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which is monoalkylated on the fluorinated carbon with allyl bromide. Removal of the auxiliary sulfinyl group
followed by a reductive work-up and oxidative cleavage of the double bond afforded the 5-0-benzoyl-2,3-

dideoxy-3-fluorofuranose.
45 The present invention describes an improved alternate method for the synthesis of the 3-substituted

furanoses and furanosides. The process is uncomplicated, uses a small number of steps and simple,
inexpensive starting materials.

SUMMARY OF THE INVENTION
50

This invention is an improved process for the asymmetric synthesis of 3-substituted furanoside
compounds of the formula:
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di deoxy-3-fl uor of uranose. 45 The present invention describes an

i nproved alternate nethod for theEﬁﬁ%ﬁf'S@i& of the 3-substituted furanoses
and furanosi des. The process is unconplicated, uses a small nunber of steps
and sinple, inexpensive starting materials. SUMVARY OF THE | NVENTI ON 50
This invention is an inproved process for the asymmetric synthesis of
3-substituted furanosi de conpoundsy heSMor nul a: 55 3 EP0540807B1

[ ERR] wherein Mis hydrogen or al kyl r], Ais halogen or A nay be
selected froma noiety of the fornul =10 OR, SR, [err], [ERR] 15 or CN
whegegih R is hydrogen, branched or unbranched al kyl[err] or phenyl. The

i nproved process may be depicted by Iim‘f'ol | om ng reaction Schene |: [ERR]
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or CN wherein R is hydrogen, branched or unbranched alkyl(C1-C+) or phenyl. The improved process may
be depicted by the following reaction Scheme I:
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In the foregoing Scheme |, X may be chloride or bromide.
The present invention is also directed to a novel process of preparing fluorinating reagents of the
s5 formula:
Ti(OR)pAs-n



aboyve. DETAILED DESCRIPTION 5 In accordance with Schene I, propargyl
alcohol 1 is reacted with allyl chlgsg 967§]Iyl bromde 2 to afford

al cohol 3. Reduction of 3 with lithrumalum num hydride yields olefin 4.
Epoxi dati on of 4 gives oxirane 5. Regi osel ective oxirane ring opening of 5
by treat mewhersih bl daNntégepfréhp biredtb thrédl R i€ BiaMchdd & uhiR&@RSAL alkpi(Ci N Q. )tahEA is as defined
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m re of a 30 and [err] isoners. As set forth above in step (c), the
al Iyl al cohoTi@npeend 4 may be asymetrically epoxidi zed by the nethod of
Y. Gao et al., J. Arer. Chem Soc., 109, 5765-5780 (1987), hereby

i ncor por at edw'we'fr e fiscgneinteger ifrangl 1o Rplsé%@med&ppﬂ'h@dlepcﬂml(crm%) sk A iscps defined

pr oduce%s epoforRte vielddha diel somreynd of fogpula Biast a 94% enanti omeri c excess.
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per oxi de§ @RiysP Breparédifrom a tartrate such as diethyl or diisopropyl tartrate and titanium (IV) |sopropox|de The
best ratio of titaniumAarirate is 1:1.2. It is important to keep the reaction mixture free of moisture. Powdered
activated molecular sieves work well. Solvents such as dichloromethane, toluene or isooctane can be used.
Reactions are generally carried out at temperatures of about -20° C. All reactions are done in the presence
k/ of tert-butyl hydroperoxide (TBHP), although other peroxides may be used.

40 In general, the tartrate catalyst may be prepared by mixing the chosen tartrate and titanium (V)
isopropoxide at -20°C in a solvent 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-bulyl hydroperoxide. All
reactions are carried out in the presence of powdered activated sieves. The 30 minutes of stirring is termed

45 the "aging" period and is an imporiant factor in obtaining high enantioselectivity.
In Step (d) above, the oxirane compound 5 is subjected to regioselective nucleophilic ring opening by

mild treatmont with a reagent of the formula:

Ti(OR"JnA4-n
50 :
wherein n is an integer from 1 to 3, R’ is branched or unbranched alkyl of 1 to 4 carbon atoms and A is
defined above to yield the diol compound of formula 6.

The nucleophilic reagents of the formula Ti(OR'),As-, may conveniently be prepared from titanium (IV)
alkoxides of the formula Ti(OR")x by reaction with an appropriate molar concentration of the corresponding
§5 acid, anhydride or trimethylsilyl ether compounds as follows:

Ti(OR")s + R"A = Ti(OR)4A4-n + R"(OR"s-y



40, In general, the tartrate catal yst may be prepared by m xi ng the
chosen tartrate and titanium (I i r ide at [err] in a solvent such
as net hyl ene chl ori de vvhereupon\/)eell:’tqi%";lb @Eéﬁﬁol efinic al cohol or the
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appropriate nolar concentration of the correspondi ng 55 acid, anhydride or
trinmethylsilyl ether conpounds as follows: [ERR] 5 EP 0540807 Bl where

