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Environmentaly Benign Design of Polyester-Based Adhesives
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Abstract:

Polyester-based adhesives were synthesized by low temperature polycondensation of diols and
dicarboxylic acids catalyzed by rare-earth catalysts. In order to improve the catalytic activity, survey of
electron-withdrawing ligand and catalytic metal was performed, in which combination of thulium and
perfluoroalkane sulfonimide showed an excellent activity for polycondensation of 3-methyl-1,5-
pentanediol and adipic acid to afford the corresponding polyester under mild condition.
Polycondensation in water, ring-opening polymerization of lactones, polyaddition using click

chemistry were also demonstrated to synthesize some polyesters under mild conditions.
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SENMBAEH ARSI PME STV, EARMBOEHERMEEROMKINAHEL .
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HO-C—CH,—CH—C-OH
CHa

methylsuccinic acid (MSA) [

Sc(OTf)3, Sc(NTF,)3 Q O
+ > C-CHs—CH—C-0—CH, 7\0
35°C l | ( =l

HO—(CHﬁ—OH Bulk CHs
n

3- 30 mmHg
n=3: 1,3-PD Poly(alkylene methylsuccinate)s

n=4: 1,4-BD

K1 FETOYVA—NE VAR VBOBAERKE

b & 512 Sc(OTH, R Sc(NTE), % FHv 2 & 35°C TR TR — U EORSHiEER ) = 25
NERDTZENTE S, L LEOROILIER RS RFED LRI OOV TIFREI K SN TED
BRI BB TH 5, 2 2T, IRILIRER O FHE R il & O A HEE L U TR 7 i OalE & 221k
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YO LUMOF TSR, BN T AL R OEAK L, ERIZT I F— MEEANCHEM
ENTNB3AFI-1, 5V H Y VF =)L (MPD) 7 V¥ Vig(AdA) & FHNTZ N T hOELMW M %
BRf L7z (X2 20).

— 138 —



7 7 N\
et FF e For
. F—G—F ’C\C( F F E F C
F_%_F ::$:: Fs 00 £ _F J F F/C\(C/\ 20, C/C F B
i i EpE Ond” e Pl FEWDF rFr
F—C—F FgF F—gr F PN F C. ./ F o0 R &
: s as SIS A e
0=5=0 —¢ el F_/ ‘ F F o EL Sc_ O C % F
o & e O S¢ O ¢ FESsNTsS F P
2 ? DN ) S L
Sc Sc ? /N N F o:$40 o>§:8
0,0 0o = o, 0 o 0 o, g 0=5=0 O:‘s:dj F-C—F FGC-F
s os. F S 58 e
"o o POt o e 0 F-C—F F—C—F F-C-F F-C-F
F F F " F\C/C\F ¥ F F/C\C/F i F\F:C:C\F E F F,C:C:F’F I3 E F_CI:_F F797F
oS o e L F-C-F F-C-F
O FF B G F FA e e
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Rare Earth Catalyst

0O
Ho\ﬂ/\/\)LOH + Ho/\)\/\OH

2 S ~ 35-80°C 0 n
Adipic acid 3-Methyl-1,5-pentanediol  y/5cuum Poly(3-methylpentamethylene adipate)

K2 EAREEL YT AT SR OGK

EF2H Y VY LBEORA T & %L X, MPD & AdADEHEAIZ DWW TG L 72(60°C), b
) 77— F[Sc(OTH),] & iR F % & Z &k x — F AUEAE 7 Sc(ONA), & Sc(OP), (& [RIFEEE o & A
THo7z, ZANEKYA I FAISC(NNL), & Sc(NTL), & i U 72354 13K iR (0.05mol%) T HEifi
ANAHEE 7 5 7,

