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Sequence, which Nature uses to spectacular advantage, has not been fully exploited in synthetic
copolymers. To investigate the effect of sequence and stereosequence on the physical properties
of copolymers a family of complex isotactic, syndiotactic and atactic repeating sequence
poly(lactic-co-glycolic acid) copolymers (RSC PLGAs) were prepared and their NMR and
thermal behavior was studied. The unique suitability of polymers prepared from the
bioassimilable lactic and glycolic acid monomers for biomedical applications makes them ideal
candidates for this type of sequence engineering. Polymers with repeating units of LG, GLG,
LLG, LLLG and GLLG (L = lactic, G = glycolic) with controlled and varied tacticities were
synthesized by assembly of the corresponding sequence specific, stereopure dimeric, trimeric,
tetrameric and hexameric segmer units. Specifically labeled deuterated lactic and glycolic acid
segmers were likewise prepared and polymerized. Although the effects of sequence-influenced
solution conformation were visible in all resonances of the 'H and >C NMR spectra, the
diastereotopic methylene resonances in the '"H NMR (CDCl;) for the glycolic units of the
copolymers proved most sensitive. An octad level of resolution, which corresponds to an
astounding 31-atom distance between the most separated stereocenters, was observed in some
mixed sequence polymers. Importantly, the level of sensitivity of a particular NMR resonance to
small differences in sequence was found to depend on the sequence itself. Thermal properties

were also correlated with sequence.
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Functionalized RSC PLGAs were also prepared by the introduction of a benzyl-ether
substituted monomer, (S)-3-benzyloxy-2-hydroxypropionic acid, derived from serine. A series of
dimeric and trimeric based copolymers were assembled with controlled and varied tacticities as
well as a sequenced heptamer and decamer copolymer. Deprotection of the hydroxyl groups was
accomplished by catalytic hydrogenolysis to yield highly functionalized, hydrophobic polyesters.
The NMR spectra for all of the copolymers were consistent with sequence and stereosequence
retention. Progress towards the development and incorporation of another functional monomer

derived from malic acid was also investigated.
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1.0 INTRODUCTION

Section 1.2 of this chapter has been reproduced with permission from Stayshich, R. M.; Meyer,
T. Y., “New Insights into Poly(lactic-co-glycolic acid) Microstructure: Using Repeating
Sequence Copolymers To Decipher Complex NMR and Thermal Behavior” J. Am. Chem. Soc.

2010, 732, 10920-10934." Copyright © 2010 American Chemical Society

1.1 SEQUENCE ENGINEERING

Sequence engineering or sequencing are terms readily applied to the preparation of natural
materials with exact, well-defined microstructures, i.e. peptides and poly(nucleic acid)s, not
synthetic copolymers. Nature exploits sequence to the fullest extent utilizing less than thirty
monomers to assemble hundreds of thousands of precise, monodisperse polymers each with a
dedicated and specialized function encoded in the sequence/primary structure.” This level of
exactness, a one-to-one structure-property relationship is rarely found and unfortunately, in many
cases, deemed unnecessary in synthetic polymer chemistry.’ Yet, in order to address the need for
more sophisticated materials, sequence engineering is emerging as a new frontier in polymer

. 4
chemistry.”



1.1.1 Sequence and Current Polymerization Methodologies

The lack of sequence specific synthetic materials is due, in large part, to the scarcity of
polymerization techniques that are amenable to complete microstructural control. While the
assemblage of sequenced peptides, polypeptides, and more generalized polyamides is well
documented,”"" microstrucutral adaptations to the current state of the art synthetic
polymerization techniques, i.e. controlled/living radical polymerization (CRP) and ring-opening
polymerization (ROP), are far fewer. Microstructural design, therefore, remains largely one
dimensional addressing either homopolymer stereosequence motifs or copolymer architectural
motifs (Figure 1). However, advances in catalyst design and directing group utilization have

enabled the preparation of more two dimensional microstructures.

Stereoseguences: Architectual Motifs:
Isotactic Alternating
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Figure 1. Examples of stereosequences and architectural motifs - filled and open circles represent different

monomers.

Polymerization catalysts and catalyst design have advanced significantly since the
introduction of Ziegler-Natta catalysts.'? Utilization of the ruthenium based Grubbs catalysts
have led to the development one of the most sequence specific polymerization techniques,
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acyclic-diene metathesis (ADMET). Wagener and coworkers have exploited this methodology to
prepare precisely functionalized aliphatic polymers from specific o,m-diolefins."*"'® Grubbs and
coworkers furthered this methodology to generate alternating A-B copolymers by incorporating a
diacrylate moiety that slowly and irreversibly inserts into the olefinic polymer backbone.'’
Slugovc and coworkers imparted chain directionality with the preparation of a mixed monomer
with a terminal olefin and a terminal acrylate.'®

Another polymerization technique that has advanced due to catalyst design is ROP.
Recent developments in site specific coordination catalysts have enabled progress in
stereosequence control, regioselectivity and some two-dimensional microstructure complexity. A
large portion of this work involves the preparations of stereosequenced homopolymers
poly(lactic acid) (PLA) and poly(3-hydroxybutryrate) (PHB) from cyclic monomeric and dimeric

23,24

units.'”** Simple isotactic, syndiotactic,” heterotactic*® and stereoblocked”” PLA polymers

have been prepared in the Coates and Hillmeyer labs while isotactic and syndiotactic PHB has

28,29

been prepared by Carpentier and coworkers. Recently, Coates and coworkers prepared the

most complex microstructure, an alternating syndiotactic PHB.*® While the microstructural

20,31,32

control in ROP of cyclic co-monomers remains difficult, alternating copolymers have been

prepared by regiospecific ROP of epoxides in the presence of carbon monoxide or carbon
dioxide to generate polyesters™ or polycarbonates™*.*’

The impact of catalysts on microstructural control diminishes greatly in radical
polymerizations. Initially, radical polymerizations were believed to be too fast to control except
under specific conditions where the monomer to co-monomer reaction is preferred (reativity

ratios), i.e. copolymerization of styrene with diphenylethylene®® or maleic anhydride’’. Recent

development of CRP techniques such as atom transfer radial polymerization (ATRP), reversible



addition-fragmentation transfer polymerization (RAFT) and nitroxide-mediated polymerization
(NMP) have slowed the polymerizations dramatically by shifting the equilibrium towards excess
dormant but living chains.*® These longer reaction times enable microstructural manipulation by
complexation of directing groups.

Lewis acid additives, in conjunction with polar-carbonyl containing monomers, have
been shown to aid both stereo- and architectural sequence controls in CRPs. Matyaszewski and
coworkers utilized yttrium and ytterbium based Lewis acids with dimethylacrylamide to increase
isotactic stereosequences upwards of 85% in both RAFT and ATRP.* Sawamoto and coworkers
were able to achieve 87% isotactic stereosequences of poly(N-isopropylacrylamide) using a
similar method.*® Alternating architectural motifs of similarly reactive co-monomers styrene and
methylmethacrylate, were possible with the addition of diethylaluminium chloride.*
Coordination of a bulky fluoroalcohol solvent, Isobe and coworkers were able to prepare
predominately syndiotactic poly(acrylates) under both free radical and ATRP conditions.***
Satoh and coworkers utilized bulky side groups generated by hydrogen bonded moieties to
synthesize predominately syndiotactic polymers.**

Template-assisted polymerization techniques have been developed in an effort to assert
complete microstructural control.*>** Sawamoto and coworkers have recently created a series of
macroinitiator templates for chain-growth polymerizations.*** These macroinitiators possess
two polymerization sites: one for cationic polymerization and the second for radical
polymerization. The ‘template’ copolymer is created by cationic polymerization followed by free
radical polymerization of the sequenced copolymer. The obvious flaw in this method is that the

‘template’ copolymer has to be as complex as the desired sequenced copolymer. Avoiding the



synthesis of a complex template, Datta and coworkers have modified DNA for the formation of

J . 4
sequenced polyaniline nanowires.*°

1.1.2 Microstructural Consequences of the Microstructure

The major advantage of newer synthetic polymerization techniques such as CRP is the
preparation of well-defined di- and multiblock copolymers and organized macrostructures. The
living nature of the polymer chains in CRP enable nearly complete compositional separation of
the monomer blocks. Altering the block compositions by covalently linking different block types
that would normally disassociate when blended, i.e. hydrophilic with hydrophobic and hard with
soft, can generate organized macrostructures such as spherical, rod and lamellar (Figure 2).”'
RAFT and ATRP especially, are tolerant to many monomer types and functional groups
facilitating chemically active surfaces and stimuli responsive copolymer systems.’'”> ADMET

polymerization as well, has been utilized to determine the effect of sequence length and

substitution pattern on lamellar packing and crystal thickness in polyethylene and

polypropylene."*~
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Figure 2. Common macrostructural assembly motifs for block copolymers.

In order for synthetic polymers to access more complex macrostructures and functions,
similar to those found in Nature, new adaptations and methodologies are need to address control
at the microstructural level. The combination of stereo- and sequence-complexity found in
simple natural materials like Gramicidin and spider silk far exceed most of the current “state of
the art” synthetics. Gramicidin, a natural antibacterial, has an alternating syndiotactic
microstructure which was only recently accessed in the ROP of certain butyrlactones.***" Spider
silk, a segmented natural material with hard B-sheet and soft a-helix segments, is tougher than
many man-made materials including steel.’* The evidence is clear for a paradigm shift in

polymer chemistry.

1.1.3 Repeating Sequence Copolymers

Research in the Meyer Group focuses on the effect of microstructurally controlled sequences on

the physical properties of the corresponding repeating sequence copolymers (RSCs). Families of



RSCs are prepared utilizing segmer assembly polymerization (SAP) in which the segmers,
precisely sequenced oligomers that are amenable to further polymerization, are systematically
varied (Figure 3). Ward and Meyer reported the synthesis of o,p-polyaniline, copolymerizing an
ortho-substituted macromonomer with a trimeric aniline segment, generating regularly spaced o-
phenylene units.” Copenhafer, Walters and Meyer prepared a series of poly(fluorene-co-
methylene) RSCs by ADMET to examine the effect of fluorene sequence length on optical
properties and thermal degradation mechanisms.’® Norris, Pan and Meyer have applied sequence
specificity to oligo(phenylene-vinylene)s as an approach to determine the effect of sequence on
conjugated materials.’’ Sequence is rarely applied to conjugated materials and may be a

promising approach to advanced organic electronics.

SAP Approach:
Building "Protected"
Blocks Segmer Segmer RSC Polymer

@~ —— @ - — (@0}
e e e 00 —— 0 e}

~@
(@O~ —— @ —— OO0}

Figure 3. Segmer Assembly Polymerization method.
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Scheme 1. Examples of segmers and RSCs prepared by SAP.

1.2 SEQUENCED POLY(LACTIC-CO-GLYCOLIC ACID)S

The extensive investigation of poly(lactic-co-glycolic acid)s (PLGAs) for in vivo applications
requiring controlled polymer degradation renders them ideal candidates for the investigation of
the role of sequence in polymer properties. The popularity of these polymers for applications
such as stem cell scaffolding and drug delivery vehicles stems from the fact that bulk structures
made from PLGAs hydrolyze at a moderate rate in the body and the products, lactic and glycolic

. . . 58-66
acid, are bioassimilable.

Although other polymers are employed for these applications,
studies on PLGAs and PLAs represent a significant proportion of all work in the area. The

ubiquity of the materials and the special suitability of the monomers to bioengineering

applications make the idea of creating repeating sequence copolymers (RSCs) from these



monomers particularly attractive. Finally, there are clear advantages to be realized from the
rearrangement of “old” monomers to create new polymers: economic, in that the infrastructure
that already exists for the large scale synthesis of these old monomers translates into low cost
and high availability and pragmatic, in that the knowledge base that already exists regarding the
suitability of these monomers for particular applications translates into an efficient path to
application.

Our approach to the investigation of the role of sequence on the properties of PLGAs is to
create and then analyze a family of RSCs. Our methodology, which involves the condensation of
preformed segmers, allows for the synthesis of polymers with structural- and stereo-sequences
more complex than those previously prepared. Selected examples are presented in Figure 4.
Previous efforts to prepare sequenced PLAs and PLGAs have relied on the ring-opening
polymerization (ROP) of the cyclic lactide, glycolide, and methyl glycolide dimers.?*2*2>27:67-7>
Despite the laudable success achieved though the sophisticated design of selective catalysts and
the exploitation of chain-end control the number and types of sequences that can be prepared is
limited by the dimeric form of the ROP monomer and by challenges inherent in programming
catalysts to deliver a pattern more complex than alternation. While the strategy we employ in this
paper of pre-assembling a sequenced segmer by a condensation mechanism is arguably less
efficient than ROP, it is convergent and molecular weights > 20 kDa are routinely achievable.
Most importantly this approach is general—any RSC PLGA envisioned can be prepared.

The first benefit realized from our creation of a family of PLGA RSCs is the creation of a
partial “Rosetta Stone” for the interpretation of NMR data of polymers with complex
stereochemical patterns in general and for PLGAs in particular. The most relevant precedents

for this work are the extensive investigations of the NMR for PLA of varying



232527687688 1t js worth noting that in the PLA system the °C NMR spectroscopic

tacticities.
shifts have been found to be most sensitive to the relationships between distant stereocenters;
differences in relative stereochemistries up to 5-6 units away from the nucleus under observation
can be detected.’®®7782848689 - Although the NMR data for PLGAs has likewise been studied,
the added complexity introduced by having two variables, sequence and stereochemistry, as well
as the fairly modest control of these variables achievable using the common ROP synthetic
approach, has inhibited progress. These studies have primarily been limited to the partial

69,71,74,75,80,90-93 Our approach

assignment of local sequence within otherwise random copolymers.
to preparing PLGAs, which allows for nearly perfect sequence and stereocontrol, greatly expands
the database and offers, thereby, a significant advance in the understanding of PLGA NMR data

as well as some interesting new conclusions of a more general nature pertaining to sequenced

copolymers.
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Examples of Complex Sequences of PLGA Prepared by Seamer Assembly
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Figure 4. Comparison of complex sequences prepared by segmer assembly with simpler PLA and PLGA
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microstructures prepared by ring-opening polymerization.
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2.0 SYNTHESIS OF PLGA RSC - CORRELATION OF SEQUENCED

MICROSTRUCTURES WITH NMR SPECTRA AND THERMAL PROPERTIES

Sections 2.2 — 2.7 of this chapter have been reproduced and modified with permission from
Stayshich, R. M.; Meyer, T. Y., “New Insights into Poly(lactic-co-glycolic acid) Microstructure:
Using Repeating Sequence Copolymers To Decipher Complex NMR and Thermal Behavior” J.

Am. Chem. Soc. 2010, 132, 10920-10934." Copyright © 2010 American Chemical Society

2.1 OVERVIEW

A series of RSC PLGAs based on dimeric, trimeric, tetrameric and hexameric repeating units
have been prepared by condensation of the pre-formed segmers. Segmers were assembled in a
convergent fashion by reacting partly protected subunits to form completely protected products
which, after subsequent deprotection of both termini, yielded the desired segmers as o-hydroxy
carboxylic acids. This segmer/oligomer assembly methodology, modeled from peptide syntheses,

94,95

has been well established for lactic and glycolic acids as well as hydroxy-alkanoates (Scheme

3)'96,97
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Scheme 2. General scheme for segmer assembly and polymerization.

The key reaction in our RSC assembly is the polymerization. Transesterification, chain
transfer and epimerization of the lactic stereocenter are inherent side reactions in ring-opening
and traditional condensation polymerizations due to the extremely reactive catalysts or high
temperature and high vacuum necessary to drive the equilibrium to polymer formation. Adapting

98,99

a mild condensation method from Akutsu and Moore, we are able to polymerize specific

segmers with minimal (< 5%) loss of sequence or stereosequence.

2.2 NAMING CONVENTIONS

Segmers are named by listing the monomers in sequence order from the C-side to the O-side
using the abbreviations in Table 1. Bn-LL,,.G is, therefore, a trimer of stereopure L-lactic acid,
rac-lactic acid and glycolic acid that bears a benzyl protecting group on the carboxylic acid (C-
side) terminus. Additionally, the deuterium labeled lactic and glycolic acids are labeled Lg rqc
and Ggq, respectively. Polymers are named from the exact segmer used. Thus, the polymer
prepared from LLG is named poly LLG rather than poly GLL despite the homology of the two

sequences after polymerization i.e. ... LLGLLGLLGLLGLLGLLG...
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Table 1. Naming conventions for segmers and polymers

Symbol  Definition

L L-Lactic unit (S configuration)
Lz D-Lactic unit (R configuration)
L,uc rac-Lactic unit

La,rac a-d-rac-Lactic unit

G Glycolic unit

Ga2 a-d,d-Glycolic unit

Bn Benzyl protecting group

SiR; Silyl protecting group

(Butyldiphenylsilyl)

2.3  RESULTS

2.3.1 Building Block Syntheses

Orthogonally protected building blocks were prepared in 1 or 2 steps from commercially
available materials. Methyl glycolate, methyl (S)-lactate and methyl (R)-lactate were treated with
triethylamine, dimethylaminopyridine (DMAP) and fert-butyldiphenylchlorosilane (TBDPSCI)
to yield the silyl-protected esters which, after saponification with lithium hydroxide, gave the
corresponding silyl-protected acids G-SiRj3, L-SiR3 and Lg-SiRj3 in 77-92% yields (Scheme
3).19%191 Benzyl glycolate (Bn-G) was prepared by the deprotonation of glycolic acid using 1,8-
diazobicyclo[5.4.0Jundec-7-ene (DBU) in dry benzene followed by the addition of benzyl
bromide. After refluxing for 10 h the product was isolated and purified by vacuum distillation in

91% yield (200 g reaction). Benzyl lactates Bn-L. and Bn-L,,. were prepared in a similar

manner, although the lactic acid starting material which is purchased as a 90% solution in water
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must first be dried by addition of DBU and vacuum distillation. Benzyl protection was achieved
by treatment with benzyl bromide in dry dimethylformamide (DMF). Products were isolated

after vacuum distillation in 70-80% yields (500 g reaction).'*

Due to limited availability of (R)-
lactic acid, Bn-Lg was prepared by dicyclohexylcarbodiimide (DCC)/DMAP ester coupling of
benzyl alcohol with Lg-SiR; followed by removal of the silyl protecting group using

tetrabutylammonium fluoride (TBAF) buffered with acetic acid to give a 77% yield over 2 steps.

1) TBDPSC, Et3N

R R
o HO HO DBU, BnB BnO
_ \[H\OH DMAP, CH,CI, \[KKOTBDPS \HAOH , BnBr \H/\OH
(0} o o (6]

2) LiOH, H,O Benzene
Me-G THF G-SiR; :87% G Bn-G :91%
Me-L 3) H* L-SiR; :92%
Me-Lg Lg-SiR; :90%
. 1) DBU .
1) BnOH HO OH MeOH BnO o
HO BnO —_—
oTBDPs __ PCC/DMAR Bn OH 5 2) BnBr 0
o 2) TBAF/ACOH o L DMF Bn-L :78%
Lr Bn-Lg :77% Lyac Bn-L, .. :67%

Scheme 3. Preparation of silyl and benzyl protected building blocks.

2.3.2 Segmer Assembly

Utilizing the mono-protected building blocks, segmers of any designed sequence and/or
stereosequence could be assembled. Scheme 4 is an illustrative example of the level of sequence
complexity that can be obtained from 3 simple building blocks. Dimer Bn-LG-SiR; was
prepared from the coupling of Bn-L and G-SiR; in an 87% yield.'” Deprotection of both
protecting groups gave segmer LG in an 85% yield over 2 steps. To access higher segmers,
selective removal of the benzyl-protecting group of Bn-LG-SiR; by catalytic hydrogenolysis was
used to generate the partially deprotected LG-SiRj3 unit in a 95% yield. Bn-L and Bn-Ly; were
coupled to LG-SiRj3 to generate di-protected trimers Bn-LLG-SiR3 and Bn-LzLG-SiR; in 84

and 72% yields, respectively. Removal of both protecting groups gave segmers LLLG and LxLG

15



in 83% and 67% yields. Hexamer LgkLGLLG was synthesized by coupling partially deprotected

trimeric segmers Bn-LizLLG and LLG-SiR; followed by subsequent deprotections in a 75% yield

overall. Table 2 lists the corresponding building blocks used to prepare segmers of trimeric

length or greater.

Table 2. Segmers and corresponding building blocks

Segmer Building Blocks Segmer Building Blocks
GLG G+LG GLGLg GL + GL
GL,..G G+ L,,.G LLLG LLL+G
LLG L+ LG LLL,,.G LL +L,..G
LLrG LLz + G LL,, LG LL..L+G
LL,..G L+ L,,.G L,..LLG L.L+LG
LLG Ly + LG LiacLiracLG LyacLyacL + G
LyacLiracG Lyae + LG GLLG G +LLG
LLL L+LL GLRLG GLz + LG
LL,,L L+ L,.L GLL,,.G G+ LL,,.G
LyacLiracL Lyae + LyacL LLGLLzG LLG + LLzG
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Scheme 4. Synthesis of dimeric, trimeric and hexameric segmers.
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2.3.3 Stereochemical preferences

It should be noted that in the preparation of segmers from the racemic precursors, there is a slight
preference, 60:40, for the formation of units with different stereocenters i.e. LLgG and LxLG
are favored over LLG and LgLgG in L, L,,/G. This preference can be clearly seen in the
copolymer spectrum as well as in the spectra for poly L,,.LLG and LL,,.LG. The synthesis of
the oligomer L,, LG and LLL,,.G also results in a slight bias towards LgLLG over LL.G and

LLLRG over LLLG but it is difficult to detect by NMR once polymerized.

2.3.4 Deuterium Labeled Segmer Synthesis

A complementary subset of deuterium labeled segmers was prepared by incorporation of
deuterium labeled monomers. Vert and coworkers have previously attempted deuterium
exchange with both lactide'™ and glycolide'” utilizing a High-temperature Solid-state Catalytic
Isotope Exchange (HSCIE) methodology. This approach, however, yielded little exchange and a
mixture of deuterated products. Realizing the difficulty of such an endeavor, our approach

focused on deuterium exchange utilizing established enolate chemistry.'**'"?

Utilizing Seebach’s dioxolanone methodolgy,'**'"’

racemic o-deuterated benzyl lactate
(Bn-Lg,rq) was prepared in three steps from lactic acid (Scheme 5). Condensation of the
dehydrated lactic acid with 3-pentanone using boron triflouride generated L-dioxo in an 85%
yield.'” L-dioxo was treated with lithium hexamethyldisalazide (LIHMDS) to generate a lactic
enolate that when quenched with deuterium oxide afforded Lg.~dioxo in a 77% yield with

>85% deuterium incorporation.'® "'’ Camphorsulfonic acid mediated transesterification with

benzyl alcohol gave Bn-Lg ., in 44% yield and segmer Lg,...G was prepared similarly to LLG
y g , y g , prep
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in a 50% yield. Similar attempts with G-dioxo and L-chlorophenyldioxo (Figure 5), synthesized
for stereospecific deuterium incorporation, resulted in the deprotection of the acids without

deuterium exchange.

(0] (0]
(e} 3-Pentanone 1) LIHMDS D D
OH BFyELO | O THF,-78°C _ O CSA,BnOH  Bno
HO 3 — 5 — OH
THF, O°C 2) D50, 77% 85°C, 44% o)
85%

L L-dioxo Lg,rac dioxo Bn-Lg ¢
GL-SIiR, 1) TBAF/ACOH D o}
DCC DMAP B O THF, 71% HO fe)

" jﬁOTBDPs o N[ oH
CH2C|2 71% 2) H,, Pd/C, EtOAC
» o) o)
99%
Bn'Ld’,acLG'SiR3 Ld,racLG

Scheme 5. Synthesis of segmer Lg,,.LG from lactic acid utilizing dioxolanone protecting group.

Highly enolizable malonic acids provided a more generalized approach to prepare
deuterated monomers of both L and G with nearly complete deuterium exchange and good
yields. Deuterium labeled 2-bromopropionic acid and bromoacetic acid (Lgq-Br and Ggz-Br)
were prepared in three steps according to the procedure of Hoberman (Scheme 6).''''
Commercially available methylmalonic acid and per-deuterated malonic acid were treated with
bromine in dry ether to generate the bromomalonic acids in quantitative yields. Treatment with
deuterium oxide facilitated deuterium exchange. Decarboxylation followed by distillation under
reduced pressure gave Lg.~-Br and Gg-Br in 99 and 65% yields, respectively, with > 99%
deuterium incorporation. Lg ~Br and Gq2-Br were coupled with L-Bn under mild esterification
conditions to give bromo-dimers Bn-LLg,.~Br and Bn-LGg;-Br in 89 and 85% yields,
respectively. The bromo-dimers were treated with cesium carbonate, potassium iodide and
deuterated G-SiR; in dry acetonitrile to give Bn-LLg,.G-SiR3 and Bn-LG4,G-SiR3 in 48 and
46% yields, respectively. After subsequent deprotections, segmers LLg .G and LGg,G were

isolated in 92 and 90% yields, respectively.
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Scheme 6. Synthesis of segmers LLq,.G and LG,G utilizing malonic acids.

Other di-protected monomers were prepared and screened under deuterium exchange
enolate conditions, lithium diisopropylamide (LDA) or LiHMDS and quenched with D,O or d-
acetic acid, to much less effect (Figure 5). Dispiroketals, BisTHP-L and BisTHP-G were
synthesized according to procedures by Ley and coworkers, involving acid catalyzed
condensation of lactic and glycolic acid with a di-THP protecting group BisTHP.''*!'*
Deuterium exchange (>80%) proceeded with BisTHP-L and BisTHP-G using LDA and D,0 in
good yield (70%). However the synthesis and purification of BisTHP was not amenable to the
multigram scale up necessary. Di-protected benzyl monomers, Bn-L-SiR3 and Bn-G-SiRj3; were
synthesized in good yield using previously discussed silyl-protecting reaction and THP protected
Bn-L-THP was prepared in quantitative yield according to procedures by Yoshikoshi, et. al.'"
All of the benzyl monomers deprotected without exchange when treated with LDA and D-O.

Switching to LIHMDS prevented the undesired silyl deprotection of Bn-L-SiR; and Bn-G-SiR3

however, deuterium exchange was not observed.
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Figure 5. Di-protected monomers prepared for deuterium exchange.

2.3.5 Polymerization conditions and molecular weight determinations

Polymerization conditions, utilizing mild esterification reagents 1,3 diispropylcarbodiimide
(DIC) and 4-(dimethylamino)pyridinium p-toluenesulfonate (DPTS), were adapted from Moore
and Akutsu (Scheme 7).”*" In this way, for example, poly LLG was prepared by the
DIC/DPTS-mediated condensation of the fully deprotected LL.G segmer. Initially DCC and
DMAP were screened as plausible polymerization catalysts but the polymer yields and molecular

193 All polymers were isolated as colorless solids by

weights were found unreliable (Table 3).
precipitation into methanol and purified by re-precipitation from methylene chloride into
methanol to give yields ranging from 50 to 99% (Table 4 and Table 5). It should be noted that
we did not observe significant sequence preferences when assembling segmers with racemic

units into polymers. We have found that the inherent but slight preferences for alternation of

stereochemical centers that were observed in selected segmer preparations can be minimized in

21



the polymer preparation by coupling segmers bearing L groups on one terminus and G’s on the
other.

R 0O R 45eqDIC
HO 0 2 eq DPT
\H/%\O)K;/ \[(%\O 0. eq S J\;/ m/g\
0 R O

3.0 M CH2CI2

R: Hor CHy R: Hor CH,
Trimeric Segmer RSC Polymer

Scheme 7. PLGA RSC polymerization conditions.

Molecular weights for the polymers were determined by both size exclusion
chromatography (SEC) and multi-angle laser light scattering (MALLS). Relative molecular
weights were obtained by SEC in both THF and CHCI; vs. polystyrene standards with the
number average molecular weights (M,) ranging from 8.0 — 55.0 kDa in THF and 19.3 — 42.3
kDa in CHCI;. Absolute M,s were determined for poly LG, GLG, LLG and L, LG, using
SEC-MALLS. The dramatic lack of correlation between the SEC molecular weights in the two
solvents and the differences between these molecular weights and the absolute M,s determined
by MALLS, makes it clear that the R, of the polymers is extremely sequence and solvent
dependent. The SEC molecular weights must, therefore, be regarded with special care. By
interpolation of the SEC and SEC-MALLS data obtained, however, we can say with a high
degree of confidence that the majority of the polymers prepared have an absolute molecular
weight > 15 kDa which corresponds to a DP > 200 (based on the count of glycolic and lactic
units). This conclusion is further substantiated by the lack of endgroups observed in the NMRs
of these polymers. Previous studies by others on related polymers have shown microstructure
dependent SEC behavior.''*!"”

The molecular weights of the RSCs, while lower than those routinely achieved by ring-

opening of lactides and glycolides, are respectable for a condensation polymerization on the 1-2

22



g scale that we are currently employing. Moreover, it worth noting again that polymers with the
sequence complexity of those reported herein cannot be produced by any known ROP catalytic

System.

Table 3. PLGA RSC characterization data for DCC/DMAP polymerizations.

THF
Polymer Yield (%) M, (kDa)” PDI’ DP°
LG 42 15.6 1.7 240
L...G 28 9.25 1.4 71
LLG 41 12.9 1.6 191
GLG 80 12.4 1.6 198

“Isolated after 2x precipitation in MeOH; "Determined by SEC relative to PS standards; “DP from
SEC data based on the number of lactic and glycolic monomers.
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Table 4. PLGA RSC characterization data from ref 93.

Yield THF CHCl; CHCl; CHCl;
Polymer (%)* M, (kDa)® PDI° M, (kDa)® PDI° Absolute M, DP%®
LG 63 27.4 1.3 333 1.3 13.4 512 (206)
LG 52 28.8 1.3 343 1.4 527
GLG 78 26.2 1.2 36.2 1.4 19.4 577 (309)
GL,..G 60 21.4 1.3 27.5 1.4 439
LLG 70 41.2 1.2 41.8 1.3 23.1 620 (343)
LLzG 71 29.0 1.4 423 1.3 628
LzLG 59 30.6 1.4 39.8 1.4 591
LracLracG 65 30.5 1.4 35.2 1.3 522
LL,..G 50 17.8 1.4 19.3 1.6 286
L,..LG 83 27.4 1.4 40.5 1.4 25.9 601 (384)
LaacLG 99 32.8 1.3 31.7 1.5 468
LLg .G 62 29.6 1.4 33.7 1.4 498
GLGg; 52 15.2 1.4 25.3 1.5 400
GLGL; 65 12.3 1.5 21.1 1.4 324
LLGLL;G 70 30.0 1.4 32.0 1.5 475
LrLGLLG 63 30.1 1.4 39.8 1.3 591

Tsolated after 2x precipitation in MeOH; "Determined by SEC relative to PS standards; “Determined by SEC-
MALLS; “DP from SEC data based on number of lactic and glycolic monomers; ‘(DP) from SEC-MALLS data
based on number of lactic and glycolic monomers.
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Table 5. Miscellaneous RSC characterization data.

THF

Polymer Yield (%)* Mn (kDa)” PDI’ DP°
LLLG 85 55.0 1.5 802
LLL,.G 58 8.5 1.4 124
LL,.LG 71 32.9 1.6 480
L,..LLG 61 11.7 1.4 171
LyacLraclLG 68 323 1.8 471
GLLG 88 13.0 1.6 200
GLyLG 87 13.3 1.7 204
GLL,.G 68 7.9 1.7 121
LL 28 222 1.4 308
LgL 43 7.9 1.5 110
LLg 36 14.8 1.3 205
LLL 42 24.0 1.3 333
LL,.L 49 15.3 1.3 212
LacLracL 63 27.9 1.3 387

“Isolated after 2x precipitation in MeOH; "Determined by SEC relative to PS standards;
“DP from SEC data based on the number of lactic and glycolic monomers.
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2.3.6 MALDI-TOF Mass Spectroscopy.

MALDI TOF analysis confirms the sequence fidelity of the PLGA RSCs. Using

conditions optimized for PLGAs,''®!"’

the analysis of selected copolymers was carried out. The
masses of the chains present in poly LG, for example, differ in molecular weight by increments
of exactly 58 amu, corresponding with the glycolic unit, and 72 amu, corresponding to the lactic
unit (Figure 6). Moreover, chains differing by exactly one segmer weight (L + G = 130 amu)
dominate, which is consistent with synthesis by assembly of segmers. Analogously, the
envelope of masses present in the spectrum of poly GLG differ in molecular weight by a pattern
of G, L and G molecular weights with a predomination of chains differing by exactly a segmer
weight. Unfortunately, an analysis of the absolute molecular weights did not correspond to

chemically reasonable endgroups. It seems likely that there is some degradation of the samples

in the experiment. Full MALDI spectra are available in the appendix.

o] ety

Poly LG Poly GLG

-72  -58
L

L -G

——— 1 6

L llrlh 1 Ili 111 TR ‘lll HHEE .

T
1700 1800 1900 2000 2100 2200 2300 2400 3085 3265 34865 3665 3885

Figure 6. MALDI TOF patterns for poly LG (top) and poly GLG (bottom).
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2.3.7 Thermal Properties.

Differential scanning calorimetry (DSC) was performed on polymer samples and
annealed films. The glass transition temperature (T,) varied slightly due to changes in the
sequence composition and stereosequence (Tables 6 and 7). The Tgs for high L content isotactic
PLGA RSCs, poly LG, LLG and LLLG were around 57 °C approaching the Tgs for isotactic
PLA RSCs poly LL and LLL around 60 °C. While remaining isotactic, increasing the G
content, poly GLG, or the number of G-G linkages, poly GLLG, the T, decreased to 50 °C and
46 °C, respectively. Within each series, except GLG and GLLG, the T, was dependent on
stereosequence. Isotactic polymers possessed the highest T, (57-58 °C for PLGA RSCs and 59-
61 °C for PLA RSCs), the atactic polymers possessed intermediate T,s (51-55 °C) and the
syndiotactic polymers possessed the lowest Tes (46-50 °C). For the GLG and GLLG series,
changes in stereochemistry did not significantly change T,s; poly GLG and GL,,G both exhibit
a Ty of 50 °C while poly GLLG, GL{LG and GLL,,.G exhibit Tgs of 46 °C, 44 °C and 45 °C
respectively. A possible contributing factor to the lower Tys of the GLLG series is their
molecular weight (~ 10 kDa) while the remaining series are much higher (~ 30 kDa).

The PLA RSCs exhibit a Ty, as well as a crystallization transition (Terysta) similar to
reported PLA transitions (Table 7).”* The Tys for poly LL and LLL, 164 °C and 163 °C
respectively, were only slightly lower than the Ty, for high molecular weight PLA prepared by
ROP, 175 °C.? Randomization of the stereosequence in poly L,,.L,, L lowered the Ty, to 124 °C
and no melting transition was found for poly LL,,.L.. Syndiotactic PLA RSCs poly LzL and
LLj exhibit Ty,s at 138 °C and 148 °C while the T, for predominately syndiotactic ROP PLA is
153 °C.!"! The 10 °C difference between poly LgrL and LLg can be attributed to their lower

molecular weights, 7.9 kDa and 14.8 kDa respectively. Interestingly, of the PLGA RSCs, Tys
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were only found for the syndiotactic LLG polymers, poly LxLL.G and LLgG, at 154 °C and 158
°C, respectively. The crystallization temperatures were constant around 110 °C for pely LL,
LLL and LLg while lower for poly L,,.L,,..L at 77 °C.

Polymer films were prepared by drop-casting from methylene chloride into DSC pans,
drying under vacuum and annealing at 85 °C for 3 h. Annealing had little effect on the transitions
for poly LLzG and LgLG but the T,s for all of the remaining annealed samples dropped and
became less sequence sensitive. A new melting transition appeared for poly LLG at 114 °C,
which is much lower than that observed for poly LLgG and LizLG.

Given the regularity of the stereopure PLGA RSCs, the lack of crystallization is
somewhat surprising. Although annealing did promote crystallization in the case of poly LLG,
other sequences did not exhibit melting points despite repeated efforts. We do not rule out the
potential for crystallinity, however, as we suspect that we may not have discovered the proper
thermal conditions to promote the longer range organization of the chains. Notably, Coates and
coworkers did not observe crystal formation for the predominantly heterotactic sequenced

PLA >
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Table 6. Thermal properties for PLGA RSCs

M,* Precipitate Annealed®
Polymer (kDa) Tg(°C) Tn(°C) T4(°C) Tn(°C)
LG 274 57 ND 49¢ ND
L...G 288 55 ND 48¢ ND
GLGL; 123 50° ND
GLG 262 50° ND 43¢ ND
GL,..G 214 50° ND
LLG 412 57 ND 50¢ 114¢
LzLG 30.6  50° 154¢
LLzG 29.0 48 158¢ 48¢ 155¢
LLGLL;G 30.0  52° ND 48¢ ND
LrLGLLG 30.1  52° ND 48° ND
LicLaG 305  51° ND 47¢ ND
L...LG 274 51 ND 48¢ ND
LL,..G 178 53¢ ND 48¢ ND
LLLG 550  58° ND 56¢ ND
LLL,,.G 8.5 51¢ ND 50¢ ND
LL,..LG 329 54 ND 50¢ ND
L...LLG 11.7  51° ND 50¢ ND
LiacL LG 323  53° ND 49¢ ND
GLLG 13.0  46° ND
GL;LG 133 44° ND
GLL,G 79 45° ND

*Number average molecular weights determined by SEC in THF vs PS
standards. "Polymer films were drop-cast into DSC pans, dried under
vacuum and annealed at 85°C for 3 h; “Transitions were measured in
second heating cycle; Transitions were measured in the first cycle.
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Table 7. Thermal properties of PLA RSCs

Precipitate Annealed”
Polymer  Mn® (kDa) Ty (°C)° Tersa(°C)° T (°C)° Ty (°C)'  Terysa (°C)!  Tiy (°C)°
LL 22.2 61 110 164
LzL 7.9 46 ND 138
LLg 14.8 46 110 148
LLL 24.0 59 109 163 55 ND 164
LL,.L 15.3 52 ND ND 52 ND ND
LyacLracL 27.9 50 77 124 52 ND ND

*Number average molecular weights determined by SEC in THF vs PS standards. "Polymer films were drop-cast
into DSC pans, dried under vacuum and annealed at 85°C for 3 h; “Transitions were measured in second heating
cycle; “Transitions were measured in the first cycle.

2.4.1 Dimeric L,G RSCs.

24

MICROSTRUCTURAL ANALYSIS

Our major discovery in the study of the alternating poly LG series polymers for poly LG, L,,.G

and GLGLg was the surprisingly high sensitivity of the glycolic methylene protons for the

relative stereochemistry of the neighboring lactic units (Figure 7).'”> The difference in the

methylene signals of isotactic poly LG (6 4.86 and 4.63, A = 0.23 ppm) and syndiotactic poly

GLGLz (5 4.81 and 4.69, A = 0.12 ppm) are particularly illustrative. While each spectrum

contains a pair of doublets, as would be predicted for the clearly diastereotopic methylene

protons, the chemical shifts are dramatically different.
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Figure 7. (Top) Full spectrum of poly LG; (Bottom) expansions of selected regions for poly LG, L,,G and

GLGL;. 'H NMR spectra at 600 MHz in CDCl;.

Each of these alternating copolymers possesses a unique stereosequence that can be
encoded using the widely accepted convention of assigning relative stereochemistries in
polymers as either i for neighboring units with the same absolute stereochemistry or s for the
opposite. Using this coding system, and focusing on a fetrad level of resolution, the
stereochemistry of poly LG can, for example, be expressed as iii and poly GLGLg, as sss (Figure
8 and Table 8).

I I I I (S)-Lactic unit
[ ] (R)-Lactic unit

~

~

~.
—

Glycolic unit

I I I i isotactic
s syndiotactic

[s] s] s

Figure 8. Example of tetrad stereosequence encoding for poly LG (all isotactic) and GLGL (all syndiotactic).
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Table 8. Tetrad assignments for stereosequences of polymers from the poly LG series

LG L,..G GLGLg 60% LG +
40% L,,.G
Tetrads iii iii NOK) iii Major
iis iis Minor
Sii sii Minor
Sis ssi Minor
isi iss Minor
sSi
iss
§SS

We focus on the tetrad level because we can clearly see this level of resolution for some
sequences present in the more complex spectrum of atactic poly L,,.G (Figure 7). Using the
data from the stereopure polymers and from a sequence-weighted copolymer prepared by mixing
LG and L,,.G in a 60:40 ratio, we were able to make a nearly complete assignment of the
signals. We see that the methylene resonances divide into two regions based on the relative
stereochemistry of the closest neighboring lactic units: i-centered (outer signals) and s-centered
(inner signals). The resonances for each of the s-centered tetrads, sss, ssi, iss and isi, can be
the effective resolution is expressed at a lesser diad or triad level.

The other resonances in the spectra of the dimeric polymers also show stereosequence-
dependent chemical shifts, though none exhibit as high a level of sensitivity/interpretability as
the methylene protons. A clear chemical shift difference was noted, for example, between the
methine and methyl groups from syndiotactic poly GLGLy and isotactic poly LG. The smaller
chemical shift range, however, limits the resolution of the stereosequences present in poly L,,.G

to the triad level. In the >C NMR spectra the L-carbonyl resonances were clearly resolved to the
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triad level while the G-carbonyl, L-methyl and L-methine resonances were nearly resolved triads
(Figure 9). The s-carbonyl resonances for both L and G appeared upfield relative to the i-
stereoisomer. In contrast, the s-methine and s-methyl resonances were downfield of the i-
versions. Interestingly, the methylene resonance, which was so sensitive in the '"H NMR data,

was only a broad singlet in the >C NMR spectrum.

Ao B |E
n
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 Ippm
Poly LG
Poly LG
Poly GLGLp
T T ;' f‘ T ;p' T T p’ p' T T
169.4 166.4 69.2 69.1 16.8 167 ppm

Figure 9. (Top) Full spectrum of poly LG; (Bottom) expansions of selected regions for poly LG, L,,G and

GLGL;. "*C NMR spectra at 150 MHz in CDCl.

2.4.2 Trimeric GL,G RSCs.

In moving from a dimer-based LG copolymer to a trimer-based copolymer, additional
complexity was introduced both in the architecture and in the resulting NMR spectra. The third

monomer presents the possibility of two different structural sequences, GLG or LLG, and
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multiplies the number of possible stereoisomers. It should be noted again that the choice to refer
to a particular sequence as GLG rather than GGL was based on the unit actually used in the
synthesis. Once polymerized, of course, such differences are irrelevant since poly GLG would
necessarily be the same in all respects as poly GGL except in the identity of the endgroups; both

would have a repeating sequence of -GGLGGLGGLGGLGGLGGL- in the backbone.

R Pepthe]

T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

Poly GLG
D A
c o ] B

(N\G) (i)l\.\(S) (SM(i)(SM (i)

Poly GLo,G KRS [_1—| W
M i

Poly GLG,

M o M

! F 7 F
526 524 485 465 484 482 480 476 476 474 472 470 468 156 156 ppm

Figure 10. (Top) Full spectrum of poly GLG; (Bottom) expansions of selected regions for poly GLG, GL,,.G and

GLGg,. "H NMR spectra at 600 MHz in CDCl5.

Analysis of the NMR spectra of poly GLG in both the stereopure and racemic forms
required that we first assign the resonances for the two chemically distinct G monomers. The G
units are inequivalent due to the intrinsic lack of symmetry of the polyester chain, which has a
distinct C- and O-terminus for each polymer and for each sequence within the polymer. We can
differentially label the G’s then as either being connected to the C-terminus of the lactic residue

(G°) or the O-terminus (G°). This inequivalence was expressed both in the '"H NMR spectrum
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(two pairs of doublets, Figure 10) and in the *C NMR spectrum (C=0, & 166.5 and 166.4; & 60.9
and 60.7, Figure 11). The assignment of the resonances of poly GLG was facilitated by
comparison with the spectrum of the polymer that was selectively deuterated at G°, poly GLGaq,.
The inner pair of doublets were absent from the "H NMR spectrum and the downfield methylene
resonance was not present in "C NMR spectrum. Further confirmation of the assignment came
from the 2D Heteronuclear Multiple Bond Coherence (HMBC) NMR spectrum of poly GLG in
which a 3-bond correlation of the L-carbonyl with the outer pair of doublets from the methylene
protons of G° was observed along with the correlation between the G° carbonyl and the L-

methine (Figure 12).7681-120:121

D

%, JH 2
C, fandF s \ﬁ/E(OFFO E |.BandG D
||/ o . n

Ll Ll Ll Ll Ll L)
170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 ppm

Poly GLG |

Poly GL, .G
Poly GLG,,
T T T T T 7 T T T T T
169.4 169.2 166.5 166.4 61.2 61.0 60.8 G0.6 ppm

Figure 11. (Top) Full spectrum of poly GLG; (Bottom) expansions of selected regions for poly GLG, GL,,.G and

GLGg. "“C NMR spectra at 150 MHz in CDCl5.
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Figure 12. 2D HMBC 'H-"C correlation NMR spectrum for poly GLG in CDCl; (700 MHz, 'H; 175 MHz "*C).
The detailed cross peaks correspond to 3-bond correlations between the L-carbonyl with the G methylenes and the

G° carbonyl with the L-methine.

Spectra of poly GL,,.G established that the chemical shifts of the G resonances were
only modestly sensitive to the tacticity of the polymer. More sensitive than the methyl and
methine resonances, which exhibited only a slight broadening, the methylene region exhibited 8
pairs of doublets, which given the inequivalence of the two G units, is consistent with a dyad
level of resolution. In other words the chemical shifts of the G resonances depend only upon the
relative stereochemistries of the two closest L units. The peaks labeled as i-centered resonances
corresponded well with the isotactic poly GLG standard. The slightly shifted pattern of two pairs
of doublets was assigned to the s dyad. Partially resolved dyads were likewise visible in the '°C

NMR spectrum where the lactic carbonyl appeared to broaden while 3 resonances, two at ca. &

166.5 and a broadened resonance about 6 166.4 were observed for the glycolic carbonyls.
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2.4.3 Trimeric L,L,G RSCs.

In moving from the poly GLG series to the other trimeric series, poly LLG, we must again
address the nomenclature and consider the stereochemical implications of the second L unit in
the series. The two L units are necessarily inequivalent and are designated as L° or L in relation
to the G unit. L° is connected to the G through the O-terminus and the L® is connected through
the C-terminus. Since the monomer used to prepare these polymers is LLG rather than LGL,
however, the L° unit will be listed first in the series i.e. L°L°G. With these designations in
mind, the stereochemical variants of poly LyLyG can be considered. In Figure 13, our approach
to assigning tacticity patterns is illustrated. In the case of poly LxLGLLG, for example, the
sequence yields two types of G-centered octads, one of which has an issiiss pattern. A subset
tetrad pattern of sii is recognized from the larger pattern if the relationships from only the nearest
four neighbor L’s are considered. Interestingly, the same pattern can be reasonably used as a
reference for either L° or L despite the shift in the “center” of the sequence. The lack of
symmetry in the number of relationships considered relevant on each side of the L center is
countered by the fact that the relationships chosen for the polyad maximize the number of
adjacent vs. distant interactions, on the assumption (substantiated by the data), that the adjacent

relationships will be more influential than the distant ones.
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0 LO

[i] s |Is| G-centered octad

Lil s |S]__ i 1il s |s] L®centered octad

Lil s [sl i ll| S || 1%centered octad
LO

Central tetrad

| (S)-Lactic unit LC Lactic unit on C-side of Glycolic unit
| (R)-Lactic unit |_0 Lactic unit on O-side of Glycolic unit
I Glycolic unit Adj. Adjacent relationship

i isotactic Dist. Distant relationship

s syndiotactic = Center of the polyad

Figure 13. Example of octad-level stereosequence encoding for poly LzLsGLsLsG. The central tetrads for each

type of unit are defined as including one distant and two adjacent relationships.

