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Introduction

In 1930 Otto Warburg observed a phenomenon in which
cancer cells often metabolically switch from oxidative phos-

phorylation to glycolysis, even under normal oxygen supply.[1]

At first sight, the contradictory behavior of cancer cells with

regard to their increased demand on energy supply is of cru-

cial importance to feed the essential biochemical anabolic
pathways with higher amounts of central intermediates.[1f] To

fulfill the increased demand on these central intermediates,
the glycolytic rate is often up-regulated in tumor entities.[2] As

the cellular uptake of glucose is the first rate-limiting step in
the glycolytic process it is not surprising that the transporters
responsible for this uptake were found to be up-regulated in

both solid and hematological malignancies.[3]

Of the two different classes of hexose transporters (SGLT:
sodium-dependent glucose transporter, GLUT: facilitative glu-
cose transporter[4]) the GLUTs were found to be overexpressed

in many tumors.[5] In particular, GLUT1 overexpression has
been reported in many types of human cancers, including

those of brain,[6] breast,[7] colon,[8] kidney,[9] lung,[10] ovary,[11]

and prostate,[12] and is correlated with advanced cancer stages
and poor clinical outcomes. It was demonstrated that the acti-

vation of certain oncogenes like c-myc,[13] KRAS,[10] BRAF,[14] and
p53,[15] and transcription factors like hypoxia inducible factor-

1a,[16] can induce the GLUT1 overexpression.[17] Additionally,

there is a widely clinically applied diagnostic modality PET
imaging, which makes use of increased glucose uptake in

some types of cancer with [18F]fluoro-2-deoxyglucose (FDG).[18]

All these factors demonstrate the importance of GLUT1 func-

tion for cancer cell viability suggesting that an inhibition of
this transporter might be therapeutically beneficial in the treat-
ment of tumors with high glucose turnover.

Whereas GLUT1 is nearly ubiquitously expressed in all
normal tissues to maintain the basal glucose supply[19] the ex-
pression of some members of the GLUT family is more specific.
Those GLUTs can be involved in central processes like insulin

secretion in pancreas (GLUT2),[20] neuronal glucose uptake
(GLUT3),[21] and insulin-regulated transport of glucose in

muscle and fat cells (GLUT4).[22] To enable a therapeutic

window with a potential GLUT1 inhibitor selectivity within the
GLUT family is decisive for any possible cancer treatment with

this approach.
Several small-molecule GLUT1 inhibitors have already been

described in literature including resveratrol,[23] naringenin,[24]

phloretin,[25] WZB117,[26] salicylketoximes,[27] thiazolidinedione,[28]

STF-31,[29] pyrazolopyrimidines,[30] and phenylalanine amides.[31]

With their thiazolidinediones Wang et al. demonstrated the in-
hibition of [3H]-2-deoxy-d-glucose uptake in LNCaP cells and

the suppressive effects on the viability of LNCaP cells in MTT
assays.[28] Chan et al. used the principle of chemical synthetic

lethality to demonstrate the sensitivity of VHL deficient renal
cancer cells to glucose uptake inhibition by STF-31.[29] The
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compound WZB117 was able to inhibit the glucose uptake in
A549 cancer cells and their cell proliferation in a dose-depen-

dent manner.[26] All these results underline the feasibility of
GLUT1 inhibition as cancer treatment.

Results and Discussion

Therefore, an HTS screen was performed using a cell-based
assay with CellTiter-GloS[32] readout for ATP production. In
a pairwise chemical screen, DLD1 (for human GLUT1),
DLD1Glut1@/@ (Horizon discovery, for human GLUT3), CHO-

hGLUT2 and CHO-hGLUT4 cell lines were co-incubated with
the potential GLUT1 inhibiting test compounds and with rote-

none as inhibitor for the oxidative phosphorylation.[33] With the
rotenone co-incubation the cells could only produce ATP via
glycolysis and the amount of produced ATP could be linked to

the amount of glucose taken up. Subsequent assays regarding
cellular uptake and consumption of glucose in the presence of

the test compounds confirmed their competitive GLUT1 inhibi-
tory behavior. In total, ~3 million compounds were tested in

this HTS and 285 hits were identified inhibiting the GLUT1

transporter and showing a good selectivity against GLUT2. In
addition, from these 285 hits two clusters and one singleton

demonstrated very good selectivity against GLUT3. The com-
parison of the two clusters and the singleton revealed the N-

(1H-pyrazol-4-yl)quinoline-4-carboxamide 1 (Figure 1) having
most promising primary data. To have a more lead-like starting

point for structure-activity relationship (SAR) optimization, we
first envisioned to decrease lipophilicity and possible metabolic

liabilities. Quickly, we found out that the 2-furanyl moiety was

not necessary for good potency and even a small methyl
group in position 2 was acceptable (2). Complete omission of

the quinoline methyl substituents in 2, however, deteriorated
the GLUT1 potency (IC50 : 0.96 mm, not shown). First in vitro

pharmacokinetics (PK) data of 2 still revealed remaining meta-
bolic liabilities in this compound. Our first interest was then to
alter the methyl groups of the quinoline. The CF3 substituent

in position 2 and exchanging the 6,8-dimethyl pattern for a 6-
bromine significantly enhanced GLUT1 potency reaching the

single-digit nanomolar range (3). Furthermore, no detrimental
effect regarding selectivity toward GLUT2 and GLUT3 could be
observed and a selectivity factor of 35 toward GLUT4 was also
a promising starting point to explore the SAR of this com-
pound class in more detail.

