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!! !"#$%&'()*+,'-./"!" -/" #$%"(+0*"1$*/-.,0" #$%(&*"(2"!"
3$-.$"4",'".(+5-+.%)6"!"-#/"7,/-.".(+.%1#/"3-00"+%5%&"7%"
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!! >7! 3&)9)'! 3,''! (-$! -?@'%A! 4'B'! C7326%'! 3,'7%,)3'*!
('9?67?6'! 7! 3'66'! 8'! 657,%! 62)D9'9'*! 67! 8)(/$E2'!
'(('$/'66'9'$%!8'(!(3)'$3'(!$7%2,'66'(!'%!&)(%-,);2'(!=!
F!G',%&'6-%!

8#0+(,0%")9+-'32)7)562&*+-'-)
!! 4&'9)(%,#!D!"%28#!-C!97B',!7$8!)%(!%,7$(C-,97/-$(!

H,3&)%'3%2,'!D!H,%!7$8!(3)'$3'!-C!?2)68)$E!
"326.%2,'!D!H,%!-C!C-,9)$E!97B',!

!! >7!3&)9)'!3,':!(-$!-?@'%A!4'B'!C7326%:!3,'7%,)3'*!('9?67?6'!7!3'66'!8'!
657,%!62)D9'9'*!67!8)(/$E2:!'(('$/'66'9'$%!8'(!(3)'$3'(!$7%2,'66'(!'%!
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/"#:0+$);"+<5#0='23)
+,-?6'9(!%-!M$8!D!8'9-$(%,7/-$!?7('8!

47$!N'!M$8!7!8,2E!%-!?)$8!%-!%&)(!
,'3'.%-,O !

+,-?6'9(!%-!.,-P'!D!8'823/-$!?7('8A!

Q-N!-,!N&#!8-'(!%&)(!)$%',73%O !

+,-?6'9(!%-!3,'7%'!DQ297$)(%!
3-$R)3%(!

97$S$7%2,'*!97$S973&)$'*!!
97$S(-3)'%#*!97$S&)9('6C!

5('+2&'>()8+&*#4)%24)?*%2(+)
!! "3)'$3'!(%7$8(!-$!.(+;%.#<&%!7$8!3,)/376!7B'9.%(!7%!&%2<#,=(+!

!! T'C2%7/-$!37$!?'!3-2$%','8!?#!,'%+)'%+#!-,!&%5(0<=(+!!

!! U!-$6#!.,)$3).6'!%&7%!8-'(!$-%!)$&)?)%!.,-E,'((!)(V!,+*#$-+>">(%/!

!! 4&7$3'!C7P-,(!%&'! .,'.7,'8 9)$8!!

+-..',! W2&$! 1'#',7?'$8! +7(%'2,!

!!

Models and Myths 

@",&*1)A+%0'&61)%24)8#4+0'23)

!! X,2%&!)(!4&7-(!

!! T'76)%#!)(!%&'!Q297$!YZ.',)'$3'!-C!4&7-(!
?:'1-&-.-/'",+)"@%&.%1=(+A!

!! [-2!N7$%!%&'!%,2%&AAA[-2!37$ %!&7$86'!%&'!%,2%&!
BC,.D"E-.D(0/(+"#("F('"G&<-/%!!

!! F-8'6)$E!)(!%&'!-.)7%'!-C!%&'!97(('("
?$<',+ /"3,*"#(".(1%"3-#$".$,(/A"
B%//%+=,00*"H,&0"I,&J!
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B$C'"'('-$)%24)A%&'#2%0'&6)

!! YZ.',)'$3'!)(!%&'!$79'!'P',#-$'!E)P'(!%-!&)(!
9)(%7\'(!D!](37,!^)68'!

!! ]2,!N&-6'!.,-?6'9!)(!%-!97\'!9)(%7\'(!7(!
C7(%!7(!.-(()?6'!D!_AHA!^&''6',!

D:E+(&-)%24)8#4+0-)

8#0+(,0%")8#4+0-)
!! P)(276)`)$E!%&'!9)3,-(3-.)3!N-,68!-C!7%-9(!

!! P7$ !%!Q-a (!)$)/76!37,8?-7,8!('%!

!-6$$+&"6)%24)F-#$+"'-$)

Td! C3v! Cs! C1!

