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A Multicomponent Approach to Imidazo[2,1-b]thiazole
Derivatives by Sequential Pdl,/KI-Catalyzed Deprotective
Oxidative Aminocarbonylation — Dearomative Cyclization -

Aromatization

Lucia Veltri,*™ Roberta Amuso,” Tommaso Prestia,” Paola Vitale,”™ and Bartolo Gabriele*™

Dedicated to Professor Cesare Gennari on the occasion of his 70th birthday

We report a direct, multicomponent approach to an important
class of fused-ring heterocycles, namely, imidazo[2,1-b]thiazole
derivatives starting from simple and readily available building
blocks (N-Boc-N-propargylthiazol-2-amines, carbon monoxide, a
secondary amine, and oxygen). The process takes place under
the catalysis of the simple Pdl,/KI system under relatively mild
conditions (100 °C under 20 atm of a 4:1 mixture of CO-air), and
leads to 2-(imidazo[2,1-blthiazol-5-yl)-N,N-dialkylacetamides in
yields up to 87%. The mechanistic pathway leading to

Introduction

The PdI,/KI catalytic system, disclosed by our research group in
1992, is one of the most versatile catalysts for carbonylation
reactions, in particular under oxidative conditions." In the
course of the years, it has proved to be active in the carbon-
ylation of a plethora of substrates, with formation of carboxylic
acid esters, amides, and various carbonylated heterocycles.'?
Among the carbonylation processes that this simple but
highly active catalyst is able to promote, the oxidative
monoamincarbonylation of terminal alkynes to give, upon
Csp—H activation, high value added 2-ynamides,” is one of the
most important (Scheme 1). The process, disclosed by our
research group in 2001, starts with the formation of an
alkynylpalladium iodide intermediate from the reaction be-
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carbonylated imidazo[2,1-b]thiazole occurs through an ordered
sequence of steps, involving amine-induced N-deprotection,
oxidative aminocarbonylation of the triple bond (with Csp—H
activation and formation of a 2-ynamide intermediate), dear-
omative cyclization (by intramolecular conjugate addition of
thioazolic nitrogen to the 2-ynamide moiety) and aromatization
by proton-shift isomerization. When starting from N-Boc-N-
(propargyl)benzo[d]thiazol-2-amine, tricyclic benzimidazothia-
zoles were formed in moderate yields.

0
Pdl, (0.2 mol%) KI (2 mol%
R—== +CO + R,NH + (112)0, — > G I— /\/
_ CO (16 atm), air (4 atm) NR'
(R =alkyl, aryl) dioxane, 100 °C, 15-24 h (28-73%) 2
~H,0
R—== +Pdly + R,NH —> R—==—Pdl + R,NH," I
o} 0
co R,NH
R—=—pPdl = rR—=—A z R—4

\ — \
pql ~ [PAO)+HI NR',

RNH,* 17 === R,NH + HI

2 HI+ (1/2)0, —= I, + Hy0

Pd(0) + I, — Pdl, + H,0

Scheme 1. Pdl,/Kl-catalyzed oxidative aminocarbonylation of terminal al-
kynes leading to 2-ynamides."”

tween the terminal alkyne, Pdl,, and a secondary amine acting
as a base. Carbon monoxide insertion then takes place, followed
by nucleophilic displacement by the amine, to give the final
product and Pd(0). The Pdl, catalyst is finally regenerated by
the action of oxygen, which oxides the two mol of HI formed
during the process to |,, followed by oxidative addition of the
latter to Pd(0) (Scheme 1; anionic iodide ligands are omitted for
clarity).”

In addition to the intrinsic significance of 2-ynamide
derivatives, obtained from unfunctionalized 1-alkynes, the Pdl,/
Kl-catalyzed oxidative aminocarbonylation approach can also
be very useful for the one-pot preparation of carbonylated
heterocycles, when starting from terminal alkynes bearing a
suitably placed nucleophilic group. In fact, with such substrates,
the initially formed 2-ynamide intermediate can undergo
inter-®! or intramolecular®® conjugate addition eventually lead-
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ing to carbonylated hetero- or carbocycles, as shown in
Scheme 2a and Scheme 2b, respectively.

