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General: All reagents were bought from commercial sources and used as received unless 

otherwise noted. All reactions were performed under an inert N2 atmosphere and all 

solvents were distilled before use unless otherwise noted. Chromatographic purification 

of products was accomplished by using forced-flow chromatography on EM Science 

Geduran silica gel 60 (35-75µm). Thin layer chromatography was performed on EM 

Science silica gel 60 F254 plates (250 µm). Visualization of the developed chromatogram 

was accomplished by UV lamp and/or by staining with aqueous potassium 

permanganate/K2CO3 solutions, or aqueous ceric ammonium molybdate (CAM) solutions. 

Nuclear magnetic resonance (NMR) spectra were acquired on Bruker DRX-500/400 

operating at 500/400 and 125/100 MHz for 1H and 13C, respectively; residual protio 

solvent signals were used as internal standard for calibration purpose. Data for 1H NMR 

are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, doublet; m, 

multiplet), integration, coupling constant (Hz). Data for 13C NMR are reported in terms 

of chemical shift (d, ppm). High-Resolution Mass was performed by Mass Spectrometry 

Facility at University of Norte Dame. X-ray diffraction data were collected on a Bruker 

Platform goniometer with a Charged Coupled Device (CCD) detector (Smart Apex). 

Structures were solved by direct methods using the SHELXTL (version 5.1) program 

library (G. Sheldrick, Bruker Analytical X-ray Systems, Madison, WI). 

 

Synthesis of substrates and ligands 

PhI=NNs: The preparation of PhI=NNs was performed based on a previous procedure. 

Iodobenzene diacetate was added to a mixture of 4-nitrobenzenesulfonamide and 

potassium hydroxide dissolved in methanol at 0 ºC.  After reacting at room temperature 

for 4 h, a cream precipitate formed.  The precipitate was filtered, washed with water, and 

dried at RT in a desiccator.  The product, PhI=NNs, was used without any further 

purification. A yield comparable to the reference was obtained.1   
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Carbamates:  A portion of trichloroacetyl isocyanate (1/2 equiv) was added dropwise to a 

CH2Cl2 solution of the corresponding alcohol at 0 °C. The mixture was warmed up to 

room temperature left to react overnight. The solvent was evaporated and 0.1 equiv of 

K2CO3 in methanol was added. The solution was stirred for several hours then quenched 

by adding aqueous NH4Cl solution.  The mixture was extracted with CH2Cl2 and the 

organic layer was collected, dried, and then column purified. Comparable yields were 

achieved according to the reference.2  

 

 
 

Phenanthroline ligands: 2,9-Disubstituted phenanthroline ligands were synthesized by 

reacting phenanthroline with a corresponding lithium reagent. Comparable yields were 

achieved in comparison with the referenced procedure.3 

 

 
 

1-Methyl-1,2,3,4-tetrahydronaphthalene was synthesized in three steps from 

benzenebutanoic acid using a literature procedure.4 The benzenebutanoic acid was 

reacted with methyl lithium in THF at 0 ºC under nitrogen atmosphere to yield 5-phenyl-

2-pentanone.  In the second step, 5-phenyl-2-pentanone was reacted with lithium 

aluminum hydride in diethyl ether under nitrogen atmosphere for five min, forming 5-

phenyl-2-pentanol.  In the last step, trifluoromethanesulfonic acid was added to a stirred 

solution of 5-phenyl-2-pentanol and SiO2 in methylene chloride. The mixture was left to 
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react for seven hours at room temperature, yielding 1-methyl-1,2,3,4-

tetrahydronaphthalene in yields comparable to the reference.4 

 

Selected Screening Conditions: 

Ligand effects were listed in Table 1. Different metals, silver salts, solvents and additives 

were tested using the conditions shown in entry 6 of Table 1. Pyridines were found to be 

a beneficial additive for the intramolecular amidations. No pyridine additives were 

necessary for the intermolecular aminations. 

 

Typical reaction procedure for intermolecular amination (all steps were carried out under 

nitrogen atmosphere): AgOTf (2%) and 2.4% ligand were mixed in 3 ml CH2Cl2 in a tube 

for 20 min. 1,4-diisopropylbenzene (202 mg) was added, followed by 500 mg 4Å 

molecular sieves and 100 mg PhI=NNs. The tube was sealed and placed in a 50°C oil 

bath.  Another 2% AgOTf and 2.4% ligand mixed in 1 ml CH2Cl2 were added after 2 h.  

The tube was placed back into the oil bath and then left to react overnight. After 

overnight reaction the solution typically turned dark-yellow or dark-red.  The reaction 

was filtered through a short silica gel pad and washed multiple times with both CH2Cl2 

and diethyl ether. The organic solvents were evaporated and the residue was applied to 

column purification (silica gel, hexaxes/EtOAc) to yield 52 mg product (57% yield based 

on amount of oxidant used). If the catalyst was added in one portion, slightly lower to no 

change in yield was observed depending on the substrate. PhI=NNs should be freshly 

made as is not suitable for a long-term storage.   

 
Amination of Linear Aliphatic Hydrocarbons: 
Tertiary C–H groups also undergo the amination reactions under the same conditions to 
afford corresponding products in 20-30% yields.  For examples: 
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Crystal Data 
 
Crystals of 2 were obtained by slow evaporation of a methylene chloride solution at 4 ºC.  

