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Catalyst systems arising from the cheap, ligand-free and commercially available MgnBu2 and alcohols for 
the ring-opening polymerization (ROP) of ε-caprolactone (ε-CL) under mild conditions had been 
established. The catalytic system of MgnBu2/Ph2CHOH showed very high activity as compared with the 
system of MgnBu2/Ph3COH that applied a more bulky methanol derivative. Interestingly, at the presence 10 

of excess amount of alcohol Ph2CHOH, namely, varying the OH-to-Mg ratio in a wide range from 10:1 to 
800:1, the system MgnBu2/Ph2CHOH still remained high activity, thus producing up to 800 
polycaprolactone (PCL) chains per Mg center, suggesting a living immortal polymerization mode. The 
molecular weights of the obtained PCLs are accurately controlled when the ratio of [CL]0/[Mg]0 changed 
from 500 to 8000, together with narrow molecular weight distributions. Also, diblock PCL-b-PLA 15 

copolymers with narrow PDIs have been facilely achieved. Moreover, the allyl and propargyl 
functionalized diphenylmethanols could be employed as the chain transfer reagents (CTA) in this 
immortal systems for constructing in situ the allyl and propargyl functionalized PCLs that were facilely 
modified further to be PCLs with multiple functionality and building blocks for amphiphilic and 
topological microstructured PCLs via coupling and click reactions. 20 

Introduction 

Polycaprolactone (PCL) is an important biomaterial due to its 
excellent mechanical property, biodegradability and miscibility 
with other polymers, and has found wide applications as scaffolds 25 

in tissue engineering,1 long-term drug delivery matrixes,2 
microelectronics,3 adhesives4 and packaging materials.5 There are 
two main pathways to produce PCL: the polycondensation of 6-
hydroxyhexanoic acid,6 and the ring-opening polymerisation 
(ROP) of ε-caprolactone (ε-CL).7 It is now commonly accepted 30 

that the most efficient method for preparing well-controlled 
polyesters in terms of molecular weight, composition and 
microstructure is the ROP with organic, organometallic or 
enzyme catalysts. Of which the lithium,8 sodium,9 potassium,10 
magnesium,11 calcium,12 strontium,13 aluminum,14 stannum,15 35 

some transition metal16 and rare-earth metal17 complexes have 
attracted more attention because of their high activity and strong 
power to control microstructures of the resultant polymers. 
Whereas, “one catalyst one polymer chain” leads to high catalyst 
residue in the resulting polymers. Thus to design more efficient 40 

catalyst precursors has been a target of organometallic chemists.  
In 1985, the “immortal” polymerization (IMP, alternatively, a 

living chain-transfer polymerization) concept was introduced by 
Inoue et al..18 The IMP shows characteristics such as the rapid 
and reversible exchange reaction between the chain transfer agent 45 

(CTA) and the living active species that gives rise to generate 
more polymer chains from one metal center, and in situ capping 

the polymer chain ends with CTA moieties that might be 
functional groups such as hydroxyl, vinyl and amino groups.19 
This opens not only a new approach to prepare polymers in more 50 

efficient manner but also provide functionalized polymers that 
can facilely incorporate other substituents such as bioactive drugs 
or fluorescent tags to construct novel biopolymers.20  

During our previous studies on the IMP of L-LA, we found that 
diphenylmethoxide magnesium was an excellent initiator for L-55 

LA.21 Herein, we extended this system to ROP of ε-CL, which 
showed extraordinarily high activity and an immortal mode with 
fantastic merits of low catalyst cost and minimal (non-toxic) 
metal residue in PCL production. In addition, the allyl and 
propargyl functionalized diphenylmethanols were also employed 60 

for the first time to construct the immortal catalytic systems for 
the ROP of ε-CL, allowing to access the functionalized PCLs 
with block, three-armed microstructures as well as amphiphilic 
nature in one-pot. The thus process of post-polymerization 
modification of chemoselective handles deriving from the CTA 65 

groups other than from the monomers, together with the immortal 
polymerization technique, is very fresh.  

Results and Discussion 

 

Synthesis and Structure Determination of Triphenylmethoxy 70 

Magnesium Complex Mg(Ph3CO)2(THF)2 (2). 

