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ABSTRACT: Pyridinoimine-functionalized poly(ether imine) (PETIM) dendrimers of 1-3
generations, possessing 4—16 moieties at the peripheries, are synthesized. Chloride-functionalized
dendrimers are reacted with N-methylamino pyridine, under basic conditions, which led to
functionalization of the peripheries of a dendrimer with pyridoneimine moieties. Variable-temperature
"H NMR studies are performed to assess the contributing resonance forms of pyridoneimine in the
dendrimers. Solvatochromism and "N NMR studies aid further the assessment of the contributing
resonance forms. Comparison with derivatives that possess 1 and 2 pyridoneimines illustrates the
contributing resonance forms between nonaromatic pyridoneimine and zwitter ionic aromatic

imidopyridinium species.

Bl INTRODUCTION

Fully branched, monodispersed macromolecules, namely,
dendrimers, possess exo-structural features. Primary among
them is the presence of multiple, uniformly distributed chain
ends. The number of chain ends increases exponentially as the
dendrimer generations increase. Several studies show the
beneficial effects arising from the multiple chain ends."”
Prominent examples of the studies are (i) the specific rotation
neutrality of multiple, covalently attached chiral moieties at the
peripheries of the dendrimers;’ (i) the formation of charge-
transfer complexes in dendrimers functionalized with electron-
rich moieties and their interaction with relevant acceptors;*°
and (iii) acceleration of the catalytic effects in metal
catalysis.”” Ligand clustering at the dendritic scaffolds
provides an opportunity to identify the cluster effects on the
ligand properties. This clustering enables to study (i)
dendrimer effects in ligand—receptor interactions; °~"* (i)
cluster effects in organometallic catalysis;ls_16 (iii) antenna
effects in electron and energy transfer processes;'’~'* and (iv)
macromolecular and supramolecular complexation proper-
ties.”"™** Recent reports demonstrate (1) the convergent
synthesis of hexaphenylbenzene core biphenyl-dendrimers
and their surface modification with f-(1/6)-linked glucos-
amine as multivalent carbohydrate mimics to uncover
biological activities* and (ii) facile synthesis of higher
generation dendrimers, with dense peripheral functional
surface groups, involving click and thiol-ene reactions under
microwave conditions.”> Studies of tautomerization behavior
are also conducted, as demonstrated by Caminade, Majoral,
Ouali and co-workers on f-diketone-functionalized phospho-
rus-based dendrimer and the resulting keto-enol tautomer-
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ism.”® The efficacies of dendrimers as drug delivery nano-
carriers at the interface of therapeutics and other biological
applications are also well-established.””~** Magnetic nano-
dendrimers are an efficient vehicle for drug delivery.
Encapsulated magnetic nanoparticles (NPs) act as a nano-
carrier for drug molecules due to the presence of multiple
functional groups.”’ Besides biological applications, magnetic
nanodendrimers find immense utility in various organic
catalysis.”> Thus, applications of dendrimers in disparate
studies illustrate the accrued benefits resulting from their
highly branched structures.

We undertook a study to investigate the effect of clustering
pyridoneimine moieties at the peripheries of poly(ether imine)
(PETIM) dendrimers. Pyridoneimines represent an important
class of compounds that possess intramolecular push-pull-type
m-electron delocalizations. The delocalizations, leading to
pyridoneimine and imidopyridinium resonance forms, are
utilized to develop new organic materials, finding applications
in nonlinear optical materials, organic light emitting diodes,
fluorescence sensors, aggregation-induced emissions, solar
energy conversions, and more.”>~** Pyridoneimines also act
as superbases, as a result of aromatization through electrophilic
activation of the pyridyl nitrogen,*”** and the properties
permit pyridoneimines as a base for site-selective reactions in
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Scheme 1. Synthesis of Monomeric (7), Dimeric (3), First- (4), Second- (5), and Third (6)-Generations PYE-Functionalized
Derivatives”
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“Reaction condition: (i) DBU, THF, reflux, 24 h.

multifunctional compounds.**® In the present study, the first-,

second-, and third-generation PETIM dendrimers are function-
alized with pyridoneimine moieties at their peripheries. The
effects of clustering on the contributing resonance forms of
pyridoneimine are studied. Details of the synthesis and studies
of the clustered dendritic pyridoneimines are presented herein.

B RESULTS AND DISCUSSION

Synthesis. Synthesis and molecular structures of the
pyridoneimine-functionalized PETIM dendrimers 3—6 are
presented in Scheme 1. The PETIM dendrimers are
constituted with a tertiary amine as the branching juncture
and an ether as a linking component that are interconnected by
propylene spacers.”’~*’ Zero to 3 generations of dendrimers,
possessing 2, 4, 8, and 16 peripheral moieties, are chosen for
functionalization with pyridoneimine, namely, N-[1-alkyl-
4(1H)-pyridinylidene Jmethylamine (PYE). PYE-appended
dendrimer 3 was prepared by mixing 1 molar equiv. of bis-
chloride 2°”°' to excess molar equivalents of 4-(N-
methylamino)pyridine 1 and DBU in THF, at reflux for 24 h
(Scheme 1).

4-(N-Methylamino)pyridine (1) is an ambident nucleophile
with two nucleophilic nitrogen sites. In a neutral medium, the
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alkylation reaction proceeds through the azine site, in the
presence of an alkyl halide. Deprotonation of the resulting
iminium species, in the presence of DBU, results in the
formation of a pyridoneimine derivative. On the other hand, in
the presence of a strong base, such as NaH and n-BuLj,
deprotonation occurs at the imine site to generate the
corresponding anion and further alkylation leads to afford 4-
(dialkylamino)pyridine derivative.””>*

