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ABSTRACT 
 

This thesis presents research into the development of metal-free based green 

synthetic methods for the direct access to tetrahydrothiopyrano[2,3-

b]indoles, furo/pyrano[3,2-c]chromen-2-ones  and their related heterocyclic 

scaffolds in a stereoselective manner. We believe that current catalytic/non-

catalytic processes will offer new synthetic techniques towards the efficient 

syntheses of interesting functionalized indole and coumarin derivatives. 

Moreover, there is a highly scope for more useful chemistry to be originated 

from this area. 

To begin with a general introduction for the syntheses and applications of 

indole and coumarin heterocycles, with historical perspectives and synthetic 

methodologies developed for the preparations of annulated indole/coumarin 

scaffolds through various efficient organic transformations have been 

discussed in the first chapter. 

The next chapter describes an efficient one-pot three component method for 

the synthesis of biologically attractive 2,3,4-trisubstituted-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole derivatives in good to excellent yields 

with moderate diastereoselectivities using organocatalysis. Furthermore, the 

enantioselective synthesis of title compounds was achieved by this 

methodology. 

  

In the third chapter, one-pot synthesis of 2,9-dihydrothiopyrano[2,3-b]indole 

scaffolds showing large Stokes Shifts has been reported. This chapter 

unfolds a mild, convenient, practical and general one-pot high yielding 

method for the synthesis of N-Boc-2-aryl-3-nitro-2,9-dihydrothiopyrano[2,3-

b]indole scaffolds via a tandem aromatic nucleophilic thiolation/thio-

Michael/Henry reaction of N-Boc-2-chloro-3-formylindoles, NaSH·H2O 

with aryl-substituted nitroolefins in CH2Cl2 at room temperature, followed 



XVI 

 

by in situ dehydration of resultant tetrahydrothiopyranoindole in the 

presence of activated molecular sieves. 

 

The fourth chapter demonstrates a remarkable solvent effect on the reaction 

of 4-hydroxycoumarin with (E)-3-aryl-2-nitroprop-2-enol: Facile synthesis 

of highly substituted furo/pyrano[3,2-c]chromenes. This chapter describes a 

mild, simple, convenient, high yielding procedure for the construction of 2-

(hydroxymethyl)-3-aryl-4H-furo[3,2-c]chromen-4-one scaffolds via a one-

pot reaction of substituted 4-hydroxycoumarins with (E)-3-aryl-2-nitroprop-

2-enols in water without using any catalyst in 5-6 hours. 

 

Chapter five describes a catalyst-free facile synthesis of 4-sulfanylcoumarins 

involving 4-mercaptocoumarin and (E)-3-aryl/hetero-aryl-substituted-2-

nitroprop-2-enols/MBH acetates of nitroolefins. Here, the nucleophillic 

substitution reaction between 4-mercaptocoumarin and several (E)-3-

aryl/hetero-aryl-substituted-2-nitroprop-2-enols/MBH acetates of 

nitroolefins in DMSO and MeOH respectively at 70 °C under catalyst-free 

conditions is reported. This operationally simple method delivers mediocre 

to good yields of a series of novel functionalized α-(4-thiocoumarinyl)-ȕ-

nitrostyrenes and (E)-dithiocoumarinyl styrene derivatives with excellent 

stereoselective manner. 

The final chapter of this thesis focuses on the conclusion and future 

outcomes of the current synthetic methodologies accomplished during the 

entire series of works. 
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Chapter 1 

General Introduction 

Efficient one-pot synthetic protocols for the preparations of a series of 

biologically as well as synthetically challenging complex heterocyclic 

molecules like indole and coumarin derivatives have been rapidly growing 

interest in recent years because these building blocks have enourmous 

applications in several fields of chemical science.[1] Especially, synthesis 

of additional rings on indole/coumarin rings is a prime target for synthetic 

organic and medicinal chemists. The major reason would be that these 

frameworks constitute many marketable drugs, bioactive natural products, 

active pharmacophores, functional materials etc. Some of these are as 

shown in Figure 1.1. 

In view of the great importance, a large number of classical and modern 

protocols have been exploited for the efficient access to indole/coumarin 

fused heterocyclic molecules.[2] This chapter will summarize recent 

progress towards the syntheses of indole/coumarin based fused 

heterocyclic systems. 
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Figure 1.1 Representative indole/coumarin fused heterocycles and their 

chemical domains of applications. 
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1.1 Historical background 

Indole is an aromatic heterocyclic organic compound (benzopyrrole ring 

system) having molecular formula C8H7N (Figure 1.2). In 1866, Adolf 

von Baeyer reduced oxindole to indole using zinc dust. Later in 1869, he 

proposed the formula for indole.[3a]  

 

 

 

Figure 1.2 Structure of indole ring 

 

On the other hand, coumarin (benzopyrone) is a colourless crystalline 

substance found in many plants. The isolation of coumarin was first 

reported by Vogel in 1820 from tonka bean.[3b]  The name coumarin 

originated from a Caribbean word ‘coumarou’ for the tonka tree, which 

was known botanically at one time as Coumarouna odorata Aubl. 

Coumarin is now well accepted trivial name. The IUPAC nomenclature of 

the coumarin ring system is 2H-1-benzopyran-2-one (Figure 1.3).  

 

 

 

Figure 1.3 Structure of coumarin moiety 
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1.2 One-pot method 

Synthetic organic chemistry deals with the construction of several organic 

compounds ranging from complex molecules, biologically active natural 

products to functional materials. Most of the organic reactions progressed 

through multi-steps, producing a huge amount of waste products during 

work up and isolation of various intermediates at different steps. Thus, in 

order to avoid multistep synthesis and to reduce the amount of waste, 

many organic and medicinal chemists have been devoted towards the 

development of a simple, cleaner, cheaper and eco-friendly synthetic 

method. 

In this regard, scientists have developed one-pot method in which 

the same reagents/solvents are employed for subsequent transformations 

and it can be defined as “the strategy to improve the efficiency of a 

chemical reaction by subjecting all the reactants in a single flask for 

successive chemical reactions.”[4] 

A one-pot synthesis saves the time of synthetic chemists and resources by 

avoiding purification at each step and transferring of materials in vessels 

during reaction. Thus, one-pot synthesis is not only a useful methodology 

to adopt for the production of organic molecules, but also a promising 

green approach to modern synthesis. Furthermore, one-pot method is 

advantageous in the reactions where the intermediates are unstable or the 

byproducts can be converted into the desired intermediate or final product. 

Therefore, the one-pot method is beneficial in terms of reducing 

manpower, amount of solvents as well as reaction time. Keeping this in 

mind, varieties of methods are available in the literature towards the 

syntheses of indole/coumarin based fused heterocyclic systems. Some of 

them are summarized in the next section. 
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1.3 One-pot approach to access indole 

based fused heterocycles 

1.3.1 Transition metal-salts mediated reactions 

Xie and his associates[5] revealed gold-catalyzed tandem cyclization of 

several 1,2-bis(alkynyl)-2-en-1-ones with indole in DCE at room 

temperature for 1-3 h to furnish heterocyclic systems fused with indole 

and furan rings in mediocre to high yields (47-90%) via a cascade 

carbonyl-yne cyclization/Friedel-Crafts/indole-yne cyclization sequences 

(Scheme 1.1). 

 

 

 

 

 

 

 

Scheme 1.1 Gold catalyzed synthesis of indole-fused polycyclic systems 

Pd-catalyzed cyclization strategy of diarylacetylene to afford several 

tetracyclic indolo[3,2-c]isoquinolinones in good to excellent yields (79-

95%) through a sequential amination/N-demethylation/amidation process 

under oxidative conditions in DMSO at 50 °C for 24 h was unfold by Zhu 

and his associates as shown in Scheme 1.2.[6] 
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Scheme 1.2 Pd-catalyzed access to indolo[3,2-c]isoquinolinones 

Nazare et al.[7] established one-pot synthesis of fused indoles in good to 

excellent yields (67-98%) involving several 2-chloroanilines and cyclic 

ketones under the presence of palladium catalysts,[Pd(tBu3P)2] (0.1 equiv.) 

in combination with K3PO4 as a base and 0.5 equivalents of MgSO4 as a 

water-binder in dimethylacetamide (DMA) and acetic acid at 90-140 °C 

for 2-14 h as shown in the Scheme 1.3. 

 

 

 

 

 

Scheme 1.3 Pd-catalyzed regiospecific synthesis of fused indoles 
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The cobalt-catalyzed C-2 selective C-H alkenylation/annulations cascade 

transformation of substituted pyridine-indoles with internal alkynes under 

nitrogen atmosphere using Cu(OAc)2.H2O as the oxidant in the presence 

of AgBF4 at 135 °C in DCE to afford a series of pyrido-pyrimido-indoles 

in high yields (82-88%) was established by Yang and his co-workers 

(Scheme 1.4).[8] 

 

 

 

 

 

 

 

Scheme 1.4 Cobalt-catalysed pyrido-pyrimido-indole synthesis 

A similar one-pot cycloaddition protocol for the diversity-oriented 

synthesis of indole-based annulated ketoindolo-quinoxalines in good 

yields (62-78%) was presented by Samala et al.[9] involving  1-(2-

nitroaryl)-2-alkynylindoles and NaN3
 under  the  presence of 5  mol%  CuI 

as  a  catalyst  and  O2
 balloon  as  a  source  of  oxygen  for   11.5  h  in 

hexamethylphosphoramide (HMPA)  at 120 °C (Scheme 1.5). 
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Scheme 1.5 Synthesis of indole-based annulated ketoindoloquinoxalines 

Kundu and his coworkers[10] showed the cyclization strategy of several 

bifunctionalized indoles under the catalytic effect of 5 mol% AuClPPh3 

and 20 mol% AgOTf respectively in DCE at room temperature for 5 min. 

to afford a series of pyrimido[1,6-a]indolone derivatives in high yields 

(80-85%) as shown in the Scheme 1.6. 

 

 

 

 

 

 

 

Scheme 1.6 Synthesis of pyrimidoindolone derivatives 
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Batra et al.[11] illustrated a triple cooperative catalysis-mediated domino 

reaction between substituted 1-formyl-9H-ȕ-carbolines and terminal 

alkynes under the presence of catalytic amounts of copper iodide (10 

mol%), Hünig base (N,N-diisopropylethylamine) and 2-formylpyridine in 

toluene at 85 °C for 5-8 h via intramolecular aza-Michael addition reaction 

to afford dihydrocanthin-4-ones in high yields (86-92%) with excellent 

enantioselectivity (89-97% ee) (Scheme 1.7). 

 

 

 

 

 

 

 

Scheme 1.7 Enantioselective synthesis of dihydrocanthin-4-ones 

 

1.3.2 Acid-promoted reactions 

Arigela and his associates unfolds a rapid one-pot protocol for the 

synthesis of annulated tetracyclic indole-derivatives in high yields (85-

86%) by using a series of aromatic 2-alkynyl indoles and substituted (E)- 

1-azido-2-(2-nitrovinyl)benzenes in toluene at 120 °C for 30-90  min. via 

a sequential lewis acid (10 mol% Yb(OTf)3) catalyzed intermolecular 

Michael addition and an intramolecular 1,3-dipolar cycloaddition reaction 

(Scheme 1.8).[12] 
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Scheme 1.8 Lewis acid promoted tetracyclic indole-derivatives 

Dixon et al.[13] described an atom-efficient, enantio- and diastereoselective 

cyclization strategy to indole fused heterocycles in moderate to high yields 

(63-94%) under the presence of 10 mol% BINOL derived chiral 

phosphoric acid in refluxing toluene via condensation reaction of 

tryptamines with ketoacids to afford excellent enantioselectivities (>98% 

ee) and high diastereoselectivities (>98:2) as shown in Scheme 1.9. 

 

 

 

 

 

 

 

 

Scheme 1.9 BINOL catalyzed access to fused indole heterocycles 
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Chauhan and his associates[14] constructed highly functionalized  ȕ- 

carbolinones in high yields (85-86%) via one-pot domino Ugi/cyclization 

approach involving indole-2-carboxylic acid, aryl aldehydes, isocyanide 

and amines in methanol at room temperature for 4-6 h followed by stirring 

the reaction under the presence of TFA in acetonitrile at room temperature 

for 20-30 min. as shown in Scheme 1.10 

. 

 

 

 

 

 

 

Scheme 1.10 TFA mediated synthesis of functionalized ȕ-carbolinones 

Sun and his colleagues[15] revealed a novel strategy for the synthesis of 

indole-fused diazocine derivatives in excellent yields (96-98%) by using 

several methyl-3-amino-(5-bromoindole)benzoates and substituted-

bromoacetophenones under the presence of TFA in chloroform at 90 °C 

for 4 h followed by treatment with pyridine at 140 °C for 2 h in a sealed 

tube via condensation reaction followed by intramolecular cyclization 

(Scheme 1.11). 
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Scheme 1.11 Synthesis of structurally diverse indole-fused diazocine 

1.3.3 Base-promoted reactions 

Samanta et al.[16] described a green procedure for the direct access to 

highly functionalized 3-aryl-4-methoxycarbonyl-2-nitro-9H-carbazole 

derivatives in excellent yields (87-92%) via one-pot domino Michael-

Henry/aromatization reaction of methyl 2-(3-formyl-1H-indol-2-

yl)acetates with aryl-substituted ȕ-nitroolefins using 30 mol% DABCO as 

an organocatalyst under air in aqueous medium at 70 °C for 11-24 h as 

shown in the Scheme 1.12. 
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Scheme 1.12 DABCO promoted access to 3-aryl-4-methoxycarbonyl-2-

nitro-9H-carbazole derivatives 

A one-step procedure for the synthesis of functionalized 1-

methoxycarbonyl-2-aryl-3-nitro-4-hydroxy-1,2,3,4-tetrahydro-9H-

carbazole derivatives in high yields (78-82%) was revealed by Samanta et 

al.[17] 
via a domino Michael-Henry reaction of methyl 3-formyl-1H- 

indole-2-acetates with several trans-ȕ-nitrostyrenes using 10 mol% 

DABCO as an organocatalyst in THF at room temperature for 5-7 h as 

shown in the Scheme 1.13. 

 

 

 

 

 

 

Scheme 1.13 One step synthesis of carbazole derivatives 
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Samanta et al.[18] also established the synthesis of 1-methoxycarbonyl-2-

aryl-3-nitro-9H-carbazoles in high yields (78-82%) involving several (E)-

methyl-indol-2-yl-ȕ-aryl-acrylates with 3 equiv. of nitromethane in THF at  

room temperature for 18-24 h using DBU (35 mol%) as organocatalyst via 

Michael-Henry reaction followed by aerial oxidation (Scheme 1.14). 

 

 

 

 

 

 

 

Scheme 1.14 Organobase promoted synthesis of substituted carbazoles 

 

Wang et al.[19] unfolds a formal [4+2] cycloaddition of several 

arylidenoxindoles and allenoates under the presence of 20 mol% DABCO 

in toluene at room temperature for 1-2 h to afford dihydropyran fused 

indoles in good to excellent yields (79-94%) with excellent regio- and 

diastereoselectivities (only E-isomer formed) (Scheme 1.15). 
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Scheme 1.15 Synthesis of dihydropyran fused indoles 

An excellent method for the synthesis of highly substituted indolo[2,3-

b]quinolines in high yields (80-88%) was reported by Liang and his 

associates,[20] through the activation at C-2 and C-3 positions of indole in 

the presence of molecular I2 and Cs2CO3 in acetonitrile at 90 °C followed 

by the attack of 1-(2-tosylaminophenyl)ketones  which was subsequently 

stirred  the reaction mixture in the prsenece 12M HCl for 12 h at room 

temperature as shown in the Scheme 1.16. 

 

 

 

 

 

 

Scheme 1.16 Preparation of indolo[2,3-b]quinolones via activation at C-2 

and C-3 position of indole 
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Copper catalyzed intramolecular C-N coupling approach to access 

pyrrolo[3,2-b]indoles in excellent yields (94-96%) by treatment of 3-iodo-

pyrroloanilne with 10 mol% CuI and N,N’-dimethyl ethylenediamine 

under the presence of potassium carbonate in toluene at 110 °C for 8- 16 h 

via electrophilic iodocyclization was recognized by Likhar et al. [21] as 

shown in Scheme 1.17. 

 

 

 

 

 

 

Scheme 1.17 C- N coupling strategy to access pyrrolo[3,2-b]indoles 

A domino-Knoevenagel-hetero-Diels-Alder reaction strategy for the 

synthesis of indole annulated-[6,6]-thiopyranobenzopyrans in excellent 

yields (89-96%) by treating a mixture of 1-methylindoline-2-thione with 

several O-allyl salicylaldehydes under refluxing conditions in the presence 

of triehtyl amine in acetic acid for 2 h was reported by Majumdar et al.[22] 

as shown in Scheme 1.18. 
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Scheme 1.18 Domino-Knoevenagel-hetero-Diels-Alder approach to 

access indole annulated thiopyranobenzopyrans 

Zhao and his associates[23] discovered a facile and efficient one-pot 

domino approach to access 5,12-dihydroindolo[2,1-b]quinazoline 

derivatives in high yields (62-72%) via copper-catalyzed Ullmann type 

intermolecular C-C and intramolecular C-N coupling reaction between N-

(2-bromobenzyl)-2-iodoanilineand malonitrile by using trans-4-hydroxy-

L-proline (20 mol%) and K2CO3 (30 mol%) in DMSO at 90 °C for 16 h in 

a sealed tube (Scheme 1.19).   
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Scheme 1.19 One-pot access to 5,12-dihydroindolo[2,1-b]quinazolines 

1.3.4 Microwave-promoted reactions 

A series of novel polyfunctionalized pyrido[2,3-b]indoles were 

synthesized in high yields (78-84%) by Shi et al. by means of a three-

component domino approach between 3-benzoylmethylidene-2-oxindoles, 

substituted anilines and but-2-ynedioates in the presence of catalytic 

amount of sodium methoxide (10 mol%) in methanol, under microwave 

irradiation within 20 min. (Scheme 1.20).[24] 

   

 

 

 

 

 



 

19 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.20 MW assisted access to pyrido[2,3-b]indoles 

 

A one-pot, domino, Michael/intramolecular cyclization of 

orthophenylethylene substituted nitrostyrene with indoles using Au(I) 

complex and TFA as combined catalyst system was reported by Xu and 

his associates.[25] This environmental friendly protocol affords a series of 

tetracyclic indoles with a seven-membered ring in high yield (85-94%) 

under microwave irradiation at 120 °C in aqueous media (Scheme 1.21). 
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Scheme 1.21 Synthesis of tetracyclic indoles with a seven-membered ring 

in aqueous media 

Jha and his coworkers[26] established a microwave-assisted one-step  

general synthesis of thiopyrano[2,3-b]indol-2-ones in mediocre to good 

yields (54-75%) from indoline-2-thione and several acetoacetic esters via 

the Pechmann-type condensation reaction in the presence of BF3 etherate  

at 115 °C under microwave irradiation for 10-25 minutes as shown in 

Scheme 1.22. 

 

 

 

 

 

 

Scheme 1.22 Microwave-assisted access to thiopyrano[2,3-b]indol-2-ones 
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Moghaddam et al. established the synthesis of tetrahydrothiopyrano[2,3-

b]indole [60]fullerene adducts in low yields (20-35%) via hetero-Diels-

Alder reaction of C60 and α,ȕ-unsaturated indole-2-thiones under 

microwave irradiation in refluxing O-dichlorobenzene (ODB) and toluene 

for 25-50 min. as shown in the Scheme 1.23.[27] 

 

 

 

 

 

 

 

Scheme 1.23 Synthesis of tetrahydrothiopyrano[2,3-b]indole[60] fullerene 

adducts 

Arigela et al.[28] described a microwave assisted three-component 

methodology to deliver indolodiazepinotriazoles in good yields (67-71%) 

by using several 2-alkynylindoles, epichlorohydrin and sodium azide 

under the presence of 1.5 mmol Cs2CO3 in DMSO media at 120 °C for  90 

min. via N-1 alkylation of 2-alkynylindoles followed by 1,3-dipolar 

cycloaddition domino sequences (Scheme 1.24). 
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Scheme 1.24 Microwave assisted synthesis of indolodiazepinotriazoles 

Ohno et al.[29]established a novel method for the preparation of fused 

indoles in moderate to high yields (51-83%) via copper-catalyzed domino 

three component coupling reaction. The methodology involves reaction 

with N-Mesyl-2-ethynylanilines, paraformaldehyde (2 equiv.) and several 

O-bromobenzylamines in the presence of CuI (2.5 mol %) in 1,4-dioxane 

at 170 °C for 20-30 min. under microwave irradiation followed by 

addition of 6 equivalents of MeONa and allowing the mixture to heat at 

170 °C for 20 min. under microwave irradiation to afford the mentioned 

compounds as shown in the Scheme 1.25. 

 

 

 

 

 

 

Scheme 1.25 MW assisted synthesis of fused indoles 
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1.3.5 Miscellaneous reactions 

Zhong et al.[30] established chiral NHC-catalyzed Diels-Alder reaction of 

2-oxoindolin-3-ylidenes and several α-chloroaldehydes under the presence 

of 10 mol% catalyst and triethyl amine in anhydrous toluene to afford 

fused 3,4-dihydropyrano[2,3-b]indol-2(9H)-ones in good to excellent 

yields (82-92%) with high cis-diastereoselectivities (>99:1 dr) and 

excellent enantioselectivities (upto 99% ee) as shown in the Scheme 1.26. 

 

 

 

 

 

 

 

 

Scheme 1.26 NHC-catalyzed access to 3,4-dihydropyrano[2,3-b]indol-

2(9H)-ones 

Samanta et al.[31] demonstrated an efficient approach for the construction 

of  functionalized Ȗ-carboline derivatives in excellent yields (84-89%) 

through a one-pot three-component annulation reaction in aqueous media, 

involving 3-formyl indole derivatives, several aryl aldehydes and 

ammonium acetate at room temperature in open air for 24-30 h (Scheme 

1.27). 

  

 



 

24 

 

 

 

 

 

 

 

Scheme 1.27 MCR protocol to access functionalized Ȗ-carbolines in water 

After successfully employing arylaldehydes as electrophiles in Scheme 

1.27, Samanta et al. further utilized ȕ-substituted acroleins as electrophiles  

in the one-pot hetero-annulation reaction with 3-formyl indole derivatives 

under the same conditions to deliver the (E)-2-styryl-substituted Ȗ-

carbolines in good yields (82-85%, Scheme 1.28).[31] 

 

 

 

 

 

 

Scheme 1.28 Synthesis of (E)-2-styryl substituted Ȗ-carbolines in water 

Du et al.[32] have discovered a novel cascade reaction for the construction 

of  5,10-dihydroindolo[3,2-b]indoles in high yields (68-82%) through 

Cu(OAc)2 mediated cascade annulation of internal diaryl alkyne 

sulfonamides under heating conditions in DMF for 2-6 h as shown in the 

Scheme 1.29. 
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Scheme 1.29 Cu(OAc)2 promoted synthesis of 5,10-dihydroindolo[3,2-

b]indoles 

Li et al.[33] revealed a C-H activation/annulations strategy of heteroarenes 

and functionalization with bifunctional substrates such as anthranils to 

deliver quinoline-fused heterocycles in good to excellent yields (79-94%) 

under the presence of [Cp*RhCl2]2/AgSbF6 as a catalys and pivalic acid, 

(CH3)3CCO2H as an additive in methanol at 120 °C for 20 h as shown in 

the Scheme 1.30. 

 

 

 

 

 

 

 

Scheme 1.30 C-H activation/annulation protocol to access quinoline-fused 

indole heterocycles 
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Wang et al.[34] described enantioselective formal thio[3+3] spiroannulation 

reaction of indoline-2-thiones to 1-azadienes under the presence of 10 

mol% of quinine-derived bifunctional tertiary amine-thiourea catalyst and 

4Å molecular sieves in toluene at -10 °C to furnish 

spiro[thiopyranoindole-benzoisothiazole] heterocycles with a spiro- 

stereogenic centers in excellent yields (95-96%) with good to excellent 

diastereoselectivity (>20:1 dr) and high enantioselectivities (upto 94% ee) 

as shown in the Scheme 1.31. 

 

 

 

 

 

 

 

 

 

Scheme 1.31 Enantioselective synthesis of spiro[thiopyranoindole-

benzoisothiazoles] 

Samanta et al.[35] in their continuous interest to develop indole fused 

heterocycles through domino approach, unfolds an excellent 

diastereoselective synthesis of functionalized 7,8,9-trisubstituted-8,9-

dihydropyrido[1,2-a]indol-6(7H)-ones in 75-80% yields by reaction of 

several 3-ethoxycarbonyl-1,1-dimethoxycarbonyl-5-(2-nitrophenyl) 

pentan-4-ones using Zn/NH4Cl as a reducing agent in ethanol/water 
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mixture at 80 °C for 20-24 h through one-pot reductive 

cycloaromatization-lactamization sequences (Scheme 1.32). 

 

 

 

 

 

 

Scheme 1.32 One-pot diastereoselective synthesis of 7,8,9-trisubstituted-

8,9-dihydropyrido[1,2-a]indol-6(7H)-ones 

Abbiati and his coworkers[36] established a domino addition/annulations 

strategy of  δ-alkynylaldehydes and oxygen nucleophiles for the synthesis 

of oxazino[4,3-a]indoles in moderate to high yields (48-88%), by reacting 

1-alkynyl-1H-indole-2-carbaldehydes and various alcohols in the presence 

of sodium under nitrogen atmosphere for 1-2 h (Scheme 1.33). 

 

 

 

 

 

 

 

Scheme 1.33 Domino synthesis of [1,4]oxazino[4,3-a]indoles 
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1.4 One-pot method to access coumarin 

based fused heterocycles 

1.4.1 Transition metal salts-mediated reactions 

Synthesis of 2-substituted furan-fused coumarin derivatives in good yields 

(76-82%) from 3-iodo-4-methoxycoumarin by means of an in situ 

sequential Sonogashira-acetylide coupling and demethylation step induced 

by Et3N under heating conditions in acetonitrile was achieved by 

Conreaux et al.[37] (Scheme 1.34). 

 

 

 

 

 

 

 

Scheme 1.34 Et3N induced synthesis of furan-fused heterocycles 

Paul and his associates[38] reported a CuFe2O4 mediated one-pot three-

component coupling reaction between 4-aminocoumarin, benzaldehyde 

and nitromethane under refluxing conditions for 2-3 h to deliver coumarin 

fused pyrrole derivatives in high yields (84-89%) via Knoevenagel 

condensation followed by Michael addition (Scheme 1.35). 
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Scheme 1.35 CuFe2O4 catalyzed pyrrole fused coumarin synthesis 

Langer and his coworkers[39] revealed synthesis of a series of pyrrole fused 

coumarins in high yields (52-69%) under Pd-catalyzed domino C-N 

coupling/hydroamination reaction involving several 4-alkynated 

coumarins and aryl amines using Cs2CO3 as a  base in the presence of 20 

mol% SPhos (organophosphorus compound derived from biphenyl) in 

DMF at 80 °C for 4 h (Scheme 1.36). 

 

 

 

 

 

 

 

Scheme 1.36 Pd-catalyzed pyrrolocoumarins synthesis 

Das group[40] revealed a similar annulation protocol for the synthesis of 

pyran fused coumarins by utilizing 4-hydroxycoumarin, alkyl nitrile 

derivatives (malononitrile and ethyl cyanoacetate) and dialkylacetylene 

dicarboxylates using CuFe2O4 magnetic nanoparticles as the catalyst under 
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aqueous conditions at 60 °C for 2.5-3.0 h to afford the dihydropyrano[2,3-

c]pyrazoles in high yields (87-90%) (Scheme 1.37). 

 

 

 

 

 

 

Scheme 1.37 A facile and efficient synthesis of pyrano[3,2-c]coumarin 

Paul et al.[41] established one-pot three component domino approach of 3-

hydroxycoumarin, malonitrile and arylaldehydes under the presence of 

catalytic amount of ZnO in aqueous media at 70 °C for 2.5-3.0 h to afford 

dihydropyrano[2,3-c]chromene derivatives in high yields (78-91%) via 

Knoevenagel condensation followed by Michael addition and then 

intramolecular cyclization sequences (Scheme 1.38). 

 

 

 

 

 

 

Scheme 1.38 ZnO catalyzed three component synthesis of 

dihydropyrano[2,3-c]chromene derivatives 
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In 2008, Bodwell and his coworkers[42]demonstrated a three-component 

Povarov reaction between an in situ formed 2-azadiene component, 

derived from the condensation of 3-aminocoumarins and aromatic 

aldehydes, which was further treated with various dienophiles in 

acetonitrile under the presence of 5 mol% Yb(OTf)3 followed by 

aromatization of the resulting product on treatmen with Br2 in CH2Cl2 at 

room temperature in the dark to give the corresponding pyrido[2,3-

c]coumarins in good to excellent yields (61-93%) (Scheme 1.39). 

 

 

 

 

 

 

Scheme 1.39 Synthesis of pyrido[2,3-c]coumarins via Povarov reaction 

 

An interesting protocol for the synthesis of tetrahydropyrido[2,3-

c]coumarin derivatives in high yields (81-84%) and in excellent 

diastereomeric ratio (>81:19) involving 3-aminocoumarins, aryl aldehydes 

and cyclic enol ethers in the presence of 10 mol% of hydrated ferric 

sulphate under refluxing condition in MeCN for 2.0-2.5 h was discovered 

by Das et al. (Scheme 1.40).[43] 
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Scheme 1.40 One-pot synthesis of tetrahydropyrido[ 2,3-c]coumarins 

1.4.2 Acid-promoted reactions 

A single-step condensation reaction of appropriately oxygen substituted 

phenols with acetylenic esters in the presence of catalytic amounts of 

indium chloride (10-12 mol%) under solvent free conditions at 90 °C to 

afford coumarin derivatives in mediocre yields (21-55%) after 2 h was 

revealed by Kalyanam and his associates[44] as shown in Scheme 1.41. 

 

 

 

 

 

 

Scheme 1.41 Single-step synthesis of coumarin ring skeletons 
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Das et al.[45] disclosed a similar facile procedure for the synthesis of 

pyrrole fused coumarins in high yields (79-85%) using 4-aminocoumarin 

and α,ȕ-unsaturated nitroalkenes in the presence of PEG-SO3H as a 

catalyst under refluxing conditions in methanol for 4-9 h via Michael 

addition followed by intramolecular cyclization with the removal of the 

nitro group (Scheme 1.42). 

 

 

 

 

 

 

Scheme 1.42 PEG-SO3H catalyzed pyrrole fused coumarins synthesis 

 

In 2009, Rominger and his coworkers[46] described a domino Knoevenagel 

hetero-Diels-Alder reaction of O-propargylated salicylaldehydes and 

several 4-hydroxycoumarins under the presence of CuI as a Lewis acid in 

1,4-dioxane for 24-25 h that leads to pyrano[2,3-c]coumarins (A) and 

pyrano[2,3-c]chromones (B) in high yields (Scheme 1.43). 
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Scheme 1.43 CuI catalyzed pyrano[2,3-c]coumarins and pyrano[2,3-

c]chromones synthesis 

Das group[47] revealed one-pot synthesis of chromeno[3,4-b]quinoline 

derivatives in good yields (77-82%) through Michael initiated ring closure 

(MIRC) by employing three-component condensation of aromatic 

aldehydes, 3-aminocoumarins and cyclic 1,3-diketones in the presence of 

catalytic amount of p-toluenesulfonic acid (pTSA) in ethanol for 7-8 h 

under refluxing condition (Scheme 1.44). 

 

 

 

 

 

 

 

Scheme 1.44 Construction of chromeno[3,4-b]quinoline derivatives 
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Mohtat and his coworkers[48] discovered the cyclization strategy of 7-

hydroxycoumarin with dialkyl acetylene dicarboxylate in the presence of 

15 mol% PPh3 under refluxing toluene resulting in the formation of the 

methyl-2,8-dioxo-2H,8H-pyrano[3,2-g]chromene-4-carboxylate in high 

yields (82-90%) as shown in the Scheme 1.45. 

 

 

 

 

 

 

Scheme 1.45 PPh3 mediated access to pyrano[3,2-g]chromene-4-

carboxylate 

1.4.3 Base-promoted reactions 

Suk et al.[49] revealed synthesis of furocoumarins in excellent yields (80-

98%) from iodomethyl dihydrofurocoumarin derivatives under DBU 

catalyzed cyclization approach in benzene at room temperature for 20 h as 

shown in Scheme 1.46. 
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Scheme 1.46 DBU catalyzed synthesis of furocoumarins 

Lee and his coworkers[50] disclosed a facile synthesis of dihydrofuro-

coumarins in mediocre yields (37-43%) via oxidative cycloaddition 

approach by using several 4-hydroxycoumarins and 3 equivalents 

substituted olefins under refluxing conditions in acetonitrile using 

Ag2CO3/celite for 3 h (Scheme 1.47). 

