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Abstract  22 
Structure-fluorescence properties of new synthesized 3-aryl-7-benzoyl-pyrrolo[1,2-23 
c]pyrimidines were measured in order to correlate the nature of the substituents with the 24 
absorption and emission features (absorption intensity, fluorescence quantum yield, Stokes 25 
shifts, fluorescence quenching in presence of inhibitors). The influence of the solvent on the 26 
fluorescence of the title compounds was investigated by multiple linear regressions, 27 
connecting the polarity of different solvents with the luminescent properties. Some of the new 28 
pyrrolo[1,2-c]pyrimidines show strong fluorescence in the blue region of the visible 29 
spectrum, making them potential candidates for OLED technology or advanced materials.  30 
 31 
Keywords: pyrrolo[1,2-c]pyrimidines, fluorescence, quantum yield, Stokes shift, solvent 32 
polarity functions 33 
 34 
1. Introduction 35 
Fluorescence is an important property [1] of organic molecules, very useful in designing 36 
advanced materials for practical applications such as OLEDs [2], dye-sensitized solar cells 37 
[3,4], bioimaging [5], chemical sensors [6] or even for the study of supramolecular structures 38 
by fluorescence resonance energy transfer [7]. Small nitrogen containing molecules from the 39 
class of N-bridgehead heterocycles are promising candidates for important fluorescence 40 
applications [8-10]. In this class, pyrrolo[1,2-c]pyrimidines have shown interesting biological 41 
activity [11,12], the same heterocyclic moiety being found in the structures of several natural 42 
compounds [13,14]. However, the literature is rather scarce in what concerns the 43 
photophysical properties of these compounds, even if the interest in their synthetic strategies 44 
is permanent [15-20]. Among the synthetic methods of the pyrrolo[1,2-c]pyrimidines, the 45 
1,3-dipolar cycloaddition of the corresponding N-ylides has  been found especially 46 
advantageous [21-24]. 47 
The effect of the solvent on excitation and emission properties of organic compounds is also 48 
a current subject of interest [25]. When the photon excites a molecule, a redistribution of 49 
charges occurs. This can lead to the change of the dipole moment in the excited state, which 50 
offers information about the molecule electronic structure and geometry. The method used 51 



2 
 

for calculation of the dipole moment is based on the spectral shifts [26,27]. The position, 52 
shape and intensity of the bands in excitation and emission spectra of a molecule change in 53 
solvents with different polarity. This phenomenon can be attributed to the solvent – solute 54 
interactions, which can be non-specific (electrostatic interaction) or specific (hydrogen 55 
bonding) [28-31]. 56 
Organic molecules which have the property to change their colour in presence of solvents 57 
with different polarity are potential candidates as environment-sensitive fluorescent probes 58 
[1,2]. If the fluorophores possess photo-switching ability, they can be used as molecular 59 
probes for super-resolution fluorescence microscopes [32,33]. 60 
Several electrochemical and fluorescence measurements [34-36] have been conducted in our 61 
group as part of the general interest in finding and describing the applicative properties of 62 
pyrrolopyrimidines. A series of 3-aryl-7-benzoyl-pyrrolo[1,2-c]pyrimidines in which the 3-63 
aryl ring is substituted with methoxy groups (which were proved to have high enhancing 64 
effect on the photophysical features of pyrrolo[1,2-c]pyrimidines [35]) have been synthesized 65 
and investigated. The compounds described in this paper have additional structural changes 66 
given by substitution of the benzoyl moiety in C-7 [37,38]. The structural effect of 67 
substitution was quantified by fluorescence properties (quantum yield, Stokes shifts and 68 
fluorescence quenching). The correlation between substituents and excitation/fluorescence 69 
spectra of the studied compounds are discussed herein. The influence of the solvent polarity 70 
was also investigated. 71 
 72 
2. Materials and methods 73 
2.1. Equipment, materials and methods 74 
Melting points were determined on Boëtius hot plate microscope. Elemental analysis was 75 
carried out on COSTECH Instruments EAS32 apparatus. IR spectra were recorded in KBr 76 
pellets on Bruker Vertex 70 ATR or Nicolet Impact 410 spectrometers. NMR spectra were 77 
recorded on Varian Gemini 300 BB, operating at 300 MHz for 1H-NMR and 75 MHz for 13C-78 
NMR or on Bruker Advance III 400 instrument, operating at 400 MHz for 1H-NMR and 100 79 
MHz for 13C-NMR.  JASCO V550 spectrophotometer has been used to record UV-Vis 80 
spectra. Quartz cuvettes with 1 cm optical path length where used for the measurements 81 
performed in solution. Jasco FP6500 spectrofluorometer was used to measure excitation and 82 
emission spectra applying a reading angle of 90º. Refractive indices were measured at 25oC 83 
using Abbe refractometer (from CETI Belgium). Quantum yields were calculated using 84 
quinine sulphate as standard [36]. The spectra were recorded in chloroform (CHCl3), 85 
dichloromethane (CH2Cl2), acetonitrile (CH3CN) or dimethyl sulfoxide (DMSO) of 86 
spectrophotometric quality. High resolution MS spectra have been recorded on Bruker Maxis 87 
II QTOF spectrometer with electrospray ionization (ESI) in the positive mode.  88 
 89 
 90 
2.2. Main characteristics of  the new 3-aryl-7-benzoyl-pyrrolo[1,2-c]pyrimidines 91 

