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ABSTRACT: Tetra-n-butylammonium iodide can efficiently catalyze direct
azidation of aldehyde C−H bonds with thermally stable azidobenziodoxolone
at room temperature. Compared to conventional methods, which require
excessive amounts of highly explosive azide sources, this is a safe and
convenient procedure.

Acyl azides are useful and versatile precursors for
conversion reactions to isocyanates, amides, heterocycles,

and other important products.1 These reactions have been
applied to the synthesis of biologically active substances2 and
functional polymers.3 Although acyl azides are commonly
prepared from acyl chlorides or mixed anhydrides and NaN3,

1

such a traditional method not only requires the additional step
of leaving group introduction but also wastes these leaving
groups. On the other hand, the direct azidation of aldehyde C−
H bonds provides a more efficient and atom-economical
procedure for the synthesis of acyl azides. IN3 has been known
to be an effective reagent for the C−H azidation of aldehydes,
which proceeds via a radical mechanism.4 Furthermore, these
reactions can be achieved by combinations of various oxidants
with TMSN3 or azide salts,5,6 and modified methods using
these reagent systems bring about the formation of carbamoyl
azides via the Curtius rearrangement of acyl azides.4,7 However,
in all cases, the highly hazardous azide sources are required in
excessive amounts (2−5 equiv).
Zhdankin et al. have reported that azidobenziodoxolone

(IBA−N3), which is thermally stable (up to 130 °C) and can be
stored for a long time, worked well for the C−H azidation of
various organic substrates (Scheme 1a).8 Although the thermal
stability of IBA−N3 allows its use at higher temperature, all of
the reactions proceed under thermal conditions (up to 100 °C)
in the presence of a radical initiator (benzoyl peroxide). Very
recently, Hartwig et al. have reported that C−H azidation of
simple alkanes and benzyl compounds with IBA−N3 can be
catalyzed by Fe(II) under mild conditions (23−50 °C, Scheme
1b).9 Hao et al. have developed Cu(II)-catalyzed azidation of o-
C−H bonds of anilines with IBA−N3 at room temperature
(Scheme 1c).10 However, there are only a few reports on the
use of IBA−N3 in organic syntheses.11,12 To the best of our
knowledge, non-metal-catalyzed C−H azidation with IBA−N3
under mild conditions is still unknown. Herein, we report the
metal-free and mild C−H azidation of aldehydes with IBA−N3
(Scheme 1d).

Our initial attempts of non-metal-catalyzed C−H azidation
of aldehyde 1a with IBA−N3 are summarized in Table 1. Since
quaternary ammonium salts have been reported as efficient
catalysts in oxidative conversions mediated by I(III) reagents13

and also in radical reactions,14 we expected that quaternary
ammonium salts would work well as activators for reactions of
IBA−N3 and/or as radical initiators. Therefore, 1a was treated
with IBA−N3 (1.2 equiv) in the presence of tetra-n-
butylammonium iodide (TBAI, 20 mol %) in various solvents
at room temperature for 4 h (Table 1, entries 1−5). Among
tested solvents, CH2Cl2 was the best, and acyl azide 2a was
obtained in 76% yield (entry 1). To our delight, when the
catalytic amount of TBAI was decreased to 10 mol %, the yield
of 2a was improved up to 82% at room temperature for 6 h
(entry 7). The reaction in the presence of 10 mol %
tetraethylammonium iodide (TEAI) also showed a good result,
although with detection of a trace amount of 1a (entry 9). On
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Scheme 1. C−H Azidation with IBA−N3
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the other hand, the use of KI or trimethylsilyl chloride
(TMSCl) as a catalyst afforded a complex mixture including 2a
(entries 10 and 12). The reaction in the presence of TBABr or
in the absence of catalyst did not proceed smoothly(entries 11
and 13). It should be mentioned that the TBAI-catalyzed
process was hampered by the addition of 2,2,6,6-tetramethylpi-
peridin-1-oxyl (TEMPO) as a radical inhibitor (entry 14 vs 7),
which is indicative of a radical mechanism of this reaction.
At the next step, the azidation of various aldehydes under

optimized reaction conditions was investigated (Table 2). Since
some acyl azides 2 were partially hydrolyzed during the
purification by silica gel column chromatography, products 2

were converted to carbamates 3 by the Curtius rearrangement
in the presence of MeOH in toluene at 100 °C. Thus, after the
Curtius rearrangement of product 2a, carbamate 3a was
isolated in 66% yield (Table 2, entry 1). Similar to 1a, aromatic
aldehydes 1b−e reacted with IBA−N3 in the presence of TBAI
at room temperature to give 3b−e in 58−87% after the Curtius
rearrangement (entries 2−5). Although halogen-substituted 1f
and 1g required 2 equiv of IBA−N3, the corresponding
products 3f and 3g were obtained in 74% and 59% yields,
respectively (entries 6 and 7). In the case of nitro-substituted
1h, addition of I2 along with TBAI brought about superior
results (entry 8 vs 9).15 The TBAI/I2/IBA−N3 system could be
applied to the reaction of the electron-deficient heteroaromatic
aldehyde 1i (entry 10). On the other hand, the use of 5 mol %
of TBAI in the TBAI/IBA−N3 system was effective for the
electron-rich heteroaromatic aldehyde 1j (entry 11) and
aliphatic aldehydes 1k−m (entries 12−14). Unfortunately, in
the cases of alkenyl aldehydes such as cinnamaldehyde and 2-
allylbenzaldehyde, considerable amounts of starting materials
were recovered.
The iodoazidations of alkenes with NaN3 and iodide salts in

