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Abstract: The reactions of organic azides 40: 54:6 mixture of 8 , l l .  and C,, in quan- stable towards thcrmolysis, 8 decomposed 
with [60]fullerene have paved the way for titative yield. No interconversion between to C,, (35 % yield) on refluxing in 
the synthesis of' adducts with a variety of 8 and 11 was observed. Whereas 11 was chlorobenzene for 24 h, but it did not pro- 
structures. Treatment of [60]fullerene with duce any 11. This indicates that 9 a  is an 

intermediate in the formation of 8 and 11 .  2,2-dibenzyl-1,3-diazidopropane (10) in 
refluxing chlorobenzene afforded three A general mechanism for the addition of 
products, namely, 8, 9, and 11 in 18, 25, azides to C,, is proposed. A similar mech- 
and 11 % yields, respectively. Thermolysis anistic pathway is suggested for the ther- 
of 9 a  in refluxing chlorobenzene gave a molysis of 9 a .  
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Introduction 

The reactions of organic azides with [60]fullerene have paved the 
way for the synthesis of adducts with a variety of structures." -" 
Two types of monoadduct, 1['] and 2,[21 have been obtained. 
The selectivity of this addition reaction appears to depend upon 
the reaction conditions. For example, a nitrene intermediate 
with an aryl or an acyl substituent, generated in situ by photo- 
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lysis of the corresponding azides or  by other means, yields 2 
exclusively.r2f~j~~i1 Under thermolytic conditions, azides with an 
alkyl substituent add preferentially a t  the ring junction between 
five- and six-membered rings ([5,6] junction) to produce 1, 
whereas azide reagents with an alkoxycarbonyl substituent lead 
predominantly to  2. On the other hand, the thermal reaction of 
an aryl azide with C,, can yield either 1["] or 2.12'] Interestingly, 
thermolysis of the triazoline adduct 3 gives 1 as the major, if not 
the exclusive, product.[*'% 31 

The situation is more complicated for bisadducts. Three dis- 
tinct regioisomers of bisiminofullerenes have been obtained se- 
lectively, depending on the nature of the azide reagents.[3 ~ 'I 

Wudl and co-workers have elegantly synthesized bisimino- 
fullerene 4 by treating C,, with alkyl azides.["" Reactions with 
bisazides tethered by a partial fragment of a crown ether behave 
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similarly.[51 The addition reaction occurs a t  the two [5,6] junc- 
tions of an acenaphthene moiety in C6,. In our preliminary 
communication, another type of bisiminofullerene, 5, was ob- 
tained from the reaction of C,, with a bisazide tethered by an 
ethylene or a trimethylene bridge.['] These azides add selectively 
at the two [5,6] junctions of a fluorene unit in C6,. Similar 
observations were made by Li and co-worker~ .~ '~  Hirsch and 
co-workers reported a third type of adduct, 6 (R = C0,R).  
Here the addition took place at  the two ring junctions between 
six-membered rings ([6,6] junctions) of a phenanthrene unit in 
Cso; this was followed by a ring-opening process.[*, It is inter- 
esting to note that none of these reactions lead directly to the 
formation of bisimino[60]fullerene 7. It is believed that 7, which 
may be formed initially, readily undergoes electrocyclic ring 
opening to  produce 6. Although A M  1 calculations suggest that 
the opened isomer 6 (R = C0,R') is more stable than 7,[8391 
addition at  the diene moiety of a six-membered ring in C,, has 
been well documented.["] More recently, Hirsch and co-work- 
ers examined the addition of alkoxycarbonylazides to C60.r91 In 
addition to 6 (R = CO,Et), six of seven other regioisomeric 
bisimino[60]fullerenes were isolated and characterized. Al- 
though 7 (R = C0,Et) was not detected in this reaction, the 
corresponding parent bisimino[60]fullerene 7 (R = H) was ob- 
tained by treatment of 6 (R = C0,tBu) with trifluoroacetic 
acid.['] It was suggested that intermediate 7 (R = H) underwent 
an intramolecular Diels-Alder reaction. Apparently, the rela- 
tive stability of 6 and 7 depends upon the substituent at nitro- 
gen; this is also supported by theoretical calculations.[91 As part 
of our continuing interest in the addition of azides to fuller- 
enes,[2d.51 we now report our investigation of the first direct 
synthesis of 1,2,3,4-bisimino[60]fullerene 8 and 1,2,3,4-bis(tria- 
zolino)[60]fullerene 9 and discuss a plausible mechanism of ad- 
dition of azides to fullerene. 

