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1. Current literature highlights

1.1. A library of small molecule inhibitors of activated thrombin
activatable fibrinolysis inhibitor (TAFIa)

Efforts to find drugs that prevent inappropriate blood coagula-
tion have generally focused on inhibition of thrombin, factor Xa
(FXa) or factor VIIa (FVIIa). Other enzymes in the coagulation cas-
cade have received considerably less attention. In particular TAFIa
inhibition has no direct effect on coagulation or platelet function
and yet is expected to present a novel antithrombotic mechanism
with a low risk of bleeding.

TAFI is a 423 amino acid protein that is activated by thrombin
by conversion to TAFIa. In this form it is capable of cleaving argi-
nine and lysine residues from the surface of fibrin which results
in reduced plasmin formation, protecting fibrin clots from degra-
dation. A recent publication describes the discovery of naturally
occurring macrocyclic TAFIa inhibitors, and their modification
through library synthesis to generate novel and potent low molec-
ular weight inhibitors [1].

Compounds isolated from an extract of the cyanobacteria,
Planktothrix rubescens, were found to be macrocyclic peptidic in-
hibitors of TAFIa. One of these compounds, anabaenopeptin B
(1), is an inhibitor of TAFIa with an IC50 value of 1.5 nM, and
more than 500-fold selectivity over carboxypeptidases A and N,
FXa, FVIIa, FIIa, and FXIa. In order to find smaller and simplified
analogues for this macrocycle, and because TAFIa is unstable, an
X-ray co-crystal structure was obtained of 1 bound to the related
peptidase, carboxypeptidase B. From this structure, it was
apparent that the polar groups, C-terminal arginine, the
carboxylic acid and the urea were making key hydrogen-bonding
interactions.
http://dx.doi.org/10.1016/j.comche.2015.06.001

E-mail: nterrett@ensembletx.com
H
N

N
H

N

HN NH

O
O
O

O

O H
N

H
N

O

HO

Ph
1

COOH

NH

NH2HN

O H
N

R2

H
N

O

3

COOH

NH2

R1
N
H

O H
N

H
N

O

2

COOH

NH2

Following this observation, a number of smaller linear analogues
were designed, prepared and tested against TAFIa. In particular, it
was found that a compound such as 2, although a thousand-fold
less active as an inhibitor, was much lower in MW and in fact had
a superior ligand efficiency value (LE = 0.27 kcal/mol, c.f. with
0.19 kcal/mol for compound 1). To improve potency, a library of
compounds (3) was made in which structural variation around
the R1 and R2 positions was explored.

The best compounds discovered from this library had bulky li-
pophilic amines in the R1 position, such adamantane, norbornyl
or bornyl derivatives. In particular, the (R)-(+)-bornylamide (4)
was found to be a 3 nM TAFIa inhibitor. Variation of the R2 sub-
stituent revealed a preference for a b-branched residue such as a
cycloalkyl methylene, and cyclohexyl methylene remained the best
group in the R2 position.

http://dx.doi.org/10.1016/j.comche.2015.06.001
mailto:nterrett@ensembletx.com
http://dx.doi.org/10.1016/j.comche.2015.06.001
http://www.sciencedirect.com/science/journal/14643383
http://www.elsevier.com/locate/comche


30 N.K. Terrett / Combinatorial Chemistry - An Online Journal 17 (2015) 29–33
N
H

O H
N

H
N

O

4

COOH

NH2

Compound 4 was selected for further investigation, and was found
to be reasonably stable in the presence of human, mouse or rat
microsomes and human hepatocytes. The compound was also
found to be highly selective for TAFIa over a panel of other
proteases. The compound has displayed a promising in vitro profile
and is a suitable candidate for progression to in vivo studies.

2. A summary of the papers in this month’s issue

2.1. Polymer supported synthesis

A general synthesis of N-terminal aziridinyl-2-carbonyl (Azy)
peptides has been developed aided by the photolabile o-nitro-
phenylethyl protecting group. This method enables the synthesis
of unprotected Azy-terminated peptides incorporating ionisable
groups using solid phase techniques followed by photorelease of
the free N-terminal Azy moiety. The resulting Azy peptides under-
go Cu(II)-mediated ligation with thioacids to give Azy-embedded
peptides, providing a handle for site-specific modification of the
peptide [2].

