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Stepwise cycloaddition reaction
of N-phenacylbenzothiazolium
‘bromides and nitroalkenes for
somvesm tetrahydro-, dihydro- and benzo[d]
e pyrrolo[2,1-blthiazoles
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. The triethylamine promoted stepwise 1,3-dipolar cycloaddition reaction of N-phenacylbenzothiazolium
bromides with nitroalkenes in ethanol resulted in a mixture of two isomeric tetrahydrobenzo[d]

. pyrrolo[2,1-blthiazoles with cis/trans/cis- and all-trans-configurations. More importantly, the

. corresponding dihydrobenzo[dlpyrrolo[2,1-b]thiazoles can be selectively prepared in refluxing

. ethanol and the benzo[d]pyrrolo[2,1-b]thiazoles can be obtained in satisfactory yields by sequential

. dehydrogenation with DDQ as oxidizer. On the other hand, the similar cycloaddition reaction of N-

. phenacylbenzothiazolium bromides with 1-methy-1-nitroalkenes in refluxing ethanol afforded benzo[d]

. pyrrolo[2,1-b]thiazoles with splitting out of nitro group. The stereochemistry of the spiro compounds

. was clearly elucidated on the basis of NMR spectra and sixteen single crystal structures.

. Pyrrolo[2,1-b]thiazole and its polyhydro- derivatives is one of the privileged N,S-containing heterocyclic motif
© that forms the core structure of many pharmacological reagents. It has been reported that pyrrolo[2,1-b]thi-
. azole derivatives have been used as hepatoprotective, antidiabetic, antibiotic, anticonvulsant, antiinflammatory,
: bactericides and antitumor agents!®. Therefore, many efficient synthetic methods have been exploited for the
: synthesis of diverse pyrrolo[2,1-b]thiazole and its bezno- derivatives’~'”. In recent years, the development of
. new and efficient methods for their syntheses remains an attractive area for synthetic and medicinal chem-
© ists’®28. 1,3-Dipolar cycloaddition of azomethine ylides with various dienophiles is the one of most powerful
© methods for the construction of nitrogen-containing five-membered heterocycles. In this respect, besides most
' common using imidazolium ylides, pyridinium ylide and isoquinolinium ylides, the 1,3-dipolar cycloaddition
. of thiazolium ylides or benzothiazolium ylides were also employed for preparing some pyrrolo[2,1-b]thiazole
- and its bezno- derivatives®-3¢. Recently, we found that the 1,3-dipolar cycloadidtion reaction of base medi-
. ated N-phenacylbenzothiazolium bromides with 3-methyleneoxindoles afforded spiro[benzo[d]pyrrolo[2,1-b]
: thiazole-3,3’-indolines] in good yields and with high diastereoselectivity®”. Similarly, the base promoted
. three-component reaction of N-phenacylbenzothiazolium bromides, aromatic aldehydes and indane-1,3-dione
© resulted in functionalized spiro[benzo[d]pyrrolo[2,1-b]thiazole-3,2’-indenes]*. In order to further provide effi-
: cient synthetic methodology for the biologically important benzo[d]pyrrolo[2,1-b]thiazoles and in continuation
* of our project on developing new multicomponent reactions based on the heteroaromatic N-ylides*-**, herein we
. wish to report stepwise 1,3-dipolar cycloaddition reaction of N-phenacylbenzothiazolium bromides with various
nitroalkenes for selective synthesis of functionalized benzo[d]pyrrolo[2,1-b]thiazoles and their tetrahydro- and
. dihydro- derivatives.

. Results and Discussion

© We began our investigation by carrying out the reaction of N-phenacylbenzothiazolium bromides with
. nitroalkenes according to our previously established base promoted procedure®*®. When a mixture of
: N-(4-methylphenacyl)benzothiazolium bromide with 1-nitro-2-(p-methoxyphenyl)ethene in ethanol with trieth-
. ylamine as base was stirred at room temperature, the reaction can be finished in four hours to give the expected

College of Chemistry & Chemical Engineering, Yangzhou University, Yangzhou 225002, China. Correspondence and
. requests for materials should be addressed to J.S. (email: sunjing@yzu.edu.cn) or C.-G.Y. (email: cgyan@yzu.edu.cn)

SCIENTIFICREPORTS | 7:46470| DOI: 10.1038/srep46470 1


mailto:sunjing@yzu.edu.cn
mailto:cgyan@yzu.edu.cn

www.nature.com/scientificreports/

1a-1i 1a'-1i'
Entry Ar Ar' Compd Yield (%)°

1 p-CHiCHy  p-CH;OCH, 1a 92 (1a/1a’ = 4:1)
2 P-CH;CoHy CoHs 1b 7

3 CHs p-CH;0CH, Ie 70

4 P-FCH, CHs 1d 78

5 PFCH, P-CH3CHy le 75 (1¢', 20%)
6 p-CHOCH,  p-CH;0CeH, 1f 79 (1F, 17%)
7 CHs p-CICH, 1g 76 (1g/1g' = 4:1)
8 p-CHyCH,  m-CH;0CqH, 1h 90 (1h/1h' = 4:1)
9 P-CICGH, p-CH;OC4H, 1§ 88 (1i/1i' = 3:2)

a: R i ditions: N-pt iL; iazoli bromide (1.0 mmol), nitroalkene (1.0 mmol) and

triethylamine (1.2 mmol) in ethanol (10.0 mL), rt, 4 hrs; b: Isolated yield .

