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a b s t r a c t

Substituted N-[2-(vinyloxy)ethyl]pyrroles, prepared in good yield through an allenic or acetylenic carb-
anion/isothiocyanate one-pot methodology from 2-(vinyloxy)ethyl isothiocyanate and allyloxyallene,
methoxyallene, N,N-dimethyl-2-propyn-1-amine, and 3-methoxy-1-(methylsulfanyl)-1-propyne, are
smoothly converted into the corresponding N-vinylpyrroles using t-BuOK/DMSO (room temperature).
The reaction proceeds via elimination of vinyl alcohol from the N-[2-(vinyloxy)ethyl] substituent and
represents a novel approach to N-vinylpyrroles.

� 2010 Elsevier Ltd. All rights reserved.
N-Vinylpyrroles are of interest as monomers, as useful synthetic
intermediates and building blocks for the design of various
polymeric materials and new azole-containing mono-, poly-, and
macrocyclic molecular architectures for diverse purposes (opto-
electronics, non-linear optics, materials science, supramolecular
chemistry, medicine, pharmacology, etc.).1,2 Traditionally, these
compounds are prepared by the addition of NH-pyrroles to alkynes
in the presence of various catalytic systems,2,3 less often by indi-
rect vinylation with dihaloalkanes (through substitution–elimina-
tion),1a,n,2,4 by vinylic substitution with vinyl halides1k,2,5 and
vinyl triflates,2,6 or by isomerization of N-allylic into N-propen-1-
ylic derivatives.2,7 In particular, the one-pot syntheses of diversely
substituted N-vinylpyrroles directly from ketones and acetylene
(via ketoximes) in the superbasic MOH/DMSO (M = Na, K, Cs) sys-
tems (Trofimov reaction) are synthetically attractive.8

It has also been well documented that the introduction of het-
eroatoms or heteroatom-containing substituents at different posi-
tions of the pyrrole ring can change drastically the physical,
chemical, and biological properties of the corresponding pyrrole
derivatives.9–12 Among the heterosubstituted pyrroles, demanded
are those bearing amino,10 alkoxy,11 and alkylsulfanyl12 groups,
which are recommended for the design of optoelectronic materials,
ll rights reserved.
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new biologically relevant porphyrins and as pharmaceutically
important substrates. However, the availability of such compounds
is poor, and the corresponding N-vinylpyrroles, to the best of our
knowledge, are still unknown. In fact, until recently, general and
efficient methods for the direct synthesis of heterosubstituted pyr-
roles were absent. Apart from our own previous work,13,14 only a
few reports in this field have been published.15

We recently developed conceptually novel general strategies for
the highly selective one-pot assembly of heterosubstituted pyr-
roles from simple and readily available reagents, that is, isothiocy-
anates, allenes or alkynes and alkylating agents (through synthesis
and intramolecular cyclization of 1-aza-1,3,4-trienes),2b,13 or from
allyl isothiocyanate (through its transformation into an N,S-cen-
tered pyrrolylsulfide dianion in the presence of KDA).14 In this Let-
ter, we describe a novel and general synthetic approach to new
classes of N-vinylpyrroles, hitherto unknown, and synthetically
unavailable 2-(alkylsulfanyl)-N-vinylpyrroles bearing functional
substituents—based on synthesis (via allenic or acetylenic carban-
ion/isothiocyanate one-pot methodology)13 and an unprecedented
mild cleavage of 2-[2- or 5-(alkylsulfanyl)pyrrol-1-yl]ethyl vinyl
ethers using t-BuOK/DMSO (see Schemes 1–6).

