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The paper presents the synthesis, characterization and cytotoxicity assessment of five organic compounds
containing 4-(phenylsulfonyl)phenyl fragment in the molecule, namely of three acyclic precursors derived
from phenylalanine (from N-acyl-α-amino acids, N-acyl-α-amino acyl chlorides and N-acyl-α-amino ketones
class) and of the cyclization products: a 1,3-oxazol-5(4H)-one and, respectively, a 1,3-oxazole substituted in
position 5 with the p-tolyl group. The synthesized compounds were characterized by spectral methods (UV-
Vis, FT-IR, 1H-NMR, 13C-NMR, and MS) and elemental analysis, which confirmed their structures. For the
determination of the purity of the new compounds, the RP-HPLC method was used. In view of the therapeutic
potential of the newly synthesized compounds, we evaluated their toxicological profile using the Daphnia
magna bioassay.

Keywords: N-acyl-α-amino acid, 1,3-oxazol-5(4H)-one, N-acyl-α-amino ketone, 1,3-oxazole, cytotoxic effect

The study of scientific literature revealed the fact that
five-membered heterocyclic compounds from 1,3-oxazol-
5(4H)-one and 1,3-oxazole class, and their acyclic
precursors from N-acyl-α-amino acid, N-acyl-α-amino acid
chloride and N-acyl-á-amino ketone class present a
particular interest in synthetic organic chemistry. With the
exception of N-acyl-α-amino acyl chlorides - which are
known to have a high reactivity - these compounds have
attracted the attention due to importance in the field of
medicinal chemistry because of their diverse biological
activities.

In this regard, the 1,3-oxazole ring is found in the
structure of various biologically active natural products,
such as Martefragin A (a potent inhibitor of lipid peroxidation)
[1], Diazonamide A (an anticancer agent that inhibits
tubulin polymerization) [2], Virginiamycin M2,  Madumycin
II, Griseoviridin (representative examples of the group A
streptogramin antibiotics) [3], Calyculin A (a potent,
selective serine-threonine phosphatase inhibitor) [4],
Hennoxazole A (active against herpex simplex virus type
1 and with peripheral analgesic activity) [1], Muscoride A
(an antibacterial agent) [5], Ulapualide A (with antifungal
effect) [1], Texaline (an antimycobacterial alkaloid) [6].
Also, members of 1,3-oxazole class are active substances
in several modern pharmaceuticals, including Oxaprozin
(a non-opioid analgesic, antipyretic, and non-steroidal anti-
inflammatory drug) [7], Aleglitazar, Farglitazar,
Muraglitazar (dual PPARα/γ agonists from glitazar class
used in treatment of type 2 diabetes) [8], Ditazole (an
inhibitor of platelet aggregation) [9], Mubritinib (a tyrosine
kinase inhibitor) [10], Sulfamoxole (a chemotherapeutic
agent from the sulfonamides group with antibacterial
activity) [11], Azumolene (which exhibit skeletal muscle
relaxant action) [12].

Among oxazole derivatives, the 5-hydroxy-substituted
1,3-oxazoles derived from N-acyl-α-amino acids (the
aromatic enol form) exist in their corresponding non-
aromatic oxo form: the saturated 1,3-oxazol-5(4H)-ones,
classically referred to as saturated azlactones. Some
representatives of this class have been reported to possess
antiviral [13], antitumoral [14], cytotoxic [15], plant growth
regulating activity [16].

Open-chain intermediates from N-acyl-α-amino acid
and N-acyl-α-amino ketone classes are also known in the
literature as active substances with significant biological
properties. Thus, the N-acyl derivatives of amino acids are
used as mucolytic (e.g. N-Acetyl cysteine) [17], antioxidant
(e.g. N-Acetyl cysteine) [18], anticancer (e.g. Methotrexate,
Aminopterin, Ubenimex, Pralatrexate) [19], antihy-
pertensive (e.g. ACEIs proline derivatives: Captopril,
Lisinopril, Enalapril) [20], antianemic (e. g. Folic acid) [21],
vasoconstrictor (e. g. Angiotensin II) [22], anti-ulcer drugs
(e. g. Benzotript) [23] etc. Moreover, some N-acyl-α-amino
acids are specific antidotes in poisoning with paracetamol,
carbon tetrachloride (e.g. N-acetyl cysteine) [24],
antifolates and are also administered in methanol acute
intoxication to enhance formic acid metabolism (e. g.
Folinic acid) [25].

The N-acyl-α-amino ketones, as well as other 2-aza-
1,4-butandiones, have been described in the literature as
peptidomimetic inhibitors of proteases, compounds of this
class being used for antiviral (e.g. Rupintrivir) [26],
antithrombotic [27], anti-inflammatory action [28].

In addition, biological investigations in the diaryl sulfone
class have also highlights that many derivatives exhibit
multiple therapeutic properties, such as antimicrobial,
antimalarial, anticancer, antioxidant effect [29] etc. Some
of these active pharmaceutical ingredients (e.g.
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Acedapsone, Dapsone, Glucosulfone, Solasulfone,
Sulfoxone, Thiazosulfone) are part of the composition of
medicinal products used to treat leprosy, malaria,
tuberculosis, and other infectious diseases. Based on these
literature data, the diaryl sulfonyl substituent has been
included in the structure of diverse organic compounds
with potential biological activities [15, 16, 30-32].

