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ABSTRACT
The deubiquitinating enzyme, ubiquitin C-terminal hydrolase L3 (UCHL3), has been 
implicated as a potential therapeutic target for cancer with a role in regulating the DNA 
damage response pathways. While the target has been studied using genetic methods 
there is a lack of reliable chemical probes to selectivity target UCHL3. In this study we 
report hit identification and optimisation of a new chemical scaffold that irreversibly 
inhibits UCHL3. The observed structure-activity relationships are corroborated by 
ligand-bound crystal structures that confirm covalent adduct formation with the 
catalytic cysteine of the enzyme. Finally, through gel-shift assays using a ubiquitin 
activity-based probe we demonstrate on-target engagement with UCHL3 in two cell 
lines. The work as a whole presents a comprehensive evaluation of the new scaffold 
that can be utilised to probe UCHL3 in different biological contexts.

Introduction

Ubiquitination is a posttranslational modification that covalently binds the signalling protein ubiquitin to 
target proteins. This modification plays essential roles in several cellular processes, including protein deg-
radation, proteostasis, DNA repair, autophagy, cell signalling, and cell cycle regulation1–3. Ubiquitination 
can be reversed by deubiquitinating enzymes (DUBs) that remove ubiquitin from proteins and rescue 
them from degradation4. Cysteine proteases are a primary class of DUBs that catalyse the hydrolysis of 
the isopeptide bond between the C-terminus of ubiquitin and a lysine side chain on the substrate5.  
The dysregulation of DUBs are related to multiple health conditions such as cancer, neurodegenerative 
diseases, cardiovascular diseases, and inflammatory disorders6.

Ubiquitin C-terminal Hydrolase L3 (UCHL3) belongs to the UCH family of cysteine proteases. It regu-
lates proteostasis5,7,8, cell cycle control9, and DNA damage repair pathways10–12. UCHL3 promotes the 
growth of breast cancer10,11, lung cancer13, pancreatic cancer7,9, bladder cancer14, ovarian cancer15,16, and 
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colorectal cancer17 via different signalling pathways. One of the common pathways with which UCHL3 is 
implicated in cancer is through DNA damage repair pathways where deubiquitination and stabilisation 
of RAD51, a key protein in DNA repair, enhances homologous recombination DNA repair and reduces 
breast cancer cell susceptibility to DNA damage agents such as radiation and chemotherapy11. Knockdown 
of UCHL3 in triple-negative breast cancer and non-small cell lung cancer models makes tumours cells 
more susceptible to radiation or topoisomerase inhibitor treatment. Aberrant over expression of UCHL3 
is also implicated in regulating aryl hydrocarbon receptor (AhR) stability in triple-negative breast cancer 
and non-small cell lung cancer13,18. In this case, UCHL3 removes the polyubiquitin chain from AhR and 
stabilises AhR in the nucleus, leading to downstream enhanced tumour proliferation. Importantly, genetic 
depletion of UCHL3 can abrogates this effect10,11. Similar results have been noted in bladder cancer, 
where UCHL3 activates the Wnt signalling by stabilising β-catenin14 Finally, UCHL3 also deubiquitinates 
the TNF Receptor Associated Factor 2 (TRAF2) to rescue it from degradation, consequently upregulating 
the Nuclear Factor kappa-B cells (NF-κB)-associated inflammatory response contributing to the progres-
sion of ovarian cancer15. Again, genetic depletion of UCHL3 prevent these tumorigenic events7–11,13–18.

The growing evidence of aberrant UCHL3 overexpression as an oncogenic driver suggests its potential 
as a therapeutic target in cancer therapy. However, the currently available small molecule UCHL3 inhib-
itors have significant liabilities. The molecule 4,5,6,7-Tetrachloroindan-1,3-dione (TCID) (Figure 1) has been 
reported as a UCHL3 inhibitor19 and although TCID can suppress cancer cell proliferation and downreg-
ulate stem cell-like properties in several cancer types12, no structural evidence or target engagement 
data is available to validate its direct UCHL3 binding in cells. More recently, reports of an AKT inhibitor, 
perifosine (Figure 1), suggested the molecule can enhance the PARP antitumor effect by inhibiting 
UCHL3-mediated RAD51 activity10. Similarly, the molecule does not inhibit recombinant UCHL3 in stan-
dard enzymatic assays and the direct engagement of perifosine and UCHL3 has not been demon-
strated10,20. Another strategy employed to probe UCHL3 was development of Ub-variants that selectivity 
target the enzyme over other DUBs20,21, although this approach has clear limitations in only being able 
to dose whole cells with protein. Taken together, there is a clear need for a new approach to pharma-
cologically probe UCHL3 to validate its therapeutic potential in cancer.

To this end, we conducted a high-throughput screen against UCHL3 to identify hits and tested the 
hits against the close homolog UCHL1. From this hit identification we carried out structure-activity rela-
tionship (SAR) optimisation to arrive at a low µM inhibitor. Finally, we report, to the best of our knowl-
edge, the first inhibitor bound UCHL3 crystal structures that were used to gain further insight into 
engagement with the enzyme.

Results

High-throughput screen of covalent fragment library against UCHL3

To identify UCHL3 inhibitors, our team employed a similar the approach to exploit the active site cyste-
ine with covalent inhibitors as we have previously reported22–24. To achieve this, a 1700-member covalent 
fragment library from Enamine (Kyiv, Ukraine) containing four known cysteine focused electrophiles; 
acrylamides, chloroacetamides, activated nitriles and epoxides, was screened against recombinant UCHL3. 
The screening assay we employed was a fluorescence-based ubiquitin-rhodamine 110 (Ub-Rho) enzy-
matic activity assay. Prior to screening, a Z’ analysis was conducted resulting in a Z’ of 0.80 providing a 

Figure 1. S tructures of prior reported UCHL3 inhibitors TCID and Perifosine.
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sufficient signal-to-noise window to provide reliable data to identify hits from screening25. During the 
screening campaign, iodoacetamide served as a positive control while DMSO served as negative control. 
A 1-h preincubation with inhibitor and enzyme was selected based on our previous experience with DUB 
inhibitors. Fragments were screened in singlet at a concentration of 500 µM with 1-h preincubation prior 
to addition of Ub-Rho substrate and subsequent reading. Hits criteria were set at greater than 90% inhi-
bition where percent inhibition was determined compared to DMSO control set to 100% activity. The 
fragment screen using this hit criteria yielded 34 initial hits (Figure 2A). The hits were then validated in 
triplicate using the Ub-Rho assay resulting in 8 triaged molecules that did not reach 90% inhibition and 
26 validated hits for a hit rate of 1.5% (Figure 2B). The 26 hits were then counter screened in triplicate 
against closely related UCHL1 to identify scaffolds selective for UCHL3 (Figure 2C). The criteria for the 
counter screen were <25% percent inhibition against UCHL1. Overall, 14 hits met the hit criteria and 
were then carried into dose response studies against both DUBs. From the dose response studies, mol-
ecule 4 emerged as our prioritised hit due to its potency against UCHL3 (IC50 = 57 µM) and selectivity 
over UCHL1 (IC50 >500 µM) (Figure 2D). Molecule 4 achieved a ligand efficiency of 0.3 kcal/mol/heavy 
atom and lipophilic ligand efficiency of 1.44 which are accepted values (LE) or close to accepted (LLE) 
for fragment hits.

Hit molecule 4 covalently modifies catalytic Cys95 of UCHL3

Intact mass spectrometry was conducted to determine the adduct to unmodifies protein ratio. 
Chloroacetamide electrophiles are relatively reactive towards nucleophilic residues; thus, we wanted to 
determine if more than one molecule covalently modified UCHL3 at other Cys residues. Hit 4 was incu-
bated with recombinant UCHL3 protein in a 2:1 ligand:protein ratio for 1 h then evaluated with intact 
protein mass spectrometry. The data indicated a mass shift of approximately 256 Da (Table 1 and Figure 
S1), which equates to a single adduct formation of 4 with UCHL3, presumable at the catalytic Cys95.

Figure 2. C ovalent fragment screening results to identify UCHL3 inhibitors using the ubiquitin rhodamine 110 enzy-
matic activity assay. (A) Primary fragment screen against UCHL3 (n = 1). Red line represents hit cut-off of >90% inhibi-
tion. (B) Hit validation performed against UCHL3 (n = 1). Red line represents hit cut-off of >90% inhibition. (C) Counter 
screen of hit molecules against UCHL1 (n = 1). (D) Chemical structure of hit 4 and Ub-Rho 110 assay dose-response. 
Data reported as mean ± SD (n = 3).
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The hit 4 was carried forward into crystallographic studies to determine binding pose with UCHL3. 
The molecule was pre-incubated with recombinant UCHL3 (1:5 ratio) for 1 h at room temperature to 
form the complex, as indicated by the appropriate mass shift (Table 1), and subsequently purified and 
crystallisation trials were conducted to determine its pose. We solved the X-ray crystal structure of 
UCHL3 covalently bound to 4 to a resolution of 1.95 Å in the P21 space group (Figure 3; ID: 
pdb_000013CU, data collection and refinement statistics presented in Table S1). This structure showed 
three chains in the asymmetric unit with a single ligand covalently bounds to the catalytic Cys95 on 
chains A and B but no ligand was observed in Chain C, corroborating our observation of partial inhi-
bition from intact mass spectrometry. The poses for molecule 4 in chains A and B were found to be 
at the interface of those chains (Figure 3A). Each chain viewed individually demonstrates the flexibil-
ity of 4, particularly the pyridine-thioether tail, rotating in different directions (Figure 3B–D). The pres-
ence of two poses is likely attributed to the expected low affinity of the ligand for the target at the 

Table 1.  Intact protein mass spectrometry for UCHL3 with and without 4.
Theoretical Mass (Da) Observed Mass (Da) Mass Error (ppm)

UCHL3 WT 26950.35 26950.60 9.28
Hit Molecule Δm (Da) Theoretical Mass (Da) Observed Mass (Da) Mass Error (ppm) IC50 (μM)
4a,b 256.06 27206.41 27206.69 10.34 57
aIncubated at 2:1 ligand:protein ratio.
b4 MW = 293 Da MW without chlorine = 258 Da.

Figure 3. L igand-bound crystal structure of UCHL3 in complex with 4 at 1.95 Å (ID: pdb_000013CU). (A) Full asymmetric 
unit showing three UCHL3 chains with 4 depicted as spheres in each chain. Omit |2 F0 – Fc| electron density map for 
each chain shown in insets. (B) Chain A (gray) with 4 (orange sticks). (C) Chain B (magenta) with 4 (green sticks). Water 
molecules as red tetrahedrons and hydrogen bonds depicted by yellow dashed lines.

https://doi.org/10.1080/14756366.2026.2755714
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hit identification stage, making it difficult to select one specific pose that may be more relevant for 
further ligand optimisation. Therefore, the structures were not utilised for design of analogs. 
Nevertheless, they confirmed single-adduct formation of 4 to the catalytic Cys95 in the cova-
lent adduct.

Chemistry

Based on the structural architecture of chloroacetamides, they have been synthesised by using different 
reaction strategies (Schemes 1–5). Scheme 1 depicts the synthetic strategy for compounds 4–10 using 
commercially available 3-nitrobenzylbromide 1. The desired thiophenol/phenol/Boc-amines were made to 
react with 3-nitrobenzylbromide 1 under potassium carbonate conditions at 60 °C generated correspond-
ing nitro derivatives (2a-g). Iron-mediated reduction of nitro to amine followed by the treatment with 
desired acid chlorides generated compounds 4–9. Finally, boc-deprotection of intermediate 10a with HCl 
afforded the hydrochloride salt of compound 10. Similarly, commercially available amines 11 have been 
subjected to react with chloroacetyl chloride in the presence of Et3N, giving corresponding chloroacet-
amides 12–17 (Scheme 2).

Compounds 22–29 have been synthesised by following a three-step procedure using commercially 
available starting materials such as 3-nitrophenylisocyanate and desired amines (Scheme 3). The reaction 
between amine 18 and 3-nitrophenylisocyanate 19 in acetonitrile provided corresponding urea deriva-
tives 20a-h. Reduction of nitro to amine under iron/AcOH conditions generated amines 21a-h. Finally, 
amines 21a-h have been treated with chloroacetyl chloride in the presence of Et3N to get corresponding 
chloroacetamides 22–29.

Most of the chloroacetamides 32–88 were synthesised by using general reaction strategy as shown in 
Scheme 4. This strategy has been designed based on substrate availability and functional group toler-
ance. Commercially available amines 18 were made to react either with acid chloride or acid 30 under 
Et3N or HATU/DIPEA to get corresponding amides. The desired amines were accessed either by nitro 
reduction using Fe/NH4Cl or H2-Pd/C reaction conditions or by Boc-deprotection using TFA. The crude 
amines were acylated with chloroacetyl chloride to generate compounds 32–36 and 38. Finally, some of 
the intermediates were converted to desired compounds 37, 39, 41, 67–70, 77–79, 81–83 either by 

Scheme 1. R eagents and reaction conditions: (a) Thiol/phenol/amine(pyridine derivatives as well) (1 eq), K2CO3 (1.2 Eq), 
DMF, 60 ˚C, 59–89%; (b) Fe powder (5 eq), 1:2:2 H2O, ethanol, acetic acid, sonication, RT, 45–92%; (c) Acid chloride (1.1 
eq), Et3N (1.5 eq), THF, 0 ˚C – RT, 40–66%; (d) HCl in Et2O, Et2O, 0 ˚C – RT, 77%.

Scheme 2. R eagents and reaction conditions: (a) chloroacetyl chloride (1.1 eq), Et3N (1.5 eq), THF, 0 ˚C – RT, 70–90%.

Scheme 3. R eagents and reaction conditions: a) CH3CN, RT, 2 h, 82–92%; (b) Fe powder (5 eq), 1:2:2 H2O, ethanol, acetic 
acid, sonication, rt, 2 h, 50–67%; (c) chloroacetyl chloride (1.1 Eq), Et3N (1.5 eq), THF, 0 ˚C – RT, o/n, 27–82%.
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using palladium-catalyzed hydrogenation or by Boc-deprotection with TFA. To have different warheads in 
place of chloroacetamides, the different reaction strategy was followed as shown in Scheme 5. The amine 
89 was coupled with 2-hydroxyacetic acid under HATU/DIPEA conditions, affording alcohol 90, which was 
further reacted with benzylsulfamoyl and methylsulfamoyl chloride to get corresponding sulfamides 91 
and 92 respectively. Similarly, compound 89 was treated with fluoroacetyl chloride and chloromethane-
sulfonyl chloride to access corresponding amides 93 and 94. Amine 89 on treatment with zinc cyanide 
and N-chlorosuccinimide generated N-cyano derivative 95.

Structure-activity relationship of cysteine targeted irreversible inhibitors of UCHL3

The inhibitory activities of target compounds against UCHL3 were assessed using the standard 
fluorescence-based ubiquitin-rhodamine 110 (Ub-Rho) enzymatic activity assay, a well-established method 
for evaluating the catalytic activity assays, inhibitor screening and profiling of DUBs. The enzymatic inhib-
itory potency of tested chloroacetamides and other cysteine-focused electrophilic derivatives was dis-
played by IC50 values illustrated in Tables 2–6.

First, initial targeted modifications to the pendant pyridine and electrophile were evaluated. 
Modification of hit molecule 4 either by changing pyridine with a phenyl ring or by changing to other 
electrophiles (5–7; Table 2) were all inactive towards UCHL3. This revealed that chloroacetamide motif is 
necessary to maintain the proper electrophilic character and positioning for nucleophilic attack by the 
catalytic cysteine (Cys95).

The next cohort of analogs maintained the chloroacetamide electrophile while exploring various 
aspects of the pharmacophore. Analogs were designed to evaluate alternative linkers, changes to the 

Scheme 4. R eagents and reaction conditions: (a) With acid chlorides: Et3N (1.5 eq), THF, 0 ˚C – RT, 60–85%; (b) With 
Acids: HATU (1.2 eq), DIPEA (2.2 eq), DMF, RT, 50–90%; (c) Fe (5 eq), NH4Cl (5 eq), THF:MeOH:H2O, 60 ˚C; or (d) H2, Pd/C, 
MeOH, RT (if no benzyloxy groups present) or (e) For Boc deprotection: TFA (15 eq), DCM, 0 ˚C – RT; (f ) Chloroacetyl 
chloride (1.1 eq), Et3N (1.5 eq), 0 ˚C – RT, 40–80%; (g) H2, Pd/C (10% w/w), EtOAc, RT (For deprotection of benzyloxy 
groups) or (h) HCl in Et2O, Et2O, 0 ˚C – RT (For Boc deprotection (41 & 79) – HCl salts are isolated).

Scheme 5. R eagents and reaction conditions: a) 2-hydroxyacetic acid (1.3 eq), EDCI (1.3 eq), HOBt (1.3 eq), DIPEA (1.6 
eq), DCM, RT, 12 h, 12%; b) benzylsulfamoyl chloride (1.2 eq), DIPEA (1.2 eq), DCM, 0 ˚C – RT; 60 min, 68%; c) methyl-
sulfamoyl chloride (1.2 eq), DIPEA (1.2 eq), DCM, 0 ˚C – RT, 60 min, 30%; d) fluoroacetyl chloride (1.1 eq), Et3N (1.3 eq), 
DCM, 0 ˚C – RT, 3 h, 78%; e) chloromethanesulfonyl chloride(1.1 eq), Et3N (1.3 eq), DCM, 0 ˚C – RT, 4 h, 52%; f ) Zn(CN)2 
(1.0 eq), N-chlorosuccinimide (1.5 eq), CH3CN:H2O, 0 ˚C – RT, 16 h, 80%.
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pendant pyridine, and probed connectivity and makeup of the central phenyl core (Table 3). Swapping 
the thioether to either an ether or amine linker (8–10) were found to reduce UCHL3 activity compared 
to 4. Additional ether linker/core modification also resulted in lost activity versus UCHL3, except for ether 
linker combined with a pendant phenyl in 12 which improved potency (IC50 = 24 µM). Inserting a pyri-
dine in the central core for compound 15 was tolerated with IC50 = 47 µM.

We then evaluated the inhibitory activity of compounds by employing more polar and less flexible 
linker options. These included sulphonamide-, urea-, and amide-based linkers. Sulphonamide containing 
molecules were found to be ineffective (16 and 17), whereas urea derivatives (22–29) were generally 
well tolerated with three (23, 26, and 28) displaying improved UCHL3 activity (IC50 values 27–29 µM) 
compared to that of parent molecule 4. Notably, swapping the urea nitrogen for a methylene group near 
the pendant phenyl in compound 32 (Y = 3-NHCOCH2-, R = Ph) exhibited another step-up in potency (IC50 
= 20 µM) whereas reversing the orientation of this extended amide linker (33; Y = 3-CH2CONH-) was 4-fold 
weaker in terms of UCHL3 activity. This trend was explored with other pendant groups (34–39) but none 
were as effective at analogue 32.

Next, we shortened the amide linker by removing the methylene (40–47, Table 3). This was detrimen-
tal to activity in the case of analogue 40, with a pendant phenyl group combined with the amide linker 
was 3 – 4-fold less active than the matched molecular pair with the methylene inserted. However, when 
the amide linker was combined with 2-pyridine pendant group another boost in activity was observed. 
In this case, the 2-pyridine containing 42 (Y = 3-NHCO-) showed moderate inhibition with IC50 = 32 µM 
while its positional isomer 43 (Y = 3-CONH-) exhibited the most potent inhibitory activity against UCHL3 
observed thus far in the study with IC50 = 13 µM. Finally, we maintained the amide linker/orientation and 

Table 2. UCHL 3 activity for compounds 4–7.

cpd UCHL3 IC50 (μM)R X

4a 2-Cl-acetyl N 57
5a 2-Cl-acetyl C >500
6a Acryloyl N >500
7a 2-F-acetyl N >500
aReported prior in Reference 25.

Table 3. UCHL 3 activity for compounds 8–47.

 Where X = N, pyridines

cpd Y R X
UCHL3

IC50 (μM) cpd Y R X
UCHL3

IC50 (μM)

8a 3-CH2-O- 2-pyridyl C 74 32a 3-NHCOCH2- Ph C 20
9a 3-CH2-O- 2-naphthyl C >500 33a 3-CH2CONH- Ph C 93
10 3-CH2-NH- 2-pyridyl C 118 34 3-CONHCH2- 2-pyridyl C 243
12 3-O- Ph C 24 35 3-NHCOCH2- 2-pyridyl C 251
13 4-O- Me 3-N >500 36 3-CONHCH2- 3-OBn-Ph C 96
14 4-O- Ph 3-N >500 37 3-CONHCH2- 3-OH-Ph C 78
15 3-O- Ph 5-N 47 38 3-NHCOCH2- 3-OBn-Ph C 68
16 3-SO2NH- Bn C 396 39 3-NHCOCH2- 3-OH-Ph C 57
17 3-NHSO2- Bn C 370 40 3-CONH- Ph C 75
22a 3-NHCON(Me)- Ph C 88 41 3-CONH- 4-piperidyl C >500
23a 3-NHCONH- Ph C 27 42a 3-NHCO- 2-pyridyl C 32
24a 3-NHCONH- 2-pyridyl C 37 43a 3-CONH- 2-pyridyl C 13
25 3-NHCON(Me)- Ph C 88 44 3-CONH- 3-pyridyl C 45
26a 3-NHCONH- Bn C 29 45 3-CONH- 2-pyridyl 5-N 89
27a 3-NHCONH- 4-Cl C >500 46 3-CONH- 2-pyridyl 4-N >500
28a 3-NHCONH- Cy C 29 47 3-CONH- 2-pyridyl 2-N >500
29a 4-NHCONH- Ph C >500
aReported prior in Reference 25.
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2-pyridine pendant group and again probed the necessity of central aromatic ring. Any modification to 
the central phenyl core, whether it be insertion of pyridine (45–47, Table 3) or a cyclic alkane core 
(48–51; Table 4), all resulted in reduced or full loss of activity against UCHL3. The SAR from this set 
demonstrated the amide linker was among the most well tolerated and yielded the most potent ana-
logue when combined with a 2-pyridine pendant group. With this information we next evaluated the 
central phenyl ring.

After confirming the requirement of the chloroacetamide motif and central phenyl ring system and 
preference for the amide linker we sought to expand chemical space on the pendant group and evaluate 
UCHL3 activity (Table 5). Many electron-donating and electron-withdrawing groups were evaluated with 
some observed trends. Among the methyl substituted analogs, placement of CH3 at the 2- or 3-positions 
(52 and 53, IC50 of 34 and 19 µM, respectively) were tolerated while the 4-methyl was not (54). A similar 
trend was observed with methoxy substitution (59–61) and dimethylaniline (62–64) with 4-position not 
being tolerated. Fluorine at any position was not tolerated (55–58).

