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is energetically close to what may be described as “copper-guided concerted iodine-to-

nitrogen phenyl migration”, shown with a dotted arrow in Scheme 25. A preliminary DFT 

investigation also revealed that the coordination of N-Me-benzimidazole to the CuI center 

may disfavor the binding of two molecules of 3 to the same copper center, hence enforcing 

an intramolecular mode of phenyl transfer. 

It should be mentioned that although the phenyl migration is favorable in the reaction 

involved copper catalyst (26.2 kcal mol-1 in Cu-catalyzed system versus 36.5 kcal mol-1 in 

non-catalyst system), the activation barrier is still quite high. Indeed, the calculation did not 

take account the role of the additive N-methylbenzimidazole nor the solvent (HFIP), both of 

which are likely to play an important role in the process. Further calculations are currently 

underway. 

 
Scheme 26. A DFT profile for the Cu-catalyzed aryl migration. 

4.3.5 Versatility of the 1-Aryl-5-iodoimidazoles in the Synthesis of 1,5-Substituted 
Imidazoles 

In collaboration with Dr. Susana Izquierdo, we conducted a brief reactivity survey to 

illustrate the potential of the imidazolic C(5)-I group as gateway to a wide spectrum of 1,5-

imidazole derivatives (Scheme 27). Thus, the 5-alkynyl and 5-aryl derivatives 7 and 8 were 

prepared by Pd-catalyzed carbon-carbon coupling reactions. Additionally, copper-catalyzed 

C-N bond formation was readily accomplished to give the pyrrolidinone derivative 9.38  

The N1-phenyl-5-iodoimidazole (4a) was also readily converted into an organomagnesium 

species39 which served, via quenching with an electrophile, as precursor to the 5-formyl and 

                                                              
(38) (a) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J. Am. Chem. Soc. 2001, 123, 7727-7729. (b) Fox, 
J. M.; Huang, X.; Chieffi, A.; Buchwald, S. L. J. Am. Chem. Soc. 2000, 122, 1360-1370. (c) Wang, M.; Zhang, Z.; 
Xie, F.; Zhang, W. Chem. Commun. 2014, 50, 3163-3165. 
(39) Krasovskiy, A.; Knochel, P. Angew. Chem. Int. Ed. 2004, 43, 3333-3336. 
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the 5-borylderivatives 10 and 11 (Scheme 28).40 In the case when chlorodiphenylphosphine 

was employed, a major peak with a m/z = 328 was found by GC-MS, indicating the formation 

of the target 5-diphenylphosphanylderivative 12. This result showed that the method may in 

principle be suitable for the synthesis of a new class of biarylphosphine ligands. 

Unfortunately, difficulties in purification (and shortage of time) led us not to pursue the 

synthesis of these phosphine derivatives at this time. 

 
Scheme 27. Versatility of the N-aryl-5-iodoimidazoles  

 

Scheme 28. Versatility of the 1-aryl-5-iodoimidazoles  

4.4 Conclusion 

In conclusion, we have developed a new family of aryl(NH-imidazolyl) iodonium salts, 

which are obtained by simply treating imidazole with ArI(OAc)2. This new λ3-iodane reagent 

could serve as an attractive stepping stone for the formation of challenging 1,5-disubstituted 

imidazoles, N-aryl-5-iodoimidazole. The method complements common existing methods 

known to produce the sterically favored 1,4-derivatives. The method was tolerant of a variety 

of aryl substitution patterns, including mono or bis-ortho substitution. Through subsequent 

transformation of the iodine group, the newly formed N1-aryl -5-iodoimidazole constitutes 

                                                              
(40) (a) Demory, E.; Blandin, V.; Einhorn, J.; Chavant, P. Y. Organic Process Research & Development 2011, 15, 
710-716. (b) Bethel, P. A.; Campbell, A. D.; Goldberg, F. W.; Kemmitt, P. D.; Lamont, G. M.; Suleman, A. 
Tetrahedron 2012, 68, 5434-5444. 
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a valuable precursor to a wide range of products. Experimental and DFT data suggest that 

selectivity is likely the result of an intramolecular copper-catalyzed iodine-to-nitrogen 

migration of the aryl fragments. 

4.5 Experimental Section  

General Information 

Reagents. All commercially acquired reagents were used as received, including copper(II) 

triflate, caesium carbonate and hexafluoro-isopropanol (HFIP). 

Reaction conditions. Reactions requiring inert atmosphere were conducted under nitrogen 

using standard Schlenk line techniques. All other reactions were performed employing 

standard organic synthesis protocols. 

4.5.1 Synthesis of the Aryl(NH-imidazolyl)-λ3-iodanes. 

 

Preparation: general procedure. Reaction were conducted under air atmosphere. A round 

bottom flask was charged with ArI(OAc)2 and MeOH (or CH3CN). Upon stirring for 5 min, 

imidazole was added (neat), and the stirring was continued for 15-16 h at room temperature. 

At this point, the solvent was removed, CH2Cl2 was added to the residue and the mixture was 

stirred at r.t. to achieve a precipitate. Additional Et2O was sometimes added to obtain a better 

yield. The precipitate was filtered and washed with CH2Cl2 three times, then dried under 

vacuum. 

During the synthesis of some ArI(OAc)2, the dimeric [Ph(OAc)-I-O-Ph(OAc)] was 

occasionally observed. The dimer was found to react with the imidazole in the same way to 

give the same diaryliodonium salts, affording two equivalent of the product per equivalent 

of dimer. For this reason, in cases where ArI(OAc)2 contained the dimer impurity, the weight 

of the starting substrate has been calculated taking into account the presence of the dimer. 

2. Following the general procedure, a mixture of [bis(trifluoroacetoxy) 

iodo]benzene (10 mmol, 4.3 g) and imidazole (20 mmol, 1.36 g) was 

allowed to react in CH3CN (30 mL). White solid, 2.21 g, yield 58%. 

Crystals suitable for X-Ray diffraction were obtained using an analogous 

protocol but with stirring stopped as soon as a clear solution has been achieved (10 min), 

and then keeping the mixture undisturbed for 2 h. 1H NMR (400 MHz, CD3OD) δ 8.12 – 

8.04 (m, 3H, o-Ph + Im), 7.87 (br d, J = 1.2 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H, p-Ph), 7.51 (virt 

t, J = 7.8 Hz, 2H, m-Ph). 19F NMR (376 MHz, MeOD) δ -76.57. 

UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 



 

136 
 

3a. Following the general procedure, a mixture of (diacetoxyiodo)benzene (30 

mmol, 9.66 g) and imidazole (60 mmol, 4.08 g) was allowed to react in MeOH 

(30 mL). White solid, 7.71 g, yield: 78%. 1H NMR (400 MHz, CD3OD)  8.08-

8.05 (m, 2H, Ph), 8.04 (d, J = 1.2 Hz, 1H, imidazole), 7.84 (d, J = 1.2 Hz, 1H, 

imidazole), 7.67-7.63 (m, 1H, Ph), 7.54 – 7.47 (m, 2H, Ph), 1.89 (s, 3H, OAc). 13C NMR 

(126 MHz, CD3OD)  179.89, 141.52, 135.48, 133.15, 132.82, 129.03, 117.47, 104.51, 24.01. 

HRMS (ESI+) m/z calcd for C9H8IN2[M-OAc] + 270.9727, found: 270.9732. 

3a-d2 Following the general procedure, a mixture of (diacetoxyiodo) benzene(4 

mmol, 1.288 g) and imidazole-d4 (4.8 mmol, 346 mg) was allowed to react in 

MeOH (4 mL). White solid, yield: 73% (964 mg). 1H NMR (400 MHz, CD3OD) 

δ 8.22 – 7.97 (m, 2H, Ph), 7.65 (ddt, J = 7.9, 7.0, 1.1 Hz, 1H, Ph), 7.55 – 7.46 

(m, 2H, Ph), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.80, 141.47 (t, J = 32 

Hz, C-D), 135.48, 133.22, 132.86, 117.31, 104.00, 23.92. One carbon resonance (129 ppm, 

C-D) was missing. 

3b Following the general procedure, a mixture of p-methyl(diacetoxyiodo) 

benzene (4 mmol, 1.34 g) and imidazole (8 mmol, 545 mg) was allowed to 

react in MeOH (4 mL). White solid, 1.04 g, yield: 76 %. 1H NMR (500 MHz, 

CD3OD) δ 8.02 (d, J = 1.1 Hz, 1H, imidazole), 7.97 – 7.90 (m, 2H, Ar), 7.83 

(d, J = 1.2 Hz, 1H, imidazole), 7.31 (d, J = 8.6Hz, 2H, Ar), 2.39 (s, 3H, Me), 1.89 (s, 3H, 

OAc).13C NMR (126 MHz, CD3OD) δ 179.89, 144.51, 141.43, 135.51, 133.53, 128.82, 

113.69, 104.49, 24.00, 21.27. HRMS (ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, 

found: 284.9881. 

