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The paper presents the spectroscopic and 

biological properties the 2-(4-methyl-5-oxo-2,5-

dihydro-furan-2-yloxy)-benzo[de]isoquinoline-

1,3-dione, a strigolactone mimic derived from 

1,8-naphthalic anhydride. This compound 

presents fluorescent properties and has interesting 

effects on biofilm formation by nodulation enhancer bacteria. The results demonstrate the possibility to prepare novel fluorescent 

compounds as strigolactones-like activities in order to be exploited in bioimaging studies. 
 

 
INTRODUCTION* 

Strigolactones (SLs) are naturally carotenoid 

derivatives, released by plants into the soil as 

communication signal. Strigol, the first member of 

this group of compounds identified as potent 

germination stimulants of parasitic weed seeds,1,2 

gave the generic name of this class of compounds. 

SLs act as signaling molecules for the germination of 

seed of parasitic weeds,1-7 and forhyphal branching in 

arbuscularmycorrhizal (AM) fungi.8-11 SLs are active 

phytohormones in controlling the architecture of 

various plant organs,11-19 and play an important role 

in plants responses to both biotic and abiotic 

                                                            
 

stresses.20-24 More than 25 naturally occurring SLs 

have been identified so far in the root exudates of 

several plant species. This group of compounds share 

a tricyclic lactone (ABC rings) linked via an enol-

ether bond to an invariable α,β-unsaturated furanone 

moiety labeled as D ring.25,26 They are grouped into 

two families with different stereochemistry: one with 

the parent structure of strigol and the other with the 

parent structure of oronbachol (Figure 1).  

The structure-activity relation studies on SLs 

shown that the bioactiphore CD part, the 

stereochemistry and the methyl substituent at C-4′ of 

the D-ring are essential requirements for SLs activity 

as germination stimulants for the seeds of parasitic 
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weeds.7,27 SLs bioactivity is not affected by the 

structural changes of A, B and even C rings or by the 

replacement of an oxygen atom by a nitrogen 

atom28,29 or a sulfur atom.18 Instead, the presence of 

ABC rings and the stereochemistry seem to be 

essential for proliferation of AM fungi hyphae.11,30,31 

Naturally occurring SLs have too complex 

structures for multi-gram scale syntheses and have 

been isolated from plant roots exudates only in 

very small amounts. As a consequence, compounds 

with simplified structures of SL analogs and 

mimics have been designed and prepared in order 

to understand their various structure-relationship 

activities and to identify the corresponding 

receptors in plants. The SL analogs retain the 

bioactiphore CD part of natural SLs and have an 

extensive structural freedom in the AB-rings of the 

molecule (Figure 2).32-38 

SL mimics in which the bioactive D-ring is 

directly linked to (hetero)aryloxy, aroyloxy, 

arylthio or (hetero)aromatic moieties mimic a 

variety of biological activities of natural SLs, even 

without the typical structural features of natural 

SLs (Figure 3).39-45 
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Fig. 1 – The structure of parent compounds for the two major groups of naturally SLs. 
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Following our previous researches on bioactive 

compounds,45-48 we have been interested in 

synthesis and properties of new active compounds 

for plant protection. Consequently, we have 

synthesized novel SL mimics, including an SL 

mimic bearing the 1,8-naphthalimide system, 

namely 2-(4-methyl-5-oxo-2,5-dihydro-furan-2-

yloxy)-benzo[de]isoquinoline-1,3-dione, starting 

from 2-hydroxy-1,8-naphthalimide and 5-bromo-3-

methyl-furan-2-one.45 We demonstrated the effect 

of this new strigolactone mimic on parasitic seed 

germination and fungal pathogens development 

pattern.45 Now, we report here a more efficient 

synthetic procedure for multi-grams synthesis of 

this SL mimic which contain in its molecule the 

1,8-naphthalimide ring connected by an ether link 

to the bioactive 3-methyl-furan-2-one unit, as well 

as its interesting fluorescent and biological 

properties, i.e. promotion of biofilm formation by a 

nodulation enhancer bacteria. 

