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Treatment of N-allyl-N-(phenylethynyl)arenesulfonamides
with Grignard reagents under copper catalysis resulted in carbo-
magnesiation across the alkynyl parts. The carbomagnesiations
yielded 2-magnesio-3-aza-1,5-hexadienes, which underwent
the aza-Claisen rearrangement upon heating. The rearrangement
followed by elimination of the arenesulfonyl groups provided
2,2-disubstituted 4-pentenenitriles.

The [3,3]sigmatropic rearrangement reactions of 3-aza-1,5-
hexadienes are useful in organic synthesis.1 We describe herein
the aza-Claisen rearrangement reactions triggered by carbomag-
nesiations of ynamides, specifically N-allyl-N-(phenylethynyl)-
arenesulfonamides.2 The transformation offers a new repertoire
to the synthesis of 4-pentenenitriles.

The initial carbomagnesiation proceeded smoothly by using
Grignard reagents and a copper catalyst.3 Treatment of 1a with
butylmagnesium bromide (2.0 equiv.) in the presence of CuBr.
Me2S (10mol%) in ether at ambient temperature afforded 3a
in 86% yield after hydrolysis (Scheme 1).4 Quenching the reac-
tion with deuterium oxide provided the corresponding deuterat-
ed product (96%D). Hence, the intermediate 2a was formed in
the reaction flask.

When organomagnesium 2a was boiled in a 1,2-dimethoxy-
ethane/ether mixed solvent, pentenenitrile 5a was obtained in
47% yield, along with 34% of 3a (Scheme 2). The formation
of 5a would proceed as follows. The organomagnesium 2a un-

dergoes the aza-Claisen rearrangement to afford 4a. The follow-
ing elimination of the toluenesulfonyl group provided 5a. It is
worth noting that heating 3a in boiling DME resulted in com-
plete recovery of 3a. Carbocupration of 1a proceeded smoothly
by using a combination of 3 equiv. of BuMgBr and 1.5 equiv. of
CuI to afford 3a in 76% yield. However, the 2-cuprio-3-aza-1,5-
hexadiene derivative, which would be generated prior to aque-
ous workup, underwent similar rearrangement much less effi-
ciently. The cuprate-mediated reaction provided 3a and 5a in
50 and 34% yields, respectively. These results suggest that the
magnesium part would facilitate the rearrangement process.

Table 1 summarizes the results of the synthesis of 4-pen-
tenenitriles starting from ynamides (Figure 1) and Grignard
reagents.5 Primary alkyl Grignard reagents including a bulky ne-
opentylmagnesium reagent participated in the reaction (Entries
1, 2, and 3). However, yields were much lower when aryl and
secondary alkyl Grignard reagents were used (Entries 4 and 7).
A more electron-withdrawing p-fluorobenzenesulfonyl group
improved the yields (Entries 1, 2, 8 vs 5, 6, 9). N-Methallyl
amides 1c and 1d participated in the reaction smoothly (Entries
8 and 9). Owing to the inherent regiospecificity of the aza-Clais-
en rearrangement, 2,2,3,3-tetrasubstituted 4-pentenenitrile 5g
was obtained in the reaction of N-prenyl amide 1e (Entry 10).
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Table 1. Synthesis of 4-pentenenitriles through carbomagnesia-
tion followed by the aza-Claisen rearrangement
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Entry 1 RMgBr Solvent Timea/h 5 Yield/%

1 1a BuMgBr A 5 5a 47
2 1a EtMgBr B 4 5b 47
3 1a t-BuCH2MgBr B 18 5c 46
4 1a PhMgBr B 4 5d 27
5 1b BuMgBr A 4 5a 61
6 1b EtMgBr B 4 5b 50
7 1b i-PrMgBr B 19 5e 23
8 1c BuMgBr B 4 5f 48
9 1d BuMgBr B 4 5f 58

10 1e BuMgBr B 4 5g 61
11 1f BuMgBr B 4 5h 49b

12 1g BuMgBr B 5 5i 57c

aTime for the rearrangement. bDiastereomer ratio = 1.6:1.
cDiastereomer ratio = 1.4:1.
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Such a sterically congested nitrile is difficult to synthesize by the
conventional nitrile synthesis. The reactions of N-cinnamyl and
N-crotyl amides 1f and 1g afforded mixtures of diastereomers
(Entries 11 and 12).

The phenyl group at the acetylenic terminus proved to be
indispensable for the success of the reaction. A similar reaction
of N-allyl-N-(1-octynyl)-p-toluenesulfonamide (1h) resulted in
formation of a complex mixture containing 6% of the anticipated
nitrile and 31% of N-allyl-p-toluenesulfonamide. The low yield
is attributed to the inefficient initial carbometalation of 1h,
which provided the corresponding enamide in only 33% yield.
The methyl groups at the allylic position of 1i completely
suppressed the carbometalation reaction. The reactions of 1j
and 1k with butylmagnesium bromide in the solvent system B
for 4 h resulted in lower yields of the corresponding nitriles 5j
and 5k in 33 and 34% yields, respectively.

In summary, we have devised a new route to 4-penteneni-
triles through a sequence of carbomagnesiation of ynamides
and metallo-aza-Claisen rearrangement. The synthesis of 5g
having two adjacent quaternary carbons features the advantage
of the new route. The aza-Claisen rearrangement generally re-
quires high temperature such as 300 �C. Acidic catalysis or qua-
ternization of the nitrogen atom allows for much milder reaction
conditions.2,6 The present results suggest that metalation at the 2
position also facilitates the aza-Claisen rearrangement.

Dedicated to Prof. Teruaki Mukaiyama on the occasion
of his 80th birthday.
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Figure 1. Structures of substrates 1.

Chemistry Letters Vol.36, No.1 (2007) 33

Published on the web (Advance View) December 2, 2006; doi:10.1246/cl.2007.32


