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the process of asymmetric epoxidation of allylic alcchols. More

specifically, the invention is directed to an improved method of
recovery of the epoxidized product.
Epoxides are known to copolymerize with carbon dioxide

in the presence of metal containing catalysts such as diethylzinc/additives,
10 zinc carboxylates, and metal porphyrin complexes.

The resulting copolymers have alternating epoxide and
carbon dioxide groups, and are polycarbonates. These copoclymers
ﬁéve-found'uses in many areas, such as ceramic binders,
;v5§orative pattern casting and adhesives. Epoxides shown to
proceed readily in this reaction are ethylene oxide, propvlene
oxide, cyclohexene oxide, cis-2-butene oxide, éﬁd others.

s.S. patent 3,374,153 teaches that the glycidol made
from allyl alcohol epoxidation using organic hydroperoxide as
oxldant and vanadium naphthenate as catalyst is recovered by
20 azeotréﬁxc distillation employing a hydrocarbon capable of

forming a low=-boiling- azeotraope with glycidol. The method

requires that the excess hydroperoxide be destroyed by the

addition. of expensive trlalkyl phosphztes. Direct distillation

of the product cqntalnlng_eﬁemphosphltqs anolves certain hazards

which are best avoided. | ; REEE |
SRIEF SUNMARY OF THE INVENTION - I ,
It has now been found thﬁi‘the addition of phosphite

and the distillation step can pe eliminated by direct extraction

of the water=soluble glycidol with water after the epoxidation

30 reaction, thereby providing an economical means for separating the
i‘ ]
[
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DETAILED DESCRIPTION OF THEE INVENTION

The process of this invention comprises (a) reacting a
mixture of an allylic alcohol, an organic hydroperoxide, and a
metal catalyst in an organic solvent, (b) extracting the reaction
mixture with water to separate the glycidol product from the
reactants and catalyst which are jnsoluble in the water, {c)
, removing the water from the extractant, and (d) distilling off
10 the glycidol.
The allylic alcohols suitable for use in the
epoxidation reaction may have the following general formula:
Rq - Rg
~N

=C
AN
Rj CHZ-OH
where each of Rl’ R2, and R3, which may be the same oOT different, is

selec%ed from H, Cl—clo linear or branched alkyl, phenyl, and

substituted phenyl.
The organic hydroperoxides useful in the invention may

.20 be aliphatic hydroperoxides wherein the aliphatic groups have
from one to 20 carbon atoms. Illustrative hydroperoxides are
efhylbenzene hydroperoxide, cumene hydroperoxide, tert-
butylhydroperoxide, and trityl hydroperoxide. The only criEeria
for the hydroperoxide is that it must be essentially jnsoluble in
water.

The metal catalysts useful in the invention include
various salts of vanadium, itanium, tantalum, zirconium,
i hafnium, niobium and molybdenum in conjunction with a chiral

carbinol, such as diisopropyl tartrate. particularly useful

30 salts are the naphthenates, the isopropoxides, and other
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alkpxides.

| Thé useful organic solvents, whose only limitation is
+he need for water-insolubility, may include hexane, toluene,
tetrahydrofuran, methylene chloride, methyl acetate, and mixtures
of these. The solvent alsco should not react with the reactants
in the medium to interfere with the transfer of the oxygen atom
from the oxidant to the allylic unsaturation.

The epoxidation reaction temperature may vary. from -
100°C to 20°C and the times may vary from a few minutes to a few
days.

The extraction of the glycidol product from the organic
mixture is effected with water. Several consecutive extractions
may be run to recover a maximum amount of the glycidol product.

After separating the agqueous extraction layers from the
water-insoluble organic layers, the water extracts are comblned
and the water removed by flash distillation under suitable vacuum
at apout 50°C. The remaining glycidol product can then be
fractionally distilled under vacuum to isolate the pure product.

The following examples are meant to further jllustrate,
put not to limit the invention.

