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Linear Dendronized Polyols as a Multifunctional Platform for a 

Versatile and Efficient Fluorophore Design 
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a
 Yugang Bai,

a
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a
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b
 and Steven C. Zimmerman∗,
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Fluorescent linear dendronized polyols (LDPs) were prepared in two steps involving a ring-opening metathesis 

polymerization (ROMP) followed by acid-catalyzed deprotection. The resulting water-soluble fluorophores are compact in 

size (< 6 nm) and show similar photostability compared to previously reported crosslinked dendronized polyols (CDPs) and 

significantly improved photostability compared to the free fluorophores. In contrast to the synthesis of CDPs, the 

production of LDPs requires less preparation time, synthetic effort, and significantly less Grubbs catalyst. The 

photophysical properties, including the photostability and emission wavelength of LDPs, can be further fine-tuned by 

incorporating different combinations of dendronized monomers and fluorophores. Interestingly, fluorescence resonance 

energy transfer (FRET) was observed when two different kinds of fluorophores were incorporated into the LDPs. This 

provides a new type of fluorophore with a large Stokes shift allowing fluorescence detection with reduced background 

overlap. Cytotoxicity and fluorescence imaging studies confirmed the biocompatibility of these LDPs, which render them as 

potential candidates for biological applications. 

Introduction 

Fluorophores are used widely in fluorescence imaging to visualize 

the location of biomolecules, track biological processes, quantify 

the strength of intermolecular interactions, and to detect small 

molecules and metal ions.
1-17

 To allow efficient labeling and 

accurate tracking in fluorescence microscopy, it is crucial to use 

fluorophores that are cell permeable and that have high brightness 

and prolonged stability.
2
 However, it is challenging to achieve all of 

these features simultaneously. Some commonly used fluorescent 

organic dyes possess a low molar absorption coefficient or a low 

quantum yield in water, and many have a high propensity for 

photobleaching.
3-11

 Inorganic nanoparticles, including quantum 

dots, can serve as highly stable fluorescent bioprobes;
12-17

 however, 

to become biocompatible they require coatings that can increase 

their size significantly.
18

 In addition to toxicity concerns that arise 

with many of the metals used, this large size can make it either 

difficult for the nanoparticle to enter the cell or may alter the 

localization and behavior of the biomolecule of interest.
19-20

 

Polymer nanoparticles with covalently attached organic dyes 

provide an attractive alternative approach to develop the next-

generation fluorophores for bioimaging.
6,21-24 

The polymer can 

solubilize poorly soluble dyes in water and protect them from 

photobleaching and self-quenching by inhibiting self-association. 

We recently introduced fluorescent organic nanoparticles (ONPs), 

which achieved high brightness and photostability by the 

incorporation of multiple fluorescein units into a polymer 

backbone.
25

 However, to render the ONPs water-soluble a 

dihydroxylation process using potassium osmate was required, 

limiting the dyes that could be used and making the synthetic route 

less desirable due to the toxicity of osmium. 

The use of osmium was avoided by employing crosslinked 

dendronized polyol (CPDs) as a general, compact, and globular 

platform to achieve brighter and more stable fluorophores.
26

 The 

multiple fluorescent units incorporated along the single polymer 

chain are stabilized by the polymer backbone, resulting in 

significantly brighter molecules. Multiple hydroxyl groups on the 

polyglycerol (PG) dendrons endowed the CDPs with intrinsic water-

solubility. Despite this benefit, the polymer preparation process for 

CDPs takes up to a week. Furthermore, the preparation included a 

ring-closing metathesis (RCM) step that required a large excess of 

Grubbs catalyst, which, in turn, led to trace amounts of residual 

ruthenium that was difficult to remove from the final fluorescent 

polymeric nanoparticles. Here we report a simplified synthetic 

strategy for dendronized polymer nanoparticles that affords similar 

photostability without the dihydroxylation or RCM steps. 

