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Abstract

Cryptomelane-type manganese oxides octahedral molecular sieve (K-OMS-2) were used for the acid-catalyzed condensation of phenylhyd
ylamine with aniline to produce 2-aminodiphenylamine. The-ekchanged K-OMS-2 was found to be an efficient catalyst for this reaction. The
reaction showed high selectivity-06%) for theortho isomer of aminodiphenylamine compared with faea product. The effect of the amount
of HT exchange and temperature was investigated.

0 2005 Elsevier Inc. All rights reserved.
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1. Introduction Octahedral molecular sieve (OMS) of manganese oxides
o . . o have been typically used as oxidation cataly8tsl1]. In the
2-Aminodiphenylamine (ADPA) and its derivatives are com- present study, OMS was used as a catalyst for an acid-catalyzed
pounds of great interest because (.)fthelr.num.erous uses, inclughndensation reaction of aniline with phenylhydroxylamine
ing as precursors for the synthesis of biologically active com{pHA) to produce 2-ADPA. The catalyst used in the reaction
pounds, as lubricant antioxidants, as fluorescent material, in dyg z cryptomelane-type manganese oxide OMS (K-OMS-2),
formulations, and in polymer synthes$is-4]. 2-ADPA also has  jith the composition KMgO1-nH20. K-OMS-2 is a mixed
great therapeutic importanf®. In general, 2-ADPA is synthe- yglent manganese oxide with ¥ih, Mn3*, and some M#*
sized by reduction of the corresponding nitro compound; it hasjtes. K-OMS-2 consists of Mn§octahedral units, which are
also been SyntheSiZEd by the rhOdiUm'Catalyzed rearrangem%ge_ and corner-shared to fornb4 4.6 A tunnels as a re-
of 1,2-diphenylhydrazings]. Synthesis of 2-ADPAdrthoiso-  sult of 2x 2 arrangements of octahedra’ kons are present in
mer) has been reported in the literature mostly as a byprodudhe tunnels with small amounts of watéfig. 1). The Kt ions

with 4-ADPA (para isomer) as the major produft,8]. in the tunnel can be exchanged with khrough ion-exchange
Earlier researchers have reported that 4-ADPA can be pranethods.

duced by condensation of phenylhydroxylamine (PHA) and
aniline in the presence of concentrated HCI or solid acids
like H-ZSM-5, H-Y Zeolite, Nafion, Filtrol (acid clay), Dowex
resin, and otherf7,8]. This reaction yields predominantly the
paraisomer of aminodiphenylamine.

* Corresponding author. _
E-mail address: suib@uconnvm.uconn.ed8.L. Suib). Fig. 1. Structure of OMS-2 catalysts.
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Fig. 2. Acid catalyzed condensation reaction of phenylhydroxylamine with aniline.

Herein we report the synthesis of 2-ADPA by a direct2.3. X-Ray powder diffraction studies
method in which it is obtained in high selectivity~96%)
compared with 4-ADPA. The process involves condensation of The structure of all the materials was studied by X-ray dif-
PHA with aniline over manganese oxide OMS (OMS-2), whichfraction (XRD) experiments. A Scintag 2000 PDS instrument
was converted to the Hform (H-K-OMS-2) by successive ion  with Cu-K,, radiation with a beam voltage of 45 kV and a beam
exchanges with different HN§Xxoncentrations. PHA was con- current of 40 mA was used to collect the X-ray data.
tacted with aniline in a stirred semibatch reactor in the presence
of H-K-OMS-2 in an inert atmosphere at 110. The other 24 Chemical composition measurement
products of this reaction, azoxybenzene and azobenzene, can be

recycled to aniline by hydrogenation. The work reported herein - 1o chemical compositions of the synthesized catalysts were
focuses only on 2-ADPA and 4-ADPA-(g. 2). determined by energy-dispersive X-ray analysis (EDAX) on a

Philips PV 9800 EDAX spectrometer using a SuperQuant pro-

gram. This analysis provides a measure of the amountahH

the tunnel of K-OMS-2 that was exchanged with Kations.

2. Experimental

2.1. Reagents
Aniline was supplied by Aldrich and was used without fur- 2.5. Average oxidation state

ther purification. PHA was synthesized by chemical reduction o ,
of nitrobenzene with ammonium chloride and zinc dust accord- | N€ average oxidation state (AOS) of manganese in OMS-2

ing to the general method reported in the literafd@ 13] catglysts was determined by potentiometric titrations as de-
scribed previousIy15].

