
HAL Id: hal-01737386
https://univ-rennes.hal.science/hal-01737386

Submitted on 2 May 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Synthesis and biological evaluation of longanlactone
analogues as neurotrophic agents

Chada Raji Reddy, Amol Gorgile Tukaram, Siddique Z. Mohammed, Uredi
Dilipkumar, Bathini Nagendra Babu, Sumana Chakravarty, Dwaipayan

Bhattacharya, Pranav C. Joshi, René Grée

To cite this version:
Chada Raji Reddy, Amol Gorgile Tukaram, Siddique Z. Mohammed, Uredi Dilipkumar, Bathini
Nagendra Babu, et al.. Synthesis and biological evaluation of longanlactone analogues as
neurotrophic agents. Bioorganic and Medicinal Chemistry Letters, 2018, 28 (4), pp.673-676.
�10.1016/j.bmcl.2018.01.020�. �hal-01737386�

https://univ-rennes.hal.science/hal-01737386
https://hal.archives-ouvertes.fr


2 

Graphical Abstract 
To create your abstract, type over the instructions in the template box below. 
Fonts or abstract dimensions should not be changed or altered. 

Synthesis and biological evaluation of longanlactone 

analogues as neurotrophic agents 

Chada Raji Reddy,* Amol Gorgile Tukaram, Siddique Z. Mohammed, Uredi Dilipkumar,  Bathini Nagendra 

Babu, Sumana Chakravarty,* Dwaipayan Bhattacharya, Pranav C. Joshi and René Grée

O

N

O

R

O

, Longanlactone (1)

4 R1

or
N N

N R2

C4 =

, 4-epi-Longanlactone (1a)C4 =

Evaluation of neurotrophic activity of longanlactone along with its analogues has been achieved for the first time. A total of 12-

analogues have been prepared including C4-epimers.

Leave this area blank for abstract info. 



3 

Synthesis and biological evaluation of longanlactone analogues as 
neurotrophic agents  

Chada Raji Reddy,
*,a 

Amol Gorgile Tukaram,
b
 Siddique Z. Mohammed,

a
 Uredi Dilipkumar,

a
  Bathini

Nagendra Babu,b Sumana Chakravarty,*, c Dwaipayan Bhattacharya,c Pranav C. Joshic and René Gréed 

 a
Division of Natural Products Chemistry, CSIR-Indian Institute of Chemical Technology, Hyderabad, 500007, India 

b
National Institute of Pharmaceutical Education and Research, Hyderabad, 500037 India 

c
Centre for Chemical Biology, CSIR-Indian Institute of Chemical Technology, Hyderabad, 500007, India, 

d
Institut des Sciences Chimiques de Rennes, CNRS UMR 6226, Avenue du Général Leclerc, 35042 Rennes Cedex, France 

Natural products and their analogues play an important role as 

therapeutic agents in the treatment of many diseases. In this 

direction, the synthesis of various analogues of a natural product 

and evaluation of their effectiveness became the key topic of 
research among the medicinal chemistry research groups. 

Modern synthetic methodologies have emerged as key steps to 

strengthen the structure activity relationship (SAR) studies in 

natural product derivatives to improve their efficacy and 

therapeutic index.
1
 Longanlactone (natural pyrrole lactone, 1, 

Figure 1) was isolated by Zhen and co-workers from the longan 

(Dimocarpus longan) seeds,
2
 which was used as a traditional 

medicine in China.
3
 From the literature, it was found that the 

natural sources producing pyrrole alkaloids such as funebral (2), 

funebrine (3), were used as local folk medicines to control 

psychopathic fears.
4
 In addition, longan fruit has several health 

benefits. Recently, the central nervous system (CNS) depressant, 
analgesic and antidiarrheal effects of the seed extracts of 

Dimocarpus longan have been studied.
5
 Aqueous extract of 

longan has been reported to reduce the neural pain and swelling 

as well as to improve memory and learning,
6
 principally by 

upregulating Brain-derived neurotrophic factor (BDNF) and its 

downstream markers leading to heightened cyclic AMP response 

element binding (pCREB) expression along with greater number 

of cells immunoreactive for 5'-bromo-2'-deoxyuridine (BrdU) 

and Doublecortin (DCX).
7
 Amelioration of memory impairment 

in chemically induced cognitively impaired mice models is well 

reported using HX106N (a water soluble plant extract), one of  
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Figure 1. Structures of pyrrole-lactone based natural alkaloids 

whose many components is the extract from Longan.8 However, 

the biological activity of natural product 1 has not been 

evaluated. In 2014, we reported the first asymmetric total 

synthesis of longanlactone (1), a pyrrole alkaloid, in six steps 

with 31% yield.9  

Figure 2. Structure of designed analogues 

The natural product 1 was investigated for its neurotrophic 

potential on Neuro-2a cells at 0.1 µM concentration and a 
concurrent MTT cells cytotoxic assay was carried out to 

