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1. Introduction

Purification processes are probably the most time- and
cost-demanding and waste-producing manual operations in
modern organic syntheses. However, to avoid various com-
patibility issues and thus ensure that consecutive reactions
proceed smoothly, intermediate purification steps often seem
obligatory in synthetic routes (Figure 1, top). As a rival to this
traditional “stop-and-go” [1] approach to synthesis with its
obvious drawbacks stands the “one-pot” strategy,[2] in which
multiple chemical transformations are performed sequential-
ly in a single reaction vessel without intermediary purification
steps (Figure 1, bottom). In industrial processes, the one-pot
approach has long been adapted as an effective means of
reducing time, costs, and waste generation, whereas in small-
scale laboratory synthesis the “stop-and-go” tactic still seems
to prevail. Especially in the case of asymmetric synthesis, in
which reliability and reproducibility with respect to yield and
stereoselectivity are key issues, the underlying uncertainties

regarding compatibility and outcome often discourage the use
of one-pot approaches. Although the economic benefits
resulting from the use of fewer purification steps compensate
the time and effort devoted to the optimization and fine-
tuning of industrial processes, similar advantages are much
less predominant in laboratory synthesis.[3] To make it easier
and more attractive to replace traditional purification-depen-
dent step-by-step synthesis with much more step- and atom-
economical one-pot strategies even on a small scale, two
crucial bottlenecks, namely, the issues of compatibility and
reliability, must be circumvented.

As one of the major hot topics in organic chemistry
throughout the past decade, asymmetric organocatalysis[4] has
introduced new perspectives with regard to the design and
application of one-pot processes in enantioselective trans-
formations.[5] Marked by its robust nature, organocatalysis is
probably the most condition-tolerant method within the
modern toolbox of asymmetric catalysis.[6] The fact that
organocatalysis is insensitive to air and moisture as well as
many metal or organic contaminants is believed to provide a
higher degree of compatibility and reliability, hence setting
the necessary foundation for successful and facile enantiose-
lective one-pot syntheses. A basic keyword search in Sci-
Finder reveals a clear picture of the historical development of
one-pot reactions.[7] The number of scientific reports contain-

Asymmetric organocatalysis has been successfully incorporated in
many multistep one-pot sequences to provide simple access to struc-
turally complex target molecules in a highly stereoselective fashion.
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reactions to proceed efficiently in the presence of large amounts of
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become innocent bystanders in subsequent transformations. In this
Minireview, an easy-to-use classification and nomenclatural system
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within the field of organocatalytic one-pot reactions are reviewed
according to this new system. Finally, future developments and
perspectives in the field are discussed.
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ing the keyword “one-pot reaction” that appeared each year
increased significantly during the period 1980–2010 (Fig-
ure 2). Prior to 1980, the number of reports on this subject was
almost negligible. Although the number of articles containing
the concept of a “one-pot reaction” rose steadily from 1980 to
the turn of the millennium, it was during the last decade
(2000–2010) that the one-pot reaction truly gained its current
popularity. Significantly, the articles published in 2010 alone
outnumbered the sum of reports published prior to 2000. The

renaissance experienced around the year 2000 by organo-
catalysis, which quickly became a gold mine for organic
chemists in the following years, does not necessarily provide a
direct link to the escalation of one-pot reactions in the same
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Figure 1. Stop-and-go versus one-pot synthesis.

Figure 2. Number of references containing the keyword “one-pot
reaction” from 1980 to 2010. (Data were obtained from a keyword
search with SciFinder.)
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period; however, judging from the enormous popularity of
organocatalytic one-pot reactions today, a symbiotic inter-
action between the two hot topics might have occurred.

The compatibility of organocatalysis with various catalytic
systems based on bio-, metal, and photoredox catalysts, as
well as many name reactions, has enabled facile access to
complex and structurally diverse chiral compounds with
minimal manual effort.[8] Field-specific readers are referred
to several excellent and highly detailed reviews on related
topics (e.g. the merging of organo- and metal catalysis).[9] A
full overview of the enormous and rapidly expanding topic of
organocatalytic one-pot reactions is outside the scope of this
Minireview; instead, key success criteria and future perspec-
tives are discussed. Moreover, a new method for the system-
atic classification and naming of one-pot reactions is intro-
duced.

2. Classification and Nomenclature of One-Pot
Reactions: Type, Order, Fingerprint

Traditionally, asymmetric organocatalytic one-pot reac-
tions have been differentiated by their respective mode of
activation (e.g. aminocatalysis) and reactivity (e.g. the first
reaction step proceeds via enamine or iminium-ion inter-
mediates). Although this approach is highly logical, it occa-
sionally suffers from the drawback that the actual classifica-
tion of each reaction is made subjectively by the individual
author. In most cases, there is universal agreement; however,
when dealing with certain special reaction sequences, a “gray
zone” may appear. Another disadvantage (which sometimes
may be an advantage) may be that the division by reactivity is
too specific, and a new subgroup must be introduced each
time a new activation mode or reactivity pathway is invented.
These concerns led us to attempt to produce a simple yet
informative complementary instrument which would enable
the systematic classification and description of each specific
one-pot reaction on the basis of a set of universal rules. The
proposed system relies on three parameters: type, order, and
fingerprint (Figure 3). The reason for this division is discussed
in the following.

One-pot reactions have the ultimate goal of reducing time
demands and waste production, and they have a clear link to
industrial processes, for which economic and ecological
profitability are the main issues of concern.[3c] Therefore, we
propose that instead of focusing on the activation mode, a
classification based on “manual operations” (number and
position) may be more suitable. The total number of manual
operations in a one-pot sequence is easily counted and may
provide an indication of the complexity of the overall reaction
and the required manual effort. With respect to asymmetric
organocatalytic one-pot reactions, which are the main focus of
this Minireview, different design plans could be selected
depending on the nature of the final target and the availability
of the starting materials. On the other hand, because of
differences in reaction design, distinct success criteria apply
for each specific type of one-pot sequence. A good differ-
entiator for the various “types” of one-pot reaction is the
position of the enantiodifferentiating operation in the entire
reaction sequence. This operation could occur at the start, at
the end, or in the middle of the whole sequence. By combining
the “type” (position of enantiodifferentiation) and “order”
(total number of manual operations) of the reaction, every
organocatalytic one-pot sequence may be categorized in a
simple and clear way. The two suggested indicators (type and
order) also carry important information regarding the design,
purpose, complexity, and success criteria of the overall
transformation, and are therefore highly informative.

Besides the two proposed levels of classification (18 :
position of the enantiodifferentiating manual operation; 28 :
total number of manual operations), it may be desirable to
provide each specific reaction sequence with a “fingerprint”
parameter (comparable to the nature of a molecular formula
of a given structure). However, there are two main criteria
that such a “fingerprint” should fulfill. First, it should be
informative and capable of summarizing the overall trans-
formation of the reaction sequence. Second, it should be
universally applicable to every reaction and as simple as
possible to use so as to ensure wide applicability. Among
possible fingerprint parameters, we chose to use “bond
formation” as the final indicator (mCnX, in which m is the
number of C�C bonds formed, and n is the number of C�X
bonds formed). Finally, by merging the two classification

terms (position of the enantiodifferentiating
manual operation; total number of manual oper-
ations) and the fingerprint, we could establish a
general nomenclature that classifies and de-
scribes asymmetric one-pot reaction cascades.
The three parameters and their purpose are
summarized in Figure 3. In this section, each of
the parameters is described in detail. We discuss
the purpose and success criteria of each “type” of
reaction, define a manual operation, and estab-
lish a universal set of rules for counting bonds
formed.