In considering the stereochemical possibilities for the poly LG series we have found it
useful to divide the polymers into three families: L°-variable (poly L,LG); L -variable (poly
LL,G); and (L°+L%)-variable (poly LyL,G). Table 9 shows the stereochemical possibilities for
the first two families at the tetrad, hexad and octad levels. It is important to note that poly LLG,
LzLG, and LxLGLLG exhibit all of the stereochemical variations possible in poly L,,.LG at
the tetrad level. Likewise poly LLG, LLzG, and LLGLLRG exhibit the possible tetrad level
variations in poly LL,,.G. Stereosequence-specific shading in Table 9 illustrates the hierarchical

relationship of the hexads and octads to their parent tetrads.
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Table 9. Listing of select polyads for specific poly L,L,G repeating sequence copolymers®

Poly Poly Poly Poly Poly Poly
LLG LzLG L:LGLLG L, LG LLGLL;G LL, .G
(LL;G)
Tetrads iii s$SsS Sii iii iis iii
iss sii SSi iis
iss sSSi
$ss $ss
Hexads | /iiii | sssss i Sii s ioiiii s iis s i
sSissi i iii s i ssii S iii i
s sii i i iis s
s sii s s iis s
iiss i i $Si i
iiss s S sSii
S$S8SsSsi i $8S8 S
S sSss s S SSS s
Octads |iiiiiiilss sssss|is sii ss| si iii ii |ss iis si| ii iii ii
Siissii| si iii ss|iissiis|ss iii ii
ii iii 88 ss i is
PP il iiiis
S$S Sii i il iis si
is sii ii ss iis si
ss sii ss ssS iis ss
is sii ss ii iis ss
siissii il ssiii
iiissii SS sSiii
ii iss ss Ss ssiis
siiss ss il ssiis
§S S8s8sS Sss ii $sSs si
iSS8sS sSS il $8sS S8
issssii SS S8sS sSi
Sssssii SSSS8S ss

*Tetrads subsets are identified by color within the hexad and octad tacticity patterns.
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The 'H NMR spectra of the glycolic methylene regions of these trimeric series are
spectacularly informative—octad-level resolution of individual stereosequences is observed in
some cases. By comparison with the spectra of poly LLG, LxLG, and LxLGLLG, and L,, LG
for the L°-variable family (Figure 14) and poly LLG, LLiG, and LLGLL{G and LL,,.G for
the L -variable family (Figure 15), it was determined that the chemical shifts of these resonances
were inherently hierarchical and facile to interpret.

Beginning by focusing on the L°-variable family (Figure 14), we can assign the
resonances from the stereopure standards. The spectrum of the simplest sequence, isotactic poly
LLG, exhibits a pair of well-separated doublets for the diastereotopic G methylene protons.
Poly LiLG, the fully syndiotactic sequence also exhibits a single pair of doublets while poly
LrLGLLG exhibits two pairs of doublets which is consistent with expectations for this more
complex sequence (see Table 9). Although these are stereopure standards with an “infinite”
pattern, the resonances are labeled in the figures at the tetrad level for reasons that become clear

in the analysis of the racemic variants (vide infra).
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Figure 14. "H NMR spectra of L°-variable LLG polymers at 700 MHz in CDCl;. Comparisons of the expansions of

selected regions for poly LLG, L,,.LG, Lg.LG, LiLGLLG, and L;LG.
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Figure 15. "H NMR spectra of L -variable LLG polymers at 700 MHz in CDCl;. Comparisons of the expansions of

selected regions for poly LLG, LL,,.G, LLg,,G, LLGLL;G, and LL,G.
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The analysis of spectrum of poly L,,.LLG reveals the useful hierarchical nature of the shift
pattern in the methylene region: the gross shifts are determined by the central tetrad relationships
while the fine shifts are determined by more distant ones. The methylene region of this polymer
manifests as well-separated sets of pairs of doublets, one pair for each of the resolved
stereosequences. By comparison of the stereosequence standards and the spectrum of poly
L,..LG, it is clear that the resonances are grouped by the central tetrad relationships, iii, sss, iss,
and sii into four well-separated regions. Within these tetrad-controlled shift regions, the “fine”
chemical shifts are then determined by the relative stereochemistries of L units beyond the
central four.

The degree of resolution of longer range relationships in the methylene region is clearly
sequence dependent. Focusing on the upfield proton of the G methylene of poly L,, LG several
levels of resolution can be identified (Figure 16). In the case of the iii set, for example, there are
four nearly resolved doublets, the number that would be expected if there was a doublet present
for each of the four possible octad level sequences. Although we do not have standards with
sufficient complexity to label the individual sequences, the extremely high level of resolution is
striking. The other three sets of doublets in the same region of this spectrum exhibit varying

sensitivities ranging from the tetrad to hexad to octad level.

43



sSSSi

188 §5585s

issiiss  siliiss
issiiii fiiiii
sssiiii  siiilii

T

[ ‘ ‘ sssiiss  iiliss

U

T T T T T T T T T T T
4m 4.70 4.60 4.68 4867 486 485 4,64 483 462 481 4.60 4.59 ppm

Figure 16. "H NMR expansion for the upfield diastereotopic proton of the glycolic methylenes of poly L,,.LG. The

sequence.

A similar hierarchical pattern is observed in the methylene region of poly LL,,.G (Figure
15). Sets of pairs of doublets corresponding to the expected tetrads, iii, sss, ssi, and iis, can be
easily assigned. Within these sets, further resolution of certain sequences is observed. It should
be noted that the spectra of poly LgkLG and LLgG (Figures 14 & 15) are identical as would be
predicted from their enantiomeric relationship.

Changing the NMR solvent from CDCl; to d¢e-DMSO dramatically decreases the
resolution of the spectra (Figure 17). The chemical shift range of the methylene (and other

regions) is decreased and sequence resolution is reduced.
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Figure 17. "H NMR spectra of the methylene region for selected LLG polymers at 600 MHz in dg-DMSO.
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We were also able to make significant progress in assigning the methyl and methine
regions of the trimeric series of polymers. These regions are inherently more difficult to
interpret because of the presence of the two inequivalent lactic units, the relatively small
chemical shift range, and the lack of an hierarchical shift pattern. Primary differentiation of L°
vs. L in the fully sequenced polymers poly LLG, LgLG and LfxLGLLG was accomplished
using a combination of 2D NMR techniques. Methine resonances were assigned by 2D HMBC
NMR spectra where a correlation between the G carbonyl and the L© methine was observed.
Frustrating facile assignment, the relative chemical shifts of the L° and L methines were not
consistent throughout the stereochemical series. As Figure 18 illustrates, in isotactic poly LLG
the L resonance is upfield of the L° resonance but the order is reversed in syndiotactic poly
LizLG. In polymers that contain mixed stereochemical relationships, poly LxLGLLG, and
multiple mixed relationships, poly L,,.LG and L,,L;,.G, the 2D correlations showed that the
chemical shifts of the L° and L methines were extremely sequence dependent and likely to
invert chemical shift order from sequence to sequence. By coupling the assignments of the
methine region with 2D COSY NMR spectroscopy, however, the methyl region could be
assigned. Unlike the methine resonances, the L® methyl resonances were always downfield of
the corresponding L resonances.

Although complete interpretation of the methine and methyl regions for poly L,,.LG and
LL,,.G could not be accomplished, it was clear that the sequence resolution of both regions was
greater than a tetrad level. It should be noted that neither homonuclear decoupling nor 2D NMR
was of much use in interpreting these spectra further. The chemical shift envelope for each type
of signal was large enough to render the complete homonuclear decoupling of the regions

impractical while the small chemical shift range and sequence-dependent shift inversions (vide
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supra) hindered the interpretation of 2D spectra. The relatively modest simplification of the
spectra for the selectively deuterated polymers poly Lg,.LG and LLg,.G, however, establishes
the sensitivity of these signals for the stereochemical relationships of lactic units beyond the
tetrad level in the chain. Moreover, by simple counting of the resonances and the comparison of
the spectra with the stereosequence standards, it is clear that some sequences are actually

resolved to a hexad or even octad level.
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Figure 18. 2D HMBC 'H-"C correlation NMR spectra at 700 MHz in CDCl; for poly LLG (A), LLGLLG (B),

LRLG (C)o LrachacG (D) and LracLG (E)
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Figure 19. ’C NMR spectra of L°-variable LLG polymers at 175 MHz in CDCl;. Comparisons of the expansions of

selected regions for poly LLG, L,,LG, Lg,. LG, LfLGLLG, and L;LG.
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Chemical shifts in the '°C NMR spectra of poly L,, LG and LL,,.G showed primarily a
tetrad level of resolution. Partial assignment was accomplished by comparison with the
stereopure and deuterated RSCs (Figure 19 and 20) and by 2D HMBC NMR as described earlier.
Analysis of the stereopure RSCs established that the L° carbonyl resonance was generally
downfield of the L® resonance and the L carbonyl resonances were more sensitive to
stereochemistry than the *C NMR resonances for other groups. The presence of >8 lactic
carbonyl signals in the spectra of both pely L,, LG and LL,,.G was consistent with a higher
than tetrad (mixed hexad/octad) level of resolution, although it was not possible to make
individual assignments due to overlap. It is also of note that, in both the L and G carbonyl
regions, the i-centered resonances were downfield of the s-centered resonances. Methine L° and
L® resonances were assigned by comparison to the deuterium labeled polymers as the deuterium-
substituted carbons exhibited much lower intensities due to slow relaxation. These signals clearly
resolved to a slightly more than tetrad level for RSCs incorporating racemic units. The methyl
region also showed a greater than tetrad level of resolution but the small chemical shift range

made individual assignments in this region impractical.
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Figure 20. °C NMR spectra of L -variable LLG polymers at 175 MHz in CDCl;. Comparisons of the expansions of

selected regions for poly LLG, LL,,.G, LLg,,G, LLGLL;G, and LL,G.

2.4.4 Tetrameric GL,L,G RSCs

The GL4L«G series, which has an alternating dimeric LLGG motif, combines the nomenclature
and stereochemical implications from both L,[.yG and GLG series. The individual L and G units
are inequivalent with the L units designated as L or L in relation to the GG unit while the G
units are designated G° or G© in relation to the LL unit. G is connected through the C-terminus
to L° that is connected to L and finally G°, which is connected through the O-terminus of L¢
and the C-terminus to G. The monomer GLLG is therefore GL°L“G®. Fortunately, the
addition of a second G unit does not overly complicate the core polyad when making tacticity
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assignments. Utilizing the same approach as with Li[.\G, Figure 21 illustrates the central ssi
tetrad of a issii hexad. Again, even though the “center” of the sequence shifts for each unit, the
central tetrad remains the same for all of the units when maximizing adjacent versus distant
interactions.

Dist. Ad.

i e
L¢ G° G¢ L° |
LC

GO G® L° L® G° G L°

o

L 7 |s] _S [/l i | G°centered octad
GO
L i |S]__ S |il i ] LCcentered octad
LC
L 7 |s] S_|i| i | GC-centered octad
GC
[ 7 sl s ]i]l i ] L°centeredoctad
LO
%(_J

Central tetrad

| (S)-Lactic unit LC Lactic unit on C-side of Glycolic dimer unit
| (R)-Lactic unit LO Lactic unit on O-side of Glycolic dimer unit
1 Glycolic unit GC Glycolic unit on C-side of Lactic dimer unit
i isotactic GO Glycolic unit on O-side of Lactic dimer unit
s syndiotactic Adj. Adjacent relationship

Dist. Distant relationship

= Center of the polyad

Figure 21. Example of hexad-level stereosequence encoding for poly GLL,,.G. The central tetrads for each unit are

defined as including one distant and two adjacent relationships.

The chemical shift trends displayed in the '"H NMR and "*C NMR spectra for poly
GLLG, GLL,,.G and GLzLG are consistent with both the Ly[.yG and GL.G series (Figure 22
and 23). The spectrum for isotactic poly GLLG exhibited two quartets in the lactic methine
region, two pairs of well separated doublets from the glycolic methylenes and two doublets from
the lactic methyls. 2D HMBC and COSY NMR confirmed that like LiL,G, the L° methine
resonance was downfield of the L resonance and that when the stereosequence was altered to

syndiotactic in poly GLzLG the resonances switched order. The L° methyl resonances remained
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downfield of the L resonance although the chemical shifts moved upfield for the syndiotactic
variant. Just as in the GL,G series, the outer pair of methylene doublets correspond to G and the
inner pair correspond to G°. Predictably, the chemical shift differences for both pairs of doublets
decreased in syndiotactic poly GLgLG. Utilizing these standards the methylene resonances for
were assigned. The hierarchical order for i-centered and s-centered polyads was observed.
Although the 'H NMR spectrum for poly GLL,,.G was nearly resolved to the tetrad level, the

3C NMR spectrum was only resolved to the dyad level.
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Figure 22. "H NMR spectra of GL,L,G polymers at 700 MHz in CDCl;. Comparisons of the expansions of selected

regions for poly GLLG, GLL,,.G and GL{LG.
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Figure 23. °C NMR spectra of GL,L,G polymers at 175 MHz in CDCl,. Comparisons of the expansions of selected
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2.4.5 Tetrameric L,L,L,G RSCs

The poly LLLG series was prepared specifically as an attempt to distinguish microstructural
information without the assemblage of multiple stereosequenced standards, 32 possible hexads in
this case. The series was compromised of only isotactic poly LLLG and atactic poly L, LLG,
LL,.LG, LLL,,.G and L,,.L,,.LG. The '"H NMR spectrum for poly LLLG exhibited a single
pair of doublets in the methylene region as expected while the remaining atactic copolymers
displayed 4 pairs of doublets indicating a nearly resolved hexad-level of resolution (Figure 24).
In the preparation of racemic LLLG segmers a stereochemical preference for alternating L
stereocenters was evident (Section 2.3.3) and could be utilized to partially assign the methylene
preferred the siiii and sissi resonances. The hierarchical order of i-centered and s-centered polyad
resonances also aided assignment. Resonances for poly LL,, LG displayed preferences but
because all of the polyads are i-centered perfect assignment was not possibility. Although poly
LLL,,.G should have exhibited preferred stereosequence formation, upon polymerization all
resonances were equivalent, however i-centered and s-centered polyad resonances could be
distinguished.

The interpretation and assignment of the L methines and methyls was much more
difficult. The primary challenge relative to the more easily interpreted spectra for the L, series
(poly LiLG and GL4L,G) was loss of strong differentiation between the lactic units. For the L,
RSCs each L has a different unit both before and after. For the Lj series (poly LyL4L\G), two of
the three Ls are preceded by an L unit and 2 of the three are followed by an L unit. This lack of
differentiation is reflected in the extensive overlap of resonances in the methine and methyl

regions in both 1D and 2D NMR spectra.
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Figure 24. 'H NMR spectra of LLLG polymers at 600 MHz in CDCl;. Comparisons of the expansions of selected

regions for poly LLLG, L, LLG, LL,, LG and LLL,,.G.
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2.4.6 PLA RSCs - Ll and L,LLL

Although not the main focus of our research, several stereosequenced and stereo-randomized
PLA RSCs were investigated. Comparison of chemical shifts for the simple stereosequenced
isotactic poly LL and LLL and syndiotactic poly LLg and LgL were similar to those reported by
Ovitt and Coates.”” The syndiotactic methine and methyl resonances are slightly upfield of the
isotactic PLA resonances in the 'H NMR spectrum, opposite the pattern established in the PLGA
RSCs (Figure 25). In the >C NMR spectrum, the s-carbonyl is upfield of the i-carbonyl while the
s-methine is downfield of the i-methine and both methyl resonances exhibit a similar chemical

shift.

Figure 25. "H NMR of poly LL and poly LLg at 600 MHz in CDCl,.

Interpretation and partial assignment of the NMR spectra for randomized PLAs, poly
LL,,L and L,,L;,L, was completed according to methods developed by Zell, et al.’® Although
PLA lacks a comonomer frame of reference, which we have utilized to great extent in the
microstructural assignment of PLGA RSCs, Zell and coworkers determined that the

directionality in the '"H NMR was different than that of the °C NMR. The 'H NMR proceeds
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through the O-terminus while the C NMR proceeds through the C-terminus of a central
pairwise relationship. Illustrated in Figure 26, the 'H resonance of the central sis tetrad of ssiss
would correlate to the ssi resonance in the >°C NMR spectrum. This difference in correlation
enables partial assignment of the 'H and '>C methine resonances utilizing HETCOR

experiments, 2D heteronuclear correlation NMR, as according to Chisholm'* and Zell.”

? ? IT 13C resonance
LSLRLSLSLRLS S Si s s
C -0 YV
S s "H resonance

Figure 26. Directionality and correlation of NMR resonances in PLA

Focusing on a tetrad level of resolution, the possible stereochemical relationships for

tetrads; iiiss contains iii (a), iis (b) and iss (c) tetrads; ssiii contains ssi (a), sii (b) and iii (c); and
ssiss contains ssi (a), sis (b) and iss (c). Due to directionality, "H NMR resonance of tetrad ¢ will
correlate to the "*C resonance of tetrad b and the 'H NMR resonance of tetrad b will correlate to
the "*C resonance of tetrad a. Tetrads sii and sis are of particular interest: 1) the 'H NMR
resonances only correlate to the *C NMR resonance for ssi and 2) the '"H NMR chemical shifts
of the sii and sis resonances are the downfield (6= 5.18) of the remaining resonances (6= 5.13),
determined by stereosequence selectivity of PLA prepared by rac- vs. meso-lactide. Assignment
of the methine region for '"H and *C NMR spectra of poly LL,,L. were based on these

correlations confirming the newer assignments by Zell’®

and the original assignments of
Kricheldorf (Figure 28).83 The 'H and '*C NMR spectra for poly L,,.L,,.L, which introduces two

additional tetrads sss and isi, were assigned in a similar manner (Figure 29).
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Figure 27. Stereochemical possibilities for poly LL,, L
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Figure 28. HETCOR NMR spectrum of poly LL,,L at 700 MHz ('H) and 175 MHz (**C) in CDCl,.
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2.4.7 Mixed sequences and stereosequences

The chemical shifts for stereopure dimeric and trimeric copolymers are compiled in Tables 10
and 11. It should be emphasized that these are stereopure samples and exact matches to
unknowns will not be expected unless the sequences of the spectra compared are homologous at
or beyond the level of resolution observed. For convenience, however, the polyads with more

complex sequences have been labeled at the tetrad level.

Table 10. "H NMR chemical shifts of specific sequences from RSCs standards

Methine® Methylene” Methyl®
Sequence Polyad  L° L LS G plovnheld  pupfield L° L LS
LG all i 5.225 4860  4.626 1.568
all s 5.239 4807  4.686 1.560
GLG all i 5.244 Gt 4864  4.686 1.57
G° 4804  4.720
LLG all ¥ 5.205 5.175 4853  4.602 1.572 1.561
iis° 5215 5.176 4852  4.611 1.567 1.557
siit 5212 5.182 4818 4613 1.571 1.548
st 5.176 5.219 4806  4.634 1.557 1.529
iss'  5.187 5.221 4785  4.686 1.554 1.528
all s 5.182 5216 4813  4.652 1.559 1.532
GLLG all i 521 518 G- 4.855  4.661 1.569 1.559
_ G° 4806  4.669
alls' 520 523 G© 4843 4702 1.555 1.534

G° 4759 4732

T quartet °J = 7.0- 7.2 Hz; ° pair of doublets, °J = 15.6 — 16.2 Hz; © doublet °J = 7 — 7.2 Hz; “from poly LLG; ‘central
tetrads from poly LLGLLRG sequences ssiissi and #issiis; fcentral tetrads from poly LxLGLLG sequences issiiss
and siissii; #from poly LgLG and LLG; “from poly GLLG; 'from poly GLzLG
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Table 11. *C NMR chemical shifts of specific sequences from RSCs standards

L Carbonyl G Carbonyl Methine
Sequence Polyad L° L L¢ G° G G© L° L LC
LG all i 169.38 166.43 69.15
all s 169.24 166.38 69.19
GLG all i 169.28 166.37 166.47 69.24
LLG all #  169.50 169.37 166.49 68.98 69.18
iis®  169.36 169.32 166.53 69.02 69.16
sii®  169.46 169.30 166.47 68.98 69.17
ssi®  169.36 169.14 166.31 69.11 69.39
iss°  169.18 169.14 166.31 69.17 69.29
all s 169.22 169.14 166.36 69.17 69.35
GLLG  all# 169.42 169.33 166.42 166.45 69.0 69.27
alls'  169.24 169.14 166.28 166.45 69.15 69.39

*from poly LLG; "central tetrads from poly LLGLLG sequences ssiissi and iissiis ; ‘central tetrads from poly
LzLGLLG sequences issiiss and siissii; dfrom poly LzLG and LLzG; ‘from poly GLLG,; from poly GL;LG

Using these spectral tables as a guide and focusing on the methylene region, it is possible
to interpret the spectra of samples that contain more than one structural sequence and of samples
that contain multiple stereosequences. In a sample comprising a mixture of different structural
sequences, in this case a mixture of poly LG, GLG and LLG, resonances for each sequence can
easily be distinguished (Figure 30).

A more stringent test is the assignment of the methylene region of poly L,,.L4G. This spectrum
is complicated due to the number of possible polyads (8 at the tetrad level) and the presence of
multiple levels of resolution for each polyad. Nevertheless, it is possible to make a fairly

complete assignment of the sequences present at the tetrad level (Figure 31).
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Figure 30. Glycolic methylene region of a mixed '"H NMR spectrum for mixed sample (1:1:1) of poly LG, GLG
and LLG at 600 MHz in CDCls.
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Figure 31. Glycolic methylene region of poly L,,.L,,.G at 700 MHz in CDCls.
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2.5  DISCUSSION

2.5.1 Polymerization methods

We are able routinely to prepare RSC PLGAs with DPs > 200 on a per monomer basis with a >
95% sequence fidelity.  Previously, we were successful in preparing RSC PLGAs using
DCC/DMAP but the DPs were significantly lower.'” The newly adopted DIC/DPTS method,
first developed by Stupp and Moore, utilizes DPTS instead of DMAP in order to suppress chain
terminating ~ N-acylurea  byproducts, neutralize the reaction pH and minimize
depolymerization.””'* Similar methods were used by Hawker and coworkers in the preparation
of well-defined oligomers of lactic acid and caprolactone.”’ Examination of the NMR spectra
establishes that under the specified reaction conditions, neither sequence scrambling nor
epimerization are significant problems although in select samples mistakes (< 5%) can be
observed. The spectrum of poly LG (Figure 7, methylene region), for example, shows

contamination by syndiotactic sequences.

2.5.2 Sequence and Thermal Properties

Sequence was found to have a dramatic effect on the thermal properties of PLGA. In random
PLGAs the material properties are primarily dependent on the length of the lactic blocks which
generate preferential packing domains.”* Others have reported that as glycolic content increases
the T, drops to as low as 36 °C at a 50% glycolic unit incorporation.”*""'"** RSC PLGAs, on the
other hand, maintained T,s at or above 50 °C even when the glycolic unit content exceeded 60%.

As long as the uniformity of the structural sequence remained, altering the stereosequence only
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slightly lowered the T,. Most of the polymers remained amorphous even after annealing. Poly
LLG, LgLG and LLzG were the only polymers that displayed a melting transition and poly
LLG only crystallized after annealing. Although sequence- and stereoregularity should promote
crystallinity, it is clear that it is challenging for these polymers to exhibit long range order based

on these relatively short sequences.

2.5.3 Sequence and NMR

Our synthetic approach, which allowed for the creation of an unprecedented array of polymer
microstructures, facilitates the understanding of the NMR assignments for specific PLGA
sequences. The polymers prepared serve as a partial Rosetta Stone for the assignment of PLGA
NMR data. Prior assignments of the NMR resonances for PLGA have been based on random
copolymers (and a very small set of easily prepared well-defined homo- and copolymers). While
this approach has led to significant understanding for a variety of polymers, it is worth noting
that controversies over assignments of stereochemistry in the closely related but obviously
simpler PLA system have taken years and the input of several groups to resolve.’®"®%"12> The
fact that PLGA has the potential for both structural and stereosequence variability complicates
the issue significantly. However, we have been able, using our family of RSCs, not only to make
assignments but also to develop a deeper understanding of the issues involved in the
interpretation of NMRs of RSCs.

While the complexity of PLGAs make the assignment of NMR resonances more
challenging than in PLAs, our studies have also shown that the copolymer structure offers
compensatory advantages that facilitate interpretation. The most important advantage offered by

the copolymer is the exquisite sensitivity of the methylenic protons of the glycolic units to
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sequence and stereochemistry. The chemical shift range is relatively large and the shifts appear
to depend on stereosequence in a hierarchical fashion: the gross chemical shift is determined by
the central polyad while the fine chemical shift depends on longer range relationships. The
sensitivity of this signal to stereosequence is much greater than any other 'H NMR resonance or
the classically more informative *C NMR resonances. The second compensatory advantage of
PLGAs over PLAs (and other well-studied vinyl polymers) is a function of the fact that the
resonances for the two monomers are necessarily distributed over a larger chemical shift range
than the resonances for any single monomer and the fact that the polymers are unsymmetric—
each monomer and each polymer has distinct C and O termini. Using 2D NMR, these
differences were exploited to allow for the definitive assignment of resonances.

The most intriguing single result of the NMR studies of these RSC PLGAs, and one that
is applicable beyond the narrow scope of these polymers, is the unambiguous demonstration that
chemical shift resolution in a polymer bearing multiple sequences depends on the exact
sequence. Although investigators who have previously analyzed polymers with complex
stereosequences have proposed shift assignments based on different levels of resolution in some
cases,’ "** the range of sequence specific polymers available in our system gives a particularly
dramatic validation of the hypothesis. The clearest illustration in our system was found in the
methylene region of poly L,,.LLG. Examining the upfield proton, four groups of doublets are
visible (Figure 16). The leftmost group that corresponds to the iss tetrad is a simple doublet with
no fine structure; this signal is resolved only to the tetrad level. The next group is a barely
resolved pair of doublets that corresponds to the gross shift of the sss tetrad but which is resolved
to a hexad level. The final groups, which exhibit gross chemical shifts consistent with iii and sii

tetrads, exhibit four nearly resolved pairs of doublets which correspond to the much higher octad
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level of resolution. An octad level of resolution maps to an impressive distance along the
backbone of 3/ atoms between the most separated stereocenters. Such sequence-dependent
resolution occurs throughout these spectra although individual signals exhibit varying levels of

sensitivity.

T L

pure i
standard

additive
mixed
segquence
spectrum

siiis

hexad-resolved
peaks that
contribute to
mixed sequence
spectrum

Figure 32. Simulated NMR spectra highlighting the challenges inherent in comparing a standard with perfect
stereosequence control to a sample with multiple resolved sequences. Although all sequences share the same “iii”
central tetrad and exhibit similar chemical shifts, the shifts of the nearly hexad-resolved sequences create a pattern

that does not show an easily interpretable correspondence with the standard.

Another important lesson learned from the study of RSC PLGAs is that there are some
inherent limitations in our ability to make accurate assignments--limitations that are general to
the use of exact sequence RSCs as a key to the interpretation of the NMR spectra of samples
with mixed sequence chains, no matter what polymer is involved. The first order approach to
assigning spectra, and one that works in some cases, is to assign the resonances for specific
sequences by comparison of the chemical shifts with those of a stereopure standard. Our analysis
of the extensive database of shifts for the polymers described herein, however, highlights the

potential for misinterpretation in systems where the sensitivity of a resonance to stereochemistry
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is high and not yet understood. The difficulties are illustrated in the simulated spectrum depicted
in Figure 32. If a stereosequence with only “i” relationships, for example, is compared to a
sample that contains several stereosequences, no peak with a 1:1 shift correspondence to the
standard will be found despite the fact that the sample contains a significant (25% in this case)
proportion of the “7” sequence in the form of “iiiii

problem would occur if the mixed sample contained only iiiis and siiis sequences. Despite the
fact that both share the same iii central tetrad, the shift of neither peak would correspond with
that of the “all 7 standard.

The lack of correlation between stereopure standards and the resonances for individual
sequences can thus be attributed to a combination of two phenomena: 1) a full set of standards is
not available i.e. sequences longer than those prepared as standards can be distinguished in
mixtures and 2) the ultimate sensitivity of the chemical shift for a particular sequence in a
mixture e.g. tetrad, hexad, etc. is determined by the inherent resolution of the NMR spectrum.
We see the effects of both of these phenomena in our spectra in that the shifts of our standards do
not exactly match those observed in our mixed sequence polymers. To achieve a 100%
correlation it would have been necessary in the case of poly L,,.L,..G, for example, to prepare
all 32 possible octad sequences. As the synthesis of all of these sequenced polymers is
impractical, it was necessary to extrapolate from the observed trends from the available standards
in assigning certain sequences. The second phenomenon that results in chemical shift
miscorrelation, the fact that the certain chemical shift differences are on the same order of

magnitude as the peak widths, is a universally recognized spectroscopic challenge and could be

overcome by a combination of expanding the database of sequences and “fitting” the mixed
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spectra. Although the lack of long-sequence standards prevented an analysis of this depth, these
phenomena were taken into account when assignments were made.

The broad manifestation of these chemical shift correlation phenomena in our data can
readily be observed in the stacked plots of "H NMR spectra for the PLGA RSCs (Figures 14 &
15). The fact that peaks labeled as arising from the same tetrad do not always “line up” is due to
the peak matching problems just described, not to poor chemical shift calibration. It should be
noted that these issues disproportionally complicate the interpretation of the methine and methyl
regions because those regions span a smaller chemical shift range and are not as hierarchical as
the methylene region.

The analysis of the NMR data for these polymers has also given us some insight into the
specific interpretation of the spectra of PLGAs. In particular, we note that the shift range
observed for differing stereosequences within the same structural sequence overlaps exactly with
the chemical shift range observed for differing structural sequences. Given the similarity of the
monomers involved it is, perhaps, not surprising that structural sequence does not introduce a
larger perturbation. The bottom line is that, for PLGAs, stereosequence is extremely important

in determining the NMR spectral pattern.

2.5.4 Sequence and Conformation

One inescapable conclusion to be drawn from the solution phase behavior of these PLGA RSCs,
both NMR and SEC, is that the conformations of these polyesters are sequence dependent.
Conformational differences must, for example, be responsible for the differences in chemical

environment exhibited by the diastereotopic methylene protons imbedded in different
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stereosequences. Conformation is also likely to be responsible for the sequence dependence of
the SEC—the R, is determined by the shape assumed by the polymer in solution.

Although the homology of the monomers in these polymers with those in amino acids,
specifically alanine and glycine, renders the sequence-dependence of the conformations
unsurprising, the fact that the effect is so strong, given the lack of amide-mediated hydrogen
bonding, is perhaps less expected. Indeed, it is common practice to substitute the ester analog of
an amino acid into a peptide to determine the importance of a particular amino acid to the tertiary
structure of a protein.'>*'%’

Although we cannot yet correlate our NMR spectra with specific conformational
preferences the data suggests that there is much to be learned. The fact that we observe a
sequence-specific sensitivity to stereochemistry is, for example, intriguing. Such behavior could
arise either because specific sequences create conformations that place the diastereotopic
methylene protons in better positions to “observe” distant stereochemical relationships or it could
arise because certain sequences simply have stronger conformational preferences (or both). Also
relevant to the understanding of the rules governing the preferred conformations in this system is
the observation that the chemical shift difference between the two methylenic protons on a
particular carbon was consistently smaller for s-centered polyads than i-centered polyads. An

analogous trend has been well-documented in vinyl polymers such as polypropylene.'**'%’

2.6 CONCLUSIONS

The solution phase conformations for RSC PLGAs were found to be extremely sequence

and stereosequence dependent, analogous to peptides. To access these RSC PLGAs, we have
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developed a methodology that allows the preparation of complex sequenced copolymers of lactic
and glycolic acids from simple mono-protected building blocks. The method is general,
convergent, and allows for the synthesis of sequences unavailable by other methods such as
ROP. Although RSC synthesis can be used to make stereopure NMR standards, the inherent
resolution of specific sequences must be taken into account as the level of resolution for a
particular nucleus may be sequence dependent. Improved thermal properties were also a direct

result of the uniformity of polymer sequence.

2.7 EXPERIMENTAL SECTION

Materials. 4-(Dimethylamino)pyridinium p-toluenesulfonate (DPTS) was synthesized according
to reported literature procedure.” Ethyl acetate, methylene chloride, acetonitrile and
triethylamine were distilled under nitrogen from calcium hydride. THF was passed through
activated alumina using a SPS 400 (Innovative Technology). Lactic acid was purified for
dioxolanone synthesis by vacuum distillation of a commercially available 90% solution (Acros)
followed by recrystallization in benzene with ether and hexanes. All other reagents were
purchased and used without further purification. Column chromatography was performed using
EMD 60 A, 40-63 pm standard grade silica.

NMR Spectroscopy. 'H (300, 400, 600 and 700 MHz) and "*C (75, 100, 150 and 175 MHz)
NMR spectra were recorded with Bruker spectrometers in CDCl; or DMSO and calibrated to the
residual solvent peaks. 2D NMR experiments were recorded with Bruker 600 and 700 MHz
NMR  spectrometers equipped with a 5 mm gradient probe using HMBC, HMQC and 'H

decoupled HETCOR gradient pulse sequences.

73



Molecular weight analysis. Molecular weights and polydispersities were acquired on a Waters
GPC (THF and CHCI3) with Jordi 500 A, 1000 A and 10000 A divinylbenzene (DVB) columns
and refractive index detector (Waters) was calibrated to polystyrene standards. Absolute
molecular weights were performed by Impact Analytical, Inc using Waters Alliance Separations
Module 2695, PLGel 5 um Mixed-C column, Waters 2414 DRI and Wyatt Dawn EOS (690 nm)
detectors. MALDI-TOF MS analysis was performed with a Voyager DE-STR instrument
(Applied Biosystems) equipped with a 337-nm nitrogen laser. An accelerating voltage of 25 kV
was applied. Mass spectra were recorded in the reflection mode (1000 shots). The polymer
samples were dissolved in THF at a concentration of 1 mg/ml. The cationization agents used
were potassium trifluoroacetate or sodium trifluoroacetate dissolved in THF at a concentration of
1 mg/ml. The matrix trans-2-(3-(4-tert-butylphenyl)-2-methyl-2-propenylidene)malononitrile
(DCTB) was dissolved in THF at a concentration of 40 mg/ml. Solutions of matrix (10 mL), salt
(1 mL), and polymer (5 mL) were mixed, and the mixture was spotted by hand onto a stainless-
steel MALDI target and left to dry. Baseline corrections and data analysis were performed by
using Data Explorer version 4.0 from Applied Biosystems. 18

Thermal Analysis. Differential scanning calorimetry (DSC) measurements were performed with
a Perkin Elmer Pyris 6 DSC. Standard data were collected with a heating and cooling rate of
10°C/min and data was collected from the second cycle. Annealed samples were prepared by
drop- casting (CH,Cl,) into DSC pans, drying under vacuum for 24 h, and annealing at 85 °C for

3 h. The data for annealed samples was collected on the first run.
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2.7.1 General procedures for the preparation of TBDPS-protected acids

HO
\H/\OTBDPS
o)

G-SiR;. Methyl glycolate (4.63 g, 51.4 mmol), EtsN (157 ml, 113 mmol) and 4-
(dimethylamino)pyridine (DMAP) (3.05 g, 25 mmol) were combined in 200 ml of dry CH,Cl,
under N,. After cooling the reaction mixture to 0°C, #-butyldiphenylchlorosilane (TBDPSCI)
(15.5 g, 56.5 mmol) was added and the reaction mixture was stirred at room temperature for 18
h. The reaction mixture was filtered and the filtrate was washed with 10% HCI (2 x 150 ml) and
H,O (2 x 100 ml). The organic layer was dried with MgSO,4 and concentrated in vacuo to yield a
colorless oil (18.0 g, 97%). The 'H NMR spectrum revealed that the resultant oil contained up to
10% TBDPSCI.

The resultant oil (11.0 g, 33.4 mmol) was dissolved in 550 ml of THF and cooled in an
ice bath. LiOH-H,O (5.6 g, 134 mmol) in 205 ml of H,O was added dropwise over 15 min. The
ice bath was removed and the reaction was allowed to stir for 10 min. Water (100 ml) was added
and the THF was removed in vacuo. The aqueous phase was extracted with Et,O (2 x 150 ml) to
remove starting material, acidified using 1.0 M HCI, and then extracted with Et,O (2 x 150 ml).
The second ethereal phase was dried with MgSO4 and concentrated in vacuo to yield a colorless
oil (8.07 g, 77%). '"H NMR (300 MHz, CDCl3) & 7.8-7.6 (m, 4H), 7.5-7.3 (m, 6H), 4.39 (s, 2H),
1.24 (s, 9H); >C NMR (75 MHz, CDCl3) & 176.2, 135.7, 132.4, 130.3, 128.1, 62.0, 26.9, 19.3;

MS (EI) m/z 257 (M- t-butyl).
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(0]
L-SiRs. The product was a colorless solid (17.58 g, 92%). MP 73.5-75°C; '"H NMR (300 MHz,
CDCls) & 10.2 (s, 1H), 7.8-7.6 (m, 4H), 7.5-7.3 (m, 6H), 4.33 (q, ] = 6.78 Hz, 1H), 1.48 (d, ] =
6.81 Hz, 3H), 1.24 (s, 9H); *C NMR (75 MHz, CDCl;) & 178.2, 135.9, 135.8, 133.1, 132.5,
130.2, 128.0, 69.0, 27.0, 21.2, 19.3; MS (EI) m/z 271 (M-t-butyl).

HO\H/(/!}OTBDPS

O
Lg-SiR3 rmsvii-96a/rmsviii-9a: The product was a colorless solid (17.3 g, 90%). MP 69-70°C,
'H NMR (300 MHz, CDCl3) & 10.14 (s, 1H), 7.69- 7.64 (m, 4H), 7.5- 7.24 (m, 6H), 4.32 (q, J=
6.7 Hz, 1H), 1.34 (d, J= 6.9 Hz, 3H), 1.11 (s, 9H); *C NMR (75 MHz, CDCl3) & 177.2, 135.7,

132.8, 132.2, 130.2, 130.1, 127.8, 127.7, 69.1, 26.8, 21.0, 19.2; MS (EI) m/z 271 (M-t-butyl).

2.7.2 General procedure for benzyl protection of a-hydroxy acids

BnO\ﬂ/('S)\OH

o
Bn-L rmsv-32a: 1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU) (85.3 g, 0.56 mol) was added
dropwise to a stirring solution of 90% (S)-lactic acid (50.0 g, 0.56 mol) and methanol (230 ml) in
an ice bath. The reaction mixture was stirred at RT for 30 min and then the solvent was removed
by distillation under reduced pressure. DMF (230 ml) was added to the reaction mixture,
followed by the dropwise addition of benzyl bromide (80.4 g, 0.47 mol). After 20 h, DMF was

removed by vacuum distillation and the resulting residue was taken up in brine and EtOAc. The
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layers were separated and the aqueous layer was extracted EtOAc (2 x 300 ml). The organic
layers were combined and washed with 1.0 M HCI (3 x 250 ml), sat. NaHCO; (3 x 250 ml), and
H,0 (2 x 250 ml). The organic layer was dried with MgSO,4 and concentrated in vacuo. The
product was purified by vacuum distillation (85 °C at 0.15 mm Hg) to yield a colorless liquid
(65.61 g, 78%). 'H NMR (300 MHz, CDCl3) § 7.5-7.3 (m, 5H), 5.19 (s, 2H), 4.30 (q, J= 6.90
Hz, 1H), 3.00 (s, 1H), 1.42 (d, J= 6.90 Hz, 3H); *C NMR (75 MHz, CDCl;) & 175.4, 135.2,

128.4, 128.1, 67.1, 66.8, 20.2, MS (GC) m/z 180 (M+).

BnO
’ %OH

o
Bn-L,,. rmsv-17a: The product was distilled under vacuum (78 °C at 0.1 mm Hg) to yield a
colorless liquid (56.0 g, 67%). 'H NMR (300 MHz, CDCl3) & 7.4-7.3 (m, 5H), 5.19 (s, 2H), 4.30
(quartet, J= 6.90 Hz, 1H), 3.00 (s, 1H), 1.42 (d, J= 6.90 Hz, 3H); °C NMR (75 MHz, CDCl;) &

175.4,135.2, 128.5, 128.4, 128.1, 67.1, 66.8, 20.2, MS (GC) m/z 180 (M+).

Bno\[(\OH

o
Bn-G rmsv-102: Glycolic acid (100 g, 1.31 mol) and DBU (202.5 g, 1.33 mol) were added to
1500 mL of dry benzene and allowed to stir for 30 min. Benzyl bromide (232.6 g, 1.36 mol) was
added dropwise and the reaction mixture was refluxed for 10 h. The reaction mixture was
filtered and concentrated to 1000 mL. The concentrate was extracted with 1.0 M HCI (2 x 400
mL) followed by H,O (1 x 400 mL). The organic layer was dried with MgSO, and concentrated
in vacuo. The product was distilled (70 °C, 0.06 mm Hg) to yield a colorless liquid (197.7 g,

91% vield). "H NMR (300 MHz, CDCls) § 7.4-7.3 (m, 5H), 5.20 (s, 2H), 4.18 (d, J= 5.66 Hz,
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2H), 2.66 (t, J= 5.68 Hz, 1H); °C NMR (75 MHz, CDCls) § 173.1, 135.0, 128.6, 128.5, 128.4,

BnO
: \H/(’RFOH

0]

67.2, 60.6; MS (GC) m/z 166 (M+).

Bn-Lg rmsviii-77a/rmsviii-82a: Benzyl alcohol (5.95 g, 55 mmol), Lg-SiR3 (16.5 g, 50 mmol),
1,3-dicyclohexylcarbodiimide (DCC) (11.35 g, 55 mmol) and DMAP (3.05 g, 25 mmol) were
combined in 250 ml of methylene chloride (CH,Cl,) and stirred for 4 h at RT. The reaction
mixture was filtered and concentrated in vacuo. The concentrate was chromatographed (silica,
2.5-5% EtOAc in hexanes) to yield a colorless oil (18.1 g, 86%). 'H NMR (300MHz, CDCl;) &
7.65- 7.62 (m, 4H), 7.42-7.2 (m, 11H), 5.03 (d, J=12.3 Hz, 1H), 4.96 (d, J= 12.3 Hz, 1H), 4.31
(q, J= 6.7 Hz, 1H), 1.37 (d, J= 6.9 Hz, 3H), 1.07 (s, 9H); °C NMR (75 MHz, CDCl;) & 173.5,
135.9, 135.7, 135.6, 133.5, 133.1, 129.7, 128.4, 128.2, 127.6, 127.5, 68.9, 66.3, 26.8, 21.2, 19.2;
HRMS (M+Na) calc mass 441.1862, mass found 441.1883.

Di-protected Bn-Lg-SiR3 (18.0 g, 43 mmol) was added to 430 ml of dry THF under N,.
Acetic acid (4.4 ml, 77 mmol) was added followed by #-butyl ammonium fluoride (TBAF) (1.0
M, 64.5 ml, 64.5 mmol). After 1 h, the reaction mixture was added to 500 ml brine and 200 ml of
Et,0O and the layers were separated. The aqueous layer was washed with Et,O (1 x 200 ml). The
organic layers were combined, dried with MgSO,4 and concentrated in vacuo. The concentrate
was chromatographed (silica, 10-15% EtOAc in hexanes) to yield a colorless liquid (6.91 g,
89%). '"H NMR (300MHz, CDCl3) & 7.36-7.32 (m, 5H), 5.19 (s, 2H), 4.35-4.26 (m, 1H), 2.88 (d,
J= 4.8 Hz, 1H), 1.42 (d, J= 6.9 Hz, 3H); °’C NMR (75 MHz, CDCl;) & 175.5, 135.2, 128.6,

128.5, 128.2, 67.3, 66.8, 20.3; HRMS (M+Na) calc mass 180.0786, mass found 180.0779.
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2.7.3 Deuterated Building Blocks, Oligomers and Intermediates

Malonic acid based Synthesis:

(0]
Do)H<[B)r
a-~d-bromopropionic acid (Lgq-Br) rmsvi-99: Methyl malonic acid (20.0 g, 0.17 mol) was
dissolved in 500 ml of dry Et,O under N, and cooled to 0 °C. Bromine (8.7 ml, 0.17 mol) was
added dropwise and upon completion of the addition the reaction mixture was concentrated by
vacuum distillation. The pale orange colored solid was dried under vacuum overnight.
Deuterium oxide (200 ml, 20 mol) was added and the reaction mixture was allowed to stir for 1
h. D,0O was removed by vacuum distillation and the product was dried under vacuum for 5 d.
Decarboxylation was achieved by heating the reaction mixture at 150 °C for 1 h until gas
bubbles were no longer observed. The red liquid was distilled under reduced pressure (105-110
°C) to yield a colorless liquid (25.9 g, 99%). '"H NMR (300 MHz, DMSO) & 1.93 (s, 3H); "°C

NMR (75 MHz, DMSO) & 168.7, 58.5, 26.9; MS (EI) m/z 155 (M+).

O

Br
DO&
D

D
a-d,d-bromo acetic acid (Gg2-Br) rmsvi-96: Per-deuterated malonic acid (20 g, 0.18 mol) was
dissolved in 500 ml of dry Et,O under N; and cooled to 0 °C. Bromine (9.53 ml, 0.18 mol) was
added dropwise and upon completion the reaction mixture was concentrated by vacuum
distillation. The pale orange solid was dried under vacuum overnight. Decarboxylation was

achieved by heating the reaction mixture at 140 °C for 2 h until gas bubbles were no longer
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observed. The red liquid was distilled under reduced pressure (112 °C) to yield a colorless liquid

(16.94 g, 65%). *C NMR (75 MHz, DMSO) & 168.5, 27.5 (m); MS (EI) m/z 142 (M+).

Bn-LLg,4-Br rmsvii-18a: The acid Lg,~Br (8.0 g, 51.6 mmol), Bn-L (10.8 g, 60 mmol) and
DPTS (3.04 g, 10 mmol) were combined in 200 ml of dry CH,Cl, under N,. 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (11.5 g, 60 mmol) was added and the reaction mixture was
stirred at RT for 16 h. The reaction mixture was washed with water (2 x 300 ml) to remove the
urea. The organic layer was dried with MgSO, and concentrated in vacuo. The concentrate was
chromatographed (silica, CH,Cl,) to yield a colorless oil (14.52 g, 89%). 'H NMR (300MHz,
CDCl3) 6 7.34-7.31 (m, 10H), 5.22-5.11 (m, 6H), 1.82-1.79 (m, 3H), 1.68-1.66 (m, 3H), 1.55-
1.51 (m, 6H); °C NMR (75 MHz, CDCl3) & 170.0, 169.9, 169.7, 169.4, 135.1, 128.6, 128.5,

128.4, 128.2, 128.1, 69.8, 69.7, 67.2, 21.4, 21.3, 16.7, 16.6; MS (EI) m/z 317 (M+).

