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An efficient, straightforward synthesis of some new 2-(4-methylbenzoylimino)-3-aryl-4-methyl-1,3-
thiazolines (2a-i) is described. The methodology involves the cyclization of 1-(4-methylbenzoyl)-3-
arylthioureas with acetone in the presence of bromine and triethylamine. The structures were confirmed by
spectroscopic data, elemental analyses and in one case (2i) by the single crystal X-ray diffraction data.
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Introduction.

Various 2-imino-1,3-thiazolines are associated with
diverse pharmacological activities such as antimicrobial,
anti-inflammatory, antihistaminic, antihypertensive,
hypnotic, and anticonvulsant activity [1-6].
Thiazolidinone derivatives of rhodanine are reported to
have antibacterial, antiviral, pesticidal, anti-inflammatory
and anti-diabetic properties [7-10]. Synthesis of an
arylalkylidene rhodanine library and the modification of
the rhodanine side chain resulted in increased selectivity
towards hepatitis C virus (HCV) NS3 protease [11], and
bis-thiazole derivatives showed promising anticancer
activity against human cell lines [12]. In addition,
thiazolines have been found to display acaricidal,
insecticidal, and plant growth regulators activities [13]
and have aso been used for the identification of human
cells with positive myeloperoxidase reactivity [14].
2-Phenylimino-1,3-thiazoline-4-acetanilides have
shown significant antifungal activity against rice blast
Pyricularia oryzae, thus can be used as agrochemical
fungicides [15]. The condensation products of 3-aryl-4-
phenyl-2-imino-4-thiazolines  with 9-chloro-2,4-
(un)substituted acridines exhibited interesting anti-
inflammatory  and analgesic activities [16].
Atropisomerism has been observed in some N,N-diaryl-
2-iminothiazoline derivatives. The optically pure
atropisomers were obtained by resolution and their
potential use as new non-biaryl ligands for enantio-
selective metal catalysis has been suggested [17]. The
synthetic strategies for 2-iminothiazoles reported in the
literature include the reaction of 1,2-diaza-1,3-butadienes
with rhodanine affording 2-(mercaptoacetyl)imino-
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Figure 1. 2-(4-Methylbenzoylimino)-3-aryl-4-methyl-1,3-thiazolines

thiazoline derivatives and by reaction of the same
reagents with chiral 1,3-oxazolidine-2-thione derivatives
[7,8], akylation of 2-aminothiazoles obtained from
condensation of a-haloketones with thiourea [18],
reaction of a-bromoketimines with potassium thiocyanate
[19], reaction of ketones with N-alkyl rhodanamines or
bisbenzyl formamidine disulfide [20], reaction of a-
chloroketones with thiosemicarbazide in acidic medium
[21] and the more recently reported synthesis of 2-imino-
1,3-thiazolines from 1-arylmethyl-2-(bromomethyl) aziri-
dines via ring transformation of 1-arylmethyl-2-(thio-
cyanomethyl)aziridines[22].

In this article, we wish to report a facile, efficient and
straightforward synthesis of some new 2-(4-methyl-
benzoylimino)-3-aryl-4-methyl-1,3-thiazolines by cycli-
zation of corresponding 1-(4-methylbenzoyl)-3-aryl
thioureas with acetone in the presence of bromine and
triethyl amine in high overal yields and without the
formation of undesired side products. The crysta
structure of compound (2i) was determined by single-
crystal X-ray diffraction data.

Results and Discussion.

The synthesis of 1-(4-methylbenzoyl)-3-arylthio-
ureas was carried out according to the published
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procedure [23] involving treatment of 4-methyl-
benzoyl chloride with potassium thiocyanate in
acetone followed by reaction with suitably substituted
anilines. The thioureas were characterized by typical
IR absorptions at 3351, 3200 cm™ for free and
associated NH, at 1667 for carbonyl and at 1230-1250
for thiocarbonyl groups. The characteristic broad
singlets at ca & 9.0 and 12 for HN(1) and HN(3) and
peaks at 170, 179 for carbonyl and thiocarbonyl were
observed in the *H and *CNMR spectra respectively.
The base-catalyzed cyclization of 1-aroyl-3-aryl-
thioureas with acetone was easily achieved in presence
of bromine. Thus, triethyl amine was added to a
solution of 1-(4-methylbenzoyl)-3-arylthioureas (1a-i)
in dry acetone followed by the treatment with an
acetone solution of bromine to furnish the 2-(4-
methylbenzoyl)imino-3-aryl-4-methyl-1,3-thiazo-lines
(2a-i) in good to high yields (Scheme 1).
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Mechanism of cyclcondenation of (1a-i) with acetone to afford (1a-i)