Results and Discussion 

Our strategy is based on our previous workr6] in which tethered 
bisazide reagents were added to C,, . Since the trimethylene- 
bridged bisazide reacts with C,, to give the corresponding ad- 
duct 5 in satisfactory yield,[61 it was felt that introducing a gem- 
inal dialkyl group at  the C 2 position of the trimethylene bridge 
would induce a change in the reactivity, so that the intermediate 
product might be isolated. Thus, C,, was treated with 1.5 equiv 
2,2-dibenzyl-l,3-diazidopropane (10) in refluxing chloroben- 
zene for 8 h ;  the standard workup procedure was then applied 
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(see Experimental Section). Three products-8,9, and 11-were 
obtained in 18, 25, and 1 1 % yields, respectively. The structural 
assignments were based on 'H and 13C NMR spectra (Figure 1) 
as well as on the mass spectral data. The UV/Vis spectra for 8. 
9, and 11 are shown in Figure 2. 
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\ 
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Figure 2. UV,Vis spectra for 11, 8, and 9 in CHCI, ( c ,  = 1.0 x lo-' rnoldm ': 
inset: c = 5 . 0 ~  lo-" moldiii '). 
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The absorption spectrum and the "C  NMR spectrum for 11 
are consistent with the structure given above and similar to 
those reported previously for S.[(" Both 8 and 9 exhibit absorp- 
tions at  a i,,,,,, of about 425 nm, which is characteristic for ad- 
ducts attached to a [6,6] junction. The broad band at  a in,ax of 
470 nni for 8 can also be found in the UV/Vis spectra of imino- 
fiillerenc derivatives 2.['] In the I3C NMR spectrum of 8, the 
signals at b =71.74 and 77.63, in addition to 30 peaks due to 
fullcrene sp2 carbons, clearly indicate the presence of a fused 
bisaziridine moicty. These results are also in agreement with 
those for 7 (R = H).[91 

The isolation of the bistriazolino adduct 9 is not only interest- 
ing, but also significant. In the I3C NMR spectrum, the 30 
signals arising from the fullcrene spz carbons, in addition to the 
signals for the phenyl group and aliphatic carbons, are consis- 
tent with a C, symmetry. The 13C NMR absorptions for the two 
different fullerene sp3 carbons in 9 appear at 6 =79.45 and 
99.82. In 3 the chemical shifts for sp3 carbons of this type fall 
within the range 6%80-110, depending on the nature of the 
substituent on nitrogen.12'. 3, ' I 1  Therefore, our results are in 
agreement with those already reported. Since the I3C NMR 
data suggest that there is no ring opening in adduct 9, we pro- 
pose that addirion has taken place at the [6,6] junction. Owing 
to thc rigidity of the tether, 9a or 9b would be feasible struc- 
turcs. 

Since 3 has been suggested to be an intermediate leading to I 
and 2.L'. it seems likely that 9 could also be an intermediate in 
the formation of 8 and 11. Accordingly, thermolysis of 9 in 
rcfluxing chlorobenzene for 24 h afforded a 54:40:6 mixture of 
8, 11, and C, ,  [Eq. (l)]  in quantitative yield. It is noteworthy 
that there was no interconversion between 8 and 1 1 .  When 8 was 
rcfluxed for 24 h in chlorobenzene, C,, was produced in 35% 
yield, but no 11 was detected. There was no decomposition of 1 I 
under the same conditions. These results suggest that 9 may be 
an  intermediate in the formation of 8 and 11. 

A w + c60 

9 -- ( I )  

It is well documented that the C,, molecule behaves sitnilarly 
to a [5]radialene in a number of addition reactions and that these 
double bonds are highly reactive. An enhancement in the reac- 
tivity would be expected for a bisazide 10, which has a geminal 
dibenzyl group at  C 2. Stereochemically, the bisaddition reac- 
tion at two 16.61 junctions should occur preferentially to  give 9. 

