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ABSTRACT: We have demonstrated the two-stage preparation of block polymers with various architec-
tures containingmechanistically incompatiblemonomers. Three newmonounsaturated chain transfer agents
(CTAs) were synthesized containing two, four, or eight hydroxyl groups and used for the preparation of
telechelic poly(cis-cyclooctene) (PCOE) by ring-opening metathesis polymerization (ROMP). We observed
excellent end-group fidelity along with well-controlled molecular weights based on the initial monomer
to CTA ratio. Each PCOE was subsequently used as a macroinitiator for the polymerization of D,L-lactide
to produce compositionally controlled BxABx block polymers with linear (x=1), H-shaped (x=2), and
arachne(spider)arm (x = 4) architectures. Block polymers were prepared containing PLA weight fractions
(wL) ranging from 0.25-0.85. This report significantly expands on the method of combining mechanistically
incompatible monomers via tandem polymerizations by introducing branched architectures that can
facilitate specific property tailoring.

Precise control over chemical composition and chain architec-
ture in block polymers has been widely achieved due to the ready
accessibility of various controlled polymerization techniques.
Combining mechanistically incompatible monomers into these
hybrid macromolecules remains an attractive approach to the
development of new materials with a broad array of physical
properties.1 The preparation of block copolymers containing
mechanistically incompatible monomers is no longer a curiosity;
the emergence of controlled free radical polymerizations and the
development of tolerant and selective catalysts for various ring-
opening polymerizations have provided access to a range of
fascinating hybrid materials.2 As a pertinent example, combining
ring-opening metathesis polymerization (ROMP) with other
polymerization mechanisms can be achieved by polymerizing a
cyclic olefin in the presence of an acyclic olefin that acts as a chain
transfer agent (CTA) and bears one or more functional groups
capable of initiating the growth of another polymer.3

Block polymers have proven quite useful for many applica-
tions due to the array of nanostructures they can adopt.4 More-
over, block polymers with branched architectures have attracted
attention based largely on the interesting bulk mechanical and
morphological behavior compared to their linear counterparts.5

Branched block copolymers with arms of one macromolecule
linked to a different macromolecule, so-called mikto(mixed)arm
block polymers, have been studied extensively, and synthetic
pathways to these fascinating molecules have been reviewed.6 In
particular, symmetrical linear-branched hybrid block copoly-
mers with the general architecture BxABx have been synthesized
from mechanistically incompatible monomers. For example, Sill
and Emrick described BAB dendritic-linear hybrids by using a
symmetric monounsaturated macromolecular CTA containing
poly(phenyl ether) dendritic moieties in the ROMP of cis-cyclo-
octene (COE).7 This general method can be extended by using
end-groups capable of initiating polymerization of another

monomer, as demonstrated with linear PDMS prepared anioni-
cally and modified to incorporate two hydroxyl end-groups
per chain end that could be subsequently used to initiate ring-
opening transesterification polymerization (ROTEP) of ε-cap-
rolactone.8 Similarly, Pan and co-workers polymerized styrene
using atom-transfer radical polymerization (ATRP) initiated from
a symmetric difunctional species followed by postpolymerization
functionalization to afford a tetrahydroxy PS macroinitiator
for ring-opening polymerization of D,L-lactide (LA), resulting in
B2AB2 block polymers.9 More recently, Xie and co-workers des-
cribedanapproach toAB2miktoarmblock copolymers combining
living ROMP with ATRP.10 Poly(7-oxanorborn-5-ene) produced
using the first generation Grubbs catalyst was end-functionalized
with a dibromo moiety by terminating with a symmetric CTA.
Branched amphiphilic block copolymers were achieved by sub-
sequent polymerization of 2-(dimethylamino)ethyl methacrylate.
As a final example, Hedrick and co-workers prepared linear
poly(ethylene oxide) (PEO) having either one or two primary
amines per chain end and demonstrated the ability of each amine
to initiate two polylactide (PLA) chains using an organocatalyst,
thus forming H-shaped and eight-arm block polymers, res-
pectively.11 This is the only example of well-defined B4AB4 block
copolymers we have found in the literature. Given the center
segment in suchmaterials is flanked by a set of four arms, we refer
to these as arachne(spider)arm block copolymers.

