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Abstract. A new procedure for the synthesis of
allenamides and structurally related compounds is reported.
Under gold catalysis, a series of ynamides possessing a
benzyloxy group at the propargylic position were
efficiently converted into the corresponding allenamides
following a 1,5 hydride shift process. The scope of the
reaction was shown to be extremely broad allowing the
formation of y-mono or y-disubstituted allenes possessing
various functional groups. Notably, and in contrast to
previously reported methods, not only N-allenyl
sulfonamido but also urea, phosphonamido and the rarely
studied phthalimido, pyrrolo, indolo and carbazolo
derivatives could be readily and efficiently accessed.
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Allenamides 1, which exhibit a higher stability
than their parent allenamines, have received
considerable attention from the synthetic organic
community during the last ten years.! Due to the
presence of the nitrogen atom which electronically
enriches and polarizes the allenic moiety, they
possess a singular reactivity as compared to simple
allenes and thus can be functionalized in a highly
regioselective manner. Their synthetic potential has
been highlighted in a great variety of regio- and
stereoselective transformationst*? as for examples
metal-mediated hydrofunctionalizations, cyclizations,
cycloadditions or aldol reactions.

In contrast with the ongoing increasing interest for
the chemistry of allenamides, relatively little effort
has been devoted to their synthesis. Currently
available methods to access them are not only
relatively limited, but they most often suffer from
lack of generality, what may eventually hamper
future synthetic developments. Classical routes such
as base-induced isomerizations,®  sigmatropic
rearrangementst! or amino-cyclizations®™ are either
poorly efficient, exhibit a poor substrate scope or do
not allow structural diversity (Scheme 1, top). The
copper-catalyzed coupling of nitrogen nucleophiles
with allenyl halides, developed by the Trostl® and
Hsung™ groups (Scheme 1A), or with propargyl

bromides as recently reported by Evano et al.l®!
(Scheme 1B) represent so far, the most general
methods to access allenamides.
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B A gold-catalyzed approach to allenamides (this work)
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Scheme 1. Main access to allenamides and our approach to
their synthesis by gold catalysis.

While being generally efficient and complementary
in terms of polysubstitution of the allene moiety,™
these procedures are still suffering some limitations.
Access to the required halogenated coupling partners
is not always straightforward or even possible*®! and
limited structural functionalization has been reported.
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Competitive formation of 1,3-diene byproducts is
also frequently encountered when allenyl halides are
employed and the use of propargyl bromides is
limited to the use of oxazolidinones or hydantoins
coupling partners. The alternative Cu-catalyzed direct
coupling of fluorosulfonimide with allenes described
by Zhang et al.l'yl (Scheme 1C) is also limited in
terms of substitution both on the allene moiety and on
the nitrogen atom.*?

In this context and following our interest in the
development of gold-catalyzed transformations,™34
we conceived a novel approach to allenamides 2
based on a gold catalyzed hydride shift!*® from an
ynamide precursor 3 (Scheme 1, bottom). As
previously demonstrated,*® the benzyloxy group in 3
could serve as a potent internal “hydride donor” for
the reduction of the o-position to the nitrogen atom
upon activation of the alkyne moiety by an
electrophilic gold complex. The intermediate
oxocarbenium species 4 thus formed would then
evolve into allenamide 2 after loss of benzaldehyde
and concomitant regeneration of the catalyst. While
this approach might appear at first sight less
appealing than the direct copper-catalyzed procedures
previously reported, it offers several advantages that
motivated us to study its feasibility: a) ynamide
substrates 3 could be readily accessed by copper
catalysis with a wide variation of structure and
functionalization on both the nitrogen nucleophilic
partner and the alkyne, b) gold catalysis is known to
be tolerant of a large number of commonly used
functional groups, c¢) gold catalyzed experimental
conditions are generally mild enough to prevent the
formation of byproducts.

Phthalimido derivatives of type 5 were initially
chosen as model substrates to validate our approach
(Scheme 2).
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Scheme 2. Phthalimidoalkynes as model substrates.