#1 KV AFNVESER O

time Yield® M. (crude) Mw/M.®
h

0,
catalyst mol% % % 10°
Sc(OTf)s 0.5 24 99 13.3 1.7s5
Sc(NTf2)3 0.05 12 99 12.0 1.79
0.05 18 99 12.3 1.86
Sc(NNfz)3 0.1 12 99 13.2 2.05
0.1 18 99 13.6 2.04
Tm(OTf)s 0.5 24 >99 8.3 1.97
Tm(NNf,); 0.1 24 97 23.5 1.66

@ Adipic acid. ° 3-Methyl-1,5-pentanediol. ° All runs are performed by bulk
condensation under reduced pressure (0.3-3.0 mmHg) at 60 °C. ¢ Without
reprecipitation. ° Determined by SEC measurement in CHCI; relative to
poly(styrene)s.
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B000FEE DAY T X TN %#{G7z, & 512, B2 2 & v A I FRIOF MBI D0 TRgHs
L. V)Y AMBITMONNL, G2 H Y U9 ABEX D SWIEE 2R T Z b o7z, B
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FRRDEEA 21T 5 720 RINREZEHVVEE R FEOKZE VA TZFIHE51120°CI2BNT,
0.3mmHg DT F T, MSA& 1,4-BD & DEIEE A % 720175 Z &1k, M1ILTE EDKRY
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R S0,Sc(OTH),

PS-Sc
R=Poly(styrene) resin

X3 KYVRAFV /BRI A S V9 A Y 7T — Mill(PS-Se)
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kD EHB KO ZOMBN EHHAERTEIRY T AT LEAKTE S, Sc(OTH), % fildiiz v
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RISHEE L %55, 40°CIZ P TEAEITS L FHICHTr VEEALZKR) T 270 (M=6.7X
10°) BAKTE, ATRPIZHK T 2 @5 TRlGEA & LTivWz, X612, o7 LIa—-LE2HT 5
UHANKVIERO) Y T B L OWEAIR) & V4 — L OLERIRIBOKERFHAS S ATRIC 2 D |, R
EHWS Z e MIBHICKRIEAFTSER) AT ANAKTE 2, KU IERDO XS SESEO S
B EARTFLETEHBEEFHA GRS KB ICIDAKTE S K128 572 (M=7.0X 10" & 512,
Sc(OT), #filiE L LT, U4 — L 2RBANICHWZCLOMBEALEONZRY A TS50 Y
VA =Ll T IR VIR E DOBOKEEA % “One-Pot Two-Stage” A TIr\y, ¥ AV b7 ay 7K
VI ATNANEFETE T H—O i CHgHEA LB REA 21T - 7263k TH A0,
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N\ HO-C—CH;—/CH—C-OH
CH=C< I
CHs O, Br
Citraconic acid (CA) HO-C—CH-OH Bromosuccinic acid (BSA)

|
CH3
Lactic acid (LA)

I * I n* * T
HO-C’CHz—ClH——C—OH HO‘C’CIJH —(|3H’C’OH
OH OH OH
Malic acid (MA) Tartaric acid (TA)

M4 KV ZAFERICHEHRELHREERE AT SE ) v —

5. KPATHIVILY a HKEREICEIHEKIBREELVELELEVRY I ZTIVER

o TS Y AL AR VR E VA =L E DT 2T IALKIE % BT OWRE TIRE L. BeRs sy
TRERIFUEDOFR) ZZFANARTEDL Z &R Lz, L L, WIEREIC KD ERT 5 K%
5T 22 L3 MROEHEALFCS AR TH /72, 22T, 204 FREFHLEZT LI
ENNRVBOES T AT MMURIBIZEHER U, BARBIEORED 5 WEA RO E MG L 72,
RYVTATLIIILY g /iF, HEEAE UTOMHMERSZIAS AR TR, HBALFREIZRY 2
TLIVLY 3 VRGN B T EIZED, p-FT VLRV ¥ Y 2Lk VEE(DBSA) 2 HWT, 80°C.
ASHERI AR CHEMA 1T 572, TOHE., FFH Y “ERODA) L 1,9-/ F ¥ ¥4 —)L(1,9-ND) Dl
AAEDETIE, M=10100(M,/M,=2.0) DK ) T2 F L35, Z I AKPBOKEREA TM,1 )7L
FOR)ZZTFANERENZZHD TORTH B, A Af/ RGeS — AR, ~ ) 2 F5F
VOLEREE 2 S Y P L [Se(DS), ] & b ) AT VILRER A 1 v Y 4 (N D 83%) B ELL . AKHIEAK
HEiHAEMGI L7z, €512, DDA 19ND 2556 72K Y T X 7L (M,=4500,M,/M,=2.2) I\
PRAFLYVAL YT F— b RO RBEIIN L 25 ERM L 28 Z 5 %O SECHIZE S T &
i~ 7 b U (M,=11400, M,/M,=3.4), SHERIEHITA % Z & s T & 7=,