The mechanism for the thermolysis of triazolines has been 
investigated in detail." 21 Dipolar and biradical intermediates 
have both been suggested. Cleavage of the N-N single bond 
appears to precede cleavage of the C-N bond in both inecha- 
nisms. Nevertheless. before we discuss the conversion of 9 to 8 
and 1 I. we will present a possible mechanism for the therrnolysis 
of triazoline 12 (Scheme 1 ) .  

A biradical intermediate 13 is expected from the thermal de- 
composition of 12. Two possible routes will lead to 15 (2) or 17 
(I). depending on the timing of the liberation of nitrogen mole- 
cule from 13. If the cleavage of the C-N bond in 13 is fast, then 
biradical 14 will be formed, producing 15 on recombination at 
the C 2  position. On the other hand, the nitrogen-centered radi- 
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Schemc 1. Possible mechanism for the therinoly5is of triatoline 12 (only relevant 
section of the fullerene is shown) 

cal in 13 may add to C 6 or C 7 (equivalent in the monoadduct) 
before the departure of the nitrogen molecule, leading to addi- 
tion at the [5,6] junction to produce adduct 16. At this point it 
is worth mentioning that 16 could be the kinetic product, be- 
cause aromaticity of an additional six-membered ring moiety 
(ring A or B) will be lost with its formation. However. a rapid 
ring opening in 16 then yields stable 17. 

The possible route for the thermolysis of 9 is similar to that 
described in Scheme 1 .[''' The two triazoline heterocycles may 
not decompose simultaneously. Since the three-carbon tether in 
9 is quite rigid, the nitrogen-centered radical produced may not 
be as labile as  that in 13. Accordingly, there are several possibil- 
ities for the fate of the two nitrogen-centered radicals in l8[I3I 
generated stepwise from 9a (Scheme 2). The formation of the 
first aziridine ring may lead to two delocalized biradicals, 19 and 

18 , 19 181 

20 
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24 

2' 22 26 
I 

23 LLl 
Scheme 2. Possible reactions of thc hircidical bpccies 18 (only relevant section ofthe 
fullcrene is shown; suhstituents at nitrogen omitted for clarity). 
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20. Collapse of the biradical 19 by attack at  C 2 would yield 8. 
In a similar manner, radical recombination at  C 6  in 20 would 
lead to 21. Since the structure produced by ring closure at the 
[5,6] junction would be highly unstable,[2i1 a simple ring opening 
of 21 would then yield 11.  Alternatively, there may be an initial 
ring opening of the aziridine moiety in 20 to give 22. Further 
collapse of the biradical 22 by attack at  C 6 would give interme- 
diate 23, followed by another ring opening to produce 11. It 
appears that the orientation of the aziridine ring that forms first 
might have a directing effect on the regioselectivity of the second 
aziridine ring. Recombination of biradicals 19 and 20 could also 
occur by different pathways and could eventually lead to the 
formation of further possible isomers 25 and 27 (Scheme 2). 
Since the two nitrogen atoms are tethered by a relatively rigid 
three-carbon chain, collapse of the biradical 20 or 22 by attack 
at C 2 leading to 24 or 25, respectively, might not be favorable. 
The absence of 27 from this reaction is striking. Presumably, in 
20 or 22 the N, moiety may still be attached to C2,  as in 13, 
before collapse. A mechanism similar to the decomposition of 
13 may occur here to produce 1 1 .  Furthermore, the intermediate 
leading to 4 or 27 has been shown to be different from 9.[31 

Decomposition of 9b by a mechanism similar to that pro- 
posed in Scheme 2 would give 8 and 29 (Scheme 3). After ring 
opening, 29 would be converted into 30, which was not detccted. 
Accordingly, the most likely structure for 9 is 9a.  

29 30 
Scheme 3. Posiblc decomposition reactions of 9 b  (only relevant sectitrn of the 
fullcrene is shown: ~ubs l~ tucnts  a t  nitrogen omitted for clarity) 

Conclusion 

We have described the first direct synthesis of bisimi- 
no[60]fullerene 8, 11, and bis(triazolino)[60]fullerene 9, from the 
reaction of C,, and the corresponding bisazide. It has been 
established that 9 is an intermediate in the formation of 8 and 
11. These results serve as a useful clue to the understanding of 
the actual mode of the overall transformation in the addition of 
azides to C6,,. A general mechanism has been proposed to ex- 
plain the different regioselectivities for the addition of organic 
azides to [60]fullerene. Furthermore, the isolation of adduct 8 
supports results from calculations performed by Hirsch, which 
indicate that the alkyl substituent on nitrogen would favor the 
bisring-closure product.'"] 