The new pyrrolo[1,2-c]pyrimidines have been synthesized by a previously reported general 92 
synthetic procedure based on the 1,3-dipolar cycloaddition reactions of N-heterocyclic ylides, 93 
generated in situ from the corresponding N-heterocycle  quaternary salts in the presence of 94 
epoxides as acid scavengers and reaction medium, with activated acetylenes [39,40]. All 95 
reactions have been performed in the presence of 1,2-epoxybutane at reflux temperature 96 
starting from 2.5 mmol of pyrimidinium quaternary salts [21,23,24]. Their main 97 
characteristics are given below. 98 
 99 
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Ethyl 3-(2,4-dimethoxyphenyl)-7-(4-methylbenzoyl)pyrrolo[1,2-c]pyrimidine-5-carboxylate 100 
3a: yellow crystals; 0.53 g (48 %). IR (ν, cm-1): 2985, 1686, 1612, 1572, 1523, 1472, 1408, 101 
1349, 1327, 1299, 1257, 1206, 1087. 1H NMR (δ, 300 MHz, CDCl3):1.44 (t, 3H, J = 7.1 Hz, 102 
CH3); 2.46 (s, 3H, CH3); 3.87, 3.97 (2s, 6H, 2MeO); 4.40 (q, 2H, J = 7.1 Hz, CH2); 6.57 (d, 103 
1H, J = 2.5 Hz, H-3’); 6.64 (dd, 1H, J = 8.2, 2.5 Hz, H-5’); 7.33 (d, 2H, J = 8.8 Hz, H-2”, H-104 
6”); 7.76 (d, 2H, J = 8.2 Hz, H-3”, H-5”); 7.83 (s, 1H, H-6); 8.22 (d, 1H, J = 8.8 Hz, H-6’); 105 
8.90 (d, 1H, J = 1.5 Hz, H-4); 10.52 (d, 1H, J = 1.5 Hz, H-1). 13C NMR (δ, 75 MHz, CDCl3): 106 
14.7 (CH3); 21.7 (CH3); 55.6, 55.7 (2MeO); 60.4 (CH2); 99.0 (C-3’); 105.3 (C-5’); 106.6 (C-107 
5); 112.2 (C-4); 118.8 (C-1’); 122.2 (C-7); 129.5 (C-6, C-3”, C-5”); 130.1 (C-2”, C-6”); 108 
132.3 (C-6’); 140.3 (C-1); 136.6, 140.6, 142.6, (C-4a, C-1”, C-4”); 147.5 (C-3);159.4, 162.2 109 
(C-2’, C-4’); 163.9 (COO);185.0 (COAr). HRMS-ESI (m/z): [M+H] + for C26H24N2O5, calcd. 110 
445.17580, found 445.17590; Elem. anal.: calcd. for C26H24N2O5 (444,48): C 70.26, H 5.44, 111 
N 6.30; found C 70.37, H 5.53, N 6.22. 112 
Ethyl 3-(3,4-dimethoxylphenyl)-7-(4-fluorobenzoyl)pyrrolo[1,2-c]pyrimidine-5-carboxylate 113 
3b: yellow crystals; 0.56 g (50 %). IR (ν, cm-1): 2949, 1697, 1618, 1597, 1505, 1476, 1411, 114 
1330, 1270, 1229, 1197, 1151,1084. 1H NMR (δ, 300 MHz, CDCl3): 1.43 (t, 3H, J = 7.1 Hz, 115 
Me); 3.95, 4.01 (2s, 6H, 2MeO); 4.41 (q, 2H, J = 7.1 Hz, CH2); 6.96 (d, 1H, J = 8.4 Hz, H-116 
5’); 7.21 (t, 2H, J = 8.5 Hz, H-3”, H-5”); 7.70 (d, 1H, J = 2.1 Hz, H-2’); 7.73-7.76 (m, 3H, H-117 
6’, H-6); 7.85-7.90 (m, 2H, H-2”, H-6”); 8.50 (d, 1H, J = 1.5 Hz, H-4); 10.49 (d, 1H, J = 1.5 118 
Hz, H-1); 13C NMR (δ, 75 MHz, CDCl3): 14.6 (Me); 56.1 (2MeO); 60.6 (CH2); 106.7 (C-5); 119 
107.4 (C-4); 109.8 (C-2’); 111.3 (C-5’); 115.7 (J= 22.0 Hz, C-3”, C-5”); 119.9 (C-6’): 122.0 120 
(C-7); 129.4 (C-1’); 129.9 (C-6);131.5 (J= 8.1 Hz, C-2”, C-6”) 140.7 (C-1);135.3, 141.2, 121 
149.4, 149.8, 151.1 (C-3, C-4a, C-3’, C-4’, C-1”); 165.1 (J = 251.9 Hz, C-4”); 163.7 122 
(CO2Et); 183.7 (COAr). HRMS-ESI (m/z): [M+H] + for C25H21FN2O5, calcd. 449.15073, 123 
found 449.15095; Elem. anal.: calcd. for C25H21FN2O5(448.44): C 66.96, H 4,72, N 6.25; 124 
found C 66.89, H 4.67, N 6.31. 125 
Ethyl 3-(3,4-dimethoxylphenyl)-7-(2,4-dimethoxybenzoyl)pyrrolo[1,2-c]pyrimidine-5-126 
carboxylate 3d: yellow crystals; 0.57 g (47 %). IR (ν, cm-1): 1692, 1619, 1599, 1476, 1329, 127 
1266, 1200.1H NMR (δ, 300 MHz, CDCl3): 1.42 (t, 3H, J = 7.1 Hz, Me); 3.84, 3.96, 4.00, 128 
4.03 (4s, 12H, 4MeO); 4.40 (q, 2H, J = 7.1 Hz, CH2);6.57 (s, 1H, H-3”); 6.99 (d, 1H, J = 8.4 129 
Hz, H-5’); 7.73 (d, 1H, J = 2.1 Hz, H-2’); 7.76-7.79 (m, 3H, H-6’, H-5”, H-6”); 7.53 (s, 1H, 130 
H-6); 8.46 (d, 1H, J = 1.5 Hz, H-4); 10.52 (d, 1H, J = 1.5 Hz, H-1); 13C NMR (δ, 75 MHz, 131 
CDCl3): 14.5 (Me); 56.0, 56.1, 56.2, 56.4 (4MeO); 60.4 (CH2); 96.7 (C-3”); 106.6 (C-5); 132 
107.4 (C-4); 109.8 (C-2’); 111.2 (C-5’); 119.9 (C-6’):122.5 (C-7); 130.2, 133.7 (C-6, C-5”, 133 
C-6”);140.7 (C-1);101.9, 129.4, 141.0, 149.3, 149.8, 150.9, 158.1, 158.6 (C-3, C-4a, C-1’, C-134 
3’, C-4’, C-1”, C-2”, C-4”); 163.7 (CO2Et); 182.5 (COAr). HRMS-ESI (m/z): [M+H] + for 135 
C27H26N2O7, calcd. 491.181278, found 491.05077; Elem. anal.: calcd. for C27H26N2O7 136 
(490.50): C 66.11, H 5.34, N 5.71; found C 66.20, H 5.39, N 5.60. 137 
Dimethyl 3-(2-methoxyphenyl)-7-benzoyl-pyrrolo[1,2-c]pyrimidine-5,6-dicarboxylate 3e: 138 
yellow crystals; 0.43 g (39%). IR (ν, cm-1): 2945, 1746, 1697, 1626, 1518, 1490, 1448, 1382, 139 
1344, 1303, 1265, 1202, 1167, 1108.1H NMR (δ, 300 MHz, CDCl3): 3.34, 3.91, 3.99 (3s, 6H, 140 
3MeO); 7.06 (dd, 1H, J = 8.3, 1.1 Hz, H-3’); 7.13 (td, 1H, J = 7.8, 1.1 Hz, H-5’);7.41-7.61 141 
(2m, 4H, H-4’, H-3”, H-4”, H-5”); 7.71-7.74 (m, 2H, H-2”, H-6”); 8.18 (dd, 1H, J = 7.8, 1.8 142 
Hz, H-6’); 8.95 (d, 1H, J = 1.5 Hz, H-4); 10.30 (d, 1H, J = 1.5 Hz, H-1). 13C NMR (δ, 75 143 
MHz, CDCl3): 51.7, 52.3, 55.6 (3MeO); 104.7 (C-5); 111.5 (C-3’); 113.5 (C-4); 120.2 (C-7); 144 
121.1, 130.9, 131.0 (C-4’, C-5’, C-6’); 128.1, 128.6, 132.1 (C-2”, C-3”, C-4”, C-5”, C-6”); 145 
125.5, 132.8, 138.9, 139.0 (C-4a, C-6, C-1’, C-1”); 139.7 (C-1); 147.9 (C-3); 157.9 (C-2’); 146 
162.9, 164.5 (2COO); 186.3 (COAr). HRMS-ESI (m/z): [M+H] + for C25H20N2O6, calcd. 147 
445.13941, found 445.13861; Elem. anal.: calcd. for C25H20N2O6 (444.44): C 67.56, H 4.54, 148 
N 6.30; found C 67.63, H 4.61, N 6.22. 149 
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Diethyl 3-(3-methoxyphenyl)-7-(3-nitrobenzoyl)pyrrolo[1,2-c]pyrimidine-5,6-carboxylate 3f: 150 
yellow crystals; 0.66 g (51%). IR (ν, cm-1): 2986, 1732, 1707, 1619, 1530, 1493, 1439, 1340, 151 
1224, 1197, 1118. 1H NMR (δ, 400 MHz, CDCl3): 1.09, 1.40 (2t, 6H, J = 7.1 Hz, 2CH3); 3.92 152 
(s, 3H, MeO); 3.71, 4.37 (2q, 4H, J = 7.1 Hz, 2CH2); 7.03-7.06 (m, 1H, H-4’); 7.44 (t, 1H, J 153 
= 7.8 Hz, H-5’); 7.66-7.75 (m, 3H, H-2’, H-6’, H-5”);8.04-8.07 (m, 1H, H-6”); 8.42-8.45 (m, 154 