RESULTS AND DISSCUSION 

Synthesis and photophysical properties  

of SL mimic 4 

The efficient synthetic procedure for the 

synthesis of 2-(4-methyl-5-oxo-2,5-dihydrofuran-

2-yloxy)-benzo[de]isoquinoline-1,3-dione (SL 

mimic 4, synonym with 3-methyl-5-

(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-

furan-2-one) starts from cheap, commercially 

available, 1,8-naphthalic anhydride 1. By treating 

1,8-naphthalic anhydride with hydroxylamine 

hydrochloride in dioxane, under basic conditions, 

2-hydroxy-1,8-naphthalimide (2) was easily 

obtained in very good yield. The intermediate 5-

bromo-3-methylfuran-2-one (3) was obtained in 

good yield by the bromination of 3-methyl-5H-

furan-2-one with N-bromosuccinimide in CCl4, in 

the presence of benzoyl peroxide,49 and was used 

after the removal of the solvent as crude reaction 

product, without purification. In the last step, 2-

hydroxy-1,8-naphthalimide (2) was coupled with 

5-bromo-3-methyl-furan-2-one (3) in DMF in the 

presence of anhydrous potassium carbonate to 

access the desired SL mimic 4 in good yield and in 

multi-gram amounts (Scheme 1). 

The chemical structure of SL mimic 4 was 

confirmed by chemical, IR and NMR analyses.45 

Thus, the NMR signals present in the proton and 

carbon spectra of SL mimic 4 resonate mainly in 

the downfield region, in accordance with the 

proposed chemical structure. Except the methyl 

signals, that were straightforward identified, the 

rest of the signals were assigned based on the 

correlations obtained in the 2D spectra like H-C 

HSQC and H-C HMBC. Because CH groups’ 

signals were well resolved and separated in both 

proton and carbon spectra, the assignments were 

obtained from the standard proton-carbon direct 

bond correlations. The quaternary carbons from the 

structure were differentiated based on their three-

bond couplings with the neighboring protons, 

present in the H-C HMBC spectrum. In the case of 

quaternary carbons C-6’a and C-9’b, the resolution 

obtained in the classical H-C HMBC experiment 

was not good enough to distinguish between the 

correlation signals. These two carbons were 

assigned after recording a higher resolution version 

of the H-C HMBC experiment with shaped pulses 

that allows acquisition on smaller spectral regions, 

around the signals of interests. In this experiment 

(Figure 4), a pulse with specific shapes, different 

from the classical rectangle, is used to selectively 

excite the region of interest. The result is a 2D 

spectrum with a better resolution, thus a better 

separation between the correlation signals, as it can 

be seen in Figure 1.   
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Besides the specific changes in proton and 

carbon spectra, previously mentioned by us for 

several strigolactone analogues,45 the success of 

the coupling reaction can be determined from the 

long-range proton-nitrogen correlations as well. 

Thus, in the H-N HMBC spectrum for SL mimic 4 

(Figure 5), it can be noticed a correlation signal 

between the nitrogen from naphthalimide (223.1 

ppm) and the proton H-5 (6.48 ppm) from furan-2-

one moiety.  

HRMS isotopic pattern (Figure 6) also confirms 

the structure of SL mimic 4, in addition to the 

[M+Na]+ exact monoisotopic mass (332.0518 m/z). 

 

 
Fig. 4 – Shape pulse H-C HMBC spectrum recorded for SL mimic 4, in CDCl3, at 400 MHz.  

The correlations of interest are annotated on the 2D plot. 

 

 
Fig. 5 – H-N HMBC spectrum recorded for SL mimic 4, in CDCl3, proving the success of the coupling reaction. 
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Fig. 6 – HRMS-ESI spectrum with isotopic pattern in positive mode for SL mimic 4. Upper trace (red) – simulated pattern,  

lower trace (black) – experimental spectrum for C17H11NO5Na [M+Na]+. 

