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Asymmetric aldol reaction of isatins with acetone
in the presence of terpene amino alcohols
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Asymmetric aldol reactions of isatin and 4,6-dibromoisatin
with acetone are efficiently catalyzed by B-amino alcohols
derived from o-pinene and 3-carene. The target compounds
can be isolated by crystallization from toluene, which
eliminates the need for using chromatography and makes the
asymmetric synthesis of (R)-convolutamydine A (up to 94% ee
and yield 75%) simple and convenient.
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Asymmetric aldol reaction is a simple and convenient method for
enantioselective formation of the carbon—carbon bond in organic
compounds.! Effective organocatalysts for this reaction are proline
and some of its derivatives,! as well as a number of other chiral
amines of natural origin.> The metal complex compounds with
terpene ligands are also successfully applied in reactions of this
type.3

Among the various aldol condensations, enantioselective
reactions between two ketones in which one acts as donor and
the other as acceptor are of considerable interest as a source of
compounds valuable for pharmacology.* In particular, products
of aldol reactions of ketones with isatin-derived acceptors,’ which
contain the motif of 3-substituted 3-hydroxy-2-indole, are useful
biologically active compounds, e.g., TMC-95 (A-D), celogentin K,
dioxibrassinine.® (R)-Convolutamydine A, a product of reaction
of 4,6-dibromoisatin and acetone,’ was isolated from the marine
bryozoa of the genus Amathia convoluta. It inhibits the diffe-
rentiation of promyelocytic leukemia cells of human line HL-60
and exhibits potent anticancer activity.®

Asymmetric aldolization of isatin derivatives with acetone are
efficiently catalyzed by chiral B-amino alcohols, viz. leucinol
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and valinol,2@ where the corresponding aldols are formed with
up to 95% ee. Recently we have shown® that B-amino alcohols
1-5 derived from a-pinene and 3-carene are also capable of cata-
lyzing these reactions.

Herein, catalysts of this type were applied to the stereoselective
synthesis of (R)-convolutamydine A.

At first, the model reaction of isatin 6a with acetone (Scheme 1)
was carried out at ambient temperature in the presence of amino
alcohol 1 (20 mol%), which previously?® exhibited promising
stereoinduction (84% ee) in dichloromethane (Table 1, entry 1).
However, in 1,2-dichloroethane and fert-butyl methyl ether a
substantial decrease in the yield and ee of aldol (S)-7a were
recorded (entries 2 and 3).

The best enantioselectivity (90% ee) was achieved in acetone
(entry 4), though at the expense of prolonged reaction time (110 h).
Interesting results were attained in toluene, where a major part of
generated aldol (S)-7a precipitated in the course of the reaction
(entry 5). After filtration, the pure product was obtained in 77%

(S)-7a,b

(R)-7a,b

Scheme 1 Reagents and conditions: i, catalyst 1-5, solvent, H,O (2 equiv.),
room temperature, 24—180 h.
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Table 1 Asymmetric aldol reactions of isatins 6a,b with acetone.”

Yield (%)” ee (%)° (configuration)
Entry Isatin Solvent Catalyst (loading, mol%) t/h Product
solution/precipitate  solution/precipitate
1 6a CH,Cl, 1(20) 24 7a 95/- 84 ()8
2 6a CI(CH,),Cl1 1(20) 40 7a 76/— 68 (S)
3 6a Bu'OMe 1(20) 24 7a 87/— 67 (S)
4 6a Me,CO 1(20) 110 7a 93/- 90 (S)
5 6a PhMe 1(20) 20 7a 11/77 29178 (S)
6 6a PhMe 1(10) 24 7a 21/79 10/90 (S)
7 6a PhMe 1(5) 20 7a 31/63 73794 (S)
8 6a PhMe 1(1) 90 7a 14/86 52/91(S)
9 6a PhMe 2(5 42 7a 6/65 58/94 (R)
10 6a PhMe (+)-3(5 72 7a 3/69 59789 (S)
11 6a PhMe (=-30) 20 7a 4776 =7(8)/99 (R)
12 6a PhMe 4 (20) 72 7a 30/70 93/93 (R)
13 6a PhMe 5(20) 180 7a 66/30 57172 (R)
14 6b PhMe 2(5) 72 7b 20/55 84/78 (R)
15 6b PhMe (=)-3(05) 72 7b 11/75 68/94 (R)

@ Conditions: 6a (0.07 mmol) or 6b (0.09 mmol), acetone (2.1 mmol, except for entry 4), solvent (144 equiv.), H,O (2 equiv.), room temperature. * Isolated

yields. ¢ Determined by chiral HPLC.

yield and with 78% ee. Additional crop (~ 11%) of (S)-7a isolated
from the mother liquor by column chromatography had significantly
lower ee (29%) compared to the precipitated crystals. Enantiomeric
enrichment of product (S)-7a via spontaneous crystallization
provides an efficient tool for facile product isolation without usage
of column chromatography. Therefore, we further studied the
reaction between 6a and acetone in toluene at 1-10 mol% catalyst
loadings and succeeded in improving enantiomeric enrichment
of crystals to 94% with 5 mol% of 1 (entries 6—8).

