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Abstract

Highly congested pyrazole and imidazole ring comiey heterocycles were studied for their
photophysical and electrochemical properties. TDRaIculations of the molecules were carried out
using B3LYP/G(d,p) level theory in DMF medium artk tresults were in good agreement with the
experimental values. The imidazole derivatives siba red shifted absorption peakd, 455-474 nm)
and higher molar extinction coefficient than pyrdazderivatives. In the case of increasitagonjugation
from pyrazoles to imidazoles red shift in the emoisamaxima (537 nm-565 nm) was observed. These
preliminary results of absorption and emission spscopy illustrate that these molecules may have

potential organic electronic applications.



1 INDRODUCTION

Fluorescent organic compounds arenmihénse interest in many areas such as functional
materials in organic light-emitting devices (OLEO4$)-3], photovoltaics [4,5], structure, dynamics,
dyes for polymers and textile [6], These molecui@s also be used as functions of biomoleculesestudi
[7,8], labels and probes for coloring of malignascin image-guided surgery [9,10]. The multifarious
uses of fluorophores arouse the demand and intlneite synthesis of newer fluorescent compounds
with desired properties.
Based on their applicability in the natural lighartesting systems, porphyrins have been extensively
explored as effective photofluorescent agents.ds wealized that for photophysical activity of thes
molecules, structural planarity and dominarglectron density (highly conjugated system) ieatally
required. Based on these observations, variowes ptiotofluorescent organic compounds incorporating
coumarin, indoline, phenothiazine, fluorene, cadb@z pyrazole, imidazole, triphenylamine and
tetrahydroquinoline nucleus have been studied asntiging agents [11], fluorescent probes [12],
chemosensors [13], electroluminescent materialsofganic electronics [14] light harvesting agents
[15], transistor devices [16], photovoltaic cells’/] and OLEDs [18]. Development of Sulforhodamine
B [19] (i, a bioimaging dye), bodipy [20i ( visible fluorescence chemosensor), PTPOBS [i#i1]hole-
transporters in OLEDSs) and tris(8-hydroxyquinolmyatuminum ) [22] (blue luminescent in OLEDS)
are some notable examples in this regards Fig. 1.
As a part of on going program to design and devdlaprescent sensitizers, we have studied
photophysical and electrochemical properties ofhlyigcongested pyrazole and imidazole based
heterocycles. Most of the compounds possess redcbkfiguration with higheelectron charge density
in conjugation with nitrogen atoms usually presarthe organic dyes.

<<Insert Figure-1>>



2. Experimental details

The reagents and solvents used in this study wieemalytical or laboratory grade and used without
further purification unless stated otherwise. Ak treactions were monitored on Merck aluminiuncaili
gel thin layer chromatography (TLC, Wddnm plates. Column chromatography was carried ougilca

gel (100-200 mesh). The melting points were deteechion Buchi melting point M560 apparatus in
open capillaries and are uncorrectiti (300 MHz) and*C NMR (75 MHz) spectra were recorded on a
Bruker WM-300 using CDGlas reference solvent. Chemical shifisv@lue) are reported in parts per
million (ppm) Signal patterns are indicated adrgjlst; bs, broad singlet; d, doublet; dd, doulnellet;

t, triplet; m, multiplet. Coupling constant3) @re given in Hertz. Infrared (IR) spectra wereorded on

a Perkin-Elmer AX-1 spectrophotometer in KBr disclaeported in wave number (¢n ESI-MS mass
spectra were recorded on Shimadzu LC-MS and/or L&NS APC3000 (Applied Biosystem). IUPAC

nomenclature was recorded on Chem Draw-15.

2.1. General procedure for the synthesis of 7-imino-6-&f-aryl-7,9,13,14-tetrahydro-6H-
benzo[7,8]chromeno[4,3-d]pyrazolo[1,5-a]pyridine-t2arbonitriles 8a-c)/ 7-imino-6-oxo-10-aryl-7,9-
dihydro-6H,13H-pyrazolo[1,5-a]thiochromeno[3',4'@pyrano[4,3-d]pyridine-12-carbonitrile (8d-h)

[23]

A mixture of lactone3 (1.0 mmol), 2-(5-aryl-H-pyrazol-3-yl)acetonitrile {, 1.0 mmol) and
powdered KOH (1.2 mmol) in DMF (9 mL) was stirrdd@om temperature for 5-8 h. The reaction was
monitored using silica gel TLC. After consumptioh3, the crude residue was poured onto crushed ice
with vigorous stirring. The aqueous suspension nastralized with dil. HCI (if required) and the
precipitate obtained was filtered, washed with wated dried. Residue was purified by silica gel

column chromatography using chloroform/methancad@@s);



