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Absbxct: the syntheses of new optically pure poly-halo and poly-tXuoro oxiraw 5b-e by addition of 
diaz~methane on the mrreqnd@ p-keto+l~mted sulphexide iaterm&ate& both ia kc& 3, hydrate 
4 or in keto/ hydzate time arc descrii. Synthesa af sulphur-free flwrinatal oxbancs ISaC B-bydroxy-B- 
triftuoromethyl amine fld, a-h$mq+trithmromctbyl-/3amino acid 24d, a-IxitlwmmctbyLa$dihydro~ 
acid 25d and ~,@hy&oxy+-tritluo~ awl -chlomdifluommethyl amincs 26c aod 26d arc shown as examples 
oftheircbemical~ty 

The implication of chiraliq on molecular recognition and therefore on biological activity is one of the 

major forces at present for the developement of syntheses of single enantiomersl. The use of fluorine and of 

fluoromethyl groups as isosteric and isopolar substituents for hydrogen and oxygen respectively in molecules of 

potential biological significance is increasing as a consequence of the continuing search for better activity 

profiles of the molecules. For these reasons, there has been recently a growing interest in the synthesis of 

enantiomtically pure and selectively fluorinated organic molecules2. Because Nature does not provide small 

fluorosubstituted chiral molecules 3 to be used as chiral building blocks in asymmetric synthesis, the search for 

routes providing fluorinated &irons tiom easily available fluoro compounds is mandator+. 

In that context, we are developing strategies to chind and optically pure small fluorinated molecules Tom 

fluorosubstituted esters as the source of fluorine atoms and sulphoxides as chiral aux%aries5. 

The transfa of chin&y &om sulpbur to carbon in fi-ketoy-fluorosubstituted sulphoxide intermediates 

could be well accomplished, as well as for all other p-keto sulphoxides, through hydride reduction of the 

carbonyl by diisobutyl aluminium bydrid&. On the contrary, diastereoselection in the addition of carbon 

nucleophiles to the same carbonyl group is a process unlikely to be controlled. Only a methyl or a cyan0 group 

have been introduced from trimethyl aluminium and trichloromethyltitanium or potassium cyanide respectively 

with marked diastereoselection7. 

In the present paper we report the results of a study on the methyleae transfer reaction &om 

diazomethane to the carbonyl of B-keto-y-fluorosubstituted sulphoxides which proceeds with chemo- and 

diastereoselection from very high to moderate, presumably due to the unique ability of the sulphinyl group to 

participate in diazomethane coordination and, simultaneously, in tial selectivity control of tbe approaching 

reagent. The regioselective ring opening of epoxides and tbe chemical elaboration of the choral auxiliary 

987 



988 P. BRAVO et al 

sulphinyl group which allow the straightforward access to a large number of optically pure fluorinated 

intermediates are also examined. 

Results and Diicussion 

Fluorosubstituted P-keto/gem-diol sulphoxides 3 and 4 have been obtained through acylatian of the 

lithium derivative of (+)-(R)-methyl-4-methylphenyl sulphoxide (1) with methyl or ethyl esters of fluoro*-, 

difluorog, trhluoroa-, chlorodifluoroa acetic acids (2n - d) and ethyl esters of perfluoropropionic and 

perfhrorooctanoicle acids (2e - f), isolated in the keto form (3a), in the hydrate gem-diol form (4d), or as a 3 

to 4 mixture (b,c,e,F) depending on total number of fluorine atoms in y position and on length of the 

fluorinated chain (see Tablel). 

P.T+ 

/ ‘; -;. 

0 -.. 
1 a +=CI$F 

b =@H I 
C =a2a 
d ‘cF3 
e =CF2CF3 
f =ayfP3 

3 

S&em 1 

Reagents and Conditiolls: i) LDA, THF, -70°C ii) ethyl ether (methanol I benzene / ethanol), r.t. 

Compounds 3,4, or their mixtures were selectively dissolved in different solvent: ethyl ether, methanol, 

benzene, ethanol and an excess of ethereal solution of diazomethane was added. The solutions were kept at 

room temperature until the substrate was totally used up, the reaction mixtures were purified by flash 

chromatography to give the compounds shown in Scheme 1 in chemical isolated yields reported in Table 1, 

It is known that diazomethane reacts with carbonyl compounds under very mild conditions to yield a 

variety of products, ranging from cycloadducts, epoxides, methyl ethers of enol-carbonyls, and products 

arising 6om chain elongation due to methylene insertion reactions 11 The mechanism of the addition to the 

carbon-oxygen double bond implies an initial adduct which can be a cyclic adduct in some special cases, or, 

more often, a zwitterionic intermediate arising from a carbon-carbon bond between the nucleophilic carbon 

of diazomethane and the electrophilic carbonyl carbon. The adduct can lose nitrogen and hunish the 

methylene oxide, but in most cases it has much greater propensity to react in other ways. In general, 

successfbl epoxidation of carbonyl compounds improves with the electron-poor character of the carbon- 

oxygen double bond, and the reaction rate increases in polar solvents as alcohols. 
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Table 1. Chemo- and diastereosekctivity of diazomethan e reaction on kfAo/hydrate fluorinated derivatives 3/4 

Reaction Products 

Several points emerge from the results on Table 1: first of all, the high (5 + 6) product yields obtained 

in methylene transfer reaction by diazomethane on both keto 3 and gem-diol 4 forms of fluoro sulphinyl 

derivatives should be emphasized. Only when the reactions are run on preparative scale (lo-100 mmol) and 

undried solvents are employed, are small amounts of by-products arising from hydrolytic oxirane ring 

openings detectable (see experimental). 

Moreover, reactions of 3/4 give mainly oxiranes 5 in respect to enol ethers 6 (in every tested case 

except entries 6 and 11). The only great exception is observed with perlluoro heptenyl ketone 3f/4f (entries 

14 and 15) which gives exclusively but in low yields enol ether 6f: this can be attributable to the extensive 

degradation of the substrate and to the solvolytic effect of the perfluorinated chain on the carbonyl group 

which could favor diazomethane attack on the enolic form. 

Next, the effect of the solvent mixture on the reaction rate and on the chemo- and diastereoselection is 

considered. Ethyl ether (entries 1,4,6 and 9) and/or benzene (entries 3 and 11) give rise to mixtures of 

products 5 and 6 ranging from 5 / 1 to 1 I2. Methanol (entries 2, 5, 7, 10, and 13) and/or ethanol (entries 8 

and 12) were in all cases observed to speed up the reaction and to favor oxirane formation over the en01 

ether. Diastereoselection in epoxide formation is, in all examined cases and in all tested solvents, good 

and a slightly higher 5s over 5R ratio in ethyl ether (entries 1 and 4) is obtainedl2. Interesting results are 

observed in the methylene transfer reaction on perhalogenated compounds 3/4c, 4d and 3/4e leading to 

diastereoselective formation of the corresponding 5s oxiranes. The peculiar behaviour could be explain 

through the hypothesis of a precoordmation on the partially positive nitrogen of the attacking species 

performed by the sulphinyl sulphur: diazomethane could be so pref~entially oriented towards the Re face of 

the carbonyl. It is notheworthy that hydride-releasing reagents preferentially attack j3-keto sulphoxides from 

the same sidelg. 
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Functional Groups EWeration 

Molecules such as 5 are new useful tluorinated chiral synthoos (Scheme 2). In fact, they possess at least 

three reactive carbon sites to be considered for tinther elaborations: a) the carbon bearing the chiral auxiliary 

which possesses hydrogens activated by the sulphinyl group; b) the sulphur itself as a suitable site of reaction; 

c) the C-2 and C-3 carbons of the epoxide, because the strain of the three membered ring provides two suitable 

sites of attack for nucleopbilic species. Moreover, protic or Lewis acids could be used to coordinate the oxygen 

atom in the oxirane ring thus modifying the kinetics and the regiochemistry of ring opening by an incoming 

nucleophile. 

However, the first problem which must be faced in the elaboration of aynthons 5 is the classical syndrome 

basic&y versus nucleophilicity of the considered reactive species 14. A basic more than nucleophilic one shows a 

high tendency to abstract one of the hydrogens a in respect with the sulphinyl group. The thus formed 

carbanion, a to the oxirane ring, easily tram&m tbe negative charge to the oxygen as shown in Figure 1, 

releasing the ring strain and forming a mom stable oxyanion. Following this pathway, primary vinyl alcohols are 

formed. When compound 5d was treated with an aqueous solution of potassium hydroxide or with LDA in 

THF, the corresponding open-chain compounds 7d were selectively and quantitatively formed. 

