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ABSTRACT

A new metal-free, one-pot synthesis of substituted allenes from enones was discovered for the first time, in which a tertiary amine as a base
was found to be an effective promoter in such novel transformations. The present synthetic protocol proceeded readily with high compatibility
of sensitive functional groups, and it provides a new efficient way to access a series of synthetically important allenes without the use of
metallic reagents or catalysts.

Allenes are important molecules in modern organic chem-
istry, and their extraordinary chemical structure is found in
many bioactive natural products and pharmaceuticals.1 The
interesting reactivities of allenic structures have been widely
explored for selective functional group transformations, and
they have proven useful as versatile building blocks in

organic synthesis.2-4 Since the prediction of allenes by Van’t
Hoff in 1875,5a many efforts have been made to develop
various synthetic methods for the synthesis of this kind of
structurally unique molecule. The first documented synthesis
was disclosed by Burton and von Pechmann in 1887.5b

Throughout the past century, a variety of compounds
including functionalized alkynes, alkenes, and carbonyls have
been exploited in the synthesis of allenes.6 Most of the useful
synthetic methods have depended upon the use of the main
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group metal reagents and/or transition metal catalysts.3c,6e,f

Recently, however, we discovered a new, metal-free, one-
pot synthesis of multisubstituted allenes that commence from
enones7 (Scheme 1). To the best of our knowledge, the

present method constitutes the first example of an allenic
synthesis that exploits in situ generated R,�-unsaturated
tosylhydrazones8-11 under mild Lewis basic conditions.10

Moreover, this metal-free synthetic protocol proceeds readily
with regioselective double bond migration and delivers
various trisubstituted and 1,1-disubstituted allenes under
conditions that are compatible with many functional groups.
Herein we will present our preliminary results on this
chemistry.

Our initial study was performed with enone 1a as a model
substrate in the presence of TsNHNH2.

12 The typical

procedure used was as follows: a solution of 1a (1.0 equiv)
and TsNHNH2 (1.1 equiv) in analytically pure EtOH was
stirred at room temperature until 1a disappeared. Molecular
sieves (4 Å) and a base (2.0 equiv) were subsequently added,
and the mixture was heated at reflux for the indicated time.
During the initial optimization of this novel allenic synthesis
(Table 1), it was found that the type of base, as well as the

use of 4 Å molecular sieves, played a key role in the current
transformation. Of the bases screened, NEt3 proved to be
the most effective for this reaction (83% yield, entry 1). Of
special significance was the fact that a lower yield of product
(56%) was obtained in the absence of 4 Å molecular sieves
(entry 2). Among other tertiary amines examined, Hünig’s
base (entry 3) and DABCO (entry 4) gave moderate yields
of the desired allene 3a, while only a very low yield (26%)
was obtained using pyridine as a base (entry 5). Compared
with acyclic tertiary amines (entries 1-3), the use of cyclic
DABCO reduced the reaction time to 12 h, but it always led
to a much lower yield of product (56%). Further investiga-
tions with other bases (entries 6 and 7) revealed that
secondary organic amines were far less effective, the
expected product 3a being delivered in around 40% yield.
By the way of contrast, employing inorganic Brønsted bases
(e.g., NaOH, NaOMe, and Na2CO3) led to isolation of a
totally different product: 4-ethyl-5-(3-phenylpropyl)-pyrazole
(entries 8-10),9,13 which was consistent with previous
reports on the thermal decomposition of R,�-unsaturated
tosylhydrazone sodium salts.9

Intrigued by the above data, the generality and scope of
this reaction were investigated under the optimized condi-
tions. As shown in Table 2, various unsaturated ketones of
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G. L.; Böll, W. A. Angew. Chem., Int. Ed. Engl. 1963, 2, 399. (e) Closs,
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Scheme 1. One-Pot Synthesis of Allenes from Enones

Table 1. Base-Promoted Allenic Synthesis from Enone 1aa

entry base time (h)b yield (%)c

1 NEt3 20 83
2d NEt3 20 56
3 iPr2NEt 45 52
4 DABCO 12 56
5 pyridine 70 26
6 NHEt2 20 41
7 NHiPr2 45 37
8 NaOMe 8 0e

9 NaOH 12 0e

10 Na2CO3 20 tracee

a Typical procedure: a mixture of 1a (100.0 mg, 0.5 mmol) and
TsNHNH2 (102.0 mg, 5.5 × 10-1 mmol) in EtOH (2 mL) was stirred at
room temperature until 1a disappeared, and then EtOH (2 mL), 4 Å
molecular sieves (0.5 g), and base (1.0 mmol) were added sequentially.
The resulting mixture was heated to reflux for the indicated time. b Refluxing
time. c Isolated yield. d Without use of 4 Å MS. e For entries 8-10, 4-ethyl-
5-(3-phenylpropyl)-pyrazole was isolated in 90, 92, and 67% yield,
respectively.9,13
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general structure 1 were subjected to this reaction, and a
series of trisubstituted and 1,1-disubstituted allenes 3 were
obtained in generally good yield. Remarkably, our reaction
conditions show good compatibility with different functional

