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ABSTRACT: Synthesis and photophysical properties of different generations of poly(ester-amine) dendrimers
with focal 4-amino-N-benzylphthalimide (4-ANBP) as the core were studied. The λmax

abs of dendronized 4-ANBP
was nonsensitive to the solvents used and located at 334 nm, while that of bare 4-ANBP was very sensitive. The
fluorescence behaviors of dendronized 4-ANBPs showed much dependence on the generation of the dendrimers
used and the media. As compared with bare 4-ANBP, the fluorescence intensity of 3 (G1.0), 5 (G2.0), 7 (G3.0),
and 9 (G4.0) in methanol was reduced to 6.2-, 26-, 50-, and 56.5-fold, respectively, and had a 83 nm blue shift.
The corresponding fluorescence quantum yields were also measured (4-ANBP-0.12, 3-0.017, 5-0.0042, 7-0.0028,
9-0.0016). Addition of sulfuric acid to the methanol solution of 9 (3.27 × 10-5 M/L), resulted in a strong
fluorescence, and the fluorescence intensity was amplified 181 times. Acid titration experiments showed that all
of the tertiary amines in 3, 5, and 7 were protonated, but only 12 in 15 of the tertiary amines in G4.0δ9 were
protonated. Repeated acid-base titrations caused the fluorescence to switch on and off. After many cycles of
acid-base titration, slight changes in fluorescence intensity were observed.

1. Introduction

Acidity plays significant roles in numerous chemical and
biological processes.1 There is also a close dependence between
the pH values of natural water and the kinds of animals and
plants living within.2 Thus, research in pH sensing is attracting
more and more attention in recent years.3 Among the recom-
mended none-invasive approaches of pH detection, fluorescent
techniques have been extensively employed due to the great
sensitivity and high spatial resolution they provide. It is still
necessary to develop new sensors with higher sensitivity. Much
efforts have been made in recent yeas to discover new
fluorophores and improve the properties of well-known ones.4

Fluorophore dendrimerization is one of the new, unique ap-
proaches designed for this purpose.

Dendrimers5 are regularly branched macromolecules with
precious structures. Functional groups can be site-specific
positioned in the core, in the branches, and on the surface6 for
use as light-harvesters,7 nanoscale containers,8 and sensors.9 A
few dendrimers have also been designed as pH-sensors.10

However, no exciting results with respect to sensitivity have
been found for fluorophores and dendritic structures.

4-Aminophthalimide is a polarity probe.11 However, its poor
solubility in common solvents and simplicity of structure have
limited its otherwise wider application. Poly(ester-amine)
dendrimer (PESAM), first designed in our group,12 is a new
type of structure whose potentials still need to be revealed. The
dendritic structure can improve the solubility and affect on the
photophysical properties of focal fluorophore. There are some
tertiary amines in the dendritic branch which can be protonated
and then give effects on the original photophysical properties.
Therefore we designed PESAM with 4-amino-N-benzylphthal-
imide (4-ANBP) at the focal point as potential switchable
fluorescent proton sensors.

2. Results and Discussion

2.1. Synthesis of Dendrimers. Scheme 1 shows the synthesis
of the designed dendrons. First, 4-ANBP 1 was acrylated using
1.1 equiv of acrylic chloride and 1.1 equiv of Et3N. The crude
product was washed with diluted NaHCO3 and brine to yield 2
(G0.5-acrylate), 85%) as a yellow powder. The Michael reaction
of 2 with diethanolamine was carried out with 3-fold excess of
diethanolamine in methanol, followed by the recrystallization
of the crude product from acetone to yield 3 (G1.0-(OH)2, 83%)
as a yellow powder. A further acrylation reaction of 3 with
acrylic chloride proceeded in dry CHCl3 to give 4 (G1.5-
(acrylate)2) as a yellow powder with a yield of 93% after column
chromatography (silica gel). The G2.0-(OH)4, 5, was prepared
by reaction of 2.2 equiv of diethanolamine with 4 in THF, and
then the residual diethanolamine was removed by extraction with
saturated brine (82% yield). Likewise, G2.5-(acrylate)4, 6, was
obtained in 94% yield through esterification of 5 with 4.4 equiv
of acrylic chloride in dry chloroform. G3.0-(OH)8, 7, was
obtained in 80% yield by the Michael addition of 6 with 4.4
equiv of diethanolamine in THF. Reiteration of the esterification
with 7 produced G3.5-(acrylate)8 (dendrimer 8, 65% yield).
G4.0-(OH)16, 9, was obtained in 73% yield by the Michael
addition of 8 with 8.8 equiv of diethanolamine in THF, with
the excessive diethanolamine being removed by washing with
brine. All structures were confirmed by ESI-MS, 1H NMR,
13C NMR and elemental analysis. These dendrimers were readily
soluble in common solvents.