There have been reports in literature of S/N
regiosel ective nucleophilic competition in the synthesis
of heterocycles by intramolecular cyclization reactions
from the same precursor. Thus, same resonance
stabilized anionic thiourea species may lead to either
the 2-aroyl-imino-3-aryl-4-methyl-1,3-thiazolines (2)

Scheme-1

_ Bry/under N, Overnight 3

la; R=H

1b; R=2-CHs3
1c; R=3-CHj
1d; R=2-OCHg
le; R=3-OCH3
1f; R=2-CI
1g; R=3-Cl
1h; R=4-ClI

1i; R=4-Br

—R
S dry acetone/ EtgN/

o

S
n=( \
/©)‘\ _<N1CH3
H3;C
= !
(2a-i) C'_R

Synthesis of 2-(4-methylbenzoylimino)-3-aryl-4-methyl-1,3-thiazolines

The compounds were characterized by the absence of
NH absorptions of the thiourea moiety and the appearance
of the characteristic C=O and C=N absorptions at 1635-
1680 and 1560-1590 cm™, respectively in the IR spectra.

In the *H-NMR spectra, the singlet for H-C(5) appeared
a & 6.30-6.45, for Me-C(4) at & 2.0 and the AA'BB'
system a 7.65-7.77 and 7.35-7.90 for the aromatic
protons. *CNMR showed the peak for Me-C(4) at § 15.4-
15.8 ppm. In the mass spectrum, in addition to the
molecular ion peak M* the major fragments corresponded
to [M-91]*, and the base peak at myz 119 for the 4-
methybenzoyl cation (Table 1).

The mechanism of reaction involves the attack of anion
(generated by the transfer of N-1 proton to base) to the a-
carbon of the a-bromoacetone produced in situ to afford
the intermediate (A) followed by the attack of anion from
N-3 to the carbonyl group resulting in the intramolecular
cyclization and dehydration to yield (2) (Scheme 2).

(S-cyclization products) via intermediate (A) or to the
isomeric 1l-aroyl-3-arylimida-zole-2-thiones (3) (N-
cyclization products) via intermediate (B) under the
conditions of thermodynamic and Kkinetic controls
respectively (Scheme 3).

In principle, a similar cyclization of 1-aroyl-3-
arylthioureas with acetaldehyde and acetophenone
should also furnish the 2-aroylimino-3-aryl-1,3-
thiazolines, and 2-aroylimino-3-aryl-4-phenyl-1,3-
thiazolines respectively.

The crystal structure of compound (2i) is depicted in
Figure 2. Table-2 gives the crystal data and structure
refinement and the selected bond lengths and angles
appear in Table-3. It crystallizes in the monoclinic space
group P2,/c with unit cell parameters a = 6.905(2) A, b =
10.839(2) A, ¢ = 21.906(4) A and, o= 90°, P=
91.495(13)°, y = 90°. The C8-0O1 and C1-N2 bonds show
a typica double-bond character with bond lengths
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Mechanism of S or N cyclization from same thiourea precursor (1)

1.242(3) and 1.313(3) A, respectively and C8-N2 with
bond length of 1.375(3) A indicates a partial double-bond
character.

Figure 2. An ORTEP drawing of 2-(4-methylenbenzoylimino)-3-(4-
bromophenyl)-4-methyl-1,3-thiazoline (2i) with displacement ellipsoids
plotted at 50% probability level.

Tablel
Physical and spectral data for compounds (2a-2i)

Compd M.P. Yidd vmax (cm™) § ppm EIMS (m/2)
(C) (%) C=0 C=N CrHCsMe M* M-91, MeCH,CO"

(2a) 178 70 1665 1591 638 206 308,217,119
(2b) 194 60 1680 1552 634 205 322,231,119
(2¢) 135 58 1670 1587 634 205 322,231,119
(2d) 214 60 1656 1563 628 203 328,291,119
(2¢) 222 61 1679 1581 630 202 328,291,119
(2f) 240 69 1639 1560 642 202 342,253,119
(29) 180 65 1679 1596 640 202 342,253,119
(2h) 164 72 1660 1590 640 202 342,253,119
(2) 182 75 1673 1562 645 207 386,297,119

Recrystallization Solvents: ® ethanol, ° ethy| acetate

Table 2
Crystal data and structure refinement for (2i).

Empirical formula C1sH15BrN,0S
Formula weight 387.29
Temperature 173(2) K
Wavelength 0.71073 A
Crystal system Monoclinic

Table 2 (continued)

P21/C
a=6.905(2) A, a=90°.

Space group
Unit cell dimensions

1029

b =10.839(2) A, p = 91.495(13) °.

c =21 906(3)/& ¥ = 90°.

Volume 1639.0(6) A

Density (calculated) 1.570 Mg/m3

Absorption coefficient 2.64mmL

F(000) 784

Crystal size 0.08 x 0.06 x 0.04 mm

Theta range for data

collection 3.510 27.5°.

