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Abstract: HIV-1 integrase is one of the three enzymes, which are critical for viral replication. It catalyzes the integration 

of the HIV genome into the cellular chromosome. Since there is no known human homolog to integrase, its inhibition is 

one of the most promising novel drug targets for anti-retroviral therapy with potential advantage over existing therapies. 

To date, numerous compounds with diverse structural features have been reported as integrase inhibitors, among which 

the diketo-containing inhibitors of HIV-1 integrase represent a major lead for anti-HIV drug development. The discovery 

of diketo acids plays an important role in validating integrase as a legitimate target for treatment of AIDS. In this review, 

we summarize several drug candidates in clinical trials and new diketo-containing inhibitors of HIV-1 integrase discov-

ered recently. 
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1. INTRODUCTION 

 Human immunodeficiency virus type-1 (HIV-1) is the 
etiological agent of the acquired immunodeficiency syn-
drome (AIDS). Reverse transcriptase (RT) and protease (PR) 
play the fundamental role among retroviral targets useful for 
chemotherapeutic intervention, [1]. The highly active anti-
retroviral therapy (HAART), which is based on the combina-
tion use of reverse transcriptase inhibitors and protease in-
hibitors, effectively suppresses the HIV-1 replication to such 
an extent that the virus becomes undetectable in the blood of 
the infected persons. However, HAART fails to eradicate 
viral replication and the emergence of multidrug resistant 
viral strains in infected patients can complicate the response 
to the treatment [2, 3]. Therefore, it is demanded for the de-
velopment of novel drugs, which target other steps in the 
viral replication cycle. 

 The integration of double stranded viral DNA into the 
cellular chromosome, a process catalyzed by the HIV-1 inte-
grase (IN), is essential for viral replication. Inhibition of this 
process provides an attractive strategy for antiretroviral drug 
design. Moreover, there is no known human homologue to 
IN and the reactions catalyzed by IN are unique. This allows 
the design of selective inhibitors with little or no side effects 
and makes IN as an attractive target for therapeutic interven-
tion [4, 5]. 

2. THE STRUCTURE AND FUNCTION OF IN 

 HIV-1 integrase, a 32kDa protein encoded by pol gene, 
belongs to the superfamily of polynucleotidyl transferases. It 
consists of 288 amino acids in three structurally and func-
tionally distinct domains Fig. (1). The N-terminal domain 
includes residues 1-50 and is characterized by a conserved 
and essential HHCC (H12 and H16, C40 and C43) motif that 
binds one zinc atom. It consists of a bundle of three -helices 
and its function is protein multimerization [6, 7]. The cata- 
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lytic core domain comprises residues 51-212 and is respon-
sible for catalysis as well as specific contacts with viral 
DNA. This domain contains a triad of acidic residues, the D, 
D-35-E (D64, D116, and E152) motif, which plays an impor-
tant role in binding divalent magnesium ion cofactors and 
has also been found in other retroviral integrases and bacte-
rial transposases. Mutation of any of these three residues 
abolishes or severely diminishes all catalytic activities of the 
protein. The triad coordinates a divalent metal ion, usually a 
Mg

2+
in vivo, which is required for catalytic activity [8, 9]. 

The C-terminal domain features residues 213-288 and has a 
SH3-like fold. It is the least conserved of the three domains 
and thought to be involved in nonspecific DNA binding [10]. 

 The IN-catalyzed insertion of retrotranscribed viral DNA 
into the host cell’s genomic DNA takes place through a 
complex process, which consists of three biochemical steps: 
(i) cleavage of a dinucleotide pair from the 3’-end of the 
viral DNA (termed “3’-processing”, 3’-P), (ii) insertion of 
the resulting shortened strands into the host-cell chromo-
some (termed “strand transfer”, ST) and (iii) removal of the 
two unpaired nucleotides at the 5’-end of the viral DNA and 
gap-filling process [11, 12]. Due to the absence of any 
known human homolog, IN is considered as an attractive and 
validated target for the development of novel ant-HIV drugs 
for its key role in HIV-1 replication. 

3. STRUCTURE-ACTIVITY RELATIONSHIPS AND 

MECHANISM OF ACTION OF DIKETO-CONTAIN-

ING IN INHIBITORS 

 The first IN inhibitors were reported approximately 10 
years ago [13, 14]. In the past few years, numerous com-
pounds with diverse structural features have been discovered 
and reported as IN inhibitors, including oligonucleotides, 
peptides, polyhydroxylated compounds, quinoline deriva-
tives, hydrazides and quinolones [15-22]. Most of these 
compounds inhibit IN function in extracellular enzyme as-
says, but often lack inhibitory potency or fail to show antivi-
ral activity against HIV-infected cells [23-25]. Beside above 
mentioned inhibitors, diketo-containing compounds, mainly 
diketo acids (DKAs) and their derivatives represent the most 
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promising class of compounds that are both selective HIV-1 
IN inhibitors and antiviral agents [26, 27].  

 The structure of DKAs and their derivatives can be out-
lined in a general formula Fig. (2). DKAs comprise of three 
structural components, which are a common -diketopropyl  

Fig. (2). General formula of diketo acids.

linker, different left aromatic and right acidic portions. It is 
believed that the diketo acid moiety is the key pharma-
cophore for enzyme inhibition and that the aromatic group 
adjacent to the diketo acid moiety improves potency and 
selectivity of compounds. Many SAR studies on DKAs have 
been conducted to search for a clinical candidate. Most of 
them focus on the aromatic ring and acidic group. The left 
aromatic portion has been replaced with benzene and various 
nitrogen-, sulfur-, and oxygen-containing heterocycles, main-
taining good ST inhibitory potency. Introduction of acidic 
functionality or another diketo acid side chain into the left 
side aromatic ring results in the enhancement of 3’-P inhibi-
tory potency and a reduction of selectivity towards ST [28, 
29]. The right acid functionality has been substituted by a 
variety of groups including carboxylate, triazoles, tetrazoles, 
thiazoles, etc. It is observed that both tetrazole and carboxyl 
moieties provide potent inhibition in biochemical ST assays, 
while only carboxylate-bearing agents are antiviral within 
the tested concentration range [28].  