R' is, hydrogen, [err], benzqyl-or [err]. Fg C(H(é@l[ga}t) &ani umtriisopropyl
chl oride may be obt aHg6d reqc t a1l um (I'V) i soprfropoxi de with
trimethylsilylchlorieY Titani umtrWsopropyl azi de may be obtai ned from

titanium (1V) isopropoxide by reaction with [err] in pentane. Titani um
triisopopyl thiobenzoate may be obtained by reacting titanium(IV)
i sopr egpoxi de with thiobenzoic acid. 5 The preferred nucl eophilic
rﬁadent, in the case where Ais fluorine, is titanium(IV)
di fl uorodii sopropox- ide, [err], which can conveniently be prepared by
adding titanium (IV) isopropoxide at 20-25 C to benzoyl fluoride or [err]
i n hexanes. The product, titanium (1V) difluorodiisopropoxide, is collected
by fiP&ration in an inert atnosphere. Wiere the substituent A is other than
fluoride, the preferred nucl eophilic reagent for the ring opening 10
reaction is titanium (lV) triisopropoxide. This reagent was used for the
regi osel ective ring opening of the epoxide conpound of the fornula: [ERR]
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The foregoing reaction conditions are equally applicable for the regioselective ring opening of compound 5,
2R,3R-epoxyhex-5-en-1-ol. Thus, the titanium (IV) trilsopropoxide compounds make it possible to provide

50

for mild regioselective oxirane ring opening by the nucleophilic group A with high efficiency. This method

may be used for a wide variety of oxirane ring opening reactions where A is any nucleophilic group.

The nucleophilic ring opening reaction (step d) may be carried out in a variety of solvents including
benzene, toluene, chloroform, methanol or a mixture thereof. Generally, a 1.5 mol excess of the reagent is
preferable. Temperature conditions may range from 0-130°C with the preferred temperature being 80-

85
Final products may be isolated from the reaction mixture by chromatography.

120 °C where the reaction generally proceeds in less than one hour to greater than 90 percent conversion.

In Step (e) above, the diol compound of formula 6 is dissolved in methyl alcohol and while cooling at
-80- -70°C dry ozone is added through a bubbler until the reaction is complete. After warming to 0°C,

7



Example.,1 10 Hex-5-en-2-yn-1-ol To a stirred m xture of 250 ml of saturated
sodi um chloride solution, 1 m ofg g{d)é‘d}lé){l c acid, 8 g of copper (I)
chloride and 28 g of propargyl alcohol” I's added at roomtenperature a 40%
sodi um hydroxi de 15 solution until the pHis adjusted to 9. The reaction

m xture paladigabechrion i€ alit lan® the| reactidn subjeteditoSaN atinbsphor®of Fydkbgdd ustif uﬁéﬂe}%
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and hydr ®P8#i c aci d added until the pHis 2. The 20 organic phase is
separated and the aqueous |ayer extracted with 3 x 50 ml of ether. The

or gani.c Eﬁ}’@ﬂisl are conbi ned and the volatiles renpved in vacuo to afford an
oi | Clol-SevaGup distilled to yield 45 g of the desired product as a

wat er whreeTredte BP 67-[err]/1333.2 Pa (10 nm Hg)[err] 1.4670.

[err]-NWR TJJ%@tiE%«ZS@of %Jsmpé(sgﬁrggsd sgo%jmfséﬂo?iged so&?ujﬁ'onS,é} _o? ‘%P d ICrgB fdf%P of
50. 59(C gt)pper2(§c "and 28 § of propargyl alcohol is added at room tempe 3{40 i
[err] s Solutiédtunti'the phriis ddju 8d l%r ~THe reaction_mixture is heated in abat t 70+C a

Exanpl e g Eﬁr@ﬂschﬁsioﬁ-ihm% Rty ditbohob addb dfbpwiss. [Th& PH '8t thé WaBtiofd Imi _
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t gnperat ogaicahbss)ie sephiated emtthe aquesus layefeairatiod with § Q150 eivBiChtidh) ThY orgshicagl@istdrenal
30T nut ewnbined gid the vairgjles Trevéddnpasua tolafierdias oif ahicreid vicourh distilpd tof yisld 481g of the

addi t i ongdsirg! gresiyetss b olateowhitd liqujd, BB 6T-P8r@/1338.7 Ba (10 mmAghiR@® n#670.0l une of _

sat ur at etJC-HMR HI7BRCEH 139-984&6) 82.65ane BLAHGr2 srdid23), T50(P).28.286d).t he resul ting
mxture filtered. The filter cake is washed with 3 x 20 m of diethyl ether
and t e conbined filtrat¢ dai @b & L; 74072 ¥Pb3s 1] es are renoved in
vacuo to a residue which|irsungacuum di sti] cesb.140 a.f:ﬁ@g_d 7.9 g of the desired
product as a water whitetTgurd; = ; : (15 mm Hg), [err]
1.4530. [err]-NVR 45 137.57(C5), 132.01 andI 123. ;39( Ci 2, ]C 3), c 73 43
115. 4 . 3.00(C 1), 36.80(C4). Anal. Calc’ or [err] : ' . 43;

H, 106 Tl ds: 000 1 'C,72.98, H 10.01. 50 Exanple 3

2R, 3R- Epoxyhex-5-en-1 -ol 55 A mixture of 3.0 g of 0.4 nm (4A) powdered,

activated nol ecul ar sieves #jandld,B-HiixadHienidRy ene

35

To a stirred mixture of 3.8 g of lithium aluminum hydride in 150 ml of tetrahydrofuran, cooled to 0°C is
added dropwise a solution of 9.6 g of the product of Example 1 in 50 ml of tetrahydrofuran. Following
\_ complete addition the cooling is removed and the temperature allowed to reach room temperature followed
40 by an additional 30 minutes of stirring. The temperature is raised to 45 *C for an additional 3 hours followed
by cooling to 0°C. A 100 ml volume of saturated ammonium chloride is carefully added dropwise and the
resulting mixture filtered. The filter cake is washed with 3 x 20 ml of diethyl ether and the combined filtrate
dried over MgSOx. The volatiles are removed in vacuo to a residue which is vacuum distilled to afford 7.9 g
of the desired product as a water white liquid, BP 70-72°C/1.999.8 Pa (15 mm/Hg), np® 1.4530. '3C-NMR:
45 137.57(C-5), 132.01 and 128.89(C-2, C-3), 115.40(C-6), 63.00(C-1), 36.80(C-4).

