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Solid-Phase Synthesis of 2-Amino-5-sulfanylthiazoles
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A solid-phase synthesis that provides easy access to 2-amino-
5-sulfanylthiazoles with variable substituents at C-2, C-4,
and C-5 has been developed. The key step of this synthesis
is a new C-sulfanylation of resin-bound 2-aminothiazoles by
mixtures of various sulfur-containing building blocks and
iodine. The resulting 2-amino-5-sulfanylthiazoles were ob-
tained in high purities and yields after cleavage from the

Introduction

2-Aminothiazoles have often found use as drug candid-
ates for the treatment of allergies,[1] arthritis,[2] hyperten-
sion,[3] psychoses,[4] osteoporosis,[5] obesity,[6] and bac-
terial[7] and HIV[8] infections. Several examples of biologic-
ally active 2-amino-5-sulfanylthiazoles have also been de-
scribed; examples include compound 1,[9] which has an
antidiabetic effect, compound 2,[10,11] which is effective
against thrombocytopenia, and the anticancer compound
3[12] (Figure 1).

Figure 1. Biologically active 2-amino-5-sulfanylthiazoles

The screening of large libraries of 2-amino-5-sulfanylthi-
azoles might therefore provide new leads for drug discovery.
Parallel solid-phase synthesis is suitable for the automated
production of large libraries,[13�16] and we therefore wanted
to develop a solid-phase synthesis of 2-amino-5-sulfanylthi-
azoles, based on commercially available reagents, and pro-
viding final products in purities high enough to enable
screening without purification.

2-Amino-5-sulfanylthiazoles have previously been syn-
thesized only in solution, either by direct sulfanylation of
2-aminothiazoles at C-5 with aromatic sulfenyl chlorides,[17]

or by treatment of 2-amino-5-chlorothiazoles with aromatic
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support. This synthesis could also be conducted as a multi-
component reaction, in which treatment of resin-bound thio-
ureas with mixtures of aryl bromomethyl ketones and sulfan-
ylating reagents yielded 2-amino-5-sulfanylthiazoles dir-
ectly.
( Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

thiols in the presence of a base at elevated temper-
atures.[18,19] We aimed to develop a solid-phase synthesis in
which the thiazole moiety would be constructed on the resin
to give access to 2-amino-5-sulfanylthiazoles with variable
substituents at C-2, C-4, and C-5.

Because only a few sulfenyl halides are commercially
available,[20] the generation of electrophilic sulfanylating re-
agents in situ could be a more practical access to these re-
agents. Electrophilic sulfanylating reagents can be generated
from disulfides by treatment with chlorine, sulfuryl chlor-
ide, bromine,[21] or strong Lewis acids,[22,23] but the use of
the less electrophilic iodine for this purpose has only rarely
been reported.[24,25] To diminish the risk of halogenation
instead of sulfanylation[26] or of premature cleavage of the
linker by use of the common but highly reactive activating
agents mentioned above, we decided to investigate the sul-

Scheme 1. Solid-phase synthesis of sulfanylthiazoles 7: (a) 9-fluor-
enylmethyloxycarbonyl isothiocyanate (Fmoc-NCS), DCM, 22 °C,
4 h; (b) piperidine, NMP, 22 °C, 2 � 30 min; (c) BrCH2C(O)R2,
AcOH, NMP, 22 °C, 3 h; (d) R3SH/I2 (1:2), NMP, 22 °C, 3 h; or
R3SSR3/I2 (1:1), NMP, 22 °C, 3 h; or R3SO2Cl/PPh3/I2 (1:2:2),
NMP, 22 °C, 3 h; (e) trifluoroacetic acid/dichloromethane (TFA/
DCM, 1:1, v/v), 22 °C, 30 min
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fanylation at C-5 of resin-bound 2-aminothiazoles with
mixtures of thiols or disulfides and iodine.

Results and Discussion

As starting material for this new solid-phase synthesis we
chose Wang resin bound piperazine 4 (Scheme 1), because
we had previously good experience with this resin.[27] The
resin-bound 2-aminothiazoles 5 were synthesized by forma-
tion of a resin-bound thiourea and subsequent condensa-
tion with various aryl bromomethyl ketones, as described
earlier by others.[28]

Sulfanylation of the resin-bound 2-aminothiazoles 5 was
initially attempted by treatment with mixtures of thiols and
iodine under various conditions. Treatment of thiazoles 5
with mixtures of aromatic thiols and iodine at room tem-
perature in NMP yielded the desired 2-amino-5-sulfanylthi-
azoles 7 in high purities and yields (Scheme 1, Table 1).
When aliphatic thiols were used, however, the sulfanylation
did not go to completion even upon addition of various
bases that should promote the formation of disulfides.[29]

On the other hand, when mixtures of disulfides and iodine
were used as sulfanylating reagent, complete conversions
were observed both with aliphatic and aromatic disulfides
(Scheme 1, Table 1).

