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ABSTRACT
Many bacterial infections are associated with biofilm formation, which challenges treatment due to the natural tolerance of biofilms to antibiotics. Because of their low immunity, cancer patients are especially susceptible to bacterial infections. Compounds with anti-biofilm activity could therefore become a useful adjunct to chemotherapy, in particular if they also show antiproliferative activities. Taking this into consideration and as a result of our continuous interest in 2-aminoimidazole derivatives, we have designed and synthesized a series of novel polysubstituted 2-aminoimidazoles (20a-x). The compounds were evaluated against a panel of three bacterial strains for their biofilm and planktonic growth inhibitory activity, with many of the newly synthesized compounds showing promising results. Furthermore, the synthesized compounds were evaluated against various cancer cell lines and almost all the compounds were found to possess potent antiproliferative activity. The substitution pattern at the C-4 position and the aryl carboxamide ring at the N-1 position have major effects on the biofilm inhibitory and antiproliferative activity. Especially, the introduction of a p-methyl group at the carboxamide ring remarkably enhances both the anti-biofilm and antiproliferative activity. The two most potent compounds (20i & 20r) were further studied for their antiproliferative activity and a flow cytometer-based cell cycle experiment was performed, which revealed their capability to induce G2/M phase cell cycle arrest. Based on these results, these two new compounds having potential to target both cancer proliferation and microbial biofilms might be used in single drug monotherapy.
KEYWORDS: 2-Aminoimidazoles, anti-biofilm, antiproliferative. 
*Corresponding author:  E-mail address: jitender.bariwal@gmail.com; Tel.: +91 1636 324200; fax: +91 1636 239515

1. Introduction
Antibiotic resistance is a “catastrophic threat” to global health [1]. Inappropriate and irrational use of antibiotics has led to the rapid emergence of multidrug resistant (MDR) strains of common pathogens such as methicillin-resistant Staphylococcus aureus, fluoroquinolone-resistant Pseudomonas aeruginosa and multi-drug resistant Salmonella Typhimurium, which are increasingly difficult to treat [2,3]. As the microbial drug resistance erodes the effectiveness of our most important antibiotics, there is an urgent need to develop new strategies to combat these resistant pathogens. One of these strategies is to halt the biofilm formation by bacteria. Biofilms are ubiquitous in nature and generally defined as surface linked sessile aggregates of microbes encased in a self-produced exopolymeric substance (EPS), primarily consisting of protein anchors and different extracellular polymers [4]. The national institute of health has estimated that about 80% of all bacterial infections are biofilm mediated [5], and are involved in several diseases that range from cystic fibrosis [6,7] to tooth decay [8] and nosocomial infections [9]. The frequent occurrence of (biofilm related) opportunistic nosocomial infections is documented especially in immuno-compromised patients experiencing AIDS, organ transplantation or cancer [10]. Additionally, the alarmingly increased mortality rate in cancer patients has triggered an unrivalled level of research to discover new potential leads that might be advantageous in designing novel antitumor agents [11]. It is self-evident that cancer patients undergoing chemotherapy are very vulnerable to bacterial attacks due to their drop in body immunity. Therefore, multiple drugs have been co-administered to patients to treat the cancer and prevent or treat the accompanied bacterial infections. This may further lead to serious health problems, especially in patients with impaired liver or kidney functions. To remediate this, the concept of “single drug monotherapy”, in which a single drug exhibits a dual role, has been an effective way. This method can be beneficial both therapeutic and cost-effective stand points. 
2-Amino imidazoles (2-AI) isolated from marine-sponge alkaloids are found to be a significant source of inspiration. The 2-amino imidazole (2-AI) framework is the effective component of marine sponges of the genera Leucetta and Clathrina [12]. In particular, natural polysubstituted 2-amino imidazoles have attracted the interest of many researchers due to their remarkable ability in inhibiting and dispersing bacterial biofilms [13-15]. In addition, 2-amino imidazoles occupy a prominent place in medicinal chemistry due to their vast therapeutic properties such as antimicrobial [16], anticryptococcal [17], nitric oxide synthase inhibiting [18], cytotoxicity [19], leukotriene B4 receptor antagonistic [20] and tubulin binding activities [21]. Some of the naturally occurring biologically active polysubstituted 2-amino imidazoles isolated from marine sponge alkaloids are shown in Figure 1.
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It has been reported that naamine A (1) [14], oroidin (9) [15] and bromoageliferin (11) [13] (Figure 1) comprising a 2-amino imidazole scaffold prominently inhibit and disperse bacterial biofilms, whereas, pyronaamidine (2) [22], naamidine H (6) [19] and naamidine I (7) [19] possess marked antiproliferative activity. Naamidine A (3), along with its antifungal property, also possesses an additional ability to inhibit tumor xenograft growth via induction of caspase 3 activation [23]. 

Next to the synthesis and anti-biofilm activity of 5-aryl-2-amino imidazole derivatives [24-27], in our recent work, we have reported the total synthesis of polysubstituted 2-amino imidazole alkaloids of the naamine family and the synthesis of novel naamine analogues [28]. All these analogues were found to exhibit significant anti-biofilm activity against several pathogenic bacteria. It was also manifested that the presence of an amide motif in oroidin and its analogues provides a novel class of anti-biofilm compounds with superior activity [15]. Therefore, in view of the biological importance of the 2-amino imidazole functionality and in continuation of our work on polysubstituted 2-amino imidazole alkaloids, we decided to synthesize a novel series of 2-aminoimidazoles (20a-x) via introduction of an amide linkage at the N-1 position (Figure 2). Further, we have introduced various substituents at the C-4 position and the N-1 aryl ring of the 2-aminoimidazole scaffold to delineate the structure activity relationship. We evaluated their anti-biofilm activity and antiproliferative activity against various cancer cell lines.
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2. Results and discussion
2.1. Chemistry

The synthetic pathway employed for the preparation of the target compounds (20a-x) is illustrated in Scheme 1. Initially, 2-aminophenylacetamides (14a-d) were synthesized using a reported procedure [29-31]. The next step involves a transition metal-catalysed multicomponent (MCR) reaction to access propargylamines in a single step without isolation of any intermediate. To the best of our knowledge, an A3-coupling reaction in the presence of an amide moiety has not been described previously.  We have already reported a highly efficient microwave-assisted A3-coupling of an aldehyde with a primary amine using CuBr as catalyst [32]. This type of reaction is highly atom economic.
Therefore, to synthesize propargylamines possessing an amide motif, we initially used our previously employed conditions [32]. A mixture of 2-aminophenylacetamide (14a), 2-bromobenzaldehyde (15), phenyl acetylene (16g) and CuBr (20 mol%) was irradiated at a ceiling temperature of 100 oC and a maximum power of 80W for 30 min, providing a yield of 35% (Table 1, Entry 1). To increase the yield of the product, reaction parameters were varied and their effect on the yield of 17g was examined. The yield was not affected when the reaction time was decreased to 15 min. The amount of CuBr catalyst was increased to 30 mol% which slightly enhanced the yield and decreased the by-product (Table 1, Entry 3). Further, increasing the catalyst concentration had no effect on the yield of the desired product 17g, while lowering the catalyst concentration resulted in incomplete reactions. Conventional heating at 100 oC proved to be beneficial. The best conditions were found when the reaction was run with a 1:1.5:3 ratio of o-bromobenzaldehyde, 2-aminophenylacetamide and phenyl acetylene in the presence of 25 mol% CuBr under conventional heating at 100 oC for 4.0 h, and providing propargylamine 17g in 93% yield (Table 1, Entry 8). Using these optimized conditions (Scheme 1) a set of derivatives 20a-x was synthesized successfully.
Table 1. Optimization of the Reaction Parameters for the Amide substituted secondary propargylamine.a
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	Entry
	Catalyst (mol%)
	Time
	Yield of 17g (%)b

	1
	CuBr (20)c
	30 min
	35

	2
	CuBr (20)c
	15 min
	37

	3
	CuBr (30)c
	25 min
	41

	4
	CuBr (40)c
	25 min
	41

	5
	CuBr (10)c
	25 min
	30

	6
	CuBr (15)c
	25 min
	33

	7
	CuBr (20)d
	4 h
	74

	8
	CuBr (25)d
	4 h
	93


aThe reactions were carried out in a sealed tube with o-bromobenzaldehyde (1 equiv), 2-aminophenylacetamide (1.5 equiv) and phenyl acetylene (3 equiv) using CuBr as catalyst at 100ºC in dry toluene (1.5 mL). bYield of isolated product 17g. cMicrowave irradiation at a ceiling temperature of 100oC, and a maximum power of 80W. dConventional heating at 100 oC.

Subsequently, the generated secondary propargylamine 17a-x were cyclized upon treatment with bis-Boc-protected S-methylisothiourea (18) using AgNO3 and triethylamine as base to furnish compounds 19a-x, which, after deprotection with TFA in DCM for 4-5 h, afford the desired 2-aminoimidazoles 20a-x (Scheme 1) [28].
Scheme 1. Synthesis of the novel 2-aminoimidazole derivatives 20a-x
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	Entry
	Code
	R1
	R2
	n
	Yield (%)

	1
	20a
	H
	n-C4H9
	0
	74

	2
	20b
	H
	n-C5H11
	0
	70

	3
	20c
	H
	n-C6H13
	0
	68

	4
	20d
	H
	Cyclopropyl
	0
	80

	5
	20e
	H
	Cyclopentyl
	0
	73

	6
	20f
	H
	Cyclohexyl
	0
	71

	7
	20g
	H
	Ph
	0
	90

	8
	20h
	H
	p-tolyl
	0
	82

	9
	20i
	H
	p-OCH3-C6H4
	0
	77

	10
	20j
	H
	p-tert-butyl-C6H4
	0
	92

	11
	20k
	CH3
	n-C4H9
	0
	73

	12
	20l
	CH3
	n-C5H11
	0
	67

	13
	20m
	CH3
	n-C6H13
	0
	64



	Entry
	Code
	R1
	R2
	n
	Yield (%)

	14
	20n
	CH3
	cyclopropyl
	0
	76

	15
	20o
	CH3
	Cyclopentyl
	0
	66

	16
	20p
	CH3
	Cyclohexyl
	0
	66

	17
	20q
	CH3
	Ph
	0
	85

	18
	20r
	CH3
	p-tolyl
	0
	82

	19
	20s
	CH3
	p-OCH3-C6H4
	0
	80

	20
	20t
	CH3
	p-tert-butyl- C6H4
	0
	88

	21
	20u
	NO2
	p-tert-butyl- C6H4
	0
	83

	22
	20v
	OCH3
	p-tert-butyl-C6H4
	0
	86

	23
	20w
	H
	Ph
	1
	86

	24
	20x
	H
	p-tert-butyl-C6H4
	1
	90


2.2. Biological evaluation 

2.2.1. Anti-biofilm activity

Pseudomonas aeruginosa and Staphylococcus aureus are among the most frequent causes of nosocomial infections and infections on indwelling medical devices, while Salmonella Typhimurium is one of the most important foodborne pathogens. All three pathogens are notorious biofilm formers [33]. Therefore, the synthesized polysubstituted 2-aminoimidazoles were assayed for their preventive effect on biofilm formation of the Gram-negative bacterial strains P. aeruginosa PA14 and S. Typhimurium ATCC14028; and the Gram-positive strain S. aureus SH1000, by using a crystal violet based assay [34]. The BIC50 (concentration with 50 % biofilm inhibition) and IC50 (concentration with 50 % growth inhibition) values of synthesized compounds are documented in Table 2. 

With regard to compounds 20a-c, containing a 5-7 hydrocarbon chain at the C-4 position of the 2-aminoimidazole, it has been depicted that the length of the hydrocarbon chain affects the anti-biofilm activity against all tested bacteria. An increase in activity was observed when the alkyl chain was increased from 5-C to 6-C, while a further increase in alkyl chain led to a substantial decrease in activity (Table 2, Figure 3). Of interest, the activity was highest against S. aureus with compound 20b showing potent anti-biofilm activity against S. aureus (BIC50 of 6.63 µM). However, the increase in anti-biofilm activity coincides with an increased effect on the planktonic growth (except against Salmonella) as shown by the reduced IC50 values. This indicates that the effects on the biofilm are at least partially caused by killing of the bacteria. 

Replacement of the hydrocarbon chain with a cycloalkane ring such as cyclopropane (20d), cyclopentane (20e) and cyclohexane (20f) led to a marked decrease in anti-biofilm and planktonic growth activity, with the exception of cyclopropane comprised 2-aminoimidazole (20d) which showed moderate activity against S. aureus and low activity against the gram-negatives tested. Further structure activity relationship studies based on a substituted benzyl at the C-4 position revealed that compounds 20g-j showed varied anti-biofilm effects depending on the specific substituents present on the p-position of the aromatic ring. Compounds 20g and 20h, comprising an unsubstituted and p-methyl substituted benzyl ring, were completely inactive against all tested bacterial strains. On the other hand, introduction of a methoxy (20i) and tert-butyl group (20j) on the p-position of the benzyl ring exerted a remarkable, positive effect on the anti-biofilm activity. It was observed that compound 20i showed significant effects against P. aeruginosa and S. aureus biofilms (BIC50 = 12.61 and 4.32 µM, respectively) in contrast to 20j, which is mainly active against S. aureus (BIC50 = 124.34 and 6.54 µM, respectively). However, most of the activities appeared to be non-biofilm specific since the IC50 values were reduced to a similar extent. Compound 20j was slightly more active than 20i against S. Typhimurium biofilms with BIC50 values of 12.50 and 17.00 µM, respectively. Interestingly, the anti-Salmonella activity of 20j, in contrast to 20i, appeared to be biofilm specific, as no effects on the planktonic growth were observed. The increase in anti-biofilm activity of both compounds compared to the benzyl substituted compound 20g could be attributed to the strong electron-donating substitution of the methoxy and tert-butyl group. 
In order to explore the arylcarboxamide ring in 2-aminoimidazoles, we introduced various substituents at the p-position of the arylcarboxamide. It was observed that the introduction of a p-methyl group on the arylcarboxamide ring (20k-t) generally led to significant improvements in anti-biofilm activity. In the series of p-methyl arylcarboxamide derivatives (20k-p), n-hexyl (20l) and cyclopropyl (20n) substitutions at the C-4 position increased the biofilm inhibitory activity against the three bacteria as compared to the n-pentyl substituted compound 20k, similarly as for the unsubstituted arylcarboxamides (20a-f). Moreover, the aromatic ring substituted derivatives (20q-t) showed an extensive increase in activity relative to compound 20g-j (with a few exceptions). Contrary to the effect of the unsubstituted and p-methyl substituted benzyl ring in derivatives 20g and 20h, which are completely inactive, introduction of the same substitutions in p-methyl substituted arylcarboxamide derivatives (20q-t) resulted in a remarkable increase in antibiofilm activity compared to 20k, predominantly against S. Typhimurium and S. aureus, with 20r being the most potent compound tested against S. Typhimurium with a BIC50 of 3.65 µM. Replacement of p-methyl with a strong electron-donating methoxy group on the benzyl ring derivative (20s) led to a 2-fold decreased (compared to 20r) yet still potent, anti-biofilm activity against S. Typhimurium and S. aureus, whereas, it showed a greatly increased activity against P. aeruginosa with BIC50 = 8.94 µM. On the other hand, substitution with a tert-butyl group at the p-position (20t) resulted in the most potent activity against S. aureus with a BIC50 of 3.91 µM, while, no or only moderate activities were observed against the other bacterial strains. For most of the compounds 20q-t increased antibiofilm activities coincide with increased activities against the planktonic growth, suggesting that most of the observed effects are linked to a reduction in viable cells as compared to biofilm specific effects (such as EPS inhibition). The effects on the growth were again less pronounced against S. Typhimurium, indicating that at least against Salmonella the compounds can act as biofilm specific inhibitors. Nonetheless the observed effects suggest that the p-methyl substituted arylcarboxamide ring has an important role in anti-biofilm and anti-bacterial activity and, along with this aromatic ring, substitutions at the C-4 position of 2-aminoimidazoles have strong and varied influences on different bacterial strains.  

Furthermore, the arylcarboxamide ring was explored by introduction of an electron-withdrawing p-nitro (20u) and a strong electron donating p-methoxy group (20v) in tert-butyl substituted derivatives. Both compounds were inactive against all bacterial strains, except compound 20v which exhibited potent activity against S. aureus. 
Finally, introduction of a benzyl carboxamide ring instead of an aryl carboxamide ring, resulted in a limited improvement in anti-biofilm activity in case of an unsubstituted benzyl ring at C-4 (20w), while the tert-butyl substituted derivative (20x) showed no activity.
The most active previously reported polysubstituted 2-amino imidazole alkaloids exhibit BIC50 values around 20 µM.28 In comparison to these compounds, some of the newly synthesized amide constituted compounds thus exhibit considerably higher biofilm inhibitory activities. 
Table 2. Influence of polysubstituted 2-aminoimidazoles (20a-x) on the biofilm formation of P. aeruginosa, S. Typhimurium and S. aureus. 
	 
