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5.1 Introduction

Small conjugated organic molecules have been gaining quite importance recently.
These molecules often show bright fluorescence in solution states and sometimes in solid
states. This characteristic makes these molecules valuable due to its application in various

fields from opto-electronic, electroluminescent devices and sensor devices [1].

Organic conjugated molecules possessing extended 7z-conjugation is one of the
prime choices for the applications because of their unique photophysical properties and
charges transport properties. These properties are often augmented by various strategies like
setting up push-pull effect in the molecule, substitution of functional groups that enhances

self assembling properties.

Indole fused with carbazole benzenoid ring form indolocarbazole heterocyclic
compounds. All five isomers of indolocarbazole (ICZ) have shown remarkable application
in fields of medicinal, biological and material sciences [2]. These five isomers are
indolo[2,3-b]carbazole (1), indolo[3,2-b]carbazole (2), indolo[2,3-b]carbazole (3) and
indolo[2,3-c]carbazole (4) and indolo[2,3-a]carbazole (5) which can be identified by the
position and pattern of ring fusion of indole and carbazole (Figure 5.1).

O
v
HN OOO

Figure 5.1 Isomers of Indolocarbazoles [1]
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Among them ICZ [3, 2-b] derivatives have found impressive use in field of opto-
electronic, non-linear optics (NLO) and as an electroluminescent devices [3]. ICZ [3, 2-b]
derivatives possesses good photophysical properties contributed from its large rigid, planar
and conjugated structure. ICZ structure is analogous to pentacene in terms of planarity, the
advantages of ICZ [3, 2-b] are that it can be easily alkylated at 5"and 11" position
providing ICZ moiety better solubility in organic solvent [4]. The synthesis of ICZ [3, 2-b]
systems have been reported in numerous ways [5]. Double fischer-cyclization reaction of
bis-phenyl hydrazone yielding ICZ [3, 2-b] was reported by Robinson [6]. This synthetic
method is quite popular even today because of its several advantages such as easy
availability of starting materials, lesser synthetic steps involved etc. In present chapter, we

will use similar methodology for synthesis of our desired molecules.

Benzimidazole derivatives have been widely exploited in the field of sensor
especially as emissive sensor [7]. Owing to the resemblance to histidine amino acid,
benzimidazole derivatives often used as model for study in biological systems [8]. Often
introduction of electron withdrawing/releasing group is done to modify the pKa values of
benzimidazole derivatives [9]. Recently, numerous benzimidazole derivatives have been
reported as chemosensor [10], fluorescent anion receptors [11], ratiometric fluorescent acid

probes [12], fluoride sensor [13] by various research groups.

Figure 5.2 Carbazole based benzimidazole derivatives [13]

Carbazole based ratiometric fluorescent probes have been recently reported by K.
Aich et al [14]. The reported carbazole-benzimidazole based sensor showed high and

reversible sensitivity for volatile acid vapors [13]. Inherent photophysical properties of
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carbazole as well as extended z-conjugation due to the presence of electron releasing and
electron withdrawing groups impart unique properties to these systems. Owing to the
similarity with carbazole moiety which has extensively developed as organic light emitting
diode (OLED) and organic field effect transistors (OFET) devices [15].
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Figure 5.3 Dyes response towards H" acid under UV light (Aex = 365 nm) [14]

The ICZ unit possesses planar conformation which imparts certain restriction in
molecular rotation as well with substitution of benzimidazole ring in the indolocarbazole-
system; rigidity in these units can be enhanced. The radiationless decay of excited states
results from the intramolecular vibrations can be lowered by combined effects achieved

from ICZ and benzimidazole units.

In present work we reports new dialkyl ICZ-benzimidazole derivatives which were
synthesized from dioctyl ICZ derivatives obtained by double Fischer cyclization of
bisarylhydrazones. The dioctyl 1ICZ were further reacted under Vilsmeier-Haack reaction
condition to yield structural isomers dioctyl 1CZ-2-aldehyde and dioctyl ICZ-6-aldehyde.
Both aldehydes were separately reacted with ortho-phenylene diamine to yield 2-(1H-
benzo[d]imidazol-2-yl)-5,11-dioctyl-5,11-Indolo[3,2-b]carbazole (compound 5) and6-(1H-
benzo[d]imidazol-2-yl)-5,11-dioctyl-5,11-Indolo[3,2-b]carbazole (compound 6). Compound

5 and compound 6 were characterized by NMR spectroscopy and High-resolution Mass-
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spectrometry (HRMS). UV-visible absorption studies and fluorescence studies were
analyzed. The responses of compounds against the TFA in fluorescence were measured.
The computational studies were done to develop the understanding regarding acidic
response by the synthesized compounds.

5.2 Result and discussion

5.2.1 Synthesis

ICZ benzimidazole compounds were synthesized as showed in the Scheme 5.1 and scheme
5.2. The ICZ moiety was synthesized by following procedure reported by Bergman et al
[16].

ICZ were synthesized using double Fischer indolisation approach which involves reaction
of the bis-phenylhydrazone with cyclohexane 1, 4-dione under condition described by
Robinson [5]. The alkylation was carried out using procedure developed by Leclerc et al.
Formylation of alkylated ICZ were performed out by following Vilsmeier-Haack
conditions. The ICZ aldehydes were reacted with ortho-phenylene diamine in dry dimethyl
formamide (DMF) in presence of p-TSA at elevated temperature to yield corresponding

substituted benzimidazole.
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H DMSO, POCI;, DMF, 3
BTEAC DCE, 24h, 50% +

Q0% o
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1 2

Scheme 5.1 Synthesis of dioctyl ICZ-2-aldehyde (3) and dioctyl ICZ-6-aldehyde (4) from
ICZ (1)

It was observed that when compound 2 reacted with POCIls/DMF under Vilsmeier-

Haack conditions, two isomeric ICZ aldehydes were formed in the ratio of 70:30
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(compound 4: compound 3). These aldehydes were separated by column chromatography.

