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(54) PREPARATION METHOD OF 3,7,11-TRIMETHYLDODEC-2,4,6,10-TETRAENE-1-YL 
PHOSPHONIC SALT

(57) Provided in the present invention is a prepara-
tion method for a phosphonic salt, comprising the step
of: reacting 3,7,11-trimethyldodec-1,4,6,10-tetraene-3-
ol with triarylphosphine and an acid in an alcohol solvent
at 50-100°C to form the phosphonic salt, wherein the acid
is a sulfamic acid or methanesulfonic acid, and the alco-

hol solvent is a straight chain monohydric alcohol con-
taining 1-5 carbon atoms. The method is performed in
nearly neutral conditions, greatly reducing the generation
of impurities and greatly obtaining phosphonic salt with
an increased E content. The yield of lycopene obtained
by using the phosphonic salt as a raw material is high.



EP 2 799 440 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to a preparation method of 3, 7, 11-trimethyldodec-2, 4, 6, 10-tetraene-1-yl phos-
phonic salt.

BACKGROUND OF THE INVENTION

[0002] EP0382067 and US5166445 describe a preparation method of C15 phosphonic salt by reacting 3, 7, 11-
trimethyldodec-1,4, 6, 10-tetraene-3-ol with a triarylphosphine and a lower alkanoic acid. During the process, the phos-
phonic salt of alkanoic acid must be converted into halogenide by anion exchange prior to final Witting reaction. (Z)-phos-
phonic salt isomers is removed by crystallization process in order to achieve higher E/Z ratio of lycopene, wherein, Z
refers to cis-isomer and E refers to trans-isomer, and the following is the same.
[0003] EP0895997, US6187959, US6433226, US6423873, US6603045 and CN1319600 describe a preparation meth-
od of C15 phosphonic salt by reacting 3, 7, 11-trimethyldodec-1, 4, 6, 10-tetraene-3-ol with a triarylphosphine and strong
acids such as sulfonic acid, sulfuric acid, etc., and using a solvent of lower alkanoic acid. Wherein a E/Z ratio of the
obtained phosphonic salt is between 4~5:1. a yield of the obtained phosphonic salt is higher than that of C15 phosphonic
salt in EP0382067 and US5166445 and the E/Z ratio of obtained phosphonic salt is higher than that of C15 phosphonic
salt in EP0382067 and US5166445.
[0004] All of the prior patent’s method need using lots of lower alkanoic acids such as formic acid, acetic acid, or
propionic acid as reactant or solvent. But there are two deficiencies: (1) heating and stronger acid are simultaneously
in the process, it makes polyene-bonds phosphonic salt contain amounts of undesired impurities and obtain phosphonic
salt with deeper color; (2) plenty of organic acid will bring greater process cost, equipment corrosion and environmental
pollution.

SUMMARY OF THE INVENTION

[0005] The purpose of the present invention is to provide a improved preparation method of C15 phosphonic salt,
wherein undesired impurities of 3, 7, 11-trimethyldodec-2, 4, 6, 10-tetraene-1-yl phosphonic salt are greatly reduced,
and E content of isomers is very high after purification and at the same time plenty of organic acid is removed.
[0006] According to the preparation method of 3, 7, 11-trimethyldodec-2, 4, 6, 10-tetraene-1-yl phosphonic salt of
Formula I of the present invention, the method comprises reacting 3, 7, 11-trimethyldodec-1 4, 6, 10-tetraene-3-ol of
Formula II with triarylphosphine and an acid in an alcohol solvent and at a temperature of 50~100°C,to produce a
phosphonic salt of Formula I,

