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Continued structure-activity relationship (SAR) exploration within our previously disclosed azolo-
pyrimidine containing dipeptidyl peptidase-4 (DPP4) inhibitors led us to focus on an imidazolopyrim-
idine series in particular. Further study revealed that by replacing the aryl substitution on the imidazole
ring with a more polar carboxylic ester or amide, these compounds displayed not only increased DPP4
binding activity but also significantly reduced human ether-�a-go-go related gene (hERG) and sodium
channel inhibitory activities. Additional incremental adjustment of polarity led to permeable molecules
which exhibited favorable pharmacokinetic (PK) profiles in preclinical animal species. The active site
binding mode of these compounds was determined by X-ray crystallography as exemplified by amide 24c.
A subsequent lead molecule from this series, (þ)-6-(aminomethyl)-5-(2,4-dichlorophenyl)-N-(1-ethyl-
1H-pyrazol-5-yl)-7-methylimidazo[1,2-a]pyrimidine-2-carboxamide (24s), emerged as a potent, selective
DPP4 inhibitor that displayed excellent PK profiles and in vivo efficacy in ob/ob mice.

Introduction

Glucogon-like peptide-1 (GLP-1a) based therapeutics have
emerged in the recent years as novel and promising treatments
for type 2 diabetes.1 Upon ingestion of meals, the incretin
hormoneGLP-1 (7-36), the active andnatural formofGLP-1,
is secreted from intestinal L-cells where it then stimulates insulin
secretion, inhibits glucogon release, delays gastric emptying,
and promotes β-cell trophism, all benefiting glucose homeo-
stasis in both animalmodels andhuman.2GLP-1 levels in type 2
diabetics aremarkedly reduced, but exogenousGLP-1 infusion
can lead to normal insulin response to glucose,3 thereby form-
ing the basis for GLP-1 and its analogues as novel treatments
of type 2 diabetes. Exenatide, a GLP-1 analogue, was appro-
ved by the FDA in 2005 for treating type 2 diabetes.4

GLP-1 (7-36) is the most potent incretin hormone with a
half-maximal effective concentration of 10 pM for its effects
on pancreatic β-cells.5 ForGLP-1 (7-36) to exert its biological
functions, it must circulate and bind to the GLP-1 receptor,
which is highly expressed in pancreatic β-cells. Following secre-
tion under normal physiological conditions, GLP-1 (7-36) is
rapidly degraded by DPP4 (EC 3.4.14.5) to afford inactive

GLP-1 (9-36). This quick inactivation process leads to an
apparent half-life of 60-90 s for GLP-1 (7-36), and there is
evidence that less than 50% of released active GLP-1 (7-36)
can reach circulation because of this natural degradation
mechanism.6 It is therefore apparent that a DPP4 inhibitor
canprevent degradationof and lead topotentiationofGLP-1,
which will further improve glucose and insulin homeostasis.7

DPP4 is a nonclassical, sequence-specific serine protease that
is ubiquitously expressed throughout the body. Membrane-
boundDPP4 is especially highly expressed in the endothelium
of the capillary bed in close proximity to intestinal L-cells
whereGLP-1 is secreted. There is also a soluble formofDPP4
circulating in plasma, although this formplays little role in the
cleavage of GLP-1.8 A number of small molecule DPP4 inhi-
bitors, including vildagliptin 1 (approved in Europe, Brazil,
and Mexico),9 sitagliptin 2,10 and saxagliptin 3,11 have been
granted regulatory approval, and alogliptin 4 (Figure 1) has
been advanced to late stage human clinical trials.12 Each of
these agents has demonstrated an ability to lower blood glu-
cose and HbA1c levels and to improve glucose tolerance in
type 2 diabetic patients.13

By building on a successful DPP4 program that discovered
saxagliptin, at BMS, we continued to expand our medicinal
chemistry efforts at discovering novel scaffolds that can act
as DPP4 inhibitors. From a previous report from our labo-
ratories,14wediscovered several novel series of azolopyrimidine
amines as DPP4 inhibitors which were intrinsically potent at
DPP4 and selective over the other dipeptidyl peptidase (DPP)
family of enzymes (see compound 5, Figure 1 as an example).
Most of the structures in these series contain an aromatic or
heteroaromatic group on the azolo ring, and this substitution
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appeared to enhance the binding affinity to DPP4. However,
all of these compounds also displayedhigh levels of the human
ether-�a-go-go related gene (hERG) and sodium channel inhi-
bition. To minimize undesired channel activities by reducing
lipophilicity, we sought to replace the aromatic or hetero-
aromatic group on the azolo ring with more polar functional
groups.This structure-activity relationship (SAR) investigation
led us to discover a series of imidazolopyrimidine amides as a
highly potent and selective class of DPP4 inhibitors as repre-
sented by 24s. Free of hERG and sodium channel activities,
24s displayed an excellent balance of DPP4 binding activity,
selectivity over other DPPs, in vivo efficacy, and pharmaco-
kinetic (PK) profiles in several preclinical species that repre-
sents an advanced leadwith drug-like properties as a potential
treatment for type 2 diabetes.

Chemistry

Imidazolopyrimidine ester 19 was synthesized as shown in
Scheme 1.Knoevenagel condensationof t-butylacetoacetate 6
and 2,4-dichlorobenzaldehyde 7 in 2-propanolwith a catalytic
amount of dimethylamine and acetic acid provided a 1:1 E/Z
mixture of acrylate 8 in 67% yield. Condensation of 2-amino-
pyrimidine 9with ethyl bromopyruvate 10 in ethanol at 75 �C
gave imidazolopyrimidine 11 as a mixture of two regio-
isomers, which underwent hydrazine hydrate-mediated clea-
vage to afford substituted imidazole 12 in goodoverall yield.15

Condensation of acrylate 8 and imidazole 12 in ethanol at 70 �C
afforded substituted imidazolodihydropyrimidine 13, which
was immediately subjected to oxidation with KMnO4 to give
diester 14. The t-butyl ester was next converted to an amino-
methyl moiety in a five-step sequence. First, hydrolysis of the
t-butylester of 14 with TFA afforded acid 15 quantitatively.
Mixed anhydride formation of acid 15 with ethyl chlorofor-
mate, followedby reductionwithNaBH4, provided alcohol 16
in 45%yield. The alcohol was then treated withMsCl to form
benzyl chloride 17, which was converted to azide 18 using
NaN3. Final reduction of azide 18 with PPh3 afforded the
amine ester 19 in 50% yields for the three steps.

