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Summary: Convergent synthesis of a redox-stable nona-
ferrocenyl dendrimer using a tritopic dendron with
disrupted conjugation is described.

Introduction

Dendrimers that are peripheraly functionalized with
electrochemically active groups can be potentially used
as multielectron redox catalysts, electron reservoirs,
electrode modifiers, ion sensors, and mimics of biological
redox processes.1 In view of this, syntheses of peripher-
ally functionalized redox-active dendrimers have been
the focus of many recent studies.2 Since ferrocenes show
stable redox properties and are easy to functionalize,3
ferrocene dendrimers are a widely studied class of redox-
active dendrimers.4 Until now, most of these ferrocene
dendrimers have been prepared via the divergent ap-
proach where multiple ferrocene residues were coupled
to the surface of a preformed dendrimer in the ultimate
synthetic step. Such a strategy often leads to constitu-
tional defects due to incomplete couplings, especially at
higher generations. This, in turn, can severely affect the

overall electrochemical properties of the dendrimers. To
circumvent this, convergent syntheses5 of ferrocene
dendrimers, albeit a few, have recently appeared in the
literature,6 which prompted us to disclose here our own
results.

Results and Discussion

Our objective was to prepare a dendrimer having
multiple but identical ferrocene units on its surface. For
this purpose, we have used a topologically new tritopic
dendron 4 having a quarternary branching point. We
envisaged that 4, by virtue of its disrupted conjugation
at the central carbon atom, would allow no communica-
tion whatsoever between its attached ferrocene rings,
hence providing three electrochemically equivalent fer-
rocene moieties. Consequently, any dendrimer derived
from 4 was assured of 3n identical ferrocene units at
the periphery.

In the event, we started with the cheap commercial
dye New Fuchsin (1), which via 3-fold diazotization
(NaNO2, H2SO4) followed by a Sandmeyer reaction (KI,
H2O) was converted to the tris(iodoaryl) carbinol 2 in
40% overall yield (Scheme 1).7 A Friedel-Crafts type
reaction of phenol with 2, in the presence of concen-
trated H2SO4, then produced the key AB3 tecton 3 (85%),
which upon 3-fold Heck reaction with vinyl ferrocene
under Jefferey’s condition (Pd(OAc)2, Bu4NBr, KOAc,
DMF)8 gave rise to the desired triferrocenyl dendron 4
(70%) after chromatographic separation from a small
amount of the (1,1-ferrocenylaryl)vinylene regioisomeric
product. Cyclic voltammetric (CV) study on 4 (CH3CN,
Pt anode, TBAP, 25 °C) produced a single reversible
redox wave (E1/2 ) 0.32 V vs SCE, ∆Ep ) 70 mV,
unaltered at different scan rates), indicating that the
three ferrocene units in 4, as expected, were electro-
chemically equivalent.
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The utility of 4 in dendrimer assembly was exempli-
fied by its 3-fold esterification reaction (DCC, DMAP,
CH2Cl2, 25 °C) with trimesic acid (5), which produced
the first-generation nonaferrocenyl dendrimer 6 (15%),
after purification by silica gel chromatography (light
petroleum-CHCl3-MeOH). The dendrimer was char-
acterized by 1H and 13C NMR spectroscopy. Interest-
ingly, the 1H NMR spectrum of 6 showed the central
benzene ring protons at a much downfield region (δ 9.20,
3H, s), perhaps due to anisotropic effects caused by the
folded nature of the centrally tetrahedral wedges. The
MALDI-TOF mass spectrum of 6 (Figure 1) showed a
dominant M + 1 peak at m/z 3181. Cyclic voltammetric
studies on 6 (CH2Cl2, Pt anode, TEAP, 25 °C) produced
a single redox wave (E1/2 ) 0.38 V vs Ag/AgCl) with a
cathodic stripping peak (Figure 2). It is interesting to
note that the three triferrocenyl clusters in 6 are placed
furthest apart from each other, despite which the
dendrimer showed a single redox wave. Therefore,
during CV scanning, the dendrimer must undergo fast
rotational changes so that all of its nine ferrocene units
are able to approach the electrode within the electro-
chemical time scale. Moreover, the appearance of a
stripping peak indicated a change in the solubility of
the dendrimer after oxidation. Presumably, due to its
large molecular weight, the dendrimer, upon oxidation,
precipitates onto the cathode surface and redissolves,

as it gets reduced during the reverse scan. Similar
phenomena have also been reported during CV studies
on large ferrocenyl poly(propylenimine) dendrimers.4c-e

