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Abstract

Structure-fluorescence properties of new synthdsizg-aryl-7-benzoyl-pyrrolo[1,2-
c]pyrimidines were measured in order to correldie mature of the substituents with the
absorption and emission features (absorption imierffuorescence quantum yield, Stokes
shifts, fluorescence quenching in presence of itdr). The influence of the solvent on the
fluorescence of the title compounds was investdjaby multiple linear regressiens,
connecting the polarity of different solvents wiltle luminescent properties. Some of the new
pyrrolo[1,2-c]pyrimidines show strong fluorescenae the blue region of the visible
spectrum, making them potential candidates for Olt&thnology or advanced materials.

Keywords. pyrrolo[1,2-c]pyrimidines, fluorescence, quantunely, Stokes shift, solvent
polarity functions

1. Introduction

Fluorescence is an important property [1] of orgamiolecules, very useful in designing
advanced materials for practical applications saslfOLEDs [2], dye-sensitized solar cells
[3,4], bioimaging [5], chemical sensors [6] or efenthe study of supramolecular structures
by fluorescence resonance energy transfer [7]. ISmtedgen containing molecules from the
class of N-bridgehead heterocycles are promising candidadesiniportant fluorescence
applications [8-10]. In this class, pyrrolo[IcByrimidines have shown interesting biological
activity [11,12], the same heterocyclic moiety lgefound in the structures of several natural
compounds [13,14]. However, the literature is ratlsgarce in what concerns the
photophysical properties of these compounds, elvireiinterest in their synthetic strategies
is permanent [15-20]. Among the synthetic methofishe pyrrolo[1,2€]pyrimidines, the
1,3-dipolar cycloaddition of the correspondifdrylides has been found especially
advantageous [21-24].

The effect of the solvent on excitation and emisgcoperties of organic compounds is also
a current subject of interest [25]. When the photapites a molecule, a redistribution of
charges occurs. This can lead to the change ddifeée moment in the excited state, which
offers information about the molecule electroniusture and geometry. The method used
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for calculation of the dipole moment is based oa $ipectral shifts [26,27]. The position,
shape and intensity of the bands in excitation emigssion spectra of a molecule change in
solvents with different polarity. This phenomenan de attributed to the solvent — solute
interactions, which can be non-specific (electristanteraction) or specific (hydrogen
bonding) [28-31].

Organic molecules which have the property to chahgé colour in presence of solvents
with different polarity are potential candidates eawironment-sensitive fluorescent probes
[1,2]. If the fluorophores possess photo-switchalglity, they can be used as molecular
probes for super-resolution fluorescence micross§p2,33].

Several electrochemical and fluorescence measutsrit&h36] have been conducted in our
group as part of the general interest in finding describing the applicative properties of
pyrrolopyrimidines. A series of 3-aryl-7-benzoylfpylo[1,2-c]pyrimidines in which the 3-
aryl ring is substituted with methoxy groups (whistere proved to have high enhancing
effect on the photophysical features of pyrrolofd2yrimidines [35]) have been synthesized
and investigated. The compounds described in @peiphave additional structural changes
given by substitution of the benzoyl moiety in CE37,38]. The structural effect of
substitution was quantified by fluorescence prapsr{quantum yield, Stokes shifts and
fluorescence quenching). The correlation betwedsstguents and excitation/fluorescence
spectra of the studied compounds are discussethh@&re influence of the solvent polarity
was also investigated.

2. Materialsand methods

2.1. Equipment, materials and methods

Melting points were determined on Boétius hot platieroscope. Elemental analysis was
carried out on COSTECH Instruments EAS32 appardRispectra were recorded in KBr
pellets on Bruker Vertex 70 ATR or Nicolet ImpadMspectrometers. NMR spectra were
recorded on Varian Gemini 300 BB, operating at BBz for 'H-NMR and 75 MHz for*C-
NMR or on Bruker Advance Il 400 instrument, opérgtat 400 MHz forH-NMR and 100
MHz for *C-NMR. JASCO V550 spectrophotometer has been used todrddWrVis
spectra. Quartz cuvettes with 1 cm optical patlgtlerwhere used for the measurements
performed in solution. Jasco FP6500 spectrofluotems&as used to measure excitation and
emission spectra applying a reading angle of 96ftaRtive indices were measured at@5
using Abbe refractometer (from CETI Belgium). Quantyields were calculated using
quinine sulphate as standard [36]. The spectra wecerded in chloroform (CHg)\
dichloromethane (C¥Cl,), acetonitriie (CHCN) or dimethyl sulfoxide (DMSO) of
spectrophotometric quality. High resolution MS dpetave been recorded on Bruker Maxis
Il QTOF spectrometer with electrospray ionizati&$() in the positive mode.

2.2. Main characteristicsof the new 3-aryl-7-benzoyl-pyrrolo[1,2-c]pyrimidines

The new pyrrolo[1,2-c]pyrimidines have been synitexs by a previously reported general
synthetic procedure based on the 1,3-dipolar cgdib@n reactions oN-heterocyclic ylides,
generatedn situ from the correspondinfyl-heterocycle quaternary salts in the presence of
epoxides as acid scavengers and reaction mediuth, agtivated acetylenes [39,40]. All
reactions have been performed in the presence Zsédoxybutane at reflux temperature
starting from 2.5 mmol of pyrimidinium quaternaryalts [21,23,24]. Their main
characteristics are given below.
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Ethyl 3-(2,4-dimethoxyphenyl)-7-(4-methylbenzoyhpg[1,2-c]pyrimidine-5-carboxylate
3a: yellow crystals; 0.53 g (48 %). IR (cm'): 2985, 1686, 1612, 1572, 1523, 1472, 1408,
1349, 1327, 1299, 1257, 1206, 1084.NMR (5, 300 MHz, CDC}):1.44 (t, 3H,J = 7.1 Hz,
CHa); 2.46 (s, 3H, Ch); 3.87, 3.97 (2s, 6H, 2MeO); 4.40 (q, 2Hs 7.1 Hz, CH); 6.57 (d,
1H,J = 2.5 Hz, H-3’); 6.64 (dd, 1H] = 8.2, 2.5 Hz, H-5’); 7.33 (d, 2H,= 8.8 Hz, H-2", H-
6"); 7.76 (d, 2H,J = 8.2 Hz, H-3", H-5"); 7.83 (s, 1H, H-6); 8.22 (i, J = 8.8 Hz, H-6');
8.90 (d, 1HJ = 1.5 Hz, H-4); 10.52 (d, 1H,= 1.5 Hz, H-1)*C NMR (6, 75 MHz, CDC}):
14.7 (CH); 21.7 (CH); 55.6, 55.7 (2MeO); 60.4 (GH 99.0 (C-3’); 105.3 (C-5’); 106.6 (C-
5); 112.2 (C-4); 118.8 (C-1'); 122.2 (C-7); 1296-6, C-37, C-57); 130.1 (C-2”, C-6");
132.3 (C-6"); 140.3 (C-1); 136.6, 140.6, 142.6,4&-C-1", C-4"); 147.5 (C-3);159.4, 162.2
(C-2', C-4’); 163.9 (CO0);185.0 (COAr). HRMS-ESMp): [M+H]" for CpeH24N20s, calcd.
445.17580, found 445.17590; Elem. anal.: calcd CigH,4N2Os (444,48): C 70.26, H 5.44,
N 6.30; found C 70.37, H 5.53, N 6.22.