We recently reported the preparation of linear BAB triblocks
by combining hydroxyl initiated ROTEP of LA from the termini
of telechelic poly(1,5-cyclooctadiene) (PCOD) prepared using
ROMP.12 However, the methodology employed an acetoxy pro-
tected CTA, which necessitated a somewhat tedious post-ROMP
deprotection step.13 Here we report the synthesis of three new
symmetrical hydroxyl bearing CTAs with functionalities of 2, 4,
and 8 through modification of commercially available cis-2-
butene-1,4-diol (C2B). TheseCTAs undergo secondarymetathesis
during ROMP of cis-cyclooctene (COE) and end-group fidelity
was confirmed by the successful subsequent polymerization of D,L-
lactide from the poly(cis-cyclooctene) (PCOE) macroinitiators.
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Using ROMP with the multifunctional CTAs allows for direct
preparation of the branched block copolymers having the BxABx

architectures as illustrated in Figure 1.
Collectively, we present in this report new methods for (1) the

utilization of hydroxyl-bearing chain transfer agents for ROMP
that do not require postpolymerization deprotection, (2) the
straightforward and direct synthesis of a set of architecturally
diverse block polymers, and (3) themarriage of two versatile ring-
opening polymerizations that promise ready access to numerous
hybrid materials.

Results and Discussion

Synthesis of New CTAs.Hydroxyl-telechelic polymers can
be routinely synthesized via ROMP of cyclic olefins in the
presence of a suitably functionalized CTA.12-15 Hydroxyl
functionality has been achieved both directly and indirectly
using C2B

14b and protected analogues of cis-substituted
CTAs,3f,13,14,16 respectively, which practically yield polymers
with number-average functionality (Fn) = 2.17 However,
particular difficulty is encountered during the direct ROMP
of cyclic olefins with C2B; low yields and poorly controlled
molecular weights have been observed presumably from
catalyst deactivation.

There are no reports describing the synthesis of linear
polymers byROMPwithmultiple hydroxyl groups per chain
end. As such, we synthesized three new CTAs that lead to
hydroxyl-telechelic polymers with well-controlled molecular
weights and variable numbers of hydroxyl groups per chain
end when polymerized with the cyclic olefin COE catalyzed
by the second generation Grubbs catalyst (G2). Symmetric

CTAs with two, four, or eight hydroxyl groups per molecule
were synthesized starting from commercially available C2B
according to Scheme 1.

Compound 1was prepared because we desired a CTA that
would lead directly to hydroxyl-telechelic ROMP products
in a controlled manner, in one polymerization step, and
without post-polymerization modification as was necessary
using 1,4-diacetoxy-cis-2-butene as a CTA.12,13a,13c,18 For
practical purposes, we also sought a difunctional CTA that
could be readily prepared from commercially available
sources.

Compound 1was prepared by reactingC2Bwith 2.5 equiv
of LA catalyzed by tin(II) 2-ethylhexanoate [Sn(Oct)2].
The resulting product is actually a mixture of oligomers due
to simultaneous ring-opening of LA by both C2B and
the secondary hydroxyl that results from ring-opened LA.
The average molecular weight of the CTA 1 mixture was
estimated from 1H NMR spectroscopy and supported by
elemental analysis and mass-spectrometry (see Supporting
Information, Figure S1). The reaction conditions also facil-
itate transesterification to some extent according to the mass-
spectrum obtained from electrospray ionization; hence, the
mixture consists of C2B with different oligomeric lactic acid
units [-C(O)C(CH3)O-�C3]; the average chemicalmakeup
is reflected in Scheme1,where the averageof (pþ q)≈ 3.5This
value is slightly larger than that expected for quantitative ini-
tiationand conversionof lactide ring-opening [(pþ q)theo≈ 3],
which would be consistent with incomplete incorporation
of the C2B. (See Supporting Information for further descrip-
tion). The critical characteristic for utility during ROMP
relies on the retention of the alkene in the cis configuration.
A high retention rate is suggested by 1H and 13C NMR and
IR spectroscopy (see Figure S2, S3, S5 in Supporting In-
formation). The most convincing evidence for cis configura-
tion comes from the accuracy with which molecular weight
can be targeted based on the estimatedCTAmolecularweight
and the ratio [COE]:[CTA]; the trans version of the CTA is
expected to have lower reactivity with the G2 catalyst.