This choice was made on the following
considerations: a) 5 are easily accessible by Cu-
catalyzed coupling between phthalimide and terminal
alkynes under aerobic conditions,*”1 b) the
corresponding phthalimidoallenes 6 have been rarely
studied and no general route to access them has been
reported to date,*® ¢) importantly, the significant
contribution of resonance form 6’1 in the allenyl
product was hypothesized to limit its activation under
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electrophilic catalytic conditions and therefore
prevent the competitive formation of byproducts
frequently observed during the formation of
allenamides, d) advantageously, the phthaloyl group
could be easily removed in compounds resulting from
the  post-functionalization of the  targeted
phthalimidoallenes 6.

Our investigations started with phthalimidoalkyne
5a and we looked for suitable catalytic conditions
allowing its conversion into allene 6a. Main results
are compiled in Table 1. Substrate 5a was initially
treated with 5 mol% of [(XPhos)Au(NCCHz3)]SbFs
(7) in dry CDCl3 and the reaction was monitored by
'H NMR spectroscopy.?? While no reaction occurred
at 20°C (entry 1), a rapid (1.5 h) and complete
consumption of 5a took place when the temperature
was raised to 60°C (entry 2). We were pleased to
observe that, under these conditions, the desired
phthalimidoallene 6a was produced as a highly
predominant product (92% NMR vyield) which could
be isolated in 86% vyield. Several other gold(l)
complexes were screened but no improvement could
be made in terms of catalytic efficiency (entries 3-6).
While other biphenylphosphine gold(l) complexes
such as 8 and 9 were shown to be less selective
(entries 3 and 4), the NHC-gold complex 10 exhibited
a poor reactivity (entry 5) and the simple
[(PhsP)Au(NCCHs3)]SbFs complex mainly led to
degradation products (entry 6).[2Y1 Based on these
results, gold complex 7 was retained to study the
scope of the transformation.

Table 1. Optimization of the catalytic conditions 9]

0 H
Bn [Au] (5 mol%)
_F N&'\l\\Me
CDCl; (0.1 M)[al o N

- PhCHO 6a
Entry [Au] Catalyst

TEC] Time CO”‘[’%]?A?” Y[Li'ﬁm

1 [(XPhos)Au(NCCH3)|SbFg 7 20 1.5h 0 o
2 [(XPhos)Au(NCCHa)]SbFg 7 60 15h 100 92 (86)
3 [(RuPhos)Au(NCCH,)]SbFs 8 60  1.5h 100 65

4 [(BrettPhos)Au(NCCH3)ISbFs 9 60 1.5h 100 80

5  [(IPr)Au(NCCH;)|SbFg 10 60  24h 5 4

6  [(PhsP)Au(NCCH2)]SbFg 60 15h 100 <10

[l CDCI3 was dried over 4A MS prior to use. ! Yields
assessed by 1H NMR spectroscopy using 1,2-
dichloroethane as an internal standard. © Isolated yield.
Substrate concentration was 0.1 M. [ Degradation was
observed.

As seen in Table 2, the transformation was shown to
be widely applicable. A series of phthalimidoalkynes
5a-b and 5d-v were efficiently (70-88%) and
generally rapidly (= 1-2 h) converted into the
corresponding phthalimidoallenes 6a-b and 6d-v.
Both y-mono- and vy-disubstituted allenes could be
produced. It is worth noting that while substrates
monosubstituted at the propargylic position had to be
reacted at 60°C, the temperature could be lowered to

2
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20°C in the case of disubstituted substrates (5h-v).
This can probably be related to the involvement of a
Thorpe-Ingold effect which would be more
pronounced in the case of disubstituted substrates: the
1,5-H shift step would be facilitated and the overall
efficiency of the reaction consequently increased
(yields > 90% for 6h-v).[?%

Table 2. Scope of the reaction with N-alkynyl phthalimide

substrates [

(0]
OBn [Au] (5 mol%)
N—F: 2
e R CHCI3 0.1 M)
5a-v - PhCHO 6a-v

ol 20 °C or 60 °C
);:& AN

6d 70% (

6a R=Me 86%( )
6b  R=nCgHqq 78% (

6c R=H 35% (4 ?s
\/@ \/\R
& 6f R=OCBz 82% (1.5h)

6e 75% (1 h) 6g R=NPhthal 81% (2 h)

at 20°C
o H o M
N \I R &z \I\O><)
<:§ o Me O Me
6h R=Me 93% (2 h) 6j 93% (2 h)
6i R=Et 94% (2h) o H
H
3 N&. . &&O\IN‘ CF3
< 5 :& NUNTR o Me\©/
(0] Me
6k R=OAc  98% (2h) 6n 98% (2 h)
6l R=0OTBS 92% (2h)

