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ABSTRACT  

The bromodomain and extra-terminal (BET) family proteins have gained increasing interest as 

drug targets for treatment of castration-resistant prostate cancer (CRPC). Here, we describe the 

design, optimization and evaluation of benzo[d]isoxazole-containing compounds as potent BET 

bromodomain inhibitors. Co-crystal structures of the representative inhibitors in complex with 

BRD4(1) provided solid structural basis for compound optimization. The two most potent 

compounds, 6i (Y06036) and 7m (Y06137), bound to the BRD4(1) bromodomain with Kd values 

of 82 and 81 nM, respectively. They also exhibited high selectivity over other non-BET 

subfamily members. The compounds potently inhibited cell growth, colony formation, and the 

expression of AR, AR regulated genes, and MYC in prostate cancer cell lines. Compounds 6i 

and 7m also demonstrated therapeutic effects in a C4-2B CRPC xenograft tumor model in mice. 

These potent and selective BET inhibitors represent a new class of compounds for the 

development of potential therapeutics against CRPC. 
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1. INTRODUCTION 

Prostate cancer (PCa) is the most common malignancy and the fifth leading cause of death from 

malignancy in men.1-3 Since androgen receptor (AR) signaling has a pivotal role in PCa, 

androgen deprivation therapy (ADT) with surgical or chemical castration is the standard 

treatment with most patients going to remission.4-6 However, the disease progresses to an 

incurable stage known as castration-resistant prostate cancer (CRPC). Most patients initially 

benefit from and eventually develop resistance to second-generation therapies such as 

enzalutamide (Enz) and abiraterone (Abi).7-9 Therefore, the development of new strategies to 

tackle AR signaling in CRPC is urgently needed.  

 

 

Figure 1. Structures of representative BET bromodomain inhibitors including (+)-JQ1 (1), I-

BET762 (2), I-BET151 (3), and Y02224 (4). The IC50 values were obtained using different 

methods and are given in italics. 

 

Bromodomain and extra terminal domain (BET) family proteins, including BRD2, BRD3, BRD4, 

and BRDT, bind to acetylated lysines via their tandem domains (BD1 and BD2) to regulate gene 

transcription. These proteins have emerged as new therapeutic targets for human diseases and 

conditions, including cancers10-15 and inflammation.16,17 There has been significant progress in 
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the development of small molecule inhibitors targeting the BET bromodomains. These potent 

and selective inhibitors, such as (+)-JQ1 (1),18 I-BET762 (2),19-21 and I-BET151 (3)10,22 (Figure 

1), can significantly inhibit tumor growth in xenograft models in mice. We previously reported 

the design of a new class of BET bromodomain inhibitors containing a benzo[cd]indol-2(1H)-

one structure, exemplified by Y02224 (4, Figure 1), which exhibited reasonable antiproliferative 

effect on leukemia cells.23 

 

Chinnaiyan and others have shown that BRD4 inhibitors can disrupt the AR–BD1 interactions, 

induce down-regulation of AR-regulated genes, and inhibit tumor growth in CRPC xenograft 

mouse models.12,13,19 BET family proteins have been gaining increasing interest as drug targets 

for treatment of CRPC.24-26 Therefore, targeting BET proteins represents an alternative strategy 

for treatment of CRPC. Despite the discovery of these BET inhibitors, chemicals that entered 

clinical trials for CRPC are still limited. BET inhibitors 2, OTX-015, ZEN003694 and GS-5829, 

are currently being evaluated in clinical trials in patients with CRPC as a single agent or in 

combination with AR-antagonists (Enz or ARN-509).27-30 Thus, potent and selective BET 

inhibitors with different chemotypes are still in high demand to enhance our understanding of the 

therapeutic potential of BET inhibition.  

 

In the present study, we report the structure-based design, synthesis, and biological evaluation of 

a new class of potent and specific small molecular BET inhibitors, the benzo[d]isoxazoles, for 

potential treatment of CRPC.  

 

2. RESULTS AND DISCUSSION 
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2.1. Design and Optimization of Benzo[d]isoxazole Derivatives. 

2.1.1. Design of Benzo[d]isoxazole Scaffold. 

To identify a novel scaffold, all available co-crystal structures of BET proteins and their 

inhibitors were aligned to explore the key pharmacophore elements. From the structural analysis, 

it is obvious that the ligands may form direct or indirect hydrogen bonds with Asn140 and Tyr97 

and hydrophobic interactions with the WPF shelf. Some additional interactions near the BC and 

ZA channels may also contribute to ligand binding. In this study, the representative BET 

inhibitors 1, 2 and 3 were used to produce a new scaffold (3-methylbenzo[d]isoxazole) through a 

hybridization approach (Figure 2). From the predicted binding mode analysis by molecular 

docking, we can see that the 3-methylbenzo[d]isoxazole moiety fits snugly into the KAc binding 

pocket and forms hydrogen bonds to a conserved water molecule and residue Asn140 (Figure 2). 

Starting from this scaffold, various substituents, such as sulfonamide derivatives as disclosed in 

our previous patent31 and conformation restrained benzimidazole derivatives as disclosed in 

patents from Boehringer Ingelheim32-34 and GlaxoSmithKline35, were designed to explore the 

chemical space for potency improvement.  
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Figure 2. Flowchart summarizing the discovery and optimization strategy for novel 

benzo[d]isoxazole-containing BET inhibitors. Crystal structure of BRD4(1) with inhibitor 1 

(PDB ID: 3MXF) were used for model construction. 

 

2.1.2. SAR Studies of Sulfonamide Derivatives Occupying the WPF shelf.  

To find potent benzo[d]isoxazole derivatives, we designed various substituents pointing to the 

WPF shelf region with a sulfonamide linker to explore the chemical space (Figure 2). First, 

lipophilic alkyl or cycloalkyl substituted compounds 5a–5e were synthesized (Table 1). Utilizing 

the thermal shift assay (TSA) and the AlphaScreen assay, the compounds were evaluated for 

their abilities to bind to the BRD4(1) bromodomain. The well characterized inhibitor 1 was 

included as a reference compound to validate all the experimental procedures. Fortunately, these 

compounds exhibited moderate potencies. Among them, compound 5e with a cyclohexyl group 

at R1 position displayed a thermal shift of 4.5 °C and an IC50 value of 2.24 μM. Aromatic 

derivatives were also synthesized to investigate the SAR. As shown in Table 1, the phenyl 

derivative 5f exhibited a weaker potency compared to the corresponding aliphatic compound 5e. 

However, regardless of the substitution of an electron withdrawing group -Cl (5h), -NO2 (5i), or 

electron-donating group -OCH3 (5j), substitutions at para-position of phenyl ring were 

detrimental to BRD4(1) binding. The results suggested there was no chemical space at the para-

position of phenyl ring for affinity improvement. In contrast, compounds with phenyl ring ortho-

substitutions displayed encouraging results. For example, compound 5k exhibited a thermal shift 

of 5.2 °C and an IC50 value of 1.59 μM. When the 2-chloro group at the ortho-position in 5k was 

replaced with -Br, -COOCH3 or –COOH (5l–5n), the compounds showed slightly decreased 

potencies. 
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Table 1. Structure−Activity Relationships of Compounds 5a−5v for BRD4 (1) Activitiesa 

 

No. R1 TSA ΔTm  (C) AlphaScreen (μΜ) 

1 - 11.5 0.12 ± 0.01 

5a  3.0 5.30 ± 0.63 

5b  4.5 2.47 ± 0.13 

5c  5.0 2.55 ± 0.01 

5d 
 

5.0 3.05 ± 0.54 

5e 
 

4.5 2.24 ± 0.27 

5f 
 

2.0 4.96 ± 1.18 

5g 
 

2.0 9.82 ± 0.84 

5h 
 

1.0 >20 

5i 
 

0.5 >20 

5j 
 

1.5 >20 

5k 
 

5.2 1.59 ± 0.17 

5l 
 

4.4 1.84 ± 0.11 

5m 
 

3.0 6.93 ± 2.01 

5n 
 

3.8 5.81 ± 1.34 
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5o 

 

4.0 3.55 ± 0.49 

5p 
 

5.0 2.35 ± 0.92 

5q 

 

1.1 >20 

5r 
 

6.6 0.83 ± 0.01 

5s 
 

6.5 1.05 ± 0.43 

5t 
 

7.5 0.62 ± 0.09 

5u 
 

4.6 2.13 ± 1.06 

5v 
 

2.0 10.68 ± 3.18 

aThe IC50 of all compounds in the table were calculated from at least two independent 

experiments. Values are given as the mean ± SD. 

 

Considering the good potency of compound 5k, we kept the ortho chlorine and further added 

various substituents at other positions in the phenyl ring. Thus, 5o–5q were designed and 

synthesized. Among them, the 2,5-disubstituted compound (5p) showed a similar potency 

compared to 5k. To better design potent compounds, we predicted the binding mode of 5p with 

BRD4(1) using a molecular docking approach. When the structures of compound 5p and 

compound 4 in complex with BRD4(1) were superimposed (Supporting Information, Figure 

S1A), the phenyl groups overlapped very well. The 2-methoxy on the phenyl motif of 4 was 

found to form a hydrogen bond with the 7th solvent water. This discovery encouraged us to 

design 2-methoxy compounds. As expected, the 2-methoxy compound 5r displayed an increased 

potency with a thermal shift of 6.6 °C and an IC50 value of 0.83 μM. When a chloro group was 
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introduced at 5-position, the resulting compound (5s) achieved no improvement in potency. 

Replacement of the 5-chloro (5s) with 5-bromo (5t) led to an increased activity, with a thermal 

shift of 7.5 °C and an IC50 value of 0.62 μM. The size of the substituent at the 5-position may be 

important for compound activity. When the 5-bromo group was replaced with a methoxy group 

(5v), the compound activity decreased approximately 20-fold as evaluated by the AlphaScreen 

assay. 
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Figure 3. (A) X-ray crystal structure of 5t in complex with BRD4(1) (PBD ID: 5Y8Z, carbon: 

gray); the electronic density of the ligand and water molecules are shown in the contour map. (B) 

Overlaid X-ray crystal structures of 5t (PBD ID: 5Y8Z, carbon: gray) and compound 4 (PBD ID: 

5DX4, carbon: violet) in complex with BRD4(1). (C) Overlaid X-ray crystal structures of 5t 

(PBD ID: 5Y8Z, carbon: gray) and diacetylated histone peptide (PBD ID: 3UVW, carbon: cyan) 

in complex with BRD4(1).  

 

To understand the structural basis for the high binding affinity of compound 5t to the BRD4(1) 

protein, we determined the co-crystal structure of 5t in complex with BRD4(1) at 1.84 Å 

resolution (Figure 3A). The overall binding mode was consistent with our initial docking 
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prediction. The 3-methylbenzo[d]isoxazole motif resided deep in the KAc-binding pocket with 

the oxygen atom forming a hydrogen bond with Asn140. The isoxazole ring nitrogen atom 

formed a water-mediated hydrogen bond with Tyr97. The 3-methyl group fitted well into the 

cavity formed by the remaining water molecules and occupied the sub-pocket that 

accommodated the acetyl group of acetylated lysine. The sulfonamide linker formed a vector that 

enabled the attached R1-motif to occupy the WPF shelf. One of the sulfonamide linker oxygen 

atoms formed a hydrogen bond interaction with the 6th water located in the ZA channel. This 

solvent water presented a suitable geometry to enable the water-mediated hydrogen bond 

network with the bottom conserved water molecules. As expected, the 2-methoxy and NH 

formed hydrogen bonds with the 7th water molecule, which was consistent with that of 

compound 4 (Figure 3B). This water molecule also formed additional hydrogen bond 

interactions with the carbonyl group of Leu92 and another solvent water molecule. 

 

2.1.3. SAR Studies of Sulfonamide Derivatives towards the BC Channel. 

The next region for SAR study was the BC channel. Previous studies by Filippakopoulos 

reported the co-crystal structure of a diacetylated histone peptide bound to BRD4(1).36 The 

peptide extended from the WPF shelf to the BC channel region. When the X-ray crystal structure 

of 5t–BRD4(1) was overlaid with the co-crystal structure of the diacetylated histone peptide 

H4K5AcK8Ac–BRD4(1) (PDB ID: 3UVW, Figure 3C),36 the 6-methyl group of 

benzo[d]isoxazole scaffold pointed to the main chain of the histone H4 acetylated lysine mark 

(K5Ac). Inspired by this, we designed some peptide mimics to occupy the peptide binding groove 

(BC channel). Due to the hydrophilic and high electrostatic potential properties of the BC 

channel, compounds 6a–6f were synthesized with amide linkages and polar substituents (Table 
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2). However, the compounds with longer and hydrophilic substituents showed moderate 

inhibitory activities. It was obvious that shorter substitution at the R2 position (6a) exhibited 

higher affinity (ΔTm = 9.2 °C; IC50 = 0.23 μM). To understand the structural basis for further 

structure-guided optimizations, compounds 6e and 6f were co-crystallized with BRD4(1). Due to 

the flexibility of the substituent in 6e, the electron-density analysis indicated that a long 

substituent at the R2 position exhibited an unstable conformation. The amide in 6f formed a 

hydrogen bond with the 7th solvent water, which further bound to Leu92. The morpholine ring at 

the end of the chain extended to the top of BC channel and showed fewer key interactions with 

the protein (Supporting Information, Figure S1B). 

 

Table 2. Structure−Activity Relationships of Compounds 6a, 6c−6n for BRD4(1) Activitiesa 

 

No. R1 R2 TSA ΔTm (C) AlphaScreen (μΜ) 

6a 
 

-OH 9.2 0.23 ± 0.01 

6c 
  

6.2 0.58 ± 0.03 

6d 
  

5.1 1.60 ± 0.23 

6e 
  

5.4 0.75 ± 0.01 

6f 
  

4.8 2.27 ± 1.24 

6g 
 

 6.0 0.42 ± 0.01 
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6h 
 

-OCH2CH3 9.2 0.15 ± 0.05 

6i 
 

-OCH3 9.8 0.13 ± 0.01 

6j 
 

-NHCH3 9.2 0.15 ± 0.04 

6k 
 

-OCH3 7.8 0.22 ± 0.00 

6l 
 

-OCH3 7.3 0.44 ± 0.03 

6m 
 

-OCH3 8.7 0.16 ± 0.04 

6n 
 

-OCH3 7.8 0.47 ± 0.03 

aThe IC50 of all compounds in the table were calculated from at least two independent 

experiments. Values are given as the mean ± SD. 

 

Based on the above analysis, we decided to focus on smaller R2 substituents, leading to the 

synthesis of compounds 6g, 6h and 6i. The results demonstrated that the 6-methoxy group (6i) 

was optimal for BRD4(1) binding potency. 6i was almost identical to that of reference compound 

1 with an IC50 value of 0.13 μM. When a little larger group, such as propoxy group (6g), was 

introduced at the R2 position, the compound potency decreased approximately 3-fold. Thus far, 

the structure-activity relationships have established that the R2-position favors small groups. 

 

To understand the structural basis for the SAR, we determined the co-crystal structures of 6a, 6i, 

and 6j bound to BRD4(1). As shown in Figures 4A and 4B, 6-OH derivative 6a and 6-OCH3 

derivative 6i formed hydrogen bond interactions with the 7th solvent water molecule. 
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Importantly, the 6-OCH3 in 6i occupied the position of the acetylated lysine (K5Ac) hydrophobic 

chain. Similarly, the 6-NHCH3 derivative 6j displayed similar binding affinity to the 6-OCH3 

derivative 6i. The crystal structure of 6j bound to BRD4(1) indicated that the solvent water-

mediated hydrogen bonds were important for the high potency (Figure 4C). 
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Figure 4. X-ray crystal structures of identified inhibitors in complex with BRD4(1). (A) 6a–

BRD4(1) (PDB ID: 5Y8W, carbon: green). (B) 6i–BRD4(1) (PDB ID: 5Y8Y, carbon: magenta). 

(C) 6j–BRD4(1) (PDB ID: 5Y94, carbon: yellow). (D) 6m–BRD4(1) (PDB ID: 5Y8C, carbon: 

pink). Structures are shown with an electrostatic potential surface view. 

 

To validate the importance of the 6-OCH3 substitution, analogs of compound 6i were prepared 

with various R1 groups. Based on above established SAR from Table 1, representative R1 groups 

acceptable for the WPF shelf were selected. The resulting compounds 6k–6n exhibited a thermal 
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shift of over 7 C and IC50 values ranging from 0.16 to 0.47 μM. They were more active than the 

corresponding 6-CH3-substituted compounds 5k, 5p, 5s and 5u. Replacement of 5-bromo (6i) 

with 5-chloro (6m) on the phenyl ring led to a slightly decreased activity. The chlorine’s smaller 

size may form weaker Van der Waals interaction with the hydrophobic WPF shelf (Figure 4D, 

Supporting Information, Figure S2).  