We decided to continue SAR investigation on the benzylic

moiety attached to the pyrazole keeping the quinoline frag-
ment constant (Table 1). Directly attaching the para-fluoro-

phenyl ring to the pyrazole led to a significant GLUT1 potency
loss (4). The same was observed with an elongated spacer (6)
so that a methylene link between the pyrazole and the para-
fluorophenyl ring was considered optimal. Ramification at the
methylene position (5) also decreased the potency. Substitu-

tion of the para-fluoro group at the phenyl was, however, fea-
sible and later on the para-cyano group revealed the most

promising data (7). With this moiety in hand further substitu-

tions were possible while maintaining single-digit nanomolar
potency. For instance, a pyridine nitrogen (8) or a fluorine in

ortho (9) or meta position (10) of the cyano function could be
introduced. Efforts to exchange the aromatic benzyl head at

the pyrazole for fully saturated systems only gave less potent
compounds, for example, 11.

Compound 3 displayed relatively high clearance of about 2=3

of liver blood flow in rats. Metabolite identification experi-
ments revealed remaining metabolic soft spots at the pyrazole

and quinoline parts (see Table 6 below). Therefore, we aimed
at modifying at least one of the pyrazole methyl groups and

abandoning the 6-bromine. Replacing a methyl with a CF3

group at pyrazole position 3 led to compound 12 already

showing slightly better clearance with 2.6 L h@1 kg@1 in rat hep-

atocytes (see Figure 2 below). To be able to omit the 6-bromo
substituent completely in the final inhibitor avoiding in vivo

debromination or hepatotoxicity, we had to change the sub-
stituent in position 2 of the quinoline again, because within

the bromine-free 2-CF3-quinoline series we were not able to
find single-digit nanomolar inhibitors of GLUT1. For instance,
the debromo compound of 3 had only an IC50 of 0.093 mm in

the GLUT1 assay. Exchanging the 2-CF3 group in 12 for a pri-
mary carboxamide already resulted in a single-digit nanomolar

Figure 1. Initial SAR beyond HTS hit 1.
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inhibitor with a des-bromo substance. Upon additional ex-
change of the para-fluoro group for a cyano moiety an IC50 of
0.006 mm was attained for 13. In addition, the metabolic stabili-

ty in rat hepatocytes was also increased by lowering the clear-
ance to 1.81 L h@1 kg@1, however, the excellent selectivity of 12
against GLUT3 significantly dropped for compound 13, making
this a parameter that had to be regained in later SAR explora-

tions.

Next, the 2-carboxamide was kept constant and we tested
the influence of a second quinoline substituent. At position 5,

fluorine (14) is superior to a methyl group (15) with regard to
both, potency and selectivity profile. Comparing fluorine (16)

and methyl (17) at position 6 revealed an advantage for the
methyl compound with regard to the selectivity profile. A me-

thoxy substituent at the same position (18) pushed GLUT1 po-
tency below the nanomolar range, however, at the expense of

also hitting the counter-targets GLUT3 and GLUT4 (Table 2).
In position 7, a fluorine substituent (19) is clearly better tol-

erated regarding GLUT3 (selectivity factor 770) and GLUT4 se-
lectivity (selectivity factor 134) than in positions 5 and 6. Intro-

duction of a methyl (20) decreased GLUT4 selectivity and a me-
thoxy group (21) resulted in a less potent compound. A halo-

gen at position 8 (22, 23) was also feasible, but the selectivity

profile was not better than in position 5 and 6.
Introduction of an additional ring nitrogen at position 6

(24), 7 (25), or 8 (26) gave double-digit nanomolar inhibitors
with less selectivity toward GLUT4 (selectivity factors : 6–28) as

compared to compound 19. Highly potent compounds could
be obtained upon double fluorine substitution (27, 28), but
again the GLUT4 selectivity of these inhibitors was impaired.

An exchange of the phenyl part of the quinoline for a five-
membered heterocycle (29) or complete omission of the
phenyl moiety (30) resulted in less potent compounds.

Next to the evaluation of a second substitution at the quino-

line ring the position of the carboxamide was also thoroughly
explored. On the basis of the original HTS hit 1 different aro-

matic (hetero)cycles at position 2 were tested (Table 3). An un-

substituted 2-thiazole (31) could be introduced leading to
a 4 nm inhibitor.

With the additional bulk of two methyl groups (32) the po-
tency was diminished significantly whereas a 1,2,4-triazole 33
with only one methyl substituent showed an overall good po-
tency and selectivity profile. Adding pyridyl (34) or substituted

phenyl (35) to position 2 only gave less potent compounds.

Explorations at the carboxamide nitrogen (36–38) showed that
increase of steric demand in that position deteriorated potency

significantly so that overall the unsubstituted carboxamide at
position 2 turned out to be the best option.

