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ABSTRACT
An efficient route for the synthesis of (E)-2-(2-(2-nitrobenzylidene)-
hydrazinyl)-4-phenylthiazol-3-ium bromide, (E)-2-(2(substituted
benzylidene)hydrazinyl)-4-phenylthiazoles and (E)-4-(4-bromo-
phenyl)-2-(cycloalkylidenehydrazono)-3-phenyl-2,3-dihydrothiazol-
es by reaction of 1-aryl-2-bromoethanones with 2-(1-substituted
methylidene)hydrazinecarbothioamides and cycloalkylidene-N-phe-
nyl-hydrazinecarbothioamides. The structure of the products has
been confirmed by using IR, NMR, mass spectrometry and single-
crystal X-ray analyses.
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Introduction

α-Haloketones are promising synthons for synthesizing carbo- and heterocyclic com-
pounds in preparative organic chemistry.[1] Although the Hantzch method, in which
α-haloketone is condensed with a thioamide, has been reported for decades as the method
of choice for the synthesis of thiazoles,[2] a great effort has been dedicated for more
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flexible procedures, and particularly to that of thiazole ring formation. One-pot syn-
thesis via a three-component reaction between aroylisothiocyanates, α-amino acids and
α-bromoketones in an ionic liquidwas described as a synthesis of thiazole-2(3H)imines.[3]

It has been reported that, treatment of freshly prepared differently substituted
α-bromoacetophenones with thiourea, afforded the formation of 2-amino-4-phenyl-
1,3-thiazole- and 2-amino-4-(4-bromophenyl)-1,3-thiazole in 52% and 47% yields,
respectively.[4] Synthetic methods have also been reported for trisubstituted thiazoles.[5–
10] Trisubstituted thiazoleswere synthesized using ligand-free, palladium-catalyzed, direct
5-arylation of 2,4-disubstituted thiazole and conventional or microwave-assisted heating
in low to moderate yields.[11]

In view of the emerging importance of thiazoles and their derivatives, several meth-
ods for their synthesis were developed using various catalysts,[12] conditions [13–15] and
strategies.[16–19] However, unsatisfactory yields, prolonged reaction times, tedious work
up procedures and use of expensive catalysts are still often encountered problems. There-
fore, the development of efficient and facile processes is a major challenge for chemists in
organic synthesis.

Many natural products [20] containing the thiazole ring have been isolated and most
of them exhibited, e.g. antimicrobial, antifungal, antihypertensive, anti-inflammatory and
antitumor cytotoxic activities.[21–25]

The 2-iminothiazolidine moiety is present in a large variety of physiologically active
compounds with applications varying from medicinal to agricultural use.[26] Some 2-
iminothiazolidines are useful as schistosomicides [27] andmany applications in medicinal
chemistry.[28]

2-Imino-4-thiazolidines and 3,4-disubstituted-2-imino-4-thiazolines have been syn-
thesized via condensation α-chloromethyl and α-bromomethyl ketimines with potassium
thiocyanate.[29,30]

Recently, we have reported the synthesis of 1,3-thiazolylidenehydrazinylidene
ethylpyridinum bromide monohydrate, 1,3-thiazolylidenehydrazinum bromide, hemihy-
drate and 1,3-thiazolylidenehydrazine derivatives by heterocyclization of 2-(1-substituted
ethylidene)hydrazinecarbothioamides via reaction with 1-aryl-2-bromoethanones and
evaluated their antibacterial activity.[31]

Results and discussion

Herein, the behavior of 1-aryl-2-bromoethanones (2a,b) towards 2-(1-substitutedmethyli-
dene) hydrazinecarbothioamides 1a–g and cycloalkylidene-N-phenylhydrazinecarbothio
amides 4a–e will be investigated and compared to the behavior of the same compounds
2a,b toward 2-(1-substituted ethylidene) hydrazinecarbothioamides.

We also report a facile and efficient preparation of (E)-2-(2-(2-nitrobenzylidene)
hydrazinyl)-4-phenylthiazol-3-ium bromide 3a, (E)-2-(substituted arylidene)hydrazinyl-
4-phenylthiazoles 3b–g and (E)-4-(4-bromophenyl)-2-(cycloalkylidenehydrazono-3-
phenyl-2,3-dihydrothiazoles 5a–e in high yields under mild reaction conditions
(Schemes 1 and 2).

Cyclocondensation of 1-aryl-2-bromoethanone (2a) with 2(1-substituted methyli-
dene)hydrazinecarbothioamides 1a–g in absolute ethanol under reflux for 1 h afforded the
disubstituted 1,3-thiazoles 3b–g in 96–98% yields, except in the case of the reaction 2awith
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Scheme 1. The reaction between 2-(1-substituted methylidene)hydrazinecarbonthioamides 1a–g and
1-aryl-2-bromoethanones (2a,b).

Scheme 2. The reaction between cycloalkylidene-N-phenylhydrazinecarbothio amides 4a–e and
4-bromophenyl-2-bromoethanone (2b).

1a, in which (E)-2-(2-(2-nitrobenzylidene)hydrazinyl)-4-phenylthiazol-3-iumbromide 3a
(98%) was formed.

A variety of analytical techniques, including IR, NMR, mass spectrometry, elemental
analysis and X-ray crystallography, were used to confirm the structural identity of the final
products. The target compounds were correctly analyzed for their molecular structure.
The infrared spectrum of 3a, as an example, shows a broad band at 3329 cm−1, which can
be attributed to the hydrazine-NH. The IR spectrum of 3a revealed sharp band at 1616
(C=N), medium band at 1343 (NO2) and Ar–C=C at 1595 cm−1. A new band at 1033 and
746 cm−1 in 3a was assigned to (C–S–C).[31,32]
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The 1H NMR spectrum of 3a contained two singlets at 7.31 and 8.45 ppm which
could be attributed to the thiazole-CH and azomethine CH=N, respectively. A broad
exchangeable signal with (D2O) at 11.18 ppm is attributed to hydrazine-NH. In addition,
the presence of multiplets in the range 7.32–8.06 ppm is ascribed to nine aromatic protons.
Moreover, the 13C NMR spectrum showed a peak appearing at 167.69 ppm corresponds to
thiazole-C2. Signals at 150.42, 147.33 and 104.33 are due to thiazole-C5, azomethine-CH
and thiazole-CH, respectively. The aryl-C and aryl-CHwere also observed (see experimen-
tal design section). In themass spectra of 3a–g, molecular ion peaks of all compounds were
obtained from EI-MS, but the molecular ion peak abundances were not strong. The mass

Figure 1. The title compound 3awith labeling scheme and 50% probability ellipsoids. The N–H . . . Br
interactions are shown as dotted lines.

