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Expanded Porphyrins

porphyrin (N = 4) pentaphyrins (N = 5) hexaphyrins (N = 6) heptaphyrins (N = 7)
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Molecular switches
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Hlckel and Mobius aromaticity
Hiickel Mobius

i ; Doubled-sided ; Single-sided
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APPROACH

Optimum conditions for Mobius aromatic compounds and topological
switches with unique magnetic properties using DFT
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Conformational stabllity BILYPI6-31++G

two HlBtwists one hgfXwist

R = CF;,CHs,H.Phe,C;F;

Ring strain = @, 19.0 28.0 243
Hydrogen bonding =» N, 3.5 3.0 1.0
Effective p overlap = /7 0.72 -0.57 0.59
Aromaticity <  ASE, A, NICS, HOMA, A7y /1= cos¢,

Steric effects of meso-substituents = NCJ index

LW, attsnG etzgh skianalCAageV&ach2610nil 32 62081, 50, 4288. Paris 2013



Mébius B3LYP/6-3 | ++G**

—*—neutral

0 40 80 120 160
Dihedral angle (¢,/°)

Protonation is an effective way for controlling the conformation! Paris 2013



Aromaticity descriptors

Aromaticity is a multidimensional property cannot be quantified with a single-index

ENERGETIC N\

ISE > 0 : aromatic
ISE < 0 : antiaromatic

syn/anti corrections

K P. v. R. Schleyer et al. Org. Lett. 2002, 4, 2873 J
MAGNETIC

N\ <0 :aromatic

. . o o oge o /\ — _ '
/1 : Diamagnetic Susceptibility Exaltation v~ Xu A > 0 : antiaromatic

H. J. Dauben et al. J. ATREAQTFHVITPYS, 20, 811

An : Relative hardness n=1-A= &m0 — Eomo An > 0 :aromatic
An < 0 :antiaromatic

F. De Proft, P. Geerlings, Phys. Chem. Chem. Phys. 2004, 6,
242. ,

Blenso et.al Ph m. C s, 2010 0,12, 1305 J. Comput, Cherm,. 2010, 3L 017 .1 _
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Aromaticity descriptors

//’ MAGNETIC \\\

NICS: Nucleus-independent chemical shift GIAO/B3LYP/6-31 | +G**

NICS < 0 : aromatic
NICS > 0 : antiaromatic

NICS(0) = 19.1
NICS(+1) = 17.3

NICS,,(x1) =57.3
\3. V. R. Schleyer et al. J. Am. Chem. Soc. 1996, 118, 6317

ESTRUCTURAL
H
N
— n HOMA = | :fully aromatic
HOMA =1-"3 (R ~R)’ /
HOMA=1 n;(R‘)m R) HOMA = 0 : nonaromatic

Performance of these indices to describe Mobius aromaticity?? Paris 2013



Aromaticity of [32]heptaphyrin

triprotonated
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caorrelation between aromatiCity

inAirac
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SBgry A n  NICS" NICS() NICS, (T?#&QMA

519

An 0.676 0.967 -0.879
NICS(0) | -0.509 -0.870 0.993 -0.909 1

NICS(1) | 0497 -0.845% 0.991 -0.905 0.999 p 58
NICS, ()] -0530 -0€180 0992 -0910 0998 09997
HOMA | 0855 0:9%68 -0.728 0.898 -0753 -07534| 0772 1

18.5
0.84
50

NICS_,(1) / ppm 15
[22]- and [24]pentaphyrins (n = 11) 10
ISE ISE,. A Ay NICS NICS(1) NICS,(I) HOMA ’-"g- 5
ISE 1 5
ISE oy, 0.919 1 £ 0
A -0.743  -0.885 1 g
An 0.746 0884 -0992 1 | < 5

NICS(0) | -0.733  -0.883 0.985 -0.973 1

NICS(1) | -0.734 -0.885 0.986 -0.973 1.000 1

NICS, (1) | -0.719 -0.875 0.989 -0.973 0.998 0.998 1

HOMA 0.772  0.834 -0.948 0.931 -0.908 -0.910 -0.913 1
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contormational control by
substituents

R=CF, figure-eight

R = CF;,CH;,H,Phe,CsF5

_ y TFA ‘
b : AE(M_F)+ = 0.9

A. Osuka, Angew. Chem. Int. E
2006, 12, 9095

AEy,r=-10.0 mmm) AE, e+ =-16.7

AE,, ¢ is the energy difference betwe

o . —_— e e e P

Excelent agreement with the experiment!



