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A one-step synthesis of novel functionalized 3,4-dihydro-2H-pyrroles from 2-isocyanoacetates and read-
ily synthesized acrylonitriles is reported. The reaction proceeds smoothly under mild conditions with
high efficiency. The structures of two representative structures, 3a and 3m, were confirmed by X-ray
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Introduction

Owing to their intrinsic properties as nucleophiles and elec-
trophiles, isocyanides have been extensively applied in organic
synthesis, particularly in the synthesis of nitrogen-containing
molecules. Among them, isocyanides-based formal [4+1] annula-
tion reactions have transpired as an efficient and direct protocol
for the synthesis of various five-membered compounds [1]. We
have also been involved in the construction of novel small libraries
of N-heterocycles using Groebke-Blackburn-Bienaymé multicom-
ponent reaction [2].

We envisioned that (E)-2-styrylbenzothiazole 1a might also
undertake the [4+1] intermolecular cyclization with isocyanides,
however, no reaction occurred under the typical GBB reaction con-
dition using Sc(OTf); as a catalyst (route A, Scheme 1) [3]. How-
ever, we accidentally found that by using DBU as the promoter in
this reaction, a new class of 3,4-dihydro-2H-pyrroles 3a was
obtained (route B, Scheme 1), the structure of compound 3a was
confirmed by single crystal X-ray diffraction analysis [4]. And to
the best of our knowledge, this type of structure has not previously
been reported. It is well-known that pyrrole and 2H-pyrrole are the
ubiquitous cores in many natural products and small molecule
chemotherapeutics, which possess diverse pharmacological prop-
erties [5]. Therefore, they are regarded as privileged structures by

* Corresponding author.
E-mail address: tmeng@simm.ac.cn (T. Meng).

https://doi.org/10.1016/j.tetlet.2020.151944
0040-4039/© 2020 Elsevier Ltd. All rights reserved.

@:N\ N~ ‘ ‘ A/
VI YN TP
. Jf\.f)\«\/g{xﬂ\ o

Scheme 1. Synthetic approach to 3,4-dihydro-2H-pyrrole derivative 3a.

synthetic chemists because of widespread applications in medici-
nal chemistry and materials science. As such, a lot of effort has
been spent developing practical methods for the synthesis of pyr-
role units that incorporate appropriate functionality [5¢,6].
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Result and discussion

These findings prompted us to turn our attention to optimizing
the conditions for the efficient formation of this series of 3,4-dihy-
dro-2H-pyrroles. The investigation was initiated with 2-(benzoth-
iazol-2-yl)acrylonitrile (1a) and methyl isocyanoacetate (2a) as
model substrates to optimize the reaction conditions, 2-(benzoth-
iazol-2-yl)acrylonitrile (1a) and it’s analogues were synthesized
according to the method previously described [7]. The nature of
the base was found to have a pronounced impact on the process.
The reaction did not proceed in the absence of base (entry 1,
Table 1). Among the organic bases, DBU (1,8-diazabicyclo[5.4.0]un-
dec-7-ene) was shown to be more effective than DABACO and tri-
ethylamine (entries 2-5, Table 1). Moreover, among the different
inorganic bases tested, potassium carbonate was the best base
for this reaction, and the corresponding yield was enhanced up
to 55% (entry 8, Table 1). Using weaker bases, such as sodium
bicarbonate (entry 6, Table 1), or stronger bases, such as sodium
hydroxide (entry 7, Table 1), no product was formed. Lower yield
was observed when using 10% equimolar ratio of potassium car-
bonate (entry 10, Table 1), which indicated that an equimolar
amount of base was required. Moreover, the decrease of the reac-
tion yield was observed when the solvent was switched to non-

Table 1
Optimization of reaction conditions.”
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polar or less polar solvents, such as THF, dichloromethane or
DMF (entries 3, 11, 12 and 13, Table 1). In general, higher yields
of the desired products were obtained at lower temperatures, the
higher reaction temperature led to a significant decrease of reac-
tion yield (60 °C, entry 14, Table 1). To our delight, the reaction
yield was increased up to 84% when the temperature was
decreased to 0 °C (entry 15, Table 1), and in most cases, the reac-
tion was completed within several hours.