7-Imino-6-ox0-10-phenyl-7,9,13,14-tetrahydro-d-benzo[7,8]chromeno[4,3]pyrazolo[1,5-

alpyridine-12-carbonitrile (8a)

Yellow solid; yield 67%; mp: 303-304°C;; R.38 (CHC}); IR (KBr): 1577, 1611, 1692 (C=0), 2203
(CN), 3259 and 3370 (NH) ¢fn*H NMR (300 MHz, DMSO-g); 8 2.94 (t, 2H,J=7.2 Hz, CH), 3.21 (t,
2H,J=7.8 Hz, CH), 6.61 (s, 1H, CH), 7.28-7.48 (m, 7H, Ar-H & NH),64 (m, 1H, Ar-H), 8.02 (d, 3H,
J=7.5 Hz, Ar-H); MS: 403.1 (M-H); Anal. Calcd (GsH1eN4O,): C, 74.25; H, 3.99; N, 13.85 Found: C,

74.12; H, 3.96; N, 13.78; HRMS (ESI): calc. fors817/N40,: 405.1346 (M+H); found: 405.1368.

7-Imino-6-0x0-10-(4-methoxyphenyl)-7,9,13,14-tetratdro-6H-benzo[7,8]chromeno([4,3-

d]pyrazolo[1,5-a]pyridine-12-carbonitrile (8b)

Yellow solid; yield: 60%; mp: 280-281°C;;R.32 (DCM); IR (KBr): 1591, 1696 (C=0), 2206 (CN),
3292 and 3409 (NH) cth *H NMR (300 MHz, DMSO-g): & 2.94 (t, 2H,J=7.2 Hz, CH), 3.16 (t, 2H,
J=7.2 Hz, CH), 3.78 (s, 3H, OMe), 6.54 (s, 1H, CH), 6.95 (m, 3-H & NH), 7.30 (m, 3H, Ar-H),
7.64 (s, 1H, Ar-H), 7.94 (d, 2H=8.1 Hz, Ar-H), 8.27 (s, 1H, NH); MS: 433.1 (M-Ft) Anal. Calcd
(Co6H18N4O3): C, 71.88; H, 4.18; N, 12.90 Found: C, 71.76;4H,6; N, 12.84; HRMS (ESI): calc. for

CaeH19N4O3: 435.1451 (M+H); found: 435.1472.

7-Imino-3-methoxy-6-0x0-10-phenyl-7,9,13,14-tetraldro-6H-benzo[7,8]chromeno[4,3-

d]pyrazolo[1,5-a]pyridine-12-carbonitrile (8c)

Yellow solid; yield: 79%; mp: 305-306°C; R.80 (CHC}); IR (KBr): 1572, 1693 (C=0), 2203 (CN),
3286 and 3429 (NH) cth *H NMR (300 MHz, DMSO-g): & 2.91 (t, 2H,J=7.5 Hz, CH), 3.17 (t, 2H,
J=7.5 Hz, CH), 3.79 (s, 3H, OMe), 6.58 (s, 1H, CH), 6.88 (m, &#+H & NH ), 7.42 (m, 3H, Ar-H),

7.64 (s, 1H, Ar-H), 7.55 (m, 1H, Ar-H), 8.01 (d, 18+7.2 Hz, Ar-H), 8.27 (s, 1H, NH); MS: 433.2 (M-



H) *; Anal. Calcd (GsH1sN4O3): C, 71.88; H, 4.18; N, 12.90 Found: C, 71.804H)5; N, 12.86; HRMS

(ESI): calc. for GgH19N4Os: 435.1451 (M+H); found: 435.1475.

7-Imino-6-o0xo0-10-phenyl-7,9-dihydro-64,13H-pyrazolo[1,5-a]thiochromeno[3',4".5,6]pyrano[4,3-

d]pyridine-12-carbonitrile (8d)

Yellow solid; yield: 68%; mp: 290°C (start to deqaoose); R 0.46 (CHC}); IR (KBr): 1586, 1690
(C=0), 2208 (CN), 3305 and 3436 (NH) ¢ntH NMR (300 MHz, DMSO-¢): & 4.43 (s, 2H, SCh),
6.65 (s, 1H, CH), 7.30-7.45 (m, 7H, Ar-H & NH), 2.1d, 1H,J=7.5 Hz, Ar-H), 8.02 (d, 3HJ=7.5 Hz,
Ar-H); *C NMR (75 MHz, DMSO-g): & 25.05, 68.76, 88.12, 95.59, 106.96, 121.48, 126123.02,
127.28 (2C), 127.87, 128.55, 129.35, 129.43 (2@G},.17, 133.32, 134.88, 140.56, 143.05, 150.56,
153.38, 153.75, 161.72; MS: 421.1 (M-H)HRMS (ESI): calc. for GH1sN40,S: 423.0916 (NHH);

found: 423.0964.

