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Triphenylmethyl derivatives represent an important class
of dyestuffs as well as a useful family of protecting groups
widely used in organic synthesisto transiently block various
functional moieties. These applicationsarewell documented
and have been a subject of a number of reviews. Here we
focus instead on some novel applications of a trityl which
make good use of itsability to easily form a stabilised cation
in combination with additional peripheral functionalities.
Topics covered include applications in bioconjugation,
cross-linking, mass-spectrometry, fluorescence and optics.

1 Introduction

That the triphenylmethyl (trityl) group is full of surprises was
first demonstrated one hundred years ago, when it was
discovered by M. Gomberg to give the first stable free radical .
On acidic treatment, tritanols or trityl esters easily give trityl

cations. The positive charge on the «-carbon atom is stabilized
by the resonance effect of three aromatic rings, and the cation
stability can be further increased by introducing substituents
that facilitate the charge distribution, e.g. ortho or para akyl or
alkoxy groups (Scheme 1). This particular property, which
makes trityl ethers acid-labile, turned out to be useful, and the
next few decades saw the trityl being developed into a major
class of protective groups?a widely used in nucleoside,
oligonucleotide, peptide and carbohydrate chemistry, and
indeed in almost al other fields of organic and bioorganic
chemistry. 4,4’-Dimethoxytrityl group (DMTr) has become a
group of choice for 5-O protection in solid phase DNA and
RNA synthesis, while 4-monomethoxytrityl (MMTr) isusedin
peptide and, more recently, peptide nucleic acid (PNA)
synthesis.2e 4,4’ 4”-Trimethoxytrityl (TMT) is used less fre-
quently due to its low stability. For applications where an
extremely low level of detectionisdesired, a14C-labeled DM Tr
group bearing 6 radioactive carbons was aso employedze. For
similar reasons, a 18F-fluorine containing trialkoxytrityl deriva-
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tive (4-(2-[8F]fluoroethoxy)phenyl)bis(4-methoxyphenyl)me-
thyl was recently used in precise neurotransmission measur-
ements.2d The chemistry of trityl deprotection has not changed
over the last two decades. On the instrumental side, a new
method of electrochemical deprotection of DMTr groups in
combinatorial synthesis utilizing arrays of microelectrodes was
recently described as a new approach to manufacturing
oligonucleotide arrays (DNA chips).2e

Triphenylmethyl-based compounds that are able to give
stable quinoid forms occupy an important niche in organic dye
chemistry3 representing an old and numerous class of dyes and
fluorophores. These compounds (e.g. xanthene fluorophores
fluoresceine and rhodamines, rosolic acid, malachite green,
etc.) are often available as functional derivatives, suitable for
covalent fluorescent labeling of biomolecules.# These melliflu-
ously named compounds, that remind one of the romantic early
days of organic chemistry, are outside of scope of the present
review.

Two basic ways of trityl synthesis predominate (Scheme 2).
Grignard synthesis (a), starting from methylbenzoate 1 or
benzophenone 4, yields tritanol 2. Alternatively, a twofold
aromatic electrophilic substitution in acidic media (b) gives
triarylmethane 3, which is then oxidised into the corresponding
tritanol. The tritanol can then be halogenated (for example, by
refluxing in AcCl/toluene, (c)) or converted into alkyl ether 5,
either directly (d) by reacting it with alcohol in glacial acetic
acid, or indirectly (e) by tritylating the alcohol with trityl
chloride 6. For some arylhalogenides, reaction with butylli-
thium (f) rather than the Grignard synthesis leads to the tritanol
structure. Triarylmethyl halogenides can be reduced back into
triarylmethanes (g) by dialkylamides. Another potential method
of synthesis, comprising a Friedel—Crafts reaction between an
aromatic component (benzene or toluene) and carbon tetrachlo-
ride (h), is rarely used for other aromatics because some
functionalities may be lost under harsh conditions of the
Friedel—Crafts reaction.