During our characterization of benzylamine 19, as well as
intermediates 16, 17, and 18, it was noticed that the two ben-
zylicprotonsnext to theaminogroupexistedasapairofdoublet
of doublets in the proton NMR spectrum, indicating that
these two protons are nonequivalent. This further suggested
the possibility of restricted rotation along the biaryl bond and
the existence of atropisomers. Variable temperature NMRup
to 120 �C did not lead to coalescence of these doublets. When
ester 19was subjected to chiralHPLCmethods, it became clear
that two distinct compounds existed.Additional chemical and

instrumental analyses led to the conclusion that 19 is comprised
of a pair of stable, noninterconverting enantiomers in which
the chirality arises from atropisomerism. To more accurately
assess their enzymatic activity, 19 was separated on a chiral
HPLC column to give each atropisomer 20 and 21 (Figure 2).
The absolute stereochemistrywas assigned based on theX-ray
crystal structure determination for an earlier intermediate 15
and later confirmed byX-ray crystallography in the active site
of DPP4.

To improve upon the potentially poormetabolic stability of
ethyl ester 19, we set out to replace the ester moiety with
metabolically more stable amides. To expedite SAR studies in
this series, a combinatorial approach was taken to prepare
these amides using a wide variety of sterically and electro-
nically differentiated amines. In anticipation of different acti-
vity for the two enantiomers, most of the amides were synthe-
sized as single atropisomers and only atropisomerically pure
molecules were carried onto PK and pharmacodynamic (PD)
studies. Because racemic azide 18 displayed superior separa-
tion behavior over 19 on chiral HPLC, a large amount of this
intermediate 18was processed to provide chrial azide 22.Mild
chemical conditions were employed for the subsequent steps
to minimize any possible racemization. Therefore, the ethyl
ester of 22was saponified byLiOH to form acid 23, whichwas
then coupled with different amines using standard EDAC/
HOAt conditions to afford the desired amides. A PPh3-
mediated reduction of the azide, followed by purification by
preparatoryHPLC, provided final products 24a-ee (Scheme 2)
as TFA salts in moderate to high yields. As analyzed by chiral
HPLC, no interconversionof the atropisomers occurredduring

Figure 1. Structures of selected DPP4 inhibitors.

Scheme 1
a

aReagents: (a) AcOH,Me2NH, IPA, 67%; (b) EtOH, 75 �C, 30% 11a,

20% 11b; (c) NH2NH2 3H2O, EtOH, 75 �C, 100%; (d) EtOH, 70 �C, 59%;

(e) KMnO4, acetone, 57%; (f) TFA, CH2Cl2, 100%; (g) ClCOOEt, Et3N,

THF, then NaBH4, THF, H2O, 0 �C, 45%; (h) MsCl, Et3N, CH2Cl2;

(i) NaN3, DMF, 50 �C; (j) PPh3, THF, H2O, 50 �C, 50% for 3 steps.
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the above chemical sequence. In addition, no racemization was
observed when amides such as 24c and 24s were heated in
water at 100 �C for up to 10 days.

Results and Discussion

The DPP4 inhibitory activity for compounds 19-21 and
24a-ee is summarized inTable 1.Compoundswere incubated
with human recombinantDPP4 under steady state conditions
to detect the cleavage of the pseudosubstrate, Gly-Pro-pNA.
We were encouraged by the observation of subnanomolar
DPP4 activity (Ki = 0.7 nM) for the first analogue that was
prepared in this series, prototype ester 19. Furthermore, upon
separation of the two atropisomers, we observed that eutomer
21 was about 2-fold more potent than 19 with DPP4 Ki of
0.4 nM, whereas 20wasmore than 10-fold less active, indicat-
ingmost of the activity for 19 resided inone of its enantiomers.
On the basis of this finding, all subsequent amides were pre-
pared in the more active atropisomer series. All of the amide
analogues exhibited excellent DPP4 inhibitory activity, with
Ki’s ranging from sub- to single-digit nanomolar. Steric and
electronic effects did not appear to affect the binding activity
to any appreciable extent, as small alkyl amides (24a), cyclic
amides (24b, 24c, 24d, 24e), and heteroaromatic amides (24l,
24p, 24q, 24r) represented in this group all displayed compar-
able activity, suggesting orientation into a solvent exposed
region of the active site. Introduction of strong electron with-
drawing groups on the amide further increasedDPP4 binding
affinity, as shown in sulfonamides24i and 24j and sulfone 24k.

Scheme 2
a

aReagents: (a) LiOH 3H2O, THF, H2O, 94%; (b) EDAC, HOAt,

amine, THF, iPr2NEt; (c) PPh3, THF, H2O, 50-90%.

Figure 2. Structures of atropisomers 20 and 21.

Table 1. DPP4/DPP8/DPP9 Inhibition for Compounds 19, 20, 21, and 24a-eea

aValues represent the mean of multiple determinations.
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In particular,methyl sulfonamide amide 24i is themost potent
compound prepared in this series, with DPP4 Ki of 0.2 nM.

We initially focused on the very potent sulfonamide 24i for
additional biological evaluation. As a TFA salt, 24i showed
excellent aqueous solubility with calculated cLogP of 1.15.
While the strong hydrophilicity provided an advantage in
terms of formulation for preclinical animal studies, we ques-
tioned if this molecule might be too polar to cross biological
membranes.When 24iwas tested in caco-2 cellmonolayer and
parallel membrane permeability assays (PAMPA), very low
permeability values of <15 and 0 nm/s, respectively, were
obtained, suggestive of no membrane permeability for this
compound.16 Additionally, after a 3 mg/kg oral dose in ob/ob
mice for 24i,Cmax at 1 h was 45 nM, likely insufficient for any
PD effect despite its high potency. It was further confirmed
thatwhen24iwas administeredorally inob/obmice for anoral
glucose tolerance test (oGTT), there was no reduction in
glucose excursion. Similar lack of in vivo efficacy was obser-
ved for other potent and polar compounds, including sulfon-
amide 24j and sulfone 24k. While these analogues were the
most potent DPP4 inhibitors from the series, they were also
the most polar molecules, with cLogP’s in the range of 1-2,
which likely contributed to their low permeability. It was
reasoned that an increase of lipophilicity by removing some
polar functional groups on thesemoleculesmay lead to higher
permeability across the membranes. Thus, less polar amides
were synthesized and evaluated. Itwas discovered thatmost of
the amides lacking additional polar sulfonamide, amine, or
sulfone functionality displayed high PAMPA permeability.
For example, comparing 24bwith 24i, removal ofmethyl sulfon-
amide from 24i decreased DPP4 binding activity by 10-fold
but increased PAMPA permeability significantly from un-
measurable to 518 nm/s. Heterocyclic amides such as 24l and
24s also showed excellent PAMPA permeabilities of 587 and
669 nm/s, respectively, withmorpholino amide 24cmeasuring
464 nm/s in the same assay.