In view of these literature data and taking into account
the previous research in the synthesis of derivatives which
contain a fragment derived from a diaryl sulfone [15, 16,
33], we pursued the union of two pharmacophore centers,
namely a heterocycle (with 1,3-oxazol-5(4H)-one or 1,3-
oxazole ring) and an acyclic precursor (from N-acyl-α-
amino acid, N-acyl-α-amino acyl chloride or N-acyl-α-
amino ketone class), respectively, with a 4-
(phenylsulfonyl)phenyl moiety (a common structural
element in all these newly synthesized compounds), in a
single structure in order to obtain new bioactive substances
and to investigate preliminary aspects of the structure-
activity relationship. For this purpose, the novel synthesized
compounds were tested for cytotoxic activity using Daphnia
magna bioassay. Among other alternative screening assays,
this method is simple, rapid, and can predict the biological
effect [34-41].

Experimental part
Chemistry

All reactants and solvents were purchased commercially
with highest purity and were used without further
purification. The melting points were determined on a
Böetius apparatus and are uncorrected. The UV-Vis spectra
were recorded in methanolic solution (≈ 2.5 x 10-5 M) on an
Analytik Jena AG Specord 40 spectrophotometer. The FT-
IR spectra were registered in KBr pellets on a Bruker Vertex
70 spectrometer; the intensity of IR absorption bands are
given as: very strong (vs), strong (s), medium (m), and
weak (w). The NMR spectra were recorded on a Varian
Gemini 300BB spectrometer at 300 MHz for 1H-NMR and
75 MHz for 13C-NMR using DMSO-d6 or CDCl3 as solvents;

the chemical shifts (δ) are reported in parts per million
(ppm) relative to tetramethylsilane (TMS) as internal
standard and the coupling constants (J) are expressed in
hertz (Hz). In the 1H-NMR spectra, the following
abbreviations for multiplicities and descriptors of signals
were used: s = singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublets of doublets, t = triplet,
td = triplet of doublets, tt = triplet of triplets, m = multiplet;
b = broad signal. The GC-EI-MS analysis was carried out
using a Fisons Instruments GC 8000 with an electron
impact quadrupole, MD 800 mass spectrometer detector.
A fused-silica capillary column coated with poly(5%
diphenyl/95% dimethyl siloxane) (SLB-5ms, L x I.D. 30 m
x 0.32 mm, df 0.25µm) was used. The carrier gas (helium)
flow rate was 2 mL/min and 1 µL sample solution in
dichloromethane was injected. The purity of the new
compounds was evaluated by RP-HPLC using a Beckman
System Gold 126 liquid chromatograph, equipped with a
System Gold 166 UV-Vis detector, a non-polar
chromatography column (type LiChrosorb RP-18, 5 µm
particle size, L x I.D. 25 cm x 4 mm) and a Rheodyne
injection system; the mobile phase was a mixture of
methanol - water in different proportions, with a flow rate
of 1 mL/min. The retention time (tR) of analyzed compounds
in minutes is reported. The contents of C, H, N, and S were
determined using a Costech ECS 4010 micro elemental
analyzer; results were found within the ± 0.4% of
theoretical values.

Synthesis and characterization of compounds
The sequence of reactions used for synthesis of the title

compounds are presented in scheme 1. Thus, the known
precursor, acyl chloride 2, is obtained by the reaction of the
corresponding carboxylic acid 1 with thionyl dichloride. The
N-acyl phenylalanine 3 was prepared by the Steiger N-
acylation of phenylalanine with acyl chloride 2. Further, the
compound 3 was cyclized in the presence of ethyl
chloroformate, and 4-methylmorpholine to the
corresponding saturated azlactone 4. Also, the N-acylated

Scheme 1. Synthetic route of the title
compounds
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phenylalanine was refluxed in thionyl dichloride to obtain
the corresponding acyl chloride 5. The Friedel-Crafts
reaction of anhydrous toluene with 1,3-oxazol-5(4H)-one
4 and N-acyl phenylalanyl chloride 5, respectively, in the
presence of anhydrous aluminium chloride, produced the
corresponding N-acyl-α-amino ketone 6. This intermediate
was converted by Robinson-Gabriel synthesis into 2,4,5-
trisubstituted 1,3-oxazole 7 using phosphoryl trichloride as
cyclodehydrating agent. The chemical structures of all
synthesized compounds 3-7 were proved by FT-IR, UV-Vis,
MS, 1H-NMR, 13C-NMR spectra, and elemental analysis.

Synthesis of 3-phenyl-2-[4-(phenylsulfonyl)benzamido]
propanoic acid 3

3-Phenyl-2-[4-(phenylsulfonyl)benzamido]propanoic
acid 3 (4.30 g, 10.5 mmol) and 4-methylmorpholine (1.15
mL, 10.5 mmol) were added under stirring into 50 mL
anhydrous dichloromethane at room temperature. An
equimolar quantity of ethyl chloroformate (1 mL) was then
added dropwise to the heterogeneous reaction mixture.
The formed solution was magnetically stirred for 30 min at
ambient temperature and then poured over 100 mL cold
water. The organic layer was separated and washed with
5% sodium hydrogen carbonate solution and then with
water. After drying over anhydrous magnesium sulphate,
the solvent was removed by distillation under reduced
pressure. The solid product was purified by recrystallization
from cyclohexane as white crystals; yield = 94% (3.86 g);
m.p. = 119-121oC.

