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A reinvestigation of the reaction of allylsilanes with
N-phenyltriazolinedione: stereoselective synthesis of substituted

urazoles by [3+2] cycloaddition
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Abstract—A stereoselective synthesis of hydroxy substituted urazoles of potential biological significance has been developed via the
[3+2] annulation of a-substituted allylic silanes with N-phenyltriazolinedione. The need for complete blocking of the a-CH2 group
of allylsilanes for successful [3+2] annulation, as reported previously, is found to be unnecessary.
� 2007 Elsevier Ltd. All rights reserved.
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The [3+2] annulation reactions of allylsilanes have
received significant attention because they provide
stereoselective methods for the synthesis of both carbo-
and heterocyclic ring systems of biological significance.1,2

The earliest example of heterocycle synthesis via a [3+2]
annulation process was reported by Butler and co-work-
ers who were investigating the reaction of allylsilanes
with N-phenyltriazolinedione (PTAD).3 In addition to
the expected H-ene and M-ene (Hosomi–Sakurai) prod-
ucts, a minor by-product, a urazole was identified as a
[3+2] type cycloadduct. Later observations by Davies
and co-worker were consistent with this early report in
that allylsilanes do react principally by the H-ene pro-
cess;4 however, a switch to [3+2] cycloaddition from
the classical H-ene reaction was shown to be possible
by replacing silicon with a more electropositive metal,
such as germanium. Additionally, this group also re-
ported a single example of exclusive cycloaddition by
using an allylsilane whose a-CH2 group was completely
methylated so as to preclude any H-ene type reaction.
This synthesis of heterocycles was not pursued further,
although substituted urazoles displaying anti-inflamma-
tory or immunosuppressive properties and which are, in
principle, obtainable by a [3+2] annulation have been
made by multi-step sequences.5 In continuation of our
studies on exploring the synthetic potential of various
bimetallic reagents of silicon,6 we report here that the
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[3+2] annulation of a-substituted allylsilanes with
PTAD is an efficient and stereoselective method for
the synthesis of substituted urazoles.

When exposed to powerful electrophilic species, for
example, PTAD, 1-silylmethyl allyl silane 1 (R = Si)
should form 3 via the rapid 1,2-shift of the silyl group
in 2 (Scheme 1). Intermediate 3 is highly stabilized with
silicon–carbon bonds overlapping with the empty p-
orbital on both surfaces of the sp2 hybridized carbon,
thus driving the rearrangement step without any need
for nucleophilic participation.7,8 Cyclization of interme-
diate 3 anti to the silyl group then gives the cycloadduct
4. Arguably, if the reaction follows this course, ene and
Hosomi–Sakurai type by-products will not form.

Indeed, when 1-silylmethyl allyl silane of type 5a6 was
exposed to PTAD at room temperature in dichloro-
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Scheme 1. Reaction of 1 with PTAD. Si = silyl group.
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methane, urazole 6a was formed in 65% yield,9 the prod-
uct of a formal [3+2] annulation (Table 1). However,
with bulkier silyl appendages, as in the cases of 5b,c10

no reaction occurred under these conditions and the
allylsilanes were recovered unscathed. In these cases,
successful [3+2] annulation required Lewis acid activa-
tion. Thus, in the presence of LiClO4-doped silica gel
Table 1. Reaction of 1-silylmethylallyl silanes with PTAD

PhN N

N

O

O

SiR1R2R3

SiMe2PhSiMe2Ph

SiR1R2R3
PTAD

CH2Cl2

5a-c

SiMe2Ph

PTAD

CH2Cl2

5a-c 6a-c25 °C  

cat.

Compound R1�3 Catalyst Yielda (%)

a R1 = R2 = Me; R3 = Ph None 65
b R1 = R2 = R3 = Ph None 0
b R1 = R2 = R3 = Ph LiClO4–SiO2 48
c R1 = R2 = Ph; R3 = But None 0
c R1 = R2 = Ph; R3 = But LiClO4–SiO2 46

a Yields reported for material after column chromatography.
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Scheme 2. Reaction of allylsilane 5d with PTAD.