Next, we probed the role of the amide hydrogen by introduction of a methyl group in each of the amide 
motifs (65 and 66) which resulted in loss of UCHL3 activity suggesting the N-H is critical to target engage-
ment. Additionally, applying a hydroxy group in the central ring was also found to be unfavourable to target 
inhibition (67). Notably, substitution with hydroxy groups on the pendant phenyl was well tolerated with the 
2- and 3-OH derivatives, 68 and 69, exhibiting comparable potency to the top analogue 43 at IC50 values 
of 14 µM and 15 µM, respectively. The next cohort of analogs explored combinations of pendant modifica-
tions, including pairing methyl and methoxy substituents with the pyridine heterocycle (71–81). Most of the 

Table 4. UCHL 3 activity for compounds 48–51.
cpd Structure UCHL3 IC50 (μM)

48 216

49 >500

50 >500

51 >500

Table 5. UCHL 3 activity for compounds 52–88 against UCHL3.

cpd R R1 R2 R3
UCHL3

IC50 (μM) cpd R R1 R2 R3
UCHL3 IC50

(μM)

52 2-Me-Ph H H H 34 71 6-Me-2-pyridyl H H H 29
53 3-Me-Ph H H H 19 72 4-Me-2-pyridyl H H H 27
54 4-Me-Ph H H H >500 73 6-OMe-2-pyridyl H H H 19
55 2-F-Ph H H H >500 74 4-OMe-2-pyridyl H H H 16
56 3-F-Ph H H H >500 75 3,5-di-OMe-Ph H H H 49
57 4-F-Ph H H H 338 76 4,6-di-OMe-2-pyridyl H H H 80
58 6-F-2-pyridyl H H H >500 77 2-OH-5-Me-Ph H H H 24
59 2-OMe-Ph H H H 30 78 2-OH-5-OMe-Ph H H H 34
60 3-OMe-Ph H H H 19 79 2-NH2-Ph H H H 45
61 4-OMe-Ph H H H >500 80 2-acetamido-Ph H H H 134
62 2-NMe2-Ph H H H 26 81 2-CH2OH-Ph H H H 75
63 3-NMe2-Ph H H H 98 82 (1R,2R)-2-OH-Cy H H H 53
64 4-NMe2-Ph H H H 463 83 (1R,2S)-2-OH-Cy H H H >500
65 2-pyridyl H Me H >500 84 2-OBn-Ph H H H >500
66 2-pyridyl Me H H >500 85 3-OBn-Ph H H H >500
67 2-pyridyl H H OH >500 86 2-OBn-5-Me-Ph H H H >500
68 2-OH-Ph H H H 14 87 2-OBn-5-OMe-Ph H H H >500
69 3-OH-Ph H H H 15 88 (1R,2R)-2-OBn-Cy H H H >500
70 4-OH-Ph H H H 20
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analogs were found to be reasonably effective in inhibiting the UCHL3 activity and among the group ana-
logue 74 exhibited the strongest potency with IC50 = 16 µM. The final group of nearest neighbour analogs 
explore the structural diversity around chiral cyclohexanol derivatives and substituted benzene (82–88) but 
were found to be inactive towards UCHL3 except for 82 with an IC50 value of 53 µM.

Once we identified a more potent scaffold in 43 we revisited the activity of different warheads com-
bined with the core structure of 43 (Table 6). Sulfamate electrophiles have been demonstrated to react 
similarly to chloroacetamides and maintain improved stability in cells and in vivo26; therefore, we evalu-
ated the benzenesulfame analogue 91 and methylsulfamate 92. Among these, only 91 exhibited any 
UCHL3 activity at 70 µM, though much reduced compared to 43. Similarly, we observed no activity with 
the incorporation of a fluoroacetamide warhead (93), similar to the fluoromethylketone warhead that has 
previously demonstrated activity versus closely related UCHL127,28. Finally, neither (chloromethyl)sulfon-
amido) nor cyano warheads potent activity versus UCHL3 (94–95).

Once SAR was complete against UCHL3, we selected inhibitors with IC50 < 20 µM against UCHL3 to test 
their activity against its close homolog UCHL1 (Table 7). In general, almost all analogs were not active 
against UCHL1 with two exceptions. Compound 32 exhibited measurable, yet weak, inhibitory activity 
against UCHL1, with IC50 = 313 µM. Compound 69 showed moderate inhibition against UCHL1(IC50 =  
45 µM), with a 3-fold selectivity for UCHL3. Interestingly, the top-performing analogs in terms of UCHL3 
activity all exhibited no UCHL1 inhibition at 500 µM, indicating at least 30-fold selectivity for UCHL3. 
Finally, we evaluated three prioritised analogs (43, 68, and 69) for activity against UCHL5 and all exhib-
ited IC50 values > 500 µM (Table 7). Full dose-response curves for the three prioritised analogs against all 
three UCH DUBs are provided in Figure 4.

Kinetics of irreversible inhibition of UCHL3

The top-performing covalent analogs were further evaluated by measuring kinact/KI using a reported pro-
tocol29. The kinact is the rate constant for covalent bond formation between the inhibitor and the enzyme 
under saturating conditions, and KI is the constant that reflects the inhibitor’s affinity for the enzyme 
before the covalent interaction. The observed rate constant (kobs) was determined from an enzymatic 
activity assay of UCHL3 at different inhibitor concentrations across different preincubation times of the 
inhibitor and enzyme. The kobs values were plotted as a function of increasing inhibitor concentration, 
generating a curve for 68 that could be fit using the equation Y = kinact*X/(KI + X) (Figure 4). These values 
were determined to be KI = 274.7 µM and kinact = 0.005831 s−1, resulting in a kinact/KI value of 21.23 M−1 
s−1. For 43 and 69, the kobs were fitted linearly against increasing inhibitor concentrations, and the slopes 
of the linear regressions yield the ratio of kinact/KI together but not the individual parameters (Figure 4). 
The kinact/KI values for 43 and 69 were determined to be 11.57 M−1 s−1 and 14.74 M−1 s−1, respectively. 
The difference in data analysis method between 68 and the other molecules was due to 68 having  
a better affinity for forming the reversible enzyme-inhibitor complex with UCHL3, while 43 and 69  
bind relatively slowly to the enzyme but rely more on the inactivation step for inhibition. These results 
indicate that molecules, while inhibitory, still have room to improve for affinity to UCHL3.

Table 6. UCHL 3 activity for compounds 91–95.
cpd Structure UCHL3 IC50 (μM)

91 70

92 >500

93 >500

94 >500

95 227
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Structural elucidation of binding for UCHL3 inhibitors

We next set out to elucidate the interactions of inhibitors bound to UCHL3 using X-ray crystallography 
similarly as described above for the hit molecule 4. We were able to resolve high-resolution ligand-bound 
structures for analogs 43 (ID: pdb_000013CV, 1.95 Å), 53 (ID: pdb_000013CW, 2.48 Å), 60 (ID: pdb_000013DF, 
1.84 Å), and 69 (ID: pdb_000035YH, 2.60 Å) bound to UCHL3 (Figure 5, ligand density in Figure S2 and 
crystallographic data statistics in Table S1–S3). The structures revealed four subunits with a single ligand 
bound to the Cys95 for each subunit and resided at the interface between chains. All inhibitors maintain 
interactions between the acetamide carbonyl oxygen with the oxyanion hole of the enzyme. The oxyan-
ion hole in the UCH DUB family consist of amide functional groups, either on a glutamine side-chain or 
a backbone amides, where the nitrogen atoms form hydrogen bonds with the substrate carbonyl oxygen 
of the scissile peptide bond to stabilise the transition state thereby facilitating the catalytic turnover to 
cleave ubiquitin30,31. This placement of the carbonyl into the oxyanion hole positions the amide nitrogen 
of the acetamide towards the backbone carbonyl of Leu168 for all three ligand-bound structures. These 
experimentally observed interactions between the inhibitors and UCHL3 corroborate the observed SAR, 
particularly with respect to the placement of the carbonyl with respect to the electrophilic carbon. The 
carbonyl placement in the oxyanion hole likely positions the electrophilic centre in the proper orienta-
tion for nucleophilic attack by Cys95 and explains why alternative warheads are not useful for this scaf-
fold against UCHL3. Moreover, methylation of the chloroacetamide nitrogen (66) abrogated activity when 
comparing to the matched molecular paired analogue 43, likely due to disruption of the interaction with 
the backbone carbonyl of Leu168 leading to altering the position of the warhead for efficient reactivity.

The importance of the amide linker position and connectivity between the central aromatic core and 
the pendent group was also illuminated by the ligand-bound structures. For example, the placement of 

Table 7.  IC50 values of top analogs against UCH DUBs.
cpd UCHL1 UCHL5 cpd UCHL1 UCHL5

32 313 nt 69 45 >500
43 >500 >500 70 >500 nt
53 >500 nt 73 >500 nt
60 >500 nt 74 >500 nt
68 >500 >500

Figure 4. D ose-response curves against three UCH DUBs and inactivation kinetics for prioritised analogs.

https://doi.org/10.1080/14756366.2026.2755714
https://doi.org/10.1080/14756366.2026.2755714
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the amide carbonyl in the linker on all analogs consistently formed a hydrogen bond with the side chain 
of Arg186 of UCHL3 (Figure 5). This pulled the carbonyl towards the Arg186 residue and subsequently 
positioned the amide nitrogen towards the loop containing Ser92 and Asn93. In structures for all ligands 
this amide nitrogen was able to form a hydrogen bond with a conserved water molecule in the binding 
site that bridged interactions with the backbone amide nitrogen from Asn93, with the only exception 
being one rotamer of 53 (discussed below). Interestingly, reversing this amide connectivity resulted in a 
2.5-fold reduction of UCHL3 inhibition when comparing analogue 43 to the reverse-amide matched ana-
logue 42. The SAR corroborates the optimal connectivity and placement of the amide to gain two 
important interactions with the binding site.

Among the three structurally characterised ligands, only the 2-pyridinyl (43) and the 3-OH-phenyl (69) 
pendant groups were able to form a new interaction with UCHL3, both to Ser92. In the case of 43, a 
water-mediated hydrogen-bond to the side chain of Ser92 (Figure 5A). This allowed the 2-pyridine moi-
ety to remain in place and not adopt alternative conformations despite the portion of the molecule 
being mostly emerged from the pocket and exposed to the solvent (Figure 5B). The two water molecules 
within the active site with 43 were able to help bridge new interactions that account for the improved 
inhibitory activity compared to the other inhibitors. In the case of 69, the 3-hydroxy appears to form a 
direct hydrogen-bond interaction with the backbone amide of Ser92 (Figure 5G). Conversely, the methyl 
and methoxy meta-substitutions for analogs 53 and 60 were unable to form new interactions with 
UCHL3, and both demonstrated conformational flexibility within the binding site in which the pendant 
group was observed in two different rotamers across the different chains within the asymmetric unit of 
the same crystal structure. This is illustrated by comparing the pendant phenyl poses for both 53 and 
60 between both the Chain A and Chain B structures bound to UCHL3 (Figure 5C–F). Interestingly, the 
placement of the methoxy group for 60 in each rotamer alters the position of the Ser92 side chain, 
where in the rotamer with the methoxy pointing towards Ser92, the hydroxyl containing side-chain was 
directed away the ligand (Figure 5E). Conversely, when the methoxy was rotated away from Ser92, the 
hydroxyl side-chain was directed towards the ligand (Figure 5F), possibly a result of steric clash. This 
same rotamer difference was not observed for the slightly smaller 3-methyl substitution of 53 (Figure 
5C and D).

Upon solving the ligand bound structures it was evident that the inhibitor binding position is in an 
alternate location compared to the natural ubiquitin binding site. This is illustrated with overlaying the 
structure of UCHL3-43 with that of UCHL3-ubiqutin (PDB: 1XD3)32 in which the inhibitor appears to 
approach the active site Cys95 from the opposite side of the UCHL3 crossover loop compared to the ubiq-
uitin binding site. This results in conformational flexibility of the crossover loop as in the ubiquitin bound 
structure the crossover loop is displaced away from ubiquitin to make space for the C-terminal tail to 
thread into the active site (Figure 6, red loop). Conversely, in the ligand-bound structure the ordered part 
of the cross-over loop is moved more towards the ubiquitin side of UCHL3 to accommodate the ligand on 
the opposite face (Figure 6, green loop). These factors indicate that while the ligand and ubiquitin do not 
necessarily compete for the same binding site on UCHL3, the dynamics of the cross-over loop placement 
when either is bound will likely perturb the ability of the other to engage the enzyme. In addition, there 
will be a clash between Ub’s Gly76 in its C-terminal tail and the chloroacetamide group of the inhibitor, as 
they both must approach the catalytic cysteine. This will also make the binding mutually exclusive

Cellular evaluation of UCHL3 inhibition

To the best of our knowledge, neither of the prior reported UCHL3 inhibitors had been validated for 
on-target engagement within a cellular context. Therefore, we set out to confirm target engagement for 
the scaffold in cell lines expressing UCHL3 using a gel-shift assay with HA-Ub-vinyl methyl ester (VME) 
activity-based probe22,33. First, MiaPaCa2 cells were pre-treated with either 68 or 69 at 0, 5, 10, 20 µM (an 
additional 30 µM concentration for 69) for 4 h. After incubation, cells were lysed and treated with HA-Ub-
VME activity-based probe, which reacts with any non-inhibited DUB forming a covalent adduct approxi-
mately 8.5 kDa higher in molecular weight than the native DUB. Lysates were then evaluated by 
immunoblot with α-UCHL3 antibody to visualise molecular weight shift of the HA-Ub-UCHL3 adduct 
(DMSO control lane) compared to treated samples (Figure 7). The data indicates both 68 and 69 
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successfully inhibit Ub binding to UCHL3 in MiaPaCa2 cells as evidenced by the dose-dependent decrease 
of HA-Ub-UCHL3 adduct and corresponding increase of unbound UCHL3. Interestingly, analogue 68 
appears to be more potent in the cellular assay demonstrating nearly full UCHL3 inhibition at 10 µM and 
fully inhibiting at 20 µM, while 69 was moderately potent at 10 µM with some HA-Ub-UCHL3 adduct 
remaining at 20 µM (Figure 7).

Next, we evaluated analogs 43 and 69 for target engagement in the same assay using MDA-MB-231 
breast cancer cell line (Figure 8). The analogs also demonstrated target engagement of UCHL3 in these 
cells and inhibition of the HA-Ub-VME adduct formation was quantified by normalising to the DMSO 
(0 µM) control lanes to have a cellular IC50 of approximately 10 µM. The combined data from multiple 
analogs across two representative cell lines confirm the molecules successfully engaged UCHL3 in a cel-
lular context.

Figure 5. L igand-bound structures of covalent inhibitors bound to UCHL3. In all panels, water molecules depicted as 
red spheres and hydrogen bonds depicted by yellow dashed lines. Residues involved in ligand binding shown as sticks 
and labelled. (A) 43 (orange sticks) bound to UCHL3 (chain A; gray cartoon; ID: pdb_000013CV). (B) 43 bound to UCHL3 
(chain A; gray surface) in surface representation. (C) 53 (mint sticks) bound to UCHL3 (chain A; gray cartoon; ID: 
pdb_000013CW). (D) 53 (gold sticks) bound to UCHL3 (chain B; magenta cartoon;). (E) 60 (teal sticks) bound to UCHL3 
(chain A; gray cartoon; ID: pdb_000013DF). (F) 60 (light green sticks) bound to UCHL3 (chain B; magenta cartoon).  
(G) 69 (sky blue sticks) bound to UCHL3 (chain A; gray cartoon; ID: pdb_000035YH).
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Figure 6. O verlay of UCHL3 ligand bound structure with ubiquitin-bound structure (PDB: 1XD3). (A) cartoon represen-
tation of UCHL3 (gray) bound to 43 overlaid with UCHL3 bound to ubiquitin (gold cartoon). Cross-over loop of UCHL3 
for the ubiquitin bound form shown as red loop. Cross-over loop of UCHL3 for the ligand-bound form shown as green 
loop. (B) Surface representation of UCHL3 showing inhibitor 43 (orange spheres) and ubiquitin (gold cartoon).

Figure 7.  Immunoblot HA-Ub-VME activity-based probe data for MiaPaCa2 cells treated with (A) 68 and (B) 69. Blotting 
for UCHL3 indicated molecular weight shift corresponding to HA-Ub-UCHL3 adduct formation in the control lane (0 µM 
inhibitor). Increasing dose of molecule blocked formation of the HA-Ub-VME adduct in a dose-dependent manner. 
GAPDH was used as a loading control.

Figure 8.  Immunoblot HA-Ub-VME activity-based probe data for MDA-MB-231 cells line treated with (A) 43 and (B) 69. 
Blotting for UCHL3 indicated molecular weight shift corresponding to HA-Ub-UCHL3 adduct formation in the control 
lane (0 µM inhibitor). Increasing doses of molecule blocked formation of the HA-Ub-VME adduct in a dose-dependent 
manner. β-actin was used as a loading control. (C) Quantification of % HA-Ub-UCHL3 normalised to for each inhibitor 
concentration normalised to 0 µM inhibitor control. Data plotted is mean ± SD, n = 3 biological reps.
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Discussion

The results present a new irreversible inhibitor chemotype for UCHL3 while reporting both ligand-bound 
inhibitor crystal structures and intracellular target engagement data. The work offers a broad evaluation 
of UCHL3 inhibition, complete with SAR and biochemical inhibition corroborated with crystallographic 
studies and confirmation of cellular target engagement. While there have been two previously reported 
UCHL3 inhibitors, TCID and perifosine, these prior studies lacked corroboration of biochemical inhibition 
with cellular target engagement. For example, to the best of our knowledge, there are no definitive 
target engagement studies using the gold-standard Ub activity-based probe assays for either molecule, 
and in the case of perifosine, there is a lack of confirmation of in vitro biochemical inhibition against 
recombinant UCHL3. Indeed, in our hands perifosine was unable to inhibit recombinant UCHL3 at con-
centrations up to 100 µM (data not shown). Thus, there was a gap in the available scientific tool set of 
small molecules to reliably probe UCHL3.

The findings presented here provide a new series of small molecule covalent inhibitors within the 
same molecular scaffold that inhibits UCHL3 in vitro with clear SAR that is corroborated by structural data 
and confirms that the molecules inhibit UCHL3 in a cellular setting. Such molecules may be useful for 
probing the contributions of UCHL3 in different cellular systems and biological contexts and will be best 
utilised as an orthogonal tool to complement the existing genetic studies involving either knockdown or 
knockout of UCHL3.

While the findings in this manuscript demonstrate a clear advancement in the field for understanding 
UCHL3 biology they are not without limitations. Among these limitations is that the scaffold demon-
strates modest potency in the low-double digit micromolar range for inhibition against UCHL3 both in 
biochemical and cellular assays. Additionally, while the scaffold appears to be selective against the closely 
related recombinant UCHL1 in vitro, chloroacetamide electrophiles are generally known to have some 
degree of non-specific reactivity26,34. Therefore, broader DUB selectivity and general non-specific cysteine 
labelling still needs to be evaluated to fully understand the degree of selectivity. Therefore, the mole-
cules must be utilised in proper context with the dosing concentration range to maximise UCHL3 target 
engagement and mitigate off-target DUB inhibition to appropriately delineate findings that could be 
directly related to UCHL3 inhibition.

Future work on this scaffold will include further structure-based optimisation to gain potential new 
interactions with the target. The intracellular selectivity will also be determined at the relevant inhibition 
concentrations for the top analogs. Further studies on downstream consequences of UCHL3 inhibition 
with respect to the DUB’s role in cancer biology will also be explored.

Conclusions

This interdisciplinary study combined high-throughput screening, medicinal chemistry, biochemical eval-
uation, and both structural and cellular biology to identify, optimise and biologically evaluate a new 
irreversible UCHL3 inhibitory scaffold. The top analogs in the study demonstrated IC50 values in the 
13–16 µM range and observed SAR was supported by ligand-bound X-ray crystal structures to UCHL3. 
The results are complete with characterisation of UCHL3 target engagement in two different cell lines 
using Ub activity-based probe gel shift assays. The results published in this manuscript represent the 
most comprehensive data from hit-to-probe for UCHL3 in the literature to date and the top analogs 43 
and 68, in terms of UCHL3 biochemical and cellular potency as well as selectivity over UCHL1, will serve 
as valuable probes to further elucidate the role of UCHL3 in cancer biology.

Experimental

Cloning, expression, and purification of UCHL3

The UCHL3 WT gene, amplified with an EcoRI 5′ and a XhoI 3′ extension, was double digested and ligated 
into pGEX-6P-1 (Cytiva). The UCHL1 WT gene was similarly cloned into the NdeI/XhoI cassette of pET-21a 
containing a C-terminal His6 tag. A PCR amplified gene fragment of UCHL5 WT was cloned into pGEX-6P-1 



Journal of Enzyme Inhibition and Medicinal Chemistry 15

using BamHI as the 5′ and XhoI as the 3′ restriction enzyme followed by ligation. These plasmids were 
sequence verified and transformed into chemically competent E. coli BL21 (DE3) (ThermoFisher) and E. 
coli star (DE3) cell (ThermoFisher), respectively, plated onto LB agar containing 100 μg/mL ampicillin, and 
incubated at 37 °C overnight. Selected colonies were used to inoculate a starter culture containing the 
same amount of antibiotics and grown at 37 °C for 16 h while shaking. Larger LB media expression cul-
tures containing 100 μg/mL ampicillin were inoculated by a 1:100 dilution of the starter culture and 
grown at 37 °C while shaking until and OD600 nm = 0.6–0.8. Protein expression was then induced by the 
addition of 0.5 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) and carried out at 16–18 °C for 18–20 h 
while shaking. Cells were harvested by centrifugation at 7000 rpm in iterations of 10 min. Cell pellets 
were flash frozen in liquid nitrogen and stored at −80 °C until further use.

Cell pellets were thawed and resuspended in 1x phosphate buffered saline (PBS) pH 7.0 400 mM KCl. 
Lysozyme was added to a final concentration of 0.5 mg/mL. Cells were disrupted by high pressure through 
three passes using a French press. Ultracentrifugation at 75,000 x g for 1 h at 4 °C gave clarified lysate that 
was applied to either glutathione agarose resin (ThermoFisher Scientific) or Ni-NTA agarose resin 
(ThermoFisher Scientific) with loading occurring at 4 °C for 1 h prior to washing. For the GST-tagged UCHL3 
and UCHL5, the resin was washed with 40–50 CV of 1x PBS 400 mM KCl and then eluted in 5 CV of elution 
buffer (1x PBS pH 7.4 containing 15 mM reduced glutathione) after another 1 h incubation at 4 °C. Precission 
protease was added as per the manufacturer’s recommendation and incubated overnight at 4 °C for tag 
cleavage. The elution was concentrated and buffer exchanged/subject to further purification by size exclu-
sion chromatography by FPLC sporting a HiLoad 16/600 Superdex 75 column (Cytiva) using 1x PBS 1 mM 
DTT as the mobile phase. For the His-tagged UCHL1, the resin was washed with 30 CV of 1X PBS pH 7.0 
400 mM KCl followed by 10 CV of 1X PBS 30 mM imidazole. The protein was eluted in 8 CV of 1X PBS pH 
7.4 300 mM imidazole, concentrated, and further purified by size exclusion chromatography as described 
above. Pure fractions as determined by SDS-PAGE Coomassie staining were pooled and concentrated to 
20–40 mg/mL, flash frozen in liquid nitrogen and stored at −80 °C until further use.

