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PROCESS FOR THE PREPARATION OF B—y ENE CARBONYL
DERIVATIVES

Technical field

The present invention relates to the field of organic chemistry and, more
particularly, to the preparation of —y ene carbonyl derivatives, which may also have

particular requirement on the configuration of the carbon-carbon double bond.

Prior Art
The preparation of tri- or tetra substituted -y unsaturated ester or ketone
derivatives by elimination on an acyl or carboxylic esters of an o-3 unsaturated geminal

dicarbonyl derivative is reported only in one reference (see V.Venkateswaran ef al. in
Tetrahedron Letters, 1979, 553.

In this article the authors report a reaction according to the following scheme:

COOEt

CN

0-1

however, with this methodology the authors in two cases obtain a product wherein the
major isomer is the o—f unsaturated derivative, to the contrary of the present invention,
and in one case obtain a product wherein the major isomer is the -y unsaturated
derivative, however with a poor selectivity.

In Helv.Chem-Acta, 1992, 759, by K. Schulte-Elte et al., there is disclosed a
synthesis of 5,6-dimethylhept-4-en-2-one (with a B-y/a-B ratio of about 13 and a
B-y E/Z ratio of about 2.2) by the demethoxycarbonylation of the corresponding
alkylidene acetoacetate in the presence of DMSO, water and LiCl. Although the
selectivities provided by this method are higher than the ones reported above, there is
still an interested or need in improving them.

Indeed [B-y unsaturated ketones or esters can be useful intermediates in the

preparation of important chemicals, there is still a need for a new or alternative process
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which allows their preparation with a good selectivity and therefore an increased yield.
Furthermore, it is also important to prepare the desired -y unsaturated ketones or esters
with a good selectivity in the configuration of the double bond, as it is sometime desired

to obtain a product with a high content of the (E)- -y isomer.

Description of the invention

In order to overcome the problems aforementioned, the present invention relates

to processes for the preparation of a compound of formula (I)

@

wherein the dotted lines indicate that the compound is in the form of a mixture of the
corresponding B—y or a—f unsaturated derivatives, the molar ratio f—y/o—f being at
least 3;
Y represent, independently of each other, a OR” or R* group, R* representing a C;-C
hydrocarbon group, optionally comprising 1 to 3 heteroatoms selected from the
group consisting of oxygen, sulfur and nitrogen;
R' represents a C;-C;s hydrocarbon group, optionally comprising 1 to 3 heteroatoms
selected from the group consisting of oxygen, sulfur and nitrogen;
R? represents a C;-Cs hydrocarbon group, optionally comprising 1 to 3 heteroatoms
selected from the group consisting of oxygen, sulfur and nitrogen;
R’ represents a hydrogen atom or a C;-Cs hydrocarbon group; and
optionally said R; and R,, and/or R; and Rj, taken together may form a C4-Cj,
hydrocarbon group optionally comprising 1 to 3 heteroatoms selected from the group
consisting of oxygen, sulfur and nitrogen;

said method comprising the step of reacting, at a temperature comprised between 100°C

and 230°C, a compound of formula
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3
R3 0
Rl
AN y D
R2
O Y

wherein Y, Rl, R? and R? are defined as in formula (D;
with at least one compound from the group i) and at least one compound from the
group ii), said groups consisting respectively of:
1) the salts of formula MX,, M’ X3 or M’X, wherein M is an alkali-earth cation and M’
an alkali cation or Cy-C;> ammonium cation and M” is a lanthanide cation, and X is
a halide or an anion of an acid HX having a pK, comprised between 0 and 6;
i1) the carboxylic acids of formula RSCOOH, wherein R’ represents a C;-Cyg
hydrocarbon group optionally comprising one or two oxygen atoms;
and optionally in the presence of a polar aprotic solvent having a boiling point of above
100°C.