R'
6m R= NPhthal 92% (2 h) &
R
0 H
Me
N C
\\\‘\\
o L)

R=R'=H 97%
6s R=H,R=Cl 97%

(2h)
(2h)
(2h)
R=H, R'=CN 97% (12 h)
(2h)

60 X=CH, 94% (2h) 6t R=Br,R=H 95%
6p X=0  94% (5h) 6u
6g X=NBoc 95% (8 h) 6v R=R=0Me 97%

[ Reaction scale: 0.5 mmol. Chloroform was dried over
4A MS prior to use. [ Isolated yields. ¥ Reaction run in
dry 1,2-dichloroethane.

Conversely, a limit in reactivity was found with
unsubstituted substrate 5c which delivered the
unsubstituted phthalimido allene 6c in low yield
(35%) after a prolonged reaction time (4 h).[=1 1t is
also important to note that the transformation exhibits
an impressive functional group tolerance, which was

10.1002/adsc.201700615

not reached with the previously reported procedures.
Indeed, the reaction was compatible with the
presence of an aromatic (6e, 6n, 6n-v), an ester (6k),
a silyl ether (6l), an imide (6m), a carbonate (6f), a
carbamate (6q), an ether (6k) or a cyano group (6k)
and with halogen atoms (6s-t and 6n). While most of
the phthalimidoallenes synthesized could be isolated
using regular silica gel chromatography, some of
them (6b,d,0) proved to be sensitive to both acidic
and basic conditions. The use of deactivated neutral
alumina was found appropriate for their efficient
isolation by chromatography.?4!

We then turned our attention on the possibility to
employ the same catalytic conditions to produce
allenamides possessing different electron
withdrawing groups on the nitrogen atom. As shown
in Table 3, the process could be extended to the
synthesis of a series of other allenes 12a-i possessing
either a sulfonamide (12a-g), a urea (12h) or a
phosphonamide group (12i).%%1  The reaction
proceeded with the same efficiency (82-95%) with
the exception of 11i which was converted into 12i in
a more moderate 46% vyield. It should be noted that
the reactions were performed at 20°C in 1,2-
dichloroethane as significant amounts of 1,3-dienes
byproducts arising from a subsequent y-isomerization
were formed when chloroform was used as the
solvent.1?®!

Table 3. Scope of the reaction with sulfonamide,
phosphonamide and urea derivatives [

[Au] (7) (5 mol%)
(CH,Cl); (0.25 M) R,

20°C R?
Ma-i -PhCHO 12a-i

H o H

O
\ //O Y22

S\N&- .
/©/ ||3n \Ii/\l
NBoc

12e 89% (3 h)
12a R=nCsHy  91%
12b R=Bn 85%
12¢ R=Ph 95%
12d R= 3-Ac-CgH, 88%

o H

12 85% (3 h)
O H
o0 H H EtO\lg
SN e Q\N&'\\\Me 10 \NJ\\I»Me
P N @ Me
Me / (0] Me

129 87% (2 h) 12h 82% (20 h) 12i 46% (2 h)

[l Reaction scale: 0.5 mmol. 1,2-dichloroethane was dried
over 4A MS prior to use. [/ Isolated yields. [?! Substrate
concentration was 0.1 M. [ Reaction performed in acetone
using 10 mol% of 7.

With the idea to further extend the scope of the
transformation, the reactivity of N-alkynyl indoles,
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carbazoles and pyrroles was investigated. We were
delighted to observe that a range of such substrates
13a-i could be rapidly and efficiently converted (82-
99%) into the corresponding allene derivatives 14a-i
under the same mild experimental conditions (5
mol% of 7 in 1,2-dichloroethane at 20°C) (Table
4).1°1 1t is worth mentioning that examples of such
polysubstituted allenes are extremely rare in the
literature probably as a lack of methods to access
them in an efficient manner.[?"]

