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Abstract 

We report the discovery of 7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivatives as a 

novel class of receptor interacting protein 1 (RIP1) kinase inhibitors. Based on the overlay study 

between HTS hit 10 and GSK2982772 (6) in RIP1 kinase, we designed and synthesized a novel class 

of RIP1 kinase inhibitor 11, possessing moderate RIP1 kinase inhibitory activity and P-gp mediated 

efflux. The optimization of the core structure, the exploration of appropriate substituents utilizing 

SBDD approach led to the discovery of 22, a highly potent, orally available, and brain-penetrating 

RIP1 kinase inhibitor with excellent PK profiles. Compound 22 significantly suppressed necroptotic 

cell death both in mouse and human cells. Oral administration of 22 (10 mg/kg, bid) attenuated 

disease progression in the mouse experimental autoimmune encephalomyelitis (EAE) model of 

multiple sclerosis (MS). Moreover, analysis of structure–kinetic relationship (SKR) for our novel 

chemical series was also discussed. 
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INTRODUCTION 

 A process of programmed necrosis, termed necroptosis, has recently been recognized as an 

important physiological process that involves cell death, innate immunity, and inflammation.1 

Receptor interacting protein 1 (RIP1) kinase is a crucial upstream regulator of necroptosis, and 

association of RIP1 kinase with a variety of pathologies, such as ischemic injury, inflammatory 

diseases, and neurodegenerative diseases, has been investigated.2,3 

Neurodegenerative diseases, such as multiple sclerosis (MS),4 Parkinson's disease (PD),5 and 

amyotrophic lateral sclerosis (ALS),6, 7 have recently been intensively studied to understand their 

relationship with the necroptosis pathway. Ofengeim et al. showed the involvement of RIP1 kinase 

and necroptosis in mediating the deleterious process in MS by using both animal models and human 

tissues from MS patients.4 RIP1-mediated axonal degradation has also been demonstrated in ALS. 

Thus, inhibitors of RIP1 kinase have the potential to provide new therapeutic opportunities to 

neurodegenerative diseases with significant unmet medical needs. 

 The first published RIP1 kinase inhibitor, Nec-1 (1),8,9 was discovered by Degterev et al. in 2005, 

with a subsequent disclosure of an analog, Nec-1s (2),10 with improved metabolic stability. Both 

have been widely used to elucidate the biology of the necroptosis pathway. Over the recent years, 

additional series of RIP1 kinase inhibitors have been identified as illustrated in Figure 1 such as a 

type-II11 RIP1 kinase inhibitor 312 and a hybrid-type RIP1 kinase inhibitor 413 which was designed 

based on 2 and ponatinib.14 Among them, benzo[b][1,4]oxazepin-4-one analogs,15 represented by 5, 
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comprise the most advanced series, with the optimized analog 6
16 currently being evaluated in 

human clinical trials for inflammatory diseases such as ulcerative colitis, rheumatoid arthritis, and 

psoriasis. However, despite the attractiveness of RIP1 kinase inhibitors as a therapeutic option for 

neurodegenerative disorders, the chemical series reported so far are not suitable for clinical 

development to treat CNS related disorders because of either low oral bioavailability and/or low 

brain permeability. For example, the necrostatin series (2) has shown efficacy in animal models of 

MS or ALS by oral administration, but its low metabolic stability has likely hindered its clinical 

development. Compound 817 has been detected in mouse brains but only after intravenous injection. 

The brain penetration or the in vivo efficacy of the other compounds (3-7)18 in neurodegenerative 

diseases have not been reported to date. Thus, to develop RIP1 kinase inhibitors targeting CNS 

diseases, we focused on the development of a novel chemical series of RIP1 kinase inhibitors with 

good oral bioavailability and brain-penetrating properties for treatment of neurodegenerative 

diseases.  

 Herein, we report the discovery of 

(3S)-3-(2-benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-4-oxo

-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carbonitrile (22) as a potent, orally bioavailable, and 

brain-penetrating RIP1 kinase inhibitor. The following strategies were used to identify 22: (i) 

optimization of core structures for appropriate brain penetration in light of favorable 

physicochemical properties such as topological polar surface area (TPSA)19 and the number of 
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hydrogen-bonding donors (HBDs); (ii) exploration of potent substituents in back pockets by utilizing 

structure-based drug design (SBDD); and (iii) introduction of substituents toward the 

solvent-accessible region to control the favorable ADMET profiles. Compound 22 exhibited potent 

cellular activity both in humans and mice and an excellent pharmacokinetic (PK) profile with brain 

exposure in mice after oral administration. Compound 22 was efficacious in experimental 

autoimmune encephalomyelitis (EAE),20 which is a model of human inflammatory demyelinating 

disease such as MS. Moreover, in the course of optimization, kinetic profiles of all synthesized 

compounds were evaluated to analyze structure−kinetic relationships (SKRs). We also discuss the 

SKR of our novel chemical series of RIP1 kinase inhibitors later in this paper. 

 

 

Figure 1. Chemical structures of reported RIP1 kinase inhibitors. 
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RESULTS AND DISCUSSION 

Assay Development. The kinetics of the interaction between a ligand and its target has been 

recognized as an important factor for lead generation/optimization21,22 and long drug-target residence 

time is often correlated with potent in vivo efficacy.23–25 In the case of RIP1 kinase inhibitors, the 

benzoxazepinone-based compounds have a long drug-target residence time (t1/2 = 112 min for 6),16 

which could translate into prolonged efficacy in cellular assays and potentially in vivo. These results 

led us to analyze kinetic profiles including t1/2 in the course of the optimization to identity potent and 

brain-penetrating RIP1 kinase inhibitors. Measurement of the binding affinity for RIP1 kinase and 

kinetic profiles was performed by using a time-resolved fluorescence resonance energy transfer 

(TR-FRET) assay and a novel fluorescent probe,  

3-(3-((3-(4-amino-5-(4-(3-(2-fluoro-5-(trifluoromethyl)phenyl)ureido)phenyl)-7H-pyrrolo[2,3-d]pyri

midin-7-yl)propyl)amino)-3-oxopropyl)-5,5-difluoro-7,9-dimethyl-5H-dipyrrolo[1,2-c:2',1'-f][1,3,2]d

iazaborinin-4-ium-5-uide (9) described in Figure 2 (the synthesis of 9 is described in a 

supplementary information). By using the TR-FRET assay, a high-throughput assay format was 

achieved sufficiently to evaluate all synthesized compounds. The binding affinity (pKi) was 

calculated as the sum of logkon and pkoff. The drug-target residence time (t1/2) was defined as ln2/koff. 

Regarding compounds that quickly dissociate from the target (t1/2 < 5 min), the kinetic profiles could 

not be precisely evaluated because of the detection limit of this TR-FRET assay. 
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Figure 2. Structure of fluorescent probe 9. 

 

Lead Generation. To identify good starting points for lead optimization and subsequent 

development, we performed high-throughput screening (HTS) against RIP1 kinase by using our 

compound library and identified a benzimidazole derivative 10 (pKi = 7.20) (Figure 3A). Reported 

RIP1 kinase inhibitors can be classified into three categories based on the binding modes; (i) type-II 

class11 targeting “DFG-out (or DLG-out in the case of RIP1 kinase)” conformation of kinase (e.g., 3), 

(ii) type-III (allosteric) class11 (e.g., 1, benzo[b][1,4]oxazepin-4-one series 5 and 6), or (iii) hybrid 

type 413 (Figure 1). To clarify the binding mode of 10, an X-ray co-crystal structure of 10 with RIP1 

kinase was obtained (Figure 3B). The X-ray co-crystal structure revealed that compound 10 had no 

hinge-binding interaction and occupied an allosteric lipophilic pocket at the back of the ATP binding 

site, making a hydrogen-bonding interaction with the amide NH of Asp156 at a distance of 2.8 Å, 

which indicated that the binding mode of compound 10 was type-III class similar to that of the Nec-1 

and benzo[b][1,4]oxazepin-4-one series. The overlaid image of 10 and the 

benzo[b][1,4]oxazepin-4-one derivative 6 in RIP1 kinase showed that the compounds occupied the 

same space and that the benzyl group and the 5-membered heteroaromatic ring of compounds 6 and 
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10 were well-overlapped (Figure 3C). This result led us to design and synthesize a novel class of 

RIP1 kinase inhibitor 11, possessing a 4-oxo-6,7-dihydro-1H-imidazo[4,5-c]pyridine moiety as a 

core structure (Figure 4). As a result, compound 11 showed moderate RIP1 kinase inhibitory activity 

(pKi = 6.93). Parent compound 6 had potent RIP1 kinase inhibitory activity with excellent in vitro 

and in vivo profiles with highly favorable physicochemical and ADMET properties. However, 6 was 

reported to have low brain penetration,16 presumably due to active extrusion of drug from the brain 

via the efflux drug transporter P-glycoprotein (P-gp). On the other hand, compound 11 showed a 

better P-gp–mediated efflux (ER = 1.9) than that of 6 (ER = 3.1), likely reflecting the decreased 

TPSA and HBD.26,27 On the basis of this result, further 6,5-bicyclic core structures were investigated 

as replacements of the 4-oxo-6,7-dihydro-1H-imidazo[4,5-c]pyridine maintaining the favorable 

physicochemical parameters (TPSA < 90 Å2, HBD = 0) for brain exposure28,29 and enhancing RIP1 

kinase inhibitory activity. 
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10: pKi = 7.20
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(B)                                        (C) 

 

Figure 3. HTS hit compound 10. (A) Structure of compound 10 and Ki for human RIP1 kinase. (B) 

Co-crystal structure of 10 with hRIP1 kinase. (C) Overlay study between compounds 6 (yellow) and 

10 (white) in hRIP1 kinase. 
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Figure 4. Design concept for a new class of brain-penetrating RIP1 kinase inhibitors. (a) Binding 
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affinity for human RIP1 kinase. (b) Calculated by Daylight. (c) Efflux ratio in P-gp–overexpressing 

cells at 1 µM. 

 

The results of modification of the core structure are summarized in Table 1. Triazole derivative 12, 

which was synthesized from 6 and removed HBD, showed dramatically decreased P-gp–mediated 

efflux and enhanced binding affinity (pKi) compared to those of 11. Although imidazole derivative 

13, which has a nitrogen atom on a bridgehead, maintained moderate potency, 13 exhibited a higher 

ER than that of 12 despite reducing TPSA, presumably due to the basicity of the imidazole moiety. 

Pyrazole derivatives 14 and 15 also had a lower ER. These results in Table 1 indicated that our 

design strategy of lowering TPSA and removing HBD was effective in reducing ER. Compound 14 

showed the strongest binding affinity for RIP1 kinase and longest drug-target residence time. 

Accordingly, the 7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine moiety of 14 (pKi = 8.41, t1/2 

= 59 min, ER = 0.7) was identified as the most suitable core structure for further optimization. 
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Table 1. Modification of Core Structure 

 

 

Compd core 
TPSAa 

(Å2) 
HBD ERb pKi logkon

c
 pkoff

c 
t1/2

c,d 

(min) 

12 

 

81 0 0.8 7.26 
6.27 

(6.04–6.43) 

0.984 

(0.803–1.30) 

6.7 

(4.4–14) 

13 

 

68 0 1.2 6.97 
5.85 

(5.55–6.02) 

1.13 

(0.909–1.58) 

9.3 

(5.6–26) 

14 

 

68 0 0.7 8.41 
6.48 

(6.39–6.55) 

1.93 

(1.83–2.06) 

59 

(46–80) 

15 

 

68 0 0.49 6.60 n.d.e n.d.e <5 

11 

 

79 1 1.9 6.93 n.d.e n.d.e <5 

aCalculated by Daylight. bEfflux ratios in P-gp–overexpressing cells at 1 µM. c95% confidence 

intervals (given in parentheses) determined in duplicate (n = 2). dt1/2 = ln2/koff. 
enot determined. 

 

Lead Optimization. A docking model of 14 with RIP1 kinase was developed to utilize SBDD for 

further optimization (Figure 5A). This model showed that the benzyl group deeply occupied the 

allosteric hydrophobic pocket (we refer to this pocket as deep pocket 1: DP1) at the back of the ATP 
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binding site. The DP1 was mainly constructed by the side chains of lipophilic amino acid residues 

such as Leu129 and Val134. According to the X-ray co-crystal structure of 2 with RIP1 kinase, a 

hydrogen-bonding interaction was observed between the OH of Ser161 and NH of the indole in 2 in 

DP1. As shown in Figure 5B, a small unoccupied pocket, which is defined by Met67 and Leu70, was 

found around the 3-position of the core structure (referred to as deep pocket 2: DP2). The docking 

model also suggested that the 7- and 8-positions of the benzoxazepinone ring were oriented toward 

the solvent-accessible region. On the basis of these analyses, optimization of 14 was continued by (i) 

investigation of favorable substituents in DP1 (R1) in view of the lipophilicity, size, or hydrogen 

bonding with OH of Ser161, (ii) exploration of substituents in DP2 (R2) that can efficiently occupy 

the small lipophilic pocket, and (iii) introduction of an appropriate substituent (R3) into the 7- or 

8-positions of the benzoxazepinone ring to control the favorable ADMET profiles (Figure 5C). 
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(A)                                   (B) 

 

(C) 

N N
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Leu78
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His136

 

Figure 5. Synthetic strategy based on the docking model. (A) The docking study between 14 and 

RIP1 kinase. The DLG motif including Asp156 in the activation loop was omitted for simplicity. (B) 

Image of the protein surface around DP2. (C) Schematic illustration of 14 in RIP1 kinase. 
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First, modification of the substituent R1 was conducted. The results are summarized in Table 2 (The 

detailed SKR analysis for all synthesized compounds will be discussed (vide infra)). Introduction of 

a fluoro group into the o-position resulted in enhanced binding affinity (compound 16a), whereas 

introduction into the m- and p-positions (compounds 16b,c) decreased the affinity compared to that 

of the non-substituted analog 14. An additional fluoro group was introduced into the second 

o-position of 16a, yielding compound 16d, increasing the binding affinity. Replacement of the 

phenyl group with a cyclobutyl group resulted in reduced binding affinity. To direct a 

hydrogen-bonding interaction toward the OH of Ser161, substituents possessing a hydrogen-bonding 

acceptor (HBA), such as heteroaromatic rings and sulfone groups, were introduced. Pyridine analogs 

16f and 16g exhibited 10-fold lower Ki values than that of 14, whereas introduction of sulfone 

groups (16h and 16i) dramatically decreased the binding affinity. Among all compounds with 

modification of substituents for R1, the 2-fluorophenyl analog 16a and 2,6-difluorophenyl analog 

16d showed more potent binding affinities and longer drug-target residence times. Therefore, 

2-fluorophenyl and 2,6-difluorophenyl groups were selected as favorable substituents for R1 for 

further optimization. 
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Table 2. Modification of Substituent R1 

 

 

Compd R1 pKi logkon
a

 pkoff
a 

t1/2
a,b 

(min) 

16a 
 

8.76 
6.54 

(6.49–6.59) 

2.21 

(2.14–2.30) 

110 

(96–140) 

16b 
 

8.29 
6.48 

(6.40–6.54) 

1.82 

(1.73–1.94) 

46 

(37–60) 

16c 
 

8.10 
6.65 

(6.52–6.75) 

1.45 

(1.32–1.65) 

20 

(14–31) 

16d 
 

8.94 
6.58 

(6.54–6.61) 

2.36 

(2.31–2.43) 

160 

(140–180) 

16e 
 

7.86 
6.49 

(6.33–6.60) 

1.37 

(1.22–1.61) 

16 

(11–29) 

16f 
 

7.47 
5.90 

(5.77–6.00) 

1.58 

(1.45–1.76) 

26 

(19–40) 

16g 
 

7.42 
5.98 

(5.81–6.10) 

1.44 

(1.28–1.69) 

19 

(13–34) 

16h 
 

5.16 n.d.c n.d.c <5 

16i 
 

5.37 n.d.c n.d.c <5 

14 
 

8.41 
6.48 

(6.39–6.55) 

1.93 

(1.83–2.06) 

59 

(46–80) 
a95% confidence intervals (given in parentheses) determined in duplicate (n = 2). bt1/2 = ln2/koff. 

cnot 

determined. 

 

 Second, the results of introduction of the substituent R2 are summarized in Table 3. The methyl 

analog 17 showed slightly enhanced pKi compared to that of the non-substituted derivative 14. 
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Introduction of a chloro group (18) significantly boosted the binding affinity and resulted in marked 

prolongation of t1/2 (t1/2 = 210 min). Compounds 19 and 20, which had polar substituents such as 

cyano and carboxamide groups, also enhanced their binding affinity. These results demonstrated that 

filling the DP2 with not only lipophilic groups but also polar groups, was remarkably effective to 

enhance the binding affinity. Accordingly, a chloro group was identified as the most potent and 

slow-dissociating substituent (pKi = 9.39, t1/2 = 210 min). 

 

Table 3. Effect of Introducing a Substituent into the 3-Position of the Core Structure  

 

Compd R2 pKi logkon
a

 pkoff
a 

t1/2
a,b 

(min) 

17 Me 8.59 
6.30 

(6.25–6.35) 

2.29 

(2.21–2.39) 

130 

(110–170) 

18 Cl 9.39 
6.91 

(6.87–6.95) 

2.48 

(2.41–2.57) 

210 

(180–260) 

19 CN 8.94 
6.52 

(6.46–6.57) 

2.42 

(2.33–2.55) 

180 

(150–240) 

20 

 
8.60 

6.27 

(6.21–6.32) 

2.33 

(2.24–2.44) 

150 

(120–190) 

14 H 8.41 
6.48 

(6.39–6.55) 

1.93 

(1.83–2.06) 

59 

(46–80) 

a95% confidence intervals (given in parentheses) determined in duplicate (n = 2). bt1/2 = ln2/koff. 
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 We identified the favorable substituents for R1 and R2 to show potent binding affinity and slow 

dissociation (i.e., 2,6-difluorophenyl and 2-fluorophenyl groups for R1 and chloro group for R2), so 

further optimization of the scaffold was continued to control the favorable ADMET profiles by using 

substituent R3 toward the solvent-accessible region. Compounds 16a, 16d, and 18 bearing these 

optimal substituents showed potent pKi and long t1/2 value, but they had an issue of poor metabolic 

stabilities (data for 18 in Table 4, and data for 16a and 16d in a supplementary information). We 

assumed the benzene ring of the benzoxazepinone would be metabolically labile due to the high 

electron density. Therefore, electron-withdrawing and polar substituents such as cyano and amide 

groups were introduced as R3 into the 7- and 8-positions of the benzoxazepinone ring to block the 

assumed metabolic site, reduce the electron density of the benzoxazepinone, and decrease the total 

lipophilicity of the molecule. The results of introduction of the substituent R3 and the combination 

between R1 and R2 are summarized in Table 4. Introduction of cyano groups into the 7- and 

8-positions improved the metabolic stabilities while maintaining potent binding affinity. In particular, 

the 8-cyano analog 22 showed better metabolic stability than that of the 7-cyano analog 21. This 

result suggests that a metabolic soft spot could be the 8-position of the benzoxazepinone. Amide 

groups were introduced into the 8-position instead of the cyano group of 22. The amide analogs 23 

and 24 showed high P-gp–mediated efflux (ER = 17 and 15, respectively) despite maintaining 

moderate to potent binding affinity and satisfactory metabolic stability. Compounds 25 and 26 

possessing 2-fluorophenyl or 2,6-difluorophenyl groups were synthesized. Compounds 25 and 26 
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had moderate potency and good metabolic stability in addition to improved P-gp–mediated efflux 

(ER = 1.1 and 1.3, respectively). On the basis of these results, we selected compound 22 for further 

evaluation considering the balance between potency, metabolic stability, and P-gp ER. We also 

evaluated the selectivity of compound 22 for RIP1 kinase by using Reaction Biology Corp kinase 

panel and Eurofins Panlabs panel. As a result, compound 22 represented excellent specificity for 

RIP1 kinase over 406 kinases including RIP3 kinase (%inhibition: <50% at 10 µM) other than 

LIMK2 (>50% at 10 µM) in Reaction Biology Corp kinase panel. Compound 22 also showed 

excellent selectivity against 106 targets in Eurofins Panlabs panel. The results of Reaction Biology 

Corp kinase panel and Eurofins Panlabs panel are listed in supporting information (Supplemental 

Tables 4 and 5). 
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Table 4. Optimization of Substituents R1, R2, and R3 

 

Compd R1 R2 R3 pKi logkon
a

 pkoff
a 

t1/2
a,b 

(min) 

HLM/MLMc 

(µL/min/mg) 
ERd 

21 

 
Cl 7-CN 9.07 

6.58 

(6.55–

6.61) 

2.49 

(2.43–

2.55) 

210 

(190–

250) 

27/38 0.7 

22 

 
Cl 8-CN 9.04 

6.55 

(6.51–

6.59) 

2.49 

(2.41–

2.58) 

210 

(180–

260) 

<1/<1 0.6 

23 

 
Cl 8-CONHMe 9.04 

6.52 

(6.49–

6.54) 

2.52 

(2.47–

2.57) 

230 

(200–

260) 

13/<1 17 

24 

 
Cl 8-CONMe2 8.46 

6.13 

(6.09–

6.17) 

2.32 

(2.27–

2.39) 

150 

(130–

170) 

19/7.0 15 

25 

 
H 8-CN 8.53 

6.19 

(6.15–

6.24) 

2.33 

(2.26–

2.42) 

150 

(130–

180) 

<1/<1 1.1 

26 

 
H 8-CN 8.75 

6.29 

(6.23–

6.33) 

2.47 

(2.38–

2.58) 

200 

(170–

260) 

<1/11 1.3 

18 

 
Cl H 9.39 

6.91 

(6.87–

6.95) 

2.48 

(2.41–

2.57) 

210 

(180–

260) 

101/100 NTe 

a95% confidence intervals (given in parentheses) determined in duplicate (n = 2). bt1/2 = ln2/koff. 
cMetabolic stability in human and mouse liver microsomes. dEfflux ratios in P-gp–overexpressing 

cells at 1 µM. eNot tested. 
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Crystal Structure of Compound 22. An X-ray co-crystal structure of 22 bound to RIP1 kinase is 

shown in Figure 6. As we expected, the type III binding mode was observed. The core structure 

formed a hydrogen-bonding network with Asp156 among the nitrogen atom at the 1-position and the 

carbonyl group at the 7-position. The benzyl group fit into the allosteric hydrophobic DP1 at the 

back of the ATP binding site. The chloro group effectively occupied the small DP2, presumably 

interacting with the carbonyl group of Met67 at a distance of 3.5 Å.30,31 This chloro-oxygen 

interaction might result in extremely high affinity of 18 compared to that of the methyl analog 17. 