In continuation of our interest in the development of novel
pyrrole ring-construction strategies,13,16 we have examined the
one-pot preparation [from 2-(vinyloxy)ethyl isothiocyanate (1),
allyloxyallene, and MeI (Scheme 1)] of polyfunctionalized
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Scheme 3. Reagents and conditions: (i) n-BuLi/THF/hexane; (ii) CH2@CHOCH2CH2N@
C@S (1); (iii) MeI; (iv) CuI; (v) t-BuOK/DMSO: 1.2 equiv, rt, 60 min (74%); 2 equiv,
�50 �C, 20 min (95%).
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Scheme 4. Reagents and conditions: (i) n-BuLi/THF/hexane; (ii) CH2@CHOCH2CH2N@
C@S (1); (iii) t-BuOH/t-BuOK/DMSO; (iv) MeI; (v) t-BuOK/DMSO, 2 equiv, rt, 60 min
or �112 �C, 10 min.
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Scheme 5. Reagents and conditions: (i) n-BuLi/THF/hexane; (ii) CH2@CHOCH2CH2N@
C@S (1); (iii) MeI; (iv) CuBr (74%); (v) t-BuOK/DMSO, 2 equiv, rt, 60 min.
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3-(allyloxy)-2-(methylsulfanyl)-N-[2-(vinyloxy)ethyl]pyrrole (2)
as a highly reactive monomer, synthon, and precursor of 2-(meth-
ylsulfanyl)-3-(1-propenyloxy)-N-[2-(vinyloxy)ethyl]pyrrole (3)
which is the first representative of vinyloxy-substituted pyrroles,
combining the useful properties of both pyrroles and vinyl ethers
(Scheme 2).

The reaction proceeds via formation and Cu+-catalyzed16a intra-
molecular cyclization of allenylimidothioate (1-aza-1,3,4-triene) 4,
which can be easily isolated, if necessary. Pyrrole 2 was obtained in
72% isolated yield (Scheme 1).

However, our attempt to carry out smooth allyl–propenyl isom-
erization of 3-(allyloxy)pyrrole 2 into 3-(1-propenyloxy)pyrrole 3
under basic conditions (0.54 equiv of t-BuOK, DMSO, 45–55 �C,
45 min) gave an unexpected result. Instead of target pyrrole 3, pre-
viously unknown 3-(allyloxy)-2-(methylsulfanyl)-N-vinylpyrrole
(5) and 2-(methylsulfanyl)-3-[(Z)-1-propenyloxy]-N-vinylpyrrole
(6) were isolated in �55% total yield (ratio of 5/6 = �50:50), to-
gether with starting pyrrole 2 (�60% in a mixture of products),
the conversion of 2 being �59% (Scheme 2).

A more detailed investigation of the reaction showed that these
transformations of pyrrole 2 occurred even at rt. Thus, treatment of
pyrrole 2 with 2 equiv of t-BuOK in DMSO at rt for 60 min led to
pyrroles 5 and 6 in �66% total yield (ratio of 5/6 = 27:73), the con-
version of 2 being �87%. At �40 �C for 30 min, pyrroles 5 and 6
were obtained in �76% total yield (ratio of 5/6 = �5.3:94.7), the
conversion of 2 being �94%. In all the cases, formation of pyrrole
3 was not evident by analytical methods (NMR, IR and MS).

The generality of the reaction leading to N-vinylpyrroles was
confirmed using a number of other 2,3-, 2,5- and 2,3,5-substituted
N-[2-(vinyloxy)ethyl]pyrroles. Thus, 3-methoxy-2-(methylsulfa-
nyl)-N-[2-(vinyloxy)ethyl]pyrrole (7)13a,17 was obtained in one
preparative step from isothiocyanate 1, methoxyallene and MeI
(Scheme 3) in 62% isolated yield. The treatment with t-BuOK/
DMSO easily transformed 7 into 3-methoxy-2-(methylsulfanyl)-
N-vinylpyrrole (8) in good to excellent yield, depending on the
reaction conditions.

Interestingly, attempts to effect this transformation with t-
BuOK/THF or KOH/DMSO (in both cases with 1.2 equiv of base at
�50 �C for 20 min) did not afford the expected N-vinylpyrrole 8.
When �0.5 equiv of t-BuOK (DMSO, �50 �C, 20 min) was used,
the amount of N-vinylpyrrole 8 in the mixture with pyrrole 7
was not higher than 50%.

The reaction of N,N-dimethyl-5-(methylsulfanyl)-N-[2-(vinyl-
oxy)ethyl]pyrrol-2-amine (9), obtained from N,N-dimethyl-2-pro-
pyn-1-amine and isothiocyanate 1, with 2 equiv of t-BuOK/DMSO
gave N,N-dimethyl-5-(methylsulfanyl)-N-vinylpyrrol-2-amine
(10) in 97% yield (the conversion of 9 being 98%) when the reaction
was carried out at �112 �C (Scheme 4). At rt the yield of 10 was
�91%, but the conversion of 9 was much lower (70%).