C2v! C1!
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Point-Point! Edge-Edge! Face-Face!

Single! Double! Triple!

@+&"%*+4"%0)G%0+2(6)%24)8,0&'C0+)H#24-) /%&+"2#)%24)I"++)A#&%&'#2)

!J)K+L,0M);NOPQRNOQS<) K#+"2+" -)F-#$+")?#,2&'23)?"'&+"'%)
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1.43 (1.43) Å!

1.35 (1.37) Å!

102.5 !
     (102.1)°!

Tribicyclo[2.1.1]hexabenzene!

Can one find  !
a)  an explanation for the"
observed reactivity?!
b)  a system that acts like"
a single Kekulé tautomer?!

8#4+"2)G'+Y)#X)5&"%'2)BZ+(&-)#2)H+2U+2+) /0%2%")9+0#(%0'U+4)?6(0##(&%&+&"%+2+)

JACS, 2001, 123, 1755.! Singlet diradical C2v 
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!!

Belief begets bias or 
Feyerabend’s revenge   

Blinded by Faith - Mathew 7:7 

!!  Ask, and it shall be given you; seek, and ye 
shall find. 

!! Searching for effects can always leads to 
some affirmative perspective. 

!! In a plethora of data there will always be a 
surfeit of folly. 

Cation-! Interaction 

R
R

R
R

XX

•! Host Guest Studies •! Gas Phase Studies 
•! Calculations 

Kebarle JPC 1981, 85, 1814 
JACS 1984, 106, 3959 

Dougherty JACS  

Review: Dougherty, Chem. Rev. 1997, 97, 1303 
JOC 2008, 73, 3667 

Dougherty  
JACS 1988, 110, 6825. 

•!Biological Systems 

N. Unwin, J. Mol. Bio. 229, 1101 
Dougherty Nature 2009, online 

I. Benzene K+ in Gas Phase 
EM Arnett in J Chem Ed 1985  (Cited 37 times source ISI) 
 

Water, like the other simple hydrides, is a relatively weak acid and base 
in the gas phase compared to its substituted derivatives whose conjugate 
acid or base ions can be stabilized by polarization of organic groups. 
Correspondingly, single H2O molecules solvate ions feebly compared to 
larger and more polarizable molecules whose bulk liquids are grossly 
inferior to bulk water as a medium for ions.  
 
Thus single molecules of methanol and acetonitrile outclass single H2O 
molecules for stabilizing gas phase halide ions (2e) and even benzene is 
superior to H2O for complexing potassium ions (52)! As more water 
molecules are added to develop a hydrogen bonded cluster, water 
rapidly demonstrates its superior solvation properties  
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II. Benzene K+ in Gas Phase 

D. Dougherty in Chem. Rev. 1997 (cited 1538 times, source ISI) 
 
Still, without some kind of external reference, it is difficult to know to 
what extent cation-pi interactions might be important in a condensed 
phase. Fortunately, the pioneering work of Kebarle2 provided the perfect 
reference compounds water. All would agree that the interaction of an ion 
such as K+ with water should be strong in the gas phase, and it is. The K+ 
- water interaction energy is 18 kcal/mol. But, the K+ - benzene 
interaction energy is 19 kcal/mol! In fact, throughout a series of ion-
molecule complexes with K+ binding from one to four molecules of 
benzene or water, the benzene complexes are stronger.2  

O
H

H
M+M+

True but…...!

Asp/Glu 
Active 
Sites 

Asn/Gln 
Backbone 
Peptide- 
Ionophores 
Gramacidin 

Polyketides 
Ionophores 

Monensin 
Cryptands 
Crown ethers 

Ion Channel 
Proteins 

O
H

H
M+M+

H2N CH3

O
H3C CH3

O O
M++MM+

O CH3

OM

E = EES + EID + EDisp + ERep 

Benzene vs Water 

J. Sunner, P. Kebarle J. Am. Chem. Soc., 
1984, 106, 6135-6139  

J. Sunner, K. Nishizawa, P. Kebarle J. Phys. 
Chem., 1981, 85, 1814-1820  

Asp/Glu 
Active 
Sites 

Asn/Gln 
Backbone 
Peptide- 
Ionophores 
Gramacidin 

Polyketides 
Ionophores 

Monensin 
Cryptands 
Crown ethers 

Ion Channel 
Proteins 

O
H

H
M+M+

H2N CH3

O
H3C CH3

O O
M++MM+

O CH3

OM

Benzene vs Water 5#0=%&'#2)=-)(%&'#2R!)+Z+(&))
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!!

