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Abstract: The organocatalytic generation of a strong base
by the action of a good nucleophile is the base for the in
situ catalytic generation of conjugated acetylides in the
presence of aldehydes or activated ketones. The method is
affordable in a multicomponent, domino format able to
generate a chemically diverse set of multifunctionalized
adducts that are very well suited for diversity-oriented
molecular construction. The domino process involves a
nucleophile as catalyst and a terminal conjugated alkyne
(H-C=C-Z) and an aldehyde or activated ketone as
building blocks. The chemical outcome of this process
changes dramatically as a function of the nucleophile (ter-
tiary amine or phosphine), temperature, stoichiometry,
and solvent. These multicomponent domino processes
achieve molecular construction with good atom economy

-

and, very importantly, with an exquisite chemo-differenti-
ating incorporation of identical starting units into the
products (nondegenerated chemical output). These prop-
erties convert the H-C=C—Z unit into a specific building
block for diversity-oriented molecular construction. Appli-
cations to the modular and diversity-oriented synthesis of
relevant heterocycles are discussed. A protocol involving
two coupled domino processes linked in a one-pot manner
will be discussed as an efficient synthetic manifold for the
modular and diversity-oriented construction of multisub-
stituted nitrogen-containing heterocycles.

Keywords: alkynes - domino reactions -
multicomponent reactions + nitrogen

heterocycles -
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Introduction

The demand for new synthetic methodologies able to pro-
duce molecules in a highly effective manner has increased
greatly in the last decades. This demand has fuelled an
active search for new synthetic protocols addressing the
modular and diversity-oriented construction of molecular
complexity. Although the available arsenal of tools in syn-
thetic organic chemistry is well suited to construct almost
any imaginable molecule, this new scenario demands the
continuous search for new reagents, catalysts, chemical
transformations, and reaction-processing technologies. Effi-
cient chemical syntheses not only need to be selective and
high yielding, they also have to fulfill new intrinsic reaction
values such as bond-forming efficiency and atom economy,
as well as extrinsic ones such as economy and safety, in addi-
tion to being bench and environmentally friendly and re-
source-effective. Among the best known efficient chemical
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systems, multicomponent domino processes!! occupy a privi-
leged position. They accumulate an exceptional set of much-
appreciated intrinsic and extrinsic reaction values that bring
them closer to the concept of ideal synthesis. When per-
formed in a catalytic manner, they constitute efficient syn-
thetic manifolds for the modular and diversity-oriented con-
struction of molecular complexity.

In this article we show the development and synthetic ap-
plications of new domino processes based on the organocat-
alytic generation of conjugated acetylides. This methodology
relies on a novel concept of reactivity generation, that is, the
organocatalytic generation of a strong base by the action of
a good nucleophile.”) The synthetic implementation of this
concept allows the catalytic generation of conjugated acety-
lides in the presence of aldehydes or activated ketones to se-
lectively produce a chemically diverse set of products as a
function of the used nucleophile (a tertiary amine or phos-
phine), solvent, temperature, and stoichiometry. These prod-
ucts are excellent scaffolds for chemical-diversity genera-
tion.

Organocatalytic Generation of Conjugated
Alkynylides

Nonmetalated conjugated alkynylides 1 (Scheme 1) are not
easily accessible by conventional means.®! Despite the sever-

Abstract in Spanish: La generacién organocatalitica de una
base fuerte por accion de un buen nucleéfilo es la base para
la generacion in situ de aniones acetiluro conjugados en pre-
sencia tanto de aldehidos como de cetonas activadas. El
método es abordable en un formato dominé multicomponen-
te y genera un conjunto diverso de aductos altamente funcio-
nalizados, muy adecuados para su utilizacién en construccion
molecular orientada a la diversidad. El proceso dominé re-
quiere un nucledfilo como catalizador y un alquino conjuga-
do terminal (H-C=C—Z) y un aldehido o cetona activada
como elementos de construccion. El resultado de este proceso
cambia dramdticamente en funcion del nucleéfilo (aminas o
fosfinas terciarias), la temperatura, la estequiometria y el di-
solvente. Estos procesos dominé multicomponente realizan
construcciones moleculares con buena economia de dtomo, y
muy importante, con una exquisita quimio-diferenciada in-
corporacion de idénticas unidades de reactivo en los produc-
tos finales (resultado quimico no degenerado). Estas propie-
dades convierten a la unidad H—C=C—Z en un elemento pri-
vilegiado de creacion de diversidad molecular en procesos de
construccion molecular orientados a la diversidad. Sus apli-
caciones a la sintesis modular y orientada a la diversidad de
moléculas heterociclicas relevantes son discutidas. Un proto-
colo sintético constituido por dos procesos dominé acoplados
y unidos en un formato monoetapa, se presenta como un
modelo eficiente para la construccion modular y orientada a
la diversidad de heterociclos nitrogenados polisustituidos.
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Scheme 1. Reactivity pattern of terminal conjugated alkynes. EWG =
electron-withdrawing group (also denoted by Z in further schemes).