The cyano group on the benzoxazepinone ring was exposed toward the solvent-accessible region. No 

interaction was observed between 22 and Ser161 which is an autophosphorylation site. Reflecting 

this type III binding mode, compound 22 represented excellent selectivity against 406 kinases 

including RIP3 kinase (%inhibition: <50% at 10 µM) other than LIMK2 (>50% at 10 µM). These 

results demonstrated that compound 22 would be an excellent tool compound for in vitro and in vivo 

experiments. 
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Figure 6. X-ray crystal structure of compound 22 (white). 

 

In Vitro and In Vivo Profiling of Selected Candidate. Compound 22 was tested further in an in 

vitro binding assay for human and mouse RIP1 kinase proteins (Table 5). Compound 22 had 

approximately 90 times more potent affinity for human RIP1 kinase than that for mouse RIP1 kinase 

in TR-FRET assay. Cellular assays were also performed by using human colorectal adenocarcinoma 

HT-29 cells and mouse L-cells NCTC 929 (L929). L929 necroptosis assay has been generally used to 

examine the necroptosis pathways in mouse cells and regarded as well-established cellular model.32 

Compound 22 strongly suppressed necroptotic cell death and phosphorylation of MLKL (pMLKL), 

which was one of the hallmark mediators of necroptosis, in HT-29 cells (Table 5) (nectoptosis; IC50 = 

2.0 nM, pMLKL; IC50 = 1.3 nM) as well as L929 cells (nectoptosis; IC50 = 15 nM, pMLKL; IC50 = 

2.7 nM). The high correlation was observed between TR-FRET and cellular assays in human, 
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whereas there was a discrepancy between TR-FRET and cellular assays in mouse compared to 

human. It was not clear why there was a bigger discrepancy between TR-FRET and cellular assay of 

compound 22 in mouse than that in human, however the similar trend was observed between human 

and mouse in the other 7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivatives33 and 

compound 6.16 In the cellular conditions, endogenous full-length enzyme of RIP1 kinase is expressed 

and forms a complex with a variety of proteins.34–36 On the other hand, RIP1 kinase in the TR-FRET 

assay was composed of the catalytic domain of RIP1 kinase without any associated proteins. 

Although there is no information about the structural difference between the truncated catalytic 

domain of RIP1 kinase and the intracellular intact RIP1 kinase, the structural difference between 

truncated enzymes of human and mouse RIP1 kinase might explain the discrepancy between 

TR-FRET and cellular assays in mouse compared to human. Furthermore, in the case of L929 cells, 

TNF-α prominently causes necrosis instead of apoptosis, and this response is different from the other 

cell lines.37 In fact, HT-29 cells require TNF-α, cIAP inhibitor, and a pan-caspase inhibitor to induce 

necroptosis.32 Therefore, the necroptosis-inducible conditions are highly dependent on the kind of 

cell line. The L929 cells might be sensitive to necroptosis inducer and not require full target 

occupation of endogenous RIP1 kinase. Considering the excellent specificity for RIP1 kinase of 22 

and the result of in vivo target engagement in mouse using cellular thermal shift assay (CETSA)33, it 

is indicated that cellular activities of 22 should be caused by the inhibition of RIP1 kinase. 

Compound 22 was progressed to an in vivo study to evaluate its efficacy through inhibition of 
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non-primate RIP1 kinase. 

 

Table 5. Cellular activities in HT-29 and L929 cells 

Compd 
pKi 

Necroptosis 

IC50 (nM) 

pMLKL 

IC50 (nM) 

human mousea humana,b mousea,c humana,b mousea,c 

22 9.04 7.09 (6.96–7.23) 2.0 (1.5–2.7) 15 (14–17) 1.3 (0.3–5.5) 2.7 (1.9–3.7) 
a95% confidence intervals (given in parentheses) determined in duplicate (n = 2). bHT-29 cells. 
cL929 cells. 

 

PK study of compound 22 was conducted and the results are shown in Table 6. Compound 22 was 

administered to mice, and the plasma concentration was determined after oral (po, 1 mg/kg) and 

intravenous (iv, 0.1 mg/kg) administration. Compound 22 exhibited a desirable PK profile including 

high plasma exposure (AUC = 658 ng·h/mL) and a moderate plasma duration (MRT = 3.1 h). 

 

Table 6. PK Parameters of Compound 22 in Micea 

Compd 

PK parameters in mouse 

CL* 

(mL/h/kg) 

Cmax** 

(ng/mL) 

MRT** 

(h) 

AUC0-8h** 

(ng·h/mL) 

F 

(%) 

22 794 140.1 3.1 658 52.2 

aThe values are shown as means of three determinations (0.1 mg/kg, iv*, and 1.0 mg/kg, po**). 

 

Moreover, compound 22 showed satisfactory brain exposure (Cb,u = 0.0230 µg/g), which was 

equivalent to 50 nM, and a brain-to-plasma ratio (Kp,uu = 0.3) 1 hour after oral administration (po, 
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10 mg/kg) in mice (Table 7). We have also confirmed the target association of 22 in the mouse brain 

tissues by using CETSA at 1 hour after oral administration of 22.33 On the basis of these results, 

compound 22 was selected for further evaluation in the EAE models of MS.  

 

Table 7. Concentrations in Plasma and Brain of Compound 22 in Micea 

 Compd 
time 

(h) 

Conc. (µg/mL or µg/g) 
Kpf Kp,uug 

Cpb Cbc Cp,ud Cb,ue 

22 1 1.479 1.038 0.089 0.0230 0.7 0.3 

aAdministered orally at 10 mg/kg (n = 3). bTotal plasma concentration. cTotal brain concentration. 
dUnbound plasma concentration. eUnbound brain concentration. fKp = Cb/Cp. gKp,uu = Cb,u/Cp,u. 

 

 Compound 22 was orally administered from day 0 to day 26 and progression of clinical signs of 

EAE was daily monitored. Clinical signs of EAE in vehicle-treated mice were observed from day 12, 

and peaked at around day 21. On the other hand, the orally administered RIP1 kinase inhibitor 22 at 

doses of 10 mg/kg twice a day (20 mg/kg/day) attenuated the development of clinical symptoms of 

EAE (Figure 7A). Cumulative score of EAE was significantly lower than that of the vehicle-treated 

group (Figure 7B). These results indicated that compound 22 protected against disease progression in 

the EAE model. Ofengeim et al. also reported that Nec-1s (7N-1, compound 2 in this paper) blocks 

the disease progression in the EAE model.4 Although it is difficult to compare the efficacy between 

22 and 2 without head-to-head comparison in the same condition, compound 22 would be a novel 

class of an orally available and brain-penetrating in vivo tool for RIP1 kinase. 
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Figure 7. Assessment of compound 22 in the EAE model. 

RIP1 kinase inhibitor 22 (10 mg/kg) or vehicle (0.5% methylcellulose) was orally administered to 

mice twice a day for 26 days. (A–B) The EAE clinical score of (A) the time course and (B) the 

cumulative clinical score from day 0 to day 26 are shown. Data are presented as the mean ± S.E. (n = 

12). **p < 0.05 compared to the naïve group (Dunn's test). 
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Structure−kinetic relationship.  

  Several properties of ligands, including molecular weight, lipophilicity, and rotatable bond count, 

have been reported to affect kinetic parameters.38 During the optimization of 

7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivatives, molecular weight and rotatable 

bond count were not changed greatly and lipophilicity was the main parameter to optimize profiles 

such as binding activity and metabolic stability. Therefore, the SKR at R1–R3
 substituents were 

analyzed in relation with lipophilicity. We also investigated the relationship between kon and koff to 

know the value of SKR analysis compared to that of conventional SAR.  

In the modification of the substituent for R1, relationships between kinetic profiles (logkon: blue 

dots, pkoff: red dots) and lipophilicity are summarized in Figure 8 (the detailed kinetic parameters are 

listed in a supplementary information). Introduction of a fluoro group into the benzene ring in DP1 

affected the pkoff more than the logkon (14 and 16a–d). Replacement of phenyl group with cyclobutyl 

group maintained the logkon value and resulted in a 4-fold decrease in the koff value (14 and 16e). 

This finding suggested that the decreased koff value of 16e caused the decreased binding affinity. The 

pyridine analogs 16f and 16g exhibited slightly lower logkon and pkoff values than that of 14, whereas 

introduction of sulfone groups (16h and 16i) dramatically decreased both logkon and pkoff values. 

Overall, the logkon and pkoff values were mostly raised depending on the degree of increase in the 

clog P, and a particularly good correlation was observed between the logkon and clog P.  
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Figure 8. SKR and relationships between kinetic profiles and lipophilicity in the modification of R1. 

 

Relationship between the logkon and pkoff in modification of the substituent at R1 is displayed in 

Figure 9. No apparent correlation was observed between the logkon and pkoff. Interestingly, it was 

revealed that the kon and koff changed independently although both the logkon and pkoff values roughly 

correlated with clog P. These results suggested that kon and koff can be optimized independently by 

measuring SKR, which would provide another medicinal chemistry strategy to obtain more potent 

compounds by combining the best kon moiety with the best koff moiety.  

Regarding the substituents at R2 and R3, introduction of the appropriate R2 substituent resulted in a 

longer drug-target residence time, but no notable effect on kinetic profiles was observed for 

substituent R3 (Tables 3 and 4). 
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Figure 9. Relationships between logkon and pkoff in modification of R1. 

 

The cellular activity and binding parameters are summarized in Table 7. Based on the cocrystal 

structure of 22, compounds 14 and 22 should be type III inhibitors and would also be ATP 

competitive inhibitors as 3 and 6.16 In comparison between four ATP competitive inhibitors in Table 

7, slower dissociating compounds exhibited more potent cellular activity. The residence time (t1/2) 

was more correlated with the cellular activity than the affinity (pKi). It suggested that in the case of 

RIP1 kinase inhibitors, the residence time would be more important for achieving optimal cellular 

activity than affinity. However, further study is needed to conclude which is more critical for the 

cellular activity, the affinity or the residence time, because the sample size is small in this study. By 
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analyzing kinetic profiles as well as thermodynamic profiles, we succeeded to identify a favorable 

RIP1 kinase inhibitor that showed the potent cellular activity. 

 

Table 7. Impact of t1/2 on cellular activity 

Compd pKi 
HT29 Necroptosis 

IC50 (nM)a,b 
logkon

b
 pkoff

b 
t1/2

b,c 

(min) 

3 8.69 
300 

(160–580) 

7.63 

(7.56–7.69) 

1.06 

(0.99–1.15) 

8.0 

(6.8–9.9) 

14 8.41 
18 

(14–23) 

6.48 

(6.39–6.55) 

1.93 

(1.83–2.06) 

59 

(46–80) 

6 9.01 
4.1 

(2.7–6.1) 

6.79 

(6.74–6.84) 

2.22 

(2.14–2.31) 

115 

(97–143) 

22 9.04 
2.0 

(1.5–2.7) 

6.55 

(6.51–6.59) 

2.49 

(2.41–2.58) 

210 

(180–260) 
aHT-29 cells. b95% confidence intervals (given in parentheses) determined in duplicate (n = 2). ct1/2 = 

ln2/koff. 

 

CONCLUSION 

7-Oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivatives were discovered as potent and 

brain-penetrating RIP1 kinase inhibitors. Optimization of the core structure and exploration of 

appropriate substituents for DP1, DP2, and solvent-accessible region by utilizing the SBDD 

approach led to the discovery of 

(3S)-3-(2-benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-4-oxo

-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carbonitrile (22), a highly potent, orally active, and 

brain-penetrating RIP1 kinase inhibitor with an excellent PK profile. Compound 22 significantly 
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suppressed necroptotic cell death and phosphorylation of MLKL in cellular assays using mouse cells 

in addition to human cells, which enabled evaluation of a RIP1 kinase inhibitor in a mouse 

neurodegenerative model. Oral administration of 22 at 10 mg/kg, bid attenuated disease progression 

in a mouse EAE model of MS. Although confirmation of the target binding of compound 22 with 

CETSA in the mouse brain tissues demonstrates that our novel chemical series target RIP1 kinase 

signaling pathway in CNS, further studies are needed to strengthen the evidence for the target 

engagement in animal brain tissues. Further evaluation of compound 22 is ongoing for 

neurodegenerative disorders. Compound 22 is also a good CNS tool compound for RIP1 kinase to 

investigate therapeutic opportunities for neurodegenerative disorders, such as MS, PD, and ALS, 

with significant unmet medical needs. 
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CHEMISTRY 

 Modifications of the core structure were performed according to Schemes 1–5. Synthesis of 

4-oxo-1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridine derivative 11 is described in Scheme 1. 

Commercially available 27 was reacted with methyl propiolate to afford imidazole 28. After 

bromination and protection with a p-methoxybenzyl group (PMB), Sizuki-Miyaura coupling yielded 

31. The ethoxyvinyl group of 31 was converted to a formylmethyl group, followed by reductive 

amination with (S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one 

hydrochloride15,16 to give 33. Cyclization using AlMe3 and subsequent de-protection of the PMB 

group afforded 4-oxo-1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridine derivative 11. 

 

Scheme 1
a
 

 
aReagents and conditions: (a) methyl propiolate, diphenyl ether, microwave, 200 °C, 35%; (2) 

bromine, K2CO3, DMF, rt, 56%; (c) 4-methoxybenzyl chloride, K2CO3, DMF, 50 °C, 21%; (d) 

(E)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(dppf)Cl2·CH2Cl2, Cs2CO3, 

DME/water, 90 °C, 75%; (e) 6 M HCl aq./THF, rt–60 °C, 98%; (f) 

(S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride, 2-picoline boran, 

acetic acid, MeOH, rt, 65%; (g) AlMe3, toluene, 120 °C, under Ar, 50%; (h) Pd(OH)2, MeOH, 50 °C, 

under H2, 66%. 
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8-Oxo-5,6-dihydro[1,2,4]triazolo[1,5-a]pyrazine derivative 12 was synthesized by cyclization of 6 

with 1,2-dibromoethane (Scheme 2). 

 

Scheme 2
a
 

 

aReagents and conditions: (a) NaH, 1,2-dibromoethane, DMF, 60 °C, 22%. 

 

Treatment of commercially available 36 with ethyl 2-ethoxy-2-iminoacetate formed imidazole 

derivative 37. After hydrolysis of the ester group and amidation, 

8-oxo-5,6-dihydroimidazo[1,2-a]pyrazine derivative 13 was obtained by similar cyclization with 12 

(Scheme 3). 

 

Scheme 3
a
 

 
aReagents and conditions: (a) ethyl 2-ethoxy-2-iminoacetate, NaOAc, AcOH, 110°C, 9.1%; (b) (1) 2 

M NaOH aq., EtOH, 100 °C, (2) 

(S)-3-Amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride, HATU, DIPEA, 

DMF, rt, 59%; (c) Cs2CO3, 1,2-dibromoethane, DMF, 100 °C, 3.2%. 
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Preparation of 7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivative 14 was conducted in 

a manner similar to that for 11 (Scheme 4). Modification of the substituent for R1 was conducted by 

iterative synthesis or combinatorial chemistry using de-benzylated compound 45. Alkylation of 45 

with the corresponding alkyl halide afforded compounds 16a–aj, respectively. 

 

Scheme 4
a
 

 

aReagents and conditions: (a) K2CO3, benzyl bromide, DMF, rt, 64%; (b) bromine, MeCN, rt, 98%; 

(c) (E)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(dppf)Cl2·CH2Cl2, Cs2CO3, 

DME/water, 90 °C, 94%; (d) 6 M HCl aq./THF, 60 °C, 94%; (e) 

(S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride, 2-picoline boran, 

acetic acid, MeOH, rt, 94%; (f) AlMe3, toluene, 120 °C, under Ar, 41%; (g) Pd/C, 1 M HCl aq., 

MeOH, rt, under H2, 82%; (h) R1CH2Br, K2CO3, DMF or DMA, rt–80 °C, 1.4–65%. 

 

Synthesis of 4-oxo-2,4,6,7-tetrahydro-5H-pyrazolo[4,3-c]pyridine derivative 15 was performed 

along with Scheme 5. Commercially available 46 was treated with hydrazine monohydrate to give 

pyrazole derivative 47. After benzylation, de-protection and oxidation, aldehyde 50 was synthesized. 

Aldehyde 50 was reacted with (methoxymethyl)triphenylphosphonium chloride in a presence of 
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potassium tert-butoxide (tBuOK), followed by hydrolysis, reductive amination and cyclization to 

give compound 15. 

 

Scheme 5
a
 

 
aReagents and conditions: (a) (1) DMFDMA, toluene, 65 °C, (2) NH2NH2·H2O, AcOH, rt, 52% in 2 

steps; (b) benzyl chloride, K2CO3, MeCN, rt, 64%; (c) TFA, DCM, rt, 86%; (d) MnO2, DCM, 40 °C, 

59%; (e) (methoxymethyl)triphenylphosphonium chloride, tBuOK, THF, rt, 53%; (f) (1) 6 M HCl 

aq./THF, rt, (2) (S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride, 

2-picoline boran, acetic acid, MeOH, rt; (h) AlMe3, toluene, 100 °C, 6% in 3 steps. 

 

3-Substituted 7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine derivatives 17–20 were 

synthesized as shown in Scheme 6. Treatment of commercially available 54 with benzylhydrazine 

hydrochloride yielded 55, followed by conversion to compounds 56a,b by using phosphoryl bromide 

or phosphoryl chloride. Compounds 18 and 60 were prepared in a similar way with 15. 

Sizuki-Miyaura coupling of 60 provided methyl analog 17. The cyanation of 60 using dicyanozinc 

formed compound 19, followed by hydrolysis to give 20. 
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Scheme 6
a
 

 
aReagents and conditions: (a) benzylhydrazine hydrochloride, K2CO3, EtOH, 90 °C, 36%; (b) 

phosphoryl bromide, DMF, 1,2-dichloroethane, 90 °C, 48%; (c) phosphoryl chloride, DMF, 90 °C, 

36%; (d) (methoxymethyl)triphenylphosphonium chloride, tBuOK, THF, rt, 30–42%; (e) 6 M HCl 

aq/THF, rt; (f) (S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride, 

2-picoline boran, acetic acid, MeOH, rt, 67–94% in 2 steps; (g) AlMe3, toluene, 100 °C, 23–82%; (h) 

Pd(PPh3)4, 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane, KOH, THF, 100 °C, under Ar, 9%; (i) 

dicyanozinc, Pd(PPh3)4, DMF, 100 °C, under Ar, 90%; (j) K2CO3, H2O2, DMSO, rt, 60%. 

 

Synthesis of key intermediates 64a,b and 70a–d are described in Schemes 7 and 8, respectively. 

Compounds 64a,b were synthesized in a manner similar to that described for 43 in Scheme 4. 

Substituted fluoronitrobenzenes 65a–c were reacted with 

(S)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoic acid in a presence of sodium hydride, 

followed by reduction of the nitro group, intramolecular amidation and N-methylation to give 

Boc-protected 69a–c. Compound 69c was converted to compounds 69e,f via de-protection of the 

benzyl group and amidation. (S)-3-Amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one 

70a–d were obtained by de-protection of the corresponding intermediate. 
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Scheme 7
a
 

 
aReagents and conditions: (a) R1CH2Br, NaH, THF, rt, 95–97%; (b) bromine, MeCN, rt, 88–98%; (c) 

(E)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(dppf)Cl2·CH2Cl2, Cs2CO3, 

DME/water, 90 °C, under Ar, 84–87%; (d) 6 M HCl aq./THF, rt, 68%–quant. 

 

Scheme 8
a 

 
aReagents and conditions: (a) (S)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoic acid, NaH, 

DMF, rt, 22–74 %; (b) Fe, NH4Cl, EtOH/water, 80 °C; (c) Zn, AcOH, 0 °C; (d) HATU, TEA, DMSO, 

rt, 3–26% in 2 steps; (e) MeI, Cs2CO3, DMF, rt, 45–75%; (f) Pd/C, THF, rt, under H2, 99%; (g) 

methylamine or dimethylamine, HATU, TEA, DMF, rt, 85–100%; (h) 4 M HCl in EtOAc, THF, rt, 

60–98%. 

