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ABSTRACT

Phenols were nitrated regioselectivity with NH4NO; in the presence of KHSOj, as a catalyst in high yields.
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1. INTRODUCTION

Electrophilic aromatic substitution reactions are of
considerable importance in the production of fine
chemicals. Nitration of organic compounds has long
been a very active and rewarding area of research and is
the subject of a large body of literature. Extensive and
well-documented reviews have been published by
Ingold, [1] Olah and co-workers, [2,3] Schofield and
co-workers, [4,5] and Ione.[6] Nitration in
manufacturing process require the use of potent
mixtures of concentrated or fuming nitric acid with
sulfuric acid leading to excessive acid waste. Nitration
of phenol as a special case has been studied using
various nitrating agents under different conditions.[7-
25] The distribution of the ortho:para isomer ratio in
electrophilic ~ aromatic  substitution of activated
monosubstituted benzenes continues to challenge
organic chemists. The regioselectivity is governed by
steric hindrance, interaction between the substituent and
the reagent, electronic effects, and solvent effects.[26]
Nitration of benzene derivatives with electron donating
substituent leads to substitution at the o- and p-positions
according to a statistical distribution. Steric bulkiness of
reagent and/or substrate usually provides high
concentrations of the p-products.[27] The use of
supported reagents [28] and catalysts are known to
favor the para substitution.[6,7] o-Nitrophenol is an
important starting material used in multiple step
syntheses of valuable compounds.[29] They are also
valuable precursors to a variety of biologically
important heterocycles such as 2,3-dihydro-2H-1,4-
benzoxoin-3(4H)-ones,[30] and benzoxazoles.[31]
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Thus, a convenient method for the regioselective
introduction of an ortho nitro group onto phenols is
desirable. Herein, we report our results on the
regiospecific nitration of phenols and their derivatives
using NHyNO;, KHSO,4.(Scheme 1) Our goal in
undertaking this line of work was three fold, a) to
overcome the limitation and draw-back of the reported
methodes such as: tedious work up,[12-14] strongly
acidic media,[7b] oxidation ability of the reagent and
safety problems (storage, handling) [32,33] ;b) to reach
high yielding one pot synthesis of mono nitro phenol
using a combination of reagent and c) to consider the
rules of green chemistry to implement nitration in eco-
friendly conditions.
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2. EXPERIMENTAL

Nitration of phenols with NH,NO;, KHSO,. Typical
procedure: 4-Bromo phenol (0.14g, 1 mmol), NH,;NO;
( 0.14g, 2 mmol ) and KHSO, (0.05 mmol) in
acetonitrile (5ml) was magnetically stirred at reflux
temperature. After the completion of reaction, the
reaction mixture was filtered (the progress of the
reaction was monitored by TLC). The residue was
washed with acetonitrile (2x3mL). Anhydrous Na,SO,
(4 g) was added to the combined filtrate. The mixture
was filtered. The solvent was removed by distillation
using a water bath (35-40 °C) to obtain the product.

2-Nitrophenol (2a). mp 46 °C (lit. [34] 44.9 °C); IR
(KBr) (Vnay, €M ): 3572, 3050, 1538, 1340; '"H NMR
(CDCl13;, 300 MHz) 6y (ppm): 7.03-7.83 (m, 4H, arom),
10.12 (brs, OH). GC/MS: 139 (M").

4-Methyl-2-nitrophenol (2b). mp 35 °C (lit. [35] 34-
35°C)); IR (KBI) (Vimaw, €cm 1): 3569, 3055, 1539, 1346;
'"H NMR (CDCl;, 300 MHz) dy (ppm): 2.49 (s.3H);
7.11-7.54 (m, 3H, arom), 10.06 (brs, OH). GC/MS: 153
M.

3. RESULT AND DISCUSSION

As far green chemistry concerns, sulfuric acid in any
form is notorious and its safe disposal is one of the
problems and concerns of chemical industries and
therefore its replacement with safer reagent is desirable.
We have recently used, KHSO, as a safe and green

sulfuric acid with KHSO,4 as a safer reagent might
result in more efficient, selective and high yielding
nitration with a more reasonable mechanism for
generation of NO,". (Scheme 2) Recently polymers
have been nitrated with ammonium nitrate (NH4NO3)
and trifluoroacetic anhydrid.[37] Thus, we have treated
a variety of phenols, having at least one unsubstituted
ortho position with NH;NO3z;, KHSO, and , as shown in
Table 1, obtained o-nitrophenols in all cases. The yields
are good to excellent with high regioselectivity
compared with the previous methods (Table 2). The
nitration reaction can be carried out by placing the
nitrating agents, phenols and the solvent used in a
reaction vessel and efficiently stirring the mixture at
reflux temperature. The resulting mononitrophenols can
be obtained by simple filtration and evaporation of the
solvent. The progress of the reaction was monitored by
TLC. The percentage of products was obtained by
GC/MS analysis. Among the solvents used such as
CH,Cl,, Ethanol, Ethylacetate, chloroform and CH;CN,
the latter gave the best yields of the o-nitro phenols at
reflux temperature. The scope of this nitration was
widen by nitration of naphtol to give mono-nitrated in
high yields (Table 1).