Figure 2. Packing viewed down the a-axis. The N–H . . . Br interactions are shown as dotted lines.
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Figure 3. The asymmetric unit of 3b with the complementary N–H . . . N hydrogen bonds shown as
dotted lines. Ellipsoids are drawn at the 50% probability level.

spectrometry fragmentations are characterized by the fragments (M+-Ar-CH=N) and
(M+-C9H7N3S), and have a peak at 102 a.m.u due to [Ar–C≡N]+. The identities of (E)-2-
(2-substituted benzylidene)hydrazinyl)-4-phenylthiazoles 3a–gwere further confirmed by
single-crystal X-ray crystallographic studies for compounds 3a and 3b. The ORTEP view
of the title compound (E)-2-2[2-(2-nitrobenzylidene)hydrazinyl]-4-phenylthiazole 3a and
packing vieweddown the a-axis are shown in Figures 1 and 2, respectivly.H-atoms attached
to carbon were placed in calculated positions (C–H = 0.95−0.98Å) while those attached
to nitrogen were placed in locations derived from a difference map and their parameters
adjusted to give N–H = 0.91Å. All were included as riding contributions with isotropic
displacement parameters 1.2–1.5 times those of the attached atoms. Tables 5–7 in the sup-
plementary data show the values of the selected geometric parameters and they are normal.
The details of N–H . . . Br intramolecular interactions are given in Table 10 in the supple-
mentary data. The bromide ion is associated with both N–H groups. The cations pack in
columns in which adjacent pairs of cations are arranged in an anti-parallel fashion with the
thiazolidene rings eclipsed (Figure 2) and the separation of their mean planes is 3.32 (3)°.
The distance between the ring centroids is 3.50 (2)°.

The X-ray study of 3b showed that the asymmetric unit of the title compound 2-[(E)-2-
[2-chlorobenzylidene]hydrazin-1-yl]-4-phenyl-1,3-thiazole, C16H12ClN3S, contains two
independent molecules whose conformations differ primarily in the orientation of the
phenyl and chlorobenzene rings with respect to the thiazole ring.

In the crystal, the two independent molecules are associated via complementary
N–H . . . ..N hydrogen bands into a dimer. These dimers are associated through weak
C–H . . . .Cl and C–H . . . .S interactions into supramolecular chains propagating along
the a-axis direction (Figure 3).[33]

Compound 3a contains NO2 in the aryl group (strong electron withdrawing group).
ThisNO2 group increased the positive charge on the aromatic ring and consequently on the
NH group. This will facilitate the attraction forces between Br− and delta positive charge
on hydrogen atom.
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6 A. A. HASSAN ET AL.

Figure 4. The title compound5awith 50%probability displacement ellipsoids for non-hydrogen atoms.

Interestingly, further application of our optimized reaction conditions to
Z-cycloalkylidene-N-phenylhydrazinecarbothioamides 4a–e and 4-bromophenyl-2-
bromoethanone (2b) provided the corresponding (E)-4-(4-bromophenyl)-2-
(cycloalkylidenehydrazono)-3-phenyl-2,3-dihydrothiazoles 5a–e in 95–97% yields.
Cycloalkylidene-N-phenylhydrazin ecarbothioamides 4a–e was prepared according to
published procedures.[34,35]

Reaction of 2b with cycloalkylidene -N-phenylhydrazinecarbothioamides 4a–e in a
molar ratio of (1:1) in absolute ethanol has been carried out under reflux with stirring
for 1 h. The progress of the reaction was monitored by TLC until completion, and a pale
yellow precipitate from 5a–e was separated (Scheme 2).

The results of combustion analyses and spectroscopic data of 5a–e suggested the pres-
ence of (E)-4-(4-bromophenyl)-2-(cycloalkylidenehydrazono)-3-phenyl-2,3-dihydrothia
zoles. The gross formula (C20H18BrN3S) of 5a, as an example, was confirmed by mass
spectrometry and exhibited its molecular ion peak at m/z = 411/413 (80%) which is in
agreement with the proposed structure and clearly shows the addition of one molecule of
2b to one molecule of 4a with elimination a molecule of HBr and H2O.

1H NMR of 5a showed the appearance of cyclo-pentylidene-CH2 at δH = 1.63 (4H),
2.20 (2H) and 2.32 (2H) as multiplets representing (CH2)2 and (CH2)2C=N, respectively.
A sharp singlet at 6.62 due to thiazole-CH, another multiplets at 7.07–7.45 due to aryl
groups. The presence of cyclo-pentylidene-CH2 is evident from DEPT spectra exhibiting
negative signals at 24.08, 24.48, 29.78 and 31.12 ppm. In the 13C NMR spectrum of 5a,
thiazole-C2 and C4 resonate at 165.54 and 137.94 ppm, respectively, further peaks are at
δC = 171.79 (cyclopentyl-C=N), and 101.78 (thiazole-CH).

Moreover, the structure of 5awas confirmed unambiguously by the single-crystal X-ray
structure analysis (Figure 4).[36] Figure 4 shows the structure of (2E)-4-(4-bromophenyl)-
2-[2-[(1E)-cyclo-pentylidene]hydrazin-1-ylidene]-3-phenyl-2,3-dihydro-1,3-thiazole 5a
in which the cyclopentyl ring adopts a half-chair conformation. The 4-bromophenyl and
phenyl rings are twisted out of the plane of the thiazole ring with dihedral angles of 34.6
(1)° and 68.32 (6)°, respectively.[36]
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JOURNAL OF SULFUR CHEMISTRY 7

Scheme 3. Mechanistic rationale for the formation of compounds 3a–g and 5a–e.

The rational for the formation of 3a–g and 5a–e is depicted in scheme 3.
As a result, this synthesis allows much wider substrate scope and provides a general and

practical access to the target products. It was found that solvent, temperature and themolar
ratio of reactants may all play a critical role on the reaction efficiency. The influence of
different solvents has been studied and found that absolute ethanol was a superior solvent
compared with benzene, THF, DMF, ethyl acetate and ethylene chloride which gave traces
of products.

