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was recondensed, eyclopentadiene (0.4 g, 6 mmol) in 20 mL 
of THF was added to the residue, and the mixture was kept for 
48 h at ~20 ~ The unreacted cyclopentadiene (5.4 retool) was 
found by GLC in the volatile fraction. The solvent was 
removed from the reaction mixture in vacua, and the solid 
residue was extracted with pentane. Cooling to -25 ~ resulted 
in the precipitation of violet-brown crystals of 
(Me3SiCH2)3V-PEt3 (1.83 g, yield 71%). Found (%): 
C, 49.86; H, 11.06; V, 11.35. CIsH4sPSizV. Calculated (%): 
C, 50.23; H, t1.16; V: 11.86. 
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Separation of C60 and C70 fullerenes by HPLC was studied using sorbents synthesized by 
reaction of perylenedicarboxylic anhydride, dimethoxyviolanthrene, the tetramer of 
chromotropic acid with/brmaldehyde (TCA), trinitrobenzoyl chloride, or chlorotrinitrobenzene 
with .~-aminopropyl silica. These sorbents possess satisfactory, chromatographic properties. 
The sorbent based on TCA is effective for separation of preparative amounts of fullerenes. 
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The sorbents used currently for the separation of 
fullerenes by liquid chromatography are materials based 
on polyaromatic compounds bound to silica gel, 1 mate- 
rials based on aromatic x-acids, z and sorbents based on 
porphyrins and phthalocyanines bound to silica ge l )  ,4 A 
sorbent containing ethylpyrene linked to silica gel by 
covalent bonds belongs to the first group. Sorbents with 
grafted n-acids have been synthesized using dinitro- 
fluorobenzene, which is a weak n-acid. In order to 
extend the range of materials suitable for separation of 
C6o and C70, we prepared sorbents by reaction of various 
compounds with r-aminopropyl silica gel (y-APS). These 
compounds include stronger ~-acids, viz., trinitrobenzoyl 
,chloride (sorbent 1) and ch]orotrinitrobenzene (sorbents 

2 and 3), and also substances characterized by larger 
effective areas of molecules than pyrene, viz., perylene- 
dicarboxylic acid anhydride (sorbent 4), dimethoxy- 
violanthrene (sorbent 5), and the tetramer of chromo- 
tropic acid with formaldehyde (TCA) (sorbent 6). 

Experimental 

Sorbents 1--6 were synthesized using Separon-NH 2 y-APS 
and poly-y-APS; the latter was prepared by refluxing a dry 
sample of Separon-SGX silica gel with 15% 
y-aminopropyltriethoxysilane and 15,% water in toluene for 6 h 
followed by washing with isopropyl alcohol and d~ing in 
VaCllO. 
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Sorbents 1--3.3,-APS (Separon-NH 2 for sorbents 1 and 2 
or poly-y-APS t'or sorbent 3) (160 rag) was added to a solution 
of trinitrobenzoyl chloride or chlorotrinitrobenzene (35 rag) in 
dry. CH2CI 2, and the mixture was stirred at 25 ~ for 12 h; the 
resulting material was washed with acetone and dried in vacuo 
at 70 *C. 

Sortmnts 4 and 5. Dimethoxyviolanthrene or perylene- 
dicarboxylic anhydride (35 rag) prepared by a known proce- 
dure 5 was dissolved at 100 ~ in dry. nitrobenzene, dry Separon- 
NH 2 silica gel (160 mg) was added, and the mixture was stirred 
for 5 h at the same temperature. The material was washed with 
nitrobenzene and dried in vacuo at 70 ~ 

Sorbent 6. Separon-NH 2 silica gel (160 rag) was added to 
a solution of TCA (35 rag) prepared by a known procedure 6 in 
MeOH, and the mixture was stirred for 5 h. The material was 
washed with MeOH and water. This yielded a stable complex 
of TCA with ,/-APS. 

Packing of columns for HPLC. A sample of a sorbent was 
suspended in 10 mL of toluene, the suspension was placed in a 
setup for packing HPLC columns (60 ram• ram), and the 
columns were packed by pumping toluene from bottom to top 
at a pressure of 30 MPa. 

HPLC was carried out o n  a Millichrom chromatograph 
with a UV detector (330 run). The flow rate of the mobile 
phase was 0.2 mL rain - l ,  and the temperature of the column 
was 20 ~ 2-~L samples o f  a toluene solution containing 
1 mg mL -I of a mixture of  C60 and C70 fullerenes were 
subjected to analysis. The dead retention volumes of the 
columns packed with sorbents 1--6 (V0) needed to calculate 
the retention factors (k) were determined by e[uting a sample 
of C60 with l-methylnaphthalene.  The V 0 values for all of the 
columns were 0.14--0.16 mL. 