2.2. Solution-phase synthesis

The imidazolin-1-yl azine moiety, constructed using a recently
developed Buchwald–Hartwig-type arylation methodology, dis-
plays excellent chemical stability under subsequent microwave-
assisted Pd-catalysed amination with a range of N-nucleophiles.
This finding has permitted the usage of imidazolin-1-yl azines for
bioactive compound library design leading to the discovery of
micromolar kinase inhibitors [3].

A general, sequential and efficient one-pot synthesis of natural
product inspired chromeno[3,4-b]pyrrol-4(3H)-ones has been de-
scribed. The one-pot reaction sequence consists of N-Boc deprotec-
tion of an N-substituted Boc-glycine O-aryl ester embodying an
ortho-alkyne substituent, azomethine ylide generation with an
aldehyde, subsequent intramolecular 1,3-dipolar cycloaddition
with the alkyne followed by oxidative aromatisation. This method
gives efficient access to a collection of highly substituted diverse
pyrrolocoumarines [4].

Debromokeramadine has been isolated from the Pacific
sponge Agelas cf. mauritiana, and described in a recent publica-
tion. The synthesis of debromokeramadine and its brominated
analogue, keramadine, are described. This flexible approach was
applied to the preparation of three debromo-analogues by
varying the substitution of the guanidine bis-nucleophile. The
reaction has been employed for the regio- and stereoselective
synthesis of debromokeramadine analogues and a library of
pyrrole-2-aminoimidazoles thereby allowing biological activity
studies [5].

A two-step sequence involving an Ugi reaction followed by
reductive Heck cyclisation has been evaluated in order to provide
access to a 3-benzazepine framework in a diversity-oriented
fashion. Several aspects related to the substrate scope and the
optimal distribution of the required functional groups have been
addressed, resulting in the construction of a small library of the
title compounds, featuring four distinct types of substitution pat-
tern [6].

A simple, cheap, efficient, and metal-free method for one-step
synthesis of a library of 1,3-diheteroatom five-membered hetero-
cycles with exocyclic CN and CC double bonds has been described.
The convenient reaction proceeds via the direct three-component
halocyclisation of propargylamines, heterocumulenes and I2 [7].

Molecular libraries of natural product-like and structurally di-
verse compounds are attractive for early drug discovery cam-
paigns. The synthetic methodology for library production of
hexahydropyrrolo[2,1-a]isoquinoline (HPIQ) compounds has been
presented. Two advanced HPIQ intermediates, both incorporating
two handles for diversification, were synthesised through an
oxidative cleavage/Pictet–Spengler reaction sequence in high over-
all yields. A subsequent metal-catalysed cross coupling/amidation
protocol has been developed and its utility in library synthesis val-
idated by construction of a 20-membered natural product-like
molecular library in good overall yields [8].

An efficient synthetic approach to two amino-oxazoline
compound libraries has been developed employing a branching
cascade approach. Chromonylidene b-ketoester was a common
precursor transformed into two different ring-systems: the
pyridine and the benzopyrane substituted hydroxyphenones. In
subsequent steps, the ketone moiety in two ring-systems was
transformed into an amino-oxazoline ring, and the functional
groups on the two amino-oxazoline scaffolds exploited further to
generate a compound collection of around 600 amino-oxazolines
[9].

A natural product-inspired synthesis of a compound collection
embodying the tetrahydroindolo[2,3-a]quinolizine scaffold has
been established with a five step synthesis route. An
imino-Diels–Alder reaction between Danishefsky’s diene and the
iminoesters derived from tryptamines was used as a key reaction.
Reductive amination of the ketone function and amide synthesis
with the carboxylic acid derived from the ethyl ester, were used
to decorate the core scaffold. In this way, a compound library of
530 tetrahydroindolo[2,3-a]quinolizines was generated and
submitted to the European Lead Factory consortium for various
biological assays [10].