 

 

 

 

 

 

Scheme 1.47 Silver(I)/Celite promoted synthesis of dihydrofurocoumarins 

Jang et al.[51] revealed a new strategy for the preparation of highly 

functional furo[3,4-c]coumarins and related furylcoumarin derivatives in 

mediocre to good yields (38-73%) involving α,ȕ-unsaturated ketones, 

tributylphosphine and acyl chlorides in THF at 27 °C under the presence 
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of triethyl amine as a base via intramolecular Wittig reaction as shown in 

Scheme 1.48. 

 

 

 

 

 

 

Scheme 1.48 Furo[3,4-c]coumarin synthesis via intramolecular Wittig 

reaction 

A one-pot three component condensation reaction of 2-

hydroxybenzaldehydes, ethyl acetoacetate and several isocyanides in the 

presence of piperidine under refluxing conditions in ethanol to deliver a 

number of pyrrole-fused chromanone derivatives in moderate yields (50-

65%) was achieved by Ghandi and his coworkers (Scheme 1.49).[52] 

 

 

 

 

 

 

Scheme 1.49 One-pot synthesis of pyrrole fused chromanone derivatives 
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Jian group[53] described 
N-heterocyclic carbenes catalyzed [4+2] 

cycloaddition of ketenes and 3-benzoylcoumarins under the presence of 10 

mol%  Cs2CO3 in toluene at 0 °C for 24 h to deliver dihydrocoumarin-

fused dihydropyranones in high yields (85-87%) with good to high 

diastereomeric ratio (>12:1) and excellent enantioselectivity (upto 91%) 

(Scheme 1.50). 

 

 

 

 

 

 

 

 

Scheme 1.50 Enantioselective synthesis of dihydrocoumarin-fused 

dihydropyranones 

Efficient three-component reaction between 3-aminopyrazol-5-ones, 

salicylic aldehydes and acetylacetic ester, involving an in situ formation of 

3-acetylcoumarins and subsequent condensation with aminopyrazolones in 

the presence of piperidine under refluxing conditions for 3 h to furnish 

dihydrochromeno[4,3-d]pyrazolo[3,4-b]pyridine-1,6-diones in good yields 

(60-70%) as described by Frolova et al. (Scheme 1.51).[54] 
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Scheme 1.51 MCR approach to pyridine fused coumarins 

Yu et al.
[55] unfolds the reaction of heterocyclic ketene aminals (HKAs) 

with substituted 4-chloro-3-formylcoumarins using Et3N as a catalyst in 

EtOH at room temperature for 10 min. to afford dihydro-6H-

chromeno[4,3-d]imidazo[1,2-a]pyridin-6-one derivatives in high yields 

(80-91%) via aza-ene reaction/tautomerization and cyclization sequences 

(Scheme 1.52). 

 

 

 

 

 

 

 

Scheme 1.52 Preparation of 9,10-dihydro-6H-chromeno[4,3-d]imidazo-

[1,2-a]pyridin-6-one derivatives 
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1.4.4 Microwave-promoted reactions 

Reaction of equimolar amounts of substituted phenols and malic acid in 

the presence of a small amount of concentrated H2SO4 under microwave 

irradiation (80 W) for 0.5-4 minutes to afford fused hydroxycoumarin 

derivatives in low to mediocre yields (3-43%) was revealed by Litinas et 

al. as shown in the Scheme 1.53.[56] 

 

 

 

 

 

 

Scheme 1.53 Microwave assisted synthesis of hydroxycoumarins 

Litinas and his colleagues[57] also established the synthesis of fused 

pyridocoumarins in mediocre to good yields (38-50%) using 6-propargyl 

aminocoumarin with boron trifluoride diethyl etherate in DMF at 200 °C 

under microwave irradiation for 9 h via aza-Claisen rearrangement and 

subsequent in situ cyclization as shown in the Scheme 1.54. 

 

 

 

 

 

Scheme 1.54 Microwave assisted synthesis of fused pyridocoumarins 



 

41 

 

Rastogi et al.
[58] unfolds a cyclization strategy for the synthesis of 

tetrahydrobenzopyrano[4,3-d]pyrimidine-2,5-diones in good to excellent 

yields (84-90%) involving 3-arylidenechromane-2,4-diones and a 

nucleophile (urea) under microwave irradiation in aqueous media for 1.5-

2.5 minutes at low power (560 W) as shown in the Scheme 1.55. 

 

 

 

 

 

 

Scheme 1.55 Microwave accelerated synthesis of 

tetrahydrobenzopyrano[4,3-d]pyrimidine-2,5-diones 

 

1.4.5 Miscellaneous approaches 

Che et al.[59] reported a one-pot efficient approach to synthesize substituted 

chromeno[3,4-c]pyrrole-3,4-diones in high yields (67-76%) by using a 

sequential Ugi reaction and intramolecular Michael addition reaction for 

12-24 h from corresponding acids, amines, isocyanides and 4-formyl 

pyridines at room temperature in methanol (Scheme 1.56). 
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Scheme 1.56 Syntheses of substituted chromeno[3,4-c]pyrrole-3,4-diones 

Balalaie group[60] revealed a three component reaction between 4- 

hydroxycoumarin, nitriles and aldehyde in the presence of 10 mol% L-

proline under refluxing condition in water/ethanol mixture in 1:1 ratio to 

afford pyrano[3,2-c]coumarin compounds in high yields (72-78%) via 

Knoevenagel condensation followed by cyclization (Scheme 1.57). 

 

 

 

 

 

 

 

Scheme 1.57 Synthesis of dihydropyranochromenes in aqueous media 
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A related protocol, for the synthesis of a variety of substituted pyrido[2,3-

c]coumarin derivatives in high yields (72-76%) was developed  by Khan 

and his co-workers,[61] involving a three-component reaction between 

substituted 3-aminocoumarins, aromatic aldehydes and alkynes in the 

presence of 10 mol% molecular iodine in acetonitrile under reflux 

conditions for 1-3 h through Povarov reaction (Scheme 1.58). 

 

 

 

 

 

 

 

Scheme 1.58 Synthesis of various substituted pyrido[2,3-c]coumarin 

derivatives through Povarov reaction 

In 2013, Litinas and his coworkers described the synthesis of fused 

pyridocoumarins in high yields (63-87%) from three-component reaction 

between aminocoumarins and two equivalents of n-butyl vinyl ether 

catalysed by 10 mol% iodine under refluxing conditions in acetonitrile 

through aza-Diels-Alder reaction (Scheme 1.59).[62] 
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Scheme 1.59 Iodine-catalyzed synthesis of fused pyridocoumarins 

In 2007, Henry et al.[63] described the conversion of 2- styrenyl allenoates 

into nitronate derivatives upon treatment with 20 mol% tris(p-

fluorophenyl)-phosphine in benzene at room temperature for 24 h, which 

upon further treatment with substituted alkenes in dichloromethane at 

room temperature furnished corresponding tetracyclic coumarin 

derivatives in excellent yields (83-97%) as shown in the Scheme 1.60. 

 

 

 

 

 

 

 

Scheme 1.60 Phosphine-catalyzed synthesis of functionalized coumarins 
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Over the intervening years, many classical and modern methods have been 

exploited for the efficient access to indole and coumarin based fused 

heterocycles. Despite the rich history on indole/coumarin fused 

heterocycles, the metal-free one-pot method for the access to a variety of 

pharmacologically promising molecules such as tetrahydrothiopyrano[2,3-

b]indoles, furo/pyrano[3,2-c]chromen-2-ones and their related 

heterocyclic scaffolds in a stereoselective manner has been less explored. 

Therefore, it is ample scope to develop the metal-free based new 

catalytic systems for the direct synthesis of indole and coumarin based 

fused heterocycles in an efficient and economical manner. 
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Chapter 2 

Rapid access to 2,3,4-trisubstituted-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole derivatives via 

one-pot three component reaction using 

organocatalysis 

2.1 Introduction 
 

Highly efficient synthesis of functionalized indole derivatives have 

attracted significant attention in recent years because this key moiety 

provides access to  a large number of bioactive natural products and 

pharmacophores.
[1-7]

 Literature survey shows that additional cyclic ring on 

indole ring also constitutes a large number of biologically active natural 

compounds.
[8]

 They show a broad spectrum of pharmacological activities 

including CNS disorders (e.g. Alzheimer's disease), hormone replacement 

therapy and oxidative stress etc.
[9-10]

 In addition, indole derivatives  have 

been widely used in material science, agrochemicals, polymer, etc.
[11-12]

 

Among them, fused indole derivatives possessing tetrahydrothiopyran 

heterocyclic systems are important privileged structures on account of 

their application in medicinal fields. For example, 

tetrahydrothiopyrano[2,3-b]indoles (I-IV) exhibit analgesic activity
[13-14]

 

and salts of some tetrahydrothiopyrano[2,3-b]indoles are used as 

psychoanaleptic and nootropic drugs (Figure 2.1).
[15]

 

Thus, efficient one-pot synthesis of mentioned compounds 

applying multi-component reaction (MCR) strategy is crucial for synthetic 

organic chemists nowadays, as it eliminates the isolation of intermediates 

in each step making the procedure more economical and environmental 

benign. In this direction, several organic and medicinal chemists have 

been devoted towards the access to tetrahydrothiopyranoindole scaffolds. 
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Some of the important literature reports have been discussed in the review 

section 2.2. 

 

Figure 2.1 Several biologically active molecules containing the 

tetrahydrothiopyrano[2,3-b]indole skeleton 

 

2.2 Review work 

 
In 1984, the first cyclization strategy includes novel synthesis of 4-

aminomethyltetrahydrothiopyrano[2,3-b]indoles through a thio-Claisen 

rearrangement revealed by Makisumi et al., where they have reported two 

methods for the preparation of thiopyrano[2,3-b]indoles in good yields.
[16] 

Both the methods involve thio-Claisen rearrangement of indol-2-

ylpropargyl sulfides as a key step. Here, indol-2-yl propargyl sulfide was 

prepared in good yield from indoline-2-thione and propargyl bromide 

using K2CO3 as a base. Thermolysis of indol-2-yl propargyl sulfide in 

refluxing ethanol, followed by treatment with aq. KCN to provide 4-

cyanotetrahydrothiopyrano[2,3-b]indole (A). Further reduction of nitrile 

(A) to 4-aminomethyltetrahydrothiopyrano[2,3-b]indoles has been 

achieved by using a mixture of LiAlH4-AlCl3 as shown in Scheme 2.1. 
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Scheme 2.1 Synthesis of 4-aminomethyltetrahydrothiopyrano[2,3-

b]indoles through a thio-Claisen rearrangement  

 

In 2007, Majumdar et al. also revealed two step synthetic methods 

for the synthesis of racemic versions of 4-thiophenyl-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indoles via a nucleophilic substitution reaction 

between indoline-2-thiones and propargyl bromide using phase transfer 

catalyst (benzene triethyl ammonium chloride) in the presence of NaOH, 

followed by the addition/cyclization  of resultant compound with 

thiophenol in refluxing tert-butanol using AIBN as a radical initiator  

(Scheme 2.2).
[17]

 

 

 

 

 

 

Scheme 2.2 Thiol-mediated radical cyclization of substituted indoline-2-

thiones 
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A closer inspection into the literature also showed that efficient synthesis 

of dihydrothiopyrano ring annulated with a dihydrocoumarin was achieved 

via domino Knoevenagel-hetero-Diels-Alder reaction of O-acrylated 

salicylaldehyde derivatives with dihydroindole-2-thiones in H2O as 

reported by Moghaddam and his associates.
[18] 

The products are formed in 

good to excellent yields (82-93%) with high regio- and stereoselectivity 

(always cis-fusion), which was determined from the coupling constants of 

the relevant H-atoms and NOE experiments as shown in Scheme 2.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.3 Domino Knoevenagel-hetero-Diels-Alder and multi-

component reactions of indoline-2-thione 

 

Majumder et al. established a nice intramolecular domino hetero Diels-

Alder reactions for the synthesis of novel polycyclic thiopyrano[2,3-

b]indole derivatives by performing the reaction between 3-formyl-2-S-

alkenylindole with  N,N-dimethylbarbituric acid/Meldrum’s acid in 

refluxing methanol as shown in Scheme 2.4.
[19]
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Scheme 2.4 Synthesis of pentacyclic indoles via [4+2] hetero Diels-Alder 

reaction 

In 2012, Bhuyan et al. disclosed the stereoselective synthesis of a series of 

novel isoxazolidine/dihydroisoxazole annulated thiopyrano[2,3-b]indole 

derivatives in good yields (67-75%) from simple indolo-S-alkenyl 

aldehyde via 1,3-dipolar cycloaddition reaction with alkylhydroxyl amine 

in the presence of NaOH (Scheme 2.5).
[20] 

 

 

 

 

 

 

Scheme 2.5 Synthesis of novel tetrahydroisoxazole and dihydroisoxazole 

fused thiopyrano[2,3-b]indole derivatives 
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Moghaddam and his coworkers also established a one-pot synthesis of 

indole-annulated pentacyclic indolyl hydroquinolines via a tandem C-

alkylation and intramolecular S-alkylation of indolin-2-thiones with N-

alkylquinolinium salts in MeCN using K2CO3 at room temperature. This 

reaction provides excellent yields (83-95%) of corresponding pentacyclic 

compounds with a short span of time as shown in the Scheme 2.6.
[21] 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.6 Tandem alkylation reaction of N-alklylquinolium salts with 

indoline-2-thiones 

 

Another excellent report on the stereoselective synthesis of  

tetrahydrothiopyrano[2,3-b]indoles  via a  tandem reaction   of Baylis-

Hillman acetates as  1,3-bielectrophiles   with  indolin-2-thiones in MeCN 

promoted by K2CO3 under refluxing conditions was developed by 

Moghaddam and his coworkers.
[22] 

The corresponding products were 

obtained in high yields (73-87%)   with   high to excellent  

distereoselectivities (1:4 to 1:49 dr) as shown in Scheme 2.7. 
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Scheme 2.7 The stereoselective synthesis of tetrahydrothiopyrano[2,3-

b]indole skeletons via tandem reaction of indoline-2-thiones 

 

Conclusion 

Review work suggested that a quite number of methods have been 

reported for the preparations of tetrahydrothiopyrano[2,3-b]indole 

skeletons with moderate to high yields and good diastereoselectivities. 

However, some of the above methods encompass several disadvantages 

such as harsh reaction conditions, multiple steps, low yields and less 

substrate scopes. Furthermore, some reports utilize harmful organic 

solvents like CH2Cl2, CH3CN etc. which produces atrocious effects on 

environment. Moreover, indoline-2-thiones have been used as starting 

materials for S-source reagents, which retard the substrate scope. 

Furthermore, a little attention has been paid for the synthesis of 2,3,4-

trisubstituted-2,3,4,9-tetrahydrothiopyrano[2,3-b]indoles. Therefore, it is a 

great oppourtunity to develop a simple, efficient, organocatalytic   one-pot 

synthetic protocol for the synthesis of both the racemic and enantio-

enriched versions of 2-aryl-3-nitro-4-hydroxytetrahydrothiopyrano[2,3-

b]indoles possessing three contiguous chiral centers from simple starting 
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materials under mild conditions in a rapid and productive manner as 

shown in Figure 2.2.  

 

 

 

 
Figure 2.2 Representative structure of 2,3,4-trisubstituted-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole 

 

2.3 Present work 

 

The efficient synthesis of fused indole derivatives has been rapidly 

growing interest in synthetic organic chemistry due to their biological 

importance, which motivates many organic chemists to develop the 

practical methods for their synthesis. The indoles possessing fused 

thiopyrane annulated heterocyclic systems are important privileged 

structures of many biologically active compounds as discussed in the 

introduction part 2.1. Owing to their biological activities, several non-

asymmetric methods have been documented as mentioned in the review 

section. Nonetheless, even with considerable progress, organocatalytic 

non-asymmetric as well as enantioselective method for the synthesis of 2-

aryl-3-nitro-4-hydroxytetrahydrothiopyrano[2,3-b]indole  is still missing. 

Therefore, it would be highly desirable to synthesize both the racemic and 

enantio-enriched versions of above-mentioned compound in a more 

practical and efficient manner. 

Nowadays, MCRs have become a traditional strategy for rapid access to 

the natural products,
[23-28]

 drug discovery, in combinatorial and medicinal 

chemistry.
[29-31]

 As part of our continued interest in the development of 

organocatalytic mediated asymmetric/non-asymmetric synthetic 



 

65 

 

transformations in an environment friendly manner,
[32-37]

 we reported a 

Henry reaction for enantioselective as well as racemic -nitro-α-

hydroxyphosphonates by using quinine derivatives
[38]

 and DABCO
[39]

 as 

catalysts respectively. There are several reports for organocatalytic 

enantioselective tandem Michael-Henry reactions. Zhao and other groups 

reported one-pot catalytic enantioselective tandem thio-Michael-Henry or 

aldol reactions for the synthesis of thiochromes, where starting material 

has both a nucleophilic and an electrophilic sites.  Therefore, we 

envisioned that thiopyrane ring can be installed on indole moiety through 

a nucleophilic thiolation and tandem thio-Michael-Henry involving N-

protected-2-chloro-3-formylindoles as bielectrophiles, NaSH·H2O and 

nitroolefins in the presence of base. Herein we now disclose an 

organocatalytic, one-pot three component aromatic nucleophilic thiolation 

and tandem thio-Michael-Henry reaction involving N-protected-2-chloro-

3-formylindole for the stereoselective synthesis of 2-aryl-3-nitro-4-

hydroxy-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole derivatives using  a 

catalytic amount of DABCO as an organocatalyst (Scheme 2.8). 

 

 

 

 

 

 

Scheme 2.8 One-pot three-component tandem aromatic thiolation/ 

Michael-Henry reaction. 

2.4 Results and Discussion 

2.4.1 Screening of Solvents and Catalysts 

By using 1-Boc-2-chloro-3-formylindole (1b, 0.25 mmol), NaSH·H2O 

(0.3 mmol) and trans- -nitrostyrene (2a, 0.3 mmol) as the model 

substrates, reaction was carried out in the absence of catalyst in MeOH for 

30 min at room temperature. We isolated N-Boc-2-phenyl-3-nitro-4-
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hydroxy-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole 3 (Table 2.1) in 69% 

yield with a mixture of only two non-separable (by column 

chromatography) diastereomers in a ratio of 44:56, even though product 

bears three contiguous chiral centers. The product was well characterized 

by its 
1
H NMR which shows the appearance of characteristic doublets and 

multiplets in region (δ 5.02-5.78) along with disappearance of 

characteristic aldehyde peak of 1b (δ 10.30). The relative configurations 

of the product 3a and 4a were assigned by the coupling constant of the 

vicinal H-atoms (Figure 2.3). For instance, in both the isomers 3a and 4a, 

H2 and H3 (J =11.2 Hz) are in trans-form, whereas in compound 3a, H3 

and H4 (J = 3.5 Hz) are in cis-relation. However, in case of compound 4a, 

H3 and H4 (J = 9.0 Hz) are in trans-conformation. Thus, the fate of the 

diastereomeric ratio depends by the orientation of hydroxyl group. 

Further, 
13

C NMR shows appearance of diastereomeric peaks in the 

aromatic and aliphatic regions with the disappearance of aldehyde peak (δ 

185.7). The HRMS spectrum shows the presence of molecular ion peak 

[M+Na]
+ 

at 449.1143 which corresponds to the molecular weight of the 

desired product. 

 

Figure 2.3 Showing coupling constant of 3a and 4a 

The same phenomenon was also found when the reaction was conducted 

in EtOH medium. Gratifyingly, the above interesting result motivated us 

to investigate for this one-pot multi-component reaction in details. In order 

to evaluate the effects of base on this reaction, we used common organic 
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bases (5 mol%) as catalysts, namely DABCO, Et3N, DBU and quiniclidine 

in EtOH medium. In terms of reactivity, DABCO was the best catalyst for 

this reaction. 

Table 2.1 Optimization reaction
a
 

 

 

 

 

 

aUnless otherwise specified, all reactions were carried out at room temperature with 1b 

(0.25 mmol), NaSH·H2O (0.3 mmol), 2a (0.3 mmol) and catalyst (5 mol %) in the 

Entry Catalyst Solvent Time 

(min) 

dr
b
 

3a:4a 

Yield
c 

(%) 

1 Nil MeOH 30 44:56 69 

 

2 Nil EtOH 30 47:53 65 

 

3
d
 Nil H2O 60 ND <5 

 

4
 d

 DABCO H2O 30 ND <15 

 

5 DABCO MeOH 10 55:45 89 

 

6 DABCO EtOH 12 54:46 87 

 

7 Quiniclidine EtOH 20 52:48 77 

 

8 DBU EtOH 20 56:44 81 

 

9 Et3N EtOH 20 45:55 75 

 

10 DABCO THF 30 40:60 40 

 

11 DABCO Et2O 140 30:70 71 

 

12 DABCO CH3CN 30 55:45 50 
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specified solvent (2.0 ml). bDiastereomeric ratio was determined of the crude product by 

1H NMR and their relative configurations of isomers were determined by the coupling 

constant of the corresponding vicinal H-atoms. cYield of the product was isolated after 

column chromatography. dND = Not Determined 

 

Next, we investigated the effects of solvents on this reaction. The reaction 

was witnessed to be much slower in non-protic solvents, such as THF, 

Et2O and MeCN. However, reverse configuration of major diastereomer 

was obtained. In water medium, the reaction was very sluggish. It should 

be pointed out that the reactivity in MeOH was slightly higher than EtOH. 

In spite of that EtOH was chosen as the best solvent due to its 

environmental benign character. 

2.4.2 Proposed mechanism 

  

A possible mechanism for the formation of compounds 3a and 4a is 

depicted in Scheme 2.9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.9 Possible mechanism for one-pot aromatic nucleophilic 

thiolation/tandem thio-Michael-Henry reaction 
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At first, 2-mercapto-3-formylindole is generated in situ by the 

combination of compound 1b and NaSH·H2O through aromatic 

nucleophilic thiolation, which undergoes thio-Michael addition to -

nitrostyrene and subsequent intramolecular Henry reaction via transition 

state 1 and 2 (TS1 and TS2) to affords 3a and 4a respectively from 

corresponding TS1 and TS2 (Scheme 2.9). 

 

2.4.3 Substrate scope of this methodology 

We studied scope and limitation of the one-pot aromatic nucleophile 

thiolation and tandem thio-Michael-Henry reaction by performing the 

reaction of a wide range of structurally varied -nitrostyrenes with diverse 

steric and stereoelectronic environment, NaSH·H2O and 2-chloro-3-

formylindole derivatives 1a-c using DABCO as a catalyst (5 mol %) at our 

standard reaction conditions. The results are compiled in Table 2.2. As is 

evident from Table 2.2, the unprotected indole derivative 1a did not 

participate in this reaction due to very poor electrophilic center at 2-

position of indole ring, which retards the thiolation reaction. Therefore, we 

studied further N-protected indole derivatives 1b-c with various -

nitrostyrenes. All the reactions led to the desired 2-aryl-3-nitro-4-hydroxy-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole derivatives in good to excellent 

yields within short duration of times (12-30 min). Among the series of 

investigations, only two non-separable diastereomers were generated as 

calculated by 
1
H NMR analyses of the crude products. The relative 

configurations of major and minor isomers are trans-cis and trans-trans 

‘respectively’. It should be noted that trans-β-nitrostyrenes with electron 

withdrawing groups (NO2 and CN) at the para-positions of aryl rings gave 

the corresponding products with slightly lower yields in comparison with 

others. It was due to the formation of noticeable amount of dehydrated 

products (>10%). 
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Table 2.2 DABCO catalyzed one-pot synthesis of 2-aryl-3-nitro-4-

hydroxy-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole derivatives
a 
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aUnless otherwise specified, all reactions were conducted  at room temperature with 1b-c 

(0.25 mmol), NaSH·H2O (0.3 mmol), substituted trans- -nitrostyrenes 2a-l (0.3 mmol) 

and DABCO (5 mol%) in EtOH (2.0 ml).Diastereomeric ratio was determined of the 

crude product by 1H NMR and their relative configurations of isomers were determined 

by the coupling constant of the corresponding vicinal H-atoms.Yield of the product was 

isolated after column chromatography.The relative configuration of major isomer was 

unknown. Product (3m) was isolated as a dehydrated form. 

Notably, α-methyl-β-nitrostyrene was also a suitable Michael acceptor for 

this MCR reaction, generating product in high yield (83%) and better 

diastereoselectivity (80:20). Significantly, the tetrahydrothiopyrane ring 

possesses one quaternary carbon center at 3-position. Our mild reaction 

conditions tolerate several sensitive functional groups such as Boc, CO2Et, 

furan, MeO, BnO, Br, Cl, CN, NO2 etc. It should be mentioned that we 

have isolated the dehydrated product in 91% yield when 2-(2-nitrovinyl) 

furan was used as a Michael acceptor. 

 

2.4.4 Enantioselective synthesis 

In principle, this reaction may be made enantioselective by using optically 

active congeners of DABCO such as quinidine or quinine, which are  well 

known H-bonding catalysts for various enantioselective reactions.
[40-52] 

 In 

this direction, we tested several easily available quinidine derivatives as 

catalysts (catalysts 5-8, Figure 2.4) for enantioselective synthesis of 

compound 3. We were pleased to observe that at -40 °C, a mixture of 

MeCN/THF/H2O (1:1:0.02) and cupridine (catalyst 6) were the best 

conditions for such a reaction. As shown in Table 2.2, the reaction with 

1b, NaSH·H2O and 2a proceeded smoothly in above mixture of solvents 

using 5 mol% loading of catalyst 6. After 2 h, we isolated the desired 

product 3 in 88% yield with diastereomeric ratio (7:3) and the 

enantioselectivity of major isomer 3a was 73%. 
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Scheme 2.10 Enantioselective synthesis of 3a using Cupridine (catalyst 6) 

 

Interestingly, better enantioselectivity (88%) was 

achieved by using trans-β-4-methoxynitrostyrene 

under similar reaction conditions without 

compromising the yield and diastereomeric ratio. 

The absolute configuration of the major 

diastereomer was not determined. 

 

 
Scheme 2.11 Enantioselective synthesis of 3f using Cupridine (catalyst 6) 

 

2.5 Conclusion 
 

In conclusion,  a simple, green and efficient one-pot three component 

strategy for the both racemic and enantioselective versions of N-protected-

2-aryl-3-nitro-4-hydroxy-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole 

derivatives bearing contiguous three chiral centers with good to excellent 

yields and high enantioselectivities (ee >88%) has been achieved by the  

combination of N-protected-2-chloro-3-formylindoles, sodium 

hydrosulfide with  β-nitrostyrenes   at room temperature in ethanol using 

DABCO as an organo base. This method offers notable advantages such as 

catalytic, low catalyst loading, fast reaction, clean, mild and broad 

substrate scope. 
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2.6 Experimental 

General Information 

All reactions were carried out under air and monitored by TLC using 

Merck 60 F254 pre coated silica gel plates (0.25 mm thickness) and the 

products were visualized by UV detection. Flash chromatography was 

carried out with silica gel (200-300 mesh). FT-IR spectra were recorded 

on a Bruker Tensor-27 spectrometer. 
1
H and 

13
C NMR spectra were 

recorded on a BrukerAvance (III) 400 MHz spectrometer. Data for 
1
H 

NMR are reported as a chemical shift (δ ppm), multiplicity (s = singlet, d 

= doublet, q = quartet, m = multiplet), coupling constant J (Hz), 

integration and assignment, data for 
13

C are reported as a chemical shift. 

High resolutions mass spectral analyses (HRMS) were carried out using 

ESI-TOF-MS. HPLC analysis was performed on a YL-9100 HPLC, UV 

detection monitored at appropriate wavelength respectively, using 

Chiralcel AD-H (0.46 cm x 25 cm) column. 

 

Synthesis of starting materials (1a): The compound 2-chloro-3-

formylindole (1a) has been synthesized from 2-oxoindole using literature 

procedure.
[53] 

 

Scheme 2.12 Synthesis of 2-chloro-3-formylindole (1a) 

 

Synthesis of ethyl 2-chloro-3-formyl-1H-indole-1-

carboxylate (1c): To a stirred solution of compound 2-chloro-3-

formylindole (1a, 1.0 mmol), Et3N (3.0 mmol) and DMAP (0.1 mmol) at 0 

ºC in CH2Cl2 has added ethyl chloroformate (1.2 mmol) at the same 

temperature. The stirring was continued for 2 h and then the reaction 
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mixture was extracted with CH2Cl2 before being quenched with water.  

Evaporation of the solvent left the crude product which was purified by 

column chromatography over silica-gel to furnish the pure product (184 

mg, 73%).  The product was characterized by IR, 
1
H NMR, 

13
C NMR and 

MS. IR (KBr) ν 1760, 1672, 1526, 1481, 1448 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3) δ 10.30 (s, 1H), 8.32 (m, 1H), 8.07 (m, 1H), 7.41 (m, 2H), 4.63 (q, 

J = 7.2 Hz, 2H), 1.57 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

185.7, 149.8, 135.6, 135.1, 126.1, 125.2, 124.6, 121.19, 117.9, 114.9, 64.8, 

14.2; HRMS (ESI) m/z calculated for C12H10NO3Cl[M+Na]
+
: 274.0241, 

found 274.0312. 

 

 

 

 

Scheme 2.13 Synthesis of ethyl 2-chloro-3-formyl-1H-indole-1-

carboxylate (1c) 

 

Synthesis of β-nitrostyrenes: All -nitrostyrenes either synthesized by 

literature known procedure or purchased from commercial sources. 

 

Synthesis of catalysts: All the catalysts have been synthesized from well 

known literature procedures.
[54] 

 

Figure 2.4 Catalysts used to determine enantiomeric excess
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General experimental procedure for the synthesis of N-

protected-2-aryl-3-nitro-4-hydroxy-2,3,4,9-tetrahydro-

thiopyrano[2,3-b]indole derivatives: 

To a stirred mixture of N-protected-2-chloro-3-formylindole (1b, 0.25 

mmol), NaSH·H2O (0.3 mmol) and trans- -nitrostyrenes (2a, 0.3 mmol) 

in EtOH (2 ml) was added catalyst DABCO (5.0 mol%) at room 

temperature. After completion (monitored by TLC), EtOH was evaporated 

by rotary evaporator under vacuum. The crude product was extracted with 

ethyl acetate, washed with water, dried over Na2SO4. The evaporation of 

the organic solvent left the crude product, which was further purified by 

column chromatography over-silicagel using EtOAc/hexane as solvent 

mixtures to furnish the pure product. All the products were characterized 

by their corresponding spectroscopic data (IR, 
1
H and 

13
C NMR, MS). The 

diastereomeric ratio was determined by 
1
H NMR spectrum and relative 

configurations were determined by coupling constant (J) values of the 

corresponding vicinal H-atoms. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-3-nitro-2-phenyl-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole (3a & 4a): 87% yield; IR (KBr) ν 

3450, 2981, 2923, 1724, 1635, 1556, 1476, 1450, 

1368 cm
-1

; 
1
H NMR (400 MHz, acetone-d6) δ 

(mixture of two diastereomers) 8.01-8.05 (m, 

1H), 7.78-7.80 (m, 0.5H), 7.56-7.65 (m, 2.5H), 

7.35-7.45 (m, 3H), 7.22-7.29 (m, 2H), 5.79  

(dd,J1= 3.5 Hz,J2 = 11.8 Hz, 0.53H), 5.64-5.71 

(m, 1H), 5.56 (dd,J1= 9.0 Hz,J2 = 11.2 Hz, 0.47H), 5.29 (d,J= 9.2 Hz, 

0.47H), 5.24 (d,J = 7.7 Hz, 0.53H), 5.19 (d,J = 11.8Hz, 0.53H), 5.02 (d,J 

= 11.2 Hz, 0.47H), 1.68 (br s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ 

(compound 3a) 150.6, 137.5, 136.5, 131.4, 130.6, 129.8, 129.6(2C), 

129.4, 124.6, 124.2, 118.2, 115.9, 114.9, 90.6, 86.6, 64.3, 42.9, 28.2; 
13

C 

NMR (100 MHz, acetone-d6) δ (compound 4a) 150.7, 136.4, 135.4, 

134.1, 130.2, 130.1, 129.9(2C), 129.5, 124.9, 124.0, 120.3, 115.8, 115.6, 
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95.7, 86.6, 70.4, 49.6, 28.2; HRMS (ESI-TOF) m/z calculated for 

C22H22N2O5S [M+Na]
+
: 449.1147, found: 449.1143. 

