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Abstract: Starting from commercially available 2-(chloromethyl)-
allyltrimethylsilane, the corresponding 2-(azidomethyl)allylsilane
was prepared through reaction with NaN;. The product was stable
upon isolation and storage and could be used for thermal
cycloaddition of the azido group with alkenes to give allylsilane-
containing triazolines or aziridines. This reaction was not accelerat-
ed by microwave (MW) dielectric heating, however, the azide frag-
ment undergoes MW-assisted Cu(I)-catalyzed cycloaddition with a
range of alkynes (including ynamides). Lewis acid mediated
Hosomi—Sakurai reaction of the allylsilane with aldehydes was also
possible. A one-pot transformation into different triazolo-contain-
ing homoallyl alcohols was carried out through a sequence of Cu(I)-
catalyzed azide cycloaddition under MW dielectric heating and
BCl;-mediated reaction with aromatic aldehydes.
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Azides have been widely applied in organic synthesis, ex-
ploiting their versatility in cycloaddition reactions.!
Azides are readily applicable to the preparation of small
molecule libraries for biological applications and for bio-
conjugation within large biomolecules,’™ so that the term
‘click chemistry’ has been coined based on azide reactiv-
ity.% Allylsilanes are another class of very versatile mole-
cules. They are stable, electron-rich compounds that may
react in the presence of electrophiles (generally carbonyl
compounds activated by Lewis acids)’® or as nucleo-
philes, triggering the silane reactivity with fluoride
through the formation of pentacoordinate silicon.” How-
ever, allylsilanes and azides do not react together and so
can be considered as two compatible groups that can be
introduced into the same molecule for further selective
functionalization.

Following our long-term interest in allylsilane
chemisty!'®!! and, more recently, in azide chemistry,'> we
were intrigued to develop a molecule in which the two
groups coexist and can be selectively and sequentially
functionalized. After a click reaction of the azide and a nu-
cleophilic reaction of the allylsilane, a double bond and an
alcohol function would still be present on the scaffold for
additional transformations. 2-(Azidomethyl)allyltrimeth-
ylsilane 2 is an ideal substrate for this strategy, providing
a methallyl scaffold linked to the two moieties in a suit-
able form for elaboration. Surprisingly, this simple mole-
cule has never been reported before,'* although its
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synthesis can be readily accomplished from commercially
available 2-(chloromethyl)allyltrimethylsilane (1). In
fact, reaction of 1 in DMF in the presence of NaN; at room
temperature gave product 2 in almost quantitative yield
(Scheme 1). Compound 2 was found to be stable at room
temperature and could be stored at 4 °C for several

months without decomposition.
MeGSi\)J\‘ Me:;sl\)J\

Cl 96% yield N
1 2

NaNg, DMF, r.t.

Scheme 1 Preparation of azidoallylsilane 2

The differing reactivity of the two functional groups was
first studied independently in order to explore the poten-
tial and scope of this novel reagent. Initially, standard cy-
cloaddition with alkenes was investigated, reacting
compound 2 with a range of alkenes (Table 1). The reac-
tion of azide with alkenes is known to proceed with the
formation of triazolines or aziridines (or other products
derived from these intermediates) depending on the reac-
tion modes.'*! Generally, [3+2] cycloaddition under
thermal conditions initially gives the sometimes unstable
triazoline that can be further transformed into an aziridi-
ne.'*2! However, under photochemical conditions, the
aziridine is the major product.?>?} To find the optimal re-
action conditions, the cycloaddition of 2 with N-phenyl-
maleimide 3 was investigated.”* Reaction did not take
place in polar solvents (THF, CH,Cl,) or under attempted
transition-metal catalysis. A poor reactivity was also ob-
served under photochemical irradiation. Using a low-
pressure Hg lamp at 254 nm in MeCN, compound 2 and
N-phenylmaleimide gave a very low yield of aziridine 9
with several by-products arising from photodegradation
of 2, with the majority of 3 being recovered. However, re-
action of 2 and 3 in toluene at 115 °C for 12 h gave triazo-
line 8 in acceptable yield (Table 1, entry 1), whereas only
aziridine 9 was isolated in 65% yield when the reaction
temperature was increased to 140° (Table 1, entry 2). Us-
ing ethyl acrylate 4 and acrylonitrile 5 as alkenes, aziridi-
nes 10 and 11 were formed at 115°C, whilst y-
crotolactone 6 gave aziridine 12 in good yield. On the oth-
er hand, acyclic a,pf-unsaturated aldehydes and ketones
(cinnamaldehyde or cyclopentanone) did not react at all.
When an electron-rich alkene such as dihydrofuran 7 was
submitted to the thermal reaction, aziridine 13 was
obtained as the sole product.?>26
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Attempts to accelerate the cycloaddition by using micro-
wave dielectric heating were unsuccessful. Using toluene
as the solvent, it was not possible to reach the internal
temperature required for the cycloaddition; whereas heat-
ing in a more polar solvent (MeOH, DMF, DCE) allowed

