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Abstract: The reaction of alkenes with IPy,BF, and
Me5SiN5 under the influence of BF5- OEt, provides a
mild an efficient entry to vicinal azidoiodoalkanes.
Besides the simplicity of the experimental protocol
and the convenience found in the handling of the re-

agents, the use of stoichiometric amounts of the
azide source is remarkable, and overrides the
known and always troublesome dependence on
large excesses of azide to accomplish this syntheti-
cally valuable transformation.
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straightforward entry to

saturated derivatives

bearing vicinal functionality!'! and, to this purpose,
halogenation reactions are central processes.”! Semi-
nal work from Hassner’! showed that B-iodoalkyl
azides can be readily prepared from alkenes by addi-
tion of iodine(I) azide, providing simple access to in-
troduce nitrogen functionality into organic com-
pounds."! However, the explosive character of the
iodine azide!® has been considered a major disadvan-
tage of this process, constraining its synthetic useful-
ness.l®! Recently, new solution!® and polymer-
bound!”! protocols have been introduced to override
these limitations. These processes rely on the cap-
ability of iodine(IIT) reagents to create haloazide-like
species from iodide via oxidation and ligand transfer
steps. Moreover, the combination of reagents NaN5/
Nal/CAN led to complementary azido-iodides, ac-
cording to an anti-Markovnikov addition mode.!8!
This renewed interest prompted us to investigate
the convenience of bispyridineiodonium(l) tetra-
fluoroborate 1 (IPy,BF,)!°! to promote azido-iodina-
tion reactions of alkenes, on the basis of its already es-
tablished power to behave as a fine source of
electrophilic iodonium ions.!'®! Interestingly, we have
found that it gives rise to an efficient, selective, and

{g Supporting information for this article is available on the

WWW under http://www.wiley-vch.de/home/asc/ or from
the author.
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simple conversion of al-
kenes into B-iodoalkyl
azides using trimethylsi-
Iyl azide"!! 2 (TMSN;) as
an appropriate supplier
of the required azide nucleophile.

Initial studies conducted using cycloalkenes 3 as
starting materials provided evidence of the merit of
this approach. Thus, a CH,Cl, solution of 1 (1.5 equiv)
was treated with 2 (1.2 equiv) and boron trifluoride
diethyl etherate (1.5 equiv) at 0°C, followed by rapid
addition of indene 3b. Upon stirring the mixture for
3 hours keeping the temperature constant, simple hy-
drolysis and isolation steps!'?! led to the exclusive for-
mation of trans-1-azido-2-iodoindane 4b!'>! in 95%
yield, as depicted in Scheme 1.

1. IPy,BF4 (1.5 equiv), TMSN; (1.2 equiv),
BF4-OEt, (1.5 equiv), CH,Cl,, 0 °C, 3 h N3

3b 4b  (95%)

Scheme 1. Representative azido-iodination of indene.

The cis-diastereoisomer was not observed in the
crude reaction mixture on the basis of '"H NMR analy-
sis (400 MHz). Furthermore, formation of the vicinal
diazide!'" was not detected. These facts are relevant
features of the herein reported procedure.''’! In the
same way, cyclohexene gave 4a in high yield, as a sin-
gle trans-stereoisomer. Although the reactions were
carried out on a 4 mmol scale as a routine basis, 5.4 g
of 4a were easily prepared in one batch from the reac-
tion of 25 mmol of 3a (see Table 1).['l Thus the meth-
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Table 1. Todoazidation of alkenes using IPy,BF, 1!

Entry Alkene 3 Product 4

|
1 O 3a 0 3 O,’ 4a
/N3
N
N3
2 3b 0 3 ©i>_| 4b 95

TGt Yield (%)

84 (86)1%

N3
3 EtO™ 3¢ 0 25 4c 74
£~
o] O aNg
I
5 Ph"X  3e 0 3 /N(/ 4e 90
ph !
N3 |
6 B 3f 0 3 B! gu~Na g0
af 4f
N3 I
7 BU  3f -40 72 B! puSNs golt
af af
|
8 Bu™ 39 0 25 49 70
u tBu)\/NB
Ny
9 phXPh 3h -40 96 pr >y PN 4h 47
I
Ph Ns
10 O/ 3i 20 15 (Iph 4 9%
I
CO,Me
11 2 COMe 3 20 36 Na/\lr 2 4 45191
Ns
12 phxCO:Me 3k —10 14 Ph/’\(COzMe 4k 7210
I
N3
13 MeoCOMe 31 20 67 Meo&rCone 4 751l
I

[2l A1l the reactions have been carried out on a 4 mmol scale.
[P Tsolated yield after flash column chromatography.

[l Tn brackets yield corresponding to 25 mmol scale.

[91'20: 1 mixture of diastereoisomers.

el 2: 1 mixture of regioisomers.

f'5: { mixture of regioisomers.

[l Triflic acid has been used instead of boron trifluoride.

M1 TPy,OTf was used.

192 1 mixture of diastereoisomers.

od is also of interest to prepare moderate amounts of
azido-iodinated derivatives in a practicable manner.
It nicely compares to the more demanding polymer-
bound hypervalent iodine(III) process that relies on
larger excesses of the azide source,!'”! and requires
longer reaction times to produce the desired addition
compounds; these facts could possibly allow competi-
tive side reactions to take place./'’!

