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%, EKE  BEIEAIK MgSO TR KRG, ¥ ERIBLEXR, RIGRERBERHK,
B —EREREG, EBSMHMEK DRFs B MBI RTHR -BFERNER
(MiPF) # | & R SEH IR T 4% — R — PR A8, B LR B R E B2

MiPF. {84}:110°C /1. 47 kPa. 7=2£.,60. 0%.

ETHE_BR_HFTEOBOHHERRABREEEF TR BRI R TH B
R, TE R PIR E 4 & T A8 2] DIBF B EREBA. mp=69—70T. =& 44.1%.
L3R &% DRFs ik 2o R 5047, IR & NMR SR1L, LA BN R A HN MBS

.
Tab. 1 Preparation of DRFs monomers*
Vonomey | Aleohol H,50, iff::" bp wee Yield  Anal  Found'''

€3] (g B ('C/kPa) ‘ %) C(%) H(%)
Di-ethyl . Ethyl alcohol 1.4376 55.01 6. 80
-fumarate (DEF) 34.5 3.0 24 84/0.80 (1.4385) 70.0 (55. 81) (6. 99
Di-n-propyl 1-Propanol 1. 4448 59. 01 8.10
-fumarate (DnPF) 45.0 4.0 24 110/0. 67 (1. 4450) 76.0 (59.98) (8.05)
Di-n-butyl 1-Butanol 1. 4451 62.76 9. 00
-fumarate (DnBF) 56.0 4.0 26 112/0.53 (1.4472) 80.0 (63.13) (8.83)
Di-n-amyl 1-Pentanol 1. 4510 62. 76 9. 00
-fumarate (DnAF) 66. 0 9.0 26 168/0.67 (1. 4500) 64. 3 (65.59) (9. 44)
Di-n-heptyl 1-Heptanol 1. 4531 69. 32 10. 30
-fumarate (DnHF) 87.0 6.0 29 196/0.40 (1.4525) 70.7 (70.54)  (10.32)
Di-ethyl-hexyl 2-Ethyl-1-hexanol 70. 32 10. 86
-fumarate (DEHF) 97.5 6.0 30 196/0.80 —_— 50. 3 (70.54)  (10. 66)
Di-iso-propyl 2-Propanol 59. 61 8.01
~fumarate (DiPF) 45.0 4.0 24 98/0. 67 1. 4380 79.6 (59. 98) (8.05)
Di-iso-butyl 2-Methyl-1-propanol 64. 02 8. 98
-fumarate (DiBF) 56.0 13.0 24 98/0. 67 1.4430 86.0 (63.13) (8.83)
Di-iso-amyl 2-Methyl-1-pentanol 65. 80 9. 62
-fumarate (DiAF) 66.0 9.0 24 150/0.53  1.4485 81.7 (65.59) (9.44)
Di—sec—bptyl 2-Butanol 63. 71 9.21
-fumarate (DsBF) 56.0 6.0 28  100/0.53 1.4431 88.0 (63.13)  (8.83)
Di-sec-amyl 2-Pentanol 65. 01 10. 21
-fumarate (DsAF) 66. 0 4.0" 30 166/0.53  1.4445 86. 7 (65.59) (9. 44)
Di-cyclo-hexyl ) Cyclohexanol 68. 01 9.63
~fumarate (DCHF) 75.0 2.0° 30 185/0. 53 e 58.2 (68.57) (9.92)

(a) in benzene(100cm®), * Cat. : p-Touenesulfonic acid; * * Value in parethese is from literature; * * * Value in

paretheses is calculated
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Bt RS, BU 3F 4T FF RN 8 R S B\ K BB TTIE N (F K, IE 450 P Ui, S i,
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HE#) DRFs X&)
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1.DRFs ¥4

RPN T £F DRFs M E B ER AT NER.

AEPHERED, A EPH DRFs $4k7E5] &7 AIBN =X BPO HFHET . &H—
FRERMBHAHTEEEHERSRY. %, DCHF S84k, RETUERESFRY
KW ARG RNHAEBRBEH. AF2FETLLE R, &7 DRFs BEKHRE KN
HEREARNEARERAWEN, EIHBRAHAKYRE RN ERE LK, T8
P& MRk R S KNSR F 5 DCHF >DtBF >DiPF >MiPF, DEF, DsBF, DsAF
>DEHF>DnHF >DiBF, DiAF, DnPF, DnBF, DnAF. 5k B %88 #4451 —2.
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H ORI TENEREY. I |
PnPF %;@ %4 #( 1 )#1,X=CH;, X HC—CH Y
Y=HH, IXAEKBREBERTHE O—(IZ—O—(|:—CH2—R'
ARNEE, FUERRE S FEH
® &Y. I DsBF. DsAF %, 3 1,