2.2. Catalyst synthesis
2.6. Reaction procedure

K-OMS-2 was prepared by refluxing a mixture of potassium
permanganate and manganese sulfate in acidic medium as de-The reaction was carried out in a 25-mL three-necked round-
scribed previously14]. K+ ions were then exchanged with"H  bottomed flask fitted with a reflux condenser. Aniline (5 mL)
ions through ion exchange of K-OMS-2 with HN@ obtain  and catalyst (0.20 g) were added to the flask and purged with
H-K-OMS-2. Then 50 mL of 1 M HN@ was added to 2.0 g N2z gas, and the flask was heated to the required reaction tem-
of K-OMS-2, and the slurry was stirred vigorously at®®for  perature (110-16TC). Then 0.10 g (0.92 mmol) PHA in 5 mL
6 h. The product was filtered and washed several times witlf aniline was added to the flask using a syringe pump (model
double-distilled water (DDW). This procedure was repeated foB41A, Sage Instruments) over a period of 35 min under stirring
successive ion exchanges to obtain greatereidchange in K- conditions. Reaction was stopped 5 min after completion of the
OMS-2. The product was dried at 120 for 12 h, then calcined addition. The reaction mixture was filtered, and products were
at 280°C for 6 h. The final material was named H-K-OMS-2, analyzed by a Beckman System Gold HPLC equipped with a
with a number in brackets indicating the number of times thaZorbax column (8 cmx 4.5 mm) and a variable wavelength
it was exchanged with 1 M HN® H* exchange was also done detector using a wavelength of 290 nm. The eluent was water
with concentrated HN@to obtain a higher exchange oftus-  with 0.05 M ammonium acetate and acetic acid (pBl-50.3)
ing the same procedure. and acetonitrile.
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Fig. 3. X-Ray diffraction pattern of K-OMS-2 and H-K-OMS-2.

Fig. 4. SEM micrograph of K-OMS-2 and H-K-OMS-2.

3. Results different H-K-OMS-2 materials were obtained from the EDAX
analysis data. The percentage of Kxchanged with H was
3.1. X-Ray diffraction patterns calculated as shown ifable 1 After four successive exchanges

with 1 M HNOs, 40% of the K~ was exchanged withH When
Fig. 3shows the XRD patterns of as-synthesized K-OMS-2K-OMS-2 was exchanged with concentrated HNG0% of
and after successive ion exchanges with. fhese XRD pat- the K* was exchanged with Hafter only two successive ex-
terns show that the catalyst retains its structure after successigéanges.
ion exchanges with H.
3.3. Average oxidation state
3.2. Chemical composition

The AOS method can be used to determine the electronic
Scanning electron microscopy revealed a fibrous needle-likenvironment around Mn centers. The average oxidation state of
morphology for K-OMS-2 and a similar morphology for H-K- Mn in the as-synthesized K-OMS-2 was 3.81. The AOS of Mn
OMS-2 Fig. 4). The tunnel cation substitution has no effect ondecreases with an increasing extent df &xchange by H, as
the morphology. The amounts of'Kcation in OMS-2 and in  shown inTable 3
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Table 1 H +
. . NHOH NHOH,
Extent of H" in the synthesized catalysts and AOS of Mn

Catalyst %K exchanged AOS lfH o
2
with HT2
K-OMS-2 0 3.81 NH NH

4
2 oKt exchanged with Ff was calculated based on the decrease in the wt% PhNH7 hNH2
of potassium in EDAX data assuming that the amount of Mn does not change

after the ion-exchange.
b The number in parentheses indicate the number of times K-OMS-2 Was@—w—@m{z
ion-exchanged with 1 M HN@

C This catalyst was exchanged twice with concentrated BNO

H-K-OMS-2(1) 20 3.76 ||I
H-K-OMS-2(2) 28 3.69

H-K-OMS-2(4) 40 3.60 ] -
H-K-OMS-2(2C¥ 50 3.54 3

Fig. 5. Mechanism of acid catalyzed condensation of phenylhydroxylamine

with aniline.

