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Context
211At in targeted alpha therapy
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Halogen bonding with At




Halogen bonding

Interaction R nucleophilic site

« 0-hole » < :
(Lewis base)
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5+ 6- \ H non-covalent highly directional interaction between
r \ = covalently bonded halogen and a Lewis base

XB donor XB acceptor

Experimental investigation with At:
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suggests At as the stronger XB donor

Molecular modelling: characterize the interaction in B---Atl

-

* most stable XB-complexes involve At

» first evidence of At-mediated XB




Comparison between experiment and modelling

PKgAq (expt.)

Dl |
o y = 0.988(39) x x
R?=0.976

PKgaq (calc.)

good agreement between pKgpy Values
confirmation of experimental formation of
At-mediated XB complexes

At is the strongest XB donor
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Understanding "#$!$%tability of
astatoaryl prosthetic groups




SAB as prosthetic group
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SAGMB as alternative prosthetic group

211At

O O
O\ji/> higher in vivo stability than SAB
211At
© why, and what is the mechanism ?
NHy" of deastatination =
HN—/ ®

NH
2 W guanidinium group




Known enzymatic deiodination mechanism
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R XB formation g electrophilic R
attack
o} 0 o .
i—o\ji/> ?o%
h . ° | © o I f@$ for At-Ph 25.6 kJ/mol more favorable than for I-Ph
SIB
l Vs l  less dehalogenation experimentally for SIB vs SAB

211At© |© « possible enzymatic deastatination ?
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Possible interacting groups

*&g‘ ’ ‘({f‘ Byt
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peptide chain asparagine serine cysteine
}’ 2 D
< Jd

methionine cystine phenylalanine tyrosine histidine #1

R J/‘\g/ﬁb A{‘ XB interaction energy only significant

for selenocysteine and aspartate

selenocysteine active form

\_ )

. . . J
histidine #2 tryptophan
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Possible interacting groups
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Thermodynamics of the deastatination

mechanism for aspartate:

2
- 2 ?
e IR
9 ©
mechanism for selenocysteine:

r;;jj—ﬂ +®{H *z;j* + H

1 "% . more favorable for SeCys (—122.8 kJ/mol)

SeCys prime deastatination suspect
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How about deastatination in SAGMB?

J’f;?:i i}‘:

J
40% of Boltzmann
population

no halogen bonding
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SeCys interaction with SAGMB?

-

.

SeCys only interacts through guanidinium

deastatination mechanism not applicable (no XB)

J
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An alternative ' At-labelling
based on soft metal complexes




Metal — NHC complexes as BCA

4 N

Concept:
« At should bind strongly with soft metal centers

» N-heterocyclic carbene: flexible, stabilizing

. J
=\ M: Rh(l), Ir(1), Au(l)

R N~ N\R L: cyclooctadiene (for M = Rh, Ir)
1 Y 2
R4,R5: 2,6-diisopropylphenyl, methyl,

X/ \L adamantyl, benzyl, p-nitrophenyl
X:21at, 1, CI

4 )

Objectives:

* identify complex with sufficient M — At strength

 identify complex that allow radiolabelling

- /
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BDE (kJ/mol)

Towards a robust ™ At-labelling of metal - NHC complexes

Estimate of M-X bond strength

—N N. - -
R R, RN
BDE N +oxo
M_ > M
/ AN
X" L L
P meRasRespNOzPh ESI-MS spectrum
—e—R1=p-NO2-Ph ; R2=Bz P
7 M+Na]*
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500 - (|3| 626.27|645.19
585.24
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400 , ; ' - . .
Rh-AL At Au-At * abstraction of halide from Rh and Ir complexes
« Au-At is the strongest bond * notin Au complex

» same trend irrespective of R & R,
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Halogen exchange reaction

R»]/N\/N\RZ R1/N\/N\R2
+ At —>AGZ% + X
M_ /M\
X L At L

experimental facts:

25 1T R1=R2=0-diiPr-Ph
» chlorinated precursor results to 95 + 3 % RCY

 iodinated precursor results to 26 + 6 % RCY

S
£
-]
* 100
P o .
2 80+
)%**0%& 3 g
-15 : . : g 60
Rh(1) Ir(1) Au(l) o N\/N
L 407
selectivity in favor of At' only for Au-complexes s ;/ é ;/ é
@
0 T T T T T T 1
; . 0 2 4 6 8 10 12 14 16 17
Let’'s go with Au then ! Time (h)

stable in PBS!
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Nature of Au — At bonding

Electron Localization Function:
3D space partitioned into volumes

’ #($% =-0.02
5 /I/ ) #($& =-0.32 C(Au)_,o
o ‘ ™ V(At)
; not consistent C(At)
with ionic interaction! V/(Au,At) absent: it can not be covalent!
What bond ? | Braida et al. (Molecules "' |, 27, 490) : charge-shift bonding in Au! X (X=CI, Br, F)

type then o l

I Wang et al. (Phys. Chem. Lett. "'# |, 14, 5226) also charge-shift bonding in Au! |

delocalization index, ' : measure of electron pair sharing " #P0&

CS bonding feature: ' higher than formal bond order charge-shift bonding character in Au — At
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"HE06& ("H#

** caution must be taken of At-labelled compounds’ ability for XB interactions
» one pattent submitted

** Au is predicted to efficiently bind At: excellent RCY with Au-NHC complex
» try more soft metals, modify NHC-ring...

** molecular modelling as a guide is demonstrated!
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Method

2-component relativistic DFT

At (Z=85): relativistic effects are important

Functionals:! PBEQ; PW6B95 Basis sets: dhf-TZVP-2c & ECP60MDF

Solvation: CPCM-UAHF Bonding analysis: QTAIM & ELF
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Bonding analysis strategy
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Results

Bonding analysis: Quantum Theory of Atoms In Molecule

molecular space partitioned into topological basins via' ( ())

? !"#$!<y&'(#)r,")( 3 0 FA;

9@

BCP

"H$%& 1"%(( | $9%6)X(#St,

closed shell
Interaction (ionic)

E 8, * =2Fe bohr®
84 * =2ZGe bohr# }

) |C3[BD
134B" 4 * 9HI  regular CS (mainly ionic) ° 1
2SI () (]
A * < —7- L , _ significant
#($N * <=2Z: >} non-compatible with delocalization index, ' * 92 elgctron sharing
#($?) * 0=2: > ionic bond type

it can not be ionic!




Charge-shift bonding

E(a.u.)

-0.68 |- \
\ Covalent /

-0.70
-0.72 -
-0.74
-0.76

-0.78

bonding arising from minimization of lone pair bond-weakening effect (LPBWE):

bonding through covalent-ionic mixing
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bonding occurs through
covalent-ionic mixing
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