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"My invention relates to the production of alkyl
thiccyanates and ‘similar weak- acid-esters-of-the
secondary -and ‘tertiary alcohols; ‘and more par-

ticularly to the production -of thiocyanates’ from:

5-the secondary and tertiary alkyl esters obtained
from olefines and olefinic compounds: '

One object of this invention is to- provide ‘g

relatively simple process for the utilization of the

olefines, higher than ethylene-and other-olefinic

10i. compounds to produce therefrom-secondary and
tertiary alkyl esters of relatively - strong- acids -
containing oxygen and to convert’ said “esters:
into-the secondary and tertiary alkyl’esters-of -

the weaker acids, for example, thiocyanic-acid;

The cbject of this invention is to produce sec- -
ondary alkyl thiocyanates from - the- secondary -

esters obtained from the reaction of* a rela-
tively strong acid containing oxygen: such-as sul-

phuric-acid, on the straight chain olefines of the-
on tertiary thiocyanates-

20: type R-CH—CHR’ 5
from the branched chain olefines of the type-
R
\C=C R
RI
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in which olefines the carbon atom carrying a side -

chain also carries a double-bond ;.and. on.second-
20 ary: and. tertiary. thiocyanates from _ all other

"branched chain esters produced from olefinies.and.
olefinic compounds reacted : with. suitablé. acids..
containing oxygen, and to effect the. production. .

of -the said thiocyanates without making.it heces-

9 producing. the thiocyanates. .

By olefinic compounds.I mean those compounds..
which contain an . ethylenic. function: and ‘may.
contain other. functions which .may: or may. not -
40A‘inhibit or interfere with the hormal reaction of.

“the olefine with a relatively strong acid,. such .as
sulphuric acid.

If, in these olefinic compounds there are.pres-
ent substituents or functions which tend to.pre-

. vent the formation of the-strong acid esters .

" therefrom, or otherwise interfere with the reac-
tion - (as by producing or effecting a.too -rapid.or

a premature polymerization) they may be.con--

trolled.in the usual ways, e. g., by acetylation. or

50 methylation, to render such interfering functions..
inactive or less active.while the-desired -strong.

acid esters are being formed.

A further object of this invention is to react, a.-
suitable, relatively. strong acid, such as-sulphuric.
557 acid - with - straight: chain olefines- of- the - type-

- 5ary-to isolate the esters used for the purpose of..

'R-CH£CH-R’-— and with branched chain oleﬁ'ne's of ¢

the type

R.
“\C'R;' .

R . S .
in which the carbon atom carrying a éide chain,

also..carries a double bond, and with-all. other.:
branched -chain. olefines -and-olefinic. compounds -
and %o produce, by such reactionsecondary-and..
tertiary alkyl esters-of said strong-acid and to

thereafter convert the ‘said. secondary. and. ter-

tiary esters into the secondary and tertiary-esters-
of - a relatively weaker- acid sueh :as - thiocyanie.
acid in the presence of an -excess of- a-relatively
strong acid, which may be an excess of thestrong.
acid.-employed - to react with the olefines; and .
without making it necessary to isolate-the-esters .-
formed from the agents ‘employed  or- from- the.

side products of the reactions.

- Other: objects of my. invention .will appear in-

the specification and claims below.

This invention relates to a method. of -making-

the secondary- and tertiary alkyl -esters-of the

- weak acids, such as thiocyanic acid -and: consists-

essentially in effecting a cleavage in the second-

ary-or. tertiary alkyl- esters of- relatively- strong:
acids,-such as sulphuric acid,*by a-process-some--
what similar to hydrolysis and which, -for-con-~ -

venience, I term herein acidolysis.
I have. discovered -that -with -certain -classes of
alkyl esters, by precess of acidolysis may be used

to produce secondary.and tertiary.esters ofthio-
cyanicracid. The extent to which the reaction is:
carried-out and-the nature of the products which::
are produced depend: upon the conditions and the

media in which the reaction takes ' place;
In primary alcohols, the radical carbon to
oxygen bond is relatively strong and the oxygen

to hydrogen bond. is relatively weak: In'tertiary -

alcohols; the radical carbon. to oxygen- bond: is

relatively-weak and the oxygen to hydrogen bond-
is relatively strong, and in the-secondary alcohols-
w455

an-intermediate position is present with -respect
to-the nature of these bonds. . This'same relation-

ship appears to hold with respect. to the:esters-

of ‘these.three types of aleohols and-in the hy-
drolysis of these esters the point of cleavage is at
the weaker bond or linkage. :

