Open Access Article. Published on 08 January 2021. Downloaded on 6/9/2026 9:29:40 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

#® ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online

View Journal | View Issue

i '.) Check for updates ‘

Cite this: RSC Adv., 2021, 11, 2221

Received 22nd January 2020
Accepted 2nd December 2020

DOI: 10.1039/d0ra00686f

A mild one-pot synthesis of 2-iminothiazolines
from thioureas and 1-bromo-1-nitroalkenest

Yuan Xu,®® Xin Ge,® Yuhan Zhang,” Hongbin Zhang {22 and Xue-Wei Liu®

A mild method to access functionalized 2-iminothiazolines in a facile and efficient manner has been
developed. The reaction started from 1,3-disubstituted thioureas and 1-bromo-1-nitroalkenes in the
presence of triethylamine in THF and proceeded smoothly in air to afford 2-iminothiazoline derivatives in

rsc.li/rsc-advances moderate to good yields.

Functionalized 2-iminothiazoline has been an important
building block in organic chemistry." Its derivatives show
significant pharmacological activities such as bactericidal and
fungicidal activity.> In addition, they are found in drug appli-
cations for treatment of allergies, hypertension, inflammations,
bacterial and HIV infections.? Pifithrin (Pft-o) (Fig. 1), isolated
by screening of chemical libraries using 2-iminothiazoline
skeleton, is a lead compound for p53 inactivation and has
received increasing attention due to its possible applications in
therapy of Alzheimer's disease, Parkinson's disease, stroke and
other pathologies related to various signalling pathways.*
Hence, its utility and applicability are widely recognized in
organic and biological areas.

The classical synthesis of 2-aminothiazole moiety involves
the Hantzsch condensation reaction of thioureas and a-hal-
oketones.®> Birkinshaw et al. reported the synthesis of N-alky-
lated imino-thiazolines by replacing thioureas with mono-N-
substituted thioureas.® Also, several alternative strategies have
been devised, which include synthesis of highly functionalized
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Fig. 1 Pharmacologically important molecules consisting of 2-imi-
nothiazoline core structure. (a) p53 inactivator; (b) skin whitening
agent; (c) anti-inflammatory agent.
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thiazoles and 2-iminothiazolines by replacing a-haloketone
with 2,2-dicyano-3,3-bis(trifluoromethyl)oxirane’ and 2-chlor-
ooxirane,® treatment of o-bromoketimines with potassium
thiocyanate,” reaction of N-monoalkylated thioureas with 3-
bromomethyl-2-cyanocinnamonitrile,* cycloadditions followed
by elimination of 5-imino-1,2,4-thiazolidin-3-ones with
enamines and ester enolate,"” ring transformation of 1-

Table 1 Reaction of B-bromo-B-nitrostyrene 1a with 1,3-diphe-
nylthiourea 2a under different conditions

N2 ©\ S Q conditions ;
QLA ) e
Sy ¥y ShvaW

NO,
1a 2a 3a
Temperature
Entry®  Base Solvent (°C) Time (h)  Yield (%)
1 K,CO;  THF It 24 62
2? K,CO;  THF 70 10 60
3 Et;N THF rt 24 72
4° Et;N THF 70 10 65
5 DBU THF It 24 63
6” DBU THF 70 10 58
7 KHCO; THF rt 24 55
: KHCO; THF 70 10 60
9 DIPEA  THF rt 24 68
10 None THF rt 24 29
11° Et;N THF It 24 64
12¢ Et;N THF rt 24 58
13° Et;N THF rt 24 17
14 Et;N CH,Cl, rt 24 45
15 Et;N Toluene  rt 24 42
167 Et;N Toluene 110 5 40

¢ Reactions were performed with B-bromo-B-nitrostyrene 1a (0.10 mmol)
and 1,3-diphenylthiourea 2a (0.11 mmol) with base (0.02 mmol) in the
indicated solvent (2.0 mL) under atmospheric air. b B-Bromo-B-
nitrostyrene was completely consumed. ¢ Reaction was carried out
with 0.04 mmol of base. ¢ Reaction was carried out with 0.01 mmol of
base. ¢ Reaction was carried out with 0.1 mmol of base.
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Fig. 2 X-ray crystallography of compound 3a.