Experimental Section 

Z,Z-DibenzyI-1,3-propanediyl dimesylate To n solution of 2,2-dibcnzyl-I .3- 
propdnedlol (2 56 g, 10 0 mmol) and Et,N (4 0 g, 40 mniol) iii CH,CI, 
(30 mL) dt 0 C was added dropwi\e a solution of MyCI (4 0 g, 15 mmol) in 

CH,CI, (25 mL) over a period of 40 min. The mixture wits allowed to w'arm 
to R T  and stirred for 12 h. Aqueous HCI (10%. 50 mL) w a s  added and the 
organic layer washed with NaOH (I0"h) a n d  water. Tlic oi-ganic layer was 
dried (MgSO,) and evaporated in vacuo. The residue wiis  recrystalli/cd from 
metlianol to give ii whitc solid (2.68 8. 6 5 % ) .  M.p.: 124 125 C: ' H  NMR 
(CDCI,, 300MHz): d = 2.81 (s, 4H) ,  2.99 (s. 6H) .  4.00 (s. 4 H ) .  7.19- 7.35 
(in, IOH); ',C NMR (CDCI,, 75 MHz): 6 = 37.31. 38.18. 42.15. 60.58. 
127.20, 128.62, 130.59, 135.04: IR (KBr): i v  = 1598. 1494. 1461, 1413. 13x7. 
1360, 1333. 1328. 1251, 1267. 1172. 1051, 1030, 983. 948. 885.  865. 824. 775. 
751, 733. 704cm- ' ;  HRMS calcd for CIOH240f,SZ: 412.1014; l0und 
41 2.1010. 

2,2-Dibenzyl-l,3-diazidopropane (10): To a solution of the diniesylate prc- 
pared above (0.62 g. 1.5 mmol) in D M F  (40 mL) and [15]crow,n-5 (one drop) 
was added NaN, (0.39 g, 6 mmol) and water ( I  mL). The mixture WLIS re- 
fluxed for one day then quenched with water (50 mL). The solution was 
extracted with ether and washed twicc with water. The etlicr wits evaporated 
in wicuo to afford 10 as a colorless viscous oil (0.15 g. 55%). which was used 
for the next reaction without further purificat~on: 'H NMR (CDC1,l. 
200 MH7):  d = 2.70 (s. 4H) ,  3.06 (s, 4 H ) ,  7.26 (n i ) :  IzC NMR (CDCI,. 
50 MHz): d = 39.30. 42.82, 54.06. 126.72. 128.41. 130.62. 136.43; IR (KBr) :  
i .=21@0crn-'.  

