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The human tissue kallikrein-7 (KLK7) is a chymotryptic serine protease member of tissue kallikrein family. KLK7 is involved in skin homeostasis and inflammation.

Excess of KLK7 activity is also associated with tumor metastasis processes, especially in ovarian carcinomas, prostatic and pancreatic cancers. Development of Kallikrein 7 inhibitors is thus of great interest in oncology but also for treating skin diseases. Most of the developed synthetic inhibitors present several drawbacks such as poor selectivity and unsuitable physico-chemical properties for in vivo use.

Recently, we described a practical sequence for the synthesis of imidazopyridinefused [1,3]-diazepines. Here, we report the identification of pyridoimidazodiazepinone core as a new potential scaffold to develop selective and competitive inhibitors of kallikrein-related peptidase 7. Structure-activity relationships (SAR), inhibition mechanisms and selectivity as well as cytotoxicity against selected cancer cell lines were investigated.

Introduction

Tumor invasion and dissemination are complex and multi-step processes involving several key cellular events. Among the many events leading to metastasis, loss of intercellular adhesion is one of the earliest phenomenon, which could lead to cells dissemination [1]. One of the most well characterized mechanisms by which tumor cells can lose adhesion is by up-regulating the expression of extracellular proteases, which are able to cleave one or more of these cellular adhesion proteins. Among these various families of proteases, the human tissue kallikrein serine proteases (KLKs) are known to be over-expressed in various cancers [START_REF] Borgono | The emerging roles of human tissue kallikreins in cancer[END_REF][START_REF] Borgono | Human tissue kallikreins: physiologic roles and applications in cancer[END_REF].

In this context, kallikrein 7 (KLK7) a chymotryptic enzyme, [4,[START_REF] Debela | Chymotryptic specificity determinants in the 1.0 A structure of the zincinhibited human tissue kallikrein 7[END_REF] was reported to be implicated in several tumor metastasis processes, especially in ovarian carcinomas, pancreatic cancers, by the hydrolysis of several cadherin subtypes [START_REF] Ramani | Expression of kallikrein 7 diminishes pancreatic cancer cell adhesion to vitronectin and enhances urokinase-type plasminogen activator receptor shedding[END_REF][START_REF] Devetzi | Parallel overexpression and clinical significance of kallikrein-related peptidases 7 and 14 (KLK7KLK14) in colon cancer[END_REF]. KLK7 facilitates metastasis via degradation of extracellular matrix components such as fibronectin, desmosomal proteins particularly desmogleins 1 and 2, thus reducing cell-cell adhesion. In prostatic cancers, KLK7 induces epithelial to mesenchymal transition-like changes in prostate carcinoma cells, implying a role in prostate cancer invasion and progression [START_REF] Mo | Human kallikrein 7 induces epithelial-mesenchymal transition-like changes in prostate carcinoma cells: a role in prostate cancer invasion and progression[END_REF]. Furthermore, KLK7 like other kallikreins such as KLK5, KLK8, KLK14 and matriptase plays an important role in normal skin desquamation [START_REF] Borgono | A potential role for multiple tissue kallikrein serine proteases in epidermal desquamation[END_REF][START_REF] Egelrud | hK5 and hK7, two serine proteinases abundant in human skin, are inhibited by LEKTI domain 6[END_REF][START_REF] Brattsand | A proteolytic cascade of kallikreins in the stratum corneum[END_REF]. Such enzymes can hydrolyze extracellular proteins that are part of intercellular adhesion structures such as corneodesmosomes in the stratum corneum [START_REF] Caubet | Degradation of corneodesmosome proteins by two serine proteases of the kallikrein family, SCTE/KLK5/hK5 and SCCE/KLK7/hK7[END_REF]. As a consequence, mutation in the Spink5 gene of LEKTI, the physiological inhibitor of skin kallikreins, is responsible of the Netherton syndrome, a lethal recessive autosomal skin disorder [13]. Recently, in an organotypic human skin culture used as a model system of Netherton Syndrome, it has been shown that genetic inhibition of KLK5 and KLK7 ameliorates epidermal architecture demonstrating the relevance of these two enzymes as targets for treating this disease [START_REF] Wang | SPINK5 knockdown in organotypic human skin culture as a model system for Netherton syndrome: effect of genetic inhibition of serine proteases kallikrein 5 and kallikrein 7[END_REF]. On the other hand, KLK7 transgenic mice exhibit a phenotype comparable to psoriasis with cutaneous hyperproliferation and immune cell infiltration [START_REF] Hansson | Epidermal overexpression of stratum corneum chymotryptic enzyme in mice: a model for chronic itchy dermatitis[END_REF]. Obese subjects often suffer from psoriatic lesions associated with high levels of adipokines such as chemerine. Beck-Sickinger and coll. have recently shown that KLK7 mediated pro-chemerine processing contributing thus to the development of these psoriatic lesions [START_REF] Schultz | Proteolytic activation of prochemerin by kallikrein 7 breaks an ionic linkage and results in C-terminal rearrangement[END_REF].

Consequently, the development of KLK7 inhibitors to control unopposed proteolytic cascades could represent a potential therapeutic approach to avoid or decrease
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4 metastasis associated with over-expression of KLK7 as well as for treating some skin disorders. Among the reported inhibitors of KLK7 [START_REF] Goettig | Natural and synthetic inhibitors of kallikrein-related peptidases (KLKs)[END_REF], a few consist in peptide derivatives such as chloromethylketones [START_REF] Debela | Chymotryptic specificity determinants in the 1.0 A structure of the zincinhibited human tissue kallikrein 7[END_REF], LEKTI-derived peptides [START_REF] Deraison | LEKTI fragments specifically inhibit KLK5, KLK7, and KLK14 and control desquamation through a pH-dependent interaction[END_REF] and sunflower trypsin inhibitor (SFTI-1) peptide derivatives [START_REF] De Veer | Mechanism-based selection of a potent kallikrein-related peptidase 7 inhibitor from a versatile library based on the sunflower trypsin inhibitor SFTI-1[END_REF]. More recently some heterocyclic compounds such as natural isocoumarins (as 8,8'-paepalantine) [START_REF] Teixeira | Biological evaluation and docking studies of natural isocoumarins as inhibitors for human kallikrein 5 and 7[END_REF] isomannide derivatives [START_REF] Freitas | Isomannide derivatives as new class of inhibitors for human kallikrein 7[END_REF][START_REF] Oliveira | Isomannide-based peptidomimetics as inhibitors for human tissue kallikreins 5 and 7[END_REF] or a mercaptobenzimidazolyl-quinazoline derivative [START_REF] Tan | Identification by in silico and in vitro screenings of small organic molecules acting as reversible inhibitors of kallikreins[END_REF] have also shown significant activities against KLK7 (Figure 1). All of them are reversible KLK7 inhibitors with moderate activity (10<IC 50 <200 µM). Additionally, some acyl-1,2,4-triazoles were reported to be more potent inhibitors (0.04<IC 50 <3.5 µM), with the ability to form transient covalent complexes (acyl-enzymes) with both KLK7 and KLK5 [START_REF] Tan | 1,2,4-Triazole derivatives as transient inactivators of kallikreins involved in skin diseases[END_REF]. Since, most of the identified inhibitors suffer from low selectivity, moderate activity and unsuitable physico-chemical properties for in vivo use, the identification of new chemical scaffold for potent and reversible inhibition of KLK7 is thus needed.

A survey of the literature shows that some compounds bearing various heterocyclic pharmacophores can be found as KLK7 inhibitors. However, very few structureactivity relationships were carried out in these series and no co-crystallization of small molecules in the active site of KLK7 has been reported yet. So, crucial determinants for KLK7 specific targeting and inhibition still need to be addressed. All these points prompted us to screen some heterocyclic derivatives from our internal library to study their potential inhibiting activity against KLK7. We report herein the identification of the pyrido-imidazodiazepinone structure as a new potential scaffold to develop selective and competitive KLK7 inhibitors. Structure-activity relationship (SAR), inhibition mechanisms and selectivity, as well as biological evaluations against selected cancer cells were investigated.