Anal. Calc'd for CsH100: | C, 73.43; | H, 10.27.
Found: C,7298; | H, 10.01.

50
Example 3

2R,3R-Epoxyhex-5-en-1-ol

§5
A mixture of 3.0 g of 0.4 nm (4A) powdered, activated molecular sieves and 300 mi of dry methylene
chioride is cooled to -20°C and 2.81 g (2.36 ml) of diisopropyl D-(-)-tartrate and 2.84 g (2.99 ml) of titanium

(IV) isopropoxide added sequentially with continued stirring. The reaction mixture is stirred at -20°C as 40

8



chjoride is cooled to.[err] and 2.81 g (2.36 nl) of diisopropyl
D-(-)-tartrate and 2.84 g (2.99 mgpg%éw um (1V) isopropoxide added
sequentially with continued stirring. € reaction mxture is stirred at
[err] as 40 8 EP 0 540 807 B1 mM of 5 MTBHP in nethylene chloride is
added oveml of STMUBIS in Héthyldnb RBlolide i§ @Bdediéerds Alnute® Gtifdng & corthusl BURESC for 30
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so fum 5 -29yQrhar ifeadded tarafiord @ 1076t VHV segetion mixturd. Jhe eeslinglt@thgs Keoyvedand thecstindagDH +
95 ni of veastiep mixtuse allowes| e |warm t9J02@ falleyer by jan additiopal 10 minutes) glestirring VATl SIENga8 10%
VIV react P(S’ﬁ"’ﬁﬂ“kf’%l? &ulfateipad 4 gt idﬁfij‘éP'i'? qagh fséﬁ'ﬁ‘iﬂeat"ﬁﬂﬂds Fopdinued ffiqr an additional 4% | o
mi xt ur e afMinYiRe dPlewed oy fHering t’["é’ﬂ cpkegp 2pshedy with ¢f 8

i e e R m%%ﬁ@%%xd
o 1 8w, e IS e S

%, 3%

sul f at gz an olatiles evaporated |n vacuo to afford a residue which is
vacuum di st i I led to give g—9—¢ t+Hhe—destred—progaet—=RP 85-[err]/1333.2

Pa (10 nmHg). [err] 1.4 6"ﬁ§'F'Ff°¥°Q'3°% ({cC188:137 gfa [err]-NWVR

134. 49(C- 5), 117.28(C 6), |5£$g(g; 1). 58, @la?éf? 6819 (Cc 3), 36.45(C 4).
15 Anal. Calc'd for [err]: C, 63.13; H 8.83 Found: C

62.88; 2oH, 8.19 Exanple 4 Titanium (1V) difluorodiisopropoxide 25 To a

red mExampieet of 37.4 g of benzoyl fluoride in 100 mMl of hexane, while
cooling in a 20-[err] bath is added dropwi se 28.4 g of titanium (1V)
i sopr opox TitkaiumKiyed ceeds with an increase in tenperature. A
white solid fornms, which is filtered in an inert atnosphere, then dried
under ?acuunherasstised mixire s 354 g obbenzaybfiugedeiin 109 o bexane. W jlo £0Qlipg ines 20126 £C bath
powder. 3§ added dippise 284 %8’ tapipm PV Higopropexida.. The, regetign Pﬂ?"?ﬁ"ﬁt"ﬂ?‘ea“o‘ﬂc’&aée é" g
of titani L?g% ’f’;‘{; $le 'FelPBPq MSs W %‘Rﬁeﬂé‘ an dpeit gipogphers; theft driedl YrdgeYreuymsto g ed
to refl ux % sgeldlﬂ"?d“?fﬁs fRPPWDer. oi | pbath. A solution of 5.8 g of
2R, 3R—e£)o>é¥ame%<55 en-1 -ol in 10 M of dry toluene is added dropwi se to the
refl uxi ng—ﬁe*geh on m xture. The bath is renoved foll ow ng conplete addition

and 2R,38-3-Fluorohex-5-en-1,2-diol

A mixture of 13.6 g of titanium (IV) difluorodiisopropoxide in 180 ml of dry toluene is heated to reflux
35 with stirring in a 120°C oil bath. A solution of 5.8 g of 2R,3R-epoxyhex-5-en-1-0l in 10 mi of dry toluene is
added dropwise to the refluxing reaction mixture. The bath is removed following complete addition and
stirring continued while the temperature lowers to 25-30°C. A 15 ml volume of saturated sodium
bicarbonate is added with vigorous stirring. Stining is continued over 2 hours and the pH is neutral to
o slightly alkaline. Additional saturated sodium bicarbonate added as needed to adjust the pH. The reaction
40 mixture is filtered through diatomaceous earth, and the cake washed with acetone. The combined filirates
are dried with MgSO, and the volatiles removed in vacuo. The residue is purified by chromatography on
silica gel by elution with 50:1 chloroform-lsopropyl alcohol to afford 3.4 g of the desired product as a white
crystalline solid, m.p. 37-38°C.
TLG (9:1 chloroform-isopropyl alcohol) Re = 0.41.
45 13C-NMR: 134.85(d, Jc—r 3.5Hz, C-5), 117.62(C-8), 93.52(d, Jo—r 171.6Hz, C-3), 73.30(d, Jo-r 23.1Hz, C-2),
63.33(d, Jc-F 5.5Hz, C-1), 35.98(d, Jo-¢ 21.1Hz, C-4).

