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1. Introduction Scheme 2. The Synthetic Routes to Form 2-Aminothioazoles.
2-Aminothioazole derivatives are known to have pramgis o] o] s

anti-HIV, antidiabetic, antibacterial, anti-oxidant,anti- RJ\/RZmRJJ\/RZ ‘L NLNH JL * KSCN

inflammatory, antihypertensive, neuroprotective, tiGamcer, LG 2 2

antifungal, and antitubercular activititsSeveral popular drugs \b c /

containing the 2-aminothioazole moiety in their izl S

s@ructure_Shave proven to. be eff_ective for treatimyltiple 0 ,  HN” NH, 2 R2_S._NHR N0

disease&?® For examples, nitazoxanide (Schemdé},, known as R R, or —— \&NW/ .:d> 1)'\ + RNCS

a potent antiprotozoal agent, has entered clifticals for the LG KSCN R R2

hepatitis B and C theragyramipexole dihydrochloride hydrate and N source ﬂthis work

(Scheme 1B) has been approved for treatment of Parkinsofiism. o

Among many other approved drugs, e.g., riluZzpleltage-gated 1J\(EWG . i

sodium channel blockers and glutamate releaseitohilscheme R HoN" NH,

1,C) and meonicaﬁ\(antimalum, Scheme D), all bear the 2- H

aminothioazole skeleton in their structures. Owing to the fact that 2-aminothioazoles represeptileged
scaffold in medicinal chemistry, several strategageting the
syntheses of such heterocycles have been develdpéd.
o summary of the most commonly practiced synthetitagies are

listed in Scheme 2. Each approach has its own cteaistic

BN % - 2HCI- H20 _ | 3
)\ NO, 2 features in the preparation of the corresponding 2-

Scheme 1. Drug Molecules Containing the 2-Aminothioazole ktyi

aminothioazoles bearing the particular functiorraugs. The use

of thiourea or potassium rhodanate as the sulfurceoand a

3\ substrate containing a carbonyl group with a leagraup at the

/k a-carbon is the most commonly applied strategy. Gkaeral

\@ P—NH, M reaction pathway is to allow a prefunctionalized oket to
//S\\ undergo an intermolecular nucleophilic substitutiaiith the

c sulfur nucleophile of thiourea or potassium rhodenéllowed
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by a dehydration reaction at the formation of thes®ond and 2. Results and discussion
a subsequent intramolecular condensation reactahgme 2, . )
a).*” Furthermore, the prefunctionalization of ketoned an 1able2. Scope of the TBHP/AIBN-Mediated Reactith.
intermolecular nucleophilic  substitution with the Ifau
nucleophile could occur in one-pot process by teat with }
or NBS, etd® An alternative method is through the formation of
the C-S and C-N bonds from vinyl azides and potassiu

NH,
s TBHP (3.0 equiv)

(0]
EWG + AIBN (0.2 equiv S
RJ\/ HzNJ\NH2 =

MeOH, temp. R

EWG
thiocyanate, catalyzed and promoted by palladiyna@etate and 1 2 3
iron(lll) bromide, respectively (Scheme 2).° The copper- NH, NH, NH,
catalyzed coupling of oxime acetates with isothioagas could N= N;( N=
also afford the 2-aminothioazole skeleton via N-@doleavage ~° /S ~/
and C-S/C-N bond formatichHowever, strategies targeting the CN CN CN
synthesis of 2-aminothioazoles via direct C-H bond MeO al
functionalization at the-position of the carbonyl group have not 3a,2h, 87%"° 3b,2h, 92% 3¢, 2h, 81%
yet been reported. NH, NH, /L“H2
N= N= N=
Table 1. Optimization of Reaction Conditiofs. ~/° 45 >(l§<s
NH, CN CN CN
Q $ TBHP?, additive % o
oN + TBHP”, additve  N7™g &3d. 2h, 81% 3e, 2 h, 50% 3f, 2 h, 95%
Ph)J\/ HZNJ\NHz solvent, temp \—{ NH, NH, NH,
PH N A
1a 2a 3a N= S N= s N= s
Entry Additive Solvent Temp. {C) Yield (%) = = =
1 none CHCN reflux 45 COzMe COMe CO,Me
Br MeO
2 TBAI CH;,CN reflux 55 39,95 h, 59% 3h,5h, 52% 3i,5 h, 66%
3 BPO CHCN reflux trace NH, NH, NH,
N= N BN
4 CoC} CH,CN  reflux 66 i N A< s
5 AIBN  CH.CN  reflux 70 \ s COoMe | J  coMe CO COMe
6 AIBN DCE reflux 50 3j,5h, 68% 3k,5h, 72% 3l,5h, 45%
NH, NH, NH,
7 AIBN DMF 100 72 N NA N=
S S S
8 AIBN MeOH  reflux 83 )*( )*( =
CO,Me CO,Et CO,Me
9 AIBN MeOH 40 85 3m,5h, 72% 3n,5h, 78% 30,5h, 62%
10 AIBN MeOH rt 87 NH; NH; NH;
N N N
11 TBAI MeOH rt 78 S S S
12 BPO MeOH rt 75 O O )j\ m
o] o o
13 COC& MeOH rt 85 3p, 24 h, 3q, 24 h, 3r, 12 h, 46%

# Reaction conditionsta (1.0 mmol),2a (2.0 mmol), TBHP (3.0 mmol) and
additive (0.2 mmol) in solvent (5 mL); stirred f2th unless otherwise stated.
P TBHP (70% in water) was extracted with petroleuthee and was
evaporated before uselsolated yield? Attempts to isolate and characterize
the byproducts from the model reaction at reflumpgerature were
unsuccessful.

