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This invention relates to methods of obtaining
in improved yield «,8-unsaturated bolyene acids
in the form having a trans configuration, and is
particularly concerned with methods of obtain-
ing crystalline g-ionylidene acetic acid and vita~
min A acid in the trans form.

In the synthesis of vitamin A-active madterials,
it is necessary to obtain compounds which have
& particular chemical constitution and also a
particular spatial configuration in the molecule,
Thus, vitamin A acid should have the structure

H;C CH;
N/ CH; CH;3

|
m—-cH=CH—A}=CH—CH=CH——C=CH—C O0H
\/—CHJ

and should also have a trans configuration with
respect to the second olefinic double bond from
the ring for maximum vitamin A activity as
measured by standard bioassay methods. Other
vitamin A-active materials, such as vitamin A
esters, similarly require a trans configuration for
optimum activity,

Similarly, g-ionylidene acetic acid, which forms
a valuable intermediate in vitamin A syntheses,
should have the structure

H:C CH;
N\, CH,

/<I~CH=CH—(£=CH—COOH
UCHs

and such acid as well as the corresponding esters
should also have a trans configuration with re-
spect to the second: olefinic double bond from the
ring to facilitate the production of vitamin A
material having a high level of biological ac-
tivity.

In the synthesis of vitamin A acid and the in-
termediate p-ionylidene acetic acid or the esters
of such acids, the inherent instability of these
materials often gives rise to the formation of mix-
tures of the desired «,8-unsaturated and com-
pietely conjugated compounds and desmotropic
By-unsaturated isomers of the desired polyene
compounds. Thus, for example, in the manu-
facture of pg-lonylidene acetic acid, the use of a
Reformatsky reaction and dehydration of the re-
sultant hydroxy compound resuits in the forma-
tion of a B,y-unsaturated isomer of B-ionylidene
acetic acid probably having the forinula

H;C CH,
N CH;

|
=CH—CH=C—CH;—COOH

CH; -
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in admixture with the desired o,B-unsaturated
B-ionylidene acetic acid: and similarly the use of
a Reformatsky reaction and dehydration in the
preparation of vitamin A acid results in the
formation of g,y-unsaturated isomer of vitamin
A acid probably having the formula

H;C CH;3
N/ CH; CH;

! !
=CH—CH=C—CH=CH—CH=C—CH;—COO0H

I
k/—CHs

in admixture with the desired «,B-unsaturated
vitamin A acid. For optimum yield, it is neces-
sary to convert such g,y-unsaturated isomers to
the desired «,8-unsaturated form.

Even when vitamin A acid and g-ionylidene
acetic acid or esters of such acids, such as the
alkyl esters, are obtained in the desired o, B~un=
saturated form, however, they often exist as a
mixture of cis and trans isomers with respect to
the second olefinic double bond from the ring.
For optimum yield of the desired «,g-unsaturated
trans form in relatively pure form, it therefore
becomes necessary to separate the trans isomer
from the cis isomer and to convert the cis isomer
to the trans isomer.

It is accordingly an object of this invention to
provide an improved process for obtaining in good
yield «,8-unsaturated polyene acids and esters in
the trans form with respect to the olefinic un-
saturation. :

It is another object of the invention to provide
an effective method for converting g,y-unsatu-
rated isomers of g-ionylidene acetic acid or vita-
min A acid or esters thereof to the correspond-~
ing trans «p-unsaturated acid or ester and for
recovering such trans «,g-unsaturated acid or
ester in crystalline form and substantially free
of cis «,8-unsaturated acid or ester.

Another object of the invention is to provide
an improved methed of obtaining vitamin A acid
in the form exhibiting a high level of biological
activity.

