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Claisen condensation, the key step in constructing the
pharmacophore of ang-diketo acids (DKA) as integrase
inhibitors, fails in certain cases of highly electron-deficient

Among the molecules with anti-HIV integrase inhibitory
activity, 1011 DKA-containing inhibitors have emerged as sig-
nificant potential anti-HIV drug candidaté3The compounds
S-1360 with a diketotriazole bioisostere of the DKA pharma-
cophore!® L-731,988 with a pyrrole scaffol#1° and one of
our compounds in which the DKA is constructed on a
pyrimidine nucleobase scaffdftare among examples of potent
inhibitors of integrase of this class of compounds (Figure 1).
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FIGURE 1. Structues of threg-diketo compounds that are inhibitors
of HIV-1 integrase.

However, there are some serious limitations in the synthetic
methodology required to produce a structurally diverse family
of new diketo acids that are of interest as HIV integrase
inhibitors. This synthetic limitation is particularly problematic
in certain cases for scaffolds that are highly electron defidient.

heterocycles such as purines. A general synthetic strategyOur initial attempts to introduce the DKA moiety on the 6- or

to assemble the DKA motif on the purine scaffold has been 8-positions of purine scaffolds utilized the available literature
accomplished. The synthetic sequence entails a palladium-strategy, i.e., a cross-Claisen condensation involving a purinyl
catalyzed cross-coupling, a C-acylation involving a tandem ketone and an alkyloxalate. Literature methods show that the

addition/elimination reaction, and a novel ferric ion-catalyzed
selective hydrolysis of an enolic ether in the presence of a
carboxylic acid ester.

The enzymes of thpol gene of the human immunodeficiency
virus (HIV) have been identified as important viral targets for
the discovery and development of anti-HIV therapeutic adefits.
HIV-1 integrase is one of the three enzymes of pu gene
that is critical for viral replication. It catalyzes biochemical steps
that involve endonucleolytic cleavagé-3ocessing) of the viral
DNA in the cytoplasm and strand transfer (integration) of the
tailored viral DNA into host cell DNA in the nucleus. While
inhibitors of the two other key enzymes of thel gene, reverse

transcriptase and protease, have led to a number of clinically

oxalylation of aryl ketones with dimethyl-, diethyl-, dert-
butyloxalates in the presence of NaH, NaOEt, or NaOMe affords
the precursor of DKA, which, on alkaline or acidic hydrolysis,
furnishes the desired DKA. The yields for the cross-Claisen
condensations are in the range of-885%, depending on the
structure of the substrate and the reaction conditions (base,
solvent, reaction temperature, and tirk€¥! However, all of
these literature methods met with complete failure when applied

(7) Pommier, Y.; Johnson, A. A.; Marchand, €at. Re.. Drug Discaery
2005 4, 236.

(8) Nair, V. Frontiers Med. Chem2005 2, 3.

(9) Dayam, R.; Neamati, NCurr. Pharm. Des2003 9, 1789.

(10) Nair, V.; Chi, G.Rev. Med. Virol 2007, 17, 277.

(11) Mawurin, C.; Bailly, F.; Cotelle, RCurr. Med. Chem2003 10, 1795.

(12) Neamati, NExpert Opin. Ther. Pat2002 12, 709.

(13) Billich, A. Curr. Opin. Irnvestig. Drugs(Thompson Sqi.2003 4,

approved agents that have had an enormous impact in the206.