Having identified membrane permeability as one prerequi-
site for efficacy, these compoundswere tested for other related
peptidase activities. DPP4 belongs to a larger family of pep-
tidases including DPP8,17 DPP9,18 DPP2,19 and fibroblast
activation protein (FAP).20 While all members of the DPP
familypreferentially cleaveXaa-Pro- andXaa-Ala- dipeptides
(where Xaa is any amino acid except proline) from the
N-terminus of proteins, however, the physiological substrates
and clinical relevance of these related peptidases have not been
definitively established21 except for DPP4. To date, com-
pounds with varying degrees of selectivity for DPP4 versus
DPP8 andDPP9 have been studied in a human clinical setting
and are well tolerated. As we continue to explore novel
chemical scaffolds directed against this promising target for
chronic treatment for type 2 diabetes, selectivity over the other
DPPswas nonetheless incorporated into these next generation
inhibitors as a medicinal chemistry goal. All of the amides
24a-ee were highly selective for DPP4 over DPP2 and FAP,
however, varying degrees of selectivity over DPP8 and DPP9
were observed in this series (Table 1). Esters and alkyl amides
were most selective over DPP8 and DPP9, with selectivity
ratios typically greater than 1000-fold. For the very potent
sulfonamide amide 24i, the selectivity for DPP4 over DPP8
and DPP9 is approaching 10000-fold. On the other hand,
pyridine containing amides 24r, 24w, and 24bb-24ee are often
less than 500-fold selective for DPP4, suggesting the pyridine
ringmay have an additional interactionwithDPP8 andDPP9
at the corresponding regionof the active site. Compound 24bb

is the most potent analogue from this series against DPP8
and DPP9, with selectivity for DPP4 of only 16- and 52-fold,
respectively. Selectivity for five-membered ring hetero-
aromatic amides varied from 500- to 2000-fold, mostly due to
their varying degrees of activity at DPP4. By selecting com-
pounds with appropriate DPP4 potency from this subgroup,
1000-fold selectivity can be achieved as shown in amides
such as 24s.

As reported earlier,14 when the azolo ring of the azolopyr-
imidine core was substituted with an aromatic or hetero-
aromatic group (5, Figure 1), the analogues displayed signifi-
cant hERG and sodium channel activities. Various predictive
bindingmodels for hERGhave been developed, and based on
in silico modeling predictions for hERG channel blockers,
molecular features that may contribute to increased hERG
inhibitory activity include hydrophobicity, high molecular
weight, the presence of a basic group such as an amine, and
a V-shape topology arising from ring-linker arrangements.22

Compound 5 contains several of these structural attributes
whichmay explain its high hERGactivity. To disrupt some of
these features that may contribute to the hERG activity, we
explored the SARoff of the five-membered ring of the hetero-
bicyclic core by replacing the pendant aromatic or hetero-
aromatic systemwithmore polar functionality. It was reasoned
that modifications of this type should increase the overall
polarity of the analogues and reduce the number of aromatic
systems, thereby destroying the resulting V-shaped arrange-
ment. Indeed, when the phenyl ring on 5 was replaced with a
more polar ester or amide group, the compounds in general
showed reduced ion channel activities. Notably, ester 19 had
23% inhibition for hERGat 10 μM, comparedwith 74% for 5.
Within the amide series,whena heterocycle such as pyrazole is
present in the amide portion of the molecule, the analogues
also showed improvement in channel activities comparedwith
the corresponding nonamides. For example, pyrazole amide
24shad31%and 2% inhibition for hERGand sodiumchannel
at 10 μM, respectively.

To achieve better understanding of the binding mode, we
were able to obtain X-ray crystal structures of both the DPP4
apo enzyme andDPP4 bound as a cocrystal with inhibitor 24c
in the active site (Figure 3).23 Consistent with earlier reports in
the literature,24 the DPP4 binding pocket is located at the
interface of the R/β-hydrolase and β-propeller domains. The
catalytic triad (S630, H740, and D708), which is highly
conserved in the DPP4 gene family (including DPP8 and
DPP9), resides in the R/β-hydrolase domain. On the other
hand, E205 and E206, which typically interact with the
N-terminus of DPP substrates, are located in the β-propeller
domain, which is less conserved across the DPP4 gene family.
From analysis of the X-ray crystal structure of 24c bound to
DPP4, it is clearly demonstrated that this compound binds in
the active sitewith the 2,4-dichlorophenyl group fitting tightly
into the hydrophobic S1 pocket, whereas the primary benzylic
amino group forms salt bridges to E205 and E206. The amine
also exhibited hydrogen binding interactions with Y662. These
key interactions anchor the molecule into the DPP4 binding
site and also serve to explain why the alternate orientation of
amine and dichlorophenyl groups in the opposite atropisomer
would not fit well in this binding mode, leading to weakened
binding affinity. Consistent with our observed SAR for this
series, the amide portion of the molecule projects to a large,
solvent-exposed areaof the enzymepocket,which can tolerate
a variety of different groups, including those with polar
functionality. Unlike dipeptidemimetic DPP4 inhibitors such
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as saxagliptin and vildagliptin, where the hydroxy group of
S630 from the catalytic triad plays a crucial role in binding,
there was no obvious interaction of this catalytic residue with
24c, and combined with the fact that most of the key contacts
with and subsequentbinding energy from24cwithin the active
site of DPP4 derives from residues in the β-propeller domain,
thismayhelp toexplainwhy this chemotypeprovideshighdegree
of selectivity for DPP4 over DPP8 and DPP9.25

On the basis of their highly potent and selective DPP4 inhi-
bitory activity, as well as favorable permeability and low off-
target activity, 24c and 24s were carried on for additional PK
evaluation in preclinical animalmodels.Keyparameters obta-
ined from rat PK studies for 24c and 24s after a 5 μmol/kg
intraarterial (IA) and 2 μmol/kg oral dose are summarized in
Table 2. The vehicle for these studies is water, in which these
compounds are freely soluble, another favorable drugability
property shared by the present class of compounds. TheCmax

for 24c at 0.6 h is 324 nM with an AUC0-¥ of 714 nM 3 h.
The systemic plasma clearance of 24c and 24s were 25.4 and
43.2 mL/min/kg, respectively, indicating high clearance in
rats. The fraction of dose excreted in urine collected from
the rats over a 24 h period, as unchanged parent compound
was 56-79% for 24c and 4.4-5.9% for 24s, indicating renal
clearance to be significant for 24c. The steady state volume
of distribution was 1.3 and 3.9 L/kg for 24c and 24s. The
estimated terminal elimination half-life after IA administra-
tionwas 1.6 and 2.1 h for 24c and 24s, respectively.Despite the
relatively high clearance, the absolute oral bioavailability for
24c and 24swere excellent at 54 and 64%.Compound 24cwas
also evaluated in dog PK profiling with 76% bioavailability
and a t1/2 of 4.6 h that may be suitable for once-a-day dosing.

