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Abstract 

Pumiliotoxin-B is an alkaloid produced by dart-poison frogs which are colorful and petite 

amphibians native to Caribbean region. In the present density functional treatment at the 

level of B3LYP/6-31G(d), pumiliotoxin-B and some of its isomeric structures are 

considered. Some structural and molecular orbital characteristics of them are investigated. 

These isomeric structures of pumiliotoxin-B include the enol and keto tautomers as well 

as the epoxide built on the double bond having E configuration. The calculations have 

indicated the enol form to be more stable than the keto form, which might be attributed to 

possibility of more and better hydrogen bonding facility in the enol form. Another striking 

result obtained by both the thermodynamic and molecular orbital calculations is that the 

enol form is more stable than pumiliotoxin-B in vacuum conditions. 

1. Introduction 

The alkaloid pumiliotoxin-B (PTX-B, (E,2R,3R,8Z)-8-[(8S,8aS)-8-hydroxy-8-

methyl-1,2,3,5,7,8a-hexahydroindolizin-6-ylidene]-4,7-dimethyloct-4-ene-2,3-diol) is a 

novel indolizidine alkaloid from the skin of the Panamanian frog, Dendrobates pumilio 

[1]. Poison dart frog is the common name of a group of frogs in the family 

Dendrobatidae which are native to tropical Central and South America. These species 

are diurnal and often have brightly colored bodies. This bright coloration is correlated 

with the toxicity of the species, making them aposematic. Pumiliotoxin-B has the 

empirical formula of C19H33NO3 (MW: 323.477 g/mol). Its 2D formula is the following 
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 The structure has five chiral centers. Of these (R) type ones reside on the acyclic 

part of the molecule whereas (S) centers are in the ring moiety. The two double bonds 

have (E) and (Z) configurations. 

 Enantioselective total syntheses of pumiliotoxin-B has been achieved [2]. Some 

other syntheses of it are described [3-5]. Gardiner and coworkers reported an approach 

towards C12 oxo analogues of the side chain of pumiliotoxin-B/allopumiliotoxin 339A 

and B [6]. Biochemical studies have revealed that PTX-B inhibits calcium-dependent 

adenosine triphosphatase from sarcoplasmic reticulum preparations of both frog and rat 

skeletal muscles in a concentration- and calcium-dependent manner [1]. Some other 

effects of pumiliotoxin-B have been investigated [7-15]. 

 There is no computational study (up to the best knowledge of the author) on 

pumiliotoxin-B in the literature. In the present study a density functional study of 

pumiliotoxin-B, its tautomers and isomeric oxo derivative has been presented. 

 2. Method of Calculations 

 The geometry optimizations of all the structures presently considered, leading to 

energy minima were achieved first by using MM2 method [16, 17] for the equilibrium 

conformer. Subsequent optimizations were achieved at Hartree-Fock level using various 

basis sets hierarchically. Then, the geometry optimizations were managed within the 

framework of density functional theory [18, 19], finally at the levels of RB3LYP /6-

31G(d). Note that the exchange term of B3LYP consists of hybrid Hartree-Fock and 

local spin density (LSD) exchange functions with Becke’s gradient correlation to LSD 

exchange [19, 20]. Note that the correlation term of B3LYP consists of the Vosko, Wilk, 

Nusair (VWN3) local correlation functional [21] and Lee, Yang, Parr (LYP) correlation 

correction functional [22]. The vibrational analyses have also been done. The total 

electronic energies are corrected for the zero point vibrational energy (ZPE). The 

stationary points to energy minima were proved in all the cases by calculating the second 



Pumiliotoxin-B and Some of its Isomeric Structures - A DFT Study 

Earthline J. Chem. Sci. Vol. 2 No. 1 (2019), 43-57 

45 

derivatives of energy with respect to the atom coordinates. The normal mode analysis for 

each structure yielded no imaginary frequencies for the 3N−6 vibrational degrees of 

freedom, where N is the number of atoms in the system. This indicates that the structure 

of each molecule corresponds to at least a local minimum on the potential energy 

surface. All these calculations were done by using the Spartan 06 package program [23].  