	P. aeruginosa 
	
	S. Typhimurium 
	
	S. aureus 

	Code
	BIC50 a
	95% CI c 
	 
	IC50 b
	95% CI c
	
	BIC50 a
	95% CI c
	 
	IC50 b
	95% CI c
	
	BIC50 a
	95% CI c
	 
	IC50 b
	95% CI c

	20a
	>400
	-
	
	> 400
	-
	
	>400
	-
	
	>400
	-
	
	21.33
	13.83-32.89
	
	>400
	-

	20b
	50.67
	17.53-146.5
	
	118.87
	63.62-222.09
	
	35.74
	31.15-41.01
	
	>400
	-
	
	6.63
	4.98-8.82
	
	16.27
	23.25-11.39

	20c
	221.90
	191.45-257.2
	
	> 400
	-
	
	114.78
	92.28-142.77
	
	>400
	-
	
	18.06
	13.24-24.64
	
	70.78
	55.02-91.05

	20d
	86.34
	58.71-126.98
	
	154.90
	114.40-209.75
	
	107.56
	97.16-119.07
	
	>400
	-
	
	29.20
	19.92-42.80
	
	130.72
	106.45-160.52

	20e
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20f
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20g
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20h
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20i
	12.61
	9.64-16.5
	
	13.13
	9.50-19.13
	
	17.00
	14.34-20.15
	
	46.42
	42.11-51.17
	
	4.32
	3.04-6.14
	
	~23.26 d
	-

	20j
	124.34
	77.79-198.75
	
	> 400
	-
	
	12.50
	10.54-14.83
	
	>400
	-
	
	6.54
	5.97-7.16
	
	7.83
	4.08-15.03

	20k
	42.35
	30.1-59.58
	
	76.04
	53.34-108.41
	
	31.47
	27.73-35.72
	
	~200 d
	-
	
	29.75
	25.88-34.19
	
	33.2
	20.90-52.76

	20l
	29.47
	17.79-48.83
	
	49.56
	41.50-59.19
	
	21.83
	19.58-24.34
	
	>400
	-
	
	12.60
	11.07-14.34
	
	~23.07 d
	-

	20m
	291.11
	233.88-362.35
	
	189.83
	106.66-337.88
	
	37.73
	22.77-62.52
	
	>400
	-
	
	14.36
	11.43-18.04
	
	~22.76 d
	-

	20n
	16.03
	12.25-20.97
	
	23.63
	19.71-28.32
	
	21.30
	20.34-23.07
	
	~24.52d
	-
	
	21.91
	19.96-24.06
	
	30.56
	23.44-39.84

	20o
	>400
	-
	
	> 400
	-
	
	>400
	-
	
	>400
	-
	
	289.56
	166.07-504.87
	
	>400
	-

	20p
	>400
	-
	
	> 400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20q
	16.83
	10.28-27.56
	
	13.84
	11.11-17.23
	
	6.04
	4.86-7.50
	
	29.82
	23.75-37.44
	
	7.58
	6.55-8.77
	
	~12.29 d
	-

	20r
	190.96
	140.61-259.35
	
	10.9
	9.21-12.89
	
	3.65
	2.86-4.65
	
	>400
	-
	
	5.48
	4.32-5.61
	
	~5.81 d
	-

	20s
	8.94
	5.55-14.41
	
	24.64
	15.80-38.41
	
	6.26
	5.84-6.99
	
	50.47
	41.56-61.29
	
	8.22
	6.89-9.81
	
	16.06
	11.23-22.97

	20t
	>400
	-
	
	> 400
	-
	
	17.57
	11.74-26.30
	
	>400
	-
	
	3.91
	3.05-5.02
	
	7.9
	4.96-12.58

	20u
	>400
	-
	
	> 400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-
	
	>400
	-

	20v
	>400
	-
	
	>400
	-
	
	231.21
	183.09-291.98
	
	>400
	-
	
	11.54
	11.08-11.74
	
	37.17
	26.94-51.27

	20w
	382.06
	175.11-400
	
	55.70
	47.74-64.98
	
	38.83
	31.35-48.1
	
	>400
	-
	
	41.48
	31.84-54.03
	
	55.7
	47.74-64.98

	20x
	>400
	 
	 
	>400
	 -
	 
	>400
	-
	 
	>400
	- 
	 
	>400
	-
	 
	>400
	- 


aBIC50 (µM): concentration of inhibitor needed to inhibit biofilm formation by 50%; bIC50 (µM): concentration of inhibitor needed to inhibit planktonic growth by 50%. Compounds were tested in 2 biological repeats, 3 technical each using a 1/2 concentration gradient starting at 400 µM and ending at 0.2 µM. c 95% confidence interval (CI) of the (B)IC50 values, d ~ indicates the CI could not be calculated due to the steepness of the curve. All values are shown in µM and were determined using Graphpad Prism 5. 

2.2.2. In vitro antiproliferative activity

2-AI comprised marine natural alkaloids and their analogues are well documented for their cytotoxic activity [19,22,23]. Several mechanisms for their activity have been suggested, for example naamine alkaloids, including naamidine A, act as antagonists of the epidermal growth factor receptor and also arrest cell cycle at G1 phase [23]. Therefore, the synthesized 2-aminoimidazoles (20a-t) were evaluated for their antiproliferative activity against two human cancer cell lines, i.e. A-375 (human malignant melanoma) and MIA PaCa-2 (human pancreatic carcinoma) using an MTT based cell viability assay (Table 3, Figure 3) [35]. Paclitaxel was used as a reference drug against both cancer cell lines. In vitro preliminary cytotoxic screening results revealed that all the tested 2-aminoimidazoles (20a-t) showed cytotoxic activity with noticeable variations due to varied substitutions at N1 and C4. 

The analogues with long-chain hydrocarbon substituents (20a-c, k-m) have been designed and synthesized to enhance their active transport into cancer cells through fatty acid receptors, resulting in a good to moderate activity. Analysis of compounds 20a-c, containing a 5-7 hydrocarbon chain at the C-4 position, revealed that an increase in chain length from 5-C (20a) to 6-C (20b), remarkably increased the activity. Further increase in chain length to 7-C (20c) slightly decreased the activity. Replacement of the aliphatic chain with a strained ring such as cyclopropane, cyclopentane and cyclohexane at the C-4 position (20d-f) led to a decrease in activity with increasing ring size. Only compound 20d, containing a cyclopropane ring, exhibited significant activity against A-375 and MIA PaCa-2 cells with an IC50 of 5.75 and 6.87 µM, respectively. This decrease in activity with increase in cycloalkane ring may be due to increased strain in the larger rings. In contrast, the substituted benzyl group in compounds 20g-j, contributes to an improvement in biological activity compared to hydrocarbon (20a-c) or cycloalkane (20d-f) containing analogues.  A variety of functional groups such as methyl, methoxy and tert-butyl have been introduced on the p-position of benzyl ring and their order of influence on antiproliferative activity is: p-methoxy (20i) > tert-butyl (20j) > p-methyl (20h) > unsubstituted benzyl (20g). Compound 20i showed similar activity with paclitaxel, which might be attributed to the strong electron-donating effect of the methoxy group. Furthermore, the introduction of a p-methyl group on the aryl carboxamide ring at the N-1 position of the 2-aminoimidazole caused a remarkable increase in activity, except in a few cases. Compound 20k with a 5-C chain was almost 4-fold more potent than 20a which has the same substitution. In contrast to aliphatic chain compounds (20a-c), however, compounds 20k-m showed a slight decrease in activity with increase in aliphatic chain. The influence of an additional p-methyl group is further indicated by compounds 20n and 20p, which showed a 2-fold increase in potency as compared to compounds 20d and 20e, possessing the same substitution, i.e. respectively a cyclopropane and cyclohexane ring at C-4. In contrast, in case of a cyclopentane (20o) ring, addition of the p-methyl group reduced the potency 1.5-2 fold. Finally, benzyl substituted compounds (20q-t) also exhibited higher activity than the compounds 20g-j, even equipotent to paclitaxel. In contrast to compound 20g-j, analysis of the activity trend among the compounds 20q-t shows that potency decreases in the following order: p-methyl (20r) > tert-butyl (20t) > unsubstituted (20q) > p-methoxy (20s). Compounds 20r and 20i stand out as the most potent analogues against A-375 (IC50 = 1.28±0.4 and 1.35±0.4 µM, respectively) and MIA PaCa-2 cells (IC50 = 2.89±1.0 and 3.21±0.6 µM, respectively), with activities comparable to the standard Paclitaxel (IC50 = 0.68±0.2 and 2.50±1.8 µM, respectively). Interestingly, comparing the SAR studies for anti-biofilm and antiproliferative activity indicates that various substitutions exhibit similar effects on both types of activities (Figure 3). Particularly, the potent antiproliferative compounds 20i and 20r possess good anti-biofilm activity as well.
Table 3. In vitro antiproliferative activity of 2-aminoimidazole analogues (20a-t) against various cancer cell lines.

	S. No.
	Code
	R1
	R2
	n
	IC50 (µM)a

	
	
	
	
	
	A375
	MIA PaCa-2

	1
	20a
	H
	n-C4H9
	0
	26.37±2.1
	40.55±3.4

	2
	20b
	H
	n-C5H11
	0
	5.72±1.1
	8.62±1.5

	3
	20c
	H
	n-C6H13
	0
	9.18±1.5
	7.92±1.6

	4
	20d
	H
	Cyclopropyl
	0
	5.75±0.9
	6.87±0.5

	5
	20e
	H
	Cyclopentyl
	0
	24.29±2.0
	61.40±1.8

	6
	20f
	H
	Cyclohexyl
	0
	40.55±3.4
	89.05±2.6

	7
	20g
	H
	Ph
	0
	5.16±1.8
	5.73±0.6

	8
	20h
	H
	p-tolyl
	0
	2.52±0.6
	9.16±0.4

	9
	20i 
	H
	p-OCH3-C6H4
	0
	1.35±0.4
	3.21±0.6

	10
	20j
	H
	p-tert-butyl- C6H4
	0
	2.77±0.8
	4.87±1.1

	11
	20k
	CH3
	n-C4H9
	0
	4.27±1.0
	5.58±1.2

	12
	20l
	CH3
	n-C5H11
	0
	5.12±1.4
	6.52±2.4

	13
	20m
	CH3
	n-C6H13
	0
	5.17±0.8
	6.95±3.1

	14
	20n
	CH3
	Cyclopropyl
	0
	2.62±0.5
	3.48±0.8

	15
	20o
	CH3
	Cyclopentyl
	0
	47.84±4.2
	80.47±4.5

	16
	20p
	CH3
	Cyclohexyl
	0
	17.54±2.5
	48.77±3.1

	17
	20q
	CH3
	Ph
	0
	1.99±0.4
	3.75±0.6

	18
	20r
	CH3
	p-tolyl
	0
	1.28±0.4
	2.89±1.0

	19
	20s
	CH3
	p-OCH3-C6H4
	0
	2.38±1.2
	5.17±1.0

	20
	20t
	CH3
	p-tert-butyl- C6H4
	0
	1.38±0.6
	3.42±0.8

	21
	Paclitaxel
	-
	-
	-
	0.68±0.2
	2.5±1.8


aData represent the mean values of three independent determinations.
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2.2.2.1. Antiproliferative study by calcein AM assay

To gain further insight into the anti-proliferative activity, we investigated the effect of two of the most potent compounds 20i and 20r on A-375 and MIA PaCa-2 cells by the calcein AM assay. Calcein AM is a cell-permeant dye that can be used to measure cell viability in most eukaryotic cells. In live cells, the nonfluorescent and hydrophobic calcein AM is hydrolysed by intracellular esterases to a hydrophilic, strong green-fluorescent calcein that is well-retained in the cell cytoplasm and the dead cells are shown in red colour [36]. This assay is used to determine the effect of cytotoxic compounds on cancer cell viability. The A-375 and MIA PaCa-2 cancer cells were treated with compounds 20i and 20r for 24 h at the concentration able to inhibit 50% cell growth (IC50 values obtained from the MTT assay). The results of the calcein AM assay revealed that both compounds significantly inhibited cell viability on A-375 and MIA PaCa-2 cancer cells relative to untreated control. However, this anti-proliferative effect was more pronounced on A-375 cancer cells compared to MIA PaCa-2 as shown in Figure 4.
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Figure 4. Analysis of cell viability by Calcein AM Assay against (A) A-375 and (B) MIA PaCa-2 cancer cell lines. Viable cells are shown in green and dead cells are shown in red colour.

2.2.2.2. Antiproliferative study by clonogenic assay 

To further confirm the antiproliferative potential of compounds 20i and 20r on A-375 and MIA PaCa-2 cancer cells, a clonogenic assay was ascertained. A clonogenic assay is an in vitro cell survival assay used to determine the ability of a single cell to proliferate indefinitely to form a large colony. For this purpose, crystal violet was used as a cell binding stain which fluoresces blue when binding with the cancer cells [37]. The results of the clonogenic assay revealed that the colony-forming ability of both A-375 and MIA PaCa-2 cancer cells was significantly reduced relative to untreated control after exposure to the tested compounds at their IC50 concentration and the reduction was more remarkable in case of compound 20r (Figure 5). Therefore, both compounds 20i and 20r have significant antiproliferative effect on both cancer cell types, particularly compound 20r.
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Figure 5. The suppressive effect of compounds 20i and 20r on colony formation of (A) A-375 and (B) MIA PaCa-2 cancer cells.

2.2.2.3. Cell cycle analysis

Deregulated cell cycle progression in cancer cells is mostly associated with the inhibition of cancer cell proliferation, thus, targeting the cell cycle has been a growing interest in cancer therapy [38]. To analyse the influence of compounds 20i and 20r on cell-cycle distribution, flow cytometry based cell cycle experiments were performed. The results expressed in figure 6 (Table S1) show the distribution of cells in the subG1, G0/G1, S and G2/M phases of the cell cycle. A-375 and MIA PACa-2 cancer cells were harvested for 48 h and treated with potent compounds at their IC50 concentration (obtained from MTT assay). Our results revealed that both compounds 20i and 20r induced cell cycle arrest in the G2/M phase, as a rapid accumulation of cells was apparent in G2/M and a simultaneous reduction of cells in G1 phase was observed compared to an untreated control. Particularly, A-375 cancer cells showed a more significant cell cycle arrest with increased distribution of cells in subG1 phase that might be resulted from the degradation or fragmentation of the genetic materials, suggesting a possible role in apoptosis. Overall, both compounds 20i and 20r were more active against A-375 cells compared to MIA PaCa-2 cells.
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Figure 6. Histogram representing the effect of potent compounds 20i and 20r on the cell cycle distribution of A-375 and MIA PaCa-2 cancer cells in Sub-G1 (dead cells), G0G1, S and G2/M phase of cell cycle, using flow cytometer.  Results are expressed as mean ± SEM of at least three independent experiments. *p<0.05 indicate significant statistical difference from untreated control cells.

2.3. In silico ADME properties
The late recognition of the depressed pharmacokinetic properties of bioactive agents lead to massive loss in the drug development programs, thus, initial evaluation of ADME parameters (absorption, distribution, metabolism, and elimination) is the only alternative to evade this problem. Therefore, ADME properties of all the synthesized compounds were assessed by the in silico Molinspiration online property calculation software [39]. Various pharmaceutically relevant properties were analysed as shown in Table 4 and S2. Absorption (% ABS) was calculated by: % ABS = 109 - (0.345 X TPSA) [40], which revealed that all the synthesized compounds exhibited good % absorption (68.02-83.83%). The Lipinski’s rule of 5 indicates that for a molecule to be suited as an orally active drug candidate, it must show no more than one violation of the following four criteria: logP (octanol–water partition coefficient) ≤5, molecular weight ≤500, number of hydrogen bond acceptors ≤10 and number of hydrogen bond donors ≤5 with only one violations (Table S2) [41]. Both the potent compounds 20i and 20r only showed one violation. Moreover, compounds having a topological polar surface area (TPSA) ≤140 Å are estimated to have good oral bioavailability.  TPSA is a parameter which reveals the transport properties of drugs and is used to determine the passive molecular transport of drug molecules [42]. The synthesized compounds follow the criteria for orally active drugs and therefore, constitute a pharmacologically active framework valuable to be considered in future for further development.

Table 4. Predicted in silico Physicochemical Pharmacokinetic Properties.