7-Imino-6-0x0-10-(4-methoxyphenyl)-7,9-dihydro-61,13H-pyrazolo[1,5-

aJthiochromeno[3',4":5,6]pyrano[4,3-d]pyridine-12-carbonitrile (8e)

Yellow solid; yield: 61%; mp: 280°C (start to degoose); R 0.14 (CHC}); IR (KBr): 1586, 1690
(C=0), 2209 (CN), 3310 and 3425 (NH) ¢ntH NMR (300 MHz, DMSO-g): & 3.85 (s, 3H, OMe),
4.53 (s, 2H, SCh), 6.56 (s, 1H, CH), 7.10 (m, 4H, Ar-H & NH), 7.4d, 2H,J=7.5 Hz, Ar-H), 7.80 (m,
1H, Ar-H), 8.02 (d, 2H,J=7.5 Hz, Ar-H), 9.52 (bs, 1H, NH); MS: 451.1 (M-H) Anal. Calcd
(C2sH16N403S): C, 66.36; H, 3.56; N, 12.38 Found: C, 66.25311; N, 12.31; HRMS (ESI): calc. for

C2sH15N403: 451.0859 (M+H); found: 451.0880.

7-Imino-6-o0x0-10-(4-fluorophenyl)-7,9-dihydro-64,13H-pyrazolo[1,5-

aJthiochromeno[3',4":5,6]pyrano[4,3-d]pyridine-12-carbonitrile (8f)



Yellow solid; yield: 63%; mp: 310°C (start to degoose); R 0.11 (CHCY); IR (KBr): 1602, 1691
(C=0), 2207 (CN), 3303 and 3422 (NH) ¢ntH NMR (300 MHz, DMSO-g): & 4.30 (s, 2H, SC}),
6.50 (s, 1H, CH), 7.10-7.28 (m, 6H, Ar-H & NH), 8.%d, 1H,J=7.2 Hz, Ar-H), 7.92 (d, 2HJ=5.7 Hz,
Ar-H), 9.38 (bs, 1H, NH); MS: 439.1 (M-H) Anal. Calcd (G4H13N4O3FS): C, 65.45; H, 2.97; N, 4.31
Found: C, 65.39; H, 2.94; N, 4.28; HRMS (ESI): cdlr CysH13N4OsFS: 441.0816 (M+H); found:

441.0816.

7-Imino-6-0x0-10-(3-(trifluromethyl)phenyl)-7,9-dihydro-6H,13H-pyrazolo[1,5-

ajthiochromeno[3',4":5,6]pyrano[4,3-d]pyridine-12-carbonitrile (8g)

Yellow solid; yield: 76%; mp: 309-310°C;;R.13 (CHC}); IR (KBr): 1615, 1692 (C=0), 2210 (CN),
3305 and 3418 (NH) ¢y *H NMR (300 MHz, DMSO-g): 4.31 (s, 2H, SCH, 6.71 (s, 1H, CH), 7.18-
7.29 (m, 3H, Ar-H & NH), 7.54-7.62 (m, 3H, Ar-H), 56 (s, 1H, Ar-H), 8.19-8.21 (m, 2H, Ar-H), 9.45
(bs, 1H, NH); MS: 489.1 (M-H); Anal. Calcd (GsH13F3N40,S): C, 61.22; H, 2.67; N, 11.62 Found: C,

61.12; H, 2.65; N, 11.57; HRMS (ESI): calc. fors814FsN40,S: 491.0784 (M+H); found: 491.0815.

7-Imino-6-o0x0-10-(3,4,5-trimethoxyphenyl)-7,9-dihydo-6H,13H-pyrazolo[1,5-

ajthiochromenol[3',4":5,6]pyrano [4,3-d]pyridine-12-carbonitrile (8h)

Yellow solid; yield: 65%; mp: 275°C (start to decoose); R 0.84 (Hexane: EtOAc, 1:1); IR (KBr):
1606, 1695 (C=0), 2202 (CN), 3294 and 3407 (NH)'thi NMR (300 MHz, DMSO-g): & 3.74 (s,
9H, 3xOMe), 4.30 (s, 2H, SGH 6.60 (s, 1H, CH), 7.14 (s, 2H, Ar-H), 7.18-7(@8, 4H, Ar-H & NH),
7.60 (d, 1H,J=4.9 Hz, Ar-H), 9.38 (bs, 1H, NH); MS: 511.1 (M-M)Anal. Calcd (G/H2oN40sS): C,
63.27; H, 3.93; N, 10.93 Found: C, 63.6; H, 3.89;10.88; HRMS (ESI): calc. for £H21N40sS:

513.1227 (M+H); found: 491.1233.



