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Abstract: Gliptins, commonly known as clinical DPP-IV inhibitors have become a new class of potential
drug candidate and are being hoped as a permanent eraser for type 2 diabetes. Therefore, gliptins have been
a centre of research and development. As a result of the efforts made towards developing effective gliptins,
the first clinical proof of concept for efficacy was confirmed in 1998 when NVP-DPP728 came into focus.
Thus, from 1998 to 2014, these 17-years of the heightened research towards drug discovery has resulted
in seventeen gliptins. Among these, eight gliptins are currently approved and in clinical usages for type 2
diabetes therapies, while others are in different stages of clinical trials. This review covers the various ap-
proaches and methodologies used in the syntheses of only those DPP-IV inhibitors in clinical uses having
suffix gliptin. In addition, it also encompasses their biological activity and their binding interactions in the
active site of DPP-IV that are responsible for their drug candidacy.
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1. Introduction million by 2035, if the preventive steps are not

taken. India has the second highest number of

Type 2 diabetes mellitus (T2DM) is prevalent
and a rapidly growing metabolic disorder. It is
a growing epidemic and considered as a major
public health issue all over the world. T2DM
accounts more than 95% of all diabetes cases
affecting almost 6% of the overall population.
Around 382 million people have diabetes
mellitus in 2013 and it is projected to be over 592
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diabetic patients after china, which is expected
to rise from 65.1 million to 109 million by
2035 as predicted by the International Diabetes
Federation (IDF).["*! A number of micro- and
macrovascular complications such as coronary
artery disease, hypertension, stroke, peripheral
vascular disease, retinopathy, neuropathy and
nephropathy are associated with T2DM. 43

Vol. 4 (3), May — June 2014



Chemistry & Biology Interface, 2014, 4, 3, 137-162

To correct the glucose imbalance and to reduce
the risks associated with T2DM, currently five
main classes such as sulfonylureas (SU), non-
SU secretagogues (Meglitinides), biguanides,
thiazolidinediones  (TZDs), a-glucosidase
inhibitors and the recently introduced dipeptidyl
peptidase-IV (DPP-IV) inhibitors are approved
by the U. S. Food and Drug Administration
(FDA). DPP-IV inhibitors inhibit the DPP-
IV enzyme, a serine protease that cleaves the
incretin  hormones, glucgon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic
peptide (GIP). These incretins are released by
the gut in response to food intake and stimulate
the insulin secretion and biosynthesis in a
glucose-dependent manner. Additionally, these
incretins inhibit glucagon secretion, slow gastric
emptying, induce satiety, inhibit hepatic glucose
production and regenerate and differentiate islet
B-cells.[ 7 Thus, inhibition of DPP-IV prolongs
the circulating half-life of GLP-1 and GIP.
By increasing the circulating concentration of
these incretins, DPP-IV inhibitors improve the
glucose control in patient with type 2 diabetes.®
1% Thus, the observed multiple biological effects
and unlike other antidiabetic agents, absence of
undesirable side effects such as weight gain and
hypoglycemia exhibit the significance of DPP-
IV inhibitors and it is hoped that the long term
treatment with this class of antidiabetic agent
may permanently erase the type 2 diabetes.
Therefore, DPP-IV inhibitors (gliptins) have
been a center of research and development. As
a result of the efforts made towards developing
effective gliptins, the first clinical proof of
concept for efficacy was confirmed in 1998,
when NVP-DPP728 came into focus. Thus, in
search of a novel, potent and selective inhibitors
of DPP-IV from 1998 to 2014, these 17-years
of the heightened research towards drug
discovery has afforded more than 80 clinically
relevant DPP-IV inhibitors on the basis of
potency, tolerability, efficacy and safety. Intense
research activities towards these inhibitors have
resulted in seventeen gliptins. Out of these,
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eight gliptins are currently approved and being
used for type 2 diabetes therapies while others
are advancing into pre-registration/phase 3
and looking forward for approval. Till date, a
number of review articles have been published
that extensively encompass the various aspects
of DPP-4 inhibitors.!"""'* This review covers the
various approaches and methodologies used in
the synthesis of only those clinically relevant
DPP-1V inhibitors having suffix gliptin in their
name. In addition, it also encompasses their
biological data and their binding interactions in
the active site of DPP-IV that are responsible
for their drug candidacy.

2. Reported Gliptins and their Syntheses

The seventeen gliptins as a result of 17-years
of intense research have been achieved (Figure
1), which can be categorized into several
groups based on the skeleton and binding mode
similarities. Sitagliptin and its sister gliptins
include retagliptin, gemigliptin, omarigliptin
and evogliptin. Sitagliptin is the first gliptin
of the DPP-IV inhibitor class approved for
type 2 diabetes treatment. Cyanopyrrolidine-
based gliptins include vildagliptin, saxagliptin,
anagliptin, denagliptin, and melogliptin.
Vildagliptin is the first marketed inhibitor of
this class. Teneligliptin and gosogliptin are the
diprolyl based gliptins. Linagliptin belongs
to the xanthine based gliptin while alogliptin
and trelagliptin are pyrimidinedione based
gliptins. Dutagliptin and carmegliptin are
included into boronic acid and tricyclic- based
gliptins, respectively. In this review, a wide
range of the recent and feasible approaches
and methodologies, along with the challenges
encountered have been described for the
synthesis of these gliptins.

2.1.  Sitagliptin

Sitagliptin is a triazolopiperazine based inhibitor
of DPP-IV, which was discovered by Merck. It

Vol. 4 (3), May — June 2014



Chemistry & Biology Interface, 2014, 4, 3, 137-162

/’ ’
e O \H, 0
s N AK, |N\YCF3
N
2

Gemigliptin =~ cr,

//' /\ < ] .-
/ (N
/! @ mo

.- ~

(1998-2014)

F
Fm
F

Sitagliptin CFs

\,N~(/

é °
Vlldagllptln HO
wh

/ Tenellgllptln \ Saxagllptln '
I’I o
r N
T Y\ | ,)—N : /j/U\ /><
I‘ 5/ OAI ﬁ \
Pl Llnagllptln : Anagliptin " ‘.‘
\\“ i 17 Gllptms ‘. oN
: l E b ch JL
| HN/D*ﬁ’\\( i 17-Years > N

! Dutaghptln F
|‘. (/EN’z,
\ N= { > /\\(
‘\ Melogllptln F
‘\\ HAC. JL
' OMN
NH2

Trelagllptln NH,

Carmegllptln

:f‘;*ﬁ

N
e NH E
8
Evogliptin >r w

NH,

©/' Retagliptin \g&
" F O(\'DVN /Il

al ~N
F N Omarlgllptl\% N-so,cHy

i K Iogllptln %
\ mzj
\,N N

7z

- =y

Gosogllpltn
F Denagliptin .

