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PRINCIPLES & APPLICATIONS OF HALOGEN BONDING:
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halogen bonding, with special focus on its role in drug ?‘% 4

discovery. We summanze the theoretical background d:ﬁnmg

its strengd: and directionality, provide a systematic analysis of . MOLECULAR RATIONAL
its ocowrence and interaction geometries in pm:em—hg:nd SERENDIPITY UNDERSTANDING DESIGN

complexes, and give recent examples where halogen bonding
has been successfully hamessed for lead identification and optimization. In hight of these data, we discuss the potential and

limitations of exploiting halogen bonds for molecular recognition and rational drug design.

pubs.acs.org/jmc

ABSTRACT: Halogen bonding has been known in material I
science for decades, but until recently, halogen bonds in .
protein—ligand interactions were largely the result of =~
serendipitous discovery rather than rational design. In this |~
Perspective, we provide insights into the phenomenon of =~

547 citations, > 25,000 downloads
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HALOGEN BONDING: & - hole concept:
ANISOTROPY OF T. Clark, M. Hennemann, J. Murray,
ELECTRON DISTRIBUTION P. Politzer, J. Mol. Model. 2007, 13, 291

-2 0™ interactions

§ (o hole
interaction

B S T interactions

J. Med. Chem., 2013, 56(4): 1363-88.
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UNDERSTANDING MOLECULAR RECOGNITION:

Dependence of interaction quality from geometry:
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UNDERSTANDING MOLECULAR RECOGNITION:

Dependence of interaction quality from geometry:

A=-51pm (100% energy loss)

A=-39 pm (50% energy loss)

A=0pm (optlmal distance)

A =+89 pm (50% energy loss)
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HALOGEN BONDING INTERACTION PARTNERS:

Backbone carbonyl Hydroxyl contacts Carboxylates/amides
MedChemComm 7, 500 (2016) J. Chem. Inf. Model.
a JCAMD 26, 935 (2012) b c 56, 1373 (2016)
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J. Chem. Theory Comput. J. Chem. Inf. Model. in preparation
7, 2307 (2011) 53, 3178 (2013)
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EXAMPLES OF MOLECULAR DESIGN:

pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Targeting the Gatekeeper MET146 of C-Jun N-Terminal Kinase 3
Induces a Bivalent Halogen/Chalcogen Bond

Andreas Lange,-l_’j‘.’é’ Marcel B. G[jnth{n‘,”’9 Felix Michael Biittncr,# Markus O. Zimmcrnmnn,-r’i
Johannes Heidrich,"* Susanne Hennig,*‘ Stefan Zahn,T Christoph Schall,” Adrian Si{:vem-Engl{:r,l
Francesco Ansideri," Pierre Koch,‘I Michael Laemmerhofer,™ Thilo Stehle,”V Stefan A. Laufer,”
and Frank M. Boeckler® ™"
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Based on: 2P33, Alam et al. Bioorg. Med. Chem. Lett. 17, 3463 (2007)
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EXAMPLES OF MOLECULAR DESIGN:
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EXAMPLES OF MOLECULAR DESIGN:
lodine - sulfur distance too small!
= why is Met146 not more flexible???
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EXAMPLES OF MOLECULAR DESIGN:

lodine - sulfur distance too small!

= why is Met146 not more flexible???
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SHIFT FROM MOLECULAR DESIGN TO HEFLIBS:

HEFLibs as Chemical Tools:
* Integration of XBs in
binding motifs / networks

« Tuning and cooperativity

— Diversity optimization for

generalization of HEFLibs

In Molecular Design:

 Geometric requirements
for good XBs are difficult

to meet (other interactions
dominate the binding mode)

* Full potential of XBs is

difficult to harness
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o - HOLE SIZE AND SHAPE DEPENDS ON THE
CHEMICAL CONTEXT

Pyrazolo[1,5-a]pyridines: 5/~ N
\N*N %

I - NI
0.01 0 -0.01
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o - HOLE SIZE AND SHAPE DEPENDS ON THE
CHEMICAL CONTEXT
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o - HOLE SIZE AND SHAPE DEPENDS ON THE
CHEMICAL CONTEXT

Pyrazolo[1,5-a]pyridines: \\ A

— vast number of
binding motifs
are possible

I - NI
0.01 0 -0.01

T Frank M. Bockler  Wabhlpflichtfach Molekulares Design & Pharmazeutische Biophysik 26.04.2019

o - HOLE SIZE AND SHAPE DEPENDS ON THE
CHEMICAL CONTEXT

Substituent effects: ;
(e.g. fluorine) .-@

b

o C*
— Ccooperativity \‘ ‘

by tuning and |
enhancing the

binding motifs

J. Med. Chem., 2013, 56(4): 1363-88.
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SHOWCASE EXAMPLE FOR HEFLIBS STRATEGY :

S3/54 Loop ‘ 4 e
P153 .«—‘ LA - Voo D228

¥y C220
S7/S8 Loop
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i
Almost optimal X-bond geometry + stabilization by interstitial water

Wilcken R., ..., Boeckler F. M., J. Am. Chem. Soc. 2012, 134, 6810-6818
JACS-Spotlight: J. Am. Chem. Soc. 2012, 134, 7195
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T0oP-5% OF ALL HALOGEN-CARBONYL
CONTACTS IN THE PDB
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FROM FRAGMENTS TO AMINO ACIDS:

1) ACN, KI, K,CO3,

1) ABCN, NBS, /(E}OEt
CCl4, 12h, reflux /@\/-\Br EIOOC NHAG NHFmoc
l :| o -
COOH
| F | F | F
2) 37% HCI, reflux
13 2 3) Fmoc-ONSu, KHC03 5
NHFmoc
L = Br —_—
COOH
Br F Br F
8.8% "°F
7.4% 254nm HPLC
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B|>]<53 REACT } 1
QA8 Q-AB: Q-AB; O ',_"",':.;'
Q-8 Q-AB, Q-AsB, ’ ¥ 1
Q-4:B,  Q-AsB; Q—A:B,
(a) Multiple beads on a watch glass. (b) Single bead picked by a 10 pL pipette tip.
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