(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

~

(29) World Intellectual Property Ny
Organization
International Bureau

29 January 2015 (29.01.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/011729 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C07C 201/08 (2006.01) C07C 205/06 (2006.01) kind d national protection available): AE, AG, AL, AM,
. L . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA. CH. CL. CN, CO, CR, CU. CZ, DE, DK, DM,
PCT/IN20 14/000488 DO, DZ, EC, EE, EG, ES, I, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
23 July 2014 (23.07.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, D, SE, SG, SK, SL, SM, ST, sv, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
2185/DEL/2013 23 July 2013 (23.07.2013) IN _ o
(84) Designated States (unless otherwise indicated, for every
(71) Applicant: COUNCIL OF SCIENTIFIC AND INDUS- kind d regional protection available): ARIPO (BW, GH,
TRIAL RESEARCH [IN/IN]; an Indian registered body GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, Tz,
incorporated, under the Regn. of Soc. Act (Act XXI of UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
1860), Anusandhan Bhawan, Rafi Marg, New Delhi - 110 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
001 (IN). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors. KULKARNI, AMOL ARVLND; Nationd ¥'§ '\gAK'PIM(EFN'é'JNg:' %épgi RCO,\'A REAS%S'*GSS' ;’)"V
Chemica Laboratory, Pune, Maharashtra - 411 008 (IN). KM, ML MR NE ’SN lTD ,TG)’ ’ ’ ’ ’ ’
JOSHI, RAMESH ANNA; National Chemica Laborat- ’ ' ' ' ’ ' ’
ory, Pune, Maharashtra - 411 008 (IN). SHARMA, Declarations under Rule 4.17:
YACHITA; National Chemical Laboratory, Pune, Maha- . , .
rashtra - 411008 (IN). JOSHI, ROHINI RAMESH: Na- asttotapg"lcaztls entitlement to applyfor and be granted a
tiona Chemical Laboratory, Pune, Maharashtra - 411 008 patent (Rule 4.17(H))
(IN). — d inventorship (Rule 4.17(iv))
(74) Agentss DUTT, RANIJNA MEHTA & a; Attor- Published:

neys-At-Law, Remfry House at the Millenium Plaza, Sec-
tor 27, Gurgaon - 122 009, New Delhi National Capital Re-
gion (IN).

with international search report (Art. 21(3))

(54) Title: CONTINUOUS FLOW LIQUID PHASE NITRATION OF ALKYL BENZENE COMPOUNDS

wo 2015/@11729 A1 [N 00O OO0 N0 O

(57) Abstract: The invention discloses a process for continuous flow of liquid phase nitration of alkyl benzene compounds in micro -
mixer and tubular reactors with better control on the product profile which comprises reacting alkyl benzene compounds with nitrat -
ing agent at atemperature range of 10 to 60 deg C.



10

15

20

WO 2015/011729 PCT/IN2014/000488

CONTINUOUSFLOW LIQUID PHASE NITRATION OF ALKYL BENZENE

COMPOUNDS
FIELD OF THE INVENTION

~ The invention relates to a process for continuous flow liquid phase nitration of
aromatic compounds. More particularly, the invention relates to continuous flow liquid phase

nitration of alkyl benzene compounds.

' BACKGROUND AND PRIOR ART OF THE INVENTION

Usually nitration of organic compounds are carried out with nitric acid or nitrating

- acid. Nitrating acid is a colorless to light yellow or gray to reddish brown mixture of

undefined stoichiometric composition of sulfuric acid and nitric acid " that may generaly |
contain some amount | of dissolved - squur trioxide =
(Http://cameochemicéls.ndaa_gov/chernical/7197). The nitration agent comprises a least one
nitrogen compound\ which is able to releasé the electrophilic njtryl cation (N02)+ which is
déemed to be the true nitration agent (comp. ‘Nitration, Method‘s and Mechanisms, Seri‘es:
Orgaﬁic Nitro Chemiétry Series, Olah, G. A., Mahotra, R.,“*Narang, S. C, Verlagb VCH, |

Weinheim 1989).

Selectivity is a primary challenge in nitration reactions because usualy the nitrating
agent is used in excess and hehce more than one nitro-derivative of the respective substrate
are obtained, whichv affect the process viabilify. The undesired products thus obtained act as
contaminants arid reduces the yield and purity of the d‘esi red ones. Accordingly, it is desirable
to design syhthetic approach that yields better selecti\/ity of the desired isomer.for example,

by controlling the reaction conditions.
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Aromatic and hetero aromatic compounds can be easily nitrated and often it is.
difficult'to obtain selective introduction of only one nitro group. Hence this poses a great,

challenge in éelecti\/e nitration of the benzene rings to yield desired isomer.