As a powerful oxidanttert-butyl hydroperoxide (TBHP) has
found extensive applications in various oxidatigaations-**In
combination with various catalysts such as iodfhe\-
bromobutanimide  (NBS}? N-iodobutanimide  (NIS}*>¢
tetrabutylammonium iodide (TBAFY, and metal catalysts (C&
CuP”® Fe®' Tj 8" Ru® K™%, it has been applied to realize

50% conv. 80% yield 50% conv. 52% yield
# General conditions: substrate(1.0 mmol), thioure2 (2.0 mmol), TBHP
(3.0 mmol), and AIBN (0.2 mmol) in MeOH (5 mL) dt Substratel was
consumed completely unless otherwise stdtdsblated yield® The electron
withdrawing group (EWG) in producBis the same as that in substratéd
The reactions o2g-r were carried out at 6% in order for substraté to be
consumed completel§. The reaction of th&l-substituted substrates including
N-Boc thiourea andN-phenyl thiourea were also studied. However, no
desired product was obtained in either case.

For the investigation of the reaction, 3-0xo-3-
phenylpropanenitrile 1) and thiourea 2a) were selected as
model substrates. Optimization of the reaction dionk were
carried out under various additive, solvents, arm@ction
temperatures. Additive-screening studies showedtltleateaction

C-C, C-N, C-0O, C-S, and N-N bond formations. However, t@lid not need an additive if the oxidant TBHP was @négTable

our best knowledge, TBHP has never been used in catidm
with AIBN as an oxidative system for the constructioh 2-
aminothioazoled! Herein, we report for the first time an
AIBN/TBHP-mediated synthesis of
aminothioazoles from thiourea and ketone derivativiea C—S
bond formation and dehydration processes (Scheméthis
work™), in which a leaving group at-position of the carbonyl
ketone is not needed at all.

substituted 2-

1, entry 1); however, the vyield, in general, impavia the
presence of an initiator. Among the four additivéscommon
choices - TBAI f{etra-n-butylammonium iodide}? CoCb,"*
AIBN (2,2-azo bisisobutyronitride}* and BPO (benzoyl
peroxide}® - tested, we found that AIBN was the most effective
one for the reaction (Table 1, entries 2-5). Undex hewly
defined oxidant-initiator system consisting of TBHfad 20
mol% of AIBN, reactions were carried out in three alifnt
solvents (Table 1, entries 6-8). Relative to;CN, DCE and



DMF, reaction in MeOH gave the highest, satisfactdgidyof
83% (Table 1, entry 8). Further studies on the wnapre effect
indicated that lower temperature slightly favore@ tieaction
through hampering the formation of side productab(@ 1,
entries 8-10). However, when the temperature was redtece
below room temperature, it took longer time for gubstrate to
be consumed completely. Furthermore, additive-singe
studies at room temperature in MeOH also indicatedNAlizas
the most appropriate initiator for this transforioat (Table 1,
entries 11-13). In summary, the optimal reactionditions were
identified as 20 mol% of AIBN (initiator) and 3.0 égqu of
TBHP (oxidant) in 5.0 mL of MeOH (solvent) at room
temperature for 2 h.

Under the optimized reaction conditions, the scopehe
reaction was studied using a series of ketones €T2blIResults
show that the reaction could tolerate a range ottrle-
withdrawing groups at the-position, including CN, CeMe,

CO,Et, COMe, and COPh, with the desired 2-aminothioazoles all 2)

obtained in satisfactory to high yields. The elecit effect of the
substituent on the phenyl ring in the R group irioke was
shown to be small as the yield values were all rattteye among

3a-e as well as3g-i (Table 2). Within the small variances in the

yield values, electron-donating groups seemedwviorébly affect
the reaction while electron-withdrawing groups, negdgi On
the other hand, steric effect was evident, as thkl yof 3e was
significantly lower than the counterparts 8é-d. In addition,
other aromatic motifs such as 2-thienyl, 2-pyridghl 2-naphthyl

(Table 2, 3j-1) adjacent to the carbonyl group, were also

successfully tolerated in this process. Notably,tfar substrates
bearing alkyl groups, the corresponding productsevaitained
in better yields than those bearing aromatic stuesiis (Table 2,
3f compared t@a-e and3m-o compared t@g-1).

Regarding the electron-withdrawing group (EWG) at the
carbon, the nitrile group gave better yields thdintlze rest
bearing a carbonyl grouB4-f compared td3g-r). Finally, the
method could be applied to 1,3-dione compoundbpagh the
overall yields were, in general, relatively low (Tal,3p-r).