Sculpting a personal dream 

Corannulene as Aromatic Bowl  

X Å

"G‡= X kcal/mol 

 

Molecular Clefts

Cyclophanes

Polymers

Graphitic Caps/Tubes

Dendrimers

 Polyhedra

Liquid Crystals

Butterfly Constructs

Cruciforms

Bowl Strands/Ladders Retrosynthesis of Corannulene 

2,7-Dimethyl-
naphthalene

Tetramethyl-
fluoranthene

Corannulene 3,8-Dimethyl-1,2-
acenaphthaquinone

OO
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Dimethylnaphthalene 

!! Chloro Grignard due to solubility 

!! Ether due to side product formation 

!! Heat profile stable and safe 

!! Telescoping of addition/cyclization 

!! Volume yield ca. 10% 

!! Technical purity OK 

Mg Ether

35 °C

12 kg

Cl MgCl

OH

O O

O

O O

RT

H+

80 % yield

Acylation Chemistry 

14

O
Cl

O

15c

O
Cl

O

15d

O

15b

O

O Cl O OH

O OHO Cl

O

15f

O

15a

O

Girard s Reagent 

!! Recrystallization not robust 

!! Chromatography not applicable 

!! In situ derivatization allows aqueous extraction of side product 

!! Product isolated by filtration (98% purity) 

!! Side product recovered after hydrolysis. (90 % purity) 

OO O O GRT

AcOH

Acetonitrile

80 °C, 4 hrs

OO O GRT

GRT =
N
H

O

N NH2 Cl

2.5 : 1

Tetramethylfluoranthene 

Simplify work up ; Increase volume yield 

Telescope condensation/cycloaromatization 

Develop column free purification 

O

OH
 O  O

OO
3-pentanone

KOH

O

OH OAc2 toluene

HCl @ 15 °C
Filter salt
Remove Solvent

NaOH quench
Remove Solvent
Hot Wash MeOH
>98% pure
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End Game 

!! Develop thermal radical bromination 

!! Improve volume yield of cyclization 

!! Check critical parameters on reduction  

Br

Br

Br

Br
Br

Br Br

Br

NaOCH(CH3)2
HOCH(CH3)2
Reflux

Br

Br

Br

Br

NBS, ODCB
AIBN   !

HCOOH, TEA,
3-picolin, Pd/C

     Bromination 

?#"%22,0+2+)[)N-&)L3\)

Introduction Introduction Introduction 

@%L'23)5&#(LRRR)
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9'-&"':,&'#2)#X)@'0+-)'2)&*+)/0%2+) @'0'23)/+2&%3#2-)

!! !bDC-68!(#99'%,#!)$3-99'$(2,7%'!N)%&!67c3'A!

!! d)(%-,/-$(!766-N!926/.6'!7,,7$E'9'$%(!e.-6#9-,&.)(9!
)$!fDdg!

!! "#99'%,#!?,'7\)$E!7$8!fDd!3-$E6-9',7%'(!

B2%&'#$#"C*#,-)]%&&'(+-)

[001]

[110]
_

H8(-,./-$!)$823'8!-,E7$)(7/-$76!3&),76)%#!

")9267/-$!

(3 -2, 1 3) 

(1 -3, 3 2) 

[110]
_

[001]

100 nm x 100 nm 

Structure models: 
•!  close-packed quasi-hexagonal overlayer 

•!  three different NN-distances of  
   10.5, 10.8 and 11.1 Å 

L-domain R-domain 

Coexistence of Mirror Domains 
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!2%0#3)5#0,&'#2-)

!! X)6)$E!%&'!.67$'!

!! ]./976!9-6'3267,!.73\)$E!

!! Yh3)'$3#!-C!.67(/3!.7,%!
.,-823/-$!

!! +',3-67/-$!%&'-,#!N)%&!
9'%766)3!-?@'3%(!

!!