Figure 3. General nomenclature for one-pot reaction cascades.
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2.1. Type (18 Classification): Position of the Enantiodifferentiating
Manual Operation

Organocatalytic one-pot synthetic strategies may serve
many different purposes and have distinct success criteria.
With the aim of achieving the highest degree of simplicity and
rationality, we proposed to differentiate the different types
one-pot reactions by the relative position of the enantiodif-
ferentiating manual operation, which could be at the start
(TypeA), in the middle (TypeB), or at the end (TypeC) of the
whole sequence. The chemical purposes of the different
reaction types are distinct, and as a result of the differences in
reaction setup and positioning of the sensitive asymmetric
catalytic step, the success criteria of TypeA/B/C reactions are
also different. An overview of the chemical purpose and the
success criteria of the three types of organocatalytic one-pot
approaches is outlined in Table 1.

TypeA reactions (with asymmetric catalysis as the first
manual operation) serve the chemical purpose of the rapid
assembly of structurally diverse chiral frameworks, which
upon in situ modification may lead to highly complex target
molecules that are often difficult to obtain by conventional
methods. Catalyst deactivation is not an issue of concern
owing to the early-stage catalysis step; instead, racemization
and decomposition of the assembled chiral framework must
be avoided. In contrast, TypeC reactions (with asymmetric
catalysis at the end of the sequence) are valuable when
complex and difficult-to-handle starting materials are in-
volved. The common issues of concern, such as substrate
lability and volatility or purification problems, are elegantly
avoided by employing a one-pot strategy. However, as a
consequence of the late-stage asymmetric catalytic reaction,
relatively large amounts of contaminants and leftover chem-
icals coexist in the reaction mixture. These compounds could
potentially inhibit the catalyst or erode stereoselectivity.
Thus, the key success criterion in TypeC sequences is the use
of a noninterfering catalytic system that is not sensitive to the

reaction conditions. TypeB reactions combine the advantages
of both TypeA and TypeC reactions and thereby provide a
shortcut to the target molecules with minimal manual effort
and waste generation. However, the success criteria of TypeB
reactions will also be the sum of all previously mentioned
issues, which makes reaction design a highly tedious process.

2.2. Order (28 Classification): Total Number of Manual
Operations

A second degree of classification may be provided by the
total number of manual operations in the reaction sequence
(nmo). This number gives a rough estimation of the complex-
ity of the overall reaction and the manual effort required.
However, it should not be used as a way of ranking reactions.
For the purpose of simplicity, the number of manual
operations (nmo) is counted as the sum of operations prior
to the final purification step (which is not included in the
factor nmo). A manual operation can be defined as any
interruption of the cascade by the addition of reagents or the
removal of the solvent. If removal of the solvent is followed
by the addition of a reagent, and no time interval occurs
between those two operations, solvent removal and reagent
addition count as one manual operation. The first manual
operation, which initiates the overall cascade, contributes to
this parameter as one operation. The factor nmo (28
classification) serves as a parameter for the fine division of
reactions within each main type (18 classification) of se-
quence.

2.3. Fingerprint: Bond Formation (mCnX)

To complete the classification system, each overall one-
pot transformation is also given a fingerprint parameter in the
form of “number of bonds formed”. This parameter summa-

rizes the one-pot reaction cascade
by relating it to the number of
bonds formed in the overall trans-
formation. To make this parameter
more informative, we make a dis-
tinction between the formation of
C�C and C�X bonds. The finger-
print parameter is defined by the
expression mCnX, in which C refers
to C�C bonds, and m is the number
of C�C bonds created in the one-
pot reaction cascade. Similarly, X
refers to C�X bonds (in which X is
any element other than carbon),
and n is the number of C�X bonds
formed in the one-pot reaction
cascade. When calculating the num-
ber of bonds, the following rules
apply: I) The number of bonds
formed in the reaction cascade is
defined by simple comparison of
the starting materials and the final

Table 1: The three main types of one-pot reaction, as distinguished by the relative position of the
enantiodifferentiating operation.

Type Position of
enantiodiffer-
entiation

Purpose Success criteria

TypeA[a] first manual
operation

construction of chiral frameworks, which
are transformed into more valuable motifs
through in situ modifications

avoid racemization/decomposi-
tion of the chiral framework

TypeB in the middle
of the
sequence

assembly of labile starting materials, fol-
lowed by the in situ construction of chiral
frameworks; final modifications transform
the crude intermediates into the target
motifs in one reaction vessel

avoid racemization/decomposi-
tion as well as catalyst
inhibition

TypeC last manual
operation

in situ assembly of labile starting materials,
followed by asymmetric catalysis

avoid catalyst inhibition by the
relatively large amounts of left-
over chemicals

[a] “TypeA-1” describes a special class of one-pot reactions commonly known as domino/tandem
reactions. The success criteria of these reactions often include the necessity to ensure the “sequence
specificity” of the reactions in the whole cascade.
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product; it does not depend on bond multiplicities. Newly
formed single, double, and triple bonds are therefore treated
in the same manner and contribute as one bond to the overall
number of bonds formed. II) The formation of X�X bonds (in
which X is any element other than carbon) is neglected for
simplicity. III) For reasons of simplicity, bond-breaking pro-
cesses or bonds formed in one of the intermediates but
destroyed at a later stage are not taken into consideration.
IV) In oxidative (or formally oxidative) transformations, in
which a double/triple bond is created from an existing single/
double bond, the formation of one bond is noted. V) For the
corresponding reduction of unsaturated systems (from triple/
double bonds to double/single bonds), the simultaneous
formation of a C�X or C�C bond in the reduction reaction
(e.g. hydride addition, Grignard addition) is counted.
Throughout the manuscript, the formed C�C and C�X bonds
are colored red and blue, respectively, to provide a simpler
overview for the reader.

2.4. Nomenclature Flowchart and Manual-Operation Toolbox

To ease the usage of the proposed classification and
nomenclature system, we have designed a simple step-by-step
flowchart. All important information and the necessary
tutorial guidance has been included (see Figure 4). Moreover,
since many one-pot processes do not include an enantiodif-
ferentiating step, for example, diastereoselective synthesis or
the synthesis of racemic or achiral compounds, we have added
three additional types, TypeDia, TypeRac, and TypeAch, to
the 18 classification to incorporate these sequences in the
present system.

