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'The present invention relates to a process for
making higher aliphatic lactones from hydroxy-
carboxylic acids of the form OH.R.COOH, where
R is an acyclic -hydrocarbon group containing

5 a chain of at least ten-carbon atoms.
ess congists in removing ‘the elements of water
from said acid at boiling - temperature of the

solution in use, the said acid being in a.strongly

diluted state.
. The invention relates also to the lactones of
hydroxycarboxylic acids of the above mentioned

10

hydroxycarboxyhc amds these mctones being

new products..
Tt is. well known that hlgher lactones can be
15 obtained by suitably oxidising higher carbocyclic
ketones. It is also knowh that higher lactones
are obtained if »-halogen fatty acids are heated
with metal oxides or the salts of w-halogen fatty
acids in indifferent solvents. (German patent
oo specification No. 448,217).  As is apparent from
the examples in the said German patent speci-
fication this prior process always involves lac-
tonisation in the heterogeneous phase, that 'is
to say, with undissolved salts, such as-for exam-
o5 ple, copper and silver salts.

In contradistinction thereto it has been found
that the higher lactones can ‘be obtained with
much better-yields if the lactonisation (inner
esterification) of the corresponding  -hydroxy

.y acids or functional derivatives thereof is carried

out in homegeneous. strongly: diluted solution .or -

in the vapour phase. It is preferable to operate

under conditions of some dilution . so that the

reactions taking part can proceed in the mono-
«- molecular form.

Under these new conditions; contrary to what
is said in German specification No. 449,217, the
lactonisation of free w-hydroxycarboxylic acids
can be successfully effected. Of course, corre-

<0 sponding te the esterification reactions echosen
for the lactonisation, derivatives of the hydroxy-
carboxylic acids may also be used in place of the
free‘acids, such as, for example, their salts, esters,
halides; acid chlorides and so forth.

45 Por effecting the lactonisation of the w-hy-

droxycarboxylic acids chiefly all those esterifica~

tion methods can be used which permit of oper-
" ations ‘being carried out in dilute homogenedus
, solution or in vapour form. Particularly favour-~
able is that method in which the esterification
is carried out with the aid of a solvent which
forms an azeotropic mixture with the water
formed by the . water-splitting catalysts or by

¥y

~This proc-

55 clevated temperatures, and which enables this ;

(Cl. 260-—344)

‘mixture to be continuously removed from the
reaction solution during the distillation.

The present method of carrying out the lac-
tonisation is limited to those hydroxycarboxylic .
acids which possess a chainof. eleven or more
carbon atoms between their functional groups.
It is immaterial whether the chain is branched -
or normal, whether it is saturated or unsaturated,
or whether it st111 ‘contains other substituted
groups.

If operations are carrled out in the vapour
phase. in the presence of esterifying catalysts '
only-those derivatives of the w-hydroxycarboxylic
acids can be used which possess a certain sta-
bility at about 200° C., such as, for example, 15 -
the formates or the carbonates of the hydroxy-
carboxylic acids. In order that the vaporisation
takes place at the lowest possible temperature
operations are carried out in the best possible )
vacuum. -It is then preferable to dilute the va- 20
pours with other inert: gases or vapours.

The present invention enables higher lactones
to be prepared in a manner -which is very simple
technically and in outstanding yields. As com-
pared with the methods heretofore known, there- 25
fore, which either had to commence with costly
higher ketones or, in the case of direct lactonisa--
tion of the w-hydroxycarboxyllc acids, afforded
very small yields, the process according to the
present invention represents an important tech- 30
nical advance. -
© The lactones made accordmg to this invention
are intended for use in the perfume mdustry
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Emamp’le 1 ) 35
‘A 0.1% . solution of -an . w-hydroxycarhoxylic
~acid, e. g. -14-hydroxytetradecane-1-carboxylic
acid, in petroleum ether. or an aromatic hydro-
. carbon, is freed from small quantities of water
by boiling. A solution of thionyl chloride in ab- 40
solute benzene or some other hydrocarbon: is
then added. Approximately.the theoretically
necessaly quantity is employed, or a slight ex-
cess. The reaction can be followed by the hy- .
drogen chloride which. is liberated. When about 45
60 to 70% of the amount of hydrogen chloride
theoretically to be expected has been split off the
experiment-is stopped.  The solutions are con-
centrated by evaporation, washed, and freed-
from unused acids and acid chioride by means 50
of carbonate. . The resulting oil is. freed from - -
resinsg with the aid of penfane or light petroleum.
ether, which dissolves the lactone, the resins:re- -
maining insocluble, and the lactone is finally dis-
filled in a high vacuum. . The -lactone of 14- 85
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hydroxytetradecane~1 - carboxylic acid passes
over as a colourless oil at 125-130° C. under a
pressure of 0.35 mm.; at ordinary temperature
the oil sets to a product resembling camphor.
The yield amounts to at least 50%.