134 R=H 
146 R = a-y+5 

Reagents and Conditbm: i) KOH, H20, or IDA, H-IF, ii) C&$HzNH2 or (C&CH&NH 

iiii LiBr,CuB9, ‘IHF or Liil, CtQ, iv) CH$YMgBr, IHF, v) HClO+ H20, ‘ITIF, NaH, 

C&I&H2Br. 

In contrast, when sd was submitted to reactions with more efficient nucleophilic species, such as amines, 

bromide or chloride ions, and oxygen nucleopbiles, a clean and regioselective ring opening reaction occurred 

with the incoming species reacting exclusively on the less substituted carbon atom. 

The observed trend is quite obvious from stexic interaction considerations in the transition state. 

Furthemore, the same trend should be still favoured when reactions with poor nuclerqrbilic species are run, both 

under protic or Lewis-acids cathalysis. As shown in Figure 1, upon protonation at the oxirane ring oxygen, 

transfer of electrons from carbon to oxygen should provide the reaction driving force. Electronic factors 

should stabii the formation of the positive charge (S+) on the quatermy carbon, but the presence of a- 
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trifluoromethyl group should have a strong destabilizing et&ct. So, the absolute regioselectivity observed for 

oxirane ring opening reactions should depend from these combined steric and electronic tiers. 

Nu IL 
H+ 

11 
F 

H 

ETgule 1 

Successll nucleophilic ring opening reactions performed on the trifluoromethyl oxirane derivative Sd, 

leading to substituted tertiary alcohols in high chemical yields and with absolute regiospec&ity, sre reported in 

Scheme 2. Some examples of the same reactions performed on the chlorodifhroro oxirane SC sre reported in the 

experimental section. When using ally1 magnesium chloride, the reaction wss sluggish and strongly dependent 

on reaction condition@, leading mainly to compounds deriving from oxirane ring opening by halogen 

counterion. 

Having served its purpose for the introduction of the new stereogenic centre at the C-2 carbon during 

methylene transfer, the sulphinyl chiral auxiliary could now be eliminated. From a synthetic point of view, the 

most useful and versatile method is by the well known Pummerer rearrangement~6 which allows the 

replacement of the sulphur atom by an oxygenated timctionahty. As shown in Scheme 3, starting ti-om the 

&bem 3 

16 

I 

iv 

1 17,R=H I 

I 

19~. h = cF,a 

tad Rp-a, 

Rergenta and Conditiens: i) NaI, (CF3CO)$, CH3COCH3, - 20°C, ii) (CF3COh0, 

~-co&Iii, CH3CN, - 2O“C, iiiiHgCl2, K2CO3, CH3CN, r.t, iv) NaH, C&I$H2Br, 

THF, 0°C. 
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fkorinated chirai synthons 5, the desulphurisation of the labile Moacethoxy p-tolyhhio intermediates 15 to give 

aldehydes 16 and their reductive elaboration could be performed without affecting the oxirane ring. As a 

consequence, a-polyguoro- and -polyhaloaIkyI-a-hydroxybenzyl protected oxiranes Mb-e could be isolated in 

rather satisfying yields. 

The siiplest procedure to eliminate the chiral auxiliary sulpbinyl group is its reduction to sulfide 

derivative through the Oae procedure l7 and through this step, always without affecting the oxirane ring, the 

thiomethyl oxirane derivatives 19c and 19d were obtained from, respectively, 5c and 5d in 97.3% and 93.0% 

yield. 

As shown in Scheme 4, the same mild deoxygenation reaction could be performed on the products 

derived from nucleophilic opening of the oxirane ring: thiomethyl-a-hydroxy-p-amino-trifluoromethyl 

derivative 2Od was synthesized in 93.5% yield starting from 9d and subsequently easily destdphenylated to 

trifluoromethyl amino alcohol 21d by action ofNi-Raney in 77% isolated yield. 

9d X=N(CI$,C&)I 
l4d X=CCI$C& 

24dX=N(CB&& 
ZSdX=OCli$& 

Schem! 4 22d X=N(fIl-I&H& 

23d X=OCH&$ 

Reagents and Conditions: i) NaI, (CF&0)20, CH$OCH3, - 20°C, ii) Ni-Raney,CzHsOY gO”C, 
iiii (CF$0)20, syn-coIlid&, CH$N, - 2O”C, H&i> K2CO3, rt., iv) NaClO2, KH$‘O4, 

(CH&ZOH, 2-methyl-Z-butene, H20, r.t, v) NaBH4, 0°C 

Pummerer rearrangement, both under reductive and under oxidative conditions was performed on acyclic 

derivatives: trifluoromethyl-a-hydroxy+tmino acid 24d could be obtained in good yields starting 6om a& 

hydroxyamino sulphinyl derivative 9d and submitting the intermediate aldehyde 22d to mild oxidative process 

(see experimentaI). 

Following the same method, starting from u,g-dihydroxy benzylprotected compound 14d, 

tritluoromethyl-o$-dihydroxy acid 2Jd was obtained. On the other hand, reductive elaboration of the 

intermediate a-hydroxy-g-amino trifhroromethyl aldehyde 23d allowed the synthesis of tr&roromethyl-a,g- 

dihydroxy+amino derivatives 26d. The same synthetic sequence, performed on 5c allowed the obtainment of 

the chlorodifluoro analogue 26c (see experimental). In all the examined cases, the products were obtained in 

high optical and chemical yields. 
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Structural Assignments 

All described compounds gave s&&tory elemental analyses or high resolution mass spectral ions and 

all tH and 1% NMR spectra were in accordance with the assigned structure (see experimental). 

The absolute stereochemistry at the C-2 carbon in trifluoromethyl oxirane Sd was confirmed by X-ray 

crystallographic analysis on the (2R&)-1Od bromo derivative enantiomer, synthesized using (lS)-menthyl (S)- 

p-toluenesulphinate as the source of chirality. An arbitrary view of compound 10d is shown in Figure 2 with 

appropiate atomic labelhug. Final position parameters and molecular dimension are respectively reported in 

Tables 2 and 3. Values for bond lenghts and angles Fidel in the expected ranget*. The conformation of the 

molecule is characterized by the value of torsion angles C( 1 I)-S-C( 1)-C(2) and S-C( l)-C(2)-C(4) which are 

respectively -174.2(4) and -160.0(4), in agreement with other similar sulphoxide compoundslg. The main 

features characterizing the molecular packing is the intermolecular hydrogen bonding between the hydroxyl 

hydrogen and the sulphoxide oxigen. 

Table 2. Atomic coordinates ( x 104) and equivalent isotropic 
displacement parameters (rr:! x 105. U(eq) is defined as one 

third of the trace of the orthogonalized Uij tensor. 

1073(l) 1853(l) 71(l) 
3620(l) 4470(2) 46(l) 
2678(3) -12(4) 68(l) 

F(2) 6740(4) 3829(3) 9240) 74(l) 
O(2) 6458(4) 3260(3) 3 866(5) 54(l) 
F(3) 75 17(4) 2471(3) 1169(S) 80(l) 
O(1) 3531(4) 2710(3) 5207(S) 63(l) 
C(12) 1510(6) 3564(4) 3052(7) 50(l) 
C(11) 2415(5) 4108(4) 3770(6) 42(l) 
C(13) 384(5) 3959(5) 2613(7) 500) 
C(1) 4503(6) 3357(4) 26 lO(6) 450) 
C(2) 5729(5) 2822(4) 2717(6) 42(l) 
C(16) 2189(S) 5045(4) 4036(7) 51(2) 
C(15) 1072(6) 5423(4) 3540(S) 53(2) 
C(14) 161(5) 4905(4) 2830(7) 49(2) 
C(4) 6437(6) 2936(4) 1 l92(7) 52(2) 
C(17) -1075(6) 5333(5) 2332(9) 66(2) 
C(3) 5592(6) lSOl(4) 3 159(7) 50(l) 
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F3 

Figure 2 

Table 3. Selected bond lengths [A] and angles Wd 

B&(3) 

s-o(l) 
S-qll) 

f=(l) 
F(lW(4) 
~(2)-c(4) 
0(2W(2) 
R3PX4) 
C(lK(2) 
cw(3) 
c(w4) 

1.953(6) o(l)-s-c(ll) 107.4(3) 
1.494(5) W-S-W) 106.9(3) 
1.782(6) C(ll)-S-c(l) 96.0(3) 
1.805(5) C(2)-w-s 112.5(4) 
1.321(8) 0(2)-c(2)_C(l) 106.9(S) 
1.342(S) 0(2)-c(2)_U3) 107.5(5) 
1.414(7) w)-c(2~c(3) 114.9(5) 
1.328(7) o(2)-C(2)-c(4) 107.3(4) 
1.516(8) c(l)-c(2)-~(4) 108.3(5) 
1.522(8) C(3)-U2)c(4) 111.6(5) 
1.536(8) VW(4HT3) 108.3(5) 

