

Hz, 3 Hz, 1H), 5. 89N(ddC| J=14 Ro(s, 2H), 1.19 (s,
18H). 13C NNR(lZEN% C6D86, Eéﬁ&gi..y ﬁ}sﬁe 9, 113.6, 51.5, 31.1.
€8]
t

[ 0267] Exanpl e- 54 L‘

tE’:u Bu

[0229]

In an argon atmosphere, 7.69 g (33.0 mmol) of Si(BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of tetrahydrofuran and after adding 2.58 g (purity: 90%, 35.7 mmol)
of sodium cyanate, the mixture was stirred for 8 hours under heating and refluxing.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 85°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-isocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si("'BuNCHCHN'Bu)(H)NCO) as a colorless liquid (vielded amount: 7.09 g, vield:

90%).
'H NMR (500 MHz, C¢Ds, 8/ppm) 5.68 (s, 2H), 5.63 (s, 1H), 1.12 (s, 18H).
3C NMR (125 MHz, CsDs, 8/ppm) 125.0, 112.7, 51.4, 30.9.
[0230]
Example-30:
[0231]
[Chem. 70]
gy By
N’ Cl N/ NCO
[ - KOON [ \Si:
N H N H
tE’,u t'\BLI
[0232]

In an argon atmosphere, 8.33 g (35.8 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of tetrahydrofuran and after adding 3.19 g (purity: 96%, 37.8 mmol)
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[Chem 80] tButBu i N,e, .MBri /Gil, .N Si L, N
[, si, I/ \ HNH"? tButBu [0269] In an argon at mosphere,
8.39 g (36.0 nmol) of Si (BUNCHCHNt Eu) (H) C1 was dissolved in 17 ni of
hexane and after adding a (prop-2-en-1-yl)nagnesi um broni de di et hyl
ether solution (0.99 moUL, 38.0 nL, 37.6 nmol), the resulting
solution was stirred at roomterrperature for 18 hours. Insoluble
matters ced were separ by 1.l ti an ol vent
Cemoved by REEGETR e Peonrene ope pimed Brdior st Braectirel e,
;I'ge obi[ i’all Ingsluble shattees pﬁﬁiud&cﬁbvbiel sgatatededy fiReiordarl the Sulvent was removed
I sti 02 to o
%55 - ot SRR Gy et Sckahe, ben T The atfphiesisug s
(Si (tBu N@EﬂNﬁB&ﬁc{eH}éﬂﬂZéﬂﬁ@Hﬁém&s(dﬁuuﬁidnomﬂpmwd §59C¥8 deth’aPa)uiot sbtain
7.33 g, CeD6, 8/ ppm 6.05 (s,

e 9 , dggert(ﬁla%&;wsocgwf@ 1 3 B ARG RoROG - o1 " v7 (dt,
J=8 Hz, YSHBuNGHCHNBIHIENCOSHY. 2 t36IMRIqEHASyMHd G866t 8/07pE) yield:

%83721 E'é%e/& é’he tﬁlgijo n%ééﬁu’NéﬁChN%t%%ﬁ%ng WgrSD ngas?l?ed %01' 71]H and

3C NMR spectra, as a result, these spectra agreed with spectra of that obtained in -

Example-29.
[0233]
Example-31:
[0234]
[Chem. 71]
't?u 1) SiHCI I
. iHCly /
NLi 2) NaOCN N, NCO
C - L
PR
NLi , N H
\ \
'Bu '‘Bu
[0235]

In an argon atmosphere, a dilithium(N,N'-di-tert-buty!l-1,2-vinylenediaminide)
solution prepared by using 32.16 g of 'BuNCHCHN'Bu, 250 mL of tetrahydrofuran and
2.67 g of lithium according to the procedure described in Reference Example-9 was
added to a hexane (30 mL) solution containing 25.12 g (185.5 mmol) of trichlorosilane,
and the mixture was stirred at room temperature for 3 hours. To this reaction mixture,
14.47 g (purity: 96%, 213.7 mmol) of sodium cyanate was added, and the mixture was
stirred for 4 hours under heating an refluxing. Insoluble matters produced were
separated by filtration, and the solvent was removed by distillation from the filtrate
under atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 85°C/3.3x10% Pa) to obtain 1,3-di-tert-butyl-2-isocyanato-1,3-
diaza-2-silacyclopent-4-ene  (Si('BuNCHCHN'Bu)(H)NCO) as a colorless liquid
(vielded  amount: 3544 g, yield: 80%). The  thus-obtained
Si("BuNCHCHNBu)(H)NCO was measured for the 'H and *C NMR spectra, as a result,
these spectra agreed with spectra of those obtained in Example-29 and Example-30.
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tBu I/Si\ Htau (N\si, Fl tau In an argon at nosphere, 8.44
g (36.2 mmol) of Si(BuNCHCHN Bu) (H)Cl was dissolved in 17 nL of
hexane and after adding a (2-nethyl prop-1-en-I|-yemagnesi um brom de

t et rahydrofuran solution (0.56 nmoUL, 68.0 niL, 38.1 mmol), the
resulting solution was stirred at roomtenperature for 18 hours.

I nsol uble matters produced were separated by filtration, and the

sol vent v[l%%gem)ved by distillation fromthe filtrate under

at nospher Hressure. The obt ai ned residue was distilled under
reduced pPfsmegle-82:(distillation tenperature: 90C/ 3.5x102 Pa) to obtain

1, 3-di -tﬁ E-ﬁutyl- 2-(2-

nmet hyl pr B-?L-en-l -yl)-1, 3-di aza- 2-si | acycl opent - 4- ene

(Si ( BUNCHCHNt Buh¢thCHI( CH3) 2) as a yellow liquid (yielded anount:

6.30 g, yield: 69% ., 11- INI\/R ggoo VHz, C6D6, 8/ppm
6.19 (s, 1H), 5.77 (§Y 2H), 5.40 (s, 1H), 1.70 (s, 3H),

1.22 (s, 18H). 13C 125 NHZN %W 8/p N15ﬁ,|CB 126 7, 112. 8,
51.2, 31.0, 29.5, |23 ‘gl [ 0273} —EXShpl-a-56 6 [0 ,‘/4] [ Chem 82] t Bu
N a Si N “H

\
tBu : lBU

[0238]

In an argon atmosphere, 6.10 g (26.2 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 20 mL of .tetrahydrofuran and after adding 2.15 g (purity: 99%, 26.3 mmol})
of sodium thiocyanate, the mixture was stirred at room temperature for 14 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 108°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-thioisocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NCS) as a pale yellow liquid (yielded amount: 6.05 g, yield:

90%).
'"H NMR (500 MHz, C¢Ds, 8/ppm) 5.63 (d, J=2 Hz, 2H), 5.52 (s, 1H), 1.10 (s,
18H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 144,1, 112.8, 51.5, 30.8.
[0239]
Example-33:
[0240]
[Chem. 73]
'Pe 'Pe
/ /
E \ el NaOCN [N\SI,NCO
Y N H
teae ‘I\:’e
[0241]