2.2. UV-Vis Absorption Properties. The UV and fluores-
cence spectral data of the dendrimers with hydroxyl terminals
and bare 4-ANBP are collected in Table 1. In Figure 1 were
shown the UV spectra of bare 4-ANBP and the dendrimers
derived from it. The position of the UV absorption maximum
of bare 4-ANBP exhibits high sensitivity toward solvents used.
The spectrum as a whole does not change, only a shift in the
characteristic maximum occurs. The λmax

abs of bare 4-ANBP
was at 380nm in methanol, 369nm in THF and 361 nm in
chloroform. In contrast, the λmax

abs of the dendronized 4-ANBPs
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were nonsensitive to the changes of solvent and remained at
334 nm for all three solvents.

In methanol (Figure 1a), the UV-spectral patterns of these
dendrimers are very similar to each other and there is little

Scheme 1. Synthesis of Poly(ester-amine) Dendronized 4-Amino-N-benzylphthalimide

Table 1. Photophysical Properties of 4-ANBP and Dendrimers G1.0-G4.0 (3, 5, 7, 9)

chloroform ε ) 4.8 THF ε ) 7.52 methanol ε ) 33.0

compd λmax
abs (nm) λmax

flu (nm) φf τf/ns λmax
abs(nm) λmax

flu(nm) φf λmax
abs(nm) λmax

flu(nm) φf

ANBP 361 490 0.46 12.3 369 466 0.69 380 525 0.12
G1.0-3 329 422 0.32 9.8 333 409 0.11 334 445 0.017
G2.0-5 329 422 0.30 8.5 334 409 0.074 334 443 0.0042
G3.0-7 334 426 0.21 4.4 (31%) 3.9 (69%) 334 415 0.070 334 441 0.0028
G4.0-9 334 427 0.19 1.1 (21%) 9.7 (79%) 334 412 0.041 334 442 0.0016
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change in the maximum absorption wavelength (around 334nm)
for dendrimers 3 (G1.0), 5 (G2.0), 7 (G3.0), and 9 (G4.0). Their
UV absorption intensities are also close. When dissolved in THF
(Figure 1b), the absorption patterns of dendronized 4-ANBPs
did not change as much as they did for 4-ANBP, but the
absorption intensities increased in the order of G4.0 > G3.0 >
G.2.0. Interesting UV absorption patterns were observed for the
chloroform solutions of these dendrimers (Figure 1c). The UV
absorptions of 3 and 5 were almost the same, and likewise, so
were the absorptions for 7 and 9.

Chloroform must have special actions with the chromophore
and dendritic branches. The chromophore is sensitive to polarity.
The higher generation dendritic branches can more efficiently
prevent the freely access of chromophore by solvents and

encapside more solvent molecules by the time. These factors
together will change the chromophore energy gap between
excited-state and ground state. So that the solvent and dendrimer
generation related UV absorption properties were observed.

2.3. Fluorescence Emission Properties. The fluorescence
emissions were more sensitive to the poly(ester-amine) den-
dritic architecture than the UV absorptions, as shown in Figure
2. In methanol, 4-ANBP showed a broad emission peak at 525
nm with λex ) 380 nm (Figure 2a). Attachment of the dendritic
poly(ester-amine) architecture resulted in a dramatic decrease
(6.2-fold-3, 26-fold-5, 50-fold-7, and 56.5-fold-9, respectively)
in fluorescence intensity, and the shifts were from 525 to 442
nm (83 nm blue shift). The corresponding quantum yields (φf

Figure 1. Absorption spectra of 1 × 10-5 mol/L G1.0-3, G2.0-5, G3.0-7, and G4.0-9 in methanol (a), THF (b) and chloroform (c).

Figure 2. Fluorescent spectra of 1 × 10-5 mol/L G1.0, G2.0, G3.0, G4.0 in methanol (a), THF (b), and chloroform (c).
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in methanol) were 0.017-3, 0.0042-5, 0.0028-7, 0.0016-9, which
indicated a strong interaction between fluorophore 4-ANBP and
the dendritic poly(ester-amine) architecture.

In THF, the maximum fluorescence emission of 4-ANBP was
at 466 nm while that for the four dendrimers with hydroxyl
terminals occurred at about 410 nm (Figure 2b). In addition,
attachment of dendritic branch resulted in 5-fold-3, 7.5-fold-5,
11.1-fold-7 and 15.5-fold-9 decrease in the fluorescence inten-
sity.