Additionally, this versatile synthetic approach to LDPs
27-33

 allows for 

a facile incorporation of other moieties into the polymer platform, 

including multi-sulfide-containing dendrons, dendronized fluoro-

phores, and two different kinds of fluorophores allowing for 

fluorescence resonance energy transfer (FRET) pairs. 

Results and discussion 

Polymer synthesis 

To shorten the preparation process for dendronized polymer 

nanoparticles and reduce the amount of ruthenium catalyst 
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needed, we investigated a streamlined approach for the polymer 

synthesis. The crosslinking RCM step that was necessary to 

generate the previously reported CDPs was eliminated to afford 

short-chain, low molecular weight polymers. We probed the protec- 

tive effect of these novel uncrosslinked linear dendronized polyols 

(LDPs) (Scheme 1a) on a set of five different fluorophores that cover 

a 150 nm range in the visible light region. Two kinds of norbornene 

monomers were used in the synthesis of each LDP (see monomer 

synthesis, ESI†). The first is glycine-modified 3
rd

-generation PG 

dendron monomer
26

 G3Gly (Scheme 1a) and the second is one of 

five fluorophore-containing monomers
25-26

 Y where Y = Coumarin, 

Fluorescein, BODIPY, Perylene bisimide (PBI), or Rhodamine, which 

are hereinafter abbreviated by the first letter of their name 

(Scheme 1b). Linear random copolymers were synthesized by ring-

opening metathesis polymerization (ROMP) using monomers G3Gly, 

Y, and 3
rd

-generation Grubbs catalyst with a molar ratio of 20 : 2 : 1. 

Subsequent deprotection of the acetal-protected diols with 

trifluoroacetic acid (TFA) afforded water-soluble, fluorescent, 

dendronized polymers LDPs-G3GlyY (see polymer synthesis, ESI†). To 

tune the optical properties of the LDPs, the polyols were also 

prepared with two different fluorophores resulting in LDPs-

G3GlyY1Y2, which were used for the FRET study. Minimizing the 

synthetic effort, LDPs can be prepared in two steps in a single day 

whereas the preparation of CDPs required four steps extending the 

preparation time to completion to about one week.  

The LDPs were characterized by 
1
H NMR spectroscopy, dynamic 

light scattering (DLS), and gel permeation chromatography (GPC, 

see polymer characterizaKon, ESI†). A 5.53 nm hydrodynamic 

diameter was determined for representative LDP-G3GlyF by DLS 

(Figure S7, ESI†) with a similar size expected for the other LDPs 

reported, whose fluorophores prevented DLS analysis. Some of the 

fluorophore-containing LDPs equipped with one fluorophore 

feature narrow polydispersity indices (PDIs) between 1.0 and 1.51 

as determined by GPC (see Table S1, ESI†). RepresentaKve LDP-

G3GlyF gave a molecular weight of 22 kDa determined by GPC, which 

is smaller compared to the CDP-G3GlyF analogue (79 kDa). 

 

Photophysical properties and photostability study 

We hypothesized that the multiple hydroxyl groups on LDPs of low 

molecular weight would be sufficient to impart the attached 

fluorophores with photostability and water solubility. To test this 

idea, the photophysical properties and photostability of LDPs were 

studied in phosphate buffered (PB) solutions (0.1 M, pH 7.4) and 

compared to the free fluorophores and previously reported CDPs. 

As shown in Table 1, LDPs have comparable molar absorption 

coefficients, fluorescence quantum yields (FQYs), and brightness 

values to the previous CDPs (Figure S10a, ESI†). All LDPs, except for 

LDP-G3GlyR, exhibited improved molar absorption coefficients with 

the greatest improvement observed for BODIPY. Compared to 

CDPs, LDPs containing coumarin and BODIPY showed an increase in 

FQY and brightness. Fluorescein, on the other hand, showed a 

decrease in FQY and brightness in the CDP scaffold. This may be due 

to fluorescein being more sensitive to its environment compared to 

the other dyes.
34-37

 

To investigate the photostability, PB solutions of LDPs were 

irradiated with blue light at 470 nm from an LED while the 

fluorescence intensity was measured over a period of 4 h (see 

Figure 1 and details in ESI†). The photostability of coumarin, 

fluorescein, and rhodamine were similar in both LDPs and CDPs. 