Ancther object of the ‘invention is to facili-
tate the use of Reformatsky or similar reactions
causing isomerization in the synthesis of vita-
min A by providing means for obviating the ob-
jectionable effects normally attendant to the use
of such reactions,

Another object of the invention is to provide
a simple but effective method for concomitant-
ly converting cis «,g-unsaturated polyene acids
or esters of the vitamin A series to the corre-
sponding trans o.g-unsaturated acids or esters
and for recovering the trans a,f-unsaturated
acids or esters in crystalline form. -

Another object of the invention is to reduce
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the content of relatively inactive material in
the products obtained by conventional vitamin
A syntheses which vield vitamin A acid during
the synthesis.

Another object of the invention is to increase
the available supply of highly potent vitamin A
by converting other less desirable isomers to
more active form.

Other objects will be apparent from the de-
seription and claims which follow.

These and other objects are successfully at-
tained by means of this invention as described
more fully hereinafter. We have discovered that
crystalline o,g-unsaturated polyene acids or
esters thereof, having a trans configuration with
respect to the second olefinic double hond from
the ring and having the formula

HiC CHs
CH;

CH=CH——J]=CH] —COOR

\/l— CHB
wherein R is either hydrogen or a hydrocarbon
radical, and wherein 7 is either 1 or 2, can bhe
obtained in excellent yield by treating a cis
isomer of such a compound with a hydrogen
halide in a solution of either acetonitrile or ni-
tromethane and thereby progressively convert-
ing the cis isomer to the desired trans isomer
and concomitantly erystallizing the desired trans
jsomer from the solution in substantially pure
form. In the usual process embodying the in-
vention, a mixture of cis and trans isomers is

treated in accordance with the invention, since *

the mixture is usually obtained in vitamin A
syntheses and not the pure cis form.

We have discovered further that by the proc-
esses embodying this invention, the g,y-unsatu-

rated isomers of the desired «,g-unsaturated poly- =

ene acids and esters are readily converted to the
desired «,g-unsaturated form, usually as a mix-

ture of the cis and trans forms, and the frans
form is progressively crystallized out of the solu-~
tion while the cis form is concomitantly converted
to the trans form.

The polyene acid, g-ionylidene acetic acid, is
readily formed in accordance with known prac-
tice by subjecting pg-ionone to a Reformatsky

veaction with ethyl bromoacetate, followed by &

dehydration of the resulting g-ionolacetic acid
ester.and saponification to form the acid accord~
ing to the following equations, the ester being
an intermediate in such process:

4

is present in an amount of not more than about

259, of the total product and usually less than

this amount, and it becomes necessary to sep-

arate the desired trans isomer in order to con-
5 tinue the synthesis to vitamin A and obtain a
highly active material and to convert a substan-
tial portion of the material other than trans
a,p-unsaturated g-ionylidene acetic acid to this
desired form.

Similarly, vitamin A acid is commonly chiained
as o mixture of the cis and trans forms of the
a,p-unsaturated vitamin A acid, and in many
cases, in an admixture of the cis and trans forms
of «p-unsaturated vitamin A acid having the
formula

HiC

10

15

CH:
CH;s CH:

| CH=CH—é:CH—CH=CH—é=CH—C 00H
CHj3

and the g,y-unsaturated desmotropic isomer of
vitamin A acid having the formula

H:C CHs
CH: CH;3

CH—CH:é—CH:CH—CH:é—CHz—COOH
CHa
30 T iz therefore necessary to convert both the
Byy-unsaturated isomer and the eis form of the
o,8-unsaturated vitamin A acid to the desired
trans vitamin A acid to obtain a good yield of
highly potent vitamin A acid.