DiPF,DCHF B R R R &R N
EHE. @4 1)%,X=Y=CH,, B} PDtBF, BB A RN IEHEAH 4.

|
R' —CH,—C—0—C=0

X
(1)
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Tab. 2 Radical polymerization of dialkyl fumarates”

'i’olymer [Initiator ] Temp. Time R, Yield 71
(mmol/1) ) (h) (wt%/s) X 10 (%) (dL/g)

PDEF-1 [AIBN]30 60 24 3.3 28.6 0. 20
PDEF-2 {AIBN]20 60 40 2.1 30.0 0.21
PMiPF-1 [AIBN]30 60 24 3.2 27.9 0.21
PMiPF-2 [AIBN]20 60 24 2.3 19.7 0.34
PDiPF-1 [AIBN]30 60 24 6.3 54.7 0. 24
PDiPF-2 [AIBN]20 50 15 5.8 31. 4 0.76
PDiPF-3 [BPO] 20 50 15 8.6 46. 2 0.61
PDtBF-1 [AIBN]20 80 10 23.3 83.7 0. 68
PDtBF-2°"* [AIBN]29 40 24 4.6 40.1 0.97
PDtBF-3 (BPO] 20 80 10 25. 4 91.3 0. 61
PDnPF-1 [AIBN]30 60 24 1.2 10.1 0.12
PDsBF-1 [AIBN]30 60 24 2.2 19.1 0.28
PDsBF-2 [AIBNJ15 50 40 0.9 10.0 0. 46
PDsBF-3 [BPO] 20 60 24 3.7 32.1 0.23
" PDnBF-1 [AIBN]30 60 24 0.9 8.0 0.10
PDIAF-1 [AIBN]30 60 24 1.1 9.2 0.11
PDeAF-1 [AIBN]30 60 24 2.5 21.3 0.21
PDeAF-2 [AIBN115 50 40 1.0 14.3 0.36
PDsAF-3 [BPO] 20 60 24 3.5 30.2 0. 20
PDnAF-1 [AIBN]30 60 24 1.2 10.3 0.14
PDnHF-1 [AIBN]30 60 24 1.5 12.6 0.06
PDEHF-1 [AIBN]30 60 24 1.5 13.1 0.12
PDCHF-1 [AIBN]30 60 24 7.6 65. 4 0. 50
PDCHF-2 [AIBN]20 60 34 6.1 74.0 0. 47
PDCHF-3 [AIBN]15 50 40 2.8 ' 39.6 0. 61
PDCHF-4 [BPO] 15 50 50 3.9 70. 2 0.49

# Polymerization in bulk; # * polymerization in benzene

W EAHERTUED, RE DRFs BARES R EHNERERRAUTHAA: —&
BEEHPEE R EBRRENES. REGHESREFENXRE  BR>HR>1H
B —REBENBEEHER.

W AARA RN B E KRS, sk s BN GEFIEN AR BN ) 5022 6]
XY %%, 3 DRFs HUKTT , 8RS R 2 [ I BT RNMHEERD, BN ERES
REZEBARR. BT XX REMERESHREERNXR, FEERENE
IR B9 2T AT IRIR TR LR R AR W E 2 T HWRARR T, RITA A E
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B LIS Sk B3 B X OB K B
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WEFRAHEFAR. MRRE B EFARBEA A L
A’ Z B B4, Ca 55 Co Z FIHE & R LA 5
B R, ML LT K.

BT 447 DRFs BERH 5 T2 EMA, RATN NS ()
H3< 1) % DRFs Bbk o B RASE 1 — B2 (A 20, M op Lmm=x
Hi,% X=Y=CH,i, i F X,Y SR SERNHE
PR 2 b.c SERIIER B TR KRR, K R0
PR Lk B A R R RS, B ,
IR, B B 8k 7 5% LT 4 1 ) T 6 B 1 I L R SANOF
B A 5 A’ 2 FIBZ IR HB, B R B
BT, BANRA R AR, Y& () X=Y
=H,BHFHBYEFZEL CH,E /N, L a.b.c =8 °
B % T B Mk 75 » B0 0 O O B0 B B 2
B S BME B LR, 1 A 5 A’ 2 [ S F A (s
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WA TR 2 6], BBk O B4 R R VA A TR 22 ).

