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3-Aryl-4-methylpyrrole-2-carboxylates were prepared via
the Barton—-Zard reaction using pseudonitrosites as a source
of the corresponding nitroalkenes. The starting
pseudonitrosites were, in turn, obtained via addition of N,O5
to propenylbenzenes available from the natural plant
essential oils.
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The Barton—Zard synthesis (a reaction of nitroalkenes with alkyl
isocyanoacetates in the presence of a base) is an important
method for the preparation of 3,4-disubstituted pyrrole-
2-carboxylates.! Sometimes, sulfonyl- and cyano-substituted
alkenes are used in the reaction instead of nitroalkenes(©?2
(usually, in these cases more drastic conditions and stronger
bases are required).

This reaction has drawn our attention® since it enabled the
preparation of pyrrole-2-carboxylates with (polyalkoxy)aryl
substituents in positions 3 and/or 4 as a structural core of
lamellarins (Figure 1), marine natural compounds possessing
high biological activities.*

For the synthesis of 3-aryl-4-R-substituted pyrrole-
2-carboxylates, availability of the starting B-R-B-nitrostyrenes is
essential. Here we present an approach based on utilization of so
called pseudonitrosites,® products resulting from addition of
N,O5 across C=C bond of propenylbenzenes 1 available from
plant essential oils.® An addition of N,O; to aryl-substituted
alkenes is known to occur regioselectively affording 1-aryl-
2-nitro-1-nitroso  derivatives (see reviews’ and references
therein). Pseudonitrosites are known to undergo base-induced
elimination of hyponitrous acid thus affording nitroalkenes.>®)8
Meanwhile, the Barton-Zard reaction occurs under basic
conditions as well, thus prompting to carry out this reaction
using pseudonitrosites 2 as starting compounds generating
nitroalkenes 3 in situ upon treatment with an excess base [some
examples of the in situ generation of nitroalkenes in the Barton—
Zard reaction from vic-nitroacetates are known, see lit.}@.(0).9],

Figure 1 General structure of lamellarins.
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Indeed, the reaction of pseudonitrosites 2a—d with ethyl
isocyanoacetate in MeOH in the presence of 3 equiv. K,CO4
afforded  3-aryl-4-methylpyrrole-2-carboxylates 4a—d in
moderate to good yields (the reaction is accompanied with
transesterification, methyl esters having been produced,
Scheme 1).f The compounds 2a-d are, in turn, readily
formed upon adding H,SO, to a stirred two-phase system
aq. NaNO,/ethereal solution of propenylbenzene la—d at
5-10 °C and isolated by a simple filtration.

The present approach is superior to the known syntheses of
1-aryl-2-nitroprop-1-enes ArCH=C(NO,)Me by direct nitration
of the corresponding propenylbenzenes ArCH=CHMe since
they require the use of rather expensive (AgNO,)™ or explosive
[C(NO,),]* reagents.

In the solid state, pseudonitrosites are known to exist in
dimeric form (similarly to other aliphatic nitroso compounds).!?
However, in solution they readily undergo isomerization to the
corresponding a-nitro oximes.!3 In our case, *H NMR spectra of
pseudonitrosites 2 in DMSO-dg, in fact, showed only the signals
of nitro oximes MeCH(NO,)-C(Ar)=N-OH [as mixtures of
(2)- and (E)-isomers].

T 9ynthesis of pseudonitrosites 2a—d (general procedure). To a solution of
the starting propenylbenzene 15® (5 mmol) in Et,0 (10 ml), NaNO, (1.5 g,
21.7 mmol) in H,O (2.5 ml) was added. A solution of H,SO, (0.6 ml) in
H,O (5 ml) was added dropwise to the reaction mixture under vigorous
stirring at 5 °C within 20 min. The mixture was stirred at 5-10 °C for 2 h,
and placed in a refrigerator overnight. The resulting precipitate was filtered
off, washed successively with water, MeOH and diethyl ether, and dried.
Synthesis of methyl 3-aryl-4-methylpyrrole-2-carboxylates 4a-d
(general procedure). A mixture of pseudonitrosite 2 (1 mmol), K,CO4
(3 mmol, 415 mg) and ethyl isocyanoacetate (1 mmol, 113 mg) in MeOH
(3 ml) was vigorously stirred at room temperatute for 2 days, additional
portion of ethyl isocyanoacetate (16-17 mg, 15 mol%) being added in
1 day. The reaction course was monitored by TLC. The mixture was
diluted with water (15 ml) and extracted with ethyl acetate (3x10 ml).
The combined extracts were evaporated to dryness, and the residue
recrystallized from MeOH (for 4a—c) or chromatographed (for 4d).
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a R!=R*=0Me, R% + R® = OCH,0; 59% (2a), 46% (4a)

b R!=R2=0Me, R3+ R* = OCH,0; 68% (2b), 63% (4b)

¢ R'=H, R?+R3%=0CH,0, R* = OMe; 86% (2c), 44% (4c)
d R!'=R2=R3=R*=0Me; 34% (2d), 67% (4d)

Scheme 1 Reagents and conditions: i, NaNO,, H,SO,, Et,0, 5-10 °C;
ii, CNCH,COOEt, MeOH, K,COj; (3 equiv.).