Convehtionally, the aromatic nitration is a prolonged reaction that is carried out &

very low temperatures predominantly using nitrating mixture comprising of concentrated

nitric acid and sulfuric acid. Such processes result in mixtures of both required and non- -

™~

required isomers. From this aggregated pool the required isomers has to be retrieved by

.employing separation methods, such as distillation, fractional crystallization; selective

precipitation or chromatographic purifications etc. that adds additional cost to manufacturing

process.

Further, unsubstituted aromatic compounds like benzene and naphthalene sh(-)w‘
rélatively less reactivity and hence slowly react-with a nitratibn agent \}vhich results in low
yieldé.

The batch processes being used till now for nitration of aromatic compounds have
certain limitations like Iohg reaction time, energy, poor yields, undeﬁsired isomers, effluents, |
excess cost etc. which pose a constant need for improved process for nitration of aromatic
compounds which hévé wi der applicatibns. Continuous flow synthesis could be an option but |
;;)resently, there is no known continuous flow liquid phase wnthesis_ that js féasible for

nitration of aromatic compounds.

Hence the inventors have come up with a novel methodology for continuous flow.
liquid phase nitration which overcomes the limitations of prior art methods and provides an

easy, facile, time- saving, energy efficient, environmental friendly process to synthesize
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nitrated alkyl benzehe compounds including o-xylene with good selectivity. 4-nitro-o-xylene
isknown to have various applications including vitamin B12 synthesis. |
OBJECTS OF 'i'HE INVENTION

The main object of the invention is to provide a process for continuous flow liquid

phase nitration of akyl benzene compounds.

Another -object of the present invention is to provide a process of continuous flow
liquid phase nitration of alkyl benzene compounds including o-xylene with better control on

the product profile.

Another object of the present invention is to provide a process of liquid phase
nitration of alkyl benzene which reduces the reaction time, zero effluent process, easily

manageable and can be operated at lower temperature thus conserving time and energy.

SUMMARY OF TH E. I NVENTI ON

Accordi ngly, the préent invention provides a process for continuous flow of‘ liquid
phase nitration of alkyl benzene compounds in micromixer and tubular reactors comprising
reacting alkyl benzene compounds with.nitrati ng agent at a temperature ih the range of 10 to
60 deg C fora period in the range of 30 sec to 30 min & atmospheric pressure to obtain nitro
akyl benzene.

In one embodiment 6f the present invention the alkyl benzene compounds are selected

from the group cons sting of toluenes, Xylenes, halogenated alkyl benzenes, cresols and their

substituted derivatives.

In an embodiment of the present invention the alkyl benzene compound used is o-

xylene.
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In another embodiment of the present invention the hitrati ng agent is selected from
the grdup consisting of'standard nitrating mixture (HNO3: H2S04 = 40: 60), volumetric
nitrating mixture (HNO3: H2S04 = 50: 50).and fuming nitric acid.

Still in"another embodivment of the present invention stoichiometr_ic ratio of nitrating
agent to the aromatic substrate isin the range of 1:1 to 10: 1 | |

- &till in another embodiment of the present invention ponversion of O-xylene isin the
range Qf 98 - 100%. | |

StiII in another embodiment of the present invention yield of 4—nitro—d-xylene isinthe
r\ange of 45t0 71 %. | |
DETAILED DESCRIPTION OF FIGURES:

Figure 1 depicts a typical experimental setup for continuous flow nitration of alkyl

benzene compounds.

DETAILED DESCRIPTION OF THE INVENTION

To overcome the limitations of the prior art in producing nitrated alkyl benzene
compounds, the current invention discloses a methodology for continuous flow liquid phase

hitrati on of alkyl benzene compounds.

The invention discloses a process for cohtinuous flow of liquid phase nitration of
alkyl benzene compounds in micromixer and tubular reactors with better control on the
product pr_ofilé comprising reacting aIkyI benzene compounds -with nitrating agent at a

temperature range of 10 to 60 deg C.