In the process embodying this invention, any
of the well-known hydrogen halides, and prefer-
ably either hydrogen chloride or hydrogen bro-
mide, either in anhydrous form or as an agueous
acid, is used for effecting conversion to the de-
sired trans «p-unsaturated polyene compound
in a sclution in either acetonitrile or nitrometh-
ane, and the trans «,8-unsaturated polyene com-
pound crystallizes out of such a solution in sub-
stantially pure form at room temperature. The
process is applicable for obtaining B-ionylidene
acetic acid or vitamin A acid, or any of the
well-known esters of such acids including alkyl,
aryl and aralkyl esters, with the alkyl esters
such as methyl, ethyl, propyl or similar alkyl
esters being preferred for convenience. By
means of this invention, a substantial proportion
of the cis e,g-unsaturated polyene compound is
converted 1o the desired trans form concomitant
with the crystallization and is progressively crys-

H:C CH; HiC CHds
(IJHa / (|3H3
CH=CH—-C=0 Zn —CH=CH—?-—-CH:——C 00C:Hs  Dehydration
—_— —_—
+ BrCH:CO00C:H: g+ OH 4 Saponification
CHs CH;
H:C_ CHs H3;C. CHs
N ?Hs (?Hs
—CH=CH—C=CH—COCOH =CH—CH=C—CH;—COGH
+

CHs

As ean be seen from the equations, the product
obtained is & mixture of the «,g-unsaturated g-
ionylidene acetic acid {Compound 1) and a 8y~
unsaturated desmotropic isomer (Compound
II). Compound I is present as & mixture of the
cis isomer and the trans isomer with respect to
the configuration at the second olefinic double
bond from the ring. Thus in the mixiure ob-
tained, the desired trans g-ionylidene acetic acid

CH;

Compound I Compound I

tallized out, and, where a g,y-unsaturated iso-
mer is present, it is thus converted to crystalline
_ tramns «,p-unsaturated compound. Either aceto-
70 nitrile or nitromethane can be successiully em-
ployed to obtain a crystalline product at room
temperature although temperatures as high as
30-40° C. can be employed and temperatures
_ pelow room temperature, as for example 5° C.
75 ean, of course, be used but are usually not neces-
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8ary. The process is desirably carried ouf in a
reaction mixture wherein the acid concentration
of the hydrogen halide is from 0.1 N to 1.0 N,
Lower concenirations can be used but the proc-
€ss proceeds rather slowly, and concentrations
substantially above 1 N lead to some destruction
of the polyene compounds. '

The invention is illustrated by the following
examples with regard to certain preferred em-
bodiments of the invention.

Exomple 1

A two hundred gram portion of the ethyl
ester of g-ionylidene acetic acid, obtained by a
Reformatsky reaction between B-lonone and
ethyl bromoacetate followed by dehydration with
phosphorous oxychloride in pyridine in accord-
ance with usual practice and having

E1om 1%(283 n],u) =705

was dissolved in 1609 cc. of ethanol. A solu-~
tion of 350 g. of potassium hydroxide in 1509 cc.
of water was added to the ethanol solution and
the resulting mixture was heated at 70-80° (.
for 45 minutes. The mixture was then cooled,
diluted with 5000 cec. of water, extracted with
ether, the soap layer acidified with 10% agueous
sulfuric acid, and the mixed p-ionylidene acetic
acids extracted out with ether. The ether ex~
tract was washed with a 10% aqueous solution
of sodium sulfate, dried over anhydrous sodium
sulfate, and the ether removed by evaporation
to give 161.5 g. of mixed p-ionylidene acetic acids
having Fiem.'5(283 mu) =795 and consisting of
approximately equal amounts of a,f-unsaturated
p-lonylidene acetic acid and the Byy-unsaturated
desmotropic isomer of such acid with somewhat
less than half of the «,8-unsaturated portion
being present in the desired trans form.

A 79 g. portion of such mixed acids was dis-
solved in 80 cc. of acetronitrile with no hydrogen
halide present and the resulting solution was
allowed to stand a$ room temperature for several
hours. The crystallized trans a,B-unsaturated
p-lonylidene acetic acid was filtered out and
amounted to 12 g. of acid having a melting point
of 124-125° C. and Fiem %(297 mu) =630, which
corresponded to a yield of only 15.2% of the de-
sired trans form.