Figure 1. Synthesis of tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles®.

tetrahydrobenzo[d]pyrrolo[2,1-b]thiazole 1a in very high yield. However, the spectroscopic analysis indicated
that the product containing two stereoisomers 1a/1a’ with a molecular ratio of 4:1 (Fig. 1, entry 1). Because there
are four chiral carbon atoms in the newly-formed pyrrolidine ring, several diastereoisomers might be formed in
the 1,3-dipolar cycloaddition reaction. Attempting to increase the diastereoselectivity was not successfully after
testing different reaction conditions including solvent and base. The reaction in DCM, THF and CH,;CN afforded
isomeric mixture 1a/1a’ still with ratio of 4:1 in 32%, 53% and 68% yields. By using piperidine, DABCO and DBU
as base, similar results were obtained. Although the 1,3-dipolar cycloaddition of cyclic N-ylides with nitroalkenes
have been reported in several articles**-*!, the formation of isomeric five-membered heterocyclic system have not
been investigated in detail. Thus, we turned our attention to elucidate the relative configurations of the obtained
two diastereoisomers. The similar reactions of various N-phenacylbenzothiazolium bromides and nitroalkenes
also resulted in a mixture of two diastereoisomers. In some cases, only major isomers 1b-1d were successfully
obtained, while the yields of minor isomers were too lower to separation (Fig. 1, entries 2-4). Both major isomers
le-1f and minor isomers 1€’-1f” were successfully separated out by column chromatography (Fig. 1, entries 5-6).
Additionally, a mixture of major isomer 1g-1h and 1g’-1h’ were obtained and their ratios were calculated from
the integration of "H NMR spectra (Fig. 1, entries 7-9). The structures of all obtained products were fully char-
acterized by IR, HRMS, 'H and '*C NMR spectroscopy. More importantly, the single crystal structures of major
isomers 1a, 1b (Fig. 2), 1¢, 1d, 1f and minor isomer of 1e’ (Fig. 3) were successfully determined by X-ray dif-
fraction method. From Fig. 2, it can be seen that the phenyl group and p-methylbenzoyl group exist on the same
side of the newly-formed pyrrolidine ring. The nitro group and phenylsulfanyl group exist on the other side of
the newly-formed pyrrolidine ring. Thus, the major isomer has cis/trans/trans-configuration. On the other hand,
the four substituted groups exist in all-trans-configuration in the minor isomer of 1€’ (Fig. 3). Thus, the relative
configurations for the major and minor isomers of the polysubstituted tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles
were ambiguously established by the determination of single crystal structures.
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S reflux s NO, @[ o
2a-2b 2a'-2e¢’
Entry Ar AT Compd Yield (%) Compd  Yield(%)"
1 p-CH:OCH,  p-CH;0CH, 2a 24 2a’ 16
2 CeHs p-CH;CH, 2b 28 2 15
3 pCHCH,  m-CH;0CH, - 2 14
4 CeHs p-CICH, . 24 15
5 pFCH,  p-CH;OCH, = 2¢! 20

a: Reaction conditions: N-phenacy Ibenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol) and triethylamine (1.2 mmol)

in ethanol (10.0 mL), reflux, 6 hrs; b: Isolated yield.

Figure 4. Synthesis of dihydrobenzo[d]pyrrolo[2,1-b]thiazoles®.

When the above cycloaddition reaction of N-phenacylbenzothiazolium bromides and nitroalkenes were car-
ried out in refluxing ethanol in the presence of triethylamine for about six hours. Besides formation of above
mentioned tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles, some partially dehydrogenated dihydrobenzo[d]
pyrrolo[2,1-b]thiazoles containing isomers 2a-2b and isomers 2a’-2¢’ were successfully separated out in lower
yields from the reaction mixture (Fig. 4). It is interesting to find that partial dehydrogenation only occurred at
3,4-positions of the pyrrolidine ring, while the two hydrogen atoms at 1,2-position of pyrrolidine ring cannot be
eliminated by prolonging refluxing time. The isomers 2a-2b and isomers 2a’-2¢’ could be clearly assigned by com-
paring of their 'H NMR spectra. As for an example, 'H NMR spectrum of isomer 2b displays two doublets at 6.54,
and 5.50 ppm with J=10.7 Hz for the two neighboring protons in the newly-formed dihydropyrrole ring. The
two protons in isomer 2b’ showed two slightly broad singlets at 6.79 and 4.70 ppm. The single crystal structures of
the isomer 2a (Fig. 5) and isomer 2a’ (Fig. 6), 2b’ were determined by X-ray diffraction method. The single crystal
structures clearly showed that the major isomer has cis-configuration and minor isomer has trans-configuration.
It should be pointed out that the major isomer 2 were clearly coming from the dehydrogenation of the major
isomer 1. The minor isomer 2’ also has same relative configuration to that of minor isomer 1’.