al general approaches reported to the in situ catalytic gener-
ation of reactive metalated alkynylides,!! there remains a
paucity of non-metal-catalyzed generation of type 1 anions.
Recently, Ishikawa and Saito reported on the organocatalyt-
ic generation of the ammonium acetylide 2 (Scheme 1).F!
The method utilizes a catalytic amount of benzyltrimeth-
ylammonium hydroxide in dimethyl sulfoxide to selectively
deprotonate ethyl propiolate and other terminal alkynes in
the presence of aldehydes and ketones to afford propargylic
alcohols 3 (Scheme 1). Adducts 3, incorporating a conjugat-
ed alkyne and a free hydroxyl group, constitute excellent
building blocks for the productive construction of molecular
complexity.”! It would be more beneficial if these adducts
could be generated in a domino format suitable for molecu-
lar diversity. Our approach to this challenge combines the
two main chemical properties of terminal conjugated al-
kynes (Scheme 1): their relatively high acidity (pK, < 18.8)"]
and their good Michael acceptor character.®! This second
property has been extensively exploited in heterocyclic con-
struction through nucleophilic additions to conjugated triple
bonds.”! Our domino approach is outlined in Scheme 2.

The energetically-favoured nucleophilic addition to the
terminal conjugated alkyne generates the zwitterionic inter-
mediate 4 (kinetic reaction), which deprotonates the starting
conjugated alkyne to generate the reactive acetylide salt 5
(thermodynamic reaction). Overall, a catalytic amount of a
good nucleophile generates a catalytic amount of a strong
base. Once formed, the reactive acetylide salt 5 adds to an

Good nucleophile

U R’
Kinetic Z—= + Nu o) =7
p— R
z 7
®
Nu _@ &— strong base
\—-12 V4
4 z WO
. u o
Thermodynamic J/
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H——2Z z—:@ o
5
- . ; 1/U\Rz
Z = Electron-withdrawing group R

Scheme 2. Domino process based on the organocatalytic generation of
conjugated alkynylides in the presence of aldehydes. A good nucleophile
generates a strong base.
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Domino Reactions

electrophile present in the reac-
tion medium to give the expect-
ed addition products. Alde-
hydes or ketones bearing no
protons with pK, <18 are good
electrophiles and their adducts,
propargylic alkoxides 6, are
themselves good nucleophiles
for Michael addition to the re-
active conjugated alkene count-
erion, affording enol-protected
propargylic alcohol derivatives
7 and free nucleophile to restart
the cycle.

Note the double role played
by the catalyst in this domino
process. It triggers the acetylide
generation to launch the cycle
and it catalyzes the Michael ad-
dition on the starting conjugat-
ed alkyne to terminate it. The
catalyst performs both tasks
through the formation of salt §
(Scheme 2), which incorporates
the two required reactive inter-
mediates: the acetylide anion
and the activated conjugated
alkene counterion. The forma-
tion of this salt explains why
terminal conjugated alkynes are
not suitable substrates for cata-

lytic ~ Baylis-Hillman  reac-
tions."”
Pronucleophiles and alde-

hydes with pK, lower than 18
cannot be wused under these
conditions, because they inhibit

Table 1. Intrinsic and extrinsic reaction values of domino processes a—c.['?!

CONCEPTS

Domino a Domino b Domino ¢
R’ z
R’ R? H/ "7 N\ z
/_/04’%2 lo] fo} . \
7= Ry RY R R0
10 16
intrinsic reaction values
substrates aldehydes aldehydes ketones aldehydes
R! alkyl alkyl Ph, CF, alkyl
R? H H 4-CF;Ph H
z COOR, SO,Tol COOR, COPh, SO,Tol COOR
catalyst DABCO, Et;N Et;N, Bu;P R;P (pK, ~8.5)
solvent wide tolerance wide tolerance halogenated
selectivity 4 diastereoisomers regioselective
yield 56-87 66-95 40-70
atom economy high high moderate
complexity 1 ring 1 ring
BFE 1C-C,1C-0O 1C-C,2C-0 2C-C,1C-0O
format modular modular modular

chemical inputs

chemical outputs

extrinsic reaction values
solvent

diversity-oriented
multicomponent

degenerate
2HC=C-EWG
1aldehyde
nondegenerate

chemo-differentiation

technical grade

diversity-oriented
multicomponent
autocalytic
degenerate
1HC=C-EWG

2 aldehydes

(or 2ketones)
nondegenerate
chemo-differentiation

technical grade

diversity-oriented
multicomponent

degenerate
2HC=C-EWG
1aldehyde
nondegenerate

chemo-differentiation

dry

the alkyne deprotonation, funnelling the chemical transfor-
mation toward the expected 1,4-nucleophilic addition (pro-
nucleophile)' or aldolic reaction (aldehydes). We have suc-
cessfully implemented this concept using trialkylamines or
trialkylphosphines (organocatalysts) as the trigger nucleo-
phile.l?

