


1. Introduction

Over the last few years the organic chemist has greatly
benefited from asymmetric catalysis, which has not only
allowed convenient access to chiral compounds, but has also
produced a number of efficient asymmetric reactions.[1]

Nevertheless, transferring asymmetric catalytic methods to
an industrial scale is unfortunately still a difficult and sluggish
process. More or less successful applications of homogeneous
catalytic asymmetric methodologies in industrial chemistry
have only been reported for hydrogenations,[2] isomeriza-
tions,[3] cyclopropanations,[4] and epoxidations.[5] Although
very often enantioselectivities of 90 to 95 % ee have been
achieved for a variety of transformations in the research
laboratory, this is usually not sufficient for industrial needs,
particularly when it comes to pharmaceutical intermediates
and products. For example, the certification of a pharmaceu-
tical product requires compounds to have an enantiomeric
purity of 99 % or more.[6] And even if such a high enantio-
selectivity is not required in the case of, say, pesticides, the

catalyst productivity, catalyst activity, and catalyst stability
can be even more important.

ªHow to make good asymmetric catalysis perfectº must
therefore be the main concern for everybody, not only
industrial chemists. Besides a subsequent (and expensive)
purification step, by crystallization or separation of diaster-
eomers, several interesting methodologies for optimization of
chiral catalysis have recently been published. The underlying
basic concept has already been successful in ªclassic industrial
chemistryº for the optimization of yields and product purity:
The addition of suitable achiral additives and cocatalysts,[7]

which support the chiral catalyst system, enhance the yield
and, surprisingly, in many cases also enhance the enantiose-
lectivity very efficiently.[8] In reality it is much more than an
optimization, and the fact that achiral additives can dramat-
ically change the enantiomeric excess of the products makes
the subject so exciting.

In the following, this concept will be illustrated with several
very promising recent examples, hopefully highlighting its
usefulness for obtaining enantiomerically pure compounds.
Naturally, additives not only help to optimize a reaction by
increasing good ee values to excellent ee values, but can also
efficiently improve reactions with low enantioselectivity to
modest (good, or even very good) enantioselectivity. This will
be shown in this review as well. For methodological research
this effect should be important as it can sometimes suddenly
pave the way for new catalytic concepts. It should be
emphasized here that in most cases (but not all) the improved
methodologies may still be far from what would be desired by
industrial chemists and may not fulfill the prerequisites for
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technically feasible catalytic processes. But this is hopefully
just a matter of time.

2. Mechanistic Considerations

The improvement of a catalytic enantioselective reaction
may sometimes appear to be modern alchemy. Naturally, a
priori predictions of which from a variety of additives may be
beneficial are hard to make. However, it is also hard to
explain why an additive is beneficial (at least in many cases).
Although a confusing variety of reasons and several mecha-
nistic effects which influence the catalysis are likely to exist
and due to the complexity of the resulting catalytic systems,
which make reproducible results difficult to obtain, the role of
additives can only be elucidated after mechanistic studies.
Until now such mechanistic studies have been carried out in
only a few cases. Therefore, only general reasons (usually
vaguely stated in the original papers) for how additives can
function may be outlined here.

a) Probably one of the most common effects of additives is
to deoligomerize nonactive (or less active) catalyst structures,
resulting in the formation of the desired active monomeric
catalyst species (or analogous di- and trimeric catalyst
species).[9] The homogenization of a heterogeneous catalytic
system through the addition of suitable donors therefore
represents a way to increase the number of active sites.

b) Bases are also often considered to enable a faster
dissociation of the formed catalyst ± product complex by

ligand exchange reactions.[10] In that way the active catalyst
is regenerated more rapidly and the activity is increased,
which can often result in higher ee values as the reaction can
then be carried out at lower temperature.

c) In particular basic additives may be able to coordinate to
the metal center permanently or temporarily, thereby chang-
ing the geometry of the catalyst in a favorable way. This may
accelerate the desired reaction by turning the catalyst into a
more active species,[11] or increase the ee value owing to a
different chiral geometry around the active center. In addition
this may be one of the more predictable effects of additives, as
molecular modeling might be employed to understand the
resulting geometry.

d) Through tuning of the ligand sphere or the electronic
properties of the environment of the catalyst, the mechanistic
pathway of the reaction may also be changed completely.
Accordingly, the presence of halides as counterions can lead
to a more efficient (neutral) pathway in a palladium-catalyzed
reaction (see Scheme 10).

