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Abstract: Small molecule drugs comprise multi-dimensional features, and drug creation has to meet
requirements such as safety, effectiveness, stability, controllability, and patient compliance. These attributes can be
summarized as pharmacological activity and druglikeness, which are implicit in the chemical structure of the drug.
Pharmacological activity and adverse reactions are caused by the interaction between drug molecules and on-target
or off-target protein. The microstructure of the drug determines the activity/toxicity intensity and selectivity.
Pharmacokinetic and physicochemical properties are related to the macroscopic properties of the drug, and the
microstructure and macroscopic properties are intertwined and integrated into the molecular structure. Conception
and construction of bifunctional molecules are one of routes to achieve "unification of micro and macro" and
structurally straighten out the relationship between pharmacodynamics-pharmacokinetics, drug efficacy-adverse
reactions (selectivity). This article takes drugs that have been successfully marketed or under clinical trials as
examples to explain the structural characteristics of bifunctional molecules from the viewpoint of medicinal
chemistry. The productive technical methods include antibody-drug conjugate, proteolysis-targeting chimeras,
molecular glues, peptide modifications, and so on. In addition, this overview also classifies covalently binding
drugs, transition-state analogs, and prodrugs into the category of bifunctional molecules, emphasizing the
importance of bifunctional groups in molecular design and structure optimization.
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Figure 1 Sketch map of antibody drug conjugate (ADC)
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Figure 3  Sketch map of proteolysis-targeting chimeras (PROTAC)

composition and degradation process
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Figure 4 Sketch map of triad E2F2-bufalin-ZFP91
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Figure 8 Sketch map of degrading process of B3A-type HyT
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Figure 9 Covalent binding between EGFR with Michael group of afatinib
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Figure 11
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X-ray crystal structure of adagracib (48) bound to
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Figure 12 Process of forming morpholine moiety between epoxomicin and proteasome. The red fragment is the threonine residue of

proteasome
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Figure 14 a: Binding mode of vildagliptin to DPP4. b: Mechanism for covalent binding of vildagliptin to DPP4
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Glul6s

Figure 15 Reversible covalent Cys145 adduct is formed with the

nitrile group in nirmatrevir
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Figure 16 a: Sketch map of hydrolyzing substrate protein by NS3 protease. b: The formation of covalent binding between Ser139 (red in

color) of NS3 and a-keto-amide (blue in color) of inhibitor
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Figure 18 Mechanism of the reaction catalyzed by HIV protease
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Table 2 Comparison of thermodynamic parameters of the three

"navirs"

Drug MW K, AG AH -TAS
/mmol-L"  /kJ-mol"  /kJ-mol"  /kJ-mol”

61 670.35 2.0 -53.5 13.0 -66.5

62 505.63 0.39 -55.2 -28.8 -26.4

63 547.66 0.004 5 -62.7 -53.1 -9.6
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Figure 19 Activation process of sofosbuvir
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