Reaction of 10 with C6": To a relluxing s o l u ~ i o i i  of C , ,  (360 mg. 0 . 5  mmol) 
i n  chlorobcnzenc(360 mL) under N, was added dropuise biswide 10 
(0.75 mmol) i n  chlorohcnzenc (100 mL). The mixture was refluxcd for  6 8 h 
and monitored by TLC. Thc solvent was  removed in viiciio and the residue 
was repetitively chromatographed on silica gel to give threc products 8 
(85 mg. 18%), 9 (153 mg. 25%,) ,  and 11 (51 mg. I I  "XI). 
8:  'H NMR (CS,,'CDCI,, 300 MHz):  6 = 2.86 (s. 21H). 3 86 (d. J = 12.5 H/. 
2H),3.9L (~.2H),4.48(d, . l=22.5 Hz32H).7.20-7.7I (in, 10H) :  " C N M R  
(CS,,CDCI,, 100 MHz): S = 41.06, 42.00. 45.88. 61.98. 71.74. 77.63. 136.90. 
126.96, 128.43.128.48, 130.15. 131.02, 135.71. 136.11. 138.47. 139.41. 139.43. 
141.00. 141.8X. 141.99. 142.17. 142.48. 142.59, 142.89. 143.02. 143.17. 143.55. 
143.91, 143.95. 144.17, 144.31, 144.33, 144.44. 145.07. 145.32. 145.38, 145.49. 
145.51, 145.73, 145.90, 146.21. 146.93. 147.78. 148.52: UV Vis (CHCI,3): i,,, 
( cx  Lmol- 'c in- ' )  = 689(0.3).652(0.3),625(0.5).470(2.4).425(1.1), 
325 (36.9). 259 (111.8) nm; IR (KBI):  F = 2366.2344. 2656. IS1 1. L494. 1450. 
1457. 1439,1426. 1408. 1400, 1363,1344, 1315. 1305. 1260, 1248. 1214. 1180. 
1156, 1115. 1084. 1071. 1062, 1030. 760. 744, 720. 701. 648cm I: FABMS: 
970.8. 
9: 'H  NMR (CS2:CDC1,, 300 MHz): 6 = 2.7X (5. 4H) .  3.64 ( 5 .  4 H ) .  3.81 (d.  
J = 15.0 HI, 4H). 4.62 (d, J = 15.0 HL, 4H) .  6.96-7.50 (m. 16 H). 7.84 7.89 
(m, 4H):  I3C NMR (CS,,CDCI,. 100 MH7): 6 = 40.88. 41.56, 42.67. 53.37. 
79.45, 99.82. 126.86, 126.91. 128.24. 128.47. 130.65. 131.86, 133.08, 114.97, 
135.42, 136.34. 136.52, 137.81, 141.12. 141.23. 141.31, 142.36, 142.83. 142.89. 
143.10, 143.27. 143.49, 143.78, 144.01, 144.32. 144.50, 144.52. 144.60. 144.70. 
144.76. 144.89. 146.04, 146.35, 146.47.146.54, 147.36. 147.40. 148.03, I4X.X7; 
UV:Vis (CHCI,): ;.,,,;,, ( i : x  10 ' L m o 1 ~ ' c n i  I) = 609 (0.2).  658 (0 .3) .  637 
(0.4). 607. 445. 422 (4.9), 331, 257 (147.9) n m :  I f <  (KHr). i, = 1493. 1467. 
1438, 1427, 1378, 1355. 1331. 1305. 1275. 1191, 1167. 1154. 1112. 1072. 1032. 
1011, 990. 961. 919, 856, 819, 762, 753, 729, 701 cm 
11: 'H NMR (CS,/CDCI,. 300 MHL): ii = 3.17(s. 2 H ) ,  3 ,47(s ,2H).4 I X ( d ,  
J =  22.6H7,2H),4.33(d,J=22.6Hz.2H),7.11-7.42(ni .  10H):"CNMR 
(CS,XDCI,. 100 MHz): d = 42.51, 44.97. 45.19. 56 25 ,  126.74. 136.77. 
128.35. 128.42, 131.18. 131.62. 135.71, 136.46. 136.52. 136.75, 138.59. 139.00. 
139.37. 139.67. 139.85. 140.70. 140.92, 141.18. 141.24, 141.31. 141 88. 142.96, 
142.98, 143.61. 143.68, 143.73, 144.11, 144.49, 144.77, 145.07. 14S.OX. 145.37. 
145.76, 145.80. 146.17, 146.64. 147.05, 147.82.; UV:Vis (CHC'I,): i .,,,,, 
( i :x  10.  Lmol- 'cni- ' )  = 524 (1.3), 427. 329 (27.4). 258 (107.8) n m :  IR 
(KBr): F = 2096. 1947, 1655. 163X. 1600, 1511. 1493, 1464. 1444. 1405. 1377. 
1354.1327,1290.1251, 1220, 1206. 1187, 1155. 1133. 1120. 1072, 1030. 1003. 
917, 782. 749, 729, 701 cm ' ;  FABMS: 970.8. 

FABMS: 1026.1. 

Thermolysis of 9: A solution or 9 (10 nig. 0.01 minol) i n  chlorobeivcne 
(10 niL) was refluxcd for 24 h .  The mixturc wt s  cooled to room temperature 
and then analyzed by HPLC [Biickyclutchci- ~ ~ I U I I I I I .  toluene:hex;ine = 2 '  I .  
flow ratc = 3 n i l m i n - ' .  U V  detector wavelength = 340 nm. r ~ t c n t i ~ n  time 
(min)]: C,, (1.6). 11 (1.9). 8 (2.0). ;ind 9 (2 .5 ) ] .  
Compounds 8 and I 1  were treated in the same way. 
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