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Chapter 1: Combinatorial Libraries, Screening and the Identification of Active 

Compounds. 

1.1 Chemical Libraries 

Combinatorial chemistry which came to the fore in the 1990 s and has been the subject 

of many rev iewsder ives its power and usefulness from its ability to generate large 

numbers of compounds relatively quickly. There are 3 main categories of chemical 

libraries (a) primary or unbiased libraries (b) focused libraries and (c) biased targeted 

libraries. 

Primary or Unbiased Libraries 

These are libraries that are not designed on the basis of structural information of any 

specific target and are useful for targets with no known ligands."*'̂  These libraries are 

therefore intended to be diverse collections of molecules as sources of active 

compounds for a range of different targets. The compounds can be prepared on the 

solid-phase by split and mix synthesis (Figure 1) and hits from these libraries represent 

the starting point for further structure optimisation. Synthesis of these kinds of libraries 

requires much ground work, testing the synthetic route in solution initially and 

preparation of a model library eliminating poorly performing monomers in a process 

known as monomer rehearsal. The monomer sets in libraries of this kind are usually 

commercially available. 

B c 

A - O B - O c - O 

Mix and split 

B c 

A A - O B A — O C A - O 

A B - O B B - O C B - O 

A C - O B C - O C C - O 

Figure 1: Split and mix synthesis. 
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Focused Libraries 

Focused libraries are libraries designed using structural information gained from the 

literature or hits from a primary library screen.^"^ These libraries are usually quite small 

containing between 10 to 100 compounds and are almost always prepared as discrete 

compounds using parallel synthesis. Combinatorialisation of a focused library is much 

less demanding than for a primary library due to the reduced diversity of the monomers. 

In a focused library it is advantageous to spend time to rationally select and synthesise 

monomers that are not commercially available as it could result in a novel structure thus 

giving an advantage over competitors in the same area. 

Biased Targeted Libraries 

A compromise between large unbiased and small focused libraries has become popular 

especially in pharmaceutical applications.^ The libraries are inspired not by structural 

information but by general information regarding similar classes of targets or by the 

desired profile that a drug must posses for example (molecular weight, partition 

coefficient, water solubility and other physicochemical properties). While the number of 

monomer sets employed for the synthesis of biased targeted libraries is similar to that 

seen for primary libraries some additional criteria are applied. If the library design is 

driven by structural information the monomers will be chosen accordingly. The scaffold 

becomes important when the library individuals are filtered using physicochemical 

parameters. For example log p of the functionalised scaffold may limit the selection of 

monomers to either highly hydrophobic or hydrophilic structures. The same is true of 

monomers and their molecular weights. 

1.2 Structure Determination of Hits from Solid-Phase Libraries 

Medium to large bead-based libraries are often prepared in large quantities with up to 

500 library equivalents. This allows the library to be tested in a number of different 

screens for a number of different targets. However, methods are required which allow 

the fast and reliable identification of active compounds. At present there are a number 

of structure determination methods available. 

Bead based approaches consist of submitting bead-based libraries to assays that allow 

the detection of active beads and finally the determination of the structure of the 
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compound on the active beads. Screening of libraries for biological targets usually 

occurs in solution where both the library individuals and the target are dissolved in the 

same assay medium. On bead methods are attractive as they offer distinct advantages 

over screening a cleaved compound. Firstly when a complex is formed between the 

target and the on bead library member the target can be washed away and the same 

library can be tested on other targets. Secondly positive hits are easily spotted and these 

active beads can be physically separated from the other inactive beads and their 

structures determined by appropriate analytical methods. 

On-bead screening and structure determination was first described by Lam et al using 

an enzyme linked colorimetric assay^ (Figure 2) and the method was hailed as "a new 

type of synthetic peptide library for identifying ligand binding activity." Acceptor 

molecules were coupled to an enzyme, alkaline phosphatase and fluorescein and added 

to the peptide bead-based library. A few beads were intensely stained and visible to the 

naked eye seen with a low power microscope. Forceps were then used to remove the 

beads for analysis. 

Figure 2: On-bead screening. 

Lam's group and other workers used the method extensively. Workers at Affymax^® 

used fluorescently labelled antibodies, with active beads being identified by 

fluorescence when an antibody bound to the beads. Meldal and co-workers used 

fluorescence quenching to characterise the substrate specificity of cysteine proteases^' 

with fluorescence being observed when the protease cleaved specific peptide sequences 

which had held the fluorescence donor 2-aminobenzoic acid (Abz) and fluorescent 

quencher 3-nitrotyrosine (Y (NO2)) in close proximity. 

To date on bead screening has been used to detect and identify biological interactions 

using isolated receptors, enzymes and antibodies as targets. Since screening takes place 



in an aqueous environment it is necessary to use hydrophilic supports. Studies have 

been performed to determine the accessibihty of the resin sites to macromolecular 

targets. The results show that hydrophilic resins such as TentaGel and Argogel are not 

accessible to enzymes except on their surface while access to the inner sites is possible 

only with resins such as PEGA."' 

1.3 Deconvolution Methods for Solid-Phase Libraries. 

Houghten et al devised two iterative m e t h o d s ^ o f screening solid-phase peptide 

libraries in solution and these were termed "dual defined iterative methodology" and 

combinatorial positional scanning libraries. 

In the seminal paper'^ a dual defined hexapeptide library containing 18 amino acids 

(excluding cysteine and tryptophan) was constructed. After the first round of synthesis 

the library existed as 324 (18 x 18) mixtures, each composed of 104,976 different 

peptide sequences, Ac-0] O2XXXX-NH2. O, and O2 were defined in each of the 

mixtures and each X was a mixture of all 18 amino acids. A library of >34 million 

members was obtained. These 324 pools were assayed and positive results for the first 

two residues (0% O2) were noted. Next, 18 new libraries were synthesised with the 

formula DVO3XXX, one for each amino acid at position 3 and tested to define O3. The 

process was repeated until all the positions (X) were defined. Essentially this 

methodology is an iterated search process that consists of making the library in a 

number of segregated pools, finding the active pool that defines the entity for the 

position on the molecule and then repeating the process until the active component has 

been identified. A virtue of this methodology is that the multiplicity of the components 

decreases with each step, so that an enrichment process occurs and because molecules 

can be assayed in solution, it allows functional as well as binding assays. 

The positional scanning'^ format is again based on soluble combinatorial libraries and is 

a related technique to the dual defined iterative methodology and is based on screening 

a set of mixtures, represented by the formulas OiXXXXX, XO2XXXX, XXO3XXX, 

iud)[X}[X3[06. TlK; sm%K%ing(%FeadblH%%fy<iaernunesthe 

most active peptide at that position. The method also alleviates the need for iterative 

synthesis. 



1.4 Structure Determination Using a Multiple Release Strategy. 

In the multiple release strategy'^ the compound is released from the support for 

biological screening but the release is only partial. A fraction of the compound remains 

on the bead to allow the identification of the active structure and this is achieved by 

employing a combination of orthogonal linkers. 

2) Active beads are 
redistributed 
individually 

and 2™' cleavage 

000000000000 
0 @ @ @ @ 0 0 0 0 0 0 0 
o @ @ @ @ o o o o o o o 
o @ @ @ @ o o o o o o o 
o @ @ @ @ o o o o o o o 
o e e e e o o o o o o o 
000000000000 
000000000000 

000000000000 
o e e e o o o o o o o o 
0®®®00000000 
0@®@00000000 
0 0 0 0 0 0 0 0 0 0 0 0 
000000000000 
000000000000 
000000000000 

1) Beads are distributed 
into wells and a fraction is 

released 3) Active bead or 
beads are identified 

4) Structure 
elucidation 

Figure 3: Multiple release strategy. 

(Figure 3) shows an example of the screening process where the library is distributed 

into a 96-well microtiter plate format with several beads per well. The compounds are 

then partially released into the wells liberating only a fraction of the material fom the 

beads. After the screen the beads from the active wells are redistributed individually and 

a second release allows the screening and identification of the single compound or 

compounds associated with the active bead or beads. The initial linker construct (Figure 

4) designed by Lam et al provided five independent releases of compound but the 

drawbacks of this method was that the C-termini of the released peptides were different 

and this could therefore effect the activity of the peptides. 



Peptide —| 

N p y s — L y s — P r o | - O C H | — C O — 1 

;—PrôOCH Lys—Pro-^-OCH; 

Peptide - Peptide Lys -Lys 

Peptide -beta Ala—Gly-|-oCH;—^ CO—Lys — 

D E 

CO—Lys - l -scal 

^ ^ ^ 6 

D 

Peptide -HN-j 

Figure 4: Release A) O.IM Triphenylphosphine/tosic acid/dimethylformamide via 

diketopiperazine formation; Release B) 50% Trifluoroacetic acid via diketopiperazine 

formation; Release C) Sodium hydroxide; Release D) Photolysis; Release E) IM 

Trimethylsilylbromide/thioanisole/trifluoroacetic acid. 

The problem was overcome using a modified approach where the peptides were 

released with NaOH and TFA promoted diketopiperazine formation and the active 

compound being determined by Edman degradation of the third strand still attached to 

the sohd-phase. Lam's group designed another generation of multiple cleavable linkers 

using iminodiacetic acid as the key component. After synthesis the first release 

occurred at pH 8.5 after activation with TFA and diketopiperazine formation. 

Bradley^® has used an alternative approach such as the use of a mixture of 3 different 

linkers added in a 1:1:1 ratio onto amino methyl resin (Figure 5). 

FmocN H-AA^ -AA2-AA2-HM P A 

FmocNH-AA,-AA2-AA3-HMPB / 
(̂ ^̂ P̂AM-AAg-AAj-AAi-NHFmoc 

FnnocNH-AA,-AA2-AA3-HMPA\̂  
+ (̂ ^̂ "PAM-AAa-AAg-AÂ -NHFmoc 

First release hMPB"^ 
FmocN H-AA -̂AA2-AAg-0 H 

FmocNH-AAi-AAg-AAg-OH H M P A \ 
+ (̂ P̂AM-AAg-AAg-AAi-NHFrnoc 

Second release HMPB'^ | 

Structure elucidation 



Figure 5: a) 1% Trifluoroacetic acid/dichloromethane; b) 95% Trifluoroacetic 

acid/ dichloromethane. 

Bradley^ ̂  also provided an example of a multiple release and encoding strategy with a 

two-linker system used for screening of an inverted C-terminal modified peptide library. 

1.5 Encoding Strategies 

Structure determination of positive hits fi-om pool libraries can also be made through the 

coupling of a tag or code. 

1.5.1 Peptide and DNA encoding 

The first encoding approaches used peptides^^ and oligonucleotides as tags. '̂"^^ 

Oligonucleotide tagging will be discussed in more detail chapter 5. With an amino acid 

encoding strategy (Figure 7) instead of defining a small number of the sites for the 

coding strand a bifimctional molecule such as lysine was used. The a-amine was 

protected with a base labile Fmoc group and the g-amine (used for the coding strand 

synthesis) was protected with the mild acid labile Ddz group (removed with 5% TFA). 

Four amino acids (Phe, Ala, Leu and Gly) were used to code each building block by a 

sequence of three amino acids for example Phe-Ala-Leu for one building block. The 

coding technique gave rise to 64 coding possibilities. At the end of the synthesis 

phenylalanine was added to the coding strand to serve as an internal standard during 

Edman sequencing. Edman degradation of the coding strand provided the sequence. 

NHDdz —— Coding strand 

r 
Compound strand 

Ftnoc-NH 

OMe 

Figure 7: Amino acid coding strategy. 

Lam and co-workers^ ̂  employed a similar approach with Fmoc protection for the 

coding strand and Boc protection for the compound strand. The screening assay was 

carried out in solution with the compound being released fi-om the bead and the coding 



strand remaining on the resin. The major drawback of this technique was that it required 

the compound to be spatially addressable to the bead from which it came. The same 

group also developed another approach'^ whereby the coding area and screening area 

were actually physically differentiated. To do this they used an enzyme shaving method, 

which allowed the interior of the bead to the coding region and the surface of the bead 

to be the screening area. Boc chemistry was used for the internal sites and Fmoc 

chemistry for the external sites. 

After selection of the active bead the interior sequence was determined by Edman 

degradation and the active sequence therefore deduced. "Encoded amino acid scanning" 

was a technique described by Camarero and co-workers.I t is a method where, defined 

sequences of N-Boc amino acids containing a cysteine with an Fmoc protected thiol 

were attached to a PAM derivatised resin. A library with two modified residues was 

then synthesised. When a modification occurred at one position the cysteine was 

deprotected and encoded with the appropriate amino acid. After selection of the active 

peptides the tags were removed from cysteine by treatment with Hg (0Ac)2 revealing 

the modification on the active peptide. 

1.5.2 Haloaromatic Tags for Binary Encoding. 

Oligonucleotide and peptide codes however have their drawbacks for use in the 

synthesis of small molecule libraries. This is due to the sensitivity of peptides and even 

more so the oligonucleotides to some common reaction conditions such as strong bases 

reducing agents and acidic conditions. Much more stable tags were therefore required 

and a major achievement was reported by Ohlmeyer and Still '̂"^^ with the introduction 

of electrophoric tags. (Figure 8). 
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Figure 8: Haloaromatic tags for binary encoding 

In this coding technique (Figure 8) chemical tags recording the sequence are attached to 

the resin bead concurrently with the synthesis of the compound on the bead. The 

encoding sequence is based on a binary approach. At the end of the synthesis each bead 

will have its own collection of tags. A big advantage of the approach is that only a small 

proportion of the resin needs to be functionalised. Still used the strategy preparing 

haloaromatic molecules by alkylation of commercially available halophenols with co-

bromo-1 -alkanols. The tags could be detected at levels less than 0.1 pmol using electron 

capture gas chromatography. This meant that levels of only 1% molecular tags were 

required for encoding. This therefore minimized the problems in library evaluation 

resulting from tag-receptor interactions using support bound assays.^ 



Ar 
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MeO^^^CO^ 
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CI 
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Structure determination 

Figure 9: Haloaromatic Tags: a) Triphenylphosphine, diethyl azodicarboxylate, rt; b) 

Lithium hydroxide; c) Oxalyl chloride; d) Diazomethane; e) resin, rhodium 

trifluoroacetate; f) cerium ammonium nitrate; g) Bis-trimethylsilane acetamide; h) EC-

GC characterisation. 

The tags (Figure 9) were modified so that when they were added to the support as 

acylcarbenes generated by the treatment of diazaacetates with rhodium trifluoroacetate, 

with no need for orthogonal sites on the resin beads as the carbenes react in a non-

specific manner with the beads and the library members, however the amount of 

modified library member was negligible. Tag cleavage was performed via oxidative 

cleavage with cerium ammonium nitrate and silylation of the resulting alcohols. The 

silyl derivatives were then characterised by EC-GC. This system has been widely used 

by Still and other groups.̂ "*"̂ ^ 

1.5.3 Secondary Amine Tags 

In 1996 workers at Affymax reported an encoding strategy based on the use of 

chemically robust secondary amines.^^ 
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0 0 0 R2 40 Tags prepared and 
(X) characterised 

H H 
oV n PG,^.. ,N H 

PGr g). h) PGi-w-N 
P & , _ 

H 

R2 

Figure 10: Secondary amine tags a) N-Protection; b) Triphosgene; c) Coupling with 

R1R2NH; d) PGi deprotection; e) Resin portioning (1 to n); f) Coupling with Mi (PGi); 

g) PG2 deprotection; h) Coupling with (X). 

These tags (Figure 10) and (Figure 11) were incorporated as part of a polyamide 

backbone. The technique employed amino functionalised resin that was then 

differentially functionalised with sites for ligand synthesis (90%) and sites for tag 

addition (10%) using orthogonal protecting groups. At each step of the split and mix 

synthesis the addition of a building block was recorded by coupling the appropriate 

mixture of tag. After screening the active beads were isolated and treated with 6N 

(HCL) in a capillary tube in order to release the secondary amine tags (Figure 10) which 

were reacted with Dansyl chloride (Dns) and analysed using an HPLC fitted with a 

fluorescence detector. Affymax has used and optimised the approach.^^"^^ 

Selection of positives 

I " 
a). H) ^ JUiX . p 

. J U d , 
0 PG HN 

R1 

R2 
N ^ 
R2 

d), e) 

RK^,,Dansyl „ R K . _ O OH 
N 
R2 R2 HO 

h) 

Structure determination 

Figure 11: Secondary amine tags: decoding protocols, a) PGi deprotection; cleavage of 

library components; c) screening; d) PG2 deprotection; e) Hydrochloric acid 6N, reflux, 

15 hrs; f) Lithium carbonate; g) Dansyl chloride; h) HPLC/CEC decoding. 
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1.5.4 Ladder Scanning Strategy. 

This is a technique first reported by Youngquist^^ that allows the determination of a 

peptide sequence on a single bead by mass spectrometry. At each step of the synthesis a 

small part of the peptide is capped to block the synthesis. After screening, the active 

bead is removed and the peptide cleaved fiimishing a series of truncated products, 

which contain the final compound and the family of its capped precursors. The structure 

is identified due to the mass difference between the ladder fi-agments. The method can 

be compared to the sequencing of peptides by enzymatic degradation (Figure 6). 

NH2-Linker-(̂ ^ 

I a.b 

NH2-AA,-NH-Linkerp^ 
Cap-NH-Linker 

I a.b 

NHgAAg-AAi-NH-Linker 
Cap-NH-AAj-NH-Linke 

Cap-NH-Linker 

I a, b 

NH2-AA3-NHAA2-AAi-NH-Linker 
Cap-NHAAj-AA^-NH-Linkerx \ 

P 
Cap-NH-Linker 

Cap-NH-AA^-NH-Linke 

1) Screening and 
detection of the active bead 
2) Cleavage step 
3) IMS analysis 

NH2-AA3-NHAA2-AA, M 
Cap-NHAAj-AA, 

Cap-NH-AA, iMj 

Cap iMj 

M 
Mj Mi 

AA, AÂ  AA3 

m/z 

Mass spectrometry 

Figure 6: Ladder scanning strategy. 

Burgess^^ has employed a modified approach for the synthesis of a library of 

tetrapeptides on TentaGel. Here the truncation was not performed by partial capping but 
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by insertion of a photolabile linker on 5 % of the amino sites. At the end of the synthesis 

photolytic cleavage produced a mixture of different fragments, which were analysed by 

MALDI-TOF. Bradley has also reported a method^"* of ladder identification based on 

the incorporation of Fmoc methionine 5-10% with each amino acid. Treatment with 

BrCN in TFA/H2O for 24 hours resulted in cleavage of a mixture of different sized 

peptides. Bradley^^ has reviewed mass spectrometric analysis in combinatorial 

chemistry. 

1.6 Non-chemical encoding 

Using tagging methods that do not require a covalent bond between the tag and the solid 

support is an appealing approach as it reduces the chemical complexity and it ensures a 

direct link between the code and each library member. Several tagging procedures of 

this kind have been reported.'^''^ The most important non-chemical encoding technique 

uses radiofrequency tags to encode chemical libraries.^^'^ hi the technique each 

compound is prepared in a specific reaction vessel/device where a radiofrequency tag is 

located and each tag is pre-encoded before synthesis with a readable signal. At any 

stage of a solid-phase synthesis step the code can be read on a coding station and the 

structure of the compound can be determined. 

1.7 Solid-Supports 

Hydrophobic polystyrene beads has been the subject of many studies and reviews'^^'^ 

and are the most commonly used support in solid-phase synthesis. They are 

representative of a class of so-called gelatinous solid supports consisting of polystyrene 

with 1-2% DVB.^' These supports swell in most organic solvents. Swelling depends on 

the solvent used and apolar solvents can cause the polystyrene resin to swell 3 to 8 

times the dry volume. Swelling is however poor in polar solvents. This problem of polar 

solvent incompatibility has been overcome by the grafting of hydrophilic 

monofunctional or bifunctional PEG chains on to the polystyrene resin producing 

hybrid supports (Figure 12) which allow the use of hydrophilic solvents.^^ 
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X = NH„ OH 

T*"** Ge, Argog, , 

Figure 12: Commercially available hybrid PEG-PS resins. 

The higher degree of flexibility of the terminal PEG chain produces a real solution like 

microenvironment and this allows on-bead reaction monitoring by NMR and MAS 

'H NMR. Loading of grafted resin is however low in comparison to polystyrene resins 

for example between 0.2 and 0.3 mmol per gram for TentaGel. 

PEGA resin which is produced by radical polymerisation of acrylamide substituted PEG 

chains is ideal for aqueous solvents and allows inner penetration of macromolecular 

reagents.^^ 

1.8 High Throughput Screening and Screening technologies. 

High throughput screening (HTS) is the process of testing a large number of diverse 

chemical structures against disease targets to identify hits. '̂*' Central to the HTS 

process is an in vitro biochemical or cell-based assay using a validated biological target 

which represents a disease state. Standard (HTS) assays are currently run in 96-well 

microti tier plates in batch formats although there has recently been a move towards 

miniturization. 

Common therapeutic targets for (HTS) are enzymes, cell surface receptors, nuclear 

receptors, ion channels and signal transduction proteins. Compounds that interact with 

these targets are usually identified using in vitro biochemical assays, however cell based 

assays using engineered mammalian cell lines are now widely employed. The target 

does not need to be purified extensively in order to be compatible with the in vitro 

screening conditions. A major disadvantage however is the cost and difficulty of 

producing stable engineered eukaryotic cell lines. 

Detection Technologies 

The detection technologies employed depend on the type of biochemical pathway under 

investigation. For example in vitro receptor binding assays with Kd values in the nano 
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to pico molar range generally employ radiometric detection. The same is true for 

protein-protein interaction assays with Kd values in the micro to nano molar range. 

Enzymatic assays however employ colorimetric, fluorimetric and radiometric detection. 

1.8.1 Radiochemical Methods 

P-particle released is dissipated in Light p-particle released excites the 
the medium 

# 
scintillant 

(a) Unbound radioligand (b) Bound radioligand 

Figure 13: Principles of scintillation proximity assay (SPA) technology, (a) The path 

length of decay for the P-particle released by the isotope is not close enough to the SPA 

bead (shown in blue) and the energy is dissipated in the aqueous medium resulting in 

httle or no detection, (b) When the radiohgand (shown in red) is bound to the SPA bead 

(through a specific capture molecule shown in green) the P-particle released is capable 

of exciting the scintillant contained within the bead and detectable hght is emitted. 

The scintillation proximity assay (SPA) (Figure 13) has been the standard assay in many 

(HTS) operations, mainly because it does not require a separation step and can be easily 

automated. It can also be adapted to a variety of enzyme and protein-protein interaction 

assays. One version of the (SPA) utilises polyvinyl toluene microspheres or beads (5 

|j,M diameter) into which a scintillant has been incorporated. The outer surface is coated 

with a hydrophilic polyhydroxy film that reduces the hydrophobicity of the bead and 

hence non-specific interactions. Ligands are usually radiolabelled with or These 

elements are used due to their relatively short path lengths emits P-particles with a 

path length of 1.5 ĵ m and between 1 and 17.6 )im. When a radiolabelled ligand is 

captured on the outer surface of the bead, radioactive decay occurs in close proximity to 

the bead and effectively transfers energy to the scintillant, which results in light 

emission. When the radiolabel is displaced or inhibited from binding to the bead it 

15 



remains free in solution and is too distant from the scintillant for efficient energy 

transfer. Energy dissipated into solution results in no light emission from the beads. 

1.8.2 Non-Isotopic Detection Methods 

^.-Excitation 

\ Radiationless energy transfer 

Receptor-1 ^ ^ Receptor-2 

Figure 14; Principles of fluorescence energy transfer. The transfer only occurs when the 

donor (shown in red) and acceptor (shown in orange) are in close proximity via binding 

to the same Kgand (shown in blue). 

For fluorescence based binding assays in homogeneous format, three assay techniques 

are available to quantify bound from unbound species. Fluorescence resonance energy 

transfer (FRET) assays (Figure 14) can be designed using a donor and an acceptor. This 

system was one of the earliest methods developed for (HTS). A peptide substrate for a 

HIV protease was synthesised with EDANS (at the amino terminus) as the donor 

fluorophore and DABCYL (at the carboxy terminus) as the acceptor chromophore.^^ 

The disadvantages of this method is that in the EDANS-DABCYL pair many organic 

and natural products absorb the absorption and emission maxima of EDANS which is 

(lab ~ 340 nm Âem = 490 nm). They can also quench the EDANS fluorescence 

generating false positives. 

Time Resolved Fluorescence 
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Homogenous time resolved fluorescence addresses the problems described with the 

EDANS-DABCYL system. The assay uses FRET between two fluorophores (a 

europium cryptate and a 105 Kda phycobiliprotein, allophycocyanin) as labels. The Eu-

trisbipyridine cryptate (TBP-Eu^^ A-ex = 337 nm) has two bipyridyl groups that harvest 

light and channel it to the caged Eu.̂ "̂  It has a long fluorescence lifetime and non-

radiatively transfers energy to allophycocyanin when the two labels are in close 

proximity (50 % transfer efficiency at a donor acceptor distance of 9.5 nm) The 

resulting fluorescence of allophycocyanin (Xgx - 665 nm) retains the long lifetime of the 

donor TBP-Eu^^ allowing a time resolved measurement. The first (HTS) assay for a 

protease enzyme (Herpes simplex virus type-1) was described by Kolb et al.^^ 

Fluorescence Polarisation 

Fluorescence polarisation^^ is another technique that has gained popularity. The 

technique utilises fluorescently tagged molecules and when fluorescently labelled 

molecules in solution are illuminated with plane polarised Ught the emitted fluorescence 

will be in the same plane provided the molecules remain stationary. As molecules are 

not at rest depolarisation of fluorescence emission occurs. At a constant viscosity and 

temperature, polarisation is directly proportional to molecular volume. Hence changes 

in molecular volume or weight due to binding interactions can be detected as a change 

in polarisation. 
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1.9 Cell Adhesion 

Several physiological processes such as the immune response, wound healing, 

embryogenesis and cell differentiation require and are strongly influenced by cell-cell 

and cell-extracellular matrix interactions. These interactions are also very important in 

various disease states, most notably cancer. Cell-cell, cell-matrix interactions are 

mediated through four different families of cell adhesion molecules (CAMS) selectins, 

cadherins, integrins and immunoglobulins/^ There have recently been many advances 

made in understanding several CAMS most notably the avPs, avPs, cwP,, ambPs, 

integrin®'"^^ receptors and they represent tremendous therapeutic and diagnostic 

opportunities in the treatment of cancer, cardiovascular, inflammatory, bone and 

pulmonary disorders. Table 1. 

TdWel 

Therapeutic area Diseases CAM 

Cardiovascular Thromboembolic disorders ociiibPs, selectins 

Restenosis ttvPs, selectins 

Atherosclerosis pi, p2, VCAM-1 

Inflammatory Rheumatoid arthritis, 

osteoarthritus 

P i , Pz, selectins, ICAM-1 

Transplantation 

Cancer Metastasis otvPa, Ph P4, p5, 

Ocular Diabetic retinopathy, Macular 

degeneration 

avPs, avPs 

Pulmonary Asthma, allergy Okpi, VCAM-1 

Bone Osteoporosis OCvPs, Pi, Ps 

Central nervous 

system 

Multiple sclerosis, neurological 

disorders 

cwPi, VCAM-1, ICAM-4 

Gasterointestinal 

tract 

Bowel diseases Pi, P4, Pe, P? 

Kidney Renal failure Pi 
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1.10 Integrins 

The recognition of integrins as a widely expressed family of cell surface adhesion 

receptors began 1987.^^ There are now approximately 20 distinct vertebrae integrins 

which have been identified and the number is still rising, hitegrins appear to be the 

major receptors by which cells attach to the extracellular matrix and some integrins 

mediate important cell-cell adhesion events (Figure 15). They therefore play important 

roles in development and in adult organisms. The ability to affect integrin function 

using antibodies or peptides offers many opportunities for therapeutic intervention in 

the disease states already mentioned. Due to their many roles integrins have been 

intensively studied by scientists in many different fields. Below the figure shows the 

overall shape of integrins deduced by electron microscopy. 

pnd-bimdmg 

cy#nne nch kubuml 

xtnicvlluiur 
doniuiii mcmbfznc 

yluplnsm:! 

vinculin 

Figure 15: Shape of integrins as deduced by electron microscopy. Used with 

permission.^^ 

All integrins are a , p heterodimers. The a subunits vary in size between 120 to 180 Kd 

and are covalently associated with a p- subimit 90-110 Kd in size. Most integrins are 

expressed on a wide variety of cells and most cells express several integrins. Table 2 

shows the diversity of vertebrae integrins. Although eight p subunits and fourteen a 

subunits could in theory associate to give more than 100 integrin heterodimers the 

actual diversity appears to be much more restricted. Many a subunits can associate with 
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only a single P subunit however several a subunits for example (04, ag, ay) can 

associate with more than one P subunit and tty is the most promiscuous in this respect. 

Integrins bind divalent cations and it is known that these are essential for receptor 

function, the nature of the cations can effect both affinity and specificity for ligands.^^ 

The position of the ligand binding site(s) within which the integrin subunits have been 

deduced.^^"^' Chemical crosslinking data, puts the ligand in close proximity to a 

segment of the P subunit. The evidence thus points to a model in which both a and p 

subunits contribute to a ligand binding site that lies at the interface between the two 

subunits. 

1.11 Ligands for integrins. 

The RGD cell adhesion sequence was discovered in fibronectin in 1984/^'^^ The finding 

that only three amino acids would form an essential recognition site for cells in a very 

large protein was initially viewed with scepticism, but this observation was later 

confirmed with fibronectin and further proteins/^ (Figure 16) shows fibronectin and the 

various regions where the integrin ligands are found. 

FIBRIN GELATIN 
HEPARIN COLLAGEN ONA CELL HEPARIN FIBRIN 

-I I ' « , II" 1 I I I I 
4 H— JJ—I , I—CZHjj-c 

RpOS SS 

N - C Z Z K Z Z 3 — - c z n I H = % m - c A c 

IOCS 

CS1 CSS 

meov 

77 Figure 16: Representation of fibronectin. Used with permission. 

Fibronectin (Figure 16) is a cell adhesion protein widely distributed in the tissues of all 

vertebrates. It is present as a polymeric fibrillar network in the extracellular matrix and 

as soluble protomers in the body fluids.Fibronectin contains at least two major 

domains that support cell adhesion. The first is the central domain recognised by a 

variety of cell types, (RGD is located here) and the second is located in the alternatively 

spliced type III connecting segment IIICS the first cell type-specific adhesion site within 

this region is called CSl and it comprises 25 amino acids. From this it was found that 
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the EILDVPST peptide sequence supported melanoma cells spreading as well as 

EILDV and LDVPS. The importance of this LDV sequence is also evident if the human 

amino acid sequence is compared with other species. It can be seen that it is completely 

preserved in the III CS regions of rat, bovine and avian fibronectins. The receptor for 

CSl is the integrin 04^1, 

Synthetic peptides containing these sequences are competitive inhibitors of cell 

adhesion to fibronectin. They can also mimic cell adhesion proteins when coated on a 

surface. The affinity of these peptides is however low and RGD is about 1000 times less 

effective in cell adhesion assays than fibronectin itself LDV and RGD ligands are 

specific in their activity, changes in as much as the replacement of Asp with Glu or Gly 

with Ala can significantly reduce activity and the Asp residue must be of the L form as 

the D-form is inactive. In order to increase this low affinity cyclic versions of the 

peptide sequences have been investigated.'^"^^ (A), (B) (Figure 17) as well as rational 

modifications to the peptide backbone. 84-85 

Fibronectin IC^ = 9 nM 

HCkvfll *0 
OyiCm.4nlM 

O^NH 

° OH 

(B) IC50 = 4 micro M Cyclo(ILeu-Leu-Val-NH(CH2)2-S(CH2)2CO) 

0 

o 

((=) I C „ . 6nlW 0 
^ o 

(D) 1050 = 1-100 nM 
OMe 

v -

Figure 17: RGD and LDV ligands. 

CO2H 
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1.12 Multivalent compounds. 

Many biological binding events operate through multivalent interactions, for example 

the adhesion of the influenza vims to epithelial c e l l s , ( F i g u r e 18) the attachment of 

neutrophils to cells close to a site of inflammation^^'^ and the attachment of antibodies 

to antigens.̂ '"^"^ The importance of these interactions have only begun to be miravelled, 

particularly as some multiple binding interactions between a multivalent ligand and 

multivalent receptor can be orders of magnitude stronger than the binding of the 

corresponding monovalent ligand. 

HAj = Hemagglutinin 

SA = Sialic acid 

Figure 18: The influenza virus attaches to cells by the interaction of trimeric 

hemagglutinin (HA3, shown as protruding cylinders on the virus) with sialic acid (SA, 

shown as caps on the cell). 

Multivalency can be viewed as a means by which nature has amplified weak 

interactions, and this is the case with the exceptionally weak affinity of native 

saccharide ligands for their receptors. 

Mechanism 

The mechanism for the increases in affinity has mostly been attributed to entropically 

enhanced binding due to a chelate-type effect. 

Enhanced affinity in polyvalent interactions 

Understanding the entropy of polyvalent interactions is essential to understanding the 

relationship of monovalent to polyvalent b i n d i n g . P o l y v a l e n t systems have 

entropically enhanced binding. The total entropy of a polyvalent interaction can 

be considered in terms of contributions fi"om changes in translational, rotational and 

conformational entropies as well as a contribution accounting for changes in the entropy 
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of surrounding water. The most important for understanding why we get stronger 

interactions is conformational entropy. We can dicuss the role of entropy in polyvalent 

interactions using a simple bi-valent system as a model. 

Case 1: ASconf = 0 

For the association of two monovalent receptors with two monovalent ligands (Figure 

19) the total entropic cost is 2 AStrans + 2 ASrot- If the ligands and the receptors are both 

connected by a rigid linking group, having precisely the correct spacing to match the 

two receptor hgand sites then the total entropic cost of assembling these two bivalent 

species is approximately Asians + ASrot ( half the entropic cost of association of two 

independent pairs of molecules and the same as that of one monovalent interaction. This 

is due to a neighbouring group effect because once a single ligand-receptor interaction 

occurs between these two rigid bivalent species, subsequent w/ramolecular interactions 

between the second ligand moiety on the rigid bivalent species and the receptor site can 

occur without additional translational and rotational entropic cost, and at no cost to 

conformational entropy. If there are no additional enthalpic costs the binding of the 

second ligand to the second receptor (intramolecularly) occurs with a greater change in 

free energy than does the first. Such binding is entropically enhanced. 

a) 2 + 2 
entropy 

b) 1 ^ 1 =Assr+AST" 
(maximally entropically enhanced) 

c) 

y 
only path A: entropically enhanced 

path A & B equal: entropically neutral 

only path B: entropically diminished 

»ASZr+AS™™'>ASgS!r 
2AS|%'+2AS3r' 

Figure 19: Relationships between translational, rotational and conformational entropies 

for a divalent system with a rigid and flexible linking group. Used with permission. 

Case 2: ASconf 0 
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Case 1 is in general unrealistic: All linking groups are somewhat flexible and AScon is 

almost always less than zero on complexation. This means the number of conformations 

open to a bi-valent ligand before complexation is greater than after complexation. If this 

conformational cost is less than the total translational and rotational cost, then the total 

entropic cost of bivalent association is still less than for the monovalent case and 

binding is still entropically enhanced. If the translational and rotational costs equal the 

conformational cost then the binding is entropically neutral and the total energetic cost 

of complexing a second ligand on the dimeric species is the same as complexing the 

second dimeric species. 