2.2. General procedure for the Synthesis of 9-amino-&bR-dihydro-8H-benzo[4,5]imidazo[1,2-
albenzo[7,8] chromenol4,3-d]pyridine-16-carboniwil  (10a-b) / 9-amino-8-oxo-1H,8H-

benzo[4,5]imidazo[1,2-a]thiochromeno[3',4":5,6]pyra[4,3-d]pyridine-16-carbonitrilg10c-d) [23].

A mixture of lactone3 (1.0 mmol),2-cyanomethylH-benzimidazole §, 1.0 mmol) and powdered
KOH (1.2 mmol) in DMF (9 mL) was stirred at roonmtperature for 5-8 h. The reaction was monitored
using silica gel TLC. After consumption 8f the residue was poured onto crushed ice withroig®
stirring. The aqueous suspension was neutralizéd dili HCI (if required) and the precipitate obted
was filtered, washed with water and dried. The erudsidue was purified by silica gel column

chromatography using chloroform/methanol (0-30%);

9-Amino-8-oxo-1H,8H-benzo[4,5]imidazo[1,2a]thiochromeno[3',4".5,6]pyrano[4,3-d]pyridine-16-

carbonitrile (10a)

Orange solid; yield: 76%; mp: >315°C (start to dapose); R0.42 (CHC}:MeOH, 10:1); IR (KBr):
1563, 1612, 1692 (C=0), 2208 (CN), 3173 and 3448)(d™*; "H NMR (300 MHz, DMSO-¢): 5 2.93
(bs, 2H,CHy), 3.22 (bs, 2H, Ch), 7.11 (m, 1H, Ar-H), 7.32 (m, 4H, Ar-H), 7.49 (bH, Ar-H), 7.64
(m, 1H, Ar-H), 7.89 & 9.93 (bs, 2H, Ni 8.79 (m, 1H, Ar-H); MS: 377.1 (M-H); Anal. Calcd
(Ca3H14N4Oy): C, 73.01; H, 3.73; N, 14.81 Found: C, 72.92;3,0; N, 14.73; HRMS (ESI): calc. for

CaaH15N40,: 379.1189 (M+H); found: 491.1197.

9-Amino-5-methoxy-8-oxo-1,2-dihydro-81-benzo[4,5] imidazo[1,2a]benzo[7,8]chromeno[4,3-
d]pyridine-16-carbonitrile (10b)

Orange solid; yield: 98%; mp: >315°C (start to dapose); R0.40 (CHC}:MeOH, 10:1); IR (KBr):
1612, 1690 (C=0), 2204 (CN), 3181 and 3446 (NH)'riii NMR (300 MHz, DMSO-g): & 2.94 (t,

2H, J=6.6 Hz, CH), 3.26 (t, 2H,J=6.6 Hz, CH), 3.83 (s, 3H, OCH, 6.92 (s, 2H, Ar-H), 7.14 (t, 1H,



J=7.2 Hz, Ar-H), 7.28 (t, 1HJ=7.2 Hz, Ar-H), 7.54 (d, 1HJ)= 8.1 Hz, Ar-H), 7.63 (d, 1HJ= 9.3 Hz,
Ar-H), 8.82 (d, 1H,J=7.8 Hz, Ar-H), 9.96 (bs, 2H, N}t MS: 407.1 (M-H)™; Anal. Calcd
(Ca4H16N4O3): C, 70.58; H, 3.95; N, 13.72 Found: C, 70.46;3t82; N, 13.63; HRMS (ESI): calc. for

CosH17/N4O3: 409.1295 (M+H), found: 409.1294.

9-Amino-8-oxo-1H,8H-benzo[4,5]imidazo[1,2-aJthiochromeno [3',4":5,6]pyano[4,3-d]pyridine-16-

carbonitrile (10c)

Orange solid; yield: 84%; mp: 309°C (start to depose);; R 0.64 (CHC}:MeOH, 10:1); IR (KBr):
1556, 1603, 1691 (C=0), 2208 (CN), 3177 and 3428)@m*; *H NMR (300 MHz, DMSO-¢): & 4.48
(s, 2H, SCH)), 7.14 (t, 2H,J=7.5 Hz, Ar-H), 7.25-7.41 (m, 5H, Ar-H & Ng, 7.55 (d, 1H,J=7.8 Hz,
Ar-H), 7.74 (dd, 1HJ= 1.5 & 7.5 Hz, Ar-H), 8.80 (d, 1HJ=8.1 Hz, Ar-H);**C NMR (75 MHz,
DMSO-d;): 6 25.24, 69.31, 88.97, 107.11, 115.55, 117.50, ¥171@1.08, 124.37, 126.29, 127.02,
127.90, 128.56, 131.32, 132.86, 135.22, 144.50,4145151.28, 151.59, 154.97, 161.31; MS: 395.1
(M*-1); Anal. Calcd (GH1,N4O,S): C, 66.66; H, 3.05; N, 14.13 Found: C, 66.51;3H)1; N, 14.03;

HRMS (ESI): calc. for GH13N40,S: 397.0753 (NHH); found: 397.0763.

