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Dynamic Mechanically Interlocked Dendrimers: Amplification in
Dendritic Dynamic Combinatorial Libraries

Ken C.-F. Leung, Fabio Aricd, Stuart J. Cantrill, and J. Fraser Stoddart*

California NanoSystems Institute and Department of Chemistry and Biochemistry, University of
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ABSTRACT: In the context of constructing nonclassical mechanically interlocked dendrimers by employing a
convergent templation procedure, the “clipping” thermodynamic approach has been explored to introduce sterically
bulky Fréchet-type dendrons with successive generations [GO] to [G3] onto a trivalent ammonium ion core using
a seven-component self-assembly via imine bond formation. Four generations of mechanically interlocked
dendrimers up to a molecular weight over 8800 Da were synthesized in a one-pot reaction by simply mixing the
seven components together. The dendrimers form in excellent yield (>90%). The mechanically interlocked core
of the [GO]—[G2] dendrimers can be modified and transformed into kinetically stable dendrimers by reduction
of the imine bonds with borane—tetrahydrofuran complex. Moreover, the dynamic nature of the thermodynamically
controlled self-assembly process is employed to obtain three dynamic combinatorial libraries of dendrimers by
the treatment of the dendrons [GO]—[G3] with the complementary components in one pot. The inherent modularity
of the overall process should allow for the rapid and straightforward access to many other analogues of mechanically
interlocked systems for which either the branched core or the dendritic periphery can be modified to suit the
needs of any potential application of these molecules.
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Introduction

Recently, the advent! of dynamic covalent chemistry (DCC)
has granted to the synthetic chemists a means of constructing,
with relatively high efficiencies, complex, mechanically inter-
locked compounds, such as catenanes,” rotaxanes,’ molecular
bundles,* and even nanoscale Borromean rings,> as a result of
multicomponent, thermodynamically controlled self-assembly
processes. The advantage of a thermodynamic process over a
kinetic one is that it operates under reversible or quasi-reversible
conditions in such a manner that undesired or competitive
products can be recycled until the most energetically favored
molecular structure(s) is (are) formed.

Up until recently, the approaches we were employing®’ in
attempts to construct mechanically interlocked dendrimers®®
involved either (1) template-directed!? threading-followed-by-
stoppering and then, thereafter stopper exchange!'! or (2)
slippage.'? Both these methods were found to be severely
lacking in the efficiencies required to render them in any way
practical. Recently, however, we discovered!® the power of
dynamic templating procedures for the all-but-quantitative
construction (Figure 1) of mechanically interlocked dendrimers
from generation zero [GO] to generation two [G2] in one pot
using imine bond-forming reactions activated by —CH,NH,"-
CH,— centers. Furthermore, successful postsynthetic modifica-
tions of the dynamic mechanically interlocked dendrimers to
fix the imine bonds by reduction were also shown to proceed
more or less quantitatively. The rapid and high-yielding forma-
tion of mechanically interlocked dendrimers, in which the
components can be mixed and matched according to need, offers
considerable potential for the preparation of dendrimers with
potential applications.'* In this article, the one-pot, highly
efficient template-directed self-assembly of the [GO]—[G3]
dynamic dendrimers with mechanically interlocked components,
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Figure 1. Graphical representation of the template-directed synthesis
of mechanically interlocked dendrimers.

as well as the formation of dynamic combinatorial libraries'?
by mixing the preformed dynamic dendrimers together, will be
presented.

Results and Discussion

Synthesis by Templation and Self-Assembly. We have
demonstrated (Scheme 1) the feasibility of constructing the
[GO]—[G2] dynamic dendrimers 4a—c-H3°3PF; very efficiently
by seven-component self-assembly processes in one-pot pro-
cedures which rely upon mixing 3 equiv of the dendritic
dialdehydes 1la—c and 3 equiv of the diamine 2 with 1 equiv
of the trisammonium ion core 3-H3+3PF¢ (total concentration
= 35 mM) acting as a triple template.'® The driving force for
this outcome is partly entropic since it represents the generation
of the maximum number of discrete molecules commensurate
with the operation of the principle of maximal site occupancy,'®
i.e., the enthalpic component that gives the reaction an op-
portunity to seek out its thermodynamically most stable state.
The molecular recognition associated with triple templation
comes from the excellent match!”!8 involving [Nt—H-+-O] and
[N*—H-+*N] hydrogen bonds and [C—H-++O] and [C—H:**N]
interactions, augmented by some aromatic m—sm stacking
interactions, that result from encircling the three dialkylammo-
nium (—CH,NH,"CH,—) centers with three [24]crown-8-like
macrocycles. While the [GO]—[G3] dendritic dialdehydes 1a—d
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Scheme 1. Seven-Component Self-Assemblies in One Pot Procedures of the [G0]—[G3] Dynamic Dendrimers 4a—d-H3-3PF

Scheme 2. Synthesis of the [GO]—[G3] Dendritic Dialdehydes 1a—d

OH [Gn]-Br 6a-d o[Gn]
CSch3IDMF
(L
MeO,C” "N"CO.Me _N % Me0,C” “N” ~CO,Me
5 ¢ o 7ad
2 64
3 62

were synthesized (Scheme 2) from their corresponding bro-
mides, ! the diamine 23 and the trisammonium ion core 3-Hs*
3PF¢* were prepared using literature procedures. 4-fert-
Butylbenzyl bromide 6a ([GO]-Br) is commercially available,
while the bromides 6b ([G1]-Br) and 6c¢ ([G2]-Br) were
synthesized using literature procedures.!® The [G3]-Br 6d was
prepared from the known [G3]-CO,Me.!"? Subsequently, alkyl-
ation of 4-hydroxypyridine diester 50 with the [Gn]-Br 6a—d
in DMF in the presence of Cs,COj; afforded the [Gn]-dendritic
diesters 7a—d in 62—89% yield. Furthermore, reduction of
7a—d with NaBH, in MeOH/THF gave the [Gn]-dendritic diols
8a—d in 75—97% yield. Finally, the dendritic diols 8a—d were
oxidized to the desired [Gn]-dendritic dialdehydes 1la—d in 41—
50% yield with SeO, in 1,4-dioxane.

