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2 2 Palladium #njo) 2§ CO Insertion Heck reactions 782} ¢ &3t 71340 £ 175 dAY

o8 ZefiE]log $-& 7153 flexible spacerS 714l aromatic polyamide$} polyesterZ 43 4 algdch Z) 24
dichlorobis(tripheny! phosphine) plladium(1I) (PdCl,(PPh;),)¢} palladium chloride(PdCL) & A3z, o] 33 /‘]’\
2& 53k 27104 polyamide®} polyester& §AE + & FHo] dovz 1 F349) 949448 DSC, TGA &
2 Al AAEe] ¢)A %2 aromatic polyamide®} polyester: amide®} ester Z§e] o|dlx B-F5lw ’ﬂ°]—?:
5ol A9 zgtr}. Hexyl¥-E] hexadecyl7bA] alkyl ZAHEE 2,5 $1A]d] 0|29 7}4l phenylene dibromide®} phenyl-
ene diamine® 2H-e] FHAE FAsHEH A7 gl Aol viste] "ol Exst 7t4slgx, alkyl side chainol
hexadecyldl 9= FHE #4& U + Atk

Abstract: Aromatic polyamides and polyesters with fexible spacers are prepared by Heck reaction with palladium cat-
alysts in presence of carbon monoxide gas. Dichlorobis(triphenyl phosphine) plladium( 1) (PdCl,(PPh;),) and palladium
chloride (PbCl,) are used as catalysts. Polyamides and polyesters prepared by his polymerization system have similar
transition temperatures. Flexible spacer substituted on phenylene units are varied from hexyl to hexadecyl, the length of
spacers effected on transition temperatures of substituted polymers.
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ZA17A  AH-3hed o, p-Phenylenediamine2 RIFA
Industrial Co., Ltd.9] &3A] 2k, hydroquinone& Jan-
sen Chemical®] E3FA]¢k, nickel chloride(NiCl,)-&
Shinyo Pure Chemicals Co., Ltd. A EgFA| 4L, 1-
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A HESAIZAA T Hhgo] Bt A1) ok A7) AA
< o]3}3} 1 etherE A 315 %<k vacuum ovenol|
A AZAAN 55§ 85%9] HEA ubgo)= 4
A el dichlorobis(triphenyl phos-phine)plladium(II )
(PdCL,(PPhs),) & ¥ith

2.3. Hkd| gty

A4 34" n-alkylbenzene2 alkyl7] 9
el4 Zo]7} 6, 10, 12, 16%) n-dialkylbenzeneo)c}.
zbzke] gAARE= A9 Y3y oS Fig 14
el ste] A8t )

Ether%ll A magnesium} iodine 24 17§ & 3
A A5] 7td s w3hsirlsl o 7) el n-alkyl bromide
£ A7t lodined} Ao] glojza 7}d& A3t
3 7]+ GrignardA] ¢t He) 2 wH50)A alkyl mag-
nesium bromide&- dichlorobenzene} ether oA

°]

4

Zw]  dichloro(1,3-bis(diphenyl-phosphino)propane)
nickel (NiCl,(dppp)) & 4H$-A171% 1,4-di-n-alkyl-
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cetamide Z-o|A] Zwj 4l dichlorobis(triphenyl phos-
phine) plladium(1I) (PdCl,(PPh,),)v} Palladium
chloride(PdCl,) ¢} triphenylphosphine, 2.8] 7 carbo-
mylation w 7] HBr& %3}5}7] $)5}e] 713} base
ol tertiary amine% 9] 1,8~diazabicyclo [5,4,0]-un-
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Fig. 1. Synthesis or Monomers
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C H
o] 2% 87.8% 12.2%
A% 86.7% 13.0%

t}goll IR spectrum} NMR spectrum$ e ¢l
t}(Fig. 2, 3). NMR-& chloroform-D6% TMS spec-
rum®} integrationdll A A gt AlAkgte] & oA
a5l c}(Table 1).
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Fig. 2. IR spectrum of 1,4-di-n—hexylbenzene.
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Fig. 3. NMR spectrum of 1,4—di-n-hexylbenzene.