Although conformational flexibility increases the conformational entropic cost of 

association, the same flexibility increases the Ukelihood that all ligand receptor 

interactions can occur without energetic strain. 

Figure 20: a) Multivalent ligands can bind oligomeric receptors by occupying multiple 

binding sites (chelate effect; b) Multivalent ligands can cause receptors to cluster on the 

cell surface ; c) Multivalent ligands can occupy primary and secondary binding sites on 

24 



a receptor; d) Multivalent ligands display higher local concentrations of binding 

epitopes, which can result in higher apparent affinities. Used with permission.®^ 

Other mechanisms (Figure 20) that are attributed to the increased affinity of multivalent 

receptor-ligand interactions®^ are that multivalent compounds cause receptors to cluster 

on the cell surface, which leads to the activation of signalling pathways. Multivalent 

ligands can occupy primary and secondary binding sites on a receptor and multivalent 

ligands display higher local concentrations of binding epitopes. Although the 

mechanisms for the increased affinity of multivalent receptor-ligand interactions are not 

fully understood they are certainly stronger than monovalent interactions. 

CO,H 

AcNH 

CO.H 

AcNH 
A 

HO O 

OH Y°2" 
AcNH- /— V 

HO 

HQ-AO 

AcNH-<̂  CO,H^ 
HO PH H OH 

AcNH-̂  QOMP 
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Figure 21: Multivalent inhibitors. 
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Random/Statistical Multivalency 

Realising that multivalency can improve weak affinity many groups have developed 

high affinity lectin ligands through multivalent expression. 

Roy and co-workers'°®"^'^ have developed several types of neoglycoconjugates 

including random coil glycoconjugates, hyperbranched polymers, glycodendrons and 

glycodendrimers. The dendrimers used included a tethered variety, (a) (Figure 21), a 

divergent variety (b) (Figure 21) that display the sugar-binding moiety in a "random" 

high-density fashion. The biological testing of the structurally similar tethered and 

divergent a-sialodendrimers in an ELLA assay revealed compounds with nM potency 

but with an increase in relative potency in comparison to monovalent forms of 127 for 

the tetra-valent divergent dendrimer (b) yet 182-fold for the 12-valent tethered 

dendrimer (a). 

Kiessling and co-workers^^'^ favoured the linear polymer approach and have used 

ROMP to produce defined length polymers with active A^-hydroxysuccinimide esters, 

which allowed the attachment of a-mannose derivatives (c) (Figure 21). When tested 

for their ability to inhibit cell agglutination using a Concavalin A inhibition assay the 

relative potency of the best polymer to the monomer was 550-fold. 

Whitesides^°^'^°^ and co-workers generated linear polymers derivatised from poly 

(acrylic acid) having multiple units of A^acetylneuraminic acid (NeuAc-L-NHi) on the 

side chain (d) (Figure 21). The polymers were assayed for their ability to inhibit 

hemagglutination of chicken erythrocytes by influenza virus A (X-31). Potent inhibitors 

were found with affinities 10^ times that of the monomer. 
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Figure 22: Multivalent ligands synthesised with more design. 

Tailored multivalency. 

As described above many strategies have been employed in order to enhance 

interactions between receptors and glyco-conjugates. The glycopolymer conjugates 

employed are able to cover large areas of cell surfaces providing (statistical 

multivalency). Another approach, (which came to the fore in the early work by Lee''® 
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and co-workers was to take a more rational approach designing the ligand in order to 

achieve the best fit for the binding site. This approach has recently led to the synthesis 

of ligands with astonishing affinity, a decavalent molecule^ (e) (Figure 22) with a 10 

million fold and a pentavalent molecule"^ (f) (Figure 22) with a 104,000-fold increase 

in potency was observed. This is in contrast to the glycopolymers mentioned earlier 

which rarely achieved greater than a 1,000-fold improvement over the monovalent 

ligand. 

Combinatorial approach. 

The idea that the fit/orientation of the hgands being important has inspired a 

combinatorial approach'^® to the problem in order to try and "hit" the required 

orientation of the sugar residues, using the conformational diversity of D- and L- amino 

acids arranged in a cyclic structure (g) (Figure 22). No affinities of these compounds 

however have been reported. 

Vancomycin polymer 

intermediate Bacteria 

D-Ala-D-Ala 
Cell wall biosynthesis 

I = Vancomycin 

Figure 23: Multivalent vancomycin. 

Non-carbohydrate multivalent compounds. 

It is evident from the sheer number of papers in the area of carbohydrate multivalent 

compounds, that the enhancement of weak non-bonding interactions of sugar ligands 

can be improved by the "cluster effect" the idea however has not been widely extended 

to the recognition of complex natural products or peptides. An example of a multivalent 

polymer of vancomycin^^^ (Figure 23) synthesised by ROMP has shown significant 8-6-

fold enhancement of antibacterial activity against vancomycin-resistant enterococci 

(VRE). Synthesis of multivalent biocompatible polyamides^^^ with a defined number of 

repeat units has been reported with a view to publishing the biological assays. Although 

not multivalent there is current interest in dimeric analogues of DNA mono-

intercalating a g e n t s a s potential anti-cancer drugs. The compounds, which were 
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evaluated for their ability to inhibit growth activity in tumor cell lines, were found to be 

2-9.5-fold better than monomeric counter parts. 

Multivalent effectors 

Multivalent effectors have an application in understanding signal transduction 

p a t h w a y s . T h i s approach has been used in the mimicry of erythropoeitin (EPO), 

which upon binding induces activation of many intracellular signalling molecules. 

However the most common synthetic effectors have been those that provoke an immune 

response and attempts to produce an anticancer vaccine particularly with carbohydrate 

antigens has generated a lot of synthetic effort.'^^"'^^ 
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Chapter 2 Synthesis of Dendrimers on the Solid-Phase for the Preparation of a 

Multivalent Ligand Scaffold. 

2.1 Introduction to Dendrimers 

Dendrimers are three-dimensional highly ordered oligomeric compounds. The term 

"dendrimer" comes from the greek word for tree "dendron" and was first used by 

Tomalia to describe his polyamidoamine (PAMAM) d e n d r i m e r s . A l t h o u g h the 

concept of highly branched structures had been around since the early 1940 s they were 

really only considered from a theoretical point up until the 1970's'^^ the main rationale 

for this being that synthetic attempts via polymerisation of functionally differentiated 

monomers were fruitless. 

In 1978 Vogtle carried out the first successful dendrimer synthesis'^® (Figure 24) 

introducing the concept of a "cascade reaction" 

? ? R R 
3) b) ^ 

^ a . 

NO ON 
NH, NH, 

NH, NH, 

Figure 24: a) Cobalt^"^ sodium borohydride, methanol; b) Acrylonitrile, acetic acid. 

After this initial success with the "cascade" concept other workers soon explored the 

use of repetitive chemistry for the preparation of dendritic materials. Denkewalter'^' for 

example patented a method for the synthesis of poly-lysine-based dendrimers. 

Newkome'^^ reported polyol dendrimers and T o m a l i a ' t h e synthesis of 

polyamidoamine PAMAM dendrimers. In 1990 Frechet'̂ "^ published the synthesis of 

poly(aryl ether) dendrimeric architectures and in the same year Mil ler 'prepared the 

first aromatic based all hydrocarbon dendrimers. Silyl based dendrimers were reported 

in 1992 by van Leeuwen.'^^ 

There are two main strategies for the synthesis of dendrimers: Divergent and 

Convergent methods (Figure 25). 
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DIVERGENT SYNTHESIS zzzzzzz. 

Initiator 
Core 

•Molecular 
Surface 

Z z Z 

Synthesis: from the Core to the Surface 

CONVERGENT SYNTHESIS Molecular Surface 

Focal 
Point 

Fragment Condensation 

Figure 25: Dendrimer synthesis by divergent and convergent synthesis. 

Divergent synthesis involves a starting point or initiator core. The initiator core can be 

seen to be like a seed or germ which gives rise to a huge number of branches. Steric 

saturation can be reached with this method after a number of generations and defects 

begin to appear. Convergent synthesis involves the synthesis of large dendrimeric 

fragments that are subsequently added to the initiator core and was initially described by 

Frechet in 1990. 134 

Applications of Dendrimers 

Dendrimers are very useful macromolecules and an important reason for this is that they 

have many advantages over classical random macromolecules, which can have a coiled 

conformation and buried functionality. Dendrimers in contrast with their radial 

orientation present their terminal functionality in a very favourable way accessible to 

incoming reagents. Dendrimers also have three distinct microenvironments (core, 

branched shell and external surface) and these unique physical, chemical and structural 

properties convey upon them many useful attributes. Dendrimers have been used for a 

wide variety of applications. 
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1: Chromatography: (SEC)'^^ion exchange processes' 

2: Pharmaceutical complexes/conjugates: (MAP/antigens),'^^ nucleic acid conjugates/'*^ 

cell transfectants,'"^' drug delivery devices/'*^ photochemical molecular d e v i c e s , i n k s 

and toners/'*^ liquid crystals/'^^catalysts^^ and solubilisation agents. 

PAMAM dendrimers have been the dendrimer class that has been the most investigated 

especially for medical applications. This has been due to the fact that they are soluble in 

aqueous solution, it has been shown that generation five or smaller dendrimers do not 

present any toxicity problems in vitro or in vivo. PAMAM dendrimers are also non-

immunogenic.^'^^ They are commercially available and have also been used as devices 

for improving magnetic resonance i m a g i n g ' a n d for boron neutron capture therapy. 

Kim et have used dendrimers for solution-phase combinatorial chemistry their 

approach has the advantage that size exclusion chromatography may be used to separate 

products from reactants. 

2.2 Solid Phase Synthesis of Dendrimers 

Solution-phase synthesis of dendrimers is often challenging, requiring long reaction 

times and non-trivial purification. The solid-phase approach as outlined by Merrifield 

therefore is an attractive strategy for the synthesis of such molecules, as it allows 

reactions to be driven to completion using high concentrations of reagents and 

purification being a matter of resin washing. The first reported synthesis of resin-bound 

dendrimers was by Tam.'^^ These were prepared using lysine residues and are now 

commercially available for multiple-antigenic peptide (MAP) synthesis. 

It was Frechet in 199l'^^ who attempted the first synthesis of polyamide dendrimers 

with limited success. It was found that the reactions could not be forced to completion. 

In 1993 Roy described the first solid-state preparation of the dendritic sialoside 

inhibitors of influenza A virus haemagluttinin by a fragment condensation route/^ The 

following year Wong reported the solid-phase synthesis of branched glycopeptides 

obtained in part via enzymatic synthesis. 

2.3 Solid-Phase Synthesis of Dendrimers to Obtain High Loading Resins for Single 

Bead Screening in Combinatorial Chemistry. 

In 1997 B r a d l e y ' r e p o r t e d the first soUd-phase synthesis of PAMAM dendrimers 

up to generation [4.0] for the application of a high-loading support for combinatorial 
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synthesis. The group also reported an ABs-type^^^ dendrimer and polyether dendrimer'^° 

synthesis on the solid-phase. These high loading resins allowed cleavage of sufficient 

material from a single resin bead for structure analysis by 500 MHz 'H NMR and 

screening, RP-HPLC analysis revealed that approximately 32 nmoles of pure peptide 

was released from the bead.'^^ These resins were also used for the synthesis of various 

classes of compounds (Figure 26) such as a library of aryl ethers prepared via the 

Mitsonubu reaction in a semi-automated fashion.'^' 

A library of amidines as potential GP Ilb-IIa antagonists were also synthesised. Suzuki 

reactions were also carried out on the resin using 0.1 equivalents of Pd(PPh3)4 and 2 

equivalents of K2CO3 in DMF at 100°C for 2 hrs. The final compounds were obtained 

in a purity of 90% and in 80% overall yield. 

NH 

N=N 
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Amidines ,R' 

Aryl Ethiers 
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Biaryls 

H 
R - N 

Amides 

NH, 

,NH 

R // 
Dil(etopiperazines 

%-r°° 
R' Benzodiazepinones 

Figure 26: Different Chemistries Applied to Generation [2.0] or [3.0] PAMAM 

dendrimer resins. 

2.4 Solid-Phase Synthesis of PAMAM Dendrimers 

Solid-phase dendrimer synthesis began (Figure 28) from a resin immobilised initiator 

core, from the two primary amine groups of a 1,5,9-triazanonane according to a 

published procedure. The initiator core is immobilised on the resin via an acid-

labile construct (8) the synthesis of which is shown (Figure 27). 
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H 

N N 

O 0 
(1) (2) 

c) 

N̂  ,0 

0,N 

HO 

(8) 

Figure 27: The synthesis of protected polyamine-acid-labile unloaded linker (8): a) 

Potassium carbonate, potassium iodide, ethyl bromoacetate, acetonitrile, reflux; b) 

Ethanol, sodium borohydride; c) Pyridine, 4-nitrophenyl chloroformate, 

dichloromethane; d) Acetonitrile, triethylamine, (6), (2); e) Dioxane, sodium hydroxide, 

potassium hydrogen sulphate; f) W-ethoxycarbonylpthalimide, chloroform. 

A problem encountered with the synthetic route chosen was that the phthalimide rings 

of compound (7) were opened upon saponification. It was therefore necessary to reform 

the phthalimide ring and this was performed by activation of the triacid (8) with 

DIC/HOBt for 40-60 minutes prior to addition to the resin. Following deprotection of 

the phthalimide protecting group with 5% hydrazine dendrimer synthesis began 

according to the published procedures.'®^"'®^ 
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N. ,0 

+ Q - N „ . 

\ _ / ~ f \ 

b) 

H,N N. ,0 

Figure 28: Synthesis of resin-bound initiator core: a) 1-Hydroxybenzotriazole, 

diisopropylcarbodiimide, dichloromethane; 5% hydrazine, ethanol. 

Starting from the initiator core conjugate (10) (Figure 28) treatment with 250 

equivalents of methyl acrylate in methanol twice for 48 hours at 50°C followed by 

removal of excess reagents by filtration and thorough washing (DCM, DMF, MeOH, 

EtzO) formed the various generation [X.5] resin bound PAMAM dendrimers (Figure 

29). 
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2 0 

(10) 

gen [0.0] (11) gen [0.5] 

b) / / _ 
H,N 

(12) gen [1.0] 

a) 

b) 

(13) gen [1.5] 

o 

HzN - H 

(14) gen [2.0] 

Figure 29: Solid-Phase Dendrimer synthesis: a) Methyl acrylate, methanol; b) 1, 3-

diaminopropane, methanol. 

To monitor the formation of half-generation dendrimers (11) and (13) electrospray mass 

spectrometry was used (Figure 31) as it could readily detect the presence of any defects. 

This was important, as defect structures arising from retro Michael reactions (A) and 

intramolecular cycUc amide formation (B) (Figure 30) would cause a problem with 

dendrimer homogeneity. 
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Figure 30: Defects that occur in PAMAM synthesis. A: Retro Michael; B: Cyclic amide 

formation. 

Bradley S Monaghan 
19A005603 7 (0.387) Cm (7:17) Scan ES+ 

1.23e5 

703 757 
721733 B39 

854 893 1029 1073̂^̂91̂^̂  1233̂24̂1263 1301 
w' 

1357 1399 1438 1491 

Figure 31: Mass spectra showing presence of defects. 

The half generation dendrimers were then treated with 1, 3-diaminopropane for 72 hrs at 

room temperature and then again for a further 72 hrs to form the next full generation 

dendrimer. For full generation dendrimers (12), (14), (18a), (18b) and (19) the best way 

to obtain an insight into dendritic purity was to attach a chromophore such as 
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fluorescein or 4-hydroxyphenylacetic acid to a small amount of resin then cleavage with 

90 % TFA in DCM and analysis by RP-HPLC (Figure 32). 

HjN-^Dendrimer-NH. ,o 

a, b HO N—V Dendrimer—nh 

0'" 

3 days reaction with 1,3 diamino propane 

6 days reaction with 1,3 diamino propane 

A 
2 4 6 8 10 12 M 16 18 

Figure 32: Dendrimer purity can be monitored by coupling a chromophore to full 

generation dendrimers and analysing the cleaved compound by RP-HPLC. It can be 

clearly seen how after 6 days the reaction has almost gone to completion, a) 4-Hydroxy-

phenyl-acetic acid, diisopropylcarbodiimide, 1-hydroxybenzotriazole, dichloromethane; 

b) 90% trifluoroacetic acid in water. 

2.5 Synthesis of Hybrid ABs-Type Dendrimer. 

The dendrimer building block, dimethyl 6-isocyanato-6-(4-carbomethoxy-2-oxabutyl)-

4, 8-dioxaundecanedioate, (16) pioneered by Newkome et (Figure 33) has been 

used previously by Bradley for the synthesis of high loading b e a d s . T h e advantages 

of the building block (16) are that it allows the facile multi-functionalisation of the 

resin. The precursor was available in large quantities so this was used to form the 

building block in one step according to a published procedure for the conversion of 

amines to isocyanates. 170 
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MeO. 

O y ^ o , MeO, 

O 
^"2 a) MeO^^^'O 

(15) (16) 

Figure 33: Synthesis of isocyanate building block a) Di-^er^-butyl dicarbonate, dimethyl 

amino pyridine, dichloromethane. 

Treatment of the PAMAM initiator core-acid labile linker conjugate (10) with the 

building block (16), A/y/V-diisopropylethylamine (DIPEA) and a catalytic amount of 4-

(dimethylamino)pyridine (DMAP) in dichloromethane afforded AB^-type generation 

[0.5] dendrimer (17). Displacement of the methyl ester by 1, 3-diaminopropane or 

ethylene diamine in DMSO provided the ABs-type dendrimers up to generation [2.0] 

shown (Figure 34). Dendrimers produced in this way were of much higher purity with 

significantly less defects than the PAMAM series synthesised previously. They were 

therefore used to a much greater extent throughout the project. The chemistry for the 

dendrimer synthesis shown had previously been developed by other members of the 

Bradley group. However little attention had been paid to dendrimer purity as the 

dendrimers had not been intended for the applications described in this thesis. The 

achievement in this chapter is the attention paid to producing consistently high purity 

dendrimers. 
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Figure 34: Synthesis of ABa-type dendrimers (18a), (18b), (19): a) (16), 

diisopropylethylamine, dimethylaminopyridine, dichloromethane; b) 1, 3 diamino 

propane, dimethyl sulphoxide or methanol; c) Ethylene diamine, methanol. 
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2.6 Conclusions 

Published procedures developed within the Bradley group were followed in order to 

synthesise dendrimers on the solid-phase with high purity. Initially mass spectral 

analysis was used as a means to monitor reactions however coupling of a chromophore 

to the dendrimerised resin and cleavage and RP-HPLC analysis combined with mass 

spectral analysis was found to be the most efficient way of monitoring the purity of the 

dendrimers. The solid-phase immobilised dendrimers are an efficient multivalent 

scaffold for the presentation of biologically active ligands. In theory any active 

sequence could now be attached to the dendrimers. 
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Chapter 3 Synthesis of Multivalent Peptide-Dendrimer Conjugates for an 

Investigation of Integrin Binding. 

3.1 Introduction to LDV Ligands 

As stated in the introduction (chapter 1.9) cell-cell and cell-matrix interactions are 

involved in a number of disease states, most notably cancer metastasis and various 

inflammatory conditions for example rheumatoid arthritis and asthma.^^ They are also 

involved in many physiological processes including the immune response, wound 

healing, embryogenesis and cell differentiation. Integrins are the major receptors by 

which cells attach to the extracellular matrix. The integrin VLA-4 or a4pi (the integrin 

studied here) is found on numerous cell types including tumor cells, lymphocytes and 

eosinophils. 

Fibronectin^^'^^ is a cell adhesion protein widely distributed in the tissues of all 

vertebrates and is present as a polymeric fibrillar network in the extracellular matrix and 

as soluble protomers in body fluids. Significantly, it contains at least two major domains 

that support cell adhesion. The counter ligand for VLA-4 includes both VCAM-1 

(found on vascular endothelial cells) and a peptide motif found within fibronectin. The 

minimal essential peptide sequence in both ligands is LDV (this is analogous to the 

RGD motif, which is a ligand for a wide variety of integrin receptors in particular aubPs 

and avps). The affinity of these tripeptides is however low when compared to 

fibronectin in cell adhesion assays^^ which has an IC50 value of 9 nM. This is because 

high avidity interactions result due to multivalent interactions. Recently various 

polymers have been used to improve carbohydrate protein interactions using the 

multivalent effect.^^ Dendrimers are mono-disperse multivalent polymers and provide 

excellent templates for the multivalent presentation of biologically active ligands. 

Dendrimer conjugates were investigated in this chapter as a possible way to increase the 

affinity of the weak binding ligand, (LDV), to the a4pi integrin using solid-phase 

synthesis to allow efficient dendrimer conjugation. 

3.2 Synthesis of LDV-Dendrimer Conjugates 

Peptide-dendrimer synthesis began from the dendrimer resins (10), (12), (14) and (18b) 

described in chapter 2 with the tripeptide Leu-Asp-Val being synthesised directly onto 
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the dendrimer resins using standard solid-phase peptide chemistry. Coupling was 

performed with 5 equivalents of HOBt, DIC and amino acid, in DMF (Figure 35). 

H,N ^ N ^ PN ^ N 

(10) 

(12) 

(14) 

a), b) X n, c) 
(20) 

a), b) X n, c) 

a), b) X n, c) 

(21) 

(22) 

H 0 / o \ a), b) X n, c) 

^ » c*) 
° '2 

(18) 

Figure 35: Synthesis of peptide-dendrimer conjugates, a) Fmoc-amino acid, 

diisopropylcarbodiimide, 1-hydroxybenzotriazole; b) 20% piperidine/ dimethyl 

formamide; c) 90% trifluoroacetic acid/dichloromethane 2hrs. 

Following dendrimer-peptide conjugate synthesis deprotection and cleavage with 90% 

TFA in DCM, the cleaved products were dissolved in acetic acid, concentrated and then 

precipitated with ether, centrifuged and freeze dried. The compounds (20)-(23) (Figure 

36) were subsequently purified by semi-preparative RP-HPLC. It can be seen clearly 

firom the RP-HPLC data shown in (Figure 37) that the LDV-dendrimer conjugates 

synthesised by the solid phase route were of exceptional purity, without any defect 

structures, something, which is difficult to obtain in large molecules of this kind. The 

yields given in (Table 2) represent between 8-12 synthetic steps. 
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M M' NH 

(23) 

Table 2 

Figure 36: compounds (20)-(23). 

Peptide- Synthetic %Yield 

Dendrimer steps (Isolated). 

(20) 8 21 

(21) 10 11 

(22) 12 8 

(23) 8 26 
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(20) (M+H+) =786.50 

(21) (M+H+) = 1954.93 

(22) (M+H+) = 4288.10 

(23) (M+H+) = 3076.77 

Figure 37: RP-HPLC purities after semi-preparative chromatography of compounds 

(20)-(23). 

It was clear from the crude RP-HPLC traces of the peptide-conjugates that the ABg-type 

hybrid dendrimer produced much purer compounds as evidenced by RP-HPLC and 

isolated yield. 

3.3 Screening of LDV-Dendrimer Conjugates 

The LDV-dendrimer conjugates were evaluated for their ability to inhibit the binding of 

the biotinylated peptide EILDVPST-NH2 to the oLtP, integrin adhesion receptor, 

expressed on cancer cells that had been grown on 96 well-plates. The peptide 

EILDVPST-NH2 contains the cell-binding motif LDV and is part of the CSl domain of 

fibronectin. The amount of bound biotinylated peptide was quantified using an avidin-

labelled peroxidase, with a substrate that resulted in the formation of a coloured reaction 

product. The biotinylated peptide EILDVPST-NH2 bound ~ 8 times better to the cells 

than the non-biotinylated compound. The screen therefore was a very stringent one 

where the compound was not only competing against the binding of the peptide motif 

EILDVPST-NH2 but binding also enhanced by biotin. 
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Figure 38: The % inhibition of 100 )J,M biotinylated EILDVPST-NH2 by 1 mM of test 

compounds (20), (21), (22), (23) and internal standard Ant 36. 

The results show clearly that the LDV containing peptide ANT 36 (used as the positive 

control sequence, KYCLDVLDVLDV-NH2) was the best inhibitor, with 100% 

inhibition of the biotinylated peptide at 1 mM concentration. The graph also shows that 

the percentage inhibition by the LDV conjugates increased slightly with higher 

generation dendrimers. However, these results showed that even the divalent PAMAM 

dendrimer (20) was a more effective inhibitor than (23), which has six copies of the 

LDV peptide. This may indicate as hypothesised by Roy et <3/̂ ^ that increased 

inhibitory capacity cannot solely be attributed to an increase in multivalency. The 

results also highlight the fact that although the LDV minimal sequence is essential for 

binding, surrounding amino acids or alternative spacers are required for optimal 

activity. 

3.4 Ligand Optimisation 

In the initial screening experiment it was found that the compounds were not as potent 

inhibitors as was hoped however, some evidence did exist that the multivalent effect 

could increase the affinity of the relevant ligands. It was decided therefore that in order 

to proceed to the next stage of the project much firmer evidence of increased avidity 

was needed. The next approach was to synthesise a series of divalent ligands for the 

integrin receptors being targeted and again screen for activity. The ligands synthesised 
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were based on studies of some reported compounds, which were screened in adhesion 

assays by ELISA and direct binding studies using scintillation counting. (Table 3).'^' 

Table 3 

Inhibitor IC50 (nM) Inhibitor 

Binding Adhesion 

1 H H 

0.6 6 

p v v c r A -
1 H H 

18 68 

H 

9 ^ L D V - O H 
295 3,250 

H 

9 1 T N LDV-OH 

30 200 

r iT n LDV-OH 
0 

1,000 40,000 

As these compounds were high affinity inhibitors (best IC50, 6 nM) it was assumed that 

this should produce a positive lead for a comparison of multivalent binding. 

The first ligand dendrimer conjugates synthesised consisted simply of attaching the 

LDV sequence to the dendrimer surface however, surrounding residues may be 

important for ligand conformation. Thus for the next series of compounds spacer 

residues glycine and p-alanine were also employed. The synthesis of compounds such 

as those shown in (Figure 39) was proposed. 
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X = Capping group 

Figure 39: Design of di-valent ligands. 

3.4.1 Synthesis of Capping Groups. 

Three of the eight proposed capping groups were not available commercially. Synthesis 

of (26) and (28) involved the addition of the corresponding isocyanate to a suspension 

of ^-amino-phenyl acetic acid followed by precipitation from ether to afford (26), (28) 

in 70% and 75% yield respectively. (31) was obtained by the addition of the N-

hydroxysuccinimide formate (30) to a solution of ethyl 4-aminophenylacetate (29) 

followed by recrystallisation to afford (31) in (70%) yield. Saponification afforded (32) 

in 60% yield. 

HO 

(24) 

(25) 

(26) 
NH ̂2 a) OH 

O 

70% 

or (28) 

(27) O A 
H H 

OH 

O 
75% 

(29)^0 (31) 

NH, 

(30) i T Y ^ O - ^ O ' ^ 
o 

b) H 

(32) o 

H 

0 ^ 

c) 

0 

70% 

OH 

O 
60% 

Figure 40: Synthesis of capping groups, a) /j-Amino-phenyl-acetic acid, o-tolyl 

isocyanate, dimethylformamide 50°C; b) 4-Amino-phenyl-acetate, benzyloxycarbonyl 

7V-hydroxysuccinimide ester, dichloromethane; c) IN Sodium hydroxide, ethanol. 
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3.4.2 Synthesis of Capped Di-Valent Peptide-Dendrimer Conjugates. 

Synthesis began from the dendrimer resin (initiator core) (10) and subsequent coupHng 

using standard peptide coupHng conditions of the Fmoc amino acids Leu, Asp(OtBu), 

Val, p-Ala and Gly. The resin (33) was split into eight portions and each of the 

carboxylic acids shown (Figure 41) were coupled overnight with DIC/HOBt. Cleavage 

with the optimal cleavage mixture, TFA/thioanisole/phenol/water/ethane-dithiol 82.5 

%/5%/5%/5%/2.5% and precipitation in ether afforded the target compounds 34-41, 

typical crude yields being ~ 40%. 

° ^ O H ° ° 

a),b) 

" 1 3 
(33) 

c), d) 

NH 

x = (34) O 

N 

( 3 6 ) ^ 0 (39) 

HO K : 

(37) ' (40) 

o o 

V 
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Figure 41: Synthesis of capped di-valent peptide-dendrimer conjugates: a) Fluoren-9-

ylmethoxycarbonyl amino acids, diisopropylcarbodiimide, 1-hydroxybenzotriazole, 

dichloromethane; b) 20% Piperidine in dimethyl formamide c) Capping group, 

diisopropylcarbodiimide, 1-hydroxybenzotriazole, dichloromethane; d) 90% 

trifluoroacetic acid in dichloromethane. 

Only compound (39) was sufficiently soluble in water to purify by semi-preparative RP-

HPLC. However it was decided that since the synthesis was straightforward and highly 

efficient the compounds were of sufficient purity for screening without further 

purification. 

3.5 Screening of Capped Di-Valent Peptide-Dendrimer Conjugates. 

Due to the insolubility of the compounds (34)-(42) in water they were dissolved in 

PBS/TWEEN peptide diluent containing 10% DMSO. This level of DMSO is the 

maximum permissible that does not affect the screen. In the screen it could be seen quite 

clearly with the naked eye that the di-valent peptide-dendrimer conjugates were 

effectively competing with the biotinylated peptide EILDVPST-NH2. The results of the 

screen are shown in Table 4. 

Table 4 

Compound IC50 (laM) % 

Inhibition 

lOOO(nM) 

% 

Inhibition 

lOO(nM) 

% 

Inhibition 

50(nM) 

(34) 5.55 88 28 0 

(35) 14.89 92 78 13 

(36) 31.64 88 64 0 

(37) 17.68 88 59 3 

(38) 12.51 75 63 0 

(39) 25.32 81 52 0 
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(40) 5.62 58 70 17 

(41) 4.50 90 75 40 

(42) 68 14 0 

(Ant35) 10.28 82 63 30 

(42) LDV-NH2 

(Ant35) = KYCILDVILDVILDVNH2, 

35 36 39 41 42 Ant35 

Compound 

Figure 42: The % inhibition of 100 |iM biotinylated EILDVPST-NH2 by 100 |iM of test 

compounds (34), (35), (36), (39), (41), (42) and internal standard Ant 35. 
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Figure 43: Standard curves for (39), (41), (Ant 35). 

From the results of the screening experiment we can conclude many positive things. 

Firstly the addition of a capping group significantly increases the activity of the LDV 

sequence as all the capped compounds had greater activity at 100 )j,M than LDV-NH2. It 

can be seen that the rigid phenyl urea compound (35) was more potent than the 

benzyloxy-carboxamido compound (34) which was also found to be the case by the 

workers at Biogen however the 2-methylphenylurea containing compound (36) 

was unexpectedly less active than (35) and this was probably due to the insolubihty of 

the compound. It can also be seen fi^om the results that compound (41) was the most 

active. (Figure 43) shows the standard curves obtained for (41) the most active 

compound and (39) the most water soluble compound as well as the internal standard 

KYCILDVPST-NH2 (ANT 35). 

3.6 Synthesis of Optimised Ligand-Dendrimer Conjugates. 
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As the preparatory screening experiment of the di-valent compounds showed 

convincingly that adding a capping group imparted activity to our LDV sequence the 

next step was to investigate whether presenting these active ligands on higher 

generation dendrimers would increase the binding through a multivalent effect. 

Therefore the active ligands were synthesised directly onto dendrimer resins (12) and 

(18a) (Figure 44). 

3). b), c) d) (44) 

(12) 

H,N. 
O 

(45) 
° J L / - 0 A ^ 

H,N -

Figure 44: Synthesis of (43)-(45): a) Fluoren-9-ylmethoxycarbonyl amino acids, 

diisopropylcarbodiimide, 1-hydroxybenzotriazole, dichloromethane; b) 20% Piperidine 

in dimethyl formamide c) Capping group, diisopropylcarbodiimide, 1-

hydroxybenzotriazole, dichloromethane; d) 90% trifluoroacetic acid in 

dichloromethane. 
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Figure 45: Optimal ligands presented on PAMAM and ABg-type dendrimers 

A so-called approach of "tailoring" oligovalency with optimal length spacers, in order 

to fit the exact spacing of receptors on a surface has been shown to produce a dramatic 

increase in avidity."^ The "tailoring" oligovalency approach described by Kitov'^^ et al 

makes use of information gathered from a crystal structure and thus is a much more 

rational approach compared to the "random" multivalency approach applied with 

previous dendrimer-sugar conjugates. It was decided, based on the fact that spacer 

length can effect affinity, to investigate the effect of different length spacers on the 

affinity of the peptide-dendrimer conjugates. One, two or three residues of sAhx were 

introduced between the dendrimer backbone and the active ligand (Figure 46). 
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Figure 46: Dendrimer compounds (46)-(51) with one, two or three residues of e Ahx 

between the dendrimer backbone and the active ligand. 

3.7 Screening of Optimised Ligand-Dendrimer Conjugates (43)-(51). 

Compounds (43)-(52) were screened as before. The problem of insolubility was 

however a lot greater for these optimised ligand-dendrimer conjugates and IC50 values 

could not be obtained. However it could be seen that the compounds at the higher 

concentrations were active. Compound (52) is shown (Figure 46). 
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Figure 47: The % inhibition of 100 p,M biotinylated EILDVPST-NH2 by 100 jj,M test 

compounds (39), (41), (43), (44), (45), (52) and internal standard Ant 35. 

What the graph (Figure 47) shows is that all the compounds have activity at 100 faM. 

However it could be seen that there was little difference between (52) and (41) which 

are monovalent and divalent versions of the same compound. The graph also shows that 

with ligand-dendrimer conjugates (44) and (45) there is an increase in the affinity in 

comparison to the dimeric (39) and (41), however it not a very significant increase in 

binding affinity, certainly not as great as was hoped. As the compounds were so 

insoluble it was impossible to obtain IC50 values, which would give us a real indication 

of the effect of dendrimeric presentation. 
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Figure 48: Screening of compounds (39), (46)-(50), Ant 35 

In the screening experiment performed on compounds (46)-(50) (Figure 48) all the 

compounds had activity at 100 jxM. All the dendrimer compounds were more potent 

than the divalent compound (39). It would also appear that there is no significant pattern 

to the variation of spacer length except that the compounds with the 3 residues of eAhx 

were the most insoluble and this may explain the fact that (49) was apparently more 

potent than (51). 

From both screening experiments it would appear that the ABs-type dendrimeric 

scaffold is the best for the presentation of active ligands as in both cases these 

conjugates had the most significant increase in avidity in comparison to the divalent 

compounds. 

3.8 Synthesis and Screening of EILDVPST-Dendrimer Conjugates. 

As it was discovered in the previous screens that LDV on its own was not sufficient for 

good binding activity and that the capping groups although enhancing activity decreased 

the solubility of the compounds. It was decided to combine this knowledge to obtain 

meaningful IC50 values from which some real conclusions about the potential of 

multivalency to increase the binding affinity of an LDV containing ligand to its integrin 
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receptor could be derived. Since the biotinylated EILDVPST-NH2 peptide used in the 

screen was known to be active and a quite soluble compound due to the Asp, Ser and 

Thr residues. It was therefore decided to couple this to our dendrimer resins (18a) and 

(19). This was achieved using standard Fmoc chemistry. EILDVPST-NH2 (55) and 

biotinylated EILDVPST-NH2 (56) were also synthesised using Fmoc chemistry on 

polystyrene resin derivatised with a rink linker (Figure 50). 
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Figure 49: EILDVPST-dendrimer conjugates synthesised for screening. 

