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NRTI therapies

The present invention relates to prodrugs of nucleoside reverse transcriptase inhibitors

(NRTIs) and polymeric delivery systems for the same.

Antiretroviral therapy (ART) involves long-term co-administration of several drug classes

to simultaneously engage multiple HIV viral targets, maximizing inhibition of viral

replication and minimizing drug resistance emergence. UNAIDS statistics reported that

~37 million people were estimated to be living with HIV infection globally in 2015

(including 1.8 million children) and 1. 1 million AIDS-related deaths occurred in 2015

alone. Since the start of the epidemic, ~35 million people have died and 78 million

people have been infected. Access to ART has risen to ~17 million patients over recent

years1 and, to date, 6 classes of antiretroviral drugs (ARVs) are available:

nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs); non-nucleoside reverse

transcriptase inhibitors (NNRTI); protease inhibitors (Pis); fusion inhibitors; CCR5

antagonists and integrase inhibitors. Although ART regimens have been highly

successful in moderating morbidity and mortality rates, therapeutic failure is reported in

~8% of treatment naive and 33% of treatment experienced patients.2 ARV use for post-

and pre-exposure prophylaxis (PrEP) aims to control transmission rates.

A complex range of issues jeopardize ART efficacy, contributing to the established

heterogeneity of clinical response to ARVs. These include viral characteristics,

immunological status, pharmacokinetic (PK) variability to drug exposure and sub-optimal

patient adherence to regimens. Currently, therapy necessitates lifelong, daily dosing and

successful adherence may be determined by the interplay of multiple factors3 ranging

from lifestyle and underlying co-morbidities to employment status, age or gender. Poor

adherence places patients at risk of treatment failure and low rates of protection for

PrEP.4

The potential impact of emerging technologies 5 to improve adherence with long-term

therapy has been reviewed across a range of health conditions 6 and includes

approaches such as text alerts, peer-to-peer communication, cloud-based support and

self-reporting smart pills. Unfortunately, many of these strategies are not relevant in the

geographies bearing the major burden of the HIV; ~25.5 million people are living with

HIV in sub-Saharan Africa. The use of long-acting (LA) nanoparticle-derived

intramuscular depot injections has shown extended/controlled drug release of 1-3

months after a single administration, maintaining therapeutic plasma drug

concentrations, for an NNRTI (rilpivirine) and an integrase inhibitor (cabotegravir) in



human trials.7 9 The combination of rilpivirine and cabotegravir injections shows promise

in maintaining viral suppression in the LATTE 2 study, 10 and this year entered phase III

trials. However, patients might still be required to ingest a daily NRTI backbone therapy

if LA NRTI drugs cannot be developed, which would undermine benefits for adherence.

Non-adherence to any oral therapy component combined with either single LA regimen

would result in monotherapy from the sustained release agent, increasing the likelihood

for emergence of resistance. Complete sustained release regimens are urgently required

and/or robust NRTI-sparing regimens must be thoroughly investigated (rilpivirine and

cabotegravir). LA drug delivery exists in other therapeutic areas through the use of depot

injections (contraception, mental health), drug-eluting implants (contraception,

osteomyelitis) and drug-filled polymer nanoparticles (cancer). However, LA delivery of

NRTIs is lacking.

Interest in developing polymer prodrugs for drug delivery is heightened, especially after

the clinical success of pegylated drugs 1 1 with enhanced circulation half-lives (e.g.

Adagen, Oncaspar, PEG-lntron & Pegasys). Indeed, in 2013 two of the top 10 selling

pharmaceuticals were polymer prodrugs (Neulasta® and Copaxone®). 12 Polymer

prodrugs generally address poor drug solubility and are injected intravenously, targeting

specific disease sites. 13·14 Biodegradable polymers incorporating drug molecules as

monomer repeat units are reported with polyAspirin 15 and polyMorphine. 16 Despite

progress in polymer therapeutics, very few reports describe polymer prodrugs for LA

formulations of water-soluble drugs or to address the specific clinical needs of HIV

therapy adherence or prophylaxis. Anionic polymeric sequestrants acting as

topical/vaginal entry inhibitors (e.g. Starpharma’s dendritic VivaGel) have been

evaluated as PrEP candidates but failed to provide protection in human trials. 17

Pegylated proteins, 18 pegylated drugs (maraviroc) 19 and polymer-zidovudine 20

conjugates are recently reported with the aim of targeting infection pathways within the

systemic circulation, but little is discussed regarding administration routes or frequency

of dosing intervals, and no actual drug release is targeted from these systems.

The present invention differs from disclosures in other documents including documents

which: a) outline incorporation of pure TAF powder into an implantable silicone tube; 74 b)

outline formation of PLGA-NRTI polymer conjugates for vaginal gels;75 and c) review

sustained release tablets, ceramic implants, solid drug nanoparticles, nanocontainers,

liposomes, emulsomes, aspasomes, microemulsions and nanopowders. 76



From a first aspect the present invention provides a product which is a prodrug of a

nucleoside reverse transcriptase inhibitor in the form of a polymer.

The product is a polymeric NRTI delivery system comprising a polymeric material which

is capable of degradation after administration to release an NRTI or NRTI prodrug which

itself is capable of metabolism to the parent NRTI.

We refer to these polymeric materials as “Polymer-of-Prodrug” (POP) materials.

The materials may be considered biodegradable polymeric NRTI delivery systems.

The invention is particularly useful when the NRTIs are water-soluble NRTIs.

The NRTIs may optionally be selected from tenofovir (TFV), emtricitabine (FTC),

lamivudine (3TC) and MK-8591 (EFdA)).

The “Polymer-of-Prodrug” (POP) materials may undergo complete, sustained

biodegradation after administration, releasing NRTIs or NRTI prodrugs capable of

metabolism to parent NRTIs.

Thus, the NRTIs may be directly released from the polymer or alternatively the polymer

may break down into fragments (which may themselves be considered prodrugs) which

then release the NRTIs.

The present invention facilitates LA regimens, including LA regimens which are

supported by existing efficacy data of the parent drugs in combination with

cabotegravir 2 1 or rilpivirine.22

Experimental work presented below illustrates how POP structures can be prepared

incorporating various NRTIs (e.g. FTC, 3TC, TAF and EFdA), incorporating various

polymeric linker moieties, and using various synthetic routes.

The present invention utilises a prodrug approach. In the case of NRTIs such as

emtricitabine (FTC), prodrugs may comprise functionalisation at the amine and hydroxy

moieties, for example in the form of carbamates and carbonates. Cleavage at these

positions releases the parent drug:



The products of the present invention differ from conventional prodrugs in that the drug

is chemically bound within a polymeric structure (in the scheme below, B vs A):

Several architectures are possible including for example those containing pendant

prodrug moieties (e.g. by virtue of using multifunctional linkers):



A) Synthesis of masked diol linker

B) Synthesis of diol functional carbamate prodrug

C) Polycarbonate POP synthesis

The POP structures of the present invention are polymers; these break down to form

POP fragments during degradation.

POP constructs are products such as implants or nanoparticles containing the POP

structures.

Where “R”, is used herein to denote moieties within chemical structures the skilled

person will understand that each occurrence of “R” can denote the same or different

groups.



In particular moieties which link NRTI residues (for example between ester, carbonate,

amide or carbamate groups) may comprise various structures. These may include

aliphatic or aromatic or heteroaromatic structures including chains such as chains which

may comprise two or more carbon atoms, for example C 2 - C12 alkyl chains or chains

which may comprise one or more aromatic or heteroaromatic ring. The skilled person

will understand that various chemistries, functionalities and substituents may be present

which are compatible with the underlying principle of incorporation of NRTI structures

into polymeric structures.

Prior to the present invention the development of injectable LA options for HIV therapy

had created a new paradigm that could significantly impact the dosing frequency for

patients, to overcome adherence issues and generate considerable lifestyle benefits.

The LATTE 2 trial 10 had shown that separate, concurrent injections of rilpivirine and

cabotegravir suppress viral replication. However, separately these LA options require an

oral backbone therapy to provide robust protection.

The present invention provides NRTI-derived LA products that for example extend the

scope for rilpivirine and cabotegravir LA. Since rilpivirine and cabotegravir are in

different classes, they exhibit different resistance profiles; thus separate regimens

provide first-line and second-line LA options.

Rilpivirine and cabotegravir LA are nanomedicines, comprising particles of water-

insoluble drugs (solid drug nanoparticles, SDNs) suspended in a vehicle for injection.

The SDNs are formed by nanomilling of larger dispersions; attrition in the milling process

reduces the dispersion particle diameter to < 1 micron. NRTIs are water-soluble and thus

are not amenable to aqueous milling procedures as the presence of stabilizers, energy,

increased surface area and the aqueous milling environment causes dissolution of the

SDNs as they form. Although they are water-soluble, NRTIs do not exhibit high enough

solubility to form solutions in injectable vehicles with concentrations that would minimize

injections to clinically relevant volumes.

The present invention provides a new strategy to establish new routes to NRTI LA

candidates, using polymers containing bioactive monomers.

The formation of polymers from drug molecules bearing multiple functional groups

(Polymer-of-Drug (POD) approach) is reported to extend drug release for >2 weeks in

rodent models. 15 These systems rely on polyester-anhydride chemistry generated under



conventional step-growth polymerization conditions, and release occurs over relatively

short timescales. The formation of plaques for implantation allows high drug content and

localized delivery, often toward a goal to improve bone repair. Intraperitoneal injection

was also demonstrated after suspension of the polymeric drugs in an aqueous solution

of stabilizers. 16 A major benefit of polymers generated from drug molecules is polymer

biodegradation to biologically relevant subunits and low molecular weight linker

molecules. In contrast, drug eluting implants, in which the implant scaffold is not

degraded during drug release, must be removed or replaced, often through a minor

surgical procedure. 23

To date, the POD approach has been largely restricted to non-steroidal antiinflammatory

drugs and there are no reports of ARV-based polymers. Polymers bearing pendant drug

molecules are reported and are often prepared by free-radical polymerization

approaches. 24 Pendant drug molecules are cleaved from the poorly-degradable

backbone after I.V. injection, and prolonged systemic circulation and/or accumulation at

target sites. Pegylated drugs are an exception to this general strategy as polyethylene

glycol) chains (PEG) are grafted to drug molecules and latterly cleaved.25 In both cases,

the polymeric structure is maintained during and after drug release.

Prodrug approaches can overcome several issues including parent drug solubility,

suboptimal PK profiles and poor cellular and tissue absorption. The formation of

polymeric prodrugs (pendant or backbone) enables the generation of solid monolithic

structures that may act as implants, or processing to form reproducible nanoparticle

structures. Further chemical variables, in addition to prodrug variation, are also

introduced to manipulate and optimize drug release through polymer degradation to

monomeric parent drug structures and linkers.

Products of the present invention can be prepared by step-growth polymerization

methods. Step-growth polymerization 26-28 incorporates multifunctional monomers in

chains of repeating structures. In their simplest form, bifunctional monomers may contain

two complementary reactive groups in an A-B arrangement (e.g. a hydroxyl-acid for

polyester synthesis); or, two monomers may individually bear the complementary

functional groups, a so-called A2/B2 monomer combination (e.g. a diol (A2) and a diacid

(B2) for polyester synthesis). Where orthogonal chemistry is present in either A-B or

A2/B2 monomers, complementary linker chemistry is used for polymer chain formation.



Figure 1 shows NRTIs (TFV, FTC, 3TC and EFdA) which have multiple functional

groups for step-growth polymerization strategies.

The present invention provides several new solutions including three synthetic strategies

(Figure 1) which exploit the reactivity of NRTIs in polymerization, e.g.: 1) reaction of A-B

NRTI monomers with complementary linkers (Strategy 1); 2) reaction of A 2 prodrug

monomers with B 2 linkers (Strategy 2); and 3) reaction of A 2 pendant prodrug monomers

with B 2 linkers (Strategy 3).

Thus, a key innovative aspect of the present invention is the use of “Polymer-of-Prodrug”

(POP) approaches that exploit NRTI prodrug strategies to address the critical need for

LA NRTI regimens. These NRTI prodrug strategies enable synthesis of biodegradable

NRTI POP structures. Materials with specific polymer structures are used to create

polymer constructs which are physically assembled embodiments of the polymer

structures (nanoparticles or macro-scale implants).

POP constructs offer considerable additional control of prodrug and drug release, initially

from the construct and latterly from POP structure degradation. POP structure

degradation generates a series of molecular species, or “POP fragments”, that comprise

individual prodrug structures. Collectively, the POP fragments lead to an averaged

release of parent NRTI, controlled by individual degradation rates within the mixture.

The present invention allows the preparation of polymers that degrade to prodrug

monomers (POP approach), to deliver NRTIs at rates appropriate to match cabotegravir

and rilpivirine dosing frequencies and enable development of complete LA regimens.

The NRTI prodrug scaffolds and POP structure degradation facilitate the application to

intramuscular depots comprising POP nanoparticle suspensions or subcutaneously

administered monolithic POP constructs.

POP structures using FTC and 3TC prodrug monomers

One category of products in accordance with the present invention comprises POP

structures using FTC or 3TC prodrug monomers. The polymers may be inherently

water-insoluble to allow generation of formats compatible with injection or implantation

and long-acting release.



Conventional step-growth reactions using A-B monomers bearing orthogonal functional

groups requires a second bifunctional compound to react with A and B functionalities.

FTC and 3TC, containing amino and hydroxyl groups, are considered A-B monomers

capable of reacting with carboxylic acid analogs (acid chlorides, chloroformates, etc.).

This approach produces polymers comprised of prodrug monomers (Fig. 1; Strategy 1).

Selectively masking NRTI functional groups will enable synthesis of novel A 2 monomers

that can be used to generate polymers through reaction with a B2 monomer, leading to

step-growth polymers with pendant prodrug moieties (Fig. 1; Strategy 3). These

strategies to access POP structures allow control of NRTI-prodrug and NRTI release,

such that target release rates commensurate with desired LA clinical timescales are

achievable.

The polymer-of-prodrug approach allows LA dosing of water-soluble NRTIs. TFV is a

clinically validated component of backbone therapies and may be used in combination

with emtricitabine (FTC) and rilpivirine. LA NRTIs have clear clinical relevance to

support rilpivirine LA formulations in development. 2 1·22 Likewise, 3TC and EFdA (the

most potent ARV discovered to date) are compatible witth LA approaches and are

amenable to POP strategies. Our work has generated NRTI prodrugs (e.g. FTC, Fig. 2)

for other LA formats. We have implemented reversible prodrug masking chemistry to

enable SDN formation. One such approach can be used to mask the FTC amine and

hydroxyl groups as carbamates/carbonates (A, Fig. 2)

POP based on FTC and 3TC (Strategy 1)

Bioreversible masking of FTC and 3TC can be optimized to permit polymer synthesis

and controlled NRTI release. The amine and hydroxyl groups on FTC and 3TC are

readily converted to carbamate and carbonate groups using chloroformate reagents. We

have exploited this reactivity to generate a scalable route to carbamate/carbonate

prodrugs (Fig. 2a) with flexibility to control logP, molecular weight and hydrolysis rates,

thus enabling tuning of parent drug release to target LA timescales. Bis-chloroformates

and analogs (e.g. bis-carbonyl imidazoles) are readily available. FTC and 3TC are

considered A-B monomers that require a single linker chemistry to form polymer

structures (Strategy 1; Fig. 1). Reaction of bis-chloroformates with NRTIs produces

polymer chains with a statistical arrangement of carbonate and carbamate groups along

the backbone, resembling a repeating pattern of the prodrug molecules we have

previously synthesized (Fig. 3). The exact sequence will depend upon reaction

conditions. This stochastic arrangement (Fig. 1, Strategy 1) should not have deleterious



effects on chain degradation and prodrug release. The linker choice will determine the

molecular weight and overall drug density of the polymer chain, polymer hydrophilicity

and drug release kinetics. Polymer degradation should release only a few POP fragment

types. The fragments will ultimately degrade to generate diol and parent drug as the sole

products. Optimized POP structures can support polymer degradation and NRTI release

such that dosing intervals can be matched to rilpivirine and cabotegravir LA. Materials

with a longer predicted dosing interval will be studied as potential candidates for Pre

exposure prophylaxis PrEP (where single agents have utility).

POP using FTC and 3TC as pendant prodrug monomers (Strategy 3):

Therapeutic polymer prodrugs typically incorporate drug moieties pendant to the

polymer backbone. 29-31 The present invention generates diol-containing A 2 monomer

prodrugs for polycarbonate step-growth synthesis (Fig. 4), using masking chemistry

already established. A variety of B 2 monomers (e.g. bis-chloroformate linkers) are

available for coupling to the diol, offering flexibility to tune the chemical and physical

properties of POP structures. Polymers may release the NRTI prodrug or NRTI by

various mechanisms arising from: a) prodrug cleavage from the main chain, b) cleavage

of the main chain (prodrug release), or c) pendant carbamate cleavage and subsequent

release of parent NRTI from the main chain. By varying B2 linker and carbamate

masking chemistry, we can control properties, degradation and hydrolysis kinetics of the

POP structure. For example, we have shown that carbamate alkyl chain length dictates

hydrolysis kinetics of NRTI carbamate prodrugs. Formation of the POP structure further

extends NRTI release kinetics relative to small molecule systems. Linker chemistry may

be optimized to increase hydrophilicity of the polymer backbone, to aid water penetration

(e.g. use tri(ethylene glycol) bis(chloroformate) to introduce short polyethylene glycol

chains).

POP structures based on tenofovir alafenamide and EFdA

One category of products in accordance with the present invention comprises

biodegradable polymers that incorporate water-soluble NRTIs tenofovir or MK-8591

(EFdA). The polymers may be water-insoluble polymers and may be used in injectable

or implantable constructs.

Clinically-used prodrugs for delivery of tenofovir (TFV) include tenofovir disoproxil

fumarate (TDF) and tenofovir alafenamide (TAF), prodrugs that enhance PK properties



(i.e. cellular uptake) by masking the negatively-charged phosphonyl group. These water-

soluble prodrugs bear one amine group and are not useful for generating POP

structures. Our underlying logic is that the approach to access the alanine ester moiety

in TAF (Fig. 1) can be used to prepare novel bifunctional A 2 TAF-analog monomers

(TAF2, Fig. step-growth polymerization (Strategy 2 ; Fig. 1) . Delivery of TAF

analogs is particularly appealing as TAF (and possibly its analogs) accumulates in HIV-

infected cells prior to releasing TFV, 32 suggesting lower doses could lead to lower depot

volumes. EFdA is a potent new NRTI (in vitro IC50 ~ 0.2 nM) with predicted in vitro

potency ~ 8400-fold higher than TFV 33 . Early EFdA primate PK studies suggest a

plasma ti/2 of ~7 hours (intracellular ti/2 of triphosphate >72 h). Interestingly, viral

suppression is maintained for a minimum of 7 days after the last dose, suggesting a

once-weekly oral dosing option. The high potency and intracellular ti/2 make this NRTI

ideal for LA formulation. Our rationale is that the amine and diol functional groups on

EFdA render it ideal as an A 2 pendant prodrug monomer. POP structures based on TAF

or EFdA prodrug monomers can degrade controllably to release NRTI prodrug analogs

and parent NRTIs. The synthetic strategies impart flexibility for tuning polymer properties

and drug release kinetics to match the dosing frequencies for rilpivirine and cabotegravir

LA.

Synthesis of A 2 and B2 monomers is central to this strategy. For TAF-based POP

structures, we have methods in place to prepare modified alanine diesters from available

diols (TAF2, Fig. 5). Generation of polymeric structures with TAF2 requires reaction with

a bifunctional linker (B2 monomer) under conventional step-growth polymerization

conditions. B2 monomers incorporating bioreversible, self-immolative trimethyl lock

(TML) groups 34 amenable to coupling with the amino group of TAF2 may be used for the

generation of POP structures (Fig. 6). Our work has accessed TML-TAF prodrugs

susceptible to in vivo esterase activation (Fig. 6a). This approach is applicable to the use

of novel bis-TML linkers (Fig. 6b) as bifunctional B2 monomers for POP structure

synthesis (Strategy 2 ; Fig. 1). The trifunctional EFdA scaffold enables us to explore

several EFdA-based POP strategies. TAF prodrug chemistry developed by our team is

applicable to an approach that combines features of Strategies 1 and 3 (Fig. 1).

POP using TAF-based monomers (Strategy 2):

A 2 monomers may be prepared (TAF2, Fig. 5) using commercially available diols. B2

monomers (bis-TML linker, Fig. 6) may be prepared by established routes to TML

esters. 35 A 2 and B2 monomers may be used directly for POP synthesis (Fig. 6b). POP



structure degradation to release NRTI prodrug and NRTI is driven by esterase-mediated

hydrolysis (Fig. 7), which may occur at the surface of an implanted monolith or

suspended polymer nanoparticles. Hydrolysis of bis-TML linkers in the polymer can

facilitate cyclization and release of the TAF amine. The present invention allows

sufficiently long of POP structure and constructs, extending release to be compatible

with rilpivirine and cabotegravir LA (or longer for PreP).

POP derived from EFdA (Mixed Strategy 2/3):

EFdA bears an amine and two hydroxyl groups (Fig. 1); thus, a mixed POP synthesis

strategy is effective. The amine group can be masked with TML as described for TAF, to

give TML-EFdA (Fig. 8). The TML-EFdA diol can be coupled to a variety of

bischloroformates to form linear step-growth polymers poised to degrade to EFdA or

TML-EFdA prodrug. Again, the synthetic approach enables tuning of EFdA POP

properties and control of hydrolysis rates. For example, varying the TML ester group

alters the ester hydrolysis rate and amine release. Varying the linker impacts polymer

backbone conformation and enzymatic access to hydrolysis sites.

POP structure degradation:

POP polymers degrade to form several molecular fragments under physiological

conditions. During degradation, the drug and POP fragments are released into the

muscle tissue and then enter the systemic circulation, being exposed to liver metabolism

and possibly infected peripheral blood mononuclear cells (PBMCs). 36 Hydrolysis rates of

polymers are assessed under model physiological conditions (pH 7.4, 37°C), in

commercially available human plasma, muscle and liver S9 fractions, PBMC S9

fractions, and in commercially available buffer simulating the subcutaneous

environment. Polymer degradation can be monitored by HPLC (detect

fragments/NRTIs), size exclusion chromatography (detecting changes in molecular

weight and distribution) and 1H NMR (detecting changes in backbone signals).

Appearance of NRTI and NRTI prodrug fragments can be monitored by HPLC.

In vitro antiviral activity and cytotoxicity.

