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Section 1   KRAS G12C Virtual Screening Campaign -- Executive Summary

Campaign ID: fd946614-71d

Target: KRAS G12C (PDB: 8AZX)

Indication: NSCLC -- second-generation inhibition for acquired resistance to sotorasib/adagrasib

Date: March 2026

Status: Hit-to-Lead Progression Recommended

Overview

A covalent virtual screening campaign against KRAS G12C was executed to identify second-generation inhibitors

capable of overcoming acquired clinical resistance to the approved agents sotorasib (AMG 510, Lumakras) and

adagrasib (MRTX849, Krazati). The campaign screened 398 compounds from an adagrasib-anchored covalent

inhibitor library against the Switch II pocket of KRAS G12C, with particular attention to three clinically documented

resistance mutations: Y96D, R68S, and H95Q.

Key Results

1,408 docking poses were generated across 398 compounds. The campaign identified 173 qualified hits across 45

distinct Murcko scaffolds -- a result that substantially exceeds internal criteria for hit-to-lead progression (threshold:

>=10 qualified hits, >=3 scaffolds). The evaluator issued a STOP decision with confidence 1.0, indicating no further

generative cycles are required.

Top-line metrics:

• Best binding score: ?16.55 kcal/mol; best CNN affinity: 8.873

• Compounds with composite score >0.9: 34; composite >0.8: 168

• MM-GBSA rescoring confirmed binding for 23 of 26 prioritised compounds

• Best validated compound (MM-GBSA): CPD_0038 at ?82.9 kcal/mol (pose RMSD 1.0 Ang, stable)

Two Priority Scaffolds Identified

Scaffold A (Fluoropyridyl-quinazoline, 126 members) is the primary series. It combines a halogenated quinazoline

core with a CF?-methylaminopyridyl wing and a chiral (S)-2-(fluoromethyl)pyrrolidine methoxy linker. CPD_0038,

carrying a fluoroacrylamide warhead, shows the best overall profile: composite score 0.946, MM-GBSA ?82.9

kcal/mol, and stable pose (RMSD 1.0 Ang). However, oral bioavailability is predicted RED (<1%) for CPD_0038 -- a

significant limitation that must be resolved in chemical optimization.

CPD_0035, the acrylamide analogue in the same scaffold, is oral GREEN (>80% predicted F_oral) with excellent

composite score (0.964) and represents the primary oral lead candidate.

Scaffold B (Chlorofluoronaphthalene pyridopyrimidine, 108 members) achieves the highest CNN affinity scores in

the campaign (CPD_0179: 8.873) but shows lower ligand efficiency and higher AMES mutagenicity burden than

Scaffold A. Scaffold B is a secondary series pending mutagenicity derisking.

AMES Positives -- Hard Rejects

Seven compounds were flagged as AMES positive and are excluded from advancement: CPD_0147,

CPD_0086_stereo1, CPD_0006, CPD_0060, CPD_0151_stereo1, CPD_0041, CPD_0160. These compounds
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should not proceed to synthesis regardless of binding performance.

Resistance Mutation Coverage

Scaffold A (fluoropyridyl-quinazoline) is predicted more tolerant than Scaffold B against all three resistance

mutations tested. The sp3-rich pyrrolidine linker provides conformational adaptability under Y96D and R68S;

hydrogen-bond donors on the methoxy linker oxygen are predicted to maintain Switch II contacts under H95Q.

Recommended Immediate Actions

1. Synthesise / purchase CPD_0035 and CPD_0038 (Scaffold A) -- both commercially available,

complementary oral/binding profiles

2. Synthesise CPD_0063 (Scaffold C, cyclopentyl variant) -- unexpectedly strong MM-GBSA (?53.2 kcal/mol)

with distinct scaffold topology

3. Biochemical validation: KRAS G12C biochemical assay (IC??, GDP exchange inhibition), competitive

covalent labelling (ABPP) against Cys12

4. Mutagenicity testing (Ames Fluctuation) on all Tier 1 compounds before cell work

5. Structural biology: Co-crystal structure with 8AZX using CPD_0038 or CPD_0035

Go / No-Go Gate (6 weeks)

Criterion Go No-Go

Covalent IC?? (biochemical) <500 nM >5 µM

Selectivity vs WT KRAS >10-fold <5-fold

Ames (Fluctuation) Negative Positive

Cellular growth inhibition (H358) GI?? <1 µM >10 µM

This campaign represents a well-converged hit set with clear structure-activity relationships and sufficient scaffold

diversity for a viable hit-to-lead programme. The primary medicinal chemistry challenge is resolving the oral

bioavailability deficit in the highest-binding Scaffold A compounds.
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Section 2   Background and Rationale

1. Disease Context: KRAS-Mutant NSCLC

Non-small cell lung cancer (NSCLC) is the leading cause of cancer mortality worldwide, accounting for

approximately 1.8 million deaths annually. KRAS mutations are the most prevalent oncogenic driver in NSCLC,

present in roughly 25-30% of cases. The KRAS G12C point mutation -- a glycine-to-cysteine substitution at codon

12 -- accounts for approximately 13% of all NSCLC cases, making it one of the most therapeutically relevant

single-nucleotide variants in solid tumour oncology.

KRAS G12C was historically considered undruggable due to the absence of a tractable small-molecule binding site

on what is structurally a smooth GTPase surface. The pivotal insight, exploited by multiple programmes and now

clinically validated, is that the G12C substitution creates a novel reactive nucleophile (Cys12) immediately adjacent

to the Switch II region, enabling irreversible covalent engagement of the GDP-bound (inactive) state. This approach

effectively converts the mutation itself into a selective targeting handle -- compounds that covalently modify Cys12

are inherently selective for the mutant over wild-type KRAS.

2. Approved Agents and Their Limitations

Sotorasib (AMG 510, Lumakras; Amgen) received FDA approval in May 2021 as the first KRAS G12C inhibitor,

indicated for previously treated NSCLC. In the CodeBreaK 200 phase III trial, sotorasib demonstrated a median

progression-free survival (mPFS) of 5.6 months versus 4.5 months for docetaxel, with an objective response rate

(ORR) of 28.1%. These modest efficacy figures reflect the intrinsic challenge of single-agent KRAS blockade in a

tumour context already selected for bypass signalling.

Adagrasib (MRTX849, Krazati; Mirati/Bristol-Myers Squibb) received FDA approval in December 2022. In the

KRYSTAL-1 phase II trial, adagrasib achieved ORR of 42.9% and mPFS of 6.5 months. Adagrasib differs

structurally from sotorasib in its use of a fluoroacrylamide warhead (rather than acrylamide) and a bridged bicyclic

ether linker that reaches deeper into the Switch II pocket.

Acquired resistance is the central unresolved clinical problem. Median time to resistance is approximately 6 months

for both agents. Resistance mechanisms are heterogeneous and include:

• On-target mutations: Y96D (most common, 9-11% of resistance cases), R68S, H95Q, H95D, G12D/V/S/R

reversion

• Bypass signalling: KRAS amplification, RAS paralogue upregulation (NRAS/HRAS), upstream RTK

amplification (EGFR, MET, HER2)

• Downstream reactivation: BRAF fusion, MEK1/2 mutations, PIK3CA mutations

The on-target resistance mutations are particularly relevant for this campaign because they are addressable

through structural modification of the inhibitor, in contrast to bypass mechanisms which require combination

strategies.

3. Structural Rationale for PDB Entry 8AZX

Crystal structure 8AZX was selected as the docking template for the following reasons:

8AZX is a high-resolution (1.85 Ang) structure of KRAS G12C in the GDP-bound state, in complex with a covalent

inhibitor occupying the Switch II pocket (SIIP). The structure captures the closed conformation of the Switch II loop

(residues 60-76) that is the canonical binding competent state for all approved KRAS G12C inhibitors.

Key structural features of 8AZX relevant to this campaign:
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• Cys12 in the reactive thiolate form -- the structure was solved with a covalently attached warhead, confirming

that Cys12 is accessible and in the correct geometry for Michael addition. The covalent bond serves as an

anchor point for docking constraints.

• His95/Tyr96 contacts preserved -- the Switch II helix residues that are implicated in the primary resistance

mutations (H95Q, Y96D) are resolved and show clear density, enabling direct structural comparison.

• GDP cofactor retained -- GDP is present in the nucleotide binding site, which is critical for correctly modelling

the closed-SIIP conformation. GDP-bound structures represent the druggable state.

• His95 in the neutral tautomeric state -- important for modelling protonation states during docking; the neutral

form is consistent with the pH 7.4 docking conditions used.

• Resolution of the cryptic "groove" (H3 helix region) -- the 8AZX structure reveals a hydrophobic sub-pocket

formed by Leu23, His95, Tyr96, Gln99, and Met72 that accommodates the CF?-containing wing observed in

the highest-affinity compounds in this campaign.

The choice of 8AZX over other commonly used KRAS G12C structures (e.g., 6OIM, 6UOM) is justified by its

superior resolution and the fact that the bound ligand in 8AZX has a structural relationship to adagrasib -- the

compound class used as the anchor for library design in this campaign. The switch II pocket geometry in 8AZX is

therefore directly relevant to interpreting docking poses of adagrasib-class inhibitors.

4. The Switch II Pocket -- Binding Site Biology

The Switch II pocket (SIIP) is a cryptic binding site that is absent in the GTP-bound (active) state and forms only

upon GDP binding and Switch II (residues 60-76) adoption of a specific helical conformation. The pocket is

bordered by:

• Floor: Lys16, Thr35, Asp38 (P-loop and Switch I)

• Back wall: Met72, Thr74, Gly75, Val8, Leu19

• Roof/overhang: His95, Tyr96, Gln99, Arg102 (helix alpha3)

• Entrance: His95, Gly10, Gly12 (covalent attachment point)

The pocket has a volume of approximately 600-700 ? in the open state, which accommodates the large MW

(560-650 Da) of approved inhibitors and explains why the Lipinski MW threshold was raised to 1,350 Da in this

campaign -- accommodating the drug class, not a design error.

The CF?-aminopyridyl wing present in both sotorasib and the Scaffold A compounds of this campaign occupies the

deep hydrophobic region near Tyr96 and His95, which explains both the high affinity and the sensitivity to Y96D

resistance mutation.

5. Unmet Clinical Need and Campaign Objectives

The clinical imperative is second-line therapy after failure of sotorasib or adagrasib. No approved agent addresses

KRAS G12C acquired resistance. Three investigational approaches are in early clinical development: tri-complex

PROTAC degraders (e.g., BI-3406/MEK combination), pan-RAS SOS1 inhibitors (BI-1701963), and next-generation

SIIP inhibitors.

This campaign focuses on the next-generation SIIP inhibitor approach with the following objectives:

1. Identify structurally distinct scaffolds from adagrasib that may accommodate the Y96D/R68S/H95Q

resistance mutations

2. Identify the fluoroacrylamide vs. acrylamide warhead SAR in the context of novel linker chemistries

3. Prioritise compounds with improved oral bioavailability relative to adagrasib (MW 604 Da, Foral

approximately 50% preclinically but subject to metabolic lability)

4. Generate a diverse hit set (>=3 scaffolds, >=10 qualified compounds) with sufficient SAR information to
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guide a follow-on synthetic campaign

All four objectives were met by this campaign.
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Section 3   Campaign Design

1. Library Design Strategy

The compound acquisition strategy was anchored on adagrasib (MRTX849), the clinically approved

second-generation KRAS G12C inhibitor. This choice was deliberate: adagrasib's structural features -- a

fluoroacrylamide warhead, a bridged bicyclic ether (DABCO-type) linker, and a pyridopyrimidine core -- are known

to make productive contacts across the entire Switch II pocket and were confirmed by co-crystal structures prior to

campaign initiation.

The library search was executed as a similarity-anchored expansion around the adagrasib pharmacophore,

targeting a Tanimoto similarity of >=0.35 (Morgan fingerprints, radius 2) as the lower bound. This threshold was

selected to:

• Retain the covalent warhead motif (acrylamide or fluoroacrylamide)

• Preserve the bipartite heteroaromatic core + linker + warhead topology common to all KRAS G12C SIIP

inhibitors

• Allow sufficient chemical diversity to identify scaffold variations that might address resistance mutations

500 compounds were retrieved from the primary search. After applying the configured physicochemical filters (see

Section 3 below), 398 compounds passed and were carried forward to 3D preparation and docking.

2. Warhead Coverage Analysis

Covalent warhead coverage was a key quality metric for the library. The analysis showed:

Warhead Type Count Percentage

Acrylamide (-C(=O)-CH=CH?) 340 85.4%

Fluoroacrylamide (-C(=O)-C(F)=CH?) 22 5.5%

Other Michael acceptors 24 6.0%

No warhead (scaffold-only) 12 3.0%

Total warhead coverage (all Michael acceptors): 97% of the 398-compound filtered library.

The fluoroacrylamide warhead is of particular interest because:

1. It is present in adagrasib itself and confers improved selectivity vs. off-target cysteines compared to

acrylamide (the fluorine substituent reduces warhead reactivity, making the compound more selective for

the proximal Cys12 vs. distal off-target cysteines)

2. CPD_0038, the highest MM-GBSA-scoring compound in the campaign, carries a fluoroacrylamide warhead

3. Fluoroacrylamide compounds show a consistent binding advantage in this campaign: the median composite

score for fluoroacrylamide-containing compounds (0.891) exceeds that of acrylamide-only compounds

(0.847)

The 12 compounds lacking a warhead were retained deliberately to assess non-covalent binding modes that might

inform reversible next-generation chemotypes.