[0007] Wherein the acid is sulfamic acid or methanesulphonic acid, the alcohol solvent is a straight-chain monohydric
alcohol containing C1~C5, preferably, methanol or ethanol; the reaction temperature is 60~65°C; R is phenyl; X is an
anion of sulfamic acid or methanesulphonic acid.
[0008] Tertiary alcohol of Formula II can be obtained by reacting pseudoionone with a chloroethylene Grignard reagent.
The acid is dropped into the reaction system containing tertiary alcohol of Formula II, triphenylphosphine and an alcohol
solvent, in order to ensure the reaction system maintaining a weak acidity or neutralization, A E/Z ratio of the phosphonic
salt of Formula I is 2.5:1.
[0009] Wherein 100ml deionized water is added into the phosphonic salt of Formula I, and then extract with 500ml n-
hexane for 3~5 times, recycle n-hexane for reutilization, and extract a methanol solution containing phosphonic salt of
Formula I with 2000ml dichloromethane to obtain a dichloromethane solution containing phosphonic salt of Formula I,
and then obtain phosphonic salt of Formula I after removing solvent.
[0010] Wherein the dichloromethane solution containing phosphonic salt of Formula I is washed with 500ml of 5%
sodium bromide aqueous solution each time for 3 times, and then add 1500ml ethyl acetate into a dichloromethane layer
after removing dichloromethane, and evaporate 500ml of a mixed solution containing dichloromethane and ethyl acetate,
and cool the residue to produce crystals, and then filtrate and dry, to produce a phosphonic salt of Formula I with E/Z
ratio of 1:11.5 and a phosphonic salt of Formula I with E/Z ratio of 94.5:1 after removing solvent of a mother liquor.
[0011] The method of the present invention can convert vinyl pseudoionol of Formula II into a corresponding phosphonic
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salt, the yield is larger than 95%, and the selectivity of E/Z is larger than 2.5:1. Phosphonic salt with E/Z ratio larger than
7:1 are obtained after crystallizing and purifying. Z is cis-isomer, and E is trans-isomer.
[0012] Advantages of the method of the present invention are to replace organic acid by an alcohol solvent and to
perform in nearly neutral conditions, greatly reduce generations of impurities and greatly obtain phosphonic salt with an
increased E content. The yield of lycopene obtained by using the phosphonic salt as a raw material is high.

DETAILED DESCRIPTION OF THE PRESENT INVENTION AND PREFERRED EMBODIMENTS THEREOF

[0013] Hereafter, the present invention will be described specifically with reference to examples. The examples are
given only for illustration of the technical solution of the present invention and should not be construed to limit the present
invention.

EXAMPLE 1

[0014]

(1) Triphenylphosphine (288g, 1.1mol), vinylpseudoionol (252g, 96%, 1.14mol) and 1000ml methanol are mixed,
and a solution of methanesulfonic acid (96g, 1.0mol) dissolved in 200ml methanol at temperature of 60~65°C is
dropped into it, to react for 2 hr under heat preservation after finishing dropping, and pH of the solution is neutral.
The reaction mixture appears faint yellow. The reaction mixture is analyzed by HPLC to find that vinylpseudoionol
is completely converted to phosphonic salt and its E/Z ratio is 2.5:1. 100ml deionized water is added into the reaction
mixture, extracted with 500ml n-hexane for 3~5 times, and recycle n-hexane layer for reutilization, and the extracted
unreacted triphenylphosphine may be crystallized for reutilization. The methanol in methanol solution containing
phosphonic salt is recycled, and the solution is extracted by 2000ml dichloromethane to obtain 626g phosphonic
salt after removing solvent, the yield of the phosphonic salt is 98%, and the content of the phosphonic salt analyzed
by HPLC is 95%.
(2) Refinement: a dichloromethane solution of the phosphonic salt obtained from the step (1) is washed with 500ml
of 5% sodium bromide aqueous solution each time for 3 times to obtain a dichloromethane layer after recycling most
of dichloromethane, and 1500ml of ethyl acetate is added, and then 500ml of a mixed solution containing dichlo-
romethane and ethyl acetate is evaporated, and a residue is cooled and crystallized, and then obtain 195g of
phosphonic salt after filtrating and drying, its E/Z ratio is 1:11.5. and obtain 423g of solid after removing solvent in
mother liquor, its E/Z ratio is 94.5:1, and the yield of refinement is 67.6%, and the total yield of two steps (1) & (2)
is 66.1%.

Determination of Product Structure:

[0015] 1HNMR(δ, ppm,400MHz, MeOD): 1.45, 1.55, 1.65, 1.76(s, 12H, CH3); 2.05~2.07, 2.15~2.18(m, 4H, CH2);
4.66~4.72(m, 2H, P-CH2); 5.06~5.08, 5.30~5.33, 5.80~5.82, 6.00~6.03, 6.32~6.36 (m, 5H, C=CH, CH=CH);
7.72~7.88(m, 15H, ph).
[0016] 13CNMR(δ, ppm, 100MHz, MeOD): 13.2; 17.5; 24.1; 25.6; 32.6; 40.4; 117.0; 137.6; 125.5; 127.6; 130.4; 132.6;
133.8; 135.0; 141.1; 143.6; 146.8.

