Journal Pre-proof

Cascade reactions to 2,4-disubstituted thiazoles via ligand-free palladium(ll)-

catalyzed C(sp)—C(spz) coupling

Zi-Juan Wang, Wen-Teng Chen, Chang He, Hao-Fan Luo, Guo-Lin Zhang, Yong-Ping
Yu

PII: S0040-4020(20)30043-0
DOI: https://doi.org/10.1016/j.tet.2020.130953
Reference: TET 130953

To appearin:  Tetrahedron

Received Date: 16 December 2019
Revised Date: 9 January 2020
Accepted Date: 10 January 2020

Please cite this article as: Wang Z-J, Chen W-T, He C, Luo H-F, Zhang G-L, Yu Y-P, Cascade reactions

to 2,4-disubstituted thiazoles via ligand-free palladium(ll)-catalyzed C(sp)—C(spz) coupling, Tetrahedron
(2020), doi: https://doi.org/10.1016/j.tet.2020.130953.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Ltd.


https://doi.org/10.1016/j.tet.2020.130953
https://doi.org/10.1016/j.tet.2020.130953

Graphical Abstract
To create your abstract, type over the instructiartee template box below.
Fonts or abstract dimensions should not be chaagetlered.

Cascade reactions to 2,4-disubstituted Leave this area blank for abstract info.
thiazolesvia ligand-free palladium(ll)-

catalyzed C(sp)—C(sp) coupling

Zijuan Wang? Wenteng Cherf,Chang He? Haofan Luo? and Guolin Zhang, * Yongping Yu *?
Zhegjiang Province Key Laboratory of Anti-Cancer Drug Research, College of Pharmaceutical Sciences,
Zhegjiang University, Hangzhou 310058, P. R. China

o Pd(OAC), S
J_son e l% ¢
R OH Toluene;60°C R~ N




Tetrahedron

journal homepage: www.elsevier.com

Cascade reactions to 2,4-disubstituted thiazokebgand-free palladium(ll)-
catalyzed C(sp)—C(8pcoupling

Zi-Juan Wang, Wen-Teng Chéh Chang H&, Hao-Fan Ludand Guo-Lin Zharfyd, Yong-Ping Y& O

@ Zhegjiang Province Key Laboratory of Anti-Cancer Drug Research, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, P. R. China

ARTICLE INFO ABSTRACT

Article history: A simple construction for various 2,4-disubstitute@zolesvia palladium(ll)-catalyzedC(sp)-
Received C(sp) and C-N cascade coupling reactiamas developed. Various substrates can be tole
Received in revised form with good yields. And its ligand-free condition demstrates the practicability of this method.
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1. Introduction Owing to its diverse pharmaceutical applications,
methodologies for construction of 2,4-disubstitutddazoles
have been extensively investigated. Nowadays, the widgly
used synthetic method to access thiazoles is thetzbtdn
thiazole synthesis reactiolt;'” cyclization ofa-haloaldehyde or
ketone and thiourea or thioamide under neutral waber
antihypertensivé, antimicrobia™®  analgesic and  anti- cpndition.s.18 This reaction_ normally gives excgllent yieldls9 for
inflammatory'® In particular, 2,4-disubstituted thiazoles have SimPle thiazoles but low yields for some substitutgdzoles.
been well known for their therapeutic applicationd &equently ~ Then, various methods for the synthesis of 24hsistuted
utilized in bioactive compounds and pharmaceuticaicch as thiazoles have been developed (Scheme 1). Mahedhcan

Fatostatin, p38 MAP kinase inhibitor and FentiaZigyre 1)*  workers reported a two-step reaction from styrene, N8
14 thioamides to afford 2,4-disubstituted thiazof@sThe research

by Kirchberg and co-workers reported palladium(Bjatyzed
biaryl coupling of thiazoles and boronic acitfsHowever, in this