In chloroform (Figure 2c), the maximum emissions of the
four dendrimers with hydroxyl terminals were all located at
about 425 nm, which were blue-shifted by 65 nm as compared
with bare 4-NBAP at 490 nm. The attachment of dendritic
branches brought about only a 10% decrease in the intensity of
luminescence, and there was almost no intensity difference
among the dendrimers. Although their quantum yields decreased
regularly, the differences were slight (ANBP-0.46, 3-0.32,
5-0.30, 7-0.21, 9-0.19). These results hinted that chloroform has
obstructed the interactions between the dendritic poly(ester-
amine) architecture and 4-ANBP, and that the original properties
of bare ANBP were retained.

In order to get clearer insight into the effect of solvents on
the fluorescence of different generations of dendrimer, the
fluorescence behavior of each generation dendrimer was mea-
sured and shown in Figure 3. It is evident that as the dielectric
constant of the medium (ε ) 4.8 for chloroform, ε ) 7.52 for
THF and ε ) 33.0 for methanol) increases, the fluorescence
intensities decreased remarkably. For dendrimer 3, the fluores-
cence intensities in THF and chloroform were 6.4 times and
16.7 times as large as those in methanol, respectively; For
dendrimer 5, these intensities were 17.6 times and 71.3 times
greater; For dendrimer 7, these intensities were 22.9 times and
136.7 times greater, and for dendrimer 9, these intensities were
24.3 times and 156.0 times greater. There was an obvious trend
that as the dendrimer generation and solvent polarity increased,
the fluorescence intensity decreased dramatically. It is most
likely that two simultaneous and overlapping processes occur
in the system: the interaction of the dendritic shell, which
expands or collapses with the change in the surrounding
medium, and the solvation of the chromophore by the solvents
of different polarity.

2.4. Proton Sensing Properties. Many papers revealed that
fluorophores with amine groups as “receptors” are potential
proton sensors.13 Thus, we were motivated to investigate the
proton sensing behavior of these dendrimers with focal 4-ANBP.
Figure 4 shows the luminance changes of dendrimers on the
addition of sulfuric acid. The increasing addition of protons
caused the fluorescence intensities of the 3, 5, 7, and 9
dendrimers to increase. In order to get a greater insight into the
actions between the dendrimers and the added proton ions,
quantitative relations between the intensity ratios I/Io (I, observed
emission intensity; Io, the intensity without any addition of
proton in the media.) via proton equivalents added were assessed
by spectrophotometric titration. By addition of proton ions, the
fluorescence intensities became 7.3, 12.6, 24.1 and even 181
times stronger for dendrimers 3, 5, 7, and 9, respectively, than
their originals. Through the titration experiments, we found that
all tertiary amines in dendrimers 3, 5, and 7 were protonated,
but only 12 of the 15 tertiary amines in dendrimer 9 were
protonated. The number 12 just corresponded to the sum of
tertiary amines in the two outer shells. The three tertiary amines
in the interior shells of 1 and 2 should remain free. This
interesting result could be attributed to the strong state-electric
field of protonated amines, in accordance with the reported
solvation dynamics studies and titration of PMAM dendrimers.14

At higher H+ concentration, the OH groups could also be
protonated to form oxonium ions. However it prefers more, for
OH group, to form hydrogen bond than form oxonium ions. At
least, the concentration of oxonium ions and their effects on
fluorescence intensity were not in the comparable scale as
ammonium ions did.

The fluorescence intensity increasment caused by protonation
indicated that the tertiary amines played important roles in the
fluorescence quenching. When the acidified solution was
neutralized with sodium hydroxide, the fluorescence became
invisible. When treated with acid again, the strong fluorescence
recovered. Repeated acid-base titration caused the fluorescence
to switch on and off. After many cycles of acid-base titration,
slight changes in fluorescence intensity were observed. The
protonation and deprotonation of tertiary amines can switch the
fluorescence emission on and off. Therefore, poly(ester-amine)

Figure 3. Fluorescence spectra of 1 × 10-5 mol/L G1.0-3 (a), G2.0-5 (b), G3.0-7 (c), G4.0-9 (d) in chloroform, THF, and methanol.

Macromolecules, Vol. 41, No. 20, 2008 Poly(ester-amine) Dendrimers 7481



dendrimers with focal 4-ANBP, especially higher generations,
are highly sensitive and switchable fluorescent proton sensors.