Screening of the diazepinone library and rationale for the synthesis of analogs

Due to the heterogeneity of the heterocyclic scaffolds used to obtain KLK7 inhibition, 65 heterocyclic derivatives from our internal library were chosen for an initial screening (data not shown), including imidazo[1,2-a]pyridine (IP) and 1,3-thiazole derivatives, due to our particular interest in these heterocyclic scaffolds [START_REF] Masurier | Selective C-Acylation of 2-Aminoimidazo[1,2-a]pyridine: Application to the Synthesis of Imidazopyridine-Fused[END_REF][START_REF] Masurier | Imidazonaphthyridine systems (part 2): Functionalization of the phenyl ring linked to the pyridine pharmacophore and its M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 29 replacement by a pyridinone ring produces intriguing differences in cytocidal activity[END_REF][START_REF] Masurier | New Opportunities with the Duff Reaction[END_REF][START_REF] Andaloussi | Novel imidazo[1,2-a]naphthyridinic systems (part 1): Synthesis, antiproliferative and DNAintercalating activities[END_REF][START_REF] Chaubet | A tandem aza-Friedel-Crafts reaction/Hantzsch cyclization: a simple procedure to access polysubstituted 2-amino-1,3-thiazoles[END_REF][START_REF] Maillard | Synthesis and anti-Candida activity of novel 2hydrazino-1,3-thiazole derivatives[END_REF][START_REF] Gallud | Imidazopyridine-fused [1,3]diazepinones: Synthesis and antiproliferative activity[END_REF].

Compounds were all tested at the single dose of 50 µM. Among them, a pyridoimidazodiazepin-5-one showed an inhibition capability higher than 30% (compound M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 1a, Table 1) (IC 50 = 57 ± 1.0 µM). The reversibility of the inhibition was evaluated by dilution of the reaction mixture after 15 and 60 min incubation of 1a with KLK7 at pH8 and 37°C. The enzymatic activity was immediately re stored in agreement with no formation of a covalent bond between the protease and the inhibitor. Lineweaver-Burk double reciprocal plot was used to determine the mechanism of action of compound 1a. Plots are consistent with a competitive inhibitor behavior with an inhibition constant K i of 50.6 ± 0.8 µM (see Figure S1, SI). It is worth noting that no noticeable inhibition was observed at 50 µM on other screened serine proteases (KLK5, KLK8 and KLK14), meaning that compound 1a had a selective action on KLK7.

A SAR study was then initiated, starting from compound 1a. A set of 30 new pyridoimidazodiazepinones as well as 9 acyl-IP derivatives, which can be seen as "opened pyrido-imidazodiazepinones", were synthesized and their potency was evaluated against KLK7 and other serine proteases to check selectivity.

Rationale for the synthesis of optimized diazepinone analogs

Modifications at positions 2, 3, 4 and 5 of the diazepinone core were envisioned (Figure 2). Synthesis of "opened-diazepinones" that possessed a higher flexibility was also investigated.

Pyrido-imidazodiazepinones 1a-ad were synthesized starting from 2-amino-imidazo-[1,2-a]pyridine 5 by selective C-3 acylation of the IP nucleus (Scheme 1), using 7 different N-Boc amino-acids (Boc-Phe-OH, Boc-D-Phe-OH, Boc-Ala-OH, Boc-Ser(Bn)-OH, Boc-1-Nal-OH, Boc-Tyr(Bn)-OH, Boc-N-Me-Phe-OH) according to our previously reported methodology [START_REF] Masurier | Selective C-Acylation of 2-Aminoimidazo[1,2-a]pyridine: Application to the Synthesis of Imidazopyridine-Fused[END_REF][START_REF] Arama | An efficient synthesis of pyrido-imidazodiazepinediones[END_REF]. C-3 acylated compounds 4a-g were isolated in 27% to 88% yield after chromatography on alumina gel. Only traces of the corresponding N-acylated derivatives were detected by LC-MS analysis in the crude.

After Boc removal in acidic media (by using concentrated hydrochloric acid or a mixture of trifluoroacetic acid/dichloromethane (50/50 v/v)), the resulting 2-amino-3acyl-imidazo-[1,2-a]pyridines 3a-g were isolated in basic medium, without further purification. Diamines 3a-g were then successively reacted with a set of aldehydes in chloroform at reflux for one night. Intermediate aminals were then oxidized without isolation, using a mixture of lead tetraacetate and iodine, to lead to pyridoimidazodiazepinones 1a-1w that were purified by chromatography on alumina gel.
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The pyrido-imidazodiazepine-2,5-dione 1aa was synthesized by intracarbonylation of diamine 2a, using 1,1'-carbonyldiimidazole in acetonitrile at 60°C and was isolated in 78% yield [START_REF] Arama | An efficient synthesis of pyrido-imidazodiazepinediones[END_REF]. "Opened derivatives" 2a-i were synthesized by a coupling reaction between the diamine 3a and a set of commercially available carboxylic acids.

Compounds 2a-i were isolated after purification on an alumina gel column, in 20 to 89% yield. As the diamine 3a possesses two free amines, the position of the Nacylation was investigated. The structure of the resulting coupling product was ascertained by 1 H- 13 C HMBC analysis of compound 2a (R 1 = Ph), which showed a correlation between the CH α of the phenylalanine residue (5.85 ppm) and the carbonyl signal of the amide (168.7 ppm), which unambiguously proved the Nacylation position (see Figure S2, SI). This result confirmed that the aromatic amine in position 2 of the IP nucleus was poorly reactive, as previously observed [START_REF] Arama | An efficient synthesis of pyrido-imidazodiazepinediones[END_REF].

Benzyl protected derivatives 1u and 1v were treated by a solution of 33% bromhydric acid in acetic acid to offer the corresponding hydroxy derivatives 1ab and 1ac in 93 and 99% yields respectively (Scheme 2). The 5-hydroxy derivative 1ad was obtained as a mixture of diastereoisomers after reduction of compound 1o, using sodium borohydride in methanol (Scheme 2). Finally, phenol derivatives 1x-z were obtained by demethylation of the methoxy derivatives 1l-n in 45-81% yields, using a 1M boron tribromide dichloromethane solution (Scheme 1).

Structure-activity relationships

As our initial hit (compound 1a) possesses a chiral center, the significance of the stereochemistry was first investigated. Compared to compound 1a, which showed a moderate activity (IC 50 = 57 ± 1 µM), its (R)-enantiomer (compound 1e) led to a decrease of the inhibitory potency (IC 50 = 95.9 ± 1.7 µM), suggesting that the (S) configuration is important to maintain inhibition in these series (Table 1). Modulation was preserved when a para-methyl-or a para-methoxyphenyl group was present (compounds 1c or 1d), although the activity was lower than that of compound 1a (IC 50 ~70 µM).

The inhibitory potency observed with compound 1a, 1c and 1d prompted us to further investigate compounds bearing methyl-or methoxyphenyl substituents at R 1 . In the methyl series, the meta derivative (compound 1b) was inactive, whereas the 2,4dimethyl derivative (compound 1k) showed a weaker activity compared to the two corresponding monomethyl derivatives (1a and 1c). In the methoxy series, the orthomethoxy and the meta-methoxyphenyl derivatives (1l and 1m) were inactive. Some inhibition was recovered in the case of 2,5-dimethoxy-and 3,4,5-trimethoxyphenyl derivatives (compounds 1n and 1p). The best result was obtained with the 3,4dimethoxyphenyl derivative 1o, which showed the higher potency (IC 50 = 33.5 µM).

Whereas some methoxy derivatives exhibited different inhibition potencies, their corresponding phenol derivatives (compounds 1x to 1z) were totally inactive. These results suggest that one or several methoxy groups can be involved in hydrogen bonding within the KLK7 active site.

Study of the position 4 of the diazepine ring was then carried out, keeping constant the 2-methylphenyl or the 3,4-dimethoxyphenyl groups at R 1 (Figure 2). Replacement of the benzyl group at R 3 by a methyl group (compounds 1r and 1s) or a hydroxymethyl group (compound 1ab) led to a loss of activity, suggesting that an aromatic group at this position is important for the interaction with the target.

Introduction of bulkier groups like 1-naphtylmethyl or 4-benzyloxybenzyle (compounds 1q and 1v) or short elongation of the chain (compounds 1t and 1u) also led to inactive compounds. A 4-hydroxybenzyl substituent in R 3 was also unfavorable for KLK7 inhibition (compound 1ac). These results suggest that no modification is tolerated at R 3 and a benzyl group is crucial to obtain KLK7 inhibition.