The above results clearly indicated that the reaction of N-phenacylbenzothiazolium bromides with
nitroalkenes resulted in a mixture of isomeric tetrahydro- and dihydrobenzo[d]pyrrolo[2,1-b]thiazoles with
various molecular ratios, which caused great difficulty for us to isolation and characterization of the obtained
isomers. In order to avoid the influence of the complicate diastereoisomers, the aromatization process for above
products was studied. Thus, after finishing the cycloaddition reaction, the oxidizing reagent DDQ was introduced
in the reaction and the reaction mixture was refluxed for twelve hours. After workup, the expected aromatized
benzo[d]pyrrolo[2,1-b]thiazoles 3a-3u were successfully obtained in satisfactory yields (Fig. 7). Because there is
only one possible isomer for the products 3a-3u, the characterization for them was much easily finished. Various
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N-phenacylbenzothiazolium bromides and nitroalkenes with different substituents reacted smoothly to give the
desired products. The substituents on the both substrates showed marginal effect on the yields of the products.
Additionally, N-ethoxycarbonylmethyllbenzothiazolium salts was also employed in the reaction to give the sub-
stituted benzo[d]pyrrolo[2,1-b]thiazolecarboxylates (3v-3w) in good yields. The structures of the obtained prod-
ucts were fully established on the spectroscopic methods. Five single crystal structures of the compounds 3d
(Fig. 8), 3e, 3j, 3p, and 3w were also determined by X-ray diffraction method.

In order to develop the synthetic value of the reaction, 1-methyl-1-nitroalkenes derived from the conden-
sation reaction of aromatic aldehydes and nitroethane were also employed in the reaction. In the presence of
triethylamine, a mixture of N-phenacylbenzothiazolium bromide and 1-methyl-1-nitroalkene was refluxed for
about six hours, the methyl-substituted benzo[d]pyrrolo[2,1-b]thiazoles 4a-4f were successfully prepared in high
yields (Fig. 9). The spectroscopic analysis indicated the nitro group was splitted off in the aromatization process,
which is different to that of the above prepared compounds 3a-3w, in which the nitro group is retained in the final
product. The structures of the benzo[d]pyrrolo[2,1-b]thiazoles 4a-4f were unambiguously determined by the
single crystal structures of the compounds 4d (Fig. 10) and 4e.

For explaining the formation mechanism of the obtained various benzo[d]pyrrolo[2,1-b]thiazole derivatives,
a plausible reaction mechanism is proposed on the basis of the present results and the related reactions (Fig. 11).
At first, N-phenacylbenzothiazolium bromide was deprotonated by triethylamine to give a benzothiazolium
ylide (A), which has a resonance form (A’). Secondly, the nucleophilic addition of the ylide (A) to nitroalk-
ene gave a intermediate (B). Then, the intramolecular cyclization of intermediate (B) resulted in two isomeric
tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles 1 and 1’. Because this process gave less thermodynamic stable cis-
[trans/trans-isomer as major isomer and more stable all-trans-isomer as minor isomer, it is a dynamic control
reaction. The partial dehydrogenation of two isomeric products 1 and 1’ by oxidation of air produces corre-
sponding dihydrobenzo[d]pyrrolo[2,1-b]thiazoles 2 and 2’, respectively. Finally, oxidation with DDQ resulted
in the benzo[d]pyrrolo[2,1-b]thiazoles 3. The cycloaddition reaction with 1-methyl-1-alkene preceded with a
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N\@ o+ Ar \/\NO EtOH, reflux N :
> Br 2 2.DDQ, reflux NO
S S 2
Entry Compd Ar R Yield (%)"
1 3a p-CH;CgH, CoHs 90
2 3b p-CH;CH, p-CH;0CH, 88
3 3¢ p-CH3CgH, m-CH;OCgH, 89
4 3d p-CH;CH, 0-HOCH, 85
5 3e p-CH;CgH, p-CICeH, 85
6 3f p-CH;CeH, m-CICgH, 86
7 3g p-CH;CgH, p-BrCgH, 88
8 3h p-CH;C4H, p-NO,CeH, 82
8 3i p-CH;CgH, m-NO,CsH, 78
9 3j p-CH;0CH, p-CH;0CGH, 92
10 3k p-CH;0C4H, p-CICeH, 82
11 31 p-CH;0CsH, p-BrCeH, 83
12 3m p-CH;0CgH, p-NO,C4H, 76
13 3n p-CH;0CH, m-NO,CsH, 80
15 30 CeHs p-CH;CsH, 84
16 3p CoHs p-CH;0CH, 83
17 3q CoHs p-CIC4H, 80
18 3r p-FCeH; p-CH;CgH, 80
19 3s p-FCeH, p-CH;0CH, 83
20 3t p-CICH, p-CH;CoH, 82
21 3u p-CICeH, p-CH;0CH, 87
93 3v OFt p-CH;CgH, 79
23 3w OEt p-CH;0CH, 81

