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ABSTRACT

Propargylic amines are important intermediates for the synthesis of nitrogen-containing heterocycles. The insertion of a nitrene into a propargylic
C�H bond has not been explored, despite the attention directed toward the Rh-catalyzed amination of other types of C�H bonds. In this
communication, the conversion of a series of homopropargylic carbamates to propargylic carbamates and aminated allenes is described.

Propargyl amines are versatile synthetic building blocks
for the construction of diverse heterocycles, including ox-
azoles, indolizines, pyrroles, quinolines, and pyrrolidines.1

The most common approaches to synthesize propargyl
amines involve either the addition of an acetylide to an
imine or ketimine or the transition-metal-catalyzed cou-
pling of an aldehyde, amine, and alkyne. In many of these
cases, the use of an aromatic aldehyde or a secondary
amine is required, limiting the scope of the reaction.2,3 In
the context of other studies ongoing in our group,wewere

interested in the synthesis of allenic amines of the form 2b

(Scheme 1), where the nitrogen could be either readily
deprotected or further functionalized.
Since the preparation of vicinal and 1,3-aminoalcohols

via the Rh-catalyzed insertion of carbamate and sulfa-
mate-derived nitrenes into benzylic, allylic, allenic, and
methylene C�H bonds is so well-established, we at-
tempted to prepare 2b by employing allenic carbamate 1

as the substrate (Scheme 1).4 However, allene aziridination
to the bicyclic methylene aziridine 2a was always a major
competing reaction (Scheme 1, top) and, in fact, was the
exclusive product obtained when sulfamate nitrene precur-
sors were employed.5 The desired C�H amination product
2b could be obtained selectively only through substrate
control; thus, we sought to gain exclusive access to allenic
amines by an alternative approach.5b

AMitsunobu-type reactionusingNBSH(2-nitrobenzenesul-
fonylhydrazide),PPh3,andDIAD(diisopropylazodicarboxylate)
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has been employed to generate allenes from propargyl
alcohols. We thought application of this method to sub-
strates similar to 4 would allow us to obtain 2b exclu-
sively without competing methylene aziridine forma-
tion.6 The formation of the key intermediate 4 could
arise from a simple Rh-catalyzed amination of the
alkyne 3.
To our surprise, the Rh-catalyzed amination of a

propargylic C�H bond has not been explored. Blakey
and co-workers have reported the Rh-catalyzed transfor-
mation of homopropargylic sulfamates to aminocyclo-
propanes and aminostyrenes using an intriguing metal-
lonitrene/alkyne metathesis reaction, but the propargyl
amine was not observed.7 We quickly found that switch-
ing the nitrene precursor to a carbamate (Table 1, 5�17)
generated the desired propargyl carbamates in moderate
to excellent yields using Rh2esp2 as the catalyst and
PhI(OAc)2 as the oxidant. In the case of alkyne 5, the
yield was lowered due to the volatility of the product
(Table 1, entry 1). Substitution of the H with a Ph group
(entry 2) gave a 93% yield of the desired product, with no
products from competing alkyne oxidation observed.
Moderate to good yieldswere obtainedwith a variety of

substituents on the aromatic ring (entries 3�6). Alkyl
substitution on the alkyne was also tolerated (entries
7 and 9). When cyclic homopropargylic carbamates were
employed as substrates (entries 8 and 9), the propargylic
amines were obtained in high yield as the syn products
with both terminal aryl and alkyl substitution on the
alkyne. Unfortunately, the use of substrates bearing
acyclic chiral centers (entries 10�12) gave poor diaste-
reoselectivities and attempts to use less bulkyRh catalysts
were not successful. The reaction favored insertion into
the propargylic C�Hover the benzylic C�Hby a ratio of

about 4:1 (entry 12), as determined by 1H NMR spectro-
scopy. When the tether between the alkyne and the
carbamate was extended to three carbons (entry 13), no
reaction was observed. However, with this tether length, an
alkyne bearing a sulfamate nitrene precursor did give a
moderate amount of the desired propargylic amine (entry 14).
With these results in hand, more functionalized carba-

mates were explored as substrates to allow access to the
desired allenic amines (Table 2). In contrast to the entries

Scheme 1. Two Approaches to Allenic Carbamates Table 1. Propargylic Carbamates via C�H Insertion
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in Table 1, these substrates performed better using
Rh2TPA4 as the catalyst and PhIO as the oxidant. The
success of the amination was strongly affected by the
nature of the propargylic alcohol protecting group. No
protecting group (entry 1) gave a complex mixture of
products, while an acetate group (entry 2) did yield some
of the desired 20a. However, the reaction was sluggish
and 35% 20 was recovered from the reaction mixture.
Increasing the temperature or prolonging the reaction
time did not lead to an improvement in the yield. A TBS

protecting group (entry 3) gave the highest yield of the
desired 21a, while a TBDPS group (entry 4) proved too
bulky and no reaction was observed. Both TES and TIPS
protecting groups did yield product, but the majority of
the mass balance was starting material. Despite the
moderate yield of 21a, this route is still preferable to
allene amination (Scheme 1, 1 to 2b).
The propargylic amine 21a was deprotected using

TBAF and subjected to Myers’ conditions (Scheme 2).9

The desired allenic amine 26 was isolated in 79% yield,
showing that, for problematic allenic carbamate sub-
strates, the sequence of reactions involving an amination
at a propargylic C�H bond could be used as an alter-
native approach.
Lastly, we wanted to quickly determine if typical

cycloaddition reactions could be performed using these
substrates to access polycyclic ring systems. The vicinal
amino alcohol moiety would provide a convenient syn-
thetic handle for further manipulations of the products.
As illustrated in Scheme 3, the alkylated allenic amine 27

was heated in DMF to give the thermal-mediated [2 þ 2]
product in good isolated yield and excellent yield based
on recovered 27.8 The product was obtained as a 4.1:1
mixture of diastereomers.
Treatment of the functionalized allene 29 (Scheme 3)

under two different Pauson�Khand conditions gave the
tricyclic products 30 and 31 in good yields.9 A minor
product was obtained in 8% yield in the reaction to 31

(not shown), where the adjacent Me and H groups had a
syn relationship. Finally, an allenic Alder-ene reaction of
29 gave the unsaturated piperidine 32 in excellent yield
and a reasonable E/Z ratio of 4:1.10

In conclusion, theC�Hamination of homopropargylic
carbamates has been accomplished using a dinuclear Rh
catalyst in the presence of a hypervalent iodine oxidant.
In contrast to the reaction of the more popular sulfamate
precursors under these reaction conditions, the alkyne
did not undergo significant oxidation and the desired
propargylic carbamates were obtained in good yields.
These intermediates could be converted into allenic car-
bamates, which themselves were capable of a variety of

Table 2. Propargylic Amines from C�H Amination

entry R yield entry R yield

1 H complex

mixture

19a 4 TBDPS 0% 22a

2 Ac 45% 20a 5 TES 32% 23a

3 TBS 57% 21a 6 TIPS 43% 24a

Scheme 2. Synthesis of Allenic Amines

Scheme 3. Transformations of Functionalized Allenic Amines
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transition-metal-catalyzed carbocyclizations to yield di-
verse heterocycles.
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