The design, synthesis and decoration of six small molecule li-
braries has been described wherein each library was inspired by
structures embedded in alkaloid natural product frameworks.
The synthetic approaches required key steps including Pd-catal-
ysed aminoarylation and dipolar cycloadditions. Libraries were
subsequently nominated for production on the basis of the scope
and limitations of the validation work, and the research led to
the successful synthesis of >2500 novel alkaloid-like compounds
for addition to the screening collection of the European Lead Fac-
tory [11].

Functionalised azepane and oxepane scaffolds have been
prepared using diazocarbonyl chemistry and elaborated to show
their potential use for library synthesis. Key dicarbonyl containing
seven-membered rings were functionalised via diastereoselective
Luche reduction of the ketone followed by manipulation of the
ester and amine groups. Further scaffolds could be accessed by
C-alkylation of the dicarbonyl compounds [12].

Scaffolds of natural products represent promising starting
points for the development of focused compound libraries. The
development of a synthetic route to a compound library based
on the hexahydropyrrolo indole (HPI) scaffold has been described.
A two-step approach consisting of a batch synthesis of an advanced
functionalisable HPI intermediate followed by the establishment of
reaction conditions that allow derivatisation of this scaffold at
three different positions has been described, and the optimised
methods were applied to the synthesis of a 276-member library
[13].
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Biologically relevant 6-aza-8-oxa[3.2.1]bicyclooctane scaffolds
have been synthesised in a five-step procedure starting from fur-
fural. In addition to showing that these scaffolds are amenable to
decoration via standard functional group interconversions, further
functionalisation via Lewis acid-mediated N,O-acetal opening, fol-
lowed by nucleophilic trapping of the resulting intermediate cation
has also been described. By using different nucleophiles, a modest
library of 2,6-trans-disubstituted pyrans has been prepared in good
yields and in a highly diastereoselective manner [14].

Work towards the development of a new strategy for the syn-
thesis of rare and biologically interesting indolizin-5(3H)-ones,
based around the use of ring-closing metathesis to construct the
carbocyclic ring system, has been described. The study provided in-
sights into the general stability of indolizin-5(3H)-ones and their
tendency to exist as the tautomeric indolizin-5-ols, and approach
has allowed access to other novel structurally related compounds
based around unusual 6,5-azabicyclic scaffolds [15].

The application of a tandem condensation/cyclisation/[3+2]-cy-
cloaddition/elimination reaction has given an sp3-rich tricyclic
pyrazoline scaffold with two ethyl esters, in a single step from a
simple linear starting material. The successive hydrolysis and
cyclisation (with Boc anhydride) of these 3-dimensional architec-
tures, generated unprecedented 16-membered macrocyclic bisan-
hydrides. Selective amidations could then be achieved by ring
opening with a primary amine followed by HATU-promoted amide
coupling to yield an sp3-rich natural product-like library [16].

2.3. Scaffolds and synthons for combinatorial libraries

The application of [4+2] cycloadditions between alkenes and an
N-benzoyl iminium species, generated in situ under acidic condi-
tions, has been described in the synthesis of diverse molecular
scaffolds. The key reaction led to the formation of cyclic imidates
in good yield and with high regioselectivity. It was demonstrated
that the cyclic imidates may be readily converted into 1,3-amino
alcohols. Incorporation of orthogonally-reactive functionality, such
as aryl and alkyl bromides, into the cycloaddition substrates
enabled the synthesis of additional scaffolds. For one scaffold, the
synthesis of exemplar screening compounds was undertaken to
demonstrate potential value in small molecule library production
[17].

Scaffold diversity is key for the discovery of novel bioactive
compounds using high throughput screening. Based on the Ugi
tetrazole synthesis, novel bi- and tri-cyclic scaffolds featuring
interesting pharmacophore properties have been designed. The
compounds of the scaffold were synthesisable in large numbers
and diversity in two steps using (hetero)phenylethylamines, HN3,
oxo components and iscyanoacetaldehyde(dimethylacetal). The
chemistry is amenable to parallel synthesis and was used to en-
hance and fill the screening decks of the European Lead Factory.
The recent publication reports full experimental details, scope
and limitations of the reaction, cheminformatic analysis and the
3D structures of selected compounds [18].

