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Addition of diphenylphosphinoyl azide to [60]fullerene 
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The reaction of [60]fullerene with diphenylphosphinoyl azide in toluene or in o-dichloro- 
benzene in the presence of traces of water affords 2-[N-(diphenylphosphoryl)amino]- 
1-hydroxy[60]fullerene. This reaction in THF gives a mixture of (N-diphenylphos- 
phoryl)[60]fullereno[1,2-blaziridine and a product of partial hydrolysis of the bisadduct of 
phosphorylated azide and fullerene. 

Key words: [60]fullerene, phosphorylated azide, cycloaddition, aminohydroxyfulterene, 
phosphorylated aziridinofutlerene, synthesis, structure, hydrolysis. 

Recently, reactions of  cycloaddition of dipolarophilic 
reagents with fullerene and studies of  the thermal and 
hydrolytic stabilities of the resulting adducts have re- 
ceived much a t t en t ion )  - 3  This is associated with the 
nece~i ty  of  solving an important problem of  the chem- 
istry of  fullerenes, namely, the introduction of func- 
tional groups into molecules of  these compounds, which 
are then accessible for further modifications. 

Previously,  we have demonstra ted 4 that di( iso-  
p ropoxy)phosphory l fo rmoni t r i l e  oxide reacted with 
fullerene (C60) according to the scheme of  [3+2] cy- 
cloaddit ion to form phosphorus-containing isoxazoline 
mono-  and diadducts.  Subsequent HPLC studies of the 
hydrolytic and thermal stability of  the monoadduct 
demonstrated that the phosphorus-containing isoxazoline 
ring is highly stable upon heating as well as with 
respect to the action of  proton-donor  reagents (H20 or 
ROH), which prevented one from using these reactions 
for introducing functional groups into the fullerene 
molecule. 

In this connection, we undertook the investigation of  
the reactions of  C60 with phosphorylated azides. It is 
known 5,6 that the reactions of organic azides with 
fullerenes afford either triazolino- and aziridinofullerenes 
or azafulleroids. Data on the hydrolytic stability of  
aziridine heterocycles in fullerene derivatives are lacking 
i n t h e  li~erature.As for thethermalstabi l i ty;  i t  isknown 7~ 
that prolonged heating of  aziridinofullerenes, which are 
formed in the reactions of  fullerene with azidoformates, 
in toluene or dichloroethane leads either to isomerization 
to the corresponding fullerene derivatives with the inser- 
tion of  the oxygen atom into the six-membered ring or to 
elimination of  the radical at the nitrogen atom to form 
aziridinofullerene with the N - - H  bond. 

Cycloaddi t ion of phosphorylated azides to fullerene 
is poor ly  understood. Only one patent  was published, 9 
in which it was demonstrated that UV irradiation of  a 
series of  phosphorylated azides in a mixture with fullerene 
afforded compounds of  the general  formula C20+2n~=N R 
(R = P(O)R2", P(S)R2", or PR2 ' ;  m = 2--100). Data 
on the structures of the latter were not reported and the 
structures of  the reaction products  of  fullerene with 
phosphorylated azides are still open questions. 

O f  the  known phosphory la t ed  azides, we used 
diphenylphosphinoyl  azides (1) as the most thermally 
stable compounds.  The react ion of  azide 1 with C60 was 
studied in toluene, o-dichlorobenzene (DCB), and THF.  
Toluene and DCB are most often used for performing 
react ions of  fullerenes with dipolarophiles,  and T H F  is 
widely used in reactions of  phosphorylated azides with 
unsaturated compounds, It was o f  interest to study the 
effect of  the nature of  the solvent on the rate and 
direct ion of  the addition of  azide 1 to C60. 

According to the data o f  HPLC,  heating (at the 
boil ing temperatures of  the 
and azide 1 in anhydrous 
afforded several products, 
react ion mixtures at low 
peak on the chromatogram 

solvents) of  solutions of  C60 
toluene or DCB for 20 h 

which were present in the 
concentrat ions.  The major  
corresponded to the starting 