Thiazoles and their derivatives are one of the nropbrtant
classes of five-membered heteroaromatic compouribiting
wide pharmacological applicatiors’ Thiazole derivatives have
attracted interest over the past years becauséhedf broad
biological activities such as anticanCeranti-tuberculaf,

i ¢ preparation method, the starting material alreadntains

. thiazole ring. Cosford and co-workers disclosed $yxgthesis of
/S\ ~ ~ A N nooe. N\ thiazole by usingi-thiocyanomethyl ketones and aryl boric acid
LN N S)\QSOQMe s)\© as starting materiaf’> However, this is a three-step reaction using

acids with lots of industrial wastes and pollutiorhefefore, a
more convenient construction for various 2,4-disitied

Fatostatin p38 MAP kinase inhibitor Fentiazac thiazoles is still in demand

Figure 1. Selected examples of bioactive molecules based on
2,4-disubstituted thiazoles.
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”Y T vecomam RINH R et 15 Pd(OAc)  1:15 60  Toluene 62
- 16 Pd(OAc) 1:2.5 60 Toluene 78

® w@A\ e ':;c:”’ MiRz 2 Reaction conditions1a (1.0 mmol), catalyst (30 mol %),

) e solvent (15 mL), 24 h in air’ Isolated yield.© 20 mol %

© AE‘} ) som, ORI TS, ”p Pd(;)Ac)g catalyst was used.40 mol % Pd(OAg)catalyst was

o el used.

H
R
() LSCN HySO,,AcOH IN%O POBr,100°C RIN\%B ATB(OH),,Pd(PPhs)y RIN\%N
r
R Refoux,12h s 10h < 2M Na,CO3,DME, 12h <

With the optimized reaction conditions in hand, #uepe of

This Work: palladium(IT)-catalyzed C-C coupling and C-N condensation cascade the reaCtiOn was then eXp|Ored . AS Shown in Tableh@ t

resctions optimized reaction conditions can be applied to asiety of
Rson » Mt %, substrates. In terms of electroniclects, a-thiocyanomethyl
R OH Toluene:60 °C RN

ketones containing either electron-deficient gro@@s—-3c) or
) ) . electron-rich groups 3e) on the phenyl ring were all
S(?heme 1. Methods to the synthesis of 2,4-d|5ubsﬂtutedcompatib|e wit% thig rgggtio)n (with 67%‘)) to 8y8% yi%TdabIe 2).
thiazoles. The results indicate that the electronic nature of
thiocyanomethyl ketones has a littleect on the reaction yields.
) ) So we next investigated the steric effects of tlaetien. A steric
2. Results and discussion hindrance eect was observed when the chlorine atom was

Inspired by the work of predecessors, we proposed §ubstituted at thertho-position of the phenyl ring. And the

palladium(ll)-catalyzed tandem reaction for thetbgsis of 2,4- esired pgoductowas obtz;uned in a relatively loweidyi3b,3f
disubstituted thiazoles. We first investigated thaction ofla and3g, 67%, 66% and 60%).

and 2a in the presence of Pd(OAcf30 mol %) at 40 °C in Based on these promising initial results, we thened our
toluene and obtained the major prodGet (Table 1, entry 1). attention toward the scope of arylboronic acidshis teaction.
Then we changed the reaction temperature. Whenethetion  As expected, arylboronic acids with electron-dorgagnoup on
temperature was raised from 20 to 60°C, the yield increased the phenyl ring showed more reactivity than thosectebn-
to 79% (Table 1, entries 1-2). While further insieg the  withdrawing groups 3j, 71% compared t@m, 81% and3a,
reaction temperature, the yields decreased (Tatgatties 3-5). 79%, Table 2). The reaction barely proceedak) (when (4-
In order to further improve the yields, we tested tieaction (trifluoromethyl)phenyl) boronic acid, with a strorgectron-
under the catalysis of a set of Pd (Table 1, en8ieB). None of withdrawing group, was used. Changing the positionhbérine
them showed more effective than Pd(OA@dditionally, other  atom on the phenyl ringh-3j), the results showed that the steric
solvents, such as DMF, MeCN, EtOH and DMSO were testedffects almost did not influence the progress af teaction
(Table 1, entries 9-12). Anluene stood out as the best choice(3h,3i and3j, 66%, 68% and 71%). In order to further expand the
of solvent for further reactions with its highesoguct yield compound library, we synthesized a series of comgsuwvith
(Table 1, entry 2). Decreasing catalyst loading moant of 4-  other groups, such as tert-butyl group and thiophgnoup with
methylphenylboric aci®a resulted in the reduced yields (Table high yields 8n,68% and 30,73%). However, methyl boric acid
1, entries 13 and 15). And increasing catalyst logudd 40% or  was not compatible with this proceSs) probably due to its low
amount of 4-methylphenylboric ac&hto 2.5 equivalents did not activity.