 Following the similar procedure of synthesizing the tetranuclear 
complex Mg4(Ph2CHO)8(THF)2 (1), a highly active initiator for 
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the ROP of LA, the more steric hinderance triphenylmethanol 
(Ph3COH) was used to react stoichiometrically with MgnBu2 
(Scheme 1). The resultant complex 2 (Mg(Ph3CO)2(THF)2) was 
confirmed by X-ray diffraction to take a mononuclear structure 
(Fig. 1). The magnesium ion is four-coordinate bonding to two 5 

triphenylmethoxide ligands (Ph3CO) and two tetrahydrofuran 
molecules, adopting a distorted tetrahedral geometry. All Mg–O 
bond lengths are comparable to those reported in literatures.22  

ROPs of ε-CL 

 ROPs of ε-CL by complexes 1 and 2 were investigated. 10 

Complex 1 was highly active to transfer 500 equiv monomers to 
PCL in 5 min. In the presence of 5 to 10 equiv of Ph2CHOH, 
complex 1 still maintained the same high activity to provide 
PCLs with more controllable molecular weights and narrow 
molecular weight distributions (Table 1, entries 1–3). On the 15 

contrary, the more steric hinderance of the two alkoxyl ligands in 
complex 2 may inhibit the ε-CL monomer from coordinating to 
the active metal center. As a result, complex 2 showed very low 
activity during the ROP ε-CL and almost inert in the presence of 
excess amount of Ph3COH (Table 1, entries 4–6). 20 

Thus the detailed investigation of the ROP of ε-CL was 
performed by using 1/Ph2CHOH. Keeping the OH-to-Mg ratio as 
a constant (10:1) whilst increasing the monomer loading from 
1000 to 8000 equiv relative to [Mg]0, the polymerizations went 
on smoothly to reach high yields in short time. Meanwhile, the 25 

molecular weights of the resultant PCLs increased 
correspondingly from 1.08 × 104 g/mol to 6.17 × 104 g/mol in 
well consistence with the theoretic values (Table 2, entries 1–4), 
and the molecular weight distributions remained narrow (PDI = 
1.16–1.19), suggesting a livingness polymerization mode. Fixing 30 

the CL-to-Mg ratio to 1000:1 whilst increasing the alcohol 
loading from 20 to 100 equiv, the polymerizations still remained 
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Scheme 1. Stoichiometric reactions between MgnBu2 and Ph2CHOH or 

Ph3COH. 35 

 

 
Figure 1. Molecular structure of complex 2 as 35% ellipsoids. All 

hydrogen atoms omitted for clarity. Selected bond lengths (Å) and angles 
(°): Mg(1)–O(1) 1.8645(12), Mg(1)–O(1A) 1.8645(12), Mg(1)–O(2A) 40 

2.0224(15), Mg(1)–O(2) 2.0224(15); O(1)–Mg(1)–O(1A) 136.45(9), 
O(1)–Mg(1)–O(2A) 110.93(6), O(1A)–Mg(1)–O(2A) 97.64(5), O(1)–
Mg(1)–O(2) 97.64(5), O(1A)–Mg(1)–O(2) 110.93(6), O(2A)–Mg(1)–

O(2) 97.32(10), C(1)–O(1)–Mg(1) 138.52(11). 

 45 

Table 1. ROP of ε-CL by Complexes 1 and 2 in Combination with Di(or Tri)phenylmethanol 

Entrya Cat. ROH [CL]0/[OH]0/[Mg]0 Time(min) Conv.b(%) Mn,calcd×10-4c Mn,exp×10-4d Mw/Mn
d 

1 1 – 500/-/1 5 100 2.87 2.99 1.70 
2 1 Ph2CHOH 500/5/1 5 100 0.83 1.05 1.44 
3 1 Ph2CHOH 500/10/1 5 100 0.49 0.80 1.19 
4 2 – 500/-/1 360 13 0.40 nd. nd. 