Kl)C(4)-F(2) 105.0(5) 

F(3)-C(4)+(2) 105.7(5) 

wc(4m2) 113.1(5) 

F(3)-C(4)-C(2) 112.6(5) 

F(2)-c(4)-c(2) 111.7(S) 
C(2)C(3)-Br 115.2(4) 

A highly stereo&&e method for preparing a variety of differently functional&d fluorosubstituted tertiary 

alcohols Corn easily available fluorinated acetic acid or perfluorinated carboxylic acid esters and optically active 

methyl p-tolyl sulphoxide has been developed. It has been demonstrated that the methylene addition on the 

carbonyl of P-keto-y-fluoro- or -pertluoroallryl substituted sulphoxides or on the corresponding hydrate forms 

proceeds with high sito specificity and with high facial selectivity to give methylene oxides, all isolated in 

optically pure form. Promising synthetic potential of oxirane ring opening by nucleophiles as well as efficiency 

of oxidative or reductive chiral auxiliary removal have been shown. 
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Experimental Seftioa 

General Details. 1H and 1% NMR spectra were recorded on a Brucker CXP 300 or a Brucker AC 25OL 

spectrometer; chemical shifts are in p.p.m. (6); tetramethyBiiane was used as internal standard (&.J) for lH 

nucleus, while C& was used as internal standard (8~ = -162.90) for 1% nucleus. [orb Values were obtained 

on a Jasco DIP-181 polarimeter. Mass spectra were performed on Hitachi Perkin-Elmer RMU-6D (Magnetic 

Analyzer). Melting points are uncorrected and were obtained on a capillary apparatus. TLC were run on silica 

gel 6OF,,, Merck plates; column chromatograpbies were performed with silica gel 60 (60-200 t.un, Merck). 

Tetrahydrofimm (THF) was freshly distiRed gem lithium aluminium hydride; diisipropyhunine was distilled 

from calcium hydride and stored over molecular sieves (4A); in all other cases, commercially available reagent- 

grade solvents were employed without purification. 

Synthesis of (U,+3,3-diJluwo-I-f(4Jnethvrphenrrlsulphinyll- 4,4-~i~uoro_butan_2_one/ol (3/l). To a 

solution of LDA (1.2 mmol) in THF (5.0 ml) drred under nitrogen atmosphere at - 6O’C was added dropwise 

a solution of methyl p-toiyl sulphoxide (1) (1 .O mmol) in THF (2.0 ml) and the yellow solution of the anion was 

cooled at - 78OC. Neat ethyl pentatluoropropionate (2b) (1.5 mmol) was added at the same temperature and the 

reaction was quenched by addying a saturated solution of ammonium chloride. The organic layers were 

extracted with ethyl acetate and dried over anhydrous sodium sulphate. After flash chromatographic 

purification (n-hexane / ethyl acetate 6 : 4), @&3/4b war obtained in 85% yield and in a 1.0 : 1.5 keto / 

hydrate form; [a]Dzo + 150.0 (c 1.2, CHQ); m.p. SO-82’C (isopropylether); 1H (CDCl$ 6: 1.65 @rm,2H,OH 

hydrate form,) 2.48 (s,3H, ArCH& 3.10 (dd,2H,CH2S, hydrate form), 4.06 (d, HI, CHaS keto form, 2JB_B = 

15.0 Hz), 4.26 (d,lH,CH$ keto form), 7.20-7.60 (m,4H,ArH); 1%: hydrate form: - 129.7 (d,lF,CFaF, 

2J F_F = 300.0 Hz), - 127.6 (d,lF,CF,,F) - 84.2 (s,3F,CF3); keto form: - 122.8 (d,lF,CFaF, 2JF.F = 120.0 Hz), - 

122.2 (d,lF,CF,,F), - 80.0 (s,3F,CF3). 

Oxirane Ring Formation General Procedure. Ethyl ether. To a solution of ketone, ketone/hydrate mixture, or 

hydrate (1.0 mmol) in ethyl ether (5 ml), a solution of diaxomethane (c.a 0.5 M) in the same solvent was 

added portionwise at 0°C up to persistance of the yellow colour of the slurry. Excess CH2N2 was removed by 

bubbling a nitrogen stream and solvent was evaporated under reduced pressure. Isolation of pure products was 

accomplished by flash chromatography and fractional crystaUization. Global chemical yields, diastereoisomeric 

excess, and S/6 ratio are given in Table l.From 3b/4b mixture, in 4 hours and after purification (n-bexane / 

ethyl acetate 6 : 4), the following products were isolated: (2S,R8) / (2R,R8)-2-(ditluorometbyl)~2-{[(4- 

methylphenyl)sulphinylJmethyl} oxiranes (Sb) mixture (78% yield) (RF 0.35) and (R&(Z)-3,3-ditluoro-2- 

methoxy-1-[(4-metbylphenyl)sulpbinyl]-propen~” (6b) in 17% yield: RF 0.30; [a]$0 - 191.3 (c 0.4, CHC13); 

m.p. 66-68’C; b.p. 232’C; lH (CDCI,) 6: 2.41 (s,3H,ArCH3), 4.16 (s,3H,OCH3), 5.90 (s,lH,CH=C), 5.97 

(t,lH,CHF2,2JB_F = 55.0 Hx), 7.30-7.60 (m,4H,ArH); ‘9F: - 122.2 (dd,lH,CHFa,2JF_F = 300.0,2JF_B = 55.0 

Hz), - 120.3 (dd,lH,CHFt,). The (2S/2Ft)-Sb mixture was submitted to fractional chryatallixation by 

isopropylether to give optically pure (2S)-Sb: [a] Bs” + 232.3 (c 1.1, CHCl,); m.p. 88-89’C (isopropylether); 

CllHt2F202S cidcd: C 53.66, H 4.88; found C 53.60, H 4.90; ‘H (CDCl,) 6: 2.44 (s,3H,ArCH3), 3.02 

(d,lH,CHaS,*JB_B = 14.5 Hzz), 3.02 (d,lH,CHa0,2JB_B = 4.0 Hz), 3.29 (ddd,lH,CHt,0,2Jt.r_t.r = 4.0,4JB_~ = 

4.0,4J B_F = 2.0 Hz), 3.46 (d,lH,CJ+,S), 5.59 (t,lH,CHF2,2JR_P = 54.0 Hz); 19F: - 127.5 (ddd,lF,CHFa,*JPFp = 
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294.O,4J~_~ = 4.0 Hz), - 125.2 (dd,lF,CHFb). (2R)-Sb Was not isolated in optically pure form : 1H (CDCQ 6 

: 2.44 (s,3H,ArCH3), 2.89 (dd, lH,CH$,2J,, = 15.0,4JH+ = 1.5 Hz), 3.09 (dd,lH,C&0,2JH.H = 4.5,4J,, = 

1.0 Hz), 3.13 (m,lH,CIj,O), 3.32 (d,IH,CH$), 5.86 (t,IH,CHF2,2JF_H = 55.0 Hz), 7.30-7.60 (m,rlH,ArH); 

19F: - 127.3 (dd,lF,CHFa,2JF_F = 294.0,2& = 54.0 Hz), - 125.4 (dd,lF,CHFt,). When reaction was carried on 

starting from larger quantities of 3b/4b (10-100 mmol in 500 ml of solvent), an about 12% of unresolved 10 : 

7 (2S,R~)/(2~R~)-3,3-~~uoro-2-([(4-methylphenyl)sulphinyl]methyl)-propan-l,2-diol (13b) (Rfl.20) was 

isolated. (2S)-13b IH and l!‘F NMR spectra are identical to those of the compound obtained from acidic 

opening of (2S)-5b (see above). (2R)-13b: ‘H (CDCl$ 6: 2.43 (s,3H&CH3), 2.96 (dd,lH,CHsS,2J~_~ = 

14.OHz), 3.09 (dd,lH,CH$,4JH_H = 1.4 Hz), 3.91 (ddd,lH,CHa0,2J,, = 12.6,3JHGH = 7.0,4jH_H = 1.4 Hz), 

4.07 (m, lH,C&O:JH_~ = 7.0,4J~_H=1.4Hz),4.10(t,lH,CH20553JH~~=7.0Hz),4.85(bts,l~OH),5.88 

(t,lH,CHP~JH_~ = 55.3 Hz), 7.30-7.60 (m,4H,ArH); 19F: - 134.3 (ddd,lF,CHF,,2JF_F = 287.0>J~_~ = 

56.0,45~_~ = 7.0 Hz), - 133.0 (dd,lF,CHFb). From 3c/4c mixture, in 5 hours and after purification (n-hexane I 

ethyl acetate 6 : 4), (2&R,+2-(chlorodiiuoromethyl)-2-( [(4-methylphenyl)sulphinyl]methyl) oxirane (SC) 