The biotinylated peptide was also synthesised as the company sponsoring the work had 

exhausted its supply of biotinylated EILDVPST-NH2. The exact structure of the 

biotinylating component of the sponsoring company's compound was unknown, as this 
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information was not available. As the biotinylated peptide (56) was different from the 

previous compound used (the biotinylation reagent was not the same) this had 

implications for the screen. It was found that the newly synthesised biotinylated peptide 

EILDVPST-NH2 (56) when used in the screening experiment did not give as intense a 

colour as in previous screens for the step where the OPD was converted to an orange 

colour by the horseradish peroxidase. Therefore a higher concentration was needed to 

obtain sufficient intensity of colour from which to make comparisons. The subsequent 

screens therefore used biotinylated peptide EILDVPST-NH2 (56) at a conc of 1 mM 

rather than 100 pM. This however meant that larger amounts of test compound were 

required, in order to allow higher concentrations of test compound. This was necessary 

to compete effectively with the higher concentration of competition biotinylated 

peptide. 

HN X 

Rink 

a),b) 

b) 
(55) 

OH 
"OH (56) 

Figure 50: Synthesis of EILDVPST-NH2 (55) and biotinylated-EILDVPST-NH2 (56): a) 

d-biotin, diisopropyl carbodiimide, hydroxybenzotriazole, Dimethylsulphoxide; b) 90% 

Trifluoroacetic acid/dichloromethane. 

The hexavalent compound (53) was water soluble and had an IC50 value of 0.70 mM 

this compound was therefore 12-fold better at competing with biotinylated EILDVPST-

NH2 compound than the non-biotinylated peptide EILDVPST-NH2 (which had an IC50 

value of 8.52 mM). 

EILDVPST-Gen [2.0]-AB3-type dendrimer conjugate (54) was not soluble in the diluent 

and therefore was screened in the peptide diluent plus 10% DMSO as before. However 
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insufficient compound was available to obtain enough points for a curve and hence 

(Figure 51) does not show a curve for this compound. 

1 -1 

o 
d 

# (53) ICgg = 0.7 mM 

m (55) IC50 = 8.52 mM 

0.1 10 
Concentration (mM) 

Figure 51: Standard curves for (53) and (55). 

From these results for the first time there is definite evidence that multivalent 

presentation of the peptide ligand EILDVPST-NH2 can increase its affinity for its 

integrin receptor. It can also be said that a multivalent effect is in operation for the 

hexavalent form as the increase in binding affinity is 12 times that of the monovalent 

form, which represents more than the increase of 6-fold due to ligand number. 

Although unable to obtain an IC50 value for compound (54) it would seem fi-om the 

points obtained that there is little or no improvement in activity going fi-om the 

hexavalent to the 18-valent compound in contrast to the improvement from monovalent 

to the hexavalent. This would suggest that there might be a ceiling to the increase in 

affinity that can be obtained with an increase in ligand presentation. 

3.9 Conclusions 

In this chapter dendrimer conjugates were investigated as a possible way to increase the 

affinity of the weak binding ligand, (LDV), to the a4Pi integrin. It was found in an 

initial competitive screening experiment of a series of LDV-dendrimer conjugates that 

the presentation of the LDV motif itself did not produce potent competitive binding 

molecules for the a4Pi integrin. It was concluded that other residues or spacer 

molecules would be required. The subsequent screening of a small library of di-valent 
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capped LDV compounds proved these conclusions, as the compounds were active. It 

was next investigated if the activity of these optimised ligands could be enhanced 

through dendrimeric presentation and this was found to be the case although limited due 

to solubility issues. Finally a multivalent competitive binding molecule for the cQpi 

integrin was found (53) which was 12-fold more potent than the monovalent 

EILDVPST-NH2 (55). The results although promising did not have the dramatic 

increases in affinity between multivalently presented ligands for the integrin receptor 

that other groups have found with multivalently presented sugar ligands for selectin 

receptors. This may be due to the insensitivity of the screen used, which was originally 

designed as a stringent first round screen to identify potent hits. The reason may lie in 

the nature of the receptor itself Selectins, the receptor studied with multivalent 

carbohydrate ligands, possess multiple binding sites and are tightly packed in bunches 

on the surfaces of cells lending itself to multivalent interactions and this may not be the 

case for the integrin 04^1 
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Chapter 4 Synthetic Methods for the Construction of Multivalent Ligand 

Conjugates 

4.1 Introduction to DNA Encoding Strategies 

Oligonucleotides and peptides were the first entities employed for the chemical tagging 

of compound libraries. In 1993 workers at Affymax'° published a paper wherein they 

had constructed and screened a bead based library of 7̂  different heptapeptides each 

encoded with a oligonucleotide tag present on a portion of the beads sites (Figure 52). A 

fluorescently labelled antibody was screened for its ability to bind to the beads and the 

sequence of the active peptides was deduced through PGR ampHfication and 

sequencing. A year previous to this in 1992^^ Brenner and Lemer published a theoretical 

paper describing how an oligonucleotide encoded library could be constructed and the 

following year in 1993^^ they described the design and synthesis of a set of base 

cleavable orthogonally protected matrices for the alternating bi-directional synthesis of 

encoded peptide entities (Figure 52). They also performed binding assays on five 

peptide sequences conjugated to an encoding oligonucleotide three of which contained a 

known active peptide epitope for p-endorphin. OKgonucleotide encoding is a powerful 

technique for encoding peptide-based libraries and the following studies were carried 

out to allow the synthesis of constructs, which would facilitate the use of this DNA 

encoding technique in the area of combinatorial chemistry. 

0 

NH-Fmoc 
NH 

\/OtBu 

0 O 

Figure 52: DNA encoding technologies previously developed. 
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Bradley has shown the utility of polyamines that are selectively ftinctionalised and 

immobilised on a solid support by means of a Wang "oxycarbonyl" linker for the 

synthesis of polyamine conjugates and the library synthesis of polyamine conjugates. 

165,172 ^ good starting point for the design of constructs, which would facilitate 

the synthesis of oligonucleotide encoded multivalent ligand libraries. The first synthesis 

to be described in this chapter will be the synthesis of a polyamine-linker construct, 

which would allow the selective functionalisation of one arm of an immobihsed 1,5,9 

triazanonane and then allow the subsequent fixnctionalisation of the other arm. The 

construct design is shown in (Figure 53). Dendrimers prepared in this way could be 

used for the construction of a library, which could be encoded with a tag on the other 

arm. This would require orthogonal protecting groups stable to Fmoc peptide chemistry 

and oligonucleotide synthesis (as it was anticipated that the tag would consist of a DNA 

strand) (Figure 54) and finally cleaved with acid. 

PG^-NH. 

PG„-NH N. ,0 
H PGrNH. 

0 
H,N 

0 I O 

CTM' 

Figure 53: Proposed preparation of dendrimers on one arm of 1,5,9-triazanonane. 
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PG PG,.NHs 

O \ 

N̂  ,0 

^ o 4 " Y " 
N̂  ,0 

N. ,N 

C T M ' 

»= oligonucleotide code 1 

CZZ) = oligonucleotide code 2 

= Amino acid 1 

= Amino acid 2 

Figure 54: Proposed synthetic method to produce an encoded peptide-dendrimer 

conjugate hbrary. 

Once a suitable construct was synthesised peptide-dendrimer conjugates could be 

generated on one arm of the immobilised 1,5,9-triazanonane and then screened in order 

to discover potent new ligands for a chosen receptor. 
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4.2 Synthesis of a Tetra-Orthogonal Polyamine Linker Construct 

The synthesis of the immobilised 1,5,9 triazanonane required in reality the use of four 

"protecting groups" which were selectively cleavable and two targets A and B were 

proposed. (Figure 55) shows the conditions that allow the selective removal of each 

"protecting group." 

NJ , 0 

5% N,H 

V 

1%TFA 

90% TFA 
90% TFA 

5% N,H 

Pd (0) Pd (0) 

Figure 55: Conditions allowing the selective removal of each "protecting group." 

4.2.1 Synthesis of #^-(4, 4-Dimethyl-2, 6-Dioxocyclohexlidene)ethyl-A^-Methoxy 

Trityl-1,5,9 Triazanonane (60). 

The synthesis of protected polyamine (60) began with the selective mono-protection of 

1,5,9-triazanonane (1) by the addition of (1 eq) of ethyl trifluoroacetate at low 

temperature according to a published procedure used for spe rmid ine .The remaining 

amine functionalities of this intermediate were protected by the action of an excess of 

Boc-anhydride to give the fully protected 1,5,9 triazanonane derivative (57). Selective 

trifluoroacetamide deprotection of (57) lead to the primary amine (58), which was then 

protected with the Dde-protecting group to give (59) in 96% yield. Both Boc groups 

were cleaved following treatment with acetyl chloride in methanol and then selective 

protection of the primary amine was achieved using Mmt-Cl according to a literature 

procedure^'"^producing the desired product (60) in 40% yield (Figure 56). 
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(1) 

NH, 
a), b) 

ok 
B ° 

(57) 

H,N 
1 H 

30% (2 steps) 
(58) 

d) 
^ M % 

° ° 96% 

(59) 

A A •'•" N O 

OMe 

(GO) 40% 

Figure 56: a) Ethyltrifluoroacetate, methanol -78°C; Di-fer^-butyl dicarbonate, 

methanol; c) Potassium carbonate, methanol/water; d) 2-Acetyl dimedone, 

triethylamine, dichloromethane; e) Acetyl chloride, methanol; f) Methoxytritylchloride, 

triethylamine, dichloromethane 0°C. 

4.2.2 Synthesis of N^-(4, 4-Dimethyl-2, 6-Dioxocyclohexlidene)ethyl-iV'-

TrifluoroacetyH,5,9 Triazanonane (63). 

1,5,9 triazanonane (1) was selectively protected at one of the primary amines with 

ethyltrifluroacetate at -78°C after removal of solvent the crude compound had its 

remaining primary amine selectively protected with 2-acetyldimedone in the same 

reaction vessel to afford compound (62) in 51% yield (Figure 57). 

NH, 
a) 

(1) (61) 

b) 

NH, 

51% (62) 

Figure 57: a) Ethyl trifluoroacetate, methanol, -78°C; b) 2-Acetyl dimedone, 

dichloromethane. 
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It can be clearly seen from the synthesis that the second synthesis of compound (62) 

was much quicker and efficient. Compound (62) was also much more stable to column 

chromatography than compound (60) which frequently decomposed on the column due 

to the acid sensitivity of the Mmt group, therefore (62) was prepared on a large scale for 

the synthesis of the linker-polyamine conjugates. 

4.3 Synthesis of Polyamine Linker Construct (B) 

The synthesis began with alkylation of aldehyde (1) followed by reduction of (63) to the 

alcohol (64) with cyanoborohyride in 80% yield. Subsequent reaction with nitro-

phenylchloroformate afforded the reactive carbonate (65). This was reacted with the 

protected polyamine (62) to afford the allylester protected linker construct (66) in 46% 

yield. 

a) . b) c) 

(64) 

d) 

(66) 

Figure 58: Synthesis of orthogonally protected polyamine- linker conjugate (66): a) 

Potassium iodide, potassium carbonate, acetonitrile, chloroacetic acid allyl ester, reflux; 

b) tetrahydrofuran/water, sodium cyanoborohydride; c) Dichloromethane, Pyridine, p-

nitro-phenylchloroformate; d) (62), triethylamine, dimethylformamide. 

Deprotection of an Allyl Ester Using a Plug Supported Pd Catalyst. 
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Deprotection of the allyl ester required the use of Pd (0) catalyst. The catalytic cycle is 

shown (Figure 59). 

Pd=L 

Y" 

Figure 59: Catalytic cycle of allyl deprotection. 

The product after reaction in solution and column chromatography was still 

contaminated with Pd compounds. It was decided therefore to investigate a supported 

catalyst to perform the step. Supported catalysts have become very popular recently 

with a number of reviews being p u b l i s h e d . T h e supported catalyst used was a Pd (0) 

catalyst, which has been developed within the Bradley g r o u p . T h e reaction using the 

supported Pd (0) catalyst was very straightforward involving refluxing (66) (Figure 60) 

overnight in THF with the plug and pyrrolidine. The product (67) was obtained in high 

purity by removal of the "Plug" then adjustment of the pH and extraction with ethyl 

acetate. This reaction was superior to the first method producing the desired product in 

good yield and significantly greater purity without the need for purification by column 

chromatography. 
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, 0 

Figure 60: a) Pd (0), pyrrolidine, tetrahydofuran reflux; b) IM potassium 

hydrogensulphate/water/dioxane 

4.4 Synthesis of Dendrimer-Peptide Conjugates on Dendrimer Resins (71), (72), 

(73). 

Coupling of (67) to TentaGel resin with HOBt, DIC, in DCM afforded the resin bound 

1,5,9 triazanonane (68) (Figure 61). This resin bound 1,5,9 triazanonane construct with 

protecting groups orthogonal to each other at the N \ and positions was suitable 

for the synthesis of a DNA encoded peptide-dendrimer library. However the initial aim 

was the synthesis of dendrimers, which could then be conjugated to a peptide sequence, 

which could be screened for their ability to compete with the biotinylated peptide 

EILDVPST-NH2. This was to determine if this type of peptide dendrimer conjugate 

behaved in similar fashion to those investigated previously, see (chapter 3). 

The synthesis began with deprotection of the Dde protecting group with 5% hydrazine, 

completion of the reaction was checked by RP-HPLC (by the disappearance of starting 

material). As a library was not going to be synthesised the Dde group was replaced with 

an acid-labile Boc group. Removal of the trifluoroacetyl group afforded resin bound 

dendrimer initiator core (71) (Figure 61). 
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O HN. u ^ Boc-NH. 

\ \ 
•"y°' 

o o 

: ' ^ c n r ^ 
(68) (69) (70) 

C) 

Boc-NHv, 

Y 

: 
(71) 

Figure 61: Synthesis of dendrimer initiator core (71). a) 5% hydrazine, 

dimethylformamide; b) Di-ter?-butyl dicarbonate, diisopropylethylamine, dioxane; c) 

IM potassium hydroxide/tetrahydrofuran:methanol. 

From this initiator core dendrimer synthesis was carried out as before with repetitive 

coupling of the isocyanate (16) and displacement of the methyl esters (Figure 62). 
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Boc-NH 
Boc-NHv 

H,N 

Boc-NH 

Nv ,N 

O 

H,N 

Figure 62: Dendrimer synthesis a) (16), dimethylaminopyridine, diisopropylethylamine, 

dichloromethane b) 1,3-propanediamine, dimethylsulphoxide. 

4.5 Attempts to Improve the Solubility of the Peptide-Dendrimer-Conjugates. 

A major problem observed when screening the peptide-dendrimer conjugates was due to 

the fact that they were increasingly insoluble at the higher generations mainly due to the 

hydrophobic nature of the a4Pi ligands. The optimised ligand-dendrimer conjugates in 

chapter 3 were so insoluble that it was impossible to obtain IC50 values for them 

however this was overcome by the incorporation of polar residues such as Ser and Thr 

into the full length peptide. This strategy allowed good standard curves to be obtained 

and hence meaningful IC50 values. However when constructing a library of ligands this 

would only allow residues, which were polar in nature to be used. It was therefore 

decided to investigate 4,7,10-trioxa-l, 13-tridecanediamine as the diamine to displace 

the methyl esters. This would then improve the water solubility of the dendrimer 

scaffold whilst still maintaining the homogeneous nature of the dendrimer. 

Poly(ethylene glycol) has been firequently used as a hydrophilic polymer for protein 

modification and it has been found that "pegylated" proteins antibodies, enzymes and 

dendrimers^^^ etc are more resistant to proteolytic degradation than unmodified ones, as 

well as having a reduced immunogenicity. The added length of the diamine would also 
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add greater flexibility and space the ligands further apart. (Figure 63) shows the reaction 

products from the resin after 3 weeks at room temperature and (Figure 64) shows the 

corresponding HPLC trace. 

MeO 
Boc-NHv 

MeO 

MeO 
O O a), b), c) 

H,N^ 

O (75) 

(76) 

H,Nv 

,N 

Figure 63: a) 7, 10-trioxa-l, 13-tridecanediamine, dimethylsulphoxide; b) (4-hydroxy-

phenyl)-acetic acid, diisopropylcarbodiimide, hydroxybenzotriazole; dichloromethane 

c) 90% trifluoroacetic acid/dichloromethane 

Figure 64: HPLC of (77), (76), (75). 

4.6 Synthesis of Unsymmetrical Peptide-Dendrimer Conjugates. 
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As attempts to produce more soluble peptide-dendrimer conjugates using PEG spacers 

in the dendrimer architecture did not produce dendrimers as homogeneous as those 

already synthesised, it was decided to continue with resins (71), (72), (73) for the 

synthesis of peptide-dendrimer conjugates on one arm of the 1,5,9 triazanonane 

construct. The peptide sequence chosen for these experiments was a combination of the 

optimised capping group (4-hydroxyphenyl)acetic acid with the more water-soluble 

ligand. The capping group was useful as it would not only increase binding potential, 

but would also allow the synthesis of peptide-dendrimer conjugates with only one free 

primary amine. The modified peptide sequence (4-hydroxyphenyl)acetic acid-LDVPST 

was constructed onto the dendrimer resins (71), (72) and (73) using standard Fmoc 

chemistry as previously described (Figure 65). 
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Figure 65: a) Fmoc-AA-OH, diisopropylcarbodiimide, hydroxybenzotriazole, 

dimethylformamide; b) 20% piperidine DMF; c) 90% Trifluoroacetic 

acid/dichloromethane. 

After synthesis the conjugates were cleaved with 90% TFA/DCM providing the desired 

compounds which had excellent crude purities. HPLC traces are shown (Figure 66). 

Compounds (78) and (79) were water-soluble whereas (80) was soluble in 10 % 

DMSO/H2O. 
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Figure 66: Crude RP-HPLC purities of compounds (78)-(80). 

4.7 Screening of Peptide-Dendrimer Conjugates (78)-(80). 

The compounds (55), (78), (79) and (80) were then screened as previously described 

and were found to be much more soluble than the previous conjugates which enabled 

calculation of IC50 values. 

The compounds were subjected to the same screen and (Figure 67) shows the curves 

obtained. The curve for the monovalent compound (78) is not shown as there was 

insufficient compound to obtain enough points on the curve however its projected curve 

was almost identical to EILDVPST-NH2 (55). 
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(55) IC50 = 5.95 

(79) ICgo = 0 .62 
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0.01 0.1 
Cone mM 

10 

Figure 67: Standard curves for (55), (79) and (80). 

It can be seen that as expected compounds (79) and (80) behaved like the compounds 

screened in Chapter 3 in that there was an increase in affinity going from mono to tri to 

nono-valent compounds. The increase in affinity for (79) was 9-fold whereas (80) was 

28-fold. It can be seen therefore that the increase in affinity was greatest going from 

monovalent form to trivalent rather than from the trivalent to nano valent. The same 

effect was seen with screening of (53) and (54), where the increase in affinity was 

greatest going from the monovalent form to the hexavalent than from the hexavalent to 

18-valent. This may be due to the fact that there is an optimal limit to the affinity 

enhancement obtained with a valency of this type of molecule. The latter issue is 

something that Roy and co-workers have also observed . 'The increase in affinity with 

the peptide-dendrimer conjugates (79) and (80) however was not as dramatic as those 

reported with carbohydrate ligands. A whole host of effects could contribute to this for 

instance the assay sensitivity, or the ligand itself perhaps the RGD ligand would behave 

differently as it binds a whole range of integrin receptors. 
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4.8 Conclusions 

1,5,9 triazanonane was successfully protected with orthogonal protecting groups at N' 

and i f and at the resin attachment site N.^ (62) was used for the synthesis of construct 

(66), which allowed the preparation of peptide-dendrimers on only one arm of 1,5,9 

triazanonane. Highly homogeneous peptide-dendrimer conjugates were synthesised, and 

screened for their abiUty to compete with biotinylated EILDVPST-NH2 (56) these were 

observed to behave as the peptide-dendrimer conjugates previously synthesised and 

described in chapter 3. The construct synthesised is suitable for the synthesis of encoded 

peptide-dendrimer libraries. 
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Chapter 5 Development of a Synthetic Phage. 

5.1 Introduction to Phage display. 

Filamentous phage are viruses that infect bacterial c e l l s a n d are flexible rods 

around 1 jxm long and 6 nm in diameter, composed mainly (87% by mass) of a tube of 

helically arranged molecules of 50-residue major coat protein pVIII, encoded by a 

single phage gene VIII. Inside this tube hes the single stranded DNA (ssDNA; 6407-8 

nucleotides in wild-type strains) (Figure 68). 

Significantly phage can accommodate "foreign" DNA, namely stretches of human DNA 

or stretches of chemically synthesised DNA. When phage therefore infect and replicate 

inside a host cell the insert DNA is also replicated along with the rest of the phage 

DNA. In the technique of "phage display" the foreign gene is spliced into the gene for 

one of the viral coat proteins. This means that the foreign DNA sequence will encode 

the amino acid sequence of the coat protein and the peptides thus produced will be 

displayed on the surface of the viral coat protein. (Figure 68) below shows some of the 

different types of phage display systems that are used. 

_rv-v-y-v-v-v-v-v-v-v-v-v-\ 
(a) 

Protein VIII 

(b) 

• UWWW\J\AA7WWW\JW 

^rv-v-^^y-v^rv-v^rv-v-v^ _ 

OCGO 
^ WW\^W\_A7WVAA.y\_/WW' 

Protein III 

(t) oeoo 
rv^rv^nnr^nnrv-^nr^ 

(d) 

\.A7\-7V7VA7\-A7WV7WW\-/ 

I I = Foreign DNA 

= Gene VIII 

= Gene III 

# = Peptide 

= Single stranded DNA 

78 



Figure 68: (a) Wild type; (b) recombinant type 3; (c) recombinant type 8 and (d) 

recombinant type 33 bacteriophage Ml3 viral particles. Viral particles are composed of 

one copy of single-stranded DNA and five capsid proteins. DNA can be inserted into 

genes III or VIII to generate chimeric proteins with the resulting peptides displayed at 

the A^terminus of either protein. The green circles on the surface of the virions represent 

the foreign peptides specified by the foreign coding sequences represented by the 

yellow box. The foreign peptide can be displayed once, five times or -2500 times. 

This technology therefore allows the production of phage display libraries, which are 

heterogeneous mixtures of phage clones but each carries a different peptide on its 

surface due to the fact that each will have a different DNA insert. Although phage are 

relatively large the displayed peptides are very accessible to the solvent medium and 

they behave much like they do firee in solution when not attached to the virion surface. 

A feature of phage display however is that in many phage display systems for example 

type 3 and type 8 the peptide sequence is displayed in a multivalent fashion. In the case 

of type 3 the peptide is displayed 5 times and in type 8 is displayed all over the coat 

-2500 times, this is significant because the binding affinity is coming not only from the 

ligand itself but also from a multivalent effect which is operating by the display of 

multiple copies of the peptide. It is therefore better in a phage display assay, in order to 

introduce more stringent criteria for the binding motif, to use a low density of the target 

recep tor ' and monovalent display of the foreign peptide'^' as in type 33 phage. 

5.2 Screening phage libraries. 

Phage libraries are typically screened by a process called affinity selection. The 

principle of affinity selection is to reduce an initial population of 10^ phage clones each 

with different displayed peptides to a sub-population of phage of - 10^ with increased 

"fitness." This sub-population can be amplified by infecting fresh bacteria so that the 

amplified population can be subjected to further selection to obtain a fitter subset. The 

ultimate goal is the survival of the fittest phage clone after a series of rounds of 

selection. The most common selection pressure is affinity of the phage for a target 

receptor. Thus in this case, phage whose displayed peptides bind the receptor are 

captured on the surface allowing unbound phage to be washed away. Bound phage are 
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recovered by a simple phage denaturation step and the recovered phage, which are still 

infective are amplified and the process shown in (Figure 69) is continued. 

Targel rwptora 

Tsrg«t raecptors 

Figure 69: A library of recombinant bacteriophages displaying different peptide 

sequences can be fractionated by affinity selection in 6 steps. 1 : The phage particles are 

added to a microtitier well coated with target protein. 2: After incubation non-binding 

phage are washed away. 3: The bound phage are released from the target by pH 

denaturation. 4: The recovered phage are used to infect E. coli and 6 hours later each 

phage is amplified >10^ fold. 5: An aliquot of amplified phage is added to a well 

containing fresh target. 6: After repeating steps 2-5 twice more the recovered phage are 

plated out to yield individual plaques on bacterial lawns on petri dishes. Once the 

binding of clones has been confirmed their DNA is sequenced and the displayed peptide 

deduced. 

5.3 PCR (Polymerase Chain Reaction). 

PCR or the polymerase chain reaction was invented in 1985 by Kary Mullis when 

working for the Cetus corporation in California'®^ and who later in 1993 was awarded 
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the noble prize for chemistry for this invention. PGR is a technique which allows the 

amplification of a specific DNA region that lies between two regions of known DNA 

sequence, to produce up to 100 billion copies of target DNA starting fi"om only a single 

copy in approximately 3 hours. The original PGR protocol has been adapted for a range 

of specialist applications ranging from the characterisation of genes, their cloning and 

expression to DNA diagnostics where PGR is used for the detection of pathogens, 

identifying mutations responsible for inherited diseases and DNA finger printing. It has 

been used for the amplification of DNA tags on peptide bead libraries.'® PGR 

amplification of DNA is achieved using short DNA primers which are complementary 

to the ends of a defined sequence of template DNA. The primers are extended on a 

single stranded denatured DNA (template) by a DNA polymerase (originally Klenow 

polymerase but replaced by the more thermally stable Taq polymerase) in the presence 

of deoxynucleoside triphosphates (dNTPs) under suitable reaction conditions. This 

results in the synthesis of new DNA strands complementary to the template strands. 

Strand synthesis is repeated by heat denaturation of the double stranded DNA, 

annealing the primers by cooling the mixture and primer extension by DNA polymerase 

at a temperature suitable for enzyme reaction. Each new strand synthesised becomes a 

template in further cycles of amplification. Potentially after 20 cycles there will be 2^ 

fold amplification assuming 100 % efficiency at each cycle. A number of factors 

however, act against the process being 100 % efficient. For example the enzyme is a 

limiting factor after 25-30 cycles its activity is also affected due to thermal denaturation. 

Secondly reannealing of target strands after their concentration increases competes with 

primer annealing. 

A phage is essentially made up of a single-strand of DNA and a protein coat, which 

displays mutivalently a peptide that is encoded for by the single strand of DNA. In this 

chapter the aim was to synthesise a synthetic phage, comprising of a peptide sequence 

displayed on a monovalent, trivalent or nonavalent dendrimeric scaffold coupled to an 

oligonucleotide sequence (upon which PGR could be performed), encoding the peptide 

sequence (Figure 70). This would be used to discover if an affinity assay could be 

performed on the synthetic phage using cancer cells plated in the microtitier plates used 

for the competitive ELISA s in chapter 3. 
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Figure 70: Design of a synthetic Phage 

An ohgonucleotide sequence was required that could: 

1: Undergo PCR amplification therefore needing to have primer sites of at least 20 bp 

and a coding region for each AA. 

2: Be coupled to the primary amine of the dendrimer. 

5 primer 

-CO^H 

3 primer 
Coding region 

Figure 71: Design of an oligonucleotide tag. 

The sequence selected was that utilised by Affymax^° with minor alterations and was as 

follows. 

.4rCC^rcrcrCC4CATCTCTATACTATCATCACCTATCCTATCATTACCTCA 

CTCACTTCCATTCCAC-COiB. 

The region in bold is the coding region and regions in italics are the primer regions. 

5.4 Preparation of Peptide-Dendrimer-DNA Conjugates. 
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The synthetic phage was synthesised by a couphng reaction between the oligonucleotide 

and the mono or multivalent peptide-dendrimer conjugate in solution following a 

published p rocedure 'u s ing leq of PyBop, HOBt and DIPEA (Figure 72). After 

coupling for 3-4 hrs at room temperature the compounds were passed through a 

sephedex G-50 spin column to separate the oligonucleotide-peptide dendrimer 

conjugates and uncoupled DNA from the coupling reagents and side products. The 

eluant was then freeze dried. 

H,N. 

(78) or (79) or (80) 

Oligonucleotide 

HN. 

(81) (82) (83) 

Figure 72; shows the coupling of the oligonucleotide to the monovalent peptide 

polyamine conjugate: a) Benzotriazol-1 -yloxy)tripyrrolidinophosphonium 

hexafluorophosphate, 1-Hydroxybenzotriazole, N, A'-diisopropylethylamine, 

oligonucleotide; b) Purification by sephedex G-50 spin column. 

5.5 Affinity Assay 

Initial PCR experiments proved that the PCR conditions were working and that PCR 

could be carried out on the oligonucleotide that was coupled to the peptide dendrimer 

conjugates. With the affinity assay it was hoped that the peptide-dendrimer conjugates 

would stick to the cells and remain attached after a washing step. PCR of the scraped 

cells would then afford the PCR product proving that the ligands were in fact binding to 

the cells. If successful this methodology could be used to discover the strongest binding 

peptide-dendrimer compounds from a library of these compounds. 
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The DNA-Peptide-Dendrimer conjugates were dissolved in PBS/BSA 1% (50 pL) and 

added to the immobilised cells. Controls included DNA template, PBS blank and 

dendrimer. The compounds were incubated for 1 hour at 37°C. After washing 4 |iL of 

water was added to each of the cells and the plate was heated at 70°C for 20 mins. After 

heating the cells were scraped fi'om the cell plate in 10 pL of water and placed in an 

eppendorf tube. PGR was performed as before on scraped samples from the well. The 

PGR product was then analysed on a 2% agarose gel. (Figure 73) shows the results of 

the affinity assay. 

Figure 73: Ethidium bromide stained agarose gel electrophoresis of products fi'om PGR 

amplifications of affinity-based assay. 1) 50 bp ladder, 2) Template control, 3) Template 

added to cells, 4) Negative Gontrol PBS, 5) DNA-Dendrimer-Peptide conjugate (83), 6) 

DNA-Dendrimer-Peptide conjugate (82), 7) DNA-Dendrimer-Peptide conjugate (81), 8) 

Template control, 9) 50 bp ladder. 

The gel (Figure 73) shows that the monovalent DNA-peptide-dendrimer conjugate 

compound (81) is the only compound to have produced a PGR product. We can 

therefore assume that this is occurring because it is the only conjugate that has bound to 

the cells. This was a somewhat unexpected result as during the screening experiment 

described in chapter 4 it was observed that although all the peptide-dendrimer 
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conjugates did bind competitively to these cells the monovalent form bound less 

strongly than the multivalent forms. Why the peptide-dendrimer conjugates did not 

produce any PGR product may have been because the coupling reaction failed due to the 

increased steric hinderance of the peptide-dendrimer compounds. (Thus as in the control 

experiments only peptide-dendrimer and oligonucleotide was added to the cells and not 

in fact peptide-dendrimer-oligonucleotide conjugates). 

As the assay itself did work it was decided to reproduce the results and also to do a 

further experiment to prove that the PGR product was being obtained due to binding via 

the peptide ligand. The conjugate (81) was added to a cell plate, as before but in one of 

the wells an excess of peptide-dendrimer conjugate was added to compete with the 

peptide-dendrimer-DNA conjugate. Thus when PGR was performed on the cells from 

this well no PGR product would be expected. Whereas in the wells without added 

peptide-dendrimer conjugate a PGR product would be observed. (Figure 74) shows the 

results of the experiment. 

Figure 74: Agarose gel shows the result of the PGR experiment 1) 50 bp ladder, 2) 

Gontrol peptide only, 3) Gontrol Template only, 4) Blank, 5) Well with peptide-DNA 

conjugate (81) added then displaced with peptide (78) only, 6) Well with peptide-DNA 
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conjugate (81) only, 7) Positive control template DNA, 8) Positive control plasmid 

DNA, 9) 50 bp ladder. 

The agarose gel shows clearly that the peptide-dendrimer conjugate successfully 

competed with the peptide-dendrimer-DNA conjugate as evidenced by the lack of PGR 

product in lane 5, whereas the PGR product was obtained in lane 6 proving the 

interaction was with the peptide and not the DNA. 

5.6 Conclusion. 

An assay that could be used for the identification of the best binding synthetic phage 

from a synthetic phage library has been developed. In order to achieve this a peptide-

dendrimer-DNA conjugate (81) was synthesised. PGR was successfully performed on 

the cells that bound the peptide-dendrimer-DNA conjugate (81). It has been shown that 

the PGR product was obtained due to a binding event between the peptide-dendrimer-

DNA conjugates and the cells and not due to non-specific binding of the 

oligonucleotide. 
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Chapter 6.1: Chemistry Experimental 

Chapter 6.2: Biological Experimental 



Chapter 2 Experimental 

General information. 

'H NMR and NMR were recorded on Broker DPX400 (400 and 100 MHz 

respectively) or Briiker AC 300 (300 and 75 MHz respectively) spectrometers at 298 K 

unless otherwise stated. All chemical shifts are quoted in ppm on the 5 scale using the 

residual protonated solvent as the internal reference. Coupling constants (J values) were 

measured in Hz. Spectra interpretation was aided by DEPT and bidimensional 

experiments as well as by ChemDraw software for chemical shift estimation. 

Mass spectra were obtained on a VG platform single quadrupole mass spectrometer in 

electrospray ionisation (ES+ or ES-) mode or atmospheric pressure chemical ionisation 

(APCI+) mode. High resolution accurate mass electrospray measurements were carried 

out on a Briiker Apex III fourier transform mass spectrometer. 

MALDI-TOF spectra were obtained from a Micro mass TOF-Spec 2E mass 

spectrometer using di-hydroxybenzoic acid as the matrix. 

Analytical RP-HPLC was performed on a HP 1100 system equipped with a phenomenex 

prodigy Cig reverse phase column (150 x 4.6 mm i.d) with a flow rate of 1 mL/min 

monitoring at 220 nm and 254 nm and using an ELS detector. 

Solvent A: Water/TFA 0.1%. 

Solvent B: MeCN/TFA 0.1%. 

Method 1: 10% B/90% A to 90% B/10% A over ten minutes finishing with 10% A/90% 

B to 90% A/10% B over five minutes. 

Method 2: 10% B/90% A to 90% B/10% A over 20 minutes finishing with 10% A/90% 

B over five minutes. 

Semi-preparative RP-HPLC were performed as above with a phenomenex prodigy Cig 

100 A, column, of size 250 x 10 mm 5 micron. Gradients used for semi-preparative RP-

HPLC. 

Method 3: 0% B/100% A to 50% B/50% B over 55 minutes then 50%B/50% A to 51% 

B/49% A over 5 mins then 51% B/49% A to 0% B/100% A in 5 mins. 

IR spectra were obtained on a BioRad FTS 135 spectrometer with a Goldengate ATR 

with neat compounds. 
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UV-VIS spectra were recorded using a 8452A Diode array Spectrophotometer. 

Melting points were determined using a Gallenkamp melting point apparatus. 

General resin procedures 

Qualitative Ninhydrin 

The resin (1-5 mg) was put into a test-tube. Reagent A (6 drops) and reagent B (2 drops) 

were added and the tube heated at 100°C for 10 minutes. The reagents A and B were 

prepared as follows: 

Reagent A 

Solution-1; Phenol (40g) was dissolved in absolute ethanol (10 mL) by warming and 

then stirred over Amberlite mixed-bed resin MB-3 (4g) for 45 minutes. The mixture was 

then filtered. 

