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One-step Beckmann rearrangement from carbonyl
compounds and hydroxylamine hydrochloride in
Al,03;/CH;SO;H (AMA) as a new reagent’

Hashem Sharghi* and Mona Hosseini Sarvari
Department of Chemistry, College of Science, Shiraz University, Shiraz 71454, I. R. Iran

A facile and efficient synthetic procedure, for one-step Beckmann rearrangement of aldehydes and ketones with
hydroxylamine hydrochloride and Al,03/CH3;SO3;H (AMA) has been developed; cyclohexanone has been converted
into e-caprolactam in a quantitative yield.
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It is well known that the most common media for Beckmann Firstly, the Beckmann rearrangement of aromatic aldehydes
rearrangements are excess or stoichiometric amounts afas carried out in AMA and the transformation proceeded
strong Bronsted acids or Lewis acids. Recent methodeffectively when both electron donating and electron with-
include reagents such as zeoliteeCl impregnated mont- drawing groups at thertho and para position were used.
morillonnite K102 AICI in the solid staté,clay minerals, ~ According to Table 1, aromatic aldehydes gave only the pri-
trialkyloxonium  salts, antimony(V) sal€ aluminium  mary amides. The Beckmann rearrangement is generally sug-
iodide tetrabutylammonium per-rhenate(VI1)(BUReQy) 8 gested to proceed throughti migration, and the Z forms of
trifluoromethanesulfonic ackdand ionic liquid® Amongst ~ Oximes are expected to give the corresponding amides.
other reagents used have been concentras&® formic Indeed, various types of aldeh_ydes in the presence of AMA
acid20 liquid SO,, HMPA,!1 SOCL 12 silica gell3 P,Os- were cleanly, rap|qlly and se(l)ectllvely cond(.anse.d.wnh hydroxyl-
methanesulfonic aci# HCI-HOAC, Ac,0,15 polyphos- ~ amine hydrpchlonde at .80 C in 5-10 min giving the corre-
phoric acidlé and PC§17 causing large amounts of spondingZ-isomer of oximes (Oksynto aryl) in excellent

o prodcts and serious corrosion probigaiough o YK, Tese fesuls e sumnareed n ez
giﬁgé:;égbﬁ;\g ;223/3583:{53ﬁziviilc:mﬂ;-&?rﬁgg?meg orded the corresponding rearranged product in similar reac-

i d id decli f acidit " lted il tion conditions (140°C, 6 h; entries 8-13, Table 1). Schofield
bam an rafprll_ hec In€ ot acidity gener?Hy resu el' P‘?‘c; 1allYand his co-worke?8 have shown that the rates of rearrange-
ecause of high reaction temperatuifestHowever, liquid-  ont for metasubstituted aromatic oximes were lower than

phase rearrangements are generally sluggish and in all casgg, para and ortho substituted compounds in 98.2% sulfuric

the previous preparation of the corresponding aldoximes and.iq at 8eC.

kethimes are required, which constitutes a particular incon- Finally, AMA showed the highest activity and selectivity for

venience. o reparation of-caprolactam from cyclohexanone (entry 16,
Our new approach reported herein involves the use OfFaple 1) and Beckmann rearrangement of cyclopentanone and

Al,04/CH;SO;H (AMA) for the Beckmann rearrangement of cycloheptanone (entries 17,18, Table 1).

several aldehydes and ketones. Satisfactory conversion andThe experimental results showed that the Beckmann
selectivity were obtained for the transformation of cyclohexa-rearrangements of several oximes in AMA media could be
none intoe-caprolactam. proceed with high conversion and selectivity, while the
For the Beckmann rearrangement reaction, ketones anBeckmann rearrangement oheta substituted aromatic
aldehydes (1 mmol) in a mixture of GBO;H (2ml) and  aldoximes were not observed in the same system (Table 3). In
Al,0; (3 mmol) were heated in an oil bath at 140°C. Then theaddition, cyclohexanone oxime could be converted into
hydroxylamine hydrochloride (3 mmol) was added , there wast-caprolactam in AMA in 90% yield (Scheme 2). Although
no requirement for any other additional solvent. The experithere was no difference in conversion between cyclohexanone
mental results are summarised in Table 1, Scheme 1. and cyclohexanone oxime to yiedecaprolactam.
In conclusion, the method described presents the advantages
to be able to prepare directly amides in good yields from the

