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ABSTRACT

A new series of unsymmetric Newkome-type dendrimers have been prepared and characterized. These dendrimers contain a single
ureidopyrimidine residue covalently attached to their apical positions. In low polarity solvents, the first and second generation dendrimers
form highly stable dimers via hydrogen bonding of their AADD ureidopyrimidine units, whereas the third generation dendrimer dimerizes to

a very low extent.

Dendrimers are attractive nanoscale building blocks for self- hydrogen bonding interactiohsave prompted their frequent
assembly. As compared to the assembly of smaller molecularutilization in dendrimer self-assembiylo drive the forma-
units, the large molecular sizes of dendrimers facilitate tion of stable hydrogen-bonded assemblies, a suitable
structure building with decreased entropic cost, since fewer combination of several hydrogen bonds is required. In this
components need to be held together to achieve the desiredegard the self-complementary acceptor-acceptor-donor-
size! Our group has recently demonstrated the redox- donor (AADD) motif present in ureidopyrimidine units has
controlled dimerization of viologen-containing dendrimers proven to be quite usefal.In this work, we present
mediated by the host cucurbit[8]ufilAlthough many other  preliminary results on the synthesis, characterization, and
methods have been developed to elicit the self-assembly ofself-assembly (dimerization) through hydrogen bonding of
dendrimers, the directionality and reversibility inherent to a new series of Newkome-type dendrinfecentaining a
single ureidopyrimidine residue covalently attached to their
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Figure 1. Synthesis and structure of uridopyrimidine dendimers
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Figure 2. Partial'H NMR spectra (400 MHz) of 8.0 mM. in
CDCl; solution.

set of signals at 12.93, 11.84, and 9.38 ppm is assigned to
the 4[1H]-pyrimidinone tautomeéf. A second set of less
intense signals at 13.26, 11.02, and 10.04 ppm is assigned

apical positions (see Figure 1). Remarkably, these dendrimers the pyrimidin-4-ol tautomer. The large downfield shifts
exhibit a pronounced generational effect on the stability of from the usual chemical shift values of the urea NH protons

their hydrogen-bonded dimers.
The preparation of dendrimets-3 started by the activa-

are consistent with their involvement in strong hydrogen
bonds. The observation of peaks for both known tautomers

tion of 6-methylcytosine, as described by Meijer and co- (eyeals their slow exchange in the NMR time scale.

workers? to 2-(1-imidazoylcarbonylamino)-6-methyl-4{l]-

We attempted to determine the dimerization equilibrium

pyrimidinone, which was subsequently treated with the constant (I§y,) of the first generation dendrimer by recording

corresponding amine building blocks (Newkome-type den-

drons) previously described by our grébipo yield den-
drimers 1—3 in moderate yields. The dendrimers were
characterized byH and**C NMR spectroscopies, as well

as by MALDI-TOF mass spectrometry to guarantee mono-

NMR spectra at progressively lower concentrationd af
CDCl; solutions. However, no significant signal displace-
ments were observed down to an absolute concentration of
1075 M, reflecting the large thermodynamic stability of the
dimer (Kgm > 10° M~1 in CDCl).5" The relative amounts

dispersity. Interestingly, peaks assigned to dendrimer dimers,of the pyrimidin-4-ol and 4[1H]-pyrimidinone tautomers
presumably due to hydrogen bonding, were readily observedwere measured from the relative integration of peak areas.

in the MALDI-TOF mass spectra of dendrimetsand 2
(Supporting Information).

The 'H NMR spectrum of dendrimet in CDCl; shows
two sets of signals for the NH protons (Figure 2). The first
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The results are shown in Table 1.

Table 1. Keto:Enol Tautomer Ratio Determined frotd NMR
Spectroscopy in CD@Gland Toluene-glSolutions

dendrimer chloroform-d toluene-dg
1 6:1 3:1
2 99:1 7:1

As is evident from these data, the pyrimidinone (keto)
tautomer predominates in all cases, but the relative abundance
of the pyrimidinol tautomeric form is larger in the less polar
solvent toluene. These findings are in agreement with
previous literature report8 We performed semiempirical and
ab initio calculations on both tautomeric forms of a simple
ureidopyrimidinone compound (R CHs in Figure 1) and
found that the dipole moment of the pyrimidinone tautomer
is substantially larger than that of the pyrimidinol tautomer
(see Table 2), which is consistent with the larger abundance
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Table 2. Dipole Moments Calculated for Model
Ureidopyrimidinone Compound (R CHs in Figure 1) Using
Semiempirical and ab Initio Methods as Implemented in the
Titan and Gaussian Software Packages

Monomer (98%)

dipole moments (debyes)

Titan Gaussian
form (PM3 method) (Hartree—Fock, 6-31G basis set)
keto 7.342 7.584
enol 3.249 3.672

i L e

of the latter form in solvents of lower polarity. The larger U

abundance of the more polar tautomer in dinfras el

compared td, probably reflects the growth of the dendritic A A A

components, since the inner phases of these dendrimersrr—r e

exhibit a polarity greater than those of the two solvents used ™° ¢ 120 1o 100 90 80 70 60

in our experiment§?-e Figure 3. Partial'H NMR spectra (400 MHz) of 8.0 mM in
The extensive dimerization of dendrimdrand2 was also ~ ©DCls solution.

