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ABSTRACT. Discoidin Domain Receptor 1 (DDR1) is an emerging potential molecular target for new 

anticancer drug discovery. We have discovered a series of 3-(2-(pyrazolo[1,5-a]pyrimidin-6-yl) 

ethynyl)benzamides that are selective and orally bioavailable DDR1 inhibitors. The two most promising 
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compounds (7rh and 7rj) inhibited the enzymatic activity of DDR1 with IC50 values of 6.8 and 7.0 nM, 

respectively, but were significantly less potent in suppressing the kinase activities of DDR2, Bcr-Abl 

and c-Kit. Further study revealed that 7rh bound with DDR1 with Kd value of 0.6 nM, while was 

significantly less potent to the other 455 kinases tested. The S(35) and S(10) selectivity scores of 7rh 

were 0.035 and 0.008, respectively. The compounds also potently inhibited the proliferation of cancer 

cells expressing high levels of DDR1 and strongly suppressed cancer cell invasion, adhesion and 

tumorigenicity. Preliminary pharmacokinetic studies suggested that they possessed good PK profiles, 

with oral bioavailabilities of 67.4% and 56.2%, respectively.  

KEYWORDS: Discoidin Domain Receptor 1, inhibitor, invasion, adhesion, tumorigenicity 

INTRODUCTION 

Discoidin Domain Receptors (DDRs) are members of the transmembrane receptor tyrosine kinases 

(RTKs) super-family. They are distinguished from other RTKs by the presence of a discoidin motif in 

the extracellular domain. 
1, 2, 3

 Unlike typical RTKs that use peptide-like growth factors as ligands, 

DDRs are activated by various types of triple-helical collagens, which are key components of the 

extracellular matrix (ECM). 
4, 5 

Two types of DDRs (DDR1 and DDR2) have been identified with 

distinct expression profiles and ligand specificities. DDR1 is widely expressed in epithelial cells in lung, 

kidney, colon and brain, whereas DDR2 is primarily expressed in mesenchymal cells including 

fibroblasts, myofibroblasts, smooth muscle and skeletal in kidney, skin, lung, heart and connective 

tissues. DDR1 is activated by all collagens tested to date (types I, II, III, IV, V, VIII and XI), while 

DDR2 is only activated by fibrillar collagens (collagen types I and III in particular).
 3,

 
4, 5, 6 

Collective 

evidences imply that that DDR1 and DDR2 play crucial roles in the regulation of fundamental cellular 

process, such as proliferation, survival, differentiation, adhesion, and matrix remodeling.
 4, 7, 8 

Dysregulation of DDR1 and DDR2 has been linked to a number of human diseases, including fibrotic 

disorders, atherosclerosis and cancer. 
9, 10, 11

 For instance, over-expression of DDR1 is associated with 

the poor prognosis in non-small cell lung cancer (NSCLC)
 12

 and is implicated in cell survival and 
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 3

invasiveness in hepatocellular carcinoma, pituitary adenoma and prostate cancer. 
13, 14, 15

 High 

expression levels and/or mutation of DDRs are also frequently detected in the cancer cell lines and 

primary tumor tissues from lung,
 16 

breast,
 17 

brain,
 18 

ovary,
 19

 head and neck,
 20 

liver,
 21 

pancreas
 22 

and 

prostate. 
15

 Inhibition of DDR1 by small interfering RNA (siRNA) has been demonstrated to suppress 

tumorigenicity, inhibit lung cancer bone metastasis and increase cancer cell chemosensitivity. 
23

 

Selective suppression of DDR2 also displayed promising antitumor activity in mouse xenografts of 

squamous lung cancer cells harboring a “gain-of function” mutation of DDR2. 
24 

Thus, DDR1 and 

DDR2 are considered as novel potential molecular targets for anticancer drug discovery. 

Several small molecule Bcr-Abl inhibitors, imatinib (1),
 
nilotinib (2),

 
dasatinib (3),

 23, 25, 27
 bafetinib (4) 

26 
and ponatinib (5),

 24, 27
 have been reported to potently suppress the kinase activity of DDR1 and 

DDR2. These compounds also strongly inhibited the collagen-induced activation of DDR1 and DDR2 in 

HEK 293 cells, with IC50 values in low nanomolar ranges. 
24 

Given its promising therapeutic effect in 

mouse xenograft models, drug 3 has been selected for clinical investigation to treat squamous lung 

cancer (SCC) patients with mutated DDR2 (NCT01514864). 
27 

Sorafenib, a multiple-target drug used in 

the treatment of liver and renal cancer, was also reported to bind DDR1/DDR2 with nanomolar IC50 

values. 
27, 28 

A thienopyridine derivative, LCB 03-0110, was recently found to inhibit collagen-induced 

autophosphorylation of DDR1 and DDR2, with IC50 values of 164 and 171 nM, respectively.
 29 

However, 

all of the reported DDR inhibitors displayed broad inhibition against a panel of many other kinases. 

New selective DDR1 and/or DDR2 inhibitors are highly desirable for further validating DDRs as drug 

targets. 

In this paper, we report a series of 3-(2-(pyrazolo[1,5-a]pyrimidin-6-yl)ethynyl)benzamides as novel 

selective DDR1 inhibitors. The compounds potently suppressed the enzymatic activities of DDR1 with 

low nanomolar IC50 values but were markedly less potent against Bcr-Abl, DDR2 and c-Kit kinases. 

These compounds also strongly suppressed the proliferation of human cancer cells expressing high 

levels of DDR1, with IC50 values in the low micromolar range. Furthermore, the representative 
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 4

compounds 7rh and 7rj potently suppressed cancer cell invasion, adhesion and tumorigenicity, 

indicating their potential to serve as new lead compounds for further anticancer drug discovery. 
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Figure 1. Chemical structures of reported non-selective DDR1 and DDR2 inhibitors.  

CHEMISTRY 

The new inhibitors were readily prepared using palladium-catalyzed Sonogashira coupling as the key 

steps (Scheme 1). 
30 

Briefly, commercially available or newly prepared methyl 3-iodo-benzoates (8) 

were treated with ethynyltrimethylsilane under palladium catalysis to afford the Sonogashira coupling 

products, which were deprotected to produce the terminal alkynes 9. The coupling of 9 with 6-

bromopyrazolo[1,5-a]pyrimidine under Sonogashira conditions afforded the key intermediates 10. The 
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 5

esters 10 were hydrolyzed under basic conditions to yield the corresponding carboxylic acids 11, which 

were coupled with various aryl amines to yield the desired inhibitors 7. 

Scheme 1. Syntheses of 3-(2-(pyrazolo[1,5-a]pyrimidin-6-yl)ethynyl)benzamide derivatives as new 

DDR inhibitors. 

I
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Reagents and conditions: (a) i) trimethylsilyl acetylene, CuI, PdCl2(PPh3)2, TEA, EtOAc, overnight, 

~85.0%; ii) K2CO3, MeOH, 5 mins, 90.0-92.0%%; (b) CuI, PdCl2(PPh3)2, NMP, 80 ℃, overnight, 80.0-

85.0%; (c) NaOH, CH3OH, H2O, 50℃, 6 hrs, ~90.0%; (d) PyBOP, DIPEA, DCM, overnight, 40.0-

90.0%. 

RESULTS AND DISCUSSION 

Almost all previously reported DDR inhibitors were originally developed as Bcr-Abl kinase 

suppressers. Furthermore, sequence alignment of human DDR1 and DDR2 demonstrated that they share 

~61% sequence identity with Bcr-Abl in the ATP binding domain.
 25d 

Therefore, we initiated an effort to 

identify new DDR inhibitors by screening a library of approximately 2000 compounds that were 

originally designed as inhibitors of Bcr-Abl and other RTKs. Inhibition of DDR1 and DDR2 was first 

evaluated using the well-established LANCE ULTRA kinase assay.
 31 

For compounds with good 

inhibitory activity (IC50 below 100 nM) against DDR1 and/or DDR2, the inhibition of Bcr-Abl and c-Kit 

kinases was determined to investigate selectivity. Two reported inhibitors of both DDRs and Bcr-Abl 

(nilotinib (2) and dasatinib (3)) were included to validate the screening conditions. Under the 
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 6

experimental conditions, 3 potently inhibited DDR1, DDR2 and Bcr-Abl with IC50 values of 4.8, 11.7 

and 0.26 nM, respectively; these values were similar to previously reported data (Table 1).
 24, 25 

The 

similar IC50 values of compound 2 with respect to previously reported data further confirmed the 

reliability of our screening methods. 
25  

A number of compounds were found to exhibit strong inhibition of DDR1 and DDR2: N-isopropyl-4-

methyl-3-(2-(pyrazolo[1,5-a]pyrimidin-6-yl)ethynyl) benzamide (7a) stood out because of its good 

activity and relatively high selectivity over Bcr-Abl. This compound potently inhibited the kinase 

activity of DDR1 with an IC50 value of 39.6 nM but did not detectably inhibit Bcr-Abl and DDR2 at 1.0 

µM. However, further evaluation showed that this compound also strongly suppressed the activity of c-

Kit, with an IC50 value of 67 nM.  

Taking 7a as a lead molecule, extensive structural optimization was conducted to improve its DDR-

inhibitory activity and its selectivity over Bcr-Abl and c-Kit kinases. The results are summarized in 

Table 1 and Table 2. We found that the isopropyl group in 7a could be replaced with an n-butyl (7b), 

cyclohexyl (7d) or cyclopentyl (7e) moiety without reducing the inhibitory activity against DDR1. For 

instance, compound 7d (with a cyclohexyl moiety) displayed an IC50 value of 29.1 nM against DDR1, 

which was similar to that of 7a, but its inhibitory activity against c-Kit decreased approximately 3-fold. 

Interestingly, when the isopropyl group in 7a was changed to an isobutyl moiety (7c), the inhibitory 

activity was dramatically decreased for all 4 of the tested kinases. Further investigation revealed that the 

isopropyl group in 7a could also be replaced with a phenyl substituent (7f), which maintained strong 

inhibition of DDR1 and reduced the inhibition of c-Kit. Thus, compounds 7f and 7a displayed almost 

identical IC50 values against DDR1. However, the selectivity of 7f for DDR1 over c-Kit kinase was 

approximately 12 times greater than that of 7a. 

Systematic structural optimization of 7f revealed that substituents on the N-terminal phenyl ring 

dramatically impacted DDR1 kinase inhibition. For instance, when a methyl group was introduced at R3 

(7h), the IC50 was approximately 5.96 nM against DDR1, or 6.5 times more potent than 7f. Although a 

methyl group at R4 (7i) did not greatly influence the potency against DDR1, the R2-methylated 
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 7

compound 7g was over 25-fold less potent than 7f. The compounds featuring R3-chloro (7k) or methoxy 

(7n) substituents were also significantly more potent than 7f or the corresponding R2- or R4-substituted 

analogues (7j, 7l, 7m and 7o). However, none of these compounds displayed marked selectivity for 

DDR1 over c-Kit kinase. Further studies suggested that the R3 position could also tolerate Br (7p), I 

(7q), iso-propoxyl (7t), dimethylamino (7u), or 1-imidazolyl (7v) substituents while retaining good or 

moderate inhibition against DDR1. However, when a 1-(4-methyl)imidazolyl (7w) or (4-

methylpiperazin-1-yl)methyl (7x) moiety was introduced at R3, the potency was significantly decreased. 

Encouragingly, when R3 was a CF3 group, the resulting compound 7r displayed a 6.14 nM IC50 value 

against DDR1 and 12–35-fold selectivity over DDR2, Bcr-Abl and c-Kit. By contrast, CF3 substitution 

at R4 (7s) almost totally abolished the inhibition of the 4 evaluated kinases, which confirmed that R3 is 

the optimal position for structural optimization.   

