
EP 0 512 222 B1 Description The present invention is directed to novel
processes and intermediates for the preparation of tetrahydro-5-hy-
droxy-3-methylene-2-furanmethanol and of tetrahydro-5-[lower alkoxy  [err]
-3-methylene-2-furanmethanol useful as 5  intermediates in the synthesis of
various modified nucleosides having biological activity. Such nucleosides
are known from "Tetrahedron Letters", Vol. 31, no. 41, pp. 5839-5842,
(1990). BACKGROUND OF THE INVENTION 10      The recent discovery of the
reverse transcriptase inhibiting activity of various modified nucleosides
and their actual and potential utility as therapeutic agents in the
treatment of Acquired Immunodeficiency Syndrome (AIDS) related human
immunodeficiency virus (HIV) infections, has stimulated interest in
improved methods of preparing such modified nucleosides. Of particular
interest are new methods of preparing 3'-azido-3'-deoxythymidine (AZT) and
3-deoxy-3'-fluor- othymidine (FLT) which have been reported to be potent
inhibitors of HIV-induced cytopathogenicity. Extensive studies 15  on the
synthesis and biological activity of 3'-azido, 3'-amino, and 3fluoro
pyrimidine and purine 2',3'dideoxyribonucleo- side analogues have been
reported. In general, methods of producing such 3'-substituted nucleosides.
have proceeded along two separate paths: (1) substitution of the 3'-OH
function in a 2'-deoxynucleoside, as in the case of the synthesis of AZT or
FLT from thymidine, or (2) preparation of a 3-substituted furanoside
compound followed by the coupling of a suitable purine or pyrimidine 20
base such as thymine. The latter method has certain advantages since it
uses simpler starting materials and it provides for the easy substitution
of a number of nucleophiles at the 3'-position to provide intermediates
suitable for efficient coupling with purine or pyrimidine bases. The latter
method therefore provides the greatest possibilities for synthesis of
3'-substituted nucleosides in large scale quantities. Several methods
forthe synthesis of 3-substituted furanoside sugars have been described but
theyare complicated, 25   and they require multiple steps and expensive
reagents. Fleet, G.W. et al; Tetrahedron 1988, 44(2) 625-636 describes the
synthesis of methyl
5-0-tert-butyldiphenylsilyl-2-deoxy-[err]-D-threopentofuranoside from
D-xylose and its conver- sion to the azido, fluoro and cyano sugars
followed by the subsequent coupling of these derivatives with protected
thymine to give the thymidine compounds,Bravo, P. et al., J. Org. Chem.
1989,54,5171-5176 describes the asymmetric synthesis of the 3-fluoro
furanose sugars starting from a compound of the formula: 30 [err] which is
monoalkylated on the fluorinated carbon with allyl bromide. Removal of the
auxiliary suffinyl group followed by a reductive work-up and oxidative
cleavage of the double bond afforded the
5-0-benzoyl-2,3-di-deoxy-3-fluoro-furanose. Sharma et al., Tetrahedron
Letters, 31(41), 5839-5842 (1990) discloses
3'-methylene,2,3'-dideoxypyrimidine nu- 40   cleosides as potential anti-Al
DS agents. Monosaccharides, containing an exocyclic double bond are also
valuable, useful compounds for use in the synthesis of branched and
functionally substituted carbohydrates. N.K Kochetkov et al, Tetrahedron
Letters, 22 (43), 4315-4318 (1 981) describes the synthesis of several
macrolide antibiotics employing carbohydrates during their synthetic
construc- tion. 46      However,
tetrahydro-5-substituted-3-methylene-2-furanmethanols are new and not known
as useful intermediates for the synthesis of 3'-substituted nucleosides.
The present invention describes an improved alternate method for the stereo
and enantioselective synthesis of
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol and of tetrahydro-5-[lower
alkoxy [err] 



methanol. The process is new, uncomplicated, uses a small number of steps
and simple, inexpensive starting materials. 50 SUMMARY OF THE INVENTION
This invention is directed to novel
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol and tetrahydro-5-[lower
alkoxy [err]-3-methylene-2-furanmethanol of Formula I which are useful as
intermediates in the preparation of 55   branched and functionally
3'-substituted nucleosides. This invention is also related to an improved
process for the stereo and enantioselective synthesis of tetrahy-
dro-5-substituted-3-methylene-2-furanmethanols the formula: 2    EP 0 512
222 B1 [err] A 10                                              FORMULA    I
Wherein R is H or lower alkyl [err]. The improved process may be depicted
by the following reaction Scheme I: 15 20 25 30 35 40 45 50 55 3    EP 0
512 222 B1 Scheme I 5 [err] DETAILED DESCRIPTION 55      In general,
3-methyl-2-butenal 1 is reacted with chlorotrimethylsilane to afford 2.
Reaction of 2 with atrialkyl [err] orthoformate yields 3. Reduction of 3
with sodium bis(2-methoxyethoxy)aluminum hydride affords 4. Epoxidation of
4 gives oxirane 5. Treatment of 5 with a catalytic amount of titanium(IV)
isopropoxide yields 6. Treatment of 6 with a trace of HCI in ethanol gives
a mixture of 7 and 8 .Hydrolysis of 6 gives 9. 4  



EP 0 512 222 B1 In accordance with the foregoing Scheme I, the compounds of
Formula I are prepared by the following steps: (a) 3-methyl-2-butenal is
reacted with chlorotrimethylsilane using the method of P. Cazeau et al.,
Tetrahedron 43, 2075-2088 (1987), in acetonitrile containing triethylamine
and anhydrous sodium iodide at [err] to yield 1-trimeth- 5.
