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st et Nitration of toluene with N2Os

. Kikuo FURUKAWA®, Fujiroku YOSHIZAWA, Yoshiski AKUTSU,
: Mitsuru ARAI and Masamitsu TAMURA e

In order to clarify the mechanism,of aromatic nitration with NzOs, the nitration of tolu- .. .

. ene with N2Os in CCls was cammied out and was investigated the yields of the products and the, . ...
isomer distributions. As a'result, the reaction should be very rapid and should involve a typical
electrophilic substitution. .Moreover, in order to investigate the effect of the solvent, the,
nitration of toluene with N2Os powder without CCls was also carried out. . The nitration-of * ., ..

. toluene with N20s/NiOa was also carried out, and the dependence of the isomer distributionand .. . -

" . the ratio of produced nitrotoluenes on the ratio of N20s was showed, . As aresult, it is suggested . .

- that N2Os should be dissociated homolytically in CCL and that the aromatic nitration with N2Os....- . .
in CCls should proceed with NOs as the initial attacking species. The thermal decompositionof ,
N:0Os over 25°C should produce a large amount of N20s (2NO2), and the attack of NO2 on the o
intermediate [Ar(H)(ONO2)] should form the intermediates [Ar(H)(ONOz)(H)(NOz)] follow- -

.. ing the specific isomer distributions. .
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1. Introduction e BT
Aromatic nitration is well-known to be of the in-
dustrial importance as unit processes for syntheses of
explosives and intermediates of dyes, medicines and
agricultural chemicals. On the other hand, the indus-
trial method for the synthesis of mtroarenes has used
nitric acid or mtm. 8.Cld catalyzed with acid. However,

this method requires acid-resistant facilities and treat- -

ment of the waste acid. Therefore, a new nitrating re-
agent is desired.

Here, N2Os was noted as 4 nitrating reagent. N2Os
is a white cxystalhne solid, very reactive toward arenes,
and the mechanism of the nitration with N2Os should
be different from that with nitric acid". It should be

possible to control the reactivity of the nitration by -

changing the reaction conditions". Therefore, it is
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hoped that further research on aromatic nitration with
N:Os should proceed and that an available method for
the synthesis will be developed. :

-+.- Ingold et al.? reported the kinetics of the aromatic
nitration with N2Os between -25°C and 25°C and
showed that the reaction should be a mixture of a
noncatalyzed reaction and an autocatalyzed reaction.

_They also reported the solvent effect on the kmetlcs

and the acceleratmg effect on the reaction rate pro-
duced by the addition of HNOs, etc. Their work con-
cluded that covalent N:z0s should react with arenes
under neutral nonionizing conditions, whlle NO,'

should be thc nitrating species under ionizing condi-
tions. On the other hand, Titov et al.? reported the
isolated products for the aromatic nitration with N.Os
in CCls between 0°C and-70°C and suggested a free-

- radical reaction mechanism by NOs. Moodie et al.®
.reported the kinetics of the’aromatic nitration with

N:0s/HNO; and showed the specific high nitration rate

. »witha high concentration of N2Os. Pitts et al.¥ reported
'1, | the reaction of polycyclic'aromatic hydrocarbons
aiai! - absorbed on'a glass fiber filter with gaseous N2Os.

However, ‘Ingold's work is the most widely accepted
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at pr&eeni, although the detailed mechanism is still not
clear,

Here, in order to clarify the mechanism of the
aromatic nitration with N2Os, the nitration of toluene
as a model arene in CCls was carried out and was in-
vestigated the yield of the products and the isomer
distribution.

2. Experiment
2.1 Materials

Toluene as an aromatic substrate and carbon tet-
rachloride as an aprotic nonpolar solvent were used.
The aromatic substrate, its nitro derivatives and the
solvent purchased from Wako Pure Chemical Indus-
tries, Ltd., and Tokyo Chemical Industry Co. , Ltd., as
the highest commercial grade chemicals were used
without further purification. N2O: was purchased from
Takachiho Kagaku Kogyo Co. ,Ltd. .

2.2 Experimental method

N:0s-was synthesized by ozonolysis of N20.9. A
certain amount of substrate and solvent was introduced
into a three-necked 50ml flask equipped with a con-
denser. The flask was purged with N: gas. The sol-
vated N2Os was added dropwise to the flask while pre-
venting a rise in the temperature of the solution. A
certain minutes later, the solution was neutralized with
NaHCO; aq. and analyzed on a gas chromatograph
(Shimadzu Co. , Ltd., GC-14B) with a flame ioniza-
tion detector (FID) and a gas chromatograph - mass

spectrometer (Shimadzu GC-17A, GCMS-QP5000),
using a capillary column (Shimadzu Co. , Ltd.,
0.25mm ¢ x25m Fused Silica, CBP1 ).

