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Treatment of 1l-aryl-2-allylalkane-1,3-diones with 1,/H,0,
systeminthepresenceof catalyticamount of phosphomolybdic
acid affords furo[2,3-c][1,2]dioxole derivatives. With other
acidic catalysts such as BF;-Et,0, SnCl,, H,SO, or TsOH,
mixtures with linear 4-acyloxy-2,5-diiodoalkan-1-ones are
formed.
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Peroxides are widely used as initiators of radical polymerization
and thermosets in curing processes.! Nowadays, these
compounds attract more attention due to their antihelmintic? and
anticancer activities.

It is known that 1,/H,0, system can react with C=C double
bonds giving o,B-iodo peroxides*® being valuable precursors in
the synthesis of complex organic molecules containing —O-O—
fragment. This system showed catalytic activity for peroxide
groups insertion into carbonyl compounds.®” A combination of
I, and H,0, was also applied for a number of transformations
including alkene iodoalkoxylation,® iodinations of arenes,®
ketones!® and alkynes.!! Oxidation properties of this system
provided its successful application for Baeyer—Villiger oxidation
of ketones,? ring shrinking of 1,2-quinones,!? oxidative C-N*
and C-0O% coupling, synthesis of heterocyclic compounds.1®

Selectivity of peroxidation can be usually improved by the
application of various catalysts such as H,WO,
phosphomolybdic (PMA) and phosphotungstic (PTA) acids,®
MeReO,4/CF;CH,0H,* trifluoroacetic acid with cinchona
alkaloids,?® Re,0,%! BF;-Et,0,% cerium ammonium nitrate,?
silicon-supported sodium hydrogen sulfate,2* camphorsulfonic
acid,?® SrCl,-6H,0,% and ruthenium,?” copper,2® cobalt,?® and
iron salts3%31 as well as metalloporphyrin systems.32

Previously, the reaction of aliphatic 2-allylalkane-1,3-diones
1 (Scheme 1, R" = R" = Alk) with 1,/H,0, system leading to
furo[2,3-c][1,2]dioxole derivatives 2 was documented.3® In the
case of l-aryl-2-allylalkane-1,3-diones (R' = Ar), keto esters 3
were formed.

Herein, we present a successful transformation of 1-aryl-2-
allylalkane-1,3-diones la—c into furodioxole derivatives 2a-c
upon treatment with 1,/H,0, system in the presence of catalytic
amounts of PMA (Scheme 2). Optimization was carried out with

© 2020 Mendeleev Communications. Published by ELSEVIER B.V.
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Scheme 1 Reagents and conditions: i, 1, (2 equiv.), H,O, (5 equiv.),
CH,Cl,, ambient temperature, 1 h.

diketone 1a (Table 1) using fivefold amount of H,O, and twofold
amount of 1, in CH,ClI, at ambient temperature.

In fact, treatment of diketone la with I,/H,0, results in
compound 3as asingle product (see Table 1, entry 1). Application
of 5-20 mol% of PMA was enough to suppress oxidation of la
into 3 resulting in a formation of 2a as the sole product (entries
2-4). Yield of 2a is dropping from 66 to 52% when amount of
PMA is decreased from 20 to 5 mol%. Further decrease in PMA
amount results in the mixture of products 2a and 3 (entry 6).
Phosphotungstic acid (PTA) shows lower catalytic effect in
comparison with PMA, as products 2a and 3 were formed
approximately in equal amounts (entry 5). Other Brgnsted and
Lewis acids such as H,SO,, TsOH, SnCl, and BF;- Et,O are not
effective (entries 7-10).

Diketones 1b,c were transformed into bicyclic products 2b,c
under optimized reaction conditions (see Scheme 2). Compounds
2a-c are unstable and turn dark brown even if stored at —20 °C.
Thus, low yield of 2b,c may be due to degradation of these
compounds on SiO, during purification process.
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Scheme 2 Reagentsand conditions: i, H,0, (5 equiv.), I, (2 equiv.), CH,Cl,, ambient temperature; ii, conditions i with acid additive (0.2 mol%, see Table 1);

iii, conditions i with PMA (0.05-0.2 mol%) as the acid.

Table 1 Reaction of diketone 1a with I,/H,0, system.

Yield? (%)
Entry Catalyst (mol%)
2 3
1 - - 24
2 PMA (0.2) 660 -
3 PMA (0.1) 60 -
4 PMA (0.05) 52 -
5 PTA (0.05) 60 42
6 PMA (0.01) 40 7
7 SnCl, (0.2) 18 21
8 H,S0, (0.2) 4 56
9 PTSA (0.2) 18 27
10 BF3-Et,0 (0.2) - 48

aNMR yield. lsolated yield.

All products 2a—care new, and are isolated as 2 : 1 diastereomer
mixtures. Structure of compounds 2a—c was studied by NMR
(including 2D methods, see Online Supplementary Materials).
The molecular and crystal structure of compound 2b was also
determined from single-crystal X-ray diffraction data (Figure 1).

