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Towards Platinum(II) Complexes for in cellulo Applications: Synthesis, Characterization, Biological and Catalytic Evaluation
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With the aim of achieving bioorthogonal intracellular catalysis, a library of platinum(II) complexes was synthesized. Their non-toxicity to living cells was demonstrated and their catalytic activity was evaluated on a cyclization reaction leading to a highly fluorescent coumarin. None of the platinum complexes showed any catalytic activity for coumarin synthesis. Still, we demonstrated that the silver salt AgSbF6 commonly used to "activate" metal catalysts by removing a chloride is a very efficient catalyst for the studied intramolecular cyclization reaction.

Introduction

In cellulo metal-based catalysis is an emerging research field that bears promises for developing alternative therapies. In recent decades, much attention has been paid to developing processes that take place within the cell without interfering with natural biological processes: this is referred to as biorthogonal chemistry. [[1]] Profluorogenic substrates are often used for intracellular reaction studies since the fluorescence occurs after the catalytic reaction and can be easily localized in the cell by confocal microscopy. [[2]] A good starting point for intracellular reaction studies are coumarins, which have broad pharmaceutical applications: they have antibacterial, [[3]] cycloxygenase inhibition, [[4]] antimutagenic and anti-cancer activities. [[5,6]] More importantly they are highly fluorescent compounds, which formation can be monitored in cellulo from a non-fluorescent coumarin precursor by cyclization. This was demonstrated by the group of Mascareñas and coworkers using gold catalysis to activate the alkyne moiety of the precursor (Scheme 1). [[7]]
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Scheme 1. Intramolecular cyclisation to form fluorescent coumarins.

Many efforts have been recently dedicated to the development of biorthogonal and bio-compatible catalysts based on various metals; some critical reviews deal with the state of the art of the subject. [[8-14]] Most examples are based on ruthenium, iridium, palladium, gold or copper. However, only a few examples of metal-catalyzed intracellular reactions involve platinum. [[15]] This might be due to the inherent toxicity of many platinum(II) compounds, such as the well-known anticancer drug Cisplatin. [[16]] To try to fill this gap, we have investigated the catalytic potential of a series of Pt II complexes. Platinum complexes can act as soft Lewis acids to chemoselectively activate π-bonds, the same way as gold complexes, which display catalytic activity. [[17]]

Therefore, a range of Pt II complexes was synthesized and characterized, their non-toxicity demonstrated in living cells, and their catalytic activity investigated.

Results and Discussion

Synthesis and characterization

A series of bidentate and tridentate nitrogen ligands were considered, while ligands L1 and L4 are commercially available, L2, L5 and L7 were synthetized (Scheme 2). In addition to neutral ligands (L1, L2, L4, L5, L7), quaternary ammonium salt analogues were also prepared (L3, L6, L8), in order to achieve better solubility of their Pt complexes in polar solvents, namely water. L2 was prepared by a modified literature procedure [[18]] reacting L1 with N, N-dimethylaminopropyl chloride, potassium iodide and potassium hydroxide in DMSO, under microwave irradiation (150W, 100 C). In contrast to the synthesis of L2 from L1, attempts for the direct preparation of L5 from L4 were not successful. The synthesis of L5 was accomplished according to a known procedure [[19]] from (2-pyridinyl)carboxaldehyde and N,Ndimethylaminopropylamine by reductive amination. Copper-catalyzed dipolar cycloaddition was utilized for the preparation of the triazolic L7. [[20]] The quaternary ammonium salt analogues (L3, L6, L8) were obtained by stirring in acetonitrile with benzyl chloride and potassium iodide with high yields.

Neutral and cationic Pt II complexes were synthesized (1-8), using L1-L8 (Scheme 3). To do so, K2PtCl4 was stirred in H2O for 15 min before adding a suspension of the ligand (1 equiv.) in H2O dropwise followed by stirring overnight at 60 o C. The resulting complex either precipitated (1Pt, 4Pt, 6Pt, 8Pt) or could be isolated by column chromatography (3Pt, 5Pt, 7Pt). The complexes as well as the ligands were characterized by NMR, IR and HRMS. Single crystals were obtained for complexes 3Pt and 5Pt by slow diffusion of diethyl ether into a MeOH solution (Figure 1). In both structures the Pt 2+ cation has square planar coordination. As anticipated from the strucutre of L3, in the X-ray structure of 3Pt, the central Pt 2+ ion is coordinated by two pyridyl nitrogen atoms and two chlorides, yielding a N2Cl2 coordination. On the other hand, in 5Pt, Pt 2+ has a N3Cl coordination. An additional difference of the two complexes is visible in the side chain amino group. Complex 5Pt contains a tertiary amine function in the side chain. On the contrary, 3Pt has a quaternary ammonium group, substituted with an additional benzyl group. Structural parameters, e. g. bond lengths and angles, are similar to crystal structures of related complexes already published in the literature. [[18,21,22]] 
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Biological evaluation

