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Clearly, there is a need for a practical, econom- ical method whereby a
water-Insoluble crystalline FIELD OF THE INVENTION
epoxy alcohol may be separated from an epoxidation reaction mixture. This
Invention pertains to methods for the recov-   5 ery of a water-insoluble
crystalline epoxy alcohol   SUMMARY OF THE INVENTION such as phenyl
glycidol from an epoxidation reaction mixture.
This invention provides a method for recovering a water-insoluble
crystallizable epoxy alcohol from an BACKGROUND OF THE INVENTION
10  epoxidation reaction mixture produced by contacting an allylic alcohol
with an aliphatic hydroperoxide In a The transition metal cetalyzed
epoxidation of  first organic solvent selected from the group consist-
ethylenically unsaturated substrates using organic                     Ing
of halogenated aliphatic hydrocarbons, aliphatic hydroperoxides as oxidants
Is a well known method  hydrocarbons, aromatic hydrocarbons and mixtures
for the preparation of opoxides. In one variation of  15  thereof in the
presence of a transition metal catalyst this technology, ooptionally active
epoxy alcohols are  wherein the organic solvent Is from 75 to 95 weight
prepared by reacting allylic alcohols with organic hy-  percent of the
epoxidatlon reaction mixture. The droperoxides in the presence of
transition metal cat-  epoxidation reaction mixture will generally contain
alysts containing chiral ligands. The optically active  the epoxy alcohol,
the aliphatic alcohol derived from epoxy alcohol products are of great
value as inter-  20  the aliphatic hydroperoxide, unreacted allylic
alcohol, mediates In the synthesis of compounds having high  excess
aliphatic hydroperoxide, catalyst, and the or- physiological activity.
ganic solvent. However, the recovery of epoxy alcohols from      In the
first step of this method, the epoxidation crude epoxidation reaction
mixtures is complicated  reaction mixture Is washed with a volume of water
ef- by the numerous components typically present in  25  fective to remove
at least a portion of the aliphatic al- such mixtures. The reaction mixture
will normally  cohol and unreacted aliphatic hydroperoxide. At least
contain the epoxy alcohol, unreacted organic hydro-  about 50 percent of
the organic solvent is then re- peroxide (usally used in excess), unreacted
allylic al-  moved from the washed reaction mixture by distilling cohol,
transition metal catalyst. the organic alcohol  under vacuum at a
temperature sufficient to maintain co-product derived from the reacted
hydroperoxide,  30  homogeneity without causing significant decomposi- and
solvent. Epoxy alcohols tend to be highly reactive  tion of the epoxy
alcohol. Asecond organic solvent Is and susceptible to decomposition at
elevated temper-     then added to the stripped solution to form a diluted
atures, particularly in the presence of Lewis acids  solution wherein the
weight of the second aromatic such as the transition metal compounds
typically   solventisatleast equivalent to the initial weight of the used
as catalysts in epoxidetion reactions.    35  mixture (i.e. the stripped
solution). The second or- Methods have been developed for the recovery
ganic solvent is selected from the group consisting of of water-soluble
non-crystalline epoxy alcohols such  aliphatic hydrocarbons and aromatic
hydrocarbons. as glycidol. Such methods are described, for exam-
Substantially all of the remaining aliphatic alcohol ple, in U.S. Pat.No.
3,374,153 and USSR lnventor's  and unreacted aliphatic hydroperoxide is
removed by Certificate No. 480,695. However, these methods  40  distilling
the diluted solution under vacuum at a tem- are generally not suitable for
the recovery of water-in-  perature sufficient to maintain homogeneity
without soluble crystalline epoxy alcohols since they rely on  causing
significant decomposition or distillation of either extracting the  epoxy
alcohol into an aqueous       the epoxy alcohol. Sufficient organic solvent
is also phase or distillation  of the epoxy alcohol. Water-in-  removed to
give a concentrated solution containing soluble epoxy alcohols tend to be
significantly higher  45  from about 50 to 75 weight percent total organic
sol- in molecular weight and lower in volatility than the  vent. The
concentrated solution Is cooled to a temper- water-soluble epoxy alcohols
and thus cannot be            aturesufficient to crystallize the epoxy
alcohol,which readily distilled without significant decomposition  is then
separated from the remainder of the concen- taking place.
trated solution. Sharpless [J. Am. Chem. Soc. 109, 5765(1987)]  50   This
invention also provides a method for recov- teaches the purification of
water-insoluble crystalline  ering a water-insoluble crystallizable epoxy
alcohol epoxy alcohols by various multi-step procedures.  from an
epoxidation reaction mixture containing an These procedures are not readily
adaptable to com-  organic solvent selected from the group consisting of
mercial epoxy alcohol production due to either inher-  aliphatic
hydrocarbons, aromatic hydrocarbons, and ent safety hazards, the use of
large quantities of ma-  55   mixtures thereof. The epoxidation reaction
mixture is terials such as magnesium sulfate and diatomaceous  washed with
a volume of water sufficient to remove earth, or the tedious nature of the
several steps re-  at least a portion of the aliphatic alcohol and unreact-
quired.                                           ed aliphatic
hydroperoxide present in the reaction 2   
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Substatntially all of the remaning aliphatic al-  aralkoxyalkyl radical or
an alkyl, halo alkyl, cycloalkyl, cohol and unreacted aliphatic
hydroperoxide is then  or halo alkyl radical containing at least 5 carbon
remoned by distilling the washed mixture under va-    atoms. cuum  at a
temperature sulfficient  to maintain homoge-  5      More preferably, the
epoxy alcohol has the fol- neity without causing significant decomposition
or     lowing general structure distillation of the epoxy alcohol.
Sufficient organic solvent is also removed to give a concentrated solu-
tion containing from about 50 to 75 weight percent of organic solvent.The
concentrated solution is cooled   10 to a temperature sufficient to
crystallize the epoxy al-                    [err] cohol, which may then be
separated from the remain- der of the concentrated solution. wherein one of
[err] or [err] is phenyl or substituted DETAILED DESCRIPTION OF THE
INVENTION        15  phenyl and the remaining R groups are hydrogen.