The photostability of PBI was improved by a factor 1.75 with the 

LDP scaffold compared to CDPs. Among all the dyes tested, PBI has 

the largest conjugated system that might non-covalently interact 

with residual ruthenium catalyst byproducts, possibly leading to a 

Table 1. Photophysical properties of free fluorophores, CDPs, and LDPs at a concentration of 1.5 µM for absorption and 0.15 µM for emission measurements in 0.1 M 

phosphate buffer (PB, pH 7.4) at 20 °C. 

 Free fluorophore
26

  CDP-G3GlyY
26

  LDP-G3GlyY 

Fluorophore Y ε
a
 

(M
-1

 cm
-1

) 

Φf
b
  

(%) 

B
c
  

(M
-1

 cm
-1

) 

 ε
a
 

(M
-1

 cm
-1

) 

Φf
b
  

(%) 

B
c
  

(M
-1

 cm
-1

) 

 ε
a
 

(M
-1

 cm
-1

) 

Φf
b
  

(%) 

B
c
  

(M
-1

 cm
-1

) 

Coumarin 10 300 96 9.9  38 300 34 13  55 800 40 22 

Fluorescein 74 700 95 71  157 800 71 112  159 00 51 81 

BODIPY
d
 4 300 1.3 0.056  47 800 46 22  113 000 53 60 

PBI
d
 29 400 3.3 0.97  78 300 4.6 3.6  93 400 4 3.7 

Rhodamine 91 700 12 11  181 800 11 20  140 000 9 13 

a
 Molar absorpKon coefficient ε, EquaKon S1, ESI†. 

b
 Fluorescence quantum yield Φf, EquaKon S2, ESI†.

 c
 Brightness B, EquaKon S3, ESI†. 

d
 Water-insoluble 

fluorophores (BODIPY and PBI) were first dissolved in dioxane and then diluted with 0.1 M PB. 

Scheme 1. a) Synthesis and feed ratios of linear dendronized polyols LDPs-G3GlyY1Y2

with glycine-linked dendron monomer G3Gly and one or two fluorophore monomers Y.

The second fluorophore Y2 shown in dark green is optional and was exclusively 

introduced for the FRET study. The Gly-linker is shaded in purple. 1) 3
rd

-generation 

Grubbs catalyst, DCM, RT, 15 min and 2) TFA, DCM, RT, 1 h. b) Structures of fluorophore 

monomers Y with Y = Coumarin, Fluorescein, BODIPY, PBI, or Rhodamine. 
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lower photostability in CDPs. In the case of BODIPY, LDP-G3GlyB was 

less stable compared to CDP-G3GlyB but remained 2000 times 

brighter than free BODIPY after 4 h of irradiation (see Figure S11 c, 

ESI†). The lower protection afforded in the LDP most likely arises 

because the short polymer chains of LDPs cannot afford sufficient 

shielding to protect the complex structure of BODIPY from 

bleaching. Overall, these results confirm that the RCM-mediated 

crosslinking step was not necessary to afford stable and bright 

fluorophores as shown by the comparable optical properties and 

similar photostability of the fluorophores within the CDP and LDP 

scaffolds. Once we ensured that the Gly-linked CDPs and LDPs 

provide similar photostability, we focused on simplifying the 

monomer synthesis, which led us to the Cys-linked LDPs. 