As we aimed for intracellular catalysis, we first had to ensure the compounds were not toxic to living cells. To do so, we evaluated the cytotoxicity on 2D monolayers of the murine colorectal cancer cell line CT-26 (See Supplementary Information for details). After 48 hours of incubation of 1Pt-8Pt, the cytotoxicity was evaluated by resazurin fluorescence assay in triplicates. All compounds showed no toxicity towards this cell line (IC50 > 100 µM) except for the dicationic complex 6Pt that was very moderately toxic with an IC50 of 57.9 ± 2.5 µM.

Catalytic evaluation

Encouraged by these results, we investigated the catalytic activity of all Pt complexes on cyclization of a coumarin precursors with the aim, in a second time, to follow this reaction by fluorescence in cellulo. A previously published synthetic route was chosen to produce three different coumarin precursors:

P1, P2, and P3 (Scheme 4) [[7,23]] Two of them contained a NEt2 substituent (P1 and P2, Scheme 4), which could lead to two isomeric products (ortho and para cyclization). The proposed reaction mechanism of precursor cyclization involves π-Lewis acid catalysis of the platinum(II) complex: the triple bond would coordinate to the metal complex, which would be followed by cyclization, rearomatization and protodemetallation (Scheme 5). To avoid ortho cyclization and obtain a single coumarin, an ortho substituted coumarin precursor, derived from 8-hydroxyjulolidine, was also prepared (P3, Scheme 4)
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Scheme 5. Proposed mechanism for the metal-catalyzed coumarin synthesis.

The reaction was carried out with all Pt complexes and compared to the gold catalyst -described by Mascareñas and coworkers -[AuCl(PTA)] (3, PTA = 1,3,5-triaza-7-phosphaadamantane). [[7]] We followed the reaction conversion by integration of characteristic 1 H-NMR signals. In this first attempt, no catalytic activity of the cyclization of P1 was observed -except in the case of the positive control with the Au complex. Since we expected the metal complex, a Lewis acid, to coordinate to the triple bond, we assumed that this inactivity could be due to the steric hindrance of the phenyl ring. To reduce this steric hindrance, the phenyl substituent was replaced by a methyl substituent (P2, Scheme 4). [[24]] However, no cyclization was ever observed with any of the Pt II complexes. Therefore, various silver (I) salts were used as additives with the intention of activating the catalyst by abstracting a chloride. No conversion was observed when AgPF6 (3 mol%) was used. We then investigated catalytic activity using AgSbF6 as the additive. [[24]]

In this case, we began to observe conversion up to 22% (Table 1, entries 1-7) and a strong visible blue fluorescence, even for very little conversion.

However, the conversion was higher when using AgSbF6 only (up to 74% conversion overall after 10 h, entry 8), which proved even better than the gold catalyst (Entry 9). This was surprising as Sames and coworkers did not report any conversion using silver salts only. [[24]] In the presence of 1Pt only, a product conversion of less than 2% only and a slight blue fluorescence could be observed. It can be concluded that this series platinum(II) complexes show no catalytic activity for this reaction, while AgSbF6 appears to be a really efficient catalyst. The decrease in activity of the AgSbF6 salt when in the presence of Pt complexes can probably be attributed to the formation of the Pt hexafluoroantimonate complexeswhich appear to be all less active that the corresponding silver salt -and of the inactive AgCl. It is worth noting that Ag(I)-catalyzed reactions involving the activation of a a triple bonds has previously been reported in the literature. [[25-28]] 

Conclusions

A library of new platinum(II) complexes was synthesized and characterized. In view of their application for intracellular catalytisis, we have first demonstrated their cellular innocuity on a murine cancer cell line. Then, their catalytic activity for the cyclization of coumarin precursors was evaluated.

Although the Pt II complexes themselves were found to be not catalytically active for this reaction, considering their low toxicity, their activity towards other reactions should be evaluated. We also demonstrated that the salt AgSbF6, sometimes used to activate Lewis acid complexes by chloride abstraction, was itself highly catalytically active towards the coumarin formation reaction. This result highlights the potential of silver catalysts for coumarin synthesis and possibly opens new opportunities for the design of silver complexes able to trigger in cellulo reactions.

