
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

Synthesis and characterization 

of 1,3,5-tris[n-(1,3-oxazol-5-

yl)-phenyloxymethyl]-2,4,6-

trimethylbenzenes and their 

biological evaluation 
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2.1 INTRODUCTION 

As was discussed in introduction chapter, C3 symmetric compounds with tripodal arms 

having various binding sites embedded, offer supramolecular interactions which can 

accommodate appropriate guest entity with the help of combinatorial effects of tripods. 

The binding sites may be present in form of various functional groups or in form of 

heterocycles. The C3 symmetric tripodal compounds having heterocyclic moieties have 

been reported to act as supramolecular hosts, effective catalysts and as materials with a 

variety of unique properties as detailed in the previous chapter.  

With the target to synthesize and study some novel C3 symmetric tripodal compounds 

with possibility of supramolecular interactions and other potential applications, a 

synthesis route was designed starting from a simple readily available starting material- 

1,3,5-trimethylbenzene (mesitylene) with an inherent C3 symmetry element.  

With an already developed methodology, 1,3,5-trimethylbenzene can be functionalized 

on triple bromo-methylation to 1,3,5-trisbromomethyl-2,4,6-trimethylbenzene
1
 which 

was further expanded to tris-aromatic compounds substituted with a useful and reactive 

formyl functionality
2
 (Figure 1).     

 
Figure 1 Synthesis of C3 symmetric tris-formyl compounds 

 

These tripodal tris-aldehydes 3 have unlimited potential for the development of various 

new C3 symmetric molecules with tunable properties.  
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In an improved synthesis method of the coupling of tris-bromomethyl mesitylene with 

phenolic aldehydes, the coupling reaction was carried out by stirring in presence of 

K2CO3 as a base and acetone as a solvent just at room temperature within 2-3 h of 

reaction time, and refluxing or heating as reported earlier
2
 was found to be unrequired. 

Thus five tris-aldehydes with varying relative functional group positions were 

synthesized for their utility for the synthesis of new C3 symmetric compounds.  

Formyl functionality is a versatile functionality which can undergo various nucleophilic 

addition reactions leading to a variety of new molecules. Using formyl functionalities, it 

was decided to design and synthesize some novel tris-heterocyclic C3 symmetric 

compounds for their study and applications.  

A reaction by which a formyl functionality can directly be converted to a heterocyclic 

moiety was noticed utilizing the van Leusen reagent- p-toluenesulfonylmethyl isocyanide 

which leads to a five member 1,3-azole namely 1,3-oxazole.   

There are two isomeric oxazoles; 1,2-oxazole 4 is commonly known as isooxazole and 

the other is 1,3-oxazole 5 in which oxygen and nitrogen atoms are occupying one and 

three positions respectively to form the five member heterocycle (Figure 2). The 

chemistry of oxazole has been well documented and reviewed covering its various 

aspects.
3
         

 
Figure 2 Isomeric oxazoles 

It has attracted much attention in recent years following isolation of a number of oxazole 

containing natural products mainly of marine origin and studied due to their biological 

activities
4
 (Figure 3).  
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Figure 3 Bioactive marine natural products 

Oxazoles are medicinally important compounds and have been studied for various 

biological activities such as antibiotic,
5
 antiproliferative /anticancer,

6
 antituberculer/ 

antimycobacterial,
7
 antidiabetic,

8
 antiviral,

9
 antiinflammatory,

10
 antibacterial,

11
 

antiviral,
11b 

as some of the important biological activities (Figure 4).  

 
Figure 4 Bioactive drug molecules possessing oxazole moiety 

There are a number of methods and substrates which react to give 1,3-oxazoles. A few 

representative reactions have been mentioned below.  

One of the early works involves the cyclization of N-acylamino ketones
12

 to 1,3-oxazoles 

under dehydrative condition which is known as the Robinson-Gabriel synthesis. 

Similarly, N-acylamino acid esters 12 were found to cyclize under dehydrative condition 

giving the 2,4,5-trisubstituted oxazole derivatives
13 

(Scheme 2.1). 
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Scheme 2.1 

The reaction of esters 13 obtained from benzoin on reaction with ammonia yields aryl 

substituted oxazoles
14 

(Scheme 2.2).  

 
Scheme 2.2 

Another approach involved the conversion of β-hydroxyamides 14 
15

 (Scheme 2.3) and β-

ketoamides or α-amido-β-ketoesters 15 (Scheme 2.4) to oxazoles under mild oxidative 

reaction conditions.
16

  

 
                           Scheme 2.3                                                        Scheme 2.4 

N-Substituted amide derivatives 16 were found to be one of the useful substrates for the 

synthesis of substituted 1,3-oxazole derivatives following oxidative cyclization reaction 

condition
17

 (Scheme 2.5). 

 
                          Scheme 2.5                                              Scheme 2.6 

 

Cu(II) catalyzed oxidative cyclization of N-vinyl enamides 17 yielded substituted 1,3-

oxazoles
18 

(Scheme 2.6). 

