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Sulfonium Ion-Promoted Traceless Schmidt Reaction of Alkyl 
Azides 
Bayu Ardiansah,a Hiroki Tanimoto,*a,b Takenori Tomohiro,b Tsumoru Morimoto,a and Kiyomi 
Kakiuchia 

Schmidt reaction by sulfonium ions is described. General primary, 
secondary, and tertiary alkyl azides were converted to the 
corresponding carbonyl or imine compounds without any trace of 
the activators. This bond scission reaction showcased ring-opening, 
-expansion, and one-pot further conversion of the substrates. 

Recent advances of functionalization by inactive bond cleavage 
have changed the synthetic planning of organic compounds.1 
These versatile chemical reactions enable late-stage conversion 
of complex molecules, such as bioactive compounds into novel 
drug candidates with improved activity or functionalized 
chemical probe compounds. In this context, the azido group has 
also been known not only as a precursor of an amino group and 
as a molecular click conjugation scaffold in the chemical biology 
area, but also for its potent reactivity to lead ring-expansion, -
opening, or fragmentation of the molecules through 
disconnection of robust C-C and inactive C-H bonds (Figure 
1A).2,3 Among the reactions of azides, the Schmidt (Boyer-
Schmidt) reaction is one of the well-known methods for robust 
bond cleavage and has been utilized in a wide range of synthetic 
organic chemistry (Figure 1B).4–6 Thus, organic azides, which are 
also available by recent late-stage azidation,7 could be potential 
scaffolds of molecular structural diversity through robust bond 
scission. However, because of the low nucleophilicity of organic 
azides, the Schmidt reaction usually requires carbon 
electrophiles (intramolecular in most cases) such as 
carbonyls,4a,b carbocations,7 and carbon centers with a strong 
leaving group.6 Also, the need for carbon electrophiles forming 
new C-N bonding may lead to unnecessary substitution onto the 
nitrogen atom or difficulty in substrate preparation. Although 
activation of azides at migration-accessible benzylic8 or 
carbonyl-α-positions9,10 without carbon nucleophiles has been 

reported, that of general alkyl azides requires excess strong 
acids or high temperatures.11 With this background, C-H or C-C 
bond scission by activation of primary and secondary alkyl 
azides,12,13 and geminal diazides14 has also been developed 
recently. Nevertheless, that of ubiquitous alkyl azides, 
especially tert-alkyl azides, is still difficult.13d 
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Figure 1. Organic azides as scaffolds of molecular diversity, and Schmidt reaction cleaving 
inert chemical bonding. 

 To overcome the difficulties above, we focused on reactive 
sulfonium ion species easily prepared from commercial 
sulfoxides.15 As demonstrated in Pummerer rearrangement,16 
the reactive sulfonium ions are potent electrophiles. We 
envisaged these species as key activators of low-nucleophilic 
organic azides, which induce the migration of the substituent 
onto the nitrogen atom in the azido group with the elimination 
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of molecular nitrogen (Figure 1C). Compared to the general 
Schmidt reaction initially forming C-N bond,4 it is advantageous 
that the formed S-N bond could be easily disconnected after 
aqueous treatment. In addition, unlike borate-mediated 
reactions,4c–e the cationic sulfonium species could suppress the 
undesired migration of the S-substituents. We also anticipated 
that the use of sterically small sulfonium ions could approach 
bulky tert-alkyl azides to activate. Overall, the traceless Schmidt 
reaction of organic azides by sulfonium ion, namely interrupted 
Pummerer reaction16 with organic azides from the view of 
sulfoxide, should afford imines by chemical bond cleavage 
without the residue of the activators. It is also advantageous 
that the generated transiently activated imines would be 
capable of additional transformation reactions in one pot. 
Herein, we report our sulfonium ion-mediated traceless 
Schmidt reaction of primary, secondary, and tertiary alkyl azides. 

Table 1. Optimization of Reaction Conditions 

Ph
1a

O

Ph H
2a

Conditions
then
aqueous work up
(sat. NaHCO3

 aq.)