(27% yield) was isolated: RF 0.35; [a]~ lo f 163.2 (c 1.1, CHCI,); C1,H1,ClF202S calcd: C 47.06, H 3.92; 

found: C 47.10, H 3.90; 1H (CDCl3) 6: 2.42 (s,3H,ArCH3), 3.19 (dd,lH,CHsS,2JH.H = 14.5,4J~.~ = 0.75 Hz), 

3.29 (dd,lH,CHa0,2JH_H = 4.0,4JH_H = 0.75 Hz), 3.52 (dt,lH,C~0,4JH_F = 2.0 Hz), 3.56 (d,lH,CH$), 7.30- 

7.60 (m,4H,ArH); 19F: - 65.5. (R~)-(Z)-3-chloro-3,3-d~uoro-2-methoxy-l-[(4-methylpbenyl)~lp~yl]- 

propen (6~) (57% yield): RF 0.30; [a]~ z” - 161.6 (c 1.1, CHCI,); ‘H (CDC13) 6: 2.42 (s,3H,ArCH3), 

4.23 (s,3H,0CH3), 6.17 (s,lH,CH=C), 7.20-7.60 (m,4H,ArH); 1%: - 58.5 (d,lF,2JF_F = 165.0 Hz), - 59.4 

(d,lF). When the reaction was performed in bulky quantities, small amounts of three byproducts were 

detectable: (Z)-3-chloro-3,3-difluoro-2-methoxy-1-[(4-methylphenyl)suIphenyl] propene (27~) in 0.7% 

isolated yields: RF 0.60; IH (CDCI,) 6: 2.35 (s,3H,ArCH-,), 3.92 (s,3H,OCH3), 6.43 (s,lH,CH=C), 7.10- 

7.35 (m,4H,ArH); 1%: - 55.8. (2S)-2-(chlorodifluoromethyl)-2-{ [(4-methylphenyl)sulphenyl]methyl} oxirane 

(19~) in 3% isolated yield (RF 0.50); (2S,R~)-3-chloro-3,3-difluoro-{2-[(4-methylphenyl)~lp~yl] 

methyl}-propan-1,2-diol(13c) whose 1H and 1% NMR spectra were identical to those of the same derivative 

obtained through acidic opening of (2s)~SC (see above) was isolated in 4.7% yields (RF 0.20). From 4d, in 3 

hours and afler purification (chloroform I ethyl acetate 95 : 5), (2&R,)-2-{[(4-methylphenyl)sulphinyl]methyl}- 

2-(trifluoromethyl) oxirane (5d) was obtained in 51% yield:RF 0.30; [a]$O + 165.8 (c 1.1, CHCl$; 

CllHllF302S cakd: C 50.00, H 4.17; found: C 50.08, H 4.12; ‘H (CDCI,) S: 2.44 (s,3H,ArCH3), 3.10 

(dd,lH,CH$,2JH_H = 14.5,4JH.H = 0.6 Hz), 3.21 (dd,lH,C&0,2JH_H = 4.3 HE), 3.40 (dq,lH,CHt,0,4JH_H = 

2.0 Hz), 3.49 (d,lH,CH$), 7.34-7.50 (m,rlH,ArH); 1%: - 78.0 among with (Rs)-(Z)-2-methoxy-1-[(4- 

methylphenyl)sulphenyl]-3,3,3&fluoro propenGO (6d) (39% yield): RF 0.35; [a]D20 - 247.5 (c 1.2, CHCl,); 

m.p. 53-54°C (ethyl ether); 1H (CDCI,) 6: 2.42 (s,3H,ArCH3), 4.18 (s,3H,OCH3), 6.20 (s, lH,CH=C), 7.32- 

7.48 (m,4H,ArH); ‘9F: - 71.2 (dq,4JF.H = 0.7 Hz). Wh en reaction was carried on in larger quantities, small 

amounts of the following byproducts were detected: (Z)-2-methoxy-l-[(4-methylphenyl)sulphenyl]-3,3,3- 

trifluoro propene (27d) in 5% yield: RF 0.75; tH (CDCl3) 6: 2.35 (s,3H,ArC!H$ 3.87 (s,3H,OCH3), 6.42 

(d, IH,CH=C,)JH_F = 0.7 Hz), 7.12-7.35 (m,4H,ArH); b: - 69.7. (2S)-2-{ [(4-methylphenyl)sulphenyl]methy) 

-2-(trifluoromethyl) oxirane (19d) in 5% yield (RF 0.72); From 3f, in 10 hours and afkr purification 

(chloroform / ethyl acetate 99 : 1) ~~)-(Z)-2-methoxy-l-[(4-methylphenyl)sulp~nyl]-perfluorononen~o (60 

was obtained in 20% yield: RF 0.35; [a]~ 20 - 110.0 (c 1 0, CHCD); ‘H (CDCI,) 5: 2.44 (s,3H,ArCH3), 4.26 
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(q3H,OCH$, 6.19 (s,lH,CH=C), 7.30-7.60 (m,4H,ArH); 1%: - 127.2 (s,lCFi), - 124.0 (s,lCFz), - 123.3 

(s,4CF2), - 116.4 (C&CF3), - 82.0 (CF,). 

Methanol. from 3b/4b mixture, after 2 hours, 5b was isolated in 92% yield while 6b was detected only in 

traces < 5% at t* NMR), but carrying on the reaction in bulky, also a 18% yield of an about 1 : 1 mixture of 

(2R)/(2S)-13b was detected. From 3cI4c mixture, in 3 hours, SC was isolated in 75% yield and enolether 6c in 

10% yield. From 4d, in 2 hours, 5d was obtained in 82% yield, among with a 13% yield of (Z)-ad, but when 

the reaction was performed in big quantities, 3.2% yield of (2S,R8)-2-[(4-methylphenyl)sulphinyl]methy~-3,3,3- 

trifluoro-propan-1,2-diol (13d) & 0.20) (1H and 1q NMR spectra superimposable to those of the same 

derivative obtained by acidic opening of (2S)-5d) and 1.2% yield of (2RRs)-(13d): RF 0.22; [a]Dzo + 12.2 (c 

1.0, CHCl& lH (CDCl$& 2.42 (s,3H,ArCH3), 3.09 (d,lH,CH.$,2J~_~ = 14.0 Hz), 3.20 (d,lH,CH$), 4.01 

(d,lH,C~0,2JH_H = 12.5 Hz), 4.17 (d,lH,CHbO), 4.87 (brs,IH,OH), 5.7 (brs,lH,OH), 7.33-7.60 

(m,4H,ArH); 1%: - 81.6. From 4e, in 2 hours and after purification (chloroform / ethylether 98 : 2) (2S,Rs)-2- 

{[(4-methylphenyl)sulphinyl]methyl}2-pentafluoroethyl oxirane (Se) in 64% yield: RF 0.30; [a]Dz” + 160.2 

(c 0.8, CHCl3); m.p. 4546’C (isopropylether); C12HtlF~02S calcd: C 45.86, H 3.50; found: C 45.31, H 3.60; 

JH (CD@) 6: 2.42 (s,3H,ArcH3), 3.12 (d,lH,CHaS,2JJ+~ = 15.0 Hz), 3.21 (d,lH,CHa0,2J~_J.J = 5.0 Hz), 

3.42 (d,lH,CH& 3.55 (dt,lH,CHh0,4Jr.r_P = 2.5 Hz), 7.35-7.60 (m,4H,ArH); 1%: - 126.5 (d,lF,CF,F,2JP_F 

= 270.0 Hz), - 125.5 (d,lH,CF#), - 82.3 (s,3F,CF3) and 26% isolated yields of (R&(Z)-3,3-diiuoro-l- 

[(4-methylphenyl)sulphinyl]-2-methoxy-4,4,4-t~fluoro-but~~~ (6e): RP 0.35; [a]# - 213.0 (c 1.9, CHCI,); 

m.p. 53.5-54.O”C (isopropylether); C12H1tFs02S calcd: C 45.86, H 3.50; found: C 45.36, H 3.58; 1H 

(CDt&) 8: 2.42 (s,3H,ArCH3), 4.25 (s,3H,OCH& 6.20 (s,lH,CH=C), 7.35-7.60 (m,4H,ArH); 19F: - 119.8 

(s,2F,CFz), - 04.0 (s,3F,CF$. Performing reaction in bulky, a 1 : 1 mixture of (2RR8) / (2S,R8)-3,3- 

difluoro-2-{ [(4-methylphenyl)sulphinyl]methyl)-4,4,4-trifluoro-butan-1,2-diol (13e) (10.5% yield) was 

detected. By fractional crystahzation performed in isopropylether, (2R)-13e was isolated in optically pure 

form: RF 0.10; [alD20 + 98.4 (c 1.1, CHCI,); m.p. 118-119°C (isopropylether); IH (CDCI,) 8: 2.44 