An increased amount of 2a as well as 2b was not necessary to obtain the products in
pure and high yields.

Therefore, applying the reactions in absolute ethanol under reflux and using equimolar
ratios of 1a–g with 2a or 4a–e with 2b is chosen as the optimized reaction conditions.

Conclusion

An efficient and facile process for the synthesis of di-and trisubstituted-1,3-thiazoles has
been reported. The advantage of this procedure is fast reaction time and high yieldswithout
use of expensive catalysts.

Experimental design

Instruments

Melting points were determined using open glass capillaries on a Gallenkamp melting
point apparatus, and uncorrected. IR spectra were recorded from potassium bromide disks
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8 A. A. HASSAN ET AL.

on Alpha, Bruker FT-IR. 1H- and 13C NMR spectra (300MHz for 1H, 75MHz for 13C)
were observed inCDCl3 andDMSO-d6 as a solvent, onVarianmercury plus 300 spectrom-
eter with tetramethylsilane as an internal standard. The 13C NMR signals were assigned
with the aid of DEPT experiments. Mass spectra were obtained in Varian MAT 311 dou-
bly focusing instrument using electron impact ionization (70 eV). X-ray diffractions were
measured using Bruker SMART APEXCCD diffractometer with Graphite monochroma-
tor and five-focus sealed tube as a Radiation source. TLC was performed as analytical
merck 9385 silica aluminum sheets (Kieselgel 60) with pf254 indicator; TLC’s were viewed
at λmax = 254 nm. The elemental analysis was carried out at the Microanalytical Center,
Cairo University, Egypt.

X-ray data were collected using a Bruker D8 VENTURE PHOTON 100 CMOS diffrac-
tometer using CuKα radiation in the ω-scan mode at 150(2) K. Data have been processed
using APEX2 and SAINT softwares.[37] The numerical absorption correction was applied
using the SADABS program.[37] The crystal structure was solved by direct methods using
SHELXT,[37] and refined by a full-matrix least-squares procedure based on F2 (SHELXL-
2014).[38] The molecular graphics were drawn using the DIAMOND [39] and SHELXT
programs.[37]

Startingmaterials

1-Aryl-2-bromoethanones (2a,b) were prepared according to Nobuta et al., [40] and
Salama and Novák [41] 2-(1-Substituted methylidene)hydrazinecarbonthioamides 1a–g
were prepared by condensation of phenyl thiosemicarbazide with appropriate aldehydes
according to the published procedure.[42] Cycloalkylidene-N-substituted hydrazinecar-
bothioamides 4a–e were prepared according to the published procedures.[34,35]

2-Cycloocytylidene-N-phenyl hydrazinecarbothioamides (4d)
Colorless crystals (0.269 g, 98%), m.p = 100–102°C, IR (KBr): υ = 3080 (Ar–CH), 2927
(Ali-CH), 1617 (C=N), 1593 (Ar-C=C), 1560 (NH def. and C–N str.), 1362, 990 (C=S
and C–N). 1H NMR (CDCl3): δH = 1.53–1.54 (m, 2H, CH2), 1.55–1.56 (m, 4H, 2CH2),
1.79–1.81 (m, 4H, 2CH2), 2.41–2.42 (m, 4H, 2CH2), 7.19–7.23 (m, 1H, Ar-H), 7.36–7.40
(m, 2H, Ar–H), 7.68–7.72 (m, 2H, Ar–H), 8.62 (br, s, 1H, NH), 9.32 (br, s, 1H, NHPh); 13C
NMR (CDCl3): δC = 24.56,24.92, 25.29, 26.55, 27.33, 28.09, 36.36 (CH2), 124.18, 125.93,
128.77 (Ar–CH), 138.13 (Ar–C), 158.85 (C=N), 176.0 (C=S). Anal. Calcd. for C15H21N3S:
C, 65.41; H, 7.69; N, 15.26; S, 11.64. Found: C, 65.27; H, 7.78; N, 15.41; S, 11.49.

(E)-2-(3,4-Dihydronaphthalen-1(2H)-ylidene)-N-phenylhydrazinecarbothioamide (4e)
Colorless crystals (0.286 g, 97%), m.p = 186–188°C, IR (KBr): υ = 3091 (Ar–CH), 2937
(Ali-CH), 1624 (C=N), 1602 (Ar–C=C),1556 (NH def. and C–N str.), 1360, 992 (C=S
and C–N). 1H NMR (CDCl3): δH = 1.96–2.01 (m, 2H, CH2), 2.64–2.67 (m, 2H, CH2)
2.75–2.82 (m, 2H, CH2), 7.19–7.24 (m, 1H, Ar–H), 7.26–7.32 (m, 1H, Ar–H), 7.38–7.42
(m, 1H, Ar–H), 8.02–8.04 (m, 1H, Ar–H), 8.87 (br, s, 1H, NH), 9.45 (br, s, 1H, NHPh); 13C
NMR (CDCl3): δC = 21.52, 25.71, 29.44 (CH2), 124.56, 126.77, 130.02 (Ar–CH), 138.01,
140.59 (Ar–C), 147.24 (C=N), 176.16 (C=S). Anal. Calcd. for C17H17N3S (295.40): C,
69.12; H, 5.80; N, 14.22; S, 10.85. Found: C, 68.96; H, 5.88; N, 14.36; S, 11.03.
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General procedure of synthesis of di-and trisubstituted thiazoles 3a–g and 5a–e
A mixture of (1.0mmol) 1-aryl-2-bromoethanones (2a,b) and (1.0mmol) from each
of 2-(1-substituted methylene)hydrazinecarbothioamides 1a–g or cycloalkylidene-N-
substituted hydrazinecarbothioamides (4a–e) in absolute ethanol (30ml) was refluxed for
1 h, then cooled to room temperature. A yellow solid precipitate was filtered and washed
with a small amount of ethanol and recrystallized from ethanol to give pure crystals from
3a–g to 5a–e.

