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An assembly of tetra and pentacyclic hybrid scaffolds has 

been established using a solid state melt reaction (SSMR) 

for the first time. These hybrid heterocyclic entities were 

accomplished in a stereoselective fashion in 86-98% yield 

under catalyst-, solvent-, work up- and column 

chromatography free conditions. 

Introduction 

Heterocyclic frameworks are ubiquitous in nature and found to be an 

integral part of vast number of biologically active components.1 In 

general, multistep involved to construct complex heterocycles; 

however the number of steps can be intensely reduced while using 

domino / cascade reactions.2 The domino reaction in organic 

synthesis which enhances the selectivity and efficiency, particularly 

for fused heterocyclic architectures. Similarly, the domino 

Knoevenagel-hetero-Diels-Alder reaction2-3 substantially increase the 

molecular complexity and high levels of convergence in synthesis. 

Indeed, these reactions minimizes the laboratory equipment, 

chemical and solvent usage for the synthesis of various heterocyclic 

motifs,4 in which coumarin, pyrazole and pyrimidinedione 

containing hybrid pyranochromenone frameworks are important due 

to their key units in many natural products pertaining to their 

interesting medicinal properties. 

Recently, significant numbers of reports are appearing in the 

literature towards the coumarin, pyrazole and pyrimidine fused 

heterocyclic derivatives5 due to their aforementioned properties. 

Accordingly, the pyrazole centered ring system, in particular the 

pyranopyrazole units have shown molluscicidal, antimicrobial, anti-

inflammatory activities, besides active ingredients in prominent 

drugs viz., Viagra®, Celebrex® etc.6a-f Coumarin scaffolds display a 

broad range of applications like optical brightening agents, 

pharmaceuticals, food additives, cosmetics, agrochemicals and 

tunable dye lasers.6g-h In addition, they also possess a broad spectrum 

of biological activities such as anthelmintic, anticoagulants, hypnotic 

and insecticidal properties.7 Whereas, the pyrimidine moieties 

exhibiting antiviral and anti-HIV activities.8 Some of the 

representative examples for coumarin, pyrazole, pyrimidinedione, 

and coumarinopyran motif9a-d containing natural products and 

potential bioactive molecules are shown in Figure 1. The wide ranges 

of biological applications have intrigued considerable attention of 

synthetic chemists to find newer and more economic protocol to 

attain them in a strategically attractive manner. 
 

 
 

Figure 1. Natural products and bioactive molecules embodying 

the coumarin, pyrazole, pyrimidinedione and chromenopyran 

units 

 In continuation of our studies,2c, 2h, 9e-f, 10 we explored the solid 

state melt reaction (SSMR) for the synthesis of novel 

heterocyclic frameworks particularly chromeno / quinolino 

pyranpyrimidinedione, pyrazoles and coumarins. Furthermore, 

this novel SSMR was utilized for the construction of benzo- 

heterocyclic frameworks and other useful motifs.10 The 

successful outcome of this protocol intrigued us to synthesis 

various compounds through the domino transformations via 

multiple bond-forming processes. Thus, we have undertaken a 

research program for the construction of various hybrid 

compounds using domino Knoevenagel hetero Diels-Alder 

reaction via SSMR strategy. 

 Consequently, we envisaged that the privileged tetra / 

pentacyclic hybrid pyrazole, pyrimidine and coumarin 

annulated coumarinopyran frameworks can be effectively 

constructed using solid state melt reaction (SSMR) through 

domino Knoevenagel hetero Diels-Alder reaction according to 

the retrosynthetic analysis shown in Scheme 1. 

. To execute our idea, initially we treated cinnamoyl chloride 

with salicylaldehyde in presence of potassium carbonate in 

acetonitrile as a solvent at room temperature for about 1 h 

which led to the requisite precursor i.e. 2-formylphenyl 

cinnamate (2a) in 74% yield. After obtaining the 2-

formylphenyl cinnamate (2a), initially we tried the reaction 

with N,N-dimethyl barbituric acid under various reaction 

conditions, however the best result was obtained when the 

substrate 2a was melted with N, N-dimethyl barbituric acid (3a) 

at 180 °C under solvent- and catalyst- free condition over a 
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period of 1 h which successfully provided the complex 

angularly fused tetracyclic coumarinopyranpyrimidinedione 

(5a) in excellent yield (98%). Interestingly, this novel reaction 

creates coumarin ring and coumarinopyran ring in a highly 

diastereoselective fashion with the conservation of high atom 

economy. 

