
Structure based design of nicotinamide phosphoribosyltransferase
(NAMPT) inhibitors from a phenotypic screen

Daniel S. Palacios a,⇑, Erik Meredith a, Toshio Kawanami a, Christopher Adams a, Xin Chen a,
Veronique Darsigny a, Erin Geno a, Mark Palermo a, Daniel Baird b, Geoffrey Boynton b, Scott A. Busby b,
Elizabeth L. George b, Chantale Guy b, Jeffrey Hewett b, Laryssa Tierney b, Sachin Thigale b,
Wilhelm Weihofen b, Louis Wang b, Nicole White b, Ming Yin b, Upendra A. Argikar c

aGlobal Discovery Chemistry, Novartis Institute for Biomedical Research, 22 Windsor Street, Cambridge, MA 02139, USA
bChemical Biology and Therapeutics, Novartis Institute for Biomedical Research, 181 Massachusetts Avenue, Cambridge, MA 02139, USA
cPK Sciences, Novartis Institute for Biomedical Research, 250 Massachusetts Avenue, Cambridge, MA 02139, USA

a r t i c l e i n f o

Article history:
Received 17 October 2017
Revised 13 December 2017
Accepted 16 December 2017
Available online 18 December 2017

Keywords:
NAMPT
In silico screen
Structure based drug design
Cyclopropane
Nicotinamide phosphoribosyltransferase

a b s t r a c t

Nicotinamide phosphoribosyltransferase is a key metabolic enzyme that is a potential target for oncol-
ogy. Utilizing publicly available crystal structures of NAMPT and in silico docking of our internal com-
pound library, a NAMPT inhibitor, 1, obtained from a phenotypic screening effort was replaced with a
more synthetically tractable scaffold. This compound then provided an excellent foundation for further
optimization using crystallography driven structure based drug design. From this approach, two key
motifs were identified, the (S,S) cyclopropyl carboxamide and the (S)-1-N-phenylethylamide that
endowed compounds with excellent cell based potency. As exemplified by compound 27e such com-
pounds could be useful tools to explore NAMPT biology in vivo.

� 2017 Elsevier Ltd. All rights reserved.

Regulation of nicotinamide adenine dinucleotide (NAD+) levels
within cells is critical given the importance of NAD+ in both main-
taining cellular energy homeostasis and its role as an enzymatic
cofactor.1 There are multiple mechanisms within eukaryotic cells
to sustain cellular NAD+ levels but the rate determining source is
the conversion of nicotinamide (NAM) to nicotinamide mononu-
cleotide (NMN) by the enzyme nicotinamide phosphoribosyltrans-
ferase (NAMPT). The NMN produced by NAMPT is then further
processed to NAD+ by the enzyme Nicotinamide mononucleotide
adenylyltransferase (NMNAT, Fig. 1A).2 Several reports have
demonstrated that cancerous cells express higher levels of NAMPT
and have a higher NAD+ demand than normal cells.3 This evidence
therefore suggests that blocking NAD+ production through the
inhibition of NAMPT enzymatic activity could be selectively lethal
to cancerous cells and consequently provide a therapeutic benefit.4

Recently, we disclosed the pyrrolo-pyrimidine NAMPT inhibitor
1 (Fig. 1B), which was discovered through a phenotypic screening
campaign.5 While 1 is very potent in an A2780 Cell-Titer GloTM

(CTG) assay (IC50: 6 nM) the construction of the pyrrolo-pyrim-
idine core requires a significant investment of synthetic effort.6

Given the structures of known NAMPT inhibitors,7 we hypothe-
sized that this complex core is not necessary for NAMPT activity
and we could identify an alternative to 1 that was more syntheti-
cally tractable and therefore more amenable to iterative optimiza-
tion. In this vein, we used the crystal structure of NAMPT/FK866
(PDB code: 2GVJ)8 as the template for an in silico screen for alter-
native chemical matter. The pyridine of FK866 is in a pi-stacking
position between Tyr180 and Phe193 which mimics the position
of the natural ligand NMN to competitively inhibit enzyme func-
tion. Docking 1 into this pocket suggested that the pyridine nitro-
gen could form the same hydrogen-bond with the phenol of Tyr18
as observed for the analogous nitrogen in the FK866 crystal struc-
ture. To potentially enhance this interaction, a 2-aminopyridine
was selected as a new head group because of the enhanced basicity
of this pyridine nitrogen relative to an unsubstituted pyridine. The
2-aminopyridine was then used as the substructure search query
to filter our internal compound collection, followed by docking into
the FK866 binding pocket. A dozen top-scoring docking hits were
selected and submitted for biological activity testing in the
A2780 CTG assay. From this effort, the most promising ligand iden-
tified was 2-aminopyridine 2, which we found to be equipotent to
1 in both the A2780 and CORL23 CTG assays.9 Furthermore, the cel-
lular activity of 2 was rescued by concurrent treatment with 100

