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2 ©9f Hyperbranched polymers o8k VE7 1R E 7IR A Al #2}1E- 433150 Hyperbranched
polymers] ciAlth #31E-9] A& HSiMe, (CH.CH=CH.).(n=2: AB,. 3: AB& )} 233 7N
WL o] 43e] YAIBIIT}. Hyperbranched polymer AB.S} AB3 TR} 2RPE-2 pAslfAYrpbe-st o
AA7pgel 23l Gne1d EIE A A2 A3k Goe2PAIH HRME2- HSiMeCLhe] ax3t
FaA7 PR el o8 2E R7F B9 SRS A48 2=t Goot Gne1¥] TRA PSS
9-BBNwHe] uh5-7} uhg-AA3 Be| AbEhibg<l 2)8) A polysiloke §43ste}. W8] FEE NMRel 2f3iM
g 5 AA+

ABSTRACT. Dendritic carbosilanes based on hyperbranched polycarbosilanes as core molecule have
been prepared. The core molecules were obtained by the use of hydrosilation of HSiMe;..(CH:CH=CH:)u(n=2;
AB. and 3; AB. type). The hyperbranched core AB; and AB. type polymers were generated to higher
molecular dendritic carbosilanes Gn+1 by the use of hydrosilation and alkenylation sequence. The Gn+2P
generations were not obtained as unified molecules by the use of hydrosilation with HSiMeCl,. Gn and Gn+1
type polymers were produced to polysilol by the reaction of 9-BBN and alkali medium oxidation of

hydroborated compounds. The degree for reaction has been controlled by theNMR spectroscopy.

N B

WFe) AR S g EAURIRAE At
(dendrimer)el] #gF A= v|WA 2Ale] A2 €
FRFRAM EA} 7R olEuE Rk we &
24 B9l e Fn)9] ool Huch? VRIAE
AR ERR= g o] 2z} kel FAdE e 71%7)
E SR £ 9len RE VISVIES FREY F2
W2 B HE o)l F EXle] AREU 3}
FEol 7= AL &Y £ J i £
AL 73 et oljgt FaRe g7HA] el
TR} R o) & o] dEaApt A 5

e 715719 o A0 2718 ATk A =
A £ 9o HY 7158 2R HEERA MY
273 72 Yo & 4 slek REZRE AR
Ape] S-4A L o4 clokspe 53 SokE B=2A, &
o), st xA|, A2clEoetd, HAl4al, 4&,
ZEAAFE Soll o LHIT Yt

R ARl B AT Vogtlle™ 23
2)2t=]e] Newkome.® Tomalia® Frécher -Fol 2]3)
polyamines, polyamidoamines, polyether ZE|ZL pep-
tide dendrimer ¥ o3¥] 712 Exe] /AR F
7|8 £AZ ol 83 URNAE AdEate] A4