Unlike pyrroles 2 and 7, the synthesis of pyrrole 9 occurs via five-
membered ring-closure promoted by t-BuOK/DMSO, followed by
methylation of the intermediate pyrrolylsulfide 11 (Scheme 4).13a,18

It was also shown, that tetrasubstituted pyrrole 12,19 derived
from isothiocyanate 1, 3-methoxy-1-(methylsulfanyl)-1-propyne
and MeI, underwent sequential cleavage of the N-[2-(vinyl-
oxy)ethyl] moiety using t-BuOK/DMSO to give 5-methoxy-2,3-
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bis(methylsulfanyl)-N-vinylpyrrole (13) in 96% yield, the conver-
sion of 12 being 97% (Scheme 5).

The most probable mechanism for the transformation of N-[2-
(vinyloxy)ethyl]pyrroles into N-vinylpyrroles involves deprotona-
tion of the N-[2-(vinyloxy)ethyl] moiety followed by b-elimination
of vinyl alcohol as depicted in Scheme 6.

Previously, a similar superbase-catalyzed elimination of vinyl
alcohols from vinyl ethers containing heteroatom (oxygen) at the
b-position of a vinyloxy group was reported for the vinyl ether of
glycerol20 and the divinyl ether of ethylene glycol.21

The structures of synthesized pyrroles were assigned unambig-
uously by IR and 1H, 13C, HSQC and HMBC NMR experiments.

In conclusion, we have developed a novel and general synthetic
approach to the efficient preparation of N-vinylpyrroles from 2-
(vinyloxy)ethyl isothiocyanate (1), lithiated allenes or alkynes
and alkyl halides in two preparative steps via a one-pot synthesis
of N-[2-(vinyloxy)ethyl]pyrroles and elimination of the vinylic
alcohol from N-[2-(vinyloxy)ethyl] moiety in the presence of t-
BuOK/DMSO. Moreover, this approach to N-vinylpyrroles is appli-
cable to other N-[2-(vinyloxy)ethyl]pyrroles. We are continuing
to study the scope and limitation of this approach to N-
vinylpyrroles.

Acknowledgments

The authors are grateful for the financial support from the Rus-
sian Foundation for Basic Research (Grant No. 09-03-00890a) and
the Presidium of the Russian Academy of Sciences (Project No.
18.20).

Supplementary data

Supplementary data (experimental section, characterization of
all compounds) associated with this article can be found, in the on-
line version, at doi:10.1016/j.tetlet.2010.07.179.

