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(54) MANUFACTURE OF ACETALS

(71) We, BASF AKTIENGESELLSCHAFT, a German Joint -Stock Com-
pany -of 6700 Ludwigshafen, Federal Republic of Germany, do hereby declare the in-
vention, for which we pray that a patent may be granted to us, and the method by
which it is to be performed, to be particularly described in and by the following
statement:— 5
The present invention relates to a .process for the manufacture of an acetal by
reacting an aliphatic aldehyde with an aliphatic alcohol in the presence of an acid.
If the aldehydes and alcohols to be used for the manufacture of the acetais are
industrially readily accessible, the direct acetalization of aldehydes in the presence of
“acid catalysts, in accordance with the equation given below, is the simplest industrial 10
method for obtaining the acetals:
: H+-
aldehyde + 2 alcohol == acetal + water
The problem presented by this reaction is that an equilibrium between the starting
compounds and the end products is set up. Higher conversions are therefore only
achieved if at least one of the reaction products, e.g. the water, is removed from the 15
reaction mixture.
Various methods for removing the water, formed by direct acetalization, from the
reaction mixture have been disclosed. For example, according to German Laid-Open
Application DOS 2,411,530, dehydrating auxiliary chemicals, e.g. molecular sieves or :
calcium sulfate, are used for this purpose. In this process, the molecular sieves are em- 20
ployed in amounts of 20-—45%, by weight, based on the starting compounds; calcium
sulfate is even employed in amounts of up to 90%, by weight. Auxiliary chemicals
which are used in such amounts, based on the reactants, and which furthermore do not
give a homogeneous solution, make it difficult to carry out the process industrially,
especially if, for cost raasons, it is necessary to regenerate them. Even if this expensive 25
procedure is employed, the process does not give satisfactory yields. :
The long reaction times are a further substantial disadvantage of the process of
German Laid-Open Application DOS 2,411,530. For example, the acetalization re-
quires 72 hours in Example 4 and 100 hours in Example 13. The resulting poor space- - ,
time yields are undesirable in industrial practice. 30
In addition to molecular sieves and calcium sulfate, German Laid-Open Applica-
tion DOS 2,411,530 names ammonium nitrate as a preferred catalyst. However, the
latter results in significantly poorer selectivities than those obtained with molecular
sieves and calcium sulfate.
A further possible method of removing the water formed during direct acetaliza- 35
tion is to employ azeotropic distillation with an inert entraining agent. For example,
according to German Laid-Open Application DOS 2,423,409 the water formed by the
acetalization is removed from the reaction mixture by azeotropic distillation with
n-heptane’ (Example 2). The process of German Laid-Open Application DOS
2,423,409 has the advantage over the process of German Laid-Open Application DOS 40
2,411,530 that the auxiliary chemical, namely n-heptane, is easier to handle in industrial
operation than the solids mentioned above. However, the fact that the reactants are
~diluted with about 75%, by weight of heptane, and that the reaction times are long



1,576,852

10

15

20

25

30

35

40

45

50

35

(15 hours in Example 2; the conversion is not disclosed) is a disadvantage, because of
the high investment required and the high heating costs.

A further disadvantage of the process of German Laid-Open Application DOS
2,423,409 is the poor selectivity. In Example 2, only 37.7 parts of distillable product
are formed from a total of 59 parts of starting compounds, and of these 37.7 parts only
7.2 parts consist of the desired acetal. Catalysts recommended for this process are acid
compounds, e.g. ammonium sulfate, ammonium nitrate, boric acid and others.

S. Julia et al., Bull. Soc. Chim. France 1962, pages 1960—68, recommend benz-
ene as an inert entraining agent in the manufacture of 1,1-bis-(prop-2-en-1-yloxy)-
but-2-ene. This process gives a yield of only 32.5%, of acetal, based on crotonaldehyde,
after 24 hours’ reaction time. The same authors describe the synthesis of 1,1-bis-(2-
methyl-prop-2-en-1-yloxy)-but-2-ene without added entraining agent. In that case,
only 209, of acetal, based on crotonaldehyde ,are obtained after a reaction time of 17.5
hours.