Dehydration Polycondensation at Emulsion Interface and Chain Extension in Emulsion

Q— :S¢(DS)3. DBSA

M5 Ahcoxeny g VIBKERS
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6. “VV v IR EFERAULERMEEICEZRYIZXFIVER"

BT TEITT 27 Y FIRE T F VBT K B33 - BIRN &L 2 ) v 7 K6 % ki 12
WHT2ZET, MVT7Y—LREFFICHTS "2y I R) AT OHRERENL 7=,
Cu()fiz /=2 ) v 2EAICKD . M) 7Y - LREGRS T EHICEAT S Z & THANME
O EEHEIEL 72,

XFINANI WL 3T F v-1-F — )L %& Sc(OTH), % il & L40°CTRIB & &, 7 F = NI AR
it lZ 4 9" 5 bis (butynyl)methyl succinate (1) A5 L 72 (ILFE:93%) . Ft\ T1 4P TuET A LT Y
LF P )L ERRTRIBXE14V TV R T2V Q) EARLZUEI%), ZOMTE ) v — %%
HGAA, CuBr(wtk) % fil i &)1 Z DMF H1T50°C., 30BFBEA S 7=,

SECIZXDHIE L 721L 206 DEAKRDECFE 75 78 (M) 13 1.4 X 10'(M,/M,:2.4) Tdh - 72, E
BE, THF B K U'7 g a kL 412875 T, DMFE X UO'DMSOIZH[IATH D . BAREFHAIZEKD
L2 ) 7= LB EEF R WIESMEER Y 2 7 )L [poly (octamethylene methylsuccinate):
M=2.2X 10", T=53°C] & #7x 2 IK AR L7z,

#£2 UV ZROET BFMLAEMMBIEIZE S F Y T 27 VAR

yield T9 T9
run dialkyne diazide MY x10* M/MD & "
(%) (°C) (O
o
F N
1 /\} o)k/\”/ OM NW P9 insoluble  insoluble -9 -9
2 2
[e]
o
G N
2 ﬁo)w OW NW ’ & insoluble  insoluble -9 -9
2 2
o]
o)
N
3 /f\}o/k/gﬁ’ NWS 89 1.37 24, 13 105
2
(o]
N
4 Ao e vt e %9 1.36 28, 11 50
2
N.
o A The 0 99 3.41 3.6 12 81

z
&
[$))

N

>

N3
/—Q—/ 64 4.63 26, 51 137
3

N7 0.84 17, 29 ND.

=

z

3 9

O

>

TESES

o

53 6.31 3.1, 50 78

\\5

O

N
9 o~ oo NWS 95 0.19 14, © 9
VAN
(o]
A N
10 O O\H/\)%J\ NW * 99 0.89 32, 9 9
(e}
85 0.59 5.8 S 9

\
/

3 3 . 3

) All runs are performed in DMF ([ dialkyne]0=[diazide] 0=2.0 M), 50°C, 30h. ® Determined by
SEC measurement in DMF relative to poly(stylene). © T,, is measures by the first DSC scan at
heating rate of 10°C/min. 7, by the second scan. 9Not determined.
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