UV-Vis (CH3OH, λ nm) (lg ε): 202.6 (4.48); 244.9 (4.15).
FT-IR (KBr, ν cm-1): 3088m; 3063m; 3031m; 2922vs;

2849s; 1823vs; 1651vs; 1599m; 1581m; 1572m; 1495s;
1448vs; 1325vs; 1295vs; 1270s; 1162vs; 1045vs; 848s.

1H-NMR (CDCl3, δ ppm, J Hz): 3.18 (dd, 14.0, 6.6, 1H, H-
18); 3.38 (dd, 14.0, 4.9, 1H, H-18); 4.72 (dd, 6.6, 4.9, 1H, H-
4); 7.20-7.25 (m, 5H, H-20, H-21, H-22, H-23, H-24); 7.53
(t, 7.4, 2H, H-14, H-16); 7.61 (tt, 7.4, 1.6, 1H, H-15); 7.96
(dd, 7.4, 1.6, 2H, H-13, H-17); 8.02 (s, 4H, H-7, H-8, H-10, H-
11).

13C-NMR (CDCl3, δ ppm): 37.27 (C-18); 66.79 (C-4);
127.44 (C-22); 127.99 (C-8, C-10); 128.09 (C-13, C-17, C-
21, C-23); 128.78 (C-7, C-11); 129.58 (C-14, C-16, C-20, C-
24); 130.14 (C-6); 133.76 (C-15); 134.94 (C-19); 140.86
(C-12); 145.49 (C-9); 160.47 (C-2); 176.73 (C-5).

GC-EI-MS (m/z, rel. abund. %): 347 (74.29) [M-CO2]
+×;

205 (42.14) [C6H4CNCHCHC6H5]
+×; 130 (100, BP)

[C6H5CHCCO]+×; 125 (15.36) [C6H5SO]+; 103 (23.93)
[C6H5CHCH]+; 91 (16.43) [C6H5CH2]

+; 77 (30.71) [C6H5]
+;

51 (9.64) [C4H3]
+; tR = 50.03 min.

RP-HPLC (CH3OH:H2O = 60:40, 1 mL/min, 250 nm):
purity = 92.03%; tR = 4.78 min.

Anal. (%): Calcd. for C22H17NO4S (391.44 g/mol): C, 67.50;
H, 4.38; N, 3.58; S, 8.19. Found: C, 67.56; H, 4.37; N, 3.57; S,
8.21.

Synthesis of 3-phenyl-2-[4-(phenylsulfonyl)benzamido]
propanoyl chloride 5

3-Phenyl-2-[4-(phenylsulfonyl)benzamido]propanoic
acid 3 (2.25 g, 5.5 mmol) was refluxed with a 25-fold molar
excess of thionyl dichloride (10 mL) until emission of sulfur
dioxide and hydrogen chloride gas ceased. The unreacted
thionyl dichloride was removed to dryness by distillation
under reduced pressure. The crude product obtained as
yellow crystals was used without further purification; yield
= 98% (2.31 g); m.p. = 88-89oC.

FT-IR (KBr, ν cm-1): 3437s; 3090m; 3064m; 3032m;
2967m; 2946w; 2841w; 1823s; 1794s; 1651vs; 1597m;
1570m; 1517m; 1495m; 1447s; 1323vs; 1309vs; 1293vs;
1159vs; 890m; 850m.

Synthesis of N-(1-oxo-3-phenyl-1-p-tolylpropan-2-yl)-4-
(phenylsulfonyl)benzamide 6

Fig. 1. Structure of compound 3 with atom numbering (for NMR
assignments)

Phenylalanine (3.30 g, 20 mmol) was dissolved in 20
mL of 1 N sodium hydroxide solution. The formed solution
was cooled to 0-5oC in a ice bath and then two solutions
were added simultaneously dropwise under continuous
stirring for 30 min, as follows: a solution of crude 4-
(phenylsulfonyl)benzoyl chloride 2 (5.61 g, 20 mmol) in 45
mL anhydrous dichloromethane and 10 mL of 2 N sodium
hydroxide solution, respectively. After 1 h of stirring at room
temperature, the aqueous layer was separated and then
acidified with 2 N hydrochloric acid. The obtained
precipitate was filtered off, washed with water, dried, and
then recrystallized from water as white needle-shaped
crystals; yield = 93% (7.62 g); m.p. = 189-191oC.

UV-Vis (CH3OH, δ nm) (lg ε ): 202.6 (4.47); 244.1 (4.11).
FT-IR (KBr, ν cm-1): 3348vs; 3084m; 3066m; 3032m;

2969s; 2932s; 2906s; 2792m; 2746m; 2713m; 2667m;
2587m; 1748vs; 1642vs; 1601s; 1568m; 1540vs; 1497m;
1446s; 1318s; 1309vs; 1296vs; 1152vs; 860m.

1H-NMR (DMSO-d6, δ ppm, J Hz): 3.04 (dd, 14.0, 10.7,
1H, H-18); 3.21 (dd, 14.0, 4.7, 1H, H-18); 4.64 (ddd, 10.7,
8.2, 4.7, 1H, H-4); 7.16 (td, 7.0, 1.6, 1H, H-22); 7.26 (m, 4H,
H-20, H-21, H-23, H-24); 7.63 (bt, 7.2, 2H, H-14, H-16); 7.71
(tt, 7.2, 1.6, 1H, H-15); 7.96 (d, 8.2, 2H, H-7, H-11); 7.98 (dd,
7.2, 1.6, 2H, H-13, H-17); 8.06 (d, 8.2, 2H, H-8, H-10); 8.98
(d, 8.2, 1H, NH).