According to an embodiment of the invention, the process concerns the
preparation of a compound (I), starting from the corresponding compound (II),
wherein :
the dotted lines indicate that the compound is in the form of a mixture of the
corresponding B—y or a—f3 unsaturated derivatives, the molar ratio f—y/a—f3 being at
least 3;

Y represent, independently of each other, a OR* or R* group, R* representing a C;-Cs
alkyl group a phenyl group or a benzyl group;

R' represents a C,-Cy, hydrocarbon atom, optionally comprising 1 to 3 functional hetero
atoms selected from the group consisting of oxygen, sulfur and nitrogen;

R? represents a C;-Cs alkyl atom;

R’ represents a hydrogen atom or a C;-Cs alkyl group; and

optionally said R; and R,, and/or R; and R, taken together may form a Cs-Cj,
hydrocarbon atom optionally comprising 1 to 3 heteroatoms selected from the group
consisting of oxygen, sulfur and nitrogen.

According to another embodiment of the invention, the compound of formula (I)

is of formula
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(1D

the dotted lines indicate that the compound is in the form of a mixture of the
corresponding B—y or a—f unsaturated derivatives, the molar ratio f—y/o—f being at
least 3;
Y represent, independently of each other, a OR" or R* group, R* representing a C;-Cs
alkyl group or a Cs-Cjo phenyl or benzyl group optionally comprising 1 to 3 oxygen
or nitrogen atoms;
R' represents a C,-Cj, hydrocarbon atom, optionally comprising 1 to 3 functional
oxygen or nitrogen atoms;
R? represents a C,-C; alkyl group;
optionally said R; and R;, taken together may form a C4-C;; hydrocarbon group
optionally comprising 1 to 3 oxygen or nitrogen atoms.

Said compound of formula (III) are obtainable by the method according the

invention by reacting, under the described condition, a compound of formula

0)

1
R AN y  av

2
P o
wherein Y, Rl, R? and R* are defined as in formula (I1I).

According to any of the above-mentioned embodiments of the invention, the
invention’s process can be particularly useful when using compounds (II) wherein at
least one Y is a OR" group, or even the two Y are OR” groups.

According to any of the above-mentioned embodiments of the invention, said
hydrocarbon group is in the form of an alkyl, alkenyl, alkandienyl, aryl group or a
mixture thereof, and said hydrocarbon group can be a linear, branched, cyclic group or a
mixture thereof (e.g. comprises a linear alkyl, a (poly)cyclic alkenyl and an aryl

moiety).
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Furthermore, according to any of the above-mentioned embodiments of the
invention, said compound (I) is obtained in the form of a mixture of the corresponding
—y or a—f unsaturated derivatives wherein the molar ratio between B—y derivative and
the a—f derivative (i.e. B—y/a—f) is at least 4 or even at least 6. Of particular interest are
the processes wherein said ratio is above 8 or even above 15.

Simultaneously or alternatively to the above-mentioned selectivity of the
—y/a—p ratio, according to any of the above-mentioned embodiments of the invention,
said compound (I) is obtained in the form of a mixture of the corresponding B—y or a—f3
unsaturated derivatives as mentioned above and wherein the molar ratio of the isomers
E and Z of the B—y unsaturated derivatives ((E)- B—y)/((Z)-B—y) is above 1, or even
above 2. Furthermore, said ratio (E)/(Z) of the B—y unsaturated derivative of formula (I)
can be above 3 or even 4, and in some cases can be increased in order to be above 5.

In particular one may cite an embodiment wherein the compound of formula (I)
is obtained in the form of a mixture of the corresponding Pf—y or a—f unsaturated
derivatives wherein f—y/a— is at least 5.5, or even 15, and the ratio of the isomers ((E)-
B-)/((Z)-B—y) is above 3.5.

Non-limiting examples of compound of formula (I) are compounds of formula

V)

wherein R° represents a methyl or ethyl group or a OMe or OEt group; and

R’ represents

- a Cjo.12 hydrocarbon group, such as a 2-(2,6,6-trimethyl-cyclohex-1-enyl)-ethyl
group;

- a phenyl group optionally substituted with 1 or 2 C;-C; alkoxy or amino groups; or

- a C3-Cg alkyl or alkenyl group.

Other examples of compound of formula (I) are
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(VD)

wherein R® is as defined in formula (V) and the R® are taken together to form a C4-C;
hydrocarbon group, such as:

- a CH»(CH»),CH; n representing 2, 3, 4 or 9;

- an unsaturated Cs-Cq hydrocarbon group.