1H, H-4”); 8.57 (t, 1H, J = 1.8 Hz, H-2”); 8.65 (d, 1H, J = 1.5 Hz, H-4); 10.37 (d, 1H, J = 1.5 155 
Hz, H-1). 13C NMR (δ, 100 MHz MHz, CDCl3): 13.5, 14.3 (2Me); 55.5 (MeO);61.0, 62.3 156 
(2CH2), 105.7 (C-5); 108.9 (C-4); 112.5, 116.5 (C-2’, C-4’), 123.6 (C-4”); 126.4, 129.5 134.3 157 
(C-2”, C-5”, C-6”); 119.3, 130.1 (C-5’, C-6’); 119.1, 133.8, 137.4, 140.1, 140.2, 150.6 (C-4a, 158 
C-6, C-7, C-1’, C-1”, C-3”);140.3 (C-1);147.7 (C-3);160.2 (C-3’); 162.2, 164.0 (2COO); 159 
183.5 (COAr); HRMS-ESI (m/z): [M+Na]+ for C27H23N3O8, calcd. 540.13774, found 160 
540.13834; Elem. anal.: calcd. for C27H23N3O8 (517.49): C 62.66, H 4.48, N 8.12; found C 161 
62.74, H 4.52, N 8.03. 162 
Dimethyl 3-(2,4-dimethoxyphenyl)-7-(4-bromobenzoyl)pyrrolo[1,2-c]pyrimidine-5,6-163 
dicarboxylate 3g: yellow crystals;0.57 g (41%). IR (ν, cm-1): 2945, 1739, 1704, 1605, 1502, 164 
1446, 1386, 1292, 1261, 1201, 1177, 1106.1H NMR (δ, 400 MHz, CDCl3): 3.41, 3.89, 3.90, 165 
3.98 (2s, 6H, 2MeO); 6.58 (d, 1H, J = 2.5 Hz, H-3’); 6.66 (dd, 1H, J = 8.2, 2.5 Hz, H-5’);7.57 166 
(d, 2H, J = 8.8 Hz, H-2”, H-6”); 7.62 (d, 2H, J = 8.8 Hz, H-3”, H-5”); 8.24 (d, 1H, J = 8.8 167 
Hz, H-6’); 8.93 (d, 1H, J = 1.5 Hz, H-4); 10.25 (d, 1H, J = 1.5 Hz, H-1); 13C NMR (δ, 100 168 
MHz MHz, CDCl3): 51.8, 52.5 (2Me); 55.5, 55.6 (MeO); 98.92 (C-4”) 104.5 (C-5); 105.3 (C-169 
4); 130.1, 132.2 (C-2”, C-3”, C-5”, C-6”); 112.1, 133.1 (C-5’, C-6’); 118.1, 119.6, 127.0, 170 
137.7, 139.6 (C-4a, C-6, C-7, C-1’, C-1”); 139.7 (C-1);148.1 (C-3); 159.4 (C-2’); 162.4 (C-171 
4’); 162.9, 164.6 (2COO); 184.9 (COAr); ); HRMS-ESI (m/z): [M+H]+ for C26H21BrN2O7, 172 
calcd. 553.06049; 555.05888, found 553.06020; 555.05848; Elem. anal.: calcd. for 173 
C26H21BrN2O7 (553.36): C 56.43, H 3.82, N 5.06; found C 56.38, H 3.76, N 5.11. 174 
Diethyl 3-(3,4-dimethoxylphenyl)-7-(3-nitrobenzoyl)pyrrolo[1,2-c]pyrimidine-5,6-175 
dicarboxylate 3h: yellow crystals; 0.57 g (43 %). (ν, cm-1): 2991, 1731, 1689, 1617, 1531, 176 
1504, 1435, 1401, 1384, 1348, 1331, 1256, 1222, 1200. 1H NMR (δ, 400 MHz, CDCl3): 1.08, 177 
1.39 (2t, 6H, J = 7.1 Hz, 2CH3); 3.98, 4.03 (2s, 6H, 2MeO); 3.70, 4.38 (2q, 4H, J = 7.1 Hz, 178 
2CH2); 7.00 (d, 1H, J = 8.4 Hz, H-5’); 7.69 (t, 1H, J = 8.00 Hz, H-5”); 7.74-7.77 (m, 2H, , H-179 
2’, H-6’); 8.03-8.05, 8.42-8.44 (2m, 2H, H-4”, H-6”); 8.55 (t, 1H, J = 1.1 Hz, H-2”); 8.58 (d, 180 
1H, J = 1.5 Hz, H-4); 10.35 (d, 1H, J = 1.5 Hz, H-1); 13C NMR (δ, 100 MHz MHz, CDCl3): 181 
13.5, 14.2 (2Me); 56.0 (MeO);61.0, 62.2 (2CH2), 105.1 (C-5); 107.4 (C-4); 109.8, 111.3, 182 
120.1 (C-2’ C-5’, C-6’); 123.6 (C-4”); 126.3, 129.5 134.3 (C-2”, C-5”, C-6”); 119.0, 128.8, 183 
133.9, 140.3, 140.5, 149.4 (C-4a, C-6, C-7, C-1’, C-1”, C-3”);140.3 (C-1);147.6 (C-184 
3);150.3,151.3 (C-3’, C-4’); 162.3, 164.0 (2COO); 183.4 (COAr); HRMS-ESI (m/z): [M+H] + 185 
for C28H25N3O9, calcd. 548.16636, found 548.16741; Elem. anal.: calcd. for C28H25N3O8 186 
(531.51): C 63.27, H 4.74, N 7.91; found C 63.38, H 4.68, N 7.82. 187 
Dimethyl 3-(3,4-dimethoxylphenyl)-7-(2,4-dimethoxybenzoyl)pyrrolo[1,2-c]pyrimidine-5,6-188 
dicarboxylate 3i: yellow crystals; IR (ν, cm-1): 1701, 1610, 1504, 1475, 1329, 1267, 1199. 1H 189 
NMR (δ, 300 MHz, CDCl3): 3.47, 3.81, 3.89, 3.98, 3.99, 4.04 (6s, 18H, 6MeO); 6.49 (s, 1H, 190 
H-3”); 7.01 (d, 1H, J = 8.4 Hz, H-5’); 7.73 (d, 1H, J = 2.1 Hz, H-2’); 7.76-7.79 (m, 3H, H-6’, 191 
H-5”, H-6”); 8.52 (d, 1H, J = 1.5 Hz, H-4); 10.49 (d, 1H, J = 1.5 Hz, H-1); 13C NMR (δ, 75 192 
MHz, CDCl3): 51.9, 52.6, 56.0 (2C) 56.1, 56.4 (6MeO); 96.0 (C-3”); 107.3 (C-4); 109.8 (C-193 
2’); 111.1 (C-5’); 120.0 (C-6’): 122.8 (C-7); 133.2, 133.4 (C-5”, C-6”); 139.8 (C-1); 101.2, 194 
104.2, 120.6, 129.0, 140.5, 149.3, 150.3, 151.0, 158.7, 158.8 (C-3, C-4a, C-5, C-6, C-1’, C-195 
3’, C-4’, C-1”, C-2”, C-4”);162.9, 164.6 (2CO2Me);182.8 (COAr). Elem. anal.: calcd. for 196 
C26H24N2O5: C 70.26, H 5.44, N 6.30; found C 70.42, H 5.65, N 6.17. 197 
Dimethyl 3-(3-methylphenyl)-7-(3-nitrobenzoyl)pyrrolo[1,2-c]pyrimidine-5,6-dicarboxylate 198 
3j: yellow crystals; 0.52 g (44 %). IR (ν, cm-1): 2955, 1747, 1709, 1620, 1600, 1530, 1496, 199 
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1447, 1424, 1387, 1339, 1248, 1209, 1119. 1H NMR (δ, 300 MHz, CDCl3): 2.47 (s, 3H, Me); 200 
3.92 (s, 6H, 2MeO); 7.31-7.33 (m, 1H, H-4’); 7.42 (t, 1H, J = 7.6 Hz, H-5’); 7.70 (t, 1H, J = 201 
8.0 Hz, H-3”);7.95-7.99 (m, 3H, H-2’, H-6’);8.03-8.06 (m, 1H, H-6”); 8.43-8.46 (m, 1H, H-202 
4”);8.56 (t, 1H, J = 1.8 Hz, H-2”); 8.61 (d, 1H, J = 1.5 Hz, H-4); 10.38 (d, 1H, J = 1.5 Hz, H-203 
1).13C NMR (δ, 75 MHz, CDCl3): 21.5 (Me); 52.0, 52.5 (2MeO); 105.3 (C-5); 108.6 (C-4); 204 
123.5, 124.2 (C-4’, C-4”); 126.4, 131.1, 134.2 (C-2”, C-5”, C-6”); 127.7, 129.0, 129.5 (C-2’, 205 
C-5’, C-6’); 119.1, 133.6, 136.0, 138.9, 140.2, 140.3, 151.3 (C-4a, C-6, C-7, C-1’, C-1”, C-206 
3’, C-3”);140.1 (C-1);147.7 (C-3);162.6, 164.3 (2COO); 183.4 (COAr). HRMS-ESI (m/z): 207 
[M+H] + for C25H19N3O7, calcd. 474.12958, found 474.13102; Elem. anal.: calcd. for 208 
C25H19N3O7 (473.43): C 63.42, H 4.05, N 8.87; found C 63.35, H 4.13, N 8.76. 209 
 210 
3. Results and Discussion 211 
3.1. Synthesis of pyrrolo[1,2-c]pyrimidines  212 
The pyrrolo[1,2-c]pyrimidines 3a-j have been synthesized (Scheme 1) starting from the 213 
pyrimidinium bromides 1 by 1,3-dipolar cycloaddition with the alkyne dipolarophiles 2 in 214 
1,2-epoxybutane as reaction medium and acid scavenger [21,23,24]. Their structures are 215 
presented in Table 1. In view of future exploitation of these compounds in the field of bio-216 
imaging investigations a study of their photophysical properties has been undertaken.  217 

