
atom. The indium lies almost at the center of gravity of the 
ring spanned by the five manganese atoms (distance 8.5 pm; 
deviation from the best plane 4.6 pm). Its coordination is 
approximately pentagonal planar. This unusual coordina- 
tion form in 3 is exclusively due to the sterically rigid 
[Mn,(CO),o] "ligand". 

E.qwirriental Procedure 
All maiiipulations were conducted under an  inert atmosphere (argon) in the 
absence ofmoisture and air. All glass apparatus was evacuated Several times on 
an oil v'xuiim line and flushed with argon before use. The solvents were dried 
under argon and freshly distilled. 
1: Prepared by published methods [X. 91, this compound contains 30% KOH. 
For the preparation of 2 and 3. 1 was freed of KOH by dissolution in acetone 
and filtration. followed by evaporation of the acetone. KOH-free I is pyro- 
phoric. 
2 and 3 :  T H F  (8 .5  mL) was added to a mixture of 1 (0.58 g, 0.94 mmol) and dry 
InCI, (0.87 g, 4.10 mmol). The color changed immediately from green to blue. 
The solution was stirred for 5 min, methanol (1.5 mL) was added, and the 
mixture was separated on a chromatography column (MPLC column 
46 x 2.6 cm. silica gel 40-63 F, eluent THFjmethanol l0jl) .  Ayellow and a blue 
fraction that have not yet been able to be characterized were eluted first in low 
yields. The third violet fraction was treated with AsPh,CI monohydrate 
(100 mg. 0.229 mmol). thesolvent removed at 10-' mbar, and the residue taken 
u p i n a  mixtureofn-hexane.ethylacetate.andacetone(5:20:15 mL).Theviolet 
mother liquor was filtered off through a G3 Schlenk filter; at f 4  'C 2-(As- 
Ph,), . (CH,),CO precipitates as red-brown crystals. They are separated from 
the mother liquor by decantation. washed three times with diethyl ether, and 
dried in vacuum. Yield: 90 mg (X%O, calculated on initial amount of I). correct 
elemental analyses. 
The fourth. brown fraction was treated with AsPh,Cl monohydrate (50 mg, 
0.115 mmol). the solvent removed at l o - '  mbar. and the residue taken up in 
ethyl acetate. Excess AsPh,CI and KCI remained undissolved. The brown 
inother liquor was filtered through a G-3 Schlenk filter. At + 4 T ,  3-(AsPh,), 
precipitated in the form of dark brown crystals. which were separated by decan- 
tation from the mother liquor, washed three times with diethyl ether, and dried 
at l o - '  mbar. Yield: 15mg ( 2 % ,  calculated on initial ainonnt of 1). correct 
elemental analyses. A light brown residue which cannot be eluted remains on 
the column. 
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CAS Registry numbers: 

In. 7440-74-6: Mn, 7439-96-5. 
I ,  130934-60-0; Z-(AsPh,), -(CH,),CO. 138407-41-7; 3-(AsPh,),. 138407-43-9; 

space group Phca (no. 61). a =1930(1). h = 2403(1). c = 292?(1) pm, 
V=1355(1)x10'pm3. Z = 8 ,  T = 2 9 8 K ,  0 range 3 . 0 ' < 2 8 < 5 0 . 0 ' .  
12515 measured reflections, 6410 observed reflections ( I  > 2u(1)). 5652 
independent reflections ( I  > 2.50(0), 530 refined parameters. R(R,) = 
0.070 (0.056). Measurement on a Siemens (Nicolet-Syntex) R 3  four circle 
diffractometer. Mo,, radiation, graphite monochromator. Further details 
of the crystal structure investigation may be obtained from the Fachinfor- 
mationszentrum Karlsruhe. Gesellschaft fiir wissenschaftlich-technische 
Information mbH, W-7514 Eggenstein-Leopoldshafen 2 (FRG) on quot- 
ing the depository number CSD-55887. the names of the authors, and the 
journal citation. 

[12] Selected distances [pm] and angles ["I for 2:  In 1-Mn 1 272.5(3), In 1-Mn2a 
269.2(2), In 1-Mn2 265.0(2), Inl-CII 248.8(4). Mn2-Mn2a 316.4(2): 
In l -Mn2-Mn2a 54.3(1). Inla-Mn2-Mn2a 53.1 (1). Mn2-In I-Mn2a 
72.6(1), Mnl-lnl-C11 100.9(1), M n l - l n l - M n 2  128.8(1), M n l - l n l -  
Mn2a 130.4(3), CI 1 -In 1 -Mn2a 108.7(3), CI I-In 1-M 2 11 3.9( 1). 

[13] W. Schulze, H. Hartl. K.  Seppelt, Angrw.  Cizrm. 1986, 98, 189-190: 
Angew. Cliem. Inl. Ed. Engl. 1986, 25. 185 -186. 