Table 1 In vitro inhibitory activities of compounds 7a-7x against DDR1, DRR2, Bcl-Abl and c-Kit.
a, b

 

N
H

O

N

NN

7

R2

R3

R4

 

Compound R2 R3 R4 

Kinase inhibition (IC50, nM) 

DDR1 DDR2 Bcr-Abl c-Kit 

7a 
N
H

O

N

NN

 

39.63 >1µM >1µM 67 

7b 
N
H

O

N

NN

 

65.14 >1µM >1µM 16.7 
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 8

7c 
N
H

O

N

NN

 

>1µM >1µM >1µM 497 

7d 
N
H

O

N

NN

 

29.15 >1µM >1µM 200 

7e N
H

O

N

NN

 

39.82 >1µM >1µM 12.5 

7f H H H 38.90 >1µM >1µM 457 

7g Me H H >1µM >1µM >1µM >1µM 

7h H Me H 5.96 >1µM >1µM 3.03 

7i H H Me 47.75 >1µM >1µM 2.61 

7j Cl H H >1µM >>1µM >1µM 8320 

7k H Cl H 2.29 >1µM >1µM 4.89 

7l H H Cl >1µM >1µM >1µM 29.6 

7m MeO H H 470 >1µM >1µM 82.3 

7n H MeO H 4.04 >1µM >1µM 1.9 

7o H H MeO 22.36 >1µM >1µM 9.28 

7p H Br H 16.64 >1µM 275.42 99.5 

7q H I H 19.75 >1µM >1µM 254 

7r H CF3 H 6.14 73.84 97.44 214 

7s H H CF3 >1µM >1µM >1µM >1µM 

7t H i-PrO H 35.02 >1µM >1µM 117 
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 9

7u H 
 

H 9.72 >1µM 310.63 18.8 

7v H 
 

H 19.03 >1µM 198 82.4 

7w H 

 

H 386.5 2270 159 284 

7x H 
 

H 324.1 >1µM 504.0 257 

2    
32.6 

(43) 
c
 

105 

(55) 
c
 

43.5 N.D. 

3    
4.80 

(0.5) 
c
 

11.7 

(1.4) 
c
 

0.26 2.38 

a
 DDR1 and DDR2 experiments were performed using LANCE ULTRA kinase assay according to the 

manufacturer’s instructions. The data are means from at least 2 independent experiments. 
b

 Bcr-Abl and 

c-Kit activity experiments were performed using the FRET-based Z’-Lyte assay according to the 

manufacturer’s instructions. The data are means from at least 3 independent experiments. 
c
 Reported 

data.
24, 25 

A series of R3, R5-disubstituted compounds was also designed and synthesized (Table 2). R3, R5-

Dimethyl compound 7y displayed similar potency against DDR1 to that of the mono-methyl compound 

7h (Table 1), but its selectivity was improved. The R3-methyl, R5-chloro compound 7z also potently 

inhibited DDR1, with an IC50 of 29.8 nM. These results strongly suggested that one hydrophobic group 

in R3 (or R5) would be sufficient to interact with DDR1, whereas the other group might be located 

outside of the binding pocket, providing an ideal position for a pharmaceutically acceptable hydrophilic 

group to improve the hydrophilic-lipophilic balance of the molecule. Therefore, compounds 7ra, 7re, 

7rf and 7rg, which featured hydrophilic 1-(4-methyl)imidazolyl, morpholinomethyl, piperidin-1-

ylmethyl or (pyrrolidin-1-yl)methyl groups, respectively, were designed and synthesized. All 

compounds showed comparable inhibition of DDR1 to the mono-substituted lead compound 7r. For 

instance, 7ra displayed an IC50 of 8.93 nM against DDR1, while 7r had a value of 6.14 nM. However, 

introduction of a hydrophilic group seemed to increase inhibition of Bcr-Abl, causing a significant loss 
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 10

of DDR1 selectivity. Compounds 7rb, 7rc and 7rd were also obvious less selective than the 

corresponding mono-substituted compounds 7h, 7k and 7n, although their potencies against DDR1 were 

not significantly changed.    

Table 2 In vitro inhibitory activities of compounds 7y-7rj against DDR1, DRR2, Bcl-Abl and c-Kit.
a, b

 

R1

N
H

O

N

NN

7

R3

R5

 

Compound R1 R3 R5 

Kinase inhibition (IC50, nM) 

DDR1 DDR2 Bcr-Abl c-Kit 

7y Me Me Me 6.34 116.0 >1µM 185 

7z Me Me Cl 29.81 >1µM >1µM >1µM 

7ra Me 
 

CF3 8.93 100.56 16.2 756 

7rb Me 
 

CH3 
6.71 37.1 38.9 274 

7rc Me 
 

Cl 13.94 103 59.5 407 

7rd Me 
 

OMe 13.3 125 128 413 

7re Me 

 

CF3 17.49 775.9 129.1 >1µM 

7rf Me 

 

CF3 37.58 214 115 >1µM 
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 11

7rg Me 
 

CF3 12.47 131.36 49.04 741 

7rh Et 
 

CF3 6.811 101.4 355 >10µM 

7ri Cl 
 

CF3 10.05 172.65 54.7 1500 

7rj H 
 

CF3 7.02 93.65 447 243 

a
 DDR1 and DDR2 experiments were performed using LANCE ULTRA kinase assay according to the 

manufacturer’s instructions. The data are means from at least 2 independent experiments. 
b

 Bcr-Abl and 

c-Kit activity experiments were performed using the FRET-based Z’-Lyte assay according to the 

manufacturer’s instructions. The data are means from at least 3 independent experiments. 
 

Prior studies suggested that the “flag-methyl” R1 group was important for AP24534 (5) and other 

inhibitors to maintain strong binding to Bcr-Abl kinase. 
32 

We hypothesized that Bcr-Abl inhibition 

might be decreased or eliminated by modifying the R1 substituent. Indeed, although the R1-Cl compound 

7ri showed similar potency and selectivity to that of 7ra, we were pleased to find that the Bcr-Abl 

inhibitory potencies were significantly decreased by replacing the R1-methyl group in 7ra with an ethyl 

group (7rh) or a hydrogen atom (7rj); the activities against DDR1 and DDR2 remained unchanged. For 

instance, compound 7rh inhibited DDR1 with an IC50 of 6.81 nM, while the IC50 values for DDR2, Bcr-

Abl and c-Kit were 101.4, 355 and over 10,000 nM, respectively. Compound 7rj also displayed 12–64-

fold selectivity for DDR1 over the other 3 kinases evaluated. Thus, compounds 7rh and 7rj represented 

the two most potent and selective DDR1 inhibitors for further investigation. 

The direct binding affinity of compound 7rh with DDR1 kinase was determined by using an active-

site-dependent competition binding assay (conducted by Ambit Bioscience, San Diego, USA). It was 

shown that compound 7rh tightly bound to the ATP-binding sites of DDR1 with Kd values of 0.6 nM. 

We further profiled the compound against a panel of 456 kinases (including 395 non-mutated kinases) 

using the Ambit Kinome screening platform to investigate the selectivity of the new DDR1 inhibitor. 

The screening concentration was 100 nM which was about 160 times higher than its Kd values with 
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 12

DDR1. The results clearly revealed that compound 7rh displayed an excellent selective profile on 

DDR1 (Supporting Information and Table 3.). For instance, compound 7rh showed almost 100% 

competition rate (99.5% inhibition, Ctrl% = 0.05) with DDR1 at 100 nM, while it only displayed 

obvious binding (inhibition rate >65%, or Ctrl% < 35%) with 14 of the other 395 non-mutated kinases 

evaluated. These kinases included Abl1, B-Raf (V600E), DDR2, EPHA8, HCK, LOK, MAK, PDGFRβ, 

Tie2, TRKb, TRBc and ZAK etc. The S(35) and S(10) selectivity scores were 0.035 and 0.008, 

respectively.  

Table 3 Hits with Ctrl% < 35% in a selectivity profiling study of compound 7rh against 396 non-

mutated kinases at 100 nM.
 a 

Kinases Ctrl% @ 100 M S-score 

S(35) (S10) 

Non-

phosphorylated 

Abl-1 

27 0.035 0.008 

B-Raf (V600E) 29 

DDR1 0.05 

DDR2 28 

EPHA-8 21 

HCK 30 

GCN2 25 

LOK 1.6 

MAK 13 

PDGFRβ 31 

Tie2 31 

TRBb 8.7 

TRBc 12 

ZAK 22 

a
 The binding rates of 7rh with different kinases were determined by using an active-site-dependent 

competition binding assay (conducted by Ambit Bioscience, San Diego, USA). The results were 

reported as “control%” (ctrl%), where lower numbers indicate stronger binding. S-core = number of hits 
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/ numbers of assays. Ctrl% =  (test compound signal – positive control signal) / (negative control signal 

– positive control signal) ×100. Wherein, negative control = DMSO (Ctrl% = 100%); positive control = 

control compound (Ctrl% = 0%). S-score (selectivity score) = number of hits / number of assays. S(35) 

= (number of non-mutated kinases with ctrl% < 35%) / (number of non-mutated kinases tested). S(10) = 

(number of non-mutated kinases with ctrl% < 10%) / (number of non-mutated kinases tested). 

To further validate these new DDR1 inhibitors, we examined the effects of the representative 

compounds 7rh and 7rj on the activation of DDR1 and downstream signals in NCI-H23 non-small cell 

lung cancer cells (NSCLC) expressing high level of DDR1; the results are summarized in Figure 2. It 

was clear that both compounds inhibited phosphorylation of DDR1 in a dose-dependent manner. It has 

previously been demonstrated that DDR1 activation can trigger pro-survival Ras/Raf/Erk and PI3K/Akt 

signals, resulting in enhanced expression of DDR1 and the anti-apoptotic Bcl-xL.
 33

 Not surprisingly, 

the inactivation of DDR1 by compounds 7rh and 7rj induced significant decrease of total protein levels 

of DDR1 and Bcl-xL. Prior studies have also revealed that DDRs stimulate the production of matrix 

metalloproteinase (MMP). 
33

 Indeed, inhibition of DDR1 by 7rh and 7rj caused a significant reduction 

in the level of MMP-2. However, the effect on MMP-9 was less obvious.  

 

Figure 2. Compounds 7rh and 7rj inhibit both the expression and phosphorylation of DDR1 and 

downstream signaling in a dose-dependent manner. A) Compound 7rh inhibits the expression and 

phosphorylation of DDR1 and downstream signaling in NCI-H23 NSCLC cells; B) Compound 7rj 

inhibits the expression and phosphorylation of DDR1 and downstream signaling in NCI-H23 NSCLC 

cells. 
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The anti-proliferative effects of compounds 7rh and 7rj were also investigated using a panel of cancer 

cell lines expressing high levels of DDR1 (Table 4). The drugs 2 and 3 were included as positive 

controls because of their strong DDR1/DDR2 inhibitory activities. The cancer cell lines included A549, 

NCI-H23 and NCI-H460 human NSCLC cells; MDA-MB-435S, MCF-7 and T47D human breast cancer 

cells; HCT116 human colon cancer cells; and K562 chronic myelogenous leukemia cells. It was also 

noteworthy that the cells have been successfully used as models for the functional investigation on 

DDR1.
 23, 39c, 39d, 43 

As shown in Table 3, compounds 7rh and 7rj potently inhibited proliferation, with 

IC50 values in the low µM range. For instance, compound 7rh suppressed the growth of A549, NCI-H23 

and NCI-H460 human NSCLC cells with IC50 values of 2.7, 2.1 and 3.0 µM, respectively, while the 

value in K562 human CML cells was approximately 0.038 µM. The strong inhibition of 7rh and 7rj on 

K562 cell growth might be, at least in part, due to the high level of activated DDR1 (Supporting 

Information). Further investigation also revealed that the compounds induced apoptosis of NCI-H23 

NSCLC cells in a dose-dependent manner (see Supporting Information).  

Table 4. The anti-proliferative effects of compounds 7rh and 7rj on a panel of cancer cells harboring 

high levels of DDR1. 

 

compound 

Anti-proliferative activity (IC50, µM) 
a
 

A549 
b
 NCI-

H23
 b
 

NCI-

H460
 b
 

MDA-MB-

435S
 b
 

MCF-7
 b

 T47D
 b
 HCT116

 b
 K562

 c
 

7rh 2.74±0

.22 

2.08±0

.12 

2.98±0.5

7 

2.22±0.05 2.15±0.04 1.88±0.22 1.13±0.18 0.038±0.

011 

7rj 11.73±

0.49 

11.91±

0.28 

7.77±0.9

5 

2.86±0.07 2.82±0.18 3.13±0.14 2.41±0.18 0.059±0.