The continuous flow liquid phase nitration of alkyl benzene compounds according to

the invention that may advantagedusly be carried out in any continuous reactor including

metal reactors with high heat transfer co-efficient. The experimental setup according to the

4
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invention consists of two syringe pumps (Longer Pumps) for pumping the nitrating agent and

alkyl benzene compounds to a rnicromixer (Aml) followed by a residence time unit. The

’ residencé time unit was made. of 5 parts connected using a 4-way port for withdrawing-a

sample for ahalysis to track the reaction progress a different conditions. A constant'

temperature bath (Julabo, Germany) was used to maintain appropriate temperature.

A typical experimental setup used for continuous flow nitration according to the

invention includes pumps for the dosing of reactants, arnicromixer for the rapid and efficient

mixing of these reactants, and a residence time unit, which may be either a microfluidic

device with channels or a tube. The residence time unit is either immersed in a constant

temperature bath.In an aternate setup the residence time unit has built-in cooling/heating

systems to maintain a specific temperature. The schematic diagram of the set-up is shown in

the Figure 1.

The effect of experimental parameters such astémperature (0 to 60°C), residence time
(20 sec to 20 min), and nitric acid equivalents (1- 10 moles)’ has been investigated in the
present invention. It was found that depending upon the nitrating agent and its mole ratio with
the substrate, the reaction mixture was seen to be homogeneous as well as two-phase and

hence the reaction regimes were different.

In an embodiment, it was observed that with the use of mixed acid nitrating agent
(HNO3 and H,S0 ), a complete conversion of o-xylene, the product mixture consists of
3NOX (3-nitro-o-xylene) and 4 NOX (4-nitro-o-xylene) with the mole ratio ranging between

122 to 2.22 that results in more of 3NOX than the 4NOX.

However, in another embodiment, it was observed that the fuming nitric acid alone as

~ the nitrating agent gave more yield of 4NOX than the 3NOX in less than 30 seconds '

5
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residence time. Reaction being extremely exothermic and using fuming nitric acid in excess

helps change the mechanism of nitration and thus avails more yield of 4NOX.

In the invention, the substrate (alkyl benzene compouhds) is selected from the group .

- consisting of toluenes, Xylenes, halogenated alkyl benzenes, cresols and their substituted ’

derivatives etc. One preferred akyl benzene substrate is o—xylene._

According to the invention different nitfating agents may be used to yield optimal
results preferably selected from the group éonsisting of standard nitrating mixture (HNO j:
HéSO4 = 40:60), volumetric nitrating mixture (HNO 3: H,S04 = 50: 50) and the fuming nitric

acid.

The nitrating agent may be employed to the aromatic substrate in a stoichiometric

ratio of 1:1to 10:1 depending upon the desired isomer to be obtained.

In the invention, the reaction will be accomplished within - 30 sec to 10 minutes -
dépending upon the temperature and mole ratio of aromatic substrate to nitric acid as against
the Ionger' reaction periods of 4 to 8 hrs of the prior art processes. Therefore, the process of
the present invention has the major advantage in time efficiency.The reaction temperature -
rahg&s from 10-60 deg C unI(ike 0 deg C as in the prior art brdc&;ses, ‘thus adva_ntageoué in
terms of consérving energy. |

The process gives a better control on the selectivity of 3-nitro-o-xylene and 4-nitro o-
xylene. The brpc&ss of the invention has better control on the prbduct profile and the 4-nitro-
o—xerhe S0 produced has various applications including vitamin .812 synthesis. Yield of 4
nitro o-xylene obtained according to the prob&ss ‘ofzthe invention varies between 35% to

60%.1t is zero effluent process when fuming nitric acid isused asnitrating agent.
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The extent of conversion in any reaction depends upon the concentration of

substrates, catalyst and the temperature. For the case of two phase reactions, additional effect

of interfacial mass transfer followed by reaction is seen. In geheral, nitratidn carried out using
miXed_acids is catalyzéd by the presence of sulfuric acid. It helps generation of nitronium
ibns and also abstracts water that gets generated in the nitration reaction. For the systems
where only fuming nitric acid i$ used, itisan autocatalytic reaction the the excess fuming

nitric acid acts as catalyst. Thus the rates of generation of nitronium ions in both the Cases is

different and thus governs the selectivity of isomers. Moreover aromatic nitration being

- exothermic it is necessary to ha\/e high heat removal rates that helb avoid byproducts. In

conventional approach of batch or semi-batch mode, reaction is done in a very slow manner

(either by adding one of the reactants slowly to the other and by doing it at very low

| temperatures) to avoid generation of heat, which reduces the yield of the desired product. In

the present invention,‘ (i) use of fuming nitric acid that give s different rate for generation of
nitronium ions, (ii) éfficient micromixing followed by (iii) the reaction—in atubul‘ar_ reactor
having very high heat transfer area helps to cohtrol the reaction temperature in a better
manner and thus allows to achieve higher yield of the desired product at lower residence time
and Iowc-;-r temperatures. ‘For the case of ‘hitrations using mixed acids, still the process can be
improved by using micromixers followed vby flow reactors so Vthat one can achieve better

yield.