The synthesized aldehydes were used to form respective benzimidazole derivatives.

e
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Scheme 5.2 Synthesis of 2-(1H-benzo[d]imidazol-2-yl)-5,11-dioctyl-5,11-Indolo[3,2-
b]carbazole (5) and 6-(1H-benzo[d]imidazol-2-yl)-5,11-dioctyl-5,11-Indolo[3,2-b]carbazole
(6) [17]
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5.2.2 Photophysical properties

The UV-visible measurements of the solutions of compound were carried out. All
compounds were having good solubility in organic solvents i.e methanol (MeOH),
chloroform (CHCI3) and acetone owing to its alkyl chains. The solutions were prepared in
the MeOH with concentration in range of 10 pM. Compound 5 and compound 6 exhibited
quite distinct UV-visible spectra when compared to each other. The compound 5 showed
continuous spectrum where Amax Was observed at 343 nm which was the most intense peak.
While the small humps were observed at 419 nm and at 395 nm. Compound 6 showed two
clear strong peaks ranging at 341 nm and at 280 nm which was most intense. Along with
these peaks small humps at 418 nm and at 395 nm were observed. A shoulder peak has been
observed at 325 nm. The absorption and emission spectra of compound 5 and compound 6

are depicted in Figure 5.4.
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Figure. 5.4 (a) Absorption and (b) Emission spectra of compound 5 and 6 in 10 uM in
MeOH

The difference in the absorption spectra of compound 5 and 6 can be attributed to
the structural features. Benzimidazole substitution at 2-position in compound 5 creates less
steric hindrance and in turn more conjugation compared to benzimidazole substitution at 6-
position in compound 6. In compound 6, the benzimdiazole ring unit was substituted at 6™

position in the ring system which contributes much steric hindrance resulting in the twisting
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of the benzimidazole ring system, this twist disrupts the conjugation across the ICZ-

benzimidazole rings systems probably causing two different peaks in UV-visible spectrum.

The emissive properties of these moieties were studied. Both compound 5 and
compound 6 showed different fluorescence spectrum (Figure 5.4). Compound 5 showed two
distinct emission peaks, observed with intense one at 427 nm followed by second peak at
454 nm Compound 6 exhibited single peak at 433 nm. The quantum yield for the compound
5 and compound 6 were found to be 0.15 and 0.19, respectively. The colour of compound 5
solution was light yellow coloured under normal light and it appears as light blue under
UV-light illumination (A=365 nm). Compound 6 solution was colourless under normal light

and under UV-illumination (A=365 nm) shows blue-violet colour (figure 5.5).

Ab)
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e

Figure 5.5 (a) Compound 5 under UV-light illumination (A=365 nm). (b) Compound 6
under UV-light illumination (A=365 nm)
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5.2.3 Acid induced fluorescence study

Acid induced fluorescence study of both compound were examined in presence of

trifluoroacetic acid (TFA).
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Figure 5.6 (a) Fluorescence changes of compound 5 on addition of TFA and (b)

Fluorescence changes of compound 6 on addition of TFA. (Ae= 343 nm). Concentration

500
Wavelength (nm)

was 10pM in MeOH solution

It was observed that with addition of TFA in the compound 5 solution, steady
decrease in the emission maxima occurred and new peak at 489 nm was obtained (Figure
5.6). This red shift in the emission might be resulted from the protonation of benzimidazole

nitrogen which further increasing the intramolecular charge transfer (ICT).

Similar studies were carried with compound 6. It was observed that with addition of
TFA in this compound solution, steady decrease in the emission maxima occurred and new
low intensity peak at 545 nm was obtained. This red shift in the emission might be resulted
from the protonation of benzimidazole nitrogen which further increasing the intramolecular
charge transfer (ICT) (Figure 5.6). We have also observed similar behavior of both

compound 5 and compound 6 in presence of other organic acids such as p-toluene sulfonic

acid and trifilic acid.
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Figure 5.7 (a) Fluorescence colour change in the solution of compound 5 after TFA

addition. (b) Fluorescence colour change in the solution of compound 6 after TFA

addition

Fluorescence colour change upon addition of TFA in the solution of compound 5
and compound 6 were observed under UV light (A= 365 nm). The blue violet colour of
compound 6 changes to intense green-violet. Compound 5 showed change from light blue

to yellow colour (Figure 5.7).

Similarly effects of acid vapors on the compound in the solid state (on TLC plates)
were examined. The TLC plates which were dried after putting spots of the solution of the
compound 5 and compound 6 were exposed to TFA vapors. Clear difference was observed
between normal compound spot on TLC and one with TFA exposed TLC when observed
under the UV-light (A=365 nm). The colour of TFA exposed TLC returns to the normal one
when it was treated to triethyl amine vapors (Figure 5.8).
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1) ()
@) (b)

Figure 5.8 (1) (a) TLC of compound 5 under UV-light. (b) TLC of 5 after exposed to TFA
vapors under UV-light. (2) (a) TLC of compound 6 under UV-light. (b) TLC of 6 after
exposed to TFA vapors under UV-light

5.2.4 Electrochemical properties

Electrochemical properties of compound 5 and 6 were studied by cyclic
voltammetry (CV) (Figure 5.9). The CV experiments which was employed to determine the
oxidation potential of compound 5 and 6 was consists of a three-electrode cell having Pt-
disk working electrode, Pt-wire counter electrode and Ag/Ag" reference electrode using 0.1
M tetrabutyl-ammonium hexafluorophosphate (TBAPFg) as the supporting electrotye in
dichloromethane (DCM) under N, atmosphere. Highest occupied molecular orbital
(HOMO) energies of the corresponding systems were measured against the oxidation
potential value observed for Ferrocene/Ferrocenium redox couple at testing condition (Eg; =
0.35V).
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Figure 5.9 CV of compound 5 and 6; (a) oxidation (b) reduction (vs. Ag/Ag”,
0.36 V)

The CV of compound 5 showed quasi-reversible oxidation peak at 1.00 V with onset
value of 0.68 V and irreversible reduction peak at -1.45 V with onset value of -0.70 V. The
HOMO energy levels were calculated from the onset oxidation potentials. Exomo energy
level of compound 5 was found to be -5.13 eV. The optical HOMO-LUMO gap of
compound 5 was calculated as 2.89 eV. Lowest unoccupied molecular orbital (LUMO)
energy levels were calculated from HOMO energy levels and optical HOMO-LUMO gap to
be -2.24 eV. The CV of compound 6 displayed quasi-reversible oxidation peak at 0.96 V
with onset value of 0.69 V and a reduction peak at -1.48 V with onset of 0.73 V. The
calculated HOMO and LUMO energies were -5.14 and -2.29 eV respectively [18].

5.2.5 Computational studies

To obtain in-depth study of FMO and quantum chemical data, DFT studies were
carried out using Gaussian 09 [19]. The optimization of the structures was performed using
6-31G (d) basis set with B3LYP hybrid exchange-correlation.

This computational data was used to understand probing mechanism in the ground
states of molecule as well as in protonated states. These calculations also provide

reasonable understanding for excitation and emission characteristics of the compounds.