Ethyl 3-(3,4-dimethoxylphenyl)-7-(4-fluorobenzoyhplo[1,2-c]pyrimidine-5-carboxylate
3b: yellow crystals; 0.56 g (50 %). IR,(cm?): 2949, 1697, 1618, 1597, 1505, 1476, 1411,
1330, 1270, 1229, 1197, 1151,1084.NMR (8, 300 MHz, CDCJ): 1.43 (t, 3H,J = 7.1 Hz,
Me); 3.95, 4.01 (2s, 6H, 2MeO); 4.41 (g, 2H7 7.1 Hz, CH); 6.96 (d, 1HJ = 8.4 Hz, H-
5); 7.21 (t, 2HJ = 8.5 Hz, H-3", H-5"); 7.70 (d, 1H] = 2.1 Hz, H-2"); 7.73-7.76 (m, 3H, H-
6’, H-6); 7.85-7.90 (m, 2H, H-2", H-6"); 8.50 (dHl J = 1.5 Hz, H-4); 10.49 (d, 1H,= 1.5
Hz, H-1);**C NMR (5, 75 MHz, CDC}): 14.6 (Me); 56.1 (2MeO); 60.6 (GH 106.7 (C-5);
107.4 (C-4); 109.8 (C-27); 111.3 (C-5'); 115.7=(22.0 Hz, C-3”, C-5"); 119.9 (C-6’): 122.0
(C-7); 129.4 (C-1); 129.9 (C-6);131.9 8.1 Hz, C-2", C-6") 140.7 (C-1);135.3, 141.2,
149.4, 149.8, 151.1 (C-3, C-4a, C-3’, C-4’, C-1165.1 0 = 251.9 Hz, C-47); 163.7
(CO,Et); 183.7 (COAr). HRMS-ESInz): [M+H]" for CxsHxFN,Os, calcd. 449.15073,
found 449.15095; Elem. anal.: calcd. fossid,1FN,O5(448.44): C 66.96, H 4,72, N 6.25;
found C 66.89, H 4.67, N 6.31.

Ethyl 3-(3,4-dimethoxylphenyl)-7-(2,4-dimethoxyloshipyrrolo[1,2-c]pyrimidine-5-
carboxylate3d: yellow crystals: 0.57 g (47 %). IR, (cm?): 1692, 1619, 1599, 1476, 1329,
1266, 1200H NMR (8, 300 MHz, CDCJ): 1.42 (t, 3H,J = 7.1 Hz, Me); 3.84, 3.96, 4.00,
4.03 (4s, 12H, 4MeO); 4.40 (q, 2BI= 7.1 Hz, CH);6.57 (s, 1H, H-3"); 6.99 (d, 1H,= 8.4
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,
H-6); 8.46 (d, 1H,J = 1.5 Hz, H-4); 10.52 (d, 1H} = 1.5 Hz, H-1);*C NMR (5, 75 MHz,
CDCl): 14.5 (Me); 56.0, 56.1, 56.2, 56.4 (4MeO); 60QHS); 96.7 (C-3”); 106.6 (C-5);
107.4 (C-4); 109.8 (C-2’); 111.2 (C-57); 119.9 (Q:622.5 (C-7); 130.2, 133.7 (C-6, C-5”,
C-6");140.7 (C-1);101.9, 129.4, 141.0, 149.3, 149%0.9, 158.1, 158.6 (C-3, C-4a, C-1’, C-
3, C-4, C-17, C-2", C-4"); 163.7 (CGEt); 182.5 (COAr). HRMS-ESIni2): [M+H]" for
Co7H26N>0y, calcd. 491.181278, found 491.05077; Elem. anedlcd. for G7H26N207
(490.50): C 66.11, H 5.34, N 5.71; found C 66.2(.89, N 5.60.

Dimethyl 3-(2-methoxyphenyl)-7-benzoyl-pyrrolo[&]Ryrimidine-5,6-dicarboxylate 3e:
yellow crystals; 0.43 g (39%). IR (cmi®): 2945, 1746, 1697, 1626, 1518, 1490, 1448, 1382,
1344, 1303, 1265, 1202, 1167, 116BNMR (8, 300 MHz, CDC}): 3.34, 3.91, 3.99 (3s, 6H,
3MeO); 7.06 (dd, 1HJ = 8.3, 1.1 Hz, H-3); 7.13 (td, 1H,= 7.8, 1.1 Hz, H-5);7.41-7.61
(2m, 4H, H-4’, H-3", H-4”, H-5"); 7.71-7.74 (m, 2H,-2", H-6"); 8.18 (dd, 1HJ=7.8, 1.8
Hz, H-6'); 8.95 (d, 1HJ = 1.5 Hz, H-4); 10.30 (d, 1H] = 1.5 Hz, H-1).*C NMR (@, 75
MHz, CDChL): 51.7, 52.3, 55.6 (3MeO); 104.7 (C-5); 111.5 (§-B13.5 (C-4); 120.2 (C-7);
121.1, 130.9, 131.0 (C-4', C-5, C-6'); 128.1, 128132.1 (C-2", C-3", C-4", C-5", C-6");
125.5, 132.8, 138.9, 139.0 (C-4a, C-6, C-1’, C-1'39.7 (C-1); 147.9 (C-3); 157.9 (C-2");
162.9, 164.5 (2CO0); 186.3 (COAr). HRMS-ESW4): [M+H]" for CyHooN2Os, calcd.
445.13941, found 445.13861; Elem. anal.: calcddgH,oN.Os (444.44): C 67.56, H 4.54,
N 6.30; found C 67.63, H 4.61, N 6.22.
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Diethyl 3-(3-methoxyphenyl)-7-(3-nitrobenzoyl)pyoid,2-c]pyrimidine-5,6-carboxylatef:
yellow crystals; 0.66 g (51%). IR (cmi®): 2986, 1732, 1707, 1619, 1530, 1493, 1439, 1340,
1224, 1197, 1118H NMR (5, 400 MHz, CDCY): 1.09, 1.40 (2t, 6H] = 7.1 Hz, 2CH); 3.92
(s, 3H, Me0); 3.71, 4.37 (2q, 4B ,= 7.1 Hz, 2CH); 7.03-7.06 (m, 1H, H-4"); 7.44 (t, 1H,

