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SYNTHETIC COMMUNICATIONS, 27(3), 379-384 (1997) 

BECKMANN REARRANGEMENT OF SUBSTITUTED 
DIARYL KETOXIMES USING FeCl, IMPREGNATED 

M ONTM ORILLONIT E K10 

S.G. Pa& A.R Bajpai, A.B. Deshpande, and S.D. Samant*. 
Organic Chemistry Research Laboratory, 

Bombay University Department of Chemical Technology, 
Matunga, Bombay - 400 019, India 

ABSTRACT : Montmodlonite K10 was impregnated with FeCS in acetonitrile. 
The catalyst was found to catalyze the Beckmann rearrangement of substituted 
diary1 ketoximes significantly, giving selectively anti migration. 

The Beckmann rearrangement has been of tremendous interest to all 

practicing organic chemists, as the reaction effects a nitrogen insertion into a 

carbon fiamework13. It generally proceeds through anti migration. The conven- 

tional Beckmann rearrangement usually requires the use of excess amounts of 

strong Bronsted acids such as conc. %SO, or polyphosphoric acid, which cause 

serious problems, such as product decomposition and formation of a large amount 

of inorganic salts caused by neutralization. To circumvent these problems, during 

recent years, different solid catalysts such as metal oxides3, metal phosphates4, 

supported boria5, zeolites6, aluminosilicates', including  clay^*.^.'^ and pillared 

clays" are being used. However, most of these reactions are vapor phase reactions 

*To whom correspondence should be addressed 
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380 PA1 ET AL. 

or are carried out at very high temperatures (>523 K); or when canied out in the 

solvent phase are generally sluggish . For example, Tonsil day rearranged only 

activated p-OWOCy Acetophenone oximes, while it led to the hydrolysis 

product i.e. the ketone in all the other cases’O . Benzanilide was obtained fiom 

Bemophenone oxime in 75% yield usmg Montmodonite KSF, after prolonged 

reflux in toluenelo. There is only one report on the Beckmann rearrangement using 

cation-exchanged acidic clays, i.e. Alw-MontmorilIonite1’. 

Since Laszlo’s pioneering work on cation exchanged clays in Fnedel-Crafts 

alkylations12 and acylation”, these clays have been extensively used in acid 

catalyzed reactions. It has been found that Few-exchmged Mmtmodlonite K10 

conspicuously singles out among the cation exchanged clays in catalyzhg Friedel- 

Crafts reaction. This prompted us to use a similar catalyst to catalyze the 

Beckmann Rearrangement of diary1 ketoximes. It has also been observed that 

ZnCl, impregnated Montmodode K10 (clayzic) was a better catalyst than ZIP- 

exchanged Montmodonite K1014. This is believed to be due to faster diffusion of 

the reactants onto the catalytic sites, which lead to a much improved catalytic 

activity”. 

Inspired by this, we prepared FeC1, impregnated Montmorillonite K10 

(FeC4- Mont K10) using acetonitrile as a solvent for Beckmann rearrangement, 

where unusually high catalytic activity coupled with high stereospecificity was 

noted. In order to have a background knowledge of the activity of unimpregnated 

clays (ion-exchanged, acid treated and pillared clays), the oxime l a  was rearranged 

to the anilide 2a using different clays pable 1). All the reactions were carried 

out in toluene, at its reflux temperature in the presence of the catalyst. Using la,  

the amount of catalyst was optimized and an oxime to clay ratio of 1 : 2.5 was taken. 

Toluene was found to be the best solvent amongst all the solvents tried and the best 

yields were obtained in boiling toluene. The important observation was that a 
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SUBSTITUTED DIARYL KETOXIMES 381 

Table 1: Beckmann Rearrangement of l a  using various clay catalysts. 

Yield (%)" 

Entry Clay Catalyst l a  2a 4a 
1. Na+- Montmorilloniteb 67 13 20 
2. Montmorillonite KSF 85 11 4 
3. Montmorillonite K10 42 56 2 
4. A1-PILCC 66 32 1 

: l l e  yields are bassd m GC analyis (error of * 4%) aod are compared with known weight of the standard. 

Yields are calculated afler 5 minutes of reflux in Toluene. Clays were dried at 120°C for 2 h prior to use. 