Z’-factor analysis

UCHL3 was diluted to a stock concentration of 0.2 nM (Final concentration in well is 0.1 nM, assay buffer 
is 50 mM Tris, pH 7.6, 0.5 mM EDTA, 0.1 w/v BSA, 5 mM DTT). Ubiquitin-rhodamine 110 (250 µM, R&D 
systems catalogue# U-555) was diluted to 400 nM for final concentration in well of 200 nM. Using a black 
384 well plate (Fisher catalogue# 12–566-624) 25 ml of 2x protein solution was added to each well fol-
lowed by 25 ml of 2x Ub-Rho solution or 25 ml buffer with iodoacetamide (100 µM in well) and immedi-
ately read on a Biotek Synergy Neo 2. Data analysed according to Zhang et  al25. to provide a Z’-factor 
value for assay quality using excel and Graphpad Prism (Version 10).

Covalent fragment UCHL3 screen

A covalent fragment library obtained from Enamine. UCHL3 enzyme assay buffer is 50 mM Tris, pH 7.6, 
0.5 mM EDTA, 0.1 w/v BSA, 5 mM DTT. Using a black 384 well plate (Fisher Scientific Catalogue # 12–566-624), 
UCHL3 was diluted to a stock concentration of 0.25 nM (final concentration in well is 0.1 nM). 
Ubiquitin-rhodamine 110 (250 µM, Boston Biochem catalogue # U-555) was diluted to 500 nM for final con-
centration in well of 200 nM. First, 0.25 ml of the fragment (100 µM stock, final concentration 500 µM) or 
DMSO (control) was added to the well followed by 9.75 ml buffer. Then 20 µL of protein solution was added 
to each well. This was allowed to incubate for 1 h at room temperature. After 1 h, 20 ml of Ub-Rho solution 
was added for a final volume in well of 50 ml and immediately read on a Biotek Synergy Neo 2. Raw Data 
and Figures are seen below. Hits were defined as compounds that inhibited UCHL3 greater than 90%.

UCHL3 WT covalent adduct formation, crystallisation and data processing

Adduct formation of UCHL3 with 4, 43, 53, 60, and 69 was carried out in a 1:5 ratio of enzyme to inhib-
itor for 2–4 h at room temperature in 1x PBS. Residual DMSO and molecule were removed by buffer 
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exchange via a concentrator and further by size exclusion chromatography as described above. The 
adduct extent was all verified by intact protein mass spectrometry. The UCHL3-4 adduct was crystallised 
by sitting drop vapour diffusion at 21 °C. Crystals were grown in one of two conditions: 1) 5% tacsimate 
pH 8 with 45% PEG8000 or 2) 0.1 M bis-tris propane pH 6.4 2.5 M ammonium sulphate. These crystals 
diffracted at the Stanford Synchrotron Radiation Lightsource on the 9–2 (λ = 0.98) beamline or at the 
Purdue Centre for Macromolecular Crystallography on the home source diffractometer, a Rigaku 
MicroMax-007 HF rotating anode with confocal VariMax-VHF Arc) Sec optics and a Eiger2 R 4 M photon 
counting detector. Data was processed using HKL3000 in the monoclinic space group P21.

The UCHL3-43, UCHL3-53, and UCHL3-60, and UCHL3-69 adducts were all crystallised by sitting drop 
vapour diffusion at 21 °C in the same condition of 0.1 M bis-tris propane pH 7 2.5 M ammonium sulphate. 
Optimisation led to varying final condition centred around 100–250 mM bis-tris propane pH 6.1–7.9 con-
taining ammonium sulphate, and 10% glycerol. These crystals were diffracted at the Stanford Synchrotron 
Radiation Lightsource on the 12–2 (λ = 0.98) beamline or the home source Rigaku X-ray MicroMac-007. 
Data was processed using HKL3000 of CrysAlisPro in the monoclinic space group P21.

Structural determination

The inhibitor bound structure of 4 with UCHL3 WT was determined by molecular replacement using the 
program PHASER in Phenix suite with an input model from the apoUCHL3 WT structure (PDB 1UCH)35. 
Three molecules were observed to be in the asymmetric unit. Ligand coordinates and restraints were 
generated by using Phenix’s eLBOW and modelled accordingly based on the observed diffraction data. 
Density accounting the whole molecule was only observed in Chain A. Model building and refinement 
using the programs COOT and Phenix suite’s phenix refine where the current crystallographic R and Rfree 
are 0.21 and 0.25 respectively. Analysis of the Ramachandran plot indicated that 97.13% of residues fell 
in the most favoured regions, 2.55% of residues fell in the allowed regions, and 0.32% were observed in 
the disallowed region. Electron density is well resolved for the entire molecule and the ligand. A total of 
201 water molecules were observed in the asymmetric unit. An average B factor of 51.15 Å2 was observed 
for all atoms in the asymmetric unit.

The inhibitor bound structure of 43, 53, 60, and 69 with UCHL3 WT was determined by molecular 
replacement using the program PHASER in Phenix suite with an input model from the apoUCHL3 WT 
structure (PDB 1UCH). Four molecules were observed to be in the asymmetric unit. Ligand coordinates 
and restraints were generated by using Phenix’s eLBOW and modelled accordingly based on the observed 
diffraction data. Density accounting the whole molecule was observed in all chains for each molecule. 
Model building and refinement using the programs COOT and Phenix suite’s phenix refine where the 
current crystallographic R/Rfree, and other data refinement statistics, are reported in the supporting 
information.

IC50 determination

Assays were performed in black 384-well plates (Fisher Scientific Catalogue # 12566624) in a final vol-
ume of 50 μL. DUB stock solutions were diluted in reaction buffer (25 mM Tris, 50 mM NaCl, 5 mM DTT, 
0.1% (w/v) BSA (ThermoFisher), pH 7.4) to a concentration of 250 pM for UCHL3, a concentration of 
2.5 nM for UCHL1 and concentration of 5 nM for UCHL5, yielding a final well concentration of 100 pM 
for UCHL3 or 1 nM for UCHL1, and 2 nM for UCHL5. To each well, 10 μL of 5× small molecules in reaction 
buffer (500, 250, 125, 62.5, 31.25, 15.63, 7.82, 3.91, 1.95, 0 μM) and 20 μL of UCHL3, UCHL1, or UCHL5 
solution were added. One well was left with no enzyme as the full inhibition (0% activity) control. This 
was incubated at room temperature for 1 h. Reactions were initiated by adding 20 μL of 500 nM Ub-Rho 
for UCHL3, 250 nM for UCHL1, 500 nM for UCHL5. (Boston Biochem U-555, final concentration in the 
well: 200 nM for UCHL3, 100 nM for UCHL1, 200 nM for UCHL5) and were read immediately for 20 min 
on a Synergy Neo 2. Activity was normalised to the 100% (DMSO control) and 0% (no enzyme). IC50 
values were calculated using GraphPad Prism 10, and the standard deviation was calculated over three 
independent experiments.
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Preincubation time-dependent kinetic determination

Assays were performed in black 384-well plates (Fisher Scientific Catalogue # 12566624) in a final volume 
of 50 μL. UCHL3 was diluted in reaction buffer (25 mM Tris, 50 mM NaCl, 5 mM DTT, 0.1% (w/v) BSA 
(ThermoFisher), pH 7.4) to 62.5 pM, yielding a final well concentration of 25 pM. To each well, 10 μL of 5× 
small molecules in reaction buffer (500, 250, 125, 62.5, 31.25, 15.63, 7.82, 3.91, 1.95, 0 μM) and 20 μL of 
UCHL3 or UCHL1 solution were added. This was incubated at room temperature for different time peri-
ods (0, 5, 10, 15, 30, 60, 90, 120 min) to obtain time-dependent results. Reactions were initiated by add-
ing 20 μL of 500 nM Ub-Rho (Boston Biochem U-555, final concentration in the well: 200 nM) and were 
read immediately for 2 h on a Synergy Neo 2. The % activity was plotted vs. preincubation time at each 
concentration in Prism 10 to obtain kobs for inhibition using a one-phase decay model. The kobs were 
plotted as a function of inhibitor concentration and then fit to the equation Y = kinact*X/(KI+X) to obtain 
kinact, KI, and kinact/KI for compound 68. The kobs were graphed vs. inhibitor concentration, and the slope 
of the linear fit was determined to be kinact/KI for compounds 43 and 69.

Cellular target engagement assay using HA-Ub-VME activity-based probe

This assay was run according to same protocol reported previously22. Briefly, MiaPaCa2 (ATCC) or 
MDA-MB-231-luc3 pLKO cells were treated with the indicated concentrations of inhibitor and incu-
bated for 4h at 37 °C, following which the cells were washed, scraped and stored at −80 °C. Cell pel-
lets were resuspended in the lysis buffer (50 mM Tris pH 7.6, 150 mM NaCl, 5 mM MgCl2, 0.5 mM EDTA, 
0.5% NP-40, 10% v/v glycerol with freshly added protease inhibitors) and incubated on ice for 30 min 
with vortexing every 10 min. Cell lysate was clarified by centrifugation at 21,000 × g for 30 min, and 
the supernatant was collected. Total protein concentration was determined using BCA assay with BSA 
(ThermoFisher) as standards, according to manufacturer’s protocol and whole cell extracts were made 
to1 µg/µL. For the DUB assay, 30 µl extract was used for each reaction and DTT and ATP were added 
fresh to a final concentration of 5 mM, followed by 0.5 µM HA-Ub-VME. This was incubated at RT for 
20 min before quenching with 4× LDS sample buffer. Samples were run on a 4–12% bis-tris gradient 
gel followed by immunoblotting. The following primary antibodies were used: anti-UCHL3 (ab126621, 
Abcam), and anti-Actin (sc-47778, Santa Cruz). Fluorescent secondary antibodies (Licor IRDye 680RD 
goat anti-mouse and Licor IRDye 800CW goat anti-rabbit) were used. Images were collected on a 
Licor Odyssey system. Densitometry measurements were done using Licor ImageStudio software.

Chemistry procedures

Materials
Common organic solvents and reagents (>95%) were obtained from commercial suppliers and used as 
received. Chloroform-D (CDCl3), methanol-d4 (CD3OD, 99.9% D) and dimethylsulfoxide-d6 (DMSO-d6, 99.9% 
D) were obtained from Cambridge Isotope Laboratories, Inc. and were used for as NMR solvents for final 
compounds without further purification.

Instrumentation
Flash Chromatography was carried out on a Smart Flash EPCLC W-Prep 2XY system using prepacked 
universal non-bonded silica gel (normal phase) cartridges by Yamazen. Characterisation data is provided 
for final analogs.1H NMR and 13 C NMR spectra were obtained on Bruker DRX-2 500-MHz (BBFO Z-gradient 
probe) or Bruker NEO-2 500-MHz (BBFO Z-gradient probe) or Bruker Avance-III 800-MHz (QCI Z-gradient 
cryoprobe) spectrometers. Tetramethylsilane (TMS, 0 ppm) or residual solvent (CDCl3/CHCl3, CD3OD/
CHD2OD, and DMSO-d5/DMSO-d6) was used as internal standard. Chemical shifts (δ) are reported as parts 
per million (ppm) and the coupling constants (J) in hertz (Hz) are reported as s = singlet, d = doublet, 
t = triplet, q = quartette, dd = doublet of a doublet, td = triplet of a doublet, dt = doublet of a triplet, 
ddd = doublet of a doublet of doublet, m = multiplet.13C NMR spectra were obtained on Bruker NEO-2 
500-MHz (126.0 MHz 13C) or Bruker Avance-III 800-MHz (201 MHz 13C) spectrometers. Spectra were pro-
cessed using MestReNova x64 software.
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APCI-MS (atmospheric pressure chemical ionisation source, APCI) was obtained on an Advion Express 
Ion CMS-L Compact Mass Spectrometer either in a positive- or a negative-ion mode. Reaction scale used 
as it is mentioned in the general procedure unless otherwise noted for final reaction. Starting materials 
are simple and commercially available at various Vendors and corresponding #CAS numbers have been 
listed each starting material to synthesise desired final products.

General procedure 1 for the synthesis of intermediates 2a-g
Commercially available nucleophile (thiophenols, phenols and aminopyridines) (500 mg, 1.0 eq) was dis-
solved in DMF (3 ml) followed by the addition of K2CO3 (1.2 eq) and 1-(bromomethyl)-3-nitrobenzene 
(#CAS: 3958–57-4) 1 (1.0 eq). The reaction mixture was allowed to stir overnight at 60 °C. The reaction 
mixture was cooled to room temperature and diluted with water (20 ml) and ethyl acetate (20 ml). The 
ethyl acetate layer was separated and washed with cold water (3 × 20 ml) to get rid of DMF completely. 
The ethyl acetate layer was separated and dried over sodium sulphate and concentrating in vacuo. The 
crude material was subsequently purified via silica gel flash chromatography to afford intermediates 2a-g 
in 59–89% yields. [Note: 2-boc-aminopyridine (1.0 eq) was dissolved in THF (6 ml) and treated with NaH 
(1.2 eq, 60% wt) at 0 °C. After 10 min, 3-nitrobenzyl bromides 1 (1.0 eq) in THF was slowly added and 
stirred at RT for 4 h to get corresponding Boc-protected intermediate which was required to generate 
final compound 10].

General procedure 2 for the synthesis of intermediates 20a-h
Commercially available 1-isocyanato-3-nitrobenzene (#CAS: 3320–87-4) 19 (500 mg, 3.05 mmol, 1 eq) was 
dissolved in acetonitrile (6 ml) in a 40 ml vial followed by the addition of commercially available amines 
18 (3.05 mmol, 1.0 eq). The reaction was allowed to stir for 2 h at room temperature. A precipitate formed 
upon conversion to product. The solid was filtered, collected and dried under vacuum to afford 1–
(3-nitrophenyl)-urea intermediates 20a-h in 82–92% yield.

General procedure 3 for the synthesis of intermediates 31a-h, 31aa-uu
Method A: To a solution of commercially available 3-nitrobenzoyl chloride 30 (#CAS: 121–90-4) (500 mg, 
2.69 mmol, 1 eq) in THF (20 ml) were sequentially and dropwise added anilines/amines 18 [if solids, a 
solution in THF was added] (2.56 mmol, 0.95 eq) and triethylamine (409 mg, 563 μL, 4.04 mmol, 1.5 eq) at 
0 °C and stirred for 5 h at room temperature. The reaction mixture was diluted with water and extracted 
with EtOAc. The organic layer was washed with dilute NaOH (2 N), separated, dried over sodium sulphate 
and concentrated under reduced pressure to get crude which was purified by silica gel flash chromatog-
raphy to get corresponding intermediates 31c-h, 31j-k, 31s-w, 31 y, 31aa-uu in 60–85% yield.

Method B: To a solution of commercially available acid 30 (500 mg, 1.0 eq) in DMF (5 ml)) were added 
sequentially HATU (1.2 eq) and DIPEA (2.2 eq) and added anilines/amines 18 (1 eq). The reaction mixture 
was allowed to stir overnight at room temperature. The reaction mixture was diluted with water (10 ml) 
and extracted with EtOAc (20 ml x 2). The combined organic layer was washed with cold water (50 ml x 
3), separated, dried over sodium sulphate and concentrated under reduced pressure to get crude which 
was purified by silica gel Flash column chromatography to get pure corresponding intermediates 31a-b, 
31i, 31 l-r, 31x, 31z in 60–85% yield.

General procedure 4 for the synthesis of intermediates 3a-g and 21a-h
To suspension of nitro intermediates 2a-g and 20a-h (300 mg, 1 eq) in a mixture of glacial acetic acid 
(2 ml), ethanol (2 ml) and water (1 ml) was added iron (5.0 eq). The resulting suspension was exposed to 
ultrasonic irradiation for 1 h at 30 °C with TLC analysis monitoring for the completion of the reaction. The 
reaction mixture was filtered over celite to remove the iron residue which was washed with ethyl acetate 
(10 ml). The filtrate was partitioned with 2 M KOH and the basic layer was extracted with ethyl acetate 
(3 × 15 ml). The combined organic extracts were washed with brine, dried over sodium sulphate and con-
centrated under reduced pressure to afford corresponding anilines 3a-g and 21a-h in 45–92% yields.
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General procedure 5 for the reduction of nitro group on intermediate 31
Method A: Iron (5 eq) was added to a solution of nitro intermediates 31a-k, 31n, 31r-t, 31 y-z, 31aa-cc, 
31hh-31ll, 31nn-oo and 31qq-uu (150 mg, 1.0 eq) in a 2:1:1 mixture of tetrahydrofuran, methanol and 
water (10 ml). Ammonium chloride (5.0 eq) was added, and the reaction mixture was heated to 60 °C for 
1.5 h. After filtration through a pad of Celite, the reaction mixture was concentrated in vacuo to afford 
an aqueous residue, which was diluted with ethyl acetate and washed with water. The organic layer was 
dried over sodium sulphate, filtered, and concentrated under reduced pressure provided the crude prod-
uct which was used for next step.

Method B: To a solution of nitro-intermediates 31 l-m, 31 u-w, 31dd-gg, 31 mm and 31pp (150 mg, 
1 eq) in MeOH (25 ml) (In 100 ml round bottom flask) was added Pd/C (20 mg, 10% Wt) and stirred under 
hydrogen atmosphere (balloon) at room temperature. The reaction progress was monitored by TLC anal-
ysis. The reaction mixture was filtered through celite and washed with ethyl acetate. The filtrate was 
evaporated under reduced pressure to get crude product which was used for next step.

General procedure 6 for the acylation of amine with acid chloride
The amine 3a-g, 11a-f, 21a-h and other aniline/amines accessed from intermediates 31a-z and 31aa-uu 
and commercially available aniline/amine precursors for accessing final compounds: 48, 52–54, 56–57, 
60–61 (100 mg, 1 eq) was dissolved in THF (6 ml) and cooled to 0 °C. To this, were sequentially added 
triethylamine (1.5 eq) and acid chloride (2-halo-acetyl or acrylic chloride) (1.1 eq). The reaction stirred for 
2 h. Conversion to product was confirmed by TLC-analysis. The reaction was poured onto water, extracted 
with ethyl acetate, washed with brine, dried over sodium sulphate and concentrated. The crude product 
was then purified via silica gel flash column chromatography to afford final compounds 4–9, 12–17, 
22–29, 32–36, 38, 40, 42–66, 71–76, 80, 84–88 and various intermediates 10a, 41a, 67a-70a, 77a-79a, 
81a-83a in 27–90% yield.

General procedure 7 for the benzyl group deprotection using Pd/C
In a 100 ml oven dried round bottom flask, benzyl intermediates 36, 38, 67a-70a, 77a-78a and 81a-82a 
(100 mg, 1 eq) was dissolved in ethyl acetate (EtOAc - use sufficient amount of solvent to dissolve the 
starting material completely), was added Pd/C (20 mg, 10% Wt) and stirred under hydrogen atmosphere 
(balloon) at room temperature. The reaction progress was monitored by TLC analysis. The reaction mix-
ture was filtered through celite and washed with ethyl acetate. The filtrate was evaporated under reduced 
pressure to get crude products which were then purified via silica gel flash column chromatography to 
afford final compounds 37, 39, 67–70, 77–78 and 81–83.

General procedures 8 for the Boc-deprotection using TFA or 2 M HCl
Method A: To a solution of Boc-intermediate 31o-q, 31x (100 mg, 1 eq) in DCM (5 ml) was added drop-
wise trifluoroacetic acid (15 eq). The reaction was allowed to stir at room temperature for 60 min. Then, 
volatiles and solvent were removed under reduced pressure using rotary evaporation. To completely get 
rid of TFA, toluene (4 ml x 2) was added and evaporated to get corresponding amine as TFA salt.

Method B: The desired Boc-intermediates 10a, 41a and 79a (100 mg, 1 eq) was treated with a solu-
tion of hydrogen chloride in diethyl ether (2 M, 4 ml, excess). The reaction mixture was allowed to stir 
overnight at room temperature. Solid formation was observed and allowed to settle down. Liquid part 
was decanted. The crude was washed with diethyl ether (3 × 5 ml) to get corresponding final compounds 
10, 41 and 79 as a hydrochloride salt in good yields.

Synthesis of 2-chloro-N-(3-((pyridin-2-ylthio)methyl)phenyl)acetamide 4
Compound 4 was synthesised by sequentially following the general procedure 1, using pyridine-2-thiol 
(#CAS: 2637–34-5) to make intermediate 2a. Intermediate 2a was subjected for nitro reduction using 
procedure 4 to get corresponding amine 3a, which was acylated using procedure 6 to generate final 
compound 4 as a white solid (55 mg, 0.17 mmol, 40%). 1H NMR (500 MHz, CDCl3) δ 8.46 (s, 1H), 8.19 (s, 
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1H), 7.57 (s, 1H), 7.53 − 7.43 (m, 2H), 7.29 (dd, J = 7.7, 2.8 Hz, 1H), 7.22 (d, J = 8.2 Hz, 1H), 7.16 (d, J = 7.2 Hz, 
1H), 7.00 (dd, J = 7.6, 4.5 Hz, 1H), 4.44 (s, 2H), 4.18 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 163.9, 158.4, 149.5, 
139.4, 136.9, 136.2, 129.3, 125.9, 122.2, 120.6, 119.8, 118.9, 42.9, 34.2. APCI-MS m/z: [M + H]+ calcd. for 
C14H14ClN2OS: 293.0, found: 293.2.

Synthesis of 2-chloro-N-(3-((phenylthio)methyl)phenyl)acetamide 5
Compound 5 was synthesised by sequentially following the general procedure 1, using Benzenethiol 
(#CAS: 108–98-5) to make intermediate 2b, Intermediate 2b was subjected for nitro reduction using  
procedure 4 to get corresponding amine 3b, which was acylated using procedure 6 to generate final 
compound 5 as a white solid (50 mg, 0.17 mmol, 38%). 1H NMR (500 MHz, DMSO-d6) δ 10.31 (s, 1H), 7.64 
(t, J = 1.9 Hz, 1H), 7.46 (ddd, J = 8.1, 2.2, 1.1 Hz, 1H), 7.34 − 7.26 (m, 4H), 7.24 (t, J = 7.9 Hz, 1H), 7.19 − 7.15 
(m, 1H), 7.08 (dt, J = 7.9, 1.3 Hz, 1H), 4.23 (s, 2H), 4.23 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.1, 139.1, 
138.7, 136.6, 129.4, 129.3, 128.5, 126.3, 124.8, 120.0, 118.6, 44.0, 37.0. APCI-MS m/z: [M + H]+ calcd. for 
C15H15ClNOS: 292.0, found: 292.3.