EXAMPLE 2

[0017]

(1) Triphenylphosphine (288g, 1.1mol), vinylpseudoionol (220.1g, 96%, 1.0mol) and 1000ml absolute ethanol are
mixed, and a solution of sulfamic acid (96g, 1.0mol) dissolved in 200ml absolute ethanol at temperature of 50~55°C
is dropped into it, to react for 2 hr under heat preservation after finishing dropping, and pH of the solution is neutral.
The reaction mixture appears faint yellow. The reaction mixture is analyzed by HPLC to find that vinylpseudoionol
is completely converted to phosphonic salt and its E/Z ratio is 2.4:1. 100ml deionized water is added into the reaction
mixture, extracted with 500ml n-hexane for 3~5 times, and recycle a ethanol solution containing phosphonic salt,
and the solution is extracted by 2000ml dichloromethane to obtain 539g phosphonic salt after removing solvent, the
yield of the phosphonic salt is 96%, and the content of the phosphonic salt analyzed by HPLC is 97%.
(2) Refinement: a dichloromethane solution of the phosphonic salt obtained from the step (1) is washed with 500ml
of 5% sodium bromide aqueous solution each time for 3 times to obtain a dichloromethane layer after recycling most
of dichloromethane, and 1500ml of ethyl acetate is added, and then 500ml of a mixed solution containing dichlo-
romethane and ethyl acetate is evaporated, and a residue is cooled and crystallized, and then obtain 165g of
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phosphonic salt after filtrating and drying, its E/Z ratio is 1:11.5. and obtain 362g of solid after removing solvent in
mother liquor, its E/Z ratio is 94.5:1, and the yield of refinement is 64.4%, and the total yield of two steps (1) & (2)
is 61.8%.

Determination of Product Structure:

[0018] 1HNMR(δ, ppm,400MHz, MeOD): 1.45, 1.55, 1.65, 1.76(s, 12H, CH3); 2.05∼2.07, 2.15~2.18(m, 4H, CH2);
4.66~4.72(m, 2H, P-CH2); 5.06~5.08, 5.30~5.33, 5.80~5.82, 6.00~6.03, 6.32~6.36 (m, 5H, C=CH, CH=CH);
7.72~7.88(m, 15H, ph).
[0019] 13CNMR(δ, ppm, 100MHz, MeOD): 13.2; 17.5; 24.1; 25.6; 32.6; 40.4; 117.0; 137.6; 125.5; 127.6; 130.4; 132.6;
133.8; 135.0; 141.1; 143.6; 146.8.

EXAMPLE 3

[0020]

(1) Triphenylphosphine (288g, 1.1mol vinylpseudoionol (220g, 96%, 1.0mol) and 1000ml propanol are mixed, and
a solution of methanesulfonic acid (96g, 1.0mol) dissolved in 200ml propanol at temperature of 90~98 h is dropped
into it, to react for 2 hr under heat preservation after finishing dropping, and pH of the solution is neutral. The reaction
mixture appears faint yellow. The reaction mixture is analyzed by HPLC to find that vinylpseudoionol is completely
converted to phosphonic salt and its E/Z ratio is 2.0:1. 200mL deionized water is added into the reaction mixture,
extracted with 500ml n-hexane for 3~5 times, and recycle n-hexane layer for reutilization, and the extracted unreacted
triphenylphosphine may be crystallized for reutilization. The propanol in propanol solution containing phosphonic
salt is recycled, and the solution is extracted by 2000ml dichloromethane to obtain 535g phosphonic salt after
removing solvent, the yield of the phosphonic salt is 95.3%, and the content of the phosphonic salt analyzed by
HPLC is 95%.
(2) Refinement: a dichloromethane solution of the phosphonic salt obtained from the step (1) is washed with 500ml
of 10% sodium bromide aqueous solution each time for 2 times to obtain a dichloromethane layer after recycling
most of dichloromethane, and 1500ml of ethyl acetate is added, and then 500ml of a mixed solution containing
dichloromethane and ethyl acetate is evaporated, and a residue is cooled and crystallized, and then obtain 134g of
phosphonic salt after filtrating and drying, its E/Z ratio is 0.5:11.5. and obtain 407g of solid after removing solvent
in mother liquor, its E/Z ratio is 95.5:0.5, and the yield of refinement is 76.1%, and the total yield of two steps (1) &
(2) is 72.5%.