9-Amino-5-chloro-8-oxo-H,8H-benzo[4,5]imidazo[1,2a]thiochromeno[3',4":5,6]pyrano[4,3-

d]pyridine-16-carbonitrile (10d)

Orange solid; yield: 76%; mp: 3%2 (start to decompose);s R.85 (CHC}:MeOH, 10:1); IR (KBr):
1562, 1606, 1694(C=0), 2217 (CN), 3190 and 34.2)(&n*; 'H NMR (300 MHz, DMSO-g): 5 4.49
(s, 2H, SCH), 7.38-7.43 (m, 5H, Ar-H & Nb), 7.58 (d, 1HJ=7.8 Hz, Ar-H), 7.66 (d, 1H)= 1.8 Hz,
Ar-H), 8.84 (d, 1H,J=8.1 Hz, Ar-H), 9.95 (bs, 1H, Nt **C NMR (75 MHz, DMSO-g): & 25.21,
69.75, 88.94, 107.96, 117.52, 117.68, 120.98, B1.04.31, 125.53, 129.44, 130.08, 130.74, 131.41,

132.88, 134.05, 144.04, 145.44, 149.95, 151.45,885460.91; MS: 429.1 (M-H)HRMS (ESI): calc.



for CooH12CIN4O,S: 431.0369 (NH-H); found: 431.0394.
3. Computational Details

All the calculations have been performed using @aissian 09 program package [24]. Geometrical
optimization was performed in vacuo using B3LYP P8} exchange-correlation functional and a 6-
311G(d, p) basis set [26]. The optimized geometriese then used to obtain frontier molecular ofbita
(FMOs). To simulate the optical spectra, the lowsgin allowed singlet-singlet transitions were
computed on the ground state geometry. TDDFT caficuls of the lowest singlet—singlet excitations
were performed in DMF solution, on the optimizedmetries using the B3LYP/6-311G (d, p) level of
theory. The integral equation formalism polarizatatinuum model (PCM) [27] within self-consistent
reaction field (SCRF) theory, has been used toridesthe solvation of the molecules. The software
GaussSum 2.2.5 [28] was utilized to simulate th@maortion of absorption spectrum and to analyze
the nature of transitions.

4. Results and discussion

4.1 Chemistry

The proposed pyrazole8&h) and imidazoles 10ad) derivatives were synthesized using earlier
reported procedures following the reaction of djtasubstituted benzb]chromene 8a-b, 4a-h and
thiochromeno[4,3]pyrans Bc-d, 4c-g with active methylene group containing 2-(5-atif-pyrazol-
3-yl)acetonitrile (7) or 2-imidazolyl acetonitril®) under basic reaction conditions (Scheme 1 and 2)
[23].

The 3a-d and4a-d were selected owing to their interesting chemistngl versatile applicability as a
synthon for the synthesis of diverse heterocyckdsRBtructurally, benzdjjchromene 3a-b, 4a-h and
thiochromeno[4,3]pyrans Bc-d, 4c-g have three electrophilic centers. Due to the gires of three

electrophilic centers, they produce different prdduwvhen reacted with nucleophiles under different



reaction conditions and in situ yields cyclic ar®aed heteroarenes.
<<Insert Figure-2>>
<<Insert Figure-3>>

<<Insert Scheme 1>>

In brief, the starting compounda-b [29] were prepared from the reaction of 1-tetral¢®e-b) with
methyl 2-cyano-3,3-dimethylthioacrylatel) (and 4-methylthio-2-o0x0-2,5-dihydrothiochromeno34
b]pyran-3-carbonitriles 3c-d) [30], from the reaction of thiochromen-4-one2c{d) with methyl 2-
cyano-3,3-dimethylthioacrylatedl, Subsequent amination 8&-d were carried out using piperidine in
boiling ethanol, to afford correspondidg-d (Fig. 2).Furtheractive methylene containing pyrazol&s (
were synthesized using hydrazine &tdipyran-2-onesq) as precursors Fig. 3 [30,31]. Compouhd
was finally synthesized from the reaction of arykthyl ketone %) with methyl 2-cyano-3,3-

dimethylthioacrylateX) [31].