 The relative orientation of aryl substituents and diketo 
acid side chain is important for intrinsic potency of DKAs 
Fig. (3). It is found that IN and viral replication inhibitory 
activities increase as the angle between the aryl substituent 
and the diketo acid side chain increases from 60° to 118°, 
e.g. compounds (1-3). As the angle of bisection increases 
further, (e.g. in compound (4)), the inhibitory potency de-
creases. Electronic effects, size and position of substituents 
on the distal aryl ring also have profound effects on inhibi-
tory activities. Introduction of a fluorine substituent at the 2’-
position of the distal benzene furnishes compound (5) with 
strong inhibitory potency. Isopropoxy or methoxy group 
introduced at 2-position on the central benzene ring, i.e., 

compound (6), leads to significant enhancement of antiviral 
activity, whereas a methoxy group at the 3-position or 4-
position, i.e., compounds (7 and 8), decreases potency Fig. 
(3) [30]. Moreover, ST and HIV-1 infectivity inhibitory po-
tency of DKAs decreases as the distance between central and 
distal aryl ring increases [31].  

 Most of the DKAs selectively inhibit ST and exhibit po-
tent antiviral effects against HIV-infected cells. Further stud-
ies have indicated that, unlike numerous other IN inhibitors 
whose antiviral effects can be attributable to non-IN-
dependent phenomena [32, 33], members of the DKAs fam-
ily disrupt viral infectivity in a manner consistent with inhi-
bition of integration [31, 33, 34]. DKAs have been shown to 
inhibit viral replication by competing with the substrate 
DNA in binding to the IN active site and selectively blocking 
ST, while being inhibitory to ST function by sequestering the 
divalent cations bound in the active site of IN [35, 36].  

 DKAs’ binding to IN is expected to be mediated by the 
interaction of the carboxylic acid function with Mg

2+
 at site 

I, i.e., metal coordinated by D64 and D116 [28, 35]. A direct 
interaction of diketo acid with divalent cofactor in the IN 
active site has been shown using functional and binding as-
says [35]. Pharmacomodulations have shown that the free 
acidic function is essential for the activity. Due to its high 
affinity to Mg

2+
, diketo acid may bind to metal at site I, 

which is expected to be the site of 3’-P [37]. This binding 
may not alter the catalysis of the 3’-P but allows to position 
the “diketo tweezers” in the vicinity of the other Mg

2+
, i.e., 

site II, between D64 and E152. The second Mg
2+

, probably 
carried into the IN active site by host DNA may be seques-
trated by the tweezers, thus inhibiting ST [24]. 

 During HIV-1 infection, selective inhibition of ST allows 
the viral DNA to become accessible to metabolism by cellu-
lar recombination and repair enzymes, which leads to the 
irreversible blocking of viral replication due to incompetent 
and unstable integration [38]. 

4. DIKETO ACIDS 

 The first reported diketo-containing molecule is curcu-
min (9). Its IN inhibitory activity has been reported with IC50

values equal to 150 M for 3’-P and 140 M for ST respec-
tively [39]. Two synthetic analogs of curcumin with no 
methoxy groups, discaffeolymethane (10) and rosmarinic acid 
(11) are found to be very potent, which are found to bind in 
the enzyme catalytic core. The presence of any methoxy 

Fig. (1). General structure of HIV-1 integrase. 
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group is shown to decrease the potency (12), suggesting that 
the methoxy group is not preferred Fig. (4) [40].  

 The DKAs are the first class validated as IN inhibitors 
and have been characterized in considerable detail. The 
Shionogi compound 5CITEP (13) belongs to the diketo acid-

containing compound (14), because the tetrazole group is a 
well-known bioisostere of a carboxylic acid Fig. (5) [41].  

 It is co-crystallized in close association with the catalytic 
D, D-35-E triad, which provides the first and crystal struc-
ture of the core domain of IN bound to an inhibitor located 

Fig. (3). Schematic drawing of the angle of bisection and structures of compound 1-8.

Fig. (4). Structures of compound 9-12.
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centrally within the active site. In the 5CITEP-IN crystal 
structure, the inhibitor forms a variety of hydrogen bonds 
with amino acids in the active site [42]. This crystal structure 
offers a platform for antiviral drug design, docking and mo-
lecular dynamics studies. However, the information provided 
by this 5CITEP-IN crystal structure is questionable. Subse-
quent docking of 5CITEP onto snapshots of IN active site 
region indicated the potential for the existence of two con-
formations of this flexible inhibitor in the docked structure 
and two possible ligand-binding regions adjacent to the IN 
active site [43]. 

 L-731988 (15) and L-708906 (16) are two potent inhibi-
tors disclosed through a random screen of more than 250000 
samples by Merck. The two early compounds selectively 
inhibit ST, with IC50 values of 0.05 and 0.1 M respectively 
against recombinant IN. They also inhibit HIV-1 replication 
in cell cultures with EC50 values below 2 M and exhibit a 
CC50>50 M [31, 44]. In biochemical assays, the concentra-
tion of L-731988 which required inhibiting 3’-P was 70 
times higher than the concentration required inhibiting ST 
[31]. It also inhibited preincubation complexes in cell based 
assays with an IC50 value of 0.08 M. Furthermore, IN muta-
tions confer resistance to the inhibitory effects of L-731988 
on both ST and HIV-1 infectivity [31]. L-708906 (16) dis-
plays activity against various HIV-1, HIV-2 and SIV strains 
at micromolar concentration [34]. Compared to 5CITEP, L-
708906 shows comparable ST inhibitory potency and is at 
least 28-fold more selective for ST than 5CITEP [29, 34, 
36]. 

 S-1360 (17), developed by Shionogi and GlaxoSmith-
Kline, is the first IN inhibitor to enter into clinical trials. 
Compared to 5CITEP (13), it retains the diketo functionality 
and contains a furan ring substituted at the 5-position with a 
4-fluorobenzyl group. S-1360 inhibits IN catalytic activity in 
the nanomolar range (IC50=20 nM). The compound is a po-
tent inhibitor of viral replication, with EC50, EC90, and CC50

values of 0.2 M, 0.74 M and 12 M, respectively in MTT 
assay. Moreover, it is also active against a variety of clinical 
isolates (including multidrug-resistant strains), displaying 
mean EC50 and CC50 values of 0.14 M and 110 M respec-

tively. Viruses resistant to S-1360 have been identified in
vitro, which contains Q148K, I151L and N155S mutations 
proximal to the putative active site of IN. Synergistic effects 
are observed when S-1360 is dosed in vitro in combination 
with various NRTIs, NNRTIs and PIs. It is also active in a 
mouse MT-4 in vivo assay and shows efficacy (ED50=7.1 
mg/kg) similar to capravirine (ED50=10 mg/kg) and zido-
vudine (ED50=2 mg/kg) [45, 46]. S-1360 reached phase II, 
but was halted in 2003. Data from clinical trail suggest the 
involvement of a non-cytochrome P450 clearance pathway. 
Reduction of S-1360 at the carbon linked to the triazole het-
erocycle generates a key metabolite in humans. This meta-
bolic instability is probably the reason of the abandonment 
of its development [47]. 