https://doi.org/10.1016/j.bmcl.2017.12.037
0960-894X/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: daniel.palacios@novartis.com (D.S. Palacios).

Bioorganic & Medicinal Chemistry Letters 28 (2018) 365–370

Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/locate /bmcl

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bmcl.2017.12.037&domain=pdf
https://doi.org/10.1016/j.bmcl.2017.12.037
mailto:daniel.palacios@novartis.com
https://doi.org/10.1016/j.bmcl.2017.12.037
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


lM of the NAMPT product NMN. Compound 2 was also found to
inhibit NAMPT in a biochemical assay (Fig. 1B). This data strongly
supports the conclusion that 2 is decreasing the viability of A2780
and CORL23 cells through direct inhibition of NAMPT. In addition
to the potent activity of 2, this small molecule has promising phys-
iochemical properties (clogP: 2.2, MW: 401) and can be readily
synthesized in a convergent fashion. Thus, 2 appeared to be a
promising foundation to build a lead optimization campaign.

Examining the structure of 2, we initially sought to explore the
structure activity relationship (SAR) of the urea motif. We hypoth-
esized that replacing the urea functionality could potentially
improve the aqueous solubility and membrane permeability of
the scaffold by decreasing the number of NH bonds. Furthermore,
given the a,b unsaturated amide in FK86610 and the bicyclic
NAM mimetics that are known in the literature,11,12 we postulated
that the benzylic urea nitrogen was not engaged in a direct inter-
action with the target protein and could be replaced. As shown
in Table 1 we first removed the aniline on the 2 position of the pyr-
idine to simplify analog synthesis and found that pyridine 3 was
approximately ten fold less potent in the A2780 CTG assay.13

Next, deleting the benzylic nitrogen gave amide 4, which was a
potent NAMPT inhibitor (IC50: 25 nM) but was inactive in the
CORL23 CTG assay. This type of disconnect between biochemical
and cell based assays has also been reported for other NAMPT
inhibitors.11 We suspected that the increased flexibility of the ethyl
bridge in 4 led to its greatly attenuated activity and we therefore
rigidified the system by introducing unsaturation to give amide
5. However, we were surprised to find that a,b unsaturated amide
5 was only moderately active with an IC50 of 2000 nM in the
CORL23 CTG assay. To further explore conformational constraints
at this position, we utilized the Corey-Chaykovsky14 reaction to
synthesize cyclopropyl carboxamide 6 and separated the two trans
cyclopropane enantiomers. Upon testing, we found the (S,S) enan-
tiomer afforded significantly improved activity over the parent
urea 3. We also found that the cellular activity of the cyclopropane
motif is highly stereoselective as the corresponding (R,R) enan-
tiomer 7 was inactive in both the A2780 and CORL23 CTG assays.
Confirmation that NAMPT is the target of 6 was achieved through
demonstration of the biochemical inhibition of NAMPT (Table 1).
Though 3-pyridine cyclopropyl carboxamide NAMPT inhibitors

have been previously reported in the literature,15 this effort was
limited to a phenylsulfone core. With this in mind, we were intri-
gued by the potential of the phthalimide moiety to provide new
directions for the optimization of 6.

The absolute configuration of the cyclopropane was determined
through co-crystallization with NAMPT, as shown in Fig. 2. In addi-
tion to determining the absolute stereochemistry, the crystal struc-
ture also suggests the basis for the enhanced cellular activity of the

Fig. 1. Identification of cyclopropyl carboxamide NAMPT inhibitors from phenotypic hit 1. A. NAMPT converts NAM to NMN on the path to NAD+. B. Structure of phenotypic
hit 1 and in silico derived 2.

Table 1
SAR of the amide linker.
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a Not tested.
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