9-(N-ethoxycarbonyl)-4-hydroxy-3-nitro-2-phenyl-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole (3b & 4b): 85% yield; IR (KBr) ν 

3484, 3053, 2982, 1715, 1635, 1554, 1478, 1450, 

1405, 1377, 1348, 1318; 
1
H NMR (400 MHz, 

acetone-d6) δ (mixture of two diastereomers) 

8.05-8.09 (m, 1H), 7.78-7.79 (m, 0.5H), 7.56-

7.66 (m, 2.5H), 7.42-7.46 (m, 3H), 7.26-7.32 (m,  

2H), 5.81 (dd, J1 = 3.2 Hz, J2 =12.0 Hz, 0.45), 5.66-5.68 (m, 1H), 5.70 

(dd, J1 = 8.8 Hz, J2 =11.2 Hz, 0.55H), 5.40-5.44 (br s, 1H), 5.21 (d,J = 

12.0 Hz, 0.45H), 5.05 (d,J = 11.2 Hz, 0.55H), 4.52 (q,J = 7.2 Hz, 2H), 

1.46 (2t, J = 7.2 Hz,  3H); 
13

C NMR (100 MHz, acetone-d6) δ (major 

isomer) 151.8, 137.2, 134.7, 130.5, 129.8, 129.6 (2C), 129.2, 124.4, 

124.2, 118.1, 116.3, 115.7, 115.3, 90.3, 70.0, 64.7, 63.9, 42.7, 14.3; 
13

C 

NMR (100 MHz, acetone-d6) δ (minor isomer) 151.7, 136.1, 136.0, 

131.2, 130.4, 129.7, 129.6, 129.4, 124.3, 123.9, 121.1, 116.2, 115.5, 115.1, 

95.3, 70.0, 64.7, 49.3, 14.3; HRMS (ESI-TOF) m/z calculated for 

C20H18N2O5S [M+K]
+
: 437.0563, found: 437.0561. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-3-methyl-3-nitro-2-phenyl-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3c & 4c): 83% yield; IR 

(KBr) ν 3501, 2979, 2929, 1719, 1672, 1543, 

1477, 1447, 1373, 1357, 1320 cm
-1

; 
1
H NMR( 

400 MHz, CDCl3) δ (mixture of two 

diastereomers) 8.02 (m, 1H), 7.83(m, 0.8H), 

7.51-7.56 (m, 0.2H), 7.26-7.48 (m, 6H), 6.03 (d, 

J = 8.8 Hz, 0.8H), 5.60 (s, 0.2H), 5.17 (d, J = 5.6 

Hz, 0.2H), 5.0 (s, 0.8H), 2.91 (d, J = 5.6 Hz, 0.2H), 2.28 (d, J = 8.8 Hz, 

0.8H), 1.87 (s, 3H), 1.70 (br s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 

(major isomer) 150.3, 135,6, 132.6, 130.7, 130.1, 129.6, 129.3, 128.9, 
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128.5, 123.8, 123.4, 119.3, 114.9, 113.4, 95.0, 86.1, 73.7, 53.4, 28.2, 10.6; 

HRMS (ESI-TOF) m/z calculated for C23H24N2O5S [M+Na]
+
: 463.1302, 

found: 463.1306. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-2-(2-methoxyphenyl)-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3d & 4d): 81% yield; IR 

(KBr) ν 3492, 1725, 1723, 1600, 1554, 1494, 

1450 cm
-1

; 
1
H NMR (400 MHz, acetone-d6) δ 

(mixture of two diastereomers) 8.04-8.05 (m, 

1H), 7.77-7.80 (m, 0.6H), 7.35-7.53 (m, 1.4H), 

7.23-7.26 (m, 3H), 6.99-7.01 (m, 2H), 5.85-

5.87 (m, 0.6H), 5.64-5.67 (m, 2.4 H), 5.25-5.28 

(m, 1H), 3.91(s, 1.8H), 3.89 (s, 1.2H), 1.66 (s, 9H); 
13

C NMR (100 MHz, 

acetone-d6) δ (major isomer) 159.4, 151.2, 137.1, 132.1, 131.2, 130.8, 

130.6  124.7, 124.5, 123.0, 122.3, 120.9, 115.5, 113.5, 113.3, 95.1, 90.8, 

87.0, 71.1, 56.9, 28.8; 
13

C NMR (100 MHz, acetone-d6) δ (minor 

isomer) 159.4, 151.3, 136.9, 132.6, 131.2, 130.8, 130.6, 125.8, 124.9 

(2C), 122.4, 118.6, 116.4, 116.2, 115.5, 95.1, 90.8, 87.0, 56.9, 28.8; 

HRMS (ESI-TOF) m/z calculated for C23H24N2O6S [M+Na]
+
: 479.1247, 

found: 479.1244. 

The structure also confirmed dehydrating the desired product:  

 

Scheme 2.14 Dehydration of 3d and 4d 
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1
H NMR (400 MHz, acetone-d6) δ 8.73 (s, 1H), 8.01 (d, J = 7.6 Hz, 1H), 

7.93 (d, J = 6.8 Hz, 1H), 7.30-7.37 (m, 2H), 7.22-7.26 (m, 1H), 7.05 -7.09 

(m, 2H), 6.74 (t, J = 7.2 Hz, 1H), 6.19 (s, 1H), 4.00 (s, 3H), 1.67 (s, 9H); 

13
C NMR (100 MHz, acetone-d6) δ 156.9, 150.4, 140.9, 138.2, 135.0, 

131.2, 129.3, 129.2, 128.2, 127.8, 126.0, 125.6, 121.8, 119.0, 116.7, 113.5, 

113.0, 88.2, 56.9, 37.6, 28.7. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-3-nitro-2-(4-methylphenyl)-

2,3,4,9-tetrahydrothiopyarano[2,3-b]indole (3e & 4e): 89% yield; IR 

(KBr) ν 3439, 2979, 2923, 2852, 1727, 

1625, 1556, 1513, 1477, 1449 cm
-1

;
1
H 

NMR (400 MHz, acetone-d6) δ (mixture 

of two diastereomers) 8.00-8.03 (m, 1H), 

7.75-7.78 (m, 0.5H), 7.60-7.62 (m, 0.5H), 

7.47 (d,J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 

Hz), 7.21-7.28 (m, 4H), 5.74 (dd,J1 = 3.6 Hz,J2 = 12 Hz, 0.52H), 5.61-5.65 

(m, 1H), 5.51 (dd,J1 = 8.8 Hz,J2 = 11.2 Hz, 0.48H), 5.35 (br s, 1H), 5.14 

(d,J =12 Hz,  0.52H), 4.95 (d,J = 11.2 Hz, 0.48H), 2.32 (s, 3H), 1.65 (br s, 

9H); 
13

C NMR (100 MHz, acetone-d6) δ (major isomer) 151.2, 139.9, 

136.9, 134.9, 131.0, 130.9, 131.0, 130.7, 125.0, 124.8, 118.7, 116.5, 115.5, 

91.4, 87.2, 64.9, 43.2, 28.8, 21.8; 
13

C NMR (100 MHz, acetone-d6) δ 

(minor isomer) 151.3, 140.7, 137.1, 132.5, 132.1, 131.1, 130.7, 129.9, 

125.0, 124.5, 120.9, 116.5, 116.2, 94.4, 87.2, 70.9, 50.0, 28.8, 21.7; 

HRMS (ESI-TOF) m/z calculated for C23H24N2O5S [M+Na]
+
: 463.1306, 

found: 463.1308. 
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9-(N-tert-butoxycarbonyl)-4-hydroxy-2-(4-methoxyphenyl)-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3f & 4f): 87% yield; IR 

(KBr) ν 3446, 2977, 1717, 1610, 1552, 

1321 cm
-1

;
 1

H NMR (400 MHz, 

acetone-d6) δ (mixture of two 

diastereomers) 8.04-8.05 (m, 1H), 7.75-

7.78 (m, 0.4 H), 7.60-7.62 (m, 0.6H), 

7.50 (d, J = 8.8 Hz, 1.2 H), 7.46 (d, J = 

8.8 Hz, 0.8 H), 7.23-7.28 (m, 2H), 6.96 (d, J = 8.8 Hz, 2H), 5.71 (dd, J1 = 

3.28 Hz, J2 = 12.0Hz, 0.6H), 5.61-5.64 (m, 1H), 5.48 (dd, J1 = 11.2 Hz, 

J2= 9.0 Hz, 0.4H), 5.30 (d, J = 9.6 Hz, 0.4 H), 5.23(d, J = 7.6 Hz, 0.6H), 

5.16 (d, J = 12.0 Hz, 0.6H), 4.96 (d, J = 11.2 Hz, 0.4H), 3.81 (s, 3H), 1.66 

(br s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ (major isomer) 161.5, 

151.3, 136.9, 132.2, 131.5, 130.7, 129.5, 125.0, 124.8, 118.7, 116.5, 115.8, 

115.5, 91.5, 87.1,  64.9, 56.2, 43.0, 28.8; 
13

C NMR (100 MHz, acetone-

d6) δ (minor isomer) 161.9, 151.2, 137.1, 133.0, 131.3,130.6, 127.1, 

125.0, 124.5, 120.9, 116.2, 115.8, 115.4, 96.5, 87.1,71.0, 56.2, 49.7, 28.8;  

HRMS (ESI-TOF) m/z calculated for C23H24N2O6S [M+Na]
+
: 479.1247, 

found: 479.1242. 

9-(N-tert-butoxycarbonyl)-2-(4-benzyloxy-3-methoxyphenyl)-4-

hydroxy-3-nitro-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3g & 4g): 

83% yield; IR (KBr) ν 3441, 3004, 2978, 

2931, 1723, 1603, 1555, 1514, 1450, 

1422 cm
-1

;
 1

H NMR (400 MHz, 

acetone-d6) δ (mixture of two 

diastereomers) 8.03-8.05 (m, 1H), 7.77-

7.79 (m, 0.56H), 7.61-7.63 (m, 0.44H), 

7.49 (d, J = 14.7 Hz, 2H), 7.39-7.41 (m, 2H), 7.21-7.35 (m, 4H), 7.11-7.14 

(m, 0.46H), 7.03-7.08 (m, 1.54H), 5.76 (dd, J1= 3.52 Hz, J2 = 11.8 Hz, 

0.44H), 5.62-5.69 (m, 1H), 5.56 (dd, J1 = 8.8 Hz, J2 = 11.2 Hz, 0.56H), 

5.31 (d, J = 9.28 Hz, 0.56H), 5.23 (d, J = 8.4 Hz, 0.44H), 5.16 (d, J = 11.8 
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Hz, 0.44H), 5.12 (s, 2H), 4.95 (d, J = 11.2 Hz, 0.56H), 3.86 (s, 3H), 1.67 

(s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ (major isomer) 150.9, 150.6, 

149.7, 138.3, 136.5, 130.1, 129.9, 129.3, 128.7, 128.6, 127.4, 124.5, 124.0, 

122.2, 120.3, 115.8, 115.6, 114.8, 114.6, 113.4, 95.8, 86.5, 71.4, 70.4, 

56.4, 49.6, 28.3; 
13

C NMR (100 MHz, acetone-d6) δ (minor isomer) 

151.0, 150.7, 150.2, 138.4, 136.3, 131.7, 130.2, 130.0, 129.3, 128.7, 128.6, 

124.4, 124.2, 121.9, 118.1, 115.9, 115.7,114.8, 114.7, 113.5, 90.8, 86.6, 

71.3, 64.3, 56.4, 42.8, 28.3; HRMS (ESI-TOF) m/z calculated for 

C30H30N2O7S [M-H]: 561.1694, found: 561.1690. 

9-(N-tert-butoxycarbonyl)-2-(4-Bromophenyl)-4-hydroxy-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3h & 4h): 84% yield; IR 

(KBr) ν 3442, 2925, 1712, 1624, 1552, 

1486, 1449 cm
-1

;
 1

H NMR (400 MHz, 

acetone-d6) δ (mixture of two 

diastereomers) 8.04-8.06 (m, 1H), 7.78-

7.79 (m, 0.4H), 7.53-7.65 (m, 4.6H), 7.25-

7.30 (m, 2H), 5.79 (dd,J1 = 3.28 Hz,J2 = 

11.8 Hz, 0.6H), 5.65-5.70 (m, 1H), 5.54 (dd,J1 = 3.28 Hz,J2 = 11.8 Hz, 

0.6H), 5.65-5.70 (m, 1H), 5.54 (dd,J1 = 8.8 Hz,J2 = 11.2 Hz, 0.4H), 5.35 

(d,J = 9.28 Hz, 0.4H), 5.31 (d,J = 7.5 Hz, 0.66H), 5.19 (d, J =11.8 Hz, 

0.6H), 5.05 (d,J = 11.2 Hz, 0.4 Hz), 1.67 (br s, 1H); 
13

C NMR (100 MHz, 

acetone-d6) δ (major isomer) 150.7, 137.0, 134.4, 132.9, 131.7, 130.0, 

129.9, 124.6, 124.2, 123.0, 118.2, 115.9, 115.6, 90.5, 86.7, 64.2, 42.4, 

28.0;
 13

C NMR (100 MHz, acetone-d6) δ (minor isomer) 150.6, 136.3, 

136.4, 133.1, 131.5, 131.0, 129.5, 124.5, 124.0, 123.8, 120.4, 115.9, 115.0, 

95.5, 86.9, 70.2, 48.9, 28.0; HRMS (ESI-TOF) m/z calculated for 

C22H21N2O5SBr [M-H]: 503.0352, found: 503.0356. 
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9-(N-tert-butoxycarbonyl)-2-(4-chlorophenyl)-4-hydroxy-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3i & 4i): 85% yield; IR 

(KBr) ν 3449, 2977, 1714, 1629, 1554, 

1492, 1449, 1367, 1322 cm
-1

; 
1
H NMR 

(400 MHz, acetone-d6) δ (mixture of two 

diastereomers) 8.01-8.03 (m, 1H), 7.75-

7.77 (m, 0.5H), 7.58-7.65 (m, 2.5H), 7.43-

7.46 (m, 2H), 7.20-7.28 (m, 2H), 5.77 

(dd,J1 = 3.4 Hz,J2= 11.9 Hz, 0.52H), 5.62-5.68 (m, 1H), 5.53 (dd,J1= 8.8 

Hz,J2= 11.2 Hz, 0.48H), 5.35 (d,J = 9.28 Hz, 0.48H), 5.04 (d, J = 7.6 Hz, 

0.52H), 5.19 (d,  J = 11.9 Hz, 0.52H), 5.04 (d,J = 11.2 Hz, 0.48H), 1.64 

(br s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ (major isomer) 151.3, 

137.1, 136.9, 134.5, 132.0, 131.7, 130.5, 125.1, 124.8, 122.7, 118.8, 116.5,  

115.6, , 89.7, 85.8, 69.3, 63.3, 48.0, 27.3; 
13

C NMR (100 MHz, acetone-

d6) δ (minor isomer) 151.2, 137.1, 136.3, 135.5, 131.8, 130.7, 130.2, 

125.2, 124.6, 122.7, 121.0, 116.3, 116.2, 94.7, 85.8, 69.3, 63.2, 41.4, 27.3; 

HRMS (ESI-TOF) m/z calculated for C22H21ClN2O5S [M+Na]
+
: 

483.0757, found: 483.0752. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-2-(2-chlorophenyl)-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3j & 4j): 84% yield; IR 

(KBr) ν 3491, 1728, 1701, 1558, 1476, 1447, 

1367, 1315 cm
-1

; 
1
H NMR (400 MHz, 

acetone-d6) δ (mixture of diastereomers) 

8.00-8.04 (m, 1H), 7.76-7.88 (m, 1.45 H), 

7.63-7.65 (m, 0.55H), 7.51-7.56 (m, 1H), 7.36-

7.45 (m, 2H), 7.26-7.31 (m, 2H), 5.89-5.93 (m, 

0.55H), 5.66-5.80 (m, 2H), 5.58-5.60 (m, 0.45H), 5.48 (d, J = 7.6 Hz, 

0.55H), 5.44 (d, J = 9.2 Hz, 0.45 H), 1.67 (s, 9H);
 13

C NMR (100 MHz, 

acetone-d6) δ (major isomer) 150.8, 136.3, 135.4, 135.3, 131.1, 130.9, 

130.7, 130.1,  129.1, 128.8, 124.6, 124.3, 118.2, 115.6, 115.1, 90.2, 86.8, 

64.1, 38.8, 28.2; 
13

C NMR (100 MHz, acetone-d6) δ (minor isomer) 
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150.8, 136.3, 135.5, 135.1, 132.2, 131.7, 130.9, 130.2, 130.1, 129.9,  

124.7, 124.6, 120.4, 116.1, 115.9, 94.5, 86.7, 70.5, 45.1, 28.2; HRMS 

(ESI-TOF) m/z calculated for C22H21N2O5SCl [M+Na]
+
: 483.0752, found: 

483.0751. 

The corresponding trans-cis isomer (3j) was separated by crystallization.
 

1
H NMR (400 MHz, acetone-d6) δ 8.02-8.05 

(m, 1H), 7.76-7.78 (m, 1H), 7.65-7.67 (m, 1H), 

7.53-7.55 (m, 1H), 7.38-7.43 (m, 2H), 7.28-

7.30 (m, 2H), 5.89-5.93 (m, 1H), 5.79 (d, J = 

11.6 Hz, 1H), 5.70 (dd, J1= 3.4 Hz, J2 = 7.6Hz, 

1H), 5.46 (d, J = 7.6 Hz, 1H), 1.66 (s, 9H); 
13

C 

NMR (100 MHz, acetone-d6) δ (trans-cis) 150.8, 136.3, 135.4, 135.3, 

131.1, 130.9, 130.7, 130.1,  129.1, 128.8, 124.6, 124.3, 118.2, 115.6, 

115.1, 90.2, 86.8, 64.1, 38.8, 28.2; HRMS (ESI-TOF) m/z calculated for 

C22H21N2O5SCl [M+Na]
+
: 483.0752, found: 483.0746. 

9-(N-tert-butoxycarbonyl)-2-(4-cyanophenyl)-4-hydroxy-3-nitro-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3k & 4k): 77% yield; IR 

(KBr) ν 3508, 2983, 2228, 1721, 1608, 

1555, 1503, 1477, 1449;
1
H NMR (400 

MHz, acetone-d6) δ (mixture of two 

diastereomers) 8.01-8.05 (m,  2H),  7.78-

7.90 (m, 4.5H), 7.63-7.68 (m, 0.5H), 7.23-

7.30 (m, 2H), 5.87 (dd,J1 = 3.5 Hz,J2 = 

11.8 Hz, 0.45H), 5.68-5.72 (m, 1H), 5.58-5.63 (m, 1H), 5.41 (dd,J1 = 8.8 

Hz,J2 = 12 Hz, 0.55H), 5.30 (d,J = 11.8 Hz, 0.45H), 5.17 (d,J = 11.2 Hz, 

0.55H), 1.67 (br s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ (major 

isomer) 150.7, 140.2, 136.4,  133.8, 133.7, 130.8, 129.8, 124.6, 124.0, 

120.4, 118.7, 116.0, 115.6, 114.1, 95.1, 86.8, 70.2, 49.1, 28.2; 
13

C NMR 

(100 MHz, acetone-d6) δ (minor isomer) 150.7, 143.1, 137.5, 136.2, 

133.7, 133.6, 130.5, 130.0, 124.7, 124.3, 118.9, 118.2, 115.9, 115.0, 113.3, 
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90.2, 86.8, 64.2, 42.7, 28.2; HRMS (ESI-TOF) m/z calculated for 

C23H21N3O5S [M+Na]
+
: 474.1134, found: 474.1129. 

9-(N-tert-butoxycarbonyl)-4-hydroxy-3-nitro-2-(4-nitrophenyl)-

2,3,4,9-tetrahydrothiopyrano[2,3-b]indole (3l & 4l): 72% yield; IR 

(KBr) ν 3443, 2925, 1715, 1621, 1527, 

1502, 1488, 1442, 1355, 1320 cm
-1

;
1
H 

NMR (400 MHz, acetone-d6) δ (mixture 

of two diastereomers) 8.29-8.31(m, 2H), 

8.03-8.05 (m, 1H), 7.88-7.95 (m, 2H), 

7.78-7.80 (m, 0.6H), 7.63-7.66 (m, 0.4H), 

7.23-7.30 (m, 2H), 5.89 (dd,J1 = 3.2 Hz,J2 = 11.8 Hz, 0.44H), 5.77-5.82 

(m, 1H), 5. 63 (dd,J1 = 8.8 Hz,J2 = 11.2 Hz, 0.56H), 5.43 (2d,J = 8.4 Hz, 

9.2 Hz, 1H), 5.36 (d, J = 11.8 Hz, 0.44 H), 5.23 (d,J = 11.2 Hz, 0.56H), 

1.67 (br s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ (major isomer) 

150.7, 149.1, 145.2, 136.5, 131.3, 130.0, 128.6, 125.1, 124.8, 124.2, 120.6, 

116.1, 115.8, 90.3, 86.8, 64.1, 42.4, 28.2; 
13

C NMR (100 MHz, acetone-

d6) δ (minor isomer) 150.6, 149.6, 142.3, 136.4, 130.9, 130.1, 128.4, 

125.0, 124.9, 124.5, 118.4, 116.1, 115.2, 95.1, 86.8, 70.1, 48.7, 28.2; 

HRMS (ESI-TOF) m/z calculated for C22H21N3O7S [M-H]: 470.1022, 

found: 470.1018. 
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Scheme 2.15 Synthesis of 9-(N-tert-Butoxycarbonyl)-2-furyl-3-ene-3-

nitro-2,9-dihydrothiopyrano[2,3-b]indole (3m) 

To a stirred mixture of 1-Boc-2-chloro-3-formylindole (1b, 0.25 mmol), 

NaSH·H2O (0.3 mmol) and 2-(2-nitrovinyl)furan (2m, 0.3 mmol) in EtOH 

(2 ml) was added catalyst DABCO (5 mol%) at room temperature for 7 

min. After completion of reaction (monitored by TLC), EtOH was 

evaporated by rotary evaporator under vacuum. The crude product was 

extracted with ethyl acetate, washed with water, dried over Na2SO4. The 

evaporation of the organic solvent left the crude product, which was 

diluted with dry CH2Cl2 (5 ml) and followed by addition of Et3N (1.0 

mmol) and MeSO2Cl (0.5 mmol) respectively at -5 °C. The reaction 

mixture was stirred for 1h. Then the reaction mixture was extracted with 

CH2Cl2 before being quenched with water. The organic phase was washed 

with brine, dried using Na2SO4. Evaporation of the solvent left the crude 

product which was purified by column chromatography over silica-gel to 

furnish the pure product (3m). This compound was characterized by 

corresponding spectroscopic data (IR, 
1
H NMR and 

13
C NMR, MS).  

9-(N-tert-butoxycarbonyl)-2-furyl-3-ene-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3m): 91% yield; IR (KBr) ν 3448, 

2923, 2852, 1728, 1611, 1579, 1470, 1393, 1359, 1328 cm
-1

;
 1

H NMR 

(400 MHz, acetone-d6) δ 8.58 (s, 1H), 8.04-8.06 (m, 1H), 7.91-7.93 (m, 

1H), 7.47 (s, 1H), 7.35-7.37 (m, 2H ), 6.27 (d, J =1.24 Hz, 2H), 6.12 (s, 



 

85 

 

1H), 1.71 (s, 9H); 
13

C NMR (100 MHz, acetone-d6) δ152.5, 150.4, 144.9, 

139.6, 138.1, 134.2, 129.1, 128.4, 126.1, 125.6, 119.0, 116.6, 114.1, 112.1, 

109.5, 88.4, 37.9, 28.7; HRMS (ESI-TOF) m/z calculated for 

C20H18N2O5S [M+Na]
+
: 421.0834, found: 421.0838. 

2.6.4 Catalytic, enantioselective one-pot synthesis of 9-(N-tert-

butoxycarbonyl)-2-aryl-3-nitro-4-hydroxy-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole derivatives. 

 

Scheme 2.16 Catalytic, enantioselective one-pot synthesis of 4a and 4f 

2.6.4.1 Procedure for enantioselective one-pot synthesis of 9-(N-tert-

butoxycarbonyl)-2-phenyl-3-nitro-4-hydroxy-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole: To a stirred solution of compound 1-

Boc-2-chloro-3-formylindole (1b, 0.25 mmol) 

in MeCN:H2O (1.02 ml, in a ratio of 1:0.02) 

was added NaSH·H2O (0.3 mmol) at 0 ºC for 5 

min. Phenylnitrostyrene (2a, 0.3 mmol) and 

cupreidine (catalyst 6, 5 mol%) in THF (1.0 

ml) were added to the above reaction mixture 

at -40 ºC. The stirring was continued for 2 h. After that the reaction 

mixture was quenched with water and extracted with ethyl acetate, washed 

with brine, dried over Na2SO4. The organic phase was concentrated by 

rotary evaporator under reduced pressure to leave the crude product which 

was purified by column chromatography over silica-gel to furnish the pure 
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product (94 mg, 88% yield). The product was characterized by IR, NMR 

and MS spectroscopy. The diastereomeric ratio (7:3) was determined by 

1
H NMR of the crude product and the relative configuration of the major 

isomer was trans-cis. Enantiomers of major isomer were separated by 

HPLC using a Chiralpak AD-H column (20:80 i-PrOH/hexane, UV 220 

nm, flow rate 1 mL/min) TR (minor) = 19.74 min, TR (major) = 20.58 min. 

Major isomer was obtained in 73% ee. 

 

2.6.4.2 Procedure for enantioselective one-pot synthesis of 9-(N-tert-

butoxycarbonyl)-4-hydroxy-2-(4-methoxyphenyl)-3-nitro-2,3,4,9-

tetrahydrothiopyrano[2,3-b]indole: To a stirred solution of compound 1-

Boc-2-chloro-3-formylindole (1b, 0.25 

mmol) in MeCN:H2O (1.02 mL, in a 

ratio of 1:0.02) was added NaSH·H2O 

(0.3 mmol) at 0 ºC for 5 min. 4-

methoxyphenylnitrostyrene (0.3 mmol) 

and cupreidine (catalyst 6, 5 mol%) in 

THF (1.0 mL) were added to the above reaction mixture at -40 ºC. The 

stirring was continued for 2 h. After that the reaction mixture was 

quenched with water and extracted with ethyl acetate, washed with brine, 

dried over Na2SO4. The organic phase was concentrated by rotary 

evaporator under reduced pressure to leave the crude product which was 

purified by column chromatography over silica-gel to furnish the pure 

product (93.5 mg, 82% yield). The product was characterized by IR, NMR 

and MS spectroscopy. The diastereomeric ratio (4:1) was determined by 

1
H NMR of the crude product and the relative configuration of the major 

isomer was trans-cis. Enantiomers of major isomer were separated by 

HPLC using a chiracel AD-H column (10:90 i-PrOH/hexane, UV 220 nm, 

flow rate 1.0 mL/min) TR (minor) = 24.40 min, TR (major) = 33.23 min. 88% ee 

was obtained of major isomer. 
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2.7 Copies of 
1
H and 

13
C NMR 

spectra of starting and final 

compounds 

 

Figure 2.5 400 MHz 
1
H NMR spectrum of 1c in CDCl3 

 

 

 

 

Figure 2.6 100 MHz 
13

C NMR spectrum of 1c in CDCl3 
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Figure 2.7 400 MHz 
1
H NMR spectrum of 3a and 4a in acetone-d6 

 

 

 

 

Figure 2.8 100 MHz 
13

C NMR spectrum of 3a and 4a in acetone-d6 
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Figure 2.9 400 MHz 
1
H NMR spectrum of 3b and 4b in acetone-d6 

 

 

 

Figure 2.10 100 MHz 
13

C NMR spectrum of 3b and 4b in acetone-d6 
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Figure 2.11 400 MHz 
1
H NMR spectrum of 3c and 4c in CDCl3 

 

 

 

 

Figure 2.12 100 MHz 
13

C NMR spectrum of 3c and 4c in CDCl3 

 

 

 



 

91 

 

 

 

 

Figure 2.13 400 MHz 
1
H NMR spectrum of 3d and 4d in acetone-d6 

 

 

 

 

Figure 2.14 100 MHz 
13

C NMR spectrum of 3d and 4d in acetone-d6 
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Figure 2.15 400 MHz 
1
H NMR spectrum of dehydrated 3d and 4d in 

acetone-d6 

 

 

 

 

Figure 2.16 100 MHz 
13

C NMR spectrum of dehydrated 3d and 4d in 

CDCl3 
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Figure 2.17 400 MHz 
1
H NMR spectrum of 3e and 4e in acetone-d6 

 

 

 

 

Figure 2.18 100 MHz 
13

C NMR spectrum of 3e and 4e in acetone-d6 
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Figure 2.19 400 MHz 
1
H NMR spectrum of 3f and 4f in acetone-d6 

 

 

 

 

Figure 2.20 100 MHz 
13

C NMR spectrum of 3f and 4f in acetone-d6 
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Figure 2.21 400 MHz 
1
H NMR spectrum of 3g and 4g in acetone-d6 

 

 

 

 

Figure 2.22 100 MHz 
13

C NMR spectrum of 3g and 4g in acetone-d6 
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Figure 2.23 400 MHz 
1
H NMR spectrum of 3h and 4h in acetone-d6 

 

 

 

 

Figure 2.24 100 MHz 
13

C NMR spectrum of 3h and 4h in acetone-d6 
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Figure 2.25 400 MHz 
1
H NMR spectrum of 3i and 4i in acetone-d6 

 

 

 

 

 

Figure 2.26 100 MHz 
13

C NMR spectrum of 3i and 4i in acetone-d6 
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Figure 2.27 400 MHz 
1
H NMR spectrum of 3j and 4j in acetone-d6 

 

 

Figure 2.28 100 MHz 
13

C NMR spectrum of 3j and 4j in acetone-d6 
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Figure 2.29 400 MHz 
1
H NMR spectrum of 3j in acetone-d6 

 

  

 

 

 

Figure 2.30 100 MHz 
13

C NMR spectrum of 3j in acetone-d6 
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Figure 2.31 400 MHz 
1
H NMR spectrum of 3k and 4k in acetone-d6 

 

 

 

 

 

Figure 2.32 100 MHz 
13

C NMR spectrum of 3k and 4k in acetone-d6 
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Figure 2.33 400 MHz 
1
H NMR spectrum of 3l and 4l in acetone-d6 

 

 

 

 

Figure 2.34 100 MHz 
13

C NMR spectrum of 3l and 4l in acetone-d6 
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Figure 2.35 400 MHz 
1
H NMR spectrum of 3m in acetone-d6 

 

 

 

 

 

Figure 2.36 100 MHz 
13

C NMR spectrum of 3m in acetone-d6 
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2.8 COSY and HMQC NMR of 3a 

and 4a 

 

 

 

Figure 2.37 COSY NMR spectrum of 3a and 4a in acetone-d6 

 

 

 

 

 

 

trans-trans major 
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Figure 2.38 HMQC NMR spectrum of 3a and 4a in acetone-d6 
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2.9 Enantiomeric excess graph 

 

 

 

Figure 2.39 Enantiomeric excess graph of 3a and 4a 
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Figure 2.40 Enantiomericexcess graph of compound 3f and 4f 

 

 



 

107 

 

2.10 References 

1. Elhag M. A., Gabra A. M., Gabra N. M., Ismail O. B., Mutwakel S. 

M., Baseer M. A. (2013), Synthesis, characterization, docking studies 

and bio-efficacy evaluation of novel chalcones, Journal of Chemical 

and Pharmaceutical Research, 5(7), 329-334. 

2. Takayama H., Misawa K., Okada N., Ishikawa H., Kitajima M., Hatori 

Y., Murayama T., Wongseripipatana S., Tashima, K., Matsumoto K., 

Horie S. (2006), New procedure to mask the 2,3-π bond of the indole 

nucleus and its application to the preparation of  potent opioid receptor 

agonists with a Corynanthe skeleton, Org. Lett., 8, 5705-5708 (DOI: 

10.1021/ol062173k). 