IN CLINICAL
e PHASES I

Figure 1. An Overview of 17 Gliptins in 17-Years of Research

is a potent (IC,= 18 nM) and highly selective
over DPP-8 (48000 nM), DPP-9 (>100000 nM)
and other isozymes.!'” It enhances the pancreatic
B-cell functions, fasting and post-prandial
glycemic control in type 2 diabetic patients. In
the crystal structure with DPP-IV, unlike other
substrate-based DPP-IV inhibitors, the binding
orientation of the amide carbonyl of sitagliptin
is reversed, i.e. the aromatic trifluorophenyl

Chemistry & Biology Interface

139

moiety occupies S1 pocket and the B-amino
amide moiety fits into S2 pockets. The amino
group forms a salt bridge and hydrogen bonding
interactions with Glu205 and Glu206, and
Tyr662, respectively. The triazolopiperazine
moiety occupies the S2 extended pocket and
stacks against Phe357. The exhibited binding
interactions of the trifluoromethyl group
with the Arg358 and Ser209 are responsible
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for its high selectivity profile. The presence
of the trifluoromethyl group in the triazole
ring also improves the oral bioavailability
in animal models. Sitagliptin inhibited the
plasma DPP-IV up to 80% and 47% at 2 and
24 h, respectively, after a single dose of 25.0
mg in a dose-dependent manner. In a 24-week
study, sitagliptin significantly decreased fasting
glucose levels and HbA | levels (0.8%) at doses
of 100 mg q.d. Thus, sitagliptin is well tolerated
and body weight neutral. It is the first DPP-IV
inhibitor in the class approved by USFDA in
2006 and is used as either a monotherapy or in
combination with metformin.!'7-%

Among the several approaches reported so
far for the synthesis of sitagliptin, some are
outlined in Schemes 1-3. The triazolopiperazine
moiety 5 is a key intermediate and was prepared
from the starting material, chloropyrazine 1 via
hydrazinopyrazine 2, which provided compound
3 via acylation reaction with trifluoroacetic
anhydride. The intramolecular cyclization of
compound 3 with polyphosphoric acid gave
compound 4, which on catalytic hydrogenation
over Pd/C provided triazolopiperazine
intermediate 5.

In the first synthetic approach, the synthesis
of sitagliptin was started with the reaction of a
Schollkopf reagent 6 with 2.4,5-trifluorobenzyl
bromide to afford the compound 7, which was
converted to compound 9 via hydrolysis of ester
8. The resulting Boc-protected amino acid 9
was converted to diazoketone 11 through mix
anhydride protocol by using diazomethane.
The intermediate 11 was converted to desired
B-amino acid 12 by sonication in the presence
of silver benzoate.l’"! The sitagliptin (14) was
synthesized by coupling of B-amino acid 12
with triazolopiperazine intermediate 5 followed
by Boc deprotection of amino group of 13, and
its corresponding hemi fumarate salt was then
prepared (Scheme 1).0¢

The second approach for synthesis of sitagliptin
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was started from asymmetric reduction of
B-ketoester 15 wusing the (S)-BinapRuCl,
complex with a catalytic amount of HBr in
methanol followed by hydrolysis afforded the
B-hydroxy acid 16. Lactam 17 was synthesized
by coupling 0f 16 with BnONH_*HClusing N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (EDC), followed by cyclization
reaction with diisopropyl azodicarboxylate
(DIAD) and PPh,.* Treatment of a catalytic
amount of 0.1% NaOH with lactam 17
hydrolyzed and directly afforded the B-amino
acid 18. Thiswas coupled with triazolopiperazine
5 using EDC*HCI and N-methylmorpholine to
provide the N-benzyloxy protected compound
19, which after hydrogenation using Pd/C and
by consequent treatment with phosphoric acid
provided the phosphate salt of sitagliptin (14)
(Scheme 2).

The third approach towards the synthesis of
sitagliptin is outlined in scheme 3. Meldrum
adduct 22 (Hunig’s base salt) was synthesized
from trifluorophenylacetic acid 20 by the
formation of a mixed anhydride with pivaloyl
chloride in the presence of Meldrum’s acid 21,
DIPEA and catalytic amount of dimethylamino
pyridine (DMAP) in acetonitrile. Treatment
of 22 with TFA resulted compound 23. B-keto
amide 24 was formed on reaction of 23 with
triazolopiperazine 5. P-keto amide 24 on
treatment with ammonium acetate in methanol
formed a key intermediate, dehydrositagliptin
25 (enamine amide). This intermediate contains
the entire structure of sitagliptin 14 except
two hydrogen atoms. Thus, sitagliptin 14 was
synthesized by enantioselective hydrogenation
of dehydrositagliptin 25 in the presence of
[Rh(COD),0Tf] 12,13 and ‘Bu JOSIPHOS in
excellent yield with 95% ee.**?*!

2.2.  Vildagliptin (LAF-237, Novartis)
Vildagliptin (LAF-237) is the first generation
inhibitor and the first gliptin of the
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cyanopyrrolidine class approved for treatment
oftype 2 diabetes. It was discovered by Novartis.
It is potent (IC, = 3.5 nM ) and modest selective
for DPP-IV against DPP-8 (>250 fold) and
DPP-9 (23 fold), but much more selective over
DPP-2, FAP etc.> With the DPP-IV enzyme,
the cyanopyrrolidine moiety occupies Sl
pocket where the nitrile group forms a covalent
imidate adduct with the hydroxyl of Ser630.
The imidate’s nitrogen establishes the hydrogen
bonding interaction with the side chain of
Tyr547. The adamantly moiety of vildagliptin
is highly hydrophobic, which occupies the S2
pocket, and hydroxyl group forms hydrogen
bondings with His126 and Ser209 through
bridging of water molecules. The amine group
exhibits salt bridge bonding with Glu205 and
Glu206, and the carbonyl group also shows
hydrogen bonding with side chains of Asn710.

[26]

Vildagliptin showed a half-life of 1.5 h with
85% of bioavailability and improved the
glycemic control (i.e. 0.7% reduction in HbA
levels).?” It exhibited up to 80% DPP-IV
inhibition for 7 h and still retained 40% after 24
h at a single dose of 100 mg. It also increased
the insulin sensitivity and B-cell function. It is
used either as monotherapy or in combination

CICOCH,CI,
[_HNH KoCO3, THF, TFAA, THF,
2 RT RT, 1h
N —al
N /Wf

27

——F ClI

with other antidiabetic agents. Some common
adverse effects are headache, constipation,
dizziness, nasopharyngitis, increased sweating
and cough®®® It was approved by European
Medicines Agency (EMA) in 2008 for use within
the EU. It is still waiting for FDA approval for
use in the US.