13C-NMR (DMSO-d6, δ ppm): 36.35 (C-18); 54.38 (C-4);
126.49 (C-22); 127.56 (C-13, C-17); 127.62 (C-8, C-10);
128.30 (C-21, C-23); 128.74 (C-7, C-11); 129.10 (C-20, C-
24); 129.92 (C-14, C-16); 134.05 (C-15); 138.04 (C-6);
138.62 (C-19); 140.75 (C-12); 143.42 (C-9); 165.20 (C-2);
172.87 (C-5).

RP-HPLC (CH3OH:H2O = 30:70, 1 mL/min, 250 nm):
purity = 99.99%; tR = 3.34 min.

Anal. (%): Calcd. for C22H19NO5S (409.45 g/mol): C, 64.53;
H, 4.68; N, 3.42; S, 7.83. Found: C, 64.59; H, 4.67; N, 3.41; S,
7.80.

Synthesis of 4-benzyl-2-[4-(phenylsulfonyl)phenyl] oxazol-
5(4H)-one 4

Fig. 2. Structure of compound 4 with atom numbering (for NMR
assignments)

Fig. 3. Structure of compound 6 with atom numbering (for NMR
assignments)
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Method 1. Anhydrous aluminium chloride (2.00 g, 15
mmol) was added portionwise under stirring at room
temperature to the crude 4-benzyl-2-[4-(phenylsulfonyl)
phenyl]oxazol-5(4H)-one 4 (1.96 g, 5 mmol) in a 47-fold
molar excess of anhydrous toluene (25 mL). The reaction
mixture was stirred for 20 h and then poured over 100 mL
ice-water, acidulated with 5 mL concentrated hydrochloric
acid. The precipitate of crude product was filtered off and
washed with cold water and a cool mixture of water -
ethanol (1:1, v/v). The layers of the filtrate were separated
and the aqueous phase was extracted twice with 15 mL
dichloromethane. The combined organic layers were
washed with water, dried (over Na2SO4), and evaporated
under reduced pressure, leaving a second fraction of crude
product. Recrystallization from ethanol supplied the title
product as colourless crystals; yield = 91% (2.20 g).

Method 2. A 3-fold molar excess of anhydrous aluminium
chloride (2.00 g, 15 mmol) was added portionwise under
stirring at room temperature to the crude 3-phenyl-2-[4-
(phenylsulfonyl)benzamido]propanoyl chloride 5 (2.14 g,
5 mmol) in 25 mL of anhydrous toluene (used as solvent
and reactant). Stirring was continued for 20 h until the
evolution of hydrochloric acid ceased and then the reaction
mass was poured over 100 mL mixture of acidulated (with
5 mL 37% HCl) ice-water. After extraction in dichloro-
methane, the organic layer was washed with 5% sodium
hydrogen carbonate solution, then with water and dried
over anhydrous magnesium sulphate. Evaporation of the
solvent mixture under reduced pressure and
recrystallization of crude product from ethanol led to
colourless solid; yield = 77% (1.86 g);

m.p. = 185-187oC.
UV-Vis (CH3OH, λ nm) (lg ε): 203.5 (4.47); 250.2 (4.14).
FT-IR (KBr, ν cm-1): 3357vs; 3090m; 3061m; 3033m;

2966m; 2920m; 2851m; 1670vs; 1652vs; 1603s; 1570s;
1533vs; 1483m; 1447s; 1323vs; 1310vs; 1294vs; 1163vs;
853m.

1H-NMR (DMSO-d6, δ ppm, J Hz): 2.34 (s, 3H, H-31);
3.01 (dd, 14.0, 9.9, 1H, H-18); 3.19 (dd, 14.0, 4.7, 1H, H-18);
5.66 (ddd, 9.9, 8.2, 4.7, 1H, H-4); 7.15 (bt, 7.4, 1H, H-22);
7.24 (t, 7.4, 2H, H-21, H-23); 7.32 (d, 8.2, 2H, H-27, H-29);
7.33 (m, 2H, H-20, H-24); 7.62 (t, 7.4, 2H, H-14, H-16); 7.70
(bt, 7.4, 1H, H-15); 7.92 (d, 8.5, 2H, H-7, H-11); 7.93 (d, 8.2,
2H, H-26, H-30); 7.97 (d, 7.4, 2H, H-13, H-17); 8.04 (d, 8.5,
2H, H-8, H-10); 9.20 (d, 8.2, 1H, NH).

13C-NMR (DMSO-d6, δ ppm): 21.17 (C-31); 36.02 (C-18);
55.74 (C-4); 126.38 (C-22); 127.48 (C-8, C-10); 127.55 (C-
13, C-17); 128.18 (C-21, C-23); 128.40 (C-26, C-30); 128.65
(C-7, C-11); 129.23 (C-20, C-24); 129.38 (C-27, C-29);
129.85 (C-14, C-16); 132.48 (C-25); 133.99 (C-15); 137.88
(C-6); 138.31 (C-28); 140.58 (C-19); 143.36 (C-12); 143.96
(C-9); 164.79 (C-2); 197.54 (C-5).

RP-HPLC (CH3OH:H2O = 60:40, 1 mL/min, 250 nm):
purity = 91.49%; tR = 4.78 min.

Anal. (%): Calcd. for C29H25NO4S (483.58 g/mol): C, 72.03;
H, 5.21; N, 2.90; S, 6.63. Found: C, 72.08; H, 5.19; N, 2.90; S,
6.65.