ylsilyloxy-3-methyl-1,3-butadiene 2; (b) compound 2 is reacted with a
trialkyl [err]orthoformate in ethyl acetate in the presence of a 15%
solution of zinc chloride in ethyl acetate at room temperature over 1 hour
to give 1,1 -diethoxy-3-methyl-4-pentenal 3; (c) compound 3 is then reduced
at [err] to [err] with sodium bis(2-methoxyethoxy)aluminum hydride in
toluene to yield allyl alcohol 4, 1,1 -diethoxy-3-methyl-4-penten-5-ol; 10
(d) the allyl alcohol 4 is then asymmetrically epoxidated in the presence
of diisopropyl D-(-)-tartrate, titanium(IV) isopropoxide, [err] sieves and
tert-butyl hydroperoxide in methylene chloride at [err] to afford the novel
oxirane compound 5, trans -(+)-1, I-diethoxy-3-methyl-3,4-epoxypentan-5-ol;
(e) the oxirane compound [err] is then subjected to ring opening by
treatment with a catalytic amount of titanium(IV) isopropoxide in refluxing
benzene over 3 hours to give 6,
(S)-5,5-diethoxy-3-methylene-1,2-pentanediol. 15      (f) the diol compound
6 is treated with a 10% solution of HCI in ethanol at room temperature for
30 minutes to afford a mixture of [err]
(2s-cis)-tetrahydro-5-ethoxy-3-methylene-2-furanmethanol and 8
(2S-trans)-tetrahy- dro-5-ethoxy-3-methylene-2-furanmethanol. (g) the diol
compound [err] is treated with an aqueous solution of acid form
ion-exchange resin at room temperature for 3 hours to yield compound [err]
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol. 20 As set forth above in
Step (d), the allyl alcohol compound 4 is asymmetrically epoxidated by the
method of Y. Gao et al., J. Amer. Chem. Soc., 109, 5765-5780 (1987), This
method produces epoxides from olefins in at least a 94% enantiomeric
excess. Olefins can be converted to the corresponding epoxide on treatment
with a catalytic amount of a catalyst prepared from a tartrate such as
diethyl 25   or diisopropyl tartrate and titanium(IV) isopropoxide. The
best ratio of titanium/tartrate is 1:1.2. It is important to keep the
reaction mixture free of moisture. Powdered activated molecular sieves work
well. Solvents such dichloromethane, toluene or isooctane can be used.
Reactions are generally carried out at temperatures of about [err]. All
reactions are done in the presence of tert-butyl hydroperoxide (TBHP),
although other peroxides have been used successfully. In general, the
catalyst is prepared by mixing the chosen tartrate and titanium(IV)
isopropoxide at [err] in a solvent 30   such as methylene chloride
whereupon either the olefinic alcohol or the tert-butyl hydroperoxide is
added. In any case, the three ingredients are added and stirred for about
30 minutes before the last reagent is added, whether it be the alcohol or
the tert-butyl hydroperoxide. All reactions are carried out in the presence
of powdered activated sieves. The 30 minutes of stirring is termed the
"aging" period and is an important factor in obtaining high
enantioselectivity. The tetrahydro-5-ethoxy-3-methylene-2-furanmethanol
compounds [err] and [err] and the tetrahydro-5-ethoxy-3-methyl- 35
ene-2-furanmethanol compound 9 are useful as precursors for the preparation
of various 3'-substituted nucleoside com- pounds such as
3'-azido-3'-deoxythymidine (AZT) or 3'-deoxy-3-' fluorothymidine (FLT)
which have known utility as inhibitors of HIV induced cytopathogenicity. In
general, the furanmethanol compounds of Formula I maybe subjected to
standard coupling reactions with various azaheterocycles under Lewis acid
conditions; for example, trimethylsilyl trif- luoromethanesulfonate, zinc
chloride or stannic chloride. Altematively, the furanomethanol (Formula I)
maybe further 



40  functionalized at the newly-formed olefinic position with electrophilic
reagents; for example, hydroboration, osmylation or halohydrin formation.
Upon further study of the specification and appended claims, further
objects and advantages of this invention will become apparent to those
skilled in the art. This invention will be described in greater detail in
conjunction with the following, non-limiting specific examples. 45 Example
1 1 -Trimethylsilyloxy-3-methyl-1,3-butadiene 50      To a suspension of
180 g of anhydrous sodium iodide in 300 ml of dry acetonitrile is added a
solution of 112 g of triethylamine and 84 g of 3-methyl-2-butenal in 400 ml
of pentane at room temperature. Added dropwise to the above solution is 109
g of chlorotrimethylsilane at [err] and the mixture stirred for 4 hours at
[err]. The resulting solid is filtered, washed with 400 ml of pentane and
the solvent evaporated to a residue. The residue is distilled to afford 112
55   g of the desired product, B.P. [err] ,1.4496. 5    EP 0 512 222 B1
Anal. Calc'd (%) for [err]  C, 61.48; H, 10.32; Si, 17.97. Found (%)
C, 61.59; H, 10.24; 5
Si, 17.68. Example 2 1, 1 -Diethoxy-3-methyl-4-pentena 10 To a mixture 104
g of triethyl orthoformate and a 15% solution of zinc chloride in ethyl
acetate is added 109 g of the product of Example 1, dropwise with stirring
at room temperature. Following an additional hour of stirring, 600 ml of
saturated aqueous sodium bicarbonate is carefully added. The resulting
precipitate is filtered and the cake washed with 600 ml of ether. The
aqueous phase is separated and the organic phase washed with 200 ml of
saturated aqueous 15  sodium bicarbonate, dried with potassium carbonate
and evaporated to a residue. The residue is distilled to give 78 g of the
desired product as an oil, B.P. [err] (40.8 [err] (ppm) 191.12(C-5) 159.71
(C-3),129.85(C-4), 101.74(C-1), 61.75( [err] 45.13(C-2), 18.13 [err] 15.46
[err] trans; 191.20(C-5), 159.04 (C-3), 130.27(C-4), 62.61 [err]
38.00(C-2), 26.17 [err] 15.56 [err] Anal. Calc'd (%) for [err]   C, 64.49;
H, 9.74. Found(%):                   C, 64.72; H, 9.89. 25   Example 3 1,1
-Diethoxy-3-methyl-4-penten-5-ol To a 30% solution of 200 ml of sodium
bis(2-methoxyethoxy)aluminum hydride in toluene at [err] is added dropwise
30   with stirring a solution of 50 g of the product of Example 2 in 50 ml
of ether. The mixture is stirred for 1 hour at [err] to [err]. Saturated