The reaction may also be carried out by adding
the hydroxy acid to a diluted solution of thionyl
chloride. In this case, however, the rate of ad-
dition of the hydroxy acid plays an important
part. It must be regulated according to the hy-
drogen chloride evelved so that the concentration
of the hydroxycarboxylic acid or of its chloride
never exceeds 0.1%. This method of working
mainly comes into consideration when it is de-
sired to convert large quantities of hydroxycar-
boxylic acids in small volumes of solvent. In-
stead of thionyl chloride other analogously act-
ing substances may, of course, also be used, such
as, for example, phosphoroxychloride, etc.

Ezample 2

The reaction described in Example 1 may also
be carried out in the presence of a tertiary base.
For example, a diluted benzolic solution of 15-
hydroxypentadecane-l-carboxylic acid is sup-
plied to a diluted solution of thiony! chloride in
benzene, the quantity of this latter solution be-
ing somewhat more than equimolecular, and this
mixture is supplied to a hot reflux of a 0.1%
benzene solution of dimethylaniline. The rate
of supply must be regulated so that the hydroxy
acid concentration does not exceed 0.1%. The
conditions moreover may be widely varied, both
as regards the reaction temperature, solvent, as
well as the nature of the base. For working up
purposes the reaction solution is washed with
dilute hydrochloric acid and further worked as
described in Example 1.

The yield amounts to at least 50%. The
lactone of 15-hydroxypentadecane-1-carboxylic
acid boils at 185-190° C. under a pressure of
15 mms.

Example 3

A 0.19% solution or suspension of concentrated
sulphuric acid in benzene is boiled until no more
water is separated. A diluted solution of an
hydroxycarboxylic acid in benzene, e. g. 14-
hydroxytetradecane-1-carboxylic acid is very
slowlyisupplied to the reflux of the first-mentoned
solution over a period of several days. -The rate
of supply must be regulated so that the concen-
tration of hydroxycarbovylic acid is not much
more than 0.001 molar. Better yields are ob-
tained if the concentration is kept well below
0.001 molar. The esterification (but not the
formation of the lactone) can conveniently be
followed by means of the water distilling off.
The product is worked up as described in EX-
ample 1; the yields amount to at least 70%.

Example 4
15-hydroxypentadecane-1-carboxylic acid,

CH20H-CHz-CH2-CHz-CHz'CH2-CH3z- CHz-CHa-
CHz-CHz-CHz-CH2-CHz- CH2:COOH

is gradually added, for example at a rate of
2 gms. per 24 hours, to the reflux of a boiling
solution of 2 gms. of dry benzene sulphonic acid
or toluene sulphonic acid in 12 litres of benzene,
and the water which forms distilled off with
benzene. The reaction solution is well washed
with water and evaporated in a slight vacuum.
The residue is treated with pentane in order to
dissolve the lactone and frees it from traces of
resin and unchanged acid. The filtrate is freed
from pentane and rectified in a high vacuum.

The pure lactone is obtained in a yield of 90%.
The reaction conditions may be varied within
fairly wide limits without the yield being much
under that just mentioned. For example, if the
time taken for introducing the hydroxycarboxylic
acid is shortened by a 6-fold amount, the catalyst
concentration remaining the same, then the
yield of lactone still always amounts to 70%.
Other hydrocarbons may be used instead of ben-
zene. The quantity and nature of the catalyst
may also be varied. Further, the temperature
may be raised with the aid of solvents of higher
boiling point or by working under pressure.

