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1. Materials and Methods 
 

General Remarks:  
 
Solvents were dried and distilled before use. All other reagents were used as obtained from 
Aldrich, Fluka or Alfa Aesar unless otherwise specified. All reactions were carried out in 
oven dried glassware. Reactions were monitored by TLC on silica gel plates (Machery-Nagel 
POLYGRAM SIL G/UV254). The IR spectra were recorded on a FT-IR 430 spectrometer 
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from Jasco with a Pike MIRacle ATR sampling accessory. Bands are quoted in cm–1. The 1H 
NMR spectra were recorded at 300 MHz or 500 MHz and the 13C NMR spectra at 150 MHz 
from Bruker at ambient temperature. The chemical shifts are relative to the signals of the used 
solvent: DMSO-d6 (δ 1H = 2.50 and δ 13C = 39.52) and CDCl3 (δ 1H = 7.26 and δ 13C =77.16).  
The apparent coupling constants are given in Hertz. The description of the fine structure 
means: s = singlet, bs = broad singlet, d = doublet, t = triplet, m = multiplet. Melting points 
were obtained in open glass capillary tubes using an apparatus from Büchi and are quoted 
uncorrected. Determination of pH values was carried out with a pH-Meter 766 Calimatic from 
Knick. Fluorescence spectra were obtained with a Varian Cary Eclipse spectrometer. AFM 
imaging was carried out with an Innova Scanning Prope Microscope from Veeco and Olympus 
N-type silicon cantilevers AC-160TS in tapping mode on freshly cleaved mica surface from 
Plano GmbH. The analysis was done utilizing the software Gwyddion (Vers. 2.19). Dynamic 
Light Scattering (DLS) experiments were performed using a Zetasizer-Nano ZS from Malvern 
equipped with a 4 mW He-Nelaser (633 nm wavelength) at a fixed detector angle of 173° 
with an avalanche photodiode detector. Isothermal Titration Calorimetry (ITC) experiments 
were conducted on a Microcal VPITC microcalorimeter. Origin 7.0 software, supplied by the 
manufacturer, was used for data acquisition and analysis.  
 
Cell lines and DNA: The human embryonic kidney cell line HEK293T (ATCC-No. CRL-
1573), the human cervix carcinoma cell line HeLa (ATCC-No.CCL-2), were obtained from 
the American Type Culture Collection and maintained as recommended in complete 
Dulbecco`s Modified Eagle Medium (DMEM) supplemented with 10 % fetal bovine serum, 1 
% Glutamine and 1 % Antibiotic-Antimycotic (Invitrogen) at 37° C in a humidified 
atmosphere of 5 % CO2. Calf thymus DNA (ctDNA) was obtained from Aldrich, dissolved in 
sodium cacodylate buffer (0.05 M, Ph 7), cooled to 4° C for 20 h, sonicated (8 × 4 sec) and 
filtered through a 0.45 μm PTFE filter. 

Transfection and Microscopy: Per well, 1 × 104 cells were seeded in 96 well cell culture 
plates (Greiner bio-one) in a total medium volume of 100 μl 24 h before transfection. The 
cationic transfection reagent polyethylenimine (PEI, pH 6.8, Sigma-Aldrich) was used at a 
concentration of 0.15 mM in PBS (Invitrogen) with 2 μg of plasmid DNA per well. 
Transfection with 1, PAMAM-G2 and also PEI was carried out in a concentration range of 
0.6, 1, and 10 µM with 2 μg plasmid DNA in a total volume of 30 μl in PBS buffer. 
PAMAM-G2 was also tested at 0.2 mM. Transfection efficiency was analyzed 24 and 48 h 
after transfection with an inverted fluorescence microscope (Axiovert 200M, Carl Zeiss) with 
a 10X air objective. Images were processed and analyzed using MetaMorph 6.3r6 (Molecular 
Devices) and Adobe Photoshop CS2 (Adobe Systems). 

Endosomal Escape Assay: To facilitate endosomal escape, cells were incubated with 
complete medium containing 25 μM chloroquine 30 min before transfection. Transfection 
was carried out in a concentration range of 0.6, 1, and 10 µM with 1, PAMAM-G2, PEI, also 
at 200 µM of PAMAM-G2 and at 150 µM of PEI in the presence of 2 μg plasmid-DNA. 