If functionalised trityls are to be obtained, functional groups
are usually introduced into the intermediates, and then the trityl

OCH, OCH3 OCH3

A

is assembled using pathways (a), (b) or (f). In some cases,
functional groups may aso be introduced into trityls directly.

2 Bifunctional trityl groups
2.1 Bifunctional trityl groups as linkersfor bioconjugation

The first support-bound trityl functions were prepared by
Leznoffs and Fréchet® and coworkers and used for performing
the multistep synthesis on solid phase. Kdster was aso one of
the first to realise the importance of the trityl moiety equipped
with aside-chain bearing another functionality, thus combining
aregioselective protecting group and alinking group. Despite of
the popularity of solid phase-based methods of oligonucleotide
synthesis, solution phase synthesisis still sometimes employed
when large quantities of the product are needed. Separating
reaction products from non-reacted material by gel filtration is
problematic when, especially at the earlier stages of the
synthesis, the product is comparable in size to the monomers.
To increase the difference between the monomers and oligo-
mers, a‘liquid phase carrier’ 8 (Scheme 3) was prepared starting
from 3-hydroxyphenyl-diphenylmethanol 7.7 The nascent oli-
gonucleotide chains were grown from both ends of the ‘ carrier’
8 after removal of the 2,2,2-trichloroethyl phosphate protecting
groups, therefore dramatically increasing the difference in size
of the products as compared to monomeric synthons—
nucleoside 3’-phosphates. At the end of the synthesis, both
strands were cleaved from the carrier by acidic treatment.
Further development of the concept of functionalised trityls
was achieved by the synthesis of a carboxy derivative of DM Tr
group (Scheme 4).8 The starting benzophenone 9 was converted
into tritanol 10, and, after work-up and remova of oxazolyl
protecting group, 4-carboxy-4’,4”-dimethoxytritanol 11 was
obtained. This was transformed into carboxy-activated trityl
chloride 12, which was used for the synthesis of nucleotide
monomers 13. The monomers were used in the final step of
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oligonucleotide chain assembly. Alternatively, oligonucleotides
still attached to CPG with a deprotected 5'-hydroxy group were
tritylated with aDMTr chloride derivative 12. The immobilised
oligonucleotide was treated with a solution of 1,6-diaminohex-
ane, deprotected with aqueous ammonia, and labelled with
biotin. Oligonucleotide probeswith acid-cleavabl e biotin can be
used for stepwise multiplex detection of target sequences in
gels.®

Later, an improved methodology was developed for the
synthesis of modified DMTr chloride 12 and meta isomer 16
(Scheme 5).10 The reaction sequence includes condensation of
3(4)-carboxybenzaldehyde with 2 mol of anisole to give
triphenylmethane 15, and subsequent carboxy activation, Pb(iv)
oxidation of tertiary carbon and replacement of the hydroxyl
with chloride. The nucleoside 5’ ethers from meta isomer 16 are
more acidicaly labile as compared with the para isomer,
presumably due to less pronounced trityl cation destabilisation
with the meta carboxamide residue. A nucleotide with aiphatic
amino groups prepared from DMTr chlorides 12 and 16 by a

OH C

MeO
O O 2. AcCl

w

o.
o// “OCH,CCl,

OMe

Cl (2-CIPh)O //

0 CLCCH,0 O
OH HO T
() <
o-CiPh) PECIPh

method similar to that shown in Scheme 4 was used for
immobilisation on solid phase. Pure, unprotected nucleotide can
be recovered on acid treatment.

The fact that the DMTr+ cation has a very high molar
extinction coefficient (e498 = 68 700) in acidic media and can
therefore be detected at low concentration was used to good
effect in a composite protecting group 20, which combines
DMTr and a levulinyl part (Scheme 6).11 Tritanol 7 was
alkylated to give 17, which was subject for further transforma-
tionsto produce symmetrical anhydride 18 which wasthen used
in the synthesis of protected nucleoside phosphoramidite 19.
Thetrityl group isthen incorporated into synthetic oligonucleo-
tides according to standard methods and can be selectively
released upon treatment with hydrazineto yield 20. Thisrelease
can be monitored very precisely due to a remarkable molar
extinction coefficient of the meta-substituted trityl part (€513 =
78 600 for the cation) in the heterocyclic derivative 20.