N3

 

Entrya Sulfoxide Activator Solvent Yield (%)b 
1 — Tf2O (2 eq) CH2Cl2 0c 
2 DMSO (2 eq) Tf2O (2 eq) CH2Cl2 14 
3 DMSO (2 eq) Tf2O (2 eq) CH3CN 10 
4 DMSO (2 eq) Tf2O (2 eq) CH3Ph 50 
5 Bn2S=O (2 eq) Tf2O (2 eq) CH3Ph 14 
6 Ph2S=O (2 eq) Tf2O (2 eq) CH3Ph 9 
7 DMSO (2 eq) Tf2O (4 eq) CH3Ph 64 
8 DMSO (2 eq) Ts2O (4 eq) CH3Ph 0 
9 DMSO (2 eq) n-C4F9SO2F (4 eq) CH3Ph 0 

10 DMSO (2 eq) Tf2O (2 eq) t-BuPh 70 (60) 

[65 (61)]d 
11 DMSO-d6 (2 eq) Tf2O (2 eq) t-BuPh 63 
12 DMSO (1.2 eq) Tf2O (1.2 eq) t-BuPh  64 
13 DMSO (0.5 eq) Tf2O (0.5 eq) t-BuPh 24e 
14 DMSO (2 eq) Tf2O (2 eq) i-PrPh 50 
15 DMSO (2 eq) Tf2O (2 eq) CF3Ph 56 
16 DMSO (2 eq) Tf2O (2 eq) Cl-Ph 36 

a0.2 mmol scale reactions. bYield based on 1H NMR with internal standard 1,1,2,2-
tetrachloroethane (isolated yield in bracket). c99% (1H NMR) of 1a was recovered. d2.0 
mmol scale reaction. f57% of 1a was recovered. 

 We commenced our research with 1a as a non-benzylic 
primary alkyl azido substrate, and the conditions were 
investigated to serve aldehyde 2a after aqueous work-up (Table 
1). The sole use of triflic anhydride did not work, but in-situ 
preparation of sulfonium species with DMSO gave 2a (entries 
1–3). We found that toluene served 2a in 50% yield (entry 4). 
Using other sulfoxides resulted in much lower yields, probably 
due to the steric hindrance compared to DMSO (entries 5,6). 
Excess use of triflic anhydride improved the yield (entry 7). 
Because of the nucleophilic halide or the lower leaving property, 
other activators did not give 2a (entries 8,9). After extensive 
research, tert-butylbenzene solvent served 2a in 70% yield and 
allowed in large scale (entry 10). The use of DMSO-d6 (entry 11) 
did not influence the results. Reducing the reagents also gave 

similar results despite slow reaction (2.5 h for entry 10; 5 h for 
entry 12), but the use in catalytic amount did not work (entry 
13). Other similar benzene-type solvents also afforded 2a, but 
in lower yields (entries 14–16). 
 To understand the reaction progress, we examined the NMR 
study of the reaction with 1a (see ESI). Interestingly, after 
addition of triflic anhydride, no substrate-derived material 
other than trace 1a was found in the organic layer. On the other 
hand, from the insoluble layer generated after addition of triflic 
anhydride, organic components were observed. Aldehyde 2a 
was not observed at this point, but a broad signal at 8.47 ppm 
to be assigned as C-H of aldimine structure was found. After an 
aqueous quench of the reaction, 2a was generated. These 
observations could strongly suggest the presence of aldimine 
intermediate during the reaction before hydrolysis. 
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Scheme 1. Substrate scope of primary and secondary alkyl azides (0.2 mmol scale). 
aYield based on 1H NMR (isolated yield in bracket). 

 Having established the standard conditions, we next 
assessed the substrate scope of the primary and secondary alkyl 
azides (Scheme 1). For primary alkyl azides, the substitution 
degree of the adjacent position of the azido group did not 
influence the reactivity to afford the corresponding aldehydes 
2b and 2c after aqueous treatment. The presence of the 
unsaturated bond reduced the product yield of 2d because the 
sulfonium ions also react with the olefins.17 The branched alkyl 
substrate 1e delivered 2e in good yield. The ester and hydroxy 
groups were tolerable to give 2f and 2g. Indeed, 3-
phenylpropanol, a synthetic precursor of 1a, did not afford the 
oxidized compound 2a (93% recovery yield based on 1H NMR). 
 Next, the secondary alkyl azides producing ketones were 
examined. Unlike the unstable aldehydes, acyclic azides 3a–d 
gave the corresponding ketones 4a–d in moderate to excellent 
yields. Alcohol 3e was also successfully converted to the 
unstable ketone product 4e which was isolated after acetylation 
to give 4ee. The cyclic compounds 3f–h were also sufficiently 
transformed into 4f–h. 
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Scheme 2. Substrate scope of tert-alkyl azides on one-pot hydrolysis or reductive 
amination reaction (0.2 mmol scale). aYield based on 1H NMR (isolated yield in 
bracket). bNMR yields as an Inseparable mixture of 6fa and 6fb. cIsolated after 
hydrolysis followed by Boc protection (Boc2O, NaHCO3, H2O, CH2Cl2). 

