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Synthesis of Novel Polycyclic Indole-Annulated Thiopyranocoumarin
Derivatives via Domino Knoevenagel — Hetero-Diels — Alder Reaction in
Aqueous Media
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An efficient synthesis of polycyclic indole derivatives is achieved via domino Knoevenagel —hetero-
Diels— Alder reaction of O-acrylated salicylaldehyde derivatives with dihydroindole-2-thiones in H,O as
solvent. The products are formed in good-to-excellent yields with high regio- and stereoselectivity.

Introduction. — Heterocycles have popularly been utilized as pharmacophores for
preparing drugs [1]. Among them, the indole moiety is frequently encountered in
medicinal chemistry and is considered to be a privileged scaffold [2]. However,
polycyclic annulated indole compounds continue to be of extensive synthetic interest,
partly because there are many biologically active natural products of this type, and also
because the polycyclic frameworks lead to relatively rigid structures that might be
expected to show substantial selectivity in their interactions with enzymes or receptors
[3]. On the other hand, coumarins and their derivatives are very important organic
compounds. They constitute the structural scaffold of several natural products [4].
Their applications range from pharmaceuticals [5], optical brighteners, and laser dyes
[6]. Also coumarins and functionalized coumarins have shown activity as antimicro-
bials and chemotherapeutics [7].

An important objective in organic synthesis is the development of highly efficient
synthetic procedures toward complex molecules. The hetero-Diels— Alder reaction
represents an effective method for the synthesis of heterocyclic compounds, especially
natural products [8]. In recent years, intramolecular hetero-Diels— Alder reactions
have widely been used in numerous reactions because of their economical and
stereocontrolled nature [9]. These reactions allow the formation of two or more rings in
one operation, thus avoiding sequential chemical transformations. However, it is
prerequisite that activating groups have to be built into dienophiles to achieve the
desired reactivity [10].

Recently, domino reactions have been used as highly efficient processes for the
improvement of reaction efficiency [11]. Among these reactions, the domino
Knoevenagel —hetero-Diels— Alder reaction is a very efficient process, especially in
the field of heterocycles and natural products [12].

Tietze et al. extensively described the domino Knoevenagel —hetero-Diels — Alder
reaction (DKHDA) of unsaturated aromatic and aliphatic aldehydes (especially O-
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allylated salicylaldehydes) with several 1,3-dicarbonyl compounds [13], and recently
Balalaie and co-workers described this type of reaction with O-propargylated
salicylaldehyde derivatives for synthesis of tetracycles with a pyran ring [14], but
DKHDA reactions of O-acrylated salicylaldehydes are rare [15].

In the context of our general interest in the synthesis of heterocyclic compounds
using thioamides [16], we herein report a new and highly efficient reaction for the
preparation of polycyclic compounds 3a -3z, which consist of an indole ring (A) and a
dihydrothiopyran ring (B) annulated to a dihydrocoumarin ring (C; Scheme 1).

Scheme 1. One-Pot Synthesis of Polycyclic Indole Derivatives
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Results and Discussion. — The O-acrylated salicylaldehyde derivatives 2 were
prepared in high yields and excellent purity via reaction of substituted salicylaldehydes
and (E)-acryloyl chloride derivatives using anhydrous K,COj; in dry acetone. Our first
experiment showed that no catalyst is required for DKHDA reaction. The effect of
solvent was studied by carrying out the reaction at various solvents such as toluene,
MeCN, and H,O. Hydrolysis of the ester moiety of intermediate 4 (cf Scheme 2) in
organic solvents led to low yields. Surprisingly, the hydrolysis did not occur in H,O.
However, high yields with short reaction times were observed in refluxing H,O. The
catalyst-free DKHDA reaction of dihydroindole-2-thiones 1 and O-acrylated salicy-
laldehyde derivatives 2 in H,O led to compounds 3a—3z in good-to-excellent yields.
The reaction is highly stereoselective, leading exclusively to the cis-fused compounds. It
is highly desirable to develop environmentally benign processes that can be conducted
in aqueous media. Furthermore, using H,O as a solvent has advantages, such as low cost
and safety, and it is part of the biosphere [17]. To generalize our method, we used a
series of dihydroindole-2-thione derivatives 1 and O-acrylated salicylaldehyde
derivatives 2 to obtain the corresponding products 3a—3z in high yields ( Table).

The structures of compounds 3a—3z have been determined by spectroscopic
methods (*H- and *C-NMR, and DEPT) and elemental analysis. The relative
configurations were determined from the coupling constants of the relevant H-atoms
and NOE experiments. For instance, in compound 3k, H, and H, (/=9.5 Hz) are in
trans-relation, and Hy and H, (/=4.5 Hz) are in a cis-arrangement. NOE Measure-
ments on compound 3k confirmed the cis-orientation of H, and H, (Fig.). In all the
cases, the relative orientation of the ring junction H-atoms was found to be same.
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Table. Synthesis of Polycyclic Indole Derivatives®)

Entry R! R? R3 Product Yield [%]®) Entry R' R? R? Product Yield [%]®)
1 H Ph H 3a 88 14 Et Ph 5-Br 3n 85
2 H Ph 5-Br 3b 80 15 Et Ph 3-MeO 3o 92
3 H Ph 3-MeO 3c 94 16 Et Ph 5,6-Benzo 3p 70
4 H Me 3-MeO 3d 94 17 Et Me 3-MeO 3q 87
5 H H 5-Br 3e 85 18 Et Me 5-Br 3r 93
6 H H H 3f 90 19 Et H H 3s 85
7 Me Ph H 3g 80 20 Ph Ph H 3t 92
8 Me Ph 3-MeO 3h 88 21 Ph Ph 5-Br 3u 88
9 Me Ph 5-Br 3i 83 22 Ph Ph 3-MeO 3v 82
10 Me Ph 5,6-Benzo 3j 74 23 Ph Ph 5,6-Benzo 3w 65
11 Me Me 5-Br 3k 95 24 Ph Me 5-Br 3x 83
12 Me H S5-Br 31 92 25 Ph Me 3-MeO 3y 90
13 Et Ph H 3m 83 26 Ph H 5-Br 3z 85

2) All the reactions were carried out in H,O under reflux for 2 h, molar ratio 1/2 1 : 1. ®) Isolated product.

Figure. Selected NOE enhancements of 3k

A plausible mechanism for the intramolecular DKHDA reaction to produce
stereoselectively products 3a—3z is proposed in Scheme 2. Dihydroindole-2-thiones 1
undergo a Knoevenagel condensation with aldehydes 2 in refluxing H,O to afford the
‘heterodienes’ 4, the stereochemistry of the final Diels— Alder reaction depends on the
‘endo’- and ‘exo’-orientation of the dienophile in the transition state. All efforts to
isolate the intermediates 4 failed. The intermediates 4 may undergo rotation around
single bond to assume the structures 4a, which may then undergo [4 + 2] cyclization
with ‘endo’-selectivity to give desired products 3a—3z.