0 0 corresponding aldehydes and ketones without previous need
1/”\ , Al,O4/CH;SOsH l/lk 5 to prepare the corresponding aldo- and ketoximes. Easy work-
R R - — R NHR up and high yields of amides are other advantages of this
Hydroxylamine hydrochloride 3 method.
140 °C
R! = ary), cycloalkyl
R? = H, cycloalkyl
Scheme 1 NOH 1 / NH
A 203 CH3SO3I;I o
140°C
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Table 1 Beckmann rearrangement of aldehydes and ketones

Entry  Substrate Time/h  Products TH-NMR chemical IR (KBr) Yield?
shift of H amide (lit.) (lit.) 1%
1 3 0 6.26 3385, 3190 (NH,), 1665 (C=0) 95
©/cno Il (7.423)b (3369, 3191, 166523)
oo
2 2.5 0 6.02 3420, 3210 (NH,), 1685 (C=0) 80
CHO I (7.024) (3397, 3191, 165323)
L
OH
OH
3 3 0 6.45-6.49 3340, 3140 (NH,), 1640 (C=0) 95
CHO I (6.523) (3369, 3191, 163823)
L P
Ci
Ci
4 35 0 5.85 3140, 3210 (NH,), 1650 (C=0) 75
CHO i (7.12, 7.7623)b (3627, 3417, 165123)
o e
H HO
5 35 0 5.97 3333, 3226 (NH,), 1650 (C=0) 90
/©/cm ©/ O, (7.524)b (333, 3226, 166724)
Cl Cli
]
6 oo 35 i 6.12 3343, 3168 (NH,), 1671 (C=0) 80
/©/ /@/ O~ N, (7.524)b (3343, 3168, 167023)
Me Me
¢l cl
7 a0 2 I 5.83-6.14 3450, 3190 (NH,), 1650 (C=0) 90
O Nm, (3432, 3280, 1652%%)
Cl

95

[ee]
;F
e}
Jany
o
)]
oo}
@]
2
]
o5

|

|

Cl\©/ CHNOH — — 95
CHO 6 M \©/ CHNOH — — 95
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1 02"\©/ CHO 6 OZN\©/ CHNOH — _ 90
12 I 4 — — 80
QCHO /s\ CHNOH
O
13 Me i 6 Me OH — — 70
14 0 0.7 o} 8.1 3345 (NH), 1657 (C = O) 98
Il (10.323)b (3346, 165723)
Ph-C-Ph Ph-C-NH-Ph
15 0 25 0 7.79 3297 (NH), 1665 (C = O) 65
I I (7.79%3) (3294, 166523)
Ph - C - Me Ph-NH-C - Me
16 o 2 7.4 3212 (NH), 1658 (C = O) 90
(/Vr Q‘H (7.0%9) (3212, 1658%3)
0
17 2 7.00 3219 (NH), 1660 (C = O) 90
{0 (7.0%)

[¢]

g

18 2 o 6.9 3231 (NH), 1663 (C = O) 90
GO C{fﬁ (6.9%3) (3231, 1663%3)

aYields were determined by 'H NMR spectrometry.
bTH-NMR was obtained in DMSO-dg
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Table 2 Convertion of aldehydes to Z-isomer oximes using AMA

HO \N
R’/lk Ha

Entry R? Time M.p. (lit.) TH NMR Chemical?® YieldsaP

/min shift of Ha /%
1 p-MeCgH, 5 72 (8024) 8.49 85
2 p-OHCgH, 5 94 (7224) 8.07 85
3 p-CICeH, 5 146 (1452) 8.12 85
4 p-NO,CeH, 10 100 (129%) 8.21 80
5 p-MeOCgH, 10 132 (1332%) 8.00 80
6 m-MeCgH, 10 56 (6024) 8.13 80
7 m-OHCgH, 10 90 (9024) 8.09 85
8 m-CICgH, 10 100 (10024) 8.11 85
9 m-MeOCgH, 10 110 (11224) 8.10 85
10 0-OHCgH, 5 63 (6324) 8.22 95
11 0-CICgH, 5 103 (100%7) 8.57 95
12 Ph 5 120 (12825) 8.17 85
13 2,6-diCIC4H3 5 132 (15028) 8.40 95
14 10 130 (13324) 7.73 90