groups in this region. Hydroxyls (entries 2 and 3), a bulky
enone (entry 4), a conjugated diene (entry 5), silyl groups
(entries 7, 11, and 13), and the azide group (entry 10) all
remain unaffected. The reaction of 1d (entry 4) is especially
noteworthy since this reaction shows an interesting regiose-
lective hydrazonation of one of two enone moieties, in which
the less bulky ketone reacted preferentially with 1.1 equiv
of TsNHNH2. Moreover, from the results in Table 2, it can
be seen that the substituents R1 and R2 in 1 have little
influence on this reaction, demonstrating its generality.
However, the substituent R3 could apparently affect the
transformation. In comparison with 1h of entry 8 (R3 ) H),
the reaction of 1l (R3 ) Me, entry 12) proceeded quite
slowly, with around 60% conversion after 4 days. With 1m
as substrate (entry 13), a similar result was obtained. It
demonstrates that the bulk of substitute R3 has unfavorable
influence on this transformation. Attempts to access 1,3-
disubstituted and tetrasubstituted allenes by using enone 1
(R1 ) phenylpropyl, R2 ) H, R3 ) H) and 2-benzyl-4-
methyl-1-penten-3-one did not give positive results at this
stage, possibly due to the undesired competitive 1,4-addition
of TsNHNH2 to enones.14

To address this unusual NEt3-promoted allenic synthesis,
a plausible reaction pathway has been proposed in Scheme
2 although the detailed mechanism remains unclear at this

stage. With in situ formation of the hydrazone 2 from 1 and
TsNHNH2,

15 the nucleophilic addition of NEt3 as an organic
Lewis base onto R,�-unsaturated tosylhydrazone 2 and loss
of the p-toluenesulfinic acid anion is thought to yield the
diazene cationic intermediate 4.16 Then, a base-induced 1,4-
elimination took place, resulting in the formation of the
diazenyl diene intermediate 5. Under reflux conditions, an
intramolecular 1,5-hydrogen reductive rearrangement, with
the double bond migration from C1,2 to C2,3, gives the
desired allene 3 by the release of N2.

8 From this proposed
mechanism, various experimental observations can be un-

(14) Magnus, P.; Roe, M. B. Tetrahedron Lett. 1995, 36, 5479.
(15) When the isolated hydrazone 2a in Table 1 was separately subjected

to the reaction system (4 Å molecular sieves, 2.0 equiv of NEt3, EtOH,
reflux), the desired allene 3a could also be obtained in around 80% yield.
This fact clearly demonstrates that hydrazone 2 is involved in the current
allenic synthesis.

Table 2. Synthesis of Allenes from Various Enonesa

a For experimental procedure, see Supporting Information. b Refluxing
time. c Isolated yield. d About 1:1 dr measured by 13C NMR. e TBDPS )
t-butyldiphenylsilyl. f Z:E ) > 99:<1. g 59% yield was obtained on the
basis of the recovered hydrazone. h Z:E ) 56:44. i 54% yield was obtained
on the basis of the recovered hydrazone.

Scheme 2. Proposed Pathway in NEt3-Promoted Allenic
Synthesis
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derstood. For example, when using inorganic Brønsted bases
(entries 8-10, in Table 1), the deprotonation of the NHTs
moiety in 2 of Scheme 2 preferentially took place, giving
an R,�-unsaturated tosylhydrazone sodium salt, which quickly
underwent elimination-cyclization to furnish the pyrazole.9

This reactivity was clearly differentiated from the nucleo-
philicity observed using organic amines as Lewis bases
(entries 1-7, in Table 1) toward the unsaturated tosylhy-
drazones 2 in Scheme 2. Additionally, the unfavorable steric
hindrance during the nucleophilic addition of NEt3 to 2 in
Scheme 2 might be one of the reasons for the low conver-
sions and yields, when R3 was methyl, not hydrogen (entries
12 and 13, Table 2).

In conclusion, a new metal-free, one-pot protocol for the
synthesis of various trisubstituted and 1,1-disubstituted

allenes from enones has been discovered, and a series of
allenes with sensitive functional groups have been synthe-
sized in good yield. Further investigations into the detailed
mechanism and toward developing an asymmetric variation
are currently underway in our laboratory.
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