4.1. Nucleobase Scaffold Based Diketo Acids 

 Recently, some conceptually novel DKAs with nucleobase 
scaffolds have been discovered as powerful IN inhibitors. 
These compounds involve examples of both pyrimidine and 
purine scaffolds Fig. (6). It is found that the nucleobase scaf-
fold, the substituents and the specific spatial relationship of 
substituents in the scaffold are critical for potent IN inhibi-
tory activity. Unlike other reported DKAs which are com-
monly inhibitors of only ST, pyrimidine-based DKAs can 
effectively inhibit both 3’-P and ST. Compound (18) with a 
pyrimidine nucleobase scaffold bearing a diketo acid and 
two hydrophobic benzyl groups shows strong inhibition of 
3’-P and ST, with IC50 values of 3.7 and 0.2 M respec-
tively. Its analogs (19) and (20) also exhibit potent inhibitory 
activity for both key steps of IN enzymology. However, 
compounds (21) and (22) with purine nucleobase scaffolds 
show much lower 3’-P inhibitory potency. Both compounds 
(21) and (22) are strong inhibitors of ST. It is however, not 
entirely clear how the difference generates. Molecular mod-
eling data disclose that the regiochemical arrangement and 
preferred conformation of DKAs with pyrimidine nucleobase 
scaffolds allow for more effective overlap of these DKAs 
with both the 3’-P and ST pockets within the catalytic site. 
Docking experiments indicate that the uracil amide carbonyl 
(4-position) of compound (18) participates in the binding of 
this inhibitor to the active site [48, 49].  

Fig. (5). Structures of compound 13-17.
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 Compound (18) exhibits conspicuously potent antiviral 
efficacy in the inhibition of viral replication in peripheral 
blood mononuclear cell (PBMC). It is extremely active with 
IC50 values in the nanomolar range. The IC90 values for 
compound (18), being 3.91 M (HIV-1TEKI) and 1.54 M
(HIV-1 NL4-3) respectively, are also compelling. Its antivi-
ral efficacy data are equivalent to or greater than zidovudine 
and have proved to be well over 1 order of magnitude greater 
than some other diketo-containing IN inhibitors in PBMC. 
Furthermore, compound (18) shows no cytotoxicity at test 
concentration in PBMC and HeLa-CD4-LTR- -gal cells. 
The results of biological assays make compound (18) the 
most active inhibitor of HIV replication of DKAs [48]. 

 In addition, another series of diketo acid analogs with 
purine scaffolds has been synthesized by incorporating a 
purine ring in the aryl moiety and replacing the labile diketo 
acid moiety with other divalent metal chelating ligands in-
cluding the two-point ligand picolinamide and the three-
point ligand 8-hydroxy-quinoline-7-carboxamide. Data of 
the anti-IN activities assays indicate that these purine deriva-
tives inhibit recombinant HIV-IN at low micromolar range, 
but are less potent than L-731988 (15). No significant differ-
ence in potency is observed between the two types of metal 
chelating ligands used in this study, which affect inhibitory 
potency depending on the substitution position of the 4-
fluorobenzyl group. The C6-, C8-dipicolinamide substituted 
purine (23) exhibits greater potency against IN than com-

pound (24) and with mono-picolinamide and compound (25), 
it is suggested that an additional metal chelating ligand con-
tribute to the increase in potency and the spatial arrangement 
of the ligand can be crucial [50]. 

4.2. Carbazolone-Containing Diketo Acids 

 Taking compound (14) and L-731988 (15) as reference 
structures, carbazol-4-one and carbazol-1-one containing 
DKAs have been designed and synthesized by connecting 
the -carbon of diketo acid to the indole ring via a methylene 
chain bridge and adding conformational restraint onto the 
open-chain form of the diketo acid Fig. (7). The results of 
biological assays indicate that compounds (26-31) show anti-
IN activity in the low micromolar range, but are less than the 
lead DKAs [51]. This suggests that the open-chain form of 
diketo acid adopts a better conformation for binding to IN. 
This reduction in activity may also be attributed to the steric 
hindrance introduced by the methylene bridge or may result 
from a twisted coplanarity of Mg

2+
 and , -diketo complex 

with bulky -substituents leading to a decrease in chelating 
strength. The geometry of diketo acid moiety may be crucial 
to anti-IN potency. Compound (29) shows a 2- to 3-fold in-
crease in anti-IN activity compared with compound (26).
With 6-fluorine substitution, compounds (27 and 30) exhibit 
better activity than corresponding compounds (26 and 29). 
Alkylation of the nitrogen of compound (26) with a 4-
fluorobenzyl group (28) leads to significant decrease in ac-
tivity, suggesting that the free nitrogen atom may directly 

Fig. (6). Structures of compound 18-25.
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interact with the active site of IN. However, compound (31)
adding a 4-fluorobenzyl group to carbazol-1-one (31) has 
little effect on activity [51]. 

4.3. Indole Diketo Acids 

 Several patents from Shionogi report indole derivatives 
with IN inhibitory activity [52, 53]. These compounds con-
tain an indole-3-(1,3-diketo) skeleton, among which com-
pound (32) shows high potency against IN with an IC50 value 

of 0.13 g/ml. Further studies on indole- -diketo acid ana-
logs suggest that compounds (33 and 34) with a free car-
boxylate group exhibit stronger IN inhibitory potency and 
better selectivity for ST than the indole- -diketoesters (35

and 36), but only compound 35f shows an interesting selec-
tivity for ST (SI=7) Fig. (8). This indicates that the free car-
boxylic function is necessary for a strong interaction with the 
catalytic residues on the IN active site. The dioxole ring as 
well as the position of the diketo acid group result in no sig-

Fig. (7). Structures of compound 26-31.

Fig. (8). Structures of compound 32-37.
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nificant variation of IN inhibitory activity. Moreover, the 
presence of the alkyl substituents on the indolic nitrogen 
seems to somewhat influence the potency. Interestingly, the 
high ST inhibitory potency of compounds 33e and 34e sug-
gests that the large substituent on the N1 position of indole 
provides higher activity irrespective of the position (2 or 3) 
of the diketo acid group on the core indole. However, only 
the indole-3- -diketo compounds (34a, 34c, and 36c) show 
antiviral activity much lower than the cytotoxic concentra-
tions, with EC50 values of 37, 9, and 19 M respectively [54]. 
Compounds (37a-e) show potent inhibitory activity toward 
ST in comparison to 3’-P. Compared to unsubstituted parent 
compound (34e), the introduction of a chlorine atom on the 
indolic ring (37b) leads to a significant decrease of anti-IN 
activity, while the presence of a methoxy group in the same 
position (37d) does not influence the ST inhibitory potency. 
With a 4-fluorine atom on the benzyl moiety, compounds (37a
and 37c) are 2-fold more potent than compound (34e) appro-
ximately. Furthermore, compound (37e) with a 4-fluo-roben-
zyl moiety and a methoxy group on the indole system, shows 
IN inhibitory activity with an IC50 value of 0.004 M [55]. 

