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Design and synthesis of bioisosteres of acylhydrazones as stable 
inhibitors of the aspartic protease endothiapepsin 

 
 

 

In this chapter, we describe the design, synthesis and biochemical evaluation of 

bioisosteres of acylhydrazones. We applied bioisosterism strategies to a previously reported 

acylhydrazone derivative, which is selected as hit-compound using a combination of dynamic 

combinatorial chemistry and de novo structure based drug design due to its promising inhibitory 

profile against endothiapepsin (IC50 = 12 ± 0.4 μM). Among the series of three bioisosteres, two 

compounds are as potent as the hit. Unlike the labile acylhydrazones, these new bioisosteres do 

not liberate toxic hydrazides upon hydrolysis. 
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6.1 Introduction 

We previously discovered acylhydrazone-based inhibitors of the aspartic protease 

endothiapepsin using dynamic combinatorial chemistry (DCC) in combination with de novo 

structure-based drug design.[1-2] The most potent lead compound inhibits endothiapepsin, 

previously introduced in Chapters 3, with an IC50 value of 54 nM. However, it is important to 

focus on the behavior of the acylhydrazones in vivo. The major setback of acyhydrazones is their 

lack of stability under physiological conditions as they hydrolyze into an aldehyde and a hydrazide 

at acidic pH. Notably, formation of hydrazides can lead to potential toxicity issues. Therefore, it 

is highly desirable to identify stable substitute maintaining the key interactions in the active site of 

the protein without making significant changes in chemical structure. Acylhydrazones are 

considered to be a privileged structure in medicinal chemistry as they have the potential to 

interact with various biological targets.[3] Introducing bioisosteres of the acylhydrazone moiety is 

therefore of paramount importance to obtain potential drug candidates.  

Bioisosteres have been introduced as a fundamental strategy to improve the compatibility 

of the parent hit/lead compounds. As such bioisosteres contribute to the field of medicinal 

chemistry in terms of improving the potency, enhancing the selectivity, altering the physical 

properties, reducing/redirecting the metabolism, eliminating/modifying toxicophores and 

acquiring novel intellectual property.[4] 

To the best of our knowledge, there is no report so far on bioisosteres of acylhydrazones. 

Herein, we describe the design, synthesis and biochemical evaluation of the three bioisosteres of 

the acylhydrazone 1 (Figure 1), the first acylhydrazone inhibitor of endothiapepsin. Importantly, 

unlike the labile acylhydrazones, these new bioisosteres are not prone to hydrolysis, liberating 

toxic hydrazides. 

 

Figure 1: a) Overview of acylhydrazone 1 in complex with endothiapepsin (Color code: protein backbone: 
gray, inhibitor 1: C: green, N: blue, O: red; PDB code: 4KUP).[1]  b) Structure of acylhydrazone inhibitor 1.  
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6.2 Results and discussion 

6.2.1  Design of the bioisosteres 
We chose the X-ray crystal structure of endothiapepsin in complex with acylhydrazones 1 

(PDB: 4KUP, Figure 1) as starting point for the design of the stable bioisosteres of the labile 

acylhydrazone moiety. The hit 1 displays an IC50 value of 12.8 μM and a ligand efficiency (LE) of 

0.27. It interacts with the catalytic dyad via H-bonding interactions (Asp35 (2.8 Å, 3.2 Å) and 

Asp219 (2.9 Å)) through its α-amino group.  

The bioisosteres were designed using two ligand-based drug design approaches, namely 

Recore in the LeadIT suite[5] and the molecular-modeling software MOLOC,[6] which afforded 

various compounds displaying heterocyclic, ester or amide linkages (Figures 2 and 3).  

 

Figure 2. Proposed bioisosteres (2–4) of the acylhydrazone 1, as stable inhibitors of endothiapepsin. 