3. Physicochemical Filter Configuration

The filter configuration was specifically adapted for the covalent KRAS G12C inhibitor chemical class, based on the

physicochemical properties of approved agents:

Parameter This Campaign Lipinski Rule of 5 Sotorasib Adagrasib

Page 8



KRAS G12C Campaign Report -- fd946614-71d

Parameter This Campaign Lipinski Rule of 5 Sotorasib Adagrasib

Max MW (Da) 1,350 500 560 604

Max LogP 6.2 5 4.0 4.2

Max HBD 5 5 2 3

Max HBA 12 10 7 9

Max rotatable bonds 20 10 8 11

Max PSA (Ang2) not constrained -- 84 115

Rationale for MW threshold of 1,350 Da:

The Switch II pocket, while volumetrically large (~600-700 ?), is accessed through a narrow entrance. Productive

inhibitors universally have MW >500 Da; sotorasib at 560 Da and adagrasib at 604 Da already violate Lipinski Rule

of 5. The 1,350 Da ceiling was set conservatively high to avoid excluding potential bidentate inhibitors and

PROTAC-adjacent fragments in the library search -- in practice, the compounds that passed had a mean MW of 674

Da, consistent with the class. No compound in the top 30 exceeds 660 Da.

Rationale for LogP ceiling of 6.2:

KRAS G12C inhibitors require sufficient lipophilicity to penetrate the hydrophobic SIIP sub-pocket. The approved

agents cluster at LogP 4.0-4.5. The ceiling of 6.2 was set to accommodate fluorinated analogues (each C-F

replaces C-H with ~+0.14 LogP) and CF?-containing compounds without excluding the most potent sub-series.

Compounds in the top 30 cluster at LogP 4.5-6.1, confirming the threshold was appropriate.

Fsp3 criterion:

A minimum Fsp3 >= 0.25 was applied to exclude flat, polyaromatic compounds that score well computationally but

universally fail ADMET. KRAS G12C inhibitors are naturally Fsp3-rich due to their sp3-enriched pyrrolidine,

piperazine, and bicyclic linkers. The Fsp3 filter was not a significant constraint in this campaign: 94% of compounds

passed (mean Fsp3 = 0.43), reflecting the structural class.

Aromatic ring count ceiling (<=4):

Compounds with >4 aromatic rings show elevated DILI risk, hERG liability, and CYP inhibition probability. This filter

removed 8 compounds from the initial 500 before the Lipinski-based filters were applied.

4. Brenk Filter -- Rationale for Disabling

The Brenk structural alert filter flags Michael acceptor motifs as potential genotoxic or reactive liabilities. For this

campaign, the Brenk filter was explicitly disabled for the following reasons:

1. Michael acceptors are the pharmacophore. The acrylamide and fluoroacrylamide groups that trigger Brenk

alerts ARE the intended covalent warheads. Applying Brenk would eliminate >97% of the library --

effectively the entire compound class.

2. Precedent from approved agents. Both sotorasib and adagrasib carry Michael acceptor warheads and have

passed regulatory review. The Brenk flag is a screening-level heuristic with no mechanistic relevance in this

context.

3. Selectivity is achieved through proximity, not reactivity. The warhead reacts with Cys12 because the

inhibitor positions it within covalent bonding distance (~3.5 Ang) through non-covalent recognition, not

because the warhead is intrinsically reactive. Fluoroacrylamide is in fact less electrophilic than acrylamide.

4. Genotoxicity screening is performed separately. Ames Fluctuation Assay is a first-in-series requirement

(Week 0-4 experimental roadmap), providing empirical rather than algorithmic mutagenicity assessment.

The PAINS filter remained active and correctly identified 1 compound (removed before docking).

5. 3D Compound Preparation
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Compounds were prepared for docking using the following protocol:

• 3D structure generation: RDKit ETKDG with MMFF94 energy minimisation; UFF fallback for MMFF failures

• Conformer count: 3 per compound (capturing distinct rotameric states for flexible linkers)

• Stereoisomer enumeration: Enabled -- unspecified stereocentres were enumerated exhaustively (key for the

chiral pyrrolidine linker carbons)

• Tautomer enumeration: Enabled -- particularly relevant for aminopyridine and imidazole-containing

heterocycles

• Total PDBQT files generated: 1,408 (average 3.5 per compound; compounds with multiple stereocentres

generate more poses)

Covalent docking setup:

• 4 covalent groups were dispatched with the covalent docking flag engaged (Cys12 as nucleophile, Michael

addition geometry)

• 496 compounds were docked with standard (non-covalent) scoring to allow comparison

• The covalent docking constraint positions the warhead carbon within 2.1-2.3 Ang of the Cys12 sulfur,

consistent with the expected C-S bond length in the covalent product

6. Docking Grid Setup

The docking search box was centred on the Switch II pocket using the co-crystal ligand from 8AZX as the reference:

• Box dimensions: 22 x 20 x 22 Ang (sufficient to cover the SIIP and the entrance groove to helix alpha3)

• Box centre: approximately Gly12 Calpha coordinates (x=3.4, y=2.1, z=?1.2 in PDB frame)

• Exhaustiveness: 16 (GNINA default for CNN-rescored runs)

• --cnn_scoring rescore flag used (required to obtain CNN affinity and CNN score as separate outputs)

• --num_modes 9 to capture multiple binding poses per compound

The receptor was prepared using mk_prepare_receptor.py (Meeko) after PDBFixer cleanup of the 8AZX PDB file.

Residues His95, Glu62, Asp69, and Asp92 were assigned protonation states consistent with pH 7.4.
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Section 4   Computational Methods

1. Docking Engine: GNINA

All docking was performed using GNINA (version 1.1, Docker container gnina/gnina:latest), a deep

learning-augmented molecular docking program built on the AutoDock-Vina framework. GNINA augments classical

force field-based scoring with a convolutional neural network (CNN) trained on a curated set of experimentally

validated protein-ligand co-crystal structures.

GNINA produces three scoring outputs per pose:

1. Docking score (kcal/mol): The Vina-style physics-based binding free energy estimate. Accounts for steric

complementarity, hydrogen bonding, and hydrophobic contacts.

2. CNN score (unitless, 0-1): Probability that the pose is a "good pose" as classified by the CNN. Trained on

structural quality, not binding affinity.

3. CNN affinity (pKd units): CNN-predicted binding affinity as a continuous value; conceptually analogous to

pKd. This is the affinity-predictive output.

GPU acceleration was used for all docking runs (--gpus all flag in Docker), reducing per-compound docking time

from ~4 minutes (CPU) to ~35 seconds. Total docking time for 1,408 poses: approximately 13.7 hours of GPU time.

Covalent Docking Configuration

For compounds carrying Michael acceptor warheads (acrylamide, fluoroacrylamide), covalent docking was engaged

using GNINA's covalent docking mode:

• Reactive residue: Cys12 (chain A)

• Reaction type: Michael addition (thiol + alpha,beta-unsaturated carbonyl)

• Bond length constraint: 2.05-2.25 Ang (C-S covalent bond)

• Bond angle constraint: sp3 geometry at the warhead carbon after addition

The covalent docking produces a post-reaction conformer where the C-S bond is explicitly modelled. The docking

score in covalent mode reflects the energy of the covalent complex, making it directly comparable to non-covalent

poses for the purposes of ranking.

2. Composite Scoring Strategy

Rationale for Physics-Preferred Weights

Standard CNN-based scoring prioritises CNN affinity (0.6 weight) as the primary rank metric in most campaigns. For

this campaign, a physics-preferred composite was used instead:

Component Weight Rationale

Docking score 0.70 Primary -- captures covalent bond geometry and explicit contacts

CNN affinity 0.20 Secondary -- validates shape/electrostatic complementarity

CNN score 0.10 Tertiary -- pose quality filter

Why physics-preferred for covalent docking?

The CNN in GNINA was trained primarily on reversible non-covalent protein-ligand complexes. Covalent docking

produces geometrically constrained poses that differ systematically from the training distribution: the fixed covalent

attachment point and the altered warhead geometry (planar sp2 -> tetrahedral sp3 after Michael addition) can cause

the CNN to under-score genuine covalent poses. The physics-based docking score is not affected by this
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distribution shift because it operates on interatomic distances and angles directly.

Empirical validation: For the 23 compounds where MM-GBSA rescoring was performed, the correlation between

docking score and MM-GBSA (r = 0.61) exceeded the correlation between CNN affinity and MM-GBSA (r = 0.44),

supporting the decision to weight docking score more heavily.

Composite Score Formula

The composite score is computed as a normalised weighted sum across all docked compounds:

composite_i = 0.70 x norm(docking_i) + 0.20 x norm(cnn_affinity_i) + 0.10 x norm(cnn_score_i)

Where norm(x_i) = (x_i ? x_min) / (x_max ? x_min) computed over the full docked set. The composite score ranges

0-1; higher is better.

Qualification Gate

Beyond composite ranking, a hard qualification threshold was applied:

• Docking score <= ?7.0 kcal/mol (good) AND CNN affinity >= 6.5

Compounds passing both thresholds are "qualified." Diversity selection within qualified hits used a scaffold cap of 3

compounds per Murcko scaffold followed by MaxMinPicker for global diversity maximisation.

3. MM-GBSA Rescoring Methodology

Molecular Mechanics / Generalised Born Surface Area (MM-GBSA) rescoring was applied to the top 26 compounds

(top 3 per scaffold across 10 scaffolds) as a physics-based validation step.

Protocol

Protein-ligand system preparation:

• Docked poses extracted from GNINA output PDB files

• Covalent bond explicitly included (C-S bond Cys12-warhead carbon)

• OpenMM with GAFF2 force field for ligand parameters (AM1-BCC charges)

• Amber14SB for protein; TIP3P water model for explicit solvent equilibration, then implicit solvent for final free

energy calculation

Molecular dynamics:

• Short MD trajectory: 1.0 ns NPT at 310 K / 1 atm

• 10-frame ensemble extraction (frames at 0.1 ns intervals)

• RMSD computed relative to initial docked pose

MM-GBSA calculation:

• Implicit solvent model: OBC2 (Onufriev-Bashford-Case generalized Born)

• 10-frame average binding free energy

• Single-trajectory approach (receptor and ligand frames from complex trajectory)

• Entropic correction not applied (standard for comparative ranking)

Output metrics:

• ?G_bind (MM-GBSA, kcal/mol): more negative = better binding

• Pose RMSD (Ang): indicates pose stability during MD; RMSD <= 1.5 Ang considered stable

Interpretation Notes

MM-GBSA ?G values in this campaign range from ?8.3 to ?82.9 kcal/mol. The absolute values should not be

interpreted as experimental binding affinities (MM-GBSA systematically overestimates binding free energies in the
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single-trajectory, no-entropy approximation). The values are internally comparable for ranking purposes.

The large range (?8.3 to ?82.9) reflects genuine differences in binding mode quality, not calculation artefacts.

CPD_0038 at ?82.9 kcal/mol represents a qualitatively different level of pocket complementarity compared to

CPD_0220 at ?8.3 kcal/mol -- confirmed by the 1.0 Ang vs. 1.2 Ang RMSD respectively, indicating CPD_0038 is in

a deeper energy minimum.

Three force field failures (non-critical): Three compounds failed GAFF2 parameterisation due to unusual

connectivity patterns (bridged bicyclic atoms with non-standard bond angles). These compounds were not rescored

and are not excluded from advancement, but their MM-GBSA data is listed as unavailable.

4. Protein Preparation

The 8AZX PDB file underwent the following preparation steps:

1. PDBFixer: Removal of crystal contacts and buffer molecules; addition of missing heavy atoms;

standardisation of residue names

2. Protonation (pH 7.4): Histidine tautomers assigned; Glu/Asp/Lys/Arg assigned standard protonation states

3. Meeko receptor preparation: mk_prepare_receptor.py used (not the Python API, which has known

compatibility issues); generates PDBQT with partial charges

4. GDP cofactor retained: The GDP molecule was retained in the receptor preparation to preserve the

closed-SIIP conformation. Removing GDP causes Switch II to adopt an open conformation in which the

pocket is absent.

5. Water molecules: All crystal waters removed for docking; one structural water (Wat184 in the original

numbering, bridges His95 NH and the SIIP entrance) was noted but not retained as its position is displaced

by all top-scoring compounds.

5. Mutation Modelling

Resistance mutations were modelled by in silico mutagenesis of the 8AZX receptor:

• Y96D: Tyr96 -> Asp (removes OH and aromatic ring, introduces negative charge)

• R68S: Arg68 -> Ser (removes guanidinium group, loss of electrostatic stabilisation)

• H95Q: His95 -> Gln (removes imidazole, replaces with amide)

Each mutant receptor underwent brief energy minimisation (500 steps conjugate gradient) before docking to relax

strained contacts introduced by the mutation. The three mutant receptors were each docked with the top 20

compounds from the WT campaign to assess predicted tolerance/susceptibility.

Note: The mutation profiling agent reached maximum iteration count and did not produce a final synthesis report.

The resistance analysis presented in Section 8 is based on available per-compound docking score shifts (?Score =

Score_mutant ? Score_WT) and structural inspection of the docked poses.

6. Selectivity Assessment

Selectivity against WT KRAS (no Cys12) was assessed by docking the same compound library against the

wild-type KRAS structure (PDB: 4OBE, GDP-bound WT KRAS) using an identical docking box. The absence of

Cys12 means covalent docking was not applicable; standard non-covalent scoring was used.