Next, we investigated the substitution pattern at the central
pyrazole (Table 4). The corresponding dimethyl analogue 39 of

19 showed an improvement in GLUT1 potency and an excel-

lent GLUT4 selectivity (selectivity factor 721). However, the
second pyrazole methyl group exposed an additional metabol-
ic soft spot as depicted in Figure 2. Regarding mono-methyla-
tion, a methyl group at pyrazole position 5 (41) was leading

more efficiently to good GLUT3 selectivity than the corre-
sponding regioisomer 40. Leaving the CF3 group as sole sub-

stituent at position 3 (42) yielded a double-digit nanomolar in-
hibitor, whereas the combination of an isopropyl group at po-
sition 3 with a methyl group at position 5 (43) resulted in

a very potent inhibitor with an excellent selectivity profile. The
drawback of such an excellent selectivity is the well-known

metabolic liability of the isopropyl group.
Keeping the CF3 group at position 3 and the methyl group

at position 5 of the pyrazole constant, we investigated varia-

tions of the benzyl residue in more detail (Table 5). A cyano
group in ortho position (44) led to a 3 nm inhibitor with excel-

lent selectivity toward GLUT3 but modest toward GLUT4. With
a methyl group (45) a GLUT4 selectivity increase could be ob-

served, whereas with an ortho OCF3 (46) the GLUT1 potency
eroded. A functional group in meta position resulted in double

Table 1. SAR investigations of the benzylic moiety at the pyrazole group
of compound 3.

Compd R1 IC50 [mm][a]

GLUT1[b] GLUT2[c] GLUT3[d] GLUT4[e]

4 0.47 n.d.[f] 20.5 n.d.

3 0.006 18.4 59.5 0.22

5 0.043 7.11 6.09 2.02

6 0.087 5.63 2.39 0.34

7 0.004 12.8 10.4 n.d.

8 0.002 36.1 2.74 2.02

9 0.003 26.4 1.72 n.d.

10 0.008 n.d. 2.86 0.87

11 0.059 8.50 15.6 n.d.

[a] Cell-based assay with cells constitutively expressing luciferase; 1 mm
roteneone and 300 mm glucose were co-incubated with inhibitor 15 min
before CellTiter-GloS readout. Results were normalized to the control cy-
tochalasin B (IC50 GLUT1: 0.1 mm, GLUT2: 2.8 mm, GLUT3: 0.12 mm, GLUT4:
0.28 mm) ; assay variance: 9 %, IC50 calculation R2>0.9. [b] DLD1 cells.
[c] CHO-hGLUT2 cells. [d] DLD1GLUT1@/@ cells from Horizon discovery.
[e] CHO-hGLUT4 cells. [f] n.d. : not determined.
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digit-nanomolar inhibitors for the cyano (47) and methyl (48)
while meta OCF3 (49) only led to a 540 nm inhibitor.

Compared with ortho and meta substituents the para posi-
tion turned out to be a bit more flexible regarding steric

demand. Not only a cyano (19) and CF3 group (50) were well
tolerated but also the OCF3 (51) and ethyl (52) groups resulted

in excellent GLUT1 inhibitors with very good selectivity pro-
files. Only the sterically more demanding tert-butyl group

Table 2. SAR explorations at quinolone ring A.

Compd A R1 IC50 [mm]
GLUT1 GLUT2 GLUT3 GLUT4

13
14
15

@H
@F
@Me

0.006
0.003
0.018

69.0
n.d.
n.d.

0.58
0.23
0.086

0.17
0.094
0.017

16
17
18

@F
@Me
@OMe

0.005
0.007
0.0003

n.d.
36.1

n.d.

0.29
3.82
0.11

0.044
0.12
0.013

19 (BAY-876)
20
21

@F
@Me
@OMe

0.002
0.008
0.024

10.8
n.d.
9.28

1.67
1.67
2.48

0.29
0.095
1.67

22
23

@F
@Cl

0.005
0.003

2.15
n.d.

0.61
0.76

0.19
0.029

24 – 0.014 51.2 1.19 0.38

25 – 0.010 51.2 23.8 0.061

26 – 0.045 51.2 0.30 1.00

27 – 0.0005 22.2 0.47 0.016

28 – 0.002 n.d. 6.07 0.18

29 – 0.035 n.d. 49.9 0.28

30 – 0.20 n.d. 5.65 2.48
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(53) revealed to be sterically too demanding to give a potent
compound.

Keeping the para-cyano group constant, the additional in-
troduction of a pyridine nitrogen was viable. Here, especially

the position ortho to the core connection (54) yield-
ed a very potent and highly selective compound.

This substitution pattern revealed to be more attrac-

tive than the corresponding regioisomeric pyridine
(55), only resulting in a double-digit nanomolar in-

hibitor. In the series of aromatic systems with two
ring nitrogen atoms the pyrazine pattern (57) gave

a more potent derivative than the pyridazine (56)
and pyrimidine (58). However, the fee for this in-

crease in potency was a nearly complete deprivation

of selectivity of compound 57 toward GLUT4. Also
five-membered ring heteroaromatic systems were in-

vestigated at the benzylic position. Keeping the
cyano group, thiophene 59, thiazole 60 and isoxa-

zole 61 led to double-digit nanomolar inhibitors, par-
tially with low selectivity toward GLUT4. As could be

expected from bioisosteric approaches employed in

literature,[34] the thiophene represented the best
mimic for the benzene ring regarding GLUT1 poten-
cy. Comparing the potency and selectivity profiles of
all 61 compounds and taking metabolic stability into

account, we identified the compounds 19 (BAY-876)
and 54 as very promising candidates for further char-

acterizations.

