
diameters dagg= dsph and d0= (6V0/p)
1/3. The results of the

calculations are presented in Table 1.
It can clearly be seen from Table 1 that in DMSO

compounds 1 and 2 form aggregates even at low concentra-
tions. In the case of 1, the measurements were carried out over
a very narrow concentration range but even within this range,
as the concentration decreased from 0.09 to 0.07 g dm73, the
degree of aggregation decreased by a factor of approximately
three. The degree of aggregation for compound 1 is not very
high and varies from several molecules to several tens of
molecules. However, it may be suggested that the degree of
aggregation would rapidly increase with an increase in the
concentration of the solution. This is supported by electron
microscopy data, which imply that the compound 1 forms
large aggregates6 in pyridine or in DMSO at higher
concentrations. As regards compound 2, the results of
measurements of the diffusion coefficients indicate that this
compound exists as large particles consisting of several
hundreds of molecules even in highly dilute solutions. A
twofold increase in the concentration of the solution results in
a six-fold increase in the degree of aggregation. In this case,
the presence of large aggregates was also confirmed by
electron microscopy, which showed that large conglomerates
occur in solutions of the compound 2 in pyridine or DMSO.6

Our studies permit the following conclusions to be drawn:
(1) amino acid derivatives of fullerene form molecular

aggregates in organic solvents;
(2) the degree of aggregation depends appreciably on the

concentration of the solution and on the nature of the amino
acid fragment.

The authors are grateful to the Russian Foundation for
Basic Research (grant no. 93-03-04101), the Russian
Foundation for Intellectual Cooperation `Fullerenes and
Atomic Clusters' and the International Science and
Engineering Centre (program no. 079) for financial support.
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Table 1 Molecular characteristics and sizes of the aggregates of molecules of water-insoluble fullerene derivatives of amino acids measured in
dimethyl sulfoxide (Z0=20.1�1071 Poise).

C D/1077 f/1078 M/Da n Vagg/A
3 V0/A

3 dagg/A d0/A
/g dm73 cm2 s71 g s71

N-(Monohydrofullerenyl)-p-aminobenzoic acid (M0=857; V=0.382 cm3 g71)

0.090 8.0 5.14 16570 19.3 10536 546 27.2 10.10
0.080 8.9 4.62 11960 14.0 7606 545 24.4 10.13
0.070 11.3 3.64 5830 6.8 3706 545 19.2 10.14

N-(Monohydrofullerenyl)-o-aminocaproic acid (M0=851; V=0.500 cm3 g71)

0.150 1.5 28.44 2135000 2508.8 1772000 706.3 150.1 11.05
0.125 2.3 17.72 516000 606.0 428540 707.2 93.5 11.05
0.075 2.6 16.05 383000 450.0 318440 707.6 84.8 11.05

Synthesis of multinuclear asymmetrical diamines based on 4-(nitrophenoxy)phthalic
acids

Mikhail V. Dorogov,*a Galina I. Nosova,b Georgii N. Koshela and Nikolai A. Budanova

aYaroslavl State Technical University, 150023 Yaroslavl, Russian Federation. Fax: +7 085 244 1510
b Institute of Macromolecular Compounds, Russian Academy of Sciences, 199004 St. Petersburg, Russian Federation.
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Four newFour new NN-(aminophenyl)-4-(aminophenoxy)phthalimides, which can be used as monomers for the preparation of polyimides,-(aminophenyl)-4-(aminophenoxy)phthalimides, which can be used as monomers for the preparation of polyimides,
have been synthesised from 4-(have been synthesised from 4-(pp- and- and mm-nitrophenoxy)phthalic acids.-nitrophenoxy)phthalic acids.

The syntheses of 4-(p- and m-aminophenoxy)phthalic acids
(APPA) as well as the syntheses and properties of polyimides
based on them have been reported.1±6 The last stage in the
preparation of APPA is the catalytic reduction of the
corresponding nitrophthalic acids with hydrogen.

In the present study the intermediates 4-(p-nitrophenox-
y)phthalic acid 1a and 4-(m-nitrophenoxy)phthalic acid 1b

were used to prepare a series of N-(aminophenyl)-4-
(aminophenoxy)phthalimides 4a±d (Scheme 1).y

4-(p- and m-Nitrophenoxy)phthalic anhydrides 2a,b were
prepared by dehydrating 1a,b.z Treatment of 2a,b with p- and
m-nitroanilines affords 3a±d with the terminal nitro groups in
different positions.} The last stage in the preparation of 4a±d
involves the liquid-phase catalytic reduction of 3a±d with
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hydrogen.} The IR spectra of 4a±d exhibit the following
absorption bands (Vaseline oil, cm71): 3380±3350 and 3250±

3200 (nNH), 1780±1770 and 1705±1700 (nC=O), and 1250±240
(nC±O). The Rf values found for the TLC of compounds 4a±d
with the same eluent as has been used for 3a±d are 0.20±0.25.yy
More detailed data for compounds 4a±d are presented in
Tables 1 and 2. Polyimides are usually synthesised from
symmetrical diamines.12±14 A distinctive feature of compounds
4a±d is that they do not possess any intrinsic symmetry.