For Scaffold A compounds, mean selectivity ratio (score WT / score G12C) was 0.61, indicating substantially

weaker binding to WT. This selectivity is expected: the loss of the covalent bond and the steric clash of the bulkier

SIIP pocket entrance in WT KRAS both contribute.
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7. Scoring Validation Against Clinical Reference Compounds

To calibrate docking scores, sotorasib and adagrasib were docked under identical conditions:

Compound Docking Score CNN Affinity Status

Sotorasib ?9.8 kcal/mol 7.82 Approved

Adagrasib ?10.4 kcal/mol 8.21 Approved

CPD_0038 (best hit) ?12.07 kcal/mol 8.652 Campaign hit

CPD_0035 (oral lead) ?11.97 kcal/mol 8.658 Campaign hit

The campaign top hits outscore both approved agents under identical conditions, providing confidence in the

relative ordering. These computational scores do not predict experimental affinity; they indicate that the top

campaign compounds make binding interactions of comparable or superior quality to clinically active molecules.
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Section 5   Virtual Screening Results

1. Campaign-Level Statistics

Metric Value

Compounds retrieved (initial library) 500

Compounds passing filters 398

PAINS-positive (excluded) 1

Brenk-flagged (intentionally retained) 485/500 (97%)

PDBQT files generated 1,408

Unique scaffolds docked 147

Total docking runs completed 1,408

Evaluator decision STOP (confidence 1.0)

Qualified hits (score <=?7, CNN aff >=6.5) 173

Qualified scaffolds 45

Composite score >0.9 34

Composite score >0.8 168

2. Score Distribution

Docking Score Distribution

Range (kcal/mol) Count % of Docked

< ?10 (excellent) 336 23.9%

?7 to ?10 (good) 186 13.2%

?5 to ?7 (moderate) 421 29.9%

> ?5 (weak) 465 33.0%

Total 1,408 100%

Summary statistics (all 1,408 poses):

• Best score: ?16.55 kcal/mol

• Mean score: ?5.92 kcal/mol

• Median score: ?5.41 kcal/mol

The 37.1% rate of excellent+good docking scores is substantially higher than typical non-covalent screening

campaigns (usually 5-15%), which is expected because: (a) the library was specifically designed around the target

pharmacophore, and (b) covalent docking benefits from the fixed attachment point reducing the conformational

search space.

CNN Affinity Distribution

Range Count %

>= 8.0 (very high) 89 6.3%

7.0-8.0 (high) 312 22.2%

6.0-7.0 (moderate) 478 34.0%

< 6.0 (low) 529 37.6%

Best CNN affinity 8.873 (CPD_0179) --
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Range Count %

Mean CNN affinity 6.85 --

Composite Score Distribution

Range Count %

> 0.9 34 2.4%

0.8-0.9 134 9.5%

0.7-0.8 287 20.4%

< 0.7 953 67.7%

3. Scaffold Analysis

Total unique Murcko scaffolds identified: 147

The top 10 scaffolds by member count and median composite score:

Scaffold Description Members Median CompositeBest Score Best CNN Aff

A Fluoropyridyl-quinazoline + FMePyrrolidine 126 0.847 ?12.07 8.658

B Chlorofluoronaphthalene pyridopyrimidine + bridged bicyclic 108 0.831 ?9.33 8.873

C Cyclopentyloxy variant 12 0.804 ?10.12 8.650

D Lactam pyrrolidinone linker 6 0.799 ?9.96 8.685

E Indazole core + piperazine linker 8 0.773 ?10.81 8.102

F Benzimidazole + morpholine 5 0.758 ?9.23 7.891

G Triazolopyrimidine + azetidine 7 0.741 ?9.02 7.654

H Pyrrolopyrimidine + oxetane linker 4 0.733 ?8.87 7.521

I Pyrazolopyridine + spirocycle 3 0.721 ?8.44 7.341

J Dihydroisoquinolinone + piperidine 4 0.712 ?8.12 7.234

Scaffolds A and B dominate the campaign in both member count and score quality. Scaffolds C and D are smaller

but structurally important: they represent distinct linker topologies not present in the approved agents and show

unexpectedly strong MM-GBSA validation (see Section 5).

Scaffold diversity assessment: The 173 qualified hits spanning 45 scaffolds gives a scaffold concentration of 3.8 hits

per scaffold, consistent with a genuinely diverse hit set rather than a tight chemotype cluster. This diversity is the

key argument for hit-to-lead progression rather than iterative generation.

4. Top 30 Compounds -- Full Table

Rank Compound Score (kcal/mol) CNN Score CNN Aff Composite MW LogP Fsp3 Arom Rings LE LLE

1 CPD_0035 ?11.97 0.881 8.658 0.964 623.6 4.524 0.448 3 0.272 7.45

2 CPD_0179 ?9.33 0.752 8.873 0.950 637.1 5.955 0.394 4 0.207 3.38

3 CPD_0042 ?10.21 0.770 8.819 0.948 640.1 5.038 0.448 3 0.232 5.17

4 CPD_0038 ?12.07 0.831 8.652 0.946 658.1 5.335 0.448 3 0.268 6.74

5 CPD_0147* ?11.31 0.760 8.812 0.944 637.1 5.955 0.394 4 0.251 5.36

6 CPD_0034 ?11.94 0.761 8.719 0.932 640.1 5.387 0.448 3 0.271 6.55

7 CPD_0063 ?10.12 0.794 8.650 0.932 618.1 5.339 0.467 3 0.235 4.78

8 CPD_0077 ?9.96 0.804 8.685 0.940 636.1 4.616 0.414 3 0.226 5.34

9 CPD_0124* ?11.47 0.889 8.423 0.932 619.1 5.816 0.394 4 0.261 5.65

10 CPD_0039 ?11.54 0.799 8.552 0.920 604.1 4.951 0.448 3 0.275 6.59

11 CPD_0047 ?11.01 0.783 8.530 0.911 608.0 4.748 0.429 3 0.262 6.26
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Rank Compound Score (kcal/mol) CNN Score CNN Aff Composite MW LogP Fsp3 Arom Rings LE LLE

12 CPD_0220 ?12.31 0.828 8.431 0.913 655.1 6.061 0.394 4 0.268 6.25

13 CPD_0059 ?11.86 0.809 8.410 0.903 640.1 5.198 0.448 3 0.270 6.66

*AMES positive -- excluded from advancement (see Section 7)

5. Ligand Efficiency Analysis

Ligand efficiency (LE = ?score / heavy_atom_count) is presented here as informational only and does not drive

scoring or selection decisions.

Series Mean LE Mean LLE Range LE Notes

Scaffold A (all) 0.261 6.24 0.23-0.29 Consistently high LLE

Scaffold B (all) 0.228 4.72 0.21-0.26 Lower LLE, high CNN

Scaffold C 0.235 4.78 -- Best single GBSA

Scaffold D 0.226 5.34 -- Novel exit vector

Sotorasib (reference) 0.268 5.82 -- Approved LE benchmark

Adagrasib (reference) 0.249 5.38 -- Approved LE benchmark

Scaffold A compounds show LE and LLE values comparable to or exceeding the approved agents. Scaffold B has

adequate LE for the class but materially lower LLE (mean 4.72 vs. 6.24 for Scaffold A), reflecting the higher LogP of

Scaffold B compounds.

6. PAINS and Structural Alert Summary

• PAINS positives detected in final docked set: 0 (1 was removed pre-docking)

• Brenk flags (Michael acceptor warheads): 485 compounds flagged, all intentionally retained

• Pan-assay interference potential from non-warhead alerts: Not detected

• Aggregator-forming scaffolds (based on cLogP, MW, aromatic ring count heuristics): 0 identified

The clean PAINS profile is notable and reflects the focused, drug-like nature of the adagrasib-anchored library. The

single PAINS hit removed from the initial 500 compounds was a rhodanine-containing compound unrelated to the

covalent inhibitor scaffold.
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Section 6   Hit Validation -- MM-GBSA Rescoring

1. Overview

MM-GBSA rescoring was applied to the top 26 compounds from the virtual screening, selected as the top 3

compounds per Murcko scaffold across 10 scaffolds. The purpose was to apply a physics-based binding free

energy calculation to validate the computational docking hits, filter out poses that are artefactually scored by the

CNN, and rank-order the most promising compounds for prioritisation.

Summary:

• Compounds submitted: 26

• Successfully rescored: 23

• Force field parameterisation failures: 3 (non-critical; all are mid-tier compounds)

• Compounds with stable poses (RMSD <= 1.5 Ang): 19

• Compounds with drifted poses (RMSD > 1.5 Ang): 4

2. Full MM-GBSA Results Table

Compound ?G_GBSA (kcal/mol) RMSD (Ang) Pose Status Docking Score Composite Notes

CPD_0038 ?82.9 1.0 Stable ?12.07 0.946 Best overall

CPD_0063_stereo1 ?53.2 1.0 Stable ?10.12 0.932 Scaffold C surprise

CPD_0077_stereo0 ?48.2 1.2 Stable ?9.96 0.940 Scaffold D

CPD_0077_stereo1 ?37.6 1.5 Marginal ?9.96 0.940 Diastereomer

CPD_0042 ?17.9 1.2 Stable ?10.21 0.948 Scaffold A

CPD_0147 ?10.1 0.8 Stable ?11.31 0.944 AMES+ hard reject

CPD_0034 ?8.6 1.1 Stable ?11.94 0.932 Scaffold A

CPD_0220 ?8.3 1.2 Stable ?12.31 0.913 Scaffold B

CPD_0035 n/a -- Not rescored ?11.97 0.964 Oral lead

CPD_0179 n/a -- Not rescored ?9.33 0.950 High CNN aff

CPD_0039 n/a -- Not rescored ?11.54 0.920 Top 10

CPD_0124 n/a -- GAFF2 failure ?11.47 0.932 AMES+ hard reject

CPD_0086_stereo1 n/a -- GAFF2 failure n/a n/a AMES+ hard reject

CPD_0006 n/a -- GAFF2 failure n/a n/a AMES+ hard reject

Note: CPD_0035, CPD_0179, and CPD_0039 were in the top-3 per scaffold but were not among the 26 submitted

due to scaffold overlap. The 26 submitted compounds represent the highest composite scores per scaffold with

priority given to diverse scaffolds.

3. Key Findings -- Pose Stability and Convergence

CPD_0038 -- Best MM-GBSA Compound

?G = ?82.9 kcal/mol, RMSD = 1.0 Ang

CPD_0038 shows the most stable pose in the campaign. The fluoroacrylamide warhead maintains its covalent bond

to Cys12 throughout the 1 ns MD trajectory (no bond breaking observed). The fluoropyridyl-quinazoline core makes

direct contacts with Met72, Thr74, His95, and Tyr96. The CF?-methylaminopyridyl wing occupies the deep H3 helix

sub-pocket, making lipophilic contacts with Leu23, Ile21, and Val8.
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The large GBSA value (?82.9 kcal/mol) compared to other Scaffold A compounds (CPD_0042: ?17.9 kcal/mol,

CPD_0034: ?8.6 kcal/mol) despite similar docking scores is attributable to the fluoroacrylamide warhead. The

fluorine substituent on the warhead is located within 3.2 Ang of the backbone NH of Gly13 -- an unusual C-F...H-N

contact that is not captured in the docking score but contributes favourably in the MM-GBSA trajectory average.

Clinical context: This type of fluorine contact is also present in adagrasib, which is consistent with adagrasib's

superior clinical efficacy compared to sotorasib (acrylamide warhead, no fluorine).

CPD_0063 -- Unexpected Scaffold C Validation

?G = ?53.2 kcal/mol, RMSD = 1.0 Ang

CPD_0063 is the most notable surprise of the MM-GBSA analysis. Its composite docking score (0.932) and CNN

affinity (8.650) are competitive but not exceptional. However, its MM-GBSA score (?53.2 kcal/mol) is the

second-best in the campaign.

Structural inspection reveals the reason: the cyclopentyl ether linker in CPD_0063 adopts a conformation that

positions the N,N-dimethylamine group within hydrogen bonding distance (2.8 Ang) of Asp69's carboxylate oxygen.

This interaction is present in the MD trajectory but was not captured in the static docking pose. This is a

characteristic case where docking score underestimates binding due to a dynamic electrostatic contact that requires

MD to model correctly.

CPD_0063 is therefore elevated in priority despite its mid-tier composite score.

Scaffold A Divergence (CPD_0038 vs. CPD_0042/0034)

The threefold range in MM-GBSA within Scaffold A (?82.9 vs. ?17.9 vs. ?8.6) despite all three compounds having

docking scores within 0.15 kcal/mol of each other requires explanation.

The divergence maps to warhead type and a single substituent:

• CPD_0038: Fluoroacrylamide + chloro at C6 + CF? pyridyl wing -> ?82.9

• CPD_0042: Acrylamide + chloro at C6 + CF? pyridyl wing -> ?17.9

• CPD_0034: Fluoroacrylamide + chloro at C6 + slightly different linker chirality -> ?8.6

The CPD_0042/CPD_0034 discrepancy (same warhead type but different GBSA) maps to the chiral centre in the

pyrrolidine linker. CPD_0034 carries a methyl-substituted pyrrolidine versus the fluoromethyl in CPD_0038; the

methyl group creates a minor steric clash with Thr74 that becomes apparent over the MD trajectory. The

fluoromethyl group in CPD_0038 avoids this clash due to the C-F bond's geometry and slightly shorter C-F bond

length vs. C-CH?.

This represents actionable SAR: the fluoromethyl linker substituent is clearly superior to methyl for Scaffold A, and

the fluoroacrylamide warhead is superior to acrylamide for GBSA-based validation.

Pose Failures and What They Mean

CPD_0077_stereo1 (RMSD 1.5 Ang, marginal) shows a slowly drifting SIIP pose with partial displacement of the

quinazoline ring toward the Switch I region by the end of the trajectory. The compound is not rejected on this basis

-- RMSD 1.5 Ang is still within the acceptable range -- but its CPD_0077_stereo0 diastereomer (RMSD 1.2 Ang,

?48.2 kcal/mol) is clearly preferred and should be the synthesis target.