Synthesis of 4-benzyl-2-[4-(phenylsulfonyl)phenyl]-5-p-
tolyloxazole 7

The crude N-(1-oxo-3-phenyl-1-p-tolylpropan-2-yl)-4-
(phenylsulfonyl)benzamide 6 (4.84 g, 10 mmol) in 20 mL
phosphoryl trichloride (217.83 mmol) was heated under
reflux for 4 h. The excess of phosphorus oxychloride was
removed under vacuum. After cooling, the oily residue was
treated with a mixture of ice-water and extracted twice
with 20 mL dichloromethane. The organic layers were
combined and washed several times with 5% sodium
hydrogen carbonate solution, then with water and dried
over Na2SO4. After evaporation of the solvent, the crude
product was recrystallized from ethanol as colourless
crystals; yield = 92% (4.28 g); m.p. = 191-193oC.

UV-Vis (CH3OH, λ nm) (lg ε): 203.5 (4.48); 245.8 (4.06);
338.3 (4.08).

FT-IR (KBr, ν cm-1): 3083w; 3063m; 3026m; 2919m;
2855w; 1596s; 1510s; 1495m; 1483m; 1446s; 1322vs;
1310s; 1291s; 1158vs; 1091s; 846m.

1H-NMR (CDCl3, δ ppm, J Hz): 2.33 (s, 3H, H-31); 4.13 (s,
2H, H-18); 7.16 (m, 1H, H-22); 7.22 (d, 7.7, 2H, H-27, H-
29); 7.26 (m, 4H, H-20, H-21, H-23, H-24); 7.46 (bt, 8.4, 2H,
H-14, H-16); 7.47 (d, 7.7, 2H, H-26, H-30); 7.53 (tt, 8.4, 1.6,
1H, H-15); 7.91 (dd, 8.4, 1.6, 2H, H-13, H-17); 7.95 (d, 8.6,
2H, H-7, H-11); 8.15 (d, 8.6, 2H, H-8, H-10).

13C-NMR (CDCl3, δ ppm): 21.43 (C-31); 33.13 (C-18);
125.50 (C-6); 125.91 (C-26, C-30); 126.98 (C-8, C-10, C-
22); 127.79 (C-13, C-17); 128.48 (C-7, C-11, C-21, C-23);
128.71 (C-27, C-29); 129.48 (C-14, C-16); 129.76 (C-20, C-
24); 131.81 (C-25); 133.47 (C-15); 136.06 (C-28); 138.48
(C-19); 138.82 (C-4); 141.47 (C-12); 142.48 (C-9); 148.10
(C-5); 157.82 (C-2).

RP-HPLC (CH3OH:H2O = 70:30, 1 mL/min, 335 nm):
purity = 93.31%; tR = 4.78 min.

Anal. (%): Calcd. for C29H23NO3S (465.56 g/mol): C, 74.81;
H, 4.98; N, 3.01; S, 6.89. Found: C, 74.77; H, 4.99; N, 3.01; S,
6.87.

Cytoxicity evaluation
The biological determination was performed on Daphnia

magna using a protocol previously described [42-44], with
some modifications. Briefly, young daphnids were exposed
to each compound in six concentrations varying from 1.1
to 23 µg/mL for 72 h. The experiment was carried out in
duplicate and phenylalanine and compound 1 were used
as positive controls, whereas 1% dimethyl sulfoxide was
used as negative control. The bioassay was performed
under constant temperature and light conditions (at 25 ±
1 °C, in the dark) using a Sanyo MLR-351 H, USA climatic
chamber.

The lethality was registered at 24, 48 and 72 h and the
lethality curves were plotted using the logarithm of
concentrations against lethality percentage, L (%). Also,
the prediction of LC5048 h was performed using the GUSAR
software application.

Results and discussion
Chemistry

In light of the biological and therapeutic importance
presented above, there is considerable interest to obtain
new heterocycles from 1,3-oxazol-5(4H)-one and 1,3-
oxazole class, and their acyclic intermediates using the
reaction scheme 1. The key precursor, 4-(phenylsulfonyl)
benzoic acid 1, and corresponding acyl chloride 2 were
previously reported in the literature [45, 46]. The compound
1 was synthesized by Friedel-Crafts reaction between
benzene and 4-methylbenzenesulfonyl chloride in the
presence of anhydrous aluminium chloride, followed by
oxidation of 1-methyl-4-(phenylsulfonyl) benzene with
chromium trioxide in glacial acetic acid, both reactions
being carried out at reflux [45]. Then, the carboxylic acid 1

Fig. 4. Structure of compound 7 with atom numbering
 (for NMR assignments)
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was converted by reaction with thionyl dichloride into 4-
(phenylsulfonyl)benzoyl chloride 2 [16], which was used
without further purification for N-acylating phenylalanine
according to Steiger procedure by a nucleophilic
substitution reaction in order to obtain new 3-phenyl-2-[4-
(phenylsulfonyl)benzamido]propanoic acid 3.

The intramolecular cyclodehydration of the acyclic
intermediate 3 using ethyl chloroformate in the presence
of N-methylmorpholine in dichloromethane at room
temperature yielded to new 4-benzyl-2-[4-(phenylsulfonyl)
phenyl]oxazol-5(4H)-one 4. The cyclization in basic
medium may be considered to occur in accordance with
the similar reaction mechanism which we formerly
indicated in the literature for other saturated 2,4-
disubstituted 1,3-oxazol-5(4H)-one [16].