3. Tietze L. F., Major F. (2006), Synthesis of new water-soluble DNA-

binding subunits for analogues of the cytotoxic antibiotic CC-1065 and 

their prodrugs, Eur. J. Org. Chem., 10, 2314-2321 (DOI: 

10.1002/ejoc.200500060). 

4. Hopkins C. R., O’Neil S. V., Laufersweiler M. C., Wang Y., Pokross 

M., Mekel M., Evdokimov A., Walter R., Kontoyianni M., Petrey M. 

E., Sabatakos G., Roesgen J. T., Richardson E., Demuth T. P. (2006), 

Design and synthesis of novel N-sulfonyl-2-indole carboxamides as 

potent PPAR-c binding agents with potential application to the 

treatment of osteoporosis, Bioorg. Med. Chem. Lett., 16, 5659-5663 

(DOI: 10.1016/j.bmcl.2006.08.003). 

5. Henderson J.L., McDermott S. M., Buchwald S. L. (2010), Palladium-

catalyzed amination of unprotected halo-7-azaindoles, Org.Lett., 15, 

12, 4438-4441 (DOI: 10.1021/ol101928m). 

6. Cacchi S., Fabrizi G. (2005), Synthesis and functionalization of 

indoles through palladium-catalyzed reactions, Chem. Rev., 105, 2873-

2920 (DOI: 10.1021/cr100403z). 



 

108 

 

7. Humphery G. R., Kuethe J. T. (2006), Practical methodologies for the 

synthesis of indoles, Chem. Rev., 106, 2875-2911 (DOI: 

10.1021/cr0505270). 

8. Agarwal S., Caemmerer S., Filali S., Froehner W., Knoell J., Krahl M. 

P., Reddy K. R., Knoelker H.-J. (2005), Novel routes to pyrroles, 

indoles and carbazoles- Applications in natural product synthesis, 

Current Organic Chemistry, 15, 1601-1614 (DOI: 

10.2174/138527205774370496). 

9. Pal R., Gilbert K., Zouhair B., Joachim J., Marc L. B. (2013), 

Indenoindoles and cyclopentacarbazoles as bioactive compounds: 

Synthesis and biological applications, Eur. Jour. of Med. Chem., 69, 

465-479 (DOI: 10.1016/j.ejmech.2013.08.049). 

10. Pereira N. A. L., Sureda F. X., Perez M., Amat M., Santos M. M. M. 

(2016), Enantiopure indolo[2,3-a]quinolizidines: Synthesis and 

evaluation as NMDA receptor antagonists, Molecules, 21, 1027/1-

1027/12 (DOI: 10.3390/molecules21081027). 

11. Jia W.-b., Wang H.-W., Yang L.-M., Lu H.-B., Kong L., Tian Y.-P., 

Tao X.-T., Yang J.-X. (2013), Synthesis of two novel indolo[3,2-

b]carbazole derivatives with aggregation-enhanced emission property, 

Jour. of Mater. Chem. C, 42, 7092-7101 (DOI: 10.1039/c3tc31590h). 

12. Granger D. B., Mei Y., Thorley K. J., Parkin S. R., Jurchescu O. D., 

Anthony J. E. (2016), Synthesis and electrical properties of derivatives 

of 1,4-bis(trialkylsilylethynyl)benzo[2,3-b:5,6-b']diindolizines, Org. 

Lett., 23, 6050-6053 (DOI: 10.1021/acs.orglett.6b02991). 

13. Takada S., Ishizuka N., Sasatani T., Makisumi Y., Jyoyama H., 

Hatakeyama H., Asanuma F., Hirose K. (1984), Studies on fused 

indoles II. Structural modifications and analgesic activity of 4-



 

109 

 

aminomethyltetrahydrothiopyrano[3,2-b]indole, Chem. Pharm. Bull., 

32, 877-886. 

14. Ishizuka N., Sato T., Makisumi Y. (1990), Indole Grignard reaction 

III. Synthesis, crystal structure and analgesic activity of (R) and (S)-3-

amino-2,3,4,9-tetrahydrothiopyrano[2,3-b]indoles, Chem. Pharm. 

Bull., 38, 1396-1399. 

15. Makisumi Y., Sasatani T. (1990), Tetrahydrothiopyrano[3,2-b]indole 

derivatives, U.S. Patent No. 4,910,318. 

16. Takada S., Makisumi Y. (1984), Studies on fused Indole I. Novel 

synthesis of 4-aminomethyltetrahydrothiopyrano[2,3-b]indole through 

a Thio-Claisen rearrangement, Chem. Pharm. Bull., 32, 872-876. 

17. Majumdar K. C., Debnath P., Alam S., Maji P. K. (2007), Thiol-

mediated radical cyclization: Regioselective formation of indole-

annulated sulfur heterocycles by tandem cyclization, Tetrahedron 

Lett., 48, 7031-7033 (DOI: 10.1016/j.tetlet.2007.07.132). 

18. Moghaddam F. M., Kiamehr M., Taheri S., Mirjafary Z. (2010), 

Synthesis of novel polycyclic indole-annulated thiopyranocoumarin 

derivatives via domino Knoevenagel-hetero-Diels-Alder reaction in 

aqueous media, Helv. Chim. Acta , 93, 964-973. 

19. Majumder S., Bhuyan P. J. (2012), Synthesis of some novel and 

complex thiopyranoindole derivatives from simple oxindole via 

intramolecular domino hetero Diels-Alder reactions, Tetrahedron 

Lett., 53, 137-140 (DOI: 10.1016/j.tetlet.2011.10.133). 

20. Majumder S., Bhuyan P. J.(2012), Stereoselective synthesis of novel 

annulated thiopyranoindole derivatives from simple oxindole via 

intramolecular 1,3-dipolar cycloaddition reactions of nitrone and 

nitrile oxide, Tetrahedron Lett., 53, 762-764 (DOI: 

10.1016/j.tetlet.2011.11.136). 



 

110 

 

21. Moghaddam F. M., Mirjafary Z., Saeidian H., Kiamehr M., Taheri S., 

Kiamehr M. (2010), Facile entry to polycyclic indolylhydroquinoline 

skeletons via tandem C-alkylation and intramolecular S-alkylation, 

Tetrahedron, 66, 134-138 (DOI: 10.1016/j.tet.2009.11.032). 

22. Moghaddam F. M., Foroushani B. K., Sobhani M., Masoud N., 

Khodabakhshi M. R., Weng N. S. (2013), The stereoselective 

synthesis of tetrahydrothiopyrano[2,3-b]indole skeletons via tandem 

reaction of indoline-2-thiones to Baylise-Hillman adduct acetates, 

Tetrahedron, 69, 8169-8173 (DOI: 10.1016/j.tet.2013.07.043). 

23. Balme G., Bossharth E., Monteiro N. (2003), Pd-assisted 

multicomponent synthesis of heterocycles, Eur. J. Org. Chem., 4101-

4111 (DOI: 10.1002/ejoc.200300378). 

24. Bräse S., Gil C., Knepper K. (2002), The recent impact of solid-phase 

synthesis on medicinally relevant benzoannelated nitrogen 

heterocycles, Bioorg. Med. Chem. Lett., 10, 2415-2437 (DOI: 

10.1016/S0968-0896(02)00025-1). 

25. Dömling A., Ugi I. (2000), Multicomponent reactions with 

isocyanides, Angew. Chem. Int. Ed., 39, 3168-3210 (DOI: 

10.1002/1521-3773(20000915)39). 

26. Ishikawa H., Suzuki T., Hayashi Y. (2009), High-yielding synthesis of 

the anti-influenza neuramidase inhibitor (-)-Oseltamivir by three “one-

pot” operations, Angew. Chem. Int. Ed., 48, 1304-1307 (DOI: 

10.1002/anie.200804883). 

27. Ishikawa H., Honma M., Hayashi Y. (2011), One-pot high-yielding 

synthesis of the DPP4-selective inhibitor ABT-341 by a four-

component coupling mediated by a diphenylprolinolsilyl ether, Angew. 

Chem. Int. Ed., 50, 2824-2827 (DOI: 10.1002/anie.201006204). 



 

111 

 

28. Enders D., Huttl M. R. M., Runsink J., Raabe G., Wendt B. (2007), 

Organocatalytic one-pot asymmetric synthesis of functionalized 

tricyclic carbon frameworks from a triple-cascade/Diels-Alder 

sequence, Angew. Chem. Int. Ed., 46, 467-469 (DOI: 

10.1002/anie.200603434). 

29. Ramón D. J., Yus M. (2005), Asymmetric multicomponent reactions 

(AMCRs): The new frontier, Angew. Chem. Int. Ed., 44, 1602-1634 

(DOI: 10.1002/anie.200460548). 

30. Tietze L. F., Brasche G., Gericke K. M. (2006), Domino reaction in 

organic synthesis; wiley-VCH: Weinheim (DOI: 

10.1002/9783527609925.fmatter). 

31. Sunderhaus J. D., Dockendroff C., Martin S. F. (2007), Applications of 

multicomponent reactions for the synthesis of diverse heterocyclic 

scaffolds, Org. Lett., 9, 4223-4226 (DOI: 10.1021/ol7018357). 

32. Samanta S., Perera S., Zhao C.-G. (2010), Organocatalytic 

enantioselective synthesis of both diastereomers of α-

Hydroxyphosphinates, J. Org. Chem., 75, 1101-1106 (DOI: 

10.1021/jo9022099). 

33. Hayashi Y., Samanta S., Itoh T., Ishikawa H. (2008), Asymmetric, 

catalytic and direct self-Aldol reaction of acetaldehyde catalyzed by 

diarylprolinol, Org. Lett., 10, 5581-5583 (DOI: 10.1021/ol802438u). 

34. Hayashi Y., Samanta S., Gotoh H., Ishikawa H. (2008), Asymmetric 

Diels-Alder reactions of α,β-unsaturated aldehydes catalyzed by a 

diarylprolinolsilyl ether salt in the presence of water, Angew. Chem., 

Int. Ed., 47, 6634-6637 (DOI: 10.1002/ange.200801408). 

35. Samanta S., Krause J., Mandal T., Zhao C.-G. (2007), Inverse-

electron-demand hetero-Diels-Alder reaction of , -unsaturated α-



 

112 

 

ketophosphonates catalyzed by prolinaldithioacetals, Org. Lett., 9, 

2745-2748 (DOI: 10.1021/ol071097y). 

36. Samanta S., Zhao C.-G. (2006), Organocatalytic enantioselective 

synthesis of α-hydroxyphosphonates, J. Am. Chem. Soc., 128, 7442-

7443 (DOI: 10.1021/ja062091r). 

37. Samanta S., Liu J., Dodda R., Zhao C.-G. (2005), C2-Symmetric 

bisprolinamide as a highly efficient catalyst for direct Aldol reaction, 

Org. Lett., 7, 5321-5323 (DOI: 10.1021/ol052277f). 

38. Mandal T., Samanta S., Zhao C.-G. (2007), Organocatalytic highly 

enantioselective nitroaldol reaction of α-Ketophosphonates and 

nitromethane, Org. Lett., 9, 943-945 (DOI: 10.1021/ol070209i). 

39. Samanta S., Zhao C.-G. (2007), Organocatalyzednitroaldol reaction of 

α-ketophosphonates and nitromethane revisited, Arkivoc, 13, 218-226. 

40. Song C. E. (2009), Cinchona alkaloids in synthesis and catalysis, 

ligands, immobilization and organocatalysis; Wiley-VCH. 

41. Chauhan P., Chimni S. S. (2012), Recent advances in asymmetric 

organocatalytic conjugate addition of arenes and hetero-arenes, RSC 

Adv., 2, 6117-6134 (DOI: 10.1039/c2ra20544k). 

42. Li H., Wang B., Deng L. (2006), Enantioselective Nitroaldol reaction 

of α-ketoesters catalyzed by cinchona alkaloids, J. Am. Chem. Soc., 

128, 732-733 (DOI: 10.1021/ja057237l). 

43. Marcelli T., Van der Haas R. N. S., Van Maarseveen J. H., Hiemstra 

H. (2005), Cinchona derivatives as bifunctional organocatalysts for the 

direct asymmetric Nitroaldol (Henry) reaction, Synlett, 2817-2819 

(DOI: 10.1055/s-2005-918935). 

44. Corey E. J., Zhang F. Y. (1999), re- and si-Face-Selective Nitroaldol 

reactions catalyzed by a rigid chiral quaternary ammonium salt: A 



 

113 

 

highly stereoselective synthesis of the HIV Protease inhibitor 

Amprenavir (Vertex 478), Angew. Chem. Int. Ed., 38, 1931-1934 

(DOI: 10.1002/(SICI)1521-3773(19990712)38). 

45. Ooi T., Maruoka K. (2004), Asymmetric organocatalysis of 

structurally well-defined chiral quaternary ammonium fluorides, Acc. 

Chem. Res., 37, 526-533 (DOI: 10.1021/ar030060k). 

46. Li H., Wang Y., Tang L., Deng L. (2004), Highly enantioselective 

conjugate addition of malonate and -ketoester to nitroalkenes: 

Asymmetric C-C bond formation with new bifunctional organic 

catalysts based on cinchona alkaloids, J. Am. Chem. Soc., 126, 9906-

9907 (DOI: 10.1021/ja057237). 

47. Li H., Wang Y., Tang L., Wu F., Liu X., Guo C., Foxman B. M., Deng 

L. (2005), Stereocontrolled creation of adjacent quaternary and tertiary 

stereocenters by a catalytic conjugate addition, Angew. Chem. Int. Ed., 

44, 105-108 (DOI: 10.1002/anie.200461923). 

48. Liu X., Li H., Deng L. (2005), Highly enantioselective amination of α-

substituted α-cyanoacetates with chiral catalysts accessible from both 

quinine and quinidine, Org. Lett., 7, 167-169 (DOI: 

10.1021/ol048190w). 

49. Li H., Song J., Liu X., Deng L. (2005), Catalytic enantioselective C-C 

bond forming conjugate additions with vinyl sulfones, J. Am. Chem. 

Soc., 127, 8948-8949 (DOI: 10.1021/ja0511063). 

50. Bella M., Jorgensen K. A. (2004), Organocatalytic enantioselective 

conjugate addition to alkynones, J. Am. Chem. Soc., 126, 5672-5673 

(DOI: 10.1021/ja0493594). 

51. Gogoi S., Zhao C.-G. (2009), Organocatalyzed enantioselective 

synthesis of 6-amino-5-cyanodihydropyrano[2,3-c]pyrazoles, 

Tetrahedron Lett., 50, 2252-2255 (DOI: 10.1016/j.tetlet.2009.02.210). 



 

114 

 

52. Liu Y.-Z., Cheng R.-L., Xu P.-F. (2011), Asymmetric Michael 

addition of 1-acetylindolin-3-ones to β-nitrostyrenes catalyzed by 

bifunctional thioureas: A simple access to 2-functionalized indoles, J. 

Org. Chem., 76, 2884-2887 (DOI: 10.1021/jo102022g). 

53. Lu S.-C., Duan X.-Y., Shi Z.-J., Li B., Ren Y.-W., Zhang W., Zhang 

Y.-H.,Tu Z.-F. (2009), Photoinduced intramolecular addition of 3-

acyl-2-haloindoles to alkenes, Org. Lett., 11, 3902-3905 (DOI: 

10.1021/ol901498f). 

54. Li H., Wang Y., Liang T., Deng L. (2004), Highly enantioselective 

conjugate addition of malonate and -ketoester to nitroalkenes: 

Asymmetric C-C bond formation with new bifunctional organic 

catalysts based on cinchona alkaloids,  J. Am. Chem. Soc., 126, 9906-

9907 (DOI: 10.1021/ja047281l). 

 

 

 

 

 

 

 

 

 



 

115 

 

Chapter 3 

Efficient one-pot access to 2,9-dihydrothiopyrano 

[2,3-b]indole scaffolds showing large Stokes shifts 

3.1 Introduction 

Highly efficient synthesis of sulfur-containing polycyclic indole 

derivatives is a subject of growing interest in recent times due to the 

potential biological activities as well as application in material science, 

which has been thoroughly discussed in the introduction part of chapter 2. 

In this regard, a few methods have been developed for the synthesis of 

2,9-dihydrothiopyrano[2,3-b]indoles as briefly discussed  in the  review 

section 3.2. 

 

3.2 Review work 

A versatile synthesis of symmetrically and unsymmetrically substituted 

thiopyrano[2,3-b:6,5-b']diindoles has been developed by the condensation 

of 2-(alkylthio)-indole-3-carbaldehydes with indoline-2-thiones in the 

presence of catalytic amount of ethylenediaminediacetate (EDDA) in 

Scheme 3.1.[1] 
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Scheme 3.1 Synthesis of symmetrically and unsymmetrically substituted 

thiopyrano[2,3-b:6,5-b']diindoles using EDDA 

Zhou et al.
[2] developed an efficient process for the enantioselective 

construction of dihydrothiopyrano[2,3-b]indole skeletons via a sulfa-

Michael-Aldol reactions between 2-mercaptoindole-3-carbaldehydes and 

ȕ-aryl-substituted acroleins in CH2Cl2 at 0 °C, promoted by chiral 

diphenyl prolinol TMS ether as catalyst as depicted in Scheme 3.2. 

 

 

 

 

 

 

Scheme 3.2 Synthesis of enantioenriched version of 3-formyl-2-aryl-2,9-

dihydrothiopyrano[2,3-b]indoles 

Wang et al. revealed that an excellent enantioselective synthesis of 4,9-

dihydothiopyrano[2,3-b]indole scaffolds in good yields by the 

combination of indoline-2-thione with 2-benzylidenemalononitrile in the 
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mesitylene at -10 °C in the presence of molecular sieves using 2.5 mol% 

chiral thiourea catalyst (Scheme 3.3).[3] 

 

 

 

 

 

 

 

Scheme 3.3 Enantioselective synthesis of 4,9-dihydothiopyrano[2,3-

b]indole scaffolds 

An efficient methodology for the synthesis of indole-fused 

dihydrothiopyrans has been developed by Jha et al.
[4] The protocol 

involves the intramolecular hydroarylation reaction via C3-H 

functionalization of conjugated ene-yne-substituted indole-sulfides in 

toluene at 80 °C catalyzed by AuCl3 (Scheme 3.4).  

 

 

 

 

 

 

 

 

 

Scheme 3.4 Gold catalysed synthesis of indole-fused dihydrothiopyran 
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Very recently in 2016, a highly efficient and straightforward approach for 

the synthesis of 5,7-dihydroisothiochromeno[3,4-b]indole derivatives has 

been reported by Anil et al. via the palladium-catalysed direct arylation 

reaction of 2-(2-bromobenzylthio)-1-methyl-1H-indoles (Scheme 3.5).[5] 

 

 

 

 

 

 

 

 

 

Scheme 3.5 Pd-catalysed access to dihydroisothiochromeno[3,4-b]indoles 

 

Finally, Samanta et al.
[6] also developed a first two-step synthetic method 

for the synthesis of 2,9-dihydrothiopyrano[2,3-b]indole derivative through 

a three-component reaction between N-Boc-2-chloro-3-formylindole, 

NaSH·H2O and arylsubstituted-nitrostyrene in the presence of organic 

base, and the resulting product was dehydrated by MeSO2Cl/Et3N reagent 

system (Scheme 3.6). 

Scheme 3.6 Two-step synthetic method for the synthesis of 2,9-

dihydrothiopyrano[2,3-b]indoles 
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Conclusion 

The above discussed review work indicates that a few strategies are 

known for the access to dihydrothiopyrano[2,3-b]indole. Some methods 

efficiently give the mentioned derivatives in excellent yields with good to 

excellent enantioselectivities (ee > 96%). However, above method suffers 

several disadvantages such as harsh reaction conditions, multiple steps, 

expensive metal-salts used, poor substrate scope etc.  Moreover, there is a 

no one-pot, organocatalytic method for the synthesis of 2,9-

dihydrothiopyrano[2,3-b]indole derivative involving aryl/heteroary-

substitutyed nitroolefins or nitrodienes as electrophiles. Hence, there is a 

still need a for one-pot high yielding and general protocol towards the 

synthesis of dihydrothiopyrano[2,3-b]indole derivatives.  

 

 

 

 

Figure 3.1 Representative structure of dihydrothiopyrano[2,3-b]indole 
derivatives 
 

3.3 Present work 

Recently reported a two-step synthetic method for the synthesis of 2,9-

dihydrothiopyrano[2,3-b]indoles as shown in Scheme 3.6. In this regard, 

we seemed that the dehydration step may perform by using activated 

molecular sieves (MS) as well known drying agent for the liquids and 

gases[7-9] as well as promoting various organic transformations[10-12] 

instead of MeSO2Cl/Et3N to produce the corresponding 

dihydrothiopyrano[2,3-b]indole. 
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As part of our continued interest towards the synthesis of polycyclic 

indole derivatives,[13-20] herein, we wish to report a mild, convenient, 

practical and general one-pot method for the synthesis of N-protected-2-

aryl-3-nitro-2,9-dihydrothiopyrano[2,3-b]indole scaffolds via a tandem 

aromatic nucleophilic thiolation/thio-Michael/Henry reaction of N-

protected-2-chloro-3-formylindoles, NaSH·H2O with substituted 

nitroolefins/nitrodienes in CH2Cl2 at room temperature, followed by in situ 

dehydration using activated molecular sieves. 

 

 

 

 

Scheme 3.7 One-step synthetic method for the synthesis of 2,9-

dihydrothiopyrano[2,3-b]indoles 

 

3.4 Results and Discussion 

3.4.1 Screening of Solvents and Catalysts 

We began a model reaction involving compound 1a, β-nitrostyrene (2a) 

and NaSH·H2O in methanol at room temperature catalyzed by DABCO as 

an organo base (Table 3.1). Interestingly, a little amount of 

dihydrothiopyrano[2,3-b]indole (3aa) was isolated after 24 h. The product 

was well characterized by its 1H NMR which shows the appearance of 

only two peaks in the aliphatic regions at δ 1.67 and 5.78 corresponding to 

9 hydrogens of Boc and 1 hydrogen of thiopyran ring while rest of the 

peaks appears in aromatic region. Further, 13C NMR shows appearance of 

additional peaks in the aliphatic and aromatic regions. HRMS spectrum of 



 

121 

 

compound 3aa shows the presence of molecular ion peak [M+Na]+ at 

431.1037 which corresponds to the molecular weight of the desired 

product. In order to get the better yield of 3aa, we performed the several 

reactions in common organic solvents or neat conditions using easily 

available basic catalysts such as DABCO, DBU, Et3N, Al2O3 and KF-

Al2O3 at 60 °C. 

Table 3.1 Reaction optimization to access 2,9-dihydrothiopyrano[2,3-

b]indole scaffoldsa 

 

 

 

 

 

aUnless otherwise specified, all reactions were carried out at room temperature with 1a 

(0.25 mmol), 2a (0.3 mmol) and NaSH·H2O (0.3 mmol)  using 10 mol % catalysts in the 

specified solvent (2.0 mL). bIsolated yields after column chromatography. cBasic Al2O3 

(500 mg). dActivated molecular sieves (4 Å, 300 mg). 

Entry Catalyst Solvent T(°C) T/h Yield 
(%)b 

1 DABCO MeOH rt 24 18 

2 DABCO MeOH 60 24 21 

3 DABCO EtOH 60 24 24 

4 DABCO THF 60 24 27 

5 DBU EtOH 70 24 31 

6 Et3N EtOH 60 24 19 

7c Al2O3 Nil 60 4 32 

8c KF-Al2O3 Nil 60 4 37 

9 DABCO CHCl3 rt 24 42 

10 DABCO CH2Cl2 rt 24 51 

11d
 DABCO CH2Cl2 rt 4 82 
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The results indicated that all the cases produced unsatisfactory results. 

However, using DABCO as a catalyst,  the yields of 3aa were improved 

when the reaction was carried out in chlorinated solvents (CH2Cl2 and 

CHCl3) at room temperature for 24 h. Gratifyingly, high yield (82%) of 

3aa was obtained in CH2Cl2 when the reaction was performed in the 

presence of activated molecular sieves (4 Å) as dehydrating agent for 4 h. 

3.4.2 Generality and substrate scope 

Having optimal reaction conditions in hand, a series of 2-aryl-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole derivatives were synthesized via  a one-

pot domino reaction of several N-protected-2-chloro-3-formylindoles, 

NaSH·H2O with aryl/hetero-aryl-substituted 2-nitroolefins in our 

established reaction conditions. The obtained results were collected in 

Table 3.2. Several indole derivatives (1a-c) were annulated smoothly with 

aryl-substituted-β-nitrostyrene possessing electron donating (Me, OMe, 

OBn) and electron withdrawing (Cl, NO2, CN) substituents on aryl rings 

by this procedure. All led to the corresponding N-protected-2-aryl-3-nitro-

2,9-dihydrothiopyrano[2,3-b]indole derivatives in good to high yields 

(74%-86%) within 4-8 h. Interestingly, heteroaryl-substituted β-nitroolefin 

(2j) was found to be a good thio-Michael-acceptor in our present 

conditions, resulting in excellent yield (89%) of corresponding product 

3aj. Moreover, several sensitive functional groups such as Cl, OMe, OBn, 

Boc, CO2Et, NO2, CN, furan etc. were unaffected under the present 

conditions. 
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Table 3.2 DABCO catalyzed one-pot access to 2,9-dihydrothiopyrano 

[2,3-b]indole (3aa-3ca)a 

 

 

 

 

 

 

 

 

 

 

 

 

 

aUnless otherwise specified, all reactions were carried out at room temperature with 1a-c 

(0.25 mmol), 2a-j (0.3 mmol) and NaSH·H2O (0.3 mmol) in the specified solvent (2.0 

ml). Isolated yields after column chromatography. 

In order to expand towards more substrate possibility, chemically 

challenging nitrodienes have been used as Michael acceptors in this MCR. 

As is evident from Table 3.3, the thio-Michael reaction between 2-

mercapto-3-formylindoles (in situ generated from the reaction between 1a-

1c and NaSH·H2O) and δ-arylsubstituted nitrodienes (2k-2m) took place 

exclusively at the β-positions of nitrodienes in our present conditions. As a 

result, all the reactions led to the corresponding (E)-2-styryl-substituted-3-
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nitro-2,9-dihydrothiopyrano[2,3-b]indole (3ak - 3cl) in good to high (73% 

- 84%) yields as shown in Table 3.3. 

 

Table 3.3 DABCO catalyzed one-pot synthesis of 2-styrene-3-ene-3-nitro-

2,9-dihydrothiopyrano[2,3-b]indoles (3ak-3cl)a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aUnless otherwise specified, all reactions were carried out at room temperature with 1a-c 

(0.25 mmol), 2k-m (0.3 mmol) and NaSH·H2O (0.3 mmol)  in the specified solvent (2.0 

ml). Isolated yields after column chromatography. 

 

3.4.3 Spectroscopic properties of 2,9-dihydrothiopyrano 

[2,3-b]indole derivatives: 

Physical appearances of all the synthesized compounds are red in color 

which prompted us to evaluate their spectroscopic properties. In this line, 

we began to examine the solvatochromic effects of compound 3ai in 
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various organic solvents (spectroscopic grade). The results are 

systematically plotted in Figure 3.2. The compound 3ai shows maximum 

absorption bands in the visible region at around 460-464 nm 

(approximately) in THF, ethyl acetate, ethanol and methanol. Whereas, 

small red shifts (10 - 16 nm) are observed  in acetonitrile (λmax 470 nm) 

and chloroform (λmax 476 nm) solvents. 

On the other hand, the emission maxima for 3ai are strongly influenced by 

solvent polarity and exhibit bathochromic shifts as well as positive Stokes 

shifts with increasing polarity of solvents (Figure 3.2). For example, in 

case of non-polar aprotic solvents such as THF, EtOAc, CHCl3 and 

MeCN, emission bands are shown at 580 nm, 592 nm and 604 nm 

respectively. The emission bands of 3ai are further increased to 629 nm 

and 638 nm when emission spectra are recorded in high polar solvents 

such as EtOH and MeOH respectively. Thus, it is clearly indicated that the 

maximum Stokes shift value (5877 cm−1 or 174 nm) of compound 3ai is 

observed in MeOH as compared to other solvents (4116 - 5841 cm−1 or 

120 - 169 nm) recorded for this experiment. 

 

 

 

Figure 3.2 UV-Visible and emission spectra of 3ai 
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Figure 3.3 Stokes shift of 3ai in methanol 

 

In order to evaluate the general trends of these photophysical studies, we 

recorded all the synthesized 2,9-dihydrothiopyrano[2,3-b]indole 

derivatives in MeOH medium under similar conditions (3aa-3cl). The 

absorption and emission bands as well as their corresponding Stokes shift 

values are summarized in Table 3.4. As shown in Table 3.4, the UV-

visible absorption maxima are shown at 456-465 nm which are almost 

independent nature of substituents and their positions on aryl rings 

(Entries 1-19, Table 3.4 and Figure 3.3). 
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Figure 3.4 UV-Visible spectra of 3aa-3cl 

 

Similarly, all the compounds emit within the range at 623-641 nm, 

resulting in large positive Stokes shifts (5632-6081 cm−1, Table 3.4). 

Therefore, the large Stokes shifts of 2,9-dihydrothiopyrano annulated 

indole derivatives may find out the potential application in material 

science.[21-24] 

 

Figure 3.5 Emission spectra of 3aa-3cl 
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Table 3.4 Absorption and fluorescence characteristics of derivatives in 

methanol (3aa-3cl): 

 

Entry Product λa(nm) λe(nm) SS(nm) SS(cm-1) 

1 3aa 464 641 177 5950 

2 3ab 456 631 175 6081 

3 3ac 465 644 179 5977 

4 3ad 469 643 174 5769 

5 3ae 460 630 170 5866 

6 3af 461 630 169 5818 

7 3ag 465 630 165 5632 

8 3ah 463 631 168 5750 

9 3ai 464 638 174 5877 

10 3aj 458 623 165 5782 

11 3ak 465 641 176 5904 

12 3al 458 629 171 5935 

13 3am 461 631 170 5844 

14 3ba 460 634 174 5966 

15 3bk 461 631 170 5844 

16 3bl 461 630 169 5818 

17 3ca 461 632 171 5869 

18 3ck 460 633 173 5941 

19 3cl 458 631 173 5986 

 

 

3.5 Conclusion 
A one-pot direct method for the construction of unknown functionalized 

N-protected-2-aryl/styryl-substituted-3-nitro-2,9-dihydro-thiopyrano[2,3-

b]indoles in CH2Cl2 is reported. The reaction proceeds through a tandem 
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aromatic nucleophilic thiolation/thio-Michael/Henry reaction between N-

protected-2-chloro-3-formylindoles, NaSH·H2O and substituted-

nitroolefins/nitrodienes in the presence of DABCO, followed by in situ 

dehydration using activated molecular sieves (4 Å). The current method 

has several advantageous points such as mild reaction conditions, high 

yielding, no toxic by-products, broad substrate scope and construction of 

three new bonds (C-S, C-C and C＝C) by single operation. Moreover, our 

synthesized compounds have shown the high positive Stokes shift values 

(≤ 6081 cm−1).  

3.6 Experimental 

General Information 

All reactions were carried out under air and monitoredby TLC using 

Merck 60 F254 pre coated silica gel plates (0.25 mm thickness) and the 

products were visualized by UV detection. Flash chromatography was 

carried out with silica gel (200-300 mesh). FT-IR spectra were recorded 

on a Bruker Tensor-27 spectrometer. 1HNMR and 13C NMR spectra were 

recorded on a Bruker Avance (III) 400 MHz spectrometer. Data for 1H 

NMR are reported as a chemical shift, multiplicity (s=singlet, d=doublet, 

q=quartet, m=multiplet), coupling constant J (Hz), integration and 

assignment, data for 13Care reported as a chemical shift. High resolutions 

mass spectral analyses (HRMS) were carried out using ESI-TOF-MS. 

Absorption spectra were recorded using Varian UV-Vis 

spectrophotometer (model: cary 100). Emission spectra were recorded in a 

fluoromax-4p fluorimeter from Horiba Yovin (model: FM-100). 
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General procedure for the synthesis of 9-(N-tert-

butoxycarbonyl)-2-phenyl-3-nitro-2,9-dihydrothiopyrano-

[2,3-b]indole (3aa): 

A mixture of N-protected-2-chloro-3-formylindole (1a, 0.25 mmol), 

NaSH·H2O (0.3 mmol), β-nitrostyrenes (2a, 0.3 mmol), DABCO (10.0 

mol%) and activated molecular sieves (300 mg, 4 Å) was stirred in 

CH2Cl2 (2.0 ml) at room temperature. The reaction mixture was monitored 

by TLC (Thin Layer Chromatography). Upon completion of the reaction, 

the product was directly purified by column chromatography over silica 

gel using EtOAc/hexane as an eluent to afford the corresponding pure 

product. All the products were synthesized in Table 3.2 and Table 3.3 by 

the above procedure and characterized by their corresponding 

spectroscopic data (IR, 1H NMR and 13C NMR, HRMS). 