Upon the treatment of the primary esters of
the alcohols by any reagent analogous. to water;

such as a weak acid or an alcohol, a:process:

analogous-to hydrolysis occurs and yields; in part,

the-original -alcohol and & derivation or produect:
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- of the acid originally employed for the produc-
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tion of the ester.
This may be exemplified by the reaction

RO . 0C-CH;+R'OH=R’00C-CH;+ROH

wherein the point of cleavage is indicated by the
dotted line.

Now if such a reaction is applied to the esters
of the secondary alcohols or better to the esters
of the tertiary alcohols, the following reaction
takes place:

R 00-CH;+R'OH—ROR'+ CH;COOH

due to the relative weakness of the carbon to

oxygen bond. : «

Tt is this principle that I have discovered to
apply to the treatment of secondary and tertiary
esters by weak acids and it is the advantageous
method of the application of this principle upon
which this invention is based.

The general reaction may be, as above indicated,
properly termed acidolysis and in its general form
it may be expressed as follows:

R’ OOCR’+HX—RX+R/COOH

in which R stands for any secondary or tertiary

' alkyl grouping and HX stands for a ‘weak acid,

such as thiocyanic acid, and the point of cleavage
is at the dotted line. :

Although in the exemplification above given T
have shown, as the esters to be converted, the
secondary and tertiary alkyl esters of monobasic
carboxylic acids, which, by their simplicity, serve
me here for illustrative purposes, I do not wish
to be limited to the use of carboxylic acid esters,
for I have found that the neutral or acid esters

-of strong polybasic acids, such as sulphuric or

phosphoric acids, react to greater advantage in
this relationship. - These acids are outstandingly
suitable, both on account of their high degrees of
ionization in solution, and the stability of their
acyl radicals, and are therefore herein termed
“strong stable oxy-acids”.

As a more specific example of my invention, I
shall now refer to the reaction of thiocyanic acid
upon & secondary or tertiary alkyl sulphuric ester,
as follows: . ’

‘ Rgo.so,—OI—I—l—HSCN—>R-SCN+HzSO4

in which R represents any secondary or tertiary

‘alkyl grouping. Although in the above reaction

the use of an acid ester of sulphuric acid is shown,
I do not wish to exclude neutral esters, such as
dialkyl sulphates which are of the type

R.0-80,-0-R

and which also react to advantage.

Although any method may be employed for the
production of the secondary or tertiary alkyl
esters for conversion into the esters of thiocyanic
acid, I have found that a suitable ester or mixture
of esters for the purpose is readily produced by
subjecting the olefines, higher than ethylene, and
olefinic compounds, to the action of a strong acid
such: as sulphuric acid or phosphoric acid of a
proper concentration, or by reacting secondary
or tertiary alcohols with sulphuric or other suit-
able acids containing oxygen and of proper con-
centrations.

For the preparation of secondary or tertiary
esters of sulphuric acid from the various olefines,
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I attach a list of acid concentrations which may
be used, but considerable variation is permissible
in these acid concentrations, and I do not wish
to be strictly limited by these examples.

For Sulphuric acid
Per cent
concentration
2-methyl butene 2. 62
Pentene 2 66
2-methyl propene 2. 70
Butene 2.... 80
Propene. 100

When phosphoric acid is used in the reaction
with the olefines to produce the original second-
ary and tertiary esters, substantially stronger
concentrations of the acid are required.

In performing my acidolysis reaction on origi-
nal esters prepared by the reactions of strong
stable oxy-acids with suitable olefines or with sec~
ondary. or tertiary alcohols or, for that matter,
prepared in any suitable manner, there should be
present an. excess of a strong stable oxy-acid,
preferably, but not necessarily, the acid used in
the production of the original esters. . B

As we ascend in the series of olefines, the tend-
ency to polymerization increases under the infiu-
ence of sulphuric acid.” Accordingly, for use in
my process, there must be selected an olefine
which can be dissolved in a suitable strength of
sulphuric acid with sufficient ease and rapidity
that polymerization will not proceed extensively.
There are certain olefines, generally those of more
complex structure with which it is difficult to ob-
tain a suitable reaction with sulphuric acid be-
cause polymerization will take place as rapidly
as solution and reaction oceur, and the presence
of other functions in the olefine molecule may
prevent the formation of stable sulphuric esters.