X-ray diffraction data were collected on a Bruker Platform goniometer with a Charged 

Coupled Device (CCD) detector (Smart Apex). The structure was solved by the direct 

method using the SHELXTL (version 5.1) program library (G. Sheldrick, Bruker 
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Analytical X-ray Systems, Madison, WI) and refined. The crystal was washed with 

hexanes and THF and sent for elemental analysis. [Ag(BP)(THF)]2(OTf)2 Found: C 52.89 

H 3.19 N 4.81. Calculated: C 52.66 H 3.66 N 4.24.  

 

 
  Equations of interest: 

Rint = Σ | Fo
2 - <Fo

2> | / Σ | Fo
2|                         R1 = Σ | | Fo| - | Fc|| / Σ| Fo| 
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wR2 = [Σ [w (Fo
2

 – Fc
2)2] / Σ [w (Fo

2) 2]]1/2         GooF = S = [Σ [w (Fo
2 – Fc

2) 2] / (n-p)1/2 

     where: w = q /σ2 (Fo
2) + (aP)2 + bP;      n =  number of independent reflections; 

     q, a, b, P as defined in [1]          p = number of parameters refined 

Table 1.  Crystal and structure refinement for structure ID.  
Identification Code Ziga04 
Empirical formula  AgC24H16ON2 + AgC26H16F6N2O6S2 + 2CH2Cl2  
Formula weight 1409.55 
Temperature 103 K    
Wavelength 0.71073 Å 
Crystal system Monoclinic 
Space Group C2/c 
Unit cell dimensions a = 39.617(14) Å α = 90.0 o 
 b = 12.406(4) Å β = 132.017(4) o 
 c = 29.020(10) Å γ  = 90.0 o 
Volume 10597(6) Å3  
Z 8 
Density (calculated) 1.763 Mg/m3   
Absorption coefficient 1.100 mm-1 
F(000) 5608 
Crystal size, color, habit 0.36 x 0.08 x 0.08 mm, clear, fragment 
Theta range for data collection 1.78 – 28.41 o 
Index ranges -52 ≤ h ≤ 52, -16 ≤ k ≤ 16, -37 ≤ l ≤ 38 
Reflections collected 61,694 
Independent reflections 12,924 (Rint = 0.0766) 
Reflections with I > 4σ(Fo) 8,892     
Absorption correction SADABS based on redundant diffractions  
Max. and min. transmission 1.0, 0.482 
Refinement method Full-matrix least squares on F2 
Weighting scheme  w = q [σ2 (Fo

2) + (aP)2 + bP]-1 where: 
 P = (Fo

2
 +2 Fc

2)/3, a = 0.0395, b = 0.0, q =1 
Data / restraints / parameters 12,924 / 0 / 742 
Goodness-of-fit on F2 0.924 
Final R indices [I > 2 sigma(I)] R1 = 0.0456, wR2 = 0.0893 
R indices (all data) R1 = 0.0779, wR2 = 0.0979 
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Largest diff. peak and hole 0.980, -0.764 eÅ -3 

 

 

Copy of 1H NMR and 13C NMR of [Ag(BP)OTf]2 in CDCl3 
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Spectra Data for unknown compounds: 

 

 

 

N-[1-(4-Isopropyl-phenyl)-1-methyl-ethyl]-4-nitro-benzenesulfonamide: 

IR (% T): 1H NMR (d, ppm): 8.09-8.07 (dd, 2H, J= 7.2, 2 Hz), 7.66-7.64 (dd, 2H, J=7.2, 

2 Hz), 7.10-7.08 (dd, 2H, J=8, 2 Hz), 6.93-6.91 (dd, 2H, J=8, 2 Hz), 5.42 (s(br), 1H), 

2.82-2.75 (m, 1H), 1.70 (s, 6H). 1.17-1.15 (6H, d, J= 6.8 Hz) 13C NMR (d, ppm): 149.2, 

148.2, 147.7, 140.3, 128.1, 126.0, 125.9, 123.6, 58.5, 33.4, 30.1, 23.8. HRMS(m/z): 

Found(M-1):361.1216, Calculated: 362.1300.   

 

 

 

N-[1-(3,5-Diisopropyl-phenyl)-1-methyl-ethyl]-4-nitro-benzenesulfonamide: 

IR (% T): 1H NMR (d, ppm): 8.02-8.00 (dd, 2H, J= 8.4, 2 Hz), 7.66-7.64 (dd, 2H, J=8, 2 

Hz), 6.83 (s, 2H), 6.80 (s, 1H), 5.38 (s(br), 1H), 2.68-2.61 (m, 1H), 1.64 (s, 6H). 1.09-

1.06 (12H, d, J= 6.9 Hz) 13C NMR (d, ppm): 149.3, 148.7, 147.8, 143.1, 128.1, 123.6, 

123.4, 121.6, 58.9, 34.1, 30.0, 23.9. HRMS(m/z): Found(M-1): 403.1679, Calculated: 

404.1770.   

 

 

N-(1-Methyl-1,2,3,4-tetrahydro-naphthalen-1-yl)-4-nitro-benzenesulfonamide 
1H NMR (d, ppm):  8.27-8.25 (dd, 2H, J= 7, 2 Hz), 7.91-7.89 (dd, 2H, J= 7, 2 Hz), 7.22-

7.00 (m, 4H), 2.71-2.67 (m, 2H), 2.38-2.35 (m, 1H), 1.91-1.57 (m, 6H).  13C NMR (d, 

ppm): 149.5, 148.6, 138.9, 137.0, 129.3, 128.1, 127.7, 127.0, 126.3, 124.0, 58.9, 37.7, 

29.4, 19.3.  HRMS: Found(M+1): 347.1045, Calculated: 346.0987. 
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