aqueous ammonium chloride is added dropwise at [err] to [err] followed by
stirring for 30 minutes at [err] to [err]. The solid is filtered and washed
with 300 ml of ether. The organic phase is separated, dried with potassium 



carbonate and evaporated to a residue. The residue is vacuum distilled to
give 41 g of the desired product as an oil, BP 35   [err] (6.8 kg/
[err](0.5 mm), [err]  (ppm) 133.44(C-3), 128.45(C-4) 102.76(C-1), 61.32
[err] 58.96(C-5),44.31 (C-2),16.90 [err],15.54 [err]-trans;
134.25(C-3),128.51 (C-4),102.61 (C-1), 62.11 [err], 58.69 (C-5),
37.45(C-2), 21.62 [err],15.60 [err]-cis. 40
Anal. Calc'd (%) for [err]   C, 63.79; H, 10.71. Found (%):
C, 63.71; H, 10.75 Example 4 45
Trans-(+)-1,1-diethoxy-3-methyl-3,4-epoxypentan-5-ol A mixture of 5 g of
powdered, [err] A activated molecular sieves in 300 ml of methylene
chloride is cooled to [err]. Sequentially added are 2.84 g of diisopropyl
D- (-) tartrate, 3.51 g of titanium(IV) isopropoxide and 45.5 ml of
tert-butyl hydroperoxide followed by stirring at [err] for 30 minutes. A
solution of 18.8 g of the product of Example 3 in 20 ml of 50   methylene
chloride is added. Stirring is maintained at [err] for 8 hours followed
bythe addition of 8 ml of a 10% aqueous sodium hydroxide solution saturated
with sodium chloride. At [err] is added 8 g of anhydrous magnesium sulfate
and 1 g of diatomaceous earth. The mixture is stirred for 15 minutes and
allowed to stand for 1 hour. The suspension is filtered through a pad of
diatomaceous earth and the cake washed with ether (3 x 50 ml). The filtrate
and washings are combined, dried with anhydrous magnesium sulfate and
evaporated to a residue. The residue is purified by column 55
chromatography on silica gel using a hexane-ether gradient elution to
afford 13.7 g of the desired product as an oil, [err]  (C 3.5, methanol). 6
EP 0 512 222 B1 Anal. Calc'd. for [err]   C, 58.80; H, 9.87. Found:
C, 58.76; H, 9.88. Example 5 (S)-5,5-Diethoxy-3-methylene-1,2-pentanediol
To a solution of 2.04 g of the product of Example 4 in 80 ml of benzene at
[err] is added 1.42 g of titanium(IV) isopropoxide. The mixture is refluxed
for 3 hours then cooled to room temperature followed by the addition of 30
ml of ether and 2 ml of saturated aqueous sodium bicarbonate and stirring
for 30 minutes. The suspension is filtered through a pad of diatomaceous
earth. The pad is washed with ether (3 x 10 ml) and the solvent evaporated
to a residue which is purified by column chromatography on silica gel by
elution with 20:1 chloroform-methanol to afford 1.78 g of the desired 15
product as a syrup, [err] + [err] (C 2.2, methanol). Anal. Calc'd for [err]
C, 58.80; H, 9.87. Found:                   C,58.83; H, 9.85. 20   Example6
(2S-cis)-Tetrahydro-5-ethoxy-3-methylene-2-furanmethanol and (2S-trans)
-tetrahydro-5-ethoxy-3-methylene-2-furanmethanol 25      To a solution of
1.75g of the product of Example 5 in 230 ml of dry ethyl alcohol is added
0.22 ml of a 1 0% solution of HCI in ethanol at room temperature. The
mixture is stirred for 30 minutes and 0.1 g of potassium carbonate added
followed by stirring for 1 hour. The mixture is filtered and the cake
washed with dry ether (3 x 10 ml). The combined 



filtrates are evaporated and the residue purified by column chromatography
on silica gel by elution with chloroform to give 0.84 g of the desired
product [err] + [err](C 2.0, methanol). 30 Anal. Calc'd for [err]   C,
60.74; H, 8.92. Found:                 C, 60.78; H, 8.96. Example 7 35
(2S-cis)-Tetrahydro-5-hydroxy-3-methylene-2-furanmethanol and (2S-trans)
-tetrahydro-5-hydroxy-3-methylene-2-furanmethanol To a solution of 2.04 g
of the product of Example 5 in 40 ml of water is added 0.4 g of QU-2
ion-exchange resin. 40   The mixture is stirredfor 3 hours at room
temperature, filtered and the solid washed with water (2x5 ml). Tothe
combined filtrate and washings is added 0.6 g of barium carbonate. The
mixture is stirred for 30 minutes, the solid filtered, and the filtrate
evaporated to give 1.09 g of the desired products as a syrup. [err]. 45
Anal. Calc'd for [err]   C, 55.37; H, 7.75. Found:                 C,
55.33; H, 7.70. Claims 50 Claims for the following Contracting States: AT,
BE, CH, LI, DE, DK, FR, GB, IT, LU, MC, NL, PT, SE 1. A compound of the
formula: 65 7    EP 0 512 222 B1 Anal. Calc'd. for [err]:   C, 58.80; H,
9.87. Found:                    C, 58.76; H, 9.88. Example 5
(S)-5,5-Diethoxy-3-methylene-1 .2-pentanediol To a solution of 2.04 g of
the product of Example 4 in 80 ml of benzene at [err] is added 1.42 g of
titanium(IV) isopropoxide. The mixture is refluxed for 3 hours then cooled
to room temperature followed by the addition of 30 ml of ether and 2 ml of
saturated aqueous sodium bicarbonate and stirring for 30 minutes. The
suspension is filtered through a pad of diatomaceous earth. The pad is
washed with ether (3 x 10 ml) and the solvent evaporated to a residue which
is purified by column chromatography on silica gel by elution with 20:1
chloroform-methanol to afford 1.78 g of the desired 15   product as a
syrup, [err] + [err](C 2.2, methanol). Anal. Calc'd for [err]   C, 58.80;
H, 9.87. Found:                   C, 58.83; H, 9.85. 20 Example 6
(2S-cis)-Tetrahvdro-5-ethoxy-3-methylene-2-furanmethanol and (2S-trans)
-tetrahvdro-5-ethoxy-3-methylene-2-furanmethanol 25      To a solution of
1.75g of the product of Example 5 in 230 ml of dry ethyl alcohol is added
0.22 ml of a 10% solution 



of HCI in ethanol at room temperature. The mixture is stirred for 30
minutes and 0.1 g of potassium carbonate added followed by stirring for 1
hour. The mixture is filtered and the cake washed with dry ether (3 x 10
ml). The combined filtrates are evaporated and the residue purified by
column chromatography on silica gel by elution with chloroform to give 0.84
g of the desired product [err] + [err](C 2.0, methanol). 30 Anal. Calc'd
for [err] C, 60.74; H, 8.92. Found:                  C, 60.78; H, 8.96.
