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ABSTRACT

Formation of 3-pyrrolines from simple unactivated allenes bearing a protected amino group under basic conditions is described. Treatment
of r-amino allenes with potassium carbonate in DMF under reflux in the absence of any transition-metal catalysts gave the corresponding
3-pyrrolines in good to excellent yields, by 5- endo -trig mode cycloisomerization. The reaction of internal allenes with an axial chirality afforded
the corresponding 3-pyrrolines in a stereoselective manner.

Chiral 3-pyrrolines including 3,4-dehydroproline are known
as useful synthetic intermediates for modified proline
analogues,1 conformationally restricted amino acid ana-
logues,2 antibiotic anisomycin,3 and other related com-
pounds.4 Cycloisomerization of allenes through a 5-endo-
trig mode is a powerful strategy for the construction of
3-pyrrolines5 and other heterocycles such as dihydrofurans6

and butenolides.7 As shown in Scheme 1, this type of reaction

generally proceeds through activation of the allenic moiety
of 1 by coordination of transition metals such as Ag(I),5-7

Pd(II),8 Cu(I),9 or Rh(I),10 and subsequent attack by nitrogen
or oxygen nucleophile onto the thus-activated allenic carbon
of 2 leads to cyclized products4 stereoselectively.11 A recent
contribution toward this area by Krause and Hashmi revealed
that Au salts strongly catalyze the 5-endo-trig cycloisomer-
ization of allenes1 having a nitrogen or oxygen functional-
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Scheme 1. Cycloisomerization of Allenes through
5-Endo-TrigMode by Activation of Allenic Double Bonda

a FG ) functional group.

ORGANIC
LETTERS

2006
Vol. 8, No. 5

947-950

10.1021/ol053094w CCC: $33.50 © 2006 American Chemical Society
Published on Web 02/07/2006



ity.12,13In contrast, only limited examples of theendo-mode
cycloisomerization under basic conditions in the absence of
any transition metals are reported to date, which used
preactivated allenes1 (R or R′ ) functional group) such as
methoxy allenes,14,15fluorinated allenes,16 or allenyl sulfones
and related compounds,17 leading to functionalized cyclized
products5 or 6.

As a part of our ongoing program directed toward
economical and environmentally friendly cyclization of
allenic compounds,18-20 we investigated cycloisomerization

of amino allenes without using any transition-metal catalysts.
Herein, we describe K2CO3-mediated stereospecific cyclo-
isomerization ofR-amino allenes, which is the first example
of base-induced 5-endo-trigmode cycloisomerization of
simple unactivated allenes in the absence of any activating
reagents toward the allenicπ-bond.

We preparedR-amino allene7 according to our reported
procedure through the diethylzinc-mediated reductive syn-
thesis of amino allenes catalyzed by palladium(0),21 starting
from L-valine. The choice of Mts as a protecting group was
based primarily on its ease of deprotection.22 First, cyclo-
isomerization of7 under various basic conditions (NaH/
DMF, t-BuOK/DMF, orn-BuLi/THF, etc.) was investigated,
and we found that treatment of7 with K2CO3 in a polar
solvent in high temperature afforded the desired cyclo-
isomerized product8 (Table 1). Among the solvents inves-

tigated (Table 1, entries 1-4), DMF has proven to be the
solvent of choice for the desired transformation, leading to
3-pyrroline 8 in 84% yield (Table 1, entry 4). A catalytic
amount of K2CO3 did promote the cycloisomerization (Table
1, entries 5 and 6) but required prolonged reaction time: the
cyclization with 0.1 equiv of K2CO3 for 120 h yielded8
(47%) with the recovered starting material (7%). Structure
of 8 was unambiguously confirmed by comparison with the
authentic sample.23

Next, K2CO3-promoted cyclization of other terminal
allenes9-12 was investigated (Table 2). The reaction of
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Table 1. Optimization of Reaction Conditions

entry K2CO3 (equiv) solvent T (°C)
reaction
time (h) yielda (%)

1 1.0 DMSO 180 3 61
2 1.0 DMI 180 1 75
3 1.0 NMP 180 3 80
4 1.0 DMF reflux 6 84
5 0.5 DMF reflux 24 71
6 0.1 DMF reflux 120 47

a Isolated yields. Mts) 2,4,6-trimethylphenylsulfonyl.
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amino allene9 or 10 having an isobutyl group or asec-
butyl group, respectively, at theR-position of the allenic
moiety with K2CO3 in DMF under reflux yielded the desired
cyclized products13 and 14 in 61% and 60% yields,
respectively (Table 2, entries 1 and 2). Interestingly, both
the allenes11 with a bulky tert-butyl group and12 without
the R-substituent gave 3-pyrrolines15 and 16 in slightly
improved yields (77-78%). The required reaction time for
this transformation is highly dependent on theR-substituent
(1-120 h). Among the terminal allenes7 and 9-12, the
R-unsubstituted amino allenes12 showed the highest reactiv-
ity toward the K2CO3-mediated cycloisomerization: the
reaction was completed within 1 h under the standard reaction
conditions.

Then, the cycloisomerization of diastereomerically pure
internal allenes bearing anR-amino group was investigated.
The requisite chiral internal allenes17-20 were easily
prepared by organocopper-mediated stereospecific ring-
opening reaction of 2-ethynylaziridines derived fromL- or
D-amino acids.24 The results of the cycloisomerization
reaction are summarized in Table 3. We were pleased to find
that the reaction of all the internal allenes yielded 2,5-
disubstituted 3-pyrrolines in a stereospecific manner and in
good yields (75-87%). The reaction of (R,aS)- and (S,aR)-
allenes17 and 19, respectively, completed within 24 h to
give the 2,5-cis-3-pyrrolines21 and 23. In contrast, the
reactivity of (R,aR)- and (S,aS)-allenes18 and 20 was
relatively low: the 2,5-trans-3-pyrrolines22and24, the latter

havingC2-symmetry, were obtained after prolonged reaction
time (102-312 h) but in good yields.25 The relative config-
uration of the cyclized products21 and22 was determined
by comparison with the authentic samples.23

It should be clearly noted that the internal allene19bearing
an isopropyl group on the allenic carbon was completely inert
toward the well-established silver(I)-mediated cyclization
(Scheme 2). This result can be attributed to the steric

crowding of the allenic moiety that inhibits access or
coordination of silver to the allenic double bond. In contrast,
K2CO3-induced reaction of19 afforded the sterically con-
gestedmeso-2,5-disubstituted 3-pyrroline23 in 87% yield
(Table 3, entry 3), presumably because these conditions
activate the nitrogen atom of the amino allene19.

In conclusion, we have first demonstrated that cyclo-
isomerization of unactivated allenes having a sulfonamide
group can be promoted under simple basic conditions using
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reason for their lower reactivity is unclear.

Table 2. K2CO3-Promoted Cycloisomerization of Terminal
Allenesa

a All reactions were carried out in the presence of K2CO3 (1 equiv) in
DMF under reflux.b Isolated yields.

Table 3. K2CO3-Promoted Cycloisomerization of Internal
Allenesa

a All reactions were carried out in the presence of K2CO3 (1 equiv) in
DMF under reflux.b Isolated yields.

Scheme 2
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K2CO3 in DMF. The present transformation is economical
and applicable to the synthesis of a wide variety of
3-pyrrolines including highly congested ones. The scope and
limitation of the reaction, as well as further transformation
to complex nitrogen heterocycles, are currently under
investigation.
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