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Oxidative nitroalkylation of ββββ-ketoamides and nitroalkanes, 

mediated by hypoiodide generated from tert-butyl hydrogen 

peroxide and a catalytic amount of guanidinium iodide, 

afforded the corresponding αααα-nitroalkyl-ββββ-ketoamides in up 

to 97% yield.  10 

 Hypoiodite (represented by IOX or IO–) is easily generated in 

situ from a stoichiometric amount of iodine or iodide with 

oxidant, and has been used in a variety of oxidative coupling 

reactions.1,2  Recently, Ishihara and co-workers found that 

hypoiodite could be effectively generated by using only a 15 

catalytic amount of iodide, and they reported oxidative α-

phenoxyetherification3a or α-oxyacylation3b of carbonyl 

compounds with an equivalent amount of oxidant in the presence 

of a catalytic amount of quaternary ammonium iodide.  Since 

then, various oxidative coupling reactions have been explored 20 

using this approach.4  These oxidative reactions are mostly 

carbon-heteroatom (O or N) bond-forming reactions at the α-

position of carbonyl compounds or at the benzylic position of 

aromatic groups (Schemes 1a and 1b).5,6,7  However, carbon-

carbon bond-forming reactions under these conditions have not 25 

been well explored, and the only reported reaction is that of 

tetrahydroisoquinoline bearing an activated benzylic moiety with 

carbon nucleophiles derived from nitroalkanes or 1,3-dicarbonyl 

compounds (Scheme 1b).8,9  Therefore, we were interested in 

extending the scope of oxidative carbon-carbon bond-forming 30 

reactions mediated by hypoiodite.  Among the possible 

combination of substrates, coupling of the α-position of 

carbonyls with nitroalkanes is especially attractive since the 

resulting β-nitrocarbonyls are very useful precursors for β-amino 

acid and their derivatives including spiro β-lactams.10,11   Here, 35 

we describe an intermolecular oxidative coupling reaction of β-

ketoamides with nitroalkanes mediated by hypoiodite generated 

from tert-butyl hydroperoxide (TBHP) and a catalytic amount of 

guanidinium iodide (Scheme 1c).  

Initially, we screened onium iodide catalysts for the oxidative 40 

coupling reaction of β-ketoamide 1a, derived from 2,3-

dihydroindanone, and nitroethane (2a) (30 equiv.) in the presence 

of hydrogen peroxide (30%, 1.5 equiv.) in acetonitrile (Table 

1).12   Oxidative coupling reaction took place with ammonium 

iodide and phosphonium iodide as catalysts (0.1 equiv.), and 3aa 45 

was obtained in moderate yield (38% in each case), together with 

hydroxylated 4a in 37% and 46% yield, respectively (entries 1 

and 2).  On the other hand, pyridinium iodide was not effective 

(entry 3).  Next, some guanidinium iodides were tested.  In the 

case of acyclic tetramethylguanidinium iodide (TMG·HI), the 50 

coupling product 3aa was obtained in 44% yield, accompanied 

with hydroxylated 4a in 47% yield (entry 4).  On the other hand,  
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Scheme 1  Hypoiodite-mediated oxidative coupling reactions. 
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3aa was obtained in 60% yield by using the cyclic guanidinium 

salt triazabicyclodecene hydroiodide (TBD·HI) (entry 5).  

Interestingly, the yield of 3aa fell to 33% when the methylated 

cyclic guanidinium salt MeTBD·HI was used (entry 6).  Since the 

cyclic guanidinium iodide TBD·HI was effective with the onium 80 

iodides examined, the oxidative coupling reaction was further 

investigated with various oxidants.  The yield of 3aa was similar 

to, or worse than, that with hydrogen peroxide when urea 

hydrogen peroxide (UHP) and cumene hydroperoxide (CHP) 

were used (entries 7 and 8).  In contrast, a drastic improvement 85 

was observed in the case of tert-butyl hydroperoxide (TBHP, 

70% in water), and the coupling product of 3aa was obtained 

almost exclusively in 94% yield (entry 9).13,14  Under this 

condition, generation of hydroxylated 4a was largely suppressed.  

Interestingly, TBHP was almost ineffective as an oxidant for 90 

methylated cyclic guanidinium iodide (entry 10).  It is noteworthy 

that this reaction did not proceed at all with a stoichiometric 
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Table 1  Screening of the onium salts of iodide for oxidative 

coupling of 2,3-dihydroindanone-derived β-ketoamide 1a and 

nitroethane (2a). 
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 a Isolated yield. b 30% H2O2 was used. c 70% TBHP in H2O was  

used. d One equivalent of reagent was used. 15 

 

amount of hypervalent iodine reagent PIDA (PhI(OAc)2) or PIFA 

(PhI(OCOCF3)2) (entries 11, 12), or with a catalytic amount of 

PhI in the presence of mCPBA or TBHP (entries 13, 14).15  Since 

the hydrochloric acid salt of TBD, i.e., TBD·HCl, did not 20 

catalyze the reaction at all, iodine anion is mandatory for the 

reaction (entry 15). 