The present invention seeks to provide a process which makes it possible to carry
out the acetalization of aldehydes with alcohols, especially the acetalization of sensitive
@,3-unsaturated aldehydes, in a technically simple manner, with good conversions and
good selectivities. :

According to the present invention there is provided a process for the manufacture
of an acetal by reacting an aldehyde with an alcohol in the presence of an acid using a
vessel comprising or equipped with a rectifying column provided at the top with a
device for discharging water, wherein the reaction is carried out in the presence of nitric
acid as the essential acetalization catalyst under rectifying conditions such that the
starting compounds and the nitric acid are substantially in the main part of the recti-
fying column, water being discharged at the top of the column and the acetal formed
being taken off from the lower part (e.g. the bottom) of the column.

The nitric acid may be employed in an amount of from 1 x 10—¢ to 10%,, prefer-
ably from 1x 10 to 19, more preferably from 1 x 10~ to 1 x 10—2%,, by weight
(calculated as 100%, strength acid), based on the mixture of aldehyde and alcohiol.

It is particularly advantageous to carry out the process of the invention in a recti-

fying column with up to 80 theoretical plates.

“The process of the invention offers particular advantages for the manufacture of
an acetal of the general formula I
: O—B ,

Y .
A—CH : , I

N\

0—B

where A is one of the radicals R—CR= CR—, R—CHR—CHR— or
CHy;=CR—CHR— and the B’ are identical or different radicals selected from
~—CRR—CR = CR—R?, —CRR—CHR—CHR—R? and —CRR—CHR—CR = CH,,
where the R’s are identical or different and each is hydrogen or alkyl of 1 to 4 carbon
atoms, R* is hydrogen or alkyl of 1 to 4 carbon atoms which may in turn be substituted
by alkoxy of 1 to 4 carbon atoms or by alkanoyloxy of 1 to 4 carbon atoms, and R?2 is
hydrogen or an aliphatic, aliphatic-cycloaliphatic or cycloaliphatic hydrocarbon radical
of up to 12 carbon atoms which may contain up to 4 carbon-carbon double bonds, by
reacting 1 molar proportion of an aldehyde or aldehyde mixture of the general formula

II
A—CHO II

with at least 2 molar proportions of an alcohol or alcohol mixture of the general

formula IIT -
HO—B ' ‘ I

where A and B have the above meanings.

The process of the invention is generally superior to conventional methods of
acetalization, above all in cases in which one or both of the alcohol and aldehyde are
mono- or poly-olefinically unsaturated, because unsaturated alcohols and aldehydes,
especially ,8-unsaturated aldehyde and allyl alcohols, are particularly sensitive to

undesirable side-reactions. . .
) Examples of aldehydes which may be employed according to the invention are-

acrolein, but-2-en-1-al, 2-methyl-but-2-en-1-al, 3-methyl-but-2-en-1-al, 2-methyl-4-

_ methoxy-but-2-en-1-al, 2-methyl-4-acetoxy-but-2-en-1-al, 3-isopropyl-but-2-en-1-al
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and 3-methyl-but-3-en-1-al, preferably 3-methyl-but-2-en-1-al. In addition, the cor-
responding saturated compounds may also be used, i.e. propionaldehyde, n-butyralde-
hyde, 2-methyl-butan-1-al, 3-methyl-butan-1-al, 2-methyl-4-methoxy-butan-1-al, 2-
methyl-4-acetoxy-butan-1-al and 3-isopropyl-butan-1-al.

Examples of unsaturated alcohols which may be used according to the invention
are prop-2-en-1-0l, but-2-en-1-ol, 2-methyl-but-3-en-2-ol, 3-methyl-but-3-en-1-ol,
geraniol, 2-methyl-prop-2-en-1-ol, 3-methyl-but-2-en-1-ol and especially 3-methyl-but-
2-en-1-ol.

Propan-1-ol, propan-2-ol, butan-1-o0l, 2-methyl-butan-1-0l, 3-methyl-butan-1-ol
and isobutanol may be mentioned as saturated alcohols which may be used according
to the invention. .

