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The present invention relates to a process for
the conversion of ketoximes into acid amlides.

In the well-known Beckmann rearrangement
of ketoximes at elevated temperatures, sulphurie
acid of from 70 to 90 per cent strength is gen-
erally used. The presence of water is liable to
assist undesired side-reactlons, for exampie the
dissoclation of the oximes into ketones and hy-
droxylamine; higher percentages of water may
also cause partial saponificatlon of the acld
amldes formed in the rearrangement. Owing to
the presence of aqueous sulphuric acid the proc-
ess cannot be practiced in iron apparatus.

I have now found that the sald side-reactions
may practically be eliminated by carrying out
the rearrangement with sulphurie acld contaln-
ing at the utmost 2 per cent of water, lLe, sul-
phuric acld which Is practically free or com-
pletely free from water, or oleum. The use of
oleum s particularly advantageous If molst ox-
imes are employed; the quantity and concentra-
tion of the oleum is then preferably so selected
that the proportion of SO: contalned therein
will be sufficient to form sulphuric acid mono-

hydrate with the water contalned in the oximes.

The oximes, as for example acetone oXime,
methylnonylketone oxime, cyclohexanone oxime,
methylcyclochexanone oXime, 1- and 2-0Xodeca-
hydronaphthalene oxime, may be dissolved In
sulphuric acid of the sald concentration range
and run at temperatures of from 80° to 200°C,
while stirring, into concentrated sulphuric aeld
which, as a diluent, assists the dissipation of the
reaction heat. Instead of concentrated sulphuric
acid, solutions having already undergone the re-
actlon may also be employed as diluents,

The process is preferably carried out In a con-
tinuous manner while pumpling the solution al-
ready rearranged In a cycle and continuously
feeding to 1t fresh oxime solution or both oxime
ahd sulphuric acid separately either at the same
place or at different places. A corresponding
quantity of rearranged solutlon is withdrawn
from the cycle at another place. The reaction
temperature most favorable for the rearrange-
ment of the oXxime used s adjusted by a proper
proportioning of the oxime solution to be sup-
plled and/or by outside cooling. The reaction
temperature usually lles at between 100 and
150°C. For completing the rearrangement the
solutlon may also be subjected to a subsequent
heating. If desired. The time of reactlion, how-
ever, 15 usually very short, say a few minutes, so
that high ylelds per unit of time and reaction
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space are obtalned. The process may be carried
out in Iron vessels,

Supplying the ox!me and sulphurie acid to the
cycle separately renders unnecessary the prepa-
ration of the oxime solution, To bring about re-
arrangement It will be sufilclent to employ about
12 to 1 mol of sulphuric acld per each mol
of oxime, but larger proportions of sulphuric
acid will do no harm either. As practically no
undesired slde-reactions occur In the process and,
in particular, no splitting of the oxime nor sa-
ponification of the amide or the lactam formed
takes place, the ylelds are excellent,

The following Examples serve to 1llustrate how
the present invention may be carried out in prac-
tice, but the Inventlon 1s not resiricted to the
said Examples, The parts are by welght.

Exgmple 1

A solution of 550 parts of cyclohexanone oxime
in 500 parts of sulphuric acid monohydrate is run
into 500 parts of a solution of 1 mol of e-capro-
lactam in 1 mol of sulphuric acld mohohydrate
at 140°C, while stirring vigorously, the sald tem-
perature being kept constant by cooling, After
about 30 minutes, when the major part of the
oxime has undergone the rearrangement, heatlng
at 140°C is continued for ancther 10 to 15
minutes,

The solution, being falntly brown In color, is
then run into 2500 parts of methanol at between
10 and 15°C while stirring. By leadlng in gaseous
ammonla the sulphurle acid 1s precipitated as
ammonium sulphate which 1s flltered off by suc-
tion and washed with methanol. The mother
liquor and the methanol used for washing are
united and evaporated, By distilling the crude
product remalning behind the e-caprolactam s
obtained; after deduction of the amount of Iac-
tam added at the start, the yleld is caleulated to
be 96 per cent of the theory.