 

Scheme 1. Retrosynthetic strategy for the synthesis of tetra and 

pentacyclic frameworks 

 

 

Table 1. Synthesis of tetracyclic coumarinopyranpyrimidine 

diones / dimethylcyclohexanones (5a-h)a,b using 2-formylaryl 

cinnamate / crotonate derivatives (2a-g) 

 

 
 

 

aAll reactions were carried out on 1 mmol scale of 2-formylaryl 

cinnamates (2a-g) with 1 mmol of N,N-dimethyl barbituric acid / 5, 5-
dimethylcyclohexane-1,3-dione (3a / 3b) under melt condition at 180 ºC 

for 1 h. bIsolated yields of 5a-h. cStructures of the molecule were further 

confirmed by single-crystal X-ray data.11 

 

Encouraged by this result, we have utilized cinnamoyl / 

crotonyl chlorides with various salicyaldehyde derivatives 

under basic condition for the preparation of various 2-

formylaryl cinnamate and crotonate derivatives (2b-g). Further 

reaction of the substrates 2b-g with N,N-dimethyl barbituric 

acid (3a) / 5, 5-dimethylcyclohexane-1,3-dione (3b) under 

similar condition smoothly led to the tetracyclic 

coumarinopyran annulated pyrimidinedione / cyclohexenone 

frameworks (5b-h) in excellent yields (90-96%), and the results 

are summarized in Table 1. It is important here that reaction is 

not only diastereoselective but also chemoselective in nature 

which was confirmed by NMR and single crystal X-ray studies. 

 

Table 2. Synthesis of tetra / pentacyclic coumarinopyran 

pyrazoles (8a-c) / coumarinopyrancoumarins (10a-b)a,b using 2-

formylarylcinnamate / crotonate derivatives (2a, d-e) 

 

 
 

 
 
aAll reactions were carried out on 1 mmol scale of 2-formylaryl 
cinnamate / crotonate derivatives (2a, d-e) with 1 mmol of 1,3-

diphenyl-1H-pyrazol-5(4H)-one (6a) / 3-methyl-1-phenyl-1H-pyrazol-

5(4H)-one (6b), 4-hydroxy-2H-chromen-2-one (6c) under melt 
condition at 180 ºC for 1 h. bIsolated yields of 8a-c and 10a-b. 

 

To check the generality of the reaction, we have treated various 

2-formylaryl cinnamate derivatives (2a, d-e) with diverse active 

methylenes such as 1,3-diphenyl-1H-pyrazol-5(4H)-one (6a) / 

3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (6b) and 4-hydroxy-

2H-chromen-2-one (6c) under aforementioned synthetic 

procedure which successfully provided the anticipated tetra and 

pentacyclic hybrid coumarinopyranpyrazole/coumarin scaffolds 

(8 / 10) in 92-97% yields as shown in Table 2. In order to 

broaden the scope of this protocol, we have decided to construct 

various polycyclic frameworks using similar method with nitro 

functionality. Accordingly, on treatment of salicylaldehyde with 

several Baylis-Hillman bromides containing nitro functionality 
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under basic condition led to the requisite precursors 11 and 14. 

Furthermore, we have melted the 4-hydroxy-2H-chromen-2-one 

(6b) with various Baylis-Hillman derivatives (11a-e), (14a-b) 

derived from nitro olefins which efficiently led to the 

pentacyclic hybrid coumarinopyrancoumarins (13a-e / 16a-b) 

possessing nitro functionality at the angular position in very 

good yields (86-92%) and the results are presented in Table 3. 

 

Table 3. Synthesis of pentacyclic coumarinopyrancoumarins 

(13a-e / 16a-b)a,b possessing nitro functionality at angular 

position using O-alkylated derivatives (11a-e & 14a-b) 

 

 

 

 

aAll reactions were carried out on 1 mmol scale of O-allylated 

compounds (11a-e & 14a-b) with 1 mmol of 4-hydroxy-2H-chromen-2-

one (6b) under melt condition at 180 ºC for 1 h. bIsolated yields of the 
products 13a-e & 16a-b. 