The obtained optimized structure of compound 6 shows planar ICZ unit with
benzimidazole unit attached in twisted fashion. The dihedral angle was calculated to be 65°

for compound 6 while in case of compound 5, the attached benzimidazole unit was almost
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planar to the ICZ unit with the dihedral angle of 10°. It indicates that imidazole is nearly
planar with ICZ in compound 5, whereas it is highly twisted from the indolocarbazole in

compound 6.

compound 5 Protonated compound 5 compound 6 Protonated compound 6
4 b

Figure 5.10 HOMO and LUMO of protonated and neutral compound (a) 5 and (b) 6

The diminishing fluorescence response in compound 5 and 6 with addition of TFA can
be understood by frontier molecular orbitals (FMO) analysis obtained from the DFT
calculations (Figure. 5.10). With addition of TFA, protonation of benzimidazole unit occurs
which result in the photoinduced electron transfer (PET) from fluorophore (ICZ) to
positively charged benzimidazole moiety, causes quenching of fluorescence [20, 21]. PET
was possible because of electron-rich ICZ moiety, which acts as electron donating moiety to
the protonated benzimidazole unit during ET. For compounds 5 and 6, the HOMO and
LUMO orbitals are localized on ICZ, so there is no charge transfer (Figure 5.10). However,
in case of protonated 5 and 6, LUMO orbitals are localized on the imizazole unit, thus

opening the PET channel and quenching the emission.
5.3 Conclusion

In present study, ring system consists of ICZ derivative were successfully
synthesized, isolated and characterized by (*H and *3*C) NMR spectroscopy and HRMS.

Compound 3 was synthesized by new method and was used further to synthesize its
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benzimidazole derivative. The synthesized compounds possessed extended conjugation
which exhibited good fluorescent properties. Both the basic benzimidazole units showed
sensitivity towards acid and it can be observed visually under UV-light (353 nm) with
significant change in colour, glowing yellow for compound 5 and intense greenish-violet for
compound 6. Their emission spectroscopy reveals the same phenomena, where a new peak
appeared at green region (490-530 nm) during protonation. The DFT studies suggested that
occurrence of photoinduced electron transfer (PET) from ICZ moiety to protonated
benzimidazole units results in the diminishing emission fluorescence of compound 5 and 6
with addition of TFA. Similar trend were observed with other organic acids such as trifilic

acid and p-toluene sulfonic acid.
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54 Experimental

5.4.1 General

All chemicals were reagent grade and were used as purchased. Moisture sensitive
reactions were performed under an inert atmosphere of dry nitrogen with dried solvent.
Reactions were monitored by TLC analysis using Merck silica gel 60 F-254 thin-layer
plates. Column chromatography was done on Silica Gel (60-140 mesh). *H and *C NMR
spectra were recorded on Bruker AV-IIl 400 MHz (for 'H) and 100 MHz (for **C)
spectrometer using CDCIl3/DMSO-ds as solvent and chemical shifts are reported in parts per
million (3 scale) relative to tetramethyl silane (TMS) as the internal standard. The UV-
visible spectra were recorded on model Perkin ElemerLamba 35 UV-VIS spectrometer.
Fluorescence spectra were recorded on a model HITACHI F-6300 fluorescence
spectrometer. The high resolution mass spectra (HRMS) were recorded on a Thermo-
Fischer DSQ 1l GCMS instrument. Quinine was used as reference for quantum yield (®s=
0.546).

5.4.2 Synthesis

ICZ (1) was synthesized from cyclohexane-1,4-dione via bishydrazone according to
the literature procedure [22]. The alkylated compound (2) was obtained by following

literature method [3].

54.2.1 Synthesis of 5,11-dioctyl-indolo[3,2-b]carbazole-2-
carbaldehyde (3) and 5,11-dioctyl-indolo[3,2-b]carbazole-6-carbaldehyde

(4) :

DMF (0.55 mL, 7.26 mmol) was taken in a clean dry two-neck round bottom flask
and cooled in ice-salt bath under nitrogen atmosphere. To this POCI; (0.27 mL, 2.9 mmol)
was added and the mixture was stirred at 0° C for 30 minutes and then at room temperature
for 1 hour. Compound 2 (0.7 g, 1.45 mmol) was dissolved in dichloroethane (DCE) (15
mL) and kept under nitrogen atmosphere. The POCIlz in DMF was cooled to 0° C and to this

mixture solution of compound 2 in DCE was added dropwise with the help of syringe.
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Reaction mixture was stirred at room temperature for 1 hour and then refluxed (85° C) for
24 hours. After completion of reaction, DCE was evaporated and the remaining mass was
stirred with water (30 mL) and then extracted with DCM (3 x 15 mL). The combined
organic layer was washed with brine and then dried over anhydrous Na,SO,. After
evaporating solvent under reduced pressure, the crude products were subjected to alumina
column chromatography and two products compound 3 (EA/PE: 05/95) and compound 4
were separated (EA/PE: 15/85). Compound 3 was obtained in 30% vyield (0.370 g) M.P.:
132 °C. and compound 4 was obtained in 50% yield (0.207 g) M.P.: 102 °C.

Compound 3 *H NMR (400 MHz, CDCls, ppm): 6 0.86-0.89 (m, 6H), 1.25-1.42 (m, 20H),
1.87-1.94 (m, 4H), 4.33-4.37 (t, 4H, J=7.2 Hz), 7.33-7.37 (m, 1H), 7.47-7.51) (m, 3H),
7.54-7.58 (m, 1H), 8.02-8.04 (dd, 1H, J;=8.8 Hz, J,=1.6 Hz), 8.17-8.19 (d, 2H, J=8 Hz),
8.63 (d, 1H, J=1.2 Hz), 10.12 (s, 1H).

13C NMR (100 MHz, CDCl3, ppm): & 14.08, 22.62, 27.36, 27.45, 28.81, 28.87, 29.20, 29.24,
29.39, 29.47, 31.81, 31.84, 43.44, 43.64, 99.29, 99.62, 108.44, 108.60, 118.24, 120.34,
122.54, 122.60, 123.21, 123.39, 123.50, 126.15, 127.66, 136.31, 136.68, 141.78, 145.23,
191.73.

Compound 4 'H NMR (400 MHz, CDCl; ppm): 6 0.85-0.89 (m, 6H), 1.26-1.48 (m, 20H),
1.81-1.85 (m, 2H), 1.93-1.97 (m, 2H), 4.44-4.48 (t, 2H, J=7.2 Hz), 4.57-4.60 (t, 2H, J=8
Hz), 7.26-7.28 (m, 2H), 7.30-7.35 (m, 1H), 7.48-7.59 (m, 4H), 8.21-8.23 (d, 1H, 7.6 Hz),
8.29 (s, 1H), 8.64-8.66 (d, 1H, J=8 Hz), 11.36 (s, 1H).