+ -
NH,NO, + KHSO,—= HNO, + NH, + KSO,

+ -
HNO, + KHSO,— NO, + H,0 + KSO,

reagent in synthesis of 1,1-diacetales [36a] and facile Scheme 2

synthesis of quinoxallines.[36b] Armed with these

experience, it occurred to us, that the replacement of

Table 1. Selective and eco-friendly nitration of phenols.

Entry Yields(%)*
Substrates Products Time(h)

1 Phenol o-nitro phenol 6 75

2 4-nitro phenol 2,4-dinitro phenol 6 98

3 4-bromo phenol 2-nitro-4-bromo phenol 6 97

4 4-methoxy phenol 2-nitro4-methoxy phenol 5 97

5 4-chloro phenol 2-nitro4-chloro phenol 5 96

6 4-methyl phenol 2-nitro4-methyl phenol 5 96

7 3-bromo phenol 2-nitro-5-bromo phenol 5 81

8 3-methyl phenol 2-nitro5-methyl phenol 5 83
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9 2-naphtol 1-nitro2-naphtol

a) All of the isolated products were characterized by GC/MS analysis.

Table 2. Nitration of phenol with different methods.

Entry p-nitro phenol (%)
Reagent o-nitro phenol (%)
1 NH,NO;/ KHSO, 75 20
2 Cu(NO;),. 3H,0[38] 40 60
3 HNO3z/Microemulsion[12] 50 50
4 ZrO(NOs),. XH,0[39] 40 60
5 NaNO;/Mg(HSO,),[40] 36 26
6 NaNOs/Silica sulfuric acid[41] 30 20
7 silica sulfuric acid-supported bismuth(IlT) 15 85
nitrate[42]
8 Bi(NOs) 5.5H,0[43] 34 37
9 iron(I11) nitrate[44] 50 50

In conclusion, a regioselective ortho nitration of a
various phenols and naphtol using green, available,
inexpensive and easy to handle NHyNO;/KHSO,
reagent has been reported. Therefore, the present
method is believed to be a suitable method for the
synthesis of nitro compounds in organic synthesis.

REFRENCES

[1] Ingold, C.K., “Structure and Mechanism in
Organic  Chemistry”, second ed., Cornell
University Press, Ithaca, NY, (1969).

(2]

Olah, G.A., Kuhnin, S.J. Olah, G.A., (Ed),
“Friedel-Crafts and Related reactions”, vol 2,
Wiley, New York, DC, (1964).

Olah, G.A., Malhotra, R., Maolhorta, S.C.,
“Nitration Methods and mechanism”, VCH:, New
York, (1989).

Hoggett, J.G., Moodie, R.B., Penton, J.R.,
Schofield, K., “Nitration and  Aromatic
Reactivity”,  Cambridge  University,  Press.
London, (1971).



172 G.U. J. Sci., 22(3):169-173 (2009)/ B. BAGHERNEJAD', M. M. HERAVI'*, H. A. OSKOOIE', Y. S. BEHESHTIHA*

[S] Schofield, K., “Aromatic Nitration”, Cambridge
University Press, London, (1980).

[6] Malysheva, L.V., Paukshits, E.A., Ione, K.G.,
“Nitration of Aromatics by Nitrogen Oxides on
Zeolite Catalysts: Comparision in the Gas Phase
and solutions “, Catal. Rev. Sci. Eng., 37: 179
(1995).

[7]1 (a) Delaude, L., Laszlo, P., Smith, K., “Heightened
selectivity in aromatic nitrations and chlorinations
by the use of solid supports and catalysts”, Acc.
Chem. Res., 26: 607, (1993); (b) Laszlo, P.,
Ludmila, M.V., Eugene, A.P., Kazimira, G.I,
“Catalysis of organic reactions by inorganic
solids”, Acc. Chem. Res., 19: 121 (1986); (¢)
Cornelis, A., Laszlo, P., Pennetreau, P., “Nitration
of phenolic compounds”, Bull. Soc. Chim. Belg.,
93: 961 (1984).

