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(57) ABSTRACT 

The present invention provides a process for preparing of 
d,l-ot-tocopherol by the catalyzed condensation of trimeth 
ylhydroquinone With isophytol. This process includes car 
rying out the condensation in the presence of bis-(tri?uo 
romethylsulphonyl)amine [HN(SO2CF3)2] or a metal salt 
thereof of the formula Met (N(SO2CF3)2)n (I) as the catalyst 
and supercritical carbon dioxide or nitrous oxide as the 
solvent, Wherein Met is a metal atom such as for example 
boron, magnesium, aluminum, silicon, scandium, titanium, 
vanadium, manganese, iron, cobalt, nickel, copper, Zinc, 
yttrium, Zirconium, rhodium, palladium, silver, tin, lantha 
num, cerium, neodymium, praseodymium, europium, dys 
prosium, ytterbium, hafnium, platinum and gold, and n is the 
corresponding valency (1, 2, 3, or 4) of the metal atom Met. 
A cosolvent may also be used, Which is a loWer aliphatic 
alkanol, ketone or hydrocarbon. The product of the process 
is the most active member of the vitamin E group. 
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PREPARATION OF D,L-ALPHA-TOCOPHEROL 

FIELD OF THE INVENTION 

[0001] The present invention is concerned With a novel 
process for the manufacture of d,l-ot-tocopherol by the 
catalyzed condensation of trimethylhydroquinone With iso 
phytol in a solvent. As is knoWn, d,l-ot-tocopherol is a 
diastereomer mixture of 2,5,7,8-tetramethyl-2-(4‘,8‘,12‘-tri 
methyl-tridecyl)-6-chromanol (ot-tocopherol), Which is the 
most active and industrially most important member of the 
vitamin E group. 

BACKGROUND OF THE INVENTION 

[0002] Many processes for the manufacture of d,l-ot-toco 
pherol by the condensation of trimethylhydroquinone 
(TMHQ) With isophytol (IP) in the presence of various 
catalysts or catalyst systems and in various solvents are 
described in the literature. These processes go back to the 
Work of Karrer et al., Bergel et al. as Well as Smith et al. (see 
Helv. Chim. Acta 21, 520-525 (1938), Nature 142, 36 (1938) 
and, respectively, Science 88, 37-38 (1938) and J. Am. 
Chem. Soc. 61, 2615-2618 (1939)). While Karrer et al. 
carried out the synthesis of d,l-ot-tocopherol from TMHQ 
and phytyl bromide in the presence of anhydrous Zinc 
chloride (ZnCl2; a LeWis acid), not only Bergel et al., but 
also Smith et al used TMHQ and phytol as starting materials. 

[0003] In the folloWing years modi?cations, such as alter 
native solvents and LeWis acids, Were developed. From the 
Work of Karrer et al. a process Was developed in 1941 for the 
manufacture of d,l-ot-tocopherol Which Was based on the 
condensation of TMHQ With IP in the presence of the 
catalyst system ZnCl2/hydrochloric acid (HCl) (Karrer et al., 
US. Pat. No. 2,411,969). Later publications, eg Japanese 
Patent Publications (Kokai) 54380/1985, 64977/1985 and 
226979/1987 (Chemical Abstracts (CA) 103, 123731s 
(1985), CA. 103, 104799d (1985) and, respectively, CA. 
110, 39217r (1989)), disclose this condensation in the pres 
ence of Zinc and ZnCl2 and a Bronsted (protonic) acid, such 
as a hydrohalic acid, eg HCl, trichloroacetic acid, acetic 
acid and the like, especially ZnClZ/HCl, as the catalyst 
system. Disadvantages of these and further published pro 
cesses featuring ZnCl2 in combination With a Bronsted acid 
are the corrosive properties of the acids and the contamina 
tion of the Waste Water With Zinc ions as a result of the 
relatively large amount of ZnCl2 required for the catalysis. 

[0004] The manufacture of d,l-ot-tocopherol by the reac 
tion of TMHQ With phytyl chloride, phytol or isophytol in 
the presence of boron tri?uoride (BF3) or its etherate 
(BF3.Et2O) is disclosed in German Patents 960720 and 
1015446 as Well as in Nelan et al., US. Pat. No. 3,444,213, 
and Finnan, US. Pat. No. 4,634,781. HoWever, BF3 also has 
corrosive properties. 