When either CD3;NO, or CD;CN was used as solvent, the
self-assembly and templation processes proceed well in the
concentration range between 35 and 140 mM. By way of an
example, Figure 2 shows the partial '"H NMR spectra (500 MHz,
298 K) of the [G2]-dynamic dendrimer 4¢-H3+3PFg obtained
20 min after the mixing of the appropriate components. For the
formation of 4¢-H3:3PFg conducted in CD3NO,, it takes less
than 15 min (total concentration = 35 mM) for the reaction to
come to equilibrium, while in CD3;CN, it takes just over 20 min
(total concentration = 35 mM), as indicated by the simplification
of the resonances at & 8.0—8.2 ppm (Figure 2b) for the imine
protons. The reason for this difference in the rates and extents

NaBH, O[Gn] Se0,
MeOH / THF 1,4-Dioxane
—_— o —» 1ad
n % HOH,C™ "N” “CH,0OH n %
0 97 0 M
1 98 8a-d 1 40
2 88 2 43
3 75 3 50

of reaction in CD3;NO; and CD3;CN is believed to lie in the
difference in polarities and in the fact that the H,O molecules,
produced during the reaction of an aldehyde group with an
amine function, are expelled immediately from the dendritic
core in CD3NO; solution, wherein H,O is partially immiscible,
whereas they are miscible in the CD3;CN solution. Clearly, the
thermodynamic process does work more efficiently in dendritic
core in CD3NO; and so this solvent is the better one to use for
this kind of condensation. Even although the molecular weight
of the resulting [G3]-dynamic dendrimer 4d-H3+3PFg exceeds
8800 Da, we can still witness the successful preparation of this
dendrimer employing the one pot, self-assembly procedure in
CDsNO,/CDCl3 (2:1, 35 mM).

Characterization. High resolution electrospray ionization
mass spectrometry (HR—ESI—MS) proved to be a particularly
useful technique for the characterization (Table 1) of the [GO]—
[G3] dynamic dendrimers 4a—d-H33PF; in relation to both their
purities and percentage yields. The errors between the calculated
and experimental values are less than 0.01%. Moreover, the
observed isotopic distributions are consistent with the calculated
values. The HR—ESI—MS of the [G3]-dynamic dendrimer 4d-
H;3PF¢ reveals (Figure 3) a high-intensity signal at m/z =
2798.4908, corresponding to the ion mass of [4e-H3]*T—i.e.,
the loss of all three PF¢~ counterions from the tricationic salt.

Although the synthetic protocol described in this paper
represents a straightforward way of assembling mechanically
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Figure 2. 'H NMR spectra (500 MHz, 298 K, 35 mM) of the dynamic [G2]-dendrimer 4¢-Hs+3PF, after 20 min of mixing of the appropriate

components in (a) CD3;NO; and (b) CD3CN (x = solvent residue).

Figure 3. HR—ESI—MS analysis of the dynamic [G3]-dendrimer 4d-H;+3PFs.

Table 1. ESI-MS Data of the Dynamic [G0]—[G3] Dendrimers

structure molecular formula caled m/z found m/z
[4a-H;3]3" CiesH 80N 120243 919.4646 919.4623
[4b-H;]3" Ca2oHog9N 12030 1187.6109 1187.6109
[4e-H;33 T C330H360N120423" 1723.9036 1723.9803
[4d-H;3]3* Cs46Hg00N 12066 2796.4883 2796.5769

interlocked dendrimers from easily accessible starting materials,
the dendrimers are dynamic and highly susceptible to break
down because of the propensity to hydrolytic cleavage of their
numerous imine bonds. Hence, it is imperative that we have a
means of removing entirely this dynamic character by being

able to reduce all six imine bonds in an efficient manner.
Fortunately, we discovered recently®>!3 that BH;*THF is an
effective reducing agent for these particular imine bonds and
so we experimented with it to discover that it is an excellent
reducing agent for the dynamic dendrimers in question, giving
high yields of the expected products without jeopardizing the
integrities of the dendrimers (Scheme 3). Thus, when the fixing
of the [GO]—[G2] dynamic dendrimers 4a—c-H3*3PFs was
carried out using BH3*THF (two equiv per imine bond),
followed by the treatment with NaOH/H,O (2 M), complete
reduction of all the imine bonds to their corresponding amino
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Scheme 3. Fixing of the Dynamic [G0]—[G3] Dendrimers 4a-d-H;-3PF; To Give the Neutral [GO]—[G3] Dendrimers 9a-d

functions was achieved, affording the kinetically stable neutral
[GO]—[G2] dendrimers 9a—c after only 6 h without any need
for further purification by chromatography. The remarkable
efficiency of this fixing procedure was confirmed by both 'H
NMR spectroscopy and ESI—MS on the crude products from
the reductions. We discovered, however, that the efficiency of
this fixing procedure has its limitations. In the case of the
dynamic [G3]-dendrimer 4d-H3*3PFg, the matrix-assisted laser
desorption/ionization-time-of-flight-mass spectrometry (MALDI—
TOF—MS) revealed (Figure 4) that the attempted reduction did
not proceed to completion to give the fully reduced neutral
dendrimer 9d: instead, the reaction produced a mixture of
compounds, including 9d plus degraded neutral dendrimers with
only two and one dendrons linked noncovalently to the trivalent
core in 3, 32, and 100% relative intensities, respectively, from
the MS spectrum. The reason for this dramatic drop in the
efficiency of the fixing procedure to obtain neutral [G3]
dendrimer 9d is presumably associated with the increased steric
hindrance imposed by the larger [G3] dendrons on the trivalent
core, diminishing the accessibility of the imine bonds to the
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Figure 4. MALDI-TOF—MS of the mixture after the fixation/

reduction of dynamic [G3]-dendrimer 4d-H;:3PFs, indicating the
formation of a mixture of degraded [G3]-dendrimers.

reducing agent so that a lot of them remain intact. As a
consequence, work-up with the excess of aqueous 2 M NaOH
solution results in the hydrolysis of the remaining imine bonds,
leading to the detachment of a number of the dendrons.

Formation of Dynamic Combinatorial Libraries. On
account of the reversibility of the imine bond formation, we
have examined the consequences of mixing dynamic dendrimers
of different generations in one pot to obtain three dynamic
combinatorial libraries of mechanically interlocked dendrimer
via competitive self-assembly. To begin with, after mixing the
equimolar amount of the preformed dynamic [GO] and [G2]
dendrimers 4a-H3+3PFg and 4¢-H3:3PFg (MeCN, 298 K, total
concentration = 70 mM) in the presence of catalytic amount
of HPF; solution for 12 h, the constitution of the dynamic library
formed was characterized by ESI-MS.?! Somewhat to our
surprise, the mass spectrum of the dynamic mixture (Figure 5)
shows strong and sharp signals. The signals at m/z = 919.8
and 1725.5 Da correspond to the dynamic [G0O]-dendrimer 4a-
H3:3PFs and [G2] dendrimer 4c¢-Hs*3PFg, respectively. The
signals at m/z = 1188.5 and 1456.8 Da represent the newly
formed, mixed-dendron dynamic dendrimers with [GO]/[GO]/
[G2] and [GO]/[G2]/[G2] dendrons at their peripheries. The
relative intensities of the signal are summarized in Figure 6a.
Moreover, under the thermodynamic, dendron-exchanging pro-
cess, no other cyclic or linear oligomers/polymers were detected
by ESI—MS. The dendron exchange process undoubtedly
involves the water molecules in the acidic condition present in
the preformed dynamic [GO] and [G2] dendrimers (4a-H3*3PFg
and 4c¢-H3°3PFs), responsible for the forming and breaking of
the dynamic imine bonds.