[14] G.  L. Simon, L. F. Dahl, J.  Am.  Chem. Suc. 1973, 95. 783-7x9. 
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Reaction of C,, with Dimethyldioxirane- 
Formation of an Epoxide and a 1,3-Dioxolane 
Derivative ** 
By Yiannis Elemes, Scott K .  Silverman, Chimin Sheu, 
Michelle Kao, Christopher S. Foote,* Mavcos M .  Alvarez, 
and Robert L. Whetten* 

Since their discovery,"] the fullerenes have attracted much 
Although gram quantities of C,, and C,, can 

now be produced,[5, 61 the chemical reactivity of these new 
compounds is just beginning to be explored, and few prod- 
ucts have been completely characterized. Among these are 
adducts to C,, of OsO,,['3 other metal-complex frag- 
m e n t ~ , [ ~  - ' I  and diphenylcarbene." 21 

Although C,, is easy to reduce and reacts readily with 
nucleophiles, it is very difficult to ~xid ize . [ '~ - ' '~  Di oxiranes 
have been used to make epoxides that are difficult to prepare 
by other We now report that C,, reacts with 
dimethyldioxirane to give an epoxide C,,O and a 1,3-dioxo- 
lane derivative. 

F. A. Cotton. G.  Wilkinson, Inorganic Cliemislrq., 4th ed., Wiley. New 
York. 1980. p. 50. 
R. S. Berry, J.  Clieni. Pliw. 1960, 32, 933-938. 
See 111. p. 196. 
K. 0. Christe. E. C. Curtis, D.  A. Dixon, H.  P. Mercier, J. C. P. Sanders, 
G.  J. Schrobilgen. J.  A m .  Chem. Sor. 1991, 113. 3351-3361. 
B. F. Hoskins. C .  D. Pannan, Ausi. J .  Chem. 1976, 29, 2337-2348. 
S. C .  Kokk0u.C. J.Cheer,AclaCr~siaNogr. Sect. C1986,42,1159-1161. 
A. T. T. Hsieh. M. J. Mays. J .  Clzem. SOC. Dalton Trans. 1972, 516-521. 
W. Schatz. H.-P. Neumann. B. Nuber, B. Kanellakopulos, M. L. Ziegler, 
Clierri. Brr. 1991, 124, 453-463. 
B. F. G.  Johnson. R. D. Johnston, J. Lewis. B. H.  Robinson, J.  Organomel. 
Clieni. 1967, 10. 105-109. 
Spectroscopic data of 2 and 3: 2-(AsPh,), . (CH,),CO: UVjVIS 
(CHJI,): L,,, [nm] ( E )  = 264 (39000), 270 (36800). 320 (23300). 570 
(8800); H NMR (300 MHz. [DJacetone, internal standard [DJacetone, 
room temperature): C? =7.82-7.95 (m. phenyl-H); "CNMR (75 MHz, 
[DJacetone. internal standard [D,]acetone, room temperature): 6 = 230.6 
(s. carhonyl-C); 135.5, 134.3, 132.0. 122.1 (phenyl-C); IR (KBr): D 

[cm-'1 = 2064 st, 2030 st. 1979 sst, 1950 sst, 1887 st. 1869 st (C=O). 3- 
(AsPh,),: UV/VIS (CH,CI,): i,,, [nm] (6) = 264 (43900), 270 (38300). 
342 (22400). 490 (12 300); 'H N M R  (300 MHz, [DJacetone, internal stan- 
dard [D,]acetone. room temperature): 6 =7.82-7.95 (m, phenyl-H); IR 
(KBr): v [cm-'] = 1988 sst. 1968 sst. 1947 st, 1938 st, 1926 st, 1912 st, 
1902 st, 1887m, 1880m. 1864m (C=O). 

[I 11 Crystal structure of 2 and 3: 2-(AsPh,), . (CH,),CO: 
C,,H,,O,,As,In,Cl,Mn,, M = 1849.29, monoclinic, space group C2/c  
(no.15~,u=2462.8(8).h=1521.0(9),c=2221.1(X)pm.~=117.72(2) ' ,  
V =7365(1) x 10' pm', Z = 4, T = 298 K,  0 range 3.0" < 20 < 52.5-, 
7908 measured reflections, 4416 observed reflections ( I  > 20(1)), 3850 in- 
dependent reflections ( I  > 2.5u(0) ,  396 refined parameters, R(R,) = 
0.064 (0.052). 3-(AsPh,),: C,,H,,O,,As,InMn,, M = 1716.44, rhombic. 