In principle, it is desirable to manufacture acetals which are single compounds,
in which case a single aldehyde and a single alcohol need to be used as starting
materials. :

Frequently, however, the manufacture of the aldehyde or of the alcohol to be used
as starting materials for manufacture of the acetal results in mixtures instead of the pure
saturated or unsaturated compounds. If these mixtures are employed, the correspond-
ing mixtures of the various possible acetals are obtained, which in some cases can be
used just as well for further syntheses as can the individual acetals. For example, in the
manufacture of 3-methyl-but-2-en-1-ol from 3-methyl-but-3-en-1-ol in accordance with
German Published Application DAS 1,901,709, mixtures af these two alcohols in about
equal parts may be formed. These mixtures can, according to the process of the inven-
tion, advantageously be converted, by reaction with 3-methyl-but-2-en-1-al or 3-
methyl-but-3-en-1-al, into the corresponding mixtures of acetals which can be used
further, as such, for the manufacture of citral.

The difference in boiling points of the aldehyde and alcohol is not critical but

~ should advantageously not exceed 100°C and preferably not exceed 50°C.

Since nitric acid is a strong acid it may be employed in smaller amounts and

‘shorter reaction times suffice to achieve quantitative conversion than would be the case

with other distillable acids which are weaker. The nitric acid catalyst can be employed
either in the form of fuming nitric acid, i.e. almost pure, about 989, strength, HNO,,
or in the form of aqueous HNO; solutions. It is advantageous to use commercial con-

centrated nitric acid, i.e. about 69%, strength aqueous HNO; solution of constant boil-

ing point. However, dilute aqueous nitric acid can also be used under the conditions
according to the invention, since the water used for dilution is removed from the
reaction mixture, during the reaction, by distillation together with the water formed in
the reaction. :

In general, it is advantageous to dilute the nitric acid with the alcohol to be
reacted, and introduce it in this form into the reaction vessel. This is particularly advis-
able when using fuming nitric acid. :

It is very surprising that nitric acid can be used advantageously as a catalyst for
the acetalization of the @,8-unaldehydes, which are known to oxidize and polymerize
readily. As early a publication as “ Organikum.” 9th edition, VEB Deutscher Verlag
der Wissenschaften, Berlin 1959, page 430, states that when acetalizing «,8-unsaturated
carbonyl compounds specific conditions must be observed since the alcohol can easily
undergo adduct formation at the reactive activated double bond. The use of NH,NO,
is recommended. In none of the above processes for acetalizing a,B8-unsaturated alde-

hydes is nitric acid mentioned as a possible acid catalyst. According to the process of -

German Laid-Open Application DOS 2,411,530, the use of the ammonium salt of
nitric acid as the acid catalyst results in substantially poorer selectivities in the manu-
facture of acetals than when calcium sulfate or molecular sieves are used. In the process
of German Laid-Open Application DOS 2,439,140 for acetalizing B,y-unsaturated
aldehydes, i.e. aldehydes in which there is no mutual activation of the double bonds and
the carbonyl group, nitric acid is mentioned as a possible catalyst amongst innumerable
other acid compounds. : »

It is essential, in the process according to the invention, that the reaction of the
aldehyde with the alcohol is carried out under rectifying conditions so that the starting
compounds and the nitric acid are substantially in the main part of the rectifying
column, water is discharged at the top of the column and the acetal formed is taken off
at the lower part (e.g. the bottom) of the column. The apparatus used is a rectifying
column, suitably one with from about 1 to 80, especially from 5 to 35, theoretical distil-
lation plates. In industrial operation, any design of rectifying column can be used, i.e.
the design is not critical. For example, it is possible to use tray columns, e.g. bubble-

_ cap tray columns, sieve tray columns, valve tray columns, tunnel tray columns, dual-
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“flow tray columns and centrifugal tray columns, packed columns with Pall rings, Ras-

chig rings, Berl saddles, gauze rings, wire spirals or others as the packings, columns
with gauze packing (e.g. of the Sulzer or Montz type), trickle-film columns, grid tray
columns and others. A device is provided at the top of the column for discharging the
water of reaction. Advantageously, a phase separating vessel and/or a proportioning
reflux device is used. :

