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“To me, science is an expression of the human spirit, which reaches
every spherve of human culture. It gives an aim and meaning to
existence as well as a knowledge, understanding, love, and admiration

for the world. It gives a deeper meaning to movality and another
dimension to esthetics.” - Isidor Isaac Rabi
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Pyrrolidine based peptidomimetics are reported as potent and selective DPP-IV inhibitors for the treat-
ment of T2DM. Compounds 16¢ and 16d showed excellent in vitro potency and selectivity towards
DPP-IV and the lead compound 16¢ showed sustained antihyperglycemic effects, along with improved

© 2012 Esevier Ltd. All rights reserved.

Dipeptidyl peptidase-IV (DPP-IV) is a serine protease, which
selectively cleaves first two amino acids of glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like peptide (GLP-
1) thereby makes it inactive."” Inhibition of DPP-IV activity ele-
vates endogenous GIP, GLP-1 and insulin levels thereby improve
glucose excursion. Thus, DPP-IV inhibitors hold great potential
for the treatment of type 2 diabetes mellitus (T2DM). Structurally,
DPP-IV enzyme resembles with several other protease, so while
designing new class of DPP-1V inhibitors, it is essential to consider
selectivity of DPP-IV inhibitors over other serine protease, espe-
cially DPP-2, DPP-8 and DPP-9.°

DFPP-IV inhibitors are classified as peptidomimetics (o- and -ser-
ies) and non-peptidomimetics. In o-series, pyrrolidine derivatives
have been widely explored and depending upon nature of substitu-
ents (Z; at the G position of pyrrolidine ring), it is divided into; irre-
versible (Z = diphenyl-phosphonate ester or 0-acylhydroxamic acid)
and reversible (Z=boronic acid/nitrile) inhibitors.® The NVP-
DPP728, Vildagliptin, Saxagliptin and Denagliptin represents ad-
vanced molecules in cyanopyrrolidine series.® The p-series, such as
Sitagliptin and the non-peptidomimetic DPP-IV inhibitors, including
Alogliptin were developed through high-throughput screening
(HTS)®" The DPP-IV enzyme has three binding pockets/sites (Sq, S2
and 53).3 The S; pocket consists of catalytic triad (Sergso, Asnyip and

* ZRC Communication no.: 389 (Part of PhD thesis work of Pradip Jadav).
#* Corresponding authors. Tel.: +91 2717 665555; fax: +91 2717 665355.
E-muail addresses: rajeshbahekar@zyduscadila.com (R Bahekar), Shailesh-chem@
msubareda.acin (SR Shah )

0960-894X($ - see front matter © 2012 Elsevier Ltd. All rights reserved.
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His4) and the S, pocket involves key interactions with Gluags and
Gluagg dyad. The S5 pocket (Serzgs, Argsss and Phessy) of DPP-IV dif-
fers a lot from other protease and it govern selectivity against DPP-
8and 9°

In T2DM patients, gliptins (Vildagliptin, Sitagliptin, Alogliptin
and Saxagliptin; Fig. 1) do not lower post-prandial glucose to
greater extent as monotherapy, but they are more effective in com-
bination.'” Gliptins demonstrated good oral bioavailability but due
to the rapid clearance, most of them exhibit shorter half-life, there-
by require repeated dosing. Thus, attempts are still underway to
develop long acting DPP-IV inhibitors, which could potentially pro-
vide sustained antidiabetic effect by reducing the post-prandial
glucose excursion and HbAlc (>1%), to anticipate cost and dosing
frequency. One of the approaches to develop long acting DPP-IV
inhibitor could be design of a cyanopyrrolidines based slow-bind-
ing inhibitors. The cyanopyrrolidines forms a reversible covalent
enzyme-inhibitor complex in which inhibitor bind and dissociates
slowly (two-step slow-binding inhibition). Consequently the
enzyme catalytic activity can be inhibited even after the free drug
has been cleared from the circulation, thereby cyanopyrrolidines
inhibits DPP-IV activity for longer duration despite their short
half-lives (Vildagliptin and Saxagliptin t;p: ~2-4 h)."" The NVP-
DPP728 represents first slow-binding cyanopyrrolidine-based
DPP-IV inhibitor and it showed good antidiabetic activity in clinical
trials, despite its short half-life (t,> ~0.85 h).'? Recently RBx-0597,
has been reported as a potent, selective and slow-binding DPP-IV
inhibitor.™

Considering clinical implication of long acting DPP-IV inhibitors
and to overcome the limitations of existing gliptins, we report

311



P. Jadav et al./Bicorg. Med Chem. Lett. 22 (2012) 3516-3521

» o
= N
Py \)LD
NC
NVP-DPPT28 (1)
OH

.
b

NC

LAF-237 (Vildagliptin; 3)

HO
N
H,N
CN

(o]

BMS-477118 (Saxagliptin; 4)

3517

ME-0431 (Sitaglipting 2)
o]
H;C.
Coy H\
NH;
Df’l’\ N D.m 2
@iN

SYR-322 (Alogliptin; 5)

[®|
fie

Figure 1. Structurally diverse small molecule based -DPP-IV inhibitors.

design, synthesis and biological evaluation of pyrrolidine contain-
ing peptidomimetic based DPP-IV Inhibitors. The peptidomimetics
(11a-h, 12a-h, 15a-h, 16a-d and 17a,b) consist of substituted-
pyrrolidine ring attached to sterically hinder aromatic acid, with
suitable linkers/spacers.

Synthesis (Schemes 1 and 2) of peptidomimetics (11a-h, 12a-h,
15a-h, 16a-d and 17a,b) was carried out, using Fmoc-based solid
phase peptide synthesis (SPPS) approach, starting from commer-
cially available Rink-amide MBHA resin, preloaded with Fmoc-pro-
tected proline (6)."* Deprotection of 6 with piperidine (20% DMF)
and 1,3-diisopropycarbodiimide (DIC) coupling with Fmoc-pro-
tected p-Ala (p-alanine), GABA (y-amino butanoic acid) or PABA
(para-amino benzoeic acid) provided the resin-bound Fmoc-pro-
tected dipeptides (7, 8 or 13). Deprotection of 7, 8 and 13 with
piperidine (20% DMF) and DIC coupling with substituted benzoic
acids gives resin-bound tripeptides (9a-h, 10a-h and 14a-h). Tri-
fluroacetic acid (TFA) mediated cleavage of resin-bound peptides (
9a-h, 10a-h and 14a-h) gives pyrrolidinecarboxamides (11a-h,
12a-h and 15a-h). Trifluroacetic anhydride (TFAA) mediated
dehydration of pyrrolidinecarboxamides (11d, 11f, 12d, 12f, 15d
and 15f) afforded title compounds as pyrrolidinecarbonitriles
(16a-d and 17a,b)."® All the test compounds obtained were puri-

FmocHNHJ*O
n

Tin=2)
8 (n=3)

O-Ls

—
Pmuc 0

9a-12a, 14a & 15a; R=H
9h-12b, 14b & 15b;
9¢-12¢, 14c & 15¢; R=0H
9d-12d, 14d & 15d; R=F

@ =Rink Amide MBHA Resin

ohS oY

fied by preparative HPLC (yield 70-85%; HPLC purity >99%) and
characterized by various spectroscopic technique (**C NMR, "H
NMR and ESI MS). Elemental analyses were determined within
0.04% of theoretical values (see Supplementary data for analytical
and spectral data).

The in vitro DPP-IV inhibitory activity was determined in order
to establish the structure-activity relationship (SAR).'® Two series
of the peptidomimetics (11a-h, 12a-h, 15a-h, 16a-d and 17a,b)
were prepared (Tables 1 and 2). In the first series (pyrrolidinecarb-
oxamides), 24 compounds (11a-h, 12a-h, 15a-h) were prepared
by linking proline with substituted benzoic acids, using suitable
spacers (set-1: p-Ala (11a-h); set-2: GABA (12a-h) and set-3:
PABA (15a-h)). In the second series (pyrrolidinecarbonitriles), six
compounds (16a-d and 17a,b) were prepared by replacing pyrroli-
dinecarboxamides with pyrrolidinecarbonitriles. All the test com-
pounds showed varying degrees of DPP-IV inhibitory activity
(ICs0) depending on the nature of the substituents.