Illustrative water-insoluble crystallizable epoxy Epoxy alcohols suitable
for purification by the  alcohols include phenyl glycidol (3-phenyl-oxirane
process of this invention Include those organic com-  methanol),
3-(4-nitrophenyl)oxirane methanol, 3-(4- pounds having at least one epoxy
and at least one al-  bromophenyl) oxirane methanol, 3-heptyloxirane me-
cohol functionality which are substantially water-in-  20  thanol, 3-octyl
oxirane methanol, 3-(benzyloxyme- soluble and crystallizable. Preferably,
the water-sol-  thyl)oxlrane methanol, 2-tetradecyloxirane metha- ublilty
of the epoxy alcohol is less then about 50g per  nol,
2-methyl-3-phenyloxlrane methanol, 2-phenyl- liter; more preferably, it is
less then about 10 g per lit-  oxirane methanol, 2,3-diphenyloxirane
methanol, 3- er. The crystalline melting point of the epoxy alcohol
naphthyloxirane methano, 2-cyclohexyloxirane me- is preferably at least
about [err]. Rcovery is gener-  25  thanol, 1-phenyloxlrane methanol,
3-phenyloxlrane ally more complete, howevqr, if the crystalline melting
ethanol, and 2-(4-methyl)oxlrane methanol. point is at least about [err].
Methods of producing epoxidation reaction mix- The epoxy alchol may contain
any type of sub-   turessuitable for purification by the process ofthis in-
stituent, provided the substituents do not render the  vention are
well-known in the art Such methods gen- epoxy alcohol  water-soluble  or
non-crystallizable.  30  erally involve the reaction of an aliphatic
hydroperox- The process  of this Invention Is particularly well-  ide with
an allylic alcohol In the presence of a transi- suited for the recovery of
aromatic epoxy alcohols     tion metal catalyst and an organic solvent as
descri- such as phenyl glycidol. Racemic, achiral, or chiral  bed, for
example, In P. A. Sheldon Aspects Homoge- epoxy alcohols can be  purified
using the instant in-  neous Catal. 4, 3(1 981) and K. A. Jorgensen Chem.
vention. In recovering an epoxy alcohol from an   35   Rev. 89,431(1989).
The teachings of these papers asymmetric epoxidation mixture the use of the
proc-  are incorporated herein by reference in their entirety. ess of thi
invention often results In an enhancement  The aliphatic hydroperoxide is
preferably tertiary bu- of the optical purity compared to products
recovered  tyl hydroperoxide, due to Ks low cost and stability, but by
other methods.                                  other water-soluble
aliphatic hydroperoxides such as Suitable epoxy alcohols which may be
purified by   40  tertiary amyl hydroperoxide may also be used. The the
process of this invention include, but are not lim-  transition metal
catalyst is preferably selected from ited to, compound having the general
structure     the group consisting of compounds of titanium, mo- lybdenum,
zirconium, vanadium, tantalum, and tung- sten, e.g. a titanium
tetraalkoxide 45      The process of this invention is particularly use-
ful forthe recovery of chiral, water-insoluble, crystal- lizable epoxy
alcohols from epoxidation reaction mix- [err]
tures. The asymmetric epoxidation of allylic alcohols using organic
hydroperoxides and chiral transition 50   metal complex catalysts such as
titanium tetraalkox- wherein n = 1-3 and [err] and [err] are the same
ide/chiral tartrate catalysts is described in the follow- or different and
are radicals selected from the group    ing references: U.S. Pat Nos.
4,471,130 and consisiting of hyrogen, [err] linear or branched
4,764,628; European Pat Nos. 197,766, 70,818, and saturated or unsaturated
alkyl, cycloalkyl, aralkyl,  255,379;A.Pfenninger Synthesis 89(1986);
Y.Gaoet aryl, substituted aryl, halo alkyl, alkoxyalkyl, arylox-  55  al J.
Am. Chem. Soc. 109,5765(1987); T. Katsuki et al yalkyl, and
aralkoxyalkyl.To be water-insoluble and     J. Am. Chem Soc.
102,5974(1980); M. G. Finn et al crystallizable, at least one of [err] and
[err]      In  Asymmetric Synthesis Morrison, J. D., Ed., Acad- must be a
radical other than hydrogen and preferably   emic press, New York (1985),
Vol. 5, Chapter 8, 247; is an aryl, aralkyl, substituted aryl,
aryloxyalkyl, or  8. E. Rossiter in Asymmetric. Synthesis Morrison, J. 3  
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Press, New York (1985), Vol. 5,    serves to at least partially remove any
water-soluble Chapter 7, 193. The teachings of these patents and  acidic
impurities present in the mixture. These Impur- papers are incorporated
herein by reference.    ities, If not removed, may promote decomposition of
The epoxidation reaction may be carried out in an   5   the epoxy alcohol
product during the later stages of organic solvent from the group
consisting of  the recovery process. For this reason, it Is preferable
aromatic hydrocarbons, aliphatic, hydrocarbons, and        that the water
contain a base dissolved therein in or- halogenated aliphatic hydrocarbons.
The organ sol-          derto neutralize any acidic species present. The
base vent should be a liquid at the epoxidation reaction   may be an alkali
metal hydroxide, carbonate, or bicar- temperature and should be misible
with or capable  10  bonate, for example, and is preferably present in the
of dissolving the epoxidation reactants  and products  water at
concentrations of from about 0.1 to 5 weight (i.e.,  the  aliphatic
hydroperoxide,  allylic alcohol,     percent. epoxy alcohol the aliphatic
alcohol derived from the      The washing step may be performed using any
aliphatic hydroperoxide and so forth). Preferably, the     liquid-liquid
extraction method known in the art. For boiling point of the organic
solvent is between about  15  example, the water may simply be mixed with
the re- [err] and [err] at atmosphere  pressure and the       action
mixture with agitation and the phases allowed freezing point is below [err]
The organic sol-   to separate. This may be repeated several times with
vent should be substantially inert to the reactants and       fresh
portions of water. Counter-current extraction products of the epoxidation
reaction.              may also be used in which the water and the reaction
Suitable aromatic hydrocarbons include, but are  20   mixture are caused to
flow past or through one an- not limid to, benzene, toluene, xylene (o, m,
or p),    other in opposite directions in a vertical tube or tower. cumene,
ethylbenzene, chlorobenzene, mesitylene,   The temperature of the water
wash step Is not critical, t-butyl benzene, and the like and their
mixtures.  although it should be sufficiently high to maintain ho-
Aliphatic hydrocarbons appropriate for use as the  mogenelty of the
reaction mixture but not so high as organic solvent in the process of this
invention in-  25  to result in decomposition of the epoxy alcohol. For
clude [err] to [err]  linear, branched, and cyclic aliphatic  convenience,
wash temperatures between about hydrocarbons and their mixtures.