Diazo-carbonyl compounds 18 react with nitriles in presence of rhodium acetate as a 

catalyst leading to the functionalized oxazoles
19

 (Scheme 2.7). 
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Scheme 2.7 

Cyclization of propargyl alcohols 19 with amides provide substituted 1,3-oxazoles using 

p-toluenesulfonic acid monohydrate as a bifunctional catalyst by the cycloisomerization 

process
20

 (Scheme 2.8) and another method reported was using Zn(OTf)2 as a catalyst .
21

 

 
Scheme 2.8 

In a Cu(II) catalyzed oxidative cyclization reaction, 1,3-diketones 20 and arylamines 

react to give substituted oxazoles
22 

(Scheme 2.10). 

 
Scheme 2.9 

The reaction of aryl alkenes 21 with benzylamine under domoino oxidative cyclization 

yields a variety of substituted 1,3-oxazole derivatives
23 

(Scheme 3.0). 

 
                            Scheme 2.10                                                        Scheme 2.11 

Azirines 22 were converted to oxazoles under photolytic conditions as earlier literature
24

 

(Scheme 2.11). 

Recently, oxazoles were also prepared via ring expansion of keto-aziridines 22a using 

DCC and iodine reagent
25 

(Scheme 2.12). 
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Scheme 2.12 

Aldehydes can be transformed into 1,3-oxazoles by reacting with different, substrates 

such as cyanohydrins 23 under dehydrative reaction conditions,
26

 (Scheme 2.13) amides 

of α-isocyano-β-phenylpropionic acid 24
27

 (Scheme 2.14) and 2-aminoarylketone 25 

hydrochlorides
28

 (Scheme 2.15). 

 
                Scheme 2.13                                                          Scheme 2.14 

 
Scheme 2.15 

2,4-Disubstituted-1,3-oxazoles were prepared by the condensation of aldehydes 26 with 

serine followed by oxidation under mild conditions
29 

(Scheme 2.16). 

 
Scheme 2.16 

One of the convenient methods for the synthesis of 5-substituted-1,3-oxazole involves the 

reaction of aldehydes 27 with p-toluenesulfonylmethyl isocyanide (TosMIC), the van 

Leusen reagent in the presence of a base as was first reported by van Leusen
30

 (Scheme 

2.17). 
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Scheme 2.17 

Polymer supported TosMIC reagent was also reported as one of the convenient 

modification for the synthesis of 5-substituted-1,3-oxazole.
31

 

In this chapter, the van Leusen reagent was employed for the synthesis of C3 symmetric 

oxazole derivatives from the newly prepared tris-aldehydes as mentioned above. 

The oxazoles formed by the van Leusen synthesis have C-2 and C-4 positions 

unoccupied, the position C-2 being a reactive position may easily be substituted by using 

various reagents. There are several catalytic methods reported for the direct C-H arylation 

of the heterocycle.
32

 Thus 5-substituted oxazoles can be converted to 2,5-disubstituted-

1,3-oxazoles using this methodology. 

Oxazoles with conjugated aromatic substitution at position 2- and 5- result in highly 

fluorescent materials.
33

 Such 2,5-disubstituted-1,3-oxazoles have valuable application in 

the field of fluorescent dyes
34 

(Figure 5). 

 
Figure 5 2,5-diaryoxazoles  
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2.2 RESULTS AND DISCUSSION 

2.2.1 tris-5-substituted-1,3-oxazoles 

The synthesis of C3 symmetric compounds started with the functionalization of 1,3,5-

trimethylbenzene by reacting it with paraformaldehdye in presence of hydrobromic acid 

in acetic acid following the reported procedure.
1
 The tris-bromomethylmesitylene was 

further transformed to tris-aldehydes by reacting with phenolic aldehydes in presence of a 

base by carrying out the reaction at room temperature modifying the reported procedure.
2
 

(Scheme 2.18) 

 
Scheme 2.18 

The structures of tris-aldehydes were confirmed by spectroscopic methods (Section 2.6), 

and by comparing melting points with the reported ones.
2
  

The five aromatic tris-aldehydes 3a-e thus prepared were subjected to the van Leusen 

reaction
30

 for the synthesis of tris-oxazoles 35a-e by treating with TosMIC reagent in 

methanol under reflux condition for about 3 h until the completion of reaction (TLC) 

(Scheme 2.19).  
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Scheme 2.19 

The tris-1,3-oxazoles thus prepared were characterized using spectroanalytical tools and 

the results were in full agreement with their proposed structures.  

The major change observed in infrared spectra with respect to the starting tris-aldehydes 

was disappearance of C=O. The major bands observed in IR spectra were for the aromatic 

stretching and ring breathing vibrations along with the bands for Ar-O and ‒OCH2 ether 

linkages (see Section 2.6 for spectral data). 