have a significant effect on the yields (entrieshd 16). On the

basis of the above studies, the most favorabldiogaconditions  Table 2. Synthesis of 2,4-disubstituted thiazofel.

for the formation oBawere established (Table 1, entry 2).
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Table 1 Optimization of the reaction conditions f&a. R)K/SCN Sn Toluene;60°C g~ N
S,
2 SCN +\©\ _OH Catalyst ‘ N/>_©7 1 2 3
gH Solvent;T S, [ S,
oo o
1a 2a 3a
Cl
Entry? catalyst Equiv T/°C  solvent vyield 3a, 79% 3b,67%

la:2a (%) B C - :
Pd(OAc) 1:2.0 40 Toluene 73 o NQ/EN /Q/EN
2!

Pd(OAc) 1:2.0 60 Toluene 79
Pd(OAc) 120 80 Toluene 60 3c, 88% 3d’885%
Pd(OAC)  1:2.0 100 Toluene 56 Q/[NF@ C.O/[N»\@
Pd(OAc) 1:2.0 Reflux Toluene 44 %

Pd(PPK.Cl, 1:2.0 60 Toluene 24 3e,81% 3f,66%
Pd(PPY, 120 60  Toluene 15 0 e o

- 1:2.0 60  Toluene Trace N/>\©\ 1 S/>\©

Pd(OAc) 120 60 DMF 55 [j N
Pd(OAc) 1:2.0 60 MeCN 25 39,60% 3h.66%
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Pd(OAc) 1:2.0 60 DMSO 28
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3i, 68% 3j, 71%
S S
Il N/>\©\CF3 / N)\@
3k, Trace 31,76%
S, S
’ Y / I
3m,81% 3n,68%

S S
\

30,73% 3p,No Reaction

#Reaction conditionst (1.0 mmol),2 (2.0 mmol), Pd(OAg)(30
mol %), toluene (15 mL), 6C, 24 h in air® Isolated yield.

A tentative mechanism for the construction of vasid®)4-
disubstituted thiazoles has been proposed (Schérfelr2 the
process of producing 2,4-disubstituted
transmetalation reaction of the Pd(ll) catalyst agliboronic

3
MHz and C NMR at 125 MHz. For'H NMR,
tetramethylsilane (TMS) served as internal standar®) and
data are reported as follows: chemical shift, ira&gn,
multiplicity  (s=singlet, d=doublet, t= triplet, gugrtet,
m=multiplet), and coupling constant(s) in Hertz. F&& NMR,

TMS (6=0) was used as internal standard and spectra were

obtained with complete proton decoupling. HRMS datas w
obtained using Agilent Technologies 6224 TOF LC/Ni%ie
starting material a-thiocyanomethyl ketones was prepared
according to literature methods? The starting material
arylboronic acids were commercially available.

