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Discovery of non-covalent dipeptidyl peptidase 1V inhibitors which
induce a conformational change in the active site
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Abstract—A series of non-covalent inhibitors of the serine protease dipeptidyl peptidase IV (DPP-IV) were found to adopt a
U-shaped binding conformation in X-ray co-crystallization studies. Remarkably, Tyr547 undergoes a 70° side-chain rotation to
accommodate the inhibitor and allows access to a previously unexposed area of the protein backbone for hydrogen bonding.

© 2007 Elsevier Ltd. All rights reserved.

Dipeptidyl peptidase IV (DPP-IV) is a serine protease
expressed pervasively throughout the human body.
While mostly membrane bound, a small percentage of
unbound DPP-IV can be found freely circulating in
plasma.! Although DPP-1V is hypothesized to regulate
many bioactive peptides, it is known that its major func-
tion is the truncation of glucagon-like peptide 1 (GLP-
1), an incretin hormone which stimulates pancreatic
insulin secretion.? Inhibition of DPP-IV has been shown
to increase levels of GLP-1 in vivo resulting in improved
control of glucose homeostasis in animal models of dia-
betes.® As such, the search for small molecule inhibitors
of DPP-IV has been an area of intensive research across
the pharmaceutical industry.*

Protease inhibitors traditionally rely upon warhead mo-
tifs for tight binding to the desired target.> From the
emerging literature over the past decade, it is now appre-
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ciated that inhibitors can be found that do not require
reactive functionalities or non-drug like features to
achieve satisfactory levels of binding affinity. Serine pro-
tease research will likely continue to evolve away from
synthesis of warhead based inhibitors as the hurdle of
achieving selectivity is lowered when the key binding
interactions do not rely on covalent modification of
the enzyme. It is clear that there is still room for the
medicinal chemistry community to improve the level of
sophistication with respect to knowledge-guided identifi-
cation of non-warhead containing serine protease inhib-
itors.® Herein we describe a series of DPP-IV inhibitors
that engage the S1 pocket by utilizing a mildly electro-
philic aryl ketone which, unexpectedly, does not engage
the catalytic serine in traditional warhead fashion. Addi-
tionally, the unique binding mode of this scaffold forces
a conformational movement in one of the active site res-
idues to provide a series of highly potent and selective
non-covalent inhibitors.

Prosecution of a high throughput screen resulted in the
identification of the secondary amine containing com-
pound 1, which demonstrated an ICs, = 84 nM (Fig. 1).”
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Figure 1. An aryl ketone derived non-covalent inhibitor of DPP-1V.

An X-ray co-crystal structure of 1 bound in DPP-1V re-
vealed an unanticipated binding mode. The inhibitor
adopts a U-shaped conformation which is accommodat-
ed predominately by a side-chain positional shift of
Tyr547. Specifically, the Tyr547 y' dihedral angle chang-
es by 70° compared to previous observations (Fig. 2).8
The phenyl carboxamide m system in 1 is offset from,
but parallel to the phenyl ring of Tyr547, with the two
ring systems being approximately 3.4 A apart. Impor-
tantly, the carbonyl of the primary carboxamide is locat-
ed within hydrogen bonding distance to the protein
backbone NH of Tyr631. The aryl ketone moiety occu-
pies the S1 pocket with the lone pair of electrons on the
carbonyl oxygen available to interact with Asn710 to
form a hydrogen bond. The secondary amine is likewise
within hydrogen bonding distance to Glu206. Further-
more, this U-shaped ligand conformation was calculated
to be approximately 3 kcal/mol lower in energy com-
pared to a fully extended conformation.® This suggests
that the U-shaped ligand form is likely pre-folded, and
there is no energetic penalty for adopting it.

Inhibitors of this type can be readily prepared by the
microwave-assisted alkylation of o-branched amines
with 2-bromoacetophenone derivatives (Scheme 1).
For example, irradiation of 4-((R)-3-amino-butyl)-ben-
zonitrile 2 and 2-bromo-4’-fluoroacetophenone 3 for
15 min at 100 °C followed by filtration of the resultant
precipitate provides intermediate 4 in 59% yield.!!
Hydrolysis of the cyano moiety with hydrochloric acid

Figure 2. 2.1 A resolution X-ray co-crystal structure of compound 1
bound in DPP-IV."
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Scheme 1. Representative preparation of aryl ketone DPP-IV
inhibitors.

followed by filtration of the resultant precipitate pro-
vides 1 in 92% yield.'?

The SAR is consistent with the binding mode from the
X-ray structure which places the phenyl ring of the aryl
ketone into the well-defined hydrophobic S1 pocket
(Table 1). In particular, fluorine located in the para-po-
sition of a phenyl S1 substituent provides a 3x boost in
activity relative to the unsubstituted phenyl analog 5,
while the larger chloro and methyl substituents at the
same position are less tolerated as seen in compounds
8 and 9. Fluorine substitution at the ortho-position as
demonstrated by compound 7 provides a decrease in
activity. Disubstitution with fluorine at the meta- and
para-positions (compound 6) provides a marginal
improvement in activity relative to monofluoro para-
substitution (compound 1). Interestingly, the 3-
thiophene S1 binder of compound 10 demonstrates
equivalent activity to the 4-fluorophenyl S1 binder.

