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Synthesis and Gas Permeability of Novel Poly(p-phenyleneethynyléne)s

Having Pentiptycene Units in the Backbone

Kota SANADA", Toshikazu SAKAGUCHI", and Tamotsu HASHIMOTO"

(Received January 18, 2011)

Poly(phenyleneethynylene)s [PPEs] have rigid backbone composed of benzene ring and
carbon-carbon triple bond, and they are promising as the material for gas separation membranes.
In this study, we synthesized PPEs having pentiptycene units in the backbone and investigated their

gas permeation properties.
polymerization.

PPEs bearing pentiptycene units were prepared by Pd/Cu-catalyzed
The free-standing membranes of PPEs with pentiptycene units could be prepared

by solvent casting method, and the gas permeability was measured. The gas permeability was

found to be low compared to that of PPE without pentiptycene units.
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LT, 20X Y v —EOKMESEEMR L OEIEER
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Scheme 1. Polymerization of EHO-DIB and PPDA
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Scheme 2. Polymerization of EHO-DIB, p-DEB, and PPDA
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Scheme 3. Polymerization of EHO-DIB and p-DEB
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Scheme 4. Synthesis of EHO-DIB
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Table 1. Copolymerization of EHO-DIB [M,] with PPDA [M,] 2

M1, [E;N], solvent temp. time yield M, M /M,
mM M °c h %
40.9 2.87 tolucne 70 3.0 96 » - =4

%) Polymerized by (Ph,P),PdCl, and Cul ; [M,},= [M,], , IM,]/[(Ph,P),PdCl, |
=10, [M,}/[Cul} =2

b Methanol insoluble part.

9 Insoluble in CHCI, and THF.

% = T, EHO-DEB & p-DEB & PPDA O =43t
BEAERIL, TOMRE%E Table 2/ (277, 12 FH
DEADORER, AIRMEORY v—%%E52 2 LK
7=. Bon=RY <—3 OHREHHSTEIT 20200 &
&<, Z7ueaRVARBEICRAWC Y R Ry
A MEICX Y IR BEEZRART L L8
T&EZ. RY v —DIER 2% & EVEBHIZ, EE
BRZIER L TEAENEL D ERY v—BRE
LLTLES =8, BVEBETEREKTLEI I
T —DNEHEMRL TV THEEEZBNS,

Table 2. Copolymerization of EHO-DIB |M,] with p-DEB [M,] and PPDA [M;] ¥

[M;], [Et;N]; solvent temp. time yield M, M, /M,

mM M °c h %

48.7 3.08 toluene 90 12 22 20200 3.97
® Polymerized by (Ph;P),PdCl, and Cul ; [M,],=2|M,],=2[M,],,
[M,1/[(PhP),PdCL, | = 133 , [M,}/[Cul] = 3.3
®Mecthanol insoluble part. .

¥, RUFTFEVEEERVELORY v—
%1% 5%7-%, EHO-DEB & p-DEB D*E&Z{T o7
(Table 3). /BHNT=AR Y v —4 I TEBBEICFETH
D, B TFEIL 10900 THoT-.

Table 3. Copolymerization of EHO-DIB [M1] with p-DEB [M2] ®

M, ], [Et;N], solvent temp. time yield M,
mM M °c h %

MM,

68.2 1.80 CHCI; 60 24 189 10900 2.76

%) Polymerized by (Ph,P),PdCl, and Cul ; [M,],= [M,], , [M,]¢/{(Ph,P),PdCl,
=10, [M,]/[Cul] =2 '
b Methanol insoluble part.

AR LT-AIEEDORY) =—THBRY v—3, 4D
'H-NMR 227 kL% ZFNEh Figure 1, 213RT
WENRY, BEAERMDO ALY FVICIZTE) v —H
Seo7EFLoTa hror—sRBRARNT, FO
DO —27iZ2 5D aE ) <= —|{IHIHET B E—T A
BRI S, BRHORY =—04RK L TW
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Figure 1 'H-NMR spectrum of polymer 3

5
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Figure 2 "H-NMR spectrum of polymer 4

32 R —0uft
TRTORY v —DOBEMRERBROFERE Table 4
WaAd. R =—213dbb@IBRICTETH oI,
RY=—=3, 4i5/marLh, TrI ez
IZRYETH Y, —ARR A MR LB B SR
HWERLE. ZORENLRY v —D_RUFFFE

VER DEIGAEINT B &, AR T B ER
MDD ENZND. .

Table 4. Solubility of polymers

polymer _hexane  toluene CHCl, THF CH)CI, acetonc DMF _DM‘SO‘

2 = = = - - - = -

3 - +— + + +- == - —
4 - + + - + - b =
+ : soluble, +— : partly soluble,, — : insoluble

33 RV <3 4EORKEEZEE

RN <—3, 4 EOKKZREBLIOBEEE 2
Table 5 (2777 & & UTRIBKIZ 2-=F L~F V¥
v E%H T 5 PPE(EHO-PPEYDT — 7 #7754, |h
EEMBEHIT, RUFTFFRUESEETERY
v =3 IERbLEVREZGEREEZ L. ZOFER
ELT, MEBVRUFTFEUVHSNRY = —8
FEOHEREZED &8, [ENBBLIZ Ko HE
NEZbND. ZOZ &L, RY v —[EOEEED
ENRLYLEN5E. £, 2-TFA~F VI LEOE|
&723E "V EHO-DEB DEFEEMELS, [ASERMES
BN ENnG, TAax v EN PPE 2 BA2EICT S
PENENZ ERbhoT.

Table 5. Gas permeability, selectivity, and density of polymers 3, 4

Py Py Peoy” P 02/Pn2 Poox/Pry  density(g/em?)

3 1.02 4.24 18.5 4.16 182 1.10

4 2.19 6.65 29.8 3.4 13.6 1.07

_,;;\—;5:{‘ s 412 12.7 56.0 3.08 13.6 0.99
EHO-PPE

" In the unit of barrer (1 barrer = 10-%¢m*(STP)cm/(cm?*s-cmHg)).
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Y BRI R R B LIEE AT A Z e N TE . R
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