 

2.1.4. SAR Studies of the Benzimidazole Derivatives. 

Even though the sulfonamide derivatives exhibited good activities in the AlphaScreen and TSA 

assays, more chemotypes are needed to explore the therapeutic potential of BET inhibition for 

CRPC. In the above section, we demonstrated that the angle of the sulfonamide linker is 

important and ensure that the attached substituents occupy the WPF shelf. To reduce the 

molecular flexibility, a cyclization strategy was used at the sulfonamide position to maintain the 

similar angle and key binding characteristic. By searching literatures and patents, we found that a 

conformation restrained benzimidazole template was used as body of BRD4 inhibitors. Several 

patents from Boehringer Ingelheim32-34 and GlaxoSmithKline35 described that benzimidazole 

derivatives with a pyridone or bicyclic triazole as the acetyl lysine mimic can function as BRD4 

inhibitors. Two structurally related benzimidazoles or bioisosteres of benzimidazoles reported by 

Engelhardt in the patents are exemplified in Supporting Information, Figure S3.33,34 To 

investigate whether the benzo[d]isoxazole may act as an effective KAc mimic in structurally 

more diverse BRD4 inhibitors, we tried to introduce the benzimidazole template to the 

benzo[d]isoxazole scaffold using a hybridization strategy. Thus, novel benzimidazole-containing 

benzo[d]isoxazole derivatives were designed and synthesized. 
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Table 3. Structure−Activity Relationships of Compounds 7a−7n for BRD4(1) Activitiesa 

 

No. R3 R4 R5 TSA ΔTm (C) AlphaScreen (μΜ) 

7a  H 
 

6.5 1.37 ± 0.78 

7b  Br 
 

6.2 1.80 ± 0.07 

7c  H 
 

5.9 1.16 ± 0.05 

7d  Br 
 

7.2 0.52 ± 0.04 

7e  H 
 

5.0 4.42 ± 0.72 

7f  Br 
 

4.5 >20 

7g  H 
 

6.5 1.41 ± 0.80 

7h  Br 
 

6.0 2.36 ± 0.45 

7i  H 
 

4.8 3.62 ± 0.24 

7j 
 

H 
 

6.0 1.67 ± 0.36 

7k 
 

H 
 

5.4 0.18 ± 0.02 

7l 
 

Br 
 

9.2 0.30 ± 0.06 

7m 
 

H 
 

9.9 0.18 ± 0.01 

7n 
 

Br 
 

7.2 0.32 ± 0.04 

aThe IC50 of all compounds in the table were calculated from at least two independent 

experiments. Values are given as the mean ± SD. 
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To investigate the possible binding mode, the designed compound 7a (Table 3) was first docked 

into the bromodomain of BRD4(1) using the 6i-BRD4(1) complex structure (PDB ID: 5Y8Y) as 

a template. The predicted binding mode indicated that compound 7a bound snugly in the acetyl 

lysine binding pocket (Figure 5A). The benzo[d]isoxazole scaffold in 7a adopted the same 

binding mode with that of 6i. The benzimidazole nitrogen atom attached substituent stretched to 

the WPF shelf, and another nitrogen atom formed a hydrogen bond with the 6th water in the ZA 

channel. The planar benzimidazole group formed π-π interaction with residue Trp81. The 

morpholine, a commonly used group that was also adopted by Boehringer Ingelheim’s 

patents,33,34 extended to the solvent region outside the binding pocket. Based on the above 

analysis, we synthesized a series of benzimidazole-containing benzo[d]isoxazole derivatives and 

performed extensive SAR studies (Table 3).  

 

N140

Y97

P82

Q85

B

L92

D145

I146 WPF

BC

Channel ZA

Channel

W81
N140

Y97

P82

Q85

A

L92

D145

I146 WPF

BC

Channel ZA

Channel

W81

⑥

 

Figure 5. (A) Overlaid structures of compounds 6i (PBD ID: 5Y8Y, carbon: magenta) and 7a 

(docked pose, carbon: cyan) in complex with BRD4(1). (B) The docked pose of compound 7m 

(carbon: green) in the BRD4(1) crystal structure (PDB ID: 5Y8Y). 
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We initially introduced a hydrophobic propyl group (7a) at the R3 position of the benzimidazole 

to occupy the WPF shelf. 7a demonstrated moderate potency against BRD4(1), with a ΔTm value 

of 6.5 C and an IC50 value of 1.37 μΜ. We further investigated the contribution of the R3 group 

to BRD4(1) binding potencies. Inspired by the substituents in previous work,23,33,34 the 

hydrophobic groups such as flexible alkyl or cycloalkyls with 3–4 heavy atoms and benzyl group 

were introduced at R3 position. The resulting compounds 7b–7j displayed comparable BRD4(1) 

binding potencies to compound 7a. The investigation also revealed that a Br substitution was 

tolerated at the R4 position. However, the effect of the Br substitution was sometimes beneficial 

to BRD4(1) activity (e.g. 7c and 7d), and sometimes detrimental (e.g. 7a and 7b; 7e and 7f; 7g 

and 7h). When a newly designed cyclohexylmethyl group was introduced at R3 position, the 

resulting compounds 7k and 7l demonstrated improvement in their potencies with IC50 values of 

0.18 and 0.30 μΜ against BRD4(1), respectively. Finally, the morpholine ring in the solvent 

region was replaced with a chiral (S)-3-methylmorpholine group (7m and 7n), and comparable 

affinities were obtained.  

 

To understand the possible binding mode of 7m to BRD4(1), molecular docking was performed 

using the X-ray crystal structure of 6i-BRD4(1) complex (PDB ID: 5Y8Y). The 

cyclohexylmethyl group of 7m occupied the WPF shelf and formed extensive Van der Waals 

interactions with the hydrophobic residues Trp81, Pro82, and Ile146 (Figure 5B). The 

benzimidazole nitrogen atom formed a hydrogen bond with the 6th water in ZA channel, 

anchoring the benzimidazole group in a reasonable binding pose (Figure 5B). Taken together, the 

benzo[d]isoxazole scaffold is an effective KAc mimic for designing BET inhibitors. 
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2.2. Evaluation of the ITC Binding Affinities and Bromodomain Selectivity.  

The most potent compounds from the two series were chosen for binding affinity determination 

using isothermal titration calorimetry (ITC) (Table 4, Figure 6A, 6B and Supporting Information, 

Figure S4). All the tested compounds displayed high potencies with Kd < 200 nM, which further 

validated their strong binding affinities to BRD4(1). Compounds 6i and 7m bound to the 

BRD4(1) bromodomain with Kd values of 82 and 81 nM, respectively. Overall, the results 

indicated that compounds 6i and 7m displayed comparable binding activities to that of reference 

compound 1. 

 

Table 4. ITC Determination of Kd for the Binding of the Representative Compounds to BRD4(1) 

No. Kd (nM) N ΔH (kcal/mol) TΔS (kcal/mol) ΔG (kcal/mol) 

1 92 1.09 -9.3 0.32 -9.6 

6i 82 0.96 -12.2 -2.5 -9.7 

6j 164 0.95 -15.3 -6.0 -9.3 

7l 159 1.02 -10.7 -1.4 -9.3 

7m 81 1.18 -11.9 -2.2 -9.7 

 

To investigate the selectivity profile, representative compounds were assessed by thermal 

stability shift assay against the 12 representative bromodomain-containing proteins BRD4(1), 

BRD2(1), BRD3(1), BRDT(1), BAZ2B, BRD1, BRD9, PCAF, TAF1(1), ASH1L, EP300 and 

CREBBP. Most of the compounds showed good selectivity for the BET bromodomains over 

other tested bromodomain-containing proteins (Figure 6C). For BRD4(1) protein, the thermal 

shifts for all the tested compounds were over 9 °C. The sulfonamide derivatives 6i, and 6j 

displayed weak activities for PCAF, EP300, and CREBBP, with thermal shifts less than 2.7 °C. 
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As 6j displayed thermal shift of 2.3 °C against EP300, it was selected as a surrogate to validate 

the binding affinity using ITC assay. The ITC result showed that no detectable binding affinity of 

6j to EP300 was observed, which further demonstrated the good selectivity (Supporting 

Information, Figure S4D). The benzimidazole derivatives 7l and 7m exhibited excellent 

selectivity profiles for BET bromodomains over the other non-BET bromodomain-containing 

proteins in the TSA assays. 

 

To further confirm the selectivity profile from our TSA result, these two most potent BET 

inhibitors 6i and 7m were also assessed by the commercial BROMOscan (DiscoverX) platform 

to give a clearer indication of selectivity. The assay was performed in 32 representative 

bromodomain modules at 5 µM concentration. BROMOscan profiling further confirmed the 

excellent selectivity of both compounds for BET bromodomain over other bromodomain 

subfamilies (Figure 6D and 6E, Supporting Information, Table S2).    

 

CPD 1 6i 6j 7l 7m

BRD4(1) 11.5 9.8 9.2 9.2 9.9

BRD2(1) 8.7 5.3 5.3 6 6.3

BRD3(1) 11 8.1 6.5 8.9 8.7

BRDT(1) 6.6 5.6 5.1 4.2 3.6

BAZ2B -0.3 0 0.3 -0.6 -0.6

BRD1 0.5 -0.1 -0.4 0 0.3

BRD9 -1 -0.9 -0.8 -0.9 -0.8

PCAF -0.1 2.7 2.6 -0.6 -0.6

TAF1(1) -1 0.1 -0.1 -0.6 -0.9
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Figure 6. Determinations of binding affinities and bromodomain selectivity. (A, B) ITC titration 

curves for the binding of BRD4(1) to representative compounds 6i (A) and 7m (B). (C) Thermal 

shift analysis for selected compounds against twelve proteins from seven distinct BRD sub-

families. The heat map shows the relative ΔTm, where red indicates a large ΔTm and yellow and 

green indicate small ΔTm values. (D, E) Bromodomain selectivity profile of compounds 6i (D) 

and 7m (E) assessed by the BROMOscan (DiscoverX) platform at 5 μM concentration. 

The %Ctrl = (test compound signal − positive control signal) / (negative control signal − positive 

control signal) × 100%. 

 

2.3. Evaluation of the Inhibitory Effects on Cell Growth, Gene and Protein Expression in 

Prostate Cancer Cells. 

Given their high potencies and encouraging selectivity at the protein level, representative 

compounds were assessed for their inhibitory effects on cell growth in a panel of human prostate 

cancer cell lines such as LNCaP, C4-2B, 22Rv1 and VCaP (Figure 7). All the tested compounds 
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exhibited reasonable potencies in these cell lines. The compounds 6i, 7l and 7m exhibited low 

micromolar or nanomolar potencies (IC50: 0.29–2.6 μΜ) in the four AR-positive prostate cancer 

cell lines LNCaP, C4-2B, 22Rv1 and VCaP. All the tested BET inhibitors were less potent than 

compound 1 but more effective than second generation anti-androgen Enz in inhibiting cell 

growth, demonstrating the promising therapeutic potential of BET inhibition on CRPC. 

 

No.
LNCaP 

IC50 (μΜ)

C4-2B 

IC50 (μΜ)

22Rv1 

IC50 (μΜ)

VCaP

IC50 (μΜ)

Enz 33.84 17.96 36.66 50%@33

1 0.07 0.20 0.07 0.01

6i 1.06 2.62 1.50 0.63
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Figure 7. Cell viability, as measured by Cell-Titer GLO (Promega) of LNCaP (A), C4-2B (B), 

22Rv1 (C) and VCaP (D) prostate cancer cells treated with the indicated concentrations of Enz, 1, 

6i, 6j, 7l, and 7m. Experiments were performed triplicate. (E) Half-maximum inhibitory 

concentration (IC50) values for all compounds in each cell line are shown. 

 

To evaluate cytotoxicity for various cell lines, compounds 6i and 7m were also evaluated in a 

wide range of cancer cell lines and normal cell lines (Supporting Information, Figure S5). 

Comparing with the AR-positive prostate cancer cell lines, 6i and 7m were less potent in AR-

negative prostate cancer cells DU145 (IC50 > 6 μΜ) and PC-3 (IC50 > 3 μΜ). The inhibitory 
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effects of 6i and 7m in the AR-positive and AR-negative prostate cancer cell lines are consistent 

with that of compound 1 reported by Asangani et al.12 Besides, the breast cancer cells MCF-7 

and Hs578T also appeared to be sensitive to these compounds (IC50: 1–2.5 μΜ). BET 

bromodomain inhibitors have previously shown antiproliferative effects in the AML MV4;11 

cell line and human colon cancer HT-29 cell line reported by us and others.10,11,23,37,38 Thus, it 

was not surprising to see that 6i and 7m demonstrated good inhibitory effect in MV4;11 and HT-

29 (0.4–1.7 μΜ). The studies showed that 6i and 7m displayed moderate (2.5–5 μΜ) or weak (> 

5 μΜ) inhibitory effects in the rest of cancer cell lines. Compound 1 is a widely used probe and 

exhibited stronger anti-proliferative effects in a range of cell lines compared to our compounds 

(Supporting Information, Figure S5). However, in our cellular assay (Figure S5), 1 exhibited 

very potent activities both in the cancer cell lines and in the normal lung fibroblast cell line HFL-

1 (IC50 = 0.29 μΜ). Our compounds 6i and 7m exhibited weak cytotoxicity in the normal lung 

fibroblast cell line HFL-1 with IC50 values of 18.2 and 15.9 μΜ for  6i and 7m, respectively. 

Overall, the compounds showed preference for both acute leukemia cell lines such as MV4;11 

and the AR-positive prostate cancer cell lines.  

 

To evaluate the long term cell growth inhibitory effects, colony formation assays were conducted 

for the representative inhibitors 6i and 7m. Consistent with the cell viability assays, treatment of 

C4-2B and 22Rv1 cells with 6i or 7m reduced colony formations in a dose-dependent manner 

(Figure 8A). Colony formations were markedly suppressed by both compounds at 0.5 μM. 
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Figure 8. (A) Compounds 6i (a) and 7m (b) inhibit the colony formations of C4-2B and 22Rv1 

prostate cancer cells. Cells were cultured and treated with vehicle (DMSO), 0.5 μM, 1.0 μM or 

2.0 μM of 6i or 7m for 14 days followed by staining. (B, C) qRT-PCR analysis for mRNA 

expression in LNCaP cells (B) and VCaP cells (C) treated with vehicle (DMSO), 1 (5 µM), 6i (5 

µM) or 7m (5 µM) for 48 h. (D) PSA transcriptional activity was evaluated by luciferase reporter 

assays in LNCaP cells transfected with PSA-luc reporter plasmid. Cells were treated with vehicle 

or with 0.4 μM, 2.0 μM or 10.0 μM of 1, 6i or 7m. Data are expressed as the mean ± s.e.m. (n = 

3). *p < 0.05 and **p < 0.01 by two-tailed Student’s t-test.  

 

qRT-PCR analysis was performed to explore whether the selected compounds would have an 

effect on AR, AR-regulated genes and other oncogenes expression in prostate cancer cells. As 

shown in Figure 8B and 8C, the AR-regulated genes KLK2, PSA (also known as KLK3) and 
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TMPRSS2 were suppressed at mRNA level upon 6i or 7m treatment in LNCaP and VCaP cells. 

MYC, a known oncogene in many types of cancer including prostate cancer, was previously 

identified as down-regulated by BET bromodomain inhibitors.12,19,39,40 c-Myc mRNA level was 

significantly suppressed by 6i or 7m in both LNCaP and VCaP cells. ERG mRNA level was also 

suppressed upon 6i or 7m treatment in VCaP cells. Besides, the tested compounds suppressed the 

mRNA expression of full-length AR (AR-FL) or AR-V7 in VCaP cells. Furthermore, western 

blot analysis indicated that treatment of 22Rv1 cells with compounds 6i and 7m resulted in 

significant down regulation of both AR-FL and AR variants levels (Supporting Information, 

Figure S6).  

 

As prostatic specific antigen (PSA) is currently the only recognized biomarker for the prostate 

cancer, a PSA promoter driven luciferase reporter assay was also designed as a surrogate to 

further evaluate the potential impact of compounds on transcription of PSA. Both 6i and 7m 

dose-dependently inhibited the PSA reporter activity and displayed comparable inhibitory effect 

to that of the reference BET inhibitor (1) (Figure 8D). The results suggested that the BET 

inhibitors 6i and 7m could effectively suppress cell growth and related gene expression in 

prostate cancer cells. 

 

2.4. Pharmacokinetic Profiles of Compounds 6i and 7m. 

The in vivo pharmacokinetic (PK) profiles were further evaluated for compounds 6i and 7m. 

Pharmacokinetic studies were performed after administering Sprague-Dawley (SD) rats with an 

intravenous (iv) dose of 2 mg/kg and an oral dose (po) of 10 mg/kg. As summarized in Table S3, 

after an iv administration, compound 6i displays higher maximum concentration (Cmax = 1392 
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μg/L) than that of 7m (Cmax = 807 μg/L). Both compounds exhibit reasonable exposure with 

AUC values of 1169 μg/L·h and 881 μg/L·h. It is disappointing that both compounds display 

poor drug exposure after an oral administration and results in low oral bioavailability. 

Compounds 6i and 7m may be further optimized to generate orally available candidates for drug 

development. 