An ob/obmouse model was utilized to evaluate the in vivo
PD effects in an oGTT. In this model, compounds were
administered orally in water to the mice 1 h prior to an oral
glucose (2 g/kg) bolus. Blood glucose and insulin levels were

monitored at different time intervals from 0 to 2 h. At 1 and
3μmol/kg, 24c significantly reduced glucose excursion at 15min
by 66% and 63%, respectively. In the same experiment, 24s
reduced glucose excursion up to 40% and 58% after 1 and
3 μmol/kg oral dosing with concurrent increase of insulin
AUC 0-2 h by 93% and 129%. In the latter experiment, the
plasma DPP4 activity was inhibited by 62% and 52.8%,
respectively, after 1 and 3 μmol/kg dosing. The reduced glu-
cose excursion, increase in insulin secretion during an oral
glucose challenge, combined with reduced plasma DPP4 acti-
vity, supports thatDPP4 inhibitionwas themechanism for the
observed PD effects.

Conclusions

In summary, wehave developed a novel series of imidazolo-
pyrimidine amides as potent DPP4 inhibitors. By replacing
the aryl substituent on an azolopyrimidine core scaffold from
a previously disclosed series with a more polar amide group,
the resultant molecules displayed enhanced DPP4 inhibitory
activity, aswell asmarkedly reducedhERGandsodiumchannel
activities. Polarity of the compounds was further modified to
improve the balance of off-target activity, DPP4 inhibition
and plasma exposure levels, leading to amide-containing inhi-
bitors possessing drug-like properties as represented by 24c

and 24s. X-ray crystallography of 24c from this class bound to
DPP4 confirmed that these compounds bind in the DPP4
binding pocket in a mode consistent with our observed SAR.
Leadmolecule 24s from this series demonstrated potentDPP4
activity, selectivity over DPP2, DPP8, andDPP9, low hERG,
sodium and calcium ion channel activities, an excellent PK
profile in preclinical species, and favorablePDeffects. Further
evaluation of these compounds as potential treatments for
type 2 diabetes is ongoing and will be reported in due course.

Experimental Section

All reactionswere carried out under a static atmosphere of argon
or nitrogen and stirred magnetically unless otherwise noted. All
reagents usedwere of commercial quality andwere obtained from
Aldrich Chemical Co., Sigma Chemical Co., Lancaster Chemical
Co., or Acros Chemical Co. 1H (400 MHz) and 13C (100 MHz)
NMR spectra were recorded on a JEOL GSX400 spectrometer
using Me4Si as an internal standard unless otherwise noted.
1H (500 MHz) and 13C (125 MHz) NMR spectra were recorded
ona JEOLJNM-ECP500 spectrometer.Chemical shifts are given
in parts per million (ppm) downfield from internal reference
Me4Si in δ units, and coupling constants (J values) are given in
hertz (Hz). Selected data are reported in the following manner:
chemical shift,multiplicity, coupling constants.All reactionswere
carried out using commercially available anhydrous solvents
from Aldrich Chemical Co. or EM Science Chemical Co. unless
otherwise noted.All flash chromatographic separationswere per-
formed using E.Merck silica gel (particle size, 0.040-0.063mm).
Reactionsweremonitored by TLCusing 0.25mmE.Merck silica
gel plates (60 F254) and were visualized with UV light, with 5%
phosphomolybdic acid in 95% EtOH, or by a sequential treat-
ment with 1 N HCl/MeOH followed by ninhydrin staining.
LC/MS data were recorded on a Shimadzu LC-10AT equipped
with a SIL-10A injector, a SPD-10AV detector, normally operat-
ing at 220nm, and interfacedwith aMicromassZMDmass spectro-
meter. LC/MS or HPLC retention times, unless otherwise noted,
are reported using a Phenomenex Luna C-18 4.6 mm �50 mm
columnelutedwith a 4min gradient from0 to 100%B,whereA=
10%MeOH-90%H2O-0.1%TFAandB=90%MeOH-10%
H2O-0.1% TFA. All solvents were removed by rotary evapora-
tion under vacuum using a standard rotovap equipped with a
dry ice condenser. All filtrations were performed with a vacuum

Figure 3. X-ray crystal structure of 24c and DPP4.

Table 2. PK Profiles for 24c and 24sa

compd/species Vss L/kg t1/2 h

CL

(iv) mL/min/kg

% of parent

in urine F %

24c/rat 1.3 1.6 25.4 56-79 54

24s/rat 3.9 2.1 43.2 4.4-5.9 64

24c/dog 1.5 4.6 7.9 41 76
aDose: IA: 5 μmol/kg, po: 2 μmol/kg.
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unless otherwise noted. Purity of all intermediates and final com-
pounds was determined to be >95% by HPLC (Phenomenex
Luna C-18 4.6 mm�50 mm column eluted with a 4 min gradient
from0 to100%B,whereA=10%MeOH-90%H2O-0.1%TFA
and B=90% MeOH-10% H2O-0.1% TFA and detection at
220 nm) and/or elemental analyses.

E/Z-tert-Butyl 2-(2,4-dichlorobenzylidene)-3-oxobutanoate (8).
Toa stirred solutionof tert-butylacetoacetate 6 (1.50 g, 9.48mmol)
and 2,4-dichlorobenzaldehyde 7 (1.66 g, 9.48mmol) in 2-propanol
(10 mL) was added acetic acid (23.9 μL, 0.400 mmol) and
dimethyl amine (2 M solution in THF, 200 μL, 0.400 mmol).
The reaction was kept at RT for 3 days and was concentrated
under reduced pressure. The resulting yellow oil was purified by
silica gel chromatography (0-5%EtOAc in hexanes) to obtain 8
(2.03 g, 67%) as a 1:1 mixture of E/Z isomers. On the basis of
NOE experiments, theZ isomer is the slowermoving compound
on thin layer chromatography (100% hexanes, Rf=0.60) and
the E isomer is the faster moving isomer (100% hexanes, Rf=
0.70). ForZ isomer: 1HNMR (400MHz, CDCl3) δ 7.68 (s, 1H),
7.49 (d, J=8.4 Hz, 1H), 7.47 (d, J=2.2 Hz, 1H), 7.24 (dd, J=
2.2, 7.3 Hz, 1H), 2.44 (s, 3H), 1.45 (s, 9H). 13CNMR (125MHz,
CDCl3) δ 194.5, 165.8, 138.0, 136.4, 135.4, 135.3, 130.8, 130.2,
129.7, 127.0, 83.2, 27.8, 26.9. Anal. Calcd for C15H16Cl2O3: C,
57.16;H, 5.11; Found: C, 57.26;H, 4.93. ForE isomer: 1HNMR
(400 MHz, CDCl3) δ 7.75 (s, 1H), 7.45 (d, J=2.2 Hz, 1H), 7.28
(d, J=8.3 Hz, 1H), 7.21 (dd, J=2.2, 8.3 Hz, 1H), 2.26 (s, 3H),
1.55 (s, 9H). 13CNMR (125MHz, CDCl3) δ 202.0, 162.8, 138.4,
136.2, 135.1, 135.0, 130.8, 130.4, 129.7, 127.3, 82.7, 31.1, 27.9.
Anal. Calcd for C15H16Cl2O3: C, 57.16; H, 5.11; Found: C,
57.34; H, 5.04.