Conclusions. — We have reported a highly efficient stereoselective method for the
synthesis of novel heteropolycyclic compounds through a DKHDA reaction in aqueous
media. The major advantage of this reaction is the ease of the workup, since the
products can be isolated without chromatography. This reaction also offers other
advantages such as clean reactions, high yields of products, short reaction time, and no
need of a catalyst, which make it a useful and attractive procedure for the synthesis of
pentacyclic indole derivatives. Further studies to extend the scope and synthetic utility
of dihydroindole-2-thiones and dihydroindole-2-ones in DKHDA reactions are in
progress in our laboratory.
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Scheme 2. A Plausible Mechanism for the Formation of Compounds 3a—3z
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Experimental Part

General. Commercially available materials were purchased from Sigma— Aldrich and Merck, and
were used without any additional purification. TLC: Silica-gel plates 60 F,s, (SiO,; Merck). M.p.: Biichi
melting point B-540 apparatus; in sealed capillaries; uncorrected. 'H- and *C-NMR Spectra: Bruker
(DRX-500 Avance) spectrometer at 500 (‘H) and 125 (**C) MHz, in CDCl; and (D¢)DMSO solns., at
ambient temp.; ¢ in ppm rel. to Me,Si as internal standard, J in Hz. Signals of the 3C-NMR spectra
corresponding to CH, CH,, or Me groups are assigned from DEPT. Elemental analysis: Perkin-Elmer
2004 (1I) CHN analyzer.

General Procedure for Preparation of the O-Acrylated Salicylaldehyde Derivatives 2. A mixture of a
salicylaldehyde derivative (10 mmol), and acryloyl chloride or its derivative (12 mmol) was stirred in
acetone (10 ml) in the presence of K,CO; (1.38-1.66 g, 10— 12 mmol) for 8- 10 h at r.t. After completion
of the reaction (monitored by TLC), ice-cold H,O (50 ml) was added to the mixture with vigorous
stirring to afford a light precipitate that was filtered, washed with H,O, and air-dried.

General Procedure for Domino Knoevenagel-Hetero-Diels— Alder (DKHDA) Reaction (3a-3z).
Dihydroindole-2-thiones 1 were prepared according to the procedure described in [18]. A mixture of 1
(1 mmol) and an O-acrylated salicylaldehyde derivative 2 (1 mmol) in H,O (8 ml) was refluxed. The
progress of the reaction was monitored by TLC (mini-extraction with AcOEt carried out for TLC). After
completion (2 h), the mixture was cooled, and the solid precipitate was filtered, washed with H,O, air
dried, and recrystallized from EtOH.

(6aR*,7S%,13c¢S*)-6a,7,9,13c-Tetrahydro-7-phenyl-6H-[1 ]benzopyrano[4',3': 4,5 Jthiopyrano[2,3-
bJindol-6-one (3a). Yellow solid. Yield: 168 mg (88%). M.p. 267 -268°. 'TH-NMR (CDCL/(Ds)DMSO
1:10):3.39 (dd,J=8.7,4.5, H-C(6a)); 4.49-4.52 (m, H-C(7), H-C(13c)); 6.83 (t, /] =74,1 H); 6.84 -
6.93 (m,3 H);7.08-7.18 (m,9 H); 10.45 (s, NH). *C-NMR (CDCly/(Ds)DMSO 1:10): 33.14 (CH); 43.46
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(CH); 47.52 (CH); 103.39 (C); 111.09 (CH); 116.95 (CH); 116.97 (CH); 119.94 (CH); 121.16 (CH);
125.10 (CH); 126.18 (C); 128.06 (C); 128.47 (C); 128.70 (CH); 129.08 (CH); 129.17 (CH); 129.24 (CH);
129.76 (CH); 136.84 (C); 137.56 (C); 150.13 (C); 167.44 (C). Anal. calc. for C,,H,;NO,S (383.46): C75.17,
H 4.47, N 3.65; found: C 74.92, H 4.42, N 3.68.

(6aR*,78* 13¢S*)-2-Bromo-6a,7,9,13c-tetrahydro-7-phenyl-6H-[1 [benzopyrano[4',3': 4,5 Jthiopyra-
nof2,3-bJindol-6-one (3b). Pale-yellow solid. Yield: 185 mg (80%). M.p. 245-247°. 'H-NMR
((Ds)DMSO): 3.81 (dd, J =82, 4.6, H-C(6a)); 4.77 (d, ] =8.0, H-C(7)); 4.84 (d, J=4.6, H-C(13c));
6.98 (t,/J=74,1H);7.06 (t,J=75,1H);713 (d,/=8.6,1 H); 724 (d,J=75,1H); 731 (d,J=8.0,1 H);
734-746 (m, 6 H); 7.55 (d, 7=8.5, 1 H); 11.52 (s, NH). *C-NMR ((D;)DMSO): 32.53 (CH); 43.28
(CH); 46.09 (CH); 103.22 (C); 111.55 (CH); 117.20 (C); 117.37 (CH); 119.79 (CH); 120.32 (CH); 121.57
(CH); 128.42 (C); 128.52 (C); 129.38 (CH); 129.38 (C); 129.53 (2 CH); 132.35 (CH); 132.53 (CH);
136.96 (C); 138.37 (C); 149.88 (C); 166.83 (C). Anal. calc. for C,,H;{BrNO,S (462.36): C 62.35, H3.49,N
3.03; found: C 62.05, H 3.42, N 2.98.

(6aR*,7S*13¢S*)-6a,7,9,13c-Tetrahydro-4-methoxy-7-phenyl-6H-[1 [benzopyrano[4,3': 4,5 [thiopyra-
no[2,3-bjindol-6-one (3c). Yellow solid. Yield: 194 mg (94% ). M.p. 253-255°. 'H-NMR ((D;)DMSO):
3.75 (dd, J =170, 4.7, H—C(6a)); 3.82 (s, MeO); 4.56 (d, J=4.7, H—C(13c)); 4.83 (d, J=6.7, H-C(7));
6.87 (t,J=75,1H);6.92 (d,7J=6.9,1H);7.00 (t,/=75,1H); 7.08-715 (m,3 H); 727 (d,J=8.0,1 H);
7.33-740 (m, 3H); 743 (d, J=70, 2 H); 11.44 (s, NH). BC-NMR ((D4)DMSO): 32.48 (CH); 43.32
(CH); 46.08 (CH); 56.78 (Me); 103.79 (C); 111.31 (CH); 112.96 (CH); 117.79 (CH); 119.98 (CH); 121.30
(CH); 121.40 (CH); 125.31 (CH); 127.69 (C); 128.08 (C); 128.48 (C); 129.14 (CH); 129.21 (CH); 129.53
(CH); 136.94 (C); 139.26 (C); 139.66 (C); 148.06 (C); 167.26 (C). Anal. calc. for C,sHyNO5S (413.49): C
72.62, H 4.63, N 3.39; found: C 72.32, H 4.56, N 3.33.