 

2.5. Compounds 6i and 7m Inhibit Prostate Cancer Tumor Growth. 

We next evaluated the effects of compounds 6i and 7m on CRPC tumor growth using a C4-2B 

mouse xenograft model. Given the poor oral bioavailability, we adopted the intraperitoneal 

injection as the administration route. The mice were randomized and intraperitoneally (i.p.) 

treated with either vehicle or BET inhibitors 6i or 7m (50 mg/kg, five times per week) when the 

tumor volume was approximately 100 mm3. The efficacy data showed that both 6i and 7m 

exhibited strong antitumor activities during the 25-day treatment period, with a tumor growth 

inhibition (TGI) of 70% and 51%, respectively (Figure 9A). Both compounds were well tolerated 

in the treated mice, based on the weight of the animal body and their general behavior (Figure 

9B). 
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Figure 9. (A) Antitumor efficacy of compounds 6i and 7m in a C4-2B CRPC xenograft mouse 

model. (B) Body weight of mice during treatment with 6i and 7m. Mice were treated with 

intraperitoneal (i.p.) injections of vehicle or compounds 6i and 7m (50 mg/kg) five times per 

week. Data are expressed as the mean tumor volume ± s.e.m. of the animals in each treatment 

group. *p < 0.05, **p < 0.01, and ***p < 0.001 by two-tailed Student’s t-test. 

 

3. CHEMISTRY 

The synthesis of novel benzo[d]isoxazole derivatives were illustrated in Schemes 1−4. In 

Scheme 1, commercially available 8a was N-acetylated with acetic anhydride to give 9a, which 

was converted to 10a via a Friedel-Crafts reaction. Compound 10a was used to prepare the 

oxime precursor 11a, which was cyclized at high temperature to yield the benzo[d]isoxazole 

scaffold 12a. Deprotection of the N-acetyl group of 12a with dilute hydrochloric acid generated 

aniline 13a. This was then capped with sulfonyl chlorides to give the sulfonamide derivatives 

5a–5v. The synthesis of compounds 6i and 6k–6n followed the same procedures as mentioned 

above with 8b as the starting material. 

 

In Scheme 2, the methyl group of the intermediate 13b was removed using boron tribromide to 

afford compound 14, which was further capped with sulfonyl chloride to give compound 6a. O-

alkylation of 6a using different haloalkanes gave 6b, 6g, and 6h. Subsequently, 6b was 

hydrolyzed to acid 6c, followed by coupling with available amines to obtain target compounds 

6d–6f. 
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In Scheme 3, the phenol derivative 15 was acetylated with acetic anhydride to afford compound 

16. This was then converted to 17 under AlCl3-mediated Fries rearrangement conditions. The 

subsequent two steps were similar to Scheme 1, including oximation and cyclization, which 

furnished compound 19. Treatment of 19 with fuming nitric acid gave the nitro-substituted 

compound 20. 20 was then reacted with methylamine to afford the corresponding amine-

substituted derivative 21. Reduction and sulfonylation gave the target compound 6j. 

 

In Scheme 4, starting from commercially available 23, the intermediate 25a was obtained 

through a Fries rearrangement and an esterification reaction. Treatment of 25a with bromine 

gave the Br-substituted compound 25b. Next, 27a and 27b were prepared in two steps from 25a 

and 25b, respectively, following the same procedure as mentioned in Scheme 1. Deprotection of 

27a and 27b gave the acid fragments 28a and 28b, respectively. Subsequently, 2-chloro-4-

fluoro-1-nitrobenzene 29 was reacted with different amines in two steps to give the amine-

substituted nitrobenzene intermediates 31a–31h. Reduction of the nitro groups led to the 

corresponding anilines 32a–32h, which were coupled with the acid 28a or 28b, followed by a 

ring closing reaction using acetic acid to give the final products 7a–7n. 
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Scheme 1. Synthesis of sulfonamide derivatives 5a–5v, 6i, and 6k–6na 

 

aReagents and conditions: (a) acetic anhydride, Et3N, CH2Cl2, rt, 68−71%; (b) acetyl chloride, 

AlCl3, CH2Cl2, 0−43 °C, 78−80%; (c) NH2-OH·HCl, NaOAc, EtOH/H2O, 80 °C, 94−99%; (d) 

DMF-DMA, 1,4-dioxane, 100 °C, 61−70%; (e) HCl/H2O, reflux, 96−97%; (f) R1SO2Cl, pyridine, 

CH2Cl2, reflux, 11−80%. 

 

Scheme 2. Synthesis of O-linked R2
 derivatives 6a–6ha 
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aReagents and conditions: (a) BBr3, CH2Cl2, rt, 91%; (b) 5-bromo-2-methoxybenzene sulfonyl 

chloride, pyridine, CH2Cl2, rt, 71%; (c) R6X (X= Cl or I), K2CO3, KI, acetone, 50 °C, 31−33%; 

(d) NaOH, H2O, MeOH, rt, 76%; (e) R7NH2, HATU, DIPEA, DMF, rt, 32−48%. 

 

Scheme 3. Synthesis of N-linked R2
 derivative 6ja 

 

aReagents and conditions: (a) acetic anhydride, H2SO4, CH2Cl2, rt, 76%; (b) AlCl3, 190 °C, 71%; 

(c) NH2-OH·HCl, NaOAc, EtOH/H2O, 80 °C, 86%; (d) acetic anhydride, NaOAc, DMF, 100 °C, 

90%; (e) HNO3, H2SO4, 0 °C, rt, 82%; (f) CH3NH2, K2CO3, THF, 45 °C, 95%; (g) SnCl2·2H2O, 

HCl (conc.), acetic acid, 40 °C, 39%; (h) 5-bromo-2-methoxybenzenesulfonyl chloride, pyridine, 

CH2Cl2, reflux, 71%. 
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Scheme 4. Synthesis of benzimidazole derivatives 7a–7na 

 

aReagents and conditions: (a) AlCl3, KCl, 170 °C, 88%; (b) SOCl2, MeOH, 0 °C, reflux, 62%; (c) 

Br2, pyridine, CH2Cl2, rt, 90%; (d) NH2-OH·HCl, NaOAc, EtOH/H2O, 78 °C, 85−92%; (e) 

DMF-DMA, 1,4-dioxane, 100 °C, 61−78%; (f) NaOH, H2O, rt, 97−99%; (g) morpholine or (S)-

3-methylmorpholine, K2CO3, DMF, 100 °C, 97%; (h) R3NH2, DIPEA, DMSO, 95−120 °C, 91%; 

(i) 10% Pd-C, H2, MeOH/THF, rt; or Fe, AcOH, NH4Cl, EtOH/H2O, 80 °C, 60−84%; (j) 28a or 

28b, HATU, DIPEA, DMF, rt, 10−52%; or CMPI, tributylamine, toluene, 90 °C, 14−46%; (k) 

AcOH, 120−150 °C, 11−60%. 
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4. CONCLUSIONS 

In this study, we reported the structure-based design, synthesis, and evaluation of the 

benzo[d]isoxazole derivatives as a new class of selective BET bromodomain inhibitors. 

Determination of the high-resolution crystal structures provided guidance for the extensive 

structural optimization and resulted in potent BET inhibitors. The most promising compounds, 6i 

and 7m, strongly bound to BRD4(1) with Kd values of 82 and 81 nM, respectively. The 

compounds also potently inhibited cell growth, colony formation, and the expression of AR, AR 

regulated genes and MYC in prostate cancer cell lines. Compounds 6i and 7m exhibited 

promising therapeutic effects in a C4-2B CRPC mouse xenograft model. In summary, these data 

indicate that the promising compounds 6i and 7m may serve as new lead compounds for further 

optimization for treatment of CRPC. 

 

5. EXPERIMENTAL SECTION 

5.1. Docking Studies.  

The crystal structures of BRD4(1) in complex with inhibitor 1 (PDB ID: 3MXF), 4 (PDB ID: 

5DX4) and 6i (PDB ID: 5Y8Y) were used as the reference structures. All the ligand and protein 

preparations were performed in Maestro (version 9.4, Schrödinger, LLC, New York, NY, 2013) 

implemented in the Schrödinger program. The proteins were prepared using the Protein 

Preparation Wizard within Maestro 9.4 (Schrödinger, LLC). The hydrogens were added, bond 

orders were assigned, and missing side chains for some residues were added using Prime. The 

added hydrogens were subjected to energy minimization until the root-mean-square deviation 

(RMSD) relative to the starting geometry reached 0.3 Å. The Glide docking program in Maestro 

9.4 was used for docking studies. For Glide docking, the grid was defined using a 20 Å box 
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centered on the ligand, and the important water molecules around ligand were kept. All 

parameters were kept as default. The designed molecules were docked using Glide SP mode, and 

the predicted binding poses of all the compounds were ranked according to their glidescores. 

 

5.2. General Chemistry. All the commercial reagents were used without further purification 

unless otherwise specified. Final compounds were purified either by silica gel chromatography 

(300-400 mesh) or by recrystallization. 1H-NMR and 13C-NMR spectra were recorded on Bruker 

AV-400 or AV-500 spectrometer. Coupling constants (J) are expressed in hertz (Hz). NMR 

chemical shifts (δ) are reported in parts per million (ppm) units relative to the internal control 

(TMS). The ESI-MS were recorded on an Agilent 1200 HPLC-MSD mass spectrometer. The 

compound purity was determined by reverse-phase high-performance liquid chromatography 

(HPLC) with 20% solvent A (H2O) and 80% solvent B (MeOH or 0.5‰ NH3 in MeOH) as 

eluents. HPLC analysis use a Dionex Summit HPLC column (Inertsil ODS-SP, 5.0 μm, 4.6 mm 

× 250 mm (GL Sciences Inc.)) with a UVD170U detector, and a manual injector, a P680 pump 

with a detection wavelength of 254 nm and a flow rate of 1.0 mL/min. The purity of all the final 

compounds was determined by HPLC to be >95%. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)ethanesulfonamide (5a).  

Step 1: 4-Methoxy-2-methylaniline (8a, 10.0 g, 72.9 mmol) and Et3N (11.8 g, 116.6 mmol) were 

dissolved in CH2Cl2. Acetic anhydride (9.7 mL, 102.1 mmol) was then added to the mixture 

under ice-cooling. The mixture was stirred at 0 °C for 2 h. Then, 10% aqueous citric acid 

solution was added to the reaction mixture. The mixture was extracted with EtOAc. The organic 

layer was washed with 1 N HCl, saturated NaHCO3 solution and brine. The separated organic 
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phase was dried over Na2SO4 and concentrated under reduced pressure. The crude product was 

washed with petroleum ether and dried to give N-(4-methoxy-2-methylphenyl)acetamide (9a) as 

a pale-pink solid (8.9 g, 68% yield). 1H NMR (500 MHz, DMSO-d6) δ 9.16 (s, 1H), 7.18 (d, J = 

8.7 Hz, 1H), 6.77 (d, J = 2.7 Hz, 1H), 6.70 (dd, J = 8.7, 2.8 Hz, 1H), 3.71 (s, 3H), 2.14 (s, 3H), 

2.00 (s, 3H). MS (ESI) m/z [M + H]+ calcd 180.09; found 180.0. 

Step 2: Compound 9a (8.9 g, 49.6 mmol) was dissolved in CH2Cl2 (40 mL). Acetyl chloride 

(11.7 g, 148.8 mmol) and aluminum chloride (26.5 g, 198.4 mmol) were added successively 

under ice-cooling with stirring and the mixture was heated under reflux for 2 h. The reaction 

mixture was cooled, poured into ice water, stirred for 2 h and extracted with CH2Cl2. The organic 

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

crude product was washed with petroleum ether to give N-(5-acetyl-4-hydroxy-2-

methylphenyl)acetamide (10a) as a brick-red solid (8.2 g, 80% yield). 1H NMR (400 MHz, 

DMSO-d6) δ 11.80 (s, 1H), 9.31 (s, 1H), 7.77 (s, 1H), 6.83 (s, 1H), 2.57 (s, 3H), 2.19 (s, 3H), 

2.03 (s, 3H). MS (ESI) m/z [M + H]+ calcd 208.09; found 208.0. 

Step 3: To an EtOH−H2O mixed solvent (3:1, 160 mL) was added compound 10a (8.0 g, 38.6 

mmol), hydroxylamine hydrochloride (4.3 g, 61.8 mmol) and NaOAc (5.0 g, 61.8 mmol). The 

mixture was heated under reflux for 70 min. The reaction mixture was cooled and concentrated 

under reduced pressure to allow precipitation of the solid. Water (50 mL) was added, and the 

precipitated solid was filtered, washed and dried to give N-(4-hydroxy-5-(1-

(hydroxyimino)ethyl)-2-methylphenyl)acetamide (11a) as a pale red solid (8.5 g, 99% yield). 1H 

NMR (400 MHz, DMSO-d6) δ 11.49 (s, 1H), 11.37 (s, 1H), 9.22 (s, 1H), 7.34 (s, 1H), 6.72 (s, 

1H), 2.19 (s, 3H), 2.12 (s, 3H), 2.01 (s, 3H). 
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Step 4: To a solution of compound 11a (8.5 g, 38.3 mmol) in 1,4-dioxane (25 mL) was added 

DMF-DMA (23 mL) with vigorous stirring. The mixture was stirred with heating at 100 °C for 7 

min. The reaction mixture was cooled and extracted with EtOAc. The organic layer was washed 

with brine, dried over Na2SO4, and concentrated under reduced pressure to give N-(3,6-

dimethylbenzo[d]isoxazol-5-yl)acetamide (12a) as a brown solid (4.8 g, 61% yield). 1H NMR 

(400 MHz, DMSO-d6) δ 9.41 (s, 1H), 7.77 (s, 1H), 7.56 (s, 1H), 2.50 (s, 3H), 2.35 (s, 3H), 2.09 

(s, 3H). MS (ESI) m/z [M + H]+ calcd 205.09; found 205.0. 

Step 5: To the product 12a (4.8 g, 23.5 mmol) was added 3 N HCl (100 mL). The mixture was 

heated under reflux for 2 h. Upon completion of the reaction, the mixture was cooled to 0 °C and 

basified to pH 7−9 with NaOH solution. The precipitated solid was collected by filtration, 

washed with water and dried to give 3,6-dimethylbenzo[d]isoxazol-5-amine (13a) as a brown 

solid (3.7 g, 97% yield). 1H NMR (400 MHz, DMSO-d6) δ 7.29 (s, 1H), 6.83 (s, 1H), 4.89 (brs, 

2H), 2.41 (s, 3H), 2.21 (s, 3H). MS (ESI) m/z [M + H]+ calcd 163.08; found 163.0. 

Step 6: To a solution of 13a (50 mg, 0.31 mmol) in CH2Cl2 (5 mL) were added ethanesulfonyl 

chloride (59.1 mg, 0.46 mmol) and pyridine (1 mL). The mixture was stirred at 45 °C for 2 h. 