3c Following the general procedure, a mixture of p-methoxy 

(diacetoxyiodo)benzene (4 mmol, 1.41 g) and imidazole (8 mmol, 545 mg) 

was allowed to react in MeOH (4 mL). White solid, 888 mg, yield: 62 %. 
1H NMR (400 MHz, CD3OD)  8.03 – 7.93 (m, 3H, Ar and imidazole), 

7.82 (d, J = 1.2 Hz, 1H, imidazole), 7.03 (d, J = 9.2 Hz, 2H, Ar), 3.83 (s, 

3H, MeO), 1.89 (s, 3H, OAc). 13C NMR (101 MHz, CD3OD) δ 179.96, 164.16, 141.37, 

137.62, 128.57, 118.48, 106.03, 104.82, 56.30, 24.05. HRMS (ESI+) m/z calcd for 

C10H10IN2O [M-OAc]+ 300.9832, found: 300.9831. 

3d Following the general procedure, a mixture of p-chloro 

(diacetoxyiodo)benzene (5 mmol, purity: 88%, dimer as impurity, 1.747 g) 

and imidazole (10 mmol, 680 mg) was allowed to react in MeOH (5 mL). 

White solid, 1.239 g, yield: 68%. 1H NMR (500 MHz, CD3OD) δ 8.05 – 

8.01 (m, 3H, Ar and imidazole), 7.83 (d, J = 1.1 Hz, 1H, imidazole), 7.55 – 7.49 (m, 2H, Ar), 

1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.80, 141.87, 139.84, 137.07, 132.90, 
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129.38, 114.81, 104.54, 23.92. HRMS (ESI+) m/z calcd for C9H7ClIN2 [M-OAc]+ 304.9337, 

found: 304.9336. 

3e Following the general procedure, a mixture of p-trifluoromethoxyl 

(diacetoxyiodo)benzene (4 mmol, 1.624 g) and imidazole (8 mmol, 544 mg) 

was allowed to react in MeOH (4 mL). White solid, 1.19 g, yield: 72%. 1H 

NMR (400 MHz, MeOD) δ 8.17 (m, 2H, Ar), 8.05 (d, J = 1.1 Hz, 1H, 

imidazole), 7.85 (d, J = 1.1 Hz, 1H, imidazole), 7.42 (dt, J = 8.1, 1.0 Hz, 

2H, Ar), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, MeOD) δ 179.77, 152.89 (d, J = 1.9 Hz), 

141.55, 137.82, 129.07, 124.94, 121.60 (q, J = 240.66 Hz), 114.79, 105.24, 23.90. 19F NMR 

(376 MHz, MeOD) δ -59.58. HRMS (ESI+) m/z calcd for C10H7F3IN2O [M-OAc]+ 354.9550, 

found: 354.9546. 

3f Following the general procedure, a mixture of m-methoxy 

(diacetoxyiodo)benzene (4 mmol, 1.389 g, [ArI(OAc)]2O dimer present) 

and imidazole (8 mmol, 544.6 mg) were allowed to react in MeOH (4 mL). 

White solid, 0.924 g, yield: 64%. 1H NMR (400 MHz, CD3OD) δ 8.03 (d, 

J = 1.2 Hz, 1H, imidazole), 7.84 (d, J = 1.2 Hz, 1H, imidazole), 7.64 (dd, J = 2.5, 1.7 Hz, 

1H, Ar), 7.59 (m, J = 8.0 Hz, 1H, Ar), 7.40 (t, J = 8.2 Hz, 1H, Ar), 7.18 (m, J = 8.4 Hz, 1H, 

Ar), 3.84 (s, 3H, OMe), 1.89 (s, 3H, OAc). 13C NMR (75 MHz, CD3OD) δ 179.94, 162.61, 

141.73, 133.40, 129.31, 127.24, 120.78, 119.09, 117.16, 104.22, 56.44, 24.01. HRMS (ESI+) 

m/z calcd for C10H10IN2O [M-OAc]+ 300.9832, found: 300.9828. 

3g Following the general procedure, a mixture of m-bromo 

(diacetoxyiodo)benzene (4 mmol, 1.604 g) and imidazole (8 mmol, 544.6 

mg) was allowed to react in MeOH (4 mL). White solid, yield: 1.392 g, 85%. 
1H NMR (500 MHz, CD3OD) δ 8.28 (t, J = 1.8 Hz, 1H, Ar), 8.07 – 8.01 (m, 

2H, Ar and imidazole), 7.85 (d, J = 1.1 Hz, 1H, imidazole), 7.78 (dm, J = 8.1Hz, 1H, Ar), 

7.41 (t, J = 8.1 Hz, 1H, Ar), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.84, 

141.74, 137.56, 136.24, 134.10, 134.07, 129.38, 125.01, 117.90, 105.02, 23.97. HRMS (ESI+) 

m/z calcd for C9H7BrIN2[M-OAc]+ 348.8832, found: 348.8831 

3h Following the general procedure, a mixture of m-cyano 

(diacetoxyiodo)benzene (1.87 mmol, 648 mg) and imidazole (3.75 mmol, 

255 mg) was allowed to react in MeCN (1.9 mL). White solid, yield: 463 

mg, yield: 70%. 1H NMR (400 MHz, CD3OD) δ 8.47 (t, J = 1.5 Hz, 1H, 

Ar), 8.34 – 8.31 (m, 1H, Ar), 8.02 (d, J = 1.1 Hz, 1H, imidazole), 8.01 – 7.97 (m, 1H, Ar), 

7.82 (d, J = 1.1 Hz, 1H, imidazole), 7.69 – 7.62 (m, 1H, Ar), 1.88 (s, 3H, OAc). 13C NMR 

(101 MHz, CD3OD) δ 179.65, 142.21, 139.58, 138.58, 136.53, 133.27, 129.95, 118.25, 

117.53, 116.14, 104.60, 23.94. 
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3i Following the general procedure, a mixture of o-methyl 

(diacetoxyiodo)benzene (4 mmol, 1.344 g) and imidazole (8 mmol, 544.6 mg) 

in MeOH (4 mL). White solid, 0.786 g, yield: 57%. 1H NMR (400 MHz, 

CD3OD) δ 8.20 (dd, J = 8.0, 1.1 Hz, 1H, Ar), 8.00 (d, J = 1.2 Hz, 1H, 

imidazole), 7.79 (d, J = 1.1 Hz, 1H, imidazole), 7.59 – 7.49 (m, 2H, Ar), 7.30 – 7.23 (m, 1H, 

Ar), 2.73 (s, 3H, Me), 1.88 (s, 3H, OAc). 13C NMR (75 MHz, CD3OD) δ 180.00, 142.09, 

141.42, 137.98, 134.15, 132.64, 130.36, 128.73, 122.41, 103.96, 25.53, 24.04. HRMS (ESI+) 

m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9886. 

3j Following the general procedure, a mixture of o-bromo 

(diacetoxyiodo)benzene (5 mmol, 1.985 g) and imidazole (10 mmol, 680.8 mg) 

in MeOH (5 mL). White solid, 1.447 g, yield: 71%. 1H NMR (500 MHz, 

CD3OD) δ 8.25 (dd, J = 8.0, 1.5 Hz, 1H, Ar), 8.06 (s br, 1H, imidazole), 7.89 

(dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.81 (s br, 1H, imidazole) 7.55 (virt td, J = 7.7, 1.5 Hz, 1H, Ar), 

7.45 7.55 (virt td, J = 7.7, 1.5 Hz, 1H, Ar), 1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) 

δ 179.87, 141.61, 139.30, 135.33, 134.87, 131.48, 129.42, 127.78, 123.32, 105.20, 23.96. 

HRMS (ESI+) m/z calcd for C9H7BrIN2 [M-OAc]+ 348.8832, found: 348.8838. 

3k Following a modification of the general procedure, a mixture of (1,3,5-

trimethyl)(2-diacetoxyiodo)benzene (4 mmol, 1.46 g) and imidazole (8 mmol, 

545 mg) was allowed to react in MeOH (4 mL). After removal of MeOH, 

MeCN (~ 2mL) was added to  get clear solution and then Et2O was added 

dropwise until the precipitate appeared. An additional portion (4 mL) of Et2O was added, 

and the mixture was stirred for 1-2 hours before filtration. White solid, 700 mg, yield: 47 %. 
1H NMR (500 MHz, CD3OD) δ 7.96 (d, J = 1.2 Hz, 1H, imidazole), 7.77 (d, J = 1.2 Hz, 1H, 

imidazole), 7.24 – 7.12 (m, 2H, Ar), 2.74 (s, 6H, Me), 2.32 (s, 3H, Me), 1.89 (s, 3H, OAc). 
13C NMR (126 MHz, CD3OD) δ 179.86, 145.17, 142.99, 141.09, 130.82, 128.20, 124.07, 

103.23, 26.99, 23.95, 20.96. HRMS (ESI+) m/z calcd C12H14IN2 [M-OAc]+ 313.0196, found: 

313.0194. 

