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To all whom it may concern: - I

.- Be1t known that I, Joser HERTKORN, doc-
tor of philosophy, chemist, and resident of

Berlin, Germany, (whose post-office addressis
Paulstrasse 8,) have invented a new and use-

ful Improved Proeess for the Preparation of
Borneol and Isoborneol Esters from Oil. of

- Tuarpentine, of which the following is a speci-

~_fication.
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- It 1s ‘well known that
. esters can be produced from oil of turpentine

My invention relates to a process for pro-
ucing - borneol and isoborneol esters from
oll of turpentine. N

In various ways, as, for instance, by treat-
ment with boric aeid or with benzoic acid,

‘but a serious objection -exists to all these

known processes on account of the small

yield of borneol, which is far less than the
theoretical yield. - ' g

I have found that the temperature suitable

. for esterification when treating oil of turpen-
- tme with anhydrous acids or their anhydrids

. does not lie between 130 and 132° C. as has.
hitherto been assumed, for after digestion
- for days at this temperature, only very small -

“quantities of the borneol ester are obtained,
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and therefore only very small quantities of
camphor can be produced. In this reaction
the pinene of the oil of turpentine is probably
first converted into camphene, and this by a
secondary action into the borneol esters.

~_If the esterifying acid, boric acid for exam-
ple,be mixed with anhydrous oil-of turpentine

and heated for days at a temperature of from
130 to 132° C., the same

~ acids, and particularly pyroboric acids-be
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" to form camphene. tri-bo
perature 1s raised to from 165 to 176° C.,
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55 formed in small quantities from oil of tur-

of borneol esters.

employed, that is to say boric acid anhy-
drids, and if at least enough of these acids is
added to combine in equivalent proportions

%orate,. and the tem-

there 1s obtained in a far shorter time a con-
siderably greateryield, namely from 5 to 109

an acld 1S necessary. -

As is well known, solid camphene when |

heated at high temperatures from 130 to 180°

C., forms borneol and isoborneol esters in an
almost theoretical yield, there being prac-
tically no by-produects, but this action only

takes place at quite a high temperature. . It
18 also well known that camphene can be

_bﬁrﬁebls and their

. _ oor yield of borneol
‘esters 1s obtained. If, however, metaboric | pose. h _
tion of camphene is practically entirely pre-

10 to 13 per cent. of such

',p_enﬁine bj? fhe a;ctitm of a;nhyd‘rous acids or
similar hydrolytically  acting™ substances,

such as concentrate

_ sulfuric acid, acetic
acid, and the like. ' -

~ The chemical reaction in the above men-
tioned formation of borneol esters from pi-
| nene 18 therefore quite different from what

has hitherto been universally assumed, be-
cause the secondary formation of borneol
esters presupposes an intermediate forma-
tion of camphene, and this in turn presup-

the direction of camphene or in the direction
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‘poses a primary rearrangement of the pinene
‘molecule In the direction of camphene. Pi-
nene molecules can be rearranged either in
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of limonene, -or these two substances can be

formed concurrently according to the kind
of acid, the metho

Limonene is not adapted for the direct

‘formation of borneol and 1s consequently a

The yield of bor- - =

troublesome by-product. The
neol esters is therefore dependent wholly
upon the quantity of the camphene formed.

It 1s well known that pinene when heated

| of working, or the hy- .
~drolytically acting additions. .
forr 75 -
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with free acids to from 120 to 130° C. is al-

most entirely changed into limonene, and

produced. The quantity of limonene is the
greater the stronger the acid, the longer the
heating 1s kept up, and the higher the tem-

{ perature. At the temperature mentioned
above, the small quantity of camphene
formed is only very incompletely converted

into borneol esters, since a temperature of
from 160 to 180° C. is necessary for this pur-
ose. In the ordinary process, the forma-

cluded at this high temperature because the
formation of limonene increases rapidly at

“anything above 132° C. The chemical reac-

tion considered, generally presents two main
phases:— . '

1. The formation of camphene at about

from 120 to 140° centigrade.and :

2. The formation of the borneol ester from
‘| camphene at from 160 to 180° centigrade..

I have discovered by further experiments

that the formation of liménene can be par-

creased production of camphene, by the use
of protective substances, such as anhydrous
alcohols, _
materials acting like alcohols and phenols,
such as glycerin. The neutral or acid esters.