The lactam may also be obtalned by pouring
the solution into aqueous caustic alkall solution
while strongly cooling and extracting the aque-
ous solutlon with a suitable solvent, for example
chloroform or ethylene chloride. The lactam
may also be obtalned by allowing the solution
containing the reaction product to flow inte miik
of lime, filtering off by suction the calcium sul-
phate formed, evaporating the aqueous solution
of the lactam and distilling the evaporation resi-
due. .

Example 2

280 parts of 98 per cent sulphurlc acid are
gradually run intc a solutlon of 100 parts of -
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caprolactam in 100 parts of sulphuric acid mono-
hydrate at between 110° and 120° C, whille stirring
vigorously; at the same time 340 parts of cyclo-
hexanone oxime are added and the reaction heat
is carried off by outside cooling. When all of the
oxime has been added, stirring is continued for
20 minutes at 120° C. The reaction mixture is
then worked up in the manner indicated in Ex-
ample 1. By distillation 408 parts of e-caprolac-
tam are obtalned, 1. e. 92 per cent of the theory.

Example 3

A solution of 50 parts of cyclohexanone oxime
in 50 parts of sulphuric acld monchydrate s al-
lowed to low into 25 parts of sulphurie acid mon-
ohydrate st 110° C, while stirrlng vigorously, an-
other 80 parts of cyclohexanone oxime belng
gradually added at from 130° to 140° C. Heating
is continued at 130° C for another 30 minutes
and the reaction product worked up in the man-
ner indicated in Example 1, e-caprolactam being
obtained in a very good yleld.

Erample ¢

115 parts of tert.-butylcyclohexanone oxime
(melting point 135° C) are dissolved in 115 parts
of sulphuric acld monohydrate; the solution is
introduced, while stirring, into 60 parts of sul-
phuric acld monohydrate at between 80° and 80°
C while coollng. The solution 1s further heated
for a short time at 110° C, poured onto 500 parts
of ice and neutrallzed with caustic soda solution
of 35 per cent strength. The crystals precipi-
tated are filtered off hy suctlon, washed with
water and dried. There are obtained 112 parts of
:he corresponding lactam (ter.-butyl-e-caprolac-
tam) which when recrystallized from ethyl ace-
tate melts at from 157° te 158° C.
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Example 5

60 parts of the oxime of cis-beta-oxodecahy-
dronaphthalene are dissolved in 50 parts of sul-
phuric acid monohydrate and entered, while stir-
ring, into 25 parts of sulphuric acid monohydrate
at between 100 and 110° C. After working up in
the manner indicated in Example 1, the crude
product is distilled. There are thus obtained 56
parts of a mixture of the lactams c¢f 1-amino-
methyleyclohexyl-2-propionic acid and 1-beta-
amino-ethylcyclohexyl-2-acetic acid which mix-
ture melts at from 89° to 92° C and hoils at from
154° to 155° C under a pressure of 0.5 milllmeter
mercury gauge.

Example 6

200 parts of 10 per cent oleum are gradually
run into a solution of 50 parts of e-caprolactam
in 50 parts of sulphuric acld monohydrate, at be-
tween 70° and 90° C, while stirring, 210 parts of
cyclohexanone oxime belng introduced at the
same time. The reactlon being finished, heating
is continued at 110° C for 15 minutes. The sotu-
tion 18 then diluted with 600 parts of ice and
neutralized with caustic soda solution of 35 per
cent strength. The e-caprolactam separates as
an oily layer which contains about 34 per cent of
water. The hottom layer is shaken with ethyl
acetate; the residue remalning after evaporat-
ing the ethyl acetate Is distilled together with
the oily layer. There are obtalned 250 parts of
e-caprolactam,

Instead of dry cyclohexanone oxime molst ma-
terlal, for example an oxime containing up to 10
or 15 per cent of water may be employed. In
this case it 1s advantageous to use oleum of hlgh
SOn-content in amounts sufficlent for converting
the water into about 100 per cent sulphuric acid.
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