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Routes to the assembly of metallomacromolecules
have been widely investigated! due to their purported
magnetic, electronic, photooptical, or catalytic proper-
ties.?2 An important feature of the use of branched
monomers?® in the construction of dendritic architec-
tures* is the inherent synthetic control necessary to
afford predetermined structures, which incorporate the
desired utilitarian subunits into the superstructure. The
incorporation of diverse dendritic subunits leads to the
creation of a series of “dendritic assemblies”, which can,
at least structurally, mimic molecular constructs but on
the nanoscopic scale.

In our quest of new procedures to tailor-made su-
pramolecular dendritic assemblies, we for the first time
created two new isomeric metallomacromolecules 1% and
2.5 The use of bis(2,2":6',2"-terpyridine)ruthenium(ll)
[-IRu3-] connectivity’ capitalizes on the formation of
four stable complexes connecting the dendritic core with
four similar dendritic molecules; thus the shape of CR4
was created to generate an envisioned macromolecular
“dendritic methane”-type of nanoscopic assembly.

The key building blocks, amines 10 and 11, were
prepared in the following manner (Scheme 1): ni-
troisophthalic acid was converted with 1 equiv of PCls
in cold Et,O into the desired monoacyl chloride by a
modified literature® procedure. Its treatment with
amine® 8 afforded N-{tris[(2-tert-butoxycarbonyl)ethyl]-
methyl} nitroisophthalamide monocarboxylic acid (4),
which was subsequently reacted with 5-aminopentyl 4'-
(2,2':6',2"-terpyridinyl) ether® (5) by DCC coupling®!
generating N-{ tris[(2-tert-butoxycarbonyl)ethyllmethyl}-
N'-[4"-0xa(2,2":6',2"-terpyridinyl)]nitroisophthalamide (6).
Amidation of 4 was supported (:3C NMR) by the shift
of the signal assigned to the quaternary carbon moiety
(CONHC) of amine 8 from 52.8 to 58.7 ppm and the
appearance (ESI-MS)!2 of a molecular peak at m/z 631.7
(IM + Na*] m/z 631.7). A downfield shift of (CONHCHy,)
observed in the 13C NMR spectrum of nitroterpyridyl 6
from 42.0 to 40.5 ppm along with a molecular peak at
m/z 947.8 (M + Na*] m/z 948.1) in ESI-MS supports
its structural assignment. Hydrolysis of 6 by formic
acid!® gave the triacid 7, which was iteratively ami-
dated'* to give nonaester 9. The formation of 7 was
supported by the signal at 174.6 ppm (COOH) in the
13C NMR spectrum and the molecular peak at m/z 757.3
(IM + H*] m/z 757.8) in ESI-MS. Structure 9 was
confirmed by the new signal for the additional quater-
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Figure 1. First and second tier of metallodendrimers.

nary carbon (CONHC) at 57.5 ppm and the molecular
peak (ESI-MS) at m/z 1972.0 ([M + Na'] m/z 1972.8).
Reduction®® of the aryl nitro moieties of both 6 and 9
under 10% Pd on C with a large excess of HCOONH,
afforded the key arylamine monomers 10 and 11,
respectively, which were supported by the chemical shift
(13C NMR) for the aryl-C from 148.6 to 147.5 ppm and
the molecular peaks at m/z 917.5 (M + Na*] m/z 918.1)
for 10 and at m/z 1942.8 (IM + Na*] m/z 1942.5) for 11.
Other standard spectral and analytical data further
confirm the assigned structures.

The first and second tier neutral Ru(l11) metalloden-
drimers 14 and 15 were prepared by an established
procedure’ (Figure 1). The first and second tier den-
dritic cores (12 and 13) were prepared via a coupling
reaction of tetraacid chloride® (Scheme 2) with 4 equiv
of 10 and 11, respectively, in THF in the presence of
Et3sN. 13C NMR spectra of 12 and 13 showed a similar
shift of the signal at about 147.5 to 139.2 ppm corre-
sponding to ArC—NHCO, which confirms the amidation.
Both structures were further supported by the peaks
(MALDI-TOF)Y” at m/z 1988.7 ([M + 2Na*] and m/z
8075 (IM + 2Na*™ — H™], respectively.