Table 2 Reaction of various 1-bromo-1-nitroalkenes la—1m with 1,3-
diphenylthiourea 2“

S Et3N (0.2 equiv.)
NO. 3
RN e I e

Br H H

R2
F
NN
R? U’R‘
s

NO,

THF, rt, 24h, air

1 2 3

Ne 2oL
Shve ORvavtANGhve

NO, NO, NO,

3a, 72% 3b, 82% 3¢, 75%

v T O
NO, NO, NO,
3d, 70%

3e, 60% 3f, 62%

Save O U
NO, NO, NO;
3g, 42%

3h, 46% 3i, 52%

NO, NO, NO,

3j, 42% 3Kk, 71% 31, 78%

N __N N N
. .
JoRve RV
NO, NO,
3m, 73% 3n, 46%

“ Reactions were performed with 1-bromo-1-nitroalkenes 1a-1n (0.10
mmol) and 1,3-diarylthioureas 2 (0.11 mmol) with Et;N (0.02 mmol)
in THF (2.0 mL) at room temperature in the air for 24 hours.

arylmethyl-2-(thiocyanomethyl)aziridines in the presence of
TiCl, and acyl chloride,** reaction of N-propargylaniline with
acyl isothiocyanates.® Less general approaches towards the
synthesis of these compounds involve the reaction of ketone
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either with N-alkyl rhodanamine or bisbenzyl formamidine
disulfide* or the reaction of a-chloroketones with thio-
semicarbazide in an acidic medium,* condensation of «-hal-
oketones with N-benzoyl-N'-arylthioureas or N,N'-disubstituted
thioureas."®

Although some of the methods used for preparing 2-imino-
thiazolines are convenient and effective, most procedures re-
ported in literatures require arduous preparation of precursor
substrates or harsh reaction conditions. Till now, only a few
procedures on the one-pot synthesis of 2-iminothiazoline from
N,N'-dialkylthiourea and in situ generated a-bromoketones have
been reported.” Herein, we reported a novel and efficient
methodology for the synthesis of 2-imino-5-nitrothiazolines
using 1,3-diarylthioureas and 1-bromo-1-nitroalkenes as start-
ing materials.

The B-bromo-B-nitrostyrenes, with B-disubstituted styrene
structure, showed versatile reactivity as a trifunctional synthon.
Previous literatures showed their activity as Michael acceptors
and [3 + 2] and [4 + 2] cycloaddition partners.'® In our prelimi-
nary experiments, the reaction of 1,3-diphenylthiourea and f-
bromo-B-nitrostyrene 1a was studied, while the latter one could
easily be prepared according to the reported procedure.*®* We
found that when these two reactants were treated with base
such as K,COj; in THF at room temperature under atmospheric
air, a red crystalline product was obtained (Table 1, entry 1).

This structure was later confirmed by single crystal X-ray
analysis as shown in Fig. 2. When the reaction temperature
was increased to 70 °C, the reaction was completed in shorter
time. However, the yield was lower due to an increase of side
products (Table 1, entry 2).

Several other bases were tested such as K,CO;, Et;N, DBU,
KHCOj;, DIPEA, and Et;N was found to give the best results
(Table 1, entries 1-9). When the reaction was conducted without
base, most starting material remained, and very less desired
product was obtained (Table 1, entry 10). Further examination
was focussed on base loadings, providing the best results at 0.2
equiv. of base (Table 1, entries 11-13). Higher loading of base
resulted in more side products rather than desired product
while less or no loading of base were not enough to accelerate
the reaction. These results suggest that suitable basicity and
loading of employed base are critical for the competition
between desired and side reactions. Different solvents were
screened, and THF was identified to be the optimal solvent
(Table 1, entries 14-16). When the reaction was conducted in an
inert atmosphere, almost no desired products were formed.
From the optimization results, we concluded that 0.2 equiv. of
Et;N in THF at room temperature in the air presented the best
set of condition for this reaction.

With the optimized conditions in hand, we investigated the
scope of this reaction, and the results were shown in Table 2. In
general, B-bromo-B-nitrostyrenes bearing halogen substituents
on the phenyl ring give moderate to good yields (3b-3f) while
stronger electron-donating and electron-withdrawing groups
afford the products in relatively lower yields (3h-3j). While
different types of thioureas including 1,3-diaryl, 1-aryl-3-alkyl
and 1,3-dialkyl substituted ones were employed, only symmet-
rical 1,3-diarylthiourea could afford desired products. As an

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Plausible reaction pathway.

example, 1,3-ditolylthiourea could undergo the transformation
smoothly under the optimal reaction condition, affording the
desired products in moderate to good yields (3k-3n).