The reaction mixture was extracted with CH2Cl2 and washed with 1 N HCl and brine. The 

organic layer was dried over Na2SO4 and concentrated under reduced pressure. The residue was 

purified by silica gel chromatography to give the title compound 5a as a white solid (35 mg, 45% 

yield). 1H NMR (400 MHz, DMSO-d6) δ 9.19 (s, 1H), 7.66 (s, 1H), 7.60 (s, 1H), 3.16 (q, J = 7.3 

Hz, 2H), 2.53 (s, 3H), 2.47 (s, 3H), 1.28 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

161.2, 155.2, 134.7, 131.1, 121.6, 116.0, 111.6, 46.9, 19.5, 10.3, 8.4. MS (ESI) m/z [M + H]+ 

calcd 255.07; found 255.0. HPLC, tR = 4.70 min, 98.15% purity. 
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N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)propane-1-sulfonamide (5b). Compound 5b was 

prepared from 13a and propane-1-sulfonyl chloride according to general procedure of step 6 as 

described for 5a. White solid, 39% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.20 (s, 1H), 7.65 (s, 

1H), 7.60 (s, 1H), 3.17 – 3.08 (m, 2H), 2.53 (s, 3H), 2.46 (s, 3H), 1.82 – 1.69 (m, 2H), 1.00 (t, J 

= 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 161.2, 155.2, 134.6, 131.1, 121.6, 115.9, 111.6, 

54.3, 19.5, 17.5, 13.1, 10.3. MS (ESI) m/z [M + H]+ calcd 269.09; found 269.0. HPLC, tR = 5.24 

min, 98.11% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)butane-1-sulfonamide (5c). Compound 5c was 

prepared from 13a and butane-1-sulfonyl chloride according to general procedure of step 6 as 

described for 5a. Light red solid, yield 46%. 1H NMR (400 MHz, DMSO-d6) δ 9.21 (s, 1H), 7.65 

(s, 1H), 7.60 (s, 1H), 3.20 – 3.07 (m, 2H), 2.53 (s, 3H), 2.46 (s, 3H), 1.81 – 1.63 (m, 2H), 1.51 – 

1.33 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 160.5, 155.1, 138.7, 131.8, 

120.4, 119.4, 110.6, 51.7, 25.2, 20.8, 19.2, 13.5, 9.6. MS (ESI) m/z [M + H]+ calcd 283.10; found 

283.0. HPLC, tR = 6.02 min, 99.18% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)cyclopentanesulfonamide (5d). Compound 5d was 

prepared from 13a and cyclopentanesulfonyl chloride according to general procedure of step 6 as 

described for 5a. White solid, 11% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.18 (s, 1H), 7.66 (s, 

1H), 7.59 (s, 1H), 3.64 (p, J = 7.6 Hz, 1H), 2.53 (s, 3H), 2.47 (s, 3H), 1.93 (d, J = 5.5 Hz, 4H), 

1.72 – 1.63 (m, 2H), 1.62 – 1.53 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 160.5, 155.1, 138.6, 

132.0, 120.4, 119.2, 110.5, 60.8, 27.7 (2 × C), 25.5 (2 × C), 19.3, 9.6. MS (ESI) m/z [M + H]+ 

calcd 295.10; found 295.0. HPLC, tR = 6.07 min, 98.00% purity. 
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N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)cyclohexanesulfonamide (5e). Compound 5e was 

prepared from 13a and cyclohexanesulfonyl chloride according to general procedure of step 6 as 

described for 5a. White solid, 29% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.13 (s, 1H), 7.64 (s, 

1H), 7.59 (s, 1H), 3.09 – 3.02 (m, 1H), 2.53 (s, 3H), 2.47 (s, 3H), 2.11 (d, J = 11.1 Hz, 2H), 1.79 

(d, J = 12.7 Hz, 2H), 1.63 (d, J = 12.4 Hz, 1H), 1.49 – 1.37 (m, 2H), 1.35 – 1.26 (m, 2H), 1.22 – 

1.08 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 160.4, 155.1, 138.5, 132.1, 120.4, 119.2, 110.5, 

60.2, 26.3 (2 × C), 24.9, 24.4 (2 × C), 19.3, 9.6. MS (ESI) m/z [M - H]- calcd 307.12; found 

307.2. HPLC, tR = 7.26 min, 98.05% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5f). Compound 5f was prepared 

from 13a and benzenesulfonyl chloride according to general procedure of step 6 as described for 

5a. White solid, 61% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.75 (s, 1H), 7.66 (t, J = 7.2 Hz, 

1H), 7.62 (d, J = 8.1 Hz, 2H), 7.54 (t, J = 7.6 Hz, 2H), 7.48 (s, 1H), 7.36 (s, 1H), 2.44 (s, 3H), 

2.02 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 161.6, 155.3, 139.6, 136.3, 133.3, 130.4, 129.3 (2 × 

C), 127.2 (2 × C), 121.5, 118.9, 111.2, 18.9, 10.2. MS (ESI) m/z [M + H]+ calcd 303.07; found 

303.0. HPLC, tR = 5.74 min, 99.31% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-4-fluorobenzenesulfonamide (5g). Compound 5g was 

prepared from 13a and 4-fluorobenzenesulfonyl chloride according to general procedure of step 

6 as described for 5a. White solid, 57 % yield. 1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 

7.67 (dd, J = 8.6, 5.3 Hz, 2H), 7.51 (s, 1H), 7.39 (t, J = 8.8 Hz, 2H), 7.38 (s, 1H), 2.46 (s, 3H), 

2.05 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 166.5, 164.5 (d, J = 257.0 Hz, 1C), 161.6, 155.2, 
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136.2, 135.7, 135.7 (d, J = 3.8 Hz, 1C), 130.1, 130.0, 130.0 (d, J = 10.1 Hz, 2C), 121.6, 119.0, 

116.7, 116.5 (d, J = 22.7 Hz, 2C), 111.3, 18.9, 10.2. MS (ESI) m/z [M + H]+ calcd 321.06; found 

321.0. HPLC, tR = 6.22 min, 99.32% purity. 

 

4-Chloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5h). Compound 5h was 

prepared from 13a and 4-chlorobenzenesulfonyl chloride according to general procedure of step 

6 as described for 5a. White solid, 71% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.88 (s, 1H), 

7.74 – 7.57 (m, 4H), 7.51 (s, 1H), 7.40 (s, 1H), 2.46 (s, 3H), 2.05 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 161.6, 155.2, 140.0, 138.1, 136.1, 130.0, 129.6 (2 × C), 128.7 (2 × C), 121.6, 119.0, 

111.4, 19.0, 10.2. MS (ESI) m/z [M + H]+ calcd 337.03; found 337.0. HPLC, tR = 7.97 min, 

99.28% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-4-nitrobenzenesulfonamide (5i). Compound 5i was 

prepared from 13a and 4-nitrobenzenesulfonyl chloride according to general procedure of step 6 

as described for 5a. White solid, 79% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.19 (s, 1H), 

8.38 (d, J = 8.6 Hz, 2H), 7.87 (d, J = 8.6 Hz, 2H), 7.53 (s, 1H), 7.42 (s, 1H), 2.46 (s, 3H), 2.06 (s, 

3H). 13C NMR (126 MHz, DMSO-d6) δ 160.8, 155.0, 149.8, 145.8, 138.7, 130.3 (2 × C), 128.2, 

128.1, 124.7, 120.5, 120.4, 110.7, 18.5, 9.5. MS (ESI) m/z [M + H]+ calcd 348.06; found 348.0. 

HPLC, tR = 6.25 min, 99.21% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-4-methoxybenzenesulfonamide (5j). Compound 5j 

was prepared from 13a and 4-methoxybenzenesulfonyl chloride according to general procedure 

of step 6 as described for 5a. White solid, 71% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.58 (s, 
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1H), 7.53 (d, J = 8.6 Hz, 2H), 7.48 (s, 1H), 7.38 (s, 1H), 7.05 (d, J = 8.6 Hz, 2H), 3.81 (s, 3H), 

2.45 (s, 3H), 2.05 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 162.4, 160.5, 154.9, 138.5, 131.9, 

131.2, 128.8 (2 × C), 120.3, 119.9, 114.3 (2 × C), 110.4, 55.6, 18.5, 9.4. MS (ESI) m/z [M + H]+ 

calcd 333.08; found 333.0. HPLC, tR = 6.08 min, 99.74% purity. 

 

2-Chloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5k). Compound 5k was 

prepared from 13a and 2-chlorobenzenesulfonyl chloride according to general procedure of step 

6 as described for 5a. White solid, 78% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.06 (s, 1H), 

7.80 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (s, 1H), 7.45 (t, J 

= 7.6 Hz, 1H), 7.36 (s, 1H), 2.42 (s, 3H), 2.22 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.7, 

154.9, 139.1, 137.9, 134.4, 131.9, 130.9, 130.8, 130.6, 127.7, 120.4, 120.3, 110.5, 18.5, 9.4. MS 

(ESI) m/z [M + H]+ calcd 337.03; found 337.0. HPLC, tR = 6.27 min, 100.00% purity. 

 

2-Bromo-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5l). Compound 5l was 

prepared from 13a and 2-bromobenzenesulfonamide according to general procedure of step 6 as 

described for 5a. White solid, 63% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.02 (s, 1H), 7.90 

(d, J = 7.7 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.52 (s, 1H), 7.49 (t, J = 

7.4 Hz, 1H), 7.35 (s, 1H), 2.42 (s, 3H), 2.23 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.7, 

154.9, 139.5, 139.1, 135.4, 134.3, 131.2, 130.6, 128.2, 120.3, 120.3, 119.4, 110.5, 18.6, 9.4. MS 

(ESI) m/z [M + H]+ calcd 380.98 & 382.98; found 380.9 & 382.9. HPLC, tR = 6.79 min, 98.93% 

purity. 
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Methyl 2-(N-(3,6-dimethylbenzo[d]isoxazol-5-yl)sulfamoyl)benzoate (5m). Compound 5m 

was prepared from 13a and methyl 2-(chlorosulfonyl)benzoate according to general procedure of 

step 6 as described for 5a. White solid, 86% yield. 1H NMR (400 MHz, DMSO-d6) δ 9.50 (s, 

1H), 7.76 – 7.69 (m, 1H), 7.67 – 7.60 (m, 3H), 7.50 (s, 1H), 7.48 (s, 1H), 3.69 (s, 3H), 2.47 (s, 

3H), 2.08 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 167.5, 160.7, 155.0, 138.8, 137.6, 133.0, 

131.8, 130.9, 130.7, 128.8, 128.6, 120.4, 120.4, 110.4, 52.8, 18.3, 9.4. MS (ESI) m/z [M + H]+ 

calcd 361.08; found 361.0. HPLC, tR = 6.36 min, 98.04% purity. 

 

2-(N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)sulfamoyl)benzoic acid (5n). To a solution of 5m 

(70 mg, 0.19 mmol) in MeOH (5 mL) was added 2 M NaOH solution (10 mL). The mixture was 

stirred at room temperature for 5 h. Upon completion of the reaction, the MeOH was evaporated. 

The mixture was cooled to 0 °C and acidified to pH 5−6. The precipitated solid was collected by 

filtration, washed with water and dried to give the title compound as a white solid (53 mg, 79% 

yield). 1H NMR (400 MHz, DMSO-d6) δ 13.66 (brs, 1H), 9.21 (s, 1H), 7.75 – 7.68 (m, 2H), 7.65 

– 7.60 (m, 1H), 7.60 – 7.54 (m, 1H), 7.48 (s, 1H), 7.46 (s, 1H), 2.45 (s, 3H), 2.12 (s, 3H). 13C 

NMR (126 MHz, DMSO-d6) δ 168.8, 160.6, 155.0, 138.3, 137.4, 133.1, 133.0, 131.0, 130.5, 

129.2, 128.6, 120.3, 119.6, 110.4, 18.5, 9.4. MS (ESI) m/z [M + H]+ calcd 347.06; found 347.0. 

HPLC, tR = 2.87 min, 98.71% purity. 

 

2,3-Dichloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5o). Compound 5o 

was prepared from 13a and 2,3-dichlorobenzenesulfonyl chloride according to general procedure 

of step 6 as described for 5a. White solid, 44% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.27 (s, 

1H), 7.95 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.53 (s, 1H), 7.47 (t, J = 8.0 Hz, 1H), 
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7.39 (s, 1H), 2.43 (s, 3H), 2.23 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.8, 155.0, 140.2, 

139.1, 134.7, 134.3, 130.4, 129.6, 129.0, 128.6, 120.6, 120.4, 110.6, 18.5, 9.4. MS (ESI) m/z [M 

+ H]+ calcd 370.99; found 371.0. HPLC, tR = 7.93 min, 98.89% purity. 

 

2,5-Dichloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5p). Compound 5p 

was prepared from 13a and 2,5-dichlorobenzenesulfonyl chloride according to general procedure 

of step 6 as described for 5a. White solid, 26% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.28 (s, 

1H), 7.80 – 7.74 (m, 3H), 7.55 (s, 1H), 7.40 (s, 1H), 2.45 (s, 3H), 2.23 (s, 3H). 13C NMR (126 

MHz, DMSO-d6) δ 160.8, 155.0, 139.6, 139.1, 134.1, 133.8, 132.1, 130.3, 129.9, 129.7, 120.7, 

120.4, 110.6, 18.5, 9.4. MS (ESI) m/z [M + H]+ calcd 370.99; found 371.0. HPLC, tR = 8.63 min, 

98.51% purity. 

 

2,6-Dichloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)benzenesulfonamide (5q). Compound 5q 

was prepared from 13a and 2,6-dichlorobenzenesulfonyl chloride according to general procedure 

of step 6 as described for 5a. White solid, 65% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.28 (s, 

1H), 7.64 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 6.7 Hz, 1H), 7.55 (s, 1H), 7.39 (s, 1H), 2.43 (s, 3H), 

2.26 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.8, 154.9, 139.0, 135.6, 134.2 (2 × C), 133.8, 

131.8 (2 × C), 130.3, 120.3, 120.1, 110.6, 18.5, 9.4. MS (ESI) m/z [M + H]+ calcd 370.99; found 

371.0. HPLC, tR = 6.59 min, 99.67% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-2-methoxybenzenesulfonamide (5r). Compound 5r 

was prepared from 13a and 2-methoxybenzenesulfonyl chloride according to general procedure 

of step 6 as described for 5a. White solid, 35% yield. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 
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7.3 Hz, 1H), 7.54 (t, J = 7.4 Hz, 1H), 7.44 (s, 1H), 7.28 (s, 1H), 7.05 (d, J = 8.5 Hz, 1H), 7.00 (t, 

J = 7.4 Hz, 1H), 6.86 (s, 1H), 4.03 (s, 3H), 2.45 (s, 3H), 2.35 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 160.9, 156.2, 154.9, 135.1, 135.1, 131.1, 130.7, 127.4, 121.1, 120.8, 115.8, 112.3, 

111.0, 56.4, 18.8, 10.0. MS (ESI) m/z [M - H]- calcd 331.37; found 331.1. HPLC, tR = 6.80 min, 

99.67% purity. 

 

5-Chloro-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)-2-methoxybenzenesulfonamide (5s). 

Compound 5s was prepared from 13a and 5-chloro-2-methoxybenzenesulfonyl chloride 

according to general procedure of step 6 as described for 5a. White solid, 68% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.68 (dd, J = 8.9, 2.5 Hz, 1H), 7.53 (d, J = 2.5 Hz, 1H), 

7.51 (s, 1H), 7.43 (s, 1H), 7.29 (d, J = 8.9 Hz, 1H), 3.83 (s, 3H), 2.45 (s, 3H), 2.22 (s, 3H). 13C 

NMR (126 MHz, DMSO-d6) δ 160.5, 155.3, 154.9, 138.6, 134.3, 131.1, 129.7, 128.5, 123.5, 

120.2, 119.9, 114.9, 110.3, 56.4, 18.4, 9.4. MS (ESI) m/z [M + H]+ calcd 367.04; found 367.0. 

HPLC, tR = 8.07 min, 99.58% purity. 

 

5-Bromo-N-(3,6-dimethylbenzo[d]isoxazol-5-yl)-2-methoxybenzenesulfonamide (5t). 

Compound 5t was prepared from 13a and 5-bromo-2-methoxybenzenesulfonyl chloride 

according to general procedure of step 6 as described for 5a. White solid, 66% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.80 (dd, J = 8.9, 2.2 Hz, 1H), 7.64 (d, J = 2.2 Hz, 1H), 

7.51 (s, 1H), 7.43 (s, 1H), 7.24 (d, J = 8.9 Hz, 1H), 3.83 (s, 3H), 2.46 (s, 3H), 2.22 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 161.2, 155.4, 155.1, 137.8, 135.3, 133.2, 130.8, 129.4, 121.3, 116.4, 

114.2, 113.1, 111.3, 56.9, 18.9, 10.1. MS (ESI) m/z [M + H]+ calcd 410.99 and 412.99; found 

411.0 and 413.0. HPLC, tR = 9.37 min, 99.72% purity. 
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N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-2-methoxy-5-methylbenzenesulfonamide (5u). 

Compound 5u was prepared from 13a and 2-methoxy-5-methylbenzenesulfonyl chloride 

according to general procedure of step 6 as described for 5a. White solid, 32% yield. 1H NMR 

(400 MHz, CDCl3) δ 7.59 (d, J = 1.7 Hz, 1H), 7.45 (s, 1H), 7.32 (dd, J = 8.4, 1.6 Hz, 1H), 7.28 (s, 

1H), 6.95 (d, J = 8.4 Hz, 1H), 6.87 (brs, 1H), 4.00 (s, 3H), 2.46 (s, 3H), 2.35 (s, 3H), 2.26 (s, 3H). 

13C NMR (126 MHz, DMSO-d6) δ 160.4, 154.8, 154.3, 138.4, 135.1, 131.6, 129.5, 129.0, 127.8, 

120.2, 119.4, 112.6, 110.2, 55.8, 19.7, 18.4, 9.4. MS (ESI) m/z [M + H]+ calcd 347.10; found 

347.0. HPLC, tR = 8.10 min, 99.44% purity. 

 

N-(3,6-Dimethylbenzo[d]isoxazol-5-yl)-2,5-dimethoxybenzenesulfonamide (5v). Compound 

5v was prepared from 13a and 2,5-dimethoxybenzenesulfonyl chloride according to general 

procedure of step 6 as described for 5a. White solid, 48% yield. 1H NMR (400 MHz, DMSO-d6) 

δ 9.54 (s, 1H), 7.49 (s, 1H), 7.42 (s, 1H), 7.20 – 7.15 (m, 2H), 7.10 (s, 1H), 3.77 (s, 3H), 3.66 (s, 

3H), 2.44 (s, 3H), 2.23 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.4, 154.8, 152.1, 150.4, 

138.5, 131.5, 128.7, 120.2, 119.7, 119.4, 114.5, 114.1, 110.2, 56.2, 55.7, 18.4, 9.4. MS (ESI) m/z 

[M + H]+ calcd 363.09; found 363.0. HPLC, tR = 7.27 min, 99.26% purity. 

 

5-Bromo-N-(6-hydroxy-3-methylbenzo[d]isoxazol-5-yl)-2-methoxybenzenesulfonamide (6a).  