But by suitable precautions, such as adequate
cooling, rapid agitation and protection of foreign
substituents, as by acetylation or methylation,
many olefines may be converted into suitable
esters of strong stable oxy-acids. I wish, there-
fore, to have my invention construed as applying
to whatever esters are preparable from acids and
olefinic compounds, as discussed above.

In the practice of my invention involving the
treatment of a secondary or tertiary alkyl ester
with an acid like thiocyanic acid which is un-
stable in the free state, I find that the process
may be advantageously practised by having with
the ester or esters-to be treated, an excess of free
acid identical with or similar to that acid which
was used in the preparation of the ester and in
quantity sufficient to liberate from its salts enough
thiocyanic acid to react completely with the ester
present. - 5 B )

For instance, when the secondary or tertiary
alkyl esters to be used have been prepared by the
reaction of sulphuric acid with the olefines, more
sulphuric acid is preferably used than is required
to react to produce the required esters. The ex-
cess of the sulphuric acid will then be operative
to liberate the thiocyanic acid which is added in
the form of a salt, such as sodium thiocyanate.

In the case of readily volatile and more stable
weak acids, such as hydrocyanic acid or hydro-
gen sulphide, the reaction may be carried on
under pressure while the acids are added in gase-
ous form, and when so added and with the re-
action taking place under normal pressure, means
should be provided for collecting and dispensing
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any excess:gas that.is:not absorbed: and: reacted:
In: the: -case’ of thiocyanic -acid; which: is not
stable in.the free state; T.preferably add.the so-

dium- salt ‘of: thiogyanic. acid in: its: solid form,:

to cooled and agitated mixtures of esters and free
acid, taking care to add the salt sufficiently slowly
thafi.there is at no: time any great concentration
of free unreacted thiocyanic acid, which, under
these conditions tends to polymerize to perthio-
cyanic acid and other produycts.

Example—One molecular part of trimethyl-
ethylene (isoamylene) is reacted, by a suitable

- Procedure with 2.5 molecular parts of 60% H2SOs,

- to produce a mixture containing tertiary amyl
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acid sulphate, di (tertiary amyl) sulphate and
sulphuric acid. The mixture at a temperature of
about 0° C,, is vigorously agitated. = Sodium thio-
cyanate (one molecular part) is now added in a
slow stream, care being taken not to let the tem-
perature rise more than a few degrees above zero.
Agitation is allowed to continue for a few minutes
after the addition is complete. An upper layer
separates from the mixture and floats on the
surface. This is removed, washed, neutralized
with a mild alkali (10% Na:CO; is suitable) and
dried. The product is essentially tertiary amyl
thiocyanate. It may be purified by distillation,
collecting the distillate between 165°~170°, or by
fractionation under vacuum, to produce a rela-
tively pure product.

With higher olefines and with other olefinic
compositions care should be taken to maintain
the materials at a temperature which will prevent
a too rapid polymerization of the composition
and if necessary, any substititents of the olefine
compound may be rendered inactive to produce
a rapid polymerization as by effecting an acetyla-
tion or methylation of the same during the pro-
duction of the alkyl esters therefrom and during
the conversion of said esters into the esters of the
weaker acid.

A vigorous agitation with a consequent disper-

‘sion of the ester into minute suspended particles
. also accelerates the completion of the reaction

so that the desired esters are producible notwith-
standing the tendency toward polymerization
which is constantly present. The time element
is important, that is to say, care should be exer-
cised to hasten the conversion of the heavy acid
ester into the weaker acid ester and to retard as
much as possible, and in the ways above indi-
cated, the rate at which polymerization takes
place during the process.

Having thus described my invention, ‘what I
claim and desire to protect by Letters Patent of
the United States is:

1. The method of producing secondary and
tertiary alkyl thiocyanates, which consists in agi~
tating secondary and tertiary alkyl esters of acids
stronger than thiocyanic and a salt of thiocyanic
acid which is reacted upon by said stronger acid
to release thiocyanic acid therefrom, whereby the
liberated thiocyanic acid reacts with the alkyl
residue of said stronger acid to produce there-
from secondary and tertiary alkyl thiocyanates.