The esterification of 219 with C2B using dicyclohexylcarbo-
diimide (DCC) followed by deprotection of the cyclic acetal
gives 3 in high yield. The first generation dendritic product
formedbycoupling2with thebenzyl-ester protectedderivative
of bisMPA is a common building block in the preparation of
hyperbranched polyesters; combining this methodology with
the ROTEP of LA and ε-caprolactone resulted in degradable
hyperbranched polyesters with interesting properties.19,20 Re-
moval of the benzyl group by hydrogenolysis gives the acetal
protected first generation dendrimer of bisMPA 4 in nearly
quantitative yield. Analogous esterification of 4withC2B and

Figure 1. Schematic representation of the block copolymer architec-
tures prepared in this work containing poly(cis-cyclooctene) [red] and
poly(D,L-lactide) [blue] components.

Scheme 1. Synthesis of Difunctional (1), Tetrafunctional (3), and Octafunctional (5) CTAs via Modification of cis-2-Butene-1,4-diol
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subsequent acid-catalyzed deprotection of the cyclic acetal
yields CTA 5. Experimental details are provided in the Sup-
porting Information along with characterization of the CTAs
by 1H and 13C NMR spectroscopy, 2D-COSY NMR and IR
spectroscopy, mass spectrometry and elemental analysis.

ROMPofCOE in the Presence ofCTAs 1, 3, and 5.Each of
the new CTAs was used in the ROMP of COE to produce
hydroxyl-telechelic PCOEwith variable functionality as illu-
strated in Scheme 2. Polymerization in the presence of 1
provides PCOE 6with a target Fn= 2. Likewise, CTA 3 and
COE gives a targeted Fn= 4 in the resulting telechelic PCOE
homopolymer 7, and finally polymerization of COE in the
presence of CTA 5 provides PCOE 8with a target Fn = 8. A
catalytic quantity of G2 ([COE]:[Ru] ≈ 20 000) facilitates
simultaneous ring-opening and cross-metathesis, and the
molecular mass of the PCOE homopolymer is controlled
by the molar ratio [COE]:[CTA] (such a low level of catalyst
has little bearing on the number-average degree of polymer-
ization or average functionality).

Hydroxyl-telechelic PCOEwas prepared usingCTAs 1 and 3
with a ratio [COE]:[CTA] = 200 for which the theoretical
PCOE molar masses (Mn,calc) are 22.5 and 22.3 kg mol-1,
respectively. For the case of CTA 5 we used [COE]:[5] =
220, givingMn,calc= 25.0 kgmol-1. Experimentally determined
molecular characteristics for the three polymers are provided
in Table 1; the polymers are identified as (HO)x-C-(OH)x,
where x is the number of hydroxyl groups per chain end. For
each end-functionalized homopolymer, the relative intensity
of the end-group andmonomer signals in the 1HNMR spectra
were consistent with nearly quantitative incorporation of the
CTAs. This also suggests excellent tolerance of G2 to the
hydroxyl functional groups present in the CTAs 1, 3, and 5
during ROMP. Apparently, the proximity of the hydroxyl
group to the reactive site in C2B (allylic position) causes
difficulty in controlling the molecular weight, presumably due

to deactivation of the catalyst. TheCTAs presented in this work
place the hydroxyl group adequately far from the olefin in order
to sustain activity and prevent deactivation.21

Figure 2a shows the 1H NMR spectrum for the HO-
C-OH (Table 1) sample of PCOE derived from CTA 1. For
each sample of PCOE, regardless of which CTAwas used, the
repeat unit signals appear in identical positions and nearly
identical ratios of cis to trans (∼1:8) configurations were
observed. Figure 2b, c, and d show magnified portions of the
1H NMR spectra for PCOE derived from CTAs 1, 3, and 5,
respectively. The 1H NMR signals associated with the allylic
methylene protons adjacent to the ester on the end-groups
of the different PCOE samples invariably appear at 4.6 and
4.7 ppm for the trans and cis configurations, respectively. The
relative intensity of the trans and cis signals associatedwith the
methylene protons on the end groups is consistent between
samples and is also consistent with the ratio in the repeat units.
These observations are consistent with a strong preference for
metathesis to result in the trans configurationduringROMPof
COE and cross-metathesis with PCOE.