 218 
 219 

Scheme 1. Synthesis of the pyrrolo[1,2-c]pyrimidines 3a-j 220 
 221 

Table 1. Substituents of the pyrrolo[1,2-c]pyrimidines and their melting points 222 
Compound R1 R2 R3 R4 m.p.(oC) 

3a 2,4-diMeO-C6H3 4-Me-C6H4 CO2Et H 197-199 
3b 3,4-diMeO-C6H3 4-F-C6H4 CO2Et H 223-225 
3c 3,4-diMeO-C6H3 4-Me-C6H4 CO2Et H 193-195* 
3d 3,4-diMeO-C6H3 2,4-diMeO-C6H3 CO2Et H 238-241 
3e 2-MeO-C6H4 C6H5 CO2Me CO2Me 166-168 
3f 3-MeO-C6H4 3-NO2-C6H4 CO2Et CO2Et 180-182 
3g 2,4-diMeO-C6H3 4-Br-C6H4 CO2Me CO2Me 209-211 
3h 3,4-diMeO-C6H3 3-NO2-C6H4 CO2Et CO2Et 221-223 
3i 3,4-diMeO-C6H3 2,4-diMeO-C6H3 CO2Me CO2Me 201-203 
3j 3-Me-C6H4 3-NO2-C6H4 CO2Me CO2Me 230-231 

*reference [24] 223 
 224 
3.2. UV-Vis and fluorescence spectra  225 
The photophysical properties of compounds 3a-j have been studied in different solvents. 226 
Figures 1 and 2 show their absorption and emission spectra, respectively, in chloroform, and 227 
Table 2 gives their spectral parameters. The spectra of the compounds were initially 228 
measured in chloroform. Compounds 3a-d (group (a) in Table 2) have clearly shown higher 229 
fluorescence than compounds 3e-j (group (b) in Table 2) (Figure 1). Consequently, the 230 
studied compounds were divided into two groups (Table 2): (a) and (b), according to the 231 
substituent R4 at C-6 of the pyrrolo[1,2-c]pyrimidine framework: R4 = -H for group (a) and 232 
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R4 = -COOMe(or -COOEt) for group (b). This division agrees with the entire range of 233 
fluorescence properties, as it will be shown below.  234 
The absorption spectra of compounds 3a-j (Figure 1) display two main domains. In the first 235 
domain, the maximum wavelength λabs1 varies in the range 242-275 nm and corresponds to 236 
conformers with a lower conjugation, by not-involving the R1 group in the conjugation due to 237 
the rotation outside the plane related to the pyrrolo[1,2-c]pyrimidine cycle.  238 
In the second one, , the maximum wavelength λabs2 varies between 386 and 405 nm and 239 
corresponds to compounds with a larger conjugation chain, in which the substituent R1 also 240 
participates. The ratio of the two types of conformers varies in both groups depending of the 241 
structure of R1 and also of R3. 242 
The values of the extinction coefficient (ε) for each compound at the main wavelengths (ε1 at 243 
λmax1 and ε2 at λmax2) are given in Table 2. The extinction coefficients were calculated using 244 
the slopes of linear absorbance - concentration dependences. 245 

  
Figure 1. Absorption spectra of chloroform solutions (5µmol/L) for compounds 3a-j 246 
unsubstituted at C-6 (group (a)) and with an ester COOR attached to C-6 (group (b))  247 
 248 
The emission spectra, recorded in chloroform for the compounds 3a-j are shown in Figure 2. 249 
The emission spectra were obtained by exciting the molecules at λabs2 at which a higher 250 
intensity of the fluorescence was obtained (as shown in Figure 2 inset for compound 3c : 251 
fluorescence(λabs2) > fluorescence(λabs1). 252 
A main emission band can be seen in the region 437–463 nm, corresponding to the blue 253 
region of the visible spectrum. The spectroscopic features for fluorescence of 3a-j are 254 
summarized in Table 2 together with the wavelengths for the main UV-Vis bands (λabs1, λabs2) 255 
and extinction coefficients (ε1, ε2). 256 
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Figure 2. Emission spectra in chloroform solutions (1µmol/L) of compounds 3a-j with (a) R4 257 
= H (group (a)) and (b) R4 = COOR (group (b)); Figure 2a inset: fluorescence emission for 258 
different absorption wavelengths: λabs1 = 275 nm (red) and λabs2 = 397 nm (black) for 259 
compound 3c.  260 
 261 
Table 2 Absorption and fluorescence parameters for compounds 3a-j in chloroform solutions 262 
(10-6 M)*. Compounds of type a and b are on pink and blue backgrounds, respectively 263 