Within the first series (11a-h, 12a-h, 15a-h), the set-1 (11a-h)
containing B-alanine spacer attached to para-substituted benzam-
ides, showed diverse DPP-IV inhibitory activity depending on the
nature of substituents at the para-position. Compounds with elec-
tron donating groups (11b: -OMe and 11c: -OH) showed weak

<. R%H%ﬁmz

1la-h (n=2)
12a-h (n=3)

Ya-h in=2)
10a-h (n= 3)

15a-h

9e-12¢, 14e& 15¢; R=CN
9f-12f, 14 & 15F; R=CF;
9g-12g, 14g & 15g; R=CH;
9h-12h, 14h & 15h; R=Ph

=0CH;

Scheme 1. Synthesis of compounds 11a-h, 12a-h and 15a-h. *Reagents and conditions: (a) (1) 20% piperidine in DMF; (2) Fmoc-NH-{CH; ,~CO0H or Fmoc-PABA, HOBE,
DIC, DMF, Ny; (b) (1) 20% piperidine in DMF; (2) substituted benzoic acids, HOBE, DIC, DMF, Ny (c) TFA/H0/triisopropylsilane (95:2.5:2.5),3 h.
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Scheme 2. Synthesis of compounds 16a-d and 17ab. *Reagents and conditions: (a) TFAA, CHxCl,, 25 °C, 6 h.

Table 1
In vitro DPP-IV inhibitory activity”

H 0 0
Mo
70 N
0 H
R
11a-h (n=2); 12a-h (n=3) 15a-h
S No. R DPP-IV inhibition ™ S No. R DPP-IV inhibition™
11a -H 320+ 29 12¢ —eN 26431
11b —OCH;, 8904 21 121 ~CF; 19+23
1ic ~OH 863+ 18 12g ~CHs 604414
11d -F 93403 12h ~Fh 104416
11e N 31225 15a -H 311424
11f —CF; 28417 15b —0CH; 879422
11g —CH; 715227 15¢ ~0H 863213
11h —Ph 107+ 18 15d -F 100285
12a -H 208+ 19 15e —eN 4276
12b ~0CH; 869+ 43 15f ~CF; 31283
12¢ —OH 843426 15¢ ~CH; 723421
12d -F 74+ 11 15h ~Fh 11613

* DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured using Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm

and emission at 460 nm. IC4, determined using Graph Pad prism sofrware.

" DPP-IV inhibitory activity represented as ICs, (nM), expressed as the mean £5D (n=3).

inhibitory activity relative to that of un-substituted (11a: -H),
whereas compounds with electron withdrawing groups (11d;
11e and 11f) showed good DPP-IV inhibitory activity. Among the
11d, 11e and 11f tested, 11e and 11f showed improved DPP-IV
inhibitory activity, which could be due to increase in the electro-
negativity at para-position of benzamide. Aliphatic substitution
at para-position (11g; -CH,) showed weak inhibitory activity,
while aromatic substitution at para-position (11h; -Fh) showed
moderate DPP-IV inhibitory activity. The second and third set of
compounds (12a-h, 15a-h) comprising GABA and PABA spacers
attached to para-substituted benzamides, showed similar trend
in DPP-IV inhibitory activity as observed with first set of com-
pounds, with respect to nature of para-substituents.

The first series was specifically designed to understand the role
of spacer and effect of parag-substituents on benzamide. The SAR
study of first series reveals that the DPP-IV inhibitory activity of
test compounds drastically varies with para-substituents, whereas
alteration in spacers (aliphatic with two/three carbon chain-length
versus aromatic) do not exhibit significant change. In general, neu-
tral effect of spacers on inhibitory activity might be due to the flex-
ibility in S; pocket and stapled orientation of Glu-dyad
Substituents on para-position of benzamide altered inhibitory
activity to greater extent because in Ss; pocket, para-substituents
play crucial role for its interaction with Seraps, Argsss and Phesss.
From first series, altogether in three different sets, 11e, 11f, 12e,
12f, 15¢ and 15f (para-nitrile/trifluoromethyl benzamide) were
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Table 2
In vitro DPP-1V inhibitory activity and selectivity”

N CN
C

N

H
o R
16a-b (n= 2); 16c-d (n=3) 17a-b

5. Na R DPP-IV"" DPP2S DPP&s DPPY®
16a N 103219 - _ _

16b ~CF; 132223 - - -

16¢ N 23209 >25,000 >15,000 >15,000
16d ~CF; 38205 >25 000 >15,000 >15,000
17a N 116216 - - -

17b ~CFs 143225 - - -
NVP-DPP728% 72+13 >25 000 >15,000 >15,000
Vildagliptin® 32205 - - -

* DPP-IV inhibitory activity determined by fluorescence-based assay: fluorescence measured using Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm

and emission at 460 nm. IC;; determined using Graph Pad prism software.

** DPP-IV inhibitory activity represented as [Cq, (nM), expressed as the mean £5D (n=3),
* DPP2, DPP8 and DPPS inhibitory activity represented as fold-selectivity wrt DPP-IV inhibitory activity.
# Reported literature values for NVP-DPP728 and Vildagliptin are 7+ 1.7 and 2.7 #0.1 respectively. (Ref. 5b.c).

identified as primary lead compounds. Further to study effect of ni-
trile group on pyrrolidine ring system, a second series (16a—d and
17a,b) was prepared by replacing pyrrolidinecarboxamides of first
series lead compounds with pyrrolidinecarbonitriles.

As depicted in Table 2, all the six compounds (16a-d and 17a,b)
from second series showed potent inhibitory activity and was
found to be comparable with standard compounds (NVP-DPP728
and Vildagliptin).® Compared to first series (pyrrolidinecarboxa-
mides), significant improvement in the inhibitory activity was
observed with second series (pyrrolidinecarbonitriles) of com-
pounds (16a-d and 17a,b), which could be due to the favorable
interactions of pyrrolidinecarbonitriles with the key residues of
S1 pocket. Among six compounds tested (second series), 16¢ and
16d were found to be equipotent as Vildagliptin.

The in vitro selectivity over serine protease (Table 2), especially
DPP-2, DPP-8 and DPP-9 was evaluated for most potent com-
pounds (16c and 16d).'® Compounds 16c and 16d showed
>25000-fold selectivity over DPP-2 and >15000-fold selectivity

- Control

-« 16d (20 mpk, po)

-+ 16c (20 mpk, po)

-s NVP-DPPT28 (20mpk, po)

400

Serum Glocose (mg/dL)

T

0 50 100 150 200 250
Time (min)

*Pe.05, SP.01, Two-Way ANOVA followed by Bonferreni past test, M £ SEM

Figure 2. In vivo antidiabetic activity of 16¢, 16d and NVP-DPP728 in C57 mice
(OGTT).

over DPP-8 and DPP-9, which was found to be comparable with
reference standard compounds (NVP-DDP728). Among all the com-
pounds tested, 16c and 16d were found most potent and selective,
hence subjected for pharmacodynamic (PD)as well as pharmacoki-
netic (PK) profiling.