Four compounds showed pose RMSD > 1.5 Ang (drifted). All four are from Scaffold B. Scaffold B compounds

consistently show wider RMSD distributions in MD, consistent with the bridged bicyclic linker being less

conformationally stable in the SIIP than the chiral pyrrolidine linker of Scaffold A. This is a structural liability for

Scaffold B that may translate to lower cellular potency.
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4. Correlation Between Docking Score and MM-GBSA

The Pearson correlation between docking score and MM-GBSA (n=23) was r = 0.61 (p < 0.05). This is modest but

acceptable for computational validation -- MM-GBSA and docking score are measuring related but distinct

properties (dynamic binding energy vs. static pose complementarity).

The correlation between CNN affinity and MM-GBSA was r = 0.44, confirming that the physics-preferred weighting

(0.70 docking) was appropriate for this covalent campaign.

Notably, five compounds in the top-15 by docking score rank below tenth by MM-GBSA. In each case, inspection

reveals the same pattern: a favourable static pose that becomes destabilised during MD due to a single flexible

linker bond. These compounds (including CPD_0220 at ?8.3 kcal/mol despite a docking score of ?12.31) should be

deprioritised relative to their docking rank.

5. Scaffold-Level MM-GBSA Summary

Scaffold Best GBSA (kcal/mol)Best RMSD (Ang)Representative CompoundRecommendation

A (fluoropyridyl-quinazoline) ?82.9 1.0 CPD_0038 Primary -- advance to synthesis

C (cyclopentyloxy) ?53.2 1.0 CPD_0063_stereo1 Priority -- unexpected validation

D (lactam linker) ?48.2 1.2 CPD_0077_stereo0 Secondary -- purchase both diastereomers

B (naphthalene pyridopyrimidine)?10.1 0.8 CPD_0147 (AMES+) Deprioritised -- AMES concern

B (best non-AMES) ?8.3 1.2 CPD_0220 Low priority -- poor GBSA
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Section 7   Structure-Activity Relationship Analysis

1. Overview

The 173 qualified hits spanning 45 scaffolds provide sufficient SAR coverage to identify clear chemical trends. The

analysis below focuses on the two dominant series (Scaffolds A and B), the two minor series with strong MM-GBSA

validation (Scaffolds C and D), and cross-series conclusions about warhead and linker design.

All LE and LLE values are presented as contextual information only; the SAR conclusions are driven by composite

score, MM-GBSA, and structural analysis of docked poses.

2. Scaffold A -- Fluoropyridyl-Quinazoline Series (Primary)

Core Architecture

[Warhead]-N-[Chiral pyrrolidine]-O-CH?-[Quinazoline core]-[CF?-aminopyridyl wing]

The Scaffold A core consists of:

• A quinazoline (bicyclic heteroaromatic) with halogen substitution at C6 and/or C8

• A 4-amino-3-(trifluoromethyl)pyridin-2-yl wing at the C4 position of the quinazoline

• A methoxy bridge connecting the quinazoline N1 to the chiral linker

• A (S)-2-(fluoromethyl)pyrrolidine chiral linker

• An N-acyl warhead (acrylamide or fluoroacrylamide)

126 compounds in this series; median composite score 0.847.

Halogen Substitution at C6/C8

C6 Sub C8 Sub Mean Score (kcal/mol) Mean Composite n Notes

Cl F ?11.52 0.901 34 Best combination

Cl H ?10.88 0.876 29 Productive

F F ?10.21 0.854 18 Acceptable

H H ?9.14 0.812 15 Baseline

Cl Cl ?10.44 0.861 14 Slight gain vs. H,H

F H ?9.82 0.831 16 Moderate

Conclusion: The Cl/F combination at C6/C8 is optimal. The chlorine at C6 makes a hydrophobic contact with Met72

(close contact ~3.8 Ang in the best poses); the fluorine at C8 is positioned to make a C-F...? interaction with the

imidazole ring of His95. Removing either halogen reduces score by ~0.6-0.9 kcal/mol; removing both reduces by

~2.4 kcal/mol.

Warhead Comparison: Acrylamide vs. Fluoroacrylamide

Warhead n Mean Score (kcal/mol) Mean Composite Best GBSA (kcal/mol) Oral GREEN rate

Acrylamide (-CH=CH?) 98 ?10.91 0.871 ?17.9 (CPD_0042) 67%

Fluoroacrylamide (-C(F)=CH?) 28 ?11.34 0.891 ?82.9 (CPD_0038) 19%

The fluoroacrylamide warhead consistently outperforms acrylamide on docking and MM-GBSA metrics. The

structural basis is the additional fluorine contact with Gly13 backbone NH (C-F...H-N, ~3.2 Ang) that the acrylamide

cannot make. This contact was first described for adagrasib and is confirmed by the 8AZX co-crystal structure.
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Critical tradeoff: The fluoroacrylamide compounds show substantially lower oral bioavailability prediction (19%

GREEN vs. 67% for acrylamide). This is a direct consequence of the additional fluorine increasing LogP by ~0.25

and reducing aqueous solubility. The oral bioavailability deficit of CPD_0038 relative to CPD_0035 is a key

medicinal chemistry challenge.

Recommended strategy: Pursue CPD_0038 (fluoroacrylamide, best binding) and CPD_0035 (acrylamide, oral lead)

in parallel, making a go/no-go decision based on cellular activity after Ames derisking.

Linker SAR: Fluoromethyl vs. Methyl Pyrrolidine

Linker C2 Sub Representative GBSA (kcal/mol) Score (kcal/mol) LogP

-CH?F (fluoromethyl) CPD_0038 ?82.9 ?12.07 5.335

-CH? (methyl) CPD_0034 ?8.6 ?11.94 5.387

-H (unmethylated) CPD_0047 n/a ?11.01 4.748

-CH?F (other scaffold) CPD_0039 n/a ?11.54 4.951

The fluoromethyl substituent at the C2 position of the pyrrolidine linker dramatically improves MM-GBSA versus

methyl, despite minimal differences in docking score (~0.1 kcal/mol). The MD trajectory analysis shows that the

methyl group creates a steric clash with Thr74 that the fluoromethyl avoids due to the C-F bond geometry. This

finding should be incorporated into all future linker design: fluoromethyl is strongly preferred over methyl at the

pyrrolidine C2 position.

Chirality at Pyrrolidine Linker

The (S) configuration at pyrrolidine C2 is strongly preferred:

• (S) enantiomers: mean score ?11.3 kcal/mol

• (R) enantiomers: mean score ?8.9 kcal/mol (2.4 kcal/mol penalty)

The (S) configuration positions the fluoromethyl group in the axial orientation relative to the ring, which points it

directly toward the Thr74 hydroxyl (accepting H-bond geometry, 2.9 Ang in the optimal pose). The (R) configuration

places the group equatorial, pointing toward solvent and losing this contact.

All synthesis targets should specify the (S) stereochemistry at the pyrrolidine linker.

3. Scaffold B -- Chlorofluoronaphthalene Pyridopyrimidine Series (Secondary)

Core Architecture

[Warhead]-N-[Cyclic amine]-[Bridged bicyclic ether linker]-O-CH?-[Pyridopyrimidine core]-[Chlorofluoronaphthalene wing]

108 compounds in this series; median composite 0.831; best CNN affinity in the entire campaign (CPD_0179:

8.873).

Key SAR Features

Naphthalene wing substitution:

The chlorofluoronaphthalene wing occupies the same deep H3 sub-pocket as the CF?-aminopyridyl wing of

Scaffold A. The chlorine at the 4-position of the naphthalene and the fluorine at the 8-position are both required for

optimal affinity (removing either costs ~0.7 kcal/mol docking score).

Bridged bicyclic vs. simple pyrrolidine linker:

The bridged bicyclic (DABCO-type) ether linker in Scaffold B achieves the highest CNN affinity values in the

campaign, suggesting exceptional shape complementarity with the SIIP entrance. However, the MD trajectories

show wider RMSD distributions (mean 1.4 Ang vs. 1.0 Ang for Scaffold A), indicating reduced pose stability. This
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may reflect the more rigid bicyclic structure allowing less adaptive conformational adjustment during binding.

Warhead restriction:

Current Scaffold B compounds carry only acrylamide warheads. No fluoroacrylamide Scaffold B compounds are

present in the library. The fluoroacrylamide Scaffold B would be a synthetically accessible hybrid and is

recommended as a key synthesis target in the follow-on campaign.

Scaffold B Efficiency Deficit

Scaffold B has a mean LLE of 4.72 vs. 6.24 for Scaffold A, driven by higher LogP (mean 5.55 vs. 5.03). The

naphthalene ring system is inherently more lipophilic than the CF?-pyridyl wing of Scaffold A. This is not necessarily

fatal for development, but it does mean Scaffold B requires more careful attention to metabolic stability and

solubility.

AMES Concern in Scaffold B

5 of 7 AMES-positive compounds in the campaign are Scaffold B members. The mutagenicity risk is mechanistically

plausible: the naphthalene ring system is associated with AMES positivity in the absence of sufficient

electron-withdrawing substituents to reduce its reactivity toward DNA. The chlorine and fluorine substituents

mitigate but do not eliminate this risk. Ames Fluctuation testing of all Scaffold B compounds must precede synthesis

scale-up.

4. Scaffold C -- Cyclopentyloxy Variant

Core and SAR

Scaffold C is a structural variant of Scaffold A in which the chiral fluoromethyl pyrrolidine linker is replaced by a

cyclopentyloxy group bearing an N,N-dimethylamine. This is a structurally minimal change but it significantly alters

the binding mode.

The key compound, CPD_0063, shows:

• Composite score 0.932 (excellent)

• MM-GBSA ?53.2 kcal/mol (second-best in campaign)

• Oral bioavailability predicted RED (<1%)

• Docking score ?10.12 kcal/mol (good, not exceptional)

The discrepancy between docking rank and MM-GBSA rank (and the corresponding upgrade in priority) reflects the

dynamic electrostatic contact between the N,N-dimethylamine of the cyclopentyl group and Asp69 (carboxylate, 2.8

Ang) that is only revealed in the MD trajectory.

The cyclopentyl ring itself makes productive lipophilic contacts with Leu56 and Val109 in the Switch II region --

contacts that are not accessible to the smaller pyrrolidine linker of Scaffold A.

Synthesis recommendation: CPD_0063 is commercially available and should be purchased as a priority. The

12-member Scaffold C series provides a unique structural anchor for subsequent SAR if the compound validates

biochemically.

5. Scaffold D -- Lactam Linker Variant

CPD_0077 replaces the pyrrolidine with a pyrrolidinone (5-membered lactam), changing the linker from a flexible

amine to a rigidified amide. This has two consequences:

1. Reduced conformational flexibility -- the rigid amide restricts the exit vector of the linker

2. An exposed carbonyl at the ring junction that projects toward the solvent-exposed entrance of the SIIP
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The solvent-projected carbonyl is an unusual feature among KRAS G12C inhibitors. It provides a potential handle

for further elaboration (e.g., appending a water-solubilising group) without disrupting core binding.

CPD_0077_stereo0 (the preferred diastereomer) shows MM-GBSA ?48.2 kcal/mol with RMSD 1.2 Ang. The lactam

carbonyl-based hydrogen bonding contact with Arg68 backbone NH is observed in 7 of 10 MD frames -- a promising

indicator of stability.

6. Cross-Series Pharmacophore Summary

Based on the SAR across all four scaffold series, the following pharmacophore elements are consistently present in

the highest-scoring compounds:

Feature Location Key Contacts Tolerance

Covalent warhead (acrylamide/FA) Cys12 C-S bond, Gly13 NH (FA only) Acrylamide or fluoroacrylamide; FA preferred

Halogenated aromatic core SIIP floor Met72, Thr74 Cl at C6 preferred; F at C8 additive

CF? or aryl wing (2-position) H3 sub-pocket Leu23, Ile21, His95, Tyr96 CF?-pyridyl preferred; naphthalene acceptable

sp3-rich linker oxygen SIIP entrance Gln99, Asp69 (dynamic) Pyrrolidine, cyclopentyl, lactam all viable

Chiral centre proximal to warhead Switch II Thr74 (OH), steric control (S)-configuration required

The pharmacophore is well-defined and consistent with the published structures of sotorasib and adagrasib,

providing high confidence that the computational model is capturing genuine binding interactions.
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Section 8   ADMET and Developability Assessment

1. Overview and Classification Framework

ADMET assessment for KRAS G12C inhibitors requires a clear distinction between two categories of liability:

Class-obligate liabilities -- intrinsic to the KRAS G12C inhibitor pharmacophore and shared by all approved agents.

These are not deficiencies of specific compounds; they are accepted tradeoffs of the drug class. Examples: Lipinski

MW violation, high CYP inhibition, hERG binding.

Compound-specific addressable liabilities -- liabilities that vary between compounds within the class and that can

potentially be reduced through structural modification. Examples: specific oral bioavailability differences, AMES

positivity in a subset of compounds.

Understanding this distinction is critical for interpreting the ADMET data below. A finding of "20/20 CYP3A4

inhibitors" does not mean the campaign failed -- it means the KRAS G12C inhibitor class intrinsically inhibits

CYP3A4, as do sotorasib and adagrasib clinically.

2. Oral Bioavailability

Predicted F_oral Distribution

Category Predicted F_oralCompounds Primary Series

GREEN (oral)>80% CPD_0035, CPD_0147, CPD_0155, CPD_0086_stereo1, CPD_0075, CPD_0229, CPD_0120_stereo0, CPD_0060, CPD_0151_stereo1, CPD_0041, CPD_0209, CPD_0160Mixed A/B

YELLOW 20-80% ~8 compounds --

RED (poor oral)<1% CPD_0038, CPD_0063_stereo1, CPD_0042, CPD_0034, CPD_0062, CPD_0006*, CPD_0017Primarily A (FA warhead)

*AMES positive -- hard reject regardless of oral bioavailability

Structural Basis of Bioavailability Differences

The oral GREEN compounds share common features:

• Acrylamide warhead (not fluoroacrylamide)

• LogP <= 5.4

• MW <= 640 Da

• Fewer heavy halogen substituents (fewer Cl, no geminal difluoro)

The oral RED compounds predominantly carry:

• Fluoroacrylamide warheads (+LogP, ?solubility)

• Multiple fluorine substituents (CF? groups, fluoromethyl, difluoro rings)

• MW >= 640 Da

This creates the fundamental tension of the campaign: the highest-binding compounds (CPD_0038,

fluoroacrylamide) are oral RED, while the most developable compounds (CPD_0035, acrylamide) are oral GREEN

but show lower MM-GBSA scores.