9-(N-tert-butoxycarbonyl)-2-phenyl-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3aa): 82% yield; m.p. 150 °C; IR 

(KBr) ν 3443, 2924, 2852, 1721, 1618, 1495, 

1480, 1446, 1402, 1361, 1321 cm−1; 1
H NMR 

(400 MHz, CDCl3) δ 8.54 (s, 1H), 8.00-8.01 

(m, 1H), 7.64-7.66 (m, 1H), 7.30-7.36 (m, 4H), 

7.24-7.26 (m, 2H), 5.78 (s, 1H), 1.68 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 148.7, 139.2, 138.2, 136.5, 134.3, 128.6, 

128.3, 127.3, 126.2, 126.1, 124.4, 124.0, 111.7, 115.0, 112.3, 86.7, 42.2, 

27.8; HRMS (ESI-TOF) m/z calculated for C22H20N2O4S [M+Na]+: 

431.1036, found: 431.1037. 
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9-(N-tert-butoxycarbonyl)-2-(4-methylphenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ab): 80% yield; m.p. 160 °C; IR 

(KBr) ν 3442, 2961, 2924, 1736, 1626, 

1580, 1507, 1491, 1479, 1444, 1400, 1370, 

1355, 1315 cm−1; 1
H NMR (400 MHz, 

CDCl3) δ 8.52 (s, 1H), 7.98-8.00 (m, 1H), 

7.63-7.65 (m, 1H), 7.29-7.34 (m, 2H), 

7.19-7.23 (m, 2H), 7.04-7.06 (m, 2H), 5.75 (s, 1H), 2.27 (s, 3H), 1.69 (s, 

9H); 13
C NMR (100 MHz, CDCl3) δ 149.0, 138.6, 136.8, 136.6, 134.7, 

129.6, 127.6, 126.4, 126.3, 124.7, 124.3, 117.0, 115.3, 112.5, 86.9, 42.3, 

28.1, 21.1; HRMS (ESI-TOF) m/z calculated for C23H22N2O4S [M+Na]＋: 

445.1192, found: 445.1230. 

9-(N-tert-butoxycarbonyl)-2-(4-methoxyphenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ac): 81% yield; m.p. 150 °C; IR 

(KBr) ν 3435, 2981, 2836, 1732, 1625, 

1609, 1581, 1510, 1479, 1443, 1399, 

1371, 1356, 1315 cm−1; 1
H NMR (400 

MHz, CDCl3) δ 8.51 (s, 1H), 8.00-8.02 

(m, 1H), 7.63-7.66 (m, 1H), 7.30-7.34 

(m, 2H), 7.22-7.25 (m, 1H), 6.75-6.78 (m, 2H), 5.74 (s, 1H), 3.73 (s, 3H), 

1.69 (s, 9H); 13
C NMR (100 MHz, CDCl3) δ 159.8, 149.0, 138.5, 136.8, 

134.9, 131.7, 127.7, 127.6, 126.2, 124.7, 124.3, 116.9, 115.3, 114.2, 112.4, 

86.9, 55.2, 42.1, 28.1; HRMS (ESI-TOF) m/z calculated for C23H22N2O5S 

[M+Na]＋: 461.1142, found: 461.1087. 

9-(N-tert-butoxycarbonyl)-2-(2-methoxyphenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ad): 77% yield; m.p. 157 °C; IR 

(KBr) ν 3440, 2977, 2928, 1730, 1622, 1598, 

1582, 1489, 1445, 1403, 1370, 1357, 1320 

cm−1; 1
H NMR (400 MHz, CDCl3) δ 8.62 (s, 
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1H), 7.96 (d, J ＝8.04 Hz, 1H), 7.65 (d, J ＝7.04 Hz, 1H), 7.28-7.35 (m, 

2H), 7.21-7.23 (m, 1H), 7.01-7.03 (m, 1H), 6.91-6.94 (m, 1H), 6.74-6.76 

(m, 1H), 6.25 (s, 1H), 3.95 (s, 3H), 1.66 (s, 9H); 13
C NMR (100 MHz, 

CDCl3) δ 155.3, 149.0, 140.6, 136.8, 133.2, 129.6, 127.7, 127.6, 126.7, 

126.6, 124.5, 124.2, 120.3, 116.9, 115.3, 111.9, 111.1, 86.7, 55.7, 36.1, 

28.1; HRMS (ESI) m/z calcd for C23H22N2O5S [M+Na]＋: 461.1142, 

found: 461.1137. 

9-(N-tert-butoxycarbonyl)-2-(4-benzyloxy-3-methoxyphenyl)-3-nitro-

2,9-dihydrothiopyrano[2,3-b]indole (3ae): 74% yield; m.p. 135 °C; IR 

(KBr) ν 3441, 2925, 2853, 1717, 1620, 

1510, 1492, 1481, 1461, 1444, 1400, 

1371, 1358, 1320 cm−1; 1
H NMR (400 

MHz, CDCl3) δ 8.51 (s, 1H), 7.99 (d, J = 

7.52 Hz, 1H), 7.62-7.64 (m, 1H), 7.27-

7.37 (m, 7H), 6.88-6.89 (m, 1H), 6.72-6.75 (m, 1H), 6.67-6.69 (m, 1H), 

5.73 (s, 1H), 5.06 (s, 2H), 3.80 (s, 3H), 1.68 (s, 9H); 13
C NMR (100 MHz, 

CDCl3) δ 149.7, 149.0, 148.6, 138.6, 136.8, 136.7, 134.8, 132.3, 128.5, 

127.8, 127.5, 127.1, 124.7, 124.3, 118.7, 116.9, 115.3, 113.5, 112.5, 110.3, 

87.0, 70.8, 56.0, 42.5, 28.1; HRMS (ESI-TOF) m/z calculated for 

C30H28N2O6S [M+Na]＋: 567.1560, found: 567.1678. 

9-(N-tert-butoxycarbonyl)-2-(4-chlorophenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3af): 85% yield; m.p. 155 °C; IR 

(KBr) ν 3441, 2977, 2924, 1732, 1627, 

1581, 1506, 1490, 1443, 1400, 1372, 1356, 

1316 cm−1; 1
H NMR (400 MHz, CDCl3) δ 

8.53 (s, 1H), 8.00-8.02 (m, 1H), 7.64-7.67 

(m, 1H), 7.32-7.36 (m, 2H), 7.21-7.27 (m, 

3H), 5.75 (s, 1H), 1.69 (s, 9H); 13
C NMR (100 MHz, CDCl3) δ 148.9, 

138.2, 138.0, 136.8, 134.5, 134.3, 129.1, 127.8, 127.5, 126.6, 124.9, 124.4, 
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117.1, 115.4, 112.5, 87.2, 41.9, 28.1; HRMS (ESI-TOF) m/z calculated 

for C22H19N2O4ClS [M+Na]＋: 465.0646, found: 465.0687. 

9-(N-tert-butoxycarbonyl)-2-(2-chlorophenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ag): 84% yield; m.p. 180 °C; IR 

(KBr) ν 3434, 2981, 2930, 1726, 1622, 1581, 

1572, 1510, 1496, 1467, 1444, 1397, 1365, 

1354 cm−1; 1
H NMR (400 MHz, CDCl3) δ 

8.65 (s, 1H), 7.99-8.02 (m, 1H), 7.66-7.68 (m, 

1H), 7.44-7.46 (m, 1H), 7.33-7.37 (m, 1H), 

7.28-7.32 (m, 1H), 7.18-7.22 (m, 1H), 7.11-7.14 (m, 1H), 7.05-7.09 (m, 

1H), 6.25 (s, 1H), 1.67 (s, 9H); 13
CNMR (100 MHz, CDCl3) δ 148.8, 

139.2, 136.9, 135.7, 133.2, 131.8, 130.5, 129.6, 127.9, 127.4, 127.1, 124.8, 

124.4, 116.9, 115.4, 112.0, 87.2, 39.3, 28.1; HRMS (ESI-TOF) m/z 

calculated for C22H19ClN2O4S [M+K]＋: 481.0386, found: 481.0370. 

9-(N-tert-butoxycarbonyl)-2-(4-cyanophenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ah): 87% yield; m.p. 158 °C; IR 

(KBr) ν 3441, 2924, 2853, 2228, 1711, 

1620, 1581, 1504, 1479, 1444, 1397, 1370, 

1358, 1321 cm−1; 1
H NMR (400 MHz, 

CDCl3) δ 8.55 (s, 1H), 7.97-8.00 (m, 1H), 

7.64-7.66 (m, 1H), 7.54-7.56 (m, 2H), 

7.42-7.44 (m, 2H), 7.31-7.38 (m, 2H), 5.79 (s, 1H), 1.68 (s, 9H); 13
C 

NMR (100 MHz, CDCl3) δ 148.9, 144.4, 137.9, 136.8, 133.5, 132.8, 

129.9, 127.2, 127.1, 125.1, 124.6, 118.2, 117.2, 115.4, 112.6, 112.5, 87.4, 

42.1, 28.1; HRMS (ESI-TOF) m/z calculated for C23H19N3O4S [M+H]＋: 

434.1169, found: 434.1222. 
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9-(N-tert-butoxycarbonyl)-2-(4-nitrophenyl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ai): 86% yield; m.p. 155 °C; IR 

(KBr) ν 3440, 2982, 2926, 2854, 1716, 

1674, 1622, 1604, 1581, 1528, 1504, 

1489, 1443, 1401, 1369, 1355, 1321 

cm−1; 1
H NMR (400 MHz, CDCl3) δ 

8.57 (s, 1H), 8.09-8.12 (m, 2H), 7.98-

8.00 (m, 1H), 7.65-7.67 (m, 1H), 7.48-7.50 (m, 2H), 7.31-7.39 (m, 2H), 

5.84 (s, 1H), 1.68 (s, 9H); 13
C NMR (100 MHz, CDCl3) δ 148.9, 147.9, 

146.2, 137.8, 136.8, 133.5, 127.4, 127.3, 127.2, 125.2, 124.6, 124.2, 117.2, 

115.4, 112.6, 87.5, 41.9, 28.1; HRMS (ESI-TOF) m/z calculated for 

C22H19N3O6S [M+Na]＋: 476.0887, found: 476.0878. 

9-(N-tert-butoxycarbonyl)-2-furyl-3-nitro-2,9-dihydrothiopyrano[2,3-

b]indole (3aj): 89% yield; m.p. 145 °C; IR (KBr) ν 3448, 2923, 2852, 

1728, 1611, 1579, 1470, 1393, 1359, 1328 cm−1; 
1
H NMR (400 MHz, CDCl3) δ 8.44 (s, 1H), 

8.01-8.03 (m, 1H), 7.62-7.64 (m, 1H), 7.33-7.36 

(m, 1H),7.30-7.33 (m, 2H), 6.20-6.21 (m, 1H), 

6.14-6.15 (m, 1H), 5.91 (s, 1H), 1.70 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 150.4, 149.0, 143.3, 138.5, 136.8, 132.2, 

127.6, 126.8, 124.8, 124.3, 117.1, 115.3, 112.7, 110.6, 108.2, 87.1, 36.8, 

28.1; HRMS (ESI-TOF) m/z calculated for C20H18N2O5S [M+Na]＋: 

421.0829, found: 421.0864. 

9-(N-ethoxycarbonyl)-2-phenyl-3-nitro-2,9-dihydrothiopyrano[2,3-

b]indole (3ba): 80% yield; m.p. 180 °C; IR (KBr) ν 3442, 2952, 2924, 

1733, 1620, 1581, 1503, 1480, 1445, 1399, 

1377, 1346, 1318 cm−1; 1
H NMR (400 MHz, 

CDCl3) δ 8.53 (s, 1H), 8.00-8.02 (m, 1H), 

7.64-7.66 (m, 1H), 7.34-7.38 (m, 2H), 7.30-

7.32 (m, 3H ),7.23-7.24 (m, 2H), 5.80 (s, 1H), 
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4.53 (q, J = 7.28, 14.16 Hz, 2H), 1.50 (t, J＝7.0, 14.28 Hz, 3H); 13
C 

NMR (100 MHz, CDCl3) δ 150.5, 146.1, 139.3, 138.2, 136.6, 134.9, 

128.9, 128.6, 127.6, 126.4, 124.9, 124.5, 117.1, 115.4, 112.9, 64.9, 42.5, 

14.2; HRMS (ESI-TOF) m/z calculated for C20H16N2O4S [M+Na]＋: 

403.0723, found: 403.0733. 

9-(N-tert-butoxycarbonyl)-2-phenyl-6-chloro-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ca): 83% yield; m.p. 160 °C; IR 

(KBr) ν 3441, 2925, 2854, 1737, 1628, 

1507, 1491, 1470, 1454, 1422, 1403, 1372, 

1348 cm−1; 1
H NMR (400 MHz, CDCl3) δ 

8.47 (s, 1H), 8.04-8.05 (m, 1H), 7.54 (d, 

J＝8.28 Hz, 1H), 7.29-7.33 (m, 4H), 7.26-

7.27 (m, 2H), 5.78 (s, 1H), 1.68 (s, 9H); 13
C NMR (100 MHz, CDCl3) δ 

148.6, 139.3, 138.8, 137.1, 135.0, 130.7, 129.1, 128.9, 128.7, 126.4, 126.0, 

124.8, 117.6, 115.8, 112.1, 87.7, 42.4, 28.1; HRMS (ESI-TOF) m/z 

calculated for C22H19ClN2O4S [M+Na]＋: 465.0646, found: 465.0712. 

9-(N-tert-butoxycarbonyl)-2-styryl-3-nitro-2,9-dihydrothiopyrano[2,3-

b]indole (3ak): 81% yield; m.p. 148 °C; IR (KBr) ν 1731, 1619, 1579, 

1502, 1489, 1478, 1443, 1398, 1369, 

1356, 1318, 1286 cm−1; 1
H NMR (400 

MHz, CDCl3) δ 8.37 (s, 1H), 8.03-8.04 

(m, 1H), 7.61-7.63 (m, 1H), 7.22-7.32 (m, 

7H), 6.54 (d, J＝15.56 Hz, 1H), 6.24 (dd, 

J＝7.28, 15.4 Hz, 1H), 5.34 (d, J ＝6.8 Hz, 1H), 1.72 (s, 9H); 13
C NMR 

(100 MHz, CDCl3) δ 149.1, 138.4, 136.8, 135.7, 133.7, 132.1, 128.5, 

128.2, 127.6, 126.8, 125.9, 124.8, 124.3, 123.9, 117.1, 115.4, 112.9, 87.1, 

41.2, 28.2; HRMS (ESI-TOF) m/z calculated for C24H22N2O4S [M+Na]＋: 

457.1192, found: 457.1196. 
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9-(N-tert-butoxycarbonyl)-2-(4-methoxystyryl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3al): 74% yield; m.p. 150 °C; IR 

(KBr) ν 1732, 1618, 1606, 1510, 

1478, 1445, 1398, 1370, 1355, 1317, 

1291 cm−1; 1
H NMR (400 MHz, 

CDCl3) δ 8.36 (s, 1H), 8.02-8.04 (m, 

1H), 7.61-7.62 (m, 1H), 7.20-7.35 

(m, 4H), 6.75-6.77 (m, 2H), 6.48 (d, J＝15.56 Hz, 1H), 6.09 (dd, J＝7.8, 

15.68 Hz, 1H), 5.31 (d, J＝7.52 Hz, 1H), 3.75 (s, 3H), 1.71 (s, 9H); 13
C 

NMR (100 MHz, CDCl3) δ 159.7, 149.1, 138.5, 136.8, 133.9, 131.6, 

128.4, 128.1, 127.7, 125.7, 124.8, 124.3, 121.7, 117.0, 115.4, 113.9, 112.9, 

87.0, 55.3, 41.4, 28.2; HRMS (ESI-TOF) m/z calculated for C25H24N2O5 

[M+Na]＋: 487.1298, found: 487.1274. 

9-(N-tert-butoxycarbonyl)-2-(2-methoxystyryl)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3am): 74% yield; m.p. 158 °C; IR 

(KBr) ν 1731, 1619, 1598, 1579, 1488, 

1464, 1444, 1398, 1371, 1355, 1317, 1292 

cm−1; 1
H NMR (400 MHz, CDCl3) δ 8.36 

(s, 1H), 8.03-8.05 (m, 1H), 7.61-7.63 (m, 

1H), 7.29-7.31 (m, 3H), 7.14-7.18 (m, 1H), 

6.89 (d, J＝15.8 Hz, 1H), 6.77-6.83 (m, 2H), 6.26 (dd, J＝7.52, 15.72 Hz, 

1H), 5.34 (d, J＝7.28 Hz, 1H), 3.74 (s, 3H), 1.71 (s, 9H); 13
C NMR (100 

MHz, CDCl3) δ 157.0, 149.0, 138.5, 136.8, 133.9, 129.3, 127.7, 127.2, 

126.9,125.8, 124.7, 124.6, 124.3, 123.9, 120.5, 117.0, 115.3, 113.0, 110.9, 

86.9, 55.4, 41.8, 28.2; HRMS (ESI-TOF) m/z calculated for C25H24N2O5S 

[M+Na]＋: 487.1298, found: 487.1289. 
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9-(N-ethoxycarbonyl)-2-styryl-3-nitro-2,9-dihydrothiopyrano[2,3-

b]indole (3bk): 83% yield; m.p. 181 °C; IR (KBr) ν1736, 1640, 1610, 

1579, 1498, 1485, 1446, 1397, 1376, 

1348, 1319, 1298 cm−1; 1H NMR (400 

MHz, CDCl3) δ 8.43 (s, H), 8.10-8.12 

(m, 1H), 7.68-7.70 (m, 1H), 7.40-7.42 

(m, 2H), 7.27-7.35 (m, 5H), 6.60 (d, J＝15.56 Hz, 1H), 6.29 (dd, J＝7.28, 

15.6 Hz, 1H), 5.42 (d, J＝7.52 Hz, 1H), 4.64 (q, J＝7.0, 14.28 Hz, 2H), 

1.61 (t, J＝2.76, 6.28 Hz, 3H); 13
C NMR (100 MHz, CDCl3) δ 150.6, 

138.2, 136.6, 135.6, 134.0, 132.3, 128.5, 128.3, 127.7, 126.8, 125.7, 124.9, 

124.6, 123.7, 117.2, 115.4, 113.3, 64.9, 41.2, 14.3; HRMS (ESI-TOF) m/z 

calculated for C22H18N2O4S [M+H]＋: 407.1060, found: 407.1061. 

9-(N-ethoxycarbonyl)-2-(4-methoxystyrene)-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3bl): 76% yield; m.p. 158 °C; IR 

(KBr) ν 1734, 1638, 1606, 1579, 

1510, 1490, 1446, 1397, 1375, 1349, 

1321, 1291 cm−1; 1
H NMR (400 

MHz, CDCl3) δ 8.35 (s, 1H), 8.04-

8.05 (m, 1H), 7.61-7.63 (m, 1H), 

7.33-7.35 (m, 2H), 7.20-7.22 (m, 2H), 6.75-6.77 (m, 2H), 6.48 (d, 

J＝15.56 Hz, 1H), 6.08 (dd, J＝7.80, 15.56 Hz, 1H), 5.32 (d, J＝7.52 Hz, 

1H), 4.57 (q, J＝7.04, 14.04 Hz, 2H), 3.75 (s, 3H), 1.53 (t, J＝2.76, 6.28 

Hz, 3H); 13
C NMR (100 MHz, CDCl3) δ 159.7, 150.6, 138.3, 136.6, 

134.2, 131.8, 128.3, 128.1, 127.7, 125.5, 124.9, 124.5, 121.5, 117.1, 115.4, 

113.9, 113.3, 64.9, 55.2, 41.4, 14.3; HRMS (ESI-TOF) m/z calculated for 

C23H20N2O5S [M+Na]＋: 459.0985, found: 459.0995. 
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9-(N-tert-butoxycarbonyl)-2-styryl-6-chloro-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3ck): 79% yield; m.p. 160 °C; IR 

(KBr) ν 1732, 1618, 1490, 1470, 

1423, 1395, 1371, 1350, 1313, 1274 

cm−1; 1
H NMR (400 MHz, CDCl3) δ 

8.30 (s, 1H), 8.08 (s, 1H), 7.50-7.52 

(m, 1H), 7.19-7.32 (m, 6H), 6.52 (d, 

J＝15.56 Hz, 1H), 6.21 (dd, J＝7.28, 15.56 Hz, 1H), 5.33 (d, J＝7.28 Hz, 

1H), 1.71 (s,9H); 13
C NMR (100 MHz, CDCl3) δ 148.6, 138.7, 137.1, 

135.5, 134.1, 132.3, 130.7, 128.5, 128.3, 126.8, 126.1, 125.4, 124.8, 123.6, 

117.6, 115.8, 112.4, 87.7, 41.2, 28.1; HRMS (ESI-TOF) m/z calculated 

for C24H21N2O4ClS [M+H]＋: 469.0983, found: 469.0995. 

9-(N-tert-butoxycarbonyl)-2-(4-methoxystyryl)-6-chloro-3-nitro-2,9-

dihydrothiopyrano[2,3-b]indole (3cl): 73% yield; m.p. 162 °C; IR 

(KBr) ν 1738, 1621, 1605, 1510, 

1490, 1467, 1422, 1401, 1371, 

1344, 1296 cm−1; 1
H NMR (400 

MHz, CDCl3) δ 8.31 (s, 1H), 

8.11 (s, 1H), 7.52-7.54 (m, 1H), 

7.23-7.34 (m, 3H), 6.78-6.80 (m, 2H), 6.50 (d, J＝15.32 Hz, 1H), 6.10 

(dd, J＝6.76, 16.20 Hz, 1H), 5.33 (d, J＝6.28 Hz, 1H), 3.77 (s, 3H), 1.74 

(s, 9H); 13
C NMR (100 MHz, CDCl3) δ 159.8, 148.6, 138.8, 137.1, 134.3, 

131.8, 130.7, 128.3, 128.1, 126.1, 125.2, 124.8, 121.4, 117.6, 115.8, 113.9, 

112.4, 87.6, 55.3, 41.4, 28.1; HRMS (ESI-TOF) m/z calculated for 

C25H23N2O5ClS [M+Na]＋: 521.0908, found: 521.0907. 
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3.7 Copies of 
1
H and 

13
C NMR of final 

compounds 

 

 

Figure 3.6 400 MHz 1H NMR spectrum of 3aa in CDCl3 

 

 

 

Figure 3.7 100 MHz 13C NMR spectrum of 3aa in CDCl3 

 

 



 

140 

 

 

 

 

 

Figure 3.8 400 MHz 1H NMR spectrum of 3ab in CDCl3 

 

 

 

 

Figure 3.9 100 MHz 13C NMR spectrum of 3ab in CDCl3 
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Figure 3.10 400 MHz 1H NMR spectrum of 3ac in CDCl3 

 

 

 

 

Figure 3.11 100 MHz 13C NMR spectrum of 3ac in CDCl3 
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Figure 3.12 400 MHz 1H NMR spectrum of 3ad in CDCl3 

  

 

 

 

Figure 3.13 100 MHz 13C NMR spectrum of 3ad in CDCl3 
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Figure 3.14 400 MHz 1H NMR spectrum of 3ae in CDCl3 

 

 

 

 

Figure 3.15 100 MHz 13C NMR spectrum of 3ae in CDCl3 
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Figure 3.16 400 MHz 1H NMR spectrum of 3af in CDCl3 

 

 

 

 

Figure 3.17 100 MHz 13C NMR spectrum of 3af in CDCl3 
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Figure 3.18 400 MHz 1H NMR spectrum of 3ag in CDCl3 

 

 

 

 

Figure 3.19 100 MHz 13C NMR spectrum of 3ag in CDCl3 
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Figure 3.20 400 MHz 1H NMR spectrum of 3ah in CDCl3 

 

 

 

 

Figure 3.21 100 MHz 13C NMR spectrum of 3ah in CDCl3 
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Figure 3.22 400 MHz 1H NMR spectrum of 3ai in CDCl3 

 

 

 

 

 

Figure 3.23 100 MHz 13C NMR spectrum of 3ai in CDCl3 
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Figure 3.24 400 MHz 1H NMR spectrum of 3aj in CDCl3 

 

 

 

 

 

Figure 3.25 100 MHz 13C NMR spectrum of 3aj in CDCl3 
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Figure 3.26 400 MHz 1H NMR spectrum of 3ba in CDCl3 

 

 

 

 

 

Figure 3.27 100 MHz 13C NMR spectrum of 3ba in CDCl3 
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Figure 3.28 400 MHz 1H NMR spectrum of 3ca in CDCl3 

 

 

 

 

 

Figure 3.29 100 MHz 13C NMR spectrum of 3ca in CDCl3 
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Figure 3.30 400 MHz 1H NMR spectrum of 3ak in CDCl3 

 

 

 

 

Figure 3.31 100 MHz 13C NMR spectrum of 3ak in CDCl3 
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Figure 3.32 400 MHz 1H NMR spectrum of 3al in CDCl3 

 

 

 

 

 

Figure 3.33 100 MHz 13C NMR spectrum of 3al in CDCl3 
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Figure 3.34 400 MHz 1H NMR spectrum of 3am in CDCl3 

 

 

 

 

 

Figure 3.35 100 MHz 13C NMR spectrum of 3am in CDCl3 
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Figure 3.36 400 MHz 1H NMR spectrum of 3bk in CDCl3 

 

 

 

 

 

Figure 3.37 100 MHz 13C NMR spectrum of 3bk in CDCl3 
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Figure 3.38 400 MHz 1H NMR spectrum of 3bl in CDCl3 

 

 

 

 

 

 

Figure 3.39 100 MHz 13C NMR spectrum of 3bl in CDCl3 
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Figure 3.40 400 MHz 1H NMR spectrum of 3ck in CDCl3 

 

 

 

 

 

Figure 3.41 100 MHz 13C NMR spectrum of 3ck in CDCl3 
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Figure 3.42 400 MHz 1H NMR spectrum of 3cl in CDCl3 

 

 

 

 

Figure 3.43 100 MHz 13C NMR spectrum of 3cl in CDCl3 
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Chapter 4 

A remarkable solvent effect on the reaction of 4-

hydroxycoumarin with (E)-3-aryl-2-nitroprop-2-

enol: Facile synthesis of highly substituted 

furo/pyrano[3,2-c]chromenes 

4.1 Introduction 
Coumarin nucleus represents an important class of heterocycle 

molecule which was found in a variety of natural products and 

pharmacophores.[1-4] Several coumarin based fused heterocycles have been 

attributed to a variety of  medicinally privileged compounds. They used in 

pharmaceuticals, material science, polymers etc.[5-6] Among them, 

furo/pyrano based fused coumarins are of considerable interest in recent 

years due to their applications in a variety fields.[7-9] For instance, 

Psoralens (I), 5-methoxypsoralen (5-MOP or bergapten) (II), 8-

methoxypsoralen (III), Angelicin (IV), 4,6,4-trimethylangelicin (V), neo-

tanshinlactone (VI), coumestrol (VII), Wedelolactone (VIII), Heraclenin 

(IX) and Nuclear factor kappaB (X) having several biological activities as 

shown in Figure 4.1.[10-47] 

In addition to furocoumarins, pyranocoumarins like (+)-pseudocordatolide 

C (XI), alloxanthoxyletin (XII) and (XIII-XV) possess other interesting 

biological properties are also mentioned in Figure 4.1.[48-52]  

Thus, the development of efficient protocol for the straightforward 

synthesis of functionalized furo/pyranocoumarins from simple raw 

material is a key research area in synthetic organic chemistry and drug 

discovery programme. 
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Figure 4.1 Natural products and biologically active compounds that have 

furo/pyranocoumarins 
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Owing to the importance of these bioactive fused-coumarin derivatives, 

several powerful protocols have been devoted for the constructions of 

furo/pyrano[3,2-c]coumarins. Some of the important literature reports to 

access the mentioned compounds have been discussed in the review 

section 4.2. 

 

 

 
 
 
 
 
Figure 4.2 Representative structure of furo[3,2-c]coumarin 
 

4.2 Review work 

Due to various applications in different fields, researchers all over the 

world are giving their enormous efforts to make furocoumarins in different 

possible ways. Some important reviews to access furo[3,2-c]coumarins are 

discussed below. 

A sequential one-pot cascade addition-cyclization-oxidation for the 

regioselective synthesis of furo[3,2-c]coumarins was developed by Cheng 

et al.  in 2007.[53] The reaction has been performed by using substituted 2-

(1-alkynyl)-2-alken-1-ones in DMF at 90 °C in the presence of a catalytic 

amount of CH3SO3H to provide cyclic hemiacetal (A) which is 

subsequently oxidized by CuCl2 at 90 °C for 20 h (Scheme 4.1). 
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Scheme 4.1 Regioselective synthesis of furo[3,2-c]coumarins  

In 2010, Xu et al. successfully achieved in the rapid synthesis of 

furocoumarins through a one-pot sequential coupling/cyclization strategy 

by utilizing 3-bromo-4-acetoxycoumarins and terminal alkynes.[54] The 

reaction involves Pd/Cu-catalyzed alkynylation with in situ generated 

dialkynylzincs in THF at 60 °C in the presence of 1,1'-

bis(diphenylphosphino)ferrocene (dppf) as an additive, which is further 

followed by intramolecular hydroalkoxylation using aq. K2CO3 (Scheme 

4.2).  The resulting method affords high to excellent yields (81-96%) of 

functionalized furocoumarins. 
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Scheme 4.2 One-pot sequential coupling/cyclization strategy for 

furocoumarins 

 

To develop more efficient approach for the syntheses of furocoumarin 

analogues, FeCl3/SiO2-mediated direct intramolecular oxidative 

annellation reaction of 4-hydroxy-3-aryl-2H-chromen-2-one derivatives 

has been done in DCE under refluxing conditions for 12-24 h by Zhao et 

al.
[55]Applying this methodology, a variety of coumestan derivatives were 

synthesized in mediocre to high chemical yields from readily available 4-

hydroxycoumarins derivatives (Scheme 4.3).   

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.3 FeCl3-mediated direct intramolecular oxidative annellation 
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The sequential cross-coupling and trans esterification reactions of (2-

methylthio-3-ester)benzofurans with 2-hydroxyphenylboronic acids have 

been performed in dioxane by using a catalytic amount of  Pd(PPh3)4 and 

Copper(I)thiophene-2-carboxylate (CuTC) reagent system to provide 

coumestane derivatives in 48-70% yields after 14 h as reported by Wang 

and his coworkers (Scheme 4.4).[56] 

 

 

 

 

 

 

 

Scheme 4.4 Cross-coupling of (2-methylthio-3-ester)benzofurans with 2-

hydroxyphenylboronic acids 

 
Lin et al. reported a general preparation of highly functional phosphorus 

zwitter ions via tandem three-component reactions using the 

corresponding 4-hydroxycoumarins, aldehydes (1.1 eq.) and Bu3P (1.2 

eq.) in the presence of pyrollidine/benzoic acid reagent system which was 

further utilized for the synthesis of furo[3,2-c]coumarin scaffolds  (92-

99% yields) by using  acid chlorides under the presence of base at room 

temperature (Scheme 4.5).[57] 
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Scheme 4.5 Furocoumarins access via highly functional phosphorus 

zwitter ions 

Besides, the great success of transition metal catalysts, a few examples of 

metal-free mediated one-pot synthesis of substituted furocoumarin 

derivatives have been well documented as some of these works were 

published very recently. 

Feist-Benary/addition-elimination reaction of 4-hydroxycoumarin 

with nitroallyl acetate under basic conditions has been realized by Chen 

and his associates in 2012.[58] This procedure gives tetrasubstituted furans 

in good to excellent yield (79-99%) in Scheme 4.6. 

 

 

 

 

 

 

 

 

 

 

Scheme 4.6 Feist-Benary/addition-elimination reaction of 4-

hydroxycoumarin with nitroallyl acetate 
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Wang and his co-workers also established an efficient and attractive 

synthetic strategy involving a four-component reaction between 

substituted-nitrostyrenes, aromatic aldehyde, 4-hydroxycoumarin and 

ammonium acetate under refluxing ethanol for 27 h to afford 2-

alkylamino-3-aryl-4H-furo[3,2-c]chromen-4-ones in good yields (53-

62%).[59] This process involves sequential Michael addition, aza-

nucleophilic addition of imine to the double bond, which is further 

followed by intermolecular nucleophilic addition and dehydration 

(Scheme 4.7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.7 Four-component reaction to access furocoumarins 
 
Besides these attractive protocols for the synthesis of furo-coumarins, 

there are some efficient procedures to access pyrano-coumarins. Some of 

them are discussed as below the section. 