(6aR*,7R* 13¢S*)-6a,7,9,13c-Tetrahydro-4-methoxy-7-methyl-6H-[1 |[benzopyrano[4,3': 4,5 Jthio-
pyrano[2,3-bJindol-6-one (3d). Yellow solid. Yield: 165mg (94%). M.p. 205-208°. 'H-NMR
((D)DMSO): 1.49 (d, J =6.7, Me); 3.29 (dd, J=4.7, 3.7, H-C(6a)); 3.72-3.75 (m, H-C(7)); 3.85 (s,
MeO);4.77 (d,J =3.7,H-C(13c)); 6.87 (t,/=72,1H);6.98 (d,/ =6.4,2 H);7.06 (d,J=77,1 H); 711 -
717 (m, 2H); 726 (d, J=7.8, 1 H); 10.93 (s, NH). BC-NMR ((D4)DMSO): 21.27 (Me); 32.19 (CH);
34.13 (CH); 45.87 (CH); 56.75 (Me); 103.37 (C); 111.14 (CH); 112.89 (CH); 117.75 (CH); 119.79 (CH);
121.00 (CH); 121.57 (CH); 125.19 (CH); 127.87 (C); 12798 (C); 128.47 (C); 137.05 (C); 139.84 (C);
148.07 (C); 167.98 (C). Anal. calc. for C,)H;;NO;S (351.42): C 68.36, H 4.88, N 3.99; found: C 68.51, H
4.82, N 3.93.

(6aR*,13¢S*)-2-Bromo-6a,7,9,13c-tetrahydro-6H-[1]benzopyrano[4,3': 4,5 Jthiopyrano2,3-b Jindol-
6-one (3e). Light yellow solid. Yield: 164 mg (85% ). M.p. 248 -250°. 'H-NMR ((D,)DMSO): 3.23-3.37
(m, 2H-C(7)); 3.58 (m, H-C(6a)); 4.86 (d, J=4.2, H-C(13c)); 6.92 (¢t, /=73, 1 H); 701 (t, =74,
1H);710-714 (m,2 H);726 (d,J =79,1 H);7.53 (s, 1 H); 7.54 (d,J =79,1 H); 11.41 (s, NH). *C-NMR
((Ds)DMSO): 25.22 (CH,); 30.30 (CH); 39.51 (CH); 103.28 (C); 111.33 (CH); 117.10 (C); 117.24 (CH);
119.91 (CH); 120.12 (CH); 121.33 (CH); 127.85 (C); 128.54 (C); 129.56 (C); 132.36 (CH); 132.44 (CH);
136.87 (C);150.13 (C); 168.51 (C). Anal. calc. for C;gH;,BrNO,S (386.26): C 55.97, H 3.14, N 3.63; found:
C56.12, H 3.18, N 3.68.

(6aR*,13¢S*)-6a,7,9,13c-Tetrahydro-6H-[1]benzopyrano[4',3':4,5 Jthiopyrano[2,3-b Jindol-6-one
(3f). Yellow solid. Yield: 138 mg (90% ). M.p. 227-229°. 'H-NMR (CDCl;/(D¢)DMSO 1:10): 2.88 (dd,
J=12.4,2.4,1H-C(7));3.02 (dd,J=12.4,10.2, 1 H-C(7)); 3.15-3.18 (m, H—C(6a)); 4.48 (d, ] =4.8,
H-C(13c¢)); 6.74 (¢, J=74, 1 H); 6.79-6.83 (m, 3H); 6.99-7.06 (m, 4 H); 10.43 (s, NH). *C-NMR
(CDCly/(Dg)DMSO (10%)): 24.85 (CH,); 32.85 (CH); 40.47 (CH); 103.37 (C); 110.90 (CH); 116.74
(CH); 117.01(CH); 119.80 (CH); 121.03 (CH); 125.17 (CH); 125.87 (C); 126.79 (C); 128.66 (C); 128.94
(CH); 129.58 (CH); 136.70 (C); 150.05 (C); 169.26 (C). Anal. calc. for C;gH;sNO,S (307.37): C 70.34, H
4.26, N 4.56; found: C 70.04, H 4.31, N 4.51.

(6aR*,78%,13¢S%)-6a,7,9,13c-Tetrahydro-9-methyl-7-phenyl-6H-[1 [benzopyrano[4,3': 4,5 Jthiopyra-
no(2,3-bJindol-6-one (3g). Yellow solid. Yield: 154 mg (80% ). M.p. 247-250°. 'H-NMR (CDCl,): 3.57
(dd,J=8.7,4.5,H—C(6a)); 3.66 (s, MeN); 4.71-4.73 (m, H—C(7), H—C(13c)); 708 = 7.12 (m, 3 H); 7.20
t,J=16,1H);727(d,J=178,1H);731(d,J=179,2 H); 7.33-738 (m, 6 H). *C-NMR (CDCl;): 30.43
(Me); 33.47 (CH); 43.79 (CH); 47.45 (CH); 103.11 (C); 108.96 (CH); 117.13 (CH); 11747 (CH); 120.38
(CH); 121.37 (CH); 125.26 (CH); 126.26 (C); 128.46 (C); 128.82 (CH); 129.41 (3 CH); 129.88 (CH);
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130.61 (C); 13739 (C); 137.80 (C); 150.29 (C); 167.54 (C). Anal. calc. for C,sH,;(NO,S (397.49): C75.54,H
4.82, N 3.52; found: C 75.31, H 4.86, N 3.44.

(6aR*,78%,13¢S*)-6a,7,9,13c-Tetrahydro-4-methoxy-9-methyl-7-phenyl-6H-[1 [benzopyrano[4,3': 4,5 |-
thiopyrano[2,3-b Jindol-6-one (3h). Light yellow solid. Yield: 188 mg (88%). M.p. 259-261°. 'TH-NMR
((Ds)DMSO): 3.64 (s, MeN); 3.76 (dd, J=5.7, 44, H-C(6a)); 3.82 (s, MeO); 4.60 (d, J=4.4,
H-C(13c)); 4.87 (d, J=5.7, H-C(7)); 6.91-6.95 (m, 2 H); 709-7.14 (m, 3H); 7.19 (d, J=74, 1 H);
7.36-744 (m, 6 H). BC-NMR ((Ds)DMSO): 30.68 (Me); 32.62 (CH); 43.43 (CH); 45.84 (CH); 56.80
(Me); 103.34 (C); 109.84 (CH); 113.02 (CH); 11792 (CH); 120.27 (CH); 121.30 (CH); 121.40 (CH);
125.37 (CH); 127.59 (C); 128.12 (C); 129.23 (2 CH); 129.56 (CH); 130.25 (C); 137.78 (C); 138.92 (C);
139.60 (C); 148.06 (C); 167.18 (C). Anal. calc. for C,sH, NO,S (427.51): C 73.04, H 4.95, N 3.28; found: C
72.83, H 4.88, N 3.34.