	Code
	%ABS
	TPSA

(A2)
	MW
	miLogP
	nON
	nOHNH
	Nrotb
	Lipinski’s violations

	Rule
	-
	-
	<500
	≤5
	<10
	<5
	-
	≤1

	20i
	80.64
	82.18


	491.39


	5.29


	6
	3
	7
	1

	20r
	83.83
	72.95
	489.42


	6.13


	5
	3
	6
	1

	20s
	80.64
	82.18


	505.42


	5.74


	6
	3
	7
	2

	20t
	83.83
	72.95
	531.50


	7.39


	5
	3
	7
	2


% ABS: percentage absorption, TPSA: topological polar surface area, MW: molecular weight, miLogP: logarithm of partition coefficient of compound between n-octanol and water, n-ON acceptors: number of hydrogen bond acceptors, n-OHNH donors: number of hydrogen bonds donors, Nrotb: number of rotatable bonds.
3. Conclusion
Previously, we reported the biofilm inhibitory activity of polysubstituted 2-aminoimidazole derivatives [28]. In the present study, we designed and synthesized novel polysubstituted 2-aminoimidazoles possessing an amide functionality at the N-1 position. Comparison with our previous study [28] indicates that some of the amide constituting compounds in the current study show a higher anti-biofilm activity, particularly, compounds 20i, 20r, 20s and 20t. In addition, the synthesized compounds were also evaluated against various cancer cell lines and most of them show interesting results. Particularly compounds 20i and 20r exhibit excellent activity against A-375 (IC50 = 1.35 and 1.28 µM, respectively) and MIA PaCa-2 cells (IC50 = 3.21 and 2.89 µM, respectively). This may be attributed to their ability to induce G2/M phase cell cycle arrest. These compounds are almost equipotent to the reference standard Paclitaxel. Beside this, compounds 20i and 20r causes rapid accumulation of cells in the subG0/G1 phase, which reveals its possible role in apoptosis. Most promisingly, the combined anti-biofilm and anticancer studies indicate that compounds 20i and 20r has potential for single drug monotherapy as it is highly effective against various pathogenic bacterial strains and against cancer cell lines.   
4. Experimental Section
4.1. General Information


Starting materials and reagents used in reactions were purchased from Sigma Aldrich, TCI and SD fine.  Solvents such as toluene, CH2Cl2, heptane, ethyl acetate were distilled prior to use, and stored over calcium hydride or molecular sieves. NMR spectra were recorded on Bruker Advance spectrometers, where, 1H NMR spectra were recorded at 300, 400 and 500 MHz, 13C NMR spectra at 75, 100 and 125 MHz using tetramethylsilane as internal standard and solvent CDCl3 as internal standard. Chemical shifts are stated as δ values in parts per million (ppm) and coupling constants (J) given in hertz (Hz). Splitting patterns are represented as s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Infrared (IR) spectra were recorded on Shimadzu 8400 S FT-IR spectrophotometer using KBr pellets and wavelengths are reported in cm-1. High-resolution EI-mass spectra were performed with a resolution of 10000. The ion source temperature was 150−250 °C, as required. For column chromatography 60-120 mesh silica gel was used and the progress of the reaction was monitored on precoated silica-gel plates using different solvent systems and visualized with ultraviolet light. 

4.2. General Procedure for the Synthesis of secondary propargylamines (17a-x)

To a vial equipped with a magnetic stir bar were added amine (1.5 mmol, 14a-e), aldehyde (1.0 mmol, 15), acetylene (3.0 mmol, 16a-j), copper bromide (0.36 mmol, 25 mol%) and toluene (1.0 mL). The reaction mixture was degassed and backfilled with argon. Then, reaction vessel was sealed and heated conventionally at 100 °C for 4 hr. The resulting reaction mixture was cooled to ambient temperature, diluted with dichloromethane (2 mL) and purified by column chromatography with 10-15% EtOAc in heptane to afford the desired product (17a-x).

4.2.1. 2-(1-(2-Bromophenyl)hept-2-ynylamino)-N-phenylacetamide (17a)
1H NMR (500 MHz, CDCl3): δ = 9.17 (s, 1H, CONH), 7.67 (d, J = 8 Hz, 2H, Ar-H), 7.55-7.48 (m, 3H, Ar-H), 7.40-7.35 (m, 2H, Ar-H), 7.34 (t, J = 8.0 Hz, 1H, Ar-H), 7.10 (t, J = 7.5 Hz, 1H, Ar-H), 5.34 (s, 1H, CH), 4.27 (s, 2H, CH2), 2.29 (s, 1H, NH), 1.81 (t, J = 6.8 Hz, 2H, CH2), 1.34-1.26 (m, 4H, CH2), 1.06 (t, J = 6.5 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 168.71, 137.23, 136.52, 134.89, 129.61, 128.42, 127.64 (X2), 127.22, 126.70, 123.08, 120.91 (X2), 85.53, 84.04, 53.67, 47.71, 34.22, 23.56, 17.42, 14.48. HRMS m/z (EI) Calculated for C21H23BrN2O: 399.3241, Obsd.: 398.1342.

4.2.2. 2-(1-(2-Bromophenyl)oct-2-ynylamino)-N-phenylacetamide (17b)
1H NMR (500 MHz, CDCl3): δ = 9.16 (s, 1H, CONH), 7.65 (d, J = 7.8 Hz, 2H, Ar-H), 7.51-7.44 (m, 3H, Ar-H), 7.28 (t, J = 7.5 Hz, 1H, Ar-H), 7.21-7.15 (m, 3H, Ar-H), 5.28 (s, 1H, CH), 3.75 (s, 2H, CH2), 2.31 (s, 1H, NH), 2.04 (t, J = 6.0 Hz, 2H, CH2), 1.43-1.28 (m, 6H, CH2), 1.12 (t, J = 6.5 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.68, 138.72, 138.34, 131.16, 130.62, 129.43, 129.21 (X2), 128.87, 128.07, 122.31, 122.16 (X2), 84.56, 82.34, 52.41, 48.23, 31.58, 27.99, 23.01, 20.16, 15.09. HRMS m/z (EI) Calculated for C22H25BrN2O: 413.3507, Obsd.: 412.1058.

4.2.3. 2-(1-(2-Bromophenyl)non-2-ynylamino)-N-phenylacetamide (17c)
1H NMR (500 MHz, CDCl3): δ = 9.16 (s, 1H, CONH), 7.63 (d, J = 8.0 Hz, 2H, Ar-H), 7.50-7.44 (m, 3H, Ar-H), 7.28 (t, J = 7.5 Hz, 1H, Ar-H), 7.18-7.14 (m, 3H, Ar-H), 5.28 (s, 1H, CH), 3.73 (s, 2H, CH2), 2.29 (s, 1H, NH), 2.10 (t, J = 6.1 Hz, 2H, CH2), 1.43-1.21 (m, 8H, CH2), 1.07 (t, J = 6.5 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.71, 138.67, 138.31, 131.16, 130.62, 129.31, 129.24 (X2), 128.74, 128.00, 122.45, 122.20 (X2), 84.54, 83.27, 52.36, 48.20, 30.16, 30.41, 27.94, 22.08, 20.34, 14.62. HRMS m/z (EI) Calculated for C23H27BrN2O: 427.3773, Obsd.: 426.1264.

4.2.4. 2-(1-(2-Bromophenyl)-3-cyclopropylprop-2-ynylamino)-N-phenylacetamide (17d)
1H NMR (500 MHz, CDCl3): δ = 9.25 (s, 1H, CONH), 7.65 (d, J = 8.0 Hz, 2H, Ar-H), 7.48 (d, J = 7.5 Hz, 1H, Ar-H), 7.36-7.28 (m, 5H, Ar-H), 7.01 (d, J = 7.0 Hz, 1H, Ar-H), 4.94 (s, 1H, CH), 4.12 (s, 2H, CH2), 2.31 (s, 1H, NH), 1.30-1.25 (m, 1H, CH), 0.64-0.58 (m, CH2), 0.38-0.36 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.56, 144.28, 135.42, 134.37, 130.26, 129.82, 129.23 (X2), 128.32, 126.71, 123.52, 122.10 (X2), 84.53, 77.59, 47.61, 35.08, 10.24 (X2), 2.01. HRMS m/z (EI) Calculated for C20H19BrN2O: 383.2817, Obsd.: 382.07436.

4.2.5. 2-(1-(2-Bromophenyl)-3-cyclopentylprop-2-ynylamino)-N-phenylacetamide (17e)

1H NMR (500 MHz, CDCl3): δ = 9.25 (s, 1H, CONH), 7.74 (d, J = 7.5 Hz, 2H, Ar-H), 7.51-7.48  (m, 3H, Ar-H), 7.32 (t, J = 7.0 Hz, 1H, Ar-H), 7.24-7.18 (m, 3H, Ar-H), 5.19 (s, 1H, CH), 4.07 (s, 2H, CH2), 2.23-2.21 (m, 1H, CH), 2.18 (s, 1H, NH), 1.69-1.54 (m, 4H, CH2), 1.21-1.16 (m, 4H, CH2). 13C NMR (125 Hz, CDCl3): δ = 165.46, 138.72, 137.64, 132.98, 131.05, 128.16, 128.24 (X2), 126.89, 126.11, 121.43, 120.71 (X2), 83.42, 75.67, 48.34, 42.36, 35.72 (X2), 31.22, 25.14 (X2). HRMS m/z (EI) Calculated for C22H23BrN2O: 411.3348, Obsd.: 410.0869.

4.2.6. 2-(1-(2-Bromophenyl)-3-cyclohexylprop-2-ynylamino)-N-phenylacetamide (17f)

1H NMR (500 MHz, CDCl3): δ = 9.26 (s, 1H, CONH), 7.70 (d, J = 8.0 Hz, 2H, Ar-H), 7.51-7.46 (m, 3H, Ar-H), 7.28 (t, J = 7.5 Hz, 1H, Ar-H), 7.22-7.15 (m, 3H, Ar-H), 5.08 (s, 1H, CH), 4.12 (s, 2H, CH2), 2.31-2.28 (m, 1H, CH), 2.20 (s, 1H, NH), 1.45-1.32 (m, 10H, CH2). 13C NMR (125 Hz, CDCl3): δ = 165.34, 138.41, 137.62, 132.83, 131.22, 128.59, 128.20 (X2), 126.47, 125.99, 121.33, 120.70 (X2), 83.29, 75.82, 48.32, 42.36, 33.51 (X2), 29.61, 25.70, 23.38 (X2). HRMS m/z (EI) Calculated for C23H25BrN2O: 425.3614, Obsd.: 424.0978.

4.2.7. 2-(1-(2-Bromophenyl)-3-phenylprop-2-ynylamino)-N-phenylacetamide (17g)
1H NMR (300 MHz, CDCl3): δ = 9.26 (s, 1H, CONH), 7.85 (d, J = 6.9 Hz, 1H, Ar-H), 7.59-7.56 (m, 4H, Ar-H), 7.44-7.21 (m, 9H, Ar-H), 5.33 (s, 1H, CH), 3.63 (s, 2H, CH2), 2.69 (s, 1H, NH). 13C NMR (75 Hz, CDCl3): δ = 169.34, 137.86, 137.64, 133.40, 131.16 (X2), 130.11, 129.84, 128.93 (X2), 128.67, 128.38 (X2), 128.01, 124.06, 123.83, 122.23, 119.46 (X2), 87.12, 86.67, 54.45, 49.91. IR (neat) 3310, 3245, 1658, 689 cm-1. HRMS m/z (EI) Calculated for C23H19BrN2O: 419.3138, Obsd.: 419.0847.

4.2.8. 2-(1-(2-Bromophenyl)-3-p-tolylprop-2-ynylamino)-N-phenylacetamide (17h)

1H NMR (500 MHz, CDCl3): δ = 9.28 (s, 1H, CONH), 7.70 (d, J = 8.0 Hz, 2H, Ar-H), 7.48-7.37 (m, 5H, Ar-H), 7.32 (t, J = 7.5 Hz, 1H, Ar-H), 7.24-7.17 (m, 5H, Ar-H), 5.28 (s, 1H, CH), 3.56 (s, 2H, CH2), 2.35 (s, 3H, CH3), 2.29 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 165.73, 138.21, 137.56, 136.12, 131.48 (X2), 130.74, 129.53, 128.67, 128.24 (X2), 127.54 (X2), 126.82, 125.44, 122.01 (X2), 121.56, 120.45, 85.79, 79.42, 54.23, 44.75, 22.48. HRMS m/z (EI) Calculated for C24H21BrN2O: 433.3403, Obsd.: 433.1642.

4.2.9. 2-(1-(2-Bromophenyl)-3-(4-methoxyphenyl)prop-2-ynylamino)-N-phenylacetamide (17i)
1H NMR (500 MHz, CDCl3): δ = 9.28 (s, 1H, CONH), 7.69 (d, J = 8.0 Hz, 2H, Ar-H), 7.45-7.37 (m, 5H, Ar-H), 7.21 (t, J = 7.5 Hz, 1H, Ar-H), 7.12-6.93 (m, 5H, Ar-H), 5.12 (s, 1H, CH), 3.71 (s, 3H, OCH3), 3.64 (s, 2H, CH2), 2.24 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 165.73, 148.16, 138.19, 136.94, 132.58 (X2), 131.45, 130.27, 128.54, 127.67 (X2), 127.28, 126.59, 122.12 (X2), 121.70, 119.04 (X2), 116.67, 85.43, 79.81, 56.24, 50.27, 45.11. HRMS m/z (EI) Calculated for C24H21BrN2O2: 449.3397, Obsd.: 449.04527.

4.2.10. 2-(1-(2-Bromophenyl)-3-(4-tert-butylphenyl)prop-2-ynylamino)-N-phenylacetamide (17j)
1H NMR (500 MHz, CDCl3): δ = 9.29 (s, 1H, CONH), 7.73 (d, J = 7.5 Hz, 2H, Ar-H), 7.53-7.48 (m, 5H, Ar-H), 7.30-7.26 (m, 3H, Ar-H), 7.28-7.19 (m, 3H, Ar-H), 5.23 (s, 1H, CH), 3.56 (s, 2H, CH2), 2.30 (s, 1H, NH), 1.45 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.95, 147.52, 138.43, 137.19, 132.40 (X2), 132.06, 130.99, 128.25, 128.10 (X2), 127.28, 126.32, 122.59 (X2), 121.43 (X2), 120.17, 118.58, 84.51, 79.29, 52.48, 42.34, 35.62, 29.67 (X3). HRMS m/z (EI) Calculated for C27H27BrN2O: 475.4201, Obsd.: 475.1438.

4.2.11. 2-(1-(2-Bromophenyl)hept-2-ynylamino)-N-p-tolylacetamide (17k)
1H NMR (500 MHz, CDCl3): δ = 9.14 (s, 1H, CONH), 7.58 (d, J = 7.8 Hz, 2H, Ar-H), 7.46 (d, J = 7.5 Hz, 1H, Ar-H), 7.24-7.19 (m, 3H, Ar-H), 7.17-7.15 (m, 2H, Ar-H), 5.36 (s, 1H, CH), 3.38 (s, 2H, CH2), 2.24 (s, 3H, CH3), 2.21 (s, 1H, NH), 1.82 (t, J = 6.5 Hz, 2H, CH2), 1.32-1.24 (m, 4H, CH2), 0.94 (t, J = 6.0 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.24, 137.19, 136.97, 133.71, 131.09, 129.77, 127.58 (X2), 127.21, 125.64, 121.43, 120.52 (X2), 78.43, 74.62, 48.43, 44.68, 31.42, 21.42, 20.38, 17.40, 12.61. HRMS m/z (EI) Calculated for C22H25BrN2O: 413.3507, Obsd.: 413.0138.

4.2.12. 2-(1-(2-Bromophenyl)oct-2-ynylamino)-N-p-tolylacetamide (17l)

1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.55 (d, J = 8.0 Hz, 2H, Ar-H), 7.46 (d, J = 7.5 Hz, 1H, Ar-H), 7.20-7.17 (m, 3H, Ar-H), 7.12-7.09 (m, 2H, Ar-H), 5.32 (s, 1H, CH), 3.41 (s, 2H, CH2), 2.23 (s, 3H, CH3), 2.25 (s, 1H, NH), 1.84 (t, J = 6.8 Hz, 2H, CH2), 1.34-1.22 (m, 6H, CH2), 1.07 (t, J = 6.5 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 167.43, 138.70, 136.54, 134.78, 130.34, 130.16, 128.63, 127.22 (X2), 126.37, 121.29, 120.32 (X2), 80.35, 75.67, 48.37, 45.59, 30.97, 28.12, 21.34, 20.23, 18.57, 14.34. HRMS m/z (EI) Calculated for C23H27BrN2O: 427.3773, Obsd.: 426.9012.