Possible mechanism of the reaction is presented in Scheme 3.
Higher nucleophilicity of 3-positioned carbonyl oxygen in
comparison with the 1-positioned one may be the reason for
regio-direction of the process. Cation A adds PMA-peroxide

Figure 1 The molecular structure of 2b showing the atomic numbering
and 50% probability displacement ellipsoids.

T Crystal data for 2b. C,4H;710, (M, = 376.17), monoclinic, space
group P21/c, a = 10.890(5), b = 12.115(5) and ¢ = 11.686(4) A,
V = 1538.9(11) A3, Z = 4, d, = 1.624 Mg m3, absorption coefficient:
16.423 mm~1, F(000) = 744, the final R = 0.0779, wR = 0.2416 and
S=1.045 for 2682 observed reflections with | > 20 (1).

The single-crystal X-ray diffraction experiment for 2b was carried out
at room temperature using monochromated CuKo. radiation on a STOE
STADI-VARI Pilatus-100K diffractometer. The structure was solved with
SHELXS and refined with SHELXL. All hydrogen atoms were located
on a difference Fourier map, then placed in idealized positions (C-H
0.93-0.98 A), and refined as riding with U;o,(H) = 1.2-1.5 Ueq(©).

CCDC 1996372 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Scheme 3

complex giving intermediate B, which would undergo the second
intramolecular cyclization into product 2. In the absence of
PMA, cation A adds H,0, undergoing subsequent protonation
and rearrangement into acyclic product 3. Thus, the role of PMA
is a formation of a complex with hydrogen peroxide molecule,
which does not undergo rearrangement with furan ring cleavage.

In summary, the synthesis of furo[2,3-c][1,2]dioxole
derivatives 2 from 1l-aryl-2-allylalkane-1,3-diones was
accomplished. It was found that PMA played a key role in this
reaction via coordination with H,O, forming a stable complex.
In the absence of acidic catalyst, only acyclic diiodo keto esters
of type 3 were formed.

X-ray structural study was fulfilled using a STOE STADI VARI
PILATUS-100K diffractometer purchased by M. V. Lomonosov
Moscow State University Development Program.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.09.018.

References

1 (a) G. Odian, Principles of Polymerization, 4" edn., Wiley, Hoboken,
2004; (b) E. T. Denisov, T. G. Denisova and T. S. Pokidova, Handbook of
Free Radical Initiators, Wiley, Hoboken, 2003.

2 (a) B. T. Mott, A. Tripathi, M. A. Siegler, C. D. Moore, D. J. Sullivan and
G. H. Posner, J. Med. Chem., 2013, 56, 2630; (b) C. Singh, R. Kanchan,
S. Chaudhary and S. K. Puri, J. Med. Chem,, 2012, 55, 1117.

- 608 -



10

11

12

13
14

15

16

17

18

Mendeleev Commun., 2020, 30, 607-609

(a) D. M. Rubush, M. A. Morges, B. J. Rose, D. H. Thamm and T. Rovis,
J. Am. Chem. Soc., 2012, 134, 13554; (b) I. N. Cvijeti¢, Z. P. Zizak,
T. P. Stanojkovi¢, Z. D. Jurani¢, N. Terzi¢, |I. M. Opsenica,
D. M. Opsenica, I. O. Jurani¢ and B. J. Drakuli¢, Eur. J. Med. Chem,,
2010, 45, 4570.

A.O.Terent’ev, I. B. Krylov, D. A. Borisov and G. I. Nikishin, Synthesis,
2007, 2979.

A. O. Terent’ev, A. T. Zdvizhkov, A. N. Kulakova, R. A. Novikov,
A. V. Arzumanyan and G. I. Nikishin, RSC Adv., 2014, 4, 7579.

(@) K. Zmitek, M. Zupan and J. Iskra, J. Org. Biomol. Chem., 2007, 5,
3895; (b) K. Zmitek, M. Zupan, S. Stavber and J. Iskra, J. Org. Chem,,
2007, 72, 6534; (c) N. Kumar, S. I. Khan, M. Sharma, H. Atheaya and
D. S. Rawat, Bioorg. Med. Chem. Lett., 2009, 19, 1675.

A. O. Terent’ev, A. M. Borisov, M. M. Platonov, Z. A. Starikova,
V. V. Chernyshev and G. I. Nikishin, Synthesis, 2009, 4159.

M. Jereb, M. Zupan and S. Stavber, Green Chem., 2005, 7, 100.

(@) J. Iskra, S. Stavber and M. Zupan, Synthesis, 2004, 1869;
(b) M. M. Kim, R. T. Ruck, D. Zhao and M. A. Huffman, Tetrahedron
Lett., 2008, 49, 4026; (c) J. Pavlinac, M. Zupan and S. Stavber,
Synthesis, 2006, 2603.

(a) M. Jereb, M. Zupan and S. Stavber, Chem. Commun., 2004, 2614;
(b) J. Barluenga, M. Marco-Arias, F. Gonzalez-Bobes, A. Ballesteros
and J. M. Gonzélez, Chem. Commun., 2004, 2616; (c) M. Jereb, J. Iskra,
M. Zupan and S. Stavber, Lett. Org. Chem., 2005, 2, 465.