References and notes

1. (a) Gonzales, C.; Greenhouse, R.; Tallabs, R. Can. J. Chem. 1983, 61, 1697–1702;
(b) Trofimov, B. A.; Mikhaleva, A. I. N-Vinylpyrroles; Nauka: Novosibirsk, 1984;
(c) Trofimov, B. A.; Mikhaleva, A. I.; Morozova, L. V. Usp. Khim. 1985, 54, 1034–
1051; (d) Trofimov, B. A. In The Chemistry of Heterocyclic Compounds; Jones, R.
A., Ed.; Wiley: New York, 1992; Vol. 48, pp 131–298; (e) Settambolo, R.;
Caiazzo, A.; Lazzaroni, R. J. Organomet. Chem. 1996, 506, 337–338; (f) Caiazzo,
A.; Settambolo, R.; Uccello-Barretta, G.; Lazzaroni, R. J. Organomet. Chem. 1997,
548, 279–284; (g) DuBois, C. J., Jr.; McCarley, R. L. J. Electroanal. Chem. 1998, 454,
99–105; (h) Luo, J.; Qin, J.; Kang, H.; Ye, C. Chem. Mater. 2001, 13, 927–931; (i)
Brustolin, F.; Castelvetro, V.; Ciardelli, F.; Ruggeri, G.; Colligiani, A. J. Polym. Sci.,
Part A: Polym. Chem. 2001, 39, 253–262; (j) Pinho e Melo, T. M. V. D.; Soares, M.
I. L.; Rocha Gonsalves, A. M. d’A.; Paixão, J. A.; Beja, A. M.; Silva, M. R. J. Org.
Chem. 2005, 70, 6629–6638; (k) Taillefer, M.; Ouali, A.; Renard, B.; Spindler, J.-F.
Chem. Eur. J. 2006, 12, 5301–5313 and references therein; (l) Trofimov, B. A.;
Markova, M. V.; Morozova, L. V.; Shmidt, E. Yu.; Senotrusova, E. Yu.; Myachina,
G. F.; Myachin, Yu. A.; Vakul’skaya, T. I.; Mikhaleva, A. I. Polym. Sci. Ser. B 2007,
49, 292–296; (m) Morozova, L. V.; Tatarinova, I. V.; Markova, M. V.; Vasil’tsov,
A. M.; Ivanov, A. V.; Vakul’skaya, T. I.; Mikhaleva, A. I.; Trofimov, B. A. Russ.
Chem. Bull. Int. Ed. 2007, 56, 2209–2213; (n) Wang, W.; Yu, D.; Tian, F. Synth.
Met. 2008, 158, 717–721; (o) Petrova, O. V.; Markova, M. V.; Sobenina, L. N.;
Morozova, L. V.; Mikhaleva, A. I.; Hyun, S. H.; Trofimov, B. A. Izv. Akad. Nauk. Ser.
Khim. 2009, 115–118; (p) Trofimov, B. A.; Markova, M. V.; Morozova, L. V.;
Mikhaleva, A. I.; Shmidt, E. Yu.; Zorina, N. V.; Hyun, S. H. Polym. Sci. Ser. B 2010,
52, 193–197; (q) Trofimov, B. A.; Markova, M. V.; Morozova, L. V.; Mikhaleva, A.
I.; Sobenina, L. N.; Petrova, O. V.; Vakul’skaya, T. I.; Myachina, G. F.;
Petrushenko, K. B. Synth. Met. 2010, 160, 1539–1543.

2. (a) Katritzky, A. R.; Maimait, R.; Xu, Y.-J.; Gyoung, Y. S. J. Org. Chem. 2002, 67,
8230–8233; (b) Nedolya, N. A. Chem. Heterocycl. Compd. 2008, 44, 1165–1219;
(c) Trofimov, B. A.; Nedolya, N. A. In Comprehensive Heterocyclic Chemistry III;
Katritzky, A. R., Ramsden, C. A., Scriven, E. F. V., Taylor, R. J. K., Eds.; Elsevier:
Amsterdam, 2008; Vol. 3, pp 45–268.

3. (a) Reppe, W. Liebigs Ann. Chem. 1956, 601, 81–138; (b) Tzalis, D.; Koradin, C.;
Knochel, P. Tetrahedron Lett. 1999, 40, 6193–6195; (c) Trofimov, B. A.; Sobenina,
L. N.; Mikhaleva, A. I.; Ushakov, I. A.; Vakul’skaya, T. I.; Stepanova, Z. V.;
Toryashinova, D.-S. D.; Mal’kina, A. G.; Elokhina, V. N. Synthesis 2003, 1272–
1278.

4. (a) Settambolo, R.; Mariani, M.; Caiazzo, A. J. Org. Chem. 1998, 63, 10022–
10026; (b) Abele, E.; Dzenitis, O.; Rubina, R.; Lukevics, E. Chem. Heterocycl.
Compd. 2002, 38, 682–685; (c) Di Santo, R.; Tafi, A.; Costi, R.; Botta, M.; Artico,
M.; Corelli, F.; Forte, M.; Caporuscio, F.; Angiolella, L.; Palamara, A. T. J. Med.
Chem. 2005, 48, 5140–5153.