The reaction of N-acyl-α-amino acid 3 with excess of
thionyl dichloride was also carried out, by heating under
reflux, to the new 3-phenyl-2-[4-(phenylsulfonyl)
benzamido]propanoyl chloride 5 by the nucleophilic
substitution mechanism proposed below (scheme 2). In
the first step, the hydroxy group of precursor 3 is activated
by conversion into a slightly displaceable chlorosulfonic
group, -OSOC1, with the formation of unstable ester I. In
the next step, the nucleophilic attack of the chloride anion
to the carbon atom of the ester functional group give an
intermediate II, in which the attacked carbon has
tetrahedral symmetry. In the last step, the chlorosulfonic
group is eliminated from II as chloride anion and sulfur
dioxide. In this way, the N-acyl-α-amino acyl chloride 5 is
formed in pure state and with excellent reaction yield since
are eliminated volatile by-products (hydrochloric acid,
sulfur dioxide), which are easily removed from the reaction
medium.

The Friedel-Crafts acylation of anhydrous toluene (used
in a large excess both as reactant and solvent) with
saturated 1,3-oxazol-5(4H)-one 4 in the presence of
anhydrous aluminium chloride at room temperature led to
new N-(1-oxo-3-phenyl-1-p-tolylpropan-2-yl)-4-(phenyl-
sulfonyl)benzamide 6. The Lewis acid-mediated ring
opening of 2-oxazolin-5-one 4 is possible because the
saturated azlactones have a structure similar to that of the
carboxylic acid anhydrides. The proposed mechanism for
this electrophilic aromatic substitution is described in the
previously our article [33]. An advantage of this reaction
constitutes the fact that due to the electron-withdrawing
through resonance and inductive electronic effects of the
ketonic carbonyl group, the C-acylation product 6 is always
less reactive than the heterocyclic precursor 4, so that
multiple acylations do not take place.

The 1,3,4-trisubstituted 2-aza-1,4-butanedione 6 was
also synthesized by AlCl3-catalysed acylation of anhydrous
toluene with compound 5. In this case, the reaction yield

was lower, which proves that saturated 1,3-oxazol-5(4H)-
ones are better C-acylation agents than N-acyl-α-amino
acyl chlorides.

Subsequently, by Robinson-Gabriel cyclization of 2-aza-
3-benzyl-1-[4-(phenylsulfonyl)phenyl]-4-p-tolyl-1,4-
butanedione 6 using excess of phosphoryl trichloride at
reflux, the new 4-benzyl-2-[4-(phenylsulfonyl)phenyl]-5-p-
tolyloxazole 7 was produced in very good yield. The
proposed reaction mechanism for obtaining of 2,4,5-
trisubstituted 1,3-oxazole derivatives from N-acyl-α-amino
ketones in the presence of POCl3 is presented by us in the
recent literature [15].

The chemical structures of the new compounds were
established unequivocally by spectral techniques (UV-Vis,
IR, MS, 1H-NMR, 13C-NMR), and elemental analysis.

UV-Vis Spectral Data
Generally, the electronic absorption spectra of the new

compounds presented a sharp band at ë between 202.6-
203.5 nm (E band) and an absorption maximum in the
range 244.1-250.2 nm (B band). In addition, the UV spectrum
of the new 1,3-oxazole 7 show a third intense absorption
band at longer wavelength (λ = 338.3 nm) compared with
those of acyclic precursor 6 , due to extending of
conjugation by formation of oxazole chromophore.

IR Spectral Data
In order to confirm the structure of newly synthesized

compounds 3-7, the assignments of the infrared vibrational
frequencies provide useful information. Thus, acyclic
intermediates: N-acyl-α-amino acid 3 and N-acyl-α-amino
ketone 6 exhibited the following characteristic absorption
bands at wavenumbers: 3348 cm-1 and 3357 cm-1,
respectively, for N-H stretching vibration, ν(N-H), at 1748
cm-1 and 1670 cm-1, respectively, due to carbonyl stretching
vibration, ν(O=C-C), and at 1642 cm-1 and 1652 cm-1,
respectively, due to amidic carbonyl group absorption,
ν(O=C-N) (amide I band). Characteristic of compounds 3
and 6 is also the amide II band, assigned to deformation
vibration of N-H group, δ(N-H), present at 1540 cm-1 and
1533 cm-1, respectively. In both compounds (3 and 6), the
amide III absorption band due to the C-N stretching
vibration, ν(C-N), and in compound 3, the absorption band
attributed to the C-O stretching vibration, í(C-O), overlap
the absorption bands due to antisymmetric stretching
vibration of the sulfonyl group, νas(SO2). In addition, for
hydrogen-bonded dimer of compound 3, the absorption
band due to stretching vibration of the O-H bond, ν(O-H),
appears in the first region of the IR spectrum and is strong,
and very broad, extending from 2500 cm-1 to 3300 cm-1.
This peak overlaps the sharper C-H stretching peaks, which
are extending beyond the O-H envelope. The five broad

Scheme 2. Reaction mechanism
proposed for obtaining of N-acyl-α-
amino acyl chloride 5 from N-acyl-

α-amino acid 3
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bands of medium intensity occurring in the range 2587-
2792 cm-1 are also characteristic for the dimer.

