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Table 1. Various Diacetylenic Derivatives and Nome-

nclature
X Nomenclature Reference

(0] X DPE 20
S DPS 21
S=0 DPSO 22
0=8=0 DPSO. 22

SiMe, DMDPSi 23,24

SiMePh MPDPSi 23,24

SiPh, DPDPSi 23,24
GeMe; DMDPGe 25
GePh, DPDPGe 25
CPh, DFDPM 26
C(OPhy), DPHD 27
C(CO.Et), DEDPM 28
C(CO,CH.CF>), TFEDPM 29
C(CO,CH(CF3)2), HFPDPM 29
C(CO:.CH.(CF,)sCF:H), DFHDPM 30

DPE ; Dipropargyl ether

DPS ; Dipropargy! sulfide

DPSO ; Dipropargyl sulfoxide

DPSO; ; Dipropargyl sulfone

DMDPSi : Dimethyldipropargyl silane

MPDPSi ; Methylphenyldipropargyl silane

DPDPSI : Diphenyldipropargyl silane

DMDPGe ; Dimethyldipropargyl germanium
DPDPGe ; Diphenyldipropargyl germanium

DPDPM ; Diphenyldipropargyl methane

DPHD ; 4, 4-diphenoxy-1, 6-heptadiyne

DEDPM ; Diethyldipropargyl malonate

TFEDPM ; Bis(2, 2, 2-trifluoroethyl) dipropargyl ma-
lonate

HFPDPM ; Bis(1, 1, 1, 3, 3, 3-hexafluoro-2-propyl)
dipropargyl malonate

DFHDPM ; Bis(2, 3,4, 5, 6, 7-dodecafluoroheptyl) di-
propargyl malonate

Scheme I

x
]

Mg/ether RMClL,
Cat. HgCl,

2 HC=CCH,Br

RyM: 8iMe,, SiMePh, SiPhy, GeMe,, GePhy

aFEXnE JlE A 348 6% 19929 124

Ph_ _Ph
Mgleth Ph,CCl
2 HCSCCHBr —geher 72
Cat. HgCl, ol
PhO._ _OPh
Mg/eth Ph,0),CCL
2 HCZCCH,Br _gether EhORCCly
Cat. HgClp “ ”
EtO,C.__CO,Et
2NaOEYEOH
CHCOEy, IOBVEOR KOH/EtOH
2 HC=CCH,Br I i I I T’
£)
DEDPM
HO,C -CO.H cloc_ _cocl

Py. SOCI, Py. ROH
I I ” ether I I l I ether

RO,C.__CO,R;
ﬁ Re= CH,CF;. CH(CE;),
't CHy(CF)5CFH

Scheme I
X
Metathesm
| Catalyst FNF N

Catalyst: MoClk, WCl, PdCl,

Cocatalyst: EtAIC), Et AIC, (n-Bu)Sn, PhySn

Table 2. Polymerization of Dipropargyl Sulfur Deriva-
tives by WCI,/EtAICL(1/2)*

Experiment (HC=CCH,),X Pol'ymer
Yield® Color
No. X
(%)
1 S 91 dark-red
2 0=S 51 brown
3 0=8=0 32 red

? polymerization was carried out in chlorobenzene at
90T for 24 h. Initial monomer contration ([MJo)
and monomer to catz;lyst mole ratio were 1.5M and
50, respectively. Mixture of WCls and EtAICl, was
aged at 30C for 15min before use as catalyst.
® Methanol-insoluble polymer.
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Table 3. Polymerization of Dipropargyl Sulfur Deriva-
tives by MoClz

Pol
Experiment (HC=CCHp)X oo ¢
Yield® Color
No. X
(%)
1 S 56 brown
2 0=S§ 63  yellow
3 0=8=0 95 orange
* polymerization was carried out at 90T for 24 h in
chlorobenzene. Initial monomer concentration

([MJo) and monomer to MoCls mole ratio were 1.5
M and 50, respectively.
® Methanol-inscluble polymer.