 

Figure 3. Predicted binding modes of acylhydrazone-derived bioisosteres 2–4 in the active site of 
endothiapepsin. These binding modes are the result of a docking run using the FlexX docking module 
with 30 poses and represent the top-scoring pose after HYDE scoring with SEESAR and careful visual 
inspection to exclude poses with significant inter- or intra-molecular clash terms or unfavorable 
conformations. The figures were generated with PoseView as implemented in the LeadIT suite.  
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Figure 3 shows the predicted binding modes of the three bioisosteres in the active site of 

endothiapepsin. These binding modes are the result of a docking run using the FlexX docking 

module with 30 poses and represent the top-scoring pose after HYDE scoring. Inspection of the 

co-crystal structure of endothiapepsin with acylhydrazone 1 in the active site of endothiapepsin 

shows that the aromatic part of the compound such as indolyl and/or mesityl groups are able to 

form π-stacking interactions with the amino acid residues of the protein backbone. In all of the 

structures (Figure 3), the binding mode of the indolyl- and mesityl- moieties is preserved. It was 

observed that the α-amino groups of all bioisosteres 2–4 form charge-assisted hydrogen bonds to 

the catalytic dyad (Asp35 and Asp 219) as well as additional interactions with the Asp81, Gly221. 

The NH group of the amide donates an H-bond to Gly221 in 2. It was observed that in all of the 

bioisostere compounds the indolyl–NH form H bonds with Asp 81 and Asp33. In addition to 

these, the thiazol ring of 4 is involved in several hydrophobic interactions with the protein 

backbone. 

6.2.2  Synthesis of the bioisosteres 
We synthesized the bioisostere 2 with the amide linker using very mild peptide coupling 

reaction conditions followed by deprotection of the Boc-group in the subsequent step. Starting 

from N-Boc-tryptophan (5) and 2-mesitylethanamine hydrochloride (10) in the presence of a 

weak base carbonyldiimidazole, we obtained the corresponding amide in 80% yield and 

subsequently deprotected in presence of TFA to afford 2 in quantitative yield.[7]  To synthesize 

the ester 3, a Steglich esterification was used as described in Chapter 5.[8] We synthesized the 

bioisostere 4 from the building blocks thioamide 7 and ketobromide 9, which can be accessed 

from Nα-Boc-L-tryptophan (5) and mesitylacetic acid (8), respectively, in two steps.[8] Subsequent 

deprotection of compound 12 afforded the bioisostere 4 in quantitative yield. The first step to 

obtain thioamide 7, consists of the formation of amide 6 followed by thionation using 

Lawesson’s reagent. On the other hand, compound 9 was synthesized applying modified Arndt-

Eistert reaction conditions starting from mesitylacetic acid (8). 
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i) ClCOOEt, Et3N, dry THF, aq. NH3, ii) Lawesson's reagent, dry DCM, iii) EtOH, reflux, 4 h, iv) TFA, DCM, v) 2-
mesitylethanamine hydrochloride, 1,1'-Carbonyldiimidazole, THF, rt, overnight, vi) TFA, DCM, 0 oC to rt, 1.5 h, vii) 
2-Mesitylethanol, DCC, DMAP (5%) DCM, 8 h, viii) HCl/Et2O 1M, 24 h, ix) SOCl2, dry toluene, reflux, 3 h, x) a. 
TMS-diazomethane, ether, b. 47.5% aq. HBr. 

Scheme  1. Synthesis of bioisosteres. 

6.2.3  Biochemical evaluation 
To investigate the biochemical activity of the designed bioisosteres, we performed 

fluorescence-based inhibition assays adapted from the HIV-protease[10] as described in the 

previous Chapters 2, 3 and 5. All of the three designed bioisosteres inhibit the activity of 

endothiapepsin to a different extent. The most potent inhibitor, the amide bioisostere 2, displays 

an IC50 value of 17.6 μM, comparable with the parent acylhydrazone 1 (IC50 = 12.8 μM, Table 1, 

Figure 4). 
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Table1. Biochemical evaluation of bioisosteres 2–4. 

Compound IC50 (μM) 

2 17.6 ± 6.8 

3 28.7 ± 4.1 

4 193.7 ± 11.4 

 

 
 
 

 

 

Figure 4. A representative example of the IC50 inhibition curves of amide bioisostere 2                        
(IC50  = 17.6 ± 6.8 μM). The inhibitors were measured in duplicate.               

6.2.4  Crystallographic studies 
To verify the predicted binding mode of the bioisosteres, we soaked crystals of 

endothiapepsin with the most potent bioisostere 2 and determined the crystal structure of 2 in 

complex with endothiapepsin  at 1.58 Å resolution (PDB code: 5OJE). The structure features 

clear electron density for the ligand, as shown in Figure 5. 
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Figure 5. Electron density omit-map of the crystal structure of endothiapepsin in complex with 
compound 2 and a coordinated DMSO molecule. Fo-Fc Map contoured at 3.3 σ (color code: protein 
cartoon: light blue; carbon: green; oxygen: red; nitrogen: blue; sulfur: yellow). 