Initial synthesis of Vildagliptin is outlined in
scheme 4. The amino group of L-prolinamide
26 was acylated by using chloroacetyl chloride
to give compound 27, which was converted
to compound 28 by dehydration reaction with
trifluoroacetic acid (TFAA). Finally, by reaction
of 3-hydroxy-1-amino adamantine 29 with 28
gave afforded the Vildagliptin 30. 1>

An alternative route for synthesis of Vildagliptin
30 involved the direct N-acylation of L-proline
31 with chloroacetyl chloride to afford the
chloroacetamide 32, which was converted
to amide 27 by using DCC and ammonium
bicarbonate. Further, amide group of compound
27 was converted to nitrile derivative 28 by
treating dehydrating agent, trifluoroacetic acid
(TFA) which on treatment with 3-hydroxy-1-
amino adamantine 29 afforded Vildagliptin 30
(Scheme 5).2

2.3.  Dutagliptin (PHX1149, Phenomix
OH
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Scheme 5. Alternative approach for Vildagliptin synthesis
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Corp)

Dutagliptin is a boronic acid-based inhibitor
and second generation inhibitor of DPP-IV. It
was developed by Phenomix Corp. Dutagliptin
is potent (IC, = 25 nM) and highly selective for
DPP-1V against DPP-8 and DPP-9 (400-fold). It
showed up to 50% and 80% inhibition of DPP
IV in dogs and monkeys, respectively, even after
24 h at a single dose of 9 mg/kg. Dutagliptin
exhibited a half-life (t, ) of 6.3 h and exhibited
significant reduction in HbA  levels.P’* Thus, it
shows the excellent safety profile and currently
in Phase-III clinical trial.

Pyrrolidine 33 was the precursor for the synthesis
of Dutagliptin, which after Boc protection gave
Boc pyrrolidine 34. Treatment of 34 with Sec-
Butyllithium and trimethoxyborane resulted 35

(Boc),0 (i) Sec-Buli,

THF, -60°C
CNH % CNBOC NBoc
(i) B(OMe);,
3

which onreaction with (+)-pinannediol, followed
by Boc deprotection provided key intermediate
36. Another core intermediate 39 was prepared
from N-protected 3-aminopyrrolidine 37 via
compound 38 as presented in scheme 6. Now,
the coupling of pyrrolidine intermediate 36
with 39 provided protected compound 40 which
after cbz and (+)-pinannediol deprotection
with hydrogenation and phenyl boronic acid,
respectively, gave the desired compound
Dutagliptin 42 via compound 41.F" Some
alternative routes were also reported for the
synthesis of Dutagliptin.[3>33]

2.4.  Saxagliptin (BMS-477118, Bristol-
Myers Squibb)

Saxagliptin is a methanopyrrolidine-based
first generation inhibitor of DPP-IV for T2DM

Hz CI-
(i) (+)-Pinannediol, IPA
(i) HCI, IPA

60°C
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Scheme 6. Synthesis of Dutagliptin
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treatment. It is extremely potent (K. = 0.6 nM)
and moderately selective for DPP-IV against
DPP-8 and DPP-9. The presence of the highest
degree of B-branching and cyclopropane moiety
in saxagliptin structure enhance the chemical
stability towards the internal cyclization.% 3

The cyanopyrrolidine moiety of saxagliptin
occupies the S1 pocket of DPP-IV and forms
a covalent bond interaction between the cyano
group and side chain of Ser630 residue. The
hydrophobic cyclopropane present at this
moiety is stabilized with Tyr666 through
hydrophobic interaction. The hydrophobic and
bulkier adamantly group is well fitted into the
S2 pocket. The hydroxyl group at adamantyl
moiety shows hydrogen bond interaction
with Tyr547 residue and is responsible for its
improved potency. The amino group forms a
salt bridge interaction with Glu205 and Glu206.
This salt bridge interaction plays a significant
role towards potency. Thus, these observed
interactions with DPP-IV maintain the drug
likeness of saxagliptin.

Saxagliptin inhibited 80% and 57% of DPP-
IV activity up to 90 min and 24 h respectively,
at a single dose of 10 mg. At a single dose of
100 mg, it inhibited more than 95% of DPP-IV
activity. It exhibited a half life (t ) of 2.5-3.0
h and significantly improved the reduction in
HbA . levels. It has been approved by USFDA
in 2009 and is being used as a monotherapy
as well as in combination with metformin,
thiazolidinedione, or sulfonylurea for treatment
of type 2 diabetes.

The synthesis of Saxagliptin included the
synthesis of its two main intermediates,
the methanoprolinamide 49, and hydroxy
adamantyl glycine 54. The methanoprolinamide
intermediate 49  was  prepared from
L-pyroglutamic acid 43. Compound 43 after
esterification and Boc protection gave 45 via
44, which was converted into 46. Compound
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46 was converted into 47 through amidation
reaction. Using Simmons-Smith reaction,
compound 47 was converted into Boc protected
methanoprolinamide 48 via cyclopropanation
process which after Boc deprotection provided
desired intermediate methanoprolinamide 49.

The synthesis of the other key intermediate
54 was started from adamantine carboxylic
acid methyl ester 50 followed by reduction
to aldehyde and its condensation with (R)-2-
phenylglycinoland KCN provided the compound
51. Compound 53 was obtained from 51 via 52
by following acid hydrolysis, hydrogenation
mediated removal of the chiral auxiliary, and
Boc protection, respectively. Hydroxylation
of compound 53 gave the desired intermediate
54. Thus, saxagliptin 57 was synthesized by
coupling of key intermediates, 49 and 54 using
EDC protocol followed by subsequent TFAA-
mediated conversion of amide to nitrile and Boc
deprotection (Scheme 7).534

Recently, Saxagliptin was also synthesized
through asymmetric synthesis, which is
outlined in scheme 8. Synthesis was started with
adamantine-1-carboxaldehyde 58 followed by
condensation with (S)-(+)-p-toluenesulfinamide
and NaCN and gave compound 59. After acid
hydrolysis of 59, compound 60 was obtained
which was subjected to phthalic anhydride
protection to give 61. Hydroxylation of 61
afforded the key intermediate 62 which was
coupled with methanopyrrolidine intermediate
63 to give 64 and methyl amine-mediated
deprotection of phthalic deprotection gave
Saxagliptin 57.0367]