A plausible mechanism for this reaction has been proposed
as shown in Scheme 1. Initially, a typical Michael addition
happens with the B-bromo-B-nitrostyrene 1a,' which is initiated
by the attack of lone pair of nitrogen atom in 1,3-diphenylth-
iourea 2a, affording intermediate II. The successive tautom-
erism of thiourea structure and nucleophilic substitution in
intermediate II generates five-membered ring intermediate III.
Deprotonation of intermediate III by preceding bromide ion
affords intermediate IV which subsequently undergoes aroma-
tization with aid of atmospheric oxygen,* yielding final product
3a.

Conclusions

In summary, we have developed a facile and mild synthesis to
functionalized 2-imino-5-nitrothiazoline by reacting 1-bromo-1-
nitroalkenes with 1,3-diarylthioureas in a mild basic condition.
Although this method is limited to symmetrical thioureas, it
provides a new approach for the synthesis of diverse 2-imino-
thiazolines, in which 1-bromo-1-nitroalkenes were used as
a trifunctional synthon.

Experimental

'H and "*C nuclear magnetic resonance (NMR) spectra were
recorded on Bruker AV400 (400 MHz) or AV500 (500 MHz) NMR
spectrometer. '"H and *C NMR spectra are reported in parts per
million (ppm) downfield from an internal standard, tetrame-
thylsilane (0 ppm for 'H) and CHCI; (7.26 ppm for 'H and
77.0 ppm for '*C). High-resolution mass spectra (HRMS) were
obtained on a Finnigan/MAT LCQ quadrupole ion trap mass
spectrometer, coupled with the TSP4000 HPLC system and the
Crystal 310 CE system. Accurate masses are reported for the
molecular ion [M + H]" or a suitable fragment ion. X-ray crys-
tallographic data was collected by using a Bruker X8 Apex
diffractometer with Mo Ko radiation (graphite mono-
chromator). All reagents were purchased from commercial
suppliers and used without further purification except where
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noted otherwise. All reactions were conducted under an atmo-
sphere of air, unless otherwise indicated. Analytical thin-layer
chromatography (TLC) was performed on Merck 60 F254 silica
gel plates. Flash chromatography was performed on silica gel 60
(0.010-0.063 mm, Merck). 1-Bromo-1-nitroalkenes 1a-1m were
prepared from the standard literature procedures.'®* 1,3-Diary-
Ithioureas were obtained from commercial suppliers and used
without further purification.

General procedure for synthesis of compound 3

To a well-stirred solution of p-bromo-B-nitrostyrene 1
(0.1 mmol, 1.0 equiv., prepared as a mixture of Z- and E-
isomers), 1,3-diarylthiourea 2 (0.11 mmol, 1.1 equiv.) in THF
(2.0 mL) was added triethylamine (2.0 mg, 0.02 mmol, 0.2
equiv.). The reaction mixture was stirred at room temperature in
the air for 24 h (TLC monitored). The resulting mixture was
concentrated under reduced pressure to give the crude residue.
The crude residue was then purified by flash column chroma-
tography on silica gel (10% EtOAc in hexanes) to afford final

product.

Characterization of compounds 3a-3n

3a: (red crystal, 72%). "H NMR (400 MHz, CDCl,): 6 7.36-7.27
(m, 8H), 7.24-7.17 (m, 4H), 7.13 (t,J = 7.2 Hz, 1H), 7.00 (dd, J =
8.0, 1.2 Hz, 2H); *C NMR (100 MHz, CDCl;) 6 153.9, 149.6,
146.5, 135.5, 130.2, 129.7, 129.4, 129.2, 129.02, 128.99, 128.3,
127.5, 124.7, 120.6. HRMS (ESI) m/z caled for C,;H;6N;0,S [M +
H]": 374.0963, found 374.0952.

3b: (red crystal, 82%). "H NMR (400 MHz, CDCl;): 6 7.43 (d, J
= 8.4 Hz, 2H), 7.38-7.30 (m, 5H), 7.19-7.09 (m, 5H), 6.99 (d,J =
7.6 Hz, 2H); “*C NMR (100 MHz, CDCl;) 6 153.8, 149.7, 145.3,
135.4, 131.9, 131.2, 129.9, 129.6, 129.4, 129.1, 126.4, 125.1,
125.0, 120.7. HRMS (ESI) m/z caled for C,,H;5  BrN;0,S [M +
H]": 452.0068, found 452.0070; C,H;5*'BrN;0,S [M + HJ":
454.0048, found 454.0052.