The second dendritic dynamic combinatorial library was
formed by mixing the diamine 2 (3 equiv), the triammonium
core 3-H33PFs (1 equiv) and 3 equiv each of the [GO]-, [G1]-
and [G2]-dendritic dialdehyde 1a—d in one-pot (MeNO,, 298
K, total concentration = 65 mM) in order to give 10 different
dynamic dendrimers. In this case, the dendritic dialdehydes are
in excess relative to the diamine 2 and the triammonium core
3-H3+3PFs. The ESI-MS results (Figure 6b) revealed the absence
of the [G2]/[G2]/[G2] (4c-H3+3PFg) dynamic dendrimer in the
mixture. Moreover, the MS signal of [GO]/[GO]/[G2] dynamic
dendrimer is overlapped with the signal of [G1]/[G1])/[G1].%
On the other hand, the third dendritic dynamic combinatorial
library was formed by mixing equimolar amount of the
preformed [GO]-, [G1]-, [G2]- and [G3]-dynamic dendrimers
4a—d-H;3+3PF, together in one pot (2:1 MeCN/CH,Cl,, 298 K,
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Figure 5. ESI—MS result of the 1:1 mixture of dynamic [GO]-dendrimer 4a-H3*3PFs and dynamic [G2]-dendrimer 4c-Hs*3PFg, indicating the

newly formed, mixed-dendron dynamic dendrimers in MeCN.
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Figure 6. ESI—MS results of dendritic dynamic combinatorial library formed by mixing (a) preformed [GO]- [G2]-dynamic dendrimers (4a-Hs*
3PF¢ and 4c¢-H3:3PFg), (b) 3 equiv of 2, 1 equiv of 3-H;3:3PFg, and 3 equiv each of [GO]—[G2] dendritic dialdehyde 1la—c and (c) preformed
[GO]—[G3] dynamic dendrimers 4a—d-H3*3PFs in one pot (the [Gx]/[Gx]/[Gx]-type dynamic dendrimers are shown in blue; the [Gx]/[Gx]/[Gy]-
type dynamic dendrimers are shown in red; and the [Gx]/[Gy]/[Gz]-type dynamic dendrimers are shown in purple).

total concentration = 70 mM) in the presence of catalytic
amount of HPFg solution for 2 days. The resulting solution was
subjected to ESI-MS analysis (Figure 6¢). One should expect
that the mixing of the four dynamic dendrimers should give
rise into 20 different dynamic dendrimers within three categories
— [Gx)/[Gx)/[Gx]-, [Gx)/[Gx]/[Gy]-and [Gx]/[Gy]/[Gz]-type
dendrimers, via the dendron exchanging process. However, the
ESI-MS results revealed that the [G0]/[GO0]/[GO] (4a-H3+3PFg)
and [G3]/[G3]/[G3] (4d-H3*3PF¢) dynamic dendrimers are not
detected. The MS signals of [GO0]/[GO0]/[G2], [GO]/[GO)/[G3]
and [G1]/[G1]/[G3] dynamic dendrimers are overlapped with
the signals of [G1]/[G1]/[G1], [G1]/[G2]/[G2] and [G2]/[G2])/
[G2] dynamic dendrimers, respectively.??

Statistically, the ratio of [Gx]/[Gx]/[Gx]:[Gx]/[Gx]/[Gy]:[Gx]/
[Gy)/[Gz] dynamic dendrimers in the mixture should be 1:3:6
despite other structural or electronic effects. Comparatively, a
general trend as indicated by the relative MS intensities from
the three dendritic dynamic combinatorial libraries (Figure 6)
can be observed: In a dynamic library, the [Gx]/[Gy]/Gz]-type
dynamic dendrimer(s) ([GO)/[G1]/[G2], [GO)/[G1)/[G3], [GO]/

[G2]/[G3] and [G1]/[G2]/[G3] dynamic dendrimers) is (are)
amplified in the competitive equilibrium mixture. For the second
dendritic dynamic combinatorial library, the statistical effect is
dominant. However, other effects instead of the statistical effect
should also be accounted to explain the observed relative MS
intensities in the dynamic libraries. First, the steric (backfolding)
effect of the dendrons with increasing steric bulk should inhibit
the formation of self-assembling dynamic dendrimers, which
means that the dynamic dendrimers having higher molecular
weights/dendron generations (e.g., [G3]/[G3]/[G3] dendrimer)
are less stable, comparatively, in the competitive mixture. The
second effect is the hydrophobicity (or polarity) in the dendritic
environment. For dynamic dendrimers having lower dendron
generations, the permeability of water molecules from the
periphery to the core to hydrolyze the imine bonds, is enhanced
because of their low hydrophobicity (or high polarity). The
stabilities of low molecular weight/generation dynamic den-
drimers (e.g., [GO)/[GO]/[GO] dendrimer) decrease comparatively
in the competitive mixture. For the first dynamic library (Figure
6a), the [GO]/[G2]/[G2] dynamic dendrimer was amplified while
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for the second dynamic library, the [GO]/[G1]/[G2] dynamic
dendrimer was amplified (Figure 6b). Fot the third dynamic
libraries, statistically, the [GO]/[G1)/[G2], [GOV/[G1]/[G3], [GO]/
[G2)/[G3] and [G1]/[G2]/[G3] dynamic dendrimers should have
the same relative intensity. However, for these four specific
[Gx)/[Gyl/[Gz]-type dynamic dendrimers, the MS intensity
increases as the size of the dendrimer increase (the [G1]/[G2]/
[G3] dynamic dendrimer has the highest MS intensity). There-
fore, in this case, the hydrophobic effect (or polarity) plays a
more important role than the steric effect to govern the relative
stabilities of dynamic dendrimers in the competitive mixture.
Additionally, this conclusion can also be supported by the
unexpected drop in relative MS intensities of the dynamic
dendrimers bearing [GO]-dendron(s) in all three dynamic librar-
ies.

Generally, this protocol offers the mix and match of dendrons
with different generations to a central tritopic ammonium core
to afford new types of dendrimers, which cannot be obtained
at all by conventional synthetic methods, or if they can, the
task will be too demanding on time and resources. For a small
dendritic dynamic library, eventually, the dynamic dendrimers
with vastly different in molecular weights formed in the library
can be reduced to their corresponding kinetically stable den-
drimers by borane reductions and can be further separated and
isolated by preparative gel permeation chromatographic meth-
ods.