a: Reaction conditions: N-phenacylbenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol) and triethylamine (1.2 mmol)

in ethanol (10.0 mL), reflux, 6 hrs; DDQ (1.2 mmol), reflux, 12 hrs; b: Isolated yield.

Figure 7. Synthesis of benzo[d]pyrrolo[2,1-b]thiazoles®.

similar path, the initially formed intermediate (C) was much easily oxidized in air to give the 3-methylbenzo[d]
pyrrolo[2,1-b]thiazole 4 by eliminating nitro group.

Conclusion

In summary, we have systemically investigated stepwisel,3-dipolar cycloaddition reaction of
N-phenacylbenzothiazolium bromides with nitroalkenes and successfully provided a convenient protocol for
selective syntheses of functionalized benzo[d]pyrrolo[2,1-b]thiazole and its tetrahydro-, dihydro- derivatives. The
relative configuration of tetrahydro-, and dihydro benzo[d]pyrrolo[2,1-b]thiazoles were clearly elucidated on the
basis of NMR spectra and single crystal structures. The advantages of the reaction included using readily avaiable
starting material, milder reaction condition, good yields and a widely variety of substrates. This reaction might
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Ar o Ar
o) Ar'
@N\@ o + Ar V/L i, ©:N :
> Br NO, EtOH, reflux CH
S S °
Entry Compd Ar Ar' Yield (%)°
1 4a CHs p-CIC¢H, 86
g 4b p-CH;CH, CeHs 89
3 4c p-CH50CH, CeHs 85
4 4d p-CH50CH, p-CH;CgH, 87
5 de p-CH;0CH, p-CIC¢H, 85
6 4f p-CIC¢H, p-CIC¢H, 90

a: Reaction conditions: N-phenacylbenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol)

and triethylamine (1.2 mmol) in ethanol (10.0 mL), reflux, 6 hrs; b: Isolated yield.

Figure 9. Synthesis of methylbenzo[d]pyrrolo[2,1-b]thiazoles®.
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be found potentail applications for the synthesis of the N,S-containing heterocycles in synthetic and medicinal
chemistry.
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Methods

Materials. All reactions were performed in atmosphere unless noted. All reagents were commercially available
and use as supplied without further purification. NMR spectra were collected on either an Agilent DD2400 MHz
spectrometer or a Bruker AV-600 MHz spectrometer with internal standard tetramethylsilane (TMS) and signals
as internal references, and the chemical shifts (§) were expressed in ppm. High-resolution Mass (ESI) spectra were
obtained with Bruker Micro-TOF spectrometer. The Fourier transform infrared (FTIR) samples were prepared as
thin films on KBr plates, and spectra were recorded on a Bruker Tensor 27 spectrometer and are reported in terms
of frequency of absorption (cm™"). X-ray data were collected on a Bruker Smart APEX-2 CCD diffractometer.

General procedure for the synthesis of tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles 1a-1f. To
a 50 mL round flask was added N-phenacylbenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol) and
triethylamine (1.2 mmol) in ethanol (10.0 mL). The solution was stirred at room temperature for four hours. The
solvent was removed by rotatory evaporation at reduced pressure. The residue was subjected to column with a
mixture of light petroleum and ethyl acetate as eluent to give the pure products for analysis.

General procedure for the synthesis of dihydrobenzo[d]pyrrolo[2,1-b]thiazoles 2a-2b. Toa
50 mL round flask was added N-phenacylbenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol) and tri-
ethylamine (1.2mmol) in ethanol (10.0mL). The solution was heated to refluxing for six hours. The solvent was
removed by rotatory evaporation at reduced pressure. The residue was subjected to column with a mixture of light
petroleum and ethyl acetate (V/V = 3:1) as eluent to give the pure products for analysis.