A brown precipitate was obtained after evaporation of the
solvents, which was further purified by column chromatog-
raphy (neutral Al,0;, CHCl;/MeOH, linear gradient). The
PYE-functionalized GO-(PYE), (3), with two pyridoneimine
moieties, was obtained in 95% yield, as a gum. A similar
protocol was adopted for the synthesis of PYE-functionalized
dendrimer G1-(PYE), (4), G2-(PYE); (5), and G3-(PYE)
(6) (Scheme 1). The chloride-functionalized precursors for
alkylation of 1 were prepared through chlorination of hydroxy-
terminated dendrimers”® with SOCI,. The N-alkylation at the
azine site occurred facile, and the high polarity of the resulting
higher generation PYE-functionalized dendrimers 4—6 allowed
purification of the reaction mixtures by trituration with
solvents THF, Et,O, PhMe, and hexane only. Excess reagents
were removed, and evaporation of residual solvents and drying
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in vacuo afforded PYE-functionalized dendrimers G1-(PYE),
(4), G2-(PYE); (5), and G3-(PYE);s (6) (Scheme 1).
Residual DBU is impervious to removal despite washing
several times with THF, which was observed as minor peaks
between 3 and 4 ppm in the '"H NMR spectra, and between 30
and 40 ppm in the C NMR spectra. Derivative 7 was
synthesized by the reaction of 1 with 3-dimethylaminopropyl
chloride, in the presence of DIPEA in MeCN under reflux for
14 h. The PYE-functionalized dendrimers are stable, yet
hygroscopic when exposed to an ambient atmosphere,
requiring it to be stored under an inert atmosphere. The
materials are insoluble in common organic solvents, except in
DMF, DMSO, MeOH, and aq. solutions. The newly
synthesized compounds were characterized by 'H and *C
NMR spectroscopies. Characteristics of '"H NMR spectra were
the changes in the chemical shifts of the —CH,— moieties
adjacent to the azine site upon alkylation of the chloride-
functionalized dendrimer precursors. Mass spectrometry was
secured for all compounds, except for the third-generation G3-
(PYE),4 (6) dendrimer. Figure 1 depicts the resonance forms,
namely, the nonaromatic pyridoneimine form and the aromatic
imidopyridinium form.

2_3
— \_, / ® 7 \ e/

R—N N <«—>» R—N N R = Alkyl
6 5

Imidopyridinium

Pyridoneimine

Figure 1. Resonance forms of pyridoneimine and imidopyridinium
species.

In the contributing pyridoneimine form, each proton in the
heterocycle appears as a distinct doublet, whereas in the
contributing imidopyridinium form, the ortho- and meta-
protons of the pyridinium species would appear as a set of
merged protons, as a result of the bond rotation of the bond
connecting the heterocycle with imido-substituent. When the
bond rotations are faster than the frequency of the separation
of the resonances, merging of the protons occurs. A slower
rotation might, in principle, be expected to merge one set of
protons, whereas a faster rotation would lead to merging of
both the ortho- and meta-protons of the heterocycle. From
merging of the protons, the activation energy for the rotational
process might be evaluated through the Eyring equation. The
'"H NMR signals for the dendritic pyridoneimines and the
monomer derivatives are given in Table 1, and the
corresponding spectra are given in the Supporting Information.

In GO-(PYE), (3), distinct resonances occur for the protons,
H-2, H-3, H-5, and H-6 of the heterocycle, as doublets. As the
dendrimer generations grow, the resonances of protons merge
progressively. In G1-(PYE), (4), H-2 and H-6 protons are

seen as a set of doublets, whereas the remaining two protons
merge to a broad peak. In the case of G2-(PYE); (5) and G3-
(PYE) 4 (6), the resonances of H-2 and H-6 are seen as broad
peaks, and H-3 and H-S proton resonances merge to a broad
peak. The merging of the resonances might indicate the
contributing imidopyridinium form as the dendrimer gen-
erations increase. With this indication of the contributing
resonance forms, it was desired to estimate the free energy of
activation for the rotational process and the assessment was
performed with the aid of variable-temperature 'H NMR
studies.

At room temperature, signals of H-2 and H-6 ortho to azine
appeared as a set of signals, even when H-3 and H-5 meta to
azine appeared as a merged signal. These protons are sensitive
to temperature, as a result of the ground state energy between
the resonating forms. An effect of clustering the pyridoneimine
moieties at the peripheries of dendrimers is the transformation
of the distinct sets of resonances for each proton of the
heterocycle in pyridoneimine to only a set of signals for the H-
2, H-6 and H-3, H-5 protons, as the dendrimer generation
advances.

Such a transition is also observed as a function of
temperature. '"H NMR of G1-(PYE), (4) in D,O as a function
of temperature (Figure 2) shows four sets of protons for the

353K
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Figure 2. Variable-temperature '"H NMR spectra of the heterocycle
portion of G1-(PYE), (4) in D,O.

heterocycle at room temperature, and at increasing temper-
ature, only a set of protons is seen as broad resonances, with
coalescence (T) occurring at 343 K. The experiments were
performed for dendrimers § and 6. The "H NMR spectra were
recorded at 10 K intervals in a D,O solution. In the case of
derivative 3, signals for H-2 and H-6 are well-resolved at room

Table 1. '"H NMR Chemical Shifts Corresponding to the Heterocycle of Monomers and the Dendritic Pyridoneimines in D,0

H-6 and H-2

7.92 (d, ] = 6.8 Hz)
7.75 (d, ] = 6.8 Hz)
8.05 (d, J = 6.0 Hz)
7.88 (d, ] = 6.4 Hz)
8.01 (br), 7.83 (br)
8.12 (br), 7.94 (br)
8.05 (d, J = 6.4 Hz)
7.88 (d, ] = 6.4 Hz)

derivative

3 (GO-(PYE),)
4 (G1-(PYE),)
5 (G2-(PYE)y)

6 (G3-(PYE),s)
7 (GO-(PYE),)
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H-S and H-3 -NMe
673 (d, ] = 6.8 Hz) 2,93 (s)
669 (d, ] = 6.8 Hz)
6.82-6.80 (br) 2,93 (s)
6.76 (br) 2.88 (s)
6.86 (br) 2.98 (s)
6.77 (br) 2.93 (s)
6.81 (br)
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temperature and appeared as two separate doublets, whereas
signals for H-3 and H-5 appeared as two nearby doublets.
Upon increasing the temperature, signals for H-3 and H-S
merged to a single broad peak at 313 K, whereas H-2 and H-6
coalesced at 333 K. For dendrimers G2-(PYE), (5) and G3-
(PYE),¢ (6), signals for H-2 and H-6 appeared as two broad
peaks, whereas signals for H-3 and H-5 merged into a single
broad peak at room temperature. T was 333 and 323 K for §
and 6, respectively.

For compound 7 with pyridoneimine and distal tertiary
nitrogen connected with a propyl linker, H-3 and H-$ signals
merged at rt, whereas H-2 and H-6 peak signals appeared as
two doublets. Observed T for this compound is 353 K.

From the T values and peak separations Av (in Hertz) of
nonequivalent H-2 and H-6 protons, the activation energies
AG? of the rotational process along the C-4 bridge bond and
the rate of rotation (k.) at T were calculated by applying eqs 1
and 2.>* Pertinent data related to the VT-"H NMR experiment
and the activation parameters are given in Table 2.

