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ABSTRACT 

Fluorophores containing donor, �a linker, and acceptor units are gaining importance in the 

field of organic chemistry, especially showing fluorescence at near-infrared region. Herein, we 

report the synthesis and optical properties of donor-�a-acceptor fluorophores containing indole, 

benzo[e]indole, and benzothiazole as donor units. The cyanoacetic acid/ malononitrile were used 

as acceptor units. The Vilsmeier Haack linker substituted with different functional groups such as 

hydrogen, t-butyl and phenyl at the 4th position was the as �a-linker. The chlorine at meso-position 

was replaced with various nucleophiles such as piperidin-4-ylmethanol and pyridine-4-thiol. The 

�I�O�X�R�U�R�S�K�R�U�H�V���V�K�R�Z�H�G���D�E�V�R�U�E�D�Q�F�H���D�Q�G���H�P�L�V�V�L�R�Q���P�D�[�L�P�D���L�Q���1�,�5���U�H�J�L�R�Q������abs =645 - ���������Q�P���D�Q�G����em 

= 784 - 828 nm) with and high molar extinction coefficients and photothermal stability. The 

fluorophores had Stokes shift of 6 �± 143 nm and quantum yield of 7 - 20%. The biodistribution of 

the synthesized fluorophores were studied in collaboration with Dr. Hak Soo Choi. 
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INTRODUCTION  

Fluorescence imaging has applications in disease detection for research and clinical use by 

visualizing the fluorescence compounds in the body. The UV region utilizes wavelength from 200 

nm to 390 nm, visible region in the range of 400 nm to 600 nm, and NIR region is greater than 700 

nm, as shown in Figure 1.1. As the wavelength increases, the energy decreases, so the NIR region 

has the lowest energy, as compared with UV and visible regions. 

 

Figure 1.1. Electromagnetic spectrum1 

NIR light better penetrates biological matter, which improves the signal-to-noise ratio and 

minimizes skin and tissue damage2. The compounds that absorb light in the NIR region are "deeply 

�F�R�O�R�U�H�G�´���G�\�H�V and provide real-time image of the organs/ tissues to be killed or preserved. The 

light is observed because of strong delocalization in the conjugated structure3. NIR absorption 

frequency is higher for structure with sp2 hybridization as compared with sp3 hybridization4. The 

NIR dyes are used in optical data storage, thermal writing displays, laser printer, and laser filter. 

Most importantly, the NIR dyes are used for tumor imaging, photothermal imaging, and 
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photodynamic therapy3. Examples of NIR fluorophores are cyanine, squarine, phthalocyanine, 

porphyrin, BODIPY, and donor-�a-acceptor fluorophores.  

1.1 Cyanine dyes 

Cyanine dyes have heterocyclic nitrogen rings joined together by electron-deficient chain 

of carbon atoms, which is responsible for their properties and reactivities5,6,7. The general structure 

of cyanine dyes is shown in Figure 1.2. Cyanine dyes are gaining attention in science, technology, 

pharmacology, biology, chemistry, and medicine, as they have photophysical properties like high 

molar absorptivity, narrow absorption bands and emit fluorescence in the NIR region (680-1600 

nm), and good photostability5,7,8.  

 
Figure 1.2. The general structure of cyanine dyes 

The photophysical properties of the dyes are enhanced by altering the conjugated chain 

length and the terminal heterocyclic units9,10. The delocalization of lone pair of electrons on 

nitrogen along the carbon chain increases the absorbance wavelength7. The resonance structures 

of the cyanine dyes are shown in Figure 1.3. 

 
Figure 1.3. Resonance structures of cyanine dye 

The addition of a double bond in the structure increases the wavelength by about 100 nm11. 

The cyanine dyes are trimethine, pentamethine, and heptamethine if the number of the double bond 

in the chain are one, two, and three, respectively. 
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Owens et al. studied a series of pentamethine cyanine dyes 7 - 10 which showed emission 

in NIR region10. The dyes were synthesized as shown in Scheme 1. The first step was the reaction 

of warm ethanolic solution of mucochloric acid 1 with aniline to yield pentamethine linker 2. The 

heterocyclic salts 3 - 6 which were obtained by reflux of phenyl hydrazine salts with 3-methyl-2-

butanone in acidic medium followed by alkylation with iodomethane in acetonitrile, were reacted 

with pentamethine linker 2 in basic medium to obtain pentamethine cyanine dyes 7 - 10. 

 

Scheme 1. Synthesis of Pentamethine Cyanine dyes 7 - 10 

The optical properties of the pentamethine cyanine dyes 7 - 10 were measured in ethanol. 

The absorbance and emission maxima were in between 640 �± 671 nm and 656 �± 694 nm, 

respectively. The dyes 7 �± 9 exhibited molar extinction coefficients > 189,000 M-1cm-1 but it was 

around 100,000 M-1cm-1 for the compound 10. The low molar extinction coefficient was due to 

high electron-withdrawing ability of CF3 which decreases the efficient electron movement between 

the terminal heterocycles. All the fluorophores have quantum yield of 4 �± 30% with good 

photostability. 

Ciubini et al. studied four pentamethine cyanine dyes 13 - 15 containing benzo[e]indole 

rings as terminal heterocycles12. The benzo[e]indole salts 11a �± 11c were reacted with N-((1E, 

2E)-3-(phenylamino) allylidene)benzenaminium chloride (12) using acetic anhydride and sodium 
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acetate in microwave to yield pentamethine cyanine dyes 13 - 15, as shown in Scheme 2. The dyes 

showed absorbance maxima and emission maxima respectively around 680 nm and 700 nm, in 

ethanol and DMSO with slight red shift in DMSO. The molar extinction coefficients of the dyes 

were in between 160,000 to 225,000 M�í1cm�í1. 

 

Scheme 2. Synthesis of Pentamethine Cyanine dyes 13 �± 15 

Levitz et al. reported the synthesis of heptamethine cyanine dyes 18 - 20 by using dianil 

linker13 as shown in Scheme 3. The cyclohexanone 16a �± 16c substituted with hydrogen, t-butyl 

or phenyl at 5th position were reacted with phosphorous oxychloride and N,N- dimethylformamide 

by Vilsmeier Haack reaction and then capped with aniline to form stable dianil linkers 17a �± 17c. 

The linkers were reacted with indolium salts under basic condition to yield heptamethine cyanine 

dyes 18 �± 20. 

 

Scheme 3. Synthesis of Heptamethine Cyanine dyes 18 �± 20 
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The dyes exhibited absorbance maxima around 780 nm and emission maxima around 800 

nm with Stokes shift of around 20 nm in ethanol. The quantum yields for the dyes were around 

20%. The molar extinction coefficient of 20, 78,827 M-1cm-1 was low as compared with those of 

18 and 19, which were 230,500 M-1cm-1 and 171,369 M-1cm-1, respectively. 

There are other important heptamethine cyanine dyes 21 �± 24 showing absorbance and 

emission in NIR region, whose structures are shown in Figure 1.4. ICG (21) is the FDA approved 

fluorescence compound that shows absorbance and emission at 780 nm and 812 nm, respectively 

and is useful for bioimaging and medical diagnostics. Likewise, other examples of the 

heptamethine cyanine dyes are MHI -148 (22), IR-783 (23), and ZW800-1 (24), which exhibit 

absorbance at around 780 nm and emission at around 800 nm. With these properties, they are 

useful for bioimaging, tumor targeting and photodynamic therapy14. 
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Figure 1.4. Structures of Heptamethine cyanine dyes 

1.2 �'�R�Q�R�U�����a���D�F�F�H�S�W�R�U���I�O�X�R�U�R�S�K�R�U�H�V 

The donor-�a-acceptor fluorophores have gained attention after the finding of importance 

of photoinduced ICT process in biological system like photosynthesis15. Donor (electron-donating 

group) and acceptor (electron-accepting group) are covalently connected by �a conjugated bridge, 

creating an intramolecular charge transfer following photon absorption, and push-pull system with 

the formation of a new low-energy molecular orbital and free charge carriers15,16. The 

photophysical properties of the NIR dyes are enhanced by altering the conjugated chain length or 

changing different donor or acceptor moieties9. The visible light can excite the electrons of the 

new MO with the formation of colored push-pull molecules16-18. Due to rotation of donor and 



7 

acceptor units around the sigma bond, TICT occurs, which results in the emission of the D- �a -A 

fluorophores19. The commonly used donor moieties are heteroatoms like phenyl, dimethylamino, 

diphenylamino, indoline, carbazole, and julolidine, and acceptor moieties are trifluoromethyl, 

cyanoacetic acid, 2-dicyanomethylidene-3- cyano-4,5,5-trimethyl-2,5-dihydrofuran, 

pentafluorosulfonyl, thiobarbituric acid and malononitrile. The bridge that connects the donor and 

acceptor can be conjugated �a system like thiophene, benzene, methine groups. Most of the reported 

donor-�a-acceptor fluorophores have absorbance and emission in UV-Vis region. The properties of 

the D- �a -A fluorophores differ by changing different donors, acceptors and/or �a linkers17. 

1.2.1 Donor units 

The electron donors have substituents like OH, NH2, NH2, thiophene, pyran-4- ylidines, 

metallocenes with positive mesomeric effect (+M)8 and negative Hammett substitution constant 

���1p)20�����1p values are shown in Table 1. The properties of fluorophores change with the replacement, 

addition, or rearrangement of the function groups in donor moieties17. �%�X�U�H�ã F. et al. studied a 

series of D- �a -A fluorophores 25 - 28 having DCI as acceptor unit, styryl �a -linker, and different 

substituted donor units. The structures of the D- �a -A fluorophores 25 - 28 are shown in Figure 

1.5. The compounds were synthesized by Suzuki�±Miyaura cross-coupling of donor substituted 

boronic acids with a 2-bromo-DCI precursor17, 21. 

Table 1. Different donor substituents and  �W�K�H�L�U���+�D�P�P�H�W�W���V�X�E�V�W�L�W�X�W�L�R�Q���F�R�Q�V�W�D�Q�W�V�����1p) 
Substituents �1p 

OH -0.37 

NH2 -0.66 

OMe -0.27 

OPh -0.03 

https://pubs.rsc.org/en/results?searchtext=Author%3AFilip%20Bure%C5%A1
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NMe2 -0.24 

NPh2 -0.22 

Ferrocene -0.15 

Going from 25 - 28, the substituents in donor unit were H, OMe, NMe2, ferrocene. The 

optical properties of the fluorophores were studied in DCM. The absorbance maxima for the 

fluorophores were in between 313 nm �± 472 nm. It was observed that the absorbance maxima were 

red shifted from the substituents H, MeO, Me2N, and ferrocenyl, respectively. Replacing H with 

MeO, Me2N, and ferrocenyl decreases the energy gap between HOMO and LUMO from 3.37 eV 

to 3.08 eV, 2.50 eV, and 2.20 eV, respectively making the compound 28 the most stable. As shown 

in Figure 1.6, for compound 27, the HOMO (red) is located in donor unit and the LUMO (blue) is 

located in �a -linker and acceptor moiety. 

 

Figure 1.5. Structures of D- �‡ -A fluorophores 25 - 28 having dicyanoimidazole (DCI) as acceptor 
unit, styryl �‡ -linker, and different substituted donor units 
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Figure 1.6. HOMO LUMO of Fluorophore 27 

Zayed et al. performed experimental and theoretical studies of D- �a -A compounds 29 - 34 

having substituted benzene as donor and dicyanovinyl as acceptor moieties22. The compounds 

were synthesized by Knoevenagel condensation of aldehyde with malononitrile in basic medium 

as shown in Equation 1.  

 

The optical properties of the compounds were studied in methanol and acetonitrile and are 

shown in Table 2. Replacing hydrogen with other substituents caused red shift in absorption and 

emission, with respect to electron donating ability of the substituents. Dimethyl amino is strong 

donating group compared with methyl/methoxy22. There was linear relationship between band gap 

energy (Eg) and �+�D�P�P�H�W�W���V�X�E�V�W�L�W�X�W�L�R�Q���F�R�Q�V�W�D�Q�W�����1p). With high negative value of �1p, the value of 

Eg decreased, indicating effective the intramolecular charge transfer between donor and acceptor 

moieties20, 22. 
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Table 2. Optical properties of fluorophores 29 - 34 

Dyes 

Methanol Acetonitrile  

�0���� 

M -1 

cm-1 

×104 

��abs 

(nm) 

��em 

(nm) 

�6�W�R�N�H�¶�V�� 

Shift 

cm-1 

�0���� 

M -1 

cm-1 

×104 

��abs 

(nm) 

��em 

(nm) 

�6�W�R�N�H�¶�V�� 

Shift 

cm-1 

29 2.35 306 370 5653 3.16 304 341 3569 

30 2.92 323 370 3933 2.20 321 399 6090 

31 3.05 321 372 4271 3.23 321 357 3141 

32 6.02 429 481 2520 5.77 430 485 2637 

33 1.86 322 511 11,486 1.86 320 496 11,089 

34 2.24 353 459 6542 2.16 356 469 6768 

The compound 33 �V�K�R�Z�H�G���K�L�J�K�H�V�W���6�W�R�N�H�¶�V���V�K�L�I�W���D�Q�G���U�H�O�D�W�L�Y�H���I�O�X�R�U�H�V�F�H�Q�F�H���L�Q�W�H�Q�V�L�W�\���G�X�H���W�R��

TICT23. The TICT prevents the free rotation and forms in rigid structure, resulting in red shifted 

emission. Likewise, the lower molar absorptivity value of 33 reflected the twisted ground state of 

the compound. The HOMOs of the compounds were in donor unit and the LUMOs were in the 

acceptor unit. 

Zhang et. al. studied three TP based donor-acceptor fluorophores 46 - 48 containing 2,3-

bis(5-methylfuran-2-yl) thieno[3,4-b] pyrazine as acceptor and thiophene, butylthiophene and 

methoxythiophene as the donor moieties24, respectively. The synthesis of the fluorophores is 

shown in Scheme 4. The first step was the Stille coupling reaction between 2,5-dibromo-3,4-

dinitrothiophene (35) and tributylstannanes 36 �± 38 to give intermediates 39 �± 41, which were 

hydrogenated in presence of palladium in activated carbon to give compounds 42 �± 44. Finally, 

the compounds 42 �± 44 were refluxed with 1,2-bis (5-methylfuran-2- yl) ethane-1,2-dione (45) in 
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presence of ethanol to yield donor-acceptor fluorophores 46 �± 48. The optical properties of the 

fluorophores were studied in DCM. The absorbance maxima were observed around 570 nm with 

another peak around 350 nm. The peaks around 350 nm were due to �a- �a* transitions and the peaks 

around 570 nm were due to ICT from donor to acceptor. The peaks were red shifted for 47 and 48 

as compared with 46 due to strong donor groups butylthiophene and methoxythiophene. 
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Scheme 4. Synthesis of donor-acceptor fluorophores 46 �± 48 
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The band gap for the compounds were 2.19 eV, 2.16 eV, and 2.11 eV for fluorophores 46, 

47, and 48, respectively. The high absorbance maxima and low band gap for compound 48 showed 

the strongest donating ability of methoxythiophene.  

1.2.2 �‡�����O�L�Q�N�H�U units 

The �a linker consists of multiple bonds, aromates and heteroaromates connecting donor 

and acceptor moieties8. Yang et al. described fluorophores containing 1,2,2,4-tetramethyl-1,2,3,4-

tetrahydroquinolin-6-yl, N, N-dimethylamino, or pyrrolidine as the donor, a thienylvinyl unit as �a 

linker, and diethyl cyanomethylphosphonate as the acceptor unit25 as shown in Figure 1.7. Guang-

Jiu Zhao et al. worked on design, synthesis and photophysical properties of thiophene- �a -

conjugated D- �a -A fluorophore 49 - 5326, 27.  

 

Figure 1.7. Structures of donor- �‡-acceptor fluorophores 49 - 53 

Fluorophore 50 was obtained by the reaction between 4-N, N-dimethyl-amino-

benzaldehyde and diethyl 2-thienylmethylphos-phonate in the presence of t-BuOK, followed by 

formylation in thiophene ring. Compound 51 was prepared by Knoevenagel condensation of 50 
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with diethyl cyanomethyl phosphonate in the presence of piperidine. Compound 52 was 

synthesized by the same method of 51 as shown in Scheme 6. 

 

 

Scheme 6. Synthesis of compound 52 

The optical properties of the fluorophores 49 - 53 were measured in methanol and are 

shown in Table 3. The substituents in donor and acceptor groups and the �a -conjugated linker 

affected the electron distribution in the compounds and thus resulted in different properties28. The 

fluorophores 50 - 53 with thiophene ring were red shifted as compared with the fluorophore 49 
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without thiophene ring due to delocalization of �a electrons and TICT from the donor to acceptor 

moieties25, 27. Similarly, donor groups have effect on the properties of the fluorophores. The donor 

group on fluorophore 52 forms rigid planar configuration in contrast to the free rotation of C-N 

bond in 53 resulting in red shift of 5225. The fluorophore 52 has lowest energy gap between HOMO 

and LUMO and is most stable as compared with others. Likewise, the relative electron 

withdrawing ability of substituents in compounds 49 - 54 made them red shifted27. Most 

importantly, the thiophene offers better conjugation than benzene due to low delocalization energy. 

Hence, fluorophore 52 has better optical properties than fluorophore 54. 

