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Abstract—A series of b-aminoacylpiperidines bearing various fused five-membered heterocyclic rings was synthesized as dipeptidyl
peptidase IV inhibitors. Potent and relatively selective inhibition could be obtained, depending on choice of heterocycle, regioiso-
merism, and substitution. In particular, one analog (74, DPP-IV IC50 = 26 nM) exhibited good oral bioavailability and acceptable
half-life in the rat, albeit with rather high clearance.
� 2005 Elsevier Ltd. All rights reserved.
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In recent years, one of the most active areas of diabetes
research has centered on glucagon-like peptide 1 (GLP-
1), an incretin hormone that stimulates glucose-depen-
dent insulin biosynthesis and secretion, inhibits gluca-
gon secretion, and promotes proliferation of
pancreatic b cells.1 Although GLP-1-based approaches
are attractive for treatment of type 2 diabetes, therapeu-
tic use of GLP-1 itself is limited by lack of oral activity
and rapid degradation by dipeptidyl peptidase IV (DPP-
IV).2 Long-acting peptide GLP-1 analogs are in clinical
development, but these still require injection.2 DPP-IV is
a widely expressed serine peptidase, specific for cleavage
of an Xaa-Pro or Xaa-Ala N-terminal dipeptide from its
natural substrates.3 Orally active DPP-IV inhibitors
have the potential to improve glucose tolerance by sus-
taining the action of endogenous GLP-1.2,4 On the basis
of animal studies and initial clinical trials, it appears that
DPP-IV inhibitors are capable of significantly lowering
fasting and postprandial glucose concentration, as well
as reducing HbA1c levels, with good tolerability and
minimal risk of hypoglycemia.4,5
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Novel b-aminoacyl derivatives of triazolo- or imidazolo-
fused piperazines such as MK-0431 (1) have recently
been reported from these laboratories as potent, selec-
tive, orally bioavailable inhibitors of DPP-IV.6 We
now describe the synthesis and biological evaluation of
analogous b-aminoacylpiperidines 2 bearing various
fused five-membered rings (thiazoles, oxazoles, isoxaz-
oles, and pyrazoles).
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Using conditions similar to those reported for N-benzyl
analogs,7 1-Boc-piperidin-4-one (3) was converted to its
silyl enol ether 48 and acylated to give the diketone 5
(Scheme 1). Condensation of 5 with hydrazines or
hydroxylamine typically gave a mixture of pyrazolo-
piperidine or isoxazolopiperidine regioisomers 6 and 7,
which were deprotected to give, respectively, the amines
8 and 9. Similarly, the corresponding piperidin-3-one 10
was transformed to the major diketone 11, which was
separated from the minor isomer 12. As above, 11 could
be converted to bicyclic products 13 and 14, which were
deprotected to give, respectively, amines 15 and 16. The
minor diketone isomer 12 (R = CF3) afforded another
pyrazolopiperidine regioisomer 17. It should be noted
that, in some cases (especially where R is perfluo-
roalkyl), condensation of the diketones with hydrazines
or hydroxylamine led to hydrated adducts such as 18
and 19 as major products. Although relatively resistant
to dehydration at this stage, if these hydroxy intermedi-
ates were carried forward, they could be successfully
dehydrated during the EDC- or HATU-mediated cou-
pling with the protected b-amino acid (see Scheme 4).
Isomers 6 and 7 (R = CF3, Y = NMe) were assigned
by NOE experiments. Other pairs of pyrazolopiperidine
regioisomers were assigned by analogy on the basis of
NMR and TLC behavior. Isoxazolopyrimidine regio-
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Scheme 1. Reagents and conditions: (a) (1) LiHMDS, THF, �78�C; (2) T
�78�C; (c) RNHNH2, EtOH or 2-methoxyethanol, D; or HClÆNH2OH, AcO

dioxane.
isomers 15 and 16 (R = CF3, Y = O; only 16 obtained
pure) were definitively assigned by 15N, 19F, and 13C
NMR experiments after synthesis from hydroxyl-
amine–15N hydrochloride.

N-Protected piperidin-4-ones 20 were a-brominated to
provide 219 (Scheme 2). Although the Boc group was
lost, the SES [2-(trimethylsilyl)ethylsulfonyl]10 and Cbz
protecting groups were retained. Condensation of 21
with thioamides11 afforded thiazolopiperidines 22, which
were deprotected to give the amines 23. Similarly, piperi-
din-3-ones 24 were brominated to give 25 along with a
minor amount of the isomer 26. As above, 25 was con-
verted to thiazolopiperidine 27 and then deprotected to
provide amine 28. In both series, a Cbz-protected thi-
azolopiperidine 29 bearing a 4-(methylthio)phenyl sub-
stituent could be oxidized to the corresponding sulfone
30. Because, we were unable to prepare oxazolopiper-
idines and some thiazolo derivatives by the pathway in
Scheme 2, an alternative route was developed (Scheme
3). Azido alcohol 3112 was reduced to the amine 32,12b

which was acylated to give 33. Following oxidation of
the alcohol, the resulting ketone 34 was cyclized to a
thiazolopiperidine with Lawesson�s reagent or to an
oxazolopiperidine with Burgess reagent. Subsequent
deprotection afforded amines 23 and 35, respectively.
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A similar sequence from the azido alcohol 3612 led to the
isomeric bicyclic products 40 and 41.

