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a b s t r a c t

The present report intends to highlight the main lines of our investigation on a series of modular domino
reactions focusing on a multi-task reagent, namely Pb(OAc)4 in conjunction with an olefin as a source of
complexity. It covers the design, development, and mechanistic aspects of a domino methodology discov-
ered in our laboratory, which presents numerous challenges, including issues of chemo-, regio-, and
diastereoselectivities. The principal characteristic of the chemistry presented is the potential of creating
cyclic arrays that can be suitably functionalized for subsequent conversion into various complex systems.
The effects of systematic variation of domino promoter, substitution pattern, solvent, temperature, and
microwave activation on the outcome of the domino reaction are presented. In general terms, the domino
chemistry reported here could be conveniently divided into two categories, dealing with first and second
generation domino probes based on the nature of the angular substituent, each of which will be
addressed in turn. This review is not intended to give an extensive coverage of the various uses of Pb
(OAc)4 in synthesis reported in the literature, but will expose relevant reactions where appropriate focus-
ing exclusively on multi-stage transformations initiated by the reagent.

� 2015 Elsevier Ltd. All rights reserved.

Contents

1. Introduction and historical background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 982
2. Part I. A domino type ring-expanding methodology uncovered by discovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 983

2.1. Diverging behavior in the Hajos–Parrish and Wieland–Miescher series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 984
2.1.1. Computational studies on the lead tetraacetate mediated domino reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 985
2.1.2. What one can do with these complex molecules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 986

2.2. Designing path-selective one-pot multi-stage transformations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 986
2.2.1. Construction of the basic ene-diol framework. The probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 986
2.2.2. Unrewarding greening efforts; a Pb(IV)/I(III) comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 987
2.2.3. Selected literature examples for transformations mediated by both Pb(OAc)4 and PhI(OAc)2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 988
2.2.4. Combined use of two or more reagents in one-pot transformations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 989

2.3. Initial development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 989
2.4. Extending the chemistry to other unsaturated diols. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 990

2.4.1. Chiral pool derived domino probes from (R)-(�)-carvone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 990
2.4.2. Chiral pool derived domino probes from testosterone: skeleton modified steroids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 990

3. Experiments to probe the influence of the solvent, the oxidant, the substitution pattern, function compatibility and microwave activation . . 992
3.1. The substitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 993
3.2. The solvent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 993

3.2.1. Solvent variations in the hydrindene-diol series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 993
3.2.2. Solvent variations in the octalin-diol series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 994
3.2.3. Other carboxylic solvents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 994

3.3. Oxidant and function compatibility: can other oxidants do the job? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 996
3.4. Probing the limits of efficiency: function compatibility, scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 998
3.5. Microwave activation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000

http://dx.doi.org/10.1016/j.tetasy.2015.08.001
0957-4166/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: simeon.arseniyadis@cnrs.fr (S. Arseniyadis).

Tetrahedron: Asymmetry 26 (2015) 981–1035

Contents lists available at ScienceDirect

Tetrahedron: Asymmetry

journal homepage: www.elsevier .com/locate / tetasy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetasy.2015.08.001&domain=pdf
http://dx.doi.org/10.1016/j.tetasy.2015.08.001
mailto:simeon.arseniyadis@cnrs.fr
http://dx.doi.org/10.1016/j.tetasy.2015.08.001
http://www.sciencedirect.com/science/journal/09574166
http://www.elsevier.com/locate/tetasy


3.6. Pushing the limits: how far one can go? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1001
4. Part II. The inherent ability of suitably functionalized unsaturated vic-diols to undergo a path selective modular domino transformation . . 1002

4.1. Second-generation domino probes: substrate controlled selectivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1003
4.2. Predicting the dominant reaction course. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1003

4.2.1. Experiments to evaluate the influence of the angular substituent in hydrindene-diol series: preliminary screening
experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1004

4.2.2. Domino probes tethered to ethers or esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1004
4.2.3. The effect of tether length on product distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1005
4.2.4. Screening of various solvents and substitution patterns to probe the path selectivity in the octalin-diol series . . . . . . . . . . . 1007

4.3. Alkyl carbinols and acetals at the angular position. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1009
4.4. Domino probes tethered to homo/hetero p-systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1012
4.5. Domino probes tethered to an epoxide ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1014
4.6. Domino probes tethered to an aryl group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1017

