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Is there a “best” NICS criterion for
tropicity?
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Methods

CMO-NICS, ,, for planar systems at closed shell Sy ground state

c-only-NICS, ,, for all the rest, i.e.,

broken symmetry singlet, triplet, non-planar systems.

0 Jees ececcscccce
(2) .... 1 ..°'o...ol...oo..'°'...'. ----- 26
2 oo*® AAAAAAAAAAL R e L 244
-4 o asadsd L 22 [
BJeee” T e -10 - ik 20 " o0opc
23 e O 189 " i
£ a— 15 - i - o
4 - 1 ] 14 . 4 |sO
1 - £ : i
2 i 10
-20 Q .25 .
2 ic;)ocpc o oopc difference £ g
: -30 - S a
-26 .
gg 4 Iso -35 ¢ e difference g AAAAA“:.l:...“'Otooo.caooocoo
24 et T 0 ... w AAMMMsaassssanssasisssaiineg
34 1 -40 umun® -2 . e —y Y CLLL
- - L L}
00 05 10 15 20 25 30 35 40 T e IRCH PR L
r 00 05 10 15 20 25 30 35 40 84— T T T T T T 1

00 05 10 15 20 25 30 35 40
r
r



%‘ SC h u I IC h E?CCUI:Z%istry

Technion
Israel Institute of Technology

Iso(conj)=1/3(cy+ G+ 677)
=1/3(0xx(0)+ 0yy(0)+ 622(0)+(oxx(m)+ Ty (M) + O77(1))
For the c-only model: Iso(model)=1/3(cu+ o,y+ 627)

Assumptions: the = contribution to the ipc is minimal;
Oyx(m)= ny(n)zo

For a perfect o-only model: o= oy 6yy= Gy, 677(1)=0

[so(conj)-Iso(model)=1/3(c,7(n)) 1/3(Aczy)=A(iso0)

Since oopcC= o, A(oopc)=3A(iso)
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For single ring systems
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55 v 1,2 4-triazine
50 % 1,3,5-triazine
45 < borazine
40 » cyclobutadiene
35 ¢ D4h-COT
30 * COT-dication
251 * pyrrole
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= 15 + CPD-anion
X tropylium cation
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3rd degree polynomial fit
(usually between 1-4 A)

Recalculating NICS(r), .,
From the fit parameters.

NICS(r)S, .,

NICS, ,.(r)=A*Br + C

Extrapolating NICS(r), .,
From the fit parameters.

NICS(r)t,. ..
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NICS,, ,,=A*Br

1,2,3-triazine
1,2,4-triazine
benzene
borazine
COT-dication

INICS, ,, = -A/InB

pyridine
pyrrole
tropylium
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Diatropicity in compounds containing 2¢4 and 3@ row elements

JJAICIS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Synthesis and Reactivity of Aluminum Disilacyclopropenes. Cyclic
AlSi, Delocalized 2z Systems

Lulu Guo, Jianying Zhang, and Chunming Cui*

| *first AlSi» three-membered ring
N “first isolable strained systems with a donor-free Al atom
Si=Si._ & *heavy main group 2z systems

Aromaticity
7 by NICS(1),,

R™ i\
0 - = Benzene
i * hexasilabenzene
-5 - 4 hexagermabenzene Lun®
—10 —t4a .l...:...AA:: T
4 ..AAA -...o°..A‘AA /'E\
E _15 7 .l...:AA I.:..:AAA EEE
% 1 = .°:“ 2 .: = H/ \H
oF A
209 *ag22lnst E=C E=Si E=Ge E=81" E=pb¥
-25 - . .- NICS(0)...1" —14.10 —-9.03 —-9.36 —8.55 7.5
50 NICS(1),. —28.49 —-7.12 —6.37 -3.36 —6.28
' 1 v 1 v 1 v 1 4 H
0 1 2 3 4 Fernandez, Duvall, Wu, Schleyer, Frenking

r Chem. Eur. J. 2011, 17, 2215-2244,
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® >A—H
F
H
NICS(r)s. NICS(r)-. ., | INICS.
A=C Bl 116 -10.6 -23.0
- 2 | 1.8 2.8
Bl  os 0.8
NICS(r)s, NICS(r)-.,, | INICS.
A=Si 1 SR -15.8 -37.1
-9l Bl s 5.3
| 3 1.8 1.9
NICS(r)s, NICS(r)-.,, | INICS.
A=Ge Bl -15.3 -37.4
Bl s 5.5

