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We recently reported that allenamides 1 can be epoxidized to
give nitrogen-stabilized chiral oxyallyl cations 2b,[1] which can
be made to participate in highly stereoselective [4+3] cyclo-
additions with dienes (Scheme 1).[2] 1,3-Dipolar cycloaddi-
tions of oxyallyl cations represent a powerful synthetic tool
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for constructing complex carbo- and heterocycles.[3] Heter-
oatoms such as oxygen[4] and sulfur,[5] as well as halogen-
substituted[6] oxyallyl cations have become very attractive
intermediates for developing not only highly regioselective,
but also stereoselective [4+3] cycloadditions.[7]

Nitrogen-substituted oxyallyl cations, however, had
received less attention[8] until studies were
reported recently by Myers and Barbay[9]

and Harmata et al. ,[10] in addition to work
from our own research group.[2,11] The
trivalency of the nitrogen atom provides
flexibility by allowing the tethering of a
chiral auxiliary and presents a valuable
platform on which to achieve highly stereo-
selective oxyallyl cycloadditions, which
remain a challenge.[3, 7,12] As part of our
ongoing efforts to develop stereoselective
methods using allenamides,[13–15] we have
been exploring intramolecular [4+3] oxy-
allyl cycloaddition[16] in a-tethered (4) and
g-tethered allenamides (6 ; Scheme 1). We
report herein the first tandem epoxidation/
stereoselective intramolecular [4+3] cyclo-
addition reactions involving nitrogen-stabi-
lized chiral oxyallyl cations.

To establish the feasibility of intramo-
lecular [4+3] cycloaddition of a-tethered
allenamides, we prepared allenamides 10a
and 10b,[17] tethered with the furan units
from 8a and 8b, respectively, by our a-
alkylation protocol[14c] (Scheme 2). Epoxi-
dation of 10a and 10b by treatment with 2–
5 equivalents of dimethyl dioxirane
(DMDO) at �78 8C gave satisfactory
yields, and the ensuing cycloadditions gave
11a and 11b in 45 and 65% yield, respec-
tively. The products were obtained as single
diastereomers containing a quaternary ster-
eocenter and the stereochemistry was
assigned based on X-ray analysis of 11a.

These cycloadditions were much more
facile than intermolecular reactions,[2] with
the intramolecular reactions completed in

10 min at lower temperatures. A prolonged reaction time
actually led to a much lower yield. Addition of DMDO
By syringe pump was found to improve the yield of 11a to
75%, although it was not a procedure that was frequently
used in these reactions. Allenamide 12, which contains
one additional carbon atom within the tether compared
to 10a and 10b, failed to provide cycloadduct 13.

Once we had established the feasibility of this cyclo-
addition, we turned to g-tethered allenamides, whose
syntheses featured Seebach's elegant g lithiation and
asymmetric aldol addition,[15a] as shown in Scheme 3.

g-Tethered allenamide 17 was prepared by an unusual
regio- and stereoselective base-induced isomeriza-
tion[14b,e, 18] of the propargyl amide 16[15a] (1:1 ratio of
stereoisomers with a chiral center at C4). Propargyl
amide 16 was prepared by addition of the lithium
acetylide of 14a to aldehyde 15 in the presence of

TiCl(OiPr)3
[15a] followed by protection with TBDPSCl. Cyclo-

addition of 17 under standard conditions provided cyclo-
adduct 18a as a mixture of three isomers. The major isomer,
shown in Scheme 3, was assigned by correlation with the X-
ray structure of a related cycloadduct.

Scheme 1. Epoxidation of allenamides 1 produces nitrogen-stabilized chiral oxyallyl
cations, which undergo a stereoselective [4+3] cycloaddition to yield 3. Tethered
allenamides 4 and 6 undergo intramolecular [4+3] cycloaddition.

Scheme 2. Synthesis of tethered allenamides 10a and 10b, their epoxidation, and the subse-
quent cycloaddition reactions. syr, syringe-pump addition of DMDO.

Scheme 3. Sythesis and reaction of g-tethered allenamides. Imid, imidazole; TMS, tert-butyl-
dimethylsilyl ; TBDPS, tert-butylphenylsilyl ; TBAF, tetrabutylammonium fluoride; TES,
triethylsilyl.
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Since the C4 stereochemistry in 17 could have eroded the
selectivity of the cycloaddition, we prepared 19 as a single
diastereomer[19] in 40–50% yield from 14b by using Seebach's
protocol for g-lithiation and asymmetric aldol addition.[15a]

However, 19 did not undergo cycloaddition even when the
secondary hydroxy group was protected with TESCl or AcCl.

We then removed the TMS group by treatment with
TBAF, but this desilylation led to scrambling of the allenic
axial stereocenter and afforded 20 as a 1:1 isomeric mixture
(P/M) after protection with TESCl. Cycloaddition of 20 as a
mixture of isomers was facile in the presence of DMDO at
�78 8C and gave 18b in 61% yield, with a 9:1 ratio of major
and minor isomers that match the two major components
obtained from 17.