General procedure for the synthesis of benzo[d]pyrrolo[2,1-b]thiazoles 3a-3w. To a 50mL
round flask was added N-phenacylbenzothiazolium bromide (1.0 mmol), nitroalkene (1.0 mmol) and triethyl-
amine (1.2 mmol) in ethanol (10.0 mL). The solution was heated to refluxing for six hours. Then, DDQ (1.2 mmol)
was added and the mixture was refluxed for twelve hours. The solvent was removed by rotatory evaporation
at reduced pressure. The residue was subjected to column with a mixture of light petroleum and ethyl acetate
(V/V =3:1) as eluent to give the pure products for analysis.

General procedure for the synthesis of hydrobenzo[d]pyrrolo[2,1-b]thiazoles 4a-4f. Toa50mL
round flask was added N-phenacylbenzothiazolium bromide (1.0 mmol), 1-methy-1-nitroalkenes (1.0 mmol) and
triethylamine (1.2 mmol) in ethanol (10.0 mL). The solution was heated to refluxing for six hours. The solvent was
removed by rotatory evaporation at reduced pressure. The residue was subjected to column with a mixture of light
petroleum and ethyl acetate (V/V = 3:1) as eluent to give the pure products for analysis.

References
1. Wang, D. C. et al. Enantioselective Dearomative [3 +- 2] Cycloaddition Reactions of Benzothiazoles. Angew. Chem. In. Ed. 55,
14111-14115 (2016).
2. Garcia, R. et al. Pyrrolo[2,1-b]thiazole Derivatives by Asymmetric 1,3-Dipolar Reactions of Thiazolium Azomethine Ylides to
Activated Vinyl Sulfoxides. J. Org. Chem. 73, 8484-8490 (2008).
3. Trapani, G. et al. Synthesis and anticonvulsant activity of some 1,2,3,3a-tetrahydropyrrolo[2,1-b]benzothiazol-1-ones and
pyrrolo[2,1-b]thiazole analogs. Eur. J. Med. Chem. 29, 197-204 (1994).
4. Chaniyara, R. et al. Synthesis and antitumor evaluation of novel benzo[d]pyrrolo[2,1-b]thiazole derivatives. Eur. J. Med. Chem. 53,
28-40 (2012).
5. Shen, Y. M. et al. Synthesis and antiproliferative activity of multisubstituted N-fused heterocycles against the Hep-G2 cancer cell
line. Monatsh. Chem. 142, 521-528 (2011).
6. Wu, Z. S. et al. Benzothiazoline based chemodosimeters for fluorogenic detection of hypochlorous acid. Bioorg. Med. Chem. Lett. 23,
4354-4357 (2013).
7. Caballero, E. et al. N-Substituted pyrrolinones from enamines and a-dicarbonyls. Tetrahedron 50, 7849-56 (1994).
8. Tverdokhlebov, A. V., Andrushko, A. P,, Resnyanska, E. V. & Tolmacheyv, A. A. Pyrrolo[2,1-b]thiazol-3(2H)-ones as precursors of
N-alkyl-2-(1H-pyrrol-2-ylthio)acetamides and N-alkyl-2-(1H-pyrrol-2-ylthio)propanamides. Synthesis 2317-2322 (2004).
9. Tverdokhlebov, A. V., Andrushko, A. P. & Tolmachev, A. A. Synthesis of sulfones in the pyrrolo[2,1-b]thiazole series. Synthesis
1433-1436 (2006).
10. Song, Y. S. & Lee, K. J. A new route to 6-substituted pyrrolo[2,1-b]thiazoles from Morita-Baylis-Hillman adducts of thiazole-2-
carboxaldehyde. Synthesis 3037-3043 (2007).
11. Verma, S., George, J., Singh, S., Pardasani, P. & Pardasani, R. [3 4 2] cycloaddition reactions of thioisatin with thiazolidine-2-
carboxylic acid: a versatile route to new heterocyclic scaffolds. Org. Med. Chem. Lett. 1, 6-15 (2011).
12. Boyd, S. et al. Synthesis of novel, functionalised tricycles utilising the interrupted Pummerer reaction. Tetrahedron Lett. 57, 152-154
(2016).
13. Pawliczek, M., Garve, L. K. B. & Werz, D. B. Exploiting amphiphilicity: facile metal free access to thianthrenes and related sulphur
heterocycles. Chem. Commun. 51, 9165-9168 (2015).
14. Yavari, I, Piltan, M. & Moradi, L. Synthesis of pyrrolo[2,1-a]isoquinolines from activated acetylenes, benzoylnitromethanes, and
isoquinoline. Tetrahedron 65, 2067-2071 (2009).
15. Cadogan, J. I. G. et al. Reactions of 2-(pyrrol-1-yl)benzyl radicals and related species under flash vacuum pyrolysis conditions. Org.
Biomol. Chem. 7, 5173-5183 (2009).
16. Zhao, P, Yin, H., Gao, H. X. & Xi, C. J. Cu-Catalyzed Synthesis of Diaryl Thioethers and S-Cycles by Reaction of Aryl Iodides with
Carbon Disulfide in the Presence of DBU. J. Org. Chem. 78, 5001-5006 (2013).
17. Sviripa, V. N., Brovarets, V. S. & Drach, B. S. A convenient route to functionalized derivatives of pyrrolo[2,1-b][1,3]benzothiazole.
Russ. J. Gen. Chem. 76, 333-334 (2006).
18. Bedjeguelal, K., Bienayme, H. & Poigny, S., Schmitt, Ph. & Tam, E. Expeditious access to diversely substituted indolizines using a
new multi-component condensation. QSAR & Comb. Sci. 25, 504-508 (2006).
19. Chen, L. C., Wang, H. M. & Kang, 1. ]. An interrupted Pummerer reaction induced by hypervalent iodine(III) reagent: a new
synthesis of pyrrolo[2,1-b]benzothiazole. Heterocycles 51, 1437-1441 (1999).
20. Troll, T., Beckel, H. & Lentner-Boehm, C. Electrochemical synthesis of substituted indolizines; UV and fluorescence spectra.
Tetrahedron 53, 81-90 (1997).