This group was further employed in combinatorial synthe-
sist2 of oligonucleotides in reverse (5 to 3’) fashion using
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synthons 19 and 24. The anchoring to CPG support 24 was
achieved utilising a p-nitrophenyl-activated acid cleavable
cross-linker 23, synthesised by method b(Scheme 2). Triaryl-
methane 22, synthesised from aldehyde 21, was activated,
oxidized, and chlorinated to give 23. A multiselective deprotec-
tion scheme allows for simultaneous combinatorial synthesis of
oligonucleotides with different sequences.

Attachment of benzophenone to a trityl moiety was aso
reported,’3 by reduction and further transformations of meta
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cyano tritanol 25, through the protected block 26 into a
phosporamidite 27 (Scheme 7). This was incorporated into
synthetic oligonucleotides according to standard protocols and
the resulting amino-modified oligonucleotide 28 labelled with
an activated carboxy derivative of benzophenone to give 29.
The conjugates were formed due to either hydrophobic
interactions between the tritylated oligonucleotide and albumin,
or photocross-linking between the protein and the p-benzoyl-
benzoic tag 29. This benzophenone photophore can be manipu-
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lated using ambient light and can be activated at wavelengths
that cause little damage to proteins, and the efficiency of cross-
linking is one of the highest known.

The concept of bifunctional trityls was employed in the
synthesis of nucleoside prodrugs activatable in vivo. In this
case, acidic lability of the trityl group was well suited for the
increased acidity of most of the tumours and their environments
relative to normal tissues (usually, the pH is about 0.8 units
lower). Deoxydifluororibofuranosy!l purines (DFP) represent a
novel family of nucleoside antimetabolites with good in vivo
antitumor activity. Unfortunately, some drug-related cardiotox-
icity was aso revealed. To achieve site-selective delivery, an
inactive prodrug activatable in acidic media has been de-
scribed.4 Several 6-amino-tritylated 2,6-diaminopurine nu-
cleoside prodrugs (Scheme 8) were prepared bearing trityl
groups with different substituents, and the rates of acidic
hydrolysiswere found to be: pDMTr ~ mDMTr > pMMeTr =
pMMTr >> pMeTr >> pTr, which is consistent with the
electronic arguments. These do not, however, completely
correlate with the calculated charge on the presumed inter-
mediate trityl cation, suggesting that the hydrolysis of trityl
groups is also influenced by factors such as ionic strength,
counterions, concentration, temperature etc.14c |nterestingly,
tritylation of afree nucleoside by amixture of the corresponding
trityl chloride and nBusNCIO, proceeded regiosel ectively with
no 5’- or N2 products detected. Racemic trityls gave inseparable
diastereoisomers. Some other oncolytics were aso tritylated in
a similar fashion.

Rather than temporarily blocking the activity (and toxicity) of
a compound until it gets to its destination point, the trityl can
serve asalinker between the drug and amoiety that directsit to
the target, such as a monoclonal antibody that recognises
tumour-associated antigens. As was the case in a previous
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example, a strong correlation was found between the cytotox-
icity of the drug and the lability of the trityl group.

A trityl group which can covalently react with a derivatized
resin, membrane or soluble polymer support can be useful for
anchoring the intermediates or full length products during
oligonucleotide synthesis in solution, thus allowing for alarger
scale synthesis. The 3'- or 5-derivatives of di-(3,5-hexadienox-
y)trityl nucleoside phosphoramidites or H-phosphonates
(30;Scheme 9) aswell as 2,4-hexadi enoxytrityl derivatives (not
shown) can be efficiently trapped onto solid supports bearing
activated dienophiles utilising Diels-Alder cycloaddition reac-
tion, which goes to completion in 3 h for 31 and is somewhat
slower for the 2,4-derivative (24 h). The diene modified trityl
group is assembled from the alkylation of dihydroxybenzophe-
none with 3,5-hexadienal, followed by a Grignard reaction.5