(6aR*,7S*,13¢S*)-2-Bromo-6a,7,9,13c-tetrahydro-9-methyl-7-phenyl-6H-[1 |[benzopyrano[4,3': 4,5 |-
thiopyrano[2,3-bJindol-6-one (3i). Yellow solid. Yield: 197 mg (83%). M.p. 260-263°. 'H-NMR
(CDCL): 3.60 (dd, J=9.0, 4.4, H-C(6a)); 3.71 (s, MeN); 4.72 (d, J=9.0, H-C(7)); 4.75 (d, J=3.8,
H-C(13c¢)); 7.02 (d,J=8.6,1 H); 718 (t,/=74,1 H); 726 (t,/ =7.6,1 H); 7.36-7.42 (m, 8 H); 7.48 (dd,
J=8.6,2.1, 1H). BC-NMR (CDCl;): 30.47 (Me); 33.52 (CH); 43.78 (CH); 47.13 (CH); 102.20 (C);
109.11 (CH); 117.17 (CH); 118.05 (C); 119.09 (CH); 120.71 (CH); 121.58 (CH); 128.23 (C); 128.56 (C);
128.78 (CH); 129.49 (CH); 129.60 (CH); 130.81 (C); 132.51 (CH); 132.56 (CH); 136.96 (C); 137.85 (C);
149.37 (C); 166.81 (C). Anal. calc. for C,sH sBrNO,S (476.38): C 63.03, H 3.81, N 2.94; found: C63.32, H
3.75, N 2.98.

(4aR*,58%,11cS*)-4a,5,711c-Tetrahydro-7-methyl-5-phenyl-4H-naphtho[1",2":5',6' [pyrano[4,3': 4,5 ]-
thiopyrano[2,3-bJindol-4-one (3j). Light brown solid. Yield: 164 mg (74%). M.p. 204-207°. '"H-NMR
((Dg)DMSO): 3.69 (s, MeN); 3.91 (dd, J =3.9,2.0, H-C(4a)); 4.70 (d, ] =3.9, H-C(5)); 5.39 (d, J = 2.0,
H-C(11c¢)); 5.83 (d,/=8.0,1H); 638 (t,/=74,1H); 6.87 (t, /=74,1 H); 7.32-7.38 (m, 3 H); 743 (¢,
J=172,2H);754-758 (m,3H);7.63 (t,J=74,1H);797 (d,J=84,1H);8.02 (d,/=8.8,1H); 8.07 (d,
J=8.0,1H). BC-NMR ((Dg)DMSO): 27.31 (CH); 30.78 (Me); 43.34 (CH); 45.27 (CH); 102.93 (C);
109.71 (CH); 11755 (CH); 118.17 (CH); 119.79 (CH); 120.03 (C); 120.84 (CH); 123.72 (CH); 126.31
(CH); 126.93 (C); 128.72 (2 CH); 128.95 (CH); 129.58 (CH); 129.98 (CH); 130.62 (CH); 130.90 (C);
131.13 (C); 132.28 (C); 137.71 (C); 141.67 (C); 149.55 (C); 168.09 (C). Anal. calc. for C,H,NO,S
(447.55): C 77.83, H 4.73, N 3.13; found: C 77.01, H 4.61, N 3.19.

(6aR*,7R*,13¢S*)-2-Bromo-6a,7,9,13c-tetrahydro-7,9-dimethyl-6H-[1 |benzopyrano[4,3': 4,5 Jthio-
pyrano[2,3-bJindol-6-one (3k). Yellow solid. Yield: 219 mg (95%). M.p. 245-247°. '"H-NMR (CDCl,):
1.56 (d, J=6.1,Me); 3.18 (dd, J=9.5, 4.5, H-C(6a)); 3.59-3.63 (m, H-C(7)); 3.68 (s, MeN); 4.82 (d,
J=43,H-C(13c)); 701 (d, J=8.6,1 H); 718 (t, /=74,1 H); 7.24 (t, J=76,1 H); 731-735 (m, 2 H);
740-744 (m,2 H). “C-NMR (CDCl;): 19.59 (Me); 30.41 (Me); 33.42 (CH); 33.45 (CH); 47.16 (CH);
102.00 (C); 109.04 (CH); 116.92 (CH); 118.14 (C); 119.01 (CH); 120.64 (CH); 121.46 (CH); 128.33 (C);
128.66 (C); 130.55 (C); 132.25 (CH); 132.27 (CH); 137.85 (C); 149.17 (C); 167.69 (C). Anal. calc. for
C,H (BrNO,S (414.32): C 57.98, H 3.89, N 3.38; found: C 57.58, H 3.74, N 3.31.

(6aR*,13cS*)-2-Bromo-6a,7,9,13c-tetrahydro-9-methyl-6H-[1 [benzopyrano[4,3': 4,5 [thiopyrano[2,3-
bJindol-6-one (31). Light yellow solid. Yield: 184 mg (92% ). M.p. 255-257°. 'TH-NMR (CDCl,): 3.21 (dd,
J=125,2.4,1H-C(7));3.28 (dd,J=12.4,10.7, H-C(7)); 3.41-3.45 (m, H—C(6a)); 3.70 (s, MeN ) ; 4.80
(d,J=4.6, H-C(13c)); 701 (d,J=8.6,1 H); 718 (t,/J=72,1H); 724 (t, J=72,1H); 733 (s, 1 H); 7.34
(d,J=80,1H);741 (d,J=178,1H); 744 (dd,J=8.5,2.0, 1 H). *C-NMR ((D;)DMSO): 25.28 (CH,);
30.59 (Me); 33.36 (CH); 39.35 (CH); 102.82 (C); 109.84 (CH); 117.14 (C); 11736 (CH); 119.91 (CH);
120.38 (CH); 121.30 (CH); 128.16 (C); 129.42 (C); 130.09 (C); 132.36 (CH); 132.44 (CH); 137.69 (C);
150.05 (C); 168.40 (C). Anal. calc. for C;uH;,BrNO,S (400.29): C 57.01, H 3.53, N 3.50; found: C 56.64, H
3.35, N 3.43.