Upon closer examination, the binding mode of the ligand is similar to the docked pose 

shown in Figure 3. The amino group of the ligand forms two H bonds with the Asp35 (2.8 Å) 

and Asp219 (2.8 Å). The secondary amine of the indolyl ring forms a H bond with Asp81 with a 

distance of 3.0 Å. The hydrophobic part of the indolyl is engaged in hydrophobic interactions 

with Phe116, Leu125, Tyr79 and Gly221. The mesitylyl moiety is involved in hydrophobic 

interactions with Ile300 and 304, Tyr226, Gly80 and Cβ of Asp81.  The only difference between 

the predicted and the real interactions is observed at the amide linkage. In contradiction to the 

computation, the nitrogen atom does not form a H bond with the oxygen atom of Gly221, the 

distance is 4.3 Å. Instead, the hydroxyl group of Thr222 acts as a H-bond acceptor and forms a 

H-bond (3.0 Å) with the nitrogen atom of the ligand, which is also shown in Figure 6.  
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Figure 6. Superimposition of the acylhydrazone inhibitor 1 and the peptidic bioisostere 2. (color code: 
protein backbone: C: gray, O: red, N: blue, 1: C: green, 2: C: light blue, N: blue, O: red, dashed lines: H-
bonding interactions below 3.0 Å). 

Due to the slightly bent shape of the coordinated ligand both aromatic groups are able to 

form hydrophobic interactions (distance of 4.2 Å) with one DMSO molecule, shown in Figure 7. 

This DMSO molecule is well coordinated and seems to displace several water molecules. This 

may be important for the stabilization of the ligand bound to the protein. A similar DMSO 

molecule can be observed in the previous structure (PDB code: 4KUP). 

6.3 Conclusions 

We report the successful replacement of the acid-sensitive and hydrolyzable 

acylhydrazone linker of parent hit 1, as stable and equipotent inhibitors of endothiapepsin. We 

designed and synthesized three bioisosteres and evaluated them for their inhibitory activity 

against endothiapepsin. Compounds 2 and 3, possessing amide and ester linkers respectively, 

display comparable IC50 values as the parent hit 1, while compound 4 is an order of magnitude 

weaker than the parent hit.   
We solved the crystal structure of amide 2 (IC50 = 17.6 ± 6.8 μM) in complex with 

endothiapepsin, verifying predicted binding mode. Taken together, we demonstrate that 

acyhydrazones can be replaced without changing the binding whilst preserving the activity, 

demonstrating that acylhydrazone-based DCC is a powerful tool to identify hits, which can then 

be optimized to stable lead compounds in a straightforward manner.  
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6.4 Experimental section 

6.4.1 Fluorescence-based inhibition assay 
For fluorescence-based inhibition assay, see Chapter 2, Section 2.4.1. 

6.4.2 Modeling and docking 
For modeling and docking studies, see Chapter 2, Section 2.4.2. 

6.4.3 Crystallization, data collection and processing 
The protein, endothiapepsin, was purchased commercially as Suparen 600. It was purified by 

ultrafiltration using 10 kDa cut-off and washing with 0.1 mol/L Na/Acetate buffer, pH= 4.6. 

After washing, the protein concentration was adjusted to 5 mg/mL.  

Crystals were obtained using sitting drop vapor-diffusion method with a drop volume of 4 μL, 

using streak-seeding with microcrystals. The conditions were 0.1 mol/L NaAc, 0.1 mol/L 

NH4Ac, 50% PEG4000.  Crystallization occurred within two days. Soaking of the ligand was 

achieved within 24 h in mother liquor containing additional 0.1 mol/L ligand and 25% glycerol.  

Crystals were fished and flash-frozen in liquid nitrogen. Data collection was done using an 

Incoatec 1 μm X-ray source equipped with an Oxford Cryosystems and a Mar 345dtb image plate 

detector. 

The structure was solved using molecular replacement and refined using ccp4i2.[11] 

6.4.4 General experimental details 
For general experimental conditions, see Chapter 2, Section 2.4.4 

Optical rotations were measured in MeOH on a Schmidt & Haensch polarimeter (Polartronic 

MH8) with a 10 cm cell (c given in g/100 mL). 