the presence of oxidants (such as CAN, Oxone, NaIO4) have
been reported to produce anti-Markovnikov adducts via a
radical mechanism.16 However, the TBAI/IBA−N3 system
afforded Markovnikov adduct 5 and alkenyl azide 6, which is
produced from 5 by β-elimination of HI, as main products
(Scheme 2). These results suggest the generation of IN3 in the

TBAI/IBA−N3 systems. It is known that the IN3-mediated
iodoazidation of alkenes proceeds via Markovnikov addition by
an ionic mechanism, in contrast with a radical mechanism in
the C−H azidation of aldehydes.4,17 On the other hand, the
iodoazidation of 4 using KI/IBA−N3 system preferably proceed
via anti-Markovnikov addition (Scheme 2), which might be
indicative of the generation of azido radical prior to that of
IN3.

16c Although the details of effect of countercation still
remains unclear, the inefficiency of KI catalyst in the C−H
azidation of aldehydes would be due to such a different
mechanism.
On the basis of these results and previous reports on IN3-

mediated C−H azidation of aldehydes,4 a plausible catalytic
cycle for the present C−H azidation is illustrated in Scheme 3.
That is, IN3 would be generated via a formal reductive
elimination of aryl iodide B from 10-I-3 intermediate A, which
would be formed by IBA−N3 and TBAI (or the generated HI).
The formation of the similar 10-I-3 intermediate was observed
in the mixture of trifluoromethylbenziodoxolone (Togni
reagent) and TBAI.13e From the catalytically generated IN3,
iodine radical (I•) is released, and then H-abstraction of

Table 1. Optimization of the C−H Azidation of 1a

entry
catalyst
(mol %) solvent

time
(h)

yield (%) of
2aa

recov (%) of
1aa

1 TBAI (20) CH2Cl2 4 76 4
2 TBAI (20) CHCl3 4 46 6
3 TBAI (20) MeCN 4 63 13
4 TBAI (20) THF 4 trace 85
5 TBAI (20) MeOH 4 10 61
6 TBAI (10) CH2Cl2 4 76 15
7 TBAI (10) CH2Cl2 6 82 0
8 TBAI (5) CH2Cl2 6 66 0
9 TEAI (10) CH2Cl2 6 81 trace
10 KI (10) CH2Cl2 6 16 0
11 TBABr (10) CH2Cl2 6 22 43
12 TMSCl (10) CH2Cl2 6 trace trace
13 CH2Cl2 4 0 87
14b TBAI (10) CH2Cl2 6 0 quant

aThe yield was determined by 1H NMR analysis using toluene as
internal standard. bTEMPO (2 equiv) was added.

Table 2. Scope of Aldehydes 1 by TBAI/IBA−N3 Systems

entry 1 R time (h) yield (%) of 2a yield (%) of 3b

1 1a p-MeC6H4 6 82 66
2 1b p-MeOC6H4 6 79 58
3 1c Ph 8 ndc 62
4 1d 1-naphthyl 4 ndc 62
5 1e 2-naphthyl 24 88 87
6d 1f p-BrC6H4 8 72 74
7d 1g p-FC6H4 6 ndc 59
8 1h p-NO2C6H4 24 ndc 4
9d,e 1h p-NO2C6H4 24 ndc 34
10d,e 1i 2-pyridinyl 24 66 53
11f 1j 2-thienyl 6 51 41
12f 1k Cy 6 ndc 42
13f 1l CH3(CH2)10 6 ndc 56
14f 1m Ph(CH2)2 6 51 52

aThe yield was determined by 1H NMR analysis using toluene as
internal standard. bIsolated yields. cYields were not determined.
dIBA−N3: 2 equiv.

e10 mol % I2 was added along with TBAI.
fTBAI: 5

mol %.

Scheme 2. Iodoazidation of 4 with TBAI/IBA−N3 or KI/
IBA−N3 System
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aldehydes by I• brings about the regeneration of HI along with
the formation of acyl radical, which leads to acyl azides by the
coupling with azido radical.
In summary, we have developed a metal-free and mild

procedure for the C−H azidation of aldehydes with IBA−N3 in
the presence of TBAI catalyst, which is required for the catalytic
generation of IN3. Compared to conventional methods with
excessive amounts of highly explosive azide sources, the present
procedure is safer. Further studies on metal-free and mild C−H
azidation of other substrates with IBA−N3 are underway.
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