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3D-Gene" is a microarray technology developed by Toray.
This technology has been applied for gene expression
profiling and miRNA analysis (Sato et al. 2009; Sudo
et al. 2012). 3D-Gene” microarray has a micro-columnar
structure and uses a bead-agitation technique to achieve
high sensitivity and reproducibility. Toray has established
a new 3D-Gene" assay for the detection of KRAS muta-
tions in tumor tissues using the PCR-rSSO (PCR-reverse
sequence-specific oligonucleotide) method. Both Luminex
and 3D-Gene" assays are based on the PCR-rSSO method.
However, fluorescent beads are detected by flow cytom-
etry in the Luminex assay. On the other hand, the 3D-
Gene® assay utilizes array technology for the detection of
the fluorescent PCR product. In this study, we compared
the clinical performance of the 3D-Gene® mutation assay
with two other assays (Scorpion-ARMS and Luminex)
using FFPE tissue specimens from colorectal cancer pa-
tients (Harlé et al. 2013; Fukushima et al. 2011).

Results

Sensitivity of 3D-Gene® KRAS mutation assay

The minimum number of mutant DNA copies that were
reliably detected by the 3D-Gene" assay was 350-700
copies (2.5-5%) as determined by using serially diluted
mutant DNA (G12S) against wild-type DNA of HeLa cells
(15000 copies; 50 ng). The minimum threshold for the
number of mutant DNA copies was 700-1400 (5-10%)
using serially diluted mutant DNA (G13D) against wild-
type DNA of Hel.a cells.

Study population

One hundred fifty FFPE tissue samples from patients with
colorectal cancer in Kinki University Hospital, Faculty of
Medicine were examined. All of the samples were avail-
able for analysis. The clinical and pathological characteris-
tics are summarized in Additional file 1: Table S1.

Mutation types of KRAS

KRAS mutations were detected in 53/150 (36.0%), 53/150
(35.3%) and 51/150 (34.0%) cases by 3D-Gene’, Scorpion-
ARMS and Luminex, respectively. (Additional file 1: Table
$2). Mutations were mainly located in codon 12 of KRAS
(40/53, 75.5%). G12V mutations were most frequently ob-
served by all assays (14/53, 26.4%). G13D was detected in
13 cases, but no other mutation in codon 13 was detected.

Invalid test rate

Mutation analysis of exons 12-13 of the KRAS gene
was successfully performed in all 150 specimens (100%)
using the 3D-Gene® mutation assay. No invalid test results
were detected in the two other assays. The invalid test rate
for this study was 0%.
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Method correlation agreement analysis

We compared the KRAS mutation status across the
three assays: 3D-Gene®, Scorpion-ARMS, and Luminex.
The correlation rates between 3D-Gene® and Scorpion-
ARMS or 3D-Gene® and Luminex were 98.7% (148/150).
The 3D-Gene” assay detected mutant KRAS in two speci-
mens, but were wild-type by the Scorpion-ARMS method.
Two specimens had a discrepant status between 3D-Gene®
and Luminex. The first specimen had a wild-type KRAS
by 3D-Gene® but was mutant by Luminex. Second speci-
men had a mutant KRAS by 3D-Gene” but was wild-type
by Luminex. The concordance of the data from the three
KRAS mutation assays is shown in Additional file 1: Tables
S3 and S4. Only three discordant results between the three
KRAS mutation assays were observed. The site specific
concordant rates are summarized in Tables 1 and 2.
Inconsistencies were found in two mutations (G12C
and G13D), while others remained completely matched.
No statistically significant differences were observed be-
tween the correlations of 3D-Gene® and Scorpion-ARMS
(k =0.97, 95% C1 0.86 — 1.000 and 3D-Gene® and Luminex
(k =0.97,95% CI 0.86 — 1.00).

Re-analysis of discordance by Sanger sequencing
Discordant results between the three assays were identi-
fied in three cases. Discordances were observed between
G12C or wild-type KRAS in two cases, and between G13D
and wild-type KRAS in one case. The three discordant
cases were retested using Sanger sequencing on DNA sam-
ples extracted for the 3D-Gene® mutation assay. A mutant
allele was not detected by Sanger sequencing.

Discussion

KRAS mutation testing has become mandatory prior to
the administration of therapy with the anti-EGFR anti-
bodies, cetuximab or panitumumab, for patients with ad-
vanced colorectal cancer. KRAS mutation screening based
on the Scorpion-ARMS KRAS mutation assay (therasc-
reen” KRAS RGQ PCR Kit, Qiagen) has been approved
for in vitro diagnostic use in Japan. A kit using Luminex

Table 1 Detailed concordance rate between 3D-Gene®
and Scorpion-ARMS

Mutation MD MND Total
concordance concordance concordance
G12A 100% (2/2) 100% (148/148) 100% (150/150)
G12C 88.3% (5/6) 99.3% (143/144) 98.6% (148/150)
G12D 100% (13/13) 100% (137/137) 100% (150/150)
G12R 100% (3/3) 100% (147/147) 100% (150/150)
G125 100% (3/3) 100% (147/147) 100% (150/150)
Gl2v 100% (14/14) 100% (136/136) 100% (150/150)
G13D 92.3% (12/13) 99.3% (137/138) 99.3% (149/150)

MD: mutation detected, MND: mutation not detected.
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Table 2 Detailed concordance rate between 3D-Gene®
and Luminex

Mutation MD MND Total

concordance concordance concordance
G12A 100% (2/2) 100% (148/148) 100% (150/150)
G12C 100% (5/5) 99.3% (144/145) 99.3% (149/150)
G12D 100% (13/13) 100% (137/137) 100% (150/150)
G12R 100% (3/3) 100% (147/147) 100% (150/150)
G125 100% (3/3) 100% (147/147) 100% (150/150)
G12v 100% (14/14) 100% (136/136) 100% (150/150)
G13D 100% (13/13) 100% (137/137) 100% (150/150)

MD: mutation detected, MND: mutation not detected.

(MEBGEN" KRAS Mutation Detection Kit, MBL) was also
approved (Fukushima et al. 2011). In this study, we exam-
ined the feasibility and robustness of the 3D-Gene® KRAS
mutation assay kit.

The 3D-Gene® KRAS mutation assay kit is designed to
detect 12 KRAS mutations on codons 12 and 13, and re-
quires 50 ng of DNA. This assay has been validated with
samples comprised of a minimum of 2.5% of tumor DNA.
Thus, experimental assays demonstrate a sensitivity of
2.5%. This sensitivity is comparable to that of other methods
such as Scorpion-ARMS and Luminex. We have demon-
strated that the RFU values for mutant probes were
remarkably lower than the respective cut-off values using
HeLa DNA (wild-type KRAS). Based on this study, we be-
lieve that this assay provides sufficient specificity for the
reliable detection of KRAS mutations. Estimated hands on
time for Scorpion-ARMS, 3D-Gene®, and Luminex are
2.5, 3, and 3.5 hours, respectively. Assay cost for one sam-
ple of 3D-Gene® and Luminex are expected to be lower
than that of Scorpion-ARMS when used under the desig-
nation for “research use only”.

The correlation between the 3D-Gene® KRAS mutation
assay and existing KRAS mutation assays is high. This
result indicates that the 3D-Gene® mutation assay is a
robust assay capable of detecting the most common clin-
ically significant KRAS mutations and is comparable to
existing KRAS mutation assays.

We detected a total of 3 discordant results among 150
(2.0%) cases in this study. The concordance rate was
98.6% between both 3D-Gene® and Scorpion-ARMS (148/
150) and 3D-Gene® and Luminex (148/150). Re-analysis
by Sanger sequencing could not detect any mutations.
However, this might be due to tumor heterogeneity. The
whole process (from DNA extraction to detection) was
performed independently in each of the three assays. Dif-
ferences between the methods of DNA extraction may
have contributed to the discordance among the three
assays.

KRAS mutations in codons 61 and 146, and BRAF,
NRAS, and PI3KCA are also related to resistance to anti-
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EGEFR antibodies (Douillard et al. 2013). Therefore, fur-
ther studies should be carried out to expand the use of
3D-Gene® technology for the detection of “all RAS” and
PI3KCA mutations.

Conclusion

In conclusion, our results demonstrate a high concord-
ance rate of between the 3D-Gene® mutation assay and
the two existing in-vitro diagnostics kits. All three assays
proved to be validated methods for detecting clinically
significant KRAS mutations in paraffin-embedded tissue
samples. '

Methods
Samples
A series of 150 FFPE archived tissues was obtained from
150 Japanese patients with colorectal cancer at Kinki
University Faculty of Medicine (2012-2013). All patients
enrolled in the study provided written informed consent
for the use of resected tissue. This study was approved
by the ethics committee of Kinki University Faculty of
Medicine (Authorization Number: 25-167). All samples
were processed with the 3D-Gene® KRAS mutation,
Scorpion-ARMS and Luminex assays. Three samples
were processed with Sanger sequencing. All 150 samples
were from primary colorectal carcinoma. The patient
characteristics are listed in Additional file 1: Table S1.
Genomic DNA from A549, HCT-116, and HelLa cells
were obtained from ATCC, Takara Bio Inc. (Shiga, Japan)
and New England Biolabs Japan Inc. (Tokyo, Japan),
respectively.

Study design

The study design is summarized in Figure 1. Colorectal
cancer samples (150 cases) were selected by a patholo-
gist. All of the hematoxylin and eosin-stained FFPE
slides were examined and the tumor region was marked
by a pathologist at Kinki University Faculty of Medicine.
If the tumor region represented less than 50% on the tis-
sue slice, the tumor regions were macrodissected. DNA
extraction was performed independently for each tissue
slice according to the specific standard operating pro-
cedure for each of the three assays. The 3D-Gene® KRAS
mutation assay (Toray, Tokyo, Japan) was performed at the
Department of Genome Biology, Kinki University (Osaka,
Japan). The Scorpion-ARMS (therascreen® KRAS RGQ
PCR Kit, Qiagen, Tokyo) and Luminex (MEBGEN™ KRAS
gene mutation detection kit, MBL, Nagoya, Japan) assays
were performed at the laboratories of LSI-Medience Co.
(Tokyo, Japan) and SRL Inc. (Hino, Japan), respectively.
All data was compiled and analyzed at Department of
Genome Biology, Kinki University.
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Figure 1 Study design. FFPE colorectal cancer tumor specimens (150 cases) were selected and processec using 3D-Gene®, Scorpion-ARMS, and
Lurninex. The KRAS mutation status obtained from the three assays was compared.

DNA extraction

Paraffin blocks were serially cut at 5 pm thickness. DNA
was purified from the tissue sections using a QIAamp
DNA FFPE Tissue kit (Qiagen, Valencia, CA) according
to the manufacturer’s instructions. DNA quantity was de-
termined by NanoDrop spectrophotometry (NanoDrop
Technologies, Wilmington, DE).

3D-Gene® mutation assay

The 3D-Gene® KRAS mutation assay kit (Toray, Tokyo,
Japan) was used for KRAS mutation profiling. This kit
consists of a DNA chip and PCR reagents. The DNA chip
has probes to detect 12 mutations of KRAS codon 12 and
13 (G128, G12C, GI2R, GI12D, G12V, G12A, G13S,
G13C, GI3R, G13D, G13V and G13A). The cutoff value
for determining positive mutations was set to 300, but
G12C and G13C were set 385 and 537, respectively. Fifty
nanograms of DNA derived from FFPE tissue was ampli-
fied with the supplied reagent. The PCR product labeled
with fluorescent dye was hybridized onto the DNA chip
surface after denaturation at 95°C for 2 min. Chips were
incubated at 59°C for 30 min under agitation at 1,400 rpm.
After hybridization, the DNA chips were washed and dried
in an ozone-free environment. The fluorescent image was
scanned with the 3D-Gene® Scanner 3000 (Toray Industries,
Inc.). The images obtained from the DNA chip were quanti-
fied by measuring the relative fluorescence unit (RFU) using
3D-Gene® ExTraction software (Toray Industries, Inc.).
This assay determined the mutation to be positive if signal
detected was greater than the cutoff value. The assay
workflow is illustrated in Figure 2. Probe arrangements in
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a cell and representative scanned image of a microarray
are shown in Additional file 2: Figures S1 and S2, re-
spectively. Cutoff values were established using KRAS
wild-type and mutant plasmid DNA. We set the average +
58D (RFU) values obtained from the KRAS wild-type plas-
mid DNA as tentative cutoff value. The values for the
mutation sites were 385, 537, and 300 RFU for G12C,
G13C, and others, respectively. When the 3D-Gene® assay
was performed using codon 12 mutant plasmid DNA, the
minimum measured value among codon 12 mutation was
1009 RFU (G12R), whereas all codon 13 mutation values
were below 300 RFU. When the 3D-Gene® assay was per-
formed using codon 13 mutant plasmid DNA, the mini-
mum measured value among codon 13 mutation was 332
RFU (G13S), whereas all codon 12 mutation values were
below 300 RFU. All assays were performed eight times in-
dependently. Based on these data, we set the cutoff values
for G12C, G13C, and others at 385, 537, and 300 RFU, re-
spectively. Similarly, the cutoff value for wild-type was set
to 300 RFU.

Sensitivity assay

The sensitivity of the 3D-Gene® mutation assay was evalu-
ated by mixing G12S (codon 12) or G13D (codon 13) mu-
tated and wild-type DNA from cell lines (A549 as codon 12
mutated, HCT-116 codon 13 and HeLa cells as wild-type,
respectively) at 100%, 50%, 25%, 5%, 2.5% and 1% ratios.