In an argon atmosphere, 11.3 g (43.3 mmol) of Si('PeNCHCHN'Pe)(H)Cl was
dissolved in 80 mL of tetrahydrofuran and after adding 2.81 g (purity: 96%, 41.6 mmol)
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CN H tBu tBu N\ Siif HIBu [ 0275] In an argon

at nosphere, 8.71 g (37.4 mmol) of Si (BuNCHCHNt Bu) (H) C1 was di ssol ved
in 20 mL of hexane and after adding a (prop-1-en-2-yl)mgnesi um

brom de tetrahydrofuran solution (0.57 nol/L, 69.0 nL, 39.3 nmol),
the resulting solution was refluxed for 14 hours. Insoluble matters
produced were separated by filtration, and the sol vent was renoved by
distillatj { il ' r . .
obt ai ned §'a0iYaEEhn®, e bR G d ERER TRl ERRe skl Fetloane
t enper at Ungnlulgde @iatteBxp@Budsl) wers ssbarafed by filtration, and the solvent was removed

8, L O A e R DA

4.18 g, yigilied utides reduced pressure (86°C/9.6xd NNRR) (t5 Gdtaki2-is@3@Oatosl, hidivert-

o 13 (o Phl- IR A onRpOP b SHPNCHOANBI AN 435 { Qo

51. 4, 31.l0uid@Fidded Daq6ilt: EXagptield584%). A silicon-containing thin

filmwas produa r t i

Si ( BUNCHCHN' Bu) ?‘W%@%ﬁ%’s@%%ﬁwﬁ.@ﬂg D592 (o D61 Gy 136
shows t hdqapBdiail, L&, TeB Hh2H),fli. 1thispsldh d i (etH)TB 46 dik do8 itz al).
‘condi ti ons wer es3 I ; er, f rd |5:

vapor pressure o@ﬁrﬁagéiﬁﬁH%%,s%gﬁ)ﬁizgﬁ’ ggisi(%f%é\ﬁ%???é’wzgtq?g'zo
sccm toté242dressure in material vessel: 13.3 kPa, feed rate of

mat eri al B lmbie Jdon chanber: 0.13 nmmol /h, oxygen gas flow rate: 60
sccm diluent gas (argon) flow rate: 220 sccm total pressure in
reaction[@B)ber: 1.3 kPa, and substrate tenperature: 500C. The
substrate nmat er@g%muﬁﬁd was sapphire, and the deposition tine was 1
hour. Wien the TiT'm produced was confirmed by X-ray fl uorescence

anal ysis, a Ot ‘9ct
/
N ci NaOCN N, Nco
| s || i
/ I\ /N
N H N H
\
Oct 'Oct
[0244]

In an argon atmosphere, 7.57 g (22.0 mmol) of Si(*OctNCHCHN'Oct)(H)C]
was dissolved in 30 mL of tetrahydrofuran and after adding 2.14 g (purity: 96%, 31.6
mmol) of sodium cyanate, the mixture was stirred for 18 hours under heating and
refluxing. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 117°C/73 Pa) to
obtain  2-isocyanato-1,3-bis(1,1,3,3-tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene
(Si('OctNCHCHN'Oct)(H)NCO) as a colorless liquid (vielded amount: 6.91 g, yicld:
89%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.70 (s, 1H), 5.63 (s, 2H), 1.51 (d, J=14 Hz,
2H), 1.30 (d, J=14 Hz, 2H), 1.28 (5, 6H), 1.19 (s, 6H), 0.95 (s, 18H).

BC NMR (125 MHz, CeDs, 8/ppm) 125.1, 112.6, 55.2, 53.7, 32.6, 31.9, 31.8,
30.5.
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characteristic X-ray based on silicon was detected. The film

t hi ckness was conmputed fromthe intensity of the detected X-ray and
found to be 123 nm Also, the filmconposition was confirnmed by X-ray
phot oel ectron spectroscopy, as a result, the filmwas reveal ed to be
a silicon dioxide film [0277] Exanpl e-58: A
silicon-containing thin filmwas produced by the thermal CVD nethod
usi ng Sléﬁghgkbnu)(H)CHZCHCHZ as the material. Fig. 1 schematically
shows th atus used for thin film production. The deposition
condi ti orsxampie3fhe sanme as in Exanpl e-57 except that the substrate
tenperatgﬁz s 475C. When the film produced was confirned by X-ray
fluoresc anal ysis, a characteristic X-ray based on silicon was
detected. The f[{Chemt A%jckness was conmputed fromthe intensity of the
detected X-ray and found to be 91 mm [0278] Exanpl e-59: A
silicon-containing tf@wn filmwas produced by EWeNkhernal CvD et hod

usi ng Si ( BUNCHCHN' Bu){( H) as the nater al 1
schematical ly shoqg;p (ngarj%ggeased m AN IM%productlon The
deposition conditi ns, re the sane as |n ' &5 57 except that the
substrate tenperatu N wd$ 450C. Wen the flldefghuced was confirmed
by X-ray quorescenc%hgnalyS|s a characterlsglc X-ray based on
silicon was detected he filmthickness was conputed fromthe
intensity of the detected X-ray and found to be 47 nm [0279]
Exarrple-%@;ﬁl7 A silicon-containing thin filmwas produced by the
t her mal %ethod usi ng Si ( BUNCHCHNt Bu) (H) CH2CHCH2 as the material .
Fig. 1 schemat [[mah la;goakmwsphlaﬁ: amsar aﬂusmmxbﬁS)(‘BﬁNCHGHN‘mu)(H)Cl was

ducti t f : t f
P oo WsalBFr 50 JLRRARST i SATGHE G5 b bRt BTRROLK G2
(argon) flthaw ayahﬁg a2d afieccergatingt atlinpstiegamine dtmospicer inathe reRsieh veélsBl By

gns (o gORyerRara Y bitpobchahfih tn SRR > Lokt Pone ok

1. 3 kPa, danethglaidia, alicesdletigpewat ytiged 3086m Eagerargreofor a0 mysgeringmﬁ)le

was not perforne The substra t use hire, and,t
Gamonrt | D Becd Sydt Pebtalted BR cBlthtin R 58 SoRaRE st rorfe by
X-ray f| distilsttenfemada fkrase uade:harrmeplﬁarlcslbmssube r &hebaiggided nesddde ean

the det oftBlled Ry itRer e o et ioR HRgratre- SHECH el P g Sk b
was conf i1ﬁmheteﬂnwuiﬂmm&gﬂmﬁineemdiazaﬁemlacyxﬂqmy-dl-eae a result, the

[0230] - EIRBRRC BT BI DN S e BBl Bl Y BReR n A ot

by the tB&¥ml CVD nmet hod using Si (BuNCHCHNI 3u) (H) CH2CHCH2 as t he

proaucti on.  The ANRIPEY e KR TERD) e SoPRD AR 380, 1ok R 40

except tiwt8Hhe substrate tenperature was 475C. Wien the film

produced was c@nf.i -r f i

characteristic &Iﬂ&{fﬁgggﬂﬁ%éé?@ #}(f) ﬁza glt g’gge%%l'sf‘]he film

t hi ckness was conmputed fromthe intensity of the detected X-ray and
found to be 44 nm[0281] Exanpl e-62: A silicon-containing thin
fil mwas produced by the thernmal CVD nethod using