Different  organocatalyst, different  product: 14-
Diazabicyclo[2.2.2]octane (DABCO), a powerful amine nu-
cleophile, catalyzes the reaction of aliphatic aldehydes with
alkyl propiolates or alkynyl sulfones yielding enol-protected
propargylic alcohols 7 with excellent atom economy
(Table 1). Triethylamine, a milder amine nucleophile, also
catalyzes this domino process efficiently affording a differ-
ent set of products as a function of the reaction temperature
and stoichiometry. At 0°C, the expected compounds 7 are
again formed with excellent atom economy. When tempera-
ture is lowered to —78°C, a new domino process begins to
operate funnelling the chemical transformation toward the
formation of 1,3-dioxolane derivatives 10 (Scheme 3, cycle

Chem. Eur. J. 2005, 11, 3502-3510 www.chemeurj.org
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atmosphere air atmosphere air atmosphere N, atmosphere
time fast process fast process fast process
cost low low low
waste low low low-moderate
processing bench-friendly bench-friendly bench-friendly
simple simple simple
special precautions not required
[a] BFE =bond-forming efficiency.
R1
Z—= + EtN o=z
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Scheme 3. Domino processes based on the organocatalytic generation of
conjugated alkynylides in the presence of aldehydes and activated ke-
tones. Changes in temperature and stoichiometry afford different sets of
products.
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b; see also Table 1). Dioxolanes are obtained in high yield
as a mixture of the four possible diastereoisomers (syn/anti,
E/Z). An interesting property of this new process is its auto-
catalytic nature: once alkoxide 6 is formed, it catalyzes its
own synthesis by reaction with another molecule of alde-
hyde or ketone to give alkoxide 8. Cyclization and alkyne
deprotonation generates 1,3-dioxolane 10 and salt 5 to re-
start the cycle. In this set of reactions, the conjugated f3-tri-
ethylammonium alkene displays a simple counterion func-
tion. Note that while triethylamine triggers the process, alk-
oxide 6 keeps it going.

Tertiary phosphines are more nucleophilic and less basic
than their homologous tertiary amines and they exhibit dif-
ferent catalyst behavior. Remarkably, they catalyze the syn-
thesis of 1,3-dioxolanes 10, but they do not catalyze the syn-
thesis of propargylic derivatives 7. In non-halogenated sol-
vents and at low temperature, tributylphosphine efficiently
catalyzes the synthesis of 1,3-dioxolanes 10 (Scheme 3, Bu;P
instead of Et;N; also Table 1). Other trialkyl phosphines
(isobutyl, n-octyl) are also suitable catalysts for this process.
On the other hand, aromatic phoshines and phoshites do
not show any catalyst activity. Remarkably, when the reac-
tions are carried out in halogenated solvent, the chemical
outcome of the process changes dramatically. A new
domino process begins to operate funnelling the chemical
transformation toward the formation of trisubstituted dihy-
drofurans 16 (Scheme 4, cycle ¢; Table 1). Note that in this

o & T Bup

BusR__Z
", z z
}\BUSPJ ?“3'3(990
H—2Z ZE6® /11?2
12 —|—> z 13R
R'CHO

Scheme 4. Tributylphosphine-catalyzed domino synthesis of 2,3,4-trisub-
stituted dihydrofuranes from terminal conjugated alkynes and aldehydes.

process, the catalyst again performs two functions: triggering
the domino process (generation of salt 12) and activation of
the starting alkynoate for Michael addition. The nature of
this activation is unclear at the moment, but is strongly de-
pendent on solvent and catalyst: only phosphines with pK,
values around 8.5 are able to catalyze this process in halo-
genated solvents. Unfortunately, polymerization of the start-
ing alkynoate is a resource-wasteful competitive reaction
and it produces a deleterious effect on the overall yield.

Chemo-differentiating incorporation of identical building
blocks: One remarkable property of these domino processes
is the discrimination of identical starting materials through a
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chemo-differentiating incorporation into the products. In
terms of diversity generation, it means that every domino
process utilizes two identical starting units (degenerated
chemical input) to construct highly functionalized products
that contain a nondegenerated set of chemical functionali-
ties. In other words: each chemical function incorporated
into the product is chemically different from the other. This
chemo-differentiating property converts the H—-C=C—Z unit
into a specific building block for diversity-oriented molecu-
lar construction.

Diversity-Oriented Molecular Construction

Compounds 7, 10, and 16 constitute highly functionalized
molecular units that are well suited for using as scaffolds for
diversity-oriented molecular construction (Figures 1 and 2).

_Chair_1 ) Michael
Functionalization Addition

\ Carboxylic Acid

Ester
Amide

Radical

Addition

Electrophilic

Addition /j \

1,3-Cycloaddition
Azides, Nitrones. ...

Electrophilic
Addition
Carboxyllc Acid
Ester
Amide

Figure 1. Reactivity pattern of the scaffolds 7.

Radical
Electrophilic i
Addition Addition
\\“ z j Nucleophilic
Addition
Chain R1
Functionalization )<

o]
R? \ Hydrolysis

\/

Grubbs
Cyclization

Figure 2. Reactivity pattern of the 1,3-dioxolanes 10.

We have recently begun to explore the rich chemistry of-
fered by these scaffolds. In particular, we have explored
their use developing novel, metal-free, modular, and diversi-
ty-oriented synthesis of relevant heterocyclic scaffolds.

