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Abstract: The viral enzyme integrase is essential for the replication
of human immunodeficiency virus type 1 (HIV-1) and represents a
remaining target for antiretroviral drugs. Here, we describe the ) )
modification of a quinolone antibiotic to produce the novel integrase D o
inhibitor JTK-303 (GS 9137) that blocks strand transfer by the viral R i
enzyme. It shares the core structure of quinolone antibiotics, exhibits H ;
an 1G of 7.2 nM in the strand transfer assay, and shows ag BC O O ] LR s
0.9 nM in an acute HIV-1 infection assay. s
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Human immunodeficiency virus type 1 (HIV-1) integrase,

along with HIV-1 reverse transcriptase and HIV-1 protease, is B

an essential enzyme for retroviral replication and represents an \” Lo 7
important target for interrupting the viral replication cyéle. e al

HIV-1 integrase first catalyzes removal of the terminal dinucle- O oH | New Bioisoster

otide from each 3end of viral DNA (3-processing) and
subsequently mediates joining of theehd of the viral DNA
to host DNA (strand transfef)Reverse transcriptase inhibitors All bioisosters of the diketo acid motif have the three

and protease inhibitors have already made significant advancesnctional groups that mimic a ketone, enolizable ketone, and
in antiretroviral therapy but cannot achieve complete suppressioncarboxy| oxygen and can have a coplanar conformation (Figure
and risk producing resistant HIV2¥.0On the other hand, despite 1). Therefore, we designed the structure of 4-quinolone-3-
numerous attempts to develop integrase inhibitors, only the glyoxylic acid 6 as a new scaffold that maintained the copla-
diketo acid class of compounds is at an advanced stage ofnayity of diketo acid functional groups (Figure 1). Interestingly,
developmentland no integrase inhibitors have yet been approved,ot the 4-quinolone-3-glyoxlic acié but its precursor 4-qui-
for therapeutic usé>" Here, we report that the core structure njone-3-carboxylic acid showed integrase inhibitory activity.
of quinolone antibiotics can be used as an alternative to the Tpe 4-quinolone-3-carboxylic acid only had two functional
diketo acid class of HIV-1 integrase inhibitors and how this groups, a3-ketone and a carboxylic acid, which were coplanar.
finding led to a novel quinolone integrase inhibitor, JTK-303  Thjs result showed that the coplanar monoketo acid motif in
(GS9137). _ _ 4-quinolone-3-carboxylic acid@ could be an alternative to the
The diketo acid moiety)(-ketone, enolizable-ketone, and giketo acid motif and provided novel insight into the structural
carboxylic acid) was believed to be essential for the inhibitory requirements and the binding mode of this type of inhibitor.
activity of this series of integrase inhibitdtsnd the structures Quinolone7 had an IGo of 1.6 4M in the strand transfer assay,
of diketotriazole2,° diketotetrazole3,® diketopyridine4,*° and and structural modification df led to a far more potent integrase
7-carbonyl-8-hydroxy-(1,6)-naphthyridirte”-** were reported inhibitor 12 with stronger antiviral activity (Table 1). Introduc-
to be bmnsostgrs of the diketo acid pharma}cophore (Flgur.ell)- tion of 2-fluoro and 3-chloro substituents into the distal benzene
The carboxylic acid could be replaced with not only acidic ying of 7 (8) led to a significant improvement of its inhibition
bioisosters, such as tetrazole and triazole, but also by a basiGf strand transfer (I& = 44 nM) and to the appearance of
heterocycle bearing a lone pair donor atom, such as a pyridinegntiyiral activity (EGo = 0.81 «M). Compound9, bearing a
ring. It has been reported that the heteroaromatic nitrogen in hydroxyethyl group at the 1-position of the quinolone ring, was
the pyridine ring mimics the corresponding carboxyl oxygen 1 g-fold more potent at inhibiting strand transfer (4G= 24
in the diketo acid as a Lewis base equivaférithe enolizable 1) and displayed about 11-fold stronger antiviral activity ¢C
ketone at thex-position of diketo acids can be replaced witha — 74 nM) than8. Introduction of a methoxy group at the
phenolic hydroxyl group, indicating that tleeenol form of each 7-position of the quinolone ring d (10) led to a significant
diketo acid is its biologically active coplanar conformatidn. improvement of its inhibition of strand transfer gG= 9.1 nM)
and of antiviral activity (EGp = 17.1 nM). CompoundL],
97(*)0T Ong]p Psgogrzegggng?;sc eES-rr]r?eliillq ﬁ%ﬁfrﬂfﬁﬁiigp?ﬁig ?,;? ! bearing an isopropy! group at th&position of the hydroxyethyl
1T Inc. ) ' ' T moiety, was about 3-fold more potent at inhibiting strand transfer
¥ Kyoto University. (ICs0 = 8.2 nM) and about 10-fold stronger at inhibiting HIV