SCIENTIFICREPORTS | 7:46470 | DOI: 10.1038/srep46470 8



www.nature.com/scientificreports/

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51.

Kojima, H., Yamamoto, K., Kinoshita, Y. & Inoue, H. Synthesis of indolizines and pyrrolo[2,1-b]azoles from 2-pyridylmagnesium
bromide and 2-lithiated azoles using tris(alkylthio)cyclopropenyl cations as a three-carbon building block. J. Heterocyclic Chem. 29,
1473-1476 (1992).

Lan, R. X,, Jin, S. & Li, Z. M. New heterocyclic system synthesis. II. Reaction of 2,3-dihydro-1,5-benzothiazepines with
dichlorocarbene. Chin. Chem. Lett. 3,9-10 (1992).

Bates, D. K., Winters, R. T. & Picard, J. A. Intramolecular capture of Pummerer rearrangement intermediates. 3. Interrupted
Pummerer rearrangement: capture of tricoordinate sulfur species generated under Pummerer rearrangement conditions. J. Org.
Chem. 57, 3094-3097 (1992).

Bates, D. K., Sell, B. A. & Picard, J. A. Intramolecular capture of Pummerer rearrangement intermediates. Part 3. An interrupted
Pummerer reaction induced by Vilsmeier reagent (phosphorous oxychloride-dimethylformamide). Tetrahedron Lett. 28, 3535-3538
(1987).

Lindley, J. M., Meth-Cohn, O. & Suschitzky, H. Competitive cyclization of singlet and triplet nitrenes. Part 6. The cyclization of
2-azidophenyl thienyl sulfides. J. Chem. Soc., Perkin Trans. 1: Org. Bio-Org. Chem. 10, 1198-1204 (1978).

Potts, K. T. & Choudhury, D. R. Mesoionic compounds. 43. Ring annulation utilizing the isomeric anhydro-2- and
3-hydroxythiazolo[2,3-b]benzothiazolium hydroxide mesoionic systems. J. Org. Chem. 43, 2697-2700 (1978).

Khattab, S. N., Hassan, S. Y., El-Faham, A., El Massry, A. M. & Amer, A. Reaction of phthalaldehydic acid with different substituted
aniline as well as hydrazine derivatives. J. Heterocyclic Chem. 44, 617-626 (2007).

Cayley, A. N. et al. Preparation of novel polycyclic heterocycles using a tin(II) chloride dihydrate-mediated deacetalization-
bicyclization sequence. Synthesis 23, 3846-3856 (2008).

Tsuge, O., Shimoharada, H. & Noguchi, M. Cycloaddition of benzothiazolium N-phenacylide with olefinic dipolarophiles.
Heterocycles 15, 807-814 (1981).

Tsuge, O., Kanemasa, S. & Takenaka, S. Stereochemical study on 1,3-dipolar cycloaddition reactions of heteroaromatic N-ylides with
unsymmetrically substituted olefinic dipolarophiles. Bull. Chem. Soc. Japan 58, 3320-3336 (1985).

Galera, C., Vaquero, J. J., Garcia, N. J. L. & Alvarez-Builla, J. 2-Methylthiazolium salts as 1,4-dinucleophiles. Thiazolo[3,2-a]
pyridinium salts from Westphal condensation. J. Heterocyclic Chem. 23, 1889-92 (1986).

Iwamura, T., Kobayashi, M., Ichikawa, T., Shimizu, H. & Kataoka, T. Reinvestigation of reactions of thiazolium and benzothiazolium
N-phenacylides with electron-deficient acetylenes. J. Chem. Soc., Perkin Trans. 1: Organic and Bio-Org. Chem. 629-35 (1996).
Kandeel, M. M. Synthetic studies on some new diaryl sulphides and diaryl sulphones with fused heterocyclic rings. Bull. Polish
Academy of Sciences, Chem. 50, 309-322 (2002).