EXAMPLE I

Epoxidation of allyl alcohol using titanium
isopropoxide/L(+)-diisopropyl tartrate catalyst and cumene \
hydroperoxide oxidate was carried out in methylene chloride in
the presence of molecular sieves at -159¢c for 16 hours to give
65% yield of glycidol. The molecular sieves were filtered off
and 400g of this solution containing 229 of glycidol was
extracted with 100g of water after stirring at 190 rpm for 5

minutes at 0°C. There was obtained 10.8g of glycidol in this

30 first extraction. Extraction of the organic layer with an
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organic mixture. The two aqueous fractions were combined and the
active oxfgen analyzed to be 320 ppm, indicating low cumene
hydroperoxide extraction. Subsequent water removal and
fractional distillation gave 99% pure glycidol. The enantiomeric
excess of the (S)-glycidol made was determined to be 88% by the
Mosher ester/13c NMR method. )
EXAMPLE II

f&ﬂ To show that the extraction can be applied to other
water-soluble epoxyalcochols, the following experiment was tried.
Epoxidation of methallyl alcohol using titanium
isopropoxide/L(+)~-diisopropyl tartrate catalystiand cumene
hydroperoxide oxidate was carried out in methylene chloride in
the presence of molecular sieves at -15°C for 16 hours to give
87% yield of methyl glycidol.. The molecular sieves were filtered
off and 200g of this solution containing 19.1g of methyl glycidol
was diluted with 204g of methylene chloride and extracted with
100g of water. There was ocbtained 6.2g of methyl glycidol in

2u this first extraction. Extraction of the organic layer with an
additional 100g of water yielded 4.1g more of methyl glycidol.
Meﬁhyl glycidol recovery in two extractions was 54% of the total
present in the organic mixture. The two aqueous fractions were
combined and the active oxygen analyzed to be 247 ppm, .indicating
low cumene hydroperoxide extraction. Subsequent water removal
and fractional distillation gave 99%.pure methyl glycidol. The
enantiomeric excess of the (S)-methyl glycidol made was

“, determined to be 89% by the Mosher ester/13c MMR method.
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one of claims 1 to 5 wherein the metal

6. The process of any

catalyst comprises & naphthenate or alkoxide of a metal selected from

titanium, tantalum, zirconium, hafnium,

the group consisting of vanadium,
niobium, and molybdenum used in conjunction with a chiral carbinol.

7. The process of claim 6 wherein the chiral carbinol is a

dialkyl tartrate.
8. " The process of any one of claims 1 to 7 wherein the Prganic
solvent is selected from the group consisting of hexane, toluene, tetra-

hydrofuran, methylene chloride, methyl acetate, and mixtures of these.
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The epoxidation reaction tenperature may vary from 100[err]C to 20[err]C
and the tines may vary froma few minutes to a few days. The extraction of
the gl ycidol product fromthe organic mxture is effected with water.
Several consecutive extractions nmay be Yun to recover a maxi mum anount of
the glycidol product. After separating the aqueous extraction |layers from
the water-insoluble organic |ayers, the water extracts are conbined and the

wat er renoved by flash distillation under s 15 g cuum at about
50[err] C. The renaining gl M%MH fractional ly distilled

under vacuumto isolate the@y%%‘fﬁcogy&mﬂ% fp%&%\gl ng exanpl es are neant

to further illustrate,

ABSTRACT OF THE DISCLOSURE

In the production of a chiral glycidol by reactic-m of an allylic
alcohol and an organic hydroperoxide in an organic solvent in tt;e presence
of a metal catalyst, the chiral glycidol is effectively recovered by
aqueous extraction of the reaction raffinate. This improves process
economics by shortening process time and eliminating the use of expensive

chemicals for unreacted hydroperoxide removal.

This Sheet Has Been RTlaced

AR *

G, P ‘ £ "



. qboslE2-1
but not to limt the invention. EXAMPLE | Epoxidation of allyl alcohol
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CHIRAL EPOXYALCOHOL RECOVERY IN ASYMMETRIC EPOXIDATION PROCESS
_W
BACKGROUND OF THE INVENTION

The present invention is directed to an improvement in
the process of asymmetric epoxidation of allylic alcchols. More
specifically, the invention is directed to an improved method of

recovery of the epoxidized product.

Epoxides are known to copolymerize with carbon dioxide
in the presence of metal containing catalysts such as diethylzinc/additives.
zine carboxylates, and metal porphyrin complexes.

The resulting copolymers have alternating epoxide and

carbon dioxide groups, and are polycarbonates. These copolymers

have found uses in many areas, such as ceramic binders,

evaporative pattern casting and adhesives. Epoxides shown to

Proceed readily in this reaction are ethylene oxide, propylene

oxide, cyclohexene oxide, cis-2-butene oxide, and others.