= 7.8 Hz, H-5’); 7.66-7.75 (m, 3H, H-2’, H-6", H-§8.04-8.07 (m, 1H, H-6"); 8.42-8.45 (m,
1H, H-4"); 8.57 (t, 1HJ = 1.8 Hz, H-2"); 8.65 (d, 1H] = 1.5 Hz, H-4); 10.37 (d, 1H,= 1.5
Hz, H-1).*C NMR (6, 100 MHz MHz, CDGJ): 13.5, 14.3 (2Me); 55.5 (MeO);61.0, 62.3
(2CH), 105.7 (C-5); 108.9 (C-4); 112.5, 116.5 (C-2'4Q-123.6 (C-4"); 126.4, 129.5 134.3
(C-27, C-5”, C-6"); 119.3, 130.1 (C-5, C-6’); 11B.133.8, 137.4, 140.1, 140.2, 150.6 (C-4a,
C-6, C-7, C-1', C-1", C-37);140.3 (C-1);147.7 (C:Bp0.2 (C-3’); 162.2, 164.0 (2CO0);
183.5 (COAr); HRMS-ESI rtVz): [M+Na]® for Cy7H»3aN3Og, calcd. 540.13774, found
540.13834; Elem. anal.: calcd. fopAH,3N305 (517.49): C 62.66, H 4.48, N 8.12; found C
62.74, H 4.52, N 8.03.

Dimethyl 3-(2,4-dimethoxyphenyl)-7-(4-bromobenzyytplo[1,2-c]pyrimidine-5,6-
dicarboxylate3g: yellow crystals:0.57 g (41%). IR (cmi*): 2945, 1739, 1704, 1605, 1502,
1446, 1386, 1292, 1261, 1201, 1177, 1396MR (5, 400 MHz, CDCJ): 3.41, 3.89, 3.90,
3.98 (2s, 6H, 2Me0); 6.58 (d, 1B~ 2.5 Hz, H-3’); 6.66 (dd, 1H} = 8.2, 2.5 Hz, H-5);7.57
(d, 2H,J = 8.8 Hz, H-2", H-6"); 7.62 (d, 2H] = 8.8 Hz, H-3", H-5"); 8.24 (d, 1HJ) = 8.8
Hz, H-6"); 8.93 (d, 1HJ = 1.5 Hz, H-4); 10.25 (d, 1H, = 1.5 Hz, H-1)*C NMR (3, 100
MHz MHz, CDCl): 51.8, 52.5 (2Me); 55.5, 55.6 (MeO); 98.92 (C-404.5 (C-5); 105.3 (C-
4); 130.1, 132.2 (C-27, C-37, C-5", C-67); 112.133.1 (C-5, C-6’); 118.1, 119.6, 127.0,
137.7, 139.6 (C-4a, C-6, C-7, C-1’, C-1"); 139.71%148.1 (C-3); 159.4 (C-2); 162.4 (C-
4); 162.9, 164.6 (2C0O0); 184.9 (COA); ); HRMS-E@W2): [M+H]" for CysH21BrN,O5,
calcd. 553.06049; 555.05888, found 553.06020; %&HE8; Elem. anal.: calcd. for
Ca6H21BrNO; (553.36): C 56.43, H 3.82, N 5.06; found C 5613&.76, N 5.11.

Diethyl 3-(3,4-dimethoxylphenyl)-7-(3-nitrobenzgyiyrolo[1,2-c]pyrimidine-5,6-
dicarboxylate3h: yellow crystals; 0.57 g (43 %)v(cm?): 2991, 1731, 1689, 1617, 1531,
1504, 1435, 1401, 1384, 1348, 1331, 1256, 1222).T2ONMR (5, 400 MHz, CDC}): 1.08,
1.39 (2t, 6HJ = 7.1 Hz, 2CH); 3.98, 4.03 (2s, 6H, 2MeO); 3.70, 4.38 (2q, 4H 7.1 Hz,
2CHy); 7.00 (d, 1HJ = 8.4 Hz, H-5’); 7.69 (t, 1H] = 8.00 Hz, H-5"); 7.74-7.77 (m, 2H, , H-
2’, H-6"); 8.03-8.05, 8.42-8.44 (2m, 2H, H-4", H¥%'8.55 (t, 1HJ = 1.1 Hz, H-2"); 8.58 (d,
1H,J = 1.5 Hz, H-4); 10.35 (d, 1H), = 1.5 Hz, H-1);**C NMR (6, 100 MHz MHz, CDGJ):
13.5, 14.2 (2Me); 56.0 (Me0);61.0, 62.2 (2§H105.1 (C-5); 107.4 (C-4); 109.8, 111.3,
120.1 (C-2’' C-5, C-6"); 123.6 (C-47); 126.3, 1291534.3 (C-27, C-5", C-6"); 119.0, 128.8,
133.9, 140.3, 140.5, 149.4 (C-4a, C-6, C-7, C-1:1"C C-3");140.3 (C-1);147.6 (C-
3);150.3,151.3 (C-3’, C-4’); 162.3, 164.0 (2CO08314 (COAr); HRMS-ESIrV2): [M+H]*
for CygHasN3Og, calcd. 548.16636, found 548.16741; Elem. anallct for GgH2sN3Os
(531.51): C 63.27, H4.74, N 7.91; found C 63.38L.68, N 7.82.

Dimethyl 3-(3,4-dimethoxylphenyl)-7-(2,4-dimethaxytoyl)pyrrolo[1,2-c]pyrimidine-5,6-
dicarboxylate3i: yellow crystals; IR\, cm'): 1701, 1610, 1504, 1475, 1329, 1267, 118P.
NMR (8, 300 MHz, CD(J): 3.47, 3.81, 3.89, 3.98, 3.99, 4.04 (6s, 18H, 6).49 (s, 1H,
H-3"); 7.01 (d, 1HJ = 8.4 Hz, H-5); 7.73 (d, 1H] = 2.1 Hz, H-2’); 7.76-7.79 (m, 3H, H-6’,
H-5”, H-6"); 8.52 (d, 1H,J = 1.5 Hz, H-4); 10.49 (d, 1H, = 1.5 Hz, H-1);*C NMR @, 75
MHz, CDCk): 51.9, 52.6, 56.0 (2C) 56.1, 56.4 (6MeO); 96.63(¢ 107.3 (C-4); 109.8 (C-
2); 111.1 (C-5); 120.0 (C-6"): 122.8 (C-7); 133.233.4 (C-5", C-6"); 139.8 (C-1); 101.2,
104.2, 120.6, 129.0, 140.5, 149.3, 150.3, 151.8,7,8.58.8 (C-3, C-4a, C-5, C-6, C-1’, C-
3, C-4', C-1", C-27, C-4");162.9, 164.6 (2CMe);182.8 (COAr). Elem. anal.: calcd. for
Ca6H24N20s: C 70.26, H 5.44, N 6.30; found C 70.42, H 5.65%.17.