However, the reaction of 3-(4-methoxyphenyl)-2-phenylacry-
lonitrile (11) with methyl isocyanoacetate (2a) under the same
reaction condition only generated a trisubstituted pyrrole 4 in
62% yield. The identity of 4 was determined by spectral analysis
and further confirmed by X-ray crystallographic analysis
(Scheme 2) [4]. Similar findings were reported by Bullington and
Samet as side-products in their synthesis [5d,8]. These results
suggest that the cyclic 1-azadiene moiety is essential for the
formation of 3,4-dihydro-2H-pyrrole ring. Based on the above
preliminary results, a plausible mechanism for this process is
proposed in Scheme 3. The formation of compound 4 presumably
arises from initial Michael addition undergoing a retro-Michael
with the leaving group being phenylacetonitrile (A — B). The
resulting intermediate then reacted with isocyanoacetate again
to obtain intermediate C, followed by a subsequent prototropic
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Entry Base (mol%) Solvent Temp/°C Yield (%)"
1 - MeOH 60 0
2 DBU(100) MeOH 25 42
3 DBU(100) THF 25 24
4 DABCO(100) MeOH 25 38
5 TEA(100) MeOH 25 0
6 NaHCO5(100) MeOH 25 0
7 NaOH(100) MeOH 25 0
8 K,CO5(100) MeOH 25 55
9 Na,CO05(100) MeOH 25 32
10 K,CO5(10) MeOH 25 23
11 K,CO5(100) THF 25 25
12 K,CO5(100) CH,(Cl, 25 15
13 K,CO5(100) DMF 25 32
14 K,CO5(100) MeOH 60 6
15 K,CO5(100) MeOH 0 84

¢ Reaction conditions: 1a (3.42 mmol, 1.0 equiv.), 2a (1.1 equiv.), base (mol%), solvent (20 mL), 3 h.

b Isolated yield.
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Scheme 2. Synthesis of 4.1%1 [a] Reaction conditions: 11 (1.0 equiv.), 2a (1.1 equiv.), K,CO5 (1.0 equiv.), MeOH (5 mL), 0 °C, 3 h. [b] Isolated yield.



H. Zhang et al./ Tetrahedron Letters 61 (2020) 151944

R COOCH; @: COOCH
H ) s
W @[ D e
N PO _
N, N2 \ %
A
J COOCH,
.C
o g W
)
COOCH, NY \, k
B
o
SN
\ b)ko/
COOCH
o R © g COOCH; H 3
R taHshit | =0 0" s \ 1,3-H shit ©E
~ - N
0 H \b o) \NH @: 7 N
=N o— N /
N
c b G

Scheme 3. The possible reaction mechanism of acrylonitriles and isocyanoacetate.

shift gives the final aromatic pyrrole ring D. Whereas the Ar group
is benzothiazole, isocyanoacetate 2 would attack 2-
styrylbenzothiazole first in the presence of a base to generate an
intermediate E, which would undergo a rearrangement to furnish
compound F, a subsequent 1,3-H shift gives the 3,4-dihydro-2H-
pyrrole as product G.

With the optimized conditions in hand, we next examined a
series of reactions between substrates 1a-m and isocyanoacetates
to establish the scope and limitations of this process. Substrates
1a-m contain acrylonitrile moiety, since nitrile group is widely
used in medicinal chemistry and nitrile-containing compounds

Table 2
Synthesis of 3b-n under optimized conditions.*

comprise a substantial proportion in the therapeutic drugs [9].
The simplicity of a one-pot procedure is perfectly amenable to
automation for combinatorial synthesis. Likewise, all the syntheses
were performed on a parallel synthesizer (Radleys Discovery Tech-
nology, Carousel 12 Place Reaction Station) to give corresponding
products. We first examined the reaction of substrates benzoxa-
zole acrylonitrile (1b), N-methyl-benzimidazole acrylonitrile (1c)
and 2-(pyridin-2-yl)acrylonitrile (1d), which showed less reactive
compared with benzothiazole, gave the corresponding products
(3b-d) in moderate yields (ranging from 45 to 60%; Table 2). Sub-
sequently, reactions of various 2-styrylbenzothiazoles (1a, 1e-k)
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AT Ny ReO 7R VALY
1a-m 2a R, = Me- 3b-l 3m-n
2b R, = Et- R = aryl Ry = alkyl
Entry R R, Product, yield (%)"
1 @[ >_§ MeO. Me- 3b, 51
(1b) \©y
2 ©i MeO Me- 3¢, 45
(Ic) C N4
3 @\/ MeO Me- 3d, 60
-
"7 (1d) i Y
4 @[NH Br\@ Me- 3e, 50
s
(le)
5 @[NH CI\<>\/ Me- 3f, 56
s
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6 cl Me- 3g, 85
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(continued on next page)
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Table 2 (continued)

Entry Ar R, R, Product, yield (%)"
7 @[NH H30\©\/ Me- 3h, 50
s (1h)
8 N OMe Me- 3i, 70
@[ \>_§ MeO.
s
MeO (11)
9 @[N\ ‘ Me- 3j, 51
(17
Me- 3k, 52