(s,3H,ArCH& 3.15 (d,IH,CHaS,2J~_~ = 14.0 Hz), 3.16 (d,lH$HbS), 3.34 dd,IH,OH,jJ,,, = 7.2,3JJ.J_r,_H 

= 6.6 Hz), 4.07 (dd,lH,CHa0,2JH_H = 12.6,3JJ.t~H = 7.2 Hz), 4.23 (dd,lH,CHb0,3JH-o-H = 6.6 Hz), 4.90 

(brs,lH,OH), 7.30-7.60 (m,4H,ArH); lgF: - 125.0 (d,lF,CFaF,2JP_P = 285.0 Hz), - 123.6 (d,lF,CF& - 79.9 

(s,3F,CF$; (2S)-13e was characterized only by NMR spectra: lH (CDCI,) 6: 2.44 (s,3H,ArCH$, 3.03 

(d,lH.,CHaS,2JJ+~ = 14.0 Hz), 3.22 (d,lH,CH$), 3.90 (d,2H,CB20H,2JJ+J.r = 7.5 Hz), 4.82 (brs,lH,OH), 

7.30-7.60 (m,4H,ArH); 19F: - 125.4 (d,IF,CFaF,2JP_P = 275.0 Hz), - 123.8 (d,IF,CFhP), - 79.8 (s,3F,CF,). 

From 3f, in four hours and after purification ( n-hexane / ethyl acetate 85 : 15), 6f was obtained in 60% yield. 

Benzene. f?om 3dI4d mixture, 5d was obtained in 44% yield, among with 6d in the same (44%) isolated yield. 

Ethanol. from 3d4c mixture, Jc was obtained in 62% yield and 6c was isolated in 18% yield and from 3d/4d 

mixture, 5d was obtained in 77% yield, among with 6d isolated in 15% yield. 

Synthesis of (Rs-2-(chlor~~uoromoraiifluoromef~Zp~ny~~Zphi~Z~prop-2~n-I~Z (7~). To a solution 

of oxirane (2S,R,+c (400 mg, 1.43 mmol) in anhydrous THF (5.0 ml) stirred at room temperature was added 

dropwise a solution of potassium hydroxide (96.5 mg, 1.72 mmol) in water (2.0 ml). After 5 hours, THP was 

evaporated and organic layers were extracted with ethyl acetate (3x5.0 ml). After the usual work-up, the 

residue was purified by flash chromatography (chloroform/ethyl acetate 8 : 2) to give 7c as the only product in 

98.0% yield: RF 0.34; [a]DzO + 13.4 (c 1.6, CHCD); lH (CDCl3) 6: 2.44 (s,3H.,ArCH$, 4.52 
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(dlriCH#?J~~ = 12.5 Hz), 4.65 (d,lJ-J,CHbO), 6.61 (brs,lH,CH=C), 7.30-7.60 (m,4H,ArH); 1%: - 57.3 

(d,lF?JF_F = 16.0 HZ), - 56.7 (d,lF). (E)/(Z) steric relation was not assigned. 

Synthesis of (Rs)-2-(~a~uoromethyr)-3-[(4-me~~he~~~l~i~l~p~2~n-l~1(7d). To a solution of LDA 

(5.6 mmol) in anhydrous THF (10.0 ml) stirred under nitrogen at - 70°C, was added dropwise a sohttion of 

oxirane (2S,R&5d (123 mg, 4.7 mmol) in 5.0 ml of the same solvent, A&r 5 min. a saturated aqueous 

solution of ammonium chloride was added and, after the usual work-up, the residue was purified by flash 

chromatography (n-hexane/ethyl acetate 5 : 5) to give: (Z)-7d in 42% yield; RF 0.49; [a]Dzo + 123.4 (c 1.3, 

CHCl$; lH (CDCl,) 6: 2.43 (s,3H,ArCI$), 4.28 (q,lH,0H,3JRs.o-H = 6.0,3J-R = 7.5 Hz), 4.49 

(dd,lH,CHaO,$J_J.J = 14.0 Hz), 4.60 (d,lH,CHbO), 6.71 (q,JH$H=C,4JJ+R = 1.0 Hz), 7.30-7.68 

(m,4H,ArH); I%: - 69.0; and Q-7d in 40% yield: RF 0.30; [a]D 2. - 44.8 (c 1.7, CHCl3); ‘H (CDCI,) 6: 2.40 

(s,3H,ArCH3), 4.14-4.20 @rm,lH,OH), 4.20-4.46 (brn1,2H,C~~0H), 6.80 (~,~JYI,CH=C~J~_~ = 2.0 Hz), 7.30 

7.60 (m,4H,ArH); ‘%: - 60.8. 

Synthesis of (2S,R~-l-(be~l~i~)-2-J[4~et~~henyl)suIphi~l~et~l~3,3,3-~ifluorro-pro~-2-ol (Sd). 

To a solution of sd (180 mg, 0.68 mmol) in anhydrous THF (2 ml) neat beozylamine (87.5 mg, 0.82 mmol) 

was added. Reaction mixture was kept 10 hours at room temperature and, after removal of the solvent under 

reduced pressure, purified by flash chromatography (n-hexane/ethyl acetate 8 : 2) to give (2S)-9d in 87.0% 

yield: RF 0.35; [u]$ + 133.0 (c 1.1, CHCl3); m.p. 75-76’C (isopropylether); C1aH2fi3NO2S c&d, C 58.22, 

H 5.39, N 3.77; found: C 58.10, H 5.42, N 3.70; 1H (CDCl,) 6: 2.43(~,3H,ArCH3), 2.97(d,lH,CHaN.2J~_~ = 

13.25 Hz), 3.01(d,1H,CHaS,2JJ.J_R = 13.5 Hz), 3.02(d,lH,CHbN), 3.35(dq,1H,CH$,4JR_n = 1.0 Hz), 

3.9O(s,2H&H2), 7.207.60(m,9H,ArI-I); l$: - 82.3. 

Synthesis of (2S,R~-l-chloro-3-(ctibenzylamino)-l,l~~uo~2- ~[(4-methyrphenur)su~hi~l~ethyl)- 

propan-2-01 (9~). To a solution of 5c (300 mg, 1.07 mmol) in anhydrous THF (4 ml) neat dibenzylamine (253 

mg, 1.28 mmol) was added at room temperature. Solution was stirred at the same temperature for 18 hours, 

solvent was evaporated under reduced pressure, and the residue was purified by flash chromatography (n- 

hexane/ethyl acetate 5 : 5) to give (2S)-9c in 89.0% yield: RF 0.45; [a]$O + 96.7 (c 1.0, CHCi3); 

C&&~2NO2S c&d: C 62.83, H 5.44, N 2.93; found: C 62.28, H 5.50, N 2.95; ‘H (CDCJ3) 6: 2.43 

(d,lH,CHsN,zJJ.J_R = 14.30 Hz), 2.49(s,3H&CH$, 3.10(d,lH,CHaS~JR_J.J = 15.0 Hz), 3.20 (dq,lH,CH$), 

3.28(d,lH,CH$J), 3.57 (d,2H,CHsAr,2J~_R= 13.5 Hz), 3.99 (d,2H,CH+,Ar), 6.24 @rs,lH,OH), 7.20 

7.55 (m,14H,ArH); ‘q. - 65.5. 

Synthesis of (2S,R~-l-(~~~~i~)-2-{[(4_methylpheny~l)s~l~3, 3,3-trtjhoro-propm-2-01 

(94. To a solution of 5d (1.23g, 4.66 mmol) in anhydrous THF (15 ml) neat dibenzylamine (l.lOg, 5.6 mmol) 

was added AtIer 18 hours, the solvent was evaporated under reduced pressure and the residue was purified by 

flash chromatography (n-hexaneMty1 acetate 8 : 2) to give (2S)-9d in 93.0% yield: RF 0.42; [a]# + 114.8 (c 

1.2, CHCi& m.p. 9697’C (isopropylether); C&2@3NO$ c&d: C 65.07, H 5.64, N 3.04; found: C 65.10, 

H 5.60, N 2.95 ‘H (CDCi3) 6: 2.29(d,1H,CHsS,2JR_J.J = 14.25 Hz), 2.47 (s,3H,ArCH3), 2.99 

(d,lH,CHsN~JR.R = 14.75 Hz), 3.09 (d,lH,CH$), 3.18 (dq,lH,CH$, 4JR.~ = 1.0 HZ), 
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359(d,2H,CHaAr,8J,, = 13.5 I-Ix), 3.96(d,ZH,CH&r), 598(brs,lH,OH), 7.20-7.S2(m,l4H,ArI-I); 1%: - 

80.5. 