In the same way as this flowchart may ease nomenclatural
assignment, it is also desirable to be able to graphically
visualize the individual steps in a one-pot sequence to obtain a

simple and descriptive overview of an otherwise complex
reaction cascade. We have chosen to depict each manual
operation as a gear wheel; thus, the overall one-pot process
can be represented as a chain of connected gears. The most
commonly encountered manual operations, categorized ac-
cording to their chemical purpose, are listed in Table 2. Each
individual one-pot reaction may then be readily depicted
schematically on the basis of its composition of manual
operations. This method of illustration is used throughout this
Minireview.

3. Quantification Methods

Besides a classification and nomenclature system, it is also
desirable to have measures to quantify the efficiency of the
one-pot reaction cascade. The classical yield expression is not
very informative or accurate in these instances, since it does
not reflect the fact that several bonds are formed and a
number of manual operations are performed in a given one-
pot reaction cascade. Furthermore, such operations benefit
from the omission of all intermediary purification or isolation
procedures when the reaction sequence is performed in a one-
pot fashion. Therefore, we propose the use of expressions
such as yield per bond formed (YPBF), yield per manual
operation (YPMO), and purification factor (Pf) to improve the
overview of the one-pot cascade performed.[10]

3.1. Yield per Bond Formed (YPBF)

The expression YPBF defines the efficiency of the one-pot
reaction by relating its yield to the number of bonds formed
(b) in the overall cascade. The b factor is determined by
simple comparison of the starting materials and the products.

Similarly to the fingerprint parameter
used in the nomenclature introduced,
only bonds formed that are present in
the final product are taken into con-
sideration. However, in this case C�C
and C�X bonds are treated the same.
Each multiple bond formed contrib-
utes as one bond to the b factor. The
expression YPBF is defined by Equa-
tion (1):

YPBF ¼
ffiffiffiffiffiffiffiffiffiffiffiffi

Y
100%

b

r

� 100% ð1Þ

in which YPBF is the yield per bond
formed [%], Y is classical yield of the
one-pot reaction cascade, and b is the
number of bonds formed in the one-pot
reaction cascade (b = m + n ; see Fig-
ure 3 and Section 2.3).Figure 4. Nomenclature flowchart.
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3.2. Yield per Manual Operation (YPMO)

In contrast to YPBF, YPMO relates the yield of the one-pot
cascade to the simple manual operation. In this respect, YPMO

is more similar to classical yield and indicates the average
yield of each single manual operation performed in the one-
pot reaction cascade (for the definition of a single manual
operation, see Section 2.2). The expression YPMO is an average
intended as an alternative way of quantifying the overall
process. Therefore, it does not have a “physical meaning” as
in the case of the traditional reaction yield. Clearly, manual

operations, such as the addition of a reagent, cannot have a
yield. Instead, they initiate chemical reactions, which result in
a product with a particular yield. However, it is often simpler
to count the number of manual operations than to count the
number of distinct reaction steps, and given the correlation
between the manual operations and the reactions, the term
YPMO should serve as a good indicator of the efficiency of the
overall process. The value of YPMO can be calculated from
Equation (2):

YPMO ¼
ffiffiffiffiffiffiffiffiffiffiffiffi

Y
100%

nmo

r

� 100% ð2Þ

in which YPMO is the yield per manual operation [%], Y is the
classical yield of the one-pot reaction cascade, and nmo is the
number of manual operations performed in the one-pot
reaction cascade.

3.3. Purification Factor (Pf )

The parameter Pf indicates how many isolation or
purification protocols are omitted when a given reaction
sequence is carried out in a one-pot fashion with respect to a
classical stop-and-go sequence (assuming that isolation or
purification is necessary after each step in the classical
sequence). This parameter thus underlines the practical
aspects of the developed methodology. It is defined by
Equation (3):

Pf ¼ nmo�1�nðINIÞ þ x ð3Þ

in which Pf is the purification factor, nmo is the number of
manual operations performed in the one-pot reaction cas-
cade, and n(INI) is the number of inactivation/neutralization/
isolation (INI) operations. These operations only serve the
purpose of purification and should therefore not account for
any contribution to the factor Pf. For sequences that do not
require a final purification, x = 1; for sequences that require a
final purification, x = 0. Except for filtration or evaporation,
all isolation/purification procedures, such as flash chromatog-
raphy, distillation, extraction, and combinations of these
processes, count as the final purification step.

To illustrate the use of Equation (3), we can consider a
one-pot reaction including four manual operations, the last
step of which is an INI operation to precipitate the product
from solution. Since no final purification (see above defini-
tion) is needed (the products just need to be filtered from the
liquid), x = 1. Therefore, Pf = 4�1�1 + 1 = 3.

In Sections 4–6 important and representative examples of
recently developed organocatalytic one-pot reaction cascades
are discussed. These cascades are classified according to the
proposed nomenclature. The efficiency and practicality of the
cascades included are evaluated on the basis of the expres-
sions YPBF, YPMO, and Pf. When possible, we compare the
developed one-pot cascades with classical “stop-and-go”
approaches.

Table 2: Manual-operation toolbox.

Manual
operation

Abbre-
viation

Illustration Details

asymmetric
organocatalysis

AOC
describes all asymmetric
organocatalytic transformations

addition
reaction

ADN
describes various addition reac-
tions, e.g. 1,2- and 1,4-additions

elimination
reaction

ELN
describes E1, E2, and E1cb
reactions

substitution
reaction

SBN
describes all nucleophilic and
electrophilic substitution
reactions

rearrangement REA
describes all rearrangement
reactions

metal catalysis MEC
describes all metal-catalyzed
reactions

redox reaction ROX
describes all transformations
involving redox manipulations

protection/
deprotection

PDN
describes all protection and
deprotection reactions

condensation CDN
describes all condensation
reactions

annulations ANN
describes all ring-closure
reactions

chain
elongation

CEN
describes all chain elongations,
e.g. Wittig, Corey–Fuchs
reactions

inactivation/
neutralization/
isolation

INI

describes all manual operations
designed to neutralize or inacti-
vate contaminants or reagents
from previous reaction steps or
the isolation of the final product
by crystallization or precipitation

isomerization ISM
describes all isomerization
reactions

other reactions OTH describes all other reactions
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4. TypeA One-Pot Sequences

4.1. TypeA-1 Reactions

Organocatalytic cascades consisting of more than one
bond-forming process and involving only one manual oper-
ation may be categorized as a “TypeA-1” reactions, in which
“TypeA” indicates the position of the enantiodifferentiating
manual operation (first manual operation), and the number
“1” refers to the total number of manual operations. These
reactions, also named domino or tandem reactions,[11] are
highly special one-pot reactions, since no additional manual
operation (prior to final purification) is required. In “TypeA-
1” reactions, compatibility-related problems also prevail
owing to the relatively large amounts of reagents present in
the mixture from the start. Moreover, it is crucial that the
respective steps in the cascade reaction are sequence-specific
to minimize the amount of by-products formed. Nevertheless,
if successful, domino reactions are effective tools for the rapid
synthesis of enantiomerically enriched compound libraries
with rich possibilities in terms of structural variation. Multi-
component reactions constitute a specific subgroup of domino
reactions in which three or more reagents react in a domino
fashion to form a single product.[11c–e] Therefore, catalytic
enantioselective versions of such reactions should also be
classified as “TypeA-1” sequences. A classification system of
well-known multicomponent reactions has been developed
previously (e.g. U-4CR for four-component Ugi reactions),
and such systems may appear more relevant to some
practitioners in certain cases. However, these systems do
not take into account the influence of a chiral catalyst.
Neither would such systems be universally applicable to any
given reaction (beyond the well-established “name reac-
tions”). A different perspective is therefore provided within
the current nomenclature, which may complement the exist-
ing classification of multicomponent reactions.