Illustrative aliphatic  10C and [err] are generally appropriate.
hydrocarbans include pentane, hexane, heptane, oc-              If the
organic solvent present in the epoxidation tane, nonane, decane,
2-methylbutane (isopentane),   reaction mixture is an aromatic hydrocarbon
or all- 2,2,4-trimethyl pentane(isooctane), cyclohexane,  30  phatic
hydrocarbon and this solvent is suitable for use methyl ayalohexane,
2-methyl pentane(isohexane)t,  in the crystallization step of this process,
the next 2,2-dimethylhexane, 2,5-dimethylhexane, 2-methyl-         step
will be to strip the washed reaction mixture by heptane, 4-methylheptane,
and the like. Mixtures of  distillation undervacuum in orderto remove
substan- aliphatic hydrocarbons such as petroleum ether, hex-   tially all
of the remaining aliphatic hydroperoxide and anes, naphtha,ligroin and
benzin may b e used.     35   aliphatic alcohol. In general, it is
preferred that about Halogenated aliphatic hydrocarbons useful as       90
percent of the amount of these components pres- the organic solvent in this
invention include, but are  ent in the initial epoxidation reaction mixture
be re- not lmited to , methylene chloride, dichl.oroethane,  moved. At the
same time, sufficient organic solvent chloroform, carbon tetrachloride,
trichloroethane,     is removed to give a concentrated solution containing
tetrachloroethane, chloropropane, dichloropropropane,  40  from about 50 to
75 weight percent organic solvent. trichloropropane and the like and
mixtures thereof.  The exact temperature and vacuum employed are not
Mixtues of halogenated aliphatic hydrocarbons, aro-  critical and will, of
course, vary depending on the matic hydrocarbons, and aliphatic
hydrocarbons may    boiling points of the solvent alcohol, and hydroperox-
also be employed in this process.                    ide but are adjusted
so that homogeneity of the con- if the epoxidation reaction mixture
contains a   45  centrated solution is maintained and loss of the de-
hetergeneous transition metal catalyst or molecular  sired epoxy alcohol
product y decomposition orover- sieves (as described in European Pat. No.
197,766,  head distillation is minimized. Generally speaking, for example )
it is generally desiraeble to first filter the  pot temperatures of from
about [err] to 100C and mixture to remove this insoluble material before
the   pressres of from about 0.1 to 350 mm Hg are suit- washign step.
50   able. More preferably, the distillation is carried out at In the
washing step, the epoxidation reaction  a temperature of between about
[err] and [err] and mixture is contacted with a volume of water sufficient
a pressure of from about 1.0 to 200 mm. to remove at least a portion of the
aliphatic alcohol     Without wishing to be bound by theory, it is be- and
unreacted aliphatic hydroperoxide. In general, It  lieved that the presence
of the organic solvent during is preferred that the volume of water used is
from   55  the concentration step helps to lower the effective about 0.05
to 2 times the volume of the epoxidation  boiling point of the aliphatic
hydroperoxide and aloo- reaction mixture, preferably the washing step re-
hol. The removal of these components from the reac- moves at least about 25
percent each of the aliphatic  tion mixture is thus facilitated by the
organic solvent. alcohol and hydroperoxide . The water wash also
Without the organic solvent, higher pot temperatures 4 



7                   EP 0 422 897 B1                 8 would be necessary,
resulting in more substantial de-  to 75 weight percent total organic
solvent is obtained. composition of the epoxy alcohol. It has been found
By the end of this distillation step, substantially all of that recovery of
the epoxy alcohol by crystallization  the remaining aliphatic hydroperoxide
and alcohol is difficult unless the alcohol and hydroperoxide are   5   has
been removed. The concentrated solution may first removed.
then be cooled to crystallize the epoxy alcohol as de- The concentrated
solution Is then cooled to a        scribed above. In both of the
stripping/distillation temperature sufficient to crystallize at least a
portion  steps of this embodiment of the process, the temper- of the epoxy
alcohol.The exact temperature is not      ature of the mixture Is
sufficiently high that homoge- critical, although it should be above the
freezing point  10  nelty is maintained but not so high as to cause signif-
of the organic solvent. Preferably, at least about 25%  icant loss of the
epoxy alcohol either by distillation or of the epoxy alcohol in the
concentrated solution is   decomposition. Although the optimum
conditionswill crystallized. More preferably, at least about 40% Is  be
determined by the particular solvents, reactants, crystallized. Temperature
between aboutq [err] and         and products Involved, pot temperatures of
from [err] are generally suuitable,but the temperature may        may  15
about 0C to [err] (more preferably, about [err] to be varied as may be
desired  depending on the con-  [err] and pressures of from about 0.1 to
350 mm Hg centration and solubility of the epoxy alcohol In the  are
generally preferred. concentrated solution .Seed crystals of crystalline
In a particularly preferred embodiment of this epoxy alcohol may be added
to the concentrated sol-  process, the first o anic solvent is a
halogenated ali- ution  to hasten the crystallization process.   20  phatic
hydrocarbon such as methylene chloride and The crystallized epoxy alcohol
is then separated     the second organic solvent is an aromatic hydrocar-
from the remaindeer of the concentrated solution by  bon such as toluene.
any appropriate method. Filtration, decantation, and  The following
examples further illustrate this in- centrifugation are examples of
separation methods      vention, but are not limitative of the invention in
any which can be employed for this purpose. The separat-  25   manner
whatsoever. ed epoxy alcohol may be was`hed with additional or- ganic
solvent to remove any impurities on the surface  EXAMPLE 1 of the crystals.