Ethyl Imidazo[1,2-a]pyrimidine-2-carboxylate (11a) and Ethyl
Imidazo[1,2-a]pyrimidine-3-carboxylate (11b). 2-Aminopyrim-
idine 9 (5.00 g, 52.6 mmol) and ethyl bromopyruvate 10 (90%,
7.35 mL, 52.6 mmol) were dissolved in ethanol (80 mL) and
heated to 75 �C for 16 h. The reaction was concentrated under
reduced pressure and diluted with CH2Cl2 and satd aq NaH-
CO3. The organic layer was washed with satd aqNaHCO3 (2�),
and the aq layers were extracted with CH2Cl2 (3�). The com-
bined organic layers were dried over MgSO4 and concentrated
under reduced pressure. The resulting brown oil was suspended
in coldCH2Cl2 and filtered. The filter cakewaswashedwith cold
CH2Cl2 to obtain 11a (3.02 g, 30%) as a light-yellow solid. The
mother liquor contains a mixture of 11a and 11b (6.03 g, 60%),
which was first purified by silica gel chromatography followed
by recrystallization from EtOAc to obtain 11b (2.04 g, 20%).
For 2-isomer 11a: 1H NMR (500 MHz, CDCl3) δ 8.69 (dd, J=
2.2, 6.6 Hz, 1H), 8.67 (dd, J=2.2, 4.4 Hz, 1H), 8.22 (s, 1H), 7.01
(dd, J=3.9, 6.6 Hz, 1H), 4.46 (q, J=7.2 Hz, 2H), 1.43 (t, J=
7.2Hz, 3H). 13CNMR (125MHz, CDCl3) δ 162.8, 152.2, 147.8,
137.7, 134.4, 115.3, 110.0, 61.2, 14.2. Anal. Calcd for C9H9-
N3O2: C, 56.54; H, 4.74; N, 21.97; Found: C, 56.25; H, 4.61; N,
21.96. For 3-isomer 11b: 1H NMR (500 MHz, CDCl3) δ 9.57
(dd, J=2.2, 7.2 Hz, 1H), 8.74 (dd, J=2.2, 4.4 Hz, 1H), 8.45 (s,
1H), 7.17 (dd, J=4.4, 7.2Hz, 1H), 4.44 (q, J=7.2Hz, 2H), 1.44
(t, J=7.2Hz, 3H). 13CNMR (125MHz, CDCl3) δ 160.1, 152.0,
150.7, 142.4, 135.3, 114.3, 110.3, 60.7, 14.2. Anal. Calcd for
C9H9N3O2: H, 4.74; N, 21.97; Found: H, 4.55; N, 22.20.

Ethyl 2-Amino-1H-imidazole-4-carboxylate (12). To a stirred
solution of 11aor 11b (1.00 g, 5.23mmol) in ethanol (40mL)was
added hydrazine monohydrate (0.284 mL, 5.75 mmol). The reac-
tion was heated to 75 �C for 16 h and was concentrated under
reduced pressure. The resulting light-yellow solidwas suspended
in diethyl ether and filtered to collect 12 (810 mg, 100%) as a
white solid. 1H NMR (400 MHz, CD3OD) δ 7.27 (s, 1H), 4.24
(q, J=7.0 Hz, 2H), 1.31 (t, J=7.0 Hz, 3H). 13C NMR (125
MHz, CD3OD) δ 165.5, 156.1, 131.8, 125.7, 63.8, 17.3. Anal.
Calcd for C6H9N3O2: C, 46.44; H, 5.84; N, 27.08; Found: C,
46.17; H, 5.65; N, 27.28.

6-tert-Butyl 2-Ethyl 5-(2,4-dichlorophenyl)-7-methyl-5,8-dihydro-
imidazo[1,2-a]pyrimidine-2,6-dicarboxylate (13).Compounds 12

(980 mg, 6.32 mmol) and 8 (2.03 g, 6.44 mmol) were dissolved in
ethanol (15 mL) and heated to 75 �C for 16 h. The reaction was
concentrated under reduced pressure to obtain a 10:1 mixture
(byHPLC) of 13 and isomeric 6-tert-butyl 3-ethyl 5-(2,4-dichloro-
phenyl)-7-methyl-5,8-dihydroimidazo[1,2-a]pyrimidine-3,6-di-
carboxylate 3-isomer (3.07 g) as a yellow foam. A small amount
of this mixture (350 mg) was purified by silica gel chromato-
graphy to obtain 13 (191 mg, 59%) and 3-isomer (19.2 mg, 5.9%)
as white solids. For 2-isomer 13: 1H NMR (400 MHz, CDCl3)
δ 10.19 (br s, 1H), 7.43 (d, J=2.2 Hz, 1H), 7.38 (s, 1H), 7.34 (d,
J=7.2 Hz, 1H), 7.21 (dd, J=2.2, 7.2 Hz, 1H), 6.67 (s, 1H), 4.29
(m, 2H), 2.57 (s, 3H), 1.34 (t, J=7.0 Hz, 3H), 1.26 (s, 9H). 13C
NMR (125 MHz, CDCl3) δ 164.6, 162.2, 148.1, 141.6, 138.6,
134.6, 132.9, 130.1, 130.0, 129.2, 128.0, 119.7, 80.2, 60.4, 54.5,
28.1, 19.0, 14.3. Anal. Calcd for C21H23Cl2N3O4: C, 55.76; H,
5.12; N, 9.29; Found: C, 55.49; H, 5.04; N, 8.99. HRMS: Anal.
Calcd. for C21H24Cl2N3O4 452.1144; Found: 452.1128 (MþH)þ.