4.4. Catechol–Diketo Acid Hybrids 

 The catechol–DKA hybrids are composed of two groups, 
the catechol and 2-hydroxy-4- oxobutenoic acid Fig. (9). The 
IN inhibitory potency demonstrates that these compounds 
are active against IN with slight decrease in the 3’-P/ST se-
lectivity. Compound (38) with free carboxylic and phenolic 
hydroxyl group shows strong inhibitory potency of 3’-P and 
ST, with IC50 values of 3.9 and 1.1 M respectively. In con-
trast, diketoester (39) is inactive. Compound (40) bearing 
two methoxy groups on the phenyl ring is only modestly 
active on ST. Therefore, it is the multi-active site that leads 
to the differences. Replacing the 3, 4-dihydroxyphenyl group 
by a 6, 7-dihydroxynaphthyl moiety, compound (41) shows 
similar IN inhibitory potency with analog (38). But com-
pound (42), the ester of (41), is only about 4-fold less active 
than compound (41). Since diketoesters are known to be 
generally inactive, it is considered that the IN inhibitory ac-
tivity of compound (41) is probably due to the presence of 
the 6, 7-dihydroxynaphthyl moiety. Compounds (43 and 44)

are tested in order to evaluate the influence of the catechol 
function on the activity. Unfortunately, they are both inactive 
in anti-IN activity assay; being similar to compounds (45 and 
46). Concerning the antiviral activity, compound (38) is ac-
tive at non-cytotoxicity concentrations (EC50=46 M, CC50=
160 M) and exhibits modest therapeutic index (TI=3.5). 
Compounds (41 and 42) display similar antiviral properties, 
but the acid (41) is twice less toxic than the ester (42). Both 
of them inhibit the HIV-1 cytopathic effect in cell-based 
assays at cytotoxic concentrations. Summarizing the result, 
the presence of an acidic function on the left side of the 
diketo acid significantly influences the selectivity toward ST 
and the antiviral properties [56]. 

4.5. Azido-Containing Diketo Acids 

 The azido-containing DKAs IN inhibitors have been dis-
covered during the process of preparing variants of com-
pound (16). It appears that the azidomethyl group is a suit-
able replacement for benzyloxy group in compound (16). 
However, the two groups have quite different electronic and 
geometric properties. Compound (47) with 3,5-di-azido-
methyl substitution, selectively inhibits the ST of IN with an 
IC50 value of 2 M, but shows no activity in the 3’-P assay at 
a tested concentration of 100 M. It also shows moderate 
antiviral activity (EC50=5 M) in an assay using HIV-1 in-
fected cells with low cytotoxicity (CC50>50 M). Com-
pounds (48, 49 and 50) show better ST inhibitory activity, 
but exhibit less antiviral activity than the parent compound 
(47) in HIV-1 infected cells. Mono-azidomethyl analog (51)
is approximately equivalent to or greater than compound 
(47) in both IN and antiviral assays, while the analog (52)
shows less activity against ST and exhibits no antiviral activ-
ity at a concentration of 25 M. Introduction of methoxyl or 
isopropoxy groups into compound (51) results in a reduction 
in both the ST and antiviral assays. The nitrile-containing 
compound (53) shows equivalent IN inhibitory activity as 
compound (51), but exhibits significantly loss of antiviral 
activity (EC50>25 mM) in HIV-1 infected cells Fig. (10). 
Both azido and nitrilomethano groups are found to be steri-
cally and electronically similar and to exhibit similar metal 
dependencies [57].  

Fig. (9). Structures of compound 38-46.

COOH
HO

HO

OHO

COOH

OHO

COOH

OHO

HO

HO

COOH

OHO

COOCH3

OHO

HO

HO

COOH

OHO

COOH

OHO

COOCH3

HO

HO

OHO

COOH
H3CO

H3CO

OHO

OHOMe

38 39 40

41 42
43

44 45 46



714 Mini-Reviews in Medicinal Chemistry, 2007, Vol. 7, No. 7 Zhao et al. 

4.6. Bifunctional Diketo Acids 

 Some bifunctional DKAs (BDKAs) have been reported 
as IN inhibitors, which are characterized by the presence of 
two diketo acid chains in the skeleton of molecular Fig. (11). 
Compound (54) displays effective ST inhibitory potency and 
significantly enhanced 3’-P inhibitory potency, which is due 
to its ability of competing with the target DNA and blocking 
access of the viral DNA substrate to the enzymes active site 
[28]. Compound (55) with the second diketo acid chain at-
tached to the 4-position displays similar IN inhibitory potency. 
Compared with compounds (54 and 55), compound (56)
inhibits 3’-P and ST at higher concentration [28]. Based on 
these findings, a new binding mode for DKAs is proposed.
Since HIV-1 IN catalyzes the insertion of a donor DNA sub-
strate into an acceptor DNA template, both DNA duplexes 
are required to bind two adjacent sites. In this model, it is 
suggested that BDKAs can interact with both donor and ac-
ceptor sites, being inhibitors of both 3’-P and ST. In contrast, 
monofunctional DKAs bind only to the acceptor site, selec-
tively inhibiting ST [29, 36]. Compound (54) exhibits little 
or no antiviral activity in whole cell assays, which may be 
due to its highly charged nature that prevents it from cross-
ing the cell membrane. 

 Compound (57) is a potent IN inhibitor for both 3’-P 
(IC50=12nM) and ST (IC50=0.20 M). It shows high antiviral 
activity against HIV-1 infected H9/HTLVIIIB cells (EC50=

4.29 M, EC90=40 M) and low cytotoxicity (CC50>200 M,
TI>46.6). In contrast, compounds (58 and 59) are 8 and 5 
times less potent than the parent compound 57 respectively, 
while compound (60) is inactive below 50 M concentration 

Fig. (12) [58].  