Table 4. Scope of the reaction with N-alkynyl pyrrole,
indole and carbazole substrates

R4 H
/OBn [Au] (7) (5 mol%) R &
N—=—-gr2 > N S ueR?
O R (CH,Cl), (0.25 M) Yy N
Vo0 20°C o 2 R
~<In3 3&‘\\__9
13a-i - PhCHO R 14a-i
at 20°C
H
H H
(0] [e) N&-
TSN 4 N&\I\\Me ¢ N
Me Me Me
O,N

14a 96% (10 min) 14b 92% (10 min)

14¢ 92% (10 min)

H H

74 N& 4 \l\\Me
% MeO Me

14d 99% (10 min) 14e 96% (10 min)

14f 94% (10 min)

H

) NJ\

Xy Me
NBoc / \l
Me

4 N

149 94% (30 min) 14h 82% (10 min) 14i 86% (12 h)

[ Reaction scale: 0.5 mmol. 1,2-dichloroethane was dried
over 4A MS prior to use. [I Isolated yields. [! Substrate
concentration was 0.1 M.

We also took advantage of the capacity of
electrophilic gold species to activate allenes towards
their nucleophilic functionalization to perform
cascade reactions (Scheme 3). As examples, the
intermediate allenes formed from pyrrole or indole
derivatives 15, 16 and 13d could be converted in situ
into the corresponding polycyclic compounds 17, 18
and 19 by simply prolonging the reaction time. This
transformation, which involves the nucleophilic
addition of the nitrogen heteroaromatic motif on the
y-position of the gold-activated allene moiety,
represents a rapid and efficient means to access the
pyrroloindole scaffold which is found in several
natural or biologically active compounds.

10.1002/adsc.201700615

52/ \S R’
R™™N [Au] v - [Au] y R1
I oo | “w/”z -
[Au]

R’ OBn
RZ
_ OBn 7 (5mol%) I\ NBoc
Oh= Tomr_
=
NBoc (CH,Cl),, 20 °C y =
15 12h, 97% 17
o)
OBn 7 (5 mol%)
o = __ / \ NBoc
N‘(— \/ > N
= (CH,Cl),, 20 °C —
NBoc
16 24h , 95% H 48
o)
7 %) OMe
5 mol%
OBn \ Me
N—= Me . N
o < Me (CH,CI),, 80 °C __/"Me
OMe 13d 12h, 88% H 19
Me, Flinderole Cl

AR'=H, R>= p-Me
B R'= Me, R?= p-Me
C R'= Me, R?= a-Me

OiPr
(S1P,) antagonist

antimalarial
activity

Scheme 3. Gold-catalyzed cascade reactions involving N-
allenyl pyrrole or indole intermediates.

Finally, we demonstrated that y-disubstituted allenes
12a-c, which were produced from 1la-c by the
present gold-catalyzed process, could be cleanly
converted in situ into 1,3-dienes 20a-c by a
subsequent treatment with Al,Os.

R. Ts

N 1- [Au] (7) H - ALO H Me
(5 mol%) T - Al203
LI S\N&'\‘Me Ts\NM
(CH,CI), I &
OBn 20 °C Me
11a-c 12a-c 20a-c
Me H Me H Me

85% (from 11a) 83% (from 11b) 88% (from 11c)
Scheme 4. One-pot, two-step synthesis of 1,3-dienes from

N-tosylynamides.

In conclusion, we have developed a new procedure
for the synthesis of allenamides and structurally
related compounds. While our method is not as direct
as the previously reported Cu-catalyzed processes, it
possesses several clear advantages. The reaction
conditions are mild enough to prevent the

4
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overreaction or degradation of the allenamides which
can then be selectively produced and isolated. The
scope of the reaction is extremely broad allowing the
formation of y-mono or y-disubstituted allenes
possessing various functional groups. Notably, and in
contrast to previously reported methods, not only N-
allenyl sulfonamido but also urea, phosphonamido
and the rarely studied phthalimido, pyrrolo, indolo
and carabazolo derivatives can be readily and
efficiently accessed. This method, which offers new
opportunities for the design of polyfunctionalized
allenamides, should contribute to the ongoing
increasing interest in their use as building blocks in
organic chemistry.

Experimental Section

Representative Procedure: To a stirred solution of ynamide
5a (0.50 mmol) in chloroform (5 mL) was added
XPhosAu(CH3CN)SbFs (5 mol%) and the solution was
stirred at 60°C for 1h. The reaction mixture was cooled
down and directly loaded on a silica gel column
chromatography. Purification with an 8:1 mixture of
petroleum ether:ethyl acetate furnished allenamide 6a in
86% yield.