(E)-2-2[2-(2-Nitrobenzylidene)hydrazinyl]-4-phenylthiazole-3-ium bromide (3a)
Yellow crystals (ethanol) (0.317 g, 98%), m.p = 244–246°C, IR (KBr): υ = 3329 (NH),
1616 (C=N), 1595 (Ar–C=C), 1343 (NO2), 1033, 746 (C–S–C) cm−1. 1H NMR (DMSO-
d6): δH = 7.31 (s, 1H, thiazole-CH), 7.32–7.34 (m, 1H, Ar–H), 7.41–7.43 (m, 2H, Ar–H),
7.60–7.64 (m, 1H, Ar–H), 7.78–7.87 (m, 1H, Ar–H), 7.87–7.89 (m, 2H, Ar–H), 8.03–8.06
(m, 2H, Ar–H), 8.45 (s, 1H, CH=N), 11.18 (s, br, 1H, NH);13C NMR (DMSO-d6):
δC = 104.33 (thiazole-CH), 124.63, 125.47, 127.40, 127.86, 128.56, 129.65 (Ar–CH),
131.26, 133.43, 144.33 (Ar–C), 147.33 (CH=N), 150.42 (thiazole-C5), 167.69 (thiazole-
C2), EI-mass, m/z (%) 405/407 (M+,11), 324 (36), 278 (6), 175 (13), 135 (90), 102 (100),
76 (89). Anal. Calcd. for C16H13BrN4O2S (405.27): C, 47.42; H, 3.23; Br, 19.72; N, 13.82;
S, 7.91 Found: C, 47.58; H, 3.17; Br, 19.60, N, 13.94; S, 8.07.

(E)-2-[2-(2-Chlorobenzylidene)hydrazinyl]-4-phenylthiazole (3b)
Yellow crystals (ethanol, (0.300 g, 96%), m.p = 208–210°C, IR (KBr): υ = 3323 (NH),
1620 (C=N), 1602 (Ar–C=C), 1040, 750 (C–S–C) cm−1. 1HNMR (DMSO-d6): δH = 7.32
(s, 1H, thiazole-CH), 7.39–7.43 (m, 6H, Ar–H), 7.86–7.88 (m, 3H, Ar–H), 8.41 (s, 1H,
CH=N), 11.08 (s, br, NH).13C NMR (DMSO-d6): δC = 104.01 (thiazole-CH), 125.45,
126.10, 127.52, 128.25, 128.55, 129.73 (Ar–CH), 131.91, 133.11, 134.86 (Ar–C), 147.80
(CH=N), 150.38 (thiazole-C5), 167.80 (thiazole-C2), EI-mass, m/z (%) 313/315 (M+, 9),
175 (36), 135 (100), 125 (58), 89 (60), 77 (82). Anal. Calcd. for C16H12ClN3S (313.80): C,
61.24; H, 3.85; Cl, 11.30; N, 13.39; S, 10.22. Found: C, 61.07; H, 3.91; Cl, 11.42; N, 13.26; S,
10.32.

(E)-2-[2-(4-Chlorobenzylidene)hydrazinyl]-4-phenylthiazole (3c)
Yellow crystals (ethanol), (0.303 g, 97%), m.p = 216–218°C. IR (KBr): υ = 3321 (NH),
1621 (C=N), 1600 (Ar–C=C), 1041, 749 (C–S–C) cm−1,1H NMR (DMSO-d6):
δH = 7.30 (s, 1H, thiazole-CH), 7.31–7.33 (m, 1H, Ar–H), 7.41–7.45 (m,2H, Ar–H),
7.46–7.51 (m, 2H, Ar–H), 7.86–7.88 (m, 2H, Ar–H), 7.93–7.95 (m, 2H, Ar–H), 8.43 (s,1H,
CH=N), 11.12 (s, br, NH), 13C NMR (DMSO-d6): δC = 104.16 (thiazole-CH), 123.59,
127.64, 127.68, 122.89, 128.36 (Ar–CH), 131.21, 133.35, 137.47 (Ar–C), 147.90 (CH=N),
150.30 (thiazole-C5), 167.92 (thiazole-C2), EI-mass, m/z (%) 313/315 (M+,9), 175 (40),
135 (100), 125 (55), 89 (65), 77 (85). Anal. Calcd. for C16H12ClN3S (313.80): C, 61.24; H,
3.85; Cl, 11.30; N, 13.39; S, 10.22. Found: C, 61.13; H, 3.94; Cl, 11.46; N, 13.22; S, 10.09.

(E)-2-[2-(2-Methoxybenzylidene)hydrazinyl]-4-phenylthiazole (3d)
Yellow crystals (ethanol), (0.302 g, 98%), m.p = 248–250°C, IR (KBr): υ = 3339 (NH),
1617 (C=N),1590 (Ar–C=C), 1032, 744 (C–S–C) cm−1. 1HNMR (DMSO-d6): δH = 3.86
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(s, 3H, OCH3), 7.01–7.05 (m, H, Ar–H), 7.09–7.11 (m, 1H, Ar–H), 7.33 (s, 1H, thiazole-
CH), 7.35–7.41 (m, 2H, Ar–H), 7.43–7.45 (m, 2H, Ar–H), 7.81–7.86 (m, 3H, Ar–H), 8.44
(s, 1H, CH=N), 11.05 (s, br, NH), 13C NMR (DMSO-d6): δC = 55.73 (OCH3), 103.78
(thiazole-CH), 122.17, 125.02, 125.72, 127.90, 128.36, 128.71 (Ar–CH), 131.06, 133.83
(Ar–C), 148.08 (CH=N), 150.27 (thiazole-C5), 157.30 (Ar–C–O), 168.36 (thiazole-C2).
EI-mass, m/z (%) 309 (M+,10), 175 (35), 135 (79), 91 (39), 77 (100). Anal. Calcd. for
C17H15N3OS (309.39): C, 66.00; H, 4.89; N, 13.58; S, 10.36. Found: C, 65.84; H, 4.96; N,
13.66; S, 10.55.