5 2 Ph3COH 500/5/1 360 5 0.08 nd. nd. 
6 2 Ph3COH 500/10/1 360 5 0.05 nd. nd. 

a Polymerizations were carried out in THF at 25°C, [CL]0 = 1.75 M. b Determined by 1H NMR spectroscopy. c Mn,calcd = ([CL]0/[Mg]0 × 114.14 / 
([OH]0+2)) × conv.(%) + MROH. d Determined by SEC against polystyrene standard, Mn values were obtained using a correcting factor for polylactides 
(0.56).23 

 50 

 
rapid rates to achieve complete conversion in 30 min. This meant 
that excess amount of alcohol did not arouse termination of the 
polymerization as usual (alcohol is always used to stop 
polymerization), indicating that the ROP of ε-CL with complex 1 55 

possessed the immortal nature. Alternatively, the exchange 
reaction between Ph2CHOH and the metal alkoxide (or metal–O–
PLA active species) were rapid and reversible. As a result, the 
molecular weights of the resultant PCLs decreased in inverse 
proportion with the alcohol loading while the molecular weight 60 

distributions were narrow (PDI = 1.07–1.13) throughout (Table 2, 
entries 5–10). Encouraged by the immortal fashion, we tried to 

find how CTA of this polymerization system can be endured. 
Under the presence of up to 800 equiv of Ph2CHOH, complex 

1 was still able to transfer 8000 equiv of ε-CL albeit at a longer 65 

time and higher temperature (Table 2, entries 10–13). This meant 
that each Mg metal center experienced at least 800 times chain 
transfer reactions to generate 800 PCL polymeric chains, giving 
extremely high catalytic efficiency of 80000%. The resulting 
PCL macromolecular chains are capped with a hydroxyl group at 70 

one end (CH2OH, 3.64 ppm, a), as the typical feature of IMP, and 
with the Ph2CHO– group at the other end (6.89 ppm, –OCHPh2, i) 
(Fig. 2). 

Because of the excellent degradability of PLA and the 
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distinguished permeability of PCL to drugs, researchers have 
been directed to explore the copolymerization of the two  

Table 2. ROP of ε-CL with 1/Ph2CHOH 

Entrya [CL]0/[OH]0/[Mg]0 Time 
(min) 

Conv.b 

(%) 
Mn,calcd 

×10-4c 
Mn,exp 

×10-4d 
Mw/Mn

d 

1 1000/10/1 2 100 0.97 1.08 1.18 
2 2000/10/1 10 100 1.92 2.07 1.16 
3 5000/10/1 30 96 4.58 5.81 1.10 
4e 8000/10/1 60 93 7.10 6.17 1.19 
5 1000/20/1 5 100 0.54 0.65 1.11 
6 1000/30/1 5 100 0.38 0.59 1.12 
7 1000/50/1 10 100 0.24 0.40 1.07 
8 1000/70/1 20 100 0.18 0.38 1.13 
9 1000/80/1 30 100 0.16 0.36 1.13 
10 1000/100/1 30 100 0.13 0.19b 1.09 
11 2000/200/1 60 100 0.13 0.44 1.09 
12e 5000/500/1 60 100 0.13 0.21 1.09 
13e 8000/800/1 120 100 0.13 0.18b 1.16 

a Polymerizations were carried out in THF at 25°C, [CL]0 = 1.75 M. 
bDetermined by 1H NMR spectroscopy. c Mn,calcd = ([CL]0/[Mg]0 × 114.14 / 5 

([OH]0+2)) × conv.(%) + 184.23. dDetermined by SEC against 
polystyrene standard. Mn values were obtained using a correcting factor 
for polylactides (0.56).23 eAt 70°C. 

 

monomers, anticipating to access materials with adjusted 10 

composition and molecular weights to control the drug loading, 
degradability and permeability.24 Intrigued by the immortal 
characteristics of the system 1/Ph2CHOH, the copolymerization 
of ε-CL and L-LA was promoted in situ by adding L-LA to the 
ROP of ε-CL system when ε-CL was completely converted. The 15 

copolymerization was performed at 70 °C for 10 h to reach over 
90% conversion. All of the obtained copolymers showed nearly 
closed molecular weights to the theoretical values, and very 
narrow PDIs (Table 3). The 1H NMR spectrum of a diblock 
copolymer gives peaks e, f, g, h attributed to the PCL unit and 20 

peaks o, p arising from the PLA sequence (Fig. 3). 
    

 

 
Figure 2. 1H NMR spectrum of oligomer PCL (Table 2, entry 7; 400 25 

MHz, CDCl3, 25 °C). 