The sulfanylation with mixtures of aromatic thiols or dis-
ulfides and iodine was robust and reproducible, and the re-
action proceeded equally well in the presence of small

Table 1. Purities and yields of thiazoles 7 as obtained after cleavage from the resin; compound 7a was synthesized from an aromatic thiol;
compounds 7b�7e were synthesized from disulfides; compound 7f was synthesized from an aromatic sulfonyl chloride/triphenylphosphane

Compound LC-MS [M � H]� Purity[a] Yield[b]

7a 441 86% 0.72 mmol
7b 372 93% 0.60 mmol
7c 405 94% 0.80 mmol
7d 400 96% 0.65 mmol
7e 430 97% 0.79 mmol
7f 482 96% 0.81 mmol

[a] Determined by HPLC (210 nm). [b] Amount of product obtained per gram of starting Wang resin, as determined by 1H NMR.
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amounts of acetic acid or tertiary amines, at temperatures
ranging between room temperature and 60 °C. Thiols or
disulfides with various functional groups, such as carboxy,
pyridyl, or hydroxy groups, could also be used without the
need for any protective groups.

Because of the large number of commercially available
sulfonyl chlorides,[30] their use as electrophilic sulfanylating
intermediates was also investigated. It has previously been
reported that aromatic sulfonyl chlorides (but not aliphatic
ones) can be converted into the corresponding thiols by
treatment with triphenylphosphane and iodine,[31] probably
through intermediate formation of sulfenyl chlorides or dis-
ulfides. We found that the addition of a mixture of aromatic

Scheme 2. Solid-phase synthesis of sulfanylthiazoles 13: (a) R1NH2,
NaBH3CN, AcOH, H2O, NMP, 22 °C, 4 h; (b) Fmoc-NCS, DCM,
22 °C, 4 h; (c) piperidine, NMP, 22 °C, 2 � 30 min; (d)
BrCH2C(O)R2, AcOH, NMP, 22 °C, 3 h; (e) R3SH/I2 (1:2), NMP,
22 °C, 3 h; or R3SSR3/I2 (1:1), NMP, 22 °C, 3 h; or R3SO2Cl/PPh3/
I2 (1:2:2), NMP, 22 °C, 3 h; (f) TFA/DCM/Et3SiH (60:35:5, v/v/v),
22 °C, 1 h
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sulfonyl chlorides and triphenylphosphane in N-methyl-2-
pyrrolidinone (NMP) to a mixture of resin-bound 2-amino-
thiazoles 5 with iodine in the same solvent resulted in the
clean formation of 2-amino-5-sulfanylthiazoles 7
(Scheme 1, Table 1). With aliphatic sulfonyl chlorides, how-
ever, only nonsulfanylated aminothiazoles were obtained.

With the aim of preparing 2-amino-5-sulfanylthiazoles
with variable primary monoamine substituents at C-2, the
use of a formyl-functionalized resin was investigated. The
solid-phase synthesis of 2-aminothiazoles on ArgoGel-MB-
CHO resin had been reported earlier, but cleavage from this
resin required rather harsh conditions (95% TFA, 50 °C,
4 h).[28] Therefore, the more acid-sensitive 2-(3,5-dime-
thoxy-4-formylphenoxy)ethyl polystyrene resin 8 was tested
(Scheme 2).[13] Resin 8 was reductively aminated by a one-
step procedure,[32] and the resulting secondary amines 9
were converted into 2-aminothiazoles 11 via thioureas 10

Scheme 3. Multi-component reaction for direct conversion of thio-
ureas 10 into sulfanylthiazoles 12: (a) BrCH2C(O)R2/R3SH/I2
(1:2:4), NMP, 22 °C, 3 h; or BrCH2C(O)R2/R3SSR3/I2 (1:2:2),
NMP, 22 °C, 3 h; or BrCH2C(O)R2/R3SO2Cl/PPh3/I2 (1:2:4:4),
NMP, 22 °C, 3 h; (b) see Scheme 2

Table 2. Purities and yields of thiazoles 13 as obtained after cleavage from the resin; compounds 13a and 13b were synthesized from
aromatic thiols; compounds 13c�13f were synthesized from disulfides; compounds 13g and 13h were synthesized from aromatic sul-
fonyl chlorides

Compound LC-MS [M � H]� Purity[a] Yield[b]

13a 476 93% 0.27 mmol
13b 371 80% 0.15 mmol
13c 377 84% 0.24 mmol
13d 405 85% 0.12 mmol
13e 435 86% 0.22 mmol
13f 377 85% 0.20 mmol
13g 430 92% 0.23 mmol
13h 442 91% 0.14 mmol

[a] See corresponding footnote in Table 1. [b] See corresponding footnote in Table 1.
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by the same procedure as used for resin 4. The sulfanylation
of intermediates 11 was conducted as described above, and
subsequent cleavage (60% TFA, 22 °C, 1 h) yielded the de-
sired 2-amino-5-sulfanylthiazoles 13 in similar purities as

Table 3. Purities and yields of thiazoles 13 synthesized by multi-
component reaction: 13a and 13b were synthesized from aryl brom-
omethyl ketones/aromatic thiols; 13f and 13i were synthesized from
aryl bromomethyl ketones/disulfides; 13h and 13j were synthesized
from aryl bromomethyl ketones/aromatic sulfonyl chlorides/tri-
phenylphosphane

Compound LC-MS [M � H]� Purity[a] Yield[b]

13a 476 86% 0.27 mmol
13b 371 78% 0.18 mmol
13f 377 85% 0.28 mmol
13h 442 82% 0.18 mmol
13i 389 81% 0.14 mmol
13j 469 91% 0.22 mmol

[a] See corresponding footnote in Table 1. [b] See corresponding
footnote in Table 1.
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for products 7, but in lower quantities (Table 2). The lower
quantities were caused by a lower initial loading of the for-
myl resin than on Wang resin. Sulfanylation could also be
conducted in this case by treatment with mixtures of aro-
matic thiols, disulfides, or aromatic sulfonyl chlorides/tri-
phenylphosphane with iodine.