(6aR*,7S%,13¢S*)-9-Ethyl-6a,7,9,13c-tetrahydro-7-phenyl-6H-[1 ]benzopyrano[4',3': 4,5 Jthiopyra-
no(2,3-bjindol-6-one (3m). White solid. Yield: 170 mg (83% ). M.p. 253-256°. '"H-NMR (CDCl;): 1.39 (z,
J=172,Me); 3.60 (dd, J=8.9,4.5, H-C(6a)); 4.08—-4.14 (m, CH,N); 4.70 (d, J=8.9, H-C(7)); 4.75 (d,
J=42,H-C(13c)); 7.09 (¢, J=6.8, 3H); 718 (t, J=74, 1 H); 7.27-738 (m, 9 H). *C-NMR (CDCl,):
15.35 (Me); 33.55 (CH); 39.26 (CH,); 43.76 (CH); 47.50 (CH); 103.16 (C); 109.04 (CH); 117.28 (CH);
117.54 (CH); 120.30 (CH); 121.30 (CH); 125.26 (CH); 126.26 (C); 128.72 (C); 128.82 (CH); 129.41
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(2 CH);129.44 (CH); 129.69 (C); 129.88 (CH); 136.72 (C); 137.27 (C); 150.26 (C); 167.52 (C). Anal. calc.
for C,sH,; NO,S (411.52): C 75.89, H 5.14, N 3.40; found: C 75.59, H 5.03, N 3.48.
(6aR*,75*,13¢S*)-2-Bromo-9-ethyl-6a,7,9,13c-tetrahydro-7-phenyl-6H-[1 [benzopyrano[4,3': 4,5 |-
thiopyrano[2,3-b Jindol-6-one (3n). Light yellow solid. Yield: 208 mg (85%). M.p. 267 -270°. '"H-NMR
(CDCly): 1.45 (¢, /=72, Me); 3.63 (dd, J=9.1, 4.4, H-C(6a)); 4.14-4.20 (m, CH,N); 4.70 (d, J=9.1,
H-C(7));4.78 (d, J=4.1, H-C(13c)); 7.02 (d, J=8.6, 1 H); 718 (¢t, /=78, 1 H); 7.24 (1, /=73, 1 H);
7.38-7.42 (m,8 H); 748 (dd,J =8.6,2.3,1 H). 3C-NMR (CDCl;): 15.35 (Me); 33.61 (CH); 39.33 (CH,);
43.76 (CH); 47.18 (CH); 102.22 (C); 109.16 (CH); 117.23 (CH); 118.05 (C); 119.06 (CH); 120.62 (CH);
121.51 (CH); 128.48 (C); 128.53 (C); 128.79 (CH); 129.47 (CH); 129.59 (CH); 129.90 (C); 132.49 (CH);
132.55 (CH); 136.79 (C); 137.34 (C); 149.36 (C); 166.80 (C). Anal. calc. for C,H,BrNO,S (490.41): C
63.68, H 4.11, N 2.86; found: C 64.05, H 4.04, N 2.91.
(6aR*,7S*,13¢S*)-9-Ethyl-6a,7,9,13c-tetrahydro-4-methoxy-7-phenyl-6H-[1 |benzopyrano[4,3': 4,5 |-
thiopyrano(2,3-b Jindol-6-one (30). Light yellow solid. Yield: 203 mg (92%). M.p. 268 -270°. 'H-NMR
((Dg)DMSO): 1.26 (1, J=70, Me); 3.79 (dd, J=06.8, 4.8, H—C(6a)); 3.82 (s, MeO); 4.08-4.18 (m,
CH,N); 4.61 (d,J=4.8, H-C(13c)); 4.88 (d,J=6.9, H-C(7)); 6.89-6.94 (m,2 H); 7.06-7.14 (m, 3 H);
719 (d,J=77,1H);7.36-740 (m,3 H); 743-747 (m,3 H). 3C-NMR ((Dg)DMSO): 15.58 (Me); 32.64
(CH); 39.12 (CH,); 43.38 (CH); 45.86 (CH); 56.80 (Me); 103.56 (C); 109.82 (CH); 113.02 (CH); 118.05
(CH); 120.24 (CH); 121.32 (CH); 121.40 (CH); 125.37 (CH); 12759 (C); 128.39 (C); 129.23 (2 CH);
129.56 (CH); 129.56 (C); 136.70 (C); 138.94 (C); 139.60 (C); 148.06 (C); 167.16 (C). Anal. calc. for
C,;H;NOsS (441.54): C 73.45, H 5.25, N 3.17; found: C 73.05, H 5.25, N 3.11.
(4aR*,5S%,11cS*)-7-Ethyl-4a,5,7,11c-tetrahydro-5-phenyl-4H-naphtho[1",2":5',6' [pyrano[4',3':4,5 |-
thiopyrano[2,3-bJindol-4-one (3p). Light brown solid. Yield: 161 mg (70%). M.p. 211-214°. '"H-NMR
((Dg)DMSO): 1.29 (t,J=6.9, Me); 3.91 (dd, J=4.3,2.0, H-C(4a)); 4.15-4.21 (m, CH,N); 4.70 (d, J =
43, H-C(5)); 5.39 (d, J=2.0, H-C(11c)); 5.83 (d, J=8.1, 1 H); 6.38 (1, /=76, 1 H); 6.87 (t, J=1.6,
1H);7.34-7.38 (m,3H); 743 (t,/=74,2H); 7.54-7.58 (m,3H); 7.63 (t,J=75,1H); 797 (d, ] =8.3,
1H);8.02(d,J=88,1H);8.07 (d,/=8.0,1 H). *C-NMR ((D¢g)DMSO): 15.48 (Me); 27.35 (CH); 39.13
(CH,); 43.28 (CH); 45.37 (CH); 103.18 (C); 109.67 (CH); 117.72 (CH); 118.17 (CH); 119.76 (CH);
120.06 (C); 120.88 (CH); 123.79 (CH); 126.31 (CH); 127.20 (C); 128.72 (2 CH); 128.92 (CH); 129.61
(CH); 129.89 (C); 129.96 (CH); 130.62 (CH); 131.13 (C); 132.28 (C); 136.62 (C); 141.67 (C); 149.55 (C);
168.07 (C). Anal. calc. for C3)Hp;NO,S (461.57): C 78.07, H 5.02, N 3.03; found: C 78.27, H 5.06, N, 3.05.
(6aR*,7R*,13¢S*)-9-Ethyl-6a,7,9,13c-tetrahydro-4-methoxy-7-methyl-6H-[1 |benzopyrano[4,3': 4,5 |-
thiopyrano(2,3-bJindol-6-one (3q). Yellow solid. Yield: 165mg (87%). M.p. 173-176°. 'H-NMR
((Ds)DMSO): 1.21 (t,J =170, Me); 1.47 (d,J=6.9, Me); 3.40 (dd, J=5.7,5.6, H—C(6a)); 3.79-3.81 (m,
4H);4.03-4.09 (m, CH,N); 4.78 (d,J=4.6, H—C(13c)); 6.88 (t,/ =7.8,1 H); 7.01-7.09 (m,3 H); 713 -
719 (m,2 H); 740 (d,J=8.1,1 H). BC-NMR ((D4)DMSO): 15.48 (Me); 21.34 (Me); 32.19 (CH); 34.31
(CH); 38.94 (CH,); 45.54 (CH); 56.66 (Me); 103.07 (C); 109.62 (CH); 112.78 (CH); 118.05 (CH); 120.03
(CH); 121.03 (CH); 121.55 (CH); 125.26 (CH); 127.82 (C); 128.29 (C); 129.07(C); 136.69 (C); 139.69
(C);148.02 (C); 167.93 (C). Anal. calc. for C,,H; NO;S (379.47): C 69.63, H 5.58, N 3.69; found: C 69.25,
H 5.55, N 3.74.
(6aR*,75*,13¢S*)-2-Bromo-9-ethyl-6a,7,9,13c-tetrahydro-7-methyl-6H-[1 [benzopyrano[4,3': 4,5 |-
thiopyrano[2,3-b Jindol-6-one (3r). Pale-yellow solid. Yield: 200 mg (93%). M.p. 238-240°. 'TH-NMR
(CDCly): 143 (1, J=172, Me); 1.56 (d, J=6.8, Me); 3.19 (dd, J=9.6, 4.6, H—C(6a)); 3.58-3.62 (m,
H-C(7));4.08-4.19 (m, CH,N); 4.84 (d,J =4.4, H-C(11c)); 7.01 (d,J=8.6,1 H); 718 (t, /] =74,1 H);
724 (t,J=15,1H); 731 (s, 1 H); 737 (d, J=8.1, 1 H); 7.41-744 (m, 2 H). BC-NMR (CDCl;): 15.33
(Me); 19.52 (Me); 33.39 (CH); 33.49 (CH); 39.26 (CH,); 47.24 (CH); 102.04 (C); 109.11 (CH); 117.00
(CH); 118.14 (C); 118.99 (CH); 120.56 (CH); 121.40 (CH); 128.58 (C); 128.66 (C); 129.64 (C); 132.26
(2 CH); 136.79 (C); 149.17 (C); 167.69 (C). Anal. calc. for C,;H gBrNO,S (428.34): C 58.89, H 4.24, N
3.27; found: C 58.63, H 4.18, N 3.21.
(6aR*,13¢S*)-9-Ethyl-6a,79,13c-tetrahydro-6H-[1 |benzopyrano[4,3': 4,5 Jthiopyrano[2,3-b Jindol-6-
one (3s). Yellow solid. Yield: 142 mg (85% ). M.p. 231 -233°. 'H-NMR (CDCl;): 1.37 (t,J = 7.2, Me); 3.16
(dd,J=11.9,2.0,1 H-C(7));3.28 (dd,J =12.3,10.8, H-C(7)); 3.41 -3.44 (m, H—C(6a)); 4.04—4.14 (m,
CH,N); 4.78 (d, J=4.8, H-C(11¢)); 7.06 (t, /] =7.5,1 H); 710 (t, / =8.1,2 H); 714-7.22 (m, 2 H); 728 -
732 (m,2H);739 (d,J=78,1 H). BC-NMR ((Ds)DMSO): 15.30 (Me); 24.98 (CH,); 32.90 (CH); 39.18
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(CH,); 40.64 (CH); 103.21 (C); 108.95 (CH); 117.32 (CH); 117.36 (CH); 120.27 (CH); 121.30 (CH);
125.47 (CH); 125.89 (C); 128.38 (C); 129.02 (C); 129.14 (CH); 129.76 (CH); 136.64 (C); 150.15 (C);
169.62 (C). Anal. calc. for C,)H;;NO,S (335.42): C 71.62, H 5.11, N 4.18; found: C 71.15, H 5.04, N 4.16.