Anal. Calc'd for CsH1102F: | C,53.72, | H,8.27, | F, 1417
Found: C,53.92; | H,801; | F, 13.28.

50

Example 6

85 Moethyl 3-fluoro-2,3-dideoxy-a,8-D-erythropentofuranoside

A solution of 1.5 g of 2R,3S-3-fluorohex-5-en-1.2-diol is dissolved in 150 ml of methyl alcohol and
cooled to -80- -70°C. Oven dried ozone is bubbled through the reaction mixture for 3 hours. The reaction

9



stirring continued while the tenperature lowers to 25-[err]. A 15 nl volune
of saturated sodi um bi carbonate gggq ﬁw g7yt h vigorous stirring. Stirring
is continued over 2 hours and the pHIs neutral to slightly alkaline.
Addi ti onal saturated sodi um bi carbonate added as needed to adjust the pH.
The r eamhiktara igl@llowsd Xd wird to 0 *Cidntl @08 6fhpaludym-cticarbaradiied UShile astiitg 280Nd1 dfhe
cake wadigdrdgeniid dbsarbet Diecreactitremigtowits ftedd nd t mbdfd 8% aHOb indwathytialeshd! laddedr Whenand
t he vol dbe teadtion Broomplelteian shawo by . TLTHH): 1 eldoradare-neghamal) the ireadtiop ymidive dsmeutaljzedphy
on sil i odihgelpolagsium cartjopate. iltaréd 2ba evaporated tocivert g of Beidesirgd pratiucbasal mixtwreaf f or d
3 4 5 of *G-NMR 0627l . Ay HNRPAC-13, 9598, tJe-FcT7§§t'%1I¢'3'ﬁ)e 94.58((.dc-m1{y.6Hz.7 CI&)>  C,

(9: BE63HPoYeof 82-8Ha Stinflofhf1(dale o178z, Q=t-a). B3.10(d. Ja55 100H% G-5-fh/A244B 405 d,
[err] 3.8z, C-Eals §5.40¢ Qo) SE:0%§OMayy, HA0Y, Jcart?‘ﬁ“iﬁz'w1 ( &y 2742508 )- [err)
23.1Hz, CG2), 63.33(d,_[err] 5. 5Hz, C 1), 3598(d, Jerr] 21.1 Hz, C4).
Anal . Calc'd for [| eantl] Calc'd3or &8l 02F: | 16, 4709271, H, 788; |L4, 12655
und: ™ Foufd; 53.92; H, PB.cD4z.15 K, H,56392BF theanpl e 6 55 Met hyl
3-fl uoro-2, 3-di deoxy- errj ~D-erytnropentoraranosi de A sofation of 1.5 g of
2R, 3S- 3-fl uorohex-5-en-1,2-diol is dissolved in 150 m of nethyl al cohol
and coolggmko -60- -70 C. Oven dried ozone i s bubbled thr ough the reaction
m xtujge for 3 hours. The reaction EP O 540 807 Bl m xture is allowed to
warmto {enrp}oc&g(éofgreg&mgaegmmﬁd AHeYsin@g- car bon added. Wile stirring 250
m of hydrogen is absorbed. The reaction mixture is filtered and 1 m of
10% HA in nethyl al cohol added. \Wen the reaction is conplete as shown by
TLC (10: 1 chl orof orm net hanol ), the reaction mxture is neutralized with
égrpzntasm um car bonate, filtered amj evaporgP¥d to give 1.0 g of the

red product as a mixture. 5 [err © 106.27(C-1,[err]);
105.84(C-1,[err]), 95.55(d, JCF 175.6 C-3-[err]), 94.58(d, [err]
177.6Hz, C-3-[err]), 86.31(d, JCF 22. C4-[err]), 85.51(d, JCGF
23.6Hz, C4-[err]), 63.15(d, [err] 10. C—5-[err]), 62.44(d, [err]
9.6Hz%® C-5-[err]), 55 40( OVE [err]) 54.68 (-Ove-[err]), 40. 40(d JC—
[Zér ?rz 2 w e g] roqen aikyIF( 153)%% is 8 nucleophllnl subst]tn)ent sepected #em r{1al£>gen or a

ey

C, 47.15; mﬁlefyé’ @5” ‘fia 11.80 Clainms 15 1. A process for preparing a
conpoynd of the fornula: [ERR] 25
A wherein Mis hydrogen or alkyl [err], Ais a nucleophilic substituent
sel ected from hal ogen or a |°|

~-0C=-R,
85
-OR, -8R, -Ns,
/ 0
v I
-SC~R
45 or CN wherein R is hydrogen, branched or unbranched alkyl (C1-Ca) or phenyl; which comprises:
a) reacting a compound of the formula:
X
50 N
-
wherein X is defined as chloride or bromide with propargyl alcohol to form hex-5-en-2-yn-1-ol;
56 b) reacting the product of step a with lithium aluminum hydride to form 2,5-hexadien-1-ol;
c) reacting the product of step b in the presence of diisopropyl-D-tartrate fo form 2R,3R-epoxyhex-5-
en-1-ol;