5. Lebedev, A. Y.; Izmer, V. V.; Kazyul’kin, D. N.; Beletskaya, I. P.; Voskoboynikov,
A. Z. Org. Lett. 2002, 4, 623–626.

6. Movassaghi, M.; Ondrus, A. E. J. Org. Chem. 2005, 70, 8638–8641.
7. Albano, V. G.; Gualandi, A.; Monari, M.; Savoia, D. J. Org. Chem. 2008, 73, 8376–

8381.
8. (a) Mikhaleva, A. I.; Schmidt, E. Yu.; Ivanov, A. V.; Vasil’tsov, A. M.; Senotrusova,

E. Yu.; Protsuk, N. I. Zh. Org. Khim. 2007, 43, 236–238; (b) Trofimov, B. A.;
Mikhaleva, A. I.; Schmidt, E. Yu.; Sobenina, L. N. Adv. Heterocycl. Chem. 2010, 99,
209–254; (c) Vasil’tsov, A. M.; Ivanov, A. V.; Mikhaleva, A. I.; Trofimov, B. A.
Tetrahedron Lett. 2010, 51, 1690–1692.

9. (a) De Rosa, M.; Issac, R. P.; Houghton, G. Tetrahedron Lett. 1995, 36, 9261–
9264; (b) Facchetti, A.; Abbotto, A.; Beverina, L.; van der Boom, M. E.; Dutta, P.;
Evmenenko, G.; Marks, T. J.; Pagani, G. A. Chem. Mater. 2002, 14, 4996–5005; (c)
Renneberg, D.; Dervan, P. B. J. Am. Chem. Soc. 2003, 125, 5707–5716; (d)
Attanasi, O. A.; De Crescentini, L.; Mantellini, F.; Marini, F.; Nicolini, S.;
Sternativo, S.; Tiecco, M. Synlett 2009, 1118–1122; (e) Baxendale, I. R.; Buckle,
C. D.; Ley, S. V.; Tamborini, L. Synthesis 2009, 1485–1493.

10. (a) Unverferth, K.; Engel, J.; Höfgen, N.; Rostock, A.; Günther, R.; Lankau, H.-J.;
Menzer, M.; Rolfs, A.; Liebscher, J.; Müller, B.; Hofmann, H.-J. J. Med. Chem.
1998, 41, 63–73; (b) Chen, N.; Lu, Y.; Gadamasetti, K.; Hurt, C. R.; Norman, M.
H.; Fotsch, C. J. Org. Chem. 2000, 65, 2603–2605; (c) Marcotte, F.-A.; Lubell, W.
D. Org. Lett. 2002, 4, 2601–2603.

11. (a) Rapoport, H.; Willson, C. D. J. Am. Chem. Soc. 1962, 84, 630–635; (b) Merz, A.;
Kronberger, J.; Dunsch, L.; Neudeck, A.; Petr, A.; Parkanyi, L. Angew. Chem., Int.
Ed. 1999, 38, 1442–1446; (c) Boger, D. L.; Hong, J. J. Am. Chem. Soc. 2001, 123,
8515–8519; (d) Gao, G.-Y.; Colvin, A. J.; Chen, Y.; Zhang, X. P. Org. Lett. 2003, 5,
3261–3264; (e) Kruppa, M.; Bonauer, C.; Michlov, V.; Knig, B. J. Org. Chem. 2005,
70, 5305–5308; (f) Hill, L.; Imam, S. H.; McNab, H.; O’Neill, W. J. Synthesis 2009,
2535–2538.

12. (a) Boiadjiev, S. E.; Lightner, D. A. J. Org. Chem. 1998, 63, 6220–6228; (b)
Alemán, C.; Domingo, V. M.; Julia, L. J. Phys. Chem. A 2001, 105, 5266–5271; (c)
Domingo, V. M.; Brillas, E.; Torrelles, X.; Rius, J.; Julia, L. J. Org. Chem. 2001, 66,
8236–8239; (d) Rosa, A.; Ricciardi, G.; Baerends, E. J.; Zimin, M.; Rodgers, M. A.
J.; Matsumoto, S.; Ono, N. Inorg. Chem. 2005, 44, 6609–6622; (e) Li, H.; Lambert,
C.; Stahl, R. Macromolecules 2006, 39, 2049–2055; (f) Yin, G.; Wang, Z.; Chen, A.;
Gao, M.; Wu, A.; Pan, Y. J. Org. Chem. 2008, 73, 3377–3383.

