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An efficient and one-pot synthesis of thiopyran8{@]indole derivativesia Hetero Diels-Alder reaction af,f-Unsaturated
thio-oxindoles with electron poor acetylenes anctliyDienophiles is described. In the proposed métithe reaction is
performed under neutral and one-pot reaction cardif and also the substances can be mixed withoutactivation or

modification and without using any catalysts.
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INTRODUCTION

Heterocyclic compounds containing nitrogen or wulor
both) are common features incorporated in.the siras of
numerous natural products and pharmaceutical congsou
and the development of simple ‘and effective mettiodtheir
preparation is a point of major concern in medicatemistry
[1]. The hetero Diels-Alder reaction is a very pofuemethod
for the preparation of six-membered heterocyclimpounds
and has been applied to.natural product synthakis [

Many dienes and dienophiles involving heteroatomeh
as phosphorus, silicon, oxygen, sulfur and selerfiane been
investigated [3]. Among the members of this famidyp-
unsaturated thioaldehydes and thioketones and blediavior
in the Diels-Alder reaction have been investigatgdall, et
al. [4]. In their report, compounds ;RH=CH-C(=S)R
function as hetero-dienes and/or dienophiles in 2j4+
dimerizationreactions to afford different types dimeric
products depending on;Rnd R. However, the monomeric

inaccessible because of their tendency to dimedady, even
at low temperature [4].

EXPERIMENTAL

General Procedure for Aldol-Hetero Diels-Alder
Reaction

To a flask containing 1 mmol of thio-oxindole ibluene
(5 ml), 1.2 mmol of heteroaromatic aldehyde waseadah
refluxing temperature, After the starting thio-odate was
consumed, acetylenicdiester (or cyclic dienophiles$ added
to the reaction mixture to produce the thiopyrar®{sindole
derivatives. Progress of the reaction was followpdby thin
layer chromatography (TLC) whose spots were vigedli
either with UV light or with lodine stabilized orilisa gel.
Reaction mixture was stirred for a given reactionet and
then the solvent was removed under reduced pressgréhe
residue was purified by column chromatography elutdéth
hexane-ethyl acetate (3-7:1).

forms of theu,p-unsaturated thioaldehydes and thioketones are
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Spectra Data of the Products (Tables 1 and 2)
11a. Yellow crystal (hexane/ethyl acetate), m.p.:-169



Matloubi Moghaddanet al.

°C; 'H NMR (CDCk) & 3.75 (s, 3H), 3.82 (s, 3H), 3.93 (s,
3H), 5.89 (s, 1H), 6.16 (d, J = 3.1 Hz, 1H), 6.87X = 1.9 Hz,
1H), 7.14 (t, J = 7.5 Hz, 1H), 7.24 (t, J = 7.6 H#), 7.29-
7.31 (m, 2H), 7.49 (d, J = 7.9 Hz, 1HfC NMR (CDC}): &
30.7, 37.5, 53.1, 53.8, 105.4, 107.0, 109.0, 1111.8,3, 120.4,
122.4, 125.0, 126.1, 130.4, 130.7, 138.8, 142.8,115165.2,
167.2.

11b. Brown oil; *"H NMR (CDC}L) & 3.83 (s, 3H), 3.88 (s,
3H), 5.97 (s, 1H), 6.25 (d, J = 3.2 Hz, 1H), 6.32,(J =
3.2,1.3 Hz, 1H), 7.19-7.21 (m, 2H), 7.28-7.29 (h),17.37
(d, J = 1.3 Hz, 1H), 7.50-7.53 (m, 3H), 7.59-7.62 8H);*C

Hz, 1H); *C NMR (CDC}): & 15.6, 37.5, 39.6, 53.2, 53.8,
105.4, 107.0, 109.1, 110.7, 118.4, 120.3, 122.3,9,2126.3,
130.4, 130.5, 137.7, 142.6, 154.1, 165.2, 167.3.

