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Take a New Look In the Old Toolbox:

Hydrogen Bonds

Metal Complexation

Ionic Interactions
π - π Interactions

Cation - π Interactions 

Hydrophobic Interactions

Wermuth, The practice of medicinal chemistry, Academic Press, 2008

ΔG of -20 to -40 kJ/mol

ΔG of -4 to -30 kJ/mol

Types of Noncovalent Interactions
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• Zayıf Hidrojen Bağları

• Dikey Çoklu Polar Etkileşimler

• Halojen Bağları

Neglected Interactions in Molecular Recognition
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Weak Hydrogen Bonds

4
www.olgac.net 75



5

Weak Hydrogen Bonds

Structures referred to as NH - π interactions in the literature.

(a) Chk1 kinase ligands.
The orange structure has a Ki of 8.5 µM (PDB code 2c31)
The green structure has a Ki of 0.026 µM (PDB code 2c3k)

The additional phenyl ring displaces several water molecules, one of which was coordinated to the backbone NH below.
The shortest NH – Phenyls distance in the green structure is 3.4 A°.

(b) A PDE10 complex structure
where in reality the glutamine side chain forms two classical hydrogen bonds to water and a tyrosine.
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Weak Hydrogen Bonds

Radial distribution of hydrogen atoms around a phenyl ring (CSD Statistics):
Hydrogen bound to;
(a) sp2 carbon flanked by one or two heteroatoms (N,O) (b) O or N.
The phenyl ring in (a) is drawn roughly to scale and should serve as an interpretation aid for 
the in plane (s) and above plane distances (h).
Darker gray corresbonds to higher density; peaks above a numerical values of 70 are colored red.
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Weak Hydrogen Bonds
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Weak Hydrogen Bonds
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Weak Hydrogen Bonds
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Weak Hydrogen Bonds
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Weak Hydrogen Bonds
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Weak Hydrogen Bond =  Cation Pi Interactions
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Orthogonal Multipolar Interactions
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Orthogonal Multipolar Interactions
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Orthogonal Multipolar Interactions
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Orthogonal Multipolar Interactions

www.olgac.net 87



17

Orthogonal Multipolar Interactions
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Orthogonal Multipolar Interactions
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
Variation of Interaction Geometries
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Cooperativity of
Halogen Bonds and Hydrogen Bonds
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Halogen Bonds Interaction Partners
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Halogen Bonds Interaction Partners

www.olgac.net 98



27

Protein Structure Accessibility for 
Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds

www.olgac.net 102



31

Halogen Bonds
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Halogen Bonds
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Halogen Bonds – X-Bond My Ligand
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Halogen Bonds – X-Bond My Ligand
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds
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Halogen Bonds

www.olgac.net 118



Tuning the Strength of Halogen Bond
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Orthogonal Multipolar Interactions vs 
Halogen Bonds
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Halogen Bonds
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Halogens and Aromatic Rings

Radial distribution of fluorine atoms (top) and chlorine atoms (bottom) around phenyl rings (CSD statistics).

Darker gray corresponds to higher density; peaks above a numerical value of 90 are colored red.
Scatter plots of all hits for fluorine and chlorine (right hand side) are colored by the angle between the phenyl pland and the 
C-X vector from blue (0°, in plane) to green (90°, orthogonal).www.olgac.net 122
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