 

Modifications of the substituent for R3 were performed according to Scheme 9. Reductive 

amination of aldehydes 58b and 64a,b with the corresponding amines 70a–d gave compounds 71a–f, 

respectively. After cyclization and cyanation if needed, compounds 21–26 were finally synthesized. 
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Scheme 9
a 

 aReagents and conditions: (a) 70a–d, 2-picoline boran, acetic acid, MeOH, rt, 48–100%; (b) AlMe3, 

toluene, 100 °C, 29–89%; (c) dicyanozinc, Pd(PPh3)4, DMF, 100 °C, under Ar, 62–85%. 
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EXPERIMENTAL SECTION 

General Chemistry Information. All commercially available solvents and reagents were used 

without further purification. Yields were not optimized. 1H NMR spectra were recorded on Bruker 

DPX300 (300 MHz) or DPX400 (400 MHz) instruments. Chemical shifts are reported as δ values 

(ppm) downfield from internal TMS of the indicated organic solution. Peak multiplicities are 

expressed as follows: s, singlet; d, doublet; t, triplet; q, quartet; dd, doublet of doublets; td, triplet of 

doublets; ddd, doublet of doublet of doublets; brs, broad singlet; m, multiplet. Coupling constants (J 

values) are given in hertz (Hz). LC-MS was performed on a Waters liquid chromatography-mass 

spectrometer system, using a CAPCELL PAK UG-120 ODS column (2.0 mm i.d. × 50 mm, Shiseido 

Co., Ltd.) with a 5–95% gradient of MeCN in water containing 0.04% TFA and an HP-1100 (Agilent 

Technologies) apparatus for monitoring at 220 nm. All microwave reactions were performed in a 

Biotage Initiator 2.0 or 2.5 microwave synthesizer. Preparative HPLC was performed on an 

automated Gilson HPLC system using a YMC C-18 column (S-5 µm, 50 mm × 20 mm i.d.) with a 5–

95% gradient of MeCN in water containing 0.1% TFA. Reaction progress was determined by TLC 

analysis on Merck Kieselgel 60 F254 plates or Fuji Silysia NH plates. Column chromatography was 

performed using silica gel (Merck Kieselgel 60, 70–230 mesh), basic silica gel (Chromatorex 

NH-DM 1020, 100-200 mesh, Fuji Silysia Chemical, Ltd.), or Purif-Pack (SI ϕ 60 µM or NH ϕ 60 

µM, Fuji Silysia Chemical, Ltd.). Unless otherwise stated, the purities of synthesized compounds for 

biological testing were > 95% determined by analytical HPLC. (The purities of 11, 13, 16b, 16h and 
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16t were 89.6%, 86.8%, 94.7%, 94.4% and 93.9%, respectively.) Analytical HPLC was performed 

with Corona Charged Aerosol Detector (CAD), Nano quantity analyte detector (NQAD), or photo 

diode array detector. The column was a Capcell Pak C18AQ (50 mm × 3.0 mm I.D., Shiseido, Japan) 

or L-column 2 ODS (30 mm × 2.0 mm I.D., CERI, Japan) with a temperature of 50 °C and a flow 

rate of 0.5 mL/min. Mobile phase A and B under a neutral condition were a mixture of 50 mmol/L 

ammonium acetate, water, and acetonitrile (1:8:1, v/v/v) and a mixture of 50 mmol/L ammonium 

acetate and acetonitrile (1:9, v/v), respectively. The ratio of mobile phase B was increased linearly 

from 5% to 95% over 3 min, 95% over the next 1 min. Mobile phase A and B under acidic conditions 

were a mixture of 0.2% formic acid in 10 mmol/L ammonium formate and 0.2% formic acid in 

acetonitrile, respectively. The ratio of mobile phase B was increased linearly from 14% to 86% over 

3 min, 86% over the next 1 min. Abbreviations of solvents are used as follows: CDCl3, deuterated 

chloroform; DMSO-d6, dimethyl sulfoxide-d6; dichloromethane, DCM; EtOAc, ethyl acetate; DMF, 

N,N-dimethylformamide; MeOH, methanol; THF, tetrahydrofuran; EtOH, ethanol; DMSO, dimethyl 

sulfoxide; DMA, N,N-dimethylactamide; AcOH, acetic acid; DMFDMA, N,N-dimethylformamide 

dimethylacetal; MeCN, acetonitrile; DIPEA, N,N-diisopropylethylamine; TEA, triethylamine; IPE, 

diisopropyl ether. 

(3S)-3-(2-Benzyl-4-oxo-1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)-5-methyl-2,3-dihydro

-1,5-benzoxazepin-4(5H)-one trifluoroacetic acid (11). Two batches of the reaction were 

conducted and worked up together after the reaction. A mixture of 34 (10 mg, 0.02 mmol) and 10% 
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Pd(OH)2 on carbon (2.4 mg, 1.71 µmol) in MeOH (5 mL) was hydrogenated under balloon pressure 

at room temperature overnight. Pd(OH)2 (7 mg) and 6 M HCl aq (1 mL) were added. After stirring at 

rt under H2 atmosphere for 2 h, the mixture was heated to 50 °C and stirred at 30 min. The catalyst 

was removed by filtration and the filtrate was concentrated under reduced pressure. 

A mixture of 34 (22 mg, 0.04 mmol) and 10% Pd(OH)2 on carbon (16 mg, 0.01 mmol) in MeOH (5 

ml) and 6 M HCl aq (1.000 mL) was hydrogenated under balloon pressure at 50 °C for 2.5 h. The 

catalyst was removed by filtration and the filtrate was concentrated under reduced pressure. 

The residues were combined and diluted with MeOH. The solution of the mixture in MeOH was 

purified by preparative HPLC (L-Column 2 ODS, eluted with H2O in acetonitrile containing 0.1% 

TFA). The desired fractions were concentrated under reduced pressure to give 11 (21 mg, 66%) as a 

light brown amorphous powder. 1H NMR (300 MHz, CDCl3) δ 3.01-3.17 (1H, m), 3.20-3.39 (4H, m), 

3.63-3.79 (1H, m), 3.89-4.13 (2H, m), 4.29-4.46 (2H, m), 4.74 (1H, dd, J = 11.7, 10.2 Hz), 5.64 (1H, 

dd, J = 11.9, 7.7 Hz), 6.77-6.89 (1H, m), 6.95-7.21 (5H, m), 7.28-7.35 (3H, m). LC-MS (APCI) m/z 

403.2 [M + H]+. Analytical HPLC 89.6% purity. 

(3S)-3-(2-Benzyl-8-oxo-5,6-dihydro[1,2,4]triazolo[1,5-a]pyrazin-7(8H)-yl)-5-methyl-2,3-dihydro

-1,5-benzoxazepin-4(5H)-one (12). To a solution of 6 (47 mg, 0.12 mmol) and sodium hydride 

(10.96 mg, 0.27 mmol) in DMF (1 mL) was added 1,2-dibromoethane (0.013 mL, 0.15 mmol) at 

room temperature, and the mixture was stirred 24 h at 60 °C. The reaction mixture was fileterd 

through a short pad of silica gel eluted by EtOAc/MeOH (1/1) and concentrated under reduced 
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pressure. The residue was purified by column chromatography (silica gel, eluted with 80% - 100% 

EtOAc in hexane) to give 12 (11.10 mg, 22%) as a white amorphous solid. 1H NMR (300 MHz, 

CDCl3) δ 3.38 (3H, s), 3.82 (1H, ddd, J = 12.4, 11.0, 4.2 Hz), 4.06-4.18 (2H, m), 4.34-4.80 (5H, m), 

5.82 (1H, dd, J = 11.7, 8.3 Hz), 7.14-7.40 (9H, m). LC-MS (APCI) m/z 404.3 [M + H]+. Analytical 

HPLC 100% purity. 

(3S)-3-(2-Benzyl-8-oxo-5,6-dihydroimidazo[1,2-a]pyrazin-7(8H)-yl)-5-methyl-2,3-dihydro-1,5-b

enzoxazepin-4(5H)-one (13). To a solution of 38 (89 mg, 0.24 mmol) and 1,2-dibromoethane 

(commercially available, 0.072 mL, 0.83 mmol) in DMF (2 mL, 25.83 mmol) was added cesium 

carbonate (308 mg, 0.95 mmol) at room temperature, and the mixture was stirred for 2 h at 100 °C. 

To the reaction mixture was added water and extracted with EtOAc. The organic layer was washed 

twice with water and once with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by column chromatography (silica gel, eluted with 17% - 43% 

MeOH in EtOAc). The residue was purified by preparative HPLC (L-Column 2 ODS, eluted with 

H2O in acetonitrile containing 0.1% TFA). The desired fraction was neutralized with saturated 

NaHCO3 aq. and extracted with EtOAc. The organic layer was separated, dried over Na2SO4 and 

concentrated under reduced pressure to give 13 (3.0 mg, 3.2%) as a white solid. 1H NMR (300 MHz, 

CDCl3) δ3.37 (3H, s), 3.74 (1H, td, J = 11.6, 4.0 Hz), 3.99 (2H, s), 4.06 (1H, dt, J = 12.6, 3.9 Hz), 

4.28-4.66 (4H, m), 5.89 (1H, dd, J = 11.7, 8.3 Hz), 6.56 (1H, s), 7.15-7.34 (9H, m). LC-MS (APCI) 

m/z 403.2 [M + H]+. Analytical HPLC 86.8% purity. 
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(3S)-3-(2-Benzyl-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-2,3-dihydr

o-1,5-benzoxazepin-4(5H)-one (14). Compound 14 was obtained (41%) as a white amorphous solid 

in a manner similar to that described for the synthesis of 34. 1H NMR (300 MHz, CDCl3) δ 2.70 (1H, 

dt, J = 15.5, 4.7 Hz), 3.10 (1H, ddd, J = 15.6, 10.7, 4.7 Hz), 3.38 (3H, s), 3.54 (1H, td, J = 11.2, 4.3 

Hz), 4.22 (1H, dt, J = 11.9, 5.0 Hz), 4.42 (1H, dd, J = 9.8, 8.3 Hz), 4.62 (1H, dd, J = 11.7, 10.2 Hz), 

5.34 (2H, s), 5.96 (1H, dd, J = 11.7, 8.3 Hz), 7.11-7.26 (7H, m), 7.29-7.39 (3H, m). LC-MS (APCI) 

m/z 403.3 [M + H]+. 13C NMR (75 MHz, CDCl3) δ 20.6, 35.6, 45.8, 51.2, 56.8, 74.8, 121.3, 122.6, 

123.3, 125.7, 125.9, 127.2, 128.0, 128.3, 128.9, 135.8, 136.8, 142.7, 150.0, 161.4, 169.6. Anal. Calcd 

for C23H22FN4O3 + 0.4 H2O: C, 67.43; H, 5.61; N, 13.68. Found: C, 67.54; H, 5.63; N, 13.48. 

Analytical HPLC 99.9% purity. 

(3S)-3-(2-Benzyl-4-oxo-2,4,6,7-tetrahydro-5H-pyrazolo[4,3-c]pyridin-5-yl)-5-methyl-2,3-dihydr

o-1,5-benzoxazepin-4(5H)-one (15). To a solution of 51 (200 mg, 0.699 mmol) in THF (5 mL) was 

added 6 M HCl aq. (0.47 mL, 2.80 mmol). After stirring at 25–30 °C for 14 h, the micture was 

diluted with water, neutralized with saturated NaHCO3 aq. till pH = 7, and extracted with EtOAc 

(twice). The combined organic layer was washed with brine, dried over Na2SO4, filtered and 

concentrated under reduced pressure to give 52 as a colorless oil. To a solution of the crude of 52 and 

(S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride (75 mg, 0.33 

mmol) in MeOH (2 mL) and AcOH (0.2 mL) was added 2-picoline boran (53 mg, 0.50 mmol) at 

0 °C, the mixture was stirred at 0 °C for 0.5 hr. The reaction was quenched with water (20 mL) and 
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to the mixture was added saturated NaHCO3 aq. till pH = 7, then it was extracted with EtOAc (30 mL 

X2). The combined organic layer was washed with brine (50 mL) and dried over Na2SO4. The 

organic layer was concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with petroleum ether/EtOAc (1:1)) to give 53 as an off-white solid 

(LC-MS (APCI) m/z 449.3 [M + H]+). To a solution of the crude of 53 in toluene (2 mL) was added 

AlMe3 (2 M in toluene, 0.25 mL,0.51 mmol) at 25 °C. The mixture was stirred at 100 °C under N2 

for 1 hr. After cooling to 20 °C, the reaction mixture was quenched with water (30 mL) and it was 

extracted with EtOAc (30 mL X3). The combined organic layer was washed with brine (50 mL) and 

dried over Na2SO4. The organic layer was concentrated under reduced pressure to give crude product. 

It was purified by prep-HPLC (0.1% NH3·H2O as additive), and most of MeCN was removed under 

reduced pressure to give the residue, and it was lyophilized to give 15 (18 mg, 6% in 3 steps) as an 

off-white solid. 

LC-MS (Mobile phase: from 90% [water + 0.04% TFA] and 10% [MeCN +0.02 % TFA] to 20% 

[water + 0.04% TFA] and 80% [MeCN + 0.02% TFA] in 1.35 min, then under this conditionfor 0.9 

min, finally changed to 90% [water + 0.04% TFA] and 10% [MeCN + 0.02% TFA] and under this 

condition for 0.75 min.) purity is > 99%, Rt = 1.615 min; MS Calcd.: 402.2; MS Found: 403.1 [M + 

H]+. 1H NMR (400 MHz, CDCl3) δ 2.75-2.85 (1H, m), 3.10-3.20 (1H, m), 3.31 (3H, s), 3.45-3.55 

(1H, m), 4.15-4.25 (1H, m), 4.31 (1H, dd, J = 10.0, 8.4 Hz), 4.60 (1H, dd, J = 11.6, 10.0 Hz), 5.18 

(2H, s), 5.75 (1H, dd, J = 11.6, 8.0 Hz), 7.05-7.20 (6H, m), 7.25-7.35 (3H, m, overlap with CDCl3 
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signal), 7.66 (1H, s). 13C NMR (75 MHz, CDCl3) δ23.3, 35.5, 45.1, 50.9, 56.4, 74.9, 113.8, 122.6, 

123.1, 125.8, 127.1, 127.9, 128.4, 129.0, 130.7, 135.4, 136.9, 149.9, 152.4, 162.6, 169.7. Anal. Calcd 

for C23H22FN4O3 + 0.5 H2O: C, 67.14; H, 5.63; N, 13.62. Found: C, 67.09; H, 5.61; N, 13.44. 

Analytical HPLC 98.5% purity. 

(3S)-3-(2-(2-Fluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16a). 2-Fluorobenzyl bromide (commercially available, 

12 µl, 0.10 mmol) was added to a solution of 45 (26 mg, 0.08 mmol) and potassium carbonate (34.5 

mg, 0.25 mmol) in DMF (1.0 mL) at room temperature. The mixture was stirred at room temperature 

overnight. The mixture was partitioned between EtOAc and water. The organic layer was separated, 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was 

purified by column chromatography (silica gel, eluted with 80% - 100% EtOAc in hexane) to give 

16a (17.6 mg, 0.042 mmol, 50%) as a white solid. LC-MS (APCI) m/z 421.2 [M + H]+. 1H NMR 

(300 MHz, CDCl3) δ 2.77 (1H, dt, J = 15.9, 5.3 Hz), 3.12 (1H, ddd, J = 15.7, 10.4, 4.9 Hz), 3.38 (3H, 

s), 3.59 (1H, ddd, J = 12.1, 10.2, 4.5 Hz), 4.18-4.31 (1H, m), 4.40 (1H, dd, J = 9.8, 7.9 Hz), 4.67 (1H, 

dd, J = 11.9, 10.0 Hz), 5.66-5.88 (3H, m), 6.88-6.96 (1H, m), 6.97-7.06 (2H, m), 7.12-7.25 (5H, m), 

7.42 (1H, s). 13C NMR (75 MHz, CDCl3) δ 20.5, 35.6, 45.8, 50.1 (d, J = 4.4 Hz), 51.2, 74.8, 115.5 (d, 

J = 20.9 Hz), 121.3, 122.6, 123.0 (d, J = 14.9 Hz), 123.3, 124.7 (d, J = 3.9 Hz), 125.9, 126.0 (d, J = 

1.7 Hz), 127.2, 130.4 (d, J = 8.3 Hz), 130.6 (d, J = 3.9 Hz), 136.8, 142.9, 150.0, 160.4 (d, J = 247 

Hz), 161.3, 169.6. Anal. Calcd for C23H21FN4O3 + 0.7 H2O: C, 63.79; H, 5.21; N, 12.94. Found: C, 
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63.92; H, 5.16; N, 12.68. Analytical HPLC 96.3% purity. 

(3S)-3-(2-(3-Fluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16b). Compound 16b was obtained (2% in 4 steps) as a 

white solid in a manner similar to that described for the synthesis of 14. LC-MS (APCI) m/z 421.2 

[M + H]+. 1H NMR (400 MHz, DMSO-d6) δ 2.65-2.80 (1H, m), 2.80-2.95 (1H, m), 3.29 (3H, s, 

overlap with water signal), 3.50-3.65 (1H, m), 3.90-4.05 (1H, m), 4.32 (1H, dd, J = 10.0, 8.0 Hz), 

4.75-4.90 (1H, m), 5.38 (2H, s), 5.56 (1H, dd, J = 12.0, 7.6 Hz), 7.04-7.09 (2H, m), 7.10-7.20 (1H, 

m), 7.25-7.45 (4H, m), 7.45-7.55 (1H, m), 7.78 (1H, s). Analytical HPLC 94.7% purity. 

(3S)-3-(2-(4-Fluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16c). Compound 16c was obtained (23%) as a white 

solid in a manner similar to that described for the synthesis of 14. LC-MS (APCI) m/z 421.2 [M + 

H]+. 1H NMR (400 MHz, DMSO-d6) δ 2.61-2.73 (1H, m), 2.75-2.90 (1H, m), 3.29 (3H, s, overlap 

with water signal), 3.50-3.62 (1H, m), 3.92-4.01 (1H, m), 4.25-4.35 (1H, m), 4.75-4.85 (1H, m), 5.34 

(2H, s), 5.56 (1H, dd, J = 15.6, 8.0 Hz), 7.12-7.37 (7H, m), 7.45-7.53 (1H, m), 7.75 (1H, s). 13C 

NMR (75 MHz, CDCl3) δ 20.5, 35.6, 45.8, 51.2, 56.0, 74.8, 115.8 (d, J = 21.5 Hz), 121.4, 122.6, 

123.3, 125.6, 125.9, 127.2, 129.8 (d, J = 8.3 Hz), 131.6 (d, J = 3.3 Hz), 136.8, 142.9, 150.0, 161.3, 

162.6 (d, J = 248 Hz), 169.5. Anal. Calcd for C23H21FN4O3 + 0.1 H2O: C, 65.42; H, 5.06; N, 13.27. 

Found: C, 65.14; H, 5.10; N, 13.03. Analytical HPLC 98.2% purity. 

(3S)-3-(2-(2,6-Difluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-meth
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yl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16d). Compound 45 (25.0 mg, 80 µmol), potassium 

carbonate (22.3 mg, 160 µmol), 2,6-difluorobenzyl bromide (commercially available, 160 µmol), and 

DMA (1 mL) were charged to 16.5 mL test tube. After the mixture was stirred at 80 °C for 1.5 h, the 

salt was removed by filtration and washed with MeOH. The filtrate was purified by directly injecting 

into the Gilson Preparative-HPLC under neutral conditions. The obtained fraction was dried by 

blowing away with the air at 60 °C to give 16d (17.9 mg, 51%). LC-MS (APCI) m/z 439.1 [M + H]+. 

Analytical HPLC 99.7% purity. 

(3S)-3-(2-(Cyclobutylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-meth

yl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16e). Compound 16e was obtained (22%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 381.1 [M + H]+. Analytical 

HPLC 100% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(pyridin-3-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-

yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16f). Compound 16f was obtained (9.3%) as a white 

solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 404.3 [M + 

H]+. 1H NMR (300 MHz, CDCl3) δ 2.72 (1H, dt, J = 15.49, 4.72 Hz), 3.12 (1H, tdd, J = 10.39, 10.39, 

5.29, 4.15 Hz), 3.38 (3H, s), 3.55 (1H, ddd, J = 11.99, 10.67, 4.15 Hz), 4.23 (1H, dt, J = 11.99, 5.15 

Hz), 4.42 (1H, dd, J = 10.01, 8.12 Hz), 4.63 (1H, dd, J = 11.71, 9.82 Hz), 5.36 (2H, d, J = 0.76 Hz), 

5.94 (1H, dd, J = 11.71, 8.31 Hz), 7.13-7.32 (5H, m), 7.57 (1H, dq, J = 7.93, 1.26 Hz), 8.56 (2H, td, 

J = 4.63, 1.70 Hz). Analytical HPLC 98.7% purity. 
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(3S)-5-Methyl-3-(7-oxo-2-(pyridin-2-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-

yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16g). Compound 16g was obtained (11%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 404.1 [M + H]+. 

Analytical HPLC 96.5% purity. 

(3S)-3-(2-((1,1-Dioxidotetrahydro-2H-thiopyran-4-yl)methyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyra

zolo[3,4-c]pyridin-6-yl)-5-methyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16h). Compound 

16h was obtained (9.5%) as a white solid in a manner similar to that described for the synthesis of 

16a. LC-MS (APCI) m/z 459.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.80-2.01 (4H, m), 

2.24-2.42 (1H, m), 2.75 (1H, dt, J = 15.6, 4.8 Hz), 2.85-3.19 (5H, m), 3.38 (3H, s), 3.50-3.62 (1H, 

m), 4.05 (2H, d, J = 7.4 Hz), 4.24 (1H, dt, J = 12.0, 5.2 Hz), 4.43 (1H, dd, J = 9.9, 8.2 Hz), 4.64 (1H, 

dd, J = 11.5, 10.0 Hz), 5.93 (1H, dd, J = 11.7, 8.3 Hz), 7.10-7.34 (5H, m). Analytical HPLC 94.4% 

purity. 

(3S)-3-(2-((1,1-Dioxidotetrahydrothiophen-3-yl)methyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[

3,4-c]pyridin-6-yl)-5-methyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16i). Compound 16i was 

obtained (1.4%) as a white solid in a manner similar to that described for the synthesis of 16a. 

