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Abstra& The inhibition of HIV protease with C~symmetric phosphink acid based inhibitors is 

independent of the dissociation grade of the phosphiic acid. The ccnxqonding amides are not only good 

inhibitors of HIV p03zase but also inhibit HIV replication in vitro because of their increased lipophilicity. 

Thevirallyencoded~~aseoftheHumanImmrmadeficiencyVirus(HIV)isoneofthemostinteresting 

targets for HIV/AIDS chemotherapy l). The HIV protease, a member of the aspartyl proteaae family, 

plays a key role in pfoceskg the HIV polypfokku produced directly after translation, especially the gag 

and gag-pal polyproteins I). Blockade of these pxxxe&ng steps leads to viral particles which are 

morphologically immature and noninfectious 2). HIV protease functions as a Q-symmetkal homodimeric 

protein 3). This led to the synthesis of C2-symmetric HIV ptease inhibitors that match the symmetq of 

the enzyme 495). We recently reported the synthesis of bis(a--1)-c acids 6), which allows 

the placement of a phosphinic acid group into a Q-symmetkal peptide environmen Lwhereitactsasa 

transition state analog of peptide bond hydrolysis. This approach lead to powerful inhibitors 1 of HIV 

protease (Table 1) with IC50 values in the subnanomolar range. Despite good enzyme inhibition, 

compounds 1 have only weak antiviral activity in PBL-cells acutely infected with HIV, most likely due to 

poor cell penetration. 

Wenowpresentevidencethattheionizedformof~phosphinicacids~isnotrequired~~ective 

enzymeinhibition.Furthermorearereportthesynthesisofthecorrespondingphosphinicacidamides~ 

which are good inhibitors of HIV protease, and in addition effectively prevent virus replication in cell 

culture due to their increased lipophilicity. 

Grolxlny et al.3 demonstrated that there is a strong pH dependence of HIV protease inhibition for 

phosphinate transition state analogs, with lower Ki values at pH 4.5 as corn@ to pH 6.5, suggesting 

thattheneutral~~cacidhasthe~~totheprotease.Thisissupportedbyareoently 

published three-dimensional m of a phosphinic acid based inhibitor bound to HIV- 1 pcotease8). 
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We measured the pH dependence of protease inhibition from pH 4.3 to pH 6.5 of inhibitor h and for 

comparison of a structurally related non ionic inhibitor containing a bishydroxyethylenemoiety instead of 

the phosphinic acids). The results are shown in figure 1. 
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figure 1: pH dependence of HIV protease inhibition (A) with inhibitor la; (I3) with the nonionic inhibitor 

containing a bishydroxyethylenemoiety instead of the phosphinic acids). 

Surprisingly, the diagrams show that inhibition of HIV protease with &t is essentially not pH dependent. 

The slight increase of the IC50 value observed at pH 6.5 is also found for the nonionic inhibitor. Obviously 

binding is only weakly infld by the dissociation grade of the phosphinic acid. On the other hand the 

methylester 2 is 1000 fold less potent than the free acid k (table 1). This leads to the conclusion that the 

acidic hydroxyl group may be replaced by other groups which are capable of hydrogen bond formation and 

sterically non demanding. This requirement is met by phosphinic acid amides 291. We found that the 

compounds 2 could be conveniently prepared by conversion of the acid to the acid chloride with SOC12 

followed by ammonolysis with NH3. The hydrazide 4 was prepared in the same way. Great care must be 

taken while preparing the acid chloride because of its extreme sensitivity towards hydxolysis. Best results 

were obtained when the chlorination was carried out for 24 h and an excess of SOCl2 was removed by 
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repeated coevaporation with toluene. The amides 2 are stable towards hydrolysis under the conditions of 

theenzymeassayandthecelltest. 
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Scheme 1: Preparation of phosphiiic acid amides from phosphinic acids 
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1: Phosphinic derivatives as of HIV (1~5o)lO) and replication (EC50) 
peripheral blood cells (F%L) 

The phosphiic amides proved be excellent of HIV Table 1 a 

comparison the IC50 of the phorrphinic acids their amides, are only by a 
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& which has an IC50 value of 100 nM in peripheral blood lymphocytes. The improved antiviral efficacy 

may be explained by the increased lipophiiicity and therefore higher capability for cell penetration of the 

amides compared to the free phosphinic acids. The use of phosphinic acid amides instead of phosphinic 

acids could possibly turn out to be a general principle for application in transition state analog drug design. 
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