Experimental Section

General Remarks.

Reactions were carried out in ordinary glassware and chemicals were used as purchased from commercial suppliers without further purification.

Microwave reactions were carried out in a microwave reactor (CEM Discover). Reactions were monitored by thin-layer chromatography on Silica Gel 60 F254 plates and detected with a UV lamp (254 nm); ligands were purified using automated flash chromatography (Teledyne Isco CombiFlash Rf) equipped with a UV detector (254 nm) and prepacked silica (12 g) / aluminum oxide (30 g) columns. Platinum complexes were purified using column chromatography packed with aluminum oxide powder (Aluminum oxide Standardized 90, particle size 63-200 µm, neutral). NMR spectra were obtained on a Bruker Avance 300, 400, or 600 spectrometer at room temperature, operating at 300, 400 or 600 MHz for 1 H and 150 MHz for 13 C, at room temperature. The chemical shifts, δ, are reported in ppm (parts per million). The residual solvent peaks have been used as internal references. The abbreviations for the peak multiplicities are as follows: s (singlet), d (doublet), t (triplet), m (multiplet). Coupling constants, J, are given in hertz. IR spectra were recorded using CsI pellets with a ABB Bomem MB102 instrument, with DTGS detector and CsI optics in the 4000-200 cm -1 region.

X-ray crystallography

X-ray intensity data for 3Pt and 5Pt were collected at 146 K or 293 K, respectively on an XtaLAB Synergy diffractometer with a HyPix detector using monochromatic Cu-Kα radiation (λ = 1.54184 Å). The data were processed by the CrysalisPro program [[29]] used for unit cell determination and data reduction. The structures were solved by the program SXELXT [[30]] and refined according to the least-squares procedure (F 2 on all data) by the program SHELXL [[30]] Basic experimental data are given in Table S1 of ESI. For 3Pt, all non-hydrogen atoms were found from the first solution obtained from the SHELXT program, [START_REF] Sheldrick | SHELXT -Integrated space-group and crystal-structure determination[END_REF] while for 5Pt, Pt 2+ cation, two types of Cl -anions (coordinated and uncoordinated) and majority of atoms of the ligand were recognized from the first SHELXT solution. [[30]] Beside these interpreted electron density peaks (atoms), an additional peak was found in the vicinity of one coordinated pyridyl ring, most probably coming from the second, disordered position of the uncoordinated Cl -anion, with refined occupancy of 20%.

Atoms from the N(CH3)2 group in 5Pt showed very large atomic displacement parameters (ADP) and they were recognized only among residual peaks in the subsequent calculation of difference electron density. Also, two additional peaks in difference electron density were interpreted as one disordered solvent water molecule. Using strong rigid-body restraints for the -N(CH3)2 group and additional restraint that sums of the occupancies for two positions of uncoordinated Cl -anions and two water molecules are equal to 1, satisfactory model of 5Pt structure is obtained. Bearing in mind these restraints for disordered parts of 5Pt structure, both structures were finally refined in the anisotropic model of the ADP parameters for all non-hydrogen atoms, while hydrogen atoms were treated in a riding rigid body model, i.e., their positions were calculated from the positions of atoms to which they are bonded.

Torsion angles of methyl groups in the 3Pt complex and in its solvent methanol molecule were determined according to the best fit to difference electron density. Due to the lower quality for the 5Pt data structure and inherent disorder, positions of the solvent water hydrogen atoms were not determined.

The 

Ligand synthesis (L1-L8).

Ligands dpaH (L1) and bpaH (L4) were purchased from commercial suppliers and used without further purification.

DMAPr-dpa (L2).

A mixture of dpaH (171 mg, 1.00 mmol), KOH (2.24 g, 40.0 mmol), N,N'-dimethyl-3-aminopropyl chloride hydrochloride (197 mg, 1.20 mmol), and KI (199 mg, 1.20 mmol) in DMSO (15 mL) was heated in a microwave reactor for 30 min (150 W, 75 °C). The reaction mixture was cooled to room temperature and then diluted aq. HCl solution was gradually added (40.0 mmol, 3.38 mL of conc. HCl in 10 mL of dist. water) until a slightly basic pH was reached (pH was monitored using an universal indicator). A saturated solution of NaHCO3 (50 mL) was added to the reaction mixture, and the product was extracted using Et2O (3 x 50 mL). The organic extracts were combined and dried using anhydrous Na2SO4, filtered, and evaporated. The crude product was purified using automated flash chromatography in 1 : 1 = EtOAc : EtOH + 1% TEA solvent mixture on a prepacked silica gel column (12 g).