LC-MS (APCI) m/z 445.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.86-2.02 (1H, m), 2.22-2.38 

(1H, m), 2.69-2.86 (2H, m), 2.99-3.27 (5H, m), 3.39 (3H, s), 3.56 (1H, td, J = 11.1, 4.5 Hz), 

4.19-4.34 (3H, m), 4.43 (1H, dd, J = 9.6, 8.5 Hz), 4.65 (1H, dd, J = 11.7, 9.8 Hz), 5.93 (1H, dd, J = 

11.7, 8.3 Hz), 7.13-7.30 (5H, m). Analytical HPLC 67.8% purity. 
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(3S)-3-(2-(4-Chloro-2-fluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5

-methyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16j). Compound 16j was obtained (51%) as a 

white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 455.2 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.72 (1H, dt, J = 15.39, 4.77 Hz), 3.11 (1H, tdd, J = 10.34, 

10.34, 5.38, 4.15 Hz), 3.38 (3H, s), 3.54 (1H, ddd, J = 11.80, 10.67, 4.34 Hz), 4.22 (1H, dt, J = 11.80, 

5.24 Hz), 4.41 (1H, dd, J = 10.01, 8.12 Hz), 4.62 (1H, dd, J = 11.71, 10.20 Hz), 5.35 (2H, s), 5.93 

(1H, dd, J = 11.71, 8.31 Hz), 7.05-7.30 (8H, m), 11.35-11.35 (1H, m). 13C NMR (75 MHz, CDCl3) δ 

20.5, 35.6, 45.8, 49.5 (d, J = 3.9 Hz), 51.2, 74.8, 116.4 (d, J = 24.8 Hz), 121.4, 121.8 (d, J = 14.9 Hz), 

122.6, 123.3, 125.1 (d, J = 3.3 Hz), 125.9, 126.0 (d, J = 1.1 Hz), 127.2, 131.3 (d, J = 4.4 Hz), 135.4 

(d, J = 9.9 Hz), 136.8, 143.2, 150.0, 160.1 (d, J = 250 Hz), 161.2, 169.5. Anal. Calcd for 

C23H20ClFN4O3: C, 60.73; H, 4.43; N, 12.32. Found: C, 60.82; H, 4.49; N, 12.20. Analytical HPLC 

99.3% purity. 

(3S)-5-Methyl-3-(2-(2-methylbenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16k). Compound 16k was obtained (44%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 417.1 [M + H]+. Analytical 

HPLC 98.8% purity. 

(3S)-3-(2-(2-Chlorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16l). Compound 16l was obtained (46%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 437.1 [M + H]+. 1H NMR (400 
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MHz, DMSO-d6) δ 2.65-2.78 (1H, m), 2.80-2.92 (1H, m), 3.30 (3H, s), 3.52-3.63 (1H, m), 3.93-4.04 

(1H, m), 4.32 (1H, dd, J = 10.0, 7.8 Hz), 4.83 (1H, dd, J = 12.0, 10.3 Hz), 5.47 (2H, s), 5.57 (1H, dd, 

J = 11.9, 7.9 Hz), 6.99-7.07 (1H, m), 7.21-7.40 (5H, m), 7.45-7.54 (2H, m), 7.75 (1H, s). Analytical 

HPLC 100% purity. 

(3S)-3-(2-(3-Chlorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16m). Compound 16m was obtained (29%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 437.1 [M + H]+. Analytical 

HPLC 100% purity. 

(3S)-3-(2-(4-Chlorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16n). Compound 16n was obtained (7%) as a white 

solid in a manner similar to that described for the synthesis of 14. LC-MS (APCI) m/z 437.2 [M + 

H]+. 1H NMR (400 MHz, DMSO-d6) δ 2.65-2.75 (1H, m), 2.80-2.90 (1H, m), 3.30 (3H, s, overlap 

with water signal), 3.54-3.65 (1H, m), 3.90-4.00 (1H, m), 4.26-4.36 (1H, m), 4.76-4.86 (1H, m), 5.36 

(2H, s), 5.52-5.62 (1H, m), 7.20-7.35 (5H, m), 7.41 (2H, d, J = 8.4 Hz), 7.47-7.54 (1H, m), 7.77 (1H, 

s). 13C NMR (75 MHz, CDCl3) δ 20.5, 35.6, 45.8, 51.2, 56.0, 74.8, 121.4, 122.6, 123.3, 125.7, 125.9, 

127.2, 129.1, 129.2, 134.3, 136.7, 143.0, 150.0, 161.3, 169.5. Anal. Calcd for C23H21ClN4O3: C, 

63.23; H, 4.84; N, 12.82. Found: C, 62.83; H, 4.84; N, 12.52. Analytical HPLC 99.6% purity. 

(3S)-5-Methyl-3-(2-(4-(methylsulfonyl)benzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyri

din-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16o). Compound 16o was obtained (10%) as a 
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white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 481.2 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.75 (1H, dt, J = 15.5, 4.7 Hz), 3.00-3.07 (3H, m), 3.14 (1H, 

ddd, J = 15.4, 10.7, 4.5 Hz), 3.39 (3H, s), 3.57 (1H, td, J = 11.2, 4.3 Hz), 4.25 (1H, dt, J = 12.0, 5.1 

Hz), 4.43 (1H, dd, J = 9.8, 8.3 Hz), 4.64 (1H, dd, J = 11.7, 10.2 Hz), 5.43 (2H, s), 5.94 (1H, dd, J = 

11.5, 8.1 Hz), 7.14-7.30 (5H, m), 7.38 (2H, d, J = 8.3 Hz), 7.90 (2H, d, J = 8.3 Hz). Analytical HPLC 

99.3% purity. 

(3S)-5-Methyl-3-(2-(3-(methylsulfonyl)benzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyri

din-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16p). Compound 16p was obtained (34%) as a 

white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 481.2 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.75 (1H, dt, J = 15.7, 4.6 Hz), 3.04 (3H, s), 3.08-3.23 (1H, 

m), 3.39 (3H, s), 3.58 (1H, td, J = 11.3, 4.2 Hz), 4.25 (1H, dt, J = 12.1, 5.3 Hz), 4.44 (1H, dd, J = 

10.0, 8.1 Hz), 4.64 (1H, dd, J = 11.7, 10.2 Hz), 5.43 (2H, d, J = 1.9 Hz), 5.94 (1H, dd, J = 11.7, 7.9 

Hz), 7.13-7.30 (5H, m), 7.45-7.63 (2H, m), 7.80 (1H, s), 7.85-7.92 (1H, m). 13C NMR (75 MHz, 

CDCl3) δ 20.5, 35.6, 44.5, 45.7, 51.3, 55.8, 74.8, 121.6, 122.6, 123.2, 125.9, 126.2, 126.3, 127.2, 

130.1, 132.9, 136.7, 137.8, 141.2, 143.5, 149.9, 159.7, 161.2, 169.5. Analytical HPLC 99.1% purity. 

4-((6-((3S)-5-Methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tetrahydro-

2H-pyrazolo[3,4-c]pyridin-2-yl)methyl)benzonitrile (16q). Compound 16q was obtained (17%) in 

a manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 428.1 [M + H]+. 

Analytical HPLC 100% purity. 
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2-((6-((3S)-5-Methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tetrahydro-

2H-pyrazolo[3,4-c]pyridin-2-yl)methyl)benzonitrile (16r). Compound 16r was obtained (37%) in 

a manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 428.1 [M + H]+. 

Analytical HPLC 100% purity. 

3-((6-((3S)-5-Methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tetrahydro-

2H-pyrazolo[3,4-c]pyridin-2-yl)methyl)benzonitrile (16s). Compound 16s was obtained (21%) in 

a manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 428.1 [M + H]+. 

Analytical HPLC 100% purity. 

3-Chloro-2-((6-((3S)-5-methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tet

rahydro-2H-pyrazolo[3,4-c]pyridin-2-yl)methyl)benzonitrile (16t). Compound 16t was obtained 

(41%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 462.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.71 (1H, dt, J = 15.5, 4.7 Hz), 3.10 (1H, ddd, J 

= 15.6, 10.7, 4.7 Hz), 3.37 (3H, s), 3.53 (1H, td, J = 11.2, 4.3 Hz), 4.21 (1H, dt, J = 11.7, 5.3 Hz), 

4.39 (1H, dd, J = 9.8, 8.3 Hz), 4.62 (1H, dd, J = 11.7, 9.8 Hz), 5.67 (2H, s), 5.92 (1H, dd, J = 11.7, 

8.3 Hz), 7.12-7.26 (5H, m), 7.40-7.49 (1H, m), 7.62-7.71 (2H, m). 13C NMR (75 MHz, CDCl3) δ 

20.5, 35.6, 45.7, 51.1, 52.2, 74.8, 115.9, 116.5, 121.0, 122.6, 123.2, 125.8, 126.1, 127.2, 130.6, 131.9, 

134.9, 135.7, 136.8, 137.1, 143.3, 149.9, 161.1, 169.5. Analytical HPLC 93.9% purity. 

3-Fluoro-4-((6-((3S)-5-methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tet

rahydro-2H-pyrazolo[3,4-c]pyridin-2-yl)methyl)benzonitrile (16u). Compound 16u was obtained 
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(13%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 446.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.75 (1H, dt, J = 15.5, 4.9 Hz), 3.13 (1H, ddd, J 

= 15.5, 10.6, 4.5 Hz), 3.38 (3H, s), 3.50-3.64 (1H, m), 4.24 (1H, dt, J = 12.1, 5.3 Hz), 4.42 (1H, dd, J 

= 10.2, 8.3 Hz), 4.64 (1H, dd, J = 11.5, 10.0 Hz), 5.44 (2H, s), 5.93 (1H, dd, J = 11.5, 8.1 Hz), 

7.12-7.27 (5H, m), 7.31 (1H, s), 7.35-7.43 (2H, m). 13C NMR (75 MHz, CDCl3) δ 20.5, 35.6, 45.7, 

49.6 (d, J = 4.4 Hz), 51.3, 74.8, 113.8 (d, J = 9.4 Hz), 117.1 (d, J = 3.3 Hz), 119.2 (d, J = 24.8 Hz), 

121.6, 122.6, 123.3, 125.9, 126.5, 127.2, 128.7 (d, J = 4.4 Hz), 129.1 (d, J = 14.9 Hz), 131.1 (d, J = 

4.4 Hz), 136.7, 143.8, 149.9, 159.5 (d, J = 251 Hz), 161.0, 169.4. Anal. Calcd for C24H20FN5O3: C, 

64.71; H, 4.53; N, 15.72. Found: C, 64.50; H, 4.53; N, 15.56. Analytical HPLC 99.1% purity. 

(3S)-3-(2-(4-Methoxybenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methy

l-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16v). Compound 16v was obtained (65%) as a white 

solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 433.2 [M + 

H]+. 1H NMR (300 MHz, CDCl3) δ 2.68 (1H, dt, J = 15.5, 4.7 Hz), 3.02-3.18 (1H, m), 3.38 (3H, s), 

3.46-3.60 (1H, m), 3.79 (3H, s), 4.15-4.28 (1H, m), 4.42 (1H, dd, J = 9.8, 8.3 Hz), 4.62 (1H, dd, J = 

11.7, 10.2 Hz), 5.27 (2H, s), 5.95 (1H, dd, J = 11.7, 8.3 Hz), 6.81-7.01 (2H, m), 7.10 (1H, s), 

7.12-7.30 (6H, m). 13C NMR (75 MHz, CDCl3) δ 20.5, 35.6, 45.8, 51.2, 55.3, 56.3, 74.8, 114.2, 

121.2, 122.6, 123.3, 125.4, 125.8, 127.2, 127.7, 129.6, 136.8, 142.5, 150.0, 159.6, 161.5, 169.6. 

Analytical HPLC 98.6% purity. 

(3S)-3-(2-(Cyclopentylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-meth
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yl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16w). Compound 16w was obtained (21%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 395.1 [M + H]+. 

Analytical HPLC 100% purity. 

(3S)-3-(2-(1,4-Dioxan-2-ylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-

methyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16x). Compound 16x was obtained (22%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 413.1 [M + H]+. 

Analytical HPLC 100% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(tetrahydro-2H-pyran-3-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,

4-c]pyridin-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16y). Compound 16y was obtained 

(29%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 411.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.21-1.38 (1H, m), 1.46-1.80 (3H, m), 2.14-2.36 

(1H, m), 2.73 (1H, dt, J = 15.49, 4.91 Hz), 3.04-3.28 (2H, m), 3.38 (3H, s), 3.42-3.63 (2H, m), 

3.63-3.82 (2H, m), 3.98-4.17 (2H, m), 4.23 (1H, dt, J = 11.80, 5.24 Hz), 4.43 (1H, dd, J = 9.82, 8.31 

Hz), 4.63 (1H, dd, J = 11.52, 10.01 Hz), 5.94 (1H, dd, J = 11.52, 8.12 Hz), 7.13-7.26 (5H, m). 13C 

NMR (75 MHz, CDCl3) δ 19.5, 23.3, 25.7, 34.6, 35.6, 44.8, 50.2, 53.5, 67.5, 69.3, 73.8, 119.6, 121.6, 

122.2, 124.8, 125.3, 126.1, 135.8, 141.9, 149.0, 160.3, 168.6. Analytical HPLC 98.6% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(pyrazin-2-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-

yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16z). Compound 16z was obtained (15%) as a white 

solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 405.2 [M + 
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H]+. 1H NMR (300 MHz, CDCl3) δ 2.76 (1H, dt, J = 15.5, 4.5 Hz), 3.15 (1H, ddd, J = 15.7, 11.1, 4.9 

Hz), 3.38 (3H, s), 3.45-3.64 (1H, m), 4.24 (1H, dt, J = 11.9, 5.0 Hz), 4.38-4.48 (1H, m), 4.63 (1H, dd, 

J = 11.7, 10.2 Hz), 5.39-5.58 (2H, m), 5.94 (1H, dd, J = 11.5, 8.1 Hz), 7.13-7.25 (4H, m), 7.41 (1H, 

s), 8.48 (1H, s), 8.53 (2H, s). Analytical HPLC 99.5% purity. 

(3S)-3-(2-(3-Furylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-2,

3-dihydro-1,5-benzoxazepin-4(5H)-one (16aa). Compound 16aa was obtained (11%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 393.1 [M + H]+. Analytical 

HPLC 98.0% purity. 

(3S)-5-Methyl-3-(2-((3-methyloxetan-3-yl)methyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]

pyridin-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ab). Compound 16ab was obtained 

(27%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 397.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.24 (3H, s), 2.74 (1H, dt, J = 15.49, 4.91 Hz), 

3.04-3.20 (1H, m), 3.38 (3H, s), 3.56 (1H, ddd, J = 11.90, 10.58, 4.34 Hz), 4.18-4.31 (1H, m), 4.36 

(4H, dd, J = 6.42, 3.02 Hz), 4.42 (1H, dd, J = 9.82, 8.31 Hz), 4.57-4.74 (3H, m), 5.93 (1H, dd, J = 

11.71, 7.93 Hz), 7.12-7.32 (5H, m). 13C NMR (75 MHz, CDCl3) δ 20.4, 21.8, 35.6, 40.6, 45.7, 51.1, 

59.1, 74.8, 80.1, 80.1, 120.7, 122.6, 123.2, 125.9, 126.5, 127.2, 136.8, 143.1, 149.9, 161.3, 169.6. 

Anal. Calcd for C21H24N4O4: C, 63.62; H, 6.10; N, 14.13. Found: C, 63.28; H, 6.07; N, 13.89. 

Analytical HPLC 98.6% purity. 

(3S)-5-Methyl-3-(2-(1,3-oxazol-2-ylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin
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-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ac). Compound 16ac was obtained (37%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 394.1 [M + H]+. 

Analytical HPLC 100% purity. 

(3S)-5-Methyl-3-(2-((1-methylcyclobutyl)methyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]p

yridin-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ad). Compound 16ad was obtained 

(18%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 395.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.07 (3H, s), 1.64-2.12 (6H, m), 2.74 (1H, dt, J = 

15.5, 4.9 Hz), 3.05-3.21 (1H, m), 3.38 (3H, s), 3.47-3.66 (1H, m), 4.03-4.17 (2H, m), 4.23 (1H, dt, J 

= 12.0, 5.1 Hz), 4.43 (1H, dd, J = 10.0, 8.1 Hz), 4.64 (1H, dd, J = 11.7, 9.8 Hz), 5.96 (1H, dd, J = 

11.7, 8.3 Hz), 7.10-7.25 (5H, m). 13C NMR (75 MHz, CDCl3) δ 14.8, 20.5, 24.7, 31.1, 31.1, 35.6, 

39.6, 45.8, 51.1, 62.2, 74.9, 120.5, 122.6, 123.2, 125.8, 126.1, 127.1, 136.8, 142.2, 150.0, 161.5, 

169.7. Analytical HPLC 99.4% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(tetrahydrofuran-3-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]p

yridin-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ae). Compound 16ae was obtained 

(15%) as a white solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) 

m/z 397.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.56-1.71 (1H, m), 1.93-2.09 (1H, m), 2.74 (1H, 

dt, J = 15.39, 4.77 Hz), 2.89 (1H, td, J = 7.37, 2.64 Hz), 3.12 (1H, ddd, J = 15.49, 10.58, 4.91 Hz), 

3.38 (3H, s), 3.50-3.62 (2H, m), 3.69-3.79 (2H, m), 3.84-3.95 (1H, m), 4.08-4.17 (2H, m), 4.24 (1H, 

dt, J = 11.99, 5.15 Hz), 4.42 (1H, dd, J = 9.82, 8.31 Hz), 4.64 (1H, dd, J = 11.71, 10.20 Hz), 5.94 
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(1H, dd, J = 11.52, 8.12 Hz), 7.13 - 7.26 (5H, m). 13C NMR (75 MHz, CDCl3) δ 20.5, 29.6, 35.6, 

40.0, 45.8, 51.2, 55.3, 67.6, 70.8, 74.8, 120.6, 120.7, 122.6, 123.2, 125.9, 126.0, 126.0, 127.2, 136.8, 

143.1, 149.9, 161.3, 169.6. Analytical HPLC 98.6% purity. 

(3S)-3-(2-((3,3-Difluorocyclobutyl)methyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-

6-yl)-5-methyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16af). Compound 16af was obtained 

(16%) in a manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 417.1 [M + 

H]+. Analytical HPLC 100% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(pyrimidin-2-ylmethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin

-6-yl)-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ag). Compound 16ag was obtained (4%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 405.1 [M + H]+. 13C 

NMR (75 MHz, CDCl3) δ 20.6, 35.6, 45.8, 51.2, 58.4, 74.8, 120.1, 121.1, 122.6, 123.3, 125.9, 127.2, 

127.3, 136.8, 143.3, 150.0, 157.5, 161.3, 164.9, 169.5. Anal. Calcd for C21H20N6O3 + 0.6 H2O: C, 

60.74; H, 5.15; N, 20.24. Found: C, 60.44; H, 4.93; N, 20.24. Analytical HPLC 96.5% purity. 

(3S)-3-(2-(3-Methoxybenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methy

l-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ah). Compound 16ah was obtained (29%) as a white 

solid in a manner similar to that described for the synthesis of 16a. LC-MS (APCI) m/z 433.2 [M + 

H]+. 1H NMR (300 MHz, CDCl3) δ 2.70 (1H, dt, J = 15.4, 4.8 Hz), 2.99-3.18 (1H, m), 3.38 (3H, s), 

3.54 (1H, td, J = 11.3, 4.2 Hz), 3.77 (3H, s), 4.22 (1H, dt, J = 12.0, 5.1 Hz), 4.42 (1H, dd, J = 9.8, 8.3 

Hz), 4.63 (1H, dd, J = 11.5, 10.0 Hz), 5.31 (2H, s), 5.96 (1H, dd, J = 11.7, 8.3 Hz), 6.73-6.88 (3H, m), 
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7.10-7.31 (6H, m). 13C NMR (75 MHz, CDCl3) δ 20.6, 35.6, 45.8, 51.2, 55.3, 56.7, 74.8, 113.6, 

113.9, 120.3, 121.3, 122.6, 123.3, 125.7, 125.9, 127.2, 129.9, 136.8, 137.2, 142.7, 150.0, 160.0, 

161.4, 169.6. Anal. Calcd for C24H24N4O4 + 0.2 H2O: C, 66.10; H, 5.64; N, 12.85. Found: C, 65.97; 

H, 5.59; N, 12.55. Analytical HPLC 98.4% purity. 

(3S)-3-(2-(Cyclopropylmethyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-met

hyl-2,3-dihydro-1,5-benzoxazepin-4(5H)-one (16ai). Compound 16ai was obtained (20%) in a 

manner similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 367.1 [M + H]+. 

Analytical HPLC 100% purity. 

(3S)-5-Methyl-3-(7-oxo-2-(2-phenylethyl)-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-2,

3-dihydro-1,5-benzoxazepin-4(5H)-one (16aj). Compound 16aj was obtained (25%) in a manner 

similar to that described for the synthesis of 16d. LC-MS (APCI) m/z 417.1 [M + H]+. Analytical 

HPLC 100% purity. 

(3S)-3-(2-Benzyl-3-methyl-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-2

,3-dihydro-1,5-benzoxazepin-4(5H)-one (17). To a solution of 60 (25 mg, 0.05 mmol), Pd(PPh3)4 

(6.00 mg, 5.19 µmol) and 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (commercially available, 6.52 

mg, 0.05 mmol)  in THF (5 mL, 0.05 mmol) was added potassium hydroxide (1.039 mL, 0.10 

mmol) and  at room temperature. The mixture was stirred at 100 °C under Ar for 1 h. The mixture 

was stirred at room temperature under Ar overnight. The mixture was quenched with water at room 

temperature and extracted with EtOAc. The organic layer was separated, washed with brine, dried 
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over Na2SO4 and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 50% - 70%EtOAc in hexane). The residue was purified by 

column chromatography (NH silica gel, eluted with 70% - 90%EtOAc in hexane). The residue was 

purified by preparative HPLC (L-Column 2 ODS, eluted with H2O in acetonitrile containing 0.1% 

TFA). The desired fraction was concentrated under reduced pressure. and neutralized with saturated 

NaHCO3 aq. and extracted with EtOAc. The organic layer was separated, dried over Na2SO4 and 

concentrated under reduced pressure. The residue was purified by column chromatography (NH 

silica gel, eluted with 50% - 70% EtOAc in hexane). The residue was purified by column 

chromatography (NH silica gel, eluted with 70% - 90% EtOAc in hexane) to give 17 (2.00 mg, 9 %). 