4.2. General Procedure for the Synthesis of 3

A mixture of a-thiocyanomethyl ketoneg (1.0 mmol, 1.0
equiv.), arylboronic acid2 (2.0 mmol, 2.0 equiv.) and Pd(OACc)
(0.3 mmol, 0.3 equiv.) was stirred in toluene (1) at 60°C
for 24h. After the completeness of the reaction,fieture was
filtrated with diatomite. The solids were rinsed wiHtOAC
(2mLx3), and the combined filtrate was concentratedacuo
and purified by flash column chromatography usirg &nd
EtOAc as eluent to yiel@a-3a

thiazoleshe t 4 3 characterization Data of 3a-30

acids affords intermediat8. Afterwards the coordination of 4.3.1. 4-phenyl-2-(p-tolyl) thiazole (3a)

intermediateB and the N atom of the cyano group forms

compoundC. Then the aryl group inserts into the nitrile grdo
generate the corresponding ketimine Pd(Il) complBx
Intermediate D exchanges with AcOto produce ketimine
derivativeE, and thus regenerates the Pd(ll) catalyst. Fintiky,
intramolecular condensation of ketimine derivativeffords the
corresponding produét.

Ar.

NH Pd(OAC
o & (0AC),

_ \/{OR'\/\ A

AcO

ArB(OH),

E
Ar. -N/Pd*OAC

ArPdOAC

R
Ar /EST S\/QOR B
F v \ N

Scheme 2Proposed Mechanism.

3. Conclusions

Pale yellow solid; mp: 125.7-126°G; 'H NMR (500 MHz,
CDCly) 6 7.99 (ddJ = 8.5, 1.5 Hz, 2H), 7.93 (d,= 8.0 Hz, 2H),
7.48 — 7.40 (m, 3H), 7.37 — 7.30 (m, 1H), 7.25Jd; 9.0 Hz,
2H), 2.40 (s, 3H); HRMS (ESI): m/z calcd forgH;aNS [M+H]
*: 252.0841, found: 252.0845.

4.3.2. 4-(4-chlorophenyl)-2-(p-tolyl) thiazole (3b)
Yellow solid; mp: 141.4-142.1C; 'H NMR (500 MHz,
CDCl,) 6 8.31 (d, J = 9.0 Hz, 2H), 8.16 (d, J = 9.0 Hz, 2H)37.
(d, 3 =8.0 Hz, 2H), 7.66 (s, 1H), 7.29 (d, J = 7.52H), 2.42 (s,
3H); HRMS (ESI):: m/z calcd for HN,O,S [M+H] ™

297.0692, found: 297.0697.

4.3.3. 4-(4-nitrophenyl)-2-(p-tolyl) thiazole (3c)
Yellow solid; mp: 141.4-142.£C; '"H NMR (500 MHz,
CDCl;) 4 8.31 (d, J = 9.0 Hz, 2H), 8.16 (d, J = 9.0 Hz, 2H)37.
(d, 3 = 8.0 Hz, 2H), 7.66 (s, 1H), 7.29 (d, J = 7.52#), 2.42 (s,
3H); HRMS (ESI):: m/z calcd for HN,O,S [M+H] ™

297.0692, found: 297.0697.

4.3.4. 2,4-di-p-tolylthiazole (3d)

White solid; mp: 139.4-140%C; *H NMR (500 MHz, CDC))
8 7.93 (d, J =8.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 2H397s, 1H),
7.27 (d, J = 5.0 Hz,2H), 7.25 (d, J = 6.0 Hz, 2H), 2413H),
2.40 (s, 3H); HRMS (ESI): m/z calcd for,8;sNS [M+H] *:
266.0998, found: 266.0998.