4.2.13. 2-(1-(2-Bromophenyl)non-2-ynylamino)-N-p-tolylacetamide (17m)

1H NMR (500 MHz, CDCl3): δ = 9.16 (s, 1H, CONH), 7.53 (d, J = 8.0 Hz, 2H, Ar-H), 7.44 (d, J = 7.8 Hz, 1H, Ar-H), 7.22-7.17 (m, 3H, Ar-H), 7.14-7.08 (m, 2H, Ar-H), 5.29 (s, 1H, CH), 3.46 (s, 2H, CH2), 2.26 (s, 1H, NH), 2.24 (s, 3H, CH3), 2.12 (t, J = 6.0 Hz, 2H, CH2), 1.37-1.25 (m, 8H, CH2), 0.94 (t, J = 6.5 Hz, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.24, 138.48, 136.43, 134.74, 130.31, 130.22, 128.57, 127.20 (X2), 126.39, 121.33, 120.32 (X2), 81.49, 16.73, 48.16, 45.52, 30.71, 30.28, 28.44, 21.97, 21.32, 18.16, 14.30. HRMS m/z (EI) Calculated for C24H29BrN2O: 441.4039, Obsd.: 441.2104.

4.2.14. 2-(1-(2-Bromophenyl)-3-cyclopropylprop-2-ynylamino)-N-p-tolylacetamide (17n)
1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.54 (d, J = 7.5 Hz, 2H, Ar-H), 7.47 (d, J = 7.0 Hz, 1H, Ar-H), 7.27-7.20 (m, 3H, Ar-H), 7.12-7.08 (m, 2H, Ar-H), 5.21 (s, 1H, CH), 3.53 (s, 2H, CH2), 2.31 (s, 3H, CH3), 2.25 (s, 1H, NH), 1.28-1.24 (m, 1H, CH), 0.59-0.54 (m, 2H, CH2), 0.27-0.25 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 165.43, 138.41, 136.24, 134.69, 131.27, 130.24, 129.16 (X2), 128.49, 126.54, 123.10, 121.75 (X2), 86.53, 77.37, 48.23, 45.64, 21.37, 11.18 (X2), 1.42. HRMS m/z (EI) Calculated for C21H21BrN2O: 397.3082, Obsd.: 396.9743.

4.2.15. 2-(1-(2-Bromophenyl)-3-cyclopentylprop-2-ynylamino)-N-p-tolylacetamide (17o)
1H NMR (500 MHz, CDCl3): δ = 9.17 (s, 1H, CONH), 7.52 (d, J = 7.5 Hz, 2H, Ar-H), 7.45 (d, J = 7.0 Hz, 1H, Ar-H), 7.24-7.19 (m, 3H, Ar-H), 7.14-7.11 (m, 2H, Ar-H), 5.19 (s, 1H, CH), 3.53 (s, 2H, CH2), 2.25-2.21 (m, 1H, CH), 2.29 (s, 1H, NH), 2.27 (s, 3H, CH3), 1.64-1.55 (m, 4H, CH2), 1.20-1.13 (m, 4H, CH2), 13C NMR (125 Hz, CDCl3): δ = 165.43, 138.39, 136.47, 134.28, 133.43, 130.23, 129.84, 129.70 (X2), 125.97, 123.12, 122.24 (X2), 84.21, 75.38, 49.27, 45.12, 31.24 (X2), 30.16, 23.07 (X2), 21.29. HRMS m/z (EI) Calculated for C23H25BrN2O: 425.3614, Obsd.: 425.0315.

4.2.16. 2-(1-(2-Bromophenyl)-3-cyclohexylprop-2-ynylamino)-N-p-tolylacetamide (17p)
 1H NMR (500 MHz, CDCl3): δ = 9.17 (s, 1H, CONH), 7.52 (d, J = 7.8 Hz, 2H, Ar-H), 7.43 (d, J = 7.0 Hz, 1H, Ar-H), 7.27-7.23 (m, 3H, Ar-H), 7.15-7.11 (m, 2H, Ar-H), 5.21 (s, 1H, CH), 3.56 (s, 2H, CH2), 2.33 (s, 3H, CH3), 2.28-2.24 (m, 1H, CH), 2.18 (s, 1H, NH), 1.37-1.24 (m, 10H, CH2). 13C NMR (125 Hz, CDCl3): δ = 165.31, 138.32, 136.45, 134.27, 133.40, 130.26, 129.84, 129.68 (X2), 125.86, 123.10, 122.27 (X2), 83.17, 75.36, 49.19, 45.10, 30.44 (X2), 27.34, 25.68, 23.42 (X2), 21.26. HRMS m/z (EI) Calculated for C24H27BrN2O: 439.3880, Obsd.: 439.0583.

4.2.17. 2-(1-(2-Bromophenyl)-3-phenylprop-2-ynylamino)-N-p-tolylacetamide (17q)
1H NMR (500 MHz, CDCl3): δ = 9.23 (s, 1H, CONH), 7.53-7.48 (m, 4H, Ar-H), 7.46 (d, J = 7.5 Hz, 1H, Ar-H), 7.42-7.39 (m, 3H, Ar-H), 7.26-7.20 (m, 3H, Ar-H), 7.13-7.10 (m, 2H, Ar-H), 5.24 (s, 1H, CH), 3.61 (s, 2H, CH2), 2.36 (s, 3H, CH3), 2.24 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 165.36, 138.71, 136.24, 135.47, 131.92, 130.23, 130.11, 129.64 (X2), 128.10, 127.83 (X2), 127.54 (X2), 126.49, 121.42, 120.39, 120.17 (X2), 84.43, 79.24, 50.16, 44.28, 21.40. HRMS m/z (EI) Calculated for C24H21BrN2O: 433.3403, Obsd.: 433.0185.

4.2.18. 2-(1-(2-Bromophenyl)-3-p-tolylprop-2-ynylamino)-N-p-tolylacetamide (17r)
1H NMR (500 MHz, CDCl3): δ = 9.17 (s, 1H, CONH), 7.52 (d, J = 8.0 Hz, 2H, Ar-H), 7.44-7.41 (m, 3H, Ar-H), 7.25 (t, J = 7.5 Hz, 1H, Ar-H), 7.22-7.19 (m, 4H, Ar-H), 7.13-7.09 (m, 2H, Ar-H), 5.17 (s, 1H, CH), 3.57 (s, 2H, CH2), 2.33 (s, 6H, CH3), 2.21 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 165.21, 138.68, 137.73, 137.45, 134.79, 131.20 (X2), 130.94, 130.04, 129.16, 128.16 (X2), 126.84 (X2), 126.10, 121.44, 120.79 (X2), 119.44, 85.47, 79.37, 50.24, 44.31, 21.34 (X2). HRMS m/z (EI) Calculated for C25H23BrN2O: 447.3669, Obsd.: 446.9431.

4.2.19. 2-(1-(2-Bromophenyl)-3-(4-methoxyphenyl)prop-2-ynylamino)-N-p-tolylacetamide (17s)
1H NMR (500 MHz, CDCl3): δ = 9.19 (s, 1H, CONH), 7.64 (d, J = 7.5 Hz, 1H, Ar-H), 7.39-7.35 (m, 4H, Ar-H), 7.25 (d, J = 7.5 Hz, 1H, Ar-H), 7.21-7.17 (m, 2H, Ar-H), 7.10 (d, J = 8.0 Hz, 2H, Ar-H), 6.85 (d, J = 8.5 Hz, 2H, Ar-H), 5.85 (s, 1H, CH), 3.91 (s, 2H, CH2), 3.82 (s, 3H, OCH3), 2.31 (s, 3H, CH3), 2.17 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 165.60, 158.99, 148.59, 135.20, 133.99, 133.75, 130.73, 130.50, 130.26 (X2), 129.32 (X2), 128.31 128.17, 120.06 (X2), 117.26, 113.44 (X2), 83.97, 80.08, 55.33, 54.12, 48.93, 22.69. HRMS m/z (EI) Calculated for C25H23BrN2O2: 463.3663, Obsd.: 463.1253.

4.2.20. 2-(1-(2-Bromophenyl)-3-(4-tert-butylphenyl)prop-2-ynylamino)-N-p-tolylacetamide (17t)
1H NMR (500 MHz, CDCl3): δ = 9.28 (s, 1H, CONH), 7.54 (d, J = 7.5 Hz, 1H, Ar-H), 7.46-7.40 (m, 3H, Ar-H), 7.25-7.21 (m, 3H, Ar-H), 7.17 (d, J = 7.5 Hz, 2H, Ar-H), 7.13-7.08 (m, 2H, Ar-H), 5.20 (s, 1H, CH), 3.64 (s, 2H, CH2), 2.36 (s, 3H, CH3), 2.26 (s, 1H, NH), 1.41 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.34, 146.53, 138.64, 135.27, 134.81, 132.18, 131.04 (X2), 130.38, 128.45 (X2), 128.20, 126.47, 123.74 (X2), 120.49, 120.14 (X2), 118.59, 84.67, 79.28, 50.57, 43.43, 34.77, 31.46 (X3), 21.40. HRMS m/z (EI) Calculated for C28H29BrN2O2: 489.4467, Obsd.: 489.2116.

4.2.21. 2-(1-(2-Bromophenyl)-3-(4-tert-butylphenyl)prop-2-ynylamino)-N-(4-nitrophenyl)acetamide (17u)
1H NMR (500 MHz, CDCl3): δ = 9.42 (s, 1H, CONH), 8.23 (d, J = 8.0 Hz, 2H, Ar-H), 8.06 (d, J = 7.5 Hz, 2H, Ar-H), 7.49-7.44 (m, 3H, Ar-H), 7.31-7.26 (m, 3H, Ar-H), 7.17-7.14 (m, 2H, Ar-H), 5.47 (s, 1H, CH), 4.01 (s, 2H, CH2), 2.31 (s, 1H, NH), 1.52 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.52, 147.54, 142.26, 141.92, 138.59, 130.43 (X2), 130.17, 129.88, 128.53, 125.91, 121.43 (X2), 121.28 (X2), 120.89, 119.10, 118.75 (X2), 85.38, 79.68, 52.63, 44.43, 36.01, 31.82 (X3). HRMS m/z (EI) Calculated for C27H26BrN3O3: 520.4116, Obsd.: 520.1347.

4.2.22. 2-(1-(2-Bromophenyl)-3-(4-tert-butylphenyl)prop-2-ynylamino)-N-(4-methoxyphenyl)acetamide (17v)

1H NMR (500 MHz, CDCl3): δ = 9.24 (s, 1H, CONH), 7.50 (d, J = 7.5 Hz, 2H, Ar-H), 7.46-7.41 (m, 3H, Ar-H), 7.26-7.21 (m, 3H, Ar-H), 7.15-7.10 (m, 2H, Ar-H), 6.87 (d, J = 8.0 Hz, 2H, Ar-H), 5.18 (s, 1H, CH), 4.14 (s, 3H, OCH3), 3.59 (s, 2H, CH2), 2.28 (s, 1H, NH), 1.40 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.30, 149.28, 146.50, 138.53, 131.98, 131.12 (X2), 130.36, 130.18, 129.01, 126.28, 122.58 (X2), 121.17 (X2), 121.00, 118.57, 114.90 (X2), 85.34, 79.37, 54.16, 50.24, 44.39, 34.64, 32.20 (X3). HRMS m/z (EI) Calculated for C28H29BrN2O2: 505.4461, Obsd.: 505.1349.

4.2.23. N-Benzyl-2-(1-(2-bromophenyl)-3-phenylprop-2-ynylamino)acetamide (17w)
1H NMR (500 MHz, CDCl3): δ = 8.90 (s, 1H, CONH), 7.52 (d, J = 8.0 Hz, 2H, Ar-H), 7.44 (d, J = 7.5 Hz, 1H, Ar-H), 7.40-7.37 (m, 3H, Ar-H), 7.31 (t, J = 8.0 Hz, 2H, Ar-H), 7.25-7.21 (m, 4H, Ar-H), 7.16-7.12 (m, 2H, Ar-H), 5.30 (s, 1H, CH), 4.19 (s, 2H, CH2), 3.59 (s, 2H, CH2), 2.27 (s, 1H, NH). 13C NMR (125 Hz, CDCl3): δ = 168.53, 137.82, 136.43, 132.11, 130.27, 128.56, 127.93 (X2), 127.84 (X2), 127.10 (X2), 126.71, 126.45, 125.08 (X2), 124.56, 121.48, 120.73, 87.07, 85.54, 54.29, 49.77, 43.25. HRMS m/z (EI) Calculated for C24H21BrN2O: 433.3403, Obsd.: 432.0642.

4.2.24. N-Benzyl-2-(1-(2-bromophenyl)-3-(4-tert-butylphenyl)prop-2-ynylamino)acetamide (17x)
1H NMR (500 MHz, CDCl3): δ = 8.88 (s, 1H, CONH), 7.44-7.40 (m, 3H, Ar-H), 7.30 (t, J = 8.0 Hz, 1H, Ar-H), 7.25-7.18 (m, 6H, Ar-H), 7.14-7.10 (m, 2H, Ar-H), 5.19 (s, 1H, CH), 4.15 (s, 2H, CH2), 3.51 (s, 2H, CH2), 2.23 (s, 1H, NH), 1.44 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 169.47, 147.50, 137.79, 136.94, 132.83, 131.14 (X2), 130.40, 128.67, 127.14 (X2), 126.99, 126.24 (X2), 125.40, 122.64 (X2), 120.49, 118.53, 84.49, 79.30, 51.46, 42.31, 43.19, 35.49, 29.53 (X3). HRMS m/z (EI) Calculated for C28H29BrN2O: 489.4467, Obsd.: 489.1943.

4.3. General Procedure for the Synthesis of 2-iminoimidazolines (19a-x) [28]
To a solution of propargylamine (0.5 mmol, 17a-x) and N,N’-bis-protected S-methylisothiourea (0.63 mmol, 1.25 equiv, 18) in MeCN (2.5 mL) was added triethylamine (0.14 mL, 1 mmol, 2 equiv). After dissolution, solution of silver nitrate (119 mg, 0.7 mmol, 1.4 equiv) in MeCN was added drop wise and the heterogeneous reaction was vigorously stirred until the starting material has disappeared. Then the reaction was diluted with EtOAc, followed by filtration through Celite pad. The resulting organic layer was washed with brine (2 × 100 mL) and dried over anhydrous Na2SO4. The organic layer was evaporated under reduced pressure and the residue was purified by silica gel column chromatography to obtain the target compound (19a-x).

4.3.1. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-hexylidene-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19a)
1H NMR (500 MHz, CDCl3): δ = 8.32 (s, 1H, CONH), 7.59 (d, J = 7.5 Hz, 1H, Ar-H), 7.45 (d, J = 8.0 Hz, 2H, Ar-H), 7.36-7.21 (m, 5H, Ar-H), 7.08 (t, J = 7.0 Hz, 1H, Ar-H), 5.83-5.79 (m, 1H, CH), 4.69 (s, 1H, CH), 4.25 (d, Jgem = 16.0 Hz, 1H, CH), 3.56 (d, Jgem = 16.0 Hz, 1H, CH), 2.06-1.91 (m, 2H, CH2), 1.56-1.27 (m, 24H), 0.93-0.83 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.83, 155.58, 149.18, 148.83, 139.25, 137.47, 133.83, 130.46, 128.82 (X2), 128.63, 128.16, 124.36, 124.09 (X2), 115.91, 114.06, 83.95, 83.31, 46.33, 31.63, 31.09, 29.68, 28.12 (X3), 27.97 (X3), 22.68, 22.37, 13.80. HRMS m/z (EI) Calculated for C33H43BrN4O5: 655.6223, Obsd.: 655.3108.

4.3.2. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-heptylidene-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19b)
1H NMR (500 MHz, CDCl3): δ = 8.35 (s, 1H, CONH), 7.56 (d, J = 7.5 Hz, 1H, Ar-H), 7.47 (d, J = 7.8 Hz, 2H, Ar-H), 7.34-7.27 (m, 4H, Ar-H), 7.14-7.07 (m, 2H, Ar-H), 5.16-5.72 (m, 1H, CH), 4.65 (s, 1H, CH), 4.25 (d, Jgem = 15.8 Hz, 1H, CH), 3.51 (d, Jgem = 15.8 Hz, 1H, CH), 2.04-1.95 (m, 2H, CH2), 1.35-1.24 (m, 26H), 0.89-0.84 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.83, 156.47, 149.15, 148.86, 139.34, 137.51, 133.78, 130.44, 128.82 (X2), 128.60, 128.10, 124.36, 124.12 (X2), 120.00, 115.94, 114.06, 83.95, 83.31, 46.37, 31.64, 31.35, 30.71, 30.04, 28.11 (X3), 27.91 (X3), 25.17, 22.15, 14.24. HRMS m/z (EI) Calculated for C34H45BrN4O5: 669.6489, Obsd.: 669.3742.