Index ranges -8<=h<=8, -14<=k<=14,
-27<=1<=28

Reflections collected 13740

Independent reflections
Completeness to

3740 [R(int) = 0.045]

theta = 27.5° 99.6 %
Absorption correction Multi-scan method
Max. and min.

0.902 and 0.817
Full-matrix least-squares on F2

transmission
Refinement method
Data / restraints /
parameters
Goodness-of-fit on F2
Final R indices
[1>2sigma(l)]
Rindices (all data)

3740/0/209
1.03

R1 = 0.034, wR2 = 0.080
R1 =0.053, wR2 = 0.088

Table 3
Selected bond lengths [A] and angles [°] for (2i).

Br(1)-C(5) 1.900(2)
S(1)-C(16) 1.736(2)
S(1)-C(1) 1.739(2)
0(1)-C(8) 1.242(3)
N(1)-C(1) 1.368(3)
N(1)-C(17) 1.413(3)
N(1)-C(2) 1.438(3)
N(2)-C(1) 1.313(3)
N(2)-C(8) 1.375(3)
C(16)-S(1)-C(L) 90.96(10)
C(1)-N(1)-C(17) 114.58(17)
C(1)-N(1)-C(2) 122.51(17)
C(17)-N(1)-C(2) 122.90(17)
C(1)-N(2)-C(8) 115.52(18)
N(2)-C(1)-N(1) 121.78(19)
N(2)-C(1)-S(1) 128.53(16)
N(L)-C(1)-S(1) 109.65(15)
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Table 3 (continued)

C(7)-C(2)-C(3) 120.7(2)

C(7)-C(2)-N(1) 119.85(18)
C(3)-C(2)-N(1) 119.45(19)
C(6)-C(5)-Br(1) 118.61(18)
C(4)-C(5)-Br(1) 119.53(17)
0(1)-C(8)-N(2) 124.4(2)

0(1)-C(8)-C(9) 120.46(19)
N(2)-C(8)-C(9) 115.13(18)
N(1)-C(17)-C(18) 121.17(19)

EXPERIMENTAL

Melting points were recorded usng a MEL TEMP MP-D
apparatus and are uncorrected. *H NMR and the *C NMR
spectra were determined in CDCI, at 400 MHz and 100 MHz
respectively using a Bruker AM-400 machine. FTIR spectra
were recorded on an FTS 3000 MX spectrophotometer. Mass
Spectra (El, 70eV) on a MAT 312 instrument, and elementa
analyses were conducted using a LECO CHNS analyzer. Single
crysta structure determination of (2i) was made on a Nonius
KappaCCD diffractometer.

The generd experimental procedure for the synthesis of
compounds 2a-i isillustrated by the synthesis of 2i. The physical
and spectral datafor compounds 2a-i aregivenin Table 1.

3-(4-Bromophenyl)-2-(4-methylbenzoylimino)-4-methyl-1,3-
thiazoline (2i).

To a dirred solution of 1-(4-methylbenzoyl)-3-(4-bromo-
phenyl)thiourea (1i) 0.5g (0.002 mol) in 20 ml acetone contain-
ing 0.3 ml (0.002 mol) triethylamine, was added dropwise, a
solution of bromine 0.1 ml (0.002 mol) in acetone (10 ml) under
nitrogen. After the addition was complete, the solution was
stirred at room temperature overnight. The reaction mixture was
filtered and concentrated to leave a crude solid. Recrystallization
with agueous ethanol afforded (2i) as colorless crystas, 0.5g (75
%), mp 182°. R; 0.14 (petrol ether / EtOAc 7/3); ir (potassium
bromide): 2938, 1673 (CO), 1600 (C=C), 1514, 1572 (C=N),
1265, 1152, 1050, 783, 736, 700 cm™; *H nmr (deuteriochloro-
form): 8 2.07 (s, 3H, C5-Me); 2.48 (s, 3H, Ar-Me); 6.45 (s, 1H,
C4-H), 7.14 (2H, AABB'); 7.24 (2H, AA'BB’); 7.35 (2H,
AA'BB"); 7.67 (2H, AA'BB'"); *C nmr (deuteriochloroform): &
15.1, 21.3, 105.2, 123.7, 128.1, 129.2, 130.0, 132.7.0, 133.8,
134.0, 137.5, 170.1, 179.0 ms. m/z 388 (7.3), 386 (7.0) (M),
297 (16.8), 215 (36.0), 119 (100), 91 (51), 65 (22).

Anal. Calcd for CgH,;sBrN,OS: C, 55.8; H 3.90; N 7.23, S
8.28. Found: C 55.80; H 3.96; N 7.32; S8.21.
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