A similar 79 g. portion of the mixed g-ionyl- :

idene acetic acid was dissolved in 80 cec. of aceto-
nitrile containing 0.29 g. of anhydrous hydrogen
chloride and the resulting solution was allowed
to stand at room temperature for several hours
as before. FRiltration of the crystallized product
yielded 48.2 g. of the desired trans «,g-unsatu-
rated g-ionylidene acetic acid having a melting
point of 124-125° C. and having

E1em 2%(297 mu) =632
or a yield of 61% of the desired trans acid.
Example 2

A 1.8 g. portion of mixed a,f-unsaturated and

- Byy-unsaturated g-ionylidene acetic acids of 85%
purity was dissolved in 20 ce. of nitromethane

containing 0.64 cc. of 0.35 N hydrochloric acid.

The resulting solution wasg. permitted to stand

overnight at 25° C. The crystallized product was

filtered off and consisted of 0.75 g. or a 499 yield

of trans «,8-unsaturated B-ionylidene acetic acid

having a melting point of 124.4-125.4° ¢

Examuple 3
A 100 g. portion of a concentrate of vitamin A
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acid in admixture with its 8,y-unsaturated isg-
mer was dissolved in 280 ml. of acetonitrile con-
taining 20 ml. of 1.6 N hydrochloric acid in meth-
anol. Crystals began to precipitate in a few
minutes and the solution was filtered after stand-
ing for 2 hours. The crystallized trans vitamin
A acid obtained upon filtering weighed 35 g. and
had Eiom 1%(352 myu) —1386 and a melting point
of 166-167° C. The trans vitamin A acid ob-
tained thereby was then reduced to vitamin A
alcohol and esterified to vitamin A acetate in
accordance with conventional techniques and
assayed af 2,420,600 vitamin A units per gram.

Ezxammple 4

The invention is equally applicable for obtain-
ing trans «,p-unsaturated polyene esters. Thus,
3.0 g. of the gy-unsaturated isomer of p~ionyl-
idene acetic acid having Eiem 1%(284 mu)=1140
was dissolved in 15 ce. of water, made slightly
alkaline with 10% aquecus sodium hydroxide,
mixed with 30 ce. of ethanol and 3.6 g. of p-phen-
viphenacyl bromide and the resulting mixture
refluxed for one hour. The Bry-unsaturated
p-phenylphenacyl ester of B-ionylidene acetic
acid obtained thereby was a brown o0il weighing
4.48 g. and having Eiem 1%(284 mpd =977, A 1.5
g. portion of this ester was dissolved in 3 cc. of
nitromethane containing 53.5 me. of hydrochio-
ric acid. The resulting mixture was allowed to
stand at room temperature for 17 hours and 0.66
g. of trans o,g-unsaturated ester was obtained
having Eiem.1%(285 mu) =802 in cyclohexane,

Similar results are obtained with other esters
such as the phenyl, benzyl, p-nitrohenzyl, phen-
acyl and similar esters as well as with the con-
veniently employed alkyl esters.

Thus, by means of thig invention, trans o,8-
unsaturated g-ionylidene acetic acid and trans
a@-unsaturated vitamin A acid and esters of such
acids are readily obtained in crystalline form, and
the undesirable cis isomers and Bsy-unsaturated
desmotropic isomers of such acids and esters are
converted to the desired trans form in good yield
and by a single reaction step.

While the invention has been deseribed in con-
siderable detail with reference to certain pre-
ferred embodiments thereof, it will be under-
stood that variations and modifications can be
effected within the spirit and scops of the in-
vention as described hereinabove and as defined
in the appended claims.

We claim:

1. The method of obtaining a crystalline @B~
unsaturated polyene compound having a trans
configuration with respeet to the second clefinie
double bond from the ring and having the formula

H:C. CH;

N/ (I)Ha
[CH=CH—C=OH]

CH,

~COOR

n

wherein R is selected from the group consisting
of hydrogen and hydrocarbon radicals and »n is
an integer of the serieg cbnsisting of 1 and 3,
which methog comprises treating s eig isomer of
said eompound with a hydrogen halide in solu-
tion in a solvent selecied from the class consist-
ing of acetonitriie and nitromethane, and selec-
tively crystaliizing the trans «.g-unsaturated
polyene compound out of said solution in erystal-
line form and substantially free of said cis isomer.