U.S. Patent 3,374,153 teaches that the glycidol madé
from allyl alcochol epoxidation using organic hydroperoxide as
oxidant and vana.d:l.um naphthenate as catalyst is recovered by
ateotx:opi.c di.st:ill.ati.on employing a hydrocarbon capable of

forming a lowboiling-azeotrope with glycidol. The method. '

requires that the excess hydropercxide be destroyed by the

addition of expensive trialkyl phosphites. Direct distillation -

<
- ~

of the product containing‘the phosphites involves certain hazards
which are best avoided.

BRIEF SUMMARY OF THE INVENTION

It has now been found that the addition of phosphite
and the distillation step can be eliminated by direct extraction
of the waterwsoluble glycidol with water after the epoxidation

reaction, thereby providing an economical means for separating the

This is the replacement sheet
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-4- additional 100g of water yielded 5.8g nore of glycidol. dycidol

srecovery in two extractions was 75% of the total present in the organic
m xture. The two aqueous fractions were conbined and the active oxygen
anal yzed to be 320 ppm i ndi [

i ndi cating | ow cunmene hydroperoxi de extraction
Subsequent water rempval and fractional distillation gave 99% pure
glycidol. The enantioneric excess of the (S)-glycidol

- ' made was determ ned
to be 88% by the Msher ester/[err]Cle\/R met hod. EXAMPLE 1|

epoxya.lcbhol from the catalysts and the hydroperoxide oxidate
which remain in the organic phase.

DETAILED DESCRIPTION OF THE INVENTION

The process of this invention comprises (a) reacting a
mixture of an allylic alcochol, an organic hydroperoxide, and a
etal catalyst in an organic solvent, (b} extracting the reaction
mixture with water to separate the glycidol product from the
reactants and catalyst which are inscluble in the water, (c)

removing the water from the extractant, and (d) distilling off
the glycidol.

The allylic alcohols suitable for use in the
epoxidation reaction may have the following general formula:

R R
1\ /2

c=c
/ N

CHy—OH
where each of Rl' Ra. and Rs. which may be the same or different. is

selected from H, C 1 10 linear or branched alkyl. phenyl. and

substituted phenyl.

The organic hydroperoxides useful in the invention may
be aliphatic hydroperoxides wherein the aliphatic groups have
from one to 20 carbon ;.toms. Illustrative bxdroperoxi.deé are
ethylbenzene hydroperoxide, cumene hyd:operoxide, tert~

butylhydroperoxide, and trityl hydroperoxide. The only criterisa

for the hydroperoxide is that it must be essentially inscluble in
water.

The metal catalysts useful in the invention include
various salts of vanadium, titanium, tantalum, zirconium,
hafnium, nicbium and molybdenum in conjunct:ion with a chiral

carbinol, such as diisopropyl tartrate. Particularly useful

salts are the naphthenates, the isopropoxides, and other

This is the replacement sheet
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To show that the extraction can be applied to other water-soluble

-epoxyal cohol s, the follow ng experiment was tried. Epoxidation of methallyl
al cohol using titani umisopropoxide/L(+)-diisopropyl

cunene hydroperoxi de oxidate was carried out in nmethylene chloride in the
presence of nol ecular sieves at -15[err]C for 16 hours to give 87%yield of
nmet hyl gl ycidol. The nol ecul ar sieves were filtered off and 200g of this
solution containing 19.1g of methyl glycidol was diluted with 204g of -

met hyl ene chloride and extracted with 100g of water. There was obtai ned

6.2g of nmethyl glycidol in this first exgraction. Extraction of the organic
| ayer with an additional 100g of water yielded 4.1g nore of nethyl
gl yci dol .

alkoxides.

tartrate catal yst and

The useful organic solvents, whose only limitation is
the need for water-insolubility, may include hexane, toluene,

tetrahydrofuran, methylene chloride, methyl acetate, and mixtures
of these. The solvent a.iso should not react with the reactants

in the medium to interfere with the transfer of the oxygen atom
from the oxidant to the allylic unsaturation.

The epoxidation reaction temperature may vary. from

100°C to 20°C and tlHe times may vary from a few minutes to a few
days.

The extraction of the glycidol product from the organic
mixture is effected with water. Several consecutive extractions

may be run to recover a maximum amount of the glycidol product.

After separating the aqueous extraction layers from the

water-insoluble organic layers, the water extracts are combined

and the’water removed by flash distillation under suitable vacuum

at about 50°C. The remaining glycidol product can then be

fractionally distilled under vacuum to isclate the pure product.

The following examples are meant to further illustrate,
but not to limit the invention.

