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Chemistry in nanoreactors…in water @ room temperature

O
CH3

CH3

CH3
O

O O
O
Me

H3C

CH3 CH3CH3
O

CH3

O

16

reactions take 
place here

use only
2 wt %

Applications of nanomicellar technology

chemistry in water at RT
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Insight into TPGS-750-M:  why does it work so well?

In collaboration with Prof. Martin Andersson
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But theory says…

Andersson, M. P. et al, Chem. Euro. J. 2018, 24, 6778.

45-60 nm

Applications of nanomicellar technology

chemistry in water at RT
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“Let me give you some 
alternative facts on this”

(Kellyanne Conway; 
January 22, 2017)

“Truth isn’t truth”

(Rudy Giuliani ; 
August 20, 2018)

Environmentally responsible, sustainable synthetic chemistry
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Buchwald-Hartwig aminations:  
from the green chemistry perspective
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Ruiz-Castillo, P.; Buchwald, S. L. Chem. Rev. 2016, 116, 12564. 

Pd-Catalyzed aminations in water:  earlier work 
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t-BuXPhos: a highly efficient ligand for
Buchwald–Hartwig coupling in water†

Patrick Wagner,a Maud Bollenbach,a Christelle Doebelin,a Frédéric Bihel,a

Jean-Jacques Bourguignon,a Christophe Salomé*a,b and Martine Schmitt*a

An efficient and versatile ‘green’ catalytic system for the Buchwald–Hartwig cross-coupling reaction in

water is reported. In an aqueous micellar medium, the combination of t-BuXPhos with [(cinnamyl)PdCl]2
showed excellent performance for coupling arylbromides or chlorides with a large set of amines, amides,

ureas and carbamates. The method is functional-group tolerant, proceeds smoothly (30 to 50 °C) and

provides rapid access to the target compounds in good to excellent isolated yields. When applied to the

synthesis of a known NaV1.8 modulator, this method led to a significant improvement of the E-factor in

comparison with classical organic synthesis.

Introduction
As key structural cores of various bioactive natural or synthetic
products and organic materials, nitrogen-containing hetero-
cyclic compounds are of considerable biological and chemical
significance.1–3 In recent years, transition-metal assisted ami-
nation of aryl or heteroaryl halides has been developed as the
most viable and direct method for the synthesis of a large
variety of substituted arylamines.4 Although these metal-cata-
lysed cross-coupling reactions have been developed increas-
ingly in organic synthesis, they, in general, are still poorly
adapted to fit the principles of green chemistry.5a,b

Recent focus on the “green-ness” of a chemical process has
resulted in the development of various synthetic procedures
that can be carried out under “green” conditions in or on
water.5c,d Conducting transition metal-catalysed cross-coupling
chemistry in water, instead of organic solvents could have a
number of potential benefits in terms of cost, environmental
impact, safety, and impurity profiles.6a,q However, solubility of
the reagents in water was an issue.6r To overcome this, the
concept of micellar catalysis was introduced where the reac-
tants are solubilized in the aqueous phase with help of surfac-
tants. Several amphiphilic compounds were reported to form

nanomicellar reactors in water, providing a convenient lipophi-
lic medium in which cross-coupling reactions can take place.7

Since 2008, Lipshutz et al. have published a series of
papers8–15 demonstrating the viability of surfactant-promoted
transition metal-catalysed chemistry in water. They have
shown that polyoxyethanyl-α-tocopheryl succinate (TPGS-750-
M), a non-ionic amphiphile, allows important cross-coupling
reactions such as metathesis,10 Suzuki–Miyaura,11 Heck,12 and
Sonogashira reactions13 to be carried out on water.

More recently, they have expanded the range of application
of surfactant-promoted chemistry to N-arylation reactions
through the Buchwald–Hartwig reaction.13–15 They demon-
strated that Takasago’s cBRIDP ligand in combination with
[(allyl)PdCl]2 generates a highly efficient catalytic system for
the Buchwald–Hartwig reaction. However, further studies
demonstrated that this catalytic system has some drawbacks.
While cBRIDP displayed high yields for aniline derivatives9b

and moderate to good yields for protected NH groups (carba-
mates, sulfonamides or ureas)15,16 in Pd-mediated coupling
reactions, it failed when other classes of amines were
employed.16 For example, we have previously demonstrated
that benzamides are rather poor substrates under Lipshutz’s
conditions, leading to only 28% conversion in the presence of
3-bromotoluene after 16 h.16 Moreover, while secondary
amines were readily cross-coupled in the presence of cBRIDP,
no reaction was observed with primary amines (Scheme 1).