e) Additives might also serve as a ªbufferº, for example, to
maintain the water concentration at a defined level. There-
fore, molecular sieves are sometimes applied even in combi-
nation with water to keep the moisture of a reaction at an
optimized level.[12] Other effects of molecular sieves can also
be postulated (surface-assisted desorption of the products,
alkali metal exchange[13]).

f) Another additive effect should be mentioned which
perhaps represents a challenge as it might also be utilized
deliberately: the design of a catalyst poison for an undesired
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catalyst species. That is, upon treatment of a mixture of
transition metal complexes with an additive, the complex
which shows an undesired (nonenantioselective) catalytic
activity, reacts highly selectively with the additive, resulting in
the formation of an ªinertº transition metal complex without
any catalytic activity. The catalytic activity of the desired
catalytic species, however, should not be influenced by these
additives.

When trying to explain various additive effects, one should
be well aware that our understanding is as yet rudimentary.
The need for an automated screening process or even a
combinatorial screening of additives should (if practically
possible) also be considered. On the other hand, it would be
desirable to obtain detailed mechanistic understanding of the
role of additives.

3. Additives in Asymmetric Catalysis

3.1. Amines and Pyridines

Generally, nitrogen bases are the most common addi-
tives,[14] and it has become usual practice to screen nitrogen
bases (amongst other additives) to improve catalytic asym-
metric processes. For the enantioselective hydrogenation of
simple ketones catalyzed by a new Rh ± diphosphane com-
plex, such screening was carried out with careful variation of
the Rh/additive ratio.[15] For acetophenone as substrate the
yield could be increased from 45 to 97 % and the enantiomeric
excess from 57 to 95 % ee when 0.3 catalyst equivalents of 2,6-
lutidine were added.

Also impressive is the finding by Nakai et al. that addition
of a small amount of amine in a Pd-catalyzed protonation
reaction to form chiral a-substituted carbonyl compounds
gives improved results.[16] In the absence of base only poorly
reproducible yields and largely varying enantioselectivities
have been obtained. In contrast, after addition of base the
desired high yields and good enantioselectivities could always
be reproduced (Scheme 1). Interestingly the positive effect of

OSiMe3 O

5 mol% [PdCl2{(R)-BINAP}]

5 mol% AgOTf, MS (4Å), DMF
+ H2O

no additive (RT - 30 °C, 84 - 5 h): 25 - 85% yield, 44 - 73% ee

0.5 mol% iPr2NH (50 °C, 18 h):            83% yield,        79% ee

(2 equiv)

Scheme 1. Protonation of silyl enol ethers.[16] BINAP� 2,2'-bis(diphenyl-
phosphanyl)-1,1'-binaphthyl; Tf�F3CSO2.

the additive was attributed to a quite unexpected scenario.
Instead of activating the catalyst, the added diisopropylamine
was causing a (desired) catalyst poisoning! The additive
deactivates only the catalytic species that catalyzes the
reaction with low or no enantioselection without altering
the catalytic activity of the ªsurvivingº desired Pd species
much. This ensures that the reaction proceeds in high yields
(83 %) and with good enantioselectivity (79 % ee).

Also for an asymmetric hetero-Diels ± Alder reaction,
catalyzed by a chiral YbIII ± phosphate complex, the addition
of a base (here 2,6-lutidine) caused a jump from 70 to 89 % ee
at room temperature (Scheme 2; BNP� 1,1'-binaphthyl-2,2'-

O

Ph
TMSO

OMe

O

a) 10 mol% [Yb{(R)-(–)-BNP}3]

CH2Cl2, RT, 16 h

+

no additive: 77% yield, 70% ee

10 mol% 2,6-lutidine : 94% yield, 89% ee

PhCHO
*b) H+

Scheme 2. Hetero-Diels ± Alder reaction.[17] TMS�Me3Si.

diyl phosphate).[17] Since the reaction without an additive
proceeds under heterogeneous conditions, and since the
addition of bases increases the solubility of the catalyst in
dichloromethane (catalyst solutions without precipitate are of
advantage and generally seem to work better), the addition of
basic ligands like hexamethyl phosphoramide (HMPA) has
also been reported. However, in this case the reaction was
seriously retarded, an effect we also observed for other
systems. It is likely that when strongly coordinating additives
are provided, the catalyst is easily deactivated or the catalyst
structure collapses.