In carrying our the reaction according to the invention it is in most cases feasible
and particularly advantageous to remove the water essentially only with the aid of the
starting compounds. However, in principle it is possible, and in some cases advantage-
ous, to remove the water, in the reaction according to the invention, by means of an
inert entraining agent which has a lower boiling point than the starting compounds and
which is used in such small amounts that during the reaction it is only present in the
uppermost part of the column, i.e. that the alcohol and aldehyde starting compounds
are not displaced from the main part of the column. For the purposes of the invention,
the uppermost part of the column means the part of the column, below the column top,
which is the minimum section required to separate the entraining agent from the

reactants. It is clear from this that it is advantageous to have a good separation, i.e. "

a sufficiently large difference between the boiling points of the reactants and that of the
entraining agent, if the column available has only a limited number of theoretical distil-
lation plates. : -

Removing the water with the aid of an inert entraining agent at the top of the
column is particularly advantageous if the lower-boiling starting component does not
exhibit a miscibility gap with water under the conditions prevailing at the top of the
column, as is the case, for eaxmple, with allyl alcohol.

Suitable inert entraining agents are all compounds which undergo no change under
the reaction conditions, which furthermore, in the pure state or in the presence of water,
boil at a lower temperature than the starting compounds, and which may or may not
exhibit a miscibility gap with water in the liquid phase, examples of such compounds
being hydrocarbons, e.g. pentane, hexane, cyclohexane and benzene, halohydrocarbons,
e.g. methylene chloride, and ethers, e.g. dipropyl ether.

The process of the invention may be carried out continuously or batchwise.

To carry out the continuous process, the reaction feed, consisting of the aldehyde
or aldehyde mixture, an alcohol or alcohol mixture and nitric acid, is in general intro-
duced at any point of the column and the heating of the column is regulated so that the
temperature at the level of the lowest theoretical distillation plates does not exceed
140°C, preferably 100°C. The feed point is not critical. However, depending on the
boiling characteristics of the reactants, it may be of advantage to select a feed point in
the upper or lower half of the column. For example, for the reaction of 3-methyl-but-2-
en-1-al with 3-methyl-but-2-en-1-ol, a feed point in the upper half of the column is
advantageous. Under these conditions, the acetal of the formula I can be taken off as a
crude product from the lower part (e.g. the bottom) of the column. »

This crude product in general no longer contains any more of the aldehyde start-
ing compound, which is frequently employed in less than equivalent amount; conversely,
the alcohol starting compound is frequently employed in excess and the crude product
contains an amount corresponding to this excess. It may be seen from this that in con-
tinuous operation it is advisable to keep the excess of starting alcohol as low as possible.

_After removing the excess alcohol by distillation, the product is sufficiently pure that
“any further distillation of the acetal or acetal mixture can be dispensed with. The pro-

duct contains more than 98%, of the desired acetal or acetal mixture and can be used
in this form for further reactions. '

To carry out the batchwise process, the starting compounds, including nitric acid,
are introduced into the column still and the reaction mixture is boiled until no further
water is discharged from the water separator at thé top of the column. It is however
also possible to introduce the catalyst, appropriately diluted, separately from the reac-
tants at the top of the column. The conversion, based on the aldehyde, which is gener-

~ally employed in less than equivalent amount, is then again quantitative. The distilla-

tion bottom corresponds to that obtained in continuous operation. The reaction tem-
peratures are in general from about 0 to 140°C, especially from about 15 to 100°C, the
temperature gradient from the bottom to the top of the column being in nost cases
from 20 to 80°C. The temperatures in the rectifying column can be varied by altering
the pressure.” The column can therefore be operated under reduced pressure, normal
pressure or superatmospheric pressure. The pressure chosen depends on the tempera-
tures appropriate to the reaction. For example, the reaction of 3-methyl-but-2-en-1-al
with 3-methyl-but-2-en-1-0l is preferably carried out under pressures of from- about

10

15

20

25

30

35

40

45

50

55

60

[l



1,576,852

10

15

20

25

30

35

40

45

50

55

60

2 to 200 mm Hg. The pressure in itself has no effect on how successfully the reaction
proceeds, even though the reaction takes place in a system comprising a gas phase and
a liquid phase. :

In batchwise operation, the reaction time to achieve quantitative conversion is from

1 to 6 hours with heat inputs corresponding to from about 0.5 to 4 units of column

reflux per unit of acetal formed.

