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ABSTRACT: Azides and nitriles are important building
blocks for the synthesis of nitrogen-containing bioactive
compounds. The first example of enantioselective palladium-
catalyzed decarboxylative allylation of α-azido and cyano β-
ketoesters is reported. Indanone derivatives were obtained in
50−88% yield/77−97% ee and 46−98% yield/78−93% ee for azide and nitrile substituents, respectively. The required starting
materials were synthesized in one step from ketoesters via electrophilic azidation and cyanation using benziodoxole hypervalent
iodine reagents. The products could be easily converted into useful nitrogen-containing building blocks, such as triazoles, amides,
or α- and β- amino ketones.

Nitrogen-containing functional groups are omnipresent in
synthetic and natural bioactive compounds. Among

them, azides1 and nitriles2 occupy a privileged position. They
are highly useful as nonbasic precursors of amines. In addition,
they can be transformed in a multitude of other functional
groups and can be used in cycloaddition reactions to give a
broad range of heterocycles (Figure 1). New methods giving

access to nitriles and azides, especially in enantiopure form, are
therefore highly useful for both synthetic and medicinal
chemistry. Whereas numerous methods are available for the
enantioselective synthesis of secondary azides and nitriles,
accessing tertiary derivatives is more challenging.
Among the methods used for the enantioselective synthesis

of highly substituted stereocenters, the Tsuji−Trost palladium-
catalyzed decarboxylative allylation has been especially
successful.3 Nevertheless, to the best of our knowledge, this
methodology has never been used for the synthesis of
homoallylic azides, and there are only racemic examples for
cyanides.3c,4 This is an important limitation when considering
the versatility of these building blocks. In general, the Tsuji−
Trost decarboxylation has been only rarely used to synthesize

homo- and bis-homo allylic amines.5 In 2015, Stoltz and co-
workers, developed in particular an elegant Mannich addition/
asymmetric decarboxylative allylation sequence to access bis-
homo allylic amines.5d

Indan(on)es are privileged structures in bioactive com-
pounds, and nitrogen-substituted derivatives are especially
important.6 Nevertheless, the enantioselective synthesis of α-
azido and cyano indanones has been limited to the azidation of
ketoester derivatives7 and the conjugate addition or Mannich
reaction of α-cyano indanones.8 The Tsuji−Trost decarbox-
ylation, although highly successful in the case of other type of
substituents,3f,9 has never been reported in the case of cyanides
and azides (Scheme 1). Herein, we would like to report the first

example of highly enantioselective palladium-catalyzed decar-
boxylative allylation proceeding on cyano- and azido-
substituted indanone derivatives. The required substrates
were easily synthesized by the azidation or cyanation of
ketoesters using hypervalent iodine reagents.
We started our investigations with the synthesis of the

required azido- and cyano-allyl ketoesters 4 and 5. The desired
indanones could be accessed in good yield by the reaction with
hypervalent iodine reagents 2 or 3 without any other additives
using methods developed in our group10 and by Chen and co-
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Figure 1. Enantiopure tertiary azides and cyanides: versatile building
blocks, but challenging to access.

Scheme 1. Enantioselective Synthesis of Indanones via the
Tsuji−Trost Decarboxylative Allylation
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workers (Scheme 2).11 Unfortunately, the method could not be
used to access the corresponding tetralones, due to competitive
elimination and aromatization to naphthol derivatives.

We then turned to the optimization of the decarboxylative
allylation for azide 4a (Table 1).12 When using Pd(Cp)-
Cinnamyl as catalyst precursor as in our previous work on the
decarboxylative allylation of alkynyl-substituted ketoesters,9h

only low conversion was observed. Better results were obtained
using Pd2(dba)3 with Trost’s bisphosphine ligand 6a, and the
desired product 7a was obtained in 31% yield and 71% ee, but 5
mol % catalyst were needed to reach full conversion (Table 1,
entry 1).12 A strong dependence of both yield and
enantioselectivity on solvent became apparent (Table 1, entries
2−7). Whereas moderate yields and ee were observed in
toluene and acetonitrile (Table 1, entries 2 and 3), 93% yield of
7a was obtained in dichloromethane, albeit at the cost of ee
(Table 1, entry 4). From the tested ether solvents, THF gave

the best result, with 88% yield and 79% ee (Table 1, entry 7).
Other Trost bisphosphine ligands gave inferior results (Table 1,
entries 8−10).13 Finally, the enantioselectivity could be
improved to 86% by working in more concentrated solution
at −20 °C (Table 1, entry 11).
The scope of the decarboxylative allylation of azides was then