Finally, the Boc-protected b-amino acid 426 was coupled
with the fused piperidines 43 to furnish 44, which yielded
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Scheme 3. Reagents and conditions: (a) Ph3P, H2O, THF; (b) RCOCl or

(ClCO)2, DMSO, Et3N, CH2Cl2, �60 �C; (d) Lawesson�s reagent, toluene, D
the target DPP-IV inhibitors 45–77 (corresponding to
general structure 2) upon Boc removal (Scheme 4).

As previously reported,13 compounds were determined
as inhibitors of human recombinant DPP-IV using the
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substrate Gly-Pro-AMC, which is cleaved to release the
fluorescent leaving group, 7-amino-4-methylcoumarin.
In addition, the compounds were counter-screened
against human peptidases structurally or functionally re-
lated to DPP-IV,14 including quiescent cell proline
dipeptidase (QPP),15 DPP8, and DPP9. Although these
enzymes share some general substrate preferences with
DPP-IV, their physiological function is unclear. In con-
trast to DPP-IV, they are localized intracellularly14 and
are not known to be involved in the metabolism of GLP-
1. Inhibition of DPP8 and/or DPP9 is reported to be
associated with significant toxicity.16

Pyrazolopiperidines with ring fusion �A� (i.e., those de-
rived from diketones 5), 45–58, exhibited moderate po-
tency (generally 100–300 nM) against DPP-IV,
frequently with >100-fold selectivity versus the other
peptidases (Table 1). No pronounced structure–activity
relationships were evident, although the combination
of alkyl and bulky 4-fluorophenyl substituents at distal
positions on the pyrazole ring (isomer A-1, compounds
51 and 57) appeared unfavorable for DPP-IV inhibition,
whereas the same substituents at proximal ring positions
(isomer A-2, compounds 52 and 58) were associated
with increased potency at one or more of the off-target
Table 1. Inhibition of DPP-IV and other peptidases by pyrazolo- and isoxa

N

O

Y
N

NH2

F

F

R

Isomer A-1

Compd Y R Isomer

45 NH Me A-1/A-2

46 NH CF3 A-1/A-2

47 NMe CF3 A-1

48 NMe CF3 A-2

49 NCH2CF3 CF3 A-1

50 NCH2CF3 CF3 A-2

51 NPh-4-F Me A-1

52 NPh-4-F Me A-2

53 NH CF2CF3 A-1/A-2

54 NMe CF2CF3 A-1

55 NMe CF2CF3 A-2

56 NH Ph-4-F A-1/A-2

57 NMe Ph-4-F A-1

58 NMe Ph-4-F A-2

59 O CF3 A-2
peptidases. The isoxazolopiperidine 59 was similar in
activity to the corresponding pyrazolopiperidine 46.

The ring fusion �B� pyrazolo- and isoxazolopiperidine
derivatives (those derived from diketones 11), 60–64,
tended to be somewhat more potent DPP-IV inhibitors
than their ring fusion �A� counterparts (60 vs 46, 61 vs
47, 64 vs 59), although this was not accompanied by
an improvement in selectivity (Table 2). Analog 65 with
ring fusion �C� (derived from diketone 12) was 5-fold and
15-fold less potent on DPP-IV than corresponding ana-
logs 46 (ring fusion �A�) and 60 (ring fusion �B�),
respectively.

A striking effect of regioisomerism was observed in the
thiazolopiperidines and, to a lesser extent, the oxazolo-
piperidines. Those designated as ring fusion �D�, 66–72,
were only modest inhibitors of DPP-IV (Table 3). In
addition, several of these, especially those bearing an
aryl substituent, were poorly selective relative to other
peptidases. In contrast, Table 4 shows that 73–77, desig-
nated as ring fusion �E�, had marked gains in DPP-IV
potency compared to their ring fusion �D� analogs
(e.g., 5-fold for 73 vs 67, 14-fold for 74 vs 68, 20-fold
for 75 vs 69, and 90-fold for 76 vs 71). The 1.4 nM
zolopiperidines (ring fusion �A�)

N

N
Y

R

and

Isomer A-2

IC50 (lM)