2. The method of producing secondary and -

tertiary alkyl thiocyanates, which consists in agi-
tating secondary and tertiary alkyl esters of sul-
phuric acid and a sodium salt of thiocyanic acid
in the presence of a free acid which reacts with
said salt to liberate thiocyanic acid therefrom,
whereby the liberated thiocyanic acid reacts with
the -alkyl radical of the sulphuric acid esters to
produce secondary and tertiary alkyl thiocya-
nates.

'3

3. The method: of producing secondary: -and;
tertiary-alkyl thiocyanates, which consists:in-agi-.
tating secondary-and tertiary alkyl esters ofacids:
stronger than- thioeyanic- acid; and: hereinafter
termed - original esters, in the presence- of. & free:

acid stronger than thiocyanic-acid: and.contain-

ing: oxygen, and. adding. thereto;, slowly: during:
said agitation, a salt of thiocyanic acid which is
reacted upon by said free stronger acid to liber-
ate thiocyanic acid therefrom, whereby the lib-
erated thiocyanic acid reacts with the alkyl radi-
cal of the original ester to produce secondary and
tertiary alkyl thiocyanates and to produce from
said original ester the strong acid which was a
substituent of the said original ester. ,

4. The method of . producing _secondary .and
tertiary alkyl thiocyanates, which  consists in
agitating secondary and tertiary alkyl esters of
strong stable oxy-acids and hereinafter termed
original esters, in the presence of a free strong
stable oxy-acid, and adding thereto, slowly dur-
ing said agitation, a salt of thiocyanic acid which
is reacted upon by said free acid to liberate thio-
cyanic acid therefrom, whereby the liberated thio-
cyanie acid reacts with the alkyl radical of the
original ester to produce secondary and tertiary
alkyl thiocyanates and to produce from said orig-
inal ester the strong acid which was g substituent

of the said original ester, a temperature not sub-

stantially higher than zero C. being maintained
throughout the reaction.

5. The method of producing secondary and ter-
tiary esters of thiocyanic acid and similar weak

acids, which consists in agitating in a substan--

tial excess of a strong acid containing oxygen,
an olefine higher than ethylene and which does
not polymerize rapidly in the presence of said
strong acid under the conditions of the reaction
to effect a conversion of the:olefine into alkyl
esters of the said acid, said esters being herein
termed the original esters, and then cleaving
the said original esters by acidolysis, which con-
sists in agitating said original esters in the pres-
ence of thiocyanic acid at a temperature of sub-
stantially zero C., then allowing the resultant
mixture to stratify and then separating the super-
natant layer from the residue of said mixture.

6. The method of preducing secondary and
tertiary esters of thiocyanic acid, which consists
in agitating an olefine with sulphuric acid in
quantity in substantial excess of that required
to effect the complete conversion of the olefine
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into the alkyl esters of said acid and herein -
termed the original esters and then cleaving said .

original esters so formed without isolating them
or removing said excess acid by slowly adding
to the mixture sodium thiccyanate and vigorous-
ly agitating the mixture, maintaining the tem-
perature of the mixture at substantially zero C.
whereby the thiocyanic acid released by the re-
action reacts with the alkyl radical 6f the original
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ester to produce secondary and tertiary alkyl es<

ters of thiocyanic acid, then allowing the mixture
to stand and stratify and then separating the
supernatant layer from the residue of the re-
action, : ) : -
7. The method of producing secondary and
tertiary esters of thiocyanic acid, which consists
in agitating an olefine with sulphuric ‘acid. in

quantity in substantial excess of that required

to effect the complete conversion of the olefine
into the alkyl esters of said acid and herein
termed the original esters and then cleaving said
original esters so formed without isolating them
or removing said  excess acid by slowly adding
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to the mixture sodium.thiocyanate and vigor-
ously. agitating the mixture, maintaining..the
temperature of: the mixture at substantially zero

C. whereby the thiccyanic acid released. by the

reaction reacts with. the alkyl radical of the
original ester to produce secondary and tertiary

alkyl esters of thiocyanic_: acid,vthen allow_ing the

1,002,538

mixture to stand and stratify and then séparat-
ing the .supernatant layer from the residue of
the reaction, and washing and drying the same
and then purifying the said thiocyanates by dis-
tillation. ' . .

| WILLIAM M. LEE.