Bn-LGa;-Br rmsvii-12a: Procedure as described above for Bn-LLg.~Br. The crude was
chromatographed (silica, CH,Cl,) to yield a colorless oil (13.64 g, 80%). 'H NMR (300 MHz,
CDCly) & 7.36-7.31 (m, 5H), 5.24-5.13 (m, 3H), 1.52 (d, J= 7.2 Hz, 3H); *C NMR (75 MHz,
CDCls) 6 169.8, 169.7, 135.2, 128.7, 128.6, 128.5, 128.2, 77.1 (t), 70.1, 67.3, 16.8; MS (EI) m/z

303 (M+).
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D-G-SiR;. Deuterium oxide was added to silyl-protected glycolic acid (G-SiR3) and the mixture
was allowed to stir for 1 h. D,O was removed by vacuum distillation and the product was dried

under vacuum overnight. The compound was used without further purification.

= O

BnO. - 0
9 o& OTBDPS
o) D \gﬂ

Bn-LLg,,G-SiR3 rmsvii-66a: The bromo-dimer, Bn-LLgBr (4.52 g, 14.3 mmol) was
combined with D-G-SiR3 (5.0 g, 15.9 mmol), Cs,CO3(7.0 g, 21.5 mmol) and KI (0.24 g, 1.4
mmol) in 200 ml dry CH3CN under N,. The reaction mixture was stirred at RT for 24 h,
quenched with D,O and extracted with Et;O (2 x 150 ml). The organic layers were dried with
MgSO;4 and concentrated in vacuo. The concentrate was chromatographed (silica, 5% EtOAc in
hexanes) to yield a colorless oil (3.74 g, 48%). 'H NMR (600 MHz, CDCl3) & 7.68-7.66 (m,
8H), 7.4-7.3 (m, 22H), 5.21-5.11 (m, 6H), 4.34 (d, J= 16.8 Hz, 1H), 4.32 (d, J=16.8 Hz, 1H),
4.28 (d, J=16.8 Hz, 1H), 4.27 (d, J= 16.8 Hz, 1H), 1.51 (d, J= 7.2 Hz, 3H), 1.45 (d, J= 6.6 Hz,
3H), 1.43 (s, 6H), 1.073 (s, 9H), 1.069 (s, 9H); °C (150 MHz, CDCl3) & 170.6, 170.4, 170.0,
169.83, 169.82, 169.7, 135.58, 135.55, 135.54, 135.2, 135.1, 132.74, 132.71, 129.9, 128.6, 128.5,
128.4, 128.2, 127.8, 127.7, 69.3, 69.1, 68.3 (m), 67.2, 67.1, 62.0, 61.9, 26.6, 19.3, 16.76, 16.74,

16.71, 16.6; MS (EI) m/z 536 (M+).

- 0

BnO.__~ o]
"N o)S( N7 oTBDPS
o) D Do

Bn-LG4;G-SiR3 rmsvii-65a: Procedure as described above for Bn-LLg,.G-SiR3. The crude

was chromatographed (silica, 5% EtOAc in hexanes) to yield a colorless oil (3.55 g, 46%). 'H
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NMR (600 MHz, CDCL3) § 7.7-7.65 (m, 4H), 7.41-7.3 (m, 11H), 5.20 (q, J= 6.9 Hz, 1H), 4.72 (d,
J= 18 Hz, .05H), 4.64 (d, J= 14.4 Hz, .05H), 4.35 (d, J= 16.8 Hz, 1H), 4.32 (d, J= 17.4 Hz, 1H),
1.48 (d, J= 6.6 Hz, 3H), 1.06 (s, 9H); *C NMR (150 MHz, CDCl5) & 170.5, 169.9, 166.8, 135.5,
135.1, 132.7, 132.6, 129.9, 128.6, 128.4, 128.2, 127.8, 69.4, 67.2, 61.9, 60.1 (m), 26.6, 19.3,
16.8; MS (ES) m/z 559 (M+Na).

Enolate mediated synthesis:

0
Bno)k@roo
@)

Bn-L-THP rmsvi-6a: Bn-L (10 g, 55.5 mmol) and dihydropyran (23.5 mL, 278 mmol) were
combined in 250 mL of CH,Cl, and chilled in an ice bath. p-Toluenesulfonic acid (0.1 g, 0.56
mmol) was added and the reaction mixture was stirred at room temperature for 2 h. The reaction
mixture was added to a separation funnel and washed with sat NaHCO3 and brine. The organic
layer was dried with MgSOj4 and concentrated in vacuo. The concentrate was chromatographed
(silica, 5% EtOAc in hexanes) to yield a colorless liquid (14.6 g, 100%). 'H NMR (CDCls, 300
MHz) 6 7.35-7.29 (m, 10H), 5.14 (d, J= 12.0 Hz, 2H), 5.11 (d, J= 12.6 Hz, 2H), 4.70-4.66 (m,
2H), 4.47 (q, J= 6.9 Hz, 1H), 4.21 (q, J= 6.6 Hz, 1H), 3.85-3.77 (m, 4H), 3.6-3.4 (m, 4H), 1.9-
1.35 (m, 18H).

O

OTBDPS
Bno)ﬁ%

Bn-L-SiRj3; rmsvi-39a: This compound was prepared using the same silyl-protecting procedures
as L-SiRj. The crude was chromatographed (silica, 2.5% EtOAc in hexanes) to yield a colorless

liquid (5.22 g, 90%). 'H NMR (CDCls, 300 MHz) § 7.67-7.62 (m, 4H), 7.39-7.19 (m, 11H), 5.01
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(d, J= 12.3 Hz, 1H), 4.95 (d, J= 12.3 Hz, 1H), 4.31 (q, J= 6.9 Hz, 1H), 1.36 (d, J= 6.9 Hz, 3H),

1.05 (s, 9H).

0
5o OTEDPS

Bn-G-SiR; rmsvi-40a: See above. The crude was chromatographed (silica, 2.5% EtOAc in
hexanes) to yield a colorless liquid (5.50 g, 90%). '"H NMR (CDCls, 300 MHz) & 7.68-7.62 (m,

4H), 7.40-7.26 (m, 11H), 5.11 (s, 2H), 4.27 (s, 2H), 1.06 (s, 9H).

L-Dioxo rmsvi-69a: Lactic acid (solid, not aqueous solution) (23.7 g, 263 mmol) was added to
300 ml of dry THF and cooled to -78 °C. While cooling, BF3;*Et;O (49 ml, 400 mmol) was
added dropwise over 10 min followed by the dropwise addition of 3-pentanone (56 ml, 400
mmol) over 10 min. Once the additions were completed the reaction mixture was warmed to 0
°C. After 6 h, Et;N (60 ml, 430 mmol) was added dropwise and the reaction mixture was poured
into 250 ml of ice water. The aqueous layer was extracted with Et,O (3 x 150 ml). The ethereal
layers were dried with MgSO4 and concentrated in vacuo. The concentrate was chromatographed
(silica, 5% EtOAc in hexanes) to yield a colorless liquid (35.3 g, 85%). 'H NMR (300 MHz,
CDCls) 6 4.43 (q, J= 6.7 Hz, 1H), 1.85-1.65 (m, 4H), 1.40 (d, J= 6.6 Hz, 3H), 0.93-0.86 (m, 6H);
C NMR (75 MHz, CDCl3) & 174.0, 113.9, 70.8, 30.7, 30.0, 17.4, 7.4, 6.7; MS (EI) m/z 159

(M+1).
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G-Dioxo rmsvi-64a: See L-Dioxo. The crude was chromatographed (silica, 5-10% EtOAc in
hexanes) to yield a colorless liquid (21.2 g, 56%). 'H NMR (CDCls, 300 MHz) & 4.33 (s, 2H),
1.81 (q, J=7.5 Hz, 2H), 1.80 (q, J= 7.5 Hz, 2H), 0.94 (t, J= 7.5 Hz, 6H).
O

\\\\

o)
(9
(9\—0

H
L-ChlorophenylDioxo rmsviii-30a: Lactic acid (7.65 g, 76 mmol, 90% in water) and trimethyl
orthoformate (15.9 g, 150 mmol) were added to 100 mL of cyclohexane and heated to reflux
with a Dean-Stark trap to remove water. After 45 min the reaction mixture was let cool to RT
and remaining solvent was removed in vacuo. To the concentrate 50 mL of dry toluene was
added and the mixture was cooled in an ice bath. Camphorsulfonic acid (0.35 g, 50 mmol) was
added followed by the dropwise addition of p-chlorobenzaldehyde (7.03 g, 50 mmol) in 25 mL
of toluene. The reaction mixture was allowed to stir at RT for 24 h and then quenched with 5%
Na,COs; solution. The reaction mixture was extracted with ether (2 X 50 mL), dried with MgSO4
and concentrated in vacuo. The crude was chromatographed (silica, 5-10% EtOAc in hexanes)
and recrystallized in hexanes to yield a colorless solid (2.2 g, 21%). '"H NMR (CDCls, 300 MHz)
S 7.45-7.38 (m, 4H), 6.33 (d, J= 1.2 Hz (W-coupling), 1H), 4.51 (dq, J,= 6.6 Hz, J,= 1.2 Hz, 1H),
1.58 (d, J= 6.9 Hz, 3H); *C NMR (CDCls, 75 MHz) & 173.2, 136.6, 132.9, 128.9, 128.0, 102.1,

71.9,16.3.
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BisTHP'" rmsvi-34: Dihydropyran (30 mL, 330 mmol) in 60 mL dry THF under N, was cooled
to -78 °C. tBuLi (1.7 M in THF, 200 mL, 340 mmol) was added dropwise and the reaction
mixture was allowed to stir for 1 h at 0 °C. This solution was then cannulated into a chilled
solution of PdCIly(CH3CN), (2.0 g, 7.7 mmol) and Cu(I)Cl (46.3 g, 343 mmol) in 300 mL THF.
The reaction mixture was allowed to stir for 1 h in an ice bath. The reaction was quenched with
sat NH4Cl with NH4OH and then extracted with ether (2 x 300 mL). The organic layers were
dried with MgSQy, concentrated in vacuo and chromatographed (silica, 5% ether in hexanes or
neutral alumina, hexanes) to yield a colorless solid (14.97 g, 55%) 'H NMR (CDCl;, 300 MHz) &
5.15 (t, J=3.9 Hz, 2H), 4.03-4.10 (m, 4H), 2.12-2.07 (m, 4H), 1.85-1.77 (m, 4H).

R

(S) |
/S/QEL
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BisTHP-L rmsvi-26b: Bis-THP (0.45 g, 2.7 mmol) and lactic acid (recrystallized solid, 0.24 g,
2.7 mmol) were dried under vacuum for 1 h and then combined in 10 mL of dry toluene.
HCI/Ether (1.0 M, 0.27 mL, 0.27 mmol) was added and the reaction mixture was allowed to stir
at RT for 20 h. The reaction mixture was concentrated and chromatographed (silica, 2.5% EtOAc
in hexanes) followed by recrystallization in hexanes to yield a colorless solid (0.39 g, 57%) 'H
NMR (CDCls, 300 MHz) 6 4.32 (q, J= 6.6 Hz, 1H), 4.0-3.5 (m, 4H), 2.0-1.6 (m, 12H), 1.52 (d,

J= 7.8 Hz, 3H).
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BisTHP-G rmsvi-30: See BisTHP-L. Recrystallization in hexanes and EtOAc yielded a
colorless solid (1.81 g, 42%). "H NMR (CDCls;, 300 MHz) & 4.33 (d, J= 17.4 Hz, 1H), 4.21 (d,
J=17.7 Hz, 1H), 4.0-3.5 (m, 4H), 2.0-1.5 (m, 12H); *C NMR (CDCls, 75 MHz) & 167.3, 103.3,

95.0, 62.9,62.3, 59.5, 28.3, 27.8,24.5,24.3,17.9, 17.1.

L rac-Dioxo rmsvi-79a: Lithium hexamethyldisilazide (46.9 g, 280 mmol) was dissolved in 500
ml of dry THF and cooled to -78 °C. L-Dioxo (22.2 g, 140 mmol) was dissolved in 30 ml of
THF and added dropwise. The reaction mixture was allowed to stir at -78 °C for 30 min and
quenched with D,O (11.2 g, 560 mmol). Once at RT, the reaction mixture was added to a brine
solution and extracted with Et,O (3 x 300 ml). The ethereal layers were dried with MgSO4 and
concentrated in vacuo. The concentrate was chromatographed (silica, 10% EtOAc in hexanes) to
yield a colorless liquid (17.1 g, 77%) with > 85% deuterium incorporation. '"H NMR (300 MHz,
CDCls) 6 4.45 (q, J= 6.9 Hz, 0.14 H), 1.82-1.69 (m, 4H), 1.43-1.4 (m, 3H), 0.95-0.86 (m, 6H);
3C NMR (75 MHz, CDCl3) 8 174.1, 114.1, 70.8, 70.5 (t), 30.8, 30.1, 17.4, 7.5, 6.8; HRMS (M+)

calc mass 159.1005 mass found 159.1006.
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BisTHP-Lq4 rmsvi-52a: Diisopropylamine (0.32 mL, 2.3 mmol) was added to 10 mL of dry THF
and cooled to -78 °C. nBuLi (1.6 M, 1.44 mL, 2.3 mmol) was added and the reaction mixture
was allowed to stir for 20 min. BisTHP-L (0.5 g, 1.95 mmol) was added in 5 mL of THF. After
30 min, D,O (5 mL) was added and the reaction mixture was allowed to warm to RT. More D,0O
was added and the reaction mixture was extracted with ether, dried and concentrated in vacuo.
The concentrate was chromatographed (silica, 5% EtOAc in hexanes) to yield a colorless liquid
(0.42 g, 84%, ~70% d). 'H NMR (CDCls, 300 MHz) & 4.47 (q, J= 69. Hz, 0.15H, equatorial),

4.32 (g, J= 6.9 Hz, 0.17H, axial), 4-3.5 (m, 4H), 2-1.5 (m, 15H).
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BisTHP-G4 rmsvi-53a: See BisTHP-L4. The crude was chromatographed (silica, 5% EtOAc in
hexanes) to yield a colorless solid (0.103 g, 21%, 90+% d). '"H NMR (CDCls, 300 MHz) & 4.36-
4.18 (m, 1H), 4.0-3.5 (m, 4H), 2-1.5 (m, 12H).

D
BnO
: \H><OH

o
Bn-Lg 4 rmsvi-81a: Dioxolanone Lg~Dioxo (5.0 g, 31.4 mmol) was dissolved in benzyl
alcohol (BnOH, 34 g, 314 mmol) with camphorsulfonic acid (3.48 g, 15 mmol) and heated at 85
°C for 6 h. After cooling, the mixture was taken up in CH,Cl, and washed with saturated

NaHCO; (2 x 100 ml) and brine (75 ml). The organic layer was dried with MgSO,4 and
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concentrated in vacuo. The concentrate was chromatographed (silica, 15% EtOAc in hexanes)
followed by removal of excess BnOH by vacuum distillation to yield a colorless oil (2.52 g,
44%). "H NMR (600 MHz, CDCls) & 7.38-7.31 (m, 5H), 5.19 (s, 2H), 3.08 (s, 1H), 1.41 (s, 3H);
BC NMR (150 MHz, CDCls) & 175.5, 135.2, 128.6, 128.5, 128.2, 67.3, 66.5 (t), 20.3; HRMS

(M+) calc mass 181.0849 found 181.0850.
2.7.4 General procedure for DCC/DMAP coupling reactions

One equivalent of TBDPS-acid was combined with 1-1.2 equivalents of benzyl protected
alcohol, 1.2 equivalents of DCC and 0.5 equivalents of DMAP. The reaction mixture was let stir
at RT for 4 h under N, and then filtered to remove dicyclohexylurea. The filtrate was
concentrated in vacuo and chromatographed.

Dimer synthesis. Di-protected dimers were assembled by coupling orthogonally protected
building blocks using the above general procedures. All products were purified by

chromatography (silica, 2.5-5% EtOAc in hexanes).

(0]

o)
Bno)L? \[(\OTBDPS
o)

Bn-LG-SiR; rmsvii-51a: The product was a colorless oil (9.25 g, 87%). 'H NMR (300 MHz,
CDCls) & 7.7-7.6 (m, 4H), 7.4-7.3 (m, 11H), 5.2-5.1 (m, 3H), 4.34 (d, J= 16.8 Hz, 1H), 4.27 (d,
J=16.8 Hz, 1H), 1.29 (d, J= 7.2 Hz, 3H), 1.06 (s, 9H); *C NMR (75 MHz, CDCls) & 170.5,
170.2, 135.5, 135.2, 129.8, 128.5, 128.3, 128.1, 128.0, 127.8, 68.7, 66.9, 61.9, 26.6, 19.2, 16.8;
MS (Q-Tof) m/z 499 (M+Na), 445, 399; HRMS (M+Na) calc mass 499.1917, found 499.1883;

elemental analysis calc. C 70.56, H 6.77, found C 70.89, H 6.83.
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Bn-L,,G-SiR; rmsvii-52a: The product was a colorless oil (8.76 g, 82%). 'H NMR (300 MHz,
CDCls) 6 7.8- 7.6 (m, 4H), 7.5- 7.3 (m, 11H), 5.2- 5.1 (m, 3H), 4.37 (d, J=16.5 Hz, 1H), 4.31 (d,
J=13.2 Hz, 1H), 1.45 (d, J= 7.2 Hz, 3H), 1.10 (s, 9H); °C NMR (75 MHz, CDCl3) & 170.5,
170.2, 135.6, 135.3, 134.8, 132.7, 129.9, 128.6, 128.4, 128.0, 127.4, 68.7, 67.0, 62.0, 26.7, 19.3,

16.9; MS (ES) m/z 499.1 (M+Na).
(@]
Mo
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Bn-GLg-SiR; rmsviii-11a: The product was a colorless oil (18.2 g, 84%)."H NMR (300 MHz,
CDCl;) & 7.68-7.64 (m, 4H), 7.43-7.31 (m, 6H), 5.15 (s, 2H), 4.60 (d, J= 15.9 Hz, 1H), 4.44 (d,
J=15.9 Hz, 1H), 4.38 (g, J= 6.8 Hz, 1H), 1.39 (d, J= 6.9 Hz, 3H), 1.09 (s, 9H); °C NMR (75
MHz, CDCl3) § 173.0, 167.3, 135.9, 135.7, 135.0, 133.4, 133.0, 19.8, 128.6, 128.5, 128.4, 127.7,

127.6, 68.7, 67.0, 60.6, 26.8, 21.3, 19.2; MS (EI) m/z 419 (M-t-butyl).

0
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Bn-GL-SiR; rmsiv-36a: The product was a colorless oil (4.8 g, 79%). 'H NMR (300 MHz,
CDCls) 8 7.68-7.66 (m, 4H), 7.43-7.30 (m, 11H), 5.16 (s, 2H), 4.60 (d, J= 15.9 Hz, 1H), 4.44 (d,
J=15.9 Hz, 1H), 4.38 (g, J= 6.8 Hz, 1H), 1.39 (d, J= 6.9 Hz, 3H), 1.09 (s, 9H); *C NMR (75
MHz, CDCl;) & 173.1, 167.3, 135.9, 135.7, 135.0, 134.8, 133.4, 132.9, 129.8, 129.6, 128.6,
128.5, 128.4, 127.7, 127.6, 127.5, 68.6, 67.0, 60.6, 26.8, 21.2, 19.2; HRMS (M+Na) calc mass

499.1917, found 499.1965.
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Bn-LL-SiR; rmsiv-63a: The product was a colorless oil (16.6 g, 75%). '"H NMR (600 MHz,
CDCls) 6 7.7-7.6 (m, 4H), 7.5-7.3 (m, 11H), 5.15 (d= 12 Hz, 1H), 5.09 (d, J= 12 Hz, 1H), 4.97
(q, J=7.0 Hz, 1H), 4.30 (q, J= 6.6 Hz, 1H), 1.36 (d, J= 7.2 Hz, 3H), 1.32 (d, J= 7.8 Hz, 3H), 1.08
(s, 9H); >C NMR (150 MHz, CDCl3) & 173.1, 170.3, 136.0, 135.7, 135.2, 133.4, 133.0, 130.0,
128.6, 128.4, 128.2, 127.6, 127.5, 68.5, 66.9, 26.8, 21.1, 19.2, 16.7; HRMS (M+Na) calc mass

513.207, found 513.203.

0
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Bn-LzL-SiR; rmsviii-88a: The product was a colorless oil (5.16 g, 76%). "H NMR (600 MHz,
CDCls) & 7.67-7.63 (m, 4H), 7.41-7.30 (m, 11H), 5.14 (s, 2H), 5.00 (q, J= 7.2 Hz, 1H), 4.37 (q,
J=17.2 Hz, 1H), 1.41 (d, J= 7.2 Hz, 3H), 1.35 (d, J= 7.2 Hz, 3H), 1.08 (s, 9H); “C NMR (150
MHz, CDCl;) & 173.0, 170.2, 135.9, 135.7, 135.3, 133.5, 133.1, 129.8, 128.6, 128.4, 128.1,

127.6, 68.9, 68.7, 66.9, 26.8, 21.3, 19.24, 16.8.
: 0
BnO. OJ\(\?OTBDPS
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Bn-LLg-SiR; rmsviii-92a: The product was a colorless oil (10.5 g, 72%). '"H NMR (600 MHz,
CDCl3) & 7.67- 7.63 (m, 4H), 7.43- 7.30 (m, 11H), 5.14 (s, 2H), 5.00 (q, J= 7.0 Hz, 1H), 4.37 (q,
J= 6.6 Hz, 1H), 1.42 (d, J= 7.2 Hz, 3H), 1.35 (d, J= 6.6 Hz, 3H), 1.08 (s, 9H); *C NMR (150

MHz, CDCl;) 6 173.0, 170.2, 135.8, 135.7, 135.3, 133.5, 133.0, 129.8, 128.5, 128.3, 128.1,
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127.6, 127.5, 68.9, 68.7, 66.9, 26.8, 21.2, 19.2, 16.8; HRMS (M+Na) calc mass 513.2073, found

513.2075.

O
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Bn-L,, L-SiR; rmsv-98a:The product was a colorless oil (28.2 g, 72%) with an diastereometric
excess of 20% in favor of the RS diastereomer. '"H NMR (600 MHz, CDCl3) & 7.7-7.6 (m, 8H),
7.5-7.3 (m, 22H), 5.15 (d, J=10.2 Hz, 1H), 5.14 (s, 2H), 5.09 (d, J= 12.6 Hz, 1H), 4.99 (quartet,
J=7.2 Hz, 1H), 4.97 (quartet, J= 6.9 Hz, 1H), 4.37 (quartet, J= 6.8 Hz, 1H), 4.30 (quartet, J= 6.6
Hz, 1H), 1.42 (d, J= 7.2 Hz, 3H), 1.36 (d, J= 6.6 Hz, 3H), 1.35 (d, J= 6.0 Hz, 3H), 1.32 (d, J=7.2
Hz, 3H), 1.08 (s, 18H); °C NMR (150 MHz, CDCls) & 173.06, 173.04, 170.30, 170.23, 136.0,
135.9, 135.8, 135.7, 135.3, 135.2, 133.5, 133.4, 133.0, 129.8, 129.7, 128.6, 128.4, 128.3, 128.2,

128.1, 127.6, 127.5, 68.7, 68.52, 68.51, 67.0, 66.9, 26.8, 21.3, 21.1, 19.23, 19.20, 16.8, 16.7.

Trimer Synthesis. Di-protected LiLiG and LiL Ly families of trimers were prepared by
coupling of LG-SiRj/L,,.G-SiR; or LL-SiRj3/L,, L-SiR; with the desired benzyl-protected
alcohol using general DCC/DMAP coupling procedures unless otherwise stated. All products

were purified by chromatography (silica, 5-10% EtOAc in hexanes).

o
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Bn-GLG-SiR; rmsvii-58a: The product was a colorless oil (6.39 g, 84%). "H NMR (600 MHz,
CDCl3) & 7.7-7.6 (m, 4H), 7.5-7.3 (m, 11H), 5.16 (s, 2H), 5.15 (q, J= 7.2 Hz, 1H), 4.77 (d, J=
15.6 Hz, 1H), 4.59 (d, J=15.0 Hz, 1H), 4.33 (d, J= 16.2 Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 1.46

(d, J= 7.8 Hz, 3H), 1.06 (s, 9H); *C NMR (150 MHz, CDCLs) & 170.5, 169.9, 167.0, 135.6,
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135.5, 134.9, 132.7, 129.9, 128.6, 128.5, 127.8, 127.7, 68.5, 67.2, 61.9, 60.9, 26.6, 19.2, 16.8;
HRMS (M+Na) calc mass 557.197, found 557.196.

0
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Bn-GL,,.G-SiR; rmsvii-59a: The product was a colorless oil (5.8 g, 83%). '"H NMR (600 MHz,
CDCls) § 7.7-7.6 (m, 4H), 7.5-7.3 (m, 11H), 5.16 (s, 2H), 5.15 (q, J= 7.2 Hz, 1H), 4.76 (d, J=
16.2 Hz, 1H), 4.59 (d, J= 16.8 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 1.46
(d, J= 7.8 Hz, 3H), 1.06 (s, 9H), °C NMR (150 MHz, CDCl3) & 170.5, 169.9, 167.0, 135.6,

135.5, 134.9, 132.7, 129.9, 128.6, 128.5, 127.8, 68.5, 67.2, 61.9, 61.0, 26.6, 19.2, 16.8; HRMS

(M+Na) calc mass 557.197, found 557.192.
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Bn-LLG-SiR; rmsv-63a:The product was a colorless oil (35.3 g, 84%). 'H NMR (600 MHz,
CDCl3) 8 7.7-7.6 (m, 4H), 7.5-7.3 (m, 11H), 5.21-5.1 (m, 4H), 4.34 (d, J= 17.4 Hz, 1H), 4.28 (d,
J=16.8 Hz, 1H), 1.51 (d, J= 7.2 Hz, 3H), 1.44 (d, J= 6.6 Hz, 3H), 1.07 (s, 9H); *C NMR (150
MHz, CDCls) & 170.6, 170.0, 169.8, 135.6, 135.5, 135.1, 134.8, 132.7, 129.9, 128.6, 128.5,
128.2, 127.8, 127.7, 69.1, 68.4, 67.1, 61.9, 26.6, 19.3, 16.8, 16.7; HRMS (M+Na) calc mass

571.212, found 571.213.
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Bn-L,,.L,,.G-SiR3 rmsviii-82a: The product was a colorless oil (6.74 g, 82%). '"H NMR (600

MHz, CDCl3) § 7.68-7.66 (m, 16H), 7.41-7.30 (m, 44H), 5.21-5.10 (m, 16H), 4.36-4.27 (m, 8H),
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1.51 (d, J= 7.2 Hz, 3H), 1.45-1.43 (m, 21H), 1.07 (s, 36H); >*C NMR (150 MHz, CDCl3) &
170.6, 170.4, 170.0, 169.83, 169.82, 169.7, 135.6, 135.5, 135.2, 135.1, 132.7, 129.9, 128.6,
128.5, 128.4, 128.2, 127.8, 127.7, 69.3, 69.1, 68.7, 68.5, 67.14, 67.13, 61.98, 61.96, 26.6, 19.3,

16.8,16.76, 16.74, 16.66; HRMS (M+Na) calc mass 571.2128, found 571.2093.

= O
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Bn-LL,,.G-SiR; rmsv-63a: The product was a colorless oil (33.6 g, 85%). 'H NMR (600 MHz,
CDCl) 6 7.7-7.6 (m, 4H), 7.5-7.3 (m, 22H), 5.21-5.1 (m, 8H), 4.34 (d, J= 16.8 Hz, 1H), 4.32 (d,
J=16.8 Hz, 1H), 4.282 (d, J= 16.8 Hz, 1H), 2.281 (d, J= 17.4 Hz, 1H), 1.51 (d, J= 7.2 Hz, 3H),
1.45 (d, J= 7.2 Hz, 3H), 1.44 (d, J= 7.2 Hz, 3H), 1.43 (d, J=7.2 Hz, 3H), 1.07 (s, 18H); °C NMR
(150 MHz, CDCl3) 6 170.6, 170.4, 170.0, 169.84, 169.82, 169.7, 135.57, 135.53, 135.14, 135.1,
132.7, 132.67, 129.9, 128.6, 128.57, 128.47, 1218.43, 128.24, 128.22, 127.8, 69.2, 69.1, 68.6,

68.4, 67.14, 67.13, 61.96, 61.93, 26.6, 19.2, 16.82, 16.75, 16.73, 16.65; HRMS (M+Na) calc

mass 571.213, found 571.213.

0
BnO 0
: jﬁ\o)k? N oTBDPS
0 0

Bn-L,,.LG-SiRs rmsviii-21a: The product was a colorless oil (12.53 g, 88%) 'H NMR (600
MHz, CDCls) & 7.7- 7.6 (m, 8H), 7.4-7.3 (m, 22H), 5.21-5.1 (m, 8H), 4.35 (d, J= 16.8 Hz, 1H),
4.32 (d, J=16.8 Hz, 1H), 4.28 (d, J= 17.4 Hz, 4H), 1.51 (d, J= 7.2 Hz, 3H), 1.45 (d, J= 7.2 Hz,
3H), 1.44 (d, J= 7.8 Hz, 6H), 1.08 (s, 9H), 1.07 (s, 9H); *C NMR (150 MHz, CDCl3) & 170.6,
170.4, 170.0, 169.83, 169.81, 169.68, 135.57, 135.53, 135.15, 135.1, 132.7, 132.6, 129.9, 128.6,
128.5, 128.4, 128.2, 127.8, 69.3, 69.1, 68.6, 68.4, 67.1, 62.0, 61.9, 26.6, 19.2, 16.8, 16.75, 16.74,
16.7; MS (EI) m/z 491 (M-tbutyl).
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Bn-LzLG-SiR3 rmsviii-87a: The product was a colorless oil (4.79 g, 72%). '"H NMR (600 MHz,
CDCls) & 7.68-7.66 (m, 4H), 7.42-7.30 (m, 11H), 5.17 (q, J= 7.2 Hz, 1H), 5.169 (d, J=12.0 Hz,
1H), 5.14 (q, J= 7.2 Hz, 1H), 5.12 (d, J=12.6 Hz, 1H), 4.31 (d, J=16.8 Hz, 1H), 4.27 (d, J=16.8
Hz, 1H), 1.44 (d, J= 7.8 Hz, 3H), 1.43 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); >C NMR (150 MHz,
CDCl3) 6 170.4, 169.8, 169.7, 135.6, 135.5, 135.2, 132.7, 129.9, 128.6, 128.4, 128.2, 127.8, 69.3,
68.3, 67.1, 62.0, 26.6, 19.2, 16.8, 16.7; HRMS (M+Na) calc mass 571.2128, found 571.2090.
: 0]
B0 o)J\“f* O\H/\OTBDPS
o = o

Bn-LL;G-SiR; rmsviii-61a: Benzyl-protected dimer Bn-LLg (4.8 g, 19 mmol), G-SiR; (7.23 g,
23 mmol), DCC (4.75 g, 23 mmol) and DMAP (1.22 g, 10 mmol) were combined in 200 ml of
CH,Cl, and stirred at room temperature for 4 h under N,. The reaction mixture was filtered and
concentrated in vacuo. The concentrate was chromatographed (silica, 2.5-5% EtOAc in hexanes)
to yield a colorless oil (7.34 g, 71%). '"H NMR (600 MHz, CDCl3) & 7.68- 7.65 (m, 4H), 7.43-
7.30 (m, 11H), 5.19- 5.12 (m, 4H), 4.32 (d, J= 16.8 Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 1.45 (d, J=
7.8 Hz, 3H), 1.43 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); °*C NMR (150 MHz, CDCl;)  170.4, 169.8,
169.7, 135.6, 135.5, 135.1, 132.7, 129.9, 128.6, 128.4, 128.2, 127.8, 69.3, 68.7, 67.1, 61.9, 26.6,

19.3,16.9, 16.7; HRMS (M+Na) calc mass 571.2128, found 571.2087.

5 0

BnO 0

: \H}{OJ\? W/\OTBDPS
0 0

Bn-Lg ..LG-SiR3 rmsvi-86a: The product was a colorless oil (4.68 g, 71%). '"H NMR (600

MHz, CDCls) & 7.68-7.65 (m, 8H), 7.42-7.29 (m, 22H), 5.17-5.10 (m, 6H), 4.33 (d, J= 16.8 Hz,
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1H), 4.31 (d, J=16.2 Hz, 1H), 4.272 (d, J=16.2 Hz, 1H), 4.270 (d, J=16.8 Hz, 1H), 1.50 (s, 3H),
1.43 (s, 3H), 1.42 (d, J= 7.8 Hz, 6H), 1.063 (s, 9H), 1.060 (s, 9H); *C NMR (150 MHz, CDCl;)
5 170.6, 170.4, 170.0, 169.83, 169.8, 169.7, 135.6, 135.5, 135.1, 132.7, 129.9, 128.6, 128.2,
127.8, 69.1 (t), 68.6, 68.4, 67.1, 61.94, 61.92, 26.6, 19.2, 16.8, 16.64, 16.62, 16.61; MS (EI) m/z
493 (M-tbutyl).

: O :
B < T
O 79 O)er O 9°0TBDPS
0 o

Bn-LLL-SiR; rmsvi-3a: The product was a colorless oil (23.6 g, 92%). 'H NMR (600 MHz,
CDCls) & 7.7-7.6 (m, 4H), 7.5-7.3 (m, 11H), 5.16 (d, J= 12.6 Hz, 1H), 5.15 (q, J= 7.2 Hz, 1H),
5.10 (d, J= 12.6 Hz, 1H), 4.92 (q, J= 7.0 Hz, 1H), 4.31 (q, J= 6.8 Hz, 1H), 1.48 (d, J= 7.2 Hz,
3H), 1.40 (d, J= 6.6 Hz, 3H), 1.32 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); °C NMR (150 MHz, CDCls)
8§ 173.1, 170.0, 169.9, 136.0, 135.7, 135.1, 133.4, 133.0, 129.8, 129.7, 128.6, 128.5, 128.2, 127.6,
127.5, 69.0, 68.5, 68.2, 67.1, 26.8, 21.1, 19.2, 16.8, 16.5; HRMS (M+Na) calc mass 585.229,

found 585.224.

= O :
BnO 75 o)% O~ 9 oTBDPS
o o)

Bn-LL,, L-SiR3 rmsvi-2a: The product was a colorless oil (24.5 g, 97%). 'H NMR (600 MHz,
CDCls) 6 7.7-7.6 (m, 8H), 7.5-7.3 (m, 22H), 5.2-5.1 (m, 6H), 4.98 (q, J= 7.0 Hz, 1H), 4.92 (q, J=
7.0 Hz, 1H), 4.36 (q, J=6.8 Hz, 1H), 4.31 (q, J=7.0 Hz, 1H), 1.48 (d, J=7.2 Hz, 3H), 1.42 (d, J=
7.2 Hz, 3H), 1.41 (d, J= 7.2 Hz, 3H), 1.40 (d, J=7.2 Hz, 3H), 1.37 (d, J=7.2 Hz, 3H), 1.32 (d, J=
6.6 Hz, 3H), 1.08 (s, 18H); °C NMR (150 MHz, CDCls) & 173.1, 172.9, 170.0, 169.9, 169.7,

136.0, 135.9, 135.7, 135.2, 135.1, 133.5, 133.4, 133.1, 133.0, 129.8, 129.7, 129.6, 128.6, 128.5,
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128.4, 128.2, 127.7, 127.6, 127.5, 126.5, 125.7, 69.2, 69.1, 68.9, 68.8, 68.5, 68.2, 67.1, 67.0,

26.8,21.3,21.1,19.3,19.2, 16.8, 16.7, 16.5; HRMS (M+Na) Calc mass 585.229, found 585.227.

O :
B”Om}\o)% O\ oTBDPS
o) o

Bn-L,4cL,qL-SiR3 rmsvi-1a: The product was a colorless oil (16.8 g, 85%). '"H NMR (600 MHz,
CDCl) 6 7.7-7.6 (m, 16H), 7.5-7.3 (m, 44H), 5.2-5.1 (m, 12H), 5.0-4.9 (m, 4H), 4.4-4.35 (m,
2H), 4.35-4.30 (m, 2H), 1.52-1.25 (m, 36H), 1.08 (36H); °*C NMR (150 MHz, CDCl3) & 173.1,
173.0, 172.9 (2), 170.1, 170.0, 169.87, 169.84, 169.76, 169.75, 169.72, 136.3, 136.0, 135.9,
135.7, 135.2, 135.1, 134.8, 133.5, 133.4, 133.1, 133.0, 129.8, 129.7, 128.6, 128.5, 128.4, 128.2,
127.7, 127.6, 127.5, 69.2, 69.1, 69.0, 68.92, 68.90, 68.8, 68.5, 68.4, 68.3, 68.2, 67.12, 67.10,
26.8,21.3, 21.1, 19.23, 19.20, 16.76, 16.74, 16.72, 16.70, 16.6, 16.5; HRMS (M+Na) Calc mass

585.229, found 585.224.

Tetramer Synthesis. Di-protected GLGLr and GL(LG family of tetramers were assembled
from the corresponding orthogonally protected dimer units using general DCC/DMAP
procedures. The LyL\LyG family of tetramers was assembled from coupling of Bn-L,L\Ly and

G-SiR;. All products were purified by chromatography (silica, 5-10% EtOAc in hexanes).
O : O
BnO)J\/O (S) O)J\/O (R"OTBDPS
(0] (0]

Bn-GLGLg-SiR3 rmsviii-19a: The product was a colorless oil (3.41 g, 87%)."H NMR (600
MHz, CDCls) & 7.66-7.64 (m, 4H), 7.4-7.31 (m, 11H), 5.21 (q, J= 7.2 Hz, 1H), 5.17 (s, 2H), 4.78
(d, J=16.2 Hz, 1H), 4.60 (d, J= 16.2 Hz, 1H), 4.59 (d, J= 16.2 Hz, 1H), 4.36 (q, J= 7.2 Hz, 1H),

1.51 (q, J= 7.2 Hz, 1H), 1.39 (d, J= 7.2 Hz, 1H), 1.07 (s, 9H); °C NMR (150 MHz, CDCl5) &
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172.7, 169.5, 166.9, 166.8, 135.9, 135.7, 134.9, 133.4, 132.9, 129.8, 128.6, 128.5, 127.6, 69.0,
68.7,67.2,61.1, 60.3, 26.8, 21.3, 19.2, 16.8; MS (EI) m/z 549 (M-tbutyl).

- 0

o)
O _~ o)
BnO)K/ 9 o)kf” m/\OTBDPs
o) o)

Bn-GLLG-SiR; rmsix-54a: The product was a colorless oil (6.54 g, 83%). '"H NMR (600 MHz,
CDCls) 6 7.67-7.65 (m, 4H), 7.43-7.32 (m, 11H), 5.22 (q, J= 7.2 Hz, 1H), 5.17 (s, 2H), 5.13 (q,
J=7.2 Hz, 1H), 4.78 (d, J=16.2 Hz, 1H), 4.59 (d, J=15.6 Hz, 1H), 4.35 (d, J=16.2 Hz, 1H), 4.29
(d, J= 16.8 Hz, 1H), 1.55 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); °C NMR
(150 MHz, CDCls) 8 170.6, 169.8, 169.7, 166.9, 135.6, 135.5, 134.8, 132.7, 132.6, 129.9, 128.6,

128.5,127.8,127.7, 68.8, 68.4, 67.3, 61.9, 61.1, 26.6, 19.2, 16.7(2).

o) o)
o o
BnOJ\/ m/a‘?}o)k(f” j(\OTBDPS
o) o)

Bn-GLzLG-SiR; rmsix-57a: The product was a colorless oil (4.87 g, 79%). "H NMR (600 MHz,
CDCl;) & 7.68-7.67 (m, 4H), 7.43-7.32 (m, 11H), 5.18 (q, J= 7.2 Hz, 1H), 5.17 (q, J= 7.0 Hz,
1H), 5.166 (s, 2H), 4.77 (d, J= 16.2 Hz, 1H), 4.60 (d, J= 15.6 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H),
4.28 (d, J=16.8 Hz, 1H), 1.49 (d, J= 7.2 Hz, 3H), 1.46 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); *C NMR
(150 MHz, CDCl3) & 170.4, 169.7, 169.5, 167.0, 135.6, 135.5, 134.8, 132.7, 132.6, 129.9, 128.6,

128.5, 127.8, 69.0, 68.6, 67.3, 62.0, 61.0, 26.6, 19.2, 16.8, 16.7.

o : o
Bno)]\/ N o)% OW/\OTBDPS
o o
Bn-GLL,,.G-SiR;3 rmsix-48a: The product was a colorless oil (4.94 g, 63%). '"H NMR (600

MHz, CDCl3) & 7.68-7.65 (m, 8H), 7.43-7.31 (m, 22H), 5.22 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 7.2
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Hz, 1H), 5.17 (q, J= 6.6 Hz, 1H), 5.166 (s, 2H), 5.13 (q, J= 7.2 Hz, 1H), 4.774 (d, J= 15.6 Hz,
1H), 4.77 (d, J= 15.6 Hz, 1H), 4.60 (d, J= 16.2 Hz, 1H), 4.59 (d, J= 15.6 Hz, 1H), 4.34 (d, J=
16.8 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H), 4.285 (d, J= 16.8 Hz, 1H), 4.283 (d, J= 16.8 Hz, 1H),
1.54 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 7.2 Hz, 3H), 1.489 (d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz,
3H), 1.068 (s, 9H), 1.067 (s, 9H); *C NMR (150 MHz, CDCl3) & 170.6, 170.4, 169.8, 169.7(2),
169.5, 166.94, 166.9, 135.56, 135.53, 135.52, 134.86, 134.83, 132.7, 132.68, 132.66, 129.9,
128.64, 128.6, 128.47, 128.46, 127.8, 127.7, 69.0, 68.8, 68.6, 68.4, 67.3, 67.2, 61.97, 61.93,

61.05, 26.6, 19.2, 16.8, 16.7(3).

o) -0
BnoJ\TL OSN3 o)k? Oj(\OTBDPS
o) o)

Bn-LLLG-SiR3 rmsix-17a: The product was a colorless oil (2.53 g, 69%). '"H NMR (600 MHz,
CDCl3) 6 7.67-7.65 (m, 4H), 7.43-7.30 (m, 11H), 5.171 (d, J=12.0 Hz, 1H), 5.168 (q, J= 7.2 Hz,
1H), 5.15 (q, J= 7.2 Hz, 1H), 5.12 (q, J= 7.2 Hz, 1H), 5.11 (d, J= 12.0 Hz, 1H), 4.34 (d, J=16.8
Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 1.507 (d, J= 7.2 Hz, 3H), 1.505 (d, J= 7.2 Hz, 3H), 1.49 (d, J=
7.2 Hz, 3H), 1.07 (s, 9H); >C NMR (150 MHz, CDCls) & 170.6, 169.94, 169.9, 169.7, 135.57,
135. 53, 135.1, 132.7, 132.6, 129.9, 128.5, 128.2, 127.8, 127.7, 69.2, 68.9, 68.4, 67.2, 61.9, 26.6,

19.2,16.75, 16.73, 16.56.

o) -0
o _~ o)
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Bn-LLL,,/G-SiR3 rmsix-13a: The product was a colorless oil (5.23 g, 91%). '"H NMR (600
MHz, CDCls3) & 7.68-7.66 (m, 8H), 7.43-7.30 (m, 22H), 5.19-5.10 (m, 10H), 4.34 (d, J= 16.8 Hz,
1H), 4.33 (d, J= 16.8 Hz, 1H), 4.285 (d, J= 16.2 Hz, 1H), 4.284 (d, J= 16.2 Hz, 1H), 1.51 (d, J=
7.2 Hz, 3H), 1.508 (d, J= 7.2 Hz, 6H), 1.50 (d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H), 1.45 (d,
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J= 7.2 Hz, 3H), 1.071 (s, 9H), 1.068 (s, 9H); *C NMR (150 MHz, CDCl3) & 170.6, 170.4,
169.95, 169.92, 169.9, 169.7, 169.6, 169.4, 135.56, 135. 52, 135.07, 135.04, 132.7, 132.6,
129.89, 129.87, 128.6, 128.5, 128.4, 128.22, 128.21, 127.8, 69.2, 68.91, 68.88, 68.7, 68.4, 67.17,

67.15,61.95,61.91, 26.6, 19.2, 16.85, 16.74, 16.71(2), 16.5(2).

o) o)
BnoJ\TL Om/ioﬂ\(f” Oj(\OTBDPS
o) o)

Bn-LL,, .LG-SiR;3 rmsix-18a: The product was a colorless oil (2.65 g, 72%). 'H NMR (600
MHz, CDCl3) & 7.66-7.65 (m, 8H), 7.43-7.30 (m, 22H), 5.20-5.10 (m, 10H), 4.34 (d, J= 16.8 Hz,
1H), 4.33 (d, J= 16.8 Hz, 1H), 4.283 (d, J=16.2 Hz, 1H), 4.280 (d, J= 16.2 Hz, 1H), 1.508 (d, J=
7.2 Hz, 3H), 1.506 (d, J= 7.2 Hz, 3H), 1.496 (d, J= 7.2 Hz, 3H), 1.493 (d, J= 7.2 Hz, 3H), 1.46
(d, J= 7.2 Hz, 6H), 1.06 (s, 18H); *C NMR (150 MHz, CDCls) & 170.6, 170.4, 169.94, 169.9,
169.87, 169.7, 169.67, 169.4, 135.56, 135. 52, 135.15, 135.05, 132.7, 132.66, 129.90, 128.6,
128.58, 128.5, 128.4, 128.2, 127.8, 69.39, 69.37, 69.2, 68.9, 68.5, 68.4, 67.18, 67.12, 61.93, 26.6,

19.2,16.80, 16.75, 16.72, 16.67, 16.65, 16.56.

o) -0
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Bn-L,, .LL-SiR3 rmsix-10a: The product was a colorless oil (3.61 g, 85%). 'H NMR (600 MHz,
CDCl) & 7.69-7.66 (m, 8H), 7.42-7.31 (m, 22H), 5.22 (q, J= 7.2 Hz, 1H), 5.20-5.10 (m, 9H),
4.354 (d, J=16.8 Hz, 1H), 4.35 (d, J= 16.8 Hz, 1H), 4.29 (d, J= 16.2 Hz, 1H), 4.28 (d, J=16.2
Hz, 1H), 1.514 (d, J= 7.2 Hz, 3H), 1.511 (d, J= 7.2 Hz, 6H), 1.50 (d, J= 7.2 Hz, 3H), 1.48 (d, J=
7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H), 1.07 (s, 18H); C NMR (150 MHz, CDCl3) & 170.6,

170.56, 169.91, 169.9, 169.71, 169.67, 169.64, 169.45, 135.54, 135. 5, 135.08, 135.03, 132.7,
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132.6, 129.90, 128.6, 128.57, 128.5, 128.4, 128.2, 127.8, 69.31, 69.2, 69.03, 68.9, 68.4, 68.36,

67.16, 67.14, 61.9, 26.6, 19.2, 16.73, 16.68, 16.54.

o) o)
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Bn-L,ucL,L-SiR3 rmsix-19a: The product was a colorless oil (2.36 g, 72%). '"H NMR (600
MHz, CDCls) & 7.68-7.66 (m, 16H), 7.43-7.30 (m, 44H), 5.23-5.10 (m, 20H), 4.348 (d, J= 16.2
Hz, 1H), 4.342 (d, J= 16.2 Hz, 1H), 4.33 (d, J= 16.2 Hz, 1H), 4.32 (d, J= 16.2 Hz, 1H), 4.29 (d,
J=16.2 Hz, 4H), 1.52-1.44 (m, 36H), 1.07 (s, 36H); °C NMR (150 MHz, CDCls) & 170.62,
170.57, 170.39, 170.35, 169.95, 169.92, 169.9, 169.86, 169.73, 169.68, 169.66, 169.46, 169.39,
169.35, 135.56, 135. 5, 135.15, 135.10, 135.07, 135.05, 132.7, 132.68, 132.64, 129.90, 128.6,
128.57, 128.5, 128.47, 128.45, 128.43, 128.2, 127.8, 69.38, 69.36, 69.32, 69.2, 69.04, 68.92,
68.88, 68.67, 68.52, 68.4, 68.37, 67.16, 67.12, 61.96, 61.93, 61.91, 26.61, 26.59, 19.2, 16.86,

16.79, 16.74, 16.73, 16.70, 16.66, 16.64, 16.56.