Table 3. Optical properties of D- �‡ -A fluorophores 49 - 54 in methanol 
Fluorophores ��abs (nm) ��em (nm) ��st (nm) Eg(eV) 

49 408 464 56 2.73 

50 433 651 218 2.39 

51 487 710  223 2.10 

52 507 734 227 1.97 

53 444 485 41 2.58 

54 471 565 94 - 

 

 

Figure 1.8. Structure of D- �a -A fluorophore with benzene ring as �a linker 54 

 Gupta et al. studied three carbazole based dyes 55 - 57 with common donor and 

acceptor groups and variation in �a-linker (benzene, thiophene and furan)29. The synthesis of the 

dyes is shown in Scheme 7. The dibromo carbazoles obtained from carbazoles were alkylated, 
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which were then reacted with boronic acids by Suzuki coupling to give aldehyde intermediates. 

The aldehydes were then reacted with cyanoacetic acid by Knoevenagel reaction under basic 

condition to give D- �a -A fluorophores 55 - 57. 
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Scheme 7. Synthesis of D- �‡ -A fluorophores 55 - 57  
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The photophysical properties of the dyes were studied in DMF. The absorbance maxima 

for the dyes 55 - 57 were at 362 nm, 415 nm, and 427 nm, respectively and the emission maxima 

were around 500 nm. The increase in absorbance maxima for 56 and 57 with respect to 55 was due 

to better delocalization of �a electrons in thiophene and furan over benzene. Small peaks were 

observed at around 300 nm and were due to �a- �a* transitions. The main peaks at around 400 nm 

were due to intramolecular charge transfer between donor moiety (carbazole) and the acceptor 

moiety (cyanoacetic acid). The molar extinction coefficients were in increasing order for dyes 55, 

56, and 57, respectively and were in between 32,000 M-1cm-1 �± 40,000 M-1cm-1. 

Furan is five membered heterocyclic compound containing one oxygen and four carbon 

atoms30. Serrano et al. studied a series of three D- �a -A fluorophores 65 - 67 containing 

phenylacetylene with different donor substituents and cyanoacetic acid as acceptor unit connected 

by furylethynyl �a-linker31. The fluorophores 65 - 67 were synthesized as shown in Scheme 8. The 

5-bromo-2-furaldehyde 58 and phenylacetylenes 59 - 61 were reacted by palladium catalyzed 

Sonogashira reactions to give compounds 62 - 64. The compounds were then reacted with 

cyanoacetic acid by Knoevenagel condensation to yield D- �a -A fluorophores 65 - 67. 
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Scheme 8. Synthesis of D- �‡ -A fluorophores 65 - 67  

The photophysical properties of the fluorophores 65 - 67 were recorded in DMF and were 

compared with the control compound 68. The structure of the compound 68 which has thiophene 

instead of furan in the linker, is shown in Figure 1.9. 

 

Figure 1.9. Structure of control compound 68 
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The optical properties of the fluorophores are summarized in Table 4. The peaks at around 

320 nm for compounds 65 and 68 were due to �a- �a* transitions. The peaks at 360 nm �± 408 nm for 

the compounds 65 - 68 were due to intramolecular charge transfer between donor and acceptor 

units. 

Table 4. Optical properties of D- �‡ -A fluorophores 65 - 68 in DMF 
Fluorophores ��abs (nm) ��em (nm) Eg(eV) 

65 317, 392 444 2.68 

66 360 410 3.25 

67 366 413 3.12 

68 312, 408 455 2.55 

The higher absorbance maxima for 65 and 68 were due to strong donor unit dimethyl amino 

which increases the intramolecular charge transfer. Likewise, the control compound 68 has red 

shifted absorbance maxima due to difference in electronegativity of sulfur and oxygen atoms. The 

torsion angles between donor/acceptor and the linker unit are 0.66�¹ for furan and of 0.78�¹ for 

thiophene which increases the molar extinction coefficient for the compound 65 than 68. The DFT 

studies were done to gain information about the electronic structure and optical properties of the 

compounds. The band gap of the compound 65 was comparable to 68 and less than for the 

compounds 66 and 67, contributing to stability and effective intramolecular charge transfer. The 

electrons were extended from donor to acceptor at HOMO and at LUMO level, the electrons were 

localized in �a linker and acceptor units.  

Geng et. al. reported the synthesis of two donor- �Œ-acceptor fluorophores 75 and 7632 as 

shown in Scheme 9. The first step of the reaction was the reaction between bromide triphenylamine 

(69) and 5-formyl-2-thiopheneboronic acid (70) or 4-formylphenylboronic acid (71) to produce 

intermediates 72 and 73 by Suzuki coupling reaction. The intermediates 72 and 73 were refluxed 
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with 2,3-diaminomaleonitrile (74) in presence of ethanol to yield fluorophores 75 and 76, 

respectively. Both fluorophores have same triphenylamine as electron donor and diamino 

malononitrile �D�V���H�O�H�F�W�U�R�Q���D�F�F�H�S�W�R�U���Z�L�W�K���G�L�I�I�H�U�H�Q�W���Œ-linker; thiophene for 75 and phenyl for 76. The 

optical properties of the fluorophores were studied in acetonitrile. The absorbance and emission 

maxima for 75 were around 450 nm and 627 nm while the peaks were blue shifted for 76 as 409 

nm and 599 nm. The quantum yield of 75 and 76 were calculated to be 4.3% and 0.6%. The red 

shift of the peaks, strong fluorescence, and high quantum yield for 75 were due to strong ICT 

through thiophene as compared with phenyl in 76. 
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Scheme 9. Synthesis of D- �‡ -A fluorophores 75 and 76  

1.2.3 Acceptor units 

The acceptor groups like cyano, nitro and carbonyl have negative resonance and inductive 

effects17, and positive Hammett �V�X�E�V�W�L�W�X�W�L�R�Q���F�R�Q�V�W�D�Q�W�����1p)20�����1p values are shown in Table 5. The 

properties of fluorophores change with the replacement, addition, or rearrangement of the acceptor 

units17. 
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Table 5. Different acceptor substituents and  �W�K�H�L�U���+�D�P�P�H�W�W���V�X�E�V�W�L�W�X�W�L�R�Q���F�R�Q�V�W�D�Q�W�V�����1p) 
Substituents �1p 

CN 0.66 

NO2 0.78 

CHO 0.42 

COMe 0.50 

COOH 0.45 

Pyridin-4-yl 0.44 

Benzothiazol-2-yl 0.29 

Cheng et al. studied a series of D- �a -A compounds 77a - 77c and 78a - 78f, amino 

substituted styrenes and diphenylacetylenes with different electron withdrawing groups17 as shown 

in Figure 1.10. The optical properties of the fluorophores 77a - 77c and 78a - 78f were measured 

in chloroform. The absorbance maxima were in between 336 nm - 438 nm. The less energy gap 

between HOMO and LUMO, and the redshifted absorbance wavelength showed that the cyano, 

nitro, and formyl were effective acceptor units and produced effective ICT in D- �a -A fluorophores.  

Oxazepines are unsaturated seven-membered heterocycles containing two heteroatoms - 

oxygen and nitrogen33. Moon et al. studied a D �± �a �± A type oxazepine-containing naphthalene-

based fluorophore 8034. The fluorophore has electron donating dimethyl amine group and electron 

accepting imine bond in oxazepine are connected by naphthalene bridge as �a linker unit, creating 

intramolecular charge transfer. The fluorophore 33 was synthesized from 6-(dimethylamino)-3- 

hydroxy-2-naphthaldehyde 79 through O-alkylation with 2-((tert-butoxycarbonyl) amino)ethyl 4-

methylbenzenesulfonate and  N-Boc deprotection with TFA with subsequent fast intramolecular 

ring-formation as shown in Scheme 10. The optical properties of the fluorophore were measured 

in organic solvents and aqueous media.  
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Figure 1.10.  Structures of D- �‡ -A fluorophores 77a - 77c and 78a - 78f 

Moon et al. studied a D �± �a �± A type oxazepine-containing naphthalene-based fluorophore 

8034. The fluorophore has electron donating dimethyl amine group and electron accepting imine 

bond in oxazepine are connected by naphthalene bridge as �a linker unit, creating intramolecular 

charge transfer. The fluorophore 33 was synthesized from 6-(dimethylamino)-3- hydroxy-2-

naphthaldehyde 79 through O-alkylation with 2-((tert-butoxycarbonyl) amino)ethyl 4-

methylbenzenesulfonate and  N-Boc deprotection with TFA with subsequent fast intramolecular 

ring-formation as shown in Scheme 10. The optical properties of the fluorophore were measured 

in organic solvents and aqueous media.  
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Scheme 10. Synthesis of oxazepine containing fluorophore 80 

The fluorophore showed absorbance between 320 nm - 420 nm, and emission between 400 

nm - 500 nm in organic solvents. However, the absorbance and emission wavelengths were 

redshifted to 400 nm - 500 nm , and 500 nm - 700 nm, respectively in aqueous med�L�D�����7�K�H���6�W�R�N�H�¶�V��

shifts and molar extinction coefficients of the fluorophore in different solvents were ranging 

between 60 nm �± 108 nm and 5000 - 9000 L mol�í1 cm�í1 respectively, being highest for the DI 

water. The quantum yield was measured to be 0.70 in DMSO and very low in DI water due to 

decrement of ICT and non-radiative decays in excited state caused by hydrogen bond in aqueous 

media. The stability of the fluorophore is demonstrated by the low band gap of 3.73 eV. 

Oxadiazoles and triazoles are oxygen-nitrogen and nitrogen containing heterocyclic 

compounds35. Shen et. al. studied a series of D �± �a �± A fluorophores 88 - 91 containing donor 

diphenyl amino and acceptor oxadiazole/triazole groups connected by bis(trimethylsilyl)phenyl 

group as �a linker unit25. The fluorophores 88 - 91 were synthesized by palladium catalyzed Suzuki 

cross-�F�R�X�S�O�L�Q�J���U�H�D�F�W�L�R�Q�V���R�I�����¶-bromo-N, N-diphenyl-���¶�����¶-bis(trimethylsilyl)-[1,10-biphenyl]-4-

amine (83) and oxadiazoles/triazoles 84 - 87. The first step was the formation of compound 83 by 

the Suzuki cross-coupling reaction between N, N-diphenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) aniline (81) and 1,4-dibromo-2,5-bis(trimethylsilyl)benzene1,4-dibromo-2,5-

bis(trimethylsilyl)benzene (82). The synthesis of the fluorophores 88 - 91 is shown in Scheme 11. 

The optical properties of the fluorophores were measured in hexane, toluene, DCM, THF, 

acetonitrile, DMF, and methanol. The fluorophore showed absorbance and emission between 306 
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nm �± 391 nm and 354 nm - 533 nm, respectively in different solvents. Importantly, the emission 

maxima were red shifted for the fluorophores with the increase in solvent polarities from hexane 

to methanol. This led to increased Stokes shift for the fluorophores with increase in polarities of 

the solvents. Likewise, the effective conjugation of para linking, and stronger acceptor diazole unit 

resulted in red shifted emission maxima as compared with the meta linking and weak acceptor 

triazole unit35. 

 

Scheme 11. Synthesis of Bis(trimethylsilyl)phenyl containing fluorophores 88 - 91 

DFT studies were done to find the optimized molecular geometries of the fluorophores. 

The HOMOs are delocalized in donor units and LUMOs in electron acceptor and linker units. The 
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band gaps for the fluorophores with oxadiazoles 88 and 90 are lower as compared with the triazoles 

89 and 91 and this showed that the oxadiazole is stronger electron acceptor unit than the triazole. 

Likewise, the torsion angles of 64-68�¹ between donor/acceptor and the linker unit indicated the 

inhibition of effective electron interaction between donor and acceptor. 

Choudhury et. al. studied a donor- �a �± A fluorophore 95 containing nitriles as acceptor36. 

The synthesis of the fluorophore is shown in Scheme 12. The first step of the reaction was the 

coupling of 3-hydroxy-3-methylbutan-2-one (92) to malononitrile to give 2-(3- cyano-4,5,5-

trimethylfuran-2(5H)-ylidene) malononitrile (93). The Knoevenagel condensation of 98 and 4-

((2-hydroxyethyl) (methyl)amino) benzaldehyde (94) gave the fluorophore 95. The fluorophore 

95 contained TCF as electron acceptor and dimethylamino as donor groups. 

 

Scheme 12. Synthesis of nitrile containing fluorophore 95 

The optical properties of the fluorophore were studied in different solvents such as toluene, 

ethylacetate, DMF, DMSO, methanol, ethanol, DCM, acetonitrile, and water. The absorbance and 

emission maxima of the fluorophore were in between 562 nm �± 595 nm and 628 nm �± 665 nm, 

respectively. The peaks were redshifted with increase in solvent polarity.  

1.3 �1�,�5���'�R�Q�R�U�����a���D�F�F�H�S�W�R�U���I�O�X�R�U�R�S�K�R�U�H�V 

One of the important classes of NIR donor- �Œ-acceptor fluorophores are BODIPY based 

dyes. BODIPY dyes have high molar extinction coefficients and quantum yields, and are widely 
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used as chemosensors, fluorescent labels and photodynamic therapy37. Deniz et. al. studied 

BODIPY based dye 98 with pyridyl vinyl substituent37. 1,3,5,7-tetramethyl-8-

phenylboradiazaindacene (96) was brominated to give compound 97, which was reacted with 

pyridine 4-carboxaldehyde to give dye 98 as shown in Scheme 13. The dye contained BODIPY as 

electron donor and pyridium group as electron acceptor �F�R�Q�Q�H�F�W�H�G���E�\���P�H�W�K�L�Q�H���J�U�R�X�S���D�V���Œ-linker.  

The dye showed absorbance and emission maxima at 620 nm and 640nm, respectively in 

chloroform. Upon protonation with TFA, the electron withdrawing pyridium group became more 

effective and resulted in the red shift of absorbance and emission peaks to 660 nm and 677 nm, 

respectively.  

 

Scheme 13. Synthesis of BODIPY based donor- �Œ-acceptor fluorophore 98 
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Zhang et. al. studied the synthesis of donor- �Œ-acceptor fluorophore 101 containing 

triphenylamine as donor, BODIPY unit and benzothiadiazole as acceptors, connected by phenyl 

�D�V�� �Œ�� �O�L�Q�N�H�U38, as shown in Equation 2. The BODIPY unit 99 was refluxed with 4-(7-(4-

(diphenylamino) phenyl)benzo[c][1,2,5]thiadiazol-4-yl)benzaldehyde (100) using acetic acid and 

piperidine to yield compound 101. The compound 101 showed weak absorbance and excellent 

fluorescence at 810 nm and 983 nm, respectively in solid state. 

 

 

Xi et. al. reported the synthesis of three fluorophores 104 �± 106 containing BODIPY core39 

as shown in Equation 3. BODIPY 102a �±102c, which were substituted with various moieties such 

as H, CH3, and CF3 at meso-positions and dimethyl amino benzaldehyde (103) were dissolved in 

toluene and refluxed to yield fluorophores 104 �± 106 by Knoevenagel condensation. The optical 

properties of the compounds were studied in acetonitrile, DMSO, methanol, ethanol, toluene, 

DCM, DMF and THF. The compounds 104 and 105 showed absorbance maxima at 670 nm �± 700 

nm whereas the compound 106 exhibited absorbance maxima around 810 nm. The compound 106 

had strong electron acceptor CF3 and donor dimethyl amino connected by BODIPY as �Œ-linker. In 

contrast, the strong electron accepting groups are absent in both 104 and 105. The presence of 
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strong pull-push effect between electron donor and acceptor resulted in red shift in absorbance 

maxima for the 106 as compared with 104 and 105. Similarly, the compounds 104 and 105 

exhibited emission maxima at around 750 nm and 106 was non-emissive. The free rotation of CF3 

resulted in non-radiative decay of the excited state and gave excellent photothermal effect. 

 

Recently, Essam et. al. studied six donor- �Œ-acceptor fluorophores 109 �± 114 that showed 

absorbance and emission in NIR region40. The structures of the fluorophores 109 �± 114 are shown 

in Figure 1.11. The fluorophores have indoilum, benzothiazole, benzo(e)indole and quinoline as 

donor units and chloroacetic acid as an acceptor unit connected by Vilsmeier linker.  

 

Figure 1.11 Structures of the NIR donor- �Œ-acceptor fluorophores 109 �± 114 
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The first step of the synthesis was the reaction between cyclohexanone (16a), POCl3, DCM and 

DMF to yield carbaldehyde 107a. The carbaldehyde was then reacted with the acceptor unit 

chloroacetic acid in presence of acetic anhydride and sodium acetate to yield the �Œ-linker and 

acceptor unit 108, as shown in Scheme 14. The reaction between the compound 108 and the 

different heterocycles like indole, benzothiazole, benzo(e)indole and quinoline salts in basic 

medium resulted the synthesis of donor- �Œ-acceptor fluorophores 109 �± 114. 

 

Scheme 14�����6�\�Q�W�K�H�V�L�V���R�I���Œ-linker and acceptor unit 108 

 The optical properties of the donor- �Œ-acceptor fluorophores 109 �± 114 were studied in 

ethanol. The fluorophores 109 �± 111 having indole donor units have absorbance maxima around 

780 nm. The absorbance maxima were red-shifted to around 800 nm, 815 nm, and 860 nm, for the 

fluorophores 112 �± 114 when indole donor unit was replaced with benzothiazole, benzo(e)indole 

and quinoline, respectively. The emission maxima of the fluorophores were greater than 800 nm 

with the Stokes shift of around 20 nm. The molar extinction coefficients (�Å) of the fluorophores 

were ranging between 100 000 �± 264 600 M�í1 cm�í1. The fluorophores have quantum yield of 0.09 

�± 0.19 with excellent photostability. 
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2 Synthesis and Optical Properties of Near Infrared Donor-�a-Acceptor Fluorophores for 

Bioimaging Applications 

In this chapter, the synthesis of series of donor-�è-acceptor fluorophores with various donor 

moieties, �è-linker and acceptor moieties are reported with characterization, optical properties, 

DFT and TD-DFT studies with the aim of developing potential agents for bioimaging applications. 