In order to reduce the total number of steps of this syn-
thesis, and thereby improve its efficiency, the possibility of
the conversion of resin-bound thioureas 10 into 2-amino-5-
sulfanylthiazoles 12 in a one-pot, multi-component reaction
was explored. Because both the halogeno ketone and the
sulfanylating reagent are electrophiles, we reasoned that thi-
azole formation and sulfanylation might proceed in a one-
pot fashion. This turned out to be the case. Treatment of
thioureas 10 with a mixture of aryl bromomethyl ketones
and sulfanylating reagents, followed by cleavage from the
support, cleanly yielded products 13 (Scheme 3, Table 3).
This one-pot procedure requires less solvent and time than
the two-step variant, which makes this synthesis even more
suitable for automation.

Figure 2. 1H NMR spectra of crude and purified thiazole 13f: (i) crude 13f (HPLC purity: 85%); (ii) 13f purified by preparative HPLC
(HPLC purity: 100%)
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Because the final products of this synthesis were intended
for screening without purification, the purities of the crude
products were important. As shown in the preceding tables,
this requirement was fulfilled. To illustrate the high purity
of the crude products further, the 1H NMR spectra of both
crude and purified thiazole 13f are shown in Figure 2.

Mechanistic Considerations

As described in the introduction, direct sulfanylation of
2-aminothiazoles at C-5 can be achieved by treatment with
aromatic sulfenyl chlorides,[17] and it is generally assumed
that these and related reactions are electrophilic aromatic
substitutions.[33,34] We therefore believe that the sulfanyl-
ation of resin-bound 2-aminothiazoles at C-5 as described
above also proceeds through electrophilic attack at the thia-
zole (Scheme 4).

No sulfanylation occurred when the resin-bound 2-amin-
othiazoles 11 were treated with disulfides in the absence of
iodine, and it is therefore assumed that the electrophilic sul-
fanylating intermediates generated in situ must be
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Scheme 4. Suggested mechanism for the sulfanylation of 2-aminothiazoles 11 by a sulfenium ion equivalent ‘‘R3S�’’, and possible structure
of this electrophilic sulfanylating intermediate

disulfide�iodine complexes or sulfenyl iodides (Scheme 4).
Complexes between disulfides and Lewis acids,[22,23,35]

Brønsted acids,[36,37] or iodine[24] have been suggested as the
reactive electrophilic intermediates in several substitution
and addition reactions. Spectrophotometric studies further-
more also indicated the existence of 1:1 charge-transfer
complexes between disulfides and iodine in solution.[38] Sul-
fenyl iodides, on the other hand, could in principle also be
the electrophilic reactive species.[24,25,39]

Although we cannot fully exclude a mechanism in which
the resin-bound 2-aminothiazoles are first iodinated and
then undergo nucleophilic aromatic substitution with a
thiol, we consider this mechanism unlikely. In most of our
experiments no thiols or only traces of thiols were present
in the reaction mixtures. Furthermore, we never observed
any 2-amino-5-iodothiazoles as by-products, and it seems
unlikely that 2-amino-5-iodothiazoles would undergo
smooth nucleophilic aromatic substitution at room temper-
ature in the absence of strong bases (i.e., under the condi-
tions of the title reaction).

Conclusion

The sulfanylation of resin-bound 2-aminothiazoles at C-
5 by electrophilic sulfanylating intermediates generated in
situ from mixtures of various sulfur derivatives and iodine
has been developed. We believe that this mild method for
the generation of electrophilic sulfanylating intermediates
from easily available reagents such as thiols, disulfides, and
sulfonyl chlorides might in the future find use in a range
of other sulfanylation reactions both on solid phase and
in solution.

With this reaction, a solid-phase synthesis of 2-amino-5-
sulfanylthiazoles with variable substituents at C-2, C-4, and
C-5 has been developed. The 2-amino-5-sulfanylthiazoles
could be prepared either by sulfanylation of resin-bound 2-
aminothiazoles, or by a multi-component reaction in which
resin-bound thioureas were treated with mixtures of aryl
bromomethyl ketones and various sulfanylating reagents.
This synthesis provides a fast and efficient route to highly
substituted 2-amino-5-sulfanylthiazoles featuring func-
tional groups important for protein binding such as hy-
droxy, carboxy, and amido groups, as well as various heter-
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ocycles. With this synthesis it should therefore be possible
to prepare both libraries for general screening and libraries
directed towards specific biological targets.