‘tially or entirely stopfped, resulting In an 1n-

that therefore only very little camphene is
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phenols, or their derivatives and
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are especially valuable for the purpose of |
In fact,.

yielding such protective substances.
any esters which will break down at from 120

to 140° C. (the camphene forming tempera-

ture) or at a higher temperature, into acid
esters or into free acids without splitting off
water, are particularly adapted for this pur-

pose. Such decomposable esters yield acid

radicals which become readily combined with
the camphene as

it forms, protecting the
pinene at from 120 to 140° C. during the first
stage and favorably affecting the direction

of the reaction. The protective materials,

which are at the same time set free and can

e distilled off, mix with the water formed by

the principal reaction and the subsidiary re-

actions and immediately carry such water ol

innocuously. | | . |
Preferably the esterification acids and the
hydrolytically acting added substances must
be partially or wholly already combined with
the protective substances: before they are
added to the oil of turpentine, so that the

pinene does not come in direct contact in the |

first stage of the operation with the free acid,
as this would aid the formation of lmonene
in a high degree. Th‘e-protective-substances
act simultaneously as acid-binding, acid-di-
luting, acid-distributing, and acid-dissolving
agents,
ester produced is soluble with difficulty or 1n-
soluble in oil of turpentine. Kxamples of
such esterification acids are t!
pyroboric  acids, hosphoric acid, arsenic
acid; oxalic acid, lactic acid, cumaric acid,

cresotinic acid, salicylic acid, benzoic acid,
tartaric and citric acids, succinic acid, oXy- |

naphthoic acid, phthalic acid, gallic acid or
other mono- or polybasic weak organic or 1n-
organic acids or oxyacids or their deriva-
tives. | | o
According to my invention, the protective

 substances or their readily decomposable
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esters prevent the formation of limonene
either wholly or
a high degree, the formation of camphene
and of borneol esters. The introduction,
even in small proportions and at wide inter-
vals of time, of the esterification acid diluted
with a protective substance into the oil of
turpentine, which preferably has been previ-
ously diluted with a protective substance,
causes a materially better yield (20 to 25%)
of borneol ester. | | |

My experiments have shown that the g}e'at_-

the meta- and

i

when the esterification acid or the |

artially and thereby aid, to

| vided with a Dbevel

ost vield that is about 709, of borneol esters

is obtained by the use, as readily decompos-
able esters heretofore referred to, of weak

are capable of easily forming acid esters and
which at high temperatures again split up,
partially or wholly and without profound

 decomposition, into protective substances

¢5 preferably only those substances are used

and acids. As such decompcsable esters,

™

polyvalent inorganic. or organic acids, which |

-

separation and recovery

oil of turpentine or

pentine and acid

‘The cover O is
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which do not on decomp osition yiéld water,

and which in addition are easily soluble in

water or in alkaline solutions, the protective

substance of which is easily volatile, and the

terpeneesters of which are easily decomposed

by water or alkaline solutions’ for the easy

borneol and the by-products.

The esters of the protective substances
may be formed separately and added to the
to the mixture of oil of
turpentine and acid.  As an alternative

‘method, the protective substances or their
| esters may be led as gases into the oil of tur-

pentine, or into the mixture of o1l of tur-
at a tempe
the oil of turpentine or of

boiling point of

the acid used. |

. In the accomipanying drawing which

shows in cross section an apparatus for carry-
| ing out my invention, A

represents an ol

thereof from the
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erature below the
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bath supported on legs L and L, and pro- -
vided with a thermometer ‘K. Mounted

within the oil bath is the digesting vessel B
90

having a rim at its upper end extending over
the top of the oil bath A. A cover O ex-

tends over the top of the digester vessel and

the oil’bath and is bolted thereto, washers
being used if desired to malke tight joints.
provided with a stufling box

95

D through which projects a stirrer C pro-

vided with any desired form of stirring

man hole opening M, a thermometer J,and a

‘tube V for introducing vaporized alcohol into
the vessel B. '

‘N represents a

one or the other of the two Liebig condensers
R and R,, a three-way cock P being pro-

| -discha;rge tube fo.r‘ th_e "ﬁrap-—-
orized materials and it delivers into either

blades. The cover is also provided with a
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vided, so that the volatilized materials may .

be directed either into the condenser R or

the condenser R,, .as desired. The con- .

denser R, is used as a reflux cooler, while the

condenser R is directed downwardly for the

110

discharee of the materials condensed therein.