Figure 1. Structures of the diketo acid family and its new bioisoster.
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Table 1. Summary of the Structural Optimization Process for Scheme 2
Quinolone Integrase Inhibitdts _ ) R NH
compd Inhibition of Antiviral Cytotoxicity \\ | o —2> « |
Strand Transfer* Activity® (uM) Rz Rz
ICsy (M) EC (M) Ry Ry
H 13 (R{=F,Ry=Cl) 14 (R{=Ry=R3=H)
7 O @ ! 1600 + 300 > 30000 >30 15(R1=F.Rz=CLRs=H)
o * 16 (Rq = F, R, = Cl, R = OMe)
o OH
H
N.. R
L O . o  435+88 805.2 +225.0 =12 —od,
-
F o OH o) ORs
N
) [:17(R1 Rz-Rs-R4-H Rg = Et)
9 @ e |, 242%116 76337 =15 7 (R R3=R4=Rs=H)
cl [:18(R1 F Rz Cl,R3 =R4 =H, Rs = Et)
F o oH fg.e 8(R1=F,Ry=Cl,R3 =Ry =Rs =H)
HO™ L 45 9(Ry=F,Ry=Cl, Ry =Rs =H, Ry = CH,CH,0H)
o N ‘ e,_—>19(r-z1 =F, R, =Cl, R3 = OMe, Ry = H, Rg = Et)
10 0 9.1+2.1 171+29 5311 9 10(R; =F, Ry = Cl, Ry = OMe, Ry = CH,CH,0H, Rs = H)
cI
F O OH
A\
HO N F jN\
11 N 8217 7508 14.0+2.0 |
] I o
Cl
F o OH
20 (R = H) 22 (Rg =H, Ry = Et)
| mﬂ--ﬂk 21 (Rg =F) 23 (Rg =F, R7 = Et)
12 o N 72422 09+0.4 4.0+£0.8
o Lo ul 1L
F O OH R"ON‘ Rso/\!
Rs N n R N
; I, — l
(L-870.810)° 228+43 3604 0.7£0.06 | o) al o]
Ciprofloxacin® > 100000 - - O OR F O ORy
24 (Rg = H, R; = Et, Rg = TBS) ,: 26 (Rg = H, Ry = Et, Rg = TBS)
aThe strand transfer assay was performed according to the method of 25 (Rg = F, Ry = Et, Rg = TBS) 11 (Rs=R7=Rg=H)

27 (Rg =F, Ry = Et, Rg = TBS)
o, pl: 12 (Rg = OMe, R; = Rg = H)

a8 Reagents and conditions: (a) 1-iodo-4-nitrobenzene, FiGP),, THF,
reflux; (b) Zn, AcOH; (c) diethyl ethoxymethylenemalonate, toluene, reflux;
(d) PhO, 250°C; (e) NaOH, EtOH/HO, reflux; (f) TBSOCHCH,BTr,
K>COs, DMF, 80°C; (g) TBAF, THF; (h) NIS, HSOy; (i) SOCh, DMF,
toluene, reflux; (j) ethyl 3-(dimethylamino)acrylate, THF, 50; (k) (9-