Table 2
Effect of various H-K-OMS-2 catalysts on selectivity size, which may be due to distortion in the tunnel from the H
Catalyst Temperature %0rtho ion exchange. The amount offKcation in K-OMS-2 and in

(°C) selectivit  different H-K-OMS-2 was obtained from the EDAX analysis
K-OMS-2 120 Noreaction data, and the percentage of Kxchanged with M was calcu-
H-K-OMS-2(1) 120 50.0 lated. After four successive exchanges with 1 M HIN@0%
H-K-OMS-2(2) 120 83.3 f the K™ was exchanged with H and after two successive
H-K-OMS-2(4) 120 91.1 0 . 9
H-K-OMS-2(4) 110 94.2 exchanges with concentrated HN®0% of the K was ex-
H-K-OMS-2(2C) 110 95.9 changed with H.

a As determined by area % in HPLC analysis. The condensation reaction between PHA and aniline pro-
ceeds via nitrinium ion (§HgNH™) formation in acidic condi-
tions[7]. When the reactions were carried out with K-OMS-2,

Table 3 no reaction occurred, because nd hvas present to form
Effect of temperature on selectivity CeHeNH™ or for the reaction to proceedrig. 5). But when
Catalyst Temperature %Ortho K-OMS-2 was ion-exchanged with'H 2-ADPA was one of

¢S selectivity’  the products obtained. Thettpresent in the tunnel protonates
H-K-OMS-2(4) 110 94.2 PHA; with the loss of HO, CsHgNHT is formed, which re-
ﬂ:i:gmgjigg gg géé acts with aniline to form 2-ADPA. The intermediate product
H-K-OMS-2() 140 836 is CsHgNH™, in which the positive charge is at the 2-position
H-K-OMS-2(4) 150 737 stabilized inside the OMS tunnel. H-K-OMS-2 has a very
H-K-OMS-2(4) 160 67.7 unique structure consisting of a negatively charged framework
a As determined by area % in HPLC analysis. of MnOg and positively charged cations*tHand K" in the

tunnel. This unique feature of the catalyst helps stabilize the
nitrinium ion intermediate.

The positive charge on nitrinium ion is stabilized by the neg-
atively charged framework, and the positively chargedhelps

The effect of increasing H content in K-OMS-2 was stud-  stabilize the unshared pair of electrons on nitrogen in the ni-
ied by the condensation reaction of aniline with PHA to producerinjum ion. The nitrinium ion, in which the positive charge is
2-ADPA. The results are shown ifable 2 H-K-OMS-2(2C)  at the 2-position, is suitably placed inside the tunnel for sta-
with the highest %H gave the highest selectivity for thoetho  pilization, but in the case of positive charge at the 4-position,
isomer. The results demonstrate a trend toward increased sel@ge distance between nitrogen and the positive charge is about
tivity with increasing %H- in the catalyst. The conversion with 4,74 A, making its stabilization difficult. Because the positive
respect to PHA was 100% in all of the reactions carried out agharge at the 2-position in the intermediate is more stabilized

3.4. Catalyst activity results

110°C or higher. than the 4-position, the nucleophile aniline attacks at the 2-
position, resulting in predominantly 2-ADPA. As the percent-
4. Discussion age of H™ exchange increases in K-OMS-2, the selectivity of

the ortho ADPA increases. This may be due to the slight in-
XRD patterns of K-OMS-2 and different H-K-OMS-2 are crease in the tunnel size due to the ion exchange, as evidenced
shown inFig. 2 The structure of OMS-2 was conserved evenby the XRD patterns, producing greater stabilization of the
after successive H exchange treatments. The slight shift of nitrinium ion intermediate in the tunnels of H-K-OMS-2 and
peak positions to the left indicates a slight increase in tunndkeading to the formation of thartho isomer of ADPA. All other
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solid acids as reported by Smith et al. give predominantly thexchanges with HN@resulted in better H-exchanged mater-
para product[7]. The exact mechanism of the stabilization of ial. These materials were used for the condensation reaction of
the nitrinium ion intermediate inside the tunnel remains a topighenylhydroxylamine with aniline. H-K-OMS-2-catalyzed re-
for further investigation. It can be concluded that it must be theactions gave higher selectivity for 2-ADPA than for 4-ADPA.
unique geometry of the tunnel of H-K-OMS-2 that stabilizesThe reaction is a simple one-step process and is completed in
the intermediate nitrinium ion with positive charge onéntho  only 35 min. H-K-OMS-2 is a unique catalyst that gives pre-
position. This argument is bolstered by the fact that all othetlominantly theortho isomer. To the best of our knowledge, this
solid acids and Bronsted acids give rise to the more sfake  is the only catalyst that yields tloetho isomer with high selec-
isomer. tivity compared with theoara isomer.

Earlier studies by Post et al. on cryptomelane showed that
cryptomelane’s tetragonal geometry distorts to monoclinicacknowledgments
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