Example 7 35 (2S-cis)-Tetrahydro-5-hydroxy-3-methylene-2-furanmethanol and
(2S-trans) -tetrahydro-5-hydroxy-3-methylene-2-furanmethanol To a solution
of 2.04 g of the product of Example 5 in 40 ml of water is added 0.4 g of
QU-2 ion-exchange resin. 40   The mixture is stirred for3hours at room
temperature, filtered andthe solid washed with water (2 x 5 ml). Tothe
combined filtrate and washings is added 0.6 g of barium carbonate. The
mixture is stirred for 30 minutes, the solid filtered, and the filtrate
evaporated to give 1.09 g of the desired products as a syrup. [err](C 2.0,
[err]). Anal. Calc'd for [err]   C, 55.37; H, 7.75. 45
Found:                  C, 55.33; H, 7.70. Claims 50 Claims for the
following Contracting States: AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, MC,
NL, PT, SE 1. A compound of the formula: 55    EP 0 512 222 B1 [err] 5 2. A
compound according to Claim 1 wherein R is defined as hydrogen. 15   3. A
compound according to Claim 1 wherein R is defined as methyl. 4. A compound
according to claim 1 wherein R is defined as ethyl. 5. A compound according
to Claim 1 wherein R is defined as propyl. 20 6  A compound characterized
in that it is trans-(+) -1,1-diethoxy-3-methyl-3,4-epoxypentan-5-ol. 7. A
compound according to claim 1 characterized in that it is
(2S-cis)-tetrahydro-5-ethoxy-3-methylene-2-furanmeth- anol. 25 8. A
compound according to claim 1 characterized in that it is
(2S-trans)-tetrahydro-5-ethoxy-3-methylene-2-furan- methanol. 9. A process
for preparing a compound of the formula: 30 



[err] 35 40      wherein R is H or alkyl [err]; which comprises reacting
3-methyl-2-butenal with chlorotrimethylsilane to give a silyl ether which
is in turn reacted with trialkyl [err] orthoformate to afford an orthoester
which is reduced with sodium bis(2-methoxyethoxy)alumi- num hydride to give
an allyl alcohol which is epoxidized with a catalytic amount ortitanium(IV)
isopropoxide to afford an oxirane which is treated with a catalytic amount
of titanium(IV) isopropoxide to yield a diol which is treated with 45
hydrochloric acid in an alcohol to yield a mixture of
(25-cis)-tetrahydro-5-([err])alkoxy-3-methylene-2-furanmeth- anol and (2 S
- trans)-tetrahydro-5-([err])alkoxy-3-methylene-2-furanmethanoi or
treatment of the diol with an acid form ion-exchange resin to give
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol. 10. A process according
to claim 9, characterized by so a) reacting 3-methyl-2-butenal with
chlorotrimethylsilane in a suitable solvent containing triethylamine and
sodium iodide at [err] to form 1 -trimethylsilylozy-3-methyl-1 3-butadiene;
b) reacting the product of step a with a trialkyl [err] orthoformate in the
presence of zinc chloride in a suitable solvent at room temperature over 1
hour to to form 1,1 - [err]dialkoxy-3-methyl-4-pentenal; 55          c)
reacting the product of step b with sodium bis(2-methoxethoxy) aluminum
hydride in a suitable solvent to form
1,1-([err])dialkoxy-3-methyl-4-pen-ten-5-ol; d) reacting the product of
step c with diisopropyl D-(-)-tartrate, titanium (IV) isopropoxide and
tert-butyl hydroper- oxide in a suitable solvent at [err] to trans-(+)-1,1
-([err])dialkoxy-3-methyl-3,4-epoxypentan-5-ol;    EP 0 612 222 B1 e)
reacting the product of step d with a catalytic amount of titanium (IV)
isopropoxide in a suitable solvent over 3 hours to form
(S)-5,5-([err])dialkoxy-3-methylene-1 ,2-pentanediol; f)
reactingtheproductof stepe with 10% HC1 inasuitable solventfor30
minutestoform (2S-cis)-tetrahydro-5-
[err]alkoxy-3-methylene-2-furanmethanol and
(2S-trans)-tetrahydro-5-([err])alkoxy-3-methylene-2-furan- 5  methanol; and
optionally, g) reacting the product of step e with acid form ion-exchange
resin in aqueous solution at room temperature for 3 hours to form
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol. 10   Claims for the
following contracting state: ES 1. A process for preparing a compound of
the formula: 20                                            [err] wherein R
is H or alkyl [err]; 25      which comprises reacting 3-methyl-2-butenal
with chlorotrimethylsilane to give a silyl ether which is in turn reacted
with trialkyl [err] orthoformate to afford an orthoester which is reduced
with sodium bis(2-methoxyethoxy)alumi- num hydride to give an allyl alcohol
which is epoxidized with a catalytic amount of titanium(IV) isopropoxide to
afford an oxirane which is treated with a catalytic amount of titanium(IV)
isopropoxide to yield a diol which is treated with hydrochloric acid in an
alcohol to yield a mixture of (2S-cis)-tetrahydro-5- [err]
alkoxy-3-methylene-2-furanmeth- 30      anol and (2 S
-trans)-tetrahydro-5-([err])alkoxy-3-methylene-2-furanmethanol ortreatment
of the diol with an acid 



form ion-exchange resin to give