Schmidpeter, A. & Karaghiosoff, K. Product class 6: azaphospholes and azarsoles. Sci. Synth. 12, 679-703 (2002).

Berry, C. R, Zificsak, C. A., Gibbs, A. C. & Hlasta, D. J. Cycloaddition Reactions of Thiazolium Azomethine Ylides: Application to
Pyrrolo[2,1-b]thiazoles. Org. Lett. 9, 4099-4102 (2007).

Nassiri, M., Milani, F. J. & Hassankhani, A. Synthesis of Spiro Pyrrolobenzothiazole Derivatives via a Three-Component Reaction.
J. Heterocyclic Chem. 52, 1162-1166 (2015).

Shen, G. L., Sun, J. & Yan, C. G. Convenient Synthesis of Spiro[benzo[d]pyrrolo[2,1-b]thiazole-3,2-indenes] Derivatives via Three-
Component Reaction. Chin. J. Chem. 34, 412-418 (2016).

Shen, G. L., Sun, J. & Yan, C. G. Diastereoselective synthesis of spiro[benzo[d]pyrrolo-[2,1-b]thiazole-3,3’-indolines] via
cycloaddition reaction of N-phenacylbenzothiazolium bromides and 3-methyleneoxindoles. Org. Biomol. Chem. 13, 10929-10938
(2015).

Yan, C. G. et al. One-step synthesis of polysubstituted benzene derivatives by multi-component cyclization of a-bromoacetate,
malononitrile and aromatic aldehydes. Chem. Commun. 1440-1442 (2008).

Yan, C. G., Wang, Q. E, Song, X. K. & Sun, J. One-Step Synthesis of Pyrido[1,2-a]benzimidazole Derivatives by a Novel
Multicomponent Reaction of Chloroacetonitrile, Malononitrile, Aromatic Aldehyde, and Pyridine. J. Org. Chem. 74, 710-718
(2009).

Hou, H., Zhang, Y. & Yan, C. G. One-pot synthesis of 4-substituted isoquinolinium zwitterionic salts by metal-free C-H bond
activation. Chem. Commun. 48, 4492-4494 (2012).

Hui, L., Li, H. Y. & Yan, C. G. Molecular diversity of three-component reactions of N-benzylbenzimidazolium salts, isatin, and
malononitrile or ethyl cyanoacetate. Eur. J. Org. Chem. 3157-3164 (2012).

Shen, G. L., Sun, J. & Yan, C. G. Construction of dispirocyclohexyl-3,3’-bisoxindole and dispirocyclopentyl-3,3’-bisoxindole via
domino cycloaddition reactions of N-benzylbenzimidazolium salts with 2-(2-oxoindolin-3-ylidene)acetates. RSC Advances. 5,
4475-4483 (2015).

Shen, G. L., Huang, Y., Sun, J. & Yan, C. G. Formation of diverse polycyclic spirooxindoles via three-component reaction of
isoquinolinium salts, isatins and malononitrile. Sci. Rep. 7, 41024 (2017).

Tsuge, O., Kanemasa, S. & Takenaka, S. Stereochemical study on 1,3-dipolar cycloaddition reactions of heteroaromatic N-ylides with
symmetrically substituted cis and trans olefins. Bull. Chem. Soc. Japan 58, 3137-3157 (1985).

Nosachev, S. B., Del'netskaya, K. A. Solovev, N. A. & Tyrkov, A. G. Substituted 1-nitro-2-phenylethenes in reaction with N-phenacyl-
and N-acetonylisoquinolinium bromides. Russ. J. Org. Chem. 46, 1427-1429 (2010).

Chen, K. P, Chen, Y.]. & Chuang, C. P. Ethyl a-Nitrocinnamates in the Synthesis of Highly Functionalized Isoxazoles, Eur. . Org.
Chem. 27, 5292-5300 (2010).

Kucukdisli, M. & Opatz, T. A modular synthesis of polysubstituted indolizines. Eur. J. Org. Chem. 4555-4564 (2012).

Liu, Z. M., Fang, J. & Yan, C. G. Diastereoselective synthesis of 1,10-dihydropyrrolo[1,2-a][1,10]phenanthroline derivatives via
1,3-dipolar cycloaddition reaction. Chem. Res. Chin. Univ. 29, 1089-1093 (2013).

Fang, J. & Yan, C. G. Synthesis of 6a,6b,13,13a-tetrahydro-6H-5-oxa-12a-azadibenzo[a,g]fluorene derivatives via cycloaddition
reactions of isoquinolinium salts with 3-nitrochromenes. Mole. Divers. 18, 91-99 (2014).