005 

2 
6.63±0

.45 

3.05±0

.45 

14.41±2.

31 
2.66±0.211 6.92±1.03 6.08±0.01 2.39±0.02 0.015±0.

003
 d
 

3 

12.66±

1.12 

(>1.0)
e
 

2.27±0

.44 

(1.02) 
e
 

8.99±0.7

1 

3.90±0.05 

(7.78) 
e
 

2.57±0.08  

（12.4）e
 

0.90±0.20 

(0.45)
 e
 

2.30±0.01  

  (4.45)
 e
 

0.0007±0

.0001 
d
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a
 Data are means from at least 4 independent experiments.

  b
 The anti-proliferative activities of the 

compounds were evaluated using an MTT assay.
 c 

IC50 values were determined by using the cell 

counting kit (CCK-8) assay. 
d
 The potent antiproliferative activity might be due to strong inhibition 

against Bcr-Abl. 
e
 Reported data.

 42
 

MMP2 and MMP9 are key enzymes mediating the degradation of extracellular matrix (ECM), which 

is a critical step in metastasis.
 
Increased levels of MMP2 and MMP9 have been associated with 

metastasis of different types of solid tumor.
 35, 36

 Collectively, the studies demonstrate that DDR1 

stimulates the production of MMPs.
 4, 34

 Our results clearly demonstrate that 7rh and 7rj potently 

decrease MMPs (Figure 2), suggesting that DDR1 inhibitors may inhibit the migration and invasion of 

cancer cells. Therefore, we investigated the effects of 7rh and 7rj on the invasiveness of NCI-H23 

NSCLC cells using a Boyden chamber assay.
37

 Matrigel was applied to the filter membrane, and the 

number of NCI-H23 cells that penetrated the matrigel and membrane was quantified. As shown in 

Figure 3, compounds 7rh and 7rj inhibited the invasiveness of NCI-H23 cells in a dose-dependent 

manner. Treatment with 7rh at 1.0, 2.0 or 5.0 µM for 24 hours inhibited invasion by ~30%, ~37% or 

~82%, respectively (P<0.01, compared to vehicle control; see Figure 3A and Supporting Information). 

The corresponding numbers for 7rj were 36%, 39% and 57%, respectively (Figure 3B and Supporting 

Information). These results strongly suggested that the compounds may suppress the metastasis of 

NSCLC cancers. 
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Figure 3. Compounds 7rh and 7rj inhibit the invasion of NCI-H23 NSCLC cells in a dose dependent 

manner. A) Compound 7re inhibits the invasion of NCI-H23 NSCLC cells in a Boyden chamber assay. 

B) Compound 7rj inhibits the invasion of NCI-H23 NSCLC cells in a Boyden chamber assay. The 

results are representative of two independent experiments. 

Cell adhesion involves a number of regulatory processes, including growth, differentiation, 

proliferation, migration and regeneration. Adhesion is crucial in the formation and maintenance of 

coherent multicellular structures.
38 

DDR1 has been implied as one of the key regulators of cell adhesion.
 

39 
Therefore we investigated the impact of 7rh and 7rj on cell-matrix adhesion using a well-established 

crystal violet adhesion assay.
 40

 NCI-H23 NSCLC cells adhering to the pre-coated BD Matrigel were 

treated with 7rh and 7rj in different concentrations. As shown in Figure 4, compounds 7rh and 7rj 

potently inhibited cell-matrix adhesion in a dose-dependent manner. Treatment with 7rh at 5.0, 10.0 or 

20.0 µM for 2 hours inhibited cell-matrix adhesion by ~17%, ~40% or ~88%, respectively, compared to 

vehicle control (Figure 4A) 
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Figure 4. Compounds 7rh and 7rj inhibit the cell-matrix adhesion of NCI-H23 cells in a crystal violet 

adhesion assay. A) Compound 7rh inhibits the cell-matrix adhesion of NCI-H23 cells in a dose 

dependent manner. B) Compound 7rj inhibits the cell-matrix adhesion of NCI-H23 cells in a dose 

dependent manner. The results are representative of 2 independent experiments. (* p<0.05, **p<0.01)  

The effects of 7rh and 7rj on the tumorigenicity of NCI-H23 cancer cells were also examined using 

an in vitro colony formation assay, as well as anchorage-independent growth in soft agarose. As shown 

in Figures 5A and 5B, the compounds inhibited colony formation by NCI-H23 NSCLC cells in a dose-

dependent manner, with IC50 values of 0.56 and 3.29 µM, respectively (Supporting Information). 

Anchorage-independent growth of cells in soft agar is one of the hallmarks of cellular transformation 

and uncontrolled cell growth. Therefore, the anti-tumorigenic effects of 7rh and 7rj on NCI-H23 cancer 

cells were further evaluated using a 3-dimensional (3D) soft-agar assay, which is closer to the in vivo 

cellular environment. The results (Figure 5C) reveal that the compounds potently reduce the number 

and size of colonies, suggesting strong inhibition of cancer cell transformation. 

Given their promising in vitro biological activities, preliminary in vivo pharmacokinetic (PK) studies 

of 7rh and 7rj were also conducted in rats. The results are summarized in Table 5. Compounds 7rh and 

7rj displayed good pharmacokinetic properties, with oral bioavailability of 67.4% and 56.2%, 

respectively. 7rh and 7rj also possessed reasonable half-lives of 15.5 and 9.8 hours, respectively, after 

oral administration. 
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Figure 5. Compounds 7rh and 7rj suppress NCI-H23 cell tumorigenicity. A) Compound 7rh inhibits 

NCI-H23 cancer cell colony formation in a colongenic assay. B) Compound 7rj inhibits NCI-H23 

cancer cell colony formation in a clonogenic assay. C) 7rh and 7rj reduce the number and size of 

colonies of NCI-H23 cancer cells in a soft agar cell transformation assay. The results are representative 

of 2 independent experiments. 

Table 5. Compounds 7rh and 7rj display a good pharmacokinetic profile in rats.
 a
 

 7rh 7rj 

 Oral (25 mg/kg) i.v. (5 mg/kg) Oral (25 mg/kg) i.v. (5 mg/kg) 

AUC(0-∞) (µg/L*h) 37587.54±3453.28 11156.31±921.89 24706.67±4079.71 8799.33±2550.47 

T1/2  (h) 15.53±1.58 13.21±1.48 9.80±4.72 7.55±3.47 

Tmax (h) 4.25±1.26 0.033 4.00±1.41 0.033 

Cmax   (µg/L) 1867.50±118.43 1122.50±97.40 1767.50±216.39 1235.00±68.56 

F (%) 67.4%  56.2%  

a
 SD rats (male, 4 animals per group) weighted 180~220g were used for the study.  

In summary, a series of 3-(2-(pyrazolo[1,5-a]pyrimidin-6-yl)ethynyl)benzamides were found to be 

selective small molecule DDR1 inhibitors. The compounds potently inhibited DDR1 but were 

significantly less potent against many other kinases such as DDR2, Abl and c-Kit. The most promising 
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compounds 7rh and 7rj displayed nanomolar IC50 values against DDR1 and potently inhibited the 

proliferation of a panel of cancers cell lines expressing high levels of DDR1, including A549, NCI-H23, 

NCI-H460 human NSCLC cells; MDA-MB-435S, MCF-7, T47D human breast cancer cells; HCT116 

colon cancer cells; and K562 CML cells. These compounds also potently suppressed the activation of 

DDR1 and downstream signaling. Further investigation demonstrated that compounds 7rh and 7rj 

strongly inhibited invasiveness, cell-matrix adhesion and tumorigenicity in NCI-H23 human NSCLC 

cells. Moreover, in preliminary in vivo pharmacokinetic studies, 7rh and 7rj displayed excellent profiles. 

Our study provides new research probes and lays a basic foundation for further validation of DDR1 as a 

potential target for anticancer drug development.   

EXPERIMENTAL 

Chemistry. Reagents and solvents were obtained from commercial suppliers and used without further 

purification. Flash chromatography was performed using silica gel (300-400 mesh). All reactions were 

monitored by TLC, silica gel plates with fluorescence F254 were used and visualized with UV light. 
1
H 

and
 13

C NMR spectra were recorded on a Bruker AV-400 spectrometer at 400 MHz and Bruker AV-500 

spectrometer at 125 MHz, respectively. Coupling constants (J) are expressed in hertz (Hz). Chemical 

shifts (δ) of NMR are reported in parts per million (ppm) units relative to internal control (TMS). The 

low or high resolution of ESI-MS was recorded on an Agilent 1200 HPLC-MSD mass spectrometer or 

Applied Biosystems Q-STAR Elite ESI-LC-MS/MS mass spectrometer, respectively. The purity of 

compounds was determined to be over 95% (>95%) by reverse-phase high performance liquid 

chromatography (HPLC) analysis. HPLC instrument: DIONEX SUMMIT HPLC (Column: Diamonsil 

C18, 5.0 µm, 4.6 x 250 mm(Dikma Technologies); Detector: PDA-100 Photodiode Array; Injector: 

ASI-100 Autoinjector; Pump: p-680A.). Elution: 85% MeOH in water; flow rate, 1.0 mL/min.  

Methyl 3-ethynyl-4-methylbenzoate (9a) To a solution of methyl 3-iodo-4-methylbenzoate (27.61 g, 

100 mmol) in EtOAc (300 mL) was added Pd(PPh3)2Cl2 (0.70 g, 1 mmol), CuI (0.19 g, 1 mmol), and 

triethylamine (30.4 g, 300 mmol). The mixture was stirred at room temperature overnight under argon 

atmosphere. The reaction mixture was filtered through a pad of celite. The filtrate was concentrated and 

Page 19 of 50

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 20

the resulting residue was purified by flash chromatography to give methyl 4-methyl-3-

((trimethylsilyl)ethynyl)benzoate as a white solid (20.9 g, 85.0%). 
1
H NMR (400 MHz, DMSO-d6) δ 

7.89 (d, J = 1.6 Hz, 1 H), 7.83 (dd, J = 8.0, 1.6 Hz, 1 H), 7.42 (d, J = 8.0 Hz, 1 H), 3.83 (s, 3 H), 2.42 (s, 

3 H), 0.24(s, 9 H). 
13

C NMR (100 MHz, DMSO-d6) δ 165.1, 145.1, 132.0, 129.8, 129.0, 127.4, 122.4, 

102.4, 99.2, 51.8, 20.0, -0.4. LC-MS: m/z 247 [M+H]
+
. To a solution of methyl 4-methyl-3-

((trimethylsilyl)ethynyl)benzoate (19.7 g, 80 mmol) in CH3OH (300 mL), and treated with K2CO3 (16.6 

g, 120 mmol), and the mixture was stirred at room temperature for 5 minutes. The solvents were 

evacuated and EtOAc and H2O were added to the residue. The organic layer was separated, and the 

aqueous layer was exacted with EtOAc (3×100 mL). The combined layers were dried over Na2SO4 and 

concentrated. The resulting crude was further purified by flash chromatography to give the product as a 

white solid(12.5 g, 90.0%). 
1
H NMR (400 MHz, DMSO-d6) δ 7.93 (d, J = 1.2 Hz, 1 H), 7.85 (dd, J = 

8.0, 1.6 Hz, 1 H), 7.44 (d, J = 8.4 Hz, 1 H), 4.49 (s, 1H), 3.84 (s, 3 H), 2.44 (s, 3 H). 
13

C NMR (100 

MHz, DMSO-d6) δ 165.2, 145.3, 132.3, 129.9, 129.0, 127.4, 121.9, 85.1, 80.9, 51.9, 20.1. LC-MS: m/z 

175 [M+H]
+
; 173 [M-H]

-
. 

Methyl 4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzoate (10a) To a solution of 9a
 
(10.45 g, 

60 mmol) in NMP (120 mL), 6-bromopyrazolo[1,5-a]pyrimidine (11.88 g, 60 mmol), N, N-

diisopropylethylamine (7.76 g, 180 mmol), Pd(PPh3)2Cl2 (0.42 g, 0.6 mmol), and CuI (0.12 g, 0.6 mmol) 

was placed in a vial with rubber septum. The mixture underwent 3 cycles of vacuum/filling with Ar. 