Synthesis of {2S,Rs)-l-~romo-t-~[4~e~lylphenyl)s3,3,3-~~uoro_propon_2_ol (Iti). 

Cupric bromide (1.33 g, 6.06 mmol) and lithium bromide (1.03 g, 12.12 mmol) were dissolved in anhydrous 

THP (10 ml) at 0“C to afford a dark green solution which was immediately warmed to room temperature. 

Oxirane Sd (1.0 g, 3.79 mmol) in anhydrous TI-IP (2 ml) was added dropwise and the mixture was stirred for 

five days. The reaction was quenched by addying 5 ml of buffered phosphate solution (pH 7.0) and the organic 

layers were extracted with chloroform (3x10 ml), the combined organic layers were dried over anhydrous 

sodium sulphate, the solvent was evaporated under reduced pressure and the residue was submitted to flash 

chromatographic puritlcation (n-hexan&thyl acetate 75 : 25) to give (2s).10d in 74.O%yield: RP 0.35; [a]D2o 

+ 195.3 (c 1.2, CHCl$; m.p. 146.147°C (isopropylether); CllH12BrF302S calcd: C 38.26, H 3.48; found: C 

38.12, H 3.51; ‘H (CDCI,) 6: 2.45 (s,3H,ArCH3), 2.98 (d,lH,CHaS,2JH.H = 14.0 Hz), 3.30 (dq,lH,CI-I$, 

4JH P = 1.5 Hz), 3.58(d,IH,CHaBr,2JI+R = 11.5 Hz), 

(n&ArH); l°F: - 80.5. 

3.63 (d,lH,CH$r), 5.94 (s,lH,OI-I), 7.37-7.64 

X-Ray analysis of(ZR&-ZOd Colorless crystals of enantiomer (2R,Ss)-1Od { [a]D20 - 194.5 (c 1.1, CHCl3)) 

suitable for X-ray analysis were obtained by crystalliition gem isopropylether. DiEaction data were collected 

on a Philips PWllOO ditEactometer, with monochromated Cu-Ka radiation (h=l.5418). The selected crystal 

had dimension of 0.4 x 0.3 x 0.7 mm. Cell constants were obtained by least squares refinement on 28 values of 

24 reflections with 20>40. Crystal data sre: C1,H,,02F3SBr, Ew. 345.18, orthorhombic, space group P2,2,2,, 

a=lO.632(2) 4 b=l4.351(6) 4 c=8.714(2) 4 V=l329.6(7) k3, Z-4, D,=l.724 Mg/m3, u=5.977 mm.’ , 

F(000)=688. Intensity data were collected using the 8-28 scan technique 2 octants (jzh, +k, +I) in the range 3<8 

<55’, corresponding to 1658 independent reflections. 3 Standard retlections were measured every 100 

reflections and showed no significant decay. The data were corrected for Lorenz and polarization effects, but 

no absorption correction was applied. The structure was solved using the SIR922rprogram and refined by full- 

matrix least squares on F2 values with SHELXL-932*. Non-hydrogen atoms were refined with anisotropic 

temperature factors. The hydroxyl hydrogen was located by difference-Fourier map, and refined, while the 

other hydrogens were included at calculated positions and relined in the riding mode, with group temperature 

factors. The final value of the residual R and wR2 were, respectively, 0.0441 and 0.1159 for 1629 reflections 

with 1>2a(I). The highest and lowest residual peaks in final difference-Fourier map were respectively 0.53 and - 

0.61 eA.3. Determination of the absolute contiguration was based on the refinement of Flack’s x parameterz’. 

The resulting value of 0.03(4) unambiguously determines the absolute contlguration as S(S), C2(R). 

Synthesis of (2S,Rs)-I, 3-akhloro3,3+iijluoro-2- /~(4--methy~henur)st~l~pro~-2~i (11~). 

Cupric chloride (743 mg, 5.70 mmol) and lithium chloride (462 mg, 11.40 mmol) were dissolved in anhydrous 

THF (10 ml) at O’C. Immediately after suspention had reached room temperature, a solution of 5c (1.0 g, 3.56 

mmol) in the same solvent (2 ml) was added dropwise. The reaction mixture was stirred at room temperature 

for 40 hours. After the usual work-up and upon flash chromatographic purification in n-hexaneAathy1 acetate 6 : 

4, (2s).llc was obtained in 98.0% yield: & 0.35; [a]$0 + 241.0 (c 1.2, CHCl,); m.p. 148-149°C 

(isopropylether); CllH12C12F202S calcd: C 41.64, H 3.78; found: C 41.78, H 3.65; lH (CDCl3) 6: 2.45 
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(s,3H,ArCH3), 3.07 (d,lH,CHaS,2JH.H = 15.0 Hz), 3.34 (d,lH,CH$), 3.85 (s,2H,CH2Cl), 6.01 (s,lH,OH), 

7.30-7 60 (m,rlH,ArH); 19~ - 62.9 

Synthesis of (2S,R@chloro-2- ~r(4-methyrphen>tr)su~~~~~ethylJ-3, 3.3~tdjluoro-propan-2rifluoro-propmt-2-01 (114. 

Starting Tom Sd (1 .O g, 3.79 mmol) and following the same procedure described above, (2S)-lld was obtained 

in 95.0% yield: RF 0.40 (n-hexan&thyl acetate 6 : 4); [cz]# + 209.5 (c 1.1, CHC13); m.p. 128129oC 

(isopropylether); lH (CDCld 6: 2.45 (s,3H,ArCH3), 3.00 (d,IH,CHaS~JH.J., = 14.0 Hz), 3.24 

(dq,lH,CH$,4JH-F = 1.5 Ha), 3.72 (dq,lH,CHaCl,*JH_J.J = 12.5, 4JH.F = 0.5 Hz), 3.78(d,lH,CHaCI). 5.93 

(s,lH,OH), 7.30-7.60 (tn,4H,ArH); 1%: - 78.5. 

Synthesis of (4S,Rsr~~oxr-5-[(4~et~~~~~~~hi~l~-(~~ oromethyl)-pent-l-ene (124. A solution 

of epoxide 5d (722 mg, 2.73 mmol) in 2 ml anhydrous THP was added dropwise at -4O’C into a solution of 

vinylmagnesium chloride (356 mg, 4.1 mmol) dissolved in 4 ml of the same solvent under nitrogen atmosphere. 

After 30 mm., an excess of aqueous ammonium chloride solution was added and the organic phases were 

extracted with ethyl acetate (3x30 ml). The collected organic layers were dried with anhydrous sodium sulphate 

and evaporated under reduced pressure. The oily residue was purified by flash chromatography in n- 

hexane/ethyl acetate 3 : 1 to give two main products: (2S)-12d in 4.0% yield: RF 0.33; [a]D*O + 117.2 (c 0.7, 

CHCI,); 1H (CD&) 6: 2.45 (s,3H,ArCH3), 2.40 (dd,lH,CHaC=C,2JJ.J_J.J = 15.0,3JH.H = 6.5 Hz), 2.66 

(dd,lH,CH&=C), 2.78 (d,lH,CHaS,ZJH.H = 15.0 Hz), 3.02 (dt,lH,CH,,S,lJH.p = 0.4 Hz), 5.09-5.24 

(m,2H,CH2=C), 5.48 (s,lH,OH), 5.70-5.93 (m,lH,CH=C), 7.30-7.60 (m,4H,ArH); tgF: - 72.6; and (2S)-lld 

in 54.8% yield whose JH and 1% NMR spectra were superimposable to those described above. 