Modular synthesis of 2,3,4-trisubstituted-furans:'*! Dihydro-
furans 16 can be obtained as a mixture of E,Z isomers
(Scheme 5) (Table 1). The E isomer is the kinetic product
and it appears with the highest yield in all cases. On stand-
ing, this isomer is not only converted into the Z isomer, but

www.chemeurj.org  Chem. Eur. J. 2005, 11, 3502-3510
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1) Isolation

_—

2) Aromatiz.

Halogenated

BusPea
TsOH, MePh, 90°C
Z=CO,Me
R Domino (%) Aromatiz. (%)
npr 44 92
iPr 57 93
Bu 48 91
3-Butenyl 38 87

Scheme 5. Modular and diversity-oriented synthesis of 2,3,4-trisubsituted
furans.

it mainly undergoes a slow aromatization to form the corre-
sponding 2,3,4-trisubstituted furan 17. This rearrangement is
conveniently accelerated by acid treatment in hot toluene
(Scheme 5). Overall, this procedure constitutes a metal-free,
two-step, modular and diversity-oriented synthesis of 2,3,4-
trisubstituted furans that are not easily obtained by other
methods.">!¥ The chemical yields of these domino processes
are not optimized, but they can be increased by using an
excess of either aldehyde or alkynoate.['"

Modular synthesis of S-substituted tetronic acids:' Acid-
controlled trans-acetalization of 1,3-dioxolane derivatives 10
yields 5-substituted tetronic acids 18 in excellent yields.
Linking this reaction to the organocatalyzed domino synthe-
sis of 1,3-dioxolanes 10 allows us to obtain these molecules
in a one-pot manner in good yields (Scheme 6). Linear,
branched, and functionalized aldehydes are tolerated. In ad-
dition, the method is simple and bench-friendly. Once the
domino process finishes, acid and alcohol are added to the
same reaction flask and the reaction mixture is heated for
24 h to achieve complete trans-acetalization. Overall, it con-
stitutes the first practical, metal-free, modular, and diversi-

Trans-

Domino acetalization

process

e

Step 1

R Tetronic acid (%)
Me 69
nPr 65
Pr 65

Bu 62
3-Butenyl 58
BnOCH, 48

Scheme 6. Modular synthesis of 5-substituted tetronic acids (4-hydroxy-
SH-furan-2-one).
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ty-oriented one-pot synthesis of this family of biologically
relevant molecules."®!

Coupling domino processes—an efficient approach to the
modular construction of nitrogen-containing polysubstituted
heterocycles: We have approached this challenge through
the development of coupled domino processes. Our design
principle is based on the expected multiplicative effect on
molecular complexity achieved by a chain of two or more
coupled domino processes in the same reaction vessel. This
approach requires the careful design of each of the partici-
pant domino processes. To be coupled in a chainlike
manner, each domino process must generate a suitably func-
tionalized molecule able to be simultaneously engaged in
the subsequent complexity-generating domino process and
so on. Experimentally, the transformation of this concept
into a one-synthetic-step strategy is not a simple task due to
the unattainable kinetic tuning of each of the numerous
chemical reactions involved. A more feasible approach
would consist in the transformation of this concept into a
one-pot synthetic strategy. In this new scenario, the consecu-
tive coupled domino processes should be performed one at
a time and linked in a one-pot operation. We have success-
fully implemented this concept in a simple and practical ex-
perimental format. The syntheses of tetrasubstituted 1,3-ox-
azolidines 19 and tetrasubstituted pyrroles 20 constitute the
first examples of this strategy.

Tetrasubstituted 1,3-oxazolidines:"”! 1,3-Oxazolidines 19
present a particular and interesting chemical topology. The
molecule combines two biologically relevant structural
motifs: an a,pB-disubstituted 1,2-amino alcohol™ and a
latent B-substituted p-amino acid™! (Figure 3). The masked

1,2-Amino alcohol
z Latent B-Amino acid

Z=EWG Ro;;/ﬁ T/
T

Z° ~___ Lipophilicity
19

Figure 3. Biologically relevant structural motifs present in the 1,3-oxazoli-
dines 19.

form of this 1,2-amino alcohol functionality induces a lipo-
philicity enhancement that facilitates the drug delivery and,
consequently, their favorable use as prodrugs.”” Additional-
ly, the heterocycle is an excellent platform to place pending
chemical functionalities in an ordered three-dimensional
array.

Our synthetic approach is outlined in Scheme 7. The pro-
tocol is composed of two coupled domino processes linked
in a one-pot manner: an organocatalyzed domino synthesis
of a propargylic scaffold 7 (domino I) and a microwave-as-
sisted amine addition—cyclization domino process (domi-
no IT). The different chemical reactivity of the two a,p-unsa-
turated ester groups present in scaffold 7 addresses the se-

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim — 3507
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3 S/&
Domino
process |l

uu
(160 W)
90 min

z R R' wo (%) Yb* (%)
COOMe Me Bn 60 71
COOMe Et Bn 58 70
COOMe Hex Bn 44 55
COOMe iPr Bn 45 67
COOMe  4-Pentenyl Bn 49 54
COOMe iPr All 36 65
COOMe iPr Bu 30 68
COOMe Et Ph 45 NR
COOMe Et PpOMePh 55 NR
SO,Tolyl  iPr Bn 54

Scheme 7. Modular and diversity-oriented synthesis of tetrasubstitued
1,3-oxzolidines through two coupled domino processes.

lective 1,4-addition of the primary amine on the triple bond
to launch the second domino process.