2. The method of obtaining a crystalline o8~
unsaturated polyene compound having a trans



2,680,755

7

configuration with respect to the second olefinic
double bond from the ring and having the formuia

H:C H;
N/ ("JHa .
—{ CH=CH—C=CH | —COOR

C
CHjs

wherein R is selected from the group consisting
of hydrogen and hydrocarbon radicals and 7 is
an integer of the series consisting of 1 and 2,
which method comprises treating a mixture of
said trans «,g-unsaturated polyene compound and
the corresponding cis isomer of said compound
with a hydrogen halide in solution in a solvent
selected from the class consisting of acetonitrile
‘and nitromethane, and progressively and selec~
tively crystallizing the trans «,g-unsaturated
polyene compound out of said solution in an
amount greater than the amount of said trans
o,8-unsaturated polyene compound originally
present in said mixture and substantially free of
said cis isomer.

3. The method of obtaining a crystalline «,8-
unsaturajed polyene compound having & trans
configuration with respect to the second olefinic
double bond from the ring and being selected
from the group consisting of polyene acids having

the formula
HiC CHz
7
l— CH=CH—C=CH | —CO0H

§ cm,

n

wherein 7 is an integer of the series consisting of
1 and 2 and esters of such acids, which method
comprises treating a mixture of said trans «,3-
unsaturated polyene compound and the corre-
sponding cis isomer of sald compound in solution
in acetonitrile with a hydrogen halide, and selec~
tively crystallizing said trans «,p-unsaturated
compound from said solution in an amount
greater than the amount of said trans «,g-unsatu-
rated compound originally preseat in said mixture
-and substantially free of said cis isomer.

4. The method of obtaining a crystalline «,8-
unsaturated polyene compound having a trans
configuration with respect to the second. olefinic
double bond from the ring and being selected
from the group consisting of polyene acids hav-
ing the formula

H;C CHjs

N CH:

CH=CH—(|3=CH] —COO0HE

n

—CHa

wherein 7 is an integer of the series consisting
of 1 and 2, and esters of such acids, which method
comprises treating a mixture of said trans «,8-
unsaturated polyene compound and the corre-
sponding cis isomer of said compound, in solu-
tion in a solvent selected from the class consist-
ing of acetonitrile and nitromethane, with hydro-
gen chloride, and selectively crystallizing from
said solution said trans «,f-unsaturated polyene
compound substantially free of said cis isomer.

5. The method of obtaining erystalline g-ionyl-
idene acetic acid having a trans configuration
with respect to the second olefinic double bond
from the ring, which method comprises treating
with a hydrogen halide a mixture of trans
_g-ionylidene acetic .acid and -cis p-ionylidene
acetic acid in solution in & solvent selected from

[S23
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the class consisting of acetonifrile and nitro-
methane, and progressively and selectively crys-
tallizing trans g-ionylidene acetic acid from said
solution in crystalline form and substantially free
of said cis isomer.

6. The method of obtaining crystalline -vita-
min A acid having a trans configuration with re-
spect to the second olefinic double bond from the
ring, which methed comprises treating with a
hydrogen halide a solution of a mixture of trans
vitamin A acid and cis vitamin A acid in a solveni
selected from the class consisting of acetonitrile
and nitromethane, and progressively and selec-
tively crystallizing frans vitamin A acid from said
solution in crystalline form and substantially free
of said cis isomer.

