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ABSTRACT: The first general palladium-catalyzed, enantio-
selective three-component synthesis of α-arylamines starting
from sulfonamides, aldehydes, and arylboronic acids has been
developed. These reactions generate a wide array of α-
arylamines with high yields and enantioselectivities. Notably,
this process is tolerant to air and moisture, providing an
operationally simple approach for the synthesis of chiral α-
arylamines.

Chiral α-arylamines are a prevalent structural motif in
biologically active natural products and drugs,1 such as

levocetirizine2 or repaglinide3 (Figure 1).

One of the most useful methods for the construction of such
molecules is the asymmetric addition of carbon nucleophiles to
imines.4 In past years, transition-metal-catalyzed enantioselec-
tive 1,2-additions of organoboron reagents to imines have
emerged as a particularly versatile method for the preparation
of chiral α-arylamines (Scheme 1a).5−9 Although a powerful
synthetic tool for the enantioselective construction of α-
substituted amines, these methods suffer from one common
drawback: the utilization of preformed imines. The synthesis of
the imine starting materials requires additional resources, time,
and energy. Despite the fact that in situ generation of the
reactive imine is compatible with transition-metal catalysis, no
general enantioselective three-component version has been
reported so far.10 To the best of our knowledge, there is only
one report of a palladium-catalyzed enantioselective one-pot
synthesis of arylglycine derivatives from ethyl glyoxylate, p-
toluenesulfonyl isocyanate, and arylboronic acids.11 In this
sequential procedure, the two single steps, formation of the
imino ester and addition of the boronic acid, were
accomplished in one pot without isolation of the intermediate
imine. However, this method is limited to reactive glyoxylates
as the aldehyde component utilizes highly reactive and water-

sensitive tosyl isocyanate and the sequential procedure hampers
operational simplicity. The development of general, operation-
ally simple asymmetric three-component synthesis of important
chiral α-arylamines from simple starting materials would be
highly desirable.12,13 Herein, we report the first general
palladium-catalyzed enantioselective three-component synthe-
sis of α-branched amines starting from sulfonamides, aldehydes,
and arylboronic acids.
Based on our previous research on acylimine-based three-

component reactions for the preparation of α-substituted
amides and amino acids,14 we expected to perform the more
challenging, asymmetric version by using an appropriate chiral
catalyst. First, encouraging results were obtained with p-
toluenesulfonamide as the amide component. After extensive
screening (see Supporting Information), we were able to realize
a highly enantioselective synthesis of α-substituted amides by
using Pd(TFA)2 as catalyst in combination with the easily
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Figure 1. Representative examples of biologically active substances
with a chiral α-arylamine motif.

Scheme 1. General View of Previous Work and This Report
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accessible chiral bis(oxazoline) ligand L1 (Scheme 1b).
Notably, the reaction can be performed without the exclusion
of air or moisture.
With the optimized conditions in hand, we explored the

scope of this reaction. A broad range of aromatic and
heteroaromatic as well as aliphatic sulfonamides are suitable
substrates for the three-component reaction. High yields and
enantioselectivities were obtained in all cases (Scheme 2).

Electron-donating (4c) or -withdrawing (4b) as well as halogen
substituents for further derivatization (4d, 4e) are well-
tolerated. The only exception is 2-nitrobenzenesulfonamide,
which furnished product 4h in only 53% yield and 90:10 er.
The reaction with the bulky 2,4,6-triisopropylbenzene-
sulfonamide afforded the desired amide 4i in 98% yield and
high enantioselectivity (95:5 er).
We further explored the scope in terms of the aldehyde

component (Scheme 3). Various aryl aldehydes were found to
be efficient starting materials, and the corresponding α-
substituted amides were obtained in high yield and
enantioselectivity. Aldehydes containing ortho-substituents
(4m), halogens (4p−4u), or trifluoromethyl groups (4v, 4w)
were well-tolerated. Only in the case of strongly electron-poor
substrates such as 3-nitrobenzaldehyde were lower yields
obtained. To our delight, heteroaromatic aldehydes are suitable
substrates for our multicomponent reaction, although a slightly
higher catalyst loading is necessary for an efficient reaction. The
corresponding heteroaromatic amines 4y and 4z could be
isolated in good yields and high enantioselectivities.
Moreover, various arylboronic acids can be used as a

substrate in the three-component reaction (Scheme 4).
Unfortunately, the substrate scope in terms of the boronic
acid component is not as broad as that for the amide and the
aldehyde component. Halogenated or electron-poor boronic
acids required a higher catalyst loading to achieve good yields
(4ab, 4r−4v), and the sterically hindered o-tolylboronic acid
afforded the desired product 4m in only 44% yield.
Introduction of more steric hindrance in the ortho positions
(4aa) or stronger electron-withdrawing groups (4ac) shut

down reactivity. In all successful examples, high enantioselec-
tivities were achieved with the exception of the electron-rich p-
methoxyphenylboronic acid (4o, 93:7 er).15

Despite the recent advances in enantioselective addition
reactions of aryl boron reagents, most reported methods are
limited to aromatic imines.16 Therefore, we investigated
reactions with alkyl aldehydes as the aldehyde component.
To our delight, different alkyl aldehydes are suitable substrates
for our three-component reactions (Scheme 5). Two
modifications of our standard reaction conditions are crucial
for obtaining high yields of the desired α-aryl alkyl amines.
Both a higher catalyst loading of 10 mol % of Pd(TFA)2 and
the addition of phenol as an external proton source17 can
increase the yield considerably (see Supporting Information for
further details). With these modified conditions, various alkyl
aldehydes react with different sulfonamides and arylboronic
acids to afford the corresponding aryl alkyl amines in high

Scheme 2. Variation of Sulfonamidesa

aYield of isolated products. Enantiomeric ratios determined by chiral
HPLC analysis.