13C NMR (100 MHz, CDCl3, ppm): & 14.14, 22.65, 26.82, 27.40, 28.72, 28.96, 29.24, 29.45,
31.79, 31.85, 43.15, 47.29, 105.43, 108.7, 109.83, 115.94, 11.82, 119.55, 121.67, 122.21,
122.64, 124.85, 125.41, 126.64, 135.62, 136.01, 190.36.
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5422 Synthesis of 2-(1H-benzo[d]imidazol-2-yl)-5, 11-dioctyl-
indolo[3,2-b]carbazole(5)

A mixture of compound 3 (0.330 g, 0.647 mmol) and o-phenylene diamine (0.167 g,
1.55 mmol) was dissolved in DMF (5 mL) and p-TSA was added in catalytic amount (0.020
g). The reaction mixture was refluxed (155 °C) under nitrogen atmosphere for 12 hours. The
reaction mixture was cooled to room temperature and then it was poured into ice water (30
mL) and stirred for some time which is then extracted with DCM (3 x 15 mL). The
combined organic layer was washed first with water and then with brine twice and then it
was dried over anhydrous Na,SO,. The solvent was evaporated under reduced pressure and
the crude product was purified by alumina column chromatography (EA/PE: 05/95).
Compound 5 was obtained as yellow solid in 85 % yield (0.328 g). M.P.: 166 °C

IR (KBr) (cm™): v 3068, 2952, 2852, 1616, 1509, 1467, 1441, 1403, 1310, 1273, 1223,
1174, 1147, 1073, 844, 743.

'H NMR (400 MHz, CDCls, ppm): 6 0.84-0.87 (m, 6H), 1.24-1.40 (m, 22H), 1.88-1.91 (m,
4H), 4.29-4.30 (M, 4H), 7.23-7.25 (m, 1H), 7.27-7.29 (m, 1H), 7.35-7.42 (m, 2H), 7.49-7.53
(m, 1H), 7.70 (s, 1H), 7.95-7.98 (d, 2H), 8.08-8.10 (d, 1H), 8.19-8.21 (d, 1H), 9.03 (s, 1H).

13C NMR (100 MHz, CDClg, ppm): & 14.12, 22.61, 22.64, 27.26, 28.62, 28.83, 29.19, 29.26,
29.32, 29.59, 31.81, 31.91, 42.66, 42.97, 98.76, 108.49, 114.86, 117.79, 119.25, 119.41,
120.09, 122.22, 122,56, 122.61, 122.85, 123.36, 124.15, 125.63, 135.85, 136.00, 141.45,
142.29.

HRMS: Calculated for C41HagN4 (M+1)* (m/z): 596.3879. Found: 597.3960

5423 Synthesis of 6-(1H-benzo[d]imidazol-2-yl)-5,11-dioctyl-
indolo[3,2-b]carbazole (6)

A mixture of compound 4 (0.180 g, 0.353 mmol) and o-phenylene diamine (0.91 g,
0.85 mmol) was dissolved in DMF (5 mL) and p-TSA was added in catalytic amount (0.020
g). The reaction mixture was refluxed (155 °C) under nitrogen atmosphere for 12 hours. The
reaction mixture was cooled to room temperature, and then it was poured into ice water (30

mL) and stirred for some time which was then extracted with DCM (3 x 15 mL). The
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combined organic layer was washed first with water and then with brine twice and then it
was dried over anhydrous Na,SO,4. The solvent was evaporated under reduced pressure and
the crude product was purified by alumina column chromatography (EA/PE: 05/95).
Compound 6 was obtained as yellow solid in 46% yield (0.096 g). M.P.: 181 °C

IR (KBr) (cm™): v 3063, 2925, 2853, 1613, 1586, 1537, 1506, 1471, 1453, 1417, 1370,
1277, 1225, 1176, 1122, 1092, 841, 738.

'H NMR (400 MHz, CDCls, ppm): & 0.47- 0.49 (m , 3H), 0.64-0.68 (m, 3H), 0.86-1.01 (m,
8H), 1.15-1.40 (m, 15H), 1.85-1.88 (m, 2H), 4.26 (m, 4H), 6.53-6.55 (d, 1H), 6.79 (M, 1H),
7.12-7.14 (m, 1H), 7.26-7.30 (m, 2H), 7.33-7.34 (m, 1H), 7.46-7.53(m, 2H), 7.84 (s, 1H),
8.16-8.18 (d, 1H).

13C NMR (100 MHz, CDCl3, ppm): & 14.15, 14.18, 22.63, 22.68, 26.63, 27.35, 28.70, 29.19,
29.28, 29.44, 31.64, 31.90, 43.03, 44.45, 100.54, 108.22, 108.75, 118.35, 119.98, 121.11,
122.29, 122.34, 123.14, 123.46, 125.71, 126.00, 133.97, 134.67, 141.45, 142.18, 148.75.

HRMS: Calculated for C41HagN4 (M+1)* (m/z): 596.3879. Found: 597.3980.
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Spectral data
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5,11-dioctyl-indolo[3,2-b]carbazole-2-carbaldehyde (3)
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5,11-dioctyl-indolo[3,2-b]carbazole-6-carbaldehyde (4)
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2-(1H-benzo[d]imidazol-2-yl)-5, 11-dioctyl-indolo|[3,2-

b]carbazole (5)
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6-(1H-benzo[d]imidazol-2-yl)-5,11-dioctyl-indolo[3,2-

b]carbazole (6)
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Chapter 5

Indolocarbazole-benzimidazole
based conjugated molecules and
trisubsituted phenyl-oxazole based
n-conjugated molecules: Synthesis,
characterization, photophysical and
DFT studies

Part b: Series of 2, 4, 5-trisubstituted
oxazole: Synthesis, characterization and
DFT studies
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5.6 Introduction

Azoles are a class of five-membered ring, heteroaromatic compounds, isoconjugate
with the cyclopentadienyl anion and derived from this species by replacing two of the
carbons with a nitrogen atom and another heteroatom [23]. 1, 3-azoles-oxazoles, thiazoles,
imidazoles, have attracted the attention of chemists for many years. Imidazole-, oxazole-
and thiazole-containing secondary metabolites are extensively distributed in nature, both in
marine and terrestrial organisms [24]. Oxazole has an oxygen atom and a nitrogen atom at
the 1 and 3 positions of the ring, and, like pyridines, oxazoles are weakly basic substances
[25].