6-tert-Butyl 2-Ethyl 5-(2,4-dichlorophenyl)-7-methylimidazo-

[1,2-a]pyrimidine-2,6-dicarboxylate (14). To a stirred solution of
13 (191 mg, 0.422 mmol) in acetone (5 mL) was added KMnO4

(66.7mg, 0.422mmol). After 1 h, the reactionwas filtered through
Celite and concentrated under reduced pressure. The resulting
residue was diluted with CH2Cl2 and extracted with H2O (2�).
The organic layer was dried over MgSO4, concentrated under
reduced pressure, and recrystallized from EtOAc to obtain 14

(108 mg, 57%) as white crystals. 1HNMR (400MHz, CDCl3) δ
7.68 (d, J=1.8 Hz, 1H), 7.53 (s, 1H), 7.50 (dd, J=1.8, 7.6 Hz,
1H), 7.35 (d, J=7.6 Hz, 1H), 4.43 (m, 2H), 2.77 (s, 3H), 1.41 (t,
J=7.2 Hz, 3H), 1.29 (s, 9H). 13C NMR (100 MHz, CDCl3) δ
163.7, 162.7, 159.8, 147.0, 141.1, 138.5, 138.2, 134.5, 131.4, 130.3,
128.1, 127.8, 119.0, 114.1, 83.8, 61.4, 27.7, 24.3, 14.3. Anal.
Calcd for C21H21Cl2N3O4: C, 56.01; H, 4.70; N, 9.33; Found: C,
55.79; H, 4.43; N, 9.14.

5-(2,4-Dichlorophenyl)-2-(ethoxycarbonyl)-7-methylimidazo-

[1,2-a]pyrimidine-6-carboxylic Acid (15).To a stirred solution of
14 (1.14 g, 2.53mmol) inCH2Cl2 (5mL)was addedTFA (5mL).
The reaction was heated to 60 �C for 30 h and concentrated
under reduced pressure to obtain 15 (0.998 g, 100%) as yellow
oil. 1HNMR (400MHz, CDCl3) δ 7.80 (d, J=1.3Hz, 1H), 7.65
(s, 1H), 7.59 (d, J=1.3Hz, 2H), 4.36 (q, J=7.0Hz, 2H), 2.78 (s,
3H), 1.36 (t, J=7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ
161.4, 157.9, 154.9, 142.7, 138.0, 134.6, 133.2, 129.6, 127.8, 125.9,
124.8, 124.0, 113.7, 109.9, 56.0, 25.2, 9.6. Anal. Calcd for
C17H13Cl2N3O4: C, 51.79; H, 3.32; N, 10.66; Found: C, 51.57;
H, 3.05; N, 10.42.

Ethyl 5-(2,4-Dichlorophenyl)-6-(hydroxymethyl)-7-methylimidazo-
[1,2-a]pyrimidine-2-carboxylate (16). To a stirred solution of 15
(0.998 g, 2.53 mmol) in THF (10 mL) was added ClCOOEt
(0.289 mL, 3.04 mmol) and Et3N (0.529 mL, 3.80 mmol). After
2 h, the reaction was filtered and concentrated under reduced
pressure to obtain themixed anhydride (1.18 g) as brown oil. To
a stirred solution of crude mixed anhydride (1.18 g, 2.53 mmol)
in THF (10 mL) at 0 �Cwas added NaBH4 (144 mg, 3.80 mmol)
in H2O (0.5 mL). After 1 h, the reaction was quenched by 1N
HCl and diluted with EtOAc. The organic layer was extracted
with 1N HCl, satd aq NH4Cl, and brine before drying over
MgSO4. Filtration, concentration under reduced pressure and
purification by silica gel chromatography gave 16 (430mg, 45%)
as a light-yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.70 (d,
J=7.9Hz, 1H), 7.63 (d, J=1.8Hz, 1H), 7.49 (dd, J=1.8, 7.9Hz,
1H), 7.36 (s, 1H), 4.68 (d, J=12.3Hz, 1H), 4.36 (m, 3H), 2.75 (s,
3H), 1.35 (t, J=7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ
164.5, 162.6, 147.0, 140.8, 137.8, 136.3, 134.1, 132.7, 130.1, 128.4,
127.1, 121.4, 113.8, 61.1, 57.9, 23.5, 14.2. Anal. Calcd for
C17H15Cl2N3O3: C, 53.70; H, 3.97; N, 11.05; Found: C, 53.48;
H, 3.65; N, 10.80.

Ethyl 6-(Chloromethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-
[1,2-a]pyrimidine-2-carboxylate (17). To a stirred solution of 16
(430mg,1.13mmol) inCH2Cl2 (10mL)wasaddedMsCl (0.105mL,
1.36 mmol) and Et3N (0.236 mL, 1.70 mmol). After 10 h,
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the reaction was concentrated under reduced pressure and diluted
withEtOAc.Themixturewas extractedwithH2Oandbrine before
drying over MgSO4. Filtration and concentration under redu-
ced pressure gave 17 (448mg) as yellow oil. 1HNMR (400MHz,
CDCl3) δ 7.72 (d, J=2.2Hz, 1H), 7.57 (dd, J=2.2, 8.4Hz, 1H),
7.46 (d, J=8.4 Hz, 1H), 7.45 (s, 1H), 4.53 (d, J=12.3 Hz, 1H),
4.43 (m, 2H), 4.23 (d, J=12.3 Hz, 1H), 2.86 (s, 3H), 1.40 (t, J=
7.5Hz, 3H). 13CNMR (100MHz, CDCl3) δ 162.8, 162.1, 147.1,
141.4, 138.6, 137.9, 134.2, 131.6, 130.8, 128.7, 126.4, 118.4, 114.0,
61.3, 39.5, 23.3, 14.2. Anal. Calcd for C17H14Cl3N3O2: C, 51.21;
H, 3.53; N, 10.54; Found: C, 50.92; H, 3.45; N, 10.25.

Ethyl 6-(Azidomethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-
[1,2-a]pyrimidine-2-carboxylate (18). To a stirred solution of crude
17 (448mg, 1.12mmol) inDMF (5mL) was addedNaN3 (110mg,
1.69 mmol). The reaction was heated to 50 �C for 1 h. After cool-
ing, the reaction was diluted with EtOAc and extracted with H2O
and brine before drying overMgSO4. Filtration and concentration
under reduced pressure gave 18 (450 mg) as yellow oil. 1H NMR
(400MHz,CDCl3) δ 7.72 (d, J=2.2Hz, 1H), 7.59 (dd, J=2.2, 7.2
Hz, 1H), 7.43 (s, 1H), 7.43 (d, J=7.0 Hz, 1H), 4.41 (m, 2H), 4.31
(d, J=14.0 Hz, 1H), 4.18 (d, J=14.0 Hz, 1H), 2.79 (s, 3H), 1.40
(t, J=7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 162.7, 162.3,
147.1, 141.5, 138.6, 137.7, 134.3, 132.0, 130.7, 128.7, 126.5, 116.5,
113.9, 61.2, 48.1, 23.6, 14.2. Anal. Calcd for C17H14Cl2N6O2: C,
50.38; H, 3.48; N, 20.73; Found: C, 50.33; H, 3.47; N, 20.66.