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol. 2. A process according to
claim 1, characterized by 35         a) reacting 3-methyl-2-butenal with
chlorotrimethylsilane in a suitable solvent containing triethylamine and
sodium iodide at [err] to form 1-trimethylsilyloxy-3-methyl-1 ,3-butadiene;
b) reacting the product of step a with a trialkyl [err] orthoformate in the
presence of zinc chloride in a suitable solvent at room temperature over 1
hour to form 1,1 -([err])dialkoxy-3-methyl-4-pentenal; c) reacting the
product of step b with sodium bis (2-methoxyethoxy) aluminum hydride in a
suitable solvent to 40         form 1,1
-([err])dialkoxy-3-methyl-4-penten-5-ol; d) reacting the product of step c
with diisopropyl D-(-)-tartrate, titanium (IV) isopropoxideandtent-butyl
hydroper- oxide in a suitable solvent at [err] to form trans-(+)-1, 1
[err]dialkoxy-3-methyl-3,4-epoxypentan-5-ol; e) reacting the product of
step d with a catalytic amount of titanium (IV) isopropoxide in a suitable
solvent over 3 hours to form
(S)-5,5-([err])dialkoxy-3-methylene-1,2-pentanediol; 46         f) reacting
the product of step e with 10% HCI in a suitable solvent for 30 minutes to
form (2S-cis)-tetrahydro-5- [err] and
(2S-trans)-tetrahydro-5-([err])alkoxy-3-methylene-2-furan- methanol; and
optionally, g) reacting the product of step e with acid form ion-exchange
resin in aqueous solution at room temperature for 3 hours to form
tetrahydro-5-hydroxy-3-methylene-2-furanmethanol. 50 3. A process according
to Claim 1 wherein R is defined as hydrogen. 4. A process according to
Claim 1 wherein R is defined as methyl. 55  5. A process according to Claim
1 wherein R is defined as ethyl. 6. A process according to Claim 1 wherein
R is defined as propyl.    EP 0 512 222 B1 7. A process accoring to Claim 1
which produces (2S-cis)tetrahydro-5-ethoxy-3-methylene-2-furanmethanol. 8.
A process according to Claim 1 which produces
(2S-trans)-tetrahydro-5-ethoxy-3-methylene-2-furanmethanol. 5   9. A
process for preparing trans-(+)-1, 1
-diethoxy-3-methyl-3,4-epoxypentan-5-ol, characterized by a) reacting
3-methyl-2-butenal with chlorotrimethylsilane in a suitable solvent
containing triethylamine and sodium iodide at [err] to form 1
-trimethylsilyloxy-3-methyl-1 ,3-butadiene; b) reacting the product of step
a) with triethyl orthoformate in the presence of zinc chloride in a
suitable solvent 10         at room temperature over 1 hour to form 1,1
-diethoxy-3-methyl-4-pentenal; c) reacting the product of step b) with
sodium bis(2-methoxyethoxy)aluminum hydride in a suitable solvent to form
1,1 -diethoxy-3-methyl-4-penten-5-ol; and d) reacting the product of step
c) with diisopropyl D-(-)-tartrate, titanium(lV) isopropoxide and
tert-butyl hydroper- oxide in a suitable solvent at [err] to form trans
-(+)-1 1 -diethoxy-3-methyl-3,4-epoxypentan-5-ol. 15 PatentansprOche 20
PatentansprOche fOr folgende Vertragsataaten: AT, BE, CH, Li, DE, DK, FR,
GB, IT, LU, MC, NL, PT, SE 1. Verbindung der allgemeinen Formel: 



2S                                                             0 ROR
26~~~~~~~~~~~~ 30                                             CM2 wobei R H
oder Alkyl (C1 -C3) ist. 35  2. Verbindung gem&a3 Anspruch 1, wobei R
Wasserstoff ist. 3. Verbindung gemal3 Anspruch 1, wobei R Methyl ist. 4.
Verbindung gema13 Anspruch 1, wobei R Ethyl ist. 40 5. Verbindung gemAn3
Anspruch 1, wobei R Propyl ist. 8. Verbindung, dadurch gekennzeichnet, daB
sie trans-(+)-1, 1 -Diethoxy-3-methyl-3,4-epoxypentan-5-ol ist. 46   7.
Verbindung gem&a3 Anspruch 1, dadurch gekennzeichnet, daB sie
(2S-cis)-Tetrahydro-5-ethoxy-3-methy- len-2-furanmethanol ist. 8.
Verbindung gem&a3 Anspruch 1, dadurch gekennzeichnet, daB sie
(2S-trans)-Tetrahydro-5-ethoxy-3-methy- len-2-furanmethanol ist. s0 9.
Verfahren zur Herstellung einer Verbindung der aligemeinen Formel: ss 10 t
C   L  M   S   *    EP 0 512 222 B1 [err] 10 wobei R H oder Alkyl (C1 -C3)
ist; das umfaBt eine Umsetzung von 3-Methyl-2-butenal mit
Chlortrimethylsilan, um einen Silylether zu liefem, der wie- derum mit
Trialkyl(C1-C3)orthoformat umgesstzt wird, um einen Orthoester zu liefem,
der mit Natrium-bis (2-methoxyethoxy)aluminiumhydrid reduziert wird, um
einen Allylalkohol zu liefem, der mit einer katalytischen 1S      Menge von
Ttan(IV)isopropoxid spoxydiert wird, um sin Oxiran zu liefern, das mit
einer katalytischen Menge von Titan(IV)isopropaxid umgesetzt wird, um sin
Diol zu liefern, das mit Chlorwasesrstoffsaure in einern Alkohol urnge-
setzt wird, um sin Gemisch aus
(2S-cis)-Tstrahydro-5-(Cl-C3)alkoxy-3-fnethylen-2-furanmethanol und
(2S-trans) -Tetrahydro-5-(C,-C3)alkoxy-3-msthylsn-2-furanmethanol zu
liefern, oder Umsetzung des Diols mit einem lonen- austauscherharz in der
Saureform, um Tetrahydro-5-hydroxy-3-methylen-2-furanmethanol zu liefern.
