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Abstract

A general amination strategy for the N-alkynylation of carbamates, sulfonamides, and chiral
oxazolidinones and imidazolidinones is described. A variety of substituted ynamides are available
by deprotonation of amides with KHMDS followed by reaction with CuI and an alkynyl bromide.

We report herein a convenient and general method for the synthesis of ynamides via the copper-
promoted coupling of amides with alkynyl bromides. Interest in the application of ynamides
in organic synthesis has increased enormously in recent years.1 Considerably more robust than
simple ynamines, ynamides are more easily stored and handled and tolerate a variety of
conditions destructive to typical ynamines. Ynamides have thus emerged as versatile building
blocks in a wide range of useful synthetic transformations including Pauson–Khand reactions,
2 ring-closing metatheses,3 cycloadditions (and other ring-forming processes),4 and a variety
of hydrometalation and hydrohalogenation reactions. 5,6

In connection with our studies on [4 + 2] cycloadditions of conjugated enynes7 and
heteroenynes,8 we required an efficient method for the preparation of a wide range of ynamides,
preferably via the direct alkynylation of carbamates, sulfonamides, and other simple amide
derivatives. Initially we focused our attention on the reaction of metalated amides with alkynyl
(phenyl)iodonium salts (eq 1).9 Stang10 and Feldman11 have shown that this process provides
an excellent route to “push–pull”-type ynamides (4, Z = COR, CO2R, SO2Ar, etc.), and more
recently Witulski and Rainier have extended this chemistry to the preparation of ynamides
where Z = hydrogen, TMS, and phenyl.2a–d,4b Unfortunately, this approach is not applicable
to the synthesis of ynamides in which Z is a simple alkyl group. The addition of soft
nucleophiles to alkynyl(phenyl)iodonium salts is believed to proceed via the rearrangement of
alkylidenecarbene intermediates of type 3, and the requisite 1,2-shift only is a facile process
when Z is a hydrogen atom or trialkylsilyl or aryl group.12 In addition, whereas sulfonamide
derivatives (e.g., 1, EWG = Ts) participate smoothly in the desired transformation, reactions
of lactams,1a oxazolidinones,1a and acyclic carbamates13 proceed at best in low yield.

© 2003 American Chemical Society
danheisr@mit.edu.
Supporting Information Available: Experimental procedures and characterization data for all alkynylation reactions and ynamide
products. This material is available free of charge via the Internet at http://pubs.acs.org.

NIH Public Access
Author Manuscript
Org Lett. Author manuscript; available in PMC 2010 July 6.

Published in final edited form as:
Org Lett. 2003 October 16; 5(21): 4011–4014. doi:10.1021/ol035647d.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://pubs.acs.org


(1)

The aforementioned limitations of alkynyl(phenyl)iodonium methodology prompted us to
consider alternative and potentially more general approaches to the synthesis of the ynamides
required for our studies. Recent developments in the laboratories of Buchwald and Hartwig
have revolutionized methodology for carbon–nitrogen bond formation.14 Encouraged, in
particular, by Buchwald’s recent success in achieving copper-catalyzed amidation of aryl
halides,15,16 we turned our attention to the coupling of amide derivatives with readily available
alkynyl halides.17

Initial results were disappointing. Application of Buchwald’s catalyst system15 to the coupling
of acyclic carbamates with 1-bromo-2-phenylacetylene gave only trace amounts of the desired
ynamide, with the predominant product being the 1,3-diyne generated from “homocoupling”
of the alkynyl halide. During the course of our work, an important communication by Hsung
and co-workers appeared reporting the successful application of Buchwald’s catalyst
system15 to the N-alkynylation of oxazolidinones and lactams.18,19 Unfortunately, Hsung
found these conditions to be less effective when applied to other amide derivatives, including
acyclic carbamates and sulfonamides. Thus, under the Buchwald protocol ureas and
sulfonamides undergo alkynylation in less than 10% yield. Somewhat better results are
obtained in the case of carbamates; by terminating reactions at 30–50% conversion, Hsung and
co-workers were able to isolate the desired ynamides, albeit in only 24–42% yield.

Our first success in effecting the desired alkynylation was achieved when we turned our
attention to protocols in which complete conversion of the amide substrate to its copper
derivative (e.g., 5) was carried out prior to addition of the alkynyl halide. Under these
conditions, copper-promoted dimerization of the alkynyl halide is greatly diminished and the
desired ynamides emerge as the major product of the reaction. As outlined in Scheme 1,
oxidative addition of 5 to the alkynyl halide presumably generates a copper(III) intermediate
6, which then furnishes the desired ynamide by reductive elimination. Preforming the copper
amide intermediate 5 maximizes the rate of its reaction with the alkynyl halide, allowing
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amidation to more effectively compete with the reaction of the alkynyl halide with copper salts
in pathways leading to “homodimer” byproducts.