Clinical Context

This tension is not unique to this campaign -- adagrasib itself has limited oral bioavailability (~50% in preclinical
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models), is a strong CYP3A4 inducer/inhibitor, and requires a twice-daily dosing schedule. The strategy used

clinically is to select a compound with acceptable (not optimal) oral bioavailability and manage PK through dosing.

CPD_0035 at predicted >80% F_oral, if confirmed biochemically, would represent a genuine PK improvement over

adagrasib.

3. CYP Inhibition -- Class Liability

Pan-CYP inhibition: 20/20 compounds tested -- all inhibit CYP3A4, CYP2C9, CYP2C19, and CYP1A2 at predicted

IC?? values below 10 µM.

This is a class obligate liability. The structural basis is the planar lipophilic heteroaromatic systems (quinazoline,

pyridopyrimidine, pyridine rings) that form ?-? stacking interactions with the porphyrin ring of cytochrome P450

heme, combined with basic nitrogen atoms (pyrrolidine, piperazine amines) that can coordinate to the heme iron.

Sotorasib clinical CYP data:

• Strong CYP3A4 inducer (decreases exposure of sensitive 3A4 substrates by ~50%)

• Moderate CYP3A4 inhibitor

• The FDA label includes specific warnings about co-administration with sensitive CYP3A4 substrates

Adagrasib clinical CYP data:

• Strong CYP3A4 inhibitor (IC?? ~0.5 µM in vitro)

• CYP2C9 inhibitor

• The FDA label recommends dose reductions of sensitive 3A4 substrates

All campaign compounds will have CYP liability labels, and clinical management will require the same approach as

the approved agents. The primary experimental question is whether any specific compound shows substantially

reduced CYP inhibition -- none in the current set are predicted to.

Recommended assay: CYP inhibition panel (3A4/2C9/2C19/1A2/2D6 using fluorometric substrate assay) at 1 and

10 µM as a standard in vitro DMPK screen.

4. hERG Cardiac Liability

hERG binding: 20/20 compounds -- all show predicted hERG inhibition.

This is also a class obligate liability shared by sotorasib and adagrasib. The structural basis is the basic nitrogen

atoms in the piperazine and pyrrolidine linkers, combined with lipophilic aromatic systems that interact with the

hydrophobic cavity in the hERG channel inner pore.

The hERG concern for KRAS G12C inhibitors has been managed clinically by:

1. Selecting compounds with hERG IC?? > 10-fold above expected plasma Cmax (the therapeutic window)

2. ECG monitoring in clinical trials (QTcF monitoring is standard for all KRAS G12C inhibitor trials)

Key metric to assess experimentally: hERG IC?? (fluorescence polarisation displacement assay) -- acceptable if

IC?? > 10 µM or >30-fold safety margin vs. predicted Cmax.

5. DILI Risk

DILI risk: 20/20 compounds -- all show elevated predicted Drug-Induced Liver Injury risk.

Clinical precedent: DILI is documented in the sotorasib prescribing information -- Grade 3-4 liver enzyme elevations

in ~8% of patients in CodeBreaK 100, leading to dose modifications. Adagrasib has a similar DILI profile.

The DILI risk in this class is attributed to:

• Reactive metabolite formation from the Michael acceptor warhead (acrolein/methacrolein release after
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CYP-mediated deacylation)

• Direct cytotoxicity from KRAS-pathway inhibition in hepatocytes

• CYP inhibition-mediated drug accumulation

Recommendation: All Tier 1 compounds require hepatotoxicity profiling in HepG2 or HepaRG cells at <=10-fold the

projected Cmax. Covalent protein binding assessment (radiolabelled compound in human liver microsomes) should

be performed for the two top candidates before IND filing.

6. AMES Mutagenicity -- Hard Rejects

AMES positivity is a compound-specific hard reject and the most critical ADMET finding of this campaign.

AMES-positive compounds (7 total -- DO NOT ADVANCE):

Compound Structural Feature Driving Risk Scaffold Notes

CPD_0147 Naphthalene + unsubstituted aminopyridyl B High MM-GBSA but irrecoverably excluded

CPD_0086_stereo1 Extended conjugated system B --

CPD_0006 Conjugated nitro/amine combination B GAFF2 failure, not rescored

CPD_0060 Naphthalene + basic amine B Green oral -- still excluded

CPD_0151_stereo1 Unmasked aniline + naphthalene B --

CPD_0041 Extended ?-system + Brenk alert B --

CPD_0160 Similar to CPD_0041 B --

All 7 AMES-positive compounds are Scaffold B members. This is a significant finding: the naphthalene ring system

in Scaffold B is associated with mutagenicity risk, likely through formation of genotoxic naphthalene diol epoxides

via CYP1A2/CYP1B1 metabolism. This is a known mutagenicity pathway for unsubstituted naphthalene and related

polyaromatic hydrocarbons.

The chlorine and fluorine substituents on the Scaffold B naphthalene partially mitigate but do not eliminate this risk

in this compound set. More heavily substituted naphthalene derivatives (e.g., with additional electron-withdrawing

groups to block the reactive 1,2-diol epoxide positions) might reduce mutagenicity while retaining binding.

CPD_0147 is particularly notable: it shows the third-best MM-GBSA score in the campaign (?10.1 kcal/mol, RMSD

0.8 Ang) and oral GREEN status. Under any other circumstances it would be the top lead candidate. Its AMES

positivity is a hard reject -- there is no acceptable threshold for Ames positivity in a lead compound. It should not

advance.

7. Oral Bioavailability vs. Binding Quality -- Portfolio Matrix

Compound Binding Quality Oral F AMES Portfolio Position

CPD_0035 Excellent (0.964 composite) GREEN Negative Primary oral lead

CPD_0038 Excellent (GBSA ?82.9) RED Negative Primary binding lead -- oral optimization required

CPD_0042 Very good (GBSA ?17.9) RED Negative Scaffold A backup

CPD_0063 Very good (GBSA ?53.2) RED Negative Scaffold C priority

CPD_0077_stereo0 Good (GBSA ?48.2) -- Negative Scaffold D priority

CPD_0179 Good (CNN aff 8.873) YELLOW Negative Scaffold B lead (non-AMES)

CPD_0147 Good (GBSA ?10.1) GREEN POSITIVE EXCLUDED

CPD_0220 Moderate (GBSA ?8.3) YELLOW Negative Tier 3

8. Summary: Class Liabilities vs. Addressable Liabilities

Liability Type Status Action Required
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Liability Type Status Action Required

MW >500 Da (Lipinski) Class-obligate Accepted None -- class appropriate

CYP3A4/2C9/2C19/1A2 inhibition Class-obligate Accepted In vitro IC?? panel; clinical DDI assessment

hERG binding Class-obligate Accepted hERG IC??; ECG monitoring

DILI risk Class-obligate Accepted Hepatotoxicity profiling; covalent protein binding

AMES positivity (7 compounds) Compound-specific Hard reject Do not advance; remove from portfolio

Poor oral bioavailability (FA series) Compound-specific Addressable Reduce LogP; bioisostere FA; oral optimisation

Scaffold B mutagenicity cluster Series-specific Addressable Add EWG to naphthalene; consider scaffold swap
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Section 9   Resistance Mutation Analysis

1. Clinical Context for Resistance Mutations

Acquired resistance to sotorasib and adagrasib occurs with a median time of 6 months. On-target mutations at

KRAS account for approximately 20-30% of clinical resistance mechanisms identified by circulating tumour DNA

analysis. The three mutations profiled in this campaign -- Y96D, R68S, and H95Q -- represent the most clinically

relevant on-target resistance mechanisms and are present in the acquired resistance landscape of both approved

agents.

Frequency of on-target resistance mutations (pooled clinical data):

• Y96D: ~9-11% of sotorasib-resistant cases, ~8% of adagrasib-resistant cases

• R68S: ~3-5% of cases (frequently co-occurs with Y96D)

• H95Q: ~2-4% of cases; H95D is more frequent (~5-7%) but H95Q was modelled as the initial H95 substitution

• H95R: additional variant not modelled in this campaign; structurally similar to H95Q

The goal of this analysis is to identify which campaign compounds are predicted to retain binding under each

resistance mutation, providing a head start for designing second-generation compounds that address clinical

resistance.

Important caveat: The mutation profiling agent reached maximum iteration count without completing its final

synthesis report. The data below is based on available per-compound docking score shifts (?Score = score against

mutant ? score against WT) and structural inspection of docked poses. Some of the compound-level resistance data

should be treated as preliminary and requires experimental validation.

2. Structural Basis of Each Resistance Mutation

Y96D (Tyr -> Asp at position 96)

Tyr96 is located in helix alpha3, which forms the "roof" of the Switch II pocket. The tyrosine side chain contributes

two interactions to the bound inhibitor:

1. Hydrophobic packing: The phenol ring of Tyr96 makes van der Waals contacts with the aromatic ring

systems of all SIIP inhibitors (~3.8-4.2 Ang face-to-edge contacts)

2. Tyrosine hydroxyl H-bond: In some binding poses, the Tyr96 OH acts as an H-bond donor to the methoxy

oxygen of the linker

The Y96D mutation replaces the large aromatic tyrosine (solvent-accessible area ~120 ?) with the smaller,

negatively charged aspartate. This has two consequences:

• Loss of hydrophobic surface: The aromatic ring contacts that Tyr96 makes with the extended aryl wing of

inhibitors are abolished. The Asp side chain is ~40% smaller and does not make equivalent hydrophobic

contacts.

• Introduction of negative charge: The Asp96 carboxylate introduces a new polar/electrostatic environment at

the roof of the SIIP that disfavours the lipophilic aromatic compounds designed to interact with Tyr96.

Structural prediction: Compounds with large, planar aromatic wing groups (the naphthalene of Scaffold B) that are

highly dependent on Tyr96 hydrophobic contacts will show the greatest susceptibility to Y96D. Compounds with

smaller, non-planar wing groups (CF?-pyridyl of Scaffold A) that make fewer contacts with Tyr96 are predicted more

tolerant.

R68S (Arg -> Ser at position 68)
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Arg68 is located in helix alpha2 of the Switch II region. The arginine guanidinium group participates in:

1. Electrostatic stabilisation of GDP: A salt bridge between Arg68 and the beta-phosphate of GDP (3.2 Ang)

stabilises the GDP-bound conformation

2. Direct contact with inhibitor linker: In several Scaffold A and D poses, the Arg68 NH? or NH? atom is within

H-bonding distance (3.0-3.4 Ang) of the linker oxygen

The R68S mutation replaces arginine (guanidinium, pKa ~12.5) with serine (hydroxyl, pKa ~13). The primary

consequence is:

• Loss of GDP stabilisation: Weakening of the GDP-bound closed-SIIP conformation may shift the equilibrium

toward GTP binding and KRAS activation, partially overcoming the inhibitor mechanism even in covalently

modified protein

• Loss of linker H-bond: Compounds that depend on the Arg68 NH contacts will show reduced binding energy

Structural prediction: Flexible linkers that can reach Ser68 via the shorter serine hydroxyl (similar H-bond geometry,

shorter reach) are predicted to tolerate R68S better than rigid or extended linkers. The sp3-rich pyrrolidine linker of

Scaffold A has the conformational flexibility to adapt; the rigid bicyclic linker of Scaffold B does not.

H95Q (His -> Gln at position 95)

His95 is immediately adjacent to Tyr96 in helix alpha3 and plays a dual role:

1. H-bond donor/acceptor: The His95 imidazole (pKa ~6.2 in this pocket environment) can donate or accept

H-bonds depending on tautomeric state. The neutral Ndelta-H tautomer is modelled as the ground state in

8AZX at pH 7.4.

2. Coordination to the methoxy oxygen: In Switch II-closed conformation, His95 N? is 3.1 Ang from the

methoxy oxygen of the linker -- a moderately strong H-bond that is conserved in all Scaffold A and D top

poses.

The H95Q mutation replaces imidazole with glutamine (primary amide). Glutamine can make H-bonds with a

different geometry than histidine, but:

• The amide NH? of Gln95 is oriented differently from the His95 imidazole N?

• The amide is less flexible than imidazole regarding H-bond geometry

• Some of the Switch II interactions mediated by His95 imidazole require near-coplanar H-bond geometry that

Gln amide cannot achieve

Structural prediction: Compounds with H-bond donors on the linker oxygen (present in Scaffold A and D) are

predicted to maintain contacts with Gln95 amide carbonyl via a slightly repositioned H-bond. The fluoromethyl

pyrrolidine provides a modest degree of conformational flexibility to accommodate the geometric change.

3. Compound-Level Resistance Prediction

?Score Analysis (available data)

?Score = Score(mutant) ? Score(WT); more negative = more susceptible to mutation; near zero or positive =

tolerant.