Saxagliptin  was also synthesized via
enzymatic approach (Scheme 9). (5)-N-
Boc-3-hydroxyadamantylglycine 66 is the

key intermediate of Saxagliptin, which was
achieved from 2-(3-hydroxy-1-adamantyl)-2-
oxoacetic acid 65 by reductive amination with
phenylalanine dehydrogenase enzyme. After
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Boc protection followed by coupling with 49
and conversion of amide to nitrile afforded the
compound 57.183

2.5.  Linagliptin
Ingelheim)

(BI-1356, Boehringer

Linagliptin is a xanthine-based second
generation inhibitor of DPP-4. It is extremely
potent (IC, = 1.0 nM) and much more selective
for DPP-IV against DPP-8 (10000), DPP-9
(>10000) and other homozygous peptidases.!**4!!
The X-ray crystal structure study has revealed
that the S1 pocket of DPP-IV is occupied by the
butynyl group of Linagliptin and the S2 pocket
is occupied by amino piperidine moiety in
which the amino group establishes a salt bridge
and hydrogen bonding interactions with diad

Glu205 and Glu206, and Tyr662, respectively.
The aromatic uracil moiety shows the n-m
interaction with Tyr547. The carbonyl group
at C-6 position also shows a hydrogen bonding
with NH of Tyr631. These observed interactions
enhance the potency and the m-m interaction
between phenyl component at quinazoline
substituent and Trp629 are responsible for the
enhanced selectivity profile of Linagliptin. The
oral bioavailability of Linagliptin was 51% and
exhibited long half-life (t, ,) of 113-131 h which
was directly associated with its prolonged DPP-
4 inhibitory activity.*>#! It exhibited >80% of
plasma DPP-4 inhibition over 24 hours at a
single dose of 10.0 mg/kg [105]. It showed a
significant lowering in HbA  levels (0.69%).
1 However, Linagliptin enhances the GLP-
1 levels that are related to B-cell regeneration.

T // /‘\/Br
H>_ Br 68 HN N jﬂ )t >_
)y B /= Br ) Br
éj\ DIPEA, DMF, RT O)\N N/>_ K: CO3 DMF, RT 5/ él\
67 l 69

(i)

NHBoc
K,CO3, DMF, 75°C

5o

(i) TFA, DCM, IPA

Scheme 10. Synthesis of Linagliptin
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It has limited side effects with no risk of
hypoglycemia observed even at higher doses
and is approved by USFDA in May 2011 for
treatment of type 2 diabetes.

The synthesis of linagliptin presented in
scheme 10, was started with N-7 alkylation of
xanthine moiety 67 with 1-bromo-2-butyne 68
to afford compound 69. Further, N-1 alkylation
of 69 with 70 resulted compound 71 which on
nucleophilic substitution reaction at C-8 position
by 3-aminopiperidine 72 and subsequent Boc
deprotection afforded Linagliptin 73.14%

Some Alternative approaches were also reported
for synthesis of Linagliptin.!*>*!] The alternative
route for synthesis of Linagliptin involved the
preparation of a key intermediate 77 via either
the cyclization of 2-aminoacetophenone 74
with chloroacetonitrile 75 or the reaction of
quinazoline oxide 76 with PCl,. Further, N-1
alkylation of 69 with 77 gave the compound
71. Finally, linagliptin 73 was prepared
from the nucleophilic substitution at C-8
position by piperidine derivative followed by
removal of phthalic anhydride protection with
2-aminoethanol (Scheme 11).

2.6.  Alogliptin (SYR-322, Takeda)
Alogliptin (5) containing pyrimidinedione
scaffold is the third generation inhibitor of
DPP-IV. It is extremely potent having highly
selective profile for DPP-IV over isozymes such
as DPP-2, DPP-8, DPP-9, and FAP etc.*! The
X-ray study reveals that the cyanobenzyl group

CN
CN

O
X BfA@ b
HN”ONH 81 HN" N
=t L .
0P F"¢| NaH, LiBr, OMU

DMF, DMSO
80 81

NaH, CHl,
THF/DMF

o CN
HSC\NJI\N/\@
OMCI
82

occupies the S1 pocket and makes interaction
with Argl25. The aminopiperidine scaffold of
alogliptin binds into the S2 pocket by making a
salt bridge interaction with carboxylate groups
of Glu205 and Glu206. The C=0 group displays
a hydrogen bonding with backbone NH of
Tyr631 and the central uracil core shows a n-n
interaction with side chain of Tyr547 residue.
These interactions are the charcterstic features
for alogliptin to become a clinical candidate for
treatment of type 2 diabetes.

It exhibited a half-life of 5.7 h with
bioavailabilites of 72-88% at different doses of
2.0, 10.0, and 30.0 mg/kg. Alogliptin displayed
more than 90% of DPP-IV inhibition for a full
24 h at doses of 25.0 mg q.d.’*! It showed
noteworthy improvement in the insulin levels
and glucose tolerance, and a dose-dependent
DPP-1V inhibition and elevated GLP-1 levels.
(231t also exhibited 0.2% reduction of HbA
at a dose of 3 mg/kg.5 1t has been approved by
USFDA in January 2013 for treatment of type 2
diabetes.

In the synthesis of alogliptin (Scheme 12),
4-chlorouracil 80 wasused akey starting material
which on reaction with 2-(bromomethyl)
benzonitrile afforded compound 81.5 The
methylation reaction with methyl iodide of
81 followed by nucleophilic substitution with
3-(R)-aminopiperidine 83 presented alogliptin
84 as the TFA salt.[*3¢]

2.77. Gemigliptin (LC15-0444, LG Life

Sciences)
Q o} CN
83
B e ]

HN
(i)
NH N TFA
=
NaHCOs, MeOH, O N
100°C,
} 84
i) TFA
(i NH,

Scheme 12. Synthesis of Alogliptin
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Gemigliptin is a  sitagliptin  analogue
discovered by LG Life sciences Ltd, Korea
via the derivatization of the compounds. It is
potent and long acting DPP-IV inhibitor with
high selectivity profile (3000-fold) against
isoenzymes. The binding mode of gemigliptin
is not reported, but expected as sitagliptin due
to structural similarity. It inhibited more than
80% of DPP-IV activity and exhibited the
bioavailability of 94% in rats. It also showed
the lowering of blood glucose and elevating of
GLP-1 levels in dose-dependent manner in the
diet-induced obese mice. Gemigliptin displayed
a noteworthy lowering in HbA  _level (0.77%)
at a dose of 3.0 mg/kg.P" It is approved by
Korean FDA in June 2012 for the treatment of
T2DM.B¥