Scorpion-ARMS

The Scorpion-ARMS assay was analyzed using the ther-
ascreen® KRAS RGQ PCR Kit (Qiagen). The Scorpion-
ARMS assay is a real time-PCR assay that combines the
Amplification Refractory Mutation System (ARMS) and
Scorpions fluorescent primer/probe system. This assay de-
tects G12S, G12C, G12R, G12D, G12V, G12A, and G13D
mutations of KRAS. The sensitivity is 1%. This assay was
performed according to the manufacturer’s guidelines
(Qiagen). Briefly, DNA was isolated from FEPE tissue
samples and the total sample DNA assessed by amplifying
a region of exon 2 from KRAS by PCR. Next, the DNA
samples were tested for the presence or absence of KRAS
mutations by real-time PCR using a Scorpion probe and
primers specific for wild-type and mutant KRAS DNA.
The differences between the mutation assay cycle thresh-
old (Cy) values were determined. Samples were designated
mutation positive if the 8Cy was less than the cutoff 8Cy
value.

Luminex

The Luminex assay was analyzed using the MEBGEN"
KRAS kit (MBL, Nagoya, Japan), which is currently ap-
proved for clinical use by the Ministry of Health, Labour
and Welfare of Japan (Fukushima et al. 2011). The Luminex
assay is based on PCR-rSSO method (Itoh et al. 2005); First,
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50 ng of template DNA collected from FFPE tissue sam-
ples was amplified by PCR using a biotin-labeled primer.
Thereafter, the PCR products and fluorescent Luminex
beads (oligonucleotide probes complementary to wild and
mutant genes bound to the beads) were hybridized and la-
beled with streptavidin—phycoerythrin. Subsequently, the
products were processed by the Luminex assay and the
data collected was then analyzed using UniMAG software
(MBL, Japan). This assay detects G12S, G12C, GI2R,
G12D, G12V, GI12A, G13S, G13C, G13R, G13D, G13V
and G13A mutations of KRAS.

Sequencing analysis

DNA samples obtained from specimens that were dis-
cordant between three assays were amplified using the fol-
lowing site-specific primers: forward 5 ~-AAGGCCTGC
TGAAAATGACTG- 3’, reverse 5' -GTCCTGCACCAG
TAATATGC- 3'. The purified products were sequenced
using BigDye terminator v3.1 (Applied Biosystems, Foster
City, CA) with ABI 3100 Genetic Analyzer (Applied
Biosystems).

Statistics

Kappa statistics were used to compare the 3D-Gene®
KRAS mutation assay with the Scorpion-ARMS and
Luminex assays.

Additional files

Additional file 1: Table S1. Clinicopathological characteristics primary
colorectal cancer patients providing FFPE samples. Table S2. Results of
three different assay. Table $3. Methods correlation between 3D-Gene®
and Scorpion-ARMS. Table S4. Methods correlation between 3D-Gene®
and Luminex.

Additional file 2: Figure S1. Probe arrangements in a microarray cell.
The microarray slide is divided into 8 compartments. Each cell has 13
probes of the KRAS gene, and each probe is represented six times on the
slide. WT: wild-type KRAS, NC: negative control. Figure S2. Representative
scanned image of a microarray. Images shown are representative of
images from three mutant (G12C, G125 and G13D), three wild-type (WT),
one WT control and one negative control (distilled water) samples.
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naling pathway.

Hypoxia-inducible factor (HIF)-1 is well known as a promising target for cancer chemotherapy. By
screening an in-house chemical library using a hypoxia-responsive luciferase reporter gene assay, we
identified CLB-016 (1) containing 1-ethylpyrazole-3-carboxamide as a HIF-1 inhibitor (ICsp = 19.1 uM).
In a subsequent extensive structure-activity relationship (SAR) study, we developed compound 11Ae
with an ICsg value of 8.1 uM against HIF-1-driven luciferase activity. Compounds 1 and 11Ae were shown
to significantly suppress the HIF-1-mediated hypoxia response, including carbonic anhydrase 1X (CAIX)
gene expression and migration of human sarcoma HT1080 cells. These results revealed 1-ethylpyra-
zole-3-carboxamide as a novel scaffold to develop promising anti-cancer drugs targeting the HIF-1 sig-

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Tumor cells survive in harsh conditions, such as hypoxia and
exposure to poor nutrition by changing their metabolic pathway.'
Hypoxia-inducible factor (HIF)-1, a basic helix-loop-helix tran-
scriptional factor, promotes the transcription of a number of genes
involved in cellular adaptive responses to low availability of oxy-
gen and nutrients, such as glucose transporter-1 (GLUT), vascular
endothelial growth factor (VEGF) and carbonic anhydrase IX
(CAIX).? Therefore, it has been proposed that HIF-1 is a promising
molecular target for cancer chemotherapy.

To date, dozens of compounds have been reported to suppress
the HIF-1 signaling pathway (Fig. 1).3“ For example, YC-1, the
most-widely used HIF-1 inhibitor, suppresses HIF-1-mediated

Abbreviations: HIF-1, hypoxia-inducible factor-1; CA, carbonic anhydrase; FIH,
factor-inhibiting-HIF; SAR, structure-activity relationship; SEM, 2-(trimethylsi-
lyl)ethoxymethyl; HRE, hypoxia-response element; VEGF, vascular endothelial growth
factor; TBA], tetrabutylammonium iodide; HATU, 1-(bis(dimethylamino)methylene)-
1H-1,2,3-triazolo(4,5-b)pyridinium 3-oxide hexafluorophosphate.

* Corresponding author. Tel.: +81 75 753 4524; fax: +81 75 753 4591.

E-mail address: scseigyo-hisyo@pharm.kyoto-u.acjp (H. Kakeya).
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transcription through the promotion of hydroxylation at Asn-803
of HIF-1a by factor-inhibiting-HIF (FIH), which, in turn, disrupts
the association of its C-terminal transactivation domain with
p300/CBP, a critical co-factor of HIF-1.° The inhibition of HIF-1
activity by YC-1 suppresses tumor metastasis and decreases the
incidence of post-irradiation tumor recurrence.®

To generate new inhibitors against HIF-1, we screened an in-
house chemical library using a hypoxia-responsive luciferase
reporter gene assay. We here report CLB-016 (1) with 1-ethyl pyra-
zole-3-carboxamide as a potent inhibitor. Through an extensive
structure-activity relationship (SAR) study of CLB-016 (1), we have
successfully developed more potent HIF-1 inhibitors.

2. Results and discussion
2.1. Discovery of CLB-016 (1)

To identify novel HIF-1 inhibitors, we screened an in-house
chemical library using a hypoxia-response element (HRE)-driven
luciferase assay system. Human fibrosarcoma HT1080 cells with
stably-integrated x5HRE-luciferase reporter were treated with
the tested compounds at 100 uM under hypoxic conditions (1%
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Figure 1. Chemical structures of CLB-016 (1) and representative HIF-1 inhibitors.

0,) for 24 h. Among approximately 6000 compounds, CLB-016 (1,
Fig. 1) significantly decreased hypoxia-induced luciferase activity
(89.8% inhibition compared with vehicle control). Interestingly,
CLB-016 (1) exhibited a novel chemotype among various HIF-1
inhibitors,** which promoted us to undertake a SAR study of this
compound.

2.2. Design and synthesis of CLB-016 (1) and its derivatives

We planned to synthesize analogues by conjugation of 4-
amino-pyrazole (left segment), pyrazole (right segment), and the
remaining middle segment (Fig. 1). The furan ring in the middle
segment was replaced by other aromatic rings (region 1). Next,
substitutions of the left-pyrazole ring were investigated (regions
2 and 3). Then, the size and lipophilicity of the right-pyrazole ring
were examined (region 4).

The synthetic route of 1-ethylpyrazole-3-carboxamide is shown
in Scheme 1. The left segments were first synthesized.
Commercially available 4-nitro-1H-pyrazole-3-carboxylic acid (2)
was alkylated with excess ethyl iodide in the presence of potassi-
um carbonate in DMF. After flash chromatography on silica gel,
two regioisomers, ethyl 1-ethyl-4-nitro-1H-pyrazole-3-carboxy-
late (3A, 1,3-isomer) and ethyl 1-ethyl-4-nitro-1H-pyrazole-5-car-
boxylate (3B, 1,5-isomer) were obtained in 34.4% and 20.7% yield,
respectively. This regioselectivity might be due to a steric hin-
drance of both the ethyl group and the carboxyl group at pyrazole
3-position. The nitro group of 3A and 3B was reduced by

hydrogenation in the presence of a catalytic amount of 10% Pd/C
to produce amines 4A and 4B, respectively. The structures of
the isomers (4A, 4B) were determined by NOESY analysis: a
NOESY correlation was observed between H-5 and ethyl protons
in 4A.

Next, dimethyl pyrazole (6), the right segment, was reacted
with various substituted benzyl halides, and heteroarylmethyl
halides (5a-5c¢) in the presence of KOtBu to yield the correspond-
ing alkyl 4-substituted aryl or heteroaryl-2-carboxylates (7a-7e).
The ester compounds 7a-7e were hydrolyzed with NaOH to gener-
ate carboxylic acids (8a-8e). These carboxylic acids were con-
densed with aminopyrazole 4A or 4B to yield the corresponding
amides (9Aa-9Ae, 9Ba). Hydrolysis of the ester group with NaOH
gave the corresponding acids, followed by their conversion into
the amide compounds (1, 11Aaa-11Ae, 11Ba).

Compound 18 lacking an ethyl group in CLB-016 (1) was syn-
thesized in a similar fashion to CLB-016 (1) (Scheme 2). 4-Nitro-
1H-pyrazole-3-carboxylic acid (2) was first converted to the
methyl ester 12, followed by protection with 2-(trimethylsi-
lyl)ethoxymethyl (SEM) group to afford 13, which could be
separated from the 1,5-isomer by silica gel flash chromatography.
The nitro compound 13 was reduced and conjugated with the mid-
dle-right part 8a. The obtained methyl ester 15 was hydrolyzed,
converted to carboxamide 17, and finally deprotected to yield the
target compound 18.

We designed the other compound 23 to test the importance of
the carboxamide in the left segment. Synthesis was commenced
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Scheme 1. Synthesis of CLB-016 (1) and its derivatives. Reagents and conditions: (a) ethyl iodide, K,CO3, DMF, rt; (b) Pd/C, H, EtOH, rt; (c) 6a/6d/6e, KOtBu, TBAI, THF, rt; (d)
5N NaOH agq, EtOH, rt; (e) 4A/4B, HATU, Hunig’s base, DMF, MW 50 °C; (f) 5 N NaOH aq, EtOH, rt; (g) RsR4NH, HATU, Hunig's base, DMF, rt or MW 50 °C.

by alkylation of the methyl ester 12 with tert-butyl 2-bromoethyl-
carbamate (19) to obtain methyl 1-(2-(tert-butoxycarbony-
lamino)ethyl )-4-nitro-1H-pyrazole-5-carboxylate 20 (Scheme 2). As
in the case of alkylation from 2 to 3, the desired 1,5-isomer 20 was
separated from the 1,3-isomer by silica gel flash chromatography.
The Boc group in 20 was removed in an acidic condition, and the result-
ing primary amine in an HCl salt formn was reacted with the methyl
ester to give the cyclic amide 21 in a basic condition. The nitro group
in 21 was reduced by hydrogenation to give an amine 22. Finally, con-
densation of 22 with 8a furnished the target compound 23.

2.3. Biological activities

HIF-1 inhibitory activity of the synthesized analogues was
examined in HT1080 cells stably-expressing x5HRE-luciferase
reporter. In our system, YC-1, a HIF-1 inhibitor, exhibited marginal
inhibitory activity with an ICsy value of 48.4 uM. This compound
inhibited proliferation of cells cultured under hypoxia with an
IC50 value of 30.9 uM. In contrast, CLB-016 (1) (ICso=19.1 uM)
inhibited the HIF-1 signaling pathway in a dose-dependent manner
(Fig. 2A). As shown in Table 1, replacement of the furan ring of 1
with thiophene (11Ab) or benzene (11Ac) caused a substantial

decrease in the HIF-1 inhibitory activity (ICse: >100 and 72.0 uM,
respectively). This could be attributed to the difference in the bond
angle of bisection among furan (C-0-C), thiophene (C-S-C), and
1,3-disubstituted benzene (C1-C2-C3). Thus, the species of the
central ring determined the overall molecular conformation, which
consequently affected the HIF-1 inhibitory activity.”® It is alterna-
tively conceivable that a heteroatom in the central ring plays an
important role in its interaction with target molecule(s).

We could modulate potency by changing the substitution pat-
tern of the carboxamide group. Non-methylated amide 1 and
mono-methylated amide 11Aaa exhibited equipotent HIF-1
inhibitory activity, while dimethylated amide 11Aab exhibited
decreased potency both in the HIF-1 inhibitory activity and in
the anti-proliferative activity against HT1080 cells. Since the 'H
NMR signals of the two carboxamide protons in compound 1 were
not equivalent (ég 6.74 and 5.62 ppm), there may exist a five-
membered ring formed by intramolecular hydrogen bonding
between the carboxamide proton and the pyrazole nitrogen. This
five-membered ring can fix the direction of the carbonyl oxygen
atom, which might be prerequisite for its activity. In contrast, com-
pound 11Aab cannot fix the conformation of carboxamide, as this
compound has no proton atom on the nitrogen. We also
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investigated the effect of the alkyl chain in the left pyrazole ring.
The ethyl group in CLB-016 (1) was indispensable for the HIF-1
inhibitory activity, because compound 18 with no alkylation
showed only marginal inhibition compared with CLB-016 (1). In
addition, the effect of compound 11Ba, a regioisomer of 1, on both
the reporter activity and proliferation of HT1080 cells was found to
be negligible, Thus, it is suggested that both formation of the intra-
molecular hydrogen bond and proper substitution of an ethyl
group in the pyrazole ring are indispensable for the potent HIF-1
inhibitory activity. This was also supported by the invalidity of
compound 23 with 6,7-dihydropyrazolopyrazinone containing a
six-membered cyclic amide.