Experimental Section

General: All reagents were used as purchased. p-Benzyloxybenzyl
alcohol polystyrene resin (Wang resin) was purchased with a load-
ing capacity of 1.07 mmol/g, and 2-(3,5-dimethoxy-4-formyl-
phenoxy)ethyl polystyrene resin (8) was purchased with a loading
capacity of approx. 0.4 mmol/g.[40] All reactions were performed in
either 60- or 12-mL fritted Teflon reactors fixed on an orbital
shaker. Products were cleaved from the resin (150 mg) either by
treatment with TFA/DCM (1:1, v/v, 2 mL, 30 min) or with TFA/
DCM/Et3SiH (60:35:5, v/v/v, 2 mL, 1 h). After cleavage, the resin
was washed with DCM (1 mL), and the combined filtrates were
concentrated and redissolved in acetonitrile (2.5 mL). An aliquot
(100 µL) of this solution was used for HPLC-MS analysis; the re-
maining solution was reconcentrated, stripped with MeOH (2 mL),
dried under reduced pressure at 50 °C, and dissolved in 0.6 mL of
[D6]DMSO. The amount of product was determined by 1H NMR
of these samples, using [D5]DMSO as internal standard. All NMR
spectra were recorded with a 300-MHz instrument. Purities of all
compounds were estimated from integrated peak areas obtained by
UV detection (210 nm) during an HPLC-MS experiment. HPLC
systems from Merck-Hitachi (HibarTM RT 250-4, LichrosorbTM

RP 18, 5.0 µm, 4.0 � 250 mm, gradient elution, 20�80% aceto-
nitrile in water over 30 min, 1.0 mL/min, detection at 254 nm) and
Waters (SymmetryTM, C18, 3.5 µm, 3.0 � 150 mm, gradient elu-
tion, 5�90% acetonitrile in water over 15 min, 1.0 mL/min, detec-
tion at 214 nm) were used. All products were furthermore charac-
terized by 13C NMR, 1H-1H COSY, and HSQC. The trifluoroacet-
ate ion gave rise to two quadruplets at δ � 159 ppm (J � 35 Hz)
and δ � 116 ppm (J � 294 Hz), but these signals have been omitted
from the listing of 13C NMR chemical shifts. Five representative
compounds were recrystallized and their molecular formula con-
firmed by elemental analysis. Four compounds were furthermore
purified by preparative HPLC, and their 1H NMR spectra were
compared with the spectra of the crude products. These com-
pounds were eluted over 11 min with 10�100% acetonitrile in
water (both solvents contained 0.01% TFA), and the flow rate was
10 mL/min.

General Washing Procedure: The resin was washed with DCM,
MeOH, DCM, MeOH, and 2 � DCM (20 mL or 2 mL).

General Procedure for the Synthesis of 2-Amino-5-sulfanylthiazoles
7 and 13
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Sulfanylation with Disulfides: First a solution of iodine (1 mmol) in
NMP (1 mL), and then a solution of R3SSR3 (1 mmol) in NMP
(1 mL), were added to resin 5 or 11 (150 mg).

Sulfanylation with Aromatic Thiols: First a solution of iodine
(2 mmol) in NMP (1 mL), and then a solution of R3SH (1 mmol)
in NMP (1 mL) were added to the same amount of resin as
above.

Sulfanylation with Aromatic Sulfonyl Chlorides/PPh3: A solution of
R3SO2Cl (1 mmol) and PPh3 (2 mmol) in NMP (0.8 mL) was
stirred at room temperature for 30 min. First, a solution of iodine
(2 mmol) in NMP (1 mL), and then a solution of R3SO2Cl/PPh3

were added to the same amount of resin as above.

The mixtures were shaken for 3 h at room temperature. Afterwards,
the resins were washed with NMP (10 � 2 mL), and then as de-
scribed in the general washing procedure. Finally, the products were
cleaved from the resin either by treatment with TFA/DCM (1:1, v/
v, 2 mL) for 30 min (products 7), or with TFA/DCM/Et3SiH
(60:35:5, v/v/v, 2 mL) for 1 h (products 13).

General Procedure for the Synthesis of 2-Amino-5-sulfanylthiazoles
13 by a Multicomponent Reaction: Resin-bound thiourea 10
(200 mg) was swollen in NMP, and a solution of BrCH2C(O)R2

(0.5 mmol) in NMP (0.5 mL) was added. The following reagents
were then added.

Disulfides as Sulfanylating Reagents: A solution of iodine (1 mmol)
in NMP (0.5 mL) and a solution of R3SSR3 (1 mmol) in NMP
(1 mL) were added.

Aromatic Thiols as Sulfanylating Reagents: A solution of iodine
(2 mmol) in NMP (0.5 mL) and a solution of R3SH (1 mmol) in
NMP (1 mL) were added.

Aromatic Sulfonyl Chlorides/PPh3 as Sulfanylating Reagents: A so-
lution of iodine (2 mmol) in NMP (0.5 mL) and a premixed solu-
tion (30 min) of R3SO2Cl (1 mmol) and PPh3 (2 mmol) in NMP
(0.8 mL) were added.

