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Preface
David Allen,a David Loakesb and John Tebbyc
DOI: 10.1039/9781788010689-FP005

This volume, no. 46 in the series, (first published in 1970 under the
editorship of Professsor Stuart Trippett), covers the literature of
organophosphorus chemistry published in the period from January 2015
to January 2016, and continues our eﬀorts to provide an up-to-date survey
of progress in this topic which continues to generate a vast amount of
research. Once again, we have been unable to secure coverage of the
oligo- and poly-nucleotides area and would welcome approaches from
prospective authors who might consider taking on this chapter in future
volumes. We again welcome to our team of authors Professor Goutam
Brahmachari, who has contributed a further guest chapter reviewing
progress in green and energy-eﬃcient synthetic approaches in organophosphorus chemistry in 2015, as a follow-up to his previous three year
survey published in volume 45 of this series. The continuing vitality of
research in phosphorus chemistry was demonstrated at the 21st International Conference on Phosphorus Chemistry, held in Kazan, Russia
from June 5–10, 2016. Papers from the 20th International Conference
have now been published in a special edition of Phosphorus, Sulfur
Silicon, 2015, 190, issue 5–6.
The use of a wide range of tervalent phosphorus ligands in homogeneous catalysis has again continued to be a major driver in the
chemistry of both traditional P–C-bonded phosphines and also that of
tervalent phosphorus acid derivatives. The application of tertiary phosphines and related compounds as nucleophilic catalysts in the reactions
of electrophilic unsaturated systems involved in new synthetic approaches has also continued to grow. The reactions of sterically-crowded
arylphosphine-arylboranes (Frustrated Lewis Pair (FLP) systems) in the
activation of small molecules such as dihydrogen and carbon dioxide has
shown further development and now extends to an increasing number of
papers on phosphine adducts of other Lewis acids, notably involving
aluminium or zirconium. Whereas long-established topics such as the
chemistry of diphosphenes and phosphaalkynes have again received
comparatively little study, the chemistry of phosphaalkenes (and related
P¼C¼X compounds), and the less-developed groups of low coordination
number phosphorus compounds, in particular phosphenium ions, phosphinidenes, and their complexes with carbenes and metal ions, has again
dominated the area.
a
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In phosphine chalcogenide chemistry, interest in the development of
methods for their synthesis, and their applications as new components
in opto-electronic devices, has again shown considerable growth. Notable
again are eﬀorts to develop catalytic versions of key reactions, e.g.,
the Wittig, Appel and Mitsunobu reactions, in which the key phosphine
reagent is regenerated by in situ reduction of the generated phosphine
oxide. The chemistry of phosphonium salts and related ylides continues to
show remarkable activity, with particular reference to catalytic applications
and, in particular, to the synthesis and applications of phosphonium salts
as ionic liquids that display higher thermal and electrochemical stabilities
compared to related ammonium salts and which also have potential as
new solvents in organic synthesis and as stabilisers for nanoparticle
systems.
The nucleic acids and nucleotides chapter covers selected papers published in 2015 on chemical synthesis and biological application of modified
nucleotides, including data on new approaches in the field of prodrugs and
antiviral compounds. Nucleoside phosphates and polyphosphates, as well
as their cyclic congeners and covalent adducts with other biomolecules, all
play important roles in all living systems, being involved in processes of
synthesis of many biophosphates, further recruited in subsequent synthetic
or regulatory events. New analogues of nucleotides are devised to meet
specific expectations related to the tuning of natural biochemical pathways
(including potential medical applications) or to the exploration of metabolic processes at a molecular level. Among synthetic P-modified analogues
there are now also methanephosphonates, boranephosphates, phosphoramidates, thiophosphoramidates, and, perhaps less popular, phosphoroselenoates. They are used not only for biochemical mechanistic studies
(as enzyme inhibitors or non-hydrolysable substrates, receptor agonists or
antagonists), but also as potential drugs or prodrugs with sought-after
anticancer, antiviral, or antioxidant activity. There is also a developing field
of probes able to detect and quantify natural nucleotides or fluorescently
labelled analogues at nanomolar levels.