 

Table 3. Preparation of PCL-b-PLA with 1/Ph2CHOH a 

Entry [CL]0/[LA]0/ 
[OH]0/[Mg]0 

PCL/PLLA 
foundb 

Mn,calcd 

×10-4c 
Mn,exp 

×10-4d 
Mw/Mn

d 

1 1000/1000/10/1 52/48 2.49 3.08 1.18 
2 2000/2000/10/1 55/45 4.95 4.75 1.16 
a In THF, after CL conversion reached 100% at 25 °C in 10 min, LLA 
was added to the system that was heated to 70 °C, [CL]0 = 0.88 M, [LA]0 30 

= 0.88 M. b Composition found was determined by 1H NMR. cTheoretical 
Mn was estimated considering monomers conversion. d Molecular weight 
and polydispersity index of the copolymer determined by SEC against 
polystyrene standard. 

 35 

 
Figure 3. 1H-NMR spectrum of PCL-b-PLA diblock copolymer (Table 3, 
entry 1; 400 MHz, CDCl3, 25 °C). 
 

 40 

Synthesis of α,,,,ω-Functional PCL     

The allyl and propargyl functionalized diphenylmethanols were 
synthesized straightforward as outlined in Scheme 2. The 
nucleophilic substitution reactions of allyl bromide and propargyl 
bromide with 4,4′-dihydroxybenzophenone in the presence of 45 

K2CO3 was followed by reduction of the carbonyl group with 
LiAlH4 in refluxing THF to give readily bis(4-
(allyloxy)phenyl)methanol (BAPM) and bis(4-prop-2-
ynyloxy)phenyl)methanol (BPPM), respectively.25  

The polymerization of ε-CL at 25 ºC catalyzed by 50 

dibutylmagnesium (MgnBu2) using excess amount of BAPM or 
BPPM as the chain transfer agent went on quickly (25 °C , 5 min, 
conv. 100%) to afford the α-hydroxyl-ω-vinyl (Star-PCL-=) or α-
hydroxyl-ω-ethynyl PCL (Star-PCL-≡), selectively (Table 4). 1H 
NMR spectrum of oligomeric Star-PCL-= displays signals Hi, Hj, 55 

Hk, Hl, Hm, Hn ascribed to the allyl-functional diphenymethoxy 
end and signals Ha, Hb, Hc, Hd arising from the other end (Fig. 
4a). Similarly, an oligomeric Star-PCL-≡ was also identified by 
1H NMR spectrum analysis (Fig. 4b).  
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Scheme 2. Synthetic route to vinyl and ethynyl functional 

diphenylmethanols. 

 

Table 4. ROP of ε-CL with MgnBu2/BAPM and MgnBu2/BPPM a 5 

Entry [CL]0/[OH]0/[Mg]0 Time 
(min) 

Conv. 

(%) 
Mn,calcd 

×10-4b 
Mn,exp 

×10-4c 
Mw/Mn

c 

1 500/10BAPM/1 5 100 0.60 0.64 1.16 
2 500/10BPPM/1 5 100 0.60 0.43 1.18 

aIn THF, 25 °C. bTheoretical Mn estimated considering monomers 
conversion. c Molecular weight was determined by 1H NMR and 
polydispesrsity index of the final copolymer determined by SEC against 
polystyrene standard. 

 10 

 

(a) 

 
(b) 

Figure 4. 1H NMR of Star-PCL-= (a) and amphiphillic Star-PCL-≡ (b) 15 

(400 MHz, CDCl3) 

Synthesis of Multi-Functionalized Topologic PCL  

The above isolated PCLs can be further post polymerization 
modified with thiols and azides, respectively, thus, become the 
excellent building blocks of the topologic PCLs. The thiol-ene 20 

coupling reaction26 was photo-initiated by 5% DMPA in THF 
solution by in situ adding excess amount of 2-mercaptoethanol 
(relative to BAPM) to the polymerization system for preparing 
Star-PCL-=. The reaction was highly efficient confirmed by 
disappearance of the resonances l, m and n at 6.03, 5.42~5.26 and 25 

4.51 ppm from the vinyl protons (Fig. 5a). SEC analysis showed 
the resultant telechelic multiple hydroxyl functionalized Star-
PCL-OH remained the similar molecular weight to its vinyl 
precursor and narrow polydispersity (Mn = 0.46 × 104 g/mol, PDI 
= 1.04). Following the same strategy, the reaction of Star-PCL-≡ 30 

with mercaptopropionic acid catalyzed by DMPA in THF was 

 
(a) 

 
(b) 35 

Figure 5. 1H NMR spectra (400 MHz, 25 °C, CDCl3) of Star-PCL-OH (a) 
and Star -PCL-COOH (b). 
 
carried out. 1H NMR analysis revealed that complete 
disappearance of the alkyne groups and emergence of methylene 40 

from mercaptopropionic acid was in about 3 h to generate a 
hydroxyl and carboxyl acid multi functionalized Star-PCL-
COOH (Fig. 5b).  
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Figure 6. SEC (Size Exclusion Chromatography at 40 °C using THF as 5 

the eluent with a flowing rate of 0.35 mL/min) traces of (a)Star-PCL-≡, 
Mn = 1.99 × 104 g/mol, PDI = 1.05; (b) Star-PCL-PEG, Mn = 2.75 × 104 

g/mol, PDI = 1.04. 