11g. Yellow crystal (hexane/ethyl acetate), m.p.: 183 °
'H NMR (CDCL) 6 1.16 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1
Hz, 3H), 3.80 (s, 3H), 4.12-4.22 (m, 4H), 5.131(4), 6.46 (d,
J =8.1Hz, 1H), 6.50 (d, J = 3.2 Hz, 1H), 6.62, (@d 3.2, 1.8
Hz, 1H), 7.01 (t, J=7.6 Hz, 1H), 7.19 (t, J = A5 1H), 7.28
(d, J = 8.2 Hz,4H), 7.64 (d, J = 1 Hz, 1F)C NMR (CDCE):
514.4,145, 31.5,44.9, 61.1, 62.6, 108.7, 10M4,2, 111.6,
112.8, 119.5, 121.6, 122.5, 126.6, 136.3, 137.8,8,3142.6,

NMR (CDCk): & 37.4, 53.2, 53.7, 107.17, 107.23, 110.2,150.5,167.1, 170.4.

110.8, 118.4, 121.3, 123.1, 125.1, 126.6, 127.8,8,2129.4,
130.3, 131.7, 136.8, 139.1, 142.7, 154.0, 165.2,116

11c. Yellow crystal (hexane/ethyl acetate), m.p.: 125-12
°C; 'H NMR (CDCk) & 1.43 (t, J = 7.2 Hz, 3H), 3.83 (s, 3H),
3.94 (s, 3H), 4.18 (m, 2H), 5.90 (s, 1H), 6.17 Jd; 3.0 Hz,
1H), 6.29 (dd, J = 3.0, 1.9 Hz, 1H), 7.14 (t, J.5 Az, 1H),
7.24 (t, J = 7.6 Hz, 1H), 7.32-7.34 (m, 2H), 7.50 4 = 7.9
Hz, 1H); *C NMR (CDC): & 15.7, 37.5, 39.6, 53.3, 53.9,
105.2, 107.1, 109.1, 110.8, 118.4, 120.3, 122.3,92126.3,
130.4, 130.4, 137.6, 142.7, 154.0, 165.2, 167.4.

11d. Yellow crystal (hexane/ethyl acetate), m.p.: 1581
°C; 'H NMR (CDCI3) & 3.74 (s, 3H), 3.82 (s, 3H), 3.93 (s,
3H), 5.89 (s, 1H), 6.16 (d, J = 3. Hz, 1H), 6.8d,(J = 3.1,
1.8 Hz, 1H), 7.12-7.16 (m, 1H), 7.22-7.26 (m, 1AB0 (d, J
= 7.9 Hz, 1H), 7.32 (dd, J = 1.8, 0.6 Hz, 1H), 7(d9J = 7.9
Hz, 1H); **C NMR (CDCI3):§ 30.8, 37.5, 53.2, 53.8, 105.3,
107.0, 109.0, 110.7, 118.3, 120.4, 122.4, 125.6,11.2130.4,
130.6, 138.8, 142.7,,154.0, 165:2, 167.3.

11e. Brown oil; '"H NMR (€DCk) & 3.83 (s, 3H), 3.90 (s,
3H), 6.05 (s, 1H), 6.32 (d, J = 3.1 Hz, 1H), 6.88,(J =
3.1,1.8 Hz, 1H), 7.22-7.24 (m, 2H), 7.30-7.33 (rh})17.41
(dd, J = 1.8, 0.6 Hz, 1H), 7.50-7.53 (m, 3H), 7562 (m,
2H), 7.65-7.67 (m, 2H)}3C NMR (CDC}): & 37.5, 53.2, 53.8,
107.2, 107.3, 110.3, 110.9, 118.4, 121.4, 123.8,112126.7,
127.3, 128.8, 129.5, 130.3, 131.8, 136.8, 139.2,8,4154.1,
165.3, 167.2.