4.3.3. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-octylidene-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19c)
1H NMR (500 MHz, CDCl3): δ = 8.35 (s, 1H, CONH), 7.58 (d, J = 7.0 Hz, 1H, Ar-H), 7.50 (d, J = 7.5 Hz, 2H, Ar-H), 7.36-7.24 (m, 4H, Ar-H), 7.15-7.10 (m, 2H, Ar-H), 5.44-5.31 (m, 1H, CH), 4.67 (s, 1H, CH), 4.17 (d, Jgem = 16.0 Hz, 1H, CH), 3.54 (d, Jgem = 16.0 Hz, 1H, CH), 2.10-1.99 (m, 2H, CH2), 1.32-1.27 (m, 28H), 0.94-0.87 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.79, 157.21, 150.45, 147.60, 138.79, 137.43, 132.99, 130.57, 128.91 (X2), 128.63, 128.26, 124.38, 124.21 (X2), 120.07, 116.27, 114.03, 83.86, 83.27, 47.39, 32.78, 31.94, 30.04, 29.16, 29.53, 28.30 (X3), 27.99 (X3), 24.63, 23.42, 14.46. HRMS m/z (EI) Calculated for C35H47BrN4O5: 683.6755, Obsd.: 683.3015.

4.3.4. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclopropylmethylene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19d)
1H NMR (500 MHz, CDCl3): δ = 9.31 (s, 1H, CONH), 7.56 (d, J = 7.5 Hz, 2H, Ar-H), 7.47-7.41 (m, 3H, Ar-H), 7.23-7.16 (m, 4H, Ar-H), 5.13-5.07 (m, 1H, CH), 4.83 (s, 1H, CH), 3.89 (d, Jgem = 15.8 Hz, 1H, CH), 3.50 (d, Jgem = 15.8 Hz, 1H, CH), 1.36 (s, 18 H, CH3), 1.06-0.97 (m, 1H, CH), 0.60-0.53 (m, 2H, CH2), 0.37-0.34 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.62, 159.42, 156.78, 151.23, 137.49, 137.32, 129.16, 129.61, 129.10 (X2), 128.56, 128.43 (X2), 128.12, 126.54, 123.05, 120.84 (X2), 108.24, 80.57, 79.10, 47.45, 34.28, 28.43 (X3), 28.07 (X3), 8.42 (X2), 3.13. HRMS m/z (EI) Calculated for C31H37BrN4O5: 625.5533, Obsd.: 625.2107.

4.3.5. (2Z,5E)-tert-Butyl-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclopentylmethylene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19e)
1H NMR (500 MHz, CDCl3): δ = 9.28 (s, 1H, CONH), 7.58 (d, J = 7.5 Hz, 2H, Ar-H), 7.50-7.46 (m, 3H, Ar-H), 7.28-7.19 (m, 4H, Ar-H), 4.98-4.91 (m, 1H, CH), 4.79 (s, 1H, CH), 3.84 (d, Jgem = 15.6 Hz, 1H, CH), 3.48 (d, Jgem = 15.6 Hz, 1H, CH), 2.19-2.10 (m, 1H, CH), 1.66-1.58 (m, 4H, CH2), 1.38 (s, 18 H, CH3), 1.32-1.26 (m, 4H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.67, 159.42, 156.16, 151.20, 137.43, 134.18, 130.16, 129.64, 129.13, 128.58, 128.42 (X2), 128.07, 126.43, 123.11, 120.97 (X2), 106.26, 80.60, 79.32, 48.12, 34.37, 34.22, 32.47 (X2), 28.40 (X3), 28.10 (X3), 24.70 (X2). HRMS m/z (EI) Calculated for C33H41BrN4O5: 653.6064, Obsd.: 653.3004.

4.3.6. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclohexylmethylene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19f)
1H NMR (500 MHz, CDCl3): δ = 9.32 (s, 1H, CONH), 7.55 (d, J = 8.0 Hz, 2H, Ar-H), 7.47-7.40 (m, 3H, Ar-H), 7.26-7.13 (m, 4H, Ar-H), 5.19-5.12 (m, 1H, CH), 4.79 (s, 1H, CH), 3.78 (d, Jgem = 15.8 Hz, 1H, CH), 3.51 (d, Jgem = 15.6 Hz, 1H, CH), 2.24-2.18 (m, 1H, CH), 1.51-1.40 (m, 10H, CH2), 1.37 (s, 18 H, CH3). 13C NMR (125 Hz, CDCl3): δ = 163.65, 158.71, 157.24, 151.26, 138.31, 138.10, 132.04, 131.79, 129.74, 128.64, 128.51 (X2), 128.12, 125.49, 123.01, 122.42 (X2), 106.58, 80.58, 79.31, 48.23, 34.36, 34.10 (X2), 30.28, 25.43, 28.41 (X3), 28.12 (X3), 25.34 (X2). HRMS m/z (EI) Calculated for C34H43BrN4O5: 667.6330, Obsd.: 667.2816.

4.3.7. (2Z,5E)-tert-Butyl 5-benzylidene-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19g)
1H NMR (400 MHz, CDCl3): δ = 9.37 (s, 1H, CONH), 7.63 (d, J = 6.0 Hz, 1H, Ar-H), 7.54-7.47 (m, 3H, Ar-H), 7.39 (d, J = 7.2 Hz, 2H, Ar-H), 7.31-7.19 (m, 7H, Ar-H), 7.06 (t, J = 7.4 Hz, 1H, Ar-H), 6.10 (s, 1H, CH), 5.90 (s, 1H, CH), 4.35 (d, Jgem = 15.8 Hz, 1H, CH), 3.87 (d, Jgem = 15.8 Hz, 1H, CH), 1.57 (s, 9H, CH3), 1.41 (s, 9H, CH3). 13C NMR (100 Hz, CDCl3): δ = 165.75, 157.64, 153.43, 148.59, 137.79, 135.60, 134.07, 133.96, 133.48, 130.62, 128.85 (X2), 128.81, 128.34, 128.06 (X2), 127.54, 124.19, 123.45, 120.12 (X2), 117.43, 84.21, 80.26, 48.58, 38.33, 28.18 (X3), 27.13 (X3). HRMS m/z (EI) Calculated for C34H37BrN4O5: 661.5854, Obsd.: 661.1914.

4.3.8. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-methylbenzylidene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19h)
1H NMR (500 MHz, CDCl3): δ = 9.41 (s, 1H, CONH), 7.61 (d, J = 7.5 Hz, 1H, Ar-H), 7.51 (d, J = 8.0 Hz, 2H, Ar-H), 7.47-7.42 (m, 4H, Ar-H), 7.24-7.17 (m, 5H, Ar-H), 7.04 (t, J = 7.5 Hz, 1H, Ar-H), 5.98 (s, 1H, CH), 5.87 (s, 1H, CH), 4.38 (d, Jgem = 16.0 Hz, 1H, CH), 3.88 (d, Jgem = 16.0 Hz, 1H, CH), 2.41 (s, 3H, CH3), 1.56 (s, 9H, CH3), 1.48 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.59, 158.47, 152.31, 150.34, 138.27, 136.74, 136.71, 132.64, 132.51, 131.27, 130.40, 128.97, 128.41 (X2), 128.16 (X2), 127.10, 126.24 (X2), 125.84, 123.10, 121.42 (X2), 115.31, 83.45, 79.92, 62.13, 53.40, 27.91 (X3), 27.06 (X3), 22.13. HRMS m/z (EI) Calculated for C35H39BrN4O5: 675.6120, Obsd.: 675.3412.

4.3.9. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-methoxybenzylidene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19i)
1H NMR (500 MHz, CDCl3): δ = 9.41 (s, 1H, CONH), 7.56 (d, J = 7.0 Hz, 1H, Ar-H), 7.47 (d, J = 7.5 Hz, 2H, Ar-H), 7.41-7.37 (m, 4H, Ar-H), 7.19-7.15 (m, 4H, Ar-H), 6.84 (d, J = 7.2 Hz, 2H, Ar-H), 5.78 (s, 1H, CH), 5.12 (s, 1H, CH), 4.24 (d, Jgem = 16.0 Hz, 1H, CH), 3.74 (d, Jgem = 16.0 Hz, 1H, CH), 3.70 (s, 3H, OCH3), 2.41 (s, 3H, CH3), 1.46 (s, 9H, CH3), 1.49 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.57, 158.50, 158.27, 153.14, 151.27, 138.27, 136.71, 131.42, 130.86, 130.17, 129.84 (X2), 129.46, 128.47 (X2), 128.34, 126.64, 126.58, 121.87, 120.54 (X2), 115.30, 113.47 (X2), 83.44, 79.89, 60.35, 56.28, 53.40, 27.87 (X3), 27.12 (X3). HRMS m/z (EI) Calculated for C35H39BrN4O6: 691.6114, Obsd.: 691.4027.

4.3.10. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-tert-butylbenzylidene)-3-(2-oxo-2-(phenylamino)ethyl)imidazolidine-1-carboxylate (19j)
1H NMR (500 MHz, CDCl3): δ = 9.42 (s, 1H, CONH), 7.64 (d, J = 7.5 Hz, 1H, Ar-H), 7.49 (d, J = 8.0 Hz, 2H, Ar-H), 7.35-7.33 (m, 3H, Ar-H), 7.28-7.20 (m, 6H, Ar-H), 7.07 (t, J = 7.5 Hz, 1H, Ar-H), 6.04 (s, 1H, CH), 5.94 (s, 1H, CH), 4.40 (d, Jgem = 16.0 Hz, 1H, CH), 3.87 (d, Jgem = 16.0 Hz, 1H, CH), 1.58 (s, 9H, CH3), 1.52 (s, 9H, CH3), 1.31 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.68, 158.50, 152.50, 150.69, 148.38, 137.93, 135.79, 134.00, 132.85, 132.17, 130.55, 128.71, 128.53 (X2), 128.28 (X2), 125.09, (X2), 124.91, 123.97, 123.67, 120.02 (X2), 117.27, 83.99, 80.01, 64.84, 53.41, 48.22, 34.62, 31.18 (X3), 28.03 (X3), 27.07 (X3). HRMS m/z (EI) Calculated for C38H45BrN4O5: 717.6917, Obsd.: 717.3813.

4.3.11. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-hexylidene-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19k)

1H NMR (500 MHz, CDCl3): δ = 8.32 (s, 1H, CONH), 7.53 (d, J = 7.0 Hz, 1H, Ar-H), 7.39 (d, J = 7.5 Hz, 2H, Ar-H), 7.23-7.17 (m, 4H, Ar-H), 6.92 (t, J = 7.0 Hz, 1H, Ar-H), 5.09-4.90 (m, 1H, CH), 4.43 (s, 1H, CH), 4.13 (d, Jgem = 16.0 Hz, 1H, CH), 3.39 (d, Jgem = 16.0 Hz, 1H, CH), 2.25 (s, 3H, CH3), 1.94-1.88 (m, 2H, CH2), 1.35-1.27 (m, 24H, CH2), 0.87-0.84 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.69, 156.24, 141.88, 141.70, 138.12, 137.26, 133.20, 132.70, 131.48, 130.27, 129.01, 128.74 (X2), 125.47, 120.97 (X2), 120.68, 109.97, 80.24, 79.46, 46.35, 31.57, 30.86, 29.56, 28.08 (X3), 27.95 (X3), 23.42, 22.37, 21.42, 13.71. HRMS m/z (EI) Calculated for C34H45BrN4O5: 669.6489, Obsd.: 669.3710.

4.3.12. (2Z,5E)-tert-butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-heptylidene-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19l)
1H NMR (500 MHz, CDCl3): δ = 8.34 (s, 1H, CONH), 7.53 (d, J = 7.5 Hz, 1H, Ar-H), 7.42   (d, J = 7.5 Hz, 2H, Ar-H), 7.25-7.18 (m, 4H, Ar-H), 7.04 (t, J = 7.2 Hz, 1H, Ar-H), 5.15-5.11 (m, 1H, CH), 4.46 (s, 1H, CH), 4.13 (d, Jgem = 16.0 Hz, 1H, CH), 3.42 (d, Jgem = 16.0 Hz, 1H, CH), 2.24 (s, 3H, CH3), 1.96-1.93 (m, 2H, CH2), 1.36-1.28 (m, 26H, CH2), 0.87-0.85 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.69, 156.31, 141.88, 141.73, 138.24 137.26, 133.29, 132.16, 131.50, 130.32, 129.05, 128.73 (X2), 125.50, 120.99 (X2), 120.68, 110.00, 80.23, 79.46, 46.38, 32.40, 32.28, 30.13, 30.09, 28.11 (X3), 27.96 (X3), 25.01, 21.84, 21.46, 13.89. HRMS m/z (EI) Calculated for C35H47BrN4O5: 683.6755, Obsd.: 683.3104.

4.3.13. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-octylidene-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19m)
1H NMR (500 MHz, CDCl3): δ = 8.32 (s, 1H, CONH), 7.57 (d, J = 7.5 Hz, 1H, Ar-H), 7.47   (d, J = 8.0 Hz, 2H, Ar-H), 7.26-7.20 (m, 4H, Ar-H), 7.11 (t, J = 8.0 Hz, 1H, Ar-H), 5.15-5.10 (m, 1H, CH), 4.49 (s, 1H, CH), 4.15 (d, Jgem = 16.0 Hz, 1H, CH), 3.45 (d, Jgem = 16.0 Hz, 1H, CH), 2.24 (s, 3H, CH3), 1.94-1.90 (m, 2H, CH2), 1.38-1.29 (m, 28H, CH2), 0.91-0.86 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.65, 156.31, 141.90, 141.82, 138.23, 138.10, 133.34, 132.75, 131.49, 130.34, 129.14, 128.75 (X2), 125.47, 121.02 (X2), 120.74, 109.97, 80.23, 79.51, 46.39, 32.46, 32.04, 30.17, 30.10, 30.06, 28.50 (X3), 28.11 (X3), 24.78, 23.17, 21.43, 14.01. HRMS m/z (EI) Calculated for C36H49BrN4O5: 697.7021, Obsd.: 697.4315.

4.3.14. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclopropylmethylene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19n)
1H NMR (500 MHz, CDCl3): δ = 9.27 (s, 1H, CONH), 7.53 (d, J = 7.5 Hz, 1H, Ar-H), 7.44   (d, J = 8.0 Hz, 2H, Ar-H), 7.25-7.13 (m, 5H, Ar-H), 4.74-4.68 (m, 1H, CH), 4.31 (s, 1H, CH), 3.87 (d, Jgem = 15.8 Hz, 1H, CH), 3.51 (d, Jgem = 15.8 Hz, 1H, CH), 2.31 (s, 3H, CH3), 1.49 (s, 9H, CH3), 1.34 (s, 9H, CH3), 1.16-1.13 (m, 1H, CH), 0.57-0.54 (m, 2H, CH2), 0.33-0.29 (m, 2H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.51, 156.28, 144.27, 141.39, 139.17, 134.38, 133.79, 133.34, 131.67, 129.14, 128.63, 128.16 (X2), 126.99, 121.54, 121.83 (X2), 109.33, 79.67, 79.34, 58.34, 38.43, 28.42 (X3), 28.41 (X3), 22.30, 9.87 (X2), 7.10. HRMS m/z (EI) Calculated for C32H39BrN4O5: 638.2104, Obsd.: 637.8046.