In a seminal report in 2005, MacMillan and co-workers
described an elegant tandem consecutive a and b functional-
ization of enals 3 in the presence of the imidazolidinone-
based catalyst 4 a (Scheme 1).[12] The conjugate addition of
electron-rich aromatic compounds to enals 3 is facilitated by
the intermediacy of an iminium-ion species formed by the
condensation of aminocatalyst 4 a with 3. The resulting
enamine intermediate acts in the following step as a
carbanion equivalent and reacts with the electrophilic chlori-
nation reagent 1. Subsequent hydrolysis separated the catalyst
from the product 5, which was obtained in 67–97% yield with
d.r. 9:1 to > 25:1 and 99% ee. In the overall reaction, one C�
C bond and one C�X bond are formed. Therefore, according
to the nomenclature system proposed in Figure 3, it may be
categorized as a TypeA-1-1C1X reaction. Moreover, to
roughly quantify the efficiency of the reaction sequence, the
yield per bond formed (YPBF) and yield per number of manual
operations (YPMO) were 82–98 and 67–97 %, respectively.

A very interesting TypeA-1-2C1X sequence was devel-
oped by Lathrop and Rovis in 2009. In this multicatalytic
cascade, cyclopentanones 11 containing three stereogenic
centers, including a quaternary stereogenic center, can be
accessed efficiently by merging aminocatalysis with catalysis

by N-heterocyclic carbenes (NHCs; Scheme 2).[13] The au-
thors show that the symbiotic cooperation between the amine
and NHC catalysts 9a and 10 is responsible for the excellent
enantioselectivity observed for the overall process leading to
the cyclopentanone framework. The cascade consists of the
iminium-ion-mediated Michael addition of 1,3-dicarbonyl

Scheme 1. Organocatalytic domino a,b functionalization of enals.
Bn = benzyl, TFA = trifluoroacetic acid.

Scheme 2. Multicatalytic approach to cyclopentanones. TMS = trime-
thylsilyl.
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compounds 8 to a,b-unsaturated aldehydes 3, followed by an
NHC-catalyzed intramolecular benzoin condensation. The
one-pot cascade outperformed the classical “stop-and-go”
approach. Cyclopentanone 11a was obtained in significantly
lower yield (46 versus 93%) when synthesized through
separate sequential reactions. Furthermore, the ee value of
11a synthesized in a one-pot reaction was superior to that
observed for the corresponding sequential approach (86
versus 58 % ee). These results show that a symbiotic cooper-
ation of the two catalysts 9a and 10 is crucial for the success of
the overall process, whereby the presence of the NHC catalyst
10 enables instant consumption of the initially formed
enantiomerically enriched Michael adduct 12.

In 2006, Enders et al. reported an elegant multicompo-
nent TypeA-1-3C reaction cascade for the formation of
pentasubstituted cyclohexenes 15 containing four consecutive
stereogenic centers (Scheme 3).[14] This domino reaction
proceeds through a sequence consisting of three catalytic
steps: enamine-mediated Michael addition/iminium-ion-

mediated Michael addition/enamine-mediated aldol conden-
sation. The involvement of the TMS-protected prolinol
catalyst 9b in each step of the cascade ensures particularly
high enantioselectivities. However, the yields of this domino
one-pot reaction cascade are not spectacular at first glance
(the yields given are the yields of the isolated main
diastereoisomer). A much more precise evaluation of this
one-pot cascade can be made when the complexity of the
cascade is taken into consideration with respect to the number
of bonds formed throughout the cascade. Thus, the expression
YPBF is very useful in this case. Three new C�C bonds are
formed in this domino cascade; therefore, the YPBF parameter
for the reaction sequence is high (YPBF = 63–83%), which
indicates that the efficiency of the one-pot process is much
higher than it seems to be when only the classical yield is
considered.

4.2. TypeA-2 Reactions

Despite their elegance, domino reactions that can be
classified as “TypeA-1” are limited to relatively few well-
engineered multicomponent systems with fairly restricted

applicability in target-directed organic synthesis. In this
respect, the development of higher-order sequences involving
additional manual operations seems to be a necessity. The
“TypeA-2” sequences described and exemplified in this
section form the mainstream of advances in recent years in
organocatalytic one-pot reactions: highly enantiomerically
enriched molecular frameworks initially assembled by asym-
metric organocatalysis (AOC) are coupled to a second
manual operation (see Table 2).

For example, TypeA-2 sequences have been used to
construct highly valuable organic building blocks, such as
enantiomerically enriched vicinal diols. These substrates are
traditionally synthesized by cis-dihydroxylation[15] or an
epoxidation/regioselective-ring-opening sequence[16] from
stereochemically pure olefins (Scheme 4). Although these
methods involve highly efficient catalytic systems, the toxicity
of the metal catalysts applied and the requirement of
stereochemically defined olefin starting materials may be
issues of concern.

Scheme 3. Multicomponent domino synthesis of cyclohexenes.

Scheme 4. Organocatalytic one-pot synthesis of vicinal diols. DME=
dimethoxyethane, HMPA= hexamethylphosphoramide.
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In 2009, Yamamoto et al. reported a facile organocatalytic
approach towards syn diols 19[17a] in which they exploited an
a-oxyamination reaction of enolizable aldehydes 13 initially
developed, independently, by MacMillan and co-workers[17b]

and Zhong.[17c] Upon completion of the a-functionalization
step with nitrosobenzene (16) as the O electrophile and
tetrazole 17 a (or proline (17 b)) as the catalyst, the addition of
a Grignard reagent to the reaction vessel afforded the vicinal
syn diol 19 as the product (Scheme 4). The organometallic
reagent not only undergoes the desired 1,2-addition to the
aldehyde, but also simultaneously cleaves the labile O�N
bond to provide the free alcohol functionality. The formation
of one C�C bond and one C�X bond in the reaction sequence
results in a TypeA-2-1C1X transformation. The yield per
manual operation for this one-pot sequence is 63%, which
could be further improved if an additional extraction step was
added between the transformations. If instead the anti-
substituted vicinal diols are the desired products, a different
two-manual-operation organocatalytic procedure may be
followed.[18] Starting from aliphatic a,b-unsaturated alde-
hydes 3, an epoxidation/rearrangement sequence (TypeA-2-
4X) enables a formal trans-dihydroxylation of the olefin with
in situ aldehyde protection. Owing to the volatility of the
intermediate 2,3-epoxyaldehydes 20, a one-pot approach is in
this case greatly favored over the stepwise strategy, not only
because of the avoided purification step, but also in terms of
the yields of the isolated products.