In this work, we have studied the possibility to apply this
kind of reactivity to readily available N-propargylthiazol-2-
amines, in order to realize a multicomponent, one-step carbon-
ylative approach to 2-(imidazo[2,1-b]thiazol-5-yl)-N,N-dialkylace-
tamides, as shown in Scheme 3.”7 These compounds, in fact,
could be formed by dearomative cyclization of the initially
formed 2-ynamide intermediate | (by intramolecular conjugate
addition of the thiazole nitrogen to the triple bond, assisted by
the exocyclic amino group) followed by aromatization-triggered
proton-shift isomerization of the ensuing intermediate Il. A
simple approach like this would therefore represent a new
entry® to an important class of heterocyclic derivatives, whose
core is known to be present in many bioactive compounds of

pharmacological interest.”'”

Results and Discussion

We started our study by synthesizing N-Boc-(prop-2-yn-1-
ylthiazolamine 1a by the reaction between commercially
available 2-aminothiazole with (Boc),O followed by propargyla-
tion of the ensuing N-Boc-2-aminothiazole with propargyl
bromide (see the Supporting Information for details). Consider-
ing the possibility of insitu N-deprotection under PdI,/KI-
catalyzed oxidative carbonylation conditions, already observed
in other contexts,®'" we used 1a directly as possible model
substrate for testing our work hypothesis, thus possibly
avoiding an additional prior deprotection step. Substrate 1a
was initially allowed to react with CO (16 atm), diethylamine 2a
(3 equiv), and O, as the external oxidant (from air; 4 atm) in
MeCN as the solvent (substrate initial concentration, 0.20 mmol
of 1a per mL of MeCN) at 100°C in the presence of Pdl,

Pdly/KI_

RoNH
Nu CO air <

RoNH

(1 mol%) and KI (1 equiv). After 6 h reaction time, substrate
conversion was quantitative, and analysis of the reaction
mixture revealed the formation of the desired N,N-diethyl-2-
(imidazo[2,1-b]thiazol-5-yl)acetamide 3aa (58% GLC yield),
which was isolated in 54% yield (Table 1, entry 1), together
with equimolar amounts of tert-butyl diethylcarbamate (as
detected in GLC-MS). This preliminary result was quite interest-
ing, since it confirmed the validity of our work hypothesis, as
shown in Scheme 3, as well as the possibility to realize in situ N-
Boc deprotection (at either the substrate or N-Boc-2-ynamide
intermediate level) caused by transamination of the N-Boc
moiety with Et,NH (Scheme 4). In any case, it is worth
mentioning that the formation of the bicyclic product could not
be taken for granted, as cyclization of intermediate | to give Il
implies dearomatization of the thiazole ring. Therefore, the
formation of product 3aa in an acceptable yield, already in the
first experiment under unoptimized conditions, appears to be
of particular significance.

With the aim of achieving a higher 3aa yield, we then
screened some reaction parameters. Lower GLC yields of 3aa
were observed when MeCN was replaced with another non-
nucleophilic solvent such as dioxane (48%, Table 1, entry 2) or
when using a lower excess of 2a (2 equiv; 3aa GLC yield was
46 %, Table 1, entry 3). On the other hand, a higher 3aa GLC
yield was obtained with 4 equiv. of 2a (60%; Table 1, entry 4) or
with 0.5 equiv. of KI (76%; Table 1, entry 5). A further decrease
of the amount of Kl to 0.1 equiv. did not improve the product
yield (Table 1, entry 6). A lower 3aa GLC yield with respect to
the parent experiment was observed when lowering the
temperature to 80°C (Table 1, entry 7), by raising the total
pressure to 40 atm (Table 1, entry 8), or when the process was
carried out under more concentrated conditions (Table 1,
entry 9). Conversely, dilution of the reaction mixture to an initial

RN
8_5: “RNH. @O @)
Nu NR2

CHCNR2

(b)

Scheme 2. Synthesis of carbonylated heterocycles by Pdl,/KI-catalyzed oxidative monoaminocarbonylation of terminal alkynes bearing a suitably placed
nucleophilic group: formation of the 2-ynamide intermediate followed by (a) intermolecular conjugate addition-cyclization or (b) intramolecular conjugate

addition.