3l Following the general procedure, a mixture of 2-(diacetoxyiodo)thiophene 

(4 mmol, 1.312 g) and imidazole (8 mmol, 544.6 mg) was allowed to react in 

MeCN (4 mL). The solvent was removed and the mixture treated as described 

in the general procedure. White solid, 1.072 g, yield: 80%. 1H NMR (400 MHz, 

CD3OD) δ 8.01 (d, J = 1.1 Hz, 1H, imidazole), 7.87 (dd, J = 3.8, 1.3 Hz, 1H, thiophene), 

7.82 (dd, J = 5.4, 1.3 Hz, 1H, thiophene), 7.80 (d, J = 1.2 Hz, 1H, imidazole), 7.12 (dd, J = 

5.4, 3.8 Hz, 1H, thiophene), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.88, 

141.14, 140.77, 137.32, 130.31, 128.57, 107.66, 101.59, 23.94. HRMS (ESI+) m/z calcd for 

C7H6IN2S [M-OAc]+ 276.9291, found: 276.9295. 
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3m Following the general procedure, a mixture of 3-(diacetoxyiodo) thiophene 

(4 mmol, 1.313 g) and imidazole (8 mmol, 545 mg) in MeOH (4 mL). White 

solid, yield: 970 mg, 72%. 1H NMR (500 MHz, CD3OD) δ 8.32 (dd, J = 3.0, 

1.2 Hz, 1H, thiophene), 8.00 (d, J = 1.0 Hz, 1H, imidazole), 7.81 (d, J = 1.0 Hz, 1H, 

imidazole), 7.64 (dd, J = 5.2, 3.0 Hz, 1H, thiophene), 7.52 (dd, J = 5.2, 1.2 Hz, 1H, thiophene), 

1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 180.01, 141.23, 135.55, 131.91, 130.94, 

128.69, 105.64, 101.58, 24.13. HRMS (ESI+) m/z calcd for C7H6IN2S [M-OAc]+ 276.9291, 

found: 276.9295.  

3n Following the general procedure, a mixture of p-phenyl 

(diacetoxyiodo)benzene (3.86 mmol, 93.4%, 1.646 g) and imidazole (7.7 

mmol, 526 mg) was allowed to react in MeOH (3.9 mL). White solid, yield: 

1.236 g, 79%. 1H NMR (500 MHz, CD3OD) δ 8.14 – 8.10 (m, 2H, Ph), 8.06 

(s, 1H, imidazole), 7.87 – 7.83 (m, 1H, imidazole), 7.74 – 7.69 (m, 2H, Ph), 7.63 – 7.56 (m, 

2H, Ph), 7.48 – 7.43 (m, 2H, Ph), 7.42 – 7.36 (m, 1H, Ph), 1.89 (s, 3H, OAc). 13C NMR (126 

MHz, CD3OD) δ 179.89, 146.40, 141.66, 140.02, 135.99, 131.18, 130.18, 129.75, 129.13, 

128.23, 115.68, 104.48, 24.03. HRMS (ESI+) m/z calcd for C15H12IN2 [M-OAc]+ 347.0040, 

found: 347.0029. 

3o Following the general procedure, a mixture of 1-(diacetoxyiodo) 

naphthalene (4 mmol, 1.489 g) and imidazole (8 mmol, 544.6 mg) was 

allowed to react in MeOH (4 mL). White solid, 1.155 g, yield: 76%. 1H NMR 

(400 MHz, CD3OD) δ 8.56 (dd, J = 7.5, 1.1 Hz, 1H, naphthalene), 8.29 (dd, 

J = 8.5, 0.9 Hz, 1H, naphthalene), 8.19 (d, J = 8.3 Hz, 1H, naphthalene), 8.04 (d, J = 1.1 Hz, 

1H, imidazole), 8.00 – 7.94 (m, 1H, naphthalene), 7.80 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H, 

naphthalene), 7.74 (d, J = 1.2 Hz, 1H, imidazole), 7.68 (ddd, J = 8.1, 7.0, 1.1 Hz, 1H, 

naphthalene), 7.54 (dd, J = 8.2, 7.4 Hz, 1H, naphthalene), 1.87 (s, 3H, OAc). 13C NMR (75 

MHz, CD3OD) δ 179.8, 141.2, 138.2, 136.2, 134.9, 132.5, 130.8, 130.6, 129.7, 129.1, 128.8, 

128.3, 120.2, 104.3, 24.0. HRMS (ESI+) m/z calcd for C13H10IN2 [M-OAc]+ 320.9883, found: 

320.9879. 

3p Following the general procedure, a mixture of (diacetoxyiodo)benzene (5 

mmol, 1.611 g) and 4-methylimidazole (10 mmol, 821 mg) was allowed to 

react in MeOH (5 mL). White solid, yield: 1.095 g, 64%. 1H NMR (500 MHz, 

CD3OD) δ 8.03 (m, J = 8.5Hz, 2H, Ph), 7.78 (s, 1H, imidazole), 7.67 – 7.61 (m, 1H, Ph), 

7.53 – 7.47 (m, 2H, Ph), 2.50 (s, 3H, Me), 1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) 

δ 179.94, 140.69, 138.34, 135.32, 133.15, 132.91, 117.25, 104.50, 24.06, 10.81. HRMS 

(ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9880. 
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3q Following the general procedure, a mixture of (diacetoxyiodo)benzene (10 

mmol, 3.22 g) and 2-methylimidazole (20 mmol, 1.642 g) was allowed to 

react in MeCN (10 mL). The solvent was removed and the mixture treated as 

described in the general procedure. White solid, yield: 2.042 g, 59%. 1H NMR 

(400 MHz, MeOD) δ 8.13 – 7.98 (m, 2H, Ph), 7.92 (s, 1H, imidazole), 7.69 – 7.61 (m, 1H, 

Ph), 7.55 – 7.46 (m, 2H, Ph), 2.42 (s, 3H, Me), 1.89 (s, 3H, OAc). 13C NMR (75 MHz, MeOD) 

δ 180.10, 151.45, 135.45, 133.21, 132.88, 128.99, 117.37, 102.92, 24.14, 13.71. HRMS 

(ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9886. 

3r Following the general procedure, a mixture of (diacetoxyiodo)benzene (5 

mmol, 1.61 g) and 4-iodoimidazole (6 mmol, 1.16 mg) was allowed to react in 

MeOH (5 mL). White solid, 1.67 g, yield: 73 %. 1H NMR (500 MHz, CD3OD) 

δ 8.07 – 7.84 (m, 2H, Ph), 7.65 – 7.60 (m, 2H, Ph and imidazole), 7.49 (dd, J = 8.4, 7.3 Hz, 

2H, Ph), 1.95 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 175.84, 148.13, 133.49, 131.67, 

131.49, 116.55, 110.54, 89.78, 20.78. HRMS (ESI+) m/z calcd for C9H7I2N2 [M-OAc]+ 

396.8693, found: 396.8694. 

4.5.2 Synthesis of the Zwitterionic 5. 

5. In a one-neck round-bottom flask the acetate salt 3a (5 mmol, 1.61 g) was 

dissolved in water (8 mL). K2CO3 (7.5 mmol, 1.035 g) was added, and after 45 

min of stirring the resulting precipitate was filtered, washed with water and 

dried in the open air. White solid, 1.188 g, yield: 88%. 1H NMR (500 MHz, 

CD3OD) δ 7.85-7.83 (m, 2H, Ph), 7.59 (d, J = 0.8 Hz, 1H, imidazole), 7.56 – 7.52 (m, 1H, 

Ph), 7.46 (d, J = 0.8 Hz, 1H, imidazole), 7.44-7.41 (m, 2H, Ph). 13C NMR (126 MHz, CD3OD) 

δ 150.28, 138.89, 134.01, 132.59, 132.44, 117.63, 96.12. 

4.5.3 Formal 5, 1-Iodoarylation of Imidazole 

 

General procedure (described for a 0.5 mmol scale). A 15 mL reaction tube was charged 

with Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 1-

methylbenzimidazole (or another additive as indicated, 0.1 mmol, 20 mol%). The 

hexafluoroisopropanol (2.6 mL) was added and the mixture allowed to stir for 20 min, before 

the solid diaryliodonium salt (0.5 mmol) was added. The tube was capped and the mixture 

was heated to 50 oC for 15-16 h. Upon cooling to room temperature, an aliquot was analyzed 

by GC to determine the 4:7 ratio. The solvent was removed and the product isolated by 

column chromatography on silica gel eluting with a cyclohexane:EtOAc mixture as indicated. 

HN N

I
AcO

Me
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In most cases, good separation could be achieved between 4 and 7. 

4a Following the general procedure, 4-imidazolylphenyliodonium acetate (0.5 

mmol, 165 mg) was added to a premixed HFIP solution (2.6 mL) of Cu(OTf)2 

(0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-

methylbenzimidazole (0.1 mmol, 13.2 mg). Column chromatography: silica gel, 

gradient elution: 10:1 to 2:1 of cyclohexane/EtOAc; Rf = 0.20 in 2:1 of cyclohexane/EtOAc. 