Alamar Blue Cell Viability Assay: HeLa cells were grown and transfected as described 
above.  After, 24h and  48h transfection, cells were incubated with Alamar Blue dye 
(Invitrogen, 10 % v/v) for 3 h at 37 °C at 5 % CO2. Fluorescence was measured at 590 nm 
using a multimode reader (GloMax-Multi+DetectionSystem, Promega). 
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2. Synthetic steps 
 
 

 
 
 

3. Experimental procedures and characterization 
 
 
Synthesis of intermediate 2: 
 
To a solution of guanidinio pyrrole carboxylic acid 3 (182 mg, 0.46 mmol) and HCTU (191 
mg, 0.461 mmol) in dry DMF (10 mL), DIPEA (0.1 mL, 0.552 mmol) was added and the 
solution was stirred at room temperature for 45 min. First, PAMAM-G2 (60 mg, 0.208 mmol) 
was dissolved in 300 µL DMF, then solution was added to the reaction mixture and it was 
stirred for 5 days at room temperature. After removing DMF from the reaction mixture, ethyl 
acetate (50 mL) was added. A light brown solid was precipitated out. The solid product was 
filtered and washed with ethyl acetate and ether. Finally it was dried under vacuum to give 
desired compound as a light brown solid (61 mg, 42 %). We proceeded next step without 
further purification.  Mp: 232-237 °C; 1H NMR (300MHz, DMSO-d6): δ 11.29 (bs, 15H, 
NH), 9.30 (bs, 12H, NH), 8.57 (bs, 12H, NH), 8.40 (bs, 9H, NH), 8.20 (bs, 20H, NH), 6.80-
6.73 (m, 32H, CH), 3.63-3.57 (m, 8H, CH2), 3.29-3.20 (m, 124H, CH2), 3.14-3.04 (m, 41H, 
CH2), 3.00-2.95 (m, 21H, CH2), 2.54-2.50 (m, 5H, CH2), 2.46-2.31 (m, 29H, CH2),  1.45-1.43 
(s, 144H, CH3);  

13C NMR (150 MHz, DMSO-d6): δ 162.29, 161.37, 159.87, 158.38, 158.21, 
132.41, 129.37, 128.33, 125.37, 120.97, 115.13, 113.73, 111.79, 109.22, 80.92, 53.59, 51.67, 
49.24, 46.33, 45.75, 41.83, 40.03, 39.91, 39.77, 39.64, 39.50, 39.36, 39.22, 39.08, 38.47, 
38.34, 35.76, 27.73, 27.60; FT-IR (KBr, cm-1): 3094, 1725, 1627, 1541, 1468, 1144; MS is 
not measured due to solubility problem. 

 

 



4 
 

Synthesis of the hybrid compound (1): 

To a solution of the Boc-protectecd tetra guanidiniocarbonyl pyrrole (50 mg, 0.0064 mmol) in 
CH2Cl2 (4 mL), TFA (4 mL) was added and the reaction mixture was stirred at room 
temperature for 6 h. After removal of CH2Cl2 and TFA under reduced pressure, the residual 
light brown gum was diluted with ethyl acetate (50 mL). A light brown solid was precipitated 
out. The resulting precipitate was filtered and washed thoroughly with ethyl acetate. Finally it 
was purified by MPLC on C8 reversed-phase silica gel (45 % to 55 % methanol/water in 65 
min, 0.1 % TFA) to obtain 1 as a slightly brown powder (23 mg, 38 %). Mp: 184-188 °C; 1H 
NMR (300MHz, DMSO-d6): δ 12.25 (bs, 13H, NH), 11.53 (bs, 11H, NH), 8.71 (bs, 20H, 
NH), 8.56 (m, 29H, NH), 8.37 (m, 17H, NH), 7.15 (bs, 16H, CH),  6.84-6.83 (m, 16H, CH), 
3.43-3.19 (m, 181H, CH2), 2.59-2.55 (m, 47H, CH2); 

13C NMR (150 MHz, DMSO-d6): δ 
159.80, 159.38, 159.15, 158.71, 155.26, 132.60, 125.48, 117.67, 115.55, 115.37, 115.22, 
112.34, 51.16, 48.94, 48.63, 38.43, 38.32, 36.45, 34.33, 33.61, 30.68, 28.82; FT-IR (KBr, cm-

1): 3312, 1654, 1638, 1181, 1123; MALDI-TOF-MS (pos.) m/z calculated for C254H384N122O60 
[M + H]+ 6107.54, found 6130.50 [M + Na]+. 

 

 

4.  Spectra 

 
 
            

                 Figure S1: 1H NMR spectrum of intermediate 2 in DMSO-d6, 300 MHz. 
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             Figure S2: 13C NMR spectrum of intermediate 2 in DMSO-d6, 150 MHz. 

 
 
                 Figure S3: 1H NMR spectrum of 1 in DMSO-d6, 300 MHz. 
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                  Figure S4: 13C NMR spectrum of 1 in DMSO-d6, 150 MHz. 

 

 

                                Figure S5: MALDI-TOF-Mass spectrum of 1. 
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