The mixture was stirred at 80 ℃ overnight and then quenched with H2O. EtOAc and more H2O were 

added for extraction. The combined organic layer was dried over Na2SO4, filtered, concentrated, and the 

resulting residue was purified by chromatography, giving the title compound as a white solid (14.0 g, 

80.0%). 
1
H NMR (400 MHz, DMSO-d6) δ 9.56 (s, 1H), 8.70 (s, 1H), 8.32 (s, 1H), 8.08 (s, 1H), 7.89 (d, 

J= 7.6 Hz, 1H), 7.50 (d, J= 8.0 Hz, 1H), 6.82 (s, 1H), 3.86 (s, 3H), 2.56 (s, 3H). 
13

C NMR (125 MHz, 

DMSO-d6) δ 165.4, 150.9, 146.5, 146.3, 145.3, 138.2, 132.2, 130.3, 129.5, 127.6, 122.0, 104.6, 97.3, 

90.2, 87.8, 52.2, 20.5. LC-MS: m/z 292 [M+H]
+
. 
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4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzoic acid (11a) To a solution of 10a (11.65 g,40 

mmol) in methanol (120 mL) was added NaOH (3.2 g, 80 mmol). The mixture was stirred at 60 ℃ 

overnight. The mixture was acidified to pH 4 in ice bath by 5% HCl. The precipitates were filtered, 

washed with H2O, and further purified by recrystallization to give the title compound as a off-white 

solid (10.1 g, 91.0%). 
1
H NMR (400 MHz, DMSO-d6) δ 13.08 (br s, 1H), 9.57 (s, 1H), 8.71 (s, 1H), 

8.32 (s, 1H), 8.08 (s, 1H), 7.89 (d, J= 8.0 Hz, 1H), 7.49 (d, J= 8.0 Hz, 1H), 6.83 (s, 1H), 2.57 (s, 3H). 

13
C NMR (125 MHz, DMSO-d6) δ 167.0, 151.5, 147.0, 146.8, 145.3, 138.7, 132.9, 130.6, 130.3, 129.3, 

122.4, 105.3, 97.8, 90.9, 88.1, 21.0. LC-MS: m/z 278 [M+H]
+
; 276 [M-H]

-
. 

N-Isopropyl-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7a) To the suspension of 

4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzoic acid (0.28 g, 1 mmol) in CH2Cl2 (3 mL) was 

added isopropylamine (0.059 g, 1 mmol), N, N-diisopropylethylamine (0.39 g, 3 mmol), and PyBOP 

(0.62 g, 1.2 mmol). The mixture was stirred at room temperature for 6 hours. CH2Cl2 and H2O were 

added, the organic layers were separated and the aqueous was extracted with CH2Cl2 (5×100 mL). The 

combined organic layer was dried over Na2SO4, filtered, and concentrated. The resulting residue was 

purified by flash chromatography and recrystallization, giving the title compound as a white solid (0.26 

g, 81.7%).
 1

H NMR (500 MHz, DMSO-d6) δ 9.56 (s, 1H), 8.71 (d, J = 1.5 Hz, 1H), 8.33 (d, J = 2.0 Hz, 

1H), 8.32 (d, J = 7.5 Hz, 1H), 8.05 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 6.84 (d, J 

= 1.5 Hz, 1H), 4.11 (sext, J = 7.0 Hz, 1H), 2.55 (s, 3H), 1.17 (d, J = 6.5 Hz, 6H). 
13

C NMR (100 MHz, 

DMSO-d6) δ 164.1, 150.6, 146.4, 146.0, 142.6, 137.7, 132.6, 130.2, 129.4, 127.8, 121.1, 104.7, 97.1, 

90.8, 86.9, 40.9, 22.1 (2C), 20.0. LC-MS (ESI): m/z 319 [M+H]
+
; 317 [M-H]

-
. HRMS (ESI): m/z calcd 

for C19H19N4O [M+H]
+
, 319.1553; found 319.1553. HPLC analysis: 5.23 min, 98.0%. 

N-Butyl-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7b) Yield, 75.0%. 
1
H NMR 

(500 MHz, DMSO-d6) δ 9.56 (s, 1H), 8.70 (d, J = 2.0 Hz, 1H), 8.51 (t, J = 5.5 Hz, 1H), 8.33 (d, J = 2.5 

Hz, 1H), 8.04 (s, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 2.0 Hz, 1H), 3.26 

(q, J = 6.5 Hz, 1H), 2.54 (s, 3H), 1.51 (quint, J = 7.5 Hz, 2H), 1.34 (sext, J = 7.5 Hz, 2H), 0.90 (t, J = 
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7.5 Hz, 3H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.9, 150.7, 146.4, 146.0, 142.6, 137.7, 132.5, 130.2, 

129.5, 127.7, 121.2, 104.7, 97.1, 90.8, 87.0, 31.0, 20.0, 19.4, 13.4. LC-MS (ESI): m/z 333 [M+H]
+
; 331 

[M-H]
-
. HRMS (ESI): m/z calcd for C20H21N4O [M+H]

+
, 333.1710; found 333.1708. HPLC analysis: 

5.98 min, 98.6%. 

N-Isobutyl-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7c) Yield, 70.5%. 
1
H 

NMR (500 MHz, DMSO-d6) δ 9.56 (d, J = 1.0 Hz, 1H), 8.70 (d, J = 1.5 Hz, 1H), 8.54 (t, J = 4.5 Hz, 

1H), 8.33 (d, J = 2.0 Hz, 1H), 8.05 (d, J = 0.5 Hz, 1H), 7.83 (dd, J = 8.0, 1.0 Hz, 1H), 7.45 (d, J = 8.0 

Hz, 1H), 6.83 (d, J = 2.0 Hz, 1H), 3.08 (t, J = 6.0 Hz, 2H), 2.55 (s, 3H), 1.85 (heptet, J = 7.0 Hz, 1H), 

0.90 (d, J = 6.5 Hz, 6H). 
13

C NMR (100 MHz, DMSO-d6) δ 165.1, 150.7, 146.4, 146.0, 142.7, 137.8, 

132.6, 130.2, 129.5, 127.8, 121.2, 104.7, 97.1, 90.8, 87.0, 46.6, 27.8, 20.1, 20.0 (2C). LC-MS (ESI): m/z 

333 [M+H]
+
; 331 [M-H]

-
. HRMS (ESI): m/z calcd for C20H21N4O [M+H]

+
, 333.1710; found 333.1709. 

HPLC analysis: 5.96 min, 99.0%. 

N-Cyclohexyl-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7d) Yield, 67.0%. 
1
H 

NMR (500 MHz, DMSO-d6) δ 9.56 (d, J = 0.5 Hz, 1H), 8.71 (d, J = 1.5 Hz, 1H), 8.34 (d, J = 2.5 Hz, 

1H), 8.30 (d, J = 8.0 Hz, 1H), 8.05 (s, 1H), 7.82 (dd, J = 8.0, 1.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 6.84 

(d, J = 2.0 Hz, 1H), 3.80-3.72 (m, 1H), 2.55 (s, 3H), 1.86-1.70 (m, 4H), 1.64-1.58 (m, 1H), 1.35-1.26 

(m, 4H), 1.18-1.08 (m, 1H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.1, 150.7, 146.4, 146.0, 142.6, 137.8, 

132.7, 130.3, 129.4, 127.9, 121.2, 104.7, 97.1, 90.8, 87.0, 48.3, 32.2 (2C), 25.1, 24.7 (2C), 20.1. LC-MS 

(ESI): m/z 359 [M+H]
+
; 357 [M-H]

-
. HRMS (ESI): m/z calcd for C22H23N4O [M+H]

+
, 359.1866; found 

359.1865. HPLC analysis: 6.98 min, 99.1%. 

N-Cyclopentyl-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7e) Yield, 66.5%. 
1
H 

NMR (400 MHz, DMSO-d6) δ 9.55 (d, J = 1.2 Hz, 1H), 8.70 (d, J = 2.0 Hz, 1H), 8.37 (d, J = 7.2 Hz, 

1H), 8.33 (d, J = 2.4 Hz, 1H), 8.05 (d, J = 1.2 Hz, 1H), 7.82 (dd, J = 8.0, 1.6 Hz, 1H), 7.43 (d, J = 8.0 

Hz, 1H), 6.83 (d, J = 1.6 Hz, 1H), 4.26-4.20 (m, 1H), 2.54 (s, 3H), 1.92-1.88 (m, 2H), 1.70-1.68 (m, 

2H), 1.58-1.53 (m, 4H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.7, 150.7, 146.4, 146.0, 142.6, 137.8, 

132.6, 130.3, 129.4, 127.9, 121.2, 104.7, 97.1, 90.9, 87.0, 50.9, 32.0 (2C), 23.5 (2C), 20.1. LC-MS 
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(ESI): m/z 345 [M+H]
+
; 343 [M-H]

-
. HRMS (ESI): m/z calcd for C21H21N4O [M+H]

+
, 345.1710; found 

345.1710. HPLC analysis: 6.15 min, 97.3%. 

4-Methyl-N-phenyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7f) Yield, 83.0%.
1
H NMR 

(400 MHz, DMSO-d6) δ10.31 (s, 1H), 9.58 (dd, J = 1.6, 0.4 Hz, 1H), 8.72 (d, J = 2.4 Hz, 1H), 8.34 (d, J 

= 2.4 Hz, 1H), 8.18 (d, J = 1.6 Hz, 1H), 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 7.80 (s, 1H), 7.78 (s, 1H), 7.53 

(d, J = 8.0 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.11 (t, J = 7.2 Hz, 1H), 6.84 (dd, J = 2.4, 0.8 Hz, 1H), 2.59 

(s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.4, 150.9, 146.5, 146.3, 143.6, 139.0, 138.1, 132.7, 

130.8, 129.9, 128.6 (2C), 128.4, 123.7, 121.6, 120.4 (2C), 104.8, 97.3, 90.8, 87.5, 20.4. LC-MS (ESI): 

m/z 353 [M+H]
+
; 351 [M-H]

-
. HRMS (ESI): m/z calcd for C22H17N4O [M+H]

+
, 353.1397; found 

353.1395. HPLC analysis: 6.23 min, 99.1%. 

4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(o-tolyl)benzamide (7g) Yield, 63.0%. 
1
H 

NMR (400 MHz, DMSO-d6) δ 9.97 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 8.34 (d, J 

= 2.4 Hz, 1H), 8.19 (d, J = 1.2 Hz, 1H), 7.96 (dd, J = 7.6, 1.2 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.34 (d, 

J = 7.2 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.24-7.21 (m, 1H), 7.20-7.16 (m, 1H), 6.84 (d, J = 1.6 Hz, 

1H), 2.59 (s, 3H), 2.24 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.3, 150.9, 146.5, 146.3, 143.5, 

138.1, 136.3, 133.8, 132.4, 130.8, 130.3, 129.9, 128.3, 126.6, 126.0, 125.9, 121.6, 104.8, 97.3, 90.8, 

87.4, 20.4, 17.9. LC-MS (ESI): m/z 367 [M+H]
+
; 365 [M-H]

-
. HRMS (ESI): m/z calcd for C23H19N4O 

[M+H]
+
, 367.1553; found 367.1559. HPLC analysis: 5.80 min, 97.9%. 

4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(m-tolyl)benzamide (7h) Yield, 87.5%. 
1
H 

NMR (400 MHz, DMSO-d6) δ 10.23 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 8.34 (d, 

J = 2.0 Hz, 1H), 8.17 (d, J = 1.2 Hz, 1H), 7.94 (dd, J = 8.0, 1.2 Hz, 1H), 7.63 (s, 1H), 7.59 (d, J = 8.0 

Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.23 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.84 (d, J = 2.0 Hz, 

1H), 2.59 (s, 3H), 2.31 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.3, 150.9, 146.5, 146.3, 143.5, 

138.9, 138.1, 137.7, 132.7, 130.7, 129.8, 128.4, 128.3, 124.4, 121.5, 120.9, 117.6, 104.8, 97.3, 90.8, 

87.4, 21.2, 20.4. LC-MS (ESI): m/z 367 [M+H]
+
; 365 [M-H]

-
. HRMS (ESI): m/z calcd for C23H19N4O 

[M+H]
+
, 367.1553; found 367.1554. HPLC analysis: 7.43 min, 97.2%. 
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4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(p-tolyl)benzamide (7i) Yield, 90.0%. 
1
H NMR 

(400 MHz, DMSO-d6) δ 10.23 (s, 1H), 9.58 (d, J = 0.8 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.34 (d, J = 

2.0 Hz, 1H), 8.17 (d, J = 1.2 Hz, 1H), 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.52 (d, J 

= 8.0 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 2.0 Hz, 1H), 2.59 (s, 3H), 2.28 (s, 3H). 
13

C NMR 

(125 MHz, DMSO-d6) δ 164.1, 150.9, 146.5, 146.3, 143.4, 138.1, 136.5, 132.8, 132.7, 130.7, 129.8, 

129.0 (2C), 128.3, 121.5, 120.4 (2C), 104.8, 97.3, 90.8, 87.5, 20.5, 20.4. LC-MS (ESI): m/z 367 

[M+H]
+
; 365 [M-H]

-
. HRMS (ESI): m/z calcd for C23H19N4O [M+H]

+
, 367.1553; found 367.1558. 