Si ( BUNCHCHNt Bu) (H) CH2CHCH2 as the material. Fig. 1 schematically
shows the apparatus used for thin film production. The deposition
conditions were the sanme as in Exanpl e-60 except that the substrate
tenperature was 450C. When the film produced was confirnmed by X-ray
fl uorescence analysis, a characteristic X-ray based on silicon was
detected. The filmthickness was conmputed fromthe intensity of the
detected X-ray and found to be 14 nm [0282] Exanpl e-63: A
silicon-containing thin filmwas produced by the thermal CVD net hod
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nm Al so, the filmconposition was confirmed by X-ray photoel ectron
spectroscopy, as a result, the filmwas revealed to be a film
containing silicon and nitrogen. [0283] Exanpl e-64: A
silicon-containing thin filmwas produced by the thermal CVD net hod
usi ng Si (BUNCHCHN13u) (H) CH2CHCH2 as the material. Fig. 1
schematically shows the apparatus used for thin film production. The

deposi ti g@g nditions were the sane as in Exanpl e-63 except that the
substr at ? @perature was 475C. Waen the film produced was confirned
by X-ray Etamgi@86ence anal ysis, a characteristic X-ray based on
silicon g ﬂet ected. The filmthickness was conputed fromthe
intensit\;ﬁ?’ the detected X-ray and found to be 177 nm [0284]

Exanpl e- 65: [CheA. 36]l i con-containing thin filmwas produced by the
thermal CVD net hod using Si (t BUNCHCHNI Bu) (H) CH2CHCH2 as the materi al .
Fig. 1 schematicall y??{\ows the apparatus usgd Epr thin film

production. The depogition R¢lidl, ons were He|sarre as i n Exanpl e-63
except that the s iate t g ure was OCn-VBen the film
produced was confi[r med by-x%ﬁugwsc ncegénal ysis, a

characteristic X- ased on silicon wa téﬁt ed. The film
t hi ckness was conput fromthe intensity of the detected X-ray and
found to be 77 nm BuzZL | ZT Itit. 178 | "Bu I'G 9 5L17 00

[0250]

In an argon atmosphere, a dilithium{N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 32.00 g of ‘BuNCHCHN'Bu, 50 mL of tetrahydrofuran, 150
mL of hexane and 2.67 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (120 mL) solution containing 25.20 g (186.0 mmol)
of trichlorosilane, and the mixture was stirred at room temperature for 4 hours. To this
reaction mixture, 30.00 g (410.2 mmol) of diethylamine was added, and the mixture was
stirred at room temperature for 5 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distiilation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 102°C/4.0x10” Pa) to obtain 1,3-di-tert-butyl-2-diethylamino-
1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)NEt,) as a pale yellow liquid
(vielded amount: 30.29 g, yield: 60%).

'H NMR (500 MHz, CsDs, 8/ppm) 5.82 (s, 2H), 5.69 (s, 1H), 2.85 (q, J=7 Hz,
4H), 1.26 (s, 18H), 1.00 (t, J=7 Hz, 6H).

"*C NMR (125 MHz, C¢De, 8/ppm) 112.1, 51.3, 38.6, 31.2, 15.1.
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[0251]

Exampie-37:

[0252]

[Chem. 77]
'‘Bu : '‘Bu Me
/ NI |
N Ci LiN(Bu)Me ~N, N—Bu
[ Si ~ | s

A VRS
N H N H
\ \
tBU lBl.l

[0253]

In an argon atmosphere, 5.50 g (23.6 mmol) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 10 mL of hexane and after adding a lithium butyl(methyl)amide solution
(prepared by mixing 14.2 mL of 1.67 mol/L butyllithium hexane solution, 15 mL of
tetrahydrofuran and 2.07 g of N-butyl-N-methylamine and stirring the mixture at room
temperature for 1 hour), the mixture was stirred at room temperature for 20 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilied under reduced pressure (distiilation ternperature‘: 109°C/3.3x10” Pa) to obtain
1,3-di-tert-butyl-2-butylmethylamino-1,3-diaza-2-silacyclopent-4-ene
(Si(‘BuNCHCHN'Bu)(H)NBuMe) as a colorless liquid (yielded amount: 5.67 g, yield:
85%).

'H NMR (500 MHz, C¢D¢, 8/ppm) 5.85 (s, 2H), 5.68 (s, 1H), 2.75 (m, 2H),
2.40 (s, 3H), 1.46 (m, 2H), 1.26 (s, 18H), 1.21 (m, 2H), 0.88 (t, J=7 Hz, 3H).

3¢ NMR (125 MHz, C¢De, 8/ppm) 112.1, 51.2, 48.7, 32.7, 31.6, 31.1, 21.1,
14.6.
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[0254]
Example-38:
[0255]
[Chem. 78]
By Bu
’ N
[N\S./CI KSCN . [ \Si/NCS
/ I\ VAR
N H N H
\ \
'‘Bu Bu
[0256]

In an argon atmosphere, 3.36 g (14.4 mmol) of Si('BuNCHCHN'Bu)}(H)Cl was
dissolved in 20 mL of tetrahydrofuran and after adding 1.47 g (purity: 98%, 14.8 mmol)
of potassium cyanate, the mixture was stirred at room temperature for 18 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 108°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-thioisocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NCS) as a pale yellow liquid (yielded amount: 3.28 g, yield:
89%). The thus-obtained Si('BuNCHCHN'Bu)(H)NCS was measured for the 'H and
BC NMR spectra, as a result, these spectra agreed with spectra of that obtained in
Example-32. |
[0257]

Thin Film Production Examples (Example-39 to Example-47 and Comparative
Example-1 to Comparative Example-3):

Silicon-containing thin films were produced by thermal CVD method using the
hydrosilane derivative of the present invention or SIH(NMe;); (TDMAS) as the material.
Fig. 1 schematically shows the apparatus used for thin film production. The deposition
conditions were as shown in Table 1. Incidentally, sccm is the unit showing the flow
rate of a gas, and 1 sccm indicates that a gas is moving at a speed of 2.68 mmol/h in
terms of ideal gas. The feed rate of the material to the reaction chamber can be
determined according to the calculation formula of (flow rate of carrier gas x vapor
pressure of material + total pressure in material vessel), and, for example, the material
vessel temperature or the carrier gas (argon) flow rate was adjusted so as to make the

material feed rate uniform as much as possible throughout all deposition examples of
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Example-39 to Example-47 and Comparative Example-1 to Comparative Example-3.
Also, in addition to the material and the carrier gas, an oxygen gas was introduced into’
the reaction chamber at a flow rate of 60 sccm. Furthermore, the amount of the diluent
gas (argon) introduced was adjusted so as to make uniform the oxygen concentration in
the reaction chamber and the total gas flow rate (linear velocity) throughout all
deposition examples of Example-39 to Example-47 and Comparative Example-1 to
Comparative Example-3. That is, the pressure in the reaction chamber was adjusted to
1.3 kPa by introducing the diluent gas at a flow rate of 220 sccm in Example-39 to
Example-47 and at a flow rate of 230 sccm in Comparative Example-1 to Comparative
Example-3. The substrate material used was sapphire, and the deposition time was 1
hour. In all of Example-39 to Example-47 and Comparative Example-1 to
Comparative Example-3, when the film produced was confirmed by X-ray fluorescence
analysis, a characteristic X-ray based on silicon was detected. The film thickness
computed from the intensity of the detected X-ray is shown in Table 1. As apparent
from Table 1, in Comparative Example-1 to Comparative Example-3, where production
of a silicon dioxide thin {ilm by the CVD method using TDMAS and an oxygen gas was
tried, it was confirmed that deposition of a film scarcely proceeds at a substrate
temperature of 500°C or less. With respect to Example-39, Example-41, Example-44
and Example-46, the film composition was confirmed by X-ray photoelectron
spectroscopy, as a result, the film was revealed to be a silicon dioxide film.