K DRFs S0 B 2 7 1716 4 ) 55— Fi ol Rt 7 &
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2.DRFs R W48 S5ithe (V)
B DRFs B4 IR i@ X HC=CH @ %, BAT
ReW.
R (11% DRFs ik Emse S0 A TR,



518 ®m 2 F ¥ K

19934

R'—CH,—0—C=0
HC=CH
O=—=C—0—CH,—R’

DRFs-A &%

Fig. 1 'H-NMR spectra of DRFs-A
polymers
1 PDEF, 2 PDnPF, 3 PDE-
HF,
4 PDnBF, 5 PDnAF, 6
PDnHF

'H-NMR spectra of DRFs-B
polymers
1 PDiPF, 2 PMiPF, 3
PDsAF,
4 PDsBF, 5 PDCHF, 6
PDtBF

B1.24 914X 2% DRFs 24&F R E S WA H-NMR E&H. i ETUERS, FA
DRFs &4 NMR 3 b 5 R Z (LT D48 CH=CH #1E#, i 7£3. 2 ppm 200 i 3R
TESY &M —CH—yiL ¥ (L%, tn PDtBF 2. 96 ppm,PDiPF fit PDCHF 3. 10
ppm, PDsBF 3. 14 ppm,PDsAF 3 3. 20 ppm, PMiPF 3. 30 ppm. LB F AR [R] £ 5)
BAYNSERTTURI, BE L o« AMLEMBHERKET],DRFs-A RAIRGWH o
A 74. 0 ppm K4, DRFs-B EFE AW « AL LS. 0 ppm LLH B

B F4WARF, &# DRFs B4R ER L HRMRESLAFTAR. R3FIH T &#

RV B EBTRAR.

MR, YRSWPRENERERN, MERERENEL REVHRERL
K. M nC.Hs B nCHys, AW o BAERMHE. FEX—ARYFERER I THE, —
RESWNSTREE, —RRSWHH TEKN RS
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Tab. 3 DRFs polymer's appearance and properties

Polymer Appearance rr:::;cal ::::;;ne (dE.”/]g) Mnx107*
PDEF white solid brittle transparent >0.2 1.5
PDnPF white solid soft no membrane <0.2 e
PDnBF sticky solid soft no membrane <0.2 _—
PDnAF sticky solid soft no membrane <0.2 —_—
PDnHF sticky solid soft no membrane <<0.2 b
PDEHF white solid soft transparent <<0.2 -
PMiPF white solid brittle transparent 0.42 6.2
PDiPF  white solid brittle transparent 0.76 14.7
PDiBF white solid brittle no membrane <0.2 —
PDiAF white solid brittle no membrane <0.2 —
PDsBF white solid brittle transparent 0.48 4.4
PDsAF white solid brittle transparent 0. 49 6. 2
PDtBF white solid brittle transparent 0. 80 _—
PDCHF white solid brittle transparent 0. 60 9.5

1]
[2]
[3]
[4]
[5]
Cs]
(7]
(8]
(9]

# solvent used for GPC determination was THF

B DRFs-B R EAEFERN RS W MESYRE. -6 FIRR SV BEERE
HEXEE EERAORSYAARIEERESH. £EH SRS WP, B PDEHF Ml
PDnPF §b, T AR YR L MBI, X W8, % DRFs REYTH ,BMENLS
HAER R RER RS RNV EE, T EHEREE YRR S YRR SHERE. 4RE
RURSWHRER SRS WO IF A AR W, JTLL, meT X KRS e ¥
HRERXRIIIXRSYHFTFRA AL XR.
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RADICAL POLYMERIZATION OF DIALKYL FUMARATES

SONG Zhengzhe, XU Jiping
(Changchun Institute of Applied Chemistry, Academia Sinica, Changchun, Post code; 130022)

ABSTRACT

Radical polymerization of 14 kinds of different dialkyl fumarates (DRFs) in the presence
of AIBN and BPO were studied. It has been found that all DRFs monomers can undergo ho-
mopolymerization in the presence of free radical initiators. The polymerization reactivities of
DRFs increase in the following order: DCHF >DtBF >DiPF >MiPF, DEF, DsBF, DsAF>
DEHF >DnHF >DiBF, DiAF, DnPF, DnBF, DnAF. This phenomenon was explained on the
basis of analysis of DRFs monomers structures. Structures of DRFs polymers as well as their
properties were characterized by means of IR, 'H-NMR etc. .

Key words Dialkyl fumarates (DRFs), Polydialkyl fumarates (PolyDRFs), Radical
polymerization