Scheme 3. Proposed Mechanism.
1

CN -N,
%N”N : 2 Y
NC heat or stir CN
AIBN I
2)
7+ {BUOOH —= tBUO- + OH
CN CN
] 1l
3) 0 S 0
Ph)H/CN o] H,N™ NH, Ph)J\(CN
BuO _ gH1a Ph)J\_/CN 2a SYNH2
TR m IV NH,
0 0
CN -H,0 CN -H,0
:§u000H Ph)J\( 2 Ph)K( 2 3a
=1BuL+ NH S.__NH
(next cycle) S OH2 \n/ 2
v NH w NH

Although the results of the above experimental tesate not
enough for a convincing mechanism, we postulatedaasible
radical mechanistic pathway for this process. Assitited in
Scheme 3, Initially, AIBN, a radical initiator, wasroserted to
radical | under heat or stir accompanied by the release of
molecule of N.'® Then the reaction of radicél and tert-butyl
hydroperoxide gave thert-butoxyl radical and a molecule of 2-

3

hydroxy-2-methylpropanenitril€. Hydrogen abstraction of the
a-hydrogen of the ketone by thert-butoxyl radical produced the
carbon radical ll. Addition reaction across the double bond of
C=S in thioure&2a by |11 formed radical intermediate/. Then
IV further reacted withtert-butyl hydroperoxide to afford
intermediateV along with the formation of anotheart-butoxyl
radical, which could be used in the next cycle. A&t ¢md of the
radical process, two dehydration reactions and amésization
process followed, leading to the title product, Zrathioazole.
Scheme 4. Control Studies.

1) TBHP (3.0 equiv)

o AIBN (0.2 equiv) Q
TEMPO (3.0 equiv)

$ )J\’fOMe
+ — e s Ph
o N " P N, T Wieom J

4,81%
3a, not detected

1a 2a

TBHP (3.0 equiv)
AIBN (0.2 equiv)
TEMPO (3.0 equiv)

(0]

Ph)S(OMe

(e}
Ph)j\/CN * BN

MeOH, rt 0
1a 4, 45%
3a, not detected
3) TBHP (3.0 equiv)
o) AIBN (0.2 equiv) o)
TEMPO (3.0 equiv,
cN  _TEMPO B.0equiv) OMe
Ph)J\/ MeOH, rt Ph)lﬁ(
1a 0
4, not detected
99 B e
e !
Ph)J\/CN + HoN NH, W No reaction
1a 2a

Control experiments were carried out to verify thepgosed
mechanism (Scheme 4). When 3.0 equiv of TEMPO, ficiagft
radical scavenger, was added to the reaction neixumder
standard conditions, no desired proddectvas detected (Scheme
4, eq 1). However, methyl 2-oxo-2-phenylacett®as isolated
in 81% vyield. The result supported a radical precés the
reaction sequence. However, no compodnaas formed when
the reaction was run in the absence of thio@eéScheme 4, eq
3). When thiourea2a was replaced with 1.5 equiv of JHt
(Scheme 4, eq 2), compouAdcould be obtained in 45% yield.
This result indicated that the formation of compddnrequired
the involvement of a base, which, we propose hegertte of
thiourea2a in the formation o#f as described in Scheme 4, eq 1.
Furthermore, no condensation reaction occurred viheeacted
with 2a in the absence of TBHP and AIBN. This result implied
that the radical reaction occurred prior to the ydieation
condensation reaction.

Scheme 5. A Probable Process for the Generatiod.of

- +:<SH
- NHN
(e} (e} NH,
Ph)j\ﬂ/OMe MeOH Ph)H(CN l
O  -HcN 0

a 4 viil
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Scheme 5 describes the proposed pathway for theafmm to a solution of ketone (20 mmol) in THF (80 mL) wadded
of 4. The reaction sequence starts from the cross-tmupf the  methyl dicarbonate (60 mmol) and NaH (40 mmol, 60%)e
radical intermediatéll and TEMPO leading to the formation of reaction mixture was refluxed until TLC indicatednguete
intermediateV11."* With a g-hydrogen elimination under basic consumption of the ketone. After cooling, the remctinixture
conditions,VIl was converted to 2-oxo-2-phenylacetyl cyanidewas poured into ice-water (100 mL), acidified with aqus HCI
VIII after the release oR,2,6,6-tetramethylpiperidine as a (3 M) to pH 2~3 and extracted with EA (100 mL x 3he
byproduct'® In the presence of MeOH, 2-oxo-2-phenylacetylcombined organic layer was dried over,8@, and evaporated

cyanideVIIl was finally converted to compouddvia a known
process’

Conclusion

In conclusion, we have disclosed for the first timenew,
effective oxidative system consisting of TBHP and W|Bvhich
allowed successful synthesis of substituted 2-arhioaroles
from ketone derivatives and thiourea via a noveétaifree
protocol. The mechanism of the reaction involves dixidative
C-S bond formation via a radical process, subsetytire C-N
bond formation via an intramolecular condensatieaction.
Further investigation on reaction mechanism isrimgpession in
our group.