: CrH

o

N MeO. _
11 @[ \>_§ e \©\/ Et: 31,77
S
(1a)
12 @[NH )y Me- 3m, 78
S (lm)
13 @[NH O\/ Me- 3n, 64
s (In)
¢ Reaction conditions: 1a-n (1.0 equiv.), 2a-b (1.1 equiv.), K,CO3 (1.0 equiv.), MeOH, 0 °C, 3 h.
b Isolated yields.
R1
K>CO3 (1 equiv.) N\ l\{ N-R,
30% CH3NH, in EtOH (for 30) Y
/N or S Vi
s/ 4 . _C\\\Nui 30% (CHs),NH in EtOH (for 3p) N
NN d o~ 0°C, 3 hrs
OCH,
1a

2a

30 Ry =H, Ry = CHy; 63% yield
3p Ry = CHg, R, = CHg; 57% yield

Scheme 4. Synthesis of 30-p.!*! [a] Reaction conditions: 1a (1.0 equiv.), 2a (1.1 equiv.), K,CO5 (1.0 equiv.), 30% CH3NH, or (CH3),NH alcohol solution, 0 °C, 3 h.

with methyl isocyanoacetate (2a) and ethyl isocyanoacetate (2b)
were investigated (Table 2, entries 4-11). All reactions worked
well to produce the expected products 3e-l in moderate to good
yield (50-85% yields). While measuring the 'H NMR, we observed
that compounds bearing the aliphatic substituents as R; group
(3m-n) showed different NMR spectral profile. The core structure
of compound 3m turned out to be 3,4-dihydro-2H-pyrrole-4-car-
bonitrile identified by X-ray crystallographic analysis [4], which
is the valence-bond isomer of the aryl substituted series (3a-1).
Possible reason is that aliphatic substituents stabilized the inter-
mediate F which does not undergo further 1,3-H shift process
(Scheme 3).

Moreover, we were pleased to find that under the same reaction
condition, the use of 30% methylamine or dimethylamine alcohol
solution as the solvent for in situ ammonolysis of methyl iso-
cyanoacetate 2a, the amide products 30 and 3p was obtained with
decent yields (Scheme 4).

Conclusion

In summary, we have developed an efficient method for the
sequential synthesis of new functionalized 3,4-dihydro-2H-pyrrole
derivatives, which were characterized by means of 'H NMR, '3C
NMR, HRMS and X-ray. Easily accessible starting materials, metal
catalyst-free conditions, good yields are the main advantages of

this method. Meanwhile, biological activities of this rarely
described class of compounds are currently under investigation.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

This work was supported by the National Science & Technology
Major Project “Key New Drug Creation and Manufacturing Pro-
gram”, China (grant no.: 2014ZX09508001), the National Natural
Science Foundation of China (grant nos.: 81473130, 81473092).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/].tetlet.2020.151944.

References

[1] (@) M. Motaghi, H. Khosravi, S. Balalaie, F. Rominger, Org. Biomol. Chem. 17
(2019) 275-282;
(b) T. Kaur, P. Wadhwa, S. Bagchi, A. Sharma, Chem. Commun. 52 (2016) 6958-
6976;


https://doi.org/10.1016/j.tetlet.2020.151944
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0005
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0005
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0005
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0010
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0010
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0010

H. Zhang et al./ Tetrahedron Letters 61 (2020) 151944 5

(c) A. Kruithof, E. Ruijter, R.-V.A. Orru, Chem-Asian. J. 10 (2015) 10508-10520;
(d) J.-R. Chen, X.-Q. Huy, L.-Q. Lu, W.-]. Xiao, Chem. Rev. 115 (2015) 5301-5365.

[2] (a) G.B. Shen, T. Yu, Y.L. Zhang, L.P. Ma, L. Chen, ].J. Lu, T. Meng, ]. Heterocycl.
Chem. 55 (2018) 814-820;

(b) W. An, W. Wang, T. Yu, Y. Zhang, Z. Miao, T. Meng, ]. Shen, Eur. ]J. Med. Chem.
112 (2016) 367-372;

(c) ZW. Qian, AJ. Yang, W.T. An, T. Yu, X. Wang, Y.L. Zhang, J. Shen, T. Meng, RSC
Adv. 4 (2014) 50947-50949;

(d) A. Yang, R. Jiang, O. Khorev, T. Yu, Y. Zhang, P.L. Ma, G. Chen, J.K. Shen, T.
Meng, Adv. Synth. Catal. 355 (2013) 1984-1988;

(e) H. Sun, H. Zhou, O. Khorev, R. Jiang, T. Yu, X. Wang, Y. Du, Y. Ma, T. Meng, J.
Shen, J. Org. Chem. 77 (2012) 10745-10751;

(f) T. Meng, Y. Zou, O. Khorev, Y. Jin, H. Zhou, Y. Zhang, D. Hu, L. Ma, X. Wang, ].
Shen, Adv. Synth. Catal. 353 (2011) 918-924.

