
1. Introduction

Frontier orbitals play important role in mo-
lecular interactions and chemical reactivity1). 
Frontier orbitals are general term both of 
highest occupied molecular orbital (HOMO) 
and lowest unoccupied molecular orbital 
(LUMO). Investigation for characters and pat-
terns of frontier orbitals is useful for under-
standing various properties of molecules. For 
example, researches on classification of fron-
tier orbital patterns by statistical analysis are 
developed and applied to toxicities of dioxins2)-4) 
and drug activities5), 6). In this work we investi-
gate frontier orbitals of antiviral drugs. Activi-
ty against Ebola virus disease is discussed.

2. Method

Favipiravir (Avigan®) (also known as 
T-705), Lamivudine and Cytosine arabinoside  
(Cylocide®) (also known as Ara-C) are calcu-
lated as antiviral drugs. Favipiravir (T-705) is 
an experimental antiviral drug developed by 
Toyama Chemical of Japan which is active 
against RNA viruses and effective for influen-
za viruses, West Nile virus, yellow fever virus, 
so on. On October 2014, it was reported that a 
patient with Ebola virus disease recovered af-
ter the treatment of Favipiravir7). 

Chemical formula of Favipiravir (T-705) is 
shown in Figure 1 (a). Furuta et al.8) reported 
that T-705 can be converted to T-705 ribofura-
nosyl triphosphate (T-705RTP). They con-
firmed that T-705RTP is potent inhibitor for 
influenza viral polymerase. Chemical formula 
of T-705RTP is shown in Figure 1 (b). We con-
struct a model molecule of T-705RTP, which 
is used for ab initio calculation. As shown in 
Figure 1 (c) ribofuranosyl triphosphate of 
T-705RTP is replaced by methyl group in this 
model molecule. 

Chemical formula of Lamivudine is shown in 
Figure 2 (a). Lamivudine is a drug for chronic 
hepatitis B and HIV. On September 2014, a Li-
berian physician reported 13 patients survived 
Ebola virus disease out of 15 patients treated 
with Lamivudine9). 

Chemical formula of Cytosine arabinoside 
(Ara-C) is shown in Figure 2 (b). Ara-C is a 
drug for the treatment of cancers of white 
blood cells. Ara-C also has antiviral activity to 
be treated for herpes virus infections. Model 
molecule for Ara-C is shown in Figure 2 (c). In 
this model molecule five-membered ring of 
Ara-C is replaced by methyl group. 

Ab initio molecular orbital calculations are 
performed for a model molecule of T-705RTP, 
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are effective for EDV.
Calculated optimized structures and frontier 

orbitals (HOMO and LUMO) of model mole-
cules of T-705RTP, Lamivudine and model 
molecule of Ara-C are shown in Figure 3. In 
this figure, carbon is gray, hydrogen is white, 
oxygen is red, nitrogen is blue, fluorine is cyan 
and sulfur is yellow.    According to the orbit-
al phase, lobe of molecular orbital is shown 
green and red in HOMO and LUMO. 

As shown in Figure 3, we can see the simi-

Lamivudine and a model molecule of Ara-C by 
using Gaussian 09 program systems10). Basis 
set is STO-3G. Optimized structures and fron-
tier orbitals (HOMO and LUMO) are calculat-
ed. 

3. Results and discussion

Ebola virus disease (EVD) (also known as 
Ebola hemorrhagic fever) is a severe and often 
fatal illness. The Ebola outbreaks occurred 
more than 20 times since 1976. On March 2014 
World Health Organization (WHO) reported 
the Ebola outbreak in Guinea. Since then EDV 
spread out mainly in West Africa. WHO an-
nounced 10141 people have suffered EDV and 
4922 people have passed away up to October 
24, 2014. It is urgent task to hunt drugs which 

(a) Favipiravir (T-705)

(b) T-705RTP

(c) Model molecule for T-705RTP

Figure 1  Structural formula of (a) Favipiravir (T-705), 
(b) T-705RTP and (c) model molecule for 
T-705RTP.