The in vivo antidiabetic activity of 16¢, 16d and NVP-DPP728 (@
20 mg/kg, po) was evaluated in male C57BL{6 | mice, using IPGTT
(intraperitoneal glucose tolerance test) protocol and changes in
serum glucose levels (AUC glucose up to 240 min; mg/dL) is re-
ported (Fig. 2}.'7 Compound 16¢ showed good oral antidiabetic
activity (% decrease in AUC glucose 54.9 + 3.86), whereas 16d and
NVP-DPP728 (positive control) showed moderate activity upon
oral administration (% decrease in AUC glucose 17.4 535 and
21.5 6.1, respectively). In C57 mice (IPGTT protocol), it was inter-
esting to observe that 16¢ showed suppression in the blood glucose
at all the time points (30, 60, 120 and 240 min) compared to vehi-
cle control, while 16d and NVP-DPP728 showed blood glucose
reduction only at 30 and 60 min.

Further to understand the duration of action and effect of test
compounds on post-prandial glucose excursion, single dose (@

700 4 -= Control
-+ 16c (20 mg/kg) PO
6004 -= NVPDPP-728 (20 mgkg) PO
0
B
5004
E
8 400
o
=
o 3004
5
o 200
W
1004
Compound
a T —T— T T | T
-1 00510 2 4 i} 24

Time (hr)
*P<f). 05, $P<0.01, Two-Way ANOVA followed by Bonferroni post test, M = SEM

Figure 3. In vivo antidiabetic activity of 16c and NVP-DPP728 in db/db mice.
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20mgkg, po) antidiabetic activity of 16c and NVP-DPP728 was
evaluated in fed-db/db mice (hyperglycemic animals) for 24 h
(Fig. 3). Under fed condition, compared to vehicle control, NVP-
DPP728 and 16¢ showed good antidiabetic activity (% decrease in
AUC glucose 31.4 £+8.7 and 33.5 + 7.4, respectively) up to 2 h. How-
ever, 16c showed sustained suppression in serum glucose levels for
>8 h (% decrease in AUC glucose, 14.9 + 6.3 for NVP-DPP728 and
30.8 + 6.2 for 16c, after 8 h).

A comparative single dose (20 mg/kg iv or po) PK profile of 16c,
16d and NVP-DPP728 was evaluated in male C57BL/6] mice (n =6)
and the various PK parameters such as Toax, T12, Cnax, AUC and %F
were recorded (Table 3)." In PK study, all the test compounds
showed rapid Timae g00d Cmax and oral bioavailability (%F ~63-
72%). Compound 16¢ showed higher AUC (>twofold compared to
16d and NVP-DPPF728 1) and extended half-life (T;5: =7 h com-
pared to 16d and NVP-DPP728). Compound 16¢ showed extended
half-life and higher AUC, which could be due to its low clearance
compared to 16d (elimination rate constant (kel; h™ '), 0.11 £0.03
for 16¢ and 0.82 + 0.18 for 16d). Thus improved pharmacokinetic
profile of compound 16¢ justifies its potent and sustained antidia-
betic activity in C57 and db/db mice.

The molecular docking analysis of 16c and NVP-DPP728 was
carried out using extra precision (XP) Glide docking method
(Fig. 4).%™ The crystal structure of the DPP-IV enzyme (PDB ID:
2103) was obtained from the protein data bank and the protein
structure was prepared using protein preparation wizard module
of Schrédinger. For docking study, the ligands were minimized by
applying an OPLS-AA forcefield, using ligprep module of
Schridinger.™

The overlay of binding poses of 16¢ (Turquoise) and NVP-
DPP728 (Rose) in the DPP-IV active site is shown in Fig. 4. As ob-
served with NVP-DPP728, 16¢ docks very well into all the three
sites (G-scores —11.85 (9/9) and —10.16 (7/9) for 16c and NVP-
DPP728 respectively). Both NVP-DPP728 and 16¢ showed covalent
interaction of cyanopyrrolidine-CN with OH-group of side-chain of
Sergsp (S1 pocket) and H-bonding of amide-NH backbone with (=0
groups of side-chains of Glusgs and Gluss dyad (S pocket), which
supports excellent in vitro DPP-IV selectivity of 16c over other pro-
tease. Especially, incorporation of GABA linkage (spacer) and para-
nitrile benzamide in 16¢ allows it to adopt new confirmation,
which favors strong H-bonding of benzamide with the NH of gua-
nidine side-chain of Argssg and aromatic m-n stacking of para-ni-
trile phenyl ring with Phess; in S; pocket (Fig. 1; Supplementary
data). These additional interactions of 16¢ in S5 pocket justify its
3-fold potent DPP-IV inhibitory activity (in vitro) over NVP-
DPP728.

Kinetic study of DPP-IV inhibition by radiolabeled NVP-DPP728
established its slow-binding inhibition mechanism and nitrile
functionality play crucial role in the formation of the high-affinity
complex, via imidate intermediate.’ Due to unavailability of radi-
olabeled 16¢, inhibitory kinetic of 16c was not evaluated. However,
docking studies supports involvement of key interactions of 16¢
with all the three pockets, which apparently establish
slow-binding kinetic of 16¢ as cyanopyrrolidine class effect.

In summary, we report SPPS approach to discover peptidomi-
metic based cyanopyrrolidine derivatives as potent, selective and
long acting DPP-1V inhibitors for an effective treatment of T2DM.
The lead compound 16c showed sustained suppression of pre-

Table 3

Pharmacokinetic study parameters® of 16¢, 16d and NVP-DPP728
Compd Tmax (H) Coriae (gl ) Tiz (h) AUC (0-2) hpg/ml F (%)
16c 029 +0.11 7.1 £0.83 799+ 033 143%1.13 725
16d 028 £0.10 55 +0.88 059 +0.14 689+ 1.21 63.1
NVP-DPF728 032+008 622091 088 +0.11 649+ 1.11 65

* In male C57BLJ6 | mice (n = 6), compounds were administered orally (po) at 20 mg/kg dose and plasma concentration was analyzed by LC-MS, values indicate Mean 5D,
" Oral bioavailability (%F) was calculated wrt to iv AUC (16c: 11.02 £ 0.11; 16d: 1092 + 0,12 & NVP-DPP728: 998 +0.09 h pg/ml) administered at 20 mg/kg dose, iv.

51 pocket

Figure 4. Key interactions of compound 16¢ and NVP-DPP728 with active sites of DPP-IV enzyme. Binding pose of compound 16¢(Turquoise) and NVP-DPP728 (Rose) in the
DPP-IV active site is indicated (Surface view: Green), wherein both compounds interact closely with key residues of site 51, 52 and 53.
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and post-prandial blood glucose levels (in vive), which correlates
with its extended PK profile.
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Abstract: A peptidomimetic based cyanopyrrolidine derivatives are reported as potent and selective DPP-IV inhibitors.
Some of the test compounds (101 and 10m) showed excellent potency and selectivity towards DPP-IV over various serine

proteases, without CYP inhibition.
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INTRODUCTION

Obesity and diabetes are emerging as the global epidemic
of the 217 century and becoming major health problems
worldwide [1] Type 2 diabetes mellitus (T2DM) 1s
characterized by elevated levels of blood glucose, resulting
from mmpaired msulin secretion and/ or msulin resistance [2]
Currently diabetic patients are treated with various
antihyperglycemic agents; however, due to the progressive
nature of the disease, most of the available
antihyperglycemic agents loose sustained glycemic control
over a period of time [3-4] Also. adverse events associated
with the existing antihyperglycemic agents raise safety
concerns.

Dipeptidyl peptidase-IV (DPP-IV) 1s a sermne protease,
[5] which selectively cleaves the N-terminal dipeptide from
the  penultimate  position of  Glucose-dependent
Insulinotropic Polypeptide (GIP) and Glucagon-Like Peptide
(GLP-1) thus makes them mactive.[6-7] Inhibition of DPP-
IV activity extend the duration of action of endogenous
GLP-1, thereby stimulating insulin secretion, inhibiting
glucagon release and slowmg gastric emptying. [8-9]
Because of these multiple benefits of GLP-1 mediated
glucose homeostasis, orally bioavailable DPP-IV inhibitors
has been developed as promising therapeutic agents for the
treatment of T2DM.