 Two different sets of diketo acid dimers have also been 
designed and synthesized as novel bifunctional analogs Fig.
(13). It is hypothesized that such dimeric compounds may 
simultaneously bind to two divalent metal ions on the active 
site of IN. The IN inhibitory data demonstrates that all diketo 
acid dimers exhibit potent inhibitory activity against IN and 
the amide-linked dimers (61a–e) show a much better selec-
tivity for ST versus 3’-P and a stronger antiviral efficacy in 
HIV-infected cells than the benzyloxy-linked dimers (62a-c)
and compound (62d). The intrinsic selectivity for ST of the 
amide-linked dimeric inhibitors decreases as the length of 
the linear linker increases from two carbons to six carbons 
chain. The highly rigid compound (61a) shows somewhat 
decreased selectivity for ST, but exhibits the most potent 
antiviral activity. Similarly, compound (61e) with the highly 
flexible linker also shows moderate antiviral activity. Com-
pounds (61b-d) show high potency and selectivity for ST, 
but exhibit no significant antiviral activity. Among the ben-
zyloxy-linked diketo acid dimers, the ortho-substituted diketo 
acid (62a) shows the most potent antiviral activity, while 
other two analogs (62b-c) present lack of antiviral activity. 

Fig. (10). Structures of compound 47-53.

Fig. (11). Structures of compound 54-56.
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Compound (62d) exhibits moderate selectivity against ST, 
but displays potent antiviral activity in HIV-1 infected CEM 
cells. It seems that the size and shape of the linker of the 
dimers have remarkable influence on the ST selectivity, the 
antiviral activity as well as the toxicity [59]. 

4.7. Diketo Acid-Containing Ferrocene 

 Diketo acid-containing ferrocene has been discovered as 
an IN inhibitor in early SAR studies of DKAs Fig. (14). 
Compound (63) shows strong ST inhibitory potency in an 
extracellular HIV-1 IN assay, with an IC50 value of 0.81 M

Fig. (12). Structures of compounds 57-60.

Fig. (13). Structures of compound 61-62.
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[28]. Some other diketo acid-containing ferrocene inhibitors 
are also reported in the following molecular interaction field, 
density functional and docking studies [60]. Results of dock-
ing studies show that these compounds exhibit high docking 
scores and compound (64) yields the best GOLD score (40.5). 
The results also confirm the existence of a novel binding 
trench in HIV-1 IN [43], which can bind both the 5CITEP as 
well as the ferrocene potential inhibitors. The introduction of 
the transition metals rotatable rings, and flexible dihedrals 
accommodates the ferrocene derivatives at the two binding 
trenches of the active site. 

4.8. Heteroaryl Diketohexenoic Acids 

 A series of heteroaryl diketohexenoic acids has been de-
signed as a promising tool to investigate how elongation of 
the diketobutanoic group will affect anti-IN activity. The 
diketohexenoic acids are characterized by a side chain, which 
is conceived as the result of a partial superimposition be-
tween the cinnamoyl group and the diketobutanoic acid moi-
ety Fig. (15). Compounds (65) and (66) show strong inhibi-
tory potentcy of IN (IC50 for 3’-P: 7.9 and 8.9 M; IC50 for 
ST: 7 and 7.5 M, respectively) in enzyme assays. Compared 

to the compound (15), compound (65) shows decreased IN 
inhibitory activity and loss of selectivity for ST, which is due 
to the different steric and electronic arrangement of the 
phenylmethyl moieties of compound (65) and compound 
(15) in the enzyme binding site. Other members of this series 
inhibit IN at higher concentrations ranging from 22 to 95 

M, which results from the steric hindrance along with dif-
ferences in the electronic effects exerted by the substituents 
in the 4-position of the phenyl ring. Surprisingly, data of 
antiviral assay indicate that compounds (65 and 66) turn out 
to be potent and selective in cell-based assays, both with 
EC50 values of 1.5 M, being similar to the antiviral activity 
exhibited by compound (15). Not an improvement of antivi-
ral activity but a seven-fold loss of potency is observed when 
a fluorine atom is introduced at the 4-position of the phenyl 
ring. The introduction of chlorine, methyl, methoxy or nitro 
substituents leads to totally inactive products. Moreover, 
acid derivatives are less cytotoxic than the corresponding 
esters, whereas no difference in cell-based antiviral activities 
is observed by comparing the active acids with the related 
esters. In the optimization of compound (65), efforts are fo-
cused on derivatives bearing one or two substituents at ortho 
and/or meta position of the phenyl ring. Compared with the 
lead (65), most of the synthesized derivatives show no sig-
nificant improvement in the potency. Only the 2, 6-difluoro 
derivative (67) exhibits significant potency, with EC50 and 
CC50 values of 0.3 and 37 M, respectively (TI=123). Anti-
IN activity of compound (68) is 2-fold greater than com-
pound (15), but it exhibits less antiviral activity. With a 
pyrazole masking the diketobutanoic acid chain, compound 
(69) is found to be a completely inactive derivative. Replac-

Fig. (14). Structures of compound 63-64.

Fig. (15). Structures of compound 65-71.
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ing the diketobutanoic acid chain with imino-keto or diketo-
hexenoic acid moieties leads to compounds (70 and 71), 
which are 2 and 10 times less potent than compound (68) in 
enzyme assays. In addition, all the indolyldiketohexenoic 
acids designed in the further development are unable to 
block the HIV-1 replication in cell-based assays at concen-
trations lower than 100 M [61, 62]. 

4.9. Triketoacids 

 A new triketoacid-based chemotype has been discovered 
to inhibit ST selectively. These compounds are characterized 
by inserting a carbonyl group between the aryl and 2, 4-
dioxobutanoic acid moiety Fig. (16). Compound (72) is a 
moderately potent inhibitor of the isolated IN and of HIV-1 
in cell culture, with IC50 and EC50 values of 1 and 120 M,
respectively. It can inhibit IN in the context of the pre-
integration complex (PIC) (IC50=0.6 M) isolated from in-
fected cells as well. However, it does not inhibit other viral 
or DNA-processing enzymes and is inactive against other 
viruses. After a series of passages in cell culture, two resis-
tant strains that maintained in the presence of compound (72)
are isolated. Similar to compound (15), two unique sets of 
mutations for each resistant isolates (T66I and L172F, 
V151A and V165I), are located in the core domain of IN 
being close to the active site catalytic D,D-35-E triad. Intro-
duction of the T66I mutation into the HIV-NL4-3 strain re-
sults in resistance to compound (72) in cell culture. The re-
sult confirms that the triketoacid inhibitor (72) targets IN. 
Moreover, a brief SAR investigation is carried out to deter-
mine the binding mode to Mg

2+
 of triketoacid inhibitors. 

Replacing the carboxylic acid with a tetrazole, compound 
(73) is essentially inactive. In addition, compound (74) is 
only somewhat less potent than compound (72). Therefore, 
triketoacids may bind to IN in a manner similar to the DKAs. 

Since the saturated derivative (74) is an effective inhibitor of 
IN, compound (75) is synthesized by removing the carbonyl 
group adjacent to the aryl group. It is disclosed that com-
pound (75) exhibits strong IN inhibitory potency, with an 

IC50 value of 0.01 M [63, 64].  