In modern oligonucleotide synthesis, hydrophobicity is
routinely harnessed to assist in HPLC separation of the fina
length oligonucl eotides from truncated failure sequences which
are capped and therefore lack the terminal DM Tr group, which
decreases their retention time. To increase the lipophilicity, and
hence the retention time for the full length sequences, thus
improving their separation, a series of more hydrophobic
MMTr-derivatives 3216 and a hydrophobic Px derivative 3317
were prepared and used for 5’-protection. To reduce the degree
of depurination while removing 32 from purified oligos, amore
labile analogue 34 was also prepared.18 A different aryl group
rather than an aiphatic carbon chain was used to produceamore
hydrophobic analogue 35,1° followed by a 4-(17-tetrabenzo
[ac,g,i]fluorenylmethyl)-4’,4”-DMTr group 36,20 which, ac-
cording to the authors, is twice as hydrophobic as DMTr in
terms of retention time values. For some applications, asimple
increase in the amount of DMTr groups per oligonucleotide
leads to the same increase in the retention time.2t
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2.2 Applications of tritylsin mass-spectrometry

The importance of mass-spectrometry has risen substantially in
recent years, mainly due to the increasing demand from newly-
born research fields such as combinatorial chemistry, genomics
and proteomics. The main requirement of mass-spectrometric
analysis, that the analyte be easily ionisable, makes highly
stabilized (and therefore easy to form) trityl cations a valuable
tool in mass-spectrometry. High desorption properties of trityl-
based compounds can be harnessed to good effect to giveriseto
severa new types of useful mass-spectrometry-related prod-
ucts.

2.2.1 Trityl masstags. encoding of combinatorial li-
braries. The characteristic signa of the DMTr* cation (mono-
isotopic peak, exact mass 303.139 Da) is frequently present in
mass-spectra of DM Tr-containing compounds, suggesting that
derivatives of trityl groups with different masses could serve as
unique markers in combinatorial chemistry.

Two methods of combinatorial synthesis of large numbers of
compounds on solid supports currently predominate: spatially
addressable arrays (such as DNA chips), in which synthesis
steps are performed simultaneously on sets of physicaly
separated starting materials or areas, and bead libraries,
consisting of mixtures of insoluble beads each of which carries
a single compound, usualy synthesized using the ‘ split-and-
mix’ method. Although bead libraries are quickly screened,
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their application is limited if the compound on a selected * hit’
bead cannot be readily identified.

Encoding the beads was suggested as away around this, with
the tags employed being identifiable by HPLC, GC, MS, IR,
NMR. However, none of these can match mass-spectrometry in
terms of the detection range and the speed of detection. With
satisfactory resolution achievable for tags 4-5 Da apart, the
easily available mass-range of 500-2500 Da would alow for a
simultaneous analysis of 300400 mass-tags.

Appropriately derivatised trityls, with the detection limitsin
lower femto- to upper atto-moles (determined by mass
spectrometric analysis of DMTr monolayers on glass: M.
Shchepinov et al., unpublished) were prepared (Scheme 10) and
used to encode for combinatorial oligonucleotide librar-
ies_22,23