EXAMPLE I

Epoxidation of allyl alcohol using titanium
isopropoxide/L(+)~diisopropyl tarf.:a.te catalyst and cumene
hydroperoxide oxidate was carried out in methylene chloride in

the presence of molecular sieves at ~15°C for 16 hours to give

65% yield of glycidol. The molecular sieves were filtered off

and 400g of this solution containing 22g of glycidol was

extracted with 100g of water after stirring at 190 rpm for S

minutes at 0°C. There was obtained 10.8g of glycidol in this

first extraction. Extraction of the organic layer with an

This is the replacement sheet
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NEt'hyI gl ycidol recovery in two extractions was 54% of the total present in
st he organic m xture.

The two aqueous fractions were conbi ned and the active
oxygen anal yzed to be 247 ppm indicating | ow cunmene hydroperoxide
extraction. Subsequent water

renoval and fractional distillation gave 99%
pure nethyl glycidol. The enantioneric excess of the (S)-nethyl

gl yc idol
made was determ ned to be 89% by the Msher ester/[err] C NVR net hod. -5-
CLAI V5

-4 =

additional 100g of water yielded 5.8g more of glycidol. Glycidol

recovery in two extractions was 75% of the total present in the

organic mixture. The two aqueous fractions were combined and the

active oxygen analyzed to be 320 ppu, indicating low cumene

hydroperoxide extraction. Subsequent water removal and

fractional distillation gave 99% pure glycidol. The enantiomeric

excess of the (S)}-glycidol made was determined to be 88% by the
Mosher ester/13c NMMR method.

EXAMPLE IT
To show that the extraction can be applied to other
water-soluble epoxyalcohols, the following experiment was tried.
Epoxidation of methallyl alcohol using titanium
isopropoxide/L{+)-diisopropyl tartrate catalyst and cumene
hydroperoxide oxidate was carried out in methylene chloride in

the presence of molecular sieves at -15°C for 16 hours to give

87% yield of methyl glycidol. The molecular sieves were filtered

off and 200g of tlii.s solution containing 19.1g of methyl glycidol

was diluted with 204g of methylene chloride and extracted with

100g of water. There was obtained 6.2g of methyl glycidol in

this first extraction. Extraction of the organic layer with an
additional iooc of water id.eld.ed 4.1g more of methyl glycidol.
Methyl glycidol recovery in two extractions was 54% of the total

present in the organic mi:éture. The two aqueous fractions were

conbined and the active oxygen analyzed to be 247 ppm, indicating
low cmnené hydroperoxide extraction. Subsequent water removal
and fractional distillation gave 99%.pure methyl glycidol. The
enantiomeric excess of the (S)-methyl glycidol made was

determined to be 89% by the Mosher ester/13c NMR method.

This is the replacement sheet
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1. A process for the production of a glycidol by reacting an allylic

‘al cohol with an organi c hydroperoxide in an organic solvent in the presence
of a netal catalyst and vvherei n the recovery of the glycidol includes
extracting it wH-h—water—and subset sequent distillation characterised in that
the organic hydr £ @Bbe% sedtially water-insoluble and the process

I ncl udes the ste | ng water to the product m xture resulting
fromthe reaction eous phase and a non-aqueous phase with the
gl yci dol concentra eous phase; (b) separating the aqueous
phase fromthe non- aqueous phase (c) renovi ng ‘\AB.LP_LLLD-DJ_L-h.E—aq.gF,‘OUS
phase; and thereafter (d) distilling off the gl yTHISoSHEEY. HAS BEEN9 process
of claim1l wherein the allylic alcohol-as the fo]l ow REPUACED al fqrrml a:

CLAIMS

1. The process comprising (a) reacting a mixture of an allylic

alcohol, an organic hydroperoxide, and a metal catalyst in an organic solvent
(b) extracting the reaction mixture with water to separate the glycidol
product from the reactants and catalyst which are insoluble in the water,

(¢) removing the water from the extractant, and (d) distilling off the
glycidol.

2. The process of claim 1 wherein the allylic alcohol has the

following general formula:

1 s 2
. \.c =-C
. .
R3 CHa—OH

where each of R ' Rz, and Rs. which may be the same or different, is

selected from H, 01-010 linear or branched alkyl, phenyl, and substituted

phenyl.

3. The process of claim 2 wherein the allylic alcohol is selected

from allyl alcohol, cinnamyl mlcohol, and methallyl alcohol.

4. The process of claim 1, claim 2 or claim 3 wherein the organic

hydroperoxide is selected from aliphatic hydroperoxides wherein the aliphatic

group has from one to 20 carbon atoms and the hydroperoxide is essentially
insoluble in water.