Acknowledgements

We are deeply appreciative of financial support from the Ecole
Polytechnique (grant for Q. Zhao) and CNRS. The authors thank
Dr. B. Bolte for preliminary studies and Dr. Chuang Wang for his
help in the preparation of substrates.

References

[1] For reviews on allenamides, see: a) T. Lu, Z. Lu, Z.-X.
Ma, Y. Zhang, R. P. Hsung, Chem. Rev. 2013, 113,
4862; b) L.-I. Wei, H. Xiong, R. P. Hsung, Acc. Chem.
Res. 2003, 36, 773.

[2] For select recent developments in the chemistry of
allenamides, see: a) E. Icelo-Avila, Y. A. Amador-
Sanchez, L. A. Polindara-Garcia, L. D. Miranda, Org.
Biomol. Chem. 2017, 15, 360; b) I. Chakrabarty, S. M.
Inamdar, M. O. Akram, A. B. Gade, S. Banerjee, S.
Bera, N. T. Patil, Chem. Commun. 2017, 53, 196; c) S.
S. Gholap, M. Takimoto, Z. Hou, Chem. Eur. J. 2016,
22, 8547; d) T. Nada, Y. Yoneshige, Y. li, T.
Matsumoto, H. Fujioka, S. Shuto, M. Arisawa, ACS
Catal. 2016, 6, 3168; ) H. Hu, Y. Wang, D. Qian, Z.-
M. Zhang, L. Liu, J. Zhang, Org. Chem. Front. 2016, 3,
759; f) P. N. Bagle, M. V. Mane, K. Vanka, D. R.

Shinde, S. R. Shaikh, R. G. Gonnade, N. T. Patil, Chem.

Commun. 2016, 52, 14462; g) C. Hernandez-Diaz, E.
Rubio, J. M. Gonzalez, Eur. J. Org. Chem. 2016, 265;
h) R. R. Singh, S. K. Pawar, M.-J. Huang, R.-S. Liu,
Chem. Commun. 2016, 52, 11434; i) H. Li, X. Li, Z.
Zhao, T. Ma, C. Sun, B. Yang, Chem. Commun. 2016,
52, 10167; j) E. Lopez, J. Gonzélez, L. A. Lépez, Adv.
Synth. Catal. 2016, 358, 1428; k) M. R. Jafari, J.
Lakusta, R. J. Lundgren, R. Derda, Bioconjugate Chem.
2016, 27, 509; I) M. M. Mastandrea, N. Mellonie, P.
Giacinto, A. Collado, S. P. Nolan, G. P. Miscione, A.

10.1002/adsc.201700615

Bottoni, M. Bandini, Angew. Chem. 2015, 127, 15098;
Angew. Chem., Int. Ed. 2015, 54, 14885; m) Y. Wang,
P. Zhang, Y. Liu, F. Xia, J. Zhang, Chem. Sci. 2015, 6,
5564; n) H. Faustino, I. Varela, J. L. Mascareiias, F.
Lopez, Chem. Sci. 2015, 6, 2903; o) L. Yu, Y. Deng, J.
Cao, J. Org. Chem. 2015, 80, 4729; p) G. Broggini, G.
Poli, E. M. Beccalli, F. Brusa, S. Gazzola, J. Oble, Adv.
Synth. Catal. 2015, 357, 677; q) P. Adler, A. Fadel, N.
Rabasso, Chem. Commun. 2015, 51, 3612; r) M. Jia, M.
Monari, Q.-Q. Yang, M. Bandini, Chem. Commun.
2015, 51, 2320.

[3] For selected examples, see: a) L. Xuarez, R. F. Pellon,
M. Fascio, V. Montesano, N. D’Accorso, Heterocycles
2004, 63, 23; b) L.-L. Wei, J. A. Mulder, H. Xiong, C.
A. Zificsak, C. J. Douglas, R. P. Hsung, Tetrahedron
2001, 57, 459; c) A. Padwa, T. Caruso, S. Nahm, A.
Rodriguez, J. Am. Chem. Soc. 1982, 104, 2865; d) B.
Corbel, J.-P. Paugam, M. Dreux, P. Savignac,
Tetrahedron Lett. 1976, 17, 835.