A series of pro-tags 37, 38, 39, 41 (Scheme 10) all bearing an
activated carboxy group were prepared according to methods a
and f (from Scheme 2). Upon treatment with amines, they yield
tags of different masses, which fly as cations.22 No difference
was detected for the signal intensity for tritanols as compared to
the corresponding trityl ethers (or trityl chlorides) when using
laser ionisation instead of acidic treatment, suggesting photo-
cleavage by the laser irradiation as a good aternative to acidic
cleavage. The bis-activated tritanol derivative 41 reacts with
two amines, thus extending the mass-range covered. To
incorporate the tags during the combinatorial oligonuclectide
synthesis (for a detailed scheme, see refs. 22,24), a special
phosphoramidite 40 was developed, which provides similar
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reactivity to the standard phosphoramidites. The molar ratio
between 40 and a standard amidite it is premixed with in
solution will therefore be retained on the solid support after
condensation. Upon coupling, each batch of beads was
subjected to treatment with a different amine. The mass-protag
MMTr(NHS) (39) was employed, which is compatible with
DMTr-based oligonucleotide chemistry because it is more than
50 times more stable to acid than the DMTr group. A
combinatorial library of short oligonuclectides was manu-
factured on afour-column DNA synthesizer using split-and-mix
strategy. The total number of tags required to encode all
possible oligonucleotide 8-mersis 4 (four bases) X 8 = 32. A
typical reading from a single bead (selected by hybridization
with a labeled target), which can be trandated into an
oligonucleotide sequence, is shown on Fig. 1.

414.3
20000
398.2 442.3

15000

10000

5000

400 450 500
m/z

Fig. 1 LDI-TOF of aset of MM Tr(amide)-based tags encoding for an 8-mer
oligonucleotide on a single Rapp bead. (Reprinted from ref. 22 with
permission from Elsevier Science.)

Trityl cations can be released by acidic treatment and
detected by mass spectral analysis with or without matrix.
Alternatively, the cations can be generated directly by laser
irradiation,22 which permits direct detection of tagged DNA on
surfaces, for example, when hybridised at different positions of
a DNA chip.

Rather than being introduced through a combinatoria
process, the trityl tags may also be used for post-synthetic (non-
combinatorial) labeling of oligonucleotides or indeed any other
(bio)molecules for their subsequent highly sensitive detection
by mass-spectrometry. This way, the tags may be conjugated
with compounds whose synthesis is not compatible with trityl
group (i.e. involves strong acids).

Similar trityl pro-tag-based reagents can also be employed in
combinatoria peptide synthesis.24

2.2.2 Trityl mass-tags as ‘trityl ladders': calibration of
mass-spectrometers and high precision mass measure-
ments. It has become a standard practice in modern organic
chemistry to mass-spectrometrically characterise new com-
pounds with the precision of at least 5 parts per million, which
for acompound with the mass of afew hundred Dawould mean
a complete match between theoretically calculated and ob-
served masses for at |east two digits after the decimal point. To
achievethat degree of precision, one needs mass-markerswhich
possess a very high desorption rate (in other words, fly well),
and can potentially cover along range of masses. The peptide-
based mass-markers, oligonucleotides or dextrane derivatives
presently used possess neither of these two properties to the
extent desired.

Trityl mass-markers with unique masses are easy to make,
just by treating activated trityl blocks like Tr(NHS) (37),
MMTr(NHS) (39), DMTr(NHS) (38) and MMTr(2NHS) (41)
with appropriate amines. The exact masses for compounds with
MW of 350-800 Da can be routinely measured with aprecision
of 0.5-1 ppm using trityl mass-tags as markers, whereas with
standard peptides the precision is usually 5-7 ppm.24 Thus,

176 Chem. Soc. Rev., 2003, 32, 170-180

trityl-based mass-tags are amass-spec equivalent of DNA/RNA
ladders, routinely used in gel electrophoresis. The calibration
curve for the majority of modern mass-spectrometers is not
linear. It is therefore highly desirable to have more than two
mass-markers in the same experiment.

At the same time, one wouldn’t want the markersto interfere
with the analyte, decreasing its desorption rate. The mixtures of
trityl-based tags (‘trityl ladders’), which possess an almost
uniform desorption rate regardless of the amine used and can be
detected at avery low concentration, seem to be theideal choice

(Fig. 2).

528.347 556.378

444254

472.284 500.318

RA A A A A A
450 500 550
Fig. 2 An example of a‘Trityl Ladder’ produced by reacting DMTr(NHS)
pro-tag 38 with amines containing odd numbers of carbons (heptylamine

(444), nonylamine (472), undecylamine (500), tridecylamine (528) and
pentadecylamine (556)). (From ref. 24.)