Focused SAR directed toward optimization of the link-
age between the phenyl carboxamide and the o-amino
ketone portion of the molecule resulted in the discovery
of several active molecules, highlighted by inhibitors 11
and 12 (Fig. 3).14

The X-ray co-crystal structures of 10 and 12 in DPP-IV
confirmed a similar U-shaped binding conformation as
was found for 1. Despite this similarity, the structures
do reveal some differences in the placement and engage-

Table 1. S1 binders
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Compound S1 DPP-1V ICs,® (nM)
5 Phenyl 280
1 4-Fluorophenyl 84
6 3,4-Difluorophenyl 39
7 2-Fluorophenyl 3800
8 4-Chlorophenyl 820
9 4-Tolyl 21,000*

10 3-Thiophene 110

2 Compound 9 was tested as a racemate.'
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Figure 3. Ether based linkers for o-amino ketone non-covalent
inhibitors of DPP-IV.

Figure 4. Overlay of co-crystal structure of compound 10 (in pink) and
compound 12 (in green) bound in DPP-IV with the view of the protein
hidden for clarity.

ment of the ligands in the newly formed binding region
above the S1 pocket. Figure 4 shows the ligands super-
imposed from DPP-IV co-crystal structures of the thi-
ophenyl ketone comparator compound 10 (in pink)
and compound 12 (in green), with the proteins removed
for clarity. As seen here, modification from the methyl
branched propyl linker in 10 to the 1,l-disubstituted
cyclopentyl ethyl ether linker in 12 does not result in sig-
nificant differences in binding position within the S1
pocket (as illustrated by the thiophene rings), but does
appear to result in a different point of engagement of
the protein backbone by the carboxamide moiety
(Fig. 4). The structures suggest that the amide carbonyl
in compound 10, which like compound 1 contains the
methyl branched alkyl linker between the amine and
phenyl ring, engages in hydrogen bonding with the
NH of Tyr631. Alternatively, the constraint provided
by the cyclopentyl ether linkage in 12 pushes the aryl
carboxamide higher into the newly formed region and
allows opportunity for hydrogen bonding between the
carboxamide and the carbonyl of Trp629. Also notewor-
thy is that the carboxamide moiety in 12 appears to be
rotated out of the plane of the phenyl ring in order to
obtain the putative hydrogen bond with Trp629.

Oral administration of 30 mpk of compound 12 pro-
duced a modest, yet significant, glucose lowering effect
(24% reduction relative to vehicle alone) in an oral glu-
cose tolerance test (OGTT) in healthy rats.!> This was
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Figure 5. Ex vivo DPP-1V inhibition after a 30 mpk oral administra-
tion to healthy rats.

consistent with the level of ex vivo DPP-IV inhibition
measured over a 2 h time period (Fig. 5).

Profiling of compound 12 against a broad receptor pan-
el, related proteases as well as cytochrome P450 enzymes
revealed no significant cross reactivity.'°

In conclusion, a series of selective DPP-IV inhibitors
was discovered to have a novel U-shaped mode of
non-covalent binding to the active site. This new binding
motif is most notably defined by the displacement of
Tyr547 to allow inhibitors to engage in hydrogen bond-
ing with either Tyr631 or Trp629. Inhibitors of this
class, exemplified by compound 12, demonstrate activity
in vivo in healthy rats as demonstrated by an OGTT and
this activity is consistent with the pharmacodynamic
activity of this compound over a similar time course.
Additional profiling and further improvements to these
molecules will be reported in due course.
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Mp 205°C. HRMS caled for Cy9H,FN,O, [M+H]
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We have found that the majority of the DPP-IV activity
results from a single enantiomer (unpublished results) and
as such occasionally racemates are tested for expedience.
The intermediate amines used in the synthesis of 11 and 12
were prepared via SnAr reaction of the corresponding
commercially available amino alcohol with 4-fluorobenzo-
nitrile following the procedure of Vogler, M.; Koert, U.;
Harms, K.; Dorsch, D.; Gleitz, J.; Raddatz, P. Synthesis,
2004, 8, 1211.

OGTT experiment: the compound was administered orally
to fasted male Wistar rats (n = 6) 10 min before a glucose
load of 2.5 g/lkg. Blood samples were collected from the
tail tip over 120 min for the determination of glucose
(hexokinase method), insulin (immunoassay from Cryst-
alChem Inc., ref. INSKR20), and DPP-IV activity (fluo-
rimetric endpoint assay using Gly-Pro-AMC (Bachem I-
1225) as substrate and AMC (Bachem Q-1025) for
calibration).

Compound 12 was found to have >10,000x selectivity over
dipeptidyl peptidases 8 and 9.
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