DPP-IV inhibitors offer a number of potential advantages
over existing diabetes therapies. including a lowered risk of
hypoglycemia and weight gain. Consequently, various DPP-
IV inhibitors such as Vildagliptin (NVP-LAF237, 1),
Saxagliptin (BMS-477118, 2) and Denagliptin (GW-823093,
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3), mcluding Sitagliptin are 1 climic for the effective
treatment of T2DM Fig_ (1) [10-14].

DPP-IV enzyme exhibits close structural analogy with
several other serine proteases. So while designing new class
of DPP-IV mhibitors, it 1s essential to consider selectivaty of
DPP-IV mhibitors over other serme protease, especially
DPP-2, DPP-8§ and DPP-9.[15-16] The X-ray crystal study of
various mhibitors in complex with DPP-IV represents three
major binding pockets/ sites as S;. S; and S;. The S; pocket
consists of catalytic triad (Sefesp. Asngpe and Hisqy). S
pocket consists of Glu dyad (Glu,ys and Gluyyg). while S,
pocket involves interactions with Serge. Argisz and
Phe;s7.[17-18] Low nanomolar potency can be achieved by
optimizing favorable interactions with S; and S, pockets.
The S; pocket of DPP-IV differs a lot from DPP-8/9 and the
precise interactions with Phess; govern selectivity against
DPP-8 and 9 [19-20].

Though several DPP-IV inhibitors are m the market,
attempts are still underway to develop potent and selective
DPP-IV inhibitors devoid of side effects associated with
existing DPP-IV inhibitors [21] Recently, we disclosed a
series of cyanopyrrolidine based peptidomimetics as potent,
selective and long acting DPP-IV inhibitors (Compound 4,
Fig. (1). [22] However, upon secondary profiling of
compound 4, CYP3A4 and CYP2D6 mhibitions (ICsy: 1.1
and 1.9 uM respectively) were observed, which halted its
further prechinical development.

Cytochrome P450 (CYP450) enzymes are predommantly
expressed i the liver and are essential for the detoxification
and the metabolism of drugs. In addition to antidiabetic
drugs diabetic patients are treated with a number of other
drugs, mcluding anti-hypertensive and lipid-lowering agents.
Notably, more than 50% of these drugs are metabolized by
CYP3A4 or CYP2D6 enzymes. Drugs can inhibit (decrease),
induce (mcrease) CYP metabolism or may act as a substrate

© 2012 Bentham Science Publishers
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Scheme 1. Structurally diverse small molecule based-DPP-IV inhibitors.

for CYP enzymes. Inhibition of CYP metabolism will likely
increase the affected drug’s systemic concentrations,
whereas induction of metabolism often reduces systemic
concentrations [23].

CYP3A4 or CYP2D6 mhibition and induction 1is
chinically relevant to diabetic patients, especially when
treated with antidiabetic agents such as Sulfonylureas,
Metformin and Meglitanides. For example, Sulfonylureas are
known substrates of CYP. Thus inducers and inhibitors of
CYP can affect the metabolism of Sulfonylureas. Similarly,
Repaglinide is metabolized by the CYP3A4 and a serious
drug-drug interactions (DDI) may occur when it is co-
administered with CYP ihibitor. such as Gemfibrozil
(triglyceride lowering agent), as it increases eightfold
exposure of Repaglinide. Pioglitazone is a substrate for
CYP3A4 and can be affected by mhibitors (Verapamil,
Diltiazem) or inducers (Carbamazepine, Rifampin) of
CYP3A4. Thus. CYP mhibition/ induction can have
significant consequences on other antidiabetic drugs that are
metabolized by these enzymes, which may result in DDI and
idiosyncratic drug toxicity (IDT) [24, 25].

In general, affinity of a molecule for CYP can be
attenuated by increasing / decreasing the carbon chain
length [26] So to overcome CYP liabilities, amino-alkyl
spacer (-(CHa)s-: 3C) of compound 4 was specifically
reduced from 3C to 2C (-(CH;);-) and 1C (-CH;-) and the
resulting molecules were examined for CYP inhibitions.
Compound 4 with 2C amino-alkyl spacer (i.e. compound 16a
reported 1 our previous publication [22] with DPP-IV
inhibitory ICsp: 103 nM) showed weaker CYP3A4 and
CYP2D6 mhibitions (ICsp: 9.3 and 10.1 uM respectively),
while compound 8a Table 1 with 1C amino-alkyl spacer
showed no CYP3A4 and CYP2D6 inhibitions up to 100 pM.
However, 8a showed weak DPP-IV inhibitory activity (ICsg:
722 nM). Thus reduction of amino-alkyl spacer attenuates
CYP inhibitions but led to a significant drop in DPP-IV
inhibitory activity.

Further to improve DPP-IV mhibitory activity of 8a, two
series (8b-j and 10a-m) of structurally constramed
cyanopyrrolidine containing peptidomimetic based DPP-IV

BMS-477118 (Saxagliptin; 2)

Jadav et al.

GW-823093 (Denagliptin; 3)

Spacer
') JRQ R/ \ngﬂa

ngB/(

/ N AN
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wmhibitors were designed. In the first series suitable
modifications were carried out on 1C amino-alkyl spacer of
8a and altogether nine compounds (8b-j) were prepared by
linking ring A with ring B, using various o-substituted
amino acids spacers. In the second series. thirteen
compounds (10a-m) were prepared by modifying the best
compound obtaned from first series, specifically by carrymg
out suitable changes over ring-A and -B.

CHEMISTRY

Synthesis (Scheme 1) of peptidomimetics (8a-j and 10a-
m) was carried out using Fmoc-based Solid Phase Peptide
Synthesis (SPPS) approach, starting from commercially
available Rink-amide MBHA resin, preloaded with Fmoc-
protected prolines (5a-b).[27] Deprotection of Sa-b with
piperidine (20% DMF) and 1.3-diisopropycarbodiimide
(DIC) coupling with Fmoc-protected amino acids provided
the resin-bound Fmoc-protected dipeptides (6a-k).
Deprotection of 6a-k with piperidine (20% DMF) and DIC
coupling with substituted benzoic acids gives resin-bound
tripeptides, which upon Trifluroacetic acid (TFA) mediated
cleavage gives pyrrolidinecarboxamides (7a-j and 9a-m).
Trifluroacetic anhydride (TFAA) mediated dehydration of
pyrrolidinecarboxamides (7a-j and 9a-m) afforded title
compounds as pyrrolidinecarbonitriles (8a-j and 10a-m) [28]
All the test compounds obtained were purified by preparative
HPLC (yield 70-85%; HPLC purity =97%) and characterized
by various spectroscopic technique (C NMR. 'H NMR and
ESI MS). Elemental analyses were determined and the
results were within +0.04% of theoretical values (see
supplementary information for analytical and spectral data).

In Vitre DPP-IV INHIBITION STUDY

The in vitro DPP-IV mhibitory activity was determined
using fluorescence-based enzymatic assay. The Gly-Pro-
AMC was used as a substrate. The substrate was mcubated

with DPP-IV enzymes in the
concentrations of test compounds.
was measured using Spectra Max

presence of various
Activity (fluorescence)
fluorometer (Molecular
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Tablel. In vifro DPP-IV inhibitory activitys

O R, R
)HTN
N
H
o
NC
Sa-j
DPP-IV
S.No R R; Amino acids®
inhibition**

8a H -H Gly 722234
b -CH(CH3), -H Val T4£24
8c -CH(CH:){C.Hj) -H Ile 0=12
ad -CH; -CH; Aib 15733
8e cyclohexyl -H Chg 97227
3f -Ph -H Phg 46338
8z -Bz -H Phe 23019
8h 2.FBz -H 2.F Phe 19736
8i 2FBz -CHs a-Me-2-F Phe 137£49
8 _CH(Ph): H PPPA 27216
1 - - - 32205
4 - - - 2309

*DFP-IV mhubitory actrvity determimed by fluorescence-based assay; fluorescence measured using Spectra Max finorometer (Molecular Devices, CA) by exciting at 380 nm and
emssion at 460 nm. ICs determined using Graph Pad prism software

#+ DPP-IV mhibitory actrvity rep d a5 ICs (nM), exp d a5 the mean +5D (n =3)

* Ry, R; together repressnts amino acids with absolute (5) stereo configuration.