According to alternative embodiments of the invention, the process 1is
particularly useful for the compounds of formula (I) which are esters or alternatively
ketones.

According to an embodiment of the formulae (V) or (VI), the invention’s
process can be particularly useful when using as starting material the corresponding
compounds of formula (II) wherein at least one R’ is a OMe or OEt group, or even the
two R® are both OMe or OFEt groups.

As mentioned above, the invention’s process is run in the presence of at least
one compound from the group i) and at least one compound from the group ii), said
groups consisting respectively of:

1) the salts of formula MX,, M’ X3 or M’X, wherein M is an alkali-earth cation and M’
an alkali cation or Cy-C;> ammonium cation and M” is a lanthanide cation, and X is
a halide or an anion of an acid HX having a pK, comprised between 0 and 6;

i1) the carboxylic acids of formula RSCOOH, wherein R’ represents a C;-Cyg
hydrocarbon group optionally comprising one or two oxygen atoms;

and optionally in the presence of a polar aprotic solvent having a boiling point of above

100°C.

According to an embodiment of the invention, the reaction is carried out in the
presence of at least one compound from the group i) and at least one compound from
the group ii):

1) the salts of formula MX, or M”X5, wherein M is an alkali-earth cation and M’ an
alkali cation or Cy-Ci> ammonium cation and M” is a lanthanide cation, and X is a

halide or an anion of an acid HX having a pK, comprised between 0 and 6; and
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ii) an acid R’COOH, wherein R’ represents a C;-C;g hydrocarbon group optionally
comprising one or two oxygen atoms.

According to another embodiment of the invention, the compounds of group 1)
can be a magnesium, calcium, cerium, lithium, sodium or potassium salt of chloride,
fluoride, iodine, or of a carboxylate of formula R9COO', R’ representing a C;-Cig
hydrocarbon group optionally comprising one or two oxygen atoms.

In particular one may cite the chloride and the carboxylates salts.

Non-limiting examples of such salts are NaCl, NaF, Nal, Mg(R9COO)2,
R’COONa, R’COOK, KF, CeCls, Ce(R’COO)s, CaCl, and CaF,. This salt can be
formed in situ, prior to its use, by reacting together the metal oxide or hydroxide with
the required amount of the acid HX.

According to a particular embodiment of the invention, R’ represents a C»-Co
alkyl, alkenyl, phenyl or benzyl group. In particular one may cite groups such as pent-2-
yl, hept-3yl, propyl, isopropyl, isobutyl, tertbutyl, isopentyl, cyclohexyl, benzyl or
(Me)»(CH»)sC(Me)=CH.

In the case wherein the compound of formula (I) is an ester, the corresponding
carboxylate can also be used.

According to an embodiment of the invention, the compounds of group ii) can
be a carboxylic acid R?"COOH, wherein R is as defined above.

According to an embodiment of the invention, the polar aprotic solvent can be a
solvent having a boiling point of above 120°C. Furthermore it can be selected from the
group consisting of a C,-C¢ dialkyl sulfoxide, a C,-Cg dialkyl sulfone, a C5-C; amide or
lactam, a C3-Cg urea or pyrimidone derivative, Cs-Cj2 phosphoramide or phosphino-
amino derivative, a C3-Cg nitriles, a C4-Cg mono or diethylene glycol di-ether, and
triethanolamine.

In particular one may cite the following: DMSO, NMP (N-methyl pyrrolidone),
DMF, HMPA, DMPU or diglyme.

The various compounds of the groups i) to iii) can be added to the reaction
medium in a large range of concentrations. As non-limiting examples, one can cite as
group 1) concentration ranging from 0.5 % to 200%, relative to the molar amount of the
compound (II). Preferably, the group 1) concentration will be comprised between 1 % to

30%.
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As non-limiting examples, one can cite as group ii) concentration ranging from
0.0 % to 300%, relative to the molar amount of the compound (II). Preferably, the
group ii) concentration will be comprised between 60 % to 220%.