3

S

a TH NMR vyields.
b Only a small amount of E-isomer, i.e. 5-20% was obtained.
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Starting materials were obtained from Fluka company. Melting pointsShiraz University Research Council.
were determined by Buchi 510 apparatus and are uncorrected. IR
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Amides from aldoximes and ketoximesaldoxime or ketoxime 8 K. Narasaka, H. Kusama, Y. Yamashita and H. Saltem. Lett
(1 mmol) was added to a stirred mixture of SlEH (2 ml, 1993 483.

0.03 mol) and AJO; (0.3 g, 3mmol) at 140°C in an oil bath. The 9 Y. Deng and J. Pengetrahedron Letf 2000.
progress of reaction was monitored by TLC. After appropriate timel0 Es TivanJ. Chem. Socl965, 3881.
(Table 3), the reaction mixture was washed with water (40 ml) andll R.S. Morson and B.M. Brolin&an. J. Chem 1973,51, 942;

extracted with dichloromethane ¥20 ml). The organic solution J.T. Gupton, J.P. Idoux, R. Leonard, and G. Decresc&th.

was dried over N&O, and evaporated to give the corresponding Commun 1983,13, 1083.

amide. 12 R.N. Butla and D.A. O’'Donoghud, Chem. Resl983, 18.
Oximes from aldehydes and keton@$ie aldehyde or ketone 13 A. Costa, R. Mestres and J.M. Rie§gnth. Commuri982,12,

(1 mmol) was added to a stirred mixture of SlEH (2 ml, 1603.

0.03 mol) and AIO; (0.3 g, 3 mmol) in an oil bath at 80°C. Then 14 P.E. Eaton, G.R. Coulson and J.T. L&aDrg. Chem1973,38,
hydroxylamine hydrochloride (0.21 g, 3 mmol) was added. After the ~ 4071.

periods of time reported in Table 2 the reaction mixture was washed5 R.F. Broun, N.M. Vangulick and G.H. Schmid Am. Chem. Soc
with water (2x 50 ml) and extract with dichloromethanex20 ml). 1955,77, 1094.

The organic layer was dried over J$&, and evaporated to give the 16 A.L. Beckwith, J. Zabicky, Ref. 230 pp.131-137, Co P.T.
crude oxime. Lansbury, M.R. Mancuso.



Table 3 Beckmann rearrangement of some oximes
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Entry Substrate Time Product M.P. (lit.) Yield?
/h /%
1 InIOH 2.5 (I? 156 (16324) 80
Ph-C-Ph Ph-C-NH-Ph
2 OH 25 (¢} 153 (1572%) 60
e
Il\ll CH; -C - NH - Ph
Ph - C - CHs3
3 H_ 2.5 o 139 (14224 80
C=N It
@ OH C\NHZ
OH
OH
4 H 3 0 140 (142.42%) 95
C=N fl
Cr, Cro
ci
cl
5 H 3 0 142 (1472%) 90
C=N_ Il
@[ OH C\NH
2
Me
Me
6 H 4.5 0 160 (16224) 75
C=N u
HO HO
7 u 4.5 0 178 (17924 90
C==N i
Jo Jon
8 H 4.5 o 160 (16024) 80
C=N g
/©/ OH TSNH,
Me Me
9 cl 2 o 146 (1442%) 90
H Cl 0
C=N
“on @ E~ i,
cl
cl
Entry Starting material Time/h Products Yield/%?
10 HO@/ CHNOH 6 Not rearranged
11 C'\©/CHNOH 6 Not rearranged
12 MeU CHNOH 6 Not rearranged
13 6 Not rearranged

ON ©/CHNOH

aYields refer to pure isolated products.
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