The organic solvent may be the same as or diffrent from the solvent used in
the crystall-  This example Illustrates the recovery of phenyl zation  but
It should be one in which the epoxy alcohol  30  glycidol from an
epoxidation reaction mixture using has limited solubility. For example, If
a high boiling  the process of this Invention. solvent is employed as the
crystallization solvent, the washing solvent can be a low boiling solvent
so that  A. Preparation of Anhydrous Hydroperoxide the epoxy alcohol may be
more readily dried. Drying  Solution may be accomplished by any convenient
method, but  35 preferably is carried out at a temperature at least    A
114 kg portion of 70% tertiary butyl hydroper- about [err] below the
melting point of the epoxy al-      oxide in water was batch extracted Into
2,2,4-trime- cohol.                                            thyl
pentane. The aqueous layer was drawn off and Additional epoxy alcohol can
generally be recov-  discarded after phase separation. Residual water In
ered by concentrating the filtrate using distillation   40  the organic
phase was removed by azeotropic distil- procedures similar to those
described previously and  lation [err] 100 mm Hg), with the distilled
2,2,4-tri- then cooling the concentrated solution to cause the  methyl
pentane recycled to the tertiary butyl hydro- epoxy alcohol to crystallize
from solution.            peroxide solution after separation from the
water. Alternatively, if the organic solvent In the epoxi-  The anhydrous
TBHP solution obtained weighed 242 dation reaction mixture is a
halogenated aliphatic hy-  45  kg and contained 28 weight percent TBHP and
0.4 drocarbon or if it is desired to  use a different aromatic  weight
percent water. solvent or aliphatic hydrocarbon in the crystallization step
of this process, the first organic solvent may be       B. Asymmetric
Epoxidation of Cinnamyl Alcohol pertially or fully replaced with a second
organic sol- vent after the water-wash step by the following pro-  50
A 300 gallon glass lined reactor vessel was cedure.The water-washed
reaction mixture Is sub-    charged with 50 kg cinnamyl alcohol, 6 kg
D(-)diiso- jected to distillation under vacuum to remove at least
propyltartrat, 1000 kg methylene chloride, and 20 kg about 50 percent (more
preferably, at least about 75   4 A molecular sieves. After cooling the
reaction mix- percent) of the first organic solvent. The second or-
ture to-10C, titanium isopropoxide (5.3 kg) and then ganic solvent, the
weight of which is at least equiva-  55  the anhydrous TBHP solution (242
kg) were added lent to the weight of the stripped mixture, Is then add-
wth agitation. The contents of the reactorwere main- ed to form a diluted
solution Additional organic sol-   tained at a temperature.of between -10
to [err] with vent is then removed by distillation under vaccum un-
continuous agitation for about 8 hours. Acinnamyl al- til a concentrated
solution containing from about 50    cohol conversion of at least about 80
percent was 
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determined by capillary GC and TLC     concentrated solution containing
about 60% solvent. analysis. The crude epoxidation reaction mixture
The concentrated solution Is cooled 18 hours at - contained approximately
3.1 weight percent unreact-   [err] to give crystalline cis-3-heptyl
oxirane metha- ed TBHP,0.8 weight  percent unreached cinnamyl al-   5
nol, which Is collected by filtration and washed with cohol, 3.4 weight
percent phenyl glycidol, and 1.7  three25 mL portions of cold petroleum
ether(b.p. 30- weight percent tertiary butyl alcohol.       60). C. Phenyl
Glycidol Recovery                              EXAMPLE 3 10 The molecular
sieves were removed by filtration       A mixture of 450 g dichloroethane,
35.8 g (0.20 before water extracting the reaction mixture in a re-  mole)
(E)-3-(4-nitrophenyl)-2-propenol, 27.0 g (0.30 ciprocating plate Karr
column using a water/feed ratio     mole) t-butyl hydroperoxide, and 0.05 g
molybdenum of 0.3/1 v/v . The water wash removed approximately
hexacarbonyl is heated at [err] with agitation in a 1 L 51 percent of the
TBHP and 3.2 percent of the tertiary   15  round bottom flask for 2 hours
under a nitrogen at- butyl alcohol.
mosphere. After cooling to about [err] the mixture is The washed reaction
mixture was then stripped  washed with 50 mL portions of water in a
separatory under vacuum to remove essentially all of the 2,2,4-   funnel
until at least about 50 percent each of the un- trimethyl pentane and
methylene chloride using a  reacted tertiary butyl hydroperoxide and
tertiary bu- wiper film evaporator and a flash temperature of no      20
tyl alcohol are removed. higheer than [err]. The stripped reaction mixture
(ap-      Approximately 300 g of the washed organic layer proximately 101
kg in weight) was blended with 170    is then removed by distillation under
vacuum (40- kg toluene and reconcentrated by heating under va-     60C; to
give a concentrated solution containing cuum [err] to remove essentially
all    about 30 weight percent dichloroethane. The solution of the remaning
TBHP and tertiary butyl hydroperox-  25  is dilutedwith 300g m-xylene and
then distilled under ide and approximately half of the toluene. The con-
vacuum [err] to remove substantially all of the centrated solution, which
contained about 30 weight  remaining t-butyl alcohol and
t-butylhydroperoxide percent phenyl  glycidol and  56 weight percent tol-
and to give a final solvent concentration of about 70 uene, was cooled to
about  0C to precipitate crystal-  weight percent. Crystalline
(trans)-3-(4-nitrophenyl) line phenyl glycidol. The crystalline product was
col-  30  oxirane methanol is obtained by cooling the mixture lected by
filtration and washed with cold toluene/hex-  at 0C for 24 hours,
filtering, washing with two 25 mL ane and then cold hexanes to yield 29 kg
(52% overall         volumes of cold hexanes, and drying 12 hours at yield;
65% recovery) of colcorless (R)-phenyl glycidol   [err] under vacuum (100
mm). having a melting  point of 51-52[err] (lit. 51.5-53[err]). The
enantiomric excess (e.e) was >95%, as determined   35 by the [err] NMR
Mosher  method [Dale et al J.   Claims Org. Chem. 34,2543(1969); Gao. et al
J. Am. Chem. 1. A method of recovering a water-insoluble crystal- lizable
epoxy alcohol from an epoxidation reac- EXAMPLE 2
40      tion mixture containing an aliphatic alcohol and produced by
contacting an allylic alcohol with an This  example demonstrates the
recovery of an     aliphatic hydroperoxide In a first organic solvent alkyl
substituted epoxy alcohol  from an epoxidation    selected from halogenated
alphatic hydrocar- reaction mixture using a single solvent throughout
bons, aliphatic hydrocarbons, aromatic hydrocar- the entire process.