Dimethyl 3-(3-methylphenyl)-7-(3-nitrobenzoyl)pyaid,2-c]pyrimidine-5,6-dicarboxylate
3j: yellow crystals; 0.52 g (44 %). IR,(cm?): 2955, 1747, 1709, 1620, 1600, 1530, 1496,

4



200 1447, 1424, 1387, 1339, 1248, 1209, 11HONMR (5, 300 MHz, CDCY): 2.47 (s, 3H, Me);
201 3.92 (s, 6H, 2MeO); 7.31-7.33 (m, 1H, H-4"); 7.421H,J = 7.6 Hz, H-5°); 7.70 (t, 1H) =
202 8.0 Hz, H-3");7.95-7.99 (m, 3H, H-2’, H-6);8.03&% (m, 1H, H-6"); 8.43-8.46 (m, 1H, H-
203 47);8.56 (t, 1H,J = 1.8 Hz, H-2"); 8.61 (d, 1H] = 1.5 Hz, H-4); 10.38 (d, 1H,= 1.5 Hz, H-
204 1).BC NMR (3, 75 MHz, CDC}): 21.5 (Me); 52.0, 52.5 (2MeO); 105.3 (C-5); 108B4);
205 123.5,124.2 (C-4, C-4"); 126.4, 131.1, 134.2 (CR-5", C-6"); 127.7, 129.0, 129.5 (C-2/,
206 C-5, C-67; 119.1, 133.6, 136.0, 138.9, 140.2, B4a51.3 (C-4a, C-6, C-7, C-1’, C-1", C-
207 3, C-3);140.1 (C-1);147.7 (C-3);162.6, 164.3 (20 183.4 (COAr). HRMS-ESIn{/2):
208 [M+H]" for CysHigN3Oy, calcd. 474.12958, found 474.13102; Elem. anahlcce for
209 CysH19N307(473.43): C 63.42, H 4.05, N 8.87; found C 63.351.1H3, N 8.76.

210

211 3. Resultsand Discussion

212  3.1. Synthesisof pyrrolo[1,2-c]pyrimidines

213 The pyrrolo[1,2-c]pyrimidines3a-j have been synthesized (Scheme 1) starting from the
214  pyrimidinium bromidesl by 1,3-dipolar cycloaddition with the alkyne dipodphiles2 in
215 1,2-epoxybutane as reaction medium and acid scave@d,23,24]. Their structures are
216 presented in Table 1. In view of future exploitatiof these compounds in the field of bio-
217 imaging investigations a study of their photophgbkmroperties has been undertaken.

0

218 1 g

219

220 Scheme 1. Synthesis of the pyrrolo[1,8pyrimidines3a-

221

222 Table 1. Substituents of the pyrrolo[1,2-c]pyrimidines ahdir melting points

Compound R?! R’ R’ R* m.p.(°C)

3a 2,4-diMeO-GH3; 4-Me-GH,y COEt H 197-199
3b 3,4-diMeO-GH; 4-F-GgH4 COEt H 223-225
3c 3,4-diMeO-GH3; 4-Me-GH, COEt H 193-195*
3d 3,4-diMeO-GH; 2,4-diMeO-GH3; COEt H 238-241
3e 2-MeO-GHg4 CeHs COMe CO,Me 166-168
3f 3-MeO-GH4 3-NO,-CeH4 COEt COEt 180-182
39 2,4-diMeO-GH3; 4-Br-CgH,4 COMe COMe 209-211
3h 3,4-diMeO-GH3 3-NO,-CgH4 COEt COEt 221-223
3i 3,4-diMeO-GH3; 2,4-diMeO-GH; CO,Me COMe 201-203
3 3-Me-GsH, 3-NO,-CeH4 COMe COMe 230-231

223 *reference [24]

224

225 3.2. UV-Visand fluorescence spectra

226 The photophysical properties of compouridsj have been studied in different solvents.
227 Figures 1 and 2 show their absorption and emissp@&ctra, respectively, in chloroform, and
228 Table 2 gives their spectral parameters. The speatrthe compounds were initially
229 measured in chloroform. Compoun8sd (group (a) in Table 2) have clearly shown higher
230 fluorescence than compoun@s-j (group (b) in Table 2) (Figure 1). Consequenthe t
231 studied compounds were divided into two groups [@&): (a) and (b), according to the
232  substituent Rat C-6 of the pyrrolo[1,2-c]pyrimidine frameworR?* = -H for group (a) and
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R* = -COOMe(or -COOEY) for group (b). This divisiomraes with the entire range of
fluorescence properties, as it will be shown below.

The absorption spectra of compourddsj (Figure 1) display two main domains. In the first
domain, the maximum wavelengihys; variesin the range 242-275 nm and corresponds to
conformers with a lower conjugation, by not-invelgithe R group in the conjugation due to
the rotation outside the plane related to the pefio2-c]pyrimidine cycle.

In the second one, , the maximum wavelerigia, varies between 386 and 405 nm and
corresponds to compounds with a larger conjugatmin, in which the substituent' Rlso
participates. The ratio of the two types of confersvaries in both groups depending of the
structure of Rand also of R

The values of the extinction coefficier) for each compound at the main wavelengths(
Amax1 @nde; at Amaxg) are given in Table 2. The extinction coefficiemtsre calculated using
the slopes of linear absorbance - concentratioem#gnces.

) N:\ ‘ RQ
R N
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0.0 : ; . 0.0 . ; .
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Wavelength (nm) Wavelength (nm)

Figure 1. Absorption spectra of chloroform solutionsuf®ol/L) for compounds3a
unsubstituted at C-6 (group (a)) and with an eSt@OR attached to C-6 (group (b))

The emission spectra, recorded in chloroform ferdabmpound8a-j are shown in Figure 2.
The emission spectra were obtained by exciting iodecules af\apspat which a higher
intensity of the fluorescence was obtained (as showrFigure 2 inset for compourit :
fluorescenceé(psy) > fluorescencefps).

A main emission band can be seen in the region 48¥-Am, corresponding to the blue
region of the visible spectrum. The spectroscogatudres for fluorescence &a-j are
summarized in Table 2 together with the wavelenfiihéhe main UV-Vis bands\{ysi Aabs)
and extinction coefficients{, ).

o
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Figure 2. Emission spectra in chloroform solutionsufiol/L) of compound8a-j with (a) R

= H (group (a)) and (b) R= COOR (group (b)); Figure 2a inset: fluoresceangssion for
different absorption wavelength&;,s; = 275 nm (red) andaps; = 397 nm (black) for
compound3c.