 
THF solution of 10% copper (I) bromide, PMDETA and PEG-10 

N3 (Mn = 0.35 × 104 g/mol, PDI = 1.03) were added into the THF 
polymerization system of Star-PCL-≡ (Mn = 1.99 × 104 g/mol, 
PDI = 1.05) in situ. The above click reaction carried out at 70 ºC 
and finished after 12 h to give exclusively the 1,4-disubstituted 
adduct (Scheme 3). 1H NMR spectrum showed that the 15 

resonances of the ethynyl proton at 4.68 ppm from –CH2C≡CH 
disappeared completely, and the signal at 7.82 ppm is assigned to 
the newly formed triazole ring (Fig. S3), indicating the formation 
of three hetero-armed amphiphilic Star-PCL-PEG (Mn = 2.75 × 
104 g/mol, PDI = 1.04) jointed by triazole rings. The SEC traces 20 

showed the unimodal and narrow distributions of the polymers 
before and after the reaction, indicative of neat and complete 
click reaction (Fig. 6).  

Conclusion 

In summary, complex 2, the derivative from the reaction of the 25 

bulky triphenylmethanol (Ph3COH) with dibutylmagnesium 
(MgnBu2), or its combination with excess Ph3COH, could hardly 
initiated the ROP of ε-CL, as the crowded metal center inhibited 
the coordination of the monomer. On the contrary, the system 
composed of complex 1, a tetranuclear diphenylmethoxy 30 

magnesium arising from reaction of Ph2CHOH with MgnBu2, 
together with an excess amount of less bulky Ph2CHOH, showed 
very high activity and immortal polymerization mode by 
producing up to 800 PCL macromolecular chains from each 
magnesium center. In addition, the multi functional alcohols, 35 

bis(4-(allyloxy)phenyl)methanol and bis(4-prop-2-
ynyloxy)phenyl)methanol, could also combined with MgnBu2 to 
construct the immortal catalyst systems to initiate the ROP of ε-
CL, affording multiple functional PCLs with hydroxyl, vinyl and 
ethynyl end groups. These functional PCLs were excellent 40 

building blocks for the multi functionalized PCLs and novel 
PCL-based block copolymers as well as the amphiphilic three 
hetero-armed PCLs. This work established a new strategy to 
access functional biomaterials to bind with drugs or fluorescent 
tags in one pot. 45 

Experiment section 

 

Materials 

All operations were carried out under an atmosphere of argon 
using standard Schlenk techniques or in a nitrogen gas filled 50 

MBraun glovebox. Solvents were reagent grade, dried by 
standard methods28 and distilled under nitrogen prior to use. 
Toluene, tetrahydrofuran (THF) were dried over Na. Deuterated 
NMR solvents were purchased from Cambridge Isotopes, dried 
over Na (for C6D6) and CaH2 (for CDCl3), and stored in the 55 

glovebox. MgnBu2 was purchased from Sigma-Aldrich. ε-CL 
(from Aladdin) was dried by molecular sieve (4 Å) then distilled 
under vacuum. Biphenylmethanol and triphenylmethanol were 
purchased from Darui, their tetrahydrofuran solutions were dried 
over by anhydrous magnesium sulfate then the solvent were 60 

removed under vacuum. PEG-N3 (Mn = 0.35 × 104 g/mol, PDI = 
1.03) was purchased from Aladdin. Glassware and vials used in 
the polymerization were dried in an oven at 115 °C overnight and 
undergone the vacuum-argon cycle three times. 
 65 

Techniques 

Organometallic samples for NMR measurements were prepared 
in NMR tubes and sealed with paraffin film in the glovebox. 1H 
and 13C NMR spectra were recorded on a Bruker AV300 or a 
Bruker AV400 (FT, 300 MHz for 1H, 75 MHz for 13C, or 400 70 

MHz for 1H, 100 MHz for 13C) spectrometer. The number-
average molar mass (Mn) and polydispersity index (PDI) of the 
polymer were measured by Size Exclusion Chromatography 
(SEC) on a TOSOH HLC-8220 SEC instrument (Column: Super 
HZM-H×3) at 40 °C using THF as eluent with a flowing rate of 75 

0.35 mL/min; the values were relative to polystyrene standards. 