A systematic investigation of reaction variables using carbamate 8a as the test substrate led to
the protocol outlined in Scheme 2. Under these conditions, 1-bromo-2-phenyl-acetylene
undergoes amidation in 48% yield. Note that this bromo alkyne is especially prone to
homocoupling, and in our hands the application of Buchwald’s catalyst system (as reported by
Hsung18) afforded <3% of the desired ynamide 9a. Also notable is the observation that under
our conditions the reaction proceeds smoothly at room temperature, in contrast to the elevated
temperatures (110–150 °C) required in the Buchwald and Hsung amidations.

As summarized in Table 1, acetylenic iodides also participate in the alkynylation, whereas
chloro alkynes are significantly less reactive and undergo amidation only upon heating and
then in poor yield (entries 1–3). As expected, somewhat improved yields are observed when
2 equiv of alkynyl halides are employed to compensate for losses due to homocoupling
(compare entries 2 and 9).20 Interestingly, pyridine proved to be the most effective solvent for
the alkynylation reaction, clearly superior to the toluene–diamine ligand system (entry 11)
employed by Buchwald15 and Hsung18 in their amidation studies. Under our optimal
conditions (entry 9), the desired ynamide is obtained in 67% yield, with the yield increasing
to 76% when the reaction is carried out on a multigram scale.21

Table 2 details the scope of the N-alkynylation reaction as applied to acyclic carbamates. A
broad range of substituted and functionalized alkynyl bromides participate in the reaction,
including systems especially prone to homocoupling such as the bromo derivatives of
conjugated enynes and diynes. Note also that these conditions provide access to ynamides 9e
and 9f in yields considerably better than that reported by Hsung18 using the Buchwald catalyst
system.

As summarized in Table 3, we have also found that our alkynylation protocol can be applied
with good results to several other classes of amide derivatives. Notably, both imidazolidinones
and sulfonamides undergo N-alkynylation in good yield. Both classes of amides are
exceedingly poor substrates in alkynylations with the Buchwald catalyst system,18 and alkynyl
sulfonamides such as 17 bearing alkyl substituents on the acetylene cannot be prepared via
alkynyl-(phenyl)iodonium methodology (vide supra).

In summary, we have developed a general procedure for the copper-promoted N-alkynylation
of a variety of amide derivatives that is complementary to the catalytic process recently
introduced by Hsung and co-workers. Hsung’s protocol offers the advantage of requiring only
a catalytic amount of copper salt but requires reaction at elevated temperatures (110–150 °C)
and is not applicable to the efficient synthesis of ynamides from certain important classes of
amides such as sulfonamides and acyclic carbamates. Our alkynylation reaction proceeds at
room temperature and can be applied to a broad range of substrates but does require a full
equivalent of (relatively inexpensive) copper iodide. Both methods have the advantageous
feature of employing alkynyl bromides, which are easily prepared by bromination of terminal
acetylenes, and thus represent more attractive alkynylating agents than alkynyl(phenyl)
iodonium salts.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.

Dunetz and Danheiser Page 6

Org Lett. Author manuscript; available in PMC 2010 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Scheme 2.
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Table 2

Synthesis of Ynamides by Alkynylation of Carbamates

entry carbamate alkyne ynamide yield(%)b

1 8a 10a 76

2 8a 10b 56

3 8a 10c 65
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entry carbamate alkyne ynamide yield(%)b

4 8a 10d 40

5 8b 10e 50
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entry carbamate alkyne ynamide yield(%)b

6 8b 10f 74

7 8c 10a 42

8 8d 10a 61

9 8d 10g 53

a
KHMDS was added as a solution in THF and the alkynyl bromide was added as a solution in benzene.

b
Isolated yields of products purified by column chromatography.
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Table 3

N-Alkynylation of Sulfonamides and Cyclic Carbamates and Ureasa

entry amide alkyne ynamide yield(%)b

1 10a 74
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entry amide alkyne ynamide yield(%)b

2 10a 60

3 10a 78

4 10e 42
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a
Amide was treated with 1 equiv each of KHMDS and CuI in pyridine–THF (rt, 2 h); 2 equiv of bromo alkyne in benzene was then added, and the

reaction mixture was stirred at rt for 20 h.

b
Isolated yields of products purified by column chromatography.
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