The process of liquid phase nitration is easily manageable, facile and environmental
friendly.4-nitro-o-xylene is an important raw material used. for the synthesis of
pharmaceutical intermediates. It isthe ‘import_ant raw materials of the chemical synthesis for |

produci ng vitamin B, and‘if can be used for producing 3, 4-di methyl-aniline.
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Following examples are given by way of illustration therefore should not be construed
to limit the scope of the invention.
EXAMPLES

The experiments were performed for the continuous flow nitration of o-Xerne usi hg
different 'nitrating agents and later optimized for the highest yield a lab scale. A few "batch

experiments were also performed for benchmarking and comparison. The details of the

“experimenta procedure are given as follows.

Experimental set-up and experimental procedure

O-xylene aswell asthe nitrating agent were maintained at room temperature in closed

bottles. Two different nitrating mixtures cdntaining .sulphuric abid i.e. HNO3: H2S04 =

40:60 (v/v) and 50:50 (v/v) were prepared at low temperature. Fuming nitric acid was used as

it is (density = 1.5'g/cc) and was maintained at the room temperature in closed bottles. The
composition of the organic phase was characterized by extracting the organic phase from

guenched reaction mixture in another organic substrate viz. toluene, o-xylene etc. and then

analysis by Gas Chromatography (HP-5 col umn).

Batch Experiment

1. Experiment was carried out by adding o-xylene to nitrating agent (a mixture of HNO ; and

- H,S0 ) a 0 °C. The mole ratio of o-xylene to nitric acid to sulphuric acid was 1:1:1. The

addition time was- 6 min and the reaction when monitored for 2 hours showed 14%
conversion and 5% dinitro derivatives of o-xylene with 46% 3NOX (3-nitro-o-xylene) and

54% 4NOX (4-nitro-o-xylene) in the mononitro cbmposition.
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- 2. Experiment was carried out by adding 10 ml of o-xylene to nitrating agent (a mixture of

HNO3 and H,S0,) at 0°C. The mole ratio of o-xylene to nitric acid to sulphuric acid was

1:2:2. The addition time Was 6 min and the reaction when monitored for 2 hours and 45

~minutes showed 18% conversion and 4.2% dinitro derivatives of o-xylene with 47% 3NOX

(3-nitro-o-xylene) and 53% 4NOX (4-nitro-o-xylene) in the mononitro composition.

3. Experiment was carried out by adding 10 ml of 0-xylene to nitrating ageht (a mixture of
HNO ; and HZ.SO4) a 0 °C. The mole ratio of o-xylene to nitric acid to sulphuric acid was
1:3:3. The addition time was 6 min and the reaction when monitored for 2 hours and 45
minutes showed 19% conversion and 3.9 % dinitro derivati‘ve's of o-xylehe with 46%

3NOX(3-nitro-o-xylene) and 54% 4NOX (4-nitro-o-xylene) in the mononitro composition.

4. Experiment was carried out by adding 10 ml of o-xylene td fgming nitric acid as> the
nitrating agent at 0 °C. Thé mole ratio of o-xylene to fuming nitric acid was 1;1. The addition
time was 1 min and the reaction when monitored for 2 hours showed 15% conversion and 1.9
% dinitro derivatives of o-xylene with 39% 3NOX (3-nitro-o-xylene) and 61% 4NOX (4-

nitro-o-xylene) in the mononitro composition.

Example 1: Continuous flow experiments
Reaction of O-Xylene' with nitrating mixture (60:40 v/v, 68% HNO; & H,S04

respectively) was carried out with AmAR micro mixer followed by residence time tube. The

| collected samples were quenched with a fixed quantivty of ice cold water (10 to 30 ml). A

known quantity of tol uene was used to extract the samples. To make samples free of residual
nitric acid each sample was washed two times with water and then salt solution. Trace

quantity of water was removed by passing organic phase from the bed of sodium sulphate
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penta hydrate. The samples were analyzed using gas éhromatography with an HP5 capillary

column and an FID detector.