Next, we examined 3-carene- and o-pinene-derived catalysts
(2-5) (5,20 mol%) in the model reaction between 6a and acetone
in toluene (see Table 1, entries 9-13)." A significant portion of
product 7a was also precipitated from MePh and could be
isolated with up to 99% ee without use of chromatography.
Reactions catalyzed by amino alcohols 2 and 3 efficiently
proceeded at 5% catalyst loading (entries 9—11), whereas the
corresponding transformations catalyzed by 4 and 5 were rather
sluggish even at 20% catalyst loading (entries 12 and 13).
Remarkable inversion of configuration of product 7a isolated from
the toluene solution (=7% ee vs. 99% ee for precipitated crystals)
was observed in the reaction catalyzed by antipode (-)-3 (entry 11).
Another important finding is that although the stereocenters at
the amino group in catalysts 4 and 5 have different configurations,
the same product (R)-7a was formed in both cases; the optical
rotations were [o]p =+21.2 (¢ 0.2, MeOH) and [a] , =+ 20.1 (¢ 0.2,
MeOH), respectively; 1it>@ [a], = + 27.3 (¢ 0.5, MeOH) for
(R)-7.

To synthesize the target convolutamydine A 7b, we carried out
the reaction of 4,6-dibromoisatin 6b!? with acetone (see Table 1,

T General procedure for the aldol reactions of isatin and 4,6-dibromoisatin
with acetone. A solution of catalyst 1-5 (for the catalyst loading, see Table 1)
in acetone (0.15 ml)/water (0.14 mmol) mixture was added to a solution of
isatin 6a or 6b (0.07 mmol and 0.09 mmol, respectively) in MePh (1.2 ml).
The mixture was stirred for specified time under the conditions given in
Table 1. The precipitate formed was filtered, washed with MePh (3 x 0.3 ml)
and dried in air to afford pure compound 7a or 7b. The mother liquor was
subjected to silica gel column chromatography (EtOAc/n-hexane, 3:1) to
afford additional crop of compound 7a or 7b. The ee values of products
7a and 7b (mother liquors and precipitates) were determined by HPLC on
a chiral column Chiralpak AD-H. The spectral data of compounds 7a and
7b corresponded to those described previously.*@

HPLC-chromatograms of aldols 7a and 7b are presented in Online
Supplementary Materials.

entries 14 and 15) in the presence of catalysts 2 and (-)-3 (5 mol%),
which showed the best stereoinduction in the model reaction
between 6a and acetone in MePh. Here too, a major portion of
product 7b precipitated from the reaction mixture and could be
isolated in analytically pure state without chromatography. The
crystalline substance 7b obtained in the presence of catalyst 2
(5 mol%) had enantiomeric purity of 78%, whereas in the
(—)-3-catalyzed reaction it reached 94%, a value competitive to
best previously reported results?@ (see Table 1).

In summary, B-amino alcohols derived from a-pinene and
3-carene act as efficient stereoinductors in asymmetric aldol reac-
tions of isatin and 4,6-dibromoisatin with acetone. Carrying out
these reactions in MePh significantly simplifies workup excluding
labor-consuming chromatography. The developed procedure
may be considered as the most convenient enantioselective (up
to 94% ee) synthesis of anticancer agent (R)-convolutamydine A.
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Research (grant nos. 15-03-09352 A and 16-33-50061) and was
performed using the equipment of the ‘Chemistry’ Center for
Collective Use at the Institute of Chemistry, Komi Scientific Center,
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Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.03.005.

References

1 Modern Methods in Stereoselective Aldol Reactions, ed. R. Mahrwald,
Wiley-VCH, Weinheim, 2013.

2 (a) A. V. Malkov, M. A. Kabeshov, M. Bella, O. Kysilka, D. A. Malysheyv,
K. Pluhackova and P. Kocovsky, Org. Lett., 2007, 9, 5473; (b) G. Zhong,
J. Fan and C. F. Barbas, Tetrahedron Lett., 2004, 45, 5681; (¢) K. Sakthivel,
W. Notz, T. Bui and C. F. Barbas, J. Am. Chem. Soc., 2001, 123, 5260;
(d) D. Deng, P. Liu, B. Ji, W. Fu and L. Li, Catal. Lett., 2010, 137, 163;
(e) B. Gut and J. Mlynarski, Eur J. Org. Chem., 2015, 5075;
(f) Z.-H. Tzeng, H.-Y. Chen, C.-T. Huang and K. Chen, Tetrahedron
Lett., 2008, 49, 4134; (g) K. Vanlaldinpuia, P. Bora and G. Bez, J. Chem.
Sci., 2017, 129, 301.

