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INTRODUCTION 
 

The 1,3-enyne chemical framework has been found in a 
variety of natural products, many of which have shown 
important biologically activity. Some examples of these 
compounds are the (-)-callipeltosides A, B, 1, and C, (Figure 1) 
which were first isolated in 1996, from the New Caledonian 
lithistida sponge Callipelta sp. (Zampella, 1996)
active against human bronchopulmonary non
carcinoma (NSCLC-N6 and P388 cell lines) 
and Frost, 2015). Structurally related is the phorbaside A, 2, 
highly cytotoxic compound isolated from the Western 
Australian marine sponge Phorbas sp. (MacMillan
Skepper, 2007). Neocarzinostatin, 3, isolated in 1965 from a 
culture of Streptomyces carzinostaticus (Ishida
1985), was the first enediyne antitumor antibi
capacity to cleave DNA in cells is the responsible for its 
antitumor activity (Beerman, 1974 and Maeda
examples of natural products containing the 1,
potent antitumors dynemicin A, 4, (Konishi
from the bacteria Micromonospora chersina

and calichemicin g 1, 5 (Lee et al., 1987 and 
isolated from Micromonospora echinospora
used against non-solid tumors of acute myeloid leukemia.
From the skin of poison frogs from the family Dendrobatide 
(Dendrobates histrionicus), the histrionicotoxin
6, has been isolated (Daly, 1997). Interestingly, the antimitotic 
(-)-tricholomenyn A, 7, was isolated from the fruiting bodies 
of the mushroom Tricholoma acerbum (Garlaschelli et al., 
1995). The structurally similar (-)-harveynone, 8, was isolated 
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ABSTRACT 

The synthesis of five 1,3-enynes was performed and its activity against Gram
negative bacteria was determined. 
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from Curvularia harveyi, and it was found to possess 
antitumor activity (Miller and Johnson, 1997). An example of 
a synthetic 1,3-enyne, having biological properties is 
Terbinafine, 9, discovered in 1984
commercially available under the brand name of Lamisil. It 
was the first pharmaceutical agent to contain a (
in its structure (Stütz, 1987). It has been used for the treatment 
of skin and toenail infections caused by dermatophytes such as 
Trichophyton rubrum and Trichophyton
and Sehgal, 2000). 1,3-Enynes are also very useful units for 
the construction of more complex molecules in organic 
synthesis. Several methods for the synthesis of 1,3
have been developed (Negishi
2016), and among these the classical method, widely used, is 
the palladium-catalyzed Sonogashira cross
of terminal acetylenes with vinyl halides 
We would like to report herein the synthesis of five 1,3
and the determination of its antimicrobial activity against some 
Gram (+) and Gram (-) bacteria.
 

RESULTS AND DISCUSSION
 
Synthesis: We recently reported 
that reaction of 2,3-dichloropropene, 10, with magnesium 
generated allene gas, 11, and when this was bubbled over an 
ethereal solution of n-butyllithium, at 
equivalent of dianion 1,3-dilithiopropyne, 12, was formed. 
When we reacted this dianion, 12, with benzophenone, 13, 
addition to the carbonyl group was achieved to obtain the 
corresponding alkoxy-acetylide intermediate, 14.
developed a procedure (Cabezas
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palladium cross-coupling reactions between this intermediate, 
14, with substituted-aromatic iodides to obtain the 
 

 
 

 
Figure 1. Examples of some biologically active compounds 

containing the 1,3-enyne unit 
 
 

 
 
 

Scheme 1. Synthetic strategy used for the preparation of 1,1,4-
triphenyl-1,3-enynes 

 
 

 
Scheme 2. Synthetic preparation of compound 21 

 
corresponding alkoxy intermediates 15, which upon treatment 
with thionyl chloride, in the presence of pyridine, generated 
the corresponding 1,1,4-triphenyl substituted 1,3-enynes, 16 
(Scheme 1). We used this synthetic strategy (Scheme 1) to 
prepare 1,3-enynes 17, 18, 19 and 20 (Figure 2), in 71, 60, 68 
and 43 % overall yield respectively (Cabezas, 2018). 
Additionally, the 1,3-enyne, 21, was synthesized, according to 
the chemical sequence described in Scheme 2, as previously 
reported (Cabezas, 2018). 