(6aR*,78%,13cS*)-6a,7,9,13c-Tetrahydro-7,9-diphenyl-6H-[1 [benzopyrano[4,3': 4,5 [thiopyrano|2,3-
bJ/indol-6-one (3t). White solid. Yield: 211 mg (92%). M.p. 250-252°. 'H-NMR (CDCl,): 3.67 (dd, J =
9.4,4.5,H-C(6a)); 4.63 (d,J =9.4, H-C(7)); 4.87 (d,J =42, H-C(11c)); 7.11-7.17 (m, 4 H); 7.24 - 727
(m, 1H); 7.32-735 (m, 7H); 742-757 (m, 6 H). B3C-NMR (CDCl,): 33.74 (CH); 44.03 (CH); 47.46
(CH); 104.91 (C); 110.27 (CH); 117.33 (CH); 11748 (CH); 121.23 (CH); 122.07 (CH); 125.35 (CH);
126.06 (C); 127.60 (CH); 128.76 (CH); 128.88 (CH); 128.97 (C); 129.34 (CH); 129.45 (CH); 129.49
(CH); 129.85 (CH); 129.85 (C); 130.08 (CH); 131.07 (C); 136.84 (C); 138.22 (C); 150.23 (C); 167.41 (C).
Anal. calc. for C;,H,;NO,S (459.56): C 78.41, H 4.61, N 3.05; found: C 77.95, H 4.72, N 3.15.

(6aR*,7S%,13cS*)-2-Bromo-6a,7,9,13c-tetrahydro-7,9-diphenyl-6H-[1 [benzopyrano[4,3': 4,5 |thio-
pyrano[2,3-bJindol-6-one (3u). Yellow solid. Yield: 237 mg (88%). M.p. 228 -230°. 'H-NMR (CDCl,):
3.70 (dd, J=9.5, 4.4, H-C(6a)); 4.63 (d, ] =9.5, H-C(7)); 4.90 (d, ] =3.6, H—C(13c)); 7.05 (d, J=8.5,
1H); 721-726 (m, 2H); 731-738 (m, 6 H); 749-751 (m, 4H); 755-7.60 (m, 4 H). BC-NMR
(CDCl;): 33.80 (CH); 44.03 (CH); 47.14 (CH); 103.98 (C); 110.41 (CH); 117.15 (CH); 118.16 (C); 119.12
(CH); 121.55 (CH); 122.30 (CH); 127.62 (CH); 128.34 (C); 128.71 (C); 128.86 (2 CH); 129.41 (CH);
129.60 (CH); 130.13 (CH); 131.29 (C); 132.53 (CH); 132.61 (CH); 136.45 (C); 136.74 (C); 138.29 (C);
149.33 (C); 166.68 (C). Anal. calc. for C3,H,BrNO,S (538.45): C 66.92, H 3.74, N 2.60; found: C 66.55, H
3.66, N 2.60.

(6aR*,7S%,13¢S*)-6a,7,9,13c-Tetrahydro-4-methoxy-7,9-diphenyl-6H-[1 ]benzopyrano[4,3': 4,5 [thio-
pyrano[2,3-bJindol-6-one (3v). White solid. Yield: 201 mg (82%). M.p. 262-265°. 'H-NMR
((Ds)DMSO): 3.82-3.84 (m, 4H); 476-4.80 (m, 2H); 6.93 (d, J=6.5, 1 H); 7.02-717 (m, 5 H);
731-1738 (m, 4H); 742 (d, J=6.8, 2H); 750 (d, J=176, 3H); 760 (¢, J=76, 2H). BC-NMR
((Ds)DMSO): 32.84 (CH); 43.69 (CH); 45.92 (CH); 56.83 (Me); 105.49 (C); 110.18 (CH); 113.07 (CH);
118.28 (CH); 121.26 (CH); 121.32 (CH); 122.32 (CH); 125.49 (CH); 127.37 (C); 127.76 (2 CH); 128.81
(C); 129.29 (2 CH); 129.52 (CH); 130.37 (C); 130.50 (C); 130.74 (CH); 136.71 (C); 137.98 (C); 139.53
(C);148.11 (C); 166.96 (C). Anal. calc. for C;;H,3NO;S (489.58): C 76.05, H 4.73, N 2.86; found: C 75.65,
H 4.62, N 2.92.