3. Experimental Section

3.1. Materials. 4-ANBP was synthesized by literature methods.
Other reagents were purchased from Alfa Aesar, TCI, or Aldrich
and used without further purification. Chloroform was dried with
anhydrous Na2SO4 and distilled. Tetrahydrofuran was distilled over
sodium under N2. Methanol was distilled before used. Spectral-
grade CHCl3, THF, and methanol were used for UV-vis absorption
and fluorescence spectroscopy measurements.

3.2. Instruments. 1H NMR and 13C NMR spectra were recorded
as solutions in CDCl3 or DMSO-d6 on a JEOL JNM ECA-300 (300
MHz) spectrometer with TMS as the internal standard. IR spectra
were recorded with a Nicolet AVATAR-360 FT-IR spectrometer
with KBr pellets or film on KBr plates. ESI-MS were recorded
with a Perkin-Elmer ESQUIRE in the positive ion mode.

UV-vis absorption spectra were recorded with a Perkin-Elmer
spectrophotometer. Fluorescence spectra were obtained with a
Perkin-Elmer spectrofluorimeter. Fluorescence quantum yields were
measured following the methods of Demas and Crosby (standard
used: 4-aminephthalimide in THF (Φ ) 0.70)). Fluorescence
lifetimes were measured by time-correlated single-photon counting
(0.1 ns time resolution) with an Edinburgh Instruments (D2 lamp,
λexc ) 330 nm), and a spectrofluorimeter FLUOROLOG equipped
with a phase-shift Tau 3 unit capable of measuring luminescence
lifetimes with a 10 ps time resolution.

The titrations of dendrimers with H2SO4 in methanol were
performed in a quartz cell with a Perkin-Elmer spectrofluorimeter.
The solutions were excited at 334 nm and the emission spectra
were recorded over the range of 375–650 nm. Slits with nominal
band-pass of 4 nm were used for both excitation and emission beam.
The emission spectra were recorded at 25 °C by incremental
addition of concentrated H2SO4 to dendrimers at the concentrations
of 8.16 × 10-5mol/L (G1.0), 4.28 × 10-5 mol/L (G2.0), 3.72 ×
10-5 mol/L (G3.0), and 3.27 × 10-5 mol/L (G4.0). After each
addition, the system was allowed to equilibrate for 10 min, and
then the emission spectrum was recorded. The fluorescence intensity
was measured as a function of the H+/dendrimer ratio. Fluorescence
intensities were corrected for the contribution of light scattering
by subtraction of the appropriate vesicle blank.

The experimental results showed that the dendrimers (G g 3.0)
have good solubility in most common organic solvents, such as

CH3OH, CH2Cl2, CHCl3, THF, CH3CN, and EtOAc. The G0.5-G2.5
dendrimers are readily soluble in aprotic polar solutions, such as
CHCl3, THF, CH3CN, and EtOAc, but exhibit poor solubility in
protic solvents and nonpolar solvents, for example, petroleum ether,
methanol, and ethanol.

3.3. Syntheses. Synthesis of G0.5-(acrylate), 2. Acrylic chloride
(1.98 g, 22.0 mmol) in dry CHCl3 (10 mL) was added dropwise to
a solution of 4-ANBP 1 (5.04 g, 20.0 mmol) and triethylamine
(2.22 g, 22.0 mmol) in dry CHCl3 (50 mL) at 0-5 °C under
nitrogen. The mixture was then stirred for 30 min at 0-5 °C and
90 min at 20 °C and washed with diluted NaHCO3 (3%, 3 × 30
mL) and brine (30 mL). The organic layer was dried over Na2SO4.
The filtrate was evaporated under vacuum, and the residue was
recrystallized from methanol to give a yellow powder (85% yield).
IR (KBr): 3338, 3075, 1701, 1684 cm-1. 1H NMR (300 MHz,
CDCl3): δ 8.04 (s, 1H, aryl-H), 7.97 (d, 1H, aryl-H, J ) 6.3 Hz),
7.82 (d, 1H, aryl-H, J ) 6.3 Hz), 7.55 (s, 1H, CONHAr), 7.40 (d,
2H, aryl-H, J ) 6.0 Hz), 7.20-7.35)m, 3H, aryl-H, J ) 6.0 Hz),
6.50 (d, 1H, dCH2, J ) 16.8 Hz), 6.26 (dd, 1H, dCH-, J ) 16.8,
J′ ) 7.2 Hz), 5.87 (d, 1H, dCH2, J ) 10.2 Hz), 4.83 (s, 2H,
dN-CH2-Ar). 13C NMR (75 MHz, DMSO): δ 168.0, 167.8,
164.4, 144.9, 137.1, 133.5, 131.5, 129.2, 129.1, 127.97, 127.8,
126.0, 125.0, 124.1, 113.6, 41.6. ESI-MS: calcd for (M + H)/z,
307; found, m/z 307 (M + H+), 329 (M + Na+), 345 (M + K+).