10



noi ety, of the formula: 30-35

[ ERR] 45 or CN wherein Ris ,mPlr anched or unbranched al kyl

[err] or phenyl; which conpri sesé:?’ygwgda}c?fng a conmpound of the fornula: 50
wherein X is defined as chloride or brom de with propargyl alcohol to form
hex- 5- emixtilreis allowsli ;to Hiarm to 0+C bid 0.6526 ok P@laditif-oPE4ASHH Cddédl. WHiIE Brirfing"giohmil dst hi um
al uni nihyddogesiris alesorbed. frae readtioh mix@ireid ifitstedlan1;mi @) 109 ACih MgthiiRRolY ddeg.twieh St ep
b i n t Hee eaclior iscempfetecdsi showr P VIC (PO:1 @hibrofatnembtbanbhIthe RERIGRMBRAXiE Mevralzed

en- 1- ol with gty potasgiypn garbonate Slteredandrevagiorated to givenl.0 gkt dediratiprotuétas b @iitdre.and 0. 05
g ofs pa{?‘F'HUBU AEAT(ChA AP5-Ribe), 9PBI(H.clcsit i175.6Hag CBD), M.58af JB\d17BGHE C-8-a),
absor bef§:31hdo-r 236H7. Gi-gh 885G oo 23.8HzeCda) HIAS(G, Jui-- 10.0HEQ OSHALI 62.44(dnes-Ry |

‘al cohol®84Rd&tre). PHE-OMe5).54 88 {-OMpra). 404060 dé-e RE6HES CRARIWIA 13, JELR1 (1D Ci2-ar).

chl orof orm net hanol ), _the reaction mxture is neutralized with dry

pot agsi um car bonat ¢, Aral. Caied &€ Cah (0.6v Apn uabsd| HOo7.48: {eF, 3285  of the desired
product as a m xtunefoufderr] - NVR. 106.| 25,418, [ are.de) ;| BbeB4(C 1, [err]),
95.55(d, [err] 175.6Hz, CG3-[err]J), 9&4.58(d, JCF 17761 C3-[err]),
86.31(d, JCF 22.6Hz, C4-,[err]), 85.51(d, JCGF 23.6Hz, 0-4-[err]),

63. 15( laihs- F 10. OHz, C-5-[err]), 62.44(d, JCF 9.6Hz, C5-[err]),
55.4@(-Owve-[err]), 54.68 (-Ove-[err]), 40.40(d, [err] 21.6Hz, C2-[err]),
40. 13(d, h@rotdssZok pldpdring @cdmpdihd df)the fdfhula: Anal . Calc'd for
[err]: C, 47.99; H, 7.38; F, 12.65 Found: C, 47.15;, H,
6.69; F, 11.80 Cains 15 1. A process for preparing a conpound of the
formula: 20 [ERR] 25 wherein Mis hydrogen or alkyl [err] Ais a
nutl2ophilic substituent selected “o hal o or a noiety of the formula:
30 [ERR] -OR, -SR -Na, . °

25 A

wherein M is hydrogen or alkyl (C1-Cs), A is a nucleophilic substituent selected from halogen or a
moiety of the formula:

30

0
w -0C-R,
-OR, -SR, -N3s,
o . ﬁ
-SC~-R

45 or CN wherein R is hydrogen, branched or unbranched alkyl (C1-Cs) or phenyl; which comprises:

a) reacting a compound of the formula:

X
-

wherein X is defined as chloride or bromide with propargyl alcohol to form hex-5-en-2-yn-1-ol;
55 b) reacting the product of step a with lithium aluminum hydride to form 2,5-hexadien-1 -ol;

¢) reacting the product of step b in the presence of diisopropyl-D-tartrate to form 2R,3R-epoxyhex-5-

en-1-ol;

1 ) )
* [ L M S * )



45 or CN wherein R is hydrogen, branched or unbranched alkyl [err] or

phenyl ; “which conprises: a) reacti Bp nd of the formula: wherein X
is defined as chloride or brom de wth propargyl alcohol to form
hex- 5-en-2-yn-1-o0l; 55 b) ‘reacting the product of step a with

li thi um al um Ny thelsroduet df Slept Ritba SRaiAHesanthadg th&duclilic subgtitéentA forforahuct
of step b in tRHgonkPon®S idwhulsli | sopropyl -D-tartrate to form

2R, 3R- epoxyhex-5- en-1 -ol; EP 0 540 807 Bl d) reacting the product of
step c with a suitable reagent having the nycl eophilic substituent Ato

form.a gonpound of the formula: [ERR] 10 e)jregcting the product of step d
W t ™ozone followed by catal ytic red%u’bjmwrogen over
pal | adi um on-carbon and al cohol ysis to gi¥e a conmpound of the formula:

[ERR] 20 2. A process according to Claim 3 wherein the suitable reagent of
step (d) has the formula: [err] 25 wherein n is defined as an integer from