 Further SAR survey related to the phenyl ring indicates 
that introduction of an electron-withdrawing group at the 
ortho- or meta-position enhances in vitro activity. The 
phenyl ring can be replaced by pyridine, but its activity is 
sensitive to regiochemistry with the more exposed 3-isomer 
weaker than the 2-isomer. With a naphthyl instead of phenyl 
group, compound (76) shows a noticeable improvement in 
inhibitory activity, which is in accordance with the hypothe-
sis that a hydrophobic binding site exists in the region be-
tween the ortho- and meta-sites of phenyl ring. In contrast, 
compounds (77 and 78), which also have an additional 
phenyl ring, do not demonstrate increased potency, indicat-
ing that the improved activity seen with compound (76) is 
not simply due to non-specific, hydrophobic binding. This 
suggests that a specific aryl-binding domain exists within IN, 
which can distinguish subtle differences in structure. Several 
other triketo analogs have been synthesized and tested for 
anti-IN potency. The results show that compound (79a) is 
active against ST of purified HIV-IN in soluble mutant, with 
an IC50 value of 80 M. Compounds (79b-e) are less effec-
tive against IN (65). 

 Comparison of the triketoacids with two different DKAs, 
compound (14 and 15), provide some insight into the SAR 
and helps to establish a model for the binding conformation. 
It is assumed that two different aryl-binding domains exist in 
the active site of IN. Triketoacid is able to access either one 
with a simple change of enol configuration.  

Fig. (16). Structures of compound 72-79.
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5. 8-HYDROXY-1,6-NAPHTHYRIDINES 

 The 1,3-diketo acid functionality is essential for IN in-
hibitory activity of DKAs. However, the 1,3-diketo acid 
moiety is biologically labile. 8-hydroxy-[1,6]-naphthyridine 
is discovered as a suitable replacement which still fit onto 
the critical pharmacophore and maintains antiviral activity 
Fig. (17). In the novel derivatives one of the naphthyridine 
nitrogen atoms is thought to function as a bioequivalent of 
the carboxylate anion of the diketo acids, while the enol 
tautomer of one of the ketones is represented by an isosteric 
phenolic hydroxyl group.  

 Compound (80) maintains inhibitory potency against ST 
with an IC50 value of 0.04 M. It also potently inhibits viral 
replication at a CIC95 value of 6.2 M. The presence of the 
nitrogen atom at the 6-position of naphthyridine allows the 
molecule to attain a conformation in which the central phenyl 
ring and the naphthyridine ring are coplanar. Further elabora-
tion of compound (80) leads to compound (81), which con-
tains a sultam substitution at the 3 position of the phenyl 
ring. Compound (81) shows strong ST inhibitory potency 
with an IC50 value of 0.01 M and also exhibits antiviral 
activity at a CIC95 value of 0.39 M in cell-based assays. 
However, it shows significant loss in potency against drug 

resistant IN with T66I and S153Y double mutations. This 
indicates that the mechanism of action of compound (81) is 
similar to that of the DKAs [66]. 

 A related series of compounds, the 8-hydroxy-1,6-naph-
thyridin-7-carboxamide derivatives are synthesized by re-
placing the aryl ketone in above naphthyridine ketones with 
a carboxamide group. With a 4-fluorobenzyl carboxamide, 
compound (82) potently inhibits ST of HIV-1 integration 
with an IC50 value of 33.4 nM. It inhibits viral replication 
with a CIC95 of 1.25 M in cell culture, which decreases 4-
fold in the presence of 50% normal human serum (NHS), 
due to its higher binding to human plasma protein (99.2%) 
[67]. Introduction of a six-membered cyclic sulfonamide 
substituent at the 5-position of the 8-hydroxy-1,6-naphthyri-
dine core, provides the drug candidate L-870810 (83). The 
inhibitor selectively blocked ST with an IC50 value of 8 or 15 
nM when assayed using 0.5 nM and 5 nM target DNA re-
spectively, while being less effective at inhibiting 3’-P (IC50

value of 85 and 250 nM in 0.5 and 5 nM target DNA). The 
preferential inhibition of ST and the sensitivity of L-870,810 
to the concentration of target substrate suggest that this in-
hibitor binds to IN at a site similar to the target DNA. In a 
competition-binding experiment, L-870810 displaces a ra-

Fig. (17). Structures of compound 80-86.
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diolabeled diketo acid containing inhibitor from the IN donor 
complex with a Ki of 3 nM, indicating that the inhibitor binds 
to the same or overlapping region on the IN active site as 
DKAs. It exhibits antiviral activity and is active against 
wild-type and multi-drug resistant strains of HIV-1, HIV-2 
and SIV in a manner consistent with its effect on IN, with an 
IC50 value of 4 nM. L-870810 is a potent IN inhibitor with 
improved bioavailability compared to previously reported 
DKAs, with an oral bioavailability of 41%, 24%, and 51% 
and low plasma clearance of 2.8, 2.0, and 6.6 ml·min

-1
·kg

-1
 in 

rats, dogs, and rhesus, respectively [68]. However, clinical 
research on L-870,810 was stopped after unacceptable liver 
and kidney cell toxicity found in dogs [69].  

 Some highly active HIV-1 IN inhibitors have been syn-
thesized by the introduction of a 5,6-dihydrouracil function-
ality in the 5-position of compound (82). Compound (84), 
the (-) enantiomer of the dimethylated dihydrouracil, is a 
150-fold more potent antiviral agent than compound (82). It 
displays antiviral activity with CIC95 value of 20.1 nM in 
10% fetal bovine serum (FBS) and 40.2 nM in 50% NHS. 
Good pharmacokinetics had been observed when it was 
dosed in rats and dogs [67]. Another potent series of 5-amino 
derivatives of 8-hydroxy-1,6-naphthyridine-7-carboxamide 

has also been synthesized. Compound (85) blocks viral 
growth with a CIC95 value of 63 nM in the presence of 10% 
FBS. Compound (86) also known as L-870812 is demon-
strated to be efficacious against replication of simian-human 
immunodeficiency virus (SIV) 89.6P in infected rhesus ma-
caques. It inhibits the ST activity of recombinant HIV and 
SIV IN in vitro with an IC50 value of 40 nM. It displays bal-
anced biological and physical properties, with an antiviral 
CIC95 of 103 nM and a moderate affinity for human serum 
protein (93.2%) that lead to a modest 2.5-fold shift of the 
CIC95 to 250 nM in the presence of 50% NHS. L-870812 
also exhibits excellent pharmacokinetic profiles in rats and 
monkeys [70]. 