LC-MS (APCI) m/z 417.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.10 (3H, s), 2.60 (1H, dt, J = 

15.3, 4.8 Hz), 3.01 (1H, ddd, J = 15.2, 10.4, 4.7 Hz), 3.38 (3H, s), 3.55 (1H, ddd, J = 11.8, 10.5, 4.3 

Hz), 4.24 (1H, dt, J = 11.9, 5.2 Hz), 4.43 (1H, dd, J = 9.9, 8.2 Hz), 4.64 (1H, dd, J = 11.5, 10.0 Hz), 

5.35 (2H, s), 5.97 (1H, dd, J = 11.6, 8.2 Hz), 7.07-7.36 (9H, m). Analytical HPLC 99.1% purity. 

(3S)-3-(2-Benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-2,

3-dihydro-1,5-benzoxazepin-4(5H)-one (18). Compound 18 was obtained (23%) as a white solid in 

a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 432.7 [M + H]+. 1H 

NMR (300 MHz, CDCl3) δ 2.66 (1H, dt, J = 15.7, 4.6 Hz), 3.06 (1H, ddd, J = 15.5, 10.4, 5.1 Hz), 

3.38 (3H, s), 3.56 (1H, ddd, J = 12.0, 10.5, 4.3 Hz), 4.25 (1H, dt, J = 12.0, 5.1 Hz), 4.42 (1H, dd, J = 

9.8, 8.3 Hz), 4.62 (1H, dd, J = 11.5, 10.0 Hz), 5.39 (2H, s), 5.92 (1H, dd, J = 11.7, 8.3 Hz), 7.13-7.38 
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(9H, m). 13C NMR (75 MHz, CDCl3) δ 19.8, 35.6, 45.4, 51.4, 53.8, 74.7, 118.1, 122.6, 123.2, 123.3, 

125.9, 127.2, 127.7, 128.2, 128.7, 135.1, 136.7, 142.3, 149.9, 160.7, 169.4. Anal. Calcd for 

C23H21ClN4O3 + 0.5 H2O: C, 61.95; H, 4.97; N, 12.56. Found: C, 62.36; H, 5.35; N, 12.56. 

Analytical HPLC 100% purity. 

2-Benzyl-6-((3S)-5-methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tetrah

ydro-2H-pyrazolo[3,4-c]pyridine-3-carbonitrile (19). To a solution of 60 (15 mg, 0.03 mmol) in 

N,N-dimethylformamide (5 mL, 0.03 mmol) was added Pd(PPh3)4 (3.60 mg, 3.12 µmol) and 

dicyanozinc (7.32 mg, 0.06 mmol) at room temperature. The mixture was stirred at 100 °C under Ar 

for 1 h. The mixture was quenched with water at room temperature and extracted with EtOAc. The 

organic layer was separated, washed with water and brine, dried over Na2SO4 and concentrated under 

reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 50% - 

100% EtOAc in hexane). The residue was purified by column chromatography (NH silica gel, eluted 

with 50% - 75% EtOAc in hexane) to give 19 (12.0 mg, 90%). LC-MS (APCI) m/z 428.2 [M + H]+. 

1H NMR (300 MHz, CDCl3) δ 2.86 (1H, dt, J = 16.2, 4.7 Hz), 3.24 (1H, ddd, J = 16.1, 10.6, 5.1 Hz), 

3.38 (3H, s), 3.57 (1H, ddd, J = 12.1, 10.6, 4.2 Hz), 4.29 (1H, dt, J = 12.3, 5.0 Hz), 4.41 (1H, dd, J = 

9.8, 8.3 Hz), 4.62 (1H, dd, J = 11.7, 9.8 Hz), 5.50 (2H, s), 5.88 (1H, dd, J = 11.5, 8.1 Hz), 7.11-7.42 

(9H, m). 13C NMR (75 MHz, CDCl3) δ 20.3, 35.6, 45.0, 51.4, 56.6, 74.6, 109.6, 111.7, 122.6, 123.3, 

126.0, 127.3, 128.3, 129.0, 129.1, 129.3, 134.0, 136.6, 142.9, 149.9, 159.6, 169.1. Analytical HPLC 

96.3% purity. 
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2-Benzyl-6-((3S)-5-methyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepin-3-yl)-7-oxo-4,5,6,7-tetrah

ydro-2H-pyrazolo[3,4-c]pyridine-3-carboxamide (20). To a solution of 19 (40 mg, 0.09 mmol) and 

potassium carbonate (15.52 mg, 0.11 mmol) in DMSO (3 mL) was added H2O2 (0.041 mL, 0.47 

mmol) at room temperature. The mixture was stirred at room temperature under air for 1 h. The 

mixture was quenched with water at room temperature and extracted with EtOAc. The organic layer 

was separated, washed with water and brine, dried over Na2SO4 and concentrated under reduced 

pressure. The residue was purified by column chromatography (silica gel, eluted with 80% - 100% 

EtOAc in hexane). The obtained solids were triturated in EtOAc and collected by filtration to give 20 

(25.0 mg, 60%) as a white solid. LC-MS (APCI) m/z 446.3 [M + H]+. 1H NMR (300 MHz, 

DMSO-d6) δ 2.79-2.92 (1H, m), 2.99-3.12 (1H, m), 3.30 (3H, s), 3.52-3.67 (1H, m), 3.94-4.08 (1H, 

m), 4.34 (1H, dd, J = 10.0, 7.7 Hz), 4.85 (1H, dd, J = 11.9, 10.4 Hz), 5.55 (1H, dd, J = 12.1, 7.9 Hz), 

5.63 (2H, s), 7.12-7.20 (2H, m), 7.21-7.37 (6H, m), 7.50 (1H, dd, J = 7.6, 1.9 Hz), 7.70 (1H, brs), 

7.79 (1H, brs). 13C NMR (75 MHz, CDCl3) δ 21.5, 35.6, 45.1, 51.3, 55.6, 74.7, 121.9, 122.6, 123.2, 

126.0, 127.4, 128.0, 128.0, 128.5, 131.0, 136.3, 136.6, 141.6, 149.9, 160.6, 160.8, 169.4. Analytical 

HPLC 100% purity. 

(3S)-3-(2-Benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-4-

oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-7-carbonitrile (21). Compound 21 was obtained (29%) 

as a white solid in a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 

462.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.68 (1H, dt, J = 15.7, 4.8 Hz), 3.05 (1H, ddd, J = 
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15.6, 10.3, 5.1 Hz), 3.39 (3H, s), 3.48-3.61 (1H, m), 4.15-4.28 (1H, m), 4.45 (1H, dd, J = 9.8, 7.6 Hz), 

4.73 (1H, dd, J = 11.7, 10.2 Hz), 5.40 (2H, s), 5.89 (1H, dd, J = 11.9, 7.7 Hz), 7.21-7.37 (6H, m), 

7.48-7.58 (2H, m). 13C NMR (75 MHz, CDCl3) δ 19.7, 35.8, 45.3, 51.0, 53.9, 75.0, 109.7, 117.7, 

118.0, 123.4, 124.1, 127.1, 127.7, 128.2, 128.8, 131.0, 135.0, 137.8, 141.9, 153.3, 160.7, 169.0. Anal. 

Calcd for C24H20ClN5O3 + 0.2 H2O: C, 61.92; H, 4.42; N, 15.04. Found: C, 61.92; H, 4.44; N, 14.79. 

Analytical HPLC 100% purity. 

(3S)-3-(2-Benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-4-

oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carbonitrile (22). To a solution of 72a (1.08 g, 2.09 

mmol) and dicyanozinc (0.369 g, 3.14 mmol) in DMF (20 mL) was added Pd(PPh3)4 (0.484 g, 0.42 

mmol) at room temperature. The mixture was stirred at 100 °C under Ar for 2 h. The mixture was 

quenched with water at room temperature and extracted with EtOAc. The organic layer was 

separated, washed with water and brine, dried over Na2SO4 and concentrated under reduced 

pressure. The residue was purified by column chromatography (silica gel, eluted with 40% - 

55%EtOAc in hexane). The obtained oil was triturated in Et2O-IPE-EtOAc and the formed solid was 

collected by filtration to give 22 (0.600 g, 1.299 mmol, 62.0 %) as a white solid. LC-MS (APCI) m/z 

462.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.69 (1H, dt, J = 15.7, 4.8 Hz), 3.05 (1H, ddd, J = 

15.6, 10.3, 5.1 Hz), 3.39 (3H, s), 3.51-3.61 (1H, m), 4.15-4.27 (1H, m), 4.45 (1H, dd, J = 10.2, 7.9 

Hz), 4.69 (1H, dd, J = 11.9, 10.0 Hz), 5.40 (2H, s), 5.89 (1H, dd, J = 11.7, 7.9 Hz), 7.20-7.38 (6H, m), 

7.48 (1H, d, J = 1.9 Hz), 7.57 (1H, dd, J = 8.3, 1.9 Hz). 13C NMR (75 MHz, CDCl3) δ 19.7, 35.6, 
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45.3, 51.2, 53.9, 74.9, 110.2, 117.6, 118.0, 123.4, 123.8, 126.7, 127.7, 128.2, 128.7, 129.8, 135.0, 

141.5, 141.9, 149.9, 160.7, 169.1. Anal. Calcd for C24H20ClN5O3 + 0.2 H2O: C, 61.92; H, 4.42; N, 

15.04. Found: C, 61.78; H, 4.69; N, 14.78. Analytical HPLC 99.4% purity. 

(3S)-3-(2-Benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-N,5-dimeth

yl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carboxamide (23). Compound 23 was obtained 

(55%) as a white solid in a manner similar to that described for the synthesis of 34. LC-MS (APCI) 

m/z 494.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.66 (1H, dt, J = 15.8, 4.8 Hz), 2.91-3.12 (4H, 

m), 3.38 (3H, s), 3.53 (1H, td, J = 11.1, 4.5 Hz), 4.17-4.28 (1H, m), 4.34 (1H, dd, J = 10.0, 8.1 Hz), 

4.62 (1H, dd, J = 11.7, 10.2 Hz), 5.39 (2H, s), 5.86 (1H, dd, J = 11.9, 8.1 Hz), 6.41 (1H, d, J = 4.5 

Hz), 7.19-7.37 (6H, m), 7.54-7.69 (2H, m). Analytical HPLC 99.0% purity. 

(3S)-3-(2-Benzyl-3-chloro-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-N,N,5-trim

ethyl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carboxamide (24). Compound 24 was 

obtained (42%) as a white solid in a manner similar to that described for the synthesis of 34. LC-MS 

(APCI) m/z 508.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.67 (1H, dt, J = 15.7, 4.8 Hz), 2.96-3.19 

(7H, m), 3.38 (3H, s), 3.56 (1H, ddd, J = 11.9, 10.4, 4.5 Hz), 4.23 (1H, dt, J = 11.9, 5.2 Hz), 4.44 (1H, 

dd, J = 10.0, 8.1 Hz), 4.66 (1H, dd, J = 11.7, 9.8 Hz), 5.39 (2H, s), 5.93 (1H, dd, J = 11.7, 7.9 Hz), 

7.21-7.38 (8H, m). Analytical HPLC 99.7% purity. 

(3S)-3-(2-(2-Fluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-

4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carbonitrile (25). To a mixture of 71e (3.51 g, 7.03 
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mmol) and dicyanozinc (1.238 g, 10.54 mmol) in DMF (dry) (35 mL) was added Pd(PPh3)4 (2.031 g, 

1.76 mmol) at room temperature. The mixture was stirred at 100 °C under Ar for 2.5 h. The mixture 

was quenched with diluted saturated NaHCO3 aq. at 0 °C and extracted with EtOAc. The organic 

layer was washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The 

residue was purified by column chromatography (silica gel, eluted with 80% - 100% EtOAc in 

hexane) to give target compound (2.85 g) with triphenylphosphine oxide. To remove 

triphenylphosphine oxide, the residue were added magnesium chloride (0.669 g, 7.03 mmol) and 

toluene (10 mL). The mixture was stirred at 50 °C for 30 min. The mixture was purified directly by 

column chromatography (silica gel, eluted with 80% - 100% EtOAc in hexane) to give 25 (2.57 g, 

82 %) as a white amorphous powder. LC-MS (APCI) m/z 446.3 [M + H]+. 1H NMR (300 MHz, 

CDCl3) δ 2.73 (1H, dt, J = 15.5, 4.9 Hz), 3.10 (1H, ddd, J = 15.2, 10.3, 4.7 Hz), 3.39 (3H, s), 3.54 

(1H, ddd, J = 11.8, 10.5, 4.2 Hz), 4.14-4.22 (1H, m), 4.44 (1H, dd, J = 10.2, 7.9 Hz), 4.68 (1H, dd, J 

= 11.7, 10.2 Hz), 5.40 (2H, s), 5.92 (1H, dd, J = 11.9, 8.1 Hz), 7.04-7.14 (2H, m), 7.21-7.36 (4H, m), 

7.47 (1H, d, J = 1.9 Hz), 7.56 (1H, dd, J = 8.3, 1.9 Hz). 13C NMR (75 MHz, CDCl3) δ 20.4, 35.5, 

45.7, 50.2 (d, J = 4.4 Hz), 51.1, 75.0, 110.1, 115.6 (d, J = 21.4 Hz), 117.6, 121.2, 122.8 (d, J = 14.3 

Hz), 123.8, 124.6 (d, J = 3.8 Hz), 126.1, 126.7, 129.7, 130.4 (d, J = 8.2 Hz), 130.6 (d, J = 3.3 Hz), 

141.6, 142.6, 149.9, 160.4 (d, J = 248 Hz), 161.4, 169.3. Anal. Calcd for C24H20FN5O3 + 0.2 H2O: C, 

64.19; H, 4.58; N, 15.60. Found: C, 63.91; H, 4.67; N, 15.39. Analytical HPLC 98.9% purity. 

(3S)-3-(2-(2,6-Difluorobenzyl)-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-meth
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yl-4-oxo-2,3,4,5-tetrahydro-1,5-benzoxazepine-8-carbonitrile (26). Compound 26 was obtained 

(85%) as a pale yellow amorphous solid in a manner similar to that described for the synthesis of 22. 

LC-MS (APCI) m/z 464.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.71 (1H, dt, J = 15.4, 4.8 Hz), 

2.99-3.16 (1H, m), 3.38 (3H, s), 3.46-3.59 (1H, m), 4.12-4.21 (1H, m), 4.42 (1H, dd, J = 10.0, 8.1 

Hz), 4.67 (1H, dd, J = 11.9, 10.0 Hz), 5.45 (2H, s), 5.91 (1H, dd, J = 11.9, 8.1 Hz), 6.88-7.00 (2H, m), 

7.23 (1H, s), 7.28-7.41 (2H, m), 7.46 (1H, d, J = 1.9 Hz), 7.56 (1H, dd, J = 8.3, 1.9 Hz). 13C NMR 

(75 MHz, CDCl3) δ 20.5, 35.5, 44.0 (t, J = 3.9 Hz), 45.7, 51.1, 75.0, 110.1, 111.5 (m), 111.8 (m), 

117.7, 121.1, 123.8, 125.8, 126.7, 129.7, 131.1 (t, J = 10.5 Hz), 141.6, 142.5, 149.9, 161.3, 161.5 (dd, 

J = 251, 7.2 Hz), 169.3. Analytical HPLC 97.5% purity. 

Methyl 2-benzyl-1H-imidazole-5-carboxylate (28). To a solution of 

(Z)-N'-hydroxy-2-phenylacetimidamide (27) (commercially available, 1.0 g, 6.66 mmol) in MeOH 

(20 mL) was added methyl propiolate (0.800 mL, 8.99 mmol). The mixture was refluxed for 5 h and 

concentrated under reduced pressure. The residue was dissolved in diphenyl ether (10 mL) was 

heated 200 °C for 1 h under microwave irradiation. The mixture was diluted with EtOAc, 1 M HCl 

aq (10 mL) and water. The aqueous layer was neutralized with saturated NaHCO3 aq and extracted 

with EtOAc. The organic layer was dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residual solid was washed with EtOAc/hexane to give 28 (0.510 g, 35%) as a pale 

brown solid. 1H NMR (300 MHz, DMSO-d6) δ 3.71 (3H x 2/3, s), 3.77 (3H x 1/3, s), 3.98 (2H, s), 

7.14-7.36 (5H, m), 7.50 (1H x 1/3, d, J = 1.5 Hz), 7.76 (1H x 2/3, d, J = 2.3 Hz), 12.46 (1H x 2/3, brs), 
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13.01 (1H x 1/3, brs). LC-MS (APCI) m/z 217.3 [M + H]+. 

Methyl 2-benzyl-5-bromo-1H-imidazole-4-carboxylate (29). To a mixture of 28 (1.37 g, 6.34 

mmol) and potassium bicarbonate (0.761 g, 7.60 mmol) in DMF (20 mL) was added bromine (0.390 

mL, 7.60 mmol) at rt. After stirring at rt for 2 h, the mixture was diluted with EtOAc , washed with 

water and brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue 

was purified by column chromatography (silica gel, eluted with 5% - 50% EtOAc in hexane) and 

washed with IPE to give 29 (1.04 g, 56%) as a light brown solid. 1H NMR (300 MHz, CDCl3) δ 3.86 

(3H, s), 4.12 (2H, s), 7.23-7.25 (1H, m), 7.27-7.44 (4H, m), 9.25 (1H, brs). LC-MS (APCI) m/z 295.1 

[M + H]+. 

Methyl 2-benzyl-5-bromo-1-(4-methoxybenzyl)-1H-imidazole-4-carboxylate (30). A mixture of 

29 (1.04 g, 3.52 mmol), 4-methoxybenzyl chloride (0.285 mL, 2.10 mmol) and potassium carbonate 

(0.42 g, 3.04 mmol) in DMF (10 mL) was stirred at rt for 1 day and stirred at 50 °C for 4 h. The 

mixture was diluted with water and extracted with EtOAc. The organic layer was washed with brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography (silica gel, eluted with 5% - 70% EtOAc in hexane) to give 30 (0.300 g, 

21%) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 3.79 (3H, s), 3.96 (3H, s), 4.06 (2H, s), 4.93 

(2H, s), 6.78-6.89 (4H, m), 7.07-7.15 (2H, m), 7.18-7.32 (3H, m). LC-MS (APCI) m/z 415.2 [M + 

H]+. 

(E)-methyl 2-benzyl-5-(2-ethoxyvinyl)-1-(4-methoxybenzyl)-1H-imidazole-4-carboxylate (31). A 
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mixture of 30 (0.30 g, 0.72 mmol), (E)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

(commercially available, 0.286 g, 1.44 mmol), Pd(dppf)Cl2・CH2Cl2 (0.059 g, 0.07 mmol) and 

cesium carbonate (0.518 g, 1.59 mmol) in DME (8 mL)-water (1 mL) was stirred at 90 °C overnight 

under Ar atmosphere. The mixture was diluted with EtOAc, washed with water and brine, dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 20% - 100% EtOAc in hexane) to give 31 (0.220 g, 75%) as 

a light brown oil. 1H NMR (300 MHz, CDCl3) δ 1.25-1.32 (3H, m), 3.78 (3H, s), 3.87 (2H, q, J = 7.2 

Hz), 3.93 (3H, s), 4.03 (2H, s), 4.84 (2H, s), 5.71 (1H, d, J = 12.8 Hz), 6.70-6.86 (4H, m), 7.07-7.26 

(5H, m), 7.31 (1H, d, J = 12.8 Hz). LC-MS (APCI) m/z 407.3 [M + H]+. 

Methyl 2-benzyl-1-(4-methoxybenzyl)-5-(2-oxoethyl)-1H-imidazole-4-carboxylate (32). To a 

solution of 31 (110 mg, 0.27 mmol) in THF (5 mL, 0.27 mmol) was added 6 M HCl aq. (1 mL, 6.00 

mmol) at room temperature. The mixture was stirred at room temperature for 2 h. To the mixture was 

added 6 M HCl aq. (2 mL, 12.00 mmol). After stirring at rt for 2 h, the mixture was heated to 60 °C 

and stirred at 60 °C for 30 min. The mixture was neutralized with saturated NaHCO3 aq, saturated 

with NaCl and extracted with EtOAc. The organic layer was dried over Na2SO4, filtered and 

concentrated under reduced pressure to give 32 (100 mg, 98%). This product was subjected to the 

next reaction without further purification. LC-MS (APCI) m/z 377.1 [M - H]+. 

(S)-Methyl 

2-benzyl-1-(4-methoxybenzyl)-5-(2-((5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3
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-yl)amino)ethyl)-1H-imidazole-4-carboxylate (33). To a solution of 32 (100 mg, 0.26 mmol) and 

(S)-3-amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride (60.4 mg, 0.26 

mmol) in acetic acid (0.5 mL, 0.26 mmol) and MeOH (5 mL, 0.26 mmol) was added 2-picoline 

boran (36.7 mg, 0.34 mmol) at room temperature. The mixture was stirred at room temperature under 

air for 1h. The mixture was quenched with saturated NaHCO3 aq. at room temperature and extracted 

with EtOAc. The organic layer was dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by column chromatography (silica gel, eluted with 30% - 70% 

EtOAc in hexane) to give 33 (95 mg, 65%) as a colorless oil. LC-MS (APCI) m/z 555.3 [M + H]+. 