Finally, methylation of the diazepine N-3 or reduction of the carbonyl in position 5 of the most active compound 1o led to a loss of activity (compounds 1w and 1ad respectively). These results suggest that the NH and the carbonyl of the diazepine ring could be implicated in important interactions with the KLK7 binding site. Finally, "opened diazepinone" series was investigated (compounds 2a-i). Only two derivatives bearing a benzyl or a 2-methylphenyl substituent at R 1 (compounds 2e and 2g, Scheme 1 and Table 1) showed a weak KLK7 inhibition activity (IC 50 >100 µM). Although the flexibility of compounds 2 was higher than that of the diazepinone
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derivatives, which could eventually lead to a better molecular recognition, the increase of conformational entropy in such molecules was unfavorable to the activity. This result suggests that the presence of the diazepine ring is crucial for the inhibition potency.

Starting from compound 1a, which showed moderate inhibition potency against KLK7 (IC 50 = 57.0 µM), modifications of positions 2, 3, 4 and 5 of the diazepinone ring were investigated. The SAR study indicated that position 3, 4 and 5 could not be modified to preserve potency. Replacement of the 2-methylphenyl substituent by a 3,4dimethoxyphenyl group led to a slight increase of the inhibition potency i.e. compound 1o (IC 50 = 33.5 µM) (Figure 3A), which was selected for further studies.

Mechanism of inhibition by compound 1o

As already observed with compound 1a, when using compound 1o, the inhibition was reversed by dilution, in agreement with no formation of a stable covalent adduct between KLK7 and compound 1o (Figure 3B-C). Lineweaver-Burk double reciprocal plots showed that compound 1o is a competitive inhibitor indicating that 1o exclusively binds to the free enzyme (Figure 3C). The K i value for KLK7 was determined to be 27 ± 1.8 µM corresponding to an acceptable good affinity. The selectivity of compound 1o was then evaluated against three other human tissue kallikreins (KLK5, KLK8 and KLK14). No significant inhibition was observed at a 50 µM concentration, indicating that compound 1o was selective for kallikrein 7.

Structural basis for the inhibition

Models of 1o/KLK7 complexes were built to corroborate the mechanistic data and to propose some structural basis for the inhibition. The lowest energy model of docking of compound 1o into KLK7 showed several intermolecular interactions that are represented in Figure 4. The docking results suggest that the IP nucleus of compound 1o occupies the S 1 ' pocket of the protease active site, the diazepinone ring being located in the S 1 pocket while the benzyl group is directed toward pocket S 2 . The catalytic residue Ser195 of KLK7 might also be implicated in two hydrogen bonds with the two nitrogens of the IP ring. Finally, a key hydrogen bond between Asn 189 and one of the two methoxy groups could explain the higher affinity obtained
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with compound 1o, compared to 1m that bears only one meta methoxy group. This polar contact will be taken into account in the design of further optimized derivatives.

Cytotoxicity potency towards cancer cell lines

Since KLK7 is involved in tumor progression through its proteolytic activity, we investigated the anticancer potential of the most potent compounds. The cytotoxic effects of 23 derivatives including compound 1o were evaluated on three human cancer cell lines, i.e. the HeLa tumor cell line, the human prostatic PC-3 cell line [START_REF] Kaighn | Establishment and characterization of a human prostatic carcinoma cell line (PC-3)[END_REF] and the human colorectal adenocarcinoma SW-620 [START_REF] Leibovitz | Classification of human colorectal adenocarcinoma cell lines[END_REF]. In particular, a recent study pointed out that aberrant expression of KLK7 in colon cancer cells and tissues is involved in cell proliferation resulting in human colon tumorogenesis [START_REF] Walker | Kallikrein-related peptidase 7 (KLK7) is a proliferative factor that is aberrantly expressed in human colon cancer[END_REF].

Compounds were first screened at a 100 µM concentration by measuring cellular death using the colorimetric XTT assay. Only derivatives exhibiting cytotoxic effects over 50 % of cell death were retained. Several derivatives were found cytotoxic on cancer cell lines, including compounds 1k, 1n, 1o and 1p (Table 2) and their EC 50 determined.

Overall, the HeLa cell line was the most sensitive toward these molecules, followed by PC-3 and SW-620. Interestingly compound 1o reported as the best KLK7 inhibitor displayed a noticeable cytotoxic effect on both HeLa and PC-3 cells lines. Moreover, one can also notice that 1o is the only compound that displays an effect, although moderate, on PC-3 cells (EC 50 = 64.8 µM), while compound 1k is specific of SW-620 cell line. This selective behavior of 1o on PC-3 is particularly of great interest since KLK7 is highly expressed in prostate tissue and is believed to participate to cancer progression by its role in the induction of the epithelial-mesenchymal transition on in vitro cellular models [START_REF] Mo | Human kallikrein 7 induces epithelial-mesenchymal transition-like changes in prostate carcinoma cells: a role in prostate cancer invasion and progression[END_REF].

Conclusion

Starting from an initial screening of 65 in-house heterocyclic derivatives, a pyridoimidazodiazepinone 1a was identified to be a moderate inhibitor of KLK7 (IC 50 = 57 µM and K i = 50 µM). Enzymatic studies showed that this derivative is a reversible and competitive KLK7 inhibitor. Compound 1a was shown to have selective action toward
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, when compared to others tested serine proteases, suggesting its potential as a good starting point to design potent selective, competitive and reversible KLK7 inhibitors. A SAR program was then initiated to identify the structural requirement for KLK7 inhibition. Modulation of positions 2, 3, 4 and 5 of the diazepinone ring and "opened diazepine" derivatives were investigated. First, the diazepinone ring has shown to be crucial for KLK7 inhibition. In addition, a (S)-benzyl substituent in position 4 of the diazepine, a carbonyl group in position 5, a NH in position 3 gave the best results. The phenyl ring at position 2 tolerates some modulations, i.e.

substitution by one or two methyl or methoxy groups led to the most potent compounds. This study led to the discovery of compound 1o, which is approximately twice more active than our initial hit 1a (K i = 27 µM compared to 50 µM for compound 1a). Moreover some analogs, including compound 1o, were shown to exhibit a cytotoxic effect, although moderate, against selected colon and prostate cancer cell lines. A detailed study of the cellular events involving KLK7 with optimized compounds could be of great interest to address the correlation between KLK7 inhibition and potential anticancer activity.

Experimental

General

Commercially available reagents and solvents were used without further purification. Reactions were monitored by HPLC using an analytical Chromolith Speed Rod RP-C18 185 Pm column (50x4.6 mm, 5 mm) using a flow rate of 3.0 mL/min, and a gradient of 100/0 to 0/100 eluents A/B over 5 min, in which eluents A=H 2 O/0.1% TFA and B=CH 3 CN/0.1% TFA. Detection was at 214 nm using a Photodiode Array Detector. Retention times are reported as follows: Tr (min). 1 Melting points (mp) are uncorrected and were recorded on a capillary melting point apparatus.

Compounds 5, 3a-c, 4a-c, 1a-d, 1f-j and 1aa were synthesized according to our previous reported procedures and the spectral characteristics were in agreement with the published data [START_REF] Masurier | Selective C-Acylation of 2-Aminoimidazo[1,2-a]pyridine: Application to the Synthesis of Imidazopyridine-Fused[END_REF][START_REF] Arama | An efficient synthesis of pyrido-imidazodiazepinediones[END_REF].

Synthesis of compounds 4d-g

To a suspension of 0.5 g of trifluoro-N-imidazo[1,2-a]pyridin-2-ylacetamide (2.18 mmol) in 9 mL of an aqueous 5 N sodium hydroxide solution was added 0.5 mL of THF. The solution was stirred at 40°C for 2 h. The solution was extracted with dichloromethane (3 x 20 mL). The organic layer was dried over Na 2 SO 4 , filtered, and the solvent was removed in vacuo. The residue was dissolved in 20 mL of DCM and Boc-1-Nal-OH (2.4 mmol, 1.1 equiv.) [or Boc-Tyr(Bn)-OH or Boc-Ser(Bn)-OH or Boc-N-Me-Phe-OH], HOBt (325 mg, 2.4 mmol, 1.1 equiv.), EDCI (460 mg, 2.4 mmol, 1.1 equiv.) and triethylamine (334 µL, 2.4 mmol, 1.1 equiv.) were added at 0°C. The solution was stirred at rt for 4 h. The solution was then washed with saturated NaHCO 3 aqueous solution (2 x 50 mL). The organic layer was dried over Na 2 SO 4 , filtered, and the solvent was concentrated in vacuo. The residue was purified by chromatography (Al 2 O 3 , DCM/EtOH 99/1 v/v) to offer compounds 4d-g.