6. TRICYCLIC ANALOGUES 

 A novel class of tricyclic phthalimide analogs has been 
designed and synthesized as IN inhibitors by Verschueren et
al. Data from the biochemical and biological evaluation of 
these compounds suggest that all the tricyclic phthalimide 
analogs demonstrate a similar activity on the enzyme when 
compared with compound (83) but are less selective. Com-
pound (87) Fig. (18) is the enzymatically most active com-
pound in this series with an IC50 value of 112 nM on IN. 

Fig. (18). Structures of compound 87-96.
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Compound (88) exhibits an EC50 of 270 nM against viral 
replication in a cell-based assay. Molecular docking studies 
indicate that the carbonyl and hydroxy oxygens chelate the 
Mg

2+
 ion in the active site. The D64 and D116 acid side 

chains and two water molecules complete the octahedral 
coordination sphere of the ion. Important hydrogen bonds 
between inhibitors and the enzyme are observed. SAR inves-
tigation demonstrates that the presence of a single carbonyl-
hydroxy-aromatic nitrogen motif is essential for the enzy-
matic activity. However, only one such motif is necessary. 
Hydrophobic substituent on the phthalimide nitrogen is also 
important, which interacts with the flexible loop formed by 
residues 140-148 [71]. 

 Another series of tricyclic IN inhibitors has been de-
signed based on conformational analysis of compound (83)
and docking the designed inhibitor into the active site of an 
IN/DNA complex model [72]. Regarding the tricyclic scaf-
fold, the pyridyl nitrogen, the C-9 phenol and the C-8 car-
bonyl form the pharmacophore of the compounds in binding 
to the enzyme [73]. Similar to DKAs, the phenol and the C-8 
carbonyl group via a bidentate coordination, chelate to the 
available Mg

2+
 ion in the catalytic core of IN [74]. Among 

the synthesized compounds, tricyclic phthalimide analog 
(89) shows good IN inhibitory activity (IC50=0.08 M), 
while lack of significant anti-HIV potency in the cell-based 
assay. Removing the C-6 carbonyl, compound (90) exhibits 
substantially improved potency in the cell-based assay, with 
an EC50 value of 0.089 M. The improved potency of com-
pound (90) over compound (89) can be due to the increased 
solubility and permeation through the cell membrane. Fur-
ther investigation on the effect of substitution at the C-6 sug-
gests that compounds substituted with small alkyl groups 
show higher activity against ST. Among the substitutions 
placed at the C-6, methyl analog (91) and the spirocyclopro-
pyl compound (92) have the most attractive in vitro profiles. 
Compound (93) maintaining the planar conformation shows 
weaker activity against IN and viral replication. Compound 
(94) decreases by an order of magnitude compared to the 
spirocyclopropyl analog (92). With polar substitutions, com-
pounds (95a-e) have poor potency in the antiviral assay. For 
the remarkably enhanced activity of C-5 carbamate (96) Fig. 
(19) in cell-based assay, the effects of other functional 
groups at C-5 and the relationship between substitutions at 
the C-5 and the C-6 positions are explored. All the three 

Fig. (19). Structures of compound 97-105.
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simple mono-substituted bi-aryl analogs (97a–c) show mod-
erate potency against IN and HIV. Compound (97d) displays 
further improved activity by the introduction of a 2, 6-
difluorophenyl group. Compounds (98a and 98b) exhibit 
IC50 in sub-micromolar and EC50 in low nanomolar ranges. 
The methyl sulfamate (99) as well as the dihydrosulfamate 
(100) both have impressive antiviral activities. In contrast, 
compounds (101 and 102) bearing a sulfamate exhibit poorer 
enzymatic activity. Compound (103) with a pyrazine instead 
of the pyridine shows a clear reduction in antiviral activity 
compared to compound (90). Moreover, the imidazole ana-
log (104) completely loses inhibition activity toward the en-
zyme along with its antiviral potency. With a methoxy sub-
stitution at C-3 in pyridine, compound (105a) largely pre-
serves the enzymatic activity while improving anti-HIV po-
tency in the cell assay when compared to compound (94). 
Furthermore, replacing hydrogen with fluorine at C-3, com-
pound (105b) shows significant enhancement of enzymatic 
activity, but at the same time, loses anti-HIV activity in the 
cell assay significantly.  

 SAR studies indicate that the pyridine ring is optimal in 
the novel tricyclic-based scaffold. Both the shape of hetero-
cycles and the electronic properties of nitrogen in the ring 
are important for biological activity. 

7. SALICYLIC ACID AND RHODANINE CONTAIN-

ING COMPOUNDS  

 A novel class of IN inhibitors containing salicylic acid 
and rhodanine group has been discovered by using a com-
mon feature pharmacophore model derived from DKAs. Re-
sults of the IN inhibitory activities suggest that compounds 
containing both salicylic acid and rhodanine group show 
significant inhibitory potency against IN, while the presence 
of either a salicylic acid or a rhodanine group alone does not. 
Amongst the analogs with both of the two components, 
compounds (106a-c) show high potency against ST, with 
IC50 values of 11, 17 and 11 M respectively Fig. (20). With 

5-nitro- or 5-chlorophenol, compounds (106e and 106f) ef-
fectively inhibit ST with IC50 values of 18 and 17 M, while 
compounds with 3- or 4-benzoic acid exhibit moderate activ-
ity. Some of the compounds containing only a salicylic acid 
show inhibitory potency against IN. The most potent com-
pounds (107 and 108) inhibit 3’-P and ST activities of IN 
with IC50 values of 13, 16 M and 12, 8 M, respectively. In 
addition, most of the obtained compounds do not show a 
significant antiviral activity. Compound (106d) shows the 
best antiviral activity, with an EC50 value of 21 M. SAR 
studies concluded that electron withdrawing groups on the 3- 
and 4- or 2- and 5-positions on the left aromatic ring along 
with certain substituents on the 4-position of the rhodanine 
ring have considerable impact on inhibitory potency against 
IN. The rhodanine ring is an important structural unit and its 
presence would lead to increased IN inhibitory potency [75].  

8. OTHER DIKETO-CONTAINING COMPOUNDS 

 Several pharmacophoric fragments and their incorpora-
tion on various aromatic or heteroaromatic rings have been 
identified through virtual screening of the National Cancer 
Institute database and structure-based drug design strategies. 
In addition, a series of 5-aryl(heteroaryl)-isoxazole- 3-carbo-
xylic acids has been designed and synthesized as biological 
isosteric analogs of DKA. Result of IN inhibitory assays 
show that compound (110d) exhibits the most potent activity 
with an IC50 value of 10 M. Comparison of compound 
(110d) with other cyanoketo acids indicates that substitution 
of the ester carbonyl with carboxylate functionality leads to a 
significant increase in activity. Most of the other compounds 
(109a-e, 110a-c, 111, 112, 114a-e) inhibit IN at a high mi-
cromolar concentration, ranging from 100 to 660 M, while 
compounds (113, 115a, 115c–115e) are essentially inactive 
(IC50>1000 M) Fig. (21) [65]. 

