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Abstract: Cyclic nonpeptide molecules were designed and synthesized with the goal of displacing the conserved 
flap-associated water of HIV-I protease. Several such molecules were competitive inhibitors with micromolar 
inhibition constants, and their stmctum-activity relationships were consistent with the &sign hypothesis. 

Inhibitors of HIV-l protease are under study as potential AIDS therapeutics based on promising in vitro 

antiviral propenies.123 HIV protease inhibitors am generally peptide analogues whose cardinal features include a 

hydroxyl group that interacts with the catalytic aspartate residues of the enzyme (Asp25 Asp123, amide 

hydrogens that form polar contacts with the carbonyl oxygens of Gly27 and Glyl27. and hydrophobic groups that 

occupy the enzyme specificity pockets. 4~16 X-ray structures also show that Ile50 and Ile150 in the flaps of the 

enzyme am hydrogen-bound to inhibitors via a tetrahedrally coordinated water molecule.4-6 We report our 

preliminary efforts to design nonpeptide inhibitors which could displace this coordinated water. 

Using a modification7 of the DGCK 1 .O program,8 we searched a company database for molecules that 

were complementary to the active site of HIV protease, and which contained one oxygen that could displace the 

flap-associated water and a second oxygen that could interact with Asp25 and Asp125. Several hits contained a 

rrans-1,4_cyclohexanediol or hydroquinone. suggesting that a six membered ring with para related oxygens could 

make the desired interactions. This core structure was then elaborated to include hydrophobic groups for filling 

the S 1 and Sl’ enzyme pockets and hydroxyl groups that could hydrogen bond with Gly27 andGlyl27 (Figure 1). 

Figure 1. Model of the complex of 1 with HIV protease, showing only the enzyme residues expected to 

hydrogen-bond with the inhibitor. 
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Scheme I outlines the synthesis of several compounds resulting from our design (Table 1). Sequential 

carboxymethylation9 and alkylation of ketones 9a and 9b led exclusively to 10a and lob. Deketalization and 

reduction of 10a gave epimeric 1,4-diols 1 and 2 as verified by 1H NOE studies,10 while reduction prior to 

deprotection afforded the 4-keto analogue 3. Hydride reduction of lob and oxidation of the sulfur yielded 

sulfoxide 7, which was resolved by chiral HPLC. X-ray analysis of (-)7 established the (R) absolute 

configuration of its two quatemary carbons and the trans relationship of the ring hydroxyl and sulfoxide oxygens 

(see Figure 2).11 Aldol adducts lla and llc were converted to 4-6 in a straightforward manner via their 

diepoxide derivatives. 

Scheme I a 

0 

9a: X = C(OCH,), 
9b: X=S 
9c: X = CH, 

c, d 
1 (57%) 

- 2 (14%) 

10a: X = C(OCH& (52%) 
lob: X-S (42%) 

i, c, d 

or 

lla: X = C(OCH& (81%) 
11~: X=CH, (73%) 

a Reagents and conditions: (a) LiN(Me$i)z, MeO$CN, THF, -78 + 0 “C; (b) NaH, BnBr, THF, 0 + 25 “C; 

(c) 60% HC@H, 60 ‘C; (d) LiA& Et20,25 ‘C; (e) NaI04, MeOH; (f) PhCHO, NaOH, MeOH-H20; (g) 

(iBu)zAlH, CH2C12, -78 “C; (h) m-CPBA, CH2C12; (i) H2 (1 atm), 10% Pd/C. 

Inhibition constants for the compounds in Table 1 with HIV-l protease were determined initially by Dixon 

analysis, assuming competitive inhibition. Competitive inhibition was verified for compounds 1 and 5 by using 

double reciprocal plots (rate-t vs [substrate]-1 at several inhibitor concentrations). These are relatively weak 

inhibitors,‘2 but the structure-activity relationships are broadly consistent with the design hypothesis. The 

enhanced activity of compound 1 (Ki = 48 pM) vs its 4-hydroxy epimer 2 is consistent with the model in Figure 

1, in which an axial 4-hydroxyl group would be poorly positioned to interact with the flaps. The 4-hydroxyl 

group can be replaced by Cketo without loss of activity (compound 3), as expected if the function of the oxygen 

is to accept hydrogen bonds from Ile50 and Ile150. Consistent with their intended role as hydrogen-bond donors 

to the carbonyls of Gly27 and Gly127, removal of the primary hydmxyl groups from 1 results in total loss of 
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inhibition (compound 4), and the analogue 5 with tertiary hydroxyl groups is more potent (10 PM). The 

contribution of the Ct oxygen is again shown by the desoxy analogue 6, which is not an inhibitor. The 4-keto 

group can, however, be replaced by a sulfoxide. Curiously, both enantiomers of 7 am low micromolar inhibitors, 

although the more active antipode, (+)7, is the one anticipated by our binding model. The model in Figure 3a 

shows a good match between (+)7 and the inhibitor A74704 (((S)-CbzValNHCHBn)2CHOH) in its bound 

conformation with HIV protease. A possible explanation for the similar activity of (-)7 is shown in Figure 3b: 

(-)7 can be reasonably superimposed with A74704 in a binding mode in which its hydroxyl groups may 

hydrogen bond with Asp25 and Asp125. rather than with Gly27 and Glyl27. 

Table 1. Inhibition of HIV proteasea 

Compound R X Ki (PM) 

1 CH,OH 

2 CH,OH 

3 CH,OH 

4 H 

5 OH 

6 OH 

C-)7 CH20H 

(+)7 CH20H 

C H ..m, 0 H 485~6 

CH-OH 830fl30 

c=o 62f3 
CH..mOH >2000 

C =o lOf1 

CH2 >2000 

s--co 19fl 
s-*0 7f2 

a Inhibition of recombinant HIV- 1 protease was determined at 37 T, pH 6.0 (0.2 M NaCl) using the substrate Ac- 
Arg-Ala-Ser-Gln-Asn-Phe-Pro-Val-Val-NH2 as previously described.13 Ki values were determined by 
Lineweaver-Burk plots (for 1,5) or Dixon plots (2-4,6-7). All compounds except 7 are racemates with the 
indicated relative configurations. (+)7 is (S) at the quatemary carbons. 

Figure 2. ORTEP view of the (-)7 structuretl as determined by single crystal X-ray diffraction. Non-hydrogen 

atoms are drawn as principal ellipses at the 50% probability level, hydrogen atoms as spheres of arbitrary size. 
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The molecules described here lack certain of the features that would be expected for high potency, most 

notably hydrophobic groups that can occupy the S2 and S2’ pockets. ea.12 It seems likely that by incorporating 

judicious additional hydrophobicity and polarity, potency could be significantly increased. l4 

(a) 

Figure 3. Molecule (+)7 (a) and molecule (-)7 (b) overlaid with the crystal structure of the HIV-l 

protease/A74704 complex.5 The bond lengths and angles for (+)7 and (-)7 were derived from the crystal 

structure of (-)7. The torsion angles for the benzyl and hydroxymethyl side chains were adjusted to obtain the 

best overlap with A74704 and to maximize favorable interactions with the protein. 

Supplementary Material Available: For (-7), additional crystallographic &tails, tables of fractional atomic 

coordinates, anisotropic thermal parameters for non-hydrogen atoms and tables of further metrical details, as well 

as listings of structure factors (12 pages). These data are available from the authors and have been deposited at the 

Cambridge Crystallographic Data Centre. 
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