Conclusion

The utility of dynamic covalent chemistry in the thermody-
namically controlled, modular synthesis of a series of mechani-
cally interlocked dendrimers from generation zero to three has
been assessed. Starting with the simple mixing of precursor
components, this approach has been demonstrated to be an
effective, high yielding self-assembly process. The seven-
component self-assembly proceeds well in nitromethane and
acetonitrile. Postsynthetic fixing (by imine reduction) can also
be achieved for all generation zero to generation two dynamic
dendrimers, affording the corresponding kinetically stable
interlocked dendrimers in high yields without any further
purification steps. However, on account of the steric hindrance
associated with the [G3] dendron, the attempted reduction of
the [G3]-dynamic dendrimer yields a mixture of degraded
dendrimers. Moreover, dynamic combinatorial libraries of
mechanically interlocked dendrimers can be created by mixing
appropriate amounts of the preformed dynamic dendrimers or
their components. The mixed-dendron dynamic dendrimers
present in the libraries would not be easy to obtain by
conventional synthesis. In principle, dendrons bearing different
functional moieties, different generations can be mixed, matched,
and self-assembled into novel functional dendritic compounds
by an approach that is both rapid and efficient.

Experimental Section

General Methods. Lithium aluminum hydride (95%), tetrabro-
momethane (99%), triphenylphosphine (99%), cesium carbonate
(99.95%), sodium borohydride (99%), hydrogen hexafluorophos-
phate (60 wt % in water), N,N-dimethylformamide (DMF, anhy-
drous, 99.8%), methanol (anhydrous, 99.8%), tetrahydrofuran (THF,
anhydrous 99.9%), nitromethane (=95%), acetonitrile (anhydrous,
99.8%), and borane—THF complex solution (1.8 M in THF) were
purchased from Aldrich and used without further purification.
Deuterated nitromethane (99% D) and acetonitrile (99.8% D) were
purchased from Cambridge Isotope Laboratory and dried with
molecular sieves (4 A) prior to use. All reactions were carried out
under an argon atmosphere. Thin-layer chromatography was

Macromolecules, Vol. 40, No. 11, 2007

performed on silica gel sheet 60F;s4 (Merck). Column chromatog-
raphy was performed on silica gel 60F (Merck 9385, 0.040—0.063
mm). All NMR spectra were recorded on a Bruker Advance 500
('H at 500 MHz and '3C at 126 MHz) spectrometer and CDCl;
was used as the solvent unless otherwise stated. Chemical shifts
are reported in parts per million (ppm) downfield from the signal
for Me4Si used as the internal standard. ESI mass spectra were
recorded either on an IonSpec Fourier transform mass spectrometer
or a VG ProSpec triple focusing mass spectrometer with MeCN as
the mobile phase. High-resolution MALDI mass spectra were
recorded on an IonSpec Fourier transform mass spectrometer with
a-cyano-4-hydroxycinnamic acid as the calibration matrix. The
reported molecular mass (m/z) values are for the most abundant
monoisotopic masses.

[G3]-Dendritic Bromide 6d. LiAlH, (0.12 g, 3.1 mmol) was
added portionwise to the solution of [G3]-CO,Me!® (4.3 g, 2.1
mmol) in THF (20 mL) at 0 °C. The slurry was stirred for 2 h at
25 °C, and subsequently quenched by dropwise addition of H,O
(1 mL) at 0 °C and then with 1 M HCI (30 mL). The resulting
mixture was extracted with EtOAc (2 x 20 mL). The combined
extracts were washed with brine, dried (MgSOy) and filtered. The
collected filtrate was evaporated to dryness under reduced pressure.
The residue was then redissolved in THF (15 mL), followed by
the successive addition of CBr4 (1.0 g, 3.2 mmol) and PPh; (1.1 g,
4.2 mmol) at 25 °C. After stirring for 2 h, anhydrous Et,O (10
mL) was added to the mixture. Then, the mixture was filtered
through a short pad of Celite. The collected filtrate was concentrated
under reduced pressure, and the residue was purified by column
chromatography (silica gel, eluent: hexanes gradient to hexane/
EtOAc = 5:1) to afford the bromide 6d (3.3 g, 75% yield) as a
colorless glassy solid. '"H NMR: 6 = 1.31 (s, 72 H), 4.37 (s, 2 H),
4.96 (s, 28 H), 6.50—6.70 (m, 21 H), 7.34 (d, / = 8.3 Hz, 16 H),
7.39 (d, J = 8.3 Hz, 16 H). BC NMR: 6 = 31.3, 33.7, 34.6, 69.9,
70.0, 101.5, 102.2, 106.2, 108.1, 125.5, 127.5, 133.6, 138.9, 139.7,
151.06, 159.9, 161.2. MS (HR—ESI): calcd for Cy37H;5¢BrO14 m/z
= 2104.0678; found m/z = 2104.0673 [(M + H)*, 100%].

General Procedure for [GO]—[G3] Dendritic Diesters 7a—d.
A mixture of the 4-hydroxypyridine derivative 52 (1.0 equiv), [Gn]-
Br 6a—d (1.1 equiv) and Cs,COs (1.5 equiv) in DMF (2 mL/mM)
was stirred for 2 h at 60 °C. The reaction mixture was then quenched
with H,O, and extracted twice with EtOAc. The organic phase
extracts were combined and washed with brine, dried (MgSO,),
and filtered. The filtrate was evaporated under reduced pressure,
and the residue was purified by column chromatography on silica
gel with hexane/EtOAc (2:1 gradient to 3:2) as the eluent to afford
the [Gn]-dendritic diesters 7a—d.

[GO]-Dendritic Diester 7a. Starting from compound 5 (4.0 g,
19 mmol), [GO]-Br 6a (90%, 4.7 mL, 23 mmol), and Cs,CO; (12.4
g, 38 mmol) in DMF (70 mL), the diester 7a (6.0 g, 89% yield)
was obtained as a white solid. Mp: 92.4—95.6 °C. 'HNMR: 6 =
1.33 (s, 9 H), 4.01 (s, 6 H), 5.19 (s, 2 H), 7.37 (d, J = 8.3 Hz, 2
H), 7.44 (d, J = 8.3 Hz, 2 H), 7.89 (s, 2 H). 3C NMR: 6 = 31.3,
34.7, 53.3, 70.8, 114.8, 125.8, 127.7, 131.6, 149.8, 152.0, 165.2,
166.8. MS (HR—MALDI): caled for CooHx3sNOsNa m/z = 380.1474;
found m/z = 380.1456 [(M + Na)*, 100%].