Scheme 3. Variation of Aryl Aldehydesa

aYield of isolated products. Enantiomeric ratios determined by chiral
HPLC analysis. bReaction performed with 10 mol % of Pd(TFA)2 and
15 mol % of L1.

Scheme 4. Variation of Arylboronic Acidsa

aYield of isolated products. Enantiomeric ratios determined by chiral
HPLC analysis. bReaction performed with 10 mol % of Pd(TFA)2 and
15 mol % of L1. cReaction performed with 15 mol % of benzoquinone
as additive.
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yields and enantioselectivities. With electron-poor boronic
acids, low yields are obtained, albeit with high enantioselectiv-
ities (4am). In general, our method is limited to α-branched
alkyl aldehydes, such as isobutyraldehyde or cyclohexylcarbal-
dehyde (4af, 4aj). Reaction with paraldehyde furnished amine
4ad in only 51% yield and a lower enantioselectivity (89:11 er).
In the case of longer, linear alkyl aldehydes, such as pentanal
(4ae), no desired product could be isolated.
Removal of the tosyl (Ts) group can be achieved with Na/

naphthalene.18,19 As shown in Scheme 6, the deprotection of 4a
afforded free amine 5a with complete retention of config-
uration.

In summary, we have reported the first general palladium-
catalyzed enantioselective three-component synthesis of α-
substituted amines from sulfonamides, aldehydes, and arylbor-
onic acids. A wide variety of commercially available starting
materials function well in this transformation, delivering
products with uniformly high yields and enantioselectivities.
Furthermore, this method displays a remarkable tolerance
toward air and moisture, and reactions are typically performed
in screw-top vials under an atmosphere of air without prior
purification of any commercially obtained materials. Finally, a
single catalyst system utilizing easily accessible BOX-ligand L1
provides excellent results, rendering this transformation a
practical and operationally simple method for the enantiose-
lective synthesis of α-arylamines. Studies to extend the scope of
this method and to investigate the reaction mechanism are
currently underway in our laboratory.
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(d) Koolmeister, T.; Södergren, M.; Scobie, M. Tetrahedron Lett. 2002,
43, 5969. (e) Grigg, R.; Sridharan, V.; Thayaparan, A. Tetrahedron Lett.
2003, 44, 9017. (f) Lou, S.; Schaus, S. E. J. Am. Chem. Soc. 2008, 130,
6922. (g) Han, W.-Y.; Wu, Z.-J.; Zhang, X.-M.; Yuan, W.-C. Org. Lett.
2012, 14, 976.
(14) (a) Beisel, T.; Manolikakes, G. Org. Lett. 2013, 15, 6046.
(b) Halli, J.; Manolikakes, G. Eur. J. Org. Chem. 2013, 7471.
(c) Schneider, A. E.; Manolikakes, G. Synlett 2013, 24, 2057.
(d) Schneider, A. E.; Beisel, T.; Shemet, A.; Manolikakes, G. Org.
Biomol. Chem. 2014, 12, 2356.
(15) Reactions with electron-rich heteroaromatic or alkenylboronic
acids were unsuccessful. In the case of more reactive boronic acids, we
observe only direct addition to the aldehyde and decomposition
products. Also, reactions with other arylboron derivatives, such as
pinacol boronates, trifluoroboronates, or MIDA-boronates, were
unsuccessful.
(16) There are only three reports of Rh-catalyzed enantioselective
addition reactions of arylboron reagents to alkyl aldimines; see refs 5g,
5h, and 5i.
(17) (a) Miyamura, S.; Satoh, T.; Miura, M. J. Org. Chem. 2007, 72,
2255. (b) Yu, A.; Wu, Y.; Cheng, B.; Wei, K.; Li, J. Adv. Synth. Catal.
2009, 351, 767.
(18) (a) Niu, F.-L.; Xin, Y.-C.; Wang, R.-L.; Jiang, F.; Xu, P.-F.; Hui,
X.-P. Synlett 2010, 5, 765. (b) Chen, C.-C.; Gopula, B.; Syu, J.-F.; Pan,
J.-H.; Kuo, T.-S.; Wu, P.-Y.; Henschke, J. P.; Wu, H.-L. J. Org. Chem.
2014, 79, 8077.
(19) The N-tosyl group can be easily removed reductively, even in
the synthesis of complex molecules. For some recent examples, see:
(a) Smith, A. B.; Kim, D.-S. Org. Lett. 2005, 7, 3247. (b) Germay, O.;
Kumar, N.; Thomas, E. J. Tetrahedron Lett. 2001, 42, 4969.

Organic Letters Letter

DOI: 10.1021/acs.orglett.5b01502
Org. Lett. 2015, 17, 3162−3165

3165