2.1 Aim of the study 

Most of the reported donor-�è-acceptor fluorophores show absorbance and emission in UV-

Vis region. The only examples of the NIR donor-�è-acceptor fluorophores reported so far were 

BODIPY based donor-�è-acceptor fluorophores. There was a gap observed in literature for NIR 

donor-�è-acceptor fluorophores. To fill the gap, wWe aimed to synthesize the fluorophores that 

will show absorbance and emission in NIR region to minimize skin and tissue damage because the 

NIR fluorophores are deeply penetrated and the autofluorescence due to endogenous fluorophores 

are almost eliminated in the NIR region. Recently, our group synthesized cyanine-based D- �a -A 

fluorophores containing different heterocycles such as indole, benzothiazole, benzo(e)indole, 

quinolinium as donor moieties, Vilsmeier linker with hydrogen, t-butyl, and phenyl substitution as 

�a -linker units and chloroacetic acid as acceptor unit. The synthesized fluorophores showed 

absorbance and emission in NIR region with excellent good optical properties and photostability. 

These fluorophores even showed anticancer effect against breast cancer cells. With the 

achievement of these excellent properties, we became more interested to continue the project with 

different modifications in donor, �a-linker and acceptor moieties. 

From literature review, it was known that the properties of the D- �a -A fluorophores differ 

by changing different donors, acceptors and/or �a linkers. Hence, we decided to synthesize series 

of D- �a -A fluorophores by using different donor, �a -linker, and acceptor moietieunits. We 
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synthesized first set of D- �a -A fluorophores with various donor units such as indole, benzothiazole, 

benzo(e)indole, Vilsmeier linker with hydrogen, t-butyl and phenyl substitution as �a -linker units 

and cyanoacetic acid as acceptor units. The second set of fluorophores were synthesized by 

replacing the acceptor unit with malononitrile. In addition, the third set of fluorophores were 

synthesized by substituting the chlorine atom at meso-position of the first set of donor-�a-acceptor 

fluorophores with various nucleophiles such as (hydroxymethyl)piperidin-1-yl and pyridine-4-

thiol. 

We started our study with the synthesis of  Vilsmeier Haack linkers and attached the 

acceptor units to the �a -linkers to get �a -linker and acceptor units, different donor moieties like 

indolium, benzo(e)indolium and benzothiazolium salts. The �a -linker and acceptor units were 

reacted with different heterocycles under basic condition to get D- �a -A fluorophores. Furthermore, 

the meso-position of the fluorophores were substituted with various nucleophiles such as 

(hydroxymethyl)piperidin-1-yl and pyridine-4-thiol via unimolecular radical nucleophilic 

substitution (SRN1) mechanism.  

The synthesized D- �a -A fluorophores were purified by recrystallization and column 

chromatography and characterized by 1H NMR and 13C NMR. The properties of the fluorophores 

were studied both computationally and experimentally. 

2.2 Synthesis of �a���O�L�Q�N�H�U�V���������D���F 

DCM (9 mL) and DMF (9 mL) were stirred at 0 �(  for 30 min followed by dropwise 

addition of POCl3 (29 mmol, 7.5 mL) and stirring for 30 min at 0 �( . Cyclohexanone 16a - 16c 

substituted with different functional groups hydrogen, t-butyl, and phenyl (24 mmol) were then 

slowly added and the reaction mixture was removed from ice bath and refluxed at 70 �( . The 

progress of the reaction was monitored by using TLC. With the complete consumption of starting 
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materials after 4 h, the reaction mixture was poured into ice and stirred overnight with the 

formation of yellow solid form of the modified Vilsmeier Haack linkers 107a - 107c. The synthesis 

of the �a-linkers 107a - 107c is shown in Equation 4. 

 

2.3 Synthesis of �a���O�L�Q�N�H�U���D�Q�G���D�F�F�H�S�W�R�U���X�Q�L�W�V 

The synthesis of the �a-linker and acceptor units were carried out by using the synthesized 

modified Vilsmeier Haack linkers and commercially available cyanoacetic acid and malononitrile 

as acceptor units and are shown in Equations 5 and 6. 

2.3.1 Synthesis of �‡��linker and acceptor units 115a-c 

The modified Vilsmeier Haack linkers 107a - 107c (9.27 mmol) and cyanoacetic acid (9.27 

mmol) were fused using acetic anhydride (2mL)  for 10 min and refluxed with ethanol at 75 �( . 

The progress of the reaction was monitored by using TLC. With the complete consumption of 

starting materials after 3 h, the reaction mixture was poured into ice and stirred overnight with the 

formation of yellow solid form of the �a-linker and acceptor units 115a-c.  
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2.3.2 Synthesis of �‡��linker and acceptor unit 116 

The Vilsmeier Haack linker 107a (9.27 mmol), malononitrile (9.27 mmol), and anhydrous 

sodium acetate (9.27 mmol) were fused using acetic anhydride (2mL) for 10 min and refluxed with 

ethanol at 75 �( . The progress of the reaction was monitored by using TLC. With the complete 

consumption of starting materials after 2 h, the reaction mixture was poured into ice and stirred 

overnight with the formation of black solid product of the �a-linker and acceptor unit 116.  

 

2.4 Synthesis of donor units 

The donor units used in the study were various heterocyclic salts such as indolium, 

benzothiazolium and benzo(e)indolium salts. The salts were synthesized by following the 

previously reported methods10, 12, 41. 

2.4.1 Synthesis of indolium salts 119 �± 128 

The phenyl hydrazine hydrochloride salts substituted with various functional groups such 

as hydrogen, fluorine, bromine, and chlorine (117a �± 117d) were refluxed with methyl-2-butanone 
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in acidic medium for 48 �± 72 h. The reaction mixture was extracted with DCM after removal of 

glacial acetic acid using rotary evaporator to give intermediates 118a �± 118d. The intermediates 

were reacted with various iodoalkanes like iodomethane/ iodoethane/ iodobutane using acetonitrile 

for 24 h to obtain heterocyclic salts 119 �± 128 as shown in Scheme 15. The pure indolium salts 

were obtained by recrystallizing with methanol and ethyl acetate. 

 

Scheme 15. Synthesis of indolium salts 119 �± 128 

2.4.2 Synthesis of benzo(e)indolium salts 130 and 131 

The 1,1,2-trimethyl-1H-benzo(e)indole was refluxed with various iodoalkanes like 

iodomethane/ iodobutane using acetonitrile for 24 h to yield benzo(e)indolium salts 130 and 131, 

as shown in Equation 7. The pure benzo(e)indolium salts were obtained by recrystallizing with 

methanol and ethyl acetate. 
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2.4.3 Synthesis of benzothiazolium salt 133 

2-methylbenzothiazole (132) was refluxed with iodobutane for 24 h using ethanol to yield 

benzothiazolium salt 133. The pure benzothiazolium salt was obtained by recrystallizing with 

methanol and ethyl acetate. 

 

2.5 Synthesis of donor-�Ê-acceptor fluorophores 

The synthesized heterocyclic salts and �a-linker and acceptor moieties were reacted in basic 

medium to yield thirty donor-�è-acceptor fluorophores 134 - 163. The time of reaction was varied 

for different heterocycles ranging from  6 �± 15 h. 

2.5.1 Synthesis of donor-�Ê-acceptor fluorophores containing indole as donor unit, 

Vilsmeier linker with hydrogen substitution at 4th position and cyanoacetic acid 

as an acceptor unit 

The �a-linker and acceptor unit, (E)-3-(( E)-2-chloro-3-(hydroxymethylene)cyclohex-1-en-

1-yl)-2-cyanoacrylic acid (115a) (1 eq) and nine indolium heterocyclic salts 120 - 128 (1.2 eq) 



38 

were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 drops of triethylamine 

as shown in Equation 9. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer. The reaction was continued until the peak around 780 nm was observed and 

the peak around 440 nm due to heterocyclic salt was disappeared. The reaction was completed 

after 6 h. After the completion of the reaction, the excess ethanol was evaporated by using rotary 

evaporator. The crude compound was then dissolved in minimal amount of methanol and diethyl 

ether was added to it to obtain pure green crystals of donor-�N-acceptor fluorophores 134 - 142.  

 

2.5.2 Synthesis of donor-�Ê-acceptor fluorophores containing benzo(e)indole as donor 

unit, Vilsmeier linker with hydrogen substitution at 4th position and cyanoacetic 

acid as an acceptor unit 

The �a-linker and acceptor unit, (E)-3-(( E)-2-chloro-3-(hydroxymethylene)cyclohex-1-en-

1-yl)-2-cyanoacrylic acid (115a) (1 eq) and a benzo(e)indolium heterocyclic salt 131 (1.2 eq) were 

dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 drops of triethylamine as 
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shown in Equation 10. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer. The reaction was continued until the peak around 820 nm was observed and 

the peak around 440 nm due to heterocyclic salt was disappeared. The reaction was completed 

after 6 h. After the completion of the reaction, the excess ethanol was evaporated by using rotary 

evaporator. The compound was then dissolved in minimal amount of methanol and diethyl ether 

was added to it to obtain crude powder of donor-�N-acceptor fluorophore 143. The fluorophore was 

purified by using column chromatography with solvent system of DCM and acetone. 

 

2.5.3 Synthesis of donor-�Ê-acceptor fluorophores containing benzothiazole as donor 

unit, Vilsmeier linker with hydrogen substitution at 4th position and cyanoacetic 

acid as an acceptor unit 

The �a-linker and acceptor unit, (E)-3-((E)-2-chloro-3-(hydroxymethylene) cyclohex-1-en-

1-yl)-2-cyanoacrylic acid (115a) (1 eq) and a benzothiazolium heterocyclic salt 133 (1.2 eq) were 

dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 drops of triethylamine as 

shown in Equation 11. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer. The reaction was continued until the peak around 800 nm was observed and 

the peak around 440 nm was disappeared. The reaction was completed after 15 h. After the 

completion of the reaction, the excess ethanol was evaporated by using rotary evaporator. The 

compound was then dissolved in minimal amount of methanol and diethyl ether was added to it to 
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obtain crude powder of donor-�N-acceptor fluorophore 144. The fluorophore was purified by using 

column chromatography with solvent system of DCM and acetone. 

 

2.5.4 Synthesis of donor-�Ê-acceptor fluorophores containing indole as donor unit, 

Vilsmeier linker with t-butyl substitution at 4th position and cyanoacetic acid as 

an acceptor unit 

The �a-linker and acceptor unit, (E)-3-((E)-5-(tert-butyl)-2-chloro-3-(hydroxymethylene) 

cyclohex-1-en-1-yl)-2-cyanoacrylic acid (115b) (1 eq) and five indolium heterocyclic salts 120, 

123, 124, 126, and 127 (1.2 eq) were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the 

addition of 3 drops of triethylamine as shown in Equation 12. The progress of the reaction was 

monitored by using UV-Vis spectrophotometer. The reaction was continued until the peak around 

780 nm was observed and the peak around 440 nm due to indolium salt was disappeared. The 

reaction was completed after 6 h. After the completion of the reaction, the excess ethanol was 

evaporated by using rotary evaporator. The compound was then dissolved in minimal amount of 

methanol and diethyl ether was added to it to obtain crude powder of donor-�N-acceptor 

fluorophores 145 - 149. The fluorophores were purified by using column chromatography with 

solvent system of DCM and acetone. 
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2.5.5 Synthesis of donor-�Ê-acceptor fluorophores containing benzo(e)indole as donor 

unit, Vilsmeier linker with t-butyl substitution at 4th position and cyanoacetic acid 

as an acceptor unit 

The �a-linker and acceptor unit, (E)-3-((E)-5-(tert-butyl)-2-chloro-3-(hydroxymethylene) 

cyclohex-1-en-1-yl)-2-cyanoacrylic acid (115b) (1 eq) and two benzo(e)indolium heterocyclic 

salts 130 and 131 (1.2 eq) were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition 

of 3 drops of triethylamine as shown in Equation 13. The progress of the reaction was monitored 

by using UV-Vis spectrophotometer. The reaction was continued until the peak around 820 nm 

was observed and the peak around 440 nm due  to heterocyclic salt was disappeared. The reaction 

was completed after 6 h. After the completion of the reaction, the excess ethanol was evaporated 

by using rotary evaporator. The compound was then dissolved in minimal amount of methanol and 

diethyl ether was added to it to obtain crude powder of donor-�N-acceptor fluorophores 150 and 

151. The fluorophore was purified by using column chromatography with solvent system of DCM 

and acetone. 
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2.5.6 Synthesis of donor-�Ê-acceptor fluorophores containing benzothiazole as donor 

unit, Vilsmeier linker with t-butyl substitution at 4th position and cyanoacetic acid 

as an acceptor unit 

The �a-linker and acceptor unit, (E)-3-((E)-5-(tert-butyl)-2-chloro-3-(hydroxymethylene) 

cyclohex-1-en-1-yl)-2-cyanoacrylic acid (115b) (1 eq) and a benzothiazolium heterocyclic salt 133 

(1.2 eq) were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 drops of 

triethylamine as shown in Equation 14. The progress of the reaction was monitored by using UV-

Vis spectrophotometer. The reaction was continued until the peak around 800 nm was observed 

and the peak around 440 nm due to heterocyclic salt was disappeared. The reaction was completed 

after 15 h. After the completion of the reaction, the excess ethanol was evaporated by using rotary 

evaporator. The compound was then dissolved in minimal amount of methanol and diethyl ether 

was added to it to obtain crude powder of donor-�N-acceptor fluorophore 152. The fluorophore was 

purified by using column chromatography with solvent system of DCM and acetone. 
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2.5.7 Synthesis of donor-�Ê-acceptor fluorophores containing indole as donor unit, 

Vilsmeier linker with phenyl substitution at 4th position and cyanoacetic acid as 

an acceptor unit 

The �a-linker and acceptor unit, (E)-3-((E)-4-chloro-5-(hydroxymethylene)-1,2,5,6-

tetrahydro-[1,1'-biphenyl]-3-yl)-2-cyanoacrylic acid (115c) (1 eq) and four indolium heterocyclic 

salts 120, 123, 126, and 127 (1.2 eq) were dissolved in ethanol (5 mL) and refluxed at 70 �(  with 

the addition of 3 drops of triethylamine as shown in Equation 15. The progress of the reaction was 

monitored by using UV-Vis spectrophotometer. The reaction was continued until the peak around 

780 nm was observed and the peak around 440 nm due to heterocyclic salt was disappeared. The 

reaction was completed after 6 h. After the completion of the reaction, the excess ethanol was 

evaporated by using rotary evaporator. The compound was then dissolved in minimal amount of 

methanol and diethyl ether was added to it to obtain crude powder of donor-�N-acceptor 

fluorophores 153 - 156. The fluorophores were purified by using column chromatography with 

solvent system of DCM and acetone. 
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2.5.8 Synthesis of donor-�Ê-acceptor fluorophores containing indole as donor unit, 

Vilsmeier linker with hydrogen substitution at 4th position and malononitrile as 

an acceptor unit 

The �a-linker and acceptor unit, (E)-2-((2-chloro-3-(hydroxymethylene) cyclohex-1-en-1-

yl)methylene)malononitrile (116) (1 eq) and six indolium heterocyclic salts 119 - 121, 124, 126, 

and 127 (1.2 eq) were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 

drops of triethylamine as shown in Equation 16. The progress of the reaction was monitored by 

using UV-Vis spectrophotometer. The reaction was continued until the peak around 780 nm was 

observed and the peak around 440 nm due to heterocyclic salt was disappeared. The reaction was 

completed after 6 h. After the completion of the reaction, the excess ethanol was evaporated by 

using rotary evaporator. The compound was then dissolved in minimal amount of methanol and 

diethyl ether was added to it to obtain crude powder of donor-�N-acceptor fluorophores 157 - 162. 

The fluorophores were purified by using column chromatography with solvent system of DCM 

and acetone. 
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2.5.9 Synthesis of donor-�Ê-acceptor fluorophores containing benzo(e)indole as donor 

unit, Vilsmeier linker with hydrogen substitution at 4th position and malononitrile 

as an acceptor unit 

The �a-linker and acceptor unit, (E)-2-((2-chloro-3-(hydroxymethylene) cyclohex-1-en-1-

yl)methylene)malononitrile (116) (1 eq) and a benzo(e)indolium heterocyclic salt 131 (1.2 eq) 

were dissolved in ethanol (5 mL) and refluxed at 70 �(  with the addition of 3 drops of triethylamine 

as shown in Equation 17. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer. The reaction was continued until the peak around 820 nm was observed and 

the peak around 440 nm due to heterocyclic salt was disappeared. The reaction was completed 

after 6 h. After the completion of the reaction, the excess ethanol was evaporated by using rotary 

evaporator. The compound was then dissolved in minimal amount of methanol and diethyl ether 

was added to it to obtain crude powder of donor-�N-acceptor fluorophore 163. The fluorophore was 

purified by using column chromatography with solvent system of DCM and acetone. 
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2.6 Synthesis of meso-modified donor-�Ê-acceptor fluorophores 

The synthesized donor-�è-acceptor fluorophores containing indolium as donor unit, 

Vilsmeier linker with hydrogen and t-butyl substitution as �a -linker units and cyanoacetic acid as 

acceptor unit were modified at meso-position. The chlorine atom at meso-position of the 

fluorophores was substituted with various nucleophiles such as piperidin-4-ylmethanol and 

pyridine-4-thiol42 to yield nine fluorophores 165 �± 170 and 172 - 174. 