The synthetic protocol calls for an alkyl propiolate, an ali-
phatic aldehyde, and a primary amine. The method is mild
enough to allow several functionalities on the aldehyde
chain and it is quite general for the amine. Even aniline, a
bad nucleophile, is able to produce the corresponding 1,3-
oxazolidine 19 albeit with low atom efficiency: four equiva-
lents of the amine are required to complete the reaction.
Volatile amines are also tolerated, but they have to be used
in excess to preclude material waste during the silica-gel ab-
sorption process. In these cases, the direct 1,2-addition of
the amine on the ester function competes with the 1,4-addi-
tion on the triple bond, reducing the overall yield of the 1,3-
oxazolidines. Overall, these two linked and coupled domino
processes build up four new bonds and one ring in a very ef-
ficient manner and with a simple, bench and environmental-
ly friendly reaction process. The first domino process does
not require special caution with solvent or reagents; the mi-
crowave-assisted domino process is solvent-free. Once the
first domino process is completed, silica gel and the primary
amine are added to the reaction flask and the mixture is
concentrated to dryness. The flask containing the solid mix-
ture is placed in a domestic microwave oven and irradiated
at 160 W for 90 min. Filtration and flash chromatography
afford pure 1,3-oxazolidines 19.

We have also developed a complementary version using a
tandem Michael addition and ytterbium(im)-catalyzed cycli-
zation reaction to transform linear scaffolds 7 in 1,3-oxazoli-
dines 19. The whole process is executed in a one-pot
manner affording heterocycles 19 in higher yields than the
microwave version (54-71 %), although the amine versatility
is reduced to aliphatic cases. In addition, ethynyl tolylsul-
fones are good substrates for this transformation and they
afford 1,3-oxazolidines by simple heating of the respective
propargylic derivative 7 and the primary amine.
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Tetrasubstituted pyrroles:”!! Polysubstituted pyrroles are
common pharmacophores of numerous natural antibiotics
and alkaloids® and they have also found applications in the
field of material chemistry.”™™ Such properties are of consid-
erable interest in the development of new efficient syntheses
of these heterocycles. Among the plethora of methods avail-
able for pyrrole construction, metal-based strategies®! and
1,3-dipolar cycloadditions®®! have received the most atten-
tion. In contrast, the number of examples reported in the lit-
erature dealing with metal-free, modular, and direct synthe-
ses of these heterocycles is scarce.” A serendipitously dis-
covered spontaneous rearrangement of 1,3-oxazolidines 19
to pyrroles 20 gave us the key for a novel modular and di-
versity-oriented synthesis of these important heterocycles.
The protocol is outlined in Scheme 8. Microwave irradiation

TN TS

Domino Domino
process | process |l

—_— —_—

uv

(900 W)

z R = Pyrrol (%)
COOMe  Et Bn 44
COOEt Et pOMePh 53
COOEt Et Bn 51
COOMe  Et (S)-PHCHMe 47

COOEt Et Amino acid 42
COOEt Hex Bn 47
COOEt 3-Butenyl Bn 41
COOEt Cit. Bn 49
COOEt Pr Bn 46
COOEt cPr Bn 46

Amino acid = ethyl 3-aminobutyrate
Cit. = (S)-(-)-citronellal

Scheme 8. Modular and diversity-oriented synthesis of tetrasubstitued
pyrroles through two coupled domino processes.

of a silica-gel-absorbed mixture of scaffold 7 and primary
amine affords pyrroles 20 in good yields. Oxazolidines 19
are transient intermediates in this domino process. The
method tolerates a wide scope in the primary amine (aro-
matic, aliphatic, amino acids, etc.) and it is sufficiently mild
to allow a range of functionalities on the aldehyde chain.

Overall, these two linked and coupled domino processes
build up two C—C bonds, two C—N bonds and an aromatic
ring in a regioselective and efficient manner. The overall
yields range from 44 to 53 %, reflecting the high chemical
efficiency of each of the reactions involved (at least nine re-
actions with a >90% average yield).

In addition, the aliphatic ester group of pyrroles 20 can be
selectively submitted to a microwave-assisted reductive de-
carboxylation to give 21 or selectively hydrolyzed to the
monoacid 22 to generate a new functional-diversity point on
the molecule (Scheme 9).

www.chemeurj.org  Chem. Eur. J. 2005, 11, 3502-3510
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Scheme 9. Generation of a new functional-diversity point on the pyrrole
molecule by microwave-assisted reductive decarboxylation or selective
hydrolysis of the aliphatic ester group.

Outlook

We have just begun to explore the vast chemical space ac-
cessible with this chemical methodology. The trees of chemi-
cal transformation outlined in Figure 1 show the large
number of different chemical transformations we can assay
with these scaffolds to cover unrevealed and/or biological
coincident areas of the vast chemical space.