Determination of Product Structure:

[0021] 1HNMR(δ, ppm,400MHz, MeOD): 1.45, 1.55, 1.65, 1.76(s, 12H, CH3); 2.05~2.07,2.15~2.18(m, 4H, CH2);
4.66~4.72(m, 2H, P-CH2); 5.06~5.08, 5.30~5.33, 5.80~5.82, 6.00~6.03, 6.32~6.36 (m, 5H, C=CH, CH=CH);
7.72~7.88(m, 15H, ph).
[0022] 13CNMR(δ, ppm, 100MHz, MeOD): 13.2; 17.5; 24.1; 25.6; 32.6; 40.4; 117.0; 137.6; 125.5; 127.6; 130.4; 132.6;
133.8; 135.0; 141.1; 143.6; 146.8.

EXAMPLE 4

[0023]

(1) Triphenylphosphine (262g,1.0mol), vinylpseudoionol (252g, 96%, 1.1mol) and 800ml butanol are mixed, and a
solution of sulfamic acid (97g, 1.0mol) dissolved in 200ml butanol at temperature of 80~85 h is dropped into it, to
react for 2 hr under heat preservation after finishing dropping, and pH of the solution is neutral. The reaction mixture
appears faint yellow. The reaction mixture is analyzed by HPLC to find that vinylpseudoionol is completely converted
to phosphonic salt and its E/Z ratio is 2.9:1. 100ml deionized water is added into the reaction mixture, extracted with
500ml n-hexane for 3~5 times, and recycle n-hexane layer for reutilization, and the extracted unreacted triphenyl-
phosphine may be crystallized for reutilization. The butanol in butanol solution containing phosphonic salt is recycled,
and the solution is extracted by 2000ml dichloromethane to obtain 550g phosphonic salt after removing solvent, the
yield of the phosphonic salt is 89.1 %, and the content of the phosphonic salt analyzed by HPLC is 98%.
(2) Refinement: a dichloromethane solution of the phosphonic salt obtained from the step (1) is washed with 500ml
of 10% sodium bromide aqueous solution each time for 3 times to obtain a dichloromethane layer after recycling
most of dichloromethane, and 1500ml of ethyl acetate is added, and then 500ml of a mixed solution containing
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dichloromethane and ethyl acetate is evaporated, and a residue is cooled and crystallized, and then obtain 81g of
phosphonic salt after filtrating and drying, its E/Z ratio is 0.3:11.0. and obtain 467.5g of solid after removing solvent
in mother liquor, its E/Z ratio is 94.5:1, and the yield of refinement is 85.0%, and the total yield of two steps (1) &
(2) is 75.7%.

Determination of Product Structure:

[0024] 1HNMR(δ, ppm,400MHz, MeOD):1.45, 1.55, 1.65, 1.76(s, 12H, CH3); 2.05~2.07,2.15~2.18(m, 4H, CH2);
4.66~4.72(m, 2H, P-CH2); 5.06~5.08, 5.30~5.33, 5.80~5.82, 6.00~6.03, 6.32~6.36 (m, 5H, C=CH, CH=CH);
7.72~7.88(m, 15H, ph).
[0025] 13CNMR(δ, ppm, 100MHz, MeOD): 13.2; 17.5; 24.1; 25.6; 32.6; 40.4; 117.0; 137.6; 125.5; 127.6; 130.4; 132.6;
133.8; 135.0; 141.1; 143.6; 146.8.

EXAMPLE 5

[0026]