Table 1. NMR Spectrum Analysis of 1,4-Di-n—
hexylbenzene

Chemical CH,
assignment phenyl (—phenyl) CH CH,
Chemical shift 7 2.6 1.45 | 0.95
Integration
theoritical 4 4 16 6
experimental 4 4 16.2 5.8

C H Br
ol &gt 53.5% 6.9% 39.6%
234z 53.8% 6.8% 39.4%

2,5-Di-n—hexyl-1,4—dibromobenzene ] IR spectrum
7 NMR spectrumg- Fig. 4,50 el glct. IR spec-
trumol| A brominationA]7] 7] 2] spectrum} ©| w3}
o] aliphatic C-H spectrume] 2900cm™'¢} 1470cm™'
of ueh}y} brominationA]7]  Eel &= 730cm™'
719c¢cm~'el] bromide peak7} A7 th. NMR spectrum
2 719 Tdal} Aolx Al&R Q)sle] integration
ok w37t sl
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Fig. 4. IR spectrum of 2,5-di-n-hexyl-1,4-dibromo-
benzene.

1000 500

8 6 4 2 0(ppm)

Fig. 5. NMR spectrum of 2,5-di-n-hexyl-1,4—dibro-

mobenzene.
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Decyl, dodecyl, hexadecyl disubstituted monomers
5o g4E 2 o Ashgch 25 Dinhe
xadecyl-1,4—dibromobenzene®] +5E& 68.5%%

o aide B9 A% BheF 2k

C H Br
3 66.7% 10.0% 23.2%
R4s 65.9% 10.9% 23.2%

-]

—_

Jl)lt

IR spectrumel 4] &= 2900cm™'34 1470cm ™'} alip-
hatic C-H peak7} e} 719em™'3} 668cm™'ol
bromide?] &4) peak7} yelutti. NMR spectrum®
Ayt Alkyl7]l7b U5 Zelq  alkylE7te]
methylene] He} WA melol 4% Hetel 2l v
7} 15 19 23l22 o}2 He peak7} & vehiA|
okgic}t. t}eol IR spectrum® NMR spectrum$- v}
el gick(Fig. 6, 7).
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Fig. 6. IR spectrum of 2,5-di-n-hexadecyl-1,4—di-

bromodenzene.
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Fig. 7. NMR spectrum of 2,5-di-n-hexadecyl-1,4—
dibromobenzene.
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o| g} 7to] FAE w4 £ palladium 202 g
3}o] - poly(p—phenylene terephthalate), poly(p-
phenylene 2,5-di-n—hexy! terephthalamide), poly{(p-
phenylene 2,5-di-n-hexadecy! terephthalamide)]
FELL 74.0%, 96.0%, 84.7%4| 23}sich

o] % side chaino] & hexyl substituted poly-

merd] 484 AzE og3) ggten,

C H N 0
% | 76.8% | 84% 6.9% 7.9%
# | 75.7% | 8.6% 7.5% 8.2%

o
h

Jl)lt
o,

7} 71 hexadecyl?l 7-$-9) polymers] {AE4
A= o 2okt

C H N 0
o]&7t | 804% | 10.8% 4.1% 4.7%
2z | 784% | 12.9% 3.9% 5.0%

Zu) 24 dichlorobis(triphenyl phosphine) palla-
dium( II )PdCL,(PPh;),) ¢} palladium chloride(PdCl,)
2 A3l &, alkyl side chaing 722 $3-& mono-
mer2 £33 7#$ES 24, dichlorobis(triphenyl
phosphine) palladium( II ) (PdCl,(PPhy),) & AR&-3}
of 2817 Adl| v palladium chloride(PdCl,)E-
)2 AMgEle] SAA AU 84 2E SR
2 H4r}. =, dichlorobis(triphenyl phosphine) pal-
ladium( 11 }{(PdCL,(PPh,),) 7} Pallad-ium chloride
(PdClyxRo} 33 w24 44 & 284S de
Wairh o}e Table 26 DSC, TGAY] A2 4=
Fe|dol 2=} Fal =S AYsisich