1 2 3 

C,, reacts with dimethyldioxirane to give two products, 1 
and 2, which in the solid state are stable dark crystals. Solu- 
tions of 2 in toluene are yellow, those of 1, purple (similar to 
solutions of C,,). The UVjVIS spectra of 1 and 2 are shown 
in Figures 1 a and 1 b. The FTIR spectrum of 1 is shown in 
Figure 2a. The I3C NMR spectrum of1 (Fig. 3a) consists of 
17 signals, of which four correspond to two carbon atoms and 
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Fig. 1. UV/VIS spectra of a) C,,O 1 and b) C6,-1.3-dioxoldne 2 in n-hexdne. 

thirteen correspond to four carbon atoms. This is the correct 
number and ratio of peak intensities for a C,, adduct of C,, 
symmetry. The osmium-tetraoxide adduct, of which a de- 
tailed NMR study has recently has the same 
symmetry. 
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Fig. 2.  FTIR spectra (KBr pellets) of a) C,,O 1 and b) C6,-1,3-dioxolane 2. 

The LD-TOF mass spectrum (laser desorption time-of- 
flight) 12'* "I of 1 displays a peak for C,,O (m/z 736 & 2, 
M + )  as well as for C,, , which arises from loss of one oxygen 
atom. The FAB mass spectrum (not shown) shows a weak 
peak at m/z 736, but the loss of an oxygen atom is much more 
pronounced here. There is no C,,O in the starting material, 
as shown by the LD-TOF spectrum, and the isolated 1 is not 
contaminated by C,, according to HPLC. Based on the 
above data, 1 is a monoepoxide of C,, with the oxygen 
bridging the bond connecting two six-membered rings, a 
bonding situation also found in other C,, add~cts . [~ ' ]  

After much of this work had been completed, we received 
a manuscript from chemists at Exxon and the University of 
Pennsylvania reporting the preparation of C,,O by a photo- 

chemical route and by isolation from soot.1301 The properties 
of their material are in excellent agreement with those report- 
ed above. The infrared bands differ slightly in relative inten- 
sities, which we attribute to the difference in medium (KBr 
pellet vs. film). The I3C NMR shifts are quite similar, al- 
though the solvents used are different (CS, vs. C,D,). Both 
C,,O and C,,O have also been detected in the gas phase.[31] 
An oxide of C,, is formed in the soot with other fullerenes 
and has been characterized only by mass and UVjVIS spec- 
trometry.[61 Recent electrochemical studies reported that the 
dianion of C,, reacts with 0, to form a series of C,, oxides 
which were detected by FAB mass spectrometry but were not 
otherwise ~haracterized.~~ 

Our product is clearly the epoxide 1 rather than the annu- 
lene [331 3, as shown by the I3C NMR signal at 6 = 90.92; an 
sp2 C 4  should give rise to a signal below 6 = 140.[34, 351 

Substituted epoxide carbons typically resonate at 6 = 52- 
70.136] Although the resonance at 6 = 90.92 is at low field for 
epoxide carbons, the downfield shift is probably caused by 
the anisotropy of the partially broken fullerene, which was 
also reported in the diphenylcarbene adduct." 21 The similar- 
ity of the UVjVIS spectrum of the diphenylcarbene adduct 
to that of C,, was taken as indirect evidence for the open 
annulene structure, which is clearly implied by the long C-C 
bond.[371 The UVjVIS spectra of 1 and C,, are also quite 
similar, but the NMR spectrum of 1 provides definitive 
proof of its epoxide character. 

Based on spectral data we identify the second product of 
the reaction of dimethyldioxirane and C,, as 1,3-dioxoIane 
2. The FTIR spectrum of compound 2 (Fig. 2 b) shows a very 
strong sp3 C-0 absorption band at 1031 cm-' and a C-H 
absorption band at 2900 cm- ' . The LD-TOF mass spectrum 
has a molecular ion (m/z  795, M',  corresponding to C,, + 
dimethyldioxirane) and signals of greater intensity for frag- 
mentation to C,,O (loss of acetone) and to C,,. The exact 
molecular mass of M +  (794) was obtained from the FAB 
mass spectrum but here, as with 1, the signal of the C,, ion 
is dominant. The 3C NMR spectrum of 2 (Fig. 3 b) also has 
17 signals for the C,, skeleton, of which 13 correspond to 
four carbon atoms, and four correspond to two carbon 
atoms. The resonance at 6 = 96 (at lower field than the relat- 
ed signal in 1) is assigned to the 0-bound carbon atoms. The 
signals at 6 = 11 3.04 (1 C) and 28.92 (2C) are assigned to the 

150.0 148.0 146.0 144.0 142.0 140.0 110.0 100.0 

b) 

150.0 148.0 146.0 144.0 142.0 140.0 110.0 100.0 
- 6  

Fig. 3. 13C NMR spectra of a) C,,O 1 and b) C6,-1,3-dioxolane 2 in CS, with 
[D,]acetone as internal lock and [Cr(acac),] as relaxation agent. 
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ketal and methyl C atoms, respectively. In the 'H NMR 
spectrum (in CS,) the methyl hydrogens give rise to a sharp 
singlet at 6 = 1.56. 