Resul t s  a n d  D i s c u s s i o n  

Table 1. Retention factors (k) and selectivities (ct) of the 
separation of C60 and C70 fullerenes on sorbents 1--6 

Sorbent Mobile phase k(C60) k(C70) ct(C6o/CT0) 

1 Toluene--hexane (1 : 1) 0.25 0.45 1.9 
Toluene--hexane (1 : 2) 0.83 1.67 2.0 

2 Toluene--hexane (1 : 1) 0.67 1.13 1.7 
3 Toluene--hexane (1 : 1) 1.20 2.67 2.2 
4 Toluene--hexane (1 : 1) 0.60 1.37 2.3 

Toluene--hexane (1 : 2) 1.33 3.33 2.5 
5 Toluene--hexane (1 : 1) 2.10 5.46 2.6 

Toluene 0.31 0.62 2.0 
6 Toluene--hexane (l  : 1") 0.47 1.13 2.4 

Toluene--hexane (l : 4) 2.67 7.47 2.8 

Chromatograph ic  charac ter i s t ics  of  the sorbents  are 
listed in Table I. C o m p a r i s o n  o f  the  re ten t ion  factors and  
selectivities of sorbents 1 - - 3 ,  con ta in ing  a t r in i t robenzene  
f ragment  as the n-ac id ,  wi th  the  publ ished data I for 
sorbents  based on  d i n i t r o b e n z e n e  indicates tha t  they do  
not  differ markedly f rom one  another .  The  r e t en t ion  of  
C60 and  C70 on sorbent  3 based  on  ,v-APS and  synthesized 
wi th  polymeric  coating of  t h e  surface with y -aminopropy l -  
t r ie thoxysi lane is approx imate ly  twice  tha t  on sorbent  2. 

T h e  c h r o m a t o g r a p h i c  charac te r i s t i cs  o f  so rben t s  4 
and  5 based  on p o l y a r o m a t i c  c o m p o u n d s  are c o m p a -  
cable wi th  those  repor ted  in  the  literat/are for the  separa-  
t ion  of  ful lerenes  o n  [2 - (1 -pyreny l ) e thy l ] s i ty l  silica gel.*- 



Decomposition of cyclohexanespiro-2-oxazolidine Russ.Chem.Bull.. Iioi. 46, No. 8, August, 1997 1483 

~ ~ 

Scheme 1 

la 

H N ~ -  OH 

2 3 

4- 

~'OH 

O 

4 

The formation of amino alcohol 2 unambiguously 
indicates that the cleavage of oxazolidine 1 involves redox 
processes. Tetrahydroindole 3 can be regarded as a prod- 
uct of the oxidation of oxazolidine 1. This product might 
be formed via dehydration of oxazolidine 1 (in its tauto- 
meric form la) to 2,3,4,5,6,7-hexahydroindote (5), simi- 
larly to the process observed 5 in the condensation of 
cyclohexanone with 2-aminoethanol in the presence of 
H2SO4. After that, compound 5 is oxidized to give 
4,5,6,7-tetrahydroindole (6), whose hydroxyethylation by, 
for example, 2-aminoethanol or ethylene oxide formed 
from the latter, yields tetrahydroindole 3 (Scheme 2). 

It was shown that the cleavage of oxazolidine 1 
under consideration can also occur in the presence of 
TsOH, H2SO,, and H3POa, whereas in the absence of 
acids, only slight resinification occurs without the for- 
mation of compounds 2 and 3 after heating to 200 ~ 
fbr 8 h. 

Ketone 4 is formed either via condensation (of cro- 
tonic type), which is known for oxazolidines, 6 and sub- 
sequent hydrolysis of the product of this condensation or 
via condensation of the cyclohexanone resulting from 
the hydrolysis of oxazolidine 1. 

Experimental 

A mixture of oxazolidine i (28.8 g, 0.2 tool) and 
polyphosphoric acid (1.0 g) was refluxed for 10 h. The tem- 
perature of the reaction mixture was 200 ~ at the beginning of 
the reaction and decreased spontaneously to 160 ~ by the 
end. Benzene (100 mL) was added to the cooled reaction 
mixture, and the products were extracted with water 
(3x I00 mL). Vacuum distillation of the extract gave 1.4 g of 
N-(2-hydroxyethyl)cyciohexyla.rr~ne 2 (b.p. 91--95 ~ (10 Torr), 
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m.p. 47--49~ cf. ReL 7: m.p. 50 ~ 3.04 g of 
2-cyclohex3'lidenecyclohexanone 4 (b.p. 103-- 106 ~ (10 Tort), 
nD 2~ 1.5058, d42~ 1.0032; cf. Ref. 8: b.p. 273--275 ~ 
(760 Torr), nD 2~ 1.5062, d42~ 1.004) and 1.72 g of 
N-(2-hydroxyethyl)-4,5,6,7-tetrahydroindole 3, b.p. 134-- 
136 ~ (3 Torr), nD 2~ 1.5402; d42~ 1.0698 ( cf Ref. 9: b.p. 
152--155 ~ (6 Torr), nD 20 1.5408; d42~ 1.0800). The 
LH NMR and IR spectra of the isolated compounds were 
identical to those recorded for authentic samples. 
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