Ethyl 6-(Aminomethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-

[1,2-a]pyrimidine-2-carboxylate (19). To a stirred solution of 18
(450mg, 1.11mmol) inTHF(10mL) andH2O(0.5mL)was added
PPh3 polymer bound (3 mmol/g, 750 mg, 2.25 mmol). The reac-
tion was heated to 50 �C for 24 h. The reaction was filtered and
concentrated to give crude 19 (315 mg, 74% crude yield) as
yellow oil. A part (115 mg) was purified by reverse phase pre-
paratory HPLC to give 19, TFA salt (102 mg, 50% for 3 steps)
as a white solid. 1H NMR (400 MHz, CD3OD) δ 7.94 (d, J=
1.8 Hz, 1H), 7.75 (dd, J=1.8, 8.3 Hz, 1H), 7.64 (s, 1H), 7.63 (d,
J=8.3 Hz, 1H), 4.36 (q, J=7.0 Hz, 2H), 4.18 (d, J=14.9 Hz,
1H), 4.02 (d, J=14.9 Hz, 1H), 2.83 (s, 3H), 1.35 (t, J=7.0 Hz,
3H). HRMS:Anal. Calcd for C17H17Cl2N4O2 379.0729; Found:
379.0736 (M þ H)þ.

(-)- and (þ)-Ethyl 6-(aminomethyl)-5-(2,4-dichlorophenyl)-
7-methylimidazo[1,2-a]pyrimidine-2-carboxylate (20) and (21).
For 20 and 21, 50 mg of 19was separated on a chiral OJ column
(15% B isocratic, 20 min, A=heptane, B=MeOH-EtOH (1:1)
with 0.1%DEA) to obtain 20 (15 mg, 86.5% ee) [R]24.6D-25.8�
(c 3.15,MeOH) and 21 (17mg, 88.5% ee) [R]24.9Dþ24.9� (c 3.11,
MeOH). For (-) isomer 20, 1H NMR (400 MHz, CD3OD) δ
7.93 (d, J=2.2 Hz, 1H), 7.74 (dd, J=2.2, 8.3 Hz, 1H), 7.64 (d,
J=8.3 Hz, 1H), 7.62 (s, 1H), 4.36 (q, J=7.0 Hz, 2H), 4.18 (d,
J=14.9Hz, 1H), 4.02 (d,J=14.9Hz, 1H), 2.82 (s, 3H), 1.35 (t,J=
7.0 Hz, 3H). 13C NMR (100 MHz, CD3OD) δ 164.1, 163.3, 162
(TFA), 147.9, 144.2, 139.3, 137.8, 134.7, 133.0, 131.5, 129.9,
127.0, 120 (TFA), 116.7, 115.3, 61.8, 36.8, 23.6, 14.1. For (þ)
isomer 21, 1H NMR (400 MHz, CD3OD) δ 7.94 (d, J=2.2 Hz,
1H), 7.74 (dd, J=2.2, 8.4Hz, 1H), 7.63 (d, J=8.4Hz, 1H), 7.62
(s, 1H), 4.36 (q, J=7.5 Hz, 2H), 4.17 (d, J=14.5 Hz, 1H), 4.02
(d, J=14.5 Hz, 1H), 2.82 (s, 3H), 1.35 (t, J=7.5 Hz, 3H). 13C
NMR (100 MHz, CD3OD) δ 163.3, 162.3, 147.5, 143.6, 138.7,
137.5, 134.0, 132.2, 130.9, 129.2, 126.2, 115.7, 114.6, 61.1, 36.2,
22.8, 13.3.

(þ)-Ethyl 6-(Azidomethyl)-5-(2,4-dichlorophenyl)-7-methyl-
imidazo[1,2-a]pyrimidine-2-carboxylate (22). 10.0 g of racemate
18 was separated by supercritical fluid chromatography on
Chiralpak OF, 250 mm � 20 mm, 10 μm, at 35 �C, 50 mL/min;
mobile phase, CO2/MeOH/DEA, 65/35/0.1; injection volume,
3.5 mL of 33 mg/mL sample solution; detector wavelength,
220 nm toobtain (-)-ethyl 6-(azidomethyl)-5-(2,4-dichlorophenyl)-
7-methylimidazo[1,2-a]pyrimidine-2-carboxylate (5.00 g, 50%)
and 22 (5.00 g, 50%) as white solids. For (þ)-isomer 22: HPLC
ChiralpakOF, 4.6mm� 250mm, 10 μm; isocratic CO2/MeOH/
DEA, 60/40/0.1 over 25min, 2.0mL/min; tR=17.94min; 100%

homogeneity index, >99.9% ee. 1H NMR (400 MHz, CDCl3)
δ 7.72 (d, J=2.2Hz, 1H), 7.60 (dd, J=2.2, 8.3 Hz, 1H), 7.45 (d,
J=8.3Hz, 1H), 7.43 (s, 1H), 4.40 (q, J=7.2Hz, 2H), 4.32 (d, J=
13.8 Hz, 1H), 4.19 (d, J=13.8 Hz, 1H), 2.78 (s, 3H), 1.39 (t, J=
7.2Hz, 3H). 13CNMR (100MHz, CDCl3) δ 162.7, 162.3, 147.1,
141.5, 138.6, 137.8, 134.3, 132.0, 130.8, 128.7, 126.5, 116.5, 113.9,
61.2, 48.1, 23.6, 14.2. Anal. Calcd for C17H14Cl2N6O2: C, 50.38;
H, 3.48; N, 20.73; Cl, 17.49; Found: C, 50.49; H, 3.58; N, 20.47;
Cl, 17.71. HRMS: Anal. Calcd for C17H15Cl2N6O2 405.0628;
Found: 405.0640 (M þ H)þ.

(þ)-6-(Azidomethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-

[1,2-a]pyrimidine-2-carboxylic Acid (23).To a stirred solution of
22 (1.00 g, 2.47 mmol) in THF (20 mL) and H2O (2 mL) was
added LiOH 3H2O (155 mg, 3.70 mmol). After heating to 50 �C
for 16 h, the reaction was concentrated under reduced pressure
and diluted with EtOAc. The aqueous layer was acidified by 1N
HCl to pH=1. The organic layer was washedwith satd aqNH4Cl
and brine before drying over MgSO4. Filtration and concentra-
tion under reduced pressure provided 23 (874 mg, 94%, >99%
ee) as awhite solid; [R]25Dþ77.8� (c 2.38,MeOH). 1HNMR(400
MHz, CDCl3) δ 8.71 (br s, 1H), 7.67 (s, 1H), 7.59 (d, J=8.2 Hz,
1H), 7.55 (d, J=8.2 Hz, 1H), 7.51 (s, 1H), 4.33 (d, J=13.8 Hz,
1H), 4.24 (d, J = 13.8 Hz, 1H), 2.79 (s, 3H). 13C NMR (100
MHz, CDCl3) δ 164.1, 163.6, 146.5, 142.0, 138.8, 136.9, 134.2,
132.3, 130.7, 128.9, 126.2, 117.3, 114.4, 48.1, 23.6. Anal. Calcd
for C15H10Cl2N6O2 3 0.1EtOAc 3 0.7H2O: C, 46.40; H, 3.09; N,
21.08; Found: C, 46.21; H, 2.99; N, 20.93. HRMS: Anal. Calcd
for C15H11Cl2N6O2 377.0321; Found: 377.0313 (M þ H)þ.