9 B, _?—z 0 R _‘R-s
N}HI’N a N)'H(N
H H |-
0 Q
NC o NH, NC
Taj Baj
By
R, -
2 .\R-B bc
2 . PFmex, ).ﬁrl‘; —
N o
Fmoc H
o
o
Sab ba-k o o
5a; Ry=H, 5b; R;=F fia-j; By=H, =’ [} d ]
. R=F, R,=pPPA,R=H 5
6k, Ry=F, By=BFFA, Ry= L . = | o N ._“II' - . = | o N ew
NH,
= Rink Amide MBHA Resin \\ : \\\ !
Q & e R.Q‘
8 K Ry 1
fa-m 10a-m

Scheme 1: Synthesis of compounds 8a-j and 10a-m

? Reagents and conditions: (a) 1. 20% Piperidine in DMF; 2. Fmoc-NH-(CHR;R:)-COOH, DIC, DMF, Nz (b) 1. 20%
Piperidine in DMF; 2. Substituted benzoic acids. HOBt, DIC, DMF, N;; (c) TFA: H;O: Trusopropylsilane (95:2.5:2.5), 3h; (d)
TFAA. CH,Cly. 25 °C, 6h.

Devices, Sunnyvale CA) by exciting at 380 nm and emission As shown in Table 1-2, two series of peptidomimetics
at 460 nm The ICs;, values were determined for test (8a-j and 10a-m) were prepared and depending on the nature
compounds using Graph Pad prism software.[29] of substitutions, different degree of DPP-IV mhibitory

activity was observed. In the first series. upon linking
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Table 2. In vifro DPP-IV inhibitory activity=
N (o]
= | 0 (17 N
NC \\‘\ n
R, M
10a-m
DFP-IV
S.No Ri R pppz* DPPs* DPPY*
inhibition**
10a -H 2-CH; 3429 - — -
10b -H 2F 2217 - — -
10c -H 3-CH; 1813 - — -—
10d -H 3-F 9606 23,000 15,000 =15.000
10e -H 2.5-di-CH; 31+24 - — -—
10f -H 2.5-di-F 1907 -— — -
10g -H 3-0H 2827 - — -
10k -H 3-0CH; 23+19 - — -
10 -H 3-C1 1108 25,000 15,000 15,000
10j -H 3-CN 1713 - — -
10k -H 3-CF; 1421 - — -
101 -F 3-C1 4207 23,000 =15.000 =15.000
10m -F 3F 2703 23,000 =15.000 =15.000
Joor - - 19+32
4 - - 2309 =25,000 =15.000 =15.000
#DPPIV ixluibitory activity dtermined by 0 Based azsay; B d using Spectra Max fuorometer (Molecular Devices, CA) by exciting at 380 nm and

emission at 460 nm. ICs determined using Graph Pad prism software.
*% DPP-TV mbibitory acm-xt_', i asICxy (nM)

* DPP2, DPPS and DPPY inhibitory activity rey d as fold
% Repnrred literature value forDeughp‘un 22 oM (Fef: 12)

cyanopyrrolidine (ring A) with para-cyanobenzoic acid (ring
B). using a-substituted amino acid spacers (Val; 8b, Ile: 8¢
or cyclohexyl glycine (Chg): 8¢), compounds 8b, 8¢ and 8e
showed moderate DPP-IV inhibitory activities. When amino-
1sobutyric acid (Aib); 8d or o-methyl-2-fluoro phenyl
alanine (a-Me-2-F Phe); 8i. were mtroduced as spacer, the
resulting compounds however showed weak in vifro
activities. The compounds 8f 8g and 8h containing phenyl
glycine (Phg), phenyl alanme (Phe) and 2-fluore phenyl
alanine (2-F-Phe) respectively as spacers were also found to
be the least potent. However compound 8j with B-phenyl
phenyl alanine (p-PPA) showed the highest DPP-IV
inhibitory activity (ICsp: 27 nM) within the series.

The first series was specifically designed as analogs of
Sa. to understand the role of a-substituents on 1C ammo-

d as the mean +5D (n =3).
lectivity wrt DPP-IV inhibitory activity.

alkyl spacer so as to get the low nM DPP-IV inhibitory
activity. The SAR study of first series reveals that the DPP-
IV inhibitory activity of test compounds drastically varies
with the nature of o-substituents and among wvarious
substituents screened. p-PPA was found to be favorable. It
appears that the DPP-IV enzyme accepts changes in limited
steric bulk at S, binding pocket, which might be due to the
stapled orientation of Glu-dyad i S; pocket.

Compound 8j was identified as primary hit from the first
series. Further to improve DPP-IV inhibitory activity of 8j.
second series (10a-m) was designed, specifically by carrying
out suitable changes over ring-A and -B of 8j and in second
series, five sets of compounds were prepared Table 2.
Substitutions were carried out in set-1 (10a and 10b) on 2™
position, in set-2 (10c and 10d) on 3™ position and in set-3
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(10e and 10f) on 2** and 5™ positions of cyano-benzamide
(ring-A) . either with electron withdrawmg (EW) or electron
donating (ED) groups. In set-4 (10g-10k). substitutions were
carried out specifically on 3™ position of cyano-benzamide
(ring-A). Fmally. based upon the literature presidencies
(favorable substitution of 4F- pvrrolidine in Denagliptin),
set-5 (101 and 10m) was prepared by substituting 4™ position
of cyvano-pyrrolidine (ring-B) with fluoro group. to improve
the DPP-IV inhibitory activity [30. 31].

All the test compounds from the second series showed
significant DPP-IV mhibitory activities. Set-1 and 2 showed
improved but similar DPP-IV inhibitory activities.
irrespective of electron withdrawing (EW) or electron
donating (ED) nature of the substituents. Compare to Set-1
and 3. Set-2 showed very good DPP-IV inhibitory activities.

Based on these results. further changes were made only
at 3™ position of cyano-benzamide. as set-4 (10g-10k). In
set-4. compounds 10j and 10k with EW groups at mera
posttion of cyano-benzamide showed higher DPP-IV
inhibitory activities than compounds 10g and 10h. with ED
groups. Among all the compounds tested from second series.
halo substituted compounds (10d and 10i) showed excellent
DPP-IV mhibitory activittes (ICso: 9.6 and 11 nM
respectively). The 4-fluoropvrrolidine-carbonitrile
derrvatives (101 and 10m. set-5) of 10d and 10i showed
further improvement in DPP-IV mhibitory activities (ICsq:
4.2 and 2.7 nM respectively. similar to compound 4), which
could be due to the favorable interactions of 4-fluoro
pyrrolidine-carbonitrile with the key residues of S; pocket.

S3 pocket

Fig. (2). Key interactions of compounds 8a. 10m and Denagliptin with active sites of DPP-IV enzyme.

Letters in Drug Design & Discovery, 2012, Vol 9,No. 9 5

In Virre DPP-IV
INHIBITION STUDIES

SELECTIVITY AND CYP

The in vitro selectivity over serine protease. especially
DPP-2. DPP-8 and DPP-9 was evaluated for most potent
compounds 10d. 10i. 101 and 10m (fold-selectivity listed in
Table 2. [29] All the test compounds showed =25000-fold
selectivity over DPP-2 and =15000-fold selectivity over
DPP-8 and DPP-9. which was found to be comparable with
reference standard compound 4. Among all the compounds
tested. 101 and 10m were found to be most potent and
selective. To assess the CYP |liabilities of these
peptidomimetics, 101 and 10m were subjected for CYP3A4
and CYP2D6 mhibition studies. For CYP3A and CYP2D6
inhibition studies. Human liver microsomes (0.2 mg/ml).
Testosterone (50 upM) Dextromethorphan (5 uM)
respectively. as probe substrates for CYP3A and CYP2D6
were incubated with different concentrations of test
compounds at 37°C for 10 mm.. enzyme activity (% of
control) was determined by HPLC-MS/MS and ICs, values
were calculated. Both the test compounds were found to be
devoid of CYP3A4 and CYP2D6 inhibition up to 100 uM
concentrations [32].

