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Increased environmental awareness within the synthetic organ-
ic chemistry community has lately pushed green chemistry tech-
nologies to the fore and led to the development of cleaner and
relatively benign chemical processes.! The use of water as solvent
has attracted increasing interest in recent years.? Indeed, water is
an environmentally benign, non-flammable liquid over a wide
temperature range and possesses a high heat capacity making it
inherently safe. Furthermore, the insolubility of organic com-
pounds in water causes them to react on its surface and often
exhibits unique reactivity and selectivity that cannot be attained
with conventional organic solvents.? Consequently, the design of
novel methods to prepare the privileged heterocyclic scaffolds that
combine the synthetic efficiency of domino protocols and the use
of water as the reaction medium constitutes a very important
challenge in green chemistry.>

As one of the most important classes of heterocycles, pyrroles
are not only the key subunits in numerous natural products,* phar-
maceutical substances® and organic materials,® but are also useful
and versatile building blocks in organic synthesis.” As a conse-
quence, much attention has been paid to the synthesis of pyrrole
derivatives either by classic methods such as the Paal-Knorr,?
Hantzsch,® Barton-Zard and Van Leusen’™!° or by transition me-
tal-catalysed cyclization'' and multicomponent reaction.!? How-
ever, most of these methods require the use of organic solvents
which are harmful to the environment. Therefore, the efficient
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construction of substituted pyrroles in aqueous media is important,
in particular, those performed under metal-free conditions.!> Dur-
ing our research on the synthesis of carbocyclic'* and heterocyclic
compounds!>~'7 by domino reactions, very recently, we developed
a new synthetic strategy for the direct synthesis of 2,3,4-trisubsti-
tuted and 1,2,3,4-tetrasubstituted pyrroles via the [3+2] cycloaddi-
tion strategy in DMF solvent with propargylamines as 1,3-dipoles.!”
The concept of green chemistry and our continuing interest in
organic reaction in aqueous media'® prompted us to explore the
feasibility of the [3+2] cycloaddition in water. As a result, it was
found that water is not only an efficient green solvent for the
[3+2] cycloaddition of propargylamines with polarized a-acyl ke-
tene dithioacetals or vinylogous thiolesters as the dipolarophiles,
but allows a wider choice of products of the reaction. Herein, we
wish to letter a recent development in the use of propargylamines
as 1,3-dipoles for the synthesis of polysubstituted pyrroles in water.

Initially, the reaction of a,o-diacetyl ketene dithioacetal 1a with
propargylamine 2a was employed as a model reaction in water. It
was found that, in the presence of K,CO5; or DBU (1,8-diazabicy-
clo[5.4.0]lundec-7-ene), the desired product 2,3,4-trisubstituted
pyrrole 4a was produced only in moderate to good yields (45-
70%) by treating 1a (0.5 mmol) with 2a (0.5 mmol) in H,O (5 mL)
at 100 °C for 12-20 h (Table 1, entries 1-4). In these cases, the
deacylative product 3a was also obtained and the yield of 3a in-
creased with increasing the amount of base. Interestingly, under
identical conditions but in the absence of an external base, 4a
was produced in higher yield (Table 1, entry 5). To our delight,
the yield of 4a raised to 93% by increasing the amount of 2a to
2.0 equiv without the addition of an external base (Table 1, entry
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Table 1
Optimization of reaction conditions®

0 o HN_Z o o
2a

SO TR
conditions EtS

EtS” “SEt EtS” “SEt H
1a 3a 4a
Entry 2a (equiv) Base (equiv) Solvent Time (h) Yield® (%)
4a3ala
1 1.0 DBU (1.0) H,0 12 45380
2 1.0 DBU (0.5) H,0 20 60200
3 1.0 DBU (0.3) H,0 20 70100
4 1.0 K>COs (1.0) H,0 12 65250
5 1.0 — H,0 16 800 11
6 2.0 — H,0 12 9300

¢ All reactions were carried out in open air.
b Isolated yield.

6). This result suggested that propargylamine 2a plays a dual role
as both a base and a nucleophile in the above deacylative [3+2]
cycloaddition reaction. In comparison, o-acetyl ketene dithioacetal
3a failed to react with 2a in H,O either in the presence or absence
of K;CO3 (1.0 equiv) with intact substrate 3a recovered, which indi-
cates that 3a would not be involved in the formation of 4a since 3a
(having only one EWG; EWG = electron-withdrawing group) is
much less reactive than 1a (having two EWGs) for SyV reaction.'®