 Many other diketo-containing compounds or bioisosteres 
of DKAs have also been reported in patents since IN was 
identified as a potential target for the therapy of HIV infec-

Fig. (20). Structures of compound 106-108.
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tion. Merck has conducted an exhaustive study on these 
compounds (47, 76-80). However, the IN inhibitory poten-
cies of most compounds are not provided; representative 
compounds show strong potency in IN assays, with IC50 val-
ues less than 10 M. In further assays for the inhibition of 
HIV replication, some compounds exhibit high antiviral ac-
tivity, with IC95 values often less than 10 M. Regrettably, 
little understanding of the SAR requirements for high-
affinity interaction with IN has been investigated on the di-
verse range of patented diketo-containing compounds.  

 GS-9137 (116) also named JTK-303 Fig. (22), is a novel 
IN inhibitor derived from quinolone antibiotics. Similar to 
reported DKAs, the compound is much more potent at inhib-
iting ST than 3’-P, with an IC50 value of 7.2 nM. GS-9137 
shows potent antiviral activity against the laboratory strains 
tested, with EC50 ranging from 0.1 to 0.7 nM. Its antiviral 
activity is moderately reduced by the addition of 50% human 
serum. The compound shows potent antiviral activity against 
all clinical isolates including both subtype B and non-B sub-
types of HIV-1. The average EC50 of GS-9137 is 0.62 nM for 

the 8 subtypes of HIV-1 (11 viruses) and is 0.53 nM for the 
single HIV-2 clinical isolate. The compound exhibits compa-
rable or greater potency than zidovudine, efavirenz and 
nelfinavir against all the isolates tested. GS-9137 retains 
antiviral activity against drug-resistant HIV-1 carrying resis-
tance mutations to multiple drug classes, with average EC50

of 0.46 nM. Although two of the isolates (MDR 1385 and 
MDR 3761) were completely resistant to zidovudine, efa-
virenz, and nelfinavir (EC50s>1 M), they were highly sensi-
tive to GS-9137 (EC50s<1 nM). GS-9137 displays additivity 
to highly synergistic antiviral activity in vitro with the fol-
lowing antiretroviral medications: lamivudine, lamivudine/ 
zidovudine, zidovudine, tenofovir, tenofovir/lamivudine, efa-
virenz, indinavir and nelfinavir. When administered with 
food, it shows a half-life of approximately three hours in a 
Phase I pharmacokinetics study using single oral doses of 
GS-9137. Moreover, GS-9137 has good oral bioavailability 
in preclinical animal studies, with 34.1% and 29.6% for rats 
and dogs, respectively. Gilead has developed this candidate 
into phase II clinical trials [81-83].  

Fig. (21). Structures of compound 109-115.

Fig. (22). Structures of compound 116 and 117.
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 MK-0518 (117) known as hydroxypyrimidinone carbox-
amide derivative is a leading candidate developed by Merck. 
It is a novel IN inhibitor with potent in vitro activity against 
HIV-1 (IC95=33nM in 50% human serum) and good bio-
availability in uninfected subjects. Preclinical evaluation of 
MK-0518 indicates that the compound is not a potent inhibi-
tor or inducer of CYP3A4 and it is predominantly metabo-
lized by glucuronidation, specifically by the enzyme UGT1A1. 
MK-0518 has been investigated in Phase II trials for the 
treatment of HIV in patients, who are treatment-naive and in 
those who have multi-drug-resistant infection. After 10 days 
of monotherapy in treatment-naive patients, the compound 
shows effective activity with HIV RNA decreases of 1.7–2.2 
log10 copies/mL for 100-600 mg treatment groups and is 
generally well-tolerated at all doses. In a second Phase II, 
randomized, double-blinded study, all triple-class experi-
enced patients are placed on an optimized background ART 
therapy and receive either a placebo or 200 mg, 400 mg and 
600 mg twice daily dosages of MK-0518. At the 16-week 
interim analysis, the percentage of patients achieving viral 
load levels less than 400 copies/mL ranges from 64% to 84% 
across all doses studied, compared with 22% for placebo. 
The percentage of patients achieving viral load levels less 
than 50 copies/mL ranges from 56% to 72%, compared with 
19% for placebo. In completed trials, MK-0518 displays no 
significant food effect and appears compatible with all cur-
rently available antiretroviral medications. Phase III trials are 
underway to further evaluate efficacy, safety, and tolerability 
of MK-0518 in patients failing HAART on optimized back-
ground therapy [84-86]. 

CONCLUSION 

 Unlike RT and PR, the paucity of structural information 
and no X-ray structure of full-length IN with or without the 
DNA substrate available have hampered structure-based dis-
covery of selective inhibitors targeted to IN. To date, no IN 
inhibitor is approved by FDA for clinical use. Despite the 
lack of full-length structural information of IN, numerous 
compounds of a variety of chemical classes have been dis-
covered using IN-specific assays. Diketo-containing com-
pounds have emerged as a most promising class of IN inhibi-
tors, some of which exhibited antiviral activity in cell-based 
assays, consistent with their inhibitory effect on IN. This 
provides the proof-of-concept for IN as a legitimate retrovi-
ral drug target. Furthermore, it is exciting that MK-0518 is 
currently in Phase III clinical trials in human volunteers. 
This promising candidate may be validated as the first IN 
inhibitor to treat HIV infection. The combination use of new 
agents targeting different steps in the viral cycle with current 
antiretrovirals might potently suppress HIV replication and 
limit the emergence of viral resistance.  
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ABBREVIATIONS 

HIV = Human immunodeficiency virus 

SIV = Simian-human immunodeficiency virus 

AIDS = Acquired immunedeficiency syndrome 

RT = Reverse transcription 

PR = Protease 

IN = Integrarse 

NRTIs = Nucleoside reverse transcriptase inhibitors 

NNRTIs = Non- nucleoside reverse transcriptase inhibi-
tors 

PIs = Protease inhibitors 

SH3 = Src homology 3 

3’-P = 3’-processing 

ST = Strand transfer 

DKAs = Diketo acids 

SAR = Structure-activity relationship 

SI = Selectivity index 

TI = Therapeutic index 

PBMC = Peripheral blood mononuclear cell 

NHS = Normal human serum 

FBS = Fetal bovine serum 

PIC = Pre-integration complex 

CYP3A4 = Cytochrome P3A4 

UGT1A1 = UDP-glucuronosyltransferase 1A1 
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