Antiviral activity may be assessed by single-round infectivity assays as described. 37

POP structures are assessed for their ability to attenuate infection by preincubation with

activated T cells prior to viral challenge. It was previously shown that the dose-response



curve slope affects the instantaneous inhibitory potential, or log increase in the inhibition

of infectivity, and that these slope values are specific for different ARV classes. 38

Regarding the mechanisms of action of POP structures and fragments and constructs,

dose-response curves obtained from single-round infectivity assays are analyzed using

the median effect equation to determine the slope, compared to parent drug.

In vitro drug release kinetics

NRTI release may be studied using NMR, UV, HPLC and LCMS to determine in vitro

drug release kinetics. As noted, during drug release the NRTI and POP fragments are

released into the tissue and will travel through tissue to reach the blood capillaries. The

muscle interstitium consists of a collagen fiber framework containing a gel phase made

of glycosaminoglycans, a salt solution, and plasma-derived proteins. 39 ·40 Drug release

rate from POP structures and constructs in buffer simulating the subcutaneous

environment and the interstitial fluid can be tested using microdialysis. The influence of

the POP construct type (nanoparticle or solid implant) and any additional excipients (e.g.

gelators, polymers and surfactants) on release rate and stability may be investigated

using linear and non-linear regression analysis. The release rate of NRTI and molecular

fragments from the POP materials may be compared to optimal release rates calculated

through PBPK modelling.

POP implants and nanoparticle dispersions - POP constructs.

Products in accordance with the present invention may take the form of injectable or

implantable compositions. The products may be injectable polymer nanoparticle

dispersions.

The water-solubility of NRTIs has previously negated their use in LA regimens. The

NRTI LA formulations of the present invention facilitate the tuning of NRTI LA dosing

intervals to, inter alia, that of commercial candidate LA technologies such as rilpivirine

and cabotegravir LA. The present invention allows the manipulation of NRTI release

from POP structures. The polymer of NRTI prodrug approach is advantageous,

consistent with the growing evidence that polymer therapeutics and polymers-of-drug

monomers are clinically viable. Long-acting ARV delivery may be achieved by several

routes including two proven approaches.



1) Depot administration using aqueous dispersions of polymer nanoparticles with

encapsulated drug. Nanoparticles of water-insoluble organic compounds are produced

by nanoprecipitation on a large commercial scale for food applications. Such

nanoprecipitation approaches are demonstrated to encapsulate water-insoluble drugs

within degradable polymers (often poly(lactic-co-glycolic acid, PLGA). We have

evaluated aqueous polymer nanoparticle dispersions and injectable gels comprised of

POP structures, representing a highly novel approach to polymer therapeutics and

nanomedicine.

2) Implant technologies permit cessation of dosing, if clinically required, by removal of

the physical structure. This offers significant benefits but requires the formation of

relatively large, solid, monolithic structures from POP materials. There are several

approaches to forming monolithic structures from polymers, including melt processing

and direct compaction, both of which are comprised here. For exemplification we

selected FTC and a prodrug of TFV on the basis that the parent NRTIs are clinically

validated as backbone therapies for rilpivirine and cabotegravir LA formulations. 2 1·22

3TC and EFdA also offer distinct benefits and LA formulations of these provide

additional therapeutic options. Thus, NRTI LA platforms are compatible with LA products

developed by Janssen and ViiV Healthcare, enabling development of two separate

complete LA regimens and obviating the need to dose rilpivirine and cabotegravir LA

concurrently (shown in the LATTE 2 study).

POD approaches are the basis of a start-up company “Polymer Therapeutics” (PRx,

Rutgers Univ.) which has used salicylic acid and diflunisal as monomers to generate

drug release polymers for short-duration drug delivery. As noted, such systems fully

degrade during drug release avoiding the need for surgical removal. This technology

was demonstrated in rodents and pigs, including measurement of in vivo PK of drug

release over a wide range of doses for developmental PolySA™ and PolyDF™ platforms.

These products do not show appreciable toxicity and, importantly, lack undesirable

“burst release” behavior often observed from polymerencapsulated drug systems (e.g.

PLGA nanoparticles). Thus, the principle for drug release from polymers synthesized

directly from drug monomers is established.

We have established the feasibility of NRTI prodrug monomer synthesis, and we have

shown NRTI release kinetics to be tunable by modification of prodrug structures. Further,

we have perfected nanoprecipitation techniques for a range of novel polymers 41 46

allowing the control of nanoparticle diameter, degradation, surface chemistry and zeta



potential within highly stable (>2 years) aqueous dispersions (Fig. 9a). Additional studies

have focused on using ARV drug nanoparticles in polymeric nanogels (Fig. 9b) to

establish controllable delayed drug release over several months (Fig. 9c). Nanogels are

injectable (Fig. 9d) and target ideal drug plasma concentrations that are maintained

above oral-dose derived C
mm

values, thereby offering options for LA technologies (Fig.

9e).

POP nanoparticle dispersions and gels

The POP polymers behave like other polymers (e.g. polycarbonates and polyesters)

shown to undergo nanoprecipitation into aqueous media. This process involves creating

a polymer solution in a water-miscible organic solvent and addition to an aqueous

medium in which rapid dilution of the organic solvent leads to polymer precipitation. The

presence of stabilizers during nanoprecipitation influences particle diameters and zeta

potentials; other variables include solvent choice, dilution (solvent to precipitant ratio)

and temperature. Conventional drug encapsulation using hydrophobic polymers can

undergo variable 3-stage drug release with a “burst release” initially after injection,

followed by a controlled, linear release and a subsequent final “burst” during polymer

degradation. Attaining zero-order, or pseudo-zero order, release kinetics is ideal to

maintain NRTI plasma concentration. Degradation of nanoparticles derived from POP

materials may be more controlled and approximate zero-order kinetics due to drug

release being intrinsically linked to the physical degradation of the nanoparticles. This

principle is demonstrated for POD materials and hydrogel implants containing paclitaxel-

loaded PLGA microspheres showing near zero-order release for >60 days.47 Co¬

nanoprecipitation (Fig. 10) was pioneered by our team; release kinetics can be modified

by blending of analogous degradable, non-drug based polymers, if required. Here, the

influence of nanoparticle properties, polymer chemistry, presence of co-nanoprecipitated

polymers and the aqueous environment allow the optimization of NRTI and prodrug

release. In addition, small molecule gelators (e.g. peptides) may be used to thicken or

gel the aqueous depot site, offering additional parameters to moderate release. NRTI

POP nanoparticle combinations are readily achieved by mixing nanoprecipitates before

injection and matching release timescales and doses. Multiple implants containing

different drugs may also be administered (established with contraceptive implants)

allowing personalized treatments and options to overcome drug-drug interactions.



Solid state compaction of POP materials:

Cold compaction of powdered polymers to form molded products has been

investigated 48·49 to generate relatively small objects. Typically, a simple die is used to

compress the powder at ambient temperature, or slightly above the glass transition

temperature, and small discs or rods may be readily formed. Later thermal treatment

may be required to improve the physical properties of the compacted structures. Small

implants that degrade to release entrapped drugs were developed using similar

techniques, including small formulated solid rods (by Glide Technologies 50 52) comprising

drug and excipient (e.g. sugars and polymers) that are administered subcutaneously

using a novel needle-free actuator. POP materials of the present invention have been

compacted individually, in combination or with analogous non-drug based polymers.

Unlike conventional implants, POP constructs completely degrade leaving minimal

residual solid at the administration site. Physical implants with zero/pseudo-zero order

drug release over several months are well-described, 53 and recent molded structures

have been produced after mixing a small molecule (carmustine) with PLGA in solution

and drying to a fine powder before compaction. In this case a controlled near-zero order

release was obtained for 4 weeks. 54 The POP constructs of the present invention may be

modified to control porosity or compacted with rapidly dissolving excipients (e.g. sugars)

to generate porosity after administration. Zero-order, or near zero-order, release kinetics

may be obtained over desired timescales.

Pharmacological and toxicological analyses of POP structures and constructs

Cellular accumulation and cytotoxicity of POP components (assessing potential

augmented cellular prodrug delivery in the absence of overt cellular toxicity) is important

and POP constructs with clinically relevant release rates have been modelled to predict

preclinical and human doses using PBPK models 55·56 ; release rates of approximately

0.0046h 1 are known to provide appropriate duration of drug exposure. Ideally modelling

uses experimental in vitro data describing tissue distribution and clearance and

establishes simulations for 100 individuals using Simbiology, MATLAB, R2013b.

Important mathematical descriptions include covariance between demographics and

tissue size, expression of metabolic enzymes and processes regulating absorption,

distribution and elimination, which are drug-specific, validated against real clinical data

for orally administered standard formulations. NRTI dose and release rate are estimated

to allow prediction of C tr0 ugh values above the IC95 for each drug. TFV and FTC are



particularly good candidates for monthly depot formats (or longer). 55 For example, and

based on the known clearance of these drugs, the models estimate that monthly

exposure above the IC95 for each drug could be achieved from doses of 1500mg and

600mg, and release rates of 0.0015lr 1 and 0.001 r 1 for TFV and FTC, respectively.

These data have been used to develop POP structures and constructs.

Pharmacology of POP structures:

It may be the case that POP structures (implant or POP nanoparticles) may satisfy the

following pharmacological criteria: 1) higher hydrolysis rate at pH 7.4 than parent NRTI

clearance rates, 2) POP fragments that exhibit anti-infective activity by the parent NRTI

mechanism, 3) no adverse safety or toxicity concerns, and 5) antiviral IC50 < parent

NRTIs.

Cytotoxicity: Cytotoxicity is assessed in primary human CD4+, CD8+ and CD56+

(natural killer) cells, platelets, red blood cells, monocytes, monocyte-derived

macrophages, monocyte-derived dendritic cells, primary hepatocytes, muscle cells and

adipocytes. These are chosen for site of action/administration, safety and presence of

drug metabolism to assess potentially toxic POP fragments. Assays target membrane

integrity (trypan blue), mitochondrial function (MTT) and oxidative stress / lipid

peroxidation (GSH/GSSG ratio).

Cellular accumulation: Development of TAF as an alternative to TDF has shown a

benefit in terms of dose and safety for TFV delivery; thus, our tests determine whether

POP fragments accumulate in target cells. This facilitates identification of materials able

to deliver higher free drug concentrations intracellularly. For this, POP fragments are

incubated with freshly isolated PBMCs at concentrations relevant to those achieved for

the existing clinically used drugs. Subsequently, the intracellular concentrations are

determined by scintillation counting (or traditional bioanalytical method if needed) and

expressed as a cellular accumulation ratio (CAR) relative to extracellular concentration

measurements.

Detailed pharmacological evaluation of POP constructs. POP constructs with

established stability and in vitro drug release kinetics progress to detailed ex vivo and in

vivo evaluation and subsequent PBPK modelling. Our expertise for in vitro release rate

selection progressing to in vivo confirmation of behavior is exemplified by recent work

with a proprietary formulation (Fig. 11).



Ex vivo analysis of drug release in porcine tissue: The feasibility of sustained release

from a POP construct is investigated in porcine tissue, quantifying release rate from

tissue using a modified Franz diffusion cell model. This experimental method allows

clamping of a section of porcine tissue with subsequent application of a controlled flow of

fluid, simulating blood flow. POP constructs are injected or implanted into the tissue at

controlled depths and the NRTI release rate into the donor compartment is measured

over time. Porcine tissue is used in these experiments because porcine soft tissues are

very similar to human soft tissue in terms of morphology and function. In some cases,

experiments use radiolabeled and/or unlabeled POP constructs and comparisons

relative to aqueous solutions as controls are studied. The impact of release on POP

implant integrity is assessed over the period of release to establish the potential for

removal during dosing. Likewise, POP nanoparticles are studied to assess the potential

for transit of intact particles within tissues. This is assessed by FRET fluorescence

studies, through encapsulation of FRET pairs within the POP nanoprecipitates, and by

flow cytometry methods we have developed. Parent NRTI concentrations are quantified

by scintillation counting (where applicable) or validated bioanalytical methods.

Pharmacokinetics and tissue distribution in preclinical species: Lead POP constructs are

studied initially in Wistar rats with confirmation in rabbits for those showing promise. This

approach was developed due to known species differences in enzymes involved in

prodrug activation. 65 Specifically, for some hydrolases rodents are more appropriate but

for others rabbits are, and we use both to get better coverage of hydrolase activities.

Three or four dosages of each POP construct are studied, after performing initial

tolerability studies. A minimum of 3 animals are used for each dose. Animals in each

dosing cohort are sampled from plasma according to the sampling strategy shown in Fig.

12 (arrows represent time of blood withdrawal from the tail vein; three samples taken on

the first day at 1.5, 3 and 6 hours, followed by a single plasma sample on days 2 , 3 , 5 , 8 ,

12, 15, 22 and 29). We use equal numbers of male and female animals to gauge

potential differences in responses related to sex, and we perform the studies blinded to

drug treatment to avoid bias. A lack of pre-existing depot formulations prohibits

comparative testing of emerging formulations; thus, blinded comparisons are not

possible. Quantitative predictions of exposure in humans are developed by PBPK

modeling, and the in vivo experimental outcomes will essentially be qualitative in terms

of the ability to provide LA exposure. Animals are sacrificed when concentrations fall

below detectable concentrations (using CO2 asphyxia) irrespective of time post dose.

Following sacrifice, a physical examination of implant site is conducted to establish local



responses to POP constructs. A histological examination of the implant site is also

conducted as part of our safety assessment. Tissues (including brain, lymph nodes,

liver, kidneys, lungs, etc., necessary for a robust assessment of overall distribution) are

removed, and stored at -80°C until further analysis. Analyte concentrations in plasma

and brain are measured using bioanalytical methods or detection of an incorporated

radiolabel. Additionally, plasma concentrations of proinflammatory cytokines (IL-1 b, IL-6,

IL-8, TNFa and IFNy) as well as markers of inflammation (HMGB1 , CRP, and fibrinogen)

and platelet activation (P-selectin, slCAM-3) are also assessed. The PK is described

using compartmental modeling techniques. The AUC in the respective compartments

and the extent of penetration into tissues is estimated. It remains unclear with existing

sustained release formulations (rilpivirine LA and cabotegravir LA) whether following

administration any SDNs enter the systemic circulation as intact nanoparticles; POP

nanoprecipitates also have this potential. These are assessed using validated flow

cytometry protocols which also enable study of protein corona that may influence

biodistribution 66 and immunological safety 67 of nanoparticles entering the systemic

circulation. Preclinical data in rodents generated for rilpivirine LA are used to benchmark

success in these experiments.

In vitro safety assessment: A preliminary nanotoxicology assessment, including

intensive immunological analyses, is conducted. This includes analysis of POP

structures, precursors, drug/prodrug and fragments that are biocompatible. As FTC is a

nucleoside analogue there is a possibility that FTC POP (or their fragments) may be

immunogenic (nucleosides are ligands for TLR 7/8, and it is possible that other nucleic

acid-like structures may also be ligands for pattern recognition receptors therefore

warranting investigation 68·69) . In addition to their composition it is possible that the “f iber

like” nature of the POP may prevent the complete engulfment of these materials by

macrophages and result in frustrated phagocytosis hallmarked by a burst of

macrophage-released proinflammatory mediators. 70 These possibilities support the

inclusion of both “final product” POPs as well as precursors and POP fragments. A tiered

approach to biocompatibility testing is as follows.

Tier I: sterility testing of materials to rule out any potential false positives in subsequent

immunological assays. Solutions containing the materials screened for microbial

contamination. The presence of endotoxin assessed using chromogenic or turbidimetric

versions of the Limulus Amoebocyte Lysate (LAL) assay. If particles were found to be

‘clean’, progress to the second tier of the analysis.



Tier II: assessment of common acute toxicities, including haemolysis (RBC destruction),

complement activation, thrombogenicity, induction of pro-inflammatory cytokines

(primarily IL-1 β, IL-8 and TNFa), leukocyte proliferation (3H-thymidine incorporation),

uptake of POPs by macrophages and neutrophils.

Tier III: impact of materials on immune cells and their functions. Effects on macrophage

function assessed by measuring phagocytosis, cytokine secretion and

immunophenotyping, and effects on neutrophil function by monitoring cytokine secretion,

generation of oxidative burst and neutrophil extracellular traps. Determine how POP

uptake effects antigen and mitogen induced leukocyte proliferation in immune cells,

examine if POPs affect natural killer cell cytotoxicity, determine if POPs affect dendritic

cell maturation and examine the impact on cytotoxic T-lymphocyte activity.

Immunophenotyping in whole blood may also be implemented to determine if

interactions with immune cells affect immune cell phenotype. If any interactions are

observed, follow this up in Tier IV with mechanistic assays, such as determining

transcription factor activation, caspase activation, cellular health assays, mechanisms of

cell death (immunologically silent/not silent) and receptor inhibition studies. Data

benchmarked against literature and our existing data generated through our participation

in the European Nanomedicine Characterization Laboratory (www.euncl.eu) .

In vitro-in vivo extrapolation (IVIVE) using PBPK modeling:

As outlined above, PBPK modeling is widely used by the pharmaceutical industry and

we recently developed robust models for a number of ARVs in an open source

environment. 55'6° 62
’
71 73 This has led to the generation of the first PBPK models to

simulate the PK of LA formulations, identifying optimal doses and release rates for

sustained exposure after intramuscular depot injection. This is a uniquely powerful tool

for evaluating POP constructs and the program described here enables validation of a

range of assumptions within such predictive models.

EXPERIMENTAL DATA AND INFORMATION

SYNTHESIS AND CHARACTERISATION OF POP MATERIALS

Nuclear magnetic resonance (NMR) spectra were recorded using Bruker Avance III 400

MHz and 500 MHz spectrometers. Chemical shifts (δ ) are reported in parts per million

(ppm) relative to tetramethylsilane (TMS) internal standard for both 1H and 13C spectra.



Molecular weights of polymers were characterised by gel permeation chromatography

(GPC) performed in dimethylformamide (DMF) containing 0.01 M LiBr at 60 °C, with a

flow rate of 1 mL min - 1 using a Malvern Viscotek GPCmax instrument equipped with two

Viscotek T6000 columns, a refractive index detector (RID) VE3580 and a 270 Dual

Detector (light scattering and viscometer) or an Agilent 1260 Infinity I I instrument

equipped with a RID and PLGel column (3 pm Mixed-E).

Electrospray ionisation mass spectrometry (ESI-MS) data were obtained using an

Agilent QTOF 6540 mass spectrometer using positive electron ionisation and direct

infusion syringe pump sampling.

POP structures using FTC and 3TC prodrug monomers

Synthesis and Characterisation of NRTI Polymer-of-Prodrug - bis(chloroformate) route

FTC Polymer-of-Prodrug (POP) synthesis with bis(chloroformate)

General synthesis of linear FTC POP structure using bis(chloroformate),

poly[(triethylene glycol)/FTC]: To a dry 10 mL round-bottomed flask containing

emtricitabine (FTC) (4.5 g , 18.2 mmol), 4-dimethylaminopyridine (DMAP) ( 1 . 1 1 g , 9.10

mmol) and pyridine (3.23 mL, 40.0 mmol) was added an anhydrous dichloromethane

solution (7.15 mL, 50 wt%) of tri(ethylene glycol) bis(chloroformate) (3.74 mL, 18.2

mmol) dropwise with stirring at 0 °C under a nitrogen atmosphere over 30 min. The

mixture was allowed to warm to ambient temperature and stirred for 16 hours to give a

yellow viscous solution. The crude reaction mixture was dissolved in dichloromethane

(300 mL) and washed with hydrochloric acid ( 1 M, 2 x 150 mL) and saturated sodium

chloride solution (3 x 150 mL). The organic layer was dried over magnesium sulphate,

filtered and concentrated in vacuo to yield a colourless crispy solid. 1H NMR (400 MHz,

CDCIs) δ ppm 3.24-3.27 (d, J = 12.49 Hz, 1H), 3.55-3.60 (dd, J = 5.1 1, 12.49 Hz, 1H),

3.63-3.67 (m, 4H), 3.71-3.77 (m, 4H), 4.30-4.36 (m, 4H), 4.55-4.59 (m, 2H), 5.39-5.41

(m, 1H), 6.27-6.31 (m, 1H), 8.03-8.1 1 (m, 1H). 13C NMR (100 MHz, CDCI3) δ ppm 38.27,

65.37, 66.68, 67.74, 68.73, 68.91 , 70.54, 70.63, 84.13, 87.25, 126.32, 153.34, 153.50,

154.73.



Table 1 GPC data for FTC POP structures

3TC Polymer-of-Prodrug (POP) synthesis with bis(chloroformate)

General synthesis of linear 3TC POP structure using bis(chloroformate),

poly[(triethylene glycol)/3TC]: To a dry 10 mL round-bottomed flask containing

lamivudine (3TC) (4.5 g , 19.6 mmol), 4-dimethylaminopyridine (DMAP) ( 1 .20 g , 9.81

mmol) and pyridine (3.48 mL, 43.2 mmol) was added an anhydrous dichloromethane

solution (7.44 mL, 50 wt%) of tri(ethylene glycol) bis(chloroformate) (4.03 mL, 19.6

mmol) dropwise with stirring at 0 °C under a nitrogen atmosphere over 30 min. The

mixture was allowed to warm to ambient temperature and stirred for 16 hours to give a

yellow viscous solution. The crude reaction mixture was dissolved in dichloromethane



(300 ml) and washed with hydrochloric acid ( 1 M, 2 x 150 mL) and saturated sodium

chloride solution (3 x 150 mL). The organic layer was dried over magnesium sulphate,

filtered and concentrated in vacuo to yield a colourless crispy solid. H NMR (400 MHz,

CDCIs) δ ppm 3.20-3.25 (m, 1H), 3.62-3.68 (m, 5H), 3.72-3.77 (m, 4H), 4.32-4.36 (m,

4H), 4.52-4.66 (m, 2H), 5.41-5.45 (m, 1H), 6.33-6.37 (m, 1H), 8.12-8.22 (m, 1H). 13C

NMR (100 MHz, CDCIs) δ ppm 38.69, 65.33, 67.09, 67.64, 68.81 , 68.84, 68.93, 69.02,

70.64, 70.79, 84.09, 88.08, 94.92, 144.36, 152.52, 154.77, 154.83, 162.78.

Table 2 GPC data for 3TC POP structures

Branched FTC Polymer-of-Prodrug (POP) synthesis with bis(chloroformate)

General synthesis of branched FTC POP structure using bis(chloroformate),

poly[(triethylene glycol)/FT C/TM P]: To a dry 10 mL round-bottomed flask containing

emtricitabine (FTC) ( 1 g , 4.04 mmol), trimethylolpropane (TMP) (0.040 g , 0.3 mmol), 4-

dimethylaminopyridine (DMAP) (0.275 g , 2.25 mmol) and pyridine (0.80 mL, 9.89 mmol)



was added an anhydrous dichloromethane solution ( 1 .71 mL, 50 wt%) of tri(ethylene

glycol) bis(chloroformate) (0.92 mL, 4.49 mmol) dropwise with stirring at 0 °C under a

nitrogen atmosphere over 30 min. The mixture was allowed to warm to ambient

temperature and stirred for 16 hours to give a yellow viscous solution. The crude

reaction mixture was dissolved in dichloromethane (100 mL) and washed with

hydrochloric acid (1M, 2 x 50 mL) and saturated sodium chloride solution (3 x 50 mL).