Solid. Yield: 74% (100 mg). 1H NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 

7.75 (d, J = 1.0 Hz, 1H, imidazole), 7.53 – 7.46 (m, 3H, Ph), 7.34 – 7.30 (m, 2H, Ph), 7.23 

(d, J = 1.1 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 139.93, 137.73, 136.66, 

129.33, 129.12, 126.65, 71.26 (C-I). HRMS (ESI+) m/z calcd for C9H8IN2 [M+H]+ 270.9727, 

found: 270.9727 (m/z values coincide in this case). 

4b Following the general procedure, (4-imidazolyl)-(4-methylphenyl) 

iodonium acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution 

(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). Column 

chromatography: silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.36 in 

2:1 of Cyclohexane/EtOAc. Oil, yield: 75% (106 mg). 1H NMR (500 MHz, CDCl3, 

referenced to SiMe4 at 0.0 ppm) δ 7.74 (d, J = 1.0 Hz, 1H, imidazole), 7.32 – 7.29 (m, 2H, 

Ar), 7.23 – 7.18 (m, 3H, Ar and imidazole), 2.44 (s, 3H, Me). 13C NMR (126 MHz, CDCl3) 

δ 140.10, 139.44, 137.64, 134.29, 130.03, 126.60, 71.61, 21.31. HRMS (ESI+) m/z calcd for 

C10H10IN2 [M+H]+ 284.9883, found: 284.9878. 

4c Following the general procedure, (4-imidazolyl)-(4-methoxyphenyl) 

iodonium acetate (0.5 mmol, 180 mg) was added to a premixed HFIP 

solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 

(0.75 mmol, 244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). 

Column chromatography: silica gel, gradient elution 10:1 to 1:1 of 

Cyclohexane/EtOAc; Rf = 0.13 in 2:1 of Cyclohexane/EtOAc). Oil, yield: 72% (108 mg). 1H 

NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 7.72 (s, 1H, imidazole), 7.26 – 

7.17 (m, 3H, Ar and imidazole), 7.01 – 6.98 (m, 2H, Ar), 3.86 (s, 3H, MeO). 13C NMR (126 

MHz, CDCl3) δ 160.00, 140.09, 137.32, 129.55, 128.00, 114.41, 72.28, 55.58. HRMS (ESI+) 

m/z calcd for C10H10IN2O [M+H]+ 300.9832, found: 300.9827. 

4d Following the general procedure, (4-imidazolyl)-(4-chlorophenyl) 

iodonium acetate (0.5 mmol, 182 mg) was added to a premixed HFIP solution 

(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). Column 

chromatography: silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.28 in 
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2:1 of Cyclohexane/EtOAc). Oil, yield: 60% (91 mg). 1H NMR (500 MHz, CDCl3, 

referenced to SiMe4 at 0.0 ppm) δ 7.75 (s, 1H, imidazole), 7.52 – 7.46 (m, 2H, Ar), 7.32 – 

7.27 (m, 2H, Ar), 7.24 (s, 1H, imidazole).13C NMR (126 MHz, CDCl3) δ 139.92, 138.06, 

135.30, 135.20, 129.67, 128.01, 71.24. HRMS (ESI+) m/z calcd for C9H7ClIN2 [M+H]+ 

304.9337, found: 304.9339. 

4e Following the general procedure, (4-imidazolyl)-(4-trifluoromethoxy 

phenyl)iodonium acetate (0.5 mmol, 207 mg) was added to a premixed 

HFIP solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), 

Cs2CO3 (0.75 mmol, 244 mg) and benzimidazole (0.1 mmol, 11.8 mg). The 

product was purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 

of Cyclohexane/EtOAc; Rf = 0.23 in 2:1 of Cyclohexane/EtOAc. Oil, yield: 47% (83 mg).  
1H NMR (500 MHz, CDCl3) δ 7.75 (d, J = 1.1 Hz, 1H, imidazole), 7.39 – 7.35 (m, 4H, Ar), 

7.25 (t, J = 1.3 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 149.58 (d, J = 2.52 Hz), 

140.07, 138.22, 135.17, 128.41, 121.86, 120.46 (q, J = 258.3 Hz), 71.24 (C-I). 19F NMR (376 

MHz, CDCl3) δ -58.00. 

4f Following the general procedure, (4-imidazolyl)-(3-methoxyphenyl) 

iodonium acetate (0.5 mmol, 97%, 186 mg) was added to a premixed HFIP 

solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product 

was purified by column chromatography on silica gel, gradient elution 10:1 to 1:1 of 

Cyclohexane/EtOAc; Rf = 0.15 in 2:1 of Cyclohexane/EtOAc. Oil, yield: 77% (115 mg). 1H 

NMR (500 MHz, CDCl3) δ 7.71 (d, J = 1.0 Hz, 1H, imidazole), 7.35 (t, J = 8.1 Hz, 1H, Ar), 

7.18 (d, J = 1.0 Hz, 1H, imidazole), 6.97 (ddd, J = 8.4, 2.5, 0.9 Hz, 1H, Ar), 6.86 (ddd, J = 

7.8, 2.0, 0.9 Hz, 1H, Ar), 6.81 (t, J = 2.2 Hz, 1H, Ar), 3.80 (s, 3H, MeO). 13C NMR (126 

MHz, CDCl3) δ 160.06, 139.92, 137.73, 137.62, 130.05, 118.72, 114.75, 112.49, 71.06, 

55.54. HRMS (ESI+) m/z calcd for C10H10IN2O [M+H]+ 300.9832, found: 300.9836 

4g Following the general procedure, (4-imidazolyl)-(3-bromophenyl) 

iodonium acetate (0.5 mmol, 205 mg) was added to a premixed HFIP 

solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and 4-methylimidazole (0.1 mmol, 13.2 mg). The product was 

purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 

Cyclohexane/EtOAc; Rf = 0.42 in 2:1 in Cyclohexane/EtOAc. Oil, yield: 62% (108 mg).  1H 

NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 7.77 – 7.73 (m, 1H, imidazole), 

7.64 (ddd, J = 8.1, 1.9, 1.0 Hz, 1H, Ar), 7.52 (t, J = 2.0 Hz, 1H, Ar), 7.39 (t, J = 8.0 Hz, 1H, 

Ar), 7.31 – 7.28 (m, 1H, Ar), 7.24 (d, J = 1.0 Hz, 1H, imidazole). 13C NMR (126 MHz, 

CDCl3) δ 139.90, 138.12, 137.78, 132.34, 130.64, 129.79, 125.45, 122.76, 70.98. HRMS 
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(ESI+) m/z calcd for C9H7BrIN2 [M+H]+ 348.8832, found: 348.8833.  

4i Following the general procedure, (4-imidazolyl)-(2-methylphenyl)iodonium 

acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution (2.6 mL) of 

Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-

methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 

chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.23 

in 2:1 of Cyclohexane/EtOAc). Oil, yield: 85% (121 mg). 1H NMR (500 MHz, CDCl3, 

referenced to SiMe4 at 0.0 ppm) δ 7.66 (d, J = 0.9 Hz, 1H, imidazole), 7.42 (td, J = 7.5, 1.4 

Hz, 1H, Ar), 7.38 – 7.34 (m, 1H, Ar), 7.32 (td, J = 7.6, 1.6 Hz, 1H, Ar), 7.26 (d, J = 1.0 Hz, 

1H, imidazole), 7.16 (dd, J = 7.7, 1.3 Hz, 1H, Ar), 2.04 (s, 3H). 13C NMR (126 MHz, CDCl3) 

δ 139.86, 137.01, 136.15, 135.93, 131.04, 129.94, 128.39, 126.80, 72.41, 17.62. HRMS 

(ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found: 284.9874 

4j Following the general procedure, (4-imidazolyl)-(2-bromophenyl)iodonium 

acetate (0.5 mmol, 205 mg) was added to a premixed HFIP solution (2.6 mL) of 

Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 

1H-benzimidazole (0.1 mmol, 11.8 mg). The product was purified by column 

chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.33 

in 2:1 of Cyclohexane/EtOAc. Solid, yield: 61% (107 mg). 1H NMR (500 MHz, CDCl3) δ 

7.73 (dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.68 (d, J = 1.0 Hz, 1H, imidazole), 7.45 (td, J = 7.6, 1.5 

Hz, 1H, Ar), 7.39 (td, J = 7.8, 1.7 Hz, 1H, Ar), 7.30 (dd, J = 7.7, 1.7 Hz, 1H, Ar), 7.24 (d, J 

= 1.0 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 140.07, 137.12, 136.18, 133.69, 

131.40, 130.19, 128.36, 123.04, 72.25. HRMS (ESI+) m/z calcd for C9H7BrIN2 [M+H]+ 

348.8832; found: 348.8832 (m/z values coincide in this case). 