Mass spectra (EI) of the pseudonitrosites 2a—d featured weak
peaks of the corresponding molecular ions and abundant peaks
of fragment ions [M—76] (obviously, [M—NO-NO,]).

It should be noted that 1-aryl-2-nitroprop-1-enes 3 could be
really synthesized by the condensation of the corresponding
benzaldehydes with nitroethane. However, such benzaldehydes
are, in turn, most conveniently prepared® by ozonolysis of
propenylbenzenes of type 1. Therefore, from an atom-economy
point of view the present approach seems preferable
(notwithstanding rather low rate of the Barton-Zard reaction
with pseudonitrosites 2).

In summary, the Barton—Zard reaction of pseudonitrosites as
masked nitroalkenes provided a convenient and atom-economical
approach to 3-aryl-4-methylpyrrole-2-carboxylates starting from
propenylbenzenes available from plant essential oils.

This research was financially supported by the Russian
Science Foundation (project no. 18-13-00044). Authors are
grateful to Dr. Dmitry V. Tsyganov for helpful discussion.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.07.026.

References

1 (@) D. H.R. Bartonand S. Z. Zard, J. Chem. Soc., Chem. Commun., 1985,
1098; (b) D. H. R. Barton, J. Kervagoret and S. Z. Zard, Tetrahedron,
1990, 46, 7587; (c) N. Ono, Heterocycles, 2008, 75, 243; (d) X.-L. He,
H.-R. Zhao, X. Song, B. Jiang, W. Du and Y.-C. Chen, ACSCatal., 2019,
9, 4374; (e) S.-C. Zheng, Q. Wang and J. Zhu, Angew. Chem,, Int. Ed.,
2019, 58, 9215; (f) N. E. M. Kaufman, Q. Meng, K. E. Griffin, S. S. Singh,
A. Dahal, Z. Zhou, F. R. Fronczek, J. M. Mathis, S. D. Jois and
M. G. H. Vicente, J. Med. Chem,, 2019, 62, 3323; (g) R. E. Johnson,
T. de Rond, V. N. G. Lindsay, J. D. Keasling and R. Sarpong, Org. Lett.,
2015, 17, 3474.

2 (@) J. L. Bullington, R. R. Wolff and P. F. Jackson, J. Org. Chem,, 2002,
67, 9439; (b) D. Mysliwiec, B. Donnio, P. J. Chmielewski, B. Heinrich
and M. Stepieni, J. Am. Chem. Soc., 2012, 134, 4822.

3 (a) E. A. Silyanova, A. V. Samet and V. V. Semenov, Russ. Chem. Bull.,
Int. Ed., 2018, 67, 2316 (l2v. Akad. Nauk, Ser. Khim., 2018, 2316);
(b) A. V. Samet, E. A. Silyanova, V. I. Ushkarov, M. N. Semenova and
V. V. Semenov, Russ. Chem. Bull., Int. Ed., 2018, 67, 858 (lzv. Akad.
Nauk, Ser. Khim., 2018, 858); (c) M. N. Semenova, D. V. Demchuk,
D. V. Tsyganov, N. B. Chernysheva, A. V. Samet, E. A. Silyanova,
V. P. Kislyi, A. S. Maksimenko, A. E. Varakutin, L. D. Konyushkin,
M. M. Raihstat, A. S. Kiselyov and V. V. Semenov, ACS Comb. ci.,
2018, 20, 700; (d) E. A. Silyanova, A. V. Samet, L. K. Salamandra,
V. N. Khrustalev and V. V. Semenov, Eur. J. Org. Chem., 2020, 2093.