MOLECULAR MODELING

The molecular docking analysis of 8a. 10m and
Denagliptm was carried out using extra precision (XP) Glide
dockmg method. to understand their critical interactions with
all the three binding sites (S;. S; and S;) of DPP-IV enzyme
(Fig. 2: binding poses overlay of 8a (Turquoise). 10m

$1 pocket

$2 pocket

Bindinz poze of compound 8a (Twquoise). 10m (Brown) and Denaghiptin (Roze) m the DPP-IV active aite 15 mndicated (Swface view: Green), wherein compounds 10m and

Denagliptin interacts closely with key residues of site S;. 52 and Ss.
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(Brown) and Denagliptin (Rose)).[19-20, 33-34] The crystal
structure of the DPP-IV enzyme (PDB ID: 2ajl) was
obtained from the protein data bank and the protein structure
was prepared using protemn preparation wizard module of
Schridinger. After protein structure was prepared, the bound
ligand of receptor was defined as grid binding box. For
docking study, the hgands were minimized by applymng an
OPLS-AA force field, using ligprep module of Schrédinger.

The results of docking studies illustrate that all the three
compounds interact closely with the key residues of §;
pocket (as per literature presidencies. cyanopyrrohdine-CN
may form covalent bond with OH-group of side-chain of
Sergzg). In S, pocket, benzamide-NH of 10m and oc-amino
group of Denagliptin forms H-bonding with C=0 groups of
side-chains of Gluays and Gluygs dyad. while benzamide-NH
of 8a flip away from the Glu dyad. Compound 10m interact
closely in S; pocket (aromatic—CN forms H-bonding with the
NH of guanidine side-chamn of Arg;s;). while 8a interact
weakly with the key residues of S; and S; pockets. which
may justify its weak in vitro DPP-IV inhibitory activity.

Molecule 10m in our docking studies has shown CHeewr,
OHe#sxt and meesw interactions. Diphenylmethane in 10m has
all the three aromatic mteractions. One of the phenyl ring
makes a CHs*+1 with Phe 357 and Tyr 547. At the same time
the same Phe 357 and hydroxyl of Tyr 547 forms a we**x and
OHs+*nt stabilizing interactions with diphenylmethane. In
addition to the above-mentioned aromatic interactions, we
have also noticed that fluoro and cyano substituted
pyrrolidine forms two CHee*xt with Tyr 662 and 666. All the
CHee+x interactions are with a range of 2.4 to 2.6 A while
OHsssrr is 2.5 A and messm is 44 A This meesn interaction
between Phe 357 and diphenylmethane has a parallel
alignment of aromatic rings and this might have resulted
from the mductive effect of functionalites of respective
phenyl rings.

Incorporation of B-PPA linkage (spacer) in 10m allows it
to adopt new confirmation, which may favors covalent
interaction of cyanopyrrolidine ring with Setssp (S; pocket,
covalent interaction of cyanopyrrolidine ring as reported for
cyanopyrrolidine derivatives), strong H-bonding of back-
bone benzamide-NH with Glu dyad (S; pocket) and para-
nitrile benzamude with Argsss. mcluding aromatic n- =n
stacking of benzamide with Phe;s; in S; pocket. As observed
with Denagliptin, 10m docks very well into all the three sites
(S;. S, and S;) of DPP-IV crystal structure and these
favorable interactions of 10m across all the three sites of
DPP-IV enzyme support its potent in vitre DPPE-IV
mhibitory activity and excellent selectivity over other
protease.

CONCLUSION

In summary, we have reported a SPPS approach to
discover peptidomimetic based cyanopyrrolidines derivatives
as potent and selective inhibitors of DPP-IV and devoid of
CYP labilities. Some of these novel peptidomimetics
showed excellent in vifro potency and selectivity over other
serine proteases. due to their favorable orientations across all
the three binding sites.
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The prevalence of Type 2 diabetes mellitus (T2DM) is rapidly
increasing (~371 million diabetic patients worldwide) and there
is a great need for new drug classes to ameliorate hyperglycemia,
while addressing additional accompanying elements of the meta-
bolic syndrome.’ Dipeptidyl peptidase-IV (DPP-IV) is a serine pro-
tease,” responsible for the inactivation of glucagon-like peptide 1
(GLP-1) and glucose-dependent insulinotropic pelypeptide (GIP),
both of which enhance insulin secretion in a glucose-dependent
manner.” DPP-IV inhibitors are a new class of oral medications,
which have been in use for 7 years, as a second-line therapy.
DPP-IV inhibitors are generally well tolerated, safe (low risk of
hypoglycemia) and weight neutral. There are currently eight glip-
tins approved worldwide with several more on the way."

In recent years, a large variety of scaffolds being discovered as a
next generation DPP-1V inhibitors, particular efforts being made to
develop the long acting DPP-IV inhibitors."” Two drugs (Omariglip-
tin and Trelagliptin) are currently under development for once-
weekly dosing to improve patients compliance." Structurally,
DPP-IV enzyme resembles with several other protease, so while
designing new class of DPP-IV inhibitors, it is essential to consider

* IRC communication no.: 459 (Part of PhD thesis work of Mr. P. Jadav).

* Corresponding authors. Tel.: 491 2717 665555; fax: +91 2717 665355.
E-mail addresses: jadavpradeep37@rediffmail.com (P. Jadav), rajeshbahekar@

zyduscadila.com (R. Bahekar), shailesh-chem@msubarodaac.in (S.R. Shah).

http://dx.doiorg/10.1016/j.bmc.2014.03.009
0960-894X/ 2014 Elsevier Ltd. All rights reserved.

selectivity of DPP-IV inhibitors over other serine protease, espe-
cially DPP-2, DPP-8 and DPP-9.°

Structurally distinct and rigid analogs of Sitagliptin (1), such as
N-aryl aminopiperidine (2), aminopiperidine-fused imidazoles (3)
and tetrahydropyran (4) derivatives were identified as a novel class
of DPP-IV inhibitors (Fig. 1)."'° These newly discovered DPP-IV
inhibitors exhibit potent DPP-IV inhibitory activity, good off-target
selectivity and improved pharmacokinetic profiles. Earlier, we
reported peptidomimetics based long acting DPP-IV inhibitors.”
In continuation to our ongoing research on DPP-IV inhibitors, we
report herein design, synthesis and biological evaluation of novel
aminomethyl-piperidones (12a-v, 13a-e and 14a-e) based DPP-
IV inhibitors. Title compounds are designed based on the piperi-
done skeleton and we anticipated that the aminomethyl and the
amide groups of the piperidone ring might contribute for improved
pharmacokinetic and pharmacodynamic effects, along with the
potent and selective DPP-1V inhibitory activity.