Cpd 
R4 λabs1 

(nm) ε1
* 

λabs2 
(nm) ε2

* 
λem 

(nm) 
%

1ν∆  
(cm-1) 

%
2ν∆  

(cm-1) 

Emission 
intensity  

3a  H 268 23300 396 39100 462 15668 3608 158.12 

a 
3b H 265 25200 400 36800 462 16091 3355 109.10 
3c H 275 29090 397 47900 458 14530 3355 238.75 
3d H 258 42300 405 53800 437 15876 1808 289.58 
3e CO2Me 261 44620 386 46960 463 16716 6786 36.83 

b 

3f CO2Et 252 39520 390 50630 539 21130 7088 7.72 
3g CO2Me 242 42770 392 57930 440 18595 6957 21.78 
3h CO2Et 250 61060 395 65910 456 18070 3387 1.84 
3i CO2Me 242 25600 396 27850 450 19100 3030 131.40 
3j  CO2Me 268 56200 388 47200 535 18622 7116 5.83 

* Extinction coefficient (in L/mol/cm calculated from the linear correlation between absorbance and 264 
concentration)  265 
 266 
Table 2 shows the absorption and emission spectra parameters in chloroform for the 267 
compounds 3a-j. An important change of the emission spectra of compounds 3a-j was 268 
noticed upon the variation of the substituent R4 (Table 2). The presence of an ester group 269 
attached to the pyrrolo[1,2-c]pyrimidine framework at C-6 (R4) dramatically decreases the 270 
emission intensity in all compounds from group b (Figure 2b), compared to the unsubstituted 271 
ones (Figure 2a), as it can be seen also from Table 2. This behaviour is similar in all studied 272 
solvents (Table 4). The 7-benzoyl-pyrrolo[1,2-c]pyrimidine could present a zwitterionic 273 
structure in which the opposite charges are in close contact, and in which there is a clear 274 
coplanarity (due to the exocyclic double bond) between the pyrrolo[1,2-c]pyrimidine 275 
framework and the benzoyl at C-7 (Scheme 2). 276 
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 277 
Scheme 2. Proposed zwitterionic structure of the 3-aryl-7-benzoyl-pyrrolo[1,2-278 

c]pyrimidine framework  279 
 280 

The decrease of quantum yield (QY) in case of compounds 3e-j from group (b) with respect 281 
to compounds 3a-d from group (a) could be caused by the electronic withdrawing effect of 282 
the supplementary ester group, which tends to affect the charge distribution within the 283 
pyrrolopyrimidine fluorophore, and by the steric effects which should be accounted, such as 284 
the influence on conjugation degree between the pyrrolo[1,2-c]pyrimidine framework and the 285 
benzoyl core attached to C-7.  286 
 287 
3.3 Influence of substituents on the absorption spectra  288 
Influence of R1 on the absorption spectra 289 
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When the substituent attached to C-3 (R1) varied, important changes in UV-Vis spectra were 290 
observed (Table 2). For instance, comparing compounds 3a and 3c, which differ by the 291 
positions of the methoxy groups, the extinction coefficient increased from 23300 to 29090 for 292 
λmax1, and from 39100 to 47900 for λmax2. Also, this comparison indicates a shift of λmax1 from 293 
268 to 275 nm, while for λmax2, of only 1 nm (from 396 to 397). The increase of the extinction 294 
coefficient value for 3c with respect to 3a may be attributed to the decrease in the steric 295 
constraints in case of meta (in 3c) substitution vs ortho (in 3a). Also, compound 3h has ε1 and 296 
ε2 values greater than 3f (61060> 39520; 65910> 50630). These values may be explained by 297 
the substitution pattern, an MeO group in ortho position may influence the electron 298 
distribution within the fluorophore pyrrolo[1,2-cpyrmidine] (oxygen in MeO possesses a lone 299 
pair of electrons) and thus causing a loss in fluorescence by non-radiative effects. 300 

 301 
Influence of R2 on the absorption spectra 302 
Changing the benzoyl moiety on C-7 yields important absorbance variations, as it results 303 
from the comparison between compounds 3b and 3c (with the same R1, R3 and R4 304 
substituents, but with 4-F and 4-CH3, respectively). The extinction coefficients increase from 305 
25200 to 29090 for λmax1, and from 36800 to 47900 for λmax2. Also, shifts of λmax1 from 265 to 306 
275 nm, and λmax2 from 400 to 397 nm occur. The increase of extinction coefficient values for 307 
3c relatively to 3b can be explained by the opposite electronic effects of substituent at the 308 
aromatic ring (electron donor for 4-Me and electron withdrawing for 4-F).  309 
Based on similar electronic effect consideration, the conjugation in the zwitterionic structure 310 
would be easily extended to the phenyl ring of the benzoyl moiety, when a mild electron 311 
donor such as a methyl group is present, but it would be more difficult to achieve such 312 
conjugation, when a strong electron withdrawing substituent, such as a fluorine atom, is in 313 
the 4- position of the aromatic ring of R2.  314 
 315 
Influence of R4 on the absorption spectra 316 
By comparing the compounds 3d and 3i, which have the same substituents R1 and R2, it is 317 
found that the introduction of an ester group CO2Me (R4) determines the decrease in the 318 
values of the extinction coefficient from 42300 to 25600 for λmax1, and from 53800 to 27850 319 
for λmax2. Also, shifts of λmax1 from 258 to 242 nm, and of λmax2 from 405 to 396 nm occur. 320 
The other values in Table 2 are difficult to be attributed to the effects of substituents, due to 321 
the complexity of the structures and of the electronic effects involved.  322 
 323 
3.4 Influence of substituents on fluorescence spectra 324 
QY values were compared for similar structures to assess the influence of R1, R2, R3 and R4 325 
on the fluorescence of the pyrolo[1,2-c]pyrimidines. For the scope of investigation, the 326 
structures of the compounds were virtually assigned as pyrrolo[1,2-c]pyrimidine fluorophore 327 
connected to two other fluorophore entities (F1 and F2), as depicted in Figure 3. The first 328 
fluorophore entity (F1) is a phenyl ring substituted with methoxy groups, and the second one 329 
is a substituted benzoyl moiety (F2). 330 
 331 

 332 
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Figure 3. Schematic representation of fluorophore entities of pyrrolo[1,2-c]pyrimidines  334 
 335 
Table 3 Fluorescence yield (QY) and KSV values of quenching for compounds 3a-j in 336 
chloroform solutions (10-6 M) 337 

Cpd R1 R2 R4 λem 
(nm) 

QY*a 
(%) KSV

*b  

3a  2,4-diMeO-C6H3 4-Me-C6H4 H 462 51.77 928 

(a) 3b 3,4-diMeO-C6H3 4-F-C6H4 H 462 38.26 367 
3c 3,4-diMeO-C6H3 4-Me-C6H4 H 458 61.35 638 
3d 3,4-diMeO-C6H3 2,4-diMeO-C6H3 H 437 42.40 885 
3e 2-MeO-C6H4 C6H5 CO2Me 463 11.04 307 

(b) 