examined (Scheme 3). The use of methallyl substrate 4b gave

the desired product 7b in improved 97% ee. Product 7c and 7d
bearing either a methyl group or no substituent in C5 position
also gave the products in good yield and enantioselectivity.
Interestingly, a 5-bromo group was also tolerated, despite the
fact that a palladium(0) catalyst is used (product 7e).
Substitution at the C6 position was also possible, although in
some cases lower yields and ee values were obtained (products
7f−i). The decarboxylative allylation was also successful with a
4-bromo substituent (product 7j). Finally, the use of a more
functionalized allyl group bearing a protected alcohol was also
possible, as demonstrated by the formation of product 7k in
51% yield and 95% ee.14

In the case of cyano substrate 5a, the conditions used in our
previous work for the decarboxylative allylation of α-alkynyl
allyl ketoesters (2 mol % Pd(Cp)Cinnamyl, 2.5 mol % 6a,
MTBE, 0.1 M, rt) did not need to be changed extensively.9h,12

In fact, working in more diluted conditions (0.01 M) and with
higher catalyst/ligand loading (5 and 5.5 mol %, respectively)
was enough to give the desired allyl cyanides 8a in 91% yield
and 80% ee (Scheme 4). For methallyl-based substrates,
however, better results were obtained with Pd2dba3 as catalyst
precursor (92% yield and 89% ee for 8b). Irrespectively of the
substitution pattern or electronic properties of the substituents
on the benzene ring, the desired methallyl cyanides 8b−f were
obtained in very good yields (81−98%), but the ee values were

Table 1. Optimization of the Decarboxylative Allylation of
Azide 4a

entry ligand solvent yield (%)a ee (%)b

1 6a MTBE 31 71
2 6a toluene 38 70
3 6a CH3CN 50 68
4 6a CH2Cl2 93 60
5 6a Et2O 27 71
6 6a dioxane 38 42
7 6a THF 88 79
8 6b THF 10 30
9 6c THF < 5 nd
10 6d THF 15 49
11 6a THF 88 86c

aReaction conditions: Substrate 4a (0.012 mmol), Pd2(dba)3 (5 mol
%), 6 (11 mol %) and solvent (0.2 M) at 25 °C. The NMR yield is
measured in comparison with the internal standard 1,3,5-trimethox-
ybenzene. bObtained by chiral HPLC. cAt 0.4 M at −20 °C for 12 h.

Scheme 2. Synthesis of α-Azido and Cyano Allyl Ketoesters
4 and 5

Scheme 3. Scope of the Decarboxylative Allylation with
Azides 4a

aReaction conditions: Substrate 4 (0.20 mmol), Pd2(dba)3 (5 mol %),
6a (11 mol %) and THF (0.4 M) at −20 °C, 10−15 h. The isolated
yields after column chromatography are given; ee values are obtained
by chiral HPLC.
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lower than for azides (78−89%). Modification of the
substituent on the alkene was also possible as a protected
alcohol, an aryl, or a chloride group (products 8g−i). Protected
alcohol 8g was obtained in 93% ee, which is the highest
enantioselectivity observed for this class of substrates.
The obtained products could be easily transformed into

useful nitrogen-containing building blocks (Scheme 5).7b,15

Copper-catalyzed [3 + 2]-cycloaddition of azides 7 with
aromatic alkyne 9 gave triazoles 10a−c in 94−96% yield
(Scheme 5, A).7b Staudinger reduction of azide 7e led to α-
amino ketone 11,15a whereas hydrogenation of nitrile 8b gave
β-amino ketone 12 (Scheme 5, B and C).15b Finally, amide 13
was obtained in 83% yield by hydration of nitrile 8f in the
presence of a palladium catalyst (Scheme 5, D).15c

In conclusion, we have reported the first example of
enantioselective palladium-catalyzed decarboxylative allylation
proceeding next to cyano and azido groups. The reaction
proceeded with indanone derivatives in 50−88% yield/77−97%
ee and 46−98% yield/78−93% ee with azide and nitrile
substituents, respectively. A broad range of functional groups
was tolerated on the benzene ring and the alkene. The required
indanone starting materials were obtained by the reaction of
benziodoxole hypervalent iodine reagents with ketoesters. The
obtained products were easily transformed into useful nitrogen-
containing building blocks, such as triazoles, amides, and
amines.
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