The asymmetric synthesis of chiral amines from imines is
industrially important. An interesting additive effect has been
observed recently by Buchwald et al., when investigating the
asymmetric hydrosilylation of imines.[18] Despite high TON
and enantioselectivities, previous efficient hydrosilylation
methods have been limited to imines that are not sterically
hindered.[19] This limitation has now been overcome by
Buchwald et al. simply by adding an achiral base to the
reaction mixture. Thus, in the presence of 0.05 ± 1 mol% of a
chiral titanium catalyst and isobutylamine (or sec-butylamine)
as an additive, excellent enantioselectivities in the range of
91 ± 99 % ee and enhanced yields of 86 ± 97 % were obtained
with a variety of sterically hindered substrates such as 1
(Scheme 3).

The importance of the additive can be recognized by
looking at the model reaction with N-benzyl-1-indanimine.
The authors found that the absence of an additive led to a
conversion of only 5 %, whereas 100 % conversion and
92 % ee were achieved with isobutylamine as a base. Fur-
thermore, in contrast to previous methods the high enantio-
meric excesses do not depend on the E/Z ratios of the imines.
Although the mechanistic course has not been clarified in
detail, the added achiral amine appears to cleave the complex
between the titanium catalyst and the chiral amino product. A
representative example for the highly efficient asymmetric
Buchwald hydrosilylation, in which an enantiomeric excess of
99 % was obtained, is shown in Scheme 3.

3.2. Pyridine N-Oxides

Solutions for industrial applications of chiral catalysis, here
the manganese salen catalyzed asymmetric epoxidation of
olefins, were recently reported by teams from Merck & Co.,
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Inc.[20] and SmithKline Beecham Pharmaceuticals.[21] Both
groups utilized pyridine N-oxide derivatives as additives; the
oxidant was aqueous sodium hypochlorite. By screening
several pyridine N-oxides, the Merck group found that for
the chiral manganese salen catalyzed epoxidation of indene
the addition of 4-(3-phenylpropyl)pyridine N-oxide (P3NO,
Scheme 4) gives the best results. The indene oxide product
obtained is a chiral building block of the HIV protease
inhibitor Indinavir.

N N

O
O

Ph

P3NO isochinoline N-oxide

Scheme 4.

In the case of a salen complex catalyzed enantioselective
epoxidation to afford chiral 2,2-dimethyl-6-pentafluoroethyl-
chromene oxide, the addition of isochinoline N-oxide allowed
a decrease in catalyst loadings to a remarkable 0.1 ±
0.4 mol %. In fact, the positive effect of the addition of
pyridine N-oxide derivatives on enantioselectivity had been
noted earlier.[22] It was proposed that the effect of N-oxide
additives could be due to the set of equilibria shown in
Scheme 5.[23] The active (salen)MnV�O complex is thought to

O

Cl

Cl

O

Cl

Cl

O

Cl

Cl

O
N

R

MnIV

MnIV

MnV

MnIII

+

+

MnV

MnIII

Scheme 5. Proposed role of pyridine N-oxides in manganese-catalyzed
epoxidations.[23]

undergo a reversible coupling with a
MnIII complex to generate an inactive m-
oxo dimer. Through additive binding of
the pyridine N-oxide derivative to the
coordinatively unsaturated MnIII com-
plex, the equilibrium is shifted towards
the MnV oxo intermediate. Owing to the
increased concentration of the active
MnV oxo species a rate acceleration of
the epoxidation is then expected.

Very recently Komatsu et al. used
pyridine N-oxide as an additive for
the asymmetric aziridination of styrene
derivatives by transfer of a nitrogen
atom from a chiral nitridomanganese

complex.[24] However, this reaction is not a catalytic process
(yet).

