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General Preperation

o Kratschmer-Huffman generator
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Chemical Aspects

e Structure:
— Euler Theorem
— 2(10+M)
— IPR (Isolated
Pentagon Rule)

. Why IPR?
— Electronic effect: ss
Pentalene type
— Strain ‘



Strain

Fullerenes suffer large strain energy
Introduced by the deviation from
planarity

e The curvature-induced
pyramidalization of the carbon
atoms weakens the tr-conjugation

|t demands rehybridization of the
atomic orbitals



Strain

 The pyramidalization angle (6,): the angle
between Its 1T -orbital and the o -bonds

minus 90
H,C=—CH, CH4 @
0, =109.47° 0, = 101.6°
6p=60T7-90 3
1 i
Op = 0° Op = 19.47° 0, = 11.6°
a) b) c)

Haddon, R. C. Science 1993, 261, 1545. 7




Chemical Reactivity

° The reaCtIVIty Of CGO IS | HUCKEL MOLECULAR ORBITALS
that of one: - o
. '2 5% ST AT _gi
— strained,
— electron deficient poly- N
alkenes with =~ of "
— rather localized double & | o
F Hi 4 HH H 4 5 4 gy
bonds. ¥ me
2 L e in
], H# E ::m
C—C bond Type Bond lengths 0, BO
1.9/66 6:6. pyracylene 1.397 11.67 1.342
1.2/65 5:6, corannulene 1.452 11.67 1.136

Cozzi, F.; Powell, W. H.; Thilgen, C. Pure Appl. Chem. 2005, 77, 843.




Functionalized Fullerenes




Exohedral Fullerenes

* Reaction with nucleophiles
— Bingel reaction

e Cycloaddition
— Prato Reaction
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Reaction with Nucleophiles

Ali= Mati RitgBr = EthgEe

Bull PrivigBr
Me;SICCL CH=CH{CHZ)MgSr Berechnets Ladungen
LiHfunranide Ma{TH )Mo Br nach Addition von tBu-
PhikdgBr
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Bingel Reaction

. Bingel, Chem. Bar. 1953, 128 1057,
Tabde 5.1 Substrates used in Bingel-ike reactans.

Conditions  Ref

CBU =1,8-Diazabicyelo- o
LA mt:rj\r%(m DAL
Banluere, 40 i oy poluers, “

[5-4.0jundec-7-en
[starke, nichi-nucieophile Base)

-78°C. Br 0,
40 1%

DA, ‘%M I-HaH.
tolurene, —IEL il uere,
¥ o Jai 10 Hd . 1 H

15 Fal 0

Substrate Substrate
N | OaL, HEL,,
15 i 1% 18 1o
:I
r
I
16
ai 17

prridine, ] DAL,
COEl  opce - poluene, 13,
18 e, nC, n
d HH Ma 5 By 5o,

Hirzzh, Bretrzich: “Fulfersnss”, Wilsy-VCH




Cycloaddition Reaction

-6,6 bond reacts as dienophile

Substnate Canditipes
i e g Benzene, roan:
d L] b peega o
1 - (¥ 50
alurne, Toom
b putaban:
]

||||||||
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Prato Reaction

 Fulleropyrrolidine can
acceptup to 6
electrons

 Through-space
Interaction of the
nitrogen lone pair with
the fullerene 1T —
system.

M. Maggini, G. Scorrano and M. Prato,

o
@,CH;OCH;CHQOCHQCHZOCHG

Pyt = 11.1
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Periodic Table of endohedral
Fullerenes

Rep. Frog, Phys. 63, £43 (2000,
Pys. Rev. B6d, 125402

g

T. Chemn. Fhys. 117, 3464 (2002).
T. Chemn. Fhys. 112, 2634 (2000).
Chen. Conmum. (004 1206,
Plys. Rev B. 7, 153411 CH0S) .
Chern. Maber. 9 1773 (1997).