2.6.1 Synthesis of donor-�Ê-acceptor fluorophores containing Vilsmeier linker with 

hydrogen substitution at 4th position and meso-substituted with piperidin-4-

ylmethanol 

The four donor-�è-acceptor fluorophores 134, 139 �± 141 (1 eq) and piperidin-4-ylmethanol 

(164) (5 eq) were dissolved in DMF (2 mL) and heated at 85 �( ��under nitrogen atmosphere, as 

shown in Equation 18. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer and TLC. The reaction was continued until the peak around 660 nm was 

observed and the starting fluorophore peak around 780 nm was disappeared and in addition, the 

starting fluorophore spot was disappeared in TLC. The reaction was completed after 3 h. After the 

completion of the reaction, diethyl ether was added to the reaction mixture and stirred for an hour 

to get solid form of crude product. The crude product was purified by using column 
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chromatography with solvent system of DCM and acetone to obtain purple powder of pure meso-

modified fluorophores 165 �± 168. 

 

2.6.2 Synthesis of donor-�Ê-acceptor fluorophores containing Vilsmeier linker with t-

butyl substitution at 4th position and meso-substituted with piperidin-4-

ylmethanol 

The two donor-�è-acceptor fluorophores 145 and 149 (1 eq) and piperidin-4-ylmethanol 

(164) (5 eq) were dissolved in DMF (2 mL) and heated at 85 �( ��under nitrogen atmosphere, as 

shown in Equation 19. The progress of the reaction was monitored by using UV-Vis 

spectrophotometer and TLC. The reaction was continued until the peak around 660 nm was 

observed and the starting fluorophore peak around 780 nm was disappeared and in addition, the 

starting fluorophore spot was disappeared in TLC. The reaction was completed after 3 h. After the 

completion of the reaction, diethyl ether was added to the reaction mixture and stirred for an hour 

to get solid form of crude product. The crude product was purified by using column 

chromatography with solvent system of DCM and acetone to obtain purple powder of pure meso-

modified fluorophores 169 and 170. 



48 

 

2.6.3 Synthesis of donor-�Ê-acceptor fluorophores containing Vilsmeier linker with 

hydrogen substitution at 4th position and meso-substituted with pyridine-4-thiol 

The pyridine-4-thiol (171) (1 eq) and sodium methoxide (2 eq) were dissolved in DMF (1 

mL) and stirred at 0 �( ��under nitrogen atmosphere for 30 min. The two donor-�è-acceptor 

fluorophores 134 and 135 were dissolved in DMF (2 mL), added dropwise to the reaction mixture, 

and stirred at room temperature as shown in Equation 20. The progress of the reaction was 

monitored by using UV-Vis spectrophotometer and TLC. The reaction was continued until the 

peak around 800 nm was observed and the starting fluorophore peak around 780 nm was 

disappeared and in addition, the starting fluorophore spot was disappeared in TLC. The reaction 

was completed after 2 h. After the completion of the reaction, diethyl ether was added to the 

reaction mixture and stirred for an hour to get solid form of crude product. The crude product was 

purified by using column chromatography with solvent system of DCM and acetone to obtain 

green powder of pure meso-modified fluorophores 172 and 173. 
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2.6.4 Synthesis of donor-�Ê-acceptor fluorophores containing Vilsmeier linker with t-

butyl substitution at 4th position and meso-substituted with pyridine-4-thiol 

The pyridine-4-thiol (171) (1 eq) and sodium methoxide (1 eq) were dissolved in DMF (1 

mL) and stirred at 0 �( ��under nitrogen atmosphere for 30 min. The donor-�è-acceptor fluorophore 

149 was dissolved in DMF (2 mL), added dropwise to the reaction mixture, and stirred at room 

temperature as shown in Equation 21. The progress of the reaction was monitored by using UV-

Vis spectrophotometer and TLC. The reaction was continued until the peak around 800 nm was 

observed and the starting fluorophore peak around 780 nm was disappeared and in addition, the 

starting fluorophore spot was disappeared in TLC. The reaction was completed after 17 h. After 

the completion of the reaction, diethyl ether was added to the reaction mixture and stirred for an 

hour to get solid form of crude product. The crude product was purified by using column 

chromatography with solvent system of DCM and acetone to obtain green powder of pure meso-

modified fluorophore 174. 
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2.7 Results and discussion 

After the synthesis of thirty-nine donor-�N-acceptor fluorophores containing various donor, 

�N-linkers and acceptor units, their characterization, physicochemical and optical properties, 

photostability, solvatochromism, TD-DFT studies, and biodistribution studies were performed. 

2.7.1 Characterization by 1H NMR and 13C NMR 

All the synthesized fluorophores were characterized by 1H NMR and 13C NMR. Herein, as 

an example, the 1H NMR and 13C NMR of the donor-�N-acceptor fluorophore 136 are discussed. 

The fluorophore contains indole with fluorine at 5th position as donor unit, Vilsmeier linker as �N-

linker unit and cyanoacetic acid as an acceptor unit. 

 The fluorophore has total of twenty-one protons of which six are aromatic and fifteen are 

aliphatic protons. The peaks of aromatic protons are seen in between 6 �± 9 ppm and the aliphatic 

protons are in between 1 �± 4 ppm, as shown in Figure 2.1. The two peaks at 6.35 ppm and 8.47 

ppm represent the two protons from indole unit (1) and methine chain (2) and confirm the 

formation of the donor-�N-acceptor fluorophore. These are the neighboring protons and split each 

other into doublet with J-coupling constant value of 14.0 Hz. Another proton in methine chain (3) 

appears at 7.45 ppm as singlet as there is no neighboring proton to cause splitting.  
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Figure 2.1. 1H NMR of the fluorophore 136 in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The peaks of all the protons in benzene ring appear in the area between 7.25 �± 7.40 ppm. The 

protons in methyl group attached to nitrogen in the indole ring have singlet peak at 3.93 ppm.  

The four protons in cyclohexene appear at 2.90 ppm as triplet and the remaining two protons 

appear as multiplet at 2.05 �± 2.21 ppm. The singlet peak at 1.89 ppm represents the six protons on 

two methyl groups attached to the indole ring. 
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Figure 2.2. 13C NMR of the fluorophore 136 in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Likewise, the fluorophore has twenty-three carbons of which sixteen carbons are aromatic 

and seven are aliphatic carbons. The peaks of aromatic carbons appear between 101 �± 173 ppm 

and the aliphatic carbons are in between 20 �± 50 ppm, as shown in Figure 2.2. The carbons on the 

two methyl groups attached to the indole ring are identical and appear as a single peak. Hence, six 

peaks are seen for seven aliphatic carbons. 
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2.7.2 Optical properties 

After the successful synthesis of the fluorophores, their optical properties like absorbance 

and emission maxima, Stokes shift, molar extinction coefficient and quantum yield were studied. 

The absorbance maxima of the fluorophores were measured in four different solvents such as 

DMSO, methanol, ethanol, and acetonitrile. The stock solutions of the fluorophores were prepared 

in the concentration of 1 mM in DMSO in ambered colored vials. The solutions were stored in 

dark at 4 �( . 

From each stock solution, four different solutions were prepared in methanol, ethanol, 

acetonitrile, and DMSO. The absorbance of all the solutions were measured in the concentration 

�R�I�������0�����������0�����������0�����������0�����D�Q�G���������0 in four different solvents. Three readings were carried out 

for each concentration to minimize error. With the plot of concentration of sample vs absorbance 

intensity at maximum wavelength, the molar extinction coefficient was calculated with R2 value 

near to 1. The slopes of the plots corresponded to the extinction coefficients, which were calculated 

by using Beer-Lambert law as shown in Equation 22. 

A = �Åbc                                                                                                                                22 

Where, A = Absorbance intensity, �Å = extinction coefficients, b = path length = 1 cm, and 

c = concentration of the sample. As an example, the absorbance graphs and calculation of molar 

extinction coefficients of the fluorophore 136 having cyanoacetic acid as an acceptor unit, in four 

different solvents (methanol, ethanol, acetonitrile and DMSO) with varying concentrations are 

shown in Figure 2.3. The fluorophore 136 has molar extinction coefficients of 172,400 cm-1M-1, 

195,100 cm-1M-1, 162,800 cm-1M-1, and 155,800 cm-1M-1 in methanol, ethanol, acetonitrile and 

DMSO, respectively. 
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Figure 2.3. Absorbance and molar absorptivity graphs of Fluorophore 136 in methanol, ethanol, 

acetonitrile and DMSO 
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The fluorophore 158 with malononitrile as an acceptor unit has absorbance and molar 

extinction coefficients as shown in Figure 2.4. The molar extinction coefficients were calculated 

to be 125,700 cm-1M-1, 144,100 cm-1M-1, 125,000 cm-1M-1, and 112,300 cm-1M-1 in methanol, 

ethanol, acetonitrile and DMSO, respectively. 
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Figure 2.4. Absorbance and molar absorptivity graphs of Fluorophore 158 in methanol, 

ethanol, acetonitrile and DMSO 

As another example, the absorbance graphs and calculation of molar extinction coefficients 

of the fluorophore 165 having piperidin-4-ylmethanol at meso-position of the �a-linker , in four 

different solvents (methanol, ethanol, acetonitrile and DMSO) with varying concentrations are 

shown in Figure 2.5. The fluorophore 165 has molar extinction coefficients of 73,100 cm-1M-1, 

78,200 cm-1M-1, 71,500 cm-1M-1, and 60,200 cm-1M-1 in methanol, ethanol, acetonitrile and 

DMSO, respectively. 
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Figure 2.5. Absorbance and molar absorptivity graphs of Fluorophore 165 in methanol, 

ethanol, acetonitrile and DMSO 
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129,000 cm-1M-1, 134,400 cm-1M-1, 109,800 cm-1M-1, and 132,400 cm-1M-1 in methanol, ethanol, 

acetonitrile and DMSO, respectively. 
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Figure 2.6. Absorbance and molar absorptivity graphs of Fluorophore 172 in methanol, 

ethanol, acetonitrile and DMSO 
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coefficients. The fluorophores 157 �± 163 with indole and benzo(e)indole as donor units, Vilsmeier 

linker as �a-linker and malononitrile as acceptor unit have absorbance wavelengths (��abs) and 

extinction coefficients (�Å) in between 775 �± 835 nm and 112,000 �± 173,000 cm-1M-1, respectively. 

The fluorophores having cyanoacetic acid and malononitrile showed similar absorbance and 

emission wavelengths. However, the molar extinction coefficients for the fluorophores with 

malononitrile are decreased as compared with the fluorophores with cyanoacetic acid. The 

malononitrile having increased symmetry as compared with cyanoacetic acid results in decreased 

molar extinction coefficients for the fluorophores 157 �± 163. 

On the other hand, the fluorophores 165 �± 170 containing piperidin-4-ylmethanol at the 

meso-position of the �è-linker have blue shifted absorbance maxima and decreased molar 

extinction coefficients (�Å) ranging in between 610 �± 685 nm and 50,000 - 79,000 cm-1M-1, 

respectively. The absorbance maxima and molar extinction coefficients (�Å) of the fluorophores 

with indole donor units with no halogens were red shifted as compared with the fluorophores with 

halogen substituents. Likewise, the absorbance maxima and the extinction coefficients were 

decreased for the fluorophores with linker containing t-butyl group as compared with hydrogen at 

4th position. And the fluorophores 172 -174 containing pyridine-4-thiol at the meso-position of the 

�è-linker have 790 �± 810 nm and 109,000 - 170,000 cm-1M-1, respectively. The fluorophores have 

red-shifted absorbance maxima by 15 �± 20 nm. 

Table 6. Absorbance wavelength maxima and extinction coefficient (�0����of D- �‡ -A 
fluorophores 134 �± 174 

Fluorophores 
��abs (nm) �Å(cm-1M -1 ) 

MeOH EtOH ACN DMSO MeOH EtOH ACN DMSO 

134 775 780 775 795 149,500 179,500 161,400 165,500 

135 780 785 780 795 163,700 181,400 140,100 172,200 



61 

136 775 780 775 790 172,400 195,100 162,800 155,800 

137 775 780 775 790 157,800 165,300 156,600 165,700 

138 780 785 780 795 165,600 176,400 165,000 154,100 

139 785 790 785 800 154,400 153,600 156,500 190,900 

140 785 790 785 800 184,100 171,100 183,700 190,200 

141 785 790 785 800 140,800 156,500 127,700 168,800 

142 790 795 790 805 109,200 115,500 141,200 100,400 

143 820 820 820 835 170,800 151,100 178,900 174,500 

144 795 800 800 810 191,300 198,700 196,100 167,500 

145 775 780 775 790 125,700 138,200 148,900 155,200 

146 775 780 775 790 126,800 123,000 134,000 127,200 

147 780 785 780 795 111,000 137,400 137,600 121,700 

148 785 790 785 800 136,900 123,500 129,600 152,200 

149 785 790 785 800 114,300 114,100 118,000 115,600 

150 815 815 810 830 165,300 167,100 164,700 151,300 

151 820 820 820 835 164,600 146,300 169,100 157,100 

152 795 800 800 810 173,400 192,000 189,500 164,500 

153 775 780 775 790 132,700 155,700 159,000 157,200 

154 775 780 775 790 131,200 124,700 144,600 131,100 

155 785 790 785 800 172,400 167,800 176,500 170,000 

156 785 790 785 800 123,300 136,500 121,300 120,200 

157 775 780 775 790 150,400 161,200 140,100 146,700 

158 780 780 775 795 125,700 144,100 125,000 112,300 
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159 780 785 780 795 145,300 143,900 142,900 137,400 

160 780 785 780 795 168,000 168,800 172,100 131,700 

161 785 790 790 800 142,600 152,300 151,800 120,300 

162 785 790 785 800 154,100 145,400 167,800 117,900 

163 820 820 820 835 148,700 146,400 153,700 117,800 

165 675 685 660 690 73,100 78,200 71,500 60,200 

166 660 665 625 660 69,100 64,200 51,400 50,000 

167 665 675 640 670 57,800 61,000 59,200 60,400 

168 660 670 635 670 72,600 75,300 72,200 56,800 

169 650 660 640 665 73,000 75,100 73,200 64,900 

170 635 645 610 645 61,200 60,000 58,100 62,800 

172 795 800 790 810 129,000 134,400 109,800 132,400 

173 800 800 795 810 169,900 166,300 154,400 141,900 

174 800 805 800 815 166,200 147,300 150,900 149,400 

 

The emission of the fluorophores was measured in ethanol. Three readings were carried 

out for each sample to minimize error and obtained with the deviation of (+/-) 1 nm. The 

absorbance wavelengths (��abs) and emission wavelengths (��em) of the donor- �a-acceptor 

fluorophores 134 �± 174 in ethanol were in between 645 - 825 nm and 784 - 828 nm, respectively. 

The concentrations of the fluorophores were maintained to give absorbance intensities of 0.1 - 0.2 

and excited at 5 nm below the absorbance maxima for emission. The quantum yields of the 

fluorophores were calculated by using formula shown in Equation 23. 

�- s � ���-R * 
�m�~

�m�•
 * 

�r�•

�r�~
 *( 

�”�•

Û

�”�~

Û�;                                                                                                    23 



63 

Where, S is sample, R is ICG as reference, �N���L�V���T�X�D�Q�W�X�P���\�L�H�O�G�����$���L�V���W�K�H���D�U�H�D���X�Q�G�H�U���F�X�U�Y�H��

of the fluorescence, F is the absorbance maximum of the fluorophore, and n is the refractive index 

of the solvent. As an example, the graph of normalized absorbance and fluorescence intensity vs 

wavelength of fluorophore 136 in ethanol is shown in Figure 2.7. The fluorophore has absorbance 

maxima at 780 nm and emission maxima at 795 nm with the Stokes shift of 15 nm.  

 

Figure 2.7. Absorbance and fluorescence peaks of the D- �‡ -A Fluorophore 136 in ethanol 

The areas under curve were determined to be 43.41 and 45.05 by using Origin, for 

fluorophore 136 and ICG, respectively. The absorbance maxima and quantum yield for the ICG 

were 785 nm and 0.13, respectively. The refractive index for ethanol is 1.36. Putting all these 

values in the Equation 23 gives the quantum yield value of 12.6% for the fluorophore 136. The 
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were obtained with the deviation of (+/-) 0.08% from the average value. The quantum yields of 
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have high Stokes shifts of 101 �± 143 nm and high quantum yield of 0.16 �± 0.20. As the second 

example, the graph of normalized absorbance and fluorescence intensity vs wavelength of 

fluorophore 165 in ethanol is shown in Figure 2.8. 