4k Following the general procedure, (4-imidazolyl)-(1,3,5-trimethyl)-2 -

iodonium acetate (0.5 mmol, 186 mg) was added to a premixed HFIP solution 

(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 

purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 

Cyclohexane/EtOAc; Rf = 0.51 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 51% (79 mg). 1H 

NMR (500 MHz, CDCl3) δ 7.57 (d, J = 1.0 Hz, 1H, imidazole), 7.28 (d, J = 1.0 Hz, 1H, 

imidazole), 6.99 – 6.94 (m, 2H, Ar), 2.34 (s, 3H, Me), 1.91 (s, 6H, Me). 13C NMR (126 MHz, 

CDCl3) δ 139.68, 139.52, 137.25, 136.29, 132.62, 129.10, 72.04, 21.24, 17.73. HRMS (ESI+) 

m/z calcd for C12H14N2I [M+H]+ 313.0196, found 313.0192. 

4l Following the general procedure, (4-imidazolyl)-(2-thiophenyl)iodonium 

acetate (0.5 mmol, 168 mg) was added to a premixed HFIP solution (2.6 mL) of 

Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 4-
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methylimidazole (0.1 mmol, 8.2 mg). The product was purified by column chromatography 

on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.31 in 2:1 of 

Cyclohexane/EtOAc. Solid, yield: 78% (107 mg). 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J 

= 1.0 Hz, 1H, imidazole), 7.34 (dd, J = 5.0, 2.0 Hz, 1H, thiophene), 7.21 (d, J = 1.0 Hz, 1H, 

imidazole), 7.08 – 7.01 (m, 2H, thiophene). 13C NMR (126 MHz, CDCl3) δ 141.37, 137.71, 

136.97, 126.03, 125.93, 125.55, 74.40. HRMS (ESI+) m/z calcd for C7H6IN2S [M+H]+ 

276.9291, found: 276.9297. 

4m Following the general procedure, (4-imidazolyl)-(3-thiophene)iodonium 

acetate (0.5 mmol, 168 mg) was added to a premixed HFIP solution (2.6 mL) of 

Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-

methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 

chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.25 

in 2:1 of Cyclohexane/EtOAc. Oil, yield: 79% (109 mg). 1H NMR (300 MHz, CDCl3) δ 7.74 

(d, J = 1.0 Hz, 1H, imidazole), 7.42 (dd, J = 5.1, 3.2 Hz, 1H, thiophene), 7.34 (dd, J = 3.2, 

1.4 Hz, 1H, thiophene), 7.19 (d, J = 1.0 Hz, 1H, imidazole), 7.11 (dd, J = 5.2, 1.4 Hz, 1H, 

thiophene). 13C NMR (126 MHz, CDCl3) δ 140.17, 137.59, 134.77, 126.36, 125.27, 120.84, 

71.51. HRMS (ESI+) m/z calcd for C7H6IN2S [M+H]+ 276.9291, found: 276.9292. 

4n Following the general procedure, (4-imidazolyl)-(4-phenylphenyl) 

iodonium acetate (0.5 mmol, 203 mg) was added to a premixed HFIP solution 

(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 

purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 

Cyclohexane/EtOAc; Rf = 0.40 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 70% (121 mg). 
1H NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ7.76 (s, 1H, imidazole), 7.70 

– 7.64 (m, 2H, Ar), 7.63 – 7.57 (m, 2H, Ar), 7.50 – 7.43 (m, 2H, Ar), 7.41 – 7.33 (m, 3H, Ar), 

7.25 (s, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 142.03, 139.96, 139.53, 137.83, 

135.67, 128.95, 127.98, 127.91, 127.11, 126.88, 71.30. HRMS (ESI+) m/z calcd for 

C15H12IN2 [M+H]+ 347.0040; found : 347.0047. 

4o Following the general procedure, (4-imidazolyl)-(2-naphthaline) 

iodonium acetate (0.5 mmol, 190 mg) was added to a premixed HFIP solution 

(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 

244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 

purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 

Cyclohexane/EtOAc; Rf = 0.28 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 74% (119 mg). 
1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.3 Hz, 1H, naphthaline), 7.93 (ddd, J = 8.2, 1.4, 

0.6 Hz, 1H, naphthaline), 7.79 (d, J = 1.0 Hz, 1H, imidazole), 7.54 (ddd, J = 8.3, 7.0, 1.5 Hz, 
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2H, naphthaline), 7.49 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H, naphthaline), 7.39 (dd, J = 7.2, 1.2 Hz, 

1H, naphthaline), 7.32 (d, J = 1.0 Hz, 1H, imidazole), 7.19 (dq, J = 8.3, 1.0 Hz, 1H, 

naphthaline). 13C NMR (126 MHz, CDCl3) δ 141.05, 136.86, 134.03, 133.12, 130.49, 130.35, 

128.31, 127.85, 127.12, 126.13, 125.05, 122.48, 73.68. HRMS (ESI+) m/z calcd for 

C13H10IN2 [M+H]+ 320.9883, found: 320.9892. 

4p Following a modification of the general procedure, (3-methyl-4-imidazolyl) 

phenyliodonium acetate (0.5 mmol, 172 mg), Cu(OTf)2 (0.025 mmol, 5 mol%, 

9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) were dissolved HFIP (2.6 mL). No 

additive was employed. The product was purified by column chromatography 

on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.32 in 2:1 of 

Cyclohexane/EtOAc). Solid, yield: 87% (124 mg). 1H NMR (300 MHz, CDCl3) δ 7.74 (d, J 

= 1.6 Hz, 1H, imidazole), 7.49 – 7.47 (m, 3H, Ph), 7.36 – 7.19 (m, 2H, Ph), 2.32 (s, 3H, Me). 
13C NMR (75 MHz, CDCl3) δ 144.09, 139.48, 137.28, 129.35, 128.97, 126.69, 71.08, 14.74. 

HRMS (ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found: 284.9881. 

4q Following the general procedure, (2-methyl-4-imidazolyl)-phenyliodonium 

acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution (2.6 mL) 

of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 

N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by 

column chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; 

Rf = 0.15 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 31% (45 mg). 1H NMR (400 MHz, 

CDCl3) δ 7.52 – 7.49 (m, 3H, Ph), 7.22 – 7.18 (m, 2H, Ph), 7.10 (s, 1H, imidazole), 2.30 (s, 

3H, Me). 13C NMR (126 MHz, CDCl3) δ 148.15, 137.31, 135.26, 129.53, 129.46, 128.17, 

70.65, 14.88. HRMS (ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found 284.9883 (m/z 

values coincide in this case). 

4r Following the general procedure, (5-iodo-4-imidazolyl)-phenyliodonium 

acetate (0.5 mmol, 228 mg) was added to a premixed HFIP solution (2.6 mL) of 

Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-

methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 

chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.55 

in 2:1 of Cyclohexane/EtOAc. Solid, yield: 82% (162 mg). 1H NMR (500 MHz, CDCl3) δ 

7.72 (s, 1H, imidazole), 7.54 – 7.47 (m, 3H, Ph), 7.29 (m, 2H, Ph). 13C NMR (126 MHz, 

CDCl3) δ 141.32, 137.27, 129.71, 129.58, 126.65, 97.39, 84.00. HRMS (ESI+) m/z calcd 

C9H7I2N2 [M+H]+ 396.8693, found 396.8690. 

4.5.4 Spectral Data for 4-Iodo-1-aryl-1H-imidazole Species. 

The regioselective isomer N-aryl-4-iodoimidazole was also obtained as the minor product 
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under the same reaction condition. The main product and isomer could be completely 

separated by column chromatography on silica gel.  

6a Rf = 0.41 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.72 

(s, 1H, imidazole), 7.48 (t, J = 7.8 Hz, 2H, Ph), 7.39 (t, J = 7.8 Hz, 1H, Ph), 7.35 

(m, 3H, Ph and imidazole). 13C NMR (126 MHz, CDCl3) δ 137.12, 136.57, 

130.13, 128.24, 123.98, 121.61, 83.37. 

6b Rf = 0.49 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, TMS 

as internal reference) δ 7.61 (d, J = 1.5 Hz, 1H, imidazole), 7.25 (d, J = 1.5 Hz, 

1H, imidazole), 7.22 – 7.18 (m, 2H, Ar), 7.16 (m, 2H, Ar), 2.33 (s, 3H, Me). 
13C NMR (126 MHz, CDCl3) δ 138.34, 137.20, 134.24, 130.60, 124.11, 121.58, 

83.09, 21.13. 

6c Rf = 0.37 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, 

TMS as internal reference) δ 7.64 (d, J = 1.4 Hz, 1H, imidazole), 7.31 – 

7.24 (m, 3H, Ar and imidazole), 3.85 (s, 3H, MeO). 13C NMR (126 MHz, 

CDCl3) δ 159.54, 137.49, 129.90, 124.53, 123.45, 115.15, 82.85, 55.78. 