In 
1
H NMR of the synthesized tris-1,3-oxazoles, the methyl group protons (‒CH3) on the 

central aromatic ring were observed as a singlet at δ 2.5 in addition to a singlet for 

oxygen attached methylene protons (‒OCH2) at δ 5.2. The position of oxazole 

heterocycle on the aromatic ring varies giving different patterns for the aromatic protons 

depending on 1,4-, 1,3-, 1,2-, 1,2,4-  and 1,2,6- substitutions present. A proton at position 

2 of the heterocyclic ring is observed as a singlet between δ 7.8 - 8.0 as the most 

downfield proton signal and the other heterocyclic proton at position 4 is also observed as 

a singlet at δ 7.2 - 7.3 merging with the aromatic protons. 

In 
13

C-NMR spectra for the tris-5-substituted-1,3-oxazoles, the most downfield carbon 

signal at about δ 152 to 159 corresponds to the aryloxy-aromatic carbon attached to the 

electronegative oxygen atom (‒OAr). The two quaternary carbon atoms of the oxazole 

ring are observed nearby each other, next to the most downfield signal, at δ 150 to 145 

and 151 to149 depending upon the position of the oxazole ring. The aliphatic region 
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shows two signals at δ 65 to 70 and 16.0, for methyleneoxy (‒OCH2) and methyl  (‒CH3) 

carbons attached to the central aromatic ring. 

 All the newly synthesized compounds were characterized by high resolution mass 

spectral analysis using TOF with electron ionization method. Almost all the compounds 

showed M
+
 molecular ions peak in support to their proposed structures.  

One of the tris-oxazoles 35a was crystallized from ethyl acetate and was studied for 

single crystal X‒ray diffraction characteristics.  The triclinic crystals of the tris-oxazole 

(Figure 5), exhibit the orientation of rings B(C8-C13), C(C18-C23) and D(C28-C33) 

perpendicular with respect to the central aromatic ring A(C1-C6) having dihedral angels 

of 99, 95 and 94°. Whereas the terminal oxazole heterocyclic rings E(C14-C16, N1 and 

O2), F(C24-C66, N2 and O4) and G(C34-C36, N3 and O6) have dihedral angles of 100, 

112 and 93° with respect to ring A.  The torsion angels between O1-C7 and O3-C17 are 

anti being -165 and -175° while O5-C27 is gauche 71°, suggesting that one of the arms of 

tripod is twisted towards the central aromatic ring A. This type of conformation is 

possible due to flexibility of the tripods  intermolecular C-H···π interactions observed 

between H15 and electron π-cloud of the ring A (Figure 6).  

         
              Figure 6 ORTEP diagram of 35a                       Figure 7 Unit cell of 35a 

The crystal is also governed by C-H…O interactions. Two sets of centrosymmetric 

dimers are formed by intermolecular C-H…O interactions C19-H19…O2 of oxazole ring 
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E at 2.415 Å [ -x, -y+2, -z+1] and between the C23-H23…O1 of methylene oxygen atom 

at 2.600 Å [ -x+1, -y+2, -z+1] (Figure 7).  

These intermolecular interactions result in a attractive zig-zag molecular design (Figure 

8). 

 
Figure 8 Molecular packing pattern of 35a 

Crystal data of 35a: CCDC 1403715; C39H33N3O6 (M =639.68): triclinic, space group P-

1 (no. 2), a =  11.0751(12) Å, b = 11.1638(12) Å, c = 13.9139(15) Å, α = 100.558(2)°, 

β = 108.883(2)°, γ = 98.899(2)°, V = 1557.3(3) 
Å3

, Z = 2, T = 294.15 K, μ(MoKα) = 0.093 

mm
-1

, Dcalc = 1.364 g/m
m3

, 18425 reflections measured (3.2 ≤ 2Θ ≤ 56.1), 7290 unique 

(Rint = 0.0235) which were used in all calculations. The final R1 was 0.0659 (>2σ(I)) and 

wR2 was 0.1933 (all data). 

2.2.2   Aryl coupling of a representative tris-1,3-oxazole 

With tris-oxazoles in hand having oxazole heterocycle as the end groups having position 

2 and 4 unsubstituted, were subjected to C-H arylation at comparatively more reactive 

position 2 using Pd(0) catalyzed coupling reaction.  

The tris-oxazole 1,3,5‒tris[4‒(1,3‒oxazol‒5‒yl)‒phenyloxy‒methyl]‒2,4,6‒trimethyl- 

benzene 35a was subjected to arylation by coupling with bromobenzene in the presence 

of Pd(OAc)2 in CuI and K2CO3 in DMF solvent following a reported procedure
35

 using 

conventional heating in place of microwave radiation in 2 hours of time in moderate yield 

(Scheme 2.20).  
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Scheme 2.20 

The resulting compound 36 being a tris-2,5-diaryl-oxazole derivative was fluorescent in 

nature when placed in UV chamber (Figure 9b, inset). The UV-vis absorption of the 

compound showed a strong absorption band at λmax 316 nm showing a shift towards 

longer wavelength compared to its parent compound with absorption band at λmax 277 

nm. The photoluminescence spectrum for this compound was recorded by exciting at λ 

320 nm with emission observed at 430 nm having Stoke’s shift as large as 110 nm.  