[0005] The condensation of TMHQ With IP or another 
phytyl derivative in the presence of a LeWis acid, eg ZnCl2, 
BF3 or aluminum trichloride (AlCl3), a strong acid, e. g. HCl, 
and an amine salt as the catalyst system is disclosed in 
EP100471. In an earlier patent publication (DOS 2606830), 
the IP or phytol is pretreated With ammonia or an amine 
before the condensation With TMHQ in the presence of 
ZnCl2 and an acid is effected. In both cases, corrosion 
problems occur. 
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[0006] Afurther interesting method for the manufacture of 
d,l-ot-tocopherol from TMHQ and IP includes using an 
isolated TMHQ-BF3 or -AlCl3 complex as the catalyst and a 
solvent mixture featuring a nitro compound (see, DOS 
1909164). This process avoids to a large extent the forma 
tion of undesired byproducts because it involves mild reac 
tion conditions. The yield of d,l-ot-tocopherol, based on IP 
and the use of the solvent mixture methylene chloride/ 
nitromethane, is reported to be 77%. HoWever, the use of 
such a solvent mixture is disadvantageous. 

[0007] The manufacture of d,l-ot-tocopherol by the con 
densation of TMHQ With IP using cation exchange resin 
complexes of metal ions (Zn2+, Sn2+ and Sn4+) is disclosed 
in Bull. Chem. Soc. Japan 50, 2477-2478 (1977). One of the 
disclosed disadvantages is that the product is formed in 
unsatisfactory yields. 
[0008] The use of macroreticular ion exchangers, e.g. 
AMBERLYST® 15, as the catalyst for the condensation of 
TMHQ With IP is disclosed in Moroe et al., US. Pat. No. 
3,459,773. EP 603 695 discloses the manufacture of d,l-ot 
tocopherol in liquid or supercritical carbon dioxide by the 
condensation of TMHQ With IP in the presence of acidic 
catalysts, such as ZnClZ/HCl and ion exchangers. 

[0009] The condensation in the presence of a catalyst 
system Which consists of iron(II) chloride, metallic iron and 
HCl gas is disclosed in DOS 2160103 and Frick et al., US. 
Pat. No. 3,789,086. The formation of feWer byproducts is an 
advantage of this process compared With the aforementioned 
process using ZnClZ/HCl. HoWever, corrosion problems and 
chloride contamination are equally disadvantageous. 

[0010] An alternative for the condensation of TMHQ With 
IP to d,l-ot-tocopherol including using tri?uoroacetic acid or 
its anhydride as the catalyst is disclosed in EP 12824. 
Although this process avoids the use of HCl, the alternative 
catalyst is relatively expensive. 
[0011] The use of heteropolytungsten acids as catalysts for 
the condensation of TMHQ With IP is disclosed in React. 
Kinet. Catal. Lett. 47(1), 59-64 (1992). d,l-ot-Tocopherol 
Was reportedly obtained With about 90% yield using this 
process and various solvents. A further process disclosed in 
the literature (EP 658 552; Bull. Chem. Soc. Japan 68, 
3569-3571 (1995)) for the synthesis of d,l-ot-tocopherol is 
based on the use of a scandium, yttrium or lanthanide 
?uorosulphonate, nitrate or sulphate, e.g. scandium tri?uo 
romethanesulphonate. With up to about 10% excess of IP 
this process reportedly achieves yields up to 98%. 

[0012] The use of ion exchanged bentonite, montmorillo 
nite or saponite through treatment with, eg scandium 
chloride and other metal salts (yttrium, lanthanum, etc.) as 
the catalyst for the condensation of TMHQ With IP has as a 
disadvantage the need for a large amount of catalyst (EP 677 
520; Bull. Chem. Soc. Japan 69, 137-139 (1996)). Accord 
ing to the Examples of EP 694 541, the condensation of 
TMHQ With IP to form ot-tocopherol may be achieved in 
high yields and With a high product purity When solvents 
such as carbonate esters, fatty acid esters and mixed solvent 
systems are employed, Wherein catalysis is effected by 
ZnClZ/HCl. Disadvantages in this process include, in addi 
tion to the contamination of the Waste Water by Zinc ions, the 
usual large “catalyst amount” of ZnCl2 used. 