AG* (keal/mol) = (4.575 X 107%) T,

[9.97 + log(T./Av)] (1)

kc = ﬂ(Al/)/\/Z (2)

Table 2. Variable-Temperature Data and Experimental
Activation Parameters for Derivatives 3—7 in D,0

compound Tc (K)* Av (Hz)b k. (Hz)*  AG* (kJ/mol)
3(GO-(PYE),) 333 50.8 112.8 68.69
4 (G1-(PYE),) 343 52 118.5 70.84
5 (G2-(PYE)y) 333 54.4 120.8 68.53
6 (G3-(PYE)4) 323 56.4 125.3 65.81
7 (GO-(PYE),) 353 48 106 73.18

“Tc of H-2 and H-6 NMR shifts of the pyridine ring. bPeak separation
of anisochronous H-2 and H-6 of the pyridine ring. “Rate of rotation
along ipso-carbon and imine nitrogen bond.

Av is the frequency difference of nuclei with differing
magnetic environments, and is found to increase for the
pyridoneimine moiety as dendrimer generations increase
periodically, indicating the dependence of Av on the
dendrimer generation.

A perceptible increase in the rate of rotation (k_) is seen for
the higher-generation dendrimers, implying a tendency toward
the contributing imidopyridinium form. A consequence of this
trend is the decrease in the activation energy (AG?) for higher
generation dendrimers than lower generations. The contribu-
tion of imidopyridinium form in higher generation dendrimers
might be due to the coordination of the lone pairs of electrons
on imine and ether moieties with the positive charge on
pyridinium species. An earlier study on the PETIM dendrimers
showed that anomalous fluorescence of this series of

dendrimers increases upon protonation of the tertiary amines
constituting the molecular structures.”

Further studies of solvatochromism and N NMR studies®®
were performed in order to ascertain the above observations.
As the compounds are soluble only in polar solvents, the
solvatochromism studies are conducted only in water, MeOH,
and DMSO solutions. Table 3 summarizes changes in A, in
the UV—vis spectra of the compounds in these solvents. The
corresponding UV-—vis spectra are given in Figure S16
(Supporting Information).

Decreasing solvent polarities from water to DMSO led to a
red shift of the charge-transfer band in all the cases. For the
higher-generation dendrimer compounds, a clear red shift of 4
to 7 nm is observed with decreasing solvent polarity, whereas
in the case of lower-generation compounds, the shift was less.
The polarity differences among solvents used in the studies are
less, due to which a significant change in the charge transfer
band does not result.

N NMR studies were performed in D,O solutions,
referenced to external CH;NO, and expressed with respect
to NH;(1) at 0 ppm. Table 4 presents the results obtained from

Table 4. N NMR Chemical Shift Values for Derivatives 3—
7

compound azine imine azinium imido
7 (Go-(PYE),) 137.8 226.66
3 (Go-(PYE),) 137.77 226.65
4 (G1-(PYE),) 138.8 2277 168.49 151.89
5 (G2-(PYE),) 2267 168.35 151.33
6 (G3-(PYE),s) 171.26 168.36

the study for the pyridoneimine moiety. In GO-(PYE); (7) and
GO-(PYE), (3), the observed values appeared to correspond to
the contributing pyridoneimine resonance form. In the case of
G3-(PYE)4 (6), the presence of resonances at 171.26 and
168.36 ppm, and the absence of ~138 and 226 ppm
resonances suggested that the contributing imidopyridinium
resonance form in this derivative. With G1-(PYE), (4) and
G2-(PYE); (5), resonances that would correspond to both
pyridoneimine and imidopyridium contributing forms are
observed.

The above observations suggest a generation-driven effect
on the pyridoneimines functionalized at the peripheries of the
dendrimers. Relatively increasing rates of rotation (k.),
accompanied by reduced activation energies, imply that
pyridoneimines encounter a higher propensity toward the
imidopyridinium contributing resonance form, as the gen-
eration increases. Solvatochromism and N NMR provide
further indication of this contributing resonance form. The
required stabilization of the imidopyridinium species might
emerge through stabilization of the positive charge aided by an
electron-rich dendrimer scaffold, as suggested earlier for the
stabilizations of electron-deficient moieties in the PETIM

Table 3. Solvent-Dependent A,,,, in UV—Vis Spectra of PYE-Functionalized Compounds”

solvent ET? GO-(PYE), GO-(PYE),
water 63.1 277 280
MeOH 55.4 280 280
DMSO 45.1 282 284

“c = 4 uM for compounds 3—7, at 298 K. bReichardt’s solvent polarity.
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G1-(PYE), G2-(PYE), G3-(PYE) ¢
277 277 278
280 280 280
282 284 283
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dendrimer matrix.”” The bond rotation through imido-
nitrogen and ipso-carbon is a primary requirement for the
merging of the resonances that characterize the protons of the
heterocyclic moiety. The study shows the relative rates of
rotation and the activation energies as required for the process
in each dendrimer generation and, in comparison to a
monomer. The comparisons show the effect of the dendrimer
scaffolds distinctly on the contributing resonance forms of the
functional moiety when presented in multiples at the
peripheries, in comparison to the monomer.

B CONCLUSIONS

The work herein illustrates the multivalent presentation of
pyridoneimine moieties at the peripheries of dendrimers. The
query of clustering the pyridonimine moieties at the PETIM
dendrimer peripheries and the attendant alternations between
the contributing resonance forms are investigated in this work.
NMR studies of the dendritic pyridoneimine in D,O show a
gradation in the imido-nitrogen and ipso-carbon bond rotation
and the associated activation energies. The effect of the
dendrimer scaffold is seen not only in the increased rates of
rotation but also in concomitant reduction in the activation
energies, as the dendrimer generations increase. Important
findings of the work are (i) the contributing resonance
structures between pyridoneimine and imidopyridinium are
observed to be dependent on the clustering of the moieties;
and (ii) although monomers and lower-generation dendrimer
prefer pyridoneimine as the contributing resonance form at the
room temperature, the contributing resonance form for the
higher generations is the imidopyridinium form. The clustering
on to dendrimer peripheries appears to impact directly on the
contributing resonance forms of pyridoneimine. Although the
origin of the alternation in the contributing resonance
structure is unclear, electron-rich PETIM dendrimers are
likely to play a role. In summary, this work accomplishes the
synthesis of pyridoneimine-functionalized PETIM dendrimers
of generations 1—3 and a study of the resonating forms of the
pyridoneimine moieties.

