NITRATION OF AROMATIC COMPOUNDS CATALYZED BY Zr0,/S0,%"
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Catalytic activity was demonstrated for zirconium dioxide, which is a solid acid,
modified by sulfate ions in the nitration of inactive aromatic compounds.

Considerable attention has recently been given to solid acid catalysts for electrophil-
ic substitution in aromatic compounds. Metal oxides such as Zr0,, Hf0,, TiO,, Fe,0,, and SnO,
modified by sulfate ions occupy a special place among such catalysts. These oxides have
superacid properties (H, < -12) [1, 2]. In particular, the Zr0,/80,*" and Sn0,/S0,%" systems
are the strongest of the presently reported solid acids (H, < -16.04) [2,3,4]. Such catalysts
display high activity in the alkylation and acylation of benzene and its derivatives [5-7].

In the present work, we studied the possibility of using sulfate-modified zirconium
dioxide in the electrophilic nitration of aromatic compounds. There is virtually no informa-
tion on the use of solid acid catalysts for the nitration of aromatic compounds, whose reac-
tivity in electrophilic substitution reactions is less than for halobenzenes. We selected
compounds whose aromatic ring is deactivated by electron-withdrawing substituents: nitroben-
zene (I), N-methylphthalimide (II), and 9,10-anthraquinone (II1I). Mixtures of nitric acid
with sulfuric acid or oleum are ordinarily used for the nitration of these compounds [8-10].

The nitration of (I)-(III) was carried out using concentrated nitric acid in the
presence of a solid acid catalyst in CCl, solution at about 20°C. The data given in Table 1
indicate high catalytic activity of the Zr0,/S0,% system in the reactions studied. Without
the addition of the catalyst, the nitration does not proceed to a significant extent. The
observed isomer composition of the products is ordinary for a nitration reaction proceeding
through an electrophilic substitution mechanism [8-10].

The catalyst activity depends to a significant extent on the temperature of its roast-
ing prior to the reaction (see Fig. 1). Dependence curves similar to those observed in our
work on the nitration reaction were noted for other reactions catalyzed by 2r0,/S0,% such as
the acylation of benzene derivatives [6] and the isomerization of butane [3]. Apparently,
this indicates that the same types of acid sites on the solid catalyst surface are involved
in all these reactions.

The use of a solid acid Zr0,/S0,%" catalyst significantly simplifies the isolation of
the products in comparison with standard procedures since the catalyst, which is insoluble in
the reaction mixture, is readily separated at the end of the reaction by filtration. The
reuse of a treated portion of the catalyst is possible after regeneration by roasting in an
air stream.

EXPERIMENTAL

The reaction mixtures were analyzed by gas-liquid chromatography on an LKhM-80 chro-
matograph with a flame ionization detector using a column packed with 15% SKTFT-50Kh on
Chromaton N-AW-DMCS and helium as the gas carrier. The high-efficiency liquid chromatography
was carried out on a Milichrom chromatograph using a silica gel adsorbent and 1:1 methylene
chloride-hexane as the eluent.

The Zr0,/S0,>” catalyst was prepared according to the procedure of Hino and Arata (31
from ZrOCl, or ZrO(NOa)z,* roasted immediately before use for 3 h in an air stream. The
roasting temperatures of the catalysts are given in Table 1 and Fig. 1.

*The efficiency of the catalyst depends only slightly on which precursor salt was used.
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TABLE 1. Nitration of Aromatic Compounds by Nitriec Acid
in the Presence of Zr0,/50,2" (the catalyst roasting tem-
perature was 500°C)

HNO,/sub- Composition of the reaction mixture
Substrate strate . [ Time, h
mole ratio compound content, %
Nitrobenzene 1,5 5 Nitrobenzene 44
m~Dinitrobenzene 55
o- and p-Dinitrobenzene 0.7
N-Methylphthalimide 5.0 17 N-Methylphthalimide 69

N-Methyl-4-nitrophthalimide 31
N-Methyl-3-nitrophthalimide| <0,1

9,10-Anthraquinone 15 0.5 9,10-Anthraquinone 86
' ’ 1-Nitro-9,10-anthraquinone 31
2-Nitro-9,10-anthraquinone 3

Other compounds ~0,3

Conversion, %
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Fig. 1. Dependence of the conversion of 9,10-
anthraquinone on the roasting temperature of
the 2r0,/S0,%" catalyst. The HNO,/substrate
mole ratio was 5.0. The catalyst/HNO, weight
ratio was 13. The reaction time was 30 min
(1) and 60 min (2).