[0013] According to WO 97/28151, the acid catalyZed 
condensation of TMHQ With IP may be performed in a 
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cyclic carbonate or ot-lactone as the solvent. The preferred 
catalyst is a mixture of ortho boric acid and oxalic, tartaric 
or citric acid, or boron tri?uoride etherate. 

[0014] Finally, WO 98/21197 discloses the manufacture of 
d,l-ot-tocopherol from TMHQ and IP using bis(tri?uorom 
ethylsulphonyl)amine or a metal salt thereof optionally With 
a strong Bronsted acid as catalyst in a variety of aprotic 
solvents such as aliphatic and cyclic ketones or esters, and 
aromatic hydrocarbons. 

[0015] From the foregoing explanations it is evident that 
most of the previously knoWn processes have considerable 
disadvantages. Thus, corrosion problems occur in the case of 
all processes in Which acid catalysts such as boron tri?uoride 
are used. Toxicity problems With the boron tri?uoride 
adducts also occur. When iron or Zinc is used, there is a 
contamination of the Waste Water With the metal ions Which 
today is no longer acceptable. In some of the prior art 
processes, formation of undesired byproducts, e.g. phytyl 
toluene and chlorophytols, is an especially serious problem. 
Furthermore, the use of organic solvents requires compli 
cated procedures for their removal or recycling during the 
product isolation. 

SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to provide a 
process for the preparation of d,l-ot-tocopherol by the con 
densation of trimethylhydroquinone With isophytol in the 
presence of a catalyst and in a solvent Which does not have 
the disadvantages of previously knoWn procedures. In this 
respect, it is necessary that the catalyst used does not have 
a corrosive action, is non-toxic, does not contaminate the 
environment, catalyZes as selectively as possible the desired 
reaction in small, catalytic amounts and in high yields, and 
should be readily separable and re-usable several times. The 
solvent should alloW more ready isolation of the product 
than has previously been achieved in using organic solvents. 

[0017] Accordingly, the present invention provides a pro 
cess for synthesiZing d,l-ot-tocopherol by catalyZed conden 
sation reaction of trimethylhydroquinone With isophytol, 
comprising reacting trimethylhydroquinone With isophytol 
in a reaction mixture containing a catalyst comprising bis 
(tri?uoromethylsulphonyl)amine of the formula 

HN(SO2CF3)2 
[0018] or a metal salt thereof having the formula 

Met (N(SO2CF3)2)n I 

[0019] Wherein 
[0020] Met is a metal atom selected from the group 

consisting of boron, magnesium, aluminum, silicon, 
scandium, titanium, vanadium, manganese, iron, 
cobalt, nickel, copper, Zinc, yttrium, Zirconium, 
rhodium, palladium, silver, tin, lanthanum, cerium, 
neodymium, praseodymium, europium, dysprosium, 
ytterbium, hafnium, platinum and gold; and 

[0021] n is the corresponding valency (1, 2, 3 or 4) of 
the metal atom Met, 

[0022] and supercritical carbon dioxide or nitrous oxide as 
the solvent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention is achieved by carrying out 
the condensation of trimethylhydroquinone With isophytol 
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in the presence of a particular amine catalyst and in super 
critical carbon dioxide or nitrous oxide. The condensation 
itself is represented in the folloWing Reaction Scheme: 

HO 

+ 

OH 

Trimethylhydroquinone 

Catalyst 

AW —H2O OH 
Isophytol 

HO 

O 

d,1—ot-Tocopherol 

[0024] The process of the present invention for synthesiZ 
ing d,l-ot-tocopherol by the catalyZed condensation of trim 
ethylhydroquinone With isophytol includes carrying out the 
condensation in the presence of bis-(tri?uoromethylsulpho 
nyl)amine of the formula 

HN(SO2CF3)2 
[0025] or a metal salt thereof having the formula I 

Met (N(SO2CF3)2)n I 

[0026] Wherein 

[0027] Met is a metal atom selected from boron, 
magnesium, aluminum, silicon, scandium, titanium, 
vanadium, manganese, iron, cobalt, nickel, copper, 
Zinc, yttrium, Zirconium, rhodium, palladium, silver, 
tin, lanthanum, cerium, neodymium, praseodymium, 
europium, dysprosium, ytterbium, hafnium, plati 
num and gold 

[0028] and n is the corresponding valency (1, 2, 3 or 
4) of the metal atom Met, 

[0029] as the catalyst and in supercritical carbon dioxide 
or nitrous oxide as the solvent. 