2.2.3 Other mass-spec applications. Another potential
application of activated trityl blocks can be to activate
compounds which are usually difficult to analyse, like carbohy-
drates, which will increase their desorption rate and will make
it easier to identify them mass-spectrometrically. Sincethey are
superior to tertiary ammonium salts, trityl groups bearing a
reactive function on a side-chain would be ideal for ‘uniform-
ing’ signal intensities of complex mixtures with applicationsin
such fields as genomics and proteomics.

It was found that tritanols do not require matrix for matrix
assisted laser desorption ionisation mass-spectrometrical
(MALDI MS) detection,22 and therefore the abbreviation for the
technique can bereduced to LDI MS. Direct ionisation of atrityl
by a laser shot also does not require acidic treatment and is
therefore technologically beneficial. The major signals present
in the mass spectra originate from the corresponding trityl
cations. This demonstrates that laser light used in modern
MALDI-TOF mass-spectrometers (340 nm) causes heterolytic
scission of the tertiary carbon—oxygen (or carbon-nitrogen)
bond, liberating trityl cations that fly in the electromagnetic
field. The photochemical ionisation has been studied for some
triarylmethyl cyanides,325 but in this case cations were
stabilised with two p-dimethylamino groups. Apparently, the
increase in absorbance of aromatics makes trityl compounds
more susceptible to photoionisation. For example, for 9-phenyl-
xanthen-9-yl (pixyl, Px)2¢ derivatives, both acohol2? and
ethers?® are photoreactive (very recently, substituted thio-
analogues, 9-phenyl-2,7-dibromo- and 9-phenyl-3-methoxy-
thioxanthe ethers were suggested as superior photocleavable 5'-
O-protecting groups for nucleosides in oligonucleotide
synthesis?8b). Indeed, compounds 42-45 containing highly
absorptive residues of polycyclic aromatic hydrocarbons gave
distinct [M — OH]* peaks in LDI mass spectra on ionisation
with 340 nm laser.29 Interestingly, the[M — 20H]* (and not the
expected [M — 20H]2*) peak was detected for compound 45,
thus suggesting possible formation of a monocation-mono-
radical from 45.

2.3 Modified trityls: colour and fluorescence

Trityl cations (triarylmethinium ions) have strong absorbancein
the visible wavelength range and are thus coloured. Anything



from ceric sulfate spray with subsequent heating, for more
stable tritanols and trityl ethers, to simple exposure to volatile
acid vapours, for less stable ones, produces bright coloured
spots on the TLC plate, simplifying detection.

The DM Tt cation absorbance (€498 nm = 68 000 to 76 000) is
routinely used for loading measurement of solid support for
oligonuclectide synthesis with the first attached nucleoside as
well asfor stepwiseyield monitoring in the course of nucleotide
chain assembly.30 Interestingly, a ‘sulfuric analogue’ of a
DMTr+ cation, where both oxygens are replaced by sulfur, is
somewhat |ess stabilized, but thioethers exert a much stronger
bathochromic effect on the UV/Vis spectrum.3! Coloured
cations from various trityls were used for encoding in
oligonucleotide synthesis.32 Each triarylmethyl group was used
for 5-O protection of a particular nucleoside in solid phase
procedure. The colours of cations in nitromethane solution are
given below.

Thelatter work was ahead of itstime because there turned out
to be no need to separately monitor the couplings of four
different bases during routine oligonucleotide synthesis, since
al four would give nearly quantitative yields. The situation
changed recently, however, when combinatorial synthesis
required the development of new encoding techniques.

The large value of the extinction coefficient of the DMTr
cation is utilised for quantification of amino groups on solid
supports. The commercialy available (Pierce) water-soluble
sulfo form of NHS-activated butyric acid bearing the DMTr
moiety 46 reacts with amino groups on the surface, with
subsequent spectrophotometric detection of DMTr*. Isothio-
cyanate 47 is also used as an amine-reactive reagent.33

The use of aDMT derivative of levulinyl protecting group®
for colorimetric detection has aready been mentioned (Scheme
6).