(S)-3-(2-Benzyl-1-(4-methoxybenzyl)-4-oxo-6,7-dihydro-1H-imidazo[4,5-c]pyridin-5(4H)-yl)-5-

methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one (34). To a solution of 33 (95 mg, 0.17 mmol) 

in toluene (10 mL) was added trimethylaluminum in toluene (0.285 mL, 0.51 mmol) at room 

temperature. After stirring at 100 °C for 4 h under Ar atmosphere, the mixture was heated to 120 °C 

and stirred at 120 °C overnight. The mixture was quenched with water at room temperature and 

diluted with EtOAc. Saturated Rochelle salt aq was added to the mixture. The organic layer was 

dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 50% - 100% EtOAc in hexane) to give 34 (45.0 mg, 50%) as 

an off-white solid. 1H NMR (300 MHz, CDCl3) δ 2.53 (1H, dt, J = 16.1, 4.6 Hz), 2.94-3.09 (1H, m), 

3.36 (3H, s), 3.58 (1H, td, J = 11.6, 4.7 Hz), 3.79 (3H, s), 4.09 (2H, s), 4.18-4.30 (1H, m), 4.36-4.48 

(1H, m), 4.51-4.63 (1H, m), 4.69-4.89 (2H, m), 5.93 (1H, dd, J = 11.5, 8.1 Hz), 6.70-6.85 (4H, m), 
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7.10-7.31 (9H, m). LC-MS (APCI) m/z 523.3 [M + H]+. 

Ethyl 4-benzyl-1H-imidazole-2-carboxylate (37). To a solution of 1-amino-3-phenylpropan-2-one 

hydrochloride (36) (commercially available, 0.93 g, 5.01 mmol) and ethyl 2-ethoxy-2-iminoacetate 

(commercially available, 0.727 g, 5.01 mmol) in acetic acid (10 mL, 174.68 mmol) was added 

sodium acetate (0.740 g, 9.02 mmol) at room temperature, and the mixture was stirred for 6 h at 

110 °C in a sealed tube. The reaction mixture was concentrated under reduced pressure. To the 

residue was added saturated NaHCO3 aq. and extracted with EtOAc. The organic layer was washed 

with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by column chromatography (silica gel, eluted with 48% - 69% EtOAc in hexane) to give 37 

(105 mg, 9.1%) as a brown oil. 1H NMR (300 MHz, DMSO-d6) δ1.29 (3H, t, J = 7.2 Hz), 3.85 (1H, 

s), 3.94 (1H, s), 4.27 (2H, q, J = 7.2 Hz), 7.17-7.35 (6H, m), 12.98-13.34 (1H, m). LC-MS (APCI) 

m/z 231.3 [M + H]+. 

(S)-4-Benzyl-N-(5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)-1H-imidazole-2-

carboxamide (38). To a solution of 37 (105 mg, 0.46 mmol) in EtOH (1 mL, 17.04 mmol) was 

added 2 M sodium hydroxide (0.684 mL, 1.37 mmol) at room temperature, and the mixture was 

stirred for 30 min at 100 °C. The mixture was concentrated under reduced pressure and dissolved in 

DMF (2 mL, 25.83 mmol). (S)-3-Amino-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one 

hydrochloride (136 mg, 0.59 mmol), HATU (225 mg, 0.59 mmol) and DIPEA (0.238 mL, 1.37 

mmol) were added to the mixture. After stirring at room temperature for 2h, the mixture was 
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partitioned between water and EtOAc. The organic layer was washed with water and brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 70% - 90% EtOAc in hexane) to give 38 (101 mg, 59%) as a 

brown amorphous powder. 1H NMR (300 MHz, CDCl3) δ 3.41 (3H, d, J = 5.7 Hz), 3.88 (1H, s), 3.95 

(1H, s), 4.29 (1H, dt, J = 11.0, 9.4 Hz), 4.64 (1H, dt, J = 9.7, 7.4 Hz), 5.00 (1H, tt, J = 11.0, 7.6 Hz), 

6.63-6.74 (0.5H, m), 6.83-6.88 (0.5H, m), 7.02-7.49 (10H, m), 7.99 (1H, t, J = 8.3 Hz), 10.33 (0.5H, 

brs), 10.54 (0.5H, brs). LC-MS (APCI) m/z 377.2 [M + H]+. 

Ethyl 1-benzyl-1H-pyrazole-3-carboxylate (40). To a suspension of ethyl 

1H-pyrazole-3-carboxylate (commercially available, 39) (13.4 g, 95.62 mmol) and potassium 

carbonate (39.6 g, 286.86 mmol) in DMF(dry) (200 mL) was added (bromomethyl)benzene 

(commercially available, 12.51 mL, 105.18 mmol) at room temperature, and the mixture was stirred 

for 2 h at room temperature. The mixture was filtered, and then the filtrate was diluted with EtOAc, 

and washed with water. The aqueous layer was extracted with EtOAc. The combined organic layer 

was washed with brine, dried over MgSO4, filtered and concentrated under reduced pressure. The 

residue was purified by column chromatography (silica gel, eluted with 5% - 50% EtOAc in hexane) 

to give 40 (14.10 g, 64%) as a white solid. 1H NMR (300 MHz, CDCl3) δ 1.40 (3H, t, J = 7.0 Hz), 

4.42 (2H, q, J = 7.2 Hz), 5.40 (2H, s), 6.82 (1H, d, J = 2.3 Hz), 7.21-7.26 (2H, m), 7.30-7.41 (4H, 

m). 

Ethyl 1-benzyl-4-bromo-1H-pyrazole-3-carboxylate (41). To a solution of 40 (6.68 g, 29.01 

Page 69 of 110

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



mmol) in MeCN (120 mL) was added bromine (2.230 mL, 43.52 mmol) at rt. After stirring at rt 

overnight, an additional bromine (2.230 mL, 43.52 mmol) was added and the mixture was stirred at 

rt for 1 day. The mixture was concentrated under reduced pressure, diluted with EtOAc and washed 

with 10% sodium thiosulfate aq. The aqueous layer was extracted with EtOAc/THF. The combined 

organic layer was dried over Na2SO4, filtered and concentrated under reduced pressure. The residue 

was purified by column chromatography (silica gel, eluted with 10% - 50% EtOAc in hexane) to 

give 41 (8.76 g, 98%) as a white solid. 1H NMR (300 MHz, CDCl3) δ 1.43 (3H, t, J = 7.0 Hz), 4.44 

(2H, q, J = 6.9 Hz), 5.35 (2H, s), 7.22-7.44 (6H, m). LC-MS (APCI) m/z 309.2 [M + H]+. 

(E)-Ethyl 1-benzyl-4-(2-ethoxyvinyl)-1H-pyrazole-3-carboxylate (42). Compound 42 was 

obtained (94%) as a pale yellow oil in a manner similar to that described for the synthesis of 31. 1H 

NMR (300 MHz, CDCl3) δ1.31 (3H, t, J = 7.2 Hz), 1.42 (3H, t, J = 7.2 Hz), 3.86 (2H, q, J = 6.8 Hz), 

4.42 (2H, q, J = 7.2 Hz), 5.33 (2H, s), 6.19 (1H, d, J = 13.2 Hz), 6.81 (1H, d, J = 13.6 Hz), 7.20-7.28 

(3H, m), 7.31-7.41 (3H, m). LC-MS (ESI) m/z 301.3 [M + H]+. 

Ethyl 1-benzyl-4-(2-oxoethyl)-1H-pyrazole-3-carboxylate (43). Compound 43 was obtained (94%) 

as a brown solid in a manner similar to that described for the synthesis of 32. 1H NMR (300 MHz, 

CDCl3) δ1.40 (3H, t, J = 7.2 Hz), 3.85 (2H, d, J = 0.8 Hz), 4.41 (2H, q, J = 7.2 Hz), 5.37 (2H, s), 

7.22-7.46 (6H, m), 9.66-9.78 (1H, m). 

(S)-Ethyl 

1-benzyl-4-(2-((5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)ethyl)-1H-
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pyrazole-3-carboxylate (44). Compound 44 was obtained (94%) as a brown solid in a manner 

similar to that described for the synthesis of 33. 

LC-MS (APCI) m/z 449.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.37 (3H, t, J = 7.0 Hz), 

2.43-2.53 (1H, m), 2.76-2.91 (3H, m), 3.38 (3H, s), 3.52 (1H, dd, J = 11.7, 7.6 Hz), 4.06 (1H, dd, J = 

11.3, 10.2 Hz), 4.30-4.42 (3H, m), 5.32 (2H, s), 7.10-7.24 (7H, m), 7.29-7.38 (3H, m). 

(S)-5-Methyl-3-(7-oxo-4,5-dihydro-2H-pyrazolo[3,4-c]pyridin-6(7H)-yl)-2,3-dihydrobenzo[b][1,

4]oxazepin-4(5H)-one (45). A mixture of 14 (1.29 g, 3.21 mmol), 1 M HCl aq (7 mL, 7.00 mmol) 

and 10% palladium on carbon (0.341 g, 0.32 mmol) in MeOH (30 mL, 740.59 mmol) was 

hydrogenated under balloon pressure at room temperature overnight. The catalyst was removed by 

filtration and the filtrate was concentrated under reduced pressure. The residue was dissolved in 

MeOH (20 mL, 493.73 mmol) and palladium on carbon (0.682 g, 0.64 mmol) and 1 M HCl aq (5 mL, 

5.00 mmol) was added to the solution. The mixture was hydrogenated under balloon pressure for 4 h 

at room. The catalyst was removed by filtration and the filtrate was concentrated under reduced 

pressure. The solid was washed with EtOAc/heptane (1/4) to give 45 (0.820 g, 82%) as a white solid. 

1H NMR (300 MHz, CDCl3) δ 2.84 (1H, d, J = 15.1 Hz), 3.16 (1H, d, J = 7.9 Hz), 3.39 (3H, s), 3.62 

(1H, brs), 4.19-4.47 (2H, m), 4.68 (1H, t, J = 10.4 Hz), 5.81 (1H, dd, J = 11.3, 7.6 Hz), 7.11-7.26 (4H, 

m), 7.78 (1H, s). LC-MS (APCI) m/z 313.2 [M + H]+. 

Ethyl 3-(tert-butoxymethyl)-1H-pyrazole-4-carboxylate (47). To a solution of ethyl 

4-(tert-butoxy)-3-oxobutanoate (46) (commercially available, 12.0 g, 59.3 mmol) in toluene (100 
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mL) was added DMF-DMA (10.6 g, 89.0 mmol). The mixture was stirred at 65 °C for 16 hr. After 

cooling to 25 °C, the reaction mixture was concentrated under reduced pressure. To a mixture of the 

residue and AcOH (20 mL) was added NH2NH2·H2O (4.55 g, 90.9 mmol). The mixture was stirred at 

25-30 °C for 14 hr. The reaction mixture was diluted with EtOAc (300 mL), and it was washed with 

saturated NaHCO3 aq. (200 mL), brine (200 mL). The organic layer was dried over Na2SO4 and 

concentrated under reduced pressure. The residue was purified by column chromatography (silica gel, 

eluted with  

petroleum ether/EtOAc (3:1) to give 47 (7.00 g, 52%) as a yellow solid. 1H NMR (400 MHz, 

DMSO-d6) δ 1.23 (9H, s), 1.27 (3H, t, J = 7.2 Hz), 4.21 (2H, q, J = 7.2 Hz), 4.69 (2H, s), 7.80 (1H, s), 

13.27 (1H, brs). 

Ethyl 1-benzyl-3-(tert-butoxymethyl)-1H-pyrazole-4-carboxylate (48). Two batches of the 

reaction were conducted and worked up together after the reaction. To a solution of 47 (3.00 g, 13.3 

mmol) and benzyl chloride (1.68 g, 13.3 mmol) in MeCN (50 mL) was added potassium carbonate 

(11.0 g, 79.6mmol). The mixture was stirred at 20-25 °C for 14 h. 

To a solution of 47 (7.00 g, 31.0 mmol) and benzyl chloride (2.74 g, 21.7 mmol) in MeCN (50 mL) 

was added potassium carbonate (18.0g, 130 mmol). The mixture was stirred at 20-25 °C for 14 h. 

Two reaction mixtures were combined, diluted with water, and extracted with EtOAc (3 times). The 

combined organic layer was washed with brine, dried over Na2SO4, filtered and concentrated under 

reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 9% - 
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25% EtOAc in petroleum ether) to give 48 (9.00 g, 64%) as a yellow oil. 1H NMR (400 MHz, 

CDCl3) δ 1.31 (3H, t, J = 6.8 Hz), 1.33 (9H, s), 4.25 (2H, q, J = 6.8 Hz), 4.71 (2H, s), 5.28 (2H, s), 

7.20-7.30 (2H, m), 7.35-7.45 (3H, m), 7.73 (1H, m).  

Ethyl 1-benzyl-3-(hydroxymethyl)-1H-pyrazole-4-carboxylate (49). To a solution of 48 (9.00 g, 

28. 5 mmol) in DCM (10 mL) was added TFA (5 mL). The mixture was stirred at 20-25 °C for 2 h, 

quenched with 1 M NaOH aq till pH = 10, diluted with water, and extracted with EtOAc (3 times). 

The combined organic layer was washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 

9% - 25% EtOAc in petroleum ether) to give 49 (6.40 g, 86%) as a yellow oil. 1H NMR (400 MHz, 

DMSO-d6) δ 1.26 (3H, t, J = 7.2 Hz), 4.19 (2H, q, J = 7.2 Hz), 4.58 (2H, d, J = 6.0 Hz), 4.84 (1H, t, J 

= 6.0 Hz), 5.32 (2H, s), 7.25-7.40 (5H, m), 8.38 (1H, s). 

Ethyl 1-benzyl-3-formyl-1H-pyrazole-4-carboxylate (50). To a solution of 49 (4.60 g, 17.7 mmol) 

in DCM (50 mL) was added MnO2 (15.0 g, 173 mmol). The reaction was stirred at 40 °C for 14 hr. 

The reaction was concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 9% - 25% EtOAc in petroleum ether) to give 50 (2.70 g, 

59%) as an off-white solid. 1H NMR (400 MHz, DMSO-d6) δ 1.28 (3H, t, J = 7.6 Hz), 4.27 (2H, q, J 

= 7.2 Hz), 5.47 (2H, s), 7.25-7.45 (5H, m), 8.63 (1H, s), 10.26 (1H, s). 

(E)-Ethyl 1-benzyl-3-(2-methoxyvinyl)-1H-pyrazole-4-carboxylate (51). To a mixture of 

(methoxymethyl)triphenylphosphonium chloride (commercially available, 15.8 g, 46.1 mmol) in 
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THF (50 mL) was added t-BuOK (44.9 mL, 44.9 mmol, 1M in THF) over 1 min at 0 °C. The mixture 

was stirred at 0 °C for 10 min, and to the mixture was added a solution of 50 (2.70 g, 10.5 mmol) in 

THF (20 mL) over 20 min. The mixture was stirred at 0 °C for 30 min, and then it was warmed to 

20-25 °C for 12 hr. The reaction mixture was diluted with EtOAc (200 mL) and it was washed with 

water (100 mL) and brine (100 mL). The organic layer was dried over Na2SO4 and concentrated 

under reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 

9% - 25% EtOAc in petroleum ether) to give 51 (1.60 g, 53%) as a yellow oil. 1H NMR (400 MHz, 

DMSO-d6) δ 1.26 (3H, t, J = 7.2 Hz), 4.19 (2H, q, J = 7.2 Hz), 5.28 (2H, s), 6.16 (1H, d, J = 13.2 Hz), 

7.25-7.45 (6H, m), 8.34 (1H, s). 

Ethyl 1-benzyl-5-hydroxy-1H-pyrazole-3-carboxylate (55). Diethyl but-2-ynedioate (54) 

(commercially available, 20.42 mL, 127.59 mmol) was added to a mixture of benzylhydrazine 

hydrochloride (commercially available, 20.24 g, 127.59 mmol) and potassium carbonate (26.5 g, 

191.39 mmol) in EtOH (600 mL). The mixture was stirred at 90 °C overnight. After stirring at rt for 

2 days, the mixture was acidified with 6 M HCl aq (70 mL) at 0 °C and extracted with EtOAc (twice). 

The combined organic layer was washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residual solid was triturated with MeCN (50 mL), and the collected 

solid was washed with MeCN (30 mL) to give 55 (11.33 g, 36%) as an off-white solid. 1H NMR (300 

MHz, DMSO-d6) δ1.25 (3H, t, J = 7.0 Hz), 4.21 (2H, q, J = 6.9 Hz), 5.16 (2H, s), 5.81 (1H, s), 

7.13-7.21 (2H, m), 7.23-7.40 (3H, m), 11.57 (1H, s). LC-MS (APCI) m/z 247.3 [M + H]+. 
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Ethyl 1-benzyl-5-bromo-4-formyl-1H-pyrazole-3-carboxylate (56a). To a solution of 55 (3.60 g, 

14.62 mmol) and phosphoryl tribromide (7.80 g, 27.21 mmol) in 1,2-dichloroethane (60 mL, 14.62 

mmol) was added DMF (2.1 mL, 27.29 mmol) at room temperature. The mixture was stirred at 90 °C 

under air for 3 h. To the mixture was added phosphoryl tribromide (19.6 g, 68.37 mmol) at r.t. The 

mixture was stirred at 90 °C under air for 19 h. To the mixture was added phosphoryl tribromide 

(9.64 g, 33.62 mmol) at the same temperature. The mixture was stirred at 90 °C under air for 3 h. The 

mixture was poured into water with ice. The organic layer was separated. The aqueous layer was 

extracted with EtOAc. The combined organic layer was dried over anhydrous Na2SO4, filtered and 

concentrated under reduced pressure.The residue was purified by column chromatography (silica gel, 

eluted with 15% - 30% EtOAc in hexane) to give 56a (2.340 g, 48 %) as a pale yellow solid. 1H 

NMR (400 MHz, CDCl3) δ 1.44 (3H, t, J = 7.2 Hz), 4.49 (2H, q, J = 7.2 Hz), 5.51 (2H, s), 7.26-7.39 

(5H, m), 10.43 (1H, s). LC-MS (APCI) m/z 337.1 [M + H]+. 

Ethyl 1-benzyl-5-chloro-4-formyl-1H-pyrazole-3-carboxylate (56b). To a solution of 55 (10.0 g, 

40.61 mmol) in DMF (12.50 mL, 162.43 mmol) was dropwisely added phosphoryl trichloride (30.3 

mL, 324.86 mmol) at room temperature. The mixture was stirred at 90 °C under air for 7 h. The 

solvent was removed by rotary evaporation under reduced pressure. To the residue was added 

saturated NaHCO3 aq. at 0 °C and extracted with EtOAc. The organic layer was separated, washed 

with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by 

column chromatography (silica gel, eluted with 20% - 35% EtOAc in hexane) to give 56b (4.25 g, 
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36 %) as a pale yellow solid. LC-MS (APCI) m/z 293.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 

1.44 (3H, t, J = 7.2 Hz), 4.49 (2H, q, J = 7.2 Hz), 5.46 (2H, s), 7.27-7.38 (5H, m), 10.43 (1H, s). 

(E)-Ethyl 1-benzyl-5-bromo-4-(2-methoxyvinyl)-1H-pyrazole-3-carboxylate (57a). Compound 

57a was obtained (30%) as a colorless oil in a manner similar to that described for the synthesis of 

51. LC-MS (APCI) m/z 365.1 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.41 (3H, t, J = 7.2 Hz), 3.69 

(3H, s), 4.42 (2H, q, J = 7.2 Hz), 5.47 (2H, s), 6.02 (1H, d, J = 13.2 Hz), 7.12-7.39 (5H, m). 

Ethyl 1-benzyl-5-chloro-4-(2-methoxyvinyl)-1H-pyrazole-3-carboxylate (57b). Compound 57b 

was obtained (42%) as a colorless oil in a manner similar to that described for the synthesis of 51. 

LC-MS (APCI) m/z 321.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.35-1.46 (3H, m), 3.65-3.71 

(3H, m), 4.33-4.49 (2H, m), 5.40-5.44 (2H, m), 6.03-6.18 (1H, m), 7.17-7.38 (6H, m). 

Ethyl 1-benzyl-5-bromo-4-(2-oxoethyl)-1H-pyrazole-3-carboxylate (58a). Compound 58a was 

obtained in a manner similar to that described for the synthesis of 32. This product was subjected to 

the next reaction without further purification. LC-MS (APCI) m/z 351.2 [M + H]+. 

Ethyl 1-benzyl-5-chloro-4-(2-oxoethyl)-1H-pyrazole-3-carboxylate (58b). Compound 58b was 

obtained in a manner similar to that described for the synthesis of 32. This product was subjected to 

the next reaction without further purification. LC-MS (APCI) m/z 307.2 [M + H]+. 

(S)-Ethyl 

1-benzyl-5-bromo-4-(2-((5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)et

hyl)-1H-pyrazole-3-carboxylate (59a). Compound 59a was obtained (67% in 2 steps from 57a) as a 
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colorless oil in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 527.1 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.36 (3H, t, J = 7.0 Hz), 2.36-2.51 (1H, m), 2.66-2.91 (3H, 

m), 3.38 (3H, s), 3.55 (1H, dd, J = 11.7, 7.6 Hz), 4.00-4.17 (1H, m), 4.29-4.41 (3H, m), 5.42 (2H, s), 

7.09-7.37 (9H, m). 

(S)-Ethyl 

1-benzyl-5-chloro-4-(2-((5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)et

hyl)-1H-pyrazole-3-carboxylate (59b). Compound 59b was obtained (94% in 2 steps from 57b) as 

a colorless oil in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 483.2 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.36 (3H, t, J = 7.2 Hz), 2.38-2.53 (1H, m), 2.67-2.92 (3H, 

m), 3.38 (3H, s), 3.53 (1H, dd, J = 11.7, 7.6 Hz), 4.00-4.09 (1H, m), 4.30-4.41 (3H, m), 5.38 (2H, s), 

7.09-7.22 (6H, m), 7.27-7.36 (3H, m). 

(3S)-3-(2-Benzyl-3-bromo-7-oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridin-6-yl)-5-methyl-2,

3-dihydro-1,5-benzoxazepin-4(5H)-one (60). Compound 60 was obtained (82%) as a white solid in 

a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 481.1 [M + H]+. 1H 

NMR (300 MHz, CDCl3) δ2.63 (1H, dt, J = 15.6, 4.9 Hz), 2.98-3.12 (1H, m), 3.38 (3H, s), 3.49-3.64 

(1H, m), 4.20-4.32 (1H, m), 4.42 (1H, dd, J = 9.8, 8.3 Hz), 4.63 (1H, dd, J = 11.5, 10.0 Hz), 5.43 (2H, 

s), 5.92 (1H, dd, J = 11.5, 8.1 Hz), 7.13-7.35 (9H, m). 