45      bons and mixtures thereof in the presence of a A mixture of 400g
2,2,4-trimethylpentane, 50 g          transition metal catalystwherein
thefirstorgan- (0.48 moles) t-amyl hydroperoxide, 42.95 g (0.27 mo-    Ic
solvent is from about 75 to 95 weight percent les) (Z)-2-decen-1-ol, and
0.10g  vanadyl acetylace-    of the epoxidation reaction mixture, said
method tonate is heated at 80[err] with agitation in a 1L round
comprising: bottom flask for 45 minutes under a nitrogen atmos-  50
(a) washing the epoxidation reaction mixture phere. After cooling to about
[err],the mixture is ex-      with a volume of water effective to remove at
tracted with 50 mL protions of 1% aqueous sodium         least a portion of
the aliphatic alcohol and un- carbonate in a separatory funnel until at
least about    reacted aliphatic hydroperoxide; 25 percent each of the
unreacted  t-amyl hydroperox-       (b) forming a stripped solution by
removing at ide and the t-amyl alcohol are removed.         55        least
about 50 percent of the first organic sol- Substantially all of the
remaining hydroperoxide      vent from the washed reaction mixture of step
and alcohol are then removed by distillation underva-    (a) by distilling
under vacuum at a tempera- cuum ([err] 100 mm Hg). Sufficient 2,2,4-trime-
ture sufficient to maintain homogeneity with- thylpentane is also  removed
(about 25%) to give a          out causing significant decomposition of the
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determined by capillary GC and TLC   concentrated solution containing about
60% solvent. analysis. The crude epoxidation reaction mixture   The
concentrated solution is cooled 18 hours at - contained approximately 3.1
weight percent unreact-  20C to give crystalline cis-3-heptyl oxirane
metha- ed TBHP 0.8 weight percent unreacted cinnamyl al-   5   nol, which
is collected by filtration and washed with cohol, 3.4 weight percent phenyl
glycidol, and 1.7  three 25 mL portions of cold petroleum ether (b.p. 30-
weight percent tertiary butyl alcohol.             60[err]. C. Phenyl
Glycidol Recovery                        EXAMPLE 3 10 The molecular sieves
were removed by filtration   A mixture of 450 g dichloroethane, 35.8 g
(0.20 before wat r extracting the reaction mixture in a re-  mole)
(E)-3-(4-nitrophenyl)-2-propenol, 27.0 g (0.30 ciprocating plate Karr
column using a water/feed ratio  mole) t-butyl hydroperoxide, and 0.05 g
molybdenum of 0.3/1 v/v. The water wash removed approximately  hexacarbonyl
is heated at [err] with agitation in a 1 L 51 percent of the TBHP and 32
percent of the tertiary  15  round bottom flask for 2 hours under a
nitrogen at- butyl alcohol.                                    mosphere.
After cooling to about [err], the mixture is The washed reaction mixt re
was then stripped  washed with 50 mL portions of water In a separatory
under vacuum to remove essentially all of the 2,2,4-  funnel until at least
about 50 percent each of the un- trimethyl pentane and methylene chloride
using a   reacted tertiary butyl hydroperoxide and tertiary bu- wiped film
evaporator and a fla h temperature of no   20  tyl alcohol are removed.
higher than [err] The stripped reaction mixture (ap-   Approximately 300 g
of the washed organic layer proximately 101 kg In weght) was blended with
170  is then removed by distillation under vacuum (40- kg toluene and
reconcentrated by heating under va-  60C; to give a concentrated solution
containing cuum (20-50[err]; 20 mm Hg) to remove essentially all  about 30
weight percent dichloroethane. The solution of the remaining TBHP and
tertiary butyl hydroperox-  25  is dilutedwith 300g m-xylene and then
distilled under ide and approximately half of the toluene. The con-  vacuum
[err] to remove substantially all of the centrated solution, which
contained about 30 weight  remaining t-butyl alcohol and
t-butylhydroperoxide percent phenyl glyocidol and 56 weight percent tol-
and to give a final solvent concentration of about 70 uene, was cooled to
about [err] to precipitate crystal-  weight percent. Crystalline
(trans)-3-(4-nitrophenyl) line phenyl glycidol. The crystalline product was
col-  30  oxirane methanol is obtained by cooling the mixture lected by
filtration and washed with cold toluene/hex-  at 0C for 24 hours,
filtering, washing with two 25 mL ane and then cold hexanes to yield 29kg
(52% overall  volumes of cold hexanes, and drying 12 hours at yield; 65%
recovery) of colorless (R)-phenyl glycidol  [err] under vacuum (100 mm).
having a melting point of 51-52C (lit. 51 .5-53C). The enantiomeric excess
(e.e.) was >95%, as determined   35 by the [err] NMR Mosher ester method
[Dale et al J.  Claims Org. Chem. 34 2543(1989); Gao et al J. Am. Chem.
Soc. 109, 570(1987)].                              1. A method of
recovering a water-insoluble crystal- lizable epoxy alcohol from an
epoxidation reac- EXAMPLE 2                                      40
tion mixture containing an aliphatic alcohol and produced by contacting an
allylic alcohol with an This example demonstrates the recovery of an
aliphatic hydroperoxide In a first organic solvent alkyl substituted epoxy
alcohol from an epoxidation   selected from halogenated aliphatic hydrocar-
reaction mixture using a single solvent throughout    bons, aliphatic
hydrocarbons, aromatic hydrocar- the entire proces.
45      bons and mixtures thereof in the presence of a A mixture of 400 g
2,2,4-trimethylpentane, 50 g    transition metal catalyst, wherein the
first organ- (0.48 moles) t-amyl hydroperoxide, 42.95 g (0.27 mo-  Ic
solvent Is from about 75 to 95 weight percent les) (Z)-2-decen-1-ol and
0.10 g vanadyl acetylace-   of the epoxidation reaction mixture, said
method tonate is heated at [err] with agitation in a 1L round  comprising:
bottom flask for 45 minutes under a nitrogen atmos-  so   (a) washing the
epoxidation reaction mixture phere. After cooling to about [err] the
mixture is ex-  with a volume of water effective to remove at tracted with
50 mL portions of 1% aqueous sodium         least a portion of the
aliphatic alcohol and un- arbonate in a separatory funnel until at least
about     reacted aliphatic hydroperoxide; 25 percent each of the unreacted
t-amyl hydroperox-      (b) forming a stripped solution by removing at ide
and the t-amyl alcohol are removed.        55         least about 50
percent of the first organic sol- Substantially all of the remaining
hydroperoxide     ventfrom the washed reaction mixture of step and alcohol
are then removed by distillation underva-   (a) by distilling under vacuum
at a tempera- cuum [err] 100 mm Hg). Sufficient 2,2,4-trime-       ture
sufficlent to maintain homogeneity with- thylpentane is also removed (about
25%) to give a        out causing significant decomposition of the 
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hydrocarbon selected from benzene, toluene, xy- (c) adding a second organic
solvent selected    lene, ethylbenzene, cumene, and mixtures there- from
the  group consisting of aliphatic hydro-      of. carbons and aromatic
hydrocarbons to the   5 stripped solution to form a diluted solution,
11. The method of any one of Claims 1 to 10,wherein wherein the weight of
the second organic sol-      the first organic solvent is methylene
chloride vent is at least equivalent to the weight of the     and the
second organic solvent Is toluene. (d) removing substantially all of the
remaining   10  12. Amethod as cialmed in anyoneof Claims 1 to 11,
aliphatic alcohol and  unreacted aliphatic hy-    wherein said epoxy
alcohol is an aromatic epoxy droperoxide and sufficient organic solvent to
alcohol, said aliphatic alcohol is tertiary butyl al- form a concentrated
solution containing from              cohol, said allylic alcohol Is
aromatic and said hy- about 50 to 75 weight percent total organic
droperoxide is tertiary butyl hydroperoxide solvent by distilling the
diluted solution under  15  wherein vacuum  at a temperature sufficient to
main-          in step (a), at least about 25 percent each tain homogeneity
wihout causing significant           of the tertiary butyl alcohol and
unreacted terti- decomposiiton of the epoxy alcohol;                ary
butyl hydroperoxide are removed; and (e) cooling the concentrated solution
to a tem-         in step (b) at least about 75 percent of the perature
crystallize the epoxy al-  20   first organic solvent is removed from the
washed cohol; and                                       reaction mixture.