The organic layer was dried over magnesium sulphate, filtered and concentrated in

vacuoto yield a colourless crispy solid. 1H NMR (400 MHz, CDCL) δ ppm 0.85-0.93 (m,

3H), 1.40-1 .56 (m, 2H), 3.22-3.26 (d, J = 12.42 Hz, 1H), 3.55-3.60 (dd, J = 5.1 1, 12.42

Hz, 1H), 3.63-3.67 (m, 4H), 3.70-3.77 (m, 4H), 4.10 (s, 6H), 4.30-4.36 (m, 4H), 4.55-4.59

(m, 2H), 5.39-5.41 (m, 1H), 6.27-6.31 (m, 1H), 8.03-8.1 1 (m, 1H). 13C NMR (100 MHz,

CDCI3) δ ppm 7.29, 22.27, 38.26, 42.81 , 65.38, 66.68, 67.04, 67.22, 67.72, 68.73, 68.92,

70.55, 70.61 , 84.13, 87.31 , 126.38, 140.39, 153.33, 153.50, 154.73, 155.13, 157.82,

158.09.

Table 3 GPC data for FTC branched POP structures



Synthesis and Characterisation of NRTI Polymer-of-Prodrug - GDI route

R and R’ = an aromatic or aliphatic hydrocarbon chain (optionally ≠ Ci)

X = F or H

Overall synthesis of NRTI POP structures using CDI route

Synthesis of CDI activated monomers

The synthesis of CDI-activated materials was carried out as outlined in literature. 101,102

b) O

H<r
mp.

)

EtOAc

ambient temp.

R= an aromatic o r aliphatic hydrocarbon chain (optionally



Synthesis of (a) imidazole carboxylic ester, (b) bis(imidazole carboxylic ester) and (c)

tri(imidazole carboxylic ester)

Whilst exemplification herein primarily relates to CDI chemistry, in general the skilled

person will understand that other activation chemistry may be used, for example triazole

or other chemistry.

General synthesis of imidazole carboxylic ester, dodecyl 1 imidazole-1 -carboxylate

(active dodecanol): To a dry 250 ml_ round-bottomed flask containing dodecanol (3.73 g ,

20 mmol) and 1,T-carbonyldiimidazole (CDI) (7.30 g , 45 mmol) was added anhydrous

ethyl acetate (EtOAc) (60 mL) under a nitrogen atmosphere. The mixture was stirred at

ambient temperature for 4 hours to give a yellow solution. The crude reaction mixture

was dissolved in ethyl acetate (140 ml) and washed with deionised water (6 x 100 mL)

and saturated sodium chloride solution (2 x 100 mL). The organic layer was dried over

magnesium sulphate, filtered and concentrated in vacuo to yield a white solid, 5.14 g

(89%). 1H NMR (500 MHz, CDCI3) δ ppm (t, J = 7.74 Hz, 3H), 1.23 {br. m, 18H), 1.75 (m,

2H), 4.37 (t, J = 6.89 Hz, 2H), 7.02 (s, 1H), 7.38 (s, 1H), 8.09 (s, 1H). 13C NMR (100

MHz, CDCI3) δ ppm 14.03, 22.62, 25.66, 28.42, 29.09-20.55, 3 1 .84, 68.43, 117.00,

130.52, 137.00, 148.69. Calcd: [M+H] + = 281 .4; found 281 .2.

General synthesis of bis(imidazole carboxylic ester), hexane- 1,6-diyl bis(1 A/-imidazole-1-

carboxylate) (active 1,6-hexanediol): To a dry 500 mL round-bottomed flask containing

hexanediol (25 g , 0.21 mol) and 1,T-carbonyldiimidazole (CDI) (77 g , 0.48 mol) was

added anhydrous ethyl acetate (EtOAc) (200 mL) under a nitrogen atmosphere. The

mixture was stirred at ambient temperature for 4 hours to give a yellow solution. The

crude reaction mixture was dissolved in ethyl acetate (140 mL) and washed with

deionised water (6 x 100 mL) and saturated sodium chloride solution (2 x 100 mL). The

organic layer was dried over magnesium sulphate, filtered and concentrated in vacuo to

yield a white solid, 47.4 g (72%). 1H NMR (500 MHz, CDCI3) δ ppm 1.53 {br. m, 4H),

1.84 {br. m, 4H), 4.44 (t, J = 6.60 Hz, 4H), 7.08 (s, 2H), 7.43 (s, 2H), 8.14 (s, 2H). 13C

NMR (100 MHz, CDCI3) δ ppm 25.36, 28.40, 68.05, 117.06, 130.70, 137.06, 148.72.

Calcd: [M+Na] + = 329.3; found 329.1.

Ethane- 1,2-diylbis(oxy))bis(ethane-2, 1-diyl) bis(1 H-imidazole-1 -carboxylate)

(active tri(ethyleneglycol)): Yield = 0.357 g , (16%) H NMR (400 MHz, CDCI3) δ ppm

8.08 (t, J = 1.0 Hz, 2H), 7.37 (t, J = 1.5 Hz, 2H), 6.99 (dd, J = 1.6, 0.8 Hz, 2H), 4.55 - 4.42

(m, 4H), 3.83 - 3.70 (m, 5H), 3.62 (s, 4H). 13C NMR (100 MHz, CDCI3) δ ppm 148.62,

137.12, 130.64, 117.1 1, 77.47, 77.16, 76.84, 70.66, 68.64, 66.95.



General synthesis of tri(imidazole carboxylic ester), 2-(((1H-imidazole-1-

carbonyl)oxy)methyl)-2-ethylpropane-1 ,3-diyl bis(1 H-imidazole-1-carboxylate) bis(1 H-

imidazole-1 -carboxylate) (active TMP): To a dry 250 mL round-bottomed flask containing

trimethylolpropane (TMP) (2.41 g , 18.0 mmol) and anhydrous ethyl acetate (EtOAc) (100

mL) was added 1,T-carbonyldiimidazole (CDI) (14.6 g , 89.8 mmol) under a nitrogen

atmosphere. The mixture was stirred at ambient temperature for 19 hours to give a

yellow solution. The crude reaction mixture was washed with deionised water (4 x 50

mL) and saturated sodium chloride solution ( 1 x 50 mL). The organic layer was dried

over magnesium sulphate, filtered and concentrated in vacuo to yield a white solid, 4.57

g (63%). 1H NMR (400 MHz, CDCI3) δ ppm 0.95-0.99 (t, J = 7.59 Hz, 3H), 1.05-1 .09 (dt,

J = 7.59 Hz, 3H), 1.52-1.60 (q, J = 7.59 Hz, 2H), 1.67-1.73 (q, J = 7.59 Hz, 2H), 4.05-

4.32 (dq, J = 7.59 Hz, 1H), 4.51 (s, 6H), 7.05 (s, 3H), 7.33 (s, 3H), 8.08 (s, 3H). 3C NMR

(100 MHz, CDCIs) δ ppm 7.47, 23.3, 42.1 , 66.7, 116.9, 131 .3, 136.9, 148.2. Calcd:

[M+H + = 416.4; found 417.2.

Ethane-1 ,1,1 -triyltris(benzene-4, 1-diyl) tris(1 H-imidazole-1 -carboxylate) (active

THPE): Yield = 3.61 g , (76%), 1H NMR (400 MHz, DMSO-d 6) δ ppm 8.46 (s, 2H), 7.77 (t,

J = 1.5 Hz, 2H), 7.46 - 7.34 (m, 4H), 7.26 - 7.1 1 (m, 6H), 2.24 (s, 2H). 13C NMR (101

MHz, DMSO-de) δ ppm 148.05, 146.88 (d, J = 15.3 Hz), 137.80, 130.60, 129.56, 121.15,

117.96, 5 1 .53, 30.17.

Synthesis and Characterisation of NRTI Poiymer-of-Prodrug - CDI route

R = an aromatic or aliphatic hydrocarbon chain

X = F or H

NRTI POP synthesis with bis(imidazole carboxylic ester)

General synthesis of linear FTC POP structure using bis(imidazole carboxylic ester),

poly[(1,6-hexanediol)/FTC]: To a dry 250 mL round-bottomed flask containing

emtricitabine (FTC) (5 g , 20.2 mmol) and active 1,6-hexanediol (5.89 g , 19.2 mmol) was

added potassium hydroxide (KOH) (0.2 g , 3.56 mmol) and anhydrous toluene (42.1 mL,

23 wt%) with stirring at 60 °C under a nitrogen atmosphere. Reaction progress was

monitored by TLC and deemed complete after 18 hours. Toluene was removed in vacuo,

the crude dissolved in dichloromethane (200 mL) and washed with deionised water (3 x

100 mL) and saturated sodium chloride solution ( 1 x 100 mL). The organic layer was



dried over sodium sulphate, filtered and concentrated in vacuo to yield a crispy white

solid. H NMR (400 MHz, CDCI3) δ ppm 1.39 (s, 4H), 1.67 (s, 4H), 3.12-3.18 (dd, J =

12.0 Hz, 1H), 3.49-3.57 (dd, J = 12.0 Hz, 1H), 4.08-4.19 (dt, J = 6.51 Hz, 4H), 4.49-4.60

(m, 2H), 5.32-5.39 (m, 1H), 6.29 (s, 1H), 7.89 (d, J = 6.35 Hz, 1H). 13C NMR (100 MHz,

CDCIs) δ ppm 25.5, 28.7, 38.7, 66.7, 68.7, 67.9, 83.9, 87.2, 87.8, 125.5, 135.3, 137.8,

153.9, 155.0, 155.5, 158.3.

poly[(FTC/tri(ethyleneglycol))]: 1H NMR (400 MHz, DMSO- ) δ ppm 8.19 (d, J =

7.3 Hz, 1H), 7.97 - 7.76 (m, 3H), 7.70 - 7.49 (m, 2H), 6.23 - 6.10 (m, 2H), 5.55 - 5.31 (m,

2H), 5.19 (t, J = 3.9 Hz, 1H), 4.54 - 4.37 (m, 2H), 4.28 - 4.12 (m, 2H), 3.77 (qd, J = 12.2,

3.8 Hz, 2H), 3.67 - 3.55 (m, 2H), 3.42 (ddd, J = 11.8, 5.4, 1.9 Hz, 4H), 3.15 (ddd, J =

17.9, 11.8, 5.0 Hz, 2H), 2.29 (d, J = 0.8 Hz, 1H).

General synthesis of linear 3TC POP structure using bis(imidazole carboxylic ester),

poly[(1 ,6-hexanediol)/3TC]: To a dry 10 mL round-bottomed flask containing lamivudine

(3TC) (0.48 g , 2.1 mmol) and active 1,6-hexanedio! (0.61 g , 2.0 mmol) was added

potassium hydroxide (KOH) (0.1 12 g , 2.0 mmol) and anhydrous toluene (4 mL, 24 wt%)

with stirring at 60 °C under a nitrogen atmosphere. Reaction progress was monitored by

TLC and deemed complete after 18 hours. Toluene was removed in vacuo, the crude

dissolved in dichloromethane (100 mL) and washed with deionised water (3 x 50 mL)

and saturated sodium chloride solution ( 1 x 50 mL). The organic layer was dried over

sodium sulphate, filtered and concentrated in vacuolo yield a crispy white solid. 1H NMR

(400 MHz, DMSO-d 6) δ ppm 1.32 (s, 4H), 1.59 (s, 4H), 3.06-3.1 1 (dd, J = 5.38 Hz, 1H),

3.39-3.45 (dd, J = 5.38 Hz, 1H), 4.01-4.13 (dt, J = 7.43 Hz, 2H), 4.35-4.40 (t, J = 6.55 Hz,

4H), 5.35-5.38 (t, J - 4.59 Hz, 1H), 5.75 (d, J = 7.43 Hz, 1H), 6.22-6.26 (t, J = 5.51 Hz,

1H), 7.28 (d, J = 22.9 Hz, 1H), 7.69 (d, J = 7.40 Hz, 1H). 13C NMR (100 MHz, DMSO-d 6)

δ ppm 24.7, 27.7, 35.7, 67.9, 80.9, 86.7, 94.3, 154.3, 154.5, 165.6.

Table 4 GPC data for FTC POP structures



R and R’ = an aromatic or aliphatic hydrocarbon chain

X = F or H

Branched FTC POP synthesis with bis- and tri(imidazole carboxylic ester)s

General synthesis of branched FTC POP structure using bis- and tri(imidazole

carboxylic ester)s, poly[(1,6-hexanediol)/(FTC/TMP)]: To a dry 250 ml_ round-bottomed

flask containing emtricitabine (FTC) (5 g , 20.2 mmol), active 1,6-hexanediol (5.58 g , 18.2

mmol) and active T P (0.56 g , 1.34 mmol) was added potassium hydroxide (KOH)

(0.021 g , 0.37 mmol) and anhydrous toluene (43.1 mL, 23 wt%) with stirring at 60 °C

under a nitrogen atmosphere. Reaction progress was monitored by TLC and deemed



complete after 18 hours. Toluene was removed in vacuo, the crude dissolved in

dichloromethane (200 mL) and washed with deionised water (3 x 100 mL) and saturated

sodium chloride solution ( 1 x 100 mL). The organic layer was dried over sodium

sulphate, filtered and concentrated in vacuo to yield a crispy white solid. 1H NMR (400

MHz, DMSO-d 6) δ ppm 0.83 (t, J = 7.60 Hz, 3H), 1.40 (q, J = 7.60 Hz, 2H), 3.1 1-3.18

(dd, J = 5.35 Hz, 3H), 3.40-3.48 (dd, J = 5.35 Hz, 3H), 3.70-3.81 (m, 1H), 4.09 (s, 5H),

4.46 (s, 5H), 5.18 (t, J = 3.90 Hz, 1H), 5.36-5.43 (dt, J = 3.90 Hz, 3H), 6.12-6.20 (dt, J =

5.35 Hz, 3H) 7.63 (s, 3H), 7.90 (d, J = 7.05 Hz, 5H), 8.19 ppm (d, J = 7.2 Hz, 1H). 13C

NMR (100 MHz, DMSO-d 6) δ ppm 7.07, 2 1 .9, 35.7, 36.7, 40.8, 54.9, 62.2, 67.1 , 67.9,

8 1 .2, 86.5, 86.8, 124.9, 134.9, 137.4, 152.9, 154.2, 157.6.

General synthesis of cross-linked FTC POP gel structure using a tri(imidazole carboxylic

ester), poly[(FTC/TMP)]: To a dry 250 ml round-bottom flask containing emtricitabine

(FTC) (5 g , 20.2 mmol) and active TMP (5.6 g , 13.5 mmol) was added potassium

hydroxide (KOH) (0.2 g , 3.6 mmol) and anhydrous toluene (41 mL) with stirring at 60 °C

under a nitrogen atmosphere. Reaction progress was monitored by TLC and deemed

complete after 37 hours. Toluene was decanted and the crude was stirred in

dichloromethane (100 ml) for 42 hours, replacing with fresh dichloromethane after 19

hours. The dichloromethane was removed and replaced with deionised water (100 mL).

The deionised water was immediately neutralised with hydrochloric acid solution ( 1 .5

mL, 1M). The mixture was stirred for 3 hours before replacing with fresh deionised water

and stirring for a further 25 hours. Finally the water was decanted and the polymer gel

was lyophilised for 48 hours.



Synthesis and Characterisation of NRTI Polymer-of-Prodrug with pendant prodrugs

R and R’ = an aromatic or aliphatic hydrocarbon chain

X = F or H

Overall synthesis of pendant-NRTI POP structures

Synthesis of 5’-alkoxycarbonyl FTC carbamates using chloroformate

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of 5’-alkoxycarbonyl FTC carbamates using chloroformates



General synthesis of 5’-alkoxycarbonyl FTC carbamate using chloroformate, Isobutyl (5-

fluoro-1 -((2S,5R)-2-(((isobutoxycarbonyl)oxy)methyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl)carbamate: To a dry 25 mL round-bottomed flask containing

emtricitabine (FTC) ( 1 g , 4.04 mmol) and pyridine (0.72 mL, 8.89 mmol) was added an

anhydrous dichloromethane solution (10 mL) of isobutyl chloroformate ( 1 .16 mL, 8.89

mmol) dropwise with stirring at 0 °C under a nitrogen atmosphere over 30 min. The

reaction mixture was allowed to warm to ambient temperature with stirring and was

deemed complete after 3 hours with monitoring by TLC. The crude reaction mixture was

dissolved in dichloromethane (200 mL) and washed with deionised water (6 x 100 mL)

and saturated sodium chloride solution (3 x 50 mL). The organic layer was dried over

magnesium sulphate, filtered and concentrated in vacuo. The crude product was purified

by silica flash chromatography, eluting with hexane gradually increasing to 50:50 ethyl

acetate: hexane over 20 min, flow rate = 36 mL/min. 1.51 g of colourless liquid (83%). 1H

NMR (500 MHz, CDCI3) δ ppm 0.95 (dd, J = 6.67, 11.21 Hz, 12H), 2.00 (m, 2H), 3.23

(dd, J = 3.69, 12.53 Hz, 1H), 3.55 (dd, J = 5.41 , 12.53 Hz, 1H), 3.98 (d, J = 7.63 Hz, 4H),

4.57 (m, 2H), 5.39 (t, J = 2.81 Hz, 1H), 6.30 {br. m, 1H), 8.10 (d, J = 6.51 Hz, 1H).

13C-NMR (100 MHz, CDCI3) δ ppm 18.77, 19.05, 27.69, 27.71 , 38.55, 66.17, 72.68,

74.84, 84.57, 87.09, 139.64, 148.03, 153.32, 153.49, 154.88. Calcd: [M+H] + = 448.4;

found 448.2.

Synthesis of S’-alkoxycarbonyl FTC carbamates using imidazole carboxylic ester

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of 5’-alkoxycarbonyl FTC carbamates using imidazole carboxylic esters

General synthesis of 5’-alkoxycarbonyl FTC carbamate using imidazole carboxylic ester,

dodecyl ( 1-((2S,5R)-2-((((dodecyloxy)carbonyl)oxy)methyl)-1 ,3-oxathiolan-5-yl)-5-fluoro-

2-oxo-1,2-dihydropyrimidin-4-yl)carbamate: To a dry 25 mL round-bottomed flask

containing emtricitabine (FTC) ( 1 g , 4.04 mmol), dodecyl 177-imidazole-1-carboxylate

(2.49 g , 8.89 mmol) and anhydrous dichloromethane (25 mL) was added pyridine (5 mL),

then potassium hydroxide (KOH) (ca. 0.2g) after 10 min with stirring at ambient

temperature under a nitrogen atmosphere. Reaction progress was monitored by TLC



and was deemed complete after 18 hours. The crude reaction mixture was dissolved in

dichloromethane (250 ml_) and washed with deionised water (5 x 100 mL) and saturated

sodium chloride solution (2 x 100 mL). The organic layer was dried over magnesium

sulphate, filtered and concentrated in vacuo, yielding 0.98 g of white solid (67%). 1H

NMR (500 MHz, CDCL) δ ppm 0.88 (t, J = 6.65 Hz, 6H), 1.26 (m, 36H), 1.68 (m, 4H),

3.21 (br. s, 1H), 3.55 (br. s, 1H), 4.18 (t, J = 6.65Hz, 4H), 4.56 ( r m, 2H), 5.39 (t, J =

3.44 Hz, 1H), 6.30 {br. s, 1H). 13C NMR (100 MHz, CDCI3) δ ppm 14.10, 22.67, 25.55,

25.82, 28.49, 28.58, 29.15, 29.25, 29.32, 29.47, 29.50, 29.55, 29.61 , 3 1 .90, 66.30,

69.03, 84.12, 86.80, 146.07, 153.26, 154.83. Calcd: [M+H] + = 672.4; found 672.4.

Synthesis of FTC carbamate from 5’-alkoxycarbonyl FTC carbamates

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of FTC carbamate from 5’-alkoxycarbonyl FTC carbamate

General synthesis of FTC carbamate from 5’-alkoxycarbonyl FTC carbamates, isobutyl

(5-fluoro-1 -((2S,5R)-2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-dihydropyrimidin-

4-yl) carbamate: Isobutyl (5-fluoro-1~((2S,5R)-2-(((isobutoxycarbonyl)oxy)methyl)-1 ,3-

oxathiolan-5-yl)-2-oxo-1 ,2-dihydropyrimidin-4-yl)carbamate ( 1 .81 g , 4.04 mmol), lithium

hydroxide (LiOH) (0.48 g , 20.2 mmol), tetrahydrofuran (THF) (10 mL) and deionised

water (3 mL) were stirred in a 25 mL round-bottomed flask at ambient temperature.

Reaction progress was monitored by TLC and was deemed complete after 18 hours.

Volatiles were removed in vacuo and the crude product purified by silica flash

chromatography, eluting with dichloromethane gradually increasing to 5:95

methanokdichloromethane over 20 min, flow rate = 36 mL/min. 0.58 g of pale yellow

solid (47%). 1H NMR (500 MHz, CDCI3) δ ppm 0.96 (d, J = 6.86 Hz, 6H), 2.00 (m, 1H),

3.26 (dd, J = 3.23, 12.60 Hz, 1H), 3.52 (dd, J = 5.01 , 12.74 Hz, 1H), 3.97 (m, 3H), 4.19

(dd, J = 1.93, 12.76 Hz, 1H), 5.31 (t, J = 3.09 Hz, 1H), 6.2 (m, 1H), 8.4 (br. s, 1H). 13C

NMR (100 MHz, CDCI3) δ ppm 19.06, 27.54, 27.72, 38.79, 62.31, 72.68, 87.29, 88.45,

153.49, 153.67. Calcd: [M+Na] += 370.3; found 370.1 .



Synthesis of FTC carbamate from FTC using chloroformates

R
R

major minor

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of FTC carbamate from FTC using chloroformates

General procedure for the formation of free S’-hydroxyl carbamate-only prodrug.

Emtricitabine (FTC) ( 1 eq., 12.3 mmol) was dispersed in dichloromethane (50 mL) under

a nitrogen atmosphere. Alkyl chloroformate ( 1 eq., 12.3 mmol) was added to the stirring

FTC solution, and the mixture cooled to 0°C. Pyridine ( 1 eq., 12.3 mmol, 0.99 mL) was

added dropwise to the reaction over 30 mins resulting in a clear pale yellow solution with

precipitated pyridinium hydrochloride. The solution was stirred at 0°C for 1 h, and then at

room temperature. The reaction was monitored by TLC and was deemed complete after

2 hours. Following the removal of volatiles in vacuo, the residue was purified by liquid

chromatography on silica using either 100% ethyl acetate, or 0-8% methanol in

dichloromethane as the eluent system.