Synthesis of G1.0-(OH)2, 3. Diethanolamine (1.72 g, 16.4 mmol)
was added to a solution of G0.5-(acrylate), 2 (1.26 g, 4.1 mmol),
in methanol (10 mL) and THF (20 mL) at 5 °C. After being stirred
at 15 °C for 24 h, the mixture was evaporated and parti-
tioned between chloroform and water. The aqueous layer was
extracted with CHCl3, and the combined organic layer was dried
and evaporated. The crude product was purified by recrystallization
from acetone to give a yellow powder (83% yield). IR (KBr): 3390,
3035, 2830, 1707 cm-1. 1H NMR (300 MHz, CDCl3): δ 10.29 (s,
1H, CONHAr), 8.02 (m, 2H, aryl-H), 7.67 (d, 1H, aryl-H, J ) 9.0
Hz), 7.40 ((d, 1H, aryl-H, J ) 7.2 Hz), 7.20-7.33 (m, 3H, aryl-H,
J ) 6.3 Hz), 4.79 (s, 2H, dN-CH2-Ar), 3.76 (t, 4H,
-CH2CH2OH, J ) 4.8 Hz), 3.37 (br, 2H, -OH), 2.94 (t, 2H,
dN-CH2CH2CO, J ) 6.0 Hz), 2.77 (4H, HOCH2CH2N-, J )
4.8 Hz), 2.59 (t, 2H, -N-CH2CH2CONH-Ar, J ) 6.0 Hz), 13C
NMR (75 MHz, DMSO): δ 172.0, 168.1, 167.9, 145.1, 137.2, 133.4,
129.1, 127.9, 127.8, 125.5, 124.9, 123.9, 113.4, 59.1, 56.3, 50.8,

Figure 4. Luminescence spectra of G1.0 (8.16 × 10-5 mol/L (a)), G2.0 (4.28 × 10-5 mol/L (b)), G3.0 (3.72 × 10-5 mol/L (c)), and G4.0 (3.27
× 10-5 mol/L (d)) by titration with sulfuric acid.
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41.3, 34.7. ESI-MS: calcd for (M + H)/z, 412; found, m/z 412
(M + H+), 434 (M + Na+), 450 (M + K+).

Synthesis of G1.5-(acrylate)2, 4. Acrylic chloride (1.74 g, 19.2
mmol) in dry CHCl3 (15 mL) was added dropwise to a solution of
G1.0-(OH)2, 3 (3.65 g, 9.0 mmol) and triethylamine (1.80 g, 22.0
mmol) in dry CHCl3 (40 mL) at 0 °C under nitrogen. The solution
was then stirred for 30 min at 0 °C and 90 min at 10 °C. After
washing with diluted NaHCO3 (3%, 3 × 30 mL) and brine (30
mL), the organic layer was dried over Na2SO4, and filtered. The
filtrate was evaporated under vacuum, and the residue was purified
by silica gel column chromatography (ethyl acetate:petroleum ether
) 1:1). The product was obtained as a yellow power (93% yield).
IR (KBr): 3331, 3030, 2956, 2851, 1724, 1704 cm-1. 1H NMR
(300 MHz, CDCl3): δ 10.57 (s, 1H, CONHAr), 8.00 (s, 1H, aryl-
H), 7.82 (d, 1H, aryl-H, J ) 8.1 Hz), 7.70 (d, 1H, aryl-H, J ) 8.1
Hz), 7.40 (d, 2H, aryl-H, J ) 7.5 Hz), 7.20-7.35 (m, 3H, aryl-H,
J ) 7.5 Hz), 6.33 (d, 2H, dCH2, J ) 17.1 Hz), 6.02 (dd, 2H,
dCH-, J ) 17.1, J′ ) 10.2 Hz), 5.74 (d, 2H, dCH2, J ) 10.2
Hz), 4.81 (s, 2H, dN-CH2-Ar), 4.34 (t, 4H, CH2dCHCOOCH2-,
J ) 4.8 Hz), 2.98 (m, 6H, CH2dCHCOOCH2CH2N- +
dN-CH2CH2CO), 2.57 (t, 2H, -N-CH2CH2CO-NH-Ar, J )
5.4 Hz). 13C NMR (75 MHz, DMSO): δ 171.7, 168.0, 167.3, 166.0,
145.1, 137.2, 133.5, 131.9, 129.1, 128.6, 127.9, 127.8, 125.5, 124.9,
123.7, 113.3, 62.8, 52.4, 50.6, 41.6, 35.1. ESI-MS: calcd for (M
+ H)/z, 520; found, m/z 520 (M + H+), 542 (M + Na+), 558 (M
+ K+).