 
Table 1 

Photophysical data of the SL mimic 4 in different organic solvents 

Solvent λabs 

(nm) 

λem 

(nm) 

Δυ 

(cm-1) 

Φ 

(%) 

τ1 (a1) 

(ns; (%)) 

τ2 (a2) 

(ns; (%)) 

τ3 (a3) 

(ns; (%)) 

PhMe 320 sh, 335, 350 403.8 5085 1.86 1.49; (48.44) 5.99; (51.56) - 

CHCl3 325 sh, 337, 351 364, 382, 400 sh 3555 19.21 0.08; (96.19) 1.04; (3.81) - 

DCM 320 sh, 336, 350 sh 362.3, 381, 399.5 3506 25.67 - - - 

DMF 325 sh, 336, 350 sh 377.7 3284 0.01 0.30; (35.75) 1.26; (35.34) 5.09; (28.91) 

 

During the synthesis we realized that SL mimic 4 

showed a luminescent behavior when subjected to 

UV radiation. A preliminary spectral study of 

photophysical properties of SL mimic 4 was 

performed in solvents with different polarities such as 

toluene (PhMe), chloroform, dichloromethane 

(DCM) and dimethylformamide (DMF). The 

photophysical parameters for the SL mimic 4, 

namely absorption maxima (λabs), emission maxima 

(λem), Stokes shifts (Δυ), quantum yield of 

fluorescence (Φ) and fluorescence lifetimes (τ) in 

solvents with various polarities are given in Table 1.  

The SL mimic 4 presents absorption maxima in 

the range of 300-375 nm, with a central maximum 

around 336 nm in DCM, arising from a π→π* 

electronic transition of the 1,8-naphthalimide unit. 

SL mimic 4 shows a violet emission at about 404 

nm in toluene. On comparing the emission maxima 

in a nonpolar solvent with that in a polar solvent, a 

shift to shorter wavelengths was observed (Table 

1). The Stokes shift (Δυ = υabs – υem) and quantum 

yield of fluorescence (Φ) are important parameters 

of a fluorescent compound. The Stokes shift 

reveals the differences in the structure and 
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properties of fluorophores between ground state 

and the first excited state. The Stokes shift for SL 

mimic 4 is in the range 3284-5085 cm-1 in solvents 

with different polarities (Table 1). The SL mimic 4 

presents solvent-dependent emission characteristics. 

While a significant fluorescence was observed in 

chlorinated solvents, the emission intensity 

diminished drastically in toluene and DMF. The 

fluorescence quantum yield was of 19.21% in 

chloroform and 25.67% in DCM, respectively, 

while very low values of quantum efficiency were 

determined in toluene (1.86%) and DMF (0.01%). 

The fluorescence decay obeys a biexponential law 

in toluene and chloroform, with a very fast 

component (0.08 ns and high amplitude of 

96.19%) in chloroform. However, the emission 

decay in DMF was cleanly fitted with a model 

based on three exponentials. Also, the very fast 

component was maintained (Table 1). 

Since the emission profile of derivative 4 was 

found to be solvent-dependent, the emission and 

absorption spectra were investigated in the binary 

system of DMF/water. The emission spectra of 4 in 

DMF solution as a function of water content are 

depicted in Figure 7. Upon exciting at 355 nm, the 

emission intensity increases with the water content 

in the range of 0-35%. At the same time, 

increasing the water content, the emission band 

underwent a red shift to 395 nm. When the water 

content increased around 35%, the emission 

intensity of 4 in DMF/water mixture was 1.3-fold 

higher than that in pure DMF (Figure 7). The 

increase of the water content over 35% leads to the 

decrease of the emission intensity due to a 

fluorescence quenching process.  