In continuous operation, the heat input for quantitative conversion is again from
about 0.5 to 8 units of column reflux per unit of acetal formed.

From 2 to 30, preferably from 2 to 6, moles of the alcohol are generally used per
mole of aldehyde. ‘

Using the process according to the invention, the acetals can be manufactured
with out addition of auxiliary chemicals which are expensive and/or troublesome to
handle in industrial operation, e.g. molecular sieves, calcium sulfate or even n-heptane,
the reaction times are substantially shorter than in conventional processes, the conver-
sion of the aldehyde component is virtually quantitative, and the seléctivity is in most
cases above 979, based on both starting components, selectivity in this context mean-
ing the yield based on material converted. .

The acetals manufactured by the process of the invention may be used as starting
materials for plastics, active substances, scents and vitamins. For example, 1,1-bis-(3-
methyl-but-2-en-1-yloxy)-3-methyl-but-2-ene, obtainable from 3-methyl-but-2-en-1-al
and 3-methyl-but-2-en-1-ol, is an important starting compound for the manufacture of
vitamins A and E.

EXAMPLE 1.
690 g (8.2 moles) of 3-methyl-but-2-en-1-al, 1730 g (20 moles) of 3-methyl-but-

2-en-1-ol, and 23 mg of 65%, strength nitric acid (corresponding to 0.62 x 10— % by’
. weight of 1009/, strength HNOj, based on 2,420 g of starting compounds) are boiled

under 60 mm Hg in a 4 liter flask surmounted by a packed column (filled with 5 mm
Raschig rings). The bottom temperature assumes a value of 76—88°C. The packed
column has a diameter of 45 mm and has 30 theoretical plates. The water formed by
the reaction in the column is taken off at the top of the column and the organic material
which separates from the water is returned continuously into the top of the column.
With a reflux of 600 g/hour, quantitative conversion of the aldehyde is achieved after
4.5 hours. 1,1-Bis-(3-methyl-but-2-en-1-yl-oxy)-3-methyl-but-2-ene is obtained about
999/ pure after distilling off the excess alcohol, the yield being 98.6%, based on 3-
methyl-but-2-en-1-al and 98.2%, based on 3-methyl-but-2-en-1-ol. :

EXAMPLE 2.

A feed consisting of 25, by weight of 3-methyl-but-2-en-1-al and 75%, by weight
of 3-methyl-but-2-en-1-ol together with 1 x 102 ¢, by weight of nitric acid (calculated
as 100%, strength acid, but employed in the form of a 659, strength nitric acid) is
introduced at the rate of 300 units per hour, at the level of the 6th theoretical plate
from the top, into a column with 22 theoretical plates, equipped with a gauze packing,
water separator and falling film evaporator, the reflux being 310 units per hour. The
pressure at the top of the column is 75 mm Hg, which results in a temperature of 78°C
at the lowest theoretical plate of the column. The crude product is taken off continu-
ously at the lower end of the falling film evaporator. Under these reaction conditions,
a conversion of 979, based on 3-methyl-but-2-en-1-al, is achieved. The selectivity is
more than 98%,, based on either starting component. The acetal (1,1-bis-(3-methyl-
but-2-en-1-yloxy)-3-methyl-but-2-ene) can be isolated in 989, purity by distilling off
the unconverted starting materials. .
: EXAMPLE 3.