[8] Zeegers, P.J., “Nitration of phenols: A two-phase
system”, J. Chem. Ed., 70: 1036 (1993).

[9] Pervas, H., Onysiuka, S.O., Rees, L., Rooney, J.
R., Sukling, G.J., “Selective functionalisation: Part
10. The nitration of phenols by pyridine derivatives
carrying a transferable nitro group”, Tetrahedron,
44: 4555 (1983).

[10] Furniss, B.S., Hannaford, A.J., Smith, P.W.G.,
Tatchell, A.R., “Vogel’s Textbook of Practical
Organic Chemistry”, 4™ Eq, Longman: London,
New York, (1986).

[11] Bruice, T.C., Gregor M.G., Walters, S.L.
“Reactions of tetranitromethane. I. Kinetics and
mechanism of nitration of phenols by
tetranitromethane”, J. Am. Chem. Soc., 90: 612
(1968).

[12] Crivello, J.V., “Nitrations and oxidations with
inorganic nitrate salts in trifluoroacetic anhydride”,
J. Org. Chem., 46: 3056 (1981).

[13] Oueartani, M., Girard, P., Kagan, H.B., “Selective
nitration of phenols catalyzed by lanthanum (III)
nitrate”, Tetrahedron. Lett., 23: 4315 (1982).

[14] Poirier, J. M., Vottero, C., “Mononitration de
phenols  par des nitrates  metalliques”,
Tetrahedron, 45: 1415 (1989).

[15] Thompson, M. J., Zeegers, P.J, “A theoretical
study on the two-phase nitration of phenols”,
Tetrahedron, 45: 191 (1989).

[16] Tapia, R., Torres, G., Valderrama, J.A., > Nitric
Acid on Silica Gel: A Useful Nitrating
Reagent for Activated Aromatic
Compounds”, Synth. Commun, 16: 681 (1986).

[17] Gaude, D., Goallar, R.L., Pierre, J.L., “Nitration
of Phenols with Nitrates in a Two-Phase
System”, Synth. Commun, 16: 63 (1986).

[18] Gigante, B., Prazeres, A.O., Marcelo-Curto, M. J.,
“Mild and Selective Nitration by Claycop”, J. Org.
Chem., 60: 3445 (1995).

[19] Rodrigues, J.A.R., Filho, A.P.O., Moran, P.J.S.,
“Regioselectivity of the nitration of phenol by
acetyl nitrate adsorbed on silica gel”,
Tetrahedron., 55: 6733 (1999).

[20] Suboch, G.A., Belyaev, E.Y., “Thrombin, a
Regulator of Reparation Processes in Wound
Healing”, Russ. J. Org. Chem., 34: 288 (1998).

[21] Nonoyama, N., Chiba, K., Hisatome, K., Suzuki,
H., Shintani, F., “A convenient synthesis of push-
pull polyenes designed for the elaboration of
efficient nonlinear optical materials”, Tetrahedron.
Lett., 40: 6923 (1999).

[22] Lehnig, M., “The mechanism of the nitration of
donor-activated benzenes with nitric and nitrous
acid as studied by 15N CIDNP”, Tetrahedron.
Lett., 40: 2299 (1999).

[23] Dictionary of Organic Compounds, 3" Ed., Eyre &
Spottiswoode: London, 2: 620 (1965).

[24] Raiford, L.C., Colbert, J.C.,, “3-Nitro-4-
Hydroxydiphenyl and some of its derivatives”, J.
Am. Chem. Soc.,47: 1454 (1925).

[25] Hancock, C.K., Clagve, A.D., “The Correlation of
the Electronic Spectra and Acidity of 5-Substituted
2-Nitrophenols with Structure”, J. Am. Chem.
Soc., 86: 4942 (1964).

[26] Norman, R.O.C., Taylor, R., “Electrophilic
Substitution in Benzenoid Compounds”, Elsevier,
Amsterdan, 301 (1965).

[27] March, J., “Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure”, 4th ed.,
Wiley-Interscience, New-York, 511 (1992).

[28] Smith, K., “Solid Supports and Catalysts in
Organic Synthesis”, Ellis Horwood: Chichester,
UK (1992).

[29] Conlon, D.A., Lynch, J.E., Hartner, F.W., Reamer,
R.A., Volante, R.P.J., “Nitrous Acid-Catalyzed
Nitration of 4-Bromo-2,5-dichlorophenol.
Observation of an Unusually Facile Rearrangement
of a 4-Bromo-2-nitrophenol during Nitration”, J.
Org. Chem., 61: 6425 (1996).

[30] Frechette, R.F., Beach, M.J., “The Preparation of
2-Hydroxyethyl-2,3-dihydro-2h-1,4-benzoxazin-
3(4h)-one Derivatives”, Synth. Commun., 28:
3471 (1998).