Synthesis of gemigliptininvolvedthe preparation
of two key intermediates dihydropyrido[3,4-d]

pyrimidine moiety 88 and B-amino acid moiety
92. Compound 86 was prepared by generating
enolate from compound 85 using LHMDS and
adding trifluoroacetate. Compound 86 gave
the 87 in reflux condition which after Boc
deprotection afforded key amine intermediate
88. The B-amino derivative 91 was synthesized
by cyclization reaction between 89 and 90,
which on benzyl deprotection using Pd/C gave
desired P-amino intermediate 92. Coupling
of this intermediate with 88 using EDC/
HOBt followed by Boc deprotection offered
gemigliptin 94 via 93 (Scheme 13).55%¢0]

2.8.  Teneligliptin (MP-0513, Mitsubishi
Tanabe)

Teneligliptin is a bicyclic heteroarylpiperazine-
derived  constrained = DPP-IV  inhibitor
discovered by Mitsubishi Tanabe in Japan. It
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is extremely potent (0.37 nM) and selective for
DPP-IV against DPP-8 (703 fold) and DPP-9
(1460 fold). The crystal structure reveals that
like substrate based inhibitor, the thiazolidine
moiety occupies the hydrophobic S1 pocket.
The rest part of the inhibitor binds to the S2
and S2 extensive pocket. Like other inhibitors,
the amino group of proline moiety forms a salt
bridge with the diad of Glu205 and Glu206.
The C=0O group shows a hydrogen bonding
with  Asn710. The (1-phenylpyrazol-5-yl)
piperazine part of this inhibitor is the ““anchor
lock domain” and occupies the S2 extensive
pocket. The pyrazolyl ring is stacked with the
phenyl ring of Phe357 residue and piperazinyl
ring displays a CH-m interaction with side
chain of Phe357 residue. The phenyl group of
pyrazolyl ring shows hydrophobic interactions
with Ser209 and Arg358.

Pharmacokinetic studies exhibited the half-
lives of 8-16 h in rats with bioavailabilities of
63-86% after oral dosing from 0.1-1.0 mg/kg.
It inhibited more than >50% of plasma DPP-IV
activity upto 24 h at a single dose of 1.0 mg/
kg and significantly lowered the increase blood

glucose level in a dose dependent manner.
Teneligliptin has been approved in Japan for the
T2DM treatment.

Synthesis of teneligliptin (Scheme 14) involved
the preparation of 4-Heterocycle-substituted
piperazinyl intermediate 98 and diprolyl
compound 101. Intermediate 98 was prepared
by treating the Boc piperazine 95 with ketene
followed by dehydration and cyclodehydration
of resulting B-ketoamide with phenyl hydrazine
and phosphorus oxychloride in pyridine,
respectively and subsequent Boc deprotection.
Another key intermediate 101 was prepared by
coupling of N-Boc-trans-4-hydroxy-L-proline
99 with thiazolidine followed by oxidation
with dimethyl sulfoxide and sulfur trioxide.
The reductive amination of ketone 101 with
intermediate amine 98 afforded only the cis
isomer of compound 102 which on subsequent
Boc removal provided teneligliptin 103.[6!:62!

2.9.  Anagliptin (SK-0403, Sanwa Kagaku
Kenkyusho)

Anagliptin is a 2-methyl pyrazolopyrimidine-

Me Me,
(i) PANHNH,,MsOH, TFA, 7
—  ketene, DMF, RT B°°N<>N EtOH, RT N’N\ N DCM.RT N My
Boe—H, JNH X" X" (i) POCIs pyridine, 1 \__NBoc @ L NH
95 96 97 98
s
foselipne. HO, >\ DMSO, S04-Pyridine g
EDC, HOB,
Oﬁ( DMF RT N TEA, DCM, RT N
N N . NaBH(OAc)3;, AcOH,
Boc 0 Boc 1,2-dichloroethane, RT
100 101
H3C, HsC
S
/ J
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shate

O
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Scheme 14. Synthesis of Teneligliptin
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derived cyanopyrrolidine based DPP-IV
inhibitor. It is potent (IC = 3.8 nM) and more
than 10000-fold selective for DPP-IV against
DPP-8 and DPP-9. It demonstrated a unique
pharmacological profile. The pharmacokinetic
study showed that anagliptin had a very high
oral bioavailability (100%) in beagle dogs. It
inhibited DPP-IV activity in a dose dependent
manner. Anagliptin provided 95% inhibition
of DPP-IV activity at a dose of 3.0 mg/kg and
sustained more than 90% throughout the study.
It also enhanced the GLP-1 levels, increased
the insulin levels and improved the glycemic
control. Thus, due to its unique profile, it has
been approved for use in Japan for treatment of
type 2 diabetes.[%]

Anagliptin was synthesized as described in
scheme 1. The selective Boc protection of
2-Amino-2-methylpropylamine 104 with Boc
anhydride followed by coupling with (S)-1-(2-
chloroacetyl)pyrrolidine-2-carbonitrile 28 gave
compound 106 via 105. After deprotection of
the Boc group, compound 106 was coupled
with pyrazolo[1,5-a]pyrimidinecarboxylic acid
108 to afford anagliptin 109 in excellent yield.

[64]

2.10. Omarigliptin (MK-3102, Merck)
Omarigliptin is a novel aminotetrahydropyran-

(Boc),O

My B0

104

N\X
NH,

105

based structurally distinct rigid analogue of
sitagliptinin which the central linker of sitagliptin
was modified to rigid cyclohexylamine. It
is extremely potent (IC,;=1.6 nM) and long
acting with excellent selectivity profile against
isopeptidases. It is once-a-week oral agent
rather than once a day like existing therapies
in DPP-IV inhibitor. Omarigliptin binds in the
DPP-IV active site very similar to sitagliptin
and share the same interactions. The 2-F atom
in the trifluorophenyl group occupied in S1
pocket shows a hydrogen bonding with the
side chain of Argl25. On the other hand, the
aminotetrahydropyran group binds to S2 pocket
where the primary amine group makes salt
bridges with the carboxylates of Glu205 and
Glu206. The fused ring n-n stacks with the side
chain of Phe347.1]

Omarigliptin exhibited a unique PK and
pharmacological profile with the half-life of
~68 h. It markedly lowered the blood glucose
levels and 0.57% of HbA _level at a dose of
25 mg in a 12 week study. It also exhibited 77-
89% inhibition of plasma DPP-IV up to 168
h and enhanced two folds of GLP-1 levels.
Omarigliptin is generally well tolerated with
excellent safety profiles in healthy subjects.
Currently, omarigliptin is in clinical trial Phase-
III'[66-68]
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Scheme 15. Synthesis of Anagliptin
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Synthesis of Omarigliptin is illustrated in
scheme 16 which involved the preparation of key
intermediates methylsulfonylpyrrolopyrazole
115 and tetrahydropyranone 124. The
pyrrolopyrazole 115 was prepared by
heating the Boc-protected ketone 110 with
N, N-dimethylformamide-dimethylacetal
(DMF-DMA) to form the enamine 111, which
on subsequent heating with hydrazine and
hydrogen chloride in dry ethyl acetate, and
neutralization with aqueous sodium hydroxide
provided the pyrrolopyrazole compound 112.