 Subsequently, we turned to the substrate scope of tertiary 
alkyl azides delivering carbon-carbon bond cleavages (Scheme 
2). We examined both hydrolysis treatment to obtain 
fragmented compounds and one-pot reductive amination to 
give amino group-inserted products. tert-alkyl azide 5a with two 
benzyl and one methyl groups gave 6a by benzyl migration as a 
major product, associated with methyl-migrated 4a in fair yield. 
Heating 5a without reagents resulted in no reaction. Reductive 
amination gave N-benzyl amine 7a in excellent yield, and this is 
proof of the presence of imine intermediate. Hydrolysis of 5b 
was not tested due to the volatility of the fragments, but the 
reductive amination successfully gave 7b in moderate yield. 
Interestingly, methyl groups in 5c,d were removed to give 6c,d, 
while the butyl group in 5e was migrated to obtain 6e and 7e 

even in the presence of benzyl group. Unfortunately, N-methyl 
compounds 7c,d were not obtained, probably due to the SN2-
type removal of the small methyl groups in the activated 
iminium intermediates. To check the order of the group 
migration, 5f possessing three different alkyl groups was tested. 
Interestingly, the major product was decyl-cleaved 6a, and the 
benzyl-migrated ketone 6fa was the minor. From macrocyclic 
tert-alkyl azide 5g, ring-opening reaction successfully gave 
difunctional acyclic amino ketone 6g after Boc protection. By 
reductive amination instead of hydrolysis, ring-expanded 
secondary amine 7g was obtained. The reaction with 5h of azide 
at carbonyl-α-position delivered isoquinolinone 6h9d by ketone 
migration in good yield. 2-Azido-2-phenyl indandione 5i has 
been reported to give ring-expanded compound through 
carbonyl migration by heating at 180 °C or photoirradiation.9a,g,h 
However, in contrast, our reaction condition afforded only 2,2-
diarylated 6i through migration of the phenyl group followed by 
double Friedel-Crafts reaction of ninhydrin imine 6i’ with the 
solvent molecules.18 As observed in the previous reports,4,5b 

these phenomena should represent the complexity of Schmidt 
reaction mechanism. Probably, both group characteristics and 
the conformations of the intermediates would influence the 
migration selectivity. We also faced elimination side reaction to 
give 5j–l due to the generation of stable dibenzyl cation, steric 
hindrance and robust structure avoiding migration. 
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Scheme 3. One-pot functionalization of alkyl azides and conversion through C-H 
and C-C bond activation. Yield based on 1H NMR (isolated yield in bracket). 

 Finally, we examined the one-pot functionalization of the 
imine intermediates with carbon nucleophiles (Scheme 4). With 
primary and secondary alkyl azides 1a and 3a, the addition of 
Grignard reagent gave primary amines 9a,b as following the 
yields in Schemes 1 and 2. We also conducted Strecker reaction 
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giving α-amino acid precursor amino nitriles.19 As expected, 
unprotected amino nitriles 10a, 10ba, and 10bb were obtained 
by transient activation of the imines with the sulfonium group. 
The unexpected secondary amine 10bb would be obtained by 
intra- or intermolecular migration of the benzyl group in 10ba. 
With tert-alkyl azides 5a and 5g, the N-substituted products 
possessing the tetrasubstituted carbon centres were afforded 
gratifyingly. Furthermore, the unfunctionalized alkyl chain in 11 
was successfully modified through C-H azidation7,20 with 1221 
followed by this traceless Schmidt reaction C-C bond cleavage. 
 In summary, we showcased the traceless Schmidt reaction 
of alkyl azides with sulfonium ion activator. General alkyl azides 
were successfully converted to the corresponding carbonyl or 
imine compounds through ring-opening, -expansion, or 
fragmentation, without any trace of the activators in the 
products. One-pot conversion and application with C-H 
azidation enabled further functionalization of the conducted 
compounds. This method expands the utility of organic azides, 
which develop the diversity of the molecular structures. 
 This work was supported in part by the research grant from 
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