On the other hand for all reaction combina-
tions it is essential that the quantity of hydroxy-
carboxylic acid to be added during the reaction
be regulated according to the quantity used up
during the lactonisation, so that the maximum
concentration allowable under the prevailing
conditons is not exceeded,

Example 5

The formic acid ester of 14-hydroxytetrade-
cane-1-carboxylic acid is very slowly led over a
titanium dioxide catalyst heated to 200° to 300° C.
in a vacuum. The distillate collected in the
cooled receiver is freed from admixed acid by
means of soda solution and is purified by vacuum
distillation.

Example 6

Hexadecene A 7-01-16-carboxy 1 is lactonised
under the conditions described in Example 4.
The lactone which forms in almost gquantitive
yield is a new product and boils at 186°-190° C.
under 15 mm. pressure; it has a density of

d2=0.958
Example 7
w-hydroxyundecane acid,

CH:0H:CHz-CHz-CHz-CHz:CHa-
CHa'CH:-CHzCHz-COOH

is lactonised under the conditions given in Ex-
ample 4. The w-undecalactone, a new product,
is obtained as a colourless musty smelling oil in
a yield of at least 10%. It boils at '73-T4° C.
under 0.3 mm. pressure and upon saponification
yields the w-undecane acid of melting point 70° C.

Example 8

14-hydroxy-2-methylpentadecane-1-carboxylic
acid is converted into its lactone as described in
Example 4. The new lactone boils at 120-122° C,
and a pressure of 0.3 mm. and has a density of

d*=0.948

What I claim is:

1. A process for making higher aliphatic lac-
tones from hydroxycarboxylic acids of the form
OH.R.COOH, where R is an acyclic hydrocarbon
group containing a chain of at least ten carbon
atoms, consisting in removing the elements of
water from the acid at boiling temperature of
the solution in use, the acid being in a strongly
diluted state recovering the mono~meric lactones
from the reaction product by extraction with ap-
propriate solvents and finally fractionally dis-
tilling the lactones. a

2. A process for making higher aliphatic lac-
tones from hydroxycarboxylic acids of the form

OH.R.COOH, where R is an acyclic hydrocarbon 7

group containing a chain of at least ten carbon
atoms, consisting in removing the elements of
water from the acid at boiling temperature of the
solution in use, the acid being in the form of a
highly diluted solution recovering the mono-

i
Wl

40

b1

a0



[

10

o

20

40

50

60

2 202,437

meric lactones from the reaction product by ex-
traction with appropriate solvents and finally
fractionally distilling ‘the lactones.

3. A process for making higher ahphatlc lac-

tones from a hydroxyca,rboxyhc acid of the for-
mula OH.R.COOH, where R isan acyclic hydro-
carbon group containing a chain of at least ten
carbon atoms, consisting in removing the ele-
ments of water from the acid in an inert liquid
solution in the: presence of water-eliminating
catalysts at boiling temperature of the solution in
use, the acid being in a strongly diluted state
recovering the mono-meric. lactones from the
reaction product by extraction with appropriate
solvents and finally fractionally distilling the lac-
tones.

4. A process for making hlgher aliphatic lac-
tones from- a hydroxycarboxylic acid of the for-
mula, OH.R.COOH, where R is an acyclic hydro-
carbon group containing a chain of at 'least ten

. carbon ~atoms, consisting in removing the-.ele-

ments of water from the acid in an inert liquid
solution. at boiling temperature of the solution

in use in"the presence of a water-eliminating.

catalyst and in large quantities of a solvent, the
water eliminated by said catalyst and the.sol-

vent forming an azeotropic mixture recovering
the mono-meric lactones from the reaction prod- .
uct by extraction with appropriate sclvents and.
. finally fractionally distilling the lactones.