The absorption band of 4 was shifted to longer 

wavelengths as the water content increased (Figure 

8). The red shift of emission and absorption 

maxima can be induced by the increase of mixture 

polarity as the water content increases. Also, the 

enhancement in fluorescence and the red shift of 

the emission and absorption bands can be 

associated with an aggregation induced emission 

process in derivative 4.50 These data showed 

interesting fluorescent properties for the SL mimic 

4 which contain a fluorophore molecule of 1,8-

naphthalimide. 

Fluorescent derivatives were developed for 

cyanoisoindole strigolactone analogs, CISAs,51 and 

PL-series of strigolactone analogs.52 The 

strigolactone mimic 4 has fluorescent properties 

that, combined with his proven activity toward 

rhizosphere organisms and microorganisms, could 

be used to evaluate the presence of the receptors 

for SL bioactiphore on the rhizosphere micro-

organisms. The advantage of strigolactone mimics 

is that they are simplified molecules. The most 

studied plant strigolactone receptors bind and 

hydrolyze the SL molecules.53 However, the 

butenolide part of SL seems to interact with 

histidine and further stabilize the SL with the 

transcriptional repressor.54 Due to its simpler 

structure, strigolactone mimic 4 could be an 

effective tool in chasing the SL receptors from 

rhizosphere microorganisms in bioimaging studies.
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Fig. 7 – The emission spectra of 4 in DMF solution as a function of water content for 335 nm excitation wavelength. 
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Fig. 8 – The absorption spectra of 4 in DMF/water solutions. 

 
Biological properties of SL mimic 4 

The tested GR24 and SL mimic 4 did not have an 
effect of branching activities of A. alliaceus DSM 
813 (Figure 9). After 3 days at 28ºC, for the strain 
Aspergillus alliaceus, it can be observed the 
distribution and the number of the hyphae. The 
number of hyphae was recorded on a total lengths of 
1000 µm, beginning from the end of the youngest 
hyphal edge. For the straight hyphae one 
 

measurement was enough in comparison with curved 
hyphae where several measurements on linear 
portions were made to achieve the final length.  

In the case of the GR24 treatment with various 
concentrations (C1 = 5x10-6, C2 = 10-5, C3 = 5x 
10-5 M) it showed that this synthetic strigolactone 
had no effect of the hyphal branching, and also did 
not determine the formation of a bigger order of 
branches compared with those which were present 
in the controls. 

 

 
Figure 9 – The aspect of hyphal braching of Aspergillus alliaceusin a) control water agar, b) acetone, c) GR24 C1, d) GR24 C2, e) GR24 C3, 

f) SL 4 C1, g) SL 4 C2, h) SL 4 C3 recorded on a total length of 1000 µm, beginning from the end of the youngest hyphal edge. 
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Table 2 

ANOVA details for the effect of different treatments on the hyphal branches number 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.260 7 0.180 2.609 0.053 

Within Groups 1.104 16 0.069   

Total 2.365 23    

 

4 4 4

 
Fig. 10 – The influence of SLs on fungal hyphal branching for Aspergillus alliaceus. The total number was recorded on a total length 

of 1000 µm. The bars represent the standard errors. The values followed by the same letter do not differ significantly at p < 0.05. 
 

In the case of 2nd order branches for Aspergillus 

alliaceus the groups were not homogeneous in 

variance with respect to Levene statistic (p-value = 

0.026) showing that for different treatments the 

number of counted hyphae had different 

distributions. However, the tests were done in 

triplicates and it was not considered enough to 

dismiss an analysis by ANOVA. The contrast test 

yielded some difference with respect to the 2nd 

order hyphae between the treatments and the blank 

groups. ANOVA yielded a low, marginally 

significant difference (p-value = 0.053, F = 2.609) 

with a significant difference for the contrast test (p-

value = 0.017; t = -2.933) (Table 2).  