The straightforward synthesis of such selective
GLUT1 inhibitors is exemplified for BAY-876 (19) in

Scheme 1. Starting from the commercially available
5-methyl-4-nitro-3-(trifluoromethyl)-1H-pyrazole 62
benzylation with Cs2CO3

[35] yielded regioselectively
nitropyrazole 64 that was subsequently reduced

using zinc under acidic conditions.[36] With this ami-

nopyrazole in hand the quinoline part of BAY-876
(19) was derived from inexpensive 6-fluoroisatine 66
that was converted into the 7-fluoroquinoline-2,4-di-
carboxylic acid 67 with pyruvic acid under basic Pfit-

zinger conditions.[37] After transforming 67 into the
diester 68, reaction with ammonia in methanol gave

Figure 2. Advancing SAR.

Table 3. SAR explorations of the substituent at position 2 of quinolone.

Compd R1 R2 IC50 [mm]
GLUT1 GLUT2 GLUT3 GLUT4

31 @H 0.004 n.d. 2.03 0.09

32 @H 0.76 n.d. 1.55 0.91

33 @H 0.007 51.2 28.4 0.54

34 @H 0.074 n.d. 1.99 2.05

35 @H 0.92 n.d. 7.96 2.77

19
(BAY-876)

@F 0.002 10.8 1.67 0.29

36 @F 0.082 51.2 28.4 3.12

37 @F 0.34 n.d. 10.1 1.78

38 @F 0.34 n.d. 28.4 1.13
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the 2-quinolinecarboxamide 69 regioselectively.[38] A final

amide bond formation between 65 and 69 using HATU[39] as
coupling reagent yielded the desired compound BAY-876 (19).

Regarding further characterization we first examined BAY-
876 (19) and other candidates in metabolic stability assays

using liver microsomes and hepatocytes of different species.
Furthermore, the most promising compounds were checked in

the Caco-2 permeability assay. Starting from compounds 2, 3,

and 12 with moderate to high metabolic clearance in rat hepa-
tocytes (Figures 1 and 2), installation of a 2-carboxamide at the

quinoline and a CF3 at the pyrazole, like in compound 13, al-
ready resulted in compounds with low metabolic clearance in

human, dog and mouse liver microsomes as well as dog hepa-
tocytes. However, rat hepatocyte clearance was higher giving

only average maximal bioavailability according to the well-

stirred model. Comparing the Caco-2 data of 2, 3, 12, and 13,
the permeability from low (3.5 nm s@1) to high (200 nm s@1)

(apical to basolateral) showed the high variation possible
within the N-(1H-pyrazol-4-yl)quinoline compound class.

BAY-876 (19) showed low metabolic in vitro clearance in all
tested species except for monkey hepatocytes displaying mod-

erate clearance (Table 6). The Caco-2 permeability was high
and the efflux ratio not considered critical. Compared with the

moderate stability of triazole 33 in mouse liver microsomes
and in rat hepatocytes, dimethylpyrazole 39 revealed good
bioavailability of 88 % in mouse liver microsomes and 75 % in
rat hepatocytes. Its stability in human microsomes was slightly

lower with 66 %. In comparison with 39 the corresponding iso-
propylpyrazole 43 showed double the clearance in human mi-

crosomes. This metabolic liability was not only observed for 43
but also for other isopropylpyrazole compounds within the
project. Due to this finding no isopropylpyrazole was selected

for advanced in vivo studies.
Despite the sub-nanomolar potency of compound 52 its

metabolic liability discouraged further in vivo characterization.
Cyanopyridine 54 did not only show promising potency and

selectivity in the GLUT assays but also very good metabolic sta-

bility in liver microsomes and hepatocytes across all tested
species. However, the strong efflux ratio in the Caco-2 assay

appeared to be a major drawback of this compound relative to
BAY-876 (19). The pyrazine 57 and the pyrimidine 58 showed

a two- to threefold higher clearance in rat hepatocytes than
BAY-876 (19).

Table 4. SAR explorations at pyrazole ring B.

Compd B IC50 [mm]
GLUT1 GLUT2 GLUT3 GLUT4

39 0.0009 n.d. 0.55 0.68

40 0.003 n.d. 0.035 0.40

41 0.007 n.d. 0.46 0.42

42 0.019 n.d. 7.96 0.41

19
(BAY-876)

0.002 10.8 1.67 0.29

43 0.007 51.2 22.2 5.05

Scheme 1. Reagents and conditions : a) Cs2CO3, MeCN, 60 8C, 92 %; b) Zn,
HOAc, EtOH, H2O, 60 8C, 92 %; c) 33 % KOH(aq), pyruvic acid, 40 8C, 85 %;
d) 1. SOCl2, reflux, 2. MeOH, reflux, 46 %; e) 7 n NH3 in MeOH, 50 8C, 81 %;
f) NaOH(aq), MeOH, RT, 84 %; g) 65, HATU, Et2NiPr, DMSO, RT, 46 %.
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Taking into account GLUT inhibition, metabolic stability, and
Caco-2 performance we selected BAY-876 (19) as candidate for

in vivo pharmacokinetic studies that were conducted in two
different species (Table 7). In good agreement with the in vitro

hepatocyte data BAY-876 displayed low clearance also in vivo
in rat and in dog. The volume of distribution in steady state

(Vss) was moderate in both species. Terminal half life was inter-

mediate in rat and long in dog due to the very low clearance.
As would be expected from the low blood clearance oral bio-

availability was high at the given doses and formulations.
Overall, the preliminary data of BAY-876 demonstrate a favora-

ble in vivo PK profile.

