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Tris[4-(ferrocenylvinyl)-3-methylphenyljmethylium
tetrafluoroborate: a strongly absorbing organometallic near-IR dye
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The trigonally symmetric tris[4-(ferrocenylvinyl)-3-
methylphenyljmethylium ion 4, a  m-conjugated
metallocene analog of Crystal Violet, has been prepared
and shows strong absorption in the near-infrared region
(Amax= 1068 nm).

Near-infrared (NIR) absorbing dyes are of current interest
because of their potential applications in laser optical imaging
systems, infrared photography and as biological stains.' They
are usually prepared via end-capping of conjugated organic
molecules with strong donor and acceptor substituents.” That
ferrocene and some other metallocenes can act as strong donor
groups,” leads to the prospect that acceptor substituted
metallocenes may also produce NIR dyes. However, little
progress has been made towards this end and apart from a few
scattered reports of NIR absorbing ferrocene and ruthenocene
derivatives attached to thioflavylium and tropylium ions (4yax
at ca. 800-900 nm),* little is known about metallocene based
organometallic NIR dyes.

Acceptor substituted ferrocenes provide a tool for the
synthesis of organometallic NIR dyes. Extended Hiickel
calculations have shown that, in these systems, an increase in
the acceptor strength causes large bathochromic shifts due to
considerable lowering of the already low-lying metal to ligand
charge-transfer (MLCT) transitions.” At the same time, a more
effective coupling between the MLCT and the ground state can
also occur, resulting in an increased oscillator strength. We
reasoned that, since carbocations are the strongest known
acceptor groups, these effects would be maximized in systems
where multiple ferrocene units are conjugatively linked to a
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carbocationic center. Such is the case with the tris[4-
(ferrocenylvinyl)-3-methylphenyllmethylium tetrafluoroborate
(4) whose synthesis and absorption properties are described in
this communication.

Our synthesis started with the cheap, commercially available
New Fuchsin (1) which via conventional hexazotization
(NaNO,, H,S0,4) and the Sandmeyer reaction (KI, H,O) was
converted to the tris(iodo)aryl carbinol 2 in 40% overall yield
(Scheme 1).° Threefold Heck reaction of 2 with vinyl ferrocene
under Jefferey’s conditions’ produced the tris(ferrocenylvinyl)-
aryl methanol 3 in 70% yield.® Protonation® of 3 with 42%
HBF, in CH,Cl, at room temperature then led to the
quantitative formation of the cationic dye 4. We have not
yet been able to isolate 4, since during aqueous work-up the dye
quickly reverts to the carbinol 3. However, once prepared, the
dye solution is stable at room temperature over indefinite
periods. The formation of 4 is clearly evident from '*C NMR
studies (Fig. 1). Thus, addition of 42% HBF, to a CDCIl;
solution of 3 leads to complete disappearance of the signal for
the carbinol-carbon atom at 81.6 ppm with simultaneous
appearance of a signal for the central cationic carbon of 4 at
181.3 ppm.® Moreover, in accordance to the known *C NMR
studies on protonation of various trityl alcohols to the trityl
cations,” the ferrocenyl and the phenyl carbons of 3 underwent
a large downfield shift (Ad ~6-12 ppm) on conversion to 4.

The absorption spectrum of 4 (Fig. 2) showed two strong
bands, one in the visible (Amax =625 nm,
£=6.16x10*M"'cm™!) and the other in the NIR region
(Amax=1068 nm, ¢=3.49x10*M 'cm™'). The latter values
are more red-shifted than those of the known m-conjugated
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Scheme 1 (i) NaNO,, H,SO,, 0°C then KI, H,O, rt; (ii) vinyl ferrocene (4 equiv.), 30% Pd(OAc),, BuyNCI, KOAc, DMF, 80 °C; (iii) 42% HBF,,

CHzclz, rt.
DOI: 10.1039/6005368f

J. Mater. Chem., 2000, 10, 1997-1999 1997

This journal is © The Royal Society of Chemistry 2000



836
816
776
770
765
69.2
69.0
66.8

=
=
N
=
<
~\

180 160 140 120 100 80 60
Fig. 1 Partial '>*C NMR spectra of 3 (spectrum A) and 4 (spectrum B).

triphenylmethane dyes (Anax at ca. 705-830 nm).'° In fact, the
NIR band of 4, both in its position and intensity of absorption,
closely matches those of the longer wavelength absorbing
cyanine and polymethine NIR dyes (Amax 850-1100 nm).!>!!
Such a large bathochromic shift is, presumably, caused by a
lowering of the energy of the MLCT transitions in the cationic
ferrocenyl styryl chromophore of 4 and the effect is further
amplified as a consequence of its trigonal symmetry. The
contribution of MLCT in inducing such a low-energy
transition in 4 is most evident when one compares its
absorption data with those reported for the structurally
analogous organic cationic dyes 5a,b.'> Despite the fact that
the donor capacity of ferrocene is comparable to that of the p-
anisyl group® and is perhaps, weaker than N,N-dialkylanilines,
the latter dyes (5a,b), being devoid of any MLCT transitions,
showed L. values at 608 nm (¢=3.38 x 10* M~ 'ecm™!) and
684 nm (¢=0.68 x 10* M~ ! cm™1),!%!3 respectively, which are
significantly blue-shifted from the lower energy band of 4.
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Fig. 2 Electronic spectrum of 4 (1.55 x 107°M in CH,Cl,/HBF,).
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It may be further noted that although NR, groups are widely
used auxochromes in dye chemistry, increasing their number in
triphenylmethane dyes leads to a gradual decrease in their Aax
values.™ In contrast, we have shown that the presence of
multiple ferrocene units in triphenylmethane dyes provides
large bathochromic as well as hyperchromic effects which can
be used to good advantage in the synthesis of new NIR dyes.

In conclusion, we have shown that multiple ferrocene units
when conjugatively linked to a carbocation in a symmetric
fashion, produce organometallic NIR dyes with strong
absorptions. Based on these design elements, syntheses of
other organometallic NIR dyes are currently being investi-
gated.
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