3c: (yellow crystal, 75%). "H NMR (400 MHz, CDCl;): 6 7.38-
7.26 (m, 7H), 7.19-7.11 (m, 5H), 6.99 (d, J = 8.4 Hz, 2H); *C
NMR (100 MHz, CDCl;) 6 153.8, 149.7, 145.3, 136.8, 135.5, 131.0,
129.9,129.6,129.4, 129.1, 128.9, 126.0, 125.0, 120.7. HRMS (ESI)
m/z caled for C,iHy5>°CIN;O,S [M + HJ: 408.0574, found
408.0571; C,1H;5° CIN;0,S [M + H]': 410.0544, found 410.0540.

3d: (yellow crystal, 70%). "H NMR (400 MHz, CDCl,): 6 7.38-
7.32 (m, 6H), 7.30-7.24 (m, 2H), 7.22 (d, / = 10.8 Hz, 2H), 7.18-
7.10 (m, 2H), 6.99 (d, / = 7.6 Hz, 2H); "*C NMR (100 MHz, CDCl,)
6 153.7, 149.6, 144.7, 135.3, 134.5, 130.6, 129.9, 129.8, 129.6,
129.53,129.47,129.3,129.1, 127.7, 125.0, 120.7. HRMS (ESI) m/z
caled for C,,H;5>°CIN;O,S [M + H]": 408.0574, found 408.0576;
C,1H;5°"CIN;0,S [M + HJ': 410.0544, found 410.0541.

3e: (yellow solid, 60%). 'H NMR (400 MHz, CDCl,): 6 7.39-
7.29 (m, 9H), 7.21-7.13 (m, 3H), 7.02 (d, J = 7.2 Hz, 2H); °C
NMR (100 MHz, CDCl;) 6 153.8, 149.7, 143.4, 135.2, 133.7, 131.7,
130.5, 129.9, 129.8, 129.6, 129.4, 127.7, 127.0, 125.0, 120.8.
HRMS (ESI) m/z caled for C,;H;5°°CIN;0,S [M + H]™: 408.0574,
found 408.0571; C,,H;5° CIN;O,S [M + HJ": 410.0544, found
410.0540.
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3f: (yellow solid, 62%). '"H NMR (400 MHz, CDCl;): § 7.34-
7.27 (m, 5H), 7.25-7.11 (m, 5H), 7.02-6.97 (m, 4H); *C NMR
(100 MHz, CDCl;) 6 164.9, 162.4, 153.8, 149.7, 145.6, 135.6,
132.0, 131.9, 129.9, 129.5, 129.4, 129.1, 125.0, 123.50, 123.46,
120.8, 116.1, 115.8. HRMS (ESI) m/z caled for C,1H;5FN;0,S [M
+H]": 392.0869, found 392.0852.

3g: (vellow solid, 42%). '"H NMR (400 MHz, CDCl;): 6 7.77-
7.73 (m, 4H), 7.54-7.48 (m, 2H), 7.39-7.35 (m, 2H), 7.28-7.22
(m, 5H), 7.21-7.12 (m, 2H), 7.02 (d, J = 8.4 Hz, 2H); >*C NMR
(100 MHz, CDCl;) 6 154.1, 149.8, 146.7, 135.7, 133.7, 132.5,
130.3, 129.9, 129.4, 129.2, 129.1, 128.6, 128.3, 128.0, 127.9,
126.9, 125.7, 124.9, 124.8, 120.8. HRMS (ESI) m/z calcd for
C,5H1gN30,S [M + H]': 424.1120, found 424.1125.

3h: (yellow solid, 46%). "H NMR (400 MHz, CDCl;) 6 7.40-
7.23 (m, 5H), 7.22-7.16 (m, 2H), 7.15-7.06 (m, 5H), 6.99 (dd, J =
7.8, 1.2 Hz, 2H), 2.30 (s, 3H); *C NMR (100 MHz, CDCl;) 6 154.2,
149.9, 147.1, 140.8, 135.8, 129.9, 129.5, 129.3, 129.21, 129.18,
129.1, 124.9, 124.5, 120.8, 21.6. HRMS (ESI) m/z caled for
Cp2H1sN;0,S [M + H]": 388.1120, found 388.1119.

