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Degradability of Poly(e-caprolactone) Bearing
Pendant Carboxyl Groups

Sun, Yan Dai, Weifeng Zhang, Qingchun Zhang, Yan Lang, Meidong™
(Key Laboratory for Ultrafine Materials of Ministry of Education, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237)

Abstract Poly(e-caprolactone) functionalized with pendant benzyloxycarbonylmethyl group (PCL-co-
PBCL) was synthesized by the ring-opening polymerization of ¢-caprolactone and 6-(benzyloxycarbonyl-
methyl)-e-caprolactone (BCL) with Sn(Oct), as catalyst. Its benzyl protecting groups were effectively re-
moved by H, using Pd/C as catalyst to obtain poly(e-caprolactone) bearing pendant carboxyl groups
(PCL-co-PCCL). We studied the mechanical properties and surface hydrophilicity of PCL-co-PBCL and
PCL-co-PCCL, and the degradation behavior in vitro of them was also evaluated in different pH value
phosphate buffer solutions. The results showed that the degradability of functionalized PCL was greatly im-
proved by the pendant functional groups and the degradation rates could be controlled by adjusting the con-
tent of the functional groups.

Keywords  6-(benzyloxycarbonylmethyl)-e-caprolactone; functionalized poly(e-caprolactone); pendant
functional group; biodegradability; hydrophilicity
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Bl Mg B RE AL O R SRR o- T RN R -e- O
PIBE, JFLE 140 CHLEE NLE Sn(Oct), itk T F F 4 Sk &
oy 1) FE A A S0 (PEO) 5 1 R B AL B R 43 B R AL &
fi-b-2R - MR VIR O N B (PEO-b-PBCL), E# 7
N AN 2N B L 43 3] PEO-b-P(BCL-co-CL). #E—
A N A 7 R B | )R SR DR A5 2 R
Bk B R R AL L -b- T o- TR &N iR
(PEO-b-PCCL). HHIFED Nl 1,4- 3202 Wil BV
AL VAR E 4B -e- LN BR(OPD)Y), SR i 1- 253 -
2-INEG ], Sn(Oct), #EATE 90 °C HIZRE i 3R & TR
13 B EEAT AL T e TSR SN ER. #) 2#TTR W
IR INGE T2 FIAE, #2757 PCL R4 sl
P AL AR IR B (959 k147 F1 37 °C). SEsif & BLiE ik
W75 OPD/e-CL 3L 547 OPD (1) & n) LA & i 48 5%
E SR K PN Ay e i v 5
KRS oy Fa i vert, AT — P B e-fr X
R N R B 6-( LR T HEBR S )-e- LN BE(BCL), 28
JAAE Sn(Oct), (AL R L e-CL JLRGH T —F 6 {75
WA T 1A B 2R N e A ), s 0/ o & A A i
PRARES, BIhHLAE e BRI 6 {5 NRE T R
(Scheme 1), FFWFFT T IR I 2B W RMRAT 0 B 520,
A 2558 T AN RIS pH B LA S BGAE TR TR B A L.
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'H NMR Il ®C NMR X ffi## ¥ AVANCE 500 MHz
W HESARPAEACI E (LL CDCly W HI, TMS 4 A Fr).
BRIy T HEEAEEE Micromass GCT AUy %
F 7 2% R ED AR, GPC 43 MK 55 R IR 45 0y 2
H) Waters 1515 HBUEEIBIE G, LAY SR A kvt
#I, Vs THE, Wi 1 mL/min, &I 30 C , {4
WALy =AM PL AE7HCH, A28 24 7 ZE ek A,
AR R CIRAERRFE . R 22 F G A R
1090B M 2 R4 AT, Ny OR9P, K e
i BESHERELL 10 K/min [FHEEE A B — 100 C ik
£ 200 C, H# 2 min, HEKE—100 C; RJFFEH T
B 10 K/min [FFHEIEZ N #4E] 190 C.
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TEFCA 7K 3 B 25 1 B HE A 70 g (0.71
mol) AUl 114 g (1.2 mol)MHEMK. 0.2 g S 2K Ak
1% DA K 200 mL T4 RO, FHE A 130 CHA &R,
LE B TR 7K 29k 18 mL (1 mol), 75 H1 F K KR
SN (P TR, R AR 2R 84 g AEZRTRMIH A
100 mL FEE, SRJ57E 70 Cn#y RN 157.6 g (0.6 mol)
RORRIEREIE, I 1.5 h 5258 W, IR0 120
mL 7K, 70 ‘C R 1.5 h, AH1EH LBEAE(3 X 100
mL), G FEIR, KRBT 24 h, diEE#E
LTk, FIRWAREZHTITEAESE, 773 60%. "H NMR
(CDCls, 500 MHz) §: 7.30 (s, 5H, Ph), 5.22~5.28 (s, 2H,
CH,), 2.80~2.85 (m, 1H, CH), 2.36~2.43 (m, 2H, CH,),
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2.16~222 (m, 2H, CH,), 2.02~2.11 (m, 4H, CH,),
1.62~1.67 (m, 2H, CH,).
122 6-(TBAF A B H)-e- T A B (2, BCL)#) 4%,