The methylsulfonylpyrrolopyrazole 115 was
prepared from the compound 112 followed by
Boc protection and sequential reaction with
sodium hydride, methanesulfonyl chloride, and
Boc deprotection with benzene sulfonic acid.

Another key intermediate tetrahydropyranone
124 was made from nitroketone 118 which
was prepared by reaction of aldehyde 116
with nitromethane in the presence of sodium
hydroxide followed by oxidation of the resulted
nitro alcohol 117 with Dess-Martin reagent. The
reaction of the nitroketone 118 with 3-iodo-2-

HN Boc. NaH
Boc., DMF-DMA COC™N O _()NHNH, <y (Boox0 CH3S0,Cl
&o ol N\ NH \_NH
(iii) ag. NaOH
110 112 113
Boc. DMA HN
N PhSO3H =~y ‘PhSOsH
N \_N
NN
Neso,cH
114 “S0,CH, 115 2&Ms

CHO CH3N02 F NO, Dess-Martin,
\©: oem

(i) NaBH4
(i) DBU
(ul) ChiralCel AD

Zn, AcOH,

NO
© é\i EtOH

F (0] OH
F (0]
(6]
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T
NHBoc
) NaIO4 NHBoc

F NO, K)b NO2
4

O
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N .PhSOzH
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Scheme 16. Synthetic approach of Omarigliptin
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(iodomethyl)prop-1-ene afforded the pyran 119,
which after reduction with sodium borohydride
provided a mixture of racemic trans- and racemic
cis- isomers which were separated by chiral
column chromatography. These cis-isomers
were easily converted to the trans isomer in the
presence of 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU). The desired nitrosubstituted pyran 120
was reduced to compound 121 using zinc and
hydrochloric acid. The amine compound 121 was
protected with Boc anhydride to give compound
122 which on treatment with osmium tetraoxide
and N-methylmorpholine N-oxide followed by
reaction with sodium periodate afforded the
desired ketone 124. The reductive amination
reaction of desired ketone intermediate 124
with methylsulfonylpyrrolopyrazole 115 in
the presence of triacetoxyborohydride in
dimethylacetal provided compound 125, which
after Boc deprotection and neutralization with
ammonium hydroxide afforded omarigliptin
126 in crystalline form. 656

2.11.  Gosogliptin (PF-00734200, Pfizer)
Gosogliptin is a diprolyl derived piperazine
containing constrained inhibitor of DPP-IV. It
is a potent (IC,;= 13 nM) and highly selective
over DPP-2 and DPP-8 (100-fold). The
interactions observed in the co-crystal structure
of gosogliptin with recombinant human DPP-
IV confirms the binding mode in the active site
and inhibitory activity. The difluoropyrrolidide
moiety is very hydrophobic and binds to the
S1 pockets where it displays hydrophobic

@N

h\‘(OH 2-(1- p|perazmyl)pyr1m|d|ne
N NaBH OAC)3 AcOH, DCE
s ©

(0]

oo ©
g 4y

HN
129

127

interactions with Trp659, Val 656, Tyr631,
Ser630, Tyr666 and Tyr662. One of the fluorines
forms hydrogen bonding with either Ser630 or
the main chain amide of Tyr631. The remaining
part of the inhibitor occupies the S2 pocket
where the secondary amine of the pyrrolidine
makes a salt bridge with carboxylates of Glu206
and Glu205. The pyrimidine moiety binds in the
S2 extensive pocket and forms a pi-pi stacking
interaction with the side chain of Phe357 which
is responsible for the improvement in selectivity.

Gosogliptin exhibited excellent
pharmacoloagical and ADME properties. It
had a half-life of 2.7 h with a bioavailability of
109% in rats. In the clinical study, it enhanced
the GLP-1 levels (two fold) at doses above 10

mg and displayed 75% DPP-IV inhibition at 24
h.[70.71]

N-Boc-L-ketoproline 127 was the starting
material for gosogliptin synthesis. The
stereoselective reductive amination reaction of
ketone 127 with 2-pyrimidylpiperazine in the
presence of triacetoxyborohydride afforded only
the cis isomer 128. The coupling of compound
128 with 3,3-difluropyrrolidine 129 using EDC/
HOBt protocol followed by Boc deprotection of
resulting compound 130 with HCI in dioxane
offered gosogliptin 131 (Scheme 17).17!

2.12. Denagliptin (GSK-823093,

GlaxoSmithKline)
Denagliptin  is a rationally  designed
N QN
HClin
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Scheme 17. Synthesis of Gosogliptin
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cyanofluoropyrrolidine class of DPP-IV
inhibitor. It inhibits human DPP-IV with IC,
value of 22 nM. The selectivity profile versus
other peptidases is not available. The molecular
docking study shows that denagliptin binds in
the active site of DPP-IV as substrate based
inhibitors and forms five strong hydrogen bonds
with the side chain of Glu205, Glu206, Asn710,
Tyr662 and Argl25.! Denagliptin exhibited
maximal DPP-IV inhibition after 30 minutes
and more than 85% after 24 h at a dose of 25 mg.
During the treatment, GLP-1 and insulin levels
were elevated and glucagon was suppressed.”!