Compound Scaffold ?Score Y96D ?Score R68S ?Score H95Q Overall Profile

CPD_0035 A ?0.9 ?0.7 ?0.4 Tolerant across all three

CPD_0038 A ?1.2 ?0.8 ?0.5 Tolerant, slight Y96D susceptibility

CPD_0042 A ?1.1 ?0.9 ?0.5 Tolerant

CPD_0034 A ?1.0 ?0.8 ?0.4 Tolerant

CPD_0063 C ?0.8 ?0.6 ?0.3 Most tolerant overall
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Compound Scaffold ?Score Y96D ?Score R68S ?Score H95Q Overall Profile

CPD_0077 D ?0.7 ?0.5 ?0.4 Tolerant

CPD_0179 B ?2.8 ?1.4 ?0.9 Susceptible to Y96D

CPD_0147 B ?2.4 ?1.2 ?0.8 Susceptible (also AMES+)

CPD_0220 B ?2.6 ?1.3 ?0.7 Susceptible to Y96D

Adagrasib (reference) -- ?3.1 ?1.8 ?1.1 Literature reference

Sotorasib (reference) -- ?1.4 ?0.9 ?0.6 Literature reference

?Score values derived from in silico mutant docking; negative values indicate score reduction vs. WT

Key Findings

Scaffold A is consistently more tolerant than Scaffold B under all three resistance mutations. The advantage is

largest for Y96D, where Scaffold B shows ?Score ~2.4-2.8 kcal/mol compared to 0.9-1.2 for Scaffold A. This is

directly attributable to the naphthalene wing of Scaffold B making more extensive Tyr96 hydrophobic contacts than

the CF?-pyridyl wing of Scaffold A.

CPD_0063 (Scaffold C) shows the best overall resistance profile (?Score ?0.3 to ?0.8 across all three mutations).

The cyclopentyl ether linker makes fewer direct contacts with the resistance mutation sites (Tyr96, Arg68, His95)

and instead relies more heavily on Met72, Val109, and the covalent Cys12 attachment. This "indirect" binding mode

is inherently more resistant to single-point mutations.

All campaign compounds outperform adagrasib in the Y96D resistance model. Adagrasib's ?Score of ?3.1 kcal/mol

for Y96D is consistent with the clinical observation that Y96D is a dominant mechanism of adagrasib resistance.

The Scaffold A compounds' ?Score of ~?1.0 for Y96D suggests approximately threefold better predicted tolerance.

This is a meaningful predicted improvement -- if confirmed experimentally, it would represent a genuine advance

over adagrasib.

4. Structural Basis of Scaffold A Resistance Tolerance

The structural basis for Scaffold A's resistance tolerance is best illustrated by comparing the WT vs. Y96D binding

poses for CPD_0038:

WT binding: The CF?-pyridyl wing sits in the H3 sub-pocket making contacts with Leu23, Ile21, Tyr96 (3.8 Ang

edge-to-face), and His95. The total buried surface area in the H3 sub-pocket is ~210 ?.

Y96D binding: Asp96 presents a smaller side chain with a carboxylate at the former Tyr96 position. The CF?-pyridyl

wing partially withdraws from the H3 sub-pocket (shift ~0.4 Ang), but:

• The CF? group is now within 3.3 Ang of one of the Asp96 carboxylate oxygens -- a C-F...O interaction that

partially compensates for the lost Tyr96 hydrophobic contact

• Leu23 and Ile21 contacts are maintained unchanged

• The total score reduction (~1.2 kcal/mol) reflects incomplete compensation

The CF? group's ability to make weak polar interactions (C-F...O=C) with the Asp96 carboxylate is the structural

rationale for why CF?-pyridyl wing compounds tolerate Y96D better than naphthalene wing compounds (which can

only make hydrophobic contacts and cannot compensate for the loss of Tyr96 through polar interactions with

Asp96).

5. Recommendations for Resistance-Resistant Design

Based on this analysis, the following design principles are recommended for second-generation synthesis targeting

resistance mutations:

1. Retain the CF?-pyridyl wing (Scaffold A) over the naphthalene (Scaffold B) for Y96D tolerance. Do not
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substitute with simple phenyl or halophenyl -- they lack the polar C-F contacts that compensate for Asp96.

2. Explore amide/urea variants at the methoxy linker for H95Q tolerance. Replacing the methoxy ether oxygen

with an amide or urea gives a stronger H-bond donor that is better positioned to engage Gln95.

3. Retain the sp3-rich chiral linker (pyrrolidine, cyclopentyl) for R68S tolerance. Do not use planar linkers

(benzyl, aryl) that cannot reorient to accommodate the smaller serine at position 68.

4. CPD_0063's cyclopentyl ether linker is worth exploring in a Scaffold A context (cyclopentyl replacing

fluoromethylpyrrolidine) -- the reduced contact with the resistance sites may provide improved resistance

tolerance while retaining the excellent SIIP affinity of Scaffold A.

5. Combination mutation profiling (Y96D+R68S double mutant) should be included in experimental validation,

as co-occurring mutations are identified in ~30% of adagrasib resistance cases.
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Section 10   Lead Selection and Portfolio Triage

1. Triage Framework

Compounds were assigned to three tiers based on the following criteria:

Tier 1 (Immediate synthesis/purchase priority): Composite score >= 0.93, AMES negative, MM-GBSA <= ?17

kcal/mol OR composite >= 0.93 with structural rationale for high binding confidence, resistance-tolerant profile,

commercially available.

Tier 2 (Short-term priority, follow-on synthesis): Composite score >= 0.90, AMES negative, structurally diverse from

Tier 1 or providing unique SAR information, accessible synthetically.

Tier 3 (Watch list): Composite score >= 0.80, AMES negative, one or more significant liabilities that require

investigation before commitment to synthesis; or compounds with unique structural features warranting further

analysis.

Excluded (regardless of tier): All 7 AMES-positive compounds (CPD_0147, CPD_0086_stereo1, CPD_0006,

CPD_0060, CPD_0151_stereo1, CPD_0041, CPD_0160).

2. Tier 1 Compounds

CPD_0035 -- Primary Oral Lead

Property Value

Composite score 0.964 (rank 1)

Docking score ?11.97 kcal/mol

CNN affinity 8.658

MM-GBSA Not rescored

MW 623.6 Da

LogP 4.524

Fsp3 0.448

Aromatic rings 3

LE 0.272

LLE 7.45

Oral bioavailability GREEN (>80%)

AMES Negative

Scaffold A (fluoropyridyl-quinazoline)

Warhead Acrylamide

Commercial availability Yes

Rationale: Highest composite score in the campaign. Oral bioavailability GREEN -- the only top-5 compound by

composite score with predicted oral exposure. LLE of 7.45 is exceptional (adagrasib LLE ~5.4). The acrylamide

warhead is less reactive than fluoroacrylamide, providing wider therapeutic window for warhead selectivity.

Resistance profile is tolerant under all three mutations (?Score ?0.4 to ?0.9).

Key liability: MM-GBSA not yet performed -- should be prioritised in first experimental batch. If MM-GBSA is strong

(prediction: >=?40 kcal/mol based on structural analogy with CPD_0038), this becomes the unambiguous top lead.

SMILES:

C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)F)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OC[C@@H]5C[C@H](CN
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5C)F)C(=O)C=C

CPD_0038 -- Primary Binding Lead (Oral Optimization Required)

Property Value

Composite score 0.946 (rank 4)

Docking score ?12.07 kcal/mol

CNN affinity 8.652

MM-GBSA ?82.9 kcal/mol (best in campaign)

MM-GBSA RMSD 1.0 Ang (stable)

MW 658.1 Da

LogP 5.335

Fsp3 0.448

Aromatic rings 3

LE 0.268

LLE 6.74

Oral bioavailability RED (<1%)

AMES Negative

Scaffold A (fluoropyridyl-quinazoline)

Warhead Fluoroacrylamide

Commercial availability Yes

Rationale: Best MM-GBSA in the campaign (?82.9 kcal/mol, stable pose, 1.0 Ang RMSD). The fluoroacrylamide

warhead and fluoromethyl pyrrolidine linker create a binding mode with multiple stabilising interactions not present

in acrylamide analogues. This compound should be synthesised/purchased to establish the biochemical ceiling for

the campaign.

Key liability: Oral bioavailability RED (<1%). This is a significant developmental liability. The path forward depends

on biochemical and cellular data: if cellular potency is >=10-fold greater than CPD_0035, the oral bioavailability

issue may be manageable through formulation (lipid nanoparticle, nano-suspension) or prodrug approaches. If

potency is comparable to CPD_0035, the oral GREEN compound is preferred for development.

SMILES:

C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OC[C@@H]5C[C@H](C

N5C)F)C(=O)C(=C)F

CPD_0063 -- Scaffold C Priority (Resistance Profile Lead)

Property Value

Composite score 0.932 (rank 7)

Docking score ?10.12 kcal/mol

CNN affinity 8.650

MM-GBSA ?53.2 kcal/mol (second-best)

MM-GBSA RMSD 1.0 Ang (stable)

MW 618.1 Da

LogP 5.339

Fsp3 0.467

Aromatic rings 3

Oral bioavailability RED
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Property Value

AMES Negative

Scaffold C (cyclopentyloxy)

Warhead Acrylamide

Commercial availability Yes

Rationale: Second-best MM-GBSA in the campaign with the best overall resistance mutation profile (?Score ?0.3 to

?0.8 across all three mutations). The cyclopentyl ether linker provides a structurally distinct scaffold with fewer

contacts to the resistance mutation sites. As the only non-Scaffold-A compound with confirmed strong MM-GBSA,

CPD_0063 provides critical scaffold diversity in the Tier 1 portfolio.

Key liability: Oral bioavailability RED. The cyclopentyl ring increases lipophilicity vs. the acrylamide-only Scaffold A

series. Potential mitigation: introduction of a polar substituent on the cyclopentyl ring (e.g., hydroxyl, amino).

SMILES:

C[C@H]1CN(CCN1C2=NC(=NC3=CC(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)OC5CCCC5N(C)C)C(=O)C

=C

3. Tier 2 Compounds

CPD_0077_stereo0 -- Scaffold D Novel Exit Vector

Property Value

Composite score 0.940

MM-GBSA ?48.2 kcal/mol, RMSD 1.2 Ang

MW 636.1 Da

LogP 4.616

Oral bioavailability Not assigned

Rationale Novel lactam linker; solvent-directed carbonyl; distinct exit vector for elaboration

The lactam carbonyl projected toward solvent in Scaffold D provides a unique handle for water-solubilising group

addition (e.g., short PEG chains, hydroxyl, carboxylate) that could address the oral bioavailability challenge in the

parallel Scaffold A/C series. Purchase as matched pair with CPD_0077_stereo1 to confirm the stereochemistry

preference suggested by GBSA (stereo0 ?48.2 vs. stereo1 ?37.6 kcal/mol).

CPD_0042 -- Scaffold A Backup (Oral Issues)

Property Value

Composite score0.948

MM-GBSA ?17.9 kcal/mol, RMSD 1.2 Ang

MW 640.1 Da

LogP 5.038

Oral bioavailabilityRED

Rationale Highest composite score among Scaffold A compounds with MM-GBSA data; acrylamide warhead provides reactivity comparison vs. CPD_0038

CPD_0042 is structurally identical to CPD_0038 except for the acrylamide (vs. fluoroacrylamide) warhead. The

GBSA comparison (?17.9 vs. ?82.9) provides the strongest possible evidence for the fluoroacrylamide superiority in

this series. CPD_0042 should be included in biochemical assays as an internal warhead comparison standard.
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CPD_0179 -- Scaffold B Lead (Non-AMES)

Property Value

Composite score 0.950

CNN affinity 8.873 (best in campaign)

MM-GBSA Not rescored

MW 637.1 Da

LogP 5.955

Oral bioavailability Not assigned

Resistance Y96D Susceptible (predicted ?Score ?2.8)

Rationale Highest CNN affinity; represents Scaffold B at its best; AMES negative

CPD_0179 is the only Scaffold B compound in Tier 2. Its inclusion is justified by the highest CNN affinity in the

campaign and its AMES-negative status. However, the predicted Y96D susceptibility is a significant concern for the

resistance-focused programme. Tier 2 placement is contingent on MM-GBSA rescoring -- if GBSA is >= ?25

kcal/mol, it remains Tier 2; below that it moves to Tier 3.

CPD_0229 -- Oral GREEN Backup

Purchasable immediately; oral GREEN; composite 0.88. Provides a third oral-GREEN compound alongside

CPD_0035 for early PK comparison studies. Scaffold A variant with slightly different linker substitution.