@A 3] 7asled o] AL WC-Al Euj&dAdo] =
Lo XA A &) A Deactivation H Ao
AEgnl, o] AdE AAY9AE EE3ie Ux

297 JdHE FHPAME WC-Al Sl &Ado]
)¢ Grhi= A Azkel X gl ke Table
3ol4 B 4 4% MoClE AHE§ 8 o]
MNE WCl-7Al o xeb= w2 sulfure] b3t
Fe7y FEE 5] A8 FThekT
o] A& MoCl; 7} 4kAflAe] 934 Deactiva-
tion= 2] 3 038l8 vy} ActivatorE 283}
AW sulfure] ASPGEi7L F71E4E Eevie] 7]
sheta pxz Qg neldt F§e sHsAel 7t
317 Moz AdEAd. o8 L HAFle B
ool 2% fiol 93 TS WA G o=
g7 PACl, EE AHERS o] Aol UX|8}
ek 2

1, 6-heptadiyne 2] 4-$ X9 carbon F%=A 2 or-
ganometal©] Sl ColEd REAEL) x|
FHEEE Table 4o FAEGATH dRbHo=
MoCls-A) &nff systemo] WClg-7Al &}l systemX.th
%480 953 oy vl FH o}
] MoCly @=Zu] Bz MoCly-2&v) systemo]
2o} 58 dehtbe 4971 B3k Y ol 32
AH23E &= EtAICL 9 (n-Bu),Sno|ict. Ta-
ble 59|+ Dipropargyl silane F-%352] Sioje] x|

rigt

7] SR wWE FHARE BAG Aotk o

a0
2
it
=
op
¥
o
o
o
[
O
o ofN
e
4
o
0,

717} bulky &8 S

Table 4. Polymerization Behavior of Various Diacety-
lenic Derivatives

Catalyst system

Monomer . PY.(%) Mn/10°
(mole ratio)

DMDPSi MoCls 48 10

MPDPSi MoCl;s 55 -

DPDPSi MoCls 100 16.5
WCl-EtAICl,

DMDPGe 1:2) 24 12
MoCls-EtAICl,

DPDPGe (14 98 6

DPDPM MoCls 100 84
WCls-EtAICl, 84 920

1:4)

DEDPM MoCls 91 97

TFEDPM MoCls 92 95

HFPDPM MoCls 85 215

DFHDPM MoCl; 90 93

Table 5. Substituent Effect in the Polymerization of
Dipropargylsilane Derivatives.?

Polymer yield(%)

Catalyst system

Exp. No ( ) ol " Rl;CHg Rz;CHg R;: CeHs
y» Mole ratio
0 RiiCH, RyiCeHs Rs:CeHs
1 MoCls 48 55 100
5 MoCls-n-Bu,Sn i 47 o
(1:4)
WCle-BtAl
3 5 BHAICE, 38 42 47
(1:4)
WCls-E
4 Cls-EAIC 7 27 87
(1:4)
TiCl,-EtAl
5 iCle-BrAICl, 16 23 55
(1:4)

“ Polymeriation was carried out at 60C for 24 hrs. in

chlorobenzene. Initial monomer concentration
([M,]) was 2M. Monomer to catalyst mole ratio was