11f. Yellow crystal (hexane/ethyl acetate), m.p.: 133-13
°C;*H NMR (CDCL) & 1.44 (t, J = 7.2 Hz, 3H), 3.82 (s, 3H),
3.94 (s, 3H), 4.18 (m, 2H), 5.89 (s, 1H), 6.16 Jds 3.1 Hz,
1H), 6.28 (dd, J = 3.1, 1.8 Hz, 1H), 7.14 (t, J.5 Az, 1H),
7.23 (t, J=8.0 Hz, 1H), 7.31-7.33 (m, 2H)5T7 (d, J = 7.9
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11h. Brown oil; *H NMR (CDCk) & 1.33 (t, J = 7.2 Hz,
3H), 1.38 (t, J.= 7.2 Hz, 3H), 4.26-4.38 (m, 4HPB(s, 1H),
6.29 (d, J'=3.2 Hz, 1H), 6.35 (dd, J = 3.2, 1.8 H4), 7.20-
7.23 (m, 2H), 7.29-7.31 (m, 1H), 7.40 (dd, J = D&, Hz,
1H), 17.50-7.53 (m, 3H), 7.59-7.63 (m, 3H}’C NMR
(CDCly): & 14.4 (2CH), 37.6, 62.2, 63.1, 107.2, 107.3, 110.2,
110.9, 118.4, 121.3, 123.1, 125.3, 126.7, 127.8,8,2129.7,
130.3, 131.3, 136.9, 139.1, 142.6, 154.2, 164.8,8.6

12a. m.p.: 212 -217 °CH NMR (CDCk): 1.42 (t, J = 7.18
Hz, 3H), 3.65 (dd, J = 3.37 Hz, J = 5.33 Hz, 1H§24(q, J =
4.84 Hz, 2H), 4.63 (d, J = 8.95 Hz, 1H), 5.05 (& 5.22 Hz,
1H), 6.33 (dd, J = 2.86 Hz, J = 15.33 Hz, 2H), 77136 (m,
7H),8.2 (s, 1H)*C NMR(CDCE): 15.7 (CH), 35.3 (CH), 39.3
(CH,), 46.0 (CH), 48.9 (CH), 109.3 (CH), 110.0 (C), 11
(CH), 117.6 (CH), 120.2 (CH), 121.8 (CH), 125.9 (C27.6
(C), 136.7 (C), 142.1 (CH), 152.1 (C), 175.8 (C)61L (C)

12b. m.p.: 92-95 °C!H NMR (CDCE): 3.65 (q, J = 5.54
Hz, 1H), 4.59 (d, J = 8.93 Hz, 1H), 5.17 (d, J 545Hz, 1H),
6.32 (m, 1H), 6.39 (d, J = 3.19 Hz, 1H), 7.18-7.0,
5H),7.39 (dd, J = 2.09 Hz, J = 9.05 Hz, 3H), 748 (= 4.18
Hz, 2H), 7.96 (s, 1H)**C NMR (CDCL): 34.9 (CH), 45.5
(CH), 48.9 (CH), 109.7 (CH), 110.5 (CH), 110.9 (@)}1.1
(CH), 117.4 (CH), 121.3 (CH), 122.7 (CH), 126.3 (C27.2
(CH), 128.5 (CH), 128.8 (C), 130.1 (CH), 137.0 (€38.1
(C), 142.5 (CH), 151.5 (C), 175.2 (C), 175.8 (C).

12c. m.p.:150.8-152.3'H NMR (CDCk): 1.22 (t, J = 7.18
Hz, 3H), 3.72 (q, J = 4.23 Hz, 1H), 4.05 (m, 2HB2(t, J =
5.13 Hz, 1H), 4.85 (s, 1H), 6.14 (d, J = 2.92 H4),16.16 (d, J
= 1.37 Hz, 1H), 6.90 (t, J = 7.47, 1H), 7.02 (& 7.07, 2H),
7.17 (d, J = 8.33 Hz, 1H), 7.23 (s, 1HJC NMR (CDC}):
15.5 (CH), 35.0 (CH), 39.3 (CH, 44.0 (CH), 48.2 (CH),
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108.8 (C), 109.7 (CH), 111.0 (CH), 117.5 (CH), B(CH),
122.0 (CH), 125.7 (C), 126.5 (C), 136.6 (C), 142@H),
150.8 (C), 169.5 (C), 170.2 (C).