 

 

 

 

 

 

 

Figure 9 (a) UV-vis spectra of compounds 35a and 36;  (b) Fluorescence spectra of compound  

36 in DCM solution at 10
‒5

 M 

 

Thus the application of the synthesized tris-oxaoles was demonstrated with the help of a 

representative transformation to a fluorescent dye which could be used as a fluorescent 

sensor in host guest studies.  

The 
1
H NMR spectrum of the coupled product 36 showed disappearance of C-2 proton of 

the heterocycle and appearance of mono substituted phenyl ring protons observed at δ 

8.12 and 7.50 in 2 : 3 ratio. The sole heterocyclic proton was now well separated from 
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CDCl3 and observed as a singlet at δ 7.37. In 
13

C-NMR spectrum, quaternary carbon 

signals were for heterocyclic carbons and oxygen attached aromatic carbons. The other 

aromatic carbons are observed between δ 115 to 140. The aliphatic carbon signals are 

observed at δ 16.0 and 65.1 for –CH3 and –CH2 groups respectively.  

2.2.3 Antibacterial activity study
36

 

MIC values of compounds was determined by microbroth dilution method‒ Resazurin 

microtitre assay method (REMA) against gram-positive (S.aureus) and gram-negative 

(E.coli) bacteria. To study the biological activity following the above technique, the 

following pre-preparations were required;  

i. Preparation of growth medium: Nutrient broth 

ii. Preparation of  S.aureus and E.coli broths  

iii. Preparation of drug and test compound stock solutions 

iv. Dilution of stock solutions 

v. Preparation of 0.02% Resazurin solution 

 

Assay Protocol 

1. 100 µl of nutrient broth was added into each well of the microtitre plate (leaving the 

peripheral wells blank). 

2. 100 µl test compound was added into the well B2 of a particular concentration and 

serially diluted (two fold dilution) till B6 well i.e. five dilutions. 

3. 100 µl of homogenized bacterial cell culture suspension (10
5
 cells per well) was 

added to all the wells (wells with and without drug). 

4. After this, the plate was incubated at 37˚C for 24 h in an incubator. 

5. After 24 h, 50 µl of 0.02% Resazurin solution was added; plate was observed after 30 

mins and MIC was determined by visual inspection of colour change from blue 

(inhibition) to pink (growth) (Figure 10). 

 
       Figure 10 96 Well Plate 
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Thus, Minimum Inhibition Concentration MIC value of compounds was determined in 

terms of µg/ml. 

Table 2.1.0 MIC (µg/ml) values, yields and melting points of 5‒subsituted‒tris‒1,3‒  

                    oxazoles 

 

 

 

 

 

 

 

 

 

 

 

 

 

The antibacterial study results of the tris-5-susbtituted-1,3-oxazoles showed that the 

compounds are largely inactive against the representative S. aureus and E. coli bacteria 

under study. The MIC values of the compounds are listed in the table below (Table 

2.1.0). 

2.2.4 Anticancer activity study 

The synthesized compounds bearing the heterocycles were studied for their anticancer 

bioactivity at NCI. The National Cancer Institute NCI, USA is an institute for cancer 

Sample 

ID 

Position of A  

(wrt ‒OAr) 

Yield 

[%] 
 

M.p 

[°C] 

MIC µg/ml 

S. aureus      E. coli 

35a 

 

75 195 125 inactive 

35b 

 

65 205 ˃125 inactive 

35c 

 

68 210 ˃125 inactive 

35d 

 

70 200 ˃125 inactive 

35e 

 

60 210 125 inactive 

Standard drug Ciprofloxacin 0.5 0.5 
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research supported by National Institute for Health (NIH) government of USA.  It runs in 

vitro cell line screening project (IVCLP) programme for the new chemical entities, using 

panel of 60 different human tumour cell lines derived of Leukemia, Non-Small cell lung 

cancer, Colon cancer, CNS cancer, Melanoma cancer, Ovarian cancer, Renal cancer, 

Prostate cancer and Breast cancers. Only the selected compounds after first and primary 

computer aided screening were submitted to NCI. The compounds were screened at a 

single dose of 10 μΜ concentration. 

The anticancer activity study data of the 5-susbstituted-1,3-oxazoles showed poor to 

moderate activity for all the compounds except for 35e which showed better activity 

against a number of cell lines. The anticancer activity results received from the NCI have 

been incorporated in the experimental section (Sheet 1, 2, 3, 4, 5). 

Compound 35e was active against many cancer cell lines, with more than 50% of them 

showed ˃ 50% of growth inhibition. The 35e showed excellent activity above 90% of 

growth inhibition for OVCAR-4 and 786-0 cancer cell lines. For SF-539 and SNB-75 

cancer cell lines it showed growth inhibition above 80% (Figure 11). 