Synthesis of N-(3-((pyridin-2-ylthio)methyl)phenyl)acrylamide 6
Compound 6 was synthesised by sequentially following the general procedure 1 using pyridine-2-thiol 
(#CAS: 2637–34-5) to make intermediate 2c. Intermediate 2c was subjected for nitro reduction using 
procedure 4 to get corresponding amine 3c, which was acylated using procedure 6 [In place of acryloyl 
chloride, 1.1 eq of acrylic anhydride was used] to generate final compound 6 as a white solid (50 mg, 
0.20 mmol, 42%). 1H NMR (500 MHz, CDCl3) δ 8.44 (d, J = 4.5 Hz, 1H), 7.59 (s, 1H), 7.54 (d, J = 8.1 Hz, 1H), 
7.50 − 7.37 (m, 3H), 7.24 (d, J = 7.9 Hz, 1H), 7.15 (dd, J = 11.6, 7.8 Hz, 1H), 6.98 (ddd, J = 7.3, 4.9, 1.1 Hz, 1H), 
6.41 (dd, J = 16.8, 1.3 Hz, 1H), 6.23 (dd, J = 16.8, 10.2 Hz, 1H), 5.74 (dd, J = 10.2, 1.3 Hz, 1H), 4.41 (s, 2H). 13C 
NMR (126 MHz, CDCl3) δ 163.5, 158.5, 149.3, 138.9, 137.9, 135.9, 131.1, 129.1, 127.7, 124.9, 121.9, 120.2, 
119.6, 118.7, 34.1. APCI-MS m/z: [M + H]+ calcd. for C15H15N2OS: 271.0, found: 271.2.

Synthesis of 2-fluoro-N-(3-((pyridin-2-ylthio)methyl)phenyl)acetamide 7
Compound 7 was synthesised by sequentially following the general procedure 1 using pyridine-2-thiol 
(#CAS: 2637–34-5) to make intermediate 2d. Intermediate 2d was subjected for nitro reduction using 
procedure 4 to get corresponding amine 3d, which was acylated using procedure 6 [1.1 eq of 
2-fluoroacetyl chloride was used] to generate final compound 7 as a white solid (80 mg, 0.29 mmol, 63%). 
1H NMR (500 MHz, CDCl3) δ 8.53 − 8.39 (m, 1H), 7.92 (s, 1H), 7.64 − 7.56 (m, 1H), 7.44–7.52 (m, 2H), 7.28 
(dd, J = 7.8, 4.2 Hz, 1H), 7.22 (dt, J = 7.7, 3.6 Hz, 1H), 7.16 (dt, J = 7.7, 3.6 Hz, 1H), 7.00 (dq, J = 7.9, 3.9 Hz, 1H), 
4.90 (d, J = 47.2 Hz, 2H), 4.44 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 165.3 (d, J = 16.1 Hz), 158.3, 149.3, 139.4, 
136.4, 135.9, 129.2, 125.6, 122.0, 120.3, 119.6, 118.7, 80.1 (d, J = 187.9 Hz), 33.9. APCI-MS m/z: [M + H]+ 
calcd. for C14H14FN2OS: 277.0, found: 277.9.

Synthesis of 2-chloro-N-(3-((pyridin-2-yloxy)methyl)phenyl)acetamide 8
Compound 8 was synthesised by sequentially following the general procedure 1 using pyridine-2-ol 
(#CAS: 142–08-5) to make intermediate 2e. Intermediate 2e was subjected for nitro reduction using pro-
cedure 4 to get corresponding amine 3e, which was acylated using procedure 6 to generate final com-
pound 8 as a white solid (85 mg, 0.30 mmol, 66%). 1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 8.22 − 8.12 (m, 
1H), 7.61 (t, J = 2.0 Hz, 1H), 7.59 − 7.52 (m, 2H), 7.35 (t, J = 7.8 Hz, 1H), 7.24 (s, 1H), 6.94 − 6.85 (m, 1H), 6.81 
(m, 1H), 5.37 (s, 2H), 4.17 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 164.0, 163.5, 146.9, 138.8, 138.8, 137.0, 
129.4, 124.7, 119.6, 119.5, 117.2, 111.4, 67.1, 43.0. APCI-MS m/z: [M + H]+ calcd. for C14H14ClN2O2: 277.0, 
found: 277.2.

Synthesis of 2-chloro-N-(3-((naphthalen-2-yloxy)methyl)phenyl)acetamide 9
Compound 9 was synthesised by sequentially following the general procedure 1 using 2-Naphthol (#CAS: 
135–19-3) to make intermediate 2f. Intermediate 2f was subjected for nitro reduction using procedure 4 
to get corresponding amine 3f, which was acylated using procedure 6 to generate final compound 9 as 
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a white solid (60 mg, 0.19 mmol, 41%). 1H NMR (500 MHz, DMSO-d6) δ 10.40 (s, 1H), 7.85 − 7.83 (m, 2H), 
7.79 (d, J = 8.2 Hz, 1H), 7.75 (br s, 1H), 7.58 − 7.56 (m, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 2.5 Hz, 1H), 
7.39 − 7.33 (m, 2H), 7.26 − 7.21 (m, 2H), 5.22 (s, 2H), 4.26 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 164.7, 
156.2, 138.7, 137.8, 134.2, 129.4, 129.1, 128.6, 127.6, 126.7, 126.5, 123.7, 123.1, 118.8, 118.8, 118.4, 107.3, 
69.2, 43.6. APCI-MS m/z: [M-H]- calcd. for C19H15ClNO2: 324.07, found: 324.3.

Synthesis of 2-chloro-N-(3-((pyridin-2-ylamino)methyl)phenyl)acetamide hydrochloride 10
Compound 10 was synthesised by sequentially following the general procedure 1, using 2-boc-aminopy-
ridine (#CAS: 38427–94-0) to make Intermediate 2 g. Intermediate 2 g was subjected for nitro reduction 
using procedure 5 (method A) to get corresponding amine 3 g, which was acylated using procedure 6 
to generate compound 10a. Boc-deprotection of compound 10a using procedure 8 (method B) afforded 
final product 10 as a white solid (70 mg, 0.22 mmol, 84%). 1H NMR (500 MHz, DMSO-d6) δ 14.00 (s, 1H), 
10.63 (s, 1H), 9.29 (s, 1H), 7.95 − 7.91 (m, 2H), 7.67 − 7.66 (m, 1H), 7.58 − 7.51 (m, 1H), 7.34 (t, J = 7.9 Hz, 1H), 
7.14 − 7.11 (m, 2H), 6.92 − 6.85 (m, 1H), 4.65 (d, J = 5.5 Hz, 2H), 4.28 (s, 2H). 13C NMR (126 MHz, DMSO) δ 
164.8, 152.7, 143.4, 139.0, 137.2, 136.0, 129.2(2 C), 123.0, 118.6, 118.2, 112.4, 45.1, 43.6. APCI-MS m/z: 
[M-Cl]- calcd. for C14H15ClN3O: 276.0, found: 276.0.

Synthesis of 2-chloro-N-(3-phenoxyphenyl)acetamide 12
Compound 12 was synthesised by following the general procedure 6 using 3-Phenoxybenzenamine (#CAS: 
3586–12-7). Compound 12 was isolated as a white solid (100 mg, 0.39 mmol, 74%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.38 (s, 1H), 7.43 − 7.37 (m, 2H), 7.34 − 7.29 (m, 3H), 7.2 (t, J = 7.4 Hz, 1H), 7.07 − 6.99 (m, 2H), 
6.76 − 6.74 (m, 1H), 4.22 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 164.8, 157.2, 156.3, 140.0, 130.3, 130.1(2 C), 
123.8, 119.1(2 C), 114.1, 113.8, 109.0, 43.6. APCI-MS m/z: [M-H]- calcd. for C14H11ClNO2: 260.0, found: 259.8.

Synthesis of 2-chloro-N-(6-methoxypyridin-3-yl)acetamide 13
Compound 13 was synthesised by following the general procedure 6 using 5-Amino-2-methoxypyridine 
(#CAS: 6628–77-9). Compound 13 was isolated as a white solid (105 mg, 0.4 mmol, 74%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.33 (s, 1H), 8.34 (dd, J = 2.8, 0.7 Hz, 1H), 7.89 (dd, J = 8.9, 2.7 Hz, 1H), 6.82 (dd, J = 8.9, 0.7 Hz, 
1H), 4.25 (s, 2H), 3.81 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 164.8, 160.0, 138.0, 131.7, 129.4, 110.3, 53.2, 
43.3. APCI-MS m/z: [M-H]- calcd. for C8H8ClN2O2: 199.0, found: 198.9.

Synthesis of 2-chloro-N-(6-phenoxypyridin-3-yl)acetamide 14
Compound 14 was synthesised by following the general procedure 6 using 6-Phenoxy-3-pyridinamine 
(#CAS: 25194–67-6). Compound 14 was isolated as a white solid (110 mg, 0.42 mmol, 78%) 1H NMR 
(500 MHz, DMSO-d6) δ 10.48 (s, 1H), 8.34 − 8.28 (m, 1H), 8.07 (dd, J = 8.8, 2.7 Hz, 1H), 7.43 − 7.35 (m, 2H), 
7.23 − 7.15 (m, 1H), 7.13 − 7.07 (m, 2H), 7.04 (d, J = 8.8 Hz, 1H), 4.28 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 
δ 165.0, 159.0, 154.4, 138.5, 131.9, 131.2, 129.7, 124.3, 120.7, 111.7, 43.3. APCI-MS m/z: [M + H]+ calcd. for 
C13H12ClN2O2: 263.0, found: 262.5.

Synthesis of 2-chloro-N-(5-phenoxypyridin-3-yl)acetamide 15
Compound 15 was synthesised by following the general procedure 6 using 5-Phenoxy-3-pyridinamine 
(#CAS: 1379334–47-0). Compound 15 was isolated as a white solid (105 mg, 0.40 mmol, 75%). 1H NMR 
(500 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.72 (d, J = 2.1 Hz, 1H), 8.21 (d, J = 2.5 Hz, 1H), 7.64 (t, J = 2.3 Hz, 1H), 
7.50 − 7.39 (m, 2H), 7.23 (t, J = 7.4 Hz, 1H), 7.14 − 7.11 (m, 2H), 4.66 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 
δ 166.3, 155.5, 153.2, 138.6, 136.4, 135.0, 130.4 (2 C), 124.6, 119.2(2 C), 115.0, 43.6. APCI-MS m/z: [M-H]- 
calcd. for C13H10ClN2O2: 261.04, found: 260.9.

Synthesis of N-(3-(N-benzylsulfamoyl)phenyl)-2-chloroacetamide 16
Compound 16 was synthesised by following the general procedure 6 using 3-amino-N benzylbenzene-
sulfonamide (#CAS: 303780–52-1). Compound 16 was isolated as a white solid (80 mg, 0.24 mmol, 62%). 
1H NMR (500 MHz, DMSO-d6) δ 10.63 (s, 1H), 8.23 (t, J = 6.3 Hz, 1H), 8.14 (t, J = 1.9 Hz, 1H), 7.77 (dt, J = 7.7, 
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1.8 Hz, 1H), 7.57 − 7.48 (m, 2H), 7.30 − 7.19 (m, 5H), 4.29 (s, 2H), 3.98 (d, J = 6.3 Hz, 2H). 13C NMR (126 MHz, 
DMSO-d6) δ 165.1, 141.3, 139.1, 137.6, 129.9, 128.3 (2 C), 127.6 (2 C), 127.2, 122.7, 121.6, 117.2, 46.1, 43.5. 
APCI-MS m/z: [M + H]+ calcd. for C15H16ClN2O3S: 339.0, found: 338.7.

Synthesis of 2-chloro-N-(3-((phenylmethyl)sulfonamido)phenyl)acetamide 17
Compound 17 was synthesised by sequentially following the general procedure 3 (method A) using 
tert-butyl N-(3-aminophenyl)carbamate (#CAS: 68621–88-5), and alpha-toluenesulfonyl chloride (#CAS: 
1939–99-7) in presence of Et3N. The intermediate was subjected for Boc-deprotection using procedure 8 
(method A). The crude TFA salt was subjected for acylation using procedure 6 afforded desired product 
17 (57 mg, 0.17 mmol, 44%). 1H NMR (500 MHz, DMSO-d6) δ 10.38 (s, 1H), 9.93 (s, 1H), 7.51 (t, J = 2.1 Hz, 
1H), 7.39 − 7.33 (m, 4H), 7.29 − 7.23 (m, 3H), 6.90 (m, 1H), 4.44 (s, 2H), 4.26 (s, 2H). 13C NMR (126 MHz, 
DMSO-d6) δ 165.1, 139.9, 139.8, 131.4 (2 C), 130.2, 130.1, 128.8 (2 C), 128.6, 114.9, 114.5, 110.2, 57.0, 44.1. 
APCI-MS m/z: [M + H]+ calcd. for C15H16ClN2O3S: 339.0, found: 339.2.

Synthesis of 2-chloro-N-(3–(3-methyl-3-phenylureido)phenyl)acetamide 22
Compound 22 was synthesised by sequentially following the general procedure 2, using N-methylaniline 
(#CAS: 100–61-8) to make intermediate 20a. Intermediate 20a was subjected for nitro reduction using 
procedure 4 to get corresponding amine 21a, which was acylated using procedure 6 to generate final 
compound 22 as a white solid (35 mg, 0.11 mmol, 27%). 1H NMR (500 MHz, DMSO-d6): δ 10.23 (s, 1H), 8.22 
(s, 1H), 7.73 (s, 1H), 7.39–7.43 (m, 2H), 7.34 − 7.29 (m, 2H), 7.26 − 7.22 (m, 1H), 7.22 − 7.17 (m, 1H), 7.16 − 7.12 
(m, 2H), 4.21 (s, 2H), 3.26 (s, 3H).13C NMR (201 MHz, DMSO-d6): δ 164.8, 155.0, 144.5, 140.9, 138.8, 129.6 
(2 C), 128.9, 126.6 (2 C), 126.2, 115.9, 113.7, 111.5, 44.0, 37.9. APCI-MS m/z: [M + H]+ calcd. for C16H17ClN3O2: 
318.1, found: 318.4.

Synthesis of 2-chloro-N-(3–(3-phenylureido)phenyl)acetamide 23
Compound 23 was synthesised by sequentially following the general procedure 2, using aniline (#CAS: 
62–53-3) to make intermediate 20b. Intermediate 20b was subjected for nitro reduction using procedure 
4 to get corresponding amine 21b, which was acylated using procedure 6 to generate final compound 
23 as a white solid (75 mg, 0.33 mmol, 75%). 1H NMR (500 MHz, DMSO-d6): δ 1H NMR (500 MHz, DMSO-d6) 
δ 10.31 (s, 1H), 8.75 (s, 1H), 8.61 (s, 1H), 7.81 (br zs, 1H), 7.47 − 7.41 (m, 2H), 7.28 (t, J = 7.9 Hz, 2H), 
7.25 − 7.15 (m, 3H), 6.97 (t, J = 7.3 Hz, 1H), 4.25 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 164.6, 152.4, 140.2, 
139.7, 139.0, 129.2, 128.8 (2 C), 121.9, 118.2 (2 C), 113.6, 112.9, 109.0, 43.7. APCI-MS m/z: [M-H]- calcd. for 
C15H13ClN3O2: 302.0, found: 302.4.

Synthesis of 2-chloro-N-(3–(3-(pyridin-2-yl)ureido)phenyl)acetamide 24
Compound 24 was synthesised by sequentially following the general procedure 2, using pyridine-2-amine 
(#CAS: 504–29-0) to make intermediate 20c. Intermediate 20c was subjected for nitro reduction using 
procedure 4 to get corresponding amine 21c, which was acylated using procedure 6 to generate final 
compound 24 as a white solid (90 mg, 0.30 mmol, 67%). 1H NMR (500 MHz, DMSO-d6): δ 10.51 (s, 1H), 
10.37 (s, 1H), 9.46 (s, 1H), 8.30 (d, J = 5.0 Hz, 1H), 7.89 (s, 1H), 7.78 (t, J = 7.8 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 
7.35 (d, J = 8.0 Hz, 1H), 7.28 (t, J = 7.9 Hz, 1H), 7.23 (d, J = 7.9 Hz, 1H), 7.07 − 7.02 (m, 1H), 4.28 (d, J = 1.1 Hz, 
2H).13C NMR (201 MHz, DMSO-d6): δ 169.3, 165.0, 139.5, 138.8, 137.1, 129.2, 129.1 (2 C), 125.2, 123.7, 120.3, 
119.5, 118.1, 44.0. APCI-MS m/z: [M + H]+ calcd. for C14H14ClN4O2: 305.0, found: 304.9.

Synthesis of 2-chloro-N-(3–(3-methyl-3-phenylureido)phenyl)acetamide 25
Compound 22 was synthesised by sequentially following the general procedure 2, using N-methylaniline 
(#CAS: 100–61-8) to make intermediate 20d. Intermediate 20d was subjected for nitro reduction using 
procedure 4 to get corresponding amine 21d, which was acylated using procedure 6 to generate final 
compound 25 as a white solid (35 mg, 0.11 mmol, 27%). 1H NMR (500 MHz, DMSO-d6): δ 10.23 (s, 1H), 8.22 
(s, 1H), 7.73 (s, 1H), 7.39–7.43 (m, 2H), 7.34 − 7.29 (m, 2H), 7.26 − 7.22 (m, 1H), 7.22 − 7.17 (m, 1H), 7.16 − 7.12 
(m, 2H), 4.21 (s, 2H), 3.26 (s, 3H).13C NMR (201 MHz, DMSO-d6): δ 164.8, 155.0, 144.5, 140.9, 138.8, 129.6 
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(2 C), 128.9, 126.6 (2 C), 126.2, 115.9, 113.7, 111.5, 44.0, 37.9. APCI-MS m/z: [M + H]+ calcd. for C16H17ClN3O2: 
318.1, found: 318.4.

Synthesis of N-(3–(3-benzylureido)phenyl)-2-chloroacetamide 26
Compound 26 was synthesised by sequentially following the general procedure 2, using benzylamine 
(#CAS: 100–46-9) to make intermediate 20e. Intermediate 20e was subjected for nitro reduction using 
procedure 4 to get corresponding amine 21e, which was acylated using procedure 6 to generate final 
compound 26 as a white solid (95 mg, 0.30 mmol, 74%). 1H NMR (500 MHz, DMSO-d6): δ 10.25 (s, 1H), 8.64 
(s, 1H), 7.73 (s, 1H), 7.35 − 7.27 (m, 4H), 7.24 (t, J = 6.9 Hz, 1H), 7.18 − 7.09 (m, 3H), 6.63 − 6.51 (m, 1H), 4.29 
(d, J = 5.9 Hz, 2H), 4.22 (s, 2H). 13C NMR (201 MHz, DMSO-d6): δ 164.9, 155.5, 141.3, 140.7, 139.2, 129.4, 
128.7 (2 C), 127.5 (2 C), 127.1, 113.6, 112.6, 109.1, 44.0, 43.1. APCI-MS m/z: [M + H]+ calcd. for C16H17ClN3O2: 
318.1, found: 318.6.

Synthesis of 2-chloro-N-(3–(3-(4-chlorophenyl)ureido)phenyl)acetamide 27
Compound 27 was synthesised by sequentially following the general procedure 2, using 4-chloroaniline 
(#CAS: 106–47-8) to make intermediate 20f. Intermediate 20f was subjected for nitro reduction using 
procedure 4 to get corresponding amine 21f, which was acylated using procedure 6 to generate final 
compound 27 as a white solid (105 mg, 0.31 mmol, 82%). 1H NMR (500 MHz, DMSO-d6): δ 10.27 (s, 1H), 
8.79 (s, 1H), 8.75 (s, 1H), 7.76 (s, 1H), 7.44 (d, J = 8.9 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 5.2 Hz, 2H), 
7.16 − 7.12 (m, 1H), 4.20 (s, 2H).13C NMR (201 MHz, DMSO-d6): δ 165.0, 152.7, 140.4, 139.3, 139.1, 129.6, 
129.0 (2 C), 125.8, 120.1 (2 C), 114.1, 113.4, 109.6, 44.0. APCI-MS m/z: [M + H]+ calcd. for C15H14Cl2N3O2: 
338.0, found: 338.3.

Synthesis of 2-chloro-N-(3–(3-cyclohexylureido)phenyl)acetamide 28
Compound 28 was synthesised by sequentially following the general procedures 2, using cyclohexyl-
amine (#CAS: 108–91-8) to make intermediate 20 g. Intermediate 20 g was subjected for nitro reduction 
using procedure 4 to get corresponding amine 21 g, which was acylated using procedure 6 to generate 
final compound 28 as a white solid (42 mg, 0.14 mmol, 32%). 1H NMR (500 MHz, DMSO-d6) δ 10.23 (s, 1H), 
8.37 (s, 1H), 7.67 (s, 1H), 7.17 − 7.09 (m, 3H), 6.03 (d, J = 7.8 Hz, 1H), 4.22 (s, 2H), 3.50 − 3.42 (m, 1H), 
1.84 − 1.75 (m, 2H), 1.65 (dd, J = 9.0, 4.2 Hz, 2H), 1.52 (br s, 1H), 1.36 − 1.26 (m, 2H), 1.24 − 1.11 (m, 3H). 13C 
NMR (126 MHz, DMSO-d6) δ 165.0, 154.8, 141.6, 139.3, 129.4, 113.4, 112.5, 108.8, 47.9, 44.1, 33.3, 25.7, 
24.7. APCI-MS m/z: [M + H]+ calcd. for C15H21ClN3O2: 310.1, found: 310.1.

Synthesis of 2-chloro-N-(4–(3-phenylureido)phenyl)acetamide 29
Compound 29 was synthesised by sequentially following the general procedures 2, using aniline (#CAS: 
62–53-3) to make intermediate 20h. Intermediate 20h was subjected for nitro reduction using procedure 
4 to get corresponding amine 21h, which was acylated using procedure 6 to generate final compound 
29 as a white solid (61 mg, 0.2 mmol, 46%). 1H NMR (500 MHz, DMSO-d6) δ 10.20 (s, 1H), 8.64 (s, 2H), 7.50 
(d, J = 8.9 Hz, 2H), 7.42 (dd, J = 17.6, 8.3 Hz, 4H), 7.30 − 7.25 (m, 2H), 6.96 (t, J = 7.3 Hz, 1H), 4.22 (s, 2H). 13C 
NMR (126 MHz, DMSO-d6) δ 164.7, 153.1, 140.2, 136.2,133.2, 129.3 (2 C), 122.22, 120.5 (2 C), 119.1 (2 C), 
118.6 (2 C), 44.0. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.5, found: 304.0.