3. Experimental Section
3.1. General Information

All reactions were carried out at room temperaturdenrair
unless otherwise statetH and**C NMR spectra were recorded
on 600 MHz or 400 MHz spectrometer at 5 Chemical shifts
values are given in ppm and referred as the intestamdard to
TMS: 0.00 ppm. The peak patterns are indicatedodswis: s,
singlet; d, doublet; t, triplet; g, quartet; quuintet; m, multiplet
and dd, doublet of doublets, brs, broad singlete Eoupling
constants J, are reported in Hertz (Hz). High resmlutmass

spectrometry (HRMS) was obtained on a Q-TOF micro

spectrometer. Melting points were determined with
Micromelting Point Apparatus without corrections. @mg
solutions were concentrated by rotary evaporatidovbd0 °C in
vacuum. TLC plates were visualized by exposure taviblet
light.

a

under reduced pressure. The desired pure producbhltamed
by silica gel chromatography using a mixture of BA/R/v =
1/9) as eluent.

Substrate 1k was prepared adapted from a previously
reported procedurd'

Procedure C* Substratelo was prepared adapted from a
previously reported procedure: to an ice-cooledutsm of
Meldrum’'s acid (10 mmol) and pyridine (2 mL, 25 minm
CH,CI, (20 mL) was added phenylacetyl chloride (10 mmol)
dropwise over a span of 0.5 h. After being stirre@ &€ for 4 h
and at room temperature for 1 h, the mixture wastetl with
EtOAc, washed with 1 M HCI and then brine, dried and
concentrated. The residue was dissolved in MeOH (3D and
heated at 90 °C for 2 h. The desired pure produstoltained by
silica gel chromatography using a mixture of EA/RE € 1/19)
as eluent.

4.2.1. 3-Oxo-3-phenylpropanenitrile (1a). Following the general
procedure Ala was purified by silica gel chromatography (20%
EA/PE). Yield: 92%, yellow solid, mp. 79-8C. '"H NMR (600
MHz, CDCk) 6 7.93 (d,J = 7.2 Hz, 2H), 7.67 (1] = 7.2 Hz, 1H),
7.54 (t,J = 7.8 Hz, 2H), 4.12 (s, 2H}*C NMR (150 MHz,
CDCl;) 6 187.3,134.8, 134.2, 129.2, 128.5, 114.0, 29.5.

4.2.2. 3-(4-Methoxyphenyl)-3-oxopropanenitrile (1b). Following
the general procedure Alb was purified by silica gel
chromatography (20% EA/PE). Yield: 72%, yellow solidp.
119-120°C. *H NMR (600 MHz, CDCJ) 6 7.90 (d,J = 8.4 Hz,
2H), 6.98 (d,J = 8.4 Hz, 2H), 4.04 (s, 2H), 3.90 (s, 3HC
NMR (150 MHz, CDC})) § 185.5, 164.8, 131.0, 127.2, 114.4,
114.2, 55.7, 29.1.

4.2.3. 3-(4-Chlorophenyl)-3-oxopropanenitrile (1c). Following
the general procedure Alc was purified by silica gel
chromatography (20% EA/PE). Yield: 84%, yellow solidp.

Reagents were purchased as reagent grade and wete u$@4-126°C.'H NMR (600 MHz, CDCJ) & 7.88 (d,J = 8.5 Hz,

without further purification except for TBHP (70% imater,
extracted with petroleum ether and was evaporatedu$a).
Solvents were dried by Cakbefore use. All reactions were
performed in standard glassware, heated &iC7tbr 3 h before
use. Flash column chromatography was performed silies gel
200-300 mesh and the eluent was a mixture of ettgthte (EA)
and petroleum ether (PE).

4.2. General Procedurefor Preparation of Substrate 1.

Substratesddm, 1n and1p-r were purchased as reagent grade4'

and were used without further purification.
Procedure A% #%¢ Substratesla-f were prepared adapte
from a previously reported procedure. To a suspensf

acetonitrile (20 mmol) in THF (80 mL) was added NaH (407'49 (t

mmol, 60%). After the reaction mixture was stirred0dC for
about 1 h, the ester was added dropwise at the sanpetature.
The mixture was then refluxed until TLC indicate@ tomplete
consumption of the ester. The reaction mixture wasred into
ice-water (100 mL), acidified with aqueous HCI (3 M)pH 2~3
and extracted with EA (100 mL x 3). The combinedaoig layer

2H), 7.51 (dJ = 8.5 Hz, 2H), 4.08 (s, 2H}°C NMR (150 MHz,
CDCly) 6 186.1, 141.5, 132.6, 129.9, 129.6, 113.6, 29.5.
4.2.4. 3-(3-Chlorophenyl)-3-oxopropanenitrile (1d). Following
the general procedure Ald was purified by silica gel
chromatography (20% EA/PE). Yield: 80%, yellow solidp.
73-74°C."H NMR (600 MHz, CDCJ) § 7.89 (s, 1H), 7.80 (d} =
7.8 Hz, 1H), 7.63 (dJ = 8.4 Hz, 1H), 7.49 (t) = 7.8 Hz, 1H),
4.15 (s, 2H)*C NMR (150 MHz, CDCJ) & 186.1, 135.6 (dJ =
4.8Hz), 134.7, 130.6, 128.5, 126.6, 113.4, 29.6.