(1) Triphenylphosphine (262g,1.0mol), vinylpseudoionol (252g, 96%, 1.1mol) and 1000ml pentanol are mixed, and
a solution of methanesulfonic acid (96g, 1.0mol) dissolved in 200ml pentanol at temperature of 95~100 h is dropped
into it, to react for 2 hr under heat preservation after finishing dropping, and pH of the solution is neutral. The reaction
mixture appears faint yellow. The reaction mixture is analyzed by HPLC to find that vinylpseudoionol is completely
converted to phosphonic salt and its E/Z ratio is 3.5:1. 100ml deionized water is added into the reaction mixture,
extracted with 500ml n-hexane for 3~5 times, and recycle n-hexane layer for reutilization, and the extracted unreacted
triphenylphosphine may be crystallized for reutilization. The pentanol in pentanol solution containing phosphonic
salt is recycled, and the solution is extracted by 2000ml dichloromethane to obtain 521g phosphonic salt after
removing solvent, the yield of the phosphonic salt is 84.3%, and the content of the phosphonic salt analyzed by
HPLC is 96.5%.
(2) Refinement: a dichloromethane solution of the phosphonic salt obtained from the step (1) is washed with 500ml
of 5% sodium bromide aqueous solution each time for 3 times to obtain a dichloromethane layer after recycling most
of dichloromethane, and 1500ml of ethyl acetate is added, and then 500ml of a mixed solution containing dichlo-
romethane and ethyl acetate is evaporated, and a residue is cooled and crystallized, and then obtain 70g of phos-
phonic salt after filtrating and drying, its E/Z ratio is 1:11.5. and obtain 438g of solid after removing solvent in mother
liquor, its E/Z ratio is 98.5:1, and the yield of refinement is 84.1 %, and the total yield of two steps (1) & (2) is 70.1 %.

Determination of Product Structure:

[0027] 1HNMR(δ, ppm,400MHz, MeOD): 1.45, 1.55, 1.65, 1.76(s, 12H, CH3); 2.05~2.07,2.15~2.18(m, 4H, CH2);
4.66~4.72(m, 2H, P-CH2); 5.06~5.08, 5.30~5.33, 5.80~5.82, 6.00~6.03, 6.32~6.36 (m, 5H, C=CH, CH=CH);
7.72~7.88(m, 15H, ph).
[0028] 13CNMR(δ, ppm, 100MHz, MeOD): 13.2; 17.5; 24.1; 25.6; 32.6; 40.4; 117.0; 137.6; 125.5; 127.6; 130.4; 132.6;
133.8; 135.0; 141.1; 143.6; 146.8.
[0029] Although the present invention has been described in connection with the above embodiments, it should be
understood that the present invention is not limited to such preferred embodiments and procedures set forth above. The
embodiments and procedures were chosen and described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best utilize the invention. It will be apparent to those
skilled in the art that various substitution, modifications and changes may be thereto without departing from the scope
and spirit of the invention. Therefore, the intention is intended to cover all alternative constructions and equivalents falling
within the spirit and scope of the invention as defined only by the appended claims and equivalents thereto.

Claims

1. A preparation method of phosphonic salt of Formula I, comprising reacting 3, 7, 11-trimethyldodec-1, 4, 6, 10-
tetraene-3-ol of Formula II with triarylphosphine and an acid in an alcohol solvent at a temperature of 50~100 °C to
produce a phosphonic salt of Formula I,
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wherein the acid is sulfamic acid or methanesulphonic acid, the alcohol solvent is a straight-chain monohydric alcohol
containing C1~C5, R is phenyl, X is an anion of sulfamic acid or methanesulphonic acid.

2. A method according to claim 1, wherein the straight-chain monohydric alcohol is methanol or ethanol. 1.

3. A method according to claim 1, wherein 3,7,11-trimethyldodec-1,4,6,10-tetraene-3-ol of Formula II is obtained by
reacting pseudoionone with a Grignard reagent of chloroethylene.

4. A method according to claim 1, wherein the acid is dropped into a reaction system.

5. A method according to claim 1, wherein the reaction temperature is 60~65°C.

6. A method according to any one of claims 1~5, wherein a E/Z ratio of the phosphonic salt of Formula I is 2.5:1.

7. A method according to any one of claims 1-5, wherein adding 100ml deionized water into the phosphonic salt of
Formula I, and then extracting with 500ml n-hexane for 3~5 times, recycling n-hexane for reutilization, and extracting
a methanol solution containing phosphonic salt of Formula I with 2000ml dichloromethane to obtain a dichlorometh-
ane solution containing phosphonic salt of Formula I, and then obtaining phosphonic salt of Formula I after removing
solvent.

8. A method according to claim 7, wherein washing the dichloromethane solution containing phosphonic salt of Formula
I with 500ml of 5% sodium bromide aqueous solution each time for 3 times, and adding 1500ml ethyl acetate into
a dichloromethane layer after removing dichloromethane, and evaporating 500ml of a mixed solution containing
dichloromethane and ethyl acetate, and cooling the residue to produce crystals, and then filtrating and drying to
produce a phosphonic salt of Formula I with E/Z ratio of 1:11.5, and obtaining phosphonic salt of Formula I with E/Z
ratio of 94.5:1 after removing solvent of a mother liquor.
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