4.6.1. Aryl-carbinols; scope with respect to the substitution pattern of the aryl group at the angular position . . . . . . . . . . . . . . . . . 1020
4.6.2. Domino probes methylene-tethered to an aromatic ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1020
4.6.3. Bringing to light new reaction pathways. Latest insights into the reaction mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1021

4.7. Looking for a continual increase in molecular complexity via a two-step protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1024
4.7.1. Unravelling the complexity: the ‘make it simple’ phase of the work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1025
4.7.2. THF-bridged u8H-A derivatives through oxidative cleavage/ring system interchange with orientation control . . . . . . . . . . . . 1026
4.7.3. Application of the two-step protocol for the synthesis of perhydrofurofurans and spiranes: ‘p’ versus

‘silicon-containing nucleophile’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1027
4.8. The combined Lewis acid variant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1030
4.9. Ring-system interchange in methylene-tethered series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1030

5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1033
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1033
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1033

1. Introduction and historical background

To assist understanding of the processes taking place, we adopt
an overview of the mechanistic approach from the outset while the
presentation of the results is organized according to the path fol-
lowed after the oxidative cleavage step of the domino process.
First-generation domino probes will be discussed in Part I. The sec-
ond-generation modular domino reactions and the subsequent
opening of the domino products to a variety of polycyclic systems
will be presented in Part II. Special emphasis will be given to sub-
strate–reagent–solvent scope with emphasis on mechanistic
aspects and the feasibility of selective multi-directional domino
transformations to form complex, stereodefined heterocyclic sys-
tems. The reviews already reported in the literature gave major
importance to the uses of Pb(OAc)4 in synthesis and methodology
but were not much concerned with the reagent as a domino pro-
moter. The present review deals with this.

Lead tetraacetate, a multipurpose oxidizing agent widely used
in organic chemistry, is capable of reacting with a variety of func-
tional groups in various solvents; its use in organic chemistry has
been reviewed.1 The basis of this review is the unsuspected course
of the oxidative cleavage of type-1 unsaturated vic-diols allowing
the production of a significantly more complex molecule in a single
synthetic operation.2 During our synthetic program aimed at the
total synthesis of taxoids, we needed a convenient source for suit-
ably substituted, optically homogeneous, type-2 cyclohexane
derivatives to be used as right-half building blocks. In the course
of attempting to reach this objective we serendipitously discovered
the Pb(OAc)4-mediated domino transformations, a process
wherein several bond making/breakings are performed in a row.
Thus, back in 1993 Dr Dmitry Yashunsky was the first to isolate
a cycloheptanone-fused bis-acetoxyacetal 3a while attempting to
prepare a taxoid right-half building block 2a from a Wieland–
Miescher ketone derived octalin-diol 1a (Scheme 1).3 The Pb
(OAc)4-mediated oxidative cleavage of the latter gave rise unex-
pectedly to a ring expansion/rearrangement process in a single
synthetic operation. Completion required 50 h of stirring in MeCN
at rt. We designed this reaction for a totally different purpose, and
albeit not appropriate for taxoid construction this serendipitous

discovery turned out to be the key to the work presented in this
review.4 Even though a vast array of ring-expansion reactions
exists in the literature, the mechanism of this domino process is
unique while it offers numerous advantages over traditional vari-
ants. The reaction is trivial to set up and run and can be carried
out on multigram scale.

Looking for further examples to confirm the generality, we
elected to test the reduced 4b as well as the lower homologs of
1a, the Hajos–Parrish ketone derived unsaturated diols 4a and
6a, respectively.5 Saturated bicyclic diols of type-4 upon treatment
with Pb(OAc)4 led to the expected type-5 dialdehydes resulting
from a standard glycol fission. Insertion of an olefin into the bicyc-
lic ring system completely modified the reaction outcome. When
treated with 2 equiv of Pb(OAc)4, 6a suffered glycol fission to give
7a, which initiated again an unprecedented sequence of events
affording high molecular complexity and ring expansion under
very mild conditions (compound 8a, Scheme 2). These series
required less than 12 h rt stirring in MeCN for completion. Thus,
the credit goes to the olefin6 as this is exemplified in Scheme 2.
The unexpected course of this domino reaction was not without
interest. What attracted us to this transformation was the
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Scheme 1. Look for something, find something else; the practice of total synthesis
can often yield unexpected results.
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