In order to obtain the rate constant for the nitra-
tion of toluene with N2Os , 0.033mol /L of toluene and
0.010mol /L of N2Os in 15ml of CCL solution were
used at 25°C. Equimolar reactions of toluene with N2Os
were also carried out using 0.5mol/L of substrate /
CCls x 10mL and ImoVL of N20s/ CCls X 5mL for
30min between -25°C and 70°C. Reactions of toluene
with N2Os/ N2Os were carried out using 0.5mol /L of
substrate / CCls X 10mL and 1mol /L of [N2Os+ N2Ox]
/ CCL x SmL for30min at 25°C and at 50°C.

~ 3. Result and discussion

3.1 Nitration of toluene with NzOs in CCl

In order to clarify the mechanism of the aromatic
nitration with N2Os ; the nitration of toluene with N2Os
in CCL was carried out, and the ratios of the amount of
reacted toluene and the yields of the produced
nitrotoluene were investigated.

In the nitration of toluene with N2Os between -25°C
and 25°C, over 70~80% of the toluene was reacted,
but at 50°C or above, less toluene was reacted. The
results indicated that o-, m- and p-nitrotoluenes were
mainly produced and a small amount of dinitrotoluenes
was also produced as by-products. .

The yield of nitrotoluenes relative to the reacted
toluene was over 87% between -25°C and 25°C. How-

Table 1 Rate constants and isomer diustributions in nitration of toluéne'\'zvith N2Os -

Nitrating reagent Zeroth-order rate constant | Second-order rate constant Isomer dxsnbutlon/mol% '
C ko / Ms" ke/Mis! | P
N:Os* . 6%10* 2%10? | 50:1;43
NO:/ O 4.6%10° 5T 2141

NO:2/N2Ot 4.5x10% 4.8~16x%10% 5213 45
HNO; 9x 10 1.0° o 61: 4: 31'

(a) [toluene] =0.033M , [N2Os] =0.010M , Solvent ; CCl , Reaction tempexature 25T -

Rate = k2 [toluene] [N20s]

(b) The reaction rate is dependent on the concentration of induced Os gas Ref 7

i [ TSI EE BN RSN

(c) [toluene] =0.7M, [N20s] =6M , Solvent ; CH:Clz , Reaction temperemre 15°C “Ref 8

Rate = k: [toluene] [NO]

(d) [toluene] =0.09M , [HNOs] =7M, Reaction tempereture ; -10C ,Ref. 9 ; p17 o !
Rate = k: [toluene] [HNOs] ’ SRR AT LY

(e) 68.3%HSO4,Ref.9; p45

ceel rreyendt to e Y
NEH A J._l.luk

k2 =~10°M's" when describing follows; rate = k2 [toluene] [NO:'] ,Ref. 9;p46.« - . 7 ¢ 15 §

(f) .54%H2SO04, Ref. 9; p177
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Fig. 1 Conversion raﬁo_ of nitrotoluene toward reacted
toluene in the nitration of toluene with N2Os

. 0.5molL x 10mL
: imollL x 5mL
: 30min.

Toluens
N20s
Reaction time
 total of nitrotoluena
‘o-nitrotolune
m-nitrotoluene
. p-nitrotoluene
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ever, at 50°C or above, a lower yield of nitrotoluenes
and more of the side-chain oxidized products were
obtained (Fig. 1). The reaction rate of the nitration of
toluene with N2Os was very rapid and much larger
than that with NO2/N:Os (Table 1). Under these reac-
tion conditions, the reaction of toluene with NO: (as
the initial attacking species) could be neglected. The
second-order rate constant for the nitration with N2Os
was also larger than that with HNOy/H2SO..

The isomer distributions were almost constant be-

tween -25°C and 25°C (Fig. 2). They were quite
similar to those with NO2/N:O: and with NO2/Os, and
similar to that with HNOs/H.SOs« (Table 1). The re-
sults indicated that the reaction involves a typical elec-
trophilic substitution. However, at 50°C or above, the
ratio of the meta-isomer increased while that of the
para-isomer decreased (Fig.2). .-~ ...
3.2 Nitration of toluene with N:Os without-solvent ' .
In order to investigate the effect of the solvent,
the nitration of toluene by diréct contact: with N:Os
powder without the solvent was catried out:’As a re-

'Kayaku'Gakkaishi, Vol. 60, No. 3, 1999
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Fig. 2 Isomer disribution of nitroderivatives in the

nitration of toluene with NzOs
Toluene : 0.5molL x 10mL
N20s : tmolL x 5mL
Reaction time _: 30min.