[G1]-Dendritic Diester 7b. Starting from compound 5 (1.0 g,
4.7 mmol), [G1]-Br 6b (2.8 g, 5.7 mmol), and Cs,CO; (2.1 g, 6.6
mmol) in DMF (25 mL), the diester 7b (2.0 g, 68% yield) was
obtained as a white solid. Mp: 139.8—142.6 °C. 'H NMR: 0 =
1.33 (s, 18 H), 4.01 (s, 6 H), 5.00 (s, 4 H), 5.16 (s, 2 H), 6.62 (t,
J=28Hz, 1H),6.67(,J=28Hz 2H), 736 (d,J=83Hz,
4 H), 742 (d, J = 8.3 Hz, 4 H), 7.89 (s, 2 H). 3C NMR: 0 =
31.3,34.6,53.2,70.1, 70.6, 102.0, 106.4, 114.8, 125.6, 127.5, 133.5,
136.8, 149.8, 151.2, 160.4, 165.1, 166.6. MS (HR—MALDI): calcd
for C3sH43NO7Na m/z = 648.2937; found m/z = 648.2902 [(M +
Na)*, 100%].

[G2]-Dendritic Diester 7c. Starting from compound 5 (0.17 g,
0.81 mmol), [G2]-Br 6¢ (1.0 g, 0.97 mmol), and Cs,CO5 (0.53 g,
1.6 mmol) in DMF (10 mL), the diester 7¢ (0.6 g, 64% yield) was
obtained as a colorless glassy solid. '"H NMR: 6 = 1.33 (s, 36 H),
4.00 (s, 6 H), 4.99 (s, 12 H), 5.16 (s, 2 H), 6.59 (t, / = 2.8 Hz, 2
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H), 6.60 (t, J = 2.8 Hz, 1 H), 6.63 (d, J = 2.8 Hz, 2 H), 6.68 (d,
J=2.8Hz, 4 H), 7.35 (d, J = 8.3 Hz, 8 H), 7.41 (d, J/ = 8.3 Hz,
8 H), 7.89 (s, 2 H). 3C NMR: 6 = 31.2, 34.5, 53.2, 69.9, 70.0,
70.5,101.4, 102.0, 106.2, 106.4, 114.7, 125.4, 127.5, 133.6, 136.8,
149.8, 151.0, 160.18, 160.21, 165.0, 166.5. MS (HR—MALDI):
calcd for C74Hg3;NO;Na m/z = 1184.5864; found m/z = 1184.5885
[(M + Na)*, 100%].

[G3]-Dendritic Diester 7d. Starting from compound 5 (0.14 g,
0.67 mmol), [G3]-Br 6d (1.5 g, 0.74 mmol), and Cs,CO; (0.43 g,
1.3 mmol) in DMF (8 mL), the diester 7d (0.92 g, 62% yield) was
obtained as a colorless glassy solid. '"H NMR: 6 = 1.33 (s, 72 H),
4.00 (s, 6 H), 5.01 (s, 28 H), 5.13 (s, 2 H), 6.55—6.72 (m, 21 H),
7.36 (d, J = 8.3 Hz, 16 H), 7.41 (d, J = 8.3 Hz, 16 H), 7.89 (s, 2
H). BCNMR: ¢ = 31.3,34.5,53.2,69.9,70.0, 101.4, 101.5, 101.9,
106.2, 106.3, 106.5, 114.7, 125.4, 127.5, 133.6, 138.9, 139.0, 149.8,
151.0, 160.0, 160.2, 165.0, 166.5. MS (HR—MALDI): calcd for
C146H163N019Na mlz = 2257.1717; found m/z = 2257.1708 [(M
+ Na)*, 100%].

General Procedure for the [GO]—[G3] Dendritic Diols 8a—d.
A mixture of the [Gn]-dendritic diesters 7a—d (1.0 equiv) and
NaBH, (4.0 equiv) in MeOH/THF (1:2 v/v) (2 mL/mM) was stirred
for 12 h at 0 °C. The reaction mixture was then quenched with
H,0 at 0 °C and extracted twice with EtOAc. The organic phase
extracts were combined and washed with brine, dried (MgSO,),
and filtered. The filtrate was evaporated under reduced pressure,
and the residue was purified by column chromatography on silica
gel with EtOAc as the eluent to afford the [Gn]-dendritic diols 8a—
d.

[GO]-Dendritic Diol 8a. Starting from compound 7a (6.0 g, 17
mmol) and NaBH, (2.6 g, 67 mmol) in MeOH/THF (150 mL), the
diol 8a (4.9 g, 97% yield) was obtained as a white solid. Mp: 89.2—
91.4 °C. 'H NMR: 0 = 1.33 (s, 9 H), 2.60—3.10 (bs, 2 H), 4.70
(s, 4 H), 5.08 (s, 2 H), 6.79 (s, 2 H), 7.34 (d, J = 8.3 Hz, 2 H),
7.43 (d, J = 8.3 Hz, 2 H). 3C NMR: 6 = 31.2, 34.5, 64.3, 69.8,
105.9, 125.6, 127.4, 132.3, 151.5, 160.7, 166.3. MS (HR—
MALDI): calcd for CigH,3NOsNa m/z = 324.1576; found m/z =
324.1565 [((M + Na)*, 100%].

[G1]-Dendritic Diol 8b. Starting from compound 7b (1.8 g, 2.9
mmol) and NaBH, (0.44 g, 12 mmol) in MeOH/THF (30 mL), the
diol 8b (1.6 g, 98% yield) was obtained as a white solid. Mp:
123.6—126.2 °C. 'TH NMR: 6 = 1.33 (s, 18 H), 3.20—3.60 (bs, 2
H), 4.69 (s, 4 H), 4.99 (s, 4 H), 5.05 (s, 2 H), 6.61 (t, J = 2.8 Hz,
1 H), 6.64 (d, J = 2.8 Hz, 2 H), 6.78 (s, 2 H), 7.36 (d, J = 8.3 Hz,
4 H), 7.41 (d, J = 8.3 Hz, 4 H). BC NMR: 0 = 31.2, 34.5, 64.3,
69.8, 69.9, 101.5, 105.8, 106.1, 125.5, 127.5, 133.4, 137.7, 151.1,
160.3, 166.1. MS (HR—MALDI): calcd for C3sHs3sNOsNa m/z =
592.3039; found m/z = 592.3014 [(M + Na)*, 100%].

