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The outlook of the lecture

»Wide spreading and diversity of noncovalent intermolecular interactions
» What molecular crystals are and how they are formed

» The role of Hydrogen bond (H-bond) in molecular crystals

» Introduction to the H-Bond (Historical path in discovery of H-Bond; H-
Bond: Classical Definitions; The H-Bond Strength; The H-Bond Puzzle; Two
Different Conceptions: The Brgnsted and Lewis Acid-Base Theories

» The Aim of this Lecture: Comparable both PT and CT visions

»“The Bronsted-Based H-Bond Theory” The Dual H-Bond Model

»“The Lewis-Based H-Bond Theory” The H-Bond as a CT or EDA

»Case Study 1-5 for H-bonds in Molecular crystals of life Sci. relevance

(Pharmaceuticals)



What is the nature of non-covalent interactions?

Fxamples

Interactions Energy/Strength
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Dipole - HoC i Specific orientation of
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How do molecules interplay?

(Molecular dating)
33% 0--H—0 35% N/ 91%0 ...... H

~ ) 4 T

O_
acid-acid amide—amide acid-pyridine
5% """ 47%) O--H—-0 = 0O--------- H
4
4
- % ~ e
/ / anti H/ . .

amide—pyridine amide-acid amide—N-oxide

Prevalence of occurrence of structural unites:

homo- & hetero synthons o., L

Angew. Chem. Int. Ed. (1995) Engl. 21, pp. 2328. O ' .)w yo ....;-0/010 J”
\;:Q * )‘O "'-\,Q b \ O = 4

\J

‘\!é S - al \! E\ PR o-(
o ¢ ""‘o{o L _A,..4 Pp* Chem.Commun., 2006, 1369-1371
- 6:0& e 4 Q ‘ Q ‘0“50
o; A -



o e ~~ 7 . .
I i ] Patterns (Molecular mteractlons)
I ' O—H-----N—H-+---0—H-----N—H----0 f’“’fif_ 3
N N N N Infinite chain (I } i —
AN NN N SRS (O
Linear H-bond Three-centered, or Bifurcated H-bond Q H ||_| :_,,i > - )
l d . K, e LT
e el /S
2 A A eV R
H H % Y=g H—N \
0----H-0 o N o E E H Q
ol . =
O-H-----0 /: N :\ o Dimer (1II) ,
R \( \]/ R Trimer (Il
R R Dimer herringbane (IV)
. 1/2@ Ry—O—H--rrrQ==R,
)\ )\ {
»»»»» o O-H--OH-0 O-H - O-H -+ "'fc. aize @ S
| | 26 f
a R a) Pyridine-N-oxide-trichioroacetic acid _g_____H_(g_Rz
N {b) neutral, shared and ionic
\\\S\\N forms of the H-bond
e -7 1 wmm C ,O ------- e \\{\ o
, . " — N\ N-_‘_ i .
— N\ ': H - C Q--===== - C H )
’ —~ >
: HyCW He—Ny. @ o Nermerbirerae O
e Cummp ~oo °\ ol \CHa N
0. ( ,N — (&) 1,1-dimethylhydrazine- {d) low barrier H-bond in enzymic
- N, w— C C o |----n- (o) hydrazoic acid catalysis
N 9,
0.
‘ H O H Oe H \C-—
N c// - \s?mc/ L@ (g ------ H—-mc?N//
_ . - \ g g
chelated C-H---O hydrogen bonding cyclic C-H:--O hydrogen bonded H » H y i .
synthon-I forming catemer. dimer synthon-I M

(e) rescnance assisted H-bond



Negative charge assisted hydrogen bond [(-) /or" “o\
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Chemistry beyond molecules (Supramolecular chemistry)

Raraday Discuss., 2014, 170, 411-422
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Driving forces for molecular cocrystal formation

“Molecular recognition is selective binding with a purpose”

Selective Binding Structure of multicomponent
Attraction & Affinity Non-covalent interactions: Supramolecular assemblies
Structures of AP & CF; [ H-bonds; e Transformation
ApKa; Energy Halogen Bonds: Functional materials
- stacking (modified properties)
1 A
) ! stoichiometric ratio J |
APl + CF Cocrystals/Salts
(depend on the H*/ charge transfer)
A - Active Pharmaceutical Ingredient (API): B — Coformers (CF)
neutral or polar ionizable;
solid or liquid

J.-M. Lehn, Pure Appl. Chem. 1978, 50, 871. 12



Where is the place of Molecular Cocrystals among the Solid Forms?

Organic solids
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A:B

A = solid
B = solid
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nonsolvated
salt cocrystal

hydrated/
solvated
salt cocrystals

hydrated/
solvated
cocrystals

Hydrates/

Solvates |
hydrated/
A:B solvated
A= solid Sl

Multi-Component Solid Forms Inherently

Overlap with One Another and in Addition They Can

Exhibit Polymorphism

Cocrystals are solid crystalline single phase materials composed of two or more
different molecular and/or ionic compounds generally in a stoichiometric ratio.

Aitipamula, S. et al. , Polymorphs, Salts, and Cocrystals: What's in a Name?, Cryst. Growth Des. 2012, 12, 2147-2152



A Timeline for Progress in Defining Molecular Cocrystals

lonic-Cocrystals; Zwitterionic Cocrystals, Chiral
Cocrystals

Multi-component molecular crystals, assembled
by any type or combination of intermolecular
interactions

Multi-component molecular crystals, each
component being an atom, ionic compound,
or molecule

Neutral molecular constituents linked within
crystalline lattice through H-bonds

Structurally homogeneous crystalline solids
made by solid components at ambient
temperature

Molecular complexes, Multi-component crystals
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