 With the optimized conditions in hand (Table 1, entry 9), the 

substrate scope for β-ketoamides 1 was examined with 

nitroethane (2a) (Table 2).  Electron-donating methyl, methoxy, 25 

and dioxorane groups on the aromatic group did not affect the 

reactivity, and the corresponding oxidative coupling products 

3ba-ea were obtained in high yields (entries 1-4).  Electron-

withdrawing bromide and chloride afforded the oxidative 

coupling products 3fa and 3ga in 85% yield, using chloroform as 30 

the solvent and 20 mol% catalyst.16  Tetralone- and 

benzosuberone-derived β-ketoamides 1h and 1i also underwent 

the coupling reaction (entries 7 and 8).  Notably, in the case of 

tetralone-derived 1h, which is labile under oxidation conditions 

due to aromatization,17 the reaction proceeded smoothly in a 35 

mixed solvent of acetonitrile-chloroform (2:1), and the 

corresponding product 3ha was obtained in 88% yield.  An N-

alkyl group, i.e., n-butyl-substituted amide 1j was also available, 

affording 5ja in 80% yield (entry 9).  N-aryl group in amide was 

also varied (entry 10-13).  Both of electron donating and  40 

Table 2  Substrate scope for the β-ketoamides 1. 
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Entry  β-Ketoamide Product 
Yield 
(%)e,f 

1 1b 
 

3ba 88 

2 1c 
 

3ca 73 

3 1d 

 

3da 84 

4 1e 
 

3ea 93 

5a,b 1f 
 

3fa 85 

6a,b 1g 
 

3ga 85 

7c 1h 
 

3ha 88 

8d 1i 
 

3ia 84 

9 1j 

 

5ja 80 

10a 1k 

 

5ka 92 

11a 1l 5la 97 

12a 1m 

 

5ma 95 

13a 1n 

 

5na 63 

14g 1o 

 

5oa comp. 

a CHCl3 was used. b TBD·HI (20 mol%) was used. c MeCN-

CHCl3 (2:1) was used. d MeCN-ethyl acetate (1:7) was used. e 

Isolated yield. f diastereomeric ratios were shown in supporting 50 

information. g The reaction was carried out for 2 h. 
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Table 3  Substrate scope for nitroalkanes 2.18 

 

 

 

 5 

 

Entry Nitroalkanea Product 
Yield  

(%) 

1 2b  3ab 90 

2 2c  3ac 82 

3b 2d  3ad 81 

4b,c 2e  3ae 90 

5 2f 
 

3af 87 

6b,d 2g  3ag 79 

a 30 equivalents of nitroalkanes were used. b 3 equivalents of 

nitroalkanes were used. c 5 equivalents of nitroalkanes were used. 
d The reaction was carried out at 50 °C for 1 h. 

 10 

withdrawing groups were available, and corresponding products 

of 5ka-5na were obtained in 63-97% yield.  This reaction did not 

proceed to a simple cyclopentanone derived β-ketoamide 1o, and 

complicated reaction products were obtained (entry 14).  

 Next, the nitroalkanes 2 were varied to examine the reaction 15 

with indanone-derived β-ketoamide 1a.  As shown in table 3, 

various nitroalkanes 2 were available, and oxidative coupling 

products 3ab-3ae were obtained in good to high yields (entries 1-

4).  Interestingly, the reaction proceeded with 2-nitropropane, and 

the oxidative coupling product 3af bearing quaternary carbon was 20 

obtained in 87% yield (entry 5).  Moreover, ethyl nitroacetate 

also gave the coupling product 3ag in 79% yield (entry 6).   

 Then, the mechanism of this reaction was examined.  Several 

pathways (A~C) can be considered based upon the recent studies 

by Ishihara and co-workers (Scheme 2).19  Firstly, hypoiodite IO–  
25 

should be generated by reaction of I– with TBHP (Scheme 2a).  

This hypoiodite species would react with β-ketoamide 1a to form 

either iodoenolate 6 or α-iodo-β-ketoamide 7 (Scheme 2b).  In 

the case of iodoenolate 6 as an intermediate, nitronate 2a 

stabilized by TBD would react with 6 to generate 3aa (path A).20  30 

On the other hand, radical-type coupling would proceed from 

intermediate 8 through homolytic cleavage of 6 or 7 followed by 

coupling with nitronate 2a (paths B and C). 

 To verify these reaction pathways, oxidative coupling reaction 

of β-ketoamide 1a and nitroethane (2a) was carried out in the 35 

presence of TEMPO, a radical scavenger, under optimized 

conditions (Scheme 3a).  Only a trace amount of product 3aa was 

obtained, and β-ketoamide 1a was recovered almost 

quantitatively.  Alternatively, we performed the oxidative 

coupling reaction in the presence of dibutylhydroxytoluene 40 

(BHT) (Scheme 3b).  In this case, α-phenxylated 9 was obtained 

in 39% yield together with 3aa (24%).  Moreover, only 

hydroxylated 4a was obtained in 97% yield under the oxygen 

atmosphere (Scheme 3c).  Thus, the presence of radical 

intermediate 8 was suggested.21,22 
45 
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Scheme 2 (a) Oxidation of TBD·HI with TBHP. (b) Proposed 65 

mechanism for oxidative coupling reaction of β-ketoamide 1a 

with nitroalkane 2a. 
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Scheme 3 Oxidative α-nitroalkylation of β-ketoamide 1a in the 85 

presence of TEMPO, b) dibutylhydroxytoluene (BHT), and c) 

oxygen. 

 

Conclusions 

    In summary, we have developed an oxidative nitroalkylation of 90 

β-ketoamides in the presence of hypoiodite generated from TBHP 

as an oxidant and a catalytic amount of TBD·HI.  A wide range of 

nitroalkanes and β-ketoamides was available for reaction under 

these conditions.  This direct and simple oxidative catalytic 

reaction is expected to be a powerful and practically useful 95 

approach to obtain α-nitroalkyl-substituted carbonyl compounds.  

We are investigating the mechanism and further applications of 

guanidinium iodide-mediated oxidative coupling reactions. 

 We would like to dedicate this article to celebrate the 20th 
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