
A Discussion on the Pharmaceutical Terminology1

In this work, we employ a comprehensive set of evaluation metrics—Vina, QED, SA, our pro-2

posed MRR, the Success Ratio, and QikProp—to analyze different facets of molecular generation3

performance. Following established practices, we use Vina scores to assess the 3D complementar-4

ity between generated molecules and their target binding sites. Meanwhile, we evaluate broader5

molecular properties using standard metrics (QED and SA), the domain-informed MRR, and physico-6

chemical and pharmacokinetic descriptors from QikProp, which are widely used in computer-aided7

drug design (CADD).8

To clarify the key concepts underpinning our evaluation framework, we distinguish among drug9

potential, drug-likeness, molecular reasonability, and chemical validity.10

Previous studies have often focused too narrowly on geometric complementarity, overlooking other11

essential requirements a drug-like molecule must fulfill. We introduce the term drug potential to12

describe the overall suitability of a molecule as a drug candidate, encompassing not only binding13

affinity but also synthetic accessibility, chemical stability, pharmacokinetics (absorption, distribution,14

metabolism, and excretion), and safety. These properties are intrinsically determined by molecular15

structure and collectively influence whether a molecule can reach its intended biological target and16

survive the drug development process.17

The term drug-likeness is widely used in medicinal chemistry to reflect the multidimensional suitabil-18

ity of a molecule as a drug candidate. Drug discovery and development (DDD), however, are deeply19

influenced by human expertise—including implicit preferences for molecular scaffolds and nuanced,20

often tacit, domain knowledge that is difficult to formalize or quantify. As a result, even experienced21

medicinal chemists struggle to define or approximate the true probability function p(drug), which22

represents the likelihood that a molecule will become a viable therapeutic candidate. However, the23

machine learning community often oversimplifies drug-likeness to metrics such as QED or Lipinski’s24

Rule of Five, which capture only a narrow range of basic physicochemical properties. This simplifi-25

cation overlooks critical factors such as oral bioavailability, metabolic stability, and toxicity risks26

(e.g., hERG liability).27

At a more fundamental level, a molecule must be chemically valid, meaning it adheres to basic28

chemical rules such as proper valence and atom types. However, we observe that many model-29

generated molecules—while technically valid—contain rare or unstable structural substructures that30

would be flagged by human medicinal chemists. These structures are neither common nor practically31

accessible and thus fall outside the bounds of what is typically accepted in pharmaceutical research.32

Despite the central importance of this distinction, prior work has not proposed an effective metric to33

differentiate between chemically plausible structures and those that are formally valid but unrealistic.34

To fill this gap, we propose MRR, a rule-based metric that reflects medicinal chemistry heuristics. It35

identifies implausible features such as unstable ring systems and uncommon conjugation patterns,36

offering an interpretable and practical means of identifying unrealistic model outputs.37

By explicitly defining these concepts and introducing MRR, we aim to guide molecular generation38

efforts toward pharmaceutically meaningful directions, bridging the gap between computational39

outputs and real-world drug development feasibility.40

B Limitations41

One limitation of CIDD is its dependence on pretrained LLMs, which may occasionally introduce42

hallucinations in underexplored chemical regions.43

C Detailed Prompts and Responses for LEDD44

In this section, we present the detailed workflow of the CIDD framework, including the prompts and45

example responses for each module.46

Figure 1 illustrates the complete drug design pipeline. The Interaction Module first identifies key47

fragments within the supporting molecule that interact with the protein pocket. This information is48

then utilized by the Design Module, which devises strategies to replace uncommon or unfavorable49

fragments while preserving crucial interactions. Once a new molecule is designed, the Evaluation50
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Phase within the Design Module assesses its viability. Finally, the Reflection Module analyzes the51

design process and outcomes, highlighting both strengths and areas for improvement.52

Figure 2 presents the prompt and example response for the Interaction Analysis Module.53

Figures 3 and 4 display the prompt and example response for the Design Module.54

Figures 5, 6, and 7 illustrate the prompt and example responses for the Reflection Module.55

Figures 8 and 9 show the prompt and example response for the Selection Module.56

Figure 1: Workflow of CIDD framework
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Figure 2: Interaction analysis module
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Figure 3: Design Module
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Figure 4: Design Module
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Figure 5: Reflection Module
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Figure 6: Reflection Module
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Figure 7: Reflection Module
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Figure 8: Selection Module
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Figure 9: Selection Module

D Algorithm for MRR and AUR57

The complete calculation process for assessing the reasonability of a molecule is outlined in Algo-58

rithm 1.59
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Algorithm 1: Evaluation of Molecular Reasonability
Input: Molecule object (mol)
Output: Molecular Reasonability (MRR) and Atom Unreasonable Ratio (AUR)
Step 1: Detect Carbonyl and Imine Group Carbons
Initialize an empty list for carbonyl/imine carbons.
foreach bond in mol do

if bond is double and one atom is carbon, the other is oxygen or nitrogen then
Record the carbon atom in carbonyl/imine groups.