Solution-2: Potassium cyanide (65 mg) was dissolved in water (100 mL). A 2 mL 

aliquot of this solution was diluted with pyridine (100 ml) (freshly distilled from 

ninhydrin) and stirred over Amberlite mixed bed resin MB-3 (4g). The solution was 

filtered and mixed with solution-1 to give reagent A. 

Reagent B 

Ninhydrin (2.5g) was dissolved in absolute ethanol (50 mL). 

Quantitative Fmoc test^^^ 

Three aliquots of dry resin (3-6 mg) were weighed into volumetric flasks (50 mL) and 

treated with a solution of piperidine in DMF (20 mL) for 20 min. The volume was made 

up to 50 mL with more 20% piperidine in DMF and the solutions were thoroughly 

mixed. The absorbance at 302 nm was measured against a blank of 20% piperidine in 

DMF. The resin substitution was deduced from the following equation and calculated 

from the average value obtained from the three samples of resin. 

mmol/g = [A302 X V) / (S302 X W)] x 10^ 

Where A302 is the absorbance of the piperidyl-fulvene adduct, V is the total volume 

(mL), W is the mass of resin (mg) or the exact number of beads and S302 is the 

extinction coefficient of the adduct at 302 nm (7800 M"' cm'^). 
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Synthesis of (4-formylphenoxy)acetic acid ethyl ester (4) 1 6 5 

^ O 

A mixture of 4-hydroxybenzaldehyde (lO.OOg, 81.80 mmol), potassium carbonate 

(22.60g, 16.36 mmol) and potassium iodide (1.49g, 8.18 mmol) in acetonitrile (200 mL) 

was stirred for 10 minutes. Ethyl bromoacetate (10 mL, 93.70 mmol) was added 

dropwise to the solution. The brown mixture was then allowed to reflux overnight 

during which time the solution became yellow. After cooling the salts were removed by 

filtration and the solvent removed in vacuo. The crude product was purified by column 

chromatography on Si02 eluting with petroleum ether/ethyl acetate (3:2) to afford the 

title compound 16.00g as a yellow/orange oil, in 94% yield. Spectral data in accordance 

with literature. 

TLC: Ether/ethyl acetate (3:2) Rf = 0.75. 

6H (300 MHz, CDCI3): 9.78 (IH, s, CHO); 7.74 (2H, d, J9 , ArC '̂ ^H,); 6.91 (2H, d, J9, 

ArC '̂ 4.62 (2H, s, OCH2CO2); 4.19 (2H, q, J 7, OCH2CH3); 1.20 (3H, t, J 7, 

OCH2CH3,). 

6c (75 MHz, CDCI3): 190.78 (CHO); 169.79 (CO2CH2CH3); 162.69 (AiC'O); 131.96 

(AiC'̂ CHO); 130.7 (ArC '̂ ^H); 114.95 (ArC '̂ 64.79 (OCH2CO2); 61.41 

(CO2CH2CH3); 14.16 (CO2CH2CH3). 

Synthesis of (4-hydroxymethylphenoxy)acetic acid ethyl ester (5)'̂ ® 

^ o 

(4-Formylphenoxy)acetic acid ethyl ester (16.62g, 79.90 mmol) was dissolved in 

ethanol (200 mL). The solution was cooled to 0°C and sodium borohydride (1.51g, 

39.95 mmol) was slowly added. The temperature was allowed to rise to room 

temperature. The reaction was monitored by TLC and after 1V2 hours the reaction was 

carefully quenched with a solution of HCl (2M in ethanol) (8 mL), which was added 

dropwise, until evolution of hydrogen gas had stopped. The solvents were removed in 
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vacuo. Water was added (200 mL) and extracted twice with ethyl acetate (3 x 100 mL). 

The crude product was purified by column chromatography on SiOz eluting with 

hexane/ethyl acetate (3:1), to (3:2), to afford the title compound 7.76g as a pale yellow 

oil in 46% yield. 

Spectral data in accordance with literature.'*^ 

TLC: Hexane/ethyl acetate (1:1) Rf =0.51. 

6H (300 MHz, CDCI3): 7.27 (2H, d, J 8, ArC '̂ ^H); 6.89 (2H, d, J 8, Aî ' *CH); 4.60 

(2H, s, CH2CO2); 4.59 (2H, s, CH2OH); 4.25 (2H, q, / 7, CO2CH2CH3); 1.26 (3H, t, J 7, 

CH2CH3) 

6c (75 MHz, CDCI3): 169.13 (CO2CH2CH3); 157.45 (AiC'0);134.46 (ArC^CHzOH); 

128.74 (ArC '̂ 114.79 (AiC^" 65.50 (OCH2CO2); 64.84 (ArCHzOH); 61.55 

(CO2CH2CH3); 14.29 (CO2CH2CH3). 

Synthesis of [4-(4-nitro-phenoxycarbonyloxymethyl)phenoxy]acetic acid ethyl ester 
. 1 6 5 

0 , N 

(4-Hydroxymethylphenoxy)acetic acid ethyl ester (5.30g, 25.20 mmol); was dissolved 

in dichloromethane (100 mL) at 0°C. Pyridine (2.13 mL, 26.40 mmol) was added and 

the reaction stirred for two minutes, the solution remained a pale yellow colour 

throughout. 4-nitrophenyl chloroformate (5.33g, 26.42 mmol) was dissolved in 

dichloromethane (100 mL) and added dropwise over 50 minutes, (the solution remained 

yellow throughout). The solution was stirred at 0°C for 2 hours and then at room 

temperature overnight. The solution was filtered to remove the salts and the solvent 

removed in vacuo. The crude product was purified by column chromatography on Si02 

eluting with a gradient of petroleum ether/ethyl acetate, (4:1) to (1:1), to afford the title 

compound 7.58g as a pale yellow oil, in 80% yield. 

Spectral data in accordance with literature. 

TLC: Hexane/ethyl acetate (3:1) Rf = 0.39. 
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6H (300 MHz, CDCI3): 8.27 (2H, d, / 8, 02K4/'C^' ^H); 7.40 (2H, d, J 7, OzN/̂ rCf' 

7.37 (2H, d, y 7, ArC '̂ 6.94 (2H, d, J 8, ArC '̂ 5.24 (2H, s, OCH2CO); 4.65 

(2H, s, CH2OCO); 4.27 (2H, q, J7, CO2CH2CH3); 1.31 (3H, t, / 7, CO2CH2CH3). 

8c (75 MHz, CDCI3): 168.81 (CO2); 158.59 (ArC'-O); 155.68 (N02ArC'-0); 152.59 

(O-CO-0); 145.50 (AiC'^-N02); 130.87 (Ai^' %); 127.54 (Ai^CH20); 125.44 

(N02ArC^' ^H); 121.94 (N02AiC^' 115.00 (AiC^' 70.85 (ArCHzO); 65.47 

(OCH2CO2); 61.65 (OCH2CH3); 14.32 (OCH2CH3). 

Synthesis of A'^,A'^-Z»/s(PhthloyI)-l,5,9 triazanonane (2) 186 

1,5,9 Triazanonane (31.70 mmol, 4.40 mL) was dissolved in chloroform (75 mL). To 

this solution was rapidly added a solution of A'-ethoxycarbonylphthlimide (63.40 mmol, 

13.90g) in chloroform (75 mL). The mixture was stirred at room temperature for 2 h, the 

solvent was removed in vacuo to afford the title compound 8.90g as a white solid in 

72% yield. Experimental data was in accordance with the literature. 

TLC: DCMMeOH (9:1) Rf = 0.80. 

8H (300 MHz, CDCI3): 7.86-7.80 (4H, m, C'' '̂ H); 7.71 (4H, m, ArC '̂ ̂ H); 3.76 (4H, t, J 

7, CH2NC=0); 2.64 (4H, t, J 7, NHCH2CH2); 1.85 (4H, quin, J 7, CH2CH2CH2) 1.60 

(lH,brs, NH). 

8c (75 MHz, CDCI3): 168.59 (C=0); 134.02 (AiC^' ^H); 132.26 (AiC^' '̂ H); 123.33 

(AiC^'^); 46.99 (NHCH2CH2); 36.03 (GH2NCO); 29.00 (CH2CH2CH2). 

m/z (ES+): 392.1 (100%, M+H^. 

Melting point: 132-136°C. 

Synthesis of A'^,A'^-6/5(Phthloyl)-7V^-(4-Benzyloxycarbonyl-l-oxyethyl acetate)-!,5,9 

triazanonane (7)'®® 
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^ o 

[4-(4-Nitro-phenoxycarbonyloxymethyl)phenoxy]acetic acid ethyl ester (7.58g, 20.20 

mmol) was dissolved in acetonitrile (30 mL), triethylamine (4.20 mL, 30.00 mmol) was 

added and the solution stirred for five minutes. j'(Phthloyl)-1,5,9 triazanonane 

(9.60g, 24.70 mmol) was dissolved in acetonitrile (200 ml) (heat necessary) and added 

dropwise. The mixture was heated to 50°C and allowed to stir overnight. The solution 

was concentrated in vacuo and poured into water (75 ml) acidified to pH 6 with KHSO4 

(1 molar) and extracted with ethyl acetate (3 x 50 mL). The organic layers were washed 

with brine and then dried over MgS04 and filtered. The crude product was purified by 

column chromatography on SiOi eluting with a gradient of petroleum ether/ethyl acetate 

(3:1) to ethyl acetate (0:1), to afford the title compound 10.97g as a pale yellow oil in 

86% yield. 

Spectral data in accordance with literature. 

TLC: Petroleum ether/ethyl acetate (1:1) Rf = 0.20 

6H (300 MHz, CDCI3): 7.81-7.78 (4H, m, ArCHPth); 7.71-7.70 (4H, m, ArCHPth); 7.21 

(2H, d, J9 , ArC '̂ 6.83 (2H, d, J 9, ArC '̂ ̂ H); 5.00 (2H, s, OCH2CO2); 4.60 (2H, s, 

ArCHzO); 4.27 (2H, q, / 7, OCH2CH3); 3.67 (4H, br m, CHzNPth ); 3.34 (4H, br m, 

CH2NHCO2); 1.93 (4H, br m, CH2CH2CH2); 1.30 (3H, t, / 7, CH2CH3). 

6c (75 MHz, CDCI3): 169.00, (CO2CH2CH3); 168.41 (C=0 Pth); 157.69 (Aig'-O); 

156.13 (NHCO-0); 134.08 (AiC'̂ ' ^ Pth); 132.20 (AiC'" Ĥ Ptb); 130.04 (AiC^.CH2); 

129.72 (AiC^' 123.39 (AiC^' % Pth); 114.77 (ArC '̂ 66.88 (CH2CO2); 65.58 

(OCH2O); 61.54 (CO2CH2CH3); 45.50, (CONCH2); 45.20 (PtbNCH;); 35.82 

(CH2CH2CH2); 14.32 (OCH2CH3). 

Synthesis of A^^,A^-Aw(2-acetyl-benzoic acid)-A^^-(4-Benzyloxycarbonyl-l-oxyacetic 

acid)-l,5,9 triazanonane (8)'®^ 
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HO 

V,A^-6w(Phthloyl)-A'^-(4-Beiizyloxycarbonyl-1 -oxyethyl acetate)-1,5,9 triazanonane 

(2g, 3.18 mmol) was dissolved in dioxane (10 mL) and NaOH (2M, 6.36 mL, 12.76 

mmol) was added dropwise. The yellow solution was stirred for 30 minutes, 

(disappearance of starting material was followed by TLC), then diluted with water (100 

mL) and carefully acidified with KHSO4 (1 molar) until pH 5 when the solution became 

white and cloudy. Extraction with ethyl acetate (3 x 50 mL) gave the triacid as a yellow 

oil. The solvent was removed in vacuo to afford the title compound as a colourless oil in 

a quantitative yield. 

Spectral data in accordance with literature.'^' 

5h (300 MHz, DMSO): 8.27 (2H, br s, OH) 7.75 (2H, d, J 7 , Ar^' '̂ CH Pth); 7.60-7.31 

(6H, m, C '̂ ̂ H Pth, NH); 7.28 (2H, d, J 9, ArC^' ^H); 6.85 (2H, d, J 9, ArC^' ^H); 4.99 

(2H, s, ArCHzOCO); 4.65 (2H, s, OCH2) 3.29 (4H, m, CH2CH2CH2NH); 3.18 (4H, m, 

NCH2CH2CH2NH); 1.73 (4H, m, CH2CH2CH2). 

6c (75 MHz, DMSO): 170.26 (ArC02H); 168.61 (v^/COzH); 167.98 (v4rC0NH); 157.46 

(ArC'); 155.48 (NCOO); 138.80 (ArC^); 131.33 (^rC^NH); 130.62 (ArC^); 129.59 

{ArC^y, 129.27 129.14 {ArC\ 127.66 (ArC^); 114.38 (ArC^' ®); 66.43 

(CH2CO2H); 65.92 (CH2OH); 64.48 (CH2NHCO); 54.99 (CH2NH); 36.87 

(CH2CH2CH2). 

Synthesis of resin bound iV',7V'-6/s(Phthloyl)-iV^-(4-Benzyloxycarbonyl-l-

oxyamide)-1,5,9 triazanonane (9) 

I CM' 

V,7/'-Z?w(2-Acetyl-benzoic acid)-A^-(4-Benzyloxycarbonyl-1 -oxyacetic acid)-1,5,9 

triazanonane (1.39 g, 2.22 mmol) was dissolved in CH2CI2 (10 mL) and DMF (2 mL), 

Die (4 eq, 1.50 mL) and HOBt (4 eq, 1.20g) were added and the solution stirred for 40 

93 



minutes. The activated mixture was added to the resin (TentaGel 3.30g, 0.27 mmol/g 

free -NH2 loading) and shaken overnight. The resin was washed with DCM, DMF, 

MeOH and ether (each 3 x 10 mL). Completion of the coupling was checked by a 

qualitative ninhydrin test. 

IR: (o cm"'): (1669 C - 0 imide). 

Synthesis of resin bound A'^-(4-Benzyloxycarbonyl-l-oxyamide)-l,5,9 triazanonane 

(10) 

H,N 

The phthalimide-protected initiator core (9) (0.92 mmol of phthlimido groups) was 

suspended in EtOH (50 mL) and treated with hydrazine monohydrate (18.40 mmol, 0.90 

mL). The reaction was heated at reflux overnight, then washed with hot water (2 x 20 

mL), hot DMF (2 x 20 mL), DCM (3 x 10 mL), DMF (3 x 10 mL) and MeOH (3 x 10 

mL). 

Synthesis of resin-bound Generation [1.0] PAMAM dendrimer (12) 1 5 7 

H,N 

Generation [0.0] dendrimer resin (1.40g, 0.69 mmol free amine) was suspended in 

MeOH (0.50 eq v/v, 30 mL) and treated with methyl acrylate (250 eq, 15.60 mL). The 

resin was left shaking for 24 hours at 50 °C, the solvents were removed and the resin 

was washed extensively with MeOH, DMF and DCM and ether (each 3 x 10 mL). A 

negative qualitative ninhydrin test confirmed reaction was complete. The generation 

[0.5] dendrimer resin (0.70g, 0.49 mmol reactive sites) was suspended in MeOH (10 

mL, 0.50 v/v) and treated with 1, 3-propanediamine (250 eq reactive sites, 10 mL, 0.12 

mol). The resin was left shaking for 72 hours at room temperature after which time the 

solvents were removed and the resin washed extensively with MeOH, DMF, DCM and 

ether (each 3 x 10 mL). Qualitative ninhydrin test proved strongly positive. Spectral 

data in accordance with literature. 
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Synthesis of resin bound Generation [2.0] dendrimer (14) 

III o 

1 5 7 

H,N' — 

Generation [1.0] dendrimer resin (l.OOg, 0.88 mmol free amine) was suspended in 

MeOH (6 mL) and treated with methyl acrylate (250 eq, 19.80 mL). The resin was left 

shaking for 24 hours at 50 °C the solvents were removed and the resin was washed 

extensively with MeOH, DMF and DCM and ether (each 3 x 10 mL). A negative 

qualitative ninhydrin test confirmed reaction was complete. The generation [1.5] 

dendrimer resin (800 mg, 0.87 mmol reactive sites) was then suspended in MeOH (35 

mL, 0.50 eq v/v) and treated with 1, 3-propanediamine (73 mL, 1000 eq of reactive 

sites). The resin was shaken for 72 hours at room temperature after which time the 

solvents were removed and the resin washed extensively with MeOH, DMF, DCM and 

ether (each 3 x 1 0 mL). Qualitative ninhydrin test proved strongly positive. Spectral 

data in accordance with literature. 

Synthesis of 6-Isocyanato-6-(4-carbomethoxy-2-oxabutyl)-4,8-

dioxaundecanedioate (16)'^' 
MeO 

o 

To a stirred solution of trimethyl 6-amino-6-(4-carbomethoxy-2-oxabutyl)-4, 8-

dioxaundecanedioate (3.79g, 10 mmol) and 4-dimethylaminopyridine (1.22g, 10 mmol) 

in DCM (40 mL) a solution of (Boc)20 (3.06g, 14 mmol) in DCM (50 ml) was added at 

25°C. After stirring for 2 hours the solution was washed with aqueous HCl (1 M, 2x 40 

mL) water (2x 10 mL) and then dried over Na2S04. The solvent was removed in vacuo 

to afford the title compound (4.04g, 9.98 mmol) as a colourless oil in 99% yield. 

The compound was sufficiently pure to be coupled onto the resin. 

Spectral data in accordance with literature. 
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6h (300 MHz, CDCI3): 3.75-3.71 (6H, m, CH2CH2CO2); 3.70 (9H, s, OCH3); 3.44 (6H, 

s, CH2O); 2.59-2.55 (6H, m, CH2CO2). 

5c (75 MHz, CDCI3): 171.35 (CO2); 126.80 (NCO); 70.80 (CH2O); 66.60 (OCH2CH2); 

63.40 (NCCH2); 51.80 (OCH3); 19.70 (CH2CO2). 

m/z (ES+): 428 (M+Na+ 100%). 

IR: (o cm"'): Characteristic peaks, 2953,2874, (CH); 2245 (NCO); 1735 (COOMe). 

Synthesis of resin bound Aba type dendrimer generation [0.5] (17) 
MeCl 

MeO 

3 - [2-Isocyanato-3 -(2-methoxycarbonyl-ethoxy)-2-(2-methoxycarbonyl-ethoxymethyl)-

propoxy]-propionic acid methyl ester (2eq free amine sites, 0.1 Og) was dissolved in 

DCM (3 mL) with DIPEA (2 eq free amine sites, 0.43 mL) and a catalytic amount of 

DMAP. The reaction mixture was then added to the resin (250 mg, 0.12 mmol) and 

shaken overnight. After washing extensively with MeOH, DMF, DCM and ether (each 

3 x 1 0 mL) a qualitative ninhydrin test was negative. 

IR (u cm"'): 2867 (NH) (s); 1735 (C=0) (s); 1653 (OMe) (s). 

Synthesis of resin bound Aba type dendrimer generation [1.0] (18a) 

N N 

Generation [0.5] ABa-type resin (200 mg, 0.30 mmol reactive sites) was suspended in 

DMSO for 30 mins before addition of a solution of 1, 3-diamino propane (8.30 mL, 250 

eq) in DMSO (4mL, 0.50 eq v/v). The resin was then shaken for 3 days then washed 

with DMSO before the addition of a fresh solution of 1 ,3 diamino propane (8.30 mL, 

250 eq) DMSO (4 mL, 0.50 eq v/v). After a ftirther 3 days reaction the resin was then 

washed with DCM, DMF, MeOH and ether, (each 3 x 1 0 mL). 

m/z (MALDI-TOF): 1216.97 (M+Na""). 
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Synthesis of resin bound dendrimer generation [2.0] (19) 

H,N 

H 

o'^y^o 

J L y - o 

NnfH 
H .N' 

Q 

• 1 0 ^ 0 ' ^ 0 

'N 

, N ^ 0 -

o 

% 'MM' ^10 

3 - [2-Isocyanato-3 -(2-methoxycarbonyl-ethoxy)-2-(2-methoxycarbonyl-ethoxytnethyl)-

propoxy]-propionic acid methyl ester (3eq free amine sites, 0.36g) was dissolved in 

DCM (3 mL) with DIPEA (3 eq free amine sites, 0.16 mL) and a catalytic amount of 

DMAP. The reaction mixture was then added to the generation [1.0] ABs-type resin 

(250 mg, 0.30 mmol) and shaken overnight. After washing extensively with MeOH, 

DMF, DCM and ether (each 3 x 10 mL) a qualitative ninhydrin test was performed 

which proved negative. Generation [1.5] ABg-type resin was then suspended in DMSO 

for 30 mins before addition of a solution of 1, 3 diamino propane (16 mL) in DMSO (8 

mL, 0.50 v/v). The resin was then shaken for 3 days at room temperature. Then washed 

with DMSO before the addition of a fresh solution of 1,3 diamino propane (250 eq free 

amine) DMSO (0.5 eq v/v). After a fiirther 3 days reaction the resin was then washed 

with DCM, DMF, MeOH and ether, (each 3 x 10 mL). Reaction completion was 

checked by taking 10 mg of resin and coupling (4-hydroxyphenyl)-acetic acid with DIC 

HOBt (5 eq resin loading) for 2 hours at room temperature. Completion of the reaction 

was checked by qualitative ninhydrin test. After washing as before the derivatised 

compound was cleaved from the resin with 90% TFA/DCM, 1 drop of water as a 

scavenger and analysed by HPLC. 

RP-HPLC: (Method 2, X= 254) 7.58 mins. 

m/z: Molecular ion was not observed. 

97 



Chapter 3 Experimental 

General procedure for the preparation of LDV Gen [0.0], [1.0] Peptide -

Dendrimer conjugates (10), (12), (18a) and (18b). 

Generation [0.0], [1.0] dendrimer resins (10), (12), (18a) and (18b) were swollen for 30 

minutes in DCM. Fmoc amino acids (5eq), with reference to the theoretical number of 

free amine groups on the resin, were activated with HOBt, (5eq), DIC (5eq), in DCM. 

Fmoc groups were removed by shaking twice in 20% piperidine in DMF (5 mL) for 20 

minutes. The activated mixture was then added to the resin and shaken overnight. 

Compounds were cleaved from the resin using two cycles of 90 % TFA in DCM with 1 

drop of water as a scavenger for 2 hours. The solvents were removed under vacuum, 

dissolved in the minimum amount of acetic acid, then precipitated in ether and 

centrifuged. The pellets produced were washed with ether, dissolved in water and freeze 

dried to obtain white fluffy compounds. The crude compounds were purified by semi-

preparative RP-HPLC. 

Synthesis of LDV-Gen [0.0] Peptide Dendrimer conjugate (20). 

H 11 : H 1 

8H (400 MHz, D2O): 4.80 (2H, t, y 7, CH, Asp); 3.98 (2H, m, CH, Leu); 3.96 (2H, t, J?, 

CH, Val); 3.27 (4H, m, CONHCH2CH2CH2NH); 2.97 (4H, m, CONHCH2CH2CH2NH); 

2.90 (2H, dd, A s 18, A x = 7, CHH, Asp); 2.76 (2H, dd, VsA 18, Jax 7, CHH, Asp); 2.04 

(2H, m, CH(CH3)2); 1.85 (4H, m, NHCH2CH2CH2NH); 1.68 (4H, m, CH2, Leu); 1.57 

(2H, m, CH(CH3)2, Leu); 0.88 (24H, m, CH3). 

6c (100 MHz, D2O): 175.04,173.86,172.40,170.43 (CO); 60.37 (CH, Val); 52.14 (CH, 

Leu); 50.51 (CH, Asp); 45.52 (CONHCH2CH2CH2NH); 40.27 (CH2); 36.46 (CHz); 

36.34 (CONHCH2CH2CH2NH); 30.14 (CH(CH3)2, Val); 25.85 (NHCH2CH2CH2NH); 

24.26 (CH(CH3)2, Leu); 21.88,21.64 (CH3); 18.79,17.89 (CH3). 

RP-HPLC (Method 1 k= 220): 8.28 mins. 

m/z (ES+): 786.70 (M+H)^ 50%, 394.00 (M+2H)̂ '̂  100%. 
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Resin (loading, 0.496 mmol/g, 500 mg) afforded 39 mg of the title compound in 21% 

yield. 

Synthesis of LDV - Gen [1.0] Peptide Dendrimer conjugate (21). 
o 

6H (400 MHz, DzO): 4.71 (4H, t, CH, Asp); 3.91 (4H, d, J7 , CH, Leu); 3.89 (4H, m, 

CH, Val); 3.37 (8H, m, NCH2CH2CO); 3.23 (4H, m, NHCH2CH2CH2N) 3.17-3.09 

(20H, m, NHCH2CH2CH2N); 2.82 (4H, dd, A s 16, A x 7, CHH, Asp); 2.69 (4H, dd, JgA 

16, Vsx 7, CHH, Asp); 2.68 (8H, m, NCH2CH2CO); 2.12 (4H, m, NHCH2CH2CH2N); 

1.94 (4H, m, CH(CH3)2, Val); 1.60 (8H, m, CH2, Leu); 1.59 (8H, m, 

NHCH2CH2CH2N); 1.50 (4H, m, CH(CH3)2, Leu); 0.80 (48H, m, CH3). 

6c (100 MHz, D2O): 175.04, 173.86, 172.40, 170.43 172.50 (CO) 60.27 (CH, Val); 

52.13 (CH, Leu); 50.53 (CH, Asp); 50.28 (CH2, Gen [1.0]); 44.29 (CH2, Gen [0.0]); 

40.28 (CHz); 37.25 (CH2); 37.11 (CH2, Gen [0.0]); 35.89 (CH;, Gen [1.0]); 30.33 

(CH(CH3)2, Val); 28.97 (CH;, Gen [1.0]); 28.27 (CH2, Gen [0.0]); 24.26 (CH(CH3)2, 

Leu); 21.90,21.63 (CH3); 21.63 (CH;, Gen [1.0]); 18.82,17.90 (CH3). 

RP-HPLC (Method 1, A.= 220): 8.68 mins. 

m/z (MALDI-TOF): 1954.93 (M+H)^ 100%, 1975.94 (M+Na)."^ 

Resin (loading, 0.88 mmol/g, 500 mg) afforded 94 mg of the title compound in 11 % 

Yield. 

Synthesis of LDV-Gen [2.0] Peptide-Dendrimer conjugate (22). 

6H (400 MHz, D2O): 4.85 (8H, t, / 7, CH, Asp); 4.06 (8H, d, J 7, CH, Val); 4.01 (8H, t, 

y 7, CH, Leu); 3.55-3.45 (24H, br m, CH2CH2CO); 3.38-3.18 (56H, m, 

NHCH2CH2CH2NH); 2.92 (8H, dd, 16, A x 7, CHH, Asp); 2.83-2.78 (32H, m, 

CH2CH2CO, CHH, Asp); 2.22 (4H, br m, NHCH2CH2CH2NH, Gen [0.0]) 2.10 (8H, m. 
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CH(CH3)2, Val); 2.09 (8H, br m, NHCH2CH2CH2NH, Gen [1.0]); 1.79-1.58 (40H, m, 

NHCH2CH2CH2NH, Gen [2.0], CH2, CH, Leu); 0.93 (96H, m, CH3). 

6c (100 MHz, D2O): 174.66, 173.29, 172.15, 171.89, 170.41 (CO); 60.21, (CH, Val); 

52.04 (CH, Leu); 51.49 (CHz Gen [2.0]); 50.37 (CH, Asp); 49.96, 49.77 (CHz Gen 

[1.0]); 45.0 (CH2, Gen [0.0]); 40.23 (CH2) 37.19, 37.04 (CH2); 36.7 (CH2, [Gen 2.0]); 

35.99 (CH2 Gen [0.0]); 30.26 (CH(CH3)2, Val); 29.09 (CH2 Gen [1.0]); 28.20 (CH2 Gen 

[1.0]) 27.5 (CH2 Gen [2.0]); 24.21 (CH(CH3)2, Leu); 23.60 (CH2 Gen [1.0]); 21.85, 

21.57 (CH3, Leu); 18.78,17.84 (CH3, Val). 

m/z: (MALDI-TOF); 4288.10 (M+H^. 

RP-HPLC (Method 1, 220): 8.91 minutes. Analytical HPLC gradient 1 

Resin (loading, 2.16 mmol/g, 390 mg) afforded 288 mg of the title compound in 8% 

yield. 

Synthesis of LDV-Gen [1.0] ABa-type Dendrimer Conjugate (23). 

N "N 

Generation [0.5] ABs-type resin was swollen in DMSO for 30 minutes and then 

ethylene diamine (250 eq, 12 mL), in DMSO (0.5 eq v/v, 6 mL), was added, and the 

resin shaken for 72 hours. The resin was thoroughly washed and swollen again in 

DMSO before addition of the same quantities of reactants and shaken for a further 72 

hours. The resin was washed thoroughly with DMSO, DCM, DMF, MeOH and ether 

(each 3 X 10 mL) and dried under vacuum. The dendrimerised resin was subjected to 

standard Fmoc peptide chemistry as described previously. 200 mg of resin was cleaved 

with 90 % TFA in DCM. 
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6H (400 MHz, D2O): 4.77 (6H, t, / 7, CH, Asp); 3.97 (6H, d, J 7, CH, Val); 3.92 (6H, t, 

y 7, CH, Leu); 3.63 (12H, m, COCH2CH2CO); 3.52 (12H, s, CH2OCH2); 3.32-3.16 

(24H, m, NHCH2CH2NH); 2.94 (4H, m, (NHCH2CH2CH2NH); 2.913-2.83 (6H, dd, ^ 

17, A x 7, CHH, Asp); 2.75 (6H, dd, 17 7, CHH, Asp); 2.38 (12H, m, 

COCH2CH2CO); 1.98 (6H, m, CH(CH3)2, Val); 1.74 (4H, m, CH2CH2CH2NH); 1.64 

(12H, m, CH2, Leu); 1.55 (6H, m, CH(CH3)2, Leu); 0.83 (72H, m, OI]). 

6c (100 MHz, D2O): 174.59 174.17 173.49 171.99 170.43 (CO); 159.86 (NHCONH); 

69.79 (CH2OCH2CH2); 67.80 (COCH2CH2CO); 60.10 (CH, Val); 59.35 (NHC(CH2)3) 

52.06 (CH, Leu); 50.21 (CH, Asp); 45.55 (NHCH2CH2); 40.27 (CH2, Leu); 38.89,38.79 

(NHCH2CH2NH); 36.50 (COCH2CH2CO); 35.50 (CH;, Asp); 30.32 (CH(CH3)2, Val); 

26.92 (CH2CH2CH2); 24.23 (CH(CH3)2, Leu); 21.59,21.39,18.80,17.78 (CH3). 

m/z (MALDI-TOF): 3076.77 (M+H^. 

RP-HPLC (Method 1, X= 220): 8.92 mins. 

Resin (loading, 3.28 mmol/g, 200 mg) afforded 50 mg of the title compound in 26% 

yield. 

Synthesis of [4-(3-o-Tolyl-ureido)-phenyl]-acetic acid (26).®® 

A x r i " 

To a suspension of 4-aminophenylacetic acid (2.84 g, 18.80 mmol) in DMF (7.50 mL) 

was added dropwise o-tolyl isocyanate (2.50 g, 18.80 mmol). The reaction mixture was 

stirred for six hrs at 50°C. It was allowed to cool and poured into ether (100 mL) with 

stirring. The precipitate was filtered off and washed with, acetonitrile, ethyl acetate and 

finally ether (each 20 mL) then dried under high vacuum affording the title compound 

3.74g as a pale brown powder in 70 % yield. 

Experimental data in accordance with literature.®^ 

TLC: Ethyl acetate/Hexane (1:1) Rf = 0.27. 

6H (300 MHz, (CD3)2S0): 12.29 (IH, br, s, OH); 9.01 (IH, s, NH); 7.91 (IH, s, MI) 

7.88 (IH, d, y 8, y jrC^; 7.43 (2H, d, J 8 ArCH '̂ )̂; 7.19-7.10 (4H, m, .4rC '̂ ^H, ArC '̂ 

6.94 (IH, dd, y 8, 3.51 (2H, s, CH2CO2H); 2.25 (3H, s, ydrCW-
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6c (75 MHz, (CD3)2S0): 173.05 (CO2H); 152.73 (NHCONH); 138.49, 137.53 

(ŷ T-C'NH, AiCWl); 130.26 WrC )̂; 129.83 (AiC^' %); 128.31 (AiC'); 127.44 

(ŷ iC'̂ CHs); 126.24 WrC^H); 122.66 120.97 (AiC^'^H); 118.10 W/C'H); 40.1 

(CH2CO2H); 17.9 (CH3). 

m/z (ES+): 285.20 (M+H^ 100%); 307.20 (M+Na+ 70%). 

IR (v) cm ': 3277 (NH) (s); 2967 (OH) (s); 1700 (CO) (s). 

Synthesis of [4-(3-phenyi-ureido)-phenyl]-acetic acid (28).®® 

. w " 

To a suspension of 4-aminophenylacetic acid (2g, 14.60 mmol) in DMF (6 mL) was 

added phenyl isocyanate (1.74 g, 14.58 mmol) dropwise. The reaction mixture was 

allowed to stir for six hours and then poured into ether (100 mL) with stirring providing 

the title 3.94 g compound as a white powder in 75% yield. Experimental data in 

accordance with literature. 

TLC: Ethyl acetate/Hexane (1:1) Rf = 0.26. 

6H (300 MHz, (CD3)2S0): 9.85 (IH, br s, OH); 8.62 (IH, s, NH); 8.61 (IH, s, NH); 

7.43 (2H, d, J 8, 7.37 (2H, d, J 8, ArC '̂ ^H); 7.26 (2H, t, J 8, y4/-Ĉ ' 7.15 

(2H, d, y 8, ArC '̂ 6.95 (IH, t, J 7, 3.48 (2H, s, CH2CO2H) 

6c (75 MHz, (CD3)2S0): 173.05 (CO2H); 152.62 (NHCONH); 139.81, 138.30 (^rC\ 

ArC'*); 129.78 (AiC^'%); 128.86 (^/€^' 128.43 (AiC^); 121.84 ( /̂C'̂ H); 118.22 

(^rC^'%, AiC '̂ ̂ H); 40.00 (CH2CO2H). 

m/z (ES+): 271.00 (M+K" 80%); 293.00 (M+Na^ 50%); 309.00 (M+K+ 40%). 

Synthesis of (4-Benzyloxycarbonylamino-phenyl)-acetic acid ethyl ester (31).̂ ® 

H 

To a solution of ethyl 4-aminophenylacetate (2g, 11 mmol) in DCM (5 mL) were added 

benzyloxycarbonyl iV-hydroxysuccinimide ester (2.6 g, 10.4 mmol) and EtsN (2.45g, 

24.1 mmol). The reaction mixture was stirred for 6 hrs and then concentrated in vacuo 

to give a viscous liquid which was dissolved in ethyl acetate (50 mL) washed with citric 

acid (3 X 50 mL), H2O (3 x 50 mL), saturated NaHCOs (2 x 50 mL), and brine, dried 
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(NazSO^) and concentrated in vacuo. The residue was recrystallised from ethyl 

acetate/hexane to afford the title compound 2.4g, as a brown solid in 70% yield. 

Experimental data in accordance with literature.^^ 

TLC; Ethyl acetate/Hexane (1:1) Rf = 0.51. 