3f 3-MeO-C6H4 3-NO2-C6H4 CO2Et 539 2.64 160 
3g 2,4-diMeO-C6H3 4-Br-C6H4 CO2Me 440 6.63 287 
3h 3,4-diMeO-C6H3 3-NO2-C6H4 CO2Et 456 2.99 79 
3i 3,4-diMeO-C6H3 2,4-diMeO-C6H3 CO2Me 450 27.46 644 
3j  3-Me-C6H4 3-NO2-C6H4 CO2Me 535 3.24 242 
*a quinine sulphate standard; *b calculated from the quenching experiments in presence of benzoquinone 338 
 339 
Influence of R1 on the fluorescence spectra 340 
Important variations of the QY are produced by changing the position of substituent R1 on the 341 
phenyl ring (F1) attached to C-3 (see Table 2, 3). By comparing the quantum yields of 342 
compounds 3a (2.4-diMeO substituted) and 3c (3,4-diMeO substituted), it was found that the 343 
relative position of the two methoxy groups influences the emission spectra. The QY value 344 
for 3a (51.77%) is smaller than for 3c (61.35%), due to the steric hindrance that diminishes 345 
the conjugation in the structure of F1 (see above). 346 
Comparing the compounds 3f and 3h, which have the same substituents R2, R3, R4, the 347 
quantum yield was found to slightly increase (2.99%) in compound 3h, due to the presence of 348 
an additional MeO- group attached to the C-3 phenyl ring (F1), while for compound 3f was 349 
of 2.64%.  350 
 351 
Influence of R2 on the fluorescence spectra 352 
The QY values for compounds 3b and 3c were compared, in order to evaluate this influence 353 
of the R2 substituent on fluorescence. These compounds have the same R1, R3 and R4 354 
substituents, but different R2 substituents, 4-F-C6H4- and 4-Me-C6H4- , respectively. When 355 
the fluorine atom is replaced by Me group, the value of the QY significantly increases (from 356 
38% to 61%). This indicates the growth of conjugation inside the pyrrolo[1,2-c]pyrimidine 357 
fragment due to the donor effect of the methyl group. Conversely, that of F decreases the 358 
conjugation (due to its electron withdrawing effect). 359 
The confirmation of the contribution of the substituted benzoyl moiety (F2) to fluorescence 360 
has been done because the presence of two electron donating methoxy groups in compound 361 
3d lead to higher QY than that of 3b.  362 
The QY value for 3i (27.46%) increases more than 10 times, compared to that for 3h 363 
(2.99%), due to the different electronic effects of the two dimethoxy (electron donor) groups 364 
from 3i and nitro (electron withdrawing) group from 3h. In the same time, the nitro group 365 
induces a shift toward lower wavelengths (hypsochromic effect), while the methoxy groups 366 
induce a shift toward higher wavelengths (bathochromic effect). 367 
It was also noticed that the presence of the Br atom on the benzoyl fragment (in compound 368 
3g) decreases the fluorescence intensity of the compound 3g to 6.63%. The unsubstituted 369 
aromatic ring on F2 (R2 = -C6H5) would be expected to have QY > 11.04% (value 370 
corresponding to the compound 3e), as in the case of comparison between compound 3f and 371 
3h (where an additional group on F1 leads to the increase in QY value: QY = 2.64% for 3f, 372 
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and QY = 2.99% for 3h). In case of compound 3g, the decrease of QY compared to a 373 
hypothetical parent compound with R2 = 4-Br-C6H4 (with the same F1) is explained by the 374 
internal effect of fluorescence quenching by heavy atoms (Br). 375 
 376 
Influence of R3 on the fluorescence spectra 377 
The R3 substituent varies slightly along the series of compounds (-COOMe or -COOEt). 378 
Upon comparing compounds 3f and 3j, which have the same F2, and F1 substituted in meta- 379 
position (thus expecting a weak influence on conjugation), both having R4 

≠ H, it can be 380 
noticed that the quantum yields are similar. It can be concluded that the presence of a 381 
carboetoxy or carbomethoxy group (R3) does not have a major influence on the emission 382 
intensity and absorption wavelength. 383 
 384 
Influence of R4 on the fluorescence spectra 385 
The introduction of a substituent in position 6 of the pyrrolo[1,2-c]pyrimidine ring 386 
determines the decrease in quantum yield, as seen in Table 3 for all studied compounds. 387 
Compounds 3a-d, unsubstituted in position 6, have all without exception quantum yields 388 
greater than compounds 3e-j, substituted in this position, regardless the nature of the other 389 
substituents (R1, R2, R3). Comparing the compound 3d, unsubstituted in position 6, with 390 
compound 3i, substituted in 6, with the same substituents R1 and R2, a decrease in quantum 391 
yield from 42.4% to 27.46% is observed. This decrease may be determined by the electron 392 
withdrawing effect of the ester group and also by its steric effect, which influences the degree 393 
of conjugation between pyrrolo[1,2-c]pyrimidine and the benzoyl attached to C-7.  394 
3.5. Fluorescence quenching  395 
Fluorescence quenching is a property that can be linked to important applications, such as 396 
investigation of supramolecular assemblies [41]. The fluorescence quenching of the new 397 
synthesized compounds has been examined using 1,4-benzoquinone (BQ) as inhibitor. In the 398 
presence of BQ, a decrease of fluorescence intensity occurs, as shown for the compound 3d 399 
(Figure 4a-inset). The quenching (F0/F) was calculated as the ratio of the solution 400 
fluorescence without BQ (F0) and in presence of BQ (F), for increasing concentrations of BQ. 401 
F0/F vs [BQ] plots obtained for all the compounds 3a-j (Figure 4) are liniar. These plots 402 
predict the occurrence of collisional quenching of fluorescence [42]. 403 

  
Figure 4. F0/F vs [BQ] plot in 10−6 mol/L CHCl3 solutions of compounds 3a-d with R4 = H 404 
(a) and 3e-j with R4 = COOR (b); Figure 4a inset: fluorescence quenching spectra of 3d  405 
 406 
The spectroscopic features for the fluorescence of 3a-j compounds with the substituent R4 407 
attached to C-6 of the pyrrolo[1,2-c]pyrimidine framework can be summarized from Table 2 408 
and 3: 409 
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• The wavelengths for the main fluorescence (λem) are smaller for compounds of the 410 
group (a) with R4 = H than those substituted with R4 = COOMe or COOEt  from the 411 
group (b), being situated in the blue region; 412 

• Stokes shifts are smaller for compounds of the group (a) than those of the group (b), 413 
∆ν2 being at least 3 times smaller than ∆ν1; 414 

• Quantum yield (QY) is at least 2 times bigger for compounds of group (a) than those 415 
of group (b); QY varies between 42% and 61% for compounds 3a-d, and between 2% 416 
and 27% for compounds 3e-j. 417 

• Stern-Volmer constant (KSV) is generally bigger for compounds of group (a) than 418 
those of group (b). 419 

• Important changes of QY and KSV occur when F1 and F2 structures vary. 420 
• The study of each substituent's effects on the spectral properties allows the prediction 421 

of the functional groups that will lead to the best values for quantum yields and KSV. 422 
 423 
3.6. Influence of solvent on photophysical properties 424 
The photoluminescence of organic fluorophores in solutions is influenced by solvent polarity 425 
[43]. To evaluate this influence, the UV-Vis and fluorescence spectra of the new synthesized 426 
compounds were recorded in solvents with various dielectric constant (ε) and refractive index 427 
(n). To identify the link between the solvent properties and the spectral characteristics, the 428 
spectra have been recorded in different solvents: chloroform (CHCl3), dichloromethane 429 
(CH2Cl2), acetonitrile (CH3CN), and dimethyl sulfoxide (DMSO). The data obtained in 430 
chloroform are given in Table 2, and the data obtained in dichloromethane, acetonitrile and 431 
dimethyl sulfoxide are resumed in Table 4. For instance, the influence of solvent on 432 
absorption and emission spectra, in case of compound 3g, is depicted in Figure 5.  433 