DPP-IV QPP DPP8 DPP9

0.25 71 24 63

0.11 71 21 65

0.13 38 68 >100

0.15 51 >100 >100

0.18 16 71 >100

0.15 18 >100 >100

0.35 17 18 24

0.16 5.5 9.4 27

0.16 67 72 >100

0.22 40 56 >100

0.30 92 >100 >100

0.27 43 22 50

0.78 26 62 >100

0.15 4.0 58 >100

0.13 54 >100 >100



Table 2. Inhibition of DPP-IV and other peptidases by pyrazolo- and isoxazolopiperidines (ring fusion �B� and �C�)

N

O

N
Y

NH2

F

F

R

N
Y

N

R

,

Isomer B-1 Isomer B-2

N

Isomer C

, and

Y
N

R

Compd Y R Isomer IC50 (lM)

DPP-IV QPP DPP8 DPP9

60 NH CF3 B-1/B-2 0.039 30 10 13

61 NMe CF3 B-1 0.072 67 32 26

62 NMe CF3 B-2 0.13 85 65 >100

63 NH Cyclopropyl B-1/B-2 0.16 43 11 34

64 O CF3 B-2 0.085 >100 5.8 36

65 NH CF3 C 0.59 31 >100 >100

Table 3. Inhibition of DPP-IV and other peptidases by thiazolo- and

oxazolopiperidines (ring fusion �D�)

N

O

N

Y

NH2

F

F
R

Compd Y R IC50 (lM)

DPP-IV QPP DPP8 DPP9

66 S Me 0.48 80 7.1 20

67 S CF3 0.31 63 29 41

68 S Ph-4-F 0.36 15 4.3 7.8

69 S Ph-4-CF3 0.26 11 3.0 9.6

70 S Ph-4-SMe 0.38 1.9 3.3 5.1

71 S Ph-4-SO2Me 0.13 35 3.2 6.5

72 O Cyclopropyl 0.29 56 28 30

Table 4. Inhibition of DPP-IV and other peptidases by thiazolo- and

oxazolopiperidines (ring fusion �E�)

N

O

Y

N

NH2

F

F
R

Compd Y R IC50 (lM)

DPP-IV QPP DPP8 DPP9

73 S CF3 0.057 95 63 >100

74 S Ph-4-F 0.026 11 16 43

75 S Ph-4-CF3 0.013 15 7.9 28

76 S Ph-4-SO2Me 0.0014 51 8.6 25

77 O Cyclopropyl 0.18 >100 51 >100
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IC50 for 76 demonstrates a remarkable activity enhance-
ment attributable to the methanesulfonyl substituent in
this series. This compound was >6000-fold selective
for DPP-IV over the other peptidases. Although less
potent, the trifluoromethyl thiazole derivative 73 was
also notable for its very high selectivity (>1000-fold).

Selected compounds were evaluated for pharmacokinet-
ics in male Sprague–Dawley rats (typically dosed at
1 mg/kg iv and 2 mg/kg po). Trifluoromethyl thiazole
derivative 73 had moderate half-life (2.0 h) but very high
clearance (250 mL/min/kg) and low oral bioavailability
(16%). The 4-(methanesulfonyl)phenyl analog 76 had re-
duced clearance (60 mL/min/kg) but no improvement in
half-life (1.5 h), and oral bioavailability was only 20%.
However, the corresponding 4-fluorophenyl analog 74
displayed improved half-life (3.3 h) and oral bioavail-
ability (55%), albeit with rather high clearance (91 mL/
min/kg).

In conclusion, a series of b-aminoacyl amides derived
from piperidines bearing a fused pyrazole, isoxazole, thi-
azole, or oxazole was prepared and evaluated as DPP-IV
inhibitors. Among the pyrazolopiperidines, ring fusion
�B� tended to give more potent DPP-IV inhibition than
ring fusion �A�, and ring fusion �C� was least effective.
There were no pronounced substituent effects, and the
isoxazolopiperidines were similar in activity to their pyr-
azolo counterparts. A clear structure–activity trend was
evident in the thiazolopiperidine series. Here ring fusion
�E� was strongly preferred over ring fusion �D� with re-
spect to DPP-IV inhibitory potency and selectivity. A les-
ser effect was observed for the oxazolopiperidines.
Excellent DPP-IV inhibitory potency (IC50 = 1.4 nM
for 76) and selectivity over other peptidases (>1000-fold
for 76 and 73) could be achieved in the thiazolopiperi-
dines with ring fusion �E�. Compound 74 (DPP-IV
IC50 = 26 nM; selectivity >400-fold vs other peptidases),
despite rather high clearance, had good oral bioavailabil-
ity (55%) and an acceptable half-life (3.3 h) in rats.
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