12d. m.p.:184.6-186.2 °C*H NMR (CDCk): 3.80 (q, J =
4.04 Hz, 1H), 4.71 (d, J = 9.47 Hz, 1H), 5.21 (& 5.38 Hz,
1H), 6.35 (s, 2H), 7.21 (m, 2H), 7.32 (d, J = 4H8 1H),
7.40 (t, J = 4.49, 1H), 7.43 (s, 1H), 7.48 (d, 2.24 Hz, 2H),
7.54 (t, J = 7.41 Hz, 1H), 7.62 (t, J = 7.65 Hz,)2HC
NMR(CDCLy): 34.7 (CH), 43.6 (CH), 47.9 (CH), 109.4 (C),
110.3 (CH), 110.6 (CH), 111.2 (CH), 117.3 (CH), X2(CH),
123.0 (CH), 126.2 (C), 127.2 (CH), 127.9 (C),128CH),
130.2 (CH), 136.7 (C), 138.2 (C), 143.3 (CH), 150Q),
169.1 (C), 169.2 (C).

12e. m.p.: 213-214 °C'H NMR (CDCk): 0.98 (t, J = 7.02,
3H), 3.66 (dd, J = 3.23, J = 5.45, 1H), 3.88 (g, 2.17, 2H)
4.17 (t, J = 8.34, 2H), 5.84 (d, J = 8.24, 2H)36(0, J = 7.52,
1H), 6.33 (s, 1H) 6.54 (t, J = 7.77, 2H), 6.74)(t 7.38, 1H);
6.94 (d, J = 8.22, 1H), 10.46 (s, 1H) 10.94 (s,, T80 NMR
(CDCly): 15.3 (CH), 36.4 (CH), 38.9 (ChJ, 47.4 (CH), 50.97
(CH), 108.2 (CH), 108.7 (CH), 109.1 (CH), 114.3(CL7.5
(CH), 118.6 (CH), 119.7 (CH), 121.4 (CH), 125.4 (€25.5
(C), 128.3 (C), 135.0 (CH), 136.5 (C), 176.4 (CR17(C)

12f. m.p.: 209.1-211.2 °CH NMR (CDCL): 3.77.(dd, J =
3.49 Hz, J = 5.25 Hz, 1H), 4.21 (d, J = 8.72 Hz),4#41 (d,
J = 3.47 Hz, 1H), 5.98 (s, 2H), 6:23 (d, J = 81H), 6.67 (d,
J =217, 1H), 6.71 (t, J = 10.06, 1H), 6.84 (& 3.98, 1H),
7.01 (d, J = 8.28, 1H), 7.15 (d, d = 7.33, 2H)3711R J = 7.46,
1H), 7.34 (d, J = 7.61, 2H),.10.50 (s, 1H), 11.841H),**C
NMR (CDCly): 36.3 (CH), 47.3 (CH), 51.1 (CH), 108.4 (CH),
109.0 (CH), 110.2 (CH), 115.6/(C), 117.8 (CH), BLECH),
120.9 (CH), 122.3 (CH), 125.8 (C), 126.7 (C), 126CH),
128.0 (C), 128.1 (CH), 129.8 (CH), 136.2 (C), 1310,
176.3 (C), 179.1 (C).