se¥— s NaHCO; (3.2 g, 0.039 mol), m-CPBA
(6.7 g, 0.039 mol)M%| 150 mL ) CH,Cl, ¥, #545,
) I A L3R (7.8 g, 0.03 mol) AR 1 3% 50
mL CH,CL 1, FEUKIKAZAT N IZmg I A AR O
Pl (1) JEOR WS, 7R N RN 72 h JE, MR A
Na,S,0; /KIEHYE =K, 1A NaHCO; 7K¥# it — XAl
M NaCl K PE—k, I CHCL ¥z, HIJEKR
FREAT1 24 h, IEJ5 28 LW FEAERL =P, P A2
M7 vE3R 4, 7223 80%. 'H NMR (500 MHz, CDCls) -
7.29 (s, 5H, Ph), 5.24 (s, 2H, CH,), 4.76~4.81 (m, 1H,
CH), 2.89~2.84 (m, 2H, CH,), 2.52~2.58 (m, 2H, CH,),
1.87~1.96 (m, 4H, CH,), 1.62~1.67 (m, 2H, CH,); MS
mlz (%): 262 (15), 166 (25), 107 (82), 94 (100), 85 (20), 55
(23).
1.2.3 &-CL 5 BCL #)7F 3R 3£ % %)% PCL-co-PBCL

B — & LB e-CL Al BCL AR IR A&, LA
JUEE A 0.5%0 1) 5 -F R % A7), H =2
MY HOE I E A AN Ny, i SR E .
130 CIA RN 48 h. P~ & H e, 76 P
LR, 15315859 PCL-co-PBCL, E%5 T4 48 h.
1.2.4 PCL-co-PBCL Wtk 4 %] & PCL-co-PCCL

¥ 8.0 g PCL-co-PBCL 5E A% # T 250 mL T4 45 1)
DUSRmEg A BB RS20 3 TR A, AR
JA A PA/C (10%) 4.0 g. R A SFFELB N, &
M E W FHERE 72 h, SN 45 S R 4R T 8 b
Pd/C, 7 40 ‘C Fyf IR ZETRER 25 05 4 Uk, 2R )5
FHAT R B IR B P A 8 N T, AR
774 PCL-co-PCCL, 77% 65%
1.3 BREMhZF1ae

REWER) b 2% R W% R, % PCL-co-
PBCL, PCL-co-PCCL & PCL it 1 i 20 B 5% & A
WO, iR FAEEARZN 160 mm [ 7KT-58 DY 56 294517
BRI, RSP R G, RS0 TR0 ) B T4 24
h .