(E)-2-[2-(3,4-Dimethoxybenzylidene)hydrazinyl]-4-phenylthiazole (3e)
Yellow crystals (ethanol), (0.328 g, 97%), m.p = 256–258°C. IR (KBr): υ = 3317 (NH),
1613 (C=N), 1585 (Ar–C=C), 1035,748 (C–S–C) cm−1. 1HNMR (DMSO-d6): δH = 3.80
(s, 3H, OCH3), 3.82 (s, 3H, OCH3), 7.00–7.03 (m,1H, Ar–H), 7.18–7.20 (m, 1H, Ar–H),
7.28–7.31 (m, 2H, Ar–H), 7.32 (s, 1H, thiazole-CH), 7.40–7.45 (m, 2H, Ar–H), 7.84–7.86
(m, 2H, Ar–H), 8.00 (s, 1H, CH=N), 11.03 (s, br, 1H, NH). 13C NMR (DMSO-d6):
δc = 55.38, 55.58 (OCH3), 103.32 (thiazole-CH), 120.39, 125.59, 127.06, 127.69, 128.65
(Ar–CH), 131.22, 133.76 (Ar–C), 147.99 (CH=N), 150.18 (thiazole-C5), 157.49, 158.12
(Ar–C–O), 168.35 (thiazole-C2). EI-mass, m/z (%): 339 (M+, 4), 175 (64), 135 (100), 106
(22), 77 (72). Anal. Calcd. for C18H17N3O2S (339.41): C, 63.70; H, 5.05; N, 12.38; S, 9.45.
Found: C, 63.86; H, 4.92; N, 12.26; S, 9.61.

(E)-2-[2-(Naphthalene-2-ylmethylene)hydrazinyl]-4-phenylthiazole (3f)
Yellow crystals (ethanol), (0.322 g, 98%),m.p. = 250–252°C, IR (KBr): υ = 3338 (NH),
1619 (C=N), 1608 (Ar–C=C), 1037, 745 (C–S–C) cm−1. 1H NMR (DMSO-d6):
δH = 7.31, 7.34 (m, 1H, Ar–H), 7.39 (s, 1H, thiazole-CH), 7.41–7.43 (m, 1H, Ar–H),
7.44–7.46 (m, 2H, Ar–H), 7.61–7.63 (m, 2H, Ar–H), 7.69–7.72 (m, 2H, Ar–H), 7.88–7.90
(m, 1H, Ar–H), 7.99–8.01 (m, 1H, Ar–H), 8.71 (s, 1H, CH=N), 8.73–8.78 (m, 2H, Ar-H),
11.0 (s, br, 1H, NH).13C NMR (DMSO-d6): δC = 103.84 (thiazole-CH), 125.62, 126.28,
127.29, 127.71, 128.68, 128.89, 129.91 (Ar–CH), 130.83, 132.66, 133.45 (Ar–C), 147.67
(CH=N), 150.67 (thiazole-C5), 168.24 (thiazole-C2). EI-mass, m/z (%): 329 (M+, 8), 175
(87), 135 (100), 82 (76), 77 (46). Anal. Calcd. for C20H15N3S (329.42): C, 72.92; H, 4.59;
N, 12.76; S, 9.73. Found: C, 73.11; H, 4.66; N, 12.69; S, 9.58.

(E)-2-[2-(Anthracen-2-ylmethylene)hydrzinyl]-4-phenylthiazole (3g)
Yellow crystals (ethanol), (0.363 g, 96%), m.p = 264–266°C, IR (KBr): υ = 3336 (NH),
1621 (C=N), 1591 (Ar C=C), 1041, 749 (C–S–C) cm−1. 1H NMR (DMSO-d6):
δH = 7.27–7.30 (m, 4H, Ar–H), 7.33 (s, 1H, thiazole-CH), 7.57–7.60 (m, 2H, Ar–H),
7.68–7.70 (m,2H,Ar–H), 7.89–7.90 (m, 2H, Ar-H), 8.17–8.20 (m, 2H, Ar–H), 8.67 (s,
H, CH=N), 8.70–8.74 (m, 2H, Ar-H), 10.97 (s, br, 1H, NH). 13C NMR (DMSO-d6):
δC = 103.84 (thiazole-CH), 125.80, 126.42, 127.20, 127.66, 127.88,128.24, 128.68, 128.84,
129.91 (Ar–CH), 130.83, 132.66, 133.45, 135.26 (Ar–C), 148.27 (CH=N), 152.67 (thiazole-
C5), 168.88 (thiazole-C2). EI-mass,m/z (%): 379 (M+, 8), 19 (21), 134 (27), 77 (100). Anal.
Calcd. for C24H17N3S (379.48): C, 75.96;H, 4.52; N, 11.07; S, 8.45. Found: C, 76.13;H, 4.49;
N, 10.89; S, 8.38.
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(E)-4-(4-Bromophenyl)-2-(cyclopentylidenehydrazono)-3-phenyl-2,3-dihydrothiazole
(5a)
Yellow crystals (ethanol), (0.332 g, 97%), m.p = 268–270°C, IR (KBr): υ = 3093 (Ar-
CH), 2958 (Ali-CH), 1628 (C=N), 1579 (Ar C=C).1H NMR (DMSO-d6): δH = 1063 (m,
4H, 2CH2), 2.20 (m, 2H, CH2), 2.32 (m, 2H, CH2), 6.62 (s, 1H, thiazole-CH), 7.07–7.09
(m, 2H, Ar–H), 7.20–7.22 (m, 2H, Ar-H), 7.26–7.28 (m, 1H, Ar–H), 7.32–7.34 (m, 2H,
Ar–H), 7.43–7.45 (m, 2H, Ar–H). 13C NMR (DMSO-d6): δC = 24.08, 24.48, 29.78, 31.12
(CH2), 101.78 (thiazole-CH), 127.39, 128.29, 128.66, 129.89, 130.27 (Ar–CH), 131.22,
137.81 (Ar–C), 137.94 (thiazole-C4), 165.54 (cyclopenlyl-C=N), 171.79 (thiazole-C2). EI-
mass, m/z (%) 411/413 (M+, 80), 331 (22), 257 (12), 135 (26), 77 (100). Anal. Calcd. for
C20H18BrN3S (412.35): C, 58.26; H, 4.40; Br, 19.38; N, 10.19; S, 7.78. Found: C, 58.40; H,
4.32; Br, 19.22; N, 10.32; S, 7.89.