ABSTRACT 

Longanlactone analogues were synthesized using a route featuring Friedel-Crafts acylation, Sonogashira coupling and 1,3-dipolar 
cycloaddition reactions. Structure−activity relationships were investigated for neurotrophic activity. Compound 6 was found to have the 
most potent neurotrophic activity among all the synthesized analogues in Neuro2a cells as evidenced by a battery of in vitro/cell based 
assays for assessment of neurogenic and potential neurotrophic activity including neurite outgrowth assay and real time PCR for popular 
markers of augmented neurotrophic activity. Compound 6 might serve as a template for further development of highly effective 
neurotrophic molecules. 
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substantiate the compound concentrations are non-cytotoxic. In 

neurite growth assay, 1 showed a considerable increase in neurite 
length at 0.1µM concentration as compared to control (i.e. 

37.01% increase in the neurite length when compared to the 

control) [Table 1, Figure 3B)]. This preliminary outcome 

encouraged us to synthesize the derivatives of natural product 1 

with an array of substitutions, which may lead us towards an 

enhancement in neurotrophic activity.  

Based on the structure of longanlactone (1), analogues were 

designed with three-point diversity (Figure 2), such as i) C2- 

acylation of pyrrole, to generate the variations at ‘R’ group ii) 

aryl substitution on terminal alkyne (R1) and iii) triazole 

formation with alkyne functionality using azides (R2). Further, to 

verify the role of stereochemistry at the C4 centre on biological 
activity, synthesis of 4-epi-longanlactone (1a) analogues were 

also planned.     

To synthesize the C-2 acylated derivatives, previously 

reported
9
 pyrrole-lactone 4 was treated with different anhydrides 

such as acetic anhydride, propionic anhydride and trifluoroacetic 

anhydride in the presence of BF3·Et2O at 0 °C to afford the 
corresponding products longanlactone 1 and analogues 5, 6 in 

good yield. Similarly, 4-epi-longanlactone 1a and analogues 5a, 

6a were synthesized from compound 4a, without epimerization. 

Scheme 1. Synthesis of acyl derivatives  

Towards the arylation of the terminal alkyne, natural 

longanlactone 1 and its 4-epimer 1a were independently 
subjected to a Sonogashira coupling reaction

10
 with 4-iodo-

nitrobenzene in the presence of palladium-catalyst to give the 

desired products 7 and 7a in 74% and 72% yields, respectively 

(Scheme 2). 

Scheme 2. Synthesis of 4-nitrophenyl alkynyl analogues of 1 and 1a 

Later, triazole analogues 8, 9, 8a and 9a were obtained in 1,4-

regioselective manner from the reaction of 1 and 1a with benzyl 

azide and AZT-derived azide in the presence of CuI catalyst in 

toluene (Scheme 3).
11

  

Scheme 3: Synthesis of triazole derivatives of 1 and 1a 

The synthesized natural product derivatives (1a, 4-9 and 4a-9a) 

were evaluated for their in vitro cell cytotoxicity against mouse 

neuroblastoma cells (Neuro 2a) by using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay.12,13 The results of in vitro cytotoxicity revealed that the 

tested compounds were relatively less cytotoxic as compared to 

the untreated control (see the supplementary information). 

Table 1: Morphometric analysis of neurite outgrowth of differentiated 

Neuro2a cellsa
 

Treatment Average neurite length (µm) 

± SEM 
Percent change from 

control (%) 

Untreated 

control 77.29±2.38 - 

DMSO 82.43±3.79 6.65 

NGF 

(100ng/mL) 
151.73±5.47* 96.31 

Compound 

Treatment 
dose- 0.01 

µM 

Treatment 
dose- 0.1 µM 

Treatment 
dose- 0.01 

µM 

Treatment 
dose- 0.1 

µM 

1 83.5±3.59 105.90±3.66* 8.03 37.01 

1a 84.28±3.75 93.48±4.03 9.04 20.95 

4 82.36±4.52 85.72±4.91 6.56 10.90 

4a 86.68±3.13 88.55±4.78 12.15 14.56 

5 86.28±4.45 84.62±4.82 11.63 9.47 

5a 80.87±2.76 84.63±4.62 4.63 9.50 

6 103.37±5.56 109±4.41 33.74 41.02 

6a 83.29±3.58 94.47±3.57 7.76 22.22 

7 71.44±3.51 84.33±4.88 -7.58 9.11 

7a 78.39±3.32 87.55±5.01 1.43 13.27 

8 81.48±4.05 89.37±3.57 5.41 15.62 

8a 75.57±3.15 90.45±3.53 -2.23 17.02 

9 80.13±3.07 82.40±4.23 3.67 6.61 

9a 84.65±2.61 88.73±4.48 9.52 14.80 
aNeuro2a cells cultured for 24 h in DMSO (0.1%), Compounds (0.01µM & 