We next investigated the effect of the size and lipophilicity of the
right pyrazole ring on the HIF-1 inhibitory activity. As shown in
Table 2, the importance of the dimethyl substitution was demon-
strated by compound 24, which had no methyl group and exhibited
marginal HIF-1 inhibitory activity (ICso=81.8 uM). Furthermore,
compound 25 with dimethylisoxazole lost its inhibitory activity
(ICso >100 puM), suggesting the importance of the lipophilic surfaces
of the molecule for its activity. In fact, introduction of a halogen atom
at position 4 of dimethyl pyrazole furnished much more potent inhi-
bitors, for example, 11Ad (Cl, HRE-Luc ICso = 8.7 uM) and 11Ae (Br,
HRE-Luc ICso=8.1 uM). Alternatively, it is also plausible that an
increase in the lipophilicity of the molecules contributed to the
elevation of their biological activities by increasing the permeability
of the plasma membrane®: each ALogPfor 1,11Ad, and 11Aeis 1.18,
1.84, and 1.93, respectively.

We evaluated the inhibitory activities of CLB-016 (1) and its
derivatives toward HIF-1 transcriptional activity by measuring
the endogenous mRNA levels of CAIX gene, a HIF-1 target gene.
As shown in Figure 2B, the CAIX gene in HT1080 cells was actively
transcribed under hypoxia (153-fold over normoxia). Quantitative
RT-PCR analysis demonstrated that compound 1 significantly sup-
pressed the hypoxia-induced CAIX expression with comparable
dose-dependency to its HRE-Iuc inhibition. In contrast, CLB-016
(1) did not affect the mRNA levels of HIF-1a and -1B8 up to
100 uM, suggesting that the inhibition of hypoxia-induced
responses, such as elevation of luciferase activity and CAIX mRNA
expression, by the compound was not due to general inhibition
of transcription. As shown in Figure 2C, CLB-016 derivatives
(11Ad and 11Ae, but not 11Ba) decreased the hypoxia-induced
CAIX mRNA levels with good correlation to their HRE-reporter inhi-
bition. Finally, these active compounds including 1, 11Ad and
11Ae, were found to significantly suppress the motility of
HT1080 cells (Fig. 3), which is known to be facilitated by several
HIF-1-regulated genes including VEGF and CAIX.'® Taken together,
it is conceivable that a series of 1-ethylpyrazole-3-carboxamide
compounds are able to modulate cellular adaptive responses to
hypoxia by specifically inhibiting the HIF-1 signaling pathway.

3. Conclusions

In the current study, we identified CLB-016 (1) and developed
its derivatives containing 1- ethylpyrazole 3-carboxamide as
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Figure 2. Inhibition of HIF-1-mediated transcription by CLB-016 (1) and its
derivatives. (A) Dose-dependent inhibition of hypoxia-induced luciferase activity
by CLB-016 (1). x5HRE/HT1080 cells were incubated with the compound for 24 h
under hypoxia (1% O). The luciferase activity of CLB-016 (1)-treated cells relative to
that of DMSO-treated cells are shown. (B) Effects of CLB-016 (1) on the expression
of the human CAIX, HIF-1«, and HIF-1p genes. Cells were treated with the compound
for 4h. mRNA levels were quantified by real-time PCR, normalized to 18S rRNA
levels, and presented as relative values against that of DMSO-treated cells. (C)
Effects of CLB-016 (1) and its derivatives against the mRNA levels of CAIX. Cells were
treated with compounds at 100 uM for 16 h. mRNA levels were measured by
quantitative PCR analysis as in (B), and the values relative to that under normoxic
conditions are shown. Data represent the mean # standard error (n = 3).

HIF-1 inhibitors. SAR studies revealed that: (1) 1-ethylpyrazole-3-
carboxamide moiety (regions 2 and 3) required both protons on
the carboxamide group and proper substitution of an ethyl group
for HIF-1 inhibitory activity; (2) investigation of the central ring
(region 1) suggested the importance of the bond angle of the bisec-
tion among the hetero-aromatic ring for activity; and (3) introduc-
tion of a halogen atom on the right pyrazole ring (region 4)
improved activity. Because CLB-016 derivatives possess drug-like
physicochemical properties (molecular weight of 100-350, LogP
value of 1-3),!' 1-ethylpyrazole-3-carboxamide compounds are
promising lead compounds from which to develop novel anti-can-
cer drugs targeting the HIF-1 signaling pathway. Although we have
not identified the target molecule(s) of the compounds, we demon-
strated that CLB-016 (1) and its derivatives should affect the HIF-1-
dependent pathway. Detailed studies of the mechanism of action
of 1-ethylpyrazole-3-carboxamide compounds on HIF-1 signaling
are required, and are currently being undertaken in our laboratory.

4. Experimental section

4.1. Chemistry

Reactions in microwave reactors were performed by single-
node heating in an Initiator (Biotage). Flash column chromatogra-
phy was performed manually or by using a Biotage SP-1 Flash.
High-resolution mass spectra were measured on LC-IT-TOF MS
(Shimadzu) mass spectrometers. The "H NMR (400 MHz) and 3C
NMR (100 MHz) spectra were recorded on JEOL AL-400 and JEOL
ECS-400 with tetramethylsilane as an internal standard.
Abbreviations are as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad. Melting points were measured
by BUCHI Melting Point B-545 (BUCHI Labortechnik AG). IR spectra
were measured on a SHIMADZU FTIR-8400S spectrometer.
Compounds 25 and YC-1 were purchased from Princeton
BioMolecular Research, Inc. and Santa Cruz Biotechnology, Inc.,
respectively.

4.1.1. Ethyl 1-ethyl-4-nitro-1H-pyrazole-3-carboxylate (3A) and
ethyl 1-ethyl-4-nitro-1H-pyrazole-5-carboxylate (3B)
4-Nitro-1H-pyrazole-3-carboxylic acid (1) (300 mg, 1.91 mmol)
was added to a stirred solution of ethyl iodide (324 pl, 4.01 mmol)
and K,CO3 (660 mg, 4.77 mmol) in DMF (9 ml). The reaction mix-
ture was stirred at rt for 3 h, and then the mixture was filtrated
and concentrated. The residue was suspended in H,O and
extracted with EtOAc. The organic layer was washed with H,0
and brine, dried over Na,SO4 and concentrated in vacuo. The
residue was purified by silica gel column chromatography
(hexane/EtOAc) to give 3A (140 mg, 0.656 mmol, 34.4%) as a pale
brown oil and 3B (84 mg, 0.395 mmol, 20.7%) as a pale brown oil.

Compound 3A: 'H NMR (CDCl5) 6 8.16 (s, 1H), 4.47 (q,] = 7.2 Hz,
2H), 4.26 (q, J=7.3Hz, 2H), 1.57 (t, J=7.3Hz, 3H), 141 (¢
J=7.1Hz, 3H); 3C NMR (CDCl5) § 160.3, 138.8, 134.1, 129.1,
62.5, 48.9, 14.9, 14.0; HRMS (ESI) m/z: [M+Na]" caled for
CgH;{N304Na: 236.0642, found: 236.0643.

Compound 3B: "H NMR (CDCl5) 6 8.03 (s, 1H), 4.50 (q,] = 7.2 Hz,
2H), 431 (q, J=7.3Hz, 2H), 1.50 (t, J=7.3Hz, 3H), 142 (t,
J=7.2Hz, 3H); *C NMR (CDCl3) & 158.6, 1352, 134.4, 131.2,
63.4, 47.7, 15.3, 13.8; HRMS (ESI) m/fz: [M+Na]* caled for
CgH1N3O04Na: 236.0642, found: 236.0639.

4.1.2. Ethyl 4-amino-1-ethyl-1H-pyrazole-3-carboxylate (4A)

and Ethyl 4-amino-1-ethyl- 1H-pyrazole-5-carboxylate (4B)
After purging with N, gas, to a solution of compound 3A

(140 mg, 0.657 mmol) in MeOH (1.3 ml) was added 10% Pd/C
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Table 1
Effects of CLB-016 derivatives (in regions 1, 2 and 3) on HIF-1 transcriptional activity and HT1080 cell proliferation
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(6.99 mg, 6.57 pmol). The reaction mixture was purged with H; gas
and stirred at rt for 22 h. The mixture was filtrated through celite
and concentrated. The residue was subjected to column chro-
matography using amino-functionalized silica gel (EtOAc/MeOH)
to furnish the carboxylate 4A (92.0 mg, 76.8%) as a colorless oil.
The isomer 4B was synthesized in a similar way (66.0 mg, 90.7%).

Compound 4A: '"H NMR (CDCl3) 6 6.99 (1H, s), 441 (2H, q,
J=7.2Hz), 413 (2H, q, J=7.3 Hz), 407 (2H, br s), 1.46 (3H, t,
J=7.2Hz), 141 (3H, t, J=72Hz); 3C NMR (CDCl;) 5 163.7,
135.0, 129.6, 115.8, 604, 48.1, 154, 14.5; HRMS (ESI) m/z:
[M+Na]" calcd for CgH13N30;Na: 206.0900, found: 206.0904.

Compound 4B: a colorless oil; "H NMR (CDCls) § 7.09 (1H, s),
445 (2H, q, J=7.2Hz), 439 (2H, q, J=7.2Hz), 410 (2H, br s),
1.41 (3H, t, J=7.2 Hz), 1.36 (3H, t, J = 7.2 Hz); >C NMR (CDCl3) &
1604, 137.2, 126.9, 116.3, 60.4, 47.5, 15.7, 14.4; HRMS (ESI) m/z:
[M+H]" calcd for CgH14N305: 184.1081, found: 184.1083.

4.1.3. Synthesis of pyrazoles 7a-e
4.1.3.1. Ethyl 5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxylate (7a). Ethyl 5-(chloromethyl)furan-2-carboxylate
(5a, 2.0 g, 10.60 mmol) was added to a solution of 3,5-dimethyl-
1H-pyrazole (6a) (1.019g, 10.60mmol), KOtBu (1.547¢g,
13.79 mmol) and TBAI (0.392 g, 1.060 mmol) in THF (53 ml) at
0°C. The mixture was allowed to warm up to rt and was stirred
at rt for 24 h. To the reaction mixture was added satd NH4Cl ag,
and then the mixture was extracted with EtOAc. The organic layers
were combined, washed with H,O and brine, dried over Na,SOy,
and concentrated in vacuo. The residue was subjected to silica
gel column chromatography (hexane/EtOAc), which yielded the
pyrazole 7a (1.25 g, 47.5%) as a brown oil. Pyrazoles 7b-e were
synthesized in a similar way.

Compound 7a: yield, 47.5%; a brown oil; 'H NMR (CDCl5) § 7.07
(d,J=3.4Hz, 1H), 6.18 (d, = 3.7 Hz, 1H), 5.84 (s, 1H), 5.21 (s, 2H),
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Table 2
Effects of CLB-016 derivatives (in region 4) on HIF-1 transcriptional activity and
HT1080 cell proliferation
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4.34 (q,]=7.2 Hz, 2H), 2.28 (s, 3H), 2.21 (s, 3H), 1.36 (t, ] = 7.1 Hz,
3H); '3C NMR (CDCl3) 6 158.6, 154.7, 148.3, 144.4, 139.5, 118.7,
109.7, 105.8, 60.9, 46.0, 14.3, 13.5, 11.0; HRMS (ESI) m/z:
[M+Na]* calcd for C;3H6N20sNa: 271.1053, found: 271.1046.

4.1.3.2. Methyl 5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)thio-
phene-2-carboxylate (7b).  Yield, 42.7%; a white solid; "TH NMR
(CDCls) § 7.63 (d, J= 3.9 Hz, 1H), 6.86-6.84 (m, 1H), 5.84 (s, TH),
5.33 (s, 2H), 3.84 (s, 3H), 2.23 (s, 3H), 2.23 (s, 3H); 3C NMR
(CDCl3) & 162.4, 148.3, 147.4, 1389, 133.5, 133.0, 125.8, 106.0,
52.1, 47.8, 13.5, 11.0; HRMS (ESI) mjz: [M+H]" caled for
C12H15N20,S: 251.0849, found: 251.0845.

Oh DMSO

4.1.3.3. Methyl 3-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)ben-
zoate (7¢). After extraction, washing and drying, evaporation of
the solvent gave a residue that was used without further purifica-
tion in the next step.

4.1.3.4. Ethyl 5-((4-chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxylate (7d). Yield, 55.4%, a pale yellow solid; 'H
NMR (CDCl3) 6§ 7.08 (d, J =3.4Hz, 1H), 6.25-6.22 (m, 1H), 5.21 (s,
2H), 434 (q, J=7.1Hz, 2H), 2.28 (s, 3H), 2.20 (s, 3H), 1.36 (t,
J=7.1Hz, 3H); 3 C'NMR (CDCl3) § 158.6, 153.7, 145.4, 144.7, 136.1,
1186, 110.2, 61.1, 46.8, 29.7, 14.3, 11.2, 94; HRMS (ESI) m/z:
[M+Na]* calcd for C;3H;sCIN,O3Na: 305.0663, found: 305.0666.