[G2]-Dendritic Diol 8c. Starting from compound 7¢ (0.6 g, 0.52
mmol) and NaBH, (79 mg, 2.1 mmol) in MeOH/THF (15 mL),
the diol 8¢ (0.51 g, 88% yield) was obtained as a colorless glassy
solid. "TH NMR (OH signal not observed): ¢ = 1.33 (s, 36 H),
4.69 (s, 4 H), 4.99 (s, 12 H), 5.06 (s, 2 H), 6.50—6.60 (m, 3 H),
6.62 (d,J =2.8 Hz, 2 H), 6.68 (d, J = 2.8 Hz, 4 H), 6.77 (s, 2 H),
7.35 (d, J = 8.3 Hz, 8 H), 7.41 (d, J = 8.3 Hz, 8§ H). 3C NMR:
0=731.2,34.5,64.1,69.9,70.0, 101.3, 101.7, 105.8, 106.2, 125.5,
127.5, 133.5, 138.9, 151.0, 160.1, 160.2, 166.3. MS (HR—
MALDI): calcd for C7,HgzsNOgNa m/z = 1128.5966; found m/z =
1128.5980 [(M + Na)*, 100%].

[G3]-Dendritic Diol 8d. Starting from compound 7d (1.1 g, 0.49
mmol) and NaBH, (74 mg, 2.0 mmol) in MeOH/THF (10 mL),
the diol 8d (0.8 g, 75% yield) was obtained as a colorless glassy
solid. "H NMR (OH signal not observed): ¢ = 1.32 (s, 72 H),
4.66 (s, 4 H), 4.97 (s, 28 H), 5.01 (s, 2 H), 6.53—6.75 (m, 23 H),
7.34 (d,J = 8.3 Hz, 16 H), 7.39 (d, J = 8.3 Hz, 16 H). 3C NMR:
0 =31.2,34.5,64.2,69.7, 69.9, 70.0, 101.3, 101.7, 105.8, 106.2,
125.4,125.5,127.5, 133.5, 138.9, 151.0, 160.0, 160.1, 160.2, 166.3.
MS (HR—ESI): calcd for Ci44H1sNO17 m/z = 2179.1994; found
mlz = 2179.1931 [(M + H)*, 100%].

General Procedure for [GO]—[G3] Dendritic Dialdehydes
la—d. A mixture of the [Gn]-dendritic diols 8a—d (1.0 equiv) and
SeO; (6.0 equiv) in 1,4-dioxane (2 mL/mM) was stirred for 12 h
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at 100 °C. The reaction mixture was cooled to 25 °C and then
quenched with H,O, followed by the extraction with EtOAc twice.
The organic phase extracts were combined and washed with brine,
dried (MgSO,), and filtered. The filtrate was evaporated under
reduced pressure, and the residue was purified by column chro-
matography on silica gel with hexane/EtOAc (4:1) as the eluent to
afford the [Gn]-dendritic dialdehydes 1la—d.

[GO]-Dendritic Dialdehyde 1a. Starting from compound 8a
(0.15 g, 0.50 mmol) and SeO, (0.33 g, 3.0 mmol) in 1,4-dioxane
(3 mL), the dialdehyde 1a (61 mg, 41% yield) was obtained as a
white solid. Mp: 73.3—75.2 °C;'H NMR (CD;CN): 6 = 1.35 (s,
9 H), 5.28 (s,2 H), 7.42 (d, J = 8.3 Hz, 2 H), 7.50 (d, J = 8.3 Hz,
2 H), 7.72 (s, 2 H), 10.06 (s, 2 H). 3C NMR (CD;CN): 6 = 30.4,
34.1,70.6, 111.5, 125.5, 127.8, 132.3, 151.6, 154.8, 166.9, 192.3.
MS (HR—ESI): calcd for C;gH19yNO3 m/z = 297.1365; found m/z
= 297.1365 [M™, 100%].

[G1]-Dendritic Dialdehyde 1b. Starting from compound 8b
(0.50 g, 0.88 mmol) and SeO, (0.59 g, 5.3 mmol) in 1,4-dioxane
(20 mL), the dialdehyde 1b (0.20 g, 40% yield) was obtained as a
white solid. Mp: 139.4—141.2 °C. '"H NMR (CD;CN): 6 = 1.34
(s, 18 H), 5.07 (s, 4 H), 5.27 (s, 2 H), 6.61 (t, J = 2.8 Hz, 1 H),
6.67 (d, J = 2.8 Hz, 2 H), 7.38 (d, / = 8.3 Hz, 4 H), 7.46 (d, J =
8.3 Hz, 4 H), 7.73 (s, 2 H), 10.08 (s, 2 H). 13C NMR (CDCl3): ¢
=31.2, 34.5,70.0, 70.7, 101.9, 106.2, 111.7, 125.5, 127.4, 133.3,
136.6, 151.1, 154.7, 160.4, 166.5, 192.1. MS (HR—MALDI): calcd
for C3¢H39NOsNa m/z = 588.2726; found m/z = 588.2730 [(M +
Na)*, 100%].

[G2]-Dendritic Dialdehyde 1c. Starting from compound 8¢ (0.35
g, 0.32 mmol) and SeO, (0.21 g, 1.9 mmol) in 1,4-dioxane (15
mL), the dialdehyde 1c (0.15 g, 43% yield) was obtained as a
colorless glassy solid."H NMR (CD;CN): ¢ = 1.28 (s, 36 H), 4.96
(s, 12 H), 5.18 (s, 2 H), 6.48 (t, / = 2.8 Hz, 2 H), 6.54 (t, ] = 2.8
Hz, 1 H), 6.61 (d, J = 2.8 Hz, 2 H), 6.65 (d, J/ = 2.8 Hz, 4 H),
7.30 (d, J = 8.3 Hz, 8 H), 7.39 (d, J/ = 8.3 Hz, 8 H), 7.63 (s, 2 H),
9.98 (s, 2 H). 3C NMR (CD;CN): 6 = 31.2, 34.5, 69.9, 70.0,
70.6, 101.4, 102.0, 106.1, 106.3, 111.7, 125.4, 127.5, 133.5, 136.7,
138.8, 151.0, 154.7, 160.2, 166.5, 192.1. MS (HR—MALDI): calcd
for C7,H79NOgNa m/z = 1124.5653; found m/z = 1124.5551 [(M
+ Na)*, 100%].

[G3]-Dendritic Dialdehyde 1d. Starting from compound 8d
(0.80 g, 0.37 mmol) and SeO, (0.25 g, 2.2 mmol) in 1,4-dioxane
(10 mL), the dialdehyde 1d (0.40 g, 50% yield) was obtained as a
colorless glassy solid. '"H NMR: 6 = 1.31 (s, 72 H), 4.97 (s, 28
H), 5.11 (s, 2 H), 6.54—6.70 (m, 21 H), 7.34 (d, J = 8.3 Hz, 16
H), 7.39 (d, J/ = 8.3 Hz, 16 H), 7.65 (s, 2 H), 10.01 (s, 2 H). 13C
NMR: 6 = 31.2, 34.5,69.7, 69.9, 70.0, 101.3, 101.7, 105.8, 106.2,
1254, 125.5, 127.5, 133.5, 138.9, 151.0, 160.0, 160.1, 160.2, 166.3,
191.9. MS (HR_MALDI) calcd for C144H159N017Na m/z =
2197.1500; found m/z = 2197.1449 [M + Na)*, 100%].