6d Rf = 0.44 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 

7.70 (d, J = 1.4 Hz, 1H, imidazole), 7.50 – 7.44 (m, 2H, Ar), 7.33 (d, J = 1.5 

Hz, 1H, imidazole), 7.32 – 7.28 (m, 2H, Ar). 13C NMR (126 MHz, CDCl3) δ 

137.08, 135.09, 134.12, 130.34, 123.95, 122.91, 83.75. 

6e Rf = 0.48 in 2:1 of Cyclohexane/EtOAc. 1H NMR (400 MHz, CDCl3) δ 

7.71 (d, J = 1.5 Hz, 1H, imidazole), 7.43 – 7.31 (m, 5H, Ar and imidazole). 
13C NMR (126 MHz, CDCl3) δ 148.70, 137.18, 135.05, 124.06, 123.19, 

122.77, 120.49 (d, J = 258.2 Hz), 83.89. 19F NMR (376 MHz, CDCl3) δ -

58.15. 

6f Rf = 0.32 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) 

δ7.77 – 7.70 (m, 1H, imidazole), 7.38 (t, J = 8.2 Hz, 1H, Ar), 7.35 (d, J = 

1.4 Hz, 1H, imidazole), 6.94 – 6.91 (m, 2H, Ar), 6.87 (t, J = 2.3 Hz, 1H, 

Ar), 3.85 (s, 3H, MeO). 13C NMR (126 MHz, CDCl3) δ 160.89, 137.65, 

137.18, 130.98, 124.04, 113.74, 113.50, 107.83, 83.31, 55.73. 

6g Rf = 0.55 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 

7.72 (d, J = 1.5 Hz, 1H, imidazole), 7.58 – 7.50 (m, 2H, Ar), 7.39 – 7.34 (m, 

2H, Ar and imidazole), 7.30 (m, 1H, Ar). 13C NMR (126 MHz, CDCl3) δ 

137.59, 137.00, 131.45, 131.35, 124.77, 123.81, 123.68, 120.14, 83.87. 
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6i Rf = 0.43 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.47 

(d, J = 1.4 Hz, 1H, imidazole), 7.39 – 7.32 (m, 2H, Ar), 7.31 – 7.27 (m, 1H, Ar), 

7.31 – 7.27 (m, 1H, Ar), 7.13 (d, J = 1.4 Hz, 1H, imidazole), 2.19 (s, 3H, Me). 
13C NMR (126 MHz, CDCl3) δ 139.17, 135.91, 133.95, 131.56, 129.45, 127.17, 

126.59, 126.01, 82.32, 17.74. 

6j Rf = 0.52 in 2:1, Cyclohexane/EtOAc. 1H NMR (400 MHz, CDCl3) δ 7.74 

(dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.56 (d, J = 1.4 Hz, 1H, imidazole), 7.44 (td, J = 

7.6, 1.4 Hz, 1H, Ar), 7.39 – 7.29 (m, 2H, Ar), 7.21 (d, J = 1.4 Hz, 1H). 13C NMR 

(126 MHz, CDCl3) δ 139.19, 135.98, 134.24, 130.75, 128.71, 128.13, 125.98, 

119.97, 82.39. 

6k Rf = 0.72 in 2:1, Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.33 

(d, J = 1.4 Hz, 1H, imidazole), 6.97 (d, J = 1.4 Hz, 1H, imidazole), 6.97 – 

6.95 (m, 2H, Ar), 2.34 (s, 3H, Me), 2.00 (s, 6H, Me). 13C NMR (126 MHz, 

CDCl3) δ 139.35, 139.15, 135.24, 132.56, 129.13, 125.45, 82.06, 21.03, 

17.37. 

6l+isomer. Rf = 0.41 in 2:1 of Cyclohexane/EtOAc. Two isomers (1:0.63) 
1H NMR (500 MHz, CDCl3) δ7.64 (d, J = 1.4 Hz, 1H, imidazole), 7.34 (dd, 

J = 5.5, 1.5 Hz, 0.63H, thiophene), 7.28 (d, J = 1.4 Hz, 1H, imidazole), 7.24 

(d, J = 1.4 Hz, 0.63H, imidazole), 7.18 (dd, J = 1.7, 0.8 Hz, 1H, thiophene), 

7.17 (d, J = 1.8 Hz, 0.63H, imidazole), 7.08 (dd, J = 3.7, 1.5 Hz, 0.63H, thiophene), 7.05 (dd, 

J = 5.5, 3.7 Hz, 0.63H, thiophene), 7.02 – 6.98 (m, 2H, thiophene).13C NMR (126 MHz, 

CDCl3) δ 138.56, 133.08, 126.51, 126.36, 126.12, 126.07, 125.85, 125.56, 122.66, 119.92, 

83.25. 

6m Rf = 0.32 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.69 

(d, J = 1.5 Hz, 1H, imidazole), 7.44 (dd, J = 5.2, 3.2 Hz, 1H, thiophene), 7.31 

(d, J = 1.4 Hz, 1H, imidazole), 7.22 (dd, J = 3.2, 1.5 Hz, 1H, thiophene), 7.13 

(dd, J = 5.2, 1.5 Hz, 1H, thiophene). 13C NMR (126 MHz, CDCl3) δ 137.37, 

135.28, 127.66, 124.29, 121.44, 114.27, 83.00. 

6n Rf = 0.60 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 

7.77 (d, J = 1.5 Hz, 1H, imidazole), 7.70 (d, J = 8.6 Hz, 2H, Ar), 7.64 – 7.56 

(m, 2H, Ar), 7.50 – 7.44 (m, 2H, Ar), 7.44 – 7.37 (m, 4H, Ar and imidazole). 
13C NMR (126 MHz, CDCl3) δ 141.36, 139.67, 137.13, 135.66, 129.14, 

128.75, 128.09, 127.18, 123.97, 121.90, 83.47. 
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6o Rf = 0.39 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 

8.02 – 7.92 (m, 2H, naphthalene), 7.65 (d, J = 1.3 Hz, 1H, imidazole), 7.61 – 

7.51 (m, 4H, naphthalene), 7.43 (dd, J = 7.3, 1.1 Hz, 1H, naphthalene), 7.33 

(d, J = 1.3 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 139.97, 134.28, 

133.19, 129.92, 129.29, 128.52, 128.03, 127.28, 127.11, 125.25, 123.84, 122.08, 82.47. 

6p Rf = 0.47 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.56 

(s, 1H, imidazole), 7.53 – 7.44 (m, 3H, Ph), 7.28 – 7.24 (m, 2H, Ph), 2.17 (s, 

3H, Me). 13C NMR (126 MHz, CDCl3) δ 138.10, 136.36, 130.78, 129.68, 128.89, 

125.58, 84.52, 11.05.  

6q Rf = 0.36 in 2:1, Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, TMS as 

reference) δ 7.53 – 7.42 (m, 3H, Ph), 7.30 – 7.22 (m, 2H, Ph), 7.09 (d, J = 0.5 

Hz, 1H, imidazole), 2.35 (s, 3H, Me). 13C NMR (126 MHz, CDCl3) δ 147.00, 

137.09, 129.78, 128.88, 126.13, 125.63, 80.78, 13.78. 

4.5.5 Derivatization of 5-Iodo-1-aryl-1H-imidazoles 

 

Following the procedure described by Meng at al.41 An oven-dried Schlenk tube equipped 

with a teflon cap and a magnetic stir bar was charged with 5-iodo-1-phenyl-1H-imidazole 

(0.5 mmol, 135 mg), PdCl2 (0.05 mmol, 9 mg), CuI (0.1 mmol, 19 mg) and PPh3 (0.1 mmol, 

26.2 mg). The contents were placed under nitrogen with three vacuum/refill cycles, and then 

NEt3 (2 mL) and phenylacetylene (1.25 mmol, 128 mg, 138 µL) was added. The mixture was 

allowed to stir at 60 oC for 14 h. After cooling to room temperature, the mixture was 

evaporated to dryness. The crude was purified by column chromatography on silica gel 

(gradient elution 4:1 to 1:2 Cyclohexane/EtOAc; Rf = 0.27 in 2:1 Cyclohexane/EtOAc). 