4.1.3.5. Ethyl 5-((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxylate (7e).  Yield, 41.5%, a pale yellow powder; 'H
NMR (CDCl3) 6 7.08 (d, J=3.4Hz, 1H), 6.24 (d, J=3.7 Hz, 1H), 5.24
(s, 2H), 4.34 (q, J=7.1 Hz, 2H), 2.30 (s, 3H), 2.20 (s, 3H), 1.36 (t,
J=7.1Hz, 3H); 3C NMR (CDCl3) § 158.5; 153.8, 1469, 144.7, 137.7,
1186, 1102, 95.0, 61.1, 47.0, 143, 123, 10.4; HRMS (ESI) m/z:
[M+Na]* calcd for Ci3H;sBrN,OsNa: 349.0158, found: 349.01489.

4.1.4. Synthesis of carboxylic acids 8a-e

4.14.1. 5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-car-
boxylic acid (8a). A solution of 5N NaOH (7.25 ml, 36.2 mmol)
was added to a solution of compound 7a (3.0 g, 12.08 mmol) in
EtOH (60.4 ml), which was stirred at rt for 24 h. The aqueous phase
was acidified to a pH of approx. 3 with 6 N HCl on ice. The majority
of the solvent was removed on a rotary evaporator. After the
precipitate was filtrated and washed with H,0, the carboxylic
acid 8a was obtained as a pale yellow powder (1.5 g, 6.81 mmol,
56.4%). Carboxylic acids 8b-e were synthesized in a similar
way.

Compound 8a: yield, 56.4%; a pale yellow powder; 'H NMR
(DMSO-dg) ¢ 13.07 (s, 1H), 7.14 (d, J=3.5Hz, 1H), 6.46 (d,
J=2.9Hz, 1H), 5.84 (s, 1H), 5.25 (s, 2H), 2.26 (s, 3H), 2.07 (s, 3H);
13C NMR (DMSO-dg) 6 159.1, 154.7, 146.3, 144.4, 139.0, 118.5,
110.3, 105.2, 45.0, 13.2, 10.5; HRMS (ESI) m/z: [M—H]~ calcd for
C11H11N>03: 219.0775, found: 219.0769.

4.14.2. 5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)thiophene-2-
carboxylic acid (8b). Yield, 46.4%; a pale yellow powder; 'H
NMR (DMSO-dg): § 13.0 (s, 1H),7.56 (d, J=3.6 Hz, 1H), 7.01 (d,
J=3.6Hz, 1H), 5.84 (s, 1H), 5.38 (s, 2H), 2.21 (s, 3H), 2.09 (s, 3H);
13C NMR (DMSO-ds) 6 162.7, 147.6, 146.6, 138.7, 133.9, 132.9,
126.6, 105.3, 46.8, 13.3, 10.5; HRMS (ESI) m/z: [M—H]~ calcd for
C11H11N20,S: 235.0546, found: 235.0539.

YC-1

CLB-016 11ad

11Ae 11Ba

Figure 3. Inhibition of HT1080 cell motility by CLB-016 (1) and its derivatives. Each compound (100 uM) was added to scratched monolayers. Representative images of

HT1080 cell migration after 48 h of incubation are shown (Scale bar, 500 um). Double-headed arrows indicate the scratched wound gaps.
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4.14.3. 3-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)benzoic acid
(8c¢). Yield, 73.0% (from 2 steps); a white powder; 'H NMR
(DMSO-dg) 6 13.00 (s, 1H), 7.84 (d, J=7.5Hz, 1H), 7.68 (s, 1H),
7.46 (dd, J=8.1, 7.5 Hz, 1H), 7.33 (d, ] = 8.1 Hz, 1H), 5.87 (s, 1H),
5.26 (s, 2H), 2.15 (s, 3H), 2.10 (s, 3H); ">C NMR (DMSO-ds) &
167.1, 146.2, 138.8, 138.5, 131.3, 131.0, 128.8, 128.2, 127.6,
105.1, 51.1, 13.3, 10.6; HRMS (ESI) m/z: [M-H]™ calcd for
Cy3H;3N,05: 229.0982, found: 229.0974.

4.1.44. 5-((4-Chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)fu-
ran-2-carboxylic acid (8d). Yield, 79.8%; a white powder;
TH NMR (DMSO-ds) 8 13.09 (s, 1H), 7.15 (d, ] = 3.4 Hz, 1H), 6.54
(d,J=3.4 Hz, 1H), 5.33 (s, 2H), 2.26 (s, 3H), 2.08 (s, 3H); *C NMR
(DMSO-dg) 6 159.1, 153.8, 144.7, 143.5, 135.7, 118.5, 110.8,
106.5, 46.1, 11.0, 9.0; HRMS (ESI) m/z: [M-H]" calcd for
C31H16CIN,05: 253.0385, found: 253.0378.

4.1.4.5. 5-((4-Bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)fu-
ran-2-carboxylic acid (8e). Yield, 92.7%; a white powder;
'H NMR (DMSO-dg) 8 13.12 (s, 1H), 7.15 (d, ] =3.4 Hz, 1H), 6.54
(d,J=3.4Hz, 1H), 5.35 (s, 2H), 2.28 (s, 3H), 2.08 (s, 3H); *C NMR
(DMSO-dg) ¢ 159.1, 153.8, 145.0, 144.7, 137.4, 118.5, 110.8, 93.4,
46.2, 11.9, 9.9; HRMS (ESI) m/z: [M—H]~ calcd for Cy1H10BrN,O5:
296.9880, found: 296.9880.

4.1.5. Synthesis of carboxylates 9Aa-e and 9Ba

4.1.5.1. Ethyl 4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)furan-
2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylate (9Aa). To a
solution of compound 4A (150 mg, 0.819 mmol) and compound 8a
(180 mg, 0.819mmol) in DMF (1637 pul) were added HATU
(374 mg, 0.982 mmol) and Hunig’s base (214 pl, 1.228 mmol). The
mixture was stirred at 50 °C for 5 min in a microwave instrument.
The reaction mixture was diluted with H,O and stirred for 0.5 h.
The precipitate was filtrated to give the carboxylic acid 9Aa
(221 mg, 0.57 mmol, 70.0%) as a white powder. Carboxylates 9Ab-e
and 9Ba were synthesized in a similar way.

Compound 9Aa: yield, 70.0%; a white cotton; 'H NMR (CDCls) o
9.90 (1H, s), 8.29 (1H, s), 7.13 (d, ] = 3.4 Hz, 1H), 6.31 (d, ] = 3.4 Hz,
1H), 5.86 (s, 1H), 5.25 (s, 2H), 4.49 (q, J=7.1Hz, 2H), 4.25 (q,
J=7.3Hz, 2H), 2.39 (s, 3H), 2.22 (s, 3H), 1.53 (t, J=7.3 Hz, 3H),
147 (t, J=7.1Hz, 3H); 3C NMR (CDCl3) § 163.8, 155.1, 153.2,
148.4, 147.0, 139.6, 130.1, 124.7, 121.1, 116.2, 110.5, 105.9, 61.3,
485, 45.8, 15.4, 14.5, 13.5, 11.1; HRMS (ESI) m/z: [M+Na]* calcd
for Cy9H23N504Na: 408.1642, found: 408.1646.

4.1.5.2. Ethyl 4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)thio-
phene-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylate
(9Ab). Purified by column chromatography over silica gel
(hexane/EtOAc). Yield, 74.7%; a white powder; 'H NMR (CDCl3) §
9.74 (s, 1H), 827 (s, 1H), 749 (d, J=4.1Hz, 1H), 6.88 (d,
J=4.1Hz, 1H), 5.85 (s, 1H), 5.35 (s, 2H), 4.47 (q, ] =7.2 Hz, 2H),
424 (q, J=7.3Hz, 2H), 225 (s, 3H), 2.24 (s, 3H), 1.52 (t,
J=7.2Hz, 3H), 145 (t, J=7.0 Hz, 3H); '*C NMR (CDCl;) § 164.1,
158.6, 1484, 146.1, 139.0, 137.9, 129.8, 128.6, 126.2, 125.2,
121.0, 106.1, 61.4, 48.5, 47.8, 15.4, 14.5, 13.5, 11.1. HRMS (ESI)
mfz: [M+Na]" caled for CjgH3N503SNa: 424.1414, found:
424.1416.

4.1.5.3. Ethyl 4-(3-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)ben-
zamido)-1-ethyl-1H-pyrazole-3-carboxylate (9Ac). Purified

by column chromatography over silica gel (hexane/EtOAc). Yield,
93.0%; a pale yellow oil; '"H NMR (CDCl3) 6 9.98 (s, 1H), 8.37 (s,
1H), 7.81 (d, J=7.8 Hz, 1H), 7.69 (s, 1H), 7.44 (dd, J=7.8, 7.8 Hz,
1H), 7.22 (d, J=7.6 Hz, 1H), 5.88 (s, 1H), 5.30 (s, 2H), 4.49 (q,
J=7.1Hz, 2H), 4.26 (q, J=7.3 Hz, 2H), 2.26 (s, 3H), 2.18 (s, 3H),
1.54 (t, J = 7.3 Hz, 3H), 1.47 (t, ] = 7.1 Hz, 3H); '3C NMR (CDCl3) §

164.2, 163.8, 148.0, 139.2, 138.5, 133.8, 130.2, 130.0, 129.3,
126.0, 125.6, 125.5, 121.1, 105.8, 61.4, 52.2, 48.5, 15.4, 14.4, 13.5,
11.1. HRMS (ESI) mjz: [M+Na]" caled for Cy1HzsN503Na:
418.1849, found: 418.1841.

4.1.54. Ethyl 4-(5-((4-chloro-3,5-dimethyl-1H-pyrazol-1-yl)-
methyl)furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylate
(9Ad).  Yield, 71.1%; a white powder; '"H NMR (CDCl3) & 9.94 (s,
1H), 8.28 (s, 1H), 7.13 (d, J=3.7 Hz, 1H), 6.37 (d, J=3.4 Hz, 1H),
5.25 (s, 2H), 4.50 (q, ] = 7.2 Hz, 2H), 4.25 (q, ] = 7.4 Hz, 2H), 240 (s,
3H), 2.21 (s, 3H), 1.53 (t, J=7.3 Hz, 3H), 1.47 (t, ] =7.2 Hz, 3H); 1°C
NMR (CDCl3) 6 1639, 1549, 152.3, 147.2, 145.5, 136.0, 130.1,
1247, 121.0, 116.1, 110.9, 108.5, 614, 485, 46.7, 154, 14.5, 11.4,
9.5; HRMS (ESI) m/z: [M+Na]" caled for Cy9H2N504CINa: 442,1252,
found: 442.1266.

4.1.5.5. Ethyl 4-(5-((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylate
(9Ae). Yield, 67.9%; a white powder; 'H NMR (CDCl3) 6 9.94 (1H,
s), 8.28 (1H, s), 7.13 (1H, d, J = 3.4 Hz), 6.37 (1H, d, ] = 3.4 Hz), 5.27
(2H, s), 4.50 (2H, q, ] = 7.1 Hz), 4.25 (2H, q, ] = 7.3 Hz), 2.42 (3H, s),
222 (3H,s), 1.53 (3H, t,J = 7.3 Hz), 1.47 (3H, t,] = 7.2 Hz); "*C NMR
(CDCls) 6 163.9, 154.9, 152.2, 147.2, 147.0, 137.8, 130.1, 124.7,
121.0, 116.1, 110.9, 94.9, 61.4, 48.5, 46.8, 154, 14.5, 12.3, 10.4;
HRMS (ESI) mjz: [M+Na]* calcd for Ci9H2oNs04BrNa: 486.0747,
found: 486.0742.

4.1.5.6. Ethyl 4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-5-carboxylate
(9Ba). Purified by column chromatography over silica gel
(hexane/EtOAc). Yield, 42.5%; a white powder; 'H NMR (CDCls) &
9.67 (s, 1H), 837 (s, 1H), 7.14 (d, J=3.6Hz 1H), 628 (d,
J=3.2Hz, 1H), 5.85 (s, TH), 5.23 (s, 2H), 4.54 (q, ] = 6.8 Hz, 2H),
450 (q, J=7.2Hz, 2H), 233 (s, 3H), 2.22 (s, 3H), 1.50 (t,
J=72Hz, 3H), 1.43 (t, J=7.2 Hz, 3H); *C NMR (CDCl3) 5 159.9,
155.1, 152.9, 148.3, 147.2, 1394, 130.3, 127.6, 1184, 116.3,
110.7, 106.0, 61.5, 48.1, 45.9, 15.8, 14.4, 13.5, 11.1; HRMS
(ESI) mfz: [M+Na]" calcd for CygH23NsO4Na: 408.1642, found:
408.1649.

4.1.6. Synthesis of carboxylic acids 10Aa-e and 10Ba

4.1.6.1. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-car-
boxamido)-1-ethyl-1H-pyrazole-3-carboxylic acid (10Aa). 5N
NaOH aq (311 pl, 1.557 mmol) was added to a solution of compound
9Aa (200 mg, 0.519 mmol) in EtOH (5ml), and then the mixture
was stirred at rt for 9 h. The reaction mixture was adjusted to a
pH of approx. 3 with 5 N HCl aq on ice. The majority of the solvent
was removed on a rotary evaporator. After the precipitate was
filtrated and washed with H,O0, the carboxylic acid 10Aa was obtained
as a white powder (169 mg, 047 mmol, 91.1%). Carboxylic acids
10Ab-e and 10Ba were synthesized in a similar way.