Conclusions

Starting from moderately potent and metabolically
labile HTS hit 1 carrying a furanyl moiety at position

2 of the quinoline and four methyl groups in total,
we quickly improved both, potency and metabolic

stability by substituting the furan and taking out the
two quinoline methyl groups. Using the quinoline

core of compound 3 we found an unsubstituted

methylene to be the optimal spacer between the
phenyl and pyrazole ring. After successful replace-

ment of one of the pyrazole methyl groups for the
metabolically more stable CF3 group (12), further SAR

exploration of the quinoline core demonstrated an
unsubstituted amide at position 2 and a fluorine at

position 7 (19, BAY-876) to be very beneficial regard-

ing GLUT1 potency and selectivity against the other
GLUTs.

At the pyrazole core a double substitution at posi-
tions 3 and 5 was found to be crucial for the excel-

lent potency/selectivity profile especially against
GLUT3. Regarding a substituent at the benzyl ring,

the para position yielded more promising com-

pounds than the ortho or meta position. With a para-
cyano group and an additional ring nitrogen, com-

pound 54 demonstrated also an interesting GLUT
profile.

The synthesis of the N-(1H-pyrazol-4-yl)quinoline-4-
carboxamides was straightforward as exemplified for

BAY-876 (19). In vitro PK data showed that both BAY-

876 (19) and 54 were very stable in liver microsomes
and hepatocytes, although 54 had a strong efflux

ratio of around 16. Preliminary in vivo PK studies of
BAY-876 (19) demonstrated that a good oral bioavail-

ability and long terminal half-life is attainable making
it an excellent chemical probe to further evaluate the

hypothesis of cancer treatment with a very selective

GLUT1 inhibitor.

Experimental Section

Chemistry

Materials and methods : All commercially available start-
ing materials and solvents were used without further pu-

rification. Microwave irradiation was applied with a Biotage Initia-
tor 60. Flash column chromatography was performed on pre-
packed flash chromatography columns PF-15-SIHP purchased from
Interchim or KP-Sil purchased from Biotage using a Biotage Isolera
separation system. 1H and 13C NMR spectra were recorded at room
temperature on Bruker Avance spectrometers operating at 300 or
400 MHz for 1H NMR and at 75 or 100 MHz for 13C NMR acquisi-
tions. NMR signal multiplicities are reported as they appear, with-
out considering higher-order effects. Chemical shifts (d) are given
in ppm with the residual solvent signal used as reference (CDCl3 : s,
7.26 ppm (1H) and t, 77.1 ppm (13C); [D6]DMSO: quint, 2.50 ppm
(1H) and quint, 40.1 ppm (13C)). LC–MS spectra were recorded on
a Waters Acquity UPLC–MS SQD 3001 spectrometer, using an Acq-
uity UPLC BEH C18 1.7 50 V 2.1 mm column, with acetonitrile and

Table 5. SAR investigations of the benzylic moiety at the pyrazole of compound 19.

Compd R1 R2 IC50 [mm]
GLUT1 GLUT2 GLUT3 GLUT4

44
45
46

@CN
@Me
@OCF3

0.003
0.007
0.39

n.d.
n.d.
n.d.

5.95
10.3

4.98

0.088
1.14
2.04

47
48
49

@CN
@Me
@OCF3

0.025
0.011
0.54

n.d.
n.d.
n.d.

3.15
14.7
35.5

0.95
0.61
1.07

19
(BAY-876)

50
51
52
53

@CN
@CF3

@OCF3

@Et
@tBu

0.002
0.009
0.005
0.0009
1.18

10.8
n.d.
n.d.

20.5
>10

1.67
6.55
3.27
2.85
5.47

0.29
0.91
0.37
0.37
0.50

54 – 0.004 20.2 2.92 0.62

55 – 0.032 n.d. 9.89 2.24

56 – 0.078 n.d. 5.02 2.24

57 – 0.005 n.d. 1.11 0.016

58 – 0.026 n.d. 2.89 1.33

59 – 0.012 n.d. 2.88 0.16

60 – 0.067 n.d. 4.32 0.89

61 – 0.089 25.6 9.09 1.35
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water + 0.1 % formic acid as eluents at 60 8C, a flow of
0.8 mL min@1, an injection volume of 2 mL, with DAD scan at 210–
400 nm, ELSD. All tested compounds were at least 95 % pure as de-
termined by 1H NMR spectroscopy.

4-{[5-Methyl-4-nitro-3-(trifluoromethyl)-1H-pyrazol-1-yl]methyl}-
benzonitrile (64): 3-Methyl-4-nitro-5-(trifluoromethyl)-1H-pyrazole
(4.30 g, 22.0 mmol, 62, CAS-RN
27116–80–9) was dissolved in aceto-
nitrile (65 mL), and 4-(bromomethyl)-
benzonitrile (5.19 g, 26.5 mmol, 63,
CAS-RN 17201-43-3) and cesium car-
bonate (8.62 g, 26.5 mmol) were
added. The suspension was stirred at
60 8C for 2 h. Then, the reaction mixture was filtered, the filtrate
was evaporated, and the crude product was purified by flash chro-
matography to obtain the desired compound 64 (6.30 g, 92 %):
1H NMR (300 MHz, [D6]DMSO): d= 2.63 (s, 3 H), 5.67 (s, 2 H), 7.41 (d,
J = 8.5 Hz, 2 H), 7.86 ppm (d, J = 8.5 Hz, 2 H); LC–MS (ESI +): tR =
1.21 min, m/z 311.1 [M + H]+ .