As depicted in Scheme 1, synthesis of the aminomethyl-
piperidones based DPP-IV inhibitors (12a-v, 13a-e and 14a-e)
commenced with a Horner-Wadsworth-Emmons reaction of
aldehydes (5a-c), followed by Michael addition, to get diester
(6a-c). Reduction of nitrile group of 6a—c by hydrogenation, using
Adam’s catalyst, followed by cyclization and ester regeneration
by trimethylsilyldiazomethane vyielded piperidone-carboxylate
(7a-c), with >85% trans selectivity.'? Trans racemic mixture
[(3R4S) and (354R)] of (7a-c) were isolated in pure form by
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Scheme 1. Synthesis of compounds 12a-v, 13a-e and 14a-e. Reagents and
conditions: (a) (E0RPOCHC00Me, Nax(0s EtOH: (b) NCCH-COOMe, NaOMe,
MeOH:; (c) Hz, Pr0,, HCL MeOH; (d) K;C04, toluene/MeOH: (e) MesSiCHN,, Er20/
MeOH; (f) PMB-Br, NaHMDS, THF[DMF(4:1), —78 °C; (g) LiAlHs, THF, 0°C; (h)
CH3S0,C1, NEts, DCM, 0 °C; (i) potassium phthalimide, DMF, 90 °C; (j) NHz-NH,,
EtOH, 25 -C; (k) chiral resolution: p-tartaric acid, MeOH; (1) Boc,O, NEt;, THF|
H30(3:2), 25 °C: (m) CAN, CHaCN/Hz0(3:1}, 25 °C; (n) R-X, Cul, NN -dimethyleth-
ylenediamine, toluene, reflux or R-X, NaH, DMF, 0-C to 25-C; (o) concd HCI/
Et0Ac(1:3), =507°C, 2h, 0°C, 1h.

removing corresponding cis racemic mixture [(3R,4R) and (3545)],
by column chromatography (mobile phase: 0-3% methanol in
DCM, using 100-200 mesh silicagel). Amide -NH protection of
trans racemic 7a-c with para-methoxy benzyl (PMB) group and
reduction of ester with lithium aluminium hydride (LiAlH4)
yielded trans racemic alcohol (8a-c). Subsequently, 8a-¢ were con-
verted to a good leaving group (methanesulfonate derivatives),
which upon treatment with potassium phthalimide via Gabriel
synthesis type reaction lead to the formation of trans racemic
phthalimido-piperidones (9a-c).

Hydrazinolysis of phthalimido group of 9a-c lead to the forma-
tion of trans racemic aminopiperidones (10a-c). trans racemic
10a-c was subjected for chiral resolution (10a-c was added to a
solution of p-tartaric acid (1.1 equiv p-tartaric acid, dissolved in
100 ml methanol) and the mixture was stirred for 15h at 25°C,
solid precipitated was filtered off, washed with methanol
(200 ml) and dried to get enantiomerically pure (45,55) desired
piperidones (10a-c) as a tartrate salt, with >97% ee (chiral HPLC
analysis conditions: CHIRALCEL OD-H column, using mobile phase

as n-hexane and 0.1% diethyl amine in EtOH (98:02)). Further, pro-
tection of primary amine of 10a-c with Boc-group and subsequent
oxidative removal of PMB group gave Boc-aminopiperidones (11a-
c). Various haloheterocycles/halo-aromatics of the interest were
coupled with 11a-c, by Goldberg reaction'? or by nucleophilic sub-
stitution, followed by Boc-deprotection to get the chiral pure
(45,55) aminomethyl-piperidones (12a-v, 13a-e and 14a-e)."" All
the test compounds obtained were purified by preparative HPLC
(yield 70-85%; HPLC purity >97% and chiral purity >97%ee) and
characterized by various spectroscopic techniques ('*C NMR, H
NMR and ESI MS). Elemental analyses were determined within
0.04% of theoretical values (see Supplementary data for analytical
and spectral data).

The in vitro DPP-1V inhibitory activity was determined in order
to establish the structure-activity relationship (SAR).'” Three sets
of the aminomethyl-piperidones (12a-v, 13a-e and 14a-e) were
prepared (Table 1). In the first set (Ar=2,5-difluoro phenyl), 22
compounds (12a-v) were prepared by coupling 2,5-difluoro phe-
nyl-aminopiperidone (11a) with various halo-heterocycles/halo-
aromatics. In the second set (Ar= 2,4,5-trifluoro phenyl), 5 com-
pounds (13a-e) were prepared by replacing 2,5-difluoro phenyl
with 2.4,5-trifluoro phenyl, while in third set (Ar= 24-dichloro
phenyl), 5 compounds (14a-e) were prepared by replacing 2,5-di-
fluoro phenyl with 2,4-dichloro phenyl. All the test compounds
showed varying degrees of DPP-IV inhibitory activity (ICsq),
depending on the nature of the substituents.

Within the first set (12a-v), test compounds showed diverse
DFP-1V inhibitory activity depending on the nature of substituents
on piperidone ring system. Compounds with electron withdrawing
groups (12b: -CN, 12c: -F and 12d: -CFs) at para-position of phenyl
ring system showed improved DPP-IV inhibitory activity, compared
to unsubstituted derivative (R=-Fh; 12a) Compounds with
electron donating groups (12e: -OMe and 12f: -50,-Me) at para-
position of phenyl ring showed further improvement in in vitro
DFP-IV inhibitory activity. Replacement of phenyl ring system with
3-pyridyl (12g) and further substitutions with electron donating
(12h) and withdrawing (12i and 12j) groups at para-position
showed moderate DPP-1V inhibitory activity. Replacement of phe-
nyl ring system with quinoline (12m), triazolo[43-a]pyrazine
(12n), 2-methyl-pyrimido[1,2-b]pyridazinone (12e), benzyl (12k)
and further substitutions with electron withdrawing (121) groups
at para-position showed moderate DPP-IV inhibitory activity.
Substitutions with ethylbenzene (12p), ethylpyridine (12q),
dimethylpyrazolo[1,5-a]-pyrimidine  (12r), 3-methyl-triazolo
[4,3-b]pyridazine (12s), 3-trifluoromethyl-triazolo[4,3-b]pyrida-
zine (12t) and 2-trifluoromethyl-triazolo[1,5-b]pyridazine (12u)
showed good DPP-IV inhibitory activity, while 12v (methylenedi-
oxy phenethyl) showed superior DPP-IV inhibitory activity
(ICs0: 8.5 £ 0.4 nM), compared to Sitagliptin (ICsp: 1842.4 nM).
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Table 1
In vitro DPP-IV inhibitory activity of aminomethyl-piperidones (12a-v, 13a-e and 14a-€).”
Compd R ICso™ (nM) Compd R ICsq™ (nM) Compd R ICso* (M)
12a ><(j 14364123 121 Y\O\: 91031 13a f\/\@l 15741
FJ
ot 0o
| L NN
12b o 378+ 1.4 12m 1034 £212 13b - 119210
]
- CF
# ) N
12¢ 382445 12n o N 1023 £3.1 13¢ NR, 125427
¥ _ </
o 0 W oN N
Q L " yer,
12d oF, 342£33 120 u | 997+ 135 13d N 1M+21
N
:f - -
12e 217486 12p 119442 13e 19451
o o
¥ [ i
12f o 193£8.4 129 N 84526 14a N 197242
Oz
1 1388459 12r N~ 776412 14b N~ 148437
% I A
N ANy ’4 . J{CF:
12h I _ 452437 125 "N 122432 14¢ NIy 134273
N
CFy £ NG N
] w N N=
12i m 443453 12t w 79£02 14d t,l.g >CFs 137296
CFa . N N
N
N NG .
12§ | 404+£7.7 12u Y—cF, 74£09 14e o> 43432
N N o
12k \{\G 8854112 12v /\/UG) 85+04 sitagliptin - 18424
(8]

Bold ICsg values of 12v and sitagliptin represents most potent compounds in Table 1.

* DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured using Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm

and emission at 460 nm. 1Csy determined using Graph Pad prism software.

" DPP-1V inhibitory activity represented as ICso (nM), expressed as the mean 5D (n=3).