(4aR*,5S%,11cS*)-4a,5,7 11 c-Tetrahydro-5,7-diphenyl-4H-naphtho[1",2": 5,6 [pyrano[4,3': 4,5 |thio-
pyrano[2,3-bjindol-4-one (3w). Light brown solid. Yield: 165 mg (65%). M.p. 241-244°. '"H-NMR
((Dg)DMSO): 3.96 (dd, J=4.5,2.2, H-C(4a)); 4.76 (d, J=4.5, H-C(5)); 431 (d, J=2.2, H-C(11c));
5.90 (d,J=8.1,1H); 6.46 (t,/=75,1H); 6.84 (t,/=7.6,1H); 700 (d,J=82,1H); 7.34-738 (m,2 H);
743 (t,J=74,2H);754-756 (m,6 H); 7.64-767 (m,3 H); 8.01 (d,/=8.4,1H);8.06 (d,/=8.9,1 H);
8.10 (d, J=8.0, 1 H). 3C-NMR ((D4;)DMSO): 27.35 (CH); 43.55 (CH); 45.43 (CH); 104.83 (C); 110.01
(CH); 11791 (CH); 118.21 (CH); 119.79 (C); 120.72 (CH); 121.78 (CH); 123.76 (CH); 126.38 (CH);
128.29 (CH); 128.56 (C); 128.69 (CH); 128.84 (CH); 128.98 (CH); 129.61 (2 CH); 130.02 (CH); 130.82
(2 CH); 131.07 (C); 131.30 (C); 132.32 (C); 136.69 (C); 138.09 (C); 141.59 (C); 149.67 (C); 16741 (C).
Anal. calc. for C3,H,3NO,S (509.62): C 80.13, H 4.55, N 2.75; found: C 79.07, H 4.48, N 2.71.

(6aR*,7S%,13¢S*)-2-Bromo-6a,7,9,13c-tetrahydro-7-methyl-9-phenyl-6H-[1 [benzopyrano[4,3':4,5 |-
thiopyrano[2,3-bJindol-6-one (3x). Pale-yellow solid. Yield: 198 mg (83%). M.p. 231-234°. 'H-NMR
(CDCly): 1.50 (d,J=6.8,Me); 3.24 (dd,J =9.8,4.5, H—C(6a)); 3.53-3.56 (m, H-C(7)); 4.42 (d,J =4.1,
H-C(13c)); 704 (d, J=8.5,1H); 719-725 (m,2 H); 729 (d, J=8.0, 1 H); 740 (s, 1 H); 7.45-7.54 (m,
5H); 760 (t,J=176,2 H). *C-NMR (CDCl;): 19.30 (Me); 33.52 (CH); 33.61 (CH); 47.28 (CH); 103.83
(C); 110.34 (CH); 116.95 (CH); 118.21 (C); 119.07 (CH); 121.48 (CH); 122.19 (CH); 127.61 (CH);
128.42 (C); 128.78 (C); 128.84 (CH); 130.10 (CH); 130.95 (C); 132.24 (CH); 132.35 (CH); 136.83 (C);
138.31 (C); 149.19 (C); 167.61 (C). Anal. calc. for C,sH sBrNO,S (476.38): C 63.03, H 3.81, N 2.94; found:
C 62.45, H 3.71, N 2.90.

(6aR*,78%,13¢S*)-6a,7,9,13c-Tetrahydro-4-methoxy-7-methyl-9-phenyl-6H-[1 [benzopyrano[4,3': 4,5 |-
thiopyrano[2,3-bJindol-6-one (3y). Yellow solid. Yield: 192 mg (90%). M.p. 214-216°. 'H-NMR
((Ds)DMSO): 1.42 (d, J=6.8, Me); 3.41 (dd, J=6.1, 5.2, H-C(6a)); 3.68-3.71 (m, H—C(7)); 3.83 (s,
MeO);4.91 (d,J=4.5,H-C(11c)); 6.98 (t,/=73,1 H); 703 (t,/=74,1 H); 7.07-711 (m,3 H); 7.19 (¢,
J=179,1H);727(d,J=176,1H);744 (d,J =772 H);752(t,J=73,1 H); 760 (t,/ =76,2 H). *C-NMR
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((Dg)DMSO): 21.01 (Me); 32.31 (CH); 34.41 (CH); 45.69 (CH); 56.71 (Me); 105.01 (C); 110.03 (CH);
112.88 (CH); 118.29 (CH); 121.12 (CH); 121.45 (CH); 122.06 (CH); 125.44 (CH); 127.57 (C); 127.84
(CH); 128.67 (C); 129.27 (CH); 130.35 (C); 130.71 (CH); 136.78 (C); 138.01 (C); 139.64 (C); 148.07 (C);
167.85 (C). Anal. calc. for C,sH; NO;S (427.51): C 73.05, H 4.95, N 3.28; found: C 72.57, H 4.91, N 3.17.

(6aR*,13cS*)-2-Bromo-6a,7,9,13c-tetrahydro-9-phenyl-6H-[1 [benzopyrano[4,3': 4,5 [thiopyrano[2,3-
b/indol-6-one (3z). Yellow solid. Yield: 196 mg (85%). M.p. 231-234°. 'TH-NMR (CDCL): 3.14 (d, J =
11.0, 1H-C(7)); 324 (dd, J=123, 112, 1H-C(7)); 3.47-3.50 (m, H-C(6a)); 4.88 (d, J=44,
H-C(13c¢)); 7.04 (d,J =8.5,1 H); 7.19-729 (m,3 H); 7.44-7.56 (m, 6 H); 7.60 (t,/ =7.5,2 H). ¥*C-NMR
(CDCly): 25.15 (CH,;); 32.90 (CH); 40.35 (CH); 103.99 (C); 110.29 (CH); 116.95 (CH); 118.34 (C);
119.25 (CH); 121.48 (CH); 122.28 (CH); 127.67 (CH); 127.92 (C); 128.89 (CH); 128.90 (C); 129.92 (C);
130.11 (CH); 132.38 (CH); 132.35 (CH); 136.45 (C); 136.74 (C); 149.27 (C); 168.87 (C). Anal. calc. for
C,,H,BrNO,S (462.36): C 62.35, H 3.49, N 3.03; found: C 61.92, H 3.40, N 3.07.

REFERENCES

[1] ‘Process Chemistry in the Pharmaceutical Industry’, Ed. K. G. Gadamasetti, Marcel Dekker, New
York, NY, 1999.

[2] S. Cacchi, G. Fabrizi, Chem. Rev. 2005, 105, 2873; G. R. Humphrey, J. T. Kuethe, Chem. Rev. 2006,
106, 2875.

[3] R.M. Shaheen, D. W. Davis, W. Liu, B. K. Zebrowski, M. R. Wilson, C. D. Bucana, D. J. McConkey,
G. McMahon, L. M. Ellis, Cancer Res. 1999, 59, 5412.

[4] R.D. H. Murray, Prog. Chem. Org. Nat. Prod. 2002, 83, 1-673; R. D. H. Murray, J. Méndez, S. A.
Brown, ‘The Natural Coumarins: Occurrence, Chemistry and Biochemistry’, John Wiley & Sons,
New York, 1982.

[5] ‘Coumarins: Biology Applications and Mode of Action’, Eds. R. O’Kennedy, R. D. Thornes, Wiley,
Chichester, 1997; D. Yu, M. Suzuki, L. Xie, S. L. Morris-Natschke, K.-H. Lee, Med. Res. Rev. 2003,
23,322.