O
RoN
! i
R1\£_':l ) PdIZ/K.I \\

s~ N R® "co, air

SL\

; 1 N
H RNH | R /{ R?

9 O
( CHCNR, NR,
> 2 >
1\/,_N HR R1 N AN RZ
{ =N —
KS)— ‘é \—N

Scheme 3. This work hypothesis: Formation of 2-(imidazo[2,1-b]thiazol-5-yl)-N,N-dialkylacetamides by Pdl,/Kl-catalyzed oxidative aminocarbonylation of N-
propargylthiazol-2-amines to give I, followed by dearomative cyclization to Il and proton-shift aromatization.
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Table 1. Pdl,/Kl-catalyzed oxidative aminocarbonylation of N-Boc-N-propargylthiazol-2-amine 1a under different conditions.”
\§ NEt,
_ PdiKI_
()\N +CO + 2 Et,NH + (1/2)0,
Boc 2a - Et2NHBoc (
1a -H0
3aa
Entry Solvent Kl [equiv] a [equiv] 2a concentration® T[°C Pco [atm] P, [atm] Yield of 3aa [%]"“
1 MeCN 1.0 3 0.20 100 16 4 58 (54)
2 dioxane 1.0 3 0.20 100 16 4 48
3 MeCN 1.0 2 0.20 100 16 4 46
4 MeCN 1.0 4 0.20 100 16 4 60
5 MeCN 0.5 3 0.20 100 16 4 76
6 MeCN 0.1 3 0.20 100 16 4 58
7 MeCN 1.0 3 0.20 80 16 4 50
8 MeCN 1.0 3 0.20 100 32 8 55
9 MeCN 1.0 3 0.40 100 16 4 45
10 MeCN 1.0 3 0.05 100 16 4 72
[a] All reaction were carried out for 6 h in the presence of Pdl, (1 mol%). [b] Mmol of 1a per mL of solvent. [c] GLC yield (isolated yield) based on starting
Ta.

W\

Et,NH (2a) 7 N
- Et,NHBoc (»\N
S Y4 EtNH

A e

Pdl,/KI

S N\B EtzN
OoC
1a | Pdl/KI_ \ Et,NH
CO air - Et,NBoc
Et,NH ( SN 2

Boc

Scheme 4. Possible pathways leading to 3aa from 1a and 2a.

1a concentration of 0.05 mmol of 1a per mL of MeCN was
beneficial (GLC yield of 3aa was 72 %; Table 1, entry 10).

Based on this brief optimization study, the next experiment
was carried out using Pdl, (1 mol%) in conjunction with Ki
(50 mol%), 4 equiv. of 2a, in MeCN as the solvent (1a initial
concentration =0.05 mmol per mL of MeCN), under 20 atm of a
4:1 mixture of CO-air, at 100°C for 6 h. Under these conditions,
imidazothiazolacetamide 3aa was obtained in 81% GLC yield
(78% isolated, Table 2, entry 1). Similar results were obtained
when changing the amine to diisopentylamine 2b (isolated
yield of 3ab, 87%; Table2, entry2) or to cyclic amines
morpholine 2c (yield of 3ac, 80%; Table 2, entry3) and
piperidine 2d (yield of 3ad, 71 %; Table 2, entry 4). On the other
hand, dibutylamine 2e and cyclohexylethylamine 2f required a
higher reaction time (15 h) to achieve a good isolated yield of
the corresponding products 3ae and 3af (66%; Table 2,
entries 5 and 6). Substrates bearing an electron-donating (Me)
or -withdrawing (CO,Et) group at the C-4 position of the
thiazole ring (1b and 1c, respectively) also reacted quite well,
and led, with diethylamine 2a, to the formation of the
corresponding imidazothiazolacetamides 3ba and 3ca in 71%
and 58% yields, respectively (Table 2, entries 7 and 8, respec-
tively). The presence of an alkyl substituent a to the triple bond

Eur. J. Org. Chem. 2022, €202200916 (3 of 6)

CO, air

Et,N—° 0 o

CHCNEt, NE
I WD :

N N

] | \= N
(s »\N\ [S)—N =
S
| H ] 3aa

(substrates 1d and 1e) was tolerated, with final isolated yields
of the corresponding products 3da and 3ee of 84% and 60%,
after 20 h or 15 h reaction time, respectively, (Table 2, entries 9
and 10).

