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ABSTRACT: A general hydroazidation of unactivated alkynes using silver R!
catalysis is reported. The reactions of diverse terminal alkynes with g3
trimethylsilyl azide (TMS-N,) in the presence of H,O afforded the

Ag,CO3 (10 mol %) ; N;
R

H,0 (2.0 equiv) R2] .
DMSO, 80 °C, 20-90 min.

RZ}—= + TMS-N;
(2.0 equiv)

corresponding vinyl azides in good to excellent yields. This reaction has a
broad substrate scope, good functional group tolerance, simple operation, and high reaction efficiency, thus providing an easy

access to various functionalized vinyl azides.

Vinyl azides have been known for 100 years, since the first
report by Forster and Newman in 1910." These compounds
are versatile synthetic intermediates for numerous trans-
formations,” particularly in recently developed transition-metal-
catalyzed azaheterocyclization reactions.” However, the synthetic
potency of vinyl azides remains largely underexplored because of
the intrinsic high reactivity and limited general and eflicient
methods available for their preparation.” Therefore, the
development of practical synthetic methods for the convenient
preparation of newly functionalized vinyl azides is still highly
appealing. Alkynes are easily available building blocks, and the
hydroelementation of alkynes is a powerful method to access
various functionalized alkenes.* The hydroazidation of alkynes is
an ideal route to vinyl azides.®> Such reactions have been rarely
reported and almost all have been limited to the Michael addition
of azide anions to electron-deficient alkynes. Regarding
unactivated alkynes, only two examples have been known: (1)
Banert reported the reaction of butadiyne with lithium azide
(LiN,) to give l-azidoenyne,Sd and (2) Jiao and co-workers
isolated a vinyl azide intermediate during the mechanistic studies
of the nitrogenation of alkynes to nitriles (Figure 1, a).5 Recently,
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Figure 1. Hydroazidation of unactivated alkynes.
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the chemoselective reactions of alkynes with TMS-N; were
reported by the Jiao®”* and Echavarren’ research groups by
varying the catalysts. In our ongoing efforts to develop novel
organic reactions using functionalized alkynes,® we accomplished
a chemo- and regioselective silver-catalyzed hydroazidation of
ethynyl carbinols with TMS-Nj, affording diverse 2-azidoallyl
alcohols (Figure 1, b).%® The hydroxyl group of ethynyl carbinols
played a critical role as the proton source, and a trace amount of
water in DMSO was necessary for the reaction. Therefore, we
envisaged that the presence of a stoichiometric amount of H,O
would avoid the dependence of the hydroxyl group, thus
establishing a general hydroazidation reaction of unactivated alkynes
in a real sense. The experimental results confirmed this
hypothesis, and we found that diverse terminal alkynes could
react with trimethylsilyl azide (TMS-N;) by means of silver
catalysis in the presence of H,O to afford the corresponding vinyl
azides in excellent yields (Figure 1, c). Herein, we report this
powerful method for the synthesis of vinyl azides.

First, the effect of the amount of H,O in the solvent was
investigated using the reaction of 4-bromophenylacetylene (1a)
and TMS-Nj; as the model. In dry DMSO, a mixture of 2a and
substrate la was obtained at a ratio of 1:3 determined by 'H
NMR analysis of the reaction mixture. Once H,O (2.0 equiv) was
added to the reaction system, a single product 2a was obtained.
However, increasing the amount of H,O to 1 mL resulted in a
large amount of substrate 1a left in the reaction, and only a trace
amount of the vinyl azide 2a was detected. These results
demonstrated that an appropriate amount of H,O was essential
for the hydroazidation of terminal alkynes with TMS-Nj3, in
which the role of H,O might react with TMS-Nj; to generate
HN, 5

Further, a detailed study on the conversion of 1a into 2a in the
presence of 2.0 equiv of H,O was carried out in a time course. An
aliquot of the reaction mixture was taken out at regular intervals
(ca. 10 min) and directly analyzed by '"H NMR spectra. As shown
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in Figure 2, a proportional increase of product 2a and
consummation of substrate 1a was observed. This result proved
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Figure 2. Time course of the reaction of la with TMS-Nj; in the
presence of 2.0 equiv of H,O.

the clean transformation from 1a to 2a in the reaction with TMS-
N;. However, once the reaction time ws prolonged, the 4—
bromobenzonitrile could be detected like Jiao’s report.®
Consequently, the strict control of the reaction time was
necessary in order to avoid the further conversion of vinyl azides
to nitriles.

The silver-catalyzed hydroazidation of terminal alkynes with
TMS-N; in the presence of two equivalents of H,O was first
investigated using various aryl-, alkyl-, and alkenylalkynes
(Scheme 1). In general, the substrate scope was quite broad,
and diverse aryl-, alkyl-, and alkenylalkynes could be applied to
this silver-catalyzed procedure, thus affording the corresponding
vinyl azides (2a—p) chemoselectively and in good-to-high yields
(67—86%). All the reactions proceeded smoothly and were
complete within 20—60 min. Various substitutents on the
benzene ring of phenylacetylene were well tolerated such as
electron-donating (Me, and Ph) and -withdrawing groups (Cl,
Br, CO,Me, NO,, CH,CO, and HCO). Some of these functional
groups are useful for further synthetic diversification. Similar to
aryl alkynes, aliphatic alkynes (11, and 1m) were also applicable.
Notably, the reaction of sterically bulky alkyne 11 reacted with
TMS-Nj; smoothly afforded the corresponding vinyl azide, 21, in
85% yield, albeit requiring a slightly large amount of the silver
catalyst (30 mol %). The reactivity of several alkenyl alkynes (1n,
lo, and 1p) was investigated, and the corresponding 2-
azidobuta-1,3-dienes (2n, 20, and 2p) were obtained in good
yields. Notably, the reaction of a terminal alkyne sterically
encumbered in a complex molecular skeleton such as a-ethynyl
ketene dithioacetal (1p) with TMS-N; smoothly afford vinyl
azide 2p in a good yield (67%).