 
Antibacterial activity: The antibacterial activity of these 
compounds (Figure 2), at a concentration of  g/mL, was 
determined against Gram-positive and Gram-negative bacteria, 
as shown in Table 1. 
 

 
 

Figure 2. 1,3-Enynes synthesized to test antimicrobial activity 
 

Table 1. Comparison of Antibacterial Activity of 1,3-Enynes 17-21, 
Against Gram-Positive and Gram-Negative Bacteria 

Compound ( g/mL) 
 

Microorganism 17 18 19 20 21 

Staphylococcus Aureus (G+) - - - + - 
Pseudomonas sp (G-) - + + + - 
Escherichia coli (G-) - + + + - 
Salmonella sp (G-) - - + + + 

(-) growth, (+) inhibition 

 
These results show that, compound 17, which has no polar 
substituents (i.e. electro-withdrawing or electro-donating 
groups) does not inhibit any of the strains tested. Remarkably, 
the presence of a methoxy group in 18, in comparison with a 
methyl group in 17, in this common carbon-skeleton, is enough 
to inhibit the growth of both Pseudomonas and E. coli.  
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The presence of a highly electro-withdrawing group, such as a 
nitro group, in the para position of the phenyl ring, at the 
position 4 of the 1,3-enyne, 19, enhances the activity of this 
1,3-enyne against the bacteria tested. Particularly important is 
the presence of a thiophene group in enyne 20. In this case 
inhibition of all strains tested was observed. In recent years the 
increase in antimicrobial resistance has become a public health 
problem. The World Health Organization (WHO) has 
emphasized in the need for the development of new 
antibacterial compounds (Kaplan, 2004). The chemical 
compound 20, showed preliminary promising results and 
further studies have to be done to determine its activity against 
some other strains and the values of the minimal inhibitory 
concentration (MIC). Also it is important to perform other 
chemical changes in its structure in order to establish a 
structure-activity correlation. Compound 21, did not show 
good inhibition of the strains tested. 
 
Conclusions 
 
In this study five synthetic enynes were tested against Gram-
positive and Gram-negative bacteria. In the type of compounds 
chosen for this study, possessing a common framework (17-
20) the presence of polar groups is necessary to observe some 
growth inhibition in the strains tested. A very interesting effect 
was observed with the presence of a thiophene group in enyne 
20. In this case a strong inhibition was observed in both, 
Gram-positive and Gram-negative bacteria.  
 
Experimental Section 
 
Synthesis. General Information: All glassware and syringes 
were dried in an oven overnight at 140º C and flushed with 
nitrogen immediately prior to use. Transfers of reagents were 
performed with syringes equipped with stainless-steel needles. 
All reactions were carried out under a positive pressure of 
nitrogen. Nitrogen was passed through a Drierite gas-drying 
unit. Diethyl ether and tetrahydrofuran were refluxed and 
freshly distilled from sodium and potassium/ benzophenone 
ketyl respectively, under nitrogen atmosphere. 1H-NMR and 
13C-NMR spectra were recorded on a 400 MHz Bruker 
spectrometer. High resolution mass were measured on a 
Waters Synapt HMDS G1, Q-TOF. Infrared spectra were 
recorded on a Perkin Elmer FT-IR Spectrum 1000. 1,3-Enynes 
17-20 were synthesized according to the procedure of Cabezas 
et al. (Cabezas, 2018). Enyne 21, was synthesized according to 
Cabezas et al. (Cabezas, 2018). 
 
Bactereological tests: For the diffusion methods, the solvent 
used was dimethylsulfoxide (DMSO) 
 
Test bacteria: Antibacterial activity was assessed against 
Pseudomonas sp(ATCC 27853), Salmonella sp(ATCC 14028), 
Staphylococcus aureus (ATCC 25923) and Escherichia coli 
(ATCC 25922). 
 
Suspension preparation: Each microorganism was inoculated 
into trypticase soy broth (TSB) + yeast (Oxoid®) and cultured 
at 37°C until the desired concentration was reached. The 
suspension of bacteria to be cultured was equivalent to  0,5 
McFarland standard, (1,5 x108 CFU/ml). 
 