Figure 5.11 Structure of oxazole

Oxazoles have been found as subunits in numerous natural products [26]. Oxazole is
also a valuable precursor in various biochemical as well as synthetic transformations [27].
Numerous pharmacologically important compounds used as antibiotics and
antiproliferatives contain oxazole ring systems. Some very important derivatives of 2,5-
diaryloxazoles, such as annuloline (from Loliummultiflorum) [28] and halfordinol (from
Halfordiascleroxyla) [29] have been isolated from plant sources and have also been
prepared in the laboratories. Annuloline was the first demonstration of the oxazole ring in

nature.
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OMe
MeO

/ o

annuloline halfordinol

Figure 5.12 Structures of annuloline and halfordinol

Oxazole ring containing pimprinine (a mould metabolite from Streptomyces

pimprina) acts as antibiotics. Several methods for the synthesis of pimprinine have been

reported [30].
w/ o
/

N / \
NH
pimprinine
Figure 5.13 Structure of Pimprinine

Among the numerous heterocyclic moieties of biological and pharmacological
interest, the oxazole ring is endowed with various activities. Oxazole derivatives have
shown activity against inflammation [31], diabetes [32], bacterial infection [33],
cardiovascular disease [34], viral [35] and cancer [36]. Owing to these facts, oxazole
derivatives have attracted considerable attention in field of medicinal research, and resulted
in development of numerous investigations on their synthesis and biological activities
during the last decade. However, very little efforts have been paid to the synthesis of

trisubstituted oxazoles.

Earliest synthesis to produce 2, 5-disubstituted oxazoles was reported by Hermann
Emil Fischer in 1896. It is a type of dehydration reaction which involves preparation of

oxazole from cyanohydrins and aldehydes in the presence of anhydrous HCI [21]. Oxazoles
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have been synthesized by various method utilizing a-diazo ketones, a-acyloxy ketones and
a-acylamino ketones as synthetic intermediates. However, preparation of these reactive
intermediates is not always straightforward because of various drawbacks involved in these
reactions, such as long reaction time, low vyields, and forced reaction conditions [21].
Bredereck and Bangert showed a relatively simple approach to the synthesis of oxazoles
(Scheme 5.3) [37]. This method was an adaptation of an older synthesis of substituted
oxazoles, which was the reaction of amides with a-hydroxy ketones. Upon heating

formamide with ethyl o-hydroxyketosuccinate, diethyl oxazole-4,5-dicarboxylate was

obtained.
X HCONH,
R — % >
R 120 °C ,
O X= OH, CI

Scheme 5.3 Synthesis of disubsituted oxazoles reported by Bredereck [35]

In present chapter we will be using modified Bredereck method for synthesis of 2-
(4-alkyloxyphenyl)-4,5-dimethyloxazole derivatives and other trisubsituted oxazole
derivatives. A simple and practical synthetic methodology was used to achieve the desired
molecules. These compounds were thoroughly characterized by IR, NMR (*H and *3C). The
structures of representative compounds were determined by single crystal X-ray diffraction.
Density Functional Theory (DFT) calculations were performed to shed more light on the

electronic structures of these molecules [38].
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5.7 Results and discussion

5.7.1 Synthesis

RX, KOH, EtOH, SOCl,,
HO@COOH reflux, 8 hrs ROQCOOH reflux, 3 hrs RO@COQ
7 8a-e 9a-e
NH,OH,
THF, it

3-chloro-2-butanone,

N glacial acetic acid
RO@—( j( < : RO@CONHZ
O

reflux, N, atm, 18 hrs
11a-e 10a-e
Where R= n-CsH- for 11a, R = n-C4Hq for 11b,
R =n-C4H13 for 11c, R = n-C7H15 for 11d &
R = n-C8H17 for 11e

Scheme 5.4 Synthesis of 2-(4-alkyloxyphenyl)-4, 5-dimethyloxazole derivatives (11a-e)
[39]

2-(4-Alkyloxyphenyl)-4,5-dimethyloxazole derivatives (11a-e) were synthesized by
the procedures shown in the scheme 5.4 using the modified Bredereck method. Treatment
of 4-hydroxy benzoic acid with appropriate alkyl halides in presence of alcoholic KOH has
afforded 4-alkoxybenzoic acids (8a-e) in 80-90%. Compounds 9 were obtained in good
yield by treatment of compounds 8 with thionyl chloride at reflux temperature and followed
by treatment with ammonium hydroxide in THF at room temperature to yield corresponding

compound 10.

3-chloro-2-butanone,

R@CONHZ glacial aceticacid,=R ( > /,\NI
O
13

reflux, N, atm,
12 18 hrs

where R = H for 13a
R = Cl for 13b

Scheme 5.5 Synthesis of 4, 5-dimethyl-2-phenyloxazole (13a) and 2-(4-chlorophenyl)-4,5-
dimethyloxazole (13b)
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4,5-Dimethyl-2-phenyloxazole (13a) was synthesized from benzamide by refluxing

with 3-chloro-2-butanone in glacial acetic acid (Scheme 5.5).

e N
g, 2w (T
OH o)

0 (i) MeOH, NEt; COOMe

14 15

Scheme 5.6 Synthesis of dimethyl-2-phenyloxazole-4, 5-dicarboxylate (15)

Moreover, dimethyl-2-phenyloxazole-4, 5-dicarboxylate (15) was also prepared by
treating N-benzoyl glycine (14) with oxalyldichloride in dry THF under nitrogen
atmosphere followed by treatment with methanol in presence of triethyl amine (Scheme 5.6)
[40].

5.7.2 Single crystal X-ray Diffraction (SCXRD)

The molecular structures for 2-(4-butyloxyphenyl)-4,5-dimethyloxazole (11b) and
4,5-dimethyl-2-(4-(octyloxy)phenyl) oxazole (11e) were elucidated by SCXRD (Figure
5.14). Crystals of both compounds were obtained from slow evaporation of diethyl ether
solution at room temperature. A suitable crystal was selected and data were collected at 293
K using CuKo (A = 1.5418 A) radiation on an Xcalibur, Eos, Gemini diffractometer. Both
structures were solved and refined using Olex2 [41]. The structure was solved with the
Superflip [42] structure solution program using Charge Flipping and refined with the

ShelXL [43] refinement package using Least Squares minimization.
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Cc15

Cc14

C13
C12

2-(4-(Octyloxy)phenyl)-4,5-dimethyloxazole (11e)

Figure 5.14 Molecular structure of 2-(4-butyloxyphenyl)-4,5-dimethyloxazole (11b) and 2-

(4-(octyloxy)phenyl)-4,5-dimethyloxazole (11e).

probability level and H atoms have been omitted for clarity

Ellipsoids are drawn at the 50%

The compound 11b crystallizes in monoclinic system with space group P21/c. The

oxazole ring was almost planar to the benzene ring (Table 5.1). Compound 11e crystallizes

in triclinic system with space group P-1. Similar to compound 11b, both benzene ring and

oxazole ring were almost co-planar to each other.

