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Catalytic Michael addition reaction represents a fundamental importance in organic synthetic chem-
istry. Whereas corresponding conversions toward intrinsically low reactive enamide remains an ongoing
challenging. We herein report a copper-catalyzed conjugate addition of allenes to S-substituted alkenyl
amides, one of the most challenging Michael acceptors. The present method utilizes readily available al-
lenes as the latent carbon-based nucleophiles and simple, common S-substituted alkenyl amides as start-
ing materials, unlike previous methods that usually preinstall an activating group to improve the reac-
tivity of amide or uses highly reactive stoichiometric quantities of organometallics. Hence, this approach
shows good functional group compatibility and can be implemented under mild reaction conditions with
excellent level of chemo- and regioselectivities.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Catalytic conjugate addition of nucleophiles to electron-
deficient olefins has been regarded as one of the most important
C-C or C-heteroatom bonds formations methodologies in the mod-
ern organic synthesis [1-6]. A myriad of catalytic systems have
been well established toward aldehyde, ketone, ester, sulfone, ni-
trile or nitro-activated alkenes in the past decades and have also
been frequently used as key steps in the construction of natu-
ral products and bioactive molecules [7-11]. In sharp contrast to
these significant advances, the applications of such approaches to
carboxamide-activated alkenes remain an ongoing challenge, ow-
ing to its intrinsically low electrophilicity. As a matter of fact,
the lone pair on nitrogen significant delocalization leads to the
orbital overlap with the antibonding, thereby making carboxam-
ide the least electron-deficient carboxylic acid derivative (Scheme
1a) [12]. Moreover, the significant decrease in reactivity associated
with sterically hindered S-substituted alkenyl amides further ex-
acerbates the challenge in this domain. As a consequent, the de-
velopment of corresponding conjugate addition reaction, in par-
ticular for B-substituted enamides which represent one class of
the most challenging substrates, remains extremely sluggish [13].
In spite of such, some ingenious approaches through introduction
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of an extra activating group to enhance the reactivity or utilizing
some specific alkenyl carboximide substrates, have also been re-
cently disclosed to achieve corresponding conjugate addition with
nucleophiles (Scheme 1b) [14-18]. In addition to these methods
of increasing the reactivity of enamide partner, another commonly
adopting approach is the use of high reactivity of nucleophiles,
typically organometallic reagent (e.g., Grignard reagents, organo-
lithium reagents, etc.) [12,13,19]. Despite these elegant approaches,
the requirement of preinstallation and subsequent deprotection
of stoichiometric quantities of activating auxiliaries or using poor
compatibility of organometallics are usually required. Recently,
Zhu, Wang et al. have developed NiH-catalyzed regio-reversed,
amide-directed asymmetric hydroalkylation and hydroalkynylation
of carboxamides, providing intriguing approaches to access S-
chiral amides [20,21]. Consequently, exploitation of an economic,
sustainable approach to achieve corresponding conjugate addition
of common fS-substituted alkenyl amides, still constitutes a daunt-
ing, so far unsolved challenge, but a highly desirable endeavor.
Taking advantage of readily available unsaturated hydrocarbons
as the surrogates of highly reactive organometallics is an emerg-
ing, promising tactics. Because such methodology showcased some
unique advantages: 1) using readily available and bench-stable un-
saturated hydrocarbons as feedstocks, 2) overcoming the draw-
backs associated with traditional organometallics, 3) the ability
to modulate reactivity of in-situ formed organometallic interme-
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A. Intrinsically low reactivity of unsaturated amides
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B. Catalytic conjugate addition reactions of unsaturated carboxamides
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C. CuH-catalyzed michael addition of unsaturated amides (this work)
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Scheme 1. Catalytic addition toward alkenyl-substituted carboxamides.
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diates by changing the supporting ligand on metal. In this terri-
tory, many impressive transformations through using unsaturated
hydrocarbons as the potential nucleophiles to couple with vari-
ous electrophiles (e.g., ketones, aldehydes, imines, allyl or alkyl
electrophiles, (hetero)aryl electrophiles, nitriles, CO,, etc.) by feat
of CuH catalysis have been successfully showcased by the groups
of Buchwald, Yun, You, Li, Yu and others [22-32]. Our group has
also developed some CuH-catalyzed conversions of various unsat-
urated hydrocarbons with allyl electrophiles, ketones and polyflu-
oroarenes in the past few years [33-36]. Quite recently, we have
successfully achieved the conjugate addition of alkenyl-substituted
heteroarenes, one of the most challenging Michael acceptors, with
alkenes as the latent nucleophiles under CuH catalysis [37]. In spite
of these impressive advances, the corresponding transformations
with enamides as the Michael acceptors remains elusive. Inspired
by these progresses, we wondered that whether the challenging
conjugate addition toward alkenyl carboxamide can be addressed
by virtue of CuH chemistry. As described in Scheme 1c, in accor-
dance with previous CuH catalysis [38-41], the insertion of the al-
lene into the ligated CuH species I could form the allyl copper in-
termediate II in situ, which would be likely to rapidly isomerize
to allyl copper species III. Then, a highly regioselective addition of
the allyl copper intermediate to unsaturated amides occurred, of-
fering the copper alkoxide IV, followed by a metathesis with hy-
drosilane rapidly regeneration of LCuH catalyst, concomitantly af-
fording the silyl enol ether. Finally, the expected product was gen-
erated by hydrolysis. However, some problematic issues, such as
the chemoselective insertion of CuH catalyst into unsaturated hy-
drocarbons or enamides, the uncontrollable regioselectivity control,
as well as the strong coordination of carboxamide to poison the
transition metal, might potentially complicate the implementation
of the proposed blueprint. Herein, we reported the successfully
implementing first example of CuH-catalyzed conjugate addition
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Table 1
Optimization of reaction conditions.-.
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solvent rt,12h
(o]
@A)L K/O 3a K/ 4a
< —FPha PPh,
YP~poy, e @ O O
&> pph, PPh, 0
PPh, PPh,
Deype Dppf Dppbz Xantphos
Entry Ligand Silane Yield of 3a (%) Yield of 4a (%)
1¢ Dcype TMDS 45 trace
2 Dcype TMDS 92 trace
3d Dcype TMDS 28 trace
4¢ Dcype TMDS 10 6
5f Dcype TMDS trace trace
6 Dcype DMMS 75 trace
7 Dcype PhSiH; 0 0
8 Dcype PMHS 29 trace
9 Dcype (EtO);SiH 59 trace
10 Dppbz TMDS 48 0
11 Xantphos TMDS 0 trace
12 Dppf TMDS 0 0
13 PPh; TMDS 0 0
14 PCys TMDS 0 0