General Nitration Procedure. A sample of concentrated nitric acid (d = 1.51) was added
dropwise with strong stirring to a suspension of freshly roasted catalyst in CCl, (the
catalyst/HNO, weight ratio was 13). After 5 min, the substrate was added and stirring was
continued at ~20°C for a given time (the reagent ratio and reaction times are given in Table
1). The catalyst was filtered off and washed with chloroform. The reaction mixtures in
chloroform solution were analyzed by gas—liquid chromatography in the case of nitration of
(1) and (II) and by high-efficiency liquid chromatography in the case of the nitration of
(I11). '
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SELENIUM-CONTAINING ESTERS OF PENTAVALENT PHOSPHORUS ACIDS

E. G. Rys, V. P. Balema, N. N. Godovikov, UDC 542.91:547.1'127'118+546.23
and M. I. Kabachnik

New carboranyl selenophosphates and selenophosphonates have been prepared. A
series of S-f-carboranylselencethyl esters of pentavalent phosphorus acids has
been prepared. These compounds hold interest as potentially physiologically
active compounds.

In previous work [1], we prepared the first representatives of carboranyl esters of
0,0-dialkylselenophosphoric acid formed upon heating trialkyl phosphites and di(o-carboran-9-

yl)diselenide in toluene at reflux .

7 H (o CH HC—-CH ©

] - (RO)P —
2

/ NS
BrHlSe 15t 8eP(OR),

R = Me, EL.

In the present work, we have synthesized other selenium-containing carboranyl esters of
pentavalent phosphorus acids holding interest as potentially physiologically active compounds.

In order to prepare carboranyl selenophosphates and selenophosphonates by the reaction
of o-carboran-9-ylselenol with dialkyl chlorophosphites in the presence of triethylamine, we
obtained 0,0-dialkyl Se-(o-carboran-9-yl)selenophosphites (§3!P 203-205 ppm), which were con-
verted without isolation into pentavalent phosphorus derivatives.

Esters of carborane-containing selenothio- and diselenophosphoric acids are readily
formed by the addition of sulfur and selenium to the corresponding selenophosphites. On the
other hand, oxidation by atmospheric oxygen leads to decomposition of carboranylselenophos-
phites. Furfural was used as a mild oxidizing agent to obtain 0,0-diethyl Se-(o-carboran-9-
yl)selenophosphate [2].

HC——CH x HC—CH X
N/ — N/ '
1,1, 8eP(OR); E1HoSeP(OR).
(la—b)
X =8, R=Et(la), Bu(lb); X =8¢, R =it(le), Bu(Id); X =0, R = Et(Ie).

Attempts to perform the Arbuzov reaction with 0,0-dialkyl Se-(o-carboran-9-yl)seleno-
phosphites by heating with alkyl iodides at reflux were unsuccessful. The reaction featured
decomposition of the starting selenophosphites with the formation of di(o-carboran-9-yl)dise-
lenide and an unidentified mixture of phosphorus-containing products. This behavior is ap-
parently related to the low thermal stability of the starting selenophosphites. The use of a
stronger alkylating agent, namely, dimethyl sulfate, which permitted us to carry out the
reaction at ~20°C, led to the formation of O-ethyl Se-(o-carboran-9-yl)methylselenophos-
phonate (IIa). We also obtained (Ila) and selenothiophosphonate in the reaction of (o-car-
boran-9-yl)selenol [3] with O-ethyl methylchlorophosphonate and chlorothiophosphonate in the
presence of triethylamine in ether.

HC——CH Me.s0, HC—CH 0
~ .

N/ N ‘
EHySeP(OEL), BupH,SeP(OEt)Me
(I1a)
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