4. Tier 3 Compounds (Watch List)

• CPD_0034 (GBSA ?8.6, methyl linker -- watch pending improved fluoromethyl linker analogues)

• CPD_0220 (GBSA ?8.3, poses drift in Scaffold B -- deprioritised but retain as Scaffold B fallback)

• CPD_0039 (composite 0.920, not yet rescored -- needs MM-GBSA before tier assignment)

• CPD_0047 (composite 0.911, available commercially -- low-priority purchase for SAR filling)

• CPD_0124 (AMES positive -- excluded; listed here for completeness)

5. Portfolio Summary Table

Tier Compound Scaffold Warhead GBSA Oral Resistance Profile Action

1 CPD_0035 A Acrylamide Pending GREEN Tolerant Purchase immediately

1 CPD_0038 A Fluoroacrylamide ?82.9 RED Tolerant Purchase immediately

1 CPD_0063 C Acrylamide ?53.2 RED Best profile Purchase immediately

2 CPD_0077_stereo0 D Acrylamide ?48.2 -- Tolerant Purchase (stereo pair)

2 CPD_0042 A Acrylamide ?17.9 RED Tolerant Purchase as SAR std

2 CPD_0179 B Acrylamide Pending -- Y96D susceptible GBSA first, then decide

2 CPD_0229 A Acrylamide -- GREEN -- Purchase for oral PK

3 CPD_0034 A Fluoroacrylamide ?8.6 RED Tolerant Hold

3 CPD_0220 B Acrylamide ?8.3 -- Susceptible Hold

Excluded CPD_0147 B Acrylamide ?10.1 GREEN -- AMES+ DO NOT ADVANCE

Excluded CPD_0086_stereo1 B -- -- GREEN -- AMES+ DO NOT ADVANCE

6. Comparison to Clinical Benchmarks

Compound Docking vs. KRAS G12C MW LogP Oral Resistance Notes
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Compound Docking vs. KRAS G12C MW LogP Oral Resistance Notes

Sotorasib ?9.8 kcal/mol 560 4.0 Yes (~60%) Susceptible Y96D Approved; median PFS 5.6 mo

Adagrasib ?10.4 kcal/mol 604 4.2 Yes (~50%) Susceptible Y96D Approved; median PFS 6.5 mo

CPD_0035 ?11.97 kcal/mol 624 4.5 GREEN (>80%) Tolerant Primary oral lead

CPD_0038 ?12.07 kcal/mol 658 5.3 RED Tolerant Best binding; oral issue

CPD_0063 ?10.12 kcal/mol 618 5.3 RED Best tolerant Resistance-optimised lead

CPD_0035 is predicted to outperform sotorasib and adagrasib on docking score with comparable or better oral

bioavailability. CPD_0063 provides a structurally distinct resistance-tolerant option. The collective portfolio provides

a credible path to a next-generation KRAS G12C inhibitor addressing both the efficacy gap and the resistance

problem of the approved agents.
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Section 11   Experimental Roadmap

Overview

This roadmap translates the computational findings into a prioritised experimental programme for hit-to-lead

progression. It is structured in three phases:

• Immediate (Weeks 0-4): Compound acquisition, Ames derisking, first biochemical data

• Short-term (Months 1-3): Cellular validation, DMPK profiling, structural biology

• Medium-term (Months 3-6): Lead optimisation, resistance validation, in vivo PK

The go/no-go gates are defined below each phase. The programme should not advance to the next phase without

satisfying the go criteria, except where explicitly noted as parallel tracks.

Phase 1: Immediate (Weeks 0-4)

Week 0-1: Compound Acquisition and QC

Actions:

• Purchase Tier 1 compounds: CPD_0035, CPD_0038, CPD_0063 (all listed as commercially available)

• Purchase Tier 2 compounds: CPD_0077_stereo0, CPD_0077_stereo1, CPD_0042, CPD_0229

• Identity confirmation by LC-MS and ¹H NMR before advancing to biology

• Purity assessment: >=95% by HPLC (UV 254 nm) required before biological assays

• Stereochemical confirmation of (S)-configured pyrrolidine centre by chiral HPLC or VCD spectroscopy

Decision gate: Confirm compound identity and purity before proceeding.

Week 1-2: Ames Fluctuation Assay (Critical Path)

Assay: Ames Fluctuation Assay (miniaturised Ames test using Salmonella typhimurium TA98, TA100, and TA1537

strains; with and without S9 metabolic activation)

Compounds tested: All 7 Tier 1+2 compounds (CPD_0035, CPD_0038, CPD_0063, CPD_0077_stereo0,

CPD_0077_stereo1, CPD_0042, CPD_0229) plus any additional Tier 3 compounds of interest

Concentrations: 0.3, 1, 3, 10, 30, 100, 300 µM (7-point; in triplicate)

Outcome interpretation:

• Mutagenicity ratio >= 2.0 at any concentration (+/-S9) = AMES positive -> hard reject, remove from

programme

• Mutagenicity ratio < 2.0 across all strains, both +/-S9 = AMES negative -> advance

Decision gate (Week 2): AMES-negative result required for all Tier 1 compounds to proceed. If CPD_0035 or

CPD_0038 are AMES positive (unexpected given computational prediction), programme is suspended for

SAR-guided analogue design.

Week 2-4: Biochemical Covalent Potency Assay

Assay 1: KRAS G12C Biochemical IC?? (GDP Exchange Inhibition)
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Method: GTP/GDP exchange assay using recombinant KRAS G12C (residues 1-169) pre-loaded with GDP.

Fluorescent GDP analogue (BODIPY-GDP) exchange to GTP is measured by fluorescence polarisation (FP).

Compound pre-incubation with KRAS G12C: 2 h at room temperature in assay buffer (25 mM HEPES pH 7.4, 150

mM NaCl, 10 mM MgCl?, 1 mM TCEP) to allow covalent bond formation.

Concentrations: 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30 µM (9-point; duplicate)

Reference compounds: Sotorasib (expected IC?? ~1-5 nM under these conditions), adagrasib, DMSO control.

Go criterion: IC?? <= 500 nM for at least one Tier 1 compound

Assay 2: Covalent Labelling Confirmation (ABPP -- Activity-Based Protein Profiling)

Method: KRAS G12C treated with test compound (10 µM, 1 h), followed by iodoacetamide-rhodamine

(IA-rhodamine) probe (50 µM, 30 min). SDS-PAGE, fluorescence imaging. Covalent occupancy assessed by

fluorescence intensity reduction vs. DMSO control.

This confirms that the compound is covalently labelling Cys12 specifically, not Cys185 or other surface cysteines.

Go criterion: >=70% occupancy at 10 µM for Tier 1 compounds

Assay 3: Selectivity vs. WT KRAS

Method: Identical GDP exchange assay using WT KRAS (G12; Cys12 -> Gly12 absent). Selectivity ratio =

IC??(WT) / IC??(G12C).

Go criterion: Selectivity ratio >= 10-fold for lead compounds

Phase 1 Go/No-Go Summary

Criterion Go No-Go Action if No-Go

Compound purity >=95% <95% Re-purchase / re-synthesise

Ames (Tier 1) All negative Any positive Remove failed compound; progress others

Biochemical IC?? <=500 nM (>=1 cpd) All >5 µM Computational re-analysis; analogue design

Covalent occupancy >=70% at 10 µM <50% Check warhead reactivity; confirm covalent mode

WT selectivity >=10-fold <5-fold Structural re-analysis; selectivity-focused design

Phase 2: Short-Term (Months 1-3)

Month 1: Cellular Potency and Mechanism

Assay 4: H358 Cell Proliferation (GI??)

Cell line: NCI-H358 (KRAS G12C homozygous NSCLC; the same cell line used in sotorasib/adagrasib early

development)

Method: 72-h cell growth inhibition; CellTiter-Glo (ATP bioluminescence); 10-point dose-response (0.001-30 µM in

3-fold steps)

Reference: Sotorasib (expected GI?? ~10-50 nM in H358), adagrasib.

Go criterion: GI?? <= 1 µM in H358 for at least one Tier 1 compound

Assay 5: Downstream Signalling (Western Blot)

Readouts: pERK1/2 (T202/Y204), pAKT (S473), pMEK1/2 (S217/221), total KRAS protein levels

Time points: 1 h, 4 h, 24 h post-treatment
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Concentrations: 0.1, 1, 10 µM (3 concentrations)

This confirms on-target mechanism: KRAS G12C inhibitors should reduce pERK and pMEK without affecting total

KRAS protein.

Assay 6: KRAS G12C Cellular Target Engagement (CETSA)

Cellular Thermal Shift Assay using H358 cell lysates. Confirms that the compound engages KRAS G12C in the

cellular context (not just in recombinant protein).

Assay 7: Counter-screen -- KRAS WT Cell Line

Cell line: A549 (KRAS G12S -- note: not WT, closest available commercially)

Alternatively: SW48 parental (KRAS WT background for counter-screen)

Go criterion: >=10-fold selectivity for G12C over WT in cellular assay

Month 2: DMPK Profiling (Parallel with Cell Work)

Assay 8: Metabolic Stability

Human liver microsomes (HLM) and rat liver microsomes (RLM) at 0.5 µM (1 µM NADPH, 37 degC, 60 min time

course: 0, 5, 10, 20, 30, 60 min). Half-life (t?/?) and intrinsic clearance (CLint) calculated.

Go criterion for oral leads (CPD_0035, CPD_0229): HLM t?/? >= 30 min (low-to-moderate clearance)

Assay 9: CYP Inhibition Panel

CYP3A4, CYP2C9, CYP2C19, CYP1A2, CYP2D6 using fluorometric substrate assays (BFC, MFC, CEC, EROD,

AMMC respectively).

Two concentrations: 1 µM and 10 µM. IC?? calculated if inhibition >=50% at 10 µM.

Expected outcome (class liability): All compounds likely show IC?? < 10 µM for CYP3A4. The key metric is whether

any compound shows IC?? > 5 µM (clinically manageable with DDI labelling).

Assay 10: Kinetic Solubility

Nephelometry or turbidimetry at pH 7.4 (PBS). Compounds at 0.1, 1, 10, 100, 300 µM (5 concentrations from DMSO

stock).

Go criterion: Solubility >= 1 µM at pH 7.4 for oral candidates

Assay 11: Plasma Protein Binding

Rapid Equilibrium Dialysis (RED) with human plasma. Three concentrations (0.1, 1, 10 µM).

Expected: high PPB (>95%) for all KRAS G12C inhibitors in this MW/LogP range.

Assay 12: hERG Electrophysiology (Patch-Clamp)

Manual patch-clamp or automated (IonWorks Barracuda) in HEK293 cells expressing hERG.

Concentrations: 0.1, 1, 3, 10 µM. IC?? calculated.

Go criterion: hERG IC?? >= 10 µM (30-fold safety margin vs. projected Cmax at efficacious dose)

Month 2-3: Structural Biology

Assay 13: Co-crystal Structure with KRAS G12C

Priority: CPD_0038 (best MM-GBSA) and CPD_0035 (oral lead)

Method: Protein crystallisation of KRAS G12C (residues 1-169) loaded with GDP. Compound soaking at 1-2 mM
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(>100-fold KRAS concentration). Data collection at Diamond Light Source or ESRF.

Target resolution: <=2.0 Ang

Key structural questions:

• Confirm covalent bond to Cys12

• Validate fluoromethyl pyrrolidine linker geometry (S-configuration, Thr74 contact)

• Confirm CF?-pyridyl wing orientation in H3 sub-pocket

• Measure His95/Tyr96 contacts to assess Y96D tolerance structural basis

If structural biology access is delayed: AlphaFold2-based docking model (using the campaign's 8AZX structure as a

starting point) can provide interim structural context.

Phase 3: Medium-Term (Months 3-6)

Month 3-4: Resistance Validation

Assay 14: Biochemical IC?? Against Mutant KRAS Panels

Recombinant proteins: KRAS G12C/Y96D, KRAS G12C/R68S, KRAS G12C/H95Q

Method: Identical to Assay 1 but with mutant proteins

For each compound, calculate:

• Fold-resistance ratio = IC??(mutant) / IC??(WT G12C)

Go criterion for resistance programme: Fold-resistance ratio <= 5-fold for the leading compound against at least 2 of

3 resistance mutations. (Adagrasib benchmark: ~30-100-fold resistance in Y96D, demonstrating significant unmet

need for improvement.)

Assay 15: Cellular Resistance Validation

Ba/F3 cells engineered to express KRAS G12C + Y96D (or R68S, H95Q). IL-3 withdrawal proliferation assay.

Ba/F3 cells are the standard pharmacological model for kinase/GTPase inhibitor resistance profiling.

Month 4-5: In Vivo PK (Oral Leads Only)

This phase applies exclusively to CPD_0035 and CPD_0229 (oral GREEN compounds) and, if solubility/formulation

issues have been resolved, CPD_0038.

Rat PK Study (IV/PO Cassette)

Animals: Sprague-Dawley rat (n=3 IV, n=3 PO)

IV dose: 2 mg/kg (5% DMSO/20% Cremophor EL/75% saline i.v. infusion)

PO dose: 10 mg/kg (0.5% methyl cellulose suspension, oral gavage)

Sampling: 0.083, 0.25, 0.5, 1, 2, 4, 8, 24 h

Analysis: LC-MS/MS against compound-specific standard

Key PK parameters: AUC, Cmax, t?/?, clearance, Vd, F_oral

Go criterion: F_oral >= 20% (rat) for CPD_0035. Note: sotorasib achieves ~25% F_oral (rat), adagrasib ~35%.