To further expand the synthetic scope of the process, we
also tested the reactivity of N-Boc-N-(propargyl)benzo(d]thiazol-
2-amine 1f with both Et;NH 2a and Bu,NH 2e. With this
substrate, dearomative cyclization was expected to be more
difficult with respect to 1, owing the higher aromatic stability
conferred by the additional fused benzene ring. In spite of this,
the desired benzimidazothiazolacetamide 3fa and 3fe were
indeed obtained under the usual conditions in acceptable yields
(57 % and 51%; Table 2, entries 10 and 11 respectively).

Conclusion

In conclusion, we have reported a new approach to the
synthesis of an important class of functionalized bicyclic hetero-
cycles, namely, 2-(imidazo[2,1-b]thiazol-5-yl)-N,N-dialkylaceta-
mides 3, starting from readily available N-Boc-N-propargylthia-
zol-2-amines 1, carbon monoxide, a secondary amine 2, and
oxygen in a multicomponent fashion. The process leading to 3

© 2022 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH
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Table 2. Synthesis of imidazothiazolacetamides 3 by Pdl,/Kl-catalyzed oxidative aminocarbonylation of N-Boc-N-propargylthiazol-2-amines 1 with CO, O,,
and a secondary amine 2.
0}
1 N \X\ Pdl, (1 mol%), KI (50 mol%) NR,
R/ R,NH (2; 4 equiv)
o\ R2 2 RZ
Ks)\N\ CO (16 atm), air (4 atm) R1\{’_g:\
, Boc MeCN, 100 °C, 6-20 h SN
3
Entry 1 2 Yield of 3[%]"
\ o}
\ NEt.
["\1 X Et,NH 2
1 N 2a NN 78
1a BOC / )=N
2 s 3aa
(0]
N(i-pentyl
(i-pentyl),NH (Fpentyl,
2 1a 2b N N 87
S):N
3ab
o}
N
o NH
3 1a NJ:k K/O 86
2c / =n
S 3ac
O
0. 0
4 1a N 80
2d / =N
S 3ad
0}
NBu,
@ Bu,NH
5 1a 2 NN 66
4 . =N
3ae
20
N
6 1a NHEt N Et 80
2f N
/ . =N
3af
(o}
e W\ NEt
8 s
7 s»\N 2a N 71
Boc / )=N
1b S
3ba
O
EtO,C \\ NEt,
N
/B EtO,C
8 s)\N\ 2a y NN 58
1c Boc - ):N
3ca
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Table 2. continued

A\ Pdl, (1 mol%), KI (50 mol%)
R1\{/—§\ R? RoNH (2; 4 equiv)

o)
Ji‘:NRz
RZ
SN CO (16 atm), air (4 atm) . RN

Boc MeCN, 100 °C, 6-20 h Sg7N

Entry 1 2

3 Yield of 3[%]™

ol

\X\
N
10¢ 4/78»\ CeHi3 2e

O
NEt,
N N Me 84
/
N CeH13z 60

O
NEt,
™ 57
(0]
NBU2
= 51

9!
A

[a] Unless otherwise noted, all reactions were carried out with 0.5 equiv. of KI and 4 equiv. of R,NH 2 in MeCN (0.05 mmol of starting 1 per mL of solvent) at
100°C for 6 h. [b] Isolated yield based on starting 1. [c] The reaction was carried out for 15 h. [d] The reaction was carried out for 20 h.

takes place through an ordered sequence of mechanistic steps,
involving N-Boc deprotection, triple bond oxidative amino-
carbonylation with Csp—H activation, dearomative intramolecu-
lar conjugate addition (by nucleophilic attack of the thiazole
nitrogen to the ensuing 2-ynamide intermediate) and aromative
isomerization. The process, although less efficiently, has also
been applied to the one-step synthesis of tricyclic 2-
(benzo[dlimidazo[2,1-b]thiazol-3-yl)-N,N-dialkylacetamides 5
starting from N-Boc-N-(propargyl)benzo[d]thiazol-2-amine 4.