Hazuda*with some modification$® P Antiviral activity was measured by
the acute HIV-1 infection ass#ywith some modificationd? ¢ Prepared
according to the reported meth&d 2 Available from Wako Pure Chemical
¢Data are given as the meanSD (n = 3).

replication (EGo = 7.5 nM) than9, although introduction of
an isopropyl group at theRkposition of the hydroxyethyl moiety 2,0 “rie %6 S =6 B, 70°C: (m) TBSCI, imidazole, DMF: (n)
could not enhance inhibitory acitivity. Introduction of both @ 13 pg(dbay, trifuryiphosphine, THF, reflux; (0) NaOH;PrOH/HO, reflux;
methoxy group at the 7-position of the quinolone ring and an (p) NaOMe, MeOH, reflux.
isopropyl group at the @position of the hydroxyethyl moiety
of 9 (12) led to a synergistic improvement of antiviral acitivity
(EGso = 0.9 nM), but there was no additive or synergistic cyclization with potassium carbonate and protection of the
improvement in the inhibition of HIV-1 integrase @¢&= 7.2 alcohol with TBS ether gave the quinolon&g and 25,
nM). This may be due to the condition of the strand transfer respectivel\’® Negishi coupling of24 and 25 with 13 led to
assay using 5 nM of target DNA that influences potencies of the quinolone ester26 and27, respectively. Hydrolysis 026
inhibitors. gavell Hydrolysis of27 and subsequent methoxylation with
Preparation of the quinolone analogu&s-12) is shown in sodium methoxide producet?.
Scheme 1. Palladium-catalyzed coupling of 3-chloro-2-fluo-  In summary, modification of quinolone antibiotics, which did
robenzylzinc bromidel3, which was derived from the corre-  not show HIV-1 integrase inhibitory activity (Table 1), led to
sponding benzylbromide, with 1-iodo-4-nitrobenzene or 1-iodo- discovery of the coplanar monoketo acid motif in their scaffold,
2-methoxy-4-nitrobenzene (Negishi coupling) and subsequent4-quinolone-3-carboxylic acid, as an alternative to the diketo
reduction of the nitro group gave the anilinks or 16. acid motif. These novel quinolone integrase inhibitors were
Condensation ofL5, 16, or commercially availablel4 with structurally optimized in the highly pote®, which had little
diethyl ethoxymethylenemalonate and subsequent thermal cy-antibacterial activity although it still retained the core structure
clization of the aminoacrylate products in diphenyl ether led to of quinolone antibiotics. Compouri® was much more potent
the quinolone esters7, 18 and19.2° Hydrolysis of17 and 18 at inhibiting integrase-catalyzed strand transfer processes than
gave7 and8, respectively. N-Alkylation ofL8 or 19 with the 3'-processing reactions, as previously reported for compounds
tert-butyldimethylsilyl (TBS) ether of 2-hydroxyethylbromide of the diketo acid clas¥13 This indicates that it probably
and subsequent hydrolysis of the ethyl ester and TBS etherinhibits HIV-1 integrase via a mechanism similar to that of
resulted ind or 10. After 5-iodonation of 2-fluorobenzoic acids  diketo acids, although there is no direct evidence (such as
20 and21, the acid chlorides 020 and21 were coupled with cocrystal data) that the coplanar monoketo acid motif shows
ethyl 3-(dimethylamino)acrylate to produce the acryl@2and the same mode of binding to the enzyme as the diketo acid

23, respectively. Substitution withS(-valinol and subsequent
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motif. Clinical studies of the novel quinolone integrase inhibitor
12 (GS 9137) are currently being conducted by Gilead Sciences.
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