HPLC analysis: 7.19 min, 99.4%. 

N-(2-Chlorophenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7j) Yied, 52.0%. 

1
H NMR (400 MHz, DMSO-d6) δ 10.18 (s, 1H), 9.59 (d, J = 1.6 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.34 

(d, J = 2.4 Hz, 1H), 8.20 (d, J = 1.2 Hz, 1H), 7.97 (dd, J = 8.0, 1.6 Hz, 1H), 7.59-7.56 (m, 2H), 7.55 (d, 

J = 8.0 Hz, 1H), 7.40 (td, J = 7.6, 1.2 Hz, 1H), 7.31 (td, J = 7.6, 1.2 Hz, 1H), 6.85 (d, J = 2.0 Hz, 1H), 

2.60 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.4, 150.9, 146.5, 146.3, 143.8, 138.1, 134.9, 131.8, 

130.9, 130.0, 129.6, 129.5, 128.5, 128.3, 127.5, 127.4, 121.7, 104.7, 97.3, 90.7, 87.5, 20.4. LC-MS 

(ESI): m/z 387 (100%), 389 (32%) [M+H]
+
; 385 (100%), 387 (32%) [M-H]

-
. HRMS (ESI): m/z calcd for 

C22H16ClN4O [M+H]
+
, 387.1007; found 387.1006. HPLC analysis: 7.16 min, 98.8%. 

N-(3-Chlorophenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7k) Yield, 67.0%. 

1
H NMR (400 MHz, DMSO-d6) δ 10.47 (s, 1H), 9.59 (d, J = 1.6 Hz, 1H), 8.73 (d, J = 1.6 Hz, 1H), 8.34 

(d, J = 2.4 Hz, 1H), 8.17 (d, J = 2.0 Hz, 1H), 7.98 (t, J = 2.0 Hz, 1H), 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 

7.74 (dd, J = 8.4, 1.2 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.39 (t, J = 8.4 Hz, 1H), 7.18 (dd, J = 8.0, 1.6 

Hz, 1H), 6.85 (d, J = 2.0 Hz, 1H), 2.59 (s, 3H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.4, 150.6, 146.4, 

146.0, 143.6, 140.4, 137.8, 132.8, 132.2, 130.6, 130.0, 129.7, 128.2, 123.2, 121.5, 119.7, 118.5, 104.6, 

97.1, 90.6, 87.4, 20.1. LC-MS (ESI): m/z 387 (100%), 389 (32%) [M+H]
+
; 385 (100%), 387 (32%) [M-

H]
-
. HRMS (ESI): m/z calcd for C22H16ClN4O [M+H]

+
, 387.1007; found 387.1006. HPLC analysis: 9.01 

min, 97.8%. 
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N-(4-Chlorophenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7l) Yield, 72.0%.  

1
H NMR (400 MHz, DMSO-d6) δ 10.43 (s, 1H), 9.58 (d, J = 1.6 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.34 

(d, J = 2.0 Hz, 1H), 8.17 (d, J = 1.6 Hz, 1H), 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 7.84 (d, J = 8.8 Hz, 2H), 

7.54 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 2.0 Hz, 1H), 2.59 (s, 3H). 
13

C NMR (125 

MHz, DMSO-d6) δ 164.5, 150.9, 146.5, 146.3, 143.7, 138.1, 138.0, 132.4, 130.7, 129.9, 128.5 (2C), 

128.4, 127.3, 121.9 (2C), 121.6, 104.7, 97.3, 90.7, 87.5, 20.4. LC-MS (ESI): m/z 387 (100%), 389 

(32%) [M+H]
+
; 385 (100%), 387 (32%) [M-H]

-
. HRMS (ESI): m/z calcd for C22H16ClN4O [M+H]

+
, 

387.1007; found 387.1005. HPLC analysis: 8.83 min, 98.3%. 

N-(2-Methoxyphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7m) Yield, 

65.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 9.58 (d, J = 1.2 Hz, 1H), 9.56 (s, 1H), 8.73 (d, J = 2.0 Hz, 

1H), 8.34 (d, J = 2.4 Hz, 1H), 8.16 (d, J = 1.6 Hz, 1H), 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.73 (dd, J = 8.0, 

1.2 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.20 (td, J = 7.2, 1.6 Hz, 1H), 7.11 (d, J = 1.6 Hz, 1H), 6.97 (td, J 

= 7.6, 0.8 Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 3.84 (s, 3H), 2.59 (s, 3H). 
13

C NMR (100 MHz, DMSO-d6) 

δ 163.8, 151.4, 150.7, 146.4, 146.0, 143.3, 137.8, 132.4, 130.6, 129.7, 127.8, 126.7, 125.5, 124.1, 121.5, 

120.0, 111.4, 104.7, 97.1, 90.7, 87.3, 55.6, 20.1. LC-MS (ESI): m/z 383 [M+H]
+
; 381 [M-H]

-
. HRMS 

(ESI): m/z calcd for C23H19N4O2 [M+H]
+
, 383.1503; found 383.1501. HPLC analysis: 7.63 min, 99.0%. 

N-(3-Methoxyphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7n) Yield, 

72.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.28 (s, 1H), 9.58 (dd, J = 2.0, 0.8 Hz, 1H), 8.73 (d, J = 2.0 

Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.17 (d, J = 1.6 Hz, 1H), 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.53 (d, J = 

8.0 Hz, 1H), 7.47 (t, J = 2.0 Hz, 1H), 7.40 (dd, J = 8.0, 0.8 Hz, 1H), 7.26 (t, J = 8.0 Hz, 1H), 6.85 (dd, J 

= 2.0, 0.8 Hz, 1H), 6.70 (dd, J = 8.0, 2.4 Hz, 1H), 3.76 (s, 3H), 2.59 (s, 3H). 
13

C NMR (100 MHz, 

DMSO-d6) δ 164.2, 159.3, 150.7, 146.4, 146.0, 143.3, 140.0, 137.8, 132.6, 130.6, 129.6, 129.1, 128.2, 

121.4, 112.5, 109.1, 106.1, 104.6, 97.1, 90.7, 87.3, 54.9, 20.1. LC-MS (ESI): m/z 383 [M+H]
+
; 381 [M-

H]
-
. HRMS (ESI): m/z calcd for C23H19N4O2 [M+H]

+
, 383.1503; found 383.1500. HPLC analysis: 6.73 

min, 98.4%. 
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N-(4-Methoxyphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7o) Yield, 

86.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.19 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.0 Hz, 

1H), 8.34 (d, J = 2.4 Hz, 1H), 8.16 (d, J = 1.6 Hz, 1H), 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.69 (d, J = 8.8 

Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 6.95 (d, J = 9.2 Hz, 2H), 6.85 (d, J = 2.0 Hz, 1H), 3.75 (s, 3H), 2.58 

(s, 3H). 
13

C NMR (100 MHz, DMSO-d6) δ 163.8, 155.5, 150.7, 146.4, 146.0, 143.1, 137.8, 132.7, 

132.0, 130.5, 129.6, 128.1, 121.9 (2C), 121.4, 113.6 (2C), 104.7, 97.1, 90.7, 87.2, 55.0, 20.1. LC-MS 

(ESI): m/z 383 [M+H]
+
; 381 [M-H]

-
. HRMS (ESI): m/z calcd for C23H19N4O2 [M+H]

+
, 383.1503; found 

383.1498. HPLC analysis: 6.21 min, 99.1%. 

N-(3-Bromophenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7p) Yield, 53.0%. 

1
H NMR (400 MHz, DMSO-d6) δ 10.44 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.34 

(d, J = 2.4 Hz, 1H), 8.17 (d, J = 1.6 Hz, 1H), 8.11 (s, 1H), 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 7.79 (d, J = 7.6 

Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.35-7.29 (m, 2H), 6.85 (d, J = 1.6 Hz, 1H), 2.59 (s, 3H). 
13

C NMR 

(125 MHz, DMSO-d6) δ 164.4, 150.9, 146.5, 146.3, 143.9, 140.7, 138.1, 132.3, 130.7, 130.6, 130.0, 

128.4, 126.3, 122.6, 121.6, 121.4, 119.0, 104.7, 97.3, 90.7, 87.6, 20.4. LC-MS (ESI): m/z 431, 433 

[M+H]
+
; 429, 431 [M-H]

-
. HRMS (ESI): m/z calcd for C22H16BrN4O [M+H]

+
, 431.0502; found 

431.0491. HPLC analysis: 8.45 min, 97.9%. 

N-(3-Iodophenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7q) Yield, 60.0%. 

1
H NMR (400 MHz, DMSO-d6) δ 10.37 (s, 1H), 9.57 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 8.34 

(d, J = 2.4 Hz, 1H), 8.26 (s, 1H), 8.17 (d, J = 1.2 Hz, 1H), 7.93 (dd, J = 7.6, 1.2 Hz, 1H), 7.82 (d, J = 8.0 

Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.16 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 1.6 Hz, 

1H), 2.58 (s, 3H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.5, 150.9, 146.5, 146.3, 143.8, 140.5, 138.1, 

132.3, 132.2, 130.7, 130.6, 129.9, 128.4, 121.6, 119.4, 104.7, 97.3, 94.3, 90.7, 87.5, 20.4. LC-MS (ESI): 

m/z 479 [M+H]
+
; 477 [M-H]

-
. HRMS (ESI): m/z calcd for C25H16IN4O [M+H]

+
, 479.0363; found 

479.0357. HPLC analysis: 9.98 min, 98.7%. 

4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(3-(trifluoromethyl)phenyl)benzamide (7r) 

Yield, 46.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 9.59 (dd, J = 2.0, 0.8 Hz, 1H), 8.73 (d, J 
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= 2.0 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.25 (s, 1H), 8.20 (d, J = 1.6 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H), 

7.97 (dd, J = 8.0, 2.0 Hz, 1H), 7.61 (t, J = 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.0 Hz, 

1H), 6.85 (dd, J = 2.4, 0.8 Hz, 1H), 2.60 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.8, 150.9, 146.5, 

146.3, 144.0, 139.8, 138.1, 132.2, 130.8, 130.0, 129.8, 129.6 (q, J = 31.4 Hz), 128.5, 124.1 (d, J = 270.8 

Hz), 123.7, 121.6, 120.0 (q, J = 3.8 Hz), 116.4 (q, J = 3.9 Hz), 104.7, 97.3, 90.7, 87.6, 20.4. LC-MS 

(ESI): m/z 421 [M+H]
+
; 419 [M-H]

-
. HRMS (ESI): m/z calcd for C23H16F3N4O [M+H]

+
, 421.1271; 

found 421.1264. HPLC analysis: 8.51 min, 99.4%. 

4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(4-(trifluoromethyl)phenyl)benzamide (7s) 

Yield, 51.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.73 (d, J = 2.0 

Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.20 (d, J = 1.6 Hz, 1H), 8.04 (d, J = 8.4 Hz, 2H), 7.96 (dd, J = 8.0, 

2.0 Hz, 1H), 7.75 (d, J = 8.8 Hz, 2H), 7.55 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 1.6 Hz, 1H), 2.60 (s, 3H). 