Compound 10Aa: yield, 91.1%; a white powder; 'H NMR
(DMSO-dg) 6 13.37 (br s, 1H), 9.86 (s, 1H), 8.35 (s, 1H), 7.19 (d,
J=3.4Hz, 1H), 6.58 (d, J=3.7 Hz, 1H), 5.84 (s, 1H), 5.28 (s, 2H),
422 (q, J=72Hz, 2H), 2.39 (s, 3H), 2.06 (s, 3H), 1.39 (t,
J=7.3Hz, 3H); >C NMR (DMSO-dg) 6 165.0, 153.8, 153.8, 146.5,
146.3, 139.2, 130.2, 123.3, 121.3, 116.1, 111.1, 105.1, 47.4, 44.7,
15.2, 13.3, 10.6; HRMS (ESI) m/z: [M—H]~ caled for C;7H;gN504:
356.1364, found: 356.1369.

4.1.6.2. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)thiophene-
2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylic acid (10Ab).  Yield,
93.7%; a white powder; 'H NMR (DMSO-dg) & 13.30 (br s, 1H), 9.84 (s, 1H),
8.26 (s, 1H), 7.55 (d,] = 4.1 Hz, 1H), 7.07 (d,] = 4.1 Hz, 1H), 5.84 (s, 1H), 5.40
(s, 2H), 420 (q,J = 7.3 Hz, 2H), 2.21 (s, 3H), 2.09 (s, 3H), 1.37 (t, J= 72 Hz,
3H); 3C NMR (DMSO-dg) 6 164.7, 157.6, 146.5, 146.3, 138.6, 137.4, 1309,
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128.5,126.8, 1234, 121.7,105.2,47.3,46.7, 152,132, 10.5; HRMS (ESI) m/
z: [M—H]™ caled for Ci7HgN50sS: 3721136, found: 372.1132.

4.1.6.3. 4-(3-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)benzami-
do)-1-ethyl-1H-pyrazole-3-carboxylic acid (10Ac). After the
reaction mixture was adjusted to a pH of approx. 3, evaporation
of the solvent gave a white powder that was used without further
purification to use in the next step.

4.1.64. 4-(5-((4-Chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylic acid
(10Ad). Yield, 95.4%; a white powder; 'H NMR (DMSO-dg) &
13.37 (br s, 1H), 9.86 (s, 1H), 8.35 (s, 1H), 7.20 (d, J = 3.4 Hz, 1H),
6.66 (d, J=3.4Hz, 1H), 5.37 (s, 2H), 4.23 (q, J=7.2 Hz, 2H), 2.40
(s, 3H), 2.08 (s, 3H), 1.39 (t, J = 7.3 Hz, 3H); '3C NMR (DMSO0-dg) &
165.0, 153.8, 152.9, 146.5, 143.6, 135.9, 130.2, 123.3, 1214,
116.1, 111.6, 106.5, 47.4, 45.8, 15.2, 11.0, 9.1; HRMS (ESI) m/z:
[M~H]™ calcd for Cy7H;7N504Cl: 390.0974, found: 390.0972.

4.1.6.5. 4-(5-((4-Bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxylic acid
(10Ae). Yield, 96.8%; a white powder; 'H NMR (DMSO-dg) &
13.38 (br s, 1H), 9.87 (s, 1H), 8.35 (s, 1H), 7.20 (d, J = 3.7 Hz, 1H),
6.66 (d, J=3.7Hz, 1H), 5.39 (s, 2H), 4.23 (q, /= 7.2 Hz, 2H), 2.41
(s, 3H), 2.08 (s, 3H), 1.39 (t, J = 7.3 Hz, 3H); 3C NMR (DMSO-ds) &
165.0, 153.8, 152.9, 146.5, 145.2, 1376, 1302, 123.3, 1214,
116.1, 111.6, 93.4, 47.4, 45.9, 15.2, 11.9, 10.0; HRMS (ESI} m/z:
[M—H]~ calcd for C;7H17BrN504: 434.0469, found: 434.0462.

4.1.6.6. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1-ethyl-1H-pyrazole-5-carboxylic acid (10Ba).  Yield,
89.7%; a pale yellow powder; 'H NMR (DMSO-ds) & 9.75 (s, 1H), 8.12
(s, TH), 7.20 (d, J=3.5Hz, 1H), 658 (d, J=3.5Hz, 1H), 584 (s, 1H),
5.27 (s, 2H), 448 (q, J=7.2 Hz, 2H), 236 (s, 3H), 2.06 (s, 3H), 1.33 (t,
J=7.2Hz, 3H); 13C NMR (DMSO0-ds) 6 161.1, 154.2, 153.8, 1464, 146.2,
139.1, 1293, 126.2, 1194, 116.2, 111.0, 105.1, 470, 44.6, 15,5, 13.2,
10.6; HRMS (ESI) m/z: [M—H]"~ calcd for C;7H1sNs04: 356.1364, found:
356.1359.

4.1.7. Synthesis of carboxamides 1, 11Aa-b, 11Ab-e and 11Ba

To a solution of compound 10Aa (90 mg, 0.252 mmol) and
ammonium chloride (67.4 mg, 1.259 mmol) in DMF (1.5 ml) were
added HATU (115mg, 0.302 mmol) and Hunig's base (286 pl,
1.637 mmol). The mixture was stirred for 5 min at 50 °C in a micro-
wave instrument. The reaction mixture was diluted with H,0 and
stirred for 0.5 h. The precipitate was filtrated, and then purified by
column chromatography over amino-functionalized silica gel (hex-
ane[EtOAc) to give the carboxamide 1 (76 mg, 0.21 mmol, 84.7%) as
a white powder. Carboxamides 11Aa-b, 11Ab-e and 11Ba were
synthesized in a similar way.

Compound 1: yield, 84.7%; a white powder; mp 209.7-210.2 °C;
IR (cm™1) 3522, 3404, 3346, 3009, 1668, 1605, 1583, 1553, 1420,
1375, 1331, 1236, 1221, 1213, 1138, 1016, 964; 'H NMR (CDCl5)
6 10.27 (s, 1H), 8.25 (s, 1H), 7.11 (d, J=3.4 Hz, 1H), 6.74 (br s,
1H), 6.29 (d, J=3.7 Hz, 1H), 5.85 (s, 1H), 5.62 (br s, 1H), 5.24 (s,
2H), 4.16 (q, J=7.3 Hz, 2H), 2.39 (s, 3H), 2.21 (s, 3H), 1.51 (t,
J=73Hz, 3H); >C NMR (CDCl3) § 165.7, 155.2, 153.2, 148.3,
147.1, 139.7, 131.6, 123.4, 121.4, 116.0, 110.5, 105.8, 48.1, 45.8,
15.3, 13.5, 11.1; HRMS (ESI) m/z: [M+H]* calcd for Cy7H»1NgO3:
357.1669, found: 357.1670.

4.1.7.1. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-carbox-
amido)-1-ethyl-N-methyl-1H-pyrazole-3-carboxamide (11Aaa). The
reaction mixture was stirred for 5 h at rt. Yield, 24.5%; a white powder;
mp 1789-179.0°C; IR (cm™') 3431, 3335, 3009, 1655, 1584, 1554,
1437, 1373, 1223, 1209, 1173, 1146, 1016, 962; 'H NMR (CDCl;) &

1039 (s, 1H), 823 (s, 1H), 7.09 (d, J=34 Hz, 1H), 6.82-6.75 (m, 1H),
621 (d, J=34Hz, 1H), 585 (s, 1H), 525 (s, 2H), 4.15 (q, J="7.3 Hz,
2H), 3.01 (d, J = 5.1 Hz, 3H), 2.37 (s, 3H), 222 (s, 3H), 1.50 (t, j= 7.3 Hz,
3H); 3C NMR (CDCls) 6 1643, 155.2, 1534, 1483, 147.1, 139.7, 132.3,
122.9, 1213, 1158, 1102, 1058, 48.0, 46.0, 254, 153, 13.5, 11.1;
HRMS (ESI) mfz: [M+H[" caled for CigHasNgOs: 371.1826, found:
371.1812.

4.1.7.2.  4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1-ethyl-N,N-dimethyl-1H-pyrazole-3-carboxam-
ide (11Aab). The reaction mixture was stirred for 5 h at rt.
Yield, 30.2%; a white powder; mp 185.8-186.3°C; IR (cm™!)
3319, 3002, 2955, 1661, 1618, 1603, 1576, 1551, 1533, 1425,
1367, 1213, 1191, 1163, 1136, 1084, 1016, 966; 'H NMR (CDCl5)
6 10.84 (s, 1H), 8.27 (s, 1H), 7.08 (d, J=3.5Hz, 1H), 6.25 (d,
J=3.5Hz, 1H), 5.84 (s, 1H), 5.24 (s, 2H), 4.17 (q, J=7.3 Hz, 2H),
3.59 (s, 3H), 3.14 (s, 3H), 2.39 (s, 3H), 2.21 (s, 3H), 1.51 (t,
J=7.2Hz, 3H); '>C NMR (CDCl5) § 164.5, 155.1, 153.1, 148.3,
147.4, 139.8, 1334, 124.9, 120.5, 115.5, 110.2, 105.8, 47.9, 45.9,
39.0, 36.5, 15.2, 13.5, 11.1; HRMS (ESI) m/z: [M+H]" caled for
Cy9H25N03: 385.1982, found: 385.1975.

4.1.7.3. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)thiophene-
2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxamide (11Ab). The
reaction mixture was stirred for 13 h at rt. Recrystallized from EtOH.
Yield, 64.4%; a white cotton; mp 230.0-2302°C; IR (cm™!) 3522,
3402, 3346, 3009, 2959, 1666, 1583, 1545, 1487, 1420, 1375, 1223,
1213, 1171, 1132, 1022, 960, 901; 'H NMR (CDClz) 4 10.18 (s, 1H),
8.21 (s, 1H), 7.48 (d, J = 3.9 Hz, 1H), 6.87 (d, J=3.7 Hz, 1H), 6.68 (br s,
1H), 5.84 (s, 1H), 5.34 (s, 3H), 4.16 (q, J=7.3 Hz, 2H), 2.24 (s, 3H),
2.23 (s, 3H), 1.51 (t, J=7.3 Hz, 3H); *C NMR (CDCl3) 6 165.9, 1587,
148.3, 1459, 139.0, 138.1, 131.3, 128.5, 126.1, 124.0, 121.3, 106.0,
481, 47.8, 153, 13.5, 11.1; HRMS (ESI) mjz: [M+H]" caled for
C17H21Ng0,S: 373.1441, found: 373.1441.

41.74. 4-(3-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)benzami-
do)-1-ethyl-1H-pyrazole-3-carboxamide (11Ac). Purified by
column chromatography over silica gel (hexane/EtOAc). Yield,
19.0% (from 2 steps); a white powder; mp 152.6-153.5°C; IR
(cm™') 3522, 3402, 3354, 3018, 1666, 1583, 1539, 1420, 1375,
1329, 1219, 1211; 'H NMR (CDCl5) § 1041 (s, 1H), 8.31 (d,
J=1.2Hz, 1H), 7.80 (d, J=7.5Hz, 1H), 7.74 (s, 1H), 7.42 (¢,
J=7.5Hz, 1H), 7.17 (d, J=7.5Hz, 1H), 6.72 (br s, 1H), 5.87 (s,
1H), 5.41 (br s, 1H), 5.29 (s, 2H), 4.18 (q, J = 7.3 Hz, 2H), 2.25 (s,
3H), 2.17 (s, 3H), 1.52 (t, ] = 7.5 Hz, 3H); '>C NMR (CDCl5) ¢ 165.9,
163.9, 147.9, 139.3, 1384, 1339, 131.6, 130.2, 129.3, 126.1,
125.7, 124.3, 121.4, 105.8, 52.3, 48.1, 15.3, 13.5, 11.2; HRMS (ESI)
m{z: [M+Na]" calcd for C;9H2,NgO;Na: 389.1696, found: 389.1681.

4.1.7.5. 4-(5-((4-Chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxamide
(11Ad). Yield, 71.9%; a white powder; mp 220.1-220.8 °C; IR
(cm‘l) 3522, 3404, 3344, 2997, 1668, 1605, 1583, 1553, 1477,
1421, 1377, 1331, 1223, 1209, 1140, 1088, 1016, 962; '"H NMR
(CDCl5) 6 10.29 (s, 1H), 8.24 (s, 1H), 7.11 (d, J = 3.7 Hz, 1H), 6.70
(br s, 1H), 6.33 (d, J=3.4Hz, 1H), 5.44 (br s, 1H), 5.23 (s, 2H),
417 (q, J=73Hz, 2H), 240 (s, 3H), 2.20 (s, 3H), 1.51 (¢,
J=7.3Hz, 3H); '*C NMR (CDCl3) § 165.6, 155.0, 152.4, 147.3,
145.4, 136.0, 131.6, 123.4, 121.4, 115.9, 110.9, 108.5, 48.1, 46.8,
15.3, 11.4, 9.5; HRMS (ESI) mfz: [M+H]" calcd for Cy7HoCINgOs:
391.1280, found: 391.1282.