Table 5.1 Values of torsion angles and length of short contacts of compound 11b and 11e

Compounds Torsion angles Length of short contacts
O1C7C1C6  (4.33°) O1-H11 2.65 A
b N1C7C1C2  (2.07°) C4-H12a 2.89 A
e O1C7C1C6 (2.07°)| ©02-H3  265A
N8C7C1C2  (2.09°) N8-H10b 2.55A
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Interestingly, the incorporation of o-butyl substituent on the ethereal linkage
changes the structural and electronic features of the molecule that apparently modify the
number and nature of non-covalent interactions. For instance, the C12-H12a group
associated with the methylene moiety which is indeed in a close proximity to the ethereal
linkage and the centroid of the benzene ring (Cg), essentially involved in the intermolecular
C-H...n, (distance 2.89 A) donor-acceptor interactions, arranging the molecules linearly
along c-axis as shown in the following Figure 5.15. Whereas, C-H group of one of the
methyl of oxazole is mainly involved in C-H...O (distance 2.65 A ) weak hydrogen bonding

interactions, arranging the molecules along b-axis in zig-zag networking (Figure 5.16).

Figure 5.15 Arrangement of molecules through C-H...x intermolecular contacts along c-
axis
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@ (b)

Figure 5.16 Arrangement of molecules through C-H...O weak H-bonding intermolecular
interactions along b-axis forming a zig-zag networking (a) capped Sticks and (b) spacefill

representation of molecular packing

Interestingly, molecules of compound 11e showed a number of intermolecular C-
H...O and C-H...N interactions (Figure 5.17). For instance, the molecule present in the
asymmetric unit forms a close contact with neighbouring molecules, arranging the
neighbouring molecule in an anti-parallel fashion through C-H...O interactions involving
C3-H3 group of benzene and ethereal oxygen atoms (Table 5.1). Principally, the oxazole
moiety of the asymmetric molecule is involved in C-H...N donor-acceptor interaction,
arranging the neighbouring molecule parallel along a-axis as shown in Figure 5.17. Overall,
the asymmetric molecule forms an aggregate of three molecules. In fact, C10-H10b and N8
groups of oxazole moiety are mainly involved C-H...N (distance 2.55 A) weak H-bonding

interactions and arranging the molecules linearly along a-axis as shown in Figure 5.17.
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Figure 5.17 A linear arrangement of molecules of compound 11e involving C-H...N
interactions forming 1D chain-like structure

5.7.3 Computational Data.

DFT calculations were performed using Gaussian 09 program [31] with B3LYP
functional and 6-311G(++) basis set on the series of the reported compounds.

Vertical view Horizontal

*§resoraver 3

2-(4-butyloxyphenyl)-4,5-dimethyloxazole (11b)
\?ﬂ o9 2 22 2o 2, 2 oey
e M
rir‘l.““”"‘\-"f DI, %
2-(4-(octyl0xy)pheny|)-4,5-dimethyloxazole (11e)

Figure 5.18 Optimized structure of compound 11b and 11e (Vertical and Horizontal view)
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It was observed that geometric parameters of the optimized structures are in good
agreement with that from the SCXRD data. The optimized structures of all oxazole
derivatives showed co-planarity between phenyl and oxazole rings (11e dihedral angles for
01C7C1C6 and N1C7C1C2 was 0.47° and 0.6° respectively) which is in congruence with
SCXRD data (Figure 5.18) (Table 5.2).

Table 5.2 Optimized structures of compound 11a, 11c, 11d, 13b and 15

Vertical view Horizontal view

11a

1ic

11d

13b
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Calculated IR spectra of these series of compounds were compared with the
experimental spectra. We presented intense vibrational modes in frequency region from 400
to 4000 cm™. It was concluded that in compound 11e, band 847 cm™ which corresponds to
867 cm™ of calculated one was arises due to C-H out of plane deformation of phenyl ring.
The 1019 cm™ band observed was from C-O stretching (1021 cm™ calculated). The
calculated frequency 1213 cm™ occurred from C-H in plane deformation of phenyl ring
which was experimentally found at 1256 cm™. C-C Skeletal vibrations of phenyl ring found
at 1472 cm™ and 1649 cm™ which was confirmed by 1453 cm™ and 1648 cm™ (calculated).
Asymmetric CHj stretching was observed 2989 cm™corresponds to the calculated 2991 cm’

! For compounds 11a, 11b, 11c and 11d similar data was obtained.

In compound 13b, C-Cl stretching (calculated 770 cm™) observed at 790 cm™ while
C-H out of plane deformation of phenyl ring (calculated 874 cm™), C-C skeletal vibrations
of phenyl ring (calculated 1517 cm™)and asymmetric CHj stretching (calculated 3016 cm™)
were found at 856 cm™, 1502 cm™ and 3021 cm™, respectively. In compound 15, 1737 cm™
and 1689 cm™ band corresponds to C=0 stretching of ester group which were obtained at

1653 cm™ and 1697 cm™ in theoretical one.
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Table 5.3. IR spectra values obtained from experimental and DFT calculations

Compound Experimental (cm™) DFT Calculations (cm™)
2989, 1649, 1615, 1560, 1503, 3013, 2992, 1673, 1648, 1522,
1le 1472, 1344, 1307, 1256, 1172, 1453, 1254, 1213,1021, 988,
1019, 847. 867
3021, 2950, 1611, 1502, 1450, 3109, 3067, 3016, 1668, 1517,
13b 856 790 1437, 1093, 1040, 874, 770
3035, 2957, 1737, 1689, 1608, 3188, 3049, 1697, 1653, 1516,
15 1508, 1473, 1435, 1259, 1042, 1377, 1287, 1081, 807.
992, 914, 799, 768, 699, 549

5.8 Conclusion

A series of 2,4,5-trisubstituted oxazole were prepared and characterized by standard
spectroscopic methods and X-ray crystallography. The crystal structures of compound 13b
and compound 13e shows significant nonbonding intermolecular interactions such as C-
H..z, C-H..N and C-H...O interactions, forming a fascinating 1D and 3D molecular

networking, respectively.
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59 Experimental