7. The method of obtaining in good yield the
crystalline trans isomeric form of an «,f-unsat-
urated polyene compound selected from the group
cansisting of polyene acids of the formula
H:C CH:

N CHa:
— CHE=CH~ (|)=CH“ —COOH

N
§x

wherein = is an integer of the series consisting
of 1 and 2, and esters of said acids, which method
comprises disselving a g,y-unsaturated isomer of
said o,8-unsaturated polyene compound in 2a
solvent selected from the class consisting of ace-
tonitrile and nitromethane, treating said B.y-
unsaturated isomer in said solution with a hydro-
gen halide and thereby converting said g,y-un-
saturated isomer to a mixture of the ¢is and trans
forms of said «,f-unsaturated polyene compound,
and selectively crystallizing the trans form of
said «f-unssburated polyene compound from
said solution concomitant with said converting
and substantially free of said cis isomer, said cis
form being at least partially converted to said
trans form during said crystallizing.

8. The method of obfaining in good yield g-
jonylidene acetic acid in the forin having & trans
configuration with respect to the sezond olefinic
double bond from the ring, which method com-
prises dissolving & Bry-unsaturated isomer of g~
jonylidene acetic acid having the formula

H:C, CHs
CH;

|
—(CE—CH=C—CH;—COOH
CHas

in a solvent selected from the class consisting of
acetonitrile and nitromethane, treating said.g,y-
unsaturated isomer in the resulting solution with
a hydrogen halide and thereby converting said
gy-unsaturated isomer to a mixture of cis and
trans p-ionylidene acetic acid and concomitantly
selectively crystallizing trans g-ionylidene acetic
acid from said solution in crystalline form and
substantially free of said cis g-ionylidene acetic
acid.

9. The method of cbtaining in good yield vita-

5 min A acid in the form characterized by a trans

configuration with respect to the second olefinic
double bond from the ring, which method com-
prises dissolving a g,y-unsaturated isomer of
vitamin A acid having the formula

H:C CHs
CH; CH:

| |
— CH—CH=C—CH==CH-~CH=C—CH—COOH

CHs
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in a solvent selected from the class consisting
of acetonitrile and nitromethane, treating said
Byy-unsaturated isomer in the resulting solu-

tion with a hydrogen halide and thereby convert- -

ing said g,y-unsaturated isomer to a mixture of
cis and trans vitamin A acid and selectively crys-
tallizing trans vitamin A acid from said solution
concomitantly with said converting and substan-
tially free of said cis vitamin A acid.

10. The method of obtaining in good yield B-
lonylidene acetic acid in the form characterized
by a trans configuration with respect to the sec-
ond olefinic double bond from the ring, which
method comprises dissolving in acetonitrile a
B.v-unsaturated isomer of g-ionylidene acetic
acid having the formula

H)C CH;
CH;

—CH—CH:(B—CHa—CO OH
CH;,

and, while said g,y-unsaturated isomer is in solu-
tion in said acetonitrile, treating said B,y-un-
saturated isomer with hydrogen chloride and
thereby converting said g,y-unsaturated isomer
to & mixture of cis and trans g-ionylidene acetié¢
acid and selectively crystallizing trans g-ionyl-
idene acetic acid from said solution concomi-
tant with said converting and substantially
free of said cis p-ionylidene acetic acid, said
cis g-ionylidene acetic acid being converted
to trans g-ionylidene acetic acid during said
crystallizing.
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11. The method of obtaining in good yield
vitamin A acid in the form having a trans con-
figuration with respect to the second olefinic
double bond from the ring, which method com-
brises dissolving in acetonitrile a Byy-unsaturated
isomer of vitamin A acid having the formula

H;C CHs

N CHjs CH;3

|
—CH—CH=C~CH=CH—OH=(£—OH2—O o0H
CH;

treating said 8,y-unsaturated isomer in the re-
sulting solution with hydrogen chloride and
thereby concomitantly converting said Byy-un-
saturated isomer to a mixture of cis and trans
vitamin A acid and selectively crystallizing trans
vitamin A acid from said solution in crystalline
form substantially free of said cis vitamin A
acid, said cis vitamin A acid being converted to
trans vitamin A acid during said crystallizing.
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