Denagliptin = was synthesized by using
bisfluorobiphenyl 132 as a precursor of hydroxy
acid 133, which was converted into acid 135
via 134 by successive treatment with H SO,
and catalytic hydrogenation. Compound 135
was converted into oxazolidine amide 136.
Compound 136 on the introduction of an azide
moiety provided compound 137, which after
hydrolysis followed by subsequent reduction

n- BuLl THF 20% H2804
O O DIPA AcOH AcOH

DIPEA, THF
(CH3);CCOCI

to amine and Boc protection gave the desired
intermediate 139 via 138. Finally, the coupling
of 139 with 4-fluoro-2-pyrrolidinecarbonitrile
139 followed by Boc deprotection of amine
offered denagliptin 140 (Scheme 18).147%

2.13. Melogliptin (GRC 8200, Glenmark)
Melogliptin was discovered through structure-
based design strategy. It is a trazole containing,
long acting inhibitor of DPP-IV. It is very potent
(IC,,=1.61nM)andhighly selective (10000 fold)
for DPP-IV against related other isoenzymes.
76771 The binding mode of melagliptin with
DPP-IV is not reported but must be similar to
other substrate based inhibitor. Melogliptin
exhibited the half-lives of 1.28, 4.31 and 2.15
h with excellent oral bioavailabilities of 60, 90
and 94% in rat, dog and cynomolgus monkeys,
respectively, at a dose of 5 mg/kg."8 It displayed
30% of glucose lowering and enhanced the
insulin levels two folds at a single oral dose of 3
mg/kg in db/db mice.l"’ A single dose of 5 mg/

10% Pd/C  HO
EtOAc, Hy
O =
F
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LiOH,
THF: H20
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(4S,5R)-4-methyl-5-
phenyl -2-oxalolidine
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kg po of melogliptin inhibited maximal DPP-
IV activity within one hour and more than 90%
after 6 h in overnight fasted beagle dogs.l” It
also showed 0.75% and 0.60% of HbA _levels
at a dose of 50 mg twice daily and 100 mg once
daily doses. Currently, melogliptin is in phase 3
clinical trials.

Synthesis of melogliptin as illustrated in scheme
19 start with Boc protection of ketone 141 to
give compound 142. After palladium catalyzed
reduction of 142, the resulting compound
143 was reduced with sodium borohydride to
give amino alcohol 144. Compound 145 was

prepared via Mitsunobu reaction followed by
Boc deprotection and resolution with dibenzoyl
D-tartaric acid. Compound 145 after reductive
amination and successive Boc protection
provided 147 via 146. Compound 147 on further
coupling with 139 followed by Boc deprotection
afforded melogliptin 149 via 148.15"

The alternative route towards melogliptin
synthesis (Scheme 20) involved the mesylation
of compound 144 as prepared in scheme 19,
gave 150, which on reaction with triazole using
sodium hydride followed by Boc deprotection
offered compound 145. Finally, the coupling

NaBH
(Boc),0, DMAP NBOCPd/C EtOAc NBoc 4 HO/\O/NHBOC
TEA, THF, MEOH
\ 0°C-RT 2 h %l BT 144
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- N DCM, 18 h,RT ¢ -
THF, 60°C, 1 h </JN Q/NHz ,18h, <N’J QN o)
(i) HCl in IPA, N=
10°C, 1 h 146 F
(iii) dibenzoyl- L 3
D-tartaric acid HCI
(i) Pd/IC, MeOH <0Et i)
u(Boczo (’ [:>>_ 139 CN [:>»— r—<
GiyHo EDC, HOBt, DCM, RT N’ B
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Scheme-19 Synthesis of melogliptin
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Scheme 20. Alternative approach towards melogliptin synthesis
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of chloroacetamide 151 with intermediate 145
gave melogliptin 149,17

2.14. Trelagliptin Takeda/

Furiex)

(SYR-472,

Trelagliptin is a pyrimidinedione-based long-
acting inhibitor of DPP-4. It is potent with
IC,,= 4 nM and highly selective (>100000
fold) over isopeptidases. Due to similarity in
the skeleton with alogliptin, trelagliptin also
exhibits similar binding profile at the active
site of DPP-IV. The aminopiperidine moiety
forms a salt bridge to Glu205 and Glu206,
while the fluorocyanobenzyl group occupies
the hydrophobic S1 pocket and interacts with
Argl25. The carbonyl at 2-position forms an
important hydrogen bond with the backbone
NH of Tyr631, and the uracil core n-stacks with
Tyr547.

Trelagliptin showed the favorable PK-PD
profiles in dogs and monkeys with half-life
4.8 h and 6.2 h, respectively. It inhibited more
than 80% of plasma DPP-IV activity after 24 h
at a single oral dose of 7.0 mg/kg. It displayed
the improvement in glucose tolerance and
postprandial plasma insulin levels in Zucker
fa/fa rats. Trelagliptin significantly reduced the
HbAcl levels in a dose dependent manner. Like
omarigliptin, trelagliptin is also a once-weekly
oral antidiabetic agent and has the safe profile.
It is believed that trelagliptin will supersede all
available gliptins reported so far because of its
once-weekly oral treatment, superior efficacy,
and qualification of cardiovascular safety tests.

(0] (0] CN
)J\ NaH, 2-CN BnBr, J\ NaH, CHjl,
HN NH LiBr, DMF, DMSO HN N
_—
Ag AN
F
80 152

THF, DMF H3C\N N
A

Currently, Trelagiptin is in Phase 3 clinical
trials in Japan and has been submitted to New
Drug Application (NDA) for treatment of type
2 diabetes.

Synthesis of trelagliptin is outlined in
scheme 21. Synthesis started with selective
alkylation of chlorouracil 80, followed by
methylation provided compound 153 via 152.
The displacement of chloride with 3-(R)-
aminopiperidine 83 afforded trelagliptin 154. !
2.15. Retagliptin (SP-2086)

Retagliptin is a tetrahydro-imidazo[1,5-a]
pyrazine derivative being developed by Jiangsu
Hengrui Medicine. It is an improved version of
sitagliptin. It is very potent (IC,= 8 nM) and
much more selective over DPP-8 (3263-fold)
and DPP-9 (9438-fold). It lowered the blood
glucose in OGTT. Its half life was 1.5 h. It is
currently under clinical trial phase-II1.(82 %3

Synthesis of retagliptin is illustrated in Scheme
22, which involved the preparation of two
important intermediates 12 and 164. The
B-amino acid intermediate 12 was synthesized
from compound 155 with treatment of
2,2-Dimethyl-[1,3]dioxane-4,6-dione 21 in
the presence of DMAP and EDC followed
by subsequent heating in ethanol, treatment
with ammonium acetate in methanol, Boc
protection and stereocontrolled hydrogenation,
and hydrolysis afforded intermediate 12 via
intermediates 156, 157, 158 and 159.