8H (300 MHz, (CD3)2S0): 9.76 (IH, s, NH); 7.48-7.29 (7H, m, v4rCH, ArCH); 7.17 (2H, 

d, J 8 , ArC '̂ 5.14 (2H, s, CH2OCO); 4.04 (2H, q, / 7, COOCH2CH3); 3.57 (2H, s, 

CH2CO2CH2CH3); 1.16 (3H, t, y 7, CH3). 

6c (75 MHz, (CD3)2S0): 171.36 (C02Et); 153.45 (NHCO2CH2); 137.89 (v4rC )̂; 136.7 

(AiC'̂ ); 129.72 (Ai^' ^ , ) ; 128.53 (/4/CH); 128.46 (CCH2C02Et); 128.18 (v r̂CH); 

128.12 (^rCH); 118.23 (AiC^' 65.78 (CH2OCONH); 60.27 (OCH2CH3); 30.76 

(CH2C02Et); 14.14 (CH3). 

m/z (ES+): 317.30 (M+H+ 25%); 331.30 (M+ NH4^ 100%); 352.30 (M+Na^ 20%); 

352.30 (M+K+ 25%). 

IR (v) cm ': 3326 (NH) (s); 2988 (CH2) (w); 1719 (CO) (s). 

Synthesis of (4-Benzyloxycarbonylamino-phenyl)-acetic acid (32).®^ 

/ . m -

To a solution of (4-Benzyloxycarbonylamino-phenyl)-acetic acid ethyl ester (2g, 6.37 

mmol) in ethanol (30 mL) was added IN NaOH (30 mL) and the reaction mixture was 

stirred overnight. It was concentrated in vacuo, then diluted with H2O (30 mL) and 

acidified to pH 2 (1 N HCl). The resulting white precipitate was filtered and washed 

with 10% citric acid and dried to provide the title compound as a white powder (60%, 

l.Slg). Experimental data in accordance with literature.^^ 

TLC: Ethyl acetate/Hexane (1:1) Rf = 0.30 

8H (300 MHz, (CD3)2S0): 12.30 (IH, br, s, OH); 9.74 (IH, s, NH); 7.5-7.3 (7H, m, 

/f/CH, ArCH); 7.16 (2H, d, J 8, ŷ z-Ĉ ' 5.14 (2H, s, CH2OCO); 3.48 (2H, s, 

CH2CO2H). 

6c (75 MHz, (CD3)2S0): 172.95 (CO2H); 153.46 (CO2NH); 137.69 9 (y4/€'); 136.71 

(ArC^); 129.78 ( A i ^ ' ^ ; 129.08 (AiC') 128.53 (y4rC^'^; 128.19 (yd/C '̂ %); 128.12 

(y^AC'^; 118.17 (ArC '̂̂ H); 65.77 (CH2)CH2); 42.88 (CH2CO2H). 

m/z (ES+): 324.10 (M+K+ 100%). 
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IR (v) cm ': 3330 (NH) (s); 2945 (OH) (s); 1702 (CO) (s). 

General procedure for the Synthesis of compounds (34)-(41). 

Generation [0.0] dendrimer resin (10) (200 mg, 0.933 mmol/g) was swollen for 30 

minutes in DCM (5 mL). Fmoc amino acids (5eq), with reference to the theoretical 

number of free amine groups on the resin, were activated with HOBt, (5eq), DIC (5eq), 

in DCM (5 mL). The activated mixture was then added to the resin and shaken for 2-3 

hrs. Valine (5 eq) was coupled using PyBOp (4.9 eq), HOBt (5 eq), DIPEA (10 eq). 

Fmoc groups were removed by shaking two times 30 mins with 20% piperidine in 

DMF. Final compounds were cleaved from the resin using the cleavage mixture of 

TFA/thioanisole/phenol /H2O/EDT, 82.5 %/5%/5%/5%/2.5% for 2 hrs. The cleavage 

mixture solvents were removed under vacuum and the crude compound was worked up 

by dissolving in the minimum amount of TFA, then precipitated in ether and 

centrifuged. The pellets produced were washed again with ether and finally dried in 

vacuo. 

Synthesis of V , A^-to-phenyl-acetyl-LDVpAG)-l,5,9-triazanonane (37). 

o 

H 11 £ H H 11 
O ^ " 0 

6H (400 MHz, (CD3)2S0): 8.50 (2H, d J 9 NH. Asp); 8.40 (IH, br s, NH); 8.35 (4H, d, J 

9 NH, Leu, Gly); 8.28 (2H, m, NH, pAa); 8.05 (3H, m, NHCH2CH2CH2NH); 7.50 (2H, 

d, y 9 NH, Val); 7.38 (lOH, m, ArCH); 4.67 (2H, dd, J8, 7, CH, Asp); 4.41 (2H, m, CH, 

Leu); 4.18 (2H, m, CH, Val); 3.75 (4H, d, / 5, CH2, Gly); 3.55-3.30 (4H, m, 

COCH2CH2NH); 3.35-3.20 (4H, m, NHCH2CH2CH2NH); 2.98 (4H, m, 

NHCH2CH2CH2NH); 2.90 (2H, dd, A x 17, 6, CHH, Asp); 2.65 (2H, dd, Vgx 17, VsA 

6, CHH, Asp); 2.43 (4H, m, COCH2CH2NH); 2.01 (2H, m, CH(CH3)2, Val); 1.82 (4H, 

m, NHCH2CH2CH2NH); 1.68 (2H, m, CH(CH3)2, Leu); 1.56 (4H, m, CH2CH, Leu); 

0.96-0.87 (24H, m, CH3). 

6c (100 MHz, (CD3)2S0): 172.92, 172.32, 171.25, 170.90, 170.58, 170.53, 169.97 

(CO); 158.87 (ArC'); 129.42 (ArC^'^); 128.56 (ArC '̂̂ H) 126.70 (AiC^H); 58.01 (CH, 

Val); 51.36 (CH, Leu); 49.90 (CH, Asp); 45.12 (NHCH2CH2CH2NH); 42.64 
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((NHCH2CH2^2NH); 42.47 (COCH2CH2NH); 36.07, 35.79, 35.66, 35.61 (CH2, Leu, 

( : ( ) ( : t i 2 ( : H 2 N H , }4 i i ( :%i2( : i i2( : i i2 i4 i i , ( : H ( : H 2 , /usp); sKx/ks 

(CH(CH3)2, Val); 24.60 (CH(CH3)2, Leu); 23.41,21.95,19.51,18.15 (CH3). 

Resin (200 mg, loading, 0.40 mmol/g) afforded 41 mg of the title compound in 40% 

yield. 

Synthesis of V , 7V'-6/s-(4-hydroxy-phenyi) acetyI-LDVpAG)-l,5,9-triazanonane 

(39). 

.HO 

O 
-OH 

6H (400 MHz, D2O): 7.11 (4H, d, y 9, ArC '̂ 6.81 (4H, d, J 9, ArC '̂ 4.66 (2H, 

m, CH, Asp); 4.24 (2H, m, CH, Leu); 3.93 (2H, d, / 7, CH, Val); 3.79 (4H, s, CH2, 

Gly); 3.50 (4H, s, ArCH2); 3.43 (COCH2CH2NH); 3.26 (4H, m, CH2CH2CH2NH); 2.96 

(4H, t, y 8, NHCH2CH2CH2NH); 2.89 (2H, dd, A x 17, A s 7, CHH, Asp); 2.75 (2H, dd, 

Vsx 17, 7, CHH, Asp); 2.48, (4H, m, COCH2CH2NH); 1.95-1.8 (6H, m, CH(CH3)2, 

Val, NHCH2CH2CH2NH); 1.60-1.45 (6H, CH(CH3)2 Leu, CH2, Leu); 0.85 (6H, CH3); 

0.81-0.77 (6H, CH3). 

6c (100 MHz, D2O): 173.41, 173.06, 172.94, 172.51, 171.41, 170.23, 152.94 (CO); 

128.87 (ArC '̂ 113.99 (ArC '̂ 58.20 (CH, Val); 51.10 (CH, Leu); 48.38 (CH, 

Asp); 43.35 (NHCH2CH2CH2NH); 41.07 (CH2, Gly); 39.48 (NHCOCH2C); 38.06 

(CH(CH3)2 Leu, CH2 Leu); 34.40 (CH2CH2CH2NH); 33.41, 33.25 

(NHCH2CH2CH2NH); 28.15 (CH(CH3)2, Val, CHz); 23.95, 22.68 (CH(CH3)2, Val); 

20.33,19.09,16.65,15.88 (CH3). 

m/z(MALDI-TOF): 1310.20 M^ 100%. 

RP-HPLC (Method 2, X= 220): 10.98 mins. 

Resin (loading, 0.39 mmol/g, 200 mg) afforded 32 mg of the title compound in 30% 

yield. 

Synthesis ofiV^-6w-(4-methoxyoxy-phenyl) acetyl-LDVpAG)-l,5,9-

triazanonane (40). 
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H o o 

H ^ = H •iCr"-^' 

6H (400 MHz, (CD3)2S0): 8.50 (2H, m, NH, Asp); 8.30 (4H, m, NH, Leu, Gly); 8.05 

(2H, m, NH, pAla); 7.50 (2H, m, NH, Val); 7.26 (4H, d, J9, ArC '̂ 6.94 (4H, d, J 9, 

ArC '̂ ^H); 4.65 (2H, t, / 7, CH, Asp); 4.36 (2H, m, CH, Leu); 4.15 (2H, d, J 6, CH, 

Val); 3.77 (6H, s, OCH3): 3.75 (2H, s, % , Gly); 3.63 (4H, s, COCH2C); 3.37-3.31 

(4H, m, CH2NHCOCH2CH2NH); 3.24 (4H, br t, J 7, NHCH2CH2CH2NH); 2.96 (4H, t, 

J 8, NHCH2CH2CH2NH); 2.85 (2H, dd, Ax, 17, A s 7, CHH, Asp); 2.61 (2H, dd, J^x, 

17, VsA 7, CHH, Asp); 2.44-2.41 (4H, t, J 7, NHCOCH2CH2NH); 2.00-1.98 (2H, m, 

CH(CH3)2, Val); 1.84-1.80 (4H, m, NHCH2CH2CH2NH); 1.68-1.56 (2H, m, CH(CH3)2, 

Leu); 1.63-1.51 (4H, m, CH2, Leu); 0.95-0.94 (12H, d, / 7, CH3, Leu); 0.90-0.85 (12H, 

m, CHs, Val). 

6c (100 MHz, (CD3)2S0): 172.34,171.81,170.88, 170.59,170.04,169.46 (CO); 157.73 

(AiC'̂ ); 129.86 (AiC^' )̂; 128.03 (C'); 113.47 (AiC^' %); 57.47 (CH, Val); 54.88 

(OCH3); 50.87 (CH, Leu); 50.78 (CH, Asp); 49.21 (CH2, Gly); 44.38 

(NHCH2CH2CH2NH); 41.95 (NHCH2CH2CH2NH); 40.93 (COCH2CH2NH); 35.38 

(COCH2C); 35.20 (CH2, Asp); 35.11 (COCH2CH2NH); 34.98 (CH2, Leu); 30.40 

(CH(CH3)2, Leu); 25.73 (NHCH2CH2CH2NH); 24.03 (CH(CH3)2, Val); 22.80, 21.36, 

18.91,17.56(^3). 

m/z(MALDI-TOF): 1338.41 100% M .̂ 

Resin (loading, 0.39 mmol/g, 200 mg) afforded 40 mg of the title compound in 38% 

yield. 

Synthesis of V , iV®-6/s-benzoylamino-acetyl-LDVpAG)-l,5,9-triazanonane (38). 

o 

o O O \ 

= O ^ " " 0 A 

8H (400 MHz, (CD3)2S0): 8.79 (2H, m, COCH2NHCO); 8.43 (2H, m, NH, Asp); 8.35 

(IH, br s, NH); 8.21 (4H, m, NH, Gly, Leu); 8.02 (2H, m, NH, pAla); 8.0-7.91 (6H, m, 

ArC '̂ %, NH, NHCH2CH2CH2NH); 7.6 (2H, m, ArC '̂ ^H); 7.53 (4H, t, J 8, ArCH); 

7.41 (2H, d, 9, NH, Val); 4.64 (2H, dd, J 8, 7, CH, Asp); 4.39 (2H, dd, / 8, CH, Leu); 
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4.10 (2H, dd, yg , CH, Val); 3.97 (4H, dd, J 6 , 6, COCH2NH); 3.70 (4H, d, / 6, 

Gly); 3.31 (4H, m, COCH2CH2NH); 3.20 (4H, m, NHCH2CH2CH2NH); 2.93 (4H, br m, 

NHCH2CH2CH2NH); 2.84 (2H, dd, A x 17, VAB 8, CHH, Asp); 2.6 (2H, A x 17, 8, 

CHH, Asp); 2.37 (4H, t, J 8 COCH2CH2NH); 1.95 (2H, m, CH(CH3)2, Val); 1.77 (4H, 

m, NHCH2CH2CH2NH); 1.68 (2H, m, CH(CH3)2, Leu); 1.52 (4H, dd, / 7.53, 7.03 CH2, 

Leu); 0.8 (12H, m, CH3); 0.6 (12H, m, CH3). 

6c (100 MHz, (CD3)2S0): 172.82, 172.28, 171.24, 170.88, 170.59, 169.97, 169.50, 

167.07 (CO); 134.35 (ArC'); 131.82 ( A i C ^ ; 128.73 (AiC^'^H); 127.75 (ArC^'^; 

58.03 (CH, Val); 51.46 (CH, Leu); 50.02 (CH, Asp); 45.12 (CH2, Gly); 43.10 (CH2, 

Leu); 41.50 (NHCH2CH2CH2NH) 36.07 (NHCH2CH2CH2NH); 35.83 (C0CH2m2NH); 

35.61, (CH2, Asp); 31.05 (NHCH2CH2CH2NH); 26.46 (COCH2CH2NH); 24.56 

(CH(CH3)2, Val); 23.49 (CH(CH3)2, Leu); 22.00, 19.45 (CH3, Val); 18.15, 15.12 (CH3, 

Leu). 

m/z (MALDI-TOF): 1386.57 [M+Na].+ 

Resin (loading, 0.39 mmol/g, 200 mg) afforded 71 mg of the title compound in 66%. 

Synthesis of V , A^-Z>/s-(4-phenoxy-benzyl-LDVpAG)-l,5,9-triazanonane (41). 

o W & A . " 0 H H A / 
/2 

6H (300 MHz, (CD3)2S0): 8.52-8.50 (2H, m, NH, Asp, Leu); 8.44 (IH, br s, NH); 8.26 

(2H, m, NH, Gly): 8.08 (4H, m, NH, pAa, , NHCH2CH2CH2NH); 8.05 (4H, d, / 9, 

ArC '̂ 7.53 (6H, m, NH, /frC^' ^H); 7.31 (2H, t, J 8, ŷ rC^H); 7.18 (4H, J 8, ArC '̂ 

7.14 (4H, d, J 9, ^rC^' 4.70 (2H, dd, J 7, CH, Asp); 4.62 (2H, m, CH, Leu); 

4.17 (2H, dd, J 6, 7, CH, Val); 3.75 (4H, d, J 4 CH2, Gly); 3.38 (4H, m, 

COCH2CH2NH); 3.25 (4H, m, NHCH2CH2CH2NH); 2.98 (4H, br m, 

NHCH2CH2CH2NH); 2.87 (2H, dd. A x 17, A s 7, CHH, Asp); 2.65 (2H, dd. A x 17, JsA 

7, CHH, Asp); 2.44 (4H, t, J 7, COCH2CH2NH); 2.02 (2H, m, CH(CH3)2, Val); 1.81 

(8H, m, NHCH2CH2CH2NH, CH2, Leu); 1.62 (2H, m, CH(CH3)2, Val); 0.99 (12H, m, 

CH3); 0.88 (12H, m, 7.00 CH3). 

6c (75 MHz, (CD3)2S0): 173.13, 172.42, 171.28, 170.93, 170.64, 169.98, 166.16 (CO); 

159.91, 156.19, (,4rC'0^Ar); 130.65, (AiC^' 130.23 (AiC^) 124.64 (̂ rC '̂ 
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119.77 AiC^' ^H); 117.81 58.05 (CH, Val); 52.32 (CH, Leu); 49.92 

(CH, Asp); 45.12 (CHz, Gly); 42.65 (CHz, Leu); 40.86 (NHCH2CH2CH2NH); 36.67, 

36.06, 35.80, 35.66, 35.61 (NHCH2CH2CH2NH, NHCH2CH2ai2NH, COCH2CH2NH, 

CH2, Asp); 31.07 (CH(CH3)3, Val) 26.44 (NHCH2CH2CH2NH); 24.84, (CH(CH3)3, 

Leu); 23.44,21.80 (CH3, Leu); 19.50,18.15 (CH3, Val). 

m/z (MALDI-TOF): 1456.68 (M+Na)^ 

Resin (loading, 0.38 mmol/g, 200 mg) afforded 35 mg of the title compound in 30% 

yield. 

Synthesis of A^-6/5-[4-(3-o-Tolyl-ureido)-phenyl]-acetyl-LDVpAG)-l,5,9-

triazanonane (36). 

o 0 

: H j l ! H H I I 

6H (300 MHz, (CD3)2S0): 9.09 (2H, s, NH); 8.50 (2H, d, y 8, NH, Asp); 8.40 (IH, br s, 

NH); 8.3 (4H, d, J 8, NH, Leu, Gly); 8.09-8.00 (2H, m, NH, pAla); 8.00 (2H, s, NH); 

7.93 (2H, d, J8 , ŷ A-Ĉ H); 7.52 (2H, d, NH, Val); 7.48 (4H, d, J9 , ArC '̂ 7.28 (8H, 

m, y /̂CH, ArCH); 7.04 (2H, t, / 8 ŷ rC'̂ H) 4.68 (IH, m, CH, Asp); 4.42 (IH, m, CH, 

Leu); 4.18 (IH, m, CH, Val); 3.80 (2H, d, J4 , CH2, Gly); 3.48 (2H, s, CH2): 3.45-3.29 

(4H, m, COCH2CH2NH); 3.26 (4H, m, NHCH2CH2CH2NH); 2.97 (4H, br m, 

NHCH2CH2CH2NH); 2.85 (IH, dd, A x 17, A s 7, CHH, Asp); 2.62 (2H, dd, VaA 17, Jsx 

7, CHH, Asp); 2.43 (4H, br t, J 8, COCH2CH2NH); 2.34 (6H, s, NHCCCH3); 2.02 (2H, 

m, CH(CH3)2, Val); 1.82 (4H, m, NHCH2CH2CH2NH); 1.69 (2H, m, CH(CH3)2, Leu); 

1.55 (4H, m, CH2, Leu); 0.96 (12H, d, J 7, CH3); 0.98 (12H, m, CH3). 

8c (75 MHz, (CD3)2S0): 172.96, 172.34, 171.26, 170.91, 170.81, 170.59, 169.98, (CO); 

153.14 (NHCONH); 130.60 (y^rC'); 130.04 (ArC'̂ ); 129.78 (Ai^' 127.94 (v̂ /C )̂; 

126.56 (y4rC^H), 123.05, 121.48, 119.30, 118.37, 115.66 (.4rCH, AiCH); 58.04 (CH, 

Val); 51.38 (CH, Leu); 49.91 (CH, Asp); 45.12 ((NHCH2CH2CH2NH); 42.65 (CH2, 

Gly); 41.82(CH2, Leu); 41.65 (NHCH2CH2CH2NH) 40.59 (NHCH2CH2CO); 36.06 

(CH2COOH); 35.79 (NHCH2CH2CO); 35.66 (NHCH2CH2CH2NH) 31.11 (CH(CH3)2, 
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Val); 31.11 (CHz, Leu); 26.47 (NHCH2CH2CH2NH); 24.61 (CH(CH3)2, Leu); 23.41, 

21.99 (CH3, Leu); 18.30,18.16 (CH3, Val) 15.59 (A1CH3). 

m/z (MALDI-TOF): 1575.96 (M+H^ 100%); 1597.93 (M+Na+ 30%); 1613.87 (M+K^ 

20%). 

Resin (loading, 0.37 mmol/g, 200 mg) afforded 48 mg of the title compound in 41% 

yield. 

Synthesis of A^-6«-[4-(3-phenyl-ureido)-phenyl]-acetic acid-LDVpAG)-l ,5,9-

triazanonane (35). 
o 

0 r o 0 

H H I 

NH 

5H (300 MHz, (CD3)2S0): 8.63 (2H, s, NH); 8.59 (2H, s, NH) 8.33 (2H, d, J 8, NH, 

Asp); 8.10 (4H, m, NH, Gly, Leu); 7.89 (4H, m, NHCH2CH2CH2NH, pAla); 7.38 (6H, 

m, NH, Val); 7.30 (4H, d, 7 9, ArC '̂ 7.21 (4H, dd, J 8, 9, ^H); 7.08 

(4H, d, y 9, ArC '̂ 6.89 (2H, dd, J 7, 8, y4rC^H); 4.50 (2H, m, CH, Asp); 4.24 (2H, 

m, CH, Leu); 4.00 (2H, m, CH, Val); 3.58 (4H, d, 7 6 CH2, Gly); 3.40-3.10 (8H, m, 

COCH2CCH, COCH2CH2NH); 3.08 (4H, m, NHCH2CH2CH2NH); 2.80 (4H, m, 

NHCH2CH2CH2NH); 2.69 (2H, dd, A x 17, A s 7, CHH, Asp); 2.44 (2H, dd, Vax 17, VsA 

7, CHH, Asp); 2.26 (4H, m, COCH2CH2NH); 1.84 (2H, m, CH, Val); 1.65 (4H, m, 

NHCH2CH2CH2NH); 1.52 (2H, m, CH, Leu); 1.37 (4H, m, CH2, Leu); 0.80-0.70 (24H, 

m, CH3, Leu, Val). 

8c (75 MHz, (CD3)2S0): 172.94,172.30, 171.31, 170.90,170.78, 170.68, 169.97, (CO); 

153.01 (NHCONH); 140.23 (/̂ yC )̂; 138.46 (AiC'̂ ); 130.15 (ArC'); 129.74 (ArC^ ' ^ 

129.20 (ydrC^'^; 122.17 (^rC^H); 118.59 (y4rC^'%); 118.53 (AiC^'^H); 58.03 (CH, 

Val); 51.36 (CH, Leu); 49.89 (CH, Asp); 45.10 (CH2, Gly); 42.66 (CH2, Leu); 41.82 

(NHCH2CH2CH2NH); 41.66 (COCH2C); 36.07 (NHCH2CH2CH2NH); 35.90 

(COCH2CH2NH); 35.64 (CH2, Asp); 31.10 (NHCH2CH2CH2NH); 26.47 

(COCH2CH2NH); 25.0 (CH, Val); 24.61,23.43,19.53,18.18 (CH3). 

m/z (MALDI-TOF): 1546.72 (M+H" 50%); 1568.71 (M+Na^ 100%); 1585.72 (M+K^ 

50%); 1606.65 (M+K^+Na^ 48%). 

109 



Resin (loading, 0.38 mmol/g, 200 mg) afforded 50 mg of the title compound in 42% 

yield. 

Synthesis of N ,̂ 7V^-A/s-[(4-BenzyloxycarbonyIamino-phenyl)-acetyl 

-LDVpAG)-l,5,9-triazanonane (34). 

o r o 

o ' 

6H (400 MHz, (CD3)2S0): 9.80 (2H, s, NH); 8.50 (3H, m, NH, Asp, NH); 8 28 (4H, NH, 

m, Gly, Leu); 8.05 (4H, m, NH, pala, NHCH2CH2CH2NH); 7.50 (lOH, m, yjyCH, NH 

Val); 7.25 (2H, d, J 9, y /̂CH); 7.10 (2H, d, / 8, ArC '̂ ^ ) ; 6.76 (2H, d, J 8, ArC '̂ %); 

5.24 (4H, s, ArCILOCO); 4.67 (2H, m, CH, Asp); 4.40 (2H, br m, CH, Leu); 4.18 (2H, 

m, CH, Val); 3.75 (4H, d, J 5 CH2, Gly); 3.59-3.30 (8H, m, COCH2CH2NH, ArCILCO) 

3.28-3.20 (4H, m, NHCH2CH2CH2NH); 2.98 (4H, br m, NHCH2CH2CH2NH); 2.84 

(2H, A x 16, A s 6 CHH, Asp); 2.60 (2H, dd Vsx 16, VgA 6 CHH, Asp) 2.43, (4H, m, 

COCH2CH2NH); 2.01 (2H, m, CH(CH3)2, Val); 1.83 (4H, m, NHCH2CH2CH2NH); 1.68 

(2H, m, CH(CH3)2, Leu); 1.54 (4H, m, CH2, Leu); 0.96-0.86 (24H, m, CH3) 

8c (100 MHz, (CD3)2S0): 172.94, 172.32, 171.24, 170.90, 170.70, 170.58, 169.94, 

153.00 (CO); 138.00 (v4rC'); 137.11 (ArC'̂ ); 130.84 (ArC'); 130.05 (ArC^'%); 129.72 

(y4rC '̂ ^H); 128.88 %); 128.49 (AiC^' 118.53 (AiC^' ^H); 66.10 

(,47-CH20C0); 58.02 (CH, Val); 51.33 (CH, Leu); 49.90 (CH, Asp); 45.11 (CH2, Gly); 

42.63 (NH%CH2CH2NH); 41.65 (NHCH2CH2CH2NH); 36.08 (CHz, Leu); 35.79, 

35.66 35.59 (COCH2CH2NH, COCH2CH2NH, CH2, Asp); 31.11 (CH(CH3)2, Val); 

26.43 (NHCH2CH2CH2NH,); 24.00 (CH(CH3)2, Leu); 23.42,21.98,19.51,18.15 (CH3). 

m/z (MALDI-TOF): 1577.83 (M+H 100%); 1599.83 (M+Na"̂  20%); 1615.83 (M+K^ 

10%). 

Resin (loading, 0.37 mmol/g, 200 mg) afforded 38 mg of the title compound in 32% 

yield. 

Synthesis of monovalent LDV containing compounds. 
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Compounds (42) and (52) were synthesised on TentaGel resin derivatised with Rink 

Hnker. 

Tentagel resin (Ig, 0.29 mmol/g) was swollen for 10 mins in DCM before the addition 

of Fmoc Rink linker (0.3 Ig, 0.58 mmol, 2 eq) which had been activated for 10 minutes 

with Die (0.10 ml, 0.64 mmol, 2.20 eq) HOBt (0.086g, 0.64 mmol, 2.20 eq) and shaken 

overnight. Fmoc deprotection of the protected linker allowed peptide synthesis to begin 

using standard Fmoc chemistry using the ninhydrin test to confirm completion of 

reaction. Valine (5 eq) was coupled using PyBOp (4.9 eq), HOBt (5 eq), DIPEA (10 

eq). The final compounds were cleaved 6om the resin using the cleavage mixture of 

TFA/thioanisole/phenol/HiO/EDT, 82.5%/5%/5%/5%/2.5%. The cleavage mixture 

solvents were then removed under vacuum and the crude compound was worked up by 

dissolving in the minimum amount of acetic acid, then precipitated in ether and 

centrifuged. The pellets produced were rinsed again with ether and finally dried in 

vacuo. 

Synthesis of LDV-NH2 (42). 
o 

8H (400 MHz, D2O): 4.70 (IH, t, J 7, CH, Asp); 4.01 (IH, d, J 6, CH, Val); 3.89 (IH, t, 

J 7, CH, Leu); 3.58 (2H, br s, NH2); 2.75 (IH, dd, A x 16, ^ 6, CHH Asp); 2.60 (IH, 

dd, Jsx 16, VsA 6 Cim, Asp); 2.00 (IH, m, CH(CH3)2, Val); 1.60 (2H, m, CHz, Leu); 

1.52 (IH, m, CH(CH3)2, Leu); 0.84-0.74 (12H, m, CH3 Leu, Val). 

6c (100 MHz, D2O): 176.20, 175.80, 172.66, 170.39 (CO); 59.48 (CH, Asp); 52.03 

(CH, Leu); 50.89 (CH, Val); 40.18 (CH2, Asp); 36.97 (CHz, Leu); 30.10 (CH(CH3)2, 

Val); 24.18 (CH(CH3)2, Leu); 21.82,21.52 (CH3, Val); 18.72,17.50 (CH3, Leu), 

m/z (ES+): 345.40 (M+H^ 100%). 

RP-HPLC: (Method 1, X= 220) 7.74 mins. 

Resin (loading 0.24mmol/g, 600 mg) afforded 31 mg of the title compound in 62 % 

yield. 

Synthesis of 4-phenoxy-benzyl-LDV-NH2 (52). 
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0 

6H (400 MHz, (CD3)2S0): 8.58-8.48 (4H, m, NH Asp, Leu); 8.05 (2H, d, J 9, ArC '̂ 

7.55 (2H, t, y 7, ^H); 7.47 (2H, d, J 9, NH, Val); 7.42 (2H, s, NHz); 7.32 (IH, t, / 

7, 7.22-7.11 (4H, m, %, ArC '̂ 4.76-4.68 (IH, m, CH, Asp); 4.67-

4.58 (IH, m, CH, Leu); 4.24-4.16 (IH, m, CH, Val); 2.88 (IH, dd, A x 17, A s 7, CHH, 

Asp); 2.65(1H, dd, Jsx 17, VsA 7, CHH, Asp); 2.14-2.02 (IH, m, CH, Val); 1.87-1.73 

(2H, m, CHz, Leu); 1.65-1.57 (IH, m, CH, Leu); 1.03-0.85 (12H, m, CH3. Val, Leu). 

6c (100 MHz, (CD3)2S0): 173.08,172.98,172.40,170.61,166.12 (CO); 159.89 (AiC'̂ ); 

156.21 (v4A€̂ ); 130.67 (AiC^" 130.24 (ŷ z-Ĉ ' ^H); 129.28 (ArC'); 124.66 (,4rC^H); 

119.79 (AiC^' ^H); 117.83 (ŷ rĈ  ' ^ ; 57.70 (CH Val); 52.27 (CH, Leu); 49.95 (CH, 

Asp); 35.86 (CH;, Leu); 30.93 (CH2, Asp); 24.85 (CH, Val); 23.48 (CH, Leu); 21.84, 

19.67 (CH3, Leu); 17.91,15.61 (CH3, Val). 

m/z (ES+): 563.40 (M+Na"̂  100%). 

HR-ES+: (M+Na^ C28H36N4O7 563.2481 (calc), 563.24762 (found). 

Resin (loading 0.23 mmol/g, 200 mg) afforded 16 mg of the title compound in 62% 

yield. 

General procedure for synthesis of optimised LDV ligand dendrimer conjugates. 

Generation [0.0], [1.0] [2.0] dendrimer resins (200 mg) were swollen for 30 minutes in 

DCM. Fmoc amino acids (5eq), with reference to the theoretical number of free amine 

groups on the resin, were activated with HOBt, (5eq), DIC (5eq), in DCM. The 

activated mixture was then added to the resin and shaken for 2-3 hrs. Valine (5 eq) was 

coupled using PyBOp (4.9 eq), HOBt (5 eq), DIPEA (10 eq). Fmoc groups were 

removed by shaking two times 30 mins with 20% piperidine in DMF. Final compounds 

were cleaved from the resin using the cleavage mixture of 

TFA/thioanisole/phenol/HaO/EDT, 82.50 %/5%/5%/5%/2.50%. The cleavage mixture 

solvents were then removed under vacuum and the crude compound was worked up by 

dissolving in the minimum amount of TFA, then precipitated in ether and centrifuged. 

The pellets produced were rinsed again with ether and finally dried in vacuo. 
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Synthesis of 4-phenoxy-benzoic acid-LDVpApA-Gen [1.0] dendrimer conjugate 

(43). 

0 

6 k " O ^ " " A A 

6H (400 MHz, (CD3)2S0): 8.55 (8H, m, NH Asp, Leu); 8.30-8.20 (IH, br s, NH); 8.05 

(8H, d, y 8, ArC '̂ 8.04-7.95 (16H, m, NH, pAla, NHCH2CH2CH2); 7.52 (8H, t, / 8, 

7.48 (4H, d, / 9, NH. Val); 7.30 (4H, dd, J 7 7.18 (8H, d, / 7, ArC '̂ 

7.14 (8H, d, y 9, 4.54-4.52 (4H, m, CH, Asp); 4.51-4.48 (4H, m, CH, 

Leu); 4.25-4.20 (4H, m, CH, Val); 3.50-3.10 (32H, m, CH2NH, NHCH2CH2CO, 

COCH2CH2NH); 2.87 (4H, dd, A x 17, Aa 6, CHH, Asp); 2.73 (8H, br m, 

COCH2CH2NH); 2.62 (4H, dd, 17, JeA 6, CHH, Asp); 2.35-2.25 (16H, m, 

NHCH2CH2CO); 2.12 (4H, br s, CH2 Gen [0.0]); 2.02 (4H, m, CH, Val); 1.80-1.70 

(12H, m, CH2, CH2, Leu); 1.62-1.55 (12H, NHCH2CH2CH2NH, CH, Leu); 1.00 (24H, 

dd, y 6, CH3, Val); 0.88 (24H, dd, J 7, CH3, Leu). 

6c (100 MHz, (CD3)2S0): 174.13, 173.41, 171.87, 171.79, 171.62, 171.59, 170.50, 

167.17 (CO); 160.91 (ArC^); 157.21 (XrC'); 131.68 (ArC '̂ 131.24 (XrC '̂ 

130.27 (ArC'); 125.66 (y4/-C^; 120.79 118.83 (AiC^'^H); 59.03 (CH, Val); 

53.33 (CH, Leu); 50.93 (CH, Asp); 41.88, 37.94, 37.71, 36.94, 36.85, 36.77, 36.68 

(CH2); 32.10 (CH(CH3)2, Val); 30.44 (CHz, pAla); 25.85 (CH(CH3)2, Leu); 24.47 22.83 

(CH3, Leu); 20.52 19.17 (CH3, Val). 

m/z (MALDI-TOF): 3307.70 (M+H+ 100%). 

Resin (loading 0.56 mmol/g, 200 mg) afforded 95 mg of the title compound in 25% 

yield. 

Synthesis of (4-hydroxy-phenyl)-acetyl-LDVpApA-Gen [1.0] dendrimer conjugate 

(44). 

o 

S kJ" S A. " " " " A A 
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8H (400 MHz, (CD3)2S0): 8.52-8.37 (8H, m, NH, Asp, NHCH2); 8.30-8.20 (8H, m, NH, 

Leu, NHCHzPAla); 8.10-7.90 (12H, m, NHCHz); 7.50 (4H, d, / 9 NH Val); 7.13 (8H, d, 

79 , ArC '̂ 6.77 (8H, d, J 9, ArC '̂ ^H); 4.70-4.62 (4H, m, CH, Asp); 4.46-4.36 (4H, 

m, CH, Leu); 4.20-4.13 (4H, m, CH, Val); 3.50-3.10 (40H, m, CH2); 2.90 (4H, dd, A x 

17, VAB 7, CHH, Asp); 2.78-2.65 (8H, m, CHz, pAla); 2.60 (4H, dd, Vgx 17, VsA 7, CHH, 

Asp); 2.38-2.25 (16H, m, CH2CH2CO); 2.21-2.10 (4H, m, CH2); 2.05-1.98 (4H, m, CH, 

Val); 1.96-1.88 (6H, m, CH2); 1 70-1.60 (12H, CH;, CH, Val); 1.58-1.47 (8H, m, CHz, 

Leu); 1.53 (48H, m, CH3). 