The complementary metallodonor and receptor den-
dritic molecules were readily assembled by four
[-[Ru3] connections to generate a methane-type motif.
Reductive couplings were performed in boiling MeOH
in the presence of 4-ethylmorpholine to afford the
microcrystalline, red dendritic assemblies 1—38 (Schemes
3 and 4). Based on 3C NMR spectra, all three networks
show the absence of any free terpyridine moiety and the
presence of two similar but distinct complexed terpyri-
dine moieties (i.e., core vs terminal directed terpy-
ridines), indicative of the four symmetrical attachments.
The UV—vis spectra showed four main absorption bands
(Amax = 242, 268, 306, 488 nm) for all three dendritic
assemblies, in which the absorption intensity (¢) is
proportional to the number of metal complexes, which
is indicative that all three molecular assemblies have
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Scheme 1. Synthesis of the Functionalized Monomers?2
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aKey: a, DCC, 1-HOBT, DMF, 24 h, 25 °C (84%); b, HCO2H, 24 h, 25 °C (95%); c, 3.1 equiv 8, DCC, 1-HOBT, DMF, 48 h, 25
°C (90%); d, 10% Pd/C, HCO;NH,, MeOH, 0.5 h, 50 °C (10, 87%; 11, 83%).

the same number of [—(Rul[#] connections. By com-
parison of these data with literature values,’¢191° the
four Ru(ll) complexes are present in each of the den-
dritic constructs. The MALDI-TOF mass spectrum of
each showed molecular peaks at m/z 8283 ([M — PFg7]
m/z 8283) for 3, at m/z 12 235 ([M — 2PF¢ ] m/z 12 236)
for 2, and at m/z 12 234 ([M — 2PFg~] m/z 12 236) for 1.

A notable feature of these dendritic assemblies is that
the design of the macromolecular architecture is con-
trolled and the nanoscopic tetrahedral geometry of
methane is mimicked. Most interestingly, structures
1 and 2 have an identical molecular formula
(Cs97Hss0F48N520136PsRuU4) and are constitutional iso-
mers. Unlike the characteristics of most structural
isomers, which generally possess widely differing chemi-
cal and physical properties, these isomeric macromo-
lecular assemblies share similar solubility and decom-
position temperatures. Additionally, they are spectrally
alike but are composed of different internal densities
and void regions,?® as depicted and shown by the
following electrochemical data.

Cyclic voltammetry experiments of metallodendrim-
ers 1 and 2 afforded insight concerning the chemical
environments around the —[Ru3- moieties.? The vol-
tammograms of both compounds are similar and exhibit
two quasi-reversible waves (Figure 2) at negative po-
tentials that correspond to redox processes on the two
terpyridines.” The Ej, values of the two waves of 2
are slightly more negative than those of 1 (Table 1).
Since 2 features increasing dendritic character on the
periphery of the molecule, the additional difficulty to
reduce the terpyridines of 2 could be due to an increased

Scheme 2. Synthesis of the Dendritic Cores?
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Scheme 3. Synthesis of Dendritic Assembly 32
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inaccessibility of counterions.?? In addition, the AE,
values for the two waves of 2 and for the most positive
wave of 1 are similar and smaller than the AE; for the
most negative wave of 1. This clearly indicates that the
rate of electron transfer for one of the terpyridinesin 1
is slower than that of the others.?®> The kinetic asym-
metry should be expected on the basis of different
chemical environments because of the different internal
densities and void regions.?324 The voltammograms
show one quasi-reversible pattern for the four Ru atoms
of 2 (i.e., all the Ru atoms are electrochemically equiva-
lent) and two waves for the metallic centers of 1. This
suggests that, as opposed to 2, in which the bulky
hyperbranched cluster is located on the periphery of the
molecule, the internal dendritic structure of 1 may
provide enough rigidity so that electrochemical com-
munication between the Ru atoms is possible.?®
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Figure 2. CV response of 1.0 mM solutions of dendrimers
(@ 1 and (b) 2 in 0.1 M EtNTFB in CH3;CN at 298 K.
Potentials are against internal ferrocene/ferrocenium. Scan
rate: 200 mV/s.

In summary, the construction of structurally prede-
termined macromolecular components and their subse-
guent mutual attachment by established metal connec-
tivity at precise loci afford a novel approach to the
generation of dendritic assemblies with nanoscopic
dimensions. This protocol, as conceived, geometrically
mimics fundamental molecular structures. The den-

Scheme 4. Synthesis of Dendritic Assemblies 1 and 22

12 + 4 equiv. of 15

13 + 4 equiv. of 14

aKey: a, 4-Ethylmorpholine, MeOH, 6 h, reflux (1: 80 %, 2: 93%).
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Table 1. Electrochemical Parameters for
Metallodendrimers 1 and 2 in CH3CN at 298 K

com- terpyridines Ru3t/Ruz*

pound E1 (AEp)a Eip (AEp)a Eip (AEp)a Eip (AEp)a
1 -1923(0.121) —1.720(0.087) 0.719 (0.170) 0.919 (0.092)
2 —1.951(0.097) —1.751(0.093) 0.709 (0.109)

a Potentials against internal ferrocene/ferrocenium. Scan rate:
200 mV/s.

dritic development of either the second or third tier
either inside (core) or outside (appendage) of this
construct will lead to new and different isomeric met-
allomacromolecules, which certainly will reveal inter-
esting avenues to the creation of precisely coordinated,
interrelated polymeric families. The application of this
dendritic construction is currently being applied to
nanoscopically mimicking other simple related hydro-
carbon-like systems.
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