B EXPERIMENTAL SECTION

General Methods. Unless otherwise noted, all reagents
were purchased commercially and used as received. Solvents
were dried and distilled according to literature procedures.
Analytical TLC was performed on commercial Merck plates
coated with silica gel or neutral aluminum oxide 60 F254 (type
E, 0.2 mm). Visualization of the spots on the TLC plates was
achieved by UV radiation or by using I, as a staining agent.
Silica gel (100—200 and 230—400 mesh size) and neutral
alumina were used for column chromatography. IR spectra
were recorded as neat samples. Mass spectral characterizations
were performed on an ESI-QTOF instrument, operating in the
positive ion mode, on samples in either MeCN/water or
MeOH/water solution. 'H and *C NMR spectral analyses
were performed on a spectrometer operating at 400 and 100
MHz, respectively. Processing of the FID data was performed
on Bruker TopSpin and Mnova software, with default settings.
Coupling constants (J) are reported in Hertz. Standard
abbreviations s, d, t, dd, br s, m, and app refer to singlet,
doublet, triplet, doublet of doublet, broad singlet, multiplet,
and apparent, respectively. Variable-temperature NMR studies
were recorded at varying concentrations in D,0 (0.5 mL), due
to exponentially varying molecular weights of dendrimers and

the attendant quantities required for the analysis. The exact
concentration is given in each variable-temperature NMR
spectrum. "N NMR studies were performed on a 500 MHz
NMR spectrometer, operating at 50.7 MHz for the "N
nucleus, in D,0 solutions. The resonances were referenced to
external CH;NO, and expressed with respect to NH;(1) at 0
ppm.

General Procedure for the Synthesis of PYE Function-
alized Compounds. A solution of chloride-functionalized
PETIM dendrimer*®*° (1 mol. equiv.) in THE (10 mL) was
added with 4-(N-methylamino)pyridine 1 (2.5 mol. equiv. per
halide moiety) and DBU as a base (2 mol. equiv. per halide
moiety), under N, blanket and the reaction mixture refluxed
for a defined time period. The precipitate formed in the
reaction was filtered, washed several times with solvents (THF,
Et,0, PhMe, and hexane), and the residual solvents were
removed in vacuo and dried to afford the required PYE-
functionalized dendrimers 4—6, in good yields. In the case of
derivatives 3 and 7, the crude reaction mixture obtained after
the evaporation of the solvent was purified by column
chromatography (neutral Al,0;) (eluant: CHCl;/MeOH,
linear gradient) to afford the desired products in good yields.

Characterization of the PYE Functionalized Products.
GO-(PYE), (3). A mixture of bis-chloride 2 (0.21 g, 0.81 mmol),
1 (0.44 g, 4.05 mmol), and DBU (0.48 mL, 3.24 mmol) in
THF (10 mL) was stirred at reflux and under an inert
atmosphere for 24 h, and worked-up as given in the general
procedure. GO-(PYE), (3) was secured after purification by
column chromatography (neutral ALO;) (eluant: CHCl;/
MeOH = 92:8) as a colorless gum (0.31 g, 95%). FT-IR (neat)
v 3140, 3067, 2954, 1650, 1592, 1562, 1520, 1460, 1438, 1370,
1326, 1219, 1189, 1106, 1032, 839; 'H NMR (400 MHz,
D,0) 6 7.92 (d, ] = 6.8 Hz, 2 H), 7.75 (d, ] = 6.8 Hz, 2 H),
7.29-7.27 (m, 3 H), 7.17—7.15 (m, 2 H), 6.73 (d, ] = 6.8 Hz,
2 H), 6.69 (d, ] = 6.8 Hz, 2 H), 4.06 (t, ] = 6.6 Hz, 4 H), 3.52
(s, 2 H), 2.93 (s, 6 H), 2.41 (t, ] = 7.6 Hz, 4 H), 2.01—1.95 (m,
4 H). *C NMR (100 MHz, D,0) § 157.7, 143.0, 140.5, 137.1,
129.7, 128.6, 127.4, 110.7, 105.0, 57.3, 55.7, 48.8, 28.8, 26.3.
ESI-MS m/z: [M + H]* caled for C,sH;3NH, 404.2814; found
404.2811.

G1-(PYE), (4). A mixture of dendrimer tetrakis-chloride G1-
(Cl), (0.15 g, 0.35 mmol), 1 (0.38 g, 3.5 mmol), and DBU
(0.42 mL, 2.8 mmol) in THF (10 mL) was stirred at reflux and
under an inert atmosphere for 24 h and worked-up as given in
the general procedure. G1-(PYE), (4) (brown gum, 0.21 g
81%). FT-IR (neat) v 3140, 3067, 2954, 1650, 1592, 1562,
1520, 1460, 1438, 1370, 1326, 1219, 1189, 1106, 1032, 839;
'H NMR (400 MHz, D,0) 6 8.05 (d, ] = 6.0 Hz, 4 H), 7.88
(d,] = 6.4 Hz, 4 H), 6.82—6.80 (br, 8 H), 4.09 (t, ] = 6.4 Hz, 8
H), 3.44 (t, ] = 6.2 Hz, 4 H), 2.93 (s, 12 H), 2.49—2.45 (m, 12
H), 2.01-1.93 (m, 4 H), 1.71-1.61 (m, 8 H). *C NMR (100
MHz, D,0) & 157.7, 143.0, 140.6, 110.7, 105.1, 68.7. 55.8,
49.6, 49.0, 28.8, 26.6, 25.3. ESI-MS m/z: [M + H]" calcd for
C,HgN(OH, 725.5343; found 725.5341.

G2-(PYE)g (5). A mixture of dendrimer octakis-chloride G2-
(Cls (0.12 g, 0.10 mmol), 1 (0.22 g, 2.0 mmol), and DBU
(0.24 mL, 1.6 mmol) in THF (10 mL) was stirred at reflux and
under an inert atmosphere for 24 h, and worked-up as given in
the general procedure. G2-(PYE)s (5) (brown gum, 0.15 g,
83%). FT-IR (neat) v 3140, 3067, 2954, 1650, 1592, 1562,
1520, 1460, 1438, 1370, 1326, 1219, 1189, 1106, 1032, 839;
'H NMR (400 MHz, D,0) 6 8.01 (d, ] = 6.4 Hz, 8 H), 7.83
(d,] = 64 Hz, 8 H), 6.76 (br, 16 H), 4.11 (t, ] = 6.8 Hz, 16
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H), 3.48 (b-t, ] = 7.6 Hz, 20 H), 2.88 (s, 24 H), 2.53—2.48 (m,
36 H), 2.04—1.95 (m, 16 H), 1.73—1.64 (m, 20 H). *C NMR
(100 MHz, D,0) & 157.7, 143.1, 140.6, 110.7, 105.1, 68.8,
55.8, 50.0, 49.7, 49.1, 28.8, 26.6, 25.3, 25.2. HRMS (ESI) m/z:
[M + H]* caled for C,oH;4sN,,O5, 1778.3333; found
222.1959 [M/8]*

G3-(PYE);s (6). A mixture of dendrimer G3-(Cl),5 (83 mg,
0.03 mmol), 4-(N-methylamino) pyridine 1 (0.13 g, 1.2
mmol), and DBU (0.14 mL, 0.96 mmol) in THF (10 mL) was
stirred at reflux and under an inert atmosphere for 24 h, and
worked-up as given in the general procedure. G3-(PYE) 4 (6)
(brown gum, 85 mg, 72%). FT-IR (neat) v 3140, 3067, 2954,
1650, 1592, 1562, 1520, 1460, 1438, 1370, 1326, 1219, 1189,
1106, 1032, 839. "H NMR (400 MHz, D,0) & 8.12 (br, 16 H),
7.94 (br, 16 H), 6.86 (br, 32 H), 4.15 (br, 32 H), 3.52 (br, 52
H), 2.98 (s, 48 H), 2.54 (br, 84 H), 2.01 (br, 32 H), 1.75 (br,
52 H). C NMR (100 MHz, D,0) & 157.8, 143.1, 140.7,
110.8, 105.2, 69.0, 55.9, 50.0, 49.8, 49.7, 49.2, 28.9, 26.7, 25.4,
22.7.