If the procedure described in Example 2 is followed but the starting mixture is run
in at the level of the 10th theoretical plate from the top, and cyclohexane is pumped
into the column by means of a second pump, at the beginning of the experiment, until
a marked temperature change from about 50 to about 25°C between the 3rd and 6th
theoretical plates from the top indicates that the uppermost part of the column is filled

- with cyclohexane, the acetal (1,1-bis-(3-methyl-but-2-en-1-yloxy)-3-methyl-but-2-

ene) is obtained, at about the same heat input, with about the same selectivity and
purity as in Example 2.
EXAMPLE 4.

A feed consisting of 129, by weight of 3-methyl-but-2-en-1-al and 789, by weight
of 3,7-dimethyl-2,6-0ctadien-1-0l together with 7 x 10=* %, by weight of nitric acid
(calculated as 100%, strength acid, but employed in the form of 2 20%, strength aque-
ous nitric acid) is introduced at the rate of 25 units per hour, at the level of the 1st
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theoretical plate from the top, into a column with 10 theoretical plates, equipped with

a gauze packing, water separator, condenser and falling film evaporator, the reflux

being 100 units per hour. The pressure at the top of the column is 2 mm Hg, resulting

in a top temperature of 4°C and a temperature of 97°C at the lowest theoretical plate. .

The condenser is operated with a medium kept at a constant temperature of 0°C. The
crude product is taken off continuously at the lower end of the falling film evaporator.
Under the reaction conditions described, a conversion of 94.5%,, based on 3-methyl-
but-2-en-1-al, is achieved. The selectivity for 1,1-bis-(3,7-dimethyl-octa-2,6-dien-1-yl-
oxy)-3-methyl-but-2-ene is about 98%, cf theory, based on both starting components.

EXAMPLE 5.

46 units per hour of a feed consisting of 18.7%, by weight of 3-methyl-4-acetoxy-
but-2-en-1-al and 81.3%, by weight of 3,7-dimethyl-octa-2,6-dien-1-0l as well as
4 x 10— %, by weight of nitric acid (calculated as 100, strength acid) are introduced.
into the column described in Example 4, at the level of the 1st theoretical plate from
the top, and the reaction is carried out at a heat input corresponding to 110 units of
reflux per hour. The temperature at the column top is 54°C. At a conversion of 98%,,
based on 3-methyl-4-acetoxy-but-2-en-1-al, a selectivity of 89%,, based on 3-methyl-4-

acetoxy-but-2-ene and a selectivity of 96%,, based on 3,7-dimethyl-octa-2,6-dien-1-ol,

is achieved.
EXAMPLES 6 TO 13.

1 mole of an aldehyde or aldehyde mixture IT and a moles of an alcohol or an
alcohol mixture III are acetalized in the presence of b %, by weight (based on the
amount of aldehyde and alcohol) of nitric acid in the form of a 659 strength aqueous
solution at a bottom temperature of T°C under p mm Hg in the course of t hours,
under rectifying conditions in a packed column possessing 30 theoretical plates mounted
on a vessel, the water formed being removed continuously from the reaction mixture.
The acetals 1 formed are then isolated by distillation in the conventional manner.
Where mixtures of unsaturated alcohols and the corresponding saturated alcohols are

used, the ratio of the 3 acetals formed is determined by gas chromatography or NMR

spectroscopy. Based on a conversion of U %, the yield of the desired acetals is q %,. If
several acetals are formed, their percentage by weight of the total reaction product is
indicated.

The reaction conditions, and the results of the individual Examples, are listed in
the Table which follows.