JIEPEREIIAR: K AN ) 1y 23— M AR VREABE L o 1 K
FE, WFERARAMAR Y, SR RGT-5A BB i+
T3 RER BRI B — AR DA B 2 1) PSR AE
M 725 R, FREE N 10 mm, F{H3)E 4 250 mm/min,
IRIGILIE 25 °C, BIE 50%. M2 HARFEAE R AR L
S ROE A 1 Sy B e o5 T 0 1 K 79 Nl N W7 i 10
JE, Wi e L R A IR SR AR 5

o,.—=p/bd
E=Ao/Ae

X, p AEKBEIREATN), b IR FE AR o 06
(mm), d AIAFE AR B SE (mm), Lo WAAERIMHA
K (mm), L AR 2L bR 2 A] 2E B (mm), Ac A LE A
PR ELEA AT — s (RN Sy (Pa), Ae by LA BR LA
ARAA]— R IR AR,
1.4 HEYRIPERE

[] E IR IR —FE, RS SR 240 0.022 mm, A5
B 10 mm X 10 mm PHEFE. AR EAE pH 4
Ak 5.0, 7.4, 9.0 I pH R 7.4 HIBE 92 phigs
W, 7537 CF, {EREHIERE N 100 r/min [1]EZH T
Befife. A JE SR 4 — IR B A . T I FRORY B T
i RIRG AR Ak

2 HREWE
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CLNER BTG 6 7 L b T 2RISR L RILF g
H¥ PCL, HA R RAYINT S 451 o —
T CEEH RS, AR R AR S KT TR
CLN BRI B e RE S, R PEANIE ST T A SR B )
TR BERRAT A (1 5.

2.1 HBYIBER S PR

BT A B k& IR Y )y 25 vk
(& 1), H#&E 1 nJLUFE H PCL-co-PBCL-1 M T-/r 1 &
AT M LRSS, eIk HEAT O 2E P RE K. PCL-co-
PBCL-2 ¥ W 5dni i 55 73 1 5 5 A ¥ PCL (1
SHRPEAHIE, TSR SR e PCL. B3 BCL
& B % 8 i (PCL-co-PBCL-4 — PCL-co-PBCL-3 —
PCL-co-PBCL-2), PCL-co-PBCL WiZLsm & FEAI, WrEd i
KRN, — 7 nl A& U FE T IR SR & I BCL 544k
RS Bk 4 1 PCL-co-PBCL 431 2t [ BEAIK,
i RESE NN BCL MIGIA, 83K TR CWERR
gh A RE. XF PCL-co-PCCL 1M, {£ PCL-co-PBCL JIit
TRy R, SREWRI TR A T WisE G R &
12 7RI Z. Bi% PCCL & & 14K (PCL-co-
PCCL-2 — PCL-co-PCCL-3 = PCL-co-PCCL-4), W %4 91
FERE I, R R e K
22 HEYIEEIFREFKE

P b A RAE R R 2B KPR — AN R bR, A
Bl 1 el DU, A LR b B e P I SR ) 1
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# 1 PCL-co-PBCL Fil PCL-co-PCCL % &¥)1ERE
Table 1 The properties of PCL-co-PBCL and PCL-co-PCCL

Sample Focr o Fear® M,X 1073 PDI  Stress at break/MPa Elongation at break/% Contact angle/(°) AH?
PCL-co-PBCL-1 0.257 37.8 1.67 — — 56.7 0.18
PCL-co-PBCL-2 0.164 63.3 1.55 13.7 2036.7 68.5 21.5
PCL-co-PBCL-3 0.132 93.6 2.11 19.9 1761.1 71.9 353
PCL-co-PBCL-4 0.091 95.0 1.99 23.3 1490.4 87.3 42.2
PCL-co-PCCL-1 0.348 19.0 1.39 — — 39.9 1.68
PCL-co-PCCL-2 0.178 24.3 1.59 6.5 19.6 49.7 34.8
PCL-co-PCCL-3 0.122 29.8 1.82 8.9 49.5 53.1 56.4
PCL-co-PCCL-4 0.077 324 1.63 10.6 873.7 64.5 43.0
PCL — 63.0 1.48 14.9 512.5 93.6 121.4