[0258]

Example-48:

A silicon-containing thin film was produced by the thermal CVD method using
Si("BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were as follows: temperature
of material vessel: 40°C, vapor pressure of material: 31 Pa, carrier gas (argon) flow rate:
20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of material to reaction
chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 280 scem, total pressure in
reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen
gas was not performed. The substrate material used was sapphire, and the deposition
time was 1 hour. When the film produced was confirmed by X-ray fluorescence
analysis, a characteristic X-ray based on silicon was detected. The film thickness was
computed from the intensity of the detected X-ray and found to be 20 nm. Also, the

film composition was confirmed by X-ray photoelectron spectroscopy, as a result, the
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| caNCOO1 ul muommi| al)! s Si (BuNCHCI - Egt Eu) (H) NCO TDVAS | Exanpl e- 39
ot -aidmexa | Exanple-41 tv-oi cramxa | Exanple-43 f47-0Tcl urexa
Exanpl e-45 | Exanpl e-46 | Exanpl e- 47 A. Material, B:
tenperature of material vessel [C], C vapor pressure of material
[Pa], D. carrier gas flowrate [sccn], E total pressure in material
vessel [kPa], F: feed rate of material to reaction chanber [rmmoUh],

G dilue as ro r at pressure in

reacti onr}tgﬂg\%seée %?4’30 bela, %B%rﬁ?ig{ng Sﬂk’%@fldo\flﬁlf §e1[1 C, J: film

t hi cknesq02501 . Note 1: sccmis the unit indicati ng the vol une
of gas fl.owed ‘ggé unit time, and 1 [sccn]=2.68 [nmol/h]. [0286]

Note 2: é Tate of material to reaction chanber [mmol/h] can be
det erm ned accox siliogn-tenthinmgahirchilmatvaoprotioceditiyathe the2m6BCVD method using

[ ol / h/ @%é: [ | ow rate .[.SC x(vapar pressure of

it er | 1 SRR R B EGRER R i Rhurt A JSCHRRoafly S fhe Bpnaras.
Ther nogr asedir nlnm fﬂmqirymmo(l TGrhadepodmfoh eorditiom waeahssang: asah @xedmpler y
(DSC) of heh 0 Ian erlvatlv of pr.es veat i on wer

per for ned3 3 e Ui Kbt s 7B o Shem) B iSOG wes
wher e ar gomﬁnmai by mmygﬂladrememmrmiagmts b aherackrid0Xriay rbaged ¢meilicon was
decr ease ig orization ai.si ng. the.tenperatyres
of the: saBPEandhs 5 MiHER e e SR B2 iglettnr s TR K45
and t he tadfamdttabe 1§inmi.ng a 50% wei ght | oss of sanple was recorded.
I n DSC, ﬁgfﬂ?zarrpl e was sealed in a stainless steel-nade neasurenent
cont ai ne er an argon atnosphere, heat generation based on

pyr ol ysi Exafaples0: sarrpl e when rai si ng the tenperature of the container
at a constant rat.

ohi on rest At e Bhod e e PR RO g e TP fline o

records SH'BINUHCHN BalfHyNH, aﬁ\ﬂ&(’matEm@ Pig. @ sEh@:\atE:Bllﬁ bloows the aﬂ]@raﬁd
ese arts S C S Sa

the cont PGS TR ATe AbGIEON nat reelt Ry onionaPerd & olia sereoneine
of decr ea$matenialvedsgélt 40C, Teporgmebstulee{miagdrial s3 1dea, eadien ghe(akgon) flew rate:
calorifi ﬁOV%cl:rlrjleto?e]:l p??s%’ure in material vessel: 13.3 kPa, feed rate of material to reaction
chamber: 0.26 mmol/h, diluent gas (argon) flow rate: 60 sccm, total pressure in reaction
chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen gas was
not performed. The substrate material used was sapphire, and the deposition time was
1 hour. When the film produced was confirmed by X-ray fluorescence analysis, a
characteristic X-ray based on silicon was detected. The film thickness was computed
from the intensity of the detected X-ray and found to be 131 nm. Also, the film
composition was confirmed by X-ray photoelectron spectroscopy, as a result, the film
was revealed to be a film containing silicon and nitrogen.
[0261]
Example-51:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were the same as in Example-
50 except that the substrate temperature was 475°C. When the film produced was
confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon was
detected. The film thickness was computed from the intensity of the detected X-ray

and found to be 50 nm.

-70 -



[ 0287]

[Table 2] abcdef g2 Si(iPrNC-1CHNI NRH) NHEt 28.3 157

5.9 336 2 3 SKI PrNCHCHNI PO(H) NHI Pr 26.5 162 6.8 326

[0262]
Example-52:

A silicon-containing thin film was produced by the thermal CVD method using
Si("BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were the same as in Example-
50 except that the substrate temperature was 450°C. When the film produced was
confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon was
detected. The film thickness was computed from the intensity of the detected X-ray
and found to be 19 nm. '

[0263]
Comparative Example-4:

Production of a silicon-containing thin film by the thermal CVD method using
SiH(NMey); (TDMAS) as the material was tried. Fig. 1 schematically shows the
apparatus used for this test. The deposition conditions were as follows: temperature of
material vessel: 1°C, vapor pressure of material: 125 Pa, carrier gas (argon) flow rate;
10 scem, total pressure in material vessel: 26.7 kPa, feed rate of material to reaction
chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 290 sccm, total pressure in
reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen
gas was not performed. The substrate material used was sapphire, and the deposition
time was 1 hour. The substrate surface was examined by X-ray fluorescence analysis
so as to confirm the formation of a silicon-containing thin film on the substrate surface.
As a result, a characteristic X-ray based on silicon was scarcely detected, and formation

of a silicon-containing thin film was not confirmed,

[0264]
Example-53:
[0265]
[Chem. 79]
‘Bu t}BU
/
[ /S:_\ | N
N H N H
\ \
By 'Bu
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3 Si eBUNCHCHNI E130(H)NH2 31.8 158 5.6 320 4 7 Si eBuNCHCHI PBQO( H) NHWe
25.3 162 5.2 342 5 8 SKIBuUNCHCHNTQ(H) NHEt 27.2 169 9.0 335 9

[0266] _ :
In an argon atmosphere, 6.54 g (28.1 mmol) of Si('BuNCHCHN'Bu)(H)Cl was

dissolved in 20 ml of hexane and after adding a vinyl magnesium chloride
tetrahydrofuran solution (1.61 mol/L, 34.5 mL., 55.5 mmol), the resulting solution was
stirred at room temperature for 22 hours. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 85°C/6.1x10? Pa) to obtain 1,3-di-tert-butyl-2-vinyl-1,3-diaza-
2-silacyclopent-d-ene (Si(BuNCHCHNBu)(H)CHCH,) as a yellow liquid (yielded
amount: 3.01 g, yield: 48%). ‘

IH NMR (500 MHz, C¢Dy, 8/ppm) 6.25 (ddd, J=20 Hz, 14 Hz, 5 Hz, 1H), 6.09
(d, J=5 Hz, 1H), 5.92 (dd, J=20 Hz, 3 Hz, 1H), 5.89 (dd, J=14 Hz, 3 Hz, 1H), 5.77 (s,
2H), 1.19 (s, 18H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 140.3, 133.9, 113.6, 51.5, 31.1.