Step 1: N-(2,4-Dimethoxyphenyl)acetamide (9b) was prepared from 9a according to general 

procedure of step 1 as described for 5a. Brown solid, 71% yield. 1H NMR (400 MHz, DMSO-d6) 

δ 8.99 (brs, 1H), 7.64 (d, J = 8.7 Hz, 1H), 6.59 (s, 1H), 6.45 (d, J = 8.8 Hz, 1H), 3.79 (s, 3H), 

3.73 (s, 3H), 2.01 (s, 3H). MS (ESI) m/z [M + H]+ calcd 196.09; found 196.1. 
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Step 2: N-(5-Acetyl-4-hydroxy-2-methoxyphenyl)acetamide (10b) was prepared from 9b 

according to general procedure of step 2 as described for 5a. Yellow solid, 78% yield. 1H NMR 

(500 MHz, DMSO-d6) δ 12.54 (s, 1H), 9.17 (s, 1H), 8.26 (s, 1H), 6.59 (s, 1H), 3.88 (s, 3H), 2.52 

(s, 3H), 2.05 (s, 3H). MS (ESI) m/z [M + H]+ calcd 224.08; found 224.1. 

Step 3: N-(4-Hydroxy-5-(1-(hydroxyimino)ethyl)-2-methoxyphenyl)acetamide (11b) was 

prepared from 10b according to general procedure of step 3 as described for 5a. Pale red solid, 

94% yield. 1H NMR (500 MHz, DMSO-d6) δ 11.74 (s, 1H), 11.33 (s, 1H), 9.03 (s, 1H), 7.84 (s, 

1H), 6.54 (s, 1H), 3.80 (s, 3H), 2.17 (s, 3H), 2.02 (s, 3H). MS (ESI) m/z [M + H]+ calcd 239.10; 

found 239.1. 

Step 4: N-(6-Methoxy-3-methylbenzo[d]isoxazol-5-yl)acetamide (12b) was prepared from 11b 

according to general procedure of step 4 as described for 5a. Yellow solid, 70% yield. 1H NMR 

(500 MHz, DMSO-d6) δ 9.26 (brs, 1H), 8.24 (s, 1H), 7.36 (s, 1H), 3.94 (s, 3H), 2.47 (s, 3H), 2.11 

(s, 3H). MS (ESI) m/z [M + H]+ calcd 221.08; found 221.1. 

Step 5: 6-Methoxy-3-methylbenzo[d]isoxazol-5-amine (13b) was prepared from 12b according 

to general procedure of step 5 as described for 5a. Brown solid, 96% yield. 1H NMR (500 MHz, 

DMSO-d6) δ 7.14 (s, 1H), 6.80 (s, 1H), 4.80 (brs, 2H), 3.88 (s, 3H), 2.39 (s, 3H). MS (ESI) m/z 

[M + H]+ calcd 179.07; found 179.0. 

Step 6: To a solution of compound 13b (800 mg, 4.5 mmol) in CH2Cl2 (15 mL) was added a 1 M 

BBr3 solution (1.3 mL, 13.5 mmol) in CH2Cl2. The reaction was monitored by TLC. Upon 

completion, the reaction was quenched with saturated ammonium chloride solution, and then a 

mixed solvent of ice-water and CH2Cl2 was added. The mixture was basified to pH 6−8 with 

aqueous NaHCO3 solution and stirred for 1 h. The remaining solid was filtered off and the 

filtrate was separated. The organic layer was washed with brine, dried over Na2SO4, and 
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concentrated under reduced pressure to give 5-amino-3-methylbenzo[d]isoxazol-6-ol (14) as a 

brown solid (670 mg, 91% yield). 1H NMR (500 MHz, DMSO-d6) δ 6.85 (s, 1H), 6.76 (s, 1H), 

2.36 (s, 3H). MS (ESI) m/z [M + H]+ calcd 165.06; found 165.0. 

Step 7: To a solution of 14 (840 mg, 5.12 mmol) in CH2Cl2 (15 mL) were added 5-bromo-2-

methoxybenzenesulfonyl chloride (1.5 g, 5.12 mmol) and pyridine (1 mL). The mixture was 

stirred at room temperature for 2 h. The reaction mixture was extracted with CH2Cl2 and washed 

successively with 1 N HCl and brine. The organic layer was dried over Na2SO4 and concentrated 

under reduced pressure. The residue was purified by silica gel chromatography to give the title 

compound 6a as a white solid (1.5 g, 71% yield). 1H NMR (500 MHz, DMSO-d6) δ 10.70 (brs, 

1H), 9.09 (brs, 1H), 7.74 (dd, J = 8.8, 2.5 Hz, 1H), 7.69 (d, J = 2.5 Hz, 1H), 7.54 (s, 1H), 7.18 (d, 

J = 8.9 Hz, 1H), 6.88 (s, 1H), 3.82 (s, 3H), 2.44 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 161.1, 

156.2, 154.7, 154.0, 137.0, 131.1, 129.7, 122.3, 117.8, 115.2, 113.6, 110.4, 94.4, 56.5, 9.3. MS 

(ESI) m/z [M + H]+ calcd 412.97 and 414.97; found 412.9 and 414.9. HPLC, tR = 6.39 min, 

98.84% purity. 

 

Ethyl-2-((5-((5-bromo-2-methoxyphenyl)sulfonamido)-3-methylbenzo[d]isoxazol-6-

yl)oxy)acetate (6b). To a solution of 6a (200 mg, 0.48 mmol) in acetone (10 mL) was added 

ethyl chloracetate (71.1 mg, 0.58 mmol), followed by K2CO3 (199.0 mg, 1.44 mmol) and KI (8.0 

mg, 0.048 mmol). The mixture was stirred at 50 °C. The solvent was removed in vacuo. The 

residue was extracted with EtOAc. The organic layer was washed with brine, dried over Na2SO4, 

and concentrated under reduced pressure. The crude product was purified by silica gel 

chromatography to give the title compound as a white solid (80 mg, 33% yield). 1H NMR (500 

MHz, DMSO-d6) δ 9.18 (s, 1H), 7.73 (dd, J = 8.8, 2.6 Hz, 1H), 7.69 (d, J = 2.5 Hz, 1H), 7.67 (s, 
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1H), 7.27 (s, 1H), 7.16 (d, J = 8.9 Hz, 1H), 4.75 (s, 2H), 4.11 (q, J = 7.1 Hz, 2H), 3.82 (s, 3H), 

2.48 (s, 3H), 1.17 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) δ 167.7, 160.8, 155.9, 

154.9, 153.7, 137.0, 131.1, 129.5, 123.3, 117.5, 115.5, 114.9, 110.6, 94.1, 65.8, 60.9, 56.4, 13.9, 

9.4. MS (ESI) m/z [M + H]+ calcd 499.01 and 501.01; found 499.0 and 501.01. HPLC, tR = 8.46 

min, 99.27% purity. 

 

2-((5-((5-Bromo-2-methoxyphenyl)sulfonamido)-3-methylbenzo[d]isoxazol-6-yl)oxy)acetic 

acid (6c). Compound 6c was prepared from 6b according to general procedure as described for 

5n. White solid, 76% yield. 1H NMR (400 MHz, DMSO-d6) δ 13.10 (brs, 1H), 9.15 (brs, 1H), 

7.73 (dd, J = 8.8, 2.6 Hz, 1H), 7.70 (d, J = 2.5 Hz, 1H), 7.66 (s, 1H), 7.26 (s, 1H), 7.15 (d, J = 

8.8 Hz, 1H), 4.68 (s, 2H), 3.82 (s, 3H), 2.48 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 169.2, 

160.7, 155.9, 154.9, 153.5, 137.2, 131.1, 129.2, 123.5, 116.7, 115.1, 114.9, 110.6, 94.2, 66.1, 

56.4, 9.4. MS (ESI) m/z [M - H]- calcd 468.98 and 470.98; found 468.9 and 470.9. HPLC, tR = 

3.02 min, 97.11% purity. 

 

2-((5-((5-Bromo-2-methoxyphenyl)sulfonamido)-3-methylbenzo[d]isoxazol-6-yl)oxy)-N-

ethylacetamide (6d). To a solution of the acid 6c (80.0 mg, 0.17 mmol) in DMF (8 mL) were 

added DIPEA (87.9 mg, 0.68 mmol) and HATU (98.8 mg, 0.26 mmol). The reaction mixture 

was stirred for 15 min. 2.0 M ethanamine solution in THF (0.13 mL, 0.26 mmol) and DMAP 

(8mg, 10%) was then added to the mixture. After 12 h, the mixture was diluted with water, 

extracted with EtOAc, and washed successively with 1 N HCl and brine. The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The crude product was purified by silica gel 

chromatography to give the title compound as a white solid (40 mg, 47% yield). 1H NMR (400 
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MHz, CDCl3) δ 7.95 (d, J = 2.4 Hz, 1H), 7.64 (dd, J = 8.8, 2.4 Hz, 1H), 7.55 (s, 1H), 7.38 (s, 

1H), 6.94 (d, J = 8.4 Hz, 1H), 6.94 (s, 1H), 6.64 (brs, 1H),4.53 (s, 2H), 3.97 (s, 3H), 3.41 – 3.31 

(m, 2H), 2.50 (s, 3H), 1.14 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) δ 166.0, 161.2, 

155.9, 155.0, 153.4, 137.1, 131.3, 129.7, 123.3, 118.6, 115.0, 114.8, 110.6, 93.5, 67.7, 56.1, 33.1, 

14.7, 9.4. MS (ESI) m/z [M + H]+ calcd 498.03 & 500.02; found 498.0 & 499.9. HPLC, tR = 

6.46 min, 96.01% purity. 

 

N-(2-Acetamidoethyl)-2-((5-((5-bromo-2-methoxyphenyl)sulfonamido)-3-

methylbenzo[d]isoxazol-6-yl)oxy)acetamide (6e). Compound 6e was prepared from 6c and N-

(2-aminoethyl)acetamide according to general procedure as described for 6d. White solid, 48% 

yield. 1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.20 (brs, 1H), 8.00 (d, J = 2.4 Hz, 1H), 7.73 

(s, 1H), 7.56 (dd, J = 8.8, 2.4 Hz, 1H), 6.89 (s, 1H), 6.80 (d, J = 8.8 Hz, 1H), 6.19 (brs, 1H), 4.34 

(s, 2H), 3.61 (s, 3H), 3.42 (t, J = 5.6 Hz, 4H), 2.54 (s, 3H), 2.07 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 173.7, 167.1, 161.8, 156.1, 155.4, 153.1, 137.4, 133.1, 130.3, 123.4, 119.0, 116.2, 

114.1, 112.4, 92.7, 67.6, 56.5, 41.8, 39.8, 23.1, 10.1. MS (ESI) m/z [M + H]+ calcd 555.05 and 

557.05; found 554.8 and 556.9. HPLC, tR = 5.62 min, 98.76% purity. 

 

2-((5-((5-Bromo-2-methoxyphenyl)sulfonamido)-3-methylbenzo[d]isoxazol-6-yl)oxy)-N-(2-

morpholinoethyl)acetamide (6f). Compound 6f was prepared from 6c and 2-morpholinoethan-

1-amine according to general procedure as described for 6d. White solid, 32% yield. 1H NMR 

(400 MHz, CDCl3) δ 7.99 (d, J = 2.4 Hz, 1H), 7.61 (dd, J = 8.8, 2.4 Hz, 1H), 7.61 (s, 1H), 7.09 

(brs, 1H), 6.94 (s, 1H), 6.90 (d, J = 8.8 Hz, 1H), 4.55 (s, 2H), 3.91 (s, 3H), 3.68 – 3.55 (m, 4H), 

3.45 (q, J = 5.5 Hz, 2H), 2.53 (t, J = 6.0 Hz, 2H), 2.51 (s, 3H), 2.49 – 2.41 (m, 4H). 13C NMR 
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(126 MHz, DMSO-d6) δ 166.4, 161.1, 155.9, 155.0, 153.4, 137.2, 131.2, 129.6, 123.2, 118.5, 

115.1, 114.8, 110.6, 93.5, 67.7, 66.0 (2 × C), 57.3, 56.2, 53.2 (2 × C), 35.7, 9.4. MS (ESI) m/z [M 

+ H]+ calcd 583.08 & 585.08; found 583.0 & 585.0. HPLC, tR = 6.78 min, 97.02% purity. 

 

5-Bromo-2-methoxy-N-(3-methyl-6-propoxybenzo[d]isoxazol-5-yl)benzenesulfonamide (6g). 

Compound 6g was prepared from 6a and iodoethane according to general procedure as described 

for 6b. White solid, 32% yield. 1H NMR (500 MHz, DMSO-d6) δ 9.26 (s, 1H), 7.75 (dd, J = 8.7, 

2.6 Hz, 1H), 7.73 (d, J = 2.5 Hz, 1H), 7.61 (s, 1H), 7.25 (s, 1H), 7.16 (d, J = 8.8 Hz, 1H), 3.84 (t, 

J = 6.6 Hz, 2H), 3.68 (s, 3H), 2.48 (s, 3H), 1.54 – 1.45 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H). 13C 

NMR (126 MHz, DMSO-d6) δ 161.6, 155.9, 155.2, 154.8, 136.8, 130.9, 130.4, 123.1, 118.4, 

115.2, 113.8, 110.6, 92.6, 70.3, 56.2, 21.3, 10.1, 9.4. MS (ESI) m/z [M + H]+ calcd 455.02 & 

457.02; found 455.0 & 457.0. HPLC, tR = 10.73 min, 96.75% purity. 

 

5-Bromo-N-(6-ethoxy-3-methylbenzo[d]isoxazol-5-yl)-2-methoxybenzenesulfonamide (6h). 

Compound 6h was prepared from 6a and 1-iodopropane according to general procedure as 

described for 6b. White solid, 31% yield. 1H NMR (500 MHz, DMSO-d6) δ 9.25 (s, 1H), 7.76 

(dd, J = 8.9, 2.6 Hz, 1H), 7.70 (d, J = 2.5 Hz, 1H), 7.63 (s, 1H), 7.24 (s, 1H), 7.18 (d, J = 8.9 Hz, 

1H), 3.94 (q, J = 7.0 Hz, 2H), 3.74 (s, 3H), 2.48 (s, 3H), 1.09 (t, J = 7.0 Hz, 3H). 13C NMR (126 

MHz, CDCl3) δ 161.0, 155.8, 155.3, 151.6, 137.6, 133.3, 128.7, 123.6, 115.1, 114.1, 112.7, 

112.2, 92.6, 65.2, 56.7, 14.7, 10.1. MS (ESI) m/z [M + H]+ calcd 441.00 & 443.00; found 441.0 

& 443.0. HPLC, tR = 9.13 min, 95.08% purity. 
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5-Bromo-2-methoxy-N-(6-methoxy-3-methylbenzo[d]isoxazol-5-yl)benzenesulfonamide (6i). 

Compound 6i was prepared from 13b and 5-bromo-2-methoxybenzenesulfonyl chloride 

according to general procedure of step 7 as described for 6a. White solid, 84% yield. 1H NMR 

(500 MHz, DMSO-d6) δ 9.31 (s, 1H), 7.75 (dd, J = 8.8, 2.5 Hz, 1H), 7.64 (d, J = 2.5 Hz, 1H), 

7.62 (s, 1H), 7.24 (s, 1H), 7.20 (d, J = 8.9 Hz, 1H), 3.84 (s, 3H), 3.63 (s, 3H), 2.48 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 161.1, 155.7, 155.3, 152.6, 137.7, 133.3, 128.6, 123.5, 115.4, 113.8, 

113.0, 112.6, 92.0, 56.6, 56.5, 10.1. MS (ESI) m/z [M + H]+ calcd 426.99 and 428.99; found 

426.9 and 428.9. HPLC, tR = 7.12 min, 99.43% purity. 

 

5-Bromo-2-methoxy-N-(3-methyl-6-(methylamino)benzo[d]isoxazol-5-

yl)benzenesulfonamide (6j). 

Step 1: 3-Fluorophenol 15 (10 g, 89.2 mmol) was dissolved in acetic anhydride (8.5 mL). Upon 

addition of 3-5 drops of concentrated H2SO4, the temperature rose to about 80 °C. After being 

cooled to room temperature, the mixture was poured into a solution of 1 g NaHCO3 dissolved in 

100 mL of cold water and extracted with EtOAc. The organic layer was washed with saturated 

NaHCO3 solution, dried over Na2SO4, and evaporated in vacuo to give the essentially pure 

product 3-fluorophenyl acetate (16) as a colorless oil (10.5 g, 76% yield). 1H NMR (400 MHz, 

CDCl3) δ 7.33 (td, J = 8.2, 6.6 Hz, 1H), 6.95 (td, J = 8.4, 2.4 Hz, 1H), 6.90 (dd, J = 8.1, 1.6 Hz, 

1H), 6.86 (dt, J = 9.6, 2.4 Hz, 1H), 2.30 (s, 3H). 