1to 3; ™ is branched or unbranched al kyl [err] and i efined as F._Cl,
Br, |, or may %’°S@P%3Peﬂ°@ﬁ@fgp Vil %"f f°["ﬁ’8d 1%{':: 'I:"%:’%go" wilhHyaidgen over
0 [ERR] 45 PladigsoRiFrghon a Ay 1 PR R EPmPR IS PR BBV inbr anched al kyl
[err] or phenyl. 3. A process according to Claim1, whereby step (c)

further conprises reacting the productyg tepd¥b) at -30 * Cto [err] for

8 to 10™hours and 50 wherein the sui reagent of step (d) has the
formula [err] wherein n is an integer fr to 3; R is branched or
unbranched al kyl [err] and A is as defined 55 above. 4. A process

according to Caim2 wherein R is defined as isopropyl, nis 2 and Ais
fluoring, 11

2. A process according to Claim 1, wherein the suitable reagent of step (d) has the formula:

Ti(OR)nA4-n
25
wherein n is defined as an integer from 1 to 3; R is branched or unbranched alkyl (C1-Cs) and A is

defined as F, Cl, Br, 1, or may be selected from a moiety of the formula:

30 : 0
-0C=-R,
35
-OR, -8R, -Ngs,
0
\_/
“ Il
-SC~-R
45 or CN wherein R is hydrogen, branched or unbranched alkyl (C1-Cs) or phenyl.

3. A process according to Claim 1,
whereby step (c) further comprises
reacting the product of step (b) at -30°C to -20°C for 8 to 10 hours and
50 wherein the suitable reagent of step (d) has the formula

Ti(OR A4,

wherein n is an integer from 1 to 3; R’ is branched or unbranched alkyl (C1-Cs) and A is as defined
55 above.

4. A process according to Claim 2 wherein R' is defined as isopropyl, nis 2 and A is fluorine.

AN OO
* € L M S5 %




EP.0 540 807 B1 5. A process according to Claim2 wherein R is defined as
I sopropyl, nis 1 and Ais fluori osgoaoélg{ocess according to Caim?2
wherein R is delined as isopropyl, n1S 1 and Ais [err]. 5 7. The
conpound 2R, 3R-epoxyhex-5-en-1-ol. 8. The conmpound 2R, 3S-3-fl uorohex-5-en-1
, 2-di ol . 9. A flogess QuEBramG & Cldfn 3Wvhdrem 2 GBS 85 idpropyt, Risdiafd A islilloribe. The
conpound titanium (1V) difluorodiisopropoxide. PatentansprUche 15 1.
Ver f ahr es. zaiprotdas adcardingl tocClaa 2 wiersin iR i3 delned] & isdpabyied is 126d Ais28s. wobel M
Wasserstoff oder Al kyl(C -Cs) ist, A ein nucleophiler Substituent,
ausgew hirt Ehesomiduodj@isfoeoryhex-frem-Rest der Formel: 0 30 -OC-R 36 -OR,
-SR,”" -Na, 0 40 -SC-R oder CN ist, wobel R Wasserstoff, verzweigtes oder
unver zwei8gt B campapng 2R3¥2uorpherS-ereddiel. | st; das 45 unfa~t: a) Unsetzung
ei ner Verbindung der Fornel: x 50. wobei X als Chlor oder Bromdefiniert

i st ?ﬁt 9pr B9 £Pgpquad RRyPRsP-azidohe 8- T2 dk- 2- i n- 1- ol zu bilden; 55 b)
Unset Ztn s Produkts . au hritt a m¢t Lithiumal um ni unhydrid, um '
2, 5- Hexaﬂ&idﬁﬁ-"fmm""‘}ﬂfa%‘f"f @‘Qﬁ?’“‘fﬁ&'fﬁﬁﬁ’g‘f’%ﬂhg des Produktes aus Schritt b in
bG_e:ggnMar bt\éﬂﬁngrﬁ&%pr opyl-D-tartrat, um 2R, 3R- Epoxyhex-5-en-1-ol zu

i | den;

15 1. Verfahren zur Herstellung der Verbindung der Formet:

oM
HO 0
- 20
./
A
25 wobsei M Wasserstoff oder Alkyl(Ci-Cs) ist, A ein nucleophiler Substituent, ausgewéhit aus Halogen
oder einem Rest der Formel:
30 0
- O c - R s
85 -OR, -SR, -Ngs,
0
Y |
40
-SC-R

oder CN ist, wobei R Wasserstoff, verzweigtes oder unverzweigtes Alkyl(C1-Cs) oder Phenyl ist; das
45 umfaBt:
a) Umsetzung einer Verbindung der Formel:

X

50 /\/

o

wobei X als Chlor oder Brom definiert ist, mit Propargylalkohol, um Hex-5-en-2-in-1-0l zu bilden;

65 b) Umsetzung des Produkts aus Schritt 2 mit Lithiumaluminiumhydrid, um 2,5-Hexandien-1-ol zu
bilden;
¢) Umsetzung des Produktes aus Schritt b in Gegenwart von Diisopropyl-D-tartrat, um 2R,3R-

Epoxyhex-5-en-1-ol zu bilden;
* c L M S * .