G.U. J. Sci., 22(3):169-173 (2009)/ B. BAGHERNEJAD', M. M. HERAVP*, H. A. OSKOOIE®, Y. S. BEHESHTIHA* 173

[31] Sato, Y., Yamada, M., Yoshida, S., Soneda, T.,
Ishikawa, M., Nizato, T., Suzuki, K., Konno, F.,
“Benzoxazole Derivatives as Novel 5-HT3
Receptor Partial Agonists in the Gut”, J. Med.
Chem., 41: 3015 (1998).

[32] Firouzabadi, H., Iranpoor, N., Zolfigol, M.A.,
“Dinitrogen tetroxide complexes of Iron(II) and
copper(Il)Nitrate as new versatile reagent for
organic synthesis. Efficient and selective oxidation
of sulfides to their corresponding sulfoxides under
mild conditions”, Synth. Commun, 28: 377,
(1998); b) Firouzabadi, H., Iranpoor, N., Zolfigol,
M.A., “Selective and efficient transformation of
thioethers to their sulfoxides and catalytic
conversions of thiols to the disulfides with
hydrated Iron(Ill) and Copper(Il) Nitrates in
aprotic organic solvents or under solvent free
conditions”, Synth. Commun, 28: 1179 (1998).

[33] Laszlo, P., Corneil, A., “CLAYCOP, a user-
friendly oxidizing and nitrating reagent”,
Aldrichimica. Acta,21: 97 (1988).

[34] Hart, R.S., “Preparation of ortho- and para-
Nitrophenols”, J. Am. Chem. Soc., 32: 1105
(1910).

[35] Barnett, J.N., Moodie, R.B., Scholefield, K.,
Weston, J.B., “Electrophilic aromatic substitution.
Part 16. The nitration of anisole, o-methylanisole,
and p-methylanisole in aqueous sulphuric acid”, J.
Chem. Soc. Perk. Trans. II, 248 (1977).

[36] (a) Heravi, M.M., Bakhtiari, Kh., Taherri, Sh.,
Oskooie, H.A., “KHSO,: a catalyst for the chemo-
selective preparation of 1,1-diacetates from
aldehydes under solvent-free conditions”, Green.
Chem., 7: 867 (2005). (b) Oskooie, H. A., Heravi,
M. M., Bakhtiari, Kh. and Taherri, Sh., “An
Efficient and Facile Synthesis of Quinoxaline
Derivatives Catalyzed by KHSO,; at Room
Temperature”, Monatsch. Chem., 138: 875 (2007).

[37] Andras. B., Arpad. M., Laszlo. P., “Nitration of
polyethersulfone by ammonium nitrate and
trifluoroacetic anhydride”, Polymer, 40: 4965
(1999).

[38] Anuradha, V., Srinivas, P.V., Aparna, P.,
Madhusudana Rao, J., “p-Toluenesulfonic acid
catalyzed regiospecific nitration of phenols with
metal nitrates”, Tetrahedron. Lett., 47: 4933
(2006).

[39] Jon Paul Selvam, J., Suresh, V., Rajesh, K.,
Ravinder Reddy, S., Venkateswarlu, Y., “Highly
efficient nitration of phenolic compounds by
zirconyl nitrate”, Tetrahedron. Lett., 47: 2507
(2006).

[40] Zolfigol, M.A., Ghaemi, E., Madrakian, E.,
“Nitration of Phenols Under Mild And

Heterogeneous Conditions”, Molecules, 6: 614
(2001).

[41] Zolfigol, M.A., Madrakian, E., Ghaemi, E., “Silica
Sulfuric Acid/ NaNO, as a Novel Heterogeneous
System for the Nitration of Phenols under Mild
Conditions”, Molecules, 7: 734 (2002).

[42] Hajipour, A.R., Zarei, A., Ruoho, A.E., “Supported
Bismuth(III) Nitrate on Silica Sulfuric Acid as
Useful Reagent for Nitration of Aromatic
Compounds under Solvent-Free Conditions”,
Russ. J. Org. Chem., 41: 1493 (2005).

[43] Sun, H.B., Hua, R., Yin, Y., “Highly Efficient
Nitration of Phenolic Compounds in Solid Phase or
Solution Using Bi(NO3);'5SH,O as Nitrating
Reagent”, J. Org. Chem., 70: 9071 (2005).

[44] Delaude, L., Laszlo, P., Smith, K., “Heightened
selectivity in aromatic nitrations and chlorinations
by the use of solid supports and catalysts”, Ace.
Chem. Res., 26: 607 (1993).