Synthesis of Polycyclooctene-Polylactide Block Copoly-
mers.The three newCTAs described above lead to hydroxyl-
telechelic polymers with well-controlled molecular weights
and variable number of hydroxyl-groups per chain end;
molecular weight can be modulated by changing the con-
centration of the CTA relative to monomer in the polymeri-
zation feed (see Table S1 in Supporting Information). The
hydroxyl-telechelic PCOE samples shown in Table 1 were
used to prepare symmetric BAB-type linear, H-shaped, and
arachnearm block copolymers by initiating the ring-opening
polymerization of D,L-lactide from the PCOE macroinitia-
tors 6, 7, and 8, respectively (Scheme 3). We chose the cata-
lyst Sn(Oct)2, relying on the well-established molecular
weight control, commercial availability, and low loading
ratios necessary during LA polymerization.

Scheme 2. Polymerization of Cyclooctene in the Presence of CTAs 1, 3, and 5 To Yield Multiply Functional Hydroxyl-Telechelic PCOE

Table 1. Molecular Characteristics of PCOE Homopolymers

sample ID Mn
a(calc) (kg mol-1) Mn

b(NMR) (kg mol-1) Mn
c (LS) (kg mol-1) PDId (SEC) dn/dce(LS) (mL/g)

HO-C-OH 22.5 22.5 24.2 1.70 0.113
HO2-C-OH2 22.3 22.8 25.5 1.71 0.112
HO4-C-OH4 25.0 27.7 30.5 1.88 0.109

aCalculated from the initial ratio of monomer to chain transfer agent; the molar mass of the monomer and chain transfer agent are included.
bCalculated from the relative intensities of signals in the 1HNMRspectra corresponding to the end group andmonomer assuming no nonfunctional end
groups. cMeasured using a light scattering detector on an SECwith THFeluant at 30 �C. dMeasured using andRI detector on an SECwithCHCl3 eluant
at 35 �C. eCalculated from the THF SEC analysis assuming 100% mass recovery.
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Four separate block polymers with different compositions
were prepared from each hydroxyl-telechelic PCOE macro-
initiator. Block polymers with PLA weight fractions (wL)
approximately equal to 0.25, 0.45, 0.65, and 0.85 were pre-
pared totaling 12 samples. The molecular characteristics of
these samples were evaluated by 1H NMR spectroscopy and
SEC with a multiangle laser light scattering (MALLS) dete-
ctor and are summarized in Table 2. The samples are labeled
as LxCLx [#x-#-#x] where the subscript “x” specifies the
number of PLA arms emanating from the branching junc-
tion between blocks (number is omitted when x=1) and the
# is the average molecular weight of the respective block in
kg mol-1 assuming each hydroxyl group initiated the po-
lymerization of lactide. The molar mass of the block copo-
lymers were determined using the weight fractions calculated
from NMR spectroscopy combined with the molar mass of

the hydroxy telechelic PCOE precursor determined also
from NMR spectroscopy (Table 1).