3.3. Alcohols

Even simple alcohols like tert-butyl alcohol have success-
fully been used as additives, and pronounced and surprising
ligand effects could be observed.[25] The asymmetric Michael
addition of nitromethane to chalcone, catalyzed by a chiral
lanthanum ± potassium ± BINOL complex (LPB complex;
BINOL� 1,1'-binaphthol), proceeded in 33 % yield and with
89 % ee. After addition of 2.4 molar equivalents of tert-butyl
alcohol (that is, 12 equivalents based on the catalyst), the yield
increased to 55 % and the enantiomeric excess reached
99 % ee (Scheme 6). Here the exact amount of additive did

Ph Ph

O

Ph Ph

O
O2N

20 mol% (R)-LPB

toluene, – 20 °C, ca. 5 d

no additive: 33% yield, 89% ee

2.4 equiv tBuOH: 55% yield, 99% ee

CH3NO2

(1.2 equiv)

+

Scheme 6. Michael addition of nitromethane to enones.[25]

not have a pronounced effect on the yield and enantiomeric
excess (use of 20 ± 480 mol % of additive gave comparable
results). Similar improvements, using tert-butyl alcohol as an
additive, were obtained with the substrate 4-chlorochalcone,
suggesting that the effect may be general.

Also in the case of an asymmetric Heck reaction, the yields
and ee values were surprisingly improved when tert-butyl
alcohol was added.[26] In terms of mechanism it was suggested
that the additive might prevent a specific substrate ± palladi-
um interaction which produces oxidation side products.

It has also been reported that even when organometallic
reagents are used, an additive like methanol, with an acidic
proton, can have positive effects. Dosa and Fu investigated
the catalytic asymmetric addition of ZnPh2 to ketones, the
chiral information being provided by an amino alcohol (3-exo-
(dimethylamino)isoborneol, DAIB; Scheme 7).[27] Although a
promising level of enantioselectivity was observed in the

Cl

N

CH3

OCH3

Cl

HN

CH3

OCH3

Ti FF

0.5 mol% chiral
activated Ti catalyst

iBuNH2, 60 °C

1.5 - 4 equiv iBuNH2: 92% yield, 99% ee1

*

activationPhSiH3

Scheme 3. Hydrosilylation of imines.[18]
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O PhHO
15 mol% (+)-DAIB

toluene, RT

no additive: 26% yield, 64% ee

+ ZnPh2

(3.5 equiv)

1.5 equiv MeOH: 58% yield, 72% ee

Scheme 7. Addition of ZnPh2 to ketones.[27]

absence of an additive (64 % ee), the yield of the product was
low (26 %). In the presence of 1.5 equivalents of methanol the
yield increased to 58 % and the ee value reached 72 % for the
substrate shown in Scheme 7. For other substrates ee values up
to 91 % could be obtained in the presence of methanol, which
was added to the DAIB/ZnPh2/toluene mixture before the
reaction, and may alter the nature of the zinc species in
solution. As frequently seen when metal alkoxides are
incorporated in the catalyst structure, there was a nonlinear
relationship between the ee values of product and catalyst.

3.4. P-Based Additives

3.4.1. Phosphanes

Surprisingly, there seems to be little limitation for beneficial
effects of additives in terms of the type of reaction. A
systematic investigation, this time of the influence of various
achiral phosphane additives on the enantioselectivity of a Ni-
catalyzed asymmetric addition of Grignard reagents to
unsaturated cyclic acetals (Scheme 8), was reported by

MeO OMe O

Et
H

chiral cat.

22 °C, 15 h

5 mol% [(S,S)-(chiraphos)NiCl2]:  80% yield, 10% ee

5 mol% [(PPh3)2NiCl2], 5 mol% (S,S)-chiraphos:  90% yield, 85% ee

+ EtMgBr

(3 equiv)

Scheme 8. Addition of Grignard reagents to unsaturated cyclic acetals.[28]

Hoveyda et al.[28] Trying to avoid a ªbackground reactionº
arising from the action of an achiral catalyst, the authors first
isolated (prior to use) the catalytically active (S,S)-(chira-
phos)NiCl2 complex prepared from [(PPh3)2NiCl2] and (S,S)-
chiraphos (chiraphos� 2,3-bis(diphenylphosphanyl)butane).
However, later it was observed that in some cases the catalyst
prepared in situ actually provided superior selectivity (see
Scheme 8) due to the additional achiral phosphane ligands
present in the mixture. Product ee values from lower than 5 up to
82 % were then obtained for a test reaction when different
phosphanes were added to the (S,S)-(chiraphos)NiCl2 catalyst.