Functionalized allylamlnes are not only useful building blocks
in organic synthes1s ® but also possess remarkable biological
activity.'®® Therefore, we next applied the silver-catalyzed,
H,O-participating hydroazidation of terminal alkynes to
synthesue 2-azidoallyl amines. To the best of our knowledge,
such compounds are unknown.'! As summarized in Scheme 2,
diverse N-protected allylamines participated in this silver-
catalyzed method to afford the desired 2-azidoallyl amines
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Scheme 1. Hydroazidation of Aryl, Alkyl, and Alkenyl
Terminal Alkynes®”
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- (20equiv)  nyso, gooc o
q 20-60 min q
2a, R = Br, 83%
N3 2b, R =Me, 86%
2¢, R = Ph, 80%
R 2d, R=Cl, 81%
2e, R=H, 75%
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“Reaction conditions: 1 (0.5 mmol), H,O (1. 0 mmol), Ag,CO; (0.05
mmol), DMSO (2 mL), 80 °C, 20—60 min. “30 mol % Ag,CO; was
used.

(4a—p) in good-to-excellent yields (66—89%). The functional
groups on the N-atom were well tolerated, including electron-
rich and -poor aryl, fused aryl, tosyl, benzyl, benzoyl, and alkenyl
groups (4a—h). The variation in the substituents at the 3-
position of allylamines had no influence on the reaction outcome
(4i—p). Notably, the reactions of substrates (3j and 3k)
containing a sterically bulky quaternary carbon center with
TMS-N; also smoothly afforded the corresponding products (4j
and 4k) in 76% and 66% vyields, respectively. Next, other
heteroatoms such as oxygen and sulfur instead of nitrogen were
investigated. To our delight, propargyl ethers (5a—i) and
thioether (Sj) participated in this hydroazidation reaction,
affording diverse functionalized vinyl azides (6a—j) in good
yields. Notably, the products, 2, 4, and 6 are highly functionalized
and thus of great interest for further synthetic exploitation.

Encouraged by these results, we further investigated the
hydroazidation of other types of easily accessible terminal
alkynes. 4-Alkynones can be easily prepared by the base-
catalyzed nucleophilic substitution of f-dicarbonyl compounds
with propargyl bromides. Previously, we investigated the
synthetic potency of these functionalized alkynes in the [4C +
IN] annulation with primary amines, leading to polysubstituted
pyrroles.”” When they were subjected to the silver-catalyzed
hydroazidation reaction (Scheme 3), to our delight, the
corresponding vinyl azides (8a—d) were obtained in high yields
(80—86%) within a short reaction time (60—90 min). These
novel multifunctionalized vinyl azides have great potential for
further synthetic utilization.

The substrate scope of the hydroazidation of terminal alkynes
can be extended to dialkynes such as N,N-di(prop-2-yn-1-
yl)aniline (9a) and 1,7-octadiyne (9b). Under the slightly
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Scheme 2. Hydroazidation of Propargyl Compounds.”
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“Reaction conditions: 3/5 (0.5 mmol), H,0 (1.0 mmol), Ag,CO;
(0.05 mmol), DMSO (2 mL), 80 °C, 60—90 min.

Scheme 3. Hydroazidation of 4-Alkynones®

o) o)
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“Reaction conditions: 7 (0.5 mmol), H,O (1.0 mmol), Ag,CO; (0.05
mmol), DMSO (2 mL), 80 °C, 60—90 min.

modified reaction conditions, i.e., using double the amount of
silver catalyst, H,O, and TMS-Nj, the desired divinyl azides (10a
and 10b) could be obtained in 77% and 72% yields, respectively.

X = PhN Ny Ph N;
TMS-N; @0equv) [ NS

~=  Ag,CO; (20 mol %) 10a, 77%

e H,0 (4.0 equiv) N3

9a-9b DMSO, 80°C, 1.0h W

X= CHQCHz N
10b, 72%

To demonstrate the synthetic utility of this hydroazidation
reaction, we conducted the reaction on a gram scale, which
provided 4e in 78% yield (Scheme 4). Subsequently, we also

Scheme 4. Synthetic Transformation of Vinyl Azides

H CuTC Zn
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showed that 4e can be converted to the desired 1,2,3-triazole
(11a)"? and the a-amino ketone"® (11b) in 95% and 80% yields,
respectively, using the known transformations.'* Meanwhile, a
rearrangement of vinyl azide (2d) to yield the amide (11c) in
75% yield was realized."

In summary, we have developed a novel and practical silver-
catalyzed hydroazidation of terminal alkynes by combining
TMS-N; and H,O. This reaction represents the general
hydroazidation of unactivated alkynes in a real sense. The
reaction has a broad substrate scope of terminal alkynes,
affording the corresponding vinyl azides in good-to-excellent
yields. Easy access to these highly functionalized vinyl azides has
paved a way in organic synthesis to explore their synthetic
potency in the future.
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