Yield: 193.4 mg. (0.8 mmol, 75%), yellow solid. [Bn-DMAPr-dpa] + Cl -(L3). A mixture of DMAPr-dpa (L2) (153 mg, 0.60 mmol), benzyl chloride (71.9 mg, 0.60 mmol), and KI (99.6 mg, 0.60 mmol) was stirred overnight in MeCN at r.t. Solvent was evaporated and the product was purified using automated flash chromatography, 2.5% MeOH in DCM, on a prepacked aluminum oxide column (30 g). Yield: 246 mg. (0.60 mmol, > 99%), yellow solid. [AuCl(PTA)]. The procedure was adapted from the litterature. [[7]] Under inert atmosphere [AuCl(SMe2)] (100 mg, 0.339 mmol) was dissolved in dichloromethane (5.0 mL), and a solution of PTA (1,3,5-triaza-7-phosphaadamantane, 55.0 mg, 0.339 mmol) in CH2Cl2 (5.0 mL) was added. After stirring for 4 h at r.t., the solution was concentrated under reduced pressure to ca. 3 mL, hexane (150 mL) was added, and the precipitate was filtered and washed with hexane (3 x 15 mL) and diethyl ether (3 x 15 mL). The product (105 mg, 0.271 mmol, 80%) was obtained as a white solid, dried in vacuo, and stored under nitrogen. The procedure was adapted from the litterature. [[7]] Under inert atmosphere, phenyl propiolic acid (800 mg, 4.23 mmol, 1.0 eq.) was dissolved in dichloromethane (6.5 mL) at 0 °C and stirred for 5 min. After the addition of DIC (N,N-dicyclohexylcarbodiimide, 1.31 g, 6.34 mmol, 1.5 eq.), a solution of 8-hydroxyjulolidine (803 mg, 5.50 mmol, 1.3 eq.) in dichloromethane (10 mL) and a solution of DMAP (4-(dimethylamino)pyridine, 129 mg, 1.06 mmol, 0.25 eq.) in CH2Cl2 (1.0 mL) were added. The mixture was stirred overnight, warming up from 0 °C to room temperature. The residue was filtered over celite, the solvent was removed under reduced pressure, and the crude product was purified by column chromatography (SiO2, hexane : diethyl ether = 5:1, Rf = 0. 3-(diethylamino)phenyl but-2-ynoate (P3). The procedure was adapted from the litterature. [[7]] 3-Diethylaminophenol (994 mg, 6.00 mmol, 1.2 eq.), trifluoromethanesulfonictrifluoromethanesulfonic acid (420 mg, 5.00 mmol, 1.0 eq.), EDC (1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide,1.44 g, 7.50 mmol, 1.5 eq.) and DMAP (4-(dimethylamino)pyridine, 152 mg, 1.25 mmol, 0.25 eq.) were dissolved in dichloromethane (20 mL) at 0 °C and stirred overnight within warming up from 0 °C to room temperature. The organic phase was washed with aq. HCl (0.1 M, 40 mL), sat. aq. NaHCO3 (40 mL) and brine (40 mL) and dried over MgSO4. The solvent was removed under reduced pressure, and the crude was purified by column chromatography (SiO2, cyclohexane : ethylacetate = 9:1, Rf = 0.57), yielding the product (382 mg, 1.65 mmol, 33%) as violet oil. 1 H-NMR (400 MHz, CDCl3) δ/ppm 7.17 Biological experiments.

Cell culture. CT26 cells were cultured in DMEM medium (Gibco, Life Technologies, USA) supplemented with 10 % of fetal calf serum (Gibco) complemented with 1% penicillin-streptomycin mixture (Gibco) and maintained in a humidified atmosphere at 37 °C and 5 % of CO2.

Cytotoxicity. Cells were seeded at a 4,000 cells/well density in 96-well plates (100 µL/well) and were incubated at 37 °C, 5% CO2 for 24 h. The medium was replaced by test compound dilutions in fresh medium (100 µL/well), and cells were incubated at 37 °C, 5% CO2 for 48 h. The medium was then replaced with 100 µL of fresh medium containing resazurin (0.2 mg/mL). After 4h of incubation at 37 °C, 5% CO2, plates were read using a SpectraMaxM2

Microplate Reader (λexc = 540 nm; λread = 590 nm). Fluorescence data were normalized, data were fitted using GraphPad Prism Software, and IC50 was calculated by non-linear regression.