The monomodality of the block polymer products ob-
served in the SEC chromatograms in all cases suggests the
absence of adventitious initiation (Figure 3). The chromato-
grams show a monotonic decrease in elution volume upon
increasing wL consistent with increasing molecular weight.
Also, the PDIs relative to polystyrene standards decrease
with increasing wL (see Table 2). The PCOE homopolymers
exhibit PDIs approaching the most probable distribution
consistent with extensive chain transfer (see Table 1). Con-
trarily, Sn(Oct)2-catalyzed LA polymerization can provide
PLA segments with relatively low PDI. The monotonic
decrease in PDI upon increasing wL suggests that the PLA
blocks are significantly less polydisperse than the macro-
initiator.22 Indeed, several samples of PLA synthesized
under identical conditions using C2B as an initiator resulted
in PDI values of 1.1.23

The retention time on the SEC columns correlates directly
with hydrodynamic volume. As such, the subtle disparity
between the relative shifts in elution volume in the SEC
chromatograms accentuates the difference in hydrodynamic
volume of block polymers with different architectures. The
magnitude of elution volume change with increasing mole-
cular weight becomes progressively less pronounced as the
number of PLA arms increases (i.e., linear, H-shaped, and
arachnearm), consistent with smaller hydrodynamic volume
for branched samples compared with linear polymers of
equal molecular mass.24 The absolute molecular weights
were measured using SEC with a MALLS detector. The
dn/dc required for accurate molecular weight analysis was
calculated for a set of PCOE homopolymers assuming 100%
mass elution (dn/dcPCOE=0.11mL g-1 in THF at 30 �C; see
Supporting Information). The dn/dc for PLA in THF was
determined byDorgan and co-workers (dn/dcPLA=0.042 in
THF at 30 �C).25 The composition dependence of the dn/dc
in the copolymers was calculated using eq 1.26 The values of
dn/dc tabulated in Table 2 were used to extract the molar
masses from the MALLS detector on the SEC. The molar
mass of the block polymers determined from SEC-MALLS
agrees fairly well with the values calculated from end-group
analysis of the telechelic PCOE precursors combined with
the composition determined by 1H NMR spectroscopy.

dn=dcAB ¼
X

i

wiðdn=dcÞi ð1Þ

The SECdata are consistentwith the absence of adventitious
initiator and the increase inmolecularweightwith increasedLA
concentration. However, we cannot unambiguously ascertain

Figure 2.
1H NMR spectra for a representative PCOE homopolymer

(a) showing the repeat unit signals and magnified portions showing
the respective end-group signals for polymers prepared from CTAs
(b) 1 [difunctional], (c) 3 [tetrafunctional], and (d) 5 [octafunctional].

Scheme 3. Synthesis of Block Copolymers from PCOE Macroinitia-
tors 6, 7, and 8 To Prepare Linear (9), H-Shaped (10), and

Arachnearm (11) Architectures
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the initiating efficacy from SEC. The intended branched archi-
tectures are only achievable with quantitative initiating effi-
ciency. This concern is of particular relevance for the bis-MPA
based dendritic-linear hybrid macroinitiators, for which the
hydroxyl groups are relatively sterically hindered.

Dendritic polyesters based on bis-MPA have been shown
to effectively initiate polymerization of D,L-lactide, ε-capro-
lactone, and other lactone derivatives when catalyzed by
Sn(Oct)2, despite the high functional group density.20b,e,g,27

The initiating efficacy was monitored by 1H NMR spectros-
copy for the branched polymers synthesized in this study.
Figure 4a shows the full spectrum for the H-shaped copoly-
mer sample 10b. Again, the repeat unit signals for both com-
ponents (PCOE and PLA) invariably appear at the same
positions regardless of architecture or molar mass. The sig-
nals associated with the methylene units adjacent to the
hydroxyl groups in the precursors (Figure 2b-d) were moni-
tored and compared with the corresponding signals in the
copolymers as highlighted in Figure 4, parts b, c, and d for
copolymers 9b, 10b, and 11b with wL ≈ 0.45 having linear,
H-shaped, and arachnearm architectures, respectively. The
clear disappearance of the signal at 4.28 ppmwas observed in

comparing the linear block polymer (Figure 4b) to the
precursor (Figure 2b); this further corroborates the signal
being associated with the few PCOE chains having a single
lactic acid unit (for discussion of this point, see the Support-
ing Information). The remaining signal at 4.35 ppm is attri-
buted to the methine unit of PLA chain ends, whereas the
signals at 4.55 and 4.68 ppm are assigned to the methylene
protons situated at the junction between PCOE and PLA
having trans and cis configurations, respectively. The ratio
observed between the PLA end group and the junction pro-
tons is consistently 1 to 2, as expected. Themethylene proton
signals at 4.55 and 4.68 ppmappear asmultiplets presumably
because of the mixed stereochemistry at the PLA unit adja-
cent to the junction point. Similar signals were observed for
analogous block polymers prepared by a different route.12

