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Background

• HIV-protease inhibitors (PIs) block the cleavage of precursor proteins needed 

for viral maturation and infectivity

Methods

Results
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Conclusions

A novel, potent, selective, non-peptidomimetic, unboosted

once daily (QD) oral HIV-PI was discovered

GS-9770 demonstrated high activity against all drug resistant 

viruses tested

Metabolic stability was hard earned and necessitated careful 

blockage of key hot spots

Potency, selectivity and mutant resistance

Metabolic stability 

• in vitro stability assays (hMS), Met ID (hMS/ hHep)      

• in vivo PK studies on pre-clinical species 

• Traditional PIs require PK boosting with a CYP inhibitor to enable QD dosing

• Goal: to discover Guanidine-based unboosted QD HIV-PIs 
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<10% Hepatic Extraction >85% Hepatic Extraction 

Verubecestat

In silico molecular modeling

Assays 

Chemical synthesis

Co-crystallization with HIV-PR

1. Identifying iminohydantoin “core” scaffold via molecular 
modeling 

❑Rigidified core
❑Good vectors
❑High LE

❑Rigidified core
❑Good vectors
❑Low LE

❑Flexible core
❑Good vectors
❑Low LE*

(* LE – Ligand efficiency )

2. Gaining biochemical potency with P2-benzamide

2 x 10 x

H-Bond:  N- C=O ↔ NH of Asp29 

Internal π- π: isoindoline ↔ P1 Phenyl  

VDWs: isoindoline ↔ S3 pocket

Co-crystal
Structure

IC50 2.6 µM IC50 1.1 µM IC50 0.1 µM

10 X

3. Improving potency with ortho R groups of P2-benzamide 

Co-crystal
Structure 

4. Establishing “4-point” binding mode (P1/P1’/P2/P2’) 

Co-crystal 
Structure

H-Bond:  P1’ NH ↔ O=C of Gly27’ 

VDWs: P1’ N-alkyl ↔ S1’ pocket

5. Optimizing P1 – metabolically stable “bi-aryl”

EC50 : 4 nM
hMS t1/2 : 12 min

EC50 : 9 nM
hMS t1/2 : 6 min

Free from
Metabolic
Oxidation
(Met ID)

Potency
Lead

Metabolic 
hotspot

6. Optimizing P1’ – CF3 substituted cyclopropyl on carbamate 
improves metabolic stability

7. Optimizing P2 – N-CF2H substituted 1,2,4-triazole as an amide 
isostere improves bioavailability

Caco-2 AB/BA [ER*]: 0.8 /10 [14]

F% (rat): <10 %

Caco-2 AB/BA [ER]: 9.7 /14 [1.4]

F% (rat): 47%

* ER: efflux ratio = BA/AB

8. Optimizing P2’ – fluorination improves metabolic stability / fine 
tuning at P1 and P1’ reduces protein binding

GS-9770

EC50 :  6.7 nM

paEC95 : 260 nM
hMS t1/2 : > 395 min Co-crystal Structure

9. GS-9770 displays high selectivity against off-target aspartic 
proteases

10. GS-9770 displays good PK profiles in pre-clinical species

11. GS-9770 reaches the projected human efficacious QD dose

12. GS-9770 displays superior resistance profile 

10 x

IC50 2.2 µM IC50 0.16 µM IC50 0.17 µM

Mask

H-donors

• Guanidine as novel transition state mimic for aspartic proteases was 

exemplified in unboosted QD β-secretase (BACE) inhibitors 

EC50 : 7.7 nM
hMS t1/2 : 230 min
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