4.1.7.6. 4-(5-((4-Bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-
furan-2-carboxamido)-1-ethyl-1H-pyrazole-3-carboxamide
(11Ae). Yield, 81.6%; a white powder; mp 229.8-230.2 °C; IR
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(cm™') 3522, 3404, 3344, 3009, 1668, 1605, 1585, 1553, 1477,
1421, 1377, 1331, 1221, 1209, 1140, 1072, 1016, 964; 'H NMR
(CDCls) 6 10.30 (s, 1H), 8.24 (s, 1H), 7.11 (d, J = 3.4 Hz, 1H), 6.72
(br s, 1H), 6.34 (d, J=3.7 Hz, 1H), 5.49 (br s, 1H), 5.26 (s, 2H),
417 (q, J=7.4Hz, 2H), 2.41 (s, 3H), 221 (s, 3H), 1.51 (L,
J=7.3Hz, 3H); *C NMR (CDCL) & 165.6, 155.0, 152.3, 147.3,
146.9, 137.8, 131.6, 1234, 121.4, 115.9, 110.9, 94.9, 48.1, 46.9,
153, 12.3, 10.5; HRMS (ESI) m/z: [M+H]" calcd for Cy7Ha0BrNgOx:
435.0775, found: 435.0783.

41.7.7. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1-ethyl-1H-pyrazole-5-carboxamide (11Ba). The
reaction mixture was stirred at rt for 5 h. Yield, 47.4%; a white pow-
der; mp 189.9-190.5°C; IR (cm™') 3468, 3404, 3292, 2999, 1676,
1604, 1585, 1551, 1474, 1379, 1221, 1209, 1148, 1090, 1016, 970;
TH NMR (CDCls) 6 9.09 (s, 1H), 7.83 (d, J=1.2 Hz, 1H), 7.13 (dd,
J=35, 1.2 Hz, 1H), 642 (br s, 2H), 6.33 (d, J=3.5Hz, 1H), 5.85 (s,
1H), 5.20 (s, 2H), 4.45 (q, J=7.3 Hz, 2H), 2.31 (s, 3H), 2.20 (s, 3H),
1.48 (t, ] = 7.2 Hz, 3H); "*C NMR (CDCl3) § 161.6, 157.2, 152.9, 148.5,
146.9, 139.3, 1334, 1274, 1213, 116.8, 110.7, 106.0, 47.3, 45.6,
15.6, 134, 11.1; HRMS (ESI) m/z: [M+H]" calcd for CyyHzNgOs:
357.1669, found: 357.1665.

4.1.8. Methyl 4-nitro-1H-pyrazole-3-carboxylate (12)

Acetyl chloride (6.34 ml, 89 mmol) was added to the mixture of
4-nitro-1H-pyrazole-3-carboxylic acid (2, 7 g, 44.6 mmol) in MeOH
(223 ml) at 0 °C. The mixture was stirred at rt for 16 h. After con-
centrated in vacuo, the residue was azeotroped with MeOH two
times. The residue was diluted with MeOH and EtOAc, and the mix-
ture was adjusted to a pH of approx. 9 with satd NaHCO; aq. The
mixture was extracted with EtOAc. The organic layer was washed
with H,O and brine, dried over Na,SO,4, and concentrated to give
the compound 12 (5.545 g, 32.4 mmol, 72.7%) as a white powder.

TH NMR (DMSO-dg) 6 14.39 (br s, TH), 8.99 (s, 1H), 3.89 (s, 3H);
13C NMR (DMSO-ds) 6 161.1, 138.1, 133.2, 130.9, 52.8; HRMS (ESI)
mjz: [M~H]™ calcd for CsHaN304: 170.0207, found: 170.0200.

4.1.9. Methyl 4-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazole-3-carboxylate (13)

To a solution of methyl 4-nitro-1H-pyrazole-3-carboxylate (12,
3.0g, 17.53mmol) in THF (88 ml) was added NaH (1.052g,
26.3 mmol) at 0°C in an Ar atomosphere. After being stirred for
10 min, SEM-CI (3.73 ml, 21.04 mmol) was added to the reaction
at 0°C and stirred for another 20 min at rt. The reaction was
quenched with H,0 and extracted with EtOAc. The organic layer
was washed with brine and dried over Na,SO,. After filtration
and concentration, the residue was subjected to silica gel column
chromatography to give the compound 13 (2.83 g, 9.39 mmol,
53.6%) as a colorless oil and methyl 4-nitro-1-((2-(trimethylsi-
Iyl)ethoxy)methyl)-1H-pyrazole-5-carboxylate 13 (1.60g,
5.31 mmol, 30.3%) as a colorless oil.

Compound 13: 'H NMR (CDCl3) 6 8.32 (s, 1H), 5.48 (s, 2H), 4.00
(s, 3H), 3.66-3.62 (m, 2H), 0.97-0.93 (m, 2H), 0.00 (s, 9H); '*C NMR
(CDCls) 6 160.3, 138.4, 135.2, 129.7, 82.1, 684, 53.2, 17.8, —1.5;
HRMS (ESI) m/z: [M+Na]* caled for C;1H9N30sSiNa: 324.0986,
found: 324.0982.

Compound 13": 'H NMR (CDCl3) & 8.06 (1H, s), 5.61 (2H, s), 4.03
(3H, s), 3.59-3.54 (2H, m), 0.92-0.86 (2H, m), —0.02 (9H, s); 3C
NMR (CDCl3) 6 158.6, 135.3, 135.2, 1314, 80.8, 67.9, 53.9, 17.6,
—1.5; HRMS (ESI) mjz: [M+Na]" caled for C;;H;9N305SiNa:
324.0986, found: 324.0986.

4.1.10. Methyl 4-amino-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazole-3-carboxylate (14)

After purging with N gas, 10% Pd/C (32 mg, 0.030 mmol) was
added to the solution of compound 13 (913 mg, 3.02 mmol) in

EtOH (15 ml). The reaction mixture was purged with H, gas and
stirred for 1 h at 40 °C. The mixture was filtrated and concentrated.
The residue was subjected to column chromatography over amino-
functionalized silica gel (EtOAc/MeOH) to give the compound 14
(580.9 mg, 2.14 mmol, 70.9%) as a colorless oil.

'H NMR (CDCl3) 6 7.16 (1H, s), 5.37 (2H, s), 4.12 (2H, br s), 3.94
(3H, ), 3.55-3.51 (2H, m), 0.92-0.88 (2H, m), —0.02 (9H, s); °C
NMR (CDCl;) 6 164.1, 135.6, 130.3, 115.8, 81.6, 67.0, 51.7, 17.9,
—1.4; HRMS (ESI) mjz: [M+Nal]" caled for C;yHz;N;04SiNa:
294.1244, found: 294.1235.

4.1.11. Methyl 4-(5-((3,5-dimethyl-1H-pyrazol-1-yl)methyl)
furan-2-carboxamido)-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazole-3-carboxylate (15)

To a solution of compound 14 (0.58 g, 2.137 mmol) and com-
pound 8a (0.471g, 2.137 mmol) in DMF (10ml) were added
HATU (0.97 g, 2.56 mmol) and Hunig’s Base (0.560 ml, 3.21 mmol).
The mixture was stirred for 5 min at 50 °C, 3 times in a microwave
instrument. The reaction mixture was diluted with H,0 and satd
NaHCO3 aq and then, the mixture was extracted with EtOAc. The
organic layer was washed with H,O and brine, and dried over
Na,S0y4, and evaporated. The residue was subjected to silica gel col-
umn chromatography (hexane/EtOAc) to give the compound 15
(493 mg, 1.04 mmol, 48.7%) as a white powder.

TH NMR (CDCl3) 6 9.86 (s, 1H), 8.46 (s, 1H), 7.14 (d, ] = 3.7 Hz,
1H), 6.33 (d, J = 3.7 Hz, 1H), 5.86 (s, 1H), 5.48 (s, 2H), 5.26 (s, 2H),
4.02 (s, 3H), 3.59-3.55 (m, 2H), 2.39 (s, 3H), 2.23 (s, 3H), 0.94-
0.90 (m, 2H), —-0.03 (s, 9H); >C NMR (CDCl3) § 164.1, 155.1,
153.2, 1484, 146.9, 139.6, 130.7, 125.2, 121.6, 116.3, 110.6,
105.9, 81.8, 67.3, 52.2, 45.8, 17.8, 13.5, 11.1, —1.5; HRMS (ESI) m/
z: [M+Na]" caled for CpoH31N505SiNa: 496.1986, found: 496.1989.

4.1.12. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyra-
zole-3-carboxylic acid (16)

An aqueous solution of 5N NaOH (624 ul, 3.12 mmol) was
added to a solution of compound 15 (493 mg, 1.04 mmol) in
EtOH (5 ml), and then the mixture was stirred at rt for 2 h. The
pH of the reaction mixture was adjusted to approx. 3 with 6 N
HCl on ice. The majority of solvent was removed on a rotary
evaporator. After the precipitate was filtrated, the solid was
washed with H,0 to give the compound 16 (455 mg, 0.990 mmol,
95.2%) as a white powder.

TH NMR (DMSO-dg) 5 9.90 (s, 1H), 8.45 (s, 1H), 7.21(d, ] = 3.4 Hz,
1H), 6.59 (d, J = 3.4 Hz, TH), 5.84 (s, TH), 5.49 (s, 2H), 5.28 (s, 2H),
3.57-3.54 (m, 2H), 2.38 (s, 3H), 2.06 (s, 3H), 0.86-0.82 (m, 2H),
—0.05 (s, 9H); *C NMR (DMSO-ds) 6 171.7, 165.0, 154.0, 153.8,
146.5, 146.2, 139.3, 123.5, 122.2, 116.2, 111.1, 105.1, 80.5, 66.1,
44.7, 17.1, 13.3, 10.7, —-1.4; HRMS (ESI) m/z: [M—H]~ calcd for
C21HagN505Si: 458.1865, found: 458.1869.

4.1.13. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazole-3-carboxamide (17)

To a solution of compound 16 (90 mg, 0.196 mmol) and ammo-
nium chloride (52.4 mg, 0.979 mmol) in DMF (1 ml) were added
HATU (89mg, 0.235mmol} and Hunig's base (0.222ml,
1.273 mmol). The mixture was stirred for 5 min at 50 °C in a micro-
wave instrument. The reaction mixture was diluted with H,0. The
precipitate was filtrated and washed with H,0 to give the com-
pound 17 (75 mg, 0.16 mmol, 83.5%) as a white powder.

TH NMR (CDCl3) 6 10.27 (s, 1H), 8.41 (s, 1H), 7.12 (d, J = 3.4 Hz,
1H), 6.76 (br s, 1H), 6.30 (d, J = 3.4 Hz, 1H), 5.85 (s, 1H), 5.47 (br s,
1H), 5.40 (s, 2H), 5.24 (s, 2H), 3.59-3.54 (m, 2H), 2.40 (d, J = 0.7 Hz,
3H),2.21 (s, 3H), 0.95-0.91 (m, 2H), —0.01 (s, 9H); '*C NMR (CDCl5)
6 165.4, 155.2, 153.3, 148.3, 147.0, 139.7, 132.8, 123.9, 122.2,
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116.1, 110.5, 105.8, 81.2, 67.2, 45.8, 17.7, 13.5, 11.1, —1.4; HRMS
(ESI) mjz: [M+H]* calcd for C1HsiNeO4Si: 459.2170, found:
459.2151.

4.1.14. 4-(5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)furan-2-
carboxamido)-1H-pyrazole-3-carboxamide (18)

To a suspension of compound 17 (40 mg, 0.087 mmol) in EtOH
(174 1) was added 2 M HCI/EtOH (436 pl, 0.872 mmol). The mix-
ture was stirred at 80°C for 1.5h in a microwave instrument.
After the white precipitate was filtrated, the solid was washed with
EtOH. The resultant pellet was suspended in satd NaHCO3 aq, and
stirred for 0.5 h. After the white precipitate was filtrated, the solid
was washed with H,0. The residue was subjected to column chro-
matography over amino-functionalized silica gel (CH,Cl,/MeOH) to
give the compound 18 (15 mg, 0.05 mmol, 52.4%) as a white
powder.

Mp 234.6-235.1°C; IR (cm") 3676, 3522, 3447, 3404, 3344,
3007, 1670, 1605, 1583, 1555, 1448, 1420, 1375, 1340, 1300,
1236, 1103, 1016, 968, 943, 881; 'H NMR (DMSO-ds) & 13.26 (s,
1H), 10.49 (s, 1H), 8.24 (s, 1H), 7.81 (s, 1H), 7.58 (s, 1H), 7.14 (d,
J=3.4Hz, 1H), 6.57 (d, J=3.7 Hz, 1H), 5.84 (s, 1H), 5.28 (s, 2H),
2.41 (s, 3H), 2.06 (s, 3H); *C NMR (DMSO-dg) § 165.7, 153.7,
153.5, 146.5, 1464, 139.2, 132.6, 121.7, 119.8, 115.6, 1109,
105.0, 44.6, 13.2, 10.6; HRMS (ESI) mfz: [M+H]* calcd for
Cy5H17Ng03: 329.1356, found: 329.1362.