Synthesis of G2.0-(OH)4, 5. Diethanolamine (1.28 g, 12.2 mmol)
was added to a solution of G1.5-(acrylate)2, 4 (2.67 g, 5.1 mmol),
in dry THF (30 mL) at 0 °C. The mixture was stirred at 10 °C for
4 days. Then, the mixture was evaporated and partitioned between
chloroform and water. The aqueous layer was extracted with CHCl3,
and the combined organic layer was dried and evaporated. The crude
product was purified by silica gel column chromatography(ethyl
acetate:methanol ) 4:1). The product was obtained as a yellow oil
(82% yield); IR (KBr): 3359, 3029, 2952, 2833, 1708 cm-1. 1H
NMR (300 MHz, CDCl3): δ 10.40 (s, 1H, CONHAr), 8.05 (d, 1H,
aryl-H, J ) 8.1 Hz), 7.96 (s, 1H, aryl-H), 7.77 (d, 1H, aryl-H, J )
8.1 Hz), 7.40 (d, 2H, aryl-H, J ) 7.2 Hz), 7.15-7.33 (m, 3H, aryl-
H, J ) 7.2 Hz), 4.80 (s, 2H, dN-CH2-Ar), 4.22 (t, 4H,
-CH2COOCH2-, J ) 5.1 Hz), 3.56 (t, 8H, -CH2CH2OH, J )
5.1 Hz), 3.25 (br, 4H, -OH), 2.91 (t, 2H, dN-CH2CH2-
CONH-Ar, J ) 6.0 Hz), 2.84 (t, 4H, dN-CH2CH2COO, J ) 6.0
Hz), 2.75 (t, 4H, dN-CH2CH2COO, J ) 6.0 Hz), 2.56 (t, 10H,
-N-CH2CH2OH + dN-CH2CH2CONH-Ar, J ) 5.1 Hz), 2.44
(t, 4H, dN-CH2CH2COO, J ) 6.0 Hz). 13C NMR (75 MHz,
CDCl3): δ 173.3, 171.1, 168.1, 168.0, 144.3, 136.5, 133.5, 128.7,
128.6, 127.8, 126.4, 125.8, 125.3, 124.6, 123.9, 114.1, 62.2, 59.3,
56.2, 53.0, 51.2, 49.6, 41.6, 35.0, 32.8. ESI-MS: calcd for (M +
H)/z, 730; found, m/z 730 (M + H+), 752 (M + Na+), 768 (M +
K+).

Synthesis of G2.5-(acrylate)4, 6. Acrylic chloride (0.95 g, 10.0
mmol) in dry CHCl3 (10 mL) was added dropwise to a solution of
G2.0-(OH)4, 5 (1.56 g, 2.1 mmol), and triethylamine (1.05 g, 10.0
mmol) in dry CHCl3 (30 mL) at 0 °C under nitrogen. The solution
was stirred at 0 °C for 30 min and then at 25 °C for 90 min. After
being washed with diluted NaHCO3 (3%, 3 × 30 mL) and brine
(30 mL), the organic layer was dried over Na2SO4, and filtered.
The filtrate was evaporated under vacuum, and the residue was
purified by silica gel column chromatography (ethyl acetate). A
yellow oil was obtained (94% yield); IR (KBr): 3346, 3034, 2959,
2836, 1720 cm-1. 1H NMR (300 MHz, CDCl3): δ 10.48 (s, 1H,
CONHAr), 7.96 (m, 2H, aryl-H), 7.74 (d, 1H, aryl-H, J ) 8.4 Hz),
7.38 (d, 2H, aryl-H, J ) 6.9 Hz), 7.20-7.33 (m, 3H, aryl-H, J )
6.9 Hz), 6.31 (d, 4H, dCH2, J ) 17.1 Hz), 6.07 (dd, 4H, dCH-,
J ) 17.1, J′) 10.2 Hz), 5.80 (d, 4H, dCH2, J ) 10.2 Hz), 4.78 (s,
2H,dN-CH2-Ar), 4.20 (t, 4H, -CH2CH2COOCH2CH2-, J ) 5.4
Hz), 4.11 (t, 8H, CH2dCHCOOCH2-, J ) 6.0 Hz), 2.90 (m, 6H,
dN-CH2CH2CO), 2.80 (t, 4H, -CH2CH2COOCH2CH2N-, J )
6.9 Hz), 2.72 (t, 8H, CH2dCHCOOCH2CH2N-, J ) 6.0 Hz), 2.55
(t, 2H, -N-CH2CH2CO-NH-Ar, J ) 5.4 Hz), 2.34 (t, 4H,
-CH2CH2COOCH2CH2-, J ) 6.0 Hz). 13C NMR (75 MHz,