Scheme 2 .

 2 Scheme 2. Synthetic routes for ligands L2, L3 and L5-L8. a) N,N-dimethylaminopropyl chloride, KI, KOH, DMSO, microwave irradiation (150W, 100 c C ), 2 h; b) benzyl chloride, KI, acetonitrile, r.t., 24 h. c) glacial acetic acid, NaBH(OAc)3, argon atmosphere, dry THF, r.t., 2 days. d) N,N-diethylpropargylamine, copper(II) acetate (1% mmol), methanol, 24h.

Scheme 3 .

 3 Scheme 3. Synthetic route for platinum(II) complexes 1Pt-8Pt. a) K2PtCl4, H2O, 60 °C, 24 h.

Figure 1 .

 1 Figure 1. X-ray structures of compounds 3Pt (left) and 5Pt (right), with labeled heteroatoms. The chlorine anions in both structures and the solvent molecules are omitted for clarity. Please see the supplementary materials for details.

Scheme 4 .

 4 Scheme 4. Synthesis scheme for coumarin precursors P1, P2 and P3.

2 , 3 , 6 , 7 -

 2367 1 H-NMR (400 MHz, CD2Cl2) δ/ppm 4.59 -4.43 (m, 6H), 4.29 (s, 6H). Data are in accordance with the litterature.[[7]] tetrahydro-1H,5H-pyrido[3,2,1-ij]quinolin-8-yl-3-phenylpropiolate (P2).

  (t, 3 JHH = 8.2 Hz, 1H), 6.55 -6.49 (m, 1H), 6.40 -6.34 (m, 2H), 3.32 (q, J = 7.1 Hz, 4H), 2.05 (s, 3H), 1.15 (t, J = 7.1 Hz, 6H). Data are in accordance with the litterature.[[7]] 7-(diethylamino)-4-methyl-2H-chromen-2-one (p-C2) via gold catalysis. The procedure was adapted from the litterature.[[7]] [AuCl(PTA)] (8.42 mg, 21.6 µmol, 0.1 eq.) and P2 (50.0 mg, 216 µmol) were dissolved in a solution of acetonitrile and water (1:1, 20 mL) and stirred overnight at 37 °C. The aqueous phase was extracted with dichloromethane (3 x 30 mL), dried over MgSO4, and the solvent was removed under reduced pressure. The crude product was purified by preparative TLC (SiO2, cyclohexane : ethylacetate = 3:1, Rf = 0.59), yielding the product (25 mg, 108 µmol, 50%) as yellowish oil with blue fluorescence. 1 H-NMR (400 MHz, CDCl3) δ/ppm 7.36 (d, J = 9.0 Hz, 1H), 6.56 (dd, J = 9.0, J = 2.6 Hz, 1H), 6.47 (d, J = 2.6 Hz, 1H), 5.91 (d, J = 1.0 Hz, 1H), 3.39 (q, J = 7.1 Hz, 4H), 2.31 (d, J = 1.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 6H). Data are in accordance with the litterature.[[7]] 

  

Table 1 .

 1 Catalytic activity of platinum(II) complexes for the cyclization of P3

										H
		N	O	O	cat.	N	O	O		R	O
					37°C, 18h MeCN:H 2O, 1:1			H	+	N	O
			Me				R		
		P3					para coumarin p-C3			ortho product o-C3
	Entry	Catalyst/ additives	p-C3 conv.				o-C3 conv.	Fluorescence, observations
	1	1Pt & AgSbF6		14%					0.9%	Blue
	2	3Pt & AgSbF6		0.9%					0.9%	weakly blue
	3	4Pt & AgSbF6		0.9%					0.9%	weakly blue
	4	5Pt & AgSbF6		19%					3%	blue
	5	6Pt & AgSbF6		11%					0.9%	blue
	6	7Pt & AgSbF6		4%					0.9%	blue
	7	8Pt & AgSbF6		0.9%					0.9%	weakly blue
	8	Only AgSbF6		60%					14%	blue
	9	[AuCl(PTA)]		47%					8.2%	blue
	10		Only 1Pt		0.9%					0.9%	weakly blue

Conditions: MeCN:H2O (1:1), 37 °C, overnight, inert atmosphere, protection from light, conversion calculated from 1H-NMR conversion.

