
Tetrahedron Letters 48 (2007) 7207–7210
Alkoxyl radical fragmentation
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Abstract—A new general two-step methodology for the synthesis of chiral fluoro, chloro, bromo and iodo vinyl azides from carbo-
hydrate-derived halohydrins has been developed. The anomeric alkoxyl radical fragmentation of 3-azido-2,3-dideoxy-2-halo-pyra-
noses under oxidative conditions with (diacetoxyiodo)benzene and iodine gave 2-azido-1,2-dideoxy-1-halo-1-iodo-alditols, which by
chemoselective dehydroiodination afforded (Z,E)-2-azido-1,2-dideoxy-1-halo-4-O-formyl-pent-1-enitols in good overall yields. Pre-
liminary thermolysis and photochemical studies of these compounds for the synthesis of hitherto unknown disubstituted 2-halo-3-
alkyl-2H-azirines have also been accomplished.
� 2007 Elsevier Ltd. All rights reserved.
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Vinyl azides are useful intermediates in the synthesis of
heterocycles, with versatility endowed by being precur-
sors of vinyl nitrenes.1 Since the pioneering work on
the addition of iodine azide to olefins and the subse-
quent elimination of hydrogen iodide by Hassner and
co-workers,2 several methods for the synthesis of these
compounds have been developed.1,3 On the other hand,
the synthesis of halo vinyl azides whose halogen atom
offers another reaction site, has received much less atten-
tion. Although they can also be prepared by addition of
halogen azides to vinyl halides,4 other syntheses have
been developed in order to avoid the use of these highly
reactive and dangerous reagents: (a) the reaction of
a-oxophosphonium ylides with N-halosuccinimides in
the presence of azidotrimethylsilane5 and (b) the addi-
tion of hydrazoic acid to some allenyl halides.6 How-
ever, access to halo vinyl azides by these methods is
limited to specific structures, for example, none of them
could apparently be used for the synthesis of fluoro vinyl
azides or for substances with a terminal 2-azido-1-halo-
1-alkene arrangement. Indeed, there exists no general
method to prepare 2-azido-1-halo-1-alkenes, as far as
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we know, the only report being on the isolation of the
a-azido-b-chloro- and a-azido-b-bromo-styrene from
the reaction of (haloethynyl)benzene with sodium azide
in low yield.7

Recently, we have described a new synthetic entry to
chiral vinyl azides making use of the anomeric alkoxyl
radical b-fragmentation reaction (ARF) applied to 3-
azido-2,3-dideoxy-hexopyranoses (Ia), as shown in
Scheme 1 (X = H).8 This methodology requires two
steps, the radical fragmentation itself, which initially
results in a b-iodo azide (IIa) and a dehydroiodination
with DBU to 1,2-dideoxy-2-azido-pent-1-enitol (IIIa).
The reaction proceeds under very mild conditions,
avoids the use of halogen azides, and has been applied
to a number of sensitive carbohydrate derivatives in
high yields.
Ia X= H
Ib X= F,C l, Br, I

IIa
IIb

IIIa
IIIb

Scheme 1. Reagents: (i) PhI(OAc)2/I2; (ii) DBU.
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On the basis of these studies, we envisioned a general
route to chiral 2-azido-1-halo-1-alkenes of the type IIIb
(X = F, Cl, Br and I) utilising a similar methodology
with the ARF reaction as the key step. The b-fragmen-
tation of azido halohydrins Ib should give b-iodohalo
azide IIb and the required vinyl halo azides IIIb should
therefore be obtained by chemoselective elimination of
the iodine atom (Scheme 1).9

To achieve this goal, we decided to prepare 3-azido-2,3-
dideoxy-hex-1-enitols 110 and 511 utilizing previously
reported procedures (Table 1). As in the case of azide
1, the synthesis of 5 led to a diastereomeric mixture of
azides. Although the separation is not strictly necessary,
since C-3 is not a stereogenic center in the final prod-
uct, it is convenient from the practical point of view
and this study has been carried out with the major iso-
mer, which corresponds to a DD-arabino-hex-1-enitol
stereochemistry.

We have synthesised 1,2-halohydrins as outlined in
Table 1. 1,2-Fluorohydrins (2a, 6a), 1,2-chlorohydrins
(2b, 6b), 1,2-bromohydrins (2c, 6c) and 1,2-iodohydrins
(2d, 6d) were prepared from the corresponding 2-deoxy-
hex-1-enitol by reaction with SelectfluorTM,12 N-chloro-
succinimide,13 N-bromoacetamide14 and N-iodosuccini-
mide,15 respectively.