<<Insert Scheme 2>>
Finally the pyrazole8a-h) and benzimidazolelQa-d) derivatives were synthesized using an equimolar
mixture of lactone 3 or 4) and pyrazole?) or imidazole 9) by the attack of nucleophile at C4 position

of 3 or4in KOH/DMF at room temperature (Scheme 1-2) indygilds.
4.2. Optical properties

The photophysical and electrochemical data of @amgs such admax of their UV-Vis
absorption and photoluminescence (PL) spectraygkaence quantum yield, HOMO/LUMO energy

levels, and the electrochemical band gap (Eg) werestigated. The fluorescence quantum vyields in



DMF were determined by the optically dilute methaging fluoresceindfl = 0.79 in ethanol) as a
reference.
The UV-Vis absorption spectra of pyrazoléa-f) and imidazoles 10ad) are recorded in DMF
solution as shown in Fig: 4. The various photoptglsilata of the compounds are shown in Table 1. A
broad band between 270 and 350 nm observed irb8w@ @tion spectra in DMF was attributed to the
7* transition. The imidazole moietylQa-d showed a red shifted absorption peaka.f 455-474 nm)
and higher molar extinction coefficient comparedthiat of pyrazole 8a-¢9 moieties resulting from
increasedt-conjugation. Interestingly, when the sulfur atoraswntroduced into the chromene unit to
construct8d-h, theAmax Wwas red-shifted by14 nm [32]. A similar trend was also observed i thse of
imidazole molecules.
The normalized UV-Vis and PL spectra of synthesirmalecules are shown in Fig. 5. The emission
properties are summarized in Tablel. The PL maxahgyrazoles 8a-h) showed strong green
fluorescence at 493-511 nm with a moderate to dlumdescence quantum yield up to 78% [33]. In the
case of increasingrconjugation from pyrazoles to imidazold®&-d) red shift in the emission maxima
(537 nm-565 nm) was observed. The emission peaknatastrongly affected by the hetero atom (s) in
the pyrazole moieties(495 nm for8a & 8b and~ 508 nm for8d-h).

<<Insert Table 1>>

<<Insert Figure-4>>
Interestingly, compound40c and 10d showed PL maxima in the red region (562 nm, 565nm
respectively). The imidazoled@a-d), exhibited relatively large Stokes shifts (80+&h) compared to
pyrazoles (53-70 nm) possibly due to high intrarooler charge-transfer excitation of an electromfro

HOMO level to the LUMO level of the molecules.



In order to provide in-depth insight into the eteaic structures, we have chosen one molecule from
each category8g, 8d, 10a and10¢ for further theoretical study. We have carried ®DDFT (Time
Dependent Density Functional Theory) studies in DhHing B3LYP/6-311G(d,p) level of theory.
Structures of optimized geometries of these moéscat B3LYP/6-311 G(d,p) level theory were shown
in Fig 6. The TDDFT calculations with B3LYP arerirarly good agreement with experimental UV-Vis
spectra. The spectra have been produced by comgl@aussian functions with full width at half
maximum (FWHM) = 0.03 eV. The normalized plots whglated and experimental UV-Vis spectra of
these molecules are shown in Fig. 7. The wavelsngththe excitations with the largest oscillator
strengths fj within these bands are given in Table 2. BasedDBFT calculations, the intense singlet
transition at around 407 nr8d, f = 0.334), 418 nm&d, f = 0.453), 467 nm10c f = 0.383) respectively
is attributed to the HOMO to LUMO transition, whasefor thelOa at around 400 nmf£0.606)
attributed to transition from HOMO to LUMO+2 (Talki® The optimized geometry parameters, at the
B3LYP/6-311 G(d,p) level of theory are shown in TEaB.

<<Insert Figure-5>>

<<Insert Table 2>>
4.3. Electrochemical Properties

Electrochemical studies using cyclic voltammetry}/{Qvere performed to evaluate the redox behavior
of the pyrazoles8a-h) and imidazolesla-d). All measurements were performed in a three-eldet
cell setup using Ag/AgCl as reference electrode afd electrode as the working electrode, using.a 0
M of the electrolyte tetrabutylammoniumhexafluoropphate (BiNPF;) dissolved in DMF. The DPV
voltammograms obtained were employed to evaluaehtghest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMEDErgy levels [34]. As shown in Fig. 8, the first

oxidation potential (E) corresponds to the HOMO level of the moleculee HOMO level was readily



estimated using the equationdmo = -(Eoxt4.8) eV. The LUMO could be calculated from the &tpn
Eox-Eo-0 Where B is the zeroth-zeroth transition value obtainednftbe intersection of the normalized
absorption and emission spectra as shown in Fignd tabulated in Table 1. ThexEof these
compounds were calculated relative to the ferrafemmecenium (Fc/F9 0.53 Vvs Ag/AgCl electrode
[35]. The HOMO and LUMO levels of the new molecuesre found to be in the range of -5.64 eV to -
5.43 eV and -2.61 ev to -2.95 eV, respectively. ithiiazoles exhibited higher HOMO level compared
to pyrazoles, attributed from increase in #heonjugation.