(f) separating the crystallized epoxy alcohol. 13. A modification of the
method of any one of 2. The method of Claim 1, wherein the transition
Claims 1 to 7, wherein metal catalyst is a titanium alkoxide catalyst  25
said first organic.solvent is selected from aliphatic hydrocarbons,
aromatic hydrocarbons, 3. The method of Claim 2,wherein the titanium-alk-
and mixtures thereof; oxide catalyst is a titanium tetraalkoxide/chiral
said steps (b) and (c) are omitted; and tartrate complex catalyst.
said step (d) comprises removing substan- 30      tially all of the
remaining aliphatic alcohol and un- 4  The method of Claim 1 or Claim 2,
wherein the       reacted aliphatic hydroperoxide and sufficient or- epoxy
alcohol is an aromatic epoxy alcohol.               ganic solvent to give a
concentrated solution con- taining from about 50 to 75 weight percent of
or- 5. The method of Claim 4, wherein the aromatic        ganic solvent by
distilling the washed mixture un- epoxy alcohol is phenyl glycidol.
35      der vacuum at a temperature sufficient to main- tain homogeneity
without causing significant de- 6, The method of any one of Claims 1 to 5,
wherein     composition of the epoxy alcohol. the aliphatic hydroperoxide
is tertiary butyl hy- droperoxide.                                    14
The method of Claim 13, wherein the organic sol- 40      vent is an
aliphatic hydrocarbon selected from 7. The method of any one of Claims 1 to
6, wherein     the group consisting of [err] to [err] linear, branched, the
water contains a base dissolved therein.        and cyclic aliphatic
hydrocarbons and mixtures thereof. 8. The method of any one of Claims 1 to
7, wherein the first organic solvent is a halogenated aliphat-  45  15. The
method of Claim 13 or Claim 14, wherein the ic hydrocarbon selected from
methylene chlor-     organic solvent is an aromatic solvent selected ide,
dichloroethane,chloroform, carbon, carbon       from the group consisting
of benzene, toluene, tetrachloride,dichloropropane, trichloropropane,
xylene, ethyl benzene, cumene, and mixtures trichloroethane, chloropropane,
tetrachloro-             thereof. ethane, and mixtures therreof.
50 9.   The method of any one of Claims 1 to 7, wherein   Patentanspriche
the first or second organic solvent Is an aliphatic hydrocarbon from [err]
to [err] linear,       1. Verfahren zur Wledergewinnung von wasserun-
branched,and  cyclic aliphatic hydrocarbons and   55  lOslichem
kristallislerbarem Expoxyalkohol aus mixtures thereof.
elner Epoxydationsreaktionsmlschung, die olnen allphatischen Alkohol
enthalt und dadurch herge- 10. The method of any one of Claims 1 to 9,
wherein    stelit wird, daol man elnen Ailylalkohol In elnem the first or
second organic solvent is an aromatic        ersten,  aus  halogenierten
allphatischen 7 
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111111111111111 lihlyvnwnsserstoffen, allphatisohan Kohienwas-
Epoxyalkohol sin eromatischer Epoxyalkohol ist. Wqtoffo,  rngmtigqhon
Kohlenwaseerstoffen gffl   -X Mlsshu~nqen dot'~uuuA ous$getvthqlten organi-
5. Verfahren nach Anspruch 4, bel dam der aroma- *pha LKiuagpmiiii in
%.enwqrt sines Ober-   5     tiache Epoxyalkohol Phenylglycidol let.
J4J-tqliuyair nmit einem aliphatischen Plydrwpsrojd in Kqittkt. bringt.
woble des erset  6. Verfahren nach einem der Ansprflche I bis 5, bel
~Qrngg~ihe Lynigrnitbl twa 75 bis 95 Gew.-         dem des allphatische
Hydroperoxid tertlires Bu- 'S di  tFpo3ydstlwuktlonomiechung ats-
tyihydroperoxid let. mi00ght,  Iunm:                            10 a) 'die
jcpoy onqreoaltionsmiechung mit      7. Verfahren nach elnem derAnspruche I
bis 6, bel eirigr WengrrnonOe gewaschen wird, die           dem das Wasser
sine darin geldste Base enthailt. aqgrelght, m mp4ptmpi alen Tell des all-
ph.tl~achen #kliu~ots und doesnicht umgesetz-  8. Verfahren nach einem der
Anspruche I bis 7, bei tqn allphgtlphn iydroperoxids zu sntfer-  16     dem
das erste organische L~sungsmittel sin aus MOM.
Methylenchlorid, Didhlorethan, Chloroform, Koh- b) qenp gqetrippptoLpng
gebildet wird, In-      lenstoff, Kohlenstofftetrachlorid, DIchlorpropan,
dgm rmninp~ons utwa 10 % des ersten orga-        Trichlorpropan,
Trichlorethan, Chlorpropan, Ta- nilhgn L-wnp.mlttlIqdunah VaakuuMrdstil-
trachlorethan und Mischungen davon ausge- la.tiQI be! i'ner Temioratur, di
eusreicht, urn  20  wahItlr halogenierter allphatischer Kohlenwas- 0i
iHgnim* gu orhelton, ohns sine we-            serstoff ist. Mntciha
Zaqrsrtavng des Epoxyalkohols zu bowirimn, cue dir gowaschenen Reaktione-
9. Verfahren nach elnem der Aneprflche I bib 7, be! migqhyung aq 9hritt )
entfernt wird;             dam des erstb oder zwelst organische L8sungs- c)
dcetqtripptmnsungsn zw s, suseder  25         mittel sin aus Ci bis C10
linearen, verzwsigten avs li!phatIon Khionwueporetoffn und             und
cyclischen allphatisohen Kohlenstoffen und gmh fjihpn  Koh)enwoserstoffen
beste-            Mischungei davon ausgewihiter allphatischer hsnoqn Qrv
ppe myspgwthitep organisches          Kohlenwasserstoff lst. isrninogmittul
iupetr wird, um sine ver- rjgnntg L~cun; ;uY tIldn, in der des Gewicht  30
10. Verfahren nach einern derAnsprflche I bie 9, bel doe pIcpltsn
ovgonleshen L~svngernittels dam     dar das ersbe oder zwdite organische
L8sungs- Qpwi;ht .dir 'evrl ien Lfusng iumindet           mittl sin aus
Benzoi, Toiuol, Xyloi, Ethyibenzol, gielqhwortig i.