Table 1 Thermal Reaction of Azidoallylsilane 2 and Alkenes

MesSi~_ . /\Fﬂ . N/iz/
RZ

Megsi

A\

A

Megsi\)J\

N

a temperature of 140 °C to be achieved, but cycloaddition
still did not occur. The addition of a heating adjuvant to
the toluene (a few drops of ionic liquid or a carbon fiber
plug-in)*®?° allowed the temperature to increase, but start-
ing materials were recovered unchanged after 2 h of MW

N R
2 No R2
Entry Alkene Conditions® Product® Yield (%)°
z o Mej3Si
g _N O
1 0 @ A N, 72
N N\©
3 (6]
8
Measi—>_\N
(0]
2 3 B N 65
(0]
9
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CO,Et Me;Si N
3 A 3 CO,Et 68
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AN )ﬂ
CN Me;Si N
4 A s CN 73
5 V
11
o Me38i‘>_\N
5 / (o] A 62
(0]
6 O
12
@ Messi~>—\N
6 0] A 66
7

13

2 Reacion conditions A: toluene, 115 °C, 12 h. Conditions B: toluene, 140 °C, 12 h. In both cases, the tube containing the reaction mixture was

immersed in the heating bath until it reached the required temperature.

® The regiochemistry of compounds 10'° and 11! was assumed on the basis of previous reports. Compounds 8, 9, 12 and 13 were isolated as

single diastereomers, probably the cis-isomers.

¢ Yield of isolated and fully characterized products.
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heating at 150 °C. Although rare, the ineffectiveness of
microwave heating to accelerate a thermal reaction has
been observed previously.?’

After initial functionalization of the azide moiety, the re-
activity of the aziridine allylsilanes was explored. Howev-
er, when aziridines 9-12 were mixed with benzaldehyde
in the presence of BF;-OEt,, protodesilylation products
were formed exclusively. An analogous result was ob-
tained with other Lewis acids such as Sc(OTf),, BCl;,
TiCl, or ZnCl, or in the presence of trifluoroacetic acid
(TFA), tetrabutylammonium fluoride (TBAF) or CsF. A
different reactivity was observed with aziridine 13 de-
rived from dihydrofuran. When submitted to BF;-OEt,-
mediated reaction with benzaldehyde, the hydroxymeth-
allyl amide 14 was isolated in 62% yield (Scheme 2) and
was also obtained with BF;-OFEt, alone. The formation of
this y-hydroxymethallyl amide is proposed to occur
through initial coordination of BF; to the ethereal oxygen
(13b), followed by fluoride-mediated desilylation. Fur-
ther abstraction of the acidic proton between the two het-
eroatoms yields intermediate enaminal 13¢, which
undergoes attack by water to generate the final amide 14
through ring opening of the dihydrofuran ring (Scheme 2).

HO
14

s 2Rlies

F—B %

BF5-OEty, CH,Cly

13c

I
A ~d
NH - /N\@
HOJ/}or C(,H/O\H

- 13d -

Scheme 2 Proposed mechanism for the formation of y-hydroxyam-
ide 14

As the allylsilane functionalization appeared to be prob-
lematic, we decided to invert the sequence of events, per-
forming an initial Hosomi—Sakurai reaction on
azidoallylsilane 2 followed by [3+2] cycloaddition with
alkenes (Scheme 3). Compound 2 reacted with benzalde-
hyde at 0 °C in the presence of BF;-OFt, to give homoal-
lyl alcohol 15, which was isolated in poor yield (ca. 25%)

© Georg Thieme Verlag Stuttgart - New York

together with derivative 16 (Scheme 3). However, when
azidoalcohol 15 was submitted to cyclization with alkenes
3 or 7, the reaction did not proceed cleanly (Scheme 3).

OH 3or7
PhMe
ph/UH 115-140 °C
N3
PhCHO, BF3-OEt, 15 25%
Messi\)}\ CHCl, N

N
2 3

N3
16 75%

Scheme 3 Attempted sequence: Hosomi—Sakuari reaction / cyclo-
addition with alkenes

Attributing this unsatisfactory behavior to the high reac-
tivity of the triazoline/aziridine rings, we decided to in-
vestigate the reaction of azidoallylsilane 2 with alkynes
(Scheme 4). In this instance, Cu-mediated cycloaddition
of 2 with phenylacetylene (DMF, Cul) occurred under
MW dielectric heating, giving compound 17 in good
yield. It is worth noting that the cycloaddition worked ex-
clusively using Cul in DMF, and no reaction was ob-
served using Cu(l) generated in situ from CuSO, and
ascorbic acid. On isolation, 17 was submitted to the Hoso-
mi—Sakurai reaction with benzaldehyde in CH,Cl, in the
presence of BF;-OEt,, to form the corresponding triazole
homoallyl alcohol 18 in 80% yield. However, when ho-
moallyl alcohol 15 was submitted to cycloaddition with
phenylacetylene, the reaction gave a very low yield of tri-
azole 18, with the homoallyl alcohol decomposing rapidly
(Scheme 4).