[4] For selected examples, see: a) A. M. Danowitz, C. E.
Taylor, T. M. Shrikian, A. K. Mapp, Org. Lett. 2010,
12, 2574; b) A. Armstrong, D. P. G. Emmerson, Org.
Lett. 2009, 11, 1547; c¢) J. P. Bacci, K. L. Greenman, D.
L. Van Vranken, J. Org. Chem. 2003, 68, 4955; d) L. E.
Overman, L. A. Clizbe, R. L. Freerks, C. K. Marlowe, J.
Am. Chem. Soc. 1981, 103, 2807; €) Y. Tamura, H.
lkeda, C. Mukai, I. Morita, M. Ikeda, J. Org. Chem.
1981, 46, 1732.

[5] For examples, see: a) Y. Kozawa, M. Mori,
Tetrahedron Lett. 2002, 43, 1499; b) Y. Kozawa, M.
Mori, Tetrahedron Lett. 2001, 42, 4869; c) M. Kimura,
Y. Wakamiya, Y. Horino, Y Tamaru, Tetrahedron Lett.
1997, 38, 3963.

[6] B. M. Trost, D. T. Stiles, Org. Lett. 2005, 7, 2117.

[71L. Shen, R. P. Hsung, Y. Zhang, J. E. Antoline, X.
Zhang, Org. Lett. 2005, 7, 3081.

[8] C. S. Demmer, E. Benoit, G. Evano, Org. Lett. 2016,
18, 1438.

[9] The procedure developed by Evano (see ref 8) allows
substitution at the o position of the allenyl moiety
which cannot be achieved with the Trost/Hsung
procedure (see refs 6 and 7). Both methods allow y
mono- or disubstitution.

[10] More especially in the case of allenyl halides.

[11] G. Zhang, T. Xiong, Z. Wang, G. Xu, X. Wang, Q.
Zhang, Angew. Chem. 2015, 127, 12840; Angew.
Chem., Int. Ed. 2015, 54, 12649.

[12] An aromatic group is necessary at the y position of
the allene moiety.

[13] For selected recent reviews on gold catalysis: a) D. P.
Day, P. W. H. Chan, Adv. Synth. Catal. 2016, 358,
1368; b) A. M. Asiri, A. S. K. Hashmi, Chem. Soc. Rev.
2016, 45, 4471; c) R. Dorel, A. M. Echavarren, Chem.
Rev. 2015, 115, 9028; d) M. Jia, M. Bandini, ACS
Catal. 2015, 5, 1638; e) C. Obradors, A. M. Echavarren,
Acc. Chem. Res. 2014, 47, 902; f) Y.-M. Wang, A. D.
Lackner, F. D. Toste, Acc. Chem. Res. 2014, 47, 889;

5

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

g) C. M. Friend, A. S. K. Hashmi, Acc. Chem. Res.
2014, 47, 729.

[14] For selected contributions from our group in the field
of gold catalysis, see: a) G. H. Lonca, C. Tejo, H. L.
Chan, S. Chiba, F. Gagosz, Chem. Commun. 2017, 53,
736; b) A. Prechter, G. Henrion, P. Faudot dit Bel, F.
Gagosz, Angew. Chem. 2014, 126, 5059; Angew. Chem.
Int. Ed. 2014, 53, 4959; ¢) C. Gronnier, G. Boissonnat,
F. Gagosz, Org. Lett. 2013, 15, 4234; d) G. Henrion, T.
E. J. Chavas, X. Le Goff, F. Gagosz, Angew. Chem.
2013, 125, 6397; Angew. Chem. Int. Ed. 2013, 52, 6277.