Step 2: Compound 16 (10.5 g, 68.1 mmol) was cooled with an ice-bath, treated portionwise with 

aluminum chloride (12.7 g, 95.3 mmol). The reaction was stirred at 190 °C for 1 h, and cooled to 

obtain a solid. A mixture of ice-water, hydrochloric acid and CH2Cl2 was added to the solid. The 

resultant mixture was stirred for several minutes. The organic layer was washed sequentially 
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with water, saturated NaHCO3 and brine, dried over Na2SO4, and concentrated in vacuo to obtain 

the product 4-fluoro-2-hydroxyacetophenone (17) as a yellow oil (7.5 g, 71% yield). 1H NMR 

(400 MHz, CDCl3) δ 12.57 (d, J = 1.4 Hz, 1H), 7.74 (dd, J = 8.8, 6.4 Hz, 1H), 6.65 (dd, J = 10.3, 

2.3 Hz, 1H), 6.61 (td, J = 8.4, 2.4 Hz, 1H), 2.60 (s, 3H). 

Step 3: A mixture of compound 17 (6.2 g, 40.0 mmol), hydroxylamine hydrochloride (5.6 g, 

80.0 mmol), and sodium acetate (4.9 g, 60.0 mmol) were dissolved in a mixed solvent of EtOH-

H2O (7:3, 80 mL). The mixture was heated under reflux for 70 min. Upon completion of the 

reaction, water (50 mL) was added to the mixture. The precipitated solid was filtered, washed 

with water and dried to give 1-(4-fluoro-2-hydroxyphenyl)ethan-1-one oxime (18) as a white 

solid (5.8 g, 86% yield). 1H NMR (400 MHz, CDCl3) δ 11.48 (s, 1H), 7.39 (dd, J = 8.8, 6.4 Hz, 

1H), 7.21 (brs, 1H), 6.67 (dd, J = 10.4, 2.6 Hz, 1H), 6.62 (td, J = 8.4, 2.4 Hz, 1H), 2.34 (s, 3H). 

Step 4: To a solution of compound 18 (5.8 g, 34.3 mmol) in DMF (70 mL) were added NaOAc 

(6.4 g, 77.5 mmol) and acetic anhydride (7.5 mL, 79.8 mmol). The mixture was heated at reflux 

for 4 h. The mixture was allowed to cool, poured into water and extracted with EtOAc. The 

organic layer was washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue 

was purified by silica gel chromatography to give 6-fluoro-3-methylbenzo[d]isoxazole (19) as a 

white solid (4.7 g, 90% yield). 1H NMR (400 MHz, CDCl3) δ 7.57 (dd, J = 8.6, 5.1 Hz, 1H), 7.23 

(dd, J = 8.5, 1.8 Hz, 1H), 7.07 (td, J = 8.9, 2.1 Hz, 1H), 2.56 (s, 3H).  

Step 5: To an ice-cold solution of compound 19 (3.0 g, 19.8 mmol) in concentrated H2SO4 (21 

mL) was added dropwise with nitric acid (1.7 mL). The reaction mixture temperature was kept 

below 15 °C. The mixture was stirred for 1 h on ice-bath and then allowed to warm to room 

temperature and stirred for 3 h. Upon completion of the reaction, the mixture was poured onto 

ice. The precipitated solid was filtered and dried to give 6-fluoro-3-methyl-5-
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nitrobenzo[d]isoxazole (20) as a white solid (3.2 g, 82% yield). 1H NMR (400 MHz, CDCl3) δ 

8.45 (d, J = 6.9 Hz, 1H), 7.45 (d, J = 10.0 Hz, 1H), 2.65 (s, 3H). 

Step 6: To a solution of 20 (1.0 g, 5.1 mmol) in a mixed solvent of EtOH-THF (2:1, 30 mL) was 

added methylamine solution 33 wt.% in methanol (2.64 mL, 17.8 mmol). The mixture was 

heated at 45 °C with stirring in a sealed reaction vessel for 3 h. The slurry was filtered and the 

cake was dried to give N, 3-dimethyl-5-nitrobenzo[d]isoxazol-6-amine (21) as a bright orange 

solid (1.0 g, 95% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.66 (s, 1H), 8.19 (q, J = 4.2 Hz, 1H), 

6.94 (s, 1H), 2.97 (d, J = 4.9 Hz, 3H), 2.50 (s, 3H). 

Step 7: To the compound 21 (250 mg, 1.2 mmol) in AcOH (4 mL) at 40 °C was added a solution 

of SnCl2·2H2O (812.3 mg, 3.6 mmol) in concentrated HCl (2 mL). The reaction mixture was 

heated at 40 °C for 0.5 h. The reaction mixture was allowed to cool and adjusted to pH 7-9 with 

aqueous NaOH. The mixture was extracted with EtOAc (3 × 100 mL). The organic layer was 

washed with saturated NaHCO3 solution and brine, dried over Na2SO4, and concentrated under 

reduced pressure. The residue was purified by silica gel chromatograph to give N6, 3-

dimethylbenzo[d]isoxazole-5,6-diamine (22) as a light yellow solid (83 mg, 39% yield). 1H 

NMR (400 MHz, DMSO-d6) δ 6.71 (s, 1H), 6.46 (s, 1H), 5.45 (q, J = 4.4 Hz, 1H), 4.54 (brs, 2H), 

2.78 (d, J = 4.8 Hz, 3H), 2.33 (s, 3H). MS (ESI) m/z [M + H]+ calcd 178.09; found 178.1. 

Step 8: The title compound 6j was prepared from 22 and 5-bromo-2-methoxybenzenesulfonyl 

chloride according to general procedure of step 7 as described for 6a. White solid, 71% yield. 1H 

NMR (400 MHz, DMSO-d6) δ 9.51 (brs, 1H), 7.81 (dd, J = 8.9, 2.5 Hz, 1H), 7.62 (d, J = 2.5 Hz, 

1H), 7.26 (d, J = 8.9 Hz, 1H), 7.00 (s, 1H), 6.55 (s, 1H), 5.69 (brs, 1H), 3.93 (s, 3H), 2.72 (s, 3H), 

2.29 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 164.6, 155.4, 154.5, 149.4, 137.9, 133.5, 128.8, 
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119.7, 118.5, 114.3, 113.5, 111.7, 89.5, 57.3, 30.5, 9.8. MS (ESI) m/z [M + H]+ calcd 426.00 and 

428.00; found 425.9 and 427.9. HPLC, tR = 6.79 min, 96.51% purity. 

 

2-Chloro-N-(6-methoxy-3-methylbenzo[d]isoxazol-5-yl)benzenesulfonamide (6k). 

Compound 6k was prepared from 13b and 2-chlorobenzenesulfonyl chloride according to 

general procedure of step 7 as described for 6a. White solid, 78% yield. 1H NMR (500 MHz, 

DMSO-d6) δ 9.75 (s, 1H), 7.74 (dd, J = 7.9, 1.5 Hz, 1H), 7.67 (dd, J = 8.0, 1.1 Hz, 1H), 7.62 (s, 

1H), 7.61 (td, J = 7.8, 1.2 Hz, 1H), 7.39 (td, J = 7.8, 1.2 Hz, 1H), 7.20 (s, 1H), 3.49 (s, 3H), 2.47 

(s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 161.9, 156.6, 154.9, 137.9, 134.0, 131.5, 131.3, 130.6, 

127.1, 122.2, 120.2, 114.2, 92.3, 55.9, 9.4. MS (ESI) m/z [M + H]+ calcd 353.03; found 353.0. 

HPLC, tR = 6.40 min, 99.75% purity. 

 

2,5-Dichloro-N-(6-methoxy-3-methylbenzo[d]isoxazol-5-yl)benzenesulfonamide (6l). 

Compound 6l was prepared from 13b and 2,5-dichlorobenzenesulfonyl chloride according to 

general procedure of step 7 as described for 6a. White solid, 54% yield. 1H NMR (500 MHz, 

DMSO-d6) δ 10.07 (s, 1H), 7.76 – 7.70 (m, 3H), 7.67 (s, 1H), 7.25 (s, 1H), 3.52 (s, 3H), 2.49 (s, 

3H). 13C NMR (126 MHz, DMSO-d6) δ 162.1, 156.8, 155.0, 139.8, 133.6, 133.3, 131.5, 130.2, 

129.5, 121.7, 121.1, 114.3, 92.5, 55.9, 9.4. MS (ESI) m/z [M + H]+ calcd 386.99; found 387.0. 

HPLC, tR = 7.68 min, 99.68% purity. 

 

5-Chloro-2-methoxy-N-(6-methoxy-3-methylbenzo[d]isoxazol-5-yl)benzenesulfonamide 

(6m). Compound 6m was prepared from 13b and 5-chloro-2-methoxybenzenesulfonyl chloride 

according to general procedure of step 7 as described for 6a. White solid, 66% yield. 1H NMR 
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(500 MHz, DMSO-d6) δ 9.32 (s, 1H), 7.65(dd, J = 8.5, 2.5 Hz, 1H), 7.63 (s, 1H), 7.52 (d, J = 2.7 

Hz, 1H), 7.25 (d, J = 9.7 Hz, 1H), 7.24 (s, 1H), 3.85 (s, 3H), 3.62 (s, 3H), 2.48 (s, 3H). 13C NMR 

(126 MHz, DMSO-d6) δ 161.5, 155.9, 155.6, 154.9, 134.1, 129.4, 128.3, 123.1, 122.8, 118.7, 

114.6, 114.1, 92.3, 56.5, 56.3, 9.4. MS (ESI) m/z [M + H]+ calcd 383.04; found 383.0. HPLC, tR 

= 7.74 min, 99.00% purity. 

 

2-Methoxy-N-(6-methoxy-3-methylbenzo[d]isoxazol-5-yl)-5-methylbenzenesulfonamide 

(6n). Compound 6n was prepared from 13b and 2-methoxy-5-methylbenzenesulfonyl chloride 

according to general procedure of step 7 as described for 6a. White solid, 54% yield. 1H NMR 

(500 MHz, DMSO-d6) δ 8.86 (s, 1H), 7.60 (s, 1H), 7.42 (s, 1H), 7.36 (d, J = 8.4 Hz, 1H), 7.24 (s, 

1H), 7.08 (d, J = 8.4 Hz, 1H), 3.83 (s, 3H), 3.67 (s, 3H), 2.46 (s, 3H), 2.19 (s, 3H). 13C NMR 

(126 MHz, DMSO-d6) δ 161.1, 155.0, 154.8, 154.5, 135.0, 129.3, 128.7, 127.0, 123.5, 116.4, 

114.0, 112.4, 92.3, 56.4, 56.0, 19.7, 9.4. MS (ESI) m/z [M + H]+ calcd 363.09; found 363.0. 

HPLC, tR = 5.57 min, 98.89% purity. 

 

3-Methyl-5-(6-morpholino-1-propyl-1H-benzo[d]imidazol-2-yl)benzo[d]isoxazole (7a).  

Step 1: Methyl 4-acetoxybenzoate (23) (11g, 56.7 mmol), AlCl3 (22.7 g, 170.1 mmol), and KCl 

(4.4 g, 59.5 mmol) were mixed in a 500 mL three-necked round-bottom flask, which was 

equipped with water condenser and gas absorber. The mixture was heated at 120 °C for 30 min, 

and then heated at 170 °C for 1 h. After cooling, a mixed solvent of 2 N HCl (200 mL) and EtOH 

(40 mL) was added to the reaction mixture. The resulting suspension was refluxed for 0.5 h. The 

crude product was filtered using Büchner funnel and recrystallized with EtOH to give 3-acetyl-4-

hydroxybenzoic acid (24) as a yellow solid (9.0 g, 88% yield). 1H NMR (500 MHz, DMSO-d6) δ 
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12.23 (s, 1H), 8.37 (d, J = 2.1 Hz, 1H), 8.03 (dd, J = 8.7, 2.2 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 

2.67 (s, 3H). MS (ESI) m/z [M - H]- calcd 179.16; found 179.1.  

Step 2: To a stirred solution of 24 (9.0 g, 50.0 mmol) in 100 mL of MeOH, under ice-cooling, 

was added dropwise with thionyl chloride (8.9 g, 75.0 mmol). The reaction mixture was stirred 

for 3 h at 65 °C. The solvent was distilled out and water was added. The crude product was 

filtered, washed with saturated NaHCO3 and dried to give methyl 3-acetyl-4-hydroxybenzoate 

(25a) as a pale-yellow solid (6 g, 62% yield). 1H NMR (500 MHz, CDCl3) δ 12.68 (s, 1H), 8.49 

(d, J = 1.9 Hz, 1H), 8.14 (dd, J = 8.8, 1.9 Hz, 1H), 7.02 (d, J = 8.8 Hz, 1H), 3.93 (s, 3H), 2.71 (s, 

3H). 

Step 3: To a mixed solvent of EtOH-H2O (7:3, 100 mL) were added compound 25a (6.4 g, 33.0 

mmol), hydroxylamine hydrochloride (3.7 g, 52.8 mmol) and NaOAc (4.3 g, 52.8 mmol). The 

mixture was heated under reflux for 70 min. The reaction mixture was cooled and concentrated 

under reduced pressure to allow precipitation of a solid. Water (50 mL) was added and the 

precipitated solid was filtered, washed and dried to give methyl-4-hydroxy-3-(1-

(hydroxyimino)ethyl)benzoate (26a) as a white solid (6.4 g, 92% yield). 1H NMR (500 MHz, 

DMSO-d6) δ 12.19 (s, 1H), 11.72 (s, 1H), 8.03 (d, J = 2.0 Hz, 1H), 7.84 (dd, J = 8.6, 2.0 Hz, 1H), 

6.98 (d, J = 8.6 Hz, 1H), 3.82 (s, 3H), 2.28 (s, 3H). 

Step 4: To a solution of compound 26a (5.4 g, 25.8 mmol) in 1,4-dioxane (30 mL) was added 

DMF-DMA (15.7 mL) with vigorous stirring. The mixture was stirred with heating at 100 °C for 

7 min. The reaction mixture was cooled and concentrated under reduced pressure. Water (40 mL) 

was added and the precipitated solid was filtered. The obtained solid was dried and recrystallized 

(EA : PE = 1:2) to give methyl 3-methylbenzo[d]isoxazole-5-carboxylate (27a) as a white solid 
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(3.0 g, 61% yield). 1H NMR (500 MHz, CDCl3) δ 8.39 (s, 1H), 8.25 (d, J = 8.7 Hz, 1H), 7.57 (d, 

J = 8.8 Hz, 1H), 3.97 (s, 3H), 2.63 (s, 3H). MS (ESI) m/z [M + H]- calcd 192.19; found 192.1. 

Step 5: To a solution of 27a (3.0 g, 15.7 mmol) in MeOH (30 mL) was added 2 M aqueous 

NaOH (78.5 mL), the reaction was stirred at room temperature. After 5 h, the MeOH was 

evaporated. The mixture was cooled to 0 °C and acidified to pH 5−6. The precipitated solid was 

collected by filtration, washed with water and dried to give 3-methylbenzo[d]isoxazole-5-

carboxylic acid (28a) as a white solid (2.7 g, 97% yield). 1H NMR (400 MHz, DMSO-d6) δ 

13.18 (s, 1H), 8.47 (d, J = 1.0 Hz, 1H), 8.19 (dd, J = 8.8, 1.6 Hz, 1H), 7.78 (d, J = 8.8 Hz, 1H), 

2.61 (s, 3H). 

Step 6: To a solution of 2-chloro-4-fluoro-1-nitrobenzene (29) (3.0 g, 17.1 mmol) in DMF (10 

mL) were added morpholine (1.6 g, 17.9 mmol) and K2CO3 (3.6 g, 25.7 mmol). The reaction 

mixture was stirred at 100 °C for 1 h and then added water (50 mL). The precipitated solid was 

filtered, washed with water, and dried to give 4-(3-chloro-4-nitrophenyl)morpholine (30a) as a 

yellow solid (4.0 g, 97% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.03 (d, J = 9.4 Hz, 1H), 7.11 

(d, J = 2.6 Hz, 1H), 7.00 (dd, J = 9.4, 2.6 Hz, 1H), 3.71 (t, J = 4.8 Hz, 4H), 3.41 (t, J = 4.8 Hz, 

4H). 

Step 7: To a solution of compound 30a (500 mg, 2.07 mmol) in DMSO (5 mL) were added 

propan-1-amine (367.1 mg, 6.21 mmol) and DIPEA (0.5 mL, 3.11 mmol). The reaction mixture 

was stirred overnight at 95 °C. Water (15 mL) was added with stirring for 10 min. The 

precipitated solid was filtered, washed and dried to give 5-morpholino-2-nitro-N-propylaniline 

(31a) as a yellow solid (500 mg, 91% yield). 1H NMR (500 MHz, CDCl3) δ 8.39 (brs, 1H), 8.08 

(d, J = 9.7 Hz, 1H), 6.22 (dd, J = 9.7, 2.6 Hz, 1H), 5.89 (d, J = 2.5 Hz, 1H), 3.85 (t, J = 5.0 Hz, 

4H), 3.36 (t, J = 5.0 Hz, 4H), 3.24 – 3.20 (m, 2H), 1.82 – 1.74 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H). 
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Step 8: A mixture of 31a (500 mg, 1.88 mmol), 10% Pd on carbon (wetted with ca. 55% water) 

(80 mg), was dissolved in MeOH–THF (2:3, 25 mL), which was stirred under H2 atmosphere 

overnight. The mixture was filtered using Celite, and the filtrate was concentrated to give the 

crude product 5-morpholino-N1-propylbenzene-1,2-diamine (32a) as a purple oil (371 mg, 84% 

yield). The crude product was used without further purification. 