 434 
  

 435 
Figure 5. Absorption (a) and emission (b) spectra for compound 3g (10-6 mol/ L) in solvents 436 
with different polarity: chloroform, dichloromethane, acetonitrile, DMSO  437 
 438 
The change of the solvent leads to important variations of absorption and fluorescence 439 
maximum wavelength and intensity. This compound has the biggest red shift of the emission 440 
wavelength from 440 nm (in CHCl3) to 557 nm (in DMSO). A bathochromic shift of the 441 
emission peaks can be seen when passing from CHCl3 to CH2Cl2, CH3CN, DMSO (Tables 2-442 
4). This suggests the implication of photo-induced intramolecular charge transfer (ICT) in the 443 
singlet excited state with larger dipole moment, as expected [44]. 444 
 445 
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Table 4. Several photophysical parameters for compounds 3a-j in solutions (10-6 M) with 446 
different solvents (S) 447 

Solvent Dichloromethane Acetonitrile Dimethyl sulfoxide 

Compound 
λabs 
nm 

ε 
L/mol/ 

cm 

λem 
nm 

%∆ν  
(cm-1) 

QY 
(%) 

λabs 
(nm) 

ε 
L/mol/

cm 

λem 
(nm) 

%∆ν  
(cm-1) 

QY 
(%) 

λabs 
(nm) 

ε 
L/mol/

cm 

λem 
(nm) 

%∆ν  
(cm-1) 

QY 
(%) 

3a 246
397

24300
43000

466 19191 
3729 

25.98 270
390

43400
29700

468 
 
15669
4273

29.80 289
395

15500 
31800 

468 13234
3948

51.51

3b 244
398

122800
197100

466 19524 
3666 

5.67 244
395

17600
27600

469 
 
19661
3994

10.7 290
390

14000 
31600 

470 20390
4364

21.74

3c 266
397

89000
148600

468 16226 
3821 

20.99 266
393

20900
39600

481 
 
16226
4077

52.60 292
390

25000 
49300 

492 12833
4227

87.26

3d 240
402

34100
44100

438 18835 
2284 

17.90 252
400

44300
83100

439 
 
16903
2666

3.89 295
395

13200 
40300 

467 11476
3219

40.16

3e 242
394

36900
39200

470 19392 
3007 

0.80 248
375

21500
24800

525 
 
21347
7691

2.88 291
378

15600 
25000 

457 12482
4573

4.66

3f 246
386

22900
17700

437 17767 
3023 

0.84 246
380

81600
59500

428 
 
17285
2951

1.74 290
390

19600 
25500 

435 11494
2652

0.80

3g 245
388

21000
29800

459 19029 
3986 

10.07 277
391

64100
85600

555 
 
18083
7557

0.50 290
395

18400 
22400 

557 16529
7363

5.64

3h 245
394

40100
37400

460 18886 
3007 

0.14 244
390

47300
38600

465 
 
20019
4352

2.29 290
388

26400 
44900 

455 19688
34672

0.60

3i 245
394

27800
32500

460 19927 
3836 

12.33 240
391

44000
38700

468 20299
4207

8.84 270
396

46300 
49700 

470 15760
3513

6.80

3j 245
387

50300
42100

457 18934 
3957 

1.29 245
382

43200
33600

520 
 
21585
6947

1.64 290
385

23400 
27600 

536 15826
7317

2.03

The comparison of spectral parameters (Tables 2 - 4) shows that the investigated pyrrolo[1,2-448 
c]pyrimidines 3a-j have fluorescence quantum yields with significant variations (from 0 to 449 
about 90 %), which are very much dependent on solvent.  450 
The common behaviour of the new synthesized compounds is a shift of the emission peaks to 451 
lower wavelengths (hypsochochromic shift) with the increase of solvent polarity, from 6 nm 452 
in case of compound 3a, to 117 nm for compound 3g. This is a typical tendency found for 453 
these compounds, when ICT occurs upon excitation (solvatochromic behaviour) and leads to 454 
a charge-separated (highly polar) emitting state, which can be stabilized by polar solvents. 455 
The emission wavelength increases with the solvent polarity (red shift). This behaviour leads 456 
to the conclusion that ICT is polar for the excited state, with a large dipole moment. This 457 
state is understandably very stable when the solvent is polar.  458 
Figure 5 shows that the change of the solvent has no major impact on the absorption spectra, 459 
but it has a significant effect on fluorescence intensity and wavelength. The values from 460 
Table 2 -4 confirm this behaviour for all compounds.  461 
To rationalize the obtained results for the influence of solvent on fluorescent properties of the 462 
studied compounds (Stokes shifts, etc.), solvent polarity function (∆ƒ) expressed by Lippert-463 
Mataga equation (1) [45] has been examined. The solvent polarity values have been 464 
calculated using equation (2). 465 
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where stν∆  is the Stokes shift (cm-1), h is Planck's constant, c is the vacuum light speed, a is 466 
the radius of Onsager cavity, ε and n are, respectively, the dielectric constant and refractive 467 
index of the solvent. µe and µg are the compound dipole moment in excited and ground states, 468 
respectively, while ∆ƒ is the solvent orientation polarizability. ∆ƒ reflects the electron 469 
mobility and dipole moment of the solvent molecule. The changes in the dipole moment (∆µ 470 
= µe- µg) were calculated using Lippert-Mataga method [46].  471 
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Bakhshiev's (Eq. 3) and Kawski-Chamma-Viallet’s (Eq. 6) equations [47] were used to 472 
calculate the dipole moments in the fundamental and excited states for each compound 3a-j. 473 
By plotting Stokes shift (νabs - νem) vs solvent polarity function F1 (Figure 7a), S1 has been 474 
calculated using equation (3). Plotting the average sum of the absorption-emission maxima vs 475 
F2 [48] (Figure 7b), allowed the calculation of S2 using equation (8). 476 
 477 

νabs - νem = S1·F1(D, n) + const. (3) 
In (3), νabs and νem are the wave numbers (cm-1) for excitation and emission maxima, 478 
respectively, F1 (orientation solvent polarity function), and S1 being defined as in equations 479 
(4) and (5): 480 
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(νabs + νem)/2 = -S2·F2(ε, n) + const. (6) 
F2 and S2 were defined as in equations (7) and (8): 481 
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Looking at the differences between the dipole moments ∆µ, given in Table 5 (calculated for 482 
all studied compounds), the compound 3c has the smallest value of the difference between 483 
the µg, and µe. That is why, this compound has been selected to estimate the solvent influence 484 
on fluorescence properties for the studied compounds, through the dependence of Stokes 485 
shifts on solvent polarity (Figure 6). The R2 value (0.973) from Figure 6 for the linear 486 
dependence of ∆υ vs ∆f shows a good correlation.  487 

 488 

 489 
Figure 6. Dependence of Stokes shift values (∆υ)  on orientation solvent polarity (∆f) in 490 
different solvents for compound 3c  491 
 492 
Table 5. Calculated values for ∆µ  (∆µ = µe- µg) between the ground (µg) and excited (µe) 493 
dipole moments for the compounds using equations (1), (2), (3) and (6) 494 
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Group Compound ∆µ (D) µg (D) µe (D) 

(a) 

3a 3.64 2.83 6.47 

3b 5.21 2.42 7.64 

3c 0.38 4.32 4.7 

3d 2.08 3.11 5.16 

(b) 