The mixtures were shaken for 3 h at room temperature. Afterwards
the resins were washed with NMP (10 � 2 mL), and then as de-
scribed in the general washing procedure. Finally, the products were
cleaved from the resins by treatment with TFA/DCM/Et3SiH
(60:35:5, v/v/v, 2 mL) for 1 h.

4-[5-{[4-(Acetylamino)phenyl]sulfanyl}-4-(2-methoxyphenyl)thiazol-
2-yl]piperazin-1-ium Trifluoroacetate (7a): LC-MS: m/z � 441 [M
� H�]. 1H NMR (300 MHz, [D6]DMSO): δ � 9.99 (s, 1 H,
NHCO), 9.11 (br. s, 2 H, NH2

�), 7.51 (d, J � 8.7 Hz, 2 H), 7.35
(td, J � 1.9, J � 7.9 Hz, 1 H), 7.24 (dd, J � 1.9, J � 7.5 Hz, 1
H), 7.09 (d, J � 8.7 Hz, 2 H), 7.05 (br. d, J � 7.9 Hz, 1 H), 6.95
(td, J � 0.8, J � 7.3 Hz, 1 H), 3.65 (s, 3 H, MeO), 3.64 (br. s, 4
H, CH2), 3.24 (br. s, 4 H, CH2), 2.00 (s, 3 H, Ac) ppm. 13C NMR
(75 MHz, [D6]DMSO): δ � 170.13, 168.32 (C-2, CO), 156.98,
154.87 (C-4), 137.91, 130.89, 130.85, 130.03, 127.74, 123.38, 119.89,
119.81, 111.46, 110.88 (C-5), 55.23 (MeO), 44.34, 42.00 (CH2),
23.89 (Ac). Purification of the product obtained from resin 4
(0.13 g) by preparative HPLC gave 7a (22.6 mg, 0.041 mmol).

4-[4-(4-Bromophenyl)-5-(methylsulfanyl)thiazol-2-yl]piperazin-1-ium
Trifluoroacetate (7b): See Figure 3. LC-MS: m/z � 372 [M � H�].
1H NMR (300 MHz, [D6]DMSO): δ � 9.21 (br. s, 2 H, NH2

�),
7.88 (d, J � 8.66 Hz, 2 H, 2��-H), 7.62 (d, J � 8.66 Hz, 2 H, 3��-
H), 3.67 (br. s, 4 H, 2�-H), 3.25 (br. s, 4 H, 3�-H), 2.36 (s, 3 H, 2���-
H) ppm. 13C NMR (75 MHz, [D6]DMSO): δ � 168.60 (C-2),
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Figure 3. The structure of 7b was determined by 1H NMR, 13C
NMR, 1H-1H COSY, HSQC, HMBC, and HMBC- INAD-
EQUATE; the HMBC spectrum showed long-range 13C-1H coup-
ling between: (a) C-2 and 2�-H, (b) C-4 and 2��-H, (c) C-4�� and
2��-H, (d) C-1�� and 3��-H, and (e) C-5 and 2���-H, the NOESY
spectrum showed an NOE between 2���-H and 2��-H, and the
HMBC-INADEQUATE spectrum showed a 13C-13C coupling be-
tween C-4 and C-5

151.20 (C-4), 133.22 (C-1��), 131.10 (C-3��), 130.36 (C-2��), 121.41
(C-4��), 114.23 (C-5), 44.47 (C-2�), 41.94 (C-3�), 21.75 (C-2���).

4-{4-(Naphth-2-yl)-5-[(pyridin-2-yl)sulfanyl]thiazol-2-yl}piperazin-1-
ium Trifluoroacetate (7c): LC-MS: m/z � 405 [M � H�]. 1H NMR
(300 MHz, [D6]DMSO): δ � 9.25 (br. s, 2 H, NH2

�), 8.48�8.40
(m, 1 H), 8.33 (s, 1 H), 8.01�7.78 (m, 4 H), 7.77�7.67 (m, 1 H),
7.55�7.46 (m, 2 H), 7.23�7.13 (m, 2 H), 3.79 (br. s, 4 H, CH2),
3.31 (br. s, 4 H, CH2) ppm. 13C NMR (75 MHz, [D6]DMSO): δ �

170.57 (C-2), 159.81, 156.80 (C-4), 149.81, 137.84, 132.69, 132.39,
131.14, 128.24, 127.88, 127.51 (double intensity), 126.76, 126.49,
126.01, 120.90, 119.92, 104.71 (C-5), 44.46, 42.02 (CH2).

3-{[4-(Naphth-2-yl)-2-(piperazin-1-yl)thiazol-5-yl]sulfanyl}propionic
Acid (7d): LC-MS: m/z � 400 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 9.17 (br. s, 2 H, NH2

�), 8.46 (s, 1 H), 8.13�8.07
(m, 1 H), 8.00�7.87 (m, 3 H), 7.57�7.49 (m, 2 H), 3.72 (br. s, 4
H, CH2), 3.28 (br. s, 4 H, CH2), 2.93 (t, J � 7.0 Hz, 2 H, CH2),
2.49 (t, J � 7.0 Hz, 2 H, CH2) ppm. 13C NMR (75 MHz,
[D6]DMSO): δ � 172.42, 168.95 (C-2, CO), 153.87 (C-4), 132.56,
132.51, 131.54, 128.36, 127.80, 127.47, 127.39, 126.55, 126.40,
126.34, 111.13 (C-5), 44.47, 42.01, 33.67, 33.44 (CH2). Recrystal-
lization of the product obtained from resin 4 (0.11 g) from MeOH
gave 7d (5.3 mg, 0.013 mmol) as a colorless solid.
C20H21N3O2S2·H2O (417.6): calcd. C 57.53, H 5.55, N 10.06; found
C 57.80, H 5.80, N 10.20.