 

Dendronized monomer synthesis 

In addition to streamlining the polymer synthesis, we investigated a 

simplified approach to prepare dendronized monomers. The 

synthesis of dendronized monomer G3Gly required 11 steps starting 

from commercially available materials with an overall yield of 

13%.
26

 The synthesis of the new dendronized monomer G3Cys takes 

only 4 steps with an overall yield of 33% (Scheme 2 and S3). The 

time-saving approach in the new synthesis uses a thiol-ene reaction 

between cysteamine and alkene G3Cys-ene
20

 to afford amine-cored 

3
rd

-generation dendron G3Cys-NH2 in a total of 3 steps starting from 

triglycerol. The fourth step involves a condensation of norbornene 

anhydride with G3Cys-NH2 to yield the final dendronized monomer 

G3Cys (see Scheme S3, ESI†). The resulKng cysteamine-containing 

3
rd

-generation PG dendron monomer G3Cys was used to replace 

G3Gly in the following reported LDPs to further demonstrate the 

modularity of our polymer system. Additionally, 2
nd

-generation 

cysteamine dendron monomer G2Cys was prepared following the 

alternaKve and improved syntheKc approach (see Scheme S2, ESI†). 

As a result, the streamlined synthesis of the dendron monomer and 

the linear polymer approach significantly improve the entire 

polymer preparation process. Besides the glycine-linked LDPs-

G3GlyY, a series of cysteine-linked LDPs-GxCysY (x = 2 or 3) was 

prepared with either cysteine-modified dendron monomer G2Cys or 

G3Cys and one or two fluorophore monomers Y where Y = 

Coumarin, Fluorescein, BODIPY, dendronized PBIGx, or Rhodamine 

as shown in Scheme 2a. In the cysteine-linked LDPs, the previously 

used PBI was replaced by dendronized PBIGx (x = 2, 3, or 4) to 

investigate the effect of enhanced dendronization (Scheme 2b). 
 

Advanced dendron monomer 

Fluorescein is known to have low photostability, in part because it is 

prone to oxidation upon irradiation.
34-37

 The photostability of 

fluorescein was not significantly improved with either the CDP or 

LDP architecture (around 13% improvement, see Figure S11 and 

Table S3, ESI†). BenefiKng from the modularity of LDPs, we sought 

to enhance the protective effect of the macromolecular scaffold to 

further improve the photostability of fluorescein. Anti-fading agents 

such as n-propylgallate and Trolox are commonly added to the 

Figure 1. a) - e) Normalized fluorescence intensities over time during the photostability 

study with free fluorophores, CDPs, and LDPs. PB solutions (0.1 M, pH 7.4) of the 

corresponding compounds (0.15 µM) were irradiated with blue light at 470 nm over 4 

h while the fluorescence intensities were measured (for spectra of absolute 

fluorescence intensiKes see Figure S11, ESI†). f) Picture of LDPs in PB soluKon at a 

concentration of 25 µM, illuminated with a UV lamp at 365 nm. 

 

Scheme 2. a) Streamlined synthesis and feed ratios of linear dendronized polyols LDPs-

GxCysY1Y2 (x = 2 or 3) with new cysteine-linked dendron monomers G2Cys or G3Cys and 

one or two fluorophore monomers Y. The second fluorophore Y2 shown in dark green 

is optional and was exclusively introduced for the FRET study. The Cys-linker is shaded 

in purple. 1) Grubbs catalyst 3
rd

-generation, DCM, RT, 15 min and 2) TFA, DCM, RT, 1 h. 

For structures of the fluorophore monomers Y with Y = Coumarin, Fluorescein, BODIPY, 

and Rhodamine see Scheme 1b. b) Structures of the new dendronized fluorophore 

monomers PBIGx (x = 2, 3, or 4) in three different dendron generations. 
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imaging solution to prolong the lifetime of fluorophores under UV 

irradiation.
38-39

 However, the excessive amount of these agents that 

is required to achieve a protecting effect is usually enough to 

perturb cellular activities.
40-42

 