[0267]
Example-54:
[0268]
[Chem. 80]
By ' MaB tIBu
/ ALl
N ¢ & N /\/
N H N H
\ \
'Bu 'Bu
[0269]

In an argon atmosphere, 8.39 g (36.0 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 17 mL of hexane and after adding a (prop-2-en-1-yl)magnesium bromide
diethyl ether solution (0.99 mol/L, 38.0 mL, 37.6 mmol), the resulting solution was
stirred at room temperature for 18 hours. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 88°C/4.4x10% Pa) to obtain 1,3-di-tert-butyl-2-(prop-2-en-1-
y1)-1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)CH,CHCH,) as a yellow
liquid (yielded amount: 7.33 g, yield: 85%).
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Si eBUNCHCHNI | 1 3u) (F)NFI Tr 28.4 185 5.6 330 7 10
Si eBUNCHCHNLI 3u) (H) NHI Pr 26.9 169 7.8 343 8 11 Si eBuNCHCHNI BO( H) NHPr
23.5 181 6.5 340 9 13 Si eBUNCHCHN Bu) (H) NH93u 30. 8

'H NMR (500 MHz, C¢Dg, 8/ppm) 6.05 (s, 1H), 5.93-5.85 (m, 1H), 5.72 (s,
2H), 5.10-4.90 (m, 2H), 1.77 (dt, J=8 Hz, 1 Hz, 2H), 1.17 (s, 18H).
13C NMR (125 MHz, C¢Ds, 8/ppm) 133.6, 115.0, 113.9, 51.1, 31.2, 31.1.

[0270]
Example-55:
[0271]
[Chem. 81]
/ . - MgBr
N, ci N N /A~
l[ /Si\ » l /SI\ .
N H N H
3 \
tBy ‘Bu
[0272]

In an argon atmosphere, 8.44 g (36.2 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 17 mL of hexane and after adding a (2-methylprop-1-en-1-yl)magnesium
bromide tetrahydrofuran solution (0.56 mol/L, 68.0 mL, 38.1 mmol), the resulting
solution was stirred at room temperature for 18 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 90°C/3.5x10% Pa) to obtain 1,3-di-tert-butyl-2-(2-
methylprop-1-en-1-yl)-1,3-diaza-2-silacyclopent-4-ene
(Si(BuNCHCHNBu)(H)CHC(CH;),) as a yellow liquid (yielded amount: 6.30 g, yield:
69%).

'H NMR (500 MHz, CsDg, 8/ppm) 6.19 (s, 1H), 5.77 (s, 2H), 5.40 (s, 1H), 1.78
(s, 3H), 1.70 (s, 3H), 1.22 (s, 18H).

BC NMR (125 MHz, C¢De, 8/ppm) 156.7, 126.7, 112.8, 51.2, 31.0, 29.5, 23.8.
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186 7.6 340 10 14 Si eBUNCHCHNEE310(H) NH Bu 24.3 178 9.6 336 11 15
Si (* BUNCHCHN Bu) (H) NHCy 20.7 214 9.9 341 12 16
Si eBUNCHCHN( 130( H) NH Cct 16. 6 205 6. 6

[0273]

Example-56:

[0274]

[Chem, 82]
'Bu /L Bu
/ / g
N ci MgBr N
I /Si\ o l /S[\

N - H N H
\ \
By Bu

[0275]

In an argon atmosphere, 8.71 g (37.4 mmol) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 20 mL of hexane and after adding a (prop-1-en-2-yl)magnesium bromide
tetrahydrofuran solution (0.57 mol/L, 65.0 mL, 39.3 mmol), the resulting solution was
refluxed for 14 hours. Insoluble matters produced were separated by filtration, and the
solvent was removed by distillation from the filtrate under atmospheric pressure. The
obtained residue was distilled under reduced pressure (distillation temperature:
80°C/4.3x10> Pa) to obtain 1,3-di-tert-butyl-2-(prop-1-en-2-yl)-1,3-diaza-2-
silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)C(CH3)CH,) as a yellow liquid (yielded
amount: 4.18 g, yield: 47%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 6.12 (s, 1H), 5.79 (s, 2H), 5.69 (s, 1H), 5.62
(s, 1H), 1.93 (s, 3H), 1.11 (s, 18H).

3CNMR (125 MHz, C¢Dg, 8/ppm) 149.3, 127.8, 113.8, 51.4, 31.0, 20.6.
[0276]

Example-57:

A silicon-containing thin film was produced by the thermal CVD method using
Si(BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of
material to reaction chamber: 0.13 mmol/h, oxygen gas flow rate: 60 scem, diluent gas
(argon) flow rate: 220 sccm, total pressure in reaction chamber: 1.3 kPa, and substrate
temperature: 500°C. The substrate material used was sapphire, and the deposition time

was 1 hour. When the film produced was confirmed by X-ray fluorescence analysis, a
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343 13 17 Si nuUNCHCHN BuRH) NHCH2CP3 25.3 163 11.2 340 14 18
Si NUNCHCHNSBUXFONHEt 27:9 178 6.3 330 15 19 Siel DeNCHCI - | N PeXFONH2

30.0 185 7.6 315 16

characteristic X-ray based on silicon was detected. The film thickness was computed
from the intensity of the detected X-ray and found to be 123 nm. Also, the film
composition was confirmed by X-ray photoelectron spectroscopy, as a result, the film
was revealed to be a silicon dioxide film,

[0277]

Example-58:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-57 except that the substrate temperature was 475°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 91 nm.

[0278]
Example-59:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHNBu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-57 except that the substrate temperature was 450°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 47 nm.

[0279]
Example-60:

A silicon-containing thin film was produced by the thermal CVD method using
Si(‘BuNCHCHN'Bu)(H)CH,CHCH; as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of
material to reaction chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 280 sccm,
total pressure in reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding
of an oxygen gas was not performed. The substrate material used was sapphire, and
the deposition time was 1 hour. When the film produced was confirmed by X-ray

fluorescence analysis, a characteristic X-ray based on silicon was detected. The film
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21 Si ePeNCHCHN Pe) (H) NHVe 27.3 189 5.1 336 17 22
Si ePeNCHCI - I N Pe) (H) NHEt 27.4 193 5.5 341 18 24
Si eOct NCHCHN Oct ) (FONH2 21.5 231 5.8 300 19 26
Si eCct NCHCFI N Oct ) ( H) NHEt

thickness was computed from the intensity of the detected X-ray and found to be 74 nm.
Also, the film composition was confirmed by X-ray photoelectron spectroscopy, as a
result, the film was revealed to be a film containing silicon and nitrogen.

[0280]

Example-61:

A silicon-containing thin film was produced by the thermal CVD method using
Si(*BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-60 except that the substrate temperature was 475°C. When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 44 nm.

[0281]
Example-62:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHNBu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-60 except that the substrate temperature was 450°C. 'When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 14 nm.