A highly challenging task in asymmetric organic synthesis
lies in the development of alternative and de novo syntheses
of carbohydrates and derivatives, preferably with the possi-
bility of structural variation and minimal use of protective
groups. Recently, Barbas and co-workers reported two closely
related TypeA-2-2C1X procedures targeting sugar and imi-
nosugar derivatives (Scheme 5).[19] Both procedures are based
on an initial anti-selective conjugate addition of the silyl-
protected hydroxyacetaldehyde 13 b to nitroalkenes 14 in the
presence of a bifunctional amino–thiourea organocatalyst 22.
From the resulting common nitroalkane intermediate 23, two
divergent approaches, a Henry and an aza-Henry reaction,
may be applied for the stereoselective formation of 3,4-deoxy
sugar 24 and iminosugar 26 derivatives, respectively. Re-
markably, the two initial stereogenic centers fully govern the
diastereoselectivity of the consecutive Henry/aza-Henry–
annulation sequence to enable construction of the five
contiguous stereocenters with nearly perfect stereoselectivity.

The merging of organo- and metal catalysis has proven to
be one of the most successful strategies for designing new and
synthetically useful one-pot reaction cascades.[8a–d, 9] This
combination has two main advantages: I) the activation
modes of metal and organocatalysts are often complemen-
tary; II) stoichiometric waste generation is minimized, since
both steps are catalytic. In 2009, Krause, Alexakis, and co-
workers showed that amino-[4] and gold catalysis,[20] two
current hot topics in the field of catalysis, could be combined
effectively in a two-step reaction sequence consisting of an
initial organocatalyzed syn-selective conjugate addition to
nitroenynes 27, followed by a gold-catalyzed acetalization–
cyclization of 29 to give highly enantiomerically enriched
tetrahydrofuranyl ethers 28 (Scheme 6).[21] When the two

reactions were performed as separate steps, excellent stereo-
selectivities were observed, and the yields reached 64–76%
for the overall transformation. However, it was later discov-

Scheme 5. Organocatalytic one-pot synthesis of sugar and iminosugar
derivatives. DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene, TBS = tert-butyl-
dimethylsilyl, TMG= 1,1,3,3-tetramethylguanidine, Ts = p-toluenesul-
fonyl.

Scheme 6. Reaction sequence combining amino- and gold catalysis.
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ered that it was not only possible to omit the intermediate
purification procedure, but also highly profitable. The yields
of purified products were typically more than 10% higher for
the one-pot approach (TypeA-2-1C3X) than for the stepwise
synthesis. Although stereoselective versions of gold-catalyzed
cyclizations have been well explored, the synthesis of the
corresponding cyclization precursors is often tedious and
complicated. In contrast, this combined organo-/gold-cata-
lyzed approach elegantly circumvents the complex starting-
material synthesis through the rapid in situ assembly of the
chiral cyclization precursor from readily available substrates
by asymmetric aminocatalysis.

The development of new organocatalytic one-pot pro-
cesses has shortened the synthesis of many valuable chiral
building blocks. For example, through a TypeA-2-2C1X
sequence involving an aminocatalyzed conjugate addition,
decarboxylation, and aldol condensation, highly useful 2,5-
disubstituted cyclohexenones 31 can be assembled in a
straightforward manner with wide substituent variation from
simple enals 3 and b-ketoesters 30 (Scheme 7).[22] This
methodology was later implemented as the key enantiodiffer-
entiating step in several total syntheses,[23] for example, of
fawcettimine, lycoflexine, and mirabilin B. In comparison
with traditional methods, which often require four or five
steps from known or commercially available reagents, this
procedure effectively shortens the synthetic route to only two
manual operations and a single purification step, and hence
significantly reduces time demands and waste generation.

As well as for the synthesis of chiral intermediates,
organocatalytic one-pot reactions have also been applied as
key reaction steps in synthetic routes toward the assembly of

complex natural and pharmaceutical products.[5] By introduc-
ing new bond-connectivity possibilities through the use of
organocatalytic one-pot reactions, otherwise quite lengthy
and “purification-heavy” routes may be replaced by much
shorter and simpler alternatives. In 2009, Michrowska and
List described an elegant synthesis of (+)-ricciocarpin A (34)
in three steps from commercially available starting materials
(Scheme 8).[24] The crucial and final transformation involved a
TypeA-2-1C4X sequence consisting of an aminocatalyzed
reductive Michael reaction followed by a Sm(OiPr)3-medi-
ated epimerization/Tischenko reaction to form the enantio-
and diastereomerically pure product 34 in 48% yield. This
reaction sequence is more step- and atom-economical than
existing routes, which typically contain more than nine linear
purification-demanding steps, as well as being free from the
use of protective groups.[25]

4.3. Higher-Order TypeA Reactions

Several higher-order TypeA sequences were also devel-
oped and described in the last few years. Owing to the high
complexity of these one-pot protocols and the large amount
of reagents that accumulate after each step, the compatibility
of the particular processes becomes an important issue.
Therefore, the use of additional manual operations to
neutralize or inactivate reagents introduced in previous steps
is very often inevitable. Moreover, maintaining the enantio-
meric purity introduced in the first enantiodifferentiating step
throughout a reaction sequence consisting of three or more
manual operations is an additional challenge that is very often
encountered when dealing with cascades of this type.

Organocatalytic higher-order TypeA sequences have been
successfully applied for the formal alkenylation and alkyny-
lation of electron-deficient olefins. In 2009, two similar
procedures for the formal alkenylation and alkynylation of
a,b-unsaturated aldehydes 3 and ketones 35 were developed

Scheme 7. Synthesis of 2,5-disubstituted cyclohexenones. TSA= tolue-
nesulfonic acid.

Scheme 8. Synthesis of ricciocarpin A.
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(Scheme 9).[26] In both reaction sequences, highly enantio-
merically enriched Michael adducts 37 were used as common
intermediates. These products were generated readily by the
organocatalytic Michael addition of b-keto heterocyclic
sulfones 36 to a,b-unsaturated aldehydes 3 and ketones 35.
Different aminocatalysts 9a (for enals) and 40 (for enones)
had to be employed to control the stereochemical outcome of
the addition reactions. The subsequent treatment of enantio-
merically enriched Michael adducts 37 with sodium borohy-
dride initiated a Smiles rearrangement and resulted in the
introduction of an alkenyl moiety to give the target molecule
38. On the other hand, a TypeA-4-2C1X one-pot reaction
cascade enabled the formal alkynylation of a,b-unsaturated

carbonyl compounds 3 and 35. In this case, the carbonyl group
derived from 3 or 35 was protected as the corresponding
acetal or ketal prior to the formation of the enolate, which
underwent the desired Smiles rearrangement. Subsequent
deprotection of the aldehyde or ketone functionality afforded
alkynylated products 39 in good overall yield with excellent
enantioselectivity.