Alternatively, anti-fading agents have been covalently 

conjugated to the dye itself,
43

 thereby eliminating the need of 

excessive amounts of these agents. Because thioether groups can 

be oxidized to sulfoxide and sulfone groups by reactive oxygen 

species (ROS), we took a similar approach and incorporated 

multiple thioether groups into the polymer backbone that might be 

sacrificially oxidized to protect the dye from bleaching. We 

designed a sulfide-rich ROMP monomer G3S and introduced 

multiple copies onto the LDP backbone (Figure 2a and Scheme S4, 

ESI†). Random ROMP copolymerization of monomers G3Cys, G3S, F 

and 3
rd

-generation Grubbs catalyst with a molar ratio of 20 : 5 : 2 : 1 

resulted in water-soluble LDP-G3CysG3SF (Figure 2a). Incorporating 

the G3S monomer led to a 16% improvement of the FQY compared 

to its non-thioether containing analogue, LDP-G3GlyF (Figure 2b). 

Furthermore, sulfur-containing LDP-G3CysG3SF retained about 60% 

of its original fluorescence intensity after 4 h of irradiation, 

remaining twice as bright as irradiated LDP-G3GlyF. These 

observations indicate that the multi-thioether-containing 

monomers provide an additional protective effect to improve the 

photostability of LDP-G3GlyF and may be applied to protect other 

fluorophores that are also sensitive to ROS.  

 

Advanced PBI monomer 

Because the FQY of PBI was not significantly improved with either 

the CDP or LDP scaffold (< 5%), we sought to use the modularity of 

the LDP platform to introduce an advanced PBI monomer. PBIs have 

attracted increasing attention because of their high thermal and 

photochemical stability, long emission wavelength, and high FQYs in 

organic solvents.
44-46

 However, PBIs tend to aggregate in aqueous 

solution due to their polyaromatic cores resulting in fluorescence 

quenching. Charged groups have been introduced at the bay 

regions of the PBI chromophore to provide water solubility and 

reduce aggregation.
47-49

 Despite their high FQYs, these charged PBI 

molecules inevitably arouse the concern of non-specific interactions 

when applied in cellular bioimaging.
44-46

 To address this concern, 

Zimmerman and coworkers studied bay-substituted PBIs with PG 

dendrons to afford neutral PBI fluorophores that maintain their 

high brightness and stability.
50

 Haag and coworkers showed that 

imide-substituted dendronized PBIs have improved FQYs in water 

with increasing dendron generation.
51-53  

Taking advantage of the intrinsically suppressed aggregation of 

dendronized PBIs, we introduced a PG dendron at the imide-

position of the fluorophore to improve its FQY (see Scheme S6, 

ESI†). The PG dendron serves a two-fold purpose: the hydroxyl head 

groups increase the overall hydrophilicity of the molecule whereas 

the sterically-demanding structure minimizes fluorescence 

quenching via aggregation.
50-56 

The new dendronized PBI ROMP-

monomer, PBIGx, features a PBI fluorophore core with an exo-

norbornenyl moiety on one end and a PG dendron in three different 

generations (G2, G3, or G4) at the other end (see Figure 3 and 

Scheme S6, ESI†). The exo-norbornenyl moiety allows the 

incorporation of PBI into the polymer backbone via a ROMP 

process. The molar absorption coefficients, FQYs, and brightness of 

the resulting LDPs-G3CysPGx improved with increasing dendron 

generation of the PBI monomer. The FQY of LDPs increased from 

7.8% to 23% when the dendronized PBI monomer was changed 

from G2 to G4. (Table 2, also see Figure S10 b, ESI†). The increasing 

FQYs stem from the steric shielding effect of the dendrons, which 

can efficiently prevent intermolecular π-π stacking or dye-polymer 

self- quenching.
50-53

 

 

FRET study 

To further demonstrate the modularity of our LDPs, we 

incorporated two different fluorophores (C, F, B, PG4 and R) into 

the LDP platform to achieve new photophysical properties that are 

not available with individual fluorophores. The resulting bi-

fluorophoric LDPs-GxCysY1Y2 (x = 2 or 3) featured large Stokes shifts 

caused by FRET when the incorporated fluorophores had strong 

dipole-dipole interactions. Here we compared the FRET efficiency of 

various polymeric fluorophores with different backbones including 

linear CDP-precursors (pCDPs), globular CDPs, and short-chain LDPs 

with fluorescein and coumarin as the acceptor and donor groups, 

respectively (for structures of pCDPs and CDPs see Figure S6, ESI†). 

