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Iodine(V) reagents in organic synthesis. Dess—Martin periodinane
mediated efficient one-pot oxidation of aldehydes to acyl azides
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Abstract—A mild, efficient and general method for the one-step preparation of acyl azides from aldehydes using Dess—Martin
periodinane and sodium azide is described. © 2003 Elsevier Science Ltd. All rights reserved.

The driving force for the development of new method-
ologies in organic synthesis has been the need for
simple and efficient strategies to obtain complex natural
products and their analogs. Acyl azides are valuable
synthetic intermediates in preparative organic chem-
istry.! They are useful for the preparation of amides
and heterocyclic compounds. They undergo facile ther-
mal rearrangement to isocyanates from which ure-
thanes, thiourethanes, amines, ketenimines,
carbodiimides and ureas can be conveniently prepared.
Acyl azides are usually prepared from acid derivatives
such as acid halides and acyl hydrazides.> Even though
several methods are available to accomplish this trans-
formation,® the majority involve the conversion of car-
boxylic acids to acid chlorides or anhydrides, which are
then reacted with azide reagents. There are a few
reports on the direct conversion of carboxylic acids to
acyl azides by using acid activators such as ethyl chlo-
roformate,* diphenylphosphoryl azide (DDPA),” NCS-
Ph;P.° triphosgene,” and cyanuric chloride.® In view of
this, investigations in this field have been mainly
focused on the preparation of acyl azides directly from
aldehydes by using combinations of chromic anhydride-
trimethylsilyl azide,’ and triazidochlorosilane-activated
MnO,.!°

Oxidation of carbonyl compounds to the corresponding
acyl azides is an important synthetic procedure, and the
development of selective and efficient reagents for this
conversion, especially when other oxidizable functional
groups are also present, has interested organic chemists
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for a long time. In this context, notwithstanding the
availability of many preparative methods, the restric-
tions that accompany some of them make new, mild,
and selective procedures highly desirable.

In recent years, hypervalent iodine reagents have occu-
pied an important place in the realm of natural and
synthetic organic chemistry because of their potential
applications in the construction of carbon—heteroatom
and carbon-carbon bonds.!" One of the field’s most
significant advances, the discovery of the Dess—Martin
periodinane (DMP) reagent,'? 1,1,1-triacetoxy-1,1-dihy-
dro-1,2-benziodoxol-3(1 H)-one, opened the door to a
mild oxidation procedure allowing a myriad of alcohols
to be converted to the corresponding carbonyl com-
pounds. Its widespread use over the past decade attests
to its benign nature and its uncanny ability to succeed
in the most difficult of oxidation circumstances. As part
of our ongoing program on the synthesis and develop-
ment of new methodologies in organic synthesis,'* we
describe a new, efficient and practical route for the
one-step conversion of aldehydes into the correspond-
ing acyl azides by using Dess—Martin periodinane and
sodium azide in CH,Cl, at 0°C in high yields (Scheme
1). Moreover, the acyl azides can be isolated without

AcO OAc
|—OAc
o) O 0
f x H o ] S N3
Rl— Rl_
P~ NaNj3, CH,Cl,, 0°C F

Scheme 1.

0040-4039/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved.

doi:10.1016/S0040-4039(03)00623-3



3544 D. S. Bose, A. V. N. Reddy / Tetrahedron Letters 44 (2003) 3543-3545

Curtius rearrangement leading to an alkyl isocyanate
because the reaction conditions are so mild. To the best
of our knowledge, however, the generality and appli-
cability of DMP in the preparation of acyl azides from
aldehydes is not known. The products were character-
ized by IR, '"H NMR and mass spectral studies which
were consistent with literature data.'* Caution: Azido
compounds may represent an explosion hazard when
being concentrated under vacuum or stored neat. A safety
shield and appropriate  handling procedures —are
recommended.

To explore the generality and scope of this process,
diverse aldehydes were studied to illustrate this novel
and general method for the synthesis of acyl azides and
the results are summarized in Table 1. Based on the
susceptibility of the aldehydic C—H bonds to homolytic
rupture,'” the reaction may proceed via in situ gener-
ated 1,1,1 -tris(azido) - 1,1 - dihydro - 1,2 - benziodoxol-
3(1H)-one, which is formed by ligand exchange
followed by homolytic decomposition to generate an
azido radical.'® The starting aldehyde may then be
azidonated via H-abstraction and coupling.