Step 2: Identification of Ring Systems
Identify all ring structures and their corresponding atom indices within mol.
Calculate the number of atoms in each ring.
foreach ring in the molecule do

if the ring shares one or more atoms with another ring then
Group the connected rings into a single ring system.

Step 3: Evaluation of Molecular Reasonability
Exclude any atoms previously identified as part of carbonyl or imine groups.
Classify the remaining carbon atoms in each ring system as follows:

• sp2 hybridized: Aromatic or unsaturated carbons.
• Non-sp2 hybridized: Saturated carbons.

foreach ring system in the ring systems do
if the ring system contains multiple rings and all carbon atoms are non-sp2 then

Mark the molecule as unreasonable.
Add the atoms to the unreasonable atom list.

foreach ring system in the remaining ring systems do
foreach ring in the ring system do

if all carbon atoms within the ring are consistent in hybridization (either all sp2 or all
non-sp2) then

Mark the ring as reasonable.
else

Add the ring to the remaining ring list.

while the remaining ring list is not empty do
foreach ring in the remaining ring list do

Exclude atoms that have already been classified as reasonable.
if all remaining carbon atoms are consistent in hybridization (either all sp2 or all
non-sp2) then

Mark the ring as reasonable.

if no new reasonable rings are identified then
Mark the molecule as unreasonable.
Add the carbon atoms in the remaining rings to the unreasonable atom list.
Exit the loop.

Calculate AUR as the ratio of unreasonable atom count to the total ring atom count.
Return MRR and AUR.

60

E QikProp properties61

The full set of properties used for the QikProp pass ratio analysis is presented in Table 1.62

The QikProp filter applied in the main text incorporates a comprehensive range of criteria pro-63

vided by QikProp, including "#stars", "#amine", "#amidine", "#acid", "#amide", "#rotor", "#rtvFG",64

"mol_MW", "dipole", "SASA", "FOSA", "FISA", "PISA", "WPSA", "volume", "donorHB", "ac-65

cptHB", "dip2/V ", "ACxDN.5/SA", "glob", "QPpolrz", "QPlogPC16", "QPlogPoct", "QPlogPw",66

"QPlogPo/w", "QPlogS", "CIQPlogS", "QPPCaco", "QPlogBB", "QPPMDCK", "QPlogKp",67

"IP(eV)", "EA(eV)", "#metab", "QPlogKhsa", "PercentHumanOralAbsorption", "SAFluorine",68

"SAamideO", "PSA", "#NandO", and "RuleOfThree".69
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Table 1: QikProp Properties and Descriptors
Property or Descriptor Description Range or Recommended Values
Molecule name The molecule’s identifier derived from the title line in the input structure file. If no title

is provided, the file name is used.
#stars Count of descriptors or properties falling outside the 95% range for known drugs. A

higher count indicates reduced drug-likeness.
0 – 5

#amine Total non-conjugated amine groups present in the molecule. 0 – 1
#amidine Number of amidine or guanidine functional groups in the structure. 0
#acid Quantity of carboxylic acid groups in the molecule. 0 – 1
#amide Count of non-conjugated amide groups. 0 – 1
#rotor Number of rotatable bonds that are neither trivial nor sterically hindered. 0 – 15
#rtvFG Total reactive functional groups present in the molecule, potentially affecting stability

or toxicity.
0 – 2

mol_MW Molecular weight of the compound. 130.0 – 725.0
Dipole Calculated dipole moment of the molecule in Debye units. 1.0 – 12.5
SASA Solvent-accessible surface area (SASA) in square angstroms, measured with a probe of

1.4 Å radius.
300.0 – 1000.0

FOSA Hydrophobic part of the SASA, representing saturated carbon and attached hydrogen
atoms.

0.0 – 750.0

FISA Hydrophilic fraction of the SASA, encompassing polar atoms like nitrogen and oxygen. 7.0 – 330.0
PISA SASA component attributable to π-systems. 0.0 – 450.0
WPSA Weakly polar component of the SASA, including atoms like halogens, phosphorus, and

sulfur.
0.0 – 175.0

Volume Total solvent-accessible volume in cubic angstroms, determined with a 1.4 Å radius
probe.