[0282]
Example-63:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH;, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 40 scem, total pressure in material vessel; 13.3 kPa, feed rate of
material to reaction chamber: 0.26 mmol/h, diluent gas (argon) flow rate: 60 sccm, total
pressure in reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of
an oxygen gas was not performed. The substrate material used was sapphire, and the
deposition time was 1 hour. When the film produced was confirmed by X-ray
fluorescence analysis, a characteristic X-ray based on silicon was detected. The film
thickness was computed from the intensity of the detected X-ray and found to be 277
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31.9 241 6.1 317 20 27 Si e13uNCHCHNECct) (H)NN2 28.4 203 7.0 283 21 28
Si eBUNCHCHN Cct ) (H)NHPr 32.1 217 6.2 292 22 29 Si eBuNCHCHNTQ( H) NCO

33.4 168

nm. Also, the film composition was confirmed by X-ray photoelectron spectroscopy,
as a result, the film was revealed to be a film containing silicon and nitrogen.

[0283]

Example-64:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BUNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-63 except that the substrate temperature was 475°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 177 nm,

[0284]
Example-65:

~ Adsilicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-63 except that the substrate temperature was 450°C. When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected, The film thickness was computed from the intensity of the detected X-

ray and found to be 77 nm.
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Si ePeNCHCHN' Pe) (H) NCO 25.9 193 9.3 303 25 34 Si 00ct NCHCHN Cct ) (H) NCO

8.2 300 23 32 Si eBUNCHCHNI Tu) (1- ONCS 26.9 195 6.3 265 24 33
28.9 238 10.0 279

c oS ¢-ordurexsy
aanerediuo)
¢ sty | €1 | ose | ero | w9z | o1 | sm 1 SYINCLL cotdum
aanereduron
9 00S troKdumeg
H saneredwo))
T LY
€1 07T €1°0 eel Lh-otdure
o 08 0 £ 9% | OONCID(rg,NHOHONOL)S
: op-oduuexyg
b SL
€1 022 Tro : i
vl 00 £El 0z 0 09 | IHNEOENEDHONRE NS
’ by-ojdurexy
€ oSt
- gp-ordutexyg
> SLY el 072 €10 €€l 0z 1€ ) HNEOENHOHONRE,)IS ¢y-odurexy
00S
i I{-o1durexg
SLy
€1 02 A0 _ O ot
- " £El 0T 1£3 L5 | 9ENE(GNHIHONIE,)IS
: 6€-apdunexy
I H 9] zoron A q oy @ | D d v
[T o1qer]
[$gz0]

-78 -



26 36 Si eBUNCHCHNSBOOMNEt 2 26.4 180 7.8 315 27 37 Si eBuNCHCHNI TulMNBuMe
30.2 193 6.9 347 28 53 Si eBUNCHCHN1130(H) CHCH2 30.4 161 8.2 256 29 54

A: Material, B: temperature of material vessel [°C], C: vapor pressure of
material [Pa], D: carrier gas flow rate {scem], E: total pressure in material vessel [kPa],
F: feed rate of material to reaction chamber [mmol/h], G: diluent gas (argon) flow rate
[sccm], H: total pressure in reaction chamber [kPa], I: substrate temperature [°C], J:
film thickness [nm].

Note 1: scem is the unit indicating the volume of gas flowed per unit time, and
1 [scem]=2.68 [mmol/h].

[0286]

Note 2: The feed rate of material to reaction chamber [mmol/h] can be

determined according to the calculation formula of 2.68 [mmol/h/sccm]x(carrier gas

flow rate [sccm])x(vapor pressure of material [Pa])+(total pressure in material vessel

[Pa]).

Test Example:

Thermogravimetric analysis (T'G) and differential scanning'calorimetry (DSC)
of the hydrosilane derivative of the present invention were performed. In TG, the
sample was placed in a measuring apparatus where argon was flowing at a constant rate
of 400 ml/min, the decrease in weight due to vaporization when raising the temperatures
of the sample and argon at a constant rate of 10°C/min was observed, and the
temperature giving a 50% weight loss of sample was recorded. In DSC, the sample
was sealed in a stainless steel-made measurement container under an argon atmosphere,
heat generation based on pyrolysis of the sample when raising the temperature of the
container at a constant rate of 10°C/min was observed, and the temperature at which
heat generation started occurring was recorded. A list of these records is shown in
Table 2. Also, Fig. 2 to Fig. 32 show the TG and DSC charts of respective samples.
In these charts, the abscissa is the centigrade temperature, the left-side ordinate is the

percentage of decrease in weight of TG, and the right-side ordinate is the calorific value

of DSC.
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Si eBUNCHCHN' 1310( H) CH2CHCH2 29.9 170 6.4 249 30 55

Si e BUNCHCHNEW H) CHC(OH3) 2 32.0 178 7.2 321 31 56

Si NUNCHCHN931. 0(1-) C(CH3) CH2 29.9 166 4.5 274 32 a: No. of
synt hesis exanple, b: material, c: sanple anpbunt by TO nmeasurenent
[mg], d: tenperature at 50% wei ght | oss PC], e: sanple anmount by DSC
measurenent [ng], f: deconposition tenperature [C], g: No. of figure.
VWi | e the[lo'g ention has been described in detail and with reference
to specif nbodi ments thereof, it will be apparent to one skilled
in the art that[Tablei2dus changes and nodifi cations can be nmade therein
W t hout departing fromthe spirit and scope of the invention.

a b .« d e r g
2 Si(PrNGCHCHNPr)(HINHEt 28.3 157 5.9 336 2
3 Si(PrNCHCHNPr){(H)NHPr 26.5 162 6.8 326 3
4 Si('BUuNCHCHN'Bu)(H)NH, 31.8 158 5.6 320 4
7 Si¢BuNCHCHN'Bu){H)NHMe 25.3 162 5.2 342 5
8 Si('BUuNCHCHN'Bu}(H)NHEt 27.2 169 9.0 335 6 -
9 Si('BUNCHCHN'Bu)(H)NHPr 28.4 185 5.6 330 7
10 Si('BUuNCHCHNBU)(HINHPr 26.9 169 7.8 343 8
11 SiCtBUNCHCHN'Bu)}(H)NHPr 23.5 181 6.5 340 9
13 Si(*BUNCHCHN'Bu){H)NH*Bu 30.8 186 7.6 340 10
14 Si(*BUNCHCHN'Bu)(H)NH'Bu 24,3 178 9.6 336 11
15 Si('BUNCHCHN'Bu){H)NHCy 20.7 214 9.9 341 12
16 Si('BuNCHCHN'Bu)(H)NH'Oct 16.6 205 6.6 343 13
17 Si(*BuNCHCHN'Bu)(H)NHCH,CF, 25.3 163 11.2 340 14
18 SiCBUNCHCHNBu)(H)NHEt 27.9 178 6.3 330 15
19 Si{'PeNCHCHN'Pe)(H)NH, 30.0 185 7.6 315 16
21 Si(*PeNCHCHN'Pe}(H)NHMe 27.3 189 5.1 336 17
22 Si(*PeNCHCHN'Pe)(H)NHEt 27.4 193 5.5 341 18
24 Si(*OctNCHCHN'Oct)(H)NH, 21.5 231 5.8 300 19
26 Si(*OctNCHCHN'Oct)(H)NHEE 31.9 241 6.1 317 20
27 Si¢{BuNCHCHN'Oct)(H)NH, 28.4 203 7.0 283 21
28 Si('BuNCHCHN'Oct)H)NHPr 32.1 217 6.2 292 22
29 Si('BuNCHCHN'Bu)}H)NCO 33.4 168 8.2 300 23
32 Si('BuUNCHCHN'Bu){H)NCS 26.9 195 6.3 265 24
33 Si{(*PeNCHCHN'Pe)(HINCO 25.9 193 9.3 303 25
34 Sit*Oct NCHCHN Oct)(HINCO 28.9 238 10.0 279 26
36 SittBuNCHCHN'Bu)(H)NEL, 26.4 180 7.8 315 27
37 Si{'BUNCHCHN'Bu)(H)NBuMe 30.2 193 6.9 347 28
53 Si('BUNCHCHNBu)(H)CHCH, 30.4 161 8.2 256 29
54 | Si('BuNCHCHNBu)H)CH,CHCH, { 29.9 170 6.4 249 30
55 | Si(BuNCHCHN'Bu)H)CHC(CH,), 32.0 178 7.2 321 31
56 | Si('BuNCHCHN'Bu}H)C{CH,)CH, 29.9 166 4.5 274 32

a: No. of synthesis example, b: material, c: sample amount by TG measurement
[mg], d: temperature at 50% weight loss [°C], e: sample amount by DSC measurement
[mg], f: decomposition temperature [°C], g: No. of figure.