The effect of substituents was observed by comparing
the results with a strongly electron donating aryl group
(entry 2, Table 1) and an electron withdrawing example
(entry 5, Table 1). Aliphatic aldehydes were also oxi-
dized to the corresponding acyl azides, but in these
cases a fair amount of acyl azide rearranged to the alkyl
isocyanate at room temperature. When the temperature
was kept below 0°C, the rearrangement was completely
suppressed, and acyl azide was produced in high yields.

In a typical procedure, p-methoxybenzaldehyde (0.68 g,
1.0 mmol) was treated under a N, atmosphere with
Dess—Martin periodinane (2.54 g, 6.0 mmol) and
sodium azide (1.13 g, 3.5 mmol) in CH,Cl, at 0°C. The
progress of the reaction was monitored by TLC. After
completion, it was washed with H,O (2x5 ml) and the
reaction mixture was extracted with CH,Cl, (2x10 ml).
The combined organic phase was dried with anhydrous
Na,SO, and the solvent was removed in vacuo, to
afford the crude product which was purified by column
chromatography on silica gel (petroleum ether:EtOAc,
8:1) to give p-methoxybenzoyl azide (0.84 g, 95%) as a
pale yellow solid.

Table 1. Synthesis of acyl azides from aldehydes and sodium azide using Dess—Martin periodinane

Entry Aldehyde Time (h) Acyl Azide Yield (%)*  Mp (°C) [Lit.]"42-<
0
I @CHO 15 ©)(N3 89 25-27(27)
0
5 @/CHO 1 @A Ng 95 68-70(70-71)
HsCO HsCO o)
CHO N
3 @’ 2 5 87 32:33(35)
H3C Hac [o)
CHO
4 @: 25 d N3 91 oil(-)°
cl cl
o
CHO
5 @’ 3 ©)L N3 85 64-66(65)
O2N 02N (0]
X CHO ™ N
6 @A’ s 83 82-84(-)
o)
P Z
0
CHO
g B 3 Na 86 0il(-)P
N N
9 ©/\CHO 1 ©/\rr Na 95 0il(-)P
o
10 CHy(CHy)CHO 4 CHy(CH,)4CON; 88 oil(-)°
11 CH;3(CH,)6CHO 45 CH3(CH,)sCON; 82 0il(-)

2 Yields of pure isolated products. 5The acyl azides (neat) decompose upon standing in air.
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In conclusion, the short reaction period, the simple
work up, the good yield, and the fairly mild conditions
of this method offer advantages over other procedures,
and this approach should be of further interest in
synthetic organic chemistry.
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Selected analytical data for acyl azides entries 1, 2, 3 and

7: Compound 1: IR (KBr): 2180, 2130, 1685, 1600 cm™'.

'H NMR (CDCl;, 200 MHz): § 7.15-8.25 (m, 5H).

Compound 2: IR (KBr): 2180, 2140, 1700, 1600, 1455,

1240, 1180, 990, 710 cm~!. 'H NMR (CDCl;): ¢ 8.00 (d,

J=8.7 Hz, 2H), 6.97 (d, J=38.7 Hz, 2H), 3.90 (s, 3H). EI

MS: m/z (%) 177 (M™* 37), 149 (22), 135 (100), 106 (81),

92 (25), 78 (40). Compound 3: IR (KBr): 2180, 2150,

1690, 1600, 1460, 1240, 1180, 990, cm~'. 'H NMR

(CDCly): 6 8.18 (d, J=8.7 Hz, 2H), 7.45 (d, J=8.7 Hz,

2H), 2.62 (s, 3H). EIMS: m/z (%) 161 (M* 25), 132 (27),

119 (100), 91 (95). Compound 7: IR (KBr): 2180, 2140,

1690, 1600, 1525, 1430 cm™!. 'TH NMR (CDCl,): 6 7.42—

7.65 (m, 2H), 7.81-8.08 (m, 4H), 8.55 (s, 1H). EIMS: m/z
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