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ABSTRACT

The oxidative functionalization of olefins is a common method for the formation of vicinal carbon�heteroatom bonds. However, oxidative
methods to transform allenes into synthetic motifs containing three contiguous carbon�heteroatom bonds are much less developed. This paper
describes the use of bicyclic methylene aziridines (MAs), prepared via intramolecular allene aziridination, as scaffolds for functionalization of all
three allene carbons.

Olefins are popular substrates for a host of oxidative
transformations designed to introduce new C�N bonds
intomolecules.1However, considerably less effort has been
devoted to oxidations of allenes, despite the potential to
efficiently generate three new contiguous heteroatom-
bearing chiral centers.2,3 Herein, we describe our prelimin-
ary efforts to utilize intramolecular allene amination as a
key step for the stereoselective and flexible functionaliza-
tion of allenes.3

One proposed approach toward this goal is illustrated in
Scheme 1. Reaction of an intermediate bicyclic methylene
aziridine (MA) 2 with a nucleophile would generate en-
ecarbamate 3. Sequential addition of an electrophile and a

hydride source to reduce the resultant iminiumcould flexibly
generate motifs such as 4.3a,4

Despite the great potential of bicyclic MAs to serve as
scaffolds for allene oxidation, a significantly more detailed
understanding of their preparation and reactivity is
needed.4 A recent report on allene aziridination utilizing
N-tosyloxycarbamates as nitrene precursors reported low
yields ofMAs and limited substrate scope.3aThus, our first
challenge was to examine factors including substrate,

Scheme 1. Proposed Allene Functionalization
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nitrene precursor, catalyst and oxidant identity to improve
the efficiency of allene aziridination to synthetically useful
levels and reasonable stereoselectivities.
Attempts to utilize N-tosyloxycarbamates as nitrene

precursors were met with limited success for the synthesis
of 7 (Table 1, entries 1�4), similar to previously reported
results.3a The competitive formation of C�H amination
product 8 was a recurring issue, as well as unproductive

tosylation of 5 with another molecule of itself to yield 9.5

The use of sulfamate 6was successful and gave no compet-
ing C�H amination, but ring-opening of the labile MA to
10 (entry 5) was problematic. Increasing the tether length
between the allene and the sulfamate to three carbons (11,
entry 6) completely suppressed ring-opening of the desired
11a but also gave significant amounts of the C�H amina-
tion product 11b.

For the purposes of isolating the target MAs, we found
that carbamates provided the best balance between the
reactivity of the nitrene precursor and the subsequent
stability and reactivity of the product.6 A series of allenic
carbamates were subjected to various reaction conditions
as illustrated inTable 2.We found that theRh2(OAc)4 and
Rh2(oct)4 (oct = O2CC7H15) catalysts previously used in
this typeof chemistry didnotperformwell inourhands.3a,b

Rh2esp2 (esp = R,R,R0,R0-tetramethyl-1,3-benzenedipro-
pionate) and Rh2(TPA)4 (TPA = triphenyl acetate) pro-
ved to be more effective catalysts, giving complete conver-
sion of the carbamate in most cases. The choice of oxidant
was also crucial, as the leaving group released from the
PhI(OAc)2 or PhI(OPiv)2 oxidants can ring-open sensitive
MAs to yield the corresponding enecarbamates. For ex-
ample (Table 2, entry 1), the Z isomer of MA 12a was
susceptible to ring-opening by pivalate to give 12b in
addition to the desired 12a. Placing a methyl group at
the carbon R to the allene (entry 2) suppressed ring-open-
ing to give an 87% yield of MA 13a as a 2.4:1 mixture of
E/Z isomers at the olefin, with the methyl group and the
aziridine proton maintaining a trans relationship in both
alkene stereoisomers as observed by 1H NMR. The use of
PhIO in the presence of 4 Åmolecular sievesminimized the
MA ring-opening and was the oxidant of choice for most
of the reactions in Table 2.
Competing C�H amination can occur when the tether

between the allene and the carbamate is two or more
carbons. As illustrated in entry 3, the nature of the catalyst
and oxidant influenced the aziridination vs C�H amina-
tion ratio and the overall yield of the reaction. A Rh2esp2
catalyst with PhI(OAc)2 (condition A) gave good conver-
sion to amixture of 14a and 14b, but with no selectivity for
azirdination over C�H amination. Changing the oxidant
to PhI(OPiv)2 (condition B) improved the E/Z ratio of the
MA product from 1.5:1 to 4.1:1 but did not increase the
ratio of 14a:14b. Switching the oxidant to PhIO (condition
C) increased the ratio of 14a:14b to 4:1, with a 66%yield of
the MA. Finally, changing the catalyst to Rh2(TPA)4
resulted in a 5.3:1 ratio of 14a:14b, with an 80% yield of
the desiredMA 14a (conditionD).Changing the side chain
on the allene in combination with the use of Rh2(TPA)4 as
the catalyst gave only the isolated E isomer (entries 4 and
6), but C�H amination was competitive. Placement of
alkyl groups at positions R or β to the allene resulted in
increased amounts of C�H amination products (entries
7�9), although the use of Rh2(TPA)4 did improve the
aziridination/C�H amination ratio to some extent. Final-
ly, shutting down the possibility of C�H amination (entry
10) gave an excellent 94% yield of the desired MA 21a.
The E/Z ratios of the MAs in Table 2 also deserve

comment. NOESY 1D studies suggest that the E olefin
geometry is present in the major product (see the Support-
ing Information for further details). Indirect evidence that
interactions between the nitrenoid intermediate and the
alkyl chain play a role in determining the E/Z ratio is sug-
gestedby entry 3 inTable 2.Themore sterically demanding
Rh2(TPA)4 complex increased the E/Z ratio from 1.5:1 to
around 4:1. Further studies are underway to increase the

