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Radical iodination: A real challenge! 

Fokin, A. A.; Schreiner, P. R. Adv. Synth. Catal. 2003, 345, 1035; Pfeiffer, W. D., Hartung, J. Science of Synth. 2007, 35, 541–548;705–
706; Niclas, H. J.; Zeuner, F.; Gründemann, E.; Zölch, L. J. prakt. Chem. 1987, 329, 400. 
 
 

• Direct iodinations of unactivated C–H bonds with iodine radical are impossible 
 
 
 
 
 
 
 

• HI acts as reducing agent! 
 

• C–I bond cleaved by UV n to σ* excitation (about 260 nm) 
 
• C–I often used as intermediate (very unstable)!  quenched 
• Isolation challenging (especially benzylic C–I compounds)  
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Iodination: State of the art 

Tanner, D. D.; Gidley, G. C. J. Am. Chem. Soc. 1968, 90, 808; Schreiner, P. R.; Lauenstein, O.; Butova, E. D.; Fokin, A. A. Angew. Chem. 
Int. Ed. 1999, 38, 2786. 
  

Tanner aliphatic-CH: 28 – 51%; benzylic-CH: BnI 34% (isolated yield) 

Schreiner aliphatic-CH: 16 – 92% (isolated yield) 
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Iodination: State of the art 

Barluenga, J.; González-Bobes, F.; González, J. M. Angew. Chem. Int. Ed. 2002, 41, 2556; Montoro, R.; Wirth, T. Org. Lett. 2003, 5, 
4729; Montoro, R.; Wirth, T. Synthesis 2005, 2005, 1473; Ling, X.-G.; Xiong, Y.; Zhang, S.-T.; Huang, R.-F.; Zhang, X.-H. Chin. Chem. 
Lett. 2013, 24, 45. 
 
 

González 

Zhang aliphatic-CH: CyI 7%; benzylic-CH: 42 – 49% 
(isolated yield) 

aliphatic-CH: 85 – 97%; benzylic-CH: BnI 92% 
(GC-MS yield) 

Wirth aliphatic-CH: 23 – 85%; benzylic-CH: BnI 50% (isolated yield) 
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Iodination: State of the art 

Mechanism 

Barluenga, J.; Campos-Gómez, E.; Rodríguez, D.; González-Bobes, F.; González, J. M. Angew. Chem. Int. Ed. 2005, 44, 5851. 

aliphatic-CH: 54 – 67%; benzylic-CH: 29 – 94% 

method A 

method B 

aliphatic-CH: 17 – 40%; benzylic-CH: 36 – 72% 
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Iodination: Possible? 

Yield determined by NMR with DMT as internal standard. 

Orazi, O. O.; Corral, A.; Bertorello, H. E. J. Org. Chem. 1965, 30, 1101. 
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Sulfonylamidation with DIH 

Baba, H.; Togo, H. Tetrahedron Lett. 2010, 51, 2063. 
 

R1 R2 yield% 
H H 37 
C(CH)3 H 30 
Br  H  44 
 
CO2CH3 CH3 40 
Br CH3 63 
H CH3 90 



8 

Cyclization with DIH 

Krabbe, S. W.; Do, D. T.; Johnson, J. S. Org. Lett. 2012, 14, 5932; Bloodworth, A. J.; Curtis, R. J. J. Chem. Soc., Chem. Commun. 1989, 
173. 
. 
 
. 
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Iodination: Solubility 

V [mL] BnI [%]a PhCHO [%]a 

1 18 2 

1.5 27 3 

2 33 3 

a Yield determined by NMR with DMT as internal standard. 
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Iodination: NHPI loading 

NHPI 
[equiv.] 

BnI [%]a PhCHO [%]a 

0.08 13 <1 

0.17 33 3 

0.25 38 1 

0.33 39 1 

a Yield determined by NMR with DMT as internal standard. 
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Iodination: Substrate loading 

PhMe [equiv.]a BnI [%]b PhCHO [%]b 

1.7 33 3 

3.4 60 1 

6.8 69 1 

a Equiv. related to DIH. b NMR-yield with DMT as internal 
 standard. 
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Iodination: Acid 

pKa in H2O 
(DMSO) 

Acid BnI [%]a 

- 8 

4.2 (11.1) PhCO2Hb 36c 

4.2 (11.1) PhCO2H 63d 

4.75 (12.6) AcOH (100%) 62 

Ac2O 13 

3.53 Diphenic acid 65 

3.42 (9.0) p-nitro 
benzoic acid 
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2.19 (8.2) o-nitro 
benzoic acid 