The approach disclosed here therefore opens the way to
the direct carbonylative synthesis of important polycyclic
heterocyclic derivatives in one step and under relatively mild
conditions (100°C under 20 atm of a 4:1 mixture of CO-air),
with the catalysis of the particularly simple Pdl/KI catalytic
system and with oxygen (from air) as the simplest external
oxidant.

Eur. J. Org. Chem. 2022, €202200916 (5 of 6)

Experimental Section

General experimental methods: Melting points are uncorrected. 'H
NMR and C NMR spectra were recorded at 25°C in CDCl, or
DMSO-d; at 500 MHz and 125 MHz, with Me,Si as internal standard.
Chemical shifts (3) and coupling constants (J) are given in ppm and
in Hz, respectively. IR spectra were taken with an FT-IR spectrom-
eter. All reactions were analyzed by TLC on silica gel 60 F254 and
by GC-MS analysis using a GC-MS apparatus at 70 eV ionization
voltage equipped with a 95% methyl polysiloxane - 5% phenyl
polysiloxane capillary column (30 mx0.25 mm, 0.25 um). Column
chromatography was performed on silica gel 60 (70-230 mesh).
Evaporation refers to the removal of solvent under reduced
pressure. The HRMS spectra were taken on Q-TOF-MS mass
spectrometer, equipped with an electrospray ion source (ESI)
operated in dual ion mode. 10 pL of the sample solutions (CH;OH)
were introduced by continuous infusion at a flow rate of
200 Lmin~" with the aid of a syringe pump. Experimental conditions
were performed as follows: capillary voltage, 4000 V; nebulizer
pressure, 20 psi; flow rate of drying gas, 10 L/min; temperature of
sheath gas, 325°C; flow rate of sheath gas, 10 L/ min; skimmer
voltage, 60 V; OCT1 RF Vpp, 750 V; fragmentor voltage, 170 V. The
spectra data were recorded in the m/z range of 100-1000 Da in a
centroid pattern of full-scan MS analysis mode. The MS/MS data of

© 2022 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH
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the selected compounds were obtained by regulating diverse
collision energy (18-45 eV).

Preparation of substrates: N-Boc-N-propargylthiazol-2-amines 1
were prepared and characterized as described in the Supporting
Information. All other materials were commercially available and
were used without further purification.

General procedure for the synthesis of 2-(imidazo[2,1-blthiazol-5-
yl)-N,N-dialkylacetamides 3 (Table2): A 35mL stainless steel
autoclave was charged in the presence of air with Pdl, (1.5 mg,
4.16x1072 mmol), KI (35.0 mg, 0.21 mmol) and a solution of N-
Boc(prop-2-yn-1-yl)thiazol-2-amine 1 (0.42 mmol; 1a: 100 mg; 1b:
106 mg; 1c: 130 mg, 1d: 106 mg; 1e: 135mg; 1f: 121 mg] and
amine (1.67 mmol) [2a: 122 mg; 2b: 262 mg; 2c: 145 mg; 2d:
142 mg; 2e: 215 mg; 2f: 212 mg) in anhydrous CH;CN (8.4 mL). The
autoclave was sealed and, while the mixture was stirred, the
autoclave was pressurized with CO (16 atm) and air (up to 20 atm).
After being stirred at 100 °C for 6-20 h (see Table 2), the autoclave
was cooled, degassed and opened. After evaporation of the solvent,
products 3 were purified by column chromatography on silica gel
using as eluent CHCl;-hexane from 8:2 to 100:0. Characterization
data for products 3 are given in the Supporting Information.
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