- Nitration of o-xylenewith fuming nitric acid Continuous flow process

1 With 1:1mole ratio of the o-xylene to fuming nitric acid, at 40°C, the conversion was
" only 46.7% with almost 9.3% dinitro products, 61.6% ~ 3-NOX and 38.3%

4NOX a aresidence time of 20 minutes.

2. With 1:2 mole ratio of the o-xylene to fuming nitric acid, a 40°C, the maximum
“conversion was 69% with selectivity of 8.1% dinitro products and 91.9% for mono-nitro
derivatives at aresidence time of 10 minutes. The mono-nitro isomers were seen to have |

acomposition of 51.7% 3-NOX and 48.3% ANOX.

3. With 1:3 mole ratio of the o-xylene to fuming nitric acid, at 40 °C, the maximum
conversion was 97% with selectivity of 9.6% dinitro products and 90.4% for mono-nitro
-derivatives at aresidence time of 10 minutes. The mono-nitro isomers were seento have

acomposition of 49.6% 3-NOX and 50.4% 4NOX.

4. With 1:2 mole ratio of the o-xylene to fumi'ng nitric acid, at 40°C, the maximum
conversion was 83% with selectivity of 10.7% dinitro products and 89.3% for mono-
nitrb derivatives at aresidence time of 20 minutes. The mono-nitro isomers were seen to

have a composition of 47.5% 3-NOX and 52.5% 4NOX.

5. With 1.4 mole ratio of the o-xylene to fuming nitric acid, a 10°C, the conversion was
38%, 54% and 73% and selectivity of 8.3%, 7.47% and 8.73% dinitro products at a
residence time of 0.5, 1 and 2 minutes,' respect'ively. The mono-nitro isomers were seen

to have a composition of 47.8% 3-NOX and 52.2% 4NOX.

10
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With 1:4 mole ratio of the o-xylene to fuming nitric acid, at 20°C, the conversion was -
96%, 98% and 99% and selectivity of 6.5%, 7.1% and 14.1% dinitro products a a
residence time of 0.5, 1 and 2 minutes, respectively. The mono-nitro isomers were seen

to have acomposition of 51.4% to 52% 3-NOX and 47.9 to 52.2% 4NOX.

With 1:4 mole ratio of the o-xylene to fuming nitric acid, at 20 °C, the conversion was
99.6% and selectivity of 17.3% dinitro products at a residence time of 10 minutes. The
mono-nitro isomers were seen to have a composition of 47.8% 3-NOX and 52.2%

ANOKX.

With 1:4 mole ratio of the o-xylene to fuming nitric acid, at 30°C, the conversion was
98.6% and selectivity of 20.6% dinitro products at a residence time of 10 minutes. The
mono-nitro isomers were seen to have a composition of 48.1% 3-NOX and 51.9%

ANOX.

With 1:6 mole ratio of the o-xylene to fUming nitric acid, at 10°C, the conversion was
98.7% and selectivity of 15. 99 and 20.3% dinitro products at aresidence time of 0.5 and
1 minutes, respectlvely The mono-nitro isomers were seen to have a composition of

46.3% 3-NOX and 53.7% 4NOX.

‘With 1:10 mole ratio of the o-xylene to fuming nitric acid, at O °C, the conversion was
98.9% and selectivity of 45.3 and 48.5% dinitro products a'aresidence time of 0.5 and 1
minutes, respectively. The mono-nitro isomers were seen to have a composition of

28.7% t0 34.3 % 3-NOX and 71.32 to 65.62% 4ANOX, respectively.

With 1:4 mole ratio of the o-xylene to fuming nitric acid, at 20 °C, the conversion was

98.7% and sdlectivity of 4.3 and 3.9% dinitro products a a residence time of 0.33 and

11
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0.94 minutes, respectively. The mono-nitro isomers were seen to have a composition of

52.4% 3-NOX and 47.3% 4NOX.

Upon carrying out the reaction in a %' o.d. SS316 tube at a residence time bf 0.94
minutes, with 1:4 mole ratio of the o-xylene to fuming nitric acid, & 20 °C, the
conversion was 98.9% and selectivity of 11.9% dinitro products. The mono-nitro

isomers were seen to have a composition of 52.4% 3-NOX and 47.6% 4NOX.

. Experiments were carried out with nitrating mixture comprising 50:50 (\\) ratio of

HNO3 and H>SO,.

These are the examples with mixed acids. The mole ratio mentioned in the examples is

d the organic substrate and nitric acid. It has been mentioned that the nitrating mixture has

50:50 v/vratio d nitric to sulfuric acid.