6.4.5 Experimental procedures 
1-Bromo-3-mesitylpropan-2-one (9)  

In a dry 100-mL three-necked flask, mesitylacetic acid (8) (1 eq., 1.5 g,   

8.4 mmol) was dissolved in dry toluene (10 mL). Thionyl chloride (13.8 

eq., 8.5 mL, 116 mmol) was added to this reaction mixture, and was 

refluxed for 3 h. The colorless solution was concentrated in vacuo to obtain a yellow crude oil, 

which was dissolved in ether (8 mL). This solution was added dropwise to trimethylsilyl-

diazomethane in ether (2.6 eq., 10.8 mL, 2 M, 21.7 mmol) at 0–5 °C. The yellow solution was left 

to stir at room temperature for 1 h followed by the dropwise addition of aqueous HBr (10.8 mL, 

47.5%) and the orange emulsion was refluxed for 2.5 h. It was cooled down to room temperature 

and the ether layer was separated and washed with water. The aqueous layer was extracted with 
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ether (3 x 35 mL). The combined organic layers were washed with saturated aqueous NaHCO3 

solution and water sequentially, dried over MgSO4, filtered and concentrated in vacuo. The white 

solid was purified by column chromatography (SiO2, DCM/pentane, 2:3, stained in 

Phosphomolybdic acid (PMA)) to yield 9 (2.56 mmol, 655 mg, 31%) as a white solid. 1H-NMR 

(400 MHz, chloroform-d):  δ 6.88 (d, J = 6.6 Hz, 2H), 3.98 (d, J = 1.8 Hz, 1H), 3.91 (d, J =       

1.9 Hz, 1H), 3.67 (dd, J = 5.7, 1.9 Hz, 2H), 2.49 – 1.89 (m, 9H). 13C-NMR (101 MHz, 

chloroform-d): (equilibrium of keto-enol form) δ 199.8, 172.1, 137.1, 137.1, 137.0, 136.7, 129.3, 

129.0, 128.6, 127.9, 52.1, 41.2, 35.0, 33.7, 21.0, 21.0, 20.4, 20.3. m. p. = 52–55 °C;  

N-Boc-L-tryptophan amide (6)  
In a 50-mL three-necked flask was dissolved Nα-Boc-L-tryptophan (5)      

(1 eq., 2 g, 6.57 mmol) in dry THF (14 mL). To the reaction mixture was 

added triethylamine (2.6 eq., 2.38 mL, 17.09 mmol) to obtain a colorless 

solution. The reaction mixture was cooled in an ice bath, and ethyl 

chloroformate (2 eq., 1.26 mL, 13.14 mmol) was added to obtain a white thick suspension. The 

reaction mixture was stirred in an ice bath for 30 min followed by addition of aqueous ammonia 

solution (1.58 mL, 25%). The reaction mixture was left to stir at room temperature for 30 min 

and the solvent was removed in vacuo. The reaction mixture was dissolved in EtOAc, and the 

organic phase was washed with saturated aqueous NaHCO3 solution, dried over MgSO4, filtered, 

concentrated in vacuo and purified by column chromatography (SiO2, MeOH/DCM, 1:9) to yield 

2 (3.80 mmol, 1.15 g, 58%) as a white solid.  1H-NMR (400 MHz, dimethyl sulfoxide-d6): δ 10.79 

(s, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.40 – 7.25 (m, 2H), 7.12 (s, 1H), 7.08 – 6.89 (m, 4H), 6.64 (d, J 

= 8.3 Hz, 1H), 4.14 (td, J = 8.8, 4.7 Hz, 1H), 3.07 (dd, J = 14.6, 4.6 Hz, 1H), 2.89 (dd, J = 14.6, 

9.2 Hz, 1H), 1.31 (s, 9H). 13C-NMR (101 MHz, dimethyl sulfoxide-d6): δ 174.0, 155.2, 136.0, 

127.4, 123.5, 120.8, 118.5, 118.1, 111.2, 110.4, 77.9, 54.9, 28.2, 27.8. [α]D
19= + 0.135 (c = 0.68 in 

MeOH). m. p. = 110–115 °C; HRMS (ESI) calcd for C16H21N3O3Na [M+Na]+: 326.1475, found: 

326.1476. 