12g. m.p.: 228-231 °C'H NMR (CDCk): 1.37 (t, J = 7.19
Hz, 3H), 3.53 (dd, J = 5.34 Hz, J = 3.7 Hz, 1HROXm, 2H),
4.64 (d, J = 9.19 Hz, 1H), 5.28 (d, J = 5.93 Hz),16483 (t,
J = 4.28 Hz, 1H), 7.04 (t, J = 6.25 Hz, 2H), 7.4,1)(= 3.57
Hz, 1H), 7.14 (d, J = 7.29 Hz, 1H), 7.29 (t, J 817Hz, 1H),
7.35 (d, J = 7.86 Hz, 1H), 10.52 (s, 1*FC NMR (CDCL):
15.7 (CH), 35.8 (CH), 39.2 (Ch), 45.1 (CH), 50.0 (CH),
109.3 (CH), 112.3 (C), 117.3 (CH), 120.1 (CH), B(CH),
125.3 (CH), 126.0 (C), 127.0 (CH), 127.1 (C), 12{CH),
136.6 (C), 141.6 (C), 176.1 (C), 176.7 (C).

12h. m.p.: 93-96 °C'H NMR (CDCk): 3.68 (dd, J = 6.01
Hz , J = 3.14 Hz, 1H), 4.66 (d, J = 9.16 Hz, 1H}5(d, J =
6.01 Hz, 1H), 6.91 (q, J = 1.54 Hz, 1H), 7.14 (@id; 1.04 Hz,
J = 4.06 Hz, 1H), 7.17-7.22 (m, 3H), 7.31 (m, 1A}8-7.54
(m, 4H), 7.62 (t, J = 7.8 Hz, 2H), 7.89 (s, 1HIC NMR
(CDCly): 35.7 (CH), 44.7 (CH), 50.1 (CH), 110.5 (CH), 123
(CH), 117.2 (CH), 121.2 (CH), 122.8 (CH), 125.8 (CH26.4
(C), 127.2 (CH), 127:3 (CH), 127.9 (CH), 128.0 (T28.6
(CH), 130.1 (GH), 130.1 (CH), 136.9 (C), 138.1 (@}0.7
(C), 174.6 (C), 175.4 (C).

RESULTSAND DISCUSSION

We have earlier demonstrated an efficient synthedi
highly functionalized spirodihydrothiopyrané compounds
from corresponding aldehyd@sand thio-oxindoled in water
via one-pot procedure [5]. Initially, thiooxindoleunderwent
a condensation reaction with aldehyat position 3 to afford
a;B-unsaturated thio-oxindoleé8 which self-dimerizedvia
hetero Diels-Alder reaction and produced spirodibttuio-
oxindole4 (Scheme 1).

In the context of our interest in exploring coniet
access to heterocyclic systems by using thiooxewl{b], we
wish to report here the convenient process foisymhesis of
thiopyrano[2,3-bJindole derivatives via condensatieaction
of thio-oxidoles and heteroaromatic aldehydes fedd by
hetero Diels-Alder reaction with dialkylacetyleniesters and
cyclic dienophiles. The reaction generally involthe initial
condensation of indoline-2-thionl with five-member
heteroaromatic aldehydess to form o,B-unsaturated
thiooxindole intermediaté. In contrast to the obtained results
in our previous report [5] (Scheme 1), thg-unsaturated
thio-oxindole 6 was very stable even at reflux condition in
Toluene for one day, preventing the dimerizaticaction and
no dimerized product was observed (Scheme 2).

The deep red compouridwas isolated and characterized
on the basis of its NMR spectroscopic data. THeNMR
spectra displayed a signal as a single resonar®.2 ajpm for
the olefinic proton and thEC NMR showed the presence of
quarternary C=S in compoutidIt seems that the nature of the
aromatic ring in starting aldehyde compound is basic
reason behind the observed difference in the chamic
behavior of a,p-unsaturated thio-oxindole. An important
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explanation is that the existence of heteroatoBrimembered

product10, the lone pair electron of nitrogen in pyridinagi

aromatic ring in compoun@ led to the resonance of lone pair which does not take part in the conjugation systechhas the
electron in aromatic system (Scheme 3). This irsgea same effect as phenyl group in intermedite

HOMO energy level and helps the compound to playrtie
of diene successfully, but it is doubtful that $t a suitable
dienophile to dimerize.