Chance and Preparedness 

@Y#)'2^,+2&'%0)+WC+"'$+2&-)

Si !(29Si)  226 ppm C6D6

Si !(29Si)  227 ppm C6D6

Si

+

Si Si

H H

I
HSi

Me Me

Me
Me

Me
Me

Me
Me

Si

Me Me

Me
Me

Me
Me

Me MeMeMe

!" !"

!"!"

29Si NMR = 80 ppm; 1H and 13C NMR = C2v "

5'0'(#2)?%&'#2-)R)562&*+-'-)
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5'060)?%&'#2-)R)?"6-&%0)=-)5#0,&'#2)5&",(&,"+) 5'0#2',$)#")I0,#"+2',$_)

2.15 Å 
1.350 Å 

174.5° 

1.415 Å 

F FSi
H3C CH3

F F

I0,#"#:+2U+2+)!(&'=%&'#2)

Si Si

F

Si
F

C1

Si cation-fluorobenzene 
complex

Si
F H

Si
F

Si
F

I"'+4+0R?"%X&-)!"60%&'#2-)
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/"#C#-+4)8+(*%2'-$) Indeno and Azaindeno 

N
N

F

F

F

N

F
N

"Si+" "Si+"

"Si+""Si+"

Sitting Buddha - Lotus 

FF

RR

"SI +"

Graphene Furrows (Hypothesis) 
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!!

Network Complexity, “Emergence” 
and Systemic Instability 

`"%C*)@*+#"6)
!! i,7.&!)(!7!('%!-C!.-)$%(!7$8!%&'),!3-$$'3/-$(A!

      

")9.6'! ^')E&%'8! F26/.6'! d),'3%'8!

  
n  

>)$'7,! G,7$3&'8! 4#36)3!

`"%C*-)&#)@#C#0#3'(%0)F-#$+"-)
!! 4-9.6'Z!9-6'3267,!8'()E$!C,-9!E,7.&(!

 

 

  

O

O
O

O
O

OO

O

 
 

]#-(*$'4&)A+C0%(+$+2&)

O

OO

O

O

O

K3,3
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O

OO

O

K,"%&#Y-L')?6(0#C*%2+) @"+X#'0)K2#&)A+&"#-62&*+-'-)

N N
N

N N

NN

N N

N

NN

R R

R R

RR

N N
N

N N

NN

N N

N

NN

R R

R R

RR

N N
N N

R R

R' +

N N
N

N N

NN

N N

N

NN

R

R R

RR

N N
N

N N

NN

N N

N

NN

R R

R R

RR

R

@6'23)&*+)L2#&) ?#$C0+W)K2#&-)%24)]%('23-)
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]#"+2U1)8%6)%24)/"'3#3'2+)

Meteorology Ecology Chemistry 

!!

Machines and Devices 

9+>2'23)%)8#0+(,0%")̀ +%")

,-%7%-,!

(%7%-,!

7Z6'!

)*+,'-.">%,&-+>"

G'P'6!i'7,(!

".2,!i'7,(!

+&-%-E,7.&(!-C!E'7,(!3-2,%'(#!-C!Y9',(-$!+-N',!X,7$(9)(()-$!4-,.-,7/-$!e&B.VSSNNNA'9',(-$D'.%A3-9g!

N

N

N

N

1-,!E'7,'8!,-%7/-$!%-!?'!.,'C',,'8!
-P',!E'7,!(6)..7E'*!P7$!8',!^776(!

)$%',73/-$(!92(%!(%7?)6)`'!%&'!Gf!7$8!
G/!3-$C-,97/-$(!7$8S-,!8'(%7?)6)`'!

%&'!Gf!3-$C-,97/-$A!

1,7$%`*!dA!WAAA!G$-'-,*!!""#*!KL*!fLIA!

!!" !#$ !!$$

@"'C&6(+2+-)'2)/%"%00+0)
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N

N

N

N

N

N

N

N

%&$

!&$

WA!WA!G768,)8E'*!fLLj!

C2" Cs" C2v"
0! 4.1! 9.1!

C2" Cs" C2v"
0! 6.8! 10.9!

kGjlDdSdmnef8*.go!,'67/P'!'$',E)'(!)$!'(&)*+,)$

8'%',9)$'8!%-!?'!7!
%,7$()/-$!(%,23%2,'!