6c (100 MHz, (CD3)2S0): 171.21, 170.55, 169.34, 169.08, 169.02, 168.81, 167.69 

(CO); 154.50 (ArC'*); 128.65, 125.12 (ArC'); 113.61 (CH); 63.58, 56.26, 49.60 (CH); 

48.14 (CH2); 39.88 (CH2); 35.16, 34.92, 34.16, 34.01, 33.90 (CH2); 29.34, 27.65 (CH); 

22.82 (CH2); 21.64,20.21,17.73,16.39 (CH3). 

Resin (loading, 0.58 mmol/g, 300 mg) afforded 114 mg of the title compound in 21% 

yield. 

Synthesis of 4-phenoxy-benzoic acid-LDVpAPA-Gen [1.0] AB3 type dendrimer 

conjugate (45). 

H 
H 
N H 

o 

H ° I T H H H H 

> O H g 9 ? 

Vo"H O 

o 

NH 

% i H 6 
o 

6H (400 MHz, (CD3)2S0): 8.59 (12H, NH Leu, NH, Asp); 8.04 (12H, d, J 8, ArC '̂ 

8.01-7.91 (12H, m, NHCH2CH2CH2NH); 7.56-7.48 (18H, m, ^rC^' ^H, NH, Val); 7.31 

(6H, t, y 7, y4rC''H); 7.18 (12H, d, J 9, ArC '̂ ^H); 7.14 (12H, d, / 9, 4.72-4.69 

(6H, m, CH, Asp); 4.65-4.60 (6H, m, CH, Leu); 4.20-4.12 (6H, m, CH, Val); 3.74-3.66 

(24H, m, OCH2CH2CO, CH2OCH2CO); 3.45-3.26 (24H, m, NHCHz, P Ala); 3.20-3.08 

(28H, m, NHCH2CH2CH2NH Gen [1.0], NHCH2CH2 Gen [0.0]); 3.04-2.95 (4H, m, 
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NHCH2CH2CH2); 2.87 (6H, dd, A x 17, JAB 6, CHH Asp); 2.64 (6H, dd, 17, JgA 6, 

Cmi Asp); 2.44-2.37 (12H, m, COCH2CH2); 2.36-2.28 (24H, m, COCH2CH2NH, p 

Ala); 2.07-1.98 (6H, m, CHC(CH3)3, Val); 1.86-1.73 (lOH, m, CH2CH2CH2 Gen [0.0], 

CH, Leu); 1.68-1.57 (18H, m, CH2CH2CH2, CH, Leu); 1.20-0.84 (72H, m, CH3 Leu, 

CH3,Val). 

6c (100 MHz, (CD3)2S0): 173.31, 172.40, 170.84, 170.75, 170.58, 166.12, (CO); 

159.90 (Alt'*); 156.20 (vd/t'); 130.66 (̂ rC '̂ ^H); 130.23 (AiC^' 129.27 (AiC^); 

124.65 (ŷ rC'̂ H); 119.78 117.82 (AiC^' 67.84 (ArCH20CH2); 65.34 

(ArCH20CH2); 58.00 (CH, Val); 52.26 (CH, Leu); 49.91 (CH, Asp); 36.78, 36.52 

(NHCH2CH2CH2); 35.91 (CH2, Leu); 35.83 (COCH2CH2NH); 35.75 (CH2, Asp); 35.65 

(COCH2CH2NH, CCH2OCH2CH2); 31.11; (CH(CH3)3, Val); 29.64 (NHCH2CH2CH2); 

24.85 (CH(CH3)3, Leu); 23.47, 21.83 (CH3, Leu); 19.51 18.17 (CH3, Val). 

m/z (MALDI-TOF): 5187.78 (M^. 

Resin (loading, 0.66 mmol/g, 300 mg) afforded 150 mg of the title compound in 14% 

yield. 

Synthesis of 4-phenoxy-benzyl-LDVeAhx- Gen [1.0] AB3 type dendrimer 

conjugate (46). 

( X m „ 0 ^ o H 

0 V X B 
'o 
J^OH 

] u 

H H 
NH 

~N' 1\ i H 0 

° X = -COCHgCHzCHzCHgCHgNH-

6H (400 MHz, (CD3)2S0): 8.53 (6H, d, J 8, NH, Leu); 8.50 (6H, d, / 7, NH, Asp); 8.04 

(12H, d, y 8, ArC '̂ 8.01-7.91 (12H, m, NHCH2CH2CH2NH); 7.56-7.48 (12H, m, 

7.31 (6H, t, J 7, 7.18 (12H, d, J 8, ArC '̂ 7.14 (12H, d, J 8, 

4.76-4.67 (6H, m, CH, Asp); 4.65-4.57 (6H, m, CH, Leu); 4.22-4.14 (6H, m, 

CH, Val); 3.70-3.65 (24H, m, OCH2CH2CO, CH2OCH2CO); 3.23-3.03 (40H, m, 

NHCH2CH2CH2NH Gen [1.0], NHCH2CH2CH2 Gen [0.0], ((CH2)4CH2NH); 3.02-2.93 
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(4H, m, NHCH2CH2CH2 Gen [0.0]); 2.87 (6H, dd, A x 17, A s 7, CHH, Asp); 2.64 (dd, 

17, VsA 7, CHH, Asp); 2.44-2.83 (12H, m, COCH2CH2); 2.28-2.13 (12H, m, CH2); 

2.09-1.98 (6H, CH, Val); 1.86-1.74 (16H, m, CH2CH2CH2 Gen [0.0], CH2, Leu); 1.68-

1.55 (28H, m, NHCH2CH2CH2NH, CH2CH2CH2, CH2, Leu); 1.53-1.43 (12H, m, CH2); 

1.38-1.28 (12H, m, CH2); 1.04-0.94 (36H, m, CH3, Leu); 0.92-0.84 (36H, m, CH3, Val). 

8c (100 MHz, (CD3)2S0): 173.09, 172.53, 172.53, 172.39, 170.65, 170.59, 170.51 

(CO); 159.90 (AiC'̂ ); 156.20 (ŷ rC )̂; 130.66, 130.23 (ArC^'^; 129.27 (ArC'); 124.65, 

119.78, 117.83 (ArCH); 69.75, 67.84 (CHz); 58.05, 52.29, 49.94 (CH); 40.87, 38.82, 

36.85, 36.76, 36.53, 35.83 (CH2); 31.13 (CH); 29.76, 29.22, 26.55, 25.46 (CH2); 24.84 

(CH); 23.46,21.83 (CH3, Leu); 19.56,18.17 (CH3, Val). 

m/z (MALDI-TOF): 5014.26 (M^ 100%). 

Resin (loading, 0.66 mmol/g, 240 mg) afforded 85 mg of the title compound in 10% 

yield. 

4-phenoxy-benzyl-LDVeAhx€Ahx-Gen [1.0] AB3 type dendrimer conjugate (47). 

-o. 

0 -- ^ 

X = (-OO-CHgCHzCHzCHgCHgNH-k 

8H (400 MHz, (CD3)2S0): 8.53 (6H, d, / 8, NH, Leu); 8.50 (6H, d, / 8, NH, Asp); 8.04 

(12H, d, y 9, ArC '̂ 8.01-7.91 (12H, m, NHCH2CH2CH2NH); 7.56-7.48 (12H, m, 

yfrC '̂ ^H); 7.31 (6H, t, ̂ 7, y^rCg); 7.18 (12H, d, ̂ 9, AiC^'^H); 7.14 (12H, d, J9, WrĈ ' 

4.76-4.67 (6H, m, CH, Asp); 4.65-4.57 (6H, m, CH, Leu); 4.22-4.14 (6H, m, CH, 

Val); 3.7-3.65 (24H, m, OCH2CH2CO, CH2OCH2CO); 3.23-3.02 (50H, 

NHCH2CH2CH2NH Gen [1.0], NHCH2CH2CH2 Gen [0.0], (CH2)4CH2NH); 3.02-2.93 

(4H, m, NHCH2CH2CH2 Gen [0.0]); 2.87 (6H, dd, A x 17, A s 7, CHH, Asp); 2.64 (6H, 

dd, Jsx 17, JsA 7, CHH, Asp); 2.44-2.83 (12H, m, COCH2CH2); 2.20-2.10 (24H, m. 

116 



CHz); 2.09-1.98 (6H, CH, Val); 1.86-1.74 (16H, m, CH2CH2CH2 Gen [0.0], CH2 Leu); 

1.69-1.53 (56H, NHCH2CH2CH2NH, CH2CH2CH2, CH2, Leu); 1.53-1.43 (24H, m, 

CH2); 1.38-1.28 (24H, m, CH2); 1.04-0.94 (36H, m, CH3, Leu); 0.92-0.84 (36H, m, 

CH3,Val). 

6c (100 MHz, (CD3)2S0): 174.65, 174.11, 173.95, 173.88, 172.21, 172.16, 172.09, 

167.71 (CO); 161.46 (Ai^); 157.76 (y4K:'); 132.2 (y4/C '̂ 131.80 (AiC^' ^H); 

130.84 (ArC^); 126.22, 121.35, 119.39 (CH); 69.73, 67.84 (CH2); 59.62, 53.86, 51.51 

(CH); 42.44, 40.35, 38.41, 38.31, 38.10, 37.41 (CH2); 31.12 (CH); 29.77, 29.42, 29.21, 

26.55,25.48 (CHz); 24.84 (CH); 23.46,21.82 (CH3, Leu); 19.56,18.17 (CH3, Val). 

m/z (MALDI-TOF): 5687.00 (calc) 5685.72 (found). 

Resin (loading, 0.61 mmol/g, 245mg) afforded 102 mg of the title compound in 12% 

yield. 

4-plienoxy-benzyl-LDV6Ahxe AhxeAhx-Gen [1.0] AB3 type dendrimer conjugate 

(48). 

Or' 

M' 
o 

^ un 

a . : . 
o 

MM NH 

X = {-C=0-CH2CH2CH2CH2CH2NH-)3 

6H (400 MHz, (CD3)2S0): 8.53 (6H, d, J 8, NH, Leu); 8.50 (6H, d, / 8, NH, Asp); 8.04 

(12H, d, J 9 , ArC '̂ 8.01-7.91 (12H, m, NHCH2CH2CH2NH); 7.56-7.48 (12H, m, 

y4rC '̂ ^H); 7.31 (6H, t, J 7, y4/C''H); 7.18 (12H, d, J 9, ArC '̂ ^H); 7.14 (12H, d, J 9, 

y4rC '̂ 4.76-4.67 (6H, m, CH, Asp); 4.65-4.57 (6H, m, CH, Leu); 4.22-4.14 (6H, m, 

CH, Val); 3.70-3.65 (24H, m, OCH2CH2CO, CH2OCH2CO); 3.23-3.02 (40H, CHgNH); 

3.02-2.93 (4H, m, NHCH2); 2.87 (6H, dd, A x 17, A s 7, CHH, Asp); 2.64 (6H, dd, J^x 

17, VBA7, CHH, Asp); 2.44-2.83 (12H, m, COCH2CH2); 2.20-2.10 (36H, m, CH2); 2.09-

1.98 (CH, Val); 1.86-1.74 (16H, m, CH2CH2CH2, CH2, Leu); 1.70-1.50 (58H, m. 
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NHCH2CH2CH2NH, CH2CH2CH2, CH, Leu); 1.49-1.39 (44H, m, CHz); 1.35-1.22 (44H, 

m, CH2); 1.04-0.94 (36H, m, CH3, Leu); 0.92-0.84 (36H, m, CH3, Val). 

6c (100 MHz, (CD3)2S0): 173.06, 172.52, 172.36, 172.28, 170.62, 170.57, 170.50, 

166.12 (CO); 159.88 (AiC''); 156.18 (v4rC'); 130.64, 130.21, 132.23, 131.80 (AiCH); 

129.25 (AiC'); 124.62, 119.76, 117.80 (CH); 67.82, 65.33 (CH2); 58.03, 52.27, 49.92 

(CH); 40.87, 38.78, 36.85, 36.75, 35.84 (CH2); 31.12 (CH(CH3)2, Val); 29.77, 29.42, 

29.21, 26.60, 25.50 (CH;); 24.84 (CH(CH3)2, Leu); 23.46, 21.82, 19.57, 18.16 (CH3, 

Val, Leu). 

m/z (MALDI-TOF): 6365.00 (calc) 6371.95 (found). 

Resin (loading, 0.58 mmol/g, 250 mg) afforded 100 mg of the title compound in 10% 

yield. 

Synthesis of (4-hydroxy-phenyl)-acetyl-LDVeAhx-Gen [1.0] AB3 type dendrimer 

conjugate (49). 

H H 

H O ^ 

X = -C=0-CH2CH2CH2CH2CH2NH-

8H (400 MHz, (CD3)2S0): 8.48 (6H, d, J 8, NH, Asp); 8.21 (6H, d, / 8, NH, Leu); 8.00-

7.90 (12H, br m, NHCH2CH2CH2NH); 7.89-7.81 (4H, br m, NH Gen [0.0]); 7.49 (6H, 

d, y 9 NH Val); 7.13 (12H, d, J 9, ArC '̂ 6.77 (12H, d, / 9, ArC '̂ ^H); 4.70-4.63 

(6H, m, CH, Asp); 4.45-4.35 (6H, m, CH, Asp); 4.20-4.12 (6H, m, CH, Val); 3.80-3.65 

(24H, m, OCH2CH2CO, OCH2CH2CO); 3.22-3.03 (40H, NHCHz); 3.04-2.92 (4H, m, 

NHCH2CH2CH2 Gen [0.0]); 2.84 (6H, dd, A x 17, A s 7, CHH, Asp); 2.62 (6H, dd, 

17, ./BA 7, CHH, Asp); 2.45-2.35 (12H, m, COCH2CH2); 2.19-2.10 (20H, m, CH2); 2.05-

1.95 (6H, m, CH(CH3)2, Val); 1.84-1.73 (4H, m, CH2CH2ISIH Gen [0.0]); 1.70-1.43 
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(58H, CH2CH2CH2 Gen [0.0], [1.0], CH2CH2CH2CH2CH2, CH2 Leu, CH, Leu); 1.39-

1.30 (12H, m, CH2CH2CH2CH2CH2); 0.95-0.75 (72H, m, CH3, Leu, Val). 

8c (100 MHz, (CD3)2S0): 171.79, 171.40, 171.15,169.93, 169.49, 169.38 (CO); 155.10 

(ArC'̂ ); 129.17 (AiC^' 125.76 (ArC'); 114.22 (AiC^' ^H); 69.09, 68.61 

(CCH2OCH2); 66.70 (CCH2OCH2); 55.90 (CH, Val); 50.20 (CH, Leu); 48.78 (CH, 

Asp); 37.67 35.71 35.61 34.68 (NHCH2, CH2, Asp, CH2, Leu); 30.01 (CH, Val); 28.61 

28.07 25.40 24.31 (CH2); 23.45 (CH, Leu); 22.26 20.84 (CH3, Leu); 18.40 17.01 (CH3, 

Val). 

m/z (MALDI-TOF): 4637.00 (calc) 4641.15 (found). 

Resin (loading, 0.69 mmol/g, 100 mg) afforded 39 mg of the title compound in 12% 

yield. 

Synthesis of (4-hydroxy-phenyl)-acetyl-LDV€Ahx€Ahx-Gen [1.0] AB3 type 

dendrimer conjugate (50). 

HO 'a-VM" B 

H O ^ 

H H 

H O 

O 
X = (-OO-CHgCHgCHgCHgCHzNH-k 

8H (400 MHz, (CD3)2S0): 9.30 (6H, br s, OH); 8.48 (6H, d, J 8, NH, Asp); 8.21 (6H, d, 

y 8, NH, Leu); 8.0-7.90 (24H, br m, NHCH2CH2CH2NH); 7.89-7.81 (4H, br m, NH Gen 

[0.0]); 7.49 (6H, y 9 , NH, Val); 7.13 (12H, d, y 9, ArC '̂ 6.77 (12H, d, / 9, ArC '̂ 

4.70-4.63 (6H, m, CH, Asp); 4.45-4.35 (6H, m, CH, Asp); 4.20-4.12 (6H, m, CH, 

Val); 3.80-3.65 (24H, m, OCH2CH2CO, OCH2CH2CO); 3.22-3.03 (56H, m, CH2NH); 

2.84 (6H, dd, A x 17, A s 7, CHH, Asp); 2.62 (6H, dd, Jgx 17, 7, CHH, Asp); 2.45-

2.35 (12H, m, COCH2CH2); 2.20-2.08 (24H, m, (CH2)4CH2C0); 2.05-1.95 (6H, m. 
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CH(CH3)2, Val); 1.80-1.40 (82H, CH2CH2CH2, CH2CH2CH2CH2CH2, CH2, Leu, CH, 

Leu); 1.39-1.30 (CH2CH2CH2CH2CH2); 0.95-0.75 (72H, m, CH3, Leu). 

8c (100 MHz, (CD3)2S0): 172.79, 172.40, 172.16, 170.93,170.48, 170.39 (CO); 156.10 

(AiC'*); 130.18 (AiC^' 126.76 (ArC'); 115.22 (AiC^' 70.09, 69.81 

(CCH2OCH2); 67.69 (CCH2OCH2); 57.90 (CH, Val); 51.19 (CH, Leu); 49.79 (CH, 

Asp); 41.49 (C); 38.64, 36.70, 36.60, 35.67 (NHCH2, CH2, Asp, CH2, Leu); 29.27 

(CH(CH3)2, Val); 29.06, 26.46, 26.39, 25.35 (CH2); 24.44 (CH(CH3)2, Leu); 23.26, 

21.84 (CH3,Leu); 19.41,18.01 (CHs.Val). 

m/z (MALDI-TOF): 5321.25 (M+ 100%). 

Resin (loading, 0.65 mmol/g, 130 mg) afforded 58 mg of the title compound in 12% 

yield. 

Synthesis of (4-hydroxy-phenyl)-acetyl-LDV6Ahx6AhxeAhx-Gen [1.0] AB3 type 

dendrimer conjugate (51). 

^ un 

s-VM° a 

I o 
NH 

X = (.Cẑ O-CHgCHgCHgCHzCHgNH-)̂  

6H (400 MHz, (CD3)2S0): 9.30 (6H, br s, OH); 8.48 (6H, d, J 8, NH, Asp); 8.21 (6H, d, 

J 8, NH, Leu); 8.00-7.90 (24H, br m, NHCH2CH2CH2NH); 7.89-7.81 (4H, br m, NH 

Gen [0.0]); 7.49 (6H, d, J 9, NH, Val); 7.13 (12H, d, J 9, ArC '̂ 6.77 (12H, d, J 9 

ArC '̂ ^H); 4.70-4.63 (6H, m, CH, Asp); 4.45-4.35 (6H, m, CH, Asp); 4.20-4.12 (6H, m, 

CH, Val); 3.80-3.65 (24H, m, OCH2CH2CO, OCH2CH2CO); 3.25-2.94 (80H, m, 

NHCH2); 2.84 (6H, dd, A x 17, A s 7, CHH, Asp); 2.62 (6H, dd, Jgx 17, VsA 7, CHH, 

Asp); 2.45-2.35 (12H, m, COCH2CH2); 2.20-2.08 (36H, m, (CH2)4)CH2C0); 2.07-1.95 

(6H, m, CH(CH3)2, Val); 1.85-1.40 (106H, m, CH2CH2CH2, CH2CH2CH2CH2CH2, CH2, 
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Leu, CH(CH3)2, Leu); L38-1.25 (36H, m, CH2CH2CH2CH2CH2): 0.95-0.75 (72H, m, 

Iveu, T/al). 

6c (100 MHz, (CD3)2S0): 172.75,172.37, 172.13, 170.90, 170.44, 170.35 (CO); 156.05 

(AiC^); 130.14 (AiC^' 126.72 (ArC'); 115.16 (AiC^' ^H); 67.65 (CHz); 57.87, 

51.16, 49.74 (CH); 41.45, 38.60, 36.56, 35.64 (CH2); 31.16 (CH); 29.58, 29.23, 29.01, 

26.41,26.35,25.32 (CH2); 24.41 (CH); 23.22,21.80,19.37,17.97 (CH3 Val, Leu), 

m/z (MALDI-TOF): 5993.00 (calc) 5993.26 (found). 

Resin (loading, 0.60 mmol/g, 100 mg) afforded 31 mg of the title compound in 8% 

yield. 

Synthesis of EILDVPST-NH2 (55). 

OH 

Resin aminomethyl (2.66g) (loading 1.13 mmol/g) Novabiochem 200-400 mesh 

functionalised with rink linker was suspended in DCM for 30 mins. Fmoc amino acids 

(5eq), with reference to the theoretical number of free amine groups on the resin, were 

activated with HOBt, (5eq), DIG (5eq), in DCM. Valine (5 eq) as before was coupled 

using PyBOp (4.9 eq), HOBt (5 eq), DIPEA (10 eq). The activated mixture was then 

added to the resin and shaken for 2-3 hrs. Fmoc groups were removed by shaking two 

times 30 mins with 20% piperidine in DMF. The compound was then cleaved from the 

resin using two cycles of 90 % TFA with 1 drop of water as a scavenger for 2 hours. 

The cleavage mixture solvents were then removed under vacuum and the crude 

compound was worked up by dissolving in the minimum amount of TFA, then 

precipitated in ether and centrifuged. The pellet produced were rinsed again with ether 

and finally dried in vacuo. 

6H (400 MHz, (CD3)2S0): 8.60-7.50 (7H, m, NH); 7.30 (2H, s, NH2, GIu); 7.15 (2H, s, 

NH2, Thr); 4.70-3.50 (IIH, m, CH, Asp, Val, Pro, Leu, Thr, CHCH(0H)(CH3), Thr, 

CH2 Ser, CH, Glu, CHz, Pro); 2.77 (IH, dd, A x 17, A a 8, CHH, Asp); 2.60 (IH, m, 

CHH, Asp); 2.42-2.32 (IH, m, CHCH(CH2)(CH3), Deu); 2.21-1.42 (IIH, m, CH2, Leu, 

CH, Leu, CH2, Glu, CH2, Pro); 1.25-1.05 (5H, m, CH2, Deu, CH3, Thr); 1.03-0.74 (18H, 

m, CH3, Leu, Val, lieu). 
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8c (100 MHz, (CD3)2S0): 173.79 172.58 172.46 172.34 172.04 170.84 170.67 170.53 

169.90 168.30 (CO); 66.34 (CH, Thr); 61.88 (CHzOH, Ser); 59.69 (CHCH3(0H), Thr); 

58.44 (CH, Val); 57.49 (CH, Hen); 55.75 (CH, Pro, Glu); 51.75 (CHCHgOH, Ser); 

51.05 (CH, Leu); 49.66 (CH, Asp); 47.50 (CHz, Leu); 41.49 (CHi, Leu); 36.84 

(CHCHCH3(CH2CH3), Deu); 35.98 (CHz, Asp); 30.71 (CH(CH3)2, Val); 29.50, 29.40 

(CH2CH2CO2H, Glu); 27.14 (CHCHCH3(CH2CH3), lieu); 24.90, 24.83 (CH2, Pro); 

24.56 (CH(CH3)2, Leu); 23.51, 21.64,20.63,19.64,18.26,15.72,11.33 (CH3). 

RP-HPLC: (Method 1, ELS) 6.71 mins. 

m/z (MALDI-TOF): 872.52 (M^ 100%) 894.54 (M+Na^ 48%); 910.57 (M+K+ 30%). 

HR-m/z (ES+): (M+H^ C38H65N90i4 872.4730 (calc) 872.4723 (found). 

Resin (loading, 0.44 mmol/g, 500 mg) afforded 102 mg of the title compound in 53% 

yield. 

Synthesis of Biotinylated-EILDVPST-NH2 (56). 

o ^ " 0 

O^OH 

NH2-EILDVPST resin (1.26 g) was suspended in DMSO for 30 minutes before the 

addition of activated solution of d-biotin (sigma), DIC and HOBt (5 eq with respect to 

free amine) in DMSO and shaken overnight. The compound was then cleaved from the 

resin using two cycles of 90 % TFA with 1 drop of water as a scavenger for 2 hours. 

The cleavage mixture solvents were then removed under vacuum and the crude 

compound was worked up by dissolving in the minimum amount of TFA, then 

precipitated in ether and centrifuged. The pellet produced were rinsed again with ether 

and finally dried in vacuo. 

RP-HPLC: (Method 1, A,= 220) 7.20 mins. 

m/z (MALDI-TOF): 1098.87 (M+H^ 100%). 

Resin (loading, 0.40 mmol/g, 500 mg) afforded 132 mg of the title compound in 60% 

yield. 
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General procedure for the synthesis of EILDVPST-AB3 type dendrimer conjugates 

(53), (54). 

Dendrimer resin was suspended in DCM for 30 mins. Fmoc amino acids (5eq), with 

reference to the theoretical number of free amine groups on the resin, were activated 

with HOBt and DIC (5eq) with reference to the theoretical number of free amine groups 

on the resin in DCM. Valine (5 eq) as before was coupled using PyBOp, (4.9 eq), HOBt 

(5 eq), DDPEA (10 eq). The activated mixture was then added to the resin and shaken for 

2-3 hrs. Fmoc groups were removed by shaking two times 30 mins with 20% piperidine 

in DMF. The compound was then cleaved from the resin using 90 % TFA with 1 drop 

of water as a scavenger for 2 hours. The cleavage mixture solvents were then removed 

under vacuum and the crude compound was worked up by dissolving in the minimum 

amount of TFA, then precipitated in ether and centrifuged. The pellet produced were 

rinsed again with ether and finally dried in vacuo. 

Synthesis of NHa-EILDVPST-Gen [1.0]-AB3 type dendrimer conjugate (53). 

0<^0H 

Peptide = H N 

o 
H 

PEPWDE'̂ S H 
N \ 

H 

LNH 

6H (400 MHz, (CD3)2S0): 8.60-7.60 (54H, m, NH); 4.70-4.60 (6H, m, CH, Asp); 4.59-

4.30 (12H, m, CH, Val, Pro, Leu, Thr); 4.20 (6H, m, CHCH(0H)(CH3), Tbr); 4.01-3.91 

(12H, m, CH2, Ser); 3.80-3.70 (18H, m, CH, Glu, CHg, Pro); 3.69-3.50 (24H, m, 

COCH2CH2OCH2, COCH2CH2OCH2); 3.30-2.90 (32H, m, CH2NH); 2.77 (6H, dd, 

17, A s 8, CHH, Asp); 2.65-2.50 (6H, m, CHH, Asp); 2.46-2.27 (12H, m, 

COCH2CH2OCH2); 2.23-2.11 (6H, m, CH, Val); 2.10-1.42 (88H, m, CH2CH2CH2, CH2, 

Leu, CH, Leu, CH, Deu, CHz, Glu, CH2, Pro); 1.25-1.05 (30H, m, CH2, Deu, CH3, Tbr): 

1.03-0.74 (108H, m, CH3, Leu, Val, Deu). 

6c (100 MHz, DMSO-do): 173.80, 172.46, 172.03, 170.84, 170.76, 170.59, 170.24, 

169.93, 168.31, 158.92, 158.57 (CO); 69.87 (CCH2OCH2); 67.82 (CCH2OCH2); 66.52 
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(CH, Thr); 61.88 (CHzOH, Ser); 59.68 (CH)0H(CH3), Thr); 58.73 (CH, Val); 57.48 

(CH, ILeu); 55.82 (CH, Pro, Glu); 55.63 (C); 51.74 (CH, Ser); 51.05 (CH Leu); 49.64 

(CH, Asp); 47.54 (CHz, Pro); 41.46 (CHz, Leu); 37.02 (CHCHCH3(CH2CH3), Deu); 

36.84, 36.65 (CHz, Pm); 36.03 (CHz); 30.70 (CH(CH3)2, Val); 29.40 (CH2CH2CO2H); 

27.14 (CHCHCH3(CH2CH3), Deu); 24.83 (CH2, Pm); 24.54 (ai(CH3)2, Leu); 23.49, 

21.64,20.47,19.57,18.33,15.71,11.31 (CH3). 

6c (100 MHz, (CD3)2S0); 174.69, 173.34, 172.92, 171.73, 171.65, 171.47, 171.13, 

170.82, 169.21, 159.77, 159.42 (CO); 70.62 (CCH2OCH2); 68.73 (CCH2OCH2); 67.41 

(CH, Thr); 62.76 (CH2OH, Ser); 60.58 (CH)0H(CH3), Thr); 59.89 (C); 59.63 (CH, 

Val); 58.38 (CH, Deu); 56.71 (CH, Pro, Glu); 52.64 (CH, Ser); 51.95 (CH, Leu); 50.53 

(CH, Asp); 48.45 (CH2, Pro); 42.37 (CH2, Leu); 37.02 (CHCHCH3(CH2CH3), Deu); 

36.84 36.66 36.50, 36.01 (CH2); 31.60 (CH(CH3)2, Val); 30.30 (CH2CH2CO2H); 28.04 

(CHCHCH3(CH2CH3), Deu); 25.72 (CH2, Pro); 25.44 (CH(CH3)2, Leu); 24.39 22.54 

21.39 20.46 19.22 16.60 12.21 (CH3). 

RP-HPLC: (Method 2, ELS) 9.21 mins. 

m/z (MALDI-TOF): 6330.41 (M+6H' 100%). 

Resin (loading, 0.53 mmol/g, 700 mg) afforded 280 mg of the title compound in 21% 

yield. 

Synthesis of NHa-EILDVPST-Gen [Z.Oj-ABs type dendrimer conjugate (54). 
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H 
Peptide-N, 

H 
Peplide-N 

Peptide^ 

Peptide 

Peptide^ 
N. ,N 

Peptide 

Peptide 

Peptide 
0 

Peptide-^ 
H 

Peptide 

8H (400 MHz, (CD3)2S0): 8.60-7.60 (162H, m, NH); 4.70-4.60 (18H, m, CH, Asp); 

4.59-4.30 (72H, m, CH, Val, Pro, Leu, Thr); 4.20 (18H, m, CHCH(0H)(CH3), Thr); 

4.01-3.91 (36H, m, CHz, Ser); 3.80-3.70 (54H, m, CH, Glu, CH;, Pro); 3.69-3.50 (96H, 

m, COCH2CH2OCH2, COCH2CH2OCH2); 3.30-2.90 (104H, m, CH2NH); 2.77 (18H, dd, 

/AX 17, JAB 8, CHH, Asp); 2.65-2.50 (18H, m, CHH, Asp); 2.46-2.27 (48H, m, 

COCH2CH2OCH2); 2.23-2.11 (18H, m, CH, Val); 2.10-1.42 (264H, m, CH2CH2CH2, 

CH2, Leu, CH, Leu, CH, Eeu, CH2, Glu, CH2, Pro); 1.25-1.05 (90H, m, CH2, Deu, CH3, 

Thr): 1.03-0.74 (324H, m, CH3, Leu, Val, Deu). 

6c (100 MHz, (CD3)2S0): 173.80, 172.46, 172.03, 170.84, 170.76, 170.59, 170.24, 

169.93, 168.31, 158.92, 158.57 (CO); 69.87 (CCH2OCH2); 67.82 (CCH2OCH2); 66.52 

(CH, Thr); 61.88 (CH2OH, Ser); 59.68 (CH)0H(CH3), Thr); 58.73 (CH, Val); 57.48 

(CH, neu); 55.82 (CH, Pro, Glu); 55.63 (Q; 51.74 (CH, Ser); 51.05 (CH, Leu); 49.64 

(CH, Asp); 47.54 (CH2, Pro); 41.46 (CHz, Leu); 37.02 (CHCHCH3(CH2CH3), Deu); 

36.84, 36.65 (CHz, Pro); 36.03 (CHz); 30.70 (CH(CH3)2, Val); 29.40 (CH2CH2CO2H); 

27.14 (CHCHCH3(CH2CH3), lieu); 24.83 (CH2, Pro); 24.54 (CH(CH3)2, Leu); 23.49, 

21.64, 20.47,19.57,18.33,15.71,11.31 (CH3). 

RP-HPLC: (Method 2, ELS) 9.39 mins. 

m/z: Molecular ion was not observed. 
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Resin (loading, 0.77 mmol/g, 100 mg) afforded 80 mg of the title compound in 5% 

yield. 
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C h a p t e r 4 exper imenta l 

Synthes i s of (4 -Formyl -phenoxy) -ace t i c acid ai lyl ester (63) /®' 

4-Hydroxybenzaldehyde, (18.36g, 150.44 mmol) K2CO3 (27g, 195.36 mmol), and KI 

(2.49g 15 mmol) were dissolved in acetonitrile (400 mL) and the mixture stirred for 15 

minutes. To this was added, drop-wise, allyl chloroacetate (22.68 mL, 195.39 mmol). 

The mixture was allowed to reflux overnight and the salts removed after cooling by 

filtration and the solid washed with acetonitrile. Acetonitrile was removed in vacuo and 

the crude product was purified by column chromatography on Si02 eluting with 

hexane/ethyl acetate, (3:1) to afford the title compound 28.14g as a pale yellow oil in 85 

% yield. Experimental data in accordance with the literature. 

TLC: Ethylacetate/Hexane (3:1) Rf = 0.42 

6H (300 MHz, CDCI3): 9.90 (IH, s, CHO); 7.82 (2H, d, J 9, ArC^' ^H); 7.01 (2H, d, ^9 , 

C '̂ 5.92 (IH, ddt, J 17, 10, 6, OCH2CHCH2); 5.34 (IH, dd, J 17, 2 

0CH2CH=CHtnms); 5.32-5.28 (IH, dd, y 10, 2, 0CH2CH=CHcis); 4.71 (2H, s, 

OCH2CO); 4.69 (2H, d, J 6, CH2CH=CH2). 

6c (75 MHz, CDCI3): 190.86 (CHO); 167.90 (CO2); 162.67 (AiC'); 132.10 (C '̂ 

131.33 (CH=CH2); 130.87 (ArC^); 119.50 (CH=CH2); 115.02 ( A i ^ ' ^ ) ; 66.21 

(OCH2CO); 65.21 (CO2CH2CHCH2). 

IR (v) cm ': 1757 (CO, ester); 1686 (CHO). 

Synthes i s of ( 4 -Hydroxymethy l -phenoxy) -ace t i c acid allyl ester (64). 

.OH 

187 

O ^ 

(4-Formyl-phenoxy)-acetic acid allyl ester (16.96g, 77 mmol), and a trace of 

bromocresol green (5 mg) were dissolved in THF/Water (3:1, 320ml: 80 ml), and 

sodium cyanoborohydride (5.3Ig, 84 mmol) was added, this caused the solution to turn 

a deep blue. 2N HCL in THF/water was added drop-wise until the pH reached 4 

(solution was a yellow colour). The solution was then stirred for a further 3 hours and 
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monitored by TLC, Drops of HCL were added periodically to maintain the pH at 4. 

When the reaction had reached completion the reaction mixture was saturated with 

NaCl, and the THF removed in vacuo. The aqueous phase was extracted with ethyl 

acetate (3 x 100 mL). The combined extracts were dried over magnesium sulphate and 

evaporated in vacuo. The crude product was purified by column chromatography on 

Si02 eluting with hexane/ethyl acetate (2:1) affording the title compound as a white 

solid 13.68g, in 80% yield. Experimental data in accordance with the literature. 