Ethyl 4-bromo-1-(2-fluorobenzyl)-1H-pyrazole-3-carboxylate (62a). To a solution of ethyl 

1H-pyrazole-3-carboxylate (commercially available, 13.56 g, 96.76 mmol) in THF (140 mL) was 
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added 60% NaH in oil (4.64 g, 116.11 mmol) at 0 °C. After being stirred at 0 °C for 20 min, 

1-(bromomethyl)-2-fluorobenzene (commercially available, 12.84 mL, 106.44 mmol) was added to 

the reaction mixture at 0 °C. The mixture was stirred at room temperature overnight. The mixture 

was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer was separated, 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was 

purified by column chromatography (silica gel, eluted with 18% - 39% EtOAc in hexane) to give 

ethyl 1-(2-fluorobenzyl)-1H-pyrazole-3-carboxylate (22.77 g, 95%) as a pale yellow oil. LC-MS 

(APCI) m/z 249.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.40 (3H, t, J = 7.2 Hz), 4.41 (2H, q, J = 

7.2 Hz), 5.46 (2H, s), 6.83 (1H, d, J = 2.3 Hz), 7.05-7.15 (2H, m), 7.17-7.24 (1H, m), 7.28-7.37 (1H, 

m), 7.43 (1H, d, J = 1.9 Hz). 

A solution of bromine (5.25 mL, 102.37 mmol) in MeCN (30 mL) was added to a solution of ethyl 

1-(2-fluorobenzyl)-1H-pyrazole-3-carboxylate (commercially available, 22.77 g, 91.72 mmol) in 

MeCN (200 mL) at room temperature. After being stirred at room temperature overnight, TEA 

(15.34 mL, 110.07 mmol) was added to the reaction mixture. After being stirred at room temperature 

for 5 min, bromine (2.87 mL, 56.07 mmol) was added to the reaction mixture. The mixture was 

quenched with saturated NaHCO3 aq. and extracted with EtOAc. The organic layer was separated, 

washed with Na2S2O3 aq. and brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was disolved in MeCN (200 mL) and added a solution of bromine (21.2 g, 132.66 mmol) 

in MeCN (30 mL) at room temperature. The mixture was stirred at room temperature for 10 min. The 
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mixture was quenched with Na2S2O3 aq. and extracted with EtOAc. The organic layer was separated, 

washed with saturated NaHCO3 aq. and brine, dried over Na2SO4 and concentrated under reduced 

pressure. The residue was purified by column chromatography (silica gel, eluted with 20% - 40% 

EtOAc in hexane) to give 62a (29.5 g, 98%) as a white solid. LC-MS (APCI) m/z 327.2 [M + H]+. 1H 

NMR (300 MHz, CDCl3) δ 1.42 (3H, t, J = 7.2 Hz), 4.43 (2H, q, J = 7.2 Hz), 5.42 (2H, s), 7.08-7.18 

(2H, m), 7.22-7.29 (1H, m), 7.32-7.41 (1H, m), 7.48 (1H, s) 

Ethyl 4-bromo-1-(2,6-difluorobenzyl)-1H-pyrazole-3-carboxylate (62b). Bromine (2.194 mL, 

42.81 mmol) was added to a solution of ethyl 1H-pyrazole-3-carboxylate (61) (1.5 g, 10.70 mmol) in 

AcOH (40 mL) at room temperature. The mixture was stirred at room temperature for 6 h. The 

mixture was quenched with saturated Na2S2O3 aq. anddried up under reduced pressure. The residue 

was extracted with EtOAc, washed with saturated NaHCO3 aq. and brine, dried over Na2SO4 and 

concentrated under reduced pressure to give ethyl 4-bromo-1H-pyrazole-3-carboxylate (2.07 g, 88%) 

as a white solid. This product was subjected to the next reaction without further purification. 

A solution of ethyl 4-bromo-1H-pyrazole-3-carboxylate (2.07 g, 9.45 mmol) in THF(dry) (10 mL) 

was added to a solution of sodium hydride, 60% in oil (0.454 g, 11.34 mmol) in THF(dry) (10 mL) at 

0 °C, and then the resulting mixture was stirred for 5 min. To this bright yellow mixture was added 

2-(bromomethyl)-1,3-difluorobenzene (2.152 g, 10.40 mmol) dropwise with stirring, and then the 

resulting mixture was further stirred in an ice bath and was gradually warmed up to rt overnight. The 

mixture was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer was 
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separated, washed with saturated NaHCO3 aq. and brine, dried over Na2SO4 and concentrated under 

reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 15% - 

36% EtOAc in hexane) to give 62b (3.16 g, 97%) as a colorless solid. LC-MS (APCI) m/z 345.1 [M 

+ H]+. 1H NMR (300 MHz, CDCl3) δ 1.41 (3H, t, J = 7.2 Hz), 4.42 (2H, q, J = 7.2 Hz), 5.46 (2H, s), 

6.98 (2H, dd, J = 8.5, 7.4 Hz), 7.32-7.43 (1H, m), 7.45 (1H, s). 

Ethyl 4-(2-ethoxyvinyl)-1-(2-fluorobenzyl)-1H-pyrazole-3-carboxylate (63a). Compound 63a was 

obtained (84%) as a white solid in a manner similar to that described for the synthesis of 31. LC-MS 

(APCI) m/z 319.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.23-1.45 (6H, m), 3.82-4.00 (2H, m), 

4.37-4.46 (2H, m), 5.37-5.47 (2H, m), 6.00-6.06 (0.5H, m), 6.14-6.22 (0.5H, m), 6.80-6.88 (0.5H, m), 

7.04-7.24 (2.5H, m), 7.27-7.38 (1H, m), 7.93 (0.5H, s). 

(Z)-ethyl 1-(2,6-difluorobenzyl)-4-(2-ethoxyvinyl)-1H-pyrazole-3-carboxylate (63b). A mixture 

of 62b (2.80 g, 8.11 mmol), (Z)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

(commercially available, 2.89 g, 14.60 mmol), PdCl2(dppf) (0.594 g, 0.81 mmol) and cesium 

carbonate (5.82 g, 17.85 mmol) in DME (80 mL)-water (10.00 mL) was stirred at 90 °C overnight 

under Ar atmosphere. The mixture was diluted with EtOAc, washed with water and brine, dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 5% - 50% EtOAc in hexane) to give 63b (2.370 g, 87%) as a 

pale yellow oil. LC-MS (APCI) m/z 337.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.26-1.34 (3H, 

m), 1.40 (3H, t, J = 7.2 Hz), 3.94 (2H, q, J = 6.9 Hz), 4.40 (2H, q, J = 7.2 Hz), 5.39-5.53 (2H, m), 
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6.01 (1H, d, J = 6.8 Hz), 6.18 (1H, d, J = 6.8 Hz), 6.88-7.04 (2H, m), 7.28-7.44 (1H, m), 7.90 (1H, 

s). 

Ethyl 1-(2-fluorobenzyl)-4-(2-oxoethyl)-1H-pyrazole-3-carboxylate (64a). To a solution of 63a 

(10.33 g, 32.45 mmol) in THF (100 mL) was added 6 M HCl aq in water (50 mL, 300.00 mmol) at 

room temperature. The mixture was stirred at room temperature under air for 2.5 h. The mixture was 

quenched with saturated NaHCO3 aq. at room temperature and extracted with EtOAc. The organic 

layer was separated, washed with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by column chromatography (silica gel, eluted with 29% - 50% EtOAc in 

hexane) to give 64a (6.41 g, 68%) as a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ 1.39 (3H, t, J 

= 7.2 Hz), 3.83-3.88 (2H, m), 4.40 (2H, q, J = 7.2 Hz), 5.39-5.45 (2H, m), 7.06-7.17 (2H, m), 

7.20-7.29 (1H, m), 7.30-7.39 (1H, m), 7.44 (1H, s), 9.72 (1H, t, J = 1.3 Hz). 

Ethyl 1-(2,6-difluorobenzyl)-4-(2-oxoethyl)-1H-pyrazole-3-carboxylate (64b). Compound 64b 

was obtained in a manner similar to that described for the synthesis of 32. This product was 

subjected to the next reaction without further purification. LC-MS (APCI) m/z 309.3 [M + H]+. 

(S)-2-((tert-Butoxycarbonyl)amino)-3-(4-cyano-2-nitrophenoxy)propanoic acid (66a). To the 

suspendion of 60% NaH in oil (5.12 g, 127.92 mmol) in DMF (95 mL) was added a solution of 

(S)-2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoic acid (commercially available, 12.5 g, 60.91 

mmol) in DMF (30 mL) at 0 °C over 20 min. After being stirred at 0 °C for 1 h, 

4-fluoro-3-nitrobenzonitrile (65a) (commercially available, 10.12 g, 60.91 mmol) was added to the 
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reaction mixture at 0 °C. The mixture was stirred at 0°C for 2 h, at room temperature for 

overweekend. The mixture was neutralized with iced water and 1 M HCl aq. (50 mL) at 0 °C and 

extracted with EtOAc. The organic layer was separated, washed with water and brine, dried over 

MgSO4 and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 30% - 70% EtOAc in hexane) to give 66a (4.74 g, 22%) as a 

yellow gum. 1H NMR (300 MHz, DMSO-d6) δ 1.35 (9H, s), 4.30-4.60 (3H, m), 7.12-7.21 (1H, m), 

7.56 (1H, d, J = 8.7 Hz), 8.10-8.17 (1H, m), 8.46-8.51 (1H, m), 12.99 (1H, brs). 

(S)-3-(5-Bromo-2-nitrophenoxy)-2-((tert-butoxycarbonyl)amino)propanoic acid (66b). 

Compound 66b was obtained (74%) as a yellow gum in a manner similar to that described for the 

synthesis of 66a. LC-MS (APCI) m/z 402.9 [M - H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.38 (9H, s), 

4.33-4.50 (3H, m), 7.09 (1H, d, J = 7.9 Hz), 7.35 (1H, dd, J = 8.7, 1.9 Hz), 7.65 (1H, d, J = 1.9 Hz), 

7.84 (1H, d, J = 8.7 Hz), 13.00 (1H, brs). 

(S)-3-(5-((Benzyloxy)carbonyl)-2-nitrophenoxy)-2-((tert-butoxycarbonyl)amino)propanoic acid 

(66c). Compound 66c was obtained in a manner similar to that described for the synthesis of 66a. 

This product was subjected to the next reaction without further purification. LC-MS (APCI) m/z 

459.1 [M - H]+. 

(S)-3-(2-Amino-4-cyanophenoxy)-2-((tert-butoxycarbonyl)amino)propanoic acid (67a). A 

mixture of 66a (4.2 g, 11.96 mmol), ammonium chloride (2.56 g, 47.82 mmol), and iron (6.68 g, 

119.55 mmol) in EtOH (80 mL, 11.96 mmol)/water (16 mL) was stirred at 80 °C for 3 h.To this 
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mixture was added THF (100 mL) and insoluble material was removed by filtration through celite. 

The filtrate was evaporated. To the filtrate was added EtOAc and insoluble material was removed by 

filtration. The filtrate was evaporated to give the crude of 67a as a brown solid. This product was 

subjected to the next reaction without further purification. LC-MS (APCI) m/z 320.1 [M - H]+. 

(S)-3-(2-Amino-5-bromophenoxy)-2-((tert-butoxycarbonyl)amino)propanoic acid (67b). A 

mixture of 66b (10.00 g, 24.68 mmol), ammonium chloride (5.28 g, 98.72 mmol), and iron (13.78 g, 

246.79 mmol) in EtOH (100 mL, 24.68 mmol)/water (30 mL) was stirred at 80°C for 1.5h. Insoluble 

material was removed by filtration through celite. The filtrate was evaporated. To the filtrate was 

added EtOAc and insoluble material was removed by filtration. The filtrate was evaporated to give 

67b (8.40 g, 91%) as a brown solid. LC-MS (APCI) m/z 372.9 [M - H]+. 

(S)-3-(2-Amino-5-((benzyloxy)carbonyl)phenoxy)-2-((tert-butoxycarbonyl)amino)propanoic 

acid (67c). To a solution of 66c (14.98 g, 32.53 mmol) in AcOH (150 mL, 2622.73 mmol) was added 

zinc powder (21.27 g, 325.35 mmol) at 0 °C, and the mixture was stirred for 10 min at 0 °C and 2 h 

at rt. The reaction mixture was filtered and the filtrate was concentrated in vauo. AcOH was removed 

by azeotropic distillation with toluene to give the crude of 67c. The product was used for next 

reaction without further purification. LC-MS (APCI) m/z 431.2 [M + H]+. 

(S)-tert-Butyl (7-cyano-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbamate (68a). To 

a mixture of 67a (3843 mg, 11.96 mmol) and HATU (4775 mg, 12.56 mmol) in DMSO (40 mL) was 

added TEA (1.834 mL, 13.16 mmol) at room temperature. The mixture was stirred at room 
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temperature overnight. The mixture was diluted with water and the formed precipitate was collected 

by filtration and washed with water.  

(1) The filtrate was extracted with EtOAc. The organic layer was dried over Na2SO4 and 

concentrated under reduced pressure. 

(2) The collected solid was suspended in EtOAc, washed with water, dried over Na2SO4 and 

concentrated under reduced pressure.  

(1) and (2) were combined and purified by column chromatography (silica gel, eluted with 10% - 

30% EtOAc in hexane) to give 68a (835 mg, 23% in 2 steps) as a yellow solid. LC-MS (APCI) m/z 

302.1 [M - H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.37 (9H, s), 4.29-4.45 (3H, m), 7.13-7.20 (1H, m), 

7.25 (1H, d, J = 8.3 Hz), 7.48-7.60 (2H, m), 10.21 (1H, s). 

(S)-tert-Butyl (8-bromo-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbamate (68b). 

TEA (3.43 mL, 24.63 mmol) was added to a mixture of 67b (8.4 g, 22.39 mmol) and HATU (8.94 g, 

23.51 mmol) in DMSO (40 mL) at room temperature. The mixture was stirred at room temperature 

for 1 h. The mixture was diluted with water and precipitate was collected by filtration and washed 

with water 3 times. The solid was disolved in EtOAc and dried over MgSO4 and concentrated under 

reduced pressure. The residue was purified by column chromatography (silica gel, eluted with 10% - 

30% EtOAc in hexane) to give 68b (2.290 g, 29%) as a light brown solid. LC-MS (APCI) m/z 355.0 

[M - H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.36 (9H, s), 4.24-4.40 (3H, m), 7.03 (1H, d, J = 9.1 Hz), 

7.11 (1H, d, J = 7.6 Hz), 7.29-7.36 (2H, m), 10.00 (1H, s). 
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(S)-Benzyl 

3-((tert-butoxycarbonyl)amino)-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-8-carboxylate 

(68c). Compound 68c was obtained (3% in 3 steps from 65c) as a white solid in a manner similar to 

that described for the synthesis of 68b. LC-MS (APCI) m/z 411.1 [M - H]+. 

(S)-tert-Butyl (7-cyano-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbamate 

(69a). A mixture of 68a (830 mg, 2.74 mmol), cesium carbonate (1070 mg, 3.28 mmol) and MeI 

(0.180 mL, 2.87 mmol) in DMF (10 mL) was stirred at room temperature for 3 h. The mixture was 

quenched with water and extracted with EtOAc. The organic layer was separated, washed with water 

and brine, dried over MgSO4 and concentrated under reduced pressure. The solid was crystallized 

from EtOA to give 69a (389 mg, 45%) as a colorless solid. LC-MS (APCI) m/z 316.1 [M - H]+. 1H 

NMR (300 MHz, DMSO-d6) δ 1.35 (9H, s), 3.30 (3H, s), 4.34-4.42 (3H, m), 7.21-7.25 (1H, m), 7.37 

(1H, d, J = 8.3 Hz), 7.75 (1H, dd, J = 8.3, 1.9 Hz), 8.08 (1H, d, J = 1.9 Hz). 

(S)-tert-Butyl 

(8-bromo-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbamate (69b). A 

mixture of 68b (2.2 g, 6.16 mmol), cesium carbonate (3.01 g, 9.24 mmol) and MeI (0.501 mL, 8.01 

mmol) in DMF (15 mL) was stirred at room temperature for 3 h. The mixture was diluted with water 

and extracted with EtOAc. The organic layer was separated, washed with water and brine, dried over 

MgSO4 and concentrated under reduced pressure. The residue was purified by column 

chromatography (silica gel, eluted with 10% - 30% EtOAc in hexane) to give 69b (1.520 g, 67 %) as 
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a white solid. LC-MS (APCI) m/z 271.2 [M + H – (Boc)]+. 1H NMR (300 MHz, DMSO-d6) δ 1.34 

(9H, s), 3.26 (3H, s), 4.26-4.43 (3H, m), 7.18 (1H, d, J = 7.6 Hz), 7.40-7.53 (3H, m). 

(S)-Benzyl 

3-((tert-butoxycarbonyl)amino)-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-8-car

boxylate (69c). Compound 69c was obtained (75%) as a white solid in a manner similar to that 

described for the synthesis of 69a. LC-MS (APCI) m/z 327.0 [M + H – (Boc)]+. 1H NMR (300 MHz, 

CDCl3) δ 1.35-1.44 (9H, m), 3.42 (3H, s), 4.16-4.26 (1H, m), 4.53-4.69 (2H, m), 5.30-5.52 (3H, m), 

7.22-7.27 (1H, m), 7.32-7.48 (5H, m), 7.82-7.86 (1H, m), 7.93 (1H, dd, J = 8.3, 1.9 Hz). 

(S)-3-((tert-Butoxycarbonyl)amino)-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-8

-carboxylic acid (69d). A mixture of 69c (100 mg, 0.23 mmol) and 10% palladium on carbon (24.95 

mg, 0.02 mmol) in THF (3 mL, 36.95 mmol) was hydrogenated under balloon pressure at room 

temperature for 2 h. The catalyst was removed by filtration and the filtrate was concentrated under 

reduced pressure to give 69d (78 mg, 99%) as white solid. LC-MS (APCI) m/z 335.1 [M - H]+. 1H 

NMR (300 MHz, DMSO-d6) δ 1.29-1.43 (9H, m), 3.31 (3H, s), 4.23-4.50 (3H, m), 7.19-7.31 (1H, m), 

7.58 (1H, d, J = 8.3 Hz), 7.68 (1H, d, J = 1.9 Hz), 7.85 (1H, dd, J = 8.3, 1.9 Hz), 13.16 (1H, brs). 

(S)-tert-Butyl 

(5-methyl-8-(methylcarbamoyl)-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbamate 

(69e). Compound 69e was obtained (100%) as a white solid in a manner similar to that described for 

the synthesis of 68a. LC-MS (APCI) m/z 250.3 [M + H – (Boc)]+. 1H NMR (300 MHz, CDCl3) δ 
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1.40 (9H, s), 3.02 (3H, d, J = 4.9 Hz), 3.41 (3H, s), 4.19 (1H, dd, J = 11.0, 9.1 Hz), 4.51-4.71 (2H, 

m), 5.48 (1H, d, J = 6.4 Hz), 6.18 (1H, brs), 7.21-7.27 (1H, m), 7.52 (1H, d, J = 1.9 Hz), 7.63 (1H, 

dd, J = 8.3, 1.9 Hz). 

(S)-tert-Butyl 

(8-(dimethylcarbamoyl)-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)carbama

te (69f). Compound 69f was obtained (85%) as a white solid in a manner similar to that described for 

the synthesis of 68a. LC-MS (APCI) m/z 264.3 [M + H – (Boc)]+. 1H NMR (300 MHz, CDCl3) δ 

1.40 (9H, s), 2.91-3.25 (6H, m), 3.41 (3H, s), 4.19 (1H, dd, J = 11.0, 9.4 Hz), 4.53-4.74 (2H, m), 5.48 

(1H, d, J = 6.8 Hz), 7.19-7.33 (3H, m). 

(S)-3-Amino-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-7-carbonitrile (70a). A 

mixture of 69a (510 mg, 1.61 mmol) and 4 M HCl in EtOAc (6.03 mL, 24.11 mmol) in EtOAc (10 

mL)/THF (10 mL) was stirred at room temperature for 3 h. After evaporation of the solvent under 

reduced pressure, the residue was purified by column chromatography (NH silica gel, eluted with 

20% - 100% EtOAc) to give starting material containing mixture (400 mg). The mixture (400 mg) 

was dissolved in MeOH(10 mL)/THF(12 mL) and to the mixture was added 4 M HCl in EtOAc (8 

mL) and the mixture was stirred at rt for 2.5 h. To this mixture was added 4M HCl in EtOAc (6 mL) 

and the mixture was stirred at rt for 2.5h. After evaporation, the residue was was purified by column 

chromatography (NH silica gel, eluted with 50% - 100% EtOAc in hexane, 0-10% MeOH in EtOAc) 

to give 70a (210 mg, 60%) as a white solid. LC-MS (APCI) m/z 218.4 [M + H]+. 1H NMR (300 
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MHz, DMSO-d6) δ 1.83 (2H, s), 3.31 (3H, s), 3.60-3.70 (1H, m), 4.06-4.17 (1H, m), 4.28-4.37 (1H, 

m), 7.33 (1H, d, J = 8.3 Hz), 7.70 (1H, dd, J = 8.3, 2.3 Hz), 8.01 (1H, d, J = 1.9 Hz). 