Hexamer Synthesis.

BnO. 5 O)Qr m/\o)Qr o )K/OTBDPS

Bn-LLGLLEG-SiR; rmsviii-69a: Benzyl-proteceted Bn-LLG (0.97 g, 3.11 mmol), LLzG-SiR;
(1.3 g, 2.83 mmol), DPTS (0.17 g, 0.57 mmol) and EDCI (0.65 g, 3.4 mmol) were combined in
30 ml of dry CH,Cl, under N». The reaction mixture was stirred at room temperature for 4 h and
then washed with brine (2 x 50 ml) and NaHCO3 (2 x 50 ml). The organic layer was dried with
MgSO;4 and concentrated in vacuo. The concentrate was chromatographed (silica, 10% EtOAc in

hexanes) to yield a colorless oil (1.76 g, 83%). 'H NMR (600 MHz, CDCl;) & 7.68- 7.66 (m,
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4H), 7.43- 7.30 (m, 11H), 5.2- 5.1 (m, 6H), 4.84 (d, J= 15.6 Hz, 1H), 4.61 (d, J= 16.2 Hz, 1H),
432 (d,J= 16.2 Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 1.512 (d, J= 7.2 Hz, 3H), 1.508 (d, J= 7.2 Hz,
3H), 1.499 (d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); °C NMR (150 MHz,
CDCLy) & 170.4, 169.9, 169.7, 169.42, 169.4, 166.7, 135.6, 135.5, 135.0, 132.7, 132.6, 129.9,
128.6, 128.5, 128.2, 127.8, 69.3, 69.2, 68.9, 68.6, 67.2, 62.0, 60.7, 26.6, 19.2, 16.8, 16.73, 16.7,

16.6; HRMS (M+Na) calc mass 773.2605, found 773.2568.

BnO\[K'R)\O)OJ\(?/Oj]/\O)OJ\?/OTW/(?S}OLOTBDPS
O O @)
Bn-LrLGLLG-SiR; rmsviii-103a: Benzyl-protected Bn-LxLG (0.87 g, 2.7 mmol), LLG-SiR;
(1.26 g, 2.7 mmol), DPTS (0.16 g, 0.55 mmol) and EDCI (0.58 g, 3 mmol) were combined in 20
ml of dry CH,Cl, under N,. The reaction mixture was stirred at RT for 4 h and then washed with
brine (2 x 50 ml) and NaHCO; (2 x 50 ml). The organic layer was dried with MgSO, and
concentrated in vacuo. The concentrate was chromatographed (silica, 10% EtOAc in hexanes) to
yield a colorless oil (1.76 g, 83%). 'H NMR (600 MHz, CDCl;) & 7.68-7.66 (m, 4H), 7.43-7.31
(m, 11H), 5.23 (q, J= 7.2 Hz, 2H), 5.18 (d, J= 12 Hz, 1H), 5.16 (q, J= 7.2 Hz, 1H), 5.13 (d, J=
12.6 Hz, 1H), 5.129 (q, J= 7.2 Hz, 1H), 4.81 (d, J=16.2 Hz, 1H), 4.60 (d, J= 16.2 Hz, 1H), 4.34
(d, J=16.8 Hz, 1H), 4.29 (d, J= 16.8 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H), 1.50 (d, J= 6.6 Hz, 3H),
1.49 (d, J= 7.2 Hz, 6H), 1.07 (s, 9H); >C NMR (150 MHz, CDCl3) & 170.6, 169.8, 169.7, 169.6,
169.2, 166.3, 135.6, 135.5, 135.1, 132.7, 129.9, 128.6, 128.5, 128.2, 127.8, 69.5, 69.3, 68.8, 68.4,

67.2,61.9,60.7, 26.6, 19.2, 16.69, 16.67; HRMS (M+K) calc mass 789.2345, found 789.2358.

101



2.7.5 General Procedure for TBDPS deprotection

For primary alcohols, 1.5 equivalents of TBAF (1.0 M in THF) buffered by 8 equiv of acetic acid
was added to the di-protected oligomer in dry THF. The reaction mixture was allowed to stir for
1.5 to 2 h and then poured into brine. The product was extracted using Et,0, dried with MgSO4
and concentrated in vacuo. The concentrate was chromatographed (silica, 15-30% EtOAc in
hexanes) to yield a clear liquid. For secondary alcohols, 1.5 equiv of TBAF was buffered with
1.2-2 equivalents of acetic acid.

Dimers.

O
Bno)LT* O\H/\OH
o
Bn-LG rmsv-67a: The product was a colorless liquid (18.1 g, 88%). 'H NMR (300 MHz,
CDCl3) 6 7.4-7.3 (m, SH), 5.24 (quartet, J= 7.1 Hz, 1H), 5.17 (s, 2H), 4.27 (dd, J= 17.4 Hz, J=
5.4 Hz, 1H), 4.20 (dd, J= 17.4 Hz, J= 6.0 Hz, 1H), 2.26 (t, J= 5.6 Hz, 1H), 1.52 (d, J= 6.9 Hz,
3H); *C NMR (75 MHz, CDCls) & 172.4, 170.1, 134.9, 128.4, 128.3, 128.0, 69.0, 67.0, 60.3,

16.6; MS (EI) m/z 238 (M+); elemental analysis calc. C 60.50, H 5.92, found C 60.11, H 6.05.

(0]
0]
Bno)% N[ oH
O
Bn-L,.G rmsvii-100a: The product was a colorless liquid (2.20 g, 88%). '"H NMR (300 MHz,
CDCl3) 8 7.4-7.3 (m, 5H), 5.24 (quartet, J= 7.1 Hz, 1H), 5.17 (s, 2H), 4.27 (dd, J= 17.1 Hz, J=
5.4 HZ, 1H), 4.20 (dd, J= 17.4 HZ, J= 5.7 Hz, 1H), 2.26 (t, J= 5.6 Hz, 1H), 1.52 (d, J= 6.9 Hz,
3H); *C NMR (75 MHz, CDCl;) & 172.5, 170.0, 135.0, 128.4, 128.3, 128.0, 69.0, 67.0, 60.3,

16.6; MS (EI) m/z 238 (M+).

102



O =
BnO)J\/O (;) OH
o
Bn-GL. The product was a colorless liquid (3.3 g, 67% yield). '"H NMR (300 MHz, CDCls) &
7.39-7.30 (m, 5SH), 5.17 (s, 2H), 4.76 (d, J= 15.9 Hz, 1H), 4.66 (d, J=15.9 Hz, 1H), 4.39 (q, J=
7.0 Hz, 1H), 1.44 (d, J= 6.9 Hz, 3H); *C NMR (75 MHz, CDCl;)  174.9, 167.2, 134.7, 128.6,

67.3, 66.7,61.1, 20.2; HRMS (M+Na) calc mass 261.0739, found 261.0738.
O
BnO)J\/O (R"OH
O

Bn-GLjy rmsix-56a: The product was a colorless liquid (2.98 g, 85%). |H NMR (600 MHz,
CDCI3) d 7.37-7.32 (m, 5H), 5.18 (s, 2H), 4.77 (d, J= 16.2 Hz, 1H), 4.68 (d, J= 16.2 Hz, 1H),
4.4-436 (m, 1H), 2.76 (d, J= 5.4 Hz, 1H), 1.45 (d, J= 6.6 Hz, 3H); 13C NMR (150 MHz,
CDCI3)d 175.0, 167.1, 134.8, 128.7, 128.4, 67.3, 66.7, 61.2, 20.3.

O :
Bno)k?/ O 9 oH
o)

Bn-LL rmsix-11a: The product was a colorless liquid (4.14 g, 92%). 'H NMR (600 MHz,
CDCl3) & 7.37-7.3 (m, 5H), 5.21 (q, J= 7.2 Hz, 1H), 5.18 (d, J= 11.4 Hz, 1H), 5.13 (d, J= 12 Hz,
1H), 4.32 (q, J= 7.0 Hz, 1H), 2.74 (s, 1H), 1.52 (d, J= 7.2 Hz, 3H), 1.42 (d, J= 7.2 Hz, 3H); "°C
NMR (150 MHz, CDCl3) § 175.1, 170.0, 135.0, 128.6, 128.5, 128.2, 69.4, 67.2, 66.7, 20.4, 16.8;

HRMS (M+Na) calc mass 252.099, found 252.099.

0
BnOJ\(\?} O\ on
0

Bn-LgL rmsviii-91a: The product was a colorless liquid (2.30 g, 90%).
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= (@]
BnO S O)J\@/OH
O =

Bn-LLg rmsviii-97a: The product was a colorless liquid (2.46 g, 96%). "H NMR (600 MHz,
CDCl3) 6 7.37- 7.31 (m, 5H), 5.19 (q, J= 7.0 Hz, 1H), 5.18 (d, J=12.0 Hz, 1H), 5.15 (d, J=12.6
Hz, 1H), 4.36 (dq, J= 6.0 Hz, J= 1.8 Hz, 1H), 2.81 (d, J= 5.4 Hz, 1H), 1.52 (d, J= 7.2 Hz, 3H),
1.42 (d, J=7.2 Hz, 3H); >C NMR (150 MHz, CDCl5) & 174.9, 170.0, 135.1, 128.6, 128.5, 128.2,
69.5,67.2,66.7, 20.0, 16.8; HRMS (M+Na) calc mass 275.0895, found 275.0912.

Trimers.

O
Bnoj(\ O)Q?ojh on
o 0]
Bn-GLG rmsvii-33a: The product was a colorless liquid (6.37 g, 83%). 'H NMR (600 MHz,
CDCl3) 6 7.37-7.32 (m, SH), 5.28 (q, J= 6.9 Hz, 1H), 5.18 (s, 2H), 4.79 (d, J= 15.6 Hz, 1H), 4.63
(d, J=15.6 Hz, 1H), 4.27 (dd, J= 17.4 Hz, 3.6 Hz, 1H), 4.22 (dd, J= 17.4 Hz, 4.8 Hz, 1H), 2.29

(s, 1H), 1.55 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) & 172.6, 169.6, 166.9, 134.8,

128.7,128.5,69.2, 67.4, 61.1, 60.5, 16.8; HRMS (M+Na) calc mass 319.079, found 319.080.

O
BnOm/\O)]?/O\[(\OH
O o]
Bn-GL,,.G rmsvii-34a: The product was a colorless liquid (6.81 g, 88%). 'H NMR (600 MHz,
CDCls) 6 7.37-7.32 (m, 5H); 5.27 (q, J= 6.9 Hz, 1H), 5.17 (s, 2H), 4.79 (d, J= 15.6 Hz, 1H), 4.63
(d, J=15.6 Hz, 1H), 4.26 (d, J=17.4 Hz, 1H), 4.22 (d, J=17.4 Hz, 1H), 2.41 (s, 1H), 1.55 (d, J=
6.6 Hz, 3H); °C NMR (150 MHz, CDCl3) & 172.6, 169.6, 166.9, 134.8, 128.7, 69.1, 67.3, 61.1,

60.5, 16.8; MS (EI) m/z 296 (M+).
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-0
BnO_ - o)
NS o)k? Ny o
o o

Bn-LLG rmsvii-19a: The product was a colorless liquid (7.72 g, 86%). 'H NMR (600 MHz,
CDCls) 6 7.36- 7.30 (m, 5H), 5.22-5.18 (m, 2H), 5.16 (d, J= 12 Hz, 1H), 5.12 (d, J= 12 Hz, 1H),
426 (d, J=17.4 Hz, 1H), 4.20 (d, J= 17.4 Hz, 1H), 2.53 (s, 1H), 1.51 (d, J= 7.2 Hz, 3H), 1.50 (d,
J=7.8 Hz, 3H); °*C NMR (150 MHz, CDCl3) & 172.6, 169.8, 169.6, 135.1, 128.6, 128.5, 128.2,

69.3, 69.1, 67.2,60.4, 16.7, 16.6; HRMS (M+Na) calc mass 333.095, found 333.096.

O
Bnoj‘j\O)%o\[(\OH
O (0]
Bn-L,,.L,,.G rmsix-33a:The product was a colorless liquid (2.05 g, 82%). 'H NMR (600 MHz,
CDCl3) 6 7.36-7.29 (m, 20H), 5.27 (q, J= 6.6 Hz, 2H), 5.21-5.12 (m, 14H), 4.27-4.18 (m, 8H),
2.60 (s, 4H), 1.52-1.48 (m, 24H); "*C (600 MHz, CDCls) & 172.6, 172.5, 169.9, 169.7, 169.6,
169.4, 135.1, 135.0, 128.6, 128.5, 128.4, 128.2, 69.5, 69.3, 69.2, 69.1, 67.2, 60.4, 16.78, 16.73,

16.68, 16.63; HRMS (M+Na) calc mass 333.0950, found 333.0966.
: O
BnO 79 o)% O\H/\OH
0] (0]
Bn-LL,,.G rmsvii-20a: The product was a colorless liquid (7.55 g, 81%). '"H NMR (600 MHz,
CDCls) 6 7.36-7.3 (m, 10H), 5.27 (q, J= 7.2 Hz, 1H), 5.22-5.11 (m, 7H), 4.27-4.19 (m, 4H), 2.49
(s, 2H), 1.513 (d, J= 6.6 Hz, 3H), 1.51 (d, J= 7.2 Hz, 6H), 1.49 (d, J= 7.0 Hz, 3H), BC NMR
(150 MHz, CDCl3) 6 172.7, 172.5, 169.9, 169.7, 169.6, 169.4, 135.1, 135.0, 128.6, 128.57,

128.51, 128.4, 128.23, 128.22, 69.4, 69.3, 69.2, 69.1, 67.2, 16.75, 16.73 (2), 16.6; HRMS

(M+Na) calc mass 333.095, found 333.096.
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O
Bnojwj\O)J\?/o\[(\OH
O o]
Bn-L,,.LG rmsviii-23a: The product was a colorless liquid (4.93 g, 97%). '"H NMR (600 MHz,
CDCls) 6 7.36-7.30 (m, 10H), 5.28 (q, J= 7.2 Hz, 1H), 5.22-5.11 (m, 7H), 4.26 (d, J= 18.0 Hz,
1H), 4.24 (d, J= 17.4 Hz, 1H), 4.21 (d, J= 18.6 Hz, 1H), 4.20 (d, J= 17.4 Hz, 1H), 2.42 (s, 2H),
1.52 (d, J= 6.6 Hz, 3H), 1.51 (d, J= 7.2 Hz, 6H), 1.49 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz,
CDCl3) 6 172.7, 172.5, 169.9, 169.7, 169.6, 169.4, 135.1, 135.0, 128.6, 128.5, 128.4, 128.3,

128.2, 69.5, 69.3, 69.2, 69.1, 67.2, 60.5, 16.8, 16.7 (2), 16.6; MS (EI) m/z 310 (M+).
e
BnO 9 o)k‘\? Oj(\OH
o 0

Bn-LLzG rmsviii-64a: The product was a colorless liquid (1.40 g, 99%). '"H NMR (600 MHz,
CDCls) & 7.36 (m, 5H), 5.27 (q, J= 7.2 Hz, 1H), 5.19 (d, J= 12.0 Hz, 1H), 5.16 (g, J= 7.2 Hz,
1H), 5.13 (d, J= 12.0 Hz, 1H), 4.24 (d, J= 17.4 Hz, 1H), 4.20 (d, J= 17.4 Hz, 1H), 2.54 (s, 1H),
1.51 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz, CDCl;) & 172.5, 169.7,
169.5, 135.1, 128.6, 128.5, 128.2, 69.5, 69.2, 67.2, 60.4, 16.75, 16.73; HRMS (M+Na) calc mass

333.0950, found 333.0935.

o

BnO 0

: jﬁf!}o/u\@r Ny o
o o

Bn-LiLG rmsviii-90a: The product was a colorless liquid (1.84 g, 69%). '"H NMR (600 MHz,
CDCls) 6 7.36-7.31 (m, 5SH), 5.27 (q, J= 7.2 Hz, 1H), 5.19 (d, J=12.0 Hz, 1H), 5.16 (q, J= 7.2
Hz, 1H), 5.13 (d, J= 12.0 Hz, 1H), 4.24 (d, J= 16.8 Hz, 1H), 4.20 (d, J= 18.0 Hz, 1H), 2.50 (s,

1H), 1.51 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 6.6 Hz, 3H); *C NMR (150 MHz, CDCl5) & 172.5,
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169.8, 169.5, 135.1, 128.6, 128.5, 128.3, 69.5, 69.3, 67.3, 60.5, 16.8, 16.78; HRMS (M+Na) calc
mass 333.0950, found 333.0921.
: O
BnO S )J>{O
I o \(@/\OH
Bn-LLg,,G rmsvii-67a: The product was a colorless liquid (1.67 g, 98%). 'H NMR (600 MHz,
CDCl3) & 7.4-7.3 (m, 10H), 5.21-5.12 (m, 6H), 4.27 (d, J= 17.4 Hz, 1H), 4.26 (d, J=17.4 Hz,
1H), 4.21 (dd, J= 16.8 Hz, 6.6 Hz, 1H), 4.20 (dd, J= 16.8 Hz, 6.0 Hz, 1H), 2.26 (t, J= 6.0 Hz,
1H), 2.22 (t, J=6.0 Hz, 1H), 1.51 (d, J= 7.2 Hz, 3H), 1.45 (d, J= 6.6 Hz, 3H), 1.43 (s, 6H), 1.073
(s, 9H), 1.069 (s, 9H); °C (150 MHz, CDCl3) & 172.7, 172.5, 169.9, 169.7, 169.6, 169.4, 135.1,
135.0, 128.6, 128.5, 128.4, 128.3, 128.2, 69.5, 69.3, 69.0 (m), 67.2, 60.5, 16.8 (2), 16.7, 16.6;

HRMS (M+) calc mass 311.1115, found 311.1107.
: O
BnO - 0]
T 9 O)DS<D jO(\OH
Bn-LGa;G rmsvii-68a: The product was a colorless liquid (1.53 g, 92%). '"H NMR (600 MHz,
CDCl3) 6 7.34-7.31 (m, 5H), 5.22 (q, J=6.6 Hz, 1H), 5.18 (d, J= 12.6 Hz, 1H), 5.5 (d, J=12.0 Hz,
1H), 4.28 (s, 2H), 2.25 (s, 1H), 1.51 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) & 172.6,

169.8, 166.7, 155.1, 128.6, 128.5, 128.2, 69.6, 67.3, 60.5 (m), 60.4, 16.8; HRMS (M+) calc mass

298. 1021, found 298.1019.

D O
Bnom}’{ 5 J\?Ojﬁ on
0] (0]
Bn-Lg,. LG rmsvi-91a: The product was a colorless liquid (1.72 g, 71%). "H NMR (600 MHz,

CDCly) § 7.36-7.30 (m, 10H), 5.28 (q, J= 6.8 Hz, 1H), 5.23-5.12 (m, 5H), 4.27 (dd, J= 17.4 Hz,
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5.4 Hz 1H), 4.24 (dd, J= 19.8 Hz, 6.0 Hz, 1H), 4.21 (dd, J= 18.0 Hz, 6.0 Hz, 1H), 4.20 (dd, J=
17.4 Hz, 6.0 Hz, 1H), 2.29 (t, J= 5.7 Hz, 1H), 2.26 (t, J= 5.7 Hz, 1H), 1.52 (d, J= 7.2 Hz, 6H),
1.51 (s, 3H), 1.49 (s, 3H); '°C NMR (150 MHz, CDCL3) & 172.6, 172.4, 169.8, 169.7, 169.5,
135.0, 134.9, 128.5, 128.4, 128.3, 128.2, 69.2 (1), 69.1, 68.9, 67.1, 60.4, 16.7, 16.6, 16.57, 16.5;

MS (EI) m/z 311 (M+).

Bn-LLL rmsvii-81a: The product was a colorless liquid (4.70 g, 74%). '"H NMR (600 MHz,
CDCl3) 6 7.36-7.3 (m, 5H), 5.19 (q, J= 7.2 Hz, 2H), 5.17 (d, J= 12.6 Hz, 1H), 5.12 (d, J= 12 Hz,
1H), 4.33 (q, J= 7.0 Hz, 1H), 2.69 (s, 1H), 1.52 (d, J= 7.2 Hz, 3H), 1.51 (d, J= 7.2 Hz, 3H), 1.47
(d, J= 7.0 Hz, 3H); >C NMR (150 MHz, CDCl3) & 175.1, 169.9, 169.6, 135.1, 128.6, 128.5,

128.3,69.3, 69.1, 67.2,66.7,20.5, 16.8, 16.6; HRMS (M+) calc mass 324.121, found 324.120.

Bn-LL,, L rmsix-15a: The product was a colorless liquid (2.86 g, 83%). 'H NMR (600 MHz,
CDCls) 6 7.36-7.3 (m, 10H), 5.23 (q, J= 7.0 Hz, 1H), 5.20-5.10 (m, 7H), 4.33 (q, J= 7.0 Hz, 1H),
2.71 (s, 2H), 1.52 (d, J="7.2 Hz, 6H), 1.51 (d, J="7.2 Hz, 3H), 1.49 (d, J= 6.7 Hz, 3H), 1.47 (d, J=
6.7 Hz, 3H), 1.43 (d, J= 7.2 Hz, 3H); °C NMR (150 MHz, CDCl;) & 175.1, 174.7, 169.9, 169.7,
169.6, 169.4, 135.1, 135.0, 128.6, 128.5, 128.4, 128.3, 69.4, 69.34, 69.30, 69.1, 67.2, 67.0, 20.5,

20.1, 16.8, 16.7; HRMS (M+) calc mass 325.128, found 325.127.
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O =
BnO\[(g\ OJ%OTK:S)\ on
@) O
Bn-L,ocLyq L rmsix-16a: The product was a colorless liquid (2.98 g, 86%). 'H NMR (600 MHz,
CDCls) 6 7.36-7.3 (m, 20H), 5.25-5.10 (m, 16H), 4.39-4.31(m, 4H), 2.71-2.69 (m, 4H), 1.54-
1.40 (m, 36H); *C NMR (150 MHz, CDCl3) & 175.1, 175.0, 174.9, 174.4, 169.9, 169.8, 169.73,
169.71, 169.6, 169.5, 169.39, 169.38, 135.1, 135.0, 128.6, 128.5, 128.4, 128.3, 69.4, 69.39,
69.34, 69.3, 69.27, 69.25, 69.1, 67.2, 66.7, 66.6, 20.5, 20.08, 20.03, 16.8, 16.7, 16.67, 16.65;

HRMS (M+) calc mass 325.129, mass found 325.127.

Tetramers.
o) -0
o -~ o)
BnO)K/ (S O)J\/ (R)"OH
(@] (@]

Bn-GLGLg rmsviii-22a: The product was a colorless liquid (1.37 g, 75%). 'H NMR (600 MHz,
CDCls) 6 7.4-7.3 (m, 5H), 5.25 (q, J= 7.2 Hz, 1H), 5.17 (s, 2H), 4.795 (d, J=16.2 Hz, 1H), 4.792
(d, J=15.6 Hz, 1H), 4.75 (d, J= 15.6 Hz, 1H), 4.62 (d, J= 16.2 Hz, 1H), 4.40 (dq, J= 6.0 Hz, J=
6.6 Hz, 1H), 2.66 (dd, J= 3.0 Hz, J= 6.0 Hz, 1H), 1.55 (d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz,
3H); °C NMR (150 MHz, CDCls) & 174.9, 169.4, 166.9, 166. 6, 134.8, 128.7, 128.5, 69.2, 67.3,

66.7, 61.1, 60.9, 20.3, 16.8; MS (EI) m/z 368 (M+).

O : O
Bno)k/ N O)er oj(\OH
@) @)
Bn-GLLG rmsix-98a: The product was a colorless liquid (3.77 g, 97%). 'H NMR (700 MHz,

CDCly) § 7.36-7.31 (m, SH), 5.23 (q, J= 7.7 Hz, 1H), 5.22 (g, J= 7.0 Hz, 1H), 5.17 (s, 2H), 4.77

(d, J=16.1 Hz, 1H), 4.60 (d, J=16.1 Hz, 1H), 4.27 (d, J=17.5 Hz, 1H), 4.21 (d, J=17.5 Hz, 1H),
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2.43 (s, 1H), 1.57 (d, J= 7.0 Hz, 3H), 1.55 (d, J= 7.0 Hz, 3H); '°C NMR (175 MHz, CDCl3) &

172.7,169.58, 169.53, 166.9, 134.8, 128.6, 128.5, 69.1, 69.0, 67.3, 61.1, 60.5, 16.7(2).

o) o)
Bno)k/ Ojﬁ’?}oj\@r Oj(\OH
o) o)
Bn-GLiLG rmsix-99a: The product was a colorless liquid (2.65 g, 92%)."H NMR (700 MHz,
CDCls) § 7.36-7.31 (m, 5H), 5.28 (q, J= 7.0 Hz, 1H), 5.20 (q, J= 7.0 Hz, 1H), 5.17 (s, 2H), 4.79
(d, J=16.1 Hz, 1H), 4.61 (d, J=16.1 Hz, 1H), 4.25 (d, J= 17.5 Hz, 1H), 4.21 (d, J= 17.5 Hz, 1H),
2.42 (s, 1H), 1.54 (d, J= 7.0 Hz, 3H), 1.53 (d, J= 7.0 Hz, 3H); °C NMR (175 MHz, CDCl;) &

172.5,169.4,169.3, 166.9, 134.8, 128.6, 128.5, 69.2, 67.3, 61.1, 60.5, 16.75, 16.69.

o) o)
BnO)K/ Oj%?)\o)% Oj(\OH
o) o)

Bn-GLL,,.G rmsix-100a: The product was a colorless liquid (2.54 g, 92%). "H NMR (700 MHz,
CDCls) & 7.36-7.31 (m, 10H), 5.28 (q, J= 7.0 Hz, 1H), 5.23 (q, J= 7.7 Hz, 1H), 5.22 (q, J= 7.0
Hz, 1H), 5.20 (q, J= 7.0 Hz, 1H), 5.17 (s, 4H), 4.79 (d, J= 16.1 Hz, 1H), 4.77 (d, J= 16.1 Hz,
1H), 4.61 (d, J= 16.1 Hz, 1H), 4.60 (d, J= 16.1 Hz, 1H), 4.27 (d, J= 17.5 Hz, 1H), 4.25 (d, J=
17.5 Hz, 1H), 4.21 (d, J= 16.8 Hz, 2H), 2.42 (s, 2H), 1.57 (d, J= 7.0 Hz, 3H), 1.55 (d, J= 7.0 Hz,
3H) 1.54 (d, J= 7.0 Hz, 3H), 1.53 (d, J= 7.0 Hz, 3H); °C NMR (175 MHz, CDCl;) & 172.7,
172.5, 169.57, 169.53, 169.4, 169.3, 166.92, 166.89, 134.81, 134.78, 128.6, 128.5, 128.4, 69.18,

69.12, 69.0, 67.31, 67.28, 61.1, 60.5, 60.4, 16.75, 16.69.
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o) : 0
Bno)k?/ Ojﬁs}o)k@r Oj(\OH
o) o)

Bn-LLLG rmsx-20a: The product was a colorless liquid (1.40 g, 92%). "H NMR (600 MHz,
CDCls) 6 7.36-7.30 (m, 5H), 5.21 (q, J= 7.2 Hz, 1H), 5.17 (q, J= 6.8 Hz, 1H), 5.169 (d, J=12.6
Hz, 1H), 5.16 (q, J= 6.8 Hz, 1H), 5.11 (d, J=12.0 Hz, 1H), 4.26 (d, J= 17.4 Hz, 1H), 4.21 (d, J=
17.4 Hz, 1H), 2.46 (s, 1H), 1.57 (d, J= 6.6 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H), 1.50 (d, J= 7.2 Hz,
3H); >C NMR (150 MHz, CDCl3) § 172.7, 169.9, 169.7, 169.6, 135.0, 128.6, 128.5, 128.2, 69.3,

69.1, 69.08, 67.2, 60.5, 16.71(2), 16.55.

o) -0
o -~ o)
Bno)L@r B o)%/ j(\OH
o) o)

Bn-LLL,,.G rmsix-20a: The product was a colorless liquid (1.80 g, 89%). '"H NMR (600 MHz,
CDCl3) 6 7.36-7.30 (m, 10H), 5.28 (q, J= 7.2 Hz, 1H), 5.25-5.10 (m, 9H), 4.27 (d, J= 17.4 Hz,
1H), 4.25 (d, J=17.4 Hz, 1H), 4.22 (d, J= 17.4 Hz, 1H), 4.21 (d, J= 17.4 Hz, 1H), 2.46 (s, 2H),
1.58 (d, J= 6.6 Hz, 3H), 1.54 (d, J= 7.2 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H), 1.508 (d, J= 7.2 Hz,
3H), 1.502 (d, J= 7.2 Hz, 6H); °C NMR (150 MHz, CDCl3) & 172.7, 172.55, 169.91, 169.89,
169.65, 169.52, 169.4, 169.3, 135.0, 128.6, 128.5, 128.2, 69.27, 69.25, 69.15, 69.1, 67.21, 67.2,

60.5, 16.79, 16.73(3), 16.59, 16.57.

O O
Bno)k?/ Ojfg\o)k@r Oj(\OH
0] @)
Bn-LL,,.LG rmsx-21a: The product was a colorless liquid (1.35 g, 86%). '"H NMR (600 MHz,

CDCl3) § 7.36-7.30 (m, 10H), 5.27 (q, J= 7.2 Hz, 1H), 5.22 (q, J= 7.2 Hz, 1H), 5.20-5.10 (m,

8H), 4.27 (dd, J,= 17.4 Hz, J,= 4.8 Hz, 1H), 4.25 (dd, J,= 17.4 Hz, J,= 5.4 Hz, 1H), 4.21 (dd, J,=
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17.4 Hz, J= 6.0 Hz, 1H), 4.20 (dd, J;= 17.4 Hz, J,= 6.0 Hz, 1H), 2.40 (t, J= 6.0 Hz, 2H), 1.57 (d,
J=17.2 Hz, 3H), 1.54 (d, J= 7.2 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H), 1.50 (d, J= 7.2 Hz, 3H), 1.499
(d, J= 7.2 Hz, 3H), 1.494 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) § 172.7, 172.5,
169.88, 169.80, 169.64, 169.5, 169.3, 169.2, 135.0, 128.6, 128.5, 128.2, 69.46, 69.40, 69.27,

69.12, 67.21, 67.16, 60.5, 16.74, 16.72, 16.68, 16.67, 16.56.

o) -0
BnO)J\é/ OSN3 o)J\@r Oj(\OH
o) o)

Bn-L,,.LLG rmsix-20a: The product was a colorless liquid (2.71 g, 88%). '"H NMR (600 MHz,
CDCl3) 8 7.36-7.30 (m, 10H), 5.25-5.10 (m, 10H), 4.27 (d, J= 17.4 Hz, 2H), 4.22 (d, J= 17.4 Hz,
2H), 2.40 (s, 2H), 1.58 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 7.2 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H), 1.515
(d, J= 7.2 Hz, 3H), 1.50 (d, J= 7.2 Hz, 3H), 1.48 (d, J= 7.2 Hz, 3H); °C NMR (150 MHz,
CDCl3) & 172.7, 172.66, 169.89, 169.75, 169.66, 169.5, 169.45, 169.3, 135.0, 128.6, 128.5,

128.2, 69.38, 69.27, 69.17, 69.14, 69.10, 67.2, 60.5, 16.74 (3), 16.68(2), 16.57.

O O
Bno&ojﬁo*ﬁ%%@m
O O

Bn-L, L, LG rmsx-17a: The product was a colorless liquid (1.20 g, 87%). "H NMR (600 MHz,
CDCl3) 8 7.36-7.30 (m, 20H), 5.30-5.10 (m, 20H), 4.30-4.19 (m, 8H), 2.37-2.34 (m, 4H), 1.60-
1.45 (m, 36H); °C NMR (150 MHz, CDCl3) & 172.71, 172.66, 172.54, 172.48, 169.91, 169.89,
169.81, 169.74, 169.64, 169.51, 169.43, 169.30, 169.17, 135.11, 135.06, 135.05, 135.02, 128.60,
128.58, 128.51, 128.50, 128.48, 128.45, 128.23, 128.22, 69.47, 69.40, 69.39, 69.29, 69.25, 69.17,

69.15, 69.11, 67.22, 67.20, 67.17, 60.46, 16.79, 16.75, 16.73, 16.70, 16.68, 16.59, 16.57.
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Hexamers.

BnO (S) OJ\TL \[(\OJLT "0 )K/OH

Bn-LLGLL{G rmsviii-71a: The product was a colorless liquid (1.01 g, 92%). '"H NMR (600
MHz, CDCl3) & 7.36- 7.30 (m, 5SH), 5.28 (q, J= 7.0 Hz, 1H), 5.20 (q, J= 6.8 Hz, 1H), 5.18 (q, J=
7.0 Hz, 1H), 5.162 (d, J=12.6 Hz, 1H), 5.160 (q, J= 7.2 Hz, 1H), 5.12 (d, J= 12.0 Hz, 1H), 4.87
(d, J=16.2 Hz, 1H), 4.62 (d, J=16.2 Hz, 1H), 4.25 (d, J=17.4 Hz, 1H), 4.21 (d, J= 17.4 Hz, 1H),
2.40 (s, 1H), 1.56 (d, J= 7.2 Hz, 3H), 1.55 (d, J= 7.2 Hz, 3H), 1.51 (d, J= 7.2 Hz, 3H), 1.50 (d, J=
7.2 Hz, 3H); *C NMR (600 MHz, CDCl;) & 172.5, 169.9, 169.42, 169.4, 169.3, 166.5, 135.0,
128.6, 128.5, 128.2, 69.3, 69.2 (2), 69.1, 67.2, 60.8, 60.4, 16.74, 16.7 (2), 16.6; HRMS (M+Na)

calc mass 535.1428, found 535.1451.

o) o) -0
Bnojﬁg o)kf”ojﬁ o)Ljs;o\[m; o \_OH
o] o] o)
Bn-LzLGLLG rmsix-3a: The product was a colorless liquid (1.05 g, 96%). '"H NMR (600 MHz,
CDCls) § 7.35-7.30 (m, 5H), 5.24-5.19 (m, 3H), 5.17 (d, J= 12.6 Hz, 1H), 5.15 (q, J= 7.2 Hz,
1H), 5.12 (d, J= 12.6 Hz, 1H), 4.80 (d, J= 16.2 Hz, 1H), 4.61 (d, J= 15.6 Hz, 1H), 4.25 (d, J=
17.4 Hz, 1H), 4.20 (d, J= 17.4 Hz, 1H), 2.56 (s, 1H), 1.57 (d, J= 7.8 Hz, 3H), 1.56 (d, J= 7.2 Hz,
3H), 1.49 (d, J= 7.2 Hz, 3H), 1.48 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz, CDCl3) & 172.6,

169.7, 169.6, 169.4, 169.2, 166.3, 135.1, 128.5, 128.4, 128.2, 69.4, 69.3, 69.0, 68.9, 67.1, 60.7,

60.4, 16.7; HRMS (M+Na) calc mass 535.1428, found 535.1420.
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2.7.6 General procedures for benzyl deprotections

The benzyl protected oligomer was combined with 10% Pd/C (5% w/w) in dry EtOAc. The
reaction mixture was stirred 16- 18 h under 1 atm of hydrogen, filtered through celite and
concentrated in vacuo. No further purification was necessary unless stated.

Silyl-protected dimers.

o)
o
Ho)kis} \ﬂ/\OTBDPS
o)

LG-SiR; rmsv-56a: The crude was chromatographed (silica, 15% EtOAc in hexanes) to yield a
colorless oil (30.6 g, 95%). '"H NMR (300 MHz, CDCl3) & 7.7-7.6 (m, 4H), 7.5-7.3 (m, 6H), 5.14
(quartet, J= 7.1 Hz, 1H), 4.36 (d, J= 16.8 Hz, 1H), 4.29 (d, J=16.8 Hz, 1H), 1.48 (d, J= 7.2 Hz,
3H), 1.07 (s, 9H); *C NMR (75 MHz, CDCl3) & 176.3, 170.6, 135.6, 135.5, 132.7, 132.6, 129.9,
127.8, 68.2, 61.9, 26.6, 19.3, 16.7; MS (EI) m/z 329 (M-tbutyl).

o)
o)
HOJ\( N[ oTBDPS
o)

L,.,.G-SiR; rmsv-55a: The crude was chromatographed (silica, 15% EtOAc in hexanes) to yield
a colorless oil (28.8 g, 90%). "H NMR(300 MHz, CDCls) & 7.7-7.6 (m, 4H), 7.5-7.3 (m, 6H),
5.13 (quartet, J= 7.0 Hz, 1H), 4.35 (d, J= 16.8 Hz, 1H), 4.29 (d, J=17.1 Hz, 1H), 1.48 (d, J= 7.5
Hz, 3H), 1.07 (s, 9H); >°C NMR (75 MHz, CDCls) & 176.3, 170.6, 135.6, 135.5, 132.7, 132.6,

129.9, 127.9, 68.3, 61.9, 26.7, 19.3, 16.7; MS (EI) m/z 329 (M-t-butyl).
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O
o
HO)J\/ (R"OTBDPS
o

GLg-SiR; rmsviii-16a: The crude was chromatographed (silica, 15% EtOAc in hexanes) to yield
a colorless oil (2.85 g, 50%). 'H NMR (600 MHz, CDCl;) & 7.67-7.64 (m, 4H), 7.42-7.33 (m,
6H), 4.58 (d, J=16.2 Hz, 1H), 4.48 (d, J= 16.8 Hz, 1H), 4.38 (q, J= 6.6 Hz, 1H), 1.40 (d, J="7.2
Hz, 3H), 1.08 (s, 9H); *C NMR (150 MHz, CDCls) & 173.1, 173.0, 135.9, 135.7, 133.4, 132.9,

129.9, 129.8, 127.9, 127.7, 127.6, 68.6, 60.0, 26.8, 21.2, 19.2; MS (EI) m/z 329 (M-t-butyl).

O :
HOJ\? O~ 79 oTBDPS
o)

LL-SiR3 rmsv-101a: Chromatography using 15% ethyl acetate in heaxanes yielded a colorless
oil (18.6 g, 90%). '"H NMR (300 MHz, CDCl3) & 11.0 (s, 1H), 7.7-7.6 (m, 4H), 7.5-7.3 (m, 6H),
4.94 (q,J=7.0 Hz, 1H), 4.33 (q, J= 6.6 Hz, 1H) 1.40 (d, J= 6.9 Hz, 3H), 1.37 (d, J= 7.2 Hz, 3H),
1.08 (s, 9H); °C NMR (75 MHz, CDCls) & 176.5, 173.1, 136.0, 135.8, 133.4, 133.0, 129.8,
127.7, 127.6, 68.5, 68.1, 26.8, 21.1, 19.2, 16.6; HRMS (M+Na) Calc mass 423.160, found

423.160.

O :
O <
HOJ\{ \H/(S)\OTBDPS
o)

L, L-SiR3 rmsv-100a:Chromatography using 15% ethyl acetate in hexanes yielded a colorless
oil (18.5 g, 87%). '"H NMR (300 MHz, CDCls) § 10.8 (s, 2H), 7.7-7.6 (m, 8H), 7.5-7.3 (m, 12H),
5.1-4.9 (m, 2H) 4.40 (q, J= 6.8 Hz, 1H), 4.38 (q, J= 6.8 Hz, 1H) 1.45 (d, J= 6.9 Hz, 3H), 1.41 (d,
J= 6.6 Hz, 3H), 1.39 (d, J=6.9 Hz, 3H), 1.37 (d, J= 6.6 Hz, 3H), 1.09 (s, 18H); °C NMR (75

MHz, CDCls) & 176.5, 176.4, 173.1, 173.0, 136.0, 136.0, 135.9, 135.8, 135.7, 133.5, 133.4,
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133.0, 132.9, 129.9, 129.8, 127.6, 127.5, 68.8, 68.5, 68.2, 68.1, 26.8, 21.3,, 21.0, 19.3, 19.2, 16.6,
16.5; HRMS (M+Na) Calc mass 423.160, found 423.159.

Silyl-protected trimers.

= O
HO 9 o)k@f OjﬁOTBDPS
o o
LLG-SiR;3 rmsviii-63a:The crude was chromatographed (silica, 15% EtOAc in hexanes) to yield
a colorless oil (2.32 g, 93%). 'H NMR (600 MHz, CDCl;) & 7.68-7.56 (m, 4H), 7.43-7.36 (m,
6H), 5.16 (q, J=7.2 Hz, 1H), 5.12 (q, J= 7.2 Hz, 1H), 4.34 (d, J= 16.8 Hz, 1H), 4.29 (d, J=16.8
Hz, 1H), 1.54 (d, J= 7.2 Hz, 3H), 1.48 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); >*C NMR (150 MHz,
CDCls) 6 175.8, 170.7, 169.8, 135.6, 135.5, 132.7, 132.6, 129.9, 127.8, 127.7, 68.6, 68.4, 62.0,
26.6, 19.2, 16.67, 16.64; HRMS (M+Na) calc mass 481.1659, found 481.1616.
: O
MO @ o)k’\_’f) O\[(\OTBDPS
o = o
LLzG-SiR3 rmsviii-62a: The crude was chromatographed (silica, 15% EtOAc in hexanes) to
yield a colorless oil (1.46 g, 87%). '"H NMR (600 MHz, CDCl3) & 7.68-7.66 (m, 4H), 7.43- 7.35
(m, 6H), 5.17 (q, J=7.2 Hz, 1H), 5.12 (q, J= 7.0 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H), 4.29 (d, J=
16.8 Hz, 1H), 1.48 (d, J= 7.8 Hz, 3H), 1.46 (d, J= 7.2 Hz, 3H), 1.07 (s, 9H); *C NMR (150
MHz, CDCls) & 175.2, 170.6, 169.7, 135.6, 135.5, 132.6, 129.9, 127.8, 68.8, 68.7, 62.0, 26.6,

19.3, 16.8, 16.6; HRMS (M+Na) calc mass 481.1659, found 481.1678.
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Segmers.

Dimers.

0
HO)%S} C)WAOH
o)

LG rmsvii-8a: The filtrate was concentrated in vacuo to yield a colorless oil (4.35 g, 100%). 'H
NMR (300 MHz, CDCls) 6 5.18 (quartet, J= 7.1 Hz, 1H, CH), 4.29 (d, J= 17.4 Hz, 1H, CH),
422 (d,J=17.4 Hz, 1H, CH,), 1.49 (d, J= 6.9 Hz, 3H, CH;); >*C NMR (75 MHz, CDCl;) & 174.4
(C=0), 172.6 (C=0), 68.9, 60.2, 16.6; MS (EI) m/z 131 (M- H,0), 117; HRMS (M-H,0) calc

mass 131.0344, found 131.0348.

o)
HOJ\( O\H/\OH
0

L,..G rmsvii-36a: The filtrate was concentrated in vacuo to yield a colorless oil (4.35 g, 100%).
'H NMR (300 MHz, CDCl;) & 5.17 (quartet, J= 7.1 Hz, 1H), 4.29 (d, J= 17.4 Hz, 1H), 4.22 (d,
J=17.4 Hz, 1H), 1.52 (d, J= 7.2 Hz, 3H); °C NMR (75 MHz, CDCl;) & 174.5, 172.8, 69.0, 60.4,

16.7; MS (EI) m/z 149 (M+).

o :
5.0 -
HO)]\T/ \H/(S)\OH
o)

LL rmsvii-88a:The filtrate was concentrated to yield a colorless oil (1.75 g, 100%). 'H NMR
(400 MHz, CDCls) 6 5.17 (q, J= 7.2 Hz, 1H), 4.36 (q, J= 7.2 Hz, 1H), 1.54 (d, J= 6.8 Hz, 3H),

1.46 (d, J= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl5) 8 175.1, 69.0, 66.8, 20.3, 16.7.

117



o)
o)
HOJ\@r %OH

o)

LLg rmsviii-85a: The filtrate was concentrated to yield a colorless oil (1.27 g, 99%). 1H NMR
(300 MHz, CDCI3) d 1H NMR (300 MHz, CDCI3) d 5.14 (q, J= 7.2 Hz,1H), 4.40 (q, J= 7.2 Hz,
1H), 1.53 (d, J= 7.2 Hz, 3H), 1.43 (d, J= 6.9 Hz, 3H); 13C NMR (75 MHz, CDCI3) d 174.9,

174.5,69.2, 66.7, 19.8, 16.7.
Q :
HOJ\@O (S"OH
= 0

LgL rmsviii-98a:The filtrate was concentrated to yield a colorless oil (1.23 g, 96%).

Trimers.

O
HOWAO )J\jsko\rh on
o o
GLG rmsvii-7a: The filtrate was concentrated in vacuo to yield a colorless oil (4.33 g, 100%).
'H NMR (600 MHz, CDCl3) & 5.28 (q, J= 7.2 Hz, 1H), 4.77 (d, J= 15.6 Hz, 1H), 4.65 (d, J= 16.8
Hz, 1H), 4.29 (d, J= 18 Hz, 1H), 4.24 (d, J= 17.4 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H); °C NMR

(150 MHz, CDCl3) § 172.8, 171.3, 169.7, 69.1, 60.7, 60.4, 16.7; MS (EI) m/z 207 (M+).