Table 2 Absorption and fluorescence parameters for comg®8aj in chloroform solutions
(10° M)*. Compounds of typa andb are on pink and blue backgrounds, respectively
de R4 )“absl € * xasz € * ;\vem A|;1 Al;z EmISSI_On
(m) ' @m) 2 (hm) (cmb) (cm?) intensity

3a H 268 23300 396 39100 462 15668 3608 158.12
3b H 265 25200 400 36800 462 16091 3355 109.10 a
3c H 275 29090 397 47900 458 14530 3355 238.75
3d H 258 42300 405 53800 437 15876 1808 289.58
3e COMe 261 44620 386 46960 463 16716 6786 36.83
3f COEt 252 39520 390 50630 539 21130 7088 71.72
3g COMe 242 42770 392 57930 440 18595 6957 21.78 b
3h  COEt 250 61060 395 65910 456 18070 3387 1.84
3i COMe 242 25600 396 27850 450 19100 3030 131.40
3 COMe 268 56200 388 47200 535 18622 7116 5.83

" Extinction coefficient (in L/mollcm calculated fro the linear correlation between absorbance and
concentration)

Table 2 shows the absorption and emission spedrangeters in chloroform for the
compounds3a-j. An important change of the emission spectra ahpounds3a-j was
noticed upon the variation of the substituefit(Rable 2). The presence of an ester group
attached to the pyrrolo[1,2-c]pyrimidine framewak C-6 (R) dramatically decreases the
emission intensity in all compounds from group p(Fe 2b), compared to the unsubstituted
ones (Figure 2a), as it can be seen also from Tabldis behaviour is similar in all studied
solvents (Table 4). The 7-benzoyl-pyrrolo[L]pyrimidine could present a zwitterionic
structure in which the opposite charges are ineclosntact, and in which there is a clear
coplanarity (due to the exocyclic double bond) lesw the pyrrolo[1,2-c]pyrimidine
framework and the benzoyl at C-7 (Scheme 2).

N— 2
1 _E“\ R 1
R \ N «—>» R

Scheme 2. Proposed zwitterionic structure of the 3-aryl-Tvbayl-pyrrolo[1,2-
c]pyrimidine framework

The decrease of quantum yield (QY) in case of camfe3e-j from group (b) with respect
to compounds3a-d from group (a) could be caused by the electrontbdvawing effect of
the supplementary ester group, which tends to taffiee charge distribution within the
pyrrolopyrimidine fluorophore, and by the sterideets which should be accounted, such as
the influence on conjugation degree between thewjd ,2-c]pyrimidine framework and the
benzoyl core attached to C-7.

3.3 Influence of substituents on the absor ption spectra
Influence of Ron the absorption spectra
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When the substituent attached to C-3)(Raried, important changes in UV-Vis spectra were
observed (Table 2). For instance, comparing comg®3a and 3c, which differ by the
positions of the methoxy groups, the extinctionftoient increased from 23300 to 29090 for
Amax1, @and from 39100 to 47900 fagax Also, this comparison indicates a shift\@fx; from
268 to 275 nm, while fokmax2 Of only 1 nm (from 396 to 397). The increase of élxéinction
coefficient value for3c with respect ta3a may be attributed to the decrease in the steric
constraints in case ofieta(in 3c) substitution vortho (in 3a). Also, compoundh hase; and

g2 values greater thadf (61060> 39520; 65910> 50630). These values magxpkined by
the substitution pattern, an MeO group antho position may influence the electron
distribution within the fluorophore pyrrolo[1,2-cpgidine] (oxygen in MeO possesses a lone
pair of electrons) and thus causing a loss in #aoence by non-radiative effects.

Influence of Ron the absorption spectra

Changing the benzoyl moiety on C-7 yields importabsorbance variations, as it results
from the comparison between compour@ts and 3c (with the same B R® and R
substituents, but with 4-F and 4-gHespectively). The extinction coefficients incgedrom
25200 to 29090 fokmaxi, and from 36800 to 47900 fagaxz Also, shifts ofimaxifrom 265 to
275 nm, andumaxofrom 400 to 397 nm occur. The increase of extimctioefficient values for
3c relatively to3b can be explained by the opposite electronic effetsubstituent at the
aromatic ring (electron donor for 4-Me and electwatihdrawing for 4-F).

Based on similar electronic effect consideratitwe, ¢conjugation in the zwitterionic structure
would be easily extended to the phenyl ring of ble@zoyl moiety, when a mild electron
donor such as a methyl group is present, but itldvdme more difficult to achieve such
conjugation, when a strong electron withdrawingssient, such as a fluorine atom, is in
the 4- position of the aromatic ring of.R

Influence of Ron the absorption spectra

By comparing the compoundsl and3i, which have the same substituenfsaRd R, it is
found that the introduction of an ester group,t® (R*) determines the decrease in the
values of the extinction coefficient from 4230028600 forimaxs, and from 53800 to 27850
for Amaxe. Also, shifts ofAmaxs from 258 to 242 nm, and @f,axe from 405 to 396 nm occur.
The other values in Table 2 are difficult to beibtited to the effects of substituents, due to
the complexity of the structures and of the elattre@ffects involved.

3.4 Influence of substituents on fluorescence spectra

QY values were compared for similar structuressmeas the influence of R, R® and R
on the fluorescence of the pyrolo[1,2-c]pyrimidiné®r the scope of investigation, the
structures of the compounds were virtually assigae@yrrolo[1,2-c]pyrimidine fluorophore
connected to two other fluorophore entiti€d @nd F2), as depicted in Figure 3. The first
fluorophore entity 1) is a phenyl ring substituted with methoxy groumsd the second one
is a substituted benzoyl moiety2).

N @) F2 |
= §§ 2
F1 Rl_ _\N R
/]
N\ ”
R3
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Figure 3. Schematic representation of fluorophore entitigsyorolo[1,2-c]pyrimidines

Table 3 Fluorescence yield (QY) and KSV values of quenghior compounds3a-j in
chloroform solutions (16 M)

R R? R Aem QY™

*b

Cpd (nm) (%) Ksv

3a 2,4-diMeO-GH3 4-Me-GH, H 462 51.77 928

3b 3,4-diMeO-GHj; 4-F-GH4 H 462 38.26 367 @
3c 3,4-diMeO-GHj; 4-Me-GH, H 458 61.35 638

3d 3,4-diMeO-GHj; 2,4-diMeO-GH; H 437 42.40 885

3e 2-MeO-GH, CeHs COMe 463 11.04 307

3f 3-MeO-GH., 3-NO,-CgH,4 COEt 539 2.64 160

39 2,4-diMeO-GH3 4-Br-CsH4 COMe 440 6.63 287 (b)
3h 3,4-diMeO-GHj; 3-NO,-CgH,4 COEt 456 2.99 79

3i 3,4-diMeO-GHj; 2,4-diMeO-GH; COMe 450 27.46 644

K] 3-Me-GsH4 3-NO,-CgHg4 CO,Me 535 3.24 242

"2 quinine sulphate standar8;calculated from the quenching experiments in preser benzoquinone

Influence of Ron the fluorescence spectra

Important variations of the QY are produced by dfiag the position of substituent Bn the
phenyl ring F1) attached to C-3 (see Table 2, 3). By comparirg dhantum yields of
compounds3a (2.4-diMeO substituted) ar®t (3,4-diMeO substituted), it was found that the
relative position of the two methoxy groups inflaea the emission spectra. The QY value
for 3a (51.77%) is smaller than f@c (61.35%), due to the steric hindrance that dinhiess
the conjugation in the structurelét (see above).

