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ARTICLE INFO ABSTRACT

Articlﬁ history: The chemistry of organo silanetriols is reviewed covering the aspects of synthesis, structural chemistry,
Received 22 January 2016 reactivity, properties and applications over the last 15 years. Besides relevant progress in estab-
Accepted 24 March 2016 lished fields like supramolecular chemistry, surface modification and metallasiloxane formation, recent

Available online 30 March 2016 advances include structural investigations in liquid and gaseous states and studies concerning the
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Abbreviations: AChE, acetylcholine esterase; AFM, atomic force microscopy; AKD, alkyl ketene dimer; APTES, 3-aminopropyltriethoxysilane; ASA, alkenyl succinic anhy-
dride; aq., aqueous; BDE, bond dissociation enthalpy; bpy, 4,4’-bipyridine; BSA, bovine serum albumin; CES, sodium carboxyethylsilanetriolate; ChE, cholesterol esterase;
ChOx, cholesterol oxidase; Cp, cyclopentadienyl; CVD, chemical vapor deposition; 2D, two dimensional; DABCO, 1,4-diazabicyclo[2,2,2]octane; DCC, dicyclohexylcarbodi-
imide; DFT, density functional theory; DMP, 2,6-Mes;CsHs; DMSO, diemethylsufoxide; Et, ethyl; FET, field effect transistor; Fl, fluorenyl; GED, gas phase electron diffraction;
GFP, green fluorescent protein; GPTMS, (3-glycidyloxypropyl)trimethoxysilane; HRMS, high resolution mass spectrometry; HSA, human serum albumin; IEP, isoelectric points;
IR, infrared; ITO, indium tin oxide; iPr, iso-propyl; MALDI-TOF, matrix assisted laser desorption/ionisation time of flight; MEMS, microelectromechanical systems; Me, methyl;
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rophenyl)trimethoxysilane; Ph, phenyl; pip, piperazine; POSS, oligomeric polyhedral silsesquioxane; SAM, self-assembled monolayer; SMS, synthesis mimetic simulation;
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terning applications.

bio-activity of silanetriols. Based on irreversible condensation starting from silanetriols fascinating cage
compounds and cerasomes have been reported as well as silanetriol-modified biopolymers and nanopat-
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1. Introduction

Silanetriols with the general formula RSi(OH);3 (R = organic sub-
stituent) comprise a unique class of compounds which combines
properties of silicic acid with those of organosilicon compounds.
In fact, organo silanetriols are isoelectronic to the corresponding
phosphonic and sulfonic acid derivatives which have widespread
applications. Compared to the latter compounds the chemistry
of silanetriols is, however, more delicate owing to their propen-
sity to undergo condensation reactions with formation of siloxane
bonds. Therefore, silanetriols are frequently quoted in the litera-
ture as formal monomers in the formation of polymers even though
they do not necessarily occur as actual intermediates in the con-
densation of trifunctional halosilane and alkoxysilane precursors
under hydrolytic conditions. Since the initial preparation of a sta-
ble silanetriol in 1959 by Takiguchi et al. [1], numerous examples
of this compound class have been prepared and isolated. One of the
salient features of silanetriols is their tendency to form hydrogen
bonded networks taking advantage of the presence of three donor
and acceptor sites in close proximity for which the strong polar-
ity of the Si-O bond is beneficial. Comprehensive review articles
dealing with the preparation and solid state structures of silanols
and also silanetriols cover the literature until 2000 [2-4]. In addi-
tion, reviews focusing on important derivatives of silanetriols like
metallasiloxanes [5,6] and oligomeric polyhedral silsesquioxanes
(POSS)[7] are available and therefore these topics will not be explic-
itly covered in this article. Owing to the sometimes quite flexible
use of the term silanetriol, we restrict ourselves to molecular com-
pounds with one C-Si bond and three silanol units at the same
silicon atom which excludes silicic esters and POSS trisilanols etc.
However, we included deprotonated silanetriols in our selection,
since silanetriols as weak acids are inherently accompanied by

these species being their conjugate acids. Moreover, closely related
examples of organosilanetriols where bulky organic substituents
are connected to silicon via nitrogen, silicon, or transition metals
have been included for comparison, because the reactivity of the
bond connecting the substituent to the silanetriol unit is negligible
in these special cases owing to the unique steric situation.

This review aims at covering the literature from 2000 until 2015.
The available information was divided into different sections deal-
ing with the aspects of synthesis, structure, reactivity, properties
and applications. Moreover, the authors distinguish between silan-
etriols that have been prepared and isolated and those that were
claimed without isolation and characterization.

2. Synthesis

The controlled hydrolysis of suitable trihalosilanes is frequently
employed in the preparation of silanetriols. Among the available
methods, it is the most straightforward synthetic route, espe-
cially, if sterically demanding substituents prevent the resulting
silanetriol from further condensation. Following this methodol-
ogy, several new silanetriols have been synthesized (Scheme 1).
Thus (triphenylmethyl)silanetriol (1) was obtained in good yield
by the hydrolysis of (triphenylmethyl)trichlorosilane, which was
prepared starting from (trichloromethyl)trichlorosilane [8,9]. This
silanetriol forms adducts with solvent molecules in the solid state
which have been characterized by X-ray crystallography for [1-THF]
and [1-acetone] (for details see Section 3). A series of silanetri-
ols (2a-e), CH3(CHj )n(CH3 ), CSi(OH)3 (n=1-5), with tertiary alkyl
substituents at silicon has been prepared via the corresponding
trihalosilanes. The chain length of the substituents has been var-
ied systematically which influences their surfactant properties as
well as their solid-state sheet structures [10]. For the smallest
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Scheme 1. Survey of synthesized silanetriols 1-4 with the connection site of the respective substituent drawn with a broken line.
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