Agar diffusion method: All tests were performed by 
duplicate. The microorganism to be tested was uniformly 
spreaded with sterile cotton swab over blood agar plates. All 

agar plates were prepared using 20 ml of agar and allowed to 
solidify uniformly. 7 mm diameter holes were cut in the agar 
gel, 20 mm apart from each one. 100 L of inoculum 
suspension was swabbed uniformly in the corresponding agar 
plates.  These were incubated at 35o C for 24 h. 
 
Acknowledgement 
 
We thank the Bacteriology Laboratory of Microbiology 
Faculty, University of Costa Rica for kindly supplying the 
bacteria and School of Chemistry and Vicerrectoría de 
Investigación (UCR) for financial support. 
 
Conflicts of interest: The authors declare that there is no 
conflict of interest. 
 

REFERENCES 
 
Beerman, T. A. and Goldberg. I. H. 1974. DNA strand scission 

by the antitumor protein neocarzinostatin.BiochemBiophys 
Res Commun, vol. 59, pp 1254-1261. 

Cabezas, J. A., Brenes, J. A., N. Gross and M. L. Arias, 2018. 
Synthesis and biological activity of new antifungal 
compounds: a preliminary Study. Int. J. MultidiscipCurr 
Res, vol. 6, pp. 1029-1037. 

Cabezas, J. A., Poveda, R. R.  and J. A. Brenes 2018. One-pot 
conversion of aldehydes and ketones into 1-substituted and 
1,4-disubstituted 1,3-enynes.Synthesis, vol. 50, pp 3307-
3321. 

Daly, J. W., Witkop, B. T. Tokuyama, T. Nishikawa, I. L. 
Karle, 1977. Gephyrotoxins, histrionicotoxins and 
pumiliotoxins from the neotropical frog 
Dendrobateshistrionicus. Helv Chim Acta, vol.60, pp 1128-
1140. 

Edo, K. Mizugaki, M. Koide, Y. Seto, H. Furihata, K. Otake, 
N. and Ishida. N. 1985. The structure of 
neocarzinostatinchromophore possessing a novel bicyclo-
[7,3,0] dodecadiyne system. Tetrahedron Lett, vol. 26,  pp 
331-334. 

Frost, J. R., Pearson, C. M.  Snaddon, T. N. Booth, R. A. 
Turner, R. M. Gold, J. Shaw, D. M.  Gaunt, M. J. and Ley. 
S. V. 2015. Callipeltosides A, B and C: total syntheses and 
structural confirmation. ChemEur J, vol. 21, 13261-13277. 

Garlaschelli, L. Magistrali, E. G. Vidari and O. Zuffardi, 1995. 
Tricholomenyns A and B, novel atimitotic acetylenic 
cyclohexenone derivatives from the fruiting bodies of 
Tricholomaacerbum. Tetrahedron Lett, vol. 36, pp 5633-
5636. 

Ishida, N. Miyazaki, K. Kumagai K. and Rikimaru M. 1965. 
Neocarzinostatin, an antitumor antibiotic of high molecular 
weight. Isolation, physiochemical properties and biological 
activities. J Antibiot, vol. 18, pp 68-76. 

Jain, S. and V. N. Sehgal, 2000. Terbinafine, a unique oral 
antifungal: current perceptions. Int J Dermatol, vol. 39, pp. 
412-423. 

Kaplan, W.  and R. Laing. 2004. Priority Medicines for Europe 
and the World: A Public Health Approach to Innovation. 
World Health Organization, Geneva, Switzerland 

Konishi, M. Ohkuma, H.  Matsumoto, K. Tsuno, T. Kamei, H. 
T. Miyaki, T. Oki, H. Kawaguchi, G. D. VanDuyne, J. 
Clardy, 1989. Dynemicin A, a novel antibiotic with the 
anthraquinone and 1,5-diyn-3-ene subunit. J Antibiot, vol. 
42, 1449-1452. 

Konishi, M., H. Ohkuma, T. Tsuno, T. Oki, G. D. VanDuyne 
and J. Clardy, 1990. Crystal and molecular structure of 

1023                                                    International Journal of Current Research, Vol. 11, Issue, 02, pp.1021-1024, February, 2019 
 



dynemicin A: a novel 1,5-diyn-3-ene antitumor antibiotic. J 
Am ChemSoc, vol. 112, pp 3715-3716. 