4.3.5. 4-(4-methoxyphenyl)-2-(p-tolyl) thiazole (3e€)

In summary, an lecient method to access 2,4-disubstituted Pale yellow solid; mp: 150.0-150°8; '"H NMR (500 MHz,

thiazoles through palladium(ll)-catalyzed was dentated. The
reaction involves C(sp)-C(§p coupling followed by
intramolecular C—N bond formation. The plausible hatsm
was also proposed. The reaction can tolerate vasabstrates
with good yields. Notably, this reaction is a paliad{ll)-

catalyzed but without any ligand progress. Becatists tigand-
free condition, this method is particularly attraet

4. Experimental section
4.1. General experimental information

All solvents were purified according to standard rodthprior
to use. Melting points were recorded on a BUCHI B-B¥ting
point apparatus. NMR spectra were recordedfoNMR at 500

CDCly) § 7.93 (d, J = 9.0 Hz, 4H), 7.31 (s, 1H), 7.26 (d,8.¢:
Hz, 3H), 6.97 (d, J = 8.5 Hz, 2H), 3.86 (s, 3H), 2.413).;
HRMS (ESI): m/z calcd for GHiONS [M+H] * 282.0947,
found: 282.0951.

4.3.6. 4-(3-chlorophenyl)-2-(p-tolyl) thiazole (3f)

Light pink solid; mp: 85.0-85.7C; 'H NMR (500 MHz,
CDCly) 6 8.02 (t, J = 2.0 Hz, 1H), 7.93 (d, J = 8.5 Hz, 2H3/ 7%~
7.83 (m, 1H), 7.47 (s, 1H), 7.37 (t, J = 7.5 Hz, 1H3377.31 (m,
1H), 7.27 (d, J = 7.5 Hz, 2H), 2.41 (s, 3¢ NMR (125 MHz,
CDCl;) & 168.38, 154.62, 140.53, 136.31, 134.73, 130.92,
129.97, 129.66, 128.07, 126.63, 126.56, 124.45,11131.48;
HRMS (ESI): m/z calcd for GH,,CINS [M+H] ": 286.0452,
found: 286.0458.
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4.3.7. 4-(2-chlorophenyl)-2-(p-tolyl) thiazole (39)
Pale yellow solid; mp: 54.6-55¢C; 'H NMR (500 MHz,

CDCl,) 6 8.08 (dd, J = 8.0, 2.0 Hz, 1H), 7.92 (d, J = 8.0 2#3),
7.80 (s, 1H), 7.48 (dd, J = 8.0, 1.0 Hz, 1H), 7.37 {t¢t 7.5, 1.0
Hz, 1H), 7.29 (dd, J = 7.5, 1.5 Hz, 1H), 7.27 (d, J518z, 2H),
2.41 (s, 3H);"®C NMR (125 MHz, CDCJ) 167.03, 152.44,
140.48, 133.38, 132.08, 131.79, 131.01, 130.58,7429.29.09,
127.09, 126.67, 117.65, 21.60; HRMS (ESI): m/z cafod
C1aH1,CINS[M+H] *: 286.0452, found: 286.0450.

4.3.8. 2-(2-chlorophenyl)-4-phenylthiazole (3h)
Yellow solid; mp: 53.9-54,&C; "H NMR (500 MHz, CDC)) 8

8.40 (dd, J =7.5, 2.0 Hz, 1H), 8.02 (dd, J = 8.0,Hz, 2H), 7.65
(s, 1H), 7.52 (dd, J = 8.0, 2.0 Hz, 1H), 7.47 (m, 0.5 Hz, 2H),
7.42 — 7.34 (m, 3H)**C NMR (125 MHz, CDGCJ) & 163.30,
155.10, 134.51, 132.15, 132.13, 131.18, 130.80,4B31.28.90,
128.35, 127.20, 126.61, 114.73; HRMS (ESI): m/z adior
C1sH1CINS[M+H] *: 272.0295, found: 272.0297.

4.3.9. 2-(3-chlorophenyl)-4-phenylthiazole (3i)

Pale brown solid; mp: 59.9-60%; 'H NMR (500 MHz,
CDCl;) 4 8.08 (s, 1H), 8.00 (d, J = 7.0 Hz, 2H), 7.90 (td, 0.6;
1.5 Hz, 1H), 7.51 (s, 1H), 7.46 (t, J = 7.0 Hz, 2H),17-47.35
(m, 3H); HRMS (ESI): m/z calcd for €H,CINS [M+H] ™
272.0295, found: 272.0295.

