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Direct synthesis of fullerenes 1s of considerable interest as a method to

DFP “gﬂﬁ CSE mi Fadkis (1] -~ access new fullerenes which can not be obtained in the uncontrolled process
i) dj-ﬁ - _— g of graphite evaporation or forms in low yields as a hard-to-isolate mixture.

. The general strategy of the direct approach to fullerenes 15 based on the

o NBSCCL gunthesis of polycyclic aromatic hydrocarbons (FAH) that already contain the

_— s required carbon framework. Such "u ﬂmllen:_i" maolecules can be "rolled up” to
ﬁ; ':u? ] / C!gi“ form ful_lerenea und_er ﬂaah WYACLLM pyrolysis (FYWF) conditions. The presence
of chlorine or bromine in the initial precursor has been found to be essential

/ for effective cyclization wia free radical mechanism. Although the FVE

approach has proven to be prolific for the synthesis of many small non-planar
FAHs, high-yield synthesis of isomerically pure fullerenes has remained a
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challenge. The possibility of selective fullerene cage formation through FWE Fsomericaly pure fullerans
Y has been demonstrated by the examples of T, [1-3] C g [4] and g, [2]
. ’ Howewver, the rates of conversion to the target molecules have remained
disappointingly low because of lack of efficient promoters of intramolecular The stragy stars witk the synthesic of a plamar polcydic
- . condensation. The usually employed bromine or chlornne functionalizations aromatic kydrocarbon (PAH) that already countains the carbow
LIS af Tl reach their limits in the case of large molecules due to decomposition of such Jramework required for the formation of the targaet fullerene

The smifhefic route fo O g fidll erene precursor

halogenated precursors during sublimation. The maolar masses will generally
be high, since the large numbers of new C-C bonds that need to be formed in
the fullerene precursor necessitate the introduction of a considerable number
of promoter groups. Moreowver, the radical nature of the condensation

molecule, Suck “unroled” woleculos can be “rolled up” to form
JuBerenes via cyclodehydrogemation pro cess.

drastically affects the selectiwvity of the process.

Fecently we reported on an efficlent intramolecular fluorine promoted
rng closure in benzol[clphenanthrenes under FVE conditions wia HE
elimination, and hawve shown that HF elimination 15 a synchronous
process leading  directly to the target molecule  without any
Intermediates, thus producing no side products [B] The small size and
lowe molecular welght of fluorine, as well as high thermostability of the
C-F bond, make fluocrnine a "perfect” activating group for rational
fullerene synthesis.

& (@@
R0 | &S
2] 23] & - &>
& w | 8 & &R

r omo elimination of HF - an efficient approach for intramolecular Aryi-Aryl coupling

erene Precursors with Fluorine in Key Positions

The spnfhefic roufe fo Cgp fidlerene precursor
confaring 2 fluorine afoms in fhe key posifion s
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LDEMS of pyrolyris prodiucts of O,

The selecfive formafion of e fiilerens by
fardem  cwlodehydrogerafion of O gpHao

Freclirsar
The through-the-space fluorine activatl on of
benzo[c]phenanthrene condensation Was examined
VP l “ expenmentally. The HFE homo-elimination mechanism was
G‘ F F Identified and confirmed by quantum chemical calculations.
D @ ED E:’ O‘@ The activation energies found are qualitatively in a good
F ; F -HF F F accordance  with FVF  experiments data. Taking into e P
3 consideration that fluorine can promote the desired ring £
closure only If hydrogen is placed nelghborng in space in the g - (5:5})
precursor structure, It seems to be possible to fully control the 3 H
k. | direction of the condensation. According to our results the %%
AL gg’:;ii‘imw highly efficiernt intramolecular condensation of appropriately g_é"""
! b _ fF functionalized FPAH to non-planar PAHs wia homo- HF g s ESI‘EEJ
¥ F'SF / elimination can be achieved [7] Using fluorine as an activating % :E & . -
F . group solves the problem of selectivity in FYF and should 5 /
\ /@lF provide an effective conwversion of respective planar FAH E By , , | , , ,
AN precursors to the desired fullerene cage. o s Bl i
/ F Pyrolysis temperature “C
:'n:l- l-ll 'gllllﬂnlllllinllﬁmﬂn} g
Tenmerafuire dependent dypant o af
HPLC projile aof pyrolysis products beyzo[ghi [fucranthere / cpclapenfalcdipyrrene molar
T G rafio in FVF of Tuoringed benzo [c]pherantirenes 1, 2
i e B T e
b mo-giimiveation ; 1
: : : : frfluoro-cyclopertalcd forrene are esfimafed om fhe
e e mor e cismion o sqid pion i s i
Just intercommecting the reacting atoms. This imteraction fimally F11Gidp) mefhod. RPN
resulls in formation of @ wew Gl T bowd and elimination af HF
several U, fullerene - related structures containing a vanous number —
of fluorne atoms in the key positions have been synthesized. The s lon
fluorinated PAHs obtained represent attractive precursor molecules d?ﬂ*‘o’?
for rational fullerene synthesis by flash wvacuum pyrolysis[3] Taking ’gff 1x S
— #

Into consideration that fluonne can promote the nng closure onby If
ydrogen s placed in a neighboring position inthe precursor structure
It appears to be possible to fully control the direction of the process.
Using fluonne as an activating group could solve the problem of
selectivity In FVE and should provide an effective conversion of the

planar PAH precursors to the desired fullerene cage.

The FVF experiments have shown selective fullerene formation from
fluorinated precursor under FVE condittons wia HE-homoelimination.
Additionally it was found that laser ablation causes effective

Intramaolecular C-C coupling via HE elimination as well. High effective M
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fullerene formation have been observer inthe LDEMS experiment.

increase the yield of the fullerene to preparative scale and new
fullerenes could be obtained by this approach. The respective
Investidgations are in progress.
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YWe are optimistic that optimization of the condensation process will f@;g”
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Prospects of Direct Synthes

The direct synthetic approach 15 not imited to the synthesis of fullerenes but can be extended for synthesis of many
other carbon nanostructures including buckybowls, endohedral- and hetero- fullerenes as well as nanoribbons and

nanotubes.
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Aneffi cient fidll erene formafion from fluorirvated fidlerene precursors wider laser ablafion in the LDI-IMY experiment.
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