  CCDC 2262575 and 2262576 refcodes contain the supplementary crystallographic data for this paper. This data can be obtained free of charge from

	the	Cambridge	Crystallographic	Data	Centre	via	www.ccdc.cam.ac.uk/data_request/cif.	Deposition	Number(s)	<url

href="https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/###.20220XXX"> 2262575 (for 3Pt), 2262576 (for 5Pt), </url> contain(s) the supplementary crystallographic data for this paper. These data are provided free of charge by the joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe <url href="http://www.ccdc.cam.ac.uk/structures">Access Structures service</url>.

  2H), 4.17 -4.06 (m, 2H), 2.22 (t, J = 7.0 Hz, 2H), 2.08 (s, 6H), 1.72 (p, J = 7.1 Hz, 2H).13 C NMR (75 MHz, DMSO-d6): δ/ppm 156, 148, 137, 117, 114, 99.5, 56.5, 45.8, 45.10, 40.0, 39.8, 39.5, 39.2, 38.9, 38.6, 25.7. HRMS (ESI) m/z: [M+H] + Calc. for C15H20N4H + 257.1761. Found 257.1769; (Error: 3.2 ppm).

	Mr(C15H20N4) = 256.17. ESI-MS: m/ z 257.25 (1M + H

1 

H NMR (300 MHz, DMSO-d6): δ /ppm 8.33 -8.25 (m, 2H), 7.69 -7.57 (m, 2H), 7.18 -7.09 (m, 2H), 6.98 -6.88 (m, + , 100%).

  Pyridinecarboxaldehyde (0.476 ml, 5.00 mmol), N,N'-dimethyl-3-aminopropanamine (0.315 ml, 2.60 mmol), and glacial acetic acid (0.286 ml, 5.00 mmol) were dissolved in dry THF (30 ml) under argon. Sodium triacetoxyborohydride (1.41 g, 6.70 mmol) was added, and the reaction mixture was stirred at room temperature for 2 days. After removing the solvent under reduced pressure, the residue was dissolved in CH2Cl2 (30 ml) and washed with saturated aq. NaHCO3 solution (3 × 30 ml), dried over NaSO4, filtered, and evaporated. The crude product was purified using automated flash fluorescence. 1 H-NMR (400 MHz, CDCl3) δ/ppm 7.52 -7.47 (m, 3H), 7.47-7.43 (m, 2H), 6.59 (d, 3 JHH = 2.6 Hz, 1H), 6.53 (dd, J = 9.1, 2.6 Hz, 1H), 6.03 (s, 1H), 3.43 (q, J = 7.1 Hz, 4H), 1.22 (t, JH = 7.1 Hz, 6H). Data are in accordance with the litterature.[[7]] 

	1 H NMR (300 MHz, DMSO-d6) δ /ppm 8.40 -8.31 (m, 2H), 7.74 -
	7.62 (m, 2H), 7.57 -7.43 (m, 5H), 7.20 -7.11 (m, 2H), 7.07 -6.96 (m, 2H), 4.50 (s, 2H), 4.21 (t, J = 6.7 Hz, 2H), 3.49 -3.17 (m, 2H), 2.93 (s, 6H), 2.18 (p, J = 6.0
	Hz, 2H). 13 C NMR (151 MHz, DMSO-d6) δ /ppm 156, 148, 137, 132, 130, 128, 127, 117, 114, 66.2, 60.9, 49.2, 44.4, 21.4.Mr(C22H27N4Cl) = 382.19. HRMS (ESI)
	m/z: [M] + Calc. for C22H27N4 + 347.2230 . Found 347.2231; (Error: 0.2 ppm).IR (CsI, cm -1 ): ν̃ 3330 (b), 3003 (m),1601 (s), 1584 (s), 1566 (s), 1471 (s), 1455
	(s),1385 (s), 1325 (s), 1250 (s), 772 (s), 726(s), 700(s).
	DMAPr-bpa (L5). 2-

  J = 6.5 Hz, 2H), 2.65 (t, J = 6.6 Hz, 2H), 2.03 -1.91 (m, 4H). Data are in accordance with the litterature.

	5) yielding the product (160 mg, 0.423 mmol, 12%) as
	pink oil. 1 H-NMR (400 MHz, CDCl3) δ/ppm 7.67 -7.57 (m, 2H), 7.52 -7.45 (m, 1H), 7.43 -7.37 (m, 2H), 6.81 (d, J = 8.1 Hz, 1H), 6.34 (d, J = 8.1 Hz, 1H), 3.23 -
	3.03 (m, 4H), 2.76 (t,

[[7]] 
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