treatment of HIV infectiorf;® research efforts on inhibitors of
HIV integrase have not resulted in a single FDA-approved
drug’/~° Because integrase is essential for HIV replication and
has no human counterpart, it remains a significant target for
the discovery of new anti-HIV agents.
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SCHEME 1. Representation of the General Synthetic TABLE 1. Preparation of Vinyl Ethyl Ethers via Stille Coupling
Sequence for Assembling the DKA Pharmacophore —
o~
o/_ RX Q (PPhg),PdCl, / DMF )\
i, - — Bu,Sri R
UsSn o] CH30COCOCI o o
RX  (PPhyPdCL/DMF g\, Pyrdne/CHCl; R)\)S(ocm ! z
0 entry reactant product time Yield
1a-e 2a-e 3a-e (h) (%)
FeCls.6H,0 O OH Hydrolysis | 'Y
CHCl, RM\gOCHs ......... > DKAs 1 l\ll\:N ] :\> 'L%:} 6 47
4a-e \\© " @
la 2a
to certain positions of purine or other electron-deficient on o
heterocyclic scaffolds. In this Note, we report a new and NK\A/[“\H,, "LNT,P—&T
reproducible synthetic strategy to assemble the DKA moiety 2 N 48 60
on electron-deficient heterocyclic systems (Scheme 1).
Appropriately functionalized haloheterocyclekat-€), pre- 1b b
pared by a previously developed methodolégyere converted
to the vinyl ethyl ethersZa—e) by a Stille palladium-catalyzed (?
cross-coupling?24in 47—97% vyield (Table 1). C-acylatiéh P i o
of the vinyl ether intermediate8a—e, with methylchlorooxoac- 3 A ™ N Evan 2 88
etate in the presence of pyridine afO gave the keto esters, b b
3a—e, in 31-79% yield (Table 2). This synthetic step proceeds
through a tandem additierelimination mechanisr?f Selective Ic 2
hydrolysis of the enolic ether functionality Be—e turned out
to be unexpectedly challenging. The hydrolysis favored the
ester functionality and then completely stopped at the carboxy- (P £ [ (P 2 NK©
lic Za;r,;ig stage under all of the conditions that were attempt- 4 oj‘\Nl Rl Ojﬁ@—{h 3 75
ed?’ \Q
Because of the failure of the hydrolysis 8&—e, a totally
new method that could effect selective enol ether hydrolysis 1 2
under mild conditions was sought. Although ferric chloride has CooEt COoRt
been demonstrated to promote deprotection chen?#tey its r;—g\ 7&(0
use as a hydrolytic agent for the cleavage of enol ethers has 5 N e 12 97
not been described. Thus, this report represents the first use of @ b
ferric chloride hexahydrate (Fe26H,0O) as an agent for the
selective cleavage of enol ethers in the presence of an ester le 2e

functionality. The DKA pharmacophore$a—e, were produced
in 42—91% vyield (Table 3). As the solubility of Feg£6H,0 in
th reactiqn solvents,. dichloromethane ordichloroethane, is low, they failed to elute from conventional columns due to their
it is possible that this reagent plays a catalytic role, and the giyong binding with silica gel and alumina. Finally, hydrolysis
hydrolysis step is preceded by metal complexatfdriberation of the ester functionality ofa—e was easily accomplished under
of the free enols4a—e, from the iron complex was ac-  pasic conditions (NaOH, MeOHY.

complished by treatment witl N HCI. The enols required
purification by anion exchange (Sephadex) chromatography as

In summary, we have developed an efficient synthetic
approach to assemble the DKA motif at defined positions of
highly electron-deficient heterocycles such as purines. The
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TABLE 2. Tandem Addition—Elimination To Produce Keto Esters
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Experimental Section

General Procedure for Stille Coupling.A mixture of halopurine
la—e (2.8 mmol), bis(triphenylphosphine)palladium(ll) chloride
(0.02 mmol), and ethoxyvinyl(tributyl)tin (3.8 mmol) in dry DMF
(50 mL) was heated under,Mat 75 °C for an appropriate time.
DMF was distilled off and the resulting residue was dissolved in
EtOAc (50 mL) and filtered through a plug of celite. The solvent
was removed and the residue obtained was purified by flash
chromatography on silica gel to give the desired product.

General Procedure for C-Acylation. To a stirred solution of
ethoxy vinyl ether2a—e (0.7 mmol) and pyridine (1.4 mmol) in
dry chloroform (10 mL) at 0°C was added, under dropwise
conditions, methyl chlorooxoacetate (1.4 mmol) in dry chloroform
(5 mL). The reaction mixture was allowed to stand in the refrigerator
at 0 °C for an appropriate period of time and then washed with
water and dried over anhydrous sodium sulfate. Removal of gHCI
gave a yellowish syrup from which pure product was isolated by
column chromatography on silica gel.

General Procedure for Selective Hydrolysis of Enol Ether.

To a solution of ethoxy keto est&@a—e (0.5 mmol) in dichlo-
romethane or dichloroethane (30 mL) was added §6é840 (0.9
mmol) and the reaction mixture was stirred at reflux for the
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TABLE 3. Selective Hydrolysis of Enol Ether Functionality
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dissolved in EtOAc (50 mL) and washed tit N HCI (50 mL)
followed by water (50 mL). The organic layer was dried over
anhydrous Nz50, and concentrated to give a yellow residue, which
was purified by anion exchange chromatography (DEAE sephadex
resin, CHCN:H;O, 1:1) and crystallized.

4e

Acknowledgment. This project was supported by Grant No.
RO1 Al 43181 from the National Institutes of Health (NIAID).
The contents of this paper are solely the responsibility of the
authors and do not necessarily represent the official views of
the NIH.

Note Added after ASAP Publication. The reagent in step
2 of Scheme 1 and the equation in Table 2 was incorrect in the
version published ASAP October 5, 2007; the corrected version
was published ASAP October 11, 2007.

Supporting Information Available: H NMR, **C NMR, and
HRMS data and physical constants of all the compounds synthe-
sized. This material is available free of charge via the Internet at
http://pubs.acs.org.
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