3. Results and Discussion 

 The presence of embedded allyl alcohol moiety in pumiliotoxin-B allows the 

occurrence of some isomerization reactions, some of which falls into the category of 

tautomerism. Figure 1 displays the interrelationship among the structures. Although the 

conversions in the figure are shown as reversible, some of them may require an acid or 

base catalysis. However, it is to be noted that some of the forward and backward 

reactions may not be a feasible processes thermodynamically. 
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Figure 1. Interrelationship among the structures considered. 

The conversion of I to III resembles a reaction involving an internal nucleophilic 

attack. The conversion II to IV is a simple 1,3-proton tautomerism. Whereas the 

conversion of I to II can happen in theory either by a 1,3-hydrogen shift or via the 

epoxide form. The second route seems to be more likely at the ambidient conditions.  

 Figure 2 shows the optimized structures of molecules of present concern. These are 

pumiliotoxin-B, its enol and keto forms and its epoxide. Note that all of these structures 
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are isomeric (C10H33NO3). The figure also shows the direction of the dipole moment 

vectors. Due to the flexibility of the structures, the direction of the dipole moment 

vectors change from structure to structure. 

               

 

                            

 

Figure 2. Optimized structures of the present concern. 

Tables 1 and 2 show some thermodynamic properties of the structures considered 

and ∆Gº values for the indicated conversions, respectively. As seen in Table 2 

conversion of I to II is the thermodynamically favored one. For the rest the reverse 

conversions are likely to occur. Note that the enol form is highly favorable over the keto 

form. This result, at the first sight might be somewhat unexpected. However, in the enol 

form more hydrogen bonding exist compared to the keto form (see Figure 3). This fact 

might be the stabilizing factor for the enol form. Table 3 shows some properties of the 

structures considered. 
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Table 1. Some thermodynamic properties of the structures considered. 

 Pumiliotoxin-B 

I 

Enol form 

II 

Epoxide form 

III 

Keto form 

IV 

Hº  −2687892.112 −2687913.51 −2687871.685 −2684812.606 

Sº  596.938011 590.92 592.48 591.55 

Gº  −2688070.07 −2688089.709 −2688048.331 −2684988.989 

*Cv  292.913742 290.79 290.77 285.83 

** �

fH∆  −601.958 −606.606 −517.291 −536.324 

Energies in kJ/mol , *J/molº , **PM3//B3LYP/6-31G(d) 

Table 2. ∆Gº values for the indicated conversions. 

I→II I→III II→III II→IV 

−19.639 21.739 41.378 3100.72 

Energies in kJ/mol. 

                            

Figure 3. Hydrogen bonds in the enol and keto forms considered. 

Enol form 

Keto form 
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Table 3. Some properties of the structures considered. 

 Pumiliotoxin-B Enol form Epoxide form Keto form 

Area (Å²) 381.74 374.71 381.92 379.60 

Volume (Å³) 364.26 362.53 362.61 359.40 

Ovality 1.55 1.52 1.55 1.55 

Log P 1.52 1.39 1.43 2.17 

Polarizability 69.38 69.44 69.20 69.36 

Dipole (debye) 2.74 3.21 3.45 5.14 

Similarity to 
pumiliotoxin-B 

(RMS Å) 
1 0.0117 0.0147 0.0118 

All have C1 point group. 

Figure 4 shows the IR spectra of the species considered. Pumiliotoxin-B has a sharp 

O-H stretching at 3560 cm−1. It is the OH attached the carbon also having the terminal 

methyl group. The other OH groups have rather weak O-H stretchings. In the enol 

spectrum the same stretching occurs at 3271 cm−1. The other O-H stretchings are weak. 

The epoxide isomers have just two O-H stretchings at close to each other. The carbonyl 

band of IV is unexpectedly not strong.  