N-Boc-L-tryptophan thioamide (7)  
To a 50-mL three-necked flask was added N-Boc-L-tryptophan amide (6) 

(1 eq., 790 mg, 2.60 mmol) and Lawesson’s reagent (0.55 eq., 580 mg,    

1.44 mmol) in dry DCM (10 mL) to obtain a white suspension. The 

reaction mixture was heated to reflux for 3 h to obtain a clear yellow-

orange solution, which was cooled down to room temperature. To the reaction mixture, saturated 

aqueous NaHCO3 solution (20 mL) was added, and this suspension was left to stir overnight. 
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The reaction mixture was extracted with DCM (3 x 30 mL) and the combined organic layers were 

washed with saturated aqueous NaHCO3 solution and dried over MgSO4, filtered and 

concentrated in vacuo to yield a yellow solid. The crude was purified by column chromatography 

(SiO2, EtOAc/pentane, 1:1) to yield 3 (1.42 mmol, 454 mg, 55%) as an off-white solid.  1H-NMR 

(400 MHz, chloroform-d): δ 8.09 (s, 1H, -NH), 7.74 (d, J = 7.8 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H), 

7.24 – 7.04 (m, 3H), 5.40 (br s, 1H), 4.73 (q, J = 7.2 Hz, 1H), 3.56 – 3.05 (m, 2H), 1.61 (br s, 2H), 

1.42 (s, 9H). 13C-NMR (101 MHz, chloroform-d): δ 208.8, 155.5, 136.2, 127.3, 123.5, 122.3, 119.8, 

118.9, 111.4, 110.4, 80.6, 60.7, 31.8, 28.4.  [α]D
19= + 0.22 (c = 0.56 in MeOH). m. p. = 73–75 °C 

HRMS (ESI) calcd for C16H21N3O2SNa [M+Na]+: 342.1247, found: 342.1248. 

tert-Butyl (S)-(2-(1H-indol-3-yl)-1-(4-mesitylthiazol-2-yl)ethyl carbamate (12) 
In a 25-mL round-bottomed flask was dissolved 1-bromo-3-

mesitylpropan-2-one (9) (1 eq., 51.4 mg, 0.201 mmol) and N-Boc-l-

tryptophan thioamide (7) (1.5 eq., 96.3 mg, 0.302 mmol) in absolute 

ethanol (6 mL). The yellow reaction mixture was heated to reflux 

for 4 h, and conversion was monitored by TLC (EtOAc/pentane, 

3:7). The reaction mixture was concentrated in vacuo, and the orange liquid crude material was 

dissolved in a mixture of water and DCM. The organic layer was separated and the aqueous layer 

was extracted with DCM (3 x 15 mL). The combined organic layers were collected, dried over 

MgSO4, filtered and concentrated in vacuo to afford the crude, which was purified by column 

chromatography (SiO2, EtOAc/pentane, 3:7) to yield 6 (0.072 mmol, 34.1 mg, 36%) as a white 

solid, which was used in next step without further purification. 1H-NMR (400 MHz, chloroform-

d): δ 8.14 (s, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.1 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 7.03 

(t, J = 7.5 Hz, 1H), 6.90 (s, 2H), 6.84 (s, 1H), 6.26 (s, 1H), 5.35 (br s, 1H), 4.13 (m, 2H), 3.57 – 

3.33 (m, 2H), 2.30 (s, 3H), 2.28 (s, 6H), 1.43 (s, 9H).  13C-NMR (101 MHz, chloroform-d): δ 

172.1, 155.7, 137.1, 136.9, 136.6, 136.0, 132.6, 129.0, 128.6, 123.4, 122.0, 119.5, 118.8, 113.0, 

111.1, 80.0, 52.0, 35.0, 28.4, 21.0, 20.3, 20.0. 

 (S)-2-(1H-Indol-3-yl)-1-(4-mesitylthiazol-2-yl)ethan-1-amine (4)  

In a 25-mL round-bottomed flask was dissolved 4 (1 eq., 26.1 mg, 

0.055 mmol) in dry DCM (1 mL). The reaction mixture was cooled 

to 0 °C, and trifluoroacetic acid (TFA) (16 eq., 0.067 mL, 0.878 

mmol) was added. The solution was stirred in an ice bath for 5 min 

and at room temperature for 1 h. The reaction mixture was 

concentrated in vacuo, and the crude was dissolved in chloroform. 
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129

Chapter 6



130 
 

The organic layer was washed with saturated aqueous NaHCO3 solution and saturated aqueous 

NaCl solution, dried over MgSO4, filtered and concentrated in vacuo. The crude was purified by 

column chromatography (SiO2, EtOAc/pentane, 1:1  1:0) to yield 7 (0.031 mmol, 11.5 mg, 