(2S)-2-Boc-amino-1-(2-aminoimidazo[1,2-a]pyridin-3-yl)-3-(1-naphtyl)propan-1-one (4d)

Yellow solid (m = 0.297 g, 63.5%); mp: 208.0-210.2°C; [α] D 20 = +3.6° ( c 0.5, CHCl 3 ); 

(2S)-2-Boc-amino-1-(2-aminoimidazo[1,2-a]pyridin-3-yl)-3-(4-benzyloxyphenyl)propan-1-one (4f)

Light yellow solid (m = 0.561 g, 53%); mp: 108. 

(2S)-2-Boc-N-methylamino-1-(2-aminoimidazo[1,2-a]pyridin-3-yl)-3-(4phenyl)propan-1-one (4g)

Yellow solid (m = 0.578 g, 67%), mp: 58. 

General procedure for synthesis of phenol derivatives 1x-z

To a solution of compound 1l-n (100 mg) in DCM (10 mL) at 0°C, was added a solution of boron tribromide 1M in DCM (6 equiv.). The resulting mixture was stirred at rt for 3h (monitoring by TLC). The reaction was quenched by adding distilled water (30mL). The solution was extracted with ethyl acetate; the organic layer was dried over Na 2 SO 4, filtered and the solvent was removed under reduced pressure. The residue was dissolved in ethyl acetate and precipitated by addition of diethyl ether.

The precipitate was then filtered over Buchner funnel and washed with diethyl ether to afford phenol derivatives 1x-z. 
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General procedure for synthesis of deprotected derivatives 1ab-ac

A solution of compound 1u-v (95 mg) in DCM was cooled at 0°C. A mixture of HBr 33% in acetic acid (5 mL) was added and the resulting solution was stirred for 3 h (monitoring by TLC) at room temperature. The solvent was then removed under reduced pressure to afford compound 1ab-ac.

(4S)-4-hydroxymethyl-2-(3,4-dimethoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]

imi-dazo [4,5-d] 

Synthesis of (4S)-4-benzyl-2-(3,4-dimethoxyphenyl)-4,5-dihydro-3H-pyrido [1',2':1,2]imidazo[4,5-d][1,3]diazepin-5-ol (1ad)

A solution of compound 1o (200 mg, 0.047 mmol) in MeOH (2mL) was cooled at 0°C.

Then NaBH 4 (3 equiv., 53.5 mg, 1.4 mmol) was added and the mixture was stirred at 0°C for 3 h (monitoring by TLC). After reaction com pletion, 1 mL of saturated NaHCO 3 aqueous solution was added to quench the reaction. 

General procedure for synthesis of opened derivatives 2a-i

To a solution of diamine derivative 3a (100 mg) in DCM (10 mL) at 0°C, were added HOBt (1.1equiv.), EDCI (1.1 equiv.) and Et 3 N (1.1 equiv.) and the resulting mixture was stirred at 0°C for 30 min. The solution was the n stirred at rt for 6 h (monitoring by TLC). The solution was washed with saturated NaHCO 3 aqueous solution (3 x 30 mL). The organic layers were combined, dried over Na 2 SO 4, filtered and the solvent was removed under reduced pressure. The residue was dissolved in dichloromethane and filtered through alumina gel using sintered glass Buchner funnel. The solvent was removed in vacuo to afford pure opened derivatives 2a-i. 

(S)-N-(1-(2-amino-imidazo[1,2-a]pyridin-3-yl)-1-oxo-3-phenylpropan-2yl)benzamide (2a)

(S)-N-(1-(2-amino-imidazo[1,2-a]pyridin-3-yl)-1-oxo-3-phenylpropan-2yl)isonicotinamide (2c)

Yellow solid (m = 0.086 g, 80%); mp: 205.0-206.0°C; [α] D 20 = +69.5° ( c 0.4, CHCl 3 ) ; 

(S)-N-(1-(2-amino-imidazo[1,2-a]pyridin-3-yl)-1-oxo-3-phenylpropan-2-yl)-2methylbenzamide (2e)

White solid (m = 0.111 g, 76%); mp: 87.0-88.0°C; [ α] D 20 =+31.1° ( c 1.0, CHCl 3 ) ; 1 H NMR (CDCl 3 , 300 MHz): δ ppm 1.86 (bs, 1H), 2.21 (s, 3H), 3.26 (dd, 1H, J = 13.9, 8.3 Hz), 3.33 (dd, 1H, J = 13.9, 6.3 Hz), 5.80 (dd, 1H, J = 13.9, 8. 

Enzyme and inhibition assays.

The enzyme activities of KLK5, KLK7, KLK8 and KLK14 (R&D Systems, France) were determined using 96-well plates monitored using a BMG Fluostar apparatus. The hydrolysis of the appropriate fluorogenic substrate was measured (λ exc = 360 nm, λ em = 460 nm) for 15 min at 37 °C in the presence of u ntreated enzyme (control) and treated enzyme incubated with a test compound. Substrates 
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of position 2

 2 of the diazepinone ring (R 1 ) was then studied. Replacement of the aryl group by an aliphatic substituent (compound 1j) or by a carbonyl group (urea derivative 1aa) completely abolished the inhibition. Introduction of a phenyl (compound 1f) or a 3-pyridinyl group (compound 1i) also led to a loss of KLK7 inhibition. Introduction of an electro-withdrawing group on the para position of the phenyl group was also unfavorable (compounds 1g and 1h). The inhibiting capacity M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 7

H and 13 C

 13 Photodiode Array Detector. Retention times are reported as follows: Tr (min).1 H and13 C NMR spectra were recorded at room temperature in deuterated solvents. Chemical shifts (δ) are given in parts per million relative to the solvent [ 1 H: δ (CDCl 3 ) = 7.26 ppm, (DMSO d 6 ) = 2.50 ppm; (CD 3 OD) = 3.31 ppm; 13 C: δ (CDCl 3 ) = 77.2 ppm, (DMSO d 6 ) = 39.5 ppm; (CD 3 OD) = 49.0 ppm]. The following abbreviations are used to designate the signal multiplicities: s (singlet), d (doublet), t (triplet), q(quartet), m (multiplet), bs (broad singlet). Analytical thin-layer chromatography (TLC) was performed using aluminium-backed silica gel plates coated with a 0.2 mm thickness of silica gel or with aluminium oxide 60 F254, neutral. LC-MS spectra (ESI) were recorded on a HPLC using an analytical Chromolith Speed Rod RP-C18 185

  [1,[START_REF] Borgono | Human tissue kallikreins: physiologic roles and applications in cancer[END_REF]diazepin-5-one (1ab) Brown gum (m = 0.030 g, 93%); [α] D 20 = +16.0° ( c 0.175, DMSO); 1 H NMR (DMSOd 6 , 400 MHz): δ ppm 3.81-3.86 (m, 4H), 3.91 (s, 6H), 4.44 (m, 1H), 7.28 (d, 1H, J = 8.0 Hz), 7.42-7.49 (m, 1H), 7.56 (d, 1H, J = 4.0 Hz), 7.63 (dd, 1H, J = 12.0 Hz, J = 4.0 Hz), 7.92 (d, 2H, J = 4.0 Hz), 9.52 (d, 1H, J = 8.0 Hz); 13 C NMR (DMSO-d 6 , 100 MHz): δ ppm 55.

22 1 H

 221 White solid (m = 0.038 g, 68%); mp: 214.0-215.0°C; [α] D 20 = +96.59° ( c 0.44, CHCl 3 ); NMR (CDCl 3 , 300 MHz): δ ppm 3.24 (dd, 1H, J = 9.0, 6.0 Hz), 3.35 (dd, 1H, J = 9.0, 6.0 Hz), 5.78 (dd, 1H, J = 12.0, 3.0 Hz), 6.22 (bs, 2H), 6.65 (td, 1H, J = 6.0, 3.0 Hz), 7.13 (t, 1H, J = 6.0 Hz), 7.20 (t, 2H, J = 6.0 Hz), 7.26-7.30 (m, 4H), 7.33 (t, 2H, J = 6.0 Hz), 7.39-7.48 (m, 2H), 7.68 (d, 2H, J = 6.0 Hz), 9.60 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ ppm 38.