 

Synthesis 

Synthesis of Magnesium Alkoxide Mg(Ph3CO)2(THF)2 (2). 
Under a nitrogen atmosphere, triphenylmethanol (521 mg, 2.00 80 

mmol) in 5 mL mixture of toluene-tetrahydrofuran (VTol: VTHF = 
1:1) was added to a toluene-tetrahydrofuran (5 mL, VTol: VTHF = 
1:1) solution of MgnBu2 (1.00 mL, 1.0 M in n-heptane, 1.00 
mmol) in a 25 mL vial. The reaction mixture was stirred at room 
temperature for 2 h and concentrated to approximately 2 mL; the 85 

residue was cooled to –35°C over 2 days to afford colourless 
crystalline solids (340 mg, 87.0% yield). 1H NMR (400 MHz, 
CDCl3, 25°C), δ = 7.33 (d, 8 H, p-Ph–H), 7.13 (t, 8 H, m-Ph–H), 
7.08 (d, 4 H, p-Ph–H), 7.04 (t, 6 H, o-Ph–H), 6.94 (t, 4 H, o-Ph–
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H), 3.60 (8 H, THF), 1.67 ppm (8 H, THF) ; 13C NMR (100 
MHz, CDCl3, 25 °C), 155.23 (6C, Ar), 129.32 (4 C, Ar), 128.89 
(8 C, Ar), 128.16 (4 C, Ar), 127.68 (8 C, Ar), 125.67 (6 C, Ar), 
69.78, 25.87 ppm (THF). 
 5 

X-Ray Diffraction Analysis. A suitable single crystal of 
complex 2 was sealed in a thin-walled glass capillary, and the 
data collection was performed at –88.5 °C on a Bruker SMART 
diffractometer with graphite-monochromated Mo-Kα radiation (l 
=0.71073Å). The SMART program package was used to 10 

determine the unit-cell parameters. The absorption correction was 
applied using SADABS.29 The structure was solved by direct 
methods and refined on F2 by full-matrix least squares techniques 
with anisotropic thermal parameters for non-hydrogen atoms. 
Hydrogen atoms were placed at calculated positions and were 15 

included in the structure calculation without further refinement of 
the parameters. All calculations were carried out using the 
SHELXS-97 program.30 The molecular structure was resolved 
using ORTEP program.31 The cif. and checkcif files of complex 2 

were given as support information. 20 

 
Typical Polymerization Procedure. A typical polymerization 
procedure (Table 2, entry 1) was described as follows. Under a 
nitrogen atmosphere a Schlenk flask was charged with a solution 
of complex 1 [Mg4(Ph2CHO)8(THF)2] (3.74 mg, 2.19 µmol) and 25 

Ph2CHOH (0.016 g, 87.6 µmol) in 5 mL THF. Next, ε-CL (1.00 g, 
8.76 mmol, 1000 equiv.) was added, and the reaction mixture was 
stirred vigorously at 25 °C for 2 min. After a small sample of the 
crude material was removed with a pipette for characterization by 
1H NMR (the separated NMR-samples were precipitated and 30 

washed by ethanol before measurement, similarly hereinafter), 
the reaction was quenched with acidified ethanol (0.5 mL of a 1.0 
M HCl solution in EtOH). The polymer was precipitated with 
excess ethanol (80 mL) and dried under a vacuum to a constant 
weight. 35 

 
Synthesis of Diblock Copolymer PCL-b-PLA. To a rapidly 
stirred solution of [Mg4(Ph2CHO)8(THF)2] (3.74 mg, 2.19 µmol) 
and Ph2CHOH (0.016 g, 87.6 µmol) in THF (10 ml) was added ε-
CL (1.00 g, 8.76 mmol, 1000 equiv.). The reaction mixture was 40 

stirred at room temperature for 10 min. Then L-LA (1.26 g, 8.76 
mmol, 1000 equiv.) was added to the above solution. The mixture 
was stirred vigorously at 70 °C for 10 h. After a small sample of 
the crude material was removed with a pipette for 
characterization by 1H NMR, the reaction was quenched with 45 

acidified ethanol (0.5 mL of a 1.0 M HCl solution in EtOH). The 
polymer was precipitated with excess ethanol (80 mL) and dried 
under a vacuum to a constant weight. 
 
