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cl ‘ cl
Since the pioneering work of Kratscher and Huffria@so OO c
and other fullerenes have been prepared by arc discharge cl cl
between graphite electrodes in helium atmosphere. Grosser and cl cha
Hirsch? vaporized graphite under similar conditions but in the av) (V)
presence of (CN)and obtained a series of dicyanopolyyne

products. When experiments were carried out ia &mo- consist of chlorine and carbon only. The reacted solution was

sphere, hexachlorobenzene and other perchlorinated Compoundénalyzed by GC-MS before the column chromatographic
appeared_as the main pr(_)duétngcently_, we have performed separation, and various products with low boiling points, such
the arc discharge experiments in a different way where the g GCla, CiCls, CiCls, CiCls, and GCls, were detected
discharge reaction is allowed to proceed in liquid rather than Chem,ical fo,rmulas’ of th,e separatéd produbtsV Were

in the gas atmosphel_re. _In _this paper, we report the OIiSCr.‘argedetermined by mass spectrometry. From the masses and the
reaction performed in Ilqu|d chlorofprm. Various reaction isotopic patterns of molecular ion peaks in the recorded mass
products have been obtained, from which decachIorocorannulenespectré the products can be assigned %0 (1), C1Cls (Il)
and some other perchlorl_nated aromatic compou_nds have bee 1.Clg (|’|| ), C16Cl1o (IV), and GClio (V) respeétively. Whén
separated and characterized. The results in this work are ofy =0 and'UV—vis data{ of the produd;yvere compared with
significance in understanding the formation mechanism of those of known compounds, produdtsIV could be further
fuII((ajrenes, as It V\PI1I|” be SILO}Nn that all ogthe characterized jyentified as hexachlorobenzeng), ( octachloronaphthalene
prc_l)_hucts are.perct orinate ¢ ragrge.nts Qg'oo L th ked (11,56 octachloroacenaphthylenii (),” and decachlorofluoran-

€ experiment was performed in a SUU-mL tree-Necked y,ane () 89 respectively. In addition, XRD results of product

flask. The reagentis 300 mL of chloroform which was purified "5 0 consistent with that of the known hexachlorobenzene
before the reaction to eliminate the possible contamination compound

(including aromatic compounds). Purity of the reagent was Although the molecular formula &Clio may correspond to
examined by GC-MS analysis. During the reaction, purified o oy structural isomers, the decachlorocorannulene seems to
nitrogen gas was bubbled through the reagent to preserve arho ot jikely. Scott reported the preparation of this compound,
inert atmosphere. Two copper electrodes, mounted on the eacly, , ,, sheciral data are availabfeFurther investigation using

of the two side necks of the flask, were immersed into the liquid 13-_ 51 435c)-NMR spectroscopy was, therefore, carried out in
at a fixed angle. The gap between the two electrodes was abouhle present work in addition to the ”’Q and HVi’s measure-

1 mm. An ac voltage over 10 kV in 20 kHz was applied to the mentsi! There are three peaks in the record8G-NMR
electrodes. The stable arc discharge could be maintained by '
adjusting either the applied voltage or the gap distance between (3) Mass peaks of the molecular ionsiviz (%): productl 282 (51.43),

oAl § 284 (100.00), 286 (76.58), 288 (33.14), 300 (6.29); protiud00 (32.14),
the electrodes. The arc current of-280 mA was typical in 207 (0% % 00500008 406 (54.20). 408 (28 575 protLiot32 (4.14),
the present work. A large amount of acidic gases were produced,3g (23.99), 428 (62.00), 426 (100.00), 424 (80.12), 422 (27.76); product
during the reaction which was characterized as the mixture of Iv 554 (4.80), 552 (20.38), 550 (50.66), 548 (98.67), 546 (100.00), 544
HCl and Cb. A deep red-brown solution was obtained after a (66.58), 542 (19.09); produdt 590 (20.50), 592 (66.67), 594 (100.00),