50.
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Fig. 1. ®C-NMR spectra of TFEDPM and poly
(TFEDPM) in CDsCOCD:.
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Fig. 2. UV-visible spectra of poly(TFEDPM) and poly
(HFPDPM) in THF.
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716afo] B84 ZEurt QAHAT 4-$A
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571 Atstel st k823 B)a(Fig. 3)ollA poly
(1,6-heptadiyne) & A9 ErjEo] WS
749~ carbonyl peak7} ©A] 39 Ay} Fo JeR} Y]
A 23l A5 DPDPMe] 7390l 6709 %3t 2
A X ARG A atsto] 98 1650 cm T Kol A]
carbonyl groupo] WEl}7] A|Zch 2 &g poly
(diproargyl silanes)¢} poly(dipropargyl germa-
niums) FEAEE A &7]0)] 23 F7|arsl g A
& Wt g w dimethyld] Z$olE 15U o]&
FH o we] 2slgs 4 4 gl WOl diphe-
nylQl 9ol F7)atgle) viwd orste] 3571
7Z7g Follok carbonyl 34 peak’} T 7] A
2ralgde}, 2% 183 TGA datazE] diphenyle)
7497} dimethyle] A-¢Rrle 9oz FHA ok
TS U Uk

Table 6= e)7tA] HE7|1E 7HxE= AEA
2] Bz 9l E3E (dopants) ol whE A7)
== g Jehlolch, Pellet 2 film-type2] poly
(dipropargyl derivatives) & 21 = 3= (elect-
ron dorner dopants) 502 ©HF o) A7 AL
e URRY B9 el Aol AT =5

WE 299 1014 1071 ~10* S/eme) v m A

¢ ood ol

e

Ph\C/Ph
AN n ~ n
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Exposure time to air (months)
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1800 17.00 1600 1800 1700 1600 1500
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Fig. 3. IR spectra for oxidation stability to air at room
temperature of poly(DPDPM) and poly(1, 6-heptadi-
yne). .

2 WIHERE G& HoFa gl

Table 79J41% poly(dipropargyl malonates) -&

Table 6. Electrical Conductivity of I;-and Br,-doped
Poly(dipropargyl derivatives)

Sample Composition of Electrical
Doped polymers®  Conductivity®(S/cm)
MPDPSi  (Ci3HySD) 1 (Bray) o 1.0Xx 10!
DPDPSi  (CisH6Si)1(Brz)o1s 1.9X%10*
DMDPSi  (CeHypS1) (1)o7 1.2x10?2
DPDPSi  (CisHi6Si)1 (1) 07 3.1x10%
DMDPGe  (CgHy,Si)1(T,) 08 3.0x10*
DPDPGe  (CigHy6Si) (1) om0 45X 10*
DEDPM (CisH1600)1(L) 05 1.8x10°
TFEDPM (Cy;3H10O4F6)1(12)04 1.5X102
DFEDPM (CysHsOuF 1)1 (15) 025 75%10°%

¢ Extent of doping was obtained by the weight uptake
method

® Conductivity was measured with the 4-point proble
dc method.

Table 7. Tensile Properties* and Gas Permeation® of
Poly(dipropargyl ‘malonate)s.

Poly Poly Poly Poly
(DEDPM)° (TFEDPM)* (HFIDPM)* (DFHDPM)

E‘(MPa) 4800 1160 750
op*(MPa) 104 28 18

18’ (%) 34 11.1 20

Pos* 33X1071 12.8X10°71.4X 10" 80X 101
PN# 1.8X 10 802X 101 42X 10 28X 10
Poy/PN, 1.8 16 1.7 2.8

Tensile test were carried out at 200C at strain rate
of 86%/min by using Instron 1122.

®Gas permeability were measured at 25C.

< poly(DEDPM) = poly(diethyldipropargylmalonate),
poly(TFEDPM) = poly[ bis(trifuloroethyl) diproparg-
ylmalonate], poly(HFIDPM) = poly[ bis( hexafluoroi-

poly(DFHDPM) =

poly[ bis(dodecaflouroheptyl) dipropargylmalonate .

sopropy!) dipropargylmalonate ],

¢Yong’s modulus. e : Tensile strength.
f Elongation at break.
#In units of cm®*(STP) - cm/(cm? - sec - cmHg).
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Fig. 5. X-ray diffraction diagram of P-1.
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Fig. 6. “C-NMR spectrum of poly(DEDPM).
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