Butyl (5-fluoro-1-((2S,5R)-2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl) carbamate. Yield: 2.53 g of white semi-solid (60%). 1H NMR (500

MHz, CDCb): δ ppm 8.57 (d, J = 12.8 Hz, 1H), 6.23 (t, J = 4.0 Hz, 1H), 5.29 (d, J = 3.0

Hz, 1H), 4.17 (q, J = 8.9, 6.9 Hz, 3H), 3.98 (dd, J = 12.8, 3.0 Hz, 1H), 3.51 (dd, J = 12.6,

5.3 Hz, 1H), 3.23 (dd, J = 12.6, 2.9 Hz, 1H), 1.64 (q, J = 7.1 Hz, 2H), 1.39 (h, J = 7.4 Hz,

2H), 1.25 (d, J = 7.5 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCb): δ =

153.48, 88.58, 87.26, 65.97, 62.58, 38.87, 3 1 .89, 30.57, 29.66, 22.66, 18.97, 13.66.

Calcd: [M+Na] + = 370.4; found 370.1

Isobutyl (5-fluoro-1 -((2S,5R)-2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl) carbamate. Yield: 1.85g of yellow solid (44%). 1H NMR (400 MHz,

CDCb): δ ppm 8.66 - 8.46 (m, 1H), 6.20 (s, 1H), 4.16 (dd, J = 12.8, 2.6 Hz, 1H), 4.03 -

3.86 (m, 3H), 3.48 (dd, J = 12.7, 5.2 Hz, 1H), 3.21 (dd, J = 12.6, 2.9 Hz, 1H), 2.03 - 1.89

(m, 1H), 0.91 (d, J = 6.7 Hz, 6H). 13C NMR (101 MHz, CDCb): δ = 153.54, 98.15, 88.73,

87.33, 72.61 , 65.15, 62.08, 38.86, 36.90, 27.70, 26.98, 23.75, 20.48, 19.03, 7.01 . Calcd:

[M+Na] + = 370.3; found 370.1



Octyl (5-fIuoro-1 -((2S ,5R)-2-(hyd roxymethyl)-1,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl) carbamate. Yield: 2.30 g of white semi-solid (46%). H NMR (400

MHz, CDCIs): δ ppm 8.50 (s, 1H), 6.10 (s, 1H), 4.16 - 3.96 (m, 3H), 3.88 (dd, J = 12.9,

3.1 Hz, 1H), 3.51 (dd, J = 27.9, 12.2 Hz, 1H), 3.39 (dd, J = 12.7, 5.3 Hz, 1H), 3.13 (dd, J

= 12.7, 2.8 Hz, 1H), 1.53 (p, J = 6.9 Hz, 2H), 1.26 - 1.06 (m, 11H), 0.73 (t, J = 6.8 Hz,

3H). 13C NMR (101 MHz, CDCI3) : δ = 153.43, 153.27, 97.83, 88.68, 87.18, 66.35, 64.79,

62.17, 6 1.70, 38.58, 36.64, 3 1 .46, 28.92, 28.87, 28.32, 26.39, 25.48, 23.39, 22.32,

20.52, 13.79, 6.75.

Decyl (5-fluoro-1-((2S,5R)-2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl) carbamate. Yield: 0.64 g of viscous liquid (37%). 1H NMR (500

MHz, CDCI3) δ ppm 0.90 (t, J = 7.22 Hz, 3H), 1.28 (br. m , 14H), 1.68 (m, 2H), 3.24 (br. s,

1H), 3.53 (br. s, 1H), 4.00 (br. d , J = 12.62 Hz, 1H), 4.19 (br. s, 3H), 5.34 (br. m , 1H),

6.30 (br. m, 1H), 8.48 (br. s , 1H).

Synthesis of FTC carbamate from FTC using imidazole carboxylic ester

major minor

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of FTC carbamate from FTC using imidazole carboxylic ester

General synthesis of FTC carbamate from FTC using imidazole carboxylic ester: To a

dry 25 ml_ round-bottomed flask containing emtricitabine (FTC) ( 1 g , 4.04 mmol),

imidazole carboxylic ester (8.89 mmol) and anhydrous dichloromethane (25 mL) was

added pyridine (5 mL), then potassium hydroxide (KOH) (ca. 0.2g) after 10 min with

stirring at ambient temperature under a nitrogen atmosphere. Reaction progress was

monitored by TLC and was deemed complete after 18 hours. The crude reaction mixture

was dissolved in dichloromethane (250 mL) and washed with hydrochloric acid (HCI)

( 1M, 2 x 100 mL), deionised water (3 x 100 mL) and saturated sodium chloride solution

(2 x 100 mL). The organic layer was dried over magnesium sulphate, filtered and

concentrated in vacuo. The crude product was purified by silica flash chromatography,

eluting with dichloromethane gradually increasing to 10:90 methanohdichloromethane

over 20 min, flow rate = 36 mL/min.



Synthesis of diol monomer with pendant FTC

Synthesis of bis-MPA acetonide

p-TsOH, acetone

ambient temp., 2h

Synthesis of bis-MPA acetonide

Synthesis of isopropylidene-2,2-bis(methoxy)propionic acid: 2,2-Bis(hydroxymethyl)-

propionic acid (bis-MPA) (100 g , 0.746 mol), 2,2-dimethoxypropane (137 mL, 1.12 mol),

and yP-toluenesulfonic acid monohydrate (7.09 g , 37.0 mmol) were stirred in acetone

(500 mL) for 2 hours at ambient temperature (clear, colourless). After this time, the

catalyst was neutralised by addition of triethylamine (TEA) (4 mL, 37.3 mmol), resulting

in salt precipitation. The product was obtained by removal of volatiles under reduced

pressure, dissolving the crude in dichloromethane (750 mL), washing with deionised

water (2 x 300 mL), drying over magnesium sulphate, filtering and concentrating in

vacuo. 100.86 g , white solid, (78%). 1H NMR (500 MHz, CDCI ) δ ppm 1.22 (s, 3H), 1.41

(s, 3H), 1.45 (s, 3H), 3.63 (d, J = 11.97Hz, 2H), 4.18 (d, 11.97 Hz, 2H). 13C NMR (100

MHz, CDCb) δ ppm 18.43, 22.00, 25.16, 4 1 .74, 65.85, 98.33, 180.22. This compound

was prepared by the procedure reported by Ihre et at. Spectroscopic data agreed with

those reported. 103

Synthesis of bis-MPA acetonide anhydride

Synthesis of bis-MPA acetonide anyhydride

Synthesis of isopropylidene-2,2-bis(methoxy)propionic anhydride: isopropylidene-2,2-

bis(methoxy)propionic acid (88.94 g , 0.51 1 mol) and N,N’-dicyclohexylcarbodiimide

(DCC) (52.68 g , 0.255 mol) were stirred in dichloromethane (500 mL) at ambient

temperature for 48 hours. The precipitated N,N’-dicyclohexylurea (DCLJ) byproduct was

removed by filtration and washed with a small volume of dichloromethane. The crude

product was purified by precipitating the filtrate into cold hexane (2.5 L, cooled with dry

ice bath) with vigorous stirring. 84.18 g , white viscous oil, (99%). 1H NMR (400 MHz,

CDCb) δ ppm 1.24 (s, 3H), 1.40 (s, 3H), 1.44 (s, 3H), 3.69 (d, 7 = 12.1 Hz, 4H), 4.21 (d, J



12.1 Hz, 4H). 13C NMR (100 MHz, CDCI 3) δ ppm 17.70, 2 1.73, 25.56, 43.59, 65.64,

98.42, 169.57. This compound was prepared according to the procedure reported by

Malkoch et al. Spectroscopic data agreed with those reported. 104

Synthesis of FTC carbamate bis-MPA acetonide ester

R = an aromatic or aliphatic hydrocarbon chain

Synthesis of FTC carbamate bis-MPA acetonide ester

General procedure for the esterification of FTC carbamate-only prodrug with bis-MPA

acetonide anhydride to yield diol monomer precursor. FTC carbamate-only prodrug ( 1

eq., 5.76 mmol), 4-dimethylaminopyridine (DMAP) (0.2 eq., 1.15 mmol), pyridine (5 eq.,

28.8 mmol) and bis-MPA acetonide anhydride ( 1 .3 eq., 7.49 mmol) were dissolved in

dichloromethane (25 mL) under a nitrogen atmosphere. The reaction was stirred at

ambient temperature, monitored by TLC and was deemed complete after 24 hours. The

residue was diluted with DCM (200 mL), washed with NaHSC (3 x 1M 100 mL),

NaHCC>3 (3 x 1M 100 mL), brine (2 x 100mL) and then dried over MgSC . After removal

of volatiles, the residue was purified using liquid chromatography on silica with 60%

EtOAc : 40% Hexane eluent.

((2S,5R)-5-(4-((butoxycarbonyl)amino)-5-fluoro-2-oxopyrimidin-1(2H)-yl)-1,3-

oxathiolan-2-yl) methyl 2,2,5-trimethyl-1,3-dioxane-5-carboxylate. Yield: 2.44 g of yellow

viscous liquid (87%). 1H NMR (400 MHz, CDCI 3) : δ ppm 6.31 - 6.23 (m, 1H), 5.40 (dd, J

= 5.0, 3.0 Hz, 1H), 4.70 (dd, J = 12.5, 4.9 Hz, 1H), 4.47 (dd, J = 12.5, 3.0 Hz, 1H), 4.25 -

4.16 (m, 4H), 3.68 (dd, J = 11.8, 2.5 Hz, 2H), 3.61 - 3.50 (m, 1H), 3.19 (dd, J = 12.4, 4.0

Hz, 1H), 1.69 (dq, J = 8.7, 6.8 Hz, 2H), 1.40 (d, J = 26.9 Hz, 8H), 1.17 (s, 3H), 0.94 (s,

3H). 13C NMR (101 MHz, CDCI 3) : δ = 173.89, 171 .14, 153.38, 153.20, 98.25, 86.64,

83.82, 66.43, 66.05, 65.99, 63.91, 60.37, 53.46, 42.27, 37.76, 30.55, 25.88, 2 1.23,

2 1 .02, 18.99, 18.37, 14.18, 13.66. Calcd: [M+Na] + = 526.5; found 526.2

((2S,5R)-5-(5-fluoro-4-((isobutoxycarbonyl)amino)-2-oxopyrimidin-1 (2H)-y!)-1 ,3-

oxathio!an-2-yl) methyl 2,2,5-trimethyl-1,3-dioxane-5-carboxylate. Yield: 2.59 g of

colourless viscous liquid (97%). 1H NMR (500 MHz, CDCI 3) : δ ppm 6.30 - 6.21 (m, 1H),

5.39 (dd, J = 5.0, 3.0 Hz, 1H), 4.68 (dd, J = 12.3, 5.0 Hz, 1H), 4.45 (dd, J = 12.5, 3.0 Hz,



1H), 4.23 - 4.17 (m, 2H), 3.95 (d, J = 6.7 Hz, 2H), 3.66 (dd, J = 11.8, 3.3 Hz, 2H), 3.54 (s,

1H), 3.17 (dd, J = 12.4, 4.1 Hz, 1H), 2.03 - 1.96 (m, 1H), 1.41 (s, 3H), 1.34 (s, 3H), 1.15

(s, 3H), 0.95 (d, J = 6.8 Hz, 6H). 13C NMR (126 MHz, CDC ): δ = 173.88, 153.24, 98.24,

72.69, 65.97, 63.92, 53.47, 42.26, 38.36, 27.68, 25.84, 19.04, 18.37. Calcd: [M+Na] + =

526.5; found 526.2

((2S,5R)-5-(5-fluoro-4-(((octyloxy)carbonyl)amino)-2-oxopyrimidin-1(2H)-yl)-1,3-

oxathiolan-2-yl) methyl 2,2,5-trimethyl-1,3-dioxane-5-carboxylate. Yield: 2.57 g of yellow

viscous liquid (88%). 1H NMR (400 MHz, CDCI3) : δ ppm 6.27 (t, J = 4.8 Hz, 1H), 5.41

(dd, e = 4.9, 3.0 Hz, 1H), 4.70 (dd, J = 12.6, 4.9 Hz, 1H), 4.47 (dd, J = 12.5, 3.0 Hz, 1H),

4.26 - 4.14 (m, 4H), 3.68 (dd, J = 11.9, 2.5 Hz, 2H), 3.55 (s, 1H), 3.19 (dd, J = 12.4, 4.1

Hz, 1H), 1.75 - 1.65 (m, 2H), 1.43 (s, 3H), 1.37 (s, 5H), 1.34 - 1.21 (m, 8H), 1.17 (s, 3H),

0.88 (t, J = 6.8 Hz, 3H). 3C NMR (101 MHz, CDCI3) : δ = 173.88, 153.36, 153.19, 98.24,

85.97, 83.78, 66.74, 65.98, 63.92, 42.27, 37.73, 3 1.74, 29.18, 29.13, 28.56, 25.79,

22.60, 2 1.23, 18.36, 14.18, 14.06. Calcd: [M+Na] + = 582.7; found 582.2

((2S,5R)-5-(4-(((decyloxy)carbonyl)amino)-5-fluoro-2-oxopyrimidin-1 (2H)-yl)-1 ,3-

oxathiolan-2-yl) methyl 2,2,5-trimethyl-1,3-dioxane-5-carboxylate. Yield: 0.61 1 g of pale

yellow solid (62%). 1H NMR (500 MHz, CDCI3) δ ppm 0.88 (t, J = 7.41 Hz, 3H), 1.18 (s,

3H), 1.27 (br s, 13H), 1.38 (s, 4H), 1.44 (s, 3H), 1.70 (dt, J = 7.44, 14.88, 2H), 3.18 (br

d , J = 9.09 Hz, 1H), 3.55 (s, 1H), 3.70 (dd, J = 2.48, 11.98 Hz, 2H), 4.21 (m, 4H), 4.48

(dd, J = 2.67, 12.38 Hz, 1H), 4.70 (br. d , J = 8.96 Hz, 1H), 5.40 (br. m, 1H), 6.28 (br m,

1H), 7.84 (br. s 1H). 13C NMR (100 MHz, CDCI3) δ ppm 14.09, 18.38, 2 1 .23, 22.66,

25.80, 28.57, 29.23, 29.27, 29.49, 29.50, 3 1 .86, 37.72, 42.29, 53.43, 63.92, 66.00,

66.74, 83.74, 86.60, 98.26, 124.14, 146.06, 153.18, 153.37, 173.89. Calcd: [M+Na] + =

610.3; found 610.3.

Synthesis of FTC carbamate bis-MPA ester diol monomer

Synthesis of FTC carbamate bis-MPA ester diol monomer

General synthesis of FTC carbamate bis-MPA ester diol monomer. FTC monomer

precursor (5.76 mmol) and DOWEX 50W-X2 (10 wt%) was added to methanol (100 mL).



The resultant mixture was heated to 50°C and stirred for 3 hours. Loss of the acetonide

protecting group was monitored by TLC. Once complete, the resin was filtered off and

the solvent removed.

((2S 5R)-5-(4-((butoxycarbonyl)amino)-5-fluoro-2-oxopyrimidin-1(2H)-yl)-1,3-

oxathiolan-2-yi) methyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (butyl FTC).

Yield: 1.97 g (87.0%) 1H NMR (400 MHz, CDCI3) : δ ppm 8.06 - 7.78 (m, 1H), 6.25 (s, 1H),

5.41 (s, 1H), 4.65 - 4.52 (m, 2H), 4.18 (t, J = 6.8 Hz, 2H), 3.92 (d, J = 11.4 Hz, 2H), 3.83 -

3.71 (m, 2H), 3.56 (s, 1H), 3.47 (t, J = 2.1 Hz, 2H), 3.20 (dd, J = 12.3, 4.3 Hz, 3H), 1.69

(t, J = 7.3 Hz, 2H), 1.44 - 1.20 (m, 10H), 1.13 (s, 3H), 0.94 - 0.82 (m, 3H). 13C NMR (101

MfHz, CDCIs): δ ppm 175.28, 153.44, 153.27, 87.33, 83.46, 67.43, 66.84, 63.85, 49.62,

3 1 .75, 29.19, 29.15, 28.56, 25.78, 22.61 , 17.16, 14.07.

((2S,5R)-5-(((1E,3E)-2-fluoro-3-(formylimino)-3-((isobutoxycarbonyl)amino)prop-

1-en-1-yl)amino) 1,3-oxathiolan-2-yl)methyl 3-hydroxy-2-(hydroxymethyl)-2-

methylpropanoate (isobutyl FTC). Yield: 3.55 g (76.0%) 1H-NMR (400 MHz, CDCh): δ

ppm 7.98 (s, 1H), 6.25 (td, J = 4.1 , 2.1 Hz, 1H), 5.42 (dd, J = 4.6, 3.0 Hz, 1H), 4.62 - 4.50

(m, 2H), 3.97 (d, J = 6.7 Hz, 2H), 3.90 (d, J = 11.3 Hz, 2H), 3.75 (dd, J = 11.3, 3.6 Hz,

2H), 3.58 (dd, J = 12.3, 5.4 Hz, 1H), 3.21 (dd, J = 12.4, 4.1 Hz, 1H), 2.04 - 1.95 (m, 1H),

1.14 (s, 3H), 0.97 (d, J = 6.7 Hz, 6H). 13C NMR (101 MHz, CDCI3) : δ ppm 175.24,

153.52, 153.36, 87.69, 87.18, 86.40, 83.93, 72.72, 7 1 .28, 66.99, 66.81 , 66.75, 64.07,

63.82, 55.29, 50.56, 49.68, 49.65, 37.78, 27.89, 27.68, 19.01 , 18.97, 17.21 , 17.18,

17.15.

((2S,5R)-5-(5-fluoro-4-(((octyloxy)carbonyl)amino)-2-oxopyrimidin-1(2H)-yl)-1 l3-

oxathiolan-2-yl) methyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (octyl FTC).

Yield: 2.08 g (87.4%) 1H-NMR (400 MHz, CDCI3) : δ ppm 6.24 (td, J = 4.5, 2.4 Hz, 1H),

5.42 (dd, J = 4.6, 3.0 Hz, 1H), 4.57 (qd, J = 12.6, 3.9 Hz, 2H), 4.19 (t, J = 6.7 Hz, 2H),

3.89 (d, J = 11.2 Hz, 2H), 3.75 (dd, J = 11.2, 3.2 Hz, 2H), 3.62 - 3.53 (m, 1H), 3.22 (dd, J

= 12.4, 4.1 Hz, 1H), 1.73 - 1.62 (m, 2H), 1.48 - 1.34 (m, 2H), 1.14 (s, 3H), 0.94 (t, J = 7.4

Hz, 3H). 13C NMR (101 MHz, CDCI3) δ 175.28, 153.44, 153.27, 87.54, 83.33, 67.43,

66.84, 63.85, 50.71, 49.62, 37.16, 3 1.75, 29.19, 29.15, 28.56, 25.78, 22.61, 17.16,

14.07.

((2S,5R)-5-(4-(((decyloxy)carbonyl) amino)-5-fluoro-2-oxopyrimidin-1 (2H)-yI)-1 ,3-

oxathiolan-2-yl) methyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (decyl FTC).

Yield: 0.49 g of orange waxy-solid (86%). 1H NMR (500 MHz, MeO-D 4) δ ppm 0.91 (t, J =

7.1 1 Hz, 3H), 1.22 (s, 3H), ( 1 .31, br m , 14H), 1.68 (m, 2H), 3.32 (m, 2H), 3.68 (m, 2H),

3.73 (m, 2H), 4.00 (t, J = 6.55 Hz, 1H), 4.22 (t, J 6.22 Hz, 1H), 4.54 (m, 1H), 4.61 (m,

1H), 5.51 (m, 1H), 6.25 (m, 1H), 8.14 (m, 1H).



Synthesis of pendant-FTC POP

Bis(chloroformate) route

R and R’ = an aromatic or aliphatic hydrocarbon chain

Synthesis of pendant-FTC POP with bis(chloroformate)

General synthesis of pendant-FTC POP with bis(chloroformate). To a dry 10 mL round-

bottom flask, FTC carbamate bis-MPA ester diol monomer (0.44 g , 7.98 mmol) was

melted at 60 °C under nitrogen. Tri(ethylene glycol) bischloroformate (0.16 mL, 7.98

mmol) was added, followed by drop-wise addition of pyridine ( 1 .4 mL, 17.6 mmol) to

generate a melt. After heating at 60 °C for 16 hrs, the crude reaction mixture was cooled

to ambient temperature, followed by dilution with DCM (200 mL). The organics were

washed with HCI solution (1M, 2 x 100 mL) then saturated sodium chloride solution (3 x

100 mL), dried over MgSC and volatiles removed in vacuoto yield the prodrug polymer.

Poly[(isobutyl FTC/tri(ethylene glycol) carbonate]: Yellow brittle solid. 1H NMR

(400 MHz, CDCb) δ ppm 8.01 - 7.72 (m, 1H), 6.26 (t, J = 5.2 Hz, 1H), 5.46 - 5.33 (m,

1H), 4.69 - 4.43 (m, 2H), 4.37 - 4.21 (m, 6H), 3.97 (d, J 6.7 Hz, 1H), 3.67 (d, J = 24.6

Hz, 10H), 3.62 - 3.48 (m, 1H), 3.36 - 3.08 (m, 1H), 2.01 (d, J 6.9 Hz, 1H), 1.42 - 1.20

(m, 3H), 0.95 (dd, J = 16.8, 6.7 Hz, 4H). 13C NMR (101 MHz, CDCI3) δ ppm 173.54,

171 .89, 155.17, 154.66, 153.44, 153.27, 87.05, 84.13, 72.70, 7 1 .40, 7 1 .35, 70.64, 70.61 ,

70.52, 68.86, 68.82, 68.36, 67.31, 48.60, 46.67, 42.76, 37.65, 27.70, 19.06, 18.99,

18.86, 17.46.]

Poly[butyl FTC/tri(ethylene glycol) carbonate]: Viscous orange liquid. 1H NMR

(400 MHz, CDCb) δ ppm 6.26 (s, 1H), 5.38 (s, 1H), 4.76 - 4.12 (m, 9H), 3.90 - 3.48 (m,

14H), 3.30 - 3.10 (m, 1H), 1.75 - 1.52 (m, 2H), 1.49 - 1.17 (m, 5H), 0.98 - 0.83 (m, 2H).

13C NMR (101 MHz, CDCI3) δ ppm 154.68, 7 1 .42, 71.38, 70.66, 70.56, 68.88, 67.32,

49.57, 46.68, 42.76, 30.58, 19.01 , 17.35, 13.68.