Recently, an alternative strategy for the alkenylation of
a,b-unsaturated aldehydes 3 was developed on the basis of an
iminium-ion-mediated Michael addition of nitroalkanes 41
containing an electron-withdrawing group in the b position to
enals 3 (Scheme 10).[27] The Michael addition was fully

chemoselective and occurred at the more acidic methylene
position next to the nitro substituent in the donor. Removal of
the nitro group was possible under basic, eliminative con-
ditions after protection of the aldehyde functionality as the
corresponding dimethyl acetal. Depending on the nature of
the substituent at the b position of the starting a,b-unsatu-
rated aldehyde 3, different bases were employed in the
nitrous acid elimination step. For Michael adducts 42 derived
from aliphatic enals (R = alkyl) the best results were obtained
with DBU as the base. On the other hand, a different base,
such as Mg(OMe)2, had to be employed for adducts derived
from aromatic enals (R = aryl). In contrast to the TypeA-2-
2C2X alkenylation protocol described above, the TypeA-3-
2C3X strategy enables the incorporation of electron-deficient
double bonds with a stereogenic center in the a position in the
product. Furthermore, as a result of the protection of the
aldehyde moiety as the corresponding acetal, the oxidation
state of the carbonyl carbon atom remains unchanged.

The total synthesis of (�)-oseltamivir phosphate, an
antiviral influenza drug (marketed as Tamiflu), has been a
subject of thorough investigation.[28] Recently, Hayashi and
co-workers reported an elegant and straightforward total
synthesis of (�)-oseltamivir (52) in two one-pot operations
(Scheme 11).[29] The first enantioselective one-pot operation
was initiated by the Michael addition of aldehyde 13c to
nitroolefin 14a. This reaction proceeded in a highly enantio-
selective fashion, and its stereochemical outcome was con-
trolled by the chirality of the prolinol catalyst ent-9 b.

Scheme 9. Formal conjugate alkenylation and alkynylation of a,b-
unsaturated aldehydes and ketones. EWG =electron-withdrawing
group, TBAI = tetrabutylammonium iodide.

Scheme 10. Formal conjugate alkenylation of a,b-unsaturated alde-
hydes.
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Importantly, only 1 mol% of ent-9b was required to promote
this transformation. Subsequent Michael addition to 45a,
followed by an intramolecular Horner–Wadsworth–Emmons
olefination and the Michael addition of a thiol to the Michael
acceptor 46, furnished the key intermediate 47, which was
purified by flash chromatography. An additional manual
operation had to be performed within the Horner–Wads-
worth–Emmons reaction step. Detailed optimization studies
on that reaction revealed that the addition of ethanol is
crucial for the efficiency of this particular step. It was found
that in this reaction the desired product 46 is formed in only
30% yield and is accompanied by two main by-products,
which were identified as: 1) the adduct resulting from a
Michael reaction between 46 (at the a position to the nitro
group) and the vinyl phosphonate 45 a and 2) the cyclic b-
hydroxy phosphonate initially formed in the Horner–Wads-
worth–Emmons reaction (most likely, the anti arrangement of
the diethoxyphosphoryl and hydroxy substituents prevents
this compound from collapsing to the final product). Ethanol
was found to promote both the retro-Michael and retro-
Horner–Wadsworth–Emmons reaction and thus enabled the
smooth conversion of these unwanted by-products into 46.

The stereoselectivity of this process is another important
issue. Enantioselectivity is induced in the first Michael
addition step, and the use of the R-configured catalyst ent-
9b ensures the correct absolute configuration of the final
product. Notably, the undesired 5R diastereoisomer 46 was
formed as the major product of the Horner–Wadsworth–
Emmons reaction. Fortunately, it epimerized to the thermo-
dynamically stable 5S isomer during the Michael reaction
with the thiol nucleophile in the last step of the cascade. In
this manner, the cyclohexane framework of (�)-oseltamivir
with correctly configured C3, C4, and C5 stereogenic centers
was constructed in a TypeA-4-3C2X one-pot reaction se-
quence.

A second one-pot cascade, a diastereoselective TypeDia-
7-1C2X sequence to afford the target (�)-oseltamivir (52),
started out with the conversion of tert-butyl ester 47 into the
corresponding azide 49 in a three-step sequence involving
cleavage of the tert-butyl ester, transformation of the acid 48
into its acid chloride, and the reaction of this intermediate
with TMSN3 to give azide 49. A subsequent Curtius rear-
rangement of 49 proceeded with concomitant protection of
the amino group as the acetamide 50. The second amino
moiety was created by reduction of the nitro group with Zn/
TMSCl/EtOH. Importantly, quenching of the interfering ZnII

species with NH3 was necessary prior to the base-promoted
retro-Michael reaction performed in the last step to afford
target product 52 in 82 % overall yield. Both one-pot reaction
cascades are characterized by their high efficiency. Despite
the complexity of the reaction sequence, the final product 52
was obtained in high yield by fine-tuning of the reaction
conditions applied in each step. Thus, the total synthesis of
(�)-oseltamivir (52) was performed in two reaction vessels in
excellent overall yield (61%). This result stands in marked
contrast to classical approaches to (�)-oseltamivir (52). For
comparison, summaries of selected total syntheses of 52 are
also given in Scheme 11.[28]Scheme 11. Total synthesis of (�)-oseltamivir. DMF= N,N-

dimethylformamide, tol = tolyl.
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A similar methodology was applied by the same research
group for the synthesis of structurally related ABT-341
(Scheme 12).[30a] This TypeA-9-3C1X one-pot reaction se-
quence was initiated by a highly enantioselective enamine-
mediated Michael addition of acetaldehyde (13d) to nitro-
olefin 14b. A subsequent nitro-Michael addition of 53 to vinyl
phosphonate 45b, followed by an intramolecular Horner–
Wadsworth–Emmons reaction, led to the assembly of the
cyclohexene framework. Notably, this initial three-reaction
sequence involved five manual operations. As in the synthesis
of oseltamivir, ethanol was added in an extra manual
operation as part of the Horner–Wadsworth–Emmons reac-
tion step. Furthermore, the addition of TMSCl prior to the
following isomerization step to inactivate Cs2CO3 present in
the reaction mixture turned out to be of importance for the
success of the one-pot strategy. The iPr2EtN-induced isomer-
ization of 54 to thermodynamically stable 55 and TFA-
mediated hydrolysis of the tert-butyl ester group afforded the
free carboxylic acid 56. Coupling of 56 with the secondary

amine 57 to give 58 was followed by the reduction of the nitro
group to form the target ABT-341 (59) in 63% overall yield.
The most striking feature of the overall one-pot cascade is the
fact that it consists of six consecutive reactions and nine
manual operations. Furthermore, exceptionally high values of
YPBF and YPMO indicate that each step in this synthesis
proceeded in nearly quantitative yield. The very high value of
the purification factor is also remarkable. For comparison,
enantiomerically enriched ABT-341 was synthesized previ-
ously in 11 steps from 14b.[30b] This huge difference in the
number of steps required underlines the extraordinary
efficiency and simplicity offered by asymmetric organocata-
lytic one-pot cascades.