0.1 µM). The tabulated data and bar graphs were expressed as mean±SEM 

where n= 60 and *p<0.01 vs control. 
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This preliminary observation was promising to explore the 

neurotrophic potential in Neuro2a cells using standard in vitro 

protocol.12 Initially, neurite outgrowth assay was performed to 

investigate the neurotrophic potential of natural product 

derivatives (1a, 4-9, 4a-9a). In this study, the Neuro 2a Cells 

were serum starved for 6 hours and were exposed to the 

synthesized compounds (1a, 4-9, 4a-9a) along with Nerve 

growth factor (NGF) as a positive control at concentrations of 

0.1 µM and 0.01 µM for 48 hours.13 

Figure 3. (A & B): Average neurite outgrowth at 48 hours for control, NGF 

and test compounds at a concentration of 0.01 µM and 0.1 µM respectively. 

There was significant increase in neurite length in NGF and compound 6 
treated cells after 48 hours compared to control at 0.01µM concentration. 

Data were analyzed by student’s t-test [(Where * p<0.05 and #p<0.1; (n=60)]. 

(C): Represents the pictorial micrographs (bright field) of different treatment 
groups taken at 10X magnification using Motic AE31 microscope. (D): 

Showing mRNA fold change in BDNF and NT3 after 2 h of treatment for 

control, NGF and test compounds 6 at 0.01 µM and 1 at 0.1 µM 
concentrations. There was significant increase in BDNF fold change in 

compound 1 and 6 treated cells as compared to control whereas no significant 

fold change for NT3 was seen. Data were analyzed by student’s t-test. 

[(Where * p<0.05 (n=60)]. 

The results illustrated in Figure 3B revealed that compound 6 

having -CF3 substitution showed significant increase in neurite 
length at 0.1µM concentration as compared to control and other 

tested compounds (Figure 3B). Interestingly, compound 6 

displayed better neuritogenic potential in neurite outgrowth assay 

even at 0.01 µM concentration (i.e. 33.74% increase in the 

neurite length when compared to the control) whereas decreased 

activity was observed for natural product 1 at lower concentration 
(0.01 µM, Figure 3A). In addition, compound 1a, 4a, 5 and 9a 

also showed noticeably increased neurite length as compared to 

DMSO. Furthermore, the compounds exhibited promising results 

in neurite outgrowth assay were screened for BDNF gene 

expression,
14,15

 which suggested the mRNA fold change in BDNF 

after the exposure of compound 1 and 6 at 0.1 µM and 0.01 µM 
respectively (Figure 3C). These results clearly demonstrated that 

the involvement of BDNF mediation in this activity. However, 

no significant mRNA fold change was observed in NT3 (Figure 

3D).  

In summary, various analogues of a pyrrole-lactone natural 

product, longanlactone, have been synthesized. In addition, we 
have studied the neurotrophic effects of the natural product 1 as 

well as its analogues for the first time. Interestingly, compound 1 

and 6 showed considerable neurotrophic activity on neuro2a cells 

at 0.1 µM and 0.01 µM concentrations, respectively. Further 

analysis of these compounds on BDNF gene expression 

demonstrated the mRNA fold change in BDNF. Although more 
studies are required to discover the target at the molecular level 

of this molecule, its mode of action is supposedly via the 

upregulation of BDNF as shown by real time PCR. Thus, we 

might safely surmise that this compound holds potential as a 

framework for further development of highly neuroactive 

compounds that might contribute significantly to CNS therapy. 

Acknowledgments 

UD thanks CSIR, New Delhi for research fellowship. CRR 

and SC are grateful to CSIR, New Delhi for financial support as 

part of XII-five year plan project under title ORIGIN and 

SMILE. This research has been performed as part of the Indo-

French “Joint Laboratory for Natural Products and Synthesis 

toward Affordable Health”. We thank CNRS, CSIR and 

University of Rennes 1 for support of this research. 

References and notes 

1. For selected reviews of piperidine alkaloids, see; (a) Kuramochi, K.

Biosci. Biotechnol. Biochem. 2013, 77,  446-454.; (b) Robles, O.;

Romo, D. Nat. Prod. Rep. 2014, 31, 318-334; (c) Maier, M. E. Org.