Poly[octyl FTC/tri(ethylene glycol) carbonate]: Slow-flowing orange liquid. 1H

NMR (400 MHz, CDCI3) δ ppm 6.25 (q, J = 8.5, 6.7 Hz, 1H), 5.39 (ddd, J = 10.9, 5.2, 2.3

Hz, 1H), 4.81 - 4.12 (m, 10H), 3.90 - 3.46 (m, 13H), 3.33 - 3.13 (m, 1H), 1.75 - 1.52 (m,

2H), 1.47 - 1.20 (m, 13H), 1.00 - 0.78 (m, 3H). 13C NMR (101 MHz, CDCI3) δ ppm

175.27, 173.53, 171.59, 155.28, 154.66, 152.10, 7 1 .41, 7 1 .39, 71.36, 70.64, 70.62,

70.55, 68.87, 68.29, 67.31 , 66.77, 49.59, 48.61 , 46.67, 42.76, 32.79, 3 1.80, 3 1.76,

3 1 .74, 29.22, 29.19, 29.15, 29.12, 28.91 , 28.63, 28.57, 25.79, 22.61, 17.33, 14.08.

Table 5 GPC data for FTC pendant POP structures

CDI-activated diol route

R and R’ = an aromatic or aliphatic hydrocarbon chain



Synthesis of pendant-FTC POP with CDI-activated diol

General synthesis of pendant-FTC POP with CDI-activated diols: To a dry 10 mL round-

bottomed flask containing FTC carbamate bis-MPA ester diol monomer (0.57 g , 1.04

mmol), alkyl bis carboxylic imidazolide esters ( 1 .04 mmol) and KOFI (ca. 1 g) was added

anhydrous toluene (50 wt%) with stirring at 60 °C under a nitrogen atmosphere.

Reaction progress was monitored by TLC and deemed complete after 18 hours. Toluene

was removed in vacuo, the crude dissolved in dichloromethane (200 mL) and washed

with water (6 x 100 mL) and saturated sodium chloride solution (2 x 100 mL). The

organic layer was dried over magnesium sulphate, filtered and concentrated in vacuo to

yield orange viscous liquids, with decreasing viscosity with increasing alkyl chain length.

POP implants and nanoparticle dispersions - POP constructs

Forming a POP construct

Solid polymer material was ground to a fine powder and cold-compressed under 2 tons

of pressure using a manual hydraulic press to form disc-shaped polymer pellets.

Formation of rod-shaped pellets with dimensions of 2 mm diameter and up to 17 mm

length was achieved by vacuum compression moulding using a MeltPrep VCM

Essentials instrument. Solid polymer material was ground to a fine powder and

compressed under vacuum at temperatures of 30-50 °C above the glass transition

temperature (Tg) of the polymer sample.

Figure 13 shows POP constructs formed from FTC POP structures; (a) cold-compressed

2 mm disc-shaped pellet, (b) cold-compressed 7 mm disc-shaped pellet, (c) vacuum

compression moulded 2 mm diameter rod-shaped pellet.

Figure 14 shows electron microscope images of; (a) cold-compressed 2 mm disc¬

shaped pellet, (b) a cross-section of the cold-compressed pellet, (c) vacuum

compression moulded 2 mm diameter rod-shaped pellet showing broken edges.



PHARMACOLOGICAL RESULTS

PRELIMINARY RELEASE STUDIES

Preliminary studies were conducted in order to ascertain the release rate of the parent

FTC from 4 POP formulations. The polymers included within these preliminary studies

are listed in Table 6.

Table 6 : Candidate polymers tested in preliminary release experiments

Release rate of FTC from the four formulations listed in the above table were assessed

over 24-hour and 96-hour time periods.

24-hour study:

The 24-hour study included polymers containing an average of 2.8 mg of FTC per

formulation per pellet. Pellet dimensions were 4mm x 4mm x 2mm (length x width x

height). Pellets were incubated within a Corning 96 well plate at 37 °C, 250 rpm for 24

hours. Pellets were incubated with 100 L microsome (125 pg/mL) containing phosphate

buffer saline (PBS), containing an equivalent to 17.4 ng/mL total carboxylesterase 1

(CES1), calculated using a CES1 specific activity assay kit (Abeam, Cambridge, UK:

product number: ab109717) following the manufactures protocol. Additionally, two

control groups containing either pellets incubated with 100 pL of PBS or 100 pL of 1 pM

benzil (CES1 inhibitor) containing PBS were included within the study. 50 pL samples

were taken at 10 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 24 hours. In order to

maintain sink conditions, after each sampling time point 50 pL of fresh media was added

to each pellet. The FTC concentration within all samples were quantified using an

adapted, previously validated liquid chromatography mass spectrometry (LCMS)

method. 201



96-hour study:

The 96-hour study included polymers containing an average of 9.0 mg of FTC per

formulation per pellet. Pellet dimensions were 7 mm x 7 mm x 2 mm (length x width x

height). Pellets were incubated within 1.5 ml_ eppendorf tubes at 37 °C, 250 rpm for 24

hours. Pellets were incubated with 500 L microsome (125 pg/mL) containing phosphate

buffer saline (PBS), containing an equivalent to 17.4 ng/mL total carboxylesterase 1

(CES1) quantity, calculated using a CES1 specific activity assay kit (Abeam, Cambridge,

UK: product number: ab109717) following the manufactures protocol. Controls included

pellets incubated with 500 pL of PBS or 500 pL of 10 pM benzil (CES1 inhibitor)

containing PBS. 250 pL samples were taken at 0 , 24, 48, 72 and 96 hours. In order to

maintain sink conditions, after each sampling time point 250 pL of fresh media was

added to each pellet. The FTC concentration within all samples were quantified using an

adapted, previously validated liquid chromatography mass spectrometry (LCMS)

method. 201

Results of preliminary release experiments:

In vitro release rate 24-hour study:

As shown in Figure 15 and Table 7 below FTC release from each of the 4 polymer of

prodrug formulations was higher after a 24 hour time period in comparison to control,

with the exception of polymer POP-FH015c. Polymer POP-FH015a showed the highest

rate of release of 0.7% of total FTC within the pellet, followed by POP-FH015b at 0.49%

of total FTC released within 24 hours.

Figure 15 shows FTC releases rate from four polymer of prodrug pellets over a 24 hour

time period. [ 1 : POP-FH013b formulation 2 : POP-FH015a formulation 3 : POP-FH015b

formulation 4 : POP-FH015c formulation. All formulations incubated with microsome

containing PBS. Pellet no CES1 = pellet incubated with PBS only. Pellet + benzil = pellet

incubated with 10 µΜ benzil containing PBS. (n = 3 per formulation)]

Table 7 : Preliminary release experiments: Total FTC release per formulation over a 24-

hour time period.



FURTHER RELEASE STUDIES

Pharmacological studies were conducted in order to determine the release rate of parent

FTC from multiple POP structures synthesised and prepared through different methods.

Polymers were analysed in three forms; unprocessed polymer, cold-compressed pellet

and vacuum compression moulded (VCM) pellet. The POP structures studied are

outlined in Table 8 .

Table 8 : Candidate polymers included within pharmacological screening



The polymers were prepared as described herein. Note: different polymer IDs denote

particular monomer combinations and ratios, and experiments which are repeated or

optimised under slightly different conditions, e.g. at different scales, can give different

polymer characteristics. The polymers denoted by POP-FH013b, POP-FH015a, POP-

FH015b and POP~FH015c in Table 6 were prepared under slightly different conditions to

the polymers denoted by the same codes in Table 8 and accordingly even though the

identities of monomer A and monomer B, and the ratios (allowing for purity), are the

same, the polymers have slightly different characteristics, as evidenced by for example

the GPC data. The variations which can be brought about by changing the conditions

allow tailoring of the products and tailoring of the release characteristics. Nevertheless,

the reproducibility and robustness of the polymer chemistry is evident from the similarity

in the polymer results after optimisation and scale modifications, indicating significant

industry utility. The following discussion and results correspond to further release

studies on the products of Table 8 , in contrast to the preliminary release studies on the

products of Table 6 .

24-hour POP-FHO 13b, 0 15a, 0 15b and 0 15c cold-compressed pellet study:

2 mm cold-compressed pellets

24 hour release rate studies of FTC from cold-compressed POP constructs of polymers

POP-FH013b, 015a, 015b and 015c with dimensions of 2 mm diameter x 1 mm height

and average FTC mass of 1.6 mg with a total pellet mass of 2.8 mg were conducted.

Pellets were incubated within a Corning 96 well plate at 37 °C, 250 rpm for 24 hours.

Pellets were incubated with 100 L microsome (125 pg/mL) containing phosphate buffer

saline (PBS), containing an equivalent to 17.4 ng/mL total carboxylesterase 1 (CES1),

calculated using a CES1 specific activity assay kit (Abeam, Cambridge, UK: product

number: ab109717) following the manufactures protocol. Additionally, two control groups

containing either pellets incubated with 100 pL of PBS or 100 pL of 1 pM benzil (CES1



inhibitor) containing PBS and 125 mg/mL microsome were included within the study. 50

µ Ι_ samples were taken at 10 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 24

hours. In order to maintain sink conditions, after each sampling time point 50 L of fresh

media was added to each pellet. The FTC concentration within all samples were

quantified using an adapted, previously validated liquid chromatography mass

spectrometry (LCMS) method. 201

72-hour POP-FHO 13b, 015a, 015b and 015c cold-compressed pellet study:

7 mm cold-compressed pellets

72 hour release rate studies of FTC from cold-compressed POP constructs of polymers

POP-FH013b, 015a, 015b and 015c with dimensions of 7 mm diameter x 0.5 mm height

and average FTC mass of 9 mg with a total pellet mass of 16 mg were conducted.

Pellets were incubated within 1.5 mL eppendorf tubes at 37 °C, 250 rpm for 72 hours.

Pellets were incubated with 1 mL microsome (125 pg/mL) diluted in phosphate buffer

saline (PBS), containing an equivalent to 17.4 ng/mL total carboxylesterase (CES) 1

quantity, calculated using a CES1 specific activity assay kit (Abeam, Cambridge, UK:

product number: ab109717) following the manufacturers protocol. Controls included

pellets incubated with 1 mL of PBS or 1 mL of 1 mM benzil (CES1 inhibitor), dissolved in

0.1% DMSO, 4% MeOH containing PBS and 125 pg/mL of microsome. 500 pL samples

were taken at 0 , 24, 48 and 72 hours. In order to maintain sink conditions, after each

sampling time point 500 pL of fresh PBS, microsome or benzyl and microsome

containing solution was added to each pellet as appropriate. The FTC concentration

within all samples were quantified using an adapted, previously validated liquid

chromatography mass spectrometry (LCMS) method.

72-hour POP-FH045 unprocessed polymer, cold-compressed pellet and vacuum

compression moulded pellet study:

To study the in vitro FTC release from polymer POP-FH045 over 72 hours, three forms

of the polymer were studied in order to better understand how polymer processing

related to FTC release. The average total mass of polymer within the studied samples of

unprocessed polymer, cold-compressed pellet and vacuum compression moulded

(VCM) pellets was 9 mg, containing an average FTC mass of 5 mg. Cold-compressed

pellet dimensions were 4 mm diameter x 1 mm height and dimensions for the VCM

pellets were 2 mm diameter x 2 mm height. The studied conditions and methods utilised

were identical to those outlined within the 72-hour POP-FH013b, 015a, 015b and 015c

cold-compressed pellet study, with the exception of the unprocessed polymer which had



an individual sample for each time point, in order to maintain the experimental conditions

throughout the study at each time point.

72-hour ASH4. 1, ASH4.2 and ASH3.28c unprocessed polymer and vacuum

compression moulded pellet study:

The in vitro release of FTC from polymers ASH4.1 , ASH4.2 and ASH3.28c over 72 hours

was determined through conducting the same experimental procedure outlined within

the 72-hour POP-FH045 unprocessed polymer, cold-compressed pellet and vacuum

compression moulded pellet study methodology. Both unprocessed polymers and VCM

pellets were included within the study for all three POP structures. For the VCM pellets

the average total mass of ASH3.28c polymer was 9.3 mg containing an average FTC

mass of 4.9 mg. For ASFI4.1 the average total mass was 8.1 mg containing an average

of 4.9 mg of FTC. Finally for ASH4.2 the average total polymer mass per sample was 8.5

mg containing an average of 4.9 mg of FTC. Melt preparation pellet dimensions were 2

mm diameter x 2 mm height. Within the unprocessed polymer studies for all three

polymers a total of 9 mg of unprocessed polymer was studied per sample per time point.

72-hour CL2- 149 unprocessed polymer study:

To determine the in vitro FTC release from polymer CL2-149 over 72 hours the same

experimental conditions were applied as previously described within the 72-hour POP-

FH045 unprocessed polymer, cold-compressed pellet and vacuum compression

moulded pellet study for the study of the unprocessed polymers. Within the experiment

the average total mass of polymer within each sample was 13.5 mg containing an

average FTC mass of 5.0 mg.

Results:

72-hour POP-FH013b, 015a, 015b and 015c cold-compressed pellet study:

Figure 16a shows the percentage of total FTC released over 72 hours from POP-

FH013b, POP-FH015a, POP-FH015b and POP-FH015c cold-compressed pellets.

Figure 16b shows total FTC released from POP-FH013b, 015a, 015b and 015c cold-

compressed pellets over 72 hours when exposed to PBS + CES.

As shown in Figure 16a FTC release from each of the four POP structures was higher

after 72 hours in comparison to control. Polymer POP-FH015c showed the highest FTC

release of 0.5% of total FTC followed by POP-FH015b at 0.4%. As shown in Figure 16b

all four POP structures showed continuous release over the 72 hour time period with the

highest FTC concentration at 72 hours observed for POP-FH015c at 44.2 g/mL and the

second POP-FH013b at 34.5 pg/mL.



72-hour POP-FH045 unprocessed polymer, cold-compressed pellet and vacuum

compression moulded pellet study:

Figure 17a shows the percentage of total FTC released over 72 hours from POP-FH045

preparations. Figure 17b shows total FTC released from three POP-FH045 preparations

over 72 hours when exposed to PBS + CES.

As shown in Figure 17a FTC release from each of the POP-FH045 polymers was higher

after 72 hours in comparison to control. The melt preparation pellet showed the highest

percentage release of FTC of 4.5% of total FTC followed by the non-pressed polymer at

1.7%. As shown in Figure 17b all of the POP structures showed continuous FTC release

over the 72 hour time period with the highest FTC concentration at 72 hours observed

for the melt preparation pellet at 225.8 g/mL followed by the non-pressed polymer at

76.7 pg/mL and the pressed pellet at 39.9 pg/mL.

72-hour ASH4. 1, ASH4.2 and ASH3.28 unprocessed polymer, cold-compressed pellet

and vacuum compression moulded pellet study:

Figure 18a shows the percentage of total FTC released over 72 hours from ASH4.1 , 4.2

and 3.28c unprocessed polymer and VCM pellet. Figure 18b shows total FTC released

from ASH 4.1 , 4.2 and 3.28c unprocessed polymer or VCM pellet over 72 hours when

exposed to PBS + CES.

As shown in Figure 18a FTC release from each of the polymer preparations was higher

after 72 hours in comparison to control. The unprocessed polymers showed higher total

FTC release of 19.8%, 15.4% and 2 1.8% for POP structures ASH 4.1 , 4.2 and 3.28c

respectively, in comparison to that seen for the VCM pellets at 5.9%, 9.2% and 7.2%

respectively. Additionally as shown in Figure 18b all of the preparations studied showed

continuous release over the 72 hour time period with the highest FTC concentration at

72 hours observed for the unprocessed ASH3.28c polymer at 1080.6 pg/mL followed by

the unprocessed ASH4.2 polymer at 985.3 pg/mL.

72-hour CL2- 149 unprocessed polymer study:

Figure 19a shows the percentage of total FTC released over 72 hours from unprocessed

CL2-149 polymer incubated with CES containing PBS, benzil containing PBS and PBS



alone. Figure 19b shows total FTC released from unprocessed CL2-149 polymer over

72 hours under all conditions

As shown in Figure 19a FTC release from the unprocessed CL2-149 polymer was higher

after 72 hours in comparison to control with a 0.14% of total FTC released in comparison

to 0.01% from PBS exposed polymer. As shown in Figure 19b the POP structure

showed continuous release over the 72 hour time period with the highest FTC

concentration at 72 hours observed at 0.14 pg/mL.

Galleria mellonella studies:

In order to determine the release rate of FTC within a non-mammalian animal model,

studies within Galleria mellonella (G. mellonella) were conducted. Several optimisation

studies were completed, the first focusing on pellet size selection, followed by a dose

optimisation study and a 96-hour release rate study, before extended release over 30

days studied for lead candidate formulations. The FTC concentration within all samples

was quantified using an adapted, previously validated liquid chromatography mass

spectrometry (LCMS) method.201

Pellet size optimisation study:

G. mellonella were selected within a 300-400 mg weight range. All groups were fasted

and incubated for 3 days at 1-5 °C prior to study initiation. At study day 0 , pellets were

implanted into the G. mellonella via the lower left proleg using a specially designed

applicator. Three pellet sizes were investigated of the following dimensions: 1 mm x 1

mm x 2 mm, 2 mm x 2 mm x 2 mm and 4 mm x 4 mm x 2 mm (length x width x height).

Each pellet contained an average of 3 mg of FTC per pellet per formulation. This study is

a serial sacrifice design, with culls completed at 0 , 24, 48 and 96 hours. The terminal

endpoint was 96 hours, or at the point when all insects were deceased. At each time

point, each study group was incubated at 1-5 °C for 10 minutes before haemolymph was

extracted and pooled using a previously defined method. 202 The optimum pellet size was

selected based on mortality rate within each study group, ease of loading into the

implant applicator and the rate of FTC release per pellet in comparison to the in vitro

release rate study results.

Dose optimisation study:

A toxicology study was conducted in order to ascertain the maximum dose of FTC per

pellet that can be implanted within the G. mellonella. This study was serial sacrifice

design, with culls completed at 0 , 24, 48 and 96 hours. The terminal endpoint was 96



hours, or at the point when all insects were deceased. FTC pellet dimensions were

selected based on the pellet optimisation study. Weight of FTC within each pellet

increased (for example 5 mg, 10 mg, 20 mg) until a lethal dose was established. All

G.mellonella were selected and housed as outlined above. At each time point

haemolymph was extracted and FTC release per pellet was quantified as outlined

above. Optimum dose was selected based on mortality rate, and the rate of FTC release

per pellet in comparison to the in vitro release rate study results.

96-hour release study:

Once pellet dimensions and dose were selected a 96-hour release rate study was

completed within the G. mellonella for all polymer candidates. This study utilised the

same G. mellonella selection, housing, implantation and serial sacrifice conditions as

stated above.

30-day study:

Lead candidate formulations, selected based on the release rate data obtained during

the 96-hour release rate study, were entered into a 30-day study within G. mellonella.

The same selection, housing, implantation and serial sacrifice methods were used as

stated previously. Culls were completed at day 0 followed by every 3 days, with the

terminal endpoint for the study being 30 days, or at the point when all insects were

deceased.

PROCEDURES AND CHARACTERIZATION FOR SYNTHESIS OF TENOFOVIR

ALAFENAMIDE (TAF) CONJUGATES/ PRODRUGS

Toward preparation of trimethyl lock (TML)-containing B 2 monomers, the synthesis of

TML- TAF conjugates has been explored. Conjugates containing azido and alkyne

groups can be clicked to generate model Ν,Ν-linked TAF POP fragments to study

activation relevant to Fig. 6 .

model TAF-containing POP fragment
(X and Y = linkers enabling platform to tune release kinetics)



Alternatively, clickable TML-TAF conjugates can be further modified through click

chemistry to incorporate a diol, producing A2 monomers for a pendant strategy 3 , Fig. 1.

3

8, R = Η2 Η2 Η2Ν3
17, R = CH3

0

18, R = CH3CH2CH2
o



Synthesis of 4,4,5,7-tetramethylchroman-2-one (1): 301 To a dry round-bottom flask

containing methane sulphonic acid (24 mL), 3,5-dimethyl phenol (20 g , 163.7 mmol) was

added and stirred followed by addition of dimethyl acrylic acid (20.56 g , 180 mmol)

generating a viscous mixture. The mixture was heated to 70°C and stirred for 24 hours

resulting in a black colored viscous solution. The reaction mixture was poured onto ice

and the product was extracted using ethyl acetate (500 mL). The ethyl acetate layer was

separated, washed with saturated sodium bicarbonate solution (250 mL) and saturated

sodium chloride solution (250 mL). The organic layer was dried over magnesium sulfate,

filtered and concentrated in vacuo giving a yellow suspension. Hexanes (250 mL) was

added to the suspension, which was stirred at ambient temperature for 16 hours to

obtain a white suspension. The suspension was filtered, yielding a white solid (26 g ,

78%; 1st crop 22.6 g , 2nd crop 3.4 g). 1H NMR (500 MHz, CDCI3) δ ppm 6.75 (s, 2H), 2.6

(s, 2H), 2.47 (s, 3H), 2.28 (s, 3H), 1.44 (s, 6H).

Synthesis of 2-(4-Hydroxy-2-methylbutan-2-yl)-3 15-dimethylphenol (2):301 To a dry round-

bottom flask flushed with argon, 2.4 M lithium aluminium hydride solution in THF (92 mL,

220.8 mmol) was added and cooled to -30 °C under argon. In a separate dry round

bottom flask, compound 1 (23 g , 112.6 mmol) was dissolved in anhydrous THF (100 mL)

and added dropwise over 1 hour to the flask containing lithium aluminium hydride

solution at -30 °C under argon atmosphere. The reaction mixture was stirred for 16 hours

allowing the temperature to gradually rise to ambient temperature . The reaction mixture

was cooled in an ice-bath (0-4 °C) and quenched by adding Na2SO4»10H2O whilst

maintaining the temperature. The reaction mixture was filtered over celite and

concentrated in vacuo to obtain an off-white solid (22.5 g , 96%). H NMR (500 MHz,

CDCI3) δ ppm 6.5 (s, 1H), 6.34 (s, 1H), 5.86 (br s, 1H), 3.65-3.62 (t, 2H, J=7.5Hz), 2.48

(s, 3H), 2.26-2.23 (t, 2H, J= . z) 2.43 (s, 3H), 1.56 (s, 6H).