“ FgeL and Feey are the molar fraction of BCL and CCL in the copolymer, and calculated by "H NMR integration according to the benzyl signal at about § 7.4~7.5

and the methyl signal at 6 2.4; ® determined by SEC in THF using polystyrene as calibration standard; ¢ all the samples were tested in chloroform with w=5%;

“ determined by DSC for the second heating run.
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Figure 1 The contact angles of copolymers

Jin (PCL — PCL-co-PBCL-4 — PCL-co-PBCL-3 — PCL-co-
PBCL-2—>PCL-co-PBCL-1), /il ff1 % #itvik /). PCL )42
filif14 93.6°, 1fi PCL-co-PBCL-4 [fiHfiliffi HAT 87.3°,
1M HBE% BCL H ot #1154 0, PCL-co-PBCL 2 &4 (1)
P £ 35 W A%, B PCL-co-PBCL-1 I Higgful/y R A
56.7°. iXst T BCL HLUGIf R ILHE T AEl41 EL A R B
JCHAT EAF ISR K AR, DT A AR 2 T (1 556 7K P 1
2 TS By S 9 5 S B WL £ 115 B 2 N B S
BRI R AL R R T e A B A RS B RE A, A A
PCL-co-PCCL [¥I3E /K PEE— RN, A R & 5 1)
W m, 2% /K M 3 5k (PCL-co-PCCL-4 — PCL-co-
PCCL-3 — PCL-co-PCCL-2— PCL-co-PCCL-1), PCL-co-
PCCL-1 {4 fi i R AT 39.9°.
2.3 HEYIBRBITAMR

TEWE I B At = E R WS KA. %) PCL, ZRERI B
fil 53 AR B S i B SRS W RE B A it DX I
HEOTCESR, — HARS IE B e i, R
BORIT 4G, 7R85 il DI BEBOT A6 8 0 73 88, XA O,
PRAR AL A 25 SR RS pH A, I R R R
A R, ORISR, OB PCL A N TFEAF i
PURTTE 4~6 DN, 5o 2~3 1.

23.1 REMREAAEEH T

FINIBAEEZ I T RGP e, FEERG
WIRES S N R, IXREIRE IR 2 — B B P B 1 TG A AR 5
B AT N BUR G W) i 2 1) 4. PCL.
PCL-co-PBCL Fl1 PCL-co-PCCL 7 pH="7.4(JCH)[{] PBS
s i AR b SR AR W ] 2 iR, 72 I 85
d BRI FTH, PCL [ BTE i KIEANF] 2%. X PCL-
co-PBCL [fii &, Wi LM NN T REM LI, HiE
RNt 1 BB RA Y BCL S &2, &
1% R R L B B 3G 320 PCL-co-PBCL 45 i JE %,
it 2, KESBERNEEYS, HRERA
Bl X PCL-co-PCCL 1 75, KA 8 5IAZGK
P COOH T REMIRR T FRARIL A, fhPEAL, AT H S K Ik
R R, L EpURE Y. LLBAH R LL B PCL-
co-PBCL #l1 PCL-co-PCCL, Ja#& G RER LTt
R 2.0 3] 2.4 £%.

T B R A PR RS P2 AR AN B AR A 2R 4B, ]
3 A 4 52 B e ML RS YI4E pH=5.0 1 pH=9.0
K] PBS Gzt An A4 2. IZR G4 ot & A
FEMARAGTT WL, 4 PCL R4k 5 I NFEH G, SRR = T
PRI Beffd 22, nI A A58 FH i 44 PCL AR 4 2.
232 A pH X AR AL 8 ok

Mader %12 g H SR (1 K gt 5 T o 2 35 1)
pH (AL, JF HALRYII B Al 25 T BOEK  pH AE PR
MR B, BRYEN BT B A AL T g B A%, Younes
LB B BE A R AN AR Y pH RN, 2 T B hnbe.
XA VF A BT MR AR E A s b SR T s S — 7
T, Bl P05 e 4 b R0 g ot AR b P AR R TR T, 4T
A A AR J5 I PR~ AT e s 2 PR B RE . 3 A P T SR
1] 8% i — PR TR e A L BRIV A A AL B R P L B, A T
PEFE WD, BRBRE BRI AL, BRI BB R
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B2 REWAE pH=T7.4 P 37 C R BRI TR
K £k ]