Step 9: To a solution of compound 28a (200 mg, 1.13 mmol) in DMF (10 mL) were added 

DIPEA (438.2 mg, 3.39 mmol) and HATU (646.4 mg, 1.70 mmol). The reaction mixture was 

stirred for 15 min. Compound 32a (320.0 mg, 1.36 mmol) was then added to the mixture. After 

12 h, the reaction mixture was diluted with water and extracted with EtOAc (3 × 20 mL). The 

combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. The 

crude product was purified by silica gel chromatography to afford 3-methyl-N-(4-morpholino-2-

(propylamino)phenyl)benzo[d]isoxazole-5-carboxamide (33a) as a white solid (230 mg, 52% 

yield). 1H NMR (500 MHz, DMSO-d6) δ 9.64 (s, 1H), 8.53 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 

7.80 (d, J = 8.7 Hz, 1H), 6.97 (d, J = 8.9 Hz, 1H), 6.23 – 6.21 (m, 2H), 4.85 (t, J = 5.2 Hz, 1H), 

3.74 (t, J = 4.0 Hz, 4H), 3.08 (t, J = 4.0 Hz, 4H), 3.06 – 3.02 (m, 2H), 2.62 (s, 3H), 1.60 – 1.52 

(m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 

Step 10: Compound 33a (200 mg, 0.51 mmol) was dissolved in acetic acid (5 mL) and the 

mixture was stirred at 120 °C for 4 h. The reaction mixture was then neutralized with aqueous 

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

concentrated under reduced pressure. The crude product was purified by silica gel 

chromatography to afford the title compound (7a) as a white solid (61 mg, 32% yield). 1H NMR 

(500 MHz, CDCl3) δ 8.03 (d, J = 0.7 Hz, 1H), 7.83 (dd, J = 8.6, 1.5 Hz, 1H), 7.72 (d, J = 8.8 Hz, 

1H), 7.68 (d, J = 8.6 Hz, 1H), 7.04 (dd, J = 8.8, 2.2 Hz, 1H), 6.86 (d, J = 2.0 Hz, 1H), 4.18 (t, J = 
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7.5 Hz, 2H), 3.94 (t, J = 5.0 Hz, 4H), 3.23 (t, J = 5.0 Hz, 4H), 2.63 (s, 3H), 1.88 – 1.81 (m, 2H), 

0.87 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 163.2, 155.5, 152.3, 148.8, 138.0, 136.6, 

130.7, 126.7, 123.2, 122.9, 120.4, 114.3, 110.2, 97.1, 67.2 (2 × C), 51.3 (2 × C), 46.4, 23.2, 11.4, 

10.2. MS (ESI) m/z [M + H]+ calcd 377.19; found 377.1. HPLC, tR = 9.54 min, 98.79% purity. 

 

7-Bromo-3-methyl-5-(6-morpholino-1-propyl-1H-benzo[d]imidazol-2-yl)benzo[d]isoxazole 

(7b).  

Step 1: To a stirred solution of compound 25a (6 g, 30.9 mmol) in CH2Cl2 (40 mL) was added 

pyridine (10.0 mL, 123.6 mmol), followed by a dropwise addition of bromine (1.74 mL, 34.0 

mmol) in CH2Cl2 (10 mL) at 0 °C. The reaction mixture was stirred at room temperature for 2 h. 

The mixture was then cooled to 5 °C and 4 N HCl (23.2 mL, 92.7 mmol) was added dropwise. 

The organic layer was separated, dried over Na2SO4, and concentrated to afford a brown solid 

which was then stirred in DCM/petroleum ether (1:1, 30 mL) for 1 h. The solid was collected by 

filtration and dried to give methyl 3-acetyl-5-bromo-4-hydroxybenzoate (25b) as a brown solid 

(7.6 g, 90% yield). 1H NMR (500 MHz, CDCl3) δ 13.42 (s, 1H), 8.45 (d, J = 1.9 Hz, 1H), 8.42 (d, 

J = 1.8 Hz, 1H), 3.94 (s, 3H), 2.73 (s, 3H). 

Step 2: Methyl 3-bromo-4-hydroxy-5-(1-(hydroxyimino)ethyl)benzoate (26b) was prepared 

from 25b according to general procedure of step 3 as described for 7a. White solid, 85% yield. 

1H NMR (500 MHz, DMSO-d6) δ 13.47 (s, 1H), 12.13 (s, 1H), 8.06 (d, J = 1.5 Hz, 1H), 8.05 (d, 

J = 1.5 Hz, 1H), 3.84 (s, 3H), 2.33 (s, 3H). 

Step 3: Methyl 7-bromo-3-methylbenzo[d]isoxazole-5-carboxylate (27b) was prepared from 26b 

according to general procedure of step 4 as described for 7a. White solid, 78% yield. 1H NMR 

(500 MHz, CDCl3) δ 8.41 (s, 1H), 8.33 (s, 1H), 3.98 (s, 3H), 2.63 (s, 3H). 
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Step 4: 7-Bromo-3-methylbenzo[d]isoxazole-5-carboxylic acid (28b) was prepared from 27b 

according to general procedure of step 5 as described for 7a. White solid, 99% yield. 1H NMR 

(500 MHz, DMSO-d6) δ 8.47 (d, J = 1.2 Hz, 1H), 8.32 (d, J = 1.3 Hz, 1H), 2.62 (s, 3H). 

Step 5: 7-Bromo-3-methyl-N-(4-morpholino-2-(propylamino)phenyl)benzo[d]isoxazole-5-

carboxamide (33b) was prepared from 28b and 32a according to general procedure of step 9 as 

described for 7a. Yellow solid, 41% yield. 1H NMR (400 MHz, DMSO) δ 9.68 (s, 1H), 8.60 – 

8.40 (m, 2H), 6.95 (d, J = 8.1 Hz, 1H), 6.28 – 6.12 (m, 2H), 5.02 – 4.84 (m, 1H), 3.79 – 3.69 (m, 

4H), 3.13 – 3.06 (m, 4H), 3.05 – 2.99 (m, 2H), 2.63 (s, 3H), 1.64 – 1.50 (m, 2H), 0.92 (t, J = 6.8 

Hz, 3H). 

Step 6: The title compound 7b was prepared from 33b according to general procedure of step 10 

as described for 7a. White solid, 11% yield. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 1.1 Hz, 

1H), 7.95 (d, J = 1.1 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.04 (dd, J = 8.8, 2.1 Hz, 1H), 6.85 (d, J 

= 2.0 Hz, 1H), 4.23 – 4.15 (t, J = 7.6 Hz, 2H), 3.93 (t, J = 4.8 Hz, 4H), 3.23 (t, J = 4.8 Hz, 4H), 

2.63 (s, 3H), 1.91 – 1.80 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 160.9, 

156.3, 150.9, 149.1, 138.0, 136.7, 133.5, 128.5, 124.0, 121.6, 120.6, 114.5, 103.2, 97.0, 67.2 (2 × 

C), 51.2 (2 × C), 46.5, 23.3, 11.4, 10.5. MS (ESI) m/z [M + H]+ calcd 455.10 & 457.10; found 

455.3 & 457.5. HPLC, tR = 13.62 min, 96.09% purity. 

 

5-(1-Butyl-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-methylbenzo[d]isoxazole (7c). 

Compound 7c was prepared according to general procedure as described for 7a. White solid, 

31% yield. 1H NMR (500 MHz, CDCl3) δ 8.03 (d, J = 0.7 Hz, 1H), 7.84 (dd, J = 8.6, 1.5 Hz, 1H), 

7.71 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.04 (dd, J = 8.8, 2.1 Hz, 1H), 6.86 (d, J = 2.0 

Hz, 1H), 4.21 (t, J = 7.5 Hz, 2H), 3.93 (t, J = 5.0 Hz, 4H), 3.23 (t, J = 5.0 Hz, 4H), 2.63 (s, 3H), 
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1.83 – 1.76 (m, 2H), 1.31 – 1.26 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 163.2, 155.5, 152.2, 148.8, 137.9, 136.6, 130.7, 126.6, 123.1, 122.9, 120.4, 114.3, 110.2, 97.0, 

67.2 (2 × C), 51.3 (2 × C), 44.6, 31.9, 20.1, 13.7, 10.2. MS (ESI) m/z [M + H]+ calcd 391.21; 

found 391.1. HPLC, tR = 11.66 min, 97.39% purity. 

 

7-Bromo-5-(1-butyl-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-methylbenzo[d]isoxazole 

(7d). Compound 7d was prepared according to general procedure as described for 7b. White 

solid, 57% yield. 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 1.2 Hz, 1H), 7.96 (d, J = 1.2 Hz, 

1H), 7.71 (d, J = 8.8 Hz, 1H), 7.05 (dd, J = 8.8, 2.1 Hz, 1H), 6.85 (d, J = 2.0 Hz, 1H), 4.22 (t, J = 

7.6 Hz, 2H), 3.94 (t, J = 4.8 Hz, 4H), 3.23 (t, J = 4.8 Hz, 4H), 2.63 (s, 3H), 1.85 – 1.77 (m, 2H), 

1.35 – 1.26 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 160.9, 156.3, 150.7, 

149.0, 137.9, 136.7, 133.5, 128.4, 123.9, 121.6, 120.6, 114.5, 103.2, 96.9, 67.2 (2 × C), 51.2 (2 × 

C), 44.6, 31.9, 20.1, 13.7, 10.5. MS (ESI) m/z [M + H]+ calcd 469.12 & 471.11; found 469.1 & 

471.3. HPLC, tR = 19.95 min, 96.49% purity. 

 

5-(1-(2-Methoxyethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-methylbenzo[d]isoxazole 

(7e). Compound 7e was prepared according to general procedure as described for 7a. White solid, 

47% yield. 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 0.9 Hz, 1H), 8.01 (dd, J = 8.7, 1.6 Hz, 1H), 

7.72 (d, J = 8.8 Hz, 1H), 7.66 (d, J = 8.7 Hz, 1H), 7.05 (dd, J = 8.8, 2.2 Hz, 1H), 6.91 (d, J = 2.1 

Hz, 1H), 4.37 (t, J = 5.4 Hz, 2H), 3.93 (t, J = 4.8 Hz, 4H), 3.81 (t, J = 5.4 Hz, 2H), 3.31 (s, 3H), 

3.23 (t, J = 4.8 Hz, 4H), 2.63 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 163.3, 155.6, 152.9, 148.9, 

137.9, 136.8, 131.5, 126.3, 123.5, 123.0, 120.5, 114.4, 110.1, 97.2, 70.8, 67.2 (2 × C), 59.3, 51.3 

Page 58 of 80

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



 

(2 × C), 45.1, 10.2. MS (ESI) m/z [M + H]+ calcd 393.18; found 393.1. HPLC, tR = 7.62 min, 

96.61% purity. 

 

7-Bromo-5-(1-(2-methoxyethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7f). Compound 7f was prepared according to general procedure as 

described for 7b. White solid, 35% yield. 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 0.9 Hz, 1H), 

8.19 (d, J = 0.9 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.06 (dd, J = 8.8, 2.1 Hz, 1H), 6.87 (d, J = 1.9 

Hz, 1H), 4.37 (t, J = 5.2 Hz, 2H), 3.93 (t, J = 4.8 Hz, 4H), 3.85 (t, J = 5.2 Hz, 2H), 3.35 (s, 3H), 

3.23 (t, J = 4.8 Hz, 4H), 2.62 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 160.9, 156.4, 151.5, 149.0, 

137.8, 136.7, 134.4, 128.0, 123.7, 122.4, 120.6, 114.6, 102.9, 96.9, 70.6, 67.2 (2 × C), 59.3, 51.1 

(2 × C), 45.2, 10.4. MS (ESI) m/z [M + H]+ calcd 471.10 & 473.09; found 471.0 & 473.0. HPLC, 

tR = 11.55 min, 95.69% purity. 

 

5-(1-(Cyclopropylmethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7g). Compound 7g was prepared according to general procedure as 

described for 7a. White solid, 30% yield. 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 0.7 Hz, 1H), 

7.85 (dd, J = 8.6, 1.5 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.05 (dd, J = 

8.8, 2.2 Hz, 1H), 6.94 (d, J = 2.0 Hz, 1H), 4.11 (d, J = 6.5 Hz, 2H), 3.94 (t, J = 4.8 Hz, 4H), 3.23 

(t, J = 4.8 Hz, 4H), 2.63 (s, 3H), 1.21 – 1.13 (m, 1H), 0.53 (q, J = 5.8 Hz, 2H), 0.16 (q, J = 5.1 

Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 163.2, 155.5, 152.3, 148.8, 137.9, 136.8, 130.9, 126.7, 

123.1, 123.0, 120.4, 114.4, 110.2, 97.3, 67.2 (2 × C), 51.3 (2 × C), 49.0, 11.4, 10.3, 4.6 (2 × C). 

MS (ESI) m/z [M + H]+ calcd 389.19; found 389.1. HPLC, tR = 9.54 min, 96.51% purity. 
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7-Bromo-5-(1-(cyclopropylmethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7h). Compound 7h was prepared according to general procedure as 

described for 7b. White solid, 37% yield. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 1.1 Hz, 1H), 

7.98 (d, J = 1.0 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.05 (dd, J = 8.8, 2.1 Hz, 1H), 6.93 (d, J = 2.0 

Hz, 1H), 4.12 (d, J = 6.4 Hz, 2H), 3.94 (t, J = 4.8 Hz, 4H), 3.24 (t, J = 4.8 Hz, 4H), 2.63 (s, 3H), 

1.22 – 1.13 (m, 1H), 0.58 (q, J = 5.5 Hz, 2H), 0.21 (q, J = 5.2 Hz, 2H). 13C NMR (126 MHz, 

CDCl3) δ 160.9, 156.3, 150.8, 149.0, 137.8, 136.9, 133.7, 128.4, 123.9, 121.8, 120.5, 114.6, 

103.1, 97.2, 67.2 (2 × C), 51.2 (2 × C), 49.1, 11.4, 10.5, 4.7 (2 × C). MS (ESI) m/z [M + H]+ 

calcd 467.10 & 469.10; found 467.0 & 469.0. HPLC, tR = 15.35 min, 96.73% purity. 

 

5-(1-(Sec-butyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-methylbenzo[d]isoxazole (7i).  

Step 1: Compound 28a (199 mg, 1.12 mmol), N1-(sec-butyl)-5-morpholinobenzene-1,2-diamine 

(279.3 mg, 1.12 mmol), 2-chloro-1-methylpyridinium iodide (687.2 mg, 2.69 mmol) and 

tributylamine (966.4 mg, 5.38 mmol) were dissolved in toluene (15 mL). The reaction mixture 

was stirred under N2 atmosphere for 16 h at 90 °C. Afterwards the solvent was evaporated. The 

residue was extracted with EtOAc (3 × 20 mL) and washed with brine. The organic phase was 

dried over Na2SO4 and concentrated under reduced pressure. The crude product was purified by 

silica gel chromatography to give N-(2-(sec-butylamino)-4-morpholinophenyl)-3-

methylbenzo[d]isoxazole-5-carboxamide (33i) as a white solid (63 mg, 14% yield). 1H NMR 

(400 MHz, DMSO-d6) δ 9.64 (s, 1H), 8.52 (s, 1H), 8.24 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 8.8 Hz, 

1H), 6.97 (d, J = 8.1 Hz, 1H), 6.30 – 6.15 (m, 2H), 4.42 (d, J = 7.8 Hz, 1H), 3.74 (t, J = 4.8 Hz, 

4H), 3.51 – 3.35 (m, 1H), 3.08 (t, J = 4.8 Hz, 4H), 2.62 (s, 3H), 1.60 – 1.47 (m, 1H), 1.47 – 1.37 

(m, 1H), 1.11 (d, J = 6.3 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H). 
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Step 2: The title compound 7i was prepared from 33i according to general procedure of step 10 

as described for 7a. White solid, 42% yield. 1H NMR (400 MHz, CDCl3) δ 7.96 (s, 1H), 7.76 – 

7.70 (m, 2H), 7.67 (d, J = 8.6 Hz, 1H), 7.03 (d, J = 8.4 Hz, 2H), 4.48 – 4.39 (m, 1H), 3.93 (t, J = 

4.8 Hz, 4H), 3.21 (t, J = 4.8 Hz, 4H), 2.63 (s, 3H), 2.25 – 2.14 (m, 1H), 1.93 – 1.82 (m, 1H), 1.70 

(d, J = 7.0 Hz, 3H), 0.67 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 163.2, 155.5, 153.0, 

148.22, 138.7, 134.5, 131.0, 127.0, 123.2, 123.1, 120.7, 114.2, 110.1, 99.4, 67.2 (2 × C), 55.0, 

51.4 (2 × C), 28.1, 20.0, 11.3, 10.2. MS (ESI) m/z [M + H]+ calcd 391.49; found 391.4. HPLC, tR 

= 10.64 min, 99.11% purity. 

 

5-(1-Benzyl-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-methylbenzo[d]isoxazole (7j). 