EN 2.1 2.1
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X=B X=Al
T NICS(r)s. .. | NICS(r)-. .. | INICS. NICS(r)s. .. | NICS(r)-. .. | INICS.
i3 | 1 EEEN 11.3 250 [ %0 10.4 -23.8
/\ El s -3.1 | 2 W -3.1
C=C\ BEl oo -0.9 ER o0 1.0
H

H
, NICS(r). .. | NICS(r)-. .. | INICS. NICS(r)s. .. | NICS(r)-. .. | INICS.

X 1 RN, 14.4 350 M -106 13.4 -34.0
/N BB s 5.0 Bl s 5.2
STl s 1.8 3 R 2.1

H
H
|

X 1 PEPK 14.9 364 W 112 14.0 -35.7
/\ HBEM 54 5.3 Bl ss 5.5
ce—ce [JEM 20 -2.0 B 2.2
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What happens when (tri)methyl substituted?
Comparisons of NICS(1)%, .,

R

R l R

| | |

/o\ Lo, VAN

R/A—A\R = g v \R

C  -106 -49 csi -63 -89 CB -113 -938
Si 158 -147 CGe -11.6 -9.3 CAl -104 -9.9
Ge -153 -153 Sic -89 -128 Si,B  -144 -14.1
Si,Ge -15.0 -15.0 Si,Al -13.4 -13.6
GeC -13.7 -13.1 GeB -149 -145

Ge,Si -152 -15.1 Ge, Al -139 -141
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A note about aromaticity G4 energies

Which of the relevant numbers are known?
Bond energies (kcal mol-1): C-H 98.7; Si-H 76.0; Ge-H 68.8

Strain energies (kcal mol-1): cyclopropane - 27; cyclopropene - 54.1

A A=C A=Si A=Ge A=C A=Si A=Ge
B, v — A

—a  -2324 -2200 -2122 0.0 103 -97
A A A=C A=Si A=Ge A=C A=Si A=Ge
A/@__\A tHt H _’A/_\A -287.8  -2604 -247.5 0.0 407  -494

A=C A=Si A=Ge

/('D\ i A\ — + A\ /A
e / A 288 294 277

A—A

+>>

C A C A = =Sj =
B N\ —= A\ B ASCASSi AsGe
C—C A—A C—<C A—A 0 274  -40.2

0 -4.7 -10.3
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experimental Computational model
i-Pr
R= Rm = Me' Me
i-Pr i-Pr
R /Rm
Me N/ H N\
\ _ _
NHB= I/B— NHB, I/B
H N
Me' N \
\ Rm
R
Rm Rm Tm Tm
: l /\ /\
A@\A C/:\C Si:Si\ Ge:Ge\
BmHN/ NHBm BmHN NHBm BmHN NHBm BmHN/ NHBm

A=C, Si, Ge X=B, Al
Non-planar
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Use the s-only model for NICS, ,,

S

The s-only model cyclopropenium and cyclopropene is cyclopropane
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Si—Si

BmHN NHBm
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X=B
X=Al

X=Al

X=B
X=Al

Parent,NICS*

-8.0
-21.5
-22.7

Parent,NICS®

-9.8
-13.1

Parent, NICSs

-19.9
-20.9

Parent,NICS*

-19.9
-22.1

Subst. NICS®

-2.7
-16.5
-16.8

Subst. NICSs

-8.2
-9.4

Subst. NICS®

-8.4
-16.6

Subst. NICS®

-14.8
-16.6

- S I
Parent,NICSt Subst. NICLs
-0.1 -0.1
-28.6 -22.6
-29.6 -22.0
Parent,NICS' Subst. NICLs
1.0 1.1
-17.6 -11.6
Parent,NICSt Subst. NICLs
-26.2 -11.8
-27.3 -23.1
Parent,NICSt Subst. NICLs
-25.3 -19.0
-26.9 -22.4
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Summary and conclusions

NICS methods, when correctly used, can provide valuable information and
understanding.

NICS(1)S, ., NICS(1)!, ., and INICSMZ, give better understanding of
the tropicity in systems containing elements beyond the first row.

The experimental systems are diatropic - in contrast to the paper’s
conclusion.
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