The 1HNMR spectrum for H-shaped block copolymer 9b
in Figure 4c distinctly illustrates the disappearance of the
methylene signal previously adjacent to the hydroxyl groups,
which suggests complete initiation from each of the available
hydroxyl groups. The signal reemerges downfield as a multi-
plet centered at 4.22 ppm, consistent with more shielding
from the ester. The PLA end-group methine signal once

Figure 3. SECchromatograms for thePCOEhomopolymers andblock copolymer derivatives having (A) linear [6, 9a-d] (B)H-shaped [7, 10a-d] and
(C) arachnearm [8, 11a-d] architectures. The chromatograms in each subset correspond toPCOEhomopolymer (6, 7, 8) andblock polymerswithPLA
weight fractions wL of approximately 0.25 (9a, 10a, 11a), 0.45 (9b, 10b, 11b), 0.65 (9c, 10c, 11c) and 0.85 (9d, 10d, 11d) [see Table 2].

Table 2. Molecular Characteristics of Block Copolymers

sample ID Mn
a(NMR) (kg mol-1) Mn/PLA arm (kg mol-1) Mn

b(LS) (kg mol-1) PDIc (SEC) wPLA dn/dcd (mL/g)

HO-C-OH Precursor 6: Mn(NMR) =22.5 kg mol-1; PDI= 1.70

9a: LCL [4-22-4] 30.1 4.1 29.5 1.52 0.27 0.086
9b: LCL [10-22-10] 41.1 9.6 40.8 1.37 0.46 0.074
9c: LCL [21-22-21] 64.1 21.1 64.0 1.27 0.66 0.063
9d: LCL [62-22-62] 146 61.8 124 1.30 0.85 0.051

HO2-C-OH2 Precursor 7: Mn(NMR) =22.8 kg mol-1; PDI=1.71

10a: L2CL2 [22-23-22] 29.5 1.8 33.5 1.57 0.26 0.087
10b: L2CL2 [52-23-52] 40.8 4.6 45.2 1.38 0.46 0.074
10c: L2CL2 [102-23-102] 64.5 10.5 64.2 1.23 0.66 0.062
10d: L2CL2 [302-23-302] 144 30.3 129 1.13 0.85 0.051

HO4-C-OH4 Precursor 8: Mn(NMR) =27.7 kg mol-1; PDI=1.88

11a: L4CL4 [14-27-14] 32.7 0.7 32.9 1.62 0.19 0.090
11b: L4CL4 [34-27-34] 47.3 2.6 44.6 1.49 0.44 0.075
11c: L4CL4 [64-27-64] 74.5 6.0 72.3 1.31 0.65 0.063
11d: L4CL4 [194-27-194] 175 18.5 164 1.14 0.85 0.051

aCalculated using theMn (fromNMR) for the homopolymer PCOEprecursor combinedwith the relative integral ratios of the respective repeat units
in the 1H NMR spectra. bMeasured using a light scattering detector on an SEC with THF eluant at 30 �C. cMeasured using an RI detector on an SEC
with CHCl3 eluant at 35 �C. dCalculated from the THF SEC analysis using the dn/dc value for PCOE (0.11 mL/g) and weight fraction of the two
components according to eq 1.
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again emerges at 4.34 ppm with an intensity ratio to the
allylic methylene protons of 1:1. A similar trend was ob-
served for the arachnearm block polymers; the signals asso-
ciated with the hydroxyl-adjacent methylene protons at 3.72
and 3.86 ppm in Figure 2d disappear upon LA polymeriza-
tion and appear as a complex multiplet between 4.1 and
4.4 ppm in Figure 4d. These signals associated with the newly
formed ester overlap significantly with the PLA end group (Hb),
as well as the methylene protons embedded in the branched
structure (Hc in Figure 4d). The integration ratio between the
composite signals from 4.1 to 4.4 ppm and the allylic methy-
lene protons at 4.55 and 4.68 ppm is consistently 8:1 as
expected from a system in which all the hydroxyls initiated

LA polymerization and the branched polyester structure
remains in tact, suggesting imperceptible transesterification
of this sterically hindered unit. This set of data provides com-
pelling evidence that is consistent with the polymer samples
exhibiting the branched architectures depicted in Figure 1.