20 10. Verfahren gem&a3 Anspruch 9, das gskennzeichnet ist durch a)
Umsetzung von 3-Methyl-2-butenal mit Chlortrimethylsilan in einem
gseignsten Lesungsmittsl, das Triethyl- amin und Natriumiodid enthalt, bei
40-50DC, um 1-Trimethylsilyloxy-3-methyl-1,3-butadien zu bilden; 25
b) Umsetzung des Produkts aus Stufe a mit einem Trialkyl(Cl-C3)orthoformat
in Gegenwart von Zinkchlorid in einem gseigneten Losungsmittel bei
Raumtemperatur fOr 1 Stunde, um 1,1 -(Cl -C3)dialkoxy-3-methyl-4-pen- tenal
zu bilden; 



c) Umsetzung des Produkts aus Stufe b mit
Natrium-bis-(2-methoxyethoxy)aluminiumhydrid in einem geeigne- ten
L6sungsmittel, urn 1,1 -(C1 -C3)dialkoxy-3-msthyl-4-penten-5-ol zu bilden;
30          d) Umsetzung des Produkts aus Stufe c mit
Diisopropyl-D-(-)-tartrat, Titan(IV)isopropaxid und tert-Butylhydro-
peroxid in einem geeigneten Ldsungsmittel bei -20C, um
trans-(+)-1,1-(C1-C3)dialkoxy-3-mrthyl-3,4-epoxy- pentan-5-ol zu bilden; s)
Umsetzung des Produkts aus Stufe d mit einer katalytischen Menge von
Titan(IV)isopropoxid in einem geeig- neten Losungsmittel fOr 3 Stunden, um
(S)-5,5-(Cl -C3)dialkoxy-3-msthylen-1,2-pentandiol zu bilden; as         f)
Umsetzung des Produkts aus Stufe e mit 10%iger HCI in elnem geeigneten
Ldsungsmittel fOr 30 Minuten, um
(2S-cis)-Tetrahydro-5-(Cl-C3)alkoxy-3-msthylen-2-furanmethanol und
(2S-trans)-Tstrahydro-5-(Cl-C3)alk- oxy-3-methylen-2-furanmethanol zu
bilden; und gegebenenfalls g) Umsetzung des Produkts aus Stufe e mit einem
lonenaustauscherharz in der Siureform in wal3riger Losung bei
Raumtemperatur fOr 3 Stunden, um
Tetrahydroa-hydroxy-3-methylsn-2-furanmethanol zu bilden. 40
Patentansprniche fir folgenden Vertragesteat: ES 1. Verfahrsn zur
Herstellung einer Verbindung der allgemeinen Formel: hO
OR 50                                     ,// OH2 55      wobsi R H oder
Alkyl (C1-C3) ist; das umfal3t sine Umsetzung von 3-Methyl-2-butenal mit
Chlortrimethylsilan, um einen Silylether zu liefem, der wie- derum mit
Trialkyl(Cj-C3)orthoformat umgesetzt wird, um einen Orthoester zu liefem,
der mit Natrium-bis (2-msthoxyethoxy)aluminiumhydrid reduziert wird, um
einen Allylalkohol zu liefem, der mit einer katalytischen -C.    EP 0 612
222 B1 Menge von Titan(IV)isopropoxid epoxydiert wird, um ein Oxiran zu
liefem, das mit einer katalytischen Menge von Titan(lV)lsopropoxid
umgesetzt wird, um ein Diol zu liefem, das mit Chlorwasesrstoffsiure in
einern Alkohol umge- setzt wird, urn em Gemisch aus
(2S-cis)-Tetrahydro-5-(C1-C3)alkoxy-3-methylon-2-furanmethanol und
(2S-trans) -Tetrahydro-S-(C1-C3)alkoxy-3-mothylon-2-furanmethanol zu
liefem, odor Umsetzung des Diols mit einem lonen- a.      austauscherharz
in der Saureform, urn Tetrahydro-5-hydroxy-3-methylen-2-furanmethanol zu
liefern. 's ' 2. Verfahren gemaB Anspruch 9, das gekennzoichnet ist durch
a) Umsetzung von 3-Methyl-2-butenal mit Chlortrimethylsilan in einem
geeigneten Losungsmfttel, das Triethyl- 10         amin und Natriumiodid
enthalt, bei 40-50C, urn 1 -Trimethylsilylaxy-3-methyl-1,3-butadien zu
bilden; b) Umsetzung des Produkts aus Stufe a mit einem Trialkyl(C1
-C3)orthoformat in Gegenwart von Zinkohlorid in einem geeigneten
Losungsmittel bei Raumtemperatur fOr 1 Stunde, urn 1,1 -(C1
-C3)dialkoxy-3-methyl-4-pen- tonal zu bilden; c) Umsetzung des Produkts aus
Stufe b mit Natrium-bis-(2-methoxyethoxy)aluminiumhydrid in einem geeigne-
15         ten Losungsmittel, um 1,1-(C1-C3)dialkoxy-3-methyl-4-penten-5-ol
zu bilden; 



d) Umsetzung des Produkts aus Stufe c mit Diisopropyl-D-(-)-tartrat,
Titan(IV)isopropoxid und tert-Butylhydro- peroxid in einem gesigneten
Lbsungsmittel bei -20C, urn
trans-(+)-1,1-(C1-C3)dialkoxy-3-methyl-3,4-opoxy- pentan-5-ol zu bilden; e)
Umsetzung des Produkts aus Stufe d mit einer katalytischen Menge von
Titan(IV)isopropoxid in elnem goeig- 20          neten L6sungsmittel fOr 3
Stunden, urn (S)-5,5-(C1-C3)dialkoxy-3-methylen-1,2-pentandiol zu bilden;
f) Umsetzung des Produkts aus Stute o mit 10%iger HCI in einem geeigneten
Lksungsmittel fOr 30 Minuten, urn
(2S-cis)-Tetrahydro-5-(C1-C3)alkoxy-3-methyton-2-furanmethanot und
(2S-trans)-Tetrahydro-5-(C1 -C3)alk- oxy-3-mnethylen-2-furanmethanol zu
bilden; und gogebenenfalls g) Umsetzung des Produkts aus Stufe e mit einern
lononaustauscherharz in der SAureform in wal3riger Losung 25          bei
Raumtemperatur f Or 3 Stunden, um
Tetrahydro-5-hydroxy-3-mothylen-2-furanmethanol zu bilden. 3. Verfahren
gemal3 Anspruch 1, wobei R Wasserstoff ist. 4. Verfahron gemai3 Anspruch 1,
wobei R Methyl ist. 30 S. Verfahren gemAi Anspruch 1, wobei R Ethyl ist. 6.