3.4.2. Phosphane Oxides

A pronounced ligand effect on the enantioselectivity in the
chiral lanthanum complex catalyzed asymmetric epoxidation
of enones was found by Inanaga and co-workers
(Scheme 9).[29] In the reaction of chalcone, simply addition of

Ph Ph

O

Ph Ph

O
O5 mol% (R)-La-BINOL

MS (4Å),THF, RT
+ tBuOOH

no additive (3 h): 86% yield, 73% ee

15 mol% Ph3P=O (0.5 h): 99% yield, 96% ee

Scheme 9. Epoxidation of enones.[29]

triphenylphosphane oxide led to an increase in the ee value of
the epoxide products from 73 % (no additive) to 96 % with
simultaneous improvement of the yield from 86 to 99 %. It is
perhaps interesting to point out the subtleness of the process
by considering the precise nature of the additive. Whereas
similarly good results have been obtained upon addition of tri-
p-tolylphosphane oxide (95 % yield and 94 % ee after 1 h),
with tri-o-tolylphosphane oxide the ee value dropped back to
73 % (96 % yield). With n-butylphosphane oxide as an
additive the results have been virtually the same as without
an additive (88 % yield and 73 % ee). The method was also
found to be quite general for other enones. To rationalize the
beneficial effect of Ph3PO, it has been suggested that the
additive might prevent an oligomerization of the catalyst (the
metal precursor was added to a mixture of phosphane oxide
and ligand), or it might depolymerize the catalyst after
formation. The amount of molecular sieves (MS) was also
found to have a strong influence on the ee value. Future
experiments should prove important for clarifying how even
molecular sieves can influence the ee value. To be able to carry
out practical optimizations of catalytic processes, it would be
necessary to know if, for example, owing to kinetic advantages
a dissociation of the products is assisted or if molecular sieves
perhaps just control the exact amount of water.[30]

The addition of phosphane oxide was also very effective in
the cyanosilylation of aldehydes utilizing a new Lewis base/
Lewis acid catalyst (with general applicability to aromatic,
aliphatic, and a,b-unsaturated aldehydes), and very high ee
values have been obtained.[31] In fact initially the ee values
were below 10 %, but after the addition of phosphane oxide
and with very slow addition of the substrate (syringe pump) it
was possible to obtain the products with up to 98 % ee and
even in improved yields.

3.5. Ionic Additives

3.5.1. Halides

A clear picture of the effect of salt additives, like
tetrabutylammonium halides, was recently drawn by Over-
man and Poon for the asymmetric Heck reaction.[32] The
cyclization of the (Z)-butenanilide triflate 2 with Pd ± (R)-
BINAP leads to (R)-oxindole 3 with 43 % ee (Scheme 10).
However, after addition of only one molar equivalent of
tetrabutylammonium bromide, product 3 was obtained with a
creditable 93 % ee. In the presence of such a halide additive,
the crucial insertion step of the reaction is diverted to a
neutral pathway via a neutral intermediate. (Contrary to this,
a cationic pathway is generally assumed to be favored in the
presence of silver salts.) In the case of substrate 2, the neutral
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TBDMSO
O

NMe
OTf

N
Me

O

OTBDMS

10 mol% Pd-(R)-BINAP

PMP (4 equiv)
MeCONMe2, 100 °C

no additive: 72% yield, 43% ee

1 equiv nBu4NBr: 59% yield, 93% ee

3
2

Scheme 10. Heck reaction.[32] PMP� 1,2,2,6,6-pentamethylpiperidine;
TBDMS� tBuMe2Si.

pathway seems to proceed with a much higher degree of
stereoinduction than the cationic pathway, therefore yielding
the product with high ee values. Such improved distinction
between two competing pathways with a different degree of
stereoselection seems to be one of the more common reasons
why achiral additives can be so effective.

In a previous paper Ashimori and Overman showed that
both enantiomers of a spirooxindole similar to 3 could be
synthesized, although the same chiral information ((R)-
BINAP) was used. Depending only on the additives, the ee
value obtained changed from 71 % with Ag3PO4 to 66 % of the
opposite enantiomer when 1,2,2,6,6-pentamethylpiperidine
was present.[33]

3.5.2. NaOR/BuLi

Heterobimetallic complexes have been reported to self-
assemble with additional (catalytic) amounts of NaOtBu or
BuLi to provide catalysts of improved efficiency.[34] Results of
the enhancement of the efficiency for an asymmetric Michael
reaction utilizing a Ga-Na-(R)-BINOL complex are depicted
in Scheme 11. When sodium dibenzyl malonate (9 mol%) was
added instead of NaOtBu, the same effect could be obtained.