25. 3-Oxo-3-(o-tolyl)propanenitrile (1e). Following the
general procedure A,le was purified by silica gel

g chromatography (20% EA/PE). Yield: 73%, yellow solrdp.

83-84°C.'"H NMR (600 MHz, CDCJ) § 7.63 (d,J = 7.8 Hz, 1H),
J = 7.5 Hz, 1H), 7.33 (t) = 7.3 Hz, 2H), 4.07 (s, 2H),
2.58 (s, 3H)°C NMR (150 MHz, CDGJ))  189.3, 140.6, 133.8,
133.4,132.9, 129.3, 126.2, 114.1, 31.5, 21.9.

4.2.6. 4,4-Dimethyl-3-oxopentanenitrile (1f). Following the
general procedure A,1f was purified by silica gel
chromatography (20% EA/PE). Yield: 55%, coloerled&glsmp.
67-68°C. '"H NMR (600 MHz, CDCJ) & 3.64 (s, 2H), 1.21 (s,

13,
was dried over N&0O, and evaporated under reduced pressure.gH)' C NMR (150 MHz, CDGJ) 3 203.0, 114.3, 44.6, 27.6,

The desired pure product was obtained by silica gef>:—

chromatography using a mixture of EA/PE (v/v = Z8)eluent.

Procedure B% Substratedgj and1l were prepared adapted 9eneral

from a previously reported procedure with some mcoations:

4.2.7. Methyl 3-oxo-3-phenylpropanoate (1g). Following the
procedure B,1g was purified by silica gel
chromatography (10% EA/PE). Yield: 95%, yellow dit NMR

(600 MHz, CDC}) 6 12.51 (s, 0.19H), 7.95 (d,= 7.3 Hz, 2H),



7.78 (d,J = 8.4 Hz, 0.41H), 7.60 (t) = 7.4 Hz, 1H), 7.51 —
7.45(m, 2.25H), 7.42 (] = 7.4 Hz, 0.42H), 5.68 (s, 0.2H), 4.02
(s, 2H), 3.80 (s, 0.61H), 3.76 (s, 3HJC NMR (150 MHz,
CDCly) 6 192.4, 173.6, 171.5, 168.0, 135.9, 133.9, 13333,3],
128.9, 128.6, 128.6, 126.1, 87.1, 52.6, 51.5, 45.7.

428. Methyl  3-(4-bromophenyl)-3-oxopropanoate  (1h).
Following the general procedure By was purified by silica gel
chromatography (10% EA/PE). Yield: 86%, yellow solidp.
45-46°C.™H NMR (600 MHz, CDCJ) & 12.49 (s, 0.3H), 7.81 (d,
J=7.1Hz, 2H), 7.63 (d] = 6.3 Hz, 2.6H), 7.55 (d] = 7.9 Hz,
0.63H), 5.66 (s, 0.3H), 3.98 (s, 2H), 3.81 (s, 1H)63g, 3H).
¥C NMR (150 MHz, CDGJ) § 191.4, 173.4, 170.2, 167.7, 134.6,
132.2,131.8, 130.0, 129.2, 127.6, 125.8, 87.4,%9..6, 45.6.
4.29. Methyl  3-(4-methoxyphenyl)-3-oxopropanoate  (1i).
Following the general procedure B, was purified by silica gel
chromatography (10% EA/PE). Yield: 77%, yellow 6t NMR
(600 MHz, CDC}) 8 7.92 (d,J = 8.8 Hz, 2H), 6.95 (d) = 7.6
Hz, 2H), 3.97 (s, 2H), 3.87 (s, 3H), 3.75 (s, 3BE NMR (150

5
DMSO0-dg) 6 170.6, 161.0, 132.5, 130.0, 128.8, 127.4, 115.3,
83.6. HRMS (ESI) calcd for gHgNsS™ [M + H'] 202.0433,
found 202.0428.
4.3.2 2-Amino-4-(4-methoxyphenyl)thiazole-5-carbonitrile (3b).
Following the general procedurgb was purified by silica gel
chromatography (30% EA/PE). Yield: 92%, white soligh. h93
—194°C. "H NMR (600 MHz, DMSOd) & 8.19 (s, 2H), 7.90 (d,
J = 9.0 Hz, 2H), 7.07 (d] = 8.4 Hz, 2H), 3.82 (s, 3H)'C NMR
(150 MHz, DMSO#€e) 6 170.3, 160.8, 160.5, 129.0, 125.1, 115.7,
114.2, 81.8, 55.3. HRMS (ESI) calcd for;8;N;0S" [M + H']
232.0539, found 232.0533.
4.3.3 2-Amino-4-(4-chlorophenyl)thiazole-5-carbonitrile  (3c).
Following the general procedur8¢ was purified by silica gel
chromatography (30% EA/PE). Yield: 81%, white solidp.
>200°C. '"H NMR (600 MHz, DMSO#d,) 5 8.27 (s, 2H), 7.93 (d,
J = 9.0 Hz, 2H), 7.60 (dJ = 8.4 Hz, 2H)**C NMR (150 MHz,
DMSO-dg) & 170.7, 159.5, 134.6, 131.3, 129.1, 128.9, 115.1,
84.1. HRMS (ESI) calcd for £H,CIN;S' [M + H'] 236.0044,

MHz, CDCk) 4 190.9, 168.2, 164.1, 130.9, 129.0, 127.8, 114.0found 236.0045.