(þ)-(6-(Azidomethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-

[1,2-a]pyrimidin-2-yl)(morpholino)methanone. To a stirred solu-
tion of 23 (150 mg, 0.400 mmol) in THF (10 mL) was added
morpholine (52.2 μL, 0.597 mmol), HOAt (81.3 mg, 0.597 mmol),
EDAC (114mg, 0.597mmol), and iPr2NEt (138 μL, 0.795mmol).
The reaction was kept at RT for 2 h and was concentrated under
reduced pressure. The residue was diluted with EtOAc, and the
organic layerwaswashedwith 1NHCl, 1NNaOH, andbrine prior
to drying over anhydrous MgSO4. Filtration and concentration
under reduced pressure afforded the amide (177 mg, 99% crude
yield) as a clear glass. A small amount was purified by silica gel
chromatography (100%EtOAc) to afford the product (99%purity,
>99% ee); [R]25D þ82.7� (c 2.26, MeOH). 1H NMR (400MHz,
CDCl3) δ 7.70 (d, J=2.2Hz, 1H), 7.56 (dd, J=2.2, 8.2Hz, 1H),
7.50 (s, 1H), 7.35 (d, J=8.2 Hz, 1H), 4.56 (m, 2H), 4.31 (d, J=
14.3Hz, 1H), 4.18 (d, J=14.3Hz, 1H), 3.78 (s, 6H), 2.81 (s, 3H).
13CNMR (100MHz, CDCl3) δ 161.7, 161.7, 146.0, 141.9, 141.6,
138.7, 134.4, 131.9, 130.8, 128.7, 126.6, 116.2, 114.6, 67.4, 66.9,
48.1, 47.3, 43.2, 23.5. Anal. Calcd for C19H17Cl2N7O2: C, 51.13;
H, 3.83; N, 21.96; Found: C, 50.97; H, 3.57; N, 21.75.

(þ)-(6-(Aminomethyl)-5-(2,4-dichlorophenyl)-7-methylimidazo-
[1,2-a]pyrimidin-2-yl)(morpholino)methanone (24c). To a stirred
solution of the above amide (177 mg, 0.397 mmol) in THF (8 mL)
and H2O (0.8 mL) was added PPh3 polymer bound (3 mmol/g,
199 mg, 0.600 mmol) and heated to 50 �C for 24 h. The reaction
was filtered, concentrated under reduced pressure, and purified
by reverse phase HPLC to give 24c, TFA salt (121 mg, 56% yield,
>99% ee) as a white solid; [R]24.3D þ54.12� (c 2.62, MeOH). 1H
NMR (400MHz, CD3OD) δ 7.92 (d, J=2.2 Hz, 1H), 7.73 (dd,
J=2.2, 8.4 Hz, 1H), 7.62 (d, J=8.4 Hz, 1H), 7.55 (s, 1H), 4.19
(d, J=15.0 Hz, 1H), 4.01 (d, J=15.0 Hz, 1H), 4.01 (br s, 2H),
3.73 (br s, 6H), 2.86 (s, 3H). 13C NMR (100 MHz, CD3OD) δ
164.6, 164.5, 162 (TFA), 148.1, 145.3, 141.8, 140.5, 135.7, 133.8,
132.6, 130.8, 128.0, 120 (TFA), 117.1, 114.9, 68.2, 44.7, 37.8,
24.2. Anal. Calcd for C19H19Cl2N7O2 3 1.5TFA: C, 44.24; H,
3.45; N, 11.62; Found: C, 44.40; H, 3.72; N, 11.90.

In Vitro DPP4 Inhibition Assays. Inhibition of human DPP4
activity was measured under steady-state conditions by follow-
ing the absorbance increase at 405 nm upon the cleavage of
the pseudosubstrate, Gly-Pro-pNA. Assays were performed in
96-well plates using a Thermomax plate reader. Typical reac-
tions contained 100 μL of ATE buffer (100 mM Aces, 52 mM
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Tris, 52mM ethanolamine, pH 7.4), 0.45 nM enzyme, either 120
or 1000 μM of substrate (S<Km and S>Km, Km=180 μM)
and 10 or 11 concentrations of the inhibitor. To ensure steady-
state conditions for slow-binding inhibitors, enzyme was pre-
incubated with the compound for 40 min prior to substrate
addition. All serial inhibitor dilutions were in DMSO and final
solvent concentration did not exceed 1%. Inhibitor potency was
evaluated by calculating IC50’s at each substrate concentration
and then converting them to Ki’s by assuming competitive
inhibition according to the equation Ki = IC50/[1 þ (S/Km)].
All inhibitors were competitive as judged by close agreement of
Ki values obtained from assays at high and low substrate con-
centrations. In cases where IC50 at the low substrate concentra-
tion was close to the enzyme concentration used in the assay, the
data were fit to the Morrison equation to account for the deple-
tion of the free inhibitor.

oGTT in ob/ob Mice. Male 13-14 week-old ob/ob mice
(Jackson Laboratories) were maintained under constant tempe-
rature and humidity conditions, a 12 h/12 h light-dark cycle,
and had free access to a 10% fat rodent diet (D1245B Research
Diets) and tap water. After an overnight fasting period, animals
were dosed orally with vehicle (water) or DPP4 inhibitor
(1, 3 μmol/kg) at -60 min. Two blood samples were collected
at-60 and 0min by tail bleed for glucose and insulin determina-
tions. Glucose (2 g/kg) was then administered orally (at 0 min).
Additional blood samples were collected at 15, 30, 60, 90, and
120 min for glucose and insulin determinations. Blood samples
were collected into EDTA containing tubes (Sarstedt). Plasma
glucose was determined with an Accu-Chek Advantage (Roche)
glucometer. Plasma insulin was assayed using a mouse insulin
ELISA kit (ALPCO Diagnostics). Data represent the mean of
12-24 mice/group. Data analysis was performed using one way
ANOVA followed by Dunnett’s test. All procedures were per-
formed according to BMS-IACUC guidelines.
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