4 (a) T. Fukuda, F. Ishibashi and M. Iwao, Alkaloids, 2020, 83, 1;
(b) M. Chittchang and A. Theppawong, in Sudies in Natural Products
Chemistry, ed. Atta-ur-Rahman, Elsevier, 2018, vol. 61, pp. 411-460;
(c) D. Imbri, J. Tauber and T. Opatz, Mar. Drugs, 2014, 12, 6142;
(d) T. Fukuda, F. Ishibashi and M. Iwao, Heterocycles, 2011, 83, 491;
(e) T. Ohta, T. Fukuda, F. Ishibashi and M. Iwao, J. Org. Chem., 2009,
74, 8143; (f) K. Tangdenpaisal, R. Worayuthakarn, S. Karnkla,
P. Ploypradith, P. Intachote, S. Sengsai, B. Saimanee, S. Ruchirawat and
M. Chittchang, Chem. — Asian J., 2015, 10, 925.

5 (a) A. Angeli, Ber., 1891, 24, 3994; (b) H. Wieland, Liebigs Ann., 1903,
329, 340; (c) N. J. Demjanow, Ber., 1907, 40, 245.

6 (a) V. V. Semenov, V. V. Rusak, E. M. Chartov, M. |. Zaretskii,
L. D. Konyushkin, S. I. Firgang, A. O. Chizhov, V. V. Elkin, N. N. Latin,
V. M. Bonashek and O. N. Stas’eva, Russ. Chem. Bull., Int. Ed., 2007,
56, 2448 (Izv. Akad. Nauk, Ser. Khim., 2007, 2364); (b) V. V. Semenov,
A. S. Kiselyov, I. Y. Titov, I. K. Sagamanova, N. N. Ikizalp,
N. B. Chernysheva, D. V. Tsyganov, L. D. Konyushkin, S. I. Firgang,
R. V. Semenov, I. B. Karmanova, M. M. Raihstat and M. N. Semenova,
J. Nat. Prod., 2010, 73, 1796; (c) I. Y. Titov, I. K. Sagamanova,
R. T. Gritsenko, I. B. Karmanova, O. P. Atamanenko, M. N. Semenova
and V. V. Semenov, Bioorg. Med. Chem. Lett, 2011, 21, 1578;
(d) A. V. Samet, O. G. Shevchenko, V. V. Rusak, E. M. Chartov,
A. B. Myshlyavtsev, D. A. Rusanov, M. N. Semenova and V. V. Semenov,
J. Nat. Prod., 2019, 82, 1451.

7 (a) A. V. Stepanov and V. V. Veselovsky, Russ. Chem. Rev., 2003, 72,
327 (Usp. Khim,, 2003, 72, 363); (b) J. L. Riebsomer, Chem. Rev., 1945,
36, 157; (c) R. A. Aitken and K. M. Aitken, Sci. Synth., 2010, 41, 94.

8 (@) T. Kametani, H. Sugahara and H. Yagi, J. Chem. Soc. C, 1966, 717;
(b) Y. Kurihara and K. Yamagishi, Bull. Chem. Soc. Jpn., 1965, 38,
1327; (c) A. Ya. Savitskii and N. I. Mahnenko, Zh. Obsch. Khim., 1940,
10, 1819 (in Russian).

9 (a)Y. Fumoto, H. Uno, S. Ito, Y. Tsugumi, M. Sasaki, Y. Kitawaki and
N. Ono, J. Chem. Soc., Perkin Trans. 1, 2000, 2977; (b) C. C. Pham,
M. H. Park, J. Y. Pham, S. G. Martin and M. P. Schramm, Synthesis,
2013, 45, 1165; (c) P. Kancharla and K. A. Reynolds, Tetrahedron,
2013, 69, 8375; (d) S. Abeywardana, A. L. Cantu, T. Nedic and
M. P. Schramm, Tetrahedron Lett., 2018, 59, 3393.

10 (&) W.-W. Sy and A. W. By, Tetrahedron Lett., 1985, 26, 1193;
(b) D. E. Nichols, S. E. Snyder, R. Oberlender, M. P. Johnson and
X. Huang, J. Med. Chem,, 1991, 34, 276.

11 (a) E. Schmidt, R. Schumacher, W. Bajen and A. Wagner, Ber., 1922,
55, 1751; (b) A. T. Shulgin, J. Med. Chem., 1966, 9, 445.

12 (a) D. M. Gooden, H. Chakrapani and E. J. Toone, Curr. Top. Med.
Chem., 2005, 5, 687; (b) K. W. Chiu, P. D. Savage, G. Wilkinson and
D. J. Williams, Polyhedron, 1985, 4, 1941.

13 (a) A. Shaabani, M. Ameri and H. R. Bijanzadeh, J. Chem. Res. (S),
1998, 572; (b) A. Shaabani, H. R. Bijanzadeh, A. R. Karimi,
M. B. Teimouri and K. Soleimani, Can. J. Chem., 2008, 86, 248.

Received: 27th March 2020; Com. 20/6181

— 486 —