1 H

 1 NMR (CDCl 3 , 300 MHz) : δ ppm 3.30 (dd, 1H, J = 13.8, 7.4 Hz), 3.4 (dd, 1H, J = 13.8, 6.7 Hz), 5.76 (dd, 1H, J = 15.5, 6.9 Hz), 5.98 (s, 2H), 6.9 (td, 1H, J = 6.9, 1.3 Hz), 7.14-7.23 (m, 4H), 7.30 (d, 1H, J = 8.7 Hz), 7.44 (td, 1H, J = 7.0, 1.1 Hz), 7.53 (d, 4H, J = 6.0 Hz), 8.67 (dd, 2H, J = 4.6, 1.4 Hz), 9.55 (bs, 1H) ; 13 C NMR (CDCl 3 , 75 MHz): δ ppm 38.6, 55.1, 108.5, 113.5, 114.5, 121.0 (2C), 127.

4. 6 . 6 ( 34 M 24 (

 663424 S)-N-(1-(2-amino-imidazo[1,2-a]pyridin-3-yl)-1-oxo-3-phenylpropan-2-yl)-3,4dimethoxybenzamide (2f)White solid (m = 0.141 g, 89%), mp: 85.0-86.0°C; [ α] D 20 =+47.2° ( c 1.0, CHCl 3 ) ; 1 H NMR (CDCl 3 , 300 MHz) : δ ppm 1.99 (bs, 1H), 3.25 (dd, 1H, J = 12.0, 6.0 Hz), 3.dd, 1H, J = 15.0, 6.0 Hz), 3.83 (s, 3H) 3.86 (s, 3H), 5.77 (dd, 1H, J = 15.0, 6.0 Hz), 6.27 (bs, 2H), 6.72 (d, 1H, J = 9.0 Hz), 6.82 (td, 1H, J = 6.0, 3.0 Hz), 7.

4. 6 . 7 ( 1 H

 671 S)-N-(1-(2-amino-imidazo[1,2-a]pyridin-3-yl)-1-oxo-3-phenylpropan-2-yl)-2phenylacetamide (2g) Yellow solid (m = 0.120 g, 84%); mp: 161.0-162.0°C; [α] D 20 =+23.8° ( c 0.5, DMSO) ; NMR (DMSO d 6 , 300 MHz) : δ ppm 3.06 (dd, 1H, J = 13.6, 8.0 Hz), 3.15 (dd, 1H, J = 13.6, 6.0 Hz), 3.35 (bs, 1H), 3.48 (d, 1H, J = 14.0 Hz), 3.55 (d, 1H, J = 14.0 Hz), 5.33 (dd, 1H, J = 13.0, 8.0 Hz), 6.96 (s, 2H), 7.02 (t, 1H, J = 6.8 Hz), 7.21 (m, 10H), 7.36 (d, 1H, J = 8.7 Hz), 7.54 (t, 1H, J = 8.0 Hz), 9.15 (d, 1H, J = 8.0 Hz) ; 13 C NMR (DMSO d 6 , 75 MHz) : δ ppm 37.

( 26 ( 4 . 8 . 4 . 9 .

 264849 Bachem, Weil am Rhein, Germany) were previously dissolved in DMSO, with the final solvent concentration kept constant at 2 % (v/v). The composition of the activity buffers was (pH 8.0): 50 mM Tris-HCl, Tween 20 0.01 % (v/v) and 150 mM NaCl for KLK5, 1M NaCl for KLK7 and KLK14. The final concentrations were 0.6 nM (KLK5), 100 µM (Boc-Val-Pro-Arg-AMC); 7.6 nM (KLK7), 40 µM (Suc-Leu-Leu-Val-Tyr-AMC); 1 nM (KLK8), 100 µM (Boc-Val-Pro-Arg-AMC); 0.2 nM (KLK14), 10 µM (Boc-Val-Pro-Arg-AMC). Compounds were tested in triplicate for different concentrations to detect their inhibitory potency. The enzyme and the inhibitors were incubated for 15 min before the determination of the enzyme activity. Initial rates determined in control experiments (V 0 ) were considered to be 100 % of the proteinase activity; initial rates M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT V i ) that were below 100 % in the presence of a tested compound were considered to be inhibitions. The inhibitory activity of compounds was expressed as IC 50 (inhibitor concentrations giving 50% inhibition). The values of IC 50 were calculated by fitting the experimental data either to equation 1: % Inhibition = 100 x (1-V i /V 0 ) = 100 [I] 0 /(IC 50 + [I] 0 ), or equation 2, % Inhibition = 100 [Mechanisms of inhibition Reversibility was analysed by diluting the reaction mixtures (dilution factor of 40) after 15 and 60 min preincubation of the enzyme with inhibitor. Aliquots of reaction mixtures (2.5 µL) were added to 97.5 µL of buffer containing the fluorogenic substrate (experimental conditions identical to the routine protocol used for a given enzyme). The mechanism of inhibition was determined by varying substrate and inhibitor concentrations and using classical Lineweaver-Burk plots. Structure-based Molecular Docking. The docking study of compound 1o was carried out using the docking engine Molegro virtual docker version 5.5.0. The enzyme structures used for the docking were obtained from 2QXH PDB file corresponding to KLK7 complexed with succinyl-Ala-Ala-Pro-Phe chloromethylketone inhibitor. Heteroatoms and ligands were removed from the crystal structures and hydrogen atoms were added. The scoring function Moldock Score and the Moldock SE search algorithm were used; the resolution of the grid for estimation of the computed binding affinity was 0.3 Å with a radius of 15 Å around the catalytic triad residues. Fifteen runs were launched and up to 50 (maximum) poses subsequently analyzed. Figures were prepared with Pymol (DeLano Scientific LLC, San Carlos, CA, USA).

4. 10 31 Figure 1 . 1 .

 103111 Figure 1. Heterocyclic compounds reported as KLK7 inhibitors

Figure 2 :

 2 Figure 2: Study of the compound 1a pharmacomodulation

Figure 3 .

 3 Figure 3. Inhibition of KLK7 by compound 1o. A-IC 50 curve after 15 min incubation of KLK7 (7.6 nM) at pH 8.0 and 37 °C in 50 mM TRIS-HCl pH 8.0, Tween 20 0.01% (v/v) and 1M NaCl. The enzyme activity was monitored at 40 µM final concentration of substrat (Suc-Leu-Leu-Leu-Val-Tyr-AMC). B-Remaining activity of hK7 in absence of inhibitor (black), after 15 min incubation with 50 µM of compound 1o (grey), after dilution (1/40) of the formed complex KLK7-1o (striped). C-Lineweaver-Burk plot at different concentrations of 1o: 0 ( ); 6,25 µM ( ); 12,5 µM ( ); 25 µM ( ); 50 µM (▼).

Figure 4 . 7

 47 Figure 4. Putative binding mode of compound 1o within KLK7 active site. A-Positioning of 1o (CPK colors) in the S 1' , S 1 and S 2 pockets of KLK7. B-Residues (sticks, carbon in gray) nearby of 1o (sticks, carbon in green). Hydrogen bonds (black dotted lines) between residues Asn189, Gly193, Ser195 and 1o. C-Binding topology of compound 1o within the KLK7 active site. The protease surfaces are colored in light brown and the ligands are shown in stick representation. Subsites S 1 , S 1' and S 2 are indicated. The chymotrypsinogen numbering is used; the residues Ser195, His57 and Asp102 form the catalytic triad.
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  CDCl 3 , 300 MHz): δ ppm 3.13 (m, 1H), 3.31 (m, 1H), 3.59 (s, 3H), 3.79 (s, 3H), 4.25 (m, 1H), 6.76 (d, 1H, J = 9.0 Hz), 6.92-7.03 (m, 2H), 7.16-7.24 (m, 6H), 7.47 (t, 2H, J = 6.0 Hz), 7.80 (bs, 1H), 9.54 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ HPLC,Tr= 1.50 min ; MS (ESI + ): m/z 457.1 [M+H] + ; HRMS calcd for C 25 H 25 N 4 O 4 457.1876, found 457.1874.

	ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT
	7.29 (m, 5H), 7.37 (t, 1H, J = 8.0 Hz), 9.75 (bs, 1H) ; 13 C NMR (CDCl 3 , 100 MHz): δ ppm 28.2 (3C), 29.7, 34.5, 59.2, 81.0, 108.5, 112.9, 113.9, 126.5, 128.4 (2C), 129.4, 129.8 (2C), 130.8, 137.5, 147.8, 157.7, 158.1, 182.3 ; FT-IR (cm -1 ) : 3331, 3216, 2974, 2928, 1666, 1627, 1591, 1524, 1496, 1444, 1387, 1366, 1341, 1264, 1140, 1060, 1012, 951, 849, 760, 697 ; HPLC, Tr= 3.36 min ; MS (ESI + ): m/z 395.0 [M+H] + ; (m, 8H), 9.40 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ ppm 20.4, 21.4, 36.9, 60.5, 111.9, 113.9, 115.2, 126.5, 126.8 (2C), 128.4, 128.5 (2C), 129.9, 130.1, 131.6, 132.0, 138.5, 141.5, 145.4, 152.6, 152.7, 156.8, 159.2, 181.6 ; FT-IR (cm -1 ) : 3027, 2956, 2923, 1732, 1645, 1633, 1556, 1523, 1480, 1421, 1335, 1299, 1247, 1122, 1094, 1073, 1044, 949, 898, 820, 761 ; HPLC, Tr= 1.60 min ; MS (ESI + ): m/z 395.1 Yellow solid (m = 0.089 g, 39%); mp: 155.0-156.0°C; [α] D 20 = -12.0° (c 1, CHCl 3 ) ; 1 H 56.1, 56.2, 56.3, 109.7, 110.6, 112.3, 113.7, 115.9, 116.1, 117.6, 121.5, 128.0, 1H), 5.02 (s, 2H), 6.64 (d, 1H, J = 6.0 Hz), 6.90 (d, 2H, J = 9.0 Hz), 6.98 (t, 1H, J = 1232, 1122, 1000, 763, 700 ; 4.3.8 (4S)-4-(1-naphthyl)methyl-2-(2-methylphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2] 128.6, 129.9, 130.2, 149.3, 152.5, 183.1; HPLC, Tr= 1.10 min; MS (ESI + ): m/z 351.2 [M+H] + ; HRMS calcd for C 19 H 19 N 4 O 3 351.1457, found 351.1458. 6.0 Hz), 7.19-7.45 (m, 12H), 9.53 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 100 MHz): δ ppm 30.2, 31.4, 35.8, 56.5, 70.6, 110.8, 112.8, 113.1, 113.2, 114.4, 115.4, 115.6 (2C), 116.5, 123.0, 127.4, 127.9 (2C), 128.5, 129.1 (2C), 131.0, 131.2 (2C), 132.5, NMR (ppm 36.5, 54.2 (from 1 H-13 C HSQC correlation), 56.2, 56.7, 112.6, 113.4, 113.9, imidazo[4,5-d][1,3]diazepin-5-one (1q) 4.3.11 (4S)-4-benzyloxymethyl-2-(2-methylphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2] 137.4, 146.7, 149.4, 153.1, 153.8, 158.4, 183.0; FT-IR (cm -1 ) : 3031, 2932, 2837,
	5 -61.4°C; [α] D 20 = -164.9° ( c 1.05, CHCl 3 ) (4S)-4-benzyl-2-(2,4-dimethylphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo [4,5-d][1,3]diazepin-5-one (1k) 4.3.2 1332, 1292, 1259, 1177, 1129, 1029, 762 ; HPLC, Tr= 1.42 min ; MS (ESI + ): m/z 397.1 [M+H] + ; HRMS calcd for C 24 H 21 N 4 O 2 397.1665, found 397.1654. NMR (CDCl 3 , 100 MHz): δ ppm 29.9, 36.5, 56.4 (2C), 61.0, 105.1, 106.8 (2C), 112.1, 114.2, 115.9, 127.1, 128.8 (2C), 128.9, 129.9 (2C), 130.9, 141.7, 146.2, 153.1 (2C), 159.7, 166.5, 182.3 ; FT-IR (cm -1 ) : 2937, 2836, 1719, 1625, 1559, 1462, 1409, 1333, Brown solid (m = 0.006 g, 6%); mp: 102.0-103.0°C; [ α] D 20 = -40.8° ( c 0.25, CHCl 3 ); 1 H NMR (CDCl 3 , 300 MHz): δ ppm 1.61 (bs, 3H), 3.90 (s, 3H), 3.94 (s, 3H), 4.66 (bs, 4.3.13 (4S)-4-(4-benzyloxy)benzyl-2-(3,4-dimethoxyphenyl)-3,4-dihydro-5H-pyrido [1′,2′:1,2]imidazo[4,5-d][1,3]diazepin-5-one (1v) ; M A N U S C R I P T A C C E P T E D HRMS calcd for C 22 H 27 N 4 O 3 395.2083, found 395.2081. 4.3 General procedure for the synthesis of diazepinones A solution of compound 4a-f (0.33 mmol) in 12N aqueous hydrochloric acid (3 mL) was stirred a room temperature for 1 h. The solution was treated with 28% aqueous ammonia solution until pH 12 and then extracted with chloroform (3 x 20 mL). The M A N U S C R I P T [M+H] + ; HRMS calcd for C 25 H 23 N 4 O 395.1872, found 395.1858. 4.3.3 (4S)-4-benzyl-2-(2-methoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo[4,5-d][1,3]diazepin-5-one (1l) Yellow solid (m = 0.255 g, 72%); mp: 104.0-105.0°C; [α] D 20 = -24.86° ( c 1.5, CHCl 3 ) ; 1 HNMR (CDCl 3 , 300 MHz): δ ppm 3.09 (m, 1H), 3.32 (m, 1H), 3.60 (s, 3H), 4.24 (dd, 1H, J= 9.0, 6.0 Hz), 6.80 (d, 1H, J = 9.0 Hz), 6.99 (m, 2H), 7.20-7.24 (m, 6H), 7.35-7.46 (m, 3H), 8.22 (bs, 1H), 9.50 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ ppm 36.5, 56.0, 66.4, 111.6, 112.6, 113.8, 116.0, 121.5, 122.3, 126.7 (2C), 128.6, M A N U S C R I P T 116.0, 120.3, 126.5, 126.7, 128.6, 128.7, 129.8, 129.9, 130.7, 134.2, 138.0, 143.2, 146.4, 152.5, 154.1, 182.0; FT-IR (cm -1 ) : 3019, 2928, 2832, 1647, 1635, 1565, 1526, 1480, 1460, 1448, 1412, 1335, 1318, 1268, 1240, 1220, 1178, 1099, 1074, 1042, 1024, 961, 941, 902, 870, 813, 755, 740, 697, 676,; HPLC, Tr= 1.66 min ; MS (ESI + ): m/z 427.1 [M+H] + ; HRMS calcd for C 25 H 23 N 4 O 3 427.1770, found 427.1778. 4.3.6 (4S)-4-benzyl-2-(3,4-dimethoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo [4,5-d][1,3]diazepin-5-one (1o) Yellow solid (m = 0.115 g, 77%); mp: 136.0-137.0°C; [α] D 20 = +36.8° ( c 1, DMSO); 100 MHz): δ ppm 35.1, 54.9, 55.4, 55.6, 108.4, 110.8, 112.3, 113.6, 115.7, 122.6, M A N U S C R I P T Yellow solid (m = 0.105 g, 45%); mp: 134.4-135.4°C; [α] D 20 = +29.4° ( c 0.5, CHCl 3 ); 1 H NMR (CDCl 3 , 300 MHz): δ ppm 2.20 (s, 3H), 3.71 (bs, 1H), 4.18 (bs, 2H), 6.9 (t, 1H, J = 9.0 Hz), 7.12-7.19 (m, 4H), 7.30-7.48 (m, 5H), 7.61 (bs, 1H), 7.76 (d, 1H, J = 9.0 Hz), 7.85 (dd, 2H, J = 9.0, 3.0 Hz), 8.05 (dd, 1H, J = 9.0, 3.0 Hz ), 9.48 (d, 1H, J = 9.