 

Figure 2.8. Absorbance and fluorescence peaks of the D- �‡ -A Fluorophore 134 in ethanol 
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144 800 814 14 198,700 10.5 

145 780 797 17 138,200 12.7 

146 780 799 19 123,000 12.5 

147 785 803 18 137,400 12.6 

148 790 805 15 123,500 11.4 

149 790 805 15 114,100 11.5 

150 815 821 6 167,100 9.8 

151 820 828 8 146,300 7.3 

152 800 812 12 192,000 10.5 

153 780 795 15 155,700 12.4 

154 780 796 16 124,700 12.3 

155 790 805 15 167,800 12.1 

156 790 801 11 136,500 11.7 

157 780 798 18 161,200 12.5 

158 780 797 17 144,100 12.1 

159 785 800 15 143,900 12.1 

160  785 802 17 168,800 12.2 

161  790 809 19 152,300 11.3 

162  790 805 15 145,400 11.5 

163  820 826 6 146,400 8.8 

165 685 786 101 78,200 16.7 

166 665 791 126 64,200 18.3 

167 675 794 124 61,000 17.3 
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168 670 792 122 75,300 17.4 

169 660 784 124 75,100 18.6 

170 645 788 143 60,000 19.9 

172 800 815 15 134,400 11.5 

173 800 815 15 166,300 11.3 

174 805 818 13 147,300 11.3 

2.7.3 Solvatochromism of the fluorophores 

The D-�a-A fluorophores can exhibit significant changes in absorbance peaks in solvents 

with different polarities. The changes might be shift in wavelengths, change in shape of the peaks 

and change in absorbance intensities. The solvatochromic behavior of the D-�a-A fluorophores is 

attributed by the ICT between donor and acceptor moieties, which increases the dipole moment at 

the excited state. Likewise, ICT in the excited state is the effect of solvatochromism. Hence, the 

effect of solvent polarity on the absorbance maxima of the fluorophores was studied. For 

solvatochromism, the solutions were prepared in the concentration of 1 ���0���L�Q���P�H�W�K�D�Q�R�O�����H�W�K�D�Q�R�O����

acetonitrile and DMSO. The fluorophores 134 �± 163 showed similar absorbance maxima in 

methanol and acetonitrile with slight redshift of 5 nm in ethanol. The maximum redshift of 10 �± 

15 nm was shown in DMSO. As an example, the Solvatochromism of the fluorophores 136 and 

157 are shown in Figures 2.9 and 2.10. The fluorophore 136 containing indole as donor unit and 

cyanoacetic acid as an acceptor unit, connected by Vilsmeier linker showed absorbance maxima 

at 775 nm in methanol and acetonitrile, 780 nm in ethanol, and 790 nm in DMSO. The absorbance 

intensities were slightly changed in different solvents. The fluorophore 157 containing indole as 

donor unit and malononitrile as an acceptor unit, connected by Vilsmeier linker showed 
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absorbance maxima at 775 nm in methanol and acetonitrile, 780 nm in ethanol, and 790 nm in 

DMSO 

 

Figure 2.9. Solvatochromism graph of the D- �‡ -A Fluorophore 136 in methanol, ethanol, 

acetonitrile and DMSO 

 

Figure 2.10. Solvatochromism graph of the D- �‡ -A Fluorophore 157 in methanol, 

ethanol, acetonitrile and DMSO 
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The fluorophores 165 �± 170 containing piperidin-4-ylmethanol at the meso-position of the 

�è-linker showed different Solvatochromism behavior as compared with other donor-�a-acceptor 

fluorophores. The fluorophores showed blue shifted absorbance maxima in acetonitrile and red 

shifted absorbance in DMSO. The methanol and ethanol showed absorbance maxima in between 

acetonitrile and DMSO. The third example of Solvatochromism of the fluorophore 165 is shown 

in Figure 2.11. The fluorophore 165 is the meso-modified D- �a -A fluorophore containing 

piperidin-4-ylmethanol at the meso-position of the �è-linker connecting indole and cyanoacetic 

acid together. The fluorophore showed absorbance maxima at 660 nm in acetonitrile, 675 nm in 

methanol, 685 nm in ethanol, 690 nm in DMSO. Similarly, the shape of absorbance peaks was 

slightly different with different absorbance intensities. 
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Figure 2.11. Solvatochromism graph of the D- �‡ -A Fluorophore 165 in methanol, 

ethanol, acetonitrile and DMSO 
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connecting indole and cyanoacetic acid together. The fluorophore showed absorbance maxima at 

790 nm in acetonitrile, 795 nm in methanol, 800 nm in ethanol, 810 nm in DMSO. 

 

Figure 2.12. Solvatochromism graph of the D- �‡ -A Fluorophore 172 in methanol, 

ethanol, acetonitrile and DMSO 
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photothermal stability of the fluorophores 134 �± 156 with cyanoacetic acid as an acceptor unit 

under dark and UV light are shown in Figure 2.13. 

 

 

Figure 2.13. Photothermal stability of the Fluorophores 134 �± 156 under dark and UV light 
conditions 
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and indole donor unit with chlorine substituent showed similar characteristics to that of ICG. All 

the remaining fluorophores containing indole, and benzo(e)indole donor units, linker units with 

hydrogen, t-butyl and phenyl substitution showed photothermal stability under UV light as well. 

The photothermal stability of the fluorophores 157 �± 163 with malononitrile as an acceptor 

unit under dark and UV light are shown in Figure 2.14. 
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Figure 2.14. Photothermal stability of the Fluorophores 157 �± 163 under dark and UV light 
conditions 

All the fluorophores were stable and showed similar characteristic as of ICG under dark 

condition. The synthesized fluorophores containing showed photothermal stability under UV light 

as well as compared with FDA approved ICG. The fluorophores showed similar photothermal 

stability to the fluorophores with cyanoacetic acid as an acceptor unit. 

The photothermal stability of the fluorophores 165 �± 170 with piperidine-4-ylmethanol and 

172 �± 174 with pyridine-4-thiol at the meso-position of  unit �a-linker under dark and UV light are 

shown in Figures 2.15 and 2.16. All the fluorophores were stable under dark and UV light 

conditions as compared with the FDA approved ICG. The meso-modified fluorophores showed 

better photothermal stability both under dark and UV light conditions as compared with other 

synthesized fluorophores. 
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Figure 2.15. Photothermal stability of the Fluorophores 165 �± 170 under dark and UV light 
conditions 
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Figure 2.16. Photothermal stability of the Fluorophores 172 �± 174 under dark and UV light 
conditions 
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Figure 2.17 Electrostatic potential map of the D- �‡ -A fluorophore 136 

2.7.5 Density functional theory (DFT) and time dependent density functional theory 

(TD-DFT) studies 

The DFT and TD-DFT studies of the donor-�a-acceptor fluorophores were done by using 

Spartan software. The DFT study determined the electrostatic potential map, HOMO and LUMO 

energies, and the band gap. As an example, the electrostatic potential map of the fluorophore 136 

is shown in Figure 2.17. The high and low electron densities are indicated by red and blue color, 

respectively and the mid is in between, as shown in the legend.  

 

 

 

 

 

         

 

The highly electronegative oxygen and nitrogen atoms are in red region and the less 

electronegative hydrogen is in the blue region. The HOMO and LUMO of the fluorophore 136 are 

shown in Figure 2.18. The HOMO is localized in the indole which is donor moiety and the LUMO 

is centered in the acceptor unit cyanoacetic acid and part of �a-linker, as expected. The fluorophores 

have small band gap of around 2.5 eV. 
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Figure 2.18 HOMO (-5.4 eV) and LUMO (-2.8 eV) of the D- �‡ -A fluorophore 136 
 

The DFT and TD-DFT studies of the fluorophores 134 �± 174 are summarized in Tables 8 and 9. 

The distance between donor and �a-linker and �a-linker and acceptor unit is important for ICT43. 

The distance is shorter for effective ICT. The distances were measured in both ground state and 

excited state. The fluorophores 134 �± 163 have the distance of 1.40 Å between donor and �a-linker 

and �a-linker and acceptor unit in ground state. In excited sate, the fluorophores have the distance 

of 1.39 Å and 1.41 Å between donor and �a-linker and �a-linker and acceptor unit, respectively. The 

smaller distances illustrated that the fluorophores have effective ICT in both ground state and 

excited state leading to the absorbance and emission maxima at longer wavelengths. On the other 

hand, the fluorophores 165 �± 170 containing piperidin-4-ylmethanol at the meso-position of the �a-

linker have the distance of 1.43 Å between donor and �a-linker and �a-linker and acceptor unit in 

ground state. The increase in distance showed that the fluorophores have blue-shifted absorbance 

maxima. Interestingly, in excited state the distances between donor and �a-linker and �a-linker and 

acceptor unit are decreased to 1.39 Å and 1.41 Å, respectively resulting in increased emission 

wavelength and Stokes shift. The increased fluorescence was due to the participation of nitrogen 

in excited state ICT. The fluorophores 172 �± 174 containing pyridine-4-thiol at the meso-position 

of the �a-linker have the distance of 1.39 Å between donor and �a-linker in ground state and the 

absorbance maxima is red shifted. 
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Table 8. HOMO, LUMO and molecular orbital component of D- �‡ -A fluorophores 134 �± 
174 calculated by using Spartan 

Fluorophores 
HOMO 

(eV) 

LUMO 

(eV) 

Band gap 

(eV) 
MO component 

134 -5.4 -2.8 2.6 HOMO -> LUMO: 96% 

135 -5.3 -2.8 2.5 HOMO -> LUMO: 96% 

136 -5.4 -2.8 2.6 
HOMO -> LUMO: 96% 

137 -5.4 -2.8 2.6 
HOMO -> LUMO: 96% 

138 -5.2 -2.7 2.5 
HOMO -> LUMO: 96% 

139 -5.4 -2.9 2.5 
HOMO -> LUMO: 96% 

140 -5.4 -2.8 2.6 
HOMO -> LUMO: 96% 

141 -5.4 -2.8 2.6 HOMO -> LUMO: 96% 

142 -5.4 -2.8 2.6 HOMO -> LUMO: 96% 

143 -5.0 -2.6 2.4 HOMO -> LUMO: 95% 

144 -5.1 -2.5 2.6 
HOMO -> LUMO: 96% 

145 -5.1 -2.6 2.5 
HOMO -> LUMO: 96% 

146 -5.2 -2.6 2.6 
HOMO -> LUMO: 96% 

147 -5.4 -2.8 2.6 
HOMO -> LUMO: 96% 

148 -5.4 -2.9 2.5 
HOMO -> LUMO: 96% 

149 -5.4 -2.9 2.5 HOMO -> LUMO: 96% 

150 -5.3 -2.8 2.5 HOMO -> LUMO: 95% 

151 -5.2 -2.8 2.4 HOMO -> LUMO: 95% 

152 -5.3 -2.8 2.5 
HOMO -> LUMO: 96% 

153 -5.2 -2.6 2.6 
HOMO -> LUMO: 96% 
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154 -5.2 -2.6 2.6 HOMO -> LUMO: 96% 

155 -5.3 -2.7 2.6 HOMO -> LUMO: 96% 

156 -5.3 -2.7 2.6 HOMO -> LUMO: 96% 

157 -5.5 -2.9 2.6 
HOMO -> LUMO: 96% 

158 -5.5 -2.9 2.6 
HOMO -> LUMO: 96% 

159 -5.4 -2.9 2.5 
HOMO -> LUMO: 96% 

160 -5.5 -3.0 2.5 
HOMO -> LUMO: 96% 

161 -5.6 -3.0 2.6 
HOMO -> LUMO: 96% 

162 -5.5 3.0 2.5 HOMO -> LUMO: 96% 

163 -5.3 2.9 2.4 HOMO -> LUMO: 95% 

165 -5.2 -2.6 2.6 HOMO -> LUMO: 96% 

166 -5.0 -2.4 2.6 
HOMO -> LUMO: 95% 

167 -5.3 -2.6 2.7 
HOMO -> LUMO: 95% 

168 -5.3 -2.6 2.7 
HOMO -> LUMO: 95% 

169 -4.8 -1.6 3.2 
HOMO -> LUMO: 96% 

170 -5.3 -2.6 2.7 
HOMO -> LUMO: 95% 

172 -5.2 -2.6 2.6 HOMO -> LUMO: 96% 

173 -5.1 -2.6 2.5 HOMO -> LUMO: 96% 

174 -5.3 -2.7 2.6 HOMO -> LUMO: 96% 
 

 

The TD-DFT study showed that the charge transfer occurs only from HOMO to LUMO 134 - 174. 

As an example, the involvement of MO components in effective ICT of the fluorophore 136 is 

shown in Figure 2.19. 
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LUMO  

 

HOMO  

Figure 2.19 MO components showing charge transfer of the D- �‡ -A fluorophore 136 

The fluorophores 134 �± 163 absorbance and emission peaks at around 560 nm and 660 nm, 

respectively with the Stokes shift of around 100 nm. The indole donor unit when replaced with 

benzothiazole and benzo(e)indole have redshifted absorbance and emission peaks. The phenyl and 

t-butyl groups at 4th position of the �a-linker do not participate in �a-conjugation and hence make no 

difference in the absorbance and emission wavelengths. Similarly, the fluorophores with both 

cyanoacetic acid and malononitrile as acceptor have similar wavelengths. The fluorophores 165 �± 

170 having piperidin-4-ylmethanol at the meso-position have blue shifted absorbance and emission 

wavelengths at around 360 nm and 650 nm, respectively with the Stokes shift of around 275 nm. 

The fluorophores 172 �± 174 having pyridine-4-thiol at the meso-position have red shifted 

absorbance and emission wavelengths at around 600 nm and 700 nm, respectively with the Stokes 

shift of around 100 nm. The fluorophores have excitation energy of 2.20 eV and relaxation energy 
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of 1.85 eV with the oscillator strength of around 2.00. The increased excitation energy and reduced 

relaxation energy shows that the fluorophores have bright NIR emission. 

Table 9. Experimental absorbance and emission maxima, Stokes shift, excitation and 
relaxation energies and oscillator strength of D- �‡ -A fluorophores by using Spartan 

Fluorophores 
��abs 

(nm) 

��em 

(nm) 

Stokes 

shift (nm) 

Excitation 

energy 

So -> S1 (eV) 

Relaxation 

energy 

S1 -> So 

(eV) 

Oscillator 

strength 

134 560 663 103 2.21 1.87 2.00 

135 561 664 103 2.21 1.87 2.00 

136 559 664 105 2.22 1.87 1.99 

137 561 663 102 2.21 1.87 2.00 

138 562 665 103 2.21 1.86 2.00 

139 556 665 109 2.23 1.86 2.07 

140 557 663 106 2.23 1.87 2.09 

141 559 664 105 2.22 1.87 2.06 

142 559 664 105 2.22 1.87 2.06 

143 573 676 103 2.17 1.84 2.05 

144 568 673 105 2.18 1.84 2.01 

145 560 666 106 2.21 1.86 1.97 

146 562 665 103 2.21 1.86 1.92 

147 571 671 100 2.17 1.85 1.85 

148 560 665 105 2.21 1.85 2.04 

149 558 666 108 2.22 1.86 2.02 
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150 571 677 106 2.17 1.83 2.00 

151 576 677 101 2.15 1.83 1.99 

152 566 674 108 2.19 1.84 1.96 

153 562 663 101 2.21 1.87 1.95 

154 562 664 102 2.20 1.87 1.95 

155 559 663 104 2.22 1.87 2.03 

156 560 663 103 2.21 1.87 2.00 

157 562 665 103 2.21 1.87 2.01 

158 564 664 100 2.20 1.87 2.02 

159 567 666 99 2.19 1.86 1.99 

160 567 667 100 2.19 1.86 1.99 

161 563 666 103 2.20 1.86 2.09 

162 563 665 102 2.20 1.87 2.06 

163 577 677 100 2.19 1.83 2.04 

165 369 644 275 3.36 1.93 2.07 

166 349 623 274 3.55 1.99 2.12 

167 361 646 285 3.43 1.92 1.93 

168 356 644 288 3.48 1.93 2.05 

169 356 642 286 3.48 1.93 1.97 

170 361 642 281 3.43 1.93 1.96 

172 598 700 102 2.07 1.77 1.63 

173 606 706 100 2.05 1.76 1.63 

174 600 710 110 2.07 1.75 1.64 
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2.7.6 Biodistribution studies 

Biodistribution study is performed to determine the distribution of the compounds in the 

body, targeted tissues and organs and the clearance route during in vivo studies in experimental 

animal or human. The fluorophores mainly targeted adrenal gland, gall bladder, lymph node, bone 

marrow, thyroid gland, pituitary gland and brain. The overall distribution was in different organs 

and tissues such as kidney, lung liver, heart, pancreas, spleen. Most of the fluorophores were 

cleared through renal and hepatobiliary route.  

 The fluorophores 140, 148 and 155 having cyanoacetic acid as acceptor and bromine 

substituted indole as donor group and Vilsmeier linker with substitution of hydrogen, t-butyl and 

phenyl at the 4th position, respectively showed biodistribution as shown in Figures 2.20 �± 2.22. 

The fluorophore 140 targeted gall bladder, lymph node and brain with distribution in lungs, liver, 

spleen and kidney. The bright dots due to aggregation were seen in lungs. The fluorophore being 

stickier bound to other molecules resulting in increased background signal. The fluorophore 148 

mainly targeted gall bladder and adrenal gland and some in brain with distribution in liver and 

spleen. The fluorophore 155 mainly targeted brain, gall bladder, adrenal gland , lymph node and 

bone marrow with distribution in liver and spleen. All of these fluorophores were cleared through 

hepatobiliary route. 
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Figure 2.20 Biodistribution of the D-�‡-A Fluorophore 140 

 

Figure 2.21 Biodistribution of the D-�‡-A Fluorophore 148 
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Figure 2.22 Biodistribution of the D-�‡-A Fluorophore 155 
On the other hand, the fluorophores 158, 162 and 163 having malononitrile as acceptor unit 

have biodistribution as shown in Figures 2.23 �± 2.25. The fluorophore 158 having indole donor 

unit targeted more in brain and some in gall bladder, testis and lymph node with the distribution 

in kidney, lungs, heart, liver, pancreas and spleen. Adding chlorine to the indole ring, the 

fluorophore 162 targeted adrenal gland, gall bladder and brain. The bright dots were seen due to 

aggregation in brain and lungs. Both of the fluorophores were cleared through hepatobiliary route. 