verified by effective molecular weight determinations using

vapor pressure osmometry in toluene solutibRer instance, ) _ )

solutions ofl in toluene in the 350 mM concentration range ~ déndrimersl and2 one can observe signals corresponding

showed decreased vapor pressure compared to that of puré® the NH protons of thé, and2, homodimers, as well as

toluene, corresponding to the presence of a solute with anNeW Signals that are ascribed to heterodimes As an

average molecular weight of 1,173 g/mol. This value is illustration, the region of the NMR spectrum co_rrespondlng

within 3% of the calculated molecular weight of thedimer to the hydrogen-bonded NH urea proton adjacent to the

(1,134 g/mol). Similar experiments with dendringyielded dendron provides clear evidence for the presence of two

an average molecular weight of 3,108 g/mol, which is within hetérodimers, presumably formed by the keto and enol forms

29% of the calculated value for tH& dimer (3,180 g/mol). of the d_endnmers (see Supporting Information). The spec-

As control experiments, vapor pressure osmometric measure!r0Scopic data clearly reveal that batfand2 fully engage

ments in ethanol solutiohyielded molecular weights fak in_homodimer and heterodimer formation in solutions

and2 of 559 and 1,570 g/mol, respectively, both of which C€ontaining both compounds.

are within 1% of the calculated molecular weights for the

monomers (567 and 1,590 g/mol, respectively). These result{| | GTcNcNGNGENEEEEEEEEEEEEEEEE

provide clear and independent confirmation for the quantita-

tive dimerization ofl and2 in toluene solutions, while they

confirm the lack of dimerization in the more polar ethanol

solutions. a
In contrast withl and2, dendrimei3 dimerizes to a very

limited extent. Figure 3 shows tH&l NMR spectrum of3

in CDCl; solution. Integration of the corresponding peak

areas reveals that only ca. 2% of the dendrimer undergoes

dimerization Kgim = 2.6 M™%). This is a very surprising result

in lieu of the quantitative dimerization observed with the

smaller dendrimers and?2. Steric hindrance exerted by the

larger dendritic component imay play a significant role.

An alternative rationalization would rely on the relative

microenvironment polarities created by the dendritic com-
ponents. Dendron growth from the second to the third c
generation may give rise to a microenvironment polar NOUGN i twnaimeborssimmsotuturing

to weaken hydrogen bonding between the ureidopyrimidine
subunits of the two dendrimers.
To address the relative importance of these two factors ' ' ' T '
we performed a number of heterodimerization experiments. 9.80 960 940 920 9.00 8.80
In the 'H NMR spectrum of an equimolar mixture of Figure 4. Partial *H NMR (400 MHz, CDC}) spectra of (a)
dendrimerl, (b) 1:1 mixture of dendrimerd and 3, and (c)
(8) Osmometric data for the molecular weight calibration plots were dendrimer3. The resonances shown correspond to the NH urea

obtained with standard solutions of the dendritic building blocks shown in proton adjacent to the dendron.
Figure 1 having either -N©or -NH, groups at their apical positions.
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In contrast to these results, Figure 4b shows the samecomplex tends to decrease as the size of the dendron
spectral region for a solution containing an equimolar mixture increases. The results presented here constitute a sharp
of 1 and 3. Notice than in addition to the signal (at 9.32 extreme of this general behavior, as the stability of the
ppm) corresponding to the NH proton 4, the spectrum hydrogen-bonded dimer goes from very hidfyig > 10°
only shows two additional low intensity signals correspond- M~1) in the first and second generation to quite low in the
ing to the heterodimet-3 (at 9.50 ppm) and the homodimer third generation (Km = 2.6 M™1). This generational den-

3, (at 9.02 ppm). Integration of these signals reveals that drimer effect is so pronounced that even hydrogen bonding
only about 5% of3 is engaged in dimerization with itself or ~ of 3 with smaller partners, such as dendrimigtakes place
with the first generation dendrimel, whereas 95% o8 to a very modest extent.

remained in the monomeric form. In conclusion, we have prepared and characterized a new

Previous results from our groffphave clearly demon-  series of dendrimers containing a focal ureidopyrimidine
strated that growth of the Newkome dendrons used in this hydrogen bonding subunit, which gives rise to the formation
work leads to an effective increase in the polarity of the Of highly stable hydrogen-bonded dimers at the first and
microenvironment surrounding the functional residue at- second generations of dendron growth (compouhdsd
tached to the dendron’s apical position. This microenviron- 2). A pronounced discontinuity on the stability of the
ment effect seems to be important to the understanding ofhydrogen-bonded dimers was observed, since growth of the
the low stability of dimer3,, since our experimental data dendron component to the third generation strongly hinders
suggest relatively moderate steric hindrance effects. Fur-the dimerization of compound.
thermore, the increasing polarity of the microenvironment
around the ureidopyridimine residue in going from dendrimer  ACknowledgment. The authors are grateful to the NSF
110 3 is also consistent with the keto:enol ratios shown in for the generous support of this work (to A.E.K., CHE-
Table 1 for dimers formed by dendrimetsand 2. 0240295).

Our group has investigated extensively the binding inter- Supporting Information Available: MALDI-TOF spec-
actions between synthetic hosts and structurally similar ¢ s, compoundd and2, NMR spectra of mixtures of

depdrimer_s _containing a single gue_sfc residue attached to theandz, and synthetic details for the preparatiorLef3. This
apical positiorf. Generally, the stability of the hosguest  aterial is available free of charge via the Internet at
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