68 
a NMR yield with DMT as internal standard. 
b 0.18 equiv. related to DIH. c 69% after 22.5 
h. d 68% after 22.5 h. 

pKa in H2O 
(DMSO) 

Acid BnI [%]a 

1.34 (6.4) Dichloro 
acetic acid 

47 

1.2 Camphor 
sulfonic acid 
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0.7 p-TsOH 12 

0.23 TFA 21 + SEAr 

-1.9 (1.6) MsOH SEAr 

(Ph)3PS1 - 

   Denmark, S. E.; Burk, M. T. Chirality 2014, 26, 344. 

 



Substrate scope and limitations 
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• BDE toluene (88 kcal mol-1) 
vs. p-methylanisole (87 kcal mol-1) 
 

• Radical stability 14 vs. 15 
 

• EWG group (low-lying SOMO) 

Important criteria? 



Maximum yield; iodine activity in DIH 
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• Portionwise addition of DIH no benefit 
 

• Further addition of NHPI after 1 h no benefit 
 

• Dry and degassed conditions no benefit  
 

• Maximum yield about 60 to 65%; all iodine in DIH (2) active? 

NMR yield with DMT as internal standard. 



Substrate scope DIH (A) vs. 3-ITMH (B) 
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Mechanism – How does the reaction work? 

16 
P. Roberts, B. Chem. Soc. Rev. 1999, 28, 25. 

 
 



Light for the mechanism? Polarity-reversal catalysyis 
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B2K-PLYP/aug‘-cc-pVTZ//BHandH-LYP/6-31+G(d,p) 

 
ΔG298 [kJ mol-1] 

P. Roberts, B. Chem. Soc. Rev. 1999, 28, 25; Chan, B.; Easton, C. J.; Radom, L. The J. Phys. Chem. A 2015, 119, 3843. 

 
 



Purple reaction mixture - what is the role of iodine? 
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Masui, M.; Ueshima, T.; Ozaki, S. J. Chem. Soc. Chem. Commun. 1983, 479; Nicolas, I.; Barrière, F.; Jeannin, O.; Fourmigué, M. Cryst. Growth 
Des. 2016, 16, 2963; Laurence, C.; Graton, J.; Berthelot, M.; El Ghomari, M. J. Chem. Eur. J. 2011, 17, 10431; Le Questel, J.-Y.; Laurence, C.; 
Graton, J. CrystEngComm 2013, 15, 3212; Lommerse, J. P. M.; Stone, A. J.; Taylor, R.; Allen, F. H. J. Am. Chem. Soc. 1996, 118, 3108; Kratzer, 
P.; Ramming, B.; Romisch, S.; Maas, G. CrystEngComm 2015, 17, 4486; Cavallo, G.; Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, A.; Resnati, 
G.; Terraneo, G. Chem. Rev. 2016, 116, 2478. 
 
  
 
 
 

 
 

Halogen bond 
• I2 acts as lewis acid (halogen 

bond donor) 
• C=O (halogen bond acceptor) 

NMR yield with DMT as internal standard. 

• Addition of Co(OAc)2 also 
did not work 



What is the role of acid? Only proton source? 
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Acid pKa (DMSO) 
 

BnI [%]a 

- 8 

o-NO2C6H4CO2H 9.0 69 

NH4Clb 10.5 56 

PhCO2H 11.1 63 

a NMR-yield with DMT as internal standard. b 3 h. 



Activation of 3-ITMH by acid 
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179.12 

179.21 

154.75 

154.91 

Δ = 0.16 ppm 

Δ = 0.005 ppm Δ = 0.008 ppm 

Δ = 0.09 ppm 

Filimonov, V. D.; Krasnokutskaya, E. A.; Poleshchuk, O. K.; 
Lesina, Y. A.; Chaikovskii, V. K. Russ. Chem. Bull. 2006, 55, 1328. 
 

B3LYP/6-311G* 



Summary and outlook 
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• Up to 68% isolated yield 
• Smooth reaction for EWG-C6H5CH3 

• DOSY NMR shows complex formation 

Combe, S. H.; Hosseini, A.; Parra, A.; Schreiner, P. R. J. Org. Chem. 2017. DOI: 10.1021/acs.joc.6b02829  

 
 

Regioselectivity 
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