13
C NMR (125 MHz, DMSO-d6) δ 164.8, 150.9, 146.5, 146.3, 144.0, 142.7, 138.1, 132.2, 130.8, 129.9, 

128.5, 125.9 (d, J = 6.0 Hz, 2C), 124.3 (d, J = 269.5 Hz), 123.7 (d, J = 31.9 Hz), 121.6, 120.1 (2C), 

104.7, 97.3, 90.6, 87.6, 20.4. LC-MS (ESI): m/z 421 [M+H]
+
; 419 [M-H]

-
. HRMS (ESI): m/z calcd for 

C23H16F3N4O [M+H]
+
, 421.1271; found 421.1275. HPLC analysis: 9.10 min, 98.8%. 

N-(3-Isopropoxyphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7t) Yield, 

75.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.24 (s, 1H), 9.57 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 1.2 Hz, 

1H), 8.33 (d, J = 2.0 Hz, 1H), 8.16 (d, J = 1.2 Hz, 1H), 7.93 (dd, J = 8.0, 1.6 Hz, 1H), 7.52 (d, J = 8.0 

Hz, 1H), 7.45 (s, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.22 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.66 

(dd, J = 8.0, 1.6 Hz, 1H), 4.56 (heptet, J = 6.0 Hz, 1H), 2.58 (s, 3H), 1.28 (d, J = 6.0 Hz, 6H). 
13

C NMR 

(100 MHz, DMSO-d6) δ 164.2, 157.5, 150.6, 146.4, 146.0, 143.3, 140.1, 137.8, 132.6, 130.6, 129.6, 

129.1, 128.1, 121.4, 112.4, 111.0, 107.8, 104.7, 97.1, 90.7, 87.3, 69.2, 21.7 (2C), 20.1. LC-MS (ESI): 

m/z 411 [M+H]
+
; 409 [M-H]

-
. HRMS (ESI): m/z calcd for C25H23N4O2 [M+H]

+
, 411.1816; found 

411.1815. HPLC analysis: 8.24 min, 99.3%. 

N-(3-(Dimethylamino)phenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7u) 

Yield, 72.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.10 (s, 1H), 9.57 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.0 
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Hz, 1H), 8.34 (d, J = 2.0 Hz, 1H), 8.17 (d, J = 1.6 Hz, 1H), 7.94 (dd, J = 8.0, 1.6 Hz, 1H), 7.52 (d, J = 

8.4 Hz, 1H), 7.20-7.18 (m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 1.6 Hz, 1H), 6.50-6.48 (m, 1H), 

2.90 (s, 6H), 2.58 (s, 3H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.3, 150.6, 146.4, 146.0, 143.6, 140.3, 

137.8, 132.2, 132.0, 130.6, 130.4, 129.7, 128.4, 128.2, 121.5, 119.4, 104.6, 97.1, 93.9, 90.6, 87.3, 20.1. 

LC-MS (ESI): m/z 396 [M+H]
+
; 394 [M-H]

-
. HRMS (ESI): m/z calcd for C24H22N5O [M+H]

+
, 

396.1819; found 396.1817. HPLC analysis: 7.20 min, 98.5%. 

N-(3-(1H-Imidazol-1-yl)phenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7v) 

Yield, 71.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.51 (s, 1H), 9.58 (d, J = 1.6 Hz, 1H), 8.72 (d, J = 2.0 

Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.20 (d, J = 1.6 Hz, 1H), 8.19 (s, 1H), 8.06 (t, J = 2.0 Hz, 1H), 7.97 

(dd, J = 8.0, 1.6 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.67 (s, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 8.0 

Hz, 1H), 7.39 (dd, J = 8.0, 1.6 Hz, 1H), 7.14 (s, 1H), 6.85 (d, J = 1.6 Hz, 1H), 2.60 (s, 3H). 
13

C NMR 

(125 MHz, DMSO-d6) δ 164.6, 150.9, 146.5, 146.3, 143.9, 140.3, 138.1, 137.1, 135.5, 132.3, 130.7, 

130.1, 130.0, 129.9, 128.4, 121.6, 118.7, 118.1, 115.9, 112.5, 104.7, 97.3, 90.7, 87.6, 20.4. LC-MS 

(ESI): m/z 419 [M+H]
+
; 417 [M-H]

-
. HRMS (ESI): m/z calcd for C25H19N6O [M+H]

+
, 419.1615 ; found 

419.1613. HPLC analysis: 5.99 min, 99.9%. 

4-Methyl-N-(3-(4-methyl-1H-imidazol-1-yl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7w) Yield, 70.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.49 (s, 1H), 9.59 (s, 1H), 

8.73 (d, J = 2.0 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.20 (s, 1H), 8.05 (s, 1H), 8.03 (s, 1H), 7.97 (d, J = 

8.0 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.36 (s, 1H), 

7.34 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 1.6 Hz, 1H), 2.60 (s, 3H), 2.18 (s, 3H). 
13

C NMR (125 MHz, 

DMSO-d6) δ 164.6, 150.9, 146.5, 146.3, 143.9, 140.3, 138.5, 138.1, 137.2, 134.6, 132.4, 130.7, 130.0, 

129.9, 128.4, 121.6, 118.3, 115.4, 114.2, 112.0, 104.7, 97.3, 90.7, 87.6, 20.4, 13.5. LC-MS (ESI): m/z 

433 [M+H]
+
; 431 [M-H]

-
. HRMS (ESI): m/z calcd for C26H21N6O [M+H]

+
, 433.1771; found 433.1769. 

HPLC analysis: 6.86 min, 95.6%. 

4-Methyl-N-(3-((4-methylpiperazin-1-yl)methyl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7x) Yield, 67.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.29 (s, 1H), 9.58 (d, J = 
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1.2 Hz, 1H), 8.73 (d, J = 1.6 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.19 (s, 1H), 7.96 (d, J = 8.0 Hz, 1H), 

7.74-7.72 (m, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.85 (d, J 

= 1.6 Hz, 1H), 3.44 (s, 2H), 2.59 (s, 3H), 2.37 (br s, 4H), 2.33 (br s, 4H), 2.15 (s, 3H). 
13

C NMR (125 

MHz, DMSO-d6) δ 164.3, 150.9, 146.5, 146.3, 143.5, 139.0, 138.8, 138.1, 132.7, 130.7, 129.8, 128.4, 

128.3, 124.2, 121.5, 120.7, 119.0, 104.8, 97.3, 90.8, 87.4, 62.2, 54.7 (2C), 52.6 (2C), 45.7, 20.4. LC-MS 

(ESI): m/z 465 [M+H]
+
; 463 [M-H]

-
. HRMS (ESI): m/z calcd for C28H29N6O [M+H]

+
, 465.2397; found 

465.2385. HPLC analysis: 5.82 min, 99.5%. 

N-(3,5-Dimethylphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7y) Yield, 

85.5%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.14 (s, 1H), 9.58 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 2.4 Hz, 

1H), 8.34 (d, J = 2.0 Hz, 1H), 8.16 (d, J = 1.6 Hz, 1H), 7.93 (dd, J = 8.0, 2.0 Hz, 1H), 7.52 (d, J = 8.0 

Hz, 1H), 7.42 (s, 2H), 6.85 (d, J = 1.6 Hz, 1H), 6.75 (s, 1H), 2.58 (s, 3H), 2.27 (s, 6H). 
13

C NMR (125 

MHz, DMSO-d6) δ 164.2, 150.9, 146.5, 146.3, 143.5, 138.8, 138.1, 137.5 (2C), 132.8, 130.7, 129.8, 

128.3, 125.2, 121.5, 118.1 (2C), 104.8, 97.3, 90.8, 87.4, 21.1 (2C), 20.3. LC-MS (ESI): m/z 381 

[M+H]
+
; 379 [M-H]

-
. HRMS (ESI): m/z calcd for C24H21N4O [M+H]

+
, 381.1710; found 381.1707. 

HPLC analysis: 8.83 min, 95.2%. 

N-(3-Chloro-5-methylphenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)benzamide (7z) 

Yield, 65.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.37 (s, 1H), 9.58 (dd, J = 2.0, 0.8 Hz, 1H), 8.72 (d, J 

= 2.0 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.16 (d, J = 2.0 Hz, 1H), 7.94 (dd, J = 8.0, 2.0 Hz, 1H), 7.77 (s, 

1H), 7.56 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.01 (s, 1H), 6.85 (d, J = 1.6 Hz, 1H), 2.59 (s, 3H), 2.31 (s, 

3H). 
13

C NMR (100 MHz, DMSO-d6) δ 164.4, 150.6, 146.4, 146.0, 143.6, 140.1, 139.8, 137.8, 132.5, 

132.2, 130.6, 129.7, 128.2, 123.7, 121.5, 119.1, 116.9, 104.6, 97.1, 90.6, 87.3, 20.7, 20.1. LC-MS (ESI): 

m/z 401 (100%), 403 (32%) [M+H]
+
; 399 (100%), 401 (32%) [M-H]

-
. HRMS (ESI): m/z calcd for 

C23H18ClN4O [M+H]
+
, 401.1164; found 401.1159. HPLC analysis: 9.86 min, 98.3%. 

4-Methyl-N-(3-((4-methylpiperazin-1-yl)methyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-

a]pyrimidin-6-ylethynyl)benzamide (7ra) Yield, 40.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.58 (s, 

1H), 9.58 (d, J = 1.2 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.34 (d, J = 2.0 Hz, 1H), 8.21 (d, J = 6.4 Hz, 
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2H), 8.02 (s, 1H), 7.97 (dd, J = 7.6, 1.2 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.36 (s, 1H), 6.85 (d, J = 2.0 

Hz, 1H), 3.54 (s, 2H), 2.59 (s, 3H), 2.40 (br s, 4H), 2.34 (br s, 4H), 2.15 (s, 3H). 
13

C NMR (125 MHz, 

DMSO-d6) δ 164.7, 150.9, 146.5, 146.3, 144.0, 140.8, 139.9, 138.1, 132.2, 130.8, 130.0, 129.2 (d, J = 

31.1 Hz), 128.5, 124.2 (d, J = 270.8 Hz), 123.8, 121.6, 120.0 (d, J = 3.8 Hz), 115.0 (d, J = 3.6 Hz), 

104.7, 97.3, 90.7, 87.6, 61.4, 54.6 (2C), 52.5 (2C), 45.7, 20.4. LC-MS (ESI): m/z 533 [M+H]
+
; 531 [M-

H]
-
. HRMS (ESI): m/z calcd for C29H28F3N6O [M+H]

+
, 533.2271; found 533.2267. HPLC analysis: 

11.92 min, 99.1%. 

4-Methyl-N-(3-methyl-5-((4-methylpiperazin-1-yl)methyl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7rb) Yield, 75.0% 
1
H NMR (400 MHz, DMSO-d6) δ10.21 (s, 1H), 9.58 (s, 1H), 

8.73 (s, 1H), 8.34 (s, 1H), 8.18 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.57 (s, 1H), 7.52-7.50 (m, 2H), 6.85 

(s, 2H), 3.39 (s, 2H), 2.59 (s, 3H), 2.35 (br s, 8H), 2.30 (s, 3H), 2.15 (s, 3H). 
13

C NMR (125 MHz, 

DMSO-d6) δ 164.2, 150.9, 146.5, 146.3, 143.5, 138.9, 138.7, 138.1, 137.4, 132.7, 130.7, 129.9, 128.4, 

125.0, 121.5, 119.5, 118.0, 104.8, 97.3, 90.8, 87.4, 62.3, 54.7 (2C), 52.6 (2C), 45.7, 21.2, 20.4. LC-MS 

(ESI): m/z 479 [M+H]
+
; 477 [M-H]

-
. HRMS (ESI): m/z calcd for C29H31N6O [M+H]

+
, 479.2554; found 

479.2555 . HPLC analysis: 9.67 min, 99.8%. 