2 Reaction conditions: 1a (0.6 mmol), 2a (0.2 mmol), silane (0.6 mmol), catalyst
(10 mol%), ligand (12 mol%), solvent (3.0mL), r.t., 12 h.

b Yield and regioselective ratio (rr) were determined by 'H NMR spectroscopy of
the crude mixture with methylene bromide as an internal standard.

¢ Catalyst (5 mol%), ligand (6 mol%), rr > 15:1.

4 Toluene as the solvent.

¢ Dioxane as the solvent, rr=5:3.

f Ethyl ether as the solvent.

of allene-derived nucleophiles to common S-substituted alkenyl
amides by carefully screening ligand. This method allows direct the
use of as allene as the potential nucleophiles and simple, common
B-substituted alkenyl amides as the starting materials, without re-
quirement of preinstallation an extra activating group and highly
reactive organometallics.

The investigation began with the conjugate addition reaction
between 1,1-disubstituted allene 1a and «,B-unsaturated amide 2a
in the presence of Dcype as ligand (6 mol%) and Cu(OAc), (5 mol%)
as catalyst at room temperature, to our delight, providing the de-
sired product 3a in 45% yield with high regioselectivity ratio (rr
>15:1) (Table 1, entry 1). Increasing the amount of catalyst and lig-
and found that the yield can be significantly improved up to 92%
yield, and meanwhile maintains excellent level of rr (Table 1, en-
try 2). Further screening of solvents indicated that THF was the
optimal solvent (Table 1, entries 3-5). The subsequent examina-
tion of different silanes showed that TMDS provided better results
than DMMS, PhSiH3, PMHS and (EtO);SiH (Table 1, entries 6-9). It
should be noticed that the yield of desired product 3a decreased to
48% by using Dppbz as ligand (Table 1, entry 10). Likewise, replace-
ment of Dcype with other ligands such as bidentate ligands Xant-
phos, Dppf and monodentate phosphine ligands PPh; and PCys, 3a
could not be detected (Table 1, entries 11-14).

