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Abstract : Novel HIV PR inhibitors, which contain a diaminopyranoside moiety 
as an inhibitor core unit, were designed based on the 3D structures of complexes of 
HIV- 1 PR with transition-state mimics. These compounds were examined for their 
ability to inhibit the hydrolytic activity of a recombinant HIV-1 PR. © 1999 Elsevier 
Science Ltd. All rights reserved. 

Human immunodeficiency virus proteases (HIV PR), which are responsible for viral maturation into 

infectious particles/have become an attractive therapeutic target for acquired immunodeficiency syndrome 

(AIDS). Thus far, numerous examples of potent inhibitors of HIV-1 PR have been reported. 2 However, the 

daunting ability of the virus to rapidly generate resistant mutants 3 suggests that there is an ongoing need for 

new inhibitors. Our strategy for the development of HIV PR inhibitors has been based on the 3D structures 

of HIV-1 PR complexed with transition-state mimics, such as norstatine 4 and dihydroxy ethylene 

derivatives) X-ray studies have revealed that the transition-state mimics bind to HIV-1 PR by virtue of two 

hydrogen bond interactions between the hydroxyl (or carbonyl) groups of the mimics and the catalytic 

aspartic acids (Asp25 and Asp125) of the active site, as shown in Figure la. Therefore, our initial attempt 

focused on altering the binding mode by replacing the hydrogen bond interactions with the electrostatic 

interactions (Figure Ib). Herein, we report the design and synthesis of HIV PR inhibitors containing a 

diaminopyranoside moiety as an inhibitor core unit. 

The key to the design of diaminopyranoside 1 was the assumption that upon binding to HIV- 1 PR, the 

two primary amino groups of I make electrostatic interactions with the two catalytic aspartic acids in the 

active site. In an unliganded form of the protease, the two aspartic acids are generally hydrogen-bonded to 

exist as the anion form and the acid form, 6 whereas, in a liganded form with the inhibitor it is most likely 

that the aspartic acids make salt bridges with the positively charged amino groups (Figure lb). The 

electrostatic interactions would be more energetically favorable than the corresponding hydrogen-bond 

interactions. 7 For optimal interactions, the two amino groups were adapted to possess a dihedral angle of 

60 °, by using D-glucosamine as a template (Figure lc). Thus, the alteration of a flexible and linear structure 

into a rigid and cyclic one with restricted conformations should provide a positive entropic effect. In 

addition, the two amino groups were accommodated in an axial-equatorial orientation to maintain the 

dihedral angle of 60 ° even in two flipping chair conformations of the 6-membered ring. In fact, the x-ray 

crystal structures of the transition-state mimics complexed with HIV-1 PR show that the dihedral angle of 
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Figure 1. Strategy and steps involved in the design of diaminopyranosides 
as HIV PR inhibitors. 

the two hydrogen-bonded groups, in most cases, is within the range from 40 to 70 ° .5.8 Much effort has 

been made for developing the peptide-based inhibitors. However, it has been difficult to combine adequate 

potency with oral bioavailability, because peptide-based molecules are in general biologically unstable and 

rapidly metabolized. 9 Considering the major liabilities in this regard, the non-peptidic structure of 1 would 

be beneficial for the pharmacokinetic profiles. 

Diaminopyranoside 1 was synthesized as shown in scheme 1. Compound 2 was prepared from D- 

glucosamine hydrochloride according to the previous methodJ ° Triflation of 2 with trifluoromethane 

sulfonic anhydride (Tf20), followed by treatment with sodium azide, gave 3 in 67% yield via 2 steps. 

Hydrolysis of 3 with 70% aqueous acetic acid gave 4 in 79% yield. The inversion of the stereochemistry at 

the C3-position of 4 was confirmed by the tH NMR spectrum, which showed coupling constants of J = 3.3 

and 3.1 Hz (dd) for the proton at the C3-position. 11 Diol 4 was converted to 7 through 3 steps: 1) silylation 

of the primary alcohol at the C6-position with tert-butyldimethylsilyl chloride (87%), 2) benzylation of the 

secondary alcohol at the C4-position with benzyl bromide (68%), and 3) acidic hydrolysis of the silyl group 
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Scheme 1. Synthesis of compound 1. 
Reagents and conditions: (a) i) Tf20, pyridine, CH2C12, -15°C, ii) NAN3, DMF, 75°C, 67% in 2 steps; (b) 70% 
aqueous acetic acid, 70°C, 79%; (c) TBSCI, imidazole, DMF, r.t., 87%; (d) BnBr, Nail, DMF, 0°C, 68%; (e) 
acetic acid-TI-IF-H20 (3:1:1), r.t., 98%; (0 i) hydrazine monohydrate, EtOH, 90°C, ii) di-tert-butyl dicarbonate 
(Boc20), EtOH, r.t., 89% in 2 steps; (g) i) Ph3P, THF, reflux, ii) di-tert-butyl dicarbonate (Bo%O), THF-H20, 
50°C, 75% in 2 steps; (h) 4N HCl/1,4-dioxane, EtOH, r.t., 94%. 