10

15

20

25

30



1,576,852

T0
-1-us-g~doad seTow 4
{0
¢/cc 06 99 w09l HOT-L6 .. _OT X 6°€ |
Teuejnq eTow T b
, To-T-ue—-2
aINAXTW (%9T) >e~0>~¢ -ang-TAUgou-¢ seTow %
ay3 '10F >0 Te-T
G*0/00T 86 ¢£9 09 G 28 -0L 0T X T'¢ -uejng~-TAuzeu-¢ agow T
V\/\MV\”A -
(%48) >~ Te-T-us-g
-ang-TAygou-¢ afow T 8
(%02) >™0> To-1
8JaN3XTUW ’ V\/\oV\IA -ueanq-TAyzsu-g satouw 0°¢
ayy Jo0F o L To-T-us—¢
2°0/%6 %6 00T (%0S) v\l\ov X 09 0T L8 =69 .OT X 0% -ang~TAyzau—~¢ soToW 0°¢
(%og) 2> Te-T-ue-g
T et -ang-TAuzeu-¢ oTow T L
To-T~ue-¢
. _ -anq-TAyjzeu~-¢ SaToUW 8°¢
2°0/.L6 26 09 W\u\((”v\/A ¥9 8 68 -8 OTX T
Te-1
~uegnq-TAyzeu-¢ oTow T 2
[%] ¢
_n FONH
mmm Ee\o& [%] wuoTs [06] TE@..SS *ON
qutod” - b -Jea [SH wu] [u] Aaopmopv Aq %] ToyooTe JFO ﬁmmﬁoaw e oTdue
SurTrod PISTX -U0) AT Te390V d- 3 I q opAyepTe JFo [oTouw] T .



1,576,852

(%ET) S~ 0S¢ | ; Lo e

S0 - —Inq-TAuzeu-¢ setTow g
6 G& 09 9 6L-89 . 0Tx ¢
d . V\/\oV\Iﬂ ¢ O—T— o=
(%97) >0 To-1T Z
-Ing-TAyjzeu-¢ seTow g €T

Z oV\JA
T TE-T-Ua~2
(%T#) S0 -inq-TAUyjeu-¢ oTow T

: Touedoad-u ssTouw 4 :
LT/9L L6 19 T 094 0T 00T-%6 mchm.m . NH

Teuejnq aTou T

Touedoad-u satow 4

c/cc L8 96 ~o>{ 09 2T So1-€oT 0T ¥ 6°¢ . S &
—~° o . Teuedoad
=Tdyzeu-z oTow T
y— TouedoadosT saTouw #
c/L€ 26 on 30> 09L  OT 06 -5 . OT x 6'¢ ot
Teueanqg aTow T
[%] ¢
n . "ONH
[8H Ea\oou 9 uoTs hoou [1uSTom ON
qurtod hwg ~JI0A [S8H wmu] [4] (woz30q) £q %) TOUooTE go [sotou] & g
SurTrog PTeTX -uo) AI e300V d 1 I q oPAUSpPTE Jo [oTow] T -x3



1,576,852

10

15

20

25

30

35

45

50

55

EXAMPLE 14,

700 g of a mixture containing 90.2% by weight of 3-methyl-but-3-en-1-al and
5.3% by weight of 3-methyl-but-2-en-1-al, 2,780 g of 3-methyl-but-2-en-1-0l and
6 g of 519, strength aqueous nitric acid are boiled under 100 mg Hg in a 4 liter flask
surmounted by a packed column (filled with 5 mm Raschig rings). The bottom tem-
perature assumes a value of from 86 to 93°C. The column has a diameter of 45 mm
and has 30 theoretical plates. The water formed by the reaction in the column is taken
off at the top of the column and the organic materials which separates from the water is
returned continuously into the column. With a reflux of 600 g/hour, quantitative con-
version of the aldehyde is achieved in 16 hours. After distilling off the excess alcohol, a
mixture consisting of 74.5%, by weight of 1,1-bis-( 3-methyl-but-2-en-1-yloxy)-3-
methyl-but-3-ene and 10.6%, by weight of 1,1-bis-( 3-methyl-but-2-en-1-yloxy)-3-
methyl-but-2-ene, together with the by-products 3-methyl-butadien-1-yl-3-methyl-but-
2-en-1-yl-ether (5.9%, by weight) and di-( 3-methyl-but-2-en-1-yl)-ether is obtained.
The selectivity of the acetals obtained is 86.5%, based on the sum of the aldehydes
employed and 72.5%, based on 3-methyl-but-2-en-1-ol.