General Procedure for the Dynamic [G0]—[G3] Dendrimers
4a—d-H;:3PF. The [Gn]-dendritic dialdehydes 1a—d (3.0 equiv),
the diamine 2 (3.0 equiv) and the trisammonium salt 3-H33PF¢
(1.0 equiv) were mixed together in either CD3NO, (total concentra-
tion = 35 mM) or CD3;CN (total concentration = 35 mM) at 25 °C
for 20 min. Subsequently, the excess solvent was removed under
reduced pressure to give the [Gn]-dendrimers 4a—d-H;+3PFg.

Dynamic [G0] Dendrimer 4a-H3:3PFg. Starting from the [GO]-
dendritic dialdehyde 1a (10 mg, 0.035 mmol), the diamine 2 (13
mg, 0.035 mmol), and the trisammonium salt 3-H3*3PF¢ (15 mg,
0.012 mmol) in MeNO, (1.0 mL), the dendrimer 4a-H;*3PFq (39
mg, quant.) was obtained as a yellowish glassy solid. 'H NMR
(CD;NOy): 0 = 1.23 (s, 27 H), 3.38 (s, 18 H), 3.61 (bs, 12 H),
3.71 (bs, 12 H), 4.00—4.15 (m, 18 H), 4.60 (bs, 6 H), 4.63 (bs, 6
H), 4.81 (bs, 6 H), 4.87 (s, 6 H), 6.11 (t, / = 2.2 Hz, 3 H), 6.48 (d,
J=2.2Hz, 6 H), 691 (d,J = 7.7 Hz, 6 H), 6.98—7.08 (m, 6 H),
7.18—7.20 (m, 6 H), 7.22—7.30 (m, 24 H), 7.35—7.40 (m, 6 H),
7.47 (d, J = 8.1 Hz, 6 H), 7.52 (s, 3 H), 8.34 (s, 6 H), 10.07 (bs,
6 H) MS (HR_ESI) calcd for C16,3H139N120243+ m/z = 9194646,
found m/z = 919.4633 [(M-3PFy)3*, 100%].

Dynamic [G1] Dendrimer 4b-H3:3PF. Starting from the [G1]-
dendritic dialdehyde 1b (20 mg, 0.035 mmol), the diamine 2 (13



3958 Leung et al.

mg, 0.035 mmol), and the trisammonium salt 3-H3*3PF; (15 mg,
0.012 mmol) in MeNO, (1.0 mL), the dendrimer 4b-H;:3PF¢ (48
mg, quant.) was obtained as a yellowish glassy solid."H NMR (CDj3-
NO,): 6 = 1.25 (s, 54 H), 3.36 (s, 18 H), 3.57 (bs, 12 H), 3.65
(bs, 12 H), 3.93—4.10 (m, 24 H), 4.55 (bs, 6 H), 4.74 (bs, 6 H),
4.83 (s, 6 H), 4.87 (s, 12 H), 6.10 (bs, 3 H), 6.45 (d, J/ = 2.3 Hz,
6 H), 6.53 (s, 3 H), 6.82 (d, J = 7.8 Hz, 6 H), 6.99 (t, J = 7.8 Hz,
6 H), 7.12 (s, 6 H), 7.15—7.50 (m, 54 H), 7.56 (s, 3 H), 8.23 (s, 6
H), 10.02 (bS, 6 H) MS (HR—ESI) calcd for (:222H2491\I]2O303+
m/z = 1187.6109; found m/z = 1187.6109 [(M-3PF¢)**, 100%].

Dynamic [G2] Dendrimer 4¢-Hj-3PF. Starting from the [G2]-
dendritic dialdehyde 1¢ (39 mg, 0.035 mmol), the diamine 2 (13
mg, 0.035 mmol), and the trisammonium salt 3-H3*3PF; (15 mg,
0.012 mmol) in MeNO; (1.0 mL), the dendrimer 4c-H3*3PF¢ (67
mg, quant.) was obtained as a yellowish glassy solid."H NMR (CD;-
NO,): 6 = 1.25 (s, 108 H), 3.30—3.35 (m, 18 H), 3.51 (d, J = 3.2
Hz, 12 H), 3.64 (d, J/ = 3.2 Hz, 12 H), 3.86—3.97 (m, 24 H), 4.46
(bs, 6 H), 4.69 (bs, 6 H), 4.76 (s, 6 H), 4.80 (s, 12 H), 4.91 (s, 24
H), 6.08 (bs, 3 H), 6.38 (d, J = 2.1 Hz, 6 H), 6.45 (bs, 6 H), 6.50
(bs, 3 H), 6.53 (bs, 6 H), 6.60 (d, J = 2.1 Hz, 12 H), 6.70 (d, J =
7.5 Hz, 6 H), 6.93 (t, J = 7.5 Hz, 6 H), 7.00 (s, 6 H), 7.14 (d, J =
8.4 Hz, 6 H), 7.20—7.45 (m, 66 H), 7.59 (s, 3 H), 8.09 (s, 6 H),
9.98 (bS, 6 H) MS (HR_ESI) calcd for C330H3()9N120423Jr m/z =
1723.9036; found m/z = 1723.9803 [(M-3PFs)**, 100%].

Dynamic [G3] Dendrimer 4d-Hj-3PF. Starting from the [G3]-
dendritic dialdehyde 1d (76 mg, 0.035 mmol), the diamine 2 (13
mg, 0.035 mmol), and the trisammonium salt 3-H3*3PF¢ (15 mg,
0.012 mmol) in MeNO,/CH,Cl, (2:1, 1.0 mL), the dendrimer 4d-
H;3PF; (0.10 g, quant.) was obtained as a yellowish glassy solid.
'TH NMR (CD3NO,/CD,Cl, 3:1): 6 = 1.32 (s, 216 H), 3.35 (s, 18
H), 3.70—3.73 (m, 24 H), 3.90 (t, J/ = 4.6 Hz, 12 H), 4.20 (t, J =
4.6 Hz, 12 H), 4.65 (bs, 6 H), 4.80—5.10 (m, 96 H), 6.10 (bs, 3
H), 6.40 (bs, 6 H), 6.50—6.70 (m, 63 H), 6.70—6.78 (m, 12 H),
6.82 (d,J =79 Hz, 6 H), 6.88 (d,J = 7.9 Hz, 6 H), 7.08 (s, 6 H),
7.35—7.50 (m, 108 H), 7.54 (s, 3 H), 8.05 (s, 6 H), 9.90—10.12 (b,
6 H) MS (HR_ESI)I calcd for (:546,H()09N12C)663+ mlz = 27964883,
found m/z = 2796.5769 [(M — 3PF)**, 100%].