The fluorophore 163 having benzo(e)indole as donor units targeted brain and adrenal gland with 

the biodistribution in liver and spleen. The fluorophore has increased hydrophobicity (log D at 

pH7.4 > 6), the major uptake was through liver and much less in kidney and bladder. 
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Figure 2.23 Biodistribution of the D-�‡-A Fluorophore 158 

 

Figure 2.24 Biodistribution of the D-�‡-A Fluorophore 162 
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Figure 2.25 Biodistribution of the D-�‡-A Fluorophore 163 
 

Another group of fluorophores 165, 168 and 170, having piperidin-4-ylmethanol at the 

meso-position of �a-linker show biodistribution as shown in Figures 2.26 �± 2.28. The fluorophore 

165 having indole donor unit targeted lymph node, thyroid gland and pituitary gland and mainly 

bone marrow. Adding chlorine to the indole ring, the fluorophore 168 targeted gall bladder and 

adrenal gland and there was very less imaging in bone marrow. Similarly, substituting t-butyl at  

the 4th position of �a-linker, the fluorophore 170 again targeted lymph node, pituitary gland, adrenal 

gland and mainly bone marrow. All of the fluorophores had overall distribution in lungs, liver, 

spleen and kidney and clearance through hepatobiliary route. 
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Figure 2.26 Biodistribution of the D-�‡-A Fluorophore 165 

 

Figure 2.27 Biodistribution of the D-�‡-A Fluorophore 168 
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Figure 2.28 Biodistribution of the D-�‡-A Fluorophore 170 
The fluorophore 172 having pyridine-4-thiol at the meso-position of the �a-linker targeted 

brain, gut and gall bladder with the distribution in lungs, liver, spleen and kidney and cleared 

through hepatobiliary route, as shown in Figure 2.29. 
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Figure 2.29 Biodistribution of the D-�‡-A Fluorophore 172 
 

2.8 Experimental 

2.8.1 General 

All the reagents and solvents used in the study were of American Chemical Society (ACS) 

grade and purchased from Sigma-Aldrich (St. Louis, MO) and TCI America (Waltham, MA). The 

1H NMR (400 MHz) and 13C NMR (100 MHz) were collected on Bruker Avance spectrometer, 

using 3.6.3 topspin software and chloroform-d (CDCl3) and dimethyl sulfoxide (DMSO-d6) 

containing TMS as an internal reference standard. The melting point of the compounds was 

measured on Thomas Hoover apparatus. 

2.8.2 Optical properties 

The FDA approved cyanine dye ICG was used as a reference compound for the optical 

studies. The stock solution of the fluorophores was prepared in �W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I������ ���0�� �L�Q��
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DMSO. The absorbance maxima of the fluorophores were measured in four different solvents as 

methanol, ethanol, acetonitrile and DMSO using Varian Cary 50 spectrophotometer (Santa Clara, 

CA). The emission maxima of the fluorophores were measured in ethanol using Shimadzu RF-

5301PC spectrofluorometer. The area under curve of the fluorophores were determined using 

Origin software. Three readings were carried for each sample to minimize error. 

2.8.3 DFT and TD-DFT studies 

The DFT and TD-DFT studies of the donor-�a-acceptor fluorophores were done by using 

Spartan software. The DFT study of the fluorophores was done in the ground state by using B3LYP 

method and 6-311+G** basis set to determine HOMO and LUMO of the fluorophores. The TD-

DFT �V�W�X�G�\���Z�D�V���G�R�Q�H���L�Q���W�K�H���H�[�F�L�W�H�G���V�W�D�W�H���&�%�����;-D method and 6-311G* basis set to calculate the 

absorbance and emission maxima, Stokes shift, excitation energy, relaxation energy and the bond 

lengths between donor-linker and linker-acceptor in both ground state and excited state. 

2.8.4 Biodistribution studies 

Biodistribution studies of the selected fluorophores were done in CD-1 male mice each 

having mass of 25 �± 30 g. The mice were anesthetized with isoflurane. Each fluorophore, 25 

�Q�P�R�O���������������0���������������/���L�Q���������%�6�$�����Z�H�Ue injected via retro-orbital route for 4 hours prior to 

imaging. The biodistribution study was performed by imaging the mice using the FLARE 

imaging system. The biodistribution studies of the donor-�a-acceptor fluorophores were carried 

out in collaboration with Dr. Hak Soo Choi, Harvard Medical School and the biodistribution 

images were obtained from his laboratory. 

2.8.5 Characterization of the synthesized compounds 

(E)-3-((E)-2-chloro-3-(hydroxymethylene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (115a): mp 

90 - 92 �( ;  69% yield; yellow powder; 1H NMR (400 MHz, DMSO-d6): �/��1.35 (s, 2H), 1.67 (s, 
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2H), 4.24 (d, J = 6 Hz, 2H), 7.44 (s, 1H), 10.20 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��20.08, 

20.80, 24.53, 87.76, 120.33, 133.86, 137.89, 142.78, 167.65, 168.79, 190.52. 

(E)-3-((E)-5-(tert-butyl)-2-chloro-3-(hydroxymethylene)cyclohex-1-en-1-yl)-2-cyanoacrylic 

acid (115b): mp 64 - 66 �( ;  70% yield; yellow powder; 1H NMR (400 MHz, DMSO-d6): �/ 0.89 

(s, 9H), 1.26 (s, 2H), 1.75 (s, 2H), 4.15 (d, J = 5.6 Hz, 1H), 7.33 (s, 1H), 10.1 (s, 1H); 13C NMR 

(100 MHz, CDCl3): �/��15.45, 25.27, 27.29, 32.27, 41.89, 70.18, 115.38, 129.61, 146.39, 151.78, 

191.08, 192.19, 194.06, 197.40. 

(E)-3-((E)-4-chloro-5-(hydroxymethylene)-1,2,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)-2-

cyanoacrylic acid (115c): mp 53 - 55 �( ;  74% yield; yellow powder; 1H NMR (400 MHz, DMSO-

d6): �/ 1.22 (s, 2H), 2.35 (d, J = 14.4 Hz, 1H), 4.13 (s, 1H), 7.28 (s, 5H), 7.42 (s, 1H), 10.15 (s, 1H); 

13C NMR (100 MHz, DMSO-d6): �/��27.79, 32.79, 51.09, 101.76, 112.22, 122.75, 125.42, 126.91, 

127.85, 128.26, 130.42, 130.82, 131.94, 133.90, 140.94, 142.27, 174.33. 

(E)-2-((2-chloro-3-(hydroxymethylene)cyclohex-1-en-1-yl)methylene)malononitrile (116): mp 

62 - 64 �( ; 79% yield; black powder; 1H NMR (400 MHz, DMSO-d6): �/ 1.62 (s, 2H), 2.23 (s, 4H), 

7.95 (s, 1H), 10.16 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��18.88, 31.31, 37.50, 56.60, 120.04, 

126.86, 127.19, 128.88, 145.09, 146.43, 192.54, 192.81. 

(E)-3-((E)-2-chloro-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)cyclohex-1-en-

1-yl)-2-cyanoacrylic acid (134): mp 176 - 178 �( ; 76% yield; 1H NMR (400 MHz, CDCl3): �/ 1.47 

(t, J = 7.6 Hz, 3H), 1.69 (s, 2H), 1.75 (s, 6H), 2.77 (s, 2H), 3.12 - 3.18 (m, 2H), 4.22 (d, J = 6.8 

Hz, 2H), 6.20 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 7.6 Hz, 1H), 7.40 �± 7.45 (m, 2H),  7.63 (s, 1H), 

7.71 (s, 1H), 8.40 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��12.62, 28.17, 28.20, 33.99, 

38.93, 39.94, 49.58, 100.64, 110.90, 122.45, 125.61, 126.48, 127.23, 127.54, 128.98, 129.01, 

141.20, 141.62, 144.37, 144.81, 150.48, 172.33. 



93 

(E)-3-((E)-3-(2-((E)-1-butyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-chlorocyclohex-1-en-

1-yl)-2-cyanoacrylic acid (135): mp 249 - 250 �( ; 74% yield; 1H NMR (400 MHz, CDCl3): �/ 1.01 

(t, J = 7.4 Hz, 3H), 1.50 (q, J = 7.6 Hz, 4H), 1.72 (s, 6H), 1.82 (t, J = 7.6 Hz, 2H), 2.00 (t, J = 5.8 

Hz, 2H),  2.72 (t, J = 6.0 Hz, 2H), 4.20 (t, J = 7.4 Hz, 2H), 6.22 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 

8.0 Hz, 1H), 7.24 (d, J = 7.6 Hz, 2H), 7.38 (t, J = 7.6 Hz, 1H), 8.34 (d, J = 14.4 Hz, 1H); 13C NMR 

(100 MHz, CDCl3): �/��13.96, 20.40, 20.73, 26.69, 28.16, 29.53, 30.23, 44.86, 49.37, 101.34, 

110.98, 122.31, 125.35, 127.31, 128.83, 141.06, 142.24, 144.32, 150.51, 172.35, 207.49. 

(E)-3-((E)-2-chloro-3-(2-((E)-5-fluoro-1,3,3-trimethylindolin-2-ylidene)ethylidene)cyclohex-1-

en-1-yl)-2-cyanoacrylic acid (136): mp >260 �( ;  70% yield; 1H NMR (400 MHz, CDCl3): �/ 1.89 

(s, 6H), 2.05 �± 2.21 (m, 2H), 2.90 (t, J = 5.8 Hz, 4H), 3.93 (s, 3H), 6.34 (d, J = 14.0 Hz, 1H), 7.27 

(d, J = 7.8 Hz, 2H), 7.36 (t, J = 6.4 Hz, 1H), 7.44 (s, 1H), 8.46 (d, J = 14.4 Hz, 1H); 13C NMR (100 

MHz, CDCl3): �/��20.65, 26.75, 28.03, 29.71, 33.02, 49.38, 101.85, 110.08, 110.33, 111.84, 111.92, 

115.43, 115.67, 127.89, 138.85, 142.75, 142.83, 144.07, 150.57, 159.68, 162.13, 172.60. 

(E)-3-((E)-2-chloro-3-(2-((E)-1-ethyl-5-fluoro-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (137): mp >260 �( ; 72% yield; 1H 

NMR (400 MHz, CDCl3): �/ 1.26 (s, 1H), 1.47 (t, J = 7.2 Hz, 3H), 1.65 (s, 2H), 1.73 (s, 6H), 2.00 

(t, J = 5.4 Hz, 1H), 2.76 (t, J = 5.6 Hz, 2H), 4.30 (q, J = 6.8 Hz, 2H), 6.22 (d, J = 14.0 Hz, 1H), 

7.12 (d, J = 8.0 Hz, 2H), 7.18 (t, J = 4.4 Hz, 1H), 7.28 (s, 1H), 8.32 (d, J = 14.0 Hz, 1H); 13C NMR 

(100 MHz, CDCl3): �/��12.59, 15.27, 20.68, 26.96, 27.76, 40.20, 49.26, 101.88, 110.79, 120.57, 

122.27, 125.47, 128.84, 134.20, 141.25, 141.65, 145.25, 146.58, 149.33, 172.02. 

(E)-3-((E)-3-(2-((E)-1-butyl-5-fluoro-3,3-dimethylindolin-2-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (138): mp 193 - 195 �( ; 76% yield; 1H NMR (400 

MHz, CDCl3): �/ 1.05 (t, J = 7.6 Hz, 3H), 1.50 (q, J = 7.6 Hz, 4H), 1.76 (s, 6H), 1.86 (t, J = 7.6 Hz, 
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2H), 2.03 (t, J = 5.6 Hz, 2H), 2.75 (s, 2H), 4.12 (t, J = 6.4 Hz, 2H),  6.16 (d, J = 12.0 Hz, 1H), 7.12 

(d, J = 6.4 Hz, 4H), 8.36 (d, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��9.08, 14.03, 20.49, 

26.78, 29.51, 45.17, 46.54, 49.44, 101.58, 112.04, 122.95, 128.00, 129.00, 130.98, 140.85, 142.68, 

144.68, 151.46, 172.01. 

(E)-3-((E)-3-(2-((E)-5-bromo-1,3,3-trimethylindolin-2-ylidene)ethylidene)-2-chlorocyclohex-1-

en-1-yl)-2-cyanoacrylic acid (139): mp 238 - 240 �( ; 69% yield;  1H NMR (400 MHz, DMSO-

d6): �/ 1.53 (s, 2H), 1.68 (s, 6H), 1.85 (s, 2H),  2.72 (d, J = 10.4 Hz, 2H), 3.66 (s, 3H), 6.30 (d, J = 

14.0 Hz, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 9.8 Hz, 2H), 8.24 (d, 

J = 14.0 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): �/��20.84, 21.93, 26.32, 27.58, 32.19, 49.50, 

102.71, 113.73, 117.56, 117.89, 126.11, 127.25, 131.75, 132.21, 141.91, 142.71, 143.29, 144.32, 

148.55, 172.77, 197.00. 

(E)-3-((E)-3-(2-((E)-5-bromo-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (140): mp 239 - 241 �( ; 70% yield; 1H NMR (400 

MHz, CDCl3): �/ 1.24 (t, J = 7.0 Hz, 3H), 1.42 (s, 2H), 1.51 (s, 6H), 1.78 (d, J = 4.8 Hz, 2H), 2.56 

(d, J = 4.8 Hz, 2H), 4.08 (q, J = 6.6 Hz, 2H), 6.04 (d, J = 14.0 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 

7.06 (s, 1H), 7.32 (d, J = 8.4 Hz, 2H), 8.12 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��

12.46, 20.66, 26.90, 28.06, 40.41, 49.32, 101.70, 112.15, 118.37, 125.71, 128.54, 131.87, 140.95, 

143.08, 144.45, 150.91, 171.19. 

(E)-3-((E)-2-chloro-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (141): mp 187 - 189 �( ; 70% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.46 (t, J = 7.0 Hz, 3H), 1.61 (s, 2H), 1.73 (s, 6H), 1.99 (s, 2H), 

2.76 (s, 2H), 4.22 (d, J = 7.2 Hz, 2H), 6.22 (d, J = 14.0 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H), 7.34 (s, 

2H), 7.38 (d, J = 8.4 Hz, 1H), 8.34 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��8.82, 



95 

12.50, 20.70, 26.84, 28.08, 40.39, 46.11, 49.40, 101.42, 111.78, 122.92, 128.21, 129.02, 130.96, 

140.40, 142.76, 144.62, 151.18, 171.46. 

(E)-3-((E)-3-(2-((E)-1-butyl-5-chloro-3,3-dimethylindolin-2-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (142): mp 179 - 180 �( ; 74% yield; 1H NMR (400 

MHz, CDCl3): �/ 1.04 (s, 3H), 1.46 (s, 4H), 1.66 (s, 6H), 1.75 (s, 2H), 2.76 (s, 2H), 3.18 (s, 2H), 

4.12 (s, 2H), 6.18 (d, J = 12.0 Hz, 1H), 7.10 (d, J = 6.0 Hz, 1H), 7.36 (s, 3H), 8.38 (d, J = 12.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3): �/��12.49, 15.29, 28.08, 29.70, 33.90, 38.81, 40.33, 49.54, 

101.04, 112.63, 118.68, 125.71, 127.11, 127.28, 127.42, 129.01, 131.99, 140.77, 143.04, 144.06, 

144.65, 150.60, 171.68. 

(E)-3-((E)-3-((E)-2-(3-butyl-1,1-dimethyl-1,3-dihydro-2H-benzo[e]indol-2-ylidene)ethylidene)-

2-chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (143): mp 201 - 203 �( ; 64% yield; 1H NMR 

(400MHz, CDCl3): �/ 1.04 (t, J = 7.2 Hz, 3H), 1.55 (q, J = 7.2 Hz, 4H), 1.92 (t, J = 7.2 Hz, 4H), 

2.04 (s, 6H), 2.78 (s, 2H), 4.34 (t, J = 6.8 Hz, 2H),  6.28 (d, J = 14.0 Hz, 1H), 7.47 �± 7.51 (m, 3H), 

7.63 (t, J = 7.2 Hz, 1H), 7.95 �± 7.98 (m, 2H), 8.15 (d, J = 8.4 Hz, 1H), 8.47 (d, J = 14.0 Hz, 1H); 

13C NMR (100 MHz, CDCl3): �/��12.38, 13.62, 17.13, 23.20, 27.55, 32.49, 40.42, 42.40, 45.91, 

49.61, 100.48, 110.53, 111.51, 111.99, 115.59, 116.73, 116.98, 117.50, 127.39, 136.65, 137.68, 

142.98, 144.36, 150.74, 159.73, 162.18, 164.79, 171.83, 195.24. 

(E)-3-((E)-3-((Z)-2-(3-butylbenzo[d]thiazol-2(3H)-ylidene)ethylidene)-2-chlorocyclohex-1-en-

1-yl)-2-cyanoacrylic acid (144): mp 256 - 257 �( ; 68% yield; 1H NMR (400MHz, DMSO-d6): �/ 

0.92 (t, J = 6.8 Hz, 3H), 1.22 (s, 1H), 1.40 (q, J = 6.8 Hz, 2H), 1.70 (s, 2H), 1.83 (s, 1H), 2.53 (s, 

2H), 2.65 (s, 2H), 4.41 (s, 2H), 6.46 (d, J = 13.2 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 7.55 (d, J = 6.8 

Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.80 (s, 1H), 7.95 (d, J = 7.6 Hz, 1H); 13C NMR 
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(100 MHz, DMSO-d6): �/��13.03, 20.92, 26.46, 27.43, 51.19, 101.37, 112.03, 122.72, 125.46, 

126.64, 127.99, 128.26, 130.39, 131.01, 131.98, 134.19, 139.81, 142.57, 147.90, 173.45. 