4.3.15.(2Z,5E)-tert-Butyl-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclopentylmethylene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19o)
1H NMR (500 MHz, CDCl3): δ = 9.24 (s, 1H, CONH), 7.47 (d, J = 7.7 Hz, 1H, Ar-H), 7.46   (d, J = 8.1 Hz, 2H, Ar-H), 7.27-7.15 (m, 5H, Ar-H), 4.84-4.79 (m, 1H, CH), 4.37 (s, 1H, CH), 3.85 (d, Jgem = 15.8 Hz, 1H, CH), 3.56 (d, Jgem = 15.8 Hz, 1H, CH), 2.34 (s, 3H, CH3), 2.26-2.22 (m, 1H), 1.61-1.50 (m, 4H, CH2), 1.47 (s, 9H, CH3), 1.44-1.38 (m, 4H, CH2), 1.36 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.50, 156.25, 144.27, 141.41, 139.21, 134.36, 133.78, 133.37, 131.62, 129.20, 128.59, 128.16 (X2), 127.03, 121.47, 121.82 (X2), 109.41, 79.71, 79.36, 58.28, 38.54, 34.07, 30.78 (X2), 28.40 (X3), 28.38 (X3), 24.79 (X2), 22.25. HRMS m/z (EI) Calculated for C34H43BrN4O5: 667.6330, Obsd.: 667.3416.
4.3.16.(2Z,5E)-tert-Butyl-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(cyclohexylmethylene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19p)
1H NMR (500 MHz, CDCl3): δ = 9.24 (s, 1H, CONH), 7.49 (d, J = 7.5 Hz, 1H, Ar-H), 7.46   (d, J = 8.0 Hz, 2H, Ar-H), 7.30-7.13 (m, 5H, Ar-H), 4.89-4.86 (m, 1H, CH), 4.38 (s, 1H, CH), 3.83 (d, Jgem = 15.8 Hz, 1H, CH), 3.56 (d, Jgem = 15.8 Hz, 1H, CH), 2.34 (s, 3H, CH3), 2.20-2.17 (m, 1H), 1.55-1.38 (m, 10H, CH2), 1.48 (s, 9H, CH3), 1.39 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.47, 156.21, 144.33, 141.42, 139.34, 134.41, 133.85, 133.39, 131.60, 129.17, 128.56, 128.89 (X2), 127.45, 121.39, 121.16 (X2), 109.37, 79.16, 79.49, 58.27, 38.77, 34.12 (X2), 30.03, 28.56 (X3), 28.42 (X3), 25.00, 24.91 (X2), 22.32. HRMS m/z (EI) Calculated for C35H45BrN4O5: 681.6596, Obsd.: 681.3604.
4.3.17. (2Z,5E)-tert-Butyl 5-benzylidene-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19q)
1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.66 (d, J = 8.7 Hz, 1H, Ar-H), 7.42-7.38 (m, 4H, Ar-H), 7.31-7.20 (m, 6H, Ar-H), 7.11 (d, J = 8.5 Hz, 2H, Ar-H), 6.20 (s, 1H, CH), 5.87 (s, 1H, CH), 4.71 (s, 1H, CH), 4.26 (d, Jgem = 15.5 Hz, 1H, CH), 3.92 (d, Jgem = 15.5 Hz, 1H, CH), 2.32 (s, 3H, CH3), 1.63 (s, 9H, CH3), 1.59 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.51, 157.29, 147.69, 145.68, 139.64, 137.53, 135.77, 134.06, 132.37, 130.59, 129.38, 128.86, 128.33 (X2), 128.06 (X2), 127.44 (X2), 125.99, 125.84, 122.55, 120.08 (X2), 117.37, 79.87, 79.73, 59.02, 46.52, 28.20 (X3), 27.13 (X3), 20.86. HRMS m/z (EI) Calculated for C35H39BrN4O5: 675.6120, Obsd.: 675.3480.
4.3.18.(2Z,5E)-tert-Butyl-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-methylbenzylidene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19r)
1H NMR (500 MHz, CDCl3): δ = 9.17 (s, 1H, CONH), 7.63 (d, J = 8.5 Hz, 1H, Ar-H), 7.39-7.32 (m, 4H, Ar-H), 7.30-7.17 (m, 5H, Ar-H), 7.06 (d, J = 8.5 Hz, 2H, Ar-H), 6.13 (s, 1H, CH), 5.16 (s, 1H, CH), 4.68 (s, 1H, CH), 4.21 (d, Jgem = 15.5 Hz, 1H, CH), 3.83 (d, Jgem = 15.5 Hz, 1H, CH), 2.31 (s, 3H, CH3), 2.29 (s, 3H, CH3), 1.62 (s, 9H, CH3), 1.56 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.46, 157.24, 147.67, 145.61, 139.58, 137.47, 135.74, 134.00, 132.33, 130.51, 129.49, 128.28 (X2), 128.03 (X2), 127.40 (X2), 125.96, 125.77, 122.48, 120.02 (X2), 117.10, 79.75, 79.69, 58.87, 45.74, 28.19 (X3), 27.09 (X3), 21.07, 20.88. HRMS m/z (EI) Calculated for C36H41BrN4O5: 689.6385, Obsd.: 689.3501.
4.3.19.(2Z,5E)-tert-Butyl-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-methoxybenzylidene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19s)
1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.58 (d, J = 8.5 Hz, 1H, Ar-H), 7.31-7.25 (m, 4H, Ar-H), 7.22-7.12 (m, 5H, Ar-H), 6.93 (d, J = 8.0 Hz, 2H, Ar-H), 5.87 (s, 1H, CH), 5.54 (s, 1H, CH), 4.61 (s, 1H, CH), 4.07 (d, Jgem = 15.6 Hz, 1H, CH), 3.69 (d, Jgem = 15.6 Hz, 1H, CH), 3.64 (s, 1H, OCH3), 2.28 (s, 3H, CH3), 1.53 (s, 9H, CH3), 1.45 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.40, 157.09, 147.34, 145.42, 139.19, 137.28, 135.49, 133.16, 132.01, 130.22, 129.18, 128.05 (X2), 127.98 (X2), 127.33 (X2), 125.82, 125.36, 122.41, 119.71 (X2), 116.85, 79.64, 79.48, 58.67, 54.49, 45.55, 27.94 (X3), 26.81 (X3), 20.74. HRMS m/z (EI) Calculated for C36H41BrN4O6: 705.6379, Obsd.: 705.3742.
4.3.20.(2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-tert-butylbenzylidene)-3-(2-oxo-2-(p-tolylamino)ethyl)imidazolidine-1-carboxylate (19t)
1H NMR (500 MHz, CDCl3): δ = 9.21 (s, 1H, CONH), 7.62 (d, J = 8.1 Hz, 2H, Ar-H), 7.58 (d, J = 7.8 Hz, 1H, Ar-H), 7.47 (d, J = 8.1 Hz, 2H, Ar-H), 7.31-7.24 (m, 5H, Ar-H), 7.18-7.11 (m, 2H, Ar-H), 5.74 (s, 1H, CH), 4.66 (s, 1H, CH), 4.18 (d, Jgem = 15.8 Hz, 1H, CH), 3.85 (d, Jgem = 15.8 Hz, 1H, CH), 2.36 (s, 3H, CH3), 1.55 (s, 9H, CH3), 1.46 (s, 9H, CH3), 1.43 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.48, 157.31, 147.64, 146.27, 145.59, 139.58, 135.16, 135.71, 133.09, 132.89, 130.24, 129.77, 129.61 (X2), 127.97, 127.21 (X2), 126.42, 123.68 (X2), 122.12, 121.84 (X2), 117.23, 79.78, 79.71, 58.16, 45.59, 34.23, 30.56 (X3), 28.17 (X3), 27.87 (X3), 21.20. HRMS m/z (EI) Calculated for C39H47BrN4O5: 731.7183, Obsd.: 731.4271.
4.3.21. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-tert-butylbenzylidene)-3-(2-(4-nitrophenylamino)-2-oxoethyl)imidazolidine-1-carboxylate (19u)
1H NMR (500 MHz, CDCl3): δ = 9.32 (s, 1H, CONH), 8.14 (d, J = 8.0 Hz, 2H, Ar-H), 7.74 (d, J = 7.8 Hz, 1H, Ar-H), 7.56-7.50 (m, 3H, Ar-H), 7.30-7.22 (m, 3H, Ar-H), 7.14-7.09 (m, 2H, Ar-H), 5.85 (s, 1H, CH), 4.64 (s, 1H, CH), 4.21 (d, Jgem = 15.5 Hz, 1H, CH), 3.88 (d, Jgem = 15.5 Hz, 1H, CH), 1.48 (s, 9H, CH3), 1.41 (s, 9H, CH3), 1.37 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.51, 157.42, 147.62, 147.28, 146.40, 141.64, 141.54, 139.71, 130.16, 130.43, 130.12, 130.01, 128.89, 128.24 (X2), 126.16, 125.34 (X2), 124.80 (X2), 121.20, 120.54 (X2), 117.31, 79.91, 79.16, 57.12, 46.27, 34.28, 30.51 (X3), 28.24 (X3), 28.10 (X3). HRMS m/z (EI) Calculated for C38H44BrN5O7: 162.6893, Obsd.: 162.3984.
4.3.22. (2Z,5E)-tert-Butyl 4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-tert-butylbenzylidene)-3-(2-(4-methoxyphenylamino)-2-oxoethyl)imidazolidine-1-carboxylate (19v)
1H NMR (500 MHz, CDCl3): δ = 9.21 (s, 1H, CONH), 7.64 (d, J = 7.8 Hz, 2H, Ar-H), 7.52-7.47 (m, 3H, Ar-H), 7.31-7.24 (m, 3H, Ar-H), 7.12-6.91 (m, 4H, Ar-H), 5.53 (s, 1H, CH), 4.48 (s, 1H, CH), 4.10 (d, Jgem = 15.8 Hz, 1H, CH), 3.74 (s, 3H, CH3), 3.42 (d, Jgem = 15.8 Hz, 1H, CH), 1.36 (s, 9H, CH3), 1.34 (s, 9H, CH3), 1.29 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 165.37, 157.25, 157.13, 147.41, 147.32, 147.28, 138.16, 131.39, 131.24, 131.11, 128.36, 128.14, 128.09, 127.91 (X2), 127.10, 124.84 (X2), 122.37 (X2), 121.70, 116.33 (X2), 115.47, 79.68, 79.54, 57.23, 54.67, 45.39, 34.17, 30.53 (X3), 28.20 (X3), 28.14 (X3). HRMS m/z (EI) Calculated for C39H47BrN4O6: 747.7177, Obsd.: 747.4036.
4.3.23. (2Z,5E)-tert -Butyl 3-(2-(benzylamino)-2-oxoethyl)-5-benzylidene-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)imidazolidine-1-carboxylate (19w)
1H NMR (500 MHz, CDCl3): δ = 9.04 (s, 1H, CONH), 7.58-7.42 (m, 6H, Ar-H), 7.34-7.27 (m, 4H, Ar-H), 7.21-7.15 (m, 4H, Ar-H), 5.86 (s, 1H, CH), 5.72 (s, 1H, CH), 4.34 (s, 2H, CH2), 4.21 (d, Jgem = 15.8 Hz, 1H, CH), 3.69 (d, Jgem = 15.8 Hz, 1H, CH), 1.48 (s, 9H, CH3), 1.32 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 166.72, 157.39, 154.10, 147.67, 139.50, 135.69, 135.21, 131.66, 130.42, 130.27, 128.79, 128.56 (X2), 128.21 (X2), 128.09 (X2), 127.34, 127.11, 125.68, 125.20 (X2), 122.33, 117.24, 80.01, 79.72, 57.34, 47.68, 42.71, 28.72 (X3), 28.56 (X3). HRMS m/z (EI) Calculated for C35H39BrN4O5: 675.6120, Obsd.: 675.3009.
4.3.24. (2Z,5E)-tert-Butyl 3-(2-(benzylamino)-2-oxoethyl)-4-(2-bromophenyl)-2-(tert-butoxycarbonylimino)-5-(4-tert-butylbenzylidene)imidazolidine-1-carboxylate (19x)
1H NMR (500 MHz, CDCl3): δ = 8.94 (s, 1H, CONH), 7.56 (d, J = 6.5 Hz, 1H), 7.47-7.35 (m, 4H, Ar-H), 7.27-7.21 (m, 6H, Ar-H), 7.16-7.12 (m, 2H, Ar-H), 5.71 (s, 1H, CH), 4.89 (s, 1H, CH), 4.29 (s, 2H, CH2), 4.16 (d, Jgem = 15.8 Hz, 1H, CH), 3.67 (d, Jgem = 15.8 Hz, 1H, CH), 1.46 (s, 9H, CH3), 1.43 (s, 9H, CH3), 1.30 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 167.21, 156.16, 154.08, 148.37, 147.45, 136.74, 135.51, 131.24, 130.33, 130.17, 130.00, 128.63, 128.11 (X2), 127.93 (X2), 127.27, 126.56 (X2), 125.21, 123.68 (X2), 112.28, 79.84, 79.63, 56.21, 47.56, 42.68, 34.41, 30.27 (X3), 28.68 (X3), 28.42 (X3). HRMS m/z (EI) Calculated for C39H47BrN4O5: 731.7183, Obsd.: 731.5646.
4.4. General Procedure for the Synthesis of 2-Aminoimidazoles (20a-x) [28]
Substituted bis-protected 2-iminoimidazoline (0.3 mmol, 19a-x) was dissolved in CH2Cl2 (4 mL). The reaction mixture was cooled on an ice bath and then TFA (2 mL) was added slowly with vigorous stirring. After 0.5 h, the reaction mixture was warmed to the room temperature and allowed to stir for 4-5 h. After 3-4 h, the reaction mixture was neutralized with saturated solution of Na2CO3 (50 mL) and the aqueous layer was extracted with CH2Cl2 (3 × 100 mL). The combined organic layers were dried over Na2SO4 and evaporated under reduced pressure to dryness. The product has been isolated by column chromatography on silica gel (CH2Cl2 : MeOH : NH3 (6N in MeOH) = 90: 8: 2) to get the desired 2-aminoimidazole (20a-x) as a free base.

4.4.1. 2-(2-Amino-5-(2-bromophenyl)-4-pentyl-1H-imidazol-1-yl)-N-phenylacetamide (20a)
1H NMR (500 MHz, CDCl3): δ = 9.19 (s, 1H, CONH), 7.69 (d, J = 8.0 Hz, 1H, Ar-H), 7.56-7.53 (m, 1H, Ar-H), 7.51 (d, J = 8.0 Hz, 2H, Ar-H), 7.43-7.30 (m, 4H, Ar-H), 7.08 (t, J = 7.5 Hz, 1H, Ar-H), 5.11 (d, Jgem = 16.0 Hz, 1H, CH), 4.21 (d, Jgem = 16.0 Hz, 1H, CH), 4.64 (s, 2H, NH2), 3.16-3.11 (m, 2H, CH2), 2.12-1.56 (m, 6H, CH2), 1.09-1.04 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 166.24, 155.61, 141.07, 137.67, 132.13, 132.04, 129.43, 128.71, 128.34 (X2), 128.10, 127.31, 121.16, 120.89 (X2), 120.41, 30.97, 28.74, 28.03, 26.57, 21.99, 14.23. IR (neat): 3441, 3321, 2958, 2928, 1674, 1647, 668 cm-1. HRMS m/z (EI) Calculated for C22H25BrN4O: 441.3641, Obsd.: 440.9047.

4.4.2. 2-(2-Amino-5-(2-bromophenyl)-4-hexyl-1H-imidazol-1-yl)-N-phenylacetamide (20b)
1H NMR (500 MHz, CDCl3): δ = 9.27 (s, 1H, CONH), 7.68 (d, J = 8.1 Hz, 1H, Ar-H), 7.54 (d, J = 8.1 Hz, 1H, Ar-H), 7.52 (d, J = 8.0 Hz, 2H, Ar-H), 7.37-7.31 (m, 4H, Ar-H), 7.10 (t, J = 7.5 Hz, 1H, Ar-H), 5.11 (d, Jgem = 16.0 Hz, 1H, CH), 4.19 (d, Jgem = 16.0 Hz, 1H, CH), 4.65 (s, 2H, NH2), 3.13-3.10 (m, 2H, CH2), 1.53-1.48 (m, 2H, CH2), 1.36-1.32 (m, 6H, CH2), 1.01-0.95 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.21, 155.58, 140.87, 137.43, 132.21, 132.05, 129.57, 128.78, 128.29 (X2), 128.17, 128.05, 122.42, 120.74 (X2), 120.37, 30.86, 29.48, 28.59, 28.41, 26.89, 21.58, 15.01. IR (neat): 3446, 3324, 2955, 2931, 1678, 1641, 668 cm-1. HRMS m/z (EI) Calculated for C23H27BrN4O: 455.3907, Obsd.: 454.9473.

4.4.3. 2-(2-Amino-5-(2-bromophenyl)-4-heptyl-1H-imidazol-1-yl)-N-phenylacetamide (20c)
1H NMR (500 MHz, CDCl3): δ = 10.43 (s, 1H, CONH), 8.03 (s, 2H, NH2), 7.69-7.62 (m, 2H, Ar-H), 7.54 (d, J = 7.5 Hz, 2H, Ar-H), 7.43-7.38 (m, 1H, Ar-H), 7.34-7.28 (m, 2H, Ar-H), 7.22 (t, J = 7.7 Hz, 1H, Ar-H), 7.02 (t, J = 7.2 Hz, 1H, Ar-H), 5.20 (d, Jgem = 16.5 Hz, 1H, CH), 4.16 (d, Jgem = 16.5 Hz, 1H, CH), 3.10-3.06 (m, 2H, CH2), 1.58-1.53 (m, 2H, CH2), 1.33-1.28 (m, 8H, CH2), 0.99-0.92 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.03, 147.46, 137.53, 135.00, 132.91, 132.33, 129.57 (X2), 128.69, 127.96, 127.16, 126.28, 125.21, 124.18, 120.03 (X2), 31.63, 29.66, 28.79, 28.70, 28.15, 27.70, 22.93, 14.79. IR (neat): 3429, 3325, 2959, 1671, 1555, 666 cm-1. HRMS m/z (EI) Calculated for C24H29BrN4O: 469.4173, Obsd.: 469.3428.