Cumol oder Mlichungen devon  usugewihiter 4) rwt Vnkywumrndntilltion bel
aner Tampe-      aromatlecher Kohlenwasserstoff let. rtur; di quvreiehL urn
Ole Homrgenitit auf-  35 rgschtijerWtoIn,  ohnes ne erhebliche Zer-   11.
Verfahren nach ainern der Ansprfiche I bis 10, fet~yyt dw tpoxyhkohole zu
bawirken, Im          bel dam des ersbe organische Lasungamittel Me-
wmWnt(iihsn4ij prtiaverbleibende allpha-        thylenchlorid und des
zweite organische L- tii qkoh.Qi und dOa night umgesetzte all-
sungsmrittl Toluol Ist. phtimoho hiydreperoxid sowle ausreichend   40
Wrgnih   gynrnittol entfernt wird, um        12. Verfahren nach
lnenmderAnsprflche Ibis 11, bel eing korgn ttrtq * inL  au Widen, die dwa
dam  der  Epoxyalkohol  sin  aromatischer 5D big Ig ow....% de gwamten
organischen         Epoxyalkohol ist, der eliphatlsche Aikohol tertis-
Lmunogiuttu.! Wnth4ilt                          rer Butylalkohol st, der
Ailylalkohol aromatisch I) dl. iongcentrifrtp Laung autf sine Tornps-
und des Hydroperoxid tertlires Butylhydroper- retuf g~pk^hti' wyro d1a
euargioht, urn den      oxid lst, bel dam zifne : q _ .bpi .v 4rbtp~i~
.r~en und                 in Schritt (a) mindestens etwa 25 Prozent --. w
!wita;* Igifrt, Epifkqhoi abgetrennt       des tbrtiaren Butylalkohols und
des nicht umge- setztbn tertisren Butyihydroperoxids entfernt s0
werden und rneh ARAwr ah 1, bei dam der Ober-                          ini
Schritt (b) mindestens etwa 75 Prozent : v~emai~taI~jntr gp* In
1'itonaikoxidketalysa-     des ersten organischon L8sungsmitteis aus der
Wtt iit                                            gewaschenen
Reaktionsmischung entfernt war- den. . Vqrfhpn Pipwh nsprU qhZ
besidrmderltanalk-  56 ipyJpx  gir  TitntetruoikIxid I Chiraiter-      13.
Abwandlung des Verfahrens nach einer derAn- t~tk"V~w~tZ ~yw        it.
sprfche I bis 7, bea der des ersbe organische L- sungemittel aus
allphatischen Kohlenwasser- Vrfahrgn nipgh Anwruoh 1 oder 2, bel dam der
stoffen, aromatischen Kohlenwasserstoffen und 
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dpvon eugewoAhit ist,                    carbures aliphatiques et des
hydrocarbures ,ie hfItt (b) undi (o) weggelassen wer-          aromatiques,
A Ia solution appauvrie, pour t  U  In F41 le $ihrl~tt (d) qIh j.
efillatlon der go-  donner ufre solution dilues dens laquelle le -~  wa~e"
n  MIelhgsn yiflr Vlkurnm bel eoner   5        polds du second solvent
organique eat au TMoipet;r, die uepriht, um die ilomogenltit
moins equivalent au poids de Ia solution ap- eifrgejfljrheJglpp, eqM 0 emse
orhebliche Zer-        pauvrie; owza 4  jxekohgis ,zpj tewirken, Im we
(d) I'4limination substantlelle de tout I'alcool wasnil n: tor Pae
verblotbende aliphatiache          aliphatique restant et de tout
l'hydroperoxyde Alis~i.,he unS nlat4 yigq$w Am ydroperoxid so-  io
aliphatique n'ayant pas riegi et de suffleam- wi  wr q          ishe
L4.eungsritel ont-             ment de solvent organique pour former une
fpntwieg, Mffl9l isgrggnqriaerft   i eung zu orgo-    solution concentree
contonant environ, de 50 bun,.tgutwa Wig ?l 'bw..-% cignleches LO-
A 75 %, en poids, de solvent organique total, _ungimnttel onthiJt
par distillation de la solution dlIuee, sous 1f        vide, A une
tompirature suffisante pour main- 14. Voleon nghi AnRpruoh 13, bel dem des
orga-            tniro'homoginiltisans causer de dicompo- nipphp
LWnpmnIitpin e up der aus C5 ble CI0          sition signifioative de
l'epoxy-aloool; Ilnoren, v~rzwgtgn und  ygyiechon allpheti-           (e)
le refroildssement de la solution concen- schqn KoQhlenwe asertoFfen und
Misohungen da-         trie, A une temperature suffisants pour cris- von
bwt     en Q    .ruppe augow.4hiter aliphotl-  20  tallser l'epoxy-alcool;
et schgr IphlgnwpeArstaoff let                           (f) la separation
de l'epoxy-alcool cristalllsi. 16. Verffhrn ngh Ansprych 13 odor 14, bel
dem     2. La methode sulvant la revendicatlon 1, dans la- dae SQrnisaoho
l,0i!mgnqmittol ein aus der aus     quelle Is catalyseur a base do metal de
transition Pwi, Tolugi, PXytI, Ejhylbonoi, Cumol und Ml-  2   o est un
catalyssur alcoxyde de titane. sohungon 4evan O.etehencten Gruppe ausge-
wiltop artnM~n, ,L~iseu~nosmlttol Ist.         3. La methode sulvant la
revendlcatlon 2, dans la- quelle le catalyseur alcoxyde de titane est un
ca- talyseur complexe titralcoxydeotartrate chiral de Rqva4nlqWle,.