Yellow oil, 121 mg, 99%. 1H NMR (400 MHz, CDCl3) δ 7.60 – 7.41 (m, 6H), 7.40 – 7.29 

(m, 6H). 13C NMR (101 MHz, CDCl3) δ 131.22, 129.49, 128.63, 128.47, 128.40, 124.68, 

122.38, 97.07 (br). MS (EI+) C17H12N2: m/z 244 (100%). HRMS (ESI+) m/z calcd for 

C17H13N2 [M+H]+ 245.1073, found: 245.1078. 
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Following the procedure described by Meng at al.41 An oven-dried Schlenk tube equipped 

with a teflon cap and a magnetic stir bar was charged with 5-iodo-1-(thiophen-2-yl)-1H-

imidazole (0.5 mmol, 138 mg), p-tolylboronic acid (0.75 mmol, 102 mg), K3PO4 (1.0 mmol, 

212 mg), Pd(OAc)2 (0.05 mmol, 11.2 mg) and Xantphos (0.1 mmol, 57.9 mg). The contents 

were placed under nitrogen with three vacuum/refill cycles, and then toluene (anhydrous, 2 

mL) was added. The mixture was allowed to stir at 120 oC for 16 h. After cooling to room 

temperature, the mixture was evaporated to dryness. The crude was purified by column 

chromatography on silica gel (gradient elution 4:1 to 1:2 Cyclohexane/EtOAc; Rf = 0.20 in 

2:1 Cyclohexane/EtOAc). Pale red solid, 97 mg, 81%. 1H NMR (400 MHz, CDCl3) δ 7.68 

(d, J = 1.1 Hz, 1H, imidazole), 7.22 – 7.17 (m, 2H, imidazole + thiophene), 7.16 – 7.07 (m, 

4H, Phtolyl), 6.94 (dd, J = 5.5, 3.6 Hz, 1H, thiophene), 6.90 (dd, J = 3.6, 1.3 Hz, 1H, thiophene), 

2.33 (s, 3H, Metolyl). 13C NMR (101 MHz, CDCl3) δ 139.93, 137.95, 137.84, 134.46, 129.25 

(CHtolyl), 128.35, 128.23 (CHtolyl), 126.06, 126.02, 124.43, 124.12, 21.35. MS (EI+) for 

C14H12N2S: m/z 240 (100%). HRMS (ESI+) m/z calcd for C14H13N2S [M+H]+ 241.0794, 

found: 241.0799. 

 

The procedure was adapted from a protocol reported for the copper-catalyzed amidation of 

heteroaryl halides.38a,38c An oven-dried Schlenk tube equipped with a teflon cap and a 

magnetic stir bar was charged with 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 135 mg), CuI 

(9.5 mg, 10 mol%) and Cs2CO3 (325 mg, 1.0 mmol). The contents were flushed with N2, and 

pyrrolidinone (56 mg, 46 μL, 0.6 mmol) was injected followed by N,N´-

dimethylethylenediamine (4.4 mg, 5.4 μL, 0.05 mmol) and, finally, dioxane (anhydrous, 2.0 

mL). The mixture heated to 105 oC for 48h. Upon cooling to room temp, the mixture was 

evaporated to dryness, and then subjected to column chromatography on silica gel using a 

1:10 cyclohexane –EtOAc mixture. Yield: 140 mg, 62%. 1H NMR (500 MHz, CDCl3) δ 7.64 

(s br, 1H, Im-H), 7.49 – 7.38 (m, 3H), 7.32 – 7.27 (m, 2H), 7.09 (s br, Im-H), 3.36 – 3.32 (m, 

2H), 2.38 (t, J = 8.1 Hz, 2H), 1.97 (tt, J = 7.8, 6.9 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 

176.51 (C=O), 135.31 (C), 129.75 (CH), 128.85 (CH), 125.72 (C), 124.98 (CH), 51.12 (CH2), 

30.57 (CH2), 18.91 (CH2). MS (EI+, 70 eV) m/z = 227 (M+). 

 

                                                              
(41) Meng, X.; Yu, C.; Chen, G.; Zhao, P. Catalysis Science & Technology 2015, 5, 372-379.  
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This reaction was conducted using standard Schlenk line technique using anhydrous solvents 

under N2. The formation of the organomagnesium reagent was performed following a 

general approach reported by Knochel et al.39 In a Schlenk tube under nitrogen, a stirred 

solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 135 mg) in dry THF (1.1 mL) was 

cooled at -25 ᵒC. Isopropylmagnesium lithium chloride iPrMgCl·LiCl (0.55 mmol, 80 mg, 

0.43 mL, 1.3 M in THF) was added dropwise, and the mixture was allowed to reach -15 ᵒC 

and kept at this temperature for 1h. Then, N,N-dimethylformamide (1.25 mmol, 91.4 mg, 

96.8 µL) was added, and the mixture allowed to reach room temperature, and then stirred at 

room temperature for 8h. The solution was concentrated to dryness and ammonium chloride 

solution (5 mL) was added. The product was extracted with EtOAc (4 x 10 mL) and the 

combined organic fraction was dried over MgSO4. Evaporation afforded the crude product, 

which was purified by flash chromatography (1:2 Cyclohexane/EtOAc, Rf = 0.20, eluted 

under N2 pressure) to give the product as a yellow solid, 61 mg, 71%. 1H NMR (500 MHz, 

CDCl3) δ 9.75 (d, J = 4.0 Hz, 1H, aldehyde), 7.93 (d, J = 6.5 Hz, 1H, imidazole), 7.78 (s br, 

1H, imidazole), 7.53-7.46 (m, 3H, Ar), 7.38 – 7.33 (m, 2H, Ar). 13C NMR (126 MHz, CDCl3) 

δ 178.40 (CH=O), 143.35 (Im), 142.28 (Im), 135.46 (C), 131.97 (C), 129.53 (CHPh), 129.41 

p-Ph), 125.84 (CHPh). HRMS (ESI+) m/z calcd for C10H9N2O [M+H]+ 173.0709, found: 

173.0712. 

 

This reaction was conducted using standard Schlenk line technique using anhydrous solvents 

under N2 following a procedure described by Kemmett et al for a related iodoazole.40b In a 

Schlenk tube under nitrogen, a stirred solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 

135 mg) and 2-isopropoxy-4,4,5,5-tetramethyl- 1,3,2-dioxaborolane (0.75 mmol, 140 mg, 

153 µL) in dry THF (1.2 mL) was cooled at 5 oC. Isopropylmagnesium lithium chloride (0.5 

mmol, 73 mg, 0.39 mL, 1.3 M in THF) was added dropwise. The reaction mixture was then 

allowed to sir at 5 oC for 2.5 h. The solvent was then evaporated to dryness and 

dichloromethane (10 mL) was added. The suspension was filtered through a pad of silica; 

through this pad was then passed dichloromethane (300 mL) to ensure full extraction. The 

combined organic fraction was concentrated to dryness. The crude product was washed with 

cold diethyl ether (3 mL x 4) and dried under vacuum. Yellow solid, 134 mg, 93%. 1H NMR 

(400 MHz, CDCl3) δ 7.79 (s br, 1H, imidazole), 7.68 (s br, 1H, imidazole), 7.41 (d, J = 7.2 

Hz, 3H, Ar), 7.33 (d, J = 7.2 Hz, 2H, Ar), 1.21 (s, 12H, Me of pinacolate). 13C NMR (126 

MHz, CDCl3) δ 141.89 (d, J = 79.9 Hz, C-B), 137.83, 128.82, 128.17, 125.59, 83.79, 65.96, 
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24.70, 15.40. 11B NMR (128 MHz, CDCl3) δ 27.7. HRMS (ESI+) m/z calcd for C15H20BN2O2 

[M+H]+ 271.1612, found: 271.1628.  

N
N

N
N

I

N
N

LiCl·ClMgTurbo-
Grignard

Ph2PCl
Ph2P

 

In a Schlenk tube under nitrogen, a solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 

135 mg) was cooled at 5 oC, followed by addition of isopropylmagnesium lithium chloride 

(0.55 mmol, 0.43 mL, 1.3 M in THF). The reaction mixture was then allowed to stir at -15 
oC for 1 h and quenched with chlorodiphenylphosphine (0.6 mmol, 132.4 mg) at -15 oC. The 

mixture was continued stirring for another 7 h and the GC-MS sample was taken. The target 

product, 5-(diphenylphosphaneyl)-1-phenyl-1H-imidazole could be detected by GC-MS. 