4.1.15. Methyl 1-(((tert-butoxycarbonyl)amino)methyl)-4-
nitro-1H-pyrazole-5-carboxylate (20)

To a solution of compound 12 (1.333 g, 7.79 mmol), K,CO;
(1.615¢g, 11.68 mmol) and TBAI (0.288 g, 0.779 mmol) in DMF
(39ml) was added tert-butyl (2-bromoethyl)carbamate (19)
(1.92 g, 8.57 mmol). The mixture was stirred at rt for 2 h, and then
filtrated on Celite. After concentration, the pellet was suspended in
EtOAc and H;0, and extracted with EtOAc. The organic layer was
washed with H,0 and brine, dried over Na,SO,4, and concentrated
in vacuo. The residue was subjected to column chromatography
over silica gel (hexane/EtOAc) to yield compound 20 (271 mg,
11.1%, 0.863 mmol) as a white powder and methyl 1-({((tert-
butoxycarbonyl)amino)methyl)-4-nitro-1H-pyrazole-3-carboxy-
late 20’ (28.6%, 701 mg, 2.228 mmol) as a white powder.

Compound 20: 'H NMR (CDCl;) § 8.06 (1H, s), 4.85-4.77 (1H,
m), 4.40 (2H, t, J=5.5Hz), 402 (3H, s), 3.60 (2H, q, J=5.5 Hz),
1.42 (9H, s); '*C NMR (CDCls) § 158.8, 155.7, 135.8, 134.7, 131.8,
80.0, 53.9, 52.0, 40.2, 28.3; HRMS (ESI) m/z: [M+Na]* calcd for
C12H13N406NBZ 337.1118, found: 337.1114.

Compound 20': 'H NMR (CDCl5) 6 8.18 (1H, s), 4.91-4.81 (1H,
m), 4.39-4.30 (2H, m), 3.99 (3H, s), 3.64-3.56 (2H, m), 1.43 (9H,
s); '3C NMR (CDCly) § 1605, 155.9, 138.8, 134.2, 131.0, 80.4,
53.2, 53.2, 40.1, 28.3; HRMS (ESI) m/z: [M+Na]* caled for
Cy2H,8N4OgNa: 337.1118, found: 337.1113.

4.1.16. 3-Nitro-6,7-dihydropyrazolo|1,5-a]pyrazin-4(5H)-one
(21)

2 M HCI/EtOH (3.6 ml, 7.22 mmol) was added to a solution of
compound 20 (227 mg, 0.722 mmol) in EtOH (1.5 ml) at rt. The
mixture was stirred at 50 °C for 1 h. The precipitate was collected
by filtration as a white powder, and subjected to the next reaction.
The mixture of the white powder and EtsN (0.150 ml, 1.077 mmol)
in toluene (5 ml) was stirred at 100 °C for 1 h. After cooling to room
temperature, H,O was added to the reaction mixture. The pre-
cipitate was filtered, and dried in vacuo to give the compound 21
(60 mg, 0.329 mmol, 45.6%) as a white powder.

TH NMR (DMSO-dg) 6 8.71 (1H, br s), 8.35 (1H, 5), 4.41-4.38 (2H,
m), 3.67-3.61 (2H, m); *C NMR (DMSO-ds) 6 154.6, 136.3, 134.0,
1294, 473, 384; HRMS (ESI) m/z: [M+Na]® caled for
CgHgN4OsNa: 205.0332, found: 205.0333.

4.1.17. 3-Amino-6,7-dihydropyrazolo[1,5-a]pyrazin-4(5H)-one
(22)

After being purged with Ny gas, 10% (w/w) Pd/C (3.80 mg,
3.57 umol) was added to a solution of compound 21 (65 mg,
0.357 mmol) in EtOH (2 ml). The reaction mixture was purged with
H, gas and stirred at 40 °C for 1.5 h. The mixture was filtrated and
concentrated. The residue was subjected to column chromatogra-
phy over amino-functionalized silica gel (EtOAc/MeOH) to give
the compound 22 (46 mg, 0.298 mmol, 83.5%) as a white powder.

'H NMR (DMSO-dg) 8 7.75 (1H, s), 6.99 (1H, s), 4.67 (2H, s),
4.10-4.05 (2H, m), 3.54-3.48 (2H, m); *C NMR (DMSO-dg) §
160.9,134.9,126.9,117.1, 45.8, 39.4; HRMS (ESI) m/z: [M+Na]" cal-
cd for CgHgN4ONa: 175.0596, found: 175.0589.

4.1.18. 5-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)-N-(4-0xo-
4,5,6,7-tetrahydropyrazolo|1,5-a]pyrazin-3-yl)furan-2-
carboxamide (23)

HATU (135mg, 0355mmol) and Hunig's base (77 pl,
0.444 mmol) were added to a solution of compound 22 (45 mg,
0.296 mmol) and compound 8a (65.1 mg, 0.296 mmol) in DMF
(1.5 ml) at rt. The mixture was stirred at 50 °C for 5 min in a micro-
wave instrument. The mixture was diluted in H,O and satd
NaHCO; aq, and extracted with EtOAc. The organic layer was
washed with H,O and brine, and dried over Na,SO,, and concen-
trated in vacuo. The residue was subjected to a column chromatog-
raphy over silica gel (hexane/EtOAc) to give the compound 23
(44 mg, 0.123 mmol, 41.6%) as a yellow powder.

Mp 288.4-289.6 °C; IR (cm™") 3418, 3254, 2997, 1668, 1610,
1551, 1491, 1429, 1379, 1354, 1335, 1304, 1223, 1209, 1142,
1055, 1016, 970; 'H NMR (DMSO-ds) 6 9.56 (s, TH), 8.46 (s, 1H),
8.04 (s, 1H), 7.20 (d, J=3.7 Hz, 1H), 6.58 (d, J=3.7 Hz, 1H), 5.83
(s, 1H), 5.28 (s, 2H), 4.32-4.25 (m, 2H), 3.68-3.61 (m, 2H), 2.39
(s, 3H), 2.06 (s, 3H). '>*C NMR (DMSO-dg) § 160.0, 154.1, 153.8,
146.4, 146.1, 139.2, 1294, 123.0, 1204, 116.2, 111.0, 105.0, 45.6,
44.6, 13.2, 10.5; HRMS (ESI) mfz: [M+H]" calcd for C;7H;9NgO3:
355.1513, found: 355.1501.

4.1.19. 4-(5-((1H-Pyrazol-1-yl)methyl)furan-2-carboxamido)-1-
ethyl-1H-pyrazole-3-carboxamide (24)

Compound 24 was prepared according to the synthetic proce-
dure in a similar way of CLB-016 (1) starting from a commercially
available 5-({1H-pyrazol-1-yl)methyl)furan-2-carboxylic acid.

Yield: 32.8% in 3 steps as a white powder; mp 199.5-200.3 °C;
IR (cm™') 3522, 3402, 3344, 3009, 1668, 1607, 1585, 1555, 1420,
1375, 1330, 1217, 1209, 1135, 1088, 1016, 962; 'H NMR (CDCl5)
5 1033 (s, 1H), 8.24 (s, 1H), 7.60 (d, J=2.4Hz, 1H), 7.55 (d,
J=1.7Hz, 1H), 7.12 (d, J=3.4Hz, 1H), 6.74 (br s, 1H), 6.40 (d,
J=3.4Hz, 1H), 6.32 (dd, J=2.1, 2.1 Hz, 1H), 5.58 (s, 1H), 5.40 (s,
2H), 4.17 (q, J=7.3Hz, 2H), 1.51 (t, J=7.3 Hz, 3H). °C NMR
(CDCl3) § 165.7, 155.1, 152.2, 1474, 140.0, 131.6, 129.6, 123.4,
1214, 115.8, 111.1, 106.5, 48.7, 48.1, 15.3; HRMS (ESI) m/z:
[M+H]* calcd for Cy5H17NgO03: 329.1356, found: 329.1348.

4.2. Biology

4.2.1. Cell-based HRE-driven luciferase reporter assay
X5HRE/HT1080 cells, stable transformant cell lines with a
5XHRE/pGL3/VEGF/E1b reporter plasmid,'> were cultured in
Dulbecco’s modified Eagle's medium containing 10% fetal bovine
serum at 37 °C in a humidified 5% CO, incubator. For reporter
assay, cells (1.0 x 10*) were seeded in 96-well plates (in 100 pl)
and pre-incubated for 24 h. After 1 h from the addition of chemical
compounds, the cells were incubated under hypoxia (1% O,) for
24 h. The cells were washed with ice-cold phosphate-buffered sal-
ine (PBS) 3 times, followed by lysis in 30 pl of lysis buffer (20 mM
Tris/HCl pH 7.5, 150 mM NacCl, 1 mM EDTA and 0.1% Triton X-100).
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Twenty-microliter of the cellular lysate was employed for the
luciferin-luciferase assay (50 mM Tris pH 8.0, 5mM MgSQO,,
0.125mM  D-luciferin, 05mM ATP, and 05mM CoA).
Epiluminescence was measured using an EnVision luminometer
(Perkin Elmer). Each compound was tested in triplicate. To calcu-
late the relative luciferase activity, the luminescence units were
normalized with total protein content in each well.

4.2.2. Cell proliferation assay

HT1080 cells (1.0 x 10° cells/well) were seeded in a 96-well
plate (in 100 pl) and cultured under hypoxia (1% O). After 72 h
from the addition of test compounds, cell growth was evaluated
by using the WST-8 cell counting kit (Dojindo) according to
manufacturer’s instructions. Absorbance was measured at
450 nm in a microplate reader (Bio-rad).

4.2.3. RNA extraction and quantitative real-time PCR

Total RNA of HT1080 cells wasisolated using Total RNA Extraction
kit (Viogene). cDNA was reverse transcribed from 0.5 pg of the total
RNA using ReverTra Ace «(TOYOBO) using a random primer. For the
quantitative real-time PCR, DNA amplification was carried out using
the Fast Start Universal SYBR Green Master (ROX) (Roche). Primers
used for PCR were as follows: human CA-IX, 5-ACCCTC
TCTGACACCCTGTG-3 (sense) and 5-GGCTGGCTTCTCACATTCTC-3'
(antisense); human HIF-1a, 5'-TACTAGCTTTGCAGAATGCTC-3'
(sense) and 5'-GCCTTGTATAGGAGCATTAAC-3' (antisense); human
HIF-18, 5'-GGGGGCAGCTTACCTCTAAC-3' (sense) and 5'-GGGTA
GAGGCACTCGAACTG-3"  (antisense); human 18S 1RNA, 5'-
GCAATTATTCCCCATGAACG-3(sense) and 5-GGGACTTAATCAA
CGCAAGC-3 (antisense).

Relative expression level was calculated by the AACT method,
and normalized with 18S rRNA level.

4.2.4. Wound-healing assay

HT1080 cells were plated at 7.5 x 10% cells per well in a 6-well
plate. When the cells were confluent, a monolayer of the cells was
scratched using a sterile 200 pl pipette tip. After replacing the
medium with fresh medium to remove cell debris, vehicle or the
test compound was added to the cells, followed by an additional

24 h incubation under hypoxia. Images of scratch-wound were
acquired using phase contrast microscopy.
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Tolerability of Nintedanib (BIBF 1120) in Combination
with Docetaxel: A Phase 1 Study in Japanese Patients with
Previously Treated Non-Small-Cell Lung Cancer
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Background: This phase I, open-label study evaluated the safety/
tolerability and maximum tolerated dose of second-line nintedanib
combined with docetaxel in Japanese patients with advanced non—
small-cell lung cancer.

Methods: Eligible patients received docetaxel 60 or 75 mg/m?* (day
1) plus nintedanib 100, 150, or 200 mg twice daily (bid; days 2-21) in
21-day cycles. Standard 3 + 3 dose escalations were performed sepa-
rately in patient cohorts with a body surface area (BSA) of less than
1.5 m? (BSA <1.5) and BSA greater than or equal to 1.5, respectively.
Results: Forty-two patients (17 BSA <1.5,25 BSA >1.5) were treated.
The maximum tolerated dose of nintedanib was 150 and 200 mg bid
in patients with BSA less than 1.5 and BSA greater than or equal
to 1.5 (BSA 21.5), respectively, in combination with 75mg/m? of
docetaxel. Dosc-limiting toxicities (all grade 3 hepatic enzyme cleva-
tions) occurred in 12 patients (six per cohort). Drug-related adverse

*Department of Medical Oncology, Kinki University Faculty of Medicine,
Osaka, Japan; TCenter for Clinical and Translational Research, Faculty of
Medicine, Kyusyu University Hospital, Fukuoka, Japan; {Department of
Internal Medicine, Suita Municipal Hospital, Osaka, Japan; §Department
of Medical Oncology, Nara Hospital, Kinki University Faculty of Medicine,
Nara, Japan; || Department of Medicine, Division of Respirology, Neurology,
and Rheumatology, Kurume University Hospital, Fukuoka, Japan;
9Department of Medical Oncology, Kishiwada Municipal Hospital, Osaka,
Japan; #Department of Thoracic Oncology, Kansai Medical University,
Hirakata Hospital, Osaka, Japan; **Department of Medical Oncology,
National Kyushu Cancer Centre, Fukuoka, Japan; §{Department of Medical
Oncology, National Kyushu Cancer Centre, Fukuoka, Japan; IINippon
Boehringer Ingelheim Co. Ltd., Medical Development Division, Hyogo,
Japan; and §§Clinical Pharmacokinetics/Pharmacodynamics Department,
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, Germany.

Funding: This work was supported by Boehringer Ingelheim.

K.K., A.S., and N.Y. are employees of Nippon Boehringer Ingelheim Co. Ltd.;
R.K. is an employee of Boehringer Ingelheim Pharma GmbH & Co.; T.S.
has received honoraria from Boehringer Ingelheim and is a member of their
speaker bureau; all remaining authors have declared no conflict of interest.