 

 

 

 

 

 

  

 

 

 

Figure 11 Anticancer result of compound 35e 
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2.3 CONCLUSION 

In conclusion several new, flexible terminal oxazole containing C3 symmetric compounds 

have been synthesized from the corresponding tris-aromatic aldehydes and are 

characterized. The X‒ray crystal structure of one of the tris-oxazoles exhibits a unique 

crystal packing of the molecules in zig-zag fashion. An oxazole scaffold was employed 

for palladium mediated coupling resulting into conjugated fluorescent materials. Also, the 

C3 symmetric tris-5-substituted-1,3-oxazole entities 35a‒e were screened for anticancer 

activity and among them, tris-2-(5-oxazolyl)-6-methoxy compound 35e was found to 

show highest activity against a number of cell lines. Antibacterial study showed that the 

synthesized compounds were having poor activity against S. aureus and were inactive for 

E. coli. 
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2.4 General 

Chemicals were purchased from SRL (India) and used as received without further 

purification. Solvents were distilled and dried by standard procedures prior to use.  

FTIR spectra were recorded on Perkin Elmer FTIR spectrometer between 650-4000 cm
-1

 

for all the synthesized compounds in the solid state as KBr discs.  

All the NMR spectra (
1
H, 

13
CMR, DEPT135, HSQC, HMBC) were recorded on 400 

MHz Bruker instrument at respective frequencies and chemical shifts are given in parts 

per million downfield from TMS.  

High resolution mass spectra were recorded on either a Q-TOF mass spectrometer or a 

GC-TOF mass spectrometer.  

X-ray data for the compounds were collected at room temperature using a Bruker Smart 

Apex CCD diffractometer with graphite monochromated MoK radiation (=0.71073Å) 

with ω-scan method
1
 or using a Xcalibur, Eos, Gemini with enhanced Cu X-ray source 

and data collection was done using CrysAlisPro, Agilent Technologies, Version 

1.171.36.28. The structure was solved by direct methods using SHELXS97
37

 and 

refinement was carried out by full-matrix least-squares technique using SHELXL97.
37

 

Anisotropic displacement parameters were included for all non-hydrogen atoms.  

Melting points were determined in open capillaries method and are uncorrected.  
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2.5 EXPERIMENTAL 

 

2.5.1       1,3,5-Tris(bromomethyl)-2,4,6-trimethylbenzene 2
1 

 
 

To a stirred mixture of mesitylene 1 (0.1 mol), paraformaldehyde (0.33 mol) and 50.0 mL 

of glacial acetic acid (50 ml) was added  31% HBr in acetic acid (30 ml) rapidly. The 

mixture was stirred for 12 hours at 95 °C and the reaction mixture was poured  in to 100 

mL of water. A white solid product was separated, filtered under vacuum and was dried. 

The crude product was crystallized from glacial acetic acid to give pure 1,3,5-

trisbromomethyl-2,4,6-trimethylbenzene 2. Yield: 37.1 g (93%); mp.: 185 ˚C. 

 

2.5.2      1,3,5-Tris(n-formyl-phenyloxy)methylene-2,4,6-trimethylbenzene 3
2 

 
 

To a stirred solution of a phenolic aldehyde (1.5 mmol) in acetone were added K2CO3 

(4.5 mmol) and trisbromomethyl mesitylene 2 (0.2 g, 0.5 mmol). The resulting mixture 

was stirred at room temperature for 3 hours. On completion of the reaction (TLC), 

acetone was evaporated to a small volume followed by addition of cold water. The solid 

thus obtained was filtered and crystallized from ethanol to give pure tris-aromatic 

aldehydes 3a-e. Yield: 70-80 %. 
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1,3,5‒Tris((4‒formylphenyloxy)methylene)‒2,4,6‒trimethylbenzene 3a 

 
 

1,3,5‒Tris((2‒formylphenyloxy)methylene)‒2,4,6‒trimethylbenzene 3b 

 

 

 

 

 

 

 

1,3,5‒Tris((3‒formylphenyloxy)methylene)‒2,4,6‒trimethylbenzene 3c 

 

 

 

1,3,5‒Tris((4‒formyl‒6‒methoxy)phenyloxy)‒2,4,6‒trimethylbenzene 3d   

 

 

IR (KBr): 2902, 2804, 2736,  1693, 1600, 1575, 1504, 

1204 cm
-1

; 
1
H NMR (CDCl3): δ (ppm) 2.46 (9H, s, 

‒CH3), 5.31 (6H, s, ‒OCH2), 7.15–7.11 (4H, d, J = 

8.6Hz), 7.90–7.86 (4H, d, J = 8.6Hz), 9.97 (s, 3H, 

‒CHO); Yield: 0.22 g, 82%; mp: 194 °C. 

IR (KBr): 2859, 1686, 1596, 1478, 1458, 1258, 1228 cm
-1

; 
1
H 

NMR (CDCl3): δ (ppm) 2.48 (9H, s, ‒CH3), 5.25 (6H, s, 

‒CH2O), 7.13-7.05 (2H, t), 7.59-7.26 (2H, dd, Jortho ═ 8.4, J2 ═ 

1.68 Hz), 7.67-7.58 (2H, dt, Jortho ═ 6.9, J2, J3═ 1.7 Hz), 7.90-

7.85 (2H, dd, Jortho ═ 5.9, J2 ═ 1.6 Hz), 10.40 (3H, s, ‒CHO); 

Yield: 0.2 g, 75%; mp: 184 °C.  