As non-limiting examples, one can cite as group iii) concentration ranging from
0.0% to 500%, relative to the weight of the compound (II). Preferably, the group iii)
concentration will be comprised between 0.0 % to 300%.

It goes without saying that the optimum concentrations of each compound of the
various list will depend on the nature of the latter and of the compound (II).

The temperature at which the hydrogenation can be carried out is comprised
between 100°C and 230°C, more preferably in the range of between 120°C and 190° C.
Of course, a person skilled in the art is also able to select the preferred temperature as a
function of the melting and boiling point of the starting and final products and of the
desired speed of reaction.

The starting compounds (II) can be prepared according the standard method
known by the person skilled in the art, and as also described in the examples. They may
also be prepared in situ, also as described in the examples.

The invention will now be described in further detail by way of the following
examples, wherein the temperatures are indicated in degrees centigrade and the

abbreviations have the usual meaning in the art.

Examples

All the procedures described hereafter have been carried out under an inert
atmosphere unless stated otherwise. All substrates and solvents were distilled from

appropriate drying agents under Ar.

Example 1

A) General procedure

The starting compound (II) (obtained according to the literature) (0.24 mol) (see Table
4) was heated at 160°C for 10- 9h, in the presence of Mg(2-ethyl hexanate)
(0.045moles) and 2-ethyl hexanoic acid (0.24 mol).After cooling at S0°C, the mixture is
washed with 10g H,SO4 20%, and distilled in vacuo to give the unsaturated esters.

Table 4 gives the yields and the various isomers of compound (I).
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Table 4
Yield . .
Compound (II) Compound (I) (%) The ratio of the isomers
PhCHMeCH=C(COOMe), Methyl 4-phenyl-3- 80 | B—v/a—B =49

pentenoate
(B)-B—y /(2)-B— = 5.3/1

Dimethyl [2-methyl-4-(2,6,6- | Methyl 4-methyl-6-(2,6,6- 90 B—y/o—PB =49
trimethyl-1-cyclohexen-1- trimethyl-1-cyclohexen-1- (B)-B—y /(Z)-B—y =5.1/1

yDbutylidene]malonate yl)-3-hexenoate

B) General procedure

Same experimental procedure as above, using as starting compound dimethyl
[2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)butylidene]malonate and varying the
catalyst. Results showed in Table 5.

Table S : 2-EH = 2-ethyl hexanoate

Catalyst Acid Conversion | The ratio of the isomers
MgCl, Propionic 96 B—y/a—P =28

(E)-B—y N(Z)-B—y =47
CeCl3 Propionic 100 B—y/a—P =18

(E)-B—y ((Z)-B—y=5.1
LiCl Propionic 95 B—y/o—P =8

(E)-B—y ((Z)-B-y=438
Mg(2-EH), | 2-ethyl hexanoic 98 B—y/a—P =48

(E)-B—y ((Z)-B—y=5.1
Ca(2-EH), | 2-ethyl hexanoic 85 B—y/o—P =17

(E)-B—y /(Z)-B—y =8
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Claims

1. A process for the preparation of a compound of formula (I)

@

wherein the dotted lines indicate that the compound is in the form of a mixture of the
corresponding B—y or a—f unsaturated derivatives, the molar ratio f—y/o—f being at
least 3;

Y represent, independently of each other, a OR” or R* group, R* representing a C;-Cg
hydrocarbon group, optionally comprising 1 to 3 heteroatoms selected from the
group consisting of oxygen, sulfur and nitrogen;

R' represents a C,-C;s hydrocarbon group, optionally comprising 1 to 3 heteroatoms
selected from the group consisting of oxygen, sulfur and nitrogen;

R? represents a C;-Cs hydrocarbon group, optionally comprising 1 to 3 heteroatoms
selected from the group consisting of oxygen, sulfur and nitrogen;

R’ represents a hydrogen atom or a C;-Cs hydrocarbon group; and

optionally said R; and R, and/or R; and Rj, taken together may form a C4-Ciz
hydrocarbon group optionally comprising 1 to 3 heteroatoms selected from the group

consisting of oxygen, sulfur and nitrogen;

said method comprising the step of reacting, at a temperature comprised between 100°C

and 230°C, a compound of formula

R3 0
Rl
AN y (D
R2
O Y

wherein Y, Rl, R? and R? are defined as in formula (D;
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with at least one compound from the group i) and at least one compound from the

group ii), said groups consisting respectively of:

1) the salts of formula MX,, M’ X3 or M’X, wherein M is an alkali-earth cation and M’
an alkali cation or Cy-C;> ammonium cation and M” is a lanthanide cation, and X is
a halide or an anion of an acid HX having a pK, comprised between 0 and 6;

ii) the carboxylic acids of formula RSCOOH, wherein R’ represents a C;-Cyg
hydrocarbon group optionally comprising one or two oxygen atoms;

and optionally in the presence of a polar aprotic solvent having a boiling point of above

100°C.

2. A process according to claim 1, characterised in that the compound of

formula (I) is of formula

(1D

the dotted lines indicate that the compound is in the form of a mixture of the
corresponding B—y or a—f unsaturated derivatives, the molar ratio f—y/o—f being at
least 3;
Y represent, independently of each other, a OR" or R* group, R* representing a C;-Cs
alkyl group or a Cs-Cjo phenyl or benzyl group optionally comprising 1 to 3 oxygen
or nitrogen atoms;
R' represents a C,-Cj, hydrocarbon atom, optionally comprising 1 to 3 functional
oxygen or nitrogen atoms;
R? represents a C,-C; alkyl group;

optionally said R; and R,, taken together may form a C4-C;; hydrocarbon group

optionally comprising 1 to 3 oxygen or nitrogen atoms.

3. A process according to claim 1, characterised in that said compound (I)
is obtained in the form of a mixture of the corresponding PB—y or a—f unsaturated

derivatives and wherein the ratio f—y/a—f is at least 6; and/or
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the molar ratio of the isomers E and Z of the [—y unsaturated derivatives,

(E)- B—y)/((Z)-B—y, is above 3.

4. A process according to claim 1, characterised in that the compounds of

formula (I) are compounds of formula

V)

wherein R® represents a methyl or ethyl group or a OMe or OEt group; and

R’ represents

- a Cjo.12 hydrocarbon group;

- a phenyl group optionally substituted with 1 or 2 C;-C; alkoxy or amino groups; or
- a C3-Cg alkyl or alkenyl group.

S. A process according to claim 1, characterised in that the compound of
formula (II) is reacted with in the presence of at least one compound from the group 1)
and at least one compound from the group ii):

1) the salts of formula MX,, M’ X3 or M’X, wherein M is an alkali-earth cation and M’
an alkali cation or Cy-C;> ammonium cation and M” is a lanthanide cation, and X is
a halide or an anion of an acid HX having a pK, comprised between 0 and 6, in
particular a MX, or M”’Xj salt; and

ii) an acid R°COOH, wherein R’ represents a C;-C;g hydrocarbon group optionally

comprising one or two oxygen atoms.

6. A process according to claim 5, characterised in that the compounds of
group i) are the salts of formula MX; or M’ X3, wherein M, M” and X are as defined in

claim 5.

7. A process according to claim 5, characterised in that the compound of

group i) is a magnesium, calcium, cerium, lithium, sodium or potassium salt of chloride,
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fluoride, iodine, or of a carboxylate of formula R°COO’, R’ representing a C;-C)g

hydrocarbon group optionally comprising one or two oxygen atoms.

8. A process according to claim 7 characterised in that the salt is NaCl,
NaF, Nal, Mg(R’C0O0),, R°COONa, R°COOK, KF, CeCls, Ce(R°COO);, CaCl, or

CakF,, R’ being defined as in claim 7.

9. A process according to claim 1, characterised in that the compound of
group ii) is a carboxylic acid R?"COOH, wherein R’ is a C,-Cy alkyl, alkenyl, phenyl or
benzyl group.

10. A process according to claim 9, characterised in that R’ represents a
pent-2-yl, hept-3yl, propyl, isopropyl, isobutyl, tertbutyl, isopentyl, cyclohexyl, benzyl
or (Me),(CH,);C(Me)=CH group.
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