Figure 2 Time dependence of weight loss in a buffer solution
(pH=74)at37 C
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Figure 3 Time dependence of Ay in a buffer solution (pH=>5.0)
at37 C
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Figure 4 Time dependence of Ay in a buffer solution (pH=9.0)
at37 C
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A HO. HH T AR ISR Z R L HoO 373 2, DAL A
VT BRI 7K AR LE RS v L RS 2. AL 5 ]
PRI, #RHEAIRIR pH gl b B4 T I A
—Ff. PCL-co-PCCL-2 {EBRIE G B de i, AR 1R
PESAT IS, AT PCL MUBE b5 IR 2k
B Re ] T BRI TR e R (BB 1T B
wh, SENRE A Y S ERE B ERGE DL R
FRIEEAT N, T 5 BOA AR B AR AT 4 5 AR S 1)
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100 —
90
80
70 ]
60
50
40
30
20
10
04

An/%

0I10'20I30I40'50I60
Time/d

Bl5 37 CREEAYIAEAIR DL b FEAR ARG LA it 2k

Figure 5 The change of intrinsic viscosity of PCL-co-PCCL-2

in various buffer solutions at 37 C

233 BRI RA

6 &K IR B GE1L &4 PCL-co-PBCL,
PCL-co-PCCL 1 PCL HIFEARAT MBST. AIBERGRT =
TG SRR AR — g DR BEVE AP Aol 182 1) 4
R AN K.
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60

PCL-co-PCCL-3 (pancreatin)
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An/%

PCL (pancreatin)
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Time/d

Bl 6 RO REAITGHE pH="7.4 ¥ 37 CF FRARIIKS

FEARA 2k P

Figure 6 Time dependence of change of intrinsic viscosity in

buffer solutions (pH="7.4) with and without pancreatin at 37 C
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234 i AA AR

Kl 7 24 PCL-co-PCCL-2 #£ pH=7.4 [f] PBS 2%
T B AR 30 155 d I SEM . IR R LA HY, 30
d I, PPRLR I O MR, JR LA (A1
(DI, 32 R AR AR & DX T A7 AR S KRR 1 5
T, FEGE BRI EEN, BT LU [R] Y 7E b X
BREL KA T . AE 55 d N, RO AER R,

B 7 PCL-co-PCCL-2 £ 37 ‘CIfJ PBS LA h FAf 30 d
(AR 55 d (B A BT

Figure 7 SEM images of PCL-co-PCCL-2 in a phosphate
buffer (pH=7.4) at 37 C for 30 d (A) and 55 d (B)

Bl 8 PCL-co-PCCL-2 £ 37 ‘CIfJ PBS i h F#i# 30 d
(AR 55 d (B)E ML

Figure 8 Visual aspects of PCL-co-PCCL-2 in phosphate
buffer (pH=7.4) at 37 C for 30 d (A) and 55 d (B)

XA AR X SR A B A2 T B i, TR R T W
I, MR T AR AR A B, X S X
SIFURTR o B, W 8 Hral UE A H, MRk RF
fift 30 d I, CEFTIRMR. BRI T 55 d Iy, MRE
SRRy, R IR B AT, PRI 2550
FERB U Re#bE 2 SRR B

3 it

SR FE G 3R 2 IR 56 W9 A0 5 57 RE A1 e A R
FAE PCL 45 i bE, 2403% PCL HISE /K PEFI B Ml k. &
X PAMIFETT §E 1) PCL-co-PBCL 1 PCL-co-PCCL H
AL PCL HEPR R fifidi e,  FLIL B figt ot 8 ] ol 4 71
REWH RS AT IR, W, RIEMAALE
AT 2 AR BRI R A B R A T .
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