?#$C,&%&'#2%0)A+-,0&-)
-./&0$ 1&)(2)&3,4$

X&'!(-6)8D(%7%'!(%,23%2,'!-C!!5!)(!
(%,23%2,766#!()9)67,!%-!%&'!3763267%'8!

eG/g!3-$C-,97/-$!-C!!&!!

5&",(&,"%0)/%"%00+0-)

!!

Intellectual Sustainability 

F4#0%&"6)#X)B(#2#$'()/"#4,(&'='&6)

!! >7?-,!"7P)$E!?2%!8'&297$)`)$E!

!! H2%-97/-$!?'B',!C-,!&297$)%#O!

!! d)P)()-$!-C!>7?-,!()9.6)M'(!%&'!(3-.'!
-C!87)6#!%7(\(!7$8!26/97%'6#!,'$8',(!
%&'!N-,\',!)$37.7?6'!-C!'P'$!()9.6'!
@28E9'$%(!,'E7,8)$E!3)P)3!6)C'A!

!! p-!(-3)76!-,8',!N)%&-2%!3)P)3!
'8237/-$A!
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/"'4+)'2)a#"L))

!! >7?-,!(7P)$E!8'P)3'(!7,'!$-%!
%&'!.7$73'7!%&'#!7,'!978'!
-2%!%-!?'A!

!! Q297$(!$''8!.&#()376!7$8!
9'$%76!67?-,!%&7%!\''.(!
%&'),!9)$8(!7$8!?-8)'(!
&'76%&#A!

!! >')(2,'!)(!$-%!7!(2?(/%2%'!C-,!
3,'7/P'!67?-,A!

!! Y%&)376!3-99)%9'$%!%-!
Q297$)%#!

!!

Education and Democracy 

@6"%2261)K2#Y0+43+)%24)9+$#("%(6)

!! X&'!N)66!-C!%&'!97@-,)%#!76-$'!37$$-%!
.,-%'3%!%&'!)$%','(%!-C!%&'!9)$-,)%#A!

!! T)E&%!%-!\$-N*!?'7,(!7!,'(.-$()?)6)%#!%-!
2$8',(%7$8!

!! i7.!)$!3-992$76!3)P)3!'8237/-$!
9'7$(!7!8'M3)'$3#!)$!d'9-3,73#!

!! >)?',76!Y8237/-$!)$3628)$E!.,'3'.%(!-C!
(3)'$/M3!%&-2E&%!.,'8)37%'!9-8',$!
8'9-3,7/3!E-P',$7$3'A!

/'%3+&)%24)/0%&# -)?%=+)
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5#('+&6)%24)I#"$%0)?#2(+C&'#2)

!! X&'!97@-,)%#!-C!.'-.6'!7B7)$!
7!97%2,'!6'P'6!-C!3-$3,'%'!
-.',7/-$76!%&)$\)$EA!

!! ]$6#!7!(9766!.-,/-$!7,,)P'!7%!
7!97%2,'!6'P'6!-C!C-,976!
3-$3'.%276)`7/-$A!

!! p7%2,' !%7,E'%(!7!IK!#'7,!
-68!,'78)$E!6'P'6A!

I#006)#X)I"+,41)8%"W)%24)B'2-&+'2)

It s not all about me It s not society s fault It s not all relative 

!!
]':+"%0)B4,(%&'#2)
^'!37$$-%!6)P'!.&#()3766#!-$!C--8!8)E'(%'8!?#!-%&',(A!Q-N!%&'$!(&-268!N'!8-!)%!9'$%766#O!

67&8$9,$:;$'4,:< $=,:$9,$:;$'4,:$>8<$
!

4,)/376!"#(%'9(!H$76#()(!
d'823/P'!>-E)376!+,-3'((!
4-$(%,23/P'!4-9.-()/-$!

!

?,9;)@$&@$A5@8/&(3,4$,B$=2+&4$CDE;/>;4(;$$
!

?@&(2<'("G,5%,#"9"M%3,&%"#$%"),+>%&"(2"10,*-+>"3-#$"'()%0/A"
!

X&'!C,2)%!-C!6)?',76!'8237/-$!)(!$-%!6'7,$)$E*!?2%!%&'!37.73)%#!7$8!8'(),'!
%-!6'7,$*!$-%!\$-N6'8E'*!?2%!.-N',A$F$17&/);@$6G$C)>,8!