Tukey’s post hoc test (Figure 10) showed 

marginally significant differences only between 

treatment 4-C3 and two other groups: the water 

blank treatment (p-value = 0.096) and GR24-C2 

(p-value = 0.067). 

 Parasitic plants use strigolactones as a cue for 

plant root presence.55 The strigolactones were 

considered as being “a cry for help in the 

rhizosphere”, i.e., exo-signals used by sessile 

plants to recruit mutualistic organisms.56 In the 

case of volatiles acting as a plant “cry for help” for 

recruitment of the herbivores insect predators are 

also used as a cue by the parasitoids of herbivores 

insect predators.57 Our hypothesis was, that 

according to the molecular logic of the below-

ground communication, pathogens of the parasitic 

plant should use the same cue to locate their host. 

Our finding indicates that, at tested concentrations, 

4 does not significantly influence the branching of 

A. alliaceus, a pathogen of the parasitic weeds that 

responds to SL mimic 4.45 Other bioassays (e.g., 

chemotactic movement) are needed to evaluate 

strigolactone mimics and analog effects on fungal 

pathogens of parasitic plants. 

 The tested strigolactones have an effect on the 

biofilm formation by a nodulation enhancer. 

Paenibacillus graminis FL400. Strigolactones 

analogs were proven to modulate quorum sensing 

related features of rhizobia (Sinorhizobium 

meliloti), such as swarming mobility.58 Recently it 

was proven that strigolactones influence quorum 

sensing (QS) in Vibrio cholerae.59 

 Our experiment demonstrates that strigolactone 

promote biofilm formation on sand particles by a 

nodulation enhancer, P. graminis FL400 (Figure 

11). This suggests a multiple function of these 

endo- and exo-signals produced by plants, 

including one related to microbiome shaping.60 
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Fig. 11 – The influence of SLs on sand biofilm formation by P. graminis. The bars represent the standard errors.  

The values followed by the same letter does not differ significantly at p < 0.05. 

 

EXPERIMENTAL 

Materials and Methods 

Melting points were determined on a Boetius apparatus 

and are uncorrected. The IR spectra were recorded on a 

Nicolet Impact 410 spectrometer, in KBr pellets. The NMR 

spectra analysis were recorded on a Bruker Avance III 400 

spectrometer, operating at 400.1, 100.6 and 40.6 MHz for 1H, 
13C and 15N, respectively. The 1D and 2D spectra were 

recorded with a 5 mm multinuclear inverse detection z-

gradient probe. 2D NMR correlation spectra (H-H COSY, H-

C HSQC, H-C HMBC and H-N HMBC), were recorded with 

standard pulse sequences delivered by Bruker with TopSpin 

2.1 PL6 spectrometer control and processing software. 

Chemical shifts are reported in δ units (ppm) and were 

referenced to the residual solvent signals (for CDCl3 1H at 

7.26 ppm and 13C at 77.0 ppm). The 15N chemical shift, 

obtained as projection from the indirectly detected H-N 

HMBC, is referenced to liquid ammonia (0.0 ppm) using 

nitromethane (380.2 ppm) as external standard. Exact mass of 

SL mimic 4 has been determined from high resolution MS 

spectrum recorded on a Bruker Maxis II QTOF spectrometer 

with electrospray ionization (ESI) in positive mode. Electronic 

absorption spectra were obtained on a UV-Vis spectrometer 

(SPECORD 200PLUS, Analytik Jena) in 10 mm path length 

cuvettes. The fluorescence spectra were recorded with a 

Perkin Elmer LS55 luminescence spectrometer using quartz 

cells of 10 mm optical path length. The solvents of 

spectrophotometric degree used in this work were toluene 

(PhMe), dichloromethane (DCM) and dimethylformamide 

(DMF) (Sigma-Aldrich). The fluorescence quantum yield (Φ) 

was determined in dilute solutions (A <0.1) at the excitation 

wavelength corresponding to the maximum of the absorption 

bands on a FLS980 spectrometer (Edinburgh Instruments) 

using an integrating sphere. 