Experimental Section

All reactions were carried out under a dry nitrogen atmo-
sphere using dry, distilled solvents. IR spectra were taken on

Scheme 1a

a (i) NaNO2, conc. H2SO4, 0 °C then KI, H2O, rt to 80 °C; (ii) phenol, conc. H2SO4, 80 °C; (iii) vinyl ferrocene, Pd(OAc)2, Bu4NBr,
KOAc, DMF, 80 °C; (iv) trimesic acid (5), DCC, DMAP, CH2Cl2, rt.

Figure 1. MALDI-TOF mass spectrum of 6.
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a Perkin-Elmer 297 spectrophotometer. NMR spectra were
recorded on a Brucker Avance 300 (300 MHz) instrument.
Chemical shifts are expressed in the δ scale, ppm downfield
from tetramethylsilane internal standard. Coupling constants,
J, are given in hertz. Light petroleum refers to the fraction
boiling at 60-80 °C. Electrochemical measurements were
made using a PAR model 270 potentiostat. A platinum disk
working electrode (of area 0.02 cm2), a platinum wire auxiliary
electrode, and an aqueous saturated calomel reference elec-
trode (SCE) or a silver/silver chloride reference electrode (Ag/
AgCl) were used in a three-electrode configuration. All elec-
trochemical experiments were carried out under a nitrogen
atmosphere at 25 °C using 0.43 × 10-3 M sample concentra-
tions either in CH3CN (for 4) or in CH2Cl2 (for 6) with
tetrabutylammonium perchlorate (TBAP) or tetraethylammo-
nium perchlorate (TEAP) as the supporting electrolyte.

Tris(4-iodo-3-methylphenyl)methanol (2). A solution of
NaNO2 (0.62 g, 9.0 mmol) in water (2 mL) was added dropwise
during 10 min to a stirred solution of New Fuchsin (1, 1.0 g,
2.73 mmol) in concentrated H2SO4 (1.7 mL, 30.6 mmol) and
water (5 mL) kept at 0 °C. It was stirred at 0 °C for 15 min
and then treated dropwise with a solution of KI (5.0 g, 30
mmol) in water (5 mL) during 15 min. The mixture was stirred
at room temperature for 5 h and then heated at 80 °C for 30
min. It was then cooled and the precipitated product was
filtered and washed thoroughly with water. The residue was
purified by silica gel chromatography (5% EtOAc in light
petroleum) to give 2 as a white solid (0.74 g, 40%); mp 98-99
°C (MeOH); IR (CHCl3, cm-1) 3560, 1450, 1365, 1185, 1000;
1H NMR (300 MHz, CDCl3) δ 2.40 (s, 9 H), 6.72 (dd, J ) 8.4,
2.1 Hz, 3 H), 7.18 (d, J ) 2.1 Hz, 3 H), 7.74 (d, J ) 8.4 Hz, 3
H); 13C NMR (75 MHz, CDCl3) δ 28.2, 81.0, 100.3, 126.9, 128.9,
138.5, 141.2, 146.2. Anal. Calcd for C22H19I3O: C, 38.86; H,
2.79. Found: C, 38.54; H, 3.11.

4-Tris(4′-iodo-3′-methylphenyl)methylphenol (3). A mix-
ture of 2 (1.0 g, 1.47 mmol), phenol (0.41 g, 4.41 mmol), and
concentrated H2SO4 (2 drops) was heated at 80 °C for 4 h. After
being cooled to room temperature, the mixture was treated
with 10% aqueous NaOH solution (10 mL). The precipitated
solid was filtered, washed thoroughly with water, and dried
in air. It was then purified by silica gel chromatography (10%
EtOAc in light petroleum) to give 3 as a white solid (0.95 g,
85%); mp 206-207 °C (MeOH); IR (KBr, cm-1) 3400, 1605,
1500, 1460, 1370, 1170, 1010; 1H NMR (300 MHz, CDCl3) δ
2.33 (s, 9 H), 6.65 (dd, J ) 8.4, 2.1 Hz, 3 H), 6.70 (d, J ) 6.6
Hz, 2 H), 6.99 (d, J ) 6.6 Hz, 2 H), 7.02 (d, J ) 2.1 Hz, 3 H),
7.65 (d, J ) 8.4 Hz, 3 H); 13C NMR (75 MHz, CDCl3) δ 28.2,
63.3, 98.7, 114.5, 130.1, 131.9, 138.0, 140.5, 146.5, 153.6. Anal.
Calcd for C28H23I3O: C, 44.48; H, 3.04. Found: C, 44.56; H,
3.19.