Table 2. [3+2] Annulation of allylsilanes 5 with PTAD to yield
urazoles 6

Allylsilane 5 Product 6 Yielda,b (%)

SiMe2Ph

OR

PhN
N

N
SiMe2Ph

ORO

O

5e (R = H), 76% eec 6e (R = H), 70% eec 72
5f (R = TBDPS) 6f (R = TBDPS) 70

SiMe2Ph

Hexn

HO

5g

PhN N

N

O

O

SiMe2Ph

Hexn
OH

H

6g

62

TolMe2Si

SiMe2Tol

5h

PhN N
N

O

O

SiMe2Tol

SiMe2Tol
H

6h

80

a All reactions were carried out in dichloromethane at room temper-
ature; no catalytic activation was required.

b Isolated yield of pure material.
c Enantiomeric excess determined by Mosher ester analysis.21
as catalyst,11 the urazoles 6b,c were obtained in moder-
ate yields.9 No trace of any H-ene or M-ene (Hosomi–
Sakurai) products could be detected in the crude prod-
ucts by NMR spectroscopy in all these cases.

Hence, our prognosis as outlined in Scheme 1 appar-
ently turned out to be correct. Nevertheless, we felt
the need to address an important issue at this point.
For the observed selectivity do we really need the silyl
substituent at C-4 in 1 or is an alkyl substituent enough
to trigger the 1,2-shift12 to generate a reasonably stable
b-silyl carbocation (cf. R = H in 3), which may collapse
to 4? This led us to subject the readily available allylsi-
lane 5d13 to the same reaction conditions, which gave
the urazole 6d as a single diastereomer (Scheme 2) in
high yield (80%).9 This reaction required no catalytic
activation and there were no traces of any H-ene or
M-ene type products in the crude product.14

We concluded at this juncture that Davies’ and co-work-
er4 blocking of the a-CH2 group of the allylsilane by
methylation in order to prevent any H-ene type reaction
from occurring, was completely unwarranted.

Encouraged by these findings we set out to investigate
the scope of this highly diastereoselective urazole syn-
Table 3. Tamao–Fleming oxidation of urazole 6

PhN
N
N

O

O

SiMe2Ph

R

Hg(OAc)2

AcOOH
PhN N

N

O

O

OH

R

6 7

Urazole 6 Product 7 Yielda,b (%)

6d
PhN

N

N

O

O

OH

Me
7d

52

6e
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N

N

O

O

OH

OH
7e

50

6g
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N
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O

O

OH
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35

6i PhN
N
N

O

O

OH

7i

55

a Isolated yield of pure material.
b Racemic 7e was obtained from 6a in 48% yield under these

conditions.
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thesis, the results of which are presented in Table 2. The
annulation of enantio-enriched allylsilane 5e15 occurred
with the retention of enantiomeric purity to give 6e in
72% yield.9,16 This example shows the scope of the reac-
tion for the synthesis of optically active urazoles. In an
attempt to enhance the yield in the reaction of 5e with
PTAD, the corresponding silyl ether 5f was also sub-
jected to the same reaction conditions. Urazole 6f was
formed, but no improvement in yield occurred.9 The
more elaborate allylsilane 5g17,18 yielded urazole 6g18

containing three stereogenic centers as a single diaste-
reomer.9 These reactions (5e–g–6e–g) are remarkable
in light of the sluggish reactivity reported for cyclic
b-hydroxyallylsilanes in [3+2] annulations with chloro-
sulfonyl isocyanate.19 The bis-allylsilane 5h,20 similarly,
gave urazole 6h containing a useful allylsilane function-
ality in 80% yield, also as a single diastereomer.9 In all
the cases presented in Table 2, no traces of any compet-
ing H-ene or M-ene type products were formed.

The substituted urazoles 6 synthesized via the [3+2]
annulation methodology provide access to the corre-
sponding hydroxylated urazoles 7 by Tamao–Fleming
oxidation of the corresponding silicon–carbon bonds
(Table 3).22

In conclusion, this work indicates that a limitation
encountered by others3,4 in the [3+2] cycloaddition reac-
tion of allylsilanes with PTAD is not as serious as had
been thought. More importantly, this work shows that
allylsilanes with a single substituent at the allylic carbon
undergo exclusive [3+2] annulation to provide rapid
access to hydroxy substituted urazoles of potential
pharmacological importance.
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