 

IR (KBr): 2910, 2812, 1699, 1587, 1373 cm
-1

; 
1
H NMR 

(CDCl3): δ (ppm) 2.48 (9H, s, ‒CH3), 5.20 (6H, s, ‒OCH2), 

7.58-7.29 (12H, m), 10.03 (3H, s, ‒CHO); 
13

C -NMR 

(CDCl3): δ (ppm) 16.0 (‒CH3), 65.2 (‒OCH2), 112.2, 

122.4, 124.2, 130.2, 131.4, 137.8, 139.6, 159.6, 190.2 

(‒CHO); ESI MS+: calculated for C33H30O6 522.2042 m/z, 

found 545 m/z (M+Na)
+
; Yield: 0.21 g, 80%; mp: 190 °C. 

IR (KBr): 2833, 1693, 1681, 1585, 1504, 1265, 1136 cm
-

1
; 

1
H NMR (CDCl3): δ (ppm) 2.47 (9H, s, ‒CH3), 3.9 

(9H, s, ‒OCH3), 5.21 (s, 6H, ‒OCH2), 7.2, 7.45, 7.52 (9H, 

Aromatic protons), 9.89 (s, 3H, -CHO); Yield: 0.25 g, 

80%; mp: 212 °C. 
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1,3,5‒Tris((2‒formyl‒6‒methoxy)phenyloxy)‒2,4,6‒trimethylbenzene 4e   

 
 

 
2.5.3     1,3,5-Tris(4-(1,3-oxazol-5-yl)-phenyloxymethyl-2,4,6-trimethylbenzene 35

 

 

In a 2-necked round bottom flask (100 ml) was placed a tris-aldehyde 3 (0.1 g), p-

tolulymethylsulfonylisocyanide (TosMIC) (0.65 mmol) and K2CO3 (1.2 mmol) in MeOH 

as a solvent and the reaction mixture was refluxed for 3-4 hours. On completion of the 

reaction (TLC), methanol was evaporated under reduced pressure and the residues were 

purified through column chromatography on silica gel, using EtOAc/hexane = 6:4 to 8:2 

giving the corresponding tris-1,3-oxazoles 35 in good yields as white solid. Yield: 60-

80% 

 

1,3,5-Tris[4-(1,3-oxazol-5-yl)-phenyloxy-methyl]-2,4,6-trimethylbenzene (35a)    

 

IR (KBr): 2841, 1693, 1583, 1481, 1359, 1265, 1249, 1209 cm
-1

; 

1
H NMR (CDCl3): δ (ppm) 2.48 (9H, s, ‒CH3), 3.98 (9H, s, 

‒OCH3), 5.37 (6H, s, ‒OCH2), 7.14 – 7.42 (9H, Aromatic), 10.1 

(3H, s, ‒CHO); Yield: 0.21 g, 70%; mp: 208 °C. 

 

35a was prepared from 3a (0.1 g, 0.19 mmol), TosMIC (0.149 

g, 0.65 mmol) and K2CO3 (0.2 g, 1.2 mmol) following the 

general procedure described above as a white solid. Yield: 0.1 

g, 75%; mp: 195 °C. 
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IR (KBr) : 3317, 1615, 1489, 1122 cm
‒1

; 
1
H NMR  (CDCl3) : δ (ppm) 2.49 (9H, s, 

‒CH3), 5.17 (6H, s, ‒OCH2), 7.11-7.09 (6H, d, J = 8.8 Hz), 7.28 (3H, s oxazole H), 7.66-

7.64 (6H, d, J = 8.8 Hz), 7.91 (3H, s ‒N═CH‒ oxazole); 
13

C NMR (CDCl3)  : δ (ppm)  

16.0, 65.0, 115.0, 120.0, 120.9, 126.0, 131.5, 139.5, 150.0, 151.5, 159.4; TOF MS ES+: 

m/z calculated for C39H33N3O6: 639.2369, found: (m/z) 662.2335 (M+Na)
+
. 

1,3,5-Tris[2-(1,3-oxazol-5-yl)-phenyloxy-methyl]-2,4,6-trimethylbenzene (35b)     

 

IR (KBr) : 2961, 2849, 1603, 1568, 1487, 1369, 1236, 1117 cm
‒1

;
 1

H NMR  (CDCl3) : δ 

(ppm) 2.48 (9H, s, ‒CH3), 5.30 (6H, s, ‒OCH2), 7.13-7.11 (3H, dt, J1 ═ 15 Hz, J2 ═ 7.4 

Hz), 7.24-7.22 (3H d, J ═ 8.0 Hz), 7.28 (3H, s, oxazole H), 7.42-7.38 (3H, dt, J1 ═ 15.6 

Hz, J2 ═ 7.6 Hz), 7.85-7.83 (3H, dd, J ═ 8.0 Hz), 7.88 (3H, s, ‒N═CH‒ oxazole); 
13

C 

NMR (CDCl3)  : δ (ppm) 15.9, 65.4, 111.7, 117.2, 121.1, 125.4, 126.0, 129.3, 131.4, 

139.4, 147.8, 149.4, 154.9; HRMS (TOF MS EI+) m/z calculated for C39H33N3O6: 

639.2369, found: (m/z) 639.2369 (M
+
) . 