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ ppm 20.4, 33.9, 53.5 (from 1 H-13 C HSQC correlation), 113.7, 115.3, 120.2, 121.8, 124.0, 125.6, 126.0 (2C), 127.3, 128.4, 128.6, 128.9, 130.3, 130.7, 131.2, 132.3 (2C), 134.1, 135.6, 138.4, 145.6, 156.1, 157.4, 159.5, 181.2 ; FT-IR (cm -1 ) : 2927, 1691, 1632, 1556, 1523, 1480, 1421, 1335, 1301, 1247, 1162, 1124, 760 ; HPLC, Tr= 1.69 min ; MS (ESI + ): m/z 431.2 [M+H] + ; HRMS calcd for C 28 H 23 N 4 O 431.1872, found 431.1873. M A N U S C R I P T imidazo[4,5-d][1,3]diazepin-5-one (1t) Yellow solid (m = 0.036 g,31%); mp: 102.0-103.0°C; [α] D 20 = -8.25° ( c 0.4, CHCl 3 ); 1 H NMR (CDCl 3 , 300 MHz): δ ppm 2.41 (bs, 3H), 4.10 (bs, 1H), 4.25 (dd, 1H, J = 9.0, 6.0 Hz), 4.54 (m, 1H), 4.71 (bs, 2H), 6.93 (t, 1H, J = 6.0 Hz), 7.17 (dd, 3H, J = 9.0, 6.0 Hz), 7.29-7.39 (m, 8H), 7.63 (d, 1H, J = 6.0 Hz), 9.47 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 100 MHz): δ ppm 29.8, 69.9, 73.7, 73.8, 113.8, 115.3, 126.0, 126.1, 126.2, 127.8 (2C), 128.0, 128.5 (2C), 128.6, 130.4, 130.8, 130.9, 131.2, 131.3, 135.6, 138.3, 138.4, 145.7, 180.6; FT-IR (cm -1 ) : 3055, 3023, 2923, 2853, 2246, 1634, 1558, 1523, 1421, 1336, 1250, 1097, 907, 762, 729, 696 ; HPLC, Tr= 1.55 min; MS (ESI + ): m/z 411.3 [M+H] + ; HRMS calcd for C 25 H 23 N 4 O 2 411.1821, found 411.1825. 4.3.12 (4S)-4-benzyloxymethyl-2-(3,4-dimethoxyphenyl)-3,4-dihydro-5H-pyrido M 1730, 1624, 1557, 1510, 1461, 1425, 1335, 1260, 1231, 1140, 1020, 811, 764, 736, 695; HPLC, Tr= 3.08 min; MS (ESI + ): m/z 533.2 [M+H] + ; HRMS calcd for C 32 H 29 N 4 O 4 533.2194, found 533.2189. 4.3.14 (S)-4-benzyl-2-(3,4-dimethoxyphenyl)-3-methyl-3H-pyrido[1',2':1,2]imidazo [4,5-d][1,3]diazepin-5(4H)-one (1w) A N U S C R I P T Yellow solid (m=0.120 g, 54%); mp: 217.0-218.0°C; [ α] D 20 = +174.1° ( c 0.39, CHCl 3 ) ; 1 H NMR (CDCl 3 , 300 MHz): δ ppm 2.69 (bs, 1H), 2.73 (bs, 1H), 2.98 (s, 3H), 3.71 (s, 3H), 3.86 (s, 3H), 4.32 (bs, 1H), 6.67 (d, 1H, J = 8.4 Hz), 6.85 (s, 2H), 6.98 (td, 1H, J 129.6, 130.4, 136.7, 147.4, 148.5, 151.95, 158.5, 160.7, 183.0; FT-IR (cm -1 ) : 3055, organic layer was dried over Na 2 SO 4.3.1 (4R)-4-benzyl-2-(2-methylphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo[4,5-d][1,3]diazepin-5-one (1e) Yellow solid (m = 0.117 g, 37.5%); mp: 135.5-136.5°C; [α] D 20 = +9.1° ( c 1, CHCl 3 ); other data were in agreement with those published for its S enantiomer.[25] A C C E P T E D C 24 H 21 N 4 O 2 397.1665, found 397.1655. 4.3.4 (4S)-4-benzyl-2-(3-methoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo[4,5-d][1,3]diazepin-5-one (1m) Brown dough (m = 0.130 g, 94%); mp: 66.0-67.0°C; [ α] D 20 = +3.2° ( c 0.375, DMSO); J= 12.0, 4.0 Hz), 3.75 (s, 3H), 4.56 (dd, 1H, J = 12.0, 4.0 Hz), 6.97-7.03 (m, 1H), 7.13-7.50 (m, 10H), 7.90-7.97 (m, 2H), 9.54 (d, 1H, J = 8.0 Hz) ; 13 C NMR (DMSO-d 6 , 100 MHz): δ ppm 34.7, 55.4, 63.7, 111.7, 114.8, 115.1, 116.4, 120.2, 122.7, 127.0 (2C), 128.5, 128.6 (2C), 129.4, 129.8, 133.4, 136.1, 143.4, 150.1, 158.0, 158.3, 159.0, 180.3 ; FT-IR (cm -1 ) : 2963, 1648, 1596, 1580, 1519, 1488, 1466, 1454, 1417, A C C E P T E D 125.3, 126.5, 127.3 (2C), 127.8, 128.3 (2C), 129.5, 129.7, 130.5, 136.7, 146.1, 147.9, 151.8, 180.1; FT-IR (cm -1 ) : 2925, 2853, 699, 739, 764, 814, 840, 937, 973, 1021, 1080, 1140, 1173, 1231, 1261, 1335, 1435, 1462, 1496, 1510, 1557, 1599, 1623 ; HPLC, Tr= 1.33 min ; MS (ESI + ): m/z 427.0 [M+H] + ; HRMS calcd for C 25 H 23 N 4 O 3 427.1770, found 427.1774. 4.3.7 (4S)-4-benzyl-2-(3,4,5-trimethoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2] imidazo[4,5-d][1,3]diazepin-5-one (1p) Yellow solid (m = 0.192g, 59%); mp: 119.0-120.0°C; [α] D 20 = +22.98° ( c 0.87, CHCl 3 ) ; 1 H NMR (CDCl 3 , 300 MHz): δ ppm 3.35 (bs, 1H), 3.70 (s, 6H), 3.82 (s, 4H),4.31 (bs, 1H), 6.82 (bs, 2H), 7.03 (td, 1H, J = 14.5, 6.9 Hz), 7.33 (m, 8H), 9.58 (bs, 1H) ; 13 C A C C E P T E D White solid (m = 0.023 g, 8%); mp: 124.0°C-125.0°C; [α] D 20 = -41.04° ( c 0.57, CHCl 3 ); 1 H NMR (CDCl 3 , 400 MHz): δ ppm 1.68 (bs, 3H), 2.42 (s, 3H), 4.09-4.16 (m, 1H), 6.93 (t, 1H, J = 8.0 Hz), 7.17-7.35 (m, 6H), 7.61 (d, 1H, J = 8.0 Hz), 9.48 (d, 1H, J = 8.0 Hz); 13 C NMR (CDCl 3 , 100 MHz): δ ppm 16.6, 20.3, 63.4, 111.7, 113.4, 114.8, 126.0, 128.2, 130.0 (2C), 130.5, 131.0, 131.1, 135.6, 137.9, 145.4, 154.6, 182.5; FT-IR (cm -1 ): 2929, 1645, 1627, 1558, 1523, 1482, 1419, 1337, 1300, 1248, 757; HPLC, Tr= 1.14 min; MS (ESI + ): m/z 305.3 [M+H] + ; HRMS calcd for C 18 H 17 N 4 O 305.1402, found 305.1404. 4.3.10 (4S)-4-methyl-2-(3,4-dimethoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2] imidazo[4,5-d][1,3]diazepin-5-one (1s) A C C E P T E D [1′,2′:1,2]imidazo[4,5-d][1,3]diazepin-5-one (1u) Yellow solid (m = 0.069 g, 47%); mp: 80.5-81.5°C; [ α] D 20 = -27.0° ( c 0.8, CHCl 3 ) ; 1 H NMR (CDCl 3 , 300 MHz): δ ppm 3.82 (s, 3H), 3.89 (bs, 5H), 4.26 (bs, 1H), 4.60 (bs, 2H), 6.79 (d, 1H, J = 6.0 Hz), 6.98 (t, 1H, J = 6.0 Hz), 7.30-7.52 (m, 8H), 7.66 (bs, 2H), 9.53 (bs,1H); 13 C NMR (CDCl 3 , 100 MHz): δ ppm 55.8 (2C), 60.6, 67.1, 73.5, 110.2, 111.7, 113.5, 116.5, 121.9, 122.9, 127.9 (2C), 128.4 (2C), 130.1, 137.0, 142.5, 147.1, 148.9, 150.8, 152.3, 158.5, 159.0, 160.7, 181.1; FT-IR (cm -1 ) : 3216, 2931, 2853, 1622, 1559, 1508, 1462, 1427, 1334, 1233, 1132, 1094, 1020, 764, 738, 697; HPLC, Tr= 1.54 min; MS (ESI + ): m/z 457.3 [M+H] + ; HRMS calcd for C 26 H 25 N 4 O 4 457.1876, found 457.1873. 3000, 2928, 2837, 1624, 1543, 1515, 1478, 1455, 1436, 1359, 1340, 1262, 1126, 1019, 879, 817, 757, 706; HPLC, Tr= 2.45 min; MS (ESI + ): m/z 441.2 [M+H] + ; HRMS A C C E P T E D calcd for C 26 H 25 N 4 O 3 441.1931, found 429.1927.
	13 14 15 16 17 18