We have plotted the isosurfaces (isovalue=0.02hefHOMO and LUMO Fig. 10 as well as the
nearest frontier orbitals o08a, 8d, 10a and 10c which are involved in transitions with strong
contributions to the first excitation as well amtxt two excitations with strong oscillator strémgrhe
HOMO and LUMO energies of the pyrazole molecuss, @9 located over the chromene and pyrazole
moiety, whereas for imidazole moietiel0&, 10¢ the HOMO is distributed over the total molecule.
There is no clear trend in the LUMO energies ofithéiazole molecules.

The calculated HOMO, LUMO energies and the HOMO-LOMap (HLG) at a B3LYP/6-311g (d,p)
level in DMF solvent is given in Fig. 9. The comativnally and experimentally determined HOMO,
LUMO energies are in good agreement. The HOMO-LUy#ps are shown in Table 2.

<<Insert Table 3>>

<<Insert Figure-6>>

<<Insert Figure-7>>

<<Insert Figure-8>>

<<Insert Figure-9>>

<<Insert Figure-10>>
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3. Conclusions:

In summary, we have synthesized and successfudlgsared the photophysical and electrochemical
properties of highly congested pyrazole and imitiarimg containing heterocycles. The UV-Vis spectra
of these molecules showed that the imidazole bgarilecules exhibited red shift in the absorption
band higher molar extinction coefficient compared pgyrazole containing molecules. This work
demonstrates that these molecules having strongdkabsorption and appropriate energy levels, ¢ould
with further development, be employed as matef@l®rganic electronics as well as sensitizers.
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Ligend for firures

Fig. 1. Some notable organic dyes applied for differemppses.

Fig. 2. Synthesis of the substituted 5,6-dihydro-2-o¥tt#nzoh] chromene-3-carbonitriles34-b,4a-
b) and 2,5-dihydro-2-oxo-thiochromeno[4)®yran-3-carbonitriles3c-d,4c-d).

Fig. 3. Synthesis of pyran-2-on8)(and 2-(5-aryl-H-pyrazol-3-yl) acetonitrile4).

Fig. 4. UV-vis spectra oBa-h and10ad in DMF.

Fig 5. Electronic absorption & emission spectreBafh and10ad in DMF.

Fig. 6: Structures of optimized geometries3af, 8d, 10aand10cat B3LYP/6-311 G(d,p) level theory
Fig 7. Comparison between experimental (black lines) eadulated (red lines) UV-Vis absorption
spectra of th&a, 8d, 10aand10c molecules in DMF solution. Red vertical lines egent the calculated
singlet excitation energies in GaussSum 2.2.5.

Fig. 8. Cyclic voltammograms o8a, 8d, 10aand 10c in DMF; scan rate 100 mV s supporting

electrolyte: tetrabutylammonium hexafluorophospliatBuw,PFs).

Fig. 9. Calculated HOMO-LUMO gaps at B3LYP/6-311G(d, p)deof theory and respective HO

and LUMO orbital pictures at B3LYP/6-311G(d, p)lewé8a, 8d, 10aand10cin DMF solvent.

Fig. 10. Molecular orbitals of8a, 8d, 10aand 10c in B3LYP functional, involved in transitions that

contribute to the first excitation and to the nexhigh absorbance excitation



Ligend for Tables

Table 1.Photophysical properties of compour@#sh and10a-d in DMF

Table 2. Calculated properties of th8a, 8d, 10aand 10c using B3LYP/6-311G (d,p).
Specifically HOMO and LUMO energies (eV), HOMO-LUM@ap (eV), HLG, with
corresponding oscillator strengttisthe wavelengths of the first excitation and eatains with
the largest oscillator strengths and the dipole srn(D), .

Table 3. Optimized geometry parameters &, 8d, 10aand 10c calculated at B3LYP/6-311
G(d,p) level theory.

Ligend for Shemes

Scheme 1. Synthesis of 7-imino-6-oxo0-10-aryl-7,9,13,14-teyrdio-6H-
benzo[7,8]chromeno[4,3-d]pyrazolo[1fpyridine-12-carbonitrile  §a-¢/ 7-imino-6-0x0-10-
aryl-7,9-dihydro-61,13H-pyrazolo[1,5-a]thiochromeno[3',4":5,6]pyrano[4lpyridine-12-

carbonitrile 8d-h).