The asymmetric version of these catalytic domino process-
es remains to be implemented. It is expected that all the
recent achievements in asymmetric organocatalysis and
asymmetric phase-transfer catalysis can be applied here. Al-
though our preliminary results are positive and encouraging,
hard work remains to be done. In close connection, the role
played by tributylphosphine in halogenated solvents catalyz-
ing the synthesis of dihydrofurans 16 remains elusive. Our
working hypothesis relies on the idea of a phosphonium-
mediated activation of the triple bond, but other approaches
have not been discarded.

We have shown how the chemo-differentiated incorpora-
tion of reagents into products converts the H-C=C—Z unit
into a specific building block for diversity-oriented molecu-
lar construction. This property is also inherent in domino
processes type b (Scheme 3): two identical aldehydes (or ke-

CONCEPTS

generated as a mixture of the four possible diastereomers
(synlanti, E/Z). Interestingly, the double-bond geometry
controls the reactivity of the acetal center and can therefore
be used as a control element in reactions involving this
center. This geometrical property converts these dioxolanes
into potential substrates for the development of skeletal-di-
versity-generating reactions.””) Preliminary results are very
encouraging. Scheme 10 shows an example of this idea.

Acknowledgements

This research was supported by the Spanish MEC (PPQ2002-04361-C04-
03). EG.T. and D.T. thank the Instituto Canario de Investigacién del
Céncer for financial support (ISCIII, RTICCC C03/10). D.G.C. thanks
the Spanish MEC for a FPI grant.

[1] a) L. F. Tietze, F. Haunert in Stimulating Concepts in Chemistry
(Eds.: M. Shibasaki, J. F. Stoddart, F. Vogtle), Wiley-VCH, Wein-
heim, 2000, pp.39-64; b) A.J. von Wangelin, H. Neumann, D.
Gordes, S. Klaus, D. Striibing, M. Beller, Chem. Eur. J. 2003, 9,
4286—-4294, and references therein; c) for an excellent review of
recent advances in solution-phase multicomponent methodology for
the synthesis of heterocycles: R. V. A. Orru, M. Greef, Synthesis
2003, 10, 1471-1499; d) A. Domling, 1. Ugi, Angew. Chem. 2000,
112, 3300-3344; Angew. Chem. Int. Ed. 2000, 39, 3168-3210; ¢) H.
Bienaymé, C. Hulme, G. Oddon, P. Schmidt, Chem. Eur. J. 2000, 6,
3321-3329.

[2] For a recent example of this concept in the phosphine-catalyzed ad-
dition of alcohols to activated olefins, see: I. C. Stewart, R. G. Berg-
man, F. D. Toste, J. Am. Chem. Soc. 2003, 125, 8696—-8697.

[3] Modern Acetylene Chemistry (Eds.: J. P. Stang, F. Diedrich), VCH,
Weinheim, 1995.

[4] a) J. H. Babler, V. P. Liptak, N. Phan, J. Org. Chem. 1996, 61, 416—
417; b) D. Tzalis, P. Knochel, Angew. Chem. 1999, 111, 1547-11549;
Angew. Chem. Int. Ed. 1999, 38, 1463-1465; c) R. Fissler, D. E.
Frantz, J. Oetiker, E. M. Carreira, Angew. Chem. 2002, 114, 3180—
3182; Angew. Chem. Int. Ed. 2002, 41, 3054-3056; d) D. Boyall,
D. E. Frantz, E. M. Carreira, Org. Lett. 2002, 4, 2605-2606; ¢) C.
Fischer, E. M. Carreira, Org. Lett. 2001, 3, 4319-4321; f) E. M. Car-
reira, Chimia 2001, 55, 818-820; g) A. K. Neel, E. M. Carreira, J.
Am. Chem. Soc. 2001, 123, 9687-9688; h) D. E. Frantz, R. Fissler,
C. S. Tomooka, E. M. Carreira, Acc. Chem. Res. 2000, 33, 373, and
references therein; i) D. Moor, L. Pu, Org. Lett. 2002, 4, 1855-1857;
j) X. Li, G. Lu, W. H. Kwok, A.S. C. Chan, J. Am. Chem. Soc. 2002,
124, 12636-12637; k) S. Pinet, S.U. Pandya, P. Y. Chavant, A.
Ayling, Y. Vallee, Org. Lett. 2002, 4, 1463 —1466.