[0030] Bis-(tri?uoromethylsulphonyl)amines, and a num 
ber of the metal salts of formula I are knoWn (see, for 
example, EP 364 340, Japanese Patent Publication (Kokai) 
246 338/1995, DOS 19533711, Synlett 1996, 171-172, Syn 
lett 1996, 265-266, Chem. Lett. 1995, 307-308 as Well as the 
literature cited therein). 

[0031] The neW metal salts of formula I may be produced 
according to methods knoWn in the art, such as, for example, 
from the corresponding metal acetates, oxides, hydroxides 
and alcoholates Which are similar to the methods for pro 
ducing the knoWn compounds. In the case of the aluminum 
salt and the Zinc salt of bis-(tri?uoromethylsulphonyl)amine 
(of the formula Al[N(SO2CF3)2]3 and Zn[N(SO2CF3)2]2, 
respectively), these salts can also be produced from a 
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corresponding alkylmetal or dialkylmetal hydride, e.g. 
diethylZinc or triethylaluminum, or diisobutylaluminum 
hydride, respectively. 

[0032] The metal salts of the bis-(tri?uoromethylsulpho 
nyl)amine may be present in the condensation reaction in 
monomeric or polymeric form. Accordingly, formula I is 
intended to embrace all such forms. Further, these catalysts 
may be used in isolated form or produced in situ. 

[0033] As used herein, the expression “supercritical car 
bon dioxide” is to be understood as indicating carbon 
dioxide Which is present at a temperature and pressure 
exceeding its critical temperature of 31° C. and its critical 
pressure of 73.8 bar (7.38 MPa). Analogously, “supercritical 
nitrous oxide” is understood to indicate nitrous oxide Which 
is present at a temperature and pressure exceeding its critical 
temperature of 365° C. and its critical pressure of 72.6 bar 
(7.26 MPa). Both substances are ecologically acceptable and 
are excellent solvents in the supercritical state for both the 
reactants and the product of the process according to the 
present invention. 

[0034] A cosolvent may also be used in the process of the 
present invention, said cosolvent being an organic protic or 
aprotic solvent. Those organic solvents, Which are especially 
useful as the cosolvent, include for example, loWer aliphatic 
alkanols, e.g. methanol and ethanol; loWer aliphatic ketones, 
e.g. acetone, isobutyl methyl ketone and diethyl ketone; and 
loWer aliphatic hydrocarbons, e.g. propane. 

[0035] If a cosolvent is employed, the ratio (by Weight) of 
the cosolvent to supercritical carbon dioxide or nitrous oxide 
is in the range from about 1:30 to about 1:1, preferably in the 
range from about 12:30 to about 9:30. 

[0036] With due consideration to the necessity for carry 
ing out the condensation of trimethylhydroquinone With 
isophytol according to the process of the present invention 
at temperatures and pressures Which enable the solvent to be 
maintained in the supercritical state, the condensation may 
be carried out at temperatures/pressures of about 40° C. to 
about 200° C./about 80 to about 270 bar (about 8 to about 
27 MPa), preferably at temperatures/pressures of about 110° 
C. to about 160° C./about 130 to about 170 bar (about 13 to 
about 17 MPa). These parameters apply regardless of 
Whether supercritical carbon dioxide or supercritical nitrous 
oxide is used as the solvent. These same conditions apply 
Where a cosolvent is also employed. 

[0037] In the present invention, the molar ratio of trim 
ethylhydroquinone to isophytol present in the reaction mix 
ture for condensation extends from about 081 to about 
1.2:1; this molar ratio of trimethylhydroquinone:isophytol is 
preferably from about 0.9:1 to about 1.1:1, most preferably 
about 1:1 (as near to equimolar amounts as possible). 

[0038] The amount of catalyst used in the present inven 
tion is calculated so that the molar ratio of the catalyst to the 
educt Which is in the lesser molar amount (trimethylhydro 
quinone or isophytol, Whichever is in the lesser molar 
amount) is about 1:1000 to about 1:100. In the case of the 
bis-(tri?uoromethylsulphonyl)amine, the ratio is preferably 
about 1:500. In the case of a metal salt of formula I, the ratio 
is preferably about 1:200. 