0]
Homﬁo)% Oj(\OH
o 0]
GL,,.G rmsvii-38a: The filtrate was concentrated in vacuo to yield a colorless oil (4.63 g,
100%). '"H NMR (600 MHz, CDCls) 8 5.27 (q, J= 6.9 Hz, 1H), 4.76 (d, J= 16.2 Hz, 1H), 4.64 (d,
J=16.8 Hz, 1H), 4.29 (d, J= 17.4 Hz, 1H), 4.24 (d, J= 17.4 Hz, 1H), 1.56 (d, J= 6.6 Hz, 3H); "°C

NMR (150 MHz, CDCl3) 6 172.8, 171.3, 169.7, 69.1, 60.7, 60.4, 16.7; MS (EI) m/z 207 (M+).
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-0
HO_ -~ o)
(S OJ\@r \f(\OH
o) o)

LLG rmsvii-27a: The filtrate was concentrated in vacuo to yield a colorless oil (4.90 g, 97%). 'H
NMR (600 MHz, CDCl3) 6 5.22 (q, J= 7.2 Hz, 1H), 5.17 (q, J= 7.2 Hz, 1H), 4.28 (d, J= 16.8 Hz,
1H), 4.23 (d, J= 17.4 Hz, 1H), 1.56 (d, J= 7.2 Hz, 3H), 1.55 (d, J= 7.1 Hz, 3H); >C NMR (150

MHz, CDCl3) 6 175.0, 172.8, 169.7, 69.2, 68.9, 60.4, 16.66, 16.63; MS (EI) m/z 203 (M-H,0).

O
HOTNJ\O)%/OWK\OH
0] O
LyocLiacG rmsviii-94a: The filtrate was concentrated in vacuo to yield a colorless oil (0.70 g,
99%). "H NMR (600 MHz, CDCl3) 6 5.27-5.10 (m, 8H), 4.30-4.21 (m, 8H), 1.56-1.51 (m, 24H);

C NMR (150 MHz, CDCl3) & 174.3, 174.1, 172.8, 169.8, 169.7, 69.3, 69.2, 69.0, 60.42, 60.39,

16.66, 16.63; HRMS (M+Na) calc mass 243.0481, found 243.0484.

= O
O o)% Oj(\OH
O o
LL,,.G rmsvii-28a.The filtrate was concentrated in vacuo to yield a colorless oil (4.60 g, 90%).
'H NMR (600 MHz, CDCls) & 5.27 (q, J= 7.2 Hz, 1H), 5.23 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 7.2
Hz, 1H), 5.15 (q, J= 7.2 Hz, 1H), 4.29 (d, J=18.0 Hz, 1H), 4.28 (d, J= 18.0 Hz, 1H), 4.24 (d, J=
17.4 Hz, 1H), 4.23 (d, J=16.8 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 6.6 Hz, 3H), 1.54 (d,
J=17.2 Hz, 3H), 1.53 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz, CDCls) & 175.1, 174.8, 172.9,

172.8,169.7, 169.6, 69.3, 69.2, 69.0, 68.9, 60.4, 16.7, 16.6 (2), 16.5; MS (EI) m/z 203 (M-H,0).
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o
Ho%o)ﬂsy Oj(\OH
o 0]
L,..LLG rmsviii-25a:The filtrate was concentrated in vacuo to yield a colorless oil (3.22 g, 97%).
'H NMR (600 MHz, CDCl3) & 5.26 (q, J= 7.2 Hz, 1H), 5.22 (g, J= 7.2 Hz, 1H), 5.17 (q, J= 7.2
Hz, 1H), 5.13 (q, J= 7.2 Hz, 1H), 4.29 (d, J= 17.4 Hz, 1H), 4.28 (d, J=17.4 Hz, 1H), 4.24 (d, J=
17.4 Hz, 1H), 4.23 (d, J=17.4 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H), 1.55 (d, J= 6.6 Hz, 1H), 1.54 (d,
J= 6.6 Hz, 1H), 1.53 (d, J= 7.2 Hz, 1H); >C NMR (150 MHz, CDCls) & 175.1, 174.9, 172.9,
172.8, 169.7, 169.6, 69.3, 69.2, 69.1, 68.9, 60.5, 60.4, 16.72, 16.7 (2), 16.6; MS (EI) m/z 221
(M+).
: O
MO OJ\’\’? O\[(\OH
o = o
LLiG rmsviii-67a.The filtrate was concentrated in vacuo to yield a colorless oil (0.91 g, 99%).
'H NMR (600 MHz, CDCl3) & 5.26 (q, J= 7.0 Hz, 1H), 5.14 (q, J= 7.0 Hz, 1H), 4.29 (d, J=17.4
Hz, 1H), 4.24 (d, J= 17.4 Hz, 1H), 1.54 (d, J= 7.2 Hz, 3H), 1.53 (d, J= 6.6 Hz, 3H); °C NMR
(150 MHz, CDCl3) 6 174.6, 173.0, 169,6, 69.3, 69.2, 60.4, 16.7, HRMS (M+Na) calc mass

243.0481, found 243.0488.

(@]
H o
O\H/(L}O)J\Asr \[(\OH
o (@]

LrLG rmsviii-93a: The filtrate was concentrated in vacuo to yield a colorless oil (0.59 g, 97%).
"H NMR (600 MHz, CDCls) & 5.23 (q, J= 7.2 Hz, 1H), 5.13 (q, J= 7.2 Hz, 1H), 4.28 (d, J=17.4

Hz, 1H), 4.23 (d, J= 17.4 Hz, 1H), 1.53 (d, J= 6.6 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H); °C NMR
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(150 MHz, CDCl3) 6 174.4, 173.0, 169.7, 69.3, 69.2, 60.4, 16.7; HRMS (M+Na) calc mass

243.0481, found 243.0487.
-0
MO o)% oj(\OH
o) Do
LLg,..G rmsvii-70a:The filtrate was concentrated in vacuo to yield a colorless oil (1.0 g, 94%).
"H NMR (600 MHz, CDCl3) 8 5.17 (q, J= 7.2 Hz, 1H), 5.13 (q, J= 7.2 Hz, 1H), 4.282 (d, J=16.8
Hz, 1H), 4.276 (d, J= 16.8 Hz, 1H), 4.23 (d, J= 17.4 Hz, 2H), 1.55 (s, 3H), 1.54 (d, J= 7.2 Hz,
3H), 1.53 (s, 3H), 1.52 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz, CDCl;) & 174.7, 174.5, 172.9,

172.8, 169.8, 169.7, 69.4, 69.2, 69.1, 68.9, 68.8, 68.7, 60.4, 60.3, 16.6, 16.5; MS (EI) m/z 204

(M-H,0).

D 0]
S
o O
La,ecLG rmsvii-10a: The filtrate was concentrated in vacuo to yield a colorless oil (1.05 g,

99%). 'H NMR (600 MHz, CDCl3) & 5.2-5.1 (m, 2H), 4.4-4.1 (m, 4H), 1.6-1.3 (m, 12H); MS

(ED) m/z 204 (M-H,0).
: O
HO_ - o)
I 9 o)DS<D \[OK\OH
LGa:G rmsvii-69a: The filtrate was concentrated in vacuo to yield a colorless oil (0.95 g, 98%).
'H NMR (600 MHz, CDCl3) 8 5.19 (q, J= 7.2 Hz, 1H), 4.3 (s, 2H), 1.55 (d, J= 7.2 Hz, 3H); "*C

NMR (150 MHz, CDCls) & 174.5, 172.9, 166.8, 69.2, 60.5 (t), 60.4, 16.7, MS (EI) m/z 206

(M+).
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= 0 ;
O @ o)k? O\H/(S)\OH
0] 0]
LLL rmsvii-90a: The filtrate was concentrated to yield a colorless solid (2.85 g, 86%). "H NMR
(600 MHz, CDCls) 6 5.19 (q, J= 7.2 Hz, 1H), 5.15 (q, J= 7.2 Hz, 1H), 4.36 (q, J= 6.6 Hz, 1H),

1.57 (d, J= 7.2 Hz, 3H), 1.54 (d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz,

CDCl3) 8 175.3,175.2, 169.6, 69.1, 68.9, 66.7, 20.4, 16.6; MS (EI) m/z 235 (M+).

= (@] =
HO (;) O)%O\[ﬁ;)\OH
0] o
LL,.L rmsvii-94a:The filtrate was concentrated to yield a colorless oil (3.50 g, 98%). '"H NMR
(600 MHz, CDCls) & 5.21 (q, J= 7.2 Hz, 1H), 5.19 (q, J= 7.2 Hz, 1H, i), 5.15 (q, J= 7.2 Hz, 1H,
i), 5.13 (q, J= 7.2 Hz, 1H), 4.38 (q, J= 6.6 Hz, 1H), 4.36 (q, J= 7.2 Hz, 1H, i), 1.56 (d, J= 7.2 Hz,
3H, i), 1.542 (d, J= 7.2 Hz, 3H), 1.539 (d, J= 7.2 Hz, 3H, i), 1.52 (d, J= 7.2 Hz, 3H), 1.47 (d, J=
7.2 Hz, 3H, 1), 1.44 (d, J=6.6 Hz, 3H); *C NMR (150 MHz, CDCl5) & 175.3, 175.2, 169.6, 69.1,

68.9, 66.7, 20.4, 16.6; MS (EI) m/z 235 (M+).

Q :
Hoj‘io)%o (9"OH
(0] o
LyacLiacl rmsvii-95a: The filtrate was concentrated to yield a colorless oil (2.27 g, 100%). 'H
NMR (600 MHz, CDCl3) & 5.23 (q, J= 7.2 Hz, 1H), 5.21 (g, J= 7.2 Hz, 1H), 5.20 (q, J= 7.2 Hz,
1H), 5.19 (q, J= 7.2 Hz, 1H, i), 5.18 (q, J= 7.2 Hz, 1H), 5.17 (q, J= 7.2 Hz, 1H, 1), 5.133 (q, J=
7.2 Hz, 1H), 5.130 (q, J= 7.2 Hz, 1H), 4.39 (q, J= 7.2 Hz, 1H), 4.38 (q, J= 6.6 Hz, 2H), 4.36 (q,
J=7.2 Hz, 1H, 1), 1.569 (d, J= 7.8 Hz, 3H), 1.567 (d, J= 7.2 Hz, 3H, i), 1.54 (d, J= 7.2 Hz, 9H),

1.52 (d, J= 7.2 Hz, 6H), 1.517 (d, J= 7.32 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H, i), 1.46 (d, J= 7.2 Hz,
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3H), 1.4 (d, J=6.6 Hz, 6H); *C NMR (150 MHz, CDCl3) 5 175.2, 175.1, 175.0, 174.96, 174.95,
174.89, 174.87, 169.69, 169.65, 169.58, 169.5, 69.4, 69.3, 69.1, 69.0, 68.9, 68.8, 66.75, 66.73,
20.39,20.37, 19.94, 19.93, 16.68, 16.65, 16.64.

Tetramers.
o) - 0
o -~ o)
HO)K/ (S) O)J\/ (R"OH
(@] (0]

GLGLy rmsviii-24a: The filtrate was concentrated in vacuo to yield a colorless oil (0.84 g,
93%). '"H NMR (600 MHz, CDCl3) & 5.26 (q, J= 7.2 Hz, 1H), 4.80 (d, J= 15.6 Hz, 1H), 4.78 (d,
J=15.6 Hz, 1H), 4.75 (d, J= 15.6 Hz, 1H), 4.64 (d, J= 16.2 Hz, 1H), 4.41 (q, J= 7.2 Hz, 1H), 1.57
(d, J= 7.2 Hz, 3H), 1.47 (d, J= 7.2 Hz, 3H); °C NMR (150 MHz, CDCl;) & 174.9, 171.5, 169.4,

166.7, 69.2, 66.8, 60.9, 60.7, 20.2, 16.7; MS (EI) m/z 279 (M+).

o) - 0
HO)J\/ O 9 O)er O\HAOH
o) o]
GLLG rsmx-1a: The product was a colorless oil (2.76 g, 99%). 'H NMR (600 MHz, CDCl;) &
5.24 (q, J="7.2 Hz, 1H), 5.21 (q, J= 7.2 Hz, 1H), 4.73 (d, J= 16.8 Hz, 1H), 4.62 (d, J= 16.2 Hz,
1H), 4.23 (d, J= 17.4 Hz, 1H), 4.22 (d, J= 17.4 Hz, 1H), 1.56 (d, J= 7.2 Hz, 6H); >*C NMR (150

MHz, CDCl3) 6 172.8, 171.3, 169.8, 169.5, 69.17, 69.11, 60.8, 60.4, 16.7(2).

0] O
HO)J\/ Om/a’%o)k@r O\H/\OH
O o
GLzLG rmsx-2a: The product was a colorless oil (1.94 g, 100%). "H NMR (600 MHz, CDCl;) &

5.27 (q, J= 7.2 Hz, 1H), 5.21 (q, J= 7.2 Hz, 1H), 4.75 (d, J= 16.8 Hz, 1H), 4.63 (d, J= 16.2 Hz,

1H), 4.27 (d, J= 17.4 Hz, 1H), 4.23 (d, J= 17.4 Hz, 1H), 1.55 (d, J= 7.2 Hz, 3H), 1.53 (d, J= 6.6
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Hz, 3H); °C NMR (150 MHz, CDCl3) & 172.7, 171.3, 169.6, 169.4, 69.3, 69.2, 60.9, 60.4, 16.67,

16.65.

O O
HO)J\/O\[%O)K{O\H/\OH
O o
GLL,,.G rmsx-3a: The product was a colorless oil (1.87 g, 100%)."H NMR (600 MHz, CDCl;)
§5.3-5.1 (m, 4H), 4.74 (d, J= 16.2 Hz, 1H), 4.73 (d, J= 16.2 Hz, 1H), 4.62 (d, J= 16.2 Hz, 2H),
428 (d, J=17.4 Hz, 1H), 4.27 (d, J= 17.4 Hz, 1H), 4.22 (d, J= 17.4 Hz, 2H), 1.56 (d, J= 7.2 Hz,
6H), 1.55 (d, J= 7.2 Hz, 3H), 1.53 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCl3) § 172.78,

172.71,171.2, 169.76, 169.44, 169.55, 169.47, 69.3, 69.18, 69.15, 69.11, 60.96, 60.85, 60.36,

60.34, 16.65(4).

o) - o
HOJ\@r Ojﬁo)k@r O\H/\OH
o) o)

LLLG rmsx-22a: The product was a colorless oil (0.82 g, 80%). "H NMR (600 MHz, CDCl;) &
5.22(q,J=7.2 Hz, 1H), 5.18 (q, J=7.2 Hz, 1H), 5.13 (d, J= 7.2 Hz, 1H), 4.27 (d, J= 17.4 Hz,
1H), 4.22 (d, J=17.4 Hz, 1H), 1.57 (d, J=7.2 Hz, 3H), 1.56 (d, J=7.2 Hz, 3H), 1.53 (d, J=7.2
Hz, 3H); *C NMR (150 MHz, CDCl3) & 175.1, 172.8, 169.8, 169.6, 69.17, 69.15, 68.94, 60.4,

16.7,16.62, 16.58.

(0] = (0]
HOJ\@rO B O)%/O\H/\OH
(0] (0]

LLL,,.G rmsix-23a: The product was a colorless oil (1.85 g, 97%). "H NMR (600 MHz, CDCl5)
85.27(q,J=7.2 Hz, 1H), 5.21 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 6.6 Hz, 1H), 5.15 (q, J= 7.2 Hz,

2H), 5.13 (d, J= 6.6 Hz, 1H), 4.28 (d, J= 17.4 Hz, 1H), 4.26 (d, J= 17.4 Hz, 1H), 4.224 (d, J=
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17.4 Hz, 1H), 4.222 (d, J= 17.4 Hz, 1H), 1.569 (d, J= 7.2 Hz, 3H), 1.565 (d, J= 7.2 Hz, 3H),
1.545 (d, J= 7.2 Hz, 3H), 1.538 (d, J= 7.2 Hz, 3H), 1.531 (d, J="7.2 Hz, 3H), 1.529 (d, J= 7.2 Hz,
3H); *C NMR (150 MHz, CDCls) & 174.74, 174.66, 172.80, 172.65, 169.83, 169.64, 169.60,

169.41, 69.27, 69.23, 69.18, 69.01, 68.95, 60.45, 60.44, 16.79, 16.75, 16.66, 16.62.

O O
HOJ\(?L O%o)k@r Oj]/\OH
o) o}
LL,, LG rmsx-23a: The product was a colorless oil (0.70 g, 70%). '"H NMR (600 MHz, CDCls)
8 5.26 (q, J= 7.2 Hz, 1H), 5.22 (q, J= 7.2 Hz, 1H), 5.181 (q, J= 7.2 Hz, 1H), 5.178 (q, J= 7.2 Hz,
1H), 5.14 (d, J=7.2 Hz, 1H), 5.12 (q, J= 7.2 Hz, 1H), 4.275 (d, J= 17.4 Hz, 1H), 4.268 (d, J=
17.4 Hz, 1H), 4.22 (d, J= 17.4 Hz, 2H), 1.569 (d, J= 7.2 Hz, 3H), 1.564 (d, J= 7.2 Hz, 3H), 1.536
(d, J=7.2 Hz, 3H), 1.530 (d, J= 7.2 Hz, 3H), 1.52 (d, J= 7.2 Hz, 6H); *C NMR (150 MHz,
CDCl;) § 174.88, 174.68, 172.77, 172.66, 169.77, 169.55, 169.52, 169.33, 69.44, 69.21, 69.16,

69.13, 68.94, 60.5, 60.41, 60.38, 16.70, 16.68, 16.63, 16.60, 16.58.

o) - o
HOJ\{ Ojﬁo)k@r O\H/\OH
o) o)

L.t LLG rmsix-22a: The product was a colorless oil (1.22 g, 100%). '"H NMR (600 MHz,
CDCls) 8 5.25-5.10 (m, 6H), 4.28 (d, J=17.4 Hz, 2H), 4.222 (d, J= 17.4 Hz, 1H), 4.220 (d, J=
17.4 Hz, 1H), 1.565 (d, J= 7.2 Hz, 3H), 1.562 (d, J= 7.2 Hz, 3H), 1.558 (d, J= 6.6 Hz, 3H), 1.537
(d, J= 6.6 Hz, 3H), 1.527 (d, J= 7.2 Hz, 3H), 1.51 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz,
CDCl;) 6 174.81, 174.49, 172.45, 172.69, 169.79, 169.68, 169.56, 169.34, 69.20, 69.13, 69.09,

69.01, 68.87, 60.39, 60.37, 16.70, 16.62, 16.57.
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(@] O
HO)%O\H}O)k@rOW/\OH
(@] (@]
LocLiyacLG rmsx-18a: The product was a colorless oil (0.78 g, 93%). '"H NMR (600 MHz,
CDCls) 6 5.3-5.1 (m, 12H), 4.28 (d, J=17.4 Hz, 2H), 4.27 (d, J=17.4 Hz, 2H), 4.22 (d, J=17.4
Hz, 5H), 1.58-1.50 (m, 36H); BC NMR (150 MHz, CDCls) 6 174.84, 174.70, 174.63, 174.61,
172.72, 172.64, 169.65, 169.64, 169.59, 169.55, 169.51, 169.35, 169.33, 169.32, 69.45, 69.26,

69.21, 69.16, 69.13, 60.5, 60.39, 16.75, 16.71, 16.69, 16.64, 16.61, 16.59.

Hexamers.

- 0 0 0
HO 5 O)Ljskomﬁ OJ\?O » O)K/OH
o o o)

LLGLLgG rmsviii-73a: The filtrate was concentrated in vacuo to yield a colorless oil (0.68 g,
92%). 'H NMR (600 MHz, CDCl3) & 5.26 (q, J= 7.0 Hz, 1H), 5.22 (q, J= 7.0 Hz, 1H), 5.17 (q, J=
7.0 Hz, 1H), 5.16 (q, J="7.0 Hz, 1H), 4.84 (d, J=16.2 Hz, 1H), 4.67 (d, J=15.6 Hz, 1H), 4.27 (d,
J=17.4 Hz, 1H), 4.22 (d, J=17.4 Hz, 1H), 1.56 (d, J= 7.2 Hz, 3H), 1.55 (d, J=7.2 Hz, 1H), 1.54
(d, J= 6.6 Hz, 3H), 1.53 (d, J= 6.6 Hz, 3H); °C NMR (150 MHz, CDCl;) & 174.3, 172.9, 169.5,
169.4, 169.3, 166.6, 69.4, 69.3, 69.1, 69.0, 60.0, 60.4, 16.7 (2), 16.6 (2); HRMS (M+Na) calc

mass 445.0958, found 445.0998.

o) o) -0
@) o o
LrLGLLG rmsix-6a: The filtrate was concentrated in vacuo to yield a colorless oil (0.61 g,

78%). "H NMR (600 MHz, CDCl3) § 5.26-5.21 (m, 3H), 5.13 (q, J= 6.6 Hz, 1H), 4.82 (d, J= 15.7

Hz, 1H), 4.64 (d, J= 16.2 Hz, 1H), 4.27 (d, J= 16.8 Hz, 1H), 4.22 (d, J= 16.8 Hz, 1H), 1.58 (d, J=
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7.2 Hz, 3H), 1.57 (d, J= 6.6 Hz, 3H), 1.53 (d, J= 7.7 Hz, 3H), 1.52 (d, J= 7.2 Hz, 3H); >*C NMR
(150 MHz, CDCl3) & 174.1, 172.7, 169.6, 169.4, 169.3, 166.4, 69.4, 69.2, 69.1, 60.8, 60.5, 16.69

(2), 16.66, 16.64; HRMS (M+Na) calc mass 445.0958, found 445.0930.
2.7.7 General procedures for DCC/DMAP polymerizations

The segmer and 0.08 equivalents of DMAP were dissolved in a mixture of CH,Cl, and EtOAc
and cooled to 0°C. Slowly, 1.5 equiv of DCC were added and the reaction mixture was stirred at

RT for 24 h. The polymers were precipitated twice in MeOH and dried under vacuum.

(@]
S OT(\O%
O n

Poly LG rmsiv-72a: A white powder was collected (0.18 g, 42%). 'H NMR (600 MHz, CDCl5)
8 5.23 (q, J= 7.0 Hz, 1H), 4.86 (d, J= 16.2 Hz, 1H), 4.63 (d, J= 15.6 Hz, 1H), 1.57 (t, J= 6.6 Hz,
3H), *C NMR (75 MHz, CDCl3) & 169.3, 166.4, 69.2, 60.8, 16.7; SEC (THF): M, — 15.6 kDa,

M,, —26.9 kDa, PDI - 1.7.

Poly L,,.G rmsv-3a: A white powder was collected (0.156 g, 28%). 'H NMR (600 MHz,
CDCls) 6 5.242 (quartet, J= 7.2 Hz, 2H), 5.237 (quartet, J= 7.2 Hz, 2H), 5.235 (quartet, J= 7.2
Hz, 2H), 5.230 (quartet, J= 7.2 Hz, 2H), 4.857 (d, J= 15.6 Hz, 2H), 4.855 (d, J= 16.2 Hz, 2H),
4.813 (d, J=16.2 Hz, 1H), 4.809 (d, J=16.2 Hz, 1H), 4.808 (d, J= 16.2 Hz, 1H), 4.804 (d, J=
16.2 Hz, 1H), 4.684 (d, J=15.6 Hz, 1H), 4.681 (d, J= 16.2 Hz, 2H), 4.678 (d, J= 16.2 Hz, 1H),

4.63 (d, J=15.6 Hz, 4H), 1.568 (d, J= 7.2 Hz, 6H), 1.565 (d, J= 7.2 Hz, 6H), 1.563 (d, J= 7.2 Hz,
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6H), 1.56 (d, J= 7.2 Hz, 6H); >C NMR (150 MHz, CDCls) & 169.33, 169.27, 169.24, 169.19,
166.40, 166.37, 166.36, 166.33, 69.18, 69.16, 69.14, 69.13, 60.81, 16.74, 16.73, 16.72, 16.70;
SEC (THF): M;, — 9.25 kDa, My, — 12.9 kDa, PDI — 1.4.

Poly (LG/L,,.G) (60/40) rmsv-71a: The LG dimer (0.40 g, 2.7 mmol) and L,,.G dimer (0.60 g,
4.05 mmol) were added to 1.0 ml of ethyl acetate and 2.0 ml of methylene chloride. DMAP
(0.066 g, 0.54 mmol) was added and the reaction mixture was cooled to 0°C. DCC (2.09 g, 10.1
mmol) was added slowly over 5 minutes and the reaction mixture was allowed to stir for 23 h at

room temperature. The mixture was taken up in methylene chloride and precipitated in methanol.

A white powder was collected (0.17 g, 20%). SEC (THF) M,, — 9.5 kDa, M,, — 11.5 kDa, PDI —

foteoyot

Poly GLG rmsv-11a: A white powder was collected (0.28 g, 80% ). 'H NMR (600 MHz,

1.2.

CDCls) 8 5.25 (q, J= 7.2 Hz, 1H), 4.86 (d, J= 16.0 Hz, 1H), 4.80 (d, J= 16.2 Hz, 1H), 4.72 (d, J=
16.2 Hz, 1H), 4.69 (d, J=16.2 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H); >C NMR (300 MHz, CDCl;) &

169.2, 166.4, 166.3, 69.2, 60.9, 60.7, 16.7; GPC (THF): M,, — 12.4 kDa, M, — 19.2 kDa, PDI —

Poly LLG rmsiv-96a: A white powder was collected (0.20 g, 41%). 'H NMR (600 MHz,

1.6.

CDCly) § 5.21 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 7.2 Hz, 1H), 4.85 (d, J= 16.2 Hz, 1H), 4.60 (d, J=

16.2 Hz, 1H), 1.57 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 7.2 Hz, 3H); >C NMR (75 MHz, CDCl3) &
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169.5, 169.3, 166.5, 69.2, 69.0, 60.8, 16.7, 16.6; GPC: M, — 12.9 kDa, M,, — 20.1 kDa, PDI —

1.6.
2.7.8 General procedures for DIC/DPTS polymerizations

Polymerization was adapted from Stupp and coworkers.” The oligomer and 0.2 equivalents of
DPTS were dissolved in CH,Cl, and chilled to 0°C. DIC (1.5 equiv) was added dropwise by

syringe and the reaction mixture was stirred at RT for 3 h. The polymers were precipitated twice

o
S OY\O%
O n

Poly LG rmsvii-41b: A white solid was collected (2.14 g, 63%). 'H NMR (600 MHz, CDCls) &

in MeOH and dried under vacuum.

5.23 (q, J= 7.2 Hz, 1H), 4.86 (d, J= 15.6 Hz, 1H), 4.63 (d, J= 16.2 Hz, 1H), 1.57 (d, J= 7.2 Hz,
1H); °C NMR (150 MHz, CDCl3) & 169.4, 166.4, 69.2, 60.8, 16.7; SEC (THF): M, — 27.4 kDa,
M,, — 36.3 kDa, PDI — 1.3; SEC (CHCls): M,, — 33.3 kDa, M,, — 44.0 kDa, PDI — 1.3; SEC-
MALLS (CHCL): M,, — 13.4 kDa, M,, — 14.5 kDa, PDI — 1.08; Thermal (DSC): ppt: T, — 57 °C,

annealed film (85 °C, 3 h): T,—49 °C.

Py

Poly L,,.G rmsviii-14b: A white solid was collected (0.62 g, 52%). 'H NMR (600 MHz, CDCl5)
d 5.26-5.21 (m, 4H), 4.86 (d, J=15.6 Hz, 1H), 4.85 (d, J= 16.2 Hz, 1H), 4.814 (d, J= 16.2 Hz,
1H), 4.809 (d, J=16.8 Hz, 1H), 4.808 (d, J= 16.2 Hz, 1H), 4.804 (d, J= 15.6 Hz, 1H), 4.684 (d,

J=16.2 Hz, 1H), 4.680 (d, J=15.6 Hz, 2H), 4.677 (d, J= 16.2 Hz, 1H), 4.63 (d, J= 15.6 Hz, 1H),
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1.567 (d, J= 7.2 Hz, 3H), 1.564 (d, J= 7.2 Hz, 3H), 1.562 (d, J= 6.6 Hz, 1H), 1.558 (d, J= 7.2 Hz,
3H); '*C NMR (150 MHz, CDCL3) & 169.38, 169.31, 169.28, 169.22, 166.44, 166.40(2), 166.36,
69.19, 69.17, 69.15, 60.8, 16.77, 16.76, 16.74; SEC (THF): M, — 28.8 kDa, M, — 37.1 kDa, PDI
— 1.3; SEC (CHCL;): M, — 34.3 kDa, M, — 47.2, PDI — 1.4; Thermal (DSC): ppt: T, — 55 °C,

annealed film (85 °C, 3 h): Ty— 48 °C.

Poly LL rmsvii-93b: A white solid was collected (0.39 g, 28%). '"H NMR (600 MHz, CDCl;) &
5.14 (q, J= 7.2 Hz, 1H), 1.56 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) & 169.6, 69.0,
16.6; SEC (THF): M, — 22.2 kDa, M,, — 30.6 kDa, PDI — 1.4; Thermal (DSC): ppt: T, — 61 °C,

Tcrystal_ 110 OC, Tm1 - 156 OC, Tm2 — 1635 OC.

O :
8 OWO%
: (0] n

Poly LgL rmsviii-100b: A white solid was collected (0.46 g, 43%). '"H NMR (600 MHz, CDCls)
8 5.13 (q, J= 7.2 Hz, 1H), 1.52 (d, J= 7.2 Hz, 3H); °C NMR (150 MHz, CDCl;) & 169.2, 69.2,

16.6; SEC (THF): M,, — 7.9 kDa, M,, — 12.1 kDa, PDI — 1.5; Thermal (DSC): ppt.: T, — 46 °C, T,

@]
> ojﬁl}o%
(0] n

Poly LLg rmsviii-89b: A white solid was collected (0.40 g, 36%). "H NMR (600 MHz, CDCl3) &

- 138 °C.

5.13 (q, J= 7.2 Hz, 1H), 1.52 (d, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCl5) & 169.2, 69.3,
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16.6; SEC (THF): M, — 14.8 kDa, M,, — 19.7 kDa, PDI — 1.3; Thermal (DSC): ppt: T, — 46 °C,

fpoleoyot

Poly GLG rmsviii-5b: A white solid was collected (0.85 g, 78%). "H NMR (600 MHz, CDCl5)

Terystal — 110 °C, Tp — 148 °C.

8 5.24 (q, J= 7.2 Hz, 1H), 4.86 (d, J= 16.2 Hz, 1H), 4.80 (d, J- 15.6 Hz, 1H), 4.72 (d, J= 15.6 Hz,
1H), 4.69 (d, J= 15.6 Hz, 1H), 1.57 (d, J= 7.2 Hz, 1H); *C NMR (150 MHz, CDCls) & 169.3,
166.5, 166.4, 69.2, 60.9, 60.7, 16.7; SEC (THF): M, — 26.2 kDa, M,, — 36.2 kDa, PDI — 1.2; SEC
(CHCls): M, — 36.2 kDa, M, — 49.7 kDa, PDI — 1.4; SEC-MALLS (CHCl3): M, — 19.4 kDa, M,

—21.3 kDa, PDI — 1.10; Thermal (DSC): ppt: T, — 50 °C, annealed film (85 °C, 3 h): Ty— 43 °C.

oty

Poly GL,,.G rmsviii-18b: A white solid was collected (0.56 g, 60%). 'H NMR (600 MHz,
CDCl) 6 5.24 (q, J= 7.2 Hz, 2H), 4.86 (d, J= 16.2 Hz, 1H), 4.84 (d, J=16.2 Hz, 1H), 4.80 (d, J=
16.2 Hz, 1H), 4.78 (d, J= 16.2 Hz, 1H), 4.73 (d, J= 16.2, 1H), 4.72 (d, 16.8 Hz, 1H), 4.70 (d, J=
16.2 Hz, 1H), 4.68 (d, J= 15.6 Hz, 1H), 1.57 (d, J= 7.2 Hz, 6H); °C NMR (150 MHz, CDCl;) &
169.3 (2), 166.46, 166.44, 166.35 (2), 69.2, 60.9, 60.7, 16.7; SEC (THF): M, — 21.4 kDa, M,, —
26.6 kDa, PDI — 1.3; SEC (CHCls): M,, — 27.5 kDa, My, — 38.6 kDa, PDI — 1.4; Thermal (DSC):

ppt: T, — 50 °C.
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Poly LLG rmsvii-29b: White fibers were collected (3.0 g, 70%). '"H NMR (600 MHz, CDCl;) &
5.21 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 7.2 Hz, 1H), 4.85 (d, J= 16.2 Hz, 1H), 4.60 (d, J= 16.2 Hz,
1H), 1.57 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 6.6 Hz, 3H); >C NMR (150 MHz, CDCl5) & 169.5,
169.4, 166.5, 69.2, 69.0, 60.8, 16.7, 16.6; SEC (THF): M,, — 41.2 kDa, M,, — 50.5 kDa, PDI —
1.2; SEC (CHCl3): M, — 41.8 kDa, M, — 53.7 kDa, PDI — 1.3; SEC-MALLS (CHCI;3): M, — 23.1
kDa, M, — 25.3 kDa, PDI — 1.10; Thermal (DSC): ppt: T, — 57 °C, annealed film (85 °C, 3 h): T,

-50°C, T, — 114 °C.
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Poly LLG rmsviii-68b: White fibers were collected (0.56 g, 71%). 'H NMR (700 MHz, CDCl5)
8 5.22 (q, J= 7.0 Hz, 1H), 5.18 (q, J= 7.0 MHz, 1H), 4.81 (d, J= 16.1 Hz, 1H), 4.65 (d, J= 16.1
Hz, 1H), 1.56 (d, J= 7.0 Hz, 3H), 1.53 (d, J= 7.7 Hz, 3H); °C NMR (175 MHz, CDCl;) &
169.23, 169.15, 166.4, 69.4, 69.2, 60.8, 16.74, 16.70; SEC (THF): M,, — 29.0 kDa, M, — 39 kDa,
PDI - 1.4; SEC (CHCl3): M,, — 42.3 kDa, M, — 55.8 kDa, PDI — 1.3; Thermal (DSC): ppt: T, —

48 °C, Ty — 151 °C, Ty — 158 °C, annealed film (85 °C, 3 h): Ty— 48 °C, T, — 155 °C.

Poly LrLG rmsviii-95b: White fibers were collected (0.30 g, 59%). "H NMR (700 MHz, CDCls)
8 5.22 (q, J=7.0 Hz, 1H), 5.19 (q, J= 7.0 Hz, 1H), 4.81 (d, J=16.1 Hz, 1H), 4.65 (d, J= 16.1 Hz,

1H), 1.56 (d, = 7.0 Hz, 3H), 1.53 (d, J= 7.0 Hz, 3H); °C NMR (150 MHz, CDCL3) & 169.2,
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169.1, 166.4, 69.4, 69.2, 60.8, 16.74, 16.71; SEC (THF): M, — 30.6 kDa, M, — 43.1 kDa, PDI —

1.4; SEC (CHCL): M,, — 39.8 kDa, My, — 54.7 kDa, PDI — 1.4; Thermal (DSC): ppt: T, — 50 °C,

Poly LL,,.G rmsvii-30b: A white solid was collected (2.03 g, 50%). 'H NMR (700 MHz,

Tm— 154°C.

CDCl;) 6 5.24- 5.16 (m, 8H) [possible interpretation: 5.22 (q, J= 7.0 Hz, 1H), 5.218 (q, J= 7.0
Hz, 2H), 5.212 (q, J= 7.0 Hz, 1H), 5.187 (q, J= 7.0 Hz, 1H), 5.185 (q, J= 7.0 Hz, 1H), 5.177 (q,
J=17.0 Hz, 1H), 5.175 (q, J= 7.0 Hz, 1H)], 4.87 (d, J= 16.1 Hz, 1H), 4.85 (d, J= 16.1 Hz, 3H),
4.813 (d, J=16.1 Hz, 3H), 4.811 (d, J= 16.1 Hz, 1H), 4.808 (d, J= 16.1 Hz, 3H), 4.806 (d, J=
16.1 Hz, 1H), 4.652 (d, J= 16.1 Hz, 1H), 4.650 (d, J= 16.1 Hz, 1H), 4.63 (d, J= 16.1 Hz, 2H),
4.62 (d, J=16.1 Hz, 2H), 4.60 (d, J=16.1 Hz, 2H), 1.572 (d, J= 7.0 Hz, 3H), 1.569 (d, J= 7.0 Hz,
3H), 1.562 (d, J= 7.0 Hz, 3H), 1.560 (d, J= 7.0 Hz, 3H), 1.559 (d, J= 7.0 Hz, 3H), 1.556 (d, J=
7.0 Hz, 3H), 1.53 (d, J= 7.0 Hz, 6H); >C NMR (150 MHz, CDCl3) & 169.5, 169.4, 169.35 (m),
169.31, 169.30, 169.2, 169.18, 169.15, 169.12, 169.1, 166.52, 166.48, 166.34, 166.29, 69.3, 69.2,
69.1, 69.0, 68.9, 60.76, 60.74, 16.72, 16.65, 16.63, 16.61; SEC (THF): M,, — 17.8 kDa, My, — 25.1
kDa, PDI — 1.4; SEC (CHCls): M,, — 19.3 kDa, M, — 30.1 kDa, PDI — 1.6; Thermal (DSC): ppt:

T, — 53 °C, annealed film (85 °C, 3 h): T,— 48 °C.

Poly L,..LG rmsviii-27b: A white solid was collected (2.31 g, 83%). 'H NMR (700 MHz,
CDCl;) 6 5.24-5.14 (m, 8H), 4.86 (d, J=16.1 Hz, 4H), 4.826 (d, J= 16.1 Hz, 1H), 4.824 (d, J=

16.1 Hz, 1H), 4.822 (d, J=16.1 Hz, 1H), 4.81 (d, J=16.1 Hz, 1H), 4.79 (d, J= 15.4 Hz, 1H), 4.789
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(d, J=16.1 Hz, 1H), 4.69 (d, J= 16.1 Hz, 4H), 4.654 (d, J= 16.1 Hz, 2H), 4.652 (d, J= 16.1 Hz,
1H), 4.620 (d, J=16.1 Hz, 1H), 4.618 (d, J=16.1 Hz, 2H), 4.616 (d, J= 16.1 Hz, 1H), 4.604 (d,
J=16.1 Hz, 1H), 4.603 (d, J= 16.1 Hz, 2H), 4.601 (d, J= 16.1 Hz, 1H), 1.576 (d, J= 7.0 Hz, 3H),
1.573 (d, J= 7.0 Hz, 3H), 1.561 (d, J= 1.561 Hz, 3H), 1.560 (d, J= 6.3 Hz, 3H), 1.558 (d, J="7.0
Hz, 3H), 1.556 (d, J= 7.0 Hz, 3H), 1.553 (d, J= 6.3 Hz, 3H), 1.534 (d, J= 7.7 Hz, 3H), 1.532 (d,
J=17.0 Hz, 3H); >C NMR (175 MHz, CDCl;) & 169.51, 169.50, 169.48, 169.46, 169.37, 169.32,
169.23, 169.21, 169.19, 169.18, 169.16, 169.14, 169.13, 166.50, 166.48, 166.35, 166.33, 69.34,
69.29, 69.16, 68.97, 60.76, 60.74, 16.72, 16.70, 16.67, 16.65, 16.64; SEC (THF): M,, — 27.4 kDa,
M,, — 38.9 kDa, PDI — 1.4; SEC (CHCls): M,, — 40.5 kDa, M,, — 54.7 kDa, PDI — 1.4; SEC-
MALLS (CHCl;): M;, — 25.3 kDa, M, — 28.5 kDa, PDI — 1.12; Thermal (DSC): ppt: T, — 51 °C,

annealed film (85 °C, 3 h): Ty— 48 °C.

ooy

Poly L,,.L,,cG rmsix-35b: A white solid was collected (0.92 g, 80%). 'H NMR (700 MHz,
CDCls) 6 5.24 — 5.16 (m, 8H), 4.85 (d, J=16.1 Hz, 1H), 4.818 (d, J=16.1 Hz, 1H), 4.808 (d, J=
16.1 Hz, 1H), 4.805 (d, J= 15.4 Hz, 1H), 4.78 (d, J= 16.8 Hz, 1H), 4.686 (d, J= 15.4 Hz, 1H),
4.65 (d, J=14.0 Hz, 1H), 4.63 (d, J=16.1 Hz, 1H), 4.61 (d, J=16.1 Hz, 1H), 4.60 (d, J= 16.8 Hz,
1H), 1.58-1.52 (m, 24H); >C NMR (175 MHz, CDCl3) & 169.49, 169.45, 169.36, 169.3, 169.27,
169.26, 169.18, 169.17, 169.14, 169.12, 169.1, 166.52, 166.48, 166.47, 166.42, 166.34, 166.3,
69.35, 69.29, 69.16, 69.12, 69.11, 69.01, 68.97, 60.77, 60.74, 16.72, 16.69, 16.67, 16.65, 16.63,
16.61; SEC (THF): M,, — 42.0 kDa, M, — 61.7 kDa, PDI — 1.5; SEC (CHCl3): M,, — 53.2 kDa, My,

—71.6 kDa, PDI — 1.4; Thermal (DSC): ppt: T, — 52 °C, annealed film: T,— 47 °C.
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Poly Lgo.LG rmsvii-15b: A white solid was collected (0.64 g, 99%). 'H NMR (700 MHz,
CDCl3) 6 5.25-5.15 (m, 4H), 4.86 (d, J= 16.1 Hz, 4H), 4.824 (d, J= 16.1 Hz, 1H), 4.822 (d, J=
16.1 Hz, 2H), 4.821 (d, J= 16.1 Hz, 1H), 4.81 (d, J= 16.1 Hz, 4H), 4.788 (d, J= 16.1 Hz, 2H),
4.786 (d, J=16.1 Hz, 2H), 4.69 (d, J=16.1 Hz, 4H), 4.652 (d, J= 16.1 Hz, 2H), 4.649 (d, J=16.1
Hz, 2H), 4.618 (d, J= 16.1 Hz, 1H), 4.616 (d, J= 16.1 Hz, 2H), 4.614 (d, J=16.1 Hz, 1H), 4.603
(d, J=16.1 Hz, 1H), 4.601 (d, J=16.1 Hz, 2H), 4.599 (d, J= 16.1 Hz, 1H). 1.58-1.53 (m, 24H);
C NMR (150 MHz, CDCl3) d 169.50, 169.48, 169.46, 169.45, 169.36, 169.31, 169.2, 169.18,
169.16, 169.14, 169.12, 166.47 (2), 166.34, 166. 31, 69.34, 69.29, 69.16 (2), 69-68 (m), 60.75,
60.73, 16.71, 16.67, 16.63, 16.57, 16.55; SEC (THF) M,, — 32.8 kDa, M, — 41.2 kDa, PDI — 1.3;

SEC (CHCly): M, — 31.7 kDa, My, — 47.4 kDa, PDI — 1.5.

Poly LLg4,G rmsviii-13b: A white solid was collected (0.55 g, 62%). 'H NMR (700 MHz,
CDCl3) 6 5.23-5.15 (m, 4H), 4.85 (d, J= 16.1 Hz, 8H), 4.81 (d, J= 16.1 Hz, 4H), 4.807 (d, J=
16.1 Hz, 4H), 4.651 (d, J=16.1 Hz, 2H), 4.649 (d, J= 16.1 Hz, 2H), 4.632 (d, J= 16.1 Hz, 4H),
4.615 (d, J=16.1 Hz, 2H), 4.614 (d, J= 16.1 Hz, 2H), 4.602 (d, J= 16.1 Hz, 4H), 1.58-1.53 (m,
24H); *C NMR (150MHz, CDCls) & 169.5, 169.39, 169.37, 169.34, 169.32, 169.31, 169.21,
169.19, 169.16, 169.13, 169.11, 166.54, 166.50, 166.35, 166.31, 69.17, 69.10, 69.0, 68.98, 60.77,
60.75, 16.70, 16.69, 16.66, 16.63, 16.53, 16.51; SEC (THF) M,, — 29.6 kDa, M,, — 40.1 kDa, PDI

~ 1.4; SEC (CHCL3): M, — 33.7 kDa, M, — 48.4 kDa, PDI — 1 4.
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Poly GLGy; rmsvii-72b: A white solid was collected (0.44 g, 52%). 'H (600 MHz, CDCl3) &
5.25 (q, J= 7.2Hz, 1H), 4.86 (d, J= 16.2 Hz, 1H), 4.68 (d, J= 16.2 Hz, 1H), 1.57 (d, J= 7.2 Hz,
3H); *C NMR (125 MHz, CDCl;) & 169.3, 166.5, 166.4, 69.2, 60.7, 16.7; SEC (THF) M, — 15.2

kDa, My, —21.6 kDa, PDI — 1.4; SEC (CHCl3): M,, — 25.3 kDa, M, — 38.4 kDa, PDI — 1.5.
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Poly LLL rmsvii-91b: A white solid was collected (0.97 g, 42%). 'H NMR (600 MHz, CDCl5) &
5.15 (q, J= 7.2 Hz, 1H), 1.56 (d, J= 7.2 Hz, 3H); °C NMR (150 MHz, CDCls) & 169.6, 69.0,
16.6; SEC (THF): M, — 24.0 kDa, M, — 31.6 kDa, PDI — 1.3; Thermal (DSC): ppt: T, — 59 °C,

Terystal — 108.5 °C, Tyl — 156 °C, Trn2 — 163 °C, annealed film (85 °C, 24 h): Ty — 55°C, Ty, —
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Poly LL,,.L rmsviii-3b: A white solid was collected (1.52 g, 49%). 'H NMR (600 MHz, CDCls)

164 °C.

8 5.21-5.10 (m, 1H), 1.58-1.5 (m, 3H); °C NMR (150 MHz, CDCl3) 5 169.64, 169.60, 169.59,
169.57, 169.53, 169.44, 169.43, 169.36, 169.26, 169.22, 169.19, 69.42, 69.39, 69.09, 69.07,
69.00, 68.98, 68.95, 16.73, 16.69, 16.63, 16.60, 16.57; SEC (THF): M, — 15.3 kDa, My, — 20.1

kDa, PDI — 1.3; Thermal (DSC): ppt: T, — 52 °C, annealed film: Ty — 50 °C, T — 52 °C.
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Poly L,, L, L. rmsviii-4b: A white solid was collected (1.28 g, 63%). '"H NMR (600 MHz,
CDCl3) & 5.21-5.10 (m, 1H), 1.58-1.5 (m, 3H); *C NMR (150 MHz, CDCls) & 169.64, 169.59,
169.45, 169.40, 169.37, 169.33, 169.24, 169.22, 169.18, 169.11, 69.39, 69.30, 69.28, 69.17,
69.07, 69.00, 68.97, 16.73, 16.70, 16.66, 16.63, 16.59, 16.57; SEC (THF): M, — 27.9 kDa, M,, —
37.4 kDa, PDI — 1.3; Thermal (DSC): ppt: Ty — 50 °C, Terysial — 77 °C, Ty — 124 °C, annealed

ilm: Tg1—50 °C, Ty — 52 °C.
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Poly GLGLy rmsviii-26b: A white powder was collected (0.49 g, 65%). 'H NMR (600 MHz,
CDCl3) 6 5.24 (q, J= 7.2 Hz, 1H), 4.81 (d, J=16.2 Hz, 1H), 4.69 (d, J= 15.6 Hz, 1H), 1.56 (d, J=
7.2 Hz, 3H); °C NMR (150 MHz, CDCl3) § 169.2, 166.4, 69.2, 60.8, 16.8; SEC (THF): M, —

12.3 kDa, My, — 17.9 kDa, PDI — 1.5; SEC (CHCl3): M,, — 12.1 kDa, My, — 17.0 kDa, PDI — 1.4;

Thermal (DSC): ppt: T, — 50 °C.