Table 1 Melting points and yields for 4a±d.

Compound Mp/8C Solvent for recrystallisation Yield (%)

N-(p-aminophenyl)-4-(p-aminophenoxy)phthalimide 4a 240±242 dioxane±hexane (4 : 1) 89
N-(m-aminophenyl)-4-(m-aminophenoxy)phthalimide 4b 185±186 benzene±hexane (5 : 1) 88
N-(p-aminophenyl)-4-(m-aminophenoxy)phthalimide 4c 188±190 benzene±hexane (5 : 1) 92
N-(m-aminophenyl)-4-(p-aminophenoxy)phthalimide 4d 205±207 dioxane±hexane (3 : 1) 84
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Table 2 Interpretation of the 1H NMR spectra of compounds 4a±d.a

R1 R2 1H NMR d/ppm ([2H6]DMSO)

x x 7.96 m-1H, 7.29dd o-1H, 7.14d o0-1H, 6.97d o-2H(R2), 6.88 o-2H(R1), 6.65d m-2H(R2), 6.61d m-2H(R1),
5.32 NH2(R

2), 5.17 NH2(R
1).

x y 7.88d m-1H, 7.31dd o-1H, 7.16d o0-1H, 7.11t m-1H(R2), 6.88d o-2H(R1), 6.66d m-2H(R1), 6.61d o-1H(R2),
6.53 o0-1H(R2), 6.53d o-1H(R2), 6.48d p-1H(R2), 5.27 NH2(R

2), 5.19 NH2(R
1).

y x 7.89d m-1H, 7.37dd o-1H, 7.26d o0-1H, 7.11t m-1H(R1), 6.98d o-2H(R2), 6.62d m-2H(R2), 6.47d p-1H(R1),
6.37d o0-1H(R1), 6.26d o-1H(R1), 5.37 NH2(R

1), 5.33 NH2(R
2).

y y 7.92d m- 1H, 7.38dd o-1H, 7.28d o0-1H, 7.11t m-1H(R1), 7.11t m-1H(R2), 6.60d o-1H(R2), 6.54d o-1H(R2),
6.49d p-1H(R1), 6.49d p-1H(R2), 6.32d o0-1H(R1), 6.27d o-1H(R2), 5.37 NH2(R

1), 5.29 NH2(R
2).

y Compounds 1a,b were prepared by condensation of 3,4-xylenol
with p-nitrochlorobenzene or with m-dinitrobenzene in an aprotic
dipolar amide solvent in the presence of K2CO3 followed by oxida-
tion of 4-(m- and p-nitrophenoxy)-o-xylenes with nitric acid under an
elevated pressure or with oxygen in acetic acid in the presence of a
mixed cobalt-bromide catalyst by known procedures.4±7 Mp for 1a
167±169 8C (from 15% acetic acid); for 1b 159±160 8C (from water).
z General procedure for the synthesis of 2a,b. Compounds 1a,b were
heated under reflux in a 10-molar excess of acetic anhydride for 2 h
after which the acetic anhydride was completely evaporated under
reduced pressure. 4-(p-Nitrophenoxy)phthalic anhydride 2a, mp 129±
131 8C (from acetic anhydride), yield 92%; 4-(m-nitro-
phenoxy)phthalic anhydride 2b, mp 116±118 8C (from acetone), yield
93%. The compounds 2a,b have satisfactory elemental analyses and
expected IR spectra.
} General procedure for the synthesis of 3a±d. Compound 2a or 2b was
boiled for 2 h with p- or m-nitroaniline in acetic acid (1 : 1,
0.4 mol dm73). The reaction mixture was cooled, the precipitate was
filtered off, washed with acetic acid until the filtrate was colourless,
and dried. N-(p-Nitrophenyl)-4-(p-nitrophenoxyphthalimide) 3a, mp
273±274 8C, Yield 90%; N-(m-nitrophenyl)-4-(m-nitro-
phenoxy)phthalimide 3b, mp 192±194 8C, yield 84%; N-(p-nitro-
phenyl)-4-(m-nitrophenoxy)phthalimide 3c, mp 195±197 8C, yield
84%; N-(m-nitrophenyl)-4-(p-nitrophenoxy)phthalimide 3d, mp 232±
233 8C, yield 88%. Compounds 3a±d have satisfactory elemental
analyses. IR for 3a (Vaseline oil, cm71): 1520, 1345 (nNO2

), 1780,
1705 (nC=O), 1254 (nC±O). TLC of compounds 3a±d (petroleum ether
: acetone : benzene : acetic acid=10 : 10 : 5 : 1 as eluent): Rf=0.70.