[6] M. Zabradink, ‘The Production and Application of Fluorescent Brightening Agent’, Wiley, New
York, 1992; M. Kaholek, P. Hrdlovi¢, J. Bartos, Polymer 2000, 41, 991; B. Bangar Raju, T.S.
Varadarajan, J. Photochem. Photobiol., A 1995, 85, 263.

[7] G. Cravotto, G. M. Nano, G. Palmisano, S. Tagliapietra, Tetrahedron: Asymmetry 2001, 12,707; C.-J.
Wang, Y.-J. Hsieh, C.-Y. Chu, Y.-L. Lin, T.-H. Tseng, Cancer Lett. 2002, 183, 163; P. T. Kaye, M. A.
Musa, A. T. Nchinda, X. W. Nocanda, Synth. Commun. 2004, 34, 2575; S. Sardari, S. Nishibe, M.
Daneshtalab, Stud. Nat. Prod. Chem. 2000, 23, 335.

[8] K. C.Nicolaou, S. A. Snyder, T. Montagnon, G. Vassilikogiannakis, Angew. Chem., Int. Ed. 2002, 41,
1668; L. F. Tietze, G. Kettschau, Top. Curr. Chem. 1997, 189, 1; M. T. Crimmins, A. C. Smith, Org.
Lett. 2006, 8,1003; K. A. Jgrgensen, Eur. J. Org. Chem.2004,2093; A. S. Kende, J. Fan, Z. Chen, Org.
Lett. 2003, 5, 3205; R. A. Hughes, S. P. Thompson, L. Alcaraz, C. J. Moody, J. Am. Chem. Soc. 2005,
127,15644; F. Palacios, E. Herran, G. Rubiales, J. M. Ezpeleta, J. Org. Chem. 2002, 67,2131; H. M. L.
Osborn, D. Coisson, Mini-Rev. Org. Chem. 2004, 1, 41; M. Behforouz, M. Ahmadian, Tetrahedron
2000, 56, 5259.

[9] T.-L. Ho, L.-R. Kung, R.-J. Chein, J. Org. Chem. 2000, 65, 5774; D. T. Amos, A. R. Renslo, R. L.
Danbheiser, J. Am. Chem. Soc. 2003, 125, 4970; D. C. Bland, B. C. Raudenbush, S. M. Weinreb, Org.
Lett. 2000, 2, 4007; S. A. Snyder, D. A. Vosburg, M. G. Jarvis, J. H. Markgraf, Tetrahedron 2000, 56,
5329; E. J. Thomas, Acc. Chem. Res. 1991, 24, 229; N. Tanaka, T. Suzuki, Y. Hosoya, M. Nakada,
Tetrahedron Lett. 2007, 48, 6488.

[10] H. O.House, T. H. Cronin, J. Org. Chem. 1965, 30, 1061; W. R. Roush, J. Am. Chem. Soc. 1978, 100,
3599; W. R. Roush, S. M. Peseckis, J. Am. Chem. Soc. 1981, 103, 6696; K. J. Shea, J. W. Gilman,
Tetrahedron Lett. 1983, 24, 657.

[11] L.F. Tietze, G. Brasche, K. M. Gericke, ‘Domino Reactions in Organic Synthesis’, Wiley-VCH,
2006; C. J. Chapman, C. G. Frost, Synthesis 2007, 1; D. Enders, C. Grondal, M. R. M. Hiittl, Angew.



(12]

(13]

[14]

[15]

[16]

(17]

(18]

HEeLVETICA CHIMICA ACTA — Vol. 93 (2010) 973

Chem., Int. Ed. 2007, 46, 1570; D. Enders, M. R. M. Hiittl, C. Grondal, G. Raabe, Nature 2006, 441,
861; L. F. Tietze, Chem. Rev. 1996, 96, 115.

K. Bogdanowicz-Szwed, A. Palasz, Monatsh. Chem. 1999, 130, 795; K. C. Majumdar, A. Taher, K.
Ray, Tetrahedron Lett. 2009, 50, 3889; S. Kamila, E. Biehl, Heterocycles 2004, 63, 2785; 1. Devi, P. J.
Bhuyan, Tetrahedron Lett. 2004, 45, 7727, B. B. Snider, Q. Lu, J. Org. Chem. 1996, 61, 2839; M.
Haake, H. Holz, Phosphorus, Sulfur Silicon Relat. Elem. 1999, 153, 407.

L. F. Tietze, N. Rackelmann, ‘The Domino-Knoevenagel-Hetero-Diels-Alder Reaction and Related
Transformations’, in ‘Multicomponent Reactions’, Eds. J. Zhu, H. Bienaymé, Wiley-VCH,
Weinheim, 2005, pp. 121-167; L. FE. Tietze, N. Rackelmann, Pure Appl. Chem. 2004, 76, 1967;
L. F. Tietze, N. Rackelmann, I. Miiller, Chem. — Eur. J. 2004, 10, 2722; L. F. Tietze, A. Modi, Med.
Res. Rev. 2000, 20, 304.

M. J. Khoshkholgh, S. Balalaie, R. Gleiter, F. Rominger, Tetrahedron 2008, 64, 10924; M.J.
Khoshkholgh, S. Balalaie, H. R. Bijanzadeh, J. H. Gross, Synlett 2009, 55; J. Khoshkholgh, S.
Balalaie, H. R. Bijanzadeh, F. Rominger, J. H. Gross, Tetrahedron Lett. 2008, 49, 6965.

V. S. Matiychuk, R. B. Lesyk, M. D. Obushak, A. Gzella, D. V. Atamanyuk, Y. V. Ostapiuk, A. P.
Kryshchyshyn, Tetrahedron Lett. 2008, 49, 4648.

F. M. Moghaddam, H. Saeidian, Z. Mirjafary, S. Taheri, S. Kheirjou, Synlett 2009, 1047; F. M.
Moghaddam, Z. Mirjafary, H. Saeidian, M. J. Javan, Synlett 2008, 892; H. Saeidian, A. Sadeghi, Z.
Mirjatary, F. M. Moghaddam, Synth. Commun. 2008, 38, 2043; F. M. Moghaddam, H. Saeidian, Z.
Mirjafary, A. Sadeghi, Lett. Org. Chem. 2007, 4,576; F. M. Moghaddam, H. Saeidian, Z. Mirjafary, S.
Taheri, J. Sulfur Chem. 2006, 27, 545; F. M. Moghaddam, H. Zali Boinee, Synlett 2005, 1612; F. M.
Moghaddam, H. Zali Boinee, Tetrahedron 2004, 60, 6085; F. M. Moghaddam, H. Zali Boinee,
Tetrahedron Lett. 2003, 44, 6253; M. Kiamehr, F. M. Moghaddam, Tetrahedron Lett. 2009, 50, 6723.
H. C. Hailes, Org. Process Res. Dev. 2007, 11, 114; ‘Organic Synthesis in Water’, Ed. P. A. Grieco,
Blackie Academic & Professional Publishers, London, 1998; C.-J. Li, Chem. Rev. 2005, 105, 3095;
U. M. Lindstrom, Chem. Rev. 2002, 102, 2751.

M. Soledade, C. Pedras, M. Jha, J. Org. Chem. 2005, 70, 1828.

Received September 6, 2009