Synthesis of 2-chloro-N-(3–(2-phenylacetamido)phenyl)acetamide 32
Compound 32 was synthesised by sequentially following the general procedure 3 (method B), using 
3-nitroaniline (#CAS: 99–09-2) and phenylacetic acid (#CAS: 103–82-2) to make intermediate 31a. 
Intermediate 31a was subjected for nitro reduction using procedure 4 to get corresponding amine which 
was acylated using procedure 6 to generate final compound 32 as a white solid (94 mg, 0.31 mmol, 70%). 
1H NMR (500 MHz, DMSO-d6): δ 10.31 (s, 1H), 10.22 (s, 1H), 7.95 (s, 1H), 7.36 − 7.29 (m, 5H), 7.27 − 7.21 (m, 
3H), 4.23 (s, 2H), 3.63 (s, 2H). 13C NMR (201 MHz, DMSO-d6): δ 169.6, 165.0, 140.0, 139.1, 136.4, 129.4 (3 C), 
128.7 (2 C), 126.9, 115.1, 114.7, 110.7, 44.0, 43.7. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O2: 303.0, 
found: 303.4.
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Synthesis of 2-chloro-N-(3–(2-oxo-2-(phenylamino)ethyl)phenyl)acetamide 33
Compound 33 was synthesised by sequentially following the general procedure 3 (method B), using 
2–(3-nitrophenyl)acetic acid (#CAS: 1877–73-2) and aniline (#CAS: 62–53-3) to make intermediate 31b. 
Intermediate 31b was subjected for nitro reduction using procedure 4 to get corresponding amine 
which was acylated using procedure 6 to generate final compound 33 as a white solid (84 mg, 
0.28 mmol, 63%). 1H NMR (500 MHz, DMSO-d6): δ 10.29 (s, 1H), 10.17 (s, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.56 
(s, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.28 (q, J = 8.4 Hz, 3H), 7.06 (d, J = 7.6 Hz, 1H), 7.03 (t, J = 7.3 Hz, 1H), 4.23 
(s, 2H), 3.61 (s, 2H). 13C NMR (201 MHz, DMSO-d6): δ 169.3, 165.0, 139.5, 138.8, 137.1, 129.2, 129.1 (2 C), 
125.2, 123.7, 120.3, 119.5 (2 C), 118.1, 44.0, 43.7. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O2: 303.0, 
found: 303.4.

Synthesis of 3–(2-chloroacetamido)-N-(pyridin-2-ylmethyl)benzamide 34
Compound 34 was synthesised by following the general procedure 3 (method A), using pyridin-2-yl-
methanamine (#CAS: 3731–51-9) to make intermediate 31c. Intermediate 31c was subjected for nitro 
reduction using procedure 5 (method A) to get corresponding amine which was acylated using proce-
dure 6 to generate final compound 34 as a white solid (78 mg, 0.26 mmol, 58%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.48 (s, 1H), 9.12 (t, J = 6.0 Hz, 1H), 8.51 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.08 (t, J = 1.9 Hz, 1H), 
7.83 − 7.73 (m, 2H), 7.65 (ddd, J = 7.8, 1.7, 1.0 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 7.31 (dt, J = 7.9, 1.1 Hz, 1H), 
7.26 (ddd, J = 7.5, 4.9, 1.2 Hz, 1H), 4.56 (d, J = 6.0 Hz, 2H), 4.27 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 
166.2, 164.9, 158.7, 148.9, 138.6, 136.8, 135.1, 129.0, 122.4, 122.2, 122.1, 120.9, 118.8, 44.7, 43.6. APCI-MS 
m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.0, found: 304.2.

Synthesis of 2-chloro-N-(3–(2-(pyridin-2-yl)acetamido)phenyl)acetamide 35
Compound 35 was synthesised by sequentially following the general procedures 3 (method B), using 
2-(pyridin-2-yl)acetic acid (#CAS: 13115–43-0) and m-nitroaniline (#CAS: 99–09-2) to make intermediate 
31d. Intermediate 31d was subjected for nitro reduction using procedure 5 (method A) to get corre-
sponding amine which was acylated using procedure 6 to generate final compound 35 as a white solid 
(68 mg, 0.22 mmol, 51%). 1H NMR (500 MHz, CD3OD) δ 8.50 (ddd, J = 5.0, 1.8, 0.9 Hz, 1H), 7.92 (t, J = 2.0 Hz, 
1H), 7.82 (td, J = 7.7, 1.8 Hz, 1H), 7.46 (dt, J = 7.8, 1.1 Hz, 1H), 7.39 − 7.31 (m, 3H), 7.27 (t, J = 8.1 Hz, 1H), 4.17 
(s, 2H), 3.91 (s, 2H).13C NMR (126 MHz, CD3OD) δ 170.6, 167.4, 156.7, 149.9, 140.3, 139.7, 138.8, 130.2, 
125.8, 123.7, 117.4, 117.2, 113.2, 46.3, 44.0. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.0, 
found: 304.3.

Synthesis of N-(3-(benzyloxy)benzyl)-3–(2-chloroacetamido)benzamide 36
This compound is an immediate precursor for the final compound 37. Compound 36 was synthesised 
by sequentially following the general procedures 3 (method B), using (3-(benzyloxy)phenyl)methanamine 
(#CAS: 104566–43-0) to make intermediate 31e. Intermediate 31e was subjected for nitro reduction 
using procedure 5 (method A) to get corresponding amine which was acylated using procedure 6 to 
generate final compound 36 as a white solid (86 mg, 0.21 mmol, 70%). 1H NMR (500 MHz, DMSO-d6) δ 
10.46 (s, 1H), 9.03 (t, J = 6.0 Hz, 1H), 8.06 (t, J = 1.9 Hz, 1H), 7.78 − 7.76 (m, 1H), 7.63 − 7.55 (m, 1H), 7.46 − 7.39 
(m, 3H), 7.39 − 7.33 (m, 2H), 7.33 − 7.29 (m, 1H), 7.24 (t, J = 7.9 Hz, 1H), 6.96 (t, J = 2.0 Hz, 1H), 6.92 − 6.86 (m, 
2H), 5.08 (s, 2H), 4.44 (d, J = 6.0 Hz, 2H), 4.27 (s, 2H). APCI-MS m/z: [M + H]+ calcd. for C23H22ClN2O3: 409.1, 
found: 409.4.

Synthesis of 3–(2-chloroacetamido)-N-(3-hydroxybenzyl)benzamide 37
The compound 37 was synthesised by performing debenzylation reaction (100 mg scale) on intermediate 
36 by following the general procedure 7. The desired product was isolated as a white product (62 mg, 
0.20 mmol, 80%). 1H NMR (500 MHz, DMSO) δ 10.48 (s, 1H), 9.35 (s, 1H), 9.02 (t, J = 6.1 Hz, 1H), 8.07 (t, 
J = 1.9 Hz, 1H), 7.78 − 7.76 (m, 1H), 7.61 (dt, J = 7.9, 1.3 Hz, 1H), 7.44 (t, J = 7.9 Hz, 1H), 7.11 (t, J = 7.9 Hz, 1H), 
6.73 − 6.71 (m, 2H), 6.64 − 6.58 (m, 1H), 4.39 (d, J = 6.0 Hz, 2H), 4.27 (s, 2H). APCI-MS m/z: [M + H]+ calcd. for 
C16H16ClN2O3: 319.0, found: 319.2.
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Synthesis of 2–(3-(benzyloxy)phenyl)-N-(3–(2-chloroacetamido)phenyl)acetamide 38
This compound is an immediate precursor for the final compound 39. Compound 38 was synthesised 
by sequentially following the general procedure 3 (method B), using (3-benzyloxy)phenylacetic acid 
(#CAS: 1860–58-8) and 3-nitroaniline (#CAS: 99–09-2) to make intermediate 31f. Intermediate 31f was 
subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acy-
lated using procedure 6 to generate final compound 38 as a white solid (100 mg, 0.24 mmol, 81%). 1H 
NMR (500 MHz, DMSO-d6) δ 10.31 (s, 1H), 10.20 (s, 1H), 7.97 − 7.90 (m, 1H), 7.45 − 7.44 (m, 2H), 7.41 − 7.35 
(m, 2H), 7.33 − 7.32 (m, 2H), 7.28 − 7.22 (m, 3H), 7.00 (br s, 1H), 6.92 − 6.89 (m, 2H), 5.08 (s, 2H), 4.23 (s, 
2H), 3.59 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 169.0, 164.6, 158.3, 139.6, 138.8, 137.5, 137.1, 129.4, 
129.1, 128.5 (2 C), 127.8, 127.8 (2 C), 121.6, 115.8, 114.7, 114.3, 112.7, 110.2, 69.1, 43.6, 43.4. APCI-MS m/z: 
[M + H]+ calcd. for C23H22ClN2O3: 409.1, found: 409.1.

Synthesis of 2-chloro-N-(3–(2-(3-hydroxyphenyl)acetamido)phenyl)acetamide 39
The compound 39 was synthesised by performing debenzylation reaction (100 mg scale) on intermediate 
38 by following the general procedure 7. The desired product was isolated as a white solid (66 mg, 
0.21 mmol, 85%). 1H NMR (500 MHz, DMSO) δ 10.32 (s, 1H), 10.19 (s, 1H), 9.36 (s, 1H), 7.95 (t, J = 2.1 Hz, 1H), 
7.35 − 7.31 (m, 1H), 7.30 − 7.18 (m, 2H), 7.10 (t, J = 7.7 Hz, 1H), 6.76 − 6.73 (m, 2H), 6.64 − 6.62 (m, 1H), 4.23 (s, 
2H), 3.53 (s, 2H). 13C NMR (126 MHz, DMSO) δ 169.2, 164.7, 157.3, 139.7, 138.8, 137.3, 129.3, 129.1, 119.7, 
115.9, 114.7, 114.3, 113.6, 110.2, 43.7, 43.5. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O3: 319.0, found: 319.1.

Synthesis of 3–(2-chloroacetamido)-N-phenylbenzamide 40
Compound 40 was synthesised by sequentially following the general procedure 3 (method A), using 
aniline (#CAS: 62–53-3) to make intermediate 31 g. Intermediate 31 g was subjected for nitro reduction 
using procedure 5 (method A) to get corresponding amine which was acylated using procedure 6 to 
generate final compound 40 as a white solid (120 mg, 0.40 mmol, 85%). 1H NMR (500 MHz, DMSO-d6) δ 
10.51 (s, 1H), 10.28 (s, 1H), 8.10 (t, J = 2.0 Hz, 1H), 7.83 (ddd, J = 8.0, 2.2, 1.0 Hz, 1H), 7.76 (d, J = 7.3 Hz, 2H), 
7.68 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.35 (dd, J = 8.5, 7.4 Hz, 2H), 7.14 − 7.07 (m, 1H), 4.29 (s, 2H). 
13C NMR (126 MHz, DMSO-d6) δ 165.4, 164.9, 139.1, 138.6, 135.9, 128.9 (2 C), 128.6, 123.7, 122.8, 122.3, 
120.4 (2 C), 118.9, 43.5. APCI-MS m/z: [M + H]+ calcd. for C15H14ClN2O2: 289.0, found: 288.6.

Synthesis of 3–(2-chloroacetamido)-N-(piperidin-4-yl)benzamide hydrochloride 41
Compound 41 was synthesised by sequentially following the general procedure 3 (method A), using 
tert-butyl 4-amino-1-piperidinecarboxylate (#CAS: 87120–72-7) to make intermediate 31h. Intermediate 
31h was subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which 
was acylated using procedure 6 to generate final compound 41a. Boc-deprotection of compound 41a 
using procedure 8 (method B) afforded final product 41 as a white solid (75 mg, 0.17 mmol, 67%). 1H 
NMR (500 MHz, DMSO-d6) δ 10.58 (s, 1H), 8.84 (s, 1H), 8.73 (d, J = 10.3 Hz, 1H), 8.53 (d, J = 7.5 Hz, 1H), 8.03 
(t, J = 1.9 Hz, 1H), 7.76 (ddd, J = 8.1, 2.3, 1.0 Hz, 1H), 7.58 (dt, J = 7.8, 1.3 Hz, 1H), 7.42 (t, J = 7.9 Hz, 1H), 4.29 
(s, 2H), 4.08 − 4.01 (m, 1H), 3.30 (d, J = 12.7 Hz, 2H), 2.99 (td, J = 12.4, 6.4 Hz, 2H), 1.95 (dd, J = 13.8, 3.8 Hz, 
2H), 1.81 − 1.71 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 164.9, 138.5, 135.3, 128.7, 122.6, 122.0, 
118.8, 44.4, 43.5, 42.2 (2 C), 28.1 (2 C). APCI-MS m/z: [M-Cl]- calcd. for C14H19ClN3O2: 296.1, found: 296.1

Synthesis of N-(3–(2-chloroacetamido)phenyl)picolinamide 42
Compound 42 was synthesised by sequentially following the general procedure 3 (method B), using 
3-nitroaniline (#CAS: 99–09-2) and picolinic acid (#CAS: 98–98-6) to make intermediate 31i. Intermediate 31i 
was subjected for nitro reduction using procedure 4 to get corresponding amine which was acylated using 
procedure 6 to generate final compound 42 as a white solid (85 mg, 0.29 mmol, 85%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.62 (s, 1H), 10.37 (s, 1H), 8.75 (d, J = 4.1 Hz, 1H), 8.25 (s, 1H), 8.16 (d, J = 7.8 Hz, 1H), 8.08 (td, 
J = 7.7, 1.7 Hz, 1H), 7.69 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 9.0 Hz, 1H), 7.31 (t, 
J = 8.1 Hz, 1H), 4.26 (s, 2H). 13C NMR (126 MHz, DMSO-d6): 165.1, 163.0, 150.3, 148.9, 139.2, 139.1, 138.6, 129.5, 
127.5, 122.9, 116.5, 115.6, 111.9, 44.1. APCI-MS m/z: [M + H]+ calcd. for C14H13ClN3O2: 290.0, found: 290.5.
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Synthesis of 3–(2-chloroacetamido)-N-(pyridin-2-yl)benzamide 43
Compound 43 was synthesised by sequentially following the general procedure 3 (method A), using 
pyridine-2-amine (#CAS: 504–29-0) to make intermediate 31j. Intermediate 31j was subjected for nitro 
reduction using procedure 5 (method A) to get corresponding amine which was acylated using proce-
dure 6 to generate final compound 43 as a white solid (85 mg, 0.29 mmol, 85%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.82 (s, 1H), 10.53 (s, 1H), 8.40 (dd, J = 5.3, 1.9 Hz, 1H), 8.23 − 8.11 (m, 2H), 7.86 (ddd, J = 8.6, 
7.4, 2.0 Hz, 1H), 7.82 (dd, J = 7.8, 1.9 Hz, 1H), 7.79 − 7.77 (m, 1H), 7.48 (t, J = 7.9 Hz, 1H), 7.20 − 7.17 (m, 1H), 
4.30 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 166.3, 165.4, 152.5, 148.4, 139.1, 138.7, 135.4, 129.4, 123.6, 
123.1, 120.4, 119.7, 115.2, 44.0. APCI-MS m/z: [M + H]+ calcd. for C14H13ClN3O2: 290.0, found: 289.8.

Synthesis of 3–(2-chloroacetamido)-N-(pyridin-3-yl)benzamide 44
Compound 44 was synthesised by sequentially following the general procedure 3 (method A), using 
pyridine-3-amine (#CAS: 462–08-8) to make intermediate 31k. Intermediate 31k was subjected for nitro 
reduction using procedure 5 (method A) to get corresponding amine which was acylated using proce-
dure 6 to generate final compound 44 as a white solid (100 mg, 0.35 mmol, 77%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.54 (s, 1H), 10.51 (s, 1H), 8.91 (dd, J = 2.5, 0.7 Hz, 1H), 8.32 (dd, J = 4.6, 1.5 Hz, 1H), 8.19 (ddd, 
J = 8.3, 2.5, 1.5 Hz, 1H), 8.14 (t, J = 1.9 Hz, 1H), 7.83 (ddd, J = 8.1, 2.3, 1.0 Hz, 1H), 7.71 (dt, J = 7.9, 1.2 Hz, 1H), 
7.52 (t, J = 7.9 Hz, 1H), 7.40 (dd, J = 8.3, 4.7 Hz, 1H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 
165.0, 144.7, 142.0, 138.7, 135.8, 135.2, 129.1, 127.4, 123.6, 122.9, 122.6, 118.9, 43.6. APCI-MS m/z: [M + H]+ 
calcd. for C14H13ClN3O2: 290.0, found: 289.6.

Synthesis of 5–(2-chloroacetamido)-N-(pyridin-2-yl)nicotinamide 45
Compound 45 was synthesised by sequentially following the general procedure 3 (method B), using 
5-nitronicotinic acid (#CAS: 2047–49-6) and pyridine-2-amine (#CAS: 504–29-0) to make intermediate 31 l. 
Intermediate 31 l was subjected for nitro reduction using procedure 5 (method B) to get corresponding 
amine which was acylated using procedure 6 to generate final compound 45 as a white solid (95 mg, 
0.33 mmol, 70%). 1H NMR (500 MHz, DMSO-d6) δ 11.14 (s, 1H), 10.74 (s, 1H), 8.95 − 8.80 (m, 2H), 8.56 (t, 
J = 2.3 Hz, 1H), 8.42 (ddd, J = 4.8, 2.0, 1.0 Hz, 1H), 8.19 (dt, J = 8.4, 1.1 Hz, 1H), 7.87 (ddd, J = 8.7, 7.3, 1.9 Hz, 
1H), 7.20 (ddd, J = 7.4, 4.8, 1.1 Hz, 1H), 4.35 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 166.0, 164.9, 152.4, 
148.5, 144.3, 143.9, 138.8, 135.4, 130.6, 126.5, 120.6, 115.3, 43.8. APCI-MS m/z: [M + H]+ calcd. for 
C13H12ClN4O2: 291.0, found: 290.5.

Synthesis of 4–(2-chloroacetamido)-N-(pyridin-2-yl)picolinamide 46
Compound 46 was synthesised by sequentially following the general procedure 3 (method B), using 
4-nitropicolinic acid (#CAS: 13509–19-8) and pyridine-2-amine (#CAS: 504–29-0) to make intermediate 
31 m. Intermediate 31 m was subjected for nitro reduction using procedure 5 (method B) to get corre-
sponding amine which was acylated using procedure 6 to generate final compound 46 as a white solid 
(55 mg, 0.19 mmol, 46%). 1H NMR (500 MHz, DMSO-d6) δ 11.04 (s, 1H), 10.42 (s, 1H), 8.65 (d, J = 5.5 Hz, 1H), 
8.42 (d, J = 2.2 Hz, 1H), 8.42 − 8.39 (m, 1H), 8.28 (d, J = 8.3 Hz, 1H), 7.92 (ddd, J = 8.8, 7.5, 1.9 Hz, 1H), 7.88 
(dd, J = 5.5, 2.2 Hz, 1H), 7.22 (ddd, J = 7.4, 4.9, 1.0 Hz, 1H), 4.38 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 
166.2, 161.8, 150.5, 149.9, 149.8, 148.6, 147.2, 138.8, 120.4, 116.1, 113.2, 111.7, 43.6. APCI-MS m/z: [M + H]+ 
calcd. for C13H12ClN4O2: 291.0, found: 290.6.

Synthesis of 6–(2-chloroacetamido)-N-(pyridin-2-yl)picolinamide 47
Compound 47 was synthesised by following the general procedure 3 (method B), using 2-aminopyridine 
(#CAS: 504–29-0) and 6-nitropicolinic acid (#CAS: 26893–68-5), to make intermediate 31n. Intermediate 
31n was subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which 
was acylated using procedure 6 to generate final compound 47 as a white solid (99 mg, 0.35 mmol, 76%). 
1H NMR (500 MHz, DMSO-d6) δ 11.26 (s, 1H), 10.39 (s, 1H), 8.41 (ddd, J = 4.8, 2.0, 0.9 Hz, 1H), 8.33 (d, 
J = 8.3 Hz, 1H), 8.30 (dt, J = 8.3, 1.0 Hz, 1H), 8.12 (t, J = 7.9 Hz, 1H), 7.96 − 7.89 (m, 2H), 7.22 (ddd, J = 7.3, 4.8, 
1.0 Hz, 1H), 4.41 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.9, 161.5, 150.6, 150.4, 148.5, 147.0, 140.9, 
138.8, 120.3, 117.9, 117.1, 113.0, 43.5. APCI-MS m/z: [M + H]+ calcd. for C13H12ClN4O2: 291.0, found: 290.8.
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Synthesis of 1–(2-chloroacetyl)-N-(pyridin-2-yl)piperidine-3-carboxamide 48
Compound 48 was synthesised by following the general procedure 6 by using N-(pyridin-2-yl)
piperidine-3-carboxamide (#CAS 883106–72-7). The desired product 48 was isolated as a white solid 
(70 mg, 0.24 mmol, 51%). Note: Rotamers were formed. 1H NMR (500 MHz, DMSO-d6) δ 10.58 (s, 1H), 8.31 
(d, J = 5.0 Hz, 1H), 8.06 (t, J = 8.0 Hz, 1H), 7.85 − 7.67 (m, 1H), 7.15 − 6.97 (m, 1H), 4.51 (s, 1H), 4.48 − 4.12 (m, 
2H), 3.84 (dd, J = 56.4, 13.6 Hz, 1H), 3.23 − 2.97 (m, 1H), 2.82 − 2.56 (m, 2H), 1.97 (d, J = 12.3 Hz, 1H), 
1.82 − 1.59 (m, 2H), 1.53 − 1.27 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 173.1/172.8 (rotamers), 
165.0/164.9(rotamers), 152.4, 148.4, 138.7, 119.9, 114.1/114.0(rotamer), 48.1/46.1 (rotamers), 44.3/43.5(rota-
mers), 42.8, 42.6/42.5(rotamers), 27.9/27.8 (rotamers), 25.1/24.3(rotamers). APCI-MS m/z: [M + H]+ calcd. for 
C13H17ClN3O2: 282.1, found: 282.0.