4-[4-(Biphenyl-4-yl)-5-(phenylsulfanyl)thiazol-2-yl]piperazin-1-ium
Trifluoroacetate (7e): LC-MS: m/z � 430 [M � H�]. 1H NMR
(300 MHz, [D6]DMSO): δ � 9.34 (br. s, 2 H, NH2

�), 7.99 (d, J �

8.3 Hz, 2 H), 7.73�7.64 (m, 4 H), 7.44 (t, J � 7.3 Hz, 2 H),
7.39�7.31 (m, 3 H), 7.24�7.17 (m, 3 H), 3.75 (br. s, 4 H, CH2),
3.29 (br. s, 4 H, CH2) ppm. 13C NMR (75 MHz, [D6]DMSO): δ �

170.11 (C-2), 156.02 (C-4), 140.21, 139.38, 137.57, 132.66, 129.55,
128.96, 128.92, 127.71, 126.65, 126.40, 126.16, 125.60, 106.01 (C-
5), 44.40, 41.95 (CH2). Recrystallization of the product obtained
from resin 4 (0.13 g) from acetonitrile gave 7e (33.8 mg,
0.059 mmol) as a colorless solid. C25H23N3S2·C2HF3O2·1.5H2O
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(570.7): calcd. C 56.83, H 4.77, N 7.36; found C 56.61, H 4.52,
N 7.55.

4-{4-(4-Bromophenyl)-5-[(3-chloro-2-methylphenyl)sulfanyl]thiazol-
2-yl}piperazin-1-ium Trifluoroacetate (7f): LC-MS: m/z � 482 [M
� H�]. 1H NMR (300 MHz, [D6]DMSO): δ � 9.35 (br. s, 2 H,
NH2

�), 7.77 (d, J � 8.7 Hz, 2 H), 7.59 (d, J � 8.7 Hz, 2 H), 7.28
(d, J � 7.9 Hz, 1 H), 7.17 (t, J � 7.7 Hz, 1 H), 6.91 (d, J � 7.9 Hz,
1 H), 3.73 (br. s, 4 H, CH2), 3.28 (br. s, 4 H, CH2), 2.34 (s, 3 H,
Me) ppm. 13C NMR (75 MHz, [D6]DMSO): δ � 170.46 (C-2),
155.77 (C-4), 138.96, 134.27, 132.57, 131.73, 131.26, 130.24, 128.08,
126.67, 123.94, 122.23, 105.42 (C-5), 44.41, 41.91 (CH2), 16.27
(Me).

2-[(4-Chlorobenzyl)amino]-5-[(5-methyl[1,3,4]thiadiazol-2-yl)sulf-
anyl]-4-(4-nitrophenyl)thiazole (13a): LC-MS: m/z � 476 [M � H�].
1H NMR (300 MHz, [D6]DMSO): δ � 8.98 (br. t, J � 5.7 Hz, 1
H, NH), 8.28 (d, J � 9.0 Hz, 2 H), 8.10 (d, J � 9.0 Hz, 2 H),
7.44�7.38 (m, 4 H), 4.54 (d, J � 5.7 Hz, 2 H, NHCH2), 2.60 (s, 3
H, Me) ppm. 13C NMR (75 MHz, [D6]DMSO): δ � 170.03, 168.25,
166.75 (thiadiazole, C-2), 154.63 (C-4), 147.17, 139.26, 137.21,
131.85, 129.67, 129.53, 128.44, 123.57, 103.88 (C-5), 46.65
(NHCH2), 15.33 (Me). Recrystallization of the product obtained
from resin 10 (0.19 g) from acetonitrile gave 13a (16.1 mg,
0.034 mmol) as an orange solid. C19H14ClN5O2S3·0.1H2O (477.8):
calcd. C 47.76, H 3.00, N 14.66; found C 48.14, H 3.08, N 14.29.

2-(Butylamino)-5-[(4-methoxyphenyl)sulfanyl]-4-phenylthiazole
(13b): LC-MS: m/z � 371 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.11 (br. s, 1 H, NH), 7.83 (dd, J � 1.7, J �

8.1 Hz, 2 H), 7.42�7.30 (m, 3 H), 7.12 (d, J � 8.7 Hz, 2 H), 6.91
(d, J � 8.7 Hz, 2 H), 3.70 (s, 3 H, OMe), 3.24 (m, 2 H, NHCH2),
1.55 (q, J � 7.3 Hz, 2 H, CH2), 1.35 (sext, 2 H, J � 7.4 Hz, CH2),
0.89 (t, J � 7.3 Hz, 3 H, Me) ppm. 13C NMR (75 MHz,
[D6]DMSO): δ � 169.00 (C-2), 158.10, 154.99 (C-4), 133.99,
132.07, 128.42, 128.08, 127.98, 125.78, 115.13, 104.46 (C-5), 55.20
(OMe), 43.87 (NHCH2), 30.64, 19.56 (CH2), 13.62 (Me).