 Figures 5 and 6 display the natural and ESP charges, respectively. Note that the ESP 

charges are obtained by the program based on a numerical method that generates charges 

that reproduce the electrostatic potential field from the entire wavefunction [23]. The 

natural and ESP charges displayed in Figures 5 and 6, have of course different 

magnitudes on the respective atoms but in sign they are in accord. 

Table 4 shows the total electronic energy (E) zero point vibrational energy (ZPE) and 

corrected total electronic energy (Ec). The order of stabilities is II> I>III>IV (Reverse 

order of Ec values). As mentioned above, the enol tautomer appears to be more stable 

than pumiliotoxin-B and the rest. 
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Figure 4. IR spectra of the structures considered. 
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Figure 5. Natural charges on the atoms of the structures considered (hydrogens omitted). 

                                

           

Figure 6. ESP charges on the atoms of the structures considered (hydrogens omitted). 
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Table 4. Some energies of the structures considered. 

Structure E ZPE Ec 

Pumiliotoxin-B 

I 
−2689247.65 1323.04 −2687924.61 

Enol form 

II 
−2689270.93 1325.51 −2687945.42 

Epoxide form 

III 
−2689225.87 1322.42 −2687903.45 

Keto form 

IV 
−2686105.21 1261.20 −2684844.01 

Energies in kJ/mol. 

Figure 7 shows some molecular orbital energy levels of the structures considered. 

Pumiliotoxin-B is characterized with the HOMO energy which is the next lowest after 

the respective energy of the epoxide form (Table 5). The order of HOMO and LUMO 

energies are III<I<IV<II and IV<II<I<III, respectively. Note that except the keto form, all 

the rest have positive LUMO energies. Apparently, the keto group lowers the LUMO 

energy compared to the others. The order of interfrontier molecular orbital energy gaps is 

IV<II<I<III. Since, ∆ε value for the keto tautomer is the smallest of all, UV-VIS 

spectrum of it absorbs comparatively at longer wavelenghts. Its consequence is (as seen 

in Figure 8) a bathochromic effect. The figure is time-dependent UV-VIS spectra of the 

structures considered. From Figure 7 it is evident that the NEXT HOMO and NEXT 

LUMO levels of the enol form are rather apart from the HOMO and LUMO levels, 

respectively. The epoxide form possesses nearly spaced HOMO and NEXT HOMO 

levels. Note that nearly spaced molecular orbitals have similar contributions to the 

chemical reactivity of a molecule. 

Table 5 shows the HOMO, LUMO energies and the interfrontier molecular orbital 

gaps (∆ε) of the structures considered. 

Figure 8 displays the time dependent UV-VIS spectra of the structures considered. 

The keto form has a distinct spectrum having two maximas and the bathochromic effect 

exhibited. 
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Figure 7. Some molecular orbital energy levels of the structures considered. 

Table 5. The HOMO, LUMO energies and the interfrontier molecular orbital gaps (∆ε). 

 HOMO LUMO ∆ε 

Pumiliotoxin-B −582.81 47.97 630.79 

Enol form −512.60 37.29 549.89 

Epoxide form −599.03 49.21 648.24 

Keto form −571.50 −93.06 478.44 

Energies in kJ/mol. 

Pumiliotoxin B Enol form Epoxide form Keto form 
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Figure 8. UV-VIS spectra of the species considered. 

Figure 9 displays the HOMO and LUMO pattern of the structures considered. 

Although, the keto form does not contribute into both the HOMO and LUMO, the others 

do in varying degrees. 
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Figure 9. The HOMO and LUMO pattern of the structures considered. 
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4. Conclusion 

 The present DFT treatment on pumiliotoxin-B and some of its isomeric structures 

has revealed that they are all stable structures. However, the enol form seems to be more 

stable than pumiliotoxin-B and the rest. The thermodynamic considerations based on 

∆G˚ for the conversion of pumiliotoxin-B in to its enol form indicate favorability of it. 

The stability of the enol form is attributed to better and more hydrogen bond forming 

capability of it over pumiliotoxin-B. However, at present no information is available 

about the activation barriers of the conversions considered 
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