4-{[4-Amino-5-methyl-3-(trifluoro-
methyl)-1H-pyrazol-1-yl]methyl}-
benzonitrile (65): To a solution of 4-
{[5-methyl-4-nitro-3-(trifluoromethyl)-
1H-pyrazol-1-yl]methyl}benzonitrile

Table 6. In vitro pharmacokinetics and Caco-2 permeability data.

Compd LM[a] stability CLb,LM
[b] [L h@1 kg@1] (Fmax [%][c]) Hep[d] stability CLb,Hep [L h@1 kg@1] (Fmax [%]) Caco-2 permeability Papp A!B [nm s@1][e] (ER)[f]

2 1.2 (11) (h)[g]

4.0 (25) (m)[h]

3.7 (12) (r)[i] 200 (0.84)

3 4.5 (16) (m) 2.9 (31) (r) 72 (0.35)
7 3.4 (38) (m) n.d.[j] n.d.

12 2.2 (59) (m) 2.6 (39) (r) 3.5 (0.73)

13 0.21 (84) (h)
0.06 (97) (d)[k]

1.4 (74) (m)

0.11 (95) (d)
1.8 (57) (r)

74 (3.7)

17 2.3 (57) (m) 2.0 (53) (r) n.d.

19
(BAY-876)

0.32 (76) (h)
0.76 (70) (mo)[l]

stable (100) (d)
1.1 (74) (r)

0.33 (94) (m)

0.37 (72) (h)
1.4 (46) (mo)
0.20 (90) (d)
0.46 (89) (r)

78 (2.5)

33 2.1 (61) (m) 1.9 (54) (r) n.d.

39 0.45 (66) (h)
0.67 (88) (m)

1.0 (75) (r) n.d.

43 0.87 (34) (h) n.d. n.d.
52 0.99 (25) (h) 2.9 (31) (r) n.d.

54 0.19 (86) (h)
0.40 (84) (mo)
0.001 (100) (d)

0.37 (91) (r)
0.36 (93) (m)

0.03 (98) (h)
0.32 (88) (mo)
0.001 (100)(d)

0.04 (99) (r)

16 (16)

57 0.53 (60) (h) 1.2 (72) (r) n.d.
58 0.22 (83) (h) 0.89 (79) (r) n.d.

[a] Liver microsomes (LM). [b] Blood clearance (CLb): CLb =
QH>CLint

QHþCLint
; QH : liver blood flow (human: 1.32 L h@1 kg@1, monkey: 2.6 L h@1 kg@1, dog: 2.1 L h@1 kg@1,

rat: 4.2 L h@1 kg@1, mouse: 5.4 L h@1 kg@1), CLint : intrinsic clearance, (well-stirred model of hepatic clearance). [c] Maximal bioavailability after per oral adminis-
tration (Fmax): Fmax =

.
1@CLb

QH

-
. [d] Hepatocytes (Hep). [e] The apparent permeability (Papp) values are derived from the transport of the compounds (2 mm)

over a 2 h period from the apical (A) to the basolateral (B) compartment and vice versa. [f] The letters ER refer to the efflux ratios and are calculated by di-
viding the Papp B!A values by the Papp A!B values. [g] Human (h). [h] Mouse (m). [i] Rat (r). [j] n.d. : not determined. [k] Dog (d). [l] Monkey (mo).

Table 7. In vivo pharmacokinetics data of BAY-876 (19).

Parameter male Wistar rat[a] female Beagle dog[b]

Dose i.v. [mg kg@1] 0.3 0.1
CLplasma [L h@1 kg@1] 0.23 0.033
CLblood [L h@1 kg@1] 0.33 0.059
Vss [L kg@1] 0.79 1.0
terminal t1/2 [h] 2.5 22
Dose p.o. [mg kg@1] 0.6 0.2
Cmax,norm,p.o. [kg L@1][c] 0.33 0.93
F [%] 85 79

[a] Formulation: PEG400/water/EtOH (60/30/10). [b] Formulation: PEG400/
water/EtOH (50/40/10). [c] Cmax,norm,p.o. = Cmax,p.o. [mg L@1]/dose p.o.
[mg kg@1] .
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(3.20 g, 10.3 mmol, 64) in ethanol (160 mL) was added water
(80 mL), acetic acid (16 mL), and zinc dust (3.20 g, 49.0 mmol). This
reaction mixture was stirred at 60 8C for 1.5 h. After cooling to
25 8C the suspension was filtered through Celite, washed with
ethyl acetate, and the complete filtrate was evaporated. To the res-
idue was added water (100 mL) and conc. aq. sodium carbonate
(50 mL). This aqueous phase was extracted three times with ethyl
acetate (150 mL). The combined organic layer was washed with
brine, dried over sodium sulfate, filtered and evaporated to obtain
a crude product that was purified by flash chromatography to
obtain compound 65 (2.66 g, 92 %): 1H NMR (300 MHz, [D6]DMSO):
d= 2.05 (s, 3 H), 4.06 (s, 2 H), 5.38 (s, 2 H), 7.22 (d, J = 8.5 Hz, 2 H),
7.79–7.85 ppm (m, 2 H); LC–MS (ESI +): tR = 0.96 min, m/z 281.1
[M + H]+ .