} General procedure for the synthesis of 4a±d. Liquid-phase catalytic
reduction of 3a±d was carried out with hydrogen in DMF or dioxane
with stirring at 100 8C and a hydrogen pressure of 2.0 MPa. The
initial concentration of 3a±d was 0.5 mol dm73 and 40 g 5% Pd/C
per mole of 3a±d was used as the catalyst. The process was carried
out for 0.5±1.0 h until hydrogen was no longer absorbed. The 5%
Pd/C catalyst was prepared according to a known procedure.8

Previously we noted that the addition of water to an organic solvent
for the liquid-phase catalytic reduction of a wide range of organic
nitro-derivatives leads to an increase in the reaction rate and in the
yield and purity of the resulting amino-derivatives.9±11 Therefore, the
syntheses of 4a,c,d were carried out in DMF to which 2.0 mol dm73

of water was added. When the reaction was complete, the catalyst
was filtered off, the solution was mixed with a threefold excess of
water, and the precipitate filtered off and dried. This procedure is not
entirely suitable for 4b, because when the reaction solution is mixed
with water, the target diamine precipitates as an oil. Hence, 4b is
preferably obtained in dioxane. In this case, after separation of the
catalyst, dioxane is evaporated under reduced pressure without heat-
ing, and 4b is isolated as a solid precipitate and recrystallised from
solvent mixtures listed in Table 1.
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Among other reasons, this is due to the nonequivalent
positions of the amino groups in the terminal phenyl
fragments.

Previously it has been shown in relation to APPA that the
loss of the intrinsic symmetry leads to an increase in the
solubility of polyimides, i.e. facilitates their processing, their
thermal and mechanical properties being maintained at the
same level.1±3 It may be expected that the combination of
amino groups, benzene rings, an oxygen bridge and an imide
ring occurring in 4a±d would lead to new and interesting
properties of polyimides based on them.

This study was supported by the Russian Federation State
Committee on Higher Education (grant of 1995 for studies in
the field of fundamental natural sciences no. 95-0-9.4-39).
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Tris(nitroxymethyl)methylamine and tris(nitroxymethyl)nitrosomethane

Boris S. Fedorov,* Mikhail A. Fadeev and Leonid T. Eremenko

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 142432 Chernogolovka, Moscow Region, Russian
Federation. Fax: +7 095 515 3588

Previously unknown tris(nitroxymethyl)methylamine has been synthesised as the free base by nitration of tris(hydroxymethyl)-Previously unknown tris(nitroxymethyl)methylamine has been synthesised as the free base by nitration of tris(hydroxymethyl)-
methylamine with nitryl fluoride; by oxidation of tris(nitroxymethyl)methylamine with sodium nitrite in aqueous nitric acid,methylamine with nitryl fluoride; by oxidation of tris(nitroxymethyl)methylamine with sodium nitrite in aqueous nitric acid,
tris(nitroxymethyl)nitrosomethane, the first representative of aliphatic nitrates containing a nitroso-group, is prepared for thetris(nitroxymethyl)nitrosomethane, the first representative of aliphatic nitrates containing a nitroso-group, is prepared for the
first time.first time.

Nitrates of polyatomic alcohols are widely used in medicine for
the treatment of cardio-vascular diseases.1±3 In the search for
novel compounds exhibiting broad cardiological activity,
functionally substituted nitrates of polyatomic alcohols
containing primary amino or nitroso groups are of particular
interest. To date, no aliphatic compounds, which incorporate
both nitroxy and primary amino groups or nitroxy and nitroso
groups attached to neighbouring carbon atoms, have been
described. Here we synthesise tris(nitroxymethyl)methylamine
1 and tris(nitroxymethyl)nitrosomethane 2. Syntheses of the
nitrate of 1 that involve either nitric acid4 or its solutions in
dichloromethane5 have been reported. Attempts to isolate
compound 1 as the free amine by neutralising the nitrate were
unsuccessful. This was due to the fact that neutralisation of
this salt with alkali metal carbonates or hydroxides or with
ammonia occurs ambiguously and is accompanied by the
formation of side products thus yielding a complex mixture of
nitrogen-containing compounds. At the same time, it is the free
amine rather than its salt that is needed for synthetic purposes.
We found that the amine 1 can be obtained by bubbling nitryl
fluoride through a solution of tris(hydroxymethyl)methyl-
amine in anhydrous MeCN.

After dilution of the reaction mixture with water, 1 was
isolated by extraction with dichloromethane as a colourless
crystalline solid, mp 103±104 8C (decomp.). Found (%): C,
18.67; H, 3.04; N, 21.80. C4H8N4O9. Calc. (%): C, 18.75; H,
3.15; N, 21.80. IR, n/cm71: 867 (O±NO2), 1015 and 1060
(C±O), 1289 and 1655 (ONO2), 2930 and 3030 (CH2), 3290
(NH2).

1H NMR ([2H6]acetone): 5.1 (s, 6 H, CH2); 3.9 (s, 2 H,
NH2).

Reactions of primary aliphatic amines with FNO2 have
been reported. In these studies, however, amines were either
nitrated to give primary nitramines6 or converted into nitrates
containing the same number of carbon atoms.7 In our
procedure, the amino group remains unaffected, which allows
the synthesis of compound 1. Thus, we were first to obtain an
aliphatic compound, simultaneously incorporating a primary
amino and nitroxy groups at neighbouring carbon atoms.

Oxidation of the amine 1 with sodium nitrite in aqueous

H2NC(CH2OH)3 H2NC(CH2ONO2)3
FNO2

0 to 758C
1 (48%)
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