5.9.1 General

All the chemicals were reagent grade and used as purchased. Moisture-sensitive
reactions were performed under an inert atmosphere of dry nitrogen with dried solvents.
Reactions were monitored by TLC analysis using Merck 60 F254 aluminium coated plates
and the spots were visualized under UV light. Column chromatography was carried out on
Silica gel (60-140 mesh). All melting points were determined using Thiele’s tube using
paraffin oil and are uncorrected. IR spectra were recorded in range from 4000-400 cms™
using KBr pellets on a Shimadzu Prestige 21 spectrometer with 4 scan numbers. NMR
spectra were recorded on a Bruker Avance-I11 400 spectrometer in CDClI;. Diffraction data
were collected using CuKo (A = 1.5418 A) radiation on an Xcalibur, Eos, Gemini
diffractometer.DFT calculations were performed using Gaussian 09 program with B3LYP
functional and 6-311G(++) basis set.
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5.9.2 Synthesis

4-Alkyloxybenzamide was synthesized from 4-hydroxy benzoic acid in three steps

by following the reported procedure [44].

A mixture of 3-chloro-2-butanone (1.17 g, 0.014 mol) and 4-alkyloxy benzamide
(10a-e) (0.028 mol) in glacial acetic acid (1.5 mL) was stirred at 120 °C under nitrogen
atmosphere for 18 hours. The reaction mixture was cooled to room temperature. The
reaction mixture was neutralized by adding saturated solution of K,CO3z (10 mL). The
neutralized reaction mixture was extracted with dichloromethane (3 x 10 mL). The organic
phase was separated, dried over anhydrous sodium sulphate and concentrated under reduced
pressure. The crude product was purified by column chromatography on silica gel with
ethyl acetate and petroleum ether (1:20) to afford compound 11a-e.

59.2.1 4,5-Dimethyl-2-(4-propoxyphenyl)oxazole (11a)

Yield: 38%. M.p. 59-61°C. 'H NMR (400 MHz, CDCl3): & 1.059 (t, 3H), 1.811-1.863 (g,
2H), 2.152 (s, 3H), 2.304 (s, 3H), 3.968 (t, 2H), 6.931-6.960 (d, 2H, ArH), 7.900-7.933 (d,
2H, ArH). *C NMR (100 MHz, CDCI3): § (ppm) 10.04, 10.50, 11.27, 22.53, 69.52, 114.53,
120.46, 127.38, 131.42, 142.62, 159.27, 160.42. IR (KBr, cm™): v 854, 1170, 1250, 1414,
1500, 1550, 1650, 2990.
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59.2.2 2-(4-Butoxyphenyl)-4,5-dimethyloxazole (11b)

Yield: 40%. M.p. 60-62 °C. 'H NMR (400 MHz, CDCls): 5 0.997-0.983 (t, 3H, -CHs),
1.508-1.523 (m, 2H, -CH,), 1.781-1795 (m, 2H, -CHy), 2.144 (s, 3H, -CHs), 2.29 (s, 3H, -
CHs), 3.998-4.009 (t, 2H, -OCH,), 6.933 (d, 2H, ArH), 7.902 (d, 2H, ArH). **C NMR (100
MHz, CDCls): & (ppm) 10.07, 11.29, 13.86, 19.23, 31.26, 67.76, 114.55, 120.47, 127.40,
131.44, 142.64, 159.29, 160.45. IR (KBr, cm™): v 844, 1151, 1174, 1248, 1384, 1423, 1499,
1532, 1550, 1584, 1630, 1640, 2981.

5.9.2.3 2-(4-(Hexyloxy)phenyl)-4,5-dimethyloxazole (11c)

Yield: 35%. M.p. 74-75 °C. *H NMR (400 MHz, CDCls): § 0.921-0.938 (t, 3H, -CHs),
1.333-1.368 (M, 4H,-CH,), 1.457-1.493 (m, 2H, -CH,), 1.784-1.820 (m, 2H, -CH,), 2.149
(s, 3H, -CHa), 2.302 (s, 3H, -CH3), 3.977-4.014 (t, 2H, -OCH.,), 6.926-6.948 (d, 2H, ArH),
7.897-7.897 (d, 2H, ArH). *C NMR (100 MHz, CDCls): & (ppm): 10.07, 11.29, 14.05,
22.61, 25.71, 29.17, 31.59, 68.06, 114.53, 120.45, 127.38, 131.43, 142.62, 159.28, 160.43.
IR (KBr, cm™): v 740, 842, 1028, 1179, 1248, 1309, 1422, 1474, 1500, 1559, 1612, 1648,
2976.

59.2.4 2-(4-(Heptyloxy)phenyl)-4,5-dimethyloxazole (11d)

Yield: 35%. M.p. 77-79 °C. *H NMR (400 MHz, CDCls): § 0.911 (t, 3H), 1.300-1.341 (m,
6H), 1.356-1.498 (m, 2H), 1.772-1.843 (m, 2H), 2.306 (s, 3H), 2.308 (s, 3H), 4.00 (t, 2H),
6.928-6.957 (d, 2H, ArH), 7.899-7.922 (d, 2H, ArH). *C NMR (100 MHz, CDCls): &
(ppm): 10.08, 11.30, 14.10, 22.62, 25.99, 29.07, 29.22, 31.78, 68.09, 114.20, 114.55,
120.47, 127.39, 131.45, 142.63, 159.29, 160.44. IR (KBr, cm™): v 850, 1022, 1170, 1250,
1415, 1505, 1560, 1600, 1650, 2995.
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5.9.25 2-(4-(Octyloxy)phenyl)-4,5-dimethyloxazole (11e)

Yield: 37%. M.p. 78-79 °C. 'H NMR (400 MHz, CDCls): & 0.990-0.997 (t, 3H, -CH3),
1.329-1.372 (m, 8H, -CH,), 1.432-1.494 (m, 2H, -CH,), 1.789-1.843 (m, 2H, -CH,), 2.154
(s, 3H, -CH3), 2.308 (s, 3H, -CHs), 3.987-4.020 (t, 2H, -OCH.,), 6.930-6.952 (d, 2H, ArH),
7.899-7.921 (d, 2H, ArH). *C NMR (100 MHz, CDCls): § (ppm): 10.10, 11.31, 14.13,
22.68, 26.03, 29.22, 29.25, 29.36, 31.82, 68.09, 114.55, 120.47, 127.40, 131.44, 142.64,
159.30, 160.44. IR (KBr, cm™): v 2989, 1649, 1615, 1560, 1503, 1472, 1344, 1307, 1256,
1172, 1019, 847.