4.4.4. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclopropylmethyl)-1H-imidazol-1-yl)-N-phenylacetamide (20d)
1H NMR (500 MHz, CDCl3): δ = 9.67 (s, 1H, CONH), 8.07 (s, 2H, NH2), 7.65 (d, J = 8.0 Hz 1H, Ar-H), 7.57-7.51 (m, 3H, Ar-H), 7.46-7.41 (m, 3H, Ar-H), 7.33-7.30 (m, 1H, Ar-H), 7.14 (t, J = 7.8 Hz, 1H, Ar-H), 4.97 (d, Jgem = 16.5 Hz, 1H, CH), 4.28 (d, Jgem = 16.5 Hz, 1H, CH), 2.67-2.63 (m, 2H, CH2), 1.43-1.37 (m, 1H, CH), 0.90-0.85 (m, 2H, CH2), 0.46-0.43 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 164.21, 150.39, 138.46, 138.33, 132.94, 132.21, 129.84, 129.16, 129.48 (X2), 128.31, 127.82, 122.48, 121.16, 121.65 (X2), 38.24, 28.56, 11.43, 6.21 (X2). IR (neat): 3260, 2963, 2928, 1672, 1444, 693 cm-1. HRMS m/z (EI) Calculated for C21H21BrN4O: 425.3216, Obsd.: 424.9810.

4.4.5. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclopentylmethyl)-1H-imidazol-1-yl)-N-phenylacetamide (20e)
1H NMR (500 MHz, CDCl3): δ = 9.64 (s, 1H, CONH), 8.03 (s, 2H, NH2), 7.63 (d, J = 7.7 Hz 1H, Ar-H), 7.56-7.51 (m, 3H, Ar-H), 7.43-7.36 (m, 3H, Ar-H), 7.29-7.23 (m, 1H, Ar-H), 7.11 (t, J = 7.5 Hz, 1H, Ar-H), 4.89 (d, Jgem = 16.5 Hz, 1H, CH), 4.30 (d, Jgem = 16.5 Hz, 1H, CH), 2.59 (m, 2H, CH2), 2.06-2.02 (m, 1H, CH), 1.78-1.71 (m, 4H, CH2), 1.42-0.34 (m, 4H, CH2). 13C NMR (125 Hz, CDCl3): δ = 164.28, 151.41, 138.46, 138.39, 132.96, 132.38, 129.86, 129.71, 129.32 (X2), 128.24, 127.16, 122.28, 121.69 (X2), 121.51, 38.31, 35.47 (X2), 29.49, 25.99, 24.10 (X2). IR (neat): 3417, 2930, 2359, 1669, 1444, 668 cm-1. HRMS m/z (EI) Calculated for C23H25BrN4O: 453.3748, Obsd.: 452.8410.

4.4.6. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclohexylmethyl)-1H-imidazol-1-yl)-N-phenylacetamide (20f)
1H NMR (500 MHz, CDCl3): δ = 9.63 (s, 1H, CONH), 8.03 (s, 2H, NH2), 7.58 (d, J = 7.5 Hz 1H, Ar-H), 7.54-7.49 (m, 3H, Ar-H), 7.41-7.37 (m, 3H, Ar-H), 7.22-7.18 (m, 1H, Ar-H), 7.08 (t, J = 7.0 Hz, 1H, Ar-H), 4.89 (d, Jgem = 16.0 Hz, 1H, CH), 4.32 (d, Jgem = 16.0 Hz, 1H, CH), 2.56 (m, 2H, CH2), 1.96-1.92 (m, 1H, CH), 1.63-1.50 (m, 8H, CH2), 1.33-0.26 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 164.31, 151.46, 140.01, 138.32, 132.94, 132.40, 129.83, 129.67, 129.30 (X2), 128.21, 127.78, 122.25, 121.72 (X2), 121.43, 38.38, 34.06 (X2), 29.51, 28.41, 26.05, 26.01 (X2). IR (neat): 3428, 2929, 2360, 1663, 1444, 668 cm-1. HRMS m/z (EI) Calculated for C24H27BrN4O: 467.4014, Obsd.: 467.1912.

4.4.7. 2-(2-Amino-4-benzyl-5-(2-bromophenyl)-1H-imidazol-1-yl)-N-phenylacetamide (20g)
1H NMR (500 MHz, CDCl3): δ = 8.58 (s, 1H, CONH), 7.71 (d, J = 8.0 Hz, 1H, Ar-H), 7.58 (d, J = 8.0 Hz, 2H, Ar-H), 7.49-7.41 (m, 4H, Ar-H), 7.33-7.24 (m, 4H, Ar-H), 7.11 (d, J = 8.5 Hz, 2H, Ar-H), 7.08 (t, J = 8.2 Hz, 1H, Ar-H), 5.19 (s, 2H, CH2), 4.47 (d, Jgem = 16.8 Hz, 1H, CH), 4.21 (d, Jgem = 16.8 Hz, 1H, CH). 13C NMR (125 Hz, CDCl3): δ = 164.82, 155.91, 140.01, 138.41, 138.36, 132.74, 132.21, 131.19, 130.23, 130.17 (X2), 129.31 (X2), 129.28 (X2), 129.09, 128.69, 125.43, 124.10, 122.69 (X2), 120.91, 33.14, 26.20. IR (neat): 3450, 2931, 1665, 1461, 663 cm-1. HRMS m/z (EI) Calculated for C24H21BrN4O: 461.3537, Obsd.: 461.0924.
4.4.8. 2-(2-Amino-5-(2-bromophenyl)-4-(4-methylbenzyl)-1H-imidazol-1-yl)-N-phenylacetamide (20h)
1H NMR (500 MHz, CDCl3): δ = 8.47 (s, 1H, CONH), 7.67 (d, J = 7.5 Hz, 1H, Ar-H), 7.46 (d, J = 7.6 Hz, 2H, Ar-H), 7.39-7.27 (m, 5H, Ar-H), 7.13 (t, J = 7.1 Hz, 1H, Ar-H), 7.01 (d, J = 8.1 Hz, 2H, Ar-H), 6.92 (d, J = 8.0 Hz, 2H, Ar-H), 5.10 (s, 2H, CH2), 4.39 (d, Jgem = 16.2 Hz, 1H, CH), 4.15 (d, Jgem = 16.2 Hz, 1H, CH), 2.46 (s, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.46, 155.84, 140.11, 138.36, 136.52, 136.28, 132.86, 132.38, 130.06, 129.81 (X2), 129.62, 129.28 (X2), 129.11 (X2), 128.96, 128.26, 122.61, 122.34, 121.71 (X2), 31.83, 26.06, 21.46. IR (neat): 3452, 2924, 1655, 1483, 661 cm-1. HRMS m/z (EI) Calculated for C25H23BrN4O: 475.3803, Obsd.: 474.9136.
4.4.9. 2-(2-Amino-5-(2-bromophenyl)-4-(4-methoxybenzyl)-1H-imidazol-1-yl)-N-phenylacetamide (20i)
1H NMR (400 MHz, CDCl3): δ = 8.40 (s, 1H, CONH), 7.65 (d, J = 7.8 Hz, 1H, Ar-H), 7.40 (d, J = 7.8 Hz, 2H, Ar-H), 7.34-7.21 (m, 5H, Ar-H), 7.07 (t, J = 7.4 Hz, 1H, Ar-H), 7.00 (d, J = 8.5 Hz, 2H, Ar-H), 6.68 (d, J = 8.6 Hz, 2H, Ar-H), 5.29 (s, 2H, CH2), 4.35 (d, Jgem = 16.2 Hz, 1H, CH), 4.11 (d, Jgem = 16.2 Hz, 1H, CH), 3.68 (s, 3H, OCH3). 13C NMR (100 Hz, CDCl3): δ = 164.43, 155.84, 151.67, 140.09, 138.41, 132.94, 132.33, 129.94, 129.75 (X2), 129.61, 129.57, 129.42 (X2), 128.36, 127.98, 122.28, 121.69 (X2), 121.25, 112.62 (X2), 54.34, 31.60, 25.99. IR (neat): 3322, 2927, 2360, 1678, 1609, 1444, 692 cm-1. HRMS m/z (EI) Calculated for C25H23BrN4O2: 491.3797, Obsd.: 471.0799.

4.4.10. 2-(2-Amino-5-(2-bromophenyl)-4-(4-tert-butylbenzyl)-1H-imidazol-1-yl)-N-phenylacetamide (20j)
1H NMR (400 MHz, CDCl3): δ = 8.41 (s, 1H, CONH), 7.64 (d, J = 7.5 Hz, 1H, Ar-H), 7.47 (d, J = 7.8 Hz, 2H, Ar-H), 7.41-7.33 (m, 5H, Ar-H), 7.26 (d, J = 8.5 Hz, 2H, Ar-H), 7.12 (t, J = 7.2 Hz, 1H, Ar-H), 7.06 (d, J = 8.4 Hz, 2H, Ar-H), 5.24 (s, 2H, CH2), 4.32 (d, Jgem = 16.2 Hz, 1H, CH), 4.12 (d, Jgem = 16.2 Hz, 1H, CH), 1.42 (s, 9H, CH3). 13C NMR (100 Hz, CDCl3): δ = 164.46, 155.83, 145.73, 138.91, 137.53, 136.11, 132.46, 132.38, 131.16, 129.80, 129.69 (X2), 129.42 (X2), 128.67, 128.52, 126.20 (X2), 121.89, 121.63 (X2), 120.99,    35.10, 31.89, 30.16 (X3), 26.07. IR (neat): 3351, 2963, 2360, 1678, 1445, 693 cm-1. HRMS m/z (EI) Calculated for C28H29BrN4O: 517.4601, Obsd.: 517.2734.

4.4.11. 2-(2-Amino-5-(2-bromophenyl)-4-pentyl-1H-imidazol-1-yl)-N-p-tolylacetamide (20k)
1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.64 (d, J = 7.8 Hz, 1H, Ar-H), 7.54-7.41 (m, 3H, Ar-H), 7.36 (d, J = 8.0 Hz, 2H, Ar-H), 7.17 (d, J = 8.0 Hz, 2H, Ar-H), 4.43 (d, Jgem = 16.0 Hz, 1H, CH), 4.15 (d, Jgem = 16.0 Hz, 1H, CH), 2.89-2.86 (m, 2H, CH2), 2.43 (s, 3H, CH3), 1.59-1.43 (m, 6H, CH2), 1.10-1.07 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 166.18, 155.52, 140.24, 135.39, 134.28, 133.00, 131.16, 130.48, 129.47, 129.41 (X2), 128.67, 121.96, 121.32 (X2), 121.01, 31.57, 28.62, 28.00, 26.51, 21.97, 21.46, 14.20. IR (neat): 3380, 2929, 1668, 1443, 666 cm-1. HRMS m/z (EI) Calculated for C23H27BrN4O: 455.3907, Obsd.: 455.1387.

4.4.12. 2-(2-Amino-5-(2-bromophenyl)-4-hexyl-1H-imidazol-1-yl)-N-p-tolylacetamide (20l)
1H NMR (500 MHz, CDCl3): δ = 9.15 (s, 1H, CONH), 7.66 (d, J = 8.0 Hz, 1H, Ar-H), 7.57-7.45 (m, 3H, Ar-H), 7.36 (d, J = 8.1 Hz, 2H, Ar-H), 7.18 (d, J = 8.2 Hz, 2H, Ar-H), 4.43 (d, Jgem = 16.0 Hz, 1H, CH), 4.17 (d, Jgem = 16.0 Hz, 1H, CH), 2.51-2.47 (m, 2H, CH2), 2.43 (s, 3H, CH3), 1.16-1.72 (m, 2H, CH2), 1.44-1.36 (m, 6H, CH2), 0.96-0.92 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 166.20, 155.51, 140.27, 135.34, 134.26, 133.04, 131.74, 130.42, 129.46, 129.41 (X2), 128.56, 121.97, 121.30 (X2), 121.03, 32.01, 30.26, 28.61, 28.54, 26.53, 21.93, 21.47, 14.34. IR (neat): 3387, 2934, 1673, 1475, 665 cm-1. HRMS m/z (EI) Calculated for C24H29BrN4O: 469.4173, Obsd.: 469.1628.

4.4.13. 2-(2-Amino-5-(2-bromophenyl)-4-heptyl-1H-imidazol-1-yl)-N-p-tolylacetamide (20m)
1H NMR (500 MHz, CDCl3): δ = 9.19 (s, 1H, CONH), 7.66 (d, J = 7.5 Hz, 1H, Ar-H), 7.59-7.45 (m, 3H, Ar-H), 7.39 (d, J = 8.0 Hz, 2H, Ar-H), 7.18 (d, J = 8.0 Hz, 2H, Ar-H), 4.40 (d, Jgem = 16.0 Hz, 1H, CH), 4.16 (d, Jgem = 16.0 Hz, 1H, CH), 2.47-2.43 (m, 2H, CH2), 2.40 (s, 3H, CH3), 1.78-1.75 (m, 2H, CH2), 1.45-1.39 (m, 8H, CH2), 0.94-0.91 (m, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 166.24, 155.50, 140.28, 135.39, 134.25, 133.08, 131.71, 130.44, 129.46, 129.43 (X2), 128.54, 121.96, 121.35 (X2), 121.10, 32.07, 30.23, 30.19, 30.16, 27.19, 26.58, 21.97, 21.49, 14.39. IR (neat): 3383, 2928, 2856, 1672, 1443, 667 cm-1. HRMS m/z (EI) Calculated for C25H31BrN4O: 483.4438, Obsd.: 483.1164.

4.4.14. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclopropylmethyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20n)
1H NMR (500 MHz, CDCl3): δ = 9.73 (s, 1H, CONH), 7.65 (d, J = 8.0 Hz, 2H, Ar-H), 7.50 (d, J = 7.5 Hz, 1H, Ar-H), 7.39-7.28 (m, 3H, Ar-H), 7.00 (d, J = 7.0 Hz, 2H, Ar-H), 4.89 (d, Jgem = 15.5 Hz, 1H, CH), 4.18 (d, Jgem = 15.5 Hz, 1H, CH), 2.24 (s, 3H, CH3), 2.22-2.18 (m, 2H, CH2), 1.30-1.24 (m, 1H, CH), 0.89-0.85 (m, 2H, CH2), 0.40-0.39 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.58, 147.32, 136.60, 135.04, 134.04, 132.92, 131.71, 129.29 (X2), 127.79, 126.45, 125.31, 123.00, 120.17 (X2), 120.14, 46.23, 29.53, 20.86, 9.68, 4.73 (X2). IR (neat): 3123, 2924, 1671, 669 cm-1. HRMS m/z (EI) Calculated for C22H23BrN4O: 439.3482, Obsd.: 439.1046.

4.4.15. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclopentylmethyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20o)
1H NMR (500 MHz, CDCl3): δ = 9.71 (s, 1H, CONH), 7.62 (d, J = 7.8 Hz, 2H, Ar-H), 7.47 (d, J = 7.6 Hz, 1H, Ar-H), 7.37-7.29 (m, 3H, Ar-H), 6.96 (d, J = 7.2 Hz, 2H, Ar-H), 4.84 (d, Jgem = 15.5 Hz, 1H, CH), 4.16 (d, Jgem = 15.5 Hz, 1H, CH), 2.29 (s, 3H, CH3), 2.20-2.15 (m, 2H, CH2), 1.92-1.87 (m, 1H, CH), 1.54-1.49 (m, 4H, CH2), 1.41-1.36 (m, 4H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.58, 147.46, 136.74, 135.11, 134.79, 132.97, 131.66, 129.28 (X2), 127.16, 126.46, 125.34, 123.02, 120.15 (X2), 120.19, 46.13, 38.21, 35.94 (X2), 26.78, 20.86, 24.37 (X2). IR (neat): 3405, 2930, 2870, 1667, 1444, 666 cm-1. HRMS m/z (EI) Calculated for C24H27BrN4O: 467.4014, Obsd.: 467.1872.