(E)-4-(4-Bromophenyl)-2-(cyclohexylidenehydrazono)-3-phenyl-2,3-dihydrothiazole
(5b)
Yellow crystals (ethanol), (0.330 g, 95%), m.p = 247–249°C, IR (KBr): υ = 3086 (Ar-
CH), 2934 (Ali-CH), 1624 (C=N), 1580 (Ar–C=C). 1H NMR (CDCl3): δH = 1.57 (m,
4H, 2CH2), 1.70 (m, 2H, CH2), 2.38 (m, 2H, CH2), 2.49 (m, 2H, CH2), 6.10 (s, 1H,
thiazole-CH), 6.95–6.97 (m, 2H, Ar–H), 7.18–7.24 (m, 3H, Ar–H), 7.28–7.32 (m, 4H,
Ar–H);13C NMR (CDCl3): δC = 26.07, 26.35, 27.44, 28.60, 35.31 (CH2), 101.37 (thiazole-
CH), 122.21, 127.19, 128.22, 118.63, 129.39 (Ar–CH), 131.38, 137.84 (Ar-C), 138.69
(thiazole-C4), 166.42 (cyclohexyl-C=N), 166.56 (thiazole-C2). EI-mass, m/z (%) 425/427
(M+,72), 401 (12), 271 (28), 135 (32), 77 (100). Anal. Calcd. for C21H20BrN3S (426.37):
C, 59.16; H, 4.73; Br, 18.74; N, 9.86; S, 7.52. Found: C, 58.98; H, 4.81; Br, 18.88; N, 9.73; S,
7.46.

(E)-4-(4-Bromophenyl)-2-(cycloheptylidenehydrazono)-3-phenyl-2,3-
dihydrothiazole(5c)
Yellow crystals (ethanol), (0.356 g, 96%), m.p = 240–242°C, IR (KBr): υ = 3080 (Ar-CH),
2919 (Ali-CH), 1611 (C=N), 1573 (Ar–C=C). 1HNMR (CDCl3): δH = 1.53–1.56 (m, 4H,
2CH2), 1.56–1.59 (m, 4H, 2CH3), 2.53–2.55 (m, 4H, 2CH2), 6.21 (s, 1H, thiazole-CH),
6.94–6.97 (m, 2H, Ar–H), 7.19–7.22 (m, 3H, Ar–H), 7.27–7.29(m, 2H, Ar–H), 7.30–7.31
(m, 2H, Ar–H); 13C NMR (CDCl3): δC = 25.15, 27.63, 30.55, 32.19, 36.91 (CH2), 101.51
(thiazole-CH), 122.36, 127.29, 128.30, 118.72, 129.52 (Ar–CH), 131.52, 138.02 (Ar–C),
138.82 (thiazole-C4), 165.42 (cycloheptylidene-C=N), 165.58 (thiazole-C2). EI-mass,m/z
(%): 439/441 (M+, 64), 411 (29), 385 (12), 329 (33), 258 (17), 135 (24), 77 (100). Anal.Calcd.
for C22H22BrN3S (440.40): C, 60.00; H, 5.04; Br, 18.14; N, 9.54, S, 7.28. Found: 59.84; H,
4.96; Br, 17.98; N, 9.68; S, 7.16.

(E)-4-(4-Bromophenyl)-2-(cyclooctylidenehydrazono)-3-phenyl-2,3-
dihydrothiazole(5d)
Yellow crystals (ethanol), (0.369 g, 96%),m.p = 212–214°C, IR (KBr):υ = 3088 (Ar–CH),
2926 (Ali-CH), 1616 (C=N), 1582 (Ar–C=C). 1H NMR (CDCl3): δH = 1.54–1.56 (m,
4H, 2CH2), 1.88–1.90 (m, 2H, CH2), 2.38–2.41 (m, 4H, 2CH2), 6.08 (s, 1H, thiazole-CH),
6.98–7.00 (m, 3H, Ar–H), 7.20–7.23 (m, 2H, Ar–H), 7.30–7.32 (m, 4H, Ar–H), 7.30–7.31
(m, 2H,Ar–H); 13C NMR(CDCl3): δC = 24.37, 25.50, 25.73, 26.31, 27.79, 30.09, 36.40
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(CH2), 101.22 (thiazole-CH), 122.18, 127.06, 128.20, 128.49, 129.36 (Ar–CH), 131.40,
137.97 (Ar–C), 138.64 (thiazole-C4), 164.79 (cyclooctylidene-C=N), 170.45 (thiazole-
C2). EI-mass, m/z: 453/455 (M+, 35), 425 (7), 329 (33), 315 (8), 135 (17), 77 (100). Anal.
Calcd. for C23H24BrN3S (454.43): C, 60.79; H, 5.32; Br, 17.58; N, 9.25; S, 7.06. Found: C,
60.91; H, 5.28; Br, 17.46; N, 9.37; S, 6.93.

(E)-4-(4-Bromophenyl)-2-[(E)-(3,4-dihydronaphthalen-1(2H)-ylidene)hydra-zono]-
3-phenyl-2,3-dihydrothiazole (5e)
Yellow crystals (ethanol), (0.399 g, 97%),m.p = 214–216°C, IR (KBr):υ = 3084 (Ar–CH),
2929 (Ali-CH), 1619 (C=N), 1585 (Ar–C=C). 1H NMR (CDCl3): δH = 1.82–1.83 (m,
4H, 2CH2), 2.73–2.75 (m, 4H, 2CH2), 6.17 (thiazole-CH), 6.97–6.99 (m, 1H, Ar–H),
7.09–7.11 (m, 1H, Ar–H), 7.23–7.25 (m, 1H,Ar–H) 7.30–7.32 (m,1H, Ar–H); 13C NMR
(CDCl3): δc = 22.22, 27.34, 30.14 (CH2), 102.31 (thiazole-CH), 126.12, 127.34, 128.23,
128.40, 128.48(Ar–CH), 128.68, 129.49, 137.22 (Ar–C), 138.72 (thiazole-C4), 157.32
(dihydronaphthalenylidene-C=N), 168.36 (thiazole-C2). EI-mass,m/z: 473/475 (M+, 13),
135 (12), 130 (41), 77 (100). Anal. Calcd. for C25H20BrN3S (474.42): C, 63.29; H, 4.25; Br,
16.84; N, 8.86; S, 6.76. Found: C, 63.41; H, 4.19; Br, 17.03; N, 9.02; S, 6.62.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by NSF-MRI Grant #1228232 and Tulane University .

References

[1] Little TL, Webber SE. A simple and practical synthesis of 2-aminoimidazoles. J Org Chem.
1994;59:7299–7305.

[2] Bramley SE, Dupplin V, Goberdhan DGC. The Hantzsch thiazole synthesis under acidic
conditions: change of regioselectivity. J. Chem. Soc. Perkin. Trans. 1987;1:639–643.