[0039] Regarding the amount of supercritical carbon diox 
ide or nitrous oxide used, in both cases the Weight ratio of 
supercritical carbon dioxide or nitrous oxide to the educt 
(trimethylhydroquinone or isophytol) Which is in the lesser 
molar amount is about 2:1 to about 8:1, preferably about 5: 1 
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to about 8:1, for example, about 6:1. Where a cosolvent is 
also employed, the total Weight of supercritical carbon 
dioxide or nitrous oxide and cosolvent is increased in 
accordance With the previously indicated Weight ratio of 
cosolvent to the supercritical solvent. 

[0040] The actual condensation reaction generally lasts for 
about 1-5 hours, preferably, about 2-4 hours, such as for 
example about 2.5-3 hours. 

[0041] The process in accordance With the invention may 
be carried out operationally by heating together the tWo 
educts (trimethylhydroquinone and isophytol), the catalyst 
and a sufficient amount of carbon dioxide or nitrous oxide, 
optionally With cosolvent, in, for example, an autoclave to 
maintain the temperature and pressure at a level at Which the 
supercritical state is constantly present. After completion of 
the condensation reaction, the autoclave is then cooled to 
room temperature and the pressure released. The crude 
product may be dissolved in a suitable organic solvent, such 
as a loWer alkanol, e.g. methanol, and the solution concen 
trated under reduced pressure to isolate the product. At this 
stage, the product may be analyZed for purity, if desired, by 
a standard analytical method, e.g. gas chromatography. 

[0042] The process in accordance With the invention 
enables the catalyst used to be separated readily and to be 
re-used several times. 

[0043] Advantages in the use of the combination of the 
catalyst and supercritical solvent in the process in accor 
dance With the invention are, in addition to high yields of 
d,l-ot-tocopherol, the avoidance of corrosion, the avoidance 
of Waste Water contamination With heavy metal ions, the 
high selectivity, as Well as the ready isolation of the d,l-ot 
tocopherol product from the mixture after the reaction. 

[0044] The folloWing examples are provided to further 
illustrate the process of the present invention in some of its 
embodiments. These examples are illustrative only and are 
not intended to limit the scope of the invention in any Way. 

EXAMPLES 

Examples 1-10 

General Procedure for Batch Process 

[0045] In a stainless steel autoclave (35 ml: “smaller” 
scale; or 170 ml: “larger” scale) equipped With a magnetic 
or mechanical stirrer, a mixture of trimethylhydroquinone 
(1.52 g, 9.79 mmol based on 98% pure educt: “smaller” 
scale; or 7.38 g, 47.52 mmol based on 98% pure educt: 
“larger” scale), isophytol (approx. 3 g/3.8 ml, approx. 9.6 
mmol based on 96% pure educt: “smaller” scale; or 14.92 
g/18.4 ml, 46.46 mmol based on 96% pure educt: “larger” 
scale), a varied amount of catalyst, and a varied amount of 
solvent (supercritical CO2 or N20) Was heated With stirring 
from room temperature to 150° C. and the pressure at the 
higher temperature measured. The reaction mixture Was 
maintained at 150° C. for 3 hours, and thereafter cooled to 
room temperature. After releasing the pressure in the auto 
clave, the contents of the autoclave Were Worked up by 
dissolution in methanol and evaporation under reduced 
pressure. The product Was then analyZed by a standard gas 
chromatographic method to determine the yield of d,l-ot 
tocopherol achieved. 

[0046] The further details of the experimentally performed 
process and the corresponding yields of d,l-ot-tocopherol 
achieved are presented in Table I: 
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TABLE I 

Catalyst, Solvent, Pressure Percentage 
Example Scale amount in mg Weight in g in bar yield 

1 Smaller HN(SO2CF3)2, 10.0 CO2, 3.7 75 84.6 
2 Smaller HN(SO2CF3)2, 1.5 CO2, 3.8 75 79.8 
3 Smaller HN(SO2CF3)2, 10.0 CO2, 9.5 160 86.4 
4 Smaller HN(SO2CF3)2, 10.0 CO2, 15.2 225 85.4 
5 Smaller HN(SO2CF3)2, 10.0 N20, 10.0 155 88.3 
6 Larger HN(SO2CF3)2, 48.6 N20, 48.6 160 89.6 
7 Smaller AgN(SO2CF3)2, 10.0 CO2, 3.8 85 81.4 
8 Smaller AgN(SO2CF3)2, 65.0 CO2, 11.6 160 81.8 
9 Smaller AgN(SO2CF3)2, 10.0 N20, 10.0 160 89.0 

10 Larger AgN(SO2CF3)2, 32.4 N20, 48.6 160 83.1 

(1 bar = 0.1 MPa) 

Example 11 

[0047] This Example illustrates a semi-batch procedure 
for the process of the present invention. 