—393—



304 EAL - R - FNER
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o2 YHET Qo

WR7ARE AR el Ay A
(divergent method)® 3 A AH(convergent
method)e] F2 o[-GFI gl o] F Azhgs &
g2l geo] A H(wo stage growth method $)E
HEEIT A FEAAE AiEare gPals
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Hyperbranched carbosilane 7Jo£2}9) A2 HT
ol FIEHRA2H® YRTAE AEAEe) 82 £
QdTolA 883139t Hyperbranched polymer®] §HJ
< gutdql S’.{-Z]- RAE) A g9 Y
YPalell 2~3 FL I o2 MR HE 7I%7IE
7FA el gief B °“ﬁl°ﬂ AHe-®l hyperbranched car-
bosilane ™22k 73-¥(HSiMe(CH,CH=CH.); AB;
%, HSI(CH.CH=CH)):; AB.¥) ¥t 78] £} glef
g 7ig Si-H 715718 712X 9)em YH(ABH) &
2 WNABA)S] alyP| & g5t AAY 224
hydrosilation ol e8] ANEAZ A4 sA s A
4 TEAE 3A3IR) 23T hyperbranched polymer
E Y31 Dok (Scheme 1). ©)=13t hyperbranched
carbosilane 7RG AR o] 88} RIIAE
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A g1, HSiMeCLS} HSIClae AH- A3 21324}
218 o|g3le] RIEFoled ARt APl A4
" 24 7|17 NMR(Bruker AC 200), GPC(Varian
5020)% AME-3lgdvt.
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NMRel| 2js} WA =S 2Rlsigien) vho] A3
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Triallylsilane2| hydrosilation(Gn; AB,&14). Trially-
Isilane(GO) 4.90 2(32.19 mmol)& toluene(25 mL)ell
o] #g Z0)(PvC, 10% Pt contenr) 0.1 g% 713}
o F a3k okS 'H NMRZ Si-H 2] 32¥
2 & d7A vh-S AYAZIH2Y). Fo)E o2}
BT st Sl o8] oS AAS 4.88 g8
BE7l 2 24 gedd] IEX UL dsivk H
NMR(ppm, CDCl}. §=0.66~058(m, CH), 1.39~134
(m, CHy)), 1.60~152(m, CHalyl)), 492~4.82
(m, =CH:(allyl)), 5.89~5.62(m, HC=(allyl)). *C NMR
(ppm, CDCL); 38=15.17, 16.86(CH.), 21.29 (CH:
(allyDy), 113.51(=CHa(allyl), 134.35(HC=(allyl)).

GnM|ti2t HSiMeCL2| BHE(Gn+1P; AB.E4).
2.10 g(13.81 mmol)® Gng toluene(50 mL)l %<
v F-&o(PVC. 10% content Pt} 0.1 g& ¥ #*
70 g(66.84 mmol)®] HMeSiCLE AF SfFel] 2
Azt ok 247 5 aksle] NMRe 93
alyl 7I's719] CH=CHu} 33| uh$-sl8-S 3
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g o2 &9 E Qs st SR g Al
Hsled 450 g9 HE7} ¥ 249 Gn+iPE A
=}. 'H NMR(ppm, CDCL); $=0.59~0.62(m, CH:
(Gn+1P), (GO~Gn)). 0.78(s. Si-Me(Gn+IP)), 123~
1.15(m, CHGn+1P)), 1.36~ 1.30{m. CH:(GO~Gn)),
1.54m, CH«Gn+1P)). "C NMR(ppm, CDCly); &= 553
(Si-Me(Gn+1P)), 15.94(CH:, (GO~Gn)), 16.73(CH;
(Gn+1P))17.35(CH.. (GO~Gn)}, 25.91(CH{Gn+1P)).

Gn+1P2| allylation(Gn+1; AB,EHY). 440 g}
Gn+JPsl THF 50 mLE el 3¢ ¥ allylmagne-
sium bromide(1.31 M in ether) 50 mL(65.5 mmol)
£ AHA3] 7} st 37 R [ sk F
Lo 2 7ist 2Rl 98l AP wluenes 713
of WhgAellA A 95 sl AABT silica
gete )88k column chromatograpyZ F8 A%
thH$£€ 410 ). 'H NMR(ppm, CDCL); $=-0.01
(s, Si-Me(Gn+1)), 066~0.58(m, CHA(GO~Gn)), 1.33
(m, CH{GO~Gn)). 1.56~1.52(m, CH(allyl)), 4.89
~481(m, =CHxallyly), 5.87~5.66(m, HC=(allyl).
BC  NMR(ppm. CDCL), &=-5.72(Si-Me(Gn+1)),
1864, 17.42(CH{GO~Gn)), 21.41(CHxallyl)), 113.09
(=CH.(ally])), 134.71(HC=(allyl)).