0 - 0
/@J\/O S O)J\?/O\H/\O%/
O O n

Poly GLLG rmsx-4b: A white solid was collected (2.13 g, 88%). 'H NMR (700 MHz, CDCl3) &
5.21(q, J=7.7 Hz, 1H), 5.18 (q, J= 7.0 Hz, 1H), 4.855 (d, J=16.1 Hz, 1H), 4.806 (d, J=16.1 Hz,
1H), 4.699 (d, J=16.1 Hz, 1H), 4.661 (d, J= 16.1 Hz, 1H), 1.569 (d, J= 7.0 Hz, 3H), 1.559 (d, J=

7.0 Hz, 3H); >C NMR (175 MHz, CDCl3) § 169.42, 169.33, 166.45, 166.42, 69.27, 69.0, 60.84,

137



60.65, 16.66, 16.60; SEC (THF): M,, — 13.0 kDa, M, — 21.1 kDa, PDI — 1.6; Thermal (DSC):

Poly GLRLG rmsx-5b: A white solid was collected (1.48 g, 87%). '"H NMR (700 MHz, CDCl3)

ppt: Ty — 46 °C.

§ 5.23 (q, J= 7.0 Hz, 1H), 5.20 (q, J= 7.0 Hz, 1H), 4.843 (d, J= 16.1 Hz, 1H), 4.759 (d, J= 16.1
Hz, 1H), 4.732 (d, J= 16.8 Hz, 1H), 4.702 (d, J= 16.1 Hz, 1H), 1.555 (d, J= 7.0 Hz, 3H), 1.534
(d, J= 7.0 Hz, 3H); *C NMR (175 MHz, CDCl;) & 169.24, 169.14, 166.45, 166.28, 69.39, 69.15,

60.82, 60.68, 16.69, 16.65; SEC (THF): M,, — 13.3 kDa, M, — 22.3 kDa, PDI — 1.7; Thermal

(Foogetyopo

Poly GLL,,.G rmsx-6b: A white solid was collected (1.07 g, 68%). 'H NMR (700 MHz, CDCls)

(DSC): ppt: T, — 44 °C.

8 5.24-5.14 (m, 8H), 4.859 (d, J= 16.1 Hz, 1H), 4.856 (d, J= 16.1 Hz, 1H), 4.840 (d, J= 15.4 Hz,
1H), 4.838 (d, J= 14.7 Hz, 1H), 4.806 (d, J= 16.1 Hz, 1H), 4.802 (d, J= 16.1 Hz, 1H), 4.758 (d,
J=16.1 Hz, 2H), 4.731 (d, J= 16.8 Hz, 2H), 4.699 (d, J= 16.8 Hz, 3H), 4.686 (d, J= 16.8 Hz, 1H),
4.675 (d, J= 16.8 Hz, 1H), 4.662 (d, J= 16.8 Hz, 1H), 1.58-1.53 (m, 48H); °C NMR (175 MHz,
CDCls) 8 169.41, 169.31, 169.24, 169.14, 166.49, 166.44, 144.42, 166.26, 69.4, 69.27, 69.16,
69.00, 60.84, 60.82, 60.67, 16.69, 16.66, 16.65, 16.61; SEC (THF): M, — 7.9 kDa, M, — 13.3

kDa, PDI — 1.7; Thermal (DSC): ppt: T, — 45 °C.
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Poly LLLG rmsx-25b: A white fibers were collected (0.62 g, 85%). 'H NMR (600 MHz,
CDCl3) 6 5.19 (q, J=7.2 Hz, 1H), 5.17 (q, J= 7.2 Hz, 1H), 5.15 (q, J= 7.2 Hz, 1H), 4.86 (d, J=
16.2 Hz, 1H), 4.59 (d, J=15.6 Hz, 1H), 1.57 (d, J= 6.6 Hz, 3H), 1.56 (d, J= 7.2 Hz, 3H), 1.55 (d,
J=6.6 Hz, 3H); *C NMR (150 MHz, CDCl3) & 169.5 (2), 169.45, 166.5, 69.19, 69.08, 68.93,
60.77, 16.7, 16.65, 16.58; SEC (THF): M,, — 55.0 kDa, My, — 82.4 kDa, PDI — 1.5; Thermal

(DSCO): ppt: Ty — 58 °C, annealed film (85 °C for 24 h): Ty — 56 °C.
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Poly LLL,,.G rmsix-25b: A white solid was collected (0.99 g, 58%). "H NMR (600 MHz,
CDCl3) 6 5.23-5.10 (m, 12H) [J-Resolved spectra (600 MHz, CDCl3) 6 5.207 (3H), 5.196 (2H),
5.184 (1H), 5.163 (2H), 5.15 (2H), 5.131 (2H)], 4.855 (d, J=16.2 Hz, 1H), 4.851 (d, J=16.2 Hz,
1H), 4.809 (d, J=16.2 Hz, 1H), 4.805 (d, J=16.2 Hz, 1H), 4.618 (d, J=16.2 Hz, 1H), 4.616 (d,
J=16.2 Hz, 1H), 4.590 (d, J= 17.4 Hz, 1H), 4.588 (d, J= 16.8 Hz, 1H), 1.58-1.51 (m, 36 H); "°C
NMR (150 MHz, CDCls) 6 169.51, 169.49, 169.44, 169.37, 16935, 169.29, 169.25, 169.16,
166.51, 166.48, 166.30, 166.28, 69.39, 69.16, 69.10, 69.06, 68.96, 68.94, 68.93, 68.92, 60.74,
60.71, 16.75, 16.69, 16.68, 16.67, 16.64, 16.56, 16.54; SEC (THF): M, — 8.5 kDa, M, — 11.5
kDa, PDI — 1.4; Thermal (DSC): ppt: Ty — 51 °C, annealed film (85 °C for 24 h): Tg — 50 °C,

Ty — 53 °C.
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Poly LL,,.LG rmsx-26b: A white solid was collected (0.44 g, 71%). '"H NMR (600 MHz,
CDCls) 6 5.23-5.10 (m, 12H) [J-Resolved spectra (600 MHz, CDCls) 6 5.207 (3H), 5.196 (1H),
5.175 (2H), 5.167 (2H), 5.154 (1H), 5.142 (3H)], 4.858 (d, J=16.2 Hz, 2H), 4.831 (d, J=16.2
Hz, 1H), 4.825 (d, J=16.2 Hz, 1H), 4.628 (d, J=16.2 Hz, 1H), 4.608 (d, J=16.2 Hz, 1H), 4.606
(d, J=17.4 Hz, 1H), 4.589 (d, J= 16.8 Hz, 1H), 1.58-1.51 (m, 36 H); '°C NMR (150 MHz,
CDClIs) 6 169.51, 169.47, 169.45, 169.38, 16934, 169.16, 169.14, 166.54, 166.49, 166.34,
166.28, 69.46, 69.44, 69.23, 69.17, 69.14, 69.05, 69.02, 68.92, 60.75, 16.69, 16.67, 16.65, 16.61,
16.57; SEC (THF): M,, — 32.9 kDa, M, — 51.5 kDa, PDI — 1.6; Thermal (DSC): ppt. T, — 54 °C,

annealed film (85 °C for 24 h): Tg — 50 °C, Ty — 53 °C.
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Poly L,,.LLG rmsix-24b: A white solid was collected (0.67 g, 61%)). 'H NMR (600 MHz,
CDCl3) 6 5.23-5.10 (m, 12H) [J-Resolved spectra (600 MHz, CDCl3) 6 5.202 (4H), 5.187 (1H),
5.179 (2H), 5.170 (2H), 5.160 (1H), 5.151 (2H)], 4.860 (d, J= 15.6 Hz, 1H), 4.856 (d, J=16.2
Hz, 1H), 4.790 (d, J=16.2 Hz, 1H), 4.785 (d, J=16.2 Hz, 1H), 4.687 (d, J= 16.2 Hz, 1H), 4.677
(d, J=16.2 Hz, 1H), 4.591 (d, J=17.4 Hz, 1H), 4.588 (d, J= 16.8 Hz, 1H), 1.58-1.51 (m, 36 H);
BC NMR (150 MHz, CDCls) 8 169.51, 169.44, 169.38, 169.24, 169.17, 169.16, 166.49, 166.46,
166.42, 69.15, 69.06, 68.91, 60.76, 16.73, 16.68, 16.65, 16.57; SEC (THF): M,, — 11.7 kDa, M,, —
16.2 kDa, PDI — 1.4; Thermal (DSC): ppt: Ty — 51 °C, annealed film (85 °C for 24 h): Tg1 — 50

°C, Tg - 53 °C.
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Poly L,ocL,oLG rmsx-19b: A white solid was collected (0.48 g, 68%). '"H NMR (600 MHz,
CDCl3) & 5.24-5.10 (m, 3H), 4.90-4.75 (m, 1H), 4.71-4.55 (m, 1H), 1.58-1.51 (m, 9H); °C NMR
(150 MHz, CDCls) 6 169.52, 169.47, 169.41, 169.39, 169.35, 169.27, 169.26, 169.24, 169.17,
169.15, 169.09, 166.55, 166.51, 166.46, 166.42, 166.34, 166.31, 166.29, 69.47, 69.44, 69.43,
69.38, 69.31, 69.24, 69.15, 69.12, 69.10, 69.07, 69.04, 69.02, 68.97, 68.92, 60.76, 60.74, 60.72,
16.76, 16.74, 16.72, 16.70, 16.66, 16.62, 16.57; SEC (THF): M, — 32.3 kDa, My, — 58.9 kDa, PDI

— 1.8; Thermal (DSC): ppt: T, — 53 °C, annealed film (85 °C for 24 h): T4 — 49 °C, Ty — 52 °C.
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Poly LLGLL{G rmsviii-75b: A white solid was collected (0.43 g, 70%). '"H NMR (700 MHz,
CDCl;) 6 5.22 (q, J= 7.0 Hz, 1H), 5.215 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 7.0 Hz, 2H), 4.85 (d, J=
16.1 Hz, 1H), 4.81 (d, J=16.1 Hz, 1H), 4.63 (d, J= 16.1 Hz, 1H), 4.61 (d, J=16.1 Hz, 1H), 1.57
(d, J= 7.0 Hz, 3H), 1.56 (d, J= 7.7 Hz, 6H), 1.53 (d, J= 7.0 Hz, 3H); °C NMR (175 MHz,
CDCls) 6 169.36 (2), 169.32, 169.1, 166.5, 166.3, 69.4, 69.2, 69.1, 60.77, 60.75, 16.74, 16.70,
16.66, 16.62; SEC (THF): M,, — 30.0 kDa, My, — 42.0 kDa, PDI — 1.4; SEC (CHCL): M,, — 32.0
kDa, My, — 47.4 kDa, PDI — 1.5; Thermal (DSC): ppt: T, — 52 °C, annealed film (85 °C, 3 h): T

—48 °C.
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Poly LiLGLLG rmsix-9b:A white solid was collected (0.36 g, 63%). '"H NMR (700 MHz,
CDCl3) 6 5.221 (q, J= 7.0 Hz, 1H), 5.212 (q, J= 7.0 Hz, 1H), 5.187 (q, J= 7.0 Hz, 1H), 5.182 (q,
J=7.0 Hz, 1H), 4.818 (d, J=16.1 Hz, 1H), 4.785 (d, J= 16.1 Hz, 1H), 4.686 (d, J= 16.1 Hz, 1H),
4.613 (d, J= 16.8 Hz, 1H), 1.571 (d, J= 7.0 Hz, 3H), 1.554 (d, J= 7.0 Hz, 3H), 1.548 (d, J= 7.0
Hz, 3H), 1.528 (d, J= 7.0 Hz, 3H); C NMR (150 MHz, CDCls) & 169.5, 169.3, 169.2, 169.1,
166.5, 166.3, 69.3, 69.2 (2), 69.0, 60.8, 16.71 (2), 16.68, 16.65; GPC (THF): M, — 30.1 kDa, My,
—41.2 kDa, PDI 1.4; GPC (CHCl3): M,, — 39.8 kDa, My, — 52.7 kDa, PDI — 1.3; Thermal (DSC):

ppt: T — 52 °C, annealed film (85 °C, 3 h): T,— 48 °C.
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3.0 UNIFORM FUNCTIONALITY - INCORPORATION OF PENDANT

HYDROXYL GROUPS IN PLGA RSCS

Sections 3.1 — 3.3 of this chapter are the pre-peer reviewed version of the following article:
Stayshich, R. M.; Weiss, R. M.; Li, J.; Meyer, T. Y.; “Periodic Incorporation of Pendant
Hydroxyl Groups in Repeating Sequence PLGA Copolymer” Macromol. Rapid Commun. 2011,
32,220-225. Copyright © 2011 Wiley-VCH Verlag GmbH & Co., KGaA, Weinheim; used with

permission.

3.1 ABSTRACT

A series of repeating sequence poly(lactic-co-glycolic acid) copolymers (RSC PLGAs) has been
prepared with the precise incorporation of a pendant benzyl-ether substituted monomer derived
from serine. Copolymers were synthesized from the assembly of sequence-specific, stereopure
dimeric and trimeric segmers of lactic, glycolic and (S)-3-benzyloxy-2-hydroxypropionic acids
with controlled and varied tacticities. Deprotection of the hydroxyl groups was accomplished by
catalytic hydrogenolysis to yield highly functionalized, hydrophilic polyesters. The 'H and "*C
NMR spectra for all of the copolymers were consistent with sequence and stereochemical

retention and lacked the signal broadening that is inherent with more random copolymers.

143



3.2 INTRODUCTION

The creation of polymers with a high degree of sequence- and/or stereo-control represents an

iti ier i ; : 1,8,13,1 6,130-132
exciting new frontier in materials science.''>!%0-6-130-13

The potential value of sequence in
synthetic polymers can be seen in Nature’s example: exact sequences of a limited number of
monomeric building blocks combine to produce complex macromolecules whose function
matches precisely to need. Further encouragement in the pursuit of sequence control can be
found in the amazing benefits that have been derived from the significant but limited
microstructure control that has been accomplished in conventional polymer architectures e.g.
block copolymers and isotactic polypropylenes.'** >

We report herein the synthesis and characterization of repeating sequence copolymers
(RSCs) of (S)-lactic, (R)-lactic, glycolic and (S)-2,3-dihydroxypropionic acids and their post-
polymerization functionalization. Our strategy for producing these RSCs involves the assembly
by condensation polymerization of pre-formed segmers comprising exact sequences of the
monomers. Our group is generally interested in the synthesis and study of repeating sequence
copolymers and has been active in examining the possible benefits of sequence in the design of
materials. Previously, we have reported the preparation of the closely related RSCs of lactic and
glycolic acids and described in detail the NMR analysis of the microstructures of these
copolymers.! We have also synthesized and examined the role of sequence in the properties of
fluorescent copolymers bearing sequences of fluorene and methylene units.>

Although the idea of incorporating a monomer bearing a reactive side chain into PLA
systems is not a new one, the typical ring-opening approach does not offer the advantages of

copolymer uniformity and monomer generality that are inherent in the condensation-based

synthesis that we use in the production of RSCs described in this paper. Researchers in the field
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of biomaterials have recognized and in many cases realized the benefits of being able to post-
modify a biodegradable and bioassimilable polymer with side chains that tailor the polymers for
use in specific tissue engineering and drug delivery applications.'*"*”"*! In the case of PLAs, the
typical synthesis of the side-chain bearing polymers is accomplished by the ring-opening
polymerization (ROP) of the cyclic lactide monomer with lactide/glycolide derivatives,
esteramides, or N-carboxyanhydrides.'**'* These polymerizations, however, produce random
copolymers whose microstructure is governed only loosely by the reactivity ratios of the
monomers. For some applications the likely non-uniform distribution of the functional groups
could interfere with polymer application e.g. RGD groups added to promote cell adhesion could
be concentrated in some areas of a scaffold and absent in others. RSCs, produced using a
condensation strategy will, in contrast, give a more evenly distributed functionality. Generality
is also an important benefit of our condensation strategy. Although the serine-derived
comonomer described in this paper can be introduced using ROP,'**!**!%® ROP monomers are
generally a limited pool and small changes in substituents can limit activity and degree of
incorporation.'*” Comonomer choice for the condensation approach described herein, in contrast,
is limited only by stability of the monomer to the deprotection and mild coupling conditions
used. It is of course true that there are potential drawbacks to using a condensation approach
including lower molecular weights, a more difficult synthesis, and poor control of molecular
weight. Although these are valid concerns and will have an impact on the ultimate utility of
RSC:s for specific applications, we believe the potential advantages of exact tailoring of sequence
to function justify the synthesis and examination of RSC properties relative to their random

analogues.

145



3.3 RESULTS AND DISCUSSION

3.3.1 Naming conventions

Compounds, segmers and polymers are named using the abbreviations listed in Table 12 such
that a polymer of the segmer LS*(Bn)G will be named poly LS*(Bn)G. Similar to peptides, the
monomers comprising a segmer are listed in sequence order from the C-side to the O-side;
terminal protecting groups are specified when present. The dihydroxypropionic acid monomer is
abbreviated with the symbol S* due to the near homology of the monomer with the amino acid

serine.

Table 12. Naming Convention for Segmers and Polymers

Symbol Definition

L L-Lactic acid unit (S configuration)

Lg D-Lactic acid unit (R configuration)

G Glycolic acid unit

S*(Bn) S-3-Benzyloxy-2-hydroxypropionic acid unit
S*(OH) S-2,3-dihydroxypropionic acid unit

Bn Terminal benzyl protecting group

SiR; Terminal silyl protecting group

(tert-butyldiphenylsilyl group-TBDPS)

3.3.2 Synthesis

Segmers were assembled in a convergent fashion by reacting partly protected subunits to form
completely protected products which, after subsequent deprotection of both termini, yielded the

desired segmers as o-hydroxy carboxylic acids. In contrast with our earlier work which focused
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on simple PLGAs,' in this investigation we have incorporated pendant functionality from the
serine-derived S*(Bn) monomer. Following procedures developed by the Kelly and Weck
groups,' ¢! §%(Bn) was prepared by diazotization and hydrolysis of the commercially
available O-benzyl-L-serine in 76% yield (Scheme 8). Protection of the carboxylic acid was
accomplished by treatment of S*(Bn) with benzyl bromide in the presence of a sterically
hindered base to give Bn-S*(Bn) in a 78% yield. The di-protected monomer was coupled with a
series of silyl-protected lactic and glycolic acids to give dimers Bn-S*(Bn)G-SiR3, Bn-S*(Bn)L-
SiR3;, and Bn-S*(Bn)Lg-SiR; in 78-81% yields. Trimeric segmers were accessed by selective
deprotection of the terminal benzyl group using catalytic hydrogenation to give S*(Bn)G-SiR3
and S*(Bn)L-SiR; in 81 and 56% yields, respectively.'* Coupling with benzyl-lactate (Bn-L) or
benzyl-glycolate (Bn-G) gave trimers Bn-GS*(Bn)G-SiR;, Bn-LS*(Bn)G-SiR;, and Bn-
LS*(Bn)L-SiR; in yields of 66-93%. Subsequent removal of the terminal protecting groups gave
segmers S*(Bn)G, S*(Bn)L, S*(Bn)Lg, GS*(Bn)G, LS*(Bn)G, and LS*(Bn)L in yields of 50-
75% in most cases. These segmers exhibit lower stabilities than observed in the simple PLGA
RSCs; small differences in deprotection/isolation conditions gave lower yields for some
preparations.

Polymerization of the segmers was accomplished utilizing mild esterification reagents 1,3
diisopropylcarbodiimide (DIC) and 4-(dimethylamino)pyridinium p-toluenesulfonate (DPTS) as
we have previously reported for PLGA RSC synthesis.' After 3 h, the number average molecular
weight (M,) of the polymers, as determined by size exclusion chromatography (SEC), ranged
from 9.3 to 42.2 kDa in THF and 36.7 to 88.2 kDa in DMF (Table 13). M,s, although modest in
some cases, are comparable to similarly functionalized random copolymers synthesized from

cyclic dimers.'*'*¢1>" The glass transition temperatures (Tg) of the protected polymers ranged
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between 21 and 36 °C (Table 13), which are slightly higher than the T,s reported for random
functionalized copolymers with similar monomer ratios. '*-'4¢:1>

Removal of the benzyl functional group was challenging. Under the majority of common
catalytic hydrogenolysis conditions including 1, 3 or 6 atm of hydrogen, a range of catalysts
(Pd/C, Pd(OH),/C, or PdCl,/Pd black) and a variety of solvents (ethyl acetate, methylene
chloride, acetic acid or THF), no deprotection was observed, 143:145:146.130.151 Only in DMF was the

deprotection viable.'>

We hypothesize that DMF promotes the hydrogenolysis by optimal
solvation of both the relatively non-polar benzyl-protected polymer and the considerably more
polar poly(hydroxyl) product and/or by providing the minimum activation enthalpy between the
benzyl-protected polymers and the more polar transition state. Deprotection reactions gave

nearly quantitative yields with deprotection rates generally >85% except in the case of poly

S*(OH)L.
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Table 13. Protected and deprotected PLGA RSC characterization data

THF DMF
Polymer  Yield %* M, (kDa)’ PDI’ M, (kDa)° PDI® Tg (°C)*
S*(Bn)G 59 314 1.7 60.2 1.3 32.1
S*(Bn)L 57 10.0 1.7 36.8 1.2 30.0
S*(Bn)LR 36 9.3 1.6 39.1 1.2 21.3
GS*(Bn)G 50 10.2 1.5 40.1 1.2 30.0
LS*(Bn)G 61 42.2 2.6 88.2 2.1 36.1
LS*(Bn)L 63 21.3 1.7 50.8 1.3 29.0
S*(OH)G 94° B B 19.9 1.1 -
S*(OH)L 65° ! ! 17.7 1.1 -
S*(OH)LR 92° ! ! 24.1 1.1 -
GS*(OH)G 94° = = 19.8 1.1 -
LS*(OH)G 90° ! ! 19.9 1.1 -
LS*(OH)L 85° ! ! 47.5 1.2 -

solated as ppt; "Determined by SEC (THF, 30 °C) relative to PS standards; “Determined by SEC (DMF, 50 °C)
relative to PS standards; ¢ Determined by DSC, transitions were measured in second heating cycle; “Percentage
deprotection as determined by "H NMR spectroscopy | Polymer was not sufficiently soluble in THF for SEC
analysis.
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3.3.3 Microstructural Analysis.

Consistent with our observations in PLGA RSCs, the RSC polymers bearing both the protected
and deprotected pendant alcohol groups exhibit sharp NMR resonances that are highly sequence
dependent. The 'H NMR spectra for poly S*(Bn)G and poly S*(OH)G are shown in Figure 33.
It should be noted that due to the extreme differences in solubilities, the NMR data for the
benzyl-protected polymers were obtained in CDCl; while those of the hydrophilic deprotected
polymers were obtained in dg-DMSO. Of particular note is the lack of peak broadening that is
typically observed in random copolymers. Even for the case of poly LS*(Bn)G which exhibits
an SEC molecular weight of >40 kDa in THF and >80 kDa in DMF (relative to PS standards),
the resonances are surprisingly narrow and well-resolved.

The NMR data for the protected copolymers establishes that there is a nearly complete
preservation of sequence and stereochemistry in the synthesis and that differences in tacticity are
readily visible. In the case of simple PLGAs, we had previously reported the unique sensitivity
of the diastereotopic methylene protons of the G monomers to the stereochemical environment.'
In RSCs bearing S*(Bn) units we find that the two diastereotopic methylene groups in the
pendant side chain are similarly sensitive to tacticity. There is, for example, a dramatic
difference in the '"H NMR spectra for the isotactic poly S*(Bn)L and the syndiotactic poly
S*(Bn)Lg (Figure 34). The chemical shifts of the geminal protons of the two sets of
diastereotopic methylene groups are well separated in the case of the syndiotactic polymer (A >
0.11 ppm) whereas the resonances for the geminal protons of the isotactic polymer are not
cleanly resolved. The sensitivity of the chemical shifts of these diastereotopic protons (and
those of the G groups when present) makes it possible to conclude that scrambling and/or

epimerization are not significant in these polymers.
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The NMR data for the deprotected copolymers also shows dependence on both structure
and stereochemistry although the remaining diastereotopic methylene protons of the S*(OH)
group are not as sensitive to environment. It is not clear if the decreased sensitivity is due to a
diminishment of sequence/stereochemical control of conformation by the smaller alcohol group
relative to the benzyl or if this effect is primarily due to stronger solvation, with a resulting
“denaturation”, by the DMSO solvent. The incomplete deprotection of the polymers can be seen
not only in the presence of resonances for the remaining benzyl groups but also in the appearance
of  signals for multiple “sequences” in the same polymer e.g.
...S*(OH)GS*(Bn)GS*(OH)GS*(OH)G...

The ">C NMR spectra also verify the retention of sequence and stereochemistry in the
polymer synthesis. Curiously, the chemical shift range for the C=O peak of the S* units falls

into the range of chemical shifts associated with G units (3166-7) rather than in the L range

(8169-71).

3.3.4 Conclusion

We have prepared a series of copolymers of glycolic, lactic and benzyl-protected 2,3-
dihydroxypropionic- acids. Deprotection by hydrogenolysis produced hydrophilic PLGA-type
copolymers bearing evenly distributed pendant alcohol groups. Future work will focus on

chemical modification by attachment of drugs or cell adhesion/growth functionalities
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Figure 33. "H NMR spectra of poly $*(Bn)G in CDCl; (top) and poly S*(OH)G in de-DMSO (bottom, 94%

deprotected) at 700 MHz.
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Figure 34. "H NMR spectra of poly S*(Bn)L (top) and poly S*(Bn)Lg at 700 MHz in CDCl;.
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34 EXTENDED RSC ASSEMBLY AND CHARACTERIZATION

Following the publication of the manuscript focused on highly functionalized dimeric and
trimeric PLGA RSCs,'” heptameric and decameric RSCs were assembled to investigate the
effect of functionality and sequence length on solubility and thermal properties. Starting from
dimers Bn-S*(Bn)L. and GL-SiRj, tetramer Bn-S*(Bn)LLG-SiR3; was prepared in 99% yield
(Scheme 9). Removal of the benzyl ester by hydrogenolysis followed by subsequent coupling of
Bn-LLL gave heptamer Bn-LLLS*(Bn)LLG-SiR; in 51% yield over 2 steps. Decamer Bn-
LLLS*(Bn)LLGLLG-SiR; was assembled in 2 steps from the heptamer by silyl-deprotection
then coupling with LLG-SiR; in 95% yield over those 2 steps. Deprotection of the terminal
protecting groups gave segmers LLLS*(Bn)LLG and LLLS*(Bn)LLGLLG in 95% and 98%
yields respectively.

Polymerization utilizing the standard DIC/DPTS conditions gave poly LLLS*(Bn)LLG
and poly LLLS*(Bn)LLGLLG in 68% and 44% yields respectively. The M,s for both polymers
approached 41.0 kDa in THF (Table 14). Microstructural analysis by 'H and “C NMR
spectroscopy confirmed sequence fidelity even at the heptamer and decamer segmer length. The
T, for both polymers was much higher than the dimeric and trimeric RSCs at 50.0 °C and 52.0

°C respectively.
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Table 14. Protected and deprotected heptamer and decamer RSC characterization data

Polymer Yield %" Mn (kDa)" PDI Tg (°C)°
LLLS*(Bn)LLG 68 40.9 1.2 50.0
LLLS*(Bn)LLGLLG 44 41.5 1.6 52.0
LLLS*(OH)LLG 100¢ 39.9 1.2 53.0
LLLS*(OH)LLGLLG 95¢ 35.4 1.3 -

“Isolated as ppt; "Determined by SEC (THF, 30 °C) relative to PS standards; “Determined by DSC, transitions were
measured in second heating cycle; *Percentage deprotection as determined by 'H NMR spectroscopy.

156



(¢} (0]

0] H o z (o}
o.__~ LG-SIR NG )Kro H,, Pd/C, Et;N oA J\ro
BnO oH __LGSiRs _ pno o oTeDPs _H2 PA/C.EtN o o OTBDPS
)ﬁ/ f DCC, DMAP T0(\ \[o(\ EtOAC, 83% :[3(\ f
BnO CH,Cly, 99% BnO BnO
Bn-S*(Bn)L Bn-S*(Bn)LLG-SiR; S*(Bn)LLG-SiR;
Bn-LLL

DCC, DMAP
CH,Cl,, 62%

THF, 96%
BnO
Bn-LLLS*(Bn)LLG Bn-LLLS*(Bn)LLG-SiR;

H o : (0] E o g (@] § o] g o
S G S U S e Bl o S S e
[¢] o (o} (¢] o O o (e}
BnO

coupling and deprotection

Hy, PA/C

Et3N, EtOAc 97% over 3 steps

99%

) - o ) ) - o ) o . j\/
HO. ~ 0. ~ O. ~ O HO ~ 0. ~ O. ~ (0] 0. ~ OH
PG S LA PGS S S LS G S
o) (o) (0] o) o) (o] (0] (o) (o]
BnO BnO
LLLS*(Bn)LLG LLLS*(Bn)LLGLLG

DIC DIC
DPTs | CH2Cly, 68% BPTS | CH2Cly, 44%

/<0701/?\ o i o\([)(\ Ojj/O\g/?\Oj\rOE/\O {Orof%o\é(?\o)c‘)j/o\g/?\ofﬁ/ Oj()(\oj)ﬁ/ O\é(?\oj)\/ °

Poly LLLS*(Bn)LLGLLG

Poly LLLS*(Bn)LLG
Pd/C (Degussa)
THF, H, balloon

Pd/C (Degussa)
60%, 95% removal

THF, H, balloon
99%, 100% removal

feptp gt gl et

Poly LLLS*(OH)LLGLLG

Poly LLLS*(OH)LLG

Scheme 9. Synthesis of heptameric and decameric PLGA RSCs

157



While not available during the preparation of the manuscript, removal of the pendant
benzyl ether was possible under standard hydrogenolysis conditions, 1 atm. hydrogen and THF,
utilizing Degussa (E101 NE/W, wet) Pd/C (10% w/w Pd), avoiding the use of DMF. #3134
Deprotection gave poly LLLS*(OH)LLG in nearly quantitative yield with complete removal of
the benzyl group. The yield for poly LLLS*(OH)LLGLLG was less (60%) but > 95% of the
benzyl groups had been removed. Further optimization could improve both yields. Due to the
sequence length, increased L content and decreased functional comonomer loadings (15% and
10%), the resulting hydroxyl RSCs were soluble in organic solvents, i.e. THF and CDCl;. While
the M;s of the dimer and trimer derived hydroxyl RSCs varied greatly from the benzyl RSCs, the
heptamer and decamer hydroxyl RSCs were similar to that of the benzyl protected derivatives
(Figure 35). The difference in M;s could be attributed to the benzyl protecting group having
more influence on the R, at high comonomer loadings. While degradation of the polymer is
possible in DMF, there were no visible degradation byproducts in the 'H and ?C NMR spectra
of poly LLLS*(OH)LLG and LLLS*(OH)LLGLLG. The T, for poly LLLS*(OH)LLG

increased by 1 °C, 53 °C, from the benzyl protected analog.

-
-
-

LLLS*Bn)LLG
== ==LLLS*OH)LLG

Time

Figure 35. SEC trace of poly LLLS*(Bn)LLG and poly LLLS*(OH)LLG in THF

158



35 MALIC ACID DERIVED MONOMERS

3.5.1 RSC Assembly and Characterization

Malic acid is an attractive multifunctional monomer that, unlike the serine derived S*(Bn), is
more amenable to synthetic variation and functional group manipulation. Following procedures
by Denmark and Yang,'” L- malic acid was treated with 2,2-dimethoxypropane and pTSA to
give dimethyl dioxolanone M(COOH) dioxo in 74% yield (Scheme 10). Although this pendant
carboxylic acid has been utilized, after addition of a protecting group, to prepare functionalized
a-hydroxy based cyclic diesters and B-malolactonates for ROP,"**">* differentiation between
protected esters necessary in SAP is difficult. The carboxylic acid was reduced to an alcohol
using BH3;*SMejs to give M(OH) dioxo in 55% yield followed by protection utilizing TBDPSCI
with pyridine to give M(TBDPS) dioxo in 70% yield and the near quantitative THP protection
with dihydropyran and pyridinium p-toluenesulfonate to give M(THP) dioxo. Both
dioxolanones were ring-opened by benzyl alcohol treated with LIHMDS to give di-protected
monomers Bn-M(TBDPS) and Bn-M(THP) in 87% and 72% yields respectively. Removal of
the benzyl group gave segmer M(TBDPS) in 85% while M(THP)G was assembled in 55% yield
overall following coupling and deprotection reactions. Poly M(TBDPS) was prepared using
standard DIC/DPTS conditions in 66% yield with an M, of 11.0 kDa and PDI of 2.0. Poly
M(THP)G was not prepared, the THP decomposed due to exposure to the slightly acidic DPTS.

Deprotection of poly M(TBDPS) was not attempted.
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3.5.1.1 Conclusion
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Although these initial attempts at malic acid derived functional PLGA RSCs were limited, the

synthetic methodology presented is rather elegant and could provide a means to incorporate

different functionalities. Further development and protecting group selection could enable more

advanced functionalized RSCs.
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3.6 EXPERIMENTAL SECTION

Materials. O-Benzyl-L-Serine was purchased from AAPPTec and used without further
purification. L-Malic acid was purchased from Acros and used without further purification.
Segmers and RSCs were assembled according to previously detailed General Procedures
reported in Section 2.7. Ethyl acetate and methylene chloride were distilled under nitrogen from
calcium hydride. All other reagents were purchased and used without further purification.
Column chromatography was performed using EMD 60 A, 40-63 pm standard grade silica.

Characterization. 'H (300, 400, 600 and 700 MHz) and ">C (75, 100, 150 and 175 MHz) NMR
spectra were recorded with Bruker spectrometers in CDCl; or dg-DMSO and calibrated to the
residual solvent peaks. 2D NMR HMBC and HETCOR experiments were recorded with a
Bruker 700 MHz NMR spectrometer equipped with a 5 mm gradient probe using corresponding
gradient pulse sequences. Molecular weights and polydispersities in THF were acquired on a
Waters GPC with Jordi 500 A, 1000 A and 10000 A divinylbenzene (DVB) columns at 30 °C
and refractive index detector (Waters) calibrated to polystyrene standards. Molecular weights
and polydispersities in DMF were acquired on a Waters GPC with Polymer Standard Service
(PSS) 105 A, 103 A and 102 A columns at 50 °C and refrective index detector (Waters 2410)
calibrated to polystyrene standards. Differential scanning calorimetry (DSC) measurements were
performed with a Perkin Elmer Pyris 6 DSC. Standard data were collected with a heating and

cooling rate of 10°C/min and data was collected from the second cycle.

3.6.1 Serine Based RSCs

The following experimental section is a detail of my contributions for the publication.'>®
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3-Benzyloxy-2-hydroxypropionic acid, S*(Bn) rmsx-15a: The a-hydroxy acid was prepared
according to procedures reported by Deechongkit and Weck.'*'** O-benzyl-L-serine (10.0 g,
51.0 mmol) was dissolved in 0.7 M aqueous solution of trifluoroacetic acid (100 ml) and cooled
on ice. NaNO; (5.30 g, 76.8 mmol) in water (50 ml) was added slowly over 1.5 h and the
reaction mixture was stirred for 3 h at RT. NaCl (10 g) was added and the mixture was extracted
with EtOAc (3 x 100 ml). The organic layer was dried with MgSO4 and concentrated in vacuo.
The resulting residue was placed under vacuum overnight to yield a slightly yellow solid (9.49 g,
95%) without further purification. '"H NMR (600 MHz, CDCl3) & 7.35-7.27 (m, 5H), 4.60 (d, J=
12.6 Hz, 1H), 4.57 (d, J=12.0 Hz, 1H ), 4.36 (dd, J,=],= 4.2 Hz, 1H), 3.81 (dd, J; = 9.6 Hz, J,=
4.2 Hz, 1H), 3.76 (dd, J,= 10.2 Hz, J,= 4.2 Hz, 1H); °C NMR (100 MHz, CDCl;) & 176.2,
137.1, 128.5, 128.1, 127.8, 73.7, 70.8, 70.3; MS (ES) m/z: 219 (M+Na).

0]

(S) OH
Bno)ﬁ/

BnO
Bn-S*(Bn) rmsx-16a: In 150 ml of dry benzene under N,, S*(Bn) (9.48 g, 48.0 mmol) and 1,8-
diazobicyclo[5.4.0]Jundec-7-ene (8.04 g, 53 mmol) were combined and let stir for 15 min. Benzyl
bromide (9.03 g, 53 mmol) was added slowly and the reaction mixture was refluxed for 16 h
(overnight). After cooling, the mixture was filtered and washed with 1.0 M HCI (2 x 100 ml)
followed by brine (1 x 100 ml). The organic layer was dried with MgSO4 and concentrated in
vacuo. The concentrate was chromatographed (silica, 10% EtOAc in hexanes) to yield a

colorless liquid (10.72 g, 78%). "H NMR (600 MHz, CDCl3) § 7.33-7.23 (m, 10 H), 5.23 (d, J=

162



12.6 Hz, 1H), 5.20 (d, J= 12.6 Hz, 1H), 4.56 (d, J= 12.0 Hz, 1H), 4.48 (d, J= 12 Hz, 1H), 4.35
(ddd, J;= 3.0 Hz, J,= 3.6 Hz, J3= 6.6 Hz, 1H), 3.78 (dd, J;= 10.2 Hz, J,= 3.6 Hz, 1H), 3.74 (dd,
J1= 9.6 Hz, J,= 3.0 Hz, 1H), 3.10 (d, J= 7.2 Hz, 1H); >C NMR (150 MHz, CDCl;) § 172.5,
137.7, 135.1, 128.6, 128.5, 128.4, 128.3, 127.7, 127.6, 73.5, 71.3, 70.9, 67.4; ES-TOF HRMS

(M+Na) calc mass 309.1103, found 309.1106.

General procedure for DCC/DMAP coupling reactions. 1-1.2 equivalents of TBDPS-acid was
combined with 1-1.2 equivalents of benzyl protected alcohol, 1.2 equivalents of DCC and 0.5
equivalents of DMAP. The reaction mixture was let stir at RT for 4 h under N, and then filtered
to remove dicyclohexylurea. The filtrate was concentrated in vacuo and chromatographed

(silica, 5-10% EtOAc in hexanes for dimers and 10-15% for trimers).

O

()
BnOJj/ Oj(\OTBDPS
o)

BnO
Bn-S*(Bn)G-SiR; rmsix-74a: The product was a colorless liquid (9.58 g, 78%). 'H NMR (600
MHz, CDCls) & 7.65-7.61 (m, 4H), 7.37-7.13 (m, 16H), 5.27 (dd, J,= 5.4 Hz, J,= 3.0 Hz, 1H),
5.13 (d, J=12.0 Hz, 1H), 5.10 (d, J=12.0 Hz, 1H), 4.46 (d, J=12.0 Hz, 1H), 4.37 (d, J= 12.0 Hz,
1H), 4.34 (d, J=16.8 Hz, 1H), 4.28 (d, J= 16.8 Hz, 1H), 3.80 (dd, J,= 10.8 Hz, J,= 4.8 Hz, 1H),
3.67 (dd, J;= 10.8 Hz, J,= 3.0 Hz, 1H), 1.02 (s, 9H); °C NMR (150 MHz, CDCls) & 170.6,
167.5, 137.3, 135.6, 135.5, 135.2, 135.1, 134.8, 132.7, 132.6, 129.9, 129.6, 128.5, 128.4, 128.1,
127.8, 127.78, 127.76, 127.7, 127.6, 73.4, 72.2, 68.7, 67.2, 62.0, 26.6, 19.3; ES-TOF HRMS

(M+Na) calc mass 605.2335, found 605.2318.
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Bn-S*(Bn)L-SiR; rmsx-27a: The product was a colorless liquid (5.79 g, 92%). "H NMR (600
MHz, CDCls) 6 7.74-7.60 (m, 4H), 7.39-7.17 (m, 16H), 5.16 (d, J=12.0 Hz, 1H), 5.13 (dd, J,=
4.8 Hz, J,= 3.0 Hz, 1H), 5.11 (d, J=12.0 Hz, 1H), 4.47 (d, J= 12.0 Hz, 1H), 4.38 (d, J=12.0 Hz,
1H), 4.36 (q, J= 6.6 Hz, 1H), 3.79 (dd, J;= 10.8 Hz, J,= 4.8 Hz, 1H), 3.52 (dd, J;= 10.8 Hz, J,=
3.0 Hz, 1H), 1.38 (d, J= 6.6 Hz, 3H). 1.07 (s, 9H); °C NMR (100 MHz, CDCls) & 173.1, 167.5,
137.4, 135.9, 135.8, 135.1, 133.4, 133.1, 129.8, 128.7, 128.5, 128.4, 128.3, 127.7, 127.6, 127.5,
73.3,72.0, 68.6, 68.5, 67.2, 26.8, 21.2, 19.2; ES-TOF HRMS (M+Na) calc mass 619.2492, found

619.2464.

0
Bno\(\o)ﬁ% O\(\OTBDPS
o) o)

BnO
Bn-GS*(Bn)G-SiR; rmsix-78a: The product was a colorless oil (1.71 g, 66%). 'H NMR (400
MHz, CDCls) 6 7.69-7.66 (m, 4H), 7.43-7.22 (m, 16 H), 5.38 (dd, J,= 5.6 Hz, J,= 3.2 Hz, 1H),
5.16 (s, 2H), 4.73 (d, J=16.0 Hz, 1H), 4.64 (d, J= 16 Hz, 1H), 4.52 (d, J=12.0 Hz, 1H), 4.47 (d,
J=12.0 Hz, 1H), 4.40 (d, J=16.8 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H), 3.84 (dd, J,= 11.2 Hz, J,=
5.6 Hz, 1H), 3.80 (dd, J;= 11.6 Hz, J,= 3.2 Hz, 1H), 1.07 (s, 9H); °C NMR (100 MHz, CDCl5) &
170.5, 167.1, 166.8, 137.4, 135.6, 135.5, 134.9, 132.7, 129.9, 128.6, 128.5, 128.4, 127.8, 127.7,
73.5, 71.9, 68.6, 67.2, 61.9, 61.3, 26.6, 19.3; ES-TOF HRMS (M+Na): calc mass 663.2390,

found 663.2366.
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BnO
Bn-LS*(Bn)G-SiR3 rmsix-77a: The product was a colorless oil (2.46 g, 93%). '"H NMR (400
MHz, CDCls) § 7.69-7.66 (m, 4H), 7.43-7.22 (m, 16H), 5.32 (dd, J,= 6.4 Hz, J,= 2.8 Hz, 1H),
5.22 (q,J=7.1 Hz, 1H), 5.14 (d, J= 12.4 Hz, 1H), 5.11 (d, J= 12.4 Hz, 1H), 4.49 (d, J= 12.4 Hz,
1H), 4.45 (d, J= 12.4 Hz, 1H), 4.39 (d, J= 16.8 Hz, 1H), 4.32 (d, J= 16.8 Hz, 1H), 3.83 (dd, J,=
11.2 Hz, J,=2.8 Hz, 1H), 3.77 (dd, J,= 11.2 Hz, J,= 6.8 Hz, 1H), 1.51 (d, J= 7.2 Hz, 3H), 1.07 (s,
9H); *C NMR (100 MHz, CDCls) & 170.6, 169.8, 167.0, 137.5, 135.6, 135.5, 135.1, 132.7,
132.6, 129.9, 128.6, 128.5, 128.3, 128.2, 127.9, 127.8, 127.7, 127.6, 73.4, 72.1, 69.5, 68.7, 67.2,

61.9,26.6, 19.3, 16.8; ES-TOF HRMS (M+Na): calc mass 677.2547, found 677.2505.

o) -0
(SLO_ A (5.0
Bno)ﬁ/ WO)J\‘/ j(\OTBDPs
o) o)

BnO
Bn-S*(Bn)LLG-SiR;3 rmsx-30a: The product was a viscous colorless oil (5.87 g, 99%). 'H NMR
(CDCls, 700 MHz) 6 7.73-7.71 (m, 4H), 7.47-7.28 (m, 16H), 5.36 (dd, J,= 4.2 Hz, J,= 2.1 Hz,
1H), 5.27 (q, J= 7.0 Hz, 1H), 5.25 (d, J=12.6 Hz, 1H), 5.19 (d, J=11.2 Hz, 1H), 4.63 (d, J=12.6
Hz, 1H), 4.53 (d, J=12.6 Hz, 1H), 4.39 (d, J= 16.8 Hz, 1H), 4.33 (d, J= 16.8 Hz, 1H), 3.98 (dd,
Ji=11.2 Hz, J,= 4.9 Hz, 1H), 3.85 (dd, J,= 11.2 Hz, J,= 2.1 Hz, 1H), 1.60 (d, J= 7.0 Hz, 3H),
1.54 (d, J=7.0 Hz, 3H), 1.12 (s, 9H); °C NMR (CDCls, 175 MHz) & 170.6, 169.9, 169.7, 137.3,
135.6, 135.5, 134.7, 132.7, 129.9, 128.6, 128.5, 128.4, 128.3, 127.8, 127.7, 127.6, 73.4, 72.7,

68.9, 68.5,68.4,67.4,61.9,26.6,19.2,16.7, 16.6.
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BnO
Bn-LLLS*(Bn)LLG-SiR; rmsx-32a: Benzyl protected trimer, Bn-LLL (2.30 g, 6.4 mmol) and
S*(Bn)LLG-SiR; (4.0 g, 6.28 mmol) were combined in 31 mL of dry CH,Cl, under nitrogen.
DPTS (0.37 g, 1.26 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI) (1.25 g,
6.5 mmol) were added and the reaction mixture was allowed to stir at RT for 4 h. The reaction
mixture was washed with sat NaHCOs (1 x 30 mL), 1.0 M HCI (1 x 30 mL) and brine (1 % 30
mL). The organic layer was dried with MgSO, and concentrated in vacuo. The concentrate was
chromatographed (silica, 5-20% EtOAc in hexanes) to yield a viscous colorless oil (3.66 g,
62%). '"H NMR (CDCls, 600 MHz) & 7.68-7.65 (m, 4H), 7.41-7.30 (m, 16H), 5.33 (dd, J;= 5.4
Hz, J»= 3.0 Hz, 1H), 5.24 (q, J= 7.2 Hz, 1H), 5.177 (g, J= 6.6 Hz, 1H), 5.171 (d, J= 12.0 Hz, 1H),
5.16 (q, J= 7.2 Hz, 1H), 5.124 (q, J= 7.2 Hz, 1H), 5.12 (q, J= 6.6 Hz, 1H), 5.11 (d, J= 12.6 Hz,
1H), 4.59 (d, J=12.0 Hz, 1H), 4.56 (d, J= 12.0 Hz, 1H), 4.34 (d, J= 16.8 Hz, 1H), 4.28 (d, J=
16.8 Hz, 1H), 3.93 (dd, J;= 11.4 Hz, J,= 3.0 Hz, 1H), 3.91 (dd, J,;= 11.4 Hz, J,= 6.0 Hz, 1H),
1.59 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 6.6 Hz, 3H), 1.50 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 6.6 Hz, 3H),
1.48 (d, J= 6.6 Hz, 3H), 1.07 (s, 9H); °C NMR (CDCls, 150 MHz) & 170.6, 170.0, 169.8, 169.7,
169.5, 169.3, 166.8, 137.5, 135.6, 135.5, 135.0, 132.7, 132.6, 129.9, 128.6, 128.5, 128.4, 128.2,

127.8, 127.7, 127.6, 73.4, 72.5, 69.3, 69.2, 68.9, 68.8, 68.4, 67.2, 61.9, 26.6, 19.2, 16.7, 16.5.
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BnO
Bn-LLLS*(Bn)LLGLLG-SiR; rmsx-36a: Silyl protected trimer LLG-SiR; (0.5 g, 0.91 mmol)

and Bn-LLLS*(Bn)LLG (0.64 g, 0.91 mmol) were combined in 5 mL dry CH,Cl, under
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nitrogen. DPTS (53.0 mg, 0.18 mmol) and EDCI (0.19 g, 1.0 mmol) were added and the reaction
mixture was allowed to stir at RT for 4 h. The reaction mixture was worked up similar to Bn-
LLLS*(Bn)LLG-SiR3; and chromatographed (silica, 20-30% EtOAc in hexanes) to yield a
viscous colorless oil (1.02 g, 99%). '"H NMR (CDCls, 600 MHz) & 7.68-7.65 (m, 4H), 7.41-7.30
(m, 16H), 5.33 (dd, J;= 6.0 Hz, J,=3.0 Hz, 1H), 5.23 (q, J= 6.6 Hz, 1H), 5.21 (q, J= 7.2 Hz, 1H),
5.181(q,J=7.2 Hz, 1H), 5.171 (d, J= 12.0 Hz, 1H), 5.169 (q, J=7.8 Hz, 2H), 5.16 (q, J= 6.6 Hz,
1H), 5.124 (q, J= 7.2 Hz, 1H), 5.12 (q, J= 7.2 Hz, 1H), 5.11 (d, J=12.0 Hz, 1H), 4.85 (d, J=15.6
Hz, 1H), 4.69 (d, J=16.2 Hz, 1H), 4.58 (d, J=12.0 Hz, 1H), 4.56 (d, J=12.0 Hz, 1H), 4.34 (d, J=
16.8 Hz, 1H), 4.28 (d, J=16.8 Hz, 1H), 3.93 (dd, J,= 11.4 Hz, J,= 3.0 Hz, 1H), 3.90 (dd, J,=11.4
Hz, J»= 5.4 Hz, 1H), 1.58 (d, J= 7.2 Hz, 3H), 1.57 (d, J= 7.2 Hz, 3H), 1.56 (d, J= 6.6 Hz, 3H),
1.54 (d, J=7.2 Hz, 3H), 1.50 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 7.2 Hz, 6H), 1.06 (s, 9H); °C NMR
(CDCls, 150 MHz) & 170.6, 169.87, 169.82, 169.6, 169.5(2), 169.3, 169.2, 166.8, 166.5, 137.5,
135.6, 135.5, 135.0, 132.7, 132.6, 129.9, 129.8, 128.6, 128.5, 128.4, 128.2, 127.8, 127.7, 127.6,
73.4, 72.5, 69.3, 69.2, 69.1, 69.0, 68.8, 68.4, 67.2, 61.9, 60.7, 26.6, 19.2, 16.73, 16.70(4), 16.6,

16.5.