 

Scheme 2. A plausible mechanistic pathway for the synthesis of 

5a-h 

 

The plausible mechanistic pathway for the formation of 5a-h is 

shown in Scheme 2 in which the active methylenes such as N, N-

dimethyl barbituric acid (3a) / 5, 5-dimethylcyclohexane-1,3-dione 

(3b) undergo a Knoevenagel condensation with aldehydes (2a-g) to 

afford the heterodienes 4′a-h which in turn may lead to the 

compounds (4a-h) with another orientation.  The geometrical nature 

and attack of dienophiles are the controlling factors for the 

stereochemistry of the tetracyclic frameworks formed in the reaction. 

The exo transition state leads an adduct with trans fusion in the ring 

junction. Whereas the endo transition state leads to adducts 5a-h 

with cis fusion in the ring junction. The cis fusion of the ring 

junction was further confirmed by coupling constants of Hb and Hc 

protons (J = 3.9-5.1 Hz). Furthermore the stereochemistry of the 

compounds (5a, 5c & 5g) was established by single crystal X-ray 

analysis.11 

Conclusions 

We have successfully developed a simple and novel protocol 

for the facile synthesis of complex angularly substituted tetra 

and pentacyclic hybrid molecular frameworks containing a 

coumarinopyranpyrazole / pyrimidinedione and coumarin ring 

systems using cinnamate, crotonate and O-allyl derivatives via a 

solid-state melt reaction (SSMR) through a domino process. 

Noteworthy features include the following: (a) Avoidance of 

catalysts and solvents even for solid reactants; (b) the products 

are obtained in a high diastereo- and chemoselective fashion; 

(c) column chromatography purification is not required to 

obtain the pure products; and (d) products are obtained with 

excellent yields. Therefore, this method will be highly useful to 

organic chemists both in academia as well as industrial sector. 
Furthermore, the highly remarkable SSMR strategy is valuable 

additional tool box for the production of various complex 

hybrid polyheterocyclic scaffolds. 

 

Acknowledgment: We thank DST-SERB, New Delhi for the financial 

support. We also thank DST-FIST for the NMR facility. D.K thanks 

Council of Scientific and Industrial Research for the award of Senior 

Research Fellowship. 

 

Notes and references 
aDepartment of Chemistry, Pondicherry University, Pondicherry – 605 014, 

India. 
bDepartment of Organic Chemistry, University of Madras, Guindy Campus, 

Chennai-600025, Tamil Nadu, India. 

*Corresponding author. Tel.: (+91)413-2654830; Fax: (+91) 44 

22352494. E-mail: bhakthadoss@yahoo.com 

Electronic Supplementary Information (ESI) available: Representative 

experimental procedures with all spectral data of 5a-h, 8a-b, 10a-b, 13a-f 

and 16a-b. See DOI: 10.1039/c000000x/ 

1.  (a) B. E-Sis, M. Zirak, A. Akbari, Chem. Rev., 2013, 113, 2958. (b) 

P. Majumdar, A. Pati, M. Patra, R. K. Behera, A. K. Behera, 

Chem. Rev., 2014, 114, 2942. (c) L. G. Voskressensky, A. A. 

Festa, A. V. Varlamov, Tetrahedron, 2014, 70, 551. (d). A. H. 

Shinde, S. Malipatel, B. Satpathi, D. S. Sharada, Tetrahedron lett., 

2014, 55, 5915. (e) G. Masson, C. Lalli, M. Benohoud, G. 

Dagousset,. Chem. Soc. Rev., 2013, 42, 902. (f) B. H. Rotstein, S. 

Zaretsky, V. Rai, A. K. Yudin, Chem. Rev., 2014, 114, 8323. (g) S. 

Vidyacharan, A. H. Shinde, B. Satpathi, D. S. Sharada, Green 

Page 3 of 4 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

 

Chem., 2014, 16, 1168. (h) U. K. Sharma, N. Sharma, D. D. 

Vachhani, E. V. V. Eycken, Chem. Soc. Rev., 2015, 44, 1836. 

2. (a) L. F. Tietze, Chem Rev., 1996, 96, 115. (b) C. M. R. Volla, I. 