5. A process for making a higher aliphatic

lactone from a hydroxycarboxylic acid of the
form OH.R.COOH, where R is an acyclic hydro-
carbon group- containing a carbon chain of at
least ten carbon atoms consisting in adding’at

least the stoichiometric guantity of ~thionyl

chloride to the acid -and allowing the interac-
tion to.take place in anhydrous non-aqueous
solution, stopping the reaction when about 70%

of the theoretical quantity of hydrogen chloride -

has been evolved, concentrating and washing the

solution, neutralising -the acid substances con-. .

tained in the solution, separating lactones from

. resins by means of a lactone solvent, and sepa~
rating the lactone from the solution by vacuum.

distillation.

6. A process for making a higher aliphatic
lactone from s hydroxycarboxylic acid. of the
form OH.R.COOH, where R is an acyclic hydro-
carbon group containing a carbon chain of at

least ten carbon atoms consisting in adding at ..

least the stoichiometric quantity of thionyl chlo-
ride to the acid and allowing the interaction to
take place in anhydrous. non-aqueous solution

supplying the mixture to a hot reflux of a diluted .

non-aqueous solution of dimethylaniline at a
rate which keeps the hydroxy: acid.concentra-

tion below 0.1%, washing the reaction :solution -
with hydrochloric acid, neutralising the acid sub-

stances contained in the solution, separating
lactones from resins by means of a lactone sol-

3

vent, a,nd separating. the lactone from the solu-
tion by vacuum distillation.

7. A process for making the lactone from hy-. .

droxycarboxylic acid of the form OH.R.COOH,

where R .is an gcyclic hydrocarbon group con-
taining a carbon chain .of at least ten carbon
atoms consisting. in slowly adding said acid to
the refiux of a boiling benzene solution of ben-
zene sulphonic-acid, distilling off the water-ben-
zene mixtiure which forms, washing the solution
with water, evaporating the solution in g slight
vacuum, extracting the lactones from the resins
by 'means of a lactone.solvent, and finally rec-
tifying the lactone by vacuum distillation. .

8. A process for making the lactone of hexa-

- decene-A-7-01-16- carboxy 1 consisting in slowly
: adding said acid to the reflux of a boiling benzene -

solution of benzene sulphonic acid, distilling off

- the water-benzene mixture which forms, washing

the solution with water, evaporating the solution
in a slight vacuum, extracting the lactone from
the' resins. by means of a lactone-solvent, and
finally rectifying the lactone by vacuum dis-
tillation, :

9. A process for ‘making the lactone of 14-hy-
‘droxy-z-methylpentadecane-1 - carboxylic - acid
consisting in gradually adding said acid to the
refiux of a boiling benzene solution of benzene

sulphonic acid, distilling off the water-benzene .

mixture which forms, washing the solution with
water; evaporating the solution in 'a -slight
vacuum, extracting the lactone from the resins
by means of a lactone solvent and finally recti-
fying the lactone by vacuum distillation.

10, As 8 new product the lactone of w-hydroxy-
undecane-acid forming a colourless musty smell-
ing oil boiling ‘at 73 to 74 degrees Centigrade
under 0.3 mm pressure and upon saponification
yleldmg the w-undecane acid of- meltlng pomt 70
degrees Centigrade.

11. A method of preparmg the lactone of w-
hydroxy pentadecanoic acid which ' comprises
heating ™ w-hydroxy pentadecanoic: acid in the
presence of a larger amount of an insert lquid

‘which is a solvent for the reacting material re-

covering the mono-meric lactones from the reac-
tion product by -extraction with appropriate
solvents. and ﬁnally fractionally. distilling the
lactones. :

12. A process “for maklng the lactone from
hydroxy-carhoxylic . acid - of  the:

groulp containing a carbon chain of atleast ten
carbon atoms consisting ‘in slowly adding said
acid to the reflux of a boiling hydrocarbon solu-
tion of benzene sulphonic acid, distilling off the

" ‘water-benzene mixture which forms recovering
the mono-meric lactones from the reaction prod- -

uct by extraction with appropriate solvents and
ﬁnally fractlonally distilling the lactones.
MAX STOLL.

» ! formula
"OH.R.COOH, where R is'an acyclic hydrocarbon -
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