The ARF reactions were performed under the condi-
tions stated in Table 1, with (diacetoxyiodo)benzene
(DIB) and iodine in CH2Cl2 at reflux temperature and
Table 1. Synthesis of 2-azido-1,2-dideoxy-1-halo-pent-1-enitol compounds

Entry Glycal Time
(h)

Halohydrina

yield (%)
T
(h

O

N3

AcO

AcO

1

O

N3

AcO

AcO
OH

X

1 5 2a X = F (66) 0.
2 5.75 2b X = Cl (90) 1.
3 2 2c X = Br (94) 1
4 1 2d X = I (94) 1

O

N3

O

O

5

Ph

O

N3

O

O
OH

XPh

5 17 6a X = F (65) 0.
6 11 6b X = Cl (89) 2.
7 8 6c X = Br (100) 1
8 1 6d X = I (100) 1.

a Reagents and conditions per mmol of substrate. Fluorohydrins: Selectfluo
Chlorosuccinimide (2 mmol), THF, H2O, 50 �C. Bromohydrins: N-Bromoa
(1.2 mmol), THF, H2O, rt.

b (Diacetoxyiodo)benzene (1.5 mmol), I2 (1.5 mmol), CH2Cl2, hm, reflux.
c DBU (2.5 mmol), PhH, rt.
d 25% of a mixture of E- and Z-vinyl iodides is also obtained.
e Inseparable mixture of isomers.
f 40% of a mixture of E- and Z-vinyl iodides is also obtained.
irradiation with two 80-W tungsten filament lamps.
The ARF reactions proceeded smoothly and 1-iodo-1-
halo azides 3 and 7 were obtained in high yields. The
reaction yields were determined using chromatographi-
cally homogeneous halohydrin mixtures giving correct
elemental analyses and in all cases complete consump-
tion of the starting material was observed. The dehyd-
roiodination of the dihalo azides with DBU in benzene
at room temperature afforded halo vinyl azides 4 and
8 in good yields. As expected, the reaction occurred with
high chemoselectivity except for 1-bromo-1-iodo azides
3c and 7c, which gave significant amounts of vinyl
iodides, 25% and 40%, respectively, by competitive
dehydrobromination.

The stereochemistry of the double bond was assigned on
the basis of 2D NOESY experiments. A NOE interac-
tion was observed between H–C-1 and H–C-3 in the 4-
Z and 8-Z isomers, such an interaction was not observed
for the E-isomers.16 Product structures were also estab-
lished by spectroscopic (1H, 13C and 19F NMR) correla-
tion amongst Z- and E-isomers, for example, in the 19F
NMR spectra a difference of 8–10 ppm can be observed
in the chemical shift of fluorine atoms between the Z
and E-isomers of fluoro vinyl azides 4a and 8a. Further-
more, the structure and stereochemistry of 8d-Z were
determined unambiguously by single-crystal X-ray
crystallography.17

The synthesis of halo vinyl azides 4 and 8 proceeded effi-
ciently through the three steps, but in general with poor
ime
)

b,b-Dihalo azideb

yield (%)
Time
(h)

Halo vinyl azidec

yield (%, E:Z)

AcO X

I

N3

AcO

HOCO
AcO X

N3

AcO

HOCO

1
2

75 3a X = F (85) 0.75 4a X = F (82, 1:3)
25 3b X = Cl (85) 0.75 4b X = Cl (86, 1:1)

3c X = Br (81) 0.75 4c X = Br (75, 1:1)d

3d X = I (91) 0.5 4d X = I (100, 1:2)e

X

I

N3

O

HOCO

O

Ph

X
N3

O

HOCO

O

Ph

5 7a X = F (60) 1 8a X = F (60, 1:1)
5 7b X = Cl (100) 1.75 8b X = Cl (92, 1:1)

7c X = Br (80) 1 8c X = Br (60, 1:2)f

5 7d X = I (87) 1 8d X = I (91, 1:17)

rTM (1.5 mmol), nitromethane, H2O, rt then reflux. Chlorohydrins: N-
cetamide (1.5 mmol), THF, H2O, rt. Iodohydrins: N-Iodosuccinimide



Table 2. Thermolysis and photolysis of 2-azido-1,2-dideoxy-1-halo-pent-1-enitol compounds

Entry Substrate Methoda Temp (�C) Time (h) Product yieldb (%, dr)