General Procedure for Silyl-deprotection. For primary alcohols, 1.5 equivalents of tetra-n-
butylammonium floride (TBAF) (1.0 M in THF) buffered by 8 equiv of acetic acid was added to
the di-protected oligomer in dry THF. The reaction mixture was allowed to stir for 1 h and then
poured into brine. The product was extracted using Et,O, dried with MgSO, and concentrated in
vacuo. The concentrate was chromatographed (silica, 15-40% EtOAc in hexanes). For secondary

alcohols, 1.5 equiv of TBAF was buffered with 1.8 equivalents of acetic acid.
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Bn-S*(Bn)G rmsix-71a: The product was a colorless liquid (2.26 g, 87%). '"H NMR (400 MHz,
CDCls) & 7.35-7.22 (m, 10H), 5.39 (dd, J;= 4.8 Hz, J,= 2.4 Hz, 1H), 5.21 (d, J= 12.4 Hz, 1H),
5.17 (d, J= 12.4 Hz, 1H), 4.56 (d, J= 12.4 Hz, 1H), 4.48 (d, J=12.0 Hz, 1H), 4.32 (dd, J,= 17.2
Hz, J,= 4.8 Hz, 1H), 4.26 (dd, J,= 17.2 Hz, J,= 5.2 Hz, 1H), 3.91 (dd, J,= 10.8 Hz, J,= 5.2 Hz,
1H), 3.80 (dd, J,= 10.8, J,= 2.4 Hz, 1H), 2.44 (t, J= 5.2 Hz, 1H); *C NMR (100 MHz, CDCls) &
1727, 167.2, 137.1, 134.9, 128.6, 128.5, 128.4, 128.2, 127.9, 127.7, 73.5, 72.7, 68.4, 67.5, 60.5;

ES-TOF HRMS (M+Na) calc mass 367.1158, found 367.1133.

O
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BnO
Bn-S*(Bn)L rmsx-28a: The product was a colorless liquid (2.93 g, 89%). 'H NMR (400 MHz,
CDCl3) 6 7.40-7.28 (m, 10H), 5.41 (dd, J,= 5.2 Hz, J,= 2.4 Hz, 1H), 5.26 (d, J= 12.0 Hz, 1H),
5.20 (d, J=12.4 Hz, 1H), 4.63 (d, J= 12.4 Hz, 1H), 4.55(d, J= 12.0 Hz, 1H), 4.32 (q, J= 7.2 Hz,
1H), 3.98 (dd, J;= 11.2 Hz, J,= 5.6 Hz, 1H), 3.86 (dd, J,= 11.2 Hz, J,= 2.8 Hz, 1H), 2.77 (br s,
1H), 1.50 (d, J= 7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3) § 175.3, 167.4, 137.5, 135.1, 128.8,
128.7, 128.6, 128.5, 128.4, 128.1, 127.8, 73.6, 73.0, 68.7, 67.7, 66.9, 20.7; HRMS (M+Na) calc

mass 381.1314, found 381.1300.

(0]
Ban(\o (S) Oj(\OH
(0] (0]

BnO
Bn-GS*(Bn)G rmsix-80a: The product was a colorless liquid (0.92 g, 92%). '"H NMR (400

MHz, CDCls) & 7.38-7.28 (m, 10H), 5.45 (dd, J;= 5.2 Hz, J,= 3.2 Hz, 1H), 5.18 (d, J= 12.4 Hz,
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1H), 5.15 (d, J= 12.0 Hz, 1H), 4.75 (d, J= 15.6 Hz, 1H), 4.67 (d, J= 15.6 Hz, 1H), 4.57 (d, J=
12.4 Hz, 1H), 4.52 (d, J= 12.0 Hz, 1H), 4.31 (d, J= 17.2 Hz, 1H), 4.25 (d, = 17.6 Hz, 1H), 3.90
(dd, J,= 11.2 Hz, J,= 5.6 Hz, 1H), 3.86 (dd, J,= 11.2 Hz, J,= 3.6 Hz, 1H), 2.45 (s, 1H); °C NMR
(100 MHz, CDCly) & 172.6, 166.8, 166.7, 137.2, 134.8, 128.6, 128.5, 127.9, 127.7, 73.5, 72.5,

68.3, 67.3,61.4, 60.5; ES-TOF HRMS (M+Na) calc mass 425.1212, found 425.1211.

- 0
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BnO

Bn-LS*(Bn)G rmsix-79a: The product was a colorless (0.54 g, 37%). 'H NMR (400 MHz,
CDCl3) & 7.37-7.27 (m, 10H), 5.39 (dd, J,= 6.8 Hz, J,= 2.8 Hz, 1H), 5.23 (q, J= 7.2 Hz, 1H),
5.13 (s, 2H), 4.52 (s, 2H), 4.30 (dd, J,;= 17.4 Hz, J,= 5.2 Hz, 1H), 4.24 (dd, J,= 17.4 Hz, J,= 5.8
Hz, 1H), 3.89 (dd, J,= 11.2 Hz, J,= 3.2 Hz, 1H), 3.83 (dd, J;= 11.2 Hz, J,= 6.4 Hz, 1H), 2.35 (t,
J= 5.8 Hz, 1H), 1.52 (d, J= 7.2 Hz, 3H); °C NMR (100 MHz, CDCl;) & 172.7, 169.7, 166.8,

137.3, 135.0, 128.6, 128.5, 128.4, 128.3, 127.9, 127.7, 73.5, 72.6, 69.7, 68.5, 67.3, 60.5, 16.8.
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Bn-LLLS*(Bn)LLG rmsx-33a: The product was a colorless oil (2.51 g, 96%). '"H NMR
(CDCl3, 600 MHz) & 7.36-7.27 (m, 10H), 5.34 (dd, J,= 6.0 Hz, J,= 3.0 Hz, 1H), 5.26 (q, J=7.2
Hz, 1H), 5.22 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 72 Hz, 1H), 5.17 (d, J= 12.0 Hz, 1H), 5.16 (q, J=
7.2 Hz, 1H), 5.12 (q, J= 7.2 Hz,1H), 5.11 (d, J=12.0 Hz, 1H), 4.58 (d, J=12.0 Hz, 1H), 4.56 (d,
J=12.0 Hz, 1H), 4.26 (dd, J,= 17.4 Hz, J,= 4.8 Hz, 1H), 4.21 (dd, J,= 17.4 Hz, J,= 5.4 Hz, 1H),
3.93 (dd, J,= 11.4 Hz, J,= 3.6 Hz, 1H), 3.90 (dd, J,= 11.4, J,= 5.4 Hz, 1H), 2.28 (t, J= 6.0 Hz,

1H), 1.60 (d, J= 6.6 Hz, 3H), 1.562 (d, J= 6.6 Hz, 3H), 1.561 (d, J= 6.6 Hz, 3H), 1.50 (d, J=7.2
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Hz, 3H), 1.49 (d, J= 7.2 Hz, 3H); >*C NMR (CDCls, 150 MHz) & 172.7, 169.9, 169.5(3), 169.3,
166.7, 137.4, 135.0, 128.6, 128.5, 128.4, 128.2, 127.8, 127.7, 73.4, 72.5, 69.4, 69.3, 69.1, 69.0,

68.4,67.2,60.5, 16.73, 16.71(2), 16.7, 16.5.
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BnO
Bn-LLLS*(Bn)LLGLLG rmsx-38a: The product was a colorless oil (0.71 g, 99%). 'H NMR
(CDCls, 700 MHz) 6 7.35-7.26 (m, 10H), 5.32 (dd, J;= 4.9 Hz, J,= 2.8 Hz, 1H), 5.25-5.10 (m,
9H), 4.85 (d, J=16.1 Hz, 1H), 4.61 (d, J= 16.1 Hz, 1H), 4.58 (d, J= 12.6 Hz, 1H), 4.55 (d, J=
12.6 Hz, 1H), 4.26 (d, J=17.5 Hz, 1H), 4.21 (d, J=17.5 Hz, 1H), 3.92 (dd, J;= 11.2 Hz, J,= 2.1
Hz, 1H), 3.90 (dd, J,= 11.2, J,= 6.3 Hz, 1H), 1.58 (d, J= 7.0 Hz, 6H), 1.57 (d, J= 7.0 Hz, 3H),
1.56 (d, J= 7.0 Hz, 3H), 1.55 (d, J= 7.0 Hz, 3H), 1.491 (d, J= 7.0 Hz, 3H), 1.486 (d, J= 70 Hz,
3H); °C NMR (CDCls, 150 MHz) & 172.7, 169.9, 169.6, 169.5(2), 169.4, 169.33, 169.3, 166.7,
166.5, 137.4, 135.0, 128.6, 128.5, 128.4, 128.2, 127.8, 127.7, 73.4, 72.5, 69.3, 69.24, 69.2, 69.1,

69.0, 68.9, 68.4, 67.2, 60.8, 60.4, 60.3, 16.71, 16.7, 16.6 16.5.

General procedures for oligomer benzyl deprotections. The benzyl protected oligomer was
combined with 10% Pd/C (5% w/w) and 0.5 equivalents of triethylamine in dry EtOAc.'* The
reaction mixture was stirred 5 - 18 h under 1 atm of hydrogen and filtered through celite. The
filtrate was washed with 1.0 M HCI diluted in brine follwed by a brine wash. The organic layer
was dried with MgSQ,, filtered and concentrated in vacuo. No further purification was used

unless stated.
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S*(Bn)G-SiR; rmsix-75a: The concentrate was chromatographed (silica, 10-20% EtOAc in
hexanes) to yield a colorless oil (6.60 g, 81%). '"H NMR (400 MHz, CDCl3) & 10.59 (s, 1H), 7.7-
7.68 (m, 4H), 7.43-7.23 (m, 11H), 5.31 (dd, J;= 5.2 Hz, J,= 2.8 Hz, 1H), 4.57 (d, J= 12.4 Hz,
1H), 4.51 (d, J= 12.4 Hz, 1H), 4.43 (d, J= 16.8 Hz, 1H), 4.35 (d, J= 16.8 Hz, 1H), 3.88 (dd, J;=
11.2 Hz, J»= 5.2 Hz, 1H), 3.76 (dd, J,= 10.8 Hz, J,= 2.8 Hz, 1H), 1.09 (s, 9H); *C NMR (100
MHz, CDCl3) 6 173.2, 170.6, 137.1, 135.6, 135.5, 132.6, 132.5, 129.9, 128.4, 127.9, 127.8,
127.7, 73.7, 71.6, 68.3, 61.9, 26.6, 19.2; ES-TOF HRMS (M+Na) calc mass 515.1866, found

515.1882.
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S*(Bn)LLG-SiR3 rmsx-31a: The concentrate was chromatographed (silica, 15-25% EtOAc in
hexanes) to yield a colorless oil (4.12 g, 83%). 'H NMR (CDCls, 600 MHz) 6 10.7 (s, 1H), 7.69-
7.66 (m, 4H), 7.43-7.26 (m, 11H), 5.30 (dd, J,= 4.8 Hz, J,= 3.0 Hz, 1H), 5.24 (q, J= 7.2 Hz, 1H),
5.13 (q, J= 6.6 Hz, 1H), 4.62 (d, J= 12.0 Hz, 1H), 4.55 (d, J= 12.6 Hz, 1H), 4.35 (d, J= 16.8 Hz,
1H), 4.29 (d, J=17.4 Hz, 1H), 3.94 (dd, J,= 10.8 Hz, J,= 4.8 Hz, 1H), 3.82 (dd, J;= 10.8 Hz, J,=
2.4 Hz, 1H), 1.59 (d, J= 7.2 Hz, 3H), 1.49 (d, J= 72 Hz, 3H), 1.08 (s, 9H); °C NMR (CDCls, 150
MHz) 6 172.8, 170.7, 169.9, 169.6, 137.1, 135.6, 135.5, 132.7, 132.6, 129.9, 128.5, 127.9, 127.8,

127.7,73.5,72.1, 68.9, 68.5, 68.2, 61.9, 26.6, 19.2, 16.7, 16.6.
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S*(Bn)G rmsix-72a: The concentrate was a colorless oil (0.64 g, 87%). '"H NMR (400 MHz,
CDCl3) & 7.34-7.27 (m, 5SH), 5.34 (dd, J,= 5.2 Hz, J,= 2.8 Hz, 1H), 4.59 (d, J= 12.4 Hz, 1H),
4.54 (d, J=12.4 Hz, 1H), 4.32 (d, J=17.6 Hz, 1H), 4.25 (d, J=17.6 Hz, 1H), 3.90 (dd, J,= 11.2
Hz, J,= 5.2 Hz, 1H), 3.81 (dd, J;= 11.2 Hz, J,= 2.8 Hz, 1H); >C NMR (100 MHz, CDCl;) &

172.7,171.5, 136.9, 128.5, 128.1, 127.8, 73.6, 72.3, 68.2, 60.4.
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GS*(Bn)G rmsix-82a: The concentrate was a colorless oil (0.57 g, 85%)). 'H NMR (400 MHz,
CDCl3) & 7.35-7.27 (m, 5H), 5.43 (dd, J,;= 5.2 Hz, J,= 2.8 Hz, 1H), 4.71 (d, J= 16.4 Hz, 1H),
4.66 (d, J=16.0 Hz, 1H), 4.59 (d, J=12.0 Hz, 1H), 4.53 (d, J= 12.0 Hz, 1H), 4.33 (d, J=17.6 Hz,
1H), 4.26 (d, J=17.2 Hz, 1H), 3.93 (dd, J,= 10.8 Hz, J,= 5.2 Hz, 1H), 3.86 (dd, J;= 11.2 Hz, J,=
3.2 Hz, 1H); >C NMR (100 MHz, CDCl3) & 172.7, 170.8, 166.9, 136.9, 128.5, 128.0, 127.8,
73.6,72.4, 68.2, 60.9, 60.4.
: o
Hom/(é\)o)% Oj(\OH
© BnO ©

LS*(Bn)G rmsix-83a: The concentrate was a colorless oil (0.33 g, 85%). 'H NMR (400 MHz,
CDCl3) 6 7.35-7.26 (m, 5H), 5.40 (dd, J,= 5.6 Hz, J,= 3.2 Hz, 1H), 5.24 (q, J= 7.2 Hz, 1H), 4.59
(d, J=12.0 Hz, 1H), 4.56 (d, J=12.0 Hz, 1H), 4.33 (d, J= 17.6 Hz, 1H), 4.26 (d, J=17.2 Hz, 1H),

3.93 (dd, J;=11.2 Hz, J,= 6.0 Hz, 1H), 3.89 (dd, J;= 10.8 Hz, J,= 3.2 Hz, 1H), 1.55 (d, J= 6.8
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Hz, 3H); C NMR (100 MHz, CDCl;) & 174.3, 172.8, 166.8, 137.0, 128.5, 128.0, 127.8, 73.6,

72.5,69.3,68.4,60.5, 16.7.
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LLLS*(Bn)LLG rmsx-39a: The concentrate was a colorless oil (0.86 g, 99%). '"H NMR
(CDCls, 600MHz) 6 7.31-7.26 (m, 5H), 5.34 (dd, J,=J,= 4.2 Hz, 1H), 5.25 (q, J= 7.2 Hz, 1H),
5.22 (q,J= 6.6 Hz, 1H), 5.19 (q, J= 7.2 Hz, 1H), 5.14 (q, J= 7.2 Hz, 1H), 5.13 (q, J= 7.2 Hz, 1H),
4.59 (d, J=12.0 Hz, 1H), 4.56 (d, J=12.0 Hz, 1H), 4.26 (d, J=17.4 Hz, 1H), 4.21 (d, J=17.4 Hz,
1H), 3.93-3.89 (m, 2H), 1.59 (d, J= 6.6 Hz, 3H), 1.56 (d, J= 7.2 Hz, 3H), 1.55 (d, J= 7.2 Hz, 3H),
1.54 (d, J= 7.2 Hz, 3H), 1.53 (d, J= 6.6 Hz, 3H); °C NMR (CDCl;, 150 MHz) & 174.6, 172.7,
169.53, 169.51, 169.3, 166.8, 137.4, 128.4, 127.8, 127.7, 73.5, 72.5, 69.4, 69.2, 69.1, 69.0, 68.4,

60.5,16.74, 16.71, 16.69, 16.63, 16.53.
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BnO
LLLS*(Bn)LLGLLG rmsx-41a: The concentrate was a colorless oil (0.57 g, 99%). 'H NMR
(CDCl3, 600 MHz) 6 7.33- 7.25 (m, 5H), 5.33 (dd, J,= 4.8 Hz, J,= 3.6 Hz, 1H), 5.232 (q, J=7.2
Hz, 1H), 5.23 (q, J= 7.2 Hz, 1H), 5.21 (q, J= 7.2 Hz, 1H), 5.18 (q, J= 6.6 Hz, 1H), 5.17 (q, J="7.2
Hz, 1H), 5.13 (q, J= 7.2 Hz, 1H), 5.10 (q, J= 6.6 Hz, 1H), 4.84 (d, J= 16.2 Hz, 1H), 4.62 (d, J=
15.6 Hz, 1H), 4.58 (d, J=12.0 Hz, 1H), 4.55 (d, J=12.0 Hz, 1H), 4.26 (d, J= 17.4 Hz, 1H), 4.21
(d, J=17.4 Hz, 1H), 3.93-3.88 (m, 2H), 1.58 (d, J= 6.6 Hz, 6H), 1.57 (d, J= 7.2 Hz, 6H), 1.54 (d,

J=7.8 Hz, 3H), 1.53 (d, J= 7.2 Hz, 3H), 1.51 (d, J= 7.2 Hz, 3H); °*C NMR (CDCls, 150 MHz) &
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174.5, 172.8, 169.6, 169.55, 169.5, 169.4(2), 166.8, 166.5, 137.4, 128.4, 127.8, 127.7, 73.4, 72.5,

69.4, 69.2, 69.16, 69.1, 69.0, 68.4, 60.8, 60.4, 16.7(2), 16.68(3), 16.6, 16.5.

General procedure for DIC/DPTS polymerizations. The oligomer and 0.2 equivalents of
DPTS were dissolved in dry CH,Cl, and chilled to 0 °C. DIC (1.5 equiv) was added dropwise
by syringe and the reaction mixture was stirred at RT for 3 h. The polymers were precipitated
twice in MeOH and dried under vacuum.
O
e
BnO ° n
Poly S*(Bn)G rmsix-73b: The polymer was a colorless solid (0.33 g, 59%). '"H NMR (700 MHz,
CDCl3) & 7.31-7.25 (m, SH), 5.38 (dd, J,;= 5.6 Hz, J,= 2.8 Hz, 1H), 4.85 (d, J= 16.1 Hz, 1H),
4.71 (d, J=16.1 Hz, 1H), 4.55 (d, J= 11.9 Hz, 1H), 4.50 (d, J= 11.9 Hz, 1H), 3.89 (dd, J;=11.2
Hz, J,= 5.6 Hz, 1H), 3.86 (dd, J;= 11.2 Hz, J,= 2.8 Hz, 1H); >C NMR (175 MHz, CDCl;) &
166.5, 166. 2, 137.2, 128.4, 127.9, 127.8, 127.7, 73.5, 72.5, 68.3, 61.0; SEC (THF): M,, — 31.4
kDa, My, — 53.9 kDa, PDI — 1.7; SEC (DMF): M,, — 60.2 kDa, M,, — 87.1 kDa, PDI — 1.3;

Thermal (DSC): ppt: T, —32.1 °C.

\<O\H/\O i S O\[(\OD\
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Poly GS*(Bn)G rmsix-84b: The polymer was a colorless solid (0.26 g, 50%). '"H NMR (700
MHz, CDCls) & 7.33-7.24 (m, 5H), 5.39 (dd, J,= 4.9 Hz, J,= 2.1 Hz, 1H), 4.80 (d, J= 16.1 Hz,
1H), 4.79 (d, J= 16.1 Hz, 1H), 4.74 (d, J= 16.1 Hz, 1H), 4.71 (d, J= 16.1 Hz, 1H), 4.56 (d, J=

11.9 Hz, 1H), 4.52 (d, J= 11.9 Hz, 1H), 3.91 (dd, J;= 11.2 Hz, J,= 5.6 Hz, 1H), 3.86 (dd, J;= 11.2
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Hz, J,= 2.8 Hz, 1H); °C NMR (175 MHz, CDCls) & 166.5, 166.4, 166.2, 137.2, 128.5, 127.9,
127.7, 73.5, 72.5, 68.2, 60.9, 60.8; SEC (THF): M, — 10.2 kDa, M, — 15.9 kDa, PDI — 1.5; SEC
(DMF): M, — 40.6 kDa, M,, — 48.2 kDa, PDI — 1.2; Thermal (DSC): ppt: T, — 30.0 °C.
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Poly LS*(Bn)G rmsix-86a: The polymer was a colorless solid (0.17 g, 61%). 'H NMR (700
MHz, CDCl3) 8 7.32-7.25 (m, 5H), 5.33 (dd, J,= 4.9 Hz, J,= 2.8 Hz, 1H), 5.23 (q, J= 7.1 Hz,
1H), 4.84 (d, J= 16.1 Hz, 1H), 4.63 (d, J= 16.1 Hz, 1H), 4.56 (d, J= 12.6 Hz, 1H), 4.53 (d, J=
11.9 Hz, 1H), 3.91 (dd, J,= 11.9 Hz, J,= 3.5 Hz, 1H), 3.88 (dd, J;= 10.5 Hz, J,= 5.6 Hz, 1H),
1.55 (d, J= 7.7 Hz, 3H); >C NMR (175 MHz, CDCl5) & 169.2, 166.6, 166.5, 137.3, 128.4, 127.9,
127.7, 73.5, 72.6, 69.4, 68.4, 60.7, 16.8; SEC (THF): M,, — 42.2 kDa, M,, — 111.0 kDa, PDI —

2.6; SEC (DMF): M, — 88.2 kDa, M,, — 188.3 kDa, PDI — 2.1; Thermal (DSC): ppt: T, — 36.1 °C.
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BnO
Poly LLLS*(Bn)LLG rmsx-35b: The polymer was a colorless solid (0.23 g, 68%). '"H NMR
(CDCl3, 700 MHz) & 7.30-7.26 (m, 5H), 5.32 (dd, J;= 5.6 Hz, J,= 2.8 Hz, 1H), 5.23 (q, J=7.0
Hz, 1H), 5.182 (q, J= 7.0 Hz, 1H), 5.177 (q, J= 7.0 Hz, 1H), 5.16 (q, J= 7.0 Hz, 1H), 5.13 (q, J=
7.0 Hz, 1H), 4.86 (d, J=16.1 Hz, 1H), 4.582 (d, J=16.1 Hz, 1H), 4.581 (d, J=11.9 Hz, 1H), 4.56
(d, J=12.6 Hz, 1H), 3.92 (dd, J;= 11.9 Hz, J,= 3.5 Hz, 1H), 3.90 (dd, J,= 11.2 Hz, J,= 6.3 Hz,
1H), 1.58 (d, J="7.0 Hz, 3H), 1.56 (d, J= 7.0 Hz, 3H), 1.55 (d, J= 7.0 Hz, 3H), 1.54 (d, J= 7.0 Hz,

6H); °C NMR (CDCls, 175 MHz) & 169.55(2), 169.54, 169.34, 169.32, 166.8, 166.5, 137.4,
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128.4, 127.8, 127.7, 73.4, 72.5, 69.3, 69.2, 69.0, 68.96, 68.91, 68.4, 60.8, 16.7, 16.6, 16.56; SEC

(THF): M;, — 40.9 kDa, M, — 47.7 kDa, PDI — 1.2; Thermal (DSC): ppt: T, — 50.0 °C.
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Poly LLLS*(Bn)LLGLLG rmsx-42b: The polymer was a colorless solid (0.24 g, 44%). 'H
NMR (CDCls, 700 MHz) & 7.33-7.26 (m, 5H), 5.32 (dd, J,= 6.3 MHz, J,= 3.5 Hz, 1H), 5.23 (q,
J=17.0 Hz, 1H), 5.20 (q, J= 7.0 Hz, 1H), 5.18 (q, J= 7.0 Hz, 1H), 5.17 (g, J= 7.0 Hz, 1H), 5.167
(q, J=7.0 Hz, 2H), 5.13 (q, J= 7.0 Hz, 1H), 4.858 (d, J= 16.1 Hz, 1H), 4.855 (d, J= 16.1 Hz, 1H),
4.593 (d, J=16.1 Hz, 1H), 4.59 (d, J= 16.8 Hz, 1H), 4.58 (d, J= 11.9 Hz, 1H), 4.56 (d, J=11.9
Hz, 1H), 3.92 (dd, J,;= 11.2 Hz, J,= 3.5 Hz, 1H), 3.90 (dd, J,= 11.2 Hz, J,= 5.6 Hz, 1H), 1.58 (d,
J=7.0 Hz, 3H), 1.57 (d, J= 7.0 Hz, 3H), 1.56 (d, J= 7.0 Hz, 3H), 1.557 (d, J= 7.0 Hz, 3H), 1.555
(d, J= 7.0 Hz, 3H), 1.54 (d, J= 7.0 Hz, 6H); °C NMR (CDCls, 175 MHz) & 169.55(2), 169.53,
169.4, 169.33, 169.32, 166.8, 166.5(2), 137.4, 128.4, 127.8, 127.7, 73.4, 72.5, 69.3, 69.19, 69.18,
69.0, 68.98, 68.96, 68.91, 68.4, 60.8, 60.7, 16.69(4), 16.64, 16.63, 16.56; SEC (THF): M, — 41.5

kDa, My, — 64.7 kDa, PDI — 1.6; Thermal (DSC): ppt: T, —52.0 °C.
Polymer benzyl deprotection method A. The polymers were dissolved in 0.5 ml DMF and 50%

w/w 10% Pd(OH),/C (wet) was added. The reaction mixture was placed under 1 atm H; and let

stir for 5 h. After filtering, the reaction mixture was concentrated under vacuum for 18 h.
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Poly S*(OH)G rmsx-10a: The polymer was a white powder (6.3 mg, 95% vyield, 94%
deprotected). '"H NMR (700 MHz, DMSO) & 5.34 (t, J= 6.3 Hz, 1H), 5.24 (dd, J;= 4.9 Hz, J,=
2.8 Hz, 1H), 4.94 (d, J= 16.8 Hz, 1H), 4.88 (d, J= 16.1 Hz, 1H), 3.85-3.78 (m, 2H); °C NMR
(175 MHz, DMSO) 6 167.8, 167.54, 167.5, 167.48, 167.44, 167.41, 167.37, 167.17, 167.13,

74.7,68.7,61.5, 61.3, 61.0, 60.9; SEC (DMF): M, — 19.9 kDa, M, — 21.7 kDa, PDI - 1.1.

\<O\n/\o i S) O\ﬂ/\o>\
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Poly GS*(OH)G rmsx-11a: The polymer was an off-white powder (7 mg, 100% yield, 94%
deprotected). "H NMR (700 MHz, DMSO) & 5.33 (t, J= 6.3 Hz, 1H), 5.24 (dd, J,= J,= 11.2 Hz,
1H), 4.94 (d, J= 16.1 Hz, 1H), 4.91 (s, 2H), 4.89 (d, J= 16.1 Hz, 1H), 3.82-3.81 (m, 2H); "°C

NMR (100 MHz, DMSO) 6 167.6, 167.5, 167.4, 167.2, 167.1, 74.7, 68.7, 66.6, 61.42, 61.40,

61.3,61.2,61.0, 60.92, 60.9; SEC (DMF): M, — 19.8 kDa, M,, — 22.1 kDa, PDI - 1.1.
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Poly LS*(OH)G rmsx-12a: The polymer was an off-white powder (8 mg, 100% yield, 90%
deprotected). '"H NMR (700 MHz, DMSO) & 5.28-5.24 (m, 2H), 5.18 (dd, J,= 6.3 Hz, I,= 2.8 Hz,
1H), 4.93 (d, J=16.8 Hz, 1H), 4.85 (d, J= 15.6 Hz, 1H), 3.86-3.83 (m, 1H), 3.77-3.74 (m, 1H),

1.49 (d, J= 7.0 Hz, 3H); >C NMR (150 MHz, DMSO) & 169.2, 166.86, 166.82, 166.81, 166.79,

74.3, 68.9, 68.2, 60.7, 60.4, 16.6; SEC (DMF): M;, — 19.9 kDa, My, — 22.1 kDa, PDI - 1.1.
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Polymer benzyl deprotection method B. Following procedures developed by Hennink and
coworkers,'™* polymers were dissolved in dry THF and 10% (w/w Pd) 10% Pd/C (Aldrich,
Degussa type E101 NE/W, wet) was added. The reaction was allowed to stir under 1.0 atm of
hydrogen for 16-20 h, filtered over celite and concentrated under vacuum. Further purification
was accomplished by dissolving polymer in CH,Cl, filtering through syringe filter and

precipitating in cold ether to yield a colorless solid.
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Poly LLLS*(OH)LLG rmsx-37a: The product was a colorless powder (16 mg, 99%, 100%
deprotected, > 97% deprotection on average). 'H NMR (700 MHz, CDCl3) & 5.26 (q, J= 7.7 Hz,
1H), 5.22-5.14 (m, 5H), 4.85 (d, J= 16.1 Hz, 1H), 4.59 (d, J= 16.1 Hz, 1H), 4.21-4.17 (m, 1H),
3.95-3.91 (m, 1H), 3.03 (t, J= 7.7 Hz, 1H), 1.6-1.5 (m, 15H); >C NMR (175 MHz, CDCl3) &
170.7, 169.7, 169.5, 169.4 (2), 167.1, 166.6, 73.9, 69.5, 69.2, 69.15, 69.13, 69.1, 62.2, 60.8, 16.7,
16.6, 16.57, 16.52,16.5; SEC (THF): M;, — 39.9 kDa, My, — 49.0 kDa, PDI — 1.2; Thermal (DSC):

ppt: 53 °C.
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Poly LLLS*(OH)LLGLLG rmsx-46b: The product was a white powder (16 mg, 60%, > 95%
deprotected). 'H NMR (700 MHz, CDCls) & 5.26 (q, J= 7.7 Hz, 1H), 5.23-5.15 (m, 6H), 4.86 (d,
J=16.1 Hz, 1H), 4.84 (d, J= 15.4 Hz, 1H), 4.60 (d, J= 16.1 Hz, 1H), 4.59 (d, J= 16.1 Hz, 1H),
4.21-4.17 (m, 1H), 3.96-3.92 (m, 1H), 3.00 (t, J= 7.4 Hz, 1H), 1.6-1.5 (m, 21H); °C NMR (175

MHz, CDCl;) 6 170.7, 169.7, 169.5, 169.4 (3), 169.3, 167.1, 166.6, 166.5, 73.9, 69.5, 69.23,
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69.21, 69.15, 69.1, 69.0, 62.2, 60.8, 60.78, 16.7, 16.67, 16.66, 16.64, 16.58, 16.54; SEC (THF):

M, — 35.4 kDa, M,, — 45.0 kDa, PDI - 1.3.

3.6.2 Towards L-Malic Acid derived RSCs
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M(COOH) dioxo'” rmsviii-39a: Malic acid (40.2 g, 300 mmol) was dissolved in 2,2-
dimethoxypropane (150 mL, 1.2 mol) under N,. p-Toluenesulfonic acid monohydrate (570 mg,
3.0 mmol) was added and the reaction mixture was allowed to stir for 3 h. Water (200 mL) and
NaHCO; (252 mg, 3.0 mmol) were added and the aqueous layer was extracted with CH,Cl, (5 x
200 mL). The organic layers were dried with MgSO4 and concentrated in vacuo. The solid
concentrate was dissolved in ether (250 mL) and hexanes (300 mL) were added. After sitting for
1 h, the mixture was filtered to yield a colorless solid. This procedure was repeated twice more to
yield a total of 38.6 g (74%). '"H NMR (CDCls, 300 MHz) & 10.94 (s, 1H), 4.69 (dd, J,= 6.6 Hz,
J»=3.9 Hz, 1H), 2.98 (dd, J,= 17.4 Hz, J,= 3.9 Hz, 1H), 2.83 (dd, J,= 17.1 Hz, J,= 6.3 Hz, 1H),

1.60 (s, 3H), 1.55 (s, 3H); '°C (CDCls, 75 MHz) § 175.3, 171.9, 111.4, 70.3, 35.9, 26.7, 25.8.
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M(OH) dioxo'> rmsviii-43a: The malic acid dioxolanone, M(COOH) dioxo (10 g, 57.4 mmol)
was dissolved in 50 mL of dry THF under N, and cooled in an ice bath. BH3*S(CH3), (18.0 mL,

190 mmol) in 100 mL (2.0 M) THF was added dropwise over 2 h. After addition the reaction
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mixture was let stir at RT for 20 h and the reaction was quenched with the dropwise addition of
60 mL of MeOH. The reaction mixture was concentrated in vacuo, taken up in CH,Cl, (50 mL),
washed with sat NaHCOj3 and dried with MgSO,. The organic layer was concentrated in vacuo to
yield a colorless liquid (5.09 g, 55%). '"H NMR (CDCls, 300 MHz) & 4.56 (dd, J,=7.2 Hz, J,= 5.1

Hz, 1H), 3.88-3.78 (m, 2H), 2.19-2.09 (m, 1H), 2.05-1.94 (m, 1H), 1.62 (s, 3H), 1.54 (s, 3H).

X

o O

S
g (S)

OTBDPS
M(TBDPS) dioxo'> rmsviii-47b: tert-Butyldiphenylsilyl chloride (10.3 g, 37.5 mmol,
TBDPSCI) was dissolved in 20 mL dry CH,Cl, under N,. Pyridine (6 mL, 75 mmol) was added
dropwise and the reaction mixture was allowed to stir for 10 min. M(OH) dioxo (4 g, 25 mmol)
in 15 mL CH,CI, was added dropwise and reaction mixture was allowed to stir for 4 h. The
reaction mixture was poured into 150 mL of brine and separated. The aqueous layer was
extracted with CH,Cl, (3 x 50 mL). The organic layers were combined, dried with MgSO4 and
concentrated in vacuo. The concentrate was chromatographed (silica, 0-5% EtOAc in hexanes) to
yield a colorless oil. The oil was vacuum distilled to remove the silanol byproduct (140-150 °C,
50 mmHg). The remaining oil (7.0 g, 70%) contained 90% product and 10% silanol and was
used without further purification. 'H NMR (CDCls, 300 MHz) & 7.72-7.68 (m, 4H), 7.43-7.40
(m, 6H), 4.65 (dd, J,= 8.4 Hz, J,= 4.2 Hz, 1H), 3.94-3.84 (m, 1H), 3.83-3.76 (m, 1H), 2.23-2.12

(m, 1H), 1.98-1.88 (m, 1H), 1.60 (s, 3H), 1.57 (s, 3H), 1.07 (s, 9H).
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S
3 (S)

OTHP
M(THP) dioxo'" rmsix-30a: Hydroxyl dioxolanone M(OH) dioxo (2.0 g, 12.5 mmol) was

combined with dihydropyran (1.6 mL, 18.8 mmol) and pyridinium p-toluenesulfonate (0.31 g,
1.25 mmol, PPTS) in 100 mL of CH,Cl, and was allowed to stir at RT for 3.5 h. Ether (200 mL)
was added and the mixture was washed with sat NaHCOs3 (2 x 100 mL). The organic layer was

dried with MgSO, and concentrated in vacuo to yield a slightly yellow liquid (3.0 g, 99%). 'H
NMR (CDCl3, 600 MHz) 6 4.61-4.57 (m, 2H), 4.54-4.51 (m, 2H), 3.9-3.8 (m, 4H), 3.6-3.48 (m,

4H), 2.18-2.14 (m, 2H), 2.03-1.96 (m, 2H), 1.8-1.75 (m, 2H), 1.7-1.6 (m, 2H), 1.6-1.4 (m,

O

(S). OH
BnO

20H). OTBDPS
Bn-M(TBDPS) rmsviii-51a: M(TBDPS) dioxo (5.55 g, 12.5 mmol) and benzyl alcohol (13.5 g,
125 mmol) were combined in 50 mL of dry toluene and cooled in an ice bath. Lithium
hexamethyldisalazide (10.5 g, 62.5 mmol) in 63 mL THF (1.0 M) was added dropwise and the
reaction mixture was allowed to stir for 1.5 h at RT. The reaction was quenched with sat NH4Cl
and extracted with EtOAc. The organic layers were dried with MgSO,, concentrated in vacuo
and chromatographed (silica, 0-5% EtOAc in hexanes) to yield a colorless liquid (4.86 g, 87%).
'H NMR (CDCl3, 600 MHz) & 7.67-7.65 (m, 4H), 7.43-7.32 (m, 11H), 5.21 (d, J= 12.6 Hz, 1H),
5.16 (d, J= 12.0 Hz, 1H), 4.51-4.45 (m, 1H), 3.84 (d, J= 6.0 Hz, 1H), 3.83 (d, J= 5.4 Hz, 1H),
3.26 (d, J= 5.4 Hz, 1H), 2.13-2.08 (m, 1H), 1.93-1.87 (m, 1H), 1.05 (s, 9H); °C NMR (CDCl;,

150 MHz) 6 174.8, 135.5, 135.3, 133.2, 133.1, 129.7, 128.6, 128.4, 128.2, 127.7, 68.8, 67.1,

60.6, 36.2, 26.8, 19.1.
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s) OH
B~ &0
OTHP

Bn-M(THP) rmsix-36b: Similar to Bn-M(TBDPS). The product was a colorless liquid (2.45 g,
72 %). '"H NMR (CDCl3, 600 MHz) & 7.40-7.34 (m, 10H), 5.27-5.19 (m, 4H), 4.74-4.72 (m, 1H),
4.58-4.57 (m, 1H), 4.43 (dd, J,= 9.0 Hz, J,= 60 Hz, 1H), 3.99-3.83 (m, 4H), 3.62-3.50 (m, 4H),
3.23 (s, 2H), 2.18-2.14 (m, 2H), 2.05-1.95 (m, 2H), 1.81-1.78 (m, 2H), 1.73-1.65 (m, 2H), 1.58-

1.52 (m, SH).

(5.0
BnO \H/A\OTBDPS

THPO O
Bn-M(THP)G-SiR;3 rmsix-37a: The dimer was prepared under standard DCC/DMAP coupling
conditions. The product was chromatographed (silica, 5-7.5% EtOAc in hexanes) to yield a
colorless liquid (1.47 g, 73%). '"H NMR (CDCls, 600 MHz) & 7.67-7.65 (m, 8H), 7.42-7.32 (m,
22H), 5.25 (dd, J;= 78 Hz, J,= 6.0 Hz, 2H), 5.18-5.12 (m, 4H), 4.5-4.45 (m, 2H), 4.36-4.27 (m,
4H), 3.79-3.68 (m, 4H), 3.42-3.34 (m, 4H), 2.14-2.03 (m, 4H), 1.76-1.71 (m, 2H), 1.64-1.60 (m,
2H), 1.54-1.49 (m, 8H), 1.05 (s, 18H); *C NMR (CDCl;, 150 MHz) & 170.61, 170.58, 169.7,
169.66, 135.52, 135.5, 135.2, 132.6, 129.9, 128.5, 128.3, 128.1, 128.0, 127.8, 127.7, 98.8, 98.6,

69.6, 69.5, 67.0, 66.9, 62.5, 62.3, 62.0, 61.9, 31.3, 31.2, 30.9, 30.4, 26.6, 26.5, 25.3, 19.3, 19.2,

S
BnO~ )O\”/A\OH
THPO o)

Bn-M(THP)G rmsix-40a: Silyl deprotection was conducted under standard conditions. The

19.16.

product was chromatographed (silica, 25-40% EtOAc in hexanes) to yield a colorless liquid
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(1.60 g, 90%). 'H NMR (CDCls, 600 MHz) & 7.37-7.32 (m, 10H), 5.36-5.33 (m, 2H), 5.19-5.14
(m, 4H), 4.52-4.50 (m, 2H), 4.30-4.20 (m, 4H), 3.86-3.71 (m, 4H), 3.49-3.39 (m, 4H), 2.32-2.28
(m, 2H), 2.24-2.10 (m, 4H), 1.78-1.72 (m, 2H), 1.67-1.62 (m, 2H), 1.56-1.45 (m, 8H).

0]

(8) OH
HO

OTBDPS

M(TBDPS) rmsviii-52a: Benzyl deprotection was accomplished using standard hydrogenolysis
conditions. The product was a colorless oil (0.68 g, 85%). 'H NMR (CDCls, 300 MHz) & 7.65-
7.62 (m, 4H), 7.45-7.39 (m, 11H), 4.48-4.45 (m, 1H), 3.90 (d, J=4.5 Hz, 1H), 3.89 (d, J= 4.8 Hz,

1H), 2.2-2.12 (m, 1H), 2.03-1.95 (m, 1H), 1.04 (s, 9H).

6,0
HO N oH
THPO ol

M(THP)G rmsix-41a: Benzyl deprotection was accomplished using standard hydrogenolysis

conditions. The product was a colorless oil (0.93 g, 83%).

5]

OTBDPS
Poly M(TBDPS) rmsviii-54a: Polymer prepared under standard DIC/DPTS conditions. The
polymer was a fine colorless powder (0.40 g, 66%). '"H NMR (CDCls, 600 MHz) & 7.62-7.58 (m,
4H), 7.30-7.25 (m, 11H), 5.5-5.48 (m, 1H), 3.73-3.71 (m, 2H), 2.37-2.34 (m, 1H), 1.97-1.92 (m,
1H), 0.93 (s, 9H); °C NMR (CDCl;, 150 MHz) & 169.6, 135.5, 135.4, 133.4, 133.1, 129.6,
129.5, 127.7, 127.6, 69.4, 58.9, 33.8, 26.8, 19.1; SEC (THF): M, — 11.0 kDa, M,, — 20.0 kDa,

PDI-2.0.
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Poly M(THP) rmsix-42: Polymer decomposed under standard DIC/DPTS conditions. The
decomposition was likely due to the interaction of DPTS with THP leading to deprotection of the

segmer.
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APPENDIX A: Chapter 2

A.1 FULL MALDI-TOF SPECTRA

800 1200 1600 2000 2400 2800

Molecular weight {amu)

2000 3000 4000 5000 6000

Molecular weight (amu)

Figure 36. MALDI-TOF spectra for poly LG (top) and GLG (bottom).
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A.2 'H AND C NMR SPECTRA OF PLGA RSCS

e

Figure 37. "H NMR (600 MHz, top) and *C NMR (125 MHz, bottom) spectra for poly LG
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Figure 38. "H NMR (700 MHz, top) and *C NMR (175 MHz, bottom) spectra for poly L,,.G
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Figure 39. "H NMR (600 MHz, top) and *C NMR (125 MHz, bottom) spectra for poly LL
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Figure 40. "H NMR (600 MHz, top) and *C NMR (125 MHz, bottom) spectra for poly LgL
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Figure 42. "H NMR (600 MHz, top) and ?C NMR (125 MHz, bottom) spectra for poly GLG
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Figure 44. "H NMR (700 MHz, top) and ?C NMR (175 MHz, bottom) spectra for poly LLG
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Figure 45. "H NMR (700 MHz, top) and *C NMR (175 MHz, bottom) spectra for poly LLzG
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Figure 46. "H NMR (700 MHz, top) and >C NMR (175 MHz, bottom) spectra for poly LxLG
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Figure 47. "H NMR (700 MHz, top) and *C NMR (175 MHz, bottom) spectra for poly LL,,.G
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Figure 52. "H NMR (600 MHz, top) and >C NMR (125 MHz, bottom) spectra for poly LG4,G
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Figure 62. "H NMR (600 MHz, top) and *C NMR (125 MHz, bottom) spectra for poly LL,, LG
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Figure 64. "H NMR (600 MHz, top) and >C NMR (125 MHz, bottom) spectra for poly L, Ly..LG
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A.3 SELECTED DIFFERENTIAL SCANNING CALORIMOGRAMS

poly GLG

30 50 70 90 110 130 150 170 190

Figure 67. DSC traces for poly GLG, LG, LLG and LLLG. Data is from second heating cycle.
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poly LLrG

poly LLG annealed

30 50 70 90 110 130 150 170 190

Figure 68. DSC trace for poly LLzG (without annealing) and LLG annealed for 3 h at 85 °C. Data is from

first heating cycle.

poly LL

poly LLracL
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Figure 69. DSC traces for poly LL and LL,, L. Data is from second heating cycle.
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APPENDIX B: Chapter 3

B.1 'H AND “C NMR SPECTRA FOR FUNCTIONALIZED PLGA RSCS

218



o'y
LISy
25y
LESY
9vs'y
S5y

969t —=
EE‘\
_R.q\.
mmw.q\

858V
GLE'G
6.E°G
€8€°G
L8E'S
L6E'S
Lo¥'S
S0¥'S
80¥'G

£S8'E
LS8°E
698°C
£.8°E
188°¢
688°E
L68'E
506°€

ove'L
6ve'L
19¢'L
cle’l
L6g'L
coe’L
cle’s

ppm

iy

5.0

o
=1

55

6.0

6.5

7.0

|

=]
R
]

|

75

00" |9 m—
8289 m—
IS8~
BV EL=""
00°LL ="

ar iz
am,hmfv
7’821

GG LE| m—

2c'a9lt
87991 V.