4.5.6 X-Ray Diffraction Structural Determination Details 

Compound 2 

 
Crystal data and structure refinement for mo_ASH86B_0m. 
_____________________________________________________________________ 
Identification code  mo_ASH86B_0m 
Empirical formula  C11H8F3IN2O2 
Formula weight  384.09 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  11.1265(11)Å   =  117.030(3)°. 
 b =  11.3042(11)Å    = 106.231(2)°. 
 c =  12.1997(12)Å    =  98.694(3)°. 
Volume 1241.0(2) Å3 
Z 4 
Density (calculated) 2.056 Mg/m3 
Absorption coefficient 2.617 mm-1 
F(000)  736 
Crystal size  0.20 x 0.12 x 0.08 mm3 
Theta range for data collection 2.016 to 37.865°. 
Index ranges -17<=h<=19,-17<=k<=8,-16<=l<=19 
Reflections collected  25157 
Independent reflections 10339[R(int) = 0.0311] 
Completeness to theta =37.865°  77.200005%  
Absorption correction  Empirical 
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Max. and min. transmission  0.818 and 0.686 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters 10339/ 0/ 343 
Goodness-of-fit on F2  1.058 
Final R indices [I>2sigma(I)]  R1 = 0.0299, wR2 = 0.0633 
R indices (all data)  R1 = 0.0411, wR2 = 0.0683 
Largest diff. peak and hole  1.282 and -0.859 e.Å-3 
 
Compound 3 

Crystal data and structure refinement for WYC0338_BB. 
_____________________________________________________________________ 
Identification code  WYC0338_BB 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pca2(1) 
Unit cell dimensions a =  14.852(5)Å =  90°. 
 b =  7.090(2)Å  = 90°. 
 c =  16.375(5)Å  =  90°. 
Volume 1724.4(9) Å3 
Z 8 
Density (calculated) 2.080 Mg/m3 
Absorption coefficient 3.654 mm-1 
F(000)  1024 
Crystal size  0.30 x 0.20 x 0.20 mm3 
Theta range for data collection 2.488 to 36.440°. 
Index ranges -23<=h<=24,-11<=k<=11,-27<=l<=25 
Reflections collected  29497 
Independent reflections 8032[R(int) = 0.0843] 
Completeness to theta =36.440°  99.7%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.529 and 0.407 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  8032/ 918/ 521 
Goodness-of-fit on F2  1.085 
Final R indices [I>2sigma(I)]  R1 = 0.0834, wR2 = 0.2244 
R indices (all data)  R1 = 0.0884, wR2 = 0.2288 
Flack parameter  x =0.20(10) 
Largest diff. peak and hole   4.714 and -5.160 e.Å-3 
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Compound 4a  

 
Crystal data and structure refinement for WYC0367. 
_____________________________________________________________________ 
Identification code  WYC0367 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  14.047(2)Å   =  106.506(2)°. 
 b =  14.278(2)Å    = 106.658(2)°. 
 c =  14.990(2)Å    =  91.9150(10)°. 
Volume 2740.0(7) Å3 
Z 12 
Density (calculated) 1.964 Mg/m3 
Absorption coefficient 3.450 mm-1 
F(000)  1536 
Crystal size  0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.143 to 33.182°. 
Index ranges -21<=h<=21,-21<=k<=21,-22<=l<=23 
Reflections collected  40071 
Independent reflections 20095[R(int) = 0.0341] 
Completeness to theta =33.182°  95.9%  
Absorption correction  Empirical 
Max. and min. transmission  0.545 and 0.419 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  20095/ 0/ 649 
Goodness-of-fit on F2  1.076 
Final R indices [I>2sigma(I)]  R1 = 0.0297, wR2 = 0.0758 
R indices (all data)  R1 = 0.0344, wR2 = 0.0770 
Largest diff. peak and hole  3.895 and -1.473 e.Å-3 
 
Compound 6a  

 
Crystal data and structure refinement for mo_WYC0334_1_2_0m 
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_____________________________________________________________________ 
Identification code  mo_WYC0334_1_2_0m 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pbca 
Unit cell dimensions a =  10.4580(9)Å =  90°. 
 b =  10.3882(8)Å  = 90°. 
 c =  16.2732(13)Å  =  90°. 
Volume 1767.9(2) Å3 
Z 8 
Density (calculated) 2.029 Mg/m3 
Absorption coefficient 3.564 mm-1 
F(000)  1024 
Crystal size  0.30 x 0.30 x 0.07 mm3 
Theta range for data collection 2.503 to 32.568°. 
Index ranges -15<=h<=15,-15<=k<=8,-19<=l<=24 
Reflections collected  14184 
Independent reflections 3001[R(int) = 0.0464] 
Completeness to theta =32.568°  93.4%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.788 and 0.264 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  3001/ 0/ 109 
Goodness-of-fit on F2  1.061 
Final R indices [I>2sigma(I)]  R1 = 0.0340, wR2 = 0.0868 
R indices (all data)  R1 = 0.0395, wR2 = 0.0899 
Largest diff. peak and hole  1.666 and -2.974 e.Å-3 
 
 
Compound 3p  

 
Crystal data and structure refinement for mo_WYC0326_0m 
_____________________________________________________________________ 
Identification code  mo_WYC0326_0m 
Empirical formula  C12 H13 I N2 O2  
Formula weight  344.14 
Temperature  100(2) K 
Wavelength  null Å 
Crystal system  Triclinic 
Space group  P-1 
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Unit cell dimensions a =  8.6891(6)Å   =  67.3339(13)°. 
 b =  11.5088(7)Å   = 75.0548(16)°. 
 c =  14.6399(9)Å   =  87.7401(16)°. 
Volume 1302.28(14) Å3 
Z 4 
Density (calculated) 1.755 Mg/m3 
Absorption coefficient 2.451 mm-1 
F(000)  672 
Crystal size  0.20 x 0.10 x 0.10 mm3 
Theta range for data collection 1.922 to 32.508°. 
Index ranges -12<=h<=9,-17<=k<=16,-22<=l<=14 
Reflections collected  16124 
Independent reflections 8062[R(int) = 0.0139] 
Completeness to theta =32.508°  85.5%  
Absorption correction  Empirical 
Max. and min. transmission  0.792 and  0.640 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  8062/ 0/ 311 
Goodness-of-fit on F2  1.062 
Final R indices [I>2sigma(I)]  R1 = 0.0169, wR2 = 0.0410 
R indices (all data)  R1 = 0.0189, wR2 = 0.0431 
Largest diff. peak and hole  1.440 and -0.420 e.Å-3 
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General Conclusions 

The reactivity of organic hypervalent iodine compounds constitutes a potent and versatile 

toolbox in organic synthesis. In particular, organic λ3-iodanes have been utilized as 

terminal 2-electron oxidants, as well as group transfer agents in a wide range oxidative 

functionalization processes. With few exceptions, such transformations are accompanied by 

the liberation of the parent organoiodine fragment. A less explored, but synthetically 

attractive possibility consists in incorporating both the organic group and the iodine atom 

into the final product. Such approach presents a clear synthetic appeal, given that the iodine 

retention opens the door for downstream derivatization. This thesis describes a series of 

such “iodine-directed” coupling reaction employing organo-λ3-iodanes as substrates. 

In Chapter 2 we have developed a method for direct metal-free oxidative coupling between 

commercially available iodoarenes and two families of activated ketones: 2-cyanoketones 

and cyclic β-diketones. The new approach eliminates the need for isolation and storage of 

the reactive trifluoroacetate-based λ3-iodane, thus amplifying the scope of the iodoarene 

coupling partners. Taking advantage of an efficient and rapid (reaction calorimetry profile) 

in situ conversion of ArI to a hypervalent species, the coupling between iodoarene and 

2-cyanocyclohexanone to give 2-(2’-iodophenyl)-2-cyanocyclohexanone proceeded 

smoothly using Oxone® or mCPBA as oxidant. This protocol shows good functional group 

compatibility for iodoarenes cores, including those with an unstable hypervalent 

ArI(OCOCF3)2 form. Oxone® was found to not only serve as oxidant, but also to favor the 

coupling through a pronounced sulfate-related acceleration. DFT calculations supported the 

proposed coupling via a [3,3] sigmatropic rearrangement, confirming a vanishingly small 

activation barriers for the so-called ¨iodonio-Claisen¨ process. 

Further exploring the limits of the iodane-directed oxidative C-H functionalization, Chapter 

3 describes the coupling between aryliodine diacetates, ArI(OAc)2 and unsaturated 

organosilanes. In particular, the use of trimethyl(benzyl)silane in the presence of a Lewis 

acid activator (BF3·Et2O, Tf2O) allowed for an unusual para-selective benzylation to give a 

family of iodinated diarylmethanes. A range of function groups was tolerated including a 

halide, an ester and azide. In the case where the para position on the iodoarene core is 

blocked, the coupling can be directed to the available meta position. Although the overall 

mechanism is not fully clear, a simple Frediel-Crafts process has been ruled out based on 

competition experiments. A diaryliodonium salt, a candidate for an interemediate, was 

shown to lead to the desired product. The Chapter also describes the ortho-coupling using 

propargyl, homo-allenyl a special class of benzothiophene-based allylsilane derivatives. 
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The last chapter describes a conceptually different approach for oxidative “iodoarylation” 

of imidazoles. The procedure is based on the discovery of a new family of diaryliodonium 

salts produced by the NH-imidazole with ArI(OAc)2, followed by the constitution of the 

synthetically challenging N-aryl-5-iodoimidazoles in the presence of copper catalyst. The 

C(5)-iodine moiety serves as placeholder for the subsequent introduction of a variety of 

substituents, acting as the handle for the synthesis of valuable 1,5-substituted imidazole 

cores. The method tolerates a variety of aryl fragments and is also applicable to substituted 

imidazoles. Experimental and DFT data suggest that the 1,5-selectivity is the result of an 

intramolecular copper-catalyzed iodine-to-nitrogen migration of the aryl fragments with a 

Zwitterionic iodonium ylide species (NMR, X-Ray) acting as the crucial intermediate. 

UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 