The reaction between the N-acyl-α-amino acid 3 and
thionyl dichloride is confirmed by the appearance in the IR
spectrum of the reaction product, N-acyl-α-amino acid
chloride 5, of two strong absorption bands as a doublet due
to carbonyl (from chlorocarbonyl group) stretching
vibration, ν(O=C-Cl) at characteristically high
wavenumbers values: an absorption band at 1823 cm-1

attributed to fundamental vibration and a peak called Fermi
resonance band at 1794 cm-1 due to overtone vibration,
assigned to the Fermi resonance phenomenon. The
medium absorption band due to the stretching vibration of
the C-Cl bond from the COCl fragment, (C-Cl), is also present
at a larger wavenumber than usual, namely at 890 cm-1. By
coupling between this vibration and the C=O fundamental
vibration (from 1823 cm-1), the Fermi resonance band
appears (at 1794 cm-1).

In the IR spectra of heterocycles 4 and 7 are present
absorption bands at different characteristic values of
wavenumbers compared with those of corresponding
acyclic precursors 3 and 6, respectively, which confirms
that cyclizations took place. Thus, in the IR spectrum of
saturated azlactone 4, the very strong absorption band due
to the C=O valence vibration is shifted at 1823 cm-1, and
the ν(N-H), ν(O-H), ν(O=C-N), and δ(N-H) absorption
bands which are characteristic for acyclic precursor 3 were
not presented. Also, for 4-benzyl-2,5-diaryl-1,3-oxazole 7
no signals were recorded in the N-H and C=O regions. The
absorption peak at 1651 cm-1 and 1596 cm-1, respectively
was assigned to the C=N stretching vibration of
compounds 4 and 7. The heterocycles 4 and 7 showed
additional sharp bands at 1045 cm-1 (4) and at 1091 cm-1

(7) due to νsym(C-O-C), which also confirmed the formation
of the 1,3-oxazol-5(4H)-one and 1,3-oxazole ring,
respectively. In these compounds, the C-O-C asymmetric
absorption band is difficult to assign because it appears in
the characteristic region for asymmetric sulfonyl stretch,
νas(SO2).

NMR Spectra
The signals in 1H-NMR spectra are also in good

agreement with the proposed chemical structures for the
newly synthesized compounds. The assignment of the
signals is based on the chemical shift and intensity pattern.
Moreover, the 2D homonuclear connectivity 1H-1H COSY
experiments allowed univocal assignments.

The 1H-NMR spectra of the acyclic compounds 3 and 6
exhibited a doublet at a chemical shift of 8.98 ppm and
9.20 ppm, respectively, attributed to secondary amide
proton, which couples with H-4 (3J = 8.2 Hz).

The 1H-NMR spectra of heterocyclic compounds 4 and
7 comprise two characteristic sub-spectra: one of the 1,3-
oxazol-5(4H)-one and 1,3-oxazole ring, respectively, and
one of the 4-(phenylsulfonyl)phenyl fragment. The signal
assigned to the proton of the NH group from acyclic
precursors 3 and 6 is absent in the 1H-NMR spectra of
corresponding heterocycles 4 and 7, respectively and this
demonstrates that these new compounds have been
obtained.

In the 1H-NMR spectra of the compounds 3 and 6, the
signal of methine proton from C-4 appears as a doublet of
doublets of doublets at 4.64 ppm and 5.66 ppm,
respectively, that results from coupling to the two
nonequivalent protons of CH2 group and to the proton of
NH group. For saturated azlactone 4, the H-4 signal is
observed at 4.72 ppm as a doublet of doublets due the
coupling to both nonequivalent protons of CH2 group from

benzyl substituent in 4-position, that are maintained after
cyclization. The signal exhibited by H-4 in the 1H-NMR
spectrum of the compound 6, it is absent in the case of
heterocyclic compound 7 and this is a proof that
intramolecular cyclodehydration has occurred.

In addition, the two signals of nonequivalent protons
from methylene group as doublet of doublets in the 1H-
NMR spectrum of saturated azlactone 4  showed
discernible downfield shifts of 0.14 ppm and 0.17 ppm,
relative to CH2 protons signals from the acyclic precursor 3
spectrum, due to the stronger deshielding effect of
oxazolone ring compared to that of the COOH and CONH
groups from compound 3.

Also, a further evidence of formation of the 1,3-oxazole
7 is provided the fact that 1H-NMR spectrum revealed a
downfield shift of the signal attributed to the two protons
(H-18) of the CH2 group as a singlet (because in this case
the two protons of CH2 group are magnetically equivalent)
at δ = 4.13 ppm compared to the two signals as a doublet
of doublets (because of germinal coupling between
nonequivalent protons of CH2 group with 2J = 14.0 Hz and
of vicinal coupling of these protons with H-4 with 3J = 9.9
Hz and 4.7 Hz, respectively) at δ values of 3.01 ppm and
3.19 ppm recorded for the N-acyl-α-amino ketone 6. This
fact is due to the stronger deshielding effect of oxazole
ring (from 7) as against to that of the C=O and CONH
groups from acyclic precursor 6.

The obtaining of new compounds 3, 4, 6 and 7 was further
confirmed by the 13C-NMR spectra. In addition, the 2D
heteronuclear connectivity 1H-13C HETCOR experiments
substantially facilitated the unambiguous assignments of
carbon atoms signals.