The first use of fluorescent molecules as a part of a
triarylmethyl protecting group was the synthesis of a modified
DMTr group bearing a pyrenyl residue in place of phenyl.
Ethers 48 can be detected by fluorescence (down to 10—10 M)
and their stability is similar to that of DMT derivatives.34

Fluorescent trityl derivatives 49-51 were prepared2® from
corresponding aryl-2,4-dimethoxypheny! ketones by a reaction
sequence similar to that shown in Scheme 4. These reagents,
containing the fluorescent polycyclic aromatic hydrocarbons
pyrene, perylene, and coronene, are suitable for derivatisation
of aliphatic amino groups, e.g. in biomolecules and on solid
surfaces. The compounds in the form of triarylmethanols are
highly fluorescent, but in the form of triaryl cationsare not. The
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fluorescence can be switched off by acid treatment, and restored
with alkali. The pH-threshold for the ionisation depends on the
nature of the hydrocarbons and differs slightly between these
compounds. A triarylmethyl cation derived from tritanol by an
acidic treatment still remains covaently linked to a probe
moleculeif attached to it through aside-chain, thus representing
a new family of switchable fluorescent labels for amino
group(s)-containing analyte.

This switcheable fluorescence can be used to improve the
discrimination of labels: first, by increasing the accuracy of the
intensity measurements, and second, by increasing the potential
number of colours in the palette. For example, targets can be
labelled with two fluorophores having similar excitation and
emission spectra, but only one of which is switchable by pH
change. After hybridisation, measurements are taken at two pH
values: under ambient conditions and after exposing the array to
acidic vapour, which is enough to switch the emission of the
fluorescent trityls off immediately, but reversibly. Using a
single excitation source, both fluorophores emit at neutral pH
but only one will emit in acid. These two measurements alone
would be enough to distinguish the two patterns of hybrid-

47

S
OMe
(0]

R-0

MeO

OMe

isation. But a third measurement, using a source, which excites
the second fluorophore in acid, can give more analysis. In this
way it may be possible to double the number of labels that can
be used together.

Fluorescent residues in modified trityls are suitable for many
common applications, e.g. fluorescence resonance energy
transfer (FRET). The fluorescent spectrum of the model
compound 452° in dichloromethane shows only perylene
fluorescence upon pyrene excitation, confirming an efficient
energy transfer from pyrene to perylene (whereas 1:1 mixture
of model butylamides 42 and 43 shows superposition of the
pyrene and perylene fluorescence).

Reagents 49 and 50 were used in the assembly of system 52
for the demonstration of amultiple FRET process.3> Sequential
energy transfer across all four chromophores was observed.
This structure, which is an example of the stepwise energy
transfer, taking place between more than two participating
chromophores, also allows for an additiona degree of control
over the process. Indeed, if one of the FRET-participating
residues is based on aftrityl structure, then there is a possibility
of reversibly switching it off by temporarily cationizing that

50
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Pyrenc

400 nm

Pervlene

490 nm
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residue (such as pyrene or perylene in 52). This will stop (or
start) the FRET at certain point. The process may find
applications in nanotechnology and the light-harvesting sys-
tems based on dendrimers, alowing one to switch between
different incoming or outcoming ‘power lines' while focusing
energy on a particular residue such as azobenzene.36

Interestingly, there was no energy transfer detected when no
propanediol linkers were placed between each pair of fluor-
ophores, suggesting a need for a certain degree of freedom of
the fluorophores for the energy transfer to occur. These steric
considerations are essential since trityls are relatively bulky
structures. It is particularly important for cations, where all
three rings should be in the same plane for a maximum
resonance stabilization of the positively charged «-atom to
occur. An increased stiffness of the cage may be responsible for
the fact that ‘triply bridged’ cryptand-like triphenylmethyl
dication 53 (prepared from Rosolic acid) differsin colour from
its linear model compound 54 in ShCls/CCl4,372 athough a
difference in alkoxy substituents as a cause for that colour
change cannot be ruled out.