1,3,5-Tris‒[3-(1,3-oxazol-5-yl)-phenyloxy-methyl]-2,4,6-trimethylbenzene (35c)           

 

IR (KBr) : 3105, 1731, 1573, 1487, 1289, 1202, 1105 cm
‒1 

; 
1
H NMR  (CDCl3) : δ 

(ppm) 2.51(9H, s, ‒CH3), 5.19 (6H, s, ‒OCH2), 6.95-6.93 (3H, d, J ═ 8.0 Hz), 7.23-7.18 

(6H, m), 7.33-7.29 (2H, m), 7.95 (3H, s, ‒N═CH‒ oxazole); 
13

C NMR (CDCl3)  : δ 

(ppm) 16.0, 65.0, 110.4, 114.9, 117.2, 121.8, 129.0, 130.2, 131.6, 139.4, 150.5, 151.3, 

35b was prepared from 3b (0.1 g, 0.19 mmol), TosMIC (0.15 g, 

0.65 mmol) and K2CO3 (0.2 g, 1.2 mmol) following the general 

procedure as a white solid. Yield: 0.85 g, 65%; mp: 205 °C 

 

35c was prepared from 3c (0.1 g, 0.19 mmol), TosMIC (0.149 

g, 0.65 mmol) and K2CO3 (0.2 g, 1.2 mmol) following the 

general procedure as a white solid. Yield: 0.89 g, 68%; mp: 210 

°C. 
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159.4; HRMS (TOF MS EI+): m/z calculated for C39H33N3O6: 639.2369, found: (m/z) 

639.2375 (M
+
).  

1,3,5-Tris[2-methoxy-4-(1,3-oxazol-5-yl)-phenyloxy-methyl]-2,4,6-trimethylbenzene 

(35d) 

 

IR (KBr) : 2907, 1683, 1585, 1514, 1497, 1243, 1139, 973 cm
‒1

; 
1
H NMR  (CDCl3) : δ 

(ppm) 2.51(9H, s ‒CH3), 3.90 (9H, s, ‒OCH3), 5.17 (6H, s, ‒OCH2), 7.13-7.11 (3H, d, J 

═ 8.4 Hz), 7.19-7.18 (3H, d, J ═ 1.6 Hz), 7.26-7.25 (3H, d, J ═ 2 Hz), 7.28 (3H, s, 

oxazole H), 7.90 (3H, s, ‒N═CH‒ oxazole); 
13

C NMR (CDCl3)  : δ (ppm) 16.0 (‒CH3), 

56.0 (‒OCH3), 66.6 (‒OCH2), 108.3, 114.5, 117.3, 120.4, 121.5, 131.4, 139.8, 149.2, 

149.9, 150.4, 151.5; HRMS (TOF MS EI+): m/z calculated for C42H39N3O9: 729.2686, 

found: (m/z) 729.2692 (M
+
).  

1,3,5-Tris[2-methoxy-6-(1,3-oxazol-5-yl)-phenyloxy-methyl]-2,4,6-trimethylbenzene 

(35e) 

 

IR (KBr) : 2939, 2834, 1589, 1560, 1503, 1471, 1265 cm
‒1

; 
1
H NMR  (CDCl3) : δ 

(ppm) 2.45 (9H, s ‒CH3), 3.94 (9H, s, ‒OCH3), 5.31 (6H, s, ‒OCH2), 6.97-6.95 (3H, dd, 

J1 ═ 8.2 Hz, J2 ═ 1.2 Hz), 7.15-7.11 (3H, t), 7.30 (3H, s oxazole H), 7.36-7.34 (3H, dd, J1 

═ 8.2 Hz, J2 ═ 1.2 Hz), 7.87 (3H, s, ‒N═CH‒ oxazole); 
13

C NMR (CDCl3)  : δ (ppm) 

16.1 (‒CH3), 55.9 (‒OCH3), 70.0 (‒OCH2), 112.4, 118.2, 122.1, 123.9, 125.7, 132.5, 

35d was prepared from 3d (0.1 g, 0.16 mmol), TosMIC 

(0.138 g, 0.57 mmol) and K2CO3 (0.2 g, 1.06 mmol) 

following the general procedure as a white solid. Yield: 

0.09 g, 70%; mp: 200 °C. 

 

35e was prepared from 3e (0.1 g, 0.16 mmol), TosMIC 

(0.138 g, 0.57 mmol) and K2CO3 (0.2 g, 1.06 mmol) 

following the general procedure above as a white solid. 

