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Abstract. The synthesis and activity of novel hydroxyproline inhibitors of HIV-I proteinase is described. 
Compound o-4 was a potent inhibitor, IC~o = 0.07 uM, however it is likely that the thiazolidine moiety 
rather than the novel hydro~roline group is the primary dawns of binding. 

Human immunodeficiency virus (HIV) is the causative agent of acquired immunodeficiency syndrome 

(AIDS)‘. Inhibition of the virally encoded proteinase is recognised as an important therapeutic target for the 

treatment of AID@. The enzyme is a member of the aspartyl proteinase family3 and has been shown to be a C2 

symmetric homodimeti. 

Identification, through random screening, of a penicillin derived inhibitor of HIV proteinase, led to a series of 

potent inhibitors based on compound 1 5, Figure 1. Determination of the structure of a co-crystal of a HIV 

prot~~~bitor complex confirmed the symmetric binding mode of these inhibitors5, Figure 1. This paper 

describes the design and synthesis of a novel alternative to one of the ~~olidine units in 1, thus ~odu~ng 

groups to interact with the catalytic Asps and both the lipophilic pockets SI’ and Si_ 

Figure 1: Schematic Representation of the Binding Mode of 1 at the Active Site of HIV Proteinase 

S3’ 

Several groups have reported h~~~~hyI~e based i~bito~ of HIV proteinaseh~7, however diierent 

series are characterised by having different stereochemical preferences at the carbon atom bearing the hydroxyl 

group that interacts with the catalytic aspartates. JG365e (2), Fire 2, is typical of the cfaas of compounds that 

have S stereochemistry while the Roche compound Ro3 l-89597 (3) exemplifies the R series. The reason for the 

different preference appears to be due to the relative size of the Ile.Val dipeptide in 2 verses the smaller tert-butyl 

group in 3. With the availability of the X-ray structure of 2 bound to HIV-proteinases and model structures of 3 

bound to HIV-proteinase it was possible to investigate this further, Figure 3. The binding mode of 3 relative to 2 

has been proposed by Rich et &‘. and later confirmed through X-ray crystallography~O. 
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Figure 2: JG365 (2) and Ro3 l-8959 (3) 
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The hydroxyl group is similarly bound in both compounds by the catalytic Asp groups of the active site, 

however the different stereochemistry of the two inhibitors causes the backbones to diverge at this point as 

illustrated, Figure 4. As the enzyme seems able to bind both forms, the possibility of combining both “backbone 

paths” into one compound was investigated. The type of compound envisaged would branch both lefl and right 

(Figure 4) from the carbon bearing the hydroxyl group. The general structure, Figure 4, illustrates this concept 

with the proposed mode of binding of each group; the tertiary amine should be protonated at physiological pH 

and thus could assist in the interactions with the Asps or to Gly27/Gly27’. The amide carbonyl would be expected 

to interact with water 301. When the JG365 (2)/Ro31-8959 (3) overlay was combined with that of the protein 

bound X-ray structure of the penicillin dinner, 1, a novel combined inhibitor, compound 4, was conceived, 

Scheme I. 

Figure 4: The Binding Mode of JG365 and Ro3 l-8959 
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N-(lert-Butoxycarbonyl>(2S)-hydroxyproline (5) was coupled to tert-butylamine using 2-( lH-benzotriazol- I- 

yl)-1,1,3,3-tetramethyluronium tetratluoroborate (TBTU)ll and diisopropylethylamine (DIPEA) in DMF to give 

compound 612, Scheme I. The protecting group was then removed under acidic conditions to afford the amine 

hydrochloride salt which underwent reductive alkylationl3 with 2-methylpropionaldehyde to afford tert-amine (7) 

in 80% yield. Swem oxidation 14 followed by reaction with a sulphoxonium ylide15 at room temperature afforded 

a 2: 1 diastereomeric mixture of epoxide 8. This mixture was subsequently opened with ammonia to aflbrd amines 

9 which were separated by flash silica column chromatography. The major diastereoisomer was determined from 

n.0.e experiments to have 4(S) stereochemistry. Finally each amine was coupled to the known benzylamine 

opened penicillin moiety (10)16 to afford the target compounds (4) Both diastereoisomers of 4 were found to be 

potent inhibitors of HIV-l proteinasel7 (4(R)-4 IC5c= 0.07 pM, 4(S)-4 ICsu= 0.03 PM). 