Synthesis of 2-[4-[(te/#-Butyldimethylsilyl)oxy]-2-methylbutan-2-yl]-3,5-dimethylphenol

(3):301 In a dry round-bottom flask containing compound 2 (22.5 g , 108.02 mmol) and

te/7-butyldimethylsilyl chloride (17.91 g , 118.82 mmol) methylene chloride (200 mL) was

added to generate a suspension. The suspension was cooled in an ice bath (0-4 °C),

and triethylamine (60.2 mL, 432.08 mmol) was added dropwise over 1 hour. The ice-

bath was removed after stirring the suspension for 1 hour. The reaction mixture was

stirred for 16 hours during which the temperature rose to ambient temperature. The

reaction was quenched by adding H2O (200 mL) followed by separating the organic

layer, washing it with 10% citric acid (200 mL), saturated sodium chloride solution (200



mL) and drying it over magnesium sulfate. The organic layer was filtered and dried in

vacuo to obtain a suspension of white solid in pink-brown liquid. Hexanes (200 mL) was

added to the suspension, the mixture cooled to -20 °C for 1 hour and filtered to get

product as a white solid (20 g). A second crop of was obtained from the filtrate (8 g). The

two solids were combined to get the product as a white solid (28 g , 80%). 1H NMR (500

MHz, CDCIs) δ ppm 6.5 (s, 1H), 6.41 (s, 1H), 5.61 (s, 1H), 3.6 (m, 2H), 2.46 (s, 3H), 2.19

(s, 3H), 2.12 (m, 2H), 1.56 (s, 6H), 0.88 (s, 9H), 0.02 (s, 6H).

General procedure for synthesis of TML intermediates 4 , 9-10: 301 In a dry round-bottom

flask, a solution of compound 3 ( 1 eq.), the appropriate N,N'-alkylcarbodiimide (2 eq.)

and 4-dimethylaminopyridine (3 eq.) in methylene chloride (25 mL) was cooled in an ice

bath (0-4 °C). The appropriate acid (2 eq.) was added to the cooled solution and the

mixture was stirred for 16 hours during which the reaction mixture warmed to ambient

temperature . The reaction mixture was filtered and purified via silica flash

chromatography (ethyl acetate in hexanes).

General procedure for synthesis of TML intermediates 5, 11-12: 301 In a round-bottom

flask compound (4, 9-10, 1 eq.) was dissolved in a mixture of acetic acid:H 20:THF

(3:1 :1) and stirred at ambient temperature for 2 hours. The solvents were removed in

vacuo, and the product purified via silica flash chromatography (ethyl acetate in

hexanes). The product was obtained as a viscous liquid.

General procedure for synthesis of TML intermediates 6, 13-14: 301 In a dry round-

bottom flask compound (5, 11-12, 1 eq.) was dissolved in anhydrous methylene chloride

and cooled in an ice-bath (0-4 °C) under argon atmosphere. Dess-Martin periodinane

( 1 , 1 , 1-tris(acetyloxy)-1 ,1-dihydro-1 ,2-benziodoxol-3-(1H)-one, 2-3 eq.) was added, and

the reaction suspension stirred for 16 hours during which the reaction mixture warmed to

ambient temperature . To the reaction suspension, NaHCC>3 and Na2S2C>3 were added

and the mixture was stirred for 30 min. Water was added to the suspension and the

layers were separated. The organic layer was washed with H2O, saturated sodium

chloride solution and dried over magnesium sulfate. The organic phase was filtered,

concentrated in vacuo, and the product purified via silica flash chromatography (ethyl

acetate in hexanes). The product was obtained as a viscous liquid.

General procedure for synthesis of TML intermediates 7, 15-16: 301 In a round-bottom

flask compound (6, 13-14, 1 eq.) and NaH2PC>4 ( 1 eq.) were dissolved in acetonitrile:H20

(2.5:1). The solution was cooled in an ice bath (0-4 °C), and a solution of NaCIC>2 (2.5



eq.) in H2O (10 mL) was added over 10 min. The reaction mixture was stirred for 1 hour

at 0-4 °C, then at ambient temperature for 30 min. The reaction was quenched by

adding Na2S2C>3 (3 eq.). Acetonitrile was removed in vacuo and the pH of the residual

aqueous suspension was adjusted to 1-2 using 1M HCI. The product was extracted in

ethyl acetate. The organic phase was washed with H2O, saturated sodium chloride

solution, and dried over magnesium sulfate. The organic phase was filtered,

concentrated in vacuo, and the product purified via silica flash chromatography (ethyl

acetate in hexanes). The product was obtained as a viscous liquid.

General procedure for TML acid-TAF amide coupling (Compounds 8, 17, 18):301 In a

round-bottom flask acid ( 1 eq. 7 , 17 , 18) , tenofovir alafenamide (2 eq.),

hydroxybenzotriazole (4 eq.), N-N'-dialkylcarbodiimide (8 eq.) and pyridine (solvent)

were stirred at ambient temperature for 0.5-2 hours and then at 40-45 °C for 72 hours.

Solvent was removed in vacuo, the residue was dissolved in methylene chloride and

washed with H2O. The layers were separated and the aqueous layer extracted with

methylene chloride. The organic layers were combined, washed with saturated sodium

chloride solution and dried over magnesium sulfate. The organic phase was filtered,

concentrated in vacuo and the product purified via silica flash chromatography (0-100%

ethyl acetate in hexanes, 0-20% methanol in methylene chloride). The product was

obtained as a viscous liquid.

Alternative procedure for TML acid-TAF amide coupling (I):303 In a dry round-bottom

flask 1 eq. acid, 1. 1 eq. HATU (1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-

bjpyridinium 3-oxid hexafluorophosphate, N-[(dimethylamino)-1H-1 ,2,3-triazolo-[4,5-

b]pyridin-1-ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide), were

dissolved in methylene chloride. Anhydrous alkyl amine (2 eq.) was added and the

reaction mixture stirred for 5 minutes to 2 hours followed by addition of tenofovir

alafenamide (0.25-1 eq). The resulting mixture was stirred for 16-96 hours. The reaction

mixture was purified via silica flash chromatography (0-100% ethyl acetate in hexanes,

0-20%, methanol in methylene chloride) to obtain product as an amorphous solid or

viscous liquid.

Alternative procedure for TML acid-TAF amide coupling (II):302 In a dry round-bottom

flask 1 eq. acid and 3 eq. organic base (N-methyl imidazole) were dissolved in

methylene chloride and cooled on an ice bath (0-4 °C). Methanesulfonyl chloride (1-3

eq.) was added and the reaction mixture was stirred for 15 minutes to 2 hours followed

by addition of tenofovir alafenamide (0.25-1 eq.). The resulting reaction mixture was



stirred for 16-96 hours. The reaction mixture was purified via silica flash chromatography

(0-100% ethyl acetate in hexanes, 0-20%, methanol in methylene chloride) to obtain

product as an amorphous solid or viscous liquid.

Synthesis of 2-(4-((te/f butyldimethylsilyl)oxy)-2-methylbutan-2-yl)-3,5-dimethylphenyl 4-

azidobutanoate (4): 301 In a dry round-bottom flask, a solution of compound 3 ( 1 g , 3.1

mmol), 4-azidobutyric acid (0.8 g , 6.2 mmol) and 4-dimethylaminopyridine ( 1 .13 g , 9.3

mmol) in methylene chloride (25 mL) was cooled on an ice-bath (0-4 °C). Ν,Ν'-

Diisopropylcarbodiimide (0.96 mL, 6.2 mmol) was added to the cooled solution and the

mixture was stirred for 16 hours during which the reaction mixture warmed to ambient

temperature . The reaction mixture was filtered and purified via silica flash

chromatography (0-10% ethyl acetate in hexanes). The product was obtained as a

viscous liquid ( 1 .2 g , 89%). 1H NMR (500 MHz, CDCI3) δ ppm 6.82 (s, 1H), 6.54 (s, 1H),

3.5-3.44 (m, 4H), 2.67-2.64 (t, 2H, ^7.5Hz), 2.53 (s, 3H), 2.24 (s, 3H), 2.05-2.01 (m,

4H), 1.47 (s, 6H), 0.86 (s, 9H), 0.02 (s, 6H).

Synthesis of 2-(4-hydroxy-2-methylbutan-2-yl)-3,5-dimethylphenyl 4-azidobutanoate

(5): 301 In a round-bottom flask compound 4 (2.2 g , 5.07 mmol) was dissolved in a mixture

of acetic acid (30 mL), H O (10 mL), THF (10 mL) and stirred at ambient temperature for

2 hours. The solvents were removed in vacuo and the product purified via silica flash

chromatography (0-50% ethyl acetate in hexanes). The product was obtained as a

viscous liquid (0.8 g , 49%). 1H NMR (500 MHz, CDCI3) δ ppm 6.84 (s, 1H), 6.55 (s, 1H),

3.56-3.53 (t,2H, J<=7.5HZ), 3.47-3.45 (t, 2H, J=5Hz), 2.69-2.66 (t, 2H, J=7.5Hz), 2.54 (s,

3H), 2.24 (s, 3H), 2.07-2.00 (m, 4H), 1.50 (s, 6H).

Synthesis of 3,5-dimethyl-2-(2-methyl-4-oxobutan-2-yl)phenyl 4-azidobutanoate (6): 301 In

a dry round-bottom flask compound 5 (600 mg, 1.87 mmol) was dissolved in anhydrous

methylene chloride (30 mL) and cooled on an ice-bath (0-4 °C) under argon atmosphere.

Dess-Martin periodinane ( 1 , 1 , 1-tris(acetyloxy)-1 ,1-dihydro-1 ,2-benziodoxol-3-(1 H)-one,

1.6 g , 3.75 mmol) was added and the reaction suspension was stirred for 16 hours

during which the reaction mixture warmed to ambient temperature . The reaction mixture

was filtered over celite, then stirred with NaHC0 3 (2.5 g) and Na2S20 3 (2.5 g). Water (50

mL) was added to the suspension and the layers were separated. The organic layer was

washed with H O (50 mL), saturated sodium chloride solution in H O (50 mL), and dried

over magnesium sulfate. The organic phase was filtered, concentrated in vacuo and the

product purified via silica flash chromatography (0-50% ethyl acetate in hexanes). The

product was obtained as a viscous liquid (500 mg, 84%). 1H NMR (500 MHz, CDCI3) δ



ppm 9.55 (s, 1H), 6.86 (s, 1H), 6.59 (s, 1H), 3.47-3.45 (t, 2H, J=5Hz), 2.82 (s,2H), 2.69-

2.66 (t, 2H, ji=7.5Hz), 2.55 (s, 3H), 2.25 (s, 3H), 2.06-2.00 (m,2H), 1.57 (s, 6H).

Synthesis of 3-(2-((4-azidobutanoyl)oxy)-4,6-dimethylphenyl)-3-methylbutanoic acid

(7): 301 In a round-bottom flask compound 6 (500 mg, 1.57 mmol) and Na P (130.4

mg, 0.945 mmol) were dissolved in acetonitrile (10 mL) and H2O (4 mL). The solution

was cooled in an ice-bath (0-4°C) and a solution of NaCI0 2 (4.92 mmol) in H2O (10 mL)

was added over 10 min. The reaction mixture was stirred for 1 hour at 0-4°C, then at

ambient temperature for 30 min. The reaction was quenched with Na2S2C 3 (2.5 g).

Acetonitrile was removed in vacuo and the pH of the residual aqueous suspension was

adjusted to 1-2 using 1M HCI. The product was extracted with ethyl acetate (50 mL),

washed with H2O (20 mL), saturated sodium chloride solution (20 mL) and dried over

magnesium sulfate. The organic phase was filtered, concentrated in vacuo and the

product purified via silica flash chromatography (0-50% ethyl acetate in hexanes). The

product was obtained as a viscous liquid (321 .16 mg, 61%). 1H NMR (500 MHz, CDCI3)

δ ppm 6.83 (s, 1H), 6.58 (s, 1H), 3.46-3.44 (t, 2H, =5 HZ) , 2.83 (s,2H), 2.70-2.67 (t, 2H,

J=7.5Hz), 2.54 (s, 3H), 2.24 (s, 3H), 2.05-1 .99 (m,2H), 1.58 (s, 6H).

Synthesis of Compound 8 :301 In a round-bottom flask compound 7 (400 mg, 1.19 mmol),

tenofovir alafenamide ( 1 .14 g , 2.39mmol), hydroxybenzotriazole (653 mg, 4.79 mmol),

N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC, 1.84 g , 9.59 mmol)

and pyridine (25 mL) were stirred at ambient temperature for 2 hours under argon and

then at 40-45°C for 72 hours. Pyridine was removed in vacuo, the residue was dissolved

in methylene chloride (100 mL) and washed with H2O (50 mL). The layers were

separated, and the aqueous layer extracted with methylene chloride (100 mL). The

organic layers were combined, washed with saturated sodium chloride solution (100 mL)

and dried over magnesium sulfate. The organic phase was filtered, concentrated in

vacuo and the product purified via silica flash chromatography (0-100% ethyl acetate in

hexanes, 0-10% methanol in methylene chloride). The product was obtained as a

viscous liquid (290 mg, 31%). 1H NMR (500 MHz, CDCI 3) δ ppm 8.66 (s, 1H), 8.47 (br s,

1H), 8.12 (s, 1H), 7.2-7.16 (t, 2H, = 10HZ), 7.10-7.07 (t, 1H, J«=7.5HZ), 6.97-6.96 (d, 1H,

J=5Hz), 6.74 (s, 1H), 6.55 (s, 1H), 5.03-4.96 (m, 1H), 4.38-4.35 (d, 1H, = 15HZ), 4.17-

4.13 (dd, 1H, 7=5Hz , = 1 5HZ), 4.07-3.99 (m, 1H), 3.94-3.87 (m,2H), 3.7-3.63 (m, 2H),

3.40-3.38 (t, 2H, =5HZ) , 3.26-3.25 (b d , 2H, J=5Hz), 2.67-2.64 (t, 2H, J=7.5Hz), 2.54 (s,

3H), 2.17 (s, 3H), 2.00-1 .95 (m,2H), 1.66 (s, 6H), 1.29-1 .28 (d, 3H, J=5Hz), 1.23-1 .21 (t,

9H, J=Z z). 3 1P NMR (500 MHz, CDCI 3) δ ppm 20.65 (s). ESI MS: m/z calculated for

C39H50N9O8P (M+ +H+) 792.36. Found 792.44



Synthesis of Compound 18: 303 In a dry round-bottom flask 16 (360 mg, 1.23 mmol),

HATU (1-[bis(dimethylamino)methylene]-1H-1 ,2,3-triazolo[4,5-b]pyridinium 3-oxid

hexafluorophosphate, N-[(dimethylamino)-1 H-1 ,2,3-triazolo-[4,5-b]pyridin-1 -

ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide, 515 mg, 1.35

mmol) were dissolved in methylene chloride under argon. Anhydrous N,N-

diisopropylethylamine (428 L, 2.46 mmol) was added and the reaction mixture stirred

for 30 minutes. Tenofovir alafenamide (293.1 mg, 0.615 mmol) was added and the

reaction mixture stirred for 144 hours at ambient temperature. The reaction mixture was

purified via silica flash chromatography (0-100% ethyl acetate in hexanes, 0-20%

methanol in methylene chloride) to obtain product as viscous syrup (98.1 mg, 21%). 1H

NMR (500 MHz, CDCIs) δ ppm 8.66 (s, 1H), 8.39 (br s , 1H), 8.12 (s, 1H), 7.21-7.18 (t,

2H, J=7.5Hz), 7.1 1-7.08 (t, 1H , J*=7.5HZ), 6.98-6.97 (d, 1H, =5Hz), 6.73 (s, 1H), 6.57 (s,

1H), 5.05-4.97 (m, 1H), 4.39-4.36 (d, 1H, 15Hz), 4.18-4.14 (dd, 1H, J=5Hz, J=15Hz),

4.08-4.00 (m, 1H), 3.94-3.89 (m,2H), 3.68-3.63 (m, 2H), 3.61-3.57 (t, 1H, ^IOHz), 3.24-

3.17 (b t , 2H), 2.57-2.54 (m, 5H), 2.17 (s, 3H),1 .82-1 .74 (m, 2H), 1.71 (s, 3H), 1.68 (s,

6H), 1.31-1.30 (d, 3H, J=5Hz), 1.25-1.22 (t, 9H, J=7.5Hz), 1.03-1.00 (t, 3H, J=7.5Hz). 3 1P

NMR (500 MHz, CDCIs) δ ppm 20.61 (s).

General Procedure for Hydrolysis Measurements of TAF-TML conjugates:

To evaluate activation of TAF-TML conjugates, and with reference to Figure 20, HPLC

coupled with UV detection was used with the following method: 5% to 100% B over 10

minutes at a flow rate of 1 mL min - 1 (solvent A: EtsNHOAc (50 mM, pH 8), solvent B :

acetonitrile. Human plasma (Bioreclamation) was preincubated at 37 °C for 5 minutes.

The TAF-TML prodrug ( 1 mM or 4 mM) was added and the reaction was incubated at 37

°C. Aliquots were taken at each time point and quenched in three volumes of ice-cold

methanol. The quenched aliquots were then centrifuged at 14000 rpm for 10 min. The

supernatant was diluted in nine volumes of Tris buffer (100 mM, pH 7.4) and injected

onto the HPLC for analysis.

Analysis of TAF-TML conjugates (8 and 18) reveal the cleavage of the TAF-TML amide

bond to release TAF. Release of the drug (TAF) is accompanied by cleavage of phenol

ester. Within 2 hours, the TAF-TML conjugate (8,18) disappears.



Hydrolysis Profile of TAF-TML conjugates in pooled mixed gender human plasma. TAF-

TML conjugate undergoes activation by two pathways to release TAF, desphenyl TAF,

and desphenyl analogues of the TAF-TML conjugates . 304 305

TAF-TML conjugates metabolize in pooled mixed gender human plasma via two different

pathways, which involve cleavage of TML esters and cleavage of phenol from the

phosphonamidate moiety. The cleavage of the TML ester triggers cyclization that leads

to cleavage of amide bond between TAF and TML, thereby releasing TAF or desphenyl

TAF (C). Simultaneously, the phenol moiety on the phosphonamidate cleaves to give

desphenyl analogs B and C, which were confirmed by ESI MS. Mass spectrometric data

of the metabolites B and C were compared with calculated masses to confirm the

chemical identity.

m/z: 476.1 9



FURTHER EXAMPLES RELATING TO POP MATERIALS BASED ON FTC AND 3TC

(Strategy 1):

(With reference to Figure 3)

Procedures and Characterization for Synthesis of FTC POP fragments

R = H, n= 3 : 23 R= , n= 3: 25

Synthesis Schemes for N-N and 0-0 Linked FTC POP Fragments

Synthesis of 4-amino-1-((2R,5S)-2-(((tert-butyldimethylsilyl)oxy)methyl)-1 ,3-oxathiolan-

5-yl)-5-fluoropyrimidin-2(1H)-one (20): In a flame-dried 100 mL round-bottom flask,

cooled under argon, 19 (2 g , 8.09 mmol) was suspended in anhydrous tetrahydrofuran

(27 mL). The reaction was initiated by addition of imidazole (881 mg, 12.9 mmol, 1.6 eq.)

and ferf-butyldimethylsilyl chloride ( 1 .6 g , 10.5 mmol, 1.3 eq.). The resulting mixture was

left to stir at ambient temperature. The reaction was deemed complete after 2 hours as

monitored by TLC. The reaction was quenched with 2X volume of water and extracted



3X into ethyl acetate. The organic layer was washed with saturated sodium chloride

solution, dried with MgSC , filtered, and condensed under reduced pressure. The

resulting white/beige solid was used without further purification. 2.92 g , yield 99%; 1H

NMR (500 MHz, CDCIs) δ ppm 0.16 (s, 6 H) 0.95 (s, 9 H) 3.23 (dd, J=12.5, 2.6 Hz, 1 H)

3.54 (dd, J=12.5, 5.3 Hz, 1 H) 3.96 (dd, .7=1 1.9, 2.7 Hz, 1 H) 4.23 (dd, .7=1 1.9, 2.6 Hz, 1

H) 5.24 (t, J=2.7 Hz, 1 H) 6.30 (dt, J=4.8, 2.4 Hz, 1 H) 8.32 (d, .7=6.6 Hz, 1 H).

Synthesis of (ethane-1 ,2-diylbis(oxy))bis(ethane-2,1-diyl) bis((1-((2R,5S)-2-(((tert-

butyldimethylsilyl)oxy)methyl)-1,3-oxathiolan-5-yl)-5-fluoro-2-oxo-1,2-dihydropyrimidin-4-

yl)carbamate) (22): In a flame-dried 50 mL round-bottom flask, cooled under argon, 20

(200 mg, 0.55 mmol, 2.3 eq.) was suspended in 1 mL 0.76 M pyridine (0.843 mmol, 3.5

eq.) in distilled dichloromethane. The resulting mixture was cooled to 0 °C in an ice-

water bath and initiated by the addition of tri(ethylene glycol) bis(chloroformate) (50 L,

0.24 mmol, 1.0 eq.). The reaction was left to stir at 0 °C, but was allowed to warm to

ambient temperature. The reaction was deemed complete after 12 hours as monitored

by TLC. The reaction was condensed under reduced pressure. The resulting residue

was purified via silica flash chromatography (0-10% MeOH in DCM gradient). 100 mg,

yield 45%; 1H NMR (500 MHz, CDCL) δ ppm 0.14 (s, 12 H) 0.93 (s, 18 H) 3.24 (d,

.7=12.4 Hz, 2 H) 3.52 (dd, .7=12.3, 4.4 Hz, 2 H) 3.66 (s, 5 H) 3.76 (t, J=4.5 Hz, 4 H) 3.94

(dd, .7=1 1.9, 1.4 Hz, 2 H) 4.23 (d, J=11.8 Hz, 2 H) 4.34 (br. s., 4 H) 5.25 (br. s., 2 H) 6.27

(br. s., 2 H) 8.42 (br. s., 2 H) 11.98 (br. s., 1 H). HRMS (ESI) m/z: calc’d [M+H] +, 925.31 ;

found 925.41 .

Synthesis of (ethane-1 ,2-diylbis(oxy))bis(ethane-2, 1-diyl) bis((5-fluoro-1 -((2R,5S)-2-

(hydroxymethyl)-1,3-oxathiolan-5-yl)-2-oxo-1,2-dihydropyrimidin-4-yl)carbamate)

(23) :306 In a 15mL plastic conical tube, 22 (100 mg, 0.1 1 mmol) was dissolved in

tetrahydrofuran and cooled to 0 °C in an ice-water bath. The reaction was initiated by the

dropwise addition of triethylamine trihydrofluoride (175 pL, 1.07 mmol 10.0 eq.). The

reaction was allowed to warm to ambient temperature with stirring and then left to stir

overnight (16 hours). The reaction was condensed under reduced pressure and purified

via Ci8 flash chromatography (5-100% acetonitrile in water gradient) and lyophilized to

yield a white solid. 46 mg, yield 61%; 1H NMR (500 MHz, D 0 ) δ ppm 3.27 (dd, =12 .7 ,

2.4 Hz, 2 H) 3.62 (dd, .7=12.7, 5.5 Hz, 2 H) 3.68 - 3.75 (m, 4 H) 3.76 - 3.84 (m, 4 H) 3.93

(dd, .7=13.0, 3.5 Hz, 2 H) 4.09 (dd, .7=13.0, 2.9 Hz, 2 H) 4.26 - 4.39 (m, 4 H) 5.35 (t,

.7=3,2 Hz, 2 H) 6.20 (d, J=4.7 Hz, 2 H) 8.50 (d, .7=6.3 Hz, 2 H). HRMS (ESI) m/z: calc’d

[M+H] +, 697.14 ; found 697.34.