(S)-3-Amino-8-bromo-5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one hydrochloride 

(70b). A mixture of 69b (1.2 g, 3.23 mmol) and 4 M HCl in EtOAc (8.08 mL, 32.33 mmol) in 

EtOAc (10 mL) was stirred at room temperature for 10 h. To this mixture was added 4 M HCl in 

EtOAc (4 mL) and the mixture was stirred at room temperature for 10 h. The precipitate was 

collected by filtration and washed with EtOAc to give 70b (0.970 g, 98%) as a white solid. LC-MS 

(APCI) m/z 271.2 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 3.33 (3H, s), 4.29-4.68 (3H, m), 

7.45-7.59 (3H, m), 8.54 (3H, brs). 

(S)-3-Amino-N,5-dimethyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-8-carboxamide 

(70c). A solution of 69e (162 mg, 0.46 mmol) in 4 M hydrogen chloride in EtOAc (2 mL, 8.00 

mmol) was stirred for 2 h at rt. MeOH was added to the reaction mixture and filtered through a short 

pad of NH silica gel eluted with MeOH. The residue was concentrated to give 70c (85 mg, 74%) as 

white solid. LC-MS (APCI) m/z 250.3 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.75 (2H, brs), 

2.78 (3H, d, J = 4.5 Hz), 3.31 (3H, s), 3.60 (1H, dd, J = 11.5, 7.4 Hz), 4.03 (1H, dd, J = 11.5, 10.0 

Hz), 4.29 (1H, dd, J = 10.0, 7.4 Hz), 7.48 (1H, d, J = 8.3 Hz), 7.61 (1H, d, J = 1.9 Hz), 7.72 (1H, dd, 

J = 8.3, 1.9 Hz), 8.48 (1H, d, J = 4.2 Hz). 

(S)-3-Amino-N,N,5-trimethyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepine-8-carboxamide 

(70d). Compound 70d was obtained (71%) as a white solid in a manner similar to that described for 
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the synthesis of 70c. LC-MS (APCI) m/z 264.3 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.73 

(2H, s), 2.96 (6H, brs), 3.30 (3H, s), 3.63 (1H, dd, J = 11.5, 7.4 Hz), 3.94-4.09 (1H, m), 4.29 (1H, dd, 

J = 10.0, 7.4 Hz), 7.18 (1H, d, J = 1.9 Hz), 7.28 (1H, dd, J = 7.9, 1.9 Hz), 7.45 (1H, d, J = 7.9 Hz). 

(S)-Ethyl 

1-benzyl-5-chloro-4-(2-((7-cyano-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)

amino)ethyl)-1H-pyrazole-3-carboxylate (71a). Compound 71a was obtained (81%) as a colorless 

oil in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 508.2 [M + H]+. 

1H NMR (300 MHz, CDCl3) δ 1.38 (3H, t, J = 7.2 Hz), 2.41-2.54 (1H, m), 2.68-2.91 (3H, m), 3.39 

(3H, s), 3.57 (1H, dd, J = 11.7, 7.2 Hz), 4.05-4.23 (2H, m), 4.31-4.44 (3H, m), 5.39 (2H, s), 

7.15-7.36 (6H, m), 7.45-7.54 (2H, m). 

(S)-Ethyl 

1-benzyl-4-(2-((8-bromo-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)et

hyl)-5-chloro-1H-pyrazole-3-carboxylate (71b). Compound 71b was obtained (100%) as a white 

solid in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 561.1 [M + 

H]+. 1H NMR (300 MHz, CDCl3) δ 1.37 (3H, t, J = 7.2 Hz), 2.37-2.52 (1H, m), 2.71-2.92 (3H, m), 

3.35 (3H, s), 3.53 (1H, dd, J = 11.5, 7.4 Hz), 3.99-4.09 (1H, m), 4.27-4.42 (3H, m), 5.38 (2H, s), 7.06 

(1H, d, J = 8.3 Hz), 7.14-7.22 (2H, m), 7.24-7.37 (5H, m). 

(S)-Ethyl 

1-benzyl-5-chloro-4-(2-((5-methyl-8-(methylcarbamoyl)-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]o
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xazepin-3-yl)amino)ethyl)-1H-pyrazole-3-carboxylate (71c). Compound 71c was obtained (48%) 

as a white solid in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 

540.3 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.32-1.44 (3H, m), 2.38-2.56 (1H, m), 2.66-2.92 (3H, 

m), 2.98-3.15 (3H, m), 3.39 (3H, s), 3.45-3.65 (1H, m), 4.07-4.17 (1H, m), 4.27-4.51 (3H, m), 5.38 

(2H, s), 6.11 (1H, brs), 7.09-7.38 (6H, m), 7.51 (1H, d, J = 1.9 Hz), 7.62 (1H, dd, J = 8.3, 1.9 Hz). 

(S)-Ethyl 

1-benzyl-5-chloro-4-(2-((8-(dimethylcarbamoyl)-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4

]oxazepin-3-yl)amino)ethyl)-1H-pyrazole-3-carboxylate (71d). Compound 71d was obtained 

(49%) as a white solid in a manner similar to that described for the synthesis of 33. LC-MS (APCI) 

m/z 554.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.38 (3H, t, J = 7.2 Hz), 2.34-2.52 (1H, m), 

2.64-2.90 (3H, m), 2.97-3.22 (6H, m), 3.39 (3H, s), 3.54 (1H, dd, J = 11.7, 7.6 Hz), 3.98-4.17 (1H, 

m), 4.28-4.46 (3H, m), 5.36-5.43 (2H, m), 7.10-7.41 (8H, m). 

(S)-Ethyl 

4-(2-((8-bromo-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)ethyl)-1-(2-

fluorobenzyl)-1H-pyrazole-3-carboxylate (71e). Compound 71e was obtained (77%) as a white 

solid in a manner similar to that described for the synthesis of 33. LC-MS (APCI) m/z 545.1 [M + 

H]+. 1H NMR (300 MHz, CDCl3) δ 1.37 (3H, t, J = 7.2 Hz), 2.44-2.57 (1H, m), 2.75-2.92 (3H, m), 

3.36 (3H, s), 3.52 (1H, dd, J = 11.7, 7.2 Hz), 4.03-4.09 (1H, m), 4.31-4.40 (3H, m), 5.38 (2H, s), 

7.04-7.20 (4H, m), 7.28-7.37 (4H, m). NH proton was not detected. 
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(S)-Ethyl 

4-(2-((8-bromo-5-methyl-4-oxo-2,3,4,5-tetrahydrobenzo[b][1,4]oxazepin-3-yl)amino)ethyl)-1-(2,

6-difluorobenzyl)-1H-pyrazole-3-carboxylate (71f). Compound 71f was obtained (58% in 2 steps 

from 64b) as a colorless oil in a manner similar to that described for the synthesis of 33. LC-MS 

(APCI) m/z 563.2 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 1.36 (3H, t, J = 7.0 Hz), 2.40-2.54 (1H, 

m), 2.71-2.92 (3H, m), 3.35 (3H, s), 3.51 (1H, dd, J = 11.7, 7.6 Hz), 4.00-4.10 (1H, m), 4.27-4.43 

(3H, m), 5.41 (2H, s), 6.90-7.01 (2H, m), 7.07 (1H, d, J = 8.3 Hz), 7.27-7.40 (4H, m). 

(S)-3-(2-Benzyl-3-chloro-7-oxo-4,5-dihydro-2H-pyrazolo[3,4-c]pyridin-6(7H)-yl)-8-bromo-5-me

thyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one (72a). Compound 72a was obtained (83%) as a 

white solid in a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 515.1 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.67 (1H, dt, J = 15.9, 4.7 Hz), 3.05 (1H, ddd, J = 15.5, 

10.4, 5.1 Hz), 3.35 (3H, s), 3.54 (1H, ddd, J = 12.0, 10.5, 4.3 Hz), 4.23 (1H, dt, J = 12.1, 5.3 Hz), 

4.41 (1H, dd, J = 10.0, 8.1 Hz), 4.64 (1H, dd, J = 11.7, 10.2 Hz), 5.39 (2H, s), 5.90 (1H, dd, J = 11.7, 

8.3 Hz), 7.11 (1H, d, J = 8.3 Hz), 7.23-7.42 (7H, m). 

(S)-8-Bromo-3-(2-(2-fluorobenzyl)-7-oxo-4,5-dihydro-2H-pyrazolo[3,4-c]pyridin-6(7H)-yl)-5-m

ethyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one (72b). Compound 72b was obtained (89%) as 

a white solid in a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 499.1 

[M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.72 (1H, dt, J = 15.5, 4.7 Hz), 3.10 (1H, ddd, J = 15.1, 

10.6, 4.5 Hz), 3.35 (3H, s), 3.53 (1H, ddd, J = 11.8, 10.7, 4.3 Hz), 4.16-4.24 (1H, m), 4.41 (1H, dd, J 
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= 10.0, 8.1 Hz), 4.63 (1H, dd, J = 11.7, 10.2 Hz), 5.40 (2H, s), 5.93 (1H, dd, J = 11.7, 8.3 Hz), 

7.04-7.14 (3H, m), 7.20-7.26 (2H, m), 7.27-7.41 (3H, m). 

(S)-8-Bromo-3-(2-(2,6-difluorobenzyl)-7-oxo-4,5-dihydro-2H-pyrazolo[3,4-c]pyridin-6(7H)-yl)-

5-methyl-2,3-dihydrobenzo[b][1,4]oxazepin-4(5H)-one (72c). Compound 72c was obtained (59%) 

as an off-white solid in a manner similar to that described for the synthesis of 34. LC-MS (APCI) m/z 

517.1 [M + H]+. 1H NMR (300 MHz, CDCl3) δ 2.69 (1H, dt, J = 15.5, 4.7 Hz), 2.99-3.15 (1H, m), 

3.34 (3H, s), 3.43-3.58 (1H, m), 4.06-4.25 (1H, m), 4.39 (1H, dd, J = 10.0, 8.1 Hz), 4.61 (1H, dd, J = 

11.9, 10.0 Hz), 5.45 (2H, s), 5.92 (1H, dd, J = 11.7, 7.9 Hz), 6.89-6.99 (2H, m), 7.10 (1H, d, J = 8.3 

Hz), 7.22 (1H, s), 7.27-7.42 (3H, m). 

TR-FRET binding assay. TR-FRET binding assays were conducted using human 

GST-His-RIPK1(1-375)33 and a fluorescent labeled probe 9 (supporting information). The human 

RIPK1 cDNA (NM_003804) coding 1-375 aa was cloned to have an N-terminal GST-His tag. 

Human GST-His-RipK1(1-375) has two protease recognition sites and results in 

GST-(PreScission)-His-(TEV)-human RIPK1 (1-375). GST-His-human RIPK1 (1-375) baculovirus 

was generated using the BaculoDirect Baculovirus Expression System (Invitrogen) according to 

manufacturer’s specifications.33 

Data analysis. The obtained data at 10 min and 6 h reactions were globally fitted to the following 

equation described by Motulsky and Mahan39 to estimate association rates (k3), dissociation rates (k4), 

and dissociation constants (KI): 
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where t is the reaction time, Bmax is the total amount of enzyme ,Y is the specific binding of the probe, 

[L] is the concentration of the probe, [I] is the concentration of test compound, k1 and k2 are the 

association rate and dissociation rate of the probe, respectively, k3 and k4 are the association rate and 

dissociation rate of the test compound. The dissociation half-life (t1/2) was determined as t1/2 = 

ln(2)/k4, and the kinetic equilibrium dissociation constant of unlabeled compound (KI) was 

determined as KI = k4/k3. 

Docking study. Molecular docking study was performed using Glide 7.2 (Schrodinger Inc., USA) 

for better understanding of the interaction of 14 with RIP1 kinase. Crystal structure of RIP1 kinase 

(PDB ID: 5TX5) was obtained from the Protein Data Bank and prepared by a multistep process 

through protein preparation wizard in Maestro 2016-3 by using OPLS3 force field. The grid for 

molecular docking was generated with the bound co-crystallized ligand. The ligand was submitted to 

the LigPrep module to generate a range of ionization states, and docked into the binding site of the 

RIP1 kinase structure using Glide. 

Pharmacokinetic analysis in mouse cassette dosing. Compound 22 was administered 

intravenously (0.1 mg/kg) or orally (1 mg/kg, suspended in 0.5% methylcellulose aqueous solution) 
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to non-fasted mice by cassette dosing. After administration, blood samples (10 µL) were collected 

and then centrifuged to obtain plasma fraction. The plasma samples were deproteinized with CH3CN 

containing an internal standard. After centrifugation, the compound concentrations in the supernatant 

were measured by LC/MS/MS. 

Brain and plasma concentration in mice. Compound 22 was administered orally to non-fasted 

mice (n = 3) at 10 mg/kg. After sacrifice, blood and brain samples were collected at 1 h after oral 

administration. The blood samples were centrifuged to obtain the plasma fraction. The brain samples 

were homogenized in saline to obtain the brain homogenate. Plasma and brain protein binding of 

compound 22 was determined using the equilibrium dialysis method.40 The plasma and brain 

homogenate samples were deproteinized with CH3CN containing an internal standard. After 

centrifugation, the compound concentrations in the supernatant were measured by LC/MS/MS. 

Biological in vitro cell assay. 

Reagents. Z-VAD-FMK as a 20 mM stock solution in neat DMSO purchased from Promega (cat. no. 

G7232). Smac mimetic (AT-406) was purchased from AdooQ BioScience (cat. no. A11163-10). 

Recombinant human, mouse and rat TNFα were purchased from Wako and R&D systems (cat. no. 

210-TA-100, 410-MT-050 and 510-RT-050, respectively). The following antibodies were used for 

simple Western (WES system): human phospho-MLKL/Ser358 (Abcam, cat. no. ab187091). The 

following antibodies were used for ELISA: mouse MLKL (Millipore, MABC604), mouse 

phosphor-MLKL/S345 (Abcam, cat. no. ab196436), rabbit IgG HRP(Jackson ImmunoResearch, 
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711-035-152). TMB was purchased from KPL (cat. no.52-00-02). 

Protocol. The efficacies of RIP1 kinase inhibitors were tested in vitro using human colorectal 

adenocarcinoma HT-29 cells and mouse L-cells NCTC 929 (L929) cells in a necroptosis assay.32 

HT-29 and L929 cells were acquired from ATCC (cat. no. HTB-38 and CCL-1, respectively) and 

banked in liquid nitrogen. For HT-29 necroptosis assay, frozen HT-29 cells were thawed and diluted 

to 1.5 ×105 cells/mL in McCoy's 5A Medium (Invitrogen, cat. no. 16600108) supplemented with 

10% fetal bovine serum, 100 units/mL penicillin, and 100 µg/mL streptomycin. A 20 µL aliquot of 

cell suspension (3,000 cells) was added to each well of a 384-assay plate and were incubated for 16–

20 hr at 37 °C with 5% CO2. After overnight incubation, each well was added with 2.5 µL of 

inhibitor-containing medium, and then treated with 2.5 µL of necroptosis inducer containing rat 

TNFα, AT-406, and zVAD-FMK to achieve a final concentration of 20 ng/mL, 1 µM, and 20 µM, 

respectively. After the incubation at 37 °C with 5% CO2 for 16–20 h, the LDH quantity in 

supernatant of culture medium in each well was measured by CytoTox 96 Non-Radioactive 

Cytotoxicity Assay (Promega, cat. no. G1780) according to the manufacturer’s instructions. The 

Absorbance of test plate was measured by 2103 EnVision Multilabel plate reader. Percentage 

inhibition was calculated from the signal intensity of CytoTox assay by using the following 

formula; % inhibition = 100 - (A - X) x 100 / (A - B); A: No necroptosis inducer, B: Necroptosis 

inducer, X: Necroptosis inducer plus Test inhibitor. IC50 values were estimated using a 

four-parameter logistic curve using XLfit software (IDBS, London, UK). All of the data are shown as 
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mean ± standard error of the mean. For mouse L929 necroptosis assay, 3 × 104 of L929 cells in 120 

µl of RPMI1640 medium supplemented with 10%FBS, 100 units/mL penicillin, and 100 µg/mL 

streptomycin were added to each well of a 96-well assay plates and cultured overnight. The next day, 

the cells were treated with 15 µl of compound in the growth medium for 30 min and then stimulated 

with 15 µl of necroptosis stimulation mixture containing mouse TNFα and Z-VAD-FMK (final 

concentration was 20 ng/mL and 20 µM, respectively). After  incubation for 4 h at 37 °C with 5% 

CO2, supernatant LDH was measured in the same way as HT-29. The IC50 values were calculated 

from sigmoidal-dose response curves utilizing Prism 5.0 (Graphpad, San Diego, CA). 

Human pMLKL WES assay. For the detection of phospho-MLKL, 3 ×105 cells were seeded in 

12-well dishes and cultured overnight. The next day,cells were treated with compounds for 30 min 

and then stimulated with TNFα/AT-406/Z-VAD-FMK mixture as descrived above. After 6-hour 

incubation, cells were washed in ice cold PBS, lysed in 1x Cell Lysis Buffer (Cell signaling 

Technology, cat. no.#9803) containing 1 mM PMSF. After harvesting cells with cell scrapers, cell 

lysates were snap-frozen in liquid nitrogen and stored at -80 °C until following WES. For WES 

experiments, the cell lysates were allowed to thaw, and centrifuged at 20,000 x g for 15 minutes at 

4 °C to remove insoluble cellular debris, and resulting cell lysates were assayed for protein content. 

Protein content was normalized to 1 mg/mL using the same lysis buffer, and analyzed in duplicate 

with the anti-pMLKL/S358 antibodies using a WES Simple Western system (Protein Simple) 

according to the manufacturer’s instructions.  
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Mouse pMLKL ELISA assay. Phospho-MLKL in L929 cells were detected by general sandwich 

ELISA.  L929 cell lysates stimulated with necroptotosis inducer were prepared in the same manner 

as the case of HT29. The protein content of each cell lysates were adjusted to 200–300 µg/mL to be 

normalized. Then 100 µl of normalized samples were added onto 96-well ELISA plates (Nunc, cat. 

no. 442404) which had been coated with 100 µl of anti-mouse MLKL Ab (1 µg/mL in PBS) for O/N 

at 4 °C, and incubated for 1 h at RT. Next, plates were incubated with 100 µl of anti-phospho-MLKL 

Ab (1 µg/mL in PBS supplemented with 1% BSA and 0.05% Tween20) for 1 h at RT.  Then, plates 

were reacted with 100 µl of anti-rabbit IgG HRP followed by detecting with 100 µl of TMB. After 

stopping reaction by adding 100 µl of 0.5M H2SO4, plates were read on a spectrophotometer, 

Viento® (DS Pharma Biomedical) at A450. 

Mice. C57BL/6J (female, 10-week-old, Charles River Japan) were used for EAE model. The mice 

were bred on white chip. All procedures were performed in accordance with the standards for 

humane care, and treatment of research animal was approved by the Takeda Institutional Animal 

Ethics Committee (Approval No. 10111). 

Induction of experimental autoimmune encephalomyelitis (EAE). EAE induction was performed 

as previously described.20 Briefly, C57BL/6 mice were immunized subcutaneously in back with an 

emulsion containing of 200 µg of MOG35-55 peptide and 500 µg of killed Mycobacterium 

tuberculosis H37Ra suspended in Freund's incomplete adjuvant on day 0, followed by intraperitoneal 

injection with 200 ng of pertussis toxin on day 0 and day 2. Clinical signs of EAE in individual mice 
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were assessed using the following score: 0, no clinical signs; 0.5, Partially limp tail; 1, Paralyzed tail; 

2, Partially paralysis of hind limb; 3, Complete paralysis of both hind limbs: 4, Partially paralysis of 

forelimbs; 5, Complete paralysis of forelimbs, death or humane endpoint. The clinical score was 

daily observed under blind fashion except holiday after the onset.  

Prophylactic efficacy of RIP1 kinase inibitor 22 in murine EAE model. RIP1 kinase inhibitor 22 

was suspended in 0.5% methyl cellulose (0.5% MC) and administered twice a day to the mice by 

oral gavage from day 0 to day 26 after MOG-immunization. Vehicle-treated control mice were 

administered with 0.5% MC solution. Clinical symptoms of EAE were daily scored as mentioned 

above. The cumulative score was calculated by adding the individual score obtained from day 0 to 

day 26. 

Statistical Analysis. Data are presented as mean± SEM of nine to twelve mice/group. A statistical 

comparison of data was analyzed by Dunns and p values lower than 0.05 were considered significant. 

Statistical analyses were performed using GraphPad Prism 6.01 software (GraphPad Software Inc., 

La Jolla, CA, USA). 

Transcellular transport study using transporter-expression system. Human MDR1-expressing 

LLC-PK1 cells were cultured with minor modification as reported previously.41 The transcellular 

transport study was performed as reported previously.42 In brief, the cells were grown for 7 days in 

HTS Transwell® 96 well permeable support (pore size 0.4 µm, 0.143 cm2 surface area) with 

polyethylene terephthalate membrane (Corning Life Sciences, Lowell, MA, USA) at a density of 
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1.125 × 105 cells/well. The cells were preincubated with M199 at 37 °C for 30 min. Subsequently, 

transcellular transport was initiated by the addition of M199 either to apical compartments or to the 

basolateral compartments containing 1 µM test compounds and terminated by the removal of each 

assay plate after 1 h. The aliquots in the opposite compartments were measured in a LC-MS/MS 

analysis. The apparent permeability (Papp) of test compounds in the receiver wells was determined 

and the ER for MDR1 membrane permeability test was calculated using the following equation: 

     ER = Papp, BtoA/Papp, AtoB 

where Papp, AtoB is the apical-to-basal passive permeability-surface area product and Papp, BtoA is the 

basal-to-apical passive permeability-surface area product. 
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Supporting Information. Synthesis of fluorescent probe 9, the detailed kinetic parameters of 

compounds 16a–aj, metabolic stabilities of compounds 16a and 16d, PK graph of 22, experimental 

methods for cloning, expression and purification of RIP1 kinase, as well as crystallization, data 
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Accession Codes 

The coordinates of the crystal structures of RIP1 kinase in complex with compounds 10 (6C3E) and 

22 (6C4D) have been deposited in the Protein Data Bank. Authors will release the atomic coordinates 

and experimental data upon article publication. 
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