N3

AcO

HOCO
AcO X

AcO

HOCO N

X

AcO

1c 4a-E X = F A 80 1.25 9 X = F (71, 7:3)
2c 4a-Z X = F A 120 2 9 X = F (78, 7:3)
3c 4b-E X = Cl A 80 1.25 10 X = Cl (94, 6:4)
4c 4b-Z X = Cl A 90 4.75 10 X = Cl (90, 6:4)
5 4c-E X = Br A 80 1.5 —d

6 4c-E X = Br B rt 0.5 11 X = Br (83, 6:4)
7 4c-Z X = Br A 80 2 —d

8 4c-Z X = Br B rt 0.5 11 X = Br (95, 6:4)
9 4d-EZ X = I A 80 3 —d

10 4d-EZ X = I B rt 0.5 12 X = I (87, 6:4)

a Method A: thermal conditions. All reactions were carried out in benzene (0.1 mM), the thermolysis of the Z-isomers in a heavy-walled Pyrex tube,
sealed with a screw cap fitted with a Teflon gasket. Method B: photochemical conditions. All reactions in C6D6 (0.03 mM) under irradiation with
the unfiltered light of a 450 W ACE-Hanovia medium-pressure mercury lamp.

b Crude yield.
c Similar results were obtained using method B, rt, 0.5 h.
d Under these conditions a mainly insoluble brown tar material was obtained.
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diastereoselectivity. Only when the steric volume of the
alkyl group and the halogen increased the diastereo-
selectivity improved significantly (compare Table 1 4d
with 8d or 8c with 8d).

The synthetic usefulness of these compounds for the
synthesis of heterocycles has been preliminarily as-
sessed through thermolysis (method A) and photolysis
(method B) experiments, and the results are summa-
rized in Table 2. According to the rules defined by
Hassner, thermolysis of these vinyl halo azides with
this 3-monoalkyl substitution pattern should give 3-
alkyl-2-halo-2H-azirines.18 On the other hand, due to
the thermal instability of 2H-azirines the reaction was
also carried out photochemically at a lower tempera-
ture. As far as we know, no examples of these disubsti-
tuted 3-alkyl-2-halo-2H-azirines have been reported to
date and they are expected to be highly reactive and
unstable on the basis of previous studies of related
azirines.19

As can be observed in Table 2, thermolyses of the E-iso-
mers of 4a,b occur faster and at a lower temperature
than those of Z-isomers (e.g., compare entries 1 and 2
or 3 and 4), a fact that has already been reported for
the thermolysis of dehalogenated vinyl azides.20 The
stereochemistry of the double bond appears not to
greatly influence the diastereoisomeric ratio of the
final products (compare entries 1 with 2 and 3 with 4).
Unfortunately, we were unable to obtain 2H-azirines
11 (X = Br) and 12 (X = I) from the thermolysis of
4c and 4d, respectively (entries 5, 7 and 9). On heating
in benzene, increasing amounts of polymeric sub-
stances were observed and the substrate completely
decomposed at reflux temperature. The preparation of
the 2H-azirines was most conveniently achieved by irra-
diation with a medium-pressure mercury lamp (450 W)
through a Pyrex filter at room temperature (entries 6,
8 and 10).
All the halo 2H-azirines synthesised in this Letter (9–12)
proved to be unstable, could not withstand chromato-
graphic purification and decomposed gradually, as
diluted benzene solutions, within a few days in a
freezer (�25 �C) under nitrogen. Notwithstanding, the
instability increases from 2H-azirines 9 (X = F) to 12
(X = I) and we managed to fully characterize 2H-azi-
rines 9 (X = F) and 10 (X = Cl) since crude reaction
products were sufficiently pure to give clean 1H and
13C NMR spectra, HRMS and correct elemental
analyses. From the most unstable 2H-azirines 11
(X = Br) and 12 (X = I) only 1H NMR spectra could
be obtained.21

In summary, we have developed a new two-step general
methodology for the synthesis of polyhydroxylated 1-
fluoro, 1-chloro, 1-bromo and 1-iodo-2-azido-1-alkenes
making use of the ARF reaction. These carbohydrate-
derived 2-azido-1,2-dideoxy-1-halo-pent-1-enitols may
be of interest as chiral synthons for the preparation of
polyhydroxylated heterocyclic systems.
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N. R.; Suárez, E. Tetrahedron: Asymmetry 2004, 15, 11–
14; (e) Francisco, C. G.; González, C. C.; Kennedy, A. R.;
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