5. TypeB and TypeC One-Pot Sequences

One-pot sequences categorized as “TypeB” and “TypeC”
reactions serve the purpose of assembling one or more of the
reactants in situ; a late-stage asymmetric organocatalytic
functionalization step follows. As a result, one purification
step may be omitted, which effectively reduces time demands
and waste production and improves the step economy of the
overall process. These methods have especially proven useful
in scenarios in which the initial reactants are not readily
isolable owing to stability or volatility issues. In fact, in rare
cases, these one-pot approaches become the only possible
solution.

An excellent example of a TypeB reaction (enantiodiffer-
entiating step in the middle of the sequence) was provided by
MacMillan and co-workers, who generated a labile polyfunc-
tionalized a,b-unsaturated aldehyde in situ through cross-
metathesis with the Grubbs second-generation catalyst 63
(Scheme 13).[31a] To the assembled enal was then added
catalyst ent-4b, which promoted the enantioselective conju-
gate addition of the furanyl nucleophile 64 to the enal through
activation of the enal as an iminium ion. In a third and final
manual operation, a second aminocatalyst, proline (17 b), was
added to activate the resulting intermediate as an enamine
and thus promote the final annulation through a diastereo-
selective intramolecular aldol reaction. The TypeB-3-4C1X
one-pot sequence consisting of three catalytic reactions
furnished the aromadendranediol precursor 61 in 64 % over-
all yield with d.r. 5:1 and 95% ee. Subsequently, eight linear
(purification-requiring) steps completed the total synthesis of
the natural product 62 as a single isomer in 40 % overall yield
(for the eight steps from 61). In comparison, a previous
synthetic route based on transformations of an enantiomer-
ically pure natural isolate of spathulenol provided aromaden-
dranediol (62) in 13 % yield in three steps.[31b]

In 2007, C�rdova and co-workers reported an amino-
catalyzed TypeC-2-2C1X one-pot transformation for the
synthesis of fully substituted pyrrolidines through a 1,3-
dipolar cycloaddition of an azomethine ylide (Scheme 14).[32]

The azomethine ylide, generated by the in situ condensation
of diethyl aminomalonate (65) and aromatic aldehydes 66 in
the presence of Et3N, smoothly reacted with an activated,
electron-deficient olefin 3 to furnish the desired products 68
in moderate to high yields and with excellent enantioselec-

Scheme 12. Total synthesis of ABT-341. TBTU= O-(benzotriazol-1-yl)-
N,N,N’,N’-tetramethyluronium tetrafluoroborate.
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tivity. Independently, Vicario et al. developed a similar
reaction with a preformed imine reactant 69 by using the
diaryl prolinol catalyst 70.[33] The yields and diastereoselec-
tivities were slightly improved in this TypeA-1-2C sequence

relative to those observed by C�rdova and co-workers;
however, when the yields per bond formed and the yields
per manual operation are compared, the differences between
these strategies are relatively small.

An interesting advance in the area of organocatalytic
TypeC one-pot sequences was reported in 2008 by Gaunt and
co-workers, who developed an elegant TypeC-2-1C3X cas-
cade consisting of the oxidative dearomatization of phenols,
followed by organocatalytic desymmetrization
(Scheme 15).[34] Crucial to the success of this late-stage
organocatalytic one-pot protocol was the careful choice of
the oxidant. The ideal reagent should promote the oxidative
dearomatization of phenols and not interfere with the
organocatalytic desymmetrization process performed after-
wards. The appropriate choice of an aminocatalyst was
another important issue. The chiral amine employed should
ensure high levels of enantioselectivity without being very
susceptible to N-oxidation by leftover oxidant, which could
lead to its deactivation by possible hydroxylamine formation.
These two criteria were successfully fulfilled by the use of
PhI(OAc)2 as the oxidant and the bulky TMS-protected
prolinol 9d as the aminocatalyst. Phenols 71 underwent
oxidative dearomatization in the presence of methanol as a
cosolvent, which acted as a nucleophile and enabled the
generation of a quaternary oxygenated carbon atom. Sub-
sequent desymmetrization of 72 by an enamine-mediated
intramolecular Michael addition efficiently assembled the
decaline framework 73 with three new stereogenic centers in a
highly enantio- and diastereoselective manner. Nitrogen- and
oxygen-containing heterocycles could also be prepared by this
one-pot approach. Furthermore, when the oxidation was
carried out in the presence of other nucleophilic species, such
as the HFIPA–MeCN system (with CN� acting as the
nucleophile in a Ritter-type reaction) or the pyridine–HF
complex (with F� acting as the nucleophile), nitrogen- or
fluorine-containing quaternary stereogenic centers could be
introduced.

A similar oxidative dearomatization/Michael addition
strategy was recently used for the synthesis of enantiomeri-
cally enriched meta-substituted aniline derivatives.[35] Iodo-
benzene diacetate was again applied as the oxidant. The
oxidation of N-tosyl-4-aminophenols and naphthols 74 led to
the formation of electrophilic intermediates 75, which in turn
acted as Michael acceptors. The intermolecular Michael
addition of various enamines generated catalytically from
enolizable aldehydes 13 and the prolinol catalyst 9b, followed
by aromatization, afforded meta-substituted aniline deriva-
tives in a highly enantioselective manner. Importantly, the
overall TypeC-2-1C1X reaction sequence could be efficiently
performed in a one-pot, domino fashion (TypeA-1-1C1X
sequence) by the use of electrochemical oxidation. These
reactions again demonstrate the very high tolerance of
asymmetric organocatalysis towards a range of reaction
conditions.

Scheme 13. Synthesis of (�)-aromadendranediol. Cy = cyclohexyl,
Mes = mesityl (2,4,6-trimethylphenyl).

Scheme 14. Access to fully substituted pyrrolidines.
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6. Future Perspectives: Higher-Order Reactions and
Industrial Organocatalysis

To date, by far the majority of organocatalytic one-pot
reactions are sequences involving two or three manual
operations, whereas the number of higher-order and “very
late stage” (in which the enantiodifferentiating step is
performed in a late manual operation: the fourth or higher)

one-pot reactions remain relatively few and elusive. The short
time span of development is undeniably one of the main
reasons for this tendency, as initial investigations are often
curiosity-driven and serve only as a proof of concept.
However, given the current rate of progress, the concept of
organocatalytic one-pot reactions is rapidly transitioning
from a hot topic to a reliable strategy in contemporary
organic synthesis. As the field approaches maturity, it is
believed that “target-directed” organocatalytic one-pot reac-
tions involving higher-order and “very late-stage” strategies
will play a much more dominant role in future developments.

In this respect, seminal studies were reported by research-
ers at Merck Research Laboratories, who presented an
impressive TypeB-6-3C1X reaction sequence to furnish a
crucial intermediate 86 in their synthesis of telcagepant, a
CGRP-receptor antagonist for the treatment of migraine
(Scheme 16).[36a] The overall yield of this transformation
reached 48 %, which corresponds to 88% yield per manual
operation. In three steps from 1,2-difluorobenzene (77), the
reaction sequence afforded an a,b-unsaturated aldehyde 3c
that reacted with nitromethane in the presence of the
aminocatalyst 9b. The optically active Michael adduct 80
was subsequently homologated and isolated as the corre-
sponding tributylammonium salt 86. To make the synthesis
cost-effective, only cheap and readily available reagents were
used. More impressively, in this “very late stage” reaction
sequence, even the crucial aminocatalyst 9b was prepared in
situ from 70 and added to the reaction vessel as a crude

Scheme 15. Sequences involving oxidative dearomatization as the key
step. HFIPA= 1,1,1,3,3,3-hexafluoro-2-propanol, Py = pyridine.