1 

H NMR (CDCl 3 , 400 MHz): δ ppm 1.31 (s, 9H), 2.83 (s, 3H), 3.12 (m, 2H), 5.63 (t, 1H, J = 8.0 Hz), 6.27 (s, 2H),

[START_REF] Ramani | Expression of kallikrein 7 diminishes pancreatic cancer cell adhesion to vitronectin and enhances urokinase-type plasminogen activator receptor shedding[END_REF]

.82 (t, 1H, J = 8.0 Hz), 7.14 (t, 1H, J = 8.0 Hz), 7.22-4 , filtered, and the solvent was concentrated in vacuo to lead compounds 3a-f, which were used in the next step without further purification. To a solution of 3a-f in chloroform (2 mL) was added 1 equiv. of the appropriate aldehyde. The solution was stirred at 60°C for 6 h. After cooling, the mixture was pooled to a solution of iodine (91 mg, 0.36 mmol, 1.1 equiv) in chloroform (4 mL). Finally, a solution of lead tetraacetate (161 mg, 0.36 mmol, 1.1 equiv) in chloroform (6 mL) was added. The solution was stirred at room temperature for 1-6 h (monitoring by TLC). The solution was washed with 10% m/v sodium thiosulfate aqueous solution (3 × 30 mL) and then with saturated NaHCO 3 aqueous solution (2 × 30 mL). The organic layer was dried over Na 2 SO 4 , filtered, and the solvent was evaporated in vacuo. The residue was purified by chromatography on alumina, eluted by DCM/EtOH 99/1 v/v. Yellow solid (m = 0.080 g, 38%); mp: 107.0-108.0°C; [α] D 20 = -20.2° ( c 1, CHCl

3 ) ; 1 H NMR (CDCl 3 , 300 MHz): δ ppm 2.12 (s, 3H), 2.21 (s, 3H), 3.25 (dd, 1H, J = 9.0, 12.0 Hz), 3.51 (dd, 1H, J = 6.0, 12.0 Hz), 4.20 (bs, 1H), 5.93 (bs, 1H), 6.89 (m, 3H), 7.19 128.7 (2C), 129.8, 129.9, 130.6, 133.1, 133.3, 138.1, 146.5, 156.3, 158.1, 181.9 ; FT-IR (cm -1 ) : 660, 680, 694, 722, 741, 842, 904, 921, 978, 1024, 1042, 1073, 1106, 1126, 1163, 1182, 1240, 1269, 1297, 1335, 1453, 1481, 1524, 1562, 1601, 1622, 1645, 2971 ; HPLC, Tr= 1.34 min ; MS (ESI + ): m/z 397.1 [M+H] + ; HRMS calcd for 1 H NMR (DMSO-d 6 , 400 MHz): δ ppm 2.96 (dd, 1H, J = 12.0, 8.0 Hz), 3.26 (dd, 1H, 4.3.5 (4S)-4-benzyl-2-(2,5-dimethoxyphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]imidazo [4,5-d][1,3]diazepin-5-one (1n) 1 H NMR (DMSO-d 6 , 400 MHz): δ ppm 2.90-3.17 (m, 3H),

3.70 (s, 3H), 3.81 (s, 3H), 4.15 (bs, 1H), 6.97 (d

, 1H, J = 8.0 Hz), 7.14 (bs, 1H), 7.17 (td, 1H, J = 8.0, 4.0 Hz ), 7.24-7.32 (m, 6H), 7.64-7.70 (m, 2H), 9.47 (d, 1H, J = 8.0 Hz); 13 C NMR (DMSO-d 6 , 4.3.9 (4S)-4-methyl-2-(2-methylphenyl)-3,4-dihydro-5H-pyrido[1′,2′:1,2]-imidazo[4,5d][1,3]diazepin-5-one (1r) 1H), 6.84 (d, 1H, J = 9.0 Hz), 6.97 (t, 1H, J = 9.0 Hz), 7.45-7.48 (m, 3H), 7.67 (bs, 1H), 8.07 (bs, 1H), 9.53 (d, 1H, J = 6.0 Hz); 13 C NMR (CDCl 3 , 75 MHz): δ ppm 16.4, Orange solid (m = 0.134g, 65%); mp: 129.0-130.0°C; [α] D 20 = +3.93° ( c 1.

5, CHCl 3 ); 1 H NMR (CDCl 3 , 300 MHz): δ ppm 3.71-3.78 (bs, 4H), 3.81-3.88 (bs, 4H), 4.18 (bs, = 5.7, 6.9 Hz), 7.28 (bs, 5H), 7.50 (td, 1H, J = 7.1, 14.6 Hz), 7.69 (d, 1H, J = 8.9 Hz), 9.55 (d, 1H J = 6.9 Hz); 13 C NMR (CDCl 3 , 100 MHz): δ ppm 29.9, 34.3, 45.6, 56.2, 72.4, 110.3, 112.8, 113.7, 113.9, 116.9, 125.4, 127.4, 128.4 (2C), 128.6, 129.0 (2C),

  3234, 2396, 1724, 1622, 1544, 1480, 1417, 1340, 1249, 1219, 1130, 823; HPLC, Tr= 1.358 min; MS (ESI + ): m/z 399.2 [M+H] + ; HRMS calcd for C 23 H 19 N 4 O 3 399.1457, found 399.1459.

  The solvent was then removed and the resulting residue was dissolved in ethyl acetate. The solution was washed with saturated NaHCO 3 aqueous solution. The organic layer was dried over Na 2 SO 4, filtered and the solvent was removed under reduced pressure to afford

	compound 1ad as a light yellow solid (m = 30 mg, 15%). Mp: 174.0°C-175.0°C; [ α] D 20
	= -45.31° ( c 0.49, DMSO); 1 H NMR (DMSO-d 6 , 400 MHz): δppm 1.23 (s, 1H), 3.72 (s,
	4H), 3.81 (s, 5H), 5.40 (s, 1H), 5.87 (bs, 1H), 6.99 (bs, 2H), 7.00 (bs, 1H), 7.11-7.35
	3379, 2921, 2869, 2853, 1702, 1597, 1570, 1501, 1455, 1414, 1350, 1267, 1100,
	1027, 948, 746, 707; HPLC, Tr= 2.27 min; MS (ESI + ): m/z 429.2 [M+H] + ; HRMS calcd
	for C 25 H 25 N 4 O 3 429.1924, found 429.1927.

(m, 5H), 7.49 (bs, 3H), 8.36 (bs, 1H);

13 

C NMR (DMSO-d 6 , 100 MHz): δ ppm 36.1, 55.5, 55.6, 60.0, 66.5, 110.9, 112.1, 112.3, 112.9, 115.5, 118.9, 122.8, 124.4, 125.0, 126.5, 128.5 (2C), 129.4 (2C), 138.9, 141.2, 144.9, 148.0, 152.0, 158.0; FT-IR(cm -1 ):

Table

  

Table 1 .

 1 ). Structure and IC 50 against KLK7 of compounds 1 and 2 after 15 min of incubation at pH 8.0 and 37°C. 1: ni = no inhibition (<30% inhibition at 50 µM).
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Scheme 2. Synthesis of compounds 1ab-1ad.

Table 2 .

 2 Evaluation of cytotoxic effect of compounds 1k, 1n-p on human cancer cell lines HeLa, PC-3 and SW-620. Cytotoxicity is expressed as EC 50 , which refers to the concentration that induces 50% of cell death determined by XTT assay.

	Compounds		Cell lines	
		HeLa	PC-3	SW-620
	1k	nc 1	nc	67.8 ±3.4
	1n	40.0 ±1.5	nc	nc
	1o	24.3 ±1.6	64.8 ±2.3	nc
	1p	53.8 ±3.5	nc	nc
			1 nc: non cytotoxic	
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