113.9, 85.6, 55.6, 52.5, 51.5, 45.6.

4210. Methyl  3-oxo-3-(thiophen-2-yl)propanoate  (1j).
Following the general procedure B, was purified by silica gel
chromatography (10% EA/PE). Yield: 60%, yellow it NMR
(600 MHz, CDC}) 6 7.75 (d,J = 3.6 Hz, 1H), 7.72 (d) = 4.8
Hz, 1H), 7.16 (tJ = 4.2 Hz , 1H), 3.95 (s, 2H), 3.76 (s, 3HC
NMR (150 MHz, CDC)) 5 184.9, 167.5, 143.2, 135.2, 133.4,
128.4,52.6, 46.2.

4211. Methyl  3-(naphthalen-2-yl)-3-oxopropanoate  (1l).
Following the general procedure B, was purified by silica gel
chromatography (10% EA/PE). Yield: 76%, yellow it NMR

(600 MHz, CDCJ) 5 12.61 (s, 0.2H), 8.44 (s, 1H), 8.35 (s, 0.2H),

8.00 (d,J = 8.6 Hz, 1H), 7.96 (d] = 8.1 Hz, 1H), 7.88 — 7.85 (m,
2.6H), 7.64 — 7.54 (m, 2.6H), 5.82 (s, 0.2H), 4.12t4$), 3.82 (s,
0.6H), 3.77 (s, 3H)-*C NMR (150 MHz, CDCJ) § 192.4, 173.6,
171.3, 168.1, 135.9, 134.7, 132.8, 132.4, 130.0.5,3129.7,
129.0, 128.8, 128.3, 127.9, 127.7, 127.6, 127.(%.8,2126.7,
126.5, 123.8, 122.6, 87.8, 52.6, 51.6, 45.8.

4.2.12. Methyl 3-oxo-4-phenylbutanoate (10). Following the
general procedure C,lo was purified by silica gel
chromatography (10% EA/PE). Yield: 60%, yellow Git NMR
(600 MHz, CDC}) & 7.35 (t,J = 7.4 Hz, 2H), 7.29 (} = 7.4 Hz,

4.3.4. 2-Amino-4-(3-chlorophenyl)thiazole-5-carbonitrile (3d).
Following the general procedurdd was purified by silica gel
chromatography (30% EA/PE). Yield: 81%, white solidp.
>200°C. *H NMR (600 MHz, DMSOds) & 8.31 (s, 2H), 7.93 (s,
1H), 7.92 — 7.85 (m, 1H), 7.56 (@= 4.8 Hz, 2H)**C NMR (150
MHz, DMSO-dg) & 170.7, 158.9, 134.3, 133.5, 130.8, 129.7,
127.1, 125.8, 114.9, 84.7. HRMS (ESI) calcd fqgHGCIN,S'
[M + H] 236.0044, found 236.0049.

4.3.5. 2-Amino-4-(o-tolyl)thiazole-5-carbonitrile (3e). Following
the general procedure3e was purified by silica gel
chromatography (30% EA/PE). Yield: 50%, white solidp.
>200 °C."H NMR (600 MHz, DMSOd,) & 8.21 (s, 2H), 7.38
(dd,J = 15.0, 7.8 Hz, 2H), 7.33 (d,= 7.2 Hz, 1H), 7.28 () =
7.5 Hz, 1H), 2.31 (s, 3H}*C NMR (150 MHz, DMSOd,) &
170.8, 163.7, 136.3, 132.6, 130.6, 129.4, 129.%.7,2114.6,
86.5, 19.6. HRMS (ESI) calcd for ;E;0N;S™ [M + H]
216.0590, found 216.0580.

4.3.6 2-Amino-4-(tert-butyl)thiazole-5-carbonitrile (3.
Following the general procedur8f was purified by silica gel
chromatography (30% EA/PE). Yield: 95%, white soligh. rh88
—189°C."H NMR (600 MHz, DMSOds) & 7.99 (s, 2H), 1.32 (s,
9H).™*C NMR (150 MHz, DMSOd,) 6 173.1, 169.8, 115.1, 82.2,

1H), 7.21 (dJ = 7.2 Hz, 2H), 3.83 (s, 2H), 3.71 (s, 3H), 3.47 (s,36.4, 29.6. HRMS (ESI) calcd forg81,N,S’ [M + H'] 182.07486,

2H).C NMR (150 MHz, CDG)) § 200.5, 167.6, 133.2, 129.6,
128.9, 127.4, 52.4, 50.1, 48.0.