The tetrahydro-imidazo[1,5-a]pyrazine

F
HQ
o } “CN
0 CN
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_ >
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100°C
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Scheme 21. Synthetic approach towards Trelagliptin
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moiety 164 was prepared from pyrazine-2-
carbonitrile 160 which on via Ni catalyzed
hydrogenation  followed by  acylation
reaction with trifluoroacetic anhydride gave
compound 162 via 161. The intramolecular
cyclization of compound 162 with phosphorous
oxytrichloride gave compound 163, which on
catalytic hydrogenation over Pd/C provided the
tetrahydro-imidazo[ 1,5-a]pyrazine intermediate
164. The coupling of the B-amino acid 12 with
tetrahydro-imidazo[ 1,5-a]pyrazine intermediate
164 provided compound 165, which on
treatment with N-bromosuccinamide and Boc
anhydride followed by the successive reaction
with ethyl chloroacetate in the presence of
octacarbonyldicobalt and potassium carbonate,

and Boc deprotection afforded retagliptin 167.
[82.84.85]

2.16. Evogliptin (DA-1229, Dong-A)

Evogliptin is a f-amino amide derivative which
was discovered by Dong-A Pharmaceutical in
Korea. It is very potent (IC, = 0.98 nM), long-
acting and highly selective (6000-fold) over
isoenzymes.¥ In the active site of the DPP-1V,
the hydrophobic trifluorophenyl moiety binds
into the hydrophobic S1 pocket and stabilized
with Tyr547, Tyr662 and Tyr666. The B-amino
amide moiety occupies in the S2 pocket. The
amine group shows a salt bridge with Glu205
and a hydrogen bonding with a side chain of
Tyr662. Piperazine-2-one moiety binds into the
S2 extended pocket.

Evogliptin exhibited more than 80% of DPP-
IV inhibition at a single dose of 5.0 mg in the

EtOH ammonium
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phase 1 clinical trial. In the long-term treatment
it also showed the noteworthy improvement
in the impaired glucose tolerance and insulin
resistance. It showed a significant reduction
in HbA  levels of 0.56% and 0.61% at doses
of 2.5 and 5.0 mg, respectively. It was proven
as efficacious, safe and well tolerated inhibitor
at all doses ®” and currently, it has completed
phase-II clinical trial.

Synthesis of evogliptin started with the
preparation of piperazine-2-one moiety 174
from the boron trifluoride catalyzed ring
opening of N-protected aziridine carboxyl
ester 168 with tertiary butanol. The resulting
compound 169, after hydrogenation gave
compound 170, which after reductive amination
with sodium triacetoxyborane followed by
Boc deprotection and cbz-protection provided
compound 172 via 171. Compound 172 was
conducted using trimethylaluminium followed
by cbz deprotection gave the key intermediate
174. The coupling of this key intermediate
with B-amino acid 12 offered 175, which after
Boc deprotection using hydrochloride in ether

provided evogliptin 176.

2.17. Carmegliptin (R-1579, F. Hoffmann-
La Roche)

Carmegliptin contains a tricyclic scaffold and
was jointly developed by Roche and Chugai.
It is very potent (IC, = 6.8 nM) and selective
inhibitor of DPP-IV against isopeptidases such
as DPP-8 and DPP-9 (>100-fold) and DPP-
I and FAP (>2000-fold). The X-ray crystal
structure study reveals that the 4-fluoromethyl
pyrrolidinone moiety binds into the hydrophobic
S1 pocket in the active site of DPP-IV. The
lactam C=0O forms a hydrogen bonding with
Tyr662 and the amido NH, of Asn710, and a
cation-dipole interaction with the guanidine tail
of Argl25. This amide carbonyl is the imitator
of the carbonyl of substrate based inhibitors.
The tricyclic moiety of the carmegliptin
occupies perfectly in the S2 pocket. The amine
group forms a salt bridge with the Glu205 and
Glu206, and a hydrogen bonding with Argl125.

Carmegliptin showed a half-life of 6.8 h with a

tBuOH, Pd/C, Boc-aminoacetaldehyde
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bioavailability of 33% in cynomolgus monkey
at an i.v. dose of 1.0 mg/kg. It exhibited the
significantblood glucose lowering, and inhibited
40% and 60% of plasma DPP-IV activity after
24 h and 48 h, respectively, at a single oral dose
of 3.0 mg/kg. The clinical trial results exhibited
that it was efficacious and safe inhibitor for
treatment of type 2 diabetes.!®®!

The synthesis of carmegliptin is described in
scheme 24. The pyridoisoquinoline amine 184
is the key intermediate for the carmegliptin
synthesis. Compound 184 was prepared from
the anhydride 177 that was transformed to 180
via the reaction of resulting compound 178 with
179. Compound 180 was converted to 181 which
after resolution provided 182. Compound 182
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Scheme 24. Synthes1s of Carmegliptin
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was converted to 183 which on treatment with
diacetoxyiodosobenzene afforded the desired
intermediate 184.

Another intermediate acid chloride 188 was
prepared from (S)-paraconic acid 185 taken
as starting material.®” The reduction of 185
with borane-dimethyl sulfide complex gave the
hydroxymethyl lactone 186. Since compound
186 is known to racemise rather readily,”" it was
immediately treated with bis(2-methoxyethyl)
aminosulfur  trifluoride,’’’  which  gave
fluoromethyllactone 187.Onreactionof 187 with
thionyl chloride in the presence of zinc chloride
provided acid chloride 188 intermediate. Thus,
the reaction of pyridoisoquinoline amine 184
with acid chloride 188 afforded the compound
189, which after treatment of sodium hydride
followed by Boc deprotection gave carmegliptin
190. Carmegliptin could also be synthesized by
an alternative route as outline in scheme 25.°%%

3. Conclusions

It is clear from the foregoing discussion that
during the period of 17-years of research, 17
gliptins have been discovered from a large
number of structurally diverse lead DPP-
IV inhibitors. Gliptins are well tolerated,
efficacious and safe. Till now, out of 17 gliptins,
eight gliptins such as sitagliptin, vildagliptin,
saxagliptin, alogliptin, linagliptin, teneligliptin,
anagliptin and gemigliptin have been approved
and are in clinical usage for the treatment of
T2DM. Remaining gliptins are currently under
clinical trials. Secretion of incretins (GLP-1 and
GIP) is glucose dependent and induce insulin
secretion and correct the insulin sensitivity.
Thus, the long time treatment with gliptin may
permanently erase the type 2 diabetes.

For the development of safe gliptin for treatment
of type 2 diabetes, high selectivity profile for
DPP-1V inhibitors against related isozymes such
as DPP-2, DPP-8, DPP-9, and FAP., PK profile,
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CYP inhibition, and hERG channel inhibition
are the major challenges due to which the lead
candidate may fail or display adverse effects
during the drug discovery. The selectivity issue
can be resolved by designing the promising
DPP-IV inhibitors, which target the selectivity
triggering residues such as Ser209, Arg358 and
Phe357, of the S2 extended pocket of DPP-IV.
Secondly it is also evident from the foregoing
discussion the power of synergy between
process chemistry and biological activity in
bringing about time attrition from laboratory
discovery to clinical usage.
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