fullerene. It was impossible to separate fuilerene and the 
reaction-products by column chromatography-because 
of the low concentrations of the latter. When this 
reaction was performed in toluene or DCB containing 
trace amounts of water under analogous conditions, we 
succccdcd in isolating two products (Scheme I). Ac- 
cording to the data of IR and IH and 3tp NMR spec- 
troscopy, one of these products, which is readily soluble 
in organic solvents, is diphenylphosphinic acid (2). 
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The second product is a powdered black compound 
insoluble in usual organic solvents. Because of  this, its 
structure was established only by IR spectroscopy and 
mass spectrometry, and its composition was determined 
by elemental  analysis. The IR spectrum has absorption 
bands o f  phenyl groups, the P=O bond, the fullerene 
fragment,  and the P - - N - - C  bond and a broad absorp- 
tion band at 3440 cm - I ,  which corresponds to NH 
and OH stretching vibrations. In the IR spectrum of  
this compound,  the absorption band at 2146 cm - I  char-  
acteristic of  the initial azide is absent. Based on the IR 
spectrum and the data of  elemental analysis, the struc- 
ture o f  2- [N-(d iphenylphosphory l )amino]- l -hydroxy-  
[60]fullerene (3) was assigned to the reaction product.  
In the mass spectrum of  compound 3, which was 
obtained by the electron impact method, the molecular  
ion peak of  3 was not detected. However, the spectrum 
has molecular  ion peaks of fullerene, diphenylphosphinic 
acid, and the amide of  diphenytphosphinic acid, which 
can be formed only as a result of thermal decomposi-  
tion o f  product  3 in a tube containing the sample at 
250 ~ 

Scheme 1 
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Reagents and conditions: i. DCB or PhMe, (H20), ,x; 
ii. THF, (H20). 

The reaction of C60 with azide 1 in T H F  proceeded 
at -20  ~ and the resulting product precipitated within 
several minutes after the reagents had been mixed. As a 
result, a pale-brown compound,  which is insoluble in 
most organic solvents, was isolated. Hence, it was iden- 

tiffed only by mass spectrometry (electron impact). 
According to the data obtained,  the precipitate that 
formed was a mixture of  two adducts. The mass spec- 
trum of the precipitate has a molecular  ion peak [M] + at 
m/z 935, which corresponds to phosphorylated azirido- 
fullerene 4, and a peak at m/z 1168, which belongs to 
bisadduct 5 containing the azi r id ine ,  N-(diphenyl-  
phosphoryl)amino, and hydroxyl fragments. 

The conclusion that the structure of bisadduct 5 has 
exchangeable protons was confirmed by the deuterium 
exchange between compound 5 and D20 (MeOD) es tab-  
lished by mass spectrometry. However, the exchange of  
only one proton for deuterium was experimentally ob- 
served. Thus, in the mass spectrum of a mixture of  
compounds 4 and 5 obtained after treatment with deute- 
rium-containing solvents, the intensity of  the peak at m/z 
1169 is higher than that of  this peak in the mass spectrum 
of  a mixture of compounds 4 and 5 before treatment. The 
intensity of the peak at m/z 1170 remains virtually un-  
changed. In our opinion, this situation is attributable to a 
low degree of exchange (-10%) due to the low solubility 
of  compound 5 in water and alcohol. 

Previously, compounds 3 and 5 have not been pre- 
pared by the reactions o f  fullerene with organic azides. 
Apparently, the formation of  these compounds is asso- 
ciated with the presence of  trace amounts of water in 
the solvents, which is evidenced by the release of  acid 2, 
which can be formed only as a result of  partial hydroly- 
sis of the initial azide. In addition, there are good 
grounds to believe that the reaction ofazide with fullerene 
can take several pathways, depending on the reaction 
conditions (the solvent, the temperature,  and the pres- 
ence of proton-donor reagents), to give structurally 
different fullerene derivatives. 

Two mechanisms of  the reactions of azides with 
fullerene were discussed in the literature. In the case of  
alkyt- and arylazides, it was established that the reac- 
tions with fullerene occurred as dipolarophilic [3+2] 
cycloaddition to form triazolinofullerenes. Under the 
reaction conditions, the latter decomposed with el imi-  
nation of  nitrogen to give azafulleroids. 6 In the case o f  
azidoformates, aziridinofullerenes were isolated as the 
major products. Their formation was attributed to the 
fact that under the reaction conditions,  azide decom-  
posed to nitrene, which added to fullerene. 7 

Based on the published data and taking into account 
the low yield of product 3 and the duration of  the 
reaction of  C60 with azide 1 in a solution of  toluene or  
DCB, we suggest that this reaction proceeds as dipolar  
[3+2] cycloaddition to form the triazoline derivative of  
fullerene 6 in the first stage. The decomposit ion of  the 
latter can occur according either to the synchronous or  
two-step mechanism t~ (Scheme 2). 