1

With 1:1 mole ratio of the o-xylene to nitric acid, with 20 minutes residence time, upon

- changing the temperature from 0 °C to 70 °C, the conversion increased from 3.3% to

77.8% and selectivity of dinitro products increased from 0.55% to 4.64%. The mono-nitro
isomers were seen to have a composition of 53.4% to 59.8% 3-NOX and 40.25% to

46.7% 4NOX.

With 1:2 mole ratio of'thé o-xylene to rﬁtric acid, with 20 minutes residence time, upon
changing the temperature from 40 °C fo .60 °C, the conversion increa%d‘ from 18.9% to
94% and selectivity of dinitro products increased from 4.2% ;fo 12.14%. The mono-nitro
isorhers were seen to have a composition of 57.9% to 58.8% 3-NOX and 41.12% to

42.1% 4NOX.

12
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3. With 1:3 moleratio of the o-xylene to nitric acid, with 20 minutes residence time, a 40°C
and 50°C, the conversion was 94.6% while the selectivity of dinitro products increased
from 24.2% to 41.5%. The mono-nitro isomers were seen to have a composition of 50.7%

and 52.5% of 3-NOX and 49.3% to 47.5% of 4NOX.

4. With 1:2 mole ratio of the o-xylene to nitric acid, with 30 minutes residence time, at

40°C, the conversion was 92.8% while the selectivity of dinitro products was 9.5%. The
© mono-nitro isomers were seen to have a composition of 58.2% for 3-NOX and 41.8% for

4ANOX.

5. With 1:2 mole ratio of the o-xylehe to nitric acid, with 29 minutes residence time, at 50

°C, the conversion was 94.5% while the selectivity of dinitro products was 24.3%. The
mono-nitro isomers were seen to have a composition of 53% for 3-NOX and 47% for

4ANOX.

EXperiments were carried out with nitrating mixture comprising 40:60 (v/v) ratio of

HNO; and H,SO4.

These are the examples with mixed acids. The mole ratio mentioned in the examples is
d the organic substrate and nitric acid. It has been mentioned that the nitrating mixture has

40:60 v/v ratio d nitric to sulfuric acid.

-1 With 1.2 mole ratio of the o-xylene to nitric acid a 40 °C, 99% conversion was
observed with 27% selectivity for the dinitro products in 20 minutes. The mono-nitro

isomers were seen tb have a composition of 56.5% 3-NOX and 43.5 % 4NOX.

2. With 1:3 mole ratio of the o-xylene to nitric acid a 40 °C, 99% conversion was

observed with 60% selectivity for the dinitro products with residence time of 17

13
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minutes. The mono-nitro isomers were seen to have a composition of 39.3% 3-NOX

and 60.66 % 4NOX.

3. With 1:4 mole ratio of the o-xylene to nitric acid at 40 C 99% conversion was
observed with 97.2% selectivity for the dinitro products with residence time of 20
5 / minutes. The mono-nitro isomers were seen to have a composition of 19.3% 3-NOX

and 80.7 % ANOX.
 ADVANTAGESOF THE INVENTION
> Process has high yield and selectivity for preferred isomd.
> Process isenergy and ti me'effici ent hencg scalable.

10 > Processiseasily manageable, facile and environmental friendly.

14
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Weclaim

1

A process for continuous flow of liquid phase nitration of alkyl benzene compounds
in micromixer and tubular reactors comprising reabting alkyl benzene compounds
with nitrating agent at a temperature in the range of 10 to 60 deg C for a period in the

range of 30 sec to 30 min at atmospheric pressure to obtain nitro alkyl benzene.

The process according to claim 1, wherein, the alkyl benzene compounds are selected

from the group consisting of toluenes, Xylenes, halogenated alkyl benzenes, 'cresols

and their substituted derivatives.

The process according to claim 2, wherein, the alkyl benzene compound used is o-

xylene.

The process according to claim 1, wherein, the nitrating agent is selected from the
group consisting of standard nitrating mixture (HNOS: H2S04 = 40: 60), volumetric

nitrating mixture (HNO3 : H2804 = 50: 50) and fuming nitric acid.

The process according to claim 1, wherein stoichiometric ratio of nitrating agent to

the aromatic substrate isin the range of 1:1 to 10: 1.

The process according to claim 1, wherein conversion of O-xylene is in the range of .

98 - 100%.

The process according to claim 1, wherein yield of 4-nitro-o-xylene isin thé range of |

45t071%.
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