(E)-3-((E)-5-(tert-butyl)-2-chloro-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (145): mp 169 - 171 �( ; 73% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.12 (s, 6H), 1.27 (s, 3H), 1.45 �± 1.52 (m, 5H), 1.75 (s, 6H), 2.27 

(t, J = 14.0 Hz, 1H), 2.90 (d, J = 12.4 Hz, 1H), 3.20 (t, J = 6.8 Hz, 2H), 4.23 (t, J = 7.2 Hz, 2H), 

4.77 (d, J = 7.2 Hz, 2H), 6.14 (d, J = 14.0 Hz, 1H), 7.22 (d, J = 7.6 Hz, 1H), 7.41 �± 7.46 (m, 2H),  

7.63 (d, J = 8.8 Hz, 1H), 7.71 (d, J = 4.4 Hz, 1H), 8.40 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): �/��8.81, 12.52, 28.13, 30.95, 34.00, 38.88, 40.26, 41.06, 46.38, 49.58, 101.11, 111.88, 

122.99, 127.28, 127.52, 129.02, 131.21, 140.27, 142.80, 144.17, 144.81, 150.87, 171.87. 

(E)-3-((E)-5-(tert-butyl)-2-chloro-3-(2-((E)-1-ethyl-5-fluoro-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (146): mp 220 - 222 �( ; 74% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.12 (s, 5H), 1.48 (t, J = 7.2 Hz, 4H), 1.66 (t, J = 7.2 Hz, 5H), 1.69 

(s, 4H), 1.74 (s, 6H), 2.26 (t, J = 13.6 Hz, 1H), 2.88 (d, J = 12.8 Hz, 1H), 3.14 (s, 2H), 4.23 �± 4.31 

(m, 2H), 4.78 (q, J = 7.2 Hz, 1H), 6.13 (d, J = 14.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 

8.8 Hz, 1H), 7.75 �± 7.78 (m, 1H), 8.34 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��8.92, 

12.58, 13.78, 20.80, 23.29, 26.77, 28.14, 40.00, 45.43, 46.23, 49.42, 54.78, 100.81, 110.71, 115.47, 

122.41, 123.56, 125.45, 127.35, 128.94, 129.77, 130.44, 141.15, 141.69, 144.74, 151.02, 172.00, 

195.29. 

(E)-3-((E)-5-(tert-butyl)-3-(2-((E)-1-butyl-5-fluoro-3,3-dimethylindolin-2-ylidene)ethylidene)-

2-chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (147): mp 222 - 223 �( ; 73% yield; 1H NMR 

(400 MHz, CDCl3): �/ 1.07 (s, 3H), 1.10 (s, 6H), 1.27 (s, 1H), 1.52 (q, J = 8.0 Hz, 4H), 1.62 (s, 

3H), 1.75 (s, 6H), 1.83 - 1.90 (m, 2H), 2.27 (t, J = 12.0 Hz, 2H), 2.86 - 2.90 (m, 1H), 4.14 - 4.28 
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(m, 2H),  6.16 (d, J = 14.0 Hz, 1H), 7.13 (t, J = 8.0 Hz, 3H),  7.21 �± 7.23 (m, 1H), 8.32 (d, J = 14.0 

Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��13.87, 20.30, 27.47, 27.55, 28.04, 28.16, 29.35, 32.45, 

42.27, 45.07, 49.54, 49.56, 101.02, 110.17, 110.42, 112.37, 115.54, 115.78, 127.39, 138.20, 

138.21, 142.90, 142.98, 143.99, 150.42, 159.69, 162.14, 172.18. 

(E)-3-((E)-3-(2-((E)-5-bromo-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-5-(tert-butyl)-

2-chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (148): mp 190 - 192 �( ; 76% yield; 1H NMR 

(400 MHz, CDCl3): �/ 1.12 (s, 9H), 1.49 (t, J = 7.6 Hz, 4H), 1.75 (s, 6H), 2.30 (t, J = 14.0 Hz, 2H), 

2.90 (t, J = 12.8 Hz, 1H), 3.20 (t, J = 6.8 Hz, 2H), 4.21 (t, J = 7.6 Hz, 2H), 6.14 (d, J = 14.0 Hz, 

1H), 7.10 (d, J = 8.4 Hz, 1H), 7.50 (s, 2H),  7.55 (d, J = 8.0 Hz, 1H), 8.38 (d, J = 14.0 Hz, 1H); 

13C NMR (100 MHz, CDCl3): �/��8.89, 12.50, 23.29, 27.66, 28.11, 28.17, 32.56, 40.36, 42.44, 46.49, 

49.50, 100.93, 112.27, 117.14, 118.55, 125.81, 126.15, 127.00, 128.35, 133.04, 140.83, 143.05, 

144.85, 151.50, 171.42. 

(E)-3-((E)-5-(tert-butyl)-2-chloro-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (149): mp 169 - 171 �( ; 74% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.12 (s, 6H), 1.27 (s, 1H), 1.45 (d, J = 7.2 Hz, 3H), 1.49 (s, 4H), 

1.62 (s, 1H), 1.76 (s, 6H), 2.32 (d, J = 13.6 Hz, 2H), 2.90 (d, J = 12.4 Hz, 1H), 3.15 (q, J = 4.4 Hz, 

2H), 4.21 (t, J = 7.2 Hz, 2H), 6.15 (d, J = 14.0 Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 7.36 (s, 1H), 7.39 

�± 7.42 (m, 1H), 8.39 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��8.92, 12.52, 27.63, 

27.66, 28.11, 28.17, 32.54, 40.36, 42.41, 46.21, 49.52, 100.86, 122.98, 128.23, 129.08, 131.04, 

140.33, 142.75, 144.86, 151.53, 171.62. 

(E)-3-((E)-5-(tert-butyl)-2-chloro-3-((E)-2-(1,1,3-trimethyl-1,3-dihydro-2H-benzo[e]indol-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (150): mp 228 - 230 �( ; 60% yield; 

1H NMR (400MHz, DMSO-d6): �/ 1.10 (s, 9H), 1.97 (s, 6H), 2.28 (s, 1H), 2.55 (s, 2H), 3.00 (d, J 
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= 10.8 Hz, 2H), 3.84 (s, 3H), 6.38 (d, J = 12.4 Hz, 1H), 7.54 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.79 

(d, J = 8.0 Hz, 1H), 8.07- 8.13 (m, 2H), 8.30 - 8.37 (m,  3H); 13C NMR (100 MHz, DMSO-d6): �/��

12.99, 27.33, 27.51, 27.75, 32.79, 42.64, 51.23, 101.13, 112.05, 122.72, 125.46, 126.97, 127.98, 

128.26, 130.40, 131.01, 131.97, 134.18, 139.82, 142.62, 147.86, 173.49.  

(E)-3-((E)-5-(tert-butyl)-3-((E)-2-(3-butyl-1,1-dimethyl-1,3-dihydro-2H-benzo[e]indol-2-

ylidene)ethylidene)-2-chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (151): mp 172 - 174 �( ; 

60% yield; 1H NMR (400MHz, DMSO-d6): �/ 0.98 (t, J = 8.0 Hz, 3H), 1.08 (s, 6H), 1.76 - 1.84 

(m, 2H), 1.97 (s, 9H), 2.24 (d, J = 16.0 Hz, 2H), 2.96 (d, J = 16.0 Hz, 1H), 4.40 (t, J = 8.0 Hz, 2H), 

6.38 (d, J = 16.0 Hz, 1H), 7.53 (t, J = 8.0 Hz, 2H), 7.67 (t, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 

1H), 8.08 (d, J = 12.0 Hz, 1H), 8.11 (d, J = 8.0 Hz, 1H), 8.31 (d, J = 12.0 Hz, 1H), 8.38 (d, J = 

12.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��12.38, 13.62, 17.13, 23.20, 27.55, 28.05, 32.49, 

40.42, 42.40, 45.91, 49.61, 54.83, 100.48, 110.53, 111.26, 111.99, 115.59, 116.98, 117.50, 127.39, 

136.65, 137.68, 142.98, 144.36, 150.74, 159.73, 162.18, 164.79, 171.83, 195.24. 

(E)-3-((E)-5-(tert-butyl)-3-((Z)-2-(3-butylbenzo[d]thiazol-2(3H)-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)-2-cyanoacrylic acid (152): mp 209 - 210 �( ; 60% yield; 1H NMR 

(400MHz, CDCl3): �/ 1.02 - 1.07 (m, 3H), 1.09 (s, 6H), 1.56 (t, J = 8.0 Hz, 2H), 1.63 (s, 3H), 1.88 

- 2.06 (m, 3H), 2.22 - 2.29 (m, 2H), 2.80 (d, J = 12.0 Hz, 1H), 4.39 - 4.52 (m, 2H), 4.91 (t, J = 8.0 

Hz, 2H), 6.28 (d, J = 12.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.52 (q, J = 8.0 Hz, 1H), 7.75 (t, J = 

8.0 Hz, 1H), 7.85 (t, J = 8.0 Hz, 1H), 7.92 �± 8.05 (m, 1H), 8.34 (d, J = 8.0 Hz, 1H); 13C NMR (100 

MHz, DMSO-d6): �/��14.28, 19.99, 20.97, 26.41, 27.52, 29.94, 44.31, 51.21, 101.67, 112.26, 122.78, 

125.56, 126.64, 128.31, 130.40, 130.95, 131.94, 134.11, 140.19, 142.47, 173.98. 

(E)-3-((E)-4-chloro-5-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-1,2,5,6-

tetrahydro-[1,1'-biphenyl]-3-yl)-2-cyanoacrylic acid (153): mp 205 - 206 �( ; 74% yield; 1H NMR 
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(400 MHz, CDCl3): �/ 1.27 (s, 1H), 1.44 (t, J = 7.2 Hz, 3H), 1.77 (s, 6H), 2.77 �± 2.84 (m, 2H), 3.06 

�± 3.16 (m, 2H), 4.15 (d, J = 7.6 Hz, 2H), 6.10 (d, J = 14.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.29 

(d, J = 4.0 Hz, 3H), 7.42 (d, J = 7.2 Hz, 3H), 7.49 (d, J = 4.4 Hz, 3H), 8.47 (d, J = 14.0 Hz, 1H); 

13C NMR (100 MHz, CDCl3): �/��8.97, 12.50, 28.05, 33.94, 38.87, 40.35, 46.57, 49.67, 100.78, 

110.28, 110.53, 112.03, 112.12, 115.61, 115.85, 126.54, 127.26, 127.45, 129.01, 137.65, 143.06, 

143.14, 144.22, 144.39, 150.22, 159.80, 162.25, 172.07. 

(E)-3-((E)-4-chloro-5-(2-((E)-1-ethyl-5-fluoro-3,3-dimethylindolin-2-ylidene)ethylidene)-

1,2,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)-2-cyanoacrylic acid (154): mp 225 - 226 �( ; 76% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.22 - 1.27 (m, 1H), 1.42 (t, J = 7.2 Hz, 3H), 1.76 (s, 6H), 2.76 �± 

2.83 (m, 2H), 3.04 �± 3.09 (m, 2H), 4.16 (q, J = 3.2 Hz, 2H), 6.08 (d, J = 14.0 Hz, 1H), 7.11 �± 7.17 

(m, 5H), 7.38 (d, J = 4.4 Hz, 1H), 7.48 (d, J = 4.4 Hz, 3H), 8.42 (d, J = 14.0 Hz, 1H); 13C NMR 

(100 MHz, CDCl3): �/��12.50, 28.05, 28.08, 33.95, 38.88, 40.34, 49.68, 49.69, 100.78, 110.29, 

110.54, 112.01, 112.10, 115.61, 115.85, 126.55, 127.26, 127.46, 129.01, 137.66, 143.07, 143.15, 

144.23, 144.41, 150.25, 159.80, 162.25, 172.07. 

(E)-3-((E)-5-(2-((E)-5-bromo-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-4-chloro-

1,2,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)-2-cyanoacrylic acid (155): mp 184 - 185 �( ; 71% yield; 

1H NMR (400 MHz, CDCl3): �/ 1.22 - 1.26 (m, 1H), 1.40 (t, J = 7.2 Hz, 3H), 1.75 (s, 6H), 2.75 �± 

2.82 (m, 2H), 3.05 �± 3.15 (m, 2H), 4.18 (t, J = 6.8 Hz, 2H), 6.10 (d, J = 14.0 Hz, 1H), 7.14 (d, J = 

8.4 Hz, 1H), 7.35 �± 7.39 (m, 1H), 7.46 �± 7.48 (m, 3H), 7.49 �± 7.50 (m, 2H), 7.53 �± 7.55 (m, 2H),  

8.40 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��12.60, 13.82, 22.29, 28.73, 28.80, 45.49, 

49.68, 96.68, 110.09, 110.25, 110.65, 112.49, 115.27, 124.38, 128.02, 128.18, 129.54, 133.02, 

140.98, 147.41, 150.31, 153.81, 157.93, 160.61, 171.79. 
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(E)-3-((E)-4-chloro-5-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-

1,2,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)-2-cyanoacrylic acid (156): mp 224 - 226 �( ; 79% yield; 

1H NMR (400 MHz, DMSO-d6): �/ 1.18 �± 1.24 (m, 3H), 1.70 (s, 6H), 2.10 (s, 1H), 2.71 (t, J = 12.8 

Hz, 2H), 3.10 �± 3.17 (m, 2H), 4.22 (s, 2H), 6.35 (d, J = 13.6 Hz, 1H), 7.32 (d, J = 6.4 Hz, 1H), 

7.42 �± 7.45 (m, 2H), 7.48 (d, J = 8.8 Hz, 4H), 7.82 (s, 2H), 8.34 (d, J = 14.0 Hz, 1H); 13C NMR 

(100 MHz, DMSO-d6): �/��9.11, 27.38, 32.46, 33.69, 46.22, 51.11, 102.07, 112.22, 122.78, 125.48, 

126.31, 127.15, 127.84, 127.96, 128.29, 129.03, 130.43, 130.84, 131.97, 134.00, 140.91, 142.34, 

145.41, 147.20, 174.56. 

2-(((E)-2-chloro-3-(2-((E)-1,3,3-trimethylindolin-2-ylidene)ethylidene)cyclohex-1-en-1-

yl)methylene)malononitrile (157): mp 245 - 246 �( ; 74% yield; 1H NMR (400 MHz, CDCl3): �/ 

1.69 (d, J = 9.6 Hz, 2H), 1.74 (s, 6H), 1.99 (s, 2H), 2.77 (s, 2H), 3.77 (s, 3H), 6.24 (d, J = 14.4 Hz, 

1H), 7.20 (d, J = 8.0 Hz, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.40 (t, J = 7.2 Hz, 2H), 7.56 (s, 1H), 8.36 

(d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��20.70, 23.25, 26.78, 28.10, 32.64, 49.24, 

101.66, 110.84, 115.17, 122.16, 123.03, 125.37, 127.73, 128.85, 129.31, 129.92, 140.89, 141.43, 

142.76, 144.39, 150.69, 172.87. 

2-(((E)-2-chloro-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)cyclohex-1-en-1-

yl)methylene)malononitrile (158): mp 238 - 239 �( ; 72% yield; 1H NMR (400 MHz, CDCl3): �/ 

1.24 (t, J = 6.8 Hz, 3H), 1.48 (t, J = 7.2 Hz, 2H), 1.74 (s, 6H), 2.01 (t, J = 5.6 Hz, 2H), 2.78 (t, J = 

5.6 Hz, 2H), 4.28 (q, J = 6.8 Hz, 2H), 6.26 (d, J = 14.4 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.28 (q, 

J = 7.2 Hz, 2H), 7.39 - 7.44 (m, 2H), 8.38 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��

12.52, 20.73, 26.81, 28.09, 29.70, 40.10, 49.37, 101.03, 110.74, 122.33, 125.35, 127.49, 128.89, 

141.16, 141.77, 144.51, 150.65, 171.89. 
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2-(((E)-3-(2-((E)-1-butyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-chlorocyclohex-1-en-1-

yl)methylene)malononitrile (159): mp 237 - 238 �( ; 70% yield; 1H NMR (400 MHz, CDCl3): �/ 

0.86 (t, J = 8.0 Hz, 3H), 1.34 (d, J = 8.0 Hz, 2H), 1.57 (s, 6H), 1.68 (t, J = 4.0 Hz, 4H), 1.84 (t, J 

= 4.0 Hz, 2H), 2.58 (t, J = 8.0 Hz, 2H), 4.03 (t, J = 8.0 Hz, 2H ), 6.06 (d, J = 12.0 Hz, 1H), 7.01 

(d, J = 8.0 Hz, 1H), 7.10 (t, J = 8.0 Hz, 2H), 7.24 (t, J = 8.0 Hz, 2H), 8.20 (d, J = 16.0 Hz, 1H); 

13C NMR (100 MHz, CDCl3): �/��13.96, 20.40, 20.75, 26.70, 28.17, 29.53, 44.87, 49.37, 101.33, 

110.98, 122.31, 125.35, 127.33, 128.83, 141.07, 142.24, 144.34, 150.55, 172.37. 

2-(((E)-3-(2-((E)-1-butyl-5-fluoro-3,3-dimethylindolin-2-ylidene)ethylidene)-2-chlorocyclohex-

1-en-1-yl)methylene)malononitrile (160): mp 225 - 226 �( ;  75% yield; 1H NMR (400 MHz, 

CDCl3): �/ 1.02 (t, J = 7.2 Hz, 3H), 1.50 (q, J = 7.6 Hz, 2H), 1.67 (s, 2H), 1.73 (s, 6H), 1.80 �± 1.89 

(m, 2H), 2.00 (t, J = 5.6 Hz, 2H), 2.75 (t, J = 5.6 Hz, 2H), 4.23 (t, J = 7.2 Hz, 2H), 6.23 (d, J = 

14.0 Hz, 1H), 7.09 - 7.18 (m, 4H), 8.31 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��

13.96, 20.38, 20.70, 26.69, 28.10, 29.48, 45.21, 49.47, 49.49, 101.52, 110.16, 110.41, 112.02, 

112.11, 115.46, 115.70, 127.47, 138.30, 142.94, 143.02, 144.00, 150.40, 159.64, 162.09, 172.10. 