9.BBN#& 0|88t Gn2 hydroboration(GnB; AB.&
). Gn 047 g(3.15 mmol¥& THF(1S mLyl £
AlZ1¥ 9-BBN(25 mL; 045 M solution in THF)
£ A3 Friskn 18217k E-F 2k 'H NMR
o 2J3) ally17]®] -CH=CH, 71%57)7} &AsA nhs-
HAgE 8% o 4 AT 'H
NMR(ppm, CDCl); 8=0.56(m, CH(GO~Gn)), .19
(m, CH.-B), 1.86~1.47(m, CH(9BBN)). *C NMR
(ppm, CDCly); 8=1803, 19.01, 3095(CH.), 19.09,
[8.12(CH.), 33.42. 33.20, 23.80, 23.17(9-BBN).

GnB2| oxidation(GnOH; AB.&Hd). THF 15 mL
o 3o} ¢l GnB 0.87 g(3.15 mmolpl] —10°Ce
2] 6N NaOH 2.5 mLE A3 Y7 w5 A5
A 30% HO, § mLZ H7ksled 10°CelA 1417
IRk}l olojA Aol 3A2F mukgE ¢F THFS:
< Bejsled X3} NaCl §422 oj2iy A3}
THEZ4| MgSO.E 7kl Z=A)1 o 2t o7
Well 2jsf &olE Al 'H NMR(ppm,
DMSO-d,); 8=0.55~0.3%(m, CH{GO~Gn)). 1.35(m,
CH.-C-0), 3.31{m. CH.-0), 4.39(s. OH). "C NMR
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(ppm, DMSO-d.); 8=18.55, 17.62(CH(GO~ Gn)), 64.51,
27.52, 847(CH.,).

9.BBN#& O|&# Gn+l2 hydroboration(Gn+1B;
ABEHM). GnBe] A=t FUG B S AHgskal
'H NMR(ppm, CDCL); 8=-004(s, Si-Me(Gn+1)),
0.56(m, CHy(GO~Gn+1)), 1.19(m, CH-B), 1.36~
1.86(m, CH(9-BBN)). "C NMRppm, CDCL) &=
8.03, 19.00, 3097(CH.), 19.09, 18.12(CH,), 3342,
33.20, 23.80, 23.17(9-BBN).

Gn+1BS] oxidation(Gn+10H; AB &), GnOHS]
A T4 e AHEskelst. 'H NMR(ppm,
DMSO-de); §=-0.08(s, Si-Me(Gn+1)), 0.53~0.38(m,
CH«AGO~Gn)). 1.35(m, CH,-C-0), 3.33(m, CH.-O),
4.36(s, OH). "C NMR(ppm. DMSO-dy); 8=-521
(Si-Me(Gn+1)). 18.71, 17.50CHAGO~ Gn)), 63.90,
26.92, 9.27(CH.).

Gn+1P2| alkynylation(Gn+IP-PA; AB.84). 14
g(521 mmol)®] Gn+1PE THE(25 mLyl £33
% lithium phenylacethylide(!5 mL: 1M solution
in THFZ A7kl 3417 31 8% mdkslelot. 'H
NMRZ h8¢] $2-& lshr 73k F-Faled Bol
£ AAEIE. Toluenes- 713l 4434 2-& A7 8
A ZAE FFgel o8 £ AAsA 17 g9
by THIQl Gn+lP-PAS 9%dct. 'H NMR(ppm,
CDCl); 8=0.31(s. Si-Me(Gn+1)), 0.64(m, CH(GO~
Gn)), 0.8l(m. CH{GO~Gn)), 1.18(m, CHAGO~
Gn)), 1.51(m, CH.«(GO~Gn)), 7.45~7.38, 7.29~
7.18(m, Ph(Gn+IP-PA)). "C NMR(ppm. CDCl;);
8=—1.24(5i-Me(Gn+1)), 2029, 18.24, 17.69, 12.15,
16.41(CHA(GO~Gn)), 106.20, 89.90(C=C), 12248
(Cou), 128.04(C.), 128.63(C,) 131.8%C..).