4.3. General Procedure for Preparation of 2-amino-thiozoles
3.

General procedure: The substrdtg1.0 mmol) and thioure@
(2.0 mmol) were added to solvent (5 mL methanolycam
temperature. To the reaction mixture, TBHP (3.0 mnaoid
AIBN (0.2 mmol) were added respectively. The reactitrture
was stirred at room temperature (for substrdies$) or reflux
temperature (for substratdg-r) until TLC indicated the total
consumption ofl (for substratedp-q, the reaction time is 24 h).
The residue was treated with saturated aqueous NaBDOnL)
and then extracted with EA (30 mL x 3). The orgariage was
washed with brine (50 mL x 1), dried over anhydrousS{a
The solvent was removed and the residue was putifjeflash
column chromatography on silica gel (EA/PE) to affdhe
desired compound.

4.3.1 2-Amino-4-phenylthiazole-5-carbonitrile (3a). Following
the general procedure3a was purified by silica gel
chromatography (30% EA/PE). Yield: 87%, white solidp.
>200°C. '"H NMR (600 MHz, DMSO#dg) 5 8.25 (s, 2H), 7.93 (d,
J = 7.2 Hz, 2H), 7.56 — 7.39 (m, 3HYC NMR (150 MHz,

found 182.0737.

437 Methyl 2-amino-4-phenylthiazole-5-carboxylate (3g).
Following the general procedurdg was purified by silica gel
chromatography (30% EA/PE). Yield: 59%, white soligh. 76
—177°C. 'H NMR (600 MHz, DMSO#d,) 5 7.87 (s, 2H), 7.63 —
7.64 (m, 2H), 7.37 — 7.38 (m, 3H), 3.62 (s, 3¥3. NMR (150
MHz, DMSO-dg) & 169.9, 161.5, 159.0, 134.5, 129.6, 128.7,
127.3, 107.6, 51.3. HRMS (ESI) calcd fog,8,:N,0,S" [M +
H'] 235.0536, found 235.0529.

4.3.8 Methyl 2-amino-4-(4-bromophenyl)thiazole-5-carboxylate
(3h). Following the general procedurgh was purified by silica
gel chromatography (30% EA/PE). Yield: 52%, white coitnp.
>200°C."H NMR (600 MHz, DMSO-¢) § 7.92 (s, 2H), 7.65 —
7.53 (m, 4H), 3.63 (s, 3H)*C NMR (1510 MHz, DMSO-g &
167.0, 161.4, 157.6, 133.6, 131.7, 130.4, 122.8.01051.5.
HRMS (ESI) calcd for GH:Br'°N,0,S" [M + H'] 312.9641,
found 312.9645.