Synthesis of ally! (5-fluoro-1 -((2R,5S)-2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl)-2-oxo-1 ,2-

dihydropyrimidin-4-yl)carbamate (21): In a flame-dried 50 mL round-bottom flask, cooled

under argon, 19 (500 mg, 2 mmol) was suspended in distilled dichloromethane (3 mL).

Pyridine (408 pL, 5 mmol, 2.5 eq.) was added to the flask, and the resulting mixture was

cooled to 0 °C in an ice-water bath. The reaction was initiated by the dropwise addition

of allyl chloroformate (500 L, 4.7 mmol, 2.3 eq.). The reaction was stirred at 0 °C

gradually warming to ambient temperature. The reaction was deemed complete after 15

hours as monitored by TLC. The reaction was condensed under reduced pressure, and

the resulting residue was purified via silica flash chromatography (40-100% ethyl acetate

in hexanes gradient) to yield a white solid. 156 mg, yield 23%; 1H NMR (500 MHz,

CDCIs) δ ppm 2.53 (br. s., 1 H) 3.24 (br. s 1 H) 3.54 (br. s., 1 H) 3.97 (d, ^12.6 Hz, 1

H) 4.19 (br. s., 1 H) 4.70 (br. s 3 H) 5.21 - 5.47 (m, 4 H) 5.98 (ddt, J=16.9, 11.0, 5.7, 5.7

Hz, 1 H) 6.30 (d, J=3.8 Hz, 1 H) 8.30 (br. s., 1 H) 12.05 (br. s., 1 H). HRMS (ESI) m/z:

calc’d [M+H]+, 332.06 ; found 332.10.

Synthesis of diallyl (((2R,2 ,R,5S I5
,S)-(3 114-dioxo-2,4,7, 10,13,1 5-hexaoxahexadecane-

1,16-diyl)bis(1 ,3-oxathiolane-2,5-diyl))bis(5-fluoro-2-oxo-1 ,2-dihydropyrimidine-1 ,4-

diyl))dicarbamate (24): In a flame-dried 50 mL round-bottom flask, cooled under argon,

2 1 (100 mg, 0.3 mmol, 2.1 eq.) was suspended in anhydrous tetrahydrofuran. 4-

Dimethylaminopyridine (53 mg, 0.4 mmol, 3.0 eq.) was added and the resulting mixture

was cooled to 0 °C in an ice-water bath. The reaction was initiated by the addition of

tri(ethylene glycol) bis(chloroformate) (30 pL, 0.14 mmol, 1.0 eq.). The reaction was

stirred at 0 °C gradually warming to ambient temperature overnight. The reaction was

deemed complete after 12 hours as monitored by TLC. The reaction was condensed

under reduced pressure. The resulting residue was purified via silica flash

chromatography (0-10% MeOH in DCM gradient) to obtain a semi-pure product (62 mg)

that was used in the next reaction without further purification. HRMS (ESI) m/z: calc’d

[M+H]+, 865.1 8 ; found 865.30.

Synthesis of bis(((2R,5S)-5-(4-amino-5-fluoro-2-oxopyrimidin-1 (2H)-yl)-1 ,3-oxathiolan-2-

yl)methyl) ((ethane-1 ,2-diylbis(oxy))bis(ethane-2, 1-diyl)) bis(carbonate) (25): Compound

24 (62 mg, 0.07 mmol) was dissolved in anhydrous tetrahydrofuran (520 pL) under

argon. The reaction was initiated by anaerobic addition of Tetrakis (triphenylphosphine)

palladium (0) (6.5 mg, 0.006 mmol, 0.08 eq.), sodium ^-toluenesulfinate (27 mg, 0.2

mmol, 2.2 eq.), and water (175 pL) followed by stirring at room temperature for 1.5

hours. The reaction was condensed under reduced pressure and purified via Cie flash

chromatography (5-100% acetonitrile in water gradient) and lyophilized. 11 mg, yield



22%; 1H NMR (500 MHz, MeOD) δ ppm 3.21 (dd, J=12.1, 4.1 Hz, 2 H) 3.55 (dd, 7=12.3,

5.3 Hz, 2 H) 3.63 (s, 4 H) 3.73 (t, J=4.6 Hz, 4 H) 4.31 (q, J=4.2 Hz, 4 H) 4.54 (dd, ^=12.4,

2.8 Hz, 2 H) 4.60 (dd, A12.3, 4.2 Hz, 2 H) 5.45 (dd, J=4 , 2.8 Hz, 2 H) 6.27 (t, J=3.8

Hz, 2 H) 8.04 (d, * =6.8 Hz, 2 H). HRMS (ESI) m/z: calc’d [M+H] +, 697.13; found 697.23.

Synthesis of N-0 linked FTC POP fragments

In vitro metabolism of FTC POP fragments 23 and 25

General Procedure for in vitro metabolism studies of FTC dimers 23 and 25 via HPLC-

UV: Reaction mixtures containing phosphate buffer (0.1 M, pH 7.4), mixed pooled

gender human liver S9 (1-10.0 mg/mL final), mixed gender human skeletal muscle S9,

or mixed gender human plasma are preincubated at 37 °C for 5 min. Reactions are

initiated by the addition of FTC POP fragments ( 1 mM final, diluted from a 20 mM stock

in DMSO). After incubation at 37 °C, aliquots were taken at each time point and

quenched in 2 volumes of ice-cold methanol. The quenched aliquots were then

centrifuged at 14000 rpm for 5 min. The supernatant was diluted 10-fold into phosphate

buffer (0.1 M, pH 7.4) and injected onto the HPLC for analysis (5% to 100% B over 8

minutes at a flow rate of 1 mL min-1 ; solvent A: 50 mM EtsNHOAc, pH 8 ; solvent B:

acetonitrile) and read spectrophotometrically monitoring a decrease in substrate peak

area at 305 nm (23) or 280 nm (25) over time. Quantification of 23 at each time point to



determine rate was achieved by converting peak areas to nmols using a standard curve

(23). Quantification of 25 at each time point to determine rate was achieved by

calculating nmols based on the percent of total peak area at 250 nm (25 + 26, 200 nmol

total). Hydrolysis of 25 yields two molar equivalents of 1, determined by quantifying 1

using a standard curve following full conversion of 25 to 1.

Figure 2 1 shows representative HPLC traces for stability analysis of 25 ( 1 mM) in human

liver S9 at λ=250 nm.

Scheme of hydrolysis of 25 by esterases present in human liver S9, muscle S9 and

plasma incubations.

Rate of disappearance of starting material

Summary table of stability of 23 and 25 in human liver S9, human skeletal muscle S9

and human plasma. In all cases, FTC formation was observed. In all conditions, the

hydrolysis of 23 proceeded slower than 25. Neither 23 nor 25 hydrolyzed in phosphate

buffer (0. 1M, pH 7.4) after 48 hours (data not shown).

Human Tissues Used in in vitro Metabolism of TAF-TML and FTC Dimers

All tissues were stored as directed (20°C for human plasma and -80°C for human liver

S9 and muscle S9). Upon arrival, tissues were aliquoted into volumes needed for each

assay to minimize freeze thaw.



Human Liver S9 Fraction-Pool of 50 (Sekuisi Xenotech, Product# HO610.59; 20mg/mL

stock)

Human S9-Ske/etai Muscle (Bioreclamation IVT). Solution used for in vitro metabolism is

a 50/50 mix of Male Human S9 (Bioreclamation IVT, Cat# S03517) and Female Human

S9 (Bioreclamation IVT, Cat# S03518). Protein concentrations (mg/mL) were determined

by averaging the concentrations provided by Bioreclamation.

Human Plasma (Bioreclamation IVT). Solution used for in vitro metabolism is a 50/50

mix of Human Plasma (Male) (Bioreclamation IVT, Cat# HMPLEDTA2-M) and Human

Plasma (Female) (Bioreclamation IVT, Cat# HMPLEDTA2-F)

FURTHER WORK RELATING TO ARYL CARBAMATE TAF A2 MONOMERS -

STRATEGY 3

Conjugates of tenofovir alafenamide (TAF) featuring N6-alkyl amides and alkyl

carbamates exhibit slow release of TAF. The rate of formation of desphenyl analogs

surpasses N6 amide and carbamate cleavage. This technology describes studies toward

the design and development of N6 aromatic carbamates of TAF with enhanced, tunable

release of TAF. With variations in aromatic substitutions, the electronic and steric

properties of aromatic carbamates can be altered to tune the release of TAF from its N6

conjugates. The present invention provides an approach in which aromatic carbamates

are substituted with functional groups that allow polymerization via strategy 3 .



POP Pendent Strategy for TAF

XA o yme o o
Drug Release

TAF monomer syntheses

Model compounds to test drug release profile

Model chemistry: A set of experiments have focused on synthesis of simple phenyl

carbamates to study trends in activation kinetics toward design and synthesis of A 2

monomers for POP synthesis.

Synthesis of TAF carbamates: TAF phenyl carbamates can be synthesized by reacting

either chloroformates, tetrazole carbamates or imidazium carbamates with TAF.

Strategy for synthesis of TAF carbamates

ROH = leaving group
R= polymer, alkyl, aryl, alkyary, heterocyclic



Synthesis of TAF carbamates using tetrazole intermediates - Adapted from Tetrahedron

Letters, 1977, 22, 1935 - 1936; Helvetica Chemica Acta, 1994, 77, 1267-1280.

General procedure for synthesis of tetrazole intermediates (1). In a dry round-bottom

flask 1H~Tetrazole ( 1 eq.) was stirred with triethylamine ( 1 eq.) in acetonitrile and

dioxane at ambient temperature under argon atmosphere for 10-120 minutes. The

reaction mixture was cooled in an ice-bath (0-4 °C) under argon atmosphere followed by

dropwise addition of alkyl or aryl chloroformate dissolved in dioxane or as is. The

reaction mixture was stirred at 0-10 °C for 10-120 minutes, then filtered and the tetrazole

intermediate purified from the filtrate via crystallization or silica flash chromatography

(ethyl acetate in hexanes). The product was obtained as amorphous solid or a viscous

liquid.

General procedure for synthesis TAF carbamate using tetrazole intermediates (2). In a

dry round-bottom flask tetrazole intermediate (3-4 eq.) was stirred with tenofovir

alafenamide ( 1 eq.) in dioxane at ambient temperature under argon atmosphere for 16-

144 hours. The reaction mixture was concentrated in vacuo and the product purified via

silica flash chromatography (0-100% ethyl acetate in hexanes, 0-10% methanol in

methylene chloride). The product was obtained as amorphous solid or viscous liquid.

Synthesis of 1H-Tetrazole-1 -carboxylic acid, 4-methoxyphenyl ester (1): In a dry round-

bottom flask 0.45 M 1H-Tetrazole solution in acetonitrile (14.6 mL, 6.56 mmol) was

stirred with triethylamine (0.92 mL, 6.56 mmol) in dioxane (20 mL) at ambient

temperature under argon atmosphere for 10 minutes. The reaction mixture was cooled in

an ice-bath (0-4 °C) under argon atmosphere followed by dropwise addition of 4-

methoxyphenyl chloroformate. The reaction mixture was stirred at 0-10 °C for 10

minutes and the suspension filtered. Volatiles from the filtrate were removed in vacuo,

and the residue dissolved in boiling methylene chloride (15 mL). The solution was cooled

to ambient temperature and hexanes (10 mL) was added dropwise to obtain a

suspension, which was filtered to obtain product as white crystalline powder (0.9 g ,



R (500 MHz, CDCI3) δ ppm 9.33 (s, 1H), 7.29-7.27 (d, 2H), 7.01-6.99 (d,

3.86 (s, 3H).

Synthesis of N6-(4-methoxyphenyl)-tenofovir alafenamide carbamate (2): In a dry round-

bottom flask tetrazole intermediate 1 (100 mg, 0.45 mmol) was stirred with tenofovir

alafenamide (54.15 mg, 0.1 13 mmol) in dioxane (10 mL) at 40 °C under argon

atmosphere for 16 hours. Dioxane was removed in vacuo and the residue purified via

silica flash chromatography (0-100% ethyl acetate in hexanes, 0-10% methanol in

methylene chloride) to obtain 2 as a viscous liquid (47 mg, 66%). 1H NMR (500 MHz,

CDCI 3) δ ppm 8.79 (s, 1H), 8.60 (br s, 1H), 8.2 (s, 1H), 7.26-7.23 (t, 2H, J=7.5Hz), 7.19-

7.17 (d, 2H, OHZ), 7.14-7.1 1 (t, 2H, ^7.5Hz), 7.02-7.00 (d, 2H, AiOHz), 6.92-6.90

(d, 2H, J 0Hz), 5.05-4.97 (m, 1H), 4.45-4.42 (d, 1H, ^15Hz), 4.23-4.18 (dd, 2H,

J=15Hz, A10Hz), 4.02-3.97 (m, 2H), 3.95-3.91 (dd, 2H, u<=15Hz, J=10Hz), 3.82 (s,

3H), 3.71-3.66 (dd, 1H , A15Hz, A10Hz), 3.62-3.58 (t, 1H, J=10Hz), 1.78 (s, 1H), 1.31-

1.30 (d, 3H, =5Hz), 1.26-1 .23 (m, 9H). 3 1P NMR (500 MHz, CDCI3) δ ppm 20.63.

Synthesis of TAF carbamates using imizadolium intermediates - Adapted from

Tetrahedron Letters, 2004, 45, 3849-3853; Nature Protocols, 2008, 3(4), 646-654.

General procedure for synthesis of imidazole intermediates (3, 6). In a dry round-bottom

flask 1,T-carbonyldiimidazole (CDl, 1.3 eq.) was stirred with phenol or alcohol (ROH, 1

eq.) in methylene chloride at 22-42 °C under argon atmosphere for 4-24 hours. The

reaction mixture was concentrated in vacuo and the product purified via silica flash

chromatography (0-100% ethyl acetate in hexanes). The product was obtained as

amorphous solid or viscous liquid.

General procedure for synthesis of imidazolium intermediates (4, 7). In a dry round-

bottom flask imidazole intermediate ( 1 eq.) was dissolved in methylene chloride at

ambient temperature under argon atmosphere. The solution was cooled on an ice-bath



(0-4 °C) followed by dropwise addition of methyltrifluoromethanesulfonate or methyl

halide. The reaction mixture stirred at 0-4 °C under argon atmosphere for 10-30 min and

then warmed to ambient temperature. The product was isolated via crystallization using

ether.

General procedure for synthesis TAF carbamates using imidazolium intermediates (5,8).

In a dry round-bottom flask imidazolium intermediate ( 1 .5-4.5 eq.) was stirred with

tenofovir alafenamide ( 1 eq.) in dioxane at ambient temperature under argon

atmosphere for 16-144 hours. The reaction mixture was concentrated in vacuo and the

product purified via silica flash chromatography (0-100% ethyl acetate in hexanes, 0-

10% methanol in methylene chloride). The product was obtained as amorphous solid or

viscous liquid.

Synthesis of 1H-lmidazole-1 -carboxylic acid, 2,4,6-trimethylphenyl ester (3). In a dry

round-bottom flask 1,T-carbonyldiimidazole (778.6 mg, 4.77 mmol) was stirred with

2,4,6-trimethyl phenol (500 mg, 3.67 mmoL) in methylene chloride (20 mL) at 40-42 °C

under argon atmosphere for 24 hours. The reaction mixture was concentrated in vacuo

and the product purified via silica flash chromatography (0-50% ethyl acetate in

hexanes). The product was obtained as white solid (802 mg, 95%). 1H NMR (500 MHz,

CDC ) δ ppm 8.34 (s, 1H), 7.61-7.60 (t, 1H, J=2.5Hz), 7.18 (m, 1H), 6.94 (s, 2H), 2.31

(s, 3H), 2.19 (s, 6H).

Synthesis of imidazolium intermediates (4): In a dry round-bottom flask imidazole

intermediate 3 (500 mg, 2.173 mmol) was dissolved in methylene chloride (10 mL) at

ambient temperature under argon atmosphere. The solution was cooled an ice-bath (0-4

°C) followed by dropwise addition of methyltrifluoromethanesulfonate (246 L, 2.173

mmol). The reaction mixture stirred at 0-4 °C for 20 min, and then warmed to ambient

temperature. Diethyl ether ( 1 .5 mL) was added to the reaction mixture to obtain a

suspension. Product was filtered from the suspension as white solid (560 mg, 65%). 1H

NMR (500 MHz, CDCI3) δ ppm 9.84 (s, 1H), 7.88-7.87 (t, 1H , J=2.5Hz), 7.55-7.54 (t, 1H,

J«=2.5HZ), 6.93 (s, 2H), 4.22 (s, 3H), 2.31 (s, 3H), 2.2 (s, 6H).

Synthesis N6-(2,4,6-trimethylphenyl)-tenofovir alafenamide carbamate (5). In a dry

round-bottom flask imidazolium intermediate 4 (82.75 mg, 0.21 mmol) was stirred with

tenofovir alafenamide (50 mg, 0.105 mmol) in dioxane (10 mL) at ambient temperature

under argon atmosphere for 15 min then at 40 °C for 16 hours. The solvent were

removed in vacuo and the residue purified via silica flash chromatography (0-100% ethyl



acetate in hexanes, 0-10% methanol in methylene chloride) to obtain product as a

viscous liquid (62.26 mg, 39%). 1H NMR (500 MHz, DMSO-d 6) δ ppm 11. 1 1 (s, 1H),

8.65 (s, 1H), 8.46 (s, 1H), 7.29-7.26 (t, 2H, j*=7.5Hz), 7.13-7.10 (t, 1H, J*=7.5HZ), 7.04-

7.03 (d, 2H, =5Hz), 6.93 (s, 2H), 5.64-5.60 (t, 1H, OHZ), 4.87-4.80 (m, 1H), 4.43-

4.40 (d, 1H, 5HZ), 4.29-4.25 (dd, 1H, J=15Hz, J=10Hz), 4.0 (br s, 1H), 3.91-3.76 (m,

3H), 2.24 (s, 3H), 2.16 (s, 6H), 1.15-1.1 1 (m, 12H). 3 1P NMR (500 MHz, DMSO-de) δ

ppm 22.08.

Synthesis of 1H-lmidazole-1 -carboxylic acid, 2-(1,1-dimethylethyl)phenyl ester (6). In a

dry round-bottom flask 1,1'-carbonyldiimidazole (422 mg, 2.6 mmol) was stirred with 2-

/butyl phenol (300.4 mg, 2 mmoL) in methylene chloride (20 nriL) at 40-42 °C under

argon atmosphere for 5 hours. The reaction mixture was concentrated in vacuo and the

product purified via silica flash chromatography (0-50% ethyl acetate in hexanes). The

product was obtained as white solid (452.4 mg, 93%). 1H NMR (500 MHz, CDCI 3) δ ppm

8.36 (s, 1H), 7.62 (br s , 1H), 7.42 (br s , 1H), 7.3 (m, 2H), 7.21 (s, 1H), 7.16 (s, 1H), 1.39

(s, 9H).

Synthesis of imidazolium intermediates 7: In a dry round-bottom flask imidazole

intermediate 6 (250 mg, 1.023 mmol) was dissolved in methylene chloride (10 mL) at

ambient temperature under argon atmosphere. The solution was cooled an ice-bath (0-4

°C) followed by dropwise addition of methyltrifluoromethanesulfonate ( 1 15.8 pL, 1.023

mmol). The reaction mixture stirred at 0-4 °C for 20 min and then warmed to ambient

temperature. Diethyl ether (2mL) was added to the reaction mixture to obtain a

suspension. Product was filtered from the suspension as white solid (347 mg, 83%). 1H

NMR (500 MHz, CDCI 3) δ ppm 9.71 (s, 1H), 7.89 (br s, 1H), 7.57 (br s, 1H), 7.48 (br s,

1H), 7.32 (br s, 2H), 4.21 (s, 3H), 1.37 (s, 9H).

Synthesis N6-(2-(1 ,1-dimethylethyl)phenyl)-tenofovir alafenamide carbamate (8). In a dry

round-bottom flask imidazolium intermediate 7 (85.67 mg, 0.21 mmol) was stirred with

tenofovir alafenamide (50 mg, 0.105 mmol) in dioxane (10 mL) at ambient temperature

under argon atmosphere for 15 min then at 4 1 °C for 16 hours. The reaction mixture was

concentrated in vacuo and the residue purified via silica flash chromatography (0-100%

ethyl acetate in hexanes, 0-10% methanol in methylene chloride) to obtain product as a

viscous liquid. 1H NMR (500 MHz, DMSO-de) δ ppm 11.26 (s, 1H), 8.67 (s, 1H), 8.47 (s,

1H), 7.41-7.39 (d, 1H, OHZ) 7.30-7.27 (t, 3H, =7.5Hz), 7.22-7.19 (t, 1H, J=7.5Hz),

7.14-7.13 (d, 2H, =5Hz), 7.05-7.04 (d, 2H, c/=5Hz), 5.66-5.61 (t, 1H, J=12.5Hz), 4.88-

4.81 (m, 1H), 4.45-4.42 (d, 1H, =15Hz), 4.31-3.26 (dd, 1H, J=-|5Hz, OHZ), 4.02 (br s,



1H), 3.92-3.78 (m, 3H), 1.35 (s, 9H), 1.16-1 .15 (d, 6H, J=5Hz), 1.13-1 . 1 (d, 6H,

=10Hz). 3 1P NMR (500 MHz, DMSO-de) δ ppm 22.08.

Hydrolysis of TAF-aryl carbamate conjugates: Prodrug hydrolysis experiments assess

the relative stability of compounds 2 , 5 and 8 . To evaluate the hydrolysis of TAF

aromatic carbamates, HPLC coupled with UV detection is used with the following

method: 40% B for 1 min, 40% to 100% B from 1 to 16 min, 100% B from 16 to 18 min at

a flow rate of 1 mL min 1 (solvent A : NH4OAC (50 mM, pH 6), solvent B: methanol).

Phosphate buffer (100 mM, pH 7.4) was preincubated at 37 °C for 5 minutes. TAF

aromatic carbamates are added and the reaction is incubated at 37 °C. Aliquots are

taken at each time point and injected onto the HPLC for analysis. The HPLC profiles are

visualized at 269 nm or 270 nm. Chromatographic evidence indicates hydrolytic

cleavage takes place fastest for compound 2 and other compounds.