(o] o-nitrotolusne
< me-nitrotoluene
O  p-nitrotolusne

-N20s . ==='.NO2 + NO3 (Scheme 1)
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sult, the isomer distributions in the nitration of toluene
without the solvent were almost constant and were not
dependent on-the reaction temperature (Fig: 3). The
solvent should play aniimportant role in the reaction,
suggesting thatiN:0s 'should be' dissociated
homolytically-in CCls (Scheme.1).and that the nitra-
tion of toluené.with:N:Os in CCls’should proceed in-
volving the initial'attack ‘of NOs.on toluene, although
it is suggested that the behavior of N2Os powder should
differ:from that'of N20s.in CCls-because of its ionic
structure of [NO:* NO5']V:in'the solid stdte. However,
the further investigation of the solventeffect of N2Os
should be required: Under those reaction conditions
with a solvent;:the/possibility:is suggested that the
mecharismof aromatic fiitration With N1Os should
proceed involving:a radical cation.via'a-one-electron
transfer from thé:arene to NO; (Séheme 2)% 10,10,

«i.:: Morédvery thé ratio of m=nitrotoluené'increased
with'thie resiction-temperature in ‘the nitration of tolu-
énewith N-Os, The result is thotight o-be attributed to
the postulation that the thermal decomposition of
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N3Os'? over 25°C should lower the nitrating ability
and should produce a large amount of N2Os (2NO2),
the attack of NO: on the intermediate [Ar(H)(ONO2)]
shouldthen' form the intermediate [Ar(H)(ONO:z)
(H)(N Oz)] following the production of a large amount
of m-mtrotoluene (Scheme 3), resultmg inthe speclﬁc
isomer.distributions. : :
3.3 Nitration of toluene with NzOs/NzOe

_ Here, it is suggested that the thermal decom-
position'? of N2Os over 25°C:should produce a large
amount of N2O4 (2NO2) and that the attack of NO: on
the intermediate [Ar(H)(ONO:)] should result in the
production of a large ratio of m:nitrotoluene. There-
fore, in order to prove the postulation for the nitration
of toluene at high temperature, the nitration of toluene
with N2Os / N2Os at 25°C and 50°C was carried out
and was investigated the isomer distributions and the
yields of the produced nitrotoluenes..

* As a result, the ratio of m-nitrotoluene increased
with the ratio of [N204 ] / [N205+N:04 ] (Fig. 4); while
that of p-nitrotoluene decreased; -almost the same re-
sults were obtained at both reaction temperatures. In
addition, the ratio of the produced nitrotoluenes was
nearly proportional to the ratio of N2Os (Fig. 4). Fur-
thérmore, in the equimolar reaction of toluene with
NO:2 /. N204'¥ between -25°C and 70°C, no reaction

Scheme2 Nitration of toluene with N:Os in CCL C
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; Scheme3 Nrtratlon of toluene with N2Os in CCle at hngh temperature |

product was detected. This result suggested again that
the nitrating ability of NO: could be neglected under
these reaction conditions and that the reaction should
proceed involving the initial atack of NOs. Therefore,
the results should support the postulation of the nitra-
tion of toluene at high temperature. SRS
4, Conclusions - . . ' ‘ ‘
In order to clarify the mechamsm of the aromatrc
nitration with N2Os , the nitration of toluene with NzOs
in CCls was carried out and was investigated the yields
of the products and the isomer distributions. As a re-
sult, the reaction should be a typical electrophilic sub-
stitution and was very rapid compared with that using
NO: / N204 . Moreover, in order.to investigate the
effect of the solvent, the nitration of toluene with N1Os
powder without CCL was also carried out. As a result,
the isomer distributions were different, and N.Os is
suggested to. be dissociated homolytically in CCls ; the
aromatic pitration. -with.N20Os:in CCle should thus pro-
ceed with NOs via a; one-electron transfer mechanism:
. ‘The.isomer distribution in the ‘nitration,of toluene
in CCL was affected by the reaction temperature. The
ratio of m-nitrotolueri increased with the reaction tem-
perature Therefore it: lS suggeste(l that the thermal
decomposmon of N:0s. over 25°C should produce a
large amount of N2O4+(2NO4) and'that the attack. of
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Fig. 3 Isomer dlstnbutlon in the nitration of toluene

by direct mjectlon of NzOs powder (wnthout '

solvent)

- O . -o-nitrotoluene
o4 m-nitrotoluene
0 p-nitrotoluene

NO: on the intermediate [Ar(H)YONO:)] should form
the intermediates [Ar(H)X ONO:)}H)(NO2)] following
the specific isomer distributions.
The nitration of toluene with N2Os/ N2O4 was also
. carried out, and the isomer distribution was investi-
gated. As aresult, the ratio of m-nitrotoluene increased
with the ratio of [N204). Furthermore, the ratio of pro-
duced nitrotoluenes was nearly proportional to the ra-
tio of N2Os . Therefore, this result should support the
postulation above.
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