13. (a) Nedolya, N. A. Novel Chemistry Based on Isothiocyanates and Polar
Organometallics; Ph.D. Dissertation, Utrecht University, The Netherlands,
1999, pp 1–144; (b) Trofimov, B. A. J. Heterocycl. Chem. 1999, 36, 1469–1490;
(c) Brandsma, L.; Nedolya, N. A.; Tarasova, O. A.; Trofimov, B. A. Chem.
Heterocycl. Compd. 2000, 36, 1241–1260; (d) Brandsma, L. Eur. J. Org. Chem.
2001, 4569–4581; (e) Brandsma, L.; Nedolya, N. A. Synthesis 2004, 735–745.

14. (a) Nedolya, N. A.; Brandsma, L.; Verkruijsse, H. D.; Trofimov, B. A. Tetrahedron
Lett. 1997, 38, 7247–7248; (b) Brandsma, L.; Nedolya, N. A.; Trofimov, B. A.
Dokl. Chem. 1998, 358, 12–13; (c) Nedolya, N. A.; Brandsma, L.; Trofimov, B. A.
Russ. J. Org. Chem. 1998, 34, 900–901.

15. (a) Breuil-Desvergnes, V.; Goré, J. Tetrahedron 2001, 57, 1939–1950; (b)
Katritzky, A. R.; Wang, X.; Denisenko, A. J. Org. Chem. 2001, 66, 2850–2853;
(c) Gillis, H. M.; Greene, L.; Thompson, A. Synlett 2009, 112–116.

16. (a) Nedolya, N. A.; Brandsma, L.; Tarasova, O. A.; Verkruijsse, H. D.; Trofimov, B.
A. Tetrahedron Lett. 1998, 39, 2409–2410; (b) Brandsma, L.; Nedolya, N. A.;
Trofimov, B. A. Eur. J. Org. Chem. 1999, 2663–2664; (c) Brandsma, L.; Nedolya,
N. A.; Verkruijsse, H. D.; Trofimov, B. A. Chem. Heterocycl. Compd. 2000, 36, 876–
877; (d) Brandsma, L.; Nedolya, N. A.; Trofimov, B. A. Russ. Chem. Bull. Int. Ed.
2000, 49, 1634–1636; (e) Brandsma, L.; Nedolya, N. A.; Tolmachev, S. V.;
Albanov, A. I. Chem. Heterocycl. Compd. 2001, 37, 364–365; (f) Nedolya, N. A.;
Brandsma, L.; Shlyakhtina, N. I.; Tolmachev, S. V. Chem. Heterocycl. Compd.
2001, 37, 366–367; (g) Nedolya, N. A.; Brandsma, L.; Tolmachev, S. V. Chem.
Heterocycl. Compd. 2002, 38, 745–746; (h) Nedolya, N. A.; Brandsma, L. Russ. J.
Org. Chem. 2003, 39, 609–610; (i) Nedolya, N. A.; Brandsma, L. Russ. J. Org. Chem.
2006, 42, 607–609.

17. Pyrrole 7 was obtained earlier in the mixture with 5-methoxy-6-
(methylsulfanyl)-2-[(vinyloxy)methyl]-2,3-dihydropyridine: Nedolya, N. A.;
Brandsma, L.; Zinov’eva, V. P.; Trofimov, B. A. Russ. J. Org. Chem. 1997, 33,
80–85.

18. Tarasova, O. A.; Nedolya, N. A.; Vvedensky, V. Yu.; Brandsma, L.; Trofimov, B. A.
Tetrahedron Lett. 1997, 38, 7241–7242.

19. Brandsma, L.; Nedolya, N. A.; Tolmachev, S. V. Chem. Heterocycl. Compd. 2002,
38, 54–59.

20. Trofimov, B. A.; Malysheva, S. F.; Sigalov, M. V.; Vyalykh, E. P.; Kalabin, G. A.
Tetrahedron Lett. 1984, 25, 4257–4258.

21. Trofimov, B. A.; Oparina, L. A.; Parshina, L. N.; Vins, V. V.; Lavrov, V. I. Izv. Akad.
Nauk SSSR. Ser. Khim. 1989, 2873–2874.


	A one-pot synthesis and mild cleavage of 2-[2- or 5-(alkylsulfanyl)pyrrol-1-yl]ethyl vinyl ethers by t-BuOK/DMSO: a novel and facile approach to  N-vinylpyrroles
	Acknowledgments
	Supplementary data
	References and notes