[15] For selected gold-catalyzed reaction involving
hydride transfers, see: a) X. Wu, S.-S. Chen, Y. Hu, L-
Z. Gong, Org. Lett. 2014, 16, 3820; b) S. Bhunia, S.
Ghorpade, D. B. Huple, R.-S. Liu, Angew. Chem. 2012,
124, 2993; Angew. Chem., Int. Ed. 2012, 51, 2939; ¢) J.
Barluenga, R. Sigiieiro, R. Vicente, A. Ballesteros, M.
Tomas, M. Rodriguez, Angew. Chem. 2012, 124,
10523; Angew. Chem., Int. Ed. 2012, 51, 10377; d) D.
Vasu, A. Das, R.-S. Liu, Chem. Commun. 2010, 46,
4115; e) 1. D. Jurberg, Y. Odabachian, F. Gagosz, J.
Am. Chem. Soc. 2010, 132, 3543. For the formation of
allenes, see: g) V. K.-Y. Lo, M.-K. Wong, C.-M. Che,
Org. Lett. 2008, 10, 517. For hydride transfers on
ynamide-derived keteniminum ions, see: h) M. Leconte,
G. Evano, Angew. Chem. 2016, 128, 4623; Angew.
Chem., Int. Ed. 2016, 55, 4547; i) C. Theunissen, B.
Metayer, N. Henry, G. Compain, J. Marrot, A. Martin-
Mingot, S. Thibaudeau, G. Evano, J. Am. Chem. Soc.
2014, 136, 12528.

[16] a) B. Bolte, Y. Odabachian, F. Gagosz, J. Am. Chem.
Soc. 2010, 132, 7294; b) A. Boreux, G. H. Lonca, O.
Riant, F. Gagosz, Org. Lett. 2016, 18, 5162.

[17] &) J. S. Alford, H. M. L. Davies, Org. Lett. 2012, 14,
6020; b) T. Hamada, X. Ye, S. S. Stahl, J. Am. Chem.
Soc. 2008, 130, 833.

[18] a) J. K. E. T. Berton, T. S. A. Heugebaert, W.
Debrouwer, C. V. Stevens, Org. Lett. 2016, 18, 208; b)

10.1002/adsc.201700615

I. M. Sakhautdinov, I. R. Batyrshin, A. A. Fatykhov, F.
Z. Galin, M. S. Yunusov, Russ. J. Org. Chem. 2012, 48,
793; c) F. G. Kathawala, H. F. Schuster, M. J. Shapiro,
Tetrahedron Lett. 1981, 22, 3703.

[19] For a review on cyclic imides and their reactivity,
see: M. K. Hargreaves, J. G. Pritchard, H. R. Dave,
Chem. Rev. 1970, 70, 439. For the involvement of this
mesomeric effect in a radical process, see: B. Quiclet-
Sire, S. Z. Zard, Org. Lett. 2008, 10, 3279.

[20] Gold(l) complex was initially chosen as it was
previously shown to be an efficient catalyst in hydride
transfer reactions (see refs 15e and 16a).

[21] Brgnsted acids (HOTT) and silver salts (AgSbFes) were
not suitable catalysts for this reaction.

[22] At higher temperature (60°C) and under gold
catalysis, allenamides are prone to y-isomerization and
polymerization what tends to lower their yields.

[23] This does not diminish the interest of the present
procedure since unsubstituted phthalimidoallene 6¢ can
be obtained by based-mediated isomerization of the
parent propargylic derivative but in low yield (24%).
See: V. N. G. Lindsay, D. Fiset, P. J. Gritsch, S. Azzi,
A. B. Charette, J. Am. Chem. Soc. 2013, 135, 1463.

[24] See supporting information for more details.

[25] These compounds required the use deactivated
neutral alumina for their isolation by chromatography.

[26] Chloroform could be slightly acidic as compared to
1,2-dichloroethane (HCI traces), what would result in
proton-induced y-isomerization (and polymerization).

[27] See ref 6 (1 example) and E. Wenkert, E. C. Angell,
V. F. Ferreira, E. L. Michelotti, S. R. Piettre, J. H. Sheu,
C. S. Swindell, J. Org. Chem 1986, 51, 2343 (1
example).

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis 10.1002/adsc.201700615

COMMUNICATION

Synthesis of Allenamides and Structurally Related
Compounds by a Gold-Catalyzed Hydride Shift

Process EWG. KR! EWG. o Rg Sy |
HQ ‘[\‘\R:I\‘ i N \,? 3
Sell-d SO,R N

Adv. Synth. Catal. Year, Volume, Page — Page I —’20 5070 |L ° R
; r o R TR 1

- _ BnO”_SR? R VR2 : /N‘b N OEt
Qing Zhao*, Fabien Gagosz* 35-98% (40 examples) | </ GO

This article is protected by copyright. All rights reserved.