Atodiresei, M. Rueping, Chem. Rev., 2014, 114, 2390. (c) M. 

Bakthadoss, G. Sivakumar,  D. Kannan, Org. Lett., 2009, 11, 4466. 

(d) K. C. Majumdar, A. Taher, R. K. Nandi, Tetrahedron, 2012, 

68, 5693. (e) A. H. Shinde, N. Archith, S. Malipatel, D. S. 

Sharada, Tetrahedron lett., 2014, 55, 6821. (f) Clavier, H.; 

Pellissier, H. Adv. Synth. Catal. 2012, 354, 3347. (g) S. 

Vidyacharan, A. Sagar, C. Chaitra, D. S. Sharada, RSC Adv. 2014, 

4, 34232. (h) M. Bakthadoss, A. Devaraj,  D. Kannan, Eur. J. Org. 

Chem. 2014, 1505. (i) V. Srinivas, M. Koketsu, J. Org. Chem. 

2013, 78, 11612. (j) C. Joie, K. Deckers, G. Raabe, D. Enders, 

Synthesis 2014, 46, 1539.  

3. (a) L. F. Tietze, H. Evers, E. Töpken, Angew. Chem. 2001, 113, 

927; Angew. Chem. Int. Ed. 2001, 40, 903. (b) D. Bello, J. R. 

Rodríguez, F. Albericio, R. Ramón, R. Lavilla, Eur. J. Org. Chem. 

2010, 5373. (c) G. Chouhan, H. Alper, Org. Lett. 2010, 12, 192. 

(d) L. F. Tietze, N. Rackelmann, The Domino-Knoevenagel–

hetero–Diels–Alder Reaction and Related Transformations in 

Multicomponent Reaction, Wiley-VCH Verlag GmbH & Co. 

KGaA, Weinheim, Germany, 2005, 121. (e) L. F. Tietze, T. 

Brumby, M. Pretor, G. Remberg, J. Org. Chem. 1988, 53, 820. (f) 

L. F. Tietze, J. Heterocycl. Chem. 1990, 27, 47. 

4. (a) H. H. Jardosh, M. P. Patel, Med Chem Res., 2013, 22, 905. (b) 

D. Enders, A. Grossmann, B. Gieraths, M. Düzdemir, C. Merkens, 

Org. Lett., 2012, 14, 4254. (c) S. Ahamad, A. K. Gupta, R. Kant, 

K. Mohanan, Org. Biomol. Chem., 2015, 13, 1492. (d) R. Pratap, 

V. J. Ram, Chem. Rev. 2014, 114, 10476. (e) N. H. Ouf, Y. A. 

Selim, M. I. Sakran,  A. S. Badr, El-din, Med Chem Res., 2014, 23, 

1180. 

5. (a) H. Song, Y. Liu, L. Xiong, Y. Li, N. Yang, Q. Wang, J. Agric. 

Food Chem., 2013, 61, 8730. (b) S. Viveka, Dinesha, L. N. 

Madhu, G. K. Nagaraja, Monatsh Chem, DOI 10.1007/s00706-

015-1428-5. (c) D. Prajapati, M. Gohain, Beilstein J. Org. Chem, 

2006, 2, doi:10.1186/1860-5397-2-11. (d) B. C. Hong, N. S. 

Dange, C. F. Ding, J. H. Liao, Org. Lett., 2012, 14, 448. (e) N. R. 

Candeias, L. C. Branco, P. M. Gois, C. A. M. Afonso, A. F. 

Trindade, Chem. Rev. 2009, 109, 2703. 

6. (a) C. Despotopoulou, L. Klier, P. Knochel, Org. Lett., 2009, 11, 

3326. (b) T. Eicher, S. Hauptmann, A. Speicher, The Chemistry of 

Heterocycles, Wiley, New York, 2nd edn, 2004, 179. (c) N. K. 

Terrett, A. S. Bell, D. Brown, P. Ellis, Bioorg. Med. Chem. Lett., 

1996, 6, 1819. (d) E. S. El-Tamany, F. A. El-Shahed, B. H. 

Mohamed, J. Serb. Chem. Soc., 1999, 64, 9. (e) Z. H. Ismail, G. M. 