In the second set (13a-e, Ar = 2,4,5-trifluoro phenyl), all the five
compounds showed good activity, but compared to 2,5-difluoro
pheny! series (Set-1 analogs, 12q, 12r, 12t, 12u and 12v), in vitro
DPP-IV inhibition were found to be bit weaker, while in set three
(14a-e, Ar =2 4-dichloro phenyl), in vitro DPP-1V inhibition were
found to be slight weaker than Set-1 and Set-2 corresponding ana-
logs. Thus the nature and position of halogen atom on aromatic
ring system contributed significantly towards in vitro DPP-IV
inhibition.

The in vitro selectivity over serine protease, especially DPP-2,
DPP-8 and DPP-9 was evaluated for 12V and it showed >5000-fold
selectivity over DPP-2 and >10,000-fold selectivity over DPP-8 and
DPP-9.'° To assess the CYP liabilities, 12v was subjected for CYP1A2,
CYP2CS8, CYP2C9, CYP2D6, CYP2C19 and CYP3AM inhibition studies
(@1, 10 and 100 uM concentrations) and the test compound 12v
was found to be devoid of CYP1A2, CYP2C8, CYP2C9, CYP2D6,
CYP2C19 and CYP3A4 inhibition up to 100 pM concentrations.'®

Detailed pharmacodynamic (PD) as well as pharmacokinetic
(PK) profiling of 12v was carried out. The in vivo antidiabetic activ-
ity of 12v and Sitagliptin (@ 3 mg/kg, p.o.) was evaluated in male
C57BL/6] mice, using OGTT (oral glucose tolerance test) protocol
and changes in serum glucose levels (AUC glucose up to 240 min;
mg/dL) was estimated (Fig. 2)."” Compound 12v showed good oral
antidiabetic activity (% decrease in AUC glucose 38.9 + 5.20), which

600+ -5 Vehicle Control
= Sitagliptin (3mg'kg, PQ)

- 500 < 12v (3mglkg, PO)
£ 2001
§ 300+
=
o
E 200+
2
@D
“ 100

0= T T T T T T

30 01530 60 120 240

Time(min)

I

Drug  Glucose(3mgkg)
*Pol0s, Two-Way ANOVA followed by Bonferroni postiest, Mean + SEM

Figure 2. In vivo antidiabetic activity of 12v and Sitagliptin in C57 mice.

was found to be better than Sitagliptin (% decrease in AUC glucose
17.9 £ 4.58). In C57 mice, it was interesting to observe that 12v
showed suppression in the blood glucose at all the time points
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Figure 3. In vivo antidiabetic activity of 12v and Sitagliptin in db/db mice.

(15, 30, 60, 120 and 240 min) compared to vehicle control, while
Sitagliptin showed blood glucose reduction only at 30 and 60 min.

Further to understand the duration of action and effect of 12v
on post-prandial glucose excursion, single dose (@ 3 mg/kg, po)
antidiabetic activity of 12v and Sitagliptin was evaluated in fed-
db/db mice (hyperglycemic animals) for 24 h (Fig. 3). Under fed
condition, compared to vehicle control, 12v and Sitagliptin showed
good antidiabetic activity (% decrease in AUC glucose 38.29 £ 12,13
and 20.80  11.06, respectively) up to 2 h. However, 12v showed
prolonged suppression of serum glucose levels (% decrease in
AUC glucose 20.62 + 7.05 for 12v and 1.48 + 11.84 for Sitagliptin,
up to 24 h).

A comparative single dose (3 mg/kg iv or p.o.) PK profile of 12v
and Sitagliptin was evaluated in male C57BL{6] mice (n = 6) and
the various PK parameters (Tmax T1/2, Comax, AUC and %F) were re-
corded (Table 2)."® In PK study, 12v showed rapid Ty, higher
AUC (~twofold compared to Sitagliptin), extended half-life (T p:
>8 h) compared to Sitagliptin and good oral bioavailability (%F:
79.5%). Compound 12v showed extended half-life and higher
AUC, which could be due to its low clearance compared to Sitaglip-
tin (elimination rate constant (kel; h™'), 0.12 £ 0.02 for 12v and
0.84 + 0.14 for Sitagliptin). Thus improved pharmacokinetic profile
of compound 12v justifies its potent and prolonged antidiabetic
activity in C57 and db/db mice.

Interestingly, various gliptins, currently used in the clinic
(Sitagliptin, Vildagliptin, Saxagliptin, Alogliptin and Linagliptin),
exhibit short half-life thereby requires once or twice daily drug
administration.'® Further to regulate the pre- and post-prandial
blood glucose and thereby to control HbAlc, several long-acting
DFP-IV inhibitors (Omarigliptin and Trelagliptin) are under devel-
opments, as once-weekly drugs.” Their clinical efficacy and side ef-
fects profile appear to be comparable with other gliptins in the
class, however, their infrequent dosing creates a niche and pro-
motes patients compliance.® In this context, overall pre-clinical
profile of 12v demonstrated added advantages over currently prac-
ticed gliptins and appears to serve as long-acting DPP-IV inhibitors.

The molecular docking analysis of 12v and Sitagliptin, in the
binding pocket of DPP-IV was carried out using extra precision

Figure 4. Key interactions of compound 12v and Sitagliptin with active sites of
DPP-IV enzyme. Binding pose of compound 12v (Orange) and Sitagliptin (Maroon)
in the DPP-IV active site is indicated ( Surface view: Blue), wherein both compounds
interact closely with key residues of site §,, 5; and S,

(XP) Glide docking method (Fig. 4).>° The X-ray structure of the
DPP-IV enzyme (PDB ID: 20Q1) was obtained from the protein data
bank and the protein structure was prepared using protein prepa-
ration wizard module of Schridinger. For docking study, the
ligands were geometrically optimized and prepared by using
ligprep module of Schridinger.'® The overlay of binding poses of
12v (Orange) and Sitagliptin (Maroon) in the DPP-IV active site is
shown in Figure 4. As observed with Sitagliptin, 12v docks very
well into all the three sites (G-scores —11.81 (9/9) and —10.99
(9/9) for 12v and Sitagliptin respectively). Although, G-score of
12v and Sitagliptin are comparable, however, in vitro, DPP-IV
ICs 0f 12v is half of that of Sitagliptin, which could be due to favor-
able interactions of 12v, in all the three binding pockets. Di-fluoro-
phenyl ring of 12v occupies S, pocket. In S, pocket, aminomethyl
groups of piperidone ring forms H-bonding with the side-chains
of Gluags and Gluape dyad, while methylenedioxy phenyl ring of
12v accommodates very well in 53 pocket, which together supports
excellent in vitro DPP-IV activity and selectivity of 12v over other
protease.

In summary, we report discovery of novel aminomethyl-
piperidone derivatives as potent, selective and long acting DPP-IV
inhibitors for the treatment of T2DM. The lead compound 12v
((45,55)-5-(aminomethyl }-1-(2-{benzo[d][ 1,3 ]dioxol-5-yl)ethyl}-4-
(2,5-difluorophenyl)-piperidin-2-one) showed prolonged suppres-
sion of pre-and post-prandial blood glucose levels (in viva), which
correlates with its extended PK profile.
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Table 2

Pharmacokinetic study parameters” of 12v and Sitagliptin
Compd T (1) Coras [ pg/m1) Tya (h) AUC (0-2) h pg/ml ¥
12v 028012 0.42 £ 0.03 B899+ 031 1.01 £ 0,09 79.5
Sitagliptin 022010 0.31£001 1.56+0.11 0.56 £ 0.02 75.7

* In male C57BL{6] mice (n = 6), compounds were administered orally (p.o.) at 3 mg/kg dose and plasma concentration was analyzed by LC-MS, values indicate mean = 5D.
B Oral bioavailability (%F) was calculated wrt to iv AUC (12v: 127 0,08 and Sitagliptin: 0.74 £ 0,09 h pg/ml) administered at 3 mg/kg dose, iv.
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Supplementary data

Supplementary data associated with this article can be found, in

the online version, at http://dx.doi.org/10.1016/j.bmcl.2014.03.
009.
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