The 1,3-dioxolane structure can be deduced from the 
number of signals in the I3C NMR spectrum; the 1,2-isomer 
would have only a single mirror plane. The same reasons 
advanced in favor of the epoxide structure for 1 lead us to 
conclude that adduct 2 also has the closed structure. The 
fullerene regions of the 13C NMR spectra of the OsO, ad- 
duct of C,, [''I and of 2 are strikingly similar (Fig. 3 b), con- 
firming their structural similarity. Hydrolysis of this ketal 
and oxidation of the resulting diol may offer an attractive 
and specific route to ring-opened fullerenes. 

The determination of the mechanism for the formation of 
1 and 2 will require further study. It is particularly surprising 
that the 0-0 bond of the dimethyldioxirane opens. To our 
knowledge, this is the first reported dimethyldioxirane ad- 
duct of this type. Small amounts of a 1,3-dioxolane were 
formed during the epoxidation of ci~-3-hexene,[~~] but this 
resulted from addition of acetone to the epoxide under the 
acidic conditions used. When a solution of 1 in acetone/ 
toluene was stirred at 50 "C for 12 h, no change was observed 
(HPLC). Solutions of 1 in toluene heated at 110 "C for 24 h 
showed gradual decomposition of 1 to C60. The 1 : 1 dimethyl- 
dioxirane-C,, adduct 2 could give epoxide 1 by loss of ace- 
tone, or 1 and 2 could be formed in competitive reactions. 
But no change was observed (HPLC) for solutions of 2 in 
toluene after they had been heated at 110 "C for 24 h. Thus, 
the two compounds do not interconvert under more extreme 
conditions than those required for their formation (and iso- 
lation), and the competitive pathway seems likely. 

Addition of dimethyldioxirane to C,, could proceed by 
either homolytic or heterolytic cleavage of the 0-0 bond. 
Although Wudl et al. report reactions of C,, with 1,3- 
dipoles,[''] the path via diradicals seems more likely in our 
case. 

Experimental Procedure 
A solution ofC,, (200 mg, 0.28 mmol) [39] in toluene (400 mL) was treated with 
2.5 mL of a solution of dimethyldioxirane [I91 in acetone (0.11 M) at room 
temperature. After 12 h a brown insoluble material was removed by filtration. 
The elemental analysis (C 84.97, H 0.94, 0 14.09) corresponds to 
C,,H, ,,0, FTIR (KBr): ~ [cm- ' ]  = 527, 1041 (s), 1208, 1174, 2940 (w), 
2989 (w). The products were separated by preparative HPLC (C,8 reverse- 
phase, acetonitrile/toluene. 55:45 (v:v), detection at 340 nm, 9.5 mLmin- '). 
Baseline peak separation allowed isolation of 12 mg of 2, 8 mg of 1, and 66 mg 
of unreacted C60. Chromatography on alumina also led to separation of 1 and 
2. UV!VIS (n-hexane): 1: A,,, [nm] = 228, 249, 319 (s), 405, 416 (w). 478 (hr,, 
w): 2: A,,, [nm]= 253, 313 (s), 412. 444, 471 (vw). FTIR (KBr): 1: 
C[cm-'] = 1427, 1184. 774, 766, 566, 526, and others; 2: three weak bands at 
2900cm-l. others at 1379, 1207, 1176. 1138, 1058, 1031 (s), 896, 526 (s). 
I3C NMR (125 MHz, CS,, [DJacetone as internal lock, [Cr(acac),] as 
relaxation agent. 42000 scans. 25°C): 1: G(nomher of carbon atoms) = 
146.32(4). 146.29(4). 146.20(4). 146.04(2), 145.40(4), 145.34(4). 145.05(4), 
144.97(4). 144.64(2). 144.18(4). 144.14(4), 143.64(2), 143.38(4), 143.30(4), 
143.07(4). 141.99(4). 90.92(2); 2 (same conditions as for 1 except 38000 scans): 
6 = 151.04(4). 149.47(2), 147.64(4), 147.45(4), 147.36(4), 146.40(2), 146.31(4), 
146.17(4), 145.96(4), 143.96(4). 143.93(2). 143.53(4), 143.35(4), 143.26(4). 
140.79(4), 139.02(4). 113.04(1). 96.15(2). 28.92(2). 
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Ab lnitio Investigations of Structure and Stability 
of [R,SiAl],, R = H, Me, tBu** 
By Uwe Schneider, Reinhart Ahlrichs,* Hans Horn, 
and Ansgar Schayer 

The synthesis of metastable Al' compounds, for example, 
AlCl in toluene/ether by Schnockel et al.,"] opened new 
routes in aluminium chemistry.['' Thus, Cp*,Al,, 
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