(E,E,E)-4-Tris(4′-ferrocenylvinyl-3′-methylphenyl)m-
ethylphenol (4). Pd(OAc)2 (0.009 g, 0.39 mmol) was added
to a solution of 3 (0.20 g, 0.26 mmol), vinyl ferrocene (0.25 g,
1.18 mmol), KOAc (0.19 g, 1.95 mmol), and BuN4Br (0.28 g,
0.79 mmol) in DMF (5 mL), and the mixture was heated at 80
°C for 30 h. It was then concentrated under reduced pressure,
and water (5 mL) was added and extracted with CH2Cl2 (3 ×
7 mL). The organic layer was washed with water, dried (Na2-
SO4), and evaporated under reduced pressure. The residue was
purified by preparative thin-layer chromatography (10% EtOAc
in light petroleum) to give 4 as an orange solid (0.20 g, 70%);
mp 161-162 °C (CHCl3/MeOH); IR (KBr, cm-1) 2920, 1630,
1500, 1170, 1100; 1H NMR (300 MHz, CDCl3) δ 2.30 (s, 9 H),
4.13 (s, 15 H), 4.27 (s, 6 H), 4.45 (s, 6 H), 6.73 (d, J ) 8.7 Hz,
2 H), 6.74 (d, J ) 16 Hz, 3 H), 6.88 (d, J ) 16 Hz, 3 H), 7.03-
7.12 (m, 6 H), 7.15 (d, J ) 8.6 Hz, 3 H), 7.42 (d, J ) 8.7 Hz, 2
H); 13C NMR (75 MHz, CDCl3) δ 20.3, 63.7, 66.8, 68.9, 69.2,
83.9, 114.2, 123.5, 123.9, 127.7, 129.0, 132.2, 132.7, 133.7,
134.1, 139.4, 145.6, 153.3. Anal. Calcd for C64H56Fe3O: C,
76.24; H, 5.55. Found: C, 76.51; H, 5.36.

Preparation of the Dendrimer 6. DCC (0.015 g, 0.075
mmol) was added to a solution of 4 (0.04 g, 0.037 mmol),
trimesic acid (5, 0.0026 g, 0.012 mmol), and DMAP (0.005 g,
0.037 mmol) in CH2Cl2 (5 mL), and the mixture was stirred
at room temperature for 96 h. It was then cooled to 0 °C and
filtered. The filtrate was washed successively with water, 10%
HCl solution, and again with water. The organic layer was
dried (Na2SO4) and evaporated under reduced pressure. The
residue was purified by preparative thin-layer chromatography
(30% CHCl3-1% MeOH in light petroleum) to give 6 as an
orange powder (0.007 g, 15%); IR (CHCl3, cm-1) 2940, 1790,
1455, 1370, 1210; 1H NMR (300 MHz, CDCl3) δ 2.31 (s, 27 H),
4.13 (s, 45 H), 4.27 (s, 18 H), 4.45 (s, 18 H), 6.75 (d, J ) 16 Hz,
9 H), 6.88 (d, J ) 16 Hz, 9 H), 7.04-7.13 (m, 18 H), 7.17 (d, J
) 8.0 Hz, 9 H), 7.40 (d, J ) 8.5 Hz, 6 H), 7.44 (d, J ) 8.5 Hz,
6 H), 9.21 (s, 3 H); 13C NMR (75 MHz, CDCl3) δ 20.3, 64.0,
67.0, 69.2, 69.5, 84.5, 120.3, 123.7, 124.1, 127.9, 129.0, 131.4,
132.2, 132.7, 134.0, 134.3, 136.0, 145.2, 147.1, 148.4, 163.3.
MS (MALDI-TOF): m/z 3181 (M + 1).
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Figure 2. Cyclic voltammogram of 6 (CH2Cl2, Pt anode
TEAP, 25 °C) at 0.4 v/s scan rate.
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