. \ ; ° ; [5] T. Ishikawa, T. Mizuta, K. Hagiwara, T. Aikawa, T. Kudo, S. Saito, J.
tones) units are incorporated into 1,3-dioxolanes 10 in the Org. Chem. 2003, 68, 3702—-3705.
form of two chemo-differentiated ethers. Dioxolanes 10 are [6] For recent examples see: a) B. M. Trost, F. D. Toste, J. Am. Chem.
Soc. 2002, 124, 5025-5036; b) B. M. Trost, M. L. Crawley, J. Am.
Chem. Soc. 2002, 124, 9328-9329; c) G. A. Molander, D.J. St.
CO,Me iBu Jean,Jr., J. Org. Chem. 2002, 67, 3861-3865; d) M. Johansson, B.
N MeO,C Kopcke, H. Anke, O. Sterner, Tetrahedron 2002, 58, 2523-2528;
. o) /BusAI (2 equiv) /Bu o . })\ e) K. Mikami, A. Yoshida, Tetrahedron 2001, 57, 889—898.
Bu O)\,Bu Toluene )\f iBu [7] A.J. Kresge, P. Pruszynski, J. Org. Chem. 1991, 56, 4808-4811.
0°C to RT, 12h MeO,C [8] a) G. T. Crisp, M.J. Millan, Tetrahedron 1998, 54, 637-648; b) P.
Yield (%) Perlmutter in Conjugated Addition Reactions in Organic Synthesis,
Egn  Eumi Zon  Zew Alkylation  lsomerization Egn  E Pergamon, Oxford, 1992; ¢) M. E. Jung, in Comprehensive Organic
70 30 - - 0 56 9 91 Synthesis, (Eds.: B. M. Trost, 1. Fleming, M. F. Semmelhack), Perga-
- - 71 29 47 0 - - mon, Oxford, 1991; d) J. L. Dickstein, S. I. Miller in The Chemistry of
81 14 39 16 32 38 10 <0 Functional Groups. The Chemistry of the Carbon-Carbon Triple
Only the Z isomer participates in the reaction! Bond, Part2, Chapter 19, (Ed.: S. Patai), Wiley, Chichester, 1978,
pp- 813-955.
Scheme 10. A mixture of four diastereoisomers exposed to the same reac- [9] a) For a review including the seminal work of Winterfeldt, see: E.
tion conditions is resolved into two structurally different products. Winterfeldt, Angew. Chem. 1967, 79, 389; Angew. Chem. Int. Ed.
Chem. Eur. J. 2005, 11,3502-3510  www.chemeurj.org  © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim — 3509


www.chemeurj.org

CHEMISTRY.

F. Garcia-Tellado et al.

A EUROPEAN JOURNAL

Engl. 1967, 6, 423-434; for selected examples see: b) C. K. Jung,
J. C. Wang, M. J. Krische, J. Am. Chem. Soc. 2004, 126, 4118—-4119;
c)J. C. Wang, S. Ng, M.J. Krische, J. Am. Chem. Soc. 2003, 125,
3682-3683; d) H. Kuroda, E. Hanaki, H. Izawa, M. Kano, H. Itaha-
shi, Tetrahedron 2004, 60, 1913-1920; ¢) X. Lu, C. Zhang. Z. Xu,
Acc. Chem. Res. 2001, 34, 535-544, and references therein; f) B. M.
Trost, G. R. Drake, J. Am. Chem. Soc. 1997, 119, 7595-7596.

[10] a) For an excellent review on Baylis—Hillman reactions and applica-
tions, see: D. Basavaiah, A.J. Rao, T. Satyanarayana, Chem. Rev.
2003, 703, 811-891; b) for an excellent discussion on the difference
between the tandem Michael aldol reactions on terminal conjugated
alkynes and the Morita-Baylis—Hillman reaction, see: T. Kataoka,
H. Kinoshita, Eur. J. Org. Chem. 2005, 45-58, and references there-
in.

[11] For selected examples of organocatalytic conjugated addition to
conjugated terminal alkynes, see: a) M. Bella, K. A. Jgrgensen, J.
Am. Chem. Soc. 2004, 126, 5672-5673; b) R. B. Grossman, S. Co-
messe, R. M. Rasne, K. Hattori, M. N. Delong, J. Org. Chem. 2003,
68, 871-874; J. Tae, K. Kim, Tetrahedron Lett. 2003, 44, 2125-2128;
D. Michaud, J. Hamelin, F. Texier-Boullet, Tetrahedron 2003, 59,
3323-3331.

[12] a) D. Tejedor, F. Garcia-Tellado, J. J. Marrero-Tellado, P. de Armas,
Chem. Eur. J. 2003, 9, 3122-3131; b) P. de Armas, F. Garcia-Tellado,
J.J. Marrero-Tellado, D. Tejedor, M. A. Maestro, J. Gonzilez-Platas,
Org. Lett. 2001, 3, 1905-1908.

[13] For synthesis and interesting comments about these aromatic units,
see: L. A. Paquette, Chemtracts 2002, 15, 335-366.

[14] For interesting reviews on the synthesis of polysubstituted furans,
see: a) X. L. Hou, Z. Yang, H. G. N. C. Wong in Prog. Heterocycl.
Chem. 2002, 14, 139-179; b) A.R. Katritzky, A.F. Pozharskii,
Handbook of Heterocyclic Chemistry, 2nd ed., Pergamon, Amster-
dam, 2000, pp.529-538; c) S. Cacchi, J. Organomet. Chem. 1999,
576, 42-64; d) X.L. Hou, H.Y. Cheung, T. Y. Hon, P. L. Kwan,
T.H. Lo, S. Y. Tong, H. N. C. Wong, Tetrahedron 1998, 54, 1955—
2020.

[15] D. Tejedor Aragén, G. V Lépez, F. Garcia-Tellado, J. J. Marrero-
Tellado, P. de Armas, D. Terrero, J. Org. Chem. 2003, 68, 3363 -3365.

[16] For a review on synthesis and chemistry of tetronic acids, see: D. Te-
jedor, F. Garcia-Tellado, Org. Prep. Proced. Int. 2004, 36, 33-59.