56%) as a yellow-orange semi-solid.  1H-NMR (400 MHz, chloroform-d): δ 8.12 (s, 1H), 7.62 (d, J 

= 7.8 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.20 (t, J = 7.8 Hz, 1H), 7.11 (t, J = 7.8 Hz), 7.05 (s, 1H), 

6.90 (s, 2H), 6.32 (s, 1H), 4.61 (dd, J = 12.1, 5.3 Hz, 1H), 4.14 (s, 2H), 3.50 (dd, J = 12.1, 5.3 Hz, 

1H), 3.11 (dd, J = 12.1, 5.3 Hz, 1H), 2.29 (s, 3H), 2.27 (s, 6H), 1.83 (s, 2H).    13C-NMR (101 

MHz, methanol-d4): δ 178.1, 156.4, 138.1, 137.7, 137.1, 133.4, 129.9, 128.8, 124.8, 122.4, 119.8, 

119.2, 114.0, 112.3, 111.1, 55.6 , 35.7, 32.2, 21.0, 20.1. [α]D
19= + 0.073 (c = 0.15 in MeOH). 

HRMS (ESI): calcd for C23H26N3S [M+H]+: 376.1842, found 376.1837; calcd for C23H25N3SNa 

[M+Na]+: 398.1661, found 398.1656. 

(S)-2-Amino-3-(1H-indol-3-yl)-N-(2,4,6-trimethylphenethyl)propanamide (2) 
Under nitrogen atmosphere with ice cooling, N-Boc-L-

tryptophan (5) (1 eq., 610 mg, 2 mmol) was dissolved in dry 

THF (5 mL), 1,1’-carbonyl bis-1H-imidazole (1 eq., 324 mg,    

2 mmol) was added. After stirring the solution for 2 h at room 

temperature, under ice cooling, mesitylethylamine (8) (1 eq., 

400 mg, 2 mmol) was added and left to stir overnight at room temperature . This solution was 

concentrated  in vacuo, the residue obtained was dissolved in ethyl acetate (50 mL), washed with 

water, 0.1 M HCl, saturated NaHCO3 acqueous solution and with saturated NaCl sequentially. 

The organic layer was dried over anhydrous MgSO4, filtered, and concentrated in vacuo. It was 

monitored by TLC (DCM/ MeOH 98:2, stained with Ninhydrin), showing complete conversion.  

The crude was used in the next step without any further purification. 

Trifluoroacetic acid (16mmol, 21.5 mmol, 1.65 mL) was added to a solution of the protected 

amide compound from the previous step (1 eq., 1.334 mmol, 600 mg) in dry DCM (6mL) under 

nitrogen gas atmosphere with ice cooling and left to stir for 5 minutes, followed by 1 hour at 

room temperature. After concentrating the reaction mixture to dryness under reduced pressure, 

chloroform was added to the residue. The organic layer was washed with saturated aqueous 

NaHCO3 solution (3 x 15 mL) and saturated aqueous NaCl (15 mL), dried over anhydrous 

MgSO4, filtered and concentrated in vacuo to obtain the final product 2, (400 mg, quantitative). 
1H NMR (400 MHz, Methanol-d4) δ 7.65 (dt, J = 7.8, 1.0 Hz, 1H), 7.37 (dt, J = 8.2, 0.9 Hz, 1H), 

7.15 – 6.93 (m, 3H), 6.78 (s, 2H), 3.61 (t, J = 6.7 Hz, 1H), 3.27 – 2.93 (m, 4H), 2.60 (t, J = 8.3 Hz, 

2H), 2.25 (s, 6H), 2.21 (s, 3H). 13C NMR (101 MHz, Methanol-d4) δ 178.6, 139.7, 138.9, 138.0, 

134.9, 131.4, 130.4, 126.2, 124.0, 121.4, 121.1, 113.9, 112.8, 58.6, 40.9, 33.9, 31.7, 22.5, 21.5.  
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[α]D
19= + 0.387 (c = 0.39 in MeOH). m. p. = 56–60 °C HRMS (ESI) calcd for C22H28N3O 

[M+H]+: 350.2226, found 350.2232 

 

6.5 Contributions from co-authors 

R.M. Gierse, F. Magari, A. Heine, G. Klebe performed the protein crystallography studies. M. 

Mondal performed a part of the synthesis and modeling/docking, V. R. Jumde synthesized a part 

of the inhibitors and R. van Lier synthesized some building blocks during her Bachelor’s research 

project.  
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