4.3.9 Methyl 2-amino-4-(4-methoxyphenyl)thiazole-5-carboxylate
(3i). Following the general procedurdi, was purified by silica
gel chromatography (30% EA/PE). Yield: 66%, white cofnp.
160 — 161°C."H NMR (600 MHz, CDCJ) § 7.68 (d, J = 9.0 Hz,
2H), 6.93 (d, J = 9.0 Hz, 2H), 5.91 (s, 2H), 3.84 {4),3.74 (s,
3H).**C NMR (151 MHz, CDCJ) 6 169.0, 162.2, 160.4, 158.8,
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131.2, 126.3, 113.1, 109.9, 55.3, 51.8. HRMS (ESl}d for
C1H13N,05S" [M + H'] 265.0641, found 265.0648.
4.3.10. Methyl 2-amino-4-(thiophen-2-yl)thiazole-5-carboxylate
(3j). Following the general procedur8j was purified by silica
gel chromatography (30% EA/PE). Yield: 68%, white cofhp.
172 — 173C. *H NMR (600 MHz, DMSO-¢) & 8.43 — 8.35 (m,
1H), 7.94 (s, 2H), 7.65 (d, J = 4.8 Hz, 1H), 7.14 (i, 4.8, 3.6
Hz, 1H), 3.74 (s, 3H)°C NMR (150 MHz, DMSO-¢) & 169.1,
161.6, 151.0, 137.5, 130.1, 129.1, 127.7, 105.47.5HRMS
(ESI) calcd for GHgNL,O,S," [M + H'] 241.0100, found 241.0007.
4.3.11. Methyl 2-amino-4-(pyridin-2-yl)thiazole-5-carboxylate
(3k). Following the general procedurgk was purified by silica
gel chromatography (30% EA/PE). Yield: 72%, white coifnp.
180 — 181°C."H NMR (600 MHz, DMSO-¢) § 8.58 (d, J = 4.8
Hz, 1H), 7.88 (s, 2H), 7.83 (td, J = 7.8, 1.5 Hz, 1Hy77(d, J =
7.8 Hz, 1H), 7.39 (dd, J = 7.2, 5.4 Hz, 1H), 3.59 @4).3°C
NMR (150 MHz, DMSO-¢) 4 170.0, 161.4, 157.6, 153.2, 148.6,
135.9, 124.2, 123.3, 110.0, 51.4. HRMS (ESI) calad f
CiHsNsNaO,S™ [M + Na'] 258.0308, found 258.0307.
4.3.12. Methyl 2-amino-4-(naphthal en-2-yl)thiazole-5-
carboxylate (3l). Following the general proceduregl was
purified by silica gel chromatography (30% EA/PE)eNi 45%,
white solid, mp. 74 — 78C."H NMR (600 MHz, DMSO-g) &
8.23 (s, 1H), 7.93 — 7.96 (m, 4H), 7.89 (d, J = 8.4 H3), 7.76
(dd, J = 8.4, 1.5 Hz, 1H), 7.53 — 7.56 (m, 2H), 3.643H)."°C
NMR (150 MHz, DMSO-¢g) 6 169.9, 161.6, 158.9, 132.9, 132.2,
132.0, 129.0, 128.4, 127.4, 126.7, 126.5, 126.2,9161.5. Two
carbon peaks overlapped. HRMS (ESI) calcd feyHGN,O,S"
[M + H] 285.0692, found 285.0690.
4.3.13. Methyl 2-amino-4-methylthiazole-5-carboxylate (3m).
Following the general procedurdm was purified by silica gel
chromatography (30% EA/PE). Yield: 72%, white soligh. 60
—161°C. 1H NMR (600 MHz, DMSO-g & 7.74 (s, 2H), 3.67 (s,
3H), 2.38 (s, 3H)*C NMR (150 MHz, DMSO-g) & 170.3,
162.3, 159.6, 106.8, 51.2, 17.HRMS (ESI) calcd for
CgHgN,O,S" [M + H'] 173.0379, found 173.0384.
4.3.14. Ethyl 2-amino-4-methylthiazole-5-carboxylate (3n).
Following the general procedur8n was purified by silica gel
chromatography (30% EA/PE). Yield: 78%, white soligh. 70
—171°C."H NMR (600 MHz, DMSO-¢) 5 7.70 (s, 2H), 4.15 (q,
J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.23 (t, J = 7.2 Hz, 3).NMR
(150 MHz, DMSO-¢) 6 170.2, 161.9, 159.3, 107.3, 59.7, 17.1,
14.3. HRMS (ESI) calcd for £1,;N,0,S" [M + H'] 187.0536,
found 187.0525.
4.3.15. Methyl 2-amino-4-benzylthiazole-5-carboxylate (30).
Following the general procedur8p was purified by silica gel
chromatography (30% EA/PE). Yield: 62%, white soligh.rh99
—200°C."H NMR (600 MHz, DMSO-¢) & 7.81 (s, 2H), 7.29 —
7.22 (m, 4H), 7.19 — 7.14 (m, 1H), 4.19 (s, 2H), IFBH)."*C
NMR (150 MHz, DMSO-¢) 6 170.6, 162.3, 161.7, 139.1, 128.7,
128.2, 126.0, 107.3, 51.4, 35.6. HRMS (ESI) calcd fo
C1oH1aN,0,S" [M + H'] 249.0692, found 249.0697.
4.3.16. (2-Amino-4-phenylthiazol-5-yl)(phenyl)methanone (3p).
Following the general procedur8p was purified by silica gel
chromatography (30% EA/PE). Yield: 80% (50% conv.),tavh
solid, mp. 183 — 184C."H NMR (600 MHz, DMSO-g) 5 8.06
(s, 2H), 7.40 — 7.33 (m, 2H), 7.32 — 7.26 (m, 1H)371®, J=7.2
Hz, 2H), 7.13 (dd, J = 14.4, 7.2 Hz, 3H), 7.07 (t, 45Hz, 2H).
*C NMR (150 MHz, DMSO-¢) & 187.5, 170.9, 158.9, 138.5,
134.8, 131.1, 129.6, 128.5, 128.3, 127.6, 127.8.5.2HRMS
(ESI) calcd for GHiN,OS™ [M + H'] 281.0743, found
281.0741.
4.3.17. 1-(2-Amino-4-methylthiazol-5-yl)ethanone (309).
Following the general procedur8q was purified by silica gel
chromatography (30% EA/PE). Yield: 52% (50% conv.)tevh
solid, mp. >20°C.'"H NMR (600 MHz, DMSO-g) & 12.02 (s,

Tetrahedron

1H), 6.72 (s, 1H), 2.25 (s, 3H), 2.11 (s, 3HE NMR (150 MHz,
DMSO-d;) ¢ 168.1, 157.3, 146.5, 107.4, 22.5, 161BRMS (ESI)
calcd for GHgN,OS' [M + H'] 157.0430, found 157.0423.
4.3.18. 1-(2-Amino-4-phenylthiazol-5-yl)ethanone (3n).
Following the general procedur8; was purified by silica gel
chromatography (30% EA/PE). Yield: 46%, white soligh. h38
—139°C."H NMR (600 MHz, DMSO-¢)  7.96 (s, 2H), 7.61 (d,
J=7.2Hz, 2H), 7.56 (t, J = 7.5 Hz, 1H), 7.48 (t, 0.5 Hz, 2H),
2.18 (s, 3H)C NMR (150 MHz, DMSO-g) & 186.6, 171.6,
160.0, 140.9, 131.1, 128.3, 127.5, 118.7, 18.6. HR(&SI)
calcd for GH,;N,OS' [M + H'] 219.0587, found 219.0587.
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