CDCl3): δ 172.3, 171.0, 167.6, 166.1, 144.1, 136.5, 133.7, 131.0,
128.7, 128.6, 128.3, 127.8, 126.4, 124.6, 123.7, 114.0, 62.6, 61.7,
52.7, 52.5, 51.0, 50.4, 41.6, 34.2, 33.1. ESI-MS: calcd for (M +
H)/z, 947; found, m/z 947 (M + H+), 969 (M + Na+).

Synthesis of G3.0-(OH)8, 7. Diethanolamine (1.05 g, 10.0 mmol)
was added to a solution of G2.5-(acrylate)4, 6 (1.96 g, 2.1 mmol),
in dry THF (45 mL) at 0 °C. The mixture was then stirred at 10 °C
for 7 days. The reaction was monitored by ESI-MS. The mixture
was evaporated and partitioned between chloroform and water. The
aqueous layer was extracted with CHCl3, and the combined organic
layer was dried and evaporated. The crude product was purified
by silica gel column chromatography (methanol) to yield a yellow
oil (80% yield). IR (KBr): 3411, 2953, 2838, 1731 cm-1. 1H NMR
(300 MHz, CDCl3): δ 10.55 (s, 1H, CONHAr), 7.98 (m, 2H, aryl-
H), 7.76 (d, 1H, aryl-H, J ) 8.1 Hz), 7.40 (d, 2H, aryl-H, J ) 7.5
Hz), 7.15-7.33 (m, 3H, aryl-H, J ) 7.5 Hz), 4.79 (s, 2H,
dN-CH2-Ar), 4.20 (t, 4H, -CH2CH2COOCH2-, J ) 4.8 Hz),
4.05 (t, 8H, -CH2CH2COOCH2-, J ) 6.0 Hz), 3.57 (t, 16H,
-CH2CH2OH, J ) 5.1 Hz), 3.38 (br, 8H, -OH), 2.98 (t, 2H,
dN-CH2CH2CONH-Ar, J ) 6.0 Hz), 2.89 (t, 4H,
dN-CH2CH2COO, J ) 6.0 Hz), 2.80 (m, 12H,dN-CH2CH2COO
+ -CH2COOCH2CH2N-), 2.66 (t, 8H, -CH2COOCH2CH2N-,
J ) 6.0 Hz), 2.60 (m, 18H, -N-CH2CH2OH + -N-CH2-
CH2CONH-Ar), 2.47 (t, 8H, dN-CH2CH2COO, J ) 6.6 Hz),
2.35 (t, 4H, dN-CH2CH2COO, J ) 6.6 Hz). 13C NMR (75 MHz,
CDCl3): δ 173.3, 172.4, 171.1, 168.1, 144.3, 136.5, 133.5, 128.7,
128.6, 127.8, 126.4, 124.6, 123.9, 114.1, 62.8, 62.1, 59.5, 56.3,
52.7, 52.5, 50.5, 49.7, 41.6, 35.0, 32.9. ESI-MS: calcd for (M +
H)/z, 1367; found, m/z 1367 (M + H+).