All reagents and solvents were purchased from Sigma-

Aldrich and used without supplementary purification. 

Aspergillus alliaceus CBS 563.65 was purchased from CBS-

KNAW (Westerdijk Fungal Biodiversity Institute), Utrecht, 

The Netherlands. The Paenibacillus graminis FL400 was a 

gift from Research-Development Institute for Plant Protection, 

Bucharest. The reference compound GR24 was purchased 

from Stichting Chemiefonds Paddepoel (Stg CfP), Malden, 

The Netherlands. 

Note on the naming of the compound in the experimental 

section: in the first part we used the name of the compound 

according to IUPAC rules. However, in the experimental part 

we choose to numbering the furanone ring with the 1,8-

naphthalinimide unit attached to C-5, as the most of SL-

analogs and mimics are usually numbered. 

Synthesis of 2-(4-methyl-5-oxo-2,5-dihydro-furan-2-yloxy)-

benzo[de]isoquinoline-1,3-dione (4, alternative name 3-

Methyl-5-(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-

furan-2-one) 

To a suspension of 2.38 g (12 mmol) of 1,8-naphthalic 

anhydride 1 in 30 mL dioxane, 1.04 g (15 mmol mmol) of 

hydroxylamine hydrochloride and 2.07 g (15 mmol) of anh. 
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K2CO3 were added and the reaction mixture was heated at 

reflux temperature for 8 hours. The reaction mixture was 

poured on 100 g of crushed ice and neutralized with HCl 5%. 

The formed solid was filtered off and washed on the filter with 

water and acetone to give 2.36 g (92% yield) N-hydroxy-1,8-

naphthalimide 2, m.p. 285-287°C which was used directly into 

the next step. To a solution of 2.13 g (10 mmol) N-hydroxy-

1,8-naphthalimide 2 in 15 mL DMF were added anh. K2CO3 

(1.52 g, 11 mmol) and crude 5-bromo-3-methyl-5H-furan-2-

one 3 (2.21 g, 12.5 mmol) under stirring at room temperature. 

The stirring was continued at room temperature for the next 20 

h. Then, the reaction mixture was poured into 80 mL water 

and extracted with CH2Cl2 (3 x 75 mL). The combined 

extracts were washed with an equal volume of water and dried 

over anh. Na2SO4. The solvent was partly removed under 

reduced pressure, the residue was chromatographed on a SiO2-

packed column eluting with EtOAc:hexane 25% and finally 

recrystallized to obtain the SL mimic 4, as beige solid, 2.54 g 

yield 82 %, m.p. 236-238°C (acetone / MeOH).IR (KBr, νC=O, 

cm-1): 1789, 1726, 1688. 1H NMR (CDCl3, γ, ppm): 2.02 (s, 

3H, CH3), 6.48 (s, 1H, H-5), 7.18 (s, 1H, H-4), 7.79 (t, 2H,  

J = 7.8 Hz, H-5’), 8.26 (d, 2H, J = 8.1 Hz, H-6’), 8.64 (d, 2H,  

J = 7.3 Hz, H-4’). 13C NMR (CDCl3, γ, ppm): 10.8 (CH3), 

103.2 (CH-5), 122.5 (2 x C-3’a), 127.1 (2 x CH-5’), 127.5 (C-

9’b), 131.8 (C-6’a), 132.1 (2 x CH-4’), 134.9 (2 x CH-6’), 

136.0 (C-3), 139.9 (CH-4), 160.8 (2 x CO-1’,3’), 170.7 (CO-

2). 15N NMR (CDCl3, δ, ppm): 223.1 ppm. The IR, 1H and 13C 

NMR spectra confirmed the structure of final reaction 

compound 4.45 HRMS-ESI (m/z): [M+Na]+ for C17H11NO5Na, 

calcd. 332.0529, found 332.05218. 