Scheme 16. Industrial organocatalysis. TEMPO= 2,2,6,6-tetramethyl-
piperidine-1-oxyl.

K. A. Jørgensen et al.Minireviews

8506 www.angewandte.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2011, 50, 8492 – 8509

http://www.angewandte.org


solution, without affecting the yield and stereoselectivity of
the asymmetric conjugate addition.

Upon the successful assembly of the core chiral frame-
work 86, a diastereoselective TypeDia-5-4X one-pot sequence
was applied to form the e-lactam ring structure 91 containing
two stereogenic centers in 73 % overall yield (Scheme 17).

The diastereoselectivity of the generation of the new stereo-
genic center is controlled by a dynamic epimerization/
crystallization process. Finally, the synthesis of the therapeu-
tic agent 92 was completed in a one-pot two-step reaction
sequence in 79 % yield according to known procedures.
Remarkably, throughout the entire synthetic route, only three
intermediates were isolated, and no chromatographic purifi-
cation was necessary. By this environmentally friendly
process, telcagepant could be prepared on an industrial scale
with the high quality demanded in pharmaceutical produc-
tion.

The prediction of future developments is highly challeng-
ing, if not impossible. In 1990, Seebach wrote a highly
insightful review article entitled “Organic Synthesis—Where
Now?”, in which he sketched the past developments in
organic synthesis and projected these into future perspec-
tives.[37] Two of the subjects outlined were the future
challenges within the synthesis of enantiomerically enriched

compounds by catalytic methods and “stereoselective reac-
tion sequences in which a few steps suffice to generate
surprisingly complex molecules”. Standing where we are
today, 20 years later, we are delighted as organic chemists to
have witnessed the great advances made within these research
areas over the past two decades. Arguably, the topic of this
Minireview, asymmetric organocatalytic one-pot reactions,
has also been a positive contributor to these developments. It
is not within our capacity to follow in Seebach�s footsteps and
take on the impossible challenge of predicting future devel-
opments, even in a relatively small subarea of research in
organic chemistry, such as organocatalytic one-pot reactions.
However, on the basis of historical analogies and current
progress, some developing tendencies may be summarized.
Organocatalytic one-pot reactions may serve two main
purposes: the synthesis of chiral building blocks and inter-
mediates, and industrial applications. A common feature is
that the future development of these reactions will be more
target-oriented and mainly focus on compounds or compound
libraries with high synthetic value. Moreover, we believe that
different types of one-pot sequences will serve complemen-
tary purposes: I) one-pot sequences (TypeA–C) of lower
order (typically, nmo = 2 or 3) may primarily be used as
effective methods for the construction of chiral building
blocks or intermediates in total synthesis that are difficult to
obtain by conventional methods; II) higher-order (nmo� 4)
and “very late stage” sequences may serve as an important
link between academic developments and industrial applica-
tions. Despite the popularity of organocatalysis, industrial
processes based on organocatalysis beyond the Hajos–Parrish
reaction[38] are, as yet, almost non-existent. Higher-order and
“very late stage” sequences, in which readily available starting
materials can be used, make organocatalysis a more afford-
able and attractive choice for the design of industrial
syntheses. The environmentally friendly and nontoxic nature
of these reaction sequences should also contribute to their
expected popularity within the industrial community.

7. Limitations and Pitfalls

Clearly, each system that aims to comprehensively eval-
uate or categorize a given problem has its limitations and
pitfalls, as in the case of the introduced classification and
nomenclature of one-pot reactions. For example, the number
of stereocenters introduced, the number of reactants, and the
type of catalysis are important issues that are not reflected in
this relatively simple system. During the preparation of the
manuscript, the discussion of many possibilities led to the
final choice of parameters, which, we believe at the present
time, provide the best balance between simplicity (easy to
remember and use) and generality (fewer pitfalls and “gray
zones”). Many other parameters that could have been chosen
as indicators might seem more informative; however, such
parameters might also require more effort to learn and use.

Although we have attempted to provide a system that is
universal and can be applied to any given reaction sequence,
some disadvantages still exist. One of the most debatable
issues is the counting of bonds formed. The fact that only C�C

Scheme 17. Final stages of the synthesis of telcagepant. DMAP= 4-
dimethylaminopyridine, DMSO =dimethyl sulfoxide, Tf = trifluorome-
thanesulfonyl.
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and C�X bonds are counted will presumably result in the
undercounting of some bonds (e.g. X�X, C/X�metal, and
metal–metal bonds). Important bond formations may also be
neglected, for example, if a particular bond is broken at a later
stage of the reaction sequence. On the other hand, in some
cases the number of bonds formed may be overestimated. A
good example is the protonation step following a 1,4-addition
step (see, for example, Schemes 2, 6, 8, and 10). According to
the general set of rules given in Figure 4, this protonation is
regarded as the formation of one C�X bond, which clearly
overestimates the synthetic relevance of this elemental step.
One solution to this problem would be to ignore C�H bonds
(as in the case of X�X bonds); however, in this case,
important transformations, such as reduction processes,
would also be neglected. Although another specialized rule
could certainly be added to avoid this “pitfall”, we decided to
keep the set of rules as simple and “memorable” as possible.

Another issue relates to systems in which two different
chiral catalysts are employed to generate stereochemical
complexity in the molecule. In such instances, the first
enantiodifferentiating step should be taken into consideration
when the type of cascade is assigned. Furthermore, not all
synthetic protocols are compatible and can be merged into a
one-pot procedure. Therefore, the development of one-pot
cascades should not become the preeminent goal of the
synthetic chemist. The design and development of new one-
pot reactions serve the sole purpose of simplifying organic
synthesis. It should therefore not be a competition to develop
the longest linear one-pot sequence or to form the highest
number of bonds. Instead, the usefulness of the reaction
should be the most crucial parameter for the comparison of
different approaches. In this light, we believe that the
aforementioned pitfalls in the over- and undercounting of
bonds are bearable, especially since the aim of this system is
to name and classify reactions, not to rank them! We are
grateful to the specialized referees for their comments, which
have helped to improve the quality of this Minireview.
Furthermore, we welcome any suggestions from readers for
the further development of the applicability and usefulness of
the current classification system.

8. Conclusion

In conclusion, we have presented a classification and
nomenclatural system that is capable of systematically and
informatively describing any one-pot reaction. Reaction
sequences were differentiated on the basis of the relative
position of the enantiodifferentiating step, the total number
of manual operations, and the overall number of bonds
formed. We have reviewed selected important contributions
within the field of organocatalytic one-pot reactions accord-
ing to this classification system and discussed possible future
developments and perspectives in this field.
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