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope of

the invention.
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[ 0288] This application is based on Japanese Patent
Application (Patent Application No. 2010-132539) filed on June 10,
2010, Japanese Patent Application (Patent Application No.

2010-200542) filed on Septenber 8, 2010, Japanese Patent Application
(Patent Application No. 2010-259888) filed on Novenber 22, 2010, and
Japanese Patent Application (Patent Application No. 2011-112373)
filed on &@% 19, 2011, the contents of which are incorporated herein
by way of %erence. | NDUSTRI AL APPLI CABI LI TY [ 0289] By virtue
of using the hydiipapplivaton ey basatlioneTapdneke @htehhapphmmt(Pht&neﬂpbmmaﬁ

t he mat er,j al 1 li.conzcont ai Aing hio filmsuc 55|I|
or silicd n??ﬁ?'i@%ﬁﬂ %lége?th @P&n{d 5‘3119 dt?@@‘&? Eh%% ok Aé’P ?ﬁ(aten?
t enper at WplivhtiGONG. 2010-BX542) filed vh Seﬁieﬂﬂ)eﬁS,m(HSUBtpﬁﬁeseZ’@ﬂ:ﬁt Application
Accordin resen tr| val ue.
bescR: PTiERee AseRERRcoNa s SR ed s NPtoaby Hhadtith dnd biuahe
2Const antPateuPgipiitation @atdmt maeatmnN@ Hmmenzémﬁteﬂadrehzfa%mam Dathe
6Di | uent as 7%rr| ei’e I ow .contro OMass flow controller
TONhSs 1 ICRREB PO Ter TS Ra e B BF SHEe S Ex hauss LA NS
[Cl aim1] A hydrosil ane derivative represent ed by formula (1): [Chem
1 INDUSTRIAL APPLICABILITY

[0289]

By virtue of using the hydrosilane derivative (1") of the present invention as the
material, a silicon-containing thin film such as silicon dioxide or silicon nitride can be
efficiently produced even at a low temperature of 500°C or less without using a plasma

orozone. Accordingly, the present invention has a remarkable industrial value.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0290]

Material vessel

Constant temperature bath

Reaction chamber

Substrate

Oxygen gas

Diluent gas

Carrier gas

Mass flow coniroller

N0 1 Y b R W N

Mass flow controller

Mass flow controller
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Oil-sealed rotary pump
Exhaust
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RlL Nza I'Si (1) NH\R2 (wherein each of RlL and R2 independently
represents an al kyl group having a carbon nunber of 3 to 12, Za
represents an i socyanato group, an isothiocyanato group, an am no
group, a nonosubstituted am no group represented by NHR3, an

N- net hyl al kyl ami no group represented by N(CH3) R4, or an al kenyl group
havi ng a carbon nunber of 2 to 6, R3 represents an al kyl group having
a carbon nunber of 1 to 12, which Q ubstituted with a fluorine
atom and R4 represents an al kyl grgiﬁ‘ ing a carbon nunber of 1 to
4). [d aim 2] The hydrosil ane derivative as claimed in claiml1,

wherein each of R and IS i de endent | al up havi ng a
car bon ndfm dr 3 tdq§§%2§im§ﬁﬁﬁ §@69§ﬁé?5%dWHgﬁnu & %n1no group, a
nonosubst i t ut eqcasmne] group represented by NHR3, or an al kenyl group
having a carbon nunber of 2 to 4, and R3 is an al kyl group having a
carbon number of 1 to 8, yhich may be substituted with a fluorine
atom [C aim 3] The hydrd3il ane derivative as clainmed in claiml or 2,
wherein each of R and i's independently a tert-butyl group or a
tert-pentyl group, Za ms an Q§|no group or a nonosubstituted am no
group represented R3 is an al kyl group having a carbon
nunber of 1 to 4. | a|n15 A nmethiqd for producing a hydrosil ane
derivative, conpridlng rgacting a’chlorosilane derivative represented
by formula (3): (wherg{n eath of Rl and R2 independently represents
an al kyl group having a\carbon nunber of 3 to 12) with a conpound
represented by fornula ( [ Chem 3] M2Z(4) (wherein Z represents an
i socyanato group, an isothiocyanato group, an amino group, a

nonosubsti t ut ed a nted by NHRS, i substifuted

ani no gr 4 EerF@p?aé t%da‘bct:ﬁNP&%Q e I3 FeRtpscat, aliasﬂgr%la VIaTiPga? 3Pen
nunber ofuRbkOof3 3312, ezgﬁ e&;&egeﬁtsaﬂl @doksydnagf guﬁp,h a lifdhidcpaiafd grdaymer
of 1 to 12, which may @ggstltuted wth a Iﬁg?i,ne at om

e
and R5 | AEML SERAR: I"’yn}oélB? fied gming BSHnglicB{?ée i lﬁ%arﬂﬁgﬁ% er
of 1 to 4k l@nﬁ@%ré‘&ﬁ%ﬁre%n%ddb et }%’]Rbroraaxp%ﬂléi%gl gho B eN chbb®

an |socyanato gL QUP Or_-an |soth|oc anato gro presents a
hydr ogen DHESH 8f 26{(o|§ tlf*n W%F@ﬁm%?ﬁlﬁ‘rlzgm‘ép gﬁ“&&ﬁn?ﬁr lbalam gr of 1 to 12,

MONOSUDS byt dH By BEEMREIOLYith ARRB a8 i d WARBpREends £H SIMPBEbtMhSEne
am no group represent dgw% NRAR5, and MZ represents a nagnesi um
a

hal i de gP&aPORAERbr okl | kenyl group having a carbon nunber of 2
to 6) to &]eraﬁﬂqgce a hydg qa§aﬂo§ﬂtﬁ1ect&51w@&d Aecl4igfRaan i Rd] , Byhdrélh atiRof R

(17): c? R? is de'epeI\lde?llﬂly an a1f<y1 group having a carbon number of 3 to 8, Za is an
isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, and R3 is an alkyl group
having a carbon number of 1 to §, which may be substituted with a fluorine atom.
[Claim 3] The hydrosilane derivative as claimed in claim 1 or 2, wherein each of
R! and R? is independently a tert-butyl group or a tert-pentyl group, Za is an amino
group or a monosubstituted amino group represented by NHR?, and R? is an alkyl group
having a carbon number of 1 to 4.