FURTHER WORK RELATING TO CARBAMATE 5

Carbamate 5 was synthesized according to the process described above. Purity. The

compound was dissolved in DMSO (100 µΜ) and injected on HPLC to determine purity

of 95.1% at 269-270nm. Standard Curve. Serial dilution of carbamate 5 in DMSO

(100pM to 0.78 µΜ) was done and each sample injected on HPLC. The UV absorbance

at different concentrations was used to obtain a linear standard curve. The standard

curve was used in determining solubility in buffers, kinetics of degradation at pH 7.4 and

stability under polymerization conditions. Solubility . Carbamate 5 in DMSO was mixed

with 100mM phosphate buffer pH7.4 with varying amounts of DMSO (0.1% v/v, 0.5% v/v,

1% v/v and 5% v/v). The mixtures were centrifuged at 14000rpm for 5 min and the

supernatant injected on HPLC. The UV absorbance of carbamate 5 was compared with

linear standard curve to determine the amount injected and correlate the concentration

and solubility in 100 mM phosphate buffer pH 7.4. A concentration of 111.2µΜ with 5%

DMSO v/v can be achieved in 100mM phosphate buffer pH 7.4.

Kinetics of TAF release from carbamate 5 at pH 7.4. A 40µΜ solution of carbamate 5 in

100mM phosphate buffer with 5% v/v was incubated at 37°C. Aliquot of 250pL was

injected on HPLC at regular intervals to determine the amount of carbamate 5 left and

amount of tenofovir alafenamide (TAF) formed using a standard curve. In 150 minutes

significant amount of carbamate 5 is converted to TAF, at which point the analysis was

stopped. The nanomoles of carbamate 5 and TAF were plotted against time to obtain

curves and illustrate the profile of each compound. A log plot of carbamate 5 vs time



gave a straight line, indicating a first order kinetics of metabolism at pH 7.4. This plot

was used to determine a half-life of 53.7 min for 40µΜ carbamate 5 in 100mM phosphate

buffer pH7.4 at 37°C.

Figure 22 shows the kinetics of TAF release from carbamate 5 in Phosphate Buffer pH

7.4: A . Representation of chemical transformation in carbamate 5 leading to release of

tenofovir alafenamide (TAF); B. Chromatographic evidence of time dependent

degradation of carbamate 5 and release of TAF; C. Graphical representation of TAF

release from carbamate 5 ; and D. Log plot of carbamate 5 degradation and calculation of

half-life at pH7.4 at 37°C.

Stability of compound 5 under polymerization conditions. Carbamate 5 is shown to

release TAF in a time bond manner. To determine the stability of carbamate moiety

under polymerization conditions and evaluate the utility of TAF phenyl carbamates,

carbamate 5 was tested for its stability under model polymerization conditions. A solution

of carbamate 5 in methylene chloride (CH2CI2) was stirred with 0.5 molar equivalent of 4-

Dimethylaminopyridine and 2 molar equivalents of pyridine at room temperature (RT, 22-

25°C) for 24h. The portion of the reaction mixture was removed and dissolved in DMSO

followed by analysis of the reaction mixture using HPLC to determine amount of TAF

formed and carbamate 5 left after 24h. Standard curve was used to determine that

20.5% TAF was formed after 24 hours, leaving 79.5% carbamate 5 intact (Figure 23).

Figure 23 shows the stability of Carbamate 5 under polymerization conditions: A.

Chemical transformation of carbamate 5 under polymerization conditions; B. Analysis of

carbamate 5 mixture with DMAP/Pyridine after 24h. A reference sample of carbamate 5

was used to determine the percentage of TAF and carbamate 5 left in the reaction

mixture.



Synthesis of monomer for TAF polymerization based on carbamate 5.

Synthesis of 2-amino-2-methyl-1 ,3-(bis-0-tertbutyldimethysilyl)-propandiol (9): To a dry

flask containing 2-amino-2-methyl-1 ,3-propandiol (210 mg, 2 mmol), imidazole (27.3 mg,

4 mmol), anhydrous CH2CI2 (10 mL) was added and stirred under inert atmosphere for

2h to get a homogenous mixture. To this mixture, a solution of tertbutyldimethysilyl

chloride (603 mg, 4 mmol) in anhydrous CH2CI2 (10 mL) was added dropwise and the

reaction mixture was stirred for 16-24h at 22-25 °C to get a white suspension. The

reaction mixture was washed with water (40mL). To the organic phase, 7N NH4OH

(5mL) was added followed by brine wash (40 mL). C C was removed in vacuo and the

residue dried on high vacuum for 16h to obtain product as a colorless syrup (441 mg,

66.17%). 1H NMR (500 MHz, CDCI3) δ ppm 3.375 (dd, 4H, 7= 1 5Hz, <7=10Hz), 0.96 (s,

3H), 0.9 (s, 18H), 0.05 (s, 12H).

Synthesis of 4-(acetyloxy)-3 ,5-d imethyl phenylacetic acid (10): A solution of 3,5-

dimethyl-4-hydroxy-phenylacetic acid ( 1 .8g, 10 mmol) in 2N NaOH (40mL) was cooled

on ice bath (4-10 °C) and acetic anhydride (3.31 mL, 35 mmol) ) was added dropwise

over 10 min. After stirring the reaction mixture on ice bath for 30 min, the ice bath was

removed and reaction mixture was stirred for 16-24h at 22-25 °C to get a white

suspension. The suspension was acidified using 1N HCI and product extracted in EtOAc

(200mL). The organic layer was washed with water, brine and dried over MgSC . EtOAc

was evaporated and the solid residue dried on high vacuum for 16h to obtain product as

off-white solid (2.04 g , 86.4%). H NMR (500 MHz, CDCI 3) δ ppm 7.00 (s, 2H), 3.56 (s,

2H), 2.34 (s, 3H), 2.14 (s, 6H).



Synthesis of 11: To a suspension of 9 (358 mg, 1.07 mmol), 10 (281 .7 mg, 1.19 mmol),

HATU 498.3 mg, 1.31 mmol) in anhydrous CH2CI2 (20 ml_) under inert atmosphere, N,N-

Diisopropylethylamine (415.3 L, 2.38 mmol) was added dropwise to get a pale yellow

solution. The reaction mixture was stirred for 16-24h at 22-25 °C to get a yellow solution,

which was purified by flash chromatography to obtain product as colorless syrup (519.7

mg, 90.04%). R 0.5 in 1:9 EtOAc: Hexanes. 1H NMR (500 MHz, CDCI3) δ ppm 6.94 (s,

2H), 5.77 (br s, 1H), 3.73 (d, 2H, .7=10Hz), 3.42 (d, 2H, =10Ηζ) , 3.4 (s, 2H), 2.34 (s,

3H), 2.13 (s, 6H), 1.3 (s, 3H), 0.84 (s, 18H), 0.005 (d, 12H, J=2 z).

Synthesis of 12: A solution of 1 1 (491 .8 mg) in 7N NH4OH (10ml_) was stirred for 72h at

22-25 °C to get a pink solution, which was purified by flash chromatography to obtain

product as colorless syrup (400.7 mg, 88.38%). R^0.5 in 1:9 EtOAc:Hexanes. 1H NMR

(500 MHz, CDCI3) δ ppm 6.83 (s, 2H0, 5.78 (br s , 1H), 4.68 (s, 1H), 3.71 (d, 2H,

=10Hz), 3.39 (d, 2H, OHz), 3.37 (s, 2H), 2.21 (s, 6 H), 1.3 (s, 3H), 0.82 (s, 18H),

0.015 (d, 12H, J=2.5Hz).

Synthesis of 13: To a refluxing solution of 12 (369.7 mg, 0.745 mmol, 4 1 °C) in

anhydrous CH2Cl2 (10 mL) under inert atmosphere, 1,T-Carbonyldiimidazole (628.6 mg,

3.87 mmol) was added in four lots, upon which the starting material was consumed. The

reaction was purified by flash chromatography to obtain product as colorless syrup

(439.83 mg, 88.66%). R 0.3 in 1:3 EtOAc: Hexanes. H NMR (500 MHz, CDCI3) δ ppm

8.32 (s, 1H), 7.59 (t, 1H, .5Hz), 7.19 (t, 1H, =1Hz), 7.02 (s, 2H), 5.78 (br s, 1H), 3.74

(d, 2H, =ioHz), 3.45 (t, 4H, 5 Hz) , 2.21 (s, 6H), 1.32 (s, 3H), 0.86 (t, 18H, J=3Hz),

0.02 (dd, 12H, J= , ^2.5Hz).

Synthesis of 14: To a cooled solution (0-4°C) of 14 (58 mg, 98.3 mol) in anhydrous

CH2CI2 (5mL) under inert atmosphere, methyltrifluoromethanesulfonate or methyl halide

(12.2 pL, 108.15 pmol) was added dropwise and the solution stirred at 0-4°C for 30 min

and then at 22-25 °C for 30 min. The organic solvent was removed in vacuo and the

residue dried over high vac for 30 min. The residue was stirred with Tenofovir

Alafenamide ( 1 1.7 mg, 24.57 pmol) in Dioxane (4mL) under inert atmosphere for 16-24h

at 40°C. Dioxane was evaporated in vacuo and the residue purified by flash

chromatography to afford compound 6 as a colorless syrup (3 mg, 14%). 1H NMR (500

MHz, CDCI3) δ ppm 8.79 (s, 1H), 8.56 (br s, 1H), 8.20 (s, 1H), 7.26-7.24 (d, 2H, J=10Hz),

7.14-7.1 1 (t, 1H, J=7.5Hz), 7.03-7.02 (d, 2H, J=5Hz), 6.96 (s, 2H), 5.76 (br s , 1H), 5.05-

4.97 (m, 1H), 4.46 (dd, 1H, = 14.3HZ, 2.7Hz), 4.22 (dd, 1H, 4.3, 7.7Hz), 4.08-3.98

(m, 2H), 3.94 (dd, 1H, J=13.5Hz, 7.5Hz), 3.74 (d, 2H, J=10Hz), 3.72-3.66 (m, 1H), 3.57

(t, 1H, J=10.4Hz), 3.45, 3.43 (2s, 4H), 2.24 (s, 6H), 1.32-1 .30 (m, 6H), 1.27-1 .21 (m,

12H), 0.85 (s, 18H), 0.02-0.01 (d, 12H, J=5Hz).



Thus the following and related structures are examples of useful compounds in the

present context.

FURTHER WORK RELATING TO ARYL AND BRANCHED ALKYL CARBAMATE A2

MONOMERS CONTAINING FTC

Alkyl and polyethylene glycol linkers within FTC POP fragments linked through the

amine group (representing carbamate-containing fragments of polymers generated by

strategy 1) have measured low release rates from FTC. To provide an approach to

enhance and tune the kinetics of FTC release from carbamate-containing POP

fragments, we have developed aromatic N-masking groups. When incorporated at the

free amine as carbamates, these are designed to undergo unmasking of the FTC amine

at higher rates. Further, this technology enables tuning of release rates through variation

of the ring substituents (introduction of electron donating and withdrawing groups). Three

applications of aryl masking groups in POP synthesis are applicable:

1) Novel linkers with tunable activation kinetics can be incorporated into FTC-containing

A2 monomers that can be used in POP synthesis by strategy 2 (polymerization through

reaction of 5’-OH groups).



2) N,N’-Disubstituted FTC analogs bearing reactive hydroxyls used as A2 monomers in

strategy 3 .

FTC-containing A2 monomers for strategy 3
R = electron donating or withdrawing groups

(to tune activation kinetics for release of FTC amine)
X = linker to reactive hydroxyl for polymerization
R' = cleavable ester or carbonate



3) Aryl masking groups bearing a reactive diol incorporated to provide A 2 monomers for

strategy 3 .

FTC-containing A monomers for strategy 3
R = electron donating or withdrawing groups

(to tune activation kinetics for release of FTC amine)
X = linker to reactive diol for polymerization
R' = cleavable ester or carbonate

strategy 3

v

Model chemistry: We have focused on synthesis of simple phenyl carbamates and N,N’-

disubstituted analogs to study trends in activation kinetics toward design and synthesis

of A 2 monomers POP synthesis. Results indicate that FTC N-phenylcarbamate (5) is

rapidly hydrolyzed and degrades during synthesis. In contrast, FTC N- -

methoxyphenylcarbonyl-N-p-methoxyphenyl carbamate (8) is more stable during

purification, allowing for activation experiments, indicating that we can tune activation

kinetics.



General synthetic scheme FTC N-arylcarbamates:

Synthesis of 4-amino-1-((2R,5S)-2-(((/e/fbutyldimethylsilyl)oxy)methyl)-1 ,3-oxathiolan-

5-yl)-5-fluoropyrimidin-2(1H)-one (2): In a dry round-bottom flask, 1 ( 1 eq, 8.1 mmol) was

dissolved in anhydrous tetrahydrofuran (31 mL) under argon. Imidazole ( 1 .6 eq, 12.9

mmol) was added to the solution and the flask was cooled in an ice/water bath.

Following temperature equilibration in the ice bath, r-butyldimethylsilyl chloride ( 1 .3 eq,

10.5 mmol) was added with stirring. The reaction was allowed to slowly warm to room

temperature and stirred overnight under argon. The reaction was quenched with water

(60 mL) and diluted with ethyl acetate (100 mL). The aqueous layer was extracted two

times with 100 mL ethyl acetate. The organic layers were combined, dried over MgSCh,

filtered, and condensed under reduced pressure to yield a pale yellow solid. This product

was used without further purification. (2: 95%, 7.68 mmol). 1H NMR (500 MHz,

chloroform-d) δΗ ppm 8.29 ( 1 H, d , J=6,60 Hz) 7.74 ( 1 H, s) 7.12 (2 H, s) 6.24 - 6.36 ( 1 H,

m) 5.24 ( 1 H, t , J=2.67 Hz) 4.21 ( 1 H, dd, J=1 1.95, 2.67 Hz) 3.95 ( 1 H, dd, J=1 1.87, 2.59

Hz) 3.53 ( 1 H, dd, J=12.50, 5.27 Hz) 3.21 ( 1 H, dd, J=12.42, 2.67 Hz) 0.95 (9 H, s) 0.15

(6 H, s)

Synthesis of 4-N-p-methoxyphenylcarbonyl-N-/P-methoxyphenylcarbamate-1 -((2R,5S)-2-

(((fe/£butyldimethylsilyl)oxy)methyl)-1 ,3-oxathiolan-5-yl)-5-fluoropyrimidin-2(1 H)-one (6):

In a dry round-bottom flask, 2 ( 1 eq, 0.55 mmol) was dissolved in 1. 1 mL anhydrous

dichloromethane under argon. Pyridine (2.1 eq, 1.16 mmol) was added and the solution

was cooled in an ice/water bath. Once the reaction solution has equilibrated to the

ice/water bath, 4 (2.1 eq, 1.16 mmol) was added dropwise with stirring. The reaction was



allowed to slowly warm to room temperature and stirred overnight under argon. The

reaction was quenched with water (20 mL) and diluted with anhydrous dichloromethane

(40 mL). The organic layer was washed two times with 20 mL water, then saturated

ammonium chloride, and then brine. The organic layer was then dried over MgS04 and

concentrated under reduced pressure. The product was purified by silica flash

chromatography (ethyl acetate/hexanes mobile phase). Note: This synthesis was

attempted for compound 5 , but was unstable and degraded during purification. (6: 66%,

0.37 mmol). 6: 1H NMR (500 MHz, chloroform-d) δΗ ppm 9.02 ( 1 H, d , J=5.19 Hz) 7.08 -

7.19 (4 H, m) 6.82 - 6.98 (4 H, m) 6.30 ( 1 H, d , J=5.19 Hz) 5.31 ( 1 H, t , J=1 .96 Hz) 4.34

( 1 H, dd, J=1 2.34, 1.81 Hz) 3.98 ( 1 H, dd, J=12.42, 1.89 Hz) 3.78 (6 H, s) 3.66 ( 1 H, dd,

J=1 3.1 3 , 5.27 Hz) 3.43 ( 1 H , d , J=13.05 Hz) 0.95 (9 H, s) 0.15 (6 H , s)

Synthesis of 4-N-/Hnethoxyphenylcarbonyl-N-/>methoxyphenylcarbamate-1 -((2R,5S)-2-

(hydroxymethyl)-1,3-oxathiolan-5-yl)-5-fluoropyrimidin-2(1H)-one (8): In a 15 mL plastic

conical tube, 6 ( 1 eq, 0.37 mmol) was dissolved in tetrahydrofuran (3.7 mL).

Triethylamine trihydrofluoride (5 eq, 1.83 mmol) was added dropwise, open to air, with

stirring. The reaction was loosely covered and stirred overnight at room temperature.

The reaction was rapidly transferred to a carrot flask and concentrated under reduced

pressure to yield a light yellow oil. This was then purified by reverse phase, C18 flash

chromatography (water/acetonitrile mobile phase). 1H NMR (500 MHz, methanol-d4) H

ppm 9.43 ( 1 H, br. s.) 7.14 (4 H, br. s.) 6.97 (4 H, br. s.) 5.40 ( 1 H, br. s.) 3.90 - 4.23 (2 H,

m) 3.80 (6 H, br. s.) 3.45 - 3.75 ( 1 H, m) 3.16 ( 1 H, br. s.)

Synthesis of 4-N-/Hnethoxyphenylcarbamate-1-((2R,5S)-2-(((te/#-

butyldimethylsilyl)oxy)methyl)-1,3-oxathiolan-5-yl)-5-fIuoropyrimidin-2(1H)-one (10): In a

round-bottom flask, 2 ( 1 eq, 0.14 mmol) and 9 (4 eq, 0.55 mmol) were combined at room

temperature with 700 L 1,4-dioxane. The reaction was lightly capped, heated to 40°C,

and stirred overnight. The reaction was then concentrated under reduced pressure and

purified via silica flash chromatography (ethyl acetate/hexanes mobile phase) (10: 4 1%,

0.06 mmol). 1H NMR (500 MHz, chloroform-d) δΗ ppm 8.78 - 8.89 ( 1 H, m) 7.16 - 7.23 (2

H, m) 6.89 - 6.95 (2 H, m) 5.24 - 5.33 (0 H, m) 3.93 - 4.32 (0 H, m) 3.84 - 3.88 (2 H , m)

3.82 (3 H, s) 3.23 - 3.59 ( 1 H, m) 0.95 (9 H , s) 0.17 (6 H , s)

Evaluation of CL 1- 186 stability and in vitro metabolism

Rationale. Similar to N,N’-disubstituted aryl analogs shown above, N,N’-disubstituted

branched aliphatic analogs of FTC, such as CL1-186 below, serve as model compounds



to study activation kinetics of this functional group potential A2 monomers for strategy 3 .

A model compound of this type was generated (CL1-186).

FTC-containing A2 monomers for strategy 3

X = linker to reactive hydroxyl for polymerization
R = cleavable ester or carbonate

General Procedure for in vitro metabolism studies of CL1-186 via HPLC-UV:

Experiments have been conducted to study the degradation profile of CL1-186 in liver



S9 fraction and in human plasma. Reaction mixtures containing 95 µ Ι_ phosphate buffer

(0.1 M, pH 7.4), mixed pooled gender human liver S9 (2 mg/mL), or mixed gender

human plasma are preincubated at 37°C for 10 min. Reactions are initiated by the

addition 5 of emtricitabine derivative (20 mM stock in DMSO). After incubation at

37°C, aliquots were taken at each time point and quenched in 2 volumes of ice-cold

methanol. The quenched aliquots were then centrifuged at 14 000 rpm for 5 min. The

supernatant was diluted 10-fold into phosphate buffer (0.1 M, pH 7.4) and injected onto

the HPLC for analysis (Figure 24) (5% to 100% B over 8 minutes at a flow rate of 1 mL

min-1 ; solvent A; 50 mM triethylammonium acetate, pH 8 ; solvent B: acetonitrile) and

read spectrophotometrically monitoring a decrease in initial peak area of CL1-186 at 330

nm or appearance and increase of the peak area of 1 at 287 nm. Tentative peak

assignment of 13 is made on the basis of the change in chromophore and retention time

relative to 11 (CL1-186) and FTC. The possible degradation pathway is shown below.
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Claims

1. A product which is a prodrug of a nucleoside reverse transcriptase inhibitor (NRTI) in

the form of a polymer.

2 . A product which is a polymeric NRTI delivery system comprising a polymeric material

which is capable of degradation after administration to release an NRTI or NRTI

prodrug which itself is capable of metabolism to the parent NRTI.

3 . A product as claimed in claim 1 or claim 2 wherein the NRTI is selected from FTC,

3TC, EFdA and TFV.

4 . A product as claimed in any preceding claim wherein the NRTI is incorporated into the

polymer via an amino group of the NRTI.

5. A product as claimed in claim 4 wherein said incorporation forms carbamate or amide

linkages.

6. A product as claimed in any preceding claim wherein the NRTI is incorporated into the

polymer via a hydroxy or oxy group of the NRTI.

7 . A product as claimed in claim 6 wherein said incorporation forms carbonate or ester

linkages.

8 . A product as claimed in any preceding claim wherein the NRTI is incorporated into the

polymer via a phosphonyl group of the NRTI.

9. A product as claimed in any preceding claim wherein the polymeric structure

comprises linkers between carbonates, esters, carbamates and/or amides.

10. A product as claimed in claim 9 wherein said linkers are or comprise alkyl chains, or

aromatic or heteroaromatic linkers

11. A product as claimed in any preceding claim wherein the NRTI is present on the

polymer as a pendant moiety.

12. A method of preparing a product of any preceding claim comprising incorporating an

NRTI or derivative thereof into a polymer.

13. A method as claimed in claim 12 comprising reaction with a monomer which is able to

react with amines or alcohols to form carbamates, carbonates, amides or esters.



14. A method as claimed in claim 13 wherein said monomer is bifunctional.

15. A method as claimed in claim 14 wherein said monomer is a bis(chloroformate).

16 . A method as claimed in any of claims 12 to 15 comprising reaction with a multivalent

compound which is able to act as a brancher.

17. A method as claimed in claim 16 wherein said multivalent compound is a polyol.

18. A method as claimed in claim 12 comprising linking of monomers using imidazole or

triazole chemistry, for example using CDI.

19. A construct of a product of any of claims 1 to 11 in the form of an injectable

composition.

20. A construct of a product of any of claims 1 to 11 in the form of an implant.

2 1. A method of treatment comprising administration of a product as claimed in any of

claims 11 or a construct as claimed in claim 19 or 20 to a patient in need thereof.

22. A product as claimed in any of claims 11 or a construct as claimed in claim 19 or 20

for use in therapy.

23. A product as claimed in any of claims 11 or a construct as claimed in claim 19 or 20

for the treatment of HIV.
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