Rueping et al. has developed an efficient, organocatalytic and 

enantioselective addition-cyclization strategy of cyclic 1,3-dicarbonyl 

compounds with different α,ȕ-unsaturated aldehydes in CH2Cl2 at 10 

°C.[60] They utilizes diarylprolinol  silyl ether catalyst to achieve a variety 

of optically active pyrano[3,2-c]chromenes in excellent enantioselectivity 

(upto 94% ee) with poor to high yields (41-85%) as shown in Scheme 4.8. 
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Scheme 4.8 The diarylprolinol ether-catalyzed cascade reaction 

 

A facile, efficient and one-pot diastereoselective approach to polycyclic 

acetal-fused pyrano[3,2-c]pyrane-5(2H)-one was reported by Park and his 

coworkers in 2008. The method involves annulation reaction of 2-C-

formyl galactals with various substituted 4-hydroxycoumarins in 

toluene/AcOH at 80 °C for 3-6 h using pyrrolidine as a base (Scheme 

4.9).[61]A series of tetracyclic fused coumarins were obtained in high 

yields (80-82%) with excellent diastereoselectivities (dr > 99:1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.9 Diastereoselective one-pot access of polycyclic acetal-fused 

pyrano[3,2-c]pyrane-5(2H)-one 



 

172 

 

 
Wang et al. reported an efficient and convenient enantioselective Michael 

addition reaction between 4-hydroxycoumarin and ȕ,Ȗ-unsaturated α-

ketoesters as highly reactive Michael acceptors catalyzed by thio-urea 

based H-bonding catalyst to afford pyranocoumarins in excellent chemical 

yields (93-98%) with excellent enanantioselectivity (up to 96% ee) after 

24 h (Scheme 4.10).[62]  

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.10 Enantioselective Michael addition reaction between 

coumarin and highly reactive electrophile ȕ,Ȗ-unsaturated α-ketoester 

Beerappa et al. reported one-pot three-component strategy involving 4-

hydroxy coumarin, benzyl halides and malanonitrile under the presence of 

pyridine N-oxide/silver oxide as catalyst in refluxing ethanol to deliver 

corresponding pyran fused coumarin analogues in high yields (83-87%) in 

a short span of time (50-55 min.) (Scheme 4.11).[63] 
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Scheme 4.11 One-pot synthesis of pyran-based heterocycles from benzyl 

halides 

Majumdar and his co-workers described a regioselective synthesis of 

dihydropyranocoumarins in high yields (80-85%) via a thiol-mediated 

radical reaction involving propargylcoumarin derivatives and thiophenol 

(2 equiv.) under refluxing conditions in dry t-butanol for 1 h (Scheme 

4.12).[64] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.12 Thiol-mediated synthesis of dihydropyranocoumarins 
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Conclusion 

There are several reports in the literature for facile synthesis of highly 

substituted furo/pyrano[3,2-c]chromenes in good to excellent yield as 

discussed in the review section. However, many of these reported 

protocols involve toxic/expensive metal catalysts, toxic reagents and 

harmful/hazardous organic solvents which are not much appreciable from 

environmental and economic stand points of view. 

Even with a noticeable progress, there is no successful report on 

catalyst-free one-pot synthesis of furo[3,2-c]chromen-4-one derivatives in 

water medium.[65-66] Similarly, the synthesis of 2-aryl-3-nitropyrano[3,2-

c]chromenones has been overlooked in the literature. Thus, it is necessary 

to devise an alternative practical, cost-effective and metal-free green 

protocol for the preparation of a pharmacologically attractive 

functionalized furo/pyranocoumarin scaffolds involving simple substances   

that lead to better yields under aqueous conditions.  

 

 

 

 

Figure 4.3 Representative structures of furo/pyro[3,2-c]coumarins 

 

4.3 Present work 

The facile and atom economical strategy to synthesize furo/pyrano[3,2-

c]chromene derivatives under green reaction conditions is a lightning 

attraction in the field of synthetic as well as medicinal chemistry. As these 

furo/pyrano[3,2-c]coumarin rings are important privileged structures in 

many biologically active compounds as discussed in the introduction part 
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4.1. Here, we wish to report a mild, simple, convenient, high yielding 

procedure for the construction of furo/pyrano[3,2-c]coumarins via a one-

pot reaction of substituted 4-hydroxycoumarins with (E)-3-aryl-2-

nitroprop-2-enols in water/DMSO medium respectively under metal-free 

conditions. 

 

 

 

 

 

 

Scheme 4.13 Facile synthesis of highly substituted furo/pyrano[3,2-
c]chromenes 

 

4.4 Results and Discussion 

4.4.1 Screening of solvents and catalysts 

We chose a model reaction between 4-hydroxycoumarin (1a) and (E)-3-

phenyl-2-nitropro-2-enol (2a) in the absence of catalyst in CHCl3 at 50 °C 

for 24 h. Interestingly,  a very little amount of unexpected 2-

(hydroxymethyl)-3-phenyl-4H-furo[3,2-c]chromen-4-one (3aa) along with 

trans-3-nitro-4-phenyl-3,4-dihydropyrano[3,2-c]chromen-5(2H)-one (4aa) 

were obtained in 12% and 3% yields respectively (Table 4.1). Both the 

products are well characterized by their spectroscopic data (1H NMR and 
13C NMR, HRMS). For example, 1H NMR spectrum of 3aa shows the one 

broad singlet at į 5.68 corresponds to OH and one singlet at į 4.53 

corresponds to CH2. 
13C NMR spectrum shows appearance of 4 peaks at į 

157.6, 157.4, 152.7 and 152.4 characteristics of oxygen attached with 

aromatic ring. Further, 135° DEPT shows the presence of single opposite 

phase peak at į 55.6 corresponds to CH2 group. The HRMS spectrum 

indicates the presence of molecular ion peak [M+Na]+ at 315.0623 which 

corresponds to the molecular weight of the desired product (292.0736). 
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Similarly 1H NMR spectrum of 4aa shows doublets and multiplets in the 

region į 4.39-5.12 corresponds to aliphatic hydrogens. 13C NMR spectrum 

shows presence of peaks at į 39.2, 62.8, 82.2 and at 89.2 corresponding 

aliphatic region. 135° DEPT shows the presence of single opposite phase 

peak at į 62.8 corresponds to CH2 group while two positive phase peaks 

appears at į 82.2 and at 38.3. The HRMS spectrum shows the presence of 

molecular ion peak [M+Na]+ at 346.0687 which corresponds to the 

molecular weight of the desired product (323.0794). 

In order to get the best reaction condition we tried the same 

reaction in different conditions. Interestingly, when the same reaction was 

carried out at elevated temperature 70 °C, slight improvements of results 

were recorded in terms of reaction time (24 h to 15 h) and yield (3aa, 12% 

to 25%). As we are aware that the reaction of 4-hydroxycoumarin with β-

nitrostyrene derivatives highly depends on the polarity of the solvents.[67-

68] In this regard, we tested this reaction in several common organic 

solvents namely EtOH, DMSO, DMF, CHCl3, 1,2-dichloroethane (DCE), 

toluene, MeCN at 70 °C. Pleasantly, we found that polar solvents like 

EtOH, DMF and DMSO favoured the formation of 4aa in good to high 

yields (42-85%) and non-polar solvents (CHCl3, DCE, toluene and 

MeCN) resulted in low yield (21-42%) of furocoumarin 3aa. 

Screening of several catalysts (L-proline, DABCO and DMAP) 

revealed that they have almost no influence on product selectivity. 

However, they enhanced the rate of the reaction (5-10 h vs 15 h), resulting 

in higher yields of 3aa (69-76%) and 4aa (51-88%). In order to make this 

reaction conditions in an environmentally friendly manner, we did this 

reaction in water instead of harmful organic solvent. Surprisingly, after 5 

h, in the absence of catalyst, the reaction proceeded very smoothly at 70 

°C, leading to the high yield of major product 3aa (83%). 
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Table 4.1 Catalyst screening and optimization of conditionsa 

 
 
 

 

 

Entry Catalyst Solvent T(°C) T/h Yield(%)c 
     3aa 4aa

d 

1b Nil CHCl3 50 24 12 <3 

2 b Nil CHCl3 70 15 25 <5 

3 b Nil DCE 70 15 21 <7 

4 b Nil Toluene 70 15 41 8 

5 b Nil MeCN 70 15 29 <7 

6 b Nil EtOH 70 15 19 42 

7 b Nil DMSO 70 15 6 85 

8 b Nil DMF 70 15 11 81 

9 L-proline CHCl3 70 10 74 9 

10 L-proline DCE 70 10 76 <8 

11 L-proline Toluene 70 10 72 11 

12 L-proline MeCN 70 10 69 7 

13 L-proline DMSO 70 5 7 88 

14 L-proline DMF 70 7 10 83 

15 L-proline EtOH 70 7 29 51 

16 DABCO DMSO 70 5 9 81 

17 DMAP DMSO 70 5 12 83 

18 DABCO DMF 70 7 13 77 

19
 b

 Nil H2O 70 5 83 <6 

20 L-proline H2O 70 5 86 8 

21 DABCO H2O 70 5 83 9 

22 DMAP H2O 70 5 84 <7 
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aUnless otherwise specified, all the reactions were performed with compound 1a (0.25 

mmol), 2a (0.3 mmol) and catalyst (0.05 mmol, 20 mol%) in specified solvent (0.6 ml) 

and temperature. bNil indicates no catalyst. cYield of isolated product after column 

chromatography. dDiastereomeric ratio (99:1) of the crude product recorded by 1H NMR. 

 

In particular, there was no significant improvement of result in 

terms of yield, selectivity or time when the reaction was carried out in the 

presence of catalyst (L-proline, DABCO and DMAP) under identical 

conditions. From the various reaction conditions as shown in Table 4.1, it 

was obvious that best result was obtained for 3aa at condition mentioned 

in 83% yield. 

4.4.2 Proposed mechanism 

Herein we present the following probable mechanism for the formations of 

compounds 3aa and 4aa under present reaction conditions as shown in 

Scheme 4.11. In case of water medium, we assume that water plays a 

crucial role in this reaction by acting as an amphiphilic dual-catalyst.[69-70] 

It may activate both the substrates 1a and 2a through intermolecular H-

bonding which increases rate of the Michael addition reaction between 1a 

and 2a, resulting in formation of nitronic acid intermediate 5. Afterwards, 

the intermediate 6 is generated from 5 via a tautomerization process which 

undergoes in turn intramolecular cyclization, subsequent dehydration and 

elimination of hyponitrous acid (HNO) to give the final compound 3aa 

(Path A). 

On the other hand, the intermediate 5 instead tend to form an 

intermediate 8 under this condition via a tautomerization process, which is 

followed by intramolecular cyclization-dehydration, leading to the 

pyranocoumarin 4aa (Path B). 
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Scheme 4.14 Mechanism for synthesis of highly substituted 

furo/pyrano[3,2-c]chromenes 

In case of L-proline, we think at this point that Michael reaction 

may take place through an enamine intermediate 1b' to form 1b″ which 

upon reaction with water and followed by elimination of L-proline 

furnishes intermediate 5. Finally products 3aa and 4aa are generated from 

5 by following path A and path B respectively. However, additional work 

is necessary for understanding the detailed mechanism of this reaction. 
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4.4.3 Substrate scope 

With the optimum reaction conditions in hand, various substituted (E)-3-

aryl-substituted-2-nitroprop-2-enols and 4-hydroxycoumarin derivatives 

were examined to understand the generality and scope of this reaction. The 

outcomes are compiled in Table 4.2. It is noteworthy that both electron-

donating (Me, MeO and OH) and electron-withdrawing (Cl, Br, and NO2) 

groups on the aromatic rings of 3-aryl-substitited-2-nitroprop-2-enols 

annulated smoothly with substrate (1a), resulting in good to high yields 

(63-88%) of corresponding furo[3,2-c]chromenes. Similarly, incorporation 

of several functionalities such as mild electron rich (Me) and electron poor 

groups (Cl, Br and NO2) on aryl rings of 4-hydroxycoumarins (1b-e) did 

not make any difficulty with (E)-3-aryl-substituted-2-nitroprop-2-enols 

(2a-c and 2g) by this procedure and resulted in clean and complete 

Michael/cyclization-elimination reactions, providing the corresponding 

annulated products (3ba-3ec) in good to high yields (63-88%). It should 

be noted that 4-hydroxycoumarins (1c-e) possessing electron-withdrawing 

substituents are slightly less reactive than its unsubstituted version 1a 

towards Michael acceptors under identical conditions (e.g. 5 h vs 9 h). 

Importantly, our present conditions are mild enough to retain several 

functional groups such as OMe, OH, Cl, Br, NO2, CH2OH etc. Besides, 

the bench scale preparation of compound 3aa was investigated in our 

imposed conditions. A heterogeneous mixture of compound 1a (1.62 gm, 

10.0 mmol) and 2a (12.0 mmol) in water (6.0 mL) was heated at 70 °C for 

6 h. Afterwards, water was decanted carefully from the reaction mixture to 

give the gummy residue which was directly purified by column 

chromatography technique, leading to the pure product 3aa in 76% yield. 

This interesting result reveals that our optimal condition can be used for 

milligram to gram scale synthesis. 
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Table 4.2 Generality of this one pot domino reaction to access 

furocoumarinsa 
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aAll the reactions were done with 4-hydroxycoumarin derivative (1a-e, 0.25 mmol), (E)-

3-aryl-2-nitropro-2-enols (2a-j, 0.3 mmol) in water (0.6 mL) at 70 °C. Isolated yield after 

column chromatography. 

 

Next, we turned our attention towards the facile synthesis of 

functionalized pyranocoumarin derivative as this motif is frequently 

existed in a variety of bioactive natural products and pharmacophores.[71-

75] Literature survey shows that several practical and efficient techniques 

are available for the syntheses of both the racemic and enantio-enriched 

versions of dihydropyrano[3,2-c]chromen derivatives.[76] 

Towards our investigations, various functionalized 4-hydroxycoumarin 
derivatives (1a-b, 1e) were reacted with several aryl/hetero-aryl 
substituted nitroallylic alcohols in DMSO medium at 70 °C in the 
presence of L-proline (20 mol%). 

Table 4.3 Generality of this one pot domino reaction to access 
pyranocoumarinsa 
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aAll the reactions were done with 4-hydroxycoumarin derivative (1a-e, 0.25 mmol), (E)-

3-aryl-2-nitropro-2-enols (2a-k, 0.3 mmol) in DMSO (0.6 mL) by using L-proline (0.05 

mmol) at 70 ºC. Isolated yield after column chromatography. The diastereomeric ratio of 

the crude product was determined by 1H NMR spectrum. 

 

The results are summarized in Table 4.3. To our delight, all the reactions 

took place easily by this procedure to give the corresponding previously 

unknown class of substituted trans-3-nitro-4-aryl-3,4-dihydropyrano[3,2-

c]chromen-5(2H)-one derivatives in high to excellent yields (85-93%, 

4aa-4ec) with excellent diastereoselectivities (up to ≤99:1 dr). 

 

It should be noted that relative stereochemistry of major 

diastereomer 4ah was unanimously confirmed by its single crystal X-ray 

diffraction data (Figure 4.2) indicating aryl group in trans-orientation 

with NO2. Similarly, several sensitive functional groups namely NO2, 

OMe, furan, Me and Cl are tolerable in our present conditions. 

 

 

 

Figure 4.4 ORTEP diagram of 4ah. 
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4.5 Conclusion 
In this chapter, a remarkable solvent effect on one-pot reaction of 4-

hydroxycoumarin derivatives with (E)-3-aryl-substituted-2-nitroprop-2-

enols has been observed which was employed  for the convenient  

synthesis of highly substituted furo/pyrano[3,2-c]chromen-5(2H)-ones, by 

performing the  reaction in water or DMSO respectively. Moreover, water 

shows not only positive roles on the rate and selectivity (product) of this 

reaction but also beneficial features in terms of safety, health, cost-

effectiveness and environmental standpoints of view. Furthermore, our 

current procedure avoids the use of toxic metals and their salts, 

harmful/volatile organic solvents, any need for dry conditions or inert-

atmosphere, multi-step, etc. Importantly, in comparison to the reported 

methods, our protocols are advantageous since they are operationally 

simple, easy to work-up, applicable for gram-scale synthesis, as well as 

offer good to excellent yields (63-93%), excellent diastereoselectivities 

(upto ≤ 99:1 dr) and good substrate scope. 

 

4.6 Experimental 

General Information 

All the reactions were performed under air and their progress was 

monitored by TLC using Merck 60 F254 pre coated silica gel plates (0.25 

mm thickness) and the products were visualized by UV detection. The 

purification of the desired products was carried out using Flash 

chromatography with silica gel (200-300 mesh). FT-IR spectra were 

recorded on a Bruker Tensor-27 spectrometer. 1H and 13C NMR spectra 

were recorded on a BrukerAvance (III) 400 MHz spectrometer. Data for 
1H NMR are reported as a chemical shift (į ppm), multiplicity (s = singlet, 

d = doublet, q = quartet, m = multiplet), coupling constant J (Hz), 

integration, and assignment, data for 13C are reported as a chemical shift. 
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The deuterated solvents used for NMR include CDCl3 and DMSO-d6. 

High resolution mass spectral analyses (HRMS) were carried out using 

ESI-TOF-MS. The starting materials were either purchased or synthesized 

using literature known procedure. 

Synthesis of (E)-3-(2-chlorophenyl)-2-nitropro-2-enol (2h): 2-Chloro-

trans-β-nitrostyrene (1.5 mmol, 274 mg) and imidazole (1.5 mmol, 102 

mg) was stirred in THF (5.0 mL) at room temperature. HCHO (2 mL) was 

added in the reaction mixture, which is further allowed to stirr for 24 h 

(monitored by TLC). The solvent was removed by rotary evaporator under 

reduced pressure to leave the crude product which was obtained (89% 

yield) in a pure form through column chromatography purification over 

silica-gel and the product (2h) was characterized by 1H NMR spectrum. 

 

(E)-3-(2-chlorophenyl)-2-nitropro-2-enol (2h): 1
H NMR (400 MHz, 

CDCl3) į 8.35 (s, 1H), 7.58-7.60 (m, 1H), 7.47-7.59 (m, 1H), 7.35-7.43 

(m, 2H), 4.59-4.61 (m, 2H). 

 

4.6.1 General Procedure for the Synthesis of Furocoumarin 

Derivatives (3aa-3ec): A heterogenous mixture of substituted 4-

hydroxycoumarin (1a-e, 0.25 mmol) and (E)-3-aryl-2-nitroprop-2-enol 

(2a-j, 0.3 mmol) in water (0.6 mL) was heated at 70 ºC for 5-10h 

(monitored by TLC). After completion of the reaction, water was decanted 

or removed by rotary evaporator under reduced pressure to give the 

gummy residue which was purified by column chromatography over silica 

gel (eluent: EtOAc/hexane = 1:9 to 1:4) to furnish the pure product 3aa-

3ec. All the products were characterized by their spectroscopic data (IR, 
1H and 13C NMR, HRMS). 
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2-(Hydroxymethyl)-3-phenyl-4H-furo[3,2-c]chromen-4-one (3aa): 83% 

yield; IR (KBr) ν 3509, 3048, 2924, 2853, 1743, 1631, 1558, 1502, 1452, 

1426, 1373, 1324, 1277 cm-1; 1
H NMR (400 

MHz, DMSO-d6) į 7.97-7.99 (m, 1H), 7.64-7.68 

(m, 1H), 7.55-7.60 (m, 3H), 7.47-7.50 (m, 2H), 

7.40-7.46 (m, 2H), 5.68 (br s, 1H), 4.53 (s, 2H); 
13

C NMR (100 MHz, CDCl3) į 157.6, 157.4, 152.7, 152.4, 131.0, 129.9, 

128.9, 128.4, 128.4, 124.4, 123.9, 121.0, 117.2, 112.6, 109.4, 55.6; 

HRMS (ESI-TOF) m/z calculated for C18H12O4 [M+Na]+: 315.0628, 

found: 315.0623. 

2-(Hydroxymethyl)-3-(4-methylphenyl)-4H-furo[3,2-c]chromen-4-one 

(3ab): 84% yield; IR (KBr) ν 3417, 2924, 2855, 1750, 1630, 1556, 1516, 

1497, 1452, 1428, 1372, 1321, 1277, 1217 

cm-1; 1
H NMR (400 MHz, DMSO-d6) į 

7.97-7.99 (m, 1H), 7.63-7.67 (m, 1H), 7.54-

7.56 (m, 1H), 7.45-7.49 (m, 3H), 7.27-7.29 

(m, 2H), 5.65 (t, J1 = 5.76 Hz, J2 = 11.04 Hz, 1H), 4.52 (d, J = 5.52 Hz, 

2H), 2.36 (s, 3H); 13
C NMR (100 MHz, CDCl3) į 157.6, 157.4, 152.7, 

152.2, 138.4, 130.9, 129.8, 129.1, 125.9, 124.4, 123.9, 121.0, 117.2, 112.6, 

109.4, 55.7, 21.3; HRMS (ESI-TOF) m/z calculated for C19H14O4 

[M+Na]+: 329.0784, found: 329.0785. 

2-(Hydroxymethyl)-3-(4-methoxyphenyl)-4H-furo[3,2-c]chromen-4-

one (3ac): 88% yield; IR (KBr) ν 3465, 3069, 2935, 2837, 1746, 1649, 

1628, 1599, 1570, 1516, 1452, 1429, 

1408, 1373, 1349, 1309, 1292, 1276 cm-1; 
1
H NMR (400 MHz, CDCl3) į 7.89-7.91 

(m, 1H), 7.49-7.53 (m, 2H), 7.41-7.43 (m, 

1H), 7.32-7.37 (m, 2H), 6.97-7.60 (m, 2H), 4.76 (s, 2H), 3.84 (s, 3H), 2.03 

(br s, 1H); 13
C NMR (100 MHz, CDCl3) į 159.8, 157.8, 157.4, 152.8, 

152.0, 131.2, 131.0, 124.5, 123.7, 121.2, 121.0, 117.2, 113.9, 112.7, 109.5, 
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55.7, 55.3; HRMS (ESI-TOF) m/z calculated for C19H14O5 [M+Na]+: 

345.0733, found: 345.0732. 

2-(Hydroxymethyl)-3-(2-methoxyphenyl)-4H-furo[3,2-c]chromen-4-

one (3ad): 87% yield; IR (KBr) ν 3432, 2956, 2922, 2852, 1721, 1630, 

1597, 1559, 1493, 1463, 1436, 1374, 1320, 1276, 

1247, 1214 cm-1; 1
H NMR (400 MHz, CDCl3) į 

7.92-7.95 (m, 1H), 7.50-7.54 (m, 1H), 7.41-7.44 

(m, 2H), 7.30-7.40 (m, 3H), 7.02-7.10 (m, 2H), 

4.63 (s, 2H), 3.83 (s, 3H), 2.16 (br s, 1H); 13
C 

NMR (100 MHz, CDCl3) į 157.4, 157.3, 156.9, 153.1, 152.7, 132.2, 

130.7, 130.2, 124.4, 121.0, 120.9, 118.9, 118.0, 117.2, 112.8, 111.5, 110.4, 

56.2, 55.9; HRMS (ESI-TOF) m/z calculated for C19H14O5 [M+Na]+: 

345.0733, found: 345.0738. 

2-(Hydroxymethyl)-3-(3,4-dimethoxyphenyl)-4H-furo[3,2-c]chromen-

4-one (3ae): 82% yield; IR (KBr) ν 3493, 2944, 2916, 2834, 1760, 1629, 

1587, 1556, 1518, 1470, 1451, 1423, 1413, 

1379, 1359, 1322, 1272 cm-1; 1
H NMR 

(400 MHz, CDCl3) į 7.93-7.96 (m, 1H), 

7.55-7.59 (m, 1H), 7.37-7.49 (m, 2H), 

7.26-7.31 (m, 1H), 7.16-7.20 (m, 1H), 6.97-7.00 (m, 1H), 4.82 (s, 2H), 

3.96 (s, 6H); 13
C NMR (100 MHz, CDCl3) į 157.8, 157.3, 152.7, 152.1, 

149.2, 148.6, 130.9, 124.4, 123.9, 122.3, 121.4, 121.0, 117.1, 113.5, 112.6, 

110.9, 109.3, 55.9, 55.8, 55.7; HRMS (ESI-TOF) m/z calculated for 

C20H16O6 [M+Na]+: 375.0839, found: 375.0859. 

2-(Hydroxymethyl)-3-(2-hydroxyphenyl)-4H-furo[3,2-c]chromen-4-

one (3af): 63% yield; IR (KBr) ν 3423, 2924, 2854, 1720, 1628, 1600, 

1560, 1503, 1450, 1424, 1377, 1321, 1288, 1237 

cm-1; 1H NMR (400 MHz, DMSO-d6) į 9.55 (br 

s, 1H), 7.95-7.97 (m, 1H), 7.61-7.65 (m, 1H), 
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7.44-7.54 (m, 2H), 7.21-7.26 (m, 2H), 6.85-6.92 (m, 2H), 4.44 (s, 2H); 13
C 

NMR (100 MHz, CDCl3) į 159.3, 157.9, 153.6, 153.4, 152.5, 132.2, 

131.2, 130.5, 124.8, 121.6, 121.2, 119.1, 118.5, 117.6, 117.3, 112.6, 110.4, 

55.8; HRMS (ESI-TOF) m/z calculated for C18H12O5 [M+Na]+: 331.0577, 

found: 331.0578. 

2-(Hydroxymethyl)-3-(4-chlorophenyl)-4H-furo[3,2-c]chromen-4-one 

(3ag): 81% yield; IR (KBr) ν 3529, 3444, 2956, 2924, 2853, 1883, 1733, 

1628, 1556, 1499, 1451, 1423, 1400, 1323, 

1275, 1214 cm-1; 1
H NMR (400 MHz, 

DMSO-d6) į 7.98-7.99 (m, 1H), 7.64-7.69 

(m, 1H), 7.60-7.63 (m, 2H), 7.54-7.58 (m, 

3H), 7.46-7.50 (m, 1H), 5.71 (t, J= 5.52 Hz, 1H), 4.53 (d, J = 5.52 Hz, 

2H); 13
C NMR (100 MHz, CDCl3) į 157.6, 157.5, 152.8, 152.5, 134.7, 

131.3, 131.2, 128.6, 127.4, 124.6, 122.9, 121.1, 117.3, 112.5, 109.2, 55.6; 

HRMS (ESI-TOF) m/z calculated for C18H11ClO4 [M+Na]+: 349.0238, 

found: 349.0241. 

2-(Hydroxymethyl)-3-(2-chlorophenyl)-4H-furo[3,2-c]chromen-4-one 

(3ah): 85% Yield; IR (KBr) ν 3444, 2957, 2924, 2853, 1720, 1630, 1514, 

1502, 1452, 1422, 1379, 1320, 1258, 1213 cm-1; 
1
H NMR (400 MHz, CDCl3) į 7.95-7.97 (m, 

1H), 7.52-7.57 (m, 2H), 7.35-7.46 (m, 5H), 4.59-

4.74 (m, 2H); 13
C NMR (100 MHz, CDCl3) į 

157.4, 157.2, 153.2, 152.9, 134.2, 132.2, 131.1, 

130.2, 129.8, 128.4, 126.8, 124.5, 121.1, 120.2, 117.3, 112.7, 110.4, 55.8; 

HRMS (ESI-TOF) m/z calculated for C18H11ClO4 [M+Na]+: 349.0238, 

Found: 349.0239. 

 

 



 

189 

 

2-(Hydroxymethyl)-3-(4-bromophenyl)-4H-furo[3,2-c]chromen-4-one 

(3ai): 79% yield; IR (KBr) ν 3433, 2924, 2854, 1733, 1629, 1597, 1559, 

1501, 1450, 1425, 1394, 1366, 1321, 1276, 

1261, 1234 cm-1; 1
H NMR (400 MHz, 

CDCl3) į 7.91-7.93 (m, 1H), 7.58-7.60 (m, 

2H), 7.52-7.55 (m, 1H), 7.43-7.48 (m, 3H), 

7.34-7.38 (m, 1H), 6.99 (br s, 1H), 4.75 (s, 2H); 13
C NMR (100 MHz, 

CDCl3) į 157.6, 152.7, 152.4, 135.9, 131.6, 131.5, 131.2, 127.9, 124.8, 

124.6, 122.9, 121.1, 117.3, 112.4, 109.1, 55.5; HRMS (ESI-TOF) m/z 

calculated for C18H11BrO4 [M+Na]+: 392.9733, found: 392.9732. 

2-(Hydroxymethyl)-3-(4-nitrophenyl)-4H-furo[3,2-c]chromen-4-one 

(3aj): 83% yield; IR (KBr) ν 3502, 3102, 2917, 1738, 1630, 1596, 1508, 

1449, 1425, 1396, 1344, 1214 cm-1; 1
H 

NMR (400 MHz, CDCl3) į8.33-8.35 (m, 

2H), 7.94-7.96 (m, 1H), 7.80-7.82 (m, 2H), 

7.56-7.61 (m, 1H), 7.47-7.49 (m, 1H), 

7.38-7.42 (m, 1H), 4.79 (s, 2H); 13
C NMR (100 MHz, DMSO-D6) į 

156.7, 155.3, 153.0, 152.1, 147.0, 136.2, 131.6, 131.2, 125.1, 123.2, 120.9, 

119.9, 117.0, 111.8, 108.7, 53.8; HRMS (ESI-TOF) m/z calculated for 

C18H11NO6 [M+H]+: 388.0659, found: 388.0659. 

2-(Hydroxymethyl)-8-methyl-3-phenyl-4H-furo[3,2-c]chromen-4-one 

(3ba): 86% yield; IR (KBr) ν 3430, 2924, 2854, 2362, 2342, 1719, 1652, 

1629, 1570, 1497, 1451, 1433, 1389, 1313, 

1277 cm-1; 1
H NMR (400 MHz, CDCl3) į 

7.69-7.72 (m, 1H), 7.56-7.58 (m, 2H), 7.41-

7.48 (m, 3H), 7.32-7.33 (m, 2H), 4,76 (s, 

2H), 2.45 (s, 3H); 13
C NMR (100 MHz, CDCl3) į 157.8, 157.5, 152.2, 

150.9, 134.3, 132.1, 129.9, 129.0, 128.4, 128.3, 123.8, 120.7, 116.9, 112.2, 

109.2, 55.6, 20.9; HRMS (ESI-TOF) m/z calculated for C19H14O4 

[M+Na]+: 329.0784, found: 329.0780. 
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2-(Hydroxymethyl)-8-methyl-3-(4-methoxyphenyl)-4H-furo[3,2-

c]chromen-4-one (3bc): 88% yield; IR (KBr) ν 3439, 2945, 2918, 2837, 

2360, 2339, 1828, 1707, 1656, 1616, 

1593, 1566, 1515, 1458, 1435, 1413, 

1359, 1316, 1293 cm-1; 1H NMR (400 

MHz, CDCl3) į 7.71 (br s, 1H), 7.50-

7.53 (m, 2H), 7.32-7.33 (m, 2H), 6.98-7.01 (m, 2H), 4.76 (s, 2H), 3.85 (s, 

3H), 2.45 (s, 3H); 13
C NMR (100 MHz, CDCl3) į 159.8, 159.7, 157.9, 

157.4, 151.8, 150.9, 134.3, 132.0, 131.2, 123.7, 121.2, 120.7, 116.9, 113.9, 

112.3, 55.7, 55.3, 20.9; HRMS (ESI-TOF) m/z calculated for C20H16O5 

[M+H]+: 337.1071, found: 337.1074. 

2-(Hydroxymethyl)-8-methyl-3-(4-chlorophenyl)-4H-furo[3,2-

c]chromen-4-one (3bg): 81% yield; IR (KBr) ν 3561, 3428, 2956, 2925, 

2854, 2360, 1729, 1632, 1571, 1505, 

1493, 1463, 1431, 1407, 1362, 1314, 

1276 cm-1; 1
H NMR (400 MHz, 

CDCl3) į 7.71 (br s, 1H), 7.51-7.54 (m, 

2H), 7.42-7.45 (m, 2H), 7.32-7.34 (m, 2H), 4.74 (s, 2H), 2.46 (s, 3H); 13
C 

NMR (100 MHz, CDCl3) į 157.8, 157.6, 152.3, 150.9, 134.6, 134.4, 

132.3, 131.3, 128.6, 127.5, 122.9, 120.8, 116.9, 112.1, 109.1, 55.6, 20.9; 

HRMS (ESI-TOF) m/z calculated for C19H13ClO4 [M+H]+: 341.0575, 

found: 341.0608. 