o

Mounted on the top of the cover O 1s a bent

bracket H, and through a bearing in the up-
per horizontal portion of this bracket the -

shaft of the stirrer passes, which shaft s pro-

115
gear wheel E which

meshes with a similar wheel F on ahorizontal

shaft mounted in the vertical part of the '

bracket H, and
a driving pulley G. The oil bath may be
heated by a gas lamp or in any desired way,
and instead of the oil bath a closed steam
boiler might be.employed. -

- Example 1. Into the vessel B are fed 150
kilos of anhydrous rectified oil of turpentine,

which shaft is provided with
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rich in pinene, together with from 50 to 100

| kilos of absolute alcohol or methyl alcohol,

and from 20- to 30 kilos of finely powdered

boric acid anhydrid. ‘The cock P is turned

so as to connect the pipe N with the pipe in

13
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the interior of the réﬂux condenser R, the | from the mixtufe, and this can be done by
boiling the mixture for several hours at from
170 to 176° C., and at the same time passing

with the reflux cooling arrangement, is con- | a current of absolute -alcohql-thr'ough sald

stirring. apparatus is set in motion and the

oil bath Aheated. 'This heating and stirring, |

tinued for about 12 hours at about from 70 to

100° C., until the alcohol has become esteri--

fied with the acid. The cock .P is then
turned to connect the pipe N with the con-
denser R, and the uncombined alcohol and
the water produced in the previous boiling

are then distilled off at {from 70 to 90° C.

- The cock P is then turned to connect the ap-
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paratus with the reflux condenser R,, and
‘the mixture in the vessel B is boiled under s

slowly increasing heat until the temperature
reaches about 115° C., this operation taking

about an hour. The cock P is then turned
to connect the pipe N with the condenser R

~and then the temperature in the vessel B is

raised progressively and slowly from 115°
up to about 135° C., this operation consum-

- Ing about twelve hours, during which time
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" terpenes and alkylenes and traces of water

50 distil off. There remains in the vessel a.mix-
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the water produced by the various reactiors
is distilled off together with any alcohol in
the vessel B and with the volatile ard reu-
tral alkyl borate, and when this distillation
1s complete the boiling point of the material
in the vessel B rises. The neutral alkyl
borate 1s thus decomposed, first, into the
acid ester and alcohol in the presence of the
unchanged neutral borate; and. at a later
phase, partially into free acid and free alco-

heated for about twelve hours, the tempera-
ture being slowly raised from 135° C. to about

160° C., whereby the last portions of the vol-

atile alkyl ester and the alcohol which has
been set free are slowly distilled off. The
acid borate first converts the pinene into

camphene by rearrangement, and the cam-

phene becomes converted by the acid of the

ester, or the boric acid which has been set

iree, into the borneol ester, which can be
recognized by the increasing viscosity of the
hquid. When the mass has become viscous,

‘1t 18 heated for abotit six hours at from 160 to

176° C., whereupon the last portions, includ-
ing about 3 kilograms of alkyl ester with

ture of the boric acid -ester of borneol and
tsoborneol in the form of a reddish brown,

transparent and solid jelly, which liquefies
‘again between 100 and 150° C. and is easily

broken up in the air, or with water, into the
hydrates of borneol and boric acid. Above
180° C., the raw borneol borates which us-
ually still contain free boric acid, decompose
Into water and viscous jellies, which yield
practically no camphor on oxidation. It is
of the highest importance, therefore, that the

~ temperature should not be allowed to rise as

g5

‘high as 180° C. |

The yield of borneol is increased if the last
portions of the free boric acid are removed |

‘hol. 'The material in the vessel B is then | |
from 5 to 7 atmospheres. H
then released and the easily volatile prod-

ances.
started, the digester is heated at about 100°

C. for about five hours at a pressure of from

‘ample.

kilos of ethyl borate.

2

mixture. _ _ | .
The operation is materially shortened 1if

instead of the alcohols and acids, the equiva-

70

lent quantity of neutral or acid ester of these

acids be used with-or without the addition of
some absolute alcohol or free acid, the latter

forming with the neutral ester the desired

acid ester. ' -_ | _
Example 2. The heating of the substances
mentioned in the foregoing example may be

carried out In an autoclave or digester pro-

vided with stirring and distilling-off appli-
After the stirring apparatus has been

5 to 7 atmospheres ‘above that of the at-
mosphere, or even at a greater pressure.
The pressure is then released, and the un-
combined alcohol and water produced in the
reaction are distilled off at 115° C. The

| heating is then continued at about 115° to
125° C. under a pressure of from 5 to 7 at-
mospheres, and from time to time a certain

amount of liquid is blown off in the form of
vapor, the heat being gradually raised until
the temperature reaches about 135° C.