S. The process of claim 4 whereiri the hydroperoxide is selected

from ethylbenzene hydroperoxide, cumene hydroperoxide, tert-butylhydro-
peroxide, and trityl hydroperoxide.

This is the replacement sheet
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REPLACEMENT SHEET [err] where each of Rlerr], Rerr], and Rerr], which my
be the sanme or different, is selected fromH, [err] |inear or branched

al kyl, phenyl, and substituted phenyl. 3. The process of claim?2
wherein the allylic alcohol is selected fromallyl alcohol, cinnanyl

al cohol, and nethallyl alcohol. 4. The process of claim1, claim2 or
claim3 wherein the organic hydroperoxide is selected fromaliphatic
hydr oper oxi des wherein the aliphatic group has fromone to 20 carbon atons
and the hydroperoxide is essentially insoluble in water. 5. The process
of claim4 wherein the hydroperoxide is selected

-6 -

6. The process of any one of claims 1 to 5 wherein the metal
catalyst comprises a i\aphthenate or alkoxide of a metal selected from
the group consisting of vanadium, titenium, tantalum, zirconium, hafnium,
niobium, and molybdenum used in conjunction with a chiral carbinol.

7. The process of ciaim 6 wherein the chiral carbinol is a
dialkyl tartrate.

8. " The process of any one of claims 1 tr;> 7 wherein the organic
solvent is selected from the group consisting of hexane, toluene, tetra-

hydrofuran, methylene chloride, methyl acetate, and mixtures of these.

WU e e scnn s
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from et hyl benzene hydroper oxi de, cunene hydroperoxi de, tert-butyl hydro-
‘peroxi de, and trityl hydroperoxide. -6- 6. The process of any one of
claims 1 to 5 wherein the netal catal yst conprises a naphthenate or

al koxi de of a netal selected fromthe group consisting of vanadi um
titanium tantalum zirconium hafnium niobium and nol ybdenum used in

conjunction with a chiral carbinol. 7. The process of claim6 wherein
the chiral carbinol is a dialkyl tartrate.

-7 -

CHIRAL EPOXYALCOHOL RECOVERY IN

ASYMMETRIC EPOXIDATION PROCESS

ABSTRACT OF THE DISCLOSURE

In the production of a chiral glycidol by reaction of an allylic
alcohol and an organic hydroperoxide in an organic solvent in the presence
of a metal catalyst, the chiral glycidol is effectively recovered by
aqueous extraction of the reaction raffinate. This improves process

economics by shortening process time and eliminating the use of expensive

chemicals for unreacted hydroperoxide removal.

. F-SG6S80dl
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8. The process of any one of clainms 1 to 7 wherein the organic sol vent
Is selected fromthe group consisting of hexane, tol uene, tet rcﬂbﬂﬁ’zwv}
hydr of uran, ‘met hyl ene chloride, methyl acetate, and m xtures of these.

CLAIMS

1. A process for the production of a glycidol by reacting an allylic alcohol with an organic
hydroperoxide in an organic solvent in the presence of a metal catalyst and wherein the recovery
of the glycidol includes extracting it with water and subsequent distillation characterised in that
the organic hydroperoxide is essentially water-insoluble and the process includes the steps of :
@ adding water to the product mixture resulting from the reaction to form an
aqueous phase and a non-aqueous phase with the glycidol concentrated in the
aqueous phase;
()] separating the aqueous phase from the non-aqueous phase;
(©) removing water from the aqueous phase; and thereafter
(d  distilling off the glycidol.

2. The process of claim 1 wherein the allylic alcohol has the

following general formula:

REPLACEMENT SHEET

2 . 2
\\\C =.c/// | 1 MAY 1998

R3 CH2-OH

where each of Rl' R,, and Ra. which may be the same or different, is
selected from H, Cl-clo linear or branched alkyl, phenyl, and substituted
phenyl. '

3. The process of claim 2 wherein the allylic alcohol is selected
from ellyl alcohol, cinnamyl alcohol, and methallyl alcohol.

4. The process of claim 1, claim 2 or claim 3 wherein the organic
hydroperoxide is selected from aliphatic hydroperoxides wherein the aliphatic
group has from one to 20 carbon atoms and the hydroperoxide is essentially
insoluble in water.

S. The process of clatm 4 whereirn the hydroperoxide is selected
from ethylbenzene hydroperoxide, cumene hydroperoxide, tert-butylhydro-

peroxide, end trityl hydroperoxide.

A