Improvements in Buchwald–Hartwig reactions have relied
on the increased reactivity and stability of the metal catalyst
using more effective ligands.17–19 Despite significant research
efforts, a single catalyst system that can couple a broad range
of amines and amides with aryl- or heteroaryl halides is
unknown. This led us to explore other reaction conditions in
order to broaden the scope of the Buchwald–Hartwig reaction

†Electronic supplementary information (ESI) available: 1H and 13C spectra,
calculations of the E factors and % atom economy. See DOI: 10.1039/c4gc00853g

aLaboratoire d’Innovation thérapeutique, UMR 7200, Faculté de Pharmacie,
Université de Strasbourg, 74 route du Rhin, BP 60024, 67401 Illkirch, France.
E-mail: mschmitt@unistra.fr
bLaboratoire de Biovectorologie, UMR7199, Faculté de Pharmacie,
Université de Strasbourg, 74 route du Rhin, BP 60024, 67401 Illkirch, France.
E-mail: salome@unistra.fr
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Recent Advances in Reductive Amination Catalysis and Its Applications 

Heshmatollah Alinezhad*, Hossein Yavari and Fatemeh Salehian

Faculty of Chemistry, University of Mazandaran, Babolsar, Iran 

Abstract: Reductive amination is considered as the most popular and established approaches which provide rapid 
access to different types of amines, important intermediates for the production of natural products and organic 
compounds, and also synthesis of essential precursors needed for drug development in chemical and biological sys-
tems. The current review discusses the progress of reductive amination catalysis from 2008 to the latest one. Also, 
efficacy of different reagents including organocatalysts, asymmetric and symmetric complexes of Ir, Rh, and Ru, 
boron, silicon reagents for enantio-, chemo-, and diastereoselective reactions is illustrated under various reaction 
conditions with a focus on the yield of the obtained products. Biocatalytic reductive amination for the synthesis of 
chiral amines and also utility of this reaction for the development of bioactive molecules are also briefly described.

Keywords: Boron reagents, organocatalyst, reductive amination, silicon reagent, transfer hydrogenation, transition metal. 

1. INTRODUCTION 

Amines and their derivatives are present in various significant 
naturally occurring bioactive molecules such as peptides, nucleic 
acids, alkaloids and so on [1]. They are known to have widespread 
applications as intermediates for the synthesis of bulk drugs, fertil-
izers, dyes, resins, explosives, fine chemicals, solvents, agrochemi-
cals, and synthetic polymers as well as the production of detergents 
and pesticides. Furthermore, optically active amines have found 
numerous broad applications in asymmetric synthesis such as chiral 
auxiliaries, catalysts, and resolving agents. 

Because of their significance, there are many different strate-
gies for the synthesis of amines which include: (i) Reduction of 
functional groups containing nitrogen such as nitro, cyano, azide, 
and carboxamide derivatives; (ii) Alkylation of ammonia as well as 
primary or secondary amines. Alkyl halides or sulfonates could be 
applied as alkylating agents in these reactions; yet, commonly-
encountered overalkylation of ammonia and primary amines occurs 
as an unwanted and problematic reaction; (iii) Gabriel synthesis; 
and (iv) Reductive amination of carbonyl compounds. Among all of 

these procedures, reductive amination is recognized as the most 
practical and widespread strategy in the production of various types 
of amines. Treatment of carbonyl compounds with ammonia and 
primary or secondary amines in the presence of a reductant for pro-
viding different kinds of amines is referred to as reductive amina-
tion of carbonyl compounds (Scheme 1). Reductive amination (RA) 
was firstly described in the early days of the twentieth century by 
Mignonac. Since then, it has been widely used for the preparation 
of different types of amines. The initial step of the reaction is the 
formation of addition product (carbinol amine) which, under con-
trolled appropriate reaction conditions, loses water to offer imine or 
iminium ion b, reduction of b produces the amine product.  

Reductive amination reaction is considered direct when car-
bonyl compound, amine, and suitable reducing agents are all mixed 
in a single one-pot operation without previous formation of the 
intermediates of imine or iminium salt. However, in stepwise or 
indirect reaction, the intermediates (imine, iminium, or enamine) 
are formed in advance followed by reduction in a separate step [2]. 
In indirect reductive amination strategy, the imine intermediate can 
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Scheme 2. FLP-Catalyzed Reductive Alkylation of Amines (2y) with Aldehydes (1x) with H2
a

aGeneral conditions: all reactions were carried out in an autoclave reactor (30 mL). 1x (0.40 mmol), 2y (0.40 mmol), BAr3 (5 mol %), and 4 Å MS
(100 mg) were mixed in THF (8 mL), followed by pressurization with H2 (20 atm) and heating at 100 °C for 6 h. Yield of the isolated product is
given. b2 h. cAt 80 atm of H2.

d10 mol % BAr3.
e15 mol % BAr3.

f15 h. g18 h. Molecular structure of 3aq: thermal ellipsoids set at 30% probability.

Journal of the American Chemical Society Article

DOI: 10.1021/jacs.8b03626
J. Am. Chem. Soc. 2018, 140, 7292−7300
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ppm metal catalysis…Suzuki-Miyaura couplings

Brown, D. G.; Bostrom, J. J. Med. Chem. 2016, 59, 4443.

Pd-catalyzed Suzuki-Miyaura couplings:  with Pd at ppm levels

Angew. Chem., Int. Ed. 2016, 55, 4914.

+

X = Cl, Br, I Y = B(OH)2, B(MIDA), Bpin

500 - 1000 ppm (L)Pd(OAc)2
X Y

2 wt % Nok/H2O (0.5 M) 
Et3N (2.0 equiv), rt

P

O

O O
L  =

HandaPhos

adds lipophilicity

new rules!

ACS Catalysis 2015, 5, 1386.



Preparation of HandaPhos
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