Hud. Insnurnerds and hWafheds in Py dc Research B 243
FI7-EEL (RO,



Preparation of endohedral
Trimetallic nitride Fullerenes

« Vaporization of Graphite rods filled with M,0O,/Graphit
In Hellium atmosphere( 300 Torr) and nitrogen (P, 1-
3 Torr) (M = lanthanide atom e.g., Er, Gd, Ho, Sc, Tb,
Y),
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Chemical ionization mass spectrum of the toluene extract of
soot made from graphite rods

Ceo Cyo b= packed with Sc203; as indicated, empty cage fullerenes
720 | a0 and TNT EMFs are present
CHE
984 Sc;N@C 4
1086
Sc;N@Cgg
26s | Sc,N@Cyg,
L
C.a 84 1109
936 1008 /
" c?ﬁ.._- H:.. L A (TR 11 v
| F: kel 912 I:..-‘n |w' u..m' HI:‘ T |:|.‘1-r .I.I.
700 800 900 1000 1100 1200
miz
EJI (Izl HPLC (PYE column, toluene, 3mL/min, detection at 390 nm) traces of
4 &0 70
7 l the toluene extract of "scandium soot",

Absorbance

Retention Time (min)
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Purification of Endohedral
Trimetallic Nitride Fullerenes

\PH} :@j @%’ Yy, OEEY O Oaw

Synthesis of Cyclopentadiene (Cp)-Functionalized Resin ﬁ
Recovered TMN Fullerenes é§
. mmol of.reac.tive isolated product
Species resine sites (mg)

SCN@G,, 160 11mg (0.19 %)
LU.N@G,, 160 9mg (0.13%) ¢¢ ®
GAN@G,, 80 0.3mg (0.014%) w &Y AN@Cy,

Ge, Z; Duchamp, J C.; Cai, T; Gibson, H. W. andrél J. Am. Chem. Soc. 2005 127, 16292-16298.
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Chemical Purification

Computational Chemistry can help

 Bond Resonance energy (BRE):

contribution of every
T-bond to aromaticity

symmetry

predicted reactivity rarik

N
o

BRE/

Co | In +0.0822 | 26
C, |Dg +0.0519 | 22
C. |D, +0.0074 | 16
Crp | Cus -0.0887 | 1
Co, | Coy -0.0405 | 10
Ca. | C. -0.0316 | 11
Ca. |G -0.0501 | 8
Cos® | Dy +0.155 | 28
C,:% | D, +0.1620 | 29
Co® | Iy +0.1931 | 31
Co® | Dy, +0.1652 | 30
Ct | C.p -0.0736 | 2
C.t | D +0.0839 | 27 19




Sc;N@Cg,,: Chemical description

L :: L.
|\ ' e
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Optimized structure of SCAN@C80
at B3LYP/6-31G*//B3LYP/6-31G*

I, (80:7)  SciN@Ceo(11)-C.  SciN-Diy

a:'(-2.29)
o a,'(-3.39)
g9u(-3.32) T

a'y(-4.16) % %

(4T = e' (-1.51)

alyi-4.61) #‘

a,"(-4.44)
+ 4+ 2"4-5.79)
a's(-5.87
9,(-5.55) % a*fE.s.aa;
a",(-6.04)

MO- Interaction between Sc;N and |, -Cg,
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Regioselectivity

6,6 Junction Pyrene Type

Schlegel-Diagram of | - Cg, 5,6 Junction Corannulene Type
Dr. R.Taylor, Sussex University
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Pyramidalization of Sc;N@Cg,

c-C Typeai Bond Ope | rank | C-C Bondc | Type Bond Ope | rank
Bond lengths(A) lengths(A)
23,241 | 56 1.461 11.79 1 66,67 f 6:6 1.447 10.91 5
7,23f 5:6 1.452 11.47 2 22,23 6:6 1.450 10.00 16
67,68f | 5:6 1.459 11.37 3 36,47 6:6 1.424 9.89 17
7,8f 5:6 1.453 11.01 4 37,38 6:6 1.426 0.88 18
46,47 6:6 1.423 9.82 19
17,37 5:6 1.438 10.71 6 17,18 6:6 1.428 9.80 20
36,37 5:6 1.439 10.68 7 6,7 6:6 1.451 9.76 21
16,17 5:6 1.438 10.59 8 65,66 6:6 1.435 9.65 22
44,64 5:6 1.434 10.55 9 4,18 6:6 1.429 9.64 23
44,45 5:6 1.444 10.48 10 8,9 6:6 1.448 9.60 24
3,4 5:6 1.438 10.46 11 3,15 6:6 1.429 9.40 26
1,2 5:6 1.439 10.43 12 19 6:6 1.427 9.37 27
48,67 5:6 1.452 10.43 12 6,20 6:6 1.427 9.37 27
1,5 5:6 1.441 10.42 13 22,53 6:6 1.432 9.34 28
21,40 5:6 1.439 10.38 14 38,49 6:6 1.434 9.31 29
16,35 5:6 1.442 10.18 15 47,48 6:6 1.434 9.25 30
46,65 5:6 1.447 9.73 21 21,22 6:6 1.428 9.10 31
48,49 | 56 1.434 047 |25 22