4.4.16. 2-(2-Amino-5-(2-bromophenyl)-4-(cyclohexylmethyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20p)
1H NMR (500 MHz, CDCl3): δ = 9.71 (s, 1H, CONH), 7.60 (d, J = 8.0 Hz, 2H, Ar-H), 7.46 (d, J = 8.0 Hz, 1H, Ar-H), 7.37-7.26 (m, 3H, Ar-H), 6.92 (d, J = 7.5 Hz, 2H, Ar-H), 4.78 (d, Jgem = 15.5 Hz, 1H, CH), 4.18 (d, Jgem = 15.5 Hz, 1H, CH), 2.31 (s, 3H, CH3), 2.31-2.26 (m, 2H, CH2), 1.74-1.68 (m, 1H, CH), 1.51-1.43 (m, 8H, CH2), 1.29-1.25 (m, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 163.56, 147.34, 136.71, 135.12, 134.79, 132.94, 131.63, 129.30 (X2), 127.71, 126.44, 125.37, 123.02, 120.14 (X2), 120.17, 45.02, 38.34, 32.09 (X2), 25.43, 23.91 (X2), 20.84. IR (neat): 3433, 2926, 1663, 1444, 667 cm-1. HRMS m/z (EI) Calculated for C25H29BrN4O: 481.4280, Obsd.: 481.1643.

4.4.17. 2-(2-Amino-4-benzyl-5-(2-bromophenyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20q)
1H NMR (400 MHz, CDCl3): δ = 8.49 (s, 1H, CONH), 7.68 (d, J = 8.0 Hz, 1H, Ar-H), 7.41-7.29 (m, 4H, Ar-H), 7.17-7.09 (m, 4H, Ar-H), 6.96-6.87 (m, 4H, Ar-H), 5.07 (s, 2H, CH2), 4.43 (d, Jgem = 16.5 Hz, 1H, CH), 4.15 (d, Jgem = 16.5 Hz, 1H, CH), 2.29 (s, 3H, CH3). 13C NMR (100 Hz, CDCl3): δ = 164.41, 155.82, 140.14, 138.56, 136.71, 136.34, 132.97, 132.10, 130.12, 129.91, 129.83 (X2), 129.64 (X2), 129.32 (X2), 128.79, 124.98, 122.67, 122.30 (X2), 121.00, 31.83, 26.37, 21.49, 21.38. IR (neat): 3423, 2918, 1675, 1544, 1492, 668 cm-1. HRMS m/z (EI) Calculated for C25H23BrN4O: 475.3803, Obsd.: 475.0489.
4.4.18. 2-(2-Amino-5-(2-bromophenyl)-4-(4-methylbenzyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20r)
1H NMR (400 MHz, CDCl3): δ = 8.24 (s, 1H, CONH), 7.66 (d, J = 7.8 Hz, 1H, Ar-H), 7.36-7.25 (m, 4H, Ar-H), 7.05-6.95 (m, 5H, Ar-H), 6.59 (d, J = 8.2 Hz, 2H, Ar-H), 4.40 (d, Jgem = 17.0 Hz, 1H, CH), 4.11 (d, Jgem = 17.0 Hz, 1H, CH), 3.58 (s, 2H, CH2), 2.27 (s, 3H, CH3), 2.22 (s, 3H, CH3). 13C NMR (100 Hz, CDCl3): δ = 164.38, 155.79, 140.13, 138.27, 136.50, 136.23, 132.84, 132.34, 130.03, 129.74 (X2), 129.58, 129.22 (X2), 129.07 (X2), 128.74, 128.18, 122.58, 122.33, 121.68 (X2), 31.16, 26.24, 21.46, 21.37. IR (neat): 3321, 2923, 1673, 1613, 1487, 667 cm-1. HRMS m/z (EI) Calculated for C26H25BrN4O: 489.4069, Obsd.: 489.1356.

4.4.19. 2-(2-Amino-5-(2-bromophenyl)-4-(4-methoxybenzyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20s)
1H NMR (500 MHz, CDCl3): δ = 8.46 (s, 1H, CONH), 7.56 (d, J = 7.5 Hz, 1H, Ar-H), 7.30-7.23 (m, 4H, Ar-H), 7.05-6.92 (m, 3H, Ar-H), 6.78 (d, J = 8.0 Hz, 2H, Ar-H), 6.43 (d, J = 8.0 Hz, 2H, Ar-H), 4.34 (d, Jgem = 16.5 Hz, 1H, CH), 4.09 (d, Jgem = 16.5 Hz, 1H, CH), 3.86 (s, 3H, OCH3), 3.51 (s, 2H, CH2), 2.28 (s, 3H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.43, 155.87, 155.16, 139.97, 135.63, 135.19, 132.69, 132.29, 129.91, 129.16, 129.61 (X2), 129.44, 129.30 (X2), 127.96, 122.48, 120.66 (X2), 120.53, 116.54 (X2), 54.39, 34.67, 26.51, 21.43. IR (neat): 3325, 2924, 2853, 1672, 1511, 1465, 668 cm-1. HRMS m/z (EI) Calculated for C26H25BrN4O2: 505.4063, Obsd.: 505.1640.

4.4.20. 2-(2-Amino-5-(2-bromophenyl)-4-(4-tert-butylbenzyl)-1H-imidazol-1-yl)-N-p-tolylacetamide (20t)
1H NMR (500 MHz, CDCl3): δ = 8.48 (s, 1H, CONH), 7.59 (d, J = 7.8 Hz, 1H, Ar-H), 7.43-7.36 (m, 4H, Ar-H), 7.21-7.12 (m, 5H, Ar-H), 6.64 (d, J = 8.2 Hz, 2H, Ar-H), 4.38 (d, Jgem = 16.5 Hz, 1H, CH), 4.12 (d, Jgem = 16.5 Hz, 1H, CH), 3.56 (s, 2H, CH2), 2.31 (s, 3H, CH3), 1.42 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.43, 155.73, 147.34, 139.99, 135.68, 135.21, 135.11, 132.62, 132.33, 130.01, 129.77, 129.67 (X2), 129.46 (X2), 129.24, 122.47, 122.44 (X2), 120.75 (X2), 120.54, 34.56, 33.27, 30.84, 26.54, 21.42. IR (neat): 3187, 2962, 2867, 1679, 1514, 667 cm-1. HRMS m/z (EI) Calculated for C29H31BrN4O: 531.4866, Obsd.: 531.1148.

4.4.21. 2-(2-Amino-5-(2-bromophenyl)-4-(4-tert-butylbenzyl)-1H-imidazol-1-yl)-N-(4-nitrophenyl)acetamide (20u)
1H NMR (500 MHz, CDCl3): δ = 8.56 (s, 1H, CONH), 8.09 (d, J = 8.5 Hz, 2H, Ar-H), 7.74 (d, J = 8.2 Hz, 2H, Ar-H), 7.56 (d, J = 7.5 Hz, 1H, Ar-H), 7.44-7.38 (m, 2H, Ar-H), 7.26-7.20 (m, 3H, Ar-H), 6.83 (d, J = 8.5 Hz, 2H, Ar-H), 4.43 (d, Jgem = 16.0 Hz, 1H, CH), 4.14 (d, Jgem = 16.0 Hz, 1H, CH), 3.63 (s, 2H, CH2), 1.41 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.47, 155.74, 147.36, 143.59, 143.21, 139.96, 135.23, 132.62, 132.32, 130.03, 129.16, 129.63 (X2), 129.13, 124.28 (X2), 122.10 (X2), 122.07, 120.53, 118.64 (X2), 34.58, 33.26, 30.84, 26.57. IR (neat): 3189, 2960, 2864, 1616, 1571, 667 cm-1. HRMS m/z (EI) Calculated for C28H28BrN5O3: 562.4516, Obsd.: 562.1341.

4.4.22. 2-(2-Amino-5-(2-bromophenyl)-4-(4-tert-butylbenzyl)-1H-imidazol-1-yl)-N-(4-methoxyphenyl)acetamide (20v)
1H NMR (500 MHz, CDCl3): δ = 8.53 (s, 1H, CONH), 7.54 (d, J = 8.0 Hz, 1H, Ar-H), 7.42-7.35 (m, 4H, Ar-H), 7.21-7.17 (m, 3H, Ar-H), 6.78 (d, J = 8.1 Hz, 2H, Ar-H), 6.54 (d, J = 8.1 Hz, 2H, Ar-H), 4.41 (d, Jgem = 16.0 Hz, 1H, CH), 4.14 (d, Jgem = 16.0 Hz, 1H, CH), 3.74 (s, 3H, OCH3), 3.60 (s, 2H, CH2), 1.40 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.45, 156.49, 155.71, 147.35, 139.91, 135.25, 132.60, 132.29, 130.06, 130.01, 129.72, 129.62 (X2), 128.10, 124.27 (X2), 122.04, 121.96 (X2), 120.51, 116.01 (X2), 54.73, 34.56, 33.25, 30.82, 26.52. IR (neat): 3174, 2967, 2861, 1673, 669 cm-1. HRMS m/z (EI) Calculated for C29H31BrN4O2: 547.4860, Obsd.: 547.1532.

4.4.23. 2-(2-Amino-4-benzyl-5-(2-bromophenyl)-1H-imidazol-1-yl)-N-benzylacetamide (20w)
1H NMR (500 MHz, CDCl3): δ = 8.36 (s, 1H, CONH), 7.64 (d, J = 7.5 Hz, 1H, Ar-H), 7.49-7.36 (m, 4H, Ar-H), 7.32-7.25 (m, 3H, Ar-H), 7.21-7.17 (m, 2H, Ar-H), 7.10-7.04 (m, 4H, Ar-H), 4.62 (d, Jgem = 16.0 Hz, 1H, CH), 4.24 (d, Jgem = 16.0 Hz, 1H, CH), 4.27 (m, 2H, CH2), 3.67 (s, 2H, CH2). 13C NMR (125 Hz, CDCl3): δ = 164.52, 155.64, 139.88, 136.43, 135.94, 132.62, 132.32, 130.10, 129.16, 129.24 (X2), 127.93 (X2), 127.85 (X2), 127.77, 125.73 (X2), 125.68, 124.58, 122.41, 121.04, 42.69, 33.19, 26.61. IR (neat): 3168, 2969, 2858, 1670, 669 cm-1. HRMS m/z (EI) Calculated for C25H23BrN4O: 475.3803, Obsd.: 475.0403.

4.4.24. 2-(2-Amino-5-(2-bromophenyl)-4-(4-tert-butylbenzyl)-1H-imidazol-1-yl)-N-benzylacetamide (20x)
1H NMR (500 MHz, CDCl3): δ = 8.35 (s, 1H, CONH), 7.61 (d, J = 7.5 Hz, 1H, Ar-H), 7.46-7.40 (m, 2H, Ar-H), 7.35-7.26 (m, 5H, Ar-H), 7.20-7.14 (m, 3H, Ar-H), 6.90 (d, J = 8.0 Hz, 2H, Ar-H), 4.54 (d, Jgem = 16.2 Hz, 1H, CH), 4.17 (d, Jgem = 16.2 Hz, 1H, CH), 4.20 (m, 2H, CH2), 3.65 (s, 2H, CH2), 1.41 (s, 9H, CH3). 13C NMR (125 Hz, CDCl3): δ = 164.50, 155.62, 146.45, 139.79, 136.42, 135.52, 132.58, 132.32, 130.11, 129.74, 129.19 (X2), 127.96 (X2), 127.16, 124.90 (X2), 124.87, 123.64 (X2), 122.40, 121.01, 42.57, 35.04, 33.13, 30.67, 26.64. IR (neat): 3168, 2967, 2861, 1673, 668 cm-1. HRMS m/z (EI) Calculated for C29H31BrN4O: 531.4866, Obsd.: 531.1604.
4.5. Biology Experiments

4.5.1. Static peg assay for prevention of biofilm formation [43]
The device used for biofilm formation is a platform carrying 96 polystyrene pegs (Nunc no. 445497) that fits as a microtiter plate lid with a peg hanging into each microtiter plate well (Nunc no. 269789(9)). Two-fold serial dilutions of the compounds in 100 μL of liquid broth per well were prepared in the microtiter plate (three repeats per compound). For S. Typhimurium ATCC14028 and P. aeruginosa PA14 Tryptic Soy Broth diluted 1/20 (TSB 1/20; BD Biosciences) was used, while for S. aureus SH1000 undiluted TSB was used. Subsequently, overnight cultures (grown in Luria–Bertani medium(16)) of S. Typhimurium ATCC14028, P. aeruginosa PA14 and S. aureus TH1000 were diluted 1:100 into the respective liquid broth and 100 μL (∼106 cells) was added to each well of the microtiter plate, resulting in a total amount of 200 μL of solution per well. The pegged lid was placed on the microtiter plate, and incubated for 24 h at 25 °C (S. Typhimurium, P. aeruginosa,) or 48 h at 37 °C (S. aureus) without shaking. During this incubation period, biofilms were formed on the surface of the pegs. After incubation, the optical density at 600 nm (OD600) was measured for the planktonic cells in the microtiter plate using a microtiter plate reader (Multimode Synergy MX, Biotek). The OD600 value for each compound from the concentration gradient was used to calculate the IC50 value using the GraphPad software of Prism 5. This gives a first indication of the effect of the compounds on the planktonic growth. For quantification of biofilm formation, the pegs were washed once in 200 μL of phosphate buffered saline (PBS). The remaining attached bacteria were stained for 30 min with 200 μL of 0.1% (w/v) crystal violet in an 2-propanol–methanol–PBS solution (v/v 1:1:18). Excess stain was rinsed off by placing the pegs in a 96-well plate filled with 200 μL of distilled water per well. After the pegs were air dried (30 min), the dye bound to the adherent cells was extracted with 30% glacial acetic acid (200 μL). The OD570 of each well was measured using the Multimode Synergy MX, Biotek. The BIC50 value (i.e. IC50 for biofilm inhibition) for each compound was determined from the concentration gradient using the GraphPad software of Prism. 

4.5.2. Antiproliferative Studies

4.5.2.1. MTT assay

All the synthesized compounds 20a-x were submitted to the MTT assay to assess the growth inhibition against A-375 and MIA PaCa-2 cell lines [35]. Cells were cultured in DMEM medium supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin, at 37°C in a humidified atmosphere with 5% CO2. Cells were seeded into a 96-well plate at a density of 5000 cells per well. After incubation for 24 h, culture medium was replaced with 100 µl of fresh medium containing the treatments. The cells were incubated for 48 h and 100 µL of FBS-free medium containing 0.5 mg/mL of MTT was added, which was discarded after 4 h incubation at 37 ºC. The resulting formazan blue formed in the cells was dissolved in DMSO and absorbance (optical density, OD) of the solution was measured at 562 nm using a microplate reader (Spectramax M5, CA, USA). The relation between surviving fraction and drug concentration was plotted to get the percentage cell proliferation of tested compounds against each cancer cell line. The concentration required to inhibit cell proliferation by 50% (IC50) was calculated from concentration-response curves using linear regression analysis and compared with the reference drug paclitaxel.

4.5.2.2. Calcein AM Assay 

This assay was performed according to the manufacturer's instructions mentioned in Live/Dead Viability/Cytotoxicity assay kit (Invitrogen, CA, USA). After the treatment for 24 h, cells were washed with 1x PBS for 5 min; and incubated with Calcein acetoxymethyl (Calcein AM) 2 μM and Ethidium homodimer-1 (EthD-1) 4 μM for 15 min at 37°C in the dark. Cells were then washed again with 1x PBS for 5 min and images were acquired by a confocal microscope Fluoview FV1000 (Olympus). The live and dead cells ratio was determined by quantifying the number of cells in 3 fields at the same magnification for tested compounds 20i and 20r.

4.5.2.3. Plate Colony Forming Assay

A-375 and MIAPaCa-2 cells were seeded at about 500 cells per well of a six-well plate and incubate it for 12h. Cells were then treated with compounds 20i and 20r and incubated for 10–14 days. After washing with PBS twice, cells were fixed with 10% formaldehyde for 15 min, and stained with 0.5% crystal violet for 15 min at room temperature and washed with running water. The colony is defined to consist of at least 50 cells and visible colonies were counted using microscope.

Colony formation rate = (number of colonies/number of seeded cells) × 100%.
4.5.2.4. Cell-cycle analysis

A-375 and MIA PaCa-2 cells were cultured overnight in a six-well plate followed by thymidine blockade was carried out for 12 h. Cells were then incubated with compounds 20i and 20r for 48 h. Treated cells were then harvested by trypsinization and fixed in 80% ice-cold ethanol at 4 °C overnight. After washing with PBS containing RNase (1 mg/mL), cell pellet was resuspended in 5 μg/mL propidium iodide staining solution for 30 min at room temperature. Finally, the cell cycle distribution was measured by flow cytometry (Becton, Dickinson, NJ, USA) and percentage of cells in the G0/G1, S, and G2/M phases was determined by using Cell Quest acquisition software. 10,000 fluorescent events were recorded for each group and experiment was performed in triplicates.
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