Synthesis of (1 R,3S)-3–(2-chloroacetamido)-N-(pyridin-2-yl)cyclohexane-1-carboxamide 49
Compound 49 was synthesised by sequentially following the general procedure 3 (method B), using 
(1 R,3S)-3-(tert-Butoxycarbonylamino)cyclohexanecarboxylic acid (#CAS 222530–33-8) and pyridine-2-amine 
(#CAS: 504–29-0) to make intermediate 31o. Intermediate 31o was subjected for Boc-deprotection using 
procedure 8 (method A) to get corresponding amine as a TFA salt which was acylated using procedure 
6 to generate final compound 49 as a white solid (63 mg, 0.21 mmol, 68%; Yield calcd. w.r.t 
boc-intermediate). 1H NMR (500 MHz, DMSO-d6) δ 10.42 (s, 1H), 8.29 (ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 8.19 
(d, J = 7.9 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.75 (ddd, J = 8.7, 7.3, 2.0 Hz, 1H), 7.07 (ddd, J = 7.4, 4.9, 1.0 Hz, 
1H), 4.00 (s, 2H), 3.63 − 3.55 (m, 1H), 2.67 − 2.56 (m, 1H), 1.90 − 1.88 (m, 1H), 1.84 − 1.71 (m, 3H), 1.39 − 1.24 
(m, 3H), 1.18 − 1.10 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 174.2, 164.9, 152.2, 148.0, 138.1, 119.2, 
113.5, 47.6, 43.3, 42.8, 34.8, 31.5, 28.2, 23.9. APCI-MS m/z: [M-H]- calcd. for C14H17ClN3O2: 294.1, 
found: 294.2.

Synthesis of (1S,3S)-3–(2-chloroacetamido)-N-(pyridin-2-yl)cyclohexane-1-carboxamide 50
Compound 50 was synthesised by sequentially following the general procedure 3 (method B), using 
(1S,3S)-3-(tert-Butoxycarbonylamino)cyclohexanecarboxylic acid (#CAS 1008773–73-6) and pyridine-2-amine 
(#CAS: 504–29-0) to make intermediate 31p. Intermediate 31p was subjected for Boc-deprotection using 
procedure 8 (method A) to get corresponding amine as a TFA salt which was acylated using procedure 
6 to generate final compound 50 as a white solid (67 mg, 0.23 mmol, 72%; Yield calcd. w.r.t 
boc-intermediate). 1H NMR (500 MHz, DMSO-d6) δ 9.47 (s, 1H), 7.44 (dt, J = 4.7, 1.6 Hz, 1H), 7.22 (d, 
J = 8.4 Hz, 1H), 7.12 (d, J = 6.8 Hz, 1H), 6.90 (ddd, J = 8.8, 7.4, 2.0 Hz, 1H), 6.23 (ddd, J = 7.3, 4.8, 1.0 Hz, 1H), 
3.30 − 3.18 (m, 2H), 3.15 (s, 1H), 1.91 (d, J = 5.5 Hz, 1H), 0.95 − 0.79 (m, 3H), 0.70 (d, J = 9.6 Hz, 5H). 13C NMR 
(126 MHz, DMSO-d6) δ 174.9, 165.4, 152.4, 148.0, 138.3, 119.4, 113.7, 44.9, 43.1, 32.8, 29.7, 27.9, 20.2. [One 
13C peak merged with DMSO-d6 peak]. APCI-MS m/z: [M + H]+ calcd. for C14H19ClN3O2: 296.1, found: 295.8.

Synthesis of (1S,3R)-3–(2-chloroacetamido)-N-(pyridin-2-yl)cyclohexane-1-carboxamide 51
Compound 51 was synthesised by sequentially following the general procedure 3 (method B), using 
(1S,3R)-3-(tert-Butoxycarbonylamino)cyclohexanecarboxylic acid (#CAS 222530–34-9) and pyridine-2-amine 
(#CAS: 504–29-0) to make intermediate 31q. Intermediate 31q was subjected for Boc-deprotection using 
procedure 8 (method A) to get corresponding amine as a TFA salt which was acylated using procedure 
6 to generate final compound 51 as a white solid (56 mg, 0.19 mmol, 60%; Yield calcd. w.r.t. 
boc-intermediate). 1H NMR (500 MHz, DMSO-d6) δ 10.42 (s, 1H), 8.29 (ddd, J = 4.8, 2.0, 0.9 Hz, 1H), 8.19 (d, 
J = 7.9 Hz, 1H), 8.06 (dt, J = 8.4, 1.0 Hz, 1H), 7.75 (ddd, J = 8.4, 7.3, 1.9 Hz, 1H), 7.07 (ddd, J = 7.3, 4.9, 1.1 Hz, 
1H), 4.00 (s, 2H), 3.63 − 3.55 (m, 1H), 2.67 − 2.56 (m, 1H), 1.90 − 1.88 (m, 1H), 1.82 − 1.75 (m, 3H), 1.40 − 1.21 
(m, 3H), 1.18 − 1.10 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 174.2, 164.9, 152.2, 148.0, 138.1, 119.3, 113.5, 
47.6, 43.3, 42.8, 34.8, 31.5, 28.2, 24.0. APCI-MS m/z: [M + H]+ calcd. for C14H19ClN3O2: 296.1, found: 296.2.

Synthesis of 3–(2-chloroacetamido)-N-(o-tolyl)benzamide 52
Compound 52 was synthesised by following the general procedure 6 using 3-amino-N-(o-tolyl)benzamide 
(#CAS: 14315–20-9). The desired product 52 was isolated as a white solid (120 mg, 0.40 mmol, 90%).  
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1H NMR (500 MHz, DMSO-d6) δ 10.55 (s, 1H), 9.90 (s, 1H), 8.14 (br s, 1H), 7.84 − 7.82 (m, 1H), 7.71 (d, 
J = 8.0 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.34 (dd, J = 7.8, 1.5 Hz, 1H), 7.30 − 7.25 (m, 1H), 7.22 (td, J = 7.6, 1.8 Hz, 
1H), 7.19 − 7.15 (m, 1H), 4.29 (s, 2H), 2.23 (s, 3H). 13C NMR (126 MHz, DMSO) δ 165.1, 164.9, 138.7, 136.4, 
135.4, 133.7, 130.3, 129.0, 126.6, 126.0 (2 C), 122.7, 122.2, 119.0, 43.5, 17.9. APCI-MS m/z: [M + H]+ calcd. 
for C16H16ClN2O2: 303.0, found: 302.6.

Synthesis of 3–(2-chloroacetamido)-N-(m-tolyl)benzamide 53
Compound 53 was synthesised by following the general procedure 6 using 3-amino-N-(m-tolyl)ben-
zamide (#CAS: 14315–23-2). The desired product 53 was isolated as a white solid (119 mg, 0.38 mmol, 
86%). 1H NMR (500 MHz, DMSO-d6) δ 10.50 (s, 1H), 10.20 (s, 1H), 8.09 (t, J = 2.0 Hz, 1H), 7.82 (ddd, J = 8.0, 
2.2, 1.0 Hz, 1H), 7.68 − 7.66 (m, 1H), 7.61 − 7.60 (m, 1H), 7.58 − 7.52 (m, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.23 (t, 
J = 7.8 Hz, 1H), 6.94 − 6.91 (m, 1H), 4.29 (s, 2H), 2.31 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.3, 164.9, 
139.0, 138.6, 137.8, 135.9, 128.9, 128.5, 124.4, 122.8, 122.2, 120.9, 118.9, 117.5, 43.5, 21.2. APCI-MS m/z: 
[M + H]+ calcd. for C16H16ClN2O2: 303.0, found: 302.8.

Synthesis of 3–(2-chloroacetamido)-N-(p-tolyl)benzamide 54
Compound 54 was synthesised by following the general procedure 6 using 3-amino-N-(p-tolyl)ben-
zamide (#CAS: 14315–26-5). The desired product 54 was isolated as a white solid (100 mg, 0.33 mmol, 
75%). 1H NMR (500 MHz, DMSO-d6) δ 10.50 (s, 1H), 10.20 (s, 1H), 8.08 (t, J = 2.0 Hz, 1H), 7.83 − 7.81 (m, 
1H), 7.67 (dt, J = 7.8, 1.4 Hz, 1H), 7.65 − 7.62 (m, 2H), 7.48 (t, J = 7.9 Hz, 1H), 7.15 (d, J = 8.3 Hz, 2H), 4.28 (s, 
2H), 2.28 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.1, 164.8, 138.6, 136.5, 135.9, 132.6, 129.0(2 C), 
128.9, 122.7, 122.1, 120.3(2 C), 118.8, 43.5, 20.5. APCI-MS m/z: [M-H]- calcd. for C16H14ClN2O2: 301.0, 
found: 301.1.

Synthesis of 3–(2-chloroacetamido)-N-(2-fluorophenyl)benzamide 55
Compound 55 was synthesised by sequentially following the general procedure 3 (method B), using 
3-nitrobenzoic acid (#CAS: 121–92-6) and 2-fluoroaniline (#CAS: 348–54-9) to make intermediate 31r. 
Intermediate 31r was subjected for nitro reduction using procedure 5 (method A) to get corresponding 
amine which was acylated using procedure 6 to generate final compound 55 as a white solid (92 mg, 
0.30 mmol, 69%). 1H NMR (500 MHz, DMSO-d6) δ 10.52 (s, 1H), 10.16 (s, 1H), 8.13 (t, J = 2.0 Hz, 1H), 
7.88 − 7.81 (m, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.59 (td, J = 7.9, 1.7 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.33 − 7.25 (m, 
2H), 7.22 (td, J = 7.3, 2.1 Hz, 1H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.7, 165.4, 156.3 (d, 
J = 246.2 Hz), 139.1, 135.2, 129.5, 127.6, 127.5 (d, J = 7.8 Hz), 126.1 (d, J = 11.8 Hz), 124.8, 123.4, 123.0, 119.5, 
116.3 (d, J = 20.1 Hz), 44.0. 19F NMR (470 MHz, DMSO-d6) δ −121.01. APCI-MS m/z: [M + H]+ calcd. for 
C15H13ClFN2O2: 307.0, found: 306.5.

Synthesis of 3–(2-chloroacetamido)-N-(3-fluorophenyl)benzamide 56
Compound 56 was synthesised by following the general procedure 6 using 3-amino-N-(3-fluorophenyl)
benzamide (#CAS: 251446–40-9). The desired product 56 was isolated as a white solid (130 mg, 
0.41 mmol, 94%). 1H NMR (500 MHz, DMSO-d6) δ 10.68 (s, 1H), 10.50 (s, 1H), 8.13 (t, J = 2.0 Hz, 1H), 7.84 
(ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.75 (dt, J = 11.8, 2.3 Hz, 1H), 7.69 (dt, J = 7.7, 1.2 Hz, 1H), 7.57 (ddd, J = 8.3, 
2.0, 0.9 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.41 − 7.36 (m, 1H), 6.93 (tdd, J = 8.5, 2.7, 0.9 Hz, 1H), 4.31 (s, 2H). 
13C NMR (126 MHz, DMSO-d6) δ 165.7, 165.0, 162.1 (d, J = 241.0 Hz), 140.9 (d, J = 11.0 Hz), 138.7, 135.5, 
130.3 (d, J = 9.4 Hz), 129.0, 122.8, 122.5, 118.9, 116.0, 110.1 (d, J = 21.1 Hz), 107.0 (d, J = 26.3 Hz), 43.5. 19F 
NMR (470 MHz, DMSO-d6) δ −112.2 (q, J = 9.0 Hz). APCI-MS m/z: [M + H]+ calcd. for C15H13ClFN2O2: 307.0, 
found: 306.6.

Synthesis of 3–(2-chloroacetamido)-N-(4-fluorophenyl)benzamide 57
Compound 57 was synthesised by following the general procedure 6 using 3-amino-N-(4-fluorophenyl)
benzamide (#CAS: 251446–38-5). The desired product 57 was isolated as a white solid (120 mg, 0.39 mmol, 
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90%). 1H NMR (500 MHz, DMSO-d6) δ 10.54 (s, 1H), 10.35 (s, 1H), 8.11 (t, J = 1.9 Hz, 1H), 7.82 (ddd, J = 8.2, 
2.3, 1.0 Hz, 1H), 7.81 − 7.75 (m, 2H), 7.68 (dt, J = 7.8, 1.3 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.19 (t, J = 8.9 Hz, 
2H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.3, 164.9, 158.3 (d, J = 240.3 Hz), 138.7, 135.7, 135.5, 
129.0, 122.8, 122.3, 122.2 (2 C, d, J = 7.7 Hz), 118.9, 115.2 (2 C, d, J = 22.2 Hz), 43.5. 19F NMR (470 MHz, 
DMSO-d6) δ −118.8. APCI-MS m/z: [M + H]+ calcd. for C15H13ClFN2O2: 307.0, found: 306.6.

Synthesis of 3–(2-chloroacetamido)-N-(6-fluoropyridin-2-yl)benzamide 58
Compound 58 was synthesised by sequentially following the general procedures 3 (method A), using 
6-Fluoropyridin-2-amine (#CAS: 1597–32-6) to make intermediate 31s. Intermediate 31s was subjected 
for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate final compound 58 as a white solid (120 mg, 0.39 mmol, 60%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.99 (s, 1H), 10.49 (s, 1H), 8.17 (t, J = 2.0 Hz, 1H), 8.12 (dd, J = 7.8, 2.3 Hz, 1H), 8.02 (q, J = 8.1 Hz, 
1H), 7.81 (dd, J = 8.1, 1.3 Hz, 1H), 7.76 (ddd, J = 7.8, 1.8, 1.0 Hz, 1H), 7.47 (t, J = 7.9 Hz, 1H), 6.92 (dd, J = 7.8, 
2.5 Hz, 1H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 166.1, 165.0, 161.5 (d, J = 236.2 Hz), 150.7 (d, 
J = 14.9 Hz), 143.8 (d, J = 7.8 Hz), 138.7, 134.6, 128.9, 123.4, 122.8, 119.4, 111.5 (d, J = 4.0 Hz), 104.26 (d, 
J = 35.6 Hz), 43.69. APCI-MS m/z: [M + H]+ calcd. for C14H12ClFN3O2: 308.0, found: 308.0.

Synthesis of 3–(2-chloroacetamido)-N-(2-methoxyphenyl)benzamide 59
Compound 59 was synthesised by sequentially following the general procedure 3 (method A), using 
2-methoxyaniline (#CAS: 90–04-0) to make intermediate 31t. Intermediate 31t was subjected for nitro 
reduction using procedure 5 (method A) to get corresponding amine which was acylated using proce-
dure 6 to generate final compound 59 as a white solid (87 mg, 0.28 mmol, 65%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.52 (s, 1H), 9.42 (s, 1H), 8.12 (t, J = 1.9 Hz, 1H), 7.84 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.79 (dd, 
J = 7.8, 1.6 Hz, 1H), 7.70 (dt, J = 8.0, 1.2 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.20 − 7.17 (m, 1H), 7.11 − 7.09 (m, 
1H), 6.97 (td, J = 7.6, 1.3 Hz, 1H), 4.29 (s, 2H), 3.84 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 164.9, 164.8, 
151.4, 138.8, 135.3, 129.1, 126.8, 125.8, 124.1, 122.5, 122.4, 120.3, 118.7, 111.4, 55.8, 43.6. APCI-MS m/z: 
[M + H]+ calcd. for C16H16ClN2O3: 319.0, found: 318.9.

Synthesis of 3–(2-chloroacetamido)-N-(3-methoxyphenyl)benzamide 60
Compound 60 was synthesised by following the general procedure 6 by using 3-amino-N-(3-methoxyphenyl)
benzamide (#CAS: 22240–96-6). The desired product 60 was isolated as a white solid (110 mg, 0.35 mmol, 
80%). 1H NMR (500 MHz, DMSO-d6) δ 10.52 (s, 1H), 10.25 (s, 1H), 8.09 (t, J = 2.0 Hz, 1H), 7.82 (ddd, J = 8.1, 
2.3, 1.0 Hz, 1H), 7.67 (dt, J = 7.9, 1.2 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.45 (t, J = 2.2 Hz, 1H), 7.38 − 7.35 (m, 
1H), 7.25 (t, J = 8.1 Hz, 1H), 6.69 (ddd, J = 8.3, 2.6, 1.0 Hz, 1H), 4.29 (s, 2H), 3.75 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6) δ 165.4, 164.9, 159.4, 140.3, 138.6, 135.8, 129.4, 128.9, 122.8, 122.3, 118.9, 112.5, 109.2, 106.1, 
55.0, 43.5. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O3: 319.0, found: 319.0.

Synthesis of 3–(2-chloroacetamido)-N-(4-methoxyphenyl)benzamide 61
Compound 61 was synthesised by following the general procedure 6 by using 3-amino-N-(4-methoxyphenyl)
benzamide (#CAS: 115175–19-4). The desired product 61 was isolated as a white solid (84 mg, 0.27 mmol, 
63%). 1H NMR (500 MHz, DMSO-d6) δ 10.49 (s, 1H), 10.16 (s, 1H), 8.08 (t, J = 1.9 Hz, 1H), 7.81 (ddd, J = 8.1, 
2.3, 1.0 Hz, 1H), 7.70 − 7.61 (m, 3H), 7.48 (t, J = 7.9 Hz, 1H), 6.96 − 6.87 (m, 2H), 4.28 (s, 2H), 3.74 (s, 3H). 13C 
NMR (126 MHz, DMSO-d6) δ 164.9, 164.9, 155.6, 138.6, 135.9, 132.2, 128.9, 122.7, 122.1, 122.0, 118.9, 
113.8, 55.2, 43.5. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O3: 319.0, found: 318.6.

Synthesis of 3–(2-chloroacetamido)-N-(2-(dimethylamino)phenyl)benzamide 62
Compound 62 was synthesised by sequentially following the general procedure 3 (method A), using 
2-(dimethylamino)aniline (#CAS: 2836–03-5) to make intermediate 31 u. Intermediate 31 u was subjected 
for nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated using 
procedure 6 to generate final compound 62 as a white solid (90 mg, 0.27 mmol, 69%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.52 (s, 1H), 10.09 (s, 1H), 8.08 (t, J = 2.0 Hz, 1H), 7.81 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.66 (dt, 
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J = 7.8, 1.3 Hz, 1H), 7.48 (t, J = 7.9 Hz, 1H), 7.22 − 7.07 (m, 3H), 6.52 − 6.44 (m, 1H), 4.29 (s, 2H), 2.89 (s, 6H). 
13C NMR (126 MHz, DMSO-d6) δ 165.3, 164.9, 150.8, 139.9, 138.6, 136.1, 129.0, 128.9, 122.8, 122.2, 118.9, 
108.6, 108.3, 104.5, 43.6, 40.2(2 C). APCI-MS m/z: [M + H]+ calcd. for C17H19ClN3O2: 332.1, found: 331.7.

Synthesis of 3–(2-chloroacetamido)-N-(3-(dimethylamino)phenyl)benzamide 63
Compound 63 was synthesised by sequentially following the general procedure 3 (method A), using 
3-(dimethylamino)aniline (#CAS: 2836–04-6) to make intermediate 31v. Intermediate 31v was subjected 
for nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated using 
procedure 6 to generate final compound 63 as a white solid (60 mg, 0.24 mmol, 46%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.56 (s, 1H), 9.53 (s, 1H), 8.22 (t, J = 2.0 Hz, 1H), 8.01 (dd, J = 7.8, 1.7 Hz, 1H), 7.85 − 7.75 (m, 
1H), 7.66 (dt, J = 7.7, 1.2 Hz, 1H), 7.52 (t, J = 7.9 Hz, 1H), 7.24 (dd, J = 7.9, 1.6 Hz, 1H), 7.14 (td, J = 7.6, 1.8 Hz, 
1H), 7.10 (td, J = 7.6, 1.6 Hz, 1H), 4.30 (s, 2H), 2.67 (s, 6H). 13C NMR (126 MHz, DMSO-d6) δ 165.0, 164.3, 
145.2, 139.0, 135.4, 132.0, 129.4, 124.9, 123.5, 122.4, 122.2 (2 C), 119.7, 118.2, 44.0(2 C), 43.6. APCI-MS m/z: 
[M + H]+ calcd. for C17H19ClN3O2: 332.1, found: 331.7.

Synthesis of 3–(2-chloroacetamido)-N-(4-(dimethylamino)phenyl)benzamide 64
Compound 64 was synthesised by sequentially following the general procedure 3 (method A), using 
4-(dimethylamino)aniline (#CAS: 99–98-9) to make intermediate 31w. Intermediate 31w was subjected for 
nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated using 
procedure 6 to generate final compound 64 as a white solid (39 mg, 0.12 mmol, 30%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.50 (s, 1H), 10.02 (s, 1H), 8.07 (t, J = 2.0 Hz, 1H), 7.84 − 7.75 (m, 1H), 7.66 (d, J = 7.8 Hz, 1H), 
7.55 (d, J = 9.0 Hz, 2H), 7.47 (t, J = 7.9 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 4.28 (s, 2H), 2.87 (s, 6H). 13C NMR 
(126 MHz, DMSO-d6) δ 164.9, 164.6, 147.4, 138.6, 136.1, 128.9, 128.8(2 C), 122.6, 122.0, 121.8, 118.8, 
112.5(2 C), 43.6, 40.5(2 C). APCI-MS m/z: [M + H]+ calcd. for C17H19ClN3O2: 332.1, found: 331.6.

Synthesis of 3–(2-chloro-N-methylacetamido)-N-(pyridin-2-yl)benzamide 65
Compound 65 was synthesised by sequentially following the general procedure 3 (method B), using 
3-((tert-butoxycarbonyl)(methyl)amino)benzoic acid (#CAS: 168162–30-9) and (pyridine-2-amine #CAS: 
504–29-0) to make intermediate 31x. Intermediate 31x was subjected for Boc-deprotection using proce-
dure 8 (method A) to get corresponding amine as a TFA salt which was acylated using procedure 6 to 
generate final compound 65 as a white solid (100 mg, 0.34 mmol, 77%, Yield calcd. w.r.t boc-intermediate). 
1H NMR (500 MHz, DMSO-d6) δ 10.96 (s, 1H), 8.40 (ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 8.20 (dt, J = 8.5, 1.0 Hz, 1H), 
8.05 − 7.93 (m, 2H), 7.90 − 7.80 (m, 1H), 7.61 (d, J = 8.5 Hz, 2H), 7.18 (ddd, J = 7.4, 4.8, 1.1 Hz, 1H), 4.24 − 3.96 
(m, 2H), 3.24 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.7, 152.6, 148.5(2 C), 142.6, 138.7, 136.2, 131.4, 
130.5, 128.4, 127.5, 120.4, 115.0, 43.3, 37.9. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.0, 
found: 303.6.