Comparing the compounddf and 3h, which have the same substituents R®, R, the
guantum yield was found to slightly increase (2.9%%&compoundh, due to the presence of
an additional MeO- group attached to the C-3 pheing (F1), while for compoundf was

of 2.64%.

Influence of Ron the fluorescence spectra

The QY values for compoun@ and3c were compared, in order to evaluate this influence
of the R substituent on fluorescence. These compounds tevesame B R® and R
substituents, but different’Rsubstituents, 4-FE,- and 4-Me-GH,- , respectively. When
the fluorine atom is replaced by Me group, the gadfithe QY significantly increases (from
38% to 61%). This indicates the growth of conjugratinside the pyrrolo[1,2-c]pyrimidine
fragment due to the donor effect of the methyl gtoGonverselythat of F decreases the
conjugation (due to its electron withdrawing efject

The confirmation of the contribution of the suhgid benzoyl moietyH2) to fluorescence
has been done because the presence of two eleldnating methoxy groups in compound
3d lead to higher QY than that 8b.

The QY value for3i (27.46%) increases more than 10 times, comparethab for 3h
(2.99%), due to the different electronic effectshd two dimethoxy (electron donor) groups
from 3i and nitro (electron withdrawing) group frogh. In the same time, the nitro group
induces a shift toward lower wavelengths (hypsoeticceffect), while the methoxy groups
induce a shift toward higher wavelengths (bathoetceeffect).

It was also noticed that the presence of the Bmato the benzoyl fragment (in compound
3g) decreases the fluorescence intensity of the camgp8g to 6.63%. Theunsubstituted
aromatic ring onF2 (R® = -CgHs) would be expected to have QY > 11.04% (value
corresponding to the compoufid), as in the case of comparison between comp@tiaehd
3h (where an additional group d¢fl leads to the increase in QY value: QY = 2.64%3for
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and QY = 2.99% for3h). In case of compoun@8g, the decrease of QY compared to a
hypothetical parent compound wittf R 4-Br-GsH, (with the saméF1) is explained by the
internal effect of fluorescence quenching by heatoms (Br).

Influence of Ron the fluorescence spectra

The R substituent varies slightly along the series afpounds (-COOMe or -COOEY).
Upon comparing compoun@$ and3j, which have the sante2, andF1 substituted irmeta-
position (thus expecting a weak influence on coajiag), both having R# H, it can be
noticed that the quantum yields are similar. It d@n concluded that the presence of a
carboetoxy or carbomethoxy group®fRloes not have a major influence on the emission
intensity and absorption wavelength.

Influence of Ron the fluorescence spectra

The introduction of a substituent in position 6 thfe pyrrolo[1,2-c]pyrimidine ring
determines the decrease in quantum vyield, as sedable 3 for all studied compounds.
Compounds3a-d, unsubstituted in position 6, have all without epiton quantum yields
greater than compoundg-j, substituted in this position, regardless the matf the other
substituents (R R?, R®). Comparing the compoungd, unsubstituted in position 6, with
compound3i, substituted in 6, with the same substituertsu®l R, a decrease in quantum
yield from 42.4% to 27.46% is observed. This deseemay be determined by the electron
withdrawing effect of the ester group and alsotbysteric effect, which influences the degree
of conjugation between pyrrolo[1,2-c]pyrimidine ath@ benzoyl attached to C-7.

3.5. Fluorescence quenching

Fluorescence quenching is a property that canry&di to important applications, such as
investigation of supramolecular assemblies [41]e Tluorescence quenching of the new
synthesized compounds has been examined usingefizbguinone (BQ) as inhibitor. In the
presence of BQ, a decrease of fluorescence inyeostiurs, as shown for the compousdi
(Figure 4a-inset). The quenching o was calculated as the ratio of the solution
fluorescence without BQ (Fand in presence of BQ (F), for increasing conediains of BQ.
Fo/F vs [BQ] plots obtained for all the compoun@a-j (Figure 4) are liniar. These plots
predict the occurrence of collisional quenchindlebrescence [42].
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15 j « 3b 3h
10 2 3¢ 4 <« 3i
5 3d » 3j
0 T T T T T T 0I T T T
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Figure 4. Fy/F vs[BQ] plot in 10° mol/L CHC solutions of compound3a-d with R, = H
(a) and3e-j with R, = COOR (b) Figure 4a inset: fluorescence quenching spectga of

The spectroscopic features for the fluorescencgagf compounds with the substituent R

attached to C-6 of the pyrrolo[1,2-c]pyrimidinerfrawork can beaummarized from Table 2
and 3:
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« The wavelengths for the main fluorescentg,)( are smaller for compounds of the
group (a) with R = H than those substituted with R COOMe or COOEt from the
group (b), being situated in the blue region;

« Stokes shifts are smaller for compounds of the gi@) than those of the group (b),
Av, being at least 3 times smaller thian;

e Quantum yield (QY) is at least 2 times bigger fompounds of group (a) than those
of group (b); QY varies between 42% and 61% for poumds3a-d, and between 2%
and 27% for compouncdie-j.

» Stern-Volmer constant () is generally bigger for compounds of group (aanth
those of group (b).

* Important changes of QY ands¥occur when F1 and F2 structures vary.

« The study of each substituent's effects on thetsgdgmoperties allows the prediction
of the functional groups that will lead to the bestues for quantum yields angK

3.6. Influence of solvent on photophysical properties

The photoluminescence of organic fluorophores laotems is influenced by solvent polarity
[43]. To evaluate this influence, the UV-Vis anddtescence spectra of the new synthesized
compounds were recorded in solvents with varioekediric constantsf and refractive index
(n). To identify the link between the solvent propestand the spectral characteristics, the
spectra have been recorded in different solvertforaform (CHC}), dichloromethane
(CH.CIy), acetonitrile (CHCN), and dimethyl sulfoxide (DMSQO). The data obgainin
chloroform are given in Table 2, and the data olg@iin dichloromethane, acetonitrile and
dimethyl sulfoxide are resumed in Table 4. For anse, the influence of solvent on
absorption and emission spectra, in case of compdgiris depicted in Figure 5.