Address for correspondence: Isamu Okamoto, MD, PhD, Center for Clinical
and Translational Research, Kyushu University Hospital, 3-1-1 Maidashi,
Higashiku, Fukuoka 812-8582, Japan. E-mail: okamotoi@kokyu.med.
kyushu-u.ac.jp

DOI: 10.1097/JTO.0000000000000395

Copyright © 2014 by the International Association for the Study of Lung Cancer

ISSN: 1556-0864/15/1002-0346

346

events included neutropenia (95%), leukopenia (83%), fatigue (76%),
alopecia (71%), decreased appetite (67%), and elevations in alanine
aminotransferase (64%) and aspartate aminotransferase (64%). All
hepatic enzyme elevations were reversible and manageable with dose
reduction or discontinuation. Among 38 evaluable patients, 10 (26%)
had a partial response and 18 (47%) had stable disease.

Conclusion: Continuous treatment with second-line nintedanib com-
bined with docetaxel was manageable and showed promising signs of
efficacy in Japanese patients with advanced non—small-cell lung cancer.

Key Words: Clinical trials, Phase I, Docetaxel, Japanese, Nintedanib,
Non-small-cell lung cancer, Pharmacokinetics.

(/ Thorac Oncol. 2015;10: 346-352)

Few treatment options are available for patients with
advanced non—small-cell lung cancer (NSCLC) who fail
first-line chemotherapy. Currently, the only licensed second-
line therapies for individuals with NSCLC, who do not harbor
identifiable driver oncogenes, such as sensitizing epidermal
growth factor receptor (EGFR) gene mutations or anaplastic
lymphoma kinase (4LK) gene translocations, are docetaxel,
gemcitabine, pemetrexed (for nonsquamous NSCLC), and
erlotinib.! Although these treatments are efficacious, survival
benefits are modest. Hence, there is an urgent need for effec-
tive and well-tolerated second-line options.

Angiogenesis plays an important role in the develop-
ment and differentiation of NSCLC.? Targeting vascular
endothelial growth factor (VEGF) signaling appears to be
particularly important in advanced NSCLC, given the proven
efficacy of the VEGF-targeted monoclonal antibody bevaci-
zumab as first-line therapy in large-scale trials.** However,
to date no oral tyrosine kinase inhibitors of VEGF receptors
have been approved for the treatment of advanced NSCLC.
Mechanisms that support solid tumor angiogenesis include
VEGE, fibroblast growth factor, and platelet-derived growth
factor signaling pathways.”* Nintedanib (BIBF 1120) is a
potent, oral, small-molecule triple angiokinase inhibitor that
targets VEGF receptors 1 to 3, platelet-derived growth factor
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receptors alpha and beta, and fibroblast growth factor recep-
tors 1 to 3, besides RET and Flt3.” Preclinical experiments
have shown that nintedanib can delay tumor growth and
inhibit angiogenesis in various xcnograft models of human
cancer, including NSCLC.” More recently, the global LUME-
Lung 1 phase I trial (Study 1199.13; NCT00805194) for pre-
viously treated advanced NSCLC demonstrated that treatment
with a combination of nintedanib and docetaxel produced a
significant and clinically meaningful improvement in overall
survival compared with docetaxel and placebo in predefined
patients with adenocarcinoma tumor histology.'

In a recent Japanese phase [ study, the maximum toler-
ated dose (MTD) of nintedanib monotherapy was 200 mg bid,
which is lower than the MTD of 250mg bid for Caucasian
patients.'""> Although the reason for this difference remains
unclear, analogous differences in the tolerability of chemo-
therapy for advanced NSCLC between Japanese and US
patients have been reported previously, and have been related
to differences in genotypic variants between the two popu-
lations.”” In addition, the standard dose of docetaxel 60 mg/
m? commonly employed for Japanese patients with advanced
NSCLC" is lower than the 75mg/m? dose used for Western
populations.'®® This phase 1 dose-escalation study (Study
1199.29; NCT00876460) was conducted to define the MTD
of nintedanib combined with docetaxel, and to confirm the
safety/tolerability profile of the combination in Japanese
patients with advanced NSCLC following failure of first-line
platinum-based chemotherapy.

PATIENTS AND METHODS

Study Population

Patients aged 20 to 74 years with histologically or cyto-
logically confirmed, advanced stages IIIB to IV or recurrent
NSCLC (any histology) who had received one platinum-based
chemotherapy regimen (not containing docctaxel) were enrolled.
Patients had an Eastern Cooperative Oncology Group perfor-
mance status of 0 to 1, a life expectancy exceeding 3 months, and
adequate organ function. Exclusion criteria included: active brain
metastases; gastrointestinal disorders that could interfere with the
absorption of the study drug; history of major thrombotic or ¢lin-
ically relevant major bleeding event in the past 6 months; clini-
cally significant hemoptysis in the past 3 months; active multiple
primary neoplasms; or significant cardiovascular disease.

Study Design

This open-label trial utilized a standard 3 + 3 dose-esca-
lation design. Eligible patients received intravenous docetaxel
at a dose of 60 mg/m? or 75 mg/m? on day 1, followed by con-
tinuous, oral nintedanib bid on days 2 to 21 in 21-day cycles.
Nintedanib was started at a dose of 100mg bid and escalated
up to 200mg bid in 50mg bid intervals. Continuous ninte-
danib monotherapy was permitted in cases where docetaxel
had to be permanently discontinued for reasons other than
progression, and the patient had already received at least four
treatment cycles of combination therapy.

Dose-limiting toxicity (DLT) was defined as nonhema-
tologic toxicity greater than Common Terminology Criteria for

Adverse Events (CTCALE) grade 3, excluding electrolyte abnor-
malities or isolated elevations of y-glutamy! transpeptidase (y-
GT); grade 3 or higher gastrointestinal toxicity or hypertension
despite optimal supportive care/intervention; grade 4 neutrope-
nia for more than 7 days despite optimal supportive care; grade
4 febrile neutropenia of any duration; grade 2 or higher ala-
nine aminotransferase (ALT) and/or aspartate aminotransferase
(AST) clevations combined with grade 2 or higher bilirubin
elevations; inability to resume nintedanib dosing within 14 days
of stopping treatment due to treatment-related toxicity. DLTs
observed in the first 21 days of treatment were used to deter-
mine MTD, defined as the highest dose at which incidence of
DLTs in cycle 1 was less than or equal to 33.3%.

After testing nintedanib 100mg bid plus docetaxel
60 mg/m? (N100/D60), nintedanib 150 mg bid plus docetaxel
60mg/m* (N150/D60), and nintedanib 200mg bid plus
docetaxel 60mg/m? (N200/D60) without considering body
surface area (BSA), dose escalations were performed sepa-
rately in two patient cohorts with a BSA of less than 1.5 m?
(BSA <1.5) and greater than or equal to 1.5 m* (BSA 21.5),
respectively. This protocol amendment was recommended by
the external Efficacy and Safety Review Committee following
carly observation of a high incidence of DLTs in patients with
a BSA of less than 1.5 m?,

The institutional review board reviewed and approved
the protocol and its amendments. The trial was conducted
in compliance with the study protocol, the Declaration of
Helsinki, and Good Clinical Practice guidelines. All patients
provided written informed consent.

Assessments

Adverse events (AEs) were assessed according to
CTCAE version 3.0 throughout the trial and for 28 days after
treatment cessation. All safety analyses were undertaken
in patients who had received 1 dose or more of nintedanib.
Objective tumor response was evaluated according to the
Responsc Evaluation Criteria in Solid Tumors (RECIST 1.0).
Tumor assessment was performed at screening and every 6
weeks on day 1 (within 7 days) of each odd-numbered treat-
ment cycle (cycles 3, 5, cte.). Hematology and biochemistry
assessments were undertaken at screening and at predefined
intervals during the trial.

To investigate the possible effect of nintedanib on the
pharmacokinetics (PK) of docetaxel, blood samples were
taken predose and 1, 1.5, 2, 3, 4, 7, 24, and 48 hours post-
dose on days 1 to 3 of cycles 1 and 2. Sampling for PK
characterization of nintedanib was carried out on days 2 to
3 of cycle 1, with samples taken predose, 1, 2, 3,4, 6, 7, 10,
and 24 hours after the morning dose. Samples for evaluation
of trough concentrations of nintedanib were taken on days
8 and 15 of the first two cycles, and on days 1 to 3 during
cycle 2, before the morning dose. All PK analyses were car-
ried out using WinNonlin software, applying a noncompart-
mental approach.

Statistical Analysis

The primary end points were the determination of the
MTD of nintedanib in combination with docetaxel at doses
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of 60 or 75mg/m?, and the assessment of the frequency and
severity of AEs. Secondary end points included PKs of nint-
edanib and docetaxel, best tumor response and progression-
free survival (PFS). Descriptive statistics are presented.

RESULTS

Patients

A total of 43 patients with advanced NSCLC were
enrolled into this study from March 2009 to August 2012.
One patient discontinued due to a non-DLT adverse event
before the first dose of nintedanib was administered and was
excluded from the study. Baseline characteristics, except for
gender and clinical stage, were similar between the two BSA
cohorts (Table 1).

At the time of the database lock (June 11, 2013), all
42 patients had discontinued combination treatment. Reasons
for discontinuation included progressive disease (n =22), AEs
(n = 14), and withdrawal of consent (n = 3). Three patients
continued to be treated with nintedanib monotherapy after
discontinuation of docetaxel due to drug-related AEs (grade 1
and 2 peripheral neuropathy in two patients, and grade 2 pleu-
ral effusion in one patient). Median (range) number of days of
treatment administered was 126.5 (7-1339).

Maximum Tolerated Dose and
Dose-Limiting Toxicities

The allocation of patients to treatment during the study
is summarized in Figure 1. Of the 42 patients who received
nintedanib treatment, three patients were excluded from the
DLT assessment due to low compliance with study treat-
ment: one excluded patient had a non-DLT adverse event,

TABLE 1. Patient Characteristics at Baseline and Treatment
Allocation
Patients with Patients with
BSA <1.5 m? BSA 21.5m*®  All Patients
(n=17) (n=25) (n=42)

Age, years

Median (range) 65 (45-72) 62 (47-73) 64 (45-73)
Gender, 1 (%)

Male 6 (35) 23 (92) 29 (69)

Female 11 (65) 2(8) 13(31)
ECOG performance score, n (%)

0 6 (35) 8(32) 14 (33)

1 11 (65) 17 (68) 28 (67)
Clinical stage, n (%)

1B 1(6) 6 (24) 7(17)

v 16 (94) 19 (76) 35(83)
Histology, n (%)

Adcnocarcinoma 14 (82) 19 (76) 33(79)

Squamous cell 3(18) 5(20) 8(19)

carcinoma

Large-cell carcinoma 0 1(4) 1(2)

bid, twice daily; BSA, body surface area; D, docetaxel; DLT, dose-limiting toxicity;
ECOG, Eastern Cooperative Oncology Group; N, nintedanib.
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N100/D60
N=3
(0/3 DL)

N150/D60
N=3 (BSA 21.5)
(0/3 DLT)

l

N200/D60
N=3 (BSA <1.5)
(3/3 DLTs)

N150/D60 N200/D60 N150/D75
N=7° N=7¢ N=7¢
(2/6 DLTs) (2/6 DLTs) (2/6 DLTs)
N150/D75 N200/D75
N=6 N=6
(1/6 DLT) (2/6 DLTs)

FIGURE 1. Patient flow. N100/D60, nintedanib 100 mg bid
plus docetaxel 60 mg/m? N150/D60, nintedanib 150 mg bid
plus docetaxel 60 mg/m? N150/D75, nintedanib 150 mg bid
plus docetaxel 75mg/m? N200/D60, nintedanib 200 mg bid
plus docetaxel 60 mg/m?% N200/D75, nintedanib 200 mg

bid plus docetaxel 75mg/m?. ?Protocol amendment by the
Efficacy and Safety Review Committee, which recommended
separate assessments of dose levels for patients with a body
surface area (BSA) <1.5 m? and =1.5 m? "One patient was
replaced due to low compliance with study drugs admin-
istration with a non-dose-limiting toxicity adverse event
(pneumonia). ‘One patient was replaced due to insufficient
data to evaluate the duration of grade 4 neutropenia as a
dose-limiting toxicity. ®One patient was replaced due to early
withdrawal of consent.

the second patient withdrew consent before the completion
of cycle 1, and there were insufficient data to confirm a DLT
occurrence in the third patient. Three patients were enrolled
in the N100/D60 cohort, three patients in the N150/D60
cohort, and three patients in the N200/D60 cohort, without
consideration of their BSA. No DLT was observed for the first
and second cohorts (N100/D60 and N150/D60). At 200 mg
bid (N200/D60), all three patients experienced DLTs (ALT,
AST, and y-glutamytranferase increases in two patients, and
ALT and AST increase in one patient) that were fully revers-
ible (Table 2). All three patients who experienced DLTs at
N200/D60 had BSA less than 1.5, whereas the three patients
treated with N150/D60 who did not experience DLTs had
BSA greater than or equal to 1.5. In a previous investiga-
tion of nintedanib monotherapy in Japanese patients,'' all
DLTs at 200 mg bid were observed in patients whose BSAs
were smaller than those of patients without observed DLTs.
The external Efficacy and Safety Review Committee rec-
ommended the protocol amendments for reassessment of
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