4.3.10. 2-(4-chlorophenyl)-4-phenylthiazole (3j)

White solid; mp: 95.0-95.%C;'"H NMR (500 MHz, CDC)) &
8.02 — 7.93 (m, 4H), 7.50 — 7.41 (m, 5H), 7.37 (£ 3.0 Hz,
1H).; HRMS (ESI): m/z calcd for @H;,CINS [M+H] ™
272.0295, found: 272.0287.

4.3.11. 2,4-diphenylthiazole (3l)

White solid; mp: 93.7-94.%; '"H NMR (500 MHz, CDC}) 5
8.06 (dd, J = 8.0, 1.5 Hz, 2H), 8.01 (dd, J = 8.5,Hz, 2H), 7.50
—7.44 (m, 6H), 7.37 (t, J = 7.0 Hz, 1H).; HRMS (E&ti)z calcd
for C;gH1;NS [M+H] *: 238.0685, found: 238.0692.

4.3.12. 2-(4-methoxyphenyl)-4-phenylthiazole (3m)

White yellow solid; mp 100.5-101%;'H NMR (500 MHz,
CDCL) 5 8.02 — 7.96 (m, 4H), 7.45 (t, J = 7.5 Hz, 2H), 7.41 (
1H), 7.35 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 9.0 Hz, ZHB7 (s,
3H); HRMS (ESI): m/z calcd for GHy NOS [M+H] *:268.0791,
found: 268.0791.

4.3.13. 4-(tert-butyl)-2-(p-tolyl) thiazole (3n)

Pale yellow liquid;"H NMR (500 MHz, CDC}) & 7.85 (d, J =
8.5 Hz, 2H), 7.22 (d, J = 7.5 Hz, 2H), 6.84 (s, 1H39s, 3H),
1.39 (s, 9H);"*C NMR (125 MHz, CDG)) & 167.66, 167.17,
139.80, 131.76, 129.58, 126.57, 109.84, 35.07, 33022.55;
HRMS (ESI): m/z calcd for GH;/NS[M+H] *: 232.1154, found:
232.1159.

4.3.14. 4-(thiophen-2-yl)-2-(p-tolyl) thiazole (30)

Pale purple solid; mp: 109.6-110@; ‘H NMR (500 MHz,
CDCl) 8 7.91 (d, J = 8.0 Hz, 2H), 7.51 (dd, J = 4.0, 1.5 H4),
7.34 — 7.28 (m, 2H), 7.26 (d, J = 7.5 Hz, 2H), 7.08, @= 5.0,
4.0 Hz, 1H), 2.41 (s, 3H).*C NMR (125 MHz, CDG)
168.30, 150.70, 140.59, 138.62, 130.89, 129.73,8127126.69,
125.37, 124.29, 111.04, 21.62; HRMS (ESI): m/z calod
C1H1INS, [M+H] ™: 258.0406, found: 258.0413.

Acknowledgments
This project was supported from the National Key R&D

Program of China (N0.2017YFE0102200), Osteoporosis &
Breast Cancer Research Center, USAto Y. Yu.