GO-(PYE); (7). A solution of 3-dimethylaminopropyl
chloride hydrochloride (0.10 g, 0.63 mmol) in MeCN (10
mL) was added with 1 (0.17 g 1.6 mmol) and N, N-
diisopropyl ethylamine (0.2 mL, 1.3 mmol) under an inert
atmosphere and refluxed for 14 h. The white precipitate
formed was filtered and the crude residue purified by column
chromatography (neutral AL O;, eluent: MeOH/CHCl, 1:9)
to afford the GO-(PYE), (7) (0.15 g, 93%) as a white solid.
FT-IR (neat) v 3138, 3061, 2951, 1647, 1587, 1457, 1372,
1185, 1036, 836; "H NMR (400 MHz, D,0) 5 8.05 (d, ] = 6.4
Hz, 1 H), 7.88 (d, ] = 6.4 Hz, 1 H), 6.81—6.77 (br, 2 H), 4.12
(t, J=7.2Hz, 2 H), 293 (s, 3 H), 2.34 (t, ] = 7.2 Hz, 2 H),
2.18 (s, 6 H), 2.01 (q, ] = 7.2 Hz, 2 H). 3C NMR (100 MHz,
D,0) & 157.8, 143.0, 140.5, 110.7, 105.1, 55.9, 54.7, 43.7, 287,
27.6. HRMS (ESI) m/z: [M + H] * caled for C;;H,N;H,
194.1657; found 194.1658.

B ASSOCIATED CONTENT

@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.3c03720.

'H, BC, and "N NMR of the compounds, variable-
temperature NMR spectra, and solvatochromism spectra
(PDF)

B AUTHOR INFORMATION

Corresponding Author
Narayanaswamy Jayaraman — Department of Organic
Chemistry, Indian Institute of Science, Bangalore 560 012,
India; ® orcid.org/0000-0001-5577-8053;
Email: jayaraman@iisc.ac.in

Author
Kalyan Dey — Department of Organic Chemistry, Indian
Institute of Science, Bangalore 560 012, India

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.3c03720

Author Contributions

The manuscript was written through the contributions of all
authors. All authors have given approval to the final version of
the manuscript.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This research was supported by generous funding from Science
and Engineering Research Board, DST, New Delhi. K.D.
acknowledges the Council of Industrial and Scientific
Research, New Delhi, for a research fellowship.

B ABBREVIATIONS

PETIM, poly(ether imine); PYE, N-[l-alkyl-4(1H)-
pyridinylidene]methylamine; DBU, 1,8-diazabicyclo[5.4.0]-
undec-7-ene; TLC, thin-layer chromatography; VT, variable
temperature

B REFERENCES

(1) Astruc, D.; Boisselier, E.; Ornelas, C. Dendrimers Designed for
Functions: From Physical, Photophysical, and Supramolecular
Properties to Applications in Sensing, Catalysis, Molecular Elec-
tronics, Photonics, and Nanomedicine. Chem. Rev. 2010, 110, 1857—
1959.

(2) Malkoch, M.; Malmstrém, E.; Nystrém, A. M. Dendrimers. In
Polymer Science: A Comprehensive Reference; Moeller, M.;
Matyjaszewski, K.. Eds. Elsevier, 2012, Vol. 6, pp 113—176.

(3) Jansen, J. F.; De Brabander Van Den Berg, E. M.; Meijer, E. W.
Encapsulation of Guest Molecules into a Dendritic Box. Science 1994,
266, 1226—1229.

(4) Ong, W,; McCarley, R. L. Positive Dendritic Effects on the
Electron-Donating Potencies of Poly(propyleneimine) Dendrimers.
Org. Lett. 2008, 7, 1287—1290.

(5) Dengiz, C.; Breiten, B.; Gisselbrecht, J. P.; Boudon, C.; Trapp,
N.; Schweizer, W. B,; Diederich, F. Synthesis and Optoelectronic
Properties of Janus-Dendrimer-Type Multivalent Donor—Acceptor
Systems. J. Org. Chem. 2015, 80, 882—896.

(6) Toma, F. M.; Puntoriero, F.; Pho, T. V.; La Rosa, M,; Jun, Y. S.;
de Villers, B. J. T.; Pavlovich, J,; Stucky, G. D.; Campagna, S.; Wudl,
F. Polyimide Dendrimers Containing Multiple Electron Donor—
Acceptor Units and Their Unique Photophysical Properties. Angew.
Chem., Int. Ed. 2015, 54, 6775—6779.

(7) Ouali, A.; Laurent, R.; Caminade, A.-M.; Majoral, J.-P.; Taillefer,
M. Enhanced Catalytic Properties of Copper in O- and N-Arylation
and Vinylation Reactions, Using Phosphorus Dendrimers as Ligands.
J. Am. Chem. Soc. 2006, 128, 15990—15991.

(8) Goren, K; Karabline-Kuks, J.; Shiloni, Y.; Barak-Kulbak, E.;
Miller, S. J; Portnoy, M. Multivalency as a Key Factor for High
Activity of Selective Supported Organocatalysts for the Baylis—
Hillman Reaction. Chem. — Eur. J. 2015, 21, 1191-1197.

(9) Jayamurugan, G.; Jayaraman, N. Increased Efficacies of an
Individual Catalytic Site in Clustered Multivalent Dendritic Catalysts
Adv. Synth. Catal. 2009, 351, 2379—2390.

(10) Bagul, R. S.; Hosseini, M.; Shiao, T. C.; Saadeh, N. K; Roy, R.
Hetero Layered Hybrid Dendrimers with Optimized Sugar Head
Groups for Enhancing Carbohydrate Protein Interactions. Polym.
Chem. 2017, 8, 5354—5366.

(11) Azagarsamy, M. A, Yesilyurt, V.; Thayumanavan, S.
Disassembly of Dendritic Micellar Containers Due to Protein Binding.
J. Am. Chem. Soc. 2010, 132, 4550—4551.