[3] Shahvelayati AS, Yavari I, Delbari AS. Formation of thiazol-2(3H)imines by reaction of α-
amino acids, aroylisothiocyanates, and α-bromoketones in an ionic liquid. Chin Chem Lett.
2014;25:119–122.

[4] Lin J-R, Li D-D, Wang A-R, et al. Design and synthesis of thiazole derivatives as potent Fab H
inhibitors with antibacterial activity. Eur J Med Chem. 2014;75:438–447.

[5] ThomaeD, Perspicace E, Xu Z, et al. One-pot synthesis of new 2,4,5-trisubstituted 1,3-thiazoles
and 1,3-selenazoles. Tetrahedron. 2009;65:2982–2988.

[6] Dunst C, Knochel P. Regioselective functionalization of the thiazole scaffold using TMP-
MgCl.LiCl and TMP2Zn.2MgCl2.2LiCl. J Org Chem. 2011;76:6972–6978.

[7] Li Z, Ma Li, Tang C, Xu J, Wu X, Yao H. Palladium(II)-catalyzed oxidative Heck coupling of
thiazole-4-carboxylates. Tetrahedron Lett. 2011;52:5643–5647.

[8] Peteira R, Gaudon C, Iglesias B, Germain P, Gronemeyer J, Delera AR. Synthesis of the
PPARβ/δ-selective agonist GW501516 and C4-thiazole-substituted analogs. Bioorg Med
Chem Lett. 2006;16:49–54.

[9] Kim DK, Choi JH, An YJ, Lee HS. Synthesis and biological evaluation of 5-(pyridin-2-
yl)thiazoles as transforming growth factor-beta type1 receptor kinase inhibitors. Bioorg Med
Chem Lett. 2008;18:2122–2127.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 0
4:

34
 3

1 
D

ec
em

be
r 

20
15

 



JOURNAL OF SULFUR CHEMISTRY 13

[10] Kim SK, Kim J-H, Park YC, Kim JW, Yum EK. Synthesis of trisubstituted thiazoles by ligand-
free palladium-catalyzed direct 5-arylation of 2,4-disubstituted thiazoles under conventional
and microwave-assisted heating. Tetrahedron. 2013;69:10990–10995.

[11] Yadav JS, Reddy BV, Rav YG, Narsaiah AV. First example of the coupling of α-diazoketones
with thiourea: a novel route for the synthesis of 2-amino-thiazoles. Tetrahedron Lett.
2008;49:2381–2383.

[12] Potewar TM, Ingale SA, Srinivasan KV. Efficient synthesis of 2,4-disubstituted thiazoles using
ionic liquid under ambient conditions: a practical approach towards the synthesis of fanetizole.
Tetrahedron. 2007;63:11066–11069.

[13] Prakash R, Kumar A, Aggarwal R, PrakashO, Singh SP. α,α-Dibromoketones: A superior alter-
native toα-bromoketones in hantzsch thiazole synthesis. Synth. Commun. 2007;37:2501–2505.

[14] Narender M, Reddy MS, Sridhar R, Nageswar YVD, Rao KS. Aqueous phase synthe-
sis of thiazoles and aminothiazoles in the presence of β-cyclodextrin. Tetrahedron Lett.
2005;46:5953–5955.

[15] Kumar VP, Narender M, Sridhar R, Nageswar YVD, Rao KR. Synthesis of thiazoles and
aminothiazoles from β-keto tosylates under supramolecular catalysis in the presence of β-
cyclodextrin in water. Synth Commun. 2007;37:4331–4336.

[16] MiyamotoK,NishY,OchiaoM.Thiazole synthesis by cyclocondensation of 1-alkynyl(phenyl)-
λ3-iodanes with thioureas and thioamides . Angew Chem Int Ed. 2005;44:6896–6899.

[17] Potewar TM, Ingale SA, Srinivasan KV. Catalyst-free efficient synthesis of 2-aminothiazoles in
water at ambient temperature. Tetrahedron. 2008;64:5019–5022.

[18] Zhu D, Chen J, Xiao H, Liu M, Ding J, Wu H. Efficient and expeditious Synthesis of
di- and trisubstituted thiazoles in PEG under catalyst-free conditions. Synth Commun.
2009;39:2895–2906.

[19] Davyt D, Serra G. Thiazole and oxazole alkaloids: isolation and synthesis. Mar Drugs.
2010;8:2755–2780, and references therein.

[20] Kashyap SJ, Grag VK, Sharma PK, Kumar N, Dudhe R, Gupta JK. Thiazoles: having diverse
biological activities. Med Chem Res. 2012;21:2123–2132, and references therein.

[21] SiddiquiN,ArshadMF,AhsanW,AlamS. Thiazoles: a valuable insight into the recent advances
and biological activities. Int J Pharm Sci Drug Res. 2009;1:136–143.

[22] Zagade AA, Senthiekumar GP. Thiazole: a valuable insight into recent advances, synthesis and
biological activities. Pharma Chem. 2011;3:523–537.

[23] Zablotskaya A, Segal I, Geronikaki A, et al. Synthesis, physicochemical characterization,
cytotoxicity, antimicrobial, anti-inflammatory and psychotropic activity of new N-[1,3-
(benzo)thiazol-2-yl]-ω-[3,4-dihydroisoquinolin-2(1H)-yl]alkanamides. Eur J Med Chem.
2013;70:846–856, and references therein.

[24] Bhattcharya S, ThomasM. Synthesis of a novel thiazole based dipeptide chemosensor forCu(II)
in water. Tetrahedron Lett. 2000;41:10313–10317.

[25] HassanAA,Mohamed SK,MohamedNK, ElshaiebKMA,Abdel-Aziz AT, Abdel-RahmanMR.
Synthesis and biological activity of 1,3-thiazolylidenehydrazinylidene ethylpyridiniumbro-
mide monohydrate, 1,3- thiazolylidenehydraziniumbromide and 1,3-thiazolylidenehydrazine
derivatives. J Adv Chem. 2015;11:3357–3366.

[26] D’hooghe M, De Kimpe N. Synthetic approaches towards 2-iminothiazolidines: an overview.
Tetrahedron. 2006;62:513–535.

[27] Werbel LM, Degnane MB, Harger GF, Capps DB, Islip PJ, Closier MD. 1-Alkyl-3-(3-alkyl-5-
nitro-4-thiazolin-2-ylidene)ureas and related compounds as schistosomicides. J Med Chem.
1972;15:955–963.