[17] D. Tejedor, A. Santos-Expésito, D. Gonzélez-Cruz, F. Garcia-Tella-
do, J. J. Marrero-Tellado, J. Org. Chem. 2005, 70, 1042-1045.

[18] a) For an excellent review on synthesis of vicinal amino alcohols in-
cluding many naturally occurring and biologically relevant com-
pounds, see: S.C. Bergmeier, Tetrahedron 2000, 56, 2561-2576;
b) for a review on synthesis and biological activities of long chain 2-
amino alcohols, see: V. Constantinou-Kokotou, Lett. Pept. Sci. 2002,
9,143-152.

[19] a) For a recent review on B-substituted f-amino acids synthesis, see:
M. Liu, M. P. Sibi, Tetrahedron 2002, 58, 7991-8035; b) for some ex-
amples of naturally occurring f-substituted B-amino acids, see: H.
Luesch, P. G. Williams, W. Y. Yoshida, R. E. Moore, V.J. Paul, J
Nat. Prod. 2002, 65, 996—1000; c) G. R. Pettit, Y. Kamano, H. Kizu,
C. Dufresne, C. L. Herald, R. Bontems, J. M. Schmidt, F. E. Boett-
ner, R. A. Nieman, Heterocycles 1989, 28, 553-558; d)J. S. Myn-
derse, A. H. Hunt, R. E. Moore, J. Nat. Prod. 1988, 51, 1299.

[20] a) G. P. Moloney, D.J. Craik, M. N. Iskander, T. L. Nero, J. Chem.
Soc. Perkin Trans. 2 1998, 199-206; b) R. B. Walker, D. M. Wood,
M. M. Akmal, E. Sharks, Gen. Pharmacol. 1992, 23, 729-732;
c) R. B. Walker, D. M. Wood, M. M. Akmal, Life Sci. 1990, 47, 595—
600; d) R.D. Schoenwald, D.S. Chien, Biopharm. Drug Dispos.
1988, 9, 527-538; e) J. A. Young-Harvey, I. D. Rae, 1. H. Pitman,
Int. J. Pharm. 1986, 30, 151-160; f) M. Johansen, H. J. Bundgaard, J.
Pharm. Sci. 1983, 72, 1294—-1298.

[21] D. Tejedor, D. Gonzdlez-Cruz, F. Garcia-Tellado, J. J. Marrero-Tella-
do, M. L. Rodriguez, J. Am. Chem. Soc. 2004, 126, 8390-8391.

[22] a) P.W. Le Quesne, Y. Dong, T. A. Blythe, in Alkaloids: Chemical
and biological perspectives, Vol. 13 (Ed.: S. W. Pelletier), Pergamon,
Oxford, 1999, pp. 238; b) R. A. Jones, in Pyrroles, Part II, The Syn-
thesis, Reactivity and Physical Properties of Substituted Pyrroles,
Wiley, New York, 1992.

[23] Handbook of Conducting Polymers, 2nd ed. (Eds.: T. A. Skotheim,
R.L. Elsenbaumer, J. R. Reynolds), Marcel Decker, New York,
1998.

[24] For recent examples of metal-based one-pot synthesis: a)R.
Dhawan, B. A. Arndtsen, J. Am. Chem. Soc. 2004, 126, 468-469;
b) R. U. Braun, K. Zeitler, T. J. J. Muller, Org. Lett. 2001, 3, 3297-
3300; for recent examples from preformed scaffolds: c¢)J. T. Kim,
A.V. Kel'in, V. Gevorgyan, Angew. Chem. 2003, 115, 102-105;
Angew. Chem. Int. Ed. 2003, 42, 98-101; d) B. Gabriele, G. Salerno,
A. Fazio, J. Org. Chem. 2003, 68, 7853-7861; ¢) B. Gabriele, G. Da-
lerno, A. Fazio, F. B. Campana, Chem. Commun. 2002, 1408—-1409;
f) O. Paulus, G. Alcaraz, M. Vaultier, Eur. J. Org. Chem. 2002,
2565-2572; g) A. V. Kel'in, A. W. Srmek, V. Gevorgyan, J. Am.
Chem. Soc. 2001, 123, 2074-2075; h) C. Lee, L. Yang, T. Hwu, A.
Feng, V. Tseng, T. Luh, J. Am. Chem. Soc. 2000, 122, 4992-4993.

[25] V. Nair, C. Rajesh, A. U. Vinod, S. Bindu, A.R. Sreekanth, J.S.
Mathen, L. Balagopal, Acc. Chem. Res. 2003, 36, 899-907.

[26] a) A. R. Bharadwaj, K. A. Scheidt, Org. Lett. 2004, 6, 2465-2468;
b) B. C. Ranu, S.S. Dey, Tetrahedron Lett. 2003, 44, 2865-2868;
¢) B. C. Ranu, A. Haijra, U. Jana, Synlertt, 2000, 75-76.

[27] M. D. Burke, S.L. Schreiber, Angew. Chem. 2004, 116, 48-60;
Angew. Chem. Int. Ed. 2004, 43, 46-58.

Published online: March 7, 2005

3510

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.chemeurj.org  Chem. Eur. J. 2005, 11, 3502-3510


www.chemeurj.org