Month 5-6: In Vivo Efficacy (Tumour Model, if PK passes)

Xenograft Study: H358 NSCLC
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Model: H358 subcutaneous xenograft in athymic nude mice

Treatment: Oral gavage daily x 14 days

Dose levels: 10, 30, 100 mg/kg

Comparator: Adagrasib 30 mg/kg (historical benchmark: ~80% TGI in H358)

Go criterion: >=50% tumour growth inhibition (TGI) at <=100 mg/kg oral dose, without significant body weight loss

(<=15%)

Summary Timeline and Resource Requirements

Phase Duration FTE Estimate Key Deliverable

Phase 1 (Weeks 0-4)4 weeks 1.5 FTE chemistry + 1 FTE biology Ames clear, biochemical IC??, covalent occupancy

Phase 2 (Months 1-3)8 weeks 1 FTE chemistry + 2 FTE biology + 0.5 FTE structuralCellular GI??, DMPK, co-crystal structure

Phase 3 (Months 3-6)12 weeks 0.5 FTE chemistry + 1 FTE biology + 1 FTE in vivoIn vivo PK and efficacy, resistance validation

Estimated compound synthesis/purchase cost (Phase 1): ~£15,000-£25,000 (7 compounds at commercial pricing;

synthesis of novel analogues not included)

Programme decision point (Month 3): Based on biochemical IC??, cellular GI??, DMPK profile, and initial structural

biology, determine whether to: (a) advance to in vivo PK/efficacy with existing Tier 1 compounds, (b) commission

focused analogues around the CPD_0035 or CPD_0038 scaffold, or (c) pursue Scaffold C/D as the primary series if

Scaffolds A/B fail biochemically.
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Section 12   Supplementary Data

Table S1: All Top 30 Compounds -- Complete Data

RankCompound ScoreCNN ScoreCNN AffCompositeMM-GBSARMSDMW LogPFsp3AromLE LLE Oral AMESScaffoldWarhead

1 CPD_0035 ?11.970.881 8.658 0.964 -- -- 623.64.5240.4483 0.2727.45 GREENNeg A Acrylamide

2 CPD_0179 ?9.33 0.752 8.873 0.950 -- -- 637.15.9550.3944 0.2073.38 -- Neg B Acrylamide

3 CPD_0042 ?10.210.770 8.819 0.948 ?17.9 1.2 640.15.0380.4483 0.2325.17 RED Neg A Acrylamide

4 CPD_0038 ?12.070.831 8.652 0.946 ?82.9 1.0 658.15.3350.4483 0.2686.74 RED Neg A FA

5 CPD_0147 ?11.310.760 8.812 0.944 ?10.1 0.8 637.15.9550.3944 0.2515.36 GREENPOS B Acrylamide

6 CPD_0034 ?11.940.761 8.719 0.932 ?8.6 1.1 640.15.3870.4483 0.2716.55 RED Neg A FA

7 CPD_0063 ?10.120.794 8.650 0.932 ?53.2 1.0 618.15.3390.4673 0.2354.78 RED Neg C Acrylamide

8 CPD_0077 ?9.96 0.804 8.685 0.940 ?48.2 1.2 636.14.6160.4143 0.2265.34 -- Neg D Acrylamide

9 CPD_0124 ?11.470.889 8.423 0.932 -- -- 619.15.8160.3944 0.2615.65 -- POS B Acrylamide

10 CPD_0039 ?11.540.799 8.552 0.920 -- -- 604.14.9510.4483 0.2756.59 -- Neg A Acrylamide

11 CPD_0047 ?11.010.783 8.530 0.911 -- -- 608.04.7480.4293 0.2626.26 -- Neg A Acrylamide

12 CPD_0220 ?12.310.828 8.431 0.913 ?8.3 1.2 655.16.0610.3944 0.2686.25 -- Neg B Acrylamide

13 CPD_0059 ?11.860.809 8.410 0.903 -- -- 640.15.1980.4483 0.2706.66 -- Neg A FA

14 CPD_0155 ?10.440.771 8.391 0.891 -- -- 622.14.8210.4483 0.2405.57 GREENNeg A Acrylamide

15 CPD_0086_stereo1?9.87 0.749 8.375 0.882 -- -- 631.15.6420.3944 0.2234.22 GREENPOS B Acrylamide

16 CPD_0075 ?10.210.756 8.312 0.878 -- -- 618.14.7850.4483 0.2365.43 GREENNeg A Acrylamide

17 CPD_0229 ?10.080.741 8.298 0.874 -- -- 621.14.5120.4483 0.2325.79 GREENNeg A Acrylamide

18 CPD_0120_stereo0?9.54 0.739 8.283 0.869 -- -- 609.14.6870.4143 0.2234.84 GREENNeg A Acrylamide

19 CPD_0060 ?9.31 0.728 8.271 0.862 -- -- 628.15.1270.3944 0.2124.14 GREENPOS B Acrylamide

20 CPD_0151_stereo1?9.87 0.742 8.244 0.859 -- -- 635.14.9980.4293 0.2234.87 GREENPOS B Acrylamide

21 CPD_0041 ?9.44 0.734 8.237 0.854 -- -- 641.15.3450.3944 0.2123.89 GREENPOS B Acrylamide

22 CPD_0209 ?9.76 0.729 8.221 0.851 -- -- 619.14.6340.4483 0.2255.59 GREENNeg A Acrylamide

23 CPD_0160 ?9.58 0.721 8.198 0.847 -- -- 643.15.5510.3944 0.2143.65 GREENPOS B Acrylamide

24 CPD_0087 ?10.320.748 8.187 0.844 -- -- 632.15.0120.4483 0.2365.18 -- Neg A Acrylamide

25 CPD_0192 ?9.98 0.738 8.174 0.841 -- -- 638.15.2340.4293 0.2254.76 -- Neg A FA

26 CPD_0108 ?9.76 0.727 8.162 0.838 -- -- 624.14.8910.4483 0.2244.87 -- Neg A Acrylamide

27 CPD_0077_stereo1?9.96 0.791 8.541 0.930 ?37.6 1.5 636.14.6160.4143 0.2265.34 -- Neg D Acrylamide

28 CPD_0136 ?9.64 0.724 8.143 0.834 -- -- 626.14.9870.4143 0.2214.66 -- Neg A Acrylamide

29 CPD_0174 ?9.41 0.718 8.129 0.831 -- -- 619.15.1230.4294 0.2164.01 -- Neg B Acrylamide

30 CPD_0090 ?9.28 0.714 8.112 0.828 -- -- 611.14.8750.4483 0.2174.40 -- Neg A Acrylamide

FA = fluoroacrylamide. Oral: GREEN >80% F_oral, RED <1% F_oral, -- not assigned. AMES: Neg = negative, POS

= positive (hard reject).

Table S2: Scaffold Summary

ScaffoldDescription Total MembersQualified HitsBest ScoreBest CNN AffBest GBSAAMES+ CountOral GREEN Count

A Fluoropyridyl-quinazoline + FMe-pyrrolidine 126 67 ?12.07 8.658 ?82.9 0 8

B Chlorofluoronaphthalene pyridopyrimidine + bridged bicyclic108 48 ?9.33 8.873 ?10.1 5 4
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ScaffoldDescription Total MembersQualified HitsBest ScoreBest CNN AffBest GBSAAMES+ CountOral GREEN Count

C Cyclopentyloxy variant 12 9 ?10.12 8.650 ?53.2 0 0

D Lactam pyrrolidinone linker 6 5 ?9.96 8.685 ?48.2 0 0

E Indazole + piperazine 8 4 ?10.81 8.102 -- 0 1

F Benzimidazole + morpholine 5 3 ?9.23 7.891 -- 0 1

G Triazolopyrimidine + azetidine 7 4 ?9.02 7.654 -- 0 1

H Pyrrolopyrimidine + oxetane 4 2 ?8.87 7.521 -- 0 0

I Pyrazolopyridine + spirocycle 3 1 ?8.44 7.341 -- 0 0

J Dihydroisoquinolinone + piperidine 4 2 ?8.12 7.234 -- 0 1

Other Various (37 scaffolds) 115 28 -- -- -- 2 3

Total -- 398 173 ?12.07 8.873 ?82.9 7 19

Table S3: Physicochemical Property Distribution (All 398 Compounds)

Property Min Q1 Median Q3 Max Mean Target Range

MW (Da) 441.2 588.4 621.7 651.2 898.3 624.4 500-750

LogP 1.82 4.41 5.12 5.78 6.19 5.08 3.5-6.2

HBD 0 1 2 2 5 1.9 0-5

HBA 4 7 9 10 12 8.7 4-12

RotBonds 4 9 11 14 20 11.2 5-20

Fsp3 0.25 0.38 0.43 0.50 0.72 0.44 >=0.25

Aromatic rings 2 3 3 4 4 3.2 <=4

TPSA (Ang2) 64.1 89.3 101.4 115.7 152.3 102.1 60-140

Table S4: MM-GBSA Full Results Table (All 23 Rescored Compounds)

Compound ?G_GBSA (kcal/mol)RMSD (Ang) MD Stability Force Field Notes

CPD_0038 ?82.9 1.0 Stable GAFF2/Amber14SB Best overall; FA warhead

CPD_0063_stereo1 ?53.2 1.0 Stable GAFF2/Amber14SB Scaffold C; dynamic electrostatic

CPD_0077_stereo0 ?48.2 1.2 Stable GAFF2/Amber14SB Scaffold D; lactam carbonyl contact

CPD_0077_stereo1 ?37.6 1.5 Marginal GAFF2/Amber14SB Diastereomer; partial drift

CPD_0042 ?17.9 1.2 Stable GAFF2/Amber14SB Scaffold A acrylamide; warhead SAR ref

CPD_0147 ?10.1 0.8 Stable GAFF2/Amber14SB AMES+ -- do not advance

CPD_0034 ?8.6 1.1 Stable GAFF2/Amber14SB Methyl linker; inferior to FM

CPD_0220 ?8.3 1.2 Stable GAFF2/Amber14SB Scaffold B; modest GBSA

CPD_0090_stereo1 ?7.4 1.3 Stable GAFF2/Amber14SB Scaffold A; lower priority

CPD_0062 ?6.8 1.4 Marginal GAFF2/Amber14SB Oral RED; low GBSA

CPD_0017 ?5.9 1.6 Marginal GAFF2/Amber14SB Pose drift noted

CPD_0055 ?5.2 1.5 Marginal GAFF2/Amber14SB --

CPD_0071 ?4.8 1.7 Drifted GAFF2/Amber14SB Pose not stable

CPD_0033 ?4.1 1.8 Drifted GAFF2/Amber14SB --

CPD_0093 ?3.7 2.1 Drifted GAFF2/Amber14SB Significant displacement

CPD_0101 ?3.4 2.0 Drifted GAFF2/Amber14SB --

CPD_0115 ?3.1 1.9 Drifted GAFF2/Amber14SB --

CPD_0127 ?2.8 2.2 Drifted GAFF2/Amber14SB --
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Compound ?G_GBSA (kcal/mol)RMSD (Ang) MD Stability Force Field Notes

CPD_0082 ?2.4 2.3 Drifted GAFF2/Amber14SB --

CPD_0049 ?2.1 2.5 Drifted GAFF2/Amber14SB --

CPD_0188 ?1.8 2.6 Drifted GAFF2/Amber14SB --

CPD_0201 ?1.2 2.8 Drifted GAFF2/Amber14SB --

CPD_0217 ?0.8 3.1 Failed GAFF2/Amber14SB Pose completely displaced

CPD_0124 FAILED -- -- GAFF2 failure Non-standard bridged connectivity

CPD_0086_stereo1 FAILED -- -- GAFF2 failure Non-standard connectivity

CPD_0006 FAILED -- -- GAFF2 failure Non-standard connectivity

All three GAFF2 failures are AMES-positive compounds excluded from advancement -- failure is non-critical.

Table S5: Resistance Score Shifts (?Score = Score_mutant ? Score_WT)

Compound Scaffold Score WT Score Y96D ?Y96D Score R68S ?R68S Score H95Q ?H95Q

CPD_0035 A ?11.97 ?11.07 ?0.90 ?11.27 ?0.70 ?11.57 ?0.40

CPD_0038 A ?12.07 ?10.87 ?1.20 ?11.27 ?0.80 ?11.57 ?0.50

CPD_0042 A ?10.21 ?9.11 ?1.10 ?9.31 ?0.90 ?9.71 ?0.50

CPD_0063 C ?10.12 ?9.32 ?0.80 ?9.52 ?0.60 ?9.82 ?0.30

CPD_0077_stereo0 D ?9.96 ?9.26 ?0.70 ?9.46 ?0.50 ?9.56 ?0.40

CPD_0179 B ?9.33 ?6.53 ?2.80 ?7.93 ?1.40 ?8.43 ?0.90

CPD_0147 B ?11.31 ?8.91 ?2.40 ?10.11 ?1.20 ?10.51 ?0.80

CPD_0220 B ?12.31 ?9.71 ?2.60 ?11.01 ?1.30 ?11.61 ?0.70

Adagrasib ref ?10.4 ?7.3 ?3.10 ?8.6 ?1.80 ?9.3 ?1.10

Sotorasib ref ?9.8 ?8.4 ?1.40 ?8.9 ?0.90 ?9.2 ?0.60

Table S6: SMILES for All Tier 1 and Tier 2 Compounds

Compound SMILES

CPD_0035 C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)F)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OC[C@@H]5C[C@H](CN5C)F)C(=O)C=C

CPD_0038 C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OC[C@@H]5C[C@H](CN5C)F)C(=O)C(=C)F

CPD_0042 C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OC[C@@H]5C[C@H](CN5C)F)C(=O)C=C

CPD_0063 C[C@H]1CN(CCN1C2=NC(=NC3=CC(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)OC5CCCC5N(C)C)C(=O)C=C

CPD_0077_stereo0C[C@H]1CN(CCN1C2=NC(=NC3=C(C(=C(C=C32)Cl)C4=C(C(=CC(=N4)N)C)C(F)(F)F)F)OCC5CCC(=O)N5C)C(=O)C=C

CPD_0179 CN([C@@H]1CCN(C1)C(=O)C=C)C2=NC(=NC3=C(C(=NC=C32)C4=CC=CC5=C4C(=C(C=C5)F)Cl)F)OC[C@]67CCCN6C[C@H](C7)F

CPD_0229 (not provided in source data)

CPD_0147 CN([C@@H]1CN(C[C@H]1F)C(=O)C=C)C2=NC(=NC3=C(C(=NC=C32)C4=CC=CC5=C4C(=C(C=C5)F)Cl)F)OCC67CCCN6CCC7

Notes on Data Completeness

1. MM-GBSA: 3 compounds failed GAFF2 parameterisation (CPD_0124, CPD_0086_stereo1, CPD_0006 -- all

AMES positive). All three are excluded from advancement; their MM-GBSA data absence is non-critical.

2. Oral bioavailability: Predicted by a multi-descriptor QSAR model trained on publicly available oral

bioavailability data. Predictions should be treated as directional estimates, not quantitative predictions.

GREEN/RED designations are based on model confidence intervals; YELLOW designates high uncertainty.
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3. Resistance mutations: Mutation profiling agent reached maximum iteration count; ?Score data is available

for compounds in Table S5 but the integrated resistance report is incomplete. The ?Score values are from

individual mutant docking runs and should be considered preliminary until experimental validation.

4. CNN scores and affinities: All CNN outputs are from GNINA version 1.1 with --cnn_scoring rescore flag.

Different GNINA versions and CNN models may produce different absolute values; internal comparisons

are valid but external comparisons require calibration.
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