30       titane. 1. Mtthod de r4puprution d'epoxy-alcools crlstal-  4. La
methode sulvant Ia revendicatlon I ou la re- liiabtlea, inAtlug dens l'esu,
a partir d'un me-   vendlcation 2, dans laqudlle l'bpoxy-alcool eat un Iang
ractlpnnsI cortpnpnt un alcool allphati-      epoxy-alcool aromatique. qy,
.t prqtvit."  per Is mtle qn conttadd'un alcool  35 altyli~qye gv .....  un
hy~roperoxyde allphatique  5. La methode sulvant la revendlcation 4, dans
la- dam un prmler. .gvyant .orgnique cholsl parml       quele
l'epoxy-alcool aromatique est le phenylgly- le hdrcarburqe qipjipliqyee
halogines, lee          cidol. hydrorburqp 4ipiphatiques, leo hydrocarbures
wFntiqQ, qt lg9yg mjlangos, on prosence   40  6. La methode sulvant l'une
quelconque des reven- I w       .w Mr Ip .dp nmitAl do transitin,
dications I A5, dens laquelle l'hydroperoxyde all- do"t IqgeugI'D lo
r.migar aolvqt organique. oet A   phatique eat i'hydroperoxyde
tbr-butylique. unq aaitomntfl~gn c'gnvn1n t.5h f % on polds, du m*Iengq
etnwel d'ipdetion, ladite           7. La methode suivent l'une quoconque
des reven- mWhgIceamp re 11pn                      45      dications 1 a 6,
dans laquelle i'eau contlent une (a) 1o.vqe goq milango rsontionnel
d'epoxy-      base quI y est dissouto. -    .IStIQ.OR1I aPP w~un wlq 4ey
p~u ff leant pour -A Is .a.y.u motne une p artl e    ds l'alcool all-  S.
La methode sulvant 'une quelconque des reven- * ~ uliga g ft  'h7fopWroy~e
n'ayant pas         dications 1 a 7, dens laquelle le premier solvent o0
organique est un hydrocarbure allphatlque halo- Iv fr9metipn4'wt.u.
grlution appauvrle, par   gen cholsi parml 1e dchloromethano; lo dihlo-
tliriAtbntw  mlr 10 % environ udu pm-            rethans, le chloroforme,
le titrachlorure de car- mr islnt "Sri   * prtir u m*Ipngs
bone, le dlchloropropane, le trichloropropane, le nI11g4'y ** (a), ppr
distillatin          trichlorethane le chloropropene, le tetrachlore- yao
vila A  m tmnp$reture guffisante pour  ss    thane, et leurs melanges. tnir
Iphoniegntt pane cvuser de de- ^kjpti~n eignfinetl  do l'Apoxyw-lcool;   9.
La methode sulvant I'une queloonque des reven- (p) l'gdglrnon t'v~ gqsond
;elvant or ganique    dications I a 7, dans laquelle le premier ou lese- -
h~i 0run1 taprtupe empre~nantdes hydro-        cond solvent organique set
un hydrocarbure ali-  
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paorml lea hydrocarbures allpha-  15. La mithode sulvant Is revendlcatlon
13 ou la re- *Iw  de Q * ng llrese
vendicatlon 14, dans laquelle Is solvent organi- M ;    .*| j~j*4r mjan$22^
.          quo est Un -solvant aromatique cholal parml le -   .   .  5
groupe comprenant le benzbne, le toluine, le xy- 19.   h 133,1900 SvUIVOnt
rYno qygIonque des reven-     line, Iithylbenzine, les cumene, et leurs
milan- *   t    1: I   e .    lell le. premier ou is me-   ges. =atgcllvf
eiggnqj t y n hy roparbure aro- m    t tiys qhpji parmi le bonheno, is
toluine, le tknb Pt    Juli, In ..n e et 9leyrs milan-  10 It. ^o w~Ii p4
g4vqnt luns quelconque des reven- cjlcgklgne . a 1Q, on.g lggyqlls Ie
premler solvent worgiQu. gogt le dlhlWqnethqnoet Is second   16 ulivart
cteniqu~e. os le tolwne. It. Mit~hod  rq~ypen~di~qtee qunt l'urne quelonque
de..wrevn0ndiaptkof.s I & 11, dans laquelle ledit K)       tpq-aic~ocqI
east uj.n Apoxy-alcool aromatique, le-  20 diteIQnpl qaliphatique eel alcgl
tr-butyllque, le- OJt otoQgI Ollyliqyg e"t grpmrilque, et ledit hydro-
KrXnsyr~ gut I't'ydrqgM.xyse tOr-butylique, dans - *  tape. (a), I'qc.icpl
ter-butylique ot l'hydro-  26 pq9rq.Ry.d4 ture!ztyllque n'ayant pas riagl
s0.Qt 6IUaminkg ceurn, A au moins 25 % en- virpn; qt - * I  g. (P), Ie
prgmier solvent organique t liminI du mleange ractilonnel lave, A   30 q
nqsrie $5 * gnvlron. 13 Mg01ifls$lp_ dO I.P' mtthoe sulvant lune quel-
cgn.qqe de rvendloatton, dpi a 7, dans laquel- le
36. - edit premier glvant organique eat cholal parml lea hydrOcarbures
allphatiques, les hydrocarbures rqmati ques, at leurs mi- lanps; - lesdites
Mo.pes (b) et (a) sont supprimies;  40 et T lapl~ts itqpe (d) coniprend
Iiliminatlon u-01trie o.9 deLqut M   alcool allphatique rqsant VI @1   tut
l'hydroperxydo aliphati- qu.e n ayatnt pas r*4gI, et de suff Isomment 45
;jyannt qrptnlquqepour donner une solu- ,* **. ;.*.   tl$~n Qaflqjtrie
qontenant 50 A 75 % envl- - v..t.     !Q;LIB @te s~9o 4a ;9Jygnt Qrpnique,
par dis- :    .: Iifrlp 4Ui n rngp lvi., aouS vide, A une -: nflroturo
auffEggflg pour maIntenir rho-  5o : rjtnwi amp  Osinr de doompaeition
*uignlfi~gpfvp 4pe i'*pby-eaco~ol. 14. uA tm*t flVunt- Is rgnlqgIton 13,
dens la- guolle Is qol vnt organique est un hydrocarbure  us it~bvtiquo
hal#s pparyml Ie.. gups Cornprenant dew hygfiqArbures allphtalqioea de C5 A
C10, II- nftr1re, romn.fia, lot eyOiqu. e0t laura milan- gee. 10    