[0048] A mixture of 15.2 g (98%, 100 mmol) of trimeth 
ylhydroquinone, 100.2 mg of NH(SO2CF3)2, 10 ml (8.11 g, 
96%, 25.22 mmol) of isophytol, and 48.6 g CO2 in a 380 ml 
autoclave equipped With a mechanical stirrer Was heated 
from room temperature to 150° C., after Which the pressure 
Was 85 bar (8.5 MPa). Additional isophytol (27 ml, 21.9 g, 
68.2 mmol) Was added Within 85 minutes and the reaction 
mixture Was stirred for 90 minutes more. After completion 
of the reaction, the autoclave Was cooled to room tempera 
ture. The reaction mixture Was then collected and concen 
trated in vacuo. The crude product Was analyzed by gas 
chromatography, Which indicated that a 84.23% yield of 
d,l-ot-tocopherol had been obtained. 

[0049] The invention being thus described, it Will be 
obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
are intended to be included Within the scope of the following 
claims. 

We claim: 
1. A process for synthesizing d,l-ot-tocopherol by cata 

lyZed condensation reaction of trimethylhydroquinone With 
isophytol, comprising reacting trimethylhydroquinone With 
isophytol in a reaction mixture containing a catalyst com 
prising bis(tri?uoromethylsulphonyl)amine of the formula 

HN(SO2CF3)2 
or a metal salt thereof having the formula 

Met (N(SO2CF3)2)n 1 

Wherein 

Met is a metal atom selected from the group consisting of 
boron, magnesium, aluminum, silicon, scandium, tita 
nium, vanadium, manganese, iron, cobalt, nickel, cop 
per, Zinc, yttrium, Zirconium, rhodium, palladium, sil 
ver, tin, lanthanum, cerium, neodymium, 
praseodymium, europium, dysprosium, ytterbium, 
hafnium, platinum and gold; and 

n is the corresponding valency (1, 2, 3 or 4) of the metal 
atom Met, 

as the catalyst and supercritical carbon dioxide or nitrous 
oxide as the solvent, 

2. A process according to claim 1 Wherein the reaction 
mixture further contains a cosolvent Which is a loWer 
aliphatic alkanol, a loWer aliphatic ketone or a loWer ali 
phatic hydrocarbon. 

3. A process according to claim 2 Wherein the cosolvent 
is selected from the group consisting of methanol, ethanol, 
acetone, isobutyl methyl ketone, diethyl ketone and propane. 

4. Aprocess according to claim 1 Wherein the condensa 
tion reaction is carried out at a temperature of about 40° C. 
to about 200° C. and a pressure of about 80 to about 270 bar. 

5. Aprocess according to claim 4 Wherein the condensa 
tion reaction is carried out at a temperature of about 110° C. 
to about 160° C. and a pressure of about 130 bar to about 170 
bar. 

6. Aprocess according to claim 1 Wherein a molar ratio of 
trimethylhydroquinone to isophytol in the reaction mixture 
is from about 0.8:1 to about 1.2:1. 

7. Aprocess according to claim 6 Wherein the molar ratio 
of trimethylhydroquinone to isophytol in the reaction mix 
ture is from about 0.9:1 to about 1.1:1. 

8. Aprocess according to claim 7 Wherein the molar ratio 
of trimethylhydroquinone to isophytol in the reaction mix 
ture is about 1:1. 

9. Aprocess according to claim 1 Wherein the molar ratio 
of catalyst to trimethylhydroquinone or isophytol, Which 
ever is present in the reaction mixture in a lesser amount, is 
about 1:1000 to about 1:100. 

10. A process according to claim 1 Wherein the Weight 
ratio of the supercritical carbon dioxide or nitrous oxide to 
trimethylhydroquinone or isophytol, Whichever is present in 
the reaction in a lesser amount, is from about 2:1 to about 
8:1. 

11. A process according to claim 10 Wherein the Weight 
ratio of the supercritical carbon dioxide or nitrous oxide to 
trimethylhydroquinone or isophytol, Whichever is present in 
the reaction in a lesser amount, is from about 5: 1 to about 8:1 

* * * * * 