(12) Li, M.-H.; Zong, H.; Leroueil, P. R;; Choi, S. K; Baker, J. R.
Ligand Characteristics Important to Avidity Interactions of Multi-
valent Nanoparticles. Bioconjugate Chem. 2017, 28, 1649—1657.

(13) Caminade, A.-M.; Ouali, A.; Laurent, R; Turrin, C.-O.;
Majoral, J.-P. The Dendritic Effect Illustrated with Phosphorus
Dendrimers. Chem. Soc. Rev. 2015, 44, 3890—3899.

(14) Wang, D; Deraedt, C.; Ruiz, J; Astruc, D. Magnetic and
Dendritic Catalysts. Acc. Chem. Res. 2015, 48, 1871—1880.

(15) Bourrier, O.; Kakkar, A. K. Dendritic Polymers Containing a
Dimethylsilyl Linked Dihydroxybenzyl Alcohol Backbone: Divergent

https://doi.org/10.1021/acsomega.3c03720
ACS Omega 2023, 8, 35929—-35936


https://pubs.acs.org/doi/10.1021/acsomega.3c03720?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c03720/suppl_file/ao3c03720_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Narayanaswamy+Jayaraman"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5577-8053
mailto:jayaraman@iisc.ac.in
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kalyan+Dey"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03720?ref=pdf
https://doi.org/10.1021/cr900327d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr900327d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr900327d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr900327d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.266.5188.1226
https://doi.org/10.1021/ol0500564?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol0500564?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo502367h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo502367h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo502367h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201501298
https://doi.org/10.1002/anie.201501298
https://doi.org/10.1021/ja066505s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja066505s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201404560
https://doi.org/10.1002/chem.201404560
https://doi.org/10.1002/chem.201404560
https://doi.org/10.1002/adsc.200900377
https://doi.org/10.1002/adsc.200900377
https://doi.org/10.1002/adsc.200900377
https://doi.org/10.1039/C7PY01044C
https://doi.org/10.1039/C7PY01044C
https://doi.org/10.1021/ja100746d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.bioconjchem.7b00098?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.bioconjchem.7b00098?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4CS00261J
https://doi.org/10.1039/C4CS00261J
https://doi.org/10.1021/acs.accounts.5b00039?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.5b00039?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b301778h
https://doi.org/10.1039/b301778h
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

Synthesis, Aggregation, Functionalization, and an Evaluation of Their
Applications in Catalysis. J. Mater. Chem. 2003, 13, 1306—1315.

(16) Bagul, R. S.; Jayaraman, N. Multivalent Dendritic Catalysts in
Organometallic Catalysis. Inorg. Chim. Acta 2014, 409, 34—52.

(17) Ghaddar, T. H,; Wishart, J. F.; Thompson, D. W.; Whitesell, J.
K; Fox, M. A. A Dendrimer-Based Electron Antenna: Paired
Electron-Transfer Reactions in Dendrimers with a 4,4’-Bipyridine
Core and Naphthalene Peripheral Groups. J. Am. Chem. Soc. 2002,
124, 8285—8289.

(18) Wang, J.-L,; Yan, J; Tang, Z.-M,; Xiao, Q.; Ma, Y.; Pei, J.
Gradient Shape-Persistent 7-Conjugated Dendrimers for Light-
Harvesting: Synthesis, Photophysical Properties, and Energy Funnel-
ing. J. Am. Chem. Soc. 2008, 130, 9952—9962.

(19) Branchi, B.; Ceroni, P.; Balzani, V.; Klaerner, F.-G.; Végtle, F. A
Light-Harvesting Antenna Resulting from the Self-Assembly of Five
Luminescent Components: A Dendrimer, Two Clips, and Two
Lanthanide Ions. Chem. — Eur. . 2010, 16, 6048—6055.

(20) Zeng, F.; Zimmermen, S. C. Dendrimers in Supramoleculr
Chemistry: From Molecular Recognition to Self-Assembly. Chem. Rev.
1997, 97, 1681—1712.

(21) Elizarov, A. M; Chiu, S.-H.; Glink, P. T.; Stoddart, J. F.
Dendrimer with Rotaxane-Like Mechanical Branching. Org. Lett.
2002, 4, 679—682.

(22) Leung, K; Lau, K. N. Self-Assembly and Thermodynamic
Synthesis of Rotaxane Dendrimers and Related Structurs. Polym.
Chem. 2010, 1, 988—1000.

(23) Li, W.-J; Jiang, H.; Wang, X.-Q.; Zhang, D.-Y.; Zhu, Y.; Ke, Y;
Wang, W.; Yang, H.-B. Dynamic Rotaxane-Branched Dendrimers with
Precisely Arranged Luminogens for Efficient Light Harvesting. Mater.
Today Chem. 2022, 24, No. 100874.

(24) Weaver, L. G; Singh, Y.; Vamvounis, G.; Wyatt, M. F.; Burn, P.
L.; Blanchfield, J. T. Carbohydrate Globules: Molecular Asterisk-
Cored Dendrimers for Carbohydrate Presentation. Polym. Chem.
2014, 5, 1173—1179.

(25) Sharma, R.; Naresh, K; Chabre, Y. M.; Rej, R;; Saadeh, N;
Roy, R. “Onionpeel” Dendrimers: A Straightforward Synthetic
Approach Towards Highly Diversified Architectures. Polym. Chem.
2014, 5, 4321-4331.

(26) Keller, M.; Ianchuk, M.; Ladeira, S.; Taillefer, M.; Caminade, A.
M.,; Majoral, J.-P.; Ouali, A. Synthesis of Dendritic -Diketones and
Their Application in Copper-Catalyzed Diaryl Ether Formation. Eur.
J. Org. Chem. 2012, 2012, 1056.

(27) Lakshminarayanan, A.; Reddy, U. B,; Raghav, N.; Ravi, V. K;
Kumar, A,; Maiti, P. K; Sood, A. K; Jayaraman, N.; Das, S. A
Galactose-Functionalized Dendritic siRNA-Nanovector to Potentiate
Hepatitis C Inhibition in Liver Cells. Nanoscale 2015, 7, 16921—
16931.

(28) Chen, C.; Posocco, P.; Liu, X.; Cheng, Q.; Laurini, E.; Zhou, J.;
Liu, C.; Wang, Y,; Tang, J.; Col, V. D,; Yu, T.; Giorgio, S.; Fermeglia,
M,; Qu, F,; Liang, Z.; Rossi, J. J.; Liu, M.; Rocchi, P.; Pricl, S.; Peng, L.
Mastering Dendrimer Self-Assembly for Efficient siRNA Delivery:
From Conceptual Design to In Vivo Efficient Gene Silencing. Small
2016, 12, 3667—3676.