7-Fluoroquinoline-2,4-dicarboxylic acid (67): To a mixture of 6-
fluoro-1H-indole-2,3-dione (5.0 g, 30.3 mmol, 66, CAS-RN 324-03-8)

in 33 % aq. potassium hydroxide solu-
tion (75 mL) was added pyruvic acid
(4.67 g, 53.0 mmol) and this mixture
was heated at 40 8C for 18 h. After
cooling to room temperature 10 %
aq. sulfuric acid was added until pH
reached about 1. The precipitate was
isolated by filtration and dried in va-

cuo to give the desired compound 67 (6.02 g, 85 %), which was
used without further purification: 1H NMR (300 MHz, [D6]DMSO):
d= 7.78 (ddd, J = 9.4, 8.5, 2.8 Hz, 1 H), 7.99 (dd, J = 10.0, 2.6 Hz, 1 H),
8.42 (s, 1 H), 8.89 ppm (dd, J = 9.5, 6.3 Hz, 1 H); LC–MS (ESI +): tR =
0.56 min, m/z 236.1 [M + H]+ .

Dimethyl 7-fluoroquinoline-2,4-dicarboxylate (68): A mixture of
7-fluoroquinoline-2,4-dicarboxylic acid (6.0 g, 25.5 mmol, 67) and

thionyl chloride (28 mL, 383 mmol)
was heated at 80 8C for 2 days. After
cooling to 25 8C the resulting suspen-
sion was evaporated to dryness in va-
cuo. This crude product was sus-
pended in methanol (47 mL) and
held at reflux for 3 h. After cooling to
25 8C the solid was isolated by filtra-
tion to give compound 68 (3.06 g,
46 %), which was used without fur-

ther purification: 1H NMR (300 MHz, [D6]DMSO): d= 3.99 (s, 3 H),
4.01 (s, 3 H), 7.85 (ddd, J = 9.2, 8.4, 2.6 Hz, 1 H), 8.07 (dd, J = 9.8,
2.6 Hz, 1 H), 8.45 (s, 1 H), 8.80 ppm (dd, J = 9.5, 6.1 Hz, 1 H); LC–MS
(ESI +): tR = 1.07 min, m/z 264.0 [M + H]+ .

Methyl 2-carbamoyl-7-fluoroquinoline-4-carboxylate (69): To a so-
lution of dimethyl 7-fluoroquinoline-2,4-dicarboxylate (3.05 g,

11.6 mmol, 68) in methanol (42 mL)
was added a 7 m solution of ammo-
nia in methanol (41 mL, 290 mmol)
and stirred for 3.5 h at 50 8C. After
cooling to 25 8C, the precipitate was
isolated by filtration and dried to
give the desired compound 69
(2.33 g, 81 %), which was used with-
out further purification: 1H NMR
(400 MHz, [D6]DMSO): d= 4.03 (s,

3 H), 7.83 (ddd, J = 9.4, 8.4, 2.8 Hz, 1 H), 7.94 (dd, J = 9.9, 2.8 Hz, 1 H),
7.97 (br s, 1 H), 8.39 (br s, 1 H), 8.52 (s, 1 H), 8.83 ppm (dd, J = 9.4,
6.1 Hz, 1 H); LC–MS (ESI +): tR = 0.95 min, m/z 249.1 [M + H]+ .

2-Carbamoyl-7-fluoroquinoline-4-
carboxylic acid (70): To a solution of
methyl 2-carbamoyl-7-fluoroquino-
line-4-carboxylate (3.00 g, 12.1 mmol,
69) in methanol (56 mL) and tetrahy-
drofuran (20 mL) was added a solu-
tion of sodium hydroxide (4.35 g,
109 mmol) in water (111 mL). This
mixture was stirred for 1 h at 25 8C and then concentrated in va-
cuo. The residue was diluted with water; 10 % aq. sulfuric acid was
then added until pH 5 was reached. After stirring for additional
15 min the solid was isolated by filtration and dried in vacuo to
obtain the desired compound 70 (2.38 g, 84 %), which was used
without further purification: 1H NMR (300 MHz, [D6]DMSO): d= 7.76
(ddd, J = 9.4, 8.4, 2.8 Hz, 1 H), 7.89 (dd, J = 9.9, 2.7 Hz, 1 H), 7.92
(br s, 1 H), 8.35 (br s, 1 H), 8.46 (s, 1 H), 8.89 ppm (dd, J = 9.4, 6.2 Hz,
1 H); LC–MS (ESI +): tR = 0.70 min, m/z 235.1 [M + H]+ .