*1 T = i Br

= Chloroform
— Dichlaramethans
— b cetonitrile

— DI S0
> Y

— 1 0
400 600 800 400 500 §00 700

Wavelength (nm) a Wavelength {nmj} b

Figure 5. Absorption (a) and emission (b) spectra for conmgi8g (10° mol/ L) in solvents
with different polarity: chloroform, dichloromethapacetonitrile, DMSO

40 4

Absorbance

Emmision

0.0+

The change of the solvent leads to important vanat of absorption and fluorescence
maximum wavelength and intensity. This compoundthasbiggest red shift of the emission
wavelength from 440 nm (in CHgIto 557 nm (in DMSO). A bathochromic shift of the
emission peaks can be seen when passing from {bICIH,Cl,, CH;CN, DMSO (Tables 2-
4). This suggests the implication of photo-induggdamolecular charge transfer (ICT) in the
singlet excited state with larger dipole momentegsected [44].
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Table 4. Several photophysical parameters for compowads in solutions (16 M) with
different solvents (S)

Solvent Dichloromethane Acetonitrile Dimethyl sulfoxide
Aabs| € |Aem| &7 | QY [havs|] € [em| a0 | QY [havs| & [em| a0 | QY
Compound | nm | L/mol/ | nm| (cm™) | (%) (nm)L/mol/{(nm)|(cni™)| (%) |(nm)L/mol/{(nm) (cm™)| (%)
cm cm cm
3 246 2430( 466 19197 25.9¢ 27( 4340( 46§ 15669 29.8( 289 1550( 46§ 13234 51.51
2 397 4300( 3724 390 2970( 4277 395 3180( 394¢
b 244 12280( 46€ 19524 5.67 2441760( 4691966] 10.7 290 1400( 470 2039( 21.74
394 19710 3666 394 2760( 3994 39( 3160 4364
3 266 8900( 46§ 1622¢ 20.99 266 2090( 481 1622¢ 52.6( 294 2500( 497 12837 87.2¢
5 397 14860 3821 393 3960( 4077 390 4930( 4221
3 240 3410( 43§ 18839 17.9( 2544430( 43916907 3.84 295 1320( 467 1147¢ 40.1¢
402 4410( 2284 40( 8310( 2666 395 4030( 3214
3 247 3690( 47 19397 0.8( 2492150( 52521341 2.84 2911560( 4571248] 4.66
S 394 3920( 3007 375 2480( 7691 379 2500( 4573
3f 244 2290( 437 17761 0.84 2448160( 42817287 1.74 290 1960( 4351149 0.8(
386 1770( 3023 380 5950( 2951 39( 2550( 2652
3 245 2100( 459 19029 10.07 27716410( 55518087 0.5( 294 1840( 5571652 5.6
9 384 2980( 3986 391 8560( 7557 395 2240( 7363
3h 245 4010( 460 1888¢ 0.14 2444730( 4652001 2.29 290 2640( 455 1968¢ 0.6(
394 3740( 3007 39( 3860 4357 388 4490( 34671
. 245 2780( 46( 19927 12.33 240 4400( 46§ 2029y 8.84 270 4630( 47(1576( 6.8(
3 394 3250 3836 391 3870( 4207 396 4970( 3513
. 245 5030( 457 18934 1.29 2454320( 5202158 1.64 290 2340( 53€ 1582( 2.03
3) 387 4210( 3957 384 3360( 6947 385 2760( 7317

The comparison of spectral parameters (Tables)Zhdws that the investigated pyrrolo[1,2-
c]pyrimidines 3a-j have fluorescence quantum yields with significaatiations (from O to
about 90 %), which are very much dependent on sblve

The common behaviour of the new synthesized comgmima shift of the emission peaks to
lower wavelengths (hypsochochromic shift) with therease of solvent polarity, from 6 nm
in case of compounda, to 117 nm for compoundg. This is a typical tendency found for
these compounds, when ICT occurs upon excitatiolvggchromic behaviour) and leads to
a charge-separated (highly polar) emitting stateiclvcan be stabilized by polar solvents.
The emission wavelength increases with the solpelarity (red shift). This behaviour leads
to the conclusion that ICT is polar for the excistdte, with a large dipole moment. This
state is understandably very stable when the sbisgolar.

Figure 5 shows that the change of the solvent bawajor impact on the absorption spectra,
but it has a significant effect on fluorescenceemsity and wavelength. The values from
Table 2 -4 confirm this behaviour for all compounds

To rationalize the obtained results for the inflcef solvent on fluorescent properties of the
studied compounds (Stokes shifts, etc.), solvelaripp function Af) expressed by Lippert-
Mataga equation (1) [45] has been examined. Theesblpolarity values have been
calculated using equation (2).

2 _ 2
AV, = MAf+Const (1)
hca
— Z_
A = £71_ -l (2)
26+1 2n°+1

where %t is the Stokes shift (¢, h is Planck's constant,is the vacuum light speed.is
the radius of Onsager cavity,andn are, respectively, the dielectric constant andantive
index of the solvenje andyugare the compound dipole moment in excited and giatates,
respectively, whileAf is the solvent orientation polarizabilithf reflects the electron
mobility and dipole moment of the solvent moleculbechanges in the dipolmoment Ap
= pe- Yg) Were calculated using Lippert-Mataga method [46].
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Bakhshiev's (Eq. 3) and Kawski-Chamma-Viallet's .(E5] equations [47] were used to
calculate the dipole moments in the fundamentalexuited states for each compowsad;.
By plotting Stokes shift ks - Ver) VS Solvent polarity function HFigure 7a), $has been
calculated using equation (3). Plotting the aversge of the absorption-emission maxinsa
F, [48] (Figure 7b), allowed the calculation of &ing equation (8).

Vabs - Ver = $1°F1(D, n) + const. (3)
In (3), Vabs and vem are the wave numbers (Shnfor excitation and emission maxima,
respectivelyF; (orientation solvent polarity function), ar@l being defined as in equations

(4) and (5):
_2n’+1l -1 n*’-1 (4)
File.n) = n? +2 [£+2 n? + 2}
2
L _2n-n) )
! hca®
(Vaps + Vem)/2 = -S'F2(& n) + const. (6)
F,and$S, were defined as in equations (7) and (8):
1 3( n*-1 (7)
F(e,n)==F(e,n)+=| ————
() =2 F(en) 2((n2+2)2]
o -2k —r) )
2 hca®

Looking at the differences between the dipole masap, given in Table 5 (calculated for
all studied compounds), the compousalhas the smallest value of the difference between
the ug, andpe. That is why, this compound has been selectedttmate the solvent influence
on fluorescence properties for the studied compsutittough the dependence of Stokes
shifts on solvent polarity (Figure 6). The? Ralue (0.973) from Figure 6 for the linear
dependence dfv vsAf shows a good correlation.