Obviously, the above result provides a clean and efficient route
to highly substituted pyrroles from easily available substrates in
water under transition-metal-free conditions in a single operation.
With this viable protocol in hand, the scope of the reaction was
then investigated by the reactions of propargylamine 2a with
a-acyl ketene dithioacetals 1 under optimal conditions (Table 1,
entry 6) and the results are summarized in Table 2. It was found
that the [3+2] cycloaddition is not sensitive to the nature of the
EWG of substrates 1 and exhibits good flexibility. All the reactions
of 2a with acyl ketene dithioacetals 1a-n bearing the EWG as acet-
yl, propionyl, ethoxycarbonyl, benzoyl, and N-arylcarbamoyl with
either electron-neutral, electron-deficient or electron-rich group
on the benzene ring, nitro and cyano group, obtained the desired
2,3 4-trisubstituted pyrroles 4a-n in high to excellent yields
(Table 2, entries 1-14). The above results mean that an acetyl,
propionyl, ethoxycarbonyl, benzoyl, N-arylcarbamoyl, nitro or
cyano group can be introduced regiospecifically in the 3-position
of 2,3,4-trisubstituted pyrroles 4 accomplished by chemoselective
deacylation (Table 2, entries 1-14). Notably, under otherwise
identical conditions as above, the [3+2] cycloaddition of 1a with
3-phenylprop-2-yn-1-aminium chloride 2b also proceeded
smoothly to give the desired product 40 in 72% yield in the
presence of 2.0 equiv of K,CO5 (Table 2, entry 15). The successful
synthesis of 40 shows that the deacylative [3+2] cycloaddition is
applicable to the synthesis of a wide variety of 2,3,4-trisubstituted
pyrroles bearing variable substituents at the 4-position.

To further extend the scope of the deacylative [3+2] cycloaddi-
tion in water, the reactions of propargylamine 2a with selected 3-
(ethylthio(aryl)methylene)pentane-2,4-diones 5 were then exam-
ined. As a result, 2,3,4-trisubstituted pyrroles 4p-r were prepared
in high yields from the reaction of 2a (1.0 mmol) with the corre-
sponding 5 (0.5 mmol) in H,0 at 100 °C for 30-33 h (Scheme 1).
These results offer further enhancement of the efficiency of the
deacylative [3+2] cycloaddition using water as the solvent.

Furthermore, to evaluate the efficiency of secondary propargyl-
amine in the [3+2] cycloaddition, the reactions of a-acyl ketene
dithioacetals 1 with N-methylprop-2-yn-1-amine 2c were exam-
ined. It was found that, under otherwise identical conditions as

Table 2
Synthesis of 2,3,4-trisubstituted pyrroles 4a-o0?

o N

;

EWG R || Hz0r100°C EWG R
| + - I\
EtS™N

EtS” TSEt HoN H
1 2 4a-o
Entry 1 R EWG R' Time Product Yield”

(h) (%)
1 la Me MeCO H 12 4a 93
2 1ib Et  EtCO H 12 4b 90
3 1c  Me CO,Et H 12 4c 90
4¢ 1d Ph COPh H 16 ad 70
5 le Me CgHsNHCO H 20 4e 90
6 1f Me 4-CICgH,NHCO H 20 4f 89
7 1g Me 2-CICgH4NHCO H 20 4g 88
8 1th Me 4-MeOCeH,NHCO H 30 4h 86
9 1i Me 2-MeOC¢H,NHCO H 30 4i 87
10 1j Me 4-MeCgH4NHCO H 30 4j 85
11 1k Me 2-MeCgH4NHCO H 30 4k 82
12 11  Me 24-Me,CgHsNHCO H 30 41 80
13 Im Me NO, H 8 4m 87
14 In Me CN H 12 4n 71
159 1a Me MeCO Ph 16 40 72

@ Reaction conditions: 1 (0.5 mmol), 2a (1.0 mmol), H,O (5.0 mL), 100 °C, 8-30 h.
" Isolated yield.

€ 1.0 equiv K,CO3 was used.

4 2.0 equiv K,CO5 was used.

o o o
)ﬁfk ﬂl H,01100°C Jﬁ,{
| * [
A" sEt HAN AN
5 2a 4p-r

4p: Ar = Ph, 30 h, 85% vyield; 49: Ar = 4-MeO-CgHa,
33 h, 88% yield; 4r: Ar = 4-CI-CgHy, 30 h, 80% yield

Scheme 1. Synthesis of 2,3,4-trisubstituted pyrroles 4p-r.

above, all selected acetyl ketene dithioacetals 1 with a variety of
electron-withdrawing groups at the a-position, including acetyl,
ethoxycarbonyl, cyano and N-arylcarbamoyl with either electron-
neutral, electron-deficient or electron-rich group on the benzene
ring (Table 3, entries 1-6), could react with 2c smoothly to give
the desired 1,2,3,4-tetrasubstituted pyrroles 4s-x in high yields.
However, no reaction was detectable for substrate 10 bearing a
phenyl group at the a-position under identical conditions (Table 3,
entry 7). As a comparison, 1,2,3,4-tetrasubstituted pyrroles 4s-x
cannot be obtained from the same reaction by using DMF as the
solvent.!”

Interestingly, under identical conditions as above but in the
presence of an external K,COs (0.5 equiv), the 1,2,3,4-tetrasubsti-
tuted pyrrole 60 bearing a acetyl group at the C2 of the pyrrole core
could be obtained in 63% yield (Table 4, entry 4). Similarly, the cor-
responding 1,2,3,4-tetrasubstituted pyrroles 6¢, 6d, 6n and 6p
were synthesized in good to high yields from reactions of 2c with
1c, 1d, 1n and 1p, respectively (Table 4, entries 1-3 and 5), which
indicated that 1,2,3,4-tetrasubstituted pyrroles 6 could be pre-
pared from reactions of 2c with suitable substrates 1 in water
(5.0 mL) in the presence of K,CO3 (0.5 equiv).