Synthesis of 3–(2-chloroacetamido)-N-methyl-N-(pyridin-2-yl)benzamide 66
Compound 66 was synthesised by sequentially following the general procedures 3 (method A), using 
N-methylpyridin-2-amine (#CAS: 4597–87-9) to make intermediate 31 y. Intermediate 31 y was subjected 
for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated 
using procedure 6 to generate final compound 66 as a white solid (52 mg, 0.17 mmol, 39%). 1H NMR 
(500 MHz, DMSO-d6) δ 10.35 (s, 1H), 8.36 (ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 7.70 − 7.61 (m, 2H), 7.54 (ddd, 
J = 8.2, 2.3, 1.1 Hz, 1H), 7.21 − 7.13 (m, 2H), 7.09 (dt, J = 8.1, 0.9 Hz, 1H), 6.86 (dt, J = 7.7, 1.3 Hz, 1H), 4.22 
(s, 2H), 3.42 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 169.7, 164.8, 156.2, 148.5, 138.4, 138.1, 137.0, 128.5, 
123.3, 121.4, 121.0, 120.6, 119.0, 43.5, 35.8. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.0, 
found: 303.9.

Synthesis of 5–(2-chloroacetamido)-2-hydroxy-N-(pyridin-2-yl)benzamide 67
Compound 67 was synthesised by sequentially following the general procedure 3 (method B), using 
2-(benzyloxy)-5-nitrobenzoic acid (#CAS 874523–84-9) and pyridine-2-amine (#CAS: 504–29-0) to make 
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intermediate 31z. Intermediate 31z was subjected for nitro reduction using procedure 5 (method A) to 
get corresponding amine which was acylated using procedure 6 to generate compound 67a. Intermediate 
67a was subjected for debenzylation using procedure 7 to afford desired product 67 as a white solid 
(45 mg, 0.11 mmol, 35%). 1H NMR (500 MHz, CD3OD) δ 8.32 (d, J = 8.4 Hz, 1H), 8.29 (dd, J = 5.0, 1.1 Hz, 1H), 
8.06 (d, J = 2.9 Hz, 1H), 7.83 − 7.78 (m, 1H), 7.56 (dd, J = 8.9, 2.9 Hz, 1H), 7.11 (ddd, J = 7.3, 4.9, 1.1 Hz, 1H), 
6.86 (d, J = 8.9 Hz, 1H), 4.17 (s, 2H). 13C NMR (126 MHz, CD3OD) δ 167.6, 167.3, 153.6, 148.9, 139.6, 128.6, 
128.4, 126.1, 124.0, 120.8, 120.6, 119.2, 116.1, 43.9. APCI-MS m/z: [M + H]+ calcd. for C14H13ClN3O3: 306.0, 
found: 306.1.

Synthesis of 3–(2-chloroacetamido)-N-(2-hydroxyphenyl)benzamide 68
Compound 68 was synthesised by following the general procedure 3 (method A), using 2-(benzyloxy)
aniline (#CAS: 20012–63-9) to make intermediate 31aa. Intermediate 31aa was subjected for nitro reduc-
tion using procedure 5 (method A) to get corresponding amine which was acylated using procedure 6 
to generate compound 68a. Intermediate 68a was subjected for debenzylation using procedure 7 to 
afford desired product 68 as a white solid (53 mg, 0.17 mmol, 69%). 1H NMR (500 MHz, DMSO-d6) δ 10.54 
(s, 1H), 9.81 (s, 1H), 9.47 (s, 1H), 8.13 (t, J = 1.9 Hz, 1H), 7.84 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.71 (tt, J = 5.8, 
1.4 Hz, 2H), 7.50 (d, J = 7.9 Hz, 1H), 7.09 − 7.01 (m, 1H), 6.92 (dd, J = 8.1, 1.4 Hz, 1H), 6.84 (dd, J = 7.7, 1.4 Hz, 
1H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.4, 165.3, 149.7, 139.2, 135.7, 129.6, 126.3, 126.1, 
124.3, 123.1, 122.8, 119.5, 119.1, 116.3, 44.0. APCI-MS m/z: [M + H]+ calcd. for C15H14ClN2O3: 305.0, 
found: 305.1.

Synthesis 3–(2-chloroacetamido)-N-(3-hydroxyphenyl)benzamide 69
Compound 69 was synthesised by sequentially following the general procedure 3 (method A), using 
3-(benzyloxy)aniline (#CAS: 1484–26-0) to make intermediate 31bb. Intermediate 31bb was subjected for 
nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate compound 69a. Intermediate 69a was subjected for debenzylation using pro-
cedure 7 to afford desired product 69 as a white solid (45 mg, 0.15 mmol, 58%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.52 (s, 1H), 10.17 (s, 1H), 9.43 (s, 1H), 8.07 (t, J = 2.0 Hz, 1H), 7.83 (ddd, J = 8.1, 2.2, 1.0 Hz, 
1H), 7.65 (dt, J = 8.1, 1.2 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.35 (t, J = 2.1 Hz, 1H), 7.15 (dt, J = 8.2, 1.5 Hz, 1H), 
7.11 (t, J = 7.9 Hz, 1H), 6.51 (ddd, J = 7.6, 2.4, 1.4 Hz, 1H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 
165.4, 158.0, 140.6, 139.1, 136.5, 129.7, 129.4, 123.3, 122.6, 119.3, 111.5, 111.3, 107.9, 44.0. APCI-MS m/z: 
[M + H]+ calcd. for C15H14ClN2O3: 305.0, found: 305.3.

Synthesis of 3–(2-chloroacetamido)-N-(4-hydroxyphenyl)benzamide 70
Compound 70 was synthesised by following the general procedure 3 (method A), using 4-(benzyloxy)
aniline (#CAS: 51388–20-6) to make intermediate 31 cc. Intermediate 31 cc was subjected for nitro reduc-
tion using procedure 5 (method A) to get corresponding amine which was acylated using procedure 6 
to generate compound 70a. Intermediate 70a was subjected for debenzylation using procedure 7 to 
afford desired product 70 as a white solid (56 mg, 0.18 mmol, 73%). 1H NMR (500 MHz, DMSO-d6) δ 10.50 
(s, 1H), 10.06 (s, 1H), 9.28 (s, 1H), 8.06 (t, J = 1.9 Hz, 1H), 7.83 − 7.78 (m, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.53 − 7.49 
(m, 2H), 7.47 (t, J = 7.9 Hz, 1H), 6.79 − 6.69 (m, 2H), 4.28 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.3, 
165.2, 154.2, 139.0, 136.5, 131.1, 129.4, 123.1, 122.7 (2 C), 122.5, 119.3, 115.4 (2 C), 44.0. APCI-MS m/z: 
[M + H]+ calcd. for C15H15ClN2O3: 305.0, found: 305.4.

Synthesis of 3–(2-chloroacetamido)-N-(6-methylpyridin-2-yl)benzamide 71
Compound 71 was synthesised by sequentially following the general procedure 3 (method A), using 
6-methylpyridin-2-amine (#CAS: 1824–81-3) to make intermediate 31dd. Intermediate 31dd was sub-
jected for nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated 
using procedure 6 to generate desired product 71 as a white solid (76 mg, 0.25 mmol, 57%). 1H NMR 
(500 MHz, DMSO-d6) δ 10.69 (s, 1H), 10.50 (s, 1H), 8.17 (t, J = 1.9 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.81 (ddd, 
J = 8.1, 2.3, 1.0 Hz, 1H), 7.77 (dt, J = 7.8, 1.3 Hz, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 7.07 − 7.00 
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(m, 1H), 4.29 (s, 2H), 2.44 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.7, 164.9, 156.7, 151.5, 138.6, 138.5, 
135.0, 128.9, 123.2, 122.6, 119.3, 119.1, 111.7, 43.6, 23.6. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 
304.0, found: 303.7.

Synthesis of 3–(2-chloroacetamido)-N-(4-methylpyridin-2-yl)benzamide 72
Compound 72 was synthesised by sequentially following the general procedure 3 (method A), using 
4-methylpyridin-2-amine (#695–34-1) to make intermediate 31ee. Intermediate 31ee was subjected for 
nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated using 
procedure 6 to generate desired product 72 as a white solid (47 mg, 0.15 mmol, 35%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.70 (s, 1H), 10.52 (s, 1H), 8.24 (d, J = 5.0 Hz, 1H), 8.15 (t, J = 1.9 Hz, 1H), 8.06 − 7.99 (m, 1H), 
7.82 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.76 (dt, J = 7.8, 1.3 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 7.04 − 6.95 (m, 1H), 
4.29 (s, 2H), 2.36 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 164.9, 152.2, 148.9, 147.6, 138.6, 135.0, 
129.0, 123.1, 122.6, 120.9, 119.2, 115.1, 43.6, 21.0. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O2: 304.0, 
found: 303.5.

Synthesis of 3–(2-chloroacetamido)-N-(6-methoxypyridin-2-yl)benzamide 73
Compound 73 (97 mg, 0.30 mmol, 74%) was synthesised by sequentially following the general procedure 
3 (method A), using 6-methoxypyridin-2-amine (#CAS: 17920–35-3) to make intermediate 31ff. 
Intermediate 31ff was subjected for nitro reduction using procedure 5 (method B) to get corresponding 
amine which was acylated using procedure 6 to generate desired product 73 as a white solid. 1H NMR 
(500 MHz, DMSO-d6) δ 10.52 (s, 1H), 10.50 (s, 1H), 8.11 (t, J = 2.0 Hz, 1H), 7.83 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 
7.78 − 7.69 (m, 3H), 7.48 (t, J = 7.9 Hz, 1H), 6.58 (dd, J = 7.1, 1.7 Hz, 1H), 4.29 (s, 2H), 3.87 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6) δ 165.9, 164.9, 162.5, 150.0, 140.9, 138.5, 135.1, 128.9, 123.3, 122.6, 119.1, 106.7, 
105.4, 53.2, 43.6. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O3: 320.0, found: 319.6.

Synthesis of 3–(2-chloroacetamido)-N-(4-methoxypyridin-2-yl)benzamide 74
Compound 74 was synthesised by sequentially following the general procedure 3 (method A), using 
4-methoxypyridin-2-amine (#CAS: 10201–73-7) to make intermediate 31gg. Intermediate 31gg was sub-
jected for nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated 
using procedure 6 to generate desired product 74 as a white solid (22 mg, 0.07 mmol, 17%). 1H NMR 
(500 MHz, DMSO-d6) δ 10.77 (s, 1H), 10.51 (s, 1H), 8.20 (d, J = 5.8 Hz, 1H), 8.17 (t, J = 2.0 Hz, 1H), 7.83 − 7.72 
(m, 3H), 7.46 (t, J = 7.9 Hz, 1H), 6.80 (dd, J = 5.8, 2.4 Hz, 1H), 4.29 (s, 2H), 3.86 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6) δ 166.7, 166.0, 164.9, 153.6, 148.9, 138.6, 134.9, 129.0, 123.1, 122.7, 119.2, 106.8, 100.0, 55.4, 
43.6. APCI-MS m/z: [M + H]+ calcd. for C15H15ClN3O3: 320.0, found: 319.7.

Synthesis of 3–(2-chloroacetamido)-N-(3,5-dimethoxyphenyl)benzamide 75
Compound 75 was synthesised by sequentially following the general procedure 3 (method A), using 
3,5-dimethoxyaniline (#CAS: 10272–07-8) to make intermediate 31hh. Intermediate 31hh was subjected 
for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate desired product 75 as a white solid (25 mg, 0.07 mmol, 20%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.52 (s, 1H), 10.22 (s, 1H), 8.08 (t, J = 2.0 Hz, 1H), 7.81 (dd, J = 7.5, 1.6 Hz, 1H), 7.65 (d, J = 7.9 Hz, 
1H), 7.49 (t, J = 7.9 Hz, 1H), 7.07 (d, J = 2.3 Hz, 2H), 6.27 (t, J = 2.3 Hz, 1H), 4.29 (s, 2H), 3.73 (s, 6H). 13C NMR 
(126 MHz, DMSO-d6) δ 165.5, 164.9, 160.4 (2 C), 140.8, 138.6, 135.9, 129.0, 122.8, 122.3, 118.9, 98.5 (2 C), 
95.7, 55.1 (2 C), 43.6. APCI-MS m/z: [M + H]+ calcd. for C17H18ClN2O4: 349.1, found: 348.6.

Synthesis of 3–(2-chloroacetamido)-N-(4,6-dimethoxypyridin-2-yl)benzamide 76
Compound 76 (39 mg, 0.11 mmol, 30%) was synthesised by following the general procedure 3 (method 
A), using 4,6-dimethoxypyridin-2-amine [The precursor 4,6-dimethoxypyridin-2-amine was synthesised by 
using commercially available 4,6-dichloropyridin-2-amine #CAS: 116632–24-7. To a solution of 
4,6-dichloropyridin-2-amine (1.0 g, 6 mmol, 1 eq) in NMP (2 ml), sodium methoxide (2.0 g, 30 mmol, 5 eq) was 
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added at room temperature. The reaction mixture was allowed to stir overnight at 120 °C. The reaction mixture 
was cooled to room temperature and diluted with brine (20 ml) and ethyl acetate (20 ml). The ethyl acetate 
layer was separated and washed with brine (5 × 20 ml) to remove NMP completely. The ethyl acetate was sep-
arated, dried over anhydrous Na2SO4, and concentrated under reduced pressure to afford crude material. The 
product was purified with flash column chromatography using 0–30% of ethyl acetate in hexanes to afford 
4,6-dimethoxypyridin-2-amine (0.6 g, 4 mmol, 66%).] to make intermediate 31ii. Intermediate 31ii was sub-
jected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated 
using procedure 6 to generate desired product 76 as a white solid. 1H NMR (500 MHz, DMSO-d6) δ 10.52 
(s, 1H), 10.44 (s, 1H), 8.11 (t, J = 2.0 Hz, 1H), 7.83 (dd, J = 8.1, 1.3 Hz, 1H), 7.71 (dt, J = 8.1, 1.1 Hz, 1H), 7.47 
(t, J = 7.9 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 6.15 (d, J = 1.9 Hz, 1H), 4.29 (s, 2H), 3.85 (s, 3H), 3.82 (s, 3H). 13C 
NMR (126 MHz, DMSO-d6) δ 169.0, 165.9, 164.9, 164.0, 150.6, 138.5, 135.1, 128.9, 123.3, 122.6, 119.1, 95.0, 
89.8, 55.6, 53.4, 43.6. APCI-MS m/z: [M + H]+ calcd. for C16H17ClN3O4: 350.0, found: 349.7.

Synthesis 3–(2-chloroacetamido)-N-(2-hydroxy-5-methylphenyl)benzamide 77
Compound 77 was synthesised by following the general procedure 3 (method A), using 2-(benzy-
loxy)-5-methylaniline(#CAS: 859791–73-4) to make intermediate 31jj. Intermediate 31jj was subjected for 
nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate compound 77a. Intermediate 77a was subjected for debenzylation using pro-
cedure 7 to afford desired product 77 as a white solid (20 mg, 0.06 mmol, 26%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.54 (s, 1H), 9.54 (s, 1H), 9.43 (s, 1H), 8.13 (t, J = 2.0 Hz, 1H), 7.87 − 7.81 (m, 1H), 7.69 (dt, 
J = 7.8, 1.3 Hz, 1H), 7.55 (d, J = 2.0 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 6.86 − 6.78 (m, 2H), 4.29 (s, 2H), 2.23 (s, 
3H). 13C NMR (126 MHz, DMSO-d6) δ 165.4, 165.3, 147.2, 139.2, 135.7, 129.6, 128.1, 126.4, 126.0, 124.5, 
123.0, 122.8, 119.0, 116.2, 44.0, 20.8. APCI-MS m/z: [M + H]+ calcd. for C16H16ClN2O3: 319.0, found: 319.6.

Synthesis of 3–(2-chloroacetamido)-N-(2-hydroxy-5-methoxyphenyl)benzamide 78
Compound 78 was synthesised by following the general procedure 3 (method A), using 2-(benzy-
loxy)-5-methoxyaniline (#CAS: 130570–55-7) to make intermediate 31kk. Intermediate 31kk was sub-
jected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated 
using procedure 6 to generate compound 78a. Intermediate 78a was subjected for debenzylation using 
procedure 7 to afford desired product 78 as a white solid (39 mg, 0.12 mmol, 49%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.55 (s, 1H), 9.42 (s, 1H), 9.35 (s, 1H), 8.13 (t, J = 2.0 Hz, 1H), 7.83 (ddd, J = 8.1, 2.2, 1.0 Hz, 
1H), 7.69 (dt, J = 8.0, 1.2 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.45 (d, J = 3.1 Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.63 
(dd, J = 8.8, 3.1 Hz, 1H), 4.29 (s, 2H), 3.69 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.4, 165.3, 152.5, 142.9, 
139.2, 135.5, 129.7, 126.9, 123.0, 122.9, 118.9, 116.6, 110.8, 109.4, 55.8, 44.0. APCI-MS m/z: [M + H]+ calcd. 
for C16H16ClN2O4: 335.0, found: 335.1.

Synthesis of N-(2-aminophenyl)-3–(2-chloroacetamido)benzamide hydrochloride 79
Compound 79 was synthesised by following the general procedure 3 (method A) using tert-butyl 
(2-aminophenyl)carbamate (#CAS: 146651–75-4) to make intermediate 31ll. Intermediate 31ll was sub-
jected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated 
using procedure 6 to generate compound 79a. Intermediate 79a was subjected for Boc-deprotection 
using procedure 8 (method B) to afford desired product 79 as a white solid (49 mg, 0.14 mmol, 58%). 1H 
NMR (500 MHz, DMSO-d6) δ 10.67 (s, 1H), 10.43 (s, 1H), 8.25 (t, J = 2.0 Hz, 1H), 7.83 (td, J = 8.3, 1.9 Hz, 2H), 
7.52 (d, J = 7.9 Hz, 1H), 7.49 − 7.44 (m, 1H), 7.39 − 7.25 (m, 3H), 4.31 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 
δ 165.6, 165.0, 138.7, 134.5, 130.1, 128.9, 127.1 (2 C), 126.8, 126.4, 123.2, 122.7 (2 C), 119.3, 43.6. APCI-MS 
m/z: [M-Cl]- calcd. for C15H15ClN3O2: 304.1, found: 304.0.

Synthesis of N-(2-acetamidophenyl)-3–(2-chloroacetamido)benzamide 80
Compound 80 was synthesised by sequentially following the general procedure 3 (method A), using 
N-Acetylphenylene-1,2-diamine (#CAS: 34801–09-7) to make intermediate 31 mm. Intermediate 31 mm 
was subjected for nitro reduction using procedure 5 (method B) [For reduction of nitro group using Pd/C, 
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2:1:1 mixture of solvents such as ethanol, methanol and ethyl acetate (35 ml) and also DMF (2 ml) was 
used to completely dissolve the starting material] to get corresponding amine which was acylated using 
procedure 6 to generate desired product 80 as a white solid (92 mg, 0.27 mmol, 72%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.54 (s, 1H), 9.83 (s, 1H), 9.76 (s, 1H), 8.16 (t, J = 1.9 Hz, 1H), 7.85 − 7.75 (m, 1H), 7.66 (dd, 
J = 7.1, 2.5 Hz, 2H), 7.55 − 7.44 (m, 2H), 7.26 − 7.16 (m, 2H), 4.29 (s, 2H), 2.10 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6) δ 169.4, 165.0, 164.8, 138.8, 135.3, 131.3, 130.5, 129.2, 125.9, 125.4, 125.0, 124.6, 122.5(2 C), 
118.8, 43.6, 23.5. APCI-MS m/z: [M + H]+ calcd. for C17H17ClN3O3: 346.0, found: 346.4.

Synthesis of 3–(2-chloroacetamido)-N-(2-(hydroxymethyl)phenyl)benzamide 81
Compound 81 was synthesised by sequentially following the general procedure 3 (method A), using 
2-((benzyloxy)methyl)aniline (#CAS: 1016498–66-0) to make intermediate 31nn. Intermediate 31nn was 
subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acy-
lated using procedure 6 to generate compound 81a. Intermediate 81a was subjected for debenzylation 
using procedure 7 to afford desired product 81 as a white solid (29 mg, 0.092 mmol, 25%). [For benzyl 
group (150 mg scale) deprotection using Pd/C, ethyl acetate (35 ml) was used as a solvent to get the 
complete solubility of starting material. 3–(2-chloroacetamido)-N-(o-tolyl)benzamide (66 mg, 0.22 mmol, 
59%) was isolated as a major byproduct]. 1H NMR (500 MHz, DMSO-d6) δ 10.55 (s, 1H), 10.14 (s, 1H), 8.15 
(t, J = 2.0 Hz, 1H), 7.88 − 7.78 (m, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.64 (d, J = 7.7 Hz, 1H), 7.51 (t, J = 7.9 Hz, 1H), 
7.46 − 7.39 (m, 1H), 7.30 (td, J = 7.7, 1.6 Hz, 1H), 7.20 (td, J = 7.5, 1.3 Hz, 1H), 5.61 (t, J = 5.4 Hz, 1H, -OH 
group), 4.59 (d, J = 5.4 Hz, 2H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.0, 164.7, 138.9, 136.0, 
135.3, 134.6, 129.3, 127.5, 127.3, 125.0, 123.9, 122.5, 122.2, 118.7, 60.9, 43.6. APCI-MS m/z: [M + H]+ calcd. 
for C16H16ClN2O3: 319.0, found: 319.4.

Synthesis of 3–(2-chloroacetamido)-N-((1R,2R)-2-hydroxycyclohexyl)benzamide 82
Compound 82 was synthesised by sequentially following the general procedures 3 (method A), using 
(1 R,2R)-2-(benzyloxy)cyclohexan-1-amine (#CAS: 216394–06-8) to make intermediate 31oo. Intermediate 
31oo was subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which 
was acylated using procedure 6 to generate compound 82a. Intermediate 82a was subjected for deben-
zylation using procedure 7 to afford desired product 82 as a white solid (105 mg, 0.34 mmol, 90%). [For 
benzyl group (150 mg scale) deprotection using Pd/C, ethyl acetate (35 ml) and ethanol (15 ml) was used 
as a solvent to get the complete solubility of starting material]. 1H NMR (500 MHz, DMSO-d6) δ 10.48 (s, 
1H), 8.12 (d, J = 8.0 Hz, 1H), 7.97 (t, J = 2.0 Hz, 1H), 7.78 (ddd, J = 8.1, 2.3, 1.0 Hz, 1H), 7.59 (dt, J = 7.8, 1.3 Hz, 
1H), 7.40 (t, J = 7.9 Hz, 1H), 4.61 (d, J = 5.3 Hz, 1H, OH-group), 4.27 (s, 2H), 3.64 − 3.58 (m, 1H), 3.43–3.48 (m, 
1H), 1.94 − 1.76 (m, 2H), 1.70 − 1.53 (m, 2H), 1.25 − 1.18 (m, 4H). 13C NMR (126 MHz, DMSO) δ 165.8, 164.8, 
138.4, 136.0, 128.6, 122.5, 121.7, 118.9, 71.0, 55.3, 43.6, 34.6, 31.3, 24.5, 24.2. APCI-MS m/z: [M + H]+ calcd. 
for C15H20ClN2O3: 311.1, found: 311.2.

