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THE HIV-1 SPECIFIC TSAO FAMILY
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J. Balzarini,2 and M. J. Camarasa1

1Instituto de Quı́mica Médica (C.S.I.C.), Madrid, Spain
2Rega Institute for Medical Research, Katholieke Universiteit

Leuven, Belgium

ABSTRACT

The first TSAO derivative that lacks the amino group at the 3′-spiro moiety has
been prepared. This molecule retained its HIV-1 specificity (NNRTI character-
istic) but did not select for any of the classical NNRTI-specific mutations in the
NNRTI binding pocket, including 138-Lys (TSAO resistant strain).

AIDS treatment is seriously compromised by the relatively fast emergence of
drug resistant virus variants. A key target in the search for effective drugs useful for
AIDS therapy is the viral reverse transcriptase (RT). Among the different inhibitors
of HIV RT, the nonnucleoside RT inhibitors (NNRTIs) represent a group of highly
potent and specific inhibitors of HIV-1 replication (1). Given the exquisite potency
of the NNRTIs to suppress virus replication in cell culture (2) and their capacity to
lower by several orders of magnitude the virus load in HIV-1 infected individuals
(3), the NNRTIs may become the cornerstone of future HIV treatment modalities
when the resistance issue can be adequately addressed.

Among NNRTIs, TSAO nucleosides (4,5) occupy a unique position because
they need to interact with the p 51 subunit of the HIV-1 RT heterodimer (6). The
prototype compound of this family is the thymine derivative designed as TSAO-T
(1) and the most selective compound is TSAO-m3T (2, Scheme 1). Recently, it
has been proposed that TSAO molecules seem to interfere with the dimerisation
process of the enzyme (7–9), resulting in loss of viral DNA binding affinity. This
suggests a completely new and different mechanism of inhibition of HIV-RT with
regard to the other known NNRTIs.
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Scheme 1.

TSAO derivatives consistently select, in cell culture, for Glu-138-Lys mutated
virus strains that are highly resistant to the inhibitory effect of TSAO but that retain
sensitivity to the other NNRTIs as well as to nucleoside RT inhibitors (NRTIs). Our
experimental data together with molecular modelling studies, strongly suggest a
specific interaction between the 138-Glu of the p51 subunit of HIV-RT and the 4′′-
amino group of the 3′-spiro moiety of TSAO molecules. Based on this hypothesis,
we were interested in removing this amino group and evaluate the effect on the
activity and resistance profile of the corresponding deaminated TSAO derivative 3
(Scheme 1).

The synthesis of 3 was carried out by anhydrous diazotization/radical deam-
ination procedure (10) using n-pentyl nitrite as the nitrosating agent. This non-
aqueous, non-acidic reductive deamination conditions were selected to be compat-
ible with the crucial TBDMS groups. Thus, when TSAO-m3T (2) was treated with
n-pentyl nitrite in THF, as hydrogen atom donating solvent, and the resulting mix-
ture was warmed and photolyzed with visible light, the corresponding deaminated
TSAO derivative 3 was isolated in low yield, together with the 3′′-nitro-4′′-amino
spiro derivative 4 and its 5′-deprotected compound 5.

The deaminated compound 3 proved inhibitory to HIV-1 replication in CEM
(EC50 = 0.15 µM) and in MT-4 (EC50 = 0.53 µM) cell cultures. The compound
was also inhibitory against HIV-1 RT (IC50 = 3.32 µM). However, it was devoid
of any activity either against HIV-2 RT or HIV-2 replication. On the other hand,
the 3′′-nitro-derivative 4 showed moderate activity against HIV-1 in cell culture
(EC50 = 7.0 µM in CEM and 5.99 µM in MT-4).

Compound 3 was able to select for virus resistant strains. The virus strain
that emerged under escalating drug pressure of 3 was used for sensitivity/resistance
testing against a variety of NNRTIs (including TSAO derivatives) and NRTIs.
Interestingly, this drug resistant strain kept full sensitivity to all NRTI and NNRTIs,
including TSAO compounds. Resistance was observed only against the deaminated
TSAO derivative 1 in the presence of which it was selected. Even more intriguing
is the observation that the drug also lost inhibitory potential against virus mutants
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that contain NNRTIs specific mutations in the reverse transcriptase. The latter
observations point to an interaction with the NNRTI pocket of the RT. However,
when sequencing the RT gene of the drug resistant virus strain, we could not detect
any of the well known NNRTI specific mutations in the RT gene (11). It is, still,
unclear whether a mutation has appeared downstream of the region where the
NNRTI mutations are located (i. e. RNAse H domain). These studies are currently
ongoing.

In conclusion, we have synthesized the first TSAO molecule that lacks the
amino group at the 3′-spiro moiety. This deaminated TSAO molecule showed a
novel resistance spectrum. It kept its HIV-1 specificity (NNRTI characteristic) but
did not select for any of the classical NNRTI-specific mutations, including 138-Lys
(TSAO resistant strain). Also, the resistant viruses that emerged under deaminated
TSAO pressure, were only resistant to this drug, but not to other NNRTIs includ-
ing any other TSAOs that contain the amino group on the spiro moiety. So, the
deaminated TSAO derivative represent a new type of molecule with HIV-1 speci-
ficity, but most likely with another mechanism of action than the classical NNRTIs.
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714 LOBATÓN ET AL.

8. Misra, H. S.; Pandey, P. K.; Pandey, V. N. J. Biol. Chem., 1998, 273, 9785–9789.
9. Sluis-Cremer, N.; Dmitrienko, G. I.; Balzarini, J.; Camarasa, M. J.; Parniak, M. A.

Biochemistry, 2000, 39, 1427–1433.
10. a) Nair, V.; Richarson, S. G. Synthesis, 1982, 670–672. b) Nair, V.; Richarson, S. G.

J. Org. Chem., 1980, 45, 3969–3974.
11. Vandamme, A. M.; Van Laethem, K.; Van Vaerenbergh, K.; De Clercq, E. Int. Antivir.

News, 1998, 6, 182–187.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081NCN100002357

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=NCN&title=4-H-TSAO-T%2C+A+NOVEL+PROTOTYPE+IN+THE+HIV-1+SPECIFIC+TSAO+FAMILY&offerIDValue=18&volumeNum=20&startPage=711&isn=1525-7770&chapterNum=&publicationDate=03%2F31%2F2001&endPage=714&contentID=10.1081%2FNCN-100002357&issueNum=4%267&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A54%3A48&publisherName=dekker&orderBeanReset=true&author=E.+Lobatn%2C+S.+Velzquez%2C+A.+San-Flix%2C+E.+De+Clercq%2C+J.+Balzarini%2C+M.+J.+Camarasa&mac=V%IgfHSoeOS0YroO9%UF7A--