Yield: 0.078 g, 60%; mp: 210 °C. 
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139.5, 145.1, 149.7, 153.1; HRMS (TOF MS EI+): m/z calculated for C42H39N3O9: 

729.2686, found: (m/z) 729.2677 (M
+
).  

2.5.4       1,3,5-Tris(4-(1,3-oxazol-2-phenyl-5-yl)-phenyloxymethyl-2,4,6-trimethyl- 

               benzene 36 

 

In a 2-necked round bottom flask (25 ml) were placed compound 3a (0.1 g, 0.19 mmol), 

bromobenzene (0.14 g, 0.86 mmol), K2CO3 (1.6 g, 1.15 mmol), Pd(OAc)2 (6 mg, 15 

mol%) and CuI (0.10 g, 0.57 mmol) in 4.0 ml DMF as a solvent and the mixture was 

degassed. The reaction mixture was heated to 150 °C under nitrogen atmosphere. On 

completion of the reaction (TLC), the solids were removed by filtering through celite and 

washed with dichloromethane. The filtrate and washings were evaporated under vacuum 

and residue was purified on silica column using EtOAc-hexane = 3:7 to obtain 

tris‒(2‒phenyl‒1,3‒oxazol‒5‒yl) 36 as a white solid. Yield: 0.05 g, 35%; mp: 187 °C.        

IR (KBr) : 2923, 1612, 1499, 1242, 1176 cm
‒1

; 
1
H NMR  (CDCl3) : δ (ppm) 2.52 (9H, 

s, ‒CH3), 5.20 (6H, s, ‒OCH2), 7.12‒7.14 (6H, d, J ═ 8.8 Hz), 7.37 (3H, s oxazole H) 

7.49-7.50 (9H, d, J ═ 7.6 Hz ), 7.71-7.73 (6H, d, J ═ 9.2 Hz, J2 ═ 1.2 Hz), 8.11‒8.13 

(6H, dd, J ═ 7.8 Hz); 
13

C NMR (CDCl3)  : δ (ppm) 16.0, 65.1, 115.1, 121.2, 122.1, 

125.8, 126.1, 127.5, 128.8, 130.1, 131.6, 139.5, 151.2, 159.3, 160.6; HRMS (TOF MS 

ES+): (m/z) calculated for C57H45N3O6: 867.3308, found: (m/z) 868.2813 (M+H)
+
, 

890.2594 (M+Na)
+
.       
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2.6 SPECTRAL DATA 

 

 
Spectrum 1. IR of 2 

 

 

 

 
 Spectrum 2. IR of 3a                                                  Spectrum 3. 

1
H NMR of 3a 

 

 

 

    
   Spectrum 4. IR of 3b                                                Spectrum 5. 

1
H NMR of 3b 

Compound 2 

Compound 3a 

Compound 3b 
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  Spectrum 6. IR of 3c                                                  Spectrum 7. 

1
H NMR of 3c 

 

                                                       
       Spectrum 8. 

13
C NMR of 3c                                      Spectrum 9. Mass of 3c 

 

 

      

      
       Spectrum 10. IR of 3d                                             Spectrum 11. 

1
H NMR of 3d 

Compound 3c 

Compound 3d 
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   Spectrum 12. IR of 3e                                                   Spectrum 13. 

1
H NMR of 4e 

              

 

      
Spectrum 14.  IR of 35a                                                   Spectrum 15.  

1
H NMR of 35a 

  

      
Spectrum 16. 

13
C NMR of 35a                                          Spectrum 17. Mass of 35a 

Compound 3e 

Compound 35a 
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Spectrum 18. IR of 35b                                                    Spectrum 19. 

1
H NMR of 35b 

  

      
Spectrum 20. 

13
C NMR of 35b                                          Spectrum 21.  Mass of 35b    

                                                                      

 

 

     
Spectrum 22. IR of 35c                                                    Spectrum 23. 

1
H NMR of 35c 

Compound 35c 

Compound 35b 
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Spectrum 24. 

13
C NMR of 35c                                       Spectrum 25. Mass of 35c 

 

 

 

 

      
Spectrum 26. IR of 35d                                             Spectrum 27. 

1
H NMR of 35d 

 

      
Spectrum 28. 

13
C NMR of 35d                                          Spectrum 29. Mass of 35d 

 

Compound 35d 
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Spectrum 30. IR of 35e                                                     Spectrum 31. 

1
H NMR of 35e 

 
 

      
Spectrum 32. 

13
C NMR of 35e                                          Spectrum 33. Mass of 35e 

 

 

      
Spectrum 34. IR of 36                                                     Spectrum 35. 

1
H NMR of 36 

Compound 35e 

Compound 36 
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Spectrum 36. 

13
C NMR of 36                                         Spectrum 37. Mass of 36 
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2.7 Anticancer activity results 

 

 

Sheet 1. Compound 35a 
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Sheet 2. Compound 35b 
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Sheet 3. Compound 35c 
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Sheet 4. Compound 35d 
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Sheet 5. Compound 35e 
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