2-(Hydroxymethyl)-8-chloro-3-phenyl-4H-furo[3,2-c]chromen-4-one 

(3ca): 79% yield; IR (KBr) ν 3555, 3063, 2925, 2360, 2340, 1747, 1632, 

1556, 1502, 1447, 1419, 1362, 1307, 1262, 

1241 cm-1; 1
H NMR (400 MHz, CDCl3) į 

7.91-7.92 (m, 1H), 7.55-7.57 (m, 2H), 7.42-

7.49 (m, 4H), 7.37-7.39 (m, 1H), 4.78 (s, 

2H); 13
C NMR (100 MHz, CDCl3) į 159.6, 156.8, 156.1, 153.0, 149.6, 

138.1, 130.9, 130.0, 129.9, 128.6, 128.4, 121.3, 120.6, 118.7, 113.6, 55.6; 
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HRMS (ESI-TOF) m/z calculated for C18H11ClO4 [M+Na]+: 349.0238, 

found: 349.0234. 

2-(Hydroxymethyl)-8-chloro-3-(4-methylphenyl)-4H-furo[3,2-

c]chromen-4-one (3cb): 80% yield; IR (KBr) ν 3432, 2922, 2855, 1755, 

1630, 1555, 1514, 1492, 1420, 1355, 

1309, 1258, 1214 cm-1; 1
H NMR (400 

MHz, CDCl3) į 7.89-7.92 (m, 1H), 

7.43-7.49 (m, 3H), 7.36-7.39 (m, 1H), 

7.26-7.29 (m, 2H), 4.76 (s, 2H), 2.41 (s, 3H); 13
C NMR (100 MHz, 

CDCl3) į 157.0, 156.0, 152.8, 150.9, 138.6, 130.9, 130.0, 129.9, 129.8, 

129.2, 125.6, 124.0, 120.6, 118.7, 113.7, 55.6, 21.3; HRMS (ESI-TOF) 

m/z calculated for C19H13ClO4 [M+Na]+: 363.0395, found: 363.0396. 

2-(Hydroxymethyl)-8-chloro-3-(4-chlorophenyl)-4H-furo[3,2-

c]chromen-4-one (3cg): 77% yield; IR (KBr) ν 3429, 2924, 2853, 1750, 

1629, 1555, 1494, 1465, 1421, 1355, 

1369, 1259 cm-1; 1
H NMR (400 MHz, 

DMSO-d6) į 7.96-7.97 (m, 1H), 7.66-

7.68 (m, 1H), 7.57-7.61 (m, 3H), 7.53-

7.56 (m, 2H), 5.70 (t, J = 5.52 Hz, 1H), 4.52 (d, J = 5.52 Hz, 2H); 13
C 

NMR (100 MHz, DMSO-d6) į 156.3, 155.0, 150.6, 133.1, 131.7, 130.9, 

128.9, 128.2, 128.2, 127.8, 120.7, 120.0, 118.9, 113.3, 109.5, 53.7; 

HRMS (ESI-TOF) m/z calculated for C18H10Cl2O4[M+Na]+: 382.9848, 

found: 382.9816. 

2-(Hydroxymethyl)-8-bromo-3-phenyl-4H-furo[3,2-c]chromen-4-one 

(3da): 79% yield; IR (KBr) ν 3560, 3443, 3062, 2853, 1747, 1630, 1584, 

1552, 1499, 1446, 1417, 1359, 1305, 1263 

cm-1; 1
H NMR (400 MHz, CDCl3) į 8.05-

8.06 (m, 1H), 7.59-7.62 (m, 1H), 7.54-7.57 

(m, 2H), 7.39-7.49 (m, 3H), 7.31-7.33 (m, 

1H), 4.77 (s, 2H) ; 13
C NMR (100 MHz, CDCl3) į 156.9, 155.9, 153.0, 
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151.5, 133.8, 129.9, 128.6, 128.4, 124.0, 123.6, 123.6, 118.9, 117.3, 114.1, 

110.1, 55.6; HRMS (ESI-TOF) m/z calculated for C18H11BrO4 [M+Na]+: 

392.9733, found: 392.9704. 

2-(Hydroxymethyl)-8-bromo-3-(4-methylphenyl)-4H-furo[3,2-

c]chromen-4-one (3db): 86% yield; IR (KBr) ν 3431, 2921, 2855, 2360, 

2340, 1747, 1626, 1550, 1514, 1491, 

1422, 1409, 1355, 1306, 1259 cm-1; 1
H 

NMR (400 MHz, CDCl3) į 8.05-8.06 

(m, 1H), 7.60-7.62 (m, 1H), 7.43-7.45 

(m, 2H), 7.30-7.33 (m, 1H), 7.27-7.29 (m, 2H), 4.76 (s, 2H), 2.40 (s, 3H); 
13

C NMR (100 MHz, CDCl3) į 156.9, 155.9, 152.8, 151.5, 138.6, 133.7, 

132.9, 129.8, 129.2, 125.6, 124.0, 123.6, 118.9, 117.3, 114.2, 55.6, 21.3; 

HRMS (ESI-TOF) m/z calculated for C19H13BrO4 [M+Na]+: 406.9889, 

found: 406.9839. 

2-(Hydroxymethyl)-8-bromo-3-(4-chlorophenyl)-4H-furo[3,2-

c]chromen-4-one (3dg); 78% yield; IR (KBr) ν 3439, 2923, 2853, 2360, 

2339, 1747, 1627, 1567, 1551, 1492, 

1463, 1420, 1353, 1306, 1261 cm-1; 1
H 

NMR (400 MHz, CDCl3) į 8.07-8.08 

(m, 1H), 7.61-7.64 (m, 1H), 7.50-7.53 

(m, 2H), 7.43-7.46 (m, 2H), 7.32-7.34 (m, 1H), 4.75 (s, 2H); 13
C NMR 

(100 MHz, CDCl3) į 156.9, 153.1, 151.5, 139.3, 134.8, 133.9, 131.3, 

129.8, 128.7, 125.9, 123.6, 119.0, 117.4, 113.9, 109.9, 55.5; HRMS (ESI-

TOF) m/z calculated for C18H10ClO4Br [M+Na]+: 426.9343, found: 

426.9319. 
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2-(Hydroxymethyl)-8-nitro-3-phenyl-4H-furo[3,2-c]chromen-4-one 

(3ea): 63% yield; IR (KBr) ν 3450, 1765, 1745, 1633, 1615, 1524, 1503, 

1499, 1422, 1399, 1336, 1254 cm-1; 1
H 

NMR (400 MHz, CDCl3) į 8.86-8.87 (m, 

1H), 8.39-8.42 (m, 1H), 7.56-7.59 (m, 3H), 

7.46-7.53 (m, 3H), 4.82 (br s, 2H); 13
C 

NMR (100 MHz, CDCl3) į 156.0, 155.8, 155.7, 153.9, 144.1, 129.9, 

128.9, 128.6, 128.3, 125.7, 124.2, 118.4, 117.4, 113.0, 110.8, 55.6; 

HRMS (ESI-TOF) m/z calculated for C18H11NO6 [M+Na]+: 360.0479, 

found: 360.0544. 

2-(Hydroxymethyl)-8-nitro-3-(4-methoxyphenyl)-4H-furo[3,2-

c]chromen-4-one (3ec): 67% yield; IR (KBr) ν 3458, 3086, 2360, 1769, 

1633, 1614, 1516, 1496, 1351, 1339, 

1293, 1254 cm-1; 1H NMR (400 MHz, 

CDCl3) į 8.83-8.84 (m, 1H), 8.37-

8.40 (m, 1H), 7.55- 7.58 (m, 1H), 

7.49-7.52 (m, 2H), 7.00-7.03 (m, 2H), 4.80 (br s, 2H), 3.86 (s, 3H); 13
C 

NMR (100 MHz, CDCl3) į 160.1, 156.1, 155.7, 155.5, 153.5, 144.1, 

131.2, 125.5, 123.9, 120.4, 118.3, 117.3, 114.0, 113.0, 110.7, 55.5, 55.3; 

HRMS (ESI-TOF) m/z calculated for C19H13NO7 [M+Na]+: 390.0584, 

found: 390.0588. 

4.6.2 General procedure for the synthesis of 

dihydropyrano[3,2-c]chromene derivatives (4aa-4ec): To a 

stirred solution of 4-hydroxycoumarin (1a, 40.5 mg, 0.25 mmol) and (E)-

3-aryl-2-nitroprop-2-enol (2a-k, 0.3 mmol) in DMSO (0.6 mL) was added 

L-proline (5.75 mg, 0.05 mmol) at 70 ºC for 4-6 h (monitored by TLC). 

After completion of the reaction, the mixture was extracted with ethyl 

acetate (3 × 10 mL), washed with water and dried with Na2SO4. The 

combined organic phase was concentrated under reduced pressure to 

afford the crude residue which was purified by column chromatography 
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over silica-gel (eluent: EtOAc/hexane = 1:19) to give the pure products 

4aa-4ec. The products were characterized by their corresponding 

spectroscopic data (IR, 1H and 13C NMR, HRMS). The diastereomeric 

ratio of the crude product was determined by 1H NMR spectrum. 

Trans-3-nitro-4-phenyl-3,4-dihydropyrano[3,2-c]chromen-5(2H)-one 

(4aa): 88% yield; IR (KBr) ν 3441, 2924, 1711, 1631, 1612, 1575, 1554, 

1494, 1453, 1404, 1375, 1325, 1271 cm-1; 1
H 

NMR (400 MHz, CDCl3) į7.82-7.84 (m, 1H), 

7.57-7.61 (m, 1H), 7.31-7.39 (m, 5H), 7.27-7.28 

(m, 2H), 5.10 (dt, J1 = 13.04 Hz, J2 = 2.28 Hz, 

1H), 5.01 (br s, 1H), 4.83-4.84 (m, 1H), 4.40 (dd, J1 = 13.04 Hz, J2 = 2.24 

Hz, 1H); 13
C NMR (100 MHz, CDCl3) į 161.1, 159.7, 152.7, 138.9, 

132.5, 129.4, 128.3, 127.9, 124.2, 122.8, 116.9, 114.4, 99.1, 82.2, 62.8, 

38.2; HRMS (ESI-TOF) m/z calculated for C18H13NO5 [M+Na]+: 

346.0686, found: 346.0687. 

Trans-3-nitro-4-(2-methoxyphenyl)-3,4-dihydropyrano[3,2-

c]chromen-5(2H)-one (4ad): 90% yield; IR (KBr) ν 3446, 2923, 2852, 

1710, 1628, 1577, 1550, 1491, 1460, 1437, 1407, 

1377, 1357, 1315, 1286, 1271 cm-1; 1
H NMR 

(400 MHz, CDCl3) į 7.79-7.82 (m, 1H), 7.56-

7.60 (m, 1H), 7.34-7.37 (m, 1H), 7.27-7.32 (m, 

2H), 6.86-6.96 (m, 3H), 5.28 (br s, 1H), 5.05 (dd, J1 = 12.56 Hz, J2 = 2.28 

Hz, 1H), 4.96 ( m, 1H), 4.28-4.31 (m, 1H), 3.93 (s, 3H); 13
C NMR (100 

MHz, CDCl3) į 161.2, 160.2, 156.4, 152.7, 132.4, 129.5, 128.6, 126.3, 

124.1, 122.7, 120.9, 116.8, 110.8, 99.2, 79.9, 63.6, 55.6, 32.9; HRMS 

(ESI-TOF) m/z calculated for C19H15NO6 [M+H]+: 354.0972, found: 

354.0975. 
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Trans-3-nitro-4-(2-chlorophenyl)-3,4-dihydropyrano[3,2-c]chromen-

5(2H)-one (4ah): 85% yield; IR (KBr) ν 3434, 2924, 2853, 1710, 1627, 

1611, 1573, 1552, 1493, 1456, 1439, 1405, 1373, 

1358, 1314, 1275 cm-1; 1
H NMR (400 MHz, 

CDCl3) į 7.82-7.84 (m, 1H), 7.59-7.63 (m, 1H), 

7.49-7.51 (m, 1H), 7.28-7.39 (m, 2H), 7.22-7.26 

(m, 1H), 7.05-7.07 (m, 1H), 5.37 (br s, 1H), 5.12 (dd, J1 = 12.8 Hz, J2 = 

2.28 Hz, 1H), 4.95 (m, 1H), 4.29-4.33 (m, 1H) ; 13
C NMR (100 MHz, 

CDCl3) į 160.9, 160.4, 152.7, 135.8, 133.8, 132.7, 130.7, 129.7, 129.3, 

127.6, 124.3, 122.8, 116.9, 114.3, 98.7, 79.8, 63.2, 35.8; HRMS (ESI-

TOF) m/z calculated for C18H12ClNO5 [M+Na]+: 380.0296, found: 

380.0296. 

Trans-3-nitro-4-(4-nitrophenyl)-3,4-dihydropyrano[3,2-c]chromen-

5(2H)-one (4aj): 87% yield; IR (KBr) ν 3439, 2925, 2853, 2360, 1710, 

1629, 1576, 1553, 1518, 1494, 1454, 1411, 

1376, 1350, 1321, 1273 cm-1; 1H NMR (400 

MHz, CDCl3) į 8.23-8.27 (m, 2H), 7.84-

7.87 (m, 1H), 7.61-7.66 (m, 1H), 7.49-7.52 

(m, 2H), 7.35-7.39 (m, 2H), 5.12-5.20 (m, 2H), 4.85-4.87 (m, 1H), 4.36-

4.40 (m, 1H); 13
C NMR (100 MHz, CDCl3) į 161.0, 160.4, 152.8, 147.8, 

146.0, 133.1, 129.0, 124.6, 124.5, 123.0, 117.0, 114.1, 98.3, 81.6, 62.8, 

38.3; HRMS (ESI-TOF) m/z calculated for C18H12N2O7 [M+H]+: 

369.0717, found: 369.0726. 

Trans-3-nitro-4-(2-furyl)-3,4-dihydropyrano[3,2-c]chromen-5(2H)-one 

(4ak): 85% yield; IR (KBr) ν 3433, 2924, 2853, 1718, 1631, 1556, 1495, 

1456, 1410, 1377, 1359, 1321, 1274 cm-1; 1
H 

NMR (400 MHz, CDCl3) į 7.79-7.81 (m, 1H), 

7.55-7.60 (m, 1H), 7.29-7.38 (m, 3H), 6.26-6.35 

(m, 2H), 5.20 (dd, J1= 12.8 Hz, J2 =3.2 Hz, 1H), 

5.06-5.07 (m, 2H), 4.58-4.62 (m, 1H); 13
C NMR (100 MHz, CDCl3) į 
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161.1, 159.5, 152.6, 150.5, 143.0, 132.7, 124.2, 122.9, 116.8, 114.5, 111.0, 

109.4, 97.9, 79.0, 64.1, 32.3; HRMS (ESI-TOF) m/z calculated for 

C16H11NO6 [M+H]+: 314.0659, found: 314.0603. 

Trans-3-nitro-4-phenyl-9-methyl-3,4-dihydropyrano[3,2-c]chromen-

5(2H)-one (4ba): 71% yield; IR (KBr) ν 3441, 2924, 2853, 2360, 1710, 

1634, 1586, 1552, 1494, 1454, 1425, 1397, 

1373, 1355, 1306, 1270 cm-1; 1
H NMR (400 

MHz, CDCl3) į7.62-7.63 (m, 1H), 7.35-7.40 

(m, 3H), 7.30-7.33 (m, 1H), 7.23-7.29 (m, 

3H), 5.09 (dt, J1 = 12.8 Hz, J2 = 2.28 Hz, 1H), 5.00 (br s, 1H), 4.83 (q, J1 = 

2.04 Hz, J2 = 4.28 Hz, 1H), 4.38 (dd, J1 = 1.76 Hz, J2 = 2.52 Hz, 1H), 2.43 

(s, 3H); 13
C NMR (100 MHz, CDCl3) į 161.3, 159.7, 150.9, 138.9, 134.0, 

133.5, 129.4, 128.2, 127.9, 122.5, 116.6, 114.0, 98.9, 82.2, 62.7, 38.3, 

20.9; HRMS (ESI-TOF) m/z calculated for C19H15NO5 [M+Na]+: 

360.0842, found: 360.0843. 

Trans-3-nitro-4-(2-furyl)-9-methyl-3,4-dihydropyrano[3,2-c]chromen-

5(2H)-one (4bk): 90% yield; IR (KBr) ν 3434, 2924, 2853, 1714, 1635, 

1586, 1554, 1498, 1455, 1427, 1401, 1374, 

1357, 1307, 1277 cm-1; 1H NMR (400 MHz, 

CDCl3) į 7.59-7.60 (m, 1H), 7.36-7.39 (m, 

2H), 7.22- 7.25 (m, 1H), 6.25-6.35 (m, 2H), 

5.19 (dd, J1 = 12.8 Hz, J2 = 2.28 Hz, 1H), 5.05-5.06 (m, 2H), 4.56 (dd, J1 

= 12.8 Hz, J2 = 3.2 Hz, 1H), 2.42 (s, 3H); 13
C NMR (100 MHz, CDCl3) į 

161.3, 159.5, 150.8, 150.6, 142.9, 134.1, 133.7, 122.6, 116.6, 114.1, 111.0, 

109.3, 97.7, 79.0, 64.0, 32.4, 20.9; HRMS (ESI-TOF) m/z calculated for 

C17H13NO6 [M+Na]+: 350.0635, found: 350.0642. 
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Trans-3,9-dinitro-4-phenyl-3,4-dihydropyrano[3,2-c]chromen-5(2H)-

one (4ea): 92% yield; IR (KBr) ν 3464, 1742, 1556, 1527, 1488, 1455, 

1401, 1343, 1308, 1258, 1212 cm-1;1H 

NMR (400 MHz, CDCl3) į 8.76-8.77 (m, 

1H), 8.44-8.47 (m, 1H), 7.48-7.51 (m, 1H), 

7.34-7.43 (m, 4H), 7.27-7.28 (m, 1H), 5.20 

(dd, J1 = 12.8 Hz, J2 = 3.6 Hz, 1H), 5.00- 5.01 (m, 1H), 4.89-4.90 (m, 1H), 

4.46-4.50 (m, 1H);13
C NMR (100 MHz, CDCl3) į 159.6, 158.4, 156.1, 

144.1, 138.1, 129.7, 128.7, 127.8, 127.3, 119.5, 118.2, 114.9, 101.0, 81.9, 

63.3, 38.3; HRMS (ESI-TOF) m/z calculated for C18H12N2O7 [M+Na]+: 

391.0537, found: 391.0545. 

Trans-3,9-dinitro-4-phenyl-3,4-dihydropyrano[3,2-c]chromen-5(2H)-

one (4ec): 89% yield; IR (KBr) ν 3456, 2360, 1737, 1643, 1625, 1610, 

1557, 1527, 1513, 1487, 1455, 1400, 

1341, 1257 cm-1; 1
H NMR (400 

MHz, CDCl3) į 8.75-8.76 (m, 1H), 

8.43-8.46 (m, 1H), 7.48-7.50 (m, 1H), 

7.16-7.19 (m, 2H), 6.90-6.93 (m, 2H), 5.17 (dd, J1 = 12.8 Hz, J2 = 2.0 Hz, 

1H), 4.85-4.94 (m, 2H), 4.46-4.50 (m, 1H), 3.80 (s, 3H); 13
C NMR (100 

MHz, CDCl3) į 159.7, 159.6, 158.2, 156.0, 144.1, 129.9, 128.9, 127.2, 

119.5, 118.1, 115.0, 114.9, 101.3, 82.0, 63.3, 55.4, 37.6; HRMS (ESI-

TOF) m/z calculated for C19H14N2O8 [M+Na]+: 421.0642, found: 

421.0650. 

 

 

 

 

 

 



 

198 

 

Table 4.4 Crystal data of compound 4ah. 

Compound Compound 4ah 
Empirical formula  C18H12ClNO5 
Molecular weight 357.74 
Temperature 150(2) K 
Wavelength (Å) 0.7107A 
Crystal system, space group monoclinic, P 21/c 
a (Å) a = 14.7809(9) 
b (Å) b = 8.0602(3) 
c (Å) c = 14.9746(8) 
α (o) alpha = 90 
ȕ (o) beta =116.158(7) 
Ȗ (o) gamma = 90 
Volume (Å3) 1601.31(14) 
Z, Calculated density (mg/m3)  4, 1.484 
Absorption coefficient (mm-1) 0.268 
F(000) 736 
Crystal size (mm) 0.15 x 0.11 x 0.05 
θ range (deg) 2.95 to 25.00 
Limiting indices  -17<=h<=17,-9<=k<=9,-17<=l<=16 
Reflections collected / unique 12705 / 2809 [R(int) = 0.0511] 
Completeness to θ = 25 99.9 % 
Max. and min. transmission 0.9867 and 0.9608 
Data / restraints / parameters 2809 / 0 / 226 
Goodness-of-fit on F^2 1.072 
Final R indices [I>2sigma(I)] R1 = 0.0579, wR2 = 0.1461 
R indices (all data) R1 = 0.0664, wR2 = 0.1517 
Largest diff. peak and hole (e.A-3) 0.281 and -0.313 
CCDC 1011395 
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4.7 Copies of 
1
H and 

13
C NMR spectra 

of final compounds 

 
Figure 4.5 400 MHz 1H NMR spectrum of 3aa in DMSO-d6 

 

 
Figure 4.6 100 MHz 13C NMR spectrum of 3aa in CDCl3 

 

 

Figure 4.7 135° DEPT NMR spectrum of 3aa in CDCl3 
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Figure 4.8 400 MHz 1H NMR spectrum of 3ab in DMSO-d6 

 

 

 

 

Figure 4.9 100 MHz 13C NMR spectrum of 3ab in CDCl3 
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Figure 4.10 400 MHz 1H NMR spectrum of 3ac in CDCl3 

  

 

 

 

Figure 4.11 100 MHz 13C NMR spectrum of 3ac in CDCl3 
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Figure 4.12 400 MHz 1H NMR spectrum of 3ad in CDCl3 

 

 

 

Figure 4.13 100 MHz 13C NMR spectrum of 3ad in CDCl3 
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Figure 4.14 400 MHz 1H NMR spectrum of 3ae in CDCl3 

 

 

 

 

 

Figure 4.15 100 MHz 13C NMR spectrum of 3ae in CDCl3 
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Figure 4.16 400 MHz 1H NMR spectrum of 3af in DMSO-d6 

 

 

 

Figure 4.17 100 MHz 13C NMR spectrum of 3af in CDCl3 
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Figure 4.18 400 MHz 1H NMR spectrum of 3ag in DMSO-d6 

 

 

 

 

 

Figure 4.19 100 MHz 13C NMR spectrum of 3ag in CDCl3 
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Figure 4.20 400 MHz 1H NMR spectrum of 3ah in CDCl3 

 

 

 

 

Figure 4.21 100 MHz 13C NMR spectrum of 3ah in CDCl3 
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Figure 4.22 400 MHz 1H NMR spectrum of 3ai in CDCl3 

 

 

 

 

Figure 4.23 100 MHz 13C NMR spectrum of 3ai in CDCl3 
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Figure 4.24 400 MHz 1H NMR spectrum of 3aj in CDCl3 

 

 

 

 

Figure 4.25 100 MHz 13C NMR spectrum of 3aj in DMSO-d6 
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Figure 4.26 400 MHz 1H NMR spectrum of 3ba in CDCl3 

 

 

 

Figure 4.27 100 MHz 13C NMR spectrum of 3ba in CDCl3 
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Figure 4.28 400 MHz 1H NMR spectrum of 3bc in CDCl3 

 

 

 

 

Figure 4.29 100 MHz 13C NMR spectrum of 3bc in CDCl3 
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Figure 4.30 400 MHz 1H NMR spectrum of 3bg in CDCl3 

 

 

 

 

Figure 4.31 100 MHz 13C NMR spectrum of 3bg in CDCl3 
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Figure 4.32 400 MHz 1H NMR spectrum of 3ca in CDCl3 

 

 

 

 

Figure 4.33 100 MHz 13C NMR spectrum of 3ca in CDCl3 
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Figure 4.34 400 MHz 1H NMR spectrum of 3cb in CDCl3 

 

 

 

 

Figure 4.35 100 MHz 13C NMR spectrum of 3cb in CDCl3 
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Figure 4.36 400 MHz 1H NMR spectrum of 3cg in DMSO-d6 

 

 

 

 

Figure 4.37 100 MHz 13C NMR spectrum of 3cg in DMSO-d6 
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Figure 4.38 400 MHz 1H NMR spectrum of 3da in CDCl3 

 

 

 

 

Figure 4.39 100 MHz 13C NMR spectrum of 3da in CDCl3 
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Figure 4.40 400 MHz 1H NMR spectrum of 3db in CDCl3 

 

 

 

 

 

Figure 4.41 100 MHz 13C NMR spectrum of 3db in CDCl3 
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Figure 4.42 400 MHz 1H NMR spectrum of 3dg in DMSO-d6 

 

 

 

 

 

Figure 4.43 100 MHz 13C NMR spectrum of 3dg in DMSO-d6 
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Figure 4.44 400 MHz 1H NMR spectrum of 3ea in CDCl3 

 

 

 

 

 Figure 4.45 100 MHz 13C NMR spectrum of 3ea in CDCl3 
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Figure 4.46 400 MHz 1H NMR spectrum of 3ec in CDCl3 

 

 

 

 

 

Figure 4.47 100 MHz 13C NMR spectrum of 3ec in CDCl3 
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Figure 4.48 400 MHz 1H NMR spectrum of 4aa in CDCl3 

 

 

 

 

 

 

Figure 4.49 100 MHz 13C NMR spectrum of 4aa in CDCl3 
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Figure 4.50 135°DEPT-NMR spectrum of 4aa in CDCl3 

 

 

 

Figure 4.51 400 MHz 1H NMR spectrum of 4ac in CDCl3 

 

 

 

Figure 4.52 100 MHz 13C NMR spectrum of 4ac in CDCl3 
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Figure 4.53 400 MHz 1H NMR spectrum of 4ah in CDCl3 

 

 

 

 

Figure 4.54 100 MHz 13C NMR spectrum of 4ah in CDCl3 
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Figure 4.55 400 MHz 1H NMR spectrum of 4aj in CDCl3 

 

 

 

 

 

 

Figure 4.56 100 MHz 13C NMR spectrum of 4aj in CDCl3 
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Figure 4.57 400 MHz 1H NMR spectrum of 4ak in CDCl3 

 

 

 

 

 

Figure 4.58 100 MHz 13C NMR spectrum of 4ak in CDCl3 
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Figure 4.59 400 MHz 1H NMR spectrum of 4ba in CDCl3 

 

 

 

 

Figure 4.60 100 MHz 13C NMR spectrum of 4ba in CDCl3 
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Figure 4.61 400 MHz 1H NMR spectrum of 4bk in CDCl3 

 

 

 

 

Figure 4.62 100 MHz 13C NMR spectrum of 4bk in CDCl3 
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Figure 4.63 400 MHz 1H NMR spectrum of 4ea in CDCl3 

 

 

 

 

 

Figure 4.64 100 MHz 13C NMR spectrum of 4ea in CDCl3 
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Figure 4.65 400 MHz 1H NMR spectrum of 4ec in CDCl3 

 

 

Figure 4.66 100 MHz 13C NMR spectrum of 4ec in CDCl3 

 

 

Figure 4.67 400 MHz 1H NMR spectrum of 2h in CDCl3 
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Chapter 5 

Catalyst-free reaction of 4-mercaptocoumarin with 

(E)-3-aryl/hetero-aryl-substituted-2-nitroprop-2 

enols/Morita-Baylis-Hillman acetates of nitroolefins: 

facile synthesis of 4-sulfanylcoumarins 

5.1 Introduction 

Coumarin is one of the most important heterocycles, widely found in a 

variety of biologically active natural products and pharmacophores as 

discussed in previous chapter.[1] Thus, many synthetic organic and 

medicinal chemists have been devoted towards the synthesis of 

functionalized coumarin derivatives.[2-3] On the other hand, substituted 

thiocoumarin having S-atom at C-4 position has also continuously 

receiving widespread attention due to their significant biological 

activities.[4] Thus, it is crucial to develop new synthetic pathway to make 

4-sulfanylcoumarin derivatives as synthetic point of view (Figure 5.1). 

 

  

 

 

 

Figure 5.1 Representative structures of substituted 4- sulfanylcoumarins 

 

Owing to the importance of the 4-sulfanylcoumarin derivatives, 

several reports have been revealed for their synthesis. Some of the 

important literature reports have been summarized below in the review 

section 5.2. 
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5.2 Review work 

In 2002, Majumdar et al. reported the synthesis of 4-

propargylthiocoumarins by performing the reaction in a two-phase mixture 

of propargyl halides, chloroform and 1% aqueous sodium hydroxide with 

substituted 4-mercaptocoumarin in the presence of 

benzyltriethylammonium chloride (BTEAC) as phase transfer catalyst at 

room temperature after 4 h in good yields (75-77%) (Scheme 5.1).[5] 

 

 

 

 

 

 

 

 

 

 

Scheme 5.1 Base catalyzed synthesis of S-alkylated coumarins 

 

In 2004,  Majumdar et al. further investigated the nucleophilic  reaction 

between 4-mercaptocoumarin and several allylic halides in chloroform-

aqueous sodium hydroxide (1%) solution at room temperature catalyzed 

by tetrabutyl-ammoniumbromide (TBAB) or benzyltriethyl-

ammoniumchloride (BTEAC) for 4 h to give 4-S-allylic-substituted 

coumarins in mediocre to good yields (55-85%) (Scheme 5.2).[6] 
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Scheme 5.2 Phase transfer mediated synthesis of 4-S-alkylated coumarins 

 

 A high yielding one-pot method for the synthesis of 4-arylthiocoumarins 

via a Michael reaction of 4-mercaptocoumarin as a nucleophile with in 

situ generated o-quinones from catechols by using K3Fe(CN)6 as a 

oxidizing agent in water/acetonitrile solution was established by 

Nematollahi et al. (Scheme 5.3).[7] 

 

 

 

 

 

 

 

Scheme 5.3 Electrochemical synthesis of 4-arylthiocoumarins  

Peng and his coworkers[8] also developed a green approach to form 4-

sufanylcoumarins in good yields (71-80%) from several 4-

hydroxycoumarins via a tosylation reaction using TsCl/Et3N, followed by 

thiolation reaction using several aryl/alkylthiols (Scheme 5.4). 
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Scheme 5.4 Sulfanylation of 4-hydroxycoumarins with thiols in water 

 

In 2013, Yin and his coworkers[9] disclosed an alternative environmental 

benign method for the synthesis of 4-alkylthiocoumarins (82-97% yields) 

by involving the three-component reaction between 4-tosylcoumarin, 

thiourea and alkylhalides performed in polyethylene glycol 200-water 

mixture at room temperature in the presence of K2CO3 (Scheme 5.5). 

 

 

 

 

 

 

 

 

 

 

Scheme 5.5 Synthesis of 4-sulfanylcoumarins in polyethylene glycol-

water 
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Conclusion 

The above review concluded that only few synthetic methods have been 

developed for the preparations of 4-sulfanylcoumarins with moderate to 

high yields under different conditions. Some of the reported protocols 

involve toxic reagents and tedious procedures which are not much 

appreciable from synthetic points of view. 

Even with these noticeable progresses, the synthesis of substituted 

thiocoumarins having S-atom at C-4 position has been less explored[10] 

despite its potential application in medicinal chemistry.[11] Moreover, the 

nucleophilic substitution reaction between 4-mercaptocoumarin and α, ȕ-

disubstituted nitroolefins as electrophiles has not been studied in the 

literature. Therefore, it is necessary to develop a simple and convenient 

method for the preparation of 4-sufanylcoumarins involving α, ȕ-

difunctionalized nitroolefins as acceptors under catalyst-free conditions.    