N-(3-Chloro-5-((4-methylpiperazin-1-yl)methyl)phenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7rc) Yield, 50.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.44 (s, 1H), 9.58 (d, J = 

0.8 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.18 (s, 1H), 7.95-7.92 (m, 2H), 7.66 (s, 

1H), 7.53 (d, J = 8.4 Hz, 1H), 7.07 (s, 1H), 6.84 (d, J = 1.6 Hz, 1H), 3.44 (s, 2H), 2.59 (s, 3H), 2.38 (br 

s, 4H), 2.33 (br s, 4H), 2.15 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.5, 150.9, 146.5, 146.3, 

143.9, 141.2, 140.3, 138.1, 132.6, 132.2, 130.8, 129.9, 128.5, 123.5, 121.6, 118.8, 118.2, 104.7, 97.3, 

90.7, 87.5, 61.4, 54.7 (2C), 52.5 (2C), 45.7, 20.4. LC-MS (ESI): m/z 499 (100%), 501 (32%) [M+H]
+
; 

497 (100%), 499 (32%) [M-H]
-
. HRMS: m/z calcd for C28H28ClN6O [M+H]

+
, 499.2008; found 

499.2000. HPLC analysis: 12.30 min, 99.2%. 

N-(3-Methoxy-5-((4-methylpiperazin-1-yl)methyl)phenyl)-4-methyl-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7rd) Yield, 65.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.26 (s, 1H), 9.59 (s, 1H), 
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8.73 (d, J = 1.6 Hz, 1H), 8.35 (d, J = 2.4 Hz, 1H), 8.18 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.0 

Hz, 1H), 7.42 (s, 1H), 7.34 (s, 1H), 6.85 (d, J = 1.6 Hz, 1H), 6.61 (s, 1H), 3.75 (s, 3H), 3.40 (s, 2H), 

2.59 (s, 3H), 2.33 (br s, 8H), 2.15 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ. 164.3, 159.3, 150.9, 146.5, 

146.3, 143.6, 140.1, 140.0, 138.1, 132.7, 130.7, 129.9, 128.4, 121.5, 112.9, 109.7, 104.8, 104.5, 97.3, 

90.8, 87.5, 62.3, 55.0, 54.7 (2C), 52.6 (2C), 45.7, 20.4. LC-MS (ESI): m/z 495 [M+H]
+
; 493 [M-H]

-
. 

HRMS (ESI): m/z calcd for C29H31N6O2 [M+H]
+
, 495.2503; found 495.2520. HPLC analysis: 8.97 min, 

99.2%. 

4-Methyl-N-(3-(morpholinomethyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7re) Yield, 42.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.59 (s, 1H), 9.59 (dd, J = 

2.0, 0.8 Hz, 1H), 8.73 (d, J = 2.0 Hz, 1H), 8.35 (d, J = 2.4 Hz, 1H), 8.22 (d, J = 2.0 Hz, 1H), 8.20 (s, 

1H), 8.04 (s, 1H), 7.98 (dd, J = 8.0, 1.6 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.38 (s, 1H), 6.85 (dd, J = 2.0, 

0.4 Hz, 1H), 3.60 (t, J = 4.4 Hz, 4H), 3.56 (s, 2H), 2.60 (s, 3H), 2.40 (t, J = 4.4 Hz, 4H). 
13

C NMR (125 

MHz, DMSO-d6) δ 164.7, 150.9, 146.6, 146.3, 144.0, 140.3, 139.9, 138.1, 132.1, 130.8, 130.0, 129.2 (d, 

J = 31.1 Hz), 128.5, 124.1 (d, J = 270.8 Hz), 123.9, 121.6, 120.1 (d, J = 2.5 Hz), 115.1 (d, J = 3.5 Hz), 

104.7, 97.3, 90.7, 87.6, 66.1 (2C), 61.8, 53.1 (2C), 20.4. LC-MS (ESI): m/z 520 [M+H]
+
; 518 [M-H]

-
. 

HRMS (ESI): m/z calcd for C28H25F3N5O2 [M+H]
+
, 520.1955; found 520.1944. HPLC analysis: 9.07 

min, 99.9%. 

4-Methyl-N-(3-(piperidin-1-ylmethyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7rf) Yield, 41.5%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.58 (s, 1H), 9.58 (d, J = 

1.2 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H), 8.22 (d, J = 1.2 Hz, 1H), 8.19 (s, 1H), 

8.01 (s, 1H), 7.97 (dd, J = 8.0, 1.6 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.35 (s, 1H), 6.85 (d, J = 2.0 Hz, 

1H), 3.51 (s, 2H), 2.59 (s, 3H), 2.35 (br s, 4H), 1.52 (quint, J = 4.2 Hz, 4H), 1.42-1.38 (m, 2H). 
13

C 

NMR (125 MHz, DMSO-d6) δ 164.7, 150.9, 146.5, 146.3, 144.0, 141.1, 139.8, 138.1, 132.2, 130.8, 

130.0, 129.1 (d, J = 31.0 Hz), 128.5, 124.2 (d, J = 270.6 Hz), 123.7, 121.6, 119.9 (d, J = 4.1 Hz), 114.9 

(d, J = 4.9 Hz), 104.7, 97.3, 90.7, 87.5, 62.2, 53.9 (2C), 25.5 (2C), 23.9, 20.4. LC-MS (ESI): m/z 518 

Page 31 of 50

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 32

[M+H]
+
; 516 [M-H]

-
. HRMS (ESI): m/z calcd for C29H27F3N5O [M+H]

+
, 518.2162; found 518.2152. 

HPLC analysis: 17.6 min, 100%. 

4-Methyl-3-(pyrazolo[1,5-a]pyrimidin-6-ylethynyl)-N-(3-(pyrrolidin-1-ylmethyl)-5-(trifluoromethyl) 

phenyl)benzamide (7rg) Yield, 40.5%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.58 (s, 1H), 9.58 (s, 1H), 

8.72 (s, 1H), 8.34 (s, 1H), 8.22 (s, 1H), 8.19 (s, 1H), 8.04 (s, 1H), 7.97 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 

8.0 Hz, 1H), 7.36 (s, 1H), 6.85 (s, 1H), 3.67 (s, 2H), 2.59 (s, 3H), 2.47 (br s, 4H), 1.72 (br s, 4H). 
13

C 

NMR (125 MHz, DMSO-d6) δ 164.7, 150.9, 146.5, 146.3, 144.0, 141.9, 139.8, 138.1, 132.1, 130.8, 

130.0, 129.1 (q, J = 31.1 Hz), 128.5, 124.2 (d, J = 270.9 Hz), 123.5, 121.6, 119.6 (d, J = 4.5 Hz), 114.9 

(d, J = 3.9 Hz), 104.7, 97.3, 90.7, 87.6, 59.0, 53.5 (2C), 23.2 (2C), 20.4. LC-MS (ESI): m/z 504 

[M+H]
+
; 502 [M-H]

-
. HRMS (ESI): m/z calcd for C28H25F3N5O [M+H]

+
, 504.2006; found 504.1992. 

HPLC analysis: 13.51 min, 98.8%. 

4-Ethyl-N-(3-((4-methylpiperazin-1-yl)methyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-

a]pyrimidin-6-ylethynyl)benzamide (7rh) Yield, 50.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.59 (s, 

1H), 9.58 (dd, J = 2.0, 0.8 Hz, 1H), 8.71 (d, J = 2.0 Hz, 1H), 8.35 (d, J = 2.4 Hz, 1H), 8.21 (d, J = 1.6 

Hz, 1H), 8.20 (s, 1H), 8.02 (s, 1H), 8.00 (dd, J = 8.0, 2.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.36 (s, 1H), 

6.85 (dd, J = 2.4, 0.8 Hz, 1H), 3.55 (s, 2H), 2.98 (q, J = 7.6 Hz, 2H), 2.40 (br s, 4H), 2.33 (br s, 4H), 

2.15 (s, 3H), 1.30 (t, J = 7.6 Hz, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 164.8, 150.8, 149.7, 146.6, 

146.3, 140.8, 139.9, 138.1, 132.3, 131.1, 129.2 (d, J = 31.5 Hz), 128.8, 128.5, 124.2 (d, J = 270.5 Hz), 

123.8, 120.9, 120.0 (d, J = 2.8 Hz), 115.0 (d, J = 4.0 Hz), 104.7, 97.3, 90.4, 87.1, 61.4, 54.6 (2C), 52.5 

(2C), 45.7, 27.0, 14.6. LC-MS (ESI): m/z 547 [M+H]
+
; 545 [M-H]

-
. HRMS (ESI): m/z calcd for 

C30H30F3N6O [M+H]
+
, 547.2428; found 547.2417. HPLC analysis: 14.05 min, 99.7%. 

4-Chloro-N-(3-((4-methylpiperazin-1-yl)methyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-

a]pyrimidin-6-ylethynyl)benzamide (7ri) Yield, 45.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.70 (s, 

1H), 9.60 (s, 1H), 8.71 (d, J = 1.6 Hz, 1H), 8.36 (d, J = 2.4 Hz, 2H), 8.18 (s, 1H), 8.06 (dd, J = 8.4, 1.2 

Hz, 1H), 8.00 (s, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.38 (s, 1H), 6.87 (d, J = 1.2 Hz, 1H), 3.55 (s, 2H), 2.40 

(br s, 4H), 2.33 (br s, 4H), 2.15 (s, 3H). 
13

C NMR (125 MHz, DMSO-d6) δ 163.9, 150.7, 146.6, 146.5, 
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140.8, 139.6, 138.6, 137.9, 133.4, 132.5, 130.0, 129.7, 129.2 (d, J = 31.1 Hz), 124.1 (d, J = 270.6 Hz), 

123.8, 121.5, 120.2 (d, J = 5.4 Hz), 115.1 (d, J = 3.8 Hz), 104.1, 97.5, 88.8, 88.5, 61.3, 54.6 (2C), 52.5 

(2C), 45.7. LC-MS (ESI): m/z 553 [M+H]
+
; 551 [M-H]

-
. HRMS (ESI): m/z calcd for C28H25ClF3N6O 

[M+H]
+
, 553.1725; found 553.1718. HPLC analysis: 13.89 min, 99.5%. 

N-(3-((4-Methylpiperazin-1-yl)methyl)-5-(trifluoromethyl)phenyl)-3-(pyrazolo[1,5-a]pyrimidin-6-

ylethynyl)benzamide (7rj) Yield, 40.0%. 
1
H NMR (400 MHz, DMSO-d6) δ 10.67 (s, 1H), 9.56 (s, 1H), 

8.71 (s, 1H), 8.34 (s, 1H), 8.23 (s, 1H), 8.20 (s, 1H), 8.06-8.02 (m, 2H), 7.84 (d, J = 7.6 Hz, 1H), 7.66 (t, 

J = 7.6 Hz, 1H), 7.37 (s, 1H), 6.84 (s, 1H), 3.55 (s, 2H), 2.40 (br s, 4H), 2.34 (br s, 4H), 2.15 (s, 3H). 

13
C NMR (125 MHz, DMSO-d6) δ 164.8, 150.9, 146.5, 146.3, 140.8, 139.8, 138.3, 134.9, 134.4, 130.5, 

129.2 (d, J = 30.9 Hz), 129.2, 128.6, 124.1 (d, J = 270.6 Hz), 123.8, 121.8, 120.1 (d, J = 3.3 Hz), 115.0 

(d, J = 3.9 Hz), 104.5, 97.3, 91.7, 83.9, 61.3, 54.6 (2C), 52.5 (2C), 45.7. LC-MS (ESI): m/z 519 

[M+H]
+
; 517 [M-H]

-
. HRMS (ESI): m/z calcd for C28H26F3N6O [M+H]

+
, 519.2115; found 519.2107. 

HPLC analysis: 9.89 min, 98.4%. 

Cells and reagents. The cancer cell lines (A549, NCI-H23, NCI-H460, MDA-MB-435S, MCF-7, 

T47D, HCT116 and K562) were purchased from ATCC and maintained as recommended by ATCC 

(Manassas, USA). Dasatinib and nilotinib were purchased from Biocompounds Pharmaceutical Inc. 