When the reaction was performed in anhydrous sol- 
vents, aziridinofullerene 4, whose formation is indepen- 
dent of the mechanism of  decomposit ion of  t r iazolino- 
fullerene 6, should be obtained as the final product. It is 
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Reagents and eonflitions: i. PhMe, DCB, or THF; ii. in the absence of H20. 

not inconceivable that it was product 4 that we detected 
by HPLC and its low yield is associated with the low 
reaction rate. Besides, according to the HPLC data, 
cycloaddition of azide I to fullerene under these condi- 
tion was, most likely, not terminated in the stage of 
formation of product 4. The chromatograms of the 
reaction mixtures have peaks of several compounds, 
which we failed to identify, along with the peak of the 
starting fullerene. 

The structures of the products of the reaction of C60 
with azide 1 in toluene or DCB containing trace amounts 
of water depend on the direction of decomposition of 
triazolinofullerene 6. When decomposition of compound 
6 proceeds according to the synchronous mechanism 
(pathway a), aziridinofullerene 4, which is initially 
formed, can by hydrolyzed to form the final product 3. 
When decomposition of triazolinofullerene 6 proceeds 
according to the two-step mechanism (pathway b), com- 

pound 3 is-formed as a result of addition of water to 
intermediate bipolar ion 7. In this case, compound 3 
immediately precipitates due to its poor solubility and 
does not react with azide 1. Based on the data on 
hydrolysis of phosphorus-containing isoxazoline deriva- 
tives of fuilerene and taking into account the absence of 
products of the opening of the aziridine heterocycles in 
fullerene derivatives containing organic radicals at the 
nitrogen atoms, we believe that hydrolysis of aziridino- 
fullerene 4 accompanied by heterocycle opening (path- 
way a) is highly improbable. 

As for the reaction of fullerene with diphenyl- 
azidophosphinate in THF, it can be suggested that 
product 4 is formed as a result of synchronous elimina- 
tion of nitrogen from triazolinofullerene 6, which is 
formed in the first stage, and the formation of the new 
C--N bond, which is favored by milder reaction condi- 
tions (see Scheme 2, pathway e). However, taking into 
account that the reaction is rapid, we are inclined to 
believe that the addition of azide 1 to fullerene in THF 
proceeds through the formation of nitrene, which is a 
product of decomposition of azide (Scheme 3). 

It has long been known that azide 1 can decompose 
to nitrene. 12 In the case under consideration, fullerene, 
which generates a reactive species due to its sensitizing 
ability, as well as THF can promote decomposition. 
Under the reaction conditions, monoadduct 4 adds one 
more molecule of azide 1 to form a bisadduct contain- 
ing two aziridine heterocycles, one of which is hydro- 
lyzed under  the action of traces o f  moisture to form 
product 5. The formation of the bisadduct and com- 
pound 5 agrees with the data on the hydrolytic stability 
of monoheterocycles in fullerene. 3 It is not inconceiv- 
able that the ease of hydrolysis of one of the aziridine 
heterocycles in the bisadduct is associated with the 
higher reactivity of the latter compared to the mono- 
adduct. 

To summarize, the study of the reaction of azide 1 
with C60 demonstrated that, unlike the reactions of the 
latter with o~anic azides, the nature of the solvent and 
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the presence o f  p r o t o n - d o n o r  reagents in the react ion 
mixture  substantially affect the reaction pathway.  Phos-  
phorylated 1 ,2-aminohydroxy derivatives o f  fu l lerene,  
which  have not been observed previously in the reac-  
t ions o f  C60 with organic azides, were prepared for the 
first t ime. 