5.9.2.6 General procedure for the synthesis of 4,5-dimethyl-2-
phenyloxazole (13a) and 2-(4-chlorophenyl)-4,5-dimethyloxazole (13b)

A mixture of 3-chloro-2-butanone (1.17 g, 0.014 mol) and benzamide (12a and 12b)
(0.028 mol) in glacial acetic acid (1.5 mL) was stirred at 120 °C under nitrogen atmosphere
for 18 hours. The reaction mixture was cooled to room temperature. The reaction mixture
was neutralized by adding saturated solution of K,CO3 (10 mL). The neutralized reaction
mixture was extracted with dichloromethane (3 x 10 mL). The organic phase was separated,
dried over anhydrous sodium sulphate and concentrated under reduced pressure. The crude
product was purified by column chromatography on silica gel with ethyl acetate and

petroleum ether (1:20) to afford compound 13.
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5.9.2.7 4,5-Dimethyl-2-phenyloxazole (13a)

Yield: 44%. M.p. 49-50 °C (lit., 50-52 °C) [25].*H NMR (400 MHz, CDCls): § 2.2 (s, 3H),
2.4 (s, 3H), 7.43-7.45 (m, 3H, ArH), 7.98-8.03 (m, 2H, ArH).

59.2.8 2-(4-Chlorophenyl)-4,5-dimethyloxazole (13b)

Yield: 52%. M.p. 121-123 °C (lit., 122-124 °C).[26] *H NMR (400 MHz, CDCls): 5 2.168
(s, 3H), 2.326 (s, 3H), 7.400-7.428 (m, 2H, ArH), 7.911-7.933 (m, 2H, ArH). *C NMR
(100 MHz, CDCls): & (ppm): 10.12, 11.28, 126.31, 127.08, 132.13, 135.64, 143.74, 158.21.
IR (KBr, cm™): v 3021, 2950, 1611, 1502, 1450, 856, 790.

5.9.2.9 Synthesis of dimethyl 2-phenyloxazole-4,5-dicarboxylate (15)

To the stirred slurry of N-benzoyl glycine 2.0 g in 30 mL of dry THF, 14.2 g (10
equivalents) of oxalyl dichloride was added dropwise under N, atmosphere. After complete
addition, mixture was stirred for overnight. The excess of oxalyl dichloride was removed
and reaction mixture was concentrated under low pressure. To this mixture 1.7 mL (1.5
equivalents) of triethyl amine and 15 mL of dry MeOH was added. This solution was stirred
for 3 hours at room temp. The residue was concentrated under reduced pressure and crude
product was purified by column chromatography (petroleum ether: ethyl acetate) to yield

2.4 g as a white solid compound.

Yield: 20%, M.p. 47-48 °C (lit., 45-47°C) [34]. *H NMR (400 MHz, CDCls): & 3.949 (s,
3H), 4.037 (s, 3H), 7.551-7.559 (t, 2H), 7.613-7.653 (t, 1H), 7.930-7.954 (d, 2H). *C NMR
(100 MHz, CDCl3): § (ppm): 53.54, 127.84, 129.09, 131.35, 133.37, 142.03, 162.62,
163.45, 166.46. IR (KBr, cm™): v 3035, 2957, 1737, 1689, 1608, 1508, 1473, 1435, 1259,
1042, 992, 914, 799, 768, 699, 549.
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5.10 Spectra

4, 5-Dimethyl-2-(4-propoxyphenyl)oxazole (11a)

5.10.1

70" T
mmo.HW
8LO"T
T18°T
mSAV
9%8° 1T
€98 1
oL 7
Nﬁ.m“\
v0E" T

256°€
wmm.mv
586°€

T€6°9
GE6°9
876°9
mmm.w\
096°9
Nmm.h\
006°L
mom.hv
LE6 L~/
L7

226"

(0]

CaHy

T T T T T T T T T
35 30 26 20

T

8.5 8:0 75 70 65 6.0 55 50 45 4.0

1.5

©

A AN
oo |
o|S| [N
©

ol il

|
il

'H NMR spectrum

v0°0T

0S°0T—>

LZ'1t
€S°22-

2S°69-
SL 9L~

Lo LL—>

6E°LL”

ES'PIT
v ozt

BE"LZT-
Y TIET —

29°2yT—

LT 6ST~
2y 09T~

o

CaHy

180 160 140 120 100 80 60 40 26 ppm
*C NMR spectrum

200

216



Chapter 5

5.10.2

4, 5-Dimethyl-2-(4-butyloxyphenyl)oxazole (11b)
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4, 5-Dimethyl-2-(4-hexyloxyphenyl)oxazole (11c)
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4, 5-Dimethyl-2-(4-heptyloxyphenyl)oxazole (11d)
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4, 5-Dimethyl-2-phenyloxazole (13a)
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5.10.9 Crystal data and structure refinement for Compound 11b
and Compound 11e
Compound 11b 1le
Empirical formula Ci5H19NO; Ci9H27NO;
Formula weight 245.31 301.43
Crystal system monoclinic Triclinic
Temperature /K 293(2) 298
Space group P21/c P-1
alA 15.1739(5) 6.2142(5)
b/A 10.9792(3) 7.8709(6)
c/A 8.28616(19) 20.0780(15)
a/° 90.00 92.439(6)
B/° 96.222(3) 95.360(6)
v/° 90.00 112.027(8)
Volume/A® 1372.31(6) 903.17(13)
Z 4 2
Pcalc mg/mm?® 1.187 1.1083
w/mm’™ 0.624 0.555
F(000) 528.0 329.0
20 range for data collection 14.2 to 145.86° 12.18 to 143.54
Index ranges -18<h<18,-13<k<13, -7<h<5,-6<k<9,
-10<1<7 24 <1<24
Reflections collected 7983 5568
Independent reflections 2744 [Rin; = 0.0241, Rsigma | 3446 [Rint = 0.0242, Rsigma =
=0.0224] 0.0319]
Data/restraints/parameters 2723/0/166 3446/0/201
Goodness-of-fit on F2 1.059 1.077

Final R indexes [[>=2c (I)]

R1=0.0486, wR2 = 0.1360

R1 =0.0668, wR, =0.1919

Final R indexes [all data]

R1=0.0528, wR2 = 0.1410

R1=0.0802, wR, =0.2109

Largest diff. peak/hole /e A™

0.18/-0.16

0.19/-0.20

CCDC no.

1030319

1032117
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