MeO

}% o

o]

MeO Il
MeO | |

O
MeO

53 54

Steric hindrance is particularly pronounced in trityls having
ortho- and/or meta- substituents in one or more rings. Recent
‘extreme’ examples include a hexa-isopropilidenyl derivative
55 and its thioanalog 56, which both become water-soluble
upon saponification of the ester groups,37 aswell astris(2,4,6-

59 60

trichlorophenyl)methyl and tris(2,4,6-trichloro-3,5-dinitrophe-
nyl)methyl compounds.37¢

MeO,C C—OH EtO,C

55 .

There is aneed for materials possessing novel combinations
of properties. For instance, near-infrared (NIR) absorbing dyes
(Amax > 700 nm) can potentially be used in optical imaging
systems, thermal writing displays, infrared photography, as
filtersfor NIR lasers, etc. Presently used compounds consist of
strong donor and acceptor parts connected through conjugated
chains, such as phthalocyanines or polymethines, which are
rather unstable and expensive. Since carbocations are the
strongest known acceptor groups, by extending their -
conjugation some existing triphenylmethane dyes can be
converted into suitable candidates in a cheap and efficient way,
for examplessa starting from Crystal Violet-derived 57
(Scheme 11). Such asubstantial bathochromic shift (for Crystal
Violet, Amax = 588 nm) is caused by the extended m-
conjugation. The principle of raising the bathochromic shift by
increasing the level of conjugation was extended in 61,3° where
up to 3 phenylenevinylene units were attached to each arm of a
trityl core. Interestingly, the product of the Wittig—Horner
reaction between tris-diethoxyphosphorylmethyl block 60,
which was obtained from 59, and an adehyde was readily
oxidized into corresponding carbinol 61 in the presence of air.
The tetrafluoroborate salts of newly synthesised trityls were
obtained by treating the tritanols with HBF, with subsequent
precipitation from acetic anhydride. The hexyloxy chains were
used to enhance the solubility.

Other donorswere also employed asterminal groupsintrityl-
based systems. Replacement of anisylsin 58 with 4-(ferrocenyl)
residues gives a metallocene dye with Anx = 1068 nm,38b
whereas 4-(triphenylamine) groups3sc produce dlightly blue
shifted NIR dyes (Amax = 954 nm).

| =733 nm
(for cation)

Scheme 11
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For applications in non-linear optics and conducting poly-
mers, series of thienylic and oligothienylic trityl analogueswere
prepared. Interestingly, there was almost no difference in
absorbance for 62 (Amax ~ 600 nm) regardless of the number of
SMe (or even NMe,) groups at 5-positions of thienyls,402 asone
would expect from the substantial differences of their Hammett
oy-values. However this correlates well with the earlier data on
triphenylmethinium ions.3t

62 R = H; SCH,; SEt; SPr; SBu; 2-Thienyl

63

The attractive combination of second-order optical non-
linearities (of octupolar origin) in combination with almost
complete transparency in the useful (visible) frequency range
for triarylmethyl cations, and interesting electrochemical prop-
erties of star-shaped conducting polymers (based on oligothie-
nyls) which could be useful for a wide range of potential
applications led to the development of oligothienylic trityls
63.40b.c High off-resonant second-order non-linear coefficients
have been reported, although further optimization of the donor
and acceptor groups is needed. For the reasons currently being
investigated,4°a the reported absorbance data (Amax ~ 350-370
nm for al substituents) differ substantially from the data
obtained for 62.

3 Conclusions

Novel technologies are being developed at the interface of
traditional disciplines of science and engineering. The trityl
group seems to possess several useful properties, which are all
based on the fact that its cation is very efficiently stabilized. Its
applications in the emerging fields may rely on the stability of
the cationic form (useful in mass-spectrometry) and the very
mild conditions of its formation (switchable fluorophores,
cleavable conjugation reagents).
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