3e 10.24 3 13.24 
3f 0.82 4.06 4.89 
3g 11.84 4.35 16.17 
3h 5.32 4.15 9.48 
3i 9.27 0.2 9.68 
3j 4.88 2.63 7.52 

In Figure 7, the variation of Stokes shift ∆υ with F1 (a), and of the average value between 495 
absorption - emission maximum wavelength shifts with F2 (b) are shown, respectively, for 496 
compound 3c. Figure 7b shows the dependence of the average value between absorption – 497 
emission maximum wavelength shifts ∆υ vs the solvent polarity (F2), for the compound 3c, 498 
used to evaluate S2 for the compound 3c. The correlation coefficient obtained has a small 499 
value (R2 = 0.422) attributed to the specific interaction between solute and solvent [49]. The 500 
more polar solvent, acetonitrile, stabilizes better the excited state of a compound, when the 501 
dipole moment of the solute in the excited state is bigger than that in the ground state.  502 
 503 

 
 

Figure 7. Stokes shift variation with F1 (a) and the average value between absorption  and 504 
emission maximum wavelength shifts with F2 (b), respectively, for compound 3c 505 
 506 
The calculated properties (F1, F2, etc.) for all the pyrrolo[1,2-c]pirimidines were examined in 507 
correlation with the experimental values, to describe the solvent influence on fluorescence 508 
properties of the investigated compounds. The overall effects of the solvent on optical 509 
properties (absorption and emission) were analyzed by Kamlet-Taft solvatochromic equation 510 
(Eq. 9) [50]. In (9), π* is the solvent polarizability, β is the hydrogen bond acceptor (HBA) 511 
ability, α is the hydrogen bond donor ability (HBD). The coefficients s, b, and a are constants 512 
characteristic for the solute. Their absolute value and sign reflect the contribution of the 513 
corresponding solvent-solute interactions on the investigated property (such as electronic 514 
transition energy). ν and ν0 represent the solvent-dependent property under study, for instance 515 
λmax value in the UV-Vis spectrum. 516 

*
0 s b aν ν π β α= + ⋅ + ⋅ + ⋅       

(9)  

The solvents parameters π*, α, and β, are given in Table 6 [44].  517 
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 518 
Table 6. Solvent polarity parameters [44] 519 

Solvent ∆f π* β α 
Chloroform 0.15 0.69 0.10 0.20 
Dichloromethane 0.21 0.73 0.10 0.13 
DMSO 0.26 1.00 0.76 0.00 
Acetonitrile 0.30 0.66 0.19 0.40 

 520 
The data obtained after the calculation using equation (9) by multiple linear regression 521 
analysis, for solvatochromic parameters for all compounds 3a-j, are presented in Tables 7 and 522 
8. The multiple linear regression in Figure 8 shows a good correlation between the calculated 523 
and experimental data. The values of a and b coefficients present smaller values than s 524 
coefficients, which indicates that the ability of the solvent to donate or accept hydrogen 525 
bonds is weaker than the solute-solvent dipole-dipole interactions. 526 
For the compounds with positive values of s and a coefficients (Table 7), it is expected a 527 
bathochromic shift of the emission wavelength with the solvent polarity increase. This is  528 
seen in Table 4, for compound 3d (which has positive s and a coefficients, s = 10.72 and a = 529 
4.55).  It shows a positive solvatochromic behaviour (λem (nm) is 438, 439, and 467 in DCM, 530 
CH3CN and DMSO, respectively). A stabilization of the electronic excited state relatively to 531 
the ground state occurs in this case. If the coefficient b is negative, a hypsochromic shift 532 
occurs, that indicates the stabilization of the ground state, relatively to the electronic excited 533 
state. 534 

 535 
Figure 8. Experimental (υexp) vs. calculated (υcalc) values of Stokes shifts for compounds 3a-j 536 

from Eq. (9) 537 
 538 
Table 7. Coefficients of solvatochromic parameters for compounds 3a-j calculated by 539 
multiple linear regression using equation (9)  540 

Group Compound υ0 (cm-1) s (103) b (103) a (103) 

(a) 

3a 32410 -14630 4720 -5710 
3b 31640 -13620 4290 -5130 
3c 44870 -34410 10660 -13280 
3d 11180 10720 -3660 4550 

(b) 

3e 11180 10720 -3660 4550 
3f 14950 5380 -2050 1560 
3g 1650 29070 -12370 6930 
3h 19660 3120 -2390 1780 
3i 47410 -34480 11580 -12800 
3j 19010 -500 470 -290 

 541 
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Table 8. Contribution of solvatochromic parameters coefficients from equation (9)  542 
Group Compound Pπ∗π∗π∗π∗ Pββββ  Pαααα 

(a) 

3a 0.58 0.19 0.23 
3b 0.59 0.19 0.22 
3c 0.59 0.18 0.23 
3d 0.61 0.21 0.18 

(b) 

3e 0.57 0.19 0.24 
3f 0.60 0.23 0.17 
3g 0.60 0.26 0.14 
3h 0.43 0.32 0.24 
3i 0.40 0.37 0.23 
3j 0.59 0.20 0.22 

 543 
The solvatochromic parameters contributions of the new compounds are presented in Table 8. 544 
The obtained values indicate that the solvatochromic behaviour of investigated [1,2-545 
c]pyrimidines is mainly influenced by the solvent polarizability (Pπ*). The hydrogen bond 546 
acceptor ability, or hydrogen bond donor ability of the solvents, have smaller influence on the 547 
solvatochromic properties of compounds 3a-j.  However, for compound 3i, Pπ∗π∗π∗π∗    and  Pββββ have 548 
close values. These values could be correlated to the other values of the parameters: QY 549 
values decrease with the increasing of the solvent polarity (Table 4).  550 

 551 
4. Conclusions 552 
The new synthesized [1,2-c]pyrimidines present blue fluorescence, some of them showing 553 
high quantum yields. The substituent effects on absorption and fluorescence parameters of 554 
these derivatives were discussed. It was shown that the presence and position of the methoxy 555 
or methyl groups on the phenyl ring in position 3, or on the benzoyl group in position 7, have 556 
a strong influence on the fluorescence of compounds. The presence of an ester group grafted 557 
on C-6 atom of the pyrrolopyrimidine dramatically reduces the fluorescence. The 558 
examination of UV-Vis and fluorescence spectra of the new compounds, in close connection 559 
with the substituent nature (halogen, methyl, methoxy and nitro), has revealed that these 560 
spectra are also function of solvent properties. The interaction of these compounds with 561 
solvents having different polarity (chloroform, dichloromethane, acetonitrile or dimethyl 562 
sulfoxide) has been investigated through correlation of the absorption and fluorescence 563 
features with solvent polarity functions. Solvent parameters (polarity, basicity, and acidity) 564 
contribution onto solvent-solute interactions has been evaluated. Solvent polarity has been 565 
found to be the most important parameter which influences the emission spectra of these 566 
compounds - potential candidates for OLED technology and fluorescent probes. Further 567 
studies directed to the electrochemical properties of all these compounds are in progress for 568 
practical applications (e.g. chemical sensors). 569 
 570 
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Highlights 

 
• New 3-arylpyrrolo[1,2-c]pyrimidines substituted at C3 and C7 were synthesized. 79 

• Their absorption spectra display two main absorption domains, and blue fluorescence 

appeared.95 

• The excitation and emission spectra were recorded in different solvents.74 

• The dipole moments have been calculated using the solvent polarity functions. 79 

• The fluorescence is influenced by substituents (halogen, methyl, methoxy and NO2). 85 

 