5.3 Present work 

A facile and catalyst free approach for the synthesis of 4-sulfanyl 

coumarin derivatives is a challenging task in the field of synthetic organic 

chemistry because of several 4-sulfanyl coumarin derivatives are part of 

some important biologically attractive compounds. In our previous work, 

we established one-pot method for the construction of furo/pyrano[3,2-

c]chromenes in water and DMSO medium respectively involving 4-

hydroxycoumarin and (E)-3-aryl-2-nitroprop-2-enols as starting materials 

as described in chapter 4 (Scheme 5.6).[12]  
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Scheme 5.6 Synthesis of furo/pyrano[3,2-c]chromenes in water and 

DMSO medium respectively 

We envisaged that replacing 4-hydroxycoumarin by 4-mercaptocoumarin 

as a nucleophile may react with nitroallylic alcohol in a similar fashion. 

To check the hypothesis, we performed the reaction of freshly prepared 4-

mercaptocoumarin with (E)-3-phenyl-2-nitroprop-2-enol under heating 

conditions in DMSO for 5 h.  

 

 

 

 

Scheme 5.7 Synthesis of 4-sulfanylcoumarin 

Surprisingly, we isolated only 4-sufanylcoumarin (3aa) in mediocre yield 

instead of thiocoumestan/thiopyranocoumarin adducts as shown in 

Scheme 5.7. Herein we wish to report a two-step metal-free synthesis of 

4-sulfanylcoumarins by reacting 4-mercaptocoumarin with (E)-3-

aryl/hetero-aryl-substituted-2-nitroprop-2-enols under heating conditions. 
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5.4 Results and Discussion 

5.4.1 Synthesis of (E)-3-aryl-substituted-2-nitropropo-2-

enols (3a-3g) 

We performed the reaction between freshly prepared 4-

mercaptocoumarin (1, 0.3 mmol) and (E)-3-phenyl-2-nitroprop-2-enol (2a, 

0.2 mmol) in dry DMSO (at 70 °C) for 5 h. Surprisingly, we got 4-

sufanylcoumarin 3a in a mediocre yield (39%). The product 3a was 

further characterized by various spectroscopic techniques (1H NMR, 13C 

NMR, FT-IR and HRMS). The 1H NMR shows the appearance of 

characteristic singlets at δ 8.03 corresponds to alkenyl hydrogen adjacent 

to nitro group and singlet at δ 4.44 characteristic of methylene (-CH2-) 

peak. Further, 13C NMR shows appearance of three peaks in the region of 

δ 158.7, 154.4 and 152.1 corresponds to carbons attached with oxygen and 

sulfur atoms. Also, only one peak at δ 28.4 shows the presence of 

methylene carbon in the aliphatic region. The HRMS shows the presence 

of molecular ion peak [M+H]+ at 340.0637 which corresponds to the 

desired product. 

The above promising result promoted us to investigate scope of this 

nucleophilic substitution reaction in more details. In this regard, several ȕ-

aryl-substituted nitroallylic alcohols possessing electron donating (Me, 

MeO) and electron withdrawing (Cl, Br) substituents on aryl rings have 

been reacted with 4-mercaptocoumarin under catalyst-free conditions at 70 

°C in DMSO. All the reactions led to corresponding (E)-4-[(2-nitro-3-

arylallyl)thio]-2H-chromen-2-ones in similar yields (34-41%, 3b-3f). 

Similarly, ȕ-heteroaryl-substituted nitroallylic alcohol (2g) is 

found to be good substrate for this substitution reaction, resulting in 42% 

yield of desired product 3g (Table 5.1). 
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Table 5.1 Scope of (E)-3-aryl-substituted-2-nitropropo-2-enolsa 

 

aAll the reactions were performed using a 4-mercaptocoumarin (1, 0.3 mmol, freshly 

prepared) and nitroallylic alcohols (2a-g, 0.2 mmol) in dry DMSO (1 ml) at 70 °C for 5-6 

h. Isolated yield  (after column chromatography) was calculated with respect to 

nitroallylic alcohols. 

Despite the yields of the reactions were mediocre, the present 

catalyst-free conditions are enough mild to retain several functionalities 

such as Me, OMe, Cl, Br, NO2, furan, coumarin etc. 

5.4.2 Synthesis of (E)-dithiocoumarinyl styrenes (3h-3m): 

By further extension of this methodology, Morita-Baylis-Hillman acetate 

(2h) (well-known 1,3-bielectrophile)[13-17] derived from nitroolefin (2a) 

has been reacted with 4-mercaptocoumarin in MeOH  at 65 °C. 
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Surprisingly, after 1 h, unexpected (E)-dithiocoumarinyl styrene derivative 

(3h) was obtained in pretty good yield (61%) with excellent 

stereoselectivity (E:Z = 100:0) under catalyst-free condition (Table 5.2). 

The product 3h was further characterized by various spectroscopic 

techniques (1H NMR, 13C NMR, FT-IR and HRMS). 1H NMR shows the 

appearance of characteristic singlets at δ 6.53, 5.69 and at 5.67 

corresponds to benzylic hydrogen and hydrogens adjacent to carbonyl 

group in coumarin rings. Further, 13C NMR shows appearance of seven 

peaks in the region of δ 151.0 to 166.6 corresponds to carbons attached 

with oxygen and sulfur atoms and carbonyl carbon of ester group. Also, 

only three peaks at δ 63.8, 51.8 and at 13.9 in 13C NMR shows the 

presence of three carbons in the aliphatic region. The HRMS shows the 

presence of molecular ion peak [M+Na]+ at 565.0746 which indicates the 

molecular weight of the desired product. In order to increase the yield of 

our desired product (3h), reactions were also carried out in toluene, THF 

and ethanol but yields of the products obtained were 55%, 48% and 56% 

respectively in the given solvents. It was also found that, in DMSO the 

desired product was not formed. 

Using this methodology, several substituents such as Me, OMe and OBn 

on aryl-rings of MBH acetates (2h-2l) underwent reaction with two 

molecules of 4-mercaptocoumarin. Consequently, after 1-2 h, all the 

reactions produced a series of unexpected (E)-dithiocoumarinyl styrene 

derivatives (3h-3l) in pretty good yields (60-67%) with excellent 

stereoselectivity (E:Z = 100:0) under present conditions. Furthermore, 

hetero-aryl-substituted MBH acetates (2m) was witnessed to be suitable 

substrates for this type of substitution reaction and resulted in good yield 

(68%) of corresponding products 3m after 1 h. 
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Table 5.2 Substrate scope of MBH acetates and nitroolefinsa 

 

aUnless otherwise noted, all the reactions were carried out with MBH acetates (2h-2m, 

0.12 mmol) and 4-mercaptocoumarin (1, 0.36 mmol) in MeOH (2.0 ml) at 65 °C. Isolated 

yields after column chromatography.  

All the products were characterized by their spectroscopic data (IR, 
1H NMR, 13C NMR and HRMS). The double bond geometry (E-

configuration) was assigned by based on the single crystal X-ray 

diffraction data of compound 3j (Figure 5.3). 
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Figure 5.2 ORTEP diagram of 3j 

 

5.4.3 Proposed mechanism for  (E)-dithiocoumarinyl 

styrene synthesis: 

The detailed mechanism of this reaction is not clear to us.  However, a 

probable mechanism for the formation of compound 3h is presented in 

Scheme 5.8.  At first, the lone pair electrons on nucleophilic S-atom of 4-

mercaptocoumarin attacks C-3 position of MBH acetate 2h to form 4-

thiocoumaryl nitrostyrene derivative 4.  On the other hand, the S-H bond 

of 4-mercaptocoumarin dissociate into 4-sufanylcoumarin radical 5 under 

thermal conditions[18-20] which undergoes addition at the α-position of 

nitroolefinic bond to form a more stable benzylic radical 6. Finally, the 

product 3h is formed via an elimination of ·NO2 radical. It should be noted 

that the reaction did not happen at all in the presence of a radical 

scavenger like TEMPO which indicates reaction may proceed through a 

thiyl radical pathway. 
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Scheme 5.8 Probable mechanism of substitution reaction 

 

5.5 Conclusion 

In the current chapter, we have established first catalyst-free nucleophilic 

substitution reaction of 4-mercaptocoumarin with a several (E)-3-

aryl/hetero-aryl-substituted-2-nitroprop-2-enols/MBH acetates of 

nitroolefins in DMSO and MeOH medium respectively. This operationally 

simple method delivers a novel series of interesting functionalized mono 

and bis-4-sulfanylcoumarin derivatives in mediocre to good yields with 

excellent stereoselectivity. 

 

5.6 Experimental 

General informations: 

All reactions were carried out under air and monitored by TLC using 

Merck 60 F254 pre-coated silica gel plates (0.25 mm thickness) and the 

products were visualized by UV detection. Flash chromatography was 
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carried out with silica gel (200-300 mesh). FT-IR spectra were recorded 

on a Bruker Tensor-27 spectrometer. 1H and 13C NMR spectra were 

recorded on a Bruker Avance (III) 400 MHz spectrometer. Data for 1H 

NMR are reported as a chemical shift (δ ppm), multiplicity (s = singlet, d 

= doublet, q = quartet, m = multiplet), coupling constant J (Hz), 

integration, and assignment of data for 13C are reported as a chemical shift. 

High resolutions mass spectral analyses (HRMS) were carried out using 

ESI-TOF-MS. 

Synthesis of starting material (1): The tosyl derivative of 4-

hydroxycoumarin was prepared by dissolving 4-hydroxycoumarin in 

pyridine, followed by the addition of p-toluenesulfonyl chloride with 

constant stirring at 0 °C temperature (Scheme 5.9). This tosyl derivative, 

on treatment with NaSH·H2O in ethanol at 0-10 °C with vigorous stirring 

for 2 h furnished the 4-mercaptocoumarin (1). 

  

 

 

 

Scheme 5.9 Synthesis of 4-mercaptocoumarin 

 

General procedure for the synthesis of (E)-4-[(2-nitro-3-

arylallyl)thio]-2H-chromen-2-ones (3a-3g): The 4-mercaptocoumarin (1, 

0.3 mmol, freshly prepared) and (E)-3-aryl-2-nitroprop-2-enol (2a-g, 0.2 

mmol) in DMSO (1.0 ml) were heated at 70 °C for 5 h.  Afterwards, the 

reaction mixture was extracted with ethyl acetate (3 × 10 ml), washed with 

brine and dried over Na2SO4. The combined organic solvents were 

evaporated by rotary evaporator under reduced pressure to leave the crude 

mass. Product was purified by column chromatography over silica-gel 

using EtOAc/hexane as an eluent and characterized by spectroscopic data 

(IR, 1H and 13C NMR, HRMS). 
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(E)-4-[(2-Nitro-3-phenylallyl)thio]-2H-chromen-2-one (3a): 39% yield; 

m.p. 154-156 °C; IR (KBr) ν 1715, 1606, 1595, 

1551, 1524, 1486, 1446, 1419, 1349, 1319, 1267   

cm-1; 1
H NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 

7.71-7.72 (m, 1H), 7.51-7.59 (m, 6H), 7.29-7.36 (m, 

2H), 6.07 (s, 1H), 4.44 (s, 2H); 13
C NMR (100 MHz, CDCl3) δ 158.7, 

154.4, 152.1, 143.5, 138.9, 132.5, 131.6, 130.8, 130.0, 129.6, 124.3, 123.8, 

117.6, 117.3, 108.1, 18.4; HRMS(ESI-TOF) m/z calculated for 

C18H13O4NS [M+H]+: 340.0638,  found 340.0637. 

 

(E)-4-[(2-Nitro-3-(4-methylphenyl)allyl)thio]-2H-chromen-2-one (3b): 

40% yield; m.p. 170-172 °C; IR (KBr) ν 1715, 

1644, 1605, 1595, 1551, 1521, 1486, 1447, 

1423, 1351, 1320, 1267 cm-1; 1
H NMR (400 

MHz, CDCl3) δ 8.37 (s, 1H), 7.70-7.72 (m, 1H), 

7.55-7.58 (m, 1H), 7.41-7.43 (m, 3H), 7.34-7.35 

(m, 1H), 7.28-7.30 (m, 2H), 6.10 (s, 1H), 4.45 (s, 2H), 2.40 (s, 3H); 13
C 

NMR (100 MHz, CDCl3) δ 158.8, 154.7, 152.1, 142.6, 142.5, 139.2, 

132.5, 130.4, 130.2, 127.9, 124.3, 123.9, 117.7, 117.3, 108.1, 28.7, 21.6; 

HRMS (ESI-TOF) m/z calculated for C19H15O4NS [M+Na]+: 376.0614, 

found 376.0618. 

 

(E)-4-[(3-(4-Methoxyphenyl)-2-nitro-allyl)thio]-2H-chromen-2-one 

(3c): 39% yield; m.p. 165-167 °C; IR (KBr) ν  

1715, 1633, 1601, 1551, 1519, 1505, 1446, 

1427, 1416, 1350, 1311 cm-1; 1
H NMR (400 

MHz, CDCl3) δ 8.38 (s, 1H), 7.71-7.72 (m, 

1H), 7.51-7.60 (m, 3H), 7.34-7.36 (m, 1H), 

7.27-7.31 (m, 1H), 6.99-7.01 (m, 2H), 6.15 (s, 1H), 4.48 (s, 2H), 3.86 (s, 

3H); 13
C NMR (100 MHz, CDCl3) δ 162.5, 158.8, 154.9, 152.1, 140.8, 

139.1, 132.7, 132.6, 124.3, 123.9, 123.0, 117.7, 117.3, 115.3, 107.9, 55.6, 
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28.9; HRMS (ESI-TOF) m/z calculated for C19H15O5NS [M+Na]+: 

392.0563, found 392.0567. 

 

(E)-4-[(3-(3,4-Dimethoxyphenyl)-2-nitro-allyl)thio]-2H-chromen-2-one 

(3d): 41% yield; m.p. 168-169 °C; IR (KBr) ν 

1724,1634, 1595, 1554, 1524, 1508, 1488, 

1463, 1448, 1438, 1427, 1351 cm-1; 1
H NMR 

(400 MHz, CDCl3) δ 8.36 (s, 1H), 7.56-7.71 

(m, 2H), 7.18-7.35 (m, 3H), 6.94-7.07 (m, 2H), 6.16 (s, 1H), 4.50 (s, 2H), 

3.92 (s, 3H), 3.79 (s, 3H); 13
C NMR (100 MHz, CDCl3) δ 158.7, 154.9, 

152.2, 152.1, 149.6, 140.9, 139.4, 132.6, 124.9, 124.3, 123.8, 123.3, 117.6, 

117.3, 112.8, 111.7, 108.1, 56.1, 55.8, 29.2; HRMS (ESI-TOF) m/z 

calculated for C20H17O6NS [M+Na]+: 422.0699, found 422.0699. 

 

(E)-4-[(3-(4-Chlorophenyl)-2-nitro-allyl)thio]-2H-chromen-2-one (3e): 

36% yield; m.p. 166-168 °C; IR (KBr) ν 1713, 

1638, 1604, 1591, 1551, 1520, 1490, 1448, 1425, 

1351, 1317, 1267 cm-1; 1
H NMR (400 MHz, 

CDCl3) δ 8.34 (s, 1H), 7.69-7.71 (m, 1H), 7.56-

7.60 (m, 1H), 7.46-7.47 (m, 4H), 7.29-7.37 (m, 

2H), 6.11 (s, 1H), 4.41 (s, 2H); 13
C NMR (100 MHz, CDCl3) δ 158.7, 

154.2, 152.2, 143.8, 138.0, 137.6, 132.7, 131.2, 130.0, 129.7, 129.2, 124.3, 

123.8, 117.4, 108.4, 28.4; HRMS (ESI-TOF) m/z calculated for 

C18H12ClO4NS [M+Na]+: 396.0068, found 396.0074. 

 

(E)-4-[(3-(4-Bromophenyl)-2-nitro-allyl)thio]-2H-chromen-2-one (3f): 

38% yield; m.p. 168-170 °C; IR (KBr) ν 1713, 

1638, 1604, 1594, 1583, 1551, 1520, 1487, 1448, 

1400, 1351, 1321, 1268 cm-1; 1
H NMR (400 

MHz, CDCl3) δ 8.31 (s, 1H), 7.68-7.70 (m, 1H), 

7.62-7.64 (m, 2H), 7.54-7.58 (m, 1H), 7.34-7.39 (m, 3H), 7.29-7.31 (m, 
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1H), 6.09 (s, 1H), 4.39 (s, 2H); 13
C NMR (100 MHz, DMSO-d6) δ 157.8, 

153.7, 151.6, 144.4, 137.5, 132.9, 132.5, 131.3, 130.8, 130.0, 129.2, 124.7, 

123.9, 117.0, 108.7, 28.1; HRMS (ESI-TOF) m/z calculated for 

C18H12BrO4NS [M+K]+: 455.9302,  found 455.9306. 

 

(E)-4-[(3-Furyl)-2-nitro-allyl)thio]-2H-chromen-2-one (3g): 42% yield; 

m.p. 166-168 °C; IR (KBr) ν 1720, 1638, 1595, 

1551, 1518, 1506, 1466, 1445, 1414, 1386, 1348, 

1307, 1279 cm-1; 1
H NMR (400 MHz, CDCl3) δ 

8.05 (s, 1H), 7.67-7.71 (m, 2H), 7.52-7.33 (m, 1H), 

7.31-7.33 (m, 1H), 7.24-7.27 (m, 1H), 7.03 (s, 1H), 6.65 (s, 1H), 6.36 (s, 

1H), 4.75 (s, 2H); 13
C NMR (100 MHz, CDCl3) δ 159.1, 155.2, 152.1, 

148.4, 146.4, 140.0, 132.4, 124.2, 123.9, 123.6, 123.3, 117.9, 117.2, 113.8, 

108.3, 28.3; HRMS (ESI-TOF) m/z calculated for C16H11O4NS [M+Na]+: 

352.0250,  found 352.0256. 

 

General procedure for the synthesis of (E)-dithiocoumarinyl styrene 

derivatives (3h-3m): 

To a stirred solution of 4-mercaptocoumarin (1, 0.36 mmol) in MeOH (2.0 

ml) was added in MBH acetate of nitroolefin (2h-2m, 0.12 mmol) at 65 °C 

for 1-2 h (monitored by TLC). Then the reaction mixture was concentrated 

under reduced pressure to leave the residual mass which was extracted 

with ethyl acetate, washed with water and dried over Na2SO4. The 

evaporation of the organic solvent left the crude product which was further 

purified by column chromatography over-silica gel using a mixture of 

solvent EtOAc/hexane to furnish the pure product. All the products were 

characterized by their corresponding spectroscopic data (IR, 1H and 13C 

NMR, HRMS). 
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(E)-Ethyl-2,3-bis[(2-oxo-2H-chromen-4-yl)thio]-4-phenylbut-3-enoate 

(3h): 61% yield; m.p. 151-153 °C; IR (KBr) ν 

1717, 1594, 1551, 1484, 1446, 1339, 1318, 1263, 

1182 cm-1; 1
H NMR  (400 MHz, CDCl3) δ 7.81-

7.83 (m, 1H), 7.71-7.73 (m, 1H), 7.49-7.7.60 (m, 

8H), 7.27-7.35 (m, 3H), 7.21-7.23 (m, 1H), 6.53 (s, 

1H), 5.69 (s, 1H), 5.67 (s, 1H), 4.21-4.33 (m, 2H), 

1.34 (t, J = 6.76 Hz, 3H); 13
C NMR (100 MHz, CDCl3) δ 166.6, 159.2, 

158.3, 155.9, 152.3, 152.2, 151.8, 151.0, 133.7, 132.6, 132.5, 130.3, 129.5, 

128.6, 124.3, 124.2, 124.0, 123.9, 122.8, 117.7, 117.6, 117.3, 117.2, 110.6, 

108.7, 63.8, 51.8, 13.9; HRMS (ESI-TOF) m/z calculated for C30H22O6S2 

[M+Na]+: 565.0750,  found 565.0746. 

 

(E)-Ethyl-2,3-bis[(2-oxo-2H-chromen-4-yl)thio]-4-(4-methylphenyl) 

but-3-enoate (3i): 63% yield; m.p. 155-157 °C; 

IR (KBr) ν 1716, 1603, 1594, 1552, 1485, 1446, 

1340, 1319, 1266, 1250, 1184 cm-1; 1
H NMR 

(400 MHz, CDCl3) δ 7.83 (d, J = 8.0 Hz, 1H), 

7.73 (d, J = 8.0 Hz, 1H), 7.51-7.60 (m, 3H), 7.42-

7.44 (m, 2H), 7.28-7.36 (m, 4H), 7.21-7.25 (m, 

1H), 6.52 (s, 1H), 5.74 (s, 1H), 5.70 (s, 1H), 4.20-

4.34 (m, 2H), 2.42 (s, 3H), 1.34 (t, J = 7.04 Hz, 3H); 13
C NMR (100 

MHz, CDCl3) δ 166.7,  159.2, 158.4, 156.1, 152.3, 152.2, 152.0, 151.4, 

140.7,  132.5,  132.4, 130.9, 130.2, 128.6, 124.2, 124.2, 124.1, 124.0, 

121.5, 117.7, 117.6, 117.3, 117.2, 110.6, 108.5, 63.7, 51.8, 21.5, 13.9; 

HRMS (ESI-TOF) m/z calculated for C31H24O6S2 [M+Na]+: 579.0907,  

found 579.0905. 
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(E)-Ethyl-4-(4-methoxyphenyl)-2,3-bis[(2-oxo-2H-chromen-4-yl)thio] 

but-3-enoate (3j): 60% yield; m.p. 175-176 °C; 

IR (KBr) ν 1731, 1705, 1604, 1594, 1551, 1509, 

1447, 1339, 1320, 1250, 1181 cm-1; 1
H NMR 

(400 MHz, CDCl3) δ 7.80-7.82 (m, 1H), 7.72-

7.73 (m, 1H), 7.47-7.59 (m, 5H), 7.21-7.34 (m, 

3H), 7.00-7.02 (m, 2H), 6.49 (s, 1H), 5.72 (s, 1H), 

5.70 (s, 1H), 4.20-4.33 (m, 2H), 3.87 (s, 3H), 1.33 

(t, J = 7.04 Hz, 3H); 13
C NMR (100 MHz, CDCl3) δ 166.8, 161.1, 159.3, 

158.4, 156.3, 152.3, 152.2, 152.1, 151.3, 132.5, 132.4, 130.5, 126.2, 124.2, 

124.0, 123.9, 119.8, 117.7, 117.6, 117.3, 117.2, 114.9, 110.3, 108.3, 63.7, 

55.4, 51.9, 13.9; HRMS (ESI-TOF) m/z calculated for C31H24O7S2 

[M+Na]+:595.0856,  found 595.0852. 

 

(E)-Ethyl-4-(3,4-dimethoxyphenyl)-2,3-bis[(2-oxo-2H-chromen-4-yl) 

thio]but-3-enoate (3k): 66% yield; m.p. 162-164 

°C; IR (KBr) ν 1720, 1704, 1603, 1594, 1550, 

1514, 1447, 1340, 1300, 1263, 1182  cm-1; 1
H 

NMR (400 MHz, CDCl3) δ 7.80-7.82 (m, 1H), 

7.72-7.74 (m, 1H), 7.49-7.59 (m, 3H), 7.26-7.34 

(m, 3H), 7.19-7.23 (m, 2H), 7.07 (s, 1H), 6.95-

6.97 (m, 1H), 6.50 (s, 1H), 5.75 (s, 1H), 5.72 (s, 

1H), 4.20-4.33 (m, 2H), 3.95 (s, 6H), 1.32 (t, J = 7.28 Hz, 3H); 13
C NMR 

(100 MHz, CDCl3) δ 166.7, 159.3, 158.4, 156.3, 152.3, 152.2, 151.9, 

151.5, 150.8, 149.5, 132.5, 132.4, 126.4, 124.2, 124.1, 124.0, 123.9, 122.1, 

120.3, 117.7, 117.6, 117.3, 117.2, 111.6, 111.5, 110.8, 108.4, 63.8, 56.0, 

52.1, 13.9; HRMS (ESI-TOF) m/z calculated for C32H26O8S2 [M+Na]+:  

625.0961, found 625.0985. 
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(E)-Ethyl-4-(4-(benzyloxy)-3-methoxyphenyl)-2,3-bis[(2-oxo-2H-

chromen-4-yl)thio]but-3-enoate (3l): 67% yield; 

m.p. 177-179 °C; IR (KBr) ν 1718, 1603, 1594, 

1552, 1510, 1448, 1415, 1339, 1318, 1263, 1183  

cm-1; 1
H NMR (400 MHz, CDCl3) δ 7.80-7.82 

(m, 1H), 7.72-7.74 (m, 1H), 7.46-7.59 (m, 5H), 

7.27-7.41 (m, 6H), 7.21-7.26 (m, 1H), 7.12-7.14 

(m, 1H), 7.08 (s, 1H), 6.96-6.99 (m, 1H), 6.50 (s, 

1H), 5.74 (s, 1H), 5.73 (s, 1H), 5.23 (s, 2H), 4.19-4.33 (m, 2H), 3.96 (s, 

3H), 1.32 (t, J = 7.00 Hz, 3H); 13
C NMR (100 MHz, CDCl3) δ 166.7, 

159.2, 158.4, 156.3, 152.3, 152.2, 151.9, 151.4, 150.1, 149.9, 136.4, 132.5, 

132.4, 128.6, 128.0, 127.3, 126.8, 124.2, 124.2, 124.0, 123.9, 121.9, 120.4, 

117.7, 117.6, 117.3, 117.2, 113.9, 112.1, 110.7, 108.4, 70.9, 63.8, 56.1, 

52.1, 13.9; HRMS (ESI-TOF) m/z calculated for C38H30O8S2 [M+Na]+: 

701.1274,  found 701.1264. 

 

(E)-Ethyl-4-(furan-2-yl)-2,3-bis[(2-oxo-2H-chromen-4-yl)thio]but-3-

enoate (3m): 68% yield; m.p. 166-167 °C; IR 

(KBr) ν 1718, 1603, 1595, 1551, 1483, 1459, 1447, 

1341, 1318, 1264, 1183 cm-1; 1
H NMR (400 MHz, 

CDCl3) δ 7.78-7.80 (m, 1H), 7.72-7.74 (m, 1H), 

7.51-7.63 (m, 3H), 7.22-7.37 (m, 4H), 7.04 (s, 1H), 

6.70-6.71 (m, 1H), 6.57 (s, 1H), 6.46 (s, 1H), 6.34 

(s, 1H), 6.28 (s, 1H), 4.17-4.33 (m, 2H), 1.27 (t, J = 7.00 Hz, 3H); 13
C 

NMR (100 MHz, CDCl3) δ 167.1, 159.3, 158.9, 156.0, 153.2, 152.6, 

152.3, 152.2, 149.1, 145.7, 135.4, 132.5, 132.4, 124.3, 124.2, 124.1, 123.9, 

117.9, 117.8, 117.6, 117.2, 117.0, 112.6, 110.1, 109.0, 63.4, 52.4, 13.9; 

HRMS (ESI-TOF) m/z calculated for C28H20O7S2 [M+Na]+: 555.0543, 

found 555.0547. 
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Table 5.3 Crystal data for compound 3j. 

Compound Compound 3j 

Empirical formula  C62H48S4O14 

Molecular weight 1144.23 

Temperature 293(2) K 

Wavelength (Å) 1.54184A 

Crystal system, space group monoclinic, P 21/c 

a (Å) a = 14.6840(4)   

b (Å) b = 23.9808(10)     

c (Å) c = 15.5079(6) 

α (o) alpha = 90 

ȕ (o) beta = 90.972(3) 

Ȗ (o) gamma = 90 

Volume (Å3) 5460.1(3) 

Z, Calculated density (mg/m3)  4,1.392 

Absorption coefficient (mm-1) 2.179 

F(000) 2380 

Crystal size (mm) 0.360 x 0.320 x 0.280 

θ range (deg) 3.010 to 71.521 

Limiting indices  -18<=h<=12,-27<=k<=29,-

19<=l<=18 

Reflections collected / unique 38905 / 10505 [R(int) = 0.0731] 

Completeness to θ = 67.684    100.0 % 

Max. and min. transmission 1.00000 and 0.56377 

Data / restraints / parameters 10505 / 9 / 726 

Goodness-of-fit on F^2 1.22 

Final R indices [I>2sigma(I)] R1 = 0.1189, wR2 = 0.3613 

R indices (all data) R1 = 0.1544, wR2 = 0.3980 

Extinction coefficient             0.0006(2) 

Largest diff. peak and hole (e.A-3) 0.789 and -0.530 
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5.7 Copies of 
1
H and 

13
C NMR 

spectra of final compounds 

 

 

Figure 5.3 400 MHz 
1H NMR spectrum of 

3a in CDCl3 

 

 

 

Figure 5.4 100 MHz 
13C NMR spectrum of 3a in CDCl3 
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Figure 5.5 400 MHz 
1H NMR spectrum of 

3b in CDCl3 

 

 

 

Figure 5.6 100 MHz 
13C NMR spectrum of 3b in CDCl3 
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Figure 5.7 400 MHz 
1H NMR spectrum of 

3c in CDCl3 

 

 

 

 

Figure 5.8 100 MHz 
13C NMR spectrum of 3c in CDCl3 
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Figure 5.9 400 MHz 
1H NMR spectrum of 

3d in CDCl3 

 

 

 

 

Figure 5.10 100 MHz 
13C NMR spectrum of 3d in CDCl3 
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Figure 5.11 400 MHz 
1H NMR spectrum of 

3e in CDCl3 

 

 

 

Figure 5.12 100 MHz 
13C NMR spectrum of 3e in CDCl3 
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Figure 5.13 400 MHz 
1H NMR spectrum of 

3f in CDCl3 

 

 

 

Figure 5.14 100 MHz 
13C NMR spectrum of 3f in DMSO-d6 
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Figure 5.15 400 MHz 
1H NMR spectrum of 

3g in CDCl3 

 

 

 

Figure 5.16 100 MHz 
13C NMR spectrum of 3g in CDCl3 
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Figure 5.17 400 MHz 
1H NMR spectrum of 

3h in CDCl3 

 

 

 

Figure 5.18 100 MHz 
13C NMR spectrum of 3h in CDCl3 
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Figure 5.19 400 MHz 
1H NMR spectrum of 

3i in CDCl3 

 

 

 

Figure 5.20 100 MHz 
13C NMR spectrum of 3i in CDCl3 
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Figure 5.21 400 MHz 
1H NMR spectrum of 

3j in CDCl3 

 

 

Figure 5.22 100 MHz 
13C NMR spectrum of 3j in CDCl3 
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Figure 5.23 400 MHz 
1H NMR spectrum of 

3k in CDCl3 

 

Figure 5.24 100 MHz 
13C NMR spectrum of 3k in CDCl3 

 

Figure 5.25 100 MHz 
13C NMR spectrum of 3k in CDCl3 
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Figure 5.26 400 MHz 
1H NMR spectrum of 

3l in CDCl3 

 

 

 

Figure 5.27 100 MHz 
13C NMR spectrum of 3l in CDCl3 
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Figure 5.28 400 MHz 
1H NMR spectrum of 

3m in CDCl3 

 

 

 

 

Figure 5.29 100 MHz 
13C NMR spectrum of 3m in CDCl3 
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Chapter 6 

Conclusion and Future Outlook 

The developments of atom-economical, cost-effective, efficient, metal-

free based and green synthetic protocols for the preparations of highly 

functionalized thiopyrano annulated indoles, furo/pyranocoumarins and 

related heterocyclic frameworks such as α-(4-thiocoumarinyl)-β-

nitrostyrene derivatives and (E)-dithiocoumarinyl styrene derivatives by 

involving simple raw materials are included in this thesis. The current 

methodologies provide good to excellent yields of the corresponding 

thiopyranoindoles and furo/pyranocoumarin derivatives with high to 

excellent stereoselectivities and tolerate a wide range of synthetically 

valuable functional groups under optimal reaction conditions. Moreover, 

enantiomeric excess of biologically attractive compounds such as 

tetrahydrothiopyrano[2,3-b]indoles have been successfully achieved by 

using quinidine type of catalyst. Furthermore, a variety of commercially 

available acids/bases such as DABCO, DBU, L-proline etc. have been 

proven as efficient catalysts for above one-pot reactions. 

It should be noted that all the aforementioned procedures avoid the 

use of costly metals or their salts, minimize the use of organic solvents, 

prevent a tedious workup, offer the possible advantage of significant lower 

costs and mitigate the environmental burden of their manufacturing 

process. Therefore, we believe that all the described methods in this thesis 

will offer great importance in synthetic organic as well as medicinal 

chemistry as powerful tactics for the efficient access to the aforesaid 

heterocyclic compounds in an environmentally friendly manner.  