On this ground, we have explored the scope of the
IPyo,BF,/TMSN;-based method. The results are sum-
marized in Table 1 and reveal a general process with
respect to the electronic demand of the substituents
in 3, enabling neutral, electron-rich, and electron-de-
ficient alkenes 3 to undergo the azido-iodination re-
action in good to excellent yields. Full control over
the regioselectivity was realized in addition reactions
to enol ethers (entries 3 and 4). Adducts bearing N5 on
the carbon next to oxygen were exclusively obtained,
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probably as a consequence of the polarity that could
be developed upon activation of 3 by attack of electro-
philiciodine. In the case of 3,4-dihydro-2H-pyran (en-
try 4) the product with trans-stereochemistry is al-
most exclusively obtained, reflecting again an anti-
addition of iodine and the azide across the alkene.
The regioselectivity in addition reactions to neutral
mono-substituted alkenes was investigated and found
to depend on the nature of the substitution on the al-
kene. The phenyl group behaves as a strong director
giving only 4e, arising from incorporation of N5 at the
benzylic position; this is again in agreement with the
expected outcome for an ionic process. However, un-
der related conditions 3f led to addition products as a
mixture of regioisomers, the Markovnikov isomer 4f
being the major component (80% combined yield,
2:1 molar ratio for 4f to 4'f). This ratio can be nicely
modulated simply by adjusting the reaction tempera-
ture (entry 7); at -40°C a slower (72 h) but still effi-
cient (90% yield) reaction was noticed, resulting in
higher amount of the Markovnikov component (5:1
molar ratio for 4f to 4'f). Not only electronic but steric
hindrance also plays a role as evidenced in addition
reactions to 3,3-dimethyl-1-butene 3g; the corre-
sponding anti-Markovnikov addition isomer 4g was
formed as the sole reaction product in fairly good
yield."8 The azido-iodination of trans-1,2-diphe-
nylethene required a low reaction temperature to
give a clean transformation. Although obtained only
in moderate yield, 4h'>* was diastereoselectively
formed according to an anti-addition mode. Trisubsti-
tuted alkenes can be equally azido-iodinated using
this reaction, as demonstrated by the regio- and dia-
stereoselective synthesis of 4i. The fact that o,-unsa-
turated esters undergo azido-iodination by IPy,BF,/
TMSNj; significantly expands the scope of the process,
adding interest for the synthesis of modified B-amino
acids. They reacted under related conditions to those
previously described for more reactive alkenes,!'?
and furnished the regioisomer with the azide moiety
attached to the B-carbon (entries 11-13). Moreover,
only one diastereoisomer was formed in the azido-io-
dination of methyl (£)-cinnamate 3Kk, corresponding
to an anti-addition of N5 and 1.*%! The push-pull sub-
stituted alkene (£)-3-methoxy-2-propenoate 31 yields
41 (entry 13)*' as the major component (22:1 mix-
ture of stereoisomers).

Although no mechanistic work has been underta-
ken, the results described are fully compatible with
an electrophilic addition process. An initial formation
of a cyclic iodonium ion, followed by its subsequent
capture by azide would lead to the formation of the
adducts with the noted regio- and stereochemistry.
The already established ability of the reaction med-
ium to liberate fluoride might be responsible for the
N-Si bond activation.*?!

In summary, a new approach to synthesize valuable
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azido-iodinated derivatives from the known addition
path is established. It allows an efficient, easy, and
clean introduction of nitrogen and iodine into organic
compounds from commercial reagents. The solid and
air-stable IPy,BF, reagent emerges as a powerful and
easy to manipulate iodonium source for this purpose,
overcoming many previously noticed limitations. It is
noteworthy that it requires lower amounts of the
azide source than other established alternatives,
overriding side reactions and minimizing the risk as-
sociated to handling the resulting reaction mixtures.
On this basis, this new reaction represents the alter-
native of choice to prepare moderate amounts of azi-
do-iodinated compounds.

Experimental Section

Typical Procedure (Compound 4b)

A solution of [Py,BF, (2.23 g, 6 mmol) in CH,Cl; (20 mL) was
treated at 0°C with TMSN; (0.56 g, 0.64 mL, 4.8 mmol) un-
der a nitrogen atmosphere. To the resulting yellow solution
BF5 - OEte (0.85 g, 0.76 mL, 6 mmol) was added dropwise
whereupon the color changed to dark red. Then indene
(0.46 g, 0.46 mL, 4 mmol) was added at once. The mixture
was stirred for 5 h at the same temperature. The reaction
mixture was quenched with a 5% solution of sodium thiosul-
fate pentahydrate (20 mL) and extracted with dichloro-
methane (2x10mL). The combined organic layers were
washed with water (2x 10 mL) and dried over anhydrous so-
dium sulfate. Solvents were removed under vacuum and the
residue was purified by flash column chromatography (SiOo,
hexane/ethyl acetate, 20:1) to yield 4b (1.08 g, 95%) as a
white solid (mp: 54-56 °C).
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