500.0 – 2000.0

donorHB Estimated number of hydrogen bonds donated to water in solution. 0.0 – 6.0
accptHB Estimated number of hydrogen bonds accepted from water. 2.0 – 20.0
Dip2/V Dipole moment squared divided by molecular volume, a key factor in solvation energy. 0.0 – 0.13
ACxDN0.5/SA Cohesive interaction index in solids based on molecular properties. 0.0 – 0.05
glob Descriptor measuring how close the shape of a molecule is to a sphere. 0.75 – 0.95
QPpolrz Predicted molecular polarizability in cubic angstroms. 13.0 – 70.0
QPlogPC16 Predicted partition coefficient between hexadecane and gas phases. 4.0 – 18.0
QPlogPoct Predicted partition coefficient between octanol and gas phases. 8.0 – 35.0
QPlogPw Predicted partition coefficient between water and gas phases. 4.0 – 45.0
QPlogPo/w Predicted partition coefficient between octanol and water phases. -2.0 – 6.5
QPlogS Predicted solubility of the molecule in water (log S, in mol/L). -6.5 – 0.5
CIQPlogS Conformation-independent prediction of water solubility (log S). -6.5 – 0.5
QPPCaco Predicted permeability through Caco-2 cells, in nm/s. <25 poor, >500 great
QPlogBB Predicted partition coefficient for brain/blood. -3.0 – 1.2
QPPMDCK Predicted permeability through MDCK cells, in nm/s. <25 poor, >500 great
QPlogKp Predicted skin permeability (log Kp). -8.0 – -1.0
IP(eV) Ionization potential calculated using PM3. 7.9 – 10.5
EA(eV) Electron affinity calculated using PM3. -0.9 – 1.7
#metab Predicted number of possible metabolic reactions. 1 – 8
QPlogKhsa Predicted binding affinity to human serum albumin. -1.5 – 1.5
HumanOralAbsorption Qualitative assessment of oral absorption: 1 (low), 2 (medium), or 3 (high).
PercentHumanOralAbsorption Quantitative prediction of oral absorption percentage. >80% high, <25% poor
SAFluorine Solvent-accessible fluorine surface area. 0.0 – 100.0
SAamideO Solvent-accessible surface area of amide oxygen atoms. 0.0 – 35.0
PSA Polar surface area, calculated for nitrogen, oxygen, and carbonyl groups. 7.0 – 200.0
#NandO Total count of nitrogen and oxygen atoms. 2 – 15
RuleOfFive Number of Lipinski’s Rule of Five violations. Max 4
RuleOfThree Number of Jorgensen’s Rule of Three violations. Max 3
#ringatoms Count of atoms within molecular rings.
#in34 Number of atoms in 3- or 4-membered rings.
#in56 Number of atoms in 5- or 6-membered rings.
#noncon Number of ring atoms unable to form conjugated aromatic systems.
#nonHatm Count of heavy (non-hydrogen) atoms in the structure.
Jm Predicted maximum transdermal transport rate (µg cm−2 hr−1).

F Computing Resource70

In this work, we primarily utilize pretrained 3D generative models and large language model (LLM)71

APIs to conduct our experiments. The 3D model sampling is performed using a single NVIDIA A10072

GPU. For the LLM component, we rely on API-based access provided by the service provider, which73

requires no local computational resources.74

G More Experiment Results75

Based on the different criteria presented in Table 1, we provide additional pass ratio results in Table 2.76

Filter 1 is identical to the QikProp filter used in the main text.77

Filter 2 removes some non-essential properties and focuses on well-defined physicochemical proper-78

ties, including "#rtvFG", "QPlogS", "QPlogPo/w", "mol_MW", "dipole", "SASA", "FOSA", "FISA",79

"IP(eV)", "EA(eV)", "#metab", "PercentHumanOralAbsorption", and "PSA".80
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Filter 3 assesses molecular compliance with the "RuleOfFive" criterion. However, instead of allowing81

up to four violations as typically recommended, this filter adopts a stricter definition, considering82

only molecules that fully comply (i.e., setting the maximum allowable violations to zero).83

Table 2: QikProp results for different methods with and without CIDD

Method Filter 1 Filter 2 Filter 3

Pocket2Mol
Original 29.58% 51.52% 89.58%
CIDD 56.97% 75.64% 92.24%

TargetDiff
Original 26.32% 48.20% 69.47%
CIDD 53.37% 75.60% 81.85%

DecompDiff
Original 29.04% 53.96% 55.14%
CIDD 37.54% 68.48% 65.64%

MolCRAFT
Original 22.37% 43.52% 66.45%
CIDD 35.22% 63.23% 74.09%

H More cases84

More generated molecules from CIDD are presented below. For each case, we display the initial85

supporting molecule derived from 3D-SBDD models alongside the final designed molecules produced86

by CIDD.87
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