(29) Lyu, Z; Ding, L; Huang, A. Y.-T,; Kao, C.-L; Peng, L.
Poly(amidoamine) Dendrimers: Covalent and Supramolecular Syn-
thesis. Mater. Today Chem. 2019, 13, 34—48.

(30) Saw, W. S; Anasamy, T.; Do, T. T. A;; Lee, H. B.; Chee, C. F;
Isci, U.; Misran, M.; Dumoulin, F.; Chong, W. Y.; Kiew, L. V.; Imae,
T.; Chung, L. Y. Nanoscaled PAMAM Dendrimer Spacer Improved
the Photothermal—Photodynamic Treatment Efficiency of Photo-
sensitizer-Decorated Confeito-Like Gold Nanoparticles for Cancer
Therapy. Macromol. Biosci. 2022, 22, 1—-18.

(31) (a) Dayyani, N.; Khoee, S.; Ramazani, A. Design and Synthesis
of pH-Sensitive Polyamino-Ester Magneto-Dendrimers: Surface
Functional Groups Effect on Viability of Human Prostate Carcinoma
Cell Lines DU14S. Eur. J. Med. Chem. 2015, 98, 190—202.
(b) Malekzadeh, A. M.; Ramazani, A.; Rezaei, S. J. T.; Niknejad, H.
Design and Construction of Multifunctional Hyperbranched Polymers
Coated Magnetite Nanoparticles for both Targeting Magnetic

Resonance Imaging and Cancer Therapy. J. Colloid Interface Sci.
2017, 490, 64—73.

(32) Kalantari, F.; Rezayati, S.; Ramazani, A.; Reza, M.; Heravi, P.
Syntheses and Structures of Magnetic Nanodendrimers and Their
Catalytic Application in Organic Synthesis. Appl. Organomet. Chem.
2023, 37, No. e7064.

(33) Misra, R; Bhattacharyya, S. P. Intramolecular Charge Transfer;
Wiley-VCH: Weinheim, 2018; p 243.

(34) Lissau, H.; Frisenda, R.; Olsen, S. T.; Jevric, M.; Parker, C. R;;
Kadziola, A.; Hansen, T.; van der Zant, H. S. J; Nielsen, M. B.;
Mikkelsen, K. V. Tracking Molecular Resonance Forms of Donor—
Acceptor Push—Pull Molecules by Single-Molecule Conductance
Experiments. Nat. Commun. 2015, 6, 10233.

(35) Dengiz, C; Dumele, O.; Kato, S.-I; Zalibera, M.; Cias, P.;
Schweizer, W. B.; Boudon, C.; Gisselbrecht, J.-P.; Gescheidt, G.;
Diederich, F. From Homoconjugated Push-Pull Chromophores to
Donor-Acceptor-Substituted Spiro Systems by Thermal Rearrange-
ment. Chem. — Eur. ]. 2014, 20, 1279—1286.

(36) Meti, P.; Nagaraju, G.; Yang, J.-W.; Jung, S. H.; Gong, Y.-D.
Synthesis of Dipyrrolopyrazine-Based Sensitizers with a New z-Bridge
End-Capped Donor-Acceptor Framework for DSSCs: A Combined
Experimental and Theoretical Investigation. New J. Chem. 2019, 43,
3017-3028.

(37) Ahn, M.; Kim, M.-J.; Cho, D. W.; Wee, K.-R. Electron Push—
Pull Effects on Intramolecular Charge Transfer in Perylene-Based
Donor—Acceptor Compounds. J. Org. Chem. 2021, 86, 403—413.

(38) Yanbe, T.; Mizuguchi, K; Yamakado, R.; Okada, S. Optical
Property Control of n-Electronic Systems Bearing Lewis Pairs by Ion
Coordination. Chem. Commun. 2020, 56, 10654—10657.

(39) Meier, M; Ji, L.; Nitsch, J.; Krummenacher, L; Deifenberger,
A.; Auerhammer, D.; Schifer, M.; Marder, T. B.; Braunschweig, H.
Preparation and Characterization of a 7-Conjugated Donor—Acceptor
System Containing the Strongly Electron-Accepting Tetraphenylbor-
olyl Unit. Chem. — Eur. ]. 2019, 2§, 4707—4712.

(40) Tejeda-Orusco, V.; Andreu, R; Orduna, J.; Villacampa, B.;
Franco, S.; Civera, A. Twisted One-Dimensional Charge Transfer and
Related Y-Shaped Chromophores with a 4H-Pyranylidene Donor:
Synthesis and Optical Properties. J. Org. Chem. 2021, 86, 3152—3163.

(41) Andreu, R; Carrasquer, L.; Franco, S.; Garin, J.; Orduna, J;
Martinez de Baroja, N.; Alicante, R.; Villacampa, B.; Allain, M. 4H-
Pyran-4-ylidenes: Strong Proaromatic Donors for Organic Nonlinear
Optical Chromophores. J. Org. Chem. 2009, 74, 6647—6657.

(42) Beverina, L.; Pagani, G. A. 7-Conjugated Zwitterions as
Paradigm of Donor—Acceptor Building Blocks in Organic-Based
Materials. Acc. Chem. Res. 2014, 47, 319—329.

(43) Raczynska, E. D.; Gal, J. F.; Maria, P. C. Enhanced Basicity of
Push—Pull Nitrogen Bases in the Gas Phase. Chem. Rev. 2016, 116,
13454—13511.

(44) Despotovic, 1; Maksi¢, Z. B.; Vianello, R. Computational
Design of Bronsted Neutral Organic Superbases—[3]Iminoradialenes
and Quinonimines are Important Synthetic Targets. New ]. Chem.
2007, 31, 52—62.

(45) Dey, K; Jayaraman, N. Anomeric Alkylations and Acylations of
Unprotected Mono- and Disaccharides Mediated by Pyridoneimine in
Aqueous Solutions. Chem. Commun. 2022, S8, 2224—2227.

(46) Dey, K; Jayaraman, N. Pyridoneimine-Catalyzed Anomeric
Aqueous Oxa-Michael Additions of Native Mono- and Disaccharides.
Carbohydr. Res. 2022, 520, No. 108610.

(47) Krishna, T. R; Jayaraman, N. Synthesis of Poly(propyl ether
imine) Dendrimers and Evaluation of Their Cytotoxic Properties. J.
Org. Chem. 2003, 68, 9694—9704.

(48) Krishna, T. R; Jayaraman, N. Synthesis and Catalytic Activities
of Pd"—Phosphine Complexes Modified Poly(ether imine) Den-
drimers. Tetrahedron 2004, 60, 10325—10334.