Synthesis of (2~R~-2-polihaloalkyl-3-[(4-methylphe~~~l~i~l~p~~l,2iiiols (13b-e). General 

Procedure. A solution of oxirane (1.0 mm@, water (1.0 ml), perchloric acid (97% acqueous solution) (0.1 

ml) in THF (2.0 ml) was kept at room temperature for 3 days. THF was removed under reduced pressure and 

the residue was extracted with chloroform (3x1.0 ml). After usual work-up, purification by flash 

chromatography gave: from (2S)-Sb (chloroform/ethyl acetate 6 : 4; RF 0.40), (2S)-13b in 90% yield: 1H 

(CD(&) 6: 2.43 (s,3H,ArCH3), 2.97 (d,lH,CHaS,2JH.H = 14.0 Hz), 3.19 (dd,lH,CHhS,‘tJH_F = 1.2 Hz), 3.38 

(dd.lH,CH,0kJ,3J~GJ.J = 7.7,3JJ.JGH = 7.0 Hz), 3.73 (ddd,lH$X&O,*J H_H = 12.6,3JH-o-H = 7.7,4JH_F = 2.1 

Hz), 3.87 (ddt,lH,CHh0,3JH_,-,_H = 7.0,4J,.~ = 1.5 Hz), 4.72 (‘crs,lH,OH), 5.83 (dd,lH,CHP,*J~_F = 54.6, 

*JH_F = 56.0 Hz), 7.30-7.60 (m,4H,ArH); lq: - 136.8 (dd,lF,CHPa,*JF_F = 210.0,*JF.H = 56.0 Hz), - 132.0 

(dd,lF,CHFh,*JP_~ = 54.6 Ha); t?om (28)~5~ (chloroform/ethyl acetate 5 : 5; RF 0.37) (2S)-13c in 91.3% 

yield: [a]D*O + 92.2 (c 0.5, CHCl3); m.p. 97-98°C (isopropylether); CrlH&lQO$ calcd: C 44.22, H 4.36; 

found: C 44.12, H 4.32; lH (CDCl3) 6: 2.44 (s,3H,ArCH3), 3.08 (d,lH,CHaS,*JH_H = 14.0 Hz), 3.29 (d,lH, 

CH$), 3.92 (dd,lH,CHaO,ZJH.H = 12.5,3JJ.J_o_~ = 8.0 Hz), 3.98 (dd,lH,CHhO,sJJ.J~s = 7.0 Hz), 4.52 

(dd,lH,0H,3J~~_~ = 8.0,3J~a~ = 7.0 Hz), 5.18 (s,lH,OH), 7.30-7.60 (m,4H,ArH); 19~: - 66.4; from (2S)- 

5d (chloroform/ethyl acetate 5 : 5; RF 0.42), (2s)~13d in 87.3% yield: [ab*c + 180.4 (c 0.8, CHCI,); m.p. 

116-117°C (isopropylether); ClJH13F303S calcd: C 46.81, H 4.61; found: C 46.16, H 4.71; rH (CDCI,) 6: 

2.41 (s,3H,AtCH3), 2.98 (d, lH,CHaS,2JH_R = 13.75 Hz), 3.24 (d,lH,CH$), 3 88 (d,2H,C&OH,3JH.0_H = 

7.5 Hz), 4.30 (t,lH,OH,3JH~_~ = 7.5 Hz), 5.10 @rs,lH,OH), 7.30-7.60 (m,4H,ArH); &: - 81.2. 
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Synthesis of (2S,R&I-&ruy@~)-2- ~~(4~ethyrpiaenur)~~hi~~~et~l~3,3,3-~~uoro_proprm_2_oI (144. 

To a suspention of sodium hydride (50% mineral oil, 100 mg, 2.24 mmol) in THF (3.0 ml) a solution of (2S)- 

13d (420 mg, 1.49 mmol) and benzylbromide (0.5 ml, 4.47 mmol) in DMF (3.0 ml) was added dropwise. 

Reaction mixture was stirred 10 min at room temperature, then poured into an ice/water bath and extracted 

with ethyl ether (3x6 ml). After usual work-up, purification by flash chromatography (chloroform&y1 acetate 

8 : 1) gave (2S>14d in 75.8% isolated yield: RF 0.42; [a]D z” + 31.2 (c 1.3, CHCls); m.p. llO-112’C 

(isopropylether); M+ 372 (372); lH (CDCI$ 6: 2.42 (s,3H,ArCH& 3.01 (d,lH,CHaS>JH_J.J = 14.0 Hz), 3.10 

(dq,lHCH$,4JH_F = 1.0 Hz), 3.65 (dq,1H,CHa0,2JJ.J_J.J = 10.5,4J~_~ = 1.0 HZ), 3,88(dd,lH,CHbO), 4.59 

(s,2H,CH20H), 5.21 (s,lH,OH), 7.20-7.58 (m,rlH,ArH); I*: - 79.3. 

@nthesis of (2s)-2-(&enqyioqwnethy~-2-(plihaIomet~~ oxiranes (l&e). General Procedure. To a stirred 

solution of (2S,Rg)-5b-e oxiranes (1.0 mmol) and syn-colhdhte (1.2 mmol) in acetonitrile (4.0 ml) stirred 

under nitrogen at - 2O”C, was added dropwise a solution of tritluoroacetic anhydride (1.2 mmol) in the same 

solvent (2.0 ml). Reaction mixture was warmed up to room temperature and, atIer 20 min at the same 

temperature, a suspension of mercuric chloride (1.5 mmol) in acetonitrile (2.0 ml) was added portionwise. 

White mercuric sulfide precipitated and the reaction was letI under stirring for 30 min. Then, HgS was removed 

by f&ration and the clear collected yellow solution was cooled at 0°C. A suspension of sodium boro hydride 

(1.1 mmol) in acetonitrile (2.0 ml) was added portionwise. Metallic mercury precipitated and was removed by 

filtration, solvent was removed under reduced pressure and the residue was purified by flash chromatography. 

The so obtained alcohols 17b-e were not isolated, but the clear acetonitrile solutions obtained after removal of 

Hg(0) were added with benzylbromide (10.0 nunol) and dropped into a cooled (O’C) suspension of NaH (1.5 

mmol) in anhydrous THF (6.0 ml). After complete evaluation of gas, the reaction mixture was poured into an 

ice/water bath, extracted with ethyl ether (3x10.0 ml) and worked-up as usual. Flash chromatography 

purifications allowed the obtainment of (2S)-2-(benzyloxymethyl)-2-(diiuoromethyl) oxirane 18b in 70% 

yield, RF 0.25 (n-pentane / ethyl ether 96 : 4), [a]D 2o + 3.2 (c 1.6, CHCl$; CllH12F202 &cd: C 61.68, H 

5.61; found: C 61.50, H 5.70; ‘H (CDCI,) 6: 2.91 (dt,lH,CHaO epox,zJH_H = 4.95,4J~_g = 2.5 Hz), 3.07 

(d, lH,CHt,O epox), 3.73 (dd, lH,CHa0,2J~_~ = ll.5,4J~_~ = 1.5 Hz), 3.85 (dd,lH,CH@,4JJ+F = 1.5 Hz), 

4.58 (s,2H,ArCH2), 5.87 (t, 1H,CHF,2JH_F = 55.0 Hz), 7.20-7.40 (m,4H,ArH); 1%: - 13 1.25 (dd,lF,CFaF,2JF_F 

= 394.0,2JH_F = 55.0 Hz), - 129.30 (ddd,lF,CFhF,2JF_H = 55.0,4J~.~ = 2.5 Hz); (2S)-2-(benzyloxymethyl)- 

2-(chiorodiiuoromethyl) oxirane 18~ in 50% yield, RF 0.20 (n-pentane / ethyl ether 95 : 5), [a]$0 + 0.2 (c 0.5, 

CHCQ; CJJHJJCIF,O, calcd: C 53.12, H 4.42; found: C 53.20, H 4.41; lH (CDCI,) 6: 3.71 (s,2H,CH20 

epox), 3.79 (dt,lH,CHa0,2JH_J_J = 10.0,4J~_~ = 1.0 Hz), 3.85 (dt,lHCH@,4JH_F = 1.0 Hz), 4.62 

(s,2H,ArCH2), 7.27-7.40 (m,4H,ArH); l*: - 63.3; (2S)-2-(benzyloxymethyl)-2-(tritluoromethyl) oxirane 18d 

in 55% yield, RF 0.35 (n-pentaneIethy1 ether 98 : 2), [a]Dzo + 5.1 (c 1.6, CHC13), [a]& + 20.6 (c 1.6, 

CHCIs); CrrHrlFs02 calcd: C 56.89, H 4.74; found: C 56.72, H 4.51; 1H (CDCJ,) 6: 3.04 (dq,lH,CHaO 

epox2JJ+H = 5.25,4J~_~ = 1.5 Hz), 3.10 (d,lH,CHt,O epox), 3.84 (d,lH,CHa0,2JH_H = 12.0 Hz), 3.90 

(d,lH,CJ-&O), 4.58 (s,2H,ArCH2), 7.20-7.40 (m,4H,ArH), @: -76.8; (2S)-2-(benzyloxymethyl)-2- 

(pentafluoroethyl) oxirane 18~ in 40% yield, RF 0.30 (n-permute), [aID 2o + 4.02 (c 0.7, CHCI,), ‘H (CD(&) 6: 

3.10 (brs,2H,CH20 epox), 3.80 (d, 1H,CHa0,2JJ+H = 12.5), 3.94 (d,IH,CHbO), 4.56 (s,2H,ArcH2), 7.28-7.45 

(m,4H,ArH); l$: - 124.9 (s,CFz), - 83.2 (s,CFs). 
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Synthests of (2S)-2-(chIorcx&fioronethy&2- ~[(4-methylpheny&u@aety~jner~l~ oxirane (19~). A solution 

of tritluoroacetic anhydride (0.74 ml, 5.35 nunol) in acetone (0.5 ml) was added dropwise to a stirred sohnion 

of oxirane Sd (300 mg, 1.07 mmol) and sodium iodide (478 mg, 3.21 mmol) in acetone (3.0 ml) stirred under 

nitrogen at - 40°C. After 10 min, saturated solutions of sodium sulfite and sodium hydrogen carbonate were 

added dropwise up to pH 7. Acetone was removed under reduced pressure and the residue was extracted with 

ethyl ether (3x3 ml). After the usual work-up, the residue was purified by flash chromatography (n- 

hexandethyl ether 9 : 1) to give (2S)-19c in 92.8% yield: [a]D *O - 16.4 (c 0.6, CHCl$; ‘H (CDCl$ 6: 2.32 

(s.3H&CH3), 3.11 (d,lH,CHaO,*Jr.r_r.r = 5.0Hz),3.17(dt,lH,CHr,0,4JH_p= 1.8Hz),3.44(d,T~~S,*~_~ 

= 15.5 Hz), 3.60 (d,lH,CH$), 7.05-7.30 (m4H&H); &: - 63.7 (d,lF,CFa,+P = 170.0 Hz), - 63.0 (d, 

lP,CFb). 