Aly, M. S. El-Degwi, Egypt. J. Biotechnol., 2003, 13, 73. (f) M. E. 

A. Zaki, H. A. Soliman, A. E. Z. Rashad, Z. Naturforsch., C, 2006, 

61, 1. (g) M. Maheswara, V. Siddaiah, G. L. V. Damu, Y. K. Rao, 

C. V. Rao, J. Mol. Cat. A: Chem. 2006, 255 49. (h) I. Esnal, G. 

Duran-Sampedro, A. R. Agarrabeitia, J. Bañuelos, I. García-

Moreno, M. A. Macías, E. Peña-Cabrera, I. López-Arbeloa, S. de 

la Moya, M. J. Ortiz, Phys. Chem. Chem. Phys., 2015, DOI: 

10.1039/C5CP00193E 

7. (a) Y-J. Jang, S-en. Syu, Y-J. Chen, M-C. Yang, W. Lin, Org. 

Biomol. Chem., 2012, 10, 843. (b) H. Hussain, J. Hussain, A. Al-

Harrasi, K. Krohn, Tetrahedron, 2012, 68, 2553. (c) H. Wang, X. 

Liu, X. Feng, Z. Huang, D. Shi, Green Chem., 2013, 15, 3307. (d) 

R. O’Kennedy, R. D. Thornes, Coumarins: Biology, Applications 

and Mode of Action (Whiley, Chichester), 1997. 

8. (a) H. Mitsuya, K. J. Weinhold, P. A. Furman, M. H. St Clair, S. N. 

Lehrman, R. C. Gallo, D. Bolognesi, D. W. Barry, S. Broder, Proc. 

Natl. Acad. Sci. U.S.A. 1985, 82, 7096. (b) H. Griengl, M. 

Bodenteich, W. Hayden, E. Wanek, W. Streicher, P. Stutz, H. 

Bachmayer, I. Ghazzouli, B. Rosenwirth, J. Med. Chem. 1985, 28, 

1679. (c) T. Miyasaka, H. Tanaka, M. Baba, H. Hayakawa, R. T. 

Walker, J. Balzarini, E. DeClercq, J. Med. Chem. 1989, 32, 2507. 

(d) M. Baba, H. Tanaka, E. DeClercq, R. Pauwels, J. Balzarini, D. 

Schols, H. Nakashima, C. F. Perno, R. T. Walker, T. Miyasaka, 

Biochem. Biophys. Res. Commun. 1989, 165, 1375. 

9. (a) P. Ralifo, K. Tenney, F. A. Valeriote and P. Crews, J. Nat. 

Prod., 2007, 70, 33. (b) S. Chawanthayatham, A. Thiantanawat, P. 

A. Egner, J. D. Groopman, G. N. Wogan, R. G. Croy, J. M. 

Essigmann, Int. J. Cancer: 2015, 136, 1254. (c) M. Radi, V. 

Bernardo, B. Bechi, D. Castagnolo, M. Pagano, M. Botta, 

Tetrahedron Lett., 2009, 50, 6572. (d) S. P. Cakir, S. Stokes, A. 

Sygula, K. T. Mead, J. Org. Chem. 2009, 74, 7529. (e) M. 

Bakthadoss, D. Kannan, G. Sivakumar, Synthesis, 2012, 44, 793. 

(f) M. Bakthadoss, G. Sivakumar, D. S. Sharada, Synthesis 2013; 

45,:237. 

10. (a) M. Bakthadoss, D. Kannan, RSC Adv., 2014, 4, 11723. (b) M. 

Bakthadoss, R. Selvakumar, J. Srinivasan, Tetrahedron Lett., 

2014, 55, 5808. (c) M. Bakthadoss, D. Kannan, R. Selvakumar, 

Chem Commun., 2013, 49, 10947. 

11. (a) G. Jagadeesan, D. Kannan, M. Bakthadoss, S. Aravindhan, J. 

Chosun Natural Sci., 2013, 6, 197. (b) G. Jagadeesan, D. Kannan, 

M. Bakthadoss, S. Aravindhan, Acta Cryst., 2013. E69, o272. (c) 

G. Jagadeesan, D. Kannan, M. Bakthadoss, S. Aravindhan, Acta 

Cryst., 2013. E69, o80.  

Page 4 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