EP 0 540 807 Bi d) Unsetzung des Produktes aus Schrift c mt einem

geel gnet en Reagenz nit dem nucl eopEb o%%HPEH' tuenten A, um ei ne Verbi ndung
der Formel: 6 T TN e A *5 10 zu
bi | den; e) Umrsetzung des Produkts aus Schritt d mt Ozon, gefol gt von el ner
kat al yti schen gaghdstzirg dedi Hrodi¥sss fis Schrtil ¢ FR Binemagebighbten Reagiinz Irihdefnfliclebdhilaand
Al kohol yse, ung@isticenids Abink 8 gerbiRiung/@s Bormdring der Fornel : 15 20

zu bilden. 25 2. Verfahren gemAB Anspruch 1, wobeil das geei gnete Reagenz

aus Schritt (d) die Fornel: Ti(OR).A4-n 30 hat, wobei n als sine ganze
Zahl yom 1 bis 3 definiert ist; R verzweigies odor unverzweigtes A kyl (G
- ) ist, und Aals F, d, Br, | definj (p~0der ausgewfihit sein kann
aus ei nem Rest der Fornel: *0 35 L ]

-' OC-R 40 -OR, -SR, -Ns, 0 45 .
Il -SC-R 50 oder CN, vvobel R Wasser stoff ver zwei gt es oder

unver zw# gtes Al kgl (G C4) oder Phenyl ist. 3. Verfahren gemaB Anspruch 1,
wobei Schritt

Schr it B bl il 32 o598 90%8 dof RS ho Rl !
(b) bei -30 é‘:sm{gﬁ ;%# §uf .grgoﬁ l@@ %4- Pt ggeget?%,gms § dor

Reagenz aus Sc n el ne-ganze

Zahl vorp, 1 bis | st ; verzvvel gt es oder unverzweigtes A kyl (G -C4) ist,
und A :
Hﬂ_cjr‘_'ﬂﬂ
K./I 2 ) A
zu bilden.

25
2. Verfahren gem3B Anspruch 1, wobei das geeignete Reagenz aus Schritt (d) die Formel:

Ti(OR")aAg-1n

30 hat, wobei n als eine ganze Zahl von 1 bis 3 definiert ist; R' verzweigtes oder unverzweigtes Alkyl (C1-
Cs) ist, und A als F, Cl, Br, | definiert ist, oder ausgew&hit sein kann aus einem Rest der Formel:

.0

35 I l
-0C-R,
\ 40 -OR, -SR, -Ns,

0

e Rl
=SC~- R |

80 oder CN, wobei R Wasserstoff, verzweigtes oder unverzweigtes Alkyl(C1-Cs) oder Phenyl ist.

8. Verfahren gemiB Anspruch 1, wobei Schritt (c) weiterhin umfaBt eine Umsetzung des Produkts aus
Schyritt (b) bei -30° C bis -20° C fiir 8 bis 10 Stunden und wobei das geeignete Reagenz aus Schritt (d)
die Formel

55
Ti(OR)wA4-n

hat, wobei n eine ganze Zahl von 1 bis 3 ist; R' verzweigtes oder unverzweigtes Alkyi(C1-C.) ist, und A

* € L M 5 %
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130 1)~ lii11111 111112111 11,1111 EP 0 540 807 Bi w e oben definiert
ist. 4. Verfahren gemAB Anspruch % W als Isopropyl definiert let, n
= 2 ist und A Fluor ist. - ertahren gemvB Anspruch 2, wobei R als

| sopropyl definiert ist, n 1 Ist und A Fluor ist. 6. Verfahren genmaB
Anspruch 2,wisweteeidefitiertast.s | sopropyl definiert ist, n 1 ist und A-Ns let. 7.
Ver bi ndung 2R, 3R- Epoxyhex-5-en-1-0l. 10 8. Verbi ndung

2R, 3S- 3- Kl Weriateer-dgomé Arsprugh 2liwobei ROals Ieardpyirdgliniagt IR J3st3mAiFlwotigx - 5- en- 1
,2-diol. 15 10. Verbindung Titan(lV)difluordiisopropoxid. Revendl catl ons
1, Ui r Sodriaiien gemép Arspruciof Weo ' dbkpruepy! detinierigetil gt ung AftyoCst HO A 30

dans |l aquelle Mest un atone d' hydrogbne ou un roupe al kxle en (CG-Cs), A
est un sﬁbs‘fqrfﬁ'li%[‘rﬂenﬁﬁuéi‘%fﬁ'ﬁ%? I"@bﬁiﬁo?%g@ﬁ%?ﬂ'rﬂeﬂ'l"’é@s Hal ByPASsNelt une portion de
forrrule 1 -OC-R 40

-OR \ngmdﬁngzg-! 3R-Epoxyhex-5-en-1-ol. Il -SC-R
ou bid ) ] gbne, un groupe alkyle en (G -C.)
ramfie gN ‘ﬁ"@@’éﬂ#‘ﬁ% Aligd §ﬁ5§51¥% Pgroupe phenyl e ; qui conprend (a) La
rtacti on od' i fRRPSds- SR doRE B4 2-cick. |
75 10. Verbindung Titan(IV)difiuordiisopropoxid.
Revendications

1. Un procédé de préparation d'un composé de formule :

. 20
Y,
oM
RO 0
25
A
30 dans laquelle M est un atome d'hydrogéne ou un groupe alkyle en (C1-Cs), A est un substituant
nucléophile choisi parmi les halogénes et une portion de formule :
0
” |
e o c - R s
~ w0 -OR, -SR, -Ns,
0
- I
-SC-R

ou bien CN ol R est un atome d'hydrogéne, un groupe alkyle en (C1-Cs) ramifié ou non ramifié ou un
50 groupe phényle ; qui comprend
(a) La réaction d'un composé de formule :