Experimental  

The IR spectra were obtained on a Bruker IFS-113V Fou- 
rier spectrometer in KBr pellets. The 31p NMR spectra were 
recorded on a Braker CXP-100 instrument (36.47 MHz) rela- 
tive to 85% H3PO 4 (external standard). The IH NMR spectra 
were measured on a Bruker Wlvl-250 instrument (250.13 MHz) 
(IVle~Si as the internal standard). HPLC analysis was carried out 
on a Laboratorni pristroje Praha chromatograph (Czechoslova- 
kia) (7-1~m Separon SGX Ci8 column, a mixture of PhMe 
(60%) and PriOH (40%) as the eluent, 0.3 mL rain - t ,  a UV-VIS 
Detector LCD 2563 detector, X 365 nm). The mass spectra 
(electron impact) were obtained on an MKh-1310 instrument at 
the resolution R -~ 15000 (the energy of electrons was 60 eV) 
with direct introduction of the sample into the ion source; the 
temperature of the sample was varied from 50 to 460 ~ the 
precise masses in the range of 50--1000 were determined by the 
secondary processing of the mass spectra; the precise values of 
the ion masses with m/z > 1000 were obtained by the method of 
superimposition of the ion peaks of the compound under study 
and of the reference compound (perfluorokerosene and 
Ultramark). Dry toluene was prepared by prolonged heating 
over sodium followed by repeated distillation over LiAIH4. Dry 
DCB was prepared by repeated distillation over P~.O5. With the 
aim of retaining traces of moisture, toluene was distilled over 
sodium withqut.previous prqlonged hea!!ng and DCB was Sub - 
jected to simple distillation with separation of water as an 
azeotrope; THF was previously refluxed over an alkali and then 
repeatedly distilled over LiAIH4. All reactions were pertbrmed 
under an argon atmosphere and the solvents were degassed. 

2-[N-(Diphenylphosphoryl)amino]-l-hydroxy[60lfullerene 
(3). Solutions of C60 (I 10 mg, 0.15 mmol) and azide 1 (I 12 rag. 
0.41 retool) in toluene or DCB (50 mL) containing traces of 
moisture were heated at the boiling temperatures of the solvents 
for 16 h. The black precipitate that formed was filtered off, 
washed with toluene and MeOH, and dried in vaeuo (0.2 Torr) 

at 60--70 ~ Compound 3 was obtained in a yield of 15 mg 
(10%). Found (%): P, 3.75. C72Ht2NO2P. Calculated (%): 
P, 3.25. IR (KBr), v/era-I:  727, 751, 1437, 1573, 1593 (Ph); 
1135 (P=O); 528 (fullerene fragment); 1063 (P--N--C);  3440 
(NH, OH). MS: found: m/:. 217.0704 [M]+; Ct2Ht2NOP; 
calculated: M = 217.0656; found: m/z 218.0491 [M]+; 
CI2HtIO2P: calculated: M = 218.0497; found: m/z 719.9956 
[M]+; C60; calculated: M = 720.0000. 

After separation of compound 3, the filtrate was concen- 
trated in vacuo, the residue was reerystallized from CHCI3, and 
diphenylphosphinic acid (2) was obtained in a yield of 85 mg 
(85%), m.p. 194 ~ (cf. Ref. 13:194 ~ Found (%): C, 65.99; 
H, 5.02; P, 14.11. C~2HtIO2P. Calculated (%): C, 66.05; 
H, 5.04; P, 14.22. IR (KBr). v/era-t:  527, 554, 694, 729, 1439, 
3055, 3075 (Ph); 1131 (P=--O); 960, 1673, 2151, 2629, 3427 
(OH). 31p NMR (CHCI3), ~: 31.7. tH NMR (CDCI3), & 
7.31--7.48 (m, 6 H, C6H5); 7.68--7.76 (m, 4 H, C6H5); 8.87 
(s, 1 H, OH). 

Reaction of [60]fullerene with azifle 1 in THF. Azide 1 
(38 rag) was added to a solution of C60 (38 rag) in THF 
(150 mL) at -20 ~ The reaction solution was stirred for 
I--2 rain, after which precipitation started. The mixture was 
stirred for 8 h at -20 ~ The precipitate was filtered off, 
washed with toluene and MeOH, and dried in vacuo (0.2 Ton') 
at 60--70 ~ A mixture of compounds 4 and 5 was obtained in 
a yield of 27 mg as a pale-brown powder. MS: found: m/z 
935.0504 [M] ~; C72H t0NOP; calculated: M = 935.0500; found 
m/z 1168.1106 [MI~-; Cs4H22N~O3P2; calculated: M = 
1168.1105. After separation of the precipitate, the signal of the 
starting fullerene was detected in the filtrate by HPLC (the 
retention time was 5.6 rain). 

This work was per formed within the f ramework  of  
the Russian Scientif ic  and Technica l  Program "Current  
Trends in. Phys i c s  o f  CoJadenze_d_ Matter,"  the Di rec t ion  
"FuUerenes and Atomic  Clusters" (Project No.  96156). 
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