2-[(4-Chlorobenzyl)amino]-5-[(2-hydroxyethyl)sulfanyl]-4-phenyl-
thiazole (13c): LC-MS: m/z � 377 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.46 (br. s, 1 H, NH), 7.89 (dd, J � 1.3 Hz, 2 H,
J � 8.5 Hz), 7.44�7.30 (m, 7 H), 5.34 (br. s, 1 H, OH), 4.46 (br. s,
2 H, NHCH2), 3.46 (t, J � 6.8 Hz, 2 H, CH2), 2.74 (t, J � 6.8 Hz,
2 H, CH2) ppm. 13C NMR (75 MHz, [D6]DMSO): δ � 167.58 (C-
2), 152.60 (C-4), 137.91, 134.26, 131.60, 129.39, 128.56, 128.31,
127.91, 127.85, 108.61 (C-5), 59.77 (CH2), 46.52 (NHCH2), 40.48
(CH2). Purification of the product obtained from resin 10 (0.19 g)
by preparative HPLC gave 13c (10.6 mg, 0.028 mmol).

5-[(2-Carboxyethyl)sulfanyl]-2-[(4-chlorobenzyl)amino]-4-phenyl-
thiazole (13d): LC-MS: m/z � 405 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.53 (br. s, 1 H, NH), 7.87 (dd, J � 1.5 Hz, 2 H,
J � 8.3 Hz), 7.43�7.31 (m, 7 H), 4.48 (br. s, 2 H, NHCH2), 2.83
(t, J � 7.2 Hz, 2 H, CH2), 2.44 (t, J � 7.2 Hz, 2 H, CH2) ppm.
13C NMR (75 MHz, [D6]DMSO): δ � 172.45 (CO), 167.80 (C-2),
152.94 (C-4), 137.79, 134.02, 131.63, 129.40, 128.59, 128.32, 127.94,
125.73, 107.87 (C-5), 46.77 (NHCH2), 33.66, 33.17 (CH2). Recrys-
tallization of the product obtained from resin 10 (0.20 g) from ace-
tonitrile gave 15d (7.4 mg, 0.018 mmol) as a colorless solid.
C19H17ClN2O2S2·0.3 H2O (410.3): calcd. C 55.61, H 4.32, N 6.83;
found C 55.53, H 4.24, N 6.76.

5-[(2-Carboxyethyl)sulfanyl]-2-[(4-chlorobenzyl)amino]-4-(2-meth-
oxyphenyl)thiazole (13e): LC-MS: m/z � 435 [M � H�]. 1H NMR
(300 MHz, [D6]DMSO): δ � 8.90 (br. s, 1 H, NH), 7.44�7.35 (m,
5 H), 7.22 (dd, J � 1.7 Hz, J � 7.4 Hz, 1 H), 7.07 (br. d, J �
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7.9 Hz, 1 H), 6.97 (td, J � 0.9, J � 7.4 Hz, 1 H), 4.46 (br. s, 2 H,
NHCH2), 3.72 (s, 3 H, Me), 2.73 (t, J � 7.2 Hz, 2 H, CH2), 2.38
(t, J � 7.2 Hz, 2 H, CH2) ppm. 13C NMR (75 MHz, [D6]DMSO):
δ � 172.54, 168.11 (CO, C-2), 157.06, 156.51 (C-4), 137.07, 131.89,
131.27, 130.19, 129.52, 129.45, 128.40, 119.91, 111.39, 110.27 (C-
5), 55.33 (Me), 46.93 (NHCH2), 33.78, 32.38 (CH2).

2-[4-Chlorobenzyl)amino]-4-(2-methoxyphenyl)-5-(methylsulfanyl)-
thiazole (13f): LC-MS: m/z � 377 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.84 (br. s, 1 H, NH), 7.45�7.34 (m, 5 H), 7.23
(dd, J � 1.9 Hz, J � 7.5 Hz, 1 H), 7.07 (br. d, J � 7.9 Hz, 1 H),
6.97 (td, J � 0.9, J � 7.4 Hz, 1 H), 4.45 (br. s, 2 H, NHCH2),
3.73 (s, 3 H, OMe), 2.21 (s, 3 H, Me) ppm. 13C NMR (75 MHz,
[D6]DMSO): δ � 167.80 (C-2), 156.99 (C-4), 137.23, 131.83,
131.11, 130.06, 129.48, 129.43, 128.38, 122.40, 119.93, 112.97 (C-
5), 111.45, 55.33 (OMe), 46.87 (NHCH2), 21.07 (Me). Purification
of the product obtained from resin 10 (0.16 g) by preparative
HPLC gave 13f (8.3 mg, 0.022 mmol).