:
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This takes trom 6 to 8 hours. The digester

is now heated at about 135° to 145° C. for

about seven hours at an internal pressure of
The pressure 1is

100

ucts are distilled off, until the boiling point
of the liquid rises to about 160° C. The fur-
ther treatment is the same as in the first ex-

- Example 3. Into a digester

kilos of absolute alcohol, from 10 to 13 kilos

of boric acid anhydrid, and from 50 to 80 .
Instead of the borate

. such as is de-
scribed in Example 2, are fed 150 kilos of de-
hydrated and rectified oil of turpentine, 50
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of ethyl the oxalate, lactate, silicate, salicy- -

late, citrate, tartrate, gallate, naphthoate,

cresotinate, acétate, benzoate, or phosphate

of ethyl may be used. The digester 1s then "

heated to about 115° C. from 10 to 12 hours
at an internal pressure of from 7 to 10 at-

115

mospheres above that of the atmosphere, the

stirring apparatus being set in motion. The

pressure is then reduced and the products

are distilled off up to a temperature of 140°
C.  The digester is then agaih heated-at a
temperature of 140° to 160° C. from 5 to 6

“hours at a pressure of from 5 to 7 atmos-
pheres above the pressure of the atmosphere,

during which time, at intervals, according to
the nature and behavior of the particular
ester, a small percentage of distillate is blown
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off for the pur%c;se of removing the injuri-

ously acting subsidiary product of the reac-
tion and increasing the boiling point. The
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ously.

f | .
digester is again heated slowly under a reflux

condenser at ordinary pressure up to 176° C.
as m Example 1. .
Example 4. A charge of turpentine, abso-
lute alcohol, and boric acid anhydrid as men-
tioned in Example 1, having been introduced

into the digester, and the mixture heated to

from 70 to 100° C., the vapor of from 100 to

150 kilos of absolute alcohol or methyl alco-

hol is introduced into the digester. The
water produced by the reaction is distilled
off with the uncombined -alcohol continu-
The further treatment may be ef-
fected as in Example 1 or Example 2.

The alkyl ester distillates and alcohols ob-
tained in the various examples may be used
over again after being dehydrated. The use
of the already formed neutraé or acld esters
in place of the ester components, and the
carrying on of the operation under a pressure
of from 5 to 10 atmospheres and the forma-
tion of the alkyl ester above the boiling point
of its components, shortens the operation
considerably, and yields a considerably
larger output of borneol ester.

The taw borneol esters obtained as de-

scribed above, are saponified by heating with
water, or with a soda solution, or with dilute

caustic soda in the usual way, the unevapo-
rated reagents used and the other unevapo- |

rated products of the reactions and the acids
passing into the aqueous or alkaline solution

~ while the raw borneols are separated out and

001,293

removed. These borneols are then purified
by the well known method of fractional
steam distillation, or by progressively cooling

down and fractionating out In supersatu-

rated solutions. o
I claim:— o o |
1. The process of preparing borneol esters,

40

which consists in heating a mixture of oil of

turpentine with an alcohol and -an acid an-
hydrid at from 120° to 140° C. for several
hours, distilling off the uncombined alcohol
and water formed by the reaction, then heat-
ing the mixture to from 170° to 180° C. and
purifying the product, substantially as de-

“scribed. |

2. ‘The process of 'p;'eparin*g borneol esters,

which consists in mixing oil of turpentine ¢
with alcohol and boric acid anhydrid, heating -

the same until the alcohol has become esteri-
fied, distilling off the water and uncombined
alcohol, slowly heating up to about 135° C,,
and allowing the volatile products to escape,
finally heating the mass up to 176° (. and
urifying the residual product containing
Eorneol esters, substantially as described.
In testimony, that I claim the foregoing as

my invention, I have signed my name 1n

presence of two witnesses, this nineteenth

day of May 1908. -
' JOSEF HERTKORN.
Witnesses: o : '
HexrY HASPER,
WorpEMAR HAuPT. -
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