A concise and efficient synthesis of cyclopentitols as a scaffold
for a two-dimensional compound library for drug discovery has
been described. Starting from D-mannose, the key steps were Wit-
tig olefination and ring-closing metathesis (RCM) followed by a
[3,3]-sigmatropic Overmann rearrangement to form an sp3-rich,
natural product-like scaffold from which a focused compound li-
brary with different functionalities was prepared [19].

A three component one-pot cascade reaction has been devel-
oped for the synthesis of 1,4,5-trisubstituted c-lactams. The result-
ing scaffold can be modified independently at three positions, two
of which are conveniently accessed by changing the components of
the one-pot reaction. The phases of building block generation, scaf-
fold synthesis and subsequent appendage modification were
adapted to library production, resulting in a screening library of
500 compounds [20].

2.4. Solid-phase supported reagents

A simple, highly efficient and environmentally benign method
for the synthesis of quinoxalines has been developed using a green
and recyclable catalyst Amberlite IR-120H resin under solvent-free
conditions. The catalyst can be recovered after completion of the
reaction and can be reused as the catalytic property of the resin
is not affected even up to four cycles [21].

Silica gel has been shown to readily adsorb strong Brønsted
acids such as bis(trifluoromethanesulfonyl) imide to afford a
heterogeneous supported catalyst that enables various acid-
promoted reactions. The catalyst was recovered by means of easy
filtration and reused for three successive runs. In addition,
various acid-promoted reactions proceed smoothly with the reac-
tion column system packed within silica gel-supported Brønsted
acid [22].

2.5. Novel resins, linkers and techniques

An optimised, easy to scale-up synthetic route for a tetrahy-
drothiophene linker useful for the preparation of C-terminal pep-
tide a-ketoacids has been recently described. Loading this linker
on the solid support allows preparation of side-chain unprotected
peptide cyanosulfurylides, which are easily oxidised to generate
the corresponding C-terminal peptide a-ketoacids. The peptide
a-ketoacids serve as protease inhibitors as well as segments for
protein synthesis with the a-ketoacid–hydroxylamine amide-
forming ligation [23].

The introduction of silicon in biologically-relevant molecules
represents an interesting medicinal chemistry tactic. As part of
the European Lead Factory efforts to generate novel, drug
discovery-relevant chemical matter, the design and synthesis of
1,1-disubstituted-1-silacycloalkane-based compound libraries has
been described [24].

2.6. Library applications

Synthetic strategies towards a library of amphiphilic
tetraphenyl porphyrins anchored to synthetic saccharides and lipid
modalities have been described. The carbohydrates and lipid
functionalities are covalently linked to the model photosensitiser
via a copper (I) catalysed alkyne azide cycloaddition reaction or
an oxypropyl linkage achieved by nucleophilic substitution
chemistry. Varying carbohydrate and lipid substituents allows for
potential fine tuning of solubility and photophysical characteristics
which are important for imaging and treatment applications in
photomedicine, such as photodynamic therapy [25].

The leishmanicidal activities of a library of 2,6,9-trisubstituted
purines that were screened for interaction with Cdc2-related pro-
tein kinase 3 (CRK3) and subsequently for activity against parasitic
Leishmania species have been recently described. The most active
compound inhibited recombinant CRK3 with an IC50 value of 162
nM and was active against Leishmania major and Leishmania
donovani at low micromolar concentrations in vitro [26].

A comprehensive investigation of chemical constituents from
brown algae Stoechospermum marginatum yielded ten known
spatane compounds. To develop compound libraries based on
these scaffolds, a series of semi synthetic derivatives was prepared
and investigated for their antimicrobial and anticancer activities.
The results indicated that several compounds exhibited potent
cytotoxic activities against the B16F10 cancer cell line. Other
analogues possessed potent antimicrobial activities against tested
bacterial and fungal strains [27].
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