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Table 1 The polymerieation of PD initisted by Me; SiX/Lewis acids (X = OTF, OCH, ,OAc, Cl)initiating system

- TMSOAc TMSOCH, TMSOTS TMSC
Initistor
Yield(%) {nl{dl/g) Yield(%) [4)(dl/g) Yield(%) [5](di/g) Yield(%) [7]1(dL/g} Yield(%) [5](dl/g)
BCl, 8.0 - 8.0 - 2.5 0.042 69.5 0.058
AlCI, 87.5" 0.078 46.5 0.049 72.5 0.065 87 0.061 92.5 0.062
93.9" 0.049
TiCL 55 0.087 53.0 0.048 62.5 _0.041 96.0 0.083 B1.5 0.038
SaCl, 63.5 0.076 44.0 0.046 50.0 0.040 75.0 0.041
ZnCl 2 - 16.0 - 11.0 - 30.0 0.034
SaCl, 2 - 6 - 12 - 4.5 0.031
SbCly 4.5 - 1.5 - 53 0.031 91.0 0.034

[TMSOAc] = [ TMSOCH, } = { TMSOTI] = [ TMSCI] = [TiCL, ] = (SbCl; ] = [AICL ] = 2.0 x 1077 mol/L, [ M] = 2.0 mmol/L; T:30°C, ¢ : 5h; Solvent:
n-hexane
* Toluene; * Some cross-linking gel
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ARPHESBEN AMERSYNITRT Fig. | Effect of the ratio of [ TMSOTE or TMSC1]/{ Lewis acid] on
BT ARMRAS RERDBRMB T LR e

B AR WM RN TREEER— K [TMSOTH] = [TMSQI] = 2.0 x 107" mel 17", TMSOTITICL (@),

TMSOTEShCL, (IR, TMSCYTICL (O) , TMSCI/AICL *(4)

TMSOTY/TICL, S Ak R TR EE R/, X 2R T
HHEM PR F TIA, WAadEmEkRME
MREE . E—SBE FRETE# Mg, THRERMBEIFNRHEREY CPCEAGIENT A
ERTERTLHEG ANXASFEERE MK AICK I ZER+S, A TMSCL R G Y
MK HMEARMKE LI Sy WATETR OTRIHZR.

*Toulene , see Table 1 for reaction conditions
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Fig. 2 Dependence of intrinsic viscosity of polymer on the ratio of
{ TMSOTS or TMSCL]/[ Lewis acid]

[TMSOTE] = [ TMSCI] = 2.0 x 107 ¥ mol L™, MSOTUTiCL (@),
TMSOTISbCL, (M) , TMSCUTICL ( O) , TMSCI/AIC), " {4 )

“Toulene , see Table 1 for reaction conditions.
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Fig. 3 The GPC curves of polymer initisted by TMSCI/AICL
initiating system
a) AlCL ; b} TMSCI/AICL ; <} TMSCL AICL /PhOCTH,

23 EESREEERMR

BUESGERS I Z PDEaHmR-MEXFEE
WL 4. AR, B AR N R R B B
M RERTEARNER. AT ERRLEEN
MEARMNER RMNB—-RENFINETE g
([M1,/[M]) = ke([M], MM RAKTE
v B AR S R T AR P A Y B A v ) Ol AL B By
HEIRBE, FF L 1g([M)/ M) X f (| ¢ B
ESs HERARBRERNEREFH AMAER
HEITSERSRM MDD IS R WEG RN
A Bl L8 8], TMSOTHTIC, B & & & 5|
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Fig. 4 Time-conversion curves for the polymerization initiated by
TMSOTHTCL (@) , TMSOTHShCL, (M) , TMSCUTICL (C) , TMSCY

AlCHL * (&), TiCL, { @), AlCY,*
*Toulene, sce Table 1 for other reaction conditions.
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Fig. 5 Plots of Ln ([ M Jo/f M1} versus reaction time for
polymerization of PD initisted by TMSOTITICL { @ ), TMSOTI/ShCl
(M), TiCL (@), TM5CUTCL, (), TMSCH/AICK, " (&), ACL "
(&)

“Toluene, see Table 1 for other reaction conditions .
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Table 2 Effect of ethers and ketons on the P polymerization initiated by TMSOTUTiCl, , TMSOTY/Sh(l; , TMSCU/TICly and

TMSCI/AIC),* initiating systems

TMSOTI/TiCl, TMSOTH/SbCly TMSCI/TICl, TMSCIZAIC)*
Elector-donor
Yield(%) [7i(dl/g) Yield(%} [g)(dl/g) Yied(%) [5l{dlig} Yield(%) [n](dLsg)

- 96.0 0.083 80 0.024 81.5 0.023 95 0.050
Phenylmenthyl ketone 42 0.027 76.5 0.02 21.5 0.035
Dipheny! ketone 69 0.029 79.4 0.023 23.5 0.045
Cyclohexanone 39.5 0.026 73.5 0.020 11.5 0.025
THF 66.5 0.022 6.5 - 26.5 0.053
Diethyl ether 76.3 0.022 60 0.024 56.5 0.034
Phenyl methyl ether 71.5 0.024 81 0.032 83.5 0.027
Diphenyl ether 74.2 0.025 89.5 0.016 88 0.036
Diisopropy! ether 79.5 0.026 82.5 0.060 75.0 0.040
Dioxance 11 - 22 0.035

* Toluene , section solvent

IG5 PE 68 0 15 4 A0 35 b0 0 B A, AR XA
FTFERHSNEE ATEB THERARMDB
HH.