Synthesis of 3–(2-chloroacetamido)-N-((1R,2S)-2-hydroxycyclohexyl)benzamide 83
Compound 83 (49 mg, 0.16 mmol, 67%) was synthesised by sequentially following the general procedure 
3 (method A), using (1 R,2S)-2-((tert-butyldimethylsilyl)oxy)cyclohexan-1-amine [The precursor (1 R,2S)-2-
((tert-butyldimethylsilyl)oxy)cyclohexan-1-amine was synthesised by using commercially available 
(1S,2R)-2-aminocyclohexan-1-ol #CAS: 108267–20-5. To a solution of (1S,2R)-2-aminocyclohexan-1-ol (0.30 g, 
1.98 mmol, 1 eq) in anhydrous DCM (3 ml), 2,6-lutidine (0.69 ml, 5.95 mmol, 3 eq) and TBSOTf (0.77 ml, 
3.36 mmol, 1.7 eq) were added at 0 °C. The reaction mixture was allowed to stir overnight at room tempera-
ture, then diluted with brine (20 ml) and extracted with DCM (3 × 20 ml). The DCM layer was separated, dried 
over anhydrous Na2SO4, and concentrated under reduced pressure to afford crude material (1 R,2S)-2-
((tert-butyldimethylsilyl)oxy)cyclohexan-1-amine] to make intermediate 31pp. Intermediate 31pp was sub-
jected for nitro reduction using procedure 5 (method B) to get corresponding amine which was acylated 
using procedure 6 to generate compound 83a. Then, to a solution of the crude N-((1R,2S)-2-
((tert-butyldimethylsilyl)oxy)cyclohexyl)-3–(2-chloroacetamido)benzamide 83a (100 mg, 0.24 mmol, 1 eq) 
in anhydrous THF (5 ml), TBAF was added at 0 °C. The reaction mixture was allowed to stir overnight at 
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room temperature, then diluted with brine (20 ml) and extracted with ethyl acetate (3 × 20 ml). The ethyl 
acetate layer was separated, dried over anhydrous Na2SO4, concentrated under reduced pressure and 
purified with flash column chromatography using 10–50% ethyl acetate in hexanes to afford pure 3–
(2-chloroacetamido)-N-((1R,2S)-2-hydroxycyclohexyl)benzamide 83 as a white solid (49 mg, 0.16 mmol, 
67%). 1H NMR (500 MHz, DMSO-d6) δ 10.45 (s, 1H), 7.97 (t, J = 2.0 Hz, 1H), 7.78 (t, J = 8.3 Hz, 2H), 7.58 (d, 
J = 7.7 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 4.69 (d, J = 3.7 Hz, 1H), 4.26 (s, 2H), 3.83 (m, 2H), 1.77 − 1.63 (m, 3H), 
1.60 − 1.42 (m, 3H), 1.30 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.3, 164.8, 138.5, 135.6, 128.8, 122.5, 
121.8, 118.7, 66.6, 51.8, 43.5, 31.9, 26.2, 24.2, 19.3. APCI-MS m/z: [M + H]+ calcd. for C15H20ClN2O3: 311.1, 
found: 311.4.

Synthesis of N-(2-(benzyloxy)phenyl)-3–(2-chloroacetamido)benzamide 84
Compound 84 was synthesised by sequentially following the general procedure 3 (method A), using 
2-(benzyloxy)aniline (#CAS: 20012–63-9) to make intermediate 31qq. Intermediate 31qq was subjected 
for nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate desired product 84 as a white solid (79 mg, 0.20 mmol, 64%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.53 (s, 1H), 9.53 (s, 1H), 8.16 (t, J = 1.9 Hz, 1H), 7.81 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.74 (dd, 
J = 7.8, 1.5 Hz, 1H), 7.66 (dt, J = 8.1, 1.2 Hz, 1H), 7.53 − 7.46 (m, 3H), 7.39 − 7.34 (m, 2H), 7.31 − 7.27 (m, 1H), 
7.21 − 7.12 (m, 2H), 6.98 (ddd, J = 7.7, 6.7, 2.1 Hz, 1H), 5.20 (s, 2H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 
δ 165.4, 165.3, 151.2, 139.3, 137.6, 135.9, 129.6, 128.9 (2 C), 128.2, 127.7 (3 C), 126.4, 125.1, 122.8, 122.8, 
121.1, 119.2, 113.6, 70.1, 44.0. APCI-MS m/z: [M + H]+ calcd. for C22H20ClN2O3: 395.1, found: 395.6.

Synthesis of N-(3-(benzyloxy)phenyl)-3–(2-chloroacetamido)benzamide 85
Compound 85 was synthesised by sequentially following the general procedure 3 (method A), using 
3-(benzyloxy)aniline (#CAS: 1484–26-0) to make intermediate 31rr. Intermediate 31rr was subjected for 
nitro reduction using procedure 5 (method A) to get corresponding amine which was acylated using 
procedure 6 to generate desired product 85 as a white solid (87 mg, 0.22 mmol, 70%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.50 (s, 1H), 10.26 (s, 1H), 8.08 (t, J = 2.0 Hz, 1H), 7.82 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.66 (dt, 
J = 7.9, 1.2 Hz, 1H), 7.55 (t, J = 2.2 Hz, 1H), 7.51 − 7.45 (m, 3H), 7.42 − 7.38 (m, 2H), 7.37 − 7.31 (m, 2H), 7.25 
(t, J = 8.2 Hz, 1H), 6.77 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H), 5.10 (s, 2H), 4.29 (s, 2H). 13C NMR (126 MHz, DMSO-d6) 
δ 165.9, 165.4, 159.0, 140.8, 139.1, 137.6, 136.3, 129.9, 129.4, 128.9 (2 C), 128.3, 128.1 (2 C), 123.3, 122.8, 
119.3, 113.3, 110.4, 107.5, 69.6, 44.0. APCI-MS m/z: [M + H]+ calcd. for C22H20ClN2O3: 395.1, found: 395.6.

Synthesis of N-(2-(benzyloxy)-5-methylphenyl)-3–(2-chloroacetamido)benzamide 86
Compound 86 (93 mg, 0.23 mmol, 76%) was synthesised by sequentially following the general procedure 
3 (method A), using 2-(benzyloxy)-5-methylaniline (#CAS: 859791–73-4) to make intermediate 31ss. 
Intermediate 31ss was subjected for nitro reduction using procedure 5 (method A) to get corresponding 
amine which was acylated using procedure 6 to generate desired product 86 as a white solid. 1H NMR 
(500 MHz, DMSO-d6) δ 10.52 (s, 1H), 9.45 (s, 1H), 8.15 (t, J = 2.0 Hz, 1H), 7.82 − 7.78 (m, 1H), 7.64 (d, 
J = 7.9 Hz, 1H), 7.59 (d, J = 2.1 Hz, 1H), 7.50 − 7.46 (m, 3H), 7.38 − 7.33 (m, 2H), 7.28 (t, J = 7.3 Hz, 1H), 7.03 (d, 
J = 8.4 Hz, 1H), 6.99 − 6.94 (m, 1H), 5.16 (s, 2H), 4.29 (s, 2H), 2.26 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 
164.9, 164.8, 148.5, 138.8, 137.2, 135.5, 129.5, 129.1, 128.4 (3 C), 127.7, 127.2 (2 C), 127.0, 126.0, 125.0, 
122.4, 118.7, 113.1, 69.9, 43.6, 20.4. APCI-MS m/z: [M + H]+ calcd. for C23H22ClN2O3: 409.1, found: 409.4.

Synthesis of N-(2-(benzyloxy)-5-methoxyphenyl)-3–(2-chloroacetamido)benzamide 87
Compound 87 was synthesised by sequentially following the general procedure 3 (method A), using 
2-(benzyloxy)-5-methoxyaniline (#CAS: 130570–55-7) to make intermediate 31tt. Intermediate 31tt was 
subjected for nitro reduction using procedure 5 (method A) to get corresponding amine which was acy-
lated using procedure 6 to generate desired product 87 as a white solid (60 mg, 0.14 mmol, 50%). 1H 
NMR (500 MHz, DMSO-d6) δ 10.53 (s, 1H), 9.42 (s, 1H), 8.17 (t, J = 2.0 Hz, 1H), 7.80 (ddd, J = 8.1, 2.3, 1.0 Hz, 
1H), 7.62 (dt, J = 8.1, 1.2 Hz, 1H), 7.53 − 7.45 (m, 4H), 7.38 − 7.33 (m, 2H), 7.32 − 7.26 (m, 1H), 7.08 (d, 
J = 9.0 Hz, 1H), 6.72 (dd, J = 9.0, 3.1 Hz, 1H), 5.14 (s, 2H), 4.30 (s, 2H), 3.72 (s, 3H). 13C NMR (126 MHz, 
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DMSO-d6) δ 165.4, 165.2, 153.7, 144.7, 139.3, 137.7, 135.8, 129.6, 128.9 (2 C), 128.7, 128.2, 127.8 (2 C), 
122.9, 122.8, 119.1, 114.8, 110.5, 110.2, 71.1, 55.9, 44.0. APCI-MS m/z: [M + H]+ calcd. for C23H22ClN2O4: 
425.1, found: 425.5.

Synthesis of N-((1R,2R)-2-(benzyloxy)cyclohexyl)-3–(2-chloroacetamido)benzamide 88
This compound is the immediate precursor for the final compound 82. Compound 88 was synthesised 
by sequentially following the general procedures 3 (method A), using (1 R,2R)-2-(benzyloxy)cyclohexan-1- 
amine (#CAS: 216394–06-8) to make intermediate 31uu. Intermediate 31uu was subjected for nitro 
reduction using procedure 5 (method A) to get corresponding amine which was acylated using proce-
dure 6 to generate desired product 88 as a white solid (87 mg, 0.22 mmol, 70%). 1H NMR (500 MHz, 
DMSO-d6) δ 10.47 (s, 1H), 8.30 (d, J = 8.6 Hz, 1H), 8.02 (t, J = 1.9 Hz, 1H), 7.76 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 
7.54 (dt, J = 7.9, 1.2 Hz, 1H), 7.42 (t, J = 7.9 Hz, 1H), 7.29 − 7.11 (m, 5H), 4.59 (d, J = 11.9 Hz, 1H), 4.47 (d, 
J = 11.9 Hz, 1H), 4.27 (s, 2H), 3.92 − 3.85 (m, 1H), 3.45 − 3.40 (m, 1H), 2.14 − 2.12 (m, 1H), 1.84 − 1.81 (m, 1H), 
1.72 − 1.64 (m, 2H), 1.43 − 1.08 (m, 4H). 13C NMR (126 MHz, DMSO-d6) δ 165.7, 164.8, 139.3, 138.5, 136.1, 
128.7, 128.0 (2 C), 127.2 (2 C), 127.1, 122.3, 121.7, 118.8, 79.6, 70.1, 52.8, 43.6, 31.5, 30.8, 24.3, 23.9. APCI-MS 
m/z: [M + H]+ calcd. for C22H26ClN2O3: 401.1, found: 401.3.

Synthesis of 3–(2-hydroxyacetamido)-N-(pyridin-2-yl)benzamide 90
To a 10 min pre-stirred solution of 2-hydroxyacetic acid (200 mg, 2.0 eq, 2.63 mmol), EDC (503 mg, 2.0 eq, 
2.63 mmol) and HOBt (402 mg, 2.0 eq, 2.63 mmol) in DCM (12 ml) were added commercially available 
3-amino-N-(pyridin-2-yl)benzamide 89 (#CAS: 85367–02-8, Enamine: #EN300-62367) (280 mg, 1 eq, 1.31 mmol) 
and DIPEA (424 mg, 572 μL, 2.5 eq, 3.28 mmol) and stirred for 12 h at room temperature. The reaction mix-
ture was diluted with water and extracted with EtOAc (25 ml). The organic layer was separated, dried over 
sodium sulphate and concentrated under reduced pressure to get crude which was purified by column 
chromatography using 0–100% EtOAc in hexane as an eluent to get pure 3–(2-hydroxyacetamido)-N-(p
yridin-2-yl)benzamide (45 mg, 0.16 mmol, 12%). 180 mg of the starting material 89 was recovered from the 
column. 1H NMR (500 MHz, DMSO-d6) δ 10.70 (s, 1H), 9.85 (s, 1H), 8.39 (ddd, J = 4.8, 2.0, 0.9 Hz, 1H), 8.30 (t, 
J = 2.0 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.92 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.86 − 7.83 (m, 1H), 7.72 (dt, J = 8.0, 
1.2 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 7.17 (ddd, J = 7.4, 4.9, 1.1 Hz, 1H), 5.72 (t, J = 6.0 Hz, 1H), 4.02 (d, J = 6.0 Hz, 
2H). APCI-MS (m/z): [M + H]+ calcd. for C14H14N3O3: 272.1, found: 271.8.

Synthesis of 2-oxo-2-((3-(pyridin-2-ylcarbamoyl)phenyl)amino)ethyl benzylsulfamate 91
To a stirred solution of 3–(2-hydroxyacetamido)-N-(pyridin-2-yl)benzamide 90 (45 mg, 1 eq, 0.17 mmol) in 
DCM (3 ml), benzylsulfamoyl chloride (41 mg, 1.2 eq, 0.20 mmol), and DIPEA (26 mg, 35 μL, 1.2 eq, 
0.20 mmol) were added at 0 °C. The reaction mixture was stirred at room temperature for 1 h. After com-
pletion of the reaction (as monitored by APCI), water (1 ml) was added. The aqueous layer was extracted 
with DCM (2 × 6 ml). The crude which was purified by column chromatography using 0–75% EtOAc in 
hexane as an eluent to get pure 2-oxo-2-((3-(pyridin-2-ylcarbamoyl)phenyl)amino)ethyl benzylsulfamate 
91 (50 mg, 0.11 mmol, 68%). 1H NMR (500 MHz, DMSO-d6) δ 10.79 (s, 1H), 10.33 (s, 1H), 8.64 (t, J = 6.0 Hz, 
1H), 8.39 (ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 8.21 − 8.14 (m, 2H), 7.87 − 7.83 (m, 2H), 7.78 (ddd, J = 7.8, 1.8, 1.0 Hz, 
1H), 7.47 (t, J = 7.9 Hz, 1H), 7.38 − 7.30 (m, 4H), 7.29 − 7.25 (m, 1H), 7.17 (ddd, J = 7.4, 4.9, 1.0 Hz, 1H), 4.65 
(s, 2H), 4.23 (d, J = 6.0 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 164.4, 152.1, 148.0, 138.3, 138.2, 
137.3, 134.8, 128.8, 128.4, 127.8, 127.4, 123.1, 122.9, 119.9, 119.5, 114.7, 66.6, 46.3. APCI-MS (m/z): [M-H]+ 
calcd. for C21H19N4O5S: 439.1, found: 439.0.

Synthesis of 2-oxo-2-((3-(pyridin-2-ylcarbamoyl)phenyl)amino)ethyl methylsulfamate 92
To a stirred solution of 3–(2-hydroxyacetamido)-N-(pyridin-2-yl)benzamide 90 (15 mg, 1 eq, 55 μmol) in 
DCM (1 ml), methylsulfamoyl chloride (8.6 mg, 1.2 eq, 66 μmol), and DIPEA (8.6 mg, 12 μL, 1.2 eq, 66 μmol) 
were added at 0 °C. The reaction mixture was stirred at room temperature for 1 h. After completion of 
the reaction (as monitored by APCI), water (1 ml) was added. The aqueous layer was extracted with DCM 
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(2 × 6 ml). The crude which was purified by silica gel column chromatography using 0–60% EtOAc in 
hexane as an eluent to get pure 2-oxo-2-((3-(pyridin-2-ylcarbamoyl)phenyl)amino)ethyl methylsulfamate 
92 (6 mg, 0.02 mmol, 30%). 1H NMR (500 MHz, DMSO-d6) δ 10.78 (s, 1H), 10.36 (s, 1H), 8.41 − 8.35 (m, 1H), 
8.19 − 8.18 (m, 2H), 7.96 (d, J = 4.9 Hz, 1H), 7.88 − 7.80 (m, 2H), 7.77 (d, J = 7.7 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 
7.20 − 7.14 (m, 1H), 4.66 (s, 2H), 2.64 (d, J = 4.5 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) δ 165.8, 164.4, 152.1, 
148.0, 138.3, 138.1, 134.8, 128.9, 123.1, 122.9, 119.9, 119.4, 114.7, 66.6, 28.8. APCI-MS (m/z): [M-H]+ calcd. 
for C15H17N4O5S: 365.0, found: 364.5.

Synthesis of 3–(2-fluoroacetamido)-N-(pyridin-2-yl)benzamide 93
A 20 ml vial equipped with a magnetic stir bar was charged with 3-amino-N-(pyridin-2-yl)benzamide 89 
(#CAS: 85367–02-8, Enamine: #EN300-62367) (50 mg, 1 eq, 0.23 mmol) and DCM (3 ml). Et3N (31 mg, 42 μL, 
1.3 eq, 0.30 mmol) and 2-fluoroacetyl chloride (25 mg, 18 μL, 1.1 eq, 0.26 mmol) were added at 0 °C. The 
reaction mixture was stirred at room temperature for 3 h. The reaction mixture was diluted with water 
and extracted with EtOAc. The organic layer was separated, dried over sodium sulphate and concen-
trated under reduced pressure to get crude which was purified by silica gel column chromatography 
using 0–50% EtOAc in hexane as an eluent to get pure 3–(2-fluoroacetamido)-N-(pyridin-2-yl)benzamide 
93 (50 mg, 0.18 mmol, 78%). 1H NMR (500 MHz, DMSO-d6) δ 10.76 (s, 1H), 10.29 (s, 1H), 8.45 − 8.34 (m, 
1H), 8.25 (t, J = 1.9 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.90 − 7.81 (m, 2H), 7.77 (ddd, J = 7.8, 1.8, 1.0 Hz, 1H), 
7.46 (t, J = 7.9 Hz, 1H), 7.17 (ddd, J = 7.4, 4.9, 1.0 Hz, 1H), 5.02 (d, J = 46.7 Hz, 2H). 13C NMR (126 MHz, DMSO- 
d6) δ 166.2 (d, J = 16.1 Hz), 165.8, 152.1, 148.0, 138.1, 134.8, 128.8, 123.2, 119.9, 119.8, 114.7, 79.8 (d, 
J = 187.9 Hz). APCI-MS (m/z): [M-H]+ calcd. for C14H13FN3O2: 274.1, found: 273.9.

Synthesis of 3-((chloromethyl)sulfonamido)-N-(pyridin-2-yl)benzamide 94
A 20 ml vial equipped with a magnetic stir bar was charged with 3-amino-N-(pyridin-2-yl)benzamide 89 
(#CAS: 85367–02-8, Enamine: #EN300-62367) (25 mg, 1 eq, 0.12 mmol) and DCM (3 ml). Et3N (15 mg, 21 μL, 
1.3 eq, 0.15 mmol) and chloromethanesulfonyl chloride (19 mg, 1.1 eq, 0.13 mmol) were added at 0 °C. 
The reaction mixture was stirred for 4 h at RT. The reaction mixture was diluted with water and extracted 
with EtOAc. The organic layer was separated, dried over sodium sulphate and concentrated under 
reduced pressure to get crude which was purified by silica gel column chromatography using 0–30% 
EtOAc in hexane as an eluent to get pure 3-((chloromethyl)sulfonamido)-N-(pyridin-2-yl)benzamide 94 
(20 mg, 61 μmol, 52%). 1H NMR (500 MHz, DMSO-d6) δ 10.89 (s, 1H), 10.63 (s, 1H), 8.39 (ddd, J = 4.9, 2.0, 
0.9 Hz, 1H), 8.17 (dt, J = 8.3, 1.0 Hz, 1H), 7.85 (ddd, J = 8.5, 7.3, 2.0 Hz, 1H), 7.81 − 7.71 (m, 2H), 7.47 (t, 
J = 7.8 Hz, 1H), 7.41 − 7.39 (m, 1H), 7.18 (ddd, J = 7.4, 4.8, 1.0 Hz, 1H), 5.17 (s, 2H). 13C NMR (126 MHz, 
DMSO-d6) δ 165.7, 152.1, 148.0, 138.2, 137.4, 135.5, 129.4, 123.7, 123.5, 119.9, 119.1, 114.7, 54.4. APCI-MS 
(m/z): [M-H]+ calcd. for C13H13ClN3O3S: 324.0, found: 324.2.

Synthesis of 3-cyanamido-N-(pyridin-2-yl)benzamide 95
A 20 ml vial equipped with a magnetic stir bar was charged with N-chlorosuccinimide (NCS) (93.9 mg, 
1.5 eq, 703 μmol) and Zinc cyanide (55.1 mg, 29.7 μL, 1 eq, 469 μmol). Acetonitrile (4.5 ml) and Water 
(0.5 ml) were added under inert atmosphere and the suspension was cooled to 0 °C. The 
3-amino-N-(pyridin-2-yl)benzamide 89 (#CAS: 85367–02-8, Enamine: #EN300-62367) (100 mg, 1 eq, 
469 μmol) was added in one portion and the mixture was stirred at room temperature at 600–1000 rpm 
for 16 h. The suspension was filtered over a 2 cm plug of celite and the plug was rinsed with ~ 20 ml 
EtOAc. The filtrate was washed with 20 ml of water and a 20% aqueous NaCl solution, dried over MgSO4 
and then concentrated in vacuo. The crude product was purified by flash chromatography on neutral 
alumina using 60% EtOAc in hexane as an eluent to get pure 3-cyanamido-N-(pyridin-2-yl)benzamide 95 
(40 mg, 0.17 mmol, 80%). 1H NMR (500 MHz, DMSO-d6) δ 10.91 (s, 1H), 10.43 (br s, 1H), 8.39 (ddd, J = 4.9, 
2.0, 0.9 Hz, 1H), 8.17 (dt, J = 8.4, 1.0 Hz, 1H), 7.87 − 7.83 (m, 1H), 7.70 (dt, J = 7.7, 1.2 Hz, 1H), 7.55  
(t, J = 2.0 Hz, 1H), 7.48 (t, J = 7.9 Hz, 1H), 7.19 − 7.15 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 165.4, 152.0, 
147.9, 138.8, 138.1, 135.7, 129.9, 122.0, 119.9, 118.3, 114.7, 114.5, 111.8. APCI-MS (m/z): [M + H]+ calcd. for 
C13H11N4O: 239.1, found: 239.1.
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