Biomol. Chem. 2015, 13. 5302-5343.

2. Zheng, G.; Wei, X.; Xu, L.; Li, Z.; Liu, G.; Zhang, X. Molecules

2012, 17, 9421-9425.

3. (a) Zheng, S. Q.; Jiang, F.; Gao, H. Y.; Zheng, J. G. Phytother. Res.

2010, 24, 622–624; (b) Chung, Y. C.; Lin, C. C.; Chou, C. C.; Hsu, C.

P. Eur. J. Clin. Invest. 2010, 40, 713–721; (c) Rangkadilok, N.;

Sitthimonchai, S.; Worsuttayangkurn, L.; Mahidol, C.; Ruchirawat,

M.; Satayavivad, J. Food Chem. Toxicol. 2007, 45, 328–336; (d)

Huang, R. Q.; Zou, X. Y.; Liu, X. M. Nat. Prod. Res. Dev. 2006, 18,

991–992.

4. (a) Kuo, P. C.; Hwang, T. L.; Lin, Y. T.; Kuo, Y. C.; Leu, Y. C. Arch.

Pharmacal Res. 2011, 34, 715-722; (b) Zennie, T. M.; Cassady, J.

M.; Raffauf, R. F. J. Nat. Prod. 1986, 49, 695-698; (c)  Raffauf, R.

F.; Zennie, T. M.; Onan, K. D.; Le Quesne, P. W. J. Org. Chem.

1984, 49, 2714-2718; (d) Rosengarten, F. Bot. Mus. Leafl. Harv.

Univ. 1977, 25, 184; (e) Schulces, R. E. Bot. Mus. Leafl. Harv. Univ.

1957, 17, 247.



6 

5. (a) Ripa, F. A.; Ibn Morshed, M. T.; Al-Sharmin, A.; Papon, S. B.;

Islam, Md. R.; Sheikh, Z. Trop. J. Pharm. Res. 2014, 13, 235-242; (b)

Chen, J.; Chen, X.; Qin, J. Brain Injury 2011, 25, 292-299.

6. Yang, B.; Jiang, Y.; Shi, J.; Chen, F.; Ashraf, M. Food Res. Int. 2011,

44, 1837-1842.

7. Park, S. J.; Park, D. H.; Kim, D. H.; Lee, S.; Yoon, B. H.; Jung, W.

Y.; Lee, K. T.; Cheong, J. H.; Ryu, J. H. J. Ethanopharm. 2010, 128,

160-165. 

8. Lee, D. S.; Choi, J.; Kim, S.-H.; Kim, S. Biol. Pharm. Bull. 2014, 37,

954-960. 

9. Reddy, C. R.; Reddy, M. D.; Dilipkumar, U. Eur. J. Org. Chem.

2014, 6310-6313.

10. Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett. 1975, 16,

4467-4470. 

11. (a) Huisgen, R. Angew. Chem., Int. Ed. 1963, 2, 565–632; (b) Kolb,

H. C.; Sharpless, K. B. Drug Discovery Today 2003, 8,  1128–1137;

(c) Meldal, M.; Tornøe, C. W. Chem. Rev. 2008, 108, 2952–3015.

12. Joshi, P. C.; Samineni, R.; Bhattacharya, D.; Reddy, B. R.; Veeraval,

L.; Das, T.; Maitra, S.; Wahul, A. B.; Karri, S.; Pabbaraja, S.; Mehta,

G,; Kumar, A.; Chakravarty, S. Scientific Rep. 2017, 7, 1492.

13. Mehta, G.; Samineni, R.; Srihari, P.; Reddy, R. G.; Chakravarty, S.

Org. Biomol. Chem. 2012, 10, 6830-6833.

14. Kumar, V. P.; Reddy, R. G.; Vo, D. D.; Chakravarty, S.;

Chandrasekhar, S.; Gree, R. Bioorg. Med. Chem. Lett. 2012, 22,

1439-1444. 

15. Mainkar, P. S.; Chakravarty, S.; Srujana, T.; Vishwanathan, L. A.;

Prajapti, S. K.; Chandra, K. B.; Veerlal, L.; Babu, B. N. Bioorg.

Chem. 2015, 63, 53-57.



7 

Highlights 

• Longanlactone, a natural pyrrole-lactone

alkaloid, analogs were synthesized.

• Neurotrophic effects of Langanlactone

analogs were studied for the first time

• mRNA Fold change was observed in BDNF

gene expression study of Longanlactone