With the optimized conditions established, we proceeded to ex-
amine the substrate scope of this conjugate addition of unsatu-
rated amides. As indicated in Scheme 2, a range of substituted
1,1-disubstituted allenes 1 were found to be suitable substrates
under the optimal reaction conditions. For instance, a variety of
electron-donating or electron-withdrawing substituents on the aro-
matic rings of the allenes, including alkyl (1b-1f), aryl (1e), halo-
gens (-F, -Cl, and -Br) affording corresponding products 3b-3k in
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Scheme 2. Substrate scope for addition of allenes to enamides. Reaction conditions: allene 1 (0.6 mmol, 3.0 equiv.), unsaturated amides 2 (0.2 mmol, 1 equiv.), Cu(OAc),
(10 mol%), Dcype (12 mol%), and TMDS (0.6 mmol, 3.0 equiv.) in 3mL dry THF for 12h at r.t. Isolated yields and rr were determined by "H NMR spectroscopy of the crude
mixture.

the range of 45%—92% yields with over 15:1 rr. In addition, ethyl- sponding products 3n-3z in general excellent yields. Besides, some
phenyl-gem-disubstituted and butyl-phenyl-gem-disubstituted al- N,N-dialkyl substituted enamides (2aa-2ae) can also react with al-
lenes can also be successfully converted into 31 and 3m with 80% lene 1a smoothly, affording desired products 3aa-3ae in generally
and 75% yields, respectively. We next assessed the scope of enam- good yields. In addition to N,N-dialkyl substituted enamides, N-
ides. A series of B-aryl-N-morpholine substituted enamides, in- alkyl-N-aryl-substituted unsaturated carboxamides (2af-2ah) also
cluding electron-withdrawing (2n-2s), electron-donating function- showcased excellent reactivity, delivering corresponding products
alities (2t-2y), as well as thiophene substituted unsaturated amides 3af-3ah in excellent yields. Delightedly, enamides bearing N-H
(2z) were all valid substrates, and can be converted into corre- unit can also be transformed into corresponding addition products
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Scheme 3. Ligand effects on chemoselectivity of hydrocupration.

3ai-3al in a range of 57%—79% yields, despite the possibility that
this unit can potentially react with CuH catalyst. In addition, o8-
unsaturated esters also served as suitable substrates (2am, 2an)
under these reaction conditions. However, both aryl and alkyl sub-
stituted allenes were invalid substrates for this conversion, lead-
ing to corresponding reductive products. Besides, alkyl substituted
enamides were also assessed, and the reduction product of allene
was observed while enamide was inert. We also try to implement
corresponding asymmetric version. After extensively screening of
various types of chiral ligands, but unfortunately either almost of
them showcased no reactivity profiles for this conversion or no
enantiomeric excess (ee) value was observed (see Supporting in-
formation).

In order to explore the role of Dcype in this reaction, some
control experiments were carried out. As illustrated in Scheme 3,
we used Dcype, Xantphos, PPh; as ligands to investigate the lig-
and effect, respectively. When the reaction proceeded under the
standard reaction conditions (with PCys; as supporting ligand), we
found that the yield of the desired product 3 is gradually increase
along the time (blue line). In contrast, the undesired reductive
product 5a of enamide is gradually increase along the time (red
line, 44% yield at 12h), and no desired product 3a is obtained,
when Xantphos is employed as the supporting ligand. Moreover,
we also observed that enamide 2a almost maintained constant
during the whole process (reseda line), while only reduction re-
action of allene 1a is observed in the presence of PPh; as the
ligand. These experimental results clearly show that the critical
role toward the chemoselectivity with different ligands but the in-
sightful ligand effect in this conversion requires further in-depth
studies.

In summary, we developed an efficient and straightforward ap-
proach through Cu-catalyzed conjugate addition of allenes to unac-
tivated unsaturated amides with high regioselectivity. Control ex-
periment shows that Dcype plays an important role in this re-
action. Using easily accessible allenes and unsaturated amides as
feedstocks, good functional group tolerance and the high chemo-
and regioselectivities suggested that this approach might have
tremendous potential for further applications. Further study on
conversions with base metal hydride catalysis is underway in our
lab.
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