Verfahren gem&a3 Anspruch 1, wobel R Propyl ist. 35   7. Verfahren gemal3
Anspruch 1, das (2S-cis)-Tetrahydro-5-ethoxy-3-methylon-2-furanmethanol
liefort. 8 Verfahren gemaB Anspruch 1, das
(2S-trans)-Tetrahydro-5-ethoxy-3-methylon-2-furanmethanol liefert. 9.
Verfahren zur Herstellung von trans-(+)-1,1
-Diethoxy-3-methyl-3,4-opaxypentan-5-ol, das gekennzeichnet ist durch 40 a)
Umsetzung von 3-Methyl-2-butenal mit Chlortrimethylsilan in einem
geoigneten Losungsmittel, das Triethyl- amin und Natriumiodid enthAlt, bei
40-45&c, urn 1 -Trimethylsilyloxy-3-methyl-1 ,3-butadien zu bilden; b)
Umsetzung des Produkts aus Stute a) mit einem Triethoxyorthoformat in
Gegenwart von Zinkchlorid in einem geeigneten Losungsmittel bei
Raumtemperatur fOr 1 Stunde, urn 1,1 -Diethoxy-3-mothyl-4-pentenal zu
bilden; 45         c) Umsetzung des Produkts aus Stufe b) mit
Natrium-bis-(2-mothoxyethoxy)aluminiumhydrid in einem geeig- neten
Losungemittel, urn 1,1 -Diethoxy-3-methyl-4-penten-5-ol zu bilden; und d)
Umsetzung des Produkts aus Stufe c) mit Diisopropyl-D-(-)-tartrat,
Titan(IV)isopropoxid und tert-Butylhydro- peroxid in einem geeigneten
Ldsungsmittel bei -20@C, um trans-(+)-1, 1 -diethoxy-3-mothyl-3,4-epoxypen-
tan-5-ol zu bildon. 50 Revendicatlons 55   Revendlicatlons pour le Etats
contractants sulvants: AT, BE, CH, Li, DE, DK, FR, GB, IT, LU, MC, NL, PT,
SE 1. Compose de formule: 1 2                  Hill Hill 11 IN~~~~~~~~~~~~~
EP 0 512 222 B1 .10         0        OR C 2 10      oU R est H ou un alkyle
(C1-C3). 2. Compose solon la revendication 1, ob R est I'hydrogbne. 



3. Compose solon la revendication 1, ou R est le msthyle. 15 4. Compose
selon la revendication 1, ou R est l'sthyle. 5. Compose solon la
revendication 1, ob R est le propyle. 20   6. Compose caractsrise en ce
qu'il est le trans-(+)-1,1-di6thoxy-3-mdthyl-3,4-dpoxypentan-5-ol. >
*7. Compos6 selon la revendication 1, caracterise en ce qu'il est le
(2S-cis)-t4trahydro-5-6thoxy-3-methylbne-2-furan- methanol. 25   a  Compose
salon la revendication 1, caract6rise en ce qu'il est le
(2S-trans)-t6trahydro-5-ethoxy-3-methy- Ilne-2-furanmethanol. 9. ProcWd4 de
preparation dun compose de formula: SO
HO         o          OR 35 CH2 ou R est H ou un alkyle (C1 -C3); 40
qui comprend do faire reagir le 3-methyl-2-but6nal avec Is
chlorotrim6thylsilane pour donner un 6ther silylique qu'on fait r6agir &
son tour avec l'orthoformiate do trialkyle (Cl-C3) pour donner un
orthoester qu'on reduit par de I'hydrure de sodium et de
bis(2-methoxyethoxy)aluminium pour donner un alcool allylique qu'on epoxyde
avec une quantit6 catalytique d'isopropoxyde do titano (IV) pour donner un
oxirane qu'on traite avec une quantit6 catalytique d'iso- propoxyde de
titane (IV) pour donner un diol qu'on traits par I'acide chlorhydrique dans
un alcool pour donner un 45      melangs de
(2S-cis)-tetrahydro-5-(C1-C3)alcoxy-3-msthylbne-2-furanmethanol et
(2S-trans)-tdtrahydro-5-(C1-C3) alcoxy-3-m6thylene-2-furanmethanoI ou le
traitement du diol avec une r6sine d'echange ionique acide donne le
t6trahydro-5-hydroxy-3-methylene-2-furanmethanol. 10. Proced6 solon la
rovendication 9, caract6rise par 50 a) la mise en reaction du
3-methyl-2-buttnal avec le chlorotrim6fhylsilane dans un solvant approprie
contenant de latriethylamine et de I'iodure de sodium a40-500C pourformer
le 1 -trimethylailyloxy-3-m6thyl-1 ,3-butadiene; b) la miss en rdaction du
produit de l'etape a avec un orthoformiate de trialkyle (Ci -C3) en
presence de chlorure de zinc dans un solvant approprie a temperature
ambiante on 1 h pour former le 1,1-(Cl-C3)dial- 55
coxy-3-m6thyl-4-pentdnal; c) la miss en reaction du produit do l'etape b
avec do l'hydrure do sodium ot de bis(2-m6thoxy6thoxy)aluminium dans un
solvant approprid pour former ie 1,1
-(Cl-C3)dialcoxy-3-methyl-4-pentan-5-ol; d) la miss en rsaction du produit
de l'etape c avoc du D-(-)-tartrate de diisopropyle, do I'isopropoxydo de
titane 13              1 1111111 111111 11111 11111 II lilt *   C   L  N
S   *    i EP 0 512 222 B1 (IV) et de I'hydroperoxyde de tert-butyle dans
un solvant appropri4 a -20C pour former to trans-(+)-1, 1 -(Cj -C3)
dialcoxy-3-mdthyl-3,4-dpoxypentan,5-ol; 



e) la mise en r6eaction du produit de l'etape d avec une quantite
catalytique d'isopropoxyde de titane (IV) dens un solvant approprie en 3 h
pour former le (S)-5,5-(C1-C3)dialcoxy-3-methylbne-1 ,2-pentanediol; . .J;_
f) la mise on reaction du produit de I'4tape p  avec HCI & 10 % dans un
solvent appropri6 pendant 30min pour k_ v        former le
(2S-cis)-tetrahydro-5-(C1-C3)alcoxy-3-methylbne-2-furanmithanol et Is
(2S-trans)-tetrahydro-5- (C1 -C3)alcoxy-3-methylbne-2-furanm6thanol; et
6ventuellement, g) la miss en reaction du produit de l'etape a avec une
r6sine echangeuse d'ions acide dens une solution aqueuse &
temp6raturerambiante pendant 3 h pour former le
t6trahydro-5-hydroxy-3-methylene-2-furanmetha- 10         nol.