Table 1. N-Tosyloxycarbamate and Sulfamate Precursors

aK2CO3, 0.1 M in acetone. b Substrate was added over 2 h, and the
acetone was dried over 4 AMS. c 2.0 equiv of PhIO, 4 AMS, CH2Cl2, rt.
dProducts of hydrolysis of 10 were also observed. e 2.0 equiv of PhI-
(OAc)2, MgO, CH2Cl2, 40 �C.
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bulk of the Rh ligands to improve the stereoselectivity of

the aziridination.
The reactions in Table 2 represent the first reliable

methods to access bicyclic MAs bearing electron-with-

drawing groups on the aziridine nitrogen. The next step

was to determine what types of nucleophiles would yield

the necessary enecarbamate (Scheme 1, 3) intermediate via

aziridine ring-opening. We expected the additional ring

strain present in 14a might allow for milder conditions

thanwould typically be expected for aziridine ring-opening

(Scheme 2).7 Indeed, carboxylic acid nucleophiles gave the

enecarbamates 22 and 26 in excellent yields, while the use

ofTMSCl at rt gave 24 in goodyield.Wehypothesized that

since MA ring-opening using carboxylic acids as nucleo-

philes was so facile, Lewis acids might also activate the

aziridine toward ring-opening with neutral nucleophiles.

Indeed, the use of Sc(OTf)3 as a mild Lewis acid in the

presence of methanol and thiophenol promoted the ring-

opening of 14a to give 27 and 28 in modest yields. No

reaction occurred in the absence of the Lewis acid. Reac-

tion with a cyanide nucleophile was also improved in the

presence of a Lewis acid, although the double bond

migrated to give an isomeric enecarbamate 25. Finally,

treatment of 14a with NaN3/TMSCl generated 23 in 82%

yield, likely via initial ring-opening of theMA, followed by

a [3,3]-sigmatropic rearrangement.8

Based on the results in Scheme 2, we felt that carboxylic
acids were the most promising nucleophiles to pursue for
further studies. As illustrated in entry 1 of Scheme 3,
eliminating the ring-opening step and simply treating the
MA 14awith NBS in a mixture of THF/H2O gave 29with
an initial dr of 5.5:1. Not surprisingly, the R-bromo ketone
epimerized slowly over time to give a 1.1:1 mixture of

Table 2. Carbamate Precursors for Allene Aziridination

Scheme 2. Nucleophilic Ring-Opening of Bicyclic MAs
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diastereomers. Loss of stereochemical integrity was also
noted when 26 was subjected to similar conditions, giving
the tetrasubstituted bromoalkene 30 as a 2.3:1 mixture of
E/Z isomers (entry 2).We postulated that isomerization of
an intermediate imine was leading to the brominated
olefin. This prompted us to add NaCNBH3 as a reductant
to the reaction mixture, whereupon 31 was obtained in
73% yield with a dr of 10:1 (see the Supporting Informa-
tion for details and a proposed stereochemical model). It is
possible that anchimeric assistance from the acetate group
of the enecarbamate is playing a role in controlling the
stereochemical outcome of the reaction. This result,
coupled with the ease of ring-opening MAs with acids, is
an exciting step toward flexible, stereoselective methods
for allene functionalization. The power of allene aziridina-
tion to generate multiple carbon-heteroatom bonds in

a single pot was further demonstrated by a tandem
aziridination/ring-opening of the allene 13 to 32 (entry
4). The substrate was treated under condition B (Table 2)
to form the intermediate MA. N-aminophthalimide and
additional oxidantwere then added to the samepot toyield
the unusual spiroaminal 32 in 46% yield, where four new
carbon�heteroatom bonds have been formed in a single
pot. The stereochemistry between theMe and OAc groups
at a and bwas exclusively trans by 1HNMR (see Support-
ing Information for further details). The 2.4:1 E/Z ratio of
theMAolefin isomers (see 13a, Table 2, entry 2) appears to
havebeen translated fromthe intermediateMAintoa 2.4:1
dr in the final product 32. This result suggests that better
control of the E/Z stereochemistry in the MA formation
will translate into excellent dr in the spiroaminal products.
In conclusion, we have described a synthetically viable

approach toward bicyclic MAs activated by electron-with-
drawing groups. The potential of theseMAs as scaffolds for
the construction of motifs bearing three contiguous het-
eroatom-bearing carbons has been demonstrated. Future
work is directed toward expansion of the substrate scope,
particularly in theuseofdifferent nitreneprecursors tomini-
mize competingC�Hamination.Theasymmetric syntheses
ofMAs from enantioenriched allenes9 and their subsequent
reactivitywill be further explored.The scope of nucleophiles
and electrophiles for efficient and flexible multicomponent
reactions that install multiple carbon�heteroatom bonds
into a simple allene precursor will be expanded.
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Table 3. Formation of Three Contiguous Carbon�Heteroatom
Bonds from Allenes via Bicyclic Methyleneaziridines

aCompound epimerized to a 1.1:1 mixture upon standing.
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