The FRET efficiency was determined by the ratio of the acceptor 

and donor emission intensities (Iacceptor / Idonor, Figure 3a, Figure S12, 

S13 and Table S4, ESI†), where the following rule applies: the higher 

the emission ratio, the higher the FRET efficiency. As shown in 

Figure 4b (left), a higher FRET efficiency was observed for CDPs than 

Table 2. Photophysical properties of LDPs-G3CysPGx (x = 2, 3, or 4) at a 

concentration of 1.5 µM for absorption and 0.15 µM for emission measurements in 

0.1 M PB at 20 °C. 

LDP-G3CysPGx ε
a
  

(M
-1

 cm
-1

) 

Φf
b
  

(%) 

B
c
  

(M
-1

 cm
-1

) 

LDP-G3CysPG2 11 100 7.8 0.86 

LDP-G3CysPG3 32 600 14 4.5 

LDP-G3CysPG4 167 000 23 38 

a
 Molar absorpKon coefficient ε, EquaKon S1, ESI†. 

 b
 Fluorescence quantum 

yield Φf, EquaKon S2, ESI†.
 
 
c
 Brightness B, Equations S3, ESI†. 

Figure 2. a) Synthesis and feed ratios of multi-thioether-containing polyol LDP-G3CysG3SF. The Cys-linker is shaded in purple. b) FQYs and normalized fluorescence 

intensities over time during the photobleaching study of fluorescein-conjugated LDPs-G3CysF and G3CysG3SF measured at the same conditions indicated in Figure 1.  
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for linear pCDPs with an NHS or tris function for crosslinking 

indicating that the CDPs are more compact in size than linear 

pCDPs. The FRET efficiency was improved by shortening the 

distance between the acceptor and donor fluorophores resulting 

from the crosslinking step. Short-chain LDPs provided a higher FRET 

efficiency than globular CDPs, suggesting that LDPs are more 

compact than CDPs and thus allow a closer proximity of the 

fluorophores. In the case of LDPs, random copolymerized LDP-

G3CysCF and block copolymerized LDP-G3CysCF-block afforded 

comparable FRET, as shown in Figure 3b (right). In contrast, the 

FRET efficiency of LDP-G2CysCF increased significantly by using a 

lower molecular weight dendron monomer for polymerization. This 

observation suggests that the distance and flexibility between the 

two kinds of fluorophores was significantly influenced by the size of 

the incorporated dendron monomer. Presumably, the backbone of 

LDP-G2 is less crowded and more flexible than that of LDP-G3 or 

LDP-G3-block, which allowed for a higher FRET efficiency.
57-58

  

The results above indicate that the FRET is more efficient in 

LDPs than in CDPs with the same dendron generation, showing that 

crosslinking of the polymer backbone is not necessary. In addition, 

FRET can be improved in LDPs by using a lower generation G2-

dendron monomer. We envision that these new polymeric 

fluorophores with large Stokes shifts could eliminate spectral 

overlap between absorption and emission and allow for detection 

of fluorescence with reduced interference.
59-60

 The fluorescence 

detection provided by this approach is particularly useful in 

quantitative molecular analysis where background effects need to 

be avoided for an efficient localization and quantification of the 

studied molecule.
61-62

 

 

Biological studies 

In cell imaging studies, mounting media based on polyvinyl alcohol 

(PVA), e.g. Mowiol 4-88 or Gelvatol 20-30, are employed to improve 

the photostability of fluorophores. Although the stabilization 

mechanism is not fully understood, the polyol basis of these media 

seems to play a role in the photostabilization of the fluorophores.
63-

64
 Similar to these commercial PVAs, the LDPs provide multiple 

hydroxyl groups in close proximity to the fluorophores that may 

provide a similar stabilizing effect. To demonstrate the potential 

application of LDPs in biological studies, in vitro toxicity and uptake 

studies were performed on human epithelial HeLa cells. For these 

studies, G2- or G3-dendronized LDPs of Coumarin, Fluorescein, and 

PBIG4 were chosen due to their high brightness and different 

emission maxima. 