Looking to the possibility of performing a multicompo-
nent reaction, we tried mixing compound 2, benzaldehyde
and phenylacetylene in the presence of different Lewis
acids and Cu(]) salts, or using CuOTf alone.’® However,
formation of compound 18 was never observed.*!

Messi
., Cul, DMF, MW
Me;Si + =
® ph/ 86% =
A\
N3 \ )/
17 Ph

PhCHO, BF3-OFEt,
CH2C|2

2

18
80% from 17 (35% from 15)

Scheme 4 Exploration of the sequence of events for the Cu(I)-medi-
ated cycloaddition
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Subsequently, a one-pot multistep operation was attempt-
ed.*? Allylsilane azide 2 was mixed with phenylacetylene
in DMF with a catalytic amount of Cul and submitted to
MW-assisted cycloaddition. Then, without opening, the
microwave vial was cooled and benzaldehyde plus
BF;-OEt, were added by using a syringe. However, exclu-
sive desilylation of the intermediate occurred with forma-
tion of the methallyl triazole 19.>* Assuming that the
cycloaddition reaction medium was not compatible with
the Lewis acid, the protocol developed for the click reac-
tion was adapted to conditions more compatible with the
second step (Scheme 5).

1) Cul, MeCN, DMF )J\

2) PhCHO, BF3-OEt, N/N/
—_— W
N
Ph
. /
Me3Si = 19
A

N, 1) Cul, MeCN OH
2 2) PhCHO, BCl
B b S
N
./
N

Ph
18 75%

Scheme 5 One-pot operation from azidoallylsilane 2 to triazole
homoallyl alcohol 20; the choice of MeCN and BCl,4

After much optimization, Cul and acetonitrile were found
to be the best combination for the first step; while a 75%
yield of 18 was obtained in the second step using BCl,
(1 M in CH,Cl,). Thus, the established procedure consist-
ed of reacting the alkyne with azidoallylsilane 2 in MeCN
in the presence of Cul under MW dielectric heating, fol-
lowed by addition of the aldehyde and BCI, (Scheme 5).3*
This two-step, one-pot sequence was extended to a range
of aromatic aldehydes (Table 2) and the corresponding tri-
azolyl methallyl alcohols 20-37 were obtained in good
yields. Aromatic and aliphatic alkynes could be success-
fully employed but the use of BCl; was incompatible with
enolizable aldehydes. The presence of carboxymethyl or
benzyl groups, alcohols or tertiary amines was compatible
with the reaction conditions (Table 2, entries 1, 6, 7, and
9), thus expanding the potential of the reaction. Boc pro-
tection on the nitrogen was removed (Table 2, entries 8
and 18), whereas benzylated phenol suffered partial de-
benzylation (entry 14); both results being attributable to
the presence of BCl;. Ynamides could also be successful-
ly employed, as in the case of N-Boc-N-phenyl amino-
acetylene,* which gave the 4-anilino-substituted triazole
37 in 63% yield. In all cases, the products were obtained
in an acceptable purity and could be isolated in yields of
more than 60% (except Table 2, entry 14). However, col-
umn chromatography was necessary to obtain analytically
pure samples.

In conclusion, the synthesis and synthetic applications of
novel azidoallylsilane 2 have been described with a focus

Synlett 2013, 24, 491-495

on the multistep, one-pot preparation of methallyltriazole
derivatives. Some limitations in the reactivity of the azi-

Table 2 One-Pot Preparation of Triazole Homoallyl Alcohols
o}

R2J\H ) /OQ)J\
Measi\)g . R1/¢ Cul, MeCN Bcl, R )
20-37

Entry R! R? Product  Yield (%)*
1 MeO,C Ph- 20 66

2 Me(CH,), Ph 21 61

3 4-PhC.H, Ph 22 68

4 4-MeOCH, Ph 23 72

5 Ph 24 64

s
S
6 /@ Ph 25 65
HO\
7 o hIl ~ Ph 26 70
NN

8  H,NCH, Ph 27 62°

9  BnO,CCH, Ph 28 70

10  Ph 4-MeOCH, 29 74

11 Ph 4-BrCH, 30 68

12 Ph 4-CNCH, 31 68

13 Ph 2-NO,CH, 32 62

14  Ph 4-BnOCH, 33 42¢

15  Ph O 34 79

16 Ph ¢ 35 60

Cl
17  Ph HO:@/ 36 66
MeO
18 ¥ 4-MeOC,H, 37 634

-

?Yield of isolated and fully characterized products.
b Starting alkyne R1 = p-BocNHCgH,.

¢ Partial debenzylation occurred.

d Starting alkyne R'= Ph(Boc)N.
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doallylsilane highlight the real scope of the new scaffold,

which can be considered as a useful multi-reactive system

for application in diversity-oriented synthesis.
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