J. Trossarello, A. Egunjobi, W. J. Morgan, R. Ahamed and K. S. Aiken,
Curr. Org. Synth., 2014, 11, 466.

D. D. Gaikwad, S. A. Dake, R. S. Kulkarni, W. N. Jadhav, S. B. Kakde
and R. P. Pawar, Synth. Commun., 2007, 37, 4093.

S. B. Ferreira, C. R. Kaiser and V. F. Ferreira, Synlett, 2008, 2625.

T. Froehr, C. P. Sindlinger, U. Kloeckner, P. Finkbeiner and
B. J. Nachtsheim, Org. Lett., 2011, 13, 3754.

(a) M. Uyanik, H. Okamoto, T. Yasui and K. Ishihara, Science, 2010,
328, 1376; (b) M. Uyanik, D. Suzuki, T. Yasui and K. Ishihara, Angew.
Chem,, Int. Ed., 2011, 50, 5331.

(a) H. Jiang, H. Huang, H. Cao and C. Qi, Org. Lett., 2010, 12, 5561;
(b) Y. Yan, Y. Zhang, Z. Zha and Z. Wang, Org. Lett., 2013, 15, 2274.
(a) C. W. Jefford, Y. Li, A. Jaber and J. Boukouvalas, Synth. Commun.,
1990, 20, 2589; (b) A. Ramirez and K. A. Woerpel, Org. Lett., 2005, 7,
4617.

(@ Y. Li, H-D. Hao and Y. Wu, Org. Lett, 2009, 11, 2691;
(b) H.-D. Hao, Y. Li, W.-B. Han and Y. Wu, Org. Lett., 2011, 13, 4212;
(©) Y. Li, H.-D. Hao, Q. Zhang and Y. Wu, Org. Lett., 2009, 11, 1615.

- 609 -

19

20

21

22

23

24

25

26
27

28

29

30

31

32

33

(a) J. Iskra, D. Bonnet-Delpon and J. P. Bégué, Tetrahedron Lett., 2003,
44, 6309; (b) K. Zmitek, S. Stavber, M. Zupan, D. Bonnet-Delpon,
S. Charneau, P. Grellier and J. Iskra, Bioorg. Med. Chem., 2006, 14,
7790.

X. Lu, Y. Liu, B. Sun, B. Cindric and L. Deng, J. Am. Chem. Soc., 2008,
130, 8134.

(a) P. Ghorai and P. H. Dussault, Org. Lett., 2008, 10, 4577; (b) P. Ghorai
and P. H. Dussault, Org. Lett., 2009, 11, 213.

H.-J. Hamann, M. Hecht, A. Bunge, M. Gogol and J. Liebscher,
Tetrahedron Lett., 2011, 52, 107.

B. Das, M. Krishnaiah, B. \eeranjaneyulu and B. Ravikanth,
Tetrahedron Lett., 2007, 48, 6286.

B. Das, B. Veeranjaneyulu, M. Krishnaiah and P. Balasubramanyam,
J. Moal. Catal. A: Chem., 2008, 284, 116.

A. Bunge, H. J. Hamann and J. Liebscher, Tetrahedron Lett., 2009, 50,
524.

D. Azarifar, K. Khosravi and F. Soleimanei, Molecules, 2010, 15, 1433.
(a) S.-1. Murahashi and D. Zhang, Chem. Soc. Rev., 2008, 37, 1490;
(b) S. Murahashi, T. Naota, T. Kuwabara, T. Saito, H. Kumobayashi and
S. Akutagawa, J. Am. Chem. Soc., 1990, 112, 7820; (c) S. Murahashi,
T. Naota and K. Yonemura, J. Am. Chem. Soc., 1988, 110, 8256.

(@ Z. Li and C.-J. Li, J. Am. Chem. Soc, 2005, 127, 6968;
(b) T. Punniyamurthy and L. Rout, Coord. Chem. Rev., 2008, 252, 134.
L. Saussine, E. Brazi, A. Robine, H. Mimoun, J. Fischer and R. Weiss,
J. Am. Chem. Soc., 1985, 107, 3534.

. W. C. E. Arends, K. U. Ingold and D. D. M. Wayner, J. Am. Chem.
Soc., 1995, 117, 4710.

F. Minisci, F. Fontana, S. Araneo and F. Recupero, J. Chem. Soc., Chem.
Commun., 1994, 1823.

F. Minisci, F. Fontana, S. Araneo, F. Recupero, S. Banfi and S. Quici,
J. Am. Chem. Soc., 1995, 117, 226.

A. T. Zdvizhkov, A. O. Terent’ev, P. S. Radulov, R. A. Novikov,
V. A. Tafeenko, V. V. Chernyshev, A. I. llovaisky, D. O. Levitsky,
F. Fleury and G. I. Nikishin, Tetrahedron Lett., 2016, 57, 949.

Received: 5th May 2020; Com. 20/6214