(c) Model molecule for Ara-C

(a) Lamivudine

(b) Cytosine arabinoside (Ara-C)

Figure 2  Structural formula of (a) Lamivudine, (b) 
Cytosine arabinoside (Ara-C) and (c) model 
molecule for Ara-C.
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We should point out that Brincidofovir 
(CMX001) is another candidate drug against 
EVD. Brincidofovir is an experimental antivi-
ral drug for the treatment of cytomegalovirus, 
adenovirus and smallpox. Brincidofovir is ef-
fective for DNA virus. Though Ebola virus is 
RNA virus, Brincidofovir is expected to be a 
drug against EVD.

Considering Brincidofovir, it is not unreason-
able to expect Ara-C, which is effective for 
DNA virus, to be a drug against EVD. Clinical 
test should be needed as soon as possible.
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Figure 3  Optimized structure, HOMO and LUMO of model molecule for T-705RTP ((a), (b), (c)), Lamivudine ((d), (e), 
(f)) and model molecule for Ara-C ((g), (h), (i)).

143Characters of Frontier Orbitals of Antiviral Drugs



Egawa and Kimiyasu Shiraki “Mechanism of 
Action of T-705 against Influenza Virus”, 
Antimicrobial Agents and Chemotherapy, 49, 981-
986 (2005)

9 ) “HIV drug may stop Ebola”, http://www.
operonlabs.com/?q=node/11

10) M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. 
Scuseria, M. A. Robb, J. R. Cheeseman, G. 
Scalmani ,  V.  Barone ,  B .  Mennucci ,  G .  A. 
Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. 
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. 
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. 
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. 
Honda, O. Kitao, H. Nakai, T. Vreven, J. A. 
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. 
Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. 
N. Staroverov, R. Kobayashi, J. Normand, K. 
Raghavachari, A. Rendell, J. C. Burant, S. S. 
Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. 
Millam, M. Klene, J. E. Knox, J. B. Cross, V. 
Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. 
Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. 
Pomelli ,  J . W. Ochterski , R. L. Martin, K. 
Morokuma, V. G. Zakrzewski, G. A. Voth, P. 
Salvador, J. J. Dannenberg, S. Dapprich, A. D. 
Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. 
Cioslowski, and D. J. Fox, Gaussian 09, Gaussian, 
Inc., Wallingford CT, 2009.

20th Century Chemistry, Volume 7 (1997).
2 ) Yoshihiro Mizukami “Frontier electron density 

pattern of dioxin congeners”, Chemistry Letters, 
33, 1328-1329 (2004).

3 ) Yoshihiro Mizukami “Frontier density pattern of 
dibenzofurans: a relation between structures and 
toxicity” ,  Journal of Molecular Structure 
(Theochem) 672, 161-164 (2004).

4 ) Yoshihiro Mizukami “Frontier density pattern of 
dioxins” ,  Journal of  Molecular Structure 
(Theochem) 713, 15-19 (2005).

5 )  Yosh ih iro  Mizukami and Er ika Sh imizu 
“Theoretical study on the structures of some 
endogenous opiate peptidesand opiate molecules”, 
Memoirs of the Faculty of Education, Shiga 
University (Natural Science), 51, 49-55 (2001) (in 
Japanese).

6 ) Yoshihiro Mizukami “Statistical analysis of 
Frontier electron density of opiate”, Memoirs of 
the Faculty of Education, Shiga University 
(Natural Science), 54, 35-39 (2004) (in Japanese).

7 ) ”French nurse cured of Ebola contracted in 
Liberia”,
 http://www.msn.com/en-gb/news/world/french-
nurse-cured-of-ebola-contracted-in-liberia/ar-
BB7r1UJ

8 ) Yousuke Furuta, Kazumi Takahashi, Masako 
Kuno-Maekawa, Hidehiro Sangawa, Sayuri 
Uehara, Kyo Kozaki, Nobuhiko Nomura, Hiroyuki 

144 Yoshihiro MIZUKAMI