Compound 7j was prepared according to general procedure as described for 7i. White solid, 52% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.91 ((d, J = 0.7 Hz, 1H), 7.80 (dd, J = 8.8, 1.6 Hz, 1H), 

7.77 (d, J = 9.0 Hz, 1H), 7.57 (d, J = 8.7 Hz, 1H), 7.43 – 7.30 (m, 3H), 7.15 (d, J = 6.6 Hz, 2H), 

7.06 (dd, J = 8.8, 2.2 Hz, 1H), 6.71 (d, J = 2.1 Hz, 1H), 5.40 (s, 2H), 3.87 (t, J = 4.8 Hz, 4H), 

3.14 (t, J = 4.8 Hz, 4H), 2.49 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 163.3, 155.5, 152.7, 149.1, 

137.9, 137.5, 136.7, 130.8, 129.4 (2 × C), 128.1, 126.1 (2 × C), 126.0, 123.0, 122.7, 120.5, 114.4, 

110.3, 96.9, 67.1 (2 × C), 51.0 (2 × C), 48.5, 10.1. MS (ESI) m/z [M + H]+ calcd 425.50; found 

425.5. HPLC, tR = 10.38 min, 98.94% purity. 

 

5-(1-(Cyclohexylmethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7k). Compound 7k was prepared according to general procedure as 

described for 7a. White solid, 34% yield. 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 0.9 Hz, 1H), 

7.82 (dd, J = 8.6, 1.6 Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 8.6 Hz, 1H), 7.03 (dd, J = 
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8.8, 2.2 Hz, 1H), 6.84 (d, J = 2.1 Hz, 1H), 4.08 (d, J = 7.4 Hz, 2H), 3.94 (t, J = 4.8 Hz, 4H), 3.23 

(t, J = 4.8 Hz, 4H), 2.63 (s, 3H), 1.82 – 1.72 (m, 1H), 1.61 – 1.51 (m, 3H), 1.45 (d, J = 12.6 Hz, 

2H), 1.12 – 0.98 (m, 3H), 0.81 – 0.69 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 163.2, 155.5, 

152.7, 148.7, 137.9, 136.9, 131.0, 127.0, 123.1, 123.0, 120.4, 114.2, 110.2, 97.5, 67.2 (2 × C), 

51.3 (2 × C), 51.0, 38.2, 31.0 (2 × C), 26.1, 25.6 (2 × C), 10.3. MS (ESI) m/z [M + H]+ calcd 

431.24; found 431.1. HPLC, tR = 20.92 min, 98.48% purity. 

 

7-Bromo-5-(1-(cyclohexylmethyl)-6-morpholino-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7l). Compound 7l was prepared according to general procedure as 

described for 7b. White solid, 46% yield. 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 1.2 Hz, 1H), 

7.94 (d, J = 1.2 Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H), 7.04 (dd, J = 8.8, 2.1 Hz, 1H), 6.84 (d, J = 2.0 

Hz, 1H), 4.09 (d, J = 7.3 Hz, 2H), 3.94 (t, J = 4.8 Hz, 4H), 3.24 (t, J = 4.8 Hz, 4H), 2.64 (s, 3H), 

1.82 – 1.76 (m, 1H), 1.62 – 1.55 (m, 3H), 1.47 (d, J = 12.8 Hz, 2H), 1.14 – 1.00 (m, 3H), 0.83 – 

0.74 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 160.8, 156.3, 151.2, 149.0, 137.9, 137.0, 133.7, 

128.8, 123.9, 121.7, 120.6, 114.4, 103.2, 97.4, 67.2 (2 × C), 51.2 (2 × C), 51.1, 38.4, 31.1 (2 × C), 

26.1, 25.9 (2 × C), 10.5. MS (ESI) m/z [M + H]+ calcd 509.15 and 511.15; found 509.1 and 511.1. 

HPLC, tR = 35.13 min, 98.97% purity. 

 

(S)-5-(1-(Cyclohexylmethyl)-6-(3-methylmorpholino)-1H-benzo[d]imidazol-2-yl)-3-

methylbenzo[d]isoxazole (7m). Compound 7m was prepared according to general procedure as 

described for 7a. White solid, 60% yield. 1H NMR (500 MHz, CDCl3) δ 8.01 (s, 1H), 7.83 (dd, J 

= 8.6, 1.5 Hz, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.07 (dd, J = 8.7, 2.0 Hz, 

1H), 6.93 (d, J = 1.8 Hz, 1H), 4.09 (d, J = 7.3 Hz, 2H), 4.01 – 3.97 (m, 1H), 3.96 – 3.92 (m, 1H), 
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3.87 – 3.82 (m, 1H), 3.69 – 3.62 (m, 2H), 3.24 – 3.19 (m, 1H), 3.14 – 3.09 (m, 1H), 2.64 (s, 3H), 

1.81 – 1.72 (m, 1H), 1.60 – 1.53 (m, 3H), 1.45 (t, J = 11.7 Hz, 2H), 1.12 – 1.04 (m, 3H), 1.03 (d, 

J = 6.2 Hz, 3H), 0.79 – 0.72 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 163.2, 155.5, 152.9, 147.3, 

138.7, 137.0, 131.0, 127.1, 123.2, 123.0, 120.4, 116.2, 110.2, 101.2, 72.7, 67.6, 53.5, 51.0, 48.7, 

38.4, 31.0, 31.0, 26.2, 25.7, 25.7, 12.8, 10.2. MS (ESI) m/z [M + H]+ calcd 445.25; found 445.2. 

HPLC, tR = 19.41 min, 99.47% purity. 

 

(S)-7-Bromo-5-(1-(cyclohexylmethyl)-6-(3-methylmorpholino)-1H-benzo[d]imidazol-2-yl)-

3-methylbenzo[d]isoxazole (7n). Compound 7n was prepared according to general procedure as 

described for 7b. White solid, 16% yield. 1H NMR (500 MHz, CDCl3) δ 8.03 (s, 1H), 7.95 (s, 

1H), 7.71 (d, J = 8.7 Hz, 1H), 7.07 (d, J = 8.7 Hz, 1H), 6.92 (s, 1H), 4.09 (d, J = 7.2 Hz, 2H), 

4.01 – 3.98 (m, 1H), 3.95 (d, J = 8.6 Hz, 1H), 3.84 (t, J = 8.3 Hz, 1H), 3.69 – 3.66 (m, 2H), 3.22 

(t, J = 8.5 Hz, 1H), 3.13 – 3.10 (m, 1H), 2.64 (s, 3H), 1.83 – 1.73 (m, 1H), 1.62 – 1.56 (m, 3H), 

1.47 (t, J = 11.1 Hz, 2H), 1.14 – 1.05 (m, 3H), 1.04 (d, J = 5.7 Hz, 3H), 0.85 – 0.74 (m, 2H). 13C 

NMR (126 MHz, CDCl3) δ 160.8, 156.4, 151.4, 147.5, 138.4, 137.0, 133.6, 128.7, 123.9, 121.7, 

120.5, 116.1, 103.2, 100.8, 72.6, 67.5, 53.3, 51.1, 48.2, 38.5, 31.1, 31.0, 26.1, 25.7, 25.7, 12.7, 

10.5. MS (ESI) m/z [M + H]+ calcd 523.16 and 525.16; found 523.0 and 525.0. HPLC, tR = 3.83 

min, 98.68% purity. 

 

5.3. Biological Evaluation. 

5.3.1. Protein Expression and Purification.  

Bromodomain containing proteins expression and purification were carried out as previously 

described.23 (For details, see Supporting Information) 
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5.3.2. Thermal Shift Assay (ΔTm).  

Bromodomain thermal shift (ΔTm) assays were carried out as previously described.23 (For details, 

see Supporting Information) 

 

5.3.3. AlphaScreen Assay.  

Bromodomain AlphaScreen assays were carried out as previously described.23 (For details, see 

Supporting Information) 

 

5.3.4. Isothermal Titration Calorimetry (ITC).  

The ITC measurements were carried out using an ITC200 instrument (Microcal, GE Healthcare). 

All experiments were performed at 25 °C while stirring at 1,000 rpm in an ITC buffer (25 mM 

HEPES, 150 mM NaCl, 0.5 mM TCEP, 5% glycerol and pH 7.5). All titrations of bromodomain 

containing proteins into ligands were performed using an initial injection of 0.5 µL followed by 

20 identical injections of 2 µL with a duration of 4 seconds per injection and a spacing of 180 

seconds between injections. The stock solutions of ligands and the bromodomain containing 

proteins were diluted with the ITC buffer to a compound concentration of 40-60 µM and protein 

concentration of 500-600 µM before titrations. The final concentration of DMSO in the reaction 

buffer is less than 0.25% of the total volume. In order to estimate the background of the heat of 

dilution for the proteins, the proteins were titrated into ITC buffer on separate experiments. Data 

was corrected for heats of dilution by subtracting the data from independent titrations of proteins 

into buffer. In all the cases, a single binding site mode was employed and a nonlinear least-

squares algorithm was used to obtain best-fit values of the stoichiometry (n), change in enthalpy 

(ΔH), and binding constant (Kd). Thermodynamic parameters were subsequently calculated with 
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the formula ΔG = ΔH − TΔS = −RTlnK, where ΔG, ΔH, ΔS, T, and R are the changes in free 

energy, enthalpy, entropy of binding, experimental temperature, the gas constant, respectively. 

Dissociation constants and thermodynamic parameters are listed in Table 4. Titrations were run 

in triplicate to ensure reproducibility. MicroCalTM Origin7 software was used to collect and 

process the data. 

 

5.3.5. Crystallization, Data Collection, and Structure Determination.  

The purified and concentrated (10-15 mg/mL) BRD4(1) protein was incubated with ligands at a 

molar ratio of 1:3 for 40 minutes on ice. All crystallizations were carried out using the sitting 

drop vapor diffusion method in 24-well plate at 4 °C. Crystals of BRD4(1) with ligands were 

grown by mixing 1 µL of the protein (8-15 mg/mL) with 1 µL of reservoir solution containing 

various well buffer. Crystals of BRD4(1) with 5t, 6a, 6e, 6f, 6i, 6j, 6m were grown with 

reservoir solution containing 0.2 M NaNO3, 0.1 M HEPES, pH 7.0-8.5, 20% PEG3350 and 10% 

ethylene glycol. 

 

Most crystals appeared in 2 days and grew to full size approximately one week. Crystals were 

cryo-protected using the well solution supplemented with additional ethylene glycol and were 

flash frozen in liquid nitrogen. All diffraction data were collected on beamlines BL17U and 

BL19U1 at Shanghai Synchrotron Radiation Facilities (SSRF) at 100 K. Data sets were 

processed (indexing and integration) using the program MOSFLM41 and scaled using Aimless 

from the Collaborative Computational Project 4 (CCP4) program suite.42 Molecular replacement 

was performed with the CCP4 program Phaser43 using BRD4(1)-JQ1 complex structure (PDB 

code: 3MXF) as a search model. The model was refined using CCP4 program REFMAC544 and 
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rebuilt with COOT.45 The quality of the models was checked using MolProbity.46 Structure 

figures were prepared using the program PyMOL. The statistics of data collection and the model 

refinement are summarized in Supporting Information Table S1. Crystals of 5t, 6a, 6f, 6i, 6j, and 

6m with BRD4(1) diffracted to resolutions of 1.84, 1.76, 1.62, 1.87, 2.00, and 1.42 Å, 

respectively. The coordinates were deposited in the PDB with the following IDs: 5Y8Z for 

compound 5t, 5Y8W for compound 6a, 5Y93 for compound 6f, 5Y8Y for compound 6i, 5Y94 

for compound 6j, 5Y8C for compound 6m. 

 

5.3.6. Cell Viability and Cell Colony Formation Assays.  

LNCaP, C4-2B, 22Rv1 and VCaP prostate cancer cells were cultured in RPMI1640 with 10% 

FBS at 37 °C and an atmosphere of 5% CO2. For cell viability, cells were seeded in 384-well 

plates at 500−1000 cells per well (optimum density for growth) in a total volume of 20 μL of 

media. After 12 h, 10 μL chemical compounds with 2-fold or 3-fold serial dilution was added to 

each well with final concentration from 5 nM to 100 μM. The measurement was conducted 96 h 

after seeded for LNCaP, C4-2B, and 22Rv1, and 144 h after seeded for VCaP. Then, 25 μL of 

CellTiter-GLO reagents (Promega) was added, and luminescence was measured on GLOMAX 

microplate luminometer (Promega), according to the manufacturer’s instructions. The estimated 

in vitro half-maximal inhibitory concentration (IC50) values were calculated using GraphPad 

Prism 6 software. Further experimental details for other cell lines are provided in Supporting 

Information. 
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For long-term colony formation assay, 2000 cells per well were seeded in 6-well plates and 

treated with vehicle or 0.5 μM, 1 μM or 2 μM of compound 6i or 7m. After 14 days, cells were 

fixed with methanol, stained with crystal violet and photographed.  

 

5.3.7. Analysis of mRNA Expression in Cells.  

LNCaP and VCaP cells were plated at 1.5 × 105 cells per well in 12-well plates. 24 h later, cells 

were treated with vehicle, JQ1 (1) (5 µM), 6i (5 µM) or 7m (5 µM) for 48 h. Total RNA was 

extracted by Eastep® Super Total RNA Extraction Kit and reverse transcribed using All-in-oneTM 

First-Strand cDNA Synthesis Kit. Quantitative real time PCR (qRT-PCR) was performed in 

triplicate using standard SYBR green reagents on a Bio-Rad CFX96 Real-Time PCR system. 

Analysis was performed on triplicate PCR data for each biological duplicate (normalized to β-

actin). The primer sequences for qPCR used are as follows: AR-FL-fwd, CAG TGG ATG GGC 

TGA AAA AT; AR-FL_rev, GGA GCT TGG TGA GCT GGT AG; AR-V7_fwd, CAG GGA 

TGA CTC TGG GAG AA; AR-V7_rev, GCC CTC TAG AGC CCT CAT TT; PSA_fwd, CAC 

AGG CCA GGT ATT TCA GGT; PSA_rev, GAG GCT CAT ATC GTA GAG CGG; KLK2_fwd, 

CAA CAT CTG GAG GGG AAA GGG; KLK2_rev, AGG CCA AGT GAT GCC AGA AC; 

TMPRSS2_fwd, CAA GTG CTC CAA CTC TGG GAT; TMPRSS2_rev, AAC ACA CCG ATT 

CTC GTC CTC; ERG_fwd, CGC AGA GTT ATC GTG CCA GCA GAT; ERG_rev, CCA TAT 

TCT TTC ACC GCC CAC TCC; C-MYC_fwd, GGC TCC TGG CAA AAG GTC A; C-

MYC_rev, CTG CGT AGT TGT GCT GAT GT; β-Actin_fwd, GAG AAA ATC TGG CAC CAC 

ACC; β-Actin_rev, ATA CCC CTC GTA GAT GGG CAC. 

 

5.3.8. PSA Luciferase Reporter Gene Assay. 
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LNCaP cells were seeded in 24-well plates and transiently transfected using Lipofectamine 3000 

(Invitrogen) according to the manufacturer’s instructions. 200 ng PSA-Luc plasmid (PSA 

promoter driven luciferase reporter plasmid, a gift from Dr. H. Eric Xu) and 10 ng renilla 

luciferase expression plasmid per well were cotransfected into LNCaP cells. Compounds were 

added 24 h after transfection. The cells were harvested after another 24 h for a luciferase assay 

using the dual-luciferase reporter assay system (Promega). Luciferase activities were normalized 

to renilla activity, which was co-transfected as an internal control. All of the assays were 

performed in triplicate, and the standard deviations were calculated accordingly. 

 

5.3.9. In vivo Efficacy Studies in C4-2B Xenograft Model in Mice.  

Four-week-old male mice (strain: C.B-17/IcrHsd-Prkdcscid for C4-2B) were purchased from 

Envigo, Inc and used for tumor inoculation. Each mouse was inoculated subcutaneously at the 

dorsal flank on both sides of the mice with C4-2B tumor cells (2 × 106 cells) in a mixture of 100 

µL PBS and Matrigel (1:1). When the tumor volume reached approximately 100 mm3, the mice 

were randomized into groups (n = 5 to 7 per group) and then treated intraperitoneally (i.p.) with 

100 µL of either vehicle or 6i and 7m (in a formulation of 15% Cremophor EL, Calbiochem, 

82.5% PBS and 2.5% dimethyl sulfoxide (DMSO)) for five times per week. The length (L) and 

width (W) of the tumor mass were monitored by calipers, and volume was expressed in mm3 

calculated with the equation: V = π/6 × (L × W2). Tumor growth inhibition (TGI) was calculated 

using the equation: TGI = [1 − (T − T0)/(C − C0)] × 100, wherein, T and T0 are the mean tumor 

volumes on a specific experimental day and on the first day of treatment, respectively, for the 

test groups; and likewise C and C0 are the mean tumor volumes for the vehicle group. The 
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procedures were approved by the Institutional Animal Care and Use Committee of the University 

of California, Davis. 
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BRD, bromodomain; BET, bromodomain and extraterminal domain; SAR, structure activity 

relationship; TSA, thermal shift assay; PCa, prostate cancer; CRPC, castration-resistant prostate 

cancer; PSA, prostatic specific antigen; Enz, Enzalutamide; Abi, Abiraterone 
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