WHAT WE CLAIM IS:—

1. A process for the manufacture of an acetal by reacting an aldehyde with an
alcohol in the presence of an acid using a vessel comprising or equipped with a recti-
fying column provided at the top with a device for discharging water, wherein the
reaction is carried out in the presence of nitric acid as the essential acetalization cata~
lyst under rectifying conditions such that the starting compounds and the nitric acid are
substantially in the main part of the rectifying columns, water being discharged at the
top of the column and the acetal formed being taken off from the lower part of the
column,

2. A process as claimed in claim 1, wherein the nitric acid is used in an amount
of from 1x 107° to 1%, by weight (calculated as 100%, strength acid), based on the
‘mixture of aldehyde and alcohol. .

3. A process as claimed in claim 1 or claim 2, wherein the rectifying column has
up to 80 theoretical plates.

4. A process as claimed in any of claims 1 -to 3, used for the manufacture of an
acetal of the general formula I

where A is one of the radicals R'—CR=CR—, R*—CHR—CHR— or
CHy;=CR—CHR— and the B’s are identical or different radicals selected from
—CRR—CR = CR—R?, —CRR—CHR—CHR—R? and —CRR—CHR~CR'=CH,,
where the R’s are identical or different and each is hydrogen or alkyl of 1 to 4 carbon
atoms, R* is hydrogen or alkyl of 1 to 4 carbon atoms which may in turn be substituted
by alkoxy of 1 to 4 carbon atoms or by alkanoyloxy of 1 to 4 carbon atoms, and R? is
hydrogen or an aliphatic, aliphatic-cycloaliphatic or cycloaliphatic hydrocarbon radical
of up to 12 carbon atoms, which may contain up to 4 carbon-carbon double bonds, by
reacting 1 molar proportion of an aldehyde or aldehyde mixture of the general formula
II

A—CHO ‘ II

with at least 2 molar proportions of an alcohol or alcohol mixture of the general formula
III

HO—B , III

where A and B have the above meanings.

5. A process as claimed in claim 4, wherein an o,8-unsaturated aldehyde 1II is
reacted with an allyl alcohol III.

6. A process as claimed in claim 4, wherein 3-methyl-but-2-en-1-al is used as the
aldehyde of the formula II and is reacted with an alcohol of the formula III.

7. A process as claimed in claim 4, wherein 3-methyl-but-2-en-1-ol is used as the
alcohol of the formula IIT and is reacted with an aldehyde of the formula II.

8. A process as claimed in claim 4, wherein 3-methyl-but-2-en-1-al, as the alde-
hyde of the formula II, is reacted with 3-methyl-but-2-en-1-ol, as the alcohol of the
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formula III, to give 1,1-bis-(3-methyl-but-2-en-1-yloxy)-3-methylbut-2-ene.
9. A process as claimed in claim 4, wherein an aldehyde of the formula

R R
A
C=C—CHO

/
R

is reacted with an alcohol of the formula

R* RR R
NL LN/

C=C——C—O0H
R/

where the R’s are identical or different and each is hydrogen or alkyl of 1 to 4 carbon
atoms, R? is hydrogen or alkyl of 1 to 4 carbon atoms which may in turn be substituted
by alkoxy of 1 to 4 carbon atoms and R* is an aliphatic, aliphatic-cycloaliphatic or
cycloaliphatic hydrocarbon radical of up to 12 carbon atoms, which may contain up to
4 carbon-carbon double bonds. :

10. A process as claimed in any one of the preceding claims which is carried out
continuously with the heating of the column regulated so that the temperature at the
level of the lowest theoretical distillation plate does not exceed 140°C.

11. A process as claimed in any one of claims 1 to 8, which is carried out,

batchwise. , ) . . o

12. A process for the manufacture of an acetal carried out substantially as des-
cribed in any of the foregoing Examples. :

13. An acetal when manufactured by a process as claimed in any one of the
preceding claims. , :

14. A plastics material, scent or vitamin manufactured from an acetal as claimed
in claim 13. ' o

15. Vitamin A or vitamin E when manufactured from 1,1-bis-(3-methylbut-2-en-
1-yloxy)-3-methylbut-2-ene manufactured by a process as claimed in claim 8.

J. Y. & G. W. JOHNSON,
Furnival House,
14—18 High Holborn,
Chartered Patent Agents,
Agents for the Applicants.
London WC1V 6DE.
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