Scheme 2. Synthesis of 9-amino-8-0xo0-1,2-dihydrétdenzo[4,5])imidazo[1,2-
albenzo[7,8]chromenol[4,8}pyridine-16-carbonitrile  10a-b) /  9-amino-8-oxo-H,8H-

benzo[4,5]imidazo[1,&]thiochromeno[3',4":5,6]pyrano[4 @pyridine-16-carbonitrile {0c-d).
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Figure 10
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Table 1

b

'LumMO

Compound Aabs Nem % (M) L= *HOMO g0 "Av i
(nm) (nm) (nm)
8a 428 493 13,000 0.64 -5.44 -2.61 2.83 65 0.55
8b 42¢ 49t 10,47( 0.6¢ -5.4¢ -2.63 2.8t 67 0.6€
8c 428 507 17,003 0.76 -5.56 -2.71 2.85 53 0.78
8d 442 508 9,792 0.72 -5.52 -2.77 2.75 66 0.34
8€e 444 50¢ 10,59: 0.7¢ -5.5€ -2.81 2.7t 64 0.41
8f 441 511 12,133 0.84 -5.64 -2.88 2.76 70 0.38
8g 441 508 10,227 0.64 -5.44 -2.68 2.76 67 0.29
8h 444 50¢ 8,927 0.6C -5.4C -2.64 2.7¢ 64 0.22
10a 455 545 20,833 0.73 -5.53 -2.95 2.58 90 0.17
10b 457 537 20,781 0.70 -5.50 -2.89 2.61 80 0.32
10c 467 562 15,790 0.63 -5.43 -2.90 2.53 98 0.05
10d 474 565 11,249 0.64 -5.44 -2.90 2.54 91 0.03

Aabs (NM): Absorption wavelengtf., (nm): Emission wavelengttiz: Molar extinction coefficient’E,,: The formal oxidation potentials in
DMF were internally calibrated with ferrocene (0.93vs Ag/AgCl), HOMO = -(E,+4.8)eV, LUMO = Calculated with the expression of
LUMO = HOMO - Ey,. 9E0-0: Band gap, was derived from the intersectiefwben the absorption and emission spéttvaStokes shifts'd:

fluorescence quantum yield.

Table 2
Compound e Amax HOMO LUMO HLG F Main Contribution u (D)
(nm) (nm)
8a 428 407 -5.83 -2.56 3.27 0.334 -H L (98%) 6.95
8d 442 418 -5.75 -2.59 3.16 0.453 - L (96%) 5.96
10a 455 400 -6.07 -3.83 2.24 0.606 -+ L+2 (94% 3.58
10c 467 437 -5.95 -2.70 3.25 0.383 -+ L (89%, 5.54
“absorption values obtained from experimental data.
Table 3
8a 8d 10a 10c
Bond lengths (°A)
CieN2o 1.27 Qe-Cus 141 @Cop 1.37 G-Sn 1.82
N17-N2g 1.38 [elely 1.19 eSOl 121 £0¢ 1.36
Ca0-N3y 1.15 {5-Nog 1.27 £ Nos 1.15 2014 1.21
Co1-Cps 1.46 N-Nig 1.39 &N2s 1.32 £Nay 1.15
Dihedral angles (°)
N2g-Cie-N17-N2o  -1.45 Nog-Ci5-C12-Ci1 12.27 ©011-C12-015 -176.18 @-C11-0,0C;  -176.41
015-C1-C13-Cis 411 Q4C11-016-C 177.56 Q-C-Cs-Cy 15.16 @-C11-C1-Css -0.58
Cig-N17-N2o-Co1 5.78 Mh-C15-N16-N1g -1.409 @-C1-Cy5-Coe -1.58 &Co-Su1-Co 51.70
N31-Csg-Cio-Cig -4.7C C7-Cg-S4s-Co -31.1¢ Na2z-Cig-N17-Cas -0.1¢ N25-Ci5-N1¢-Csz 2.0t
N2g-C21-Co3-Coe 25.17 N-Coo-Co2-Co7 -25.33 M-Ci1g-Cro-Cos -3.27 @-N31-Ci7-Cig  -177.24
045-C12-011-C;  -178.05 @-Cr-Cs-C4 22.30 £5C2-C19-Cisg -19.05 My-Cz3-Ci6-Ci7 -35.79
Co2-Cr1-Co3-Cos 26.5¢ Ci7-N16-C15-Nas 168.1¢ CioCisCe-Co 4.4 N31-Ci17-C16-Caz -4.0<
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Highlights

1. Highly congested pyrazole and imidazole ring containing heterocycles were synthesi zed.

2. Ama Of UV-Vis absorption and photoluminescence (PL) spectra, fluorescence quantum yields of these
compounds were studied.

3. HOMO/LUMO energy levels and the electrochemical band gap (Eg) were investigated.