. - 596 (88.89), 598 (51.85), 600 (20.74), 602 (17.28).
5-h discharge. After the remaining solvent was removed by (4) Spectroscopic data: produdtV—vis/CCl Amax= 272 nm, IR 1340

vacuum evaporation,-34 g of residue was collected. About (s), 1295 (m), 715 (w), 690(s); produit UV —vis/CHsOH Amax = 270
40% of the residue was sublimated at 260as colorless needle ?Sr)ﬂ 1';2%7(3\,% (V{)ZL’GJ-SS%I‘%)(S%O %3‘(1)1(‘\1/\/ gms);’(s é3(5n?) (Vé)éola?l)f) (75§b1(\2N7)0 7(2)0 %\5;50
crystals {). The remainder was dissolved in benzene. and g4q (M), 665 (m): product! UV —vis/CsHs Amax = 365 nm, IR 1555
separated by neutral AD; column chromatography, with  (m), 1495 (m), 1415 (m), 1365 (m), 1290 (m), 1230 (m), 1160 (m), 1120
petroleum ether / benzene in different ratios as the elute. Severals), 700 (m); producty’ UV —vis/CeHg Amax = 220 nm, IR 1525 (w), 1370

fractions have been collected with different yields: 8% light (853,'51([3“5)0 éB”%’ (#?’)3%88)&%)3_00 (s), 1265 (m), 1150 (s), 1030 (m), 915 (m),

yellow needle crystall(), 20% orange needle crystall(), 12% (5) . Kalmykova, G. O.; Kurmei, N. D.; Malykhina, N. Nzo. Akad.
green feather crystalsi\(), and 8% brown powder\). Naéjek) E&SR,fSSr. F{Z- I(EUfw)ﬁng rEEJ),_ 15?251959.t for Oraanic C

H i H H as o pectral Data an ysical Constants tor Organic Com-
Separation and characterization of other products, which amountpounds 2nd ed. Grassellet, J G. Ritchey, W. M. Ed. GRC Press:

to more than 10% of the residue, are still in progress. Cleveland, OH, 1975; Vol. 3, pp 64546.
Characterization of the above obtained species were carried (7) Mack, W.Tetrahedron Lett1966 25, 2875.

out at different stages. None of the signals that appeared inlggg Sishitz, C.; Peres, T.; Agranat,Int. J. Mass Spectrom. lon Processes
theH-NMR spectra can be assigned to any of the characterized (9) Ballester, M.; Castaner, J.; Riera, J.; Paregynl.Quim.198Q 76,
products. It can, therefore, be concluded that the products 168.

(10) Scott, L. T.Pure Appl. Chem1996 68, 293.

(1) Kratschmer, W.; Lamb, L. D.; Fostiropoulos, K.; Huffman D. R. (11) Spectroscopic data of produé¢t UV —vis/CsHsCHz Amax = 290
Nature 199Q 347, 354. nm; IR 1720 (m), 1540 (m), 1455 (s), 1360 (s), 1340 (m), 1290 (m), 1270
(2) Grosser, T.; Hirsch AAngew. Chem., Int. Ed. Endl993 32,1340. (m), 1250 (m), 1150 (m), 1090 (m), 1010 (w), 950 (s), 710 (m).
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spectra, 129.62, 128.37, and 128.16 ppm, with a ratio of 2:1:1 frameworks kept unchanged. Another interesting structural
and a single peak i#fCI-NMR, 507.36 ppm, which is consistent  feature is that rings of the product compounds tend to pack
with the structure of decachlorocorannulene. together rather than forming a relatively simple polycyclic
The discharging reaction in liquid was expected to be structure like that in anthracene. In particular, the occurrence
complex. Surprisingly, however, the experimental results of of five-membered-ring is noteworthy as it is essential for the
the present work show that the reaction products are quiteformation of Go and other fullerenes. In fact, all of the
selective: All of the products that have been characterized socharacterized products in the present work can be considered
far are perchlorinated polycyclic compounds. In fact, we have as the perchlorinated intermediates in forming. CTherefore,
also performed a similar experiment in GCand the same  the significance of the reaction is not limited to the synthesis
products were obtained. Among various possibilities is that of the decachlorocorannulene and other perchlorinated products;
dichlorocarbene is the reaction intermediate which aggregatesit is also helpful to the understanding of the formation
to form the observed products. Other radical pathways may mechanism of fullerenes.
also be envisioned. When the formation enthalpies of ;CCl  Although the reagent of the experiment, chloroform mol-
and :CHCI are compared with that of CH@? it can be shown  ecules, contain a single carbon atom only, in the discharging
that formation of the former is thermodynamically favorable. reaction, they serve as;®uilding block, which aggregate to
Therefore, hydrogen can be ruled out in composition from all structures that are parts of the fullerene framework. Hence, the
of the products. extension of the discharging reaction from the gas phase into
It is clear from the structural analysis that all of the the liquid media allows the synthesis of interesting and novel
characterized products of the discharging reaction are aromaticcompounds. The experimental results reported in this paper
compounds. Their structural stability is also demonstrated by has demonstrated the potential ability of the technique.
the El mass spectra showing predominant signal intensity of
the molecular ions. Under electron bombardment, these mo- Acknowledgment. This work was supported by the National Natural
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