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Fig. 1 Two strategies for the preparation of

cyclic polymers from linear precursors
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Scheme 1 The approach to cyclic PCL (C) and intermolecular

extension product (D)

GO T P IR A R Bh ) 2 TR SE T Ak
FEGWEMEIF A RA VAR

K I 4R A5 1% PCLOH 78 X} I 2R fif iR (4-— H &4
Felk g (DMAP) A1 1, 3-— 3 & FE ik — %
(DCCOMEAT, FEIRT S 3-T MM I N, fig
Pl )% 3k A5 H-NMR SR B2, 25 5 7R 24 h J5 W
Uiy 2 58 A TR AL, BP 58 4 5% 46 Sy 3046 B 9 i A4
XU PS5 5 3 1 R e-C B (allylPCL) | 3% i &
A AT A [ 8 BT i ity i (OBUEE ) 1Y 38 TG
RIYIRY).

K3 B I Ak S0 0 SR FH T i 25 R 5 Ar
M3 B (RCMR ) 3k 52 8E, ¥ allylPCL #£ Grubbs
AL (CL, (Cy, ), Ru= CHPh) BfEH]I T, T 60°C
(105 B R R IR (2.5 x 1077 mol/L) Hr ik 47
7, 318 B H-NMR PR RCMR i 2, 45 5% BoR 3
h J5 ¥Rk R 58 42

AL I I AT JE PCL A9 H-NMR % (& 2 fif

d h etg f

D Hf| E+G

oo}

J/ LU

5.0 40 3.0 2.0 1.0
5

Fig. 2 '"H-NMR spectra of the allyPCL (top) and cyclic PCL (bottom)



746 GRS S 2012 4F
L WA 2 S AT L % B, 75 R BT allylPCL
AT 8=5.9(m),5.15(dd) f1 5. 12 (dd) &b 4>
51U J S K e S TN K XUEE | 4 (—CH,CH =
CH, ) 19 3% § 1% W £ FF 4K 5 1% J5 19" H-NMR. 3% of P g
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Fig. 4 SEC curves for extension product D and its
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Fig. 3 SEC curves for cyclic PCL (C) and its linear

precursor (L)
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AT AME VLI E T Bk PCL AL 2 R A A
FEMERREOL 2R 1, 45 L WoR PRk PCL A9 3 B R 4k
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Table 1 Molecular characteristic features of linear and cyclic polyesters

Structure [n] Tax b X.* T, !
Sample M, sec M. /M, (6)*
features (dL - g™") () (%) ()
Telechelic PCL with
L 7600 1.34 — 0.278 262.7 56.7 50.8
allyl end groups
. Cyclic PCL without
C 6100 1.30 0.75 0.210 275.6 42.5 46.0

end groups

*(G) value is the ratio of the molecular weights at the maximum of the elution peaks [Mp_ sic ( ‘3Y‘7li‘7)/Mp,5EC (linear) ] ;" The temperature at

maximum degradation rate;® X, = (AH, /AH%, ) x100 , where AH,, is the actual melting enthalpy of the sample and AH%., (136.4 J + g~ ')

is the melting enthalpy for 100% crystalline PCL; * T, measured during the second heating run at a 10 K/min rate
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SYNTHESIS OF CYCLIC POLY (£-CAPROLACTONE) BY HIGH EFFICIENT
RING-CLOSING METATHESIS REACTION

Lei-yan Chen, Bo-lin Xu, Meng Li, Hai-ying Li
(College of Chemistry and Materials Science, Liaoning Shihua University, Fushun 113001)

Abstract A novel synthesis strategy combining of living ring-opening polymerization of g-caprolactone and
intramolecular cyclization by high efficient ring-closing metathesis reaction ( RCMR) to synthesize cyclic
macromolecules has been studied. First, homotelechelic PCL with hydroxyl end groups ( PCLOH) was
generated via living ring-opening polymerization of g-caprolactone by using 2, 2-dibutyl-2-stanna-1, 3-
dioxepane ( DSDOP) as initiator. Second, homotelechelic PCLOH was reacted with vinylacetic acid, 1, 3-
dicyclohexylcarbodiimide (DCC) and 4-( dimethylamino) pyridine ( DMAP) by utilizing p-toluenesulfonic acid
monohydrate (PTSA) as catalyst and then converted to homotelechelic PCL with allyl end groups (allylPCL).
Finally, cyclic ploy ( gcaprolactone) was synthesized by ring-closing metathesis reaction of allyIPCL by using
bis ( tricyclohexylphosphine ) benzylidine ruthenium (1V) dichloride ( Cl,( Cy,),Ru= CHPh) as catalyst under
high dilution. The structures and thermodynamic properties of polymers were characterized by SEC,NMR , TGA
and DSC technologies. The characterization by SEC and viscosity showed that the hydrodynamic volume of
cyclic poly( g-caprolactone) was smaller than that of its linear precursor. DSC study showed that the 7' and
AH , of cyclic poly( g-caprolactone) was lower than those of its linear precursor. TGA test showed that the T,
of cyclic poly( g-caprolactone) was 13 K higher than that of its linear precursor. The results indicated that the
intra-molecular cyclization of homotelechelic allyIPCL. by RCMR was high efficient under the high dilution
(2.5 x10 " mol/L) because the resulted cyclic PCL was pure and no need for further purification.

Keywords  Cyclic poly ( g-caprolactone ), Living ring-opening polymerization, Ring-closing metathesis

reaction