Figure 3: X-ray structure of HIV proteinase bound JG3658 

superimposed on a modelled structure of Ro31-8959 built 

using the Insight11 modelling programme on a SG4D/35. 
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4(S)-4 

4(R)_4 
4(S)-11 
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aa) (CH3)$NH,, TBTU, DIPEA, DMP; b) HCI, dioxan; c) (CH3)$HCH0, Hz, PdK; d) (CO’& DMSO, 

-f50°C, DIPEA; e) (CH$$OI, NaH, DMSO; r) NH3, rPrOH; g) TBTU, DIPEA, DMP; h) BOCzO, Et3N, dioxan 

The activity of 4(R)-4 (hydroxyproline numbering is used throughout) is consistent with the binding 

interactions proposed from the modelling experiments. It is of interest to note, however, that 4(S)-4 also shows 

potent activity. The similar level of activity associated with both diastereoisomers may be explained by the weak 

interaction of the tertiary hydroxyl group with the catalytic aspartates. Alternatively, 4(S)-4 may bind at the 

active site with the iso-butyl group in Si and the terf-butyl group in Sl’ (i.e., in the opposite fashion compared to 

4(R)-4). 
From the initial modelling and crystallographic studies it was noted that the central linker for the thiazolidine 

dimer (1) was not directly coincident on the JG365/Ro31-8959 type linker. Therefore due to the nature of the 

hybrid molecule there was some ambiguity as to whether the new hydroxyproline moiety or the thiazolidine 

moiety would be the primary determinant of binding. Further hydroxyproline analogues in which the thiazolidine 

moiety was replaced were therefore investigated. 
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Introduction of a N-@e&xrtoxycarbonyl) group gave compounds 4(R)-11 and 4(S)-11, neither of which 

showed activity in the HIV-1 proteinase assay (IC$ 90 pM). In both 2 and 3 a iipop~lic group cz to the 

hydroxyl group of the linker interacts with the Sl pocket. We therefore incorporated such a group into our 

hydro~roline moiety in an attempt to recover some of the binding interactions that were lost with the removal 

of the thiazolidine moiety. From molecular modeiiing studies, compound 12 was proposed with the absolute 

stereochemistry as shown, Scheme II. 

Scheme IIa 

17 

41% e,f 

15 16 
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aa) fCOCl)2, DMSO, -6O”C, Et3N; b) KOC(CH3)3; c) mCPBA, CH2Cl2; df NaN3; e) H2, PdK; 

f) (CH3)&CH2CO$$ TBTIJ, DIPEA; s) HCI, dioxan; h) (CI-QCHCHO, I+, RI/C: 

Swem oxidation of intermediate 6 gave ketone 13 which underwent Wittig coupling18 with 2- 

cyclohexyiethyltriphenylphosphonium bromide to r&lord 14 with Z : E ratio of 6: 1. Reaction with mCPBA 

afforded epoxides 15 and 16 in ratio 3:2 which were separated by flash siiica column chromatography. The 

desired epoxide (15) was opened with aside to give 17 and this was hydrogenated to the amine followed by 
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TUTU coupling to pivalic acid to afford 18. The protecting group was then removed under acidic conditions and 

the resulting hydrochloride salt underwent reductive alkylation with 2-methylpropionaldehyde to afford target 

compound 12 in 57 % yield. 

Compound 12 showed activity in the HIV- 1 proteinase assay t&a= 9 pM) thus confirming the importance of 

the lipophilic group which had been proposed from the modelling studies to interact with the SI pocket. Despite 

introduction of the PI group, 12 was significantly less potent than the thi&olidine hybrid, 4. The relatively low 

activity of 12 may have been due to the choice of the PI group, however, this result does support the argument 

that it is the thiazolidine moiety of 4 which is the primary determinant for binding rather than the hydroxyproline 

group. 

Through molecular modelling, with known inhibitors of HIV proteinase, a novel hydroxyproline analogue, 4, 

was conceived. Compound 4 showed potent activity as an inhibitor of HIV-l proteinase, however in the light of 

subsequent results, it is likely that the thiazolidine moiety of this combined inhibitor is the primary determinant 

for binding. 
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