NCI index in heptaphyrins

E,=-10.32 N, +36.0

© Neutral
R?=0.999

© Monoprotonated e e

2
E.=-118N,+368 & Dol

R?=0.985 © Triprotonated

O Neutral

£,/ keal mol?

© Monoprotonated

Reduced aradient (s}

* Triprotonated

2 8 B o oo o 8o

-6
ISE_,,./ kcal mol?

N,=3.5 ISE =-2.4 Ny,=3.0 ISE, =538

Aro o e:mhol'r.d ecmmfdsrthn: of ab aph rm'
I

W. Yangetal. J. Am. Chem Soc. 2010 132 6498 Paris 2013

J. Contreras-Garcia et al. Chem. Theory Comput. 2011, 7, 625




ituted heptaphyrins

NCI of meso-subst

Mobius

R = CF,
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Perfrormance or density
EH.&C-;LRE}%! ium and long-range dispersion=»M06-2X and DFT-D

RMSDs HOMA R, R
RX 0.83 4.65 3.82
B3LYP 0.78 4.65 4.15
M06-2X 0.74
B3LYP-D 0.80
Overestimate TeTt stacking interactions!
noo) RInER2Apbptiphyrins
.
S B3LYP 0.0 (2.8)
< o] neutral M06-2X 0.0 (0.0)
e B3LYP-D 0.0 (0.0)

" --.-.660 Jlac'u;n 1000 1200 (monOPrOtonated)

Absorption spe’icftPg in various . . .
. Solvents 4 ,,,Rela,tlv ergl 7 kcalp

A. Osuka et al B3tnY Pushows, thebest overall performance Paris 2013



[22]- and [24]pentaphyrins

mm=) Photodynamic therapy

1 Pentaphyrin 2 Sapphyrin 3 Isosmaragdyrin 4 Orangarin
Orpp (GM) : 3300 2900 2700 1200

— — — T0 TOAD

22PP 24pP

H Cyclization

R=H, CF3 CgH3Cl, CeFs !
Removing one meso- substituent prowdes non- fused pent p yrlns

¥A. mm&mlamﬁéwmmt% GZ@.WHE@W&MM@QO@@ZCB]&? Paris 2013
130, 6930




Conformations of [22]pentaphyrins

Hiickel
TO*P

W 40-50

H30-40

©20-30

m10-20

E, (kcal mol?)

H0-10

B3LYP/6-31++G(d,p) potential energy

surface

Mobius

e AN

T04P conformer does not undergo the N-fusion reaction Paris 2013



Conformations of [24|pentaphyrins

24PP > 24NFP

E,, (kcal mol?)

uwihirgoan




conrormation controlled by
substituents

Hiuckel _ _
R — C6F5’ N — 5 24NFP R — C6H3C|2’ N — 5
Huckel Huckel
24NFP 22NFP
Huckel
22NFP DDA
?O AG=-52|
<;>,,=23,7 ~‘<1>p=19.3
antiaromatic aromatic
,=21.8
aromatic
~  Mobius
24NFP
DDQ
‘NaBH,
DDQ
AG =-17.9

®,=39.7

weakly aromatic

. e e e e g —

Five substituents =» N-fused pentaphyrins Paris 2013



Cconrormation controlied oy
substituents

R=C,F,N=4

24PP 22PP

X-Ray structure
(A. Osuka et al. Chem. Commun. 2012, 48,
6785)

N =4 N=5

Reduced gradient (s)

sign(A,)p / a.u.

Four aryl groups = Non-fused [22]pentaphyrins Paris 2013




Conclusions

Conformation strongly depends on the oxidation state and meso-substituents
[32]heptaphyrin is a promising molecular switch, that can be induced by protonation

A close relationship exist between molecular topology and aromaticity

Magnetic descriptors and 477 are the best indices to quantify Mobius and Huckel aromaticity

B3LYP shows the best overall performance for geometries and thermochemistry of
expanded porphyrins

NCI is a powerful tool to analyze the steric effects

Aromatic Mobius structures are easily achievable by [32]heptaphyrin and [28]hexaphyrin

M. Alonso, P. Geerlings, F. De Proft Chem. Eur. J. 2012, 18, 10916-10928.
M. Alonso, P. Geerlings, F. De Proft Chem. Eur. J. 2013, 19, 1617-1628.
M. Alonso, P. Geerlings, F. De Proft. J. Org. Chem. 2013, 78, 4419-443.
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