The scope and stereoselectivity of cycloadditions of g-
tethered allenamides are summarized in Table 1. Reaction of
the cleanly separated isomers (P)-20 and (M)-20 (entries 1
and 2) provided 18b in 60 and 75% yield, respectively, in a
90:10 ratio in favor of the same major isomer in both cases.
These results suggest that the chirality of the allene does not
have an impact on the stereoselectivity of the cycloaddition.

Unlike a-tethered allenamides, g-tethered allenamides
with various lengths of tether were found to be suitable for

cycloaddition: 23 (n= 2) and 24 (n= 3) led to cycloadducts 25
(X-ray structure) and 26, respectively, in good yields and with
high stereoselectivity (entries 3 and 4, Table 1).[20] Intrigu-
ingly, the stereochemistry was completely reversed at C1 in
26, which resulted in a major isomer (assigned by NOE
measurements) that corresponds to the minor isomer of 18b
or 25 (entry 4). Butadienes 27 can also be utilized in this
intramolecular cycloaddition to give cycloadduct 28 as a
single diastereomer, again with reversal of stereochemistry at
C1 (entries 5 and 6), although in lower yields.

Various chiral auxiliaries were examined (Entries 7–12).
The P and M isomers of 36 (R1= iPr) provided 37 with the
best diastereomeric ratio (entries 11 and 12) achieved in our
experiments. The protecting group can be either a silyl or an
acyl group (entries 7 and 8). Allenamide 35 led to ent-18b as
expected (entry 10).

Oxyallyl cation intermediates are known to prefer W con-
figuration A (with respect to the nitrogen group in the
compounds discussed herein) over sickle configurations B
and C, whilst the U-cation D configuration is the least stable
because it possesses the most A1,3 strain (Scheme 4).[1,2, 21] One
W configuration is possible for a-tethered oxyallyl cation 38,
and endo (or compact[21]) addition would lead to the observed

major isomers of 11a or 11b. In
contrast, it appears that both
W configuration A and sickle
configurations B and C could
play a role for g-tethered oxyallyl
cations 39 and 40. Since H1 and
H2 can be assigned as anti in
cycloadducts 18b and 25, the
oxyallyl cation probably assumed
either sickle configuration B
through endo addition (39a), or
sickle configuration C by exo
(extended[21]) addition (39b) to
give the observed major isomer.
For cycloadducts 26 and 28, the
W configuration A of the cation
is likely to be favored, as shown
for g-tethered oxyallyl cation 40.
This configuration would lead to
placement of H1 and H2 syn to
one another by exo (extended[21])
addition. These assessments can
rationalize the stereochemical
outcomes of the cycloadditions,
but we are currently investigating
the origin of this configuration
switch.

We have herein described a
novel tandem epoxidation/stereo-
selective intramolecular
[4+3] cycloaddition involving
nitrogen-stabilized chiral oxyallyl
cations derived from allenamides.
These complex polycyclic mani-
folds could be useful in the syn-
thesis of natural products. Efforts

Table 1: The scope and stereoselectivity of cycloadditions of g-tethered allenamides.

Entry Allenamides[a] Cycloadducts[b] Yield [%][c] Ratio[d]

1 (P)-20 : n=1 18b 60 90:10
2 (M)-20 : n=1 18b 75 90:10
3 23 : n=2; P/M=1:1 25[e] 65 93:7

4 24 : n=3; P/M=1:1 26 55 �5:95

5 (M)-27 28 30 �5:95
6 (P)-27 28 34 � :95

7
29 : PG=TES: P/
M=2.5:1

31 78 86:14

8 30 : PG=Ac: P/M=2.5:1 32 83 90:10

R1=R-Bn
9 33 : P/M=3:1 34 65 71:29

10
35 : R1= (S)-Ph; P/
M=1:1

ent-
18b[f ] 60 90:10

R1= (S)-iPr; P/M=2:1
11 (P)-36 37 60 95:5
12 (M)-36 37 60 95:5

[a] Details of the syntheses of the allenamides are given in the Supporting Information. All reactions
were carried out in Ch2Cl2 (conc. ca. 0.075m) at �78 8C; DMDO (2.5 equiv) was added as a solution in
acetone and Ch2Cl2 was added at �78 8C through a cannula. The reaction was complete after 5–15 min.
[b] N* denotes the corresponding chiral auxiliary. [c] Yields of isolated products. [d] Ratios of isomers
determined by 1H and/or 13C NMR spectroscopy. [e] The X-ray structure was obtained. [f ] Assigned by
NOE measurements.
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are currently underway to apply the compounds in such
syntheses.

Received: August 12, 2003 [Z52632]
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