Diallylmethylsilane2| hydrosilation(Gn; AB. &t
M), Trallylsilane®] hydrosilation®} 54t dbgARS-.
IH NMR(ppm, CDCP); §=0.07~0.02(m. Si-Me(GO
~Gn)), 0.50~0.58m, CH;. 1.36~1.30Xm, CH.),
1.56~1.49(m, CHyallyl)). 4.89~4.78(m.=CH; (allyl}),
5.84~567(m, CH=(allyl)). >C NMR(ppm, CDCL})
8=-5.18, -5.31, -5.1%Si-Me(G0~Gn)), 1890, 17.89
(CH.). 22.23(CH,(allyl)), 113.05(=CH(allyl)), 134.80
(HC=(allyl)).

Gne| hydrosilation(Gn+1P; AB.2}4). Triallyl-
silane®] hydrosilation® Q& WY AHE-. 'H NMR
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(ppm, CDCL): 8=-0.02~-0.07(m, Si-Me(GO~Gn)),
0.58~0.67(m, CH:{Gn+1P),(GO~Gn)), 0.77(s. Si-Me
(Gn+1Py), 1.21~1.13(m. CH:(Gn+1P)), 1.30~1.32
(m, CHA{GO~Gn)), 1.52~1.44(m, CH,Gn+1P)). *C
NMR(ppm, CDCl); 3= -5.06(Si-Me(Gn)), 5.48(Si-
Me(Gn+1P)), 18.44(CH.(GO~ Gn), 16.51(CH: (Gn+1P)),
18.44CH(Gn+1P)), 25.88(CH-(Gn+1P)).

Gn+1P2| allylation(Gn+1; AB.#H4), Triallylsil-
ane?] allylations} S-U3F ubd A 'H NMR(ppm,
CDCly); 8=-0.06(s, Si-Me(GO~Gn)). -0.01(s, Si-
Me(Gn+1)). 0.65~0.58(m, CH:.(GO~Gn)). 1.33~1.31
(m, CH(GO~Gn)), .57~ 1.53(m, CHs(allyl)), 4.89
~4.81(m, =CH.(allyl)), 5.84~5.67(m, HC=(allyl)).

A ERR - N

BC NMR(ppm, CDCL); 8= -5.73(5i-Me(GO~ Gn)),
-501(Si-Me(Gn+1)),  1894(CHL(GO~ Gn)), 2144CH,
(allyl)), 113.02(=CHx(ally})), 134.83(HC=(allyl)).

L -
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Scheme 2. Hyperbranched Polymer AB..
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Scheme 3. Hydrosilation of hyperbranched polymer AB..
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I hyperbranched polymer2. 43314 Hcl. AB:¥
3E-(HSI(CH,.CH=CH.»,}¢] A+= AB.H 3¥E
Az FLder dbo) s 2FE=e o] Al 2
gEo} 712 pke o3P Al AAH R
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Gn+1(b)

L 1 |
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L J l.l
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) T

T Ll T T T U U T
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Fig. 1. C NMR spectroscopic view of AB; type hyper-
branched polymers.

207} ¥ delle HAEL A Ack(Scheme
3). AB:%} AB,% hyperbranched polymer®] %¥4d-2
25 Y33oR sjelA] Bl Bof ol 2F 24 A
= 5 i3l Si-He £Xe] NMRel o8 &l
57 kg wWE WS TP At ABSt
AB B5hEe) 8§42 Fig 17 2649} o] BC
NMRel 2|sjA $ql=glen] HRAI B2 &80] ¢l
= T4 geld IEERA GPCol 9J8F BAlgke)
2404 ABRl A2 AB2l F$ TF MwMne]
¥|7} 50|14 ZHRIE AR EA 1E Bl B E
7IR)A) s MR HkIF).
Hyperbranched polymer2| #42} A%, AB.9}
AB;3 hyperbranched polymer 2RME-E toluene &
m) &of)r] wiFEal SleflA] HSiMeClL9}t dHA)71E
AB2} AB3S] 23HEC] HAAA M rkgoE
ol ©)F A% 7M1 7}l (branch)®} hydrosilation
Hhgol 2f3led Gn+1PHIH BghEo] HAIE) o ¥
A2 NMRe)| 28] allyl7]®] E&7)(-CH=CH.:
487, 572 ppmy} 9eix)E F7AR) wR2 F8PA)7)
3 o] FHeM Lol Gn+1PAY FEE-S GoAlH
AR vREE 757017 7Rl o)A M)