O
O

CO2Bn

CO2Bn

H

BnO OBn

O O 10 mol% Ga-Na-(R)-BINOL

RT

n = 2:        no additive (143 h): 45% yield, 98% ee

9 mol% NaOtBu (21 h): 87% yield, 98% ee

n
n+

n = 1:          no additive (72 h): 32% yield, 89% ee

9 mol% NaOtBu (22 h): 96% yield, 98% ee

n = 3:          no additive (73 h): trace amount of product

9 mol% NaOtBu (73 h): 79% yield, >99% ee

Scheme 11. Michael reaction.[34]

By using a similar activation strategy, catalytic asymmetric
nitroaldol reactions could also be improved considerably
(Scheme 12). It was proposed that by combined addition of
water and BuLi a LiOH species is generated that is
incorporated into the structure of La-Li-BINOL.

Noyori et al. demonstrated previously that the addition of
KOtBu or KOH in combination with diamine ligands is very
beneficial for the enantioselective hydrogenation of aromatic

H3C NO2 CHO
OH

NO2

1 mol% La-Li-(R)-BINOL

24 h, –50 °C
+

no additive : 6% yield, 88% ee
1 mol% H2O, 0.9 mol% BuLi: 73% yield, 89% ee

Scheme 12. Nitroaldol reaction.[34]

ketones. Very excellent yields and ee values have been
reported utilizing the BINAP ± RuII catalyst system.[35]

Since, for example, BuLi as an additive is very reactive, it
may not be applicable for too many other systems. It may,
however, be suggested that the addition of quite reactive
species to a catalyst mixture might in general still be
interesting initially, as they may be transformed into truly
beneficial additives in situ (BuLi to LiOH).

3.5.3. Acetic Acid and Halides

A new catalyst system currently applied technically for
homogeneous enantioselective hydrogenation was recently
developed by a research team of Ciba-Geigy.[36] Acetic acid
and iodide (added as Bu4NI) were found to be crucial
additives. For the enantioselective synthesis of a number of
important acyl anilide pesticidesÐthe most important exam-
ple being the herbicide metolachlor[37]Ðan asymmetric hydro-
genation of N-arylimines can be utilized. However, the
activity of existing chiral catalytic systems had been far too
low. The use of a new class of iridium ferrocenyl diphosphane
complexes, which turned out to be very stable under reaction
conditions, gave very active and productive catalysts. How-
ever, the breakthrough on the way to a production process of
metolachlor came only with the addition of both acetic acid
and iodide. Ligand optimization showed that [(Ir(cod)Cl]2/
xyliphos[38] (cod� 1,5-cyclooctadiene, xyliphos� (R)-1-[(S)-2-
(diphenylphosphanyl)ferrocenyl]ethyldi(3,5-dimethylphenyl)-
phosphane) was the optimal catalyst, and under a hydrogen
pressure of 80 bar and with a remarkable substrate/catalyst
ratio of 750 000 ± 1 000 000 complete conversion could be
reached within three to four hours at 50 8C. The optical yields
have only been moderate (78 % ee), but the TOF was
excellent (350000 hÿ1). It is difficult to explain why iodide
and acid have such a remarkable (synergetic) effect. Until
now, the mechanism responsible could not be clarified in
detail.

4. Summary and Outlook

A number of very recent examples of how addition of, for
example, nitrogen bases, alcohols, phosphanes, phosphane
oxides, pyridine N-oxides, halides, or acid can positively effect
asymmetric catalytic reaction systems was discussed. In our
approach we deliberately covered all sorts of organic reac-
tions, knowing that each case may be different and mecha-
nistic similarities may not exist even for the same additive.

Only weakly coordinating ligands (for example, phosphane
oxides or pyridine N-oxides) could perhaps be seen among the
most promising additives. In some cases such ligands might
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temporarily occupy the empty reactive sites of catalyst
complexes while the catalyst is ªat restº. This could perhaps
be developed to effect a general catalyst protection or
stabilization.[39]

To date, in many instances additives have been found by
chance rather than by logical prediction. We imagine that the
recent developments and reaction systems selected could
provide a pool of ideas for optimizing industrial processes, as
well as being of practical value for similar research on
asymmetric reactions in general.[40] Clearly the most urgent
goal of academic research in asymmetric catalysis is to
rationally reduce the amount of catalystÐand additives may
play a crucial role in this process.
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