TLC: Hexane/Ethyl acetate (2:1) Rf = 0.20 

6H (300 MHz, CDCI3): 7.28 (2H, d, J 9, ArC '̂ ^ H); 6.89 (2H, d, J 9, ArC '̂ 5.93 

( IH, ddt, J 1 7 , 10, 6, CH=CH2); 5 .34 ( I H , dd, J 1 7 , 2, CH=CHtnms); 5.28 ( IH, dd, J 1 0 , 

2 CH=CHcis); 4 .70 (2H, dd, J 6 , 2 , OC&CHMCHz); 4 .65 (2H, s, OCH2CO); 4 .59 (2H, d, 

y , A r C H 2 0 H ) ; 1 . 9 5 ( l H , s , O H ) . 

6c (75 M H z , CDCI3): 168.79 (CO2); 157.46 (AiC^); 134.46 (CHzCHK^Hz); 131.52 

(AiC^); 128.79 (ArC^'^); 119.34 (CH2CH=CH2); 114.85 (ArC^' 66 .04 (OCH2CO); 

65 .50 (0CH2CH=CH2); 64 .96 (CH2OH). 

MP: 31-35°C. 

IR (v) c m ': 3387 (OH) (s); 2 9 3 2 , 2 9 0 2 (C=CH) (w); 1759 (CO) (s). 

Synthes i s of [4 - (4 -Ni tro-phenyIcarbonyloxymethy l ) -phenoxy] -ace t i c acid ally! ester 

187 

(4-Hydroxymethyl-phenoxy)-acetic acid allyl ester (5.3Ig, 23.9 mmol) was dissolved in 

dichloromethane (55 mL), pyridine (2.12 mL, 26.23 mmol) and cooled in an ice bath. A 

solution of 4-nitrophenylchloroformate was added dropwise over 30 mins with stirring 

and cooling was maintained for a further 3 hours and stirred overnight. The reaction 

mixture was poured into water (100 mL) and the aqueous phase was extracted with 

DCM (3 X 50 mL) the organic extracts were combined, dried over MgS04 and the 

solvent removed in vacuo. The crude product was purified by column chromatography 

on SiOz eluting with hexane/ethylacetate (2:1) to afford the title compound 8.33g as a 

pale yellow oil in 90% yield. Experimental data in accordance with the literature. 
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TLC: Hexane/Ethylacetate (2:1) Rf = 0.40 

8H (300 MHz, CDCI3): 8.27 (2H, d, J 9, 7.43-7.35 (4H, m, ArC^' 

6.95 (2H, d, J 8, AiC^' 3̂; 5 .94 (IH, ddt, J 1 7 , 10, 6, C H C H z ) ; 5 .36 (IH, dd, J 1 7 , 

2, OCHzCHCHzmrns); 5 .29 (IH, dd, J 1 0 , 2, OCHzCHCHzds ) 5 .24 (2H, s, ArCHz-O-

CO); 4.72 (2H, d, J 6 , CHzCHCH;); 4.70 (2H, s, CH2CO). 

8c (75 MHz, CDCI3): 168.55 (COzCHzCHMZH;); 158.52 (ArC^); 155.67 (^ /C') ; 152.60 

(OCO2); 145.51 (ŷ AC'̂ ); 131.45 (ArC'*); 130.89 ( C H C H z ) ; 127.61 (ArC^' 125.44 

(,4rC^' ^H); 121.95 ^H); 119.44 (AiC^' 115.00 (CH=CH2); 70.83 (CCH2O); 

66.14 (OCH2CO); 65 .37 (0CH2CH=CH2). 

IR (v) cm"': 3 1 1 7 , 3 0 8 9 (C=CH) (w); 1 7 5 1 , 1 7 2 7 (CO) (s). 

Synthesis of A'^-iV^-6«-(butyloxycarbonyl)-l ,5,9 tr iazanonane (58). 

To 1,5,9 triazanonane (6 mL, 42.80 mmol) was added dropwise a solution of 

ethyltrifluoroacetate (5.09 mL, 42.80 mmol) in methanol (36 mL) at -78°C for one hour 

and then allowed to warm to 0°C. After stirring for four hours a solution of Boc-

anhydride (28g, 128.40 mmol mmol) in methanol (55 mL) was added drop-wise at 0°C. 

The reaction mixture was allowed to warm to room temperature and left stirring 

overnight. The solvent was removed in vacuo and methanol (200 mL) and water (50 

mL) were added followed by potassium carbonate (11.20g). After stirring overnight at 

room temperature the methanol was evaporated in vacuo and the crude product was 

purified by column chromatography on SiOi eluting with DCM/Me0H/NH40H 

(70:10:1) to afford the title compound 4.25g, as a colourless yellow oil in 30% yield. 

TLC: DCM/Me0H/NH40H (70:10:1) Rf = 0.30. 

6H (300 MHz, CDCI3): 3.18 (4H, m, CH2N(Boc)CH2); 3.04 (2H, m, CH2NHB0C); 2.62 

(2H, t, y 9, NH2CH2); 2.00 (2H, s, NH2); 1.60 (4H, m, CH2CH2CH2); 1.38 (9H, s, fe/f-

Bu); 1.35 (9H, s, tert-Bvi). 

6c (75 MHz, CDCI3): 156.43 (CO); 80.00 (C /erT-Bu); 44.76, 44 .04 (CH2NHCH2); 

39.73 (CH2NH-B0C); 39.33 (CH2NH2); 32 .79 (NH2CH2CH2); 31 .52 (CH2CH2NH-B0C); 

28.82 (CH3 fez-f-Bu). 
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m/s (ES+): 332 .30 ( M + H 100%). 

H R (ES+): ( M + H ^ C16H33N3O4 332 .2550 (calc) 332 .2543 (found). 

IR: (u) c m ': 2 9 7 4 (NH) (m), 1571 (CO). 

Synthes i s of 7V^-(4,4-dimethyl-2, 6 -d ioxocyc lohexl ide i ie ) ethyl-

( b u t y l o x y e a r b o n y l ) - 1 , 5 , 9 t r i a z a n o n a n e (59). 

H ° 
o 4 

To a solution of 7V^-A^-6fj'-(butyloxycarbonyl)-l,5,9 triazanonane (3.69g, 11.00 mmol) 

in DCM (25 mL) and triethylamine (1.84 mL, 1.2 eq) was added drop wise a solution of 

2-acetyldimedone (2.23g, 1.1 eq) and the solution stirred overnight. Acetic acid (1 ml) 

in water (25 mL) was added. The organic layer was washed twice with a saturated 

solution of sodium carbonate then dried over sodium sulphate, filtered and solvent 

removed in vacuo to afford the title compound 5.23g a yellow foam in 96% yield. 

TLC: ( D C M / M e O H 9 :1) Rf = 0.67. 

6H (300 MHz, CDCI3): 13.47 ( IH, br s, N H Dde); 3 .33 (2H, m, CH2CH2CH2NH-B0C); 

3.21 (4H, m, CH2N(Boc)CH2); 3 .03 (2H, m, C & N H - D d e ) ; 2 .49 (3H, s, CHs-Dde); 2 .29 

(4H, s, CHz-Dde); 1.86 (2H, t, J 8, CH2CH2CH2); 1.52 (2H, m, CH2CH2CH2); 1.39 

(18H, s, CH3-re/f-Bu); 0 .97 (6H, s, CIL-Dde) . 

6c (75 M H z , CDCI3): 198.00 (CO, Dde); 174.34 (NH(CH3)C=C-Dde); 173.70, 156.18 

(CO, Boc) ; 108.04 ( (C=CNH(CH3), Dde); 80.25, 79 .17 (C(CH3)3); 53 .60 (CH2, Dde); 

44 .35 (CH2); 41 .13 (CHz); 37 .50 (CH2); 30.24, 28 .57 (C(CH3)2, Dde); (CH3-fgrf-Bu); 

28 .38 (CH3, Dde); 18.05 (C(CH3)2, Dde) . 

m / z (ES+): 496 .50 (M+H^ 35%); 518 .50 (M+Na+ 100%). 

(HR-ES+): (M+H") C26H45N3O6 4 9 6 . 3 3 8 7 (calc) 496 .3387 (found). 

IR: (u) c m ': 2 9 5 8 , 2 9 3 2 (CH) (m); 1686 (CO) (s). 

Synthes i s of A^- (4 ,4 -d imethy l -2 , 6 -d ioxocyc lohex l idene)e thy l -A^-methoxy trityl-

1,5,9 t r iazanonane (60). 

130 



Okie 

N'-{A, 4-dimethyl-2, 6-dioxocyclohexlidene) ethyl- A^A/^-6fj^-(butyloxycarbonyl)- 1,5,9 

triazanonane (1.65g, 3.3 mmol) was dissolved in MeOH (10 mL) and acetyl chloride 

(4.73 mL, 20 eq) was added drop wise at 0°C and the resulting solution was allowed to 

warm up to room temperature. After stirring for 2hr the solvent was removed in vacuo 

and the crude product was dried under high vacuum. The resulting dry material was 

dissolved in DCM (15 mL) and triethylamine (1.37 mL, 3 eq) added at 0°C. The 

solution turned deep red on the drop-wise addition of Mmt-Cl (1 eq, 3.3 mmol) in DCM 

(5 mL) this then became yellow. After 3 hrs the salt formed was filtered off and solvent 

removed in vacuo. The crude product was purified by column chromatography on SiOz 

eluting with DCM/MeOH (9:1) to afford the title compound 0.73g a yellow powder in 

40 % yield. 

TLC: DCM/MeOH (9:1) Rf = 0.32. 

6H (300 MHz, CDCI3): 7.34 (4H, d, ArC^' ^H, Mmt); 7.30-7.15 (6H, m, CH, Mmt); 

7.10 (2H, t, y 8, ArC'^H, Mmt); 6.74 (2H, d, J 9, y4rC^' 3 .69 (3H, s, CH3O, Mmt); 

3 .41-3.40 (2H, m, CHzNH-Dde); 2 .82-2.68 (4H, m, CHzCHzCHzNH-Dde); 2 .44 (3H, s, 

CHs-Dde); 2 .27 (4H, s, CHz-Dde); 2 .22 (2H, t, J 6, CH2); 1 9 3 (2H, t, / 7, CH2); 1.76 

(2H, t, y 7, CH2); 0 .90 (6H, s, CHs-Dde). 

6c (75 MHz, CDCI3): 199.00 (CO, Dde); 174.16 (C=C-NH(CH3)-Dde); 158.40 (C-

OMe); 146.29 (CHC-C-NH); 138.13 (OMeCCHCHC); 130.17, 128.88, 128.30, 128.15, 

126.81, 113.61 (CH-Mmt); 108.41 (C=C); 70.99 (NHC-Mmt); 55.61 (OCH3); 53.26 

(CH2); 48 .57 (CH2NHCH2); 46 .44 (CHzNH-Dde); 42 .43 (CHzNH-Mmt); 41.41 

(CH2CH2CH2); 30.48 (CCH3)2-Dde); 29.07 (C=CNH-(CH3)-Dde); 18.30 (CCH3)2-Dde). 

m/z (ES+): 568 .40 (M+H^ 100%). 

(HR-ES+): ( M + N a ^ C36H45N3O3 590.3358 (calc) 590.3353 (found). 

IR: (u) cm'^: 2948 (NH) (m); 2 6 1 2 , 2 4 8 9 (C=CH) (w); 1570 (CO) (s). 

Synthes is of N'-{4, 4-dimethyl-2 , 6-dioxocyclohexIldene)ethyi-A'^-trifluoroacetyl-

1,5,9 tr iazanonane (63), 
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To a stirred solution of 1,5,9 triazanonane (5.85g, 44.58 mmol) in MeOH (30 mL) was 

added drop-wise a solution of ethyl trifluoroacetate (leq, 5.30 mL, 44.58 mmol) in 

methanol (20 mL) at -78°C over 1 hr. The reaction mixture was allowed to warm to 0°C 

and stirred for 4 hours. The solvent was co-distilled with DCM to remove trace amounts 

of methanol. The crude product was then dissolved in DCM (50 mL) and 2-

acetyldimedone (9.75g, 53.50 mmol) was added at room temperature and the mixture 

was stirred overnight. The solvent was then removed in vacuo and the crude product 

was purified by column chromatography on SiO: eluting with DCM/MeOH (9:1). To 

afford the title compound 8.88g as a yellow oil in 51% yield. 

TLC: D C M / M e O H (9:1) R f = 0.26. 

6H (300 MHz, CDCI3): 5.28 (IH, s, NH); 3 .55-3.42 (4H, m, CH2NH-TFA, CHzNH-

Dde); 2 .81-2.60 (4H, m, CHzNH); 2.53 (3H, s, CH3); 2 .32 (4H, s, CHz-Dde); 1.90-1.70 

(4H, m, CH2CH2CH2); 0.99 (6H, s, CH3). 

8c (100 MHz, CDCI3): 198.31 (CO, Dde); 173.98 (C=CNH(CH3)-Dde); 158.17, 157.80, 

157.44, 157.07 (NHCOCF3); 120.75, 117.89, 115.03, 112.17 (CF3); 108.38 

(C=CNH(CH3)-Dde); 53.21 (CHz-Dde); 48.35 (CHzNH-Dde); 47.08, 46.92 

(CH2CH2NH); 41.65, 41 .43 (CH2CH2CH2); 39 .59 (CH2NH-TFA); 30 .44 (C(CH3)2-

Dde); 2 9 . 6 3 , 2 8 . 6 2 (CH2); 28 .60 ((CH3)2); 27 .59 (CH2); 18.22 (CH3-=-Dde). 

m/z (ES+): 392 .10 (M+H^ 100%). 460 .20 (M+3Na+ 20%). 

(HR-ES+): ( M + H ^ C,gH2gN303F3 392 .2162 (calc); 392 .2156 (found). 

IR (u) c m - \ 2956 (NH) (m); 2868 (C=CH(CH3) (m) 1561 (CO). 

Synthesis of N'-{4, 4-dimethyl-2,6-dioxocyclohexlldene)ethyl-iV^-trifluoroacetyl-A'®-

( (4-Benzyloxycarbonyl - l -oxyaUylacetate) - l ,5 ,9 tr iazanonane (66). 

O HN 

132 



To a solution of V-(4, 4-dimethyl-2, 6-dioxocyclohexlidene)ethyl-A^-trifluoroacetyl-

1,5,9 triazanonane (1.93g, 4.93 mmol) and triethylamine (2.06 mL, 3 eq) in DMF (10 

mL) 0°C was added [4-(4-Nitro-phenylcarbonyloxymethyl)-phenoxy]-acetic acid allyl 

ester (1.9g, 4.93 mmol) drop-wise and then allowed to stir overnight at room 

temperature. The solution was then extracted using H2O (20 mL) and ethyl acetate (100 

mL). Solvent was then removed in vacuo and the crude product was purified by column 

chromatography on SiO] eluting with ethylacetate/hexane (7:5) with 1% EtsN. 

Affording title compound 1.45g as a colourless oil in 46 % yield. 

TLC: DCM/MeOH (20:1) Rf = 0.30 

6H (400 MHz, CDCI3): 8.00 (IH, br s, ISK-TFA); 7.29 (2H, d, J 9, ArC^' 6.88 (2H, 

d, J 9, ArC^' 6.08-5.83 (IH, ddt, J 17, 10, 6, CH=CH2); 5 .34 (IH, dd, / 17, 2, 

0 C H 2 C H = C H b ^ ) ; 5.28 ( IH, dd, / 1 0 , 2, 0CH2CH=CHcis); 5.09 (2H, s, CCH2O); 4.71 

(2H, d, y 6, CH2CHCH2O); 4 .67 (2H, s, OCH2CO); 3 .5-3.23 (8H, m, CH2); 2 .50 (3H, 

s, CH3); 2 .36 (4H, s, CHzDde) ; 2 .00-1.80 (2H, m, CH2); 1 75-1.65 (2H, m, CH2); 1 0 3 

(6H, s, CH,) . 

6c (100 MHz, CDCI3): 198.42 (CO, Dde); 174.07 (C=C-NH-Dde); 168.82 

(CH2COOCH2); 158.34 (CON); 157.93, 157.57 (CF3); 131.79 (ArC'); 130.56 (Aig^' 

^H); 129.81 (AiC''); 119.57 (CH2=CH); 117.80 (CH=CH2); 115.17 (ArC^' 108.40 

(C=(CH3)C-NH-Dde); 67.86 (OCH2CO); 66 .30 (CH2CHCH2O): 65.66 (CCH2O): 

53.21 (CH2, Dde); 44 .28 (CH2); 41.07 (CH2); 36.38 (CH2); 30 .49 (C(CH3)2-Dde); 

(C(CH3)2-Dde); 18.27 (CH3-=-Dde). 

m/z (ES+): 640.40 (M+H^ 100 %); 662.30 (M+Na^ 35%). 

(HR-ES+): ( M + N a ^ C3,H4oF3N308 662.2665 (calc) 662 .2659 (found). 

IR (u) c m ': 2953 (NH) (m); 2869 (C=CH) (w); 1 7 5 8 , 1 7 1 8 (CO) (s). 

Synthes is of A^'-(4,4-dimethyl-2,6-dioxocyclohexl idene)ethyl-A''-tr i f luoroacetyl-

i V ® - ( ( 4 - B e n z y l o x y c a r b o i i y l - l - o x y a c e t i c ac id) - l ,5 ,9 tr iazanonane (67). 
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0 HN 

HO 

To a solution of #^-(4, 4-dimethyl-2, 6-dioxocyclohexlidene)ethyl-A^-trifluoroacetyl-

A^^-((4-Benzyloxycarbonyl-l-oxyallylacetate)-l,5,9 triazanonane (0.90g, 1.40 mmol) 

and pyrrolidine (0.11 mL, 1.40 mmol) in THF (10 mL) was added solid supported Pd 

(0) catalyst /which was cut in 4 pieces. The reaction was then allowed to reflux 

overnight. The supported catalyst was filtered off and the solvent was removed. The 

crude compound was then re-dissolved in dioxane (5 mL) and water (5 mL) and 

acidified with a IM solution of KHSO4 until the solution became cloudy. The organics 

were then extracted from the water using ethylacetate (100 mL), washed with brine (50 

mL), dried with anhydrous magnesium sulphate and the solvent removed in vacuo. The 

title compound 0.59g as thick yellow oil, which did not require any further purification 

in 70% yield. 

TLC: DCM/MeOH (2:1) Rf = 0.23. 

6H (400 MHz, CDCI3): 8.0 (IH, br s, OH); 7.20 (2H, d, J 9, ArC '̂ ̂ H); 6.87 (2H, d, / 9, 

ArC '̂ 5.00 (2H, s, CCH2O); 4.58 (2H, s, OCH2CO2H); 3.40-3.12 (6H, m, CH2); 

2.30 (4H, s, CH2-Dde); 2.25 (3H, s, CH3); 1.85-1.70 (2H, m, CH2CH2CH2); 1.70-1.6 

(2H, m, CH2CH2CH2); 0.95 (6H, s, CCHa-Dde). 

6c (100 MHz, CDCI3): 198.90 (CO Dde); 174.43 (CO2H); 171.14 (CO TFA, O-CO-N); 

158.35 (C-OCH2); 157.97 (C=aSIH(CH3); 157.61 ( N C O - 0 ) ; 130.59 (ArC^' 129.45 

(ArC'^); 118.00 (CF3); 114.95 (ArC^' 108.23 (C=C-Dde); 67.93 (OCH2CO); 65.56 

(CH2CO); 52.87 (CHzCO-Dde); 44.43, 44.23 (NCH2); 41 .30 (CH2NH-Dde); 36.32 

(CH2NH-TFA); 30.60 (C(CH3)2-Dde); 30.18 (CH2CH2NH-TFA); 28.58 (C(CH3)2-Dde); 

27.28 (CH2CH2NH-Dde); 18.33 (CH3-C=C-Dde). 

m/z (ES+): 600.40 (M+H+ 45%); 622 .30 (M+Na"^ 100%). 

IR (u) c m ': 2953 (NH) (m); 2 8 6 9 (CH) (w); 1 7 5 8 , 1 7 1 8 , 1570 (CO) (s). 

(HR-ES+): ( M + H ^ ; C28H36N3O8F3 600.2533 (calc) 600 .2527 (found). 
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Synthes i s of res in b o u n d W^-(4 ,4-d imethyl -2 ,6-d ioxocyc lohexl idene)ethyl - iV' -

tr i f luoroacetyl -7V®-((4-BenzyloxycarbonyI- l -oxyamide)- l ,5 ,9 t r iazanonane (68). 

O HN 

V-(4, 4-dimethyl-2, 6-dioxocyclohexlidene)ethyl-A^-trifluoroacetyl-A'^-((4-

Benzyloxycarbonyl-l-oxyacetic acid)-l,5,9 triazanonane in DCM (300 mg, 1.50 mmol, 

3eq to free amine) was coupled to TentaGel resin (1.50g, 0.29 mmol/g) using standard 

coupling conditions DIC (0.23 mL, 1.50 mmol, 3 eq), HOBt (0.20g, 1.50 mmol, 3 eq) 

overnight at RT. The resin was then washed with DCM, DMF, MeOH and ether, (each 

3 x 1 0 mL). Completion of the reaction was checked by qualitative ninhydrin test. The 

compound was cleaved from the resin with 90% TFA/DCM (5 mL), 1 drop of water as 

a scavenger. 

RP-HPLC (Method 1, ELS): 6.93 mins. 

m/z (ES+): 392.20 (M+H+ 100%). 

Synthes i s of resin b o u n d A''-trif luoroacetyI-iV®-((4-BenzyloxycarbonyI-l-

oxy a m i d e ) - ! ,5,9 t r iazanonane (69). 

H,N 

Resin bound V-(4, 4-dimethyl-2, 6-dioxocyclohexlidene)ethyl-A^-trifluoroacetyl-A^-

((4-Benzyloxycarbonyl-1 -oxyamide)-1,5,9 triazanonane (68) (100 mg, 0.25 mmol/g) 

was suspended in DMF (5 mL) for 30 mins before the addition of 5% N2H4 in DMF (5 

mL). The resin was then shaken for 90 mins at RT. After deprotection the resin was 

washed with DCM, DMF, MeOH and ether, (each 3 x 10 mL). The completion of the 
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reaction was checked by HPLC and quahtative ninhydrin test. The compound was 

cleaved from the resin with 90% TFA/DCM (5 mL), 1 drop of water as a scavenger. 

RP-HPLC (Method 1, ELS): 2.21 mins. 

m/z (ES+): (M+H+ 100%) 228.00. 

Synthes i s of res in b o u n d iV^-Boc- A''-trif luoroacetyI-iV®-((4-BenzyIoxycarbonyl-l-

o x y a m i d e ) - l , 5 , 9 t r iazanonane (70). 

Boc-NH 

Resin bound A^-triGuoroacetyl-A^-((4-Benzyloxycarbonyl-l-oxyamide)-l,5,9 

triazanonane (69) (100 mg, 0.26 mmol/g) was suspended in dioxane (5 mL) for 30 mins 

before addition of B0C2O (16 mg, 3 eq free amine) DIPEA (3 )j,L, 1 eq) in dioxane (5 

mL). The resin was then shaken overnight and the following day was washed with 

DCM, DMF, MeOH and ether, (each 3 x 1 0 mL). The completion of the reaction was 

checked and qualitative ninhydrin test. 

Synthes i s of resin b o u n d A^^-Boc-7V^-((4-Benzyloxycarbonyl-l-oxyamide)-l ,5,9 

t r i a z a n o n a n e (71). 

Boc-NH 

Resin bound A '̂-Boc- A^-trifluoroacetyl-iV^-((4-Benzyloxycarbonyl-l-oxyamide)-1,5,9 

triazanonane (70) (400 mg, 0.25 mmol/g) was suspended in THF (5 mL) for 30 mins 

before addition of a 1:1 mixture of IM KOH and (THF/MeOH (3:1)) (8 mL) the resin 

was then shaken for 2 hrs at RT on a rotating wheel. The completion of the reaction was 

checked by HPLC and qualitative ninhydrin test. 
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Synthes is of resin b o u n d TV^-Boc- A^-Gen [1.0] AB3 type dendnmer -A^-((4-

Benzy loxycarbonyI - l -oxyamide) - l , 5 ,9 tr iazanonane (72). 

H Boc-NH 

o 

Resin bound #^-Boc-A^-((4-Benzyloxycarbonyl-l-oxyamide)-!,5,9 triazanonane (71) 

(100 mg, 0.26 mmol/g) was suspended in DCM (5 mL) for 30 mins before addition of a 

solution of 3-[2-Isocyanato-3-(2-methoxycarbonyl-ethoxy)-2-(2-methoxycarbonyl-

ethoxymethyl)-propoxy]-propionic acid methyl ester (42 mg, 0.10 mmol, 4 eq to resin 

loading), DIPEA, (0.018 mL, 0.10 mmol, 5 eq to resin loading), DMAP (catalytic) in 

DCM (5 mL). The resin was shaken overnight at RT. The resin was then washed with 

DCM, DMF, MeOH and ether, (each 3 x 10 mL). Completion of the reaction was 

checked by qualitative ninhydrin test. Resin bound V-Boc- A^-Gen [0.5] AB3 type 

dendrimer-A^-((4-hydroxymethylphenoxy)-allylacetate)oxycarbonyl norspermidine 

(200 mg) was suspended in DMSO (5 mL) for 30 mins before addition of a solution of 

1, 3 diamino propane (2 mL, 23.2 mmol, 500 eq free amine) and DMSO (1 mL, 0.5 eq 

v/v). The resin was then shaken for 3 days at RT. Then washed with DMSO before the 

addition of a fresh solution of 1,3 diaminopropane (2 mL, 23.20 mmol, 500 eq free 

amine and DMSO (1 mL, 0.5 eq v/v). After a fiirther 3 days reaction the resin was then 

washed with DCM, DMF, MeOH and ether, (each 3 x 1 0 mL). Reaction completion was 

checked by taking 10 mg of resin and coupling (4-hydroxy-phenyl)-acetic acid with 

Die HOBt (5 eq resin loading) for 2 hrs at RT. Completion of the reaction was checked 

by qualitative ninhydrin test. After washing as before the derivatised compound was 

cleaved from the resin with 90% TFA/DCM, 1 drop of water as a scavenger and 

analysed by RP-HPLC. 

m/z (MALDI-TOF): 1065.83 (M+H+), 1087.84 (M+Na""). 

IR (o) cm'^: 2863 (NH) (s); 1678 (CO) (m). 
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Synthesis of resin bound TV^-Boc- i V ^ - G e n [2.0] AB3 type dendrimer-7V®-((4-

Benzy loxycarbony l - l -oxyamide ) - l , 5 ,9 tr iazanonane (73). 

-H o 

O ^ 0 -
H,N' 

o y ^ o 

, O 
N-4H 
H 

Boc-NH^ 

H H 
,0 

O 

Resin bound A^-Boc- A^-Gen [1.0] AB3 type dendrimer-#^-((4-Benzyloxycarbonyl-1 -

oxyamide)-1,5,9 triazanonane (72) (250 mg, 0.23 mmol/g) was suspended in DCM (5 

mL) for 30 mins before addition of a solution of 3-[2-Isocyanato-3-(2-

methoxycarbonyl-ethoxy)-2-(2-methoxycarbonyl-ethoxymethyl)-propoxy]-propionic 

acid methyl ester (0.34g, 5 eq to resin loading), DIPEA (0.14, 5 eq to resin loading), 

DMAP (catalytic) in DCM (5 mL). The resin was shaken overnight at RT. The resin 

was then washed with DCM, DMF, MeOH and ether, (each 3 x 1 0 mL). Completion of 

the reaction was checked by qualitative ninhydrin test.Gen [1.5] AB3 type dendrimer 

resin was suspended in DMSO (5 mL) for 30 mins before addition of a solution of 1, 3 

diaminopropane (3.7 mL, 44.10 mmol, 250 eq reactive sites) and DMSO (2 mL, 0.5 eq 

v/v). The resin was then shaken for 4 days at RT. Then washed with DMSO before the 

addition of a fresh solution of 1, 3 diaminopropane (3.70 mL 44.10 mmol, 250 eq free 

amine) and DMSO (2 mL, 0.5 eq v/v). After a further 4 days reaction the resin was then 

washed with DCM, DMF, MeOH and ether, (each 3 x 1 0 mL). Reaction completion was 

checked by taking 10 mg of resin and coupling (4-hydroxy-phenyl)-acetic acid with 

Die HOBt (5 eq resin loading) for 2 hrs at RT. Completion of the reaction was checked 

by qualitative ninhydrin test. After washing as before the derivatised compound was 

cleaved from the resin with 90% TFA/DCM, 1 drop of water as a scavenger and 

analysed by RP-HPLC. M/z: Molecular ion was not observed. 
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G e n e r a l m e t h o d for the coupl ing o f ( 4 - H y d r o x y - p h e n y l ) - a c e t a l d e h y d e - L D V P S T to 

dendr imer i c resin. 

Generation [0.0], [1.0] and [2.0] ABg type dendrimer resins (71), (72) and (73) (200 mg) 

were swollen for 30 minutes in DCM (5 mL). Fmoc amino acids (5 eq), with reference 

to the theoretical number of free amine groups on the resin, were activated with HOBt, 

(5 eq). Die (5eq), in DCM. The activated mixture was then added to the resin and 

shaken for 2-3 hrs. Valine (5 eq) was coupled using PyBOp (4.90 eq), HOBt (5 eq), 

DIPEA (10 eq). Fmoc groups were removed by shaking two times for 30 mins with 

20% piperidine in DMF. Final compounds were cleaved from the resin with 90 % TFA 

with 1 drop of water as a scavenger for 2 hours. The cleavage mixture solvents were 

then removed under vacuum and the crude compound was worked up by dissolving in 

the minimum amount of TFA, then precipitated in ether and centrifuged. The pellet 

produced were rinsed again with ether and finally dried in vacuo. 

Synthes i s of A^-(4-hydroxy-phenyl ) -acet ic a c i d - L D V P S T - 1 , 5 , 9 t r iazanonane) (78). 

M II ! H 
o ° ~ 

o 

6H ( 4 0 0 M H z , D M S 0 - d 6 ) : 9 . 3 1 ( 2 H , b r s , N H 2 ) ; 8 . 6 6 ( I H , b r s , O H ) ; 8 . 4 4 ( I H , d , J 8 , 

N H , Asp); 8 .24 ( I H , d , J 7, N H , Val); 8 .20 ( I H , d , J 8, N H , Leu); 7 .98 ( IH, br s, OH); 

7 .95-7 .86 ( IH, m, NHCHz); 7 .70-7 .57 (2H, m, N H , Thr, Ser); 7 .14 (2H, d, J 9, ArC^' 

6 .78 (2H, d , J 9, ArC^' ^H); 5 .27 ( I H , br s, OH); 5 .40 ( I H , br s, OH); 4 .70-4 .60 

( IH, m, CH, Asp); 4 .55-4 .50 ( IH, m, CH, Val); 4 .45-4 .35 (3H, m, CH, Ser, CH, Pro, 

CH, Leu); 4 .25-4 .15 (2H, m, CHCH(0H)(CH3) , CHCH(0H)(CH3) , Thr); 3.85-3.75 

(2H, m, CHz, Ser); 3 .14-2 .92 (6H, m , CHzN); 2 .80 ( IH, dd , A x 17, A e 8, CHH, Asp); 

); 2 .60-2 .55 (3H, m, COCH2CCH, CHH, Asp); 2 .25-1 .48 (12H, m, CH, Val, CHz, CH, 

Leu, CH2CH2CH2); 1.23-1.15 (3H, m, CH3, Thr); 1.07-0.80 (12H, m, CH3, Val, Leu). 

6c ( 1 0 0 M H z , D M S 0 - d 6 ) : 172.18, 170.95, 170.58 158.36, 156.25 (CO); 149.87 (ArC^); 

130.31 (AiC^' % ) ; 126.93 (AiC^); 115 .37 (AiC^' 66 .46 (CH, Thr); 61 .78 (CH2OH, 

Ser); 59 .76 (CH, Val); 58 .97 (CH, Thr); 55.91 (CH, ser); 55 .74 (CH, Leu); 51.35 (CH, 

Pro); 49 .71 (CH, Asp); 45 .03 (CH2NH); 44 .47 (CHz, Pro); 4 3 . 0 4 (CHz, Leu); 41.67, 
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41 .56 (CHzNH); 36.65 (COCH2CCH); 36 .17 (CH;, Asp); 35 .88 (CH2CH2NH2); 30 .62 

(CHCH3)2, Val); 29 .54 (NHCH2CH2CH2NH); 26 .30 , 24 .93 (CH2, Pro); 24 .60 (CH, 

Leu); 23 .45 21 .95 20 .58 19.54 18.36 (CH3, Leu, Val, Thr). 

RP-HPLC (Method 2, ELS): 7.91 mins. 

m / z (HR-ES+); ( M + H ^ C41H67N9O12 877 .4909 (calc); 878 .4981 (found). 

Resin (loading 0.21 mmol/g, 200 mg) afforded 12 mg of title compound in 30% isolated 

yield. 

Synthes i s of A^-(4-hydroxy-phenyl ) -acet ic a c i d - L D V P S T - G e n [1.0] AB3 type 

dendr imer-1 ,5 ,9 t r iazanonane) (79) . 

N N 

6H (400 M H z , DMSO-dg): Sn ( 4 0 0 M H z , D M S 0 - d 6 ) : 8 .44 (3H, d, J 8 , N H , Asp); 8.25-

8.15 (6H, m, NH, Leu, Val); 8.00-7.90 (6H, m, NHCH2); 7.75-7.70 (3H, NHCH2); 7.65-

7.55 (6H, m, N H , Thr, Ser); 7 .14 (6H, d, / 9, ArC^' 6 .78 (6H, d, J 9, ArC^' 

4 .70 -4 .60 (3H, m, CH, Asp); 4 .55-4 .50 (3H, m, CH, Val); 4 .45-4 .35 (9H, m, CH, Ser, 

CH, Pro, CH, Leu); 4 .25-4 .15 (6H, m, CHCH(0H)(CH3) , CHCH(0H)(CH3) , Thr); 3.85-

3.75 (6H, m, CH2, Ser); 3 .70-3 .65 (6H, m, COCH2CH2OCH2); 3 .62 (6H, s, 

COCH2CH2OCH2); 3 .25-2 .90 (20H, m, CH2NH); 2 .80 (3H, dd, A x 17, A s 8, CHH, 

Asp); 2 .60-2 .55 (9H, m, COCH2CCH, CHH, Asp); 2 .45-2 .35 (6H, m, 

COCH2CH2OCH2); 2 .20-2 .15 (3H, m, CH(CH3)2, Val); 2 .10-1 . (31H, m, CH2CH2CH2, 

CH2 Leu, CH, Leu, CH2, Pro); 1.15 (9H, d, J 6 , CH3, Thr); 1.05-0.85 (36H, m, CH3, 

Val, Leu). 

6c ( 1 0 0 M H z , DMSO-do): 172.86, 172.18, 171.05, 170.77, 170.58, 170.27, 169.93 

(CO); 158.90 (COCHzAr); 158.54, (ArC^); 156.25 ( N H C O N H ) ; 130.32 (AiC^' % ) ; 

126.93 (AiC' ) ; 115.37 (ArC^' ^H); 70 .23 (CCH2OCH2); 67 .87 (CCH2OCH2); 66.46 
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(CH, Thr); 61.83 (CHz, Ser); 59.69 (CH, Val); 58.78 (CH3-CH-OH, Thr); 55.86 (CH, 

Ser); 55.67 (CH, Leu); 51.29 (CH, Pro); 49.71 (CH, Asp); 47 .55 (CHzNH) 41 .61 ,36 .66 , 

35.92 (CHz); 30.65 (CHCHs):, Val); 29.45 (NHCH2CH2CH2NH); 24 .92 (CHz, Pro); 

24 .60 (CH, Leu); 2 3 . 4 5 , 2 1 . 9 4 , 2 0 . 5 5 , 1 9 . 5 4 , 1 8 . 3 5 (CH3, Leu, Val, Thr). 