55 /\/

) - 0y M



EP,0 640 807 Bi dans |aquelle X d~signe Il chlorure ou |le bronure avec

| " al cool propargylique pour forner Eb'Jﬁ's'é? gine- 2-yne-1-ol ; (b) La
rdaction du produit de |'6tape a avec hydrure de |ithium al um ni um pour
forme | e 2,5- hexadi bne-1-0l; 5 (c) La reaction du produit de

| ' 6t ape b en pdaas @t ttadébigriedls ichiorie ollde BriomGre RLezlcédl prapdrgiiquerdar fortmer I'hex-5-
2R, 3R- 6poxyhexane-2yne-1-bl ;- ol ; (d) La r~action du produit de |I'6tape ¢ avec un
r~actif appropt) ba séestioh ducpredui Slei létapenta averc I'hydrotei declitiiiurp @lwminfupy per fasme d0&PoSe
de fornul o: 10hexadidne-1-0l ;~ ~ ~~~—~~ M 15~~ Ix (0) La reaction du produit de

| &t gpe &d avec(c} Lo raeetion duipydduit de [tepe rb-efc présshesndec Brtastraler deygiisonsenylechour former le

| ' hydr ogbne sufR-Répemhpeditrenidur support de charbon et |'al cool yse pour
donner un conpfkka faction dyproduit deg'étape o avegiin seastH SaRIoRsis |aynt |°§U?%werﬁav%§m"sﬁ 1,
sol on | aquel | ePqUETopRes R pamPgeifediuiR i de | ' 4tape (d) a la fornulo: 30

Ti (OR )nA4 n dans laquelle n est ddfini comme un nonbre ontier de 1 A 3, R
est un a’roupe alkyle en (G -C4) ramfid og non ramfi6 et A d~signe F. d,

Br, I ou peut Ore choisi parm une poWrnul o: 35 0 40
-OCR-OR -SR -Ns, 4501150 . ~ _

SC Rou bien CNoOR est un atone d' hylrogbne, un groupe al kyle on (G
-C4) raggifid ou non ramfi6 ou un grouped®phdnyl e.

{(e) La réaction du produit de I'étape d avec l'ozone suivie d'une réduction catalytique par de
I'hydrogéne sur du palladium sur support de charbon et I'alcoolyse pour donner un composé de

formule :
o 20
o/
oM
Hov
26 A
2. Un procédé selon la revendication 1, selon laquelle le réactif approprié de I'étape (d) a la formule :
30
Ti(OR')pAg-n
dans laquelle n est défini comme un nombre entier de 1 & 3, R’ est un groupe alkyle en (C1-Cs) ramifié
ou non ramifié et A désigne F, Cl, Br, | ou peut &tre choisi parmi une portion de formule :
35
0
~ e | -0C-R,
-OR, -SR, -Ngs,
45
0
50 -SC~-R

ou bien CN ol R est un atome d'hydrogéne, un groupe alkyle en (C1-Cs) ramifié ou non ramifié ou un
groupe phényle.
55
3. Un procédé selon la revendication 1, selon laquelle I'étape (c) comprend en outre la réaction du produit
de I'étape (b) 4 -30°C & -20° C pendant 8 & 10 h et le réactif approprié de ["étape (d) a la formule :

MO




55.,3. Un procede solon.la revendication 1, solon |laquelle |'6tape (c)
conprend on outre la reaction du ﬁg%ﬁoﬂﬁl'mapo (b) &-30 * C&-20* C
pendant 8 A 10 h et le r~actif approprl e |"4tape (d) a la formulo: 15
111111 1101 111D 11111 EP O 540 807 B1 Ti (OR )&\ n. dans laquelle n
est un nonbri@r.ier de 1 & 3; R est un groupe alkyle en (C -Cs) rarnifid
ou non ramfi4 et A est comme ddfini pr~cldenment. 4. Un procede salon |a
revendi cat i on dahs3ajuelie nl eafjuredombrelintiee 3ib 1B OR" GeiA graupe alkyls/éne(C1-04 )esdbifiddgeaion a 2
et A est durainlfiéetA edbconuine qficipesdétiesalentn | a revendi cation 2 selon |aquelle R
est‘\;u'ns groups isopropyle, n est dgal a 1 et A est 10 du fluor. 6. Un
procedt dal Ymprbeédé sejanialfevendicaion 2 selori lagvellecy| 1get] unarape isenropyln, ngsbégsba 2 et A est

i sopropyl e, d4fluest dgal & 1 et A est -Ns. i5 7. Le conpose

2R, 3R- 4poxyhex-5-bne-1-o0l. & Le conpoed 2R, 3S-3-fl uorohex-5-&ne-1, 2-di ol .
9 Le cofpodnProgtds selan la svendiqation 8 selppulaquole Rjjegh un owyipe isapippyipeh QshoR3he & ot A ost

di f1 uoPodi i “f¥Popoxyde de titane (1V). 25 30 35 40 45 50 55

6. Un procédé selon la revendication 2 selon laquelle R' est un groupe isopropyle, n est égal 3 1 et A est
-Ns.

15 7. Le composé 2R,3R-époxyhex-5-&ne-1-ol.
8. Le composé 2R,3S8-3-fluorchex-5-&ne-1,2-diol.
9. Le composé 2R,3S-3-azidohex-5-&ne-1,2-diol.

o ¥
10. Le composé difluorodiisopropoxyde de titane (IV).

25
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