Synthesis of G3.5-(acrylate)8, 8. Acrylic chloride (0.20 g, 2.2
mmol) in dry CHCl3 (5 mL) was added dropwise to a solution of
G3.0-(OH)8, 7 (0.27 g, 0.2 mmol), and triethylamine (0.22 g, 2.2
mmol) in dry CHCl3 (20 mL) at -5 °C under nitrogen. The solution
was stirred for 30 min at -5 °C and then for 90 min at 0 °C. After
washing with diluted NaHCO3 (3%, 3 × 10 mL) and brine (20
mL), the organic layer was dried over Na2SO4, and filtered. The
filtrate was evaporated under vacuum in ice-bath to give a yellow
oil (65% yield). IR(KBr): 3350, 2996, 2847, 1723 cm-1. 1H NMR
(300 MHz, CDCl3): δ 10.47 (s, 1H, CONHAr), 7.98 (s, 1H, aryl-
H), 7.93 (d, 1H, aryl-H, J ) 7.8 Hz), 7.75 (d, 1H, aryl-H, J ) 8.7
Hz), 7.38 (d, 2H, aryl-H, J ) 8.7 Hz), 7.20-7.30 (m, 3H, aryl-H,
J ) 7.5 Hz), 6.37 (d, 8H,dCH2, J ) 8.7 Hz), 6.05 (dd, 8H,dCH-,
J ) 8.7, J′ ) 6.4 Hz), 5.76 (d, 8H, dCH2, J ) 8.7 Hz), 4.79 (s,
2H, dN-CH2-Ar), 4.20(t, 16H, CH2dCHCOOCH2-, J ) 5.4
Hz), 4.10 (t, 4H, -CH2COOCH2-, J ) 5.4 Hz), 4.00 (t, 8H,
-CH2COOCH2-, J ) 5.4 Hz), 2.91(t, 14H, dN-CH2CH2CO, J
) 6.9 Hz), 2.70-2.85 (m, 28H, CH2dCHCOOCH2CH2N- +
-CH2COOCH2CH2N-), 2.65 (t, 8H, -N-CH2CH2COO-, J )
5.4 Hz), 2.55 (t, 2H, -N-CH2CH2CO-NH-Ar, J ) 5.4 Hz), 2.32
(t, 4H, -N-CH2CH2COO-, J ) 5.4 Hz). 13C NMR (75 MHz,
CDCl3): δ 172.1, 170.8, 167.6, 166.0, 144.1, 136.5, 133.6, 130.9,
128.5, 127.8, 126.3, 124.5, 123.6, 113.9, 62.7, 62.4, 61.8, 52.6,
50.4, 41.6, 33.0, 29.7. ESI-MS: calcd for (M + H)/z, 1799; found,
m/z 1799 (M + H+), 1821 (M + Na+).

Synthesis of G4.0-(OH)16, 9. Diethanolamine (50 mg, 0.47 mmol)
was added to a solution of G3.5-(acrylate)8, 8 (100 mg, 0.056
mmol), in dry THF (10 mL) at 0 °C. The solution was stirred at 10
°C for 9 days. The reaction was monitored by ESI-MS. Then, the
mixture was evaporated and partitioned between chloroform and
water. The aqueous layer was extracted with CHCl3, and the
combined organic layer was dried and evaporated to yield a yellow
oil (73% yield). IR (KBr): 3413, 2953, 2834, 1729 cm-1. 1H NMR
(300 MHz, CDCl3): δ 10.46 (s, 1H, CONHAr), 7.98 (s, 1H, aryl-
H), 7.93 (d, 1H, aryl-H, J ) 8.1 Hz), 7.72 (d, 1H, aryl-H, J ) 8.1
Hz), 7.34 (d, 2H, aryl-H, J ) 8.1 Hz), 7.15-7.25 (m, 3H, aryl-H,
J ) 7.8 Hz), 4.76 (s, 2H, dN-CH2-Ar), 4.20(t, 4H,
-CH2COOCH2-, J ) 5.7 Hz), 4.10 (t, 16H, -CH2COOCH2-, J
) 5.7 Hz), 4.00 (t, 8H, -CH2COOCH2-, J ) 5.7 Hz), 3.55 (m,
48H, -OH + -CH2CH2OH), 2.80 (t, 30H, dN-CH2CH2CO, J
) 6.0 Hz), 2.70 (16H, -CH2COOCH2CH2N-), 2.63 (12H,
-CH2COOCH2CH2N-), 2.57 (t, 32H, -N-CH2CH2OH, J ) 5.4
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Hz), 2.35-2.50 (m, 26H, -N-CH2CH2COOCH2- + -N-CH2-
CH2CONH-Ar), 2.32 (t, 4H, -N-CH2CH2COOCH2-, J ) 5.4 Hz).
13C NMR (75 MHz, CDCl3): δ 173.3, 172.5, 172.3, 171.2, 167.9,
144.1, 136.5, 133.6, 128.7, 128.5, 127.8, 126.3, 124.5, 114.0, 62.8,
62.6, 62.0, 59.5, 59.1, 56.4, 56.2, 52.7, 52.9, 50.4, 49.8, 41.6, 32.8,
29.7. ESI-MS: calcd for (M + H)/z, 2639; found, m/z 2639 (M +
H+).
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