RP-HPLC (Method 2, ELS): 10.75 mins. 

m/z (MALDI-TOF); 2901 .52 (calc) 2902.05 (M+H^ 100%); 2924.48 (M+Na^ 80%); 

2940.21 (M+K+ 30%) (found). 

Resin (loading 0.42 mmol/g, 130 mg) afforded 32 mg of title compound in 20% crude 

yield. 

Synthes is of A^-(4-hydoxy-phenyl)-acet ic a c i d - L D V P S T - G e n [2.0] AB3 type 

dendrimer-1 ,5 ,9 tr iazanonane) (80). 

H 
Peptide-N 

H 
Peptide'N, 

Peptide, 

Peptide'^ 

Peptide.^ 

H 

Peptide^ ̂  

H H 
,N 

Peptide 

Peptide 
0 

Peptide~N 
H 

Peptide = 

0 

8H (400 MHz, DMSO-d^): 8.44 (9H, d, J 8, NH, Asp); 8.25-8.15 (18H, m, NH, Leu, 

Val); 8 .00-7.90 (18H, m, NHCHz); 7 .75-7.70 (9H, NHCH2); 7.65-7.55 (18H, m, NH, 

Thr, Ser); 7 .14 (18H, d, J 9, ArC^' 6.78 (18H, d, 7 9, ArC^' ^H); 4 .70-4.60 (9H, m, 

CH, Asp); 4 .55-4 .50 (9H, m, CH, Val); 4 .45-4.35 (27H, m, CH, Ser, CH, Pro, CH, Leu); 

4 .25-4.15 (18H, m, CHCH(0H)(CH3), CHCH(0H)(CH3), Thr); 3.85-3.75 (18H, m, 

CH2, Ser); 3 .70-3.65 (18H, m, COCH2CH2OCH2); 3 .62 (18H, s, COCH2CH2OCH2); 

3.25-2.90 (56H, m, CH2NH); 2 .80 (9H, dd, A x 17, A a 8, CHH, Asp); 2.60-2.55 (27H, 
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m, COCH2CCH, CHH, Asp); 2.45-2.35 (18H, m, COCH2CH2OCH2); 2 .20-2.15 (9H, m, 

CH(CH3)2, Val); 2 .10-1.48 (88H, m, % Leu, CH, Leu, CHz, Pro, CH2CH2CH2); 1.15 

(27H, d, y 6, CH3, Thr); 1.05-0.85 (108H, m, CH3, Val, Leu). 

6c (100 MHz, DMSO-do): 172.85, 172.44, 172.17, 171.05, 170.76, 170.58, 170.25, 

169.93 (CO); 158.92 (COCH2C); 158.55 (ArC''); 156.24 (NHCONH); 130.32 (ArC^' 

% ) ; 126.93 (Arc ' ) ; 115.37 (AiC^' ^H); 70.23 (CCH2OCH2); 67 .83 (CCH2OCH2); 66.48 

(CH, Thr); 61.87 (CH2, Ser); 59.69 (CH, Val); 58.92 (CH3-CH-OH, Thr); 55.86 (CH, 

Ser); 55.67 (CH, Leu); 51.27 (CH, Pro); 49.71 (CH, Asp); 47 .53 (CHgNH); 41.67 

(CH2); 37 .02 36.66 36.50 35.91 (CH2); 30.66 (CHCH3)2, Val); 29.45 

(NHCH2CH2CH2NH); 24 .92 (CH2, Pro); 24 .60 (CHCH3)2, Leu); 23.44, 21.94, 20.53, 

19 .54 ,18 .33 (CH3, Leu Val, Thr). 

RP-HPLC (Method 2, ELS): 12.62 mins. 

m/z (MALDI-TOF); 8969 (calc) 8960.60 (100% Found). 

Resin (loading 0.63 mmol/g, 270 mg) afforded 100 mg of title compound in 7% crude 

yield. 

Synthes is of ABa -Pept ide-Dendrlmer Conjugates (75)-(77) 

Dendrimer resin (74) was suspended in DMSO for 30 mins before addition of a solution 

of 7, 10-trioxa-l, 13-tridecanediamine as the diamine (250 eq reactive sites) (0.5 eq 

v/v). The resin was shaken for 3 days at RT. The resin was washed with DMSO (3x10 

mL) before the addition of a fresh solution of 7, 10-trioxa-l, 13-tridecanediamine as the 

diamine (250 eq reactive sites) and DMSO (0.5 eq v/v). After a further 3 days reaction 

the resin was then washed with DCM, DMF, MeOH and ether, (each 3 xlO mL). 

Reaction completion was checked by taking 10 mg of resin and coupling (4-hydroxy-

phenyl)-acetic acid with DIC HOBt (5 eq resin loading) for 2 hrs at RT. Completion of 

the reaction was checked by qualitative ninhydrin test. After washing as before the 

derivatised compound was cleaved from the resin with 90% TFA/DCM, 1 drop of water 

as a scavenger and analysed by RP-HPLC. 
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Product (75). 

m/z (MALDI-TOF); 1504.17 (M^ 50%); 1527.27 (M+Na"^ 100%). 

RP-HPLC (Method 2, ELS): 9 .22 mins. 

P r o d u c t (76). 

H,N. 

HO 

H H 
^ ,NH 

O 

m/z (MALDI-TOF); 1203.66 ( M + N a + 100%). 

RP-HPLC (Method 2, ELS): 8.83 mins. 

P r o d u c t (77). 

H,N. 

H H 
N. ,N 

O 

m / z (MALDI-TOF); 859.51 (M+If" 100%); 881 .57 (M+Na^ 70%); 897 .59 (M+K^ 

25%). 

RP-HPLC (method 2, ELS): 8 .52 mins. 
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Chapter 6.2 Biological Experimental 

G e n e r a l p r o c e d u r e for screen ing P e p t i d e - D e n d r i m e r conjugates . 

A375M melanoma cells (CRL-1619, American Tissue Culture Collection, Manassas, 

US). Cells were plated at 2.5 x 10"̂  cells/lOOpL medium/well into 96 well plates. 

Twenty-four hours later media was gently removed and lOOpL of 0.25% glutaraldehyde 

was added to each well for 30 minutes. This was subsequently removed and 100 

PBS/0.05% w/v azide added to each well for storage at 4 °C. After washing three times 

in PBS containing 0.05% v/v Tween 20 (the wash buffer) the plate was blocked with 

10% w/v BSA in PBS for 1 hour at 37°C, 200 pL/well. After a washing step, 

biotinylated EILDVPST (100 pL/well in duplicates) was added in the presence and 

absence of the competing peptide /dendrimer conjugate at a molar excess. The plate was 

incubated at 37°C for 1 hour. After thoroughly washing off the unbound biotinylated 

peptide Neutravidin Horseradish peroxidase (2.0 pig/mL, 100 )^L/well, Pierce Chester, 

UK) was added to each well and incubated for 1 hour at 37°C. After washing off 

unbound enzyme 100 pL of the substrate o-phenylenediamine dihydrochloride (OPD) 

(Sigma, Poole, Dorset, UK) was added to all wells and the plate incubated for 40 

minutes at room temperature in the dark before measuring the absorbance at 450nm. 

Note non water-soluble compounds were dissolved in 10% DMSO/PBS. 

Reagent s : 

Cell culture medium-RPMI 1640 containing glutamax, penstrep and 10 % v/v PCS 

Diluted trypsin- 1 part trypsin/EDTA 1 (Cibco 25300-05 Trypsin 0.05%, EDTA 0.02 

%) 3 parts Versene (Gibco 15040-033, EDTA 0.02%). 

"Superblock"- Pierce (37515). 10% w/v BSA in PBS. Or prepare 10% w/v BSA (sigma) 

in PBS. 

P B S / T W E E N 0.05% v/v. I L P B S + 0.5 m L T W E E N 20. 

PBS/BSA 1 % w/v (e.g. 90 ml PBS + 10 mL super block) (Peptide diluent). 

Phosphate citrate (0.05M). 1 tablet (sigma P4809) + 100 mL distilled water. 
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One 10 mg tablet of o-phenylenediamine (OPD), dihydrochloride (sigma, P8287) was 

dissolved in 25 mL of the 0.05M phoshate Citrate pH 5.0 solution and 10 piL of 30% v/v 

hydrogen peroxide (sigma, HI099), immediately before use. 

Neutravidin, Horseradish peroxidase conjugated (Pierce, #31001). The lyophilized 

powder (2 mg) was dissolved in 0.4 mL distilled water and diluted further to 2ml in 

PBS. The solutions were then stored in 50 piL aliquots at - 20°C. This stock solution is 

Img/ mL, and on the day of screen 40 ^L of the frozen stock was taken and added to 20 

mJL, to mzUce 2 pJL/ml.. 

C h a p t e r 3: Screen ing of L D V - D e n d r i m e r Conjugates 

C o m p o u n d (20) 

Concentra t ion Wel l s Va lues M e a n V a l u e S td .Dev Correc ted 

(HM) 

1000 .00 A 8 1.05 0 .94 &16 1&9 

A 9 & 8 2 

lO&OO B 8 L 3 0 1.27 0.05 3.70 

B 9 L 2 4 

50XW C8 L 3 6 L 4 0 0 .07 4.60 

C9 L45 

2 5 4 0 D 8 L41 L 4 2 0.01 & 9 0 

D 9 1.43 

12.50 E8 L 5 0 1.44 &09 & 0 0 

E9 L 3 8 

(x25 F8 1.44 L 4 0 0 .07 4 .70 

F9 L 3 5 

G8 1.53 L 4 0 OJ^ 12.50 

G9 L 2 8 

0.31 H8 1.33 L 4 0 0.06 4 J 4 

H9 L 4 1 
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Compound (21) 

Concentration 

(UM) 

TVeUs Values Mean Value Std.Dev Corrected 

1000 .00 AID 

Al l 

OJO 

0 .96 

&83 OJ^ 2 L 3 0 

100.00 BIO 

Bl l 

I J J 

I J ^ 

1.16 0 .04 3 j O 

50 .00 CIO 

C l l 

L 2 5 

1.37 

L31 0 .09 6.60 

2 5 . 0 0 DIO 

D l l 

1 J 9 

L 3 7 

L 2 7 0.11 &80 

12.50 ElO 

E l l 

L41 

L 3 7 

L 4 0 0 .03 2 4 0 

6 .25 FIO 

F l l 

L 3 5 

1.46 

L 4 0 0 .08 &60 

GIO 

Gil 

L 2 6 

L 4 0 

1.33 0 .09 7 J ^ 

O J l HIO 

H l l 

L 2 7 

L 3 5 

L31 0 .06 4.40 

Compound (22) 

Concentration 

(HM) 

\VeUs Values Mean Value Std.Dev Corrected 

1000 .00 A S 

A 9 

&53 

& 5 9 

&56 0.04 7 j O 

100.00 B 8 

B 9 

(184 

L 9 2 

&88 0 .06 &20 

50 .00 C8 

C9 

1.04 

L 0 7 

L 0 6 0 .02 2 ^ 0 

2 5 . 0 0 D 8 

D 9 

L 9 9 

I J ^ 

1.05 0 .09 8 .60 

1 Z 5 0 E8 I J ^ 1 J 4 0 .04 3 3 0 
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E9 L 2 0 

6 .25 F8 

F9 

I J ^ 

I J ^ 

I J ^ (101 & 9 0 

G8 

G9 

1.11 

1.09 

1 ^ 0 0 .02 L 8 0 

0 3 1 H 8 

H 9 

1.09 

1.11 

1.10 0.02 I j O 

C o m p o u n d (23) 

Concentra t ion 

(HM) 

W e l l s Va lues M e a n V a l u e S td .Dev Corrected 

1000.00 A l O 

A l l 

& 7 4 

&83 

0 .79 0 .06 7 J 0 

100.00 BIO 

B l l 

&89 

1.06 

0 .98 OJ^ 12.60 

50XW CIO 

Cll 

L 2 2 

L21 

L 2 2 0.01 &60 

25 .00 DIO 

Dll 

1.02 

1.11 

L 0 7 0.06 5.70 

1 2 5 0 ElO 

E l l 

L 2 5 

1.15 

L 2 0 0 .07 5 ^ 0 

&25 FIO 

Fl l 

1.13 

I J ^ 

L 1 6 0.04 1 3 0 

3 J ^ GIO 

Gil 

L 0 7 

1.27 

1.17 OJ^ 12.60 

O J l HIO 

Hl l 

L 0 9 

1.02 

L 0 6 0.05 4 9 0 

A n t 3 6 9 7 

Concentra t ion 

(HM) 

W e l l s V a l u e s M e a n V a l u e S td .Dev Correc ted 

1000.00 A 6 

A 7 

OJ^ 

OJ^ 

OJ^ 0.00 L 2 0 
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100.00 B 6 &25 &25 0 .00 L 2 0 

B 7 &25 

50 .00 C6 0 J 2 0 3 1 0 .00 1.20 

C7 O J l 

2 1 0 0 D 6 &39 &39 0 .00 1.70 

D7 0 J 8 

1 2 5 0 E6 0.66 OJO 0 .06 &00 

E7 0 ,74 

&25 F6 &87 0.95 0.11 1 L 8 0 

F7 L 0 3 

3 J 2 G6 I J ^ 1.16 0.05 4 J 0 

G7 I J ^ 

O J l H 6 LOl L 0 8 0 .02 L 8 0 

H7 L 0 7 

Controls 

Wells Values Mean Value 

A 2 0.15 0.15 

B 2 0 J 3 

C2 0.17 

D 2 O J ^ 

E2 0.17 

F2 0 J 4 

G2 OJ^ 

H 2 OJ^ 

A12 (121 & 2 0 

B 1 2 0 2 0 

C12 OJ^ 

D 1 2 0 U 9 

E12 O J ^ 

F12 &20 

G12 OJ^ 
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H 1 2 

T a b l e C o r r e s p o n d i n g to (F igure 38) 

S a m p l e Concentra t ion 

( p M ) 

Va lues M e a n V a l u e S td .Dev Corrected 

V a l u e 

A n t 3 6 9 7 1000.00 OJ^ 

OJ^ 

OJ^ & 0 0 0 .00 

C o m p o u n d 

(20) 

1000.00 L 0 5 

(182 

& 9 4 O J ^ 0.75 

C o m p o u n d 

(21) 

1000 .00 0 .70 

0 .96 

&83 OJ^ &65 

C o m p o u n d 

(22) 

1000.00 &53 

O j 9 

&56 0 .04 &40 

C o m p o u n d 

(23) 

1000 .00 0 .74 

0 .83 

&79 0 .06 0 .63 

B io t iny la ted 

E I L D V P S T -

N H z (1) 

1000.00 1.33 

1.44 

1.41 

1.40. 0 .06 L21 

Bio t iny la ted 

E I L D V P S T -

N H 2 ( 2 ) 

1000.00 0 .90 

0 .94 

L 0 1 3 

&95 0 .06 &79 

M e a n V a l u e 

Contro l 1 OJ^ 

Contro l 2 OJ^ 

Correc ted abs = m e a n va lue - contro l m e a n va lue 

% C o m p e t i t i o n = 1- Correc ted abs for compet i t ion 

Correc ted abs for b - E I L D V P S T 
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3.5: S c r e e n i n g of C a p p e d Diva lent P e p t i d e - D e n d r i m e r C o n j u g a t e s 

Plate 1 

C o m p o u n d (34) 

Concentra t ion 

(HM) 

Wel l s V a l u e 

1000.00 A S & 2 0 

100.00 B 8 a 5 2 

5&00 C8 0 .47 

2 5 ^ 0 D 8 0 .42 

1 Z 5 0 E8 &52 

6.25 F8 0 .69 

3 J J G8 (X98 

0 3 1 H8 I J ^ 

d(35) 

Concentra t ion 

(UM) 

W e l l s V a l u e 

1000 .00 A 7 0 .17 

lO&OO B 7 0 .22 

50XW C7 & 4 0 

2 5 i m D 7 0.45 

1 2 5 0 E7 & 6 4 

6.25 F7 (182 

3 J J G7 1.05 

0.31 H 7 LOl 

C o m p o u n d (36) 

Concentra t ion 

(HM) 

W e l l s V a l u e 

1000 .00 A 6 0.21 

100.00 B 6 O J l 

50jW C6 & 5 4 
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25IW D6 0 .60 

1 Z 5 0 E 6 (176 

&25 F6 ().81 

3 J 3 G6 0 .99 

O J l H 6 0 .93 

d ( 3 8 ) 

Concentra t ion W e l l s V a l u e 

(HM) 

1000.00 A 1 2 0 3 2 

lO&OO B 1 2 0.31 

50IW C12 0 .48 

25 .00 D12 &55 

1 2 J 0 E 1 2 (170 

6 .25 F12 & 9 0 

1 1 3 G 1 2 I J ^ 

0.31 H12 L 0 9 

1 ( 3 9 ) 

Concentra t ion Wel l s V a l u e 

(HM) 

1000 .00 A 9 0 .26 

100.00 B 9 0 3 7 

5 0 j W C9 0.65 

25IW D 9 0 .63 

1 2 5 0 E9 (X80 

&25 F9 0 .92 

3 J J G9 L 0 8 

0 3 1 H 9 1.09 

C o m p o u n d (40) 
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Concentrat ion 

(HM) 

W e l k V a l u e 

1000 .00 A l O 0 .48 

100.00 BIO &27 

50IW CIO 0 3 8 

25 .00 DIO & 4 0 

1 Z 5 0 ElO &52 

6.25 FIG &75 

GIO &95 

0.31 HIO I J ^ 

C o m p o u n d (41) 

1 Concentra t ion 

(HM) 

1 Wel l s V a l u e 

1000 .00 All OJ^ 

lO&OO B l l 0 .24 

50^W C l l 0 3 0 

25^W D l l &33 

12.50 El l 0 3 8 

6.25 F l l 0.46 

3 J 3 G i l &84 

O J l H l l L 0 3 

d ( 4 2 ) 

Concentra t ion 

(HM) 

Wel l s V a l u e 

1000 .00 A 5 0 3 8 

100.00 B 5 & 6 0 

50IW C5 & 7 4 

25IW D 5 &66 

1 2 J 0 E5 0.72 

6.25 F5 & 8 9 

3 J J G5 &97 
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O J l H5 &82 

A n t 3 5 

Concentra t ion 

(HM) 

W e l l s V a l u e 

1000.00 A 4 0 .26 

100.00 B 4 0 .22 

50 .00 C4 0 .33 

25 .00 D 4 0 .37 

12.50 E4 0 .47 

6 .25 F4 0 .58 

3.13 G 4 0 .70 

0.31 H 4 0 .77 

B i o t i n y l a t e d - E I L D V P S T 

Concentra t ion Wel l s V a l u e s M e a n S t d . D e v C V % 

(HM) 

200 .00 A 2 0 .10 1.02 0 .03 3 .30 

A 3 1.04 

100.00 B 2 0 .67 0.68 0 .02 2 .50 

B 3 0 .69 

50 .00 C2 0.41 0 .44 0 .04 9 .40 

C3 0 .47 

25 .00 D 2 0.31 0 .32 0 .02 5 .30 

D 3 0 .34 

12.50 E2 0 .18 0 .18 0.01 5 .00 

E3 0 .19 

6 .25 F2 0 .18 0 .18 0.01 5 .40 

F3 0 .17 

3 .13 G2 0 .17 0 .17 0 .08 3 .90 

G3 0 .16 

1.56 H 2 0 .13 0 .14 0 .02 11.50 
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H3 

Contro l 

Wel l s va lues M e a n va lue 

A1 0.01 0 .09 

B1 0 .09 

CI 0.10 

D 1 0 .07 

3.7: S c r e e n i n g of O p t i m i s e d L i g a n d - D e n d r i m e r Conjugate s (39) , (41), (43)-(45) , 

(52) 

C o m p o u n d (39) 

Concentra t ion 

(HM) 

\VeUs V a l u e 

100.00 A6 0 .44 

20^W B 6 0 .92 

/LOO C6 0.91 

&80 D 6 0.88 

OJ^ E6 & 9 4 

0 .03 F6 L 0 6 

(101 G6 I J ^ 

0 .00 H 6 I J ^ 

d ( 4 1 ) 

Concentra t ion 

(HM) 

W e l k V a l u e 

100.00 A 5 0 .42 

20IW B 5 & 8 0 

4 .00 C5 & 8 4 

0 .80 D 5 (191 
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E5 0.91 

0.03 F5 

0.01 G5 1.03 

0.00 H5 1.07 

Compound (43) 

Concentration 

(HM) 

Wells Value 

lO&OO A7 0.41 

20^W B7 0.85 

4.00 C7 0.94 

(X80 D7 0.92 

OJ^ E7 &99 

0.03 F7 0.94 

0.01 G7 1.14 

0.00 H7 1.17 

Compound (44) 

Concentration 

(HM) 

Wells Value 

lO&OO A8 0.35 

20.00 B8 0.79 

4.00 C8 0.98 

(X80 D8 &98 

OJ^ E8 0.97 

0.03 F8 1.07 

0.01 G8 1.14 

0.00 HE 1.22 

Compound (45) 

Concentration 

(HM) 

Wells Value 

100.00 A9 033 
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ANT 35 

2&00 B9 0,75 

4.00 C9 &89 

&80 D9 0.93 

OJ^ E9 1.04 

0.03 F9 1.04 

(101 G9 IJ^ 

0.00 H9 1.24 

d(52) 

Concentration 

(HM) 

Wells Value 

100.00 A l l 0.43 

2&00 B l l 0.95 

4.00 Cl l L09 

(X80 D l l L08 

OJ^ El l 1.09 

0.03 F l l 1.13 

0.01 Gi l L20 

0.00 Hl l IJ^ 

Concentration 

(HM) 

Wells Value 

lO&OO A4 025 

20^0 B4 &49 

4.00 C4 0.65 

&80 D4 0.74 

OJ^ E4 0.92 

&03 F4 &96 

0.01 G4 1.04 

0.00 H4 IJ^ 

Standards (biotinylatesd EILDVPST) 
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Concentration Wells Values Mean Std.Dev CV% 

(HM) 
400.00 A2 1.14 L06 &11 lOJO 

A3 0.99 

20&00 B2 1.03 &93 OJ^ 1&30 

B3 &82 

lO&OO C2 &79 0.72 OJ^ n 6 0 

C3 0.65 

50^W D2 &55 &52 0.05 &70 

D3 &48 

25IW E2 0.41 0.40 0.02 520 

E3 &38 

12.50 F2 OJl OJl 0.00 0.40 

F3 031 

&25 G2 &26 &25 0.00 L60 

G3 &25 

3J3 H2 a24 &26 0.03 1Z90 

H3 &29 

Control 

\VeUs Values Mean value 

El OJ^ OJ^ 

F1 0^7 

G1 0^7 

HI 0.17 

3.7: Screening of Optimised Ligand-Dendrimer Conjugates (39), (46)-(50). 

Compound (39) 
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Concentration Wells Value 

WM) 
lO&OO A6 &56 

2&00 B6 L03 

4.00 C6 L07 

&80 D6 0.99 

OJ^ E6 0.94 

0.03 F6 1.05 

(101 G6 1.17 

0.00 H6 L08 

d(46) 

Concentration Wells Value 

(HM) 
lO&OO A8 0.53 

20^W B8 L08 

4.00 C8 1.02 

(X80 D8 1.01 

OJ^ E8 &99 

0.03 F8 1.08 

0.01 G8 L09 

(XOO H8 L20 

i (47) 

Concentration Wells Value 

(HM) 
lO&OO A1 &55 

20.00 B1 0.85 

4.00 CI 0.90 

&80 D1 0.96 

OJ^ El 0.98 

&03 F1 L09 

(101 G1 1.17 

158 



0.00 HI 1.02 

Compound (48) 

Concentration 

(HM) 

Wells Value 

100.00 A9 0.46 

20jW B9 (X89 

4.00 C9 1.02 

(X80 D9 1.03 

OJ^ E9 1.02 

0.03 F9 1.02 

0.01 G9 1.10 

0.00 H9 1.03 

Compound (49) 

Concentration 

(HM) 

Wells Value 

100.00 AID 039 

20.00 BIO 0.86 

4.00 CIO 1.00 

(X80 DIO 1.03 

a i 6 ElO 1.05 

0.03 FIG 1.09 

0.01 GIO L08 

0.00 HIO 1.05 

Compound (50) 

Concentration 

m m 

Wells Value 

100.00 A l l 0.42 

20jW B l l &84 

4.00 Cl l LOl 

0.80 D l l L05 
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Ant 35 

OJ^ El l 1.07 

0.03 F l l 1.07 

0.01 Gil L09 

0.00 Hl l L09 

d(51) 

Concentration 

(HM) 

Wells Value 

100.00 A12 &50 

20jW B12 0.91 

4L00 C12 L06 

ago D12 L05 

0.16 E12 LOl 

0.03 F12 1.00 

0.01 G12 (X96 

0.00 H12 1.02 

Concentration 

(HM) 

Wells Value 

lO&OO A4 0.37 

20.00 B4 (161 

4.00 C4 0J2 

&80 D4 &86 

OJ^ E4 0.90 

ao3 F4 1.03 

(101 G4 1.13 

0.00 H4 1.00 
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Standards biotinylated EILDVPST 

Concentration Wells Values 1 Mean Value Std.Dev 1 CV% 

(HM) 
400.00 A2 1.09 1.12 0.06 4.90 

A3 1.16 

200.00 B2 1.16 1.14 0.04 3.40 

B3 1.11 

100.00 C2 0.71 0.75 0.05 7.00 

C3 0.79 

50.00 D2 0.58 0.57 0.02 3.30 

D3 0.56 

25.00 E2 0.43 0.41 0.04 9.10 

E3 0.38 

12.50 F2 0.39 0.35 0.05 14.50 

F3 0.32 

6.25 G2 0.33 0.33 0.01 3.40 

G3 0.32 

3.13 H2 0.19 0.22 0.03 13.80 

H3 0.24 

Control 

Wells Values Mean 

El 0.19 0.19 

F1 0.20 

G1 0.20 

HI 0.17 

3.8: Screening of EILDVPST-Dendrimer Conjugates (53)-(55). 

Compound (53) 

Concentration 

(mM) 

Wells Values Mean Std.Dev CV% 

2.3 A1 0.24 0.24 0.03 12.10 
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A2 &26 

A3 &21 

IJ^O B1 &22 &26 0.04 14J0 

B2 &27 

B3 &29 

&58 CI &48 0.49 0.01 280 

C2 &49 

C3 &51 

&29 D1 &56 &56 0.04 7.70 

D2 0.60 

D3 &51 

0U4 El &51 &56 0.06 10.80 

E2 (163 

E3 &55 

&07 F1 &51 &56 0.06 10.80 

F2 0.63 

F3 0.55 

Compound (54) 

Concentration 

(mM) 

Wells Values Mean Std.Dev CV% 

&59 A9 0J8 039 (101 2.90 

039 

0.40 

030 B9 &53 &52 (103 5jW 

&54 

0.48 

&15 C9 0.64 &63 0.01 230 

(162 

(162 

0.07 D9 &59 

&56 

0^8 (102 3.00 
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0.60 

&04 E9 &59 0.60 0.05 &60 

0.65 

0^5 

0.02 F9 &57 &58 ().01 IjW 

OJg 

0^9 

0.01 G9 &59 0.62 0.04 5J0 

0.66 

(161 

().01 H9 &72 (172 0.02 140 

(170 

0.75 

Compound (55) 

Concentration Wells Values Mean Std.Dev CV% 

(mM) 
18J^ A7 022 &23 (102 8.40 

A8 &25 

9.05 B7 038 037 (102 4.50 

B8 &36 

4J3 C7 &58 &57 (101 1.40 

C8 &57 

Z26 D7 0.65 0.65 (101 1.70 

D8 (164 

IJJ E7 &56 &57 (100 OJO 

E8 &57 

&57 F7 &53 &53 (100 030 

F8 &53 

Biotinylated-EILDVPST 
Wells Values Mean 
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AlO (X71 0.68 

BIO 0.74 

CIO (X73 

DIO &58 

ElO 0.67 

FIO 0.64 

GIO 0.67 

HIO 0.73 

Chapter 4 Screening of Peptide-Dendrimer Conjugates (55), (79)-(81) 

Compound (55) 

Concentration Wells Values Mean Std.Dev CV% 

(mM) 
11.00 A8 0.69 0.67 0.05 7.00 

A9 &62 

AlO OJl 

5.50 B8 0.99 0.91 0.08 14.70 

B9 &89 

BIO &84 

2J5 C8 IJ^ 1.15 0.03 220 

C9 1^6 

CIO IJ^ 

1J8 D8 1^2 IJ^ 0.07 6.00 

D9 IJJ 

DIO L25 

0.69 E8 L26 137 7.20 

E9 L38 

ElO L46 

0J4 F8 L30 L35 0.05 3.40 

F9 L39 

FIO L37 

OJ^ G8 L42 L29 OJl &70 
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G9 

GIO 

L21 

L25 

&09 H8 L29 L28 0.03 220 

H9 L25 

HIO L30 

Compound (78) 

Concentration 

(mM) 

Wells Values 

&46 A7 &95 

2,73 B7 L26 

137 C7 1.23 

&68 D7 OJ^ 

&34 E7 1.26 

0.17 F7 1.37 

0.09 G7 L23 

0.04 H7 L23 

Compound (79) 

Concentration 

(mM) 

Wells Values Mean Std.Dev CV% 

3J0 A4 OJl 035 0.03 9jO 

A5 &37 

A6 037 

L88 B4 0J8 0.45 0.06 14.20 

B5 &49 

B6 &49 

&94 C4 0.60 0.66 0.07 1030 

C5 0.64 

C6 0.74 

&47 D4 1.04 1.04 0.06 5.40 
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D5 0.98 

D6 1.09 

&23 E4 L20 I J l 0.09 6.90 

E5 1J6 

E6 L36 

F4 L36 L37 0.06 4.60 

F5 L43 

F6 1.31 

&06 G4 1J8 139 0J6 1L70 

G5 L55 

G6 L23 

&03 H4 L49 L49 0.06 4.10 

H5 L42 

H6 1.54 

Compound (80) 

Concentration \VeUs Values Mean Std.Dev CV% 

(mM) 
1J9 A1 a74 0.77 0.03 3.60 

A2 &79 

A3 0.77 

OJO B1 &90 0.75 0U4 1830 

B2 0.64 

B3 &70 

0J5 CI &85 0.76 0.08 lOJO 

C2 &75 

C3 &70 

OJ^ D1 1J3 I J J 0.05 420 

D2 1.17 

D3 L08 

0.09 El 1.24 I J ^ 0.08 730 

E2 L08 
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E3 1.12 

0.04 F1 1.05 1.29 0.21 16.20 

F2 1.44 

F3 1.39 

0.02 G1 1.09 1.14 0.0.09 7.70 

G2 1.08 

G3 1.24 

0.01 HI 1.19 1.36 0.23 17.00 

H2 1.26 

H3 1.62 

Chapter 5.4: Preparation of Peptide-Dendrimer-DNA conjugates 

Template DNA 

3 X 100 )aL of stock DNA template (70 BP) were freeze-dried. 

Each vial contained 0.90 nM = 20.50 pg (stock conc is 205 \ig/ mL). 

Stock solutions of coupling reagents. 

PyBOP 10 mM solution 

DIPEA 10 mM solution 

HOBt 10 mM solution 

The stock solutions were then diluted 1:50. 

Stock solutions of Peptide-Dendrimers. 

Compound (78) 2.73 mM 

Compound (79) 0.41 mM 

Compound (80) 0.50 mM 

Compound (78) was diluted 1:8; compound (79) and (80) 1:2. 
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The coupUng reagents (0.20 mM, 5.00 |iL) were added to the freeze-dried templates and 

activated for five minutes before the addition of the peptide-dendrimers. The reaction 

was allowed to proceed for 3 hours and the samples were then freeze-dried. Next day 

the residue was dissolved in 12 pL of buffer from spin columns (Microspin™ G-50 

columns Amersham Pharmacia biotech 27-5330-01). The columns were prepared 

according to the manufacturers instructions and then the reaction product was applied to 

the column carefully and centrifuged for 1 minute at 5000 rpm. The liquid pushed 

through the column was collected and freeze-dried. 

The amount of DNA-Peptide -dendrimer conjugate was estimated from the following 

procedure and equation. 

O.D = c X G 

Or 1 O.D = 33 lag/mL 

s for each base can be calculated 6om multiplying the following numbers by the 

number of times the base appears in the oligo. 

dGTP = 11.70 

dCTP = 7.30mIV^iM 

dATP = 15.40 mL/pM 

dTTP = 8.80 mlVpM 

Concentration of 

(81): 0.000596 ^mol/mL or 14.85 pg /mL 

(82): 0.000519 pmol/mL or 13.00 j^g/mL 

(83): 0.000487 ^imol/mL or 12.20 pg/mL. 

5.5: General procedure for performing the affinity assay. 

A375M melanoma cells (CRL-1619, American Tissue Culture Collection, Manassas, 

US). Cells were plated at 2.5 x 10"̂  cells/lOOpL medium/well into 96 well plates. 

Twenty-four hours later the media was gently removed and lOO^L of 0.25% 
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glutaraldehyde was added to each well for 30 minutes. This was subsequently removed 

and 100 [iL PBS/0.05% w/v azide added to each well for storage at 4 °C. After washing 

three times in PBS containing 0.05% v/v Tween 20 (the wash buffer) the plate was 

blocked with 10% w/v BSA in PBS for 1 hour at 37°C, 200 ^L/well. After a washing 

step, peptide-dendrimer-DNA conjugate (30 |iL/well) was added to the cells. The plate 

was incubated at 37°C for 1 hour. After thoroughly washing off the unbound peptide-

dendrimer-DNA conjugate sterilised water 10 pL was added to the wells which were 

then heated to 70°C for twenty minutes and then scraped and sucked up with a pipetter 

and the scraped cells were placed in an PCR eppendorf tube. PCR was then performed. 

General procedure for performing the affinity assay and then competing off bound 

peptide-dendrimer-DNA conjugate. 

A375M melanoma cells (CRL-1619, American Tissue Culture Collection, Manassas, 

US). Cells were plated at 2.5 x 10"* cells/1 OOjaL medium/well into 96 well plates. 

Twenty-four hours later media was gently removed and lOO^L of 0.25% glutaraldehyde 

was added to each well for 30 minutes. This was subsequently removed and 100 (iL 

PBS/0.05% w/v azide added to each well for storage at 4 °C. After washing three times 

in PBS containing 0.05% v/v Tween 20 (the wash buffer) the plate was blocked with 

10% w/v BSA in PBS for 1 hour at 37°C, 200 piL/well. After a washing step, peptide-

dendrimer-DNA conjugate (30 pL/well) were added to the cells of 3 wells. The plate 

was incubated at 37°C for 1 hour. After thoroughly washing off the unbound peptide-

dendrimer-DNA conjugate sterilised water 10 pi, was added to 2 of the wells and to the 

third an excess (27 pM) solution of peptide-dendrimer conjugate (82) (30 pL) was 

added and the cells then incubated for a further Ihour. After thoroughly washing off the 

unbound peptide-dendrimer conjugate by pipetting the PBS/Tween into the affected 

well only, sterilised water 10 pL was then added to this well and plate was then heated 

to 70°C for twenty minutes and the cells in the test wells are scraped and sucked up with 

a pipetter and the scraped cells placed in an PCR eppendorf tube. PCR was then 

performed. 
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