Synthesis of the Derivatives of Diphenylmethanol (Bis(4-50 

(allyloxy)phenyl)-methanone (BAPM) and Bis(4-prop-2-

ynyloxy)phenyl)methanol (BPPM)). To a solution of 4,4′-
dihydroxybenzophenone (5.0 g, 23.3 mmol) in DMF (50 mL) 
were added K2CO3 (8.05 g, 58.3 mmol) and allyl bromide (5.1 
mL, 58.4 mmol) or propargyl bromide (4.34 mL, 58.4 mmol). 55 

The reaction mixture was stirred at room temperature for 24 h, 
quenched with H2O (10 mL), and consecutively washed with 
EtOAc (100 mL × 3). The organic layers were combined, washed 

with brine (50 mL × 3), dried over anhydrous MgSO4, filtered, 
and concentrated. The desired product BAPM (6.77 g, 99%) or 60 

BPPM (5.90 g, 98%) was obtained as a white crystal (or red oil) 
after reduction reaction with excess amount of lithium aluminium 
hydride in THF solution and following purification by column 
chromatography. 1H NMR of BAPM (400 MHz, CDCl3): δ = 
7.25 (d, 4H, Ar-H), 6.87 (d, 4H, Ar-H), 6.04 (m, 2H, vinyl-H), 65 

5.74 (s, 1H, -CH-OH), 5.42, (dd, 2H, vinyl-H), 5.27 (dd, 2H, 
vinyl-H), 4.51 (d, 4 H, -CH2-), 2.15 (s, 1 H, -OH). 13C NMR (100 
MHz, CDCl3): δ = 194.3, 161.8, 132.6, 132.1, 130.8, 118.1, 114.1, 
68.8. 1H NMR of BPPM (400 MHz, CDCl3): δ = 7.28 (d, 4H, 
Ar-H), 6.95 (d, 4H, Ar-H), 5.78 (s, 1H, -CH-OH), 4.67 (s, 4H, 70 

ethynyl-H), 2.51 (s, 2H, ethynyl-H), 2.15 (s, 1H, -CH-OH). 13C 
NMR (100 MHz, CDCl3): δ = 158.2, 132.6, 129.3, 114.8, 79.6, 
78.8, 76.4, 57.0. 
 
Synthesis of Star-PCL-OH (or Star-PCL-COOH). For the 75 

reaction of 2-mercaptoethanol (or mercaptopropanoic acid) with 
Star-PCL-= (or Star-PCL-≡), DMPA was used as the catalyst and 
the mole ratio of thiol-ene was kept as 5: 1 to avoid cross link 
reaction. In a 20 ml quartz vial, 2-mercaptoethanol (0.10 g, 1.28 
mM) or mercaptopropionic acid (0.14 g, 1.28 mM) was dissolved 80 

in THF, the solution was directly added into the polymerization 
solution of PCL, then 1 mL THF solution of DMPA (0.05 g, 0.41 
mM) was added. The combination was stirred at ambient 
temperature under 365 nm UV light. After 3 h, the reaction was 
quenched with acidified ethanol (0.5 mL of a 1.0 M HCl solution 85 

in EtOH). The polymer was precipitated with excess ethanol (80 
mL) and dried under a vacuum to a constant weight, then 
determined by SEC. 
 
Synthesis of Star-PCL-PEG. Initially a 0.085 mM catalyst stock 90 

solution was prepared by dissolving CuBr (0.085 mM, 1 equiv), 
and PMDETA (0.085 mM, 1 equiv) in 5 mL toluene. In a 
Schlenk tube, PEG-N3 (0.168 mM, 2 equiv) was dissolved in the 
polymerization solution of Star-PCL-≡ (0.084 mM alkynyl 
groups, 1 equiv; Mn = 1.99 × 104 g/mol, PDI = 1.05) in THF. 95 

Then the catalysts were added into the solution under 70 ºC, the 
reaction solution was stirred for 12 h. The polymer was 
precipitated with excess diethyl ester (80 mL) and dried under a 
vacuum to a constant weight, then determined by SEC. 
 100 
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