2-(Butylamino)-5-[(3-carboxyphenyl)sulfanyl]-4-(4-nitrophenyl)-
thiazole (13g): LC-MS: m/z � 430 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.31 (br. s, 1 H, NH), 8.24 (d, J � 9.0 Hz, 2 H),
8.10 (d, J � 9.0 Hz, 2 H), 7.79�7.66 (m, 2 H), 7.51�7.38 (m, 2
H), 3.29 (br. s, 2 H, NHCH2), 1.57 (q, J � 7.2 Hz, 2 H, CH2), 1.36
(sext, 2 H, J � 7.4 Hz, CH2), 0.90 (t, J � 7.3 Hz, 3 H, Me) ppm.
13C NMR (75 MHz, [D6]DMSO): δ � 169.69, 166.57 (C-2, CO),
154.07 (C-4), 146.83, 139.95, 138.34, 132.04, 129.83, 129.77, 129.33,
127.02, 125.85, 123.47, 104.87 (C-5), 43.89 (NHCH2), 30.60, 19.58
(CH2), 13.63 (Me).

2-(Butylamino)-5-[(4-tert-butylphenyl)sulfanyl]-4-(4-nitrophenyl)-
thiazole (13h): LC-MS: m/z � 442 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.24 (d, J � 9.0 Hz, 2 H), 8.23 (br. s, 1 H, NH),
8.14 (d, J � 9.0 Hz, 2 H), 7.33 (d, J � 8.7 Hz, 2 H), 7.09 (d, J �

8.7 Hz, 2 H), 3.27 (br. t, J � 6.6 Hz, 2 H, NHCH2), 1.55 (q, J �

7.2 Hz, 2 H, CH2), 1.35 (sext, 2 H, J � 7.3 Hz, CH2), 1.20 (s, 9 H,
CMe3), 0.89 (t, J � 7.4 Hz, 3 H, Me) ppm. 13C NMR (75 MHz,
[D6]DMSO): δ � 169.31 (C-2), 153.18 (C-4), 148.97, 146.67,
140.15, 133.81, 129.32, 126.42, 125.81, 123.38, 106.81 (C-5), 43.85
(NHCH2), 34.15 (CMe3), 30.94 (CMe3), 30.60, 19.58 (CH2), 13.62
(Me). Purification of the product obtained from resin 10 (0.20 g)
by preparative HPLC gave 13h (12.9 mg, 0.029 mmol).

4-(4-Bromophenyl)-2-(butylamino)-5-[(2-hydroxyethyl)sulfanyl]-
thiazole (13i): LC-MS: m/z � 389 [M � H�]. 1H NMR (300 MHz,
[D6]DMSO): δ � 8.21 (br. s, 1 H, NH), 7.86 (d, J � 8.3 Hz, 2 H),
7.61 (d, J � 8.3 Hz, 2 H), 4.97 (br. s, 1 H, OH), 3.47 (t, J � 6.8 Hz,
2 H, CH2), 3.24 (t, J � 6.8 Hz, 2 H, NHCH2), 2.75 (t, J � 6.8 Hz,
2 H, CH2), 1.54 (q, J � 7.2 Hz, 2 H, CH2), 1.34 (sext, 2 H, J �

7.3 Hz, CH2), 0.89 (t, J � 7.4 Hz, 3 H, Me) ppm. 13C NMR
(75 MHz, [D6]DMSO): δ � 167.88 (C-2), 156.72 (C-4), 132.82,
130.92, 130.69, 121.30, 108.68 (C-5), 59.68 (CH2), 43.94 (NHCH2),
40.40, 30.56, 19.53 (CH2), 13.62 (Me).

4-(4-Bromophenyl)-2-(butylamino)-5-[(3-chloro-2-methylphenyl)-
sulfanyl]thiazole (13j): LC-MS: m/z � 469 [M � H�]. 1H NMR
(300 MHz, [D6]DMSO): δ � 8.25 (br. s, 1 H, NH), 7.72 (d, J �

8.7 Hz, 2 H), 7.57 (d, J � 8.7 Hz, 2 H), 7.26 (d, J � 7.9 Hz, 1 H),
7.18 (t, J � 7.9 Hz, 1 H), 6.89 (d, J � 7.9 Hz, 1 H), 3.28 (br. s, 2
H, NHCH2), 2.33 (s, 3 H, Me), 1.55 (q, J � 7.2 Hz, 2 H, CH2),
1.36 (sext, 2 H, J � 7.3 Hz, CH2), 0.90 (t, J � 7.2 Hz, 3 H, Me)
ppm. 13C NMR (75 MHz, [D6]DMSO): δ � 169.76 (C-2), 155.74
(C-4), 139.62, 134.13, 132.94, 131.27, 131.11, 130.21, 128.02,
126.24, 123.40, 121.82, 101.32 (C-5), 43.86 (NHCH2), 30.59, 19.57
(CH2), 16.10, 13.63 (Me). Recrystallization of the product obtained
from resin 10 (0.21 g) from acetonitrile gave 13j (19.5 mg,
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0.042 mmol) as a colorless solid. C20H20BrClN2S2 (467.9): calcd. C
51.34, H 4.31, N 5.99; found C 51.32, H 4.39, N 5.93.
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