100 90

110

180

Figure 70. "H NMR (700 MHz, top) and *C NMR (100 MHz, bottom) spectra for poly S*(Bn)G

219



8v8'E
c68'e
¥98'E
898°E
168°€
S06'€
€I6'e
126'€
0l5v
LeS'y
955y
€L5v
8697
lal'y
SELY
8SL'¥
S8L'Y
98L'Y
808'F
608'%
98E'S
06£'S
¥6E'S
LBE'S
ove'l
el
GSé' L
89¢'L
6L2L
66¢'L
80€'L
02eL
622'L

S TSI

(@]
(@]
(@]
BnO
L .

O\H/\O
(@]
|

!

0.0 ppm

40 35 30 25 20 15 10 05

4.5
o
o

m“'
2=
—lei

95 90 85 80 75 70 65 60 55 50

10.0

g

Lo

g

!

jis]
(=]
[fs]

f

0809
509"
Z289—

£S'8L~—
By EL—

YLLZ)
26742}
srgal "

lelel—

81994
mm‘wm:W.
67991

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

Figure 71. "H NMR (700 MHz, top) and >C NMR (175 MHz, bottom) spectra for poly GS*(Bn)G
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[

4.0

|

|
I~
]
o

5.5

S (=
ln
Ny .

6.0

O (S) O\L(\O
o

7.0

[=]

Ll -

£82°L

662°L

60€°L 7T
6le’s

225



5574
vos'L
EFAN
685}
6651

0co'e
LE0'E
cr0’e
ole'e
ve6'e
gee'e
0¥6'e
6v6'C
8LL'Y
S8L'v
PeL'Y
s0g'v
€85’
909'%
Plchd
998'%
VAl
8515
89L's
0LL'S
181G
88l's
c6l's
661G
012's
02e's
S¥e’s
§5e'S
99¢'S
9.2'S

FF ==\

0rd L~
S0e’L=—

]

|

u

0
b
=]

f

92’5t

259l /.
591
€994

99'9L

8109
9l'z9
§8'69
9069
€1°69
S1'69
22’69
25’69
S8'EL

XN

95991
LOL9) /
6691

SP69t
S9'691
69°0L1

10 ppm

20

30

40

50

60

70

150 1:10 1:;0 120 110 100 9.0 80
226

160

180 170

190

Figure 78. "H NMR (700 MHz, top) and *C NMR (175 MHz, bottom) spectra for poly LLLS*(OH)LLG

i .Y



S5
955’k
995"}
94571
6851
1651
6651
H09'H

986'C
866'C
400°€
€E6'C
826
966'C

LPE'E
Ire'e
¥s6'e
B8S6'E
LiLY
ey
1-1 %
(14
6Ly
Logv
60t

98S'¥
065'%
609'%
EIgy
1E8'F
P8y
658'F
198'F
esk's
2aL’s
SLL'S
981'S
16L'S
961'G
€02'S
gle's
S¢S
8¥c's
85¢'S
692'S
6LC'S

0Pg L=~
S0EL=—"

ppm

5

_ L..._
2.0

2.5

:

35

4.0
] |9|

4.5

HH |

:

6.0 55

6.5

7.0

A

75

L2851
g9l
8591
r9'9l
99°91
2991
6991

8209
8,8/
8129

%.mm./

l0'69
2069
Sh'69
1269
€269
569

98'cL

FAEl
85991
60°291
8E'69}
Pregl
05’691
S9'691
89°0L}H

e

T T
10 ppm

T
100

T T T T T T T
80 70 60 50 40 30 20

T
90

T T T T T T T T
180 170 160 150 140 130 120 110

T
190

Figure 79. "H NMR (700 MHz, top) and ?C NMR (175 MHz, bottom) spectra for poly LLLS*(OH)LLGLLG

227



P~ 0 W0 WwW St © © o [ TS SV 7o) <
— S0 ®®D @ QW @~ & ©T ot @
©OmINnN NN <+ < M~ @0 oo o
O A e 0w o« Al = =}
0]
[ )0
@)
n
OTBDPS
i
1
1 l f !
A .
r T T T T T T T T T T T T T T T 1
75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm
o — =] — = o S
<+ ~ - Y o — @
— — =0T
w Nt OOWN M~ « w0 o ~ o
@ LRt N R Rl WA = @ @ e -
© D MO NNNN @ @G o © @
- e - w w © o -
| | , , | |
T T L} L) T T T T T T T T T L) T T L} T T L)
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure 80. "H NMR (600 MHz, top) and ?C NMR (125 MHz, bottom) spectra for poly M(TBDPS)

228



BIBLIOGRAPHY

Stayshich, R. M.; Meyer, T. Y.; "New Insights into Poly(lactic-co-glycolic acid)
Microstructure: Using Repeating Sequence Copolymers To Decipher Complex NMR and
Thermal Behavior" J. Am. Chem. Soc. 2010, 132, 10920-10934.
Lutz, J.-F.; "Sequence-controlled polymerizations: the next Holy Grail in polymer
science?" Polym. Chem. 2010, 1, 55-62.
Lutz, J.-F.; Boerner, H. G.; "Precision Macromolecular Chemistry" Macromol. Rapid
Commun. 2011, 32, 113-114.
Jones, R.; "Why nanotechnology needs better polymer chemistry" Nat. Nanotechnol. 2008,
3, 699-700.
Cheng, R. P.; Gellman, S. H.; DeGrado, W. F.; "beta -Peptides: From structure to function"
Chem. Rev. 2001, 101, 3219-3232.
Hill, D. J.; Mio, M. J.; Prince, R. B.; Hughes, T. S.; Moore, J. S.; "A field guide to
foldamers" Chem. Rev. 2001, 101, 3893-4012.
Cui, H.; Webber, M. J.; Stupp, S. L; "Self-assembly of peptide amphiphiles: From
molecules to nanostructures to biomaterials" Biopolymers 2010, 94, 1-18.
Ueda, M.; "Sequence control in one-step condensation polymerization" Prog. Polym. Sci.
1999, 24, 699-730.

Yokota, K.; "Periodic copolymers" Prog. Polym. Sci. 1999, 24, 517-563.

229



10.

11.

12.

13.

14.

15.

16.

17.

18.

Stewart, F. H. C.; "Synthesis of polydepsipeptides with regularly repeating unit sequences"
Aust. J. Chem. 1969, 22, 1291-8.
Kent, S. B. H.; "Total chemical synthesis of proteins" Chem. Soc. Rev. 2009, 38, 338-351.

Lin, S.; Waymouth, R. M.; "2-Arylindene Metallocenes: Conformationally Dynamic
Catalysts To Control the Structure and Properties of Polypropylenes" Acc. Chem. Res.
2002, 35, 765-773.

Baughman, T. W.; Sworen, J. C.; Wagener, K. B.; "Sequenced Ethylene-Propylene
Copolymers: Effects of Short Ethylene Run Lengths" Macromolecules 2006, 39, 5028-
5036.

Hopkins, T. E.; Wagener, K. B.; "ADMET Synthesis of Polyolefins Targeted for Biological
Applications" Macromolecules 2004, 37, 1180-1189.

Leonard, J. K.; Turek, D.; Sloan, K. B.; Wagener, K. B.; "Polyethylene Prodrugs Using
Precisely Placed Pharmaceutical Agents" Macromol. Chem. Phys. 2010, 211, 154-165.
Mei, J.; Aitken, B. S.; Graham, K. R.; Wagener, K. B.; Reynolds, J. R.; "Regioregular
Electroactive Polyolefins with Precisely Sequenced pi-Conjugated Chromophores"
Macromolecules 2010, 43, 5909-5913.

Choti, T.-L.; Rutenberg, I. M.; Grubbs, R. H.; "Synthesis of A,B-alternating copolymers
by ring-opening-insertion-metathesis polymerization" Angew. Chem., Int. Ed. 2002, 41,
3839-3841.

Demel, S.; Slugove, C.; Stelzer, F.; Fodor-Csorba, K.; Galli, G.; "Alternating diene
metathesis polycondensation (ALTMET) - a versatile tool for the preparation of perfectly

alternating AB copolymers" Macromol. Rapid Commun. 2003, 24, 636-641.

230



19.

20.

21.

22.

23.

24.

25.

26.

27.

Thomas, C. M.; "Stereocontrolled ring-opening polymerization of cyclic esters: synthesis
of new polyester microstructures" Chem. Soc. Rev. 2010, 39, 165-173.

Dechy-Cabaret, O.; Martin-Vaca, B.; Bourissou, D.; "Controlled ring-opening
polymerization of lactide and glycolide" Chem. Rev. 2004, 104, 6147-6176.

Dove, A. P.; "Controlled ring-opening polymerisation of cyclic esters: polymer blocks in
self-assembled nanostructures" Chem. Commun. 2008, 6446-6470.

Stanford, M. J.; Dove, A. P.; "Stereocontrolled ring-opening polymerisation of lactide"
Chem. Soc. Rev. 2010, 39, 486-494.

Ovitt, T. M.; Coates, G. W.; "Stereochemistry of lactide polymerization with chiral
catalysts: New opportunities for stereocontrol using polymer exchange mechanisms" J.
Am. Chem. Soc. 2002, 124, 1316-1326.

Williams, C. K.; Breyfogle, L. E.; Choi, S. K.; Nam, W.; Young, V. G., Jr.; Hillmyer, M.
A.; Tolman, W. B.; "A highly active zinc catalyst for the controlled polymerization of
lactide" J. Am. Chem. Soc. 2003, 125, 11350-11359.

Ovitt, T. M.; Coates, G. W.; "Stereoselective Ring-Opening Polymerization of meso-
Lactide: Synthesis of Syndiotactic Poly(lactic acid)" J. Am. Chem. Soc. 1999, 121, 4072-
4073.

Pietrangelo, A.; Knight, S. C.; Gupta, A. K.; Yao, L. J.; Hillmyer, M. A.; Tolman, W. B.;
"Mechanistic Study of the Stereoselective Polymerization of D,L-Lactide Using
Indium(IIT) Halides" J. Am. Chem. Soc. 2010, 132, 11649-11657.

Ovitt, T. M.; Coates, G. W.; "Stereoselective ring-opening polymerization of rac-lactide
with a single-site, racemic aluminum alkoxide catalyst: Synthesis of stereoblock

poly(lactic acid)" J. Polym. Sci., Part A: Polym. Chem. 2000, 38, 4686-4692.

231



28.

29.

30.

31.

32.

33.

34.

Amgoune, A.; Thomas, C. M.; Ilinca, S.; Roisnel, T.; Carpentier, J.-F.; "Highly active,
productive, and syndiospecific yttrium initiators for the polymerization of racemic beta -
butyrolactone" Angew. Chem., Int. Ed. 2006, 45, 2782-2784.

Ajellal, N.; Bouyahyi, M.; Amgoune, A.; Thomas, C. M.; Bondon, A.; Pillin, I.; Grohens,
Y.; Carpentier, J.-F.; "Syndiotactic-Enriched Poly(3-hydroxybutyrate)s via Stereoselective
Ring-Opening Polymerization of Racemic beta -Butyrolactone with Discrete Yttrium
Catalysts" Macromolecules 2009, 42, 987-993.

Kramer, J. W.; Treitler, D. S.; Dunn, E. W.; Castro, P. M.; Roisnel, T.; Thomas, C. M.;
Coates, G. W.; "Polymerization of Enantiopure Monomers Using Syndiospecific
Catalysts: A New Approach To Sequence Control in Polymer Synthesis" J. Am. Chem.
Soc. 2009, 131, 16042-16044.

Darensbourg, D. J.; Karroonnirun, O.; "Ring-Opening Polymerization of L-Lactide and e-
Caprolactone Utilizing Biocompatible Zinc Catalysts. Random Copolymerization of L-
Lactide and e-Caprolactone" Macromolecules 2010, 43, 8880-8886.

Nomura, N.; Akita, A.; Ishii, R.; Mizuno, M.; "Random Copolymerization of e-
Caprolactone with Lactide Using a Homosalen-Al Complex" J. Am. Chem. Soc. 2010,
132, 1750-1751.

Getzler, Y. D. Y. L.; Mahadevan, V.; Lobkovsky, E. B.; Coates, G. W.; "Synthesis of beta
-Lactones: A Highly Active and Selective Catalyst for Epoxide Carbonylation" J. Am.
Chem. Soc. 2002, 124, 1174-1175.

Aida, T.; Inoue, S.; "Activation of carbon dioxide with aluminum porphyrin and reaction
with epoxide. Studies on (tetraphenylporphinato)aluminum alkoxide having a long

oxyalkylene chain as the alkoxide group" J. Am. Chem. Soc. 1983, 105, 1304-9.

232



35.

36.

37.

38.

39.

40.

41.

42.

Brule, E.; Guo, J.; Coates, G. W.; Thomas, C. M.; "Metal-Catalyzed Synthesis of
Alternating Copolymers" Macromol. Rapid Commun. 2011, 32, 169-185.

Natalello, A.; Hall, J. N.; Eccles, E. A. L.; Kimani, S. M.; Hutchings, L. R.; "Kinetic
Control of Monomer Sequence Distribution in Living Anionic Copolymerisation"
Macromol. Rapid Commun. 2011, 32, 233-237.

Klumperman, B.; "Mechanistic considerations on styrene-maleic anhydride
copolymerization reactions" Polym. Chem. 2010, 1, 558-562.

Matyjaszewski, K.; Xia, J.; "Atom Transfer Radical Polymerization" Chem. Rev. 2001,
101, 2921-2990.

Lutz, J.-F.; Neugebauer, D.; Matyjaszewski, K.; "Stereoblock copolymers and tacticity
control in controlled/living radical polymerization" J. Am. Chem. Soc. 2003, 125, 6986-
6993.

Ray, B.; Isobe, Y.; Morioka, K.; Habaue, S.; Okamoto, Y.; Kamigaito, M.; Sawamoto,
M.; "Synthesis of Isotactic Poly(N-isopropylacrylamide) by RAFT Polymerization in the
Presence of Lewis Acid" Macromolecules 2003, 36, 543-545.

Lutz, J.-F.; Kirci, B.; Matyjaszewski, K.; "Synthesis of well-defined alternating copolymers
by controlled/living radical polymerization in the presence of Lewis acids"
Macromolecules 2003, 36, 3136-3145.

Isobe, Y.; Yamada, K.; Nakano, T.; Okamoto, Y.; "Stereospecific free-radical
polymerization of methacrylates using fluoroalcohols as solvents" Macromolecules 1999,

32, 5979-5981.

233



43.

44,

45.

46.

47.

48.

49.

Miura, Y.; Satoh, T.; Narumi, A.; Nishizawa, O.; Okamoto, Y.; Kakuchi, T.; "Atom
Transfer Radical Polymerization of Methyl Methacrylate in Fluoroalcohol: Simultaneous
Control of Molecular Weight and Tacticity" Macromolecules 2005, 38, 1041-1043.

Tao, Y.; Satoh, K.; Kamigaito, M.; "Nucleobase-Mediated Stereospecific Radical
Polymerization and Combination with RAFT Polymerization for Simultaneous Control of
Molecular Weight and Tacticity" Macromol. Rapid Commun. 2011, 32, 226-232.

Brudno, Y.; Liu, D. R.; "Recent Progress Toward the Templated Synthesis and Directed
Evolution of Sequence-Defined Synthetic Polymers" Chem. Biol. (Cambridge, MA, U. S.)
2009, /6, 265-276.

Ida, S.; Ouchi, M.; Sawamoto, M.; "Template-Assisted Selective Radical Addition toward
Sequence-Regulated Polymerization: Lariat Capture of Target Monomer by Template
Initiator" J. Am. Chem. Soc. 2010, 132, 14748-14750.

Ida, S.; Terashima, T.; Ouchi, M.; Sawamoto, M.; "Selective Radical Addition with a
Designed Heterobifunctional Halide: A Primary Study toward Sequence-Controlled
Polymerization upon Template Effect" J. Am. Chem. Soc. 2009, 131, 10808-10809.

Ida, S.; Ouchi, M.; Sawamoto, M.; "Designer Template Initiator for Sequence Regulated
Polymerization: Systems Design for Substrate-Selective Metal-Catalyzed Radical
Addition and Living Radical Polymerization" Macromol. Rapid Commun. 2011, 32, 209-
214.

Datta, B.; Schuster, G. B.; "DNA-Directed Synthesis of Aniline and 4-Aminobiphenyl
Oligomers: Programmed Transfer of Sequence Information to a Conjoined Polymer

Nanowire" J. Am. Chem. Soc. 2008, 130, 2965-2973.

234



50.

51.

52.

53.

54.

55.

56.

57.

58.

Datta, B.; Schuster, G. B.; McCook, A.; Harvey, S. C.; Zakrzewska, K.; "DNA-Directed
Assembly of Polyanilines: Modified Cytosine Nucleotides Transfer Sequence
Programmability to a Conjoined Polymer" J. Am. Chem. Soc. 2006, 128, 14428-14429.

Matyjaszewski, K.; Tsarevsky, N. V.; "Nanostructured functional materials prepared by
atom transfer radical polymerization" Nat. Chem. 2009, 1, 276-288.

Smith, A. E.; Xu, X.; McCormick, C. L.; "Stimuli-responsive amphiphilic (co)polymers
via RAFT polymerization" Prog. Polym. Sci. 2010, 35, 45-93.

Hosoda, S.; Nozue, Y.; Kawashima, Y.; Suita, K.; Seno, S.; Nagamatsu, T.; Wagener, K.
B.; Inci, B.; Zuluaga, F.; Rojas, G.; Leonard, J. K.; "Effect of the sequence length
distribution on the lamellar crystal thickness and thickness distribution of polyethylene:
perfectly equisequential ADMET polyethylene vs ethylene/alpha -olefin copolymer"
Macromolecules 2011, 44, 313-319.

Vollrath, F.; Porter, D.; "Silks as ancient models for modern polymers" Polymer 2009, 50,
5623-5632.

Ward, R. E.; Meyer, T. Y.; "o,p-Polyaniline: A New Form of a Classic Conducting
Polymer" Macromolecules 2003, 36, 4368-4373.

Copenhafer, J. E.; Walters, R. W.; Meyer, T. Y.; "Synthesis and Characterization of
Repeating Sequence Copolymers of Fluorene and Methylene Monomers" Macromolecules
2008, 41, 31-35.

Norris, B. N.; Pan, T.; Meyer, T. Y.; "lterative synthesis of heterotelechelic
oligo(phenylene-vinylene)s by olefin cross-metathesis" Org. Lett. 2010, 12, 5514-5517.
Langer, R.; "Biomaterials in drug delivery and tissue engineering: one laboratory's

experience" Acc. Chem. Res. 2000, 33, 94-101.

235



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Anderson, J. M.; Shive, M. S.; "Biodegradation and biocompatibility of PLA and PLGA
microspheres" Adv. Drug Deliv. Rev. 1997, 28, 5-24.

Athanasiou, K. A.; Niederauer, G. G.; Agrawal, C. M.; "Sterilization, toxicity,
biocompatibility and clinical applications of polylactic acid/polyglycolic acid copolymers"
Biomaterials 1996, 17, 93-102.

Hutmacher, D. W.; "Scaffolds in tissue engineering bone and cartilage" Biomaterials 2000,
21,2529-2543.

Lunt, J.; "Large-scale production, properties and commercial applications of polylactic
acid polymers" Polym. Degrad. Stab. 1998, 59, 145-152.
Shoichet, M. S.; "Polymer Scaffolds for Biomaterials Applications" Macromolecules 2010,
43, 581-591.

Williams, D. F.; "On the nature of biomaterials" Biomaterials 2009, 30, 5897-5909.

Matthew, H. W. T.; "Polymers for tissue engineering scaffolds" Polym. Biomater. (2nd
Ed.) 2002, 167-186.

Seal, B. L.; Otero, T. C.; Panitch, A.; "Polymeric biomaterials for tissue and organ
regeneration" Materials Science & Engineering, R Reports 2001, R34, 147-230.

Chisholm, M. H.; Delbridge, E. E.; Gallucci, J. C.; "Modeling the catalyst resting state in
aryl tin(IV) polymerizations of lactide and estimating the relative rates of transamidation,
transesterification and chain transfer" New J. Chem. 2004, 28, 145-152.

Kasperczyk, J.; Bero, M.; "Stereoselective polymerization of racemic DL-lactide in the
presence of butyllithium and butylmagnesium. Structural investigations of the polymers"

Polymer 2000, 41, 391-395.

236



69.

70.

71.

72.

73.

74.

75.

76.

Bero, M.; Dobrzynski, P.; Kasperczyk, J.; "Application of zirconium(IV) acetylacetonate

to the copolymerization of glycolide with e-caprolactone and lactide" Polymer Bulletin
(Berlin) 1999, 42, 131-139.

Choi, S. H.; Park, T. G.; "Synthesis and characterization of elastic PLGA/PCL/PLGA tri-
block copolymers" J. Biomat. Sci.-Polym. E. 2002, 13, 1163-1173.

Dobrzynski, P.; Kasperczyk, J.; Janeczek, H.; Bero, M.; "Synthesis of biodegradable
glycolide/L-lactide copolymers using iron compounds as initiators" Polymer 2002, 43,
2595-2601.

Dong, C. M.; Qiu, K. Y.; Gu, Z. W.; Feng, X. D.; "Synthesis of poly(D,L-lactic acid-alt-
glycolic acid) from D,L-3-methylglycolide" J. Polym. Sci., Part A: Polym. Chem. 2000,
38,4179-4184.

Dong, C. M. Q., K. Y.; Gu, Z. W.; Feng, X.D.; "Living polymerization of D,L-3-
methylglycolide initiated with bimetallic (Al/Zn) p-oxo alkoxide and copolymers thereof™
J. Polym. Sci., Part A: Polym. Chem. 2001, 39, 357-367.

Grijpma, D. W.; Nijenhuis, A. J.; Pennings, A. J.; "Synthesis and hydrolytic degradation
behavior of high-molecular-weight L-lactide and glycolide copolymers" Polymer 1990,
31,2201-6.

Kricheldorf, H. R.; Kreiser, I.; "Polylactones. 11. Cationic copolymerization of glycolide
with L,L-dilactide" Makromolekul. Chem. 1987, 188, 1861-73.

Zell, M. T.; Padden, B. E.; Paterick, A. J.; Thakur, K. A. M.; Kean, R. T.; Hillmyer, M.
A.; Munson, E. J.; "Unambiguous determination of the C-13 and H-1 NMR
stereosequence assignments of polylactide using high-resolution solution NMR

spectroscopy" Macromolecules 2002, 35, 7700-7707.

237



77.

78.

79.

80.

81.

82.

83.

84.

85.

Thakur, K. A. M.; Kean, R. T.; Hall, E. S.; Kolstad, J. J.; Munson, E. J.; "Stereochemical
aspects of lactide stereo-copolymerization investigated by H-1 NMR: A case of changing
stereospecificity" Macromolecules 1998, 31, 1487-1494.

Thakur, K. A. M.; Kean, R. T.; Hall, E. S.; Kolstad, J. J.; Lindgren, T. A.; Doscotch, M.
A.; Siepmann, J. I.; Munson, E. J.; "High-resolution C-13 and H-1 solution NMR study of
poly(lactide)" Macromolecules 1997, 30, 2422-2428.

Thakur, K. A. M.; Kean, R. T.; Hall, E. S.; Doscotch, M. A.; Munson, E. J.; "A
Quantitative Method for Determination of Lactide Composition in Poly(lactide) Using 1H
NMR" Anal. Chem. 1997, 69, 4303-4309.

Kasperczyk, J.; "NMR investigation of biodegradable polyesters for medical applications"
Macromol. Symp. 2001, 175, 19-31.

Kasperczyk, J. E.; "HETCOR NMR study of poly(rac-lactide) and poly(meso-lactide)"
Polymer 1999, 40, 5455-5458.

Bero, M.; Kasperczyk, J.; Jedlinski, Z. J.; "Coordination polymerization of lactides. 1.
Structure determination of obtained polymers" Makromolekul. Chem. 1990, 191, 2287-96.

Kricheldorf, H. R.; Boettcher, C.; Tonnes, K. U.; "Polylactones .23. Polymerization of
Racemic and Meso D,L-Lactide with Various Organotin Catalysts Stereochemical
Aspects" Polymer 1992, 33, 2817-2824.

Chabot, F.; Vert, M.; Chapelle, S.; Granger, P.; "Configurational structures of lactic acid
stereocopolymers as determined by 13C-{1H} NMR" Polymer 1983, 24, 53-9.

Zhang, L.; Nederberg, F.; Messman, J. M.; Pratt, R. C.; Hedrick, J. L.; Wade, C. G.;
"Organocatalytic Stereoselective Ring-Opening Polymerization of Lactide with Dimeric

Phosphazene Bases" J. Am. Chem. Soc. 2007, 129, 12610-12611.

238



86.

87.

88.

&9.

90.

91.

92.

93.

Spassky, N.; Wisniewski, M.; Pluta, C.; LeBorgne, A.; "Highly stereoelective
polymerization of rac-(D,L)-lactide with a chiral Schiff's base/aluminium alkoxide
initiator" Macromol. Chem. Phys. 1996, 197,2627-2637.

Lillie, E.; Schulz, R. C.; "Proton and proton-decoupled carbon-13 NMR spectra of
stereocopolymers of lactide" Makromolekul. Chem. 1975, 176, 1901-6.

Espartero, J. L.; Rashkov, L.; Li, S. M.; Manolova, N.; Vert, M.; "NMR Analysis of Low
Molecular Weight Poly(lactic acid)s" Macromolecules 1996, 29, 3535-3539.
Kasperczyk, J.; Bero, M.; "Coordination polymerization of lactides. 4. The role of
transesterification in the copolymerization of L,L-lactide and e-caprolactone"”
Makromolekul. Chem. 1993, 194, 913-25.

Dobrzynski, P.; Kasperczyk, J.; Janeczek, H.; Bero, M.; "Synthesis of Biodegradable
Copolymers with the Use of Low Toxic Zirconium Compounds. 1. Copolymerization of
Glycolide with L-Lactide Initiated by Zr(Acac)4" Macromolecules 2001, 34, 5090-5098.
Gao, Q. W.; Lan, P.; Shao, H. L.; Hu, X. C.; "Direct synthesis with melt polycondensation
and microstructure analysis of poly(L-lactic acid-co-glycolic acid)" Polym. J. 2002, 34,
786-793.

Kasperczyk, J.; "Microstructural analysis of poly[(L,L-lactide)-co-(glycolide)] by H-1 and
C-13 nmr spectroscopy" Polymer 1996, 37, 201-203.

Kister, G.; Cassanas, G.; Vert, M.; "Structure and morphology of solid lactide-glycolide
copolymers from C-13 nmr, infra-red and Raman spectroscopy" Polymer 1998, 39, 3335-

3340.

239



94.

95.

96.

97.

98.

99.

100.

101.

Huang, B.; Hermes, M. E.; "Homogeneous polyesters of predetermined length,
composition, and sequence: model synthesis of alternating glycolic acid-co-(L)-lactic acid
oligomers" J. Polym. Sci., Part A: Polym. Chem. 1995, 33, 1419-29.

Takizawa, K.; Nulwala, H.; Hu, J.; Yoshinaga, K.; Hawker, C. J.; "Molecularly defined
(L)-lactic acid oligomers and polymers: synthesis and characterization" J. Polym. Sci.,
Part A: Polym. Chem. 2008, 46, 5977-5990.

Lengweiler, U. D.; Fritz, M. G.; Seebach, D.; "Monodisperse linear and cyclic oligo[(R)-
3-hydroxybutanoates] containing up to 128 monomeric units" Helv. Chim. Acta 1996, 79,
670-701.

Takizawa, K.; Tang, C. B.; Hawker, C. J.; "Molecularly Defined Caprolactone Oligomers
and Polymers: Synthesis and Characterization" J. Am. Chem. Soc. 2008, 130, 1718-1726.
Akutsu, F.; Inoki, M.; Uei, H.; Sueyoshi, M.; Kasashima, Y.; Naruchi, K.; Yamaguchi, Y.;
Sunahara, M.; "Synthesis of poly(lactic acid) by direct polycondensation of lactic acid
using 1,1'-carbonyldiimidazole, N,N,N',N'-tetramethylchloroformamidinium chloride, and
N,N'-dicyclohexylcarbodiimide as condensing agents" Polym. J. (Tokyo) 1998, 30, 421-
423.

Moore, J. S.; Stupp, S. I.; "Room temperature polyesterification" Macromolecules 1990,
23, 65-70.

Dijkstra, P. J.; Feijen, J.; "Synthetic pathways to polydepsipeptides" Macromol. Symp.
2000, 753, 67-76.

Faure, S.; Piva-Le-Blanc, S.; Bertrand, C.; Pete, J. P.; Faure, R.; Piva, O.; "Asymmetric
intramolecular [2+2] photocycloadditions: alpha- and beta-hydroxy acids as chiral tether

groups" J. Org. Chem. 2002, 67, 1061-1070.

240



102.

103.

104.

105.

106.

107.

108.

109.

110.

Wolfe, S.; Wilson, M.-C.; Cheng, M.-H.; Shustov, G. V.; Akuche, C. L; "Cyclic
hydroxamates, especially multiply substituted [1,2]oxazinan-3-ones" Can. J. Chem. 2003,
81, 937-960.

Stayshich, R. M.; Meyer, T. Y.; "Preparation and microstructural analysis of poly(lactic-
alt-glycolic acid)" J. Polym. Sci., Part A: Polym. Chem. 2008, 46, 4704-4711.

Santos, 1. D.; Morgat, J.-L.; Vert, M.; "Hydrogen isotope exchange as a means of labeling
lactides" J. Labelled Compd. Radiopharm. 1998, 41, 1005-1015.

Dos Santos, I.; Morgat, J.-L.; Vert, M.; "Glycolide deuteration by hydrogen isotope
exchange using the HSCIE method" J. Labelled Compd. Radiopharm. 1999, 42, 1093-
1101.

Seebach, D.; Naef, R.; Calderari, G.; "alpha -Alkylation of alpha -heterosubstituted
carboxylic acids without racemization. EPC-syntheses of tertiary alcohols and thiols"
Tetrahedron 1984, 40, 1313-24.

Seebach, D.; Sting, A. R.; Hoffmann, M.; "Self-regeneration of stereocenters (SRS) -
applications, limitations, and abandonment of a synthetic principle" Angew. Chem., Int.
Ed. Engl. 1997, 35, 2708-2748.

Nakamura, K.; Baker, T. J.; Goodman, M.; "Total Synthesis of Monatin" Org. Lett. 2000,
2,2967-2970.

Greiner, A.; Ortholand, J. Y.; "Erythroselective aldol condensation of amine free 2-tert-
butyl-5-methyl-2-phenyl-1,3-dioxolan-4-one lithium enolate. Synthesis of the ethyl
acetolactate enantiomers" Tetrahedron Lett. 1992, 33, 1897-900.

Laube, T.; Dunitz, J. D.; Seebach, D.; "Interaction between lithium enolates and secondary

amines in solution and in crystal form" Helv. Chim. Acta 1985, 68, 1373-93.

241



111.

112.

113.

114.

115.

116.

117.

118.

Hoberman, H. D.; "Coupling of oxidation of substrates to reductive biosynthesis. II.
Location of deuterium in glycogen formed from DL-2-deuteriolactate" J. Biol. Chem.
1958, 233, 1045-8.

Hoberman, H. D.; D'Adamo, A. F., Jr.; "Labeled substrates. 1. DL-Deuteriolactic acid" J.
Org. Chem. 1960, 25, 30-1.

Ley, S. V.; Leslie, R.; Tiffin, P. D.; Woods, M.; "Dispiroketals in synthesis. Part 2. A new
group for the selective protection of diequatorial vicinal diols in carbohydrates"
Tetrahedron Lett. 1992, 33, 4767-70.

Roush, W. R.; Brown, B. B.; "Enantioselective synthesis of 2-alkyl-5-methylene-1,3-
dioxolan-4-ones and exo-selective Diels-Alder reactions with cyclopentadiene" J. Org.
Chem. 1992, 57, 3380-7.

Miyashita, M.; Yoshikoshi, A.; Grieco, P. A.; "Pyridinium p-toluenesulfonate. A mild and
efficient catalyst for the tetrahydropyranylation of alcohols" J. Org. Chem. 1977, 42,
3772-4.

Kang, S.; Zhang, G.; Aou, K.; Hsu, S. L.; Stidham, H. D.; Yang, X.; "An analysis of
poly(lactic acid) with varying regio regularity" J. Chem. Phys. 2003, 118, 3430-3436.
Penco, M.; Donetti, R.; Mendichi, R.; Ferruti, P.; "New poly(ester-carbonate) multi-block
copolymers based on poly(lactic-glycolic acid) and poly(e-caprolactone) segments"
Macromol. Chem. Phys. 1998, 199, 1737-1745.

Huijser, S.; Staal, B. B. P.; Huang, J.; Duchateau, R.; Koning, C. E.; "Chemical
composition and topology of poly(lactide-co-glycolide) revealed by pushing MALDI-TOF

MS to its limit" Angew. Chem. Int. Ed. 2006, 45, 4104-4108.

242



119.

120.

121.

122.

123.

124.

125.

126.

Huijser, S.; Staal, B. B. P.; Huang, J.; Duchateau, R.; Koning, C. E.; "Topology
characterization by MALDI-ToF-MS of enzymatically synthesized poly(lactide-co-
glycolide)" Biomacromolecules 2006, 7, 2465-2469.
Bovey, F. A.; Mirau, P. A.; "The two-dimensional NMR spectroscopy of macromolecules"
Acc. Chem. Res. 1988, 21, 37-43.

Agarwal, S.; Naumann, N.; Xie, X.; "Synthesis and Microstructural Characterization of
Ethylene Carbonate-e-Caprolactone/L-Lactide Copolymers Using One- and Two-
Dimensional NMR Spectroscopy" Macromolecules 2002, 35, 7713-7717.

Chisholm, M. H.; Iyer, S. S.; McCollum, D. G.; Pagel, M.; Werner-Zwanziger, U.;
"Microstructure of polylactide. phase-sensitive HETCOR spectra of poly-meso-lactide,
poly-rac-lactide, and atactic polylactide" Macromolecules 1999, 32, 963-973.

Nederberg, F.; Connor, E. F.; Glausser, T.; Hedrick, J. L.; "Organocatalytic chain scission
of poly(lactides): a general route to controlled molecular weight, functionality and
macromolecular architecture" Chem. Commun. 2001, 2066-2067.

Park, P. 1. P.; Jonnalagadda, S.; "Predictors of glass transition in the biodegradable
polylactide and poly-lactide-co-glycolide polymers" J. Appl. Polym. Sci. 2006, 100, 1983-
1987.

Chisholm, M. H.; Iyer, S. S.; Matison, M. E.; McCollum, D. G.; Pagel, M.; "Concerning
the stereochemistry of poly(lactide), PLA. Previous assignments are shown to be incorrect
and a new assignment is proposed" Chem. Commun. 1997, 1999-2000.

Deechongkit, S.; Dawson, P. E.; Kelly, J. W.; "Toward Assessing the Position-Dependent
Contributions of Backbone Hydrogen Bonding to beta -Sheet Folding Thermodynamics

Employing Amide-to-Ester Perturbations" J. Am. Chem. Soc. 2004, 126, 16762-16771.

243



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Gallo, E. A.; Gellman, S. H.; "Hydrogen-Bond-Mediated Folding in Depsipeptide Models

of Beta-Turns and Alpha-Helical Turns" J. Am. Chem. Soc. 1993, 115, 9774-9788.

Bovey, F. A.; "The stereochemical configuration of vinyl polymers and its observation by
nuclear magnetic resonance" Acc. Chem. Res. 1968, 1, 175-85.

Flory, P. J.; Fujiwara, Y.; "Conformations of tetrads in vinyl polymers and nuclear
magnetic resonance spectra of the methylenic protons" Macromolecules 1969, 2, 327-35.
Badi, N.; Lutz, J.-F.; "Sequence control in polymer synthesis" Chem. Soc. Rev. 2009, 38,
3383-3390.

Pfeifer, S.; Lutz, J.-F.; "A Facile Procedure for Controlling Monomer Sequence
Distribution in Radical Chain Polymerizations" J. Am. Chem. Soc. 2007, 129, 9542-9543.

van Hest, J. C. M.; Tirrell, D. A.; "Protein-based materials, toward a new level of

structural control" Chem. Commun. 2001, 1897-1904.

Coates, G. W.; "Precise Control of Polyolefin Stereochemistry Using Single-Site Metal
Catalysts" Chem. Rev. 2000, 100, 1223-1252.

Berthet, M.-A.; Zarafshani, Z.; Pfeifer, S.; Lutz, J.-F.; "Facile Synthesis of Functional
Periodic Copolymers: A Step toward Polymer-Based Molecular Arrays" Macromolecules
2010, 43, 44-50.

Hadjichristidis, N. Block Copolymers: Synthetic Strategies, Physical Properties, and
Applications; John Wiley & Sons: Chichester, UK, 2002.

Rogers, M. E.; Long, T. E. Synthetic Methods in Step-Growth Polymers; John Wiley &
Sons, Inc: Hoboken, NJ, 2003.

Hersel, U.; Dahmen, C.; Kessler, H.; "RGD modified polymers: biomaterials for

stimulated cell adhesion and beyond" Biomaterials 2003, 24, 4385-415.

244



138.

139.

140.

141.

142.

143.

144.

Kim, T. G.; Park, T. G.; "Biomimicking extracellular matrix: Cell adhesive RGD peptide
modified electrospun poly( D,L-lactic-Co-glycolic acid) nanofiber mesh" Tissue Eng.
2000, 72,221-233.

Liu, Y.; Wang, W.; Wang, J.; Wang, Y.; Yuan, Z.; Tang, S.; Liu, M.; Tang, H.; "Blood
compatibility evaluation of poly(D,L-lactide-co-beta-malic acid) modified with the
GRGDS sequence" Colloids Surf., B 2010, 75, 370-376.

Ohya, Y.; Matsunami, H.; Yamabe, E.; Ouchi, T.; "Cell attachment and growth on films
prepared from poly(depsipeptide-co-lactide) having various functional groups" J. Biomed.
Mater. Res. A 2003, 654, 79-88.

Ajellal, N.; Thomas, C. M.; Carpentier, J.-F.; "Functional syndiotactic poly(beta -
hydroxyalkanoate)s via stereoselective ring-opening copolymerization of rac-beta -
butyrolactone and rac-allyl-beta -butyrolactone" Journal of Polymer Science, Part A:
Polymer Chemistry 2009, 47, 3177-3189.

Barrera, D. A.; Zylstra, E.; Lansbury, P. T., Jr.; Langer, R.; "Synthesis and RGD peptide
modification of a new biodegradable copolymer: poly(lactic acid-co-lysine)" J. Am. Chem.
Soc. 1993, 115, 11010-11.

Gerhardt, W. W.; Noga, D. E.; Hardcastle, K. I.; Garcia, A. J.; Collard, D. M.; Weck, M.;
"Functional lactide monomers: Methodology and polymerization" Biomacromolecules
2006, 7, 1735-1742.

Leemhuis, M.; van Steenis, J. H.; van Uxem, M. J.; van Nostrum, C. F.; Hennink, W. E.;
"A versatile route to functionalized dilactones as monomers for the synthesis of

poly(alpha-hydroxy) acids" Eur. J. Org. Chem. 2003, 3344-3349.

245



145.

146.

147.

148.

149.

150.

151.

Seyednejad, H.; Vermonden, T.; Fedorovich, N. E.; van Eijk, R.; van Steenbergen, M. J.;
Dhert, W. J. A.; van Nostrum, C. F.; Hennink, W. E.; "Synthesis and Characterization of
Hydroxyl-Functionalized Caprolactone Copolymers and Their Effect on Adhesion,
Proliferation, and Differentiation of Human Mesenchymal Stem Cells"
Biomacromolecules 2009, 10, 3048-3054.
Noga, D. E.; Petrie, T. A.; Kumar, A.; Weck, M.; Garcia, A. J.; Collard, D. M.; "Synthesis
and Modification of Functional Poly(lactide) Copolymers: Toward Biofunctional
Materials" Biomacromolecules 2008, 9, 2056-2062.

Yin, M.; Baker, G. L.; "Preparation and Characterization of Substituted Polylactides"
Macromolecules 1999, 32, 7711-7718.
Deechongkit, S.; You, S.-L.; Kelly, J. W.; "Synthesis of All Nineteen Appropriately
Protected Chiral alpha -Hydroxy Acid Equivalents of the alpha -Amino Acids for Boc
Solid-Phase Depsi-Peptide Synthesis" Org. Lett. 2004, 6, 497-500.

Sajiki, H.; Hirota, K.; "A novel type of Pd/C-catalyzed hydrogenation using a catalyst
poison: chemoselective inhibition of the hydrogenolysis of O-benzyl protective groups by
the addition of a nitrogen-containing base" Tetrahedron 1998, 54, 13981-13996.
Loontjens, C. A. M.; Vermonden, T.; Leemhuis, M.; Van Steenbergen, M. J.; Van
Nostrum, C. F.; Hennink, W. E.; "Synthesis and Characterization of Random and Triblock
Copolymers  of e-Caprolactone and  (Benzylated)hydroxymethyl  glycolide"
Macromolecules 2007, 40, 7208-7216.
Wang, W.; Liu, Y.; Wang, J.; Jia, X.; Wang, L.; Yuan, Z.; Tang, S.; Liu, M.; Tang, H.; Yu,

Y.; "A Novel Copolymer Poly(Lactide-co-beta -Malic Acid) with Extended Carboxyl

246



152.

153.

154.

155.

156.

157.

158.

Arms Offering Better Cell Affinity and Hemacompatibility for Blood Vessel Engineering"
Tissue Eng., Part A 2009, 15, 65-73.

Wang, X.-L.; Zhuo, R.-X.; Liu, L.-]J.; He, F.; Liu, G.; "Synthesis and characterization of
novel aliphatic polycarbonates" J. Polym. Sci., Part A: Polym. Chem. 2001, 40, 70-75.
Stayshich, R. M.; Weiss, R. M.; Li, J.; Meyer, T. Y.; "Periodic Incorporation of Pendant
Hydroxyl Groups in Repeating Sequence PLGA Copolymers" Macromol. Rapid Commun.
2011, 32, 220-225.

Leemhuis, M.; van Nostrum, C. F.; Kruijtzer, J. A. W.; Zhong, Z. Y.; ten Breteler, M. R.;
Dijkstra, P. J.; Feijen, J.; Hennink, W. E.; "Functionalized Poly(alpha -hydroxy acid)s via
Ring-Opening Polymerization: Toward Hydrophilic Polyesters with Pendant Hydroxyl
Groups" Macromolecules 2006, 39, 3500-3508.

Denmark, S. E.; Yang, S.-M.; "Total Synthesis of (+)-Brasilenyne. Application of an
Intramolecular Silicon-Assisted Cross-Coupling Reaction" J. Am. Chem. Soc. 2004, 126,
12432-12440.

Pounder, R. J.; Dove, A. P.; "Towards poly(ester) nanoparticles: recent advances in the
synthesis of functional poly(ester)s by ring-opening polymerization" Polym. Chem. 2010,
1,260-271.

Pounder, R. J.; Dove, A. P.; "Synthesis and Organocatalytic Ring-Opening Polymerization
of Cyclic Esters Derived from L-Malic Acid" Biomacromolecules 2010, 11, 1930-1939.

He, B.; Poon, Y. F.; Feng, J.; Chan-Park, M. B.; "Synthesis and characterization of

functionalized biodegradable poly(DL-lactide-co-RS-beta -malic acid)" J. Biomed. Mater.

Res., Part 42008, 874, 254-263.

247



	Title page
	Abstract
	Table of Contents
	List of Tables
	List of Figures
	List of Schemes
	Symbols and Abbreviations
	Preface
	1.0  Introduction
	1.1 Sequence Engineering
	1.1.1 Sequence and Current Polymerization Methodologies
	1.1.2 Microstructural Consequences of the Microstructure
	1.1.3 Repeating Sequence Copolymers

	1.2 Sequenced Poly(Lactic-co-glycolic acid)s

	2.0  Synthesis of PLGA RSC – Correlation of sequenced microstructures with NMR spectra and Thermal properties
	2.1 Overview
	2.2 Naming conventions
	2.3 Results
	2.3.1 Building Block Syntheses
	2.3.2 Segmer Assembly
	2.3.3 Stereochemical preferences
	2.3.4 Deuterium Labeled Segmer Synthesis
	2.3.5 Polymerization conditions and molecular weight determinations
	2.3.6 MALDI-TOF Mass Spectroscopy.
	2.3.7 Thermal Properties.

	2.4 Microstructural Analysis
	2.4.1  Dimeric LxG RSCs.
	2.4.2 Trimeric GLxG RSCs.
	2.4.3 Trimeric LxLxG RSCs.
	2.4.4 Tetrameric GLxLxG RSCs
	2.4.5 Tetrameric LxLxLxG RSCs
	2.4.6 PLA RSCs – LxLx and LxLxL
	2.4.7 Mixed sequences and stereosequences

	2.5 Discussion
	2.5.1 Polymerization methods
	2.5.2 Sequence and Thermal Properties
	2.5.3 Sequence and NMR
	2.5.4 Sequence and Conformation

	2.6 Conclusions
	2.7 Experimental Section
	2.7.1 General procedures for the preparation of TBDPS-protected acids
	2.7.2 General procedure for benzyl protection of -hydroxy acids
	2.7.3 Deuterated Building Blocks, Oligomers and Intermediates
	2.7.4 General procedure for DCC/DMAP coupling reactions
	2.7.5 General Procedure for TBDPS deprotection
	2.7.6 General procedures for benzyl deprotections
	2.7.7 General procedures for DCC/DMAP polymerizations
	2.7.8 General procedures for DIC/DPTS polymerizations


	3.0  Uniform functionality – Incorporation of Pendant Hydroxyl Groups in PLGA RSCs
	3.1 Abstract
	3.2 Introduction
	3.3 Results and discussion
	3.3.1 Naming conventions
	3.3.2 Synthesis
	3.3.3 Microstructural Analysis.
	3.3.4 Conclusion

	3.4 Extended RSC Assembly and Characterization
	3.5 Malic acid derived monomers
	3.5.1 RSC Assembly and Characterization
	3.5.1.1 Conclusion


	3.6 Experimental Section
	3.6.1 Serine Based RSCs
	3.6.2 Towards L-Malic Acid derived RSCs


	Appendix A
	Appendix B
	Bibliography