References and notes

1. Venkateswararao, E.; Jalani, H. B.; Manoj,Jdurnal of
Heterocyclic Chemistry. 2016 53, 1449-1456.

2. Mishra, R.; Sharma, P. K.; Verma, P.Xurnal of Heterocyclic
Chemistry. 2017, 54, 2103-2116.

3.  Chen, L.; Zhu, H.; Wang, Molecules. 2019 24, 893-905.

4.  Wu, G.; Wang, X.; Liu, HCatalysts. 2016 6, 126-134.

5. Zheng, S.; Zhong, Q.; Jiang, Redicinal Chemistry Letters.

2013 4, 191-196.
6. Malipeddi, H.; Karigar, A. A.; Malipeddi, V. R.; Barwar, M. S.
Tropical Journal of Pharmaceutical Research. 2012 11, 611-620.
7. Dash, J.; Melillo, B.; Arseniyadis, S.; CossyTétrahedron
Letters. 2011, 52, 2246-2249.
8. Sargjini, B.K.; Krishna, B.G.; Darshanraj, C.G.;&8ath, B.R;
Manjunatha, HEuropean Journal of Medicinal Chemistry. 201Q
45, 3490-3496.
Singh, I.; Kaur, H.; Kumar, S.; Kumar, A.; Lata; 8run, K.
International Journal of ChemTech Research. 201Q 2, 1745-1752.
Karthikeyan, M. SEuropean Journal of Medicinal Chemistry.
2009 44, 827-833.
Tani, S.; Uehara, T. N.; Yamaguchia, J.; ltamiOKemical
Science. 2014 5, 123-135.
Bellale, E.; Naik, M.; VB, V.; Ambady, A.; NarayaA,;
Ravishankar, S.; Ramachandran, V.; Kaur, P.; MchingR.;
Whiteaker, J.; Morayya, S.; Guptha, S.; SharmaR8ichurkar,
A.; Awasthy, D.; Achar, V.; Vachaspati, P.; BandadiB.;
Panda, M.; Chatterji, Mlournal of Medicinal Chemistry. 2014
57, 6572-6582.
Gholkar, A. A.; Cheung, K.; Williams, K. J.; Lo, Ydamideh, S.
A.; Nnebe, C.; Khuu, C.; Bensinger, S.J.; TorreZ. The Journal
of Biological Chemistry. 2016 291, 17001-17008.
Miwatashi, S.; Arikawa, Y.; Naruo, K.; Igaki, K.; &tanabe, Y.;
Kimura, H.; Kawamoto, T.; Ohkawa, Shemical and
Pharmaceutical Bulletin. 2005 53, 410-418.
Bagley, M. C.; Dale, J. W.; Jenkins, R. L.; Bow&iChemical
Communications. 2004 102-103.
Qiao, Q.; So, S. S.; Goodnow, R.@rganic Letters. 2001, 3,
3655-3658.
Katritzky, A. R.; Chen, J.; Yang, Z. Journal of Organic
Chemistry. 1995 60, 5638-5642.
Hantzsch, A.; Weber, J. HBerichte der deutschen chemischen
Gesellschaft. 2006 20, 3118-3132.
Hodgetts, K. J.; Kershaw, M. Qrganic Letters. 2002 4, 1363-
1365.
20. Shinde, M. H.; Kshirsagar, U. A&reen Chemistry. 2016 18,
1455-1458.
Kirchberg, S.; Tani, S.; Ueda, K.; Yamaguchi, duder, A. ltami,
K. Angewandte Chemie. 2011, 50, 2387-2391.
22. Cosford, N. D. P.; Dhanya, R. P.; S., Douglas, @2015191630.
23. Yu, H,; Xiao, L.; Yang, X.; Shao, IlChem. Commun. 2017, 53,
9745-9748.
Xie, J.; Si, X.; Gu, S.; Wang, M.; Shen, J.; Li; Hi, D.; Fang, Y.;
Liu, C.; Zhu, JJournal of Medicinal Chemistry. 2017, 60, 10205-
10219.

Supplementary Material

©

11.

12.

13.
14.

15.
16.
17.
18.

19.

21.

24.

Supplementary data (Experimental
characterization data, and copiestéfand™*C NMR spectra for
all products.) associated with this article can denfl in online
version at http://dx.doi.org/.

Click here to remove instruction text...

procedures,



»A simple construction for various 2,4-disubstituted thiazoles.

»The reaction involves C(sp)-C(sp2) coupling followed by intramolecular C-N bond

formation.

»Various substrates can be tolerated with good yields in ligand-free condition.
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