Diels-Alder Reaction

23
lezzi, E. B.; Duchamp, J. C.; Harich, K.; Glass, T. E.; Lee, H. M.; Olmstead, M. M.; Balch, A. L.; Dorn, H. C. J. Am. Chem. Soc. 2002, 124, 524-525



Pyramidalization and regiose ctivity

Cif-format of single-
| crystal structure

22.0 4
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0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 V2 76 80

Fullerene carbon atom labels

Pyramidalization of C-atoms in product

Schlegel Diagram of Sc3N@%80



Prato Reaction with Sc;,N@Cq,

H, AN H
oy .

ng H

)

[#]
Sc;N@Csqy
_N_ _COOH * > [ gzN-H
O~ HJ-;IPH [H?il: ‘|_I|’o

Prato reaction at the 5,6-ring

junction (A B):

A and B have a
horizontalplane of symmetry,
therefore the methylene

carbons are equivalent.

T T T T T T T T T 1
85 90 a5 B0 75 T0 65 B0 55 ppm

13C-NMR spectrum (125 MHz) of N-ethyl pyrrolidinofullerene derivative of Sc3AN@C80 .
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Prato Reaction with Y,N@Cg,

Prato reaction at the 6,6-ring
junction (C D).

CHs ' T A
C and D have a vertical plane of
symmetry. Therefore the e
methylene carbons are non- g
equivalent. Only 6,6 adduct
C D

13C-NMR spectrum (125 MHz) of N-ethyl
pyrrolidinofullerene derivative of Y, N@C,,

T T T T T T T 1] L 1
&5 0] a5 B0 ™ FL) 65 &0 55 ppm

Cardona, C; Elliott, B and Echegoyen, L J. Am. Chem. Soc., 128 (19), 6480 -6485, 2006 26



Sc,N@Cg, and Y,N@Cg,
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Pyrrolidino derivatives of
SCxc—:‘d:%-xl\l@c80 (X = 0-3) O

Reactionmixture
Pyrrolidino- Heating for one hour at
derivate of Minor Major 180°C
product product
SCSN @CSO - [516] [516]
ScGIN@GC,, | [6,6] | [5,6] |[6,6] <=> [5,6]

[5.6l-isomer

(a) {c)
N BEHST™ (6.6kisomer
[6,6])-isomer
before| heating
20 25 20 25
_ [6,6]-isomer
(b) after |heating - (d)
[6,6]-isomer
rd
20 29 I EID . ZIE .
Rentention time (min) Rentention time (min)

HPLC (Buckyprep-M, toluene eluent at
12 mL/min)

profiles of reaction products: (a) [C,H,N]-
ScGd,N@C,,, (b)[C,HN]-ScGd,N@C,,
after 1 h of heating at 180 <, (c)
[C,HN]-Gd;N@C,,, and (d) [C4AHIN]-
Gd;N@C,, after 1 h of heating at180 C.

Ning, Chen; Er-Yun, Zhang; Kai, Tan; Chun-Ru, Wang; and Xin,Lu, Org. Lett., ASAP Article, 2007 , published 21 April



Pyrrolidino derivatives of

Table 1. PBETDNP-Predicted Kev Geometric Parameters
(Bond Length, in A: Angle in deg) of Sc,Gd:o N@Cyp (x =
0—3) and Formation Energies (RE, 1 kcal/mol) of and Energy
Differences (AE, 1mn kcal'mol) between the [6.6]- and
[5.6]-Femoisomers of Pyrrolidinofullerenes

ECE.N@C@] EBEGE].N@C@] ECGdEN{ECm Gdg”@ﬂgn

Sc—N 2.03 1.95
Gd—-N 2.18
Sc—(C= 2.26 2.22
Gd—C= 2.46
RE

[6.6]-adduct —34.1 —38.2
[5.6]-adduct —45.8 —46.9
AR® 11.7 8.7

1.90

2.11 2.12

2.21

2.44 243
—43.5 —46.2
—46.1 —45.8

2.3 —0.4

7 The nearest M to C (cage) distance ® AE = E([6.6]-adduct) —

Eue([5.6]-adduct).
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lsomeriz

ation
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Natural Sources
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Hummelen, J. C.; Knight, B.; Pavlovich, J.; Gonzalez, R.; Wudl, F. Science 1995, 269, 1554.
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Heterofullerene
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