3 O. A. Zalevskaya, Ya. A. Gur’eva and A. V. Kutchin, Russ. Chem. Rev.,
2019, 88, 979.

4 E. Marqués-Lopez, R. P. Herrera and M. Christmann, Nat. Prod. Rep.,
2010, 27, 1138.

5 (a) M. Kinsella, P. G. Duggan and C. M. Lennon, Tetrahedron: Asymmetry,
2011, 22, 1423; (b) S. Allu, N. Molleti, R. Panem and V. K. Singh,

~ 148 -



Mendeleev Commun., 2020, 30, 147-149

Tetrahedron Lett., 2011, 52, 4080; (¢) Q. Guo, M. Bhanushali and
C.-G. Zhao, Angew. Chem., Int. Ed., 2010, 49, 9460; (d) S. Nakamura,
N. Hara, H. Nakashima, K. Kubo, N. Shibata and T. Toru, Chem. Eur. J.,
2008, 14, 8079; (e) Y. Wan, R. Yuan, H. Cui, X.-X. Zhang, M.-Q. Li,
J.-B. Xu, P.-F. Dou, L.-Y. Zhang and H. Wu, Res. Chem. Intermed., 2018,
44, 2561; (f) B. Yu, H. Xing, D.-Q. Yu and H.-M. Liu, Beilstein J. Org.
Chem., 2016, 12, 1000; (g) A. Ogasawara, U. V. S. Reddy, C. Seki,
Y. Okuyama, K. Uwai, M. Tokiwa, M. Takeshita and H. Nakano,
Tetrahedron: Asymmetry, 2016, 27, 1062.

(a) S. Peddibhotla, Curr. Bioact. Compd., 2009, 5, 20; (b) S. Hibino and
T. Choshi, Nat. Prod. Rep., 2001, 18, 66; (c¢) Y.-Q. Tang, I. Sattler,
R. Thiericke, S. Grabley and X.-Z. Feng, Eur. J. Org. Chem., 2001, 261;
(d) Y. Koguchi, J. Kohno, M. Nishio, K. Takahashi, T. Okuda, T. Ohnuki
and S. Komatsubara, J. Antibiot., 2000, 53, 105; (¢) R. B. Labroo and
L. A. Cohen, J. Org. Chem., 1990, 55, 4901; ( /) T. Tokunaga, W. E. Hume,
T. Umezome, K. Okazaki, Y. Ueki, K. Kumagai, S. Hourai, J. Nagamine,
H. Seki, M. Taiji, H. Noguchi and R. Nagata, J. Med. Chem.,2001,44,4641;
(g) P. Hewawasam, N. A. Meanwell, V. K. Gribkoff, S. I. Dworetzky and
C. G. Boissard, Bioorg. Med. Chem. Lett., 1997, 7, 1255; (h) N. Boechat,
W. B. Kover, V. Bongertz, M. M. Bastos, N. C. Romeiro, M. L. G. Azavedo
and W. Wollinger, Med. Chem., 2007, 3, 533; (i) P. Hewawasam, M. Erway,
S.L.Moon, J. Knipe, H. Weiner, C. G. Boissard, D. J. Post-Munson, Q. Gao,
S. Huang, V. K. Gribkoff and N. A. Meanwell, J. Med. Chem., 2002, 45,
1487; (j)A.A.Beloglazkina, N. A. Karpov, S. R. Mefedova, V. S. Polyakov,
D. A. Skvortsov, M. A. Kalinina, V. A. Tafeenko, A. G. Majouga, N. V. Zyk
and E. K. Beloglazkina, Russ. Chem. Bull., Int. Ed., 2019, 68, 1006 (Izv.
Akad. Nauk, Ser. Khim., 2019, 1006).

~ 149 -

7

8

10

Y. Kamano, H.-P. Zhang, Y. Ichihara, H. Kizu, K. Komiyama and
G. R. Pettit, Tetrahedron Lett., 1995, 36, 2783.

G. Luppi, M. Monari, R. J. Corréa, F. A. Violante, A. C. Pinto,
B. Kaptein, A. B. Broxterman, S. J. Garden and C. Tomasini,
Tetrahedron, 2006, 62, 12017.

(a) O. A. Banina, D. V. Sudarikov, A. G. Nigmatov, L. L. Frolova,
P. A. Slepukhin, S. G. Zlotin and A. V. Kutchin, Russ. Chem. Bull., Int.
Ed., 2017, 66, 293 (Izv. Akad. Nauk, Ser. Khim., 2017, 293);
(b) L. L. Frolova, D. V. Sudarikov, I. N. Alekseev, O. A. Banina,
P. A. Slepukhin and A. V. Kutchin, Russ. J. Org. Chem., 2017, 53, 335
(Zh. Org. Khim., 2017, 53, 338).

(a) M. Bagheri, N. Azizi and M. R. Saidi, Can. J. Chem., 2005, 83, 146;
(b) C. Chakraborty, A. Layek, P. P. Ray and S. Malik, Eur. Polym. J.,
2014, 52, 181; (¢) R. G. Shepherd, J. Org. Chem., 1947, 12, 275;
(d) G. K. Jnaneshwara, A. V. Bedekar and V. H. Deshpande, Synth.
Commun., 1999, 29, 3627; (e) D. Liang and Y. Wang, Mendeleev
Commun., 2019, 29, 172.

Received: 7th August 2019; Com. 19/6011