Revendloatlons pour l'Etat contractant sulvant: ES 15  1. Procdd do
preparation d'un compos6de formule: HO-                     OR 20 CH2 25 ob
R esat H ou un alkyle (C1-C3); qui comprend de faire reagir le
3-methyl-2-butdnal avec le chlorotrimethylsilane pour donner un ether
silylique qu'on fait r6agir a son tour avec l'orthoformiate de trialkyls
(C1-C3) pour donner un orthoester qu'on reduit par de l'hydrure de sodium
at de bis(2-methoxyethoxy)aluminium pour donner un alcool allylique qu'on
epoxyde avec une quantite 30      catalytique d'isopropoxyde de titans (IV)
pour donner un oxirane qu'on traite avec une quantite catalytique d'iso-
propoxyde de tiane (IV) pour donner un diol qu'on traite par l'acide
chlorhydrique dens un alcool pour donner un m6lange de
(2S-cis)-t6trahydro-5-(Cl-C3)alcoxy-3-m6thylene-2-furanmethanol et
(2S-trans)-t6trahydro-5-(C1-C3) akoxy-3-methylene-2-furanmethanol ou le
traitement du diol avec une resine d'dchange ioniqus acide donne le
t6trahydro-5-hydroxy-3-m6thylene-2-furanmethanol. 35 2. Procede selon la
revendication 1, caract6rise par a) la miss on reaction du
3-m6thyl-2-butenal avec le chlorotrimethylsilane dans un solvent approprie
contenant de la trimethylsilyloxy-3-mithyl-1 ,3-butadiene; 40         b) la
miss an reaction du produit de l'etape a avec un orthoformiate de trialkyle
(C -C83) an presence de chlorure de zinc dens un solvent appropri6 a
temperature ambiante en 1 h pour former le 1,1-(C1-C3) K>
dialcoxy-3-mfthyl-4-pent6nal; c) la miss en r6eaction du produit de I'etape
b avec de l'hydrure de sodium at de bis(2-methoxyethoxy)aluminium dans un
solvent approprie pour former le 1,1
-(Cl-C3)dialcoxy-3-methyl-4-pentan-5-ol; 45         d) la mise en reaction
du produit de l'6tape c avec du D-(-)-tartrate de diisopropyle, de
l'isopropoxyde de titane (IV) et de l'hydroperoxyde de tort-butyle dens un
solvant approprie a -200C pour former le trans-(+)-1, 1 -(C1 -C3)
dialcoxy-3-methyl-3,4e6poxypentan-5-ol; e) la misa en reaction du produit
de l'etape d avec une quantit6 catalytique d'isopropoxyde de titane (IV)
dens un solvent approprie en 3 h pour former le
(S)-5,5-(C1-C3)dialcoxy-3-methylbne-1 ,2-pentanediol; 50         f) la miss
on reaction du produit de l'6tape e avec HCI & 10% dens un solvent
appropri6 pendant 30 min pour former le
(2S-cis)-tetrahydro-5-(C1-C8)-alcoxy-3-methylene-2-furanmdthanol et le
(2S-trans)-tetrahydro-5- (C1-C3)-alcoxy-3-methylbne-2-furanmethanol; et
6ventuellement, g) la miss on r6action du produit de I'6tape e avec une
resine 6chageuse d'ions acide dens une solution aqueuse 



a temperature ambiante pendant 3 h pour former le
tetrahydro-5-hydroxy-3-m6thylbne-2-furanmethanol. 55 3. Procede selon la
revendication 1, ou R est l'hydrogene. 4. Procdde selon la revendication 1,
ob R est le m6thyle.    EP 0 512 222 B1 5. Proc6de salon la revendication
1, oO R oet I'ethyle. 6. Procedd solon la revendication 1, oO R est le
propyle. &. 7. Procede solon la revendication 1, qui produit le
(2S-cis)-tdtrahydro-5-6thoxy-3-mithylbne-2-furanm6thanol. 8. Procede selon
la revendication 1, qui produit le
(2S-trans)-tetrahydro-5-6thoxy-3-m6thylne-2-furanmethanol. 9. Procede de
pr6paration du trans-(+)-1, 1 -diethoxy-3-m6thyl-3,4-epoxypentan-5-ol,
caracterise par 10 a) la mise on rbaction du 3-m6thyl-2-but6nal avec Is
chlorotrimethylsilane dans un solvant appropri6 contenant de la
triethylamine et de I'iodure de sodium & 40-50DC pour former le
trimethylsilyloxy-3-methyl-1 ,3-butadiene; b) la mise en reaction du
produit de I'6tape a) avec un orthoformiate de tri6thoxy on pr6sence de
chlorure de zinc dans un solvant approprie &temperatureambiante en 1 h
pourfommer le1 ,1-diethoxy-3-methyl-4-pentenal; 1s          c) la miss on
reaction du produit de I'etape b) avec de l'hydrure de sodium et de
bis(2-methoxyethoxy)aluminium dans un solvant approprie pour former le 1,1
-di6thoxy-3-methyl-4-pentene-5-ol; ot d) la mise en reaction du produit de
I'etape c) avec du D-(-)-tartrato de diisopropyle, de l'isopropoxyde de
titane (IV) et de l'hydroperoxyde de tert-butyle dans un solvant appropri6
a -20bC pour former le trans-(+)-1,1 -die-
thoxy-3-methyl-3,4-epoxypentan-5-ol. 20 2S 30 35 40 45 I
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