[28] Zhou G-B, Guan Y-Q, Shen C, et al. A novel and convenient synthesis of thiazol- 2(3H)-imine-
linked glycoconjugates. Synthesis. 2008;13:1994–1996.

[29] De Kimpe N, Boelens M, Declercq JP. A novel synthesis of 2-Imino-4-thiazolines via α-
bromoketimines. Tetrahedron. 1993;49:3411–3424.

[30] De Kimpe N, De Cock W, Keppens M, De Smaele D, Mészáros A. Synthesis of 2-imino-
4-thiazolines, 2-imino-4-alkoxythiazolidines, thiazoles and 4-imidazolin-2-ones from α-
halomethyl ketimines. J Heterocycl Chem. 1996;33:1179–1183.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 0
4:

34
 3

1 
D

ec
em

be
r 

20
15

 



14 A. A. HASSAN ET AL.

[31] Castro R, Garcia-vazquez JA, Romero J, Sousa A. Electrochemical synthesis of benzothiazole-
2-thionato complexes of nickel (II), zinc(II) and cadmium(II): the crystal structure of 2,2′-
bipyridine bis(benzothiazole-2-thionato)zinc(II). Polyhedron. 1993;12:2241–2247.

[32] Castro JA, Romero J, Garcia-Vazquez JA, Sousa A, Castellano EE, Zukerman-Schpector J.
Electrochemical synthesis of cadmium(II) complexes of Schiff bases: the crystal structure of
2,2′-bipyridine bis {2-[2-methoxyphenyl)-iminomethyl]-pyrrolato}cadmium(II). Polyhedron.
1993;12:31–36.

[33] Mague JT, Mohamed SK, Akkurt M, Hassan AA, Albayati MR. Crystal structure of 2-[(E)-2-
(2-chlorobenzylidene)hydrazin-1-yl]-4-phenyl-1,3-thiazole. Acta Cryst. 2014;E70:0907–0908.

[34] Tišler M. 4-Phenylthiosemicarbazid als reagens zur charakterisierung von aldehyden und
ketonen. Fresenius Zeit Schrif Für Analytische Chemie. 1956;149:164–172.

[35] Venkatramau R, Davis K, Shelby A, Zubkowski JD, Valente EJ. syn, E-1-cyclopentano-4-
ethyl-3-thiosemicarbazone and syn,E-1-cyclopentano-4-phenyl-3-thiosemicarbazone. J Chem
Cryst. 1999;29:429–434.

[36] Mague JT, Mohamed SK, Akkurt M, Hassan AA, Albayati MR. (2E)-4-(4-Bromophenyl)-2-{2-
[(1E)-cyclopentylidene]hydrazin-1-ylidene}-3-phenyl-2,3-dihydro-1,3-thiazole. Acta Cryst.
2014;E70:0669–0669.

[37] Bruker. APEX2, SAINT, SADABS, SHELXT and SHELXTL, Madison, WI: Bruker AXS, Inc.;
2014.

[38] Sheldrick GM. SHELXL–2014. Göttingen: University of Göttingen; 2014.
[39] Brandenburg K, Putz H. DIAMOND, Bonn: Crystal Impact GbR; 2012.
[40] Nobuta T, Hirashima S, Tada N, Miura T, Itoh A. One-pot metal-free syntheses of acetophe-

nones from styrenes through aerobic photo-oxidation and deiodination with iodine. Org Lett.
2011;13:2576–2579.

[41] SalamaTA,Novák Z.N-Halosuccinimide/SiCl4 as general,mild and efficient systems for theα-
monohalogenation of carbonyl compounds and for benzylic halogenations. Tetrahedron Lett.
2011;52:4026–4029.

[42] Varsha J, PradeepM, Sushil LK, Stables JP. Synthesis and CNS depressant activity of some novel
3-[5-substituted 1,3,4-thiadiazole-2-yl]-2-styryl quinazoline-4(3H)-ones. Eur J Med Chem.
2008;43:135–141.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
N

eb
ra

sk
a,

 L
in

co
ln

] 
at

 0
4:

34
 3

1 
D

ec
em

be
r 

20
15

 


	Introduction
	Results and discussion
	Conclusion
	Experimental design
	Instruments
	Starting materials
	2-Cycloocytylidene-N-phenyl hydrazinecarbothioamides (4d)
	(E)-2-(3,4-Dihydronaphthalen-1(2H)-ylidene)-N-phenylhydrazinecarbothioamide (4e)
	General procedure of synthesis of di-and trisubstituted thiazoles 3a–g and 5a–e
	(E)-2-2[2-(2-Nitrobenzylidene)hydrazinyl]-4-phenylthiazole-3-ium bromide (3a)
	(E)-2-[2-(2-Chlorobenzylidene)hydrazinyl]-4-phenylthiazole (3b)
	(E)-2-[2-(4-Chlorobenzylidene)hydrazinyl]-4-phenylthiazole (3c)
	(E)-2-[2-(2-Methoxybenzylidene)hydrazinyl]-4-phenylthiazole (3d)
	(E)-2-[2-(3,4-Dimethoxybenzylidene)hydrazinyl]-4-phenylthiazole (3e)
	(E)-2-[2-(Naphthalene-2-ylmethylene)hydrazinyl]-4-phenylthiazole (3f)
	(E)-2-[2-(Anthracen-2-ylmethylene)hydrzinyl]-4-phenylthiazole (3g)
	(E)-4-(4-Bromophenyl)-2-(cyclopentylidenehydrazono)-3-phenyl-2,3-dihydrothiazole (5a)
	(E)-4-(4-Bromophenyl)-2-(cyclohexylidenehydrazono)-3-phenyl-2,3-dihydrothiazole (5b)
	(E)-4-(4-Bromophenyl)-2-(cycloheptylidenehydrazono)-3-phenyl-2,3-dihydrothiazole(5c)
	(E)-4-(4-Bromophenyl)-2-(cyclooctylidenehydrazono)-3-phenyl-2,3-dihydrothiazole(5d)
	(E)-4-(4-Bromophenyl)-2-[(E)-(3,4-dihydronaphthalen-1(2H)-ylidene)hydra-zono]- 3-phenyl-2,3-dihydrothiazole (5e)


	Disclosure statement
	Funding
	References