(98 %). Removal of the phthaloyl group with hydrazine monohydrate, followed by treatment with dd-tert- 

butyl dicarbonate, afforded 8 (89% in 2 steps). After reduction of the azide with triphenyl phosphine, the 

resulting amine was treated with di-tert-butyl dicarbonate to yield 9 (75% in 2 steps). Finally, deprotection 

of the tert-butyloxycarbonyl groups of 9 with 4N HC1 in 1,4-dioxane gave diaminopyranoside 1 in 94% 
yield. 12 

The inhibitory potency of 1 against HIV-1 PR was examined by an intramolecular fluorescence 

resonance energy transfer (RET) assay. 13 The hydrolysis of a fluorogenic substrate, 4-(4-dimethyl 

amino phenyl azo) benzoic acid (DABCYL)-Ser-Gln-Asn-Tyr-Pro-Ile-Val-Gln-5-[(2-aminoethyl) amino] 

naphthalene-l-sulfonic acid (EDANS) (Bachem, M-1865), by a recombinant HIV-I PR at 25°C was 

monitored by fluorescence (excitation 360 nm/emission 460 nm). The reaction was carried out with 20 ~M 

substrate at pH 5.5 in a buffer containing 50 mM NaOAc, 1.0 M NaC1, 1 mg/ml BSA, 1.0 mM EDTA, and 

10% DMSO. ]4 As a result, diaminopyranoside 1 was found to inhibit the hydrolytic activity of HIV-1 PR 

with a 50% inhibitory concentration (IC50) of 205 + 8 ~tM. To examine whether the inhibitory potency of 1 

is due to the diamine moiety, we prepared azide 10,15 which lacked the amino function at the C3-position 
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Scheme 2. Syntheses of compounds 10 and 12. 
Reagents and conditions: (a) hydrazine monohydrate, EtOH, 90°C, 88%; (b) phenyl isocyanate, DMF, r.t., 77%; 
(c) 4N HCl/1,4-dioxane, EtOH, r.t., 86%. 

(Scheme 2). As expected, the activity of azide 10 was much lower (ICs0 > 1 mM) than that of 1. This 

suggested the crucial role of the charged diamino functionality in the inhibition. As compared with 

previously reported potent inhibitors, which have resulted from enormous efforts concerning structure- 

activity relationships, the inhibitory activity of 1 was considerably low. However, this was not surprising, 

because 1 was imperfect in the set of common pharmacophores observed as potent inhibitors. 

Diaminopyranoside 1 has only P1/PI '  substituents, whereas the inhibitors of cyclic urea reported by the 

DuPont group have four hydrophobic groups as the P1/PI'  and P2/P2' substituents, and an urea group as a 

mimic for the structural water observed in HIV-1 PR/inhibitor complexes. 5c In fact, derivative 12,16 in 

which an additional phenyl ring was attached to the C6-position for a P2 or P2' substituent, showed an 

increased inhibitory potency with a IC50 of 28 + 3 ~Vl (Scheme 2), These results suggest that the 

diaminopyranoside moiety is a promising inhibitor core unit for HIV-1 PR. Further structural optimizations 

of 1 will provide a new design direction for the discovery of more potent H1V-1 PR inhibitors as potential 

therapeutic agents for the treatment of HIV infection. 

In this work, we have demonstrated that diaminopyranosides are able to act as an inhibitor core unit for 

HIV proteases. In addition, we propose diaminopyranoside 1 as a potent antigen for the generation of 

catalytic antibodies. Given the potency of 1 for making electrostatic interactions with the catalytic aspartic 

acids of HIV- 1 PR, it is expected that immunization with 1 can elicit two aspartic acids working in concert 

in catalysis, to generate catalytic antibodies such as aspartic proteases. This is now under investigation, and 

the results will be reported elsewhere. 
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