3i: (yellow solid, 56%). "H NMR (400 MHz, CDCl;): 6 7.36-
6.99 (m, 8H), 6.85-6.78 (m, 6H), 3.81 (s, 3H); "*C NMR (100 MHz,
CDCl3) 6 161.1, 154.1, 149.8, 147.0, 135.9, 131.4, 129.8, 129.4,
129.2, 129.1, 124.8, 120.8, 119.1, 113.9, 55.4. HRMS (ESI) m/z
caled for C,,H;gN305S [M + H]': 404.1069, found 404.1054.

3j: (vellow solid, 42%). "H NMR (500 MHz, CDCl;) 6 7.56 (d, J
= 8.1 Hz, 2H), 7.41-7.27 (m, 7H), 7.21-7.11 (m, 3H), 6.99 (dd, J =
8.6, 1.1 Hz, 2H); *C NMR (125 MHz, CDCl;) 6 153.7, 149.6,
144.7, 135.2, 132.4, 132.1, 131.4, 130.2, 129.9, 129.60, 129.61,
129.0, 125.6, 125.53, 125.50, 125.47, 125.1, 124.6, 122.5, 120.7.
HRMS (ESI) m/z caled for Cp,Hy5F3N30,S [M + H]™: 442.0837,
found 442.0839.

3k: (red solid, 71%). "H NMR (500 MHz, CDCl;) 6 7.37-7.25
(m, 3H), 7.25-7.20 (m, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.11-7.04
(m, 4H), 6.90 (d, J = 7.9 Hz, 2H), 2.34 (s, 3H), 2.27 (s, 3H); °C
NMR (125 MHz, CDCl;) 6 154.2, 147.4, 147.0, 139.2, 134.4, 133.0,
130.4, 130.3, 130.0, 129.5, 128.8, 128.4, 127.8, 120.6, 21.3, 21.1.
HRMS (ESI) m/z caled for C,3H,oN;0,S [M + HJ: 402.1276,
found 402.1280.

31: (red solid, 78%). '"H NMR (400 MHz, CDCl;) 6 7.45-7.39
(m, 2H), 7.17-7.06 (m, 6H), 7.06-7.00 (m, 2H), 6.90-6.84 (m,
2H), 2.32 (s, 3H), 2.29 (s, 3H); *C NMR (100 MHz, CDCI;)
0 153.8, 147.3, 145.6, 139.5, 134.5, 131.8, 131.1, 130.4, 130.2,
128.7, 126.6, 125.0, 120.5, 21.4, 21.1. HRMS (ESI) m/z calcd for
Ca3H19"°BrN;0,S [M + HJ': 480.0381, found 480.0378; HRMS
(ESI) m/z caled for C,3H;0*' BrN;0,S [M + HJ': 482.0361, found
482.0359.

3m: (yellow solid, 73%). "H NMR (400 MHz, CDCl;) 6 7.28-
7.23 (m, 2H), 7.18-7.12 (m, 4H), 7.09 (d, J = 8.3 Hz, 2H), 7.05-
7.00 (m, 2H), 6.89-6.84 (m, 2H), 2.32 (s, 3H), 2.28 (s, 3H); °C
NMR (100 MHz, CDCl;) 6 153.8, 147.3, 145.6, 139.5, 136.6, 134.5,
132.8, 131.0, 130.4, 130.2, 128.9, 128.7, 126.1, 120.5, 21.3, 21.1.
HRMS (ESI) m/z caled for C,3H;4° CIN;O,S [M + H]': 436.0887,
found 436.0885; HRMS (ESI) m/z caled for C,3Hyo° CIN;0,S [M +
HJ": 438.0857, found 438.0859.

3n: (red crystal, 46%). "H NMR (400 MHz, CDCl;) 6 7.87-7.68
(m, 4H), 7.57-7.42 (m, 2H), 7.29-7.22 (m, 1H), 7.20~-7.13 (m,
2H), 7.09 (d, J = 8.4 Hz, 2H), 7.04-6.98 (m, 2H), 6.94-6.85 (m,
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2H), 2.33 (s, 3H), 2.17 (s, 3H); >C NMR (100 MHz, CDCl,)
6 154.2, 147.5, 147.0, 139.2, 134.4, 133.6, 133.0, 132.5, 130.4,
130.2, 130.1, 128.8, 128.6, 128.3, 128.0, 127.8, 126.8, 125.8,
125.0, 120.6, 21.3, 21.1. HRMS (ESI) m/z calcd for C,,H,,N30,S
[M + H]": 452.1433, found 452.1435.
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