4600 -
4400
4200 -

4000 -

Av

3800 -

3600

0.15 0.20 0.25 0.30
Af

Figure 6. Dependence of Stokes shift valugg)) on orientation solvent polarityAf) in
different solvents for compourgt

Table 5. Calculated values fofip (Ap = pe pg) between the groundif) and excited ()
dipole moments for the compounds using equationgZ}, (3) and (6)
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Group Compound Ap (D) g (D) e (D)

3a 3.64 2.83 6.47
3b 5.21 2.42 7.64

(2) 3 0.38 4.32 4.7
3d 2.08 3.11 5.16
3e 10.24 3 13.24
3f 0.82 4.06 4.89

b) 39 11.84 4.35 16.17
3h 5.32 4.15 0.48
3i 9.27 0.2 9.68
3] 4.88 e 7.52

495 In Figure 7, the variation of Stokes shift with F1 (a), and of the average value between
496 absorption - emission maximum wavelength shifthwi2 (b) are shown, respectively, for
497 compound3c. Figure 7b shows the dependence of the average balwesen absorption —
498 emission maximum wavelength shifis vsthe solvent polarityRy), for the compoundc,
499 used to evaluat&2 for the compoundc. The correlation coefficient obtained has a small
500 value (R = 0.422) attributed to the specific interactiomviEen solute and solvent [49]. The
501 more polar solvent, acetonitrile, stabilizes bether excited state of a compound, when the

502 dipole moment of the solute in the excited statagger than that in the ground state.
503

OCH;
4600 - N 0 23900 OCHj,
HaCO Y O CH N— ]
s \ 1 238004 H,CO O NN O s
4400 COOCH; &)
H5COO0C COOCH3;
4200 ] £ 237001 H;C00C
CH_CN > .
3 < 23000 MO
2 4000 DMSO "
g a DMSO
® 23500+ .
3800 - 4
CHaCl, 23400 4 . CH_CN
CH,CI 3
3600 - .CHC|3 2
045 D20 D25 030 055 040 0.38 0.39 0.40 0.41 0.42 0.43 0.44 0.45
Fq a Fo b

504 Figure 7. Stokes shift variation witlir1 (a) and the average value between absorption and
505 emission maximum wavelength shifts wikg (b), respectively, for compourgt

506

507 The calculated propertieB1, F2, etc.) for all the pyrrolo[1,2]pirimidines were examined in
508 correlation with the experimental values, to ddéserihe solvent influence on fluorescence
509 properties of the investigated compounds. The diveféects of the solvent on optical
510 properties (absorption and emission) were analymelamlet-Taft solvatochromic equation
511 (Eqg. 9) [50]. In (9),x* is the solvent polarizabilityp is the hydrogen bond acceptor (HBA)
512 ability, a is the hydrogen bond donor ability (HBD). The dmééntss, b, anda are constants
513 characteristic for the solute. Their absolute vadunel sign reflect the contribution of the
514 corresponding solvent-solute interactions on theestigated property (such as electronic
515 transition energy)v andvg represent the solvent-dependent property unddy star instance
516 AmaxVvalue in the UV-Vis spectrum.

V=V, +SO7 +b[B+ alr 9)
517 The solvents parametets, a, andp, are given in Table 6 [44].
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Table 6. Solvent polarity parameters [44]

Solvent Af * B o
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

The data obtained after the calculation using eguat9) by multiple linear regression
analysis, for solvatochromic parameters for all poonds3a-j, are presented in Tables 7 and
8. The multiple linear regression in Figure 8 shangood correlation between the calculated
and experimental data. The valuesaofind b coefficients present smaller values than
coefficients, which indicates that the ability dfetsolvent to donate or accept hydrogen
bonds is weaker than the solute-solvent dipoleidipuderactions.

For the compounds with positive valuessodnda coefficients (Table 7), it is expected a
bathochromic shift of the emission wavelength witle solvent polarity increase. This is
seen in Table 4, for compould (which has positive anda coefficients,s = 10.72 anda =
4.55). It shows a positive solvatochromic behawi@u, (nm) is 438, 439, and 467 in DCM,
CH3;CN and DMSO, respectively). A stabilization of tectronic excited state relatively to
the ground state occurs in this case. If the coefit b is negative, a hypsochromic shift
occurs, that indicates the stabilization of theugib state, relatively to the electronic excited
state.

23000
22000
21000
20000
19000
18000
17000

17000 18000 19000 20000 21000 22000 23000

R?=0.996

Uexp (cm'1)

Veale (cm-l)

Figure 8. Experimental ey VS calculatedycac) values of Stokes shifts for compourgs;
from Eq. (9)

Table 7. Coefficients of solvatochromic parameters for coomuls 3a-j calculated by
multiple linear regressionsing equation (9)

Group Compound v (cm™) s (10°) b (10°) a (10°
3a 32410 -14630 4720 -5710
(@) 3b 31640 -13620 4290 -5130
3c 44870 -34410 10660 -13280
3d 11180 10720 -3660 4550
3e 11180 10720 -3660 4550
3f 14950 5380 -2050 1560
(b) 39 1650 29070 -12370 6930
3h 19660 3120 -2390 1780
3i 47410 -34480 11580 -12800
3 19010 -500 470 -290
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Table 8. Contribution of solvatochromic parameters co@fits from equation (9)

Group Compound Pro Pg Py
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

3e 0.57 0.19 0.24

3f 0.60 0.23 0.17

(b) 39 0.60 0.26 0.14
3h 0.43 0.32 0.24

3i 0.40 0.37 0.23

K] 0.59 0.20 0.22

The solvatochromic parameters contributions ofns compounds are presented in Table 8.
The obtained values indicate that the solvatochrolmehaviour of investigated [1,2-
c]pyrimidines is mainly influenced by the solverdlarizability (B+). The hydrogen bond
acceptor ability, or hydrogen bond donor abilitytteé solvents, have smaller influence on the
solvatochromic properties of compourfitsj. However, for compoun@i, Prgand Pg have
close values. These values could be correlatethg¢oother values of the paramete@Y
values decrease with the increasing of the solpelarity (Table 4).

4. Conclusions

The new synthesized [1,2-c]pyrimidines present luerescence, some of them showing
high quantum yields. The substituent effects orogii®n and fluorescence parameters of
these derivatives were discussed. It was showrthlegbresence and position of the methoxy
or methyl groups on the phenyl ring in positioroBpn the benzoyl group in position 7, have
a strong influence on the fluorescence of compounls presence of an ester group grafted
on C-6 atom of the pyrrolopyrimidine dramaticalleduces the fluorescence. The
examination of UV-Vis and fluorescence spectrahef new compounds, in close connection
with the substituent nature (halogen, methyl, meghand nitro), has revealed that these
spectra are also function of solvent propertiese Triteraction of these compounds with

solvents having different polarity (chloroform, diocromethane, acetonitrile or dimethyl

sulfoxide) has been investigated through correfatdd the absorption and fluorescence
features with solvent polarity functions. Solveatrgmeters (polarity, basicity, and acidity)

contribution onto solvent-solute interactions haerb evaluated. Solvent polarity has been
found to be the most important parameter whichugrices the emission spectra of these
compounds - potential candidates for OLED technplagd fluorescent probes. Further

studies directed to the electrochemical propeniesll these compounds are in progress for
practical applications (e.g. chemical sensors).
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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 isinfluenced by substituents (halogen, methyl, methoxy and NO,). 85