(Shanghai,China). CCK-8 was purchased from Dojindo Molecular Technologies Inc (Kumamoto, 

JAPAN). Dimethyl Sulfoxide (DMSO) and Cremophor were purchased from Sigma-Aldrich (Dorset, 

USA). D-luciferin potassium was purchased from Gold Biotechnology (St. Louis, USA). Antibodies 

against DDR1, p-DDR1, MMP-2 and MMP-9, respectively, were all purchased from Cell Signaling 

Technology Inc (Danvers, USA) 

In Vitro Kinase Assay. The functional assays of compounds on the kinase activities of c-kit, and Abl 

were determined using the FRET-based Z’-Lyte assay system according to the manufacturer’s 

instructions (Invitrogen, USA). Tyrosine 2 Peptide was used as Abl substrate and Ser/Thr 6 peptide was 

used as the substrate for c-kit. The reactions were carried out in 384-well plates in a 10 µl of reaction 
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volume with appropriate amount of kinases in 50 mM HEPES (pH 7.5), 10 mM MgCl2, 1 mM EGTA, 

and 0.01% Brij-35.  The reactions were incubated 1 hour at room temperature in the presence of 2 µM 

of substrate with 10 µM of ATP (for Abl1 assays) or 300 µM of ATP (kit assay) and in the presence of 

various concentrations of the compounds. The development reagent was then added for further 2 hours 

room temperature incubation followed by the addition of stop solution. Fluorescence signal ratio of 445 

nm (Coumarin)/520 nm (fluorescin) was examined on EnVision Multilabel Reader (Perkin Elmer, Inc.). 

The effects of compounds on the kinases DDR1 and DDR2 were assessed by using a LanthaScreen Eu 

kinase activity assay technology (Invitrogen, USA). Kinase reactions are performed in a 10 µL volume 

in low-volume 384-well plates. The kinases in reaction buffer consists of 50 mM HEPES pH 7.5, 0.01% 

BRIJ-35, 10 mM MgCl2, and 1 mM EGTA, the concentration of Fluorescein-Poly GAT Substrate 

(Invitrogen, USA) in the assay is 100 nM, Kinase reactions were initiated with the addition of 100 nM 

ATP in the presence of serials of dilutions of compounds. The reactions were allowed to proceed for 1 

hour at room temperature before a 10 µL preparation of EDTA (20 mM) and Eu-labeled antibody (4 nM) 

in TR-FRET dilution buffer are added. The final concentration of antibody in the assay well is 2 nM, 

and the final concentration of EDTA is 10 mM. The plate is allowed to incubate at room temperature for 

one more hour before the TR-FRET emission ratios of 665 nm/340 nm were acquired on a PerkinElmer 

EnVision Multilabel Reader (Perkin Elmer, Inc.). Data analysis and curve fitting were performed using 

GraphPad Prism4 software. 

Active-site dependent competition binding assay- Kinomescan screening. The binding affinity of 

7rh with DDR1 was analyzed by KINOME scan
TM  

system conducted by Ambit Bioscience (San Diego, 

USA). Briefly, kinases were tagged with DNA. The ligands were biotinylated and immobilized to 

streptavidin-coated beads. The binding reactions were assembled by incubating DNA-tagged kinases, 

immobilized ligands and test compounds in binding reactions (20% SeaBlock, 0.17×PBS, 0.05% tween-

20, 6 mM DTT) for 1.0 hour at room temperature. The affinity beads were washed with washing buffer 

(1×PBS, 0.05% Tween-20) first and then elution buffer (1×PBS, 0.05% Tween 20, 0.5 µM non-

biotinylated affinity ligands). The kinase concentration in the eluate was determined by quantitative 
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PCR of the DNA tagged to the kinase. The ability of the test compound to bind to the kinase was 

evaluated with percent control (%) as (Test compound signal – positive control signal)/ Negative control 

signal – positive control signal) × 100%. Negative control is DMSO control (100% Ctrl) and positive 

control is control compound (0 % Ctrl).  

Inhibition on Cell Proliferation by MTT Assay or CCk-8 Assay. Adherent Cells were plated in 96-

well culture plates with cell density of 3000-4000 cells/well and treated with indicated compounds by 

adding 100µL medium containing compounds of various concentrations on the second day. After 72-

hour’s treatment, MTT was added to each well and incubated for additional 4-5 hours, and the 

absorbance was measured on a microplate reader at 570nm. Cell growth inhibition was evaluated as the 

ratio of the absorbance of the sample to that of the control. The results are representative of at least 4 

independent experiments. 

Suspension cells were plated in 96-well culture plates with cell density of 5000-6000 cells/well and 

treated with indicated compounds by adding 100µL medium containing compounds of various 

concentrations on the second day. After 72-hour’s treatment, CCK-8 was added to each well and 

incubated for additional 3-4 hours, and the absorbance was measured on a microplate reader at 450nm. 

Cell growth inhibition was evaluated as the ratio of the absorbance of the sample to that of the control. 

The results are representative of at least 4 independent experiments. 

Western Blot Analysis. NCI-H23 cells were cultured in 6-well culture plates. After being serum-

starved for 16-24 hours, cells were treated with of 50ug/ml collagen I and inhibitors with indicated 

concentration or vehicle control. After indicated period of time, western blot was carried out according 

to the protocol provided by Cell Signaling Technology Ltd. Briefly, cell lysates were prepared by 

collecting cells with 1X SDS sample buffer (62.5 mM Tris-HCl , pH 6.8, 2% w/v SDS, 10% glycerol, 

50 mM DTT, 0.01% w/v bromophenol blue). After being sonicated and boiled, cell lysates containing 

10-20ug proteins were loaded to 8% or 15% SDS PAGE gel. Separated proteins were then transferred to 

a PVDF film. After blocked with 1X TBS containing 0.1% Tween-20 and 5% non-fat  milk at 4℃ 
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overnight, the film was incubated first with corresponding primary antibody at 4℃ overnight, then with 

HRP-labeled secondary antibody at room temperature for 1 hour. And the protein lanes were visualized 

by using ECL Western Blotting Detection Kit (Thermo Scientific. USA) according to the manufacture’s 

instruction. 

Apoptosis Analysis by Flow Cytometry. NCI-H23 cells were seeded in 6-well plates and were 

treated with compounds under indicated concentrations for 24 hours. The apoptosis assay was 

performed with Annexin-V/7-AAD Apoptosis Detection Kit according to the manufacturer’s 

instructions. Briefly, cells were harvested, washed with ice-cold PBS, and then stained with annexin-V-

FITC and 7-AAD for 15 minutes at room temperature in the dark. Stained cells were analyzed with a 

FACS Calibur Flow Cytometer. Annexin-V(-)/7-AAD(-) cells were classified as live cells; Annexin-

V(+)/7-AAD(-) cells were classified as early apoptotic cells; Annexin-V(+)/7-AAD(+) cells were 

classified as late apoptotic or necrotic cells ; AnnexinV(-) and 7-AAD(+) cells were classified as dead 

cells. 

Cell Adhension Assay. Pre-coated 48 well plate with BD Matrigel at 37℃ for 2 hours. Single cell 

suspension were prepared in 2% FBS RPMI-1640 medium. Then seed cells with DMSO control or 

compounds at a density of 1×10
5
 cells/well. After 1-2 hrs of incubation at 37℃, the cells were washed 

with PBS to remove the non-adherent cells. Adherent cells were fixed and stained with 0.1% crystal 

violet in 96% ethanol. To obtain the adherent cell number, stained cells were extracted with 30% HAC 

and measured the absorbance at 570 nm. 

Cell Invasion Assay. The tests were carried out with Transwell polycarbonate inserts (Merck 

Millipore, pore size 8.0 µm) in 24-well plates. Briefly, after pre-coated with BD Matrigel at 37℃ for 2 

hours, the liquid was removed, and unspecific binding was blocked by 100 µL of 1% BSA. After 30 min, 

it was washed once with PBS. Then 6×10
4 

NCI-H23 cells in 2% RPMI-1640 FBS medium with 

compound or control were seeded onto the upper chamber and 10% RPMI-1640 FBS medium with 

compound or control was added to the lower wells. After 24h’s treatment, cells were fixed and stained 
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with 6% glutaraldehyde and 0.4% Crystal violet at room temperature for 30 min. After 30 min, the cells 

were washed with PBS. Then removed cells in the upper chamber cotton swabs .Pictures were taken 

using an invert photomicroscope. 

Colony Formation Assay. NCI-H23 cells were trypsinized and counted, 400 cells were seeded in 6-

well plates and different concentration of 7rh and 7rj were added. At least four replicate were set. After 

incubation for 10 days, the cells were washed with PBS, fixed with glutaraldehyde, and stained with 

crystal violet. The number of macroscopic colonies per dish was counted and the IC50 was calculated 

with GraphPad Prism 5.0. For soft agarose colony assay, 0.7ml 1.2% low melting agarose and 0.7ml 2x 

RPMI 1640 were mixed and injected in 6-well plate as bottom agarose, 0.6ml 0.6% low melting agarose 

and 0.6ml 2x RPMI 1640 with 400 cells were mixed and added as upper agarose. After incubation for 

10 days, image was collected using microscope with camera. 

Pharmacokinetics study. Compounds 7rh and 7rj were dissolved in mixed solvents (DMSO : EtOH: 

Cremophor EL : H2O = 2 : 4 : 4 : 90) as clear solution. The final concentrations were 2.5 mg/mL. 

Sprague Dawley (SD) rats (male, 4 animals per group) weighted 180~220g were injected intravenously 

or administrated orally at doses of 5 mg/kg (i.v.) or 25mg/kg (p.o.), respectively. After dose 

administration, 0.3 mL of the orbital blood was taken at 2.0 min, 10.0 min, 30.0 min, 1.0 h, 2.0 h, 3.0 h, 

4.0 h, 6.0 h, 8.0 h, 12.0 h, 21.0 h, 24.0 h, 30.0 h, 36.0 h, 48.0 h, and 72.0 h. Samples were stored at -70℃ 

until shipment to the analytical laboratory and tested by HPLC/MS using propranolol as internal 

standard to measure the compound concentration in the blood.  The pharmacokinetics parameters were 

calculated using DAS (Drug and Statistics) 2.0 software (Mathematical Pharmacology Professional 

Committee of China, Shanghai, China).
 41
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ABBREVIATION: DDR, discoidin domain receptor; RTK, receptor tyrosine kinase; NSCLC, non-

small cell lung cancer; siRNA, small interference RNA; SCC, squamous lung cancer; MMP, matrix 

metalloproteinase; ECM, extracellular matrix; RNA, ribonucleic acid; IC50, half maximal (50%) 

inhibitory concentration of a substance; Abl, abelson; Src, sarcoma; Lyn, v-yes-1 Yamaguchi sarcoma 

viral related oncogene homologue; c-Kit, mast/stem cell growth factor receptor; VEGFR, vascular 

endothelial growth factor receptor; Btk, Bruton Tyrosine Kinase; EphA3, ephrin A3; Bcr-Abl, break 

point cluster region-abelson receptor; TEA, triethylamine; NMP, N-methyl-2-pyrrolidone; PyBOP, 

benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate; DIPEA, N, N-

diisopropylethylamine; DCM, dichloromethane; ATP, adenosine triphosphate; FRET, fluorescence 

resonance energy transfer; Ras, rat sarcoma; Raf, rapidly accelerated fibrosarcoma; Erk, Extracellular 

signal regulated kinase; PI3K, phosphoinositide-3-kinase; Bcl-xL, B-cell lymphoma-extra large; CML, 

chronic myelogenous leukaemia; AUC, area under concentration-time curve; T1/2, half-life period; Tmax, 

peak time; Cmax, peak concentration; F, fraction of bioavailability; I.V., intravenous; TLC, thin-layer 

chromatography; TMS, tetramethylsilane; ppm, parts per million; HPLC, high performance liquid 

chromatography; DMSO, dimethyl sulfoxide; EGTA, ethylene glycol tetraacetic acid; GAT, glycine-

alanine-threonine; EDTA, ethylene diamine tetraacetic acid; MTT, (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide; SDS, sodium-dodecyl sulphate; DTT, dithiothreitol; TBS, Tris-buffered 

saline; PVDF, polyvinylidene fluoride; ECL, enhanced chemoluminescence; FITC, fluorescein 

isothiocyanate; 7-AAD, 7-aminoactinomycin; FBS, fetal bovine serum; BSA, bovine serum albumin; 

HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, S-score, selectivity score. 
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Synthesis and chemical data for the key intermediates, 
1
HNMR spectrum and purity determination for 

compound 7a-7rj, apoptosis induced by compounds 7rh and 7rj, quantity analysis of the results from 

invasion assay, colon formation assay,  and anti-proliferative data of the other compounds. This material 

is available free of charge via the Internet at http://pubs.acs.org..  
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