General Procedure for Neutral [GO]—[G2] Dendrimers
9a—c. A solution of BH3*THF complex (1.8 M in THF) (12 equiv)
was added to a CD3NO, or CD;CN solution of the [Gn]-dendrimers
4a—c-H;3PF¢ at 25 °C. After standing for 6 h, the reaction mixture
was quenched with NaOH solution (2 M) to a pH ~ 8 and extracted
twice with CHCl;. The organic phase extracts were combined and
washed with brine, dried (MgSO,) and filtered. The filtrate was
evaporated under reduced pressure to give the neutral [Gn]-
dendrimers 9a—c.

Neutral [GO]-Dendrimer 9a. Starting from the dynamic [GO]-
dendrimer 4a-H;3PF; (37 mg, 0.012 mmol), the dendrimer 9a (29
mg, 90% yield) was obtained as a colorless glassy solid. 'H NMR:
0 =1.32(s,27 H), 1.70—1.85 (b, 3 H), 3.35 (s, 18 H), 3.52—3.90
(m, 42 H), 3.96—4.28 (m, 18 H), 4.49 (bs, 6 H), 4.60 (bs, 6 H),
4.97 (s, 12 H), 6.09 (t, / = 7.2 Hz, 3 H), 6.38 (d, / = 7.2 Hz, 6 H),
6.59—6.72 (m, 24 H), 6.80—7.04 (m, 12 H), 7.35—7.44 (m, 21 H).
BCNMR: 6 =31.2,34.5,55.2,62.7,67.9, 69.8, 69.9, 70.6, 72.7,
106.3, 106.5, 110.0, 111.7, 112.3, 119.4, 121.1, 122.9, 125.4, 127.5,
127.6, 129.1, 133.6, 146.0, 151.0, 160.0, 160.1, 160.2, 161.0. MS
(HR—MALDI)Z calcd for C163H193N12024 mlz = 27674637, found
m/z = 2767.4680 [M*, 100%].

Neutral [G1]-Dendrimer 9b. Starting from the dynamic [G1]-
dendrimer 4b-H3:3PF, (46 mg, 0.012 mmol), the dendrimer 9b (37
mg, 91% yield) was obtained as a colorless glassy solid. 'H NMR:
0 = 1.31 (s, 54 H), 1.65—1.72 (b, 3 H), 3.35—3.50 (m, 24 H),
3.54 (t, J = 5.2 Hz, 12 H), 3.65 (t, J = 5.2 Hz, 12 H), 3.68—3.75
(m, 12 H), 3.79—3.85 (m, 18 H), 4.09 (bs, 12 H), 4.14 (bs, 6 H),
4.95 (bs, 6 H), 4.96 (s, 12 H), 6.20 (bs, 3 H), 6.52—6.65 (m, 15
H), 6.84—6.90 (m, 6 H), 7.30—7.45 (m, 63 H). 3C NMR: 0 =
31.2, 34.5, 55.3, 62.8, 67.9, 69.9, 70.0, 70.6, 72.7, 101.6, 106.2,
106.3, 106.5, 110.0, 111.7, 112.3, 119.4, 121.1, 122.9, 125.4, 127.5,
129.1, 133.6, 138.9, 146.1, 151.1, 160.1, 160.2, 161.0, 161.1. MS
(HR—MALDI)Z calcd for C222H253N12030 mlz = 3571 9031, found
m/z = 3572.0780 [M™*, 100%].
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Neutral [G2]-Dendrimer 9c. Starting from the dynamic [G2]-
dendrimer 4c¢-H;+3PFq (65 mg, 0.012 mmol), the dendrimer 9¢ (55
mg, 91% yield) was obtained as a colorless glassy solid. 'H NMR:
0 = 1.31 (s, 108 H), 1.64—1.71 (b, 3 H), 3.40—3.60 (m, 24 H),
3.64—3.75 (m, 24 H), 3.79—3.90 (m, 24 H), 3.99—4.10 (bs, 30
H), 4.15 (bs, 18 H), 4.42 (bs, 6 H), 4.95 (s, 12 H), 6.15 (bs, 3 H),
6.50—6.65 (m, 33 H), 6.65—6.70 (m, 12 H), 6.74—6.88 (m, 6 H),
7.30—7.45 (m, 75 H). BC NMR: 6 = 31.2, 34.5, 55.2,62.7, 67.9,
69.8, 69.9, 70.0, 70.6, 72.7, 101.5, 106.2, 106.3, 106.5, 110.0, 111.7,
112.3,119.4, 121.1, 122.9, 125.4, 127.5, 127.6, 129.1, 133.6, 138.9,
146.0, 151.0, 160.0, 160.1, 160.2, 160.9, 161.0. MS (HR—
MALDI): calcd for Cs330H375N1,04, m/z = 5180.7812; found m/z
= 5181.0500 [M™, 100%].
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Since the 'H NMR spectrum of the equilibrium mixture is very
complicated, we employed ESI-MS for the characterization of the
dynamic combinatorial library. Preliminary gel permeation chromato-
graphic (GPC) analysis (column, American Polymer Standard AM
GPC Gel (1) 500 A 10 um, (2) linear 10 um, and (3) linear 10 um
columns in series; eluent, anhydrous tetrahydrofuran; temperature, 298
K; flow rate, 1.0 mL/min; detectors, Wyatt Optilab rEX differential
refractometer (wavelength = 685 nm) and a Wyatt Tri-Star miniDAWN
three-angle light scattering detector (wavelength = 690 nm); sample
filtration, Millipore PTFE membrane filter (pore size = 0.2 um);
calibration, polystyrene standards) was performed for the equilibrium
mixture. The chromatogram of the mixture revealed two signals with
the relative molecular weights corresponded to 4a-H3*3PFg and 4c-
Hj3:3PFg, plus one broad signal having the relative molecular weight
between 4a-H3:3PFs and 4c¢-H3*3PFg, which attests to the presence
of the new, mixed-dendron [GO]/[GO]/[G2] and [GO]/[G2]/[G2]
dendrimers. On the other hand, for the mixture of degraded dendrimers
after the reduction of [G3]-dynamic dendrimers 4d-H3*3PFs, the GPC
analysis revealed only one broad, overlapped signal (see Supporting
Information).

Other unknown signals from the dynamic combinatorial library were
observed by ESI—MS having relatively low intensities (<15%).
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