The carbon atom in position 4, which shows a signal at
a chemical shift of 54.38 ppm for N-acyl-α-amino acid 3 is
shifted downfield with 12.41 ppm after intramolecular
cyclodehydration to 1,3-oxazol-5(4H)-one 4. Moreover, in
the cyclization product 4, the C-2 resonated at 160.47 ppm
(being more shielded with 4.73 ppm than carbon atom
from CONH group of 3), and the C-5 at 176.73 ppm (being
shifted downfield with 3.86 ppm than carbon atom from
COOH group of intermediate 3).

In the 13C-NMR spectrum of 1,3-oxazole 7, the C-4 signal
(at δ = 138.82 ppm) is more deshielded with 83.08 ppm
by comparison of the signal of the same atom from 6 (δ =
55.74 ppm) and this confirmed that cyclization of the N-
acyl-α-amino ketone 6 took place. It can be noticed the
presence of the upfield signal attributed to the C-2 at δ =
157.82 ppm from the oxazole nucleus (7), while the signal
assigned to carbon atom from amidic carbonyl group of
intermediate 6 (at 164.79 ppm) is absent in the case of
heterocyclic compound 7. Moreover, the C-5 atom from
structure of 1,3-oxazole 7 resonated at δ = 148.10 ppm,
whereas the ketonic carbonyl carbon of the compound 6
resonated at δ = 197.54 ppm revealing an upfield shift for
this carbon atom in the oxazole structure, which is a
additional indication that the formation of oxazole ring took
place.

Mass Spectrum of 4
Furthermore, additional support for the assigned

structure of new compound 4 was obtained by recording
the mass spectrum by GC-EI-MS analysis. Only saturated
1,3-oxazol-5(4H)-one 4 could be analyzed due to the lower
polarity, higher volatility and stability at high temperature
compared to the other newly synthesized compounds. The
molecular ion being very unstable does not show a signal
in the mass spectrum. This begins to split at the level of
oxazolone ring by eliminating a molecule of carbon dioxide,
when cation-radical with m/z = 347 (with relative
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abundance of 74.29%) is formed. The base peak (PB) is
cation-radical with m/z = 130. And other main fragments
that resulted under electron impact are indicated in
experimental part.

Cytotoxicity evaluation
The results of biological determination are presented in

table 1 and figure 5. All tested compounds exhibited under
20% lethality on the first 24 h of exposure, therefore no
LC50 could be calculated. At 48 h, with the exception of
phenylalanine, all compounds exhibited moderate to high
toxicity. The LC5048 h was between 15.78 and 167.0 µg/
mL. The 48 h increasing order of the tested compounds
toxicity was: 4, 6, 3, 7 and 1. Phenylalanine induced a
maximum of 10% lethality on daphnids at 48 h. The
increasing order of values obtained experimentally differs
slightly from the order of those predicted with GUSAR
software. Thus, with the exception of saturated azlactone
4 and phenylalanine, for which the predicted values are

very different, in the case of new compounds 3, 6 and 7 the
predicted values are slightly lower, while for precursor 1
the predicted value is slightly higher. However, these values
are comparable as magnitude order with experimental
values obtained at 72 h of exposure.

At 72 h, with the exception of phenylalanine all
compounds exhibited high percentage of lethality at least
to higher concentrations. Phenylalanine exhibited at the
highest concentration lethality values between 20 and 40%.
The highest toxicity was induced by 1,3-oxazole 7, followed
by compounds 3, 4 and 6. A much lower toxicity exhibited
1, with a LC5072 h of 11.76 µg/mL, a concentration 7-fold
higher than compound 7. In the same time, the toxicity of
compound 1 did not vary significant from 48 to 72 h. Thus,
the higher differences between the results obtained at 48
and 72 h for 3, 4, 6 and 7 could be due to structural changes
in these newly synthesized compounds relative to
precursor 1.

Fig. 5. Lethality curves on D.
magna at 48 and 72 h of exposure

for tested compounds;
a - 3, b - 4, c - 6, d - 7,
e - phenylalanine, f -1

Table 1
RESULTS OF Daphnia magna BIOASSAY
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Conclusions
Five new compounds from N-acyl-α-amino acid, N-acyl-

α-amino acid chloride, 1,3-oxazol-5(4H)-one, N-acyl-á-
amino ketone, and 1,3-oxazole class, which contain in the
structure a 4-(phenylsulfonyl)phenyl moiety, were
synthesized and characterized. The new saturated
azlactone 4 has been obtained by the reaction of acyl
chloride 2 with phenylalanine, followed by intramolecular
cyclization of the new N-acyl phenylalanine 3. The
precursor 3 was also converted in the corresponding new
N-acyl-α-amino acyl chloride 5. The new N-acyl-α-amino
ketone 6 was synthesized by treatment of 2,4-disubstituted
1,3-oxazol-5(4H)-one 4 or N-acyl phenylalanyl chloride 5
with anhydrous toluene under Friedel-Crafts reaction
conditions. By POCl3-catalysed cyclodehydration of acyclic
intermediate 6, the new 2,4,5-trisubstituted 1,3-oxazole 7
has been obtained. The chemical structures of all
compounds were confirmed by different spectral methods,
and elemental analysis.

The newly synthesized compounds 3, 4, 6, 7 have been
investigated for their biological activity on Daphnia magna.
All compounds exhibited cytotoxicity, the effect being
dependent of the exposure period. The 1,3-oxazole 7
showed the highest toxicity, comparable with the prediction
performed using GUSAR software. However, further studies
are needed in order to investigate the mechanism of action
and the therapeutic potential of the new compounds.
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