(49) Jayamurugan, G.; Jayaraman, N. Synthesis of Large Generation
Poly(propyletherimine) (PETIM) Dendrimers. Tetrahedron 2006, 62,
9582—9588.

https://doi.org/10.1021/acsomega.3c03720
ACS Omega 2023, 8, 35929—-35936


https://doi.org/10.1039/b301778h
https://doi.org/10.1039/b301778h
https://doi.org/10.1016/j.ica.2013.07.058
https://doi.org/10.1016/j.ica.2013.07.058
https://doi.org/10.1021/ja020103c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja020103c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja020103c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja803109r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja803109r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja803109r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.200903117
https://doi.org/10.1002/chem.200903117
https://doi.org/10.1002/chem.200903117
https://doi.org/10.1002/chem.200903117
https://doi.org/10.1021/cr9603892?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr9603892?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol016928t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b9py00380k
https://doi.org/10.1039/b9py00380k
https://doi.org/10.1016/j.mtchem.2022.100874
https://doi.org/10.1016/j.mtchem.2022.100874
https://doi.org/10.1039/C3PY01123B
https://doi.org/10.1039/C3PY01123B
https://doi.org/10.1039/C4PY00218K
https://doi.org/10.1039/C4PY00218K
https://doi.org/10.1002/ejoc.201101521
https://doi.org/10.1002/ejoc.201101521
https://doi.org/10.1039/C5NR02898A
https://doi.org/10.1039/C5NR02898A
https://doi.org/10.1039/C5NR02898A
https://doi.org/10.1002/smll.201503866
https://doi.org/10.1002/smll.201503866
https://doi.org/10.1016/j.mtchem.2019.04.004
https://doi.org/10.1016/j.mtchem.2019.04.004
https://doi.org/10.1002/mabi.202200130
https://doi.org/10.1002/mabi.202200130
https://doi.org/10.1002/mabi.202200130
https://doi.org/10.1002/mabi.202200130
https://doi.org/10.1016/j.ejmech.2015.05.028
https://doi.org/10.1016/j.ejmech.2015.05.028
https://doi.org/10.1016/j.ejmech.2015.05.028
https://doi.org/10.1016/j.ejmech.2015.05.028
https://doi.org/10.1016/j.jcis.2016.11.014
https://doi.org/10.1016/j.jcis.2016.11.014
https://doi.org/10.1016/j.jcis.2016.11.014
https://doi.org/10.1002/aoc.7064
https://doi.org/10.1002/aoc.7064
https://doi.org/10.1038/ncomms10233
https://doi.org/10.1038/ncomms10233
https://doi.org/10.1038/ncomms10233
https://doi.org/10.1002/chem.201303533
https://doi.org/10.1002/chem.201303533
https://doi.org/10.1002/chem.201303533
https://doi.org/10.1039/C8NJ06083E
https://doi.org/10.1039/C8NJ06083E
https://doi.org/10.1039/C8NJ06083E
https://doi.org/10.1021/acs.joc.0c02149?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02149?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02149?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0CC04442C
https://doi.org/10.1039/D0CC04442C
https://doi.org/10.1039/D0CC04442C
https://doi.org/10.1002/chem.201805454
https://doi.org/10.1002/chem.201805454
https://doi.org/10.1002/chem.201805454
https://doi.org/10.1021/acs.joc.0c02438?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02438?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.0c02438?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901142f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901142f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo901142f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar4000967?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar4000967?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar4000967?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.6b00224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.6b00224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/B611980H
https://doi.org/10.1039/B611980H
https://doi.org/10.1039/B611980H
https://doi.org/10.1039/D1CC07056H
https://doi.org/10.1039/D1CC07056H
https://doi.org/10.1039/D1CC07056H
https://doi.org/10.1016/j.carres.2022.108610
https://doi.org/10.1016/j.carres.2022.108610
https://doi.org/10.1021/jo035072y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo035072y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2004.08.067
https://doi.org/10.1016/j.tet.2004.08.067
https://doi.org/10.1016/j.tet.2004.08.067
https://doi.org/10.1016/j.tet.2006.07.094
https://doi.org/10.1016/j.tet.2006.07.094
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf

(50) Hahn, F. E,; Rupprecht, S. Metal Chelates of Medical Interest,
III. — ®™Tc Complexes with Tetradentate Dicatechol Ligands. Cherm.
Ber. 1991, 124, 487

(51) Blakemore, J. D.; Chalkley, M. J.; Farnaby, J. H.; Guard, L. M.;
Hazari, N.; Incarvito, C. D.; Luzik, E. D.; Suh, H. W. New Bidentate
Trans-Chelating N-Heterocyclic Carbene Ligands for Palladium.
Organometallics 2011, 30, 1818—1829.

(52) Deratani, A; Darling, G. D.; Horak, D.; Frechet, J. M. J.
Heterocyclic Polymers as Catalysts in Organic Synthesis - Effect of
Macromolecular Design and Microenvironment on the Catalytic
Activity of Polymer-Supported (Dialkylamino)pyridine Catalysts.
Macromolecules 1987, 20, 767—772.

(53) Delaney, E. J.; Wood, L. E;; Klotz, I. M. Poly(ethylenimines)
with Alternative (Alkylamino)pyridines as Nucleophilic Catalysts. J.
Am. Chem. Soc. 1982, 104, 799—807.

(54) Gunther, H. NMR Spectroscopy. An Introduction; J. Wiley and
Sons: Chichester, 1980; p 247.

(55) Jayamurugan, G.; Umesh, C. P; Jayaraman, N. Inherent
Photoluminescence Properties of Poly(propyl ether imine) Den-
drimers. Org. Lett. 2008, 10, 9—12.

(56) Abbotto, A.; Bradamante, S.; Pagani, G. A. Pyridoneimines and
Pyridonemethides: Substituent- and Solvent-Tunable Intramolecular
Charge Transfer and Geometric Isomerism. J. Org. Chem. 2001, 66,
8883—8892.

(57) Bagul, R. S.; Rajesh, Y. B. R. D.; Jayamurugan, G.; Bera, A;
Sood, A. K; Jayaraman, N. Photophysical Behavior of Poly(Propyl
Ether Imine) Dendrimer in the Presence of Nitroaromatic
Compounds. J. Photochem. Photobiol, A 2013, 253, 1—6.

35936

https://doi.org/10.1021/acsomega.3c03720
ACS Omega 2023, 8, 35929—-35936


https://doi.org/10.1021/om100890q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om100890q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma00170a011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma00170a011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma00170a011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00367a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00367a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol702635w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol702635w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol702635w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo015937c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo015937c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo015937c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.jphotochem.2012.12.011
https://doi.org/10.1016/j.jphotochem.2012.12.011
https://doi.org/10.1016/j.jphotochem.2012.12.011
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