I Gn+1(t)
| . L L
Gne 1R l
1
I ‘ Gn(t)
L
1 I GO
1
o 120 10 6 eo  e0 26 &

oy
Fig. 2. C NMR spectroscopic view of AB; type hyper-
branched polymers.

A MW SEEG+ PR AR G+l P Gl
Aell vl# 20¢] 7]57](Si-CHyE 7RI B2 A=
7F 7S H0E ¢ Uk o] 9 4AES
WFEo|E AAY o8 Al allylmagnesivm bro-
mide2te] BR3<l 23] Gn+ MY §A51d5 Gn+l
Aol 2¥hE-E GrAlelel vl# ally?)e] 27} 242
F712) AR e aly)e) el g S
A ol2ftt wHEE g Ag3H JRIIAE A
HEAZ AdRYe] 7FsEe] GnelPHHE] ZE 7R
G+ M E B =giE<] NMRe| &3iA 2l =9
©}. Gn+14™ hyperbranched polymer 3123} HSi-
MeCLe] ®FEolME GnelAHe =S allyl?| 7k
hydrosilationdl] 213 Gn+2PAIHl-E SAsHAl 3AI81=]
R S {dsdoh Wi, ABSE ABY 3
22 HE7HAE AERtRY] 422 G+t el
A hydrosilaion ¥l 213 Gn+2PH|]S.2] A7z}
YA o] FA2)A] i AN Y] 1=
AB:2} ABH IEe] YL TF NMRe] ¢
) F2AY e Fig 13 20 X9) 3t
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Gn+1(t)

1.9BBN, THF
2.NaOH (6N}
3. H207 (30%)

N/
£\ /
—Si Si

H-—s| sr\/\\OH
\j f“
5 R

Siw Sl
OH 7|

OH

G+ 1OH(t)

Scheme 4. Preparation of Polysilol.

Gn+10H(t)

o L

T T — —
150 oo L14 0
]

Fig. 3. '"C NMR spectrum of Polysilol GnOH(t)(down) and
Gn+10OH(t){up).

Polysilol®| %=, AB2} AB.3S Grdldl 3E
o] 7248 9-BBN3} hydroboration HF-3-o 2]3)
Scheme 49} 22 GnBY 3HE<l FAEI 3l&e)
grl=ldet. GnBY BHE-2 37) FollM BRI
971 oA AkEbA)Z] AF octanedioldt hyper-
branched polymer®] ©]F7Zge] Z5 OH 7] term-
inalell ZFx)132 Q13 polysilolel A= 1E-0] NMRell
o) BRIEEH(Fig. 3). ¥HE AR dal #
AREQ) FEI 22 TAIF 8N AAY 5= 2l
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o) Pr3Ee] AR silica gel T o|83% column
chro-matograpydell 2lsiA A =] ket Polysilol
2 & 7je) EAllel W 9] OH 71%71§ 7=
2 92 58 sl ZidEd

B AR AR SA g8 AR(1997) Sl
gm mod )R (19980 2BlA ojFe)2l HdFd
el

gl & EH

1. Dendrimer® 2#2018] Sevipoviee)t pepos
(teil)2) TAojolsd 2L 2rlE 7lle siRleis] B
2.+ arborole} 9l+}. dendrimerd] &2 B LE
cascade molecule, star-bust dendrimer §<| 9129 Z2-&
o] 2 ALE&dd.
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