The quinquevalent organophosphorus acids chapter describes compounds possessing, in addition to the phosphoryl group P¼O, three P–O
bonds (phosphates), two P–O bonds and one P–C bond (phosphonates)
as well as one P–O and two P–C bonds (phosphinates). In addition,
applications of chiral phosphoric acids are described in which they have
found use as catalysts in many varied organic reactions. Other aspects
include the use of phosphates, and also phosphonates, as reagents for
the total synthesis of many biologically active compounds, including, for
instance, topsentolide A1 and its stereoisomers, a cytotoxic oxylipin
active against human solid tumor cell lines, the natural products
()-cedarmycins A and B, involving a-alkylidene-g-butyrolactones prepared
via a one-pot rhodium(II)-catalysed C–H insertion/olefination sequence of
a-diazo-a-(diethoxyphosphoryl)acetates), a synthesis of tamiphosphor (5S)
and its (5R) epimer as a potent neuraminidase inhibitor with IC50 and
EC values of 2.5 and 31.5 nM against wild-type H1N1 influenza virus
and the first total synthesis of serratezomine E and huperzine N from
5-oxodecahydroquinoline and phosphonate reagents.
vi | Organophosphorus Chem., 2017, 46, v–vii

In the field of five- and six-coordinate phosphorus chemistry, most of
the progress has been in revealing reaction mechanisms and especially
their role as intermediates in determining stereo-chemical outcomes of
reactions. This has been particularly rewarding in biological fields such
as the mechanism of selective transfer of phosphorus groups as well as
DNA cleavage. It has also been shown that the presence of the hydroxyl
group in the 2 0 position of ribose in RNA facilitates many transformations
in the absence of enzymes by the intervention of intermediates
such as cyclic phosphates. Other notable research includes intramolecular
N–H bond cleavage of amines by oxidative addition to tricoordinate
phosphorus compounds. The reaction proceeds smoothly under mild
conditions to give structurally robust phosphorane adducts. The chemistry
of hexacoordinated compounds has been mainly limited to the synthesis
and modification of diverse perfluoroalkyl fluorophosphates. A number of
theoretical studies have also given valuable information in a variety areas.
Phosphazenes continue to be widely studied. Acyclic phosphazenes
include various types of iminophosphoranes, dimeric analogues, and
various types of cyclophosphazenes, polyphosphazenes and hybrid
polymers. The potential applications of these compounds are discussed.
Highlights of the research include the preparation of bisphosphazene
super bases that can act as ‘‘proton sponges’’, a chiral diphosphazene
copper complex that catalyses cyclopropanation, and click reactions.
The bulk of phosphazene research continues to be on the cyclic systems.
This includes some new members of the rare 4-membered cyclophosphazenes and the isolation of P5–P9 chlorocyclophosphazenes. Fluorescent
dendrimer-like structures have been made from halogenocyclophosphazenes and a Fe31 concentration of 4.8 mM was detected using an
azidocyclophosphazene coupled to a rhodamine dye. Cyclophosphazene
dendrimers, hexa- and dodeca-porphyrin derivatives and viologen-containing
complexes with pseudorotaxanes have been made. A hexa-substituted
cyclophosphazene is a plasticizer for starch. Dendrimeric cyclophosphazenes were evaluated as flame retardants and combined with graphite
to make anodes for lithium batteries. Composites with montmorillonite are
very good flame retardants and a thermally stable tris-spirophosphazene
was used to prepare flame-retardant viscose fibres. An abundance of new
applications for cyclophosphazene-based ligands includes encapsulating
cobalt nanoparticles and reactions with diiron- and dimolybdenumcarbonyls. Rigid bulky co-substituents on polyphosphazenes have given
elastomers. Hydrophobic ethoxyphosphazenes are a new class of bio-erodible
polymers. Advances in drug delivery include the use of biodegradable
microspheres and hollow structures. Dehydration of fructose into
5-hydroxymethylfurfural was achieved by homogeneous catalysis involving
phosphazenes. Fluorinated phosphazenes have been shown to improve
the thermal and safety performance of lithium–ion battery electrolytes
and also to make luminescent ionic liquids. A polymeric fluorinated
cyclophosphazene improved the interfacial properties of carbon fibre
composites.
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