[Claim 4] A method for producing a hydrosilane derivative, comprising reacting

a chlorosilane derivative represented by formula (3):
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NH \R2 (wherein each of Rl and R2 independently represents an al kyl
group having a carbon nunber of 3 to 12, Z represents an isocyanato
group, an isothiocyanato group, an am no group, a nonosubstituted

am no group represented by NHR3, a disubstituted am no group
represented by NR4R5, or an al kenyl group having a carbon nunber of 2
to 6, R3 represents an al kyl group having a carbon nunber of 1 to 12,
whi ch may be s% tityted with a fluorine atom and each of R4 and RS
i ndependent | y rlepf@sehts an al kyl group having a carbon number of 1
to 4). [Caimb5]The production nmethod as clainmed in claim4, wherein
Z is an isocyanato grdip, an amino group, a nonosubstituted am no
group represented by NHR3, or an al kenyl group having a carbon nunber
of 2 to 4, each of and i s independently an al kyl group having a
car bon nunber of t 0\8, R3 is an al kyl group having a carbon
number of 1 to 8j] whi cligiay bg3zubstituted with a fluorine atom

[ aim 6] The prodlucti wet ho s clained in claim4 or 5 wherein Z
is an am no group~exj@ norigsubstituted am no group represented by:
NHR3, M2 is a hydrogac atom each or RI and R2 is independently a
tert-butyl group or altert-pentyl group, and R3 is an alkyl group
havi ng a carbon nunbeRf 1 to 4. [daim7] A method for producing a
hydr osi | ane derivative, conprising reacting a vinylenedi am ni de

al kal i sghhereRpéREITIRUaky RF afidepkadendy Ire#r%bﬁfﬁ arbhlkyl phepeiaRingas barbbn
121 and R2 'nd%pen tlLy represents an a I %&352 having a carbon
nunber offUEIPELO1HI0 Jod §THA ¢ AERvesentedihyify M or a sodi um at om)
with trichlorosCh&ne]to produce a chlorosilane derivative represented
by formula (3): [Chem 6] RL NC 1Si(3) NH\R2 (wherein each of Rl
and R2 independently represents an al kyl group having a carbon nunber
of 3 to 12), andyfi@ther r@cting the chlorosilane derivative (3)
with a conpound represented by formula (4): [Chem 7] MZ(4) (wherein
Z represents an i socyanato group, an isothiocyanato group, an am no
group, a nonosubstituted am no group represented by NH123, a
disubsti%u ed. am no ro§g.r%5resented by. NR4R5, or an alke%ﬁl group
havi ng a WaFBE- FEREERS SR 180GyAnE0 gF%“Pré%FSQQB?&YQH%IH ELPURy A1 GFED S10HD g
a car bonmra]ma%w%timfcedl aindnol %gowph irﬂheiiﬁﬁédey SNHRE huai@@bsﬁmi&u antihe! ogrbie
atom each o an si ndependen represents an a u 3
e ho arePREERd DB R 0 25 GUIER et RS a5 APl B SR
pot assi lld/iéﬂp@és@ﬂﬂs\&hetgkﬂ g‘tﬁlpakmv'ﬁrﬁgoa? yabeai ﬁmﬂbﬁlbt_rft 1ﬁt_f0 ) vx:lﬁ»@i Rap G %ﬂl_&ﬁimted
group, .tepresents a ragen gm or a lithium atom n is an
O e or O GBS T S ORGP s BSR4 e B
di subst i § 4f®en adiber G D4, IMPEps@Bhed soiuMRERD, oranshtidivhe ploas RNESZ s
nagnesiun1halide(9rou . Z.1.s an al kenyl grou haviq&$a car.bon

when
number of® FSOC¥ANEY g@ugrwawoglwalﬂ%%igr%e elSPUREr @ B PEIHPRLIAR

formul a fithluri atom when Z is an amino group, a monosubstituted amino group represented by

NHR? or a disubstituted amino group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1%):

-83-



(wherein each of RI and R2 independently represents an al kyl group
havi ng a carbon nunber of 3 to 12, Z represents an isocyanato group,
an i sot hiocyanato group, an am no group, a nonosubstituted am no
group represented by NHR3, a disubstituted am no group represented by
NR4R5, or an al kenyl group having a carbon nunber of 2 to 6, R3
represents an al kyl group having a carbon nunber of 1 to 12, which
may be substit d M%Lh a fluorine atom and each of R4 and R5

i ndependent |y ﬁgﬁF%% ts an al kyl group having a carbon nunmber of 1
to 4). [Caim8]A netigdd for producing a silicon-containing thin
film conprising using, as the material, a hydrosilane derivative
represent ed by fornukp (1): [Chem 9] RL/z I \Si(1') /| N' FR2
(wherein each of ang i ndependently represents an al kyl group
havi ng a car bon nbe 3 tﬁ¥ 2, Z represents an isocyanato group,
an i sot hi ocyanat ¢l groyp,\an am ho group, a nonosubstituted am no
group represente HR3,Ha di substituted am no group represented by
NR4R5, or an al kenyl ?roup havi ng a carbon nunber of 2 to 6, R3
represents an al kyl gigup having a carbon nunber of 1 to 12, which
may be substituted w a fluorine atom and each of R4 and R5

i ndependently. repre is al kyl grqup having a garbon nunber of .1
to ey L Ghrbirb s el b Rt R Shdhen oty SetBieaiatiaf! el e Grin
Z is an awinber ol a2, reproeits an xstydndtoegtoapriands@hioupanarpgre ap, nethily
NHRS and B3 % 30nStub¥infiCHRind3%b0S oredndd M WS, Llistndiuidd amino

group represenied by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R’

represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[Claim 5] The production method as claimed in claim 4, wherein Z is an
isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, each of R! and R? is
‘independently an alkyl group having a carbon number of 3 to 8, and R? is an alkyl group
having a carbon number of 1 to 8, which may be substituted with a fluorine atom.
[Claim 6] The production method as claimed in claim 4 or 5, wherein Z is an
amino group or a monosubstituted amino group represented by NHR?, M?isa hydrogen
atom, each or R' and R? is independently a tert-butyl group or a tert-pentyl group, and
R? is an alkyl group having a carbon number of 1 to 4.

[Claim 7] A method for producing a hydrosilane derivative, comprising reacting
a vinylenediaminide alkali salt represented by formula (2):

[Chem. 5]

NM?
NM'
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(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, and M' represents a lithium atom or a sodium atom) with
trichlorosilane to produce a chlorosilane derivative represented by formula (3):

[Chem. 6]

(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12), and further reacting the chlorosilane derivative (3) with a compound
represented by formula (4):

[Chem. 7]

M2Z 4)

{wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR® a disubstituted amino group
represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR? or a disubstituted amino group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1'):
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(wherein each of R! and R? iﬁdependently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR‘R%, or an alkenyl group having a carbon number of 2 to 6, R}
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[Claim 8] A method for producing a silicon-containing thin film, comprising
using, as the material, a hydrosilane derivative represented by formula (1'):

[Chem. 9]

(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR*R, or an alkenyl group having a carbon number of 2 to 6, R®
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group

having a carbon number of 1 to 4).
[Claim 9] The production method as claimed in claim 8, wherein Z is an amino
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group or a monosubstituted amino group represented by NHR® and R? is an alkyl group

having a carbon number of 1 to 4.
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