On the basis of the above experimental results together with re-
lated letters,!”?° the possible mechanisms for the formation of 4
and 6 (Tables 2-4 and Scheme 1) are proposed in Scheme 2 (with
o-acetyl ketene dithioacetals 1 as an example). In the case of
the reaction of 1 and 2 in the absence of an external base, the
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Table 3
Synthesis of 1,2,3,4-tetrasubstituted pyrroles 4s-x from 1 and 2¢?
% | l EWG
EWG o
R . J H,0/100 °C I—§
~ EtS
N N
EtS SEt H |
1 2c 4s-x
Entry 1 R EWG Time (h) Product Yield® (%)
1 la Me MeCO 16 4s 85
2 1c Me CO,Et 16 4t 83
3¢ le Me CsHsNHCO 30 4u 80
4 1f Me 4-CIC¢H4NHCO 30 4v 82
5¢ 1h Me 4-MeOCgH4,NHCO 30 4w 75
6 In Me CN 16 4x 73
74 10 CgHs CO.Et 30 4y 0

2 Reaction conditions: 1 (0.5 mmol), 2¢ (1.0 mmol), H,O (5.0 mL), 100 °C, 16—
30h.

b Isolated yield.

¢ 5.0 equiv of 2¢ was used.

4 With recovery of 96% of 1o.

Table 4
Synthesis of 1,2,3,4-tetrasubstituted pyrroles 6°

EWG
Jl K2CO3 (0.5 equiv) o

R | I\
H20/100 °C N
EtS SEt R l
1 2c 6
Entry 1 R EWG Time (h) Product Yield® (%)
1 1c Me COEt 12 6c 69
2 1d CeHs COCgHs 20 6d 62
3 In Me CN 10 6n 70
4 10 CeHs CO,Et 12 60 63
5 1p Me COCgHs 20 6p 60

@ Reaction conditions: 1 (0.5 mmol), 2c¢ (1.0 mmol), K,CO5; (0.25 mmol), H,0
(5.0 mL), 100 °C, 10-16 h.
b Isolated yield.

N,S-acetal intermediate A could be formed via the acetyl enhanced
addition-elimination (SyV) of propargylamines 2 to enones 1.14>1°
Subsequently, in the presence of amine 2 as a base, intermediate A
would undergo a sequential tautomerization and 5-exo-dig cycliza-
tion to give intermediate C. Finally, the 2,3,4-trisubstituted or
1,2,3,4-tetrasubstituted pyrroles 4 are produced via deacetylation
and subsequent isomerization (Scheme 2). However, under identi-
cal conditions but in the presence of an external base (K,COs), the
reaction of 1 with secondary amine 2c¢ (Table 4) seems to favour
the formation of intermediate D from the intermolecular Michael
addition of N-methylprop-2-yn-1-amine 2c¢ to o-acetyl ketene
dithioacetals 1. Then the methylene pyrrolidine intermediate E,
generated via an intramolecular 5-exo-dig cyclization of intermedi-
ate D, undergoes a sequential ethylthio elimination and 1,2-acetyl
migration to generate intermediate F, which is followed by elimi-
nation of the second ethylthio group and subsequent aromatiza-
tion leading to 1,2,3,4-tetrasubstituted pyrroles 6 (Scheme 2).17-20¢

In conclusion, a series of 2,3,4-trisubstituted and 1,2,3,4-tetra-
substituted pyrroles were synthesized in a single-step in good to
excellent yields via the [3+2] cycloaddition of a-acyl ketene dithio-
acetals (or related substrates) with commercially available propar-
gylamines as 1,3-dipoles by using water as the solvent. The
reaction of secondary amine (N-methylprop-2-yn-1-amine) with
a-acyl ketene dithioacetals showed different reaction behaviours
depending on the addition or absence of an external base. In the
absence of an external base, polysubstituted pyrroles bearing an

R! R!
o 0 o)
EWG , EWG Il amine EWG J|
— | L A
St
EtS SEt EtS 1|\1 EtS N
1
R
1 A B
5-exo-dig
2¢ | KyCO3 cyclization
0 0O (6] R!
5-exo-dig GWE
EWG V4
Z cyclization EWG
EtS ;ZE S
!
EtS Iﬁ\ Bs BT N
Me Me R
D E C
-COMe
l’EtSH l aroma-
tization
_EtSH EWG R!
drOmdtlZdthn / \
EtS I}‘ N
R
6 F 4

Scheme 2. Proposed mechanisms for formation of 4 and 6.

ethylthio group at the C2-position were obtained. Whereas poly-
substituted pyrroles bearing an acetyl group at the C2-position
were obtained when an external base (K,CO3) was added. These re-
sults showed the crucial role of water in organic reactions. Further
studies are in progress.
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