3 T B BEXT TMSCUTICL F1 TMSCU
AlCL HASIRERII B PD RERNKEW,
RITERTMARFRMA_EMYRN BERMN
MEN HERLEH e B 7.HETA, AR
&t TMSCUTICL, E45I R & ETI K PD BARMA
PR E R K, I TMSCYAICH ZEFR EF5 X
PDEAHNFRE TR . BURERMESRNENER
EE#G 00 RASH X, 7 TMSCUTICL, &R P,
HA A ® TN TiCl, , 7 TMSCUAICL, EE&& AT
W% AICY ,TiCly RIEBAIE H AlCL XK, HH
FRHFNSH. ERFARTFEN RSN ITHER
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Fig. 6 Effect of [ROR’]/[ TMSCl ] ratio o polymer yield
TMSCUTiCL /diisopropyl ether { O ), TMSCI/TiCl, /diphenyl
ether ( @ ), TMSCVAIC), /diisopropyl ether® ( & ), TMSCY
AILCL diphenyl ether" (&)

* Toluene , see Table 1 for reaction condition.

BOFRe; — B TMSCUTICL, 3| ZHM PD B G R
MR ERER NF 2 ER KT2REEXLE
BT PEE FERBEREXRT 1 EH,
AXTFI1IETHR.XTERANRARNREER
CEBA.THESEHKESETCHEEE
Al _—%MeE nEn, E LR T ENE
v BB T EEEARK ATEREGY S TRE
BENBE KBy _ 1 XREBEANSEME
3BT T 5 70 MO U, 0 A O T
EEEPO ANTT— T EARXFEERMET &
HMEE MK TSNS, - FEh TH
BAMZALHEHRBTCSEEPCHERM, N
MEXARETEREESMN K, T TMSCY
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Fig. 7 Effect of [ ROR']/[ TMSCI] rakio on the intrinsic
viscosity of the polymers

TMSCVTiCL, /diisopropyl ether ( O ), TMSCUTICL /diphenyl
cther (@), TMSCYAIC), /diisopeopyl ether® ( &}, TMSCU
AICL /diphenyl ether* { &)

* Toluene, see Table 1 for reaction condition.
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Fig. 8 GPC curves of polymers initiated by TMSCL/TiCl,
8) TiCl s hY TMSCYTICL, ; ¢)TMSCUTICL /Ph, O; d) TMSCUTICL, /-
Pr O
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Table 3 Effect of DTBP on polymenization initiated by TMSCL/
TiCl, and TMSOTE SbCL,

Initiator or initiating system [DTRP)/1] Yield{ % )}

0 55.0
0.25 31.0

TMSOTE 0.4 10.0
1 o
2 i}
0 9.0
0.5 30.0

TMSOTI/ TiCl, 1 0
1.5 0
0 80.0

TMSOTI/SbCl, 0.5 68.5
1 0
1.5 0

[TMSOTI] = [TM5C1} =2 x 10 *mol L', see Table 1 for reaction

conditions.

PHEBHNAKKBEHRERNETFRS KSR
MR RIE AT RIHFTTH.

AT i — IR AT B HE WY, 3R ATHE TMSCL
TiCl, #1 TMSOTE/SbCl, H A 5| BERZEFMAT
2,6- 80T Bt BE (DTBP) 6 42 I i i 72 v Y Sl
F . RUEEEZW, —2F TMSOTE 2 TMSCI K #
£l —1H .M DIBP fEE BBREF. MA S
RAEPHEEFEESKEPLRE. RFY
[(DTBP)/[ TMSOTI] < 1 B [DTBP)/[TMSCl] <1 A A
WA RN R4 . Mk e] /A, TMSOTE &, TMSCl £ 5%
FPHEBHAKBRERNEFMSE TiCl, &
SbCl, FIERWE S5 X PD BB RAM.
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CATIONIC POLYMERIZATION OF 1,3-PENTADIENE INITIATED BY
TRIMETHYSILYL COMPOUNDS INITIATING SYSTEMS

DENG Jianguo
( The Institite of Chemical Materials, The Chinese Academy of Engineering Physical, Mianyang 621900)
PENG Yuxing
( Chengdu Instisite of Organic Chemistry, The Chinese Academy of Sciences, Chengdu 610041}

Abstract  Cationic polymerization of 1, 3-pentadiene initiated by inmethylsily]l compounds, trimethysilyl
mifluoromethanesulfonate (TMSOTS) or trimethysilyl chloride (TMSCl)}, in combination with TiCl,, ShCl, or AlCl,
was carried out in n-hexane or in toluene. The polymer yields are greatly increased by the addition of TMSOTE or
TMSCl. However, the introduction of TMSOT or TMSCI gives a drop of polymer molecular weight. Kinetic results
demonstrate that the polymerization initiated by the composite initiating systems is faster than that induced by Lewis
acids alone. Various electron donors {such as ethers, ketones) were used to mediate the initiating systems. Adding
diphenyl ether could increase both polymer yield and molecular weight. Structural evidences illustrate that the
polymerization is initiated by Lewis acid in combination with HCl or HOTf, which are resulted from hydrolysis of
TMSCI or TMSOTY by water contained in the system.

Key words 1, 3-Pentadiene, Initiating system, Trimethysilyl triflucromethanesulfonate, Trimethylsilyl chloride,
Cationic polymerization