: Natural Na+-exchanged Montmodlonite @H = 7) procured from Sud-Chemie AG. Munich, Germany. 
' : Gift sample Al-PJLC @X 534) procured fiom Sud-Chemie AG Mimi&, Germany. 

large amount of l a  remained unreacted. Particularly strikhg was the poor activity 

of highly Bronsted acidic Montmorillonite KSFI6. 

Subsequently, the reaction of various benzophenone oximes (la -1i) were 

carried out using the FeCt-Mont K10 catalyst (Scheme 1, Table 2). The 

important observation was that in no case the oxime underwent hydrolysis/ 

fkagmentation and the conversion was complete 5-12 minutes. This observation 

was novel on the background of various side reactions usually accompanying 

Beckmann rearrangement2. 

Scheme 1 
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382 PA1 ET AL. 

Table 2 :a Beckmann rearrangement of various substituted diary1 ketoximes using 

FeCl,-Mont K 10 

Entry Reactant R' R2 Reaction Combined Product' 

1 time yieldb yield (%) 

(minutes) of 2 & 3 2 3 
1 a H H 5 98 100 - 
2 b OCH, OCH, 5 93 100 - 
3 C CH, CH, 5 91 100 - 
4 d C1 c1 8 97 100 - 
5 e F F 10 92 100 - 
6 f CH, H 5 97 49 51 

7. g OCY H 5 95 46 54 
8. h C1 H 10 94 41 59 
9. I Br H 12 98 36 64 

a The two awhdes formed m ea& case (lf-li ) ( a m  ~ mgramn of both me syn - md the anti - isomer 

Deterrmned kom were confirmed usng a GC- MS represents the total amount of 2 & 3 Isolated 
'H-NMR measurements 

Also, the catalyst can be recovered and reused for upto 5 cycles (after 

activation for 1 h at 280°C) without any s i m c a n t  loss in activity. The Beckmann 

rearrangement is generally suggested to proceed through anti migration, the syn- 

and the anti- forms of If-li are expected to give the corresponding anilides 2 and 

3 respectively. FeC1,-Mont K10 directed the reaction through stereospecific anti 

migration. Thus, in the case of 1f-li, the relative ratio of 2 3  was almost in 

consonance with the reported ratios". 

Experimental : 

Melting points were determined on a Veego Precision M.P. apparatus and are 

uncorrected. IR spectra were recorded on a Jasco FTIR 300E spectrometer. 'H- 

NMR were recorded on a 300 MHz (Varian VXR 300s) in DMSO-d,. GC-MS are 
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SUBSTITUTED DIARYL KETOXIMES 383 

recorded on a Hewlett Packard GCD Series Gas Chromatograph equipped with an 

ECD. G.C. analysis were carried out on a Chemito 2865 Gas Chromatograph using 

a 5% SE-30 column. Ketoximes were prepared according to the literature 

methodI8. 

Catalyst Preparation : FeCZ (15g) was dissolved in dry acetonitrile (60 ml) and 

Montmodonite K10 (log) was added over a period of 10 min. The resulting 

slurry was stirred at room temperature for 5 h. The clay was then fdtered, washed 

with dry acetonitrile (10 ml), and then with dry benzene (3 X 20 ml). The yellowish 

powder obtained was activated in air at 280°C for 5 h, when a reddish powder was 

obtained. The clay was then stored in a vacuum desiccator. It was activated for 2 

hours at 120°C prior to use. It is designated as FeCS- Mont K10 . 
Beckmann Rearrangement (General Procedure) : A mixture of the 

ketoximes (0.4g) and FeCZ- Mont K10 (1 g) (or any other clay as is specified in 

Table 1) was stirred in toluene at its reflux temperature. The reaction was 

monitored by TLC. The mixture was cooled and filtered. The clay residue was 

extracted with boiling acetone and the extract was combined with the toluene 

filterate. The solvent was vacuum distilled to yield the anilide which was 

recrystallized fiom a suitable solvent or purified by column chromatography 

(EthyI Acetate - Hexane). 

Acknowledgement : The authors are gratefd to the Indo-French Centre for the 

Promotion of Advanced Research (Project no. 1106-2) for financial assistance, to 

the Regional Sophisticated Instmentation Centre, IIT, Bombay for providing 
the NMR and the Mass spectra and to SUD-CHEMIE AG, Munich, for providing 

some fiee clay samples. 
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