Biological Activity Tests 

 We tested the effect of strigolactone mimic 4 on Aspergillus 

alliaceus, a pathogen of the parasitic plant from the Orobanche 

Cumana and the nodulation enhancers, Paenibacillus graminis 

FL400. The effects on the fungal pathogen of parasitic plant 

was tested according to slightly modified method from our 

previous paper related to strigolactone mimics.45 Briefly, the 

inoculated Petri dishes were kept at 28ºC for 3 days. After  

3 days, the developed fungal colonies were observed, and the 

Petri dishes were examined using a Leica DM 1000 LED 

(Leica Microsystems, Wetzlar, Germany) microscope 

provided with a digital camera ICC50W and images of the 

fungal colonies were captured on the 3rd day. The number of 

hyphal branches of different orders, from second (2º) till the 

maximum observed was recorded of each primary branch, 

moving back from the end of the youngest hyphal tip. 

Observations were focused on the arrangement and number of 

the hyphae.  

 We modified the sand attachment assay to estimate the 

strigolactone’s ability to influence in-situ biofilm formation by 

a strain of nodulation enhancer Paenibacillus graminis 

FL400.61 Briefly, P. graminis cells were grown to OD600 = 2.0 

(1x108 cells/mL) in a low-nutrient peptone medium. The 

medium consisted of 2 g/L meat peptone, 5 g/L NaCl, and 

5g/L K2HPO4 (Scharlab, Barcelona, Spain). The pH was 

adjusted to 7.0. Bacteria were then aseptically centrifuged, 

washed with sterile phosphate saline buffer, and resuspended 

to OD600 = 0.2 (1x107 cells/mL) in the same medium. Five 

hundred µl of sterile sand were placed in the wells of a 24-

well Costar 3526 polystyrene (PS) dish (Corning Incorporated, 

Corning, NY, US) and was inoculated with 500 µl of cells or 

with the same volume of culture medium only. The dish was 

then incubated at 28ºC, and the cells were harvested at 

different time points. A volume of 100 µl of sand and liquid 

was removed by using a pipette fitted with a wide-bore tip and 

transferred to a pre-weighed microcentrifuge tube. All traces 

of liquid culture were removed by pipetting, and only the sand 

and tube were weighed. One-half of the sand samples were 

washed aseptically with 10 mM MgSO4. To each sample, 

washed or otherwise, 150 mL of fresh 10 mM MgSO4 were 

added, and the tubes were vortexed extensively to dissociate 

cells from the sand particles. The liquid containing the 

dislodged cells was serially diluted and plated on a selective 

medium for obtaining CFUs. The CFUs were normalized to 

the amount of sand weighed. The experiments were done in 

low-nutrient peptone medium and low nutrient peptone 

medium supplemented with strigolactone analog GR24 and 

strigolactone mimic SL 4. Three concentrations, 10-8 µM, 10-7 

µM, and10-6 µM, were used. Also, the growing medium was 

supplemented with acetone (up to 1%), the solvent used for 

the GR24 and SL 4. Statistical analysis was performed using 

IBM® SPSS® Statistics, version 26. The experiments were 

made twice with three replicates in each and the presented 

data are from one of them.  

CONCLUSIONS 

Photophysical and biological properties of 2-(4-

methyl-5-oxo-2,5-dihydro-furan-2-yloxy)-benzo 

[de]isoquinoline-1,3-dione, a strigolactone mimic 

which contain in its molecule the 1,8-

naphthalimide ring connected by an ether link to 

the bioactive 3-methyl-furan-2-one unit, have been 

investigated. This strigolactone mimic shown 

promising fluorescent properties and proved to be 

active in promotion of the biofilm formation in 

nodulation enhancing bacteria. The interesting 

fluorescent and biologic properties of this 

compound prompted us to design and to synthesize 

fluorescent SL mimics in order to exploit them in 

bioimaging investigations.  
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