Lee, M. D. Dunne, T. S.. Chang, C. C Ellestad, G. A. Siegel, 
M. M. Morton, G. O. W. J. McGahren, D. B. Borders 
(1981). Calichemicins, a novel family of antitumor 
antibiotics. 2. Chemistry and structure of calichemicing1. J 
Am ChemSoc, vol. 109, pp 3466-3468. 

Lee, M. D., T. S. Dunne, M. M. Siegel, C. C. Chang, G. O. 
Morton and D. B. Borders, 1987. Calichemicins, a novel 
family of antitumor antibiotics. 1. Chemistry and partial 
structure of calichemicin� 1. J Am ChemSoc, vol. 109, 
3464-3466. 

MacMillan, J. B. Xiong-Zhou, G.  Skepper, C. K.  and T. F. 
Molinski. 2008. Phorbasides A-E, cytotoxic 
chlorocyclopropane macrolide glycosides from the marine 
sponge Phorbas sp. CD determination of c-methyl sugar 
configurations. J Org Chem, vol. 73, pp 3699-3706. 

Maeda H. 2001. SMANCS and polymer-conjugated 
macromolecular drugs: advantages in cancer 
chemotherapy. Adv Drug Deliv Res, vol. 46, pp 169-185. 

Miller, M. W.  and C. R. Johnson 1997. Sonogashira coupling 
of 2-iodo-2-cycloalkenones: synthesis of (+)- and (-)-
harveynone and (-)-tricholomenyn  A. J Org Chem., vol 62, 
pp 1582-1583. 

Negishi, E.I. and L. Anastasia 2003. Palladium-Catalyzed 
alkynylation. Chem Rev, vol. 103, pp. 1979-2018. 

Petranyi, G. N. S. Ryder, A. Stütz 1984. Allylamine 
derivatives: new class of synthetic antifungal agents 
inhibiting fungal squaleneepoxidase. Science, vol. 224, 
1239-1241. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Skepper, C. K. MacMillan, J. B. Xiong-Zhou, G. Masuno, M. 
N.  Molinski. T. F. 2007. Chlorocyclopropane macrolides 
from the marine sponge Phorbas sp. Assignment of the 
configurations of phorbasides A and B by quantitative CD. 
J Am ChemSoc, vol. 129, pp 4150-4151. 

Sonogashira, K. Tohda, Y. and Hagihara, N. 1975. A 
convenient synthesis of acetylenes: catalytic substitutions 
of acetylenic hydrogen with bromoalkenes, iodoarenes and 
bromopyridines. Tetrahedron Lett, vol.16, pp 4467-4470. 

Stütz, A. 1987. Allylamine derivatives –a new class of active 
substances in antifungal chemotherapy. Angew Chem Int 
Ed, vol 26, pp. 320-328. 

Trost, B. M. and J. T. Masters 2016. Transition metal-
catalyzed couplings of alkynes to 1,3-enynes: modern 
methods and synthetic applications. ChemSoc Rev, vol. 45, 
pp 2212-2238. 

Umaña, C. A. and J. A. Cabezas 2017. Palladium-catalyzed 
one-pot conversion of aldehydes and ketones into 4-
substituted homopropargyl alcohols and 5-en-3-yn-1-ols. J 
Org Chem, vol. 82, pp. 9505-9514. 

Zampella, A. D’Auria, M. V. and Minale. L. 1997. 
Callipeltosides B and C, two novel cytotoxic glycoside 
macrolides from a marine lithistida sponge Callipelta sp. 
Tetrahedron, vol. 53, pp. 3243-3248. 

Zampella, A., M. V. D’Auria, L. Minale, C. Debitus and C. 
Roussakis. 1996. Callipeltoside A: a cytotoxic aminodeoxy 
sugar-containing macrolide of a new type from the marine 
lithistida sponge Callipelta sp. J Am ChemSoc, vol. 118, 
11085-11088. 

 
 
 ******* 

1024                           Jorge A. Cabezas and María Laura Arias, Synthesis and preliminary determination of antibacterial activity of some 1,3-enynes 