Shi, E, Zhang, Y., Lu, Z. L., Zhu, X. L., Kan, W. Q., Wang, X. & Hu, H. Y. Investigation of the reactions of quinolinium ylide with
nitrostyrenes. Synthesis 48, 413-420 (2016).

Acknowledgements

This work was financially supported by the National Natural Science Foundation of China (Grant No. 21272200)
and the Priority Academic Program Development of Jiangsu Higher Education Institutions. We thank Analysis
and Test Center of Yangzhou University providing all analytical instruments.

Author Contributions

C.-

G.Y. led this research. G.J. and R.-Y.Y. performed all the synthetic work and conducted NMR, IR, HRMS. J.S.

solved the single crystal X-ray structures and checked all data. C.-G.Y. wrote the paper.

Additional Information
Accession Codes: Crystallographic data 1a (CCDC 1507670); 1b (CCDC 1507671); 1¢ (CCDC 1507672);
1d (CCDC1507673); 1€ (CCDC 1507674); 1f (CCDC 1507675); 2a (CCDC 1507676); 22 (CCDC 1507677);

SCIENTIFICREPORTS | 7:46470 | DOI: 10.1038/srep46470 9



www.nature.com/scientificreports/

2b’ (CCDC 1507678); 3d (CCDC 1507679); 3 (CCDC 1507680); 3j (CCDC 1507681); 3p (CCDC 1507682);
3w (CCDC 1507683), 4d (CCDC 1507684) and 4e (CCDC 1507685) have been deposited at the Cambridge
Crystallographic Database Centre and is available on request (http//www.ccdc.cam.ac.uk).

Supplementary information accompanies this paper at http://www.nature.com/srep
Competing Interests: The authors declare no competing financial interests.

How to cite this article: Jin, G. et al. Stepwise cycloaddition reaction of N-phenacylbenzothiazolium bromides
and nitroalkenes for tetrahydro-, dihydro- and benzo[d]pyrrolo[2,1-b]thiazoles. Sci. Rep. 7, 46470; doi: 10.1038/
srep46470 (2017).

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

BN o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2017

SCIENTIFICREPORTS | 7:46470 | DOI: 10.1038/srep46470 10


http://http//www.ccdc.cam.ac.uk
http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Stepwise cycloaddition reaction of N-phenacylbenzothiazolium bromides and nitroalkenes for tetrahydro-, dihydro- and benzo[ ...
	Results and Discussion

	Conclusion

	Methods

	Materials. 
	General procedure for the synthesis of tetrahydrobenzo[d]pyrrolo[2,1-b]thiazoles 1a-1f. 
	General procedure for the synthesis of dihydrobenzo[d]pyrrolo[2,1-b]thiazoles 2a-2b. 
	General procedure for the synthesis of benzo[d]pyrrolo[2,1-b]thiazoles 3a-3w. 
	General procedure for the synthesis of hydrobenzo[d]pyrrolo[2,1-b]thiazoles 4a-4f. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Synthesis of tetrahydrobenzo[d]pyrrolo[2,1-b]thiazolesa.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Molecular structure of 1b (major isomer).
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Molecular structure of 1e’ (minor isomer).
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Synthesis of dihydrobenzo[d]pyrrolo[2,1-b]thiazolesa.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ Molecular structure of 2a (major isomer).
	﻿Figure 6﻿﻿.﻿﻿ ﻿ Molecular structure of 2a’ (major isomer).
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Synthesis of benzo[d]pyrrolo[2,1-b]thiazolesa.
	﻿Figure 8﻿﻿.﻿﻿ ﻿ Single crystal structure of molecular 3d.
	﻿Figure 9﻿﻿.﻿﻿ ﻿ Synthesis of methylbenzo[d]pyrrolo[2,1-b]thiazolesa.
	﻿Figure 10﻿﻿.﻿﻿ ﻿ Single crystal structure of molecular 4d.
	﻿Figure 11﻿﻿.﻿﻿ ﻿ Proposed reaction mechanism for stepwise cycloaddition reaction.



 
    
       
          application/pdf
          
             
                Stepwise cycloaddition reaction of N-phenacylbenzothiazolium bromides and nitroalkenes for tetrahydro-, dihydro- and benzo[d]pyrrolo[2,1-b]thiazoles
            
         
          
             
                srep ,  (2017). doi:10.1038/srep46470
            
         
          
             
                Gong Jin
                Jing Sun
                Ren-Yin Yang
                Chao-Guo Yan
            
         
          doi:10.1038/srep46470
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 The Author(s)
          10.1038/srep46470
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep46470
            
         
      
       
          
          
          
             
                doi:10.1038/srep46470
            
         
          
             
                srep ,  (2017). doi:10.1038/srep46470
            
         
          
          
      
       
       
          True
      
   