A cytotoxicity study based on a sulforhodamine B (SRB) assay 

showed high cell viability at the tested concentration range 

between 10 - 100 µg/mL, which indicates a good biocompatibility of 

LDPs (Figure S14, ESI†). The cellular uptake of LDPs was monitored 

by the live-cell confocal microscopy shown in Figure 4 (and Figure 

S15, ESI†). The entire series of dye-conjugated LDPs showed an 

intracellular signal after 4 h of incubation. The cells exhibit a 

vesicular staining pattern, presumably arising from cytoplasmic 

inclusions of the polymers into lysosomes and endosomes. In 

contrast, recently reported CDPs
26

 showed a finely distributed 

uptake throughout the entire cytoplasm while ONPs
25

 primarily 

localized in lysosomes. The low cytotoxicity and bright intracellular 

 

Figure 4. In vitro cellular uptake studies via live-cell microscopy of LDPs (7.5 µg/mL) 

into HeLa cells after 4 h of incubation. First row: cell nuclei stained with Hoechst 33342 

(blue). Second row: fluorescence from LDPs-GxCysY (x = 2 or 3) with Y = Coumarin 

(green), Fluorescein (green), and PBIG4 (red). Third row: brightfield. Fourth row: 

overlay of cell nuclei, fluorescence from LDPs, and brightfield. Scale bar: 10 µm. 

Figure 3. a) Fluorescence spectra and b) FRET efficiency of linear CDP precursors 

pCDPs, globular CDP, and short-chain LDPs with acceptor Fluorescein and donor 

Coumarin measured at 0.5 µM in PB at 20 °C. The FRET efficiency was determined by 

the ratio of the maximum emission intensity (Iacceptor / Idonor) of acceptor Fluorescein and 

donor Coumarin incorporated into different FRET polymers. 
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signal renders these biocompatible dye-conjugated LDPs potential 

candidates for fluorescence bioimaging. 

Conclusions 

In summary, a broad series of fluorescent LDPs were synthesized in 

two steps on a modular basis and their photophysical properties 

characterized in an aqueous environment. The time-saving 

preparation for these new fluorescent polymeric nanoparticles 

eliminates the RCM step that requires a high loading of ruthenium 

catalyst. Furthermore, the streamlined synthesis for the new 

dendron monomer G3Cys reduces the synthetic effort by 7 steps 

compared to previously reported G3Gly. Additionally, the optical 

properties of these LDPs can be fine-tuned by choosing different 

ratios and variants of dendron and fluorophore monomers.  

The modular system provided by LDPs allowed the 

incorporation of different moieties, such as multi-sulfide-containing 

dendrons as anti-fading agents, dendronized fluorophores as 

intrinsic aggregation suppressors, or FRET pairs as potential 

improved imaging agents. LDPs showed high photostability, 

biocompatibility, and cellular uptake with bright intracellular 

fluorescence. Taken together, these results highlight new prospects 

for customized LDPs with any desirable ROMP-compatible 

fluorophore covering a broad spectrum of accessible wavelengths. 

The different staining patterns of ONPs, CDPs, and LDPs may be 

used for co-staining different cellular compartments for various 

applications. Furthermore, the decrease in Grubbs catalyst reduces 

the amount of toxic metals in the polymer preparation which 

renders LDPs a more environmentally friendly platform compared 

to ONPs or CDPs and thus makes them a better candidate for 

biological studies. Therefore, the reported LDPs represent a novel 

and versatile type of bright, stable, and biocompatible fluorophore.  
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