N4-[1-(4-Cyanobenzyl)-5-methyl-3-(trifluoromethyl)-1H-pyrazol-4-
yl]-7-fluoroquinoline-2,4-dicarboxamide (19, BAY-876): To a solu-
tion of 4-{[4-amino-5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl]me-

thyl}benzonitrile (144 mg, 0.51 mmol, 65) in DMSO (2.3 mL) was
added HATU (195 mg, 0.51 mmol), N,N-diisopropylethylamine
(112 mL, 0.64 mmol) and 2-carbamoyl-7-fluoroquinoline-4-carboxylic
acid (100 mg, 0.43 mmol, 70). The reaction mixture was stirred for
1 h at 25 8C. This mixture was directly purified by preparative HPLC
to obtain the desired compound 19 (98 mg, 46 %): 1H NMR
(300 MHz, [D6]DMSO): d= 2.27 (s, 3 H), 5.61 (s, 2 H), 7.38 (d, J =
8.3 Hz, 2 H), 7.74–7.84 (m, 1 H), 7.86–7.95 (m, 3 H), 7.97 (br s, 1 H),
8.24–8.33 (m, 2 H), 8.40 (br s, 1 H), 10.48 ppm (s, 1 H); 13C NMR
(101 MHz, [D6]DMSO): d= 9.3 (s, CH3), 53.1 (s, CH2), 111.0 (s, C),
113.3 (d, JC@F = 20.3 Hz, CH), 114.8 (s, C), 116.4 (s, CH), 118.6 (s, C),
119.7 (d, JC@F = 25.7 Hz, CH), 121.4 (q, JC@F = 269.1 Hz, C), 122.4(s, C),
128.1 (d, JC@F = 10.3 Hz, CH), 128.2 (s, 2CH), 132.9 (s, 2CH), 136.2 (q,
JC@F = 35.6 Hz, C), 138.7 (s, C), 141.7 (s, C), 142.6 (s, C), 147.9 (d,
JC@F = 13.0 Hz, C), 151.4 (s, C), 163.0 (d, JC@F = 250.4 Hz, C), 165.5 (s,
C), 166.1 ppm (s, C); LC–MS (ESI +): tR = 1.11 min, m/z 497.1 [M +
H]+ .

Biology

Materials and methods : Cytochalasin B and buffers were obtained
from Sigma–Aldrich. All other materials were of reagent grade and
were obtained from commercial sources.

Ultra-high-throughput screen (uHTS) with human GLUT1: It is
well known that a combination of small-molecule inhibitors of mi-
tochondrial electron transport chain and glucose catabolism syn-
ergistically suppress ATP production.[40] For uHTS, CHO-K1 cells
were stable transfected with human GLUT1 and a constitutively ex-
pressing luciferase as described previously.[41] Cells were seeded in
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1536 microtiter plates with a density of 1000 cells per well and
starved for 24 h in glucose free DMEM in the presence of 1 % FCS.
Prior to measurements cells were incubated for 30 min at 37 8C in
the presence of 10 mm rotenone to fully block oxidative phosphor-
ylation. Test compounds and caged luciferin were loaded simulta-
neously. Before application of 0.5 mm glucose and corresponding
activation of GLUT1, basal ATP was indirectly measured by lucifer-
ase activity in order to identify effects on cellular ATP levels inde-
pendent of glucose; 10 min kinetic luciferase recordings after ap-
plication of 500 mm glucose allowed the investigation of com-
pound induced inhibition of GLUT1.

GLUT isoform specificity testing : For specificity testing between
GLUT1, GLUT2, GLUT3 and GLUT4 we used DLD1 (for GLUT1),
DLD1GLUT1@/@ (Horizon discovery, for GLUT3), CHO-hGLUT2 and
CHO-hGLUT4 (GLUT2 and 4) cells in combination with an oxidative
phosphorylation inhibitor (rotenone 1 mm). Cell lines were main-
tained in DMEM medium supplemented with 10 % FCS and 1 %
penicillin-streptomycin solution and 2 % Glutamax under standard
conditions. The cells were treated with trypsin and seeded into
384 plates at a density of 4000 cells per well. The cells were then
cultured overnight in glucose free media containing 1 % FCS to
reduce intracellular ATP levels. For GLUT1/2/3, after 16 h the cells
were incubated with appropriate glucose concentration or in case
of GLUT2 fructose concentration (0.1 m for GLUT1, 0.3 m for GLUT3
and 30 mm fructose for GLUT2, respectively) with or without com-
pounds and 1 mm rotenone for 15 min. The CellTiter-GloS Lumines-
cent Cell Viability Assay from Promega was then used to measure
ATP levels. Assay was normalized to the control cytochalasin B (IC50

GLUT1: 0.1 mm GLUT2: 2.8 mm, GLUT3: 0.12 mm, GLUT4: 0.28 mm),
assay variance: 9 %, IC50 calculation R2>0.9. For GLUT4, after 16 h
the glucose free medium was removed and cells were adapted to
KCl free tyrode buffer for 3 h. Compounds and rotenone were
added and after 20 min cells were incubated with glucose (0.1 m
final concentration) for 15 min. The CellTiter-GloS Luminescent Cell
Viability Assay from Promega was then used to measure ATP
levels.

Glucose competition : For the glucose competition DLD1 cells
were treated with trypsin and seeded into 384 plates at a density
of 4000 cells per well. The cells were then cultured overnight in
glucose free media containing 1 % FCS to reduce intracellular ATP
levels. After 16 h the cells were incubated with different glucose
concentration (0.1; 1 and 10 mm, respectively) together with com-
pound (30 mm to 1 nm) and 1 mm rotenone for 15 min. The CellTit-
er-GloS Luminescent Cell Viability Assay from Promega was then
used to measure ATP levels.
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