t}go) A  poly(p-phenylene 2,5-di-n-hex-
ylterephthalamide) ¢} poly(p—phenylene 2,5-di-n-
hexadecylterephthalamide)}2] IR spectrum(Fig. 8,9)
o] FAIFe] gled 3200—3400cm~'e}  1450—
1650cm™'¢] amide peak’} YEh = AL 2 amide
2 FERA A& ¢4 92 monomerdl A= A=
aliphatic C-H ¢l 2900 ¢cm™' peak® Yepn 71 =
717} poly(p—phenylene 2,5-di-n-hexadecyltereph-
thalamide)e] #®]3] poly(p—phenylene 2,5-di-n—
hexadecylterephthalamide)= Atd o2 AHLS
gag ¢ Ak

Palladiume]] 2J3] A% polymere d3AA &
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Table 2. Transition Temperatures of Polymers

Catalyst PdCl, PdCl,(PPh;)
Temperature Tg Td Tg Td
Polyamides 324 566 331 576
Polyesters 323 566 324 571

100
< 80
3
g
g
2
g
& 60
50
4000 3000 2000 1500 1000 400

Wave Number(cm™")

Fig. 8. IR spectrum of poly(p—phenylene 2,5-di-n—
hexylterephthalamide).
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~3
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Wave Number(cm ')
Fig. 9. IR spectrum of poly(p-phenylene 2,5-di-n—
hexylterephthalamide).

DSCe} TGAZ zA}slgdeh. DSC 24 A= (Fig. 10)
side chaine| hexylQl 7 $dl= F&13 gHo] ¢
d] hexadecylel #-¢ 370CHZNA =213 endo-
thermic peak”} vtepstr}. Poly(p—phenylene 2,5-di-
n-hexadecylterephthalamide)¢] TGA ZAMdAL&
(Fig. 11) 450°C el 4] 12} -3, 700°C o] Aol 4] 23}
A7t doldhd & 5 glew, o)™ 23} a7} AAks
°] gl Aol ¥ 5 sl A3}, thermodiagram
o) 1) gl DA TEE) A o) EAal

Exo

Heat flow

Endo

0 100 200 300 400 500
Temperature(C)

Fig. 10. DSC of poly(p—phenylene 2,5-di-n-hexyl-
terephthalamide) and poly(p—phenylene 2,5
~di-n-hexadecylterephthalamide).
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=
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Fig. 11. TGA of poly(p—phenylene 2,5-di-n-hexa-
decylterephthalamide).

oks} & Ao A 14EelEe Arkse Halql A
< FAF £ e, 23887t ALY Baem
AEE o} A A}Eo] hexadecylel polymers DMAc,
DMSO, DMF 5o $-s5]91 0] 2ej4] fo]shi &

W2 ARY FYAS BFA 9 4 A
.8 =

Palladium2- o] -3 CO insertion Heck reaction&
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=d] Ar’ =hydroquincne ddj+= 70~80%2 F&=
A okzh A Jebydel. Se) 24 dichlorobis(triph-
enyl phoshine) plladium(1I) (PdCl,(PPh;),)¢} pal-
ladium chloride (PdCL)E& AF&-3}8l=d], Zuf 242
Z8-& dichlorobis(triphenyl phosphine) plladium
(1) (PdCL(PPhs).)o] Fsith. ZAbge] A o
aromatic polyamide$} polyester= amide} esier 2
o] xojoll & BF5la o] W o Zag AS A
o] &% Fo] Ae Zgtct. Palladiumel] ¢fsted A}
4% 7}4 phenylene dibromide$} phenylene diamine
S 2HE FAE PGl alkyl side chaino]
hexadecyl &l 79 F31¢ §3< veplsich
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