2-(((E)-3-(2-((E)-5-bromo-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)methylene)malononitrile (161): mp 239 - 241 �( ;  74% yield; 1H NMR 

(400 MHz, CDCl3): �/ 1.46 (t, J = 7.2 Hz, 3H), 1.67 (s, 2H), 1.73 (s, 6H), 1.99 (t, J = 5.6 Hz, 2H), 

2.78 (t, J = 5.6 Hz, 2H), 4.29 (q, J = 7.2 Hz, 2H), 6.28 (d, J = 14.4 Hz, 1H), 7.10 (d, J = 8.4 Hz, 

1H), 7.48 - 7.54 (m, 3H), 8.33 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��12.46, 20.63, 

26.86, 28.05, 29.71, 40.44, 49.34, 101.60, 112.26, 118.38, 125.70, 128.38, 131.89, 140.93, 143.06, 

144.49, 150.96, 171.22. 

2-(((E)-2-chloro-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-

ylidene)ethylidene)cyclohex-1-en-1-yl)methylene)malononitrile (162): mp 254 - 255 �( ;  72% 
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yield; 1H NMR (400 MHz, CDCl3): �/ 1.46 (t, J = 7.2 Hz, 3H), 1.68 (s, 2H), 1.73 (s, 6H), 1.99 (t, J 

= 5.6 Hz, 2H), 2.78 (t, J = 5.6 Hz, 2H), 4.29 (q, J = 7.2 Hz, 2H), 6.26 (d, J = 14.0 Hz, 1H), 7.15 

(d, J = 8.4 Hz, 1H), 7.34 - 7.40 (m, 3H), 8.34 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): 

�/��12.46, 20.64, 26.84, 28.04, 29.71, 40.46, 49.36, 101.54, 111.85, 122.87, 128.24, 129.01, 130.91, 

140.44, 142.76, 144.45, 150.90, 171.39. 

2-(((E)-3-((E)-2-(3-butyl-1,1-dimethyl-1,3-dihydro-2H-benzo[e]indol-2-ylidene)ethylidene)-2-

chlorocyclohex-1-en-1-yl)methylene)malononitrile (163): mp 180 - 182 �( ;  68% yield; 1H NMR 

(400 MHz, CDCl3): �/ 1.06 (t, J = 7.2 Hz, 3H), 1.55 (d, J = 7.6 Hz, 2H), 1.61 (s, 2H), 1.93 (t, J = 

7.2 Hz, 4H), 2.06 (s, 6H), 4.28 (d, J = 6.4 Hz, 2H), 6.26 (d, J = 14.0 Hz, 1H), 7.44 (d, J = 8.8 Hz, 

1H), 7.51 (t, J = 7.6 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.98 (d, J = 7.2 Hz, 3H), 8.16 (d, J = 8.4 Hz, 

1H), 8.49 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��14.04, 20.48, 20.93, 26.83, 27.77, 

29.72, 29.87, 45.02, 51.19, 100.89, 110.83, 122.14, 125.18, 127.34, 127.84, 128.16, 130.20, 

130.83, 131.95, 133.91, 139.66, 143.47, 150.11, 173.68. 

(E)-2-cyano-3-((E)-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(4-

(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)acrylic acid (165): mp 187 - 188 �( ; 50% 

yield; 1H NMR (400MHz, DMSO-d6): �/ 1.23 (t, J = 8.0 Hz, 5H), 1.46 (d, J = 12.0 Hz, 2H), 1.61 

(s, 6H), 1.76 (t, J = 8.0 Hz, 2H), 1.86 (s, 1H), 1.96 (d, J = 12.0 Hz, 2H), 3.42 (t, J = 8.0 Hz, 2H), 

3.62 (d, J = 12.0 Hz, 2H), 3.94 (d, J = 12.0 Hz, 2H), 4.03 �± 4.08 (m, 3H), 4.71 (t, J = 4.0 Hz, 1H), 

5.88 (d, J = 12.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 

1H), 7.49 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 12.0 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): �/��11.87, 

21.78, 24.96, 28.53, 30.98, 38.26, 38.62, 48.06, 55.19, 65.84, 95.28, 110.43, 110.50, 110.71, 

110.96, 114.89, 115.13, 123.84, 139.07, 139.76, 142.53, 142.61, 158.25, 160.62, 167.42, 174.53. 
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(E)-3-((E)-3-(2-((E)-5-bromo-1,3,3-trimethylindolin-2-ylidene)ethylidene)-2-(4-

(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (166): mp 212 - 213 �( ; 

54% yield; 1H NMR (400MHz, DMSO-d6): �/ 1.48 (s, 2H), 1.58 (s, 6H), 1.75 (s, 2H), 1.97 (d, J = 

12.0 Hz, 4H), 3.41 (s, 7H), 3.68 (s, 2H), 4.07 (d, J = 8.0 Hz, 2H), 4.69 (s, 1H), 5.75 (t, J = 12.0 

Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 12.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 1H), 7.71 (s, 1H); 

13C NMR (100 MHz, DMSO-d6): �/��21.66, 24.94, 25.74, 28.57, 30.85, 36.31, 38.35, 43.56, 47.56, 

55.19, 65.40, 65.66, 95.16, 111.25, 114.58, 123.78, 125.66, 131.21, 142.54, 143.43, 167.19, 

175.94. 

(E)-3-((E)-3-(2-((E)-5-bromo-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(4-

(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (167): mp 188 - 190 �( ; 

50% yield; 1H NMR (400MHz, DMSO-d6): �/ 1.19 (t, J = 8.0 Hz, 5H), 1.45 (t, J = 12.0 Hz, 2H), 

1.58 (s, 6H), 1.75 (t, J = 8.0 Hz, 2H), 1.91 �± 2.00 (m, 3H), 3.68 (t, J = 12.0 Hz, 3H), 3.98 (d, J = 

8.0 Hz, 5H), 4.10 (d, J = 12.0 Hz, 2H), 5.80 (d, J = 12.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 7.37 

(d, J = 12.0 Hz, 1H), 7.47 (d, J = 12.0 Hz, 2H), 7.72 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��

11.86, 21.78, 24.97, 28.53, 30.98, 38.27, 38.61, 48.07, 55.19, 65.84, 95.29, 110.43, 110.51, 110.70, 

110.95, 114.89, 115.12, 123.87, 139.07, 139.75, 142.54, 142.62, 158.26, 160.63, 167.44, 174.54. 

(E)-3-((E)-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(4-

(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (168): mp 191 - 192 �( ; 

53% yield; 1H NMR (400MHz, DMSO-d6): �/ 1.20 (t, J = 4.0 Hz, 5H), 1.46 (d, J = 12.0 Hz, 2H), 

1.59 (s, 6H), 1.76 (t, J = 8.0 Hz, 2H), 1.92 �± 2.00 (m, 3H), 3.43 (s, 2H), 3.67 (t, J = 12.0 Hz, 2H), 

3.99 (d, J = 8.0 Hz, 3H), 4.08 (d, J = 12.0 Hz, 2H), 4.71 (s, 1H), 5.80 (d, J = 12.0 Hz, 1H), 7.16 

(d, J = 8.0 Hz, 1H), 7.35 �± 7.41 (m, 3H), 7.61 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��11.76, 

21.62, 25.05, 28.46, 28.58, 30.85, 32.92, 37.98, 38.35, 43.57, 47.68, 55.10, 65.67, 94.71, 94.99, 
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110.63, 123.09, 123.73, 126.87, 127.69, 128.47, 128.84, 138.76, 139.77, 141.90, 142.43, 146.15, 

166.14, 175.86. 

(E)-3-((E)-5-(tert-butyl)-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(4-

(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (169): mp 191 - 192 �( ; 

53% yield; 1H NMR (400MHz, DMSO-d6): �/ 1.00 (s, 9H), 1.24 (t, J = 8.0 Hz, 5H), 1.46 (d, J = 

12.0 Hz, 2H), 1.60 (s, 6H), 1.96 �± 2.00 (m, 4H), 2.66 (d, J = 8.0 Hz, 1H), 3.42 (s, 2H), 3.65 (t, J = 

12.0 Hz, 2H), 3.98 (d, J = 12.0 Hz, 2H), 4.04 (t, J = 8.0 Hz, 4H), 4.70 (s, 1H), 5.88 (d, J = 12.0 

Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 2H), 7.49 (d, J = 

8.0 Hz, 1H), 7.52 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��11.76, 21.64, 25.06, 28.58, 30.85, 

38.00, 38.35, 43.58, 47.68, 55.10, 65.67, 94.73, 110.63, 123.08, 123.76, 126.88, 127.68, 128.47, 

128.83, 138.76, 141.90, 142.43, 146.15, 166.15, 175.86. 

(E)-3-((E)-5-(tert-butyl)-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-

2-(4-(hydroxymethyl)piperidin-1-yl)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (170): mp 194 - 

195 �( ; 59% yield; 1H NMR (400MHz, DMSO-d6): �/ 0.98 (s, 9H), 1.20 (t, J = 8.0 Hz, 6H), 1.44 

(t, J = 12.0 Hz, 2H), 1.58 (d, J = 8.0 Hz, 6H), 1.98 (d, J = 12.0 Hz, 4H), 2.62 �± 2.65 (m, 2H), 3.41 

(s, 2H), 3.70 (t, J = 12.0 Hz, 2H), 4.01 (t, J = 4.0 Hz, 2H), 4.06 (d, J = 12.0 Hz, 2H), 4.70 (t, J = 

4.0 Hz, 1H), 5.83 (d, J = 12.0 Hz, 1H), 7.17 (d, J = 12.0 Hz, 2H), 7.34 �± 7.37 (m, 2H), 7.40 (d, J 

= 12.0 Hz, 1H), 7.61 (s, 1H); 13C NMR (100 MHz, DMSO-d6): �/��11.55, 25.73, 26.62, 27.32, 28.58, 

28.66, 31.04, 38.01, 38.42, 43.56, 45.05, 47.71, 55.62, 65.70, 94.52, 110.66, 123.11, 123.77, 

126.94, 128.49, 139.52, 141.85, 142.41, 166.41, 175.75. 

(E)-2-cyano-3-((E)-3-(2-((E)-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(pyridin-4-

ylthio)cyclohex-1-en-1-yl)acrylic acid (172): mp 228 - 230 �( ; 78% yield; 1H NMR (400 MHz, 

CDCl3): �/ 1.46 (t, J = 7.2 Hz, 3H), 1.48 (s, 6H), 2.11 (t, J = 5.6 Hz, 2H), 2.90 (t, J = 5.6 Hz, 4H), 
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4.28 (q, J = 7.2 Hz, 2H), 6.33 (d, J = 14.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.22 �± 7.26 (m, 3H), 

7.32 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 8.44 (d, J = 5.2 Hz, 1H), 8.53 (d, J = 14.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3): �/��12.44, 20.66, 26.79, 28.01, 29.69, 40.47, 49.48, 101.20, 

110.22, 110.47, 111.78, 111.86, 115.50, 115.74, 127.60, 137.81, 143.03, 143.11, 144.20, 150.54, 

159.68, 162.12, 171.64. 

(E)-3-((E)-3-(2-((E)-1-butyl-3,3-dimethylindolin-2-ylidene)ethylidene)-2-(pyridin-4-

ylthio)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (173): mp 234 - 235 �( ; 78% yield; 1H NMR (400 

MHz, CDCl3): �/ 1.02 (t, J = 7.6 Hz, 3H), 1.47 (s, 6H), 1.81 (t, J = 7.6 Hz, 4H), 2.11 (t, J = 5.6 Hz, 

2H), 2.87 (t, J = 5.6 Hz, 2H), 4.20 (t, J = 7.6 Hz, 4H), 6.32 (d, J = 14.4 Hz, 1H), 7.14 (d, J = 8.0 

Hz, 1H), 7.20 (d, J = 5.6 Hz, 2H), 7.24 (d, J = 7.2 Hz, 1H), 7.31 (d, J = 7.2 Hz, 2H), 7.38 (t, J = 

7.6 Hz, 2H),  8.44 (d, J = 4.8 Hz, 1H), 8.52 (d, J = 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): �/��

13.93, 20.38, 20.73, 26.89, 27.83, 29.59, 44.97, 49.24, 102.19, 111.00, 120.51, 122.22, 125.43, 

128.77, 134.13, 141.17, 142.16, 145.11, 146.61, 148.95, 149.59, 172.45. 

(E)-3-((E)-5-(tert-butyl)-3-(2-((E)-5-chloro-1-ethyl-3,3-dimethylindolin-2-ylidene)ethylidene)-

2-(pyridin-4-ylthio)cyclohex-1-en-1-yl)-2-cyanoacrylic acid (174): mp 229 - 230 �( ; 75% yield; 

1H NMR (400MHz, CDCl3): �/ 1.18 (s, 9H), 1.27 (s, 1H), 1.46 (t, J = 8.0 Hz, 6H), 2.06 (s, 2H), 

2.37 - 2.44 (m, 2H), 3.00 (d, J = 12.4 Hz, 2H), 4.20 �± 4.37 (m, 3H), 6.26 (d, J = 14.0 Hz, 1H), 7.15 

(d, J = 8.4 Hz, 1H), 7.22 (d, J = 5.6 Hz, 1H), 7.27 (d, J = 4.0 Hz, 2H), 7.36 �± 7.38 (m, 2H), 8.52 

(d, J = 14.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): �/��12.47, 27.63, 27.77, 27.97, 29.70, 32.69, 

33.11, 40.64, 42.61, 49.23, 49.35, 101.84, 102.52, 112.06, 112.55, 118.63, 120.55, 122.83, 125.48, 

129.03, 131.15, 131.84, 134.99, 140.28, 141.81, 142.79, 145.19, 147.26, 148.70, 149.66, 171.58, 

172.35. 
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3 CONCLUSION 

Herein, a series of thirty-nine donor-�a-acceptor fluorophores were synthesized. The 

fluorophores have three donor units as indole, benzothiazole and benzo(e)indole, Vilsmeier Haack 

linker as �a-linker unit with hydrogen, t-butyl and phenyl substitution at 4th position and two 

acceptor units as cyanoacetic and malononitrile. In addition, the chlorine at meso-position of the 

�a-linker unit was replaced with various nucleophiles such as piperidin-4-ylmethanol and pyridine-

4-thiol via unimolecular radical nucleophilic substitution (SRN1) mechanism.  

The synthesized fluorophores were characterized by 1H NMR and 13C NMR. The purity of 

the fluorophores was confirmed by low range of melting points. The TD-DFT study showed that 

the charge transfer occurs from HOMO to LUMO dominantly and predicted absorbance and 

emission maxima of the fluorophores. The DFT study showed that the fluorophores have low band 

gap corresponding to absorbance and emission in longer wavelengths. When tested optically, the 

fluorophores showed absorbance and emission in NIR region. the values obtained experimentally 

were different from the computed values, however, they are following the same trend. The 

absorbance maxima and molar extinction coefficients (�Å) of the fluorophores were measured in 

four different solvents as methanol, ethanol, acetonitrile and DMSO. The absorbance wavelength 

was increased for the fluorophores with longer alkyl chain. The fluorine substituent in the indole 

ring of the fluorophores when replaced by bromine and chlorine increases the absorbance maxima 

because of more electron withdrawing ability of fluorine. The donor unit when changed from 

indole to benzothiazole and benzo(e)indole, respectively increased the absorbance maxima due to 

increase in �a-conjugation and effective ICT. The fluorophores containing cyanoacetic acid and 

malononitrile as acceptor units showed similar absorbance maxima but decreased molar extinction 

coefficients. The various substituents such as hydrogen, t-butyl and phenyl at 4th position of the �a-
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linker did not affect the absorbance maxima but the molar extinction coefficient was decreased for 

t-butyl and phenyl substitution. The fluorophores containing pyridine-4-thiol at the meso-position 

of the �è-linker have absorbance red shifted by 15 �± 20 nm due to increase in conjugation. Most 

importantly, the fluorophores containing piperidin-4-ylmethanol at the meso-position of the �è-

linker have blue shifted absorbance maxima and decreased molar extinction coefficients (�Å), but 

the emission is increased resulting in higher Stokes shift. This is due to the participation of nitrogen 

in excited state ICT. The quantum yield is also increased for these fluorophores. All the 

fluorophores showed better photothermal stability as compared with the FDA approved ICG. With 

the good optical properties of all the synthesized donor-�a-acceptor fluorophores, they could 

potentially be used for bioimaging applications. The biodistribution study was done in 

collaboration with Dr, Hak Soo and the fluorophores mainly targeted adrenal gland, gall bladder, 

lymph node, bone marrow, thyroid gland, pituitary gland and brain. The overall distribution was 

in different organs and tissues such as kidney, lung liver, heart, pancreas, spleen. Most of the 

fluorophores were cleared through renal and hepatobiliary route. 
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APPENDICES  

Appendix A. Optical properties 

Appendix A.1. Absorbance and molar absorptivity coefficients 
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Fluorophore 140 
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Appendix A.2. Normalized absorbance and emission graphs in ethanol 
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Appendix A.3. Solvatochromism 
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Appendix A.4. Photothermal stability 
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Appendix  B DFT study graphs 
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Appendix C 1H NMR and 13C NMR spectra 
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