?&nthests of (2S)-2- ~f(4_me~lp~~~st~i~2-(~~uo~et~~ oxtrane (19d). Following the 

same procedure described abovrz, starting ffom oxirane Sd, (2S)-19d was obtained in 97.3% yield: [a]# - 5.3 

(c 1.4, CHCi3); lH (CDC13) 8: 2.31 (s,3H,ArCH3), 3.04 (s,2H,CH20), 3.33 (d,lH,CH$,*JR_~ = 15.5 Hz), 

3.49 (d,lH,CH$), 7.18-7.30 (m,4H,ArH); 19F: - 76.7. 

synthesis of (2S)-I-(diben@amino)-2 ~-((4-methyrpheny~~l~ethyl)-33,3-~~~~~~~2~1 

(Od). Following the same procedure described above, starting t?om (2S,RS)-9d, the sulphenyl derivative (2S)- 

20d was obtained in 93.5% yield: RF 0.35 (n-hexandethyl acetate 95 : 5); [a]# - 26.5 (c 1.0, CHCl,); 1H 

(CDC13) 6: 2.34 (s,3H,ArCH3), 3.03 (s,2H,CH2N), 3.06 (d,lH,CH$,2JR_~ = 14.0 Hz), 3.18 (d,lH,CH$), 

3.63 (d,2H,CHaAr,2JH.H = 13.5 Hz), 3.87 (d,2H,CH&), 5.06 @rs,lH,OH), 7.15-7.35 (m,14H,Ar~, 

‘%: - 81.0. 

Synthesis of (2S)-l-(-2-methyI-3,3,3-~~jluoro-propan-2-o~ (21d). To a stirred solution of (2S)- 

20d (497 mg, 1.12 mmol) in ethanol (5.0 ml) was added Ni Raney (3x500 mg) and the suspension was refluxed 

for 2 hours. Ni Raney was removed by filtration, ethanol was evaporated under reduced pressure and the 

residue was purified by flash chromatography (n-hexan&thyl ether 95 : 5) to give (2S)-21d in 77.0% yield: 

RF 0.15; [a]D*o + 32.4 (c 1.0, CHCl3); C1aH&IF30 Cal& C 66.87, H 6.19, N 4.33; found: C 66.80, H 6.21, 

N 4.25; rH (CDC13) 6: 1.12 (q,3H,CH3,4JH_P = 1.0 Hz), 2.64 (dd,lH,CHaN,*Jr+~ = 14.75,4J~_~ = 1.0 Hz), 

3.04 (d,lH,CH@), 3.60 (d,2H,CHaAr,*JH+r = 13.5Hz), 3.83 (d,2H,CH&), 4.32 (brs,lH,OH), 7.20- 

7.40 (m,lOH,ArH); I!+: - 82.9. 

Synthesis of (2R)-3-(dibenzy&maino)-2&ydroxy2-(i~uoromethy&propanoic acid (24d). From (2S,RS)-9d 

(267 mg, 0.6 mmol) a&r removal of HgS by filtration, the clear yellow solution was cooled to OT, added with 

tertbutanol (4.0 ml) and 2-methyl-but-2-ene (3.5 ml) and kept under stirring at the same temperature. A 

solution of NaClO2 (350 mg, 3.8 mmol) and KH2PO4 (520 mg, 3.8 mmol} in water (4.0 ml) was added 

dropwise at the same temperature. An exothermic eEect was observed. pH Was adjusted to 2 by addying some 

diluted hydrogen chloride and organic layers were extracted by ethyl acetate (3x10.0 ml). After the usual work- 

up, the residue was purified by flash chromatography (chloroform/ethyl acetate/acetic acid 5 : 5 : 0.1) to give 

(2R)-24d in 68.4% yield: RP 0.25 ; [aID *O + 2.4 (c 0.6, CHJOH); M+ 353 (353); C1sH1aF3N03 calcd: C 

61.19, H 5.10, N 3.97; found: C 61.12, H 5.02, N 3.90; ‘H (CHjOH) 6: 3.08 (d,lH,CHaN,*JH_R = 14.0 Hz), 
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3.30 (d,lH,CH@), 3.73 (d,2H,CHaAr,2JHa = 11.0 Hz), 3.88 (d,2H,CH+r), 4.98 (brs,2H,COOH,OH); ?F: 

- 74.4. 

Synthesis of (2R)-3-~~1~)-2-~~-2-(~~ uorume&y&wqwtoic acid (Zm). Starting fkom (2S&)- 

14d and following the same procedure described above, the a,&dihydroxy acid (2R)-25d was obtained in 

72.5% yield: RF 0.35 (chloroformkhy~ acetate/acetic acid 8 : 2 : 0.1); [aJD20+ 14.2 (c 0.3, CH30H / 

CIit,COCH, 1 : 1); m.p. 270-272OC (dec.); M+ 264 (264); CliHllF304 calcd: C 50.00, H 4.17; found: C 

49.80, H 4.16; 1H (CH+H) 6: 3.83 (d,l~C&0,2J~_~ = 9.8 Hz), 3.95 (d,lH,C%O), 4.57 (~,~H,CH&,‘JH_ 

H= 11.9Hz), 4.61 (d,2H,CH&), 4.97 (brsJH,COOH,OH); I%: - 74.7. 

Synthesis of (2~)-2-(~lo~~~~~rne~~-3~~~~~ino)-2-~o~~r~~-I_ol (26~). Following the 

same experimental procedure described for the synthesis of 17be, after purification of the crude by flash 

chromatography (n-hexanekthyl ether 7 : 3), (2R)-26~ was obtained in 78.6% yield: Q 0.35; [a]$0 + 47.0 (c 

1.1, CHC13); C@~OCIF~NO~ calcd: C 60.76, H 5.62, N 3.94; found: C 60.70, H 5.60, N 3.92; 1H (CDC13) 6: 

1.40-1.80 (brs,lH,OH), 3.02 (d, I&C&N,‘JH_H = 16.0 HZ), 3.21 (d,lH,CH#Q, 3.45 (~,~H,C%O,‘JH_H = 

14.0 Hz), 3.50 (d,2H,CH&iq2JH,H = 13.0 Hz), 3.52 (d,lH,CH,,O), 3.53 (s,lH,OH), 3.91 (d,2yCq,k), 

7.10-7.50 (m,lOH&H); l*: - 65.0 (d,lF,2JF_F = 14.0 Hz), - 64.5 (d,lF). 

S_vnthesis of (2R)-l-(dz_be9~incr)-2-~~2-(~l~~~romez~~-pr~~-3~i (266). Starting from (2S,R8)- 

9d and following the same procedure described above, (2R)-26d was obtained in 72.3% yield: RF 0.35 (n- 

hexanekhyl ether 6 : 4); [a] ~~~ f 15.9 (C 0.5, CHCl3); C1gH&NO2 c&d: C 63.72, H 5.90, N 4.13; found: 

C 63.70, H 5.86, N 4.20; ‘H (CDCl$ 6: 1.50-1.80 (brs,lH,OH), 2.96 (d,lwCH&2JH_H = 14.5 Hz), 3.06 

(d, lH,CH$Q 3 27 (d, lH$H$,2JH_H = 11.5 HZ), 3.58 (d,lH,CH,,O), 3.54 (d,2H,C&k,2JH_H = 13.0 Hz), 

3.80 (s,lH.,OH), 3.98 (d,2H,CH@r), 7.25-7.40 (m,lOH,ArH); 1%: - 81.0. 
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