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1. Introduction

After the first comprehensive reports on the chemistry of 1,3,5-
triaza-7-phosphatricyclo[3.3.1.1]decane (PTA, also denoted in the
literature as 1,3,5-triaza-7-phosphadamantane) published in
2004 and 2010, respectively [1], the use of this cage-like water-
soluble phosphine and its derivatives, often obtained by cage func-
tionalisation and introduction of different substituents (Chart 1)
was expanded further by many research groups worldwide,
beyond their established role as ligands for coordination chemistry
to noble and base metals. Further to use in catalysis, luminescence
studies and medicinal applications, novel approaches were
described in the literature, including for example the synthesis of
1D and 3D materials, novel bimetallic complexes endowed with
peculiar characteristics, the use as capping agent to stabilise metal
nanoparticles (MNPs) and further derivatisations of the adamantyl
cage.

In this review article, recent (2010–2017) contributions in the
field of synthetic coordination chemistry of PTA and its novel
derivatives and use in catalysis will be summarised.

In the field of medicinal inorganic chemistry, the number of
reports on the use of ruthenium(II)–arene PTA (RAPTA-type) com-
plexes grew dramatically in the reference years due to their activ-
ity as antitumour agents. The synthetic chemistry and the most
effective derivatisations of RAPTA complexes, together with stud-
ies of the mechanisms of interaction with cells obtained by differ-
ent experimental techniques and theoretical calculations, has been
recently reviewed [2]. Thus, these literature data will not be
included in the present review article. The antitumour activity of
other classes of PTA complexes will be mentioned in the chapters

related to the corresponding syntheses. Finally, the use of (mainly)
Group 11 coordination compounds of PTA as antimicrobial agents
has recently emerged as a viable application, and selected exam-
ples will be here described.

2. Recent ligand structural variations and functionalisations

As previously reviewed [1], PTA can be functionalised either at
the ‘‘upper rim”, on P or C atoms, or at the ‘‘lower rim”, essentially
through quaternisation of a N atom (Chart 1). Whereas the target
of C-atom functionalisation is mainly to introduce a pendant arm
with donor atoms in such a way to obtain a bidentate P-element
ligand, the formation of NAC bonds is generally thought as a suit-
able way to tune water-solubility and add the desired degree of
lipophilicity to the parent compound. Novel PTA analogues and
miscellaneous synthetic reactions will be briefly reported below.
Table S1 (Supporting Information) summarises 1H and 31P{1H}
NMR data reported in the literature cited, including deuterated sol-
vents used, for the novel ligands and complexes.

2.1. Upper rim functionalisations

P-atom derivatives: Iminophosphorane PTA analogues 1a and 1b
were obtained by Staudinger-type reaction of PTA with thiophos-
phoryl azides (RO)2P(@S)N3 (Scheme 1, R = Et, 1a; Ph, 1b) [3]. The
products were fully characterised and showed 31P{1H} NMR dou-
blets with 2JPP = 8.9 Hz, at �27.92 ppm for the iminophosphorane
and at 62.38 ppm for the thiophosphoryl group in the case of 1a,

N
N

N

P
upper rim:

functionalisation at
P and C atoms

lower rim:
functionalisation at

one N atom

Chart 1. 1,3,5-Triaza-7-phosphatricyclo[3.3.1.1]decane (PTA). Scheme 1. PTA–iminophosphorane derivatives.
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