To find out more about the behavior of these canmgis,
we tried to investigate the reaction of thio-oxiteld and 2-

We then performed cycloaddition of the hetero digand
the reactive dienophile DMAD in one-pot Diels-Alder
reaction. The reaction @a with DMAD in refluxing toluene
for 2 h gave a fused produtia as the only reaction product
(Scheme 5). The structure of the products was mhéed on

pyridinecarbaldehyd®. As expected, it afforded the dimerthe basis of theirtH, *C NMR, 2DNMR (H-H COSY,
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HMQC, HMBC) spectra. For.example, thé NMR spectrum  consumed, acetylenic diester was added to the ioeact
of 11a consists of three distinct singlets at 3.75, 3.8@ 293  mixture to produce the thiopyrano[2yndole derivatives.
ppm for three methyl.groups attached to heteroadonh the Then, we investigated the scope of the reactidh wyclic
aliphatic CH group of thiopyran ring in 5.89 ppmher™C  dienophiles under the same reaction condition tminbthe
NMR displayed two carbonyl groups, seven quartgrnarfused tetracyclic indole derivative$¥2a-h (Table 2). The
carbons and an aliphatic CH group. Further eviddocéhe  reaction proceeded under mild conditions and ncesindble
fused structure was provided by the 2DNMR spectrum. side reactions were observed under these reaatioditoons.
In view of the success of the above reaction, w@oged  Stereochemical relevant (NOE and NMR coupling cami3t
the scope of this reaction by varying the structifriedolin-2-  showed that § H, and H are cis. In all the cases the
thiones1, 5-membered ring heteroaromatic aldehyfesnd  stereochemistry of the ring juncture protons wamibto be
dialkylacetylenicdiester components to obtain  thethe same.
corresponding productkla-k. The results are summarized in In conclusion, we have reported a convenientldidtero
Table 1. The reaction was triggered with 1 mmoltlib-  diels-alder reaction involving thio-oxindole deriives, five-
oxindole and 1.2 mmol of heteroaromatic aldehyden5 membered heteroaromatic aldehydes with dialkyl yéeeic
refluxing toluene to access the isolablf-unsaturated thio- diesters and cyclic dienophiles for the synthedisfused
oxindole derivatives. After the startingotoxindole was polycyclic thiopyrano[2,3]indole derivatives. The present
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Table 1. The Synthesis of Thiopyrano[2t8indole Derivatives

COOR,
(‘L‘OORZ COOR,
Toluene
Reflux N COOR,
1 5 6 R/1 11
Entry R X R, Product Yield (%)
1 Me @) Me 11a 77
2 Ph ] Me 11b 88
3 Et O Me 1lc 69
4 Me S Me 11d 57
5 Ph S Me 1lle 69
6 Et S Me 11f 63
7 Me O Et 11g 36
8 Ph 0] Et 11h 54
9 Me S t-Bu 11i 52
10 Ph S Et 11j 34
11 Me (0] t-Bu 11k 64
12 Me NH t-Bu 111 37
fsolated yield.

Table 2. The Synthesis of Fused Tetracyclic Indole Derivegiv

N
X
0=~ "2 -0
toluene Z
CrC >= Oﬁf T
Reflux
N s
R
1 5 6
Entry X1 X5 R Time Product Yield (%)
1 (@] NH Et 3 12a 65
2 @] NH Ph 2.5 12b 82
3 O 0] Et 2 12c 69
4 Ph 1 12d 88
5 NH NH Et 4 12e 59
6 NH NH Ph 3 12f 73
7 S NH Et 3 129 62
8 S NH Ph 2.5 12h 75
I5olated yield.
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method enjoys the advantage that, not only thetimrads
performed under neutral and one-pot reaction camdif but
also the substances can be mixed without any aictivar
modification and without using any catalysts. [3]
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