Thermal Characteristics. PCOE homopolymer is a semi-
crystalline material at ambient temperatures under most
conditions with a melting temperature (Tm,C) near 55 �C.28
Polymerization of racemic LA results in amorphous PLA
with a glass transition temperature (Tg,L) near 50 �C.Figure 5a,b
shows the differential scanning calorimetry (DSC) thermo-
grams for the PCOE homopolymer precursor and linear
block copolymers with various compositions upon heating
from -120 to þ120 �C.29 The melting transition for the
PCOE homopolymer occurs at ≈55 �C and the melting
enthalpy corresponds to a degree of crystallinity (XC) equal
to 31% as calculated from XC = ΔHm/ΔHm

0 (ΔHm
0 = 216

J/g).18 The glass transition temperature of the HO-C-OH
PCOE (Tg,C) homopolymer occurs at-72 �Cas evident from

Figure 4. Representative 1HNMR spectrum for LxCLx block polymer
(a) and insets showing end-group signals for block polymers with
(b) linear, (c) H-shaped, and (d) arachnearm architectures.

Figure 5. DSC thermograms representing the second heat of the HO-
C-OH PCOE homopolymer precursor (0) and linear LCL triblock
polymers with PLA weight fractions (wL) of 0.25 [9a] (b), 0.45 [9b] (9),
0.65 [9c] ([), and 0.85 [9d] (2). Part a: thermograms from -80 to
þ80 �C. Part b: magnified portion of thermograms highlighting Tg,C.
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the top profile in the magnified portion of the thermograms
(Figure 5b). The glass transition temperature of the PLA
(Tg,L) in the block polymers occurs between 35 and 40 �C
and appears to overlap with the Tm,C during heating at
10 �C min-1. The relative invariability and well-separated
Tg of each component suggests microphase separation
throughout the chosen composition range, consistent with
our previous report.12 The relative magnitude of the glass
transition for the two components is consistent with the
compositional changes determined from SEC and 1H NMR
spectroscopy summarized previously. Figure 5b accentuates
the variation in Tg,C magnitude with dashed lines added
to fit the linear baseline signal at temperatures below Tg,C.
The vertical distance between the dashed extrapolation of
the baseline signal and the experimental data at tempera-
tures greater than Tg,C provides an estimate of the relative
magnitude of the transition and is consistent with the
composition.

Conclusions

Well-defined block polymers having various architectureswere
prepared by combining ROMP of cis-cyclooctene and ROTEP
of D,L-lactide. ROMP was first performed separately with three
newly developed acyclic monounsaturated CTAs bearing either
two, four, or eight hydroxyl groups with the functionality gover-
ning the ultimate molecular architecture of the block polymer.
Subsequent polymerization of D,L-lactide resulted in linear,
H-shaped and arachnearm shaped block polymer, respectively,
with the soft semicrystalline PCOE tethered on either end by
glassy PLA segments. This has particular relevance in developing
nanostructured materials based on the ease with which the mole-
cular weights are controlled, the vast array of monomers that
could potentially be incorporated using these two mechanisms,
and the potential for meticulous control over molecular archi-
tecture. The ability to independently manipulate these variables
allows specific tailoring of morphological and mechanical char-
acteristics. The consequences of molecular architecture and
crystallinity on the self-assembly behavior of these block poly-
mers are currently being explored.
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PartA:Polym.Chem. 1998, 36, 3187–3192. (d) Trollsas,M.;Hedrick,
J. L.; Mecerreyes, D.; Dubois, P.; J�erôme, R.; Ihre, H.; Hult, A.
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