[3] C. Blackburn, B. Guan, P. Fleming, K. Shiosaki, S. Tsai, Tetrahedron Lett. 39
(1998) 3635-3638.

[4] CCDC-1974021 (3a), CCDC-1974022 (3m) and CCDC-1974023 (4) contain the
Supplementary Crystallographic Data for this paper. These Data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via www.
ccdc.cam.ac.uk/data_request/cif.

[5] (a) G. Dannhardt, W. Kiefer, Arch. Pharm. 334 (2001) 183-188;

(b) R. Di Santo, R. Costi, M. Artico, S. Massa, G. Lampis, D. Deidda, R. Pompei,
Bioorg. Med. Chem. Lett. 8 (1998) 2931-2936;

(c) M.M. Nebe, M. Kucukdisli, T. Opatz, J. Org. Chem. 81 (2016) 4112-4121;

(d) J.L. Bullington, R.R. Wolff, P.F. Jackson, J. Org. Chem. 67 (2002) 9439-9442;

(e) J.M. Padron, D. Tejedor, A. Santos-Exposito, F. Garcia-Tellado, V.S. Martin, J.

Villar, Bioorg. Med. Chem. Lett. 15 (2005) 2487-2490;

C. Peifer, R. Selig, K. Kinkel, D. Ott, F. Totzke, C. Schachtele, R. Heidenreich, M.

cken, D. Schollmeyer, S. Laufer, J. Med. Chem. 51 (2008) 3814-3824.

F.J. Leeper, ].M. Kelly, Org. Prep. Proc. Int. 45 (2013) 171-210;

S. Asghari, M. Qandalee, Synth. Commun. 40 (2010) 2172-2177;

X.-J. Peng, Y.A. Ho, Z.-P. Wang, P.-L. Shao, Y. Zhao, Y. He, Org. Chem. Front. 4

17) 81-85;

L.-L. Wang, ].-F. Bai, L. Peng, L.-W. Qi, L.-N. Jia, Y.-L. Guo, X.-Y. Luo, X.-Y. Xu,

-X. Wang, Chem. Commun. 48 (2012) 5175-5177;

e) W.-T. Wei, C.-X. Chen, R.-]. Ly, J.-]. Wang, X.-]. Zhang, M. Yan, Org. Biomol.
Chem. 10 (2012) 5245-5252.

[7] (a) R.S. Reshma, V.U. Jeankumar, N. Kapoor, S. Saxena, K.A. Bobesh, AR.
Vachaspathy, P.E. Kolattukudy, D. Sriram, Bioorg. Med. Chem. 25 (2017) 2761-
2771;

(b) Y.X. Hua, Y. Shao, Y.W. Wang, Y. Peng, ]. Org. Chem. 82 (2017) 6259-6267.

[8] A.V. Samet, E.A. Sil'yvanova, V.I. Ushkarov, M.N. Semenova, V.V. Semenov, Russ.
Chem. B+ 67 (2018) 858-865.

[9] E.F. Fleming, L. Yao, P.C. Ravikumar, L. Funk, B.C. Shook, J. Med. Chem. 53 (2010)
7902-7917.

o=

[6]

“ERNETEES
LERCER

—


http://refhub.elsevier.com/S0040-4039(20)30387-7/h0015
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0015
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0020
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0020
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0025
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0025
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0025
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0030
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0030
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0030
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0035
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0035
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0035
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0040
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0040
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0040
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0045
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0045
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0045
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0050
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0050
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0050
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0055
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0055
http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0060
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0060
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0065
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0065
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0065
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0070
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0070
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0075
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0075
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0080
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0080
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0080
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0085
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0085
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0085
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0090
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0090
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0095
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0095
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0100
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0100
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0100
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0105
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0105
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0105
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0110
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0110
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0110
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0115
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0115
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0115
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0115
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0120
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0120
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0125
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0125
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0130
http://refhub.elsevier.com/S0040-4039(20)30387-7/h0130

	Facile synthesis of new functionalized 3,4-dihydro-2H-pyrroles �using 2-isocyanoacetates
	Introduction
	Result and discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


