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Abstracf : Homo&ml (2s. 3S)-3-bewyloxy-2-formykeMioes 2, (2s. 3Sj-3-buq40xy-2eahmeho xy-dk 
3 and the highly sfminexl (2s)-N-pmetboxypheuyl-2-silyloxymetbyl-3-az&dinone 4 were. successfully synt&eaix.ed 
starting from diethyl-L-tartrate. The suitably fonctionali azetidine ring is formed in a single synthetic operation with 
minimum Protecting group chemistry. 

Functionalized azetidine-2carboxylic acids such as 2-carboxy-3-hydroxy-azetidine, the azetidine moiety 

of 3-hydroxy mugineic acid, a typical phytosiderophorel, or such as polyoximic acid: (2s,E)-3ethylidene- 

azetidine2+zboxylic acid2, a constituent of hipeptidyl polyoxins (nucleoside antibiotics with fungicidal 

properties) am met in the nature. 
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Nat& polyhydroxylated azetidines are also encountered although they are not as widespread as are the 

pyrrolidines derivatives. Recently two sphingosinedetived azetidine alkaloids, possessing potent actomyosin 

AT&-activating activity were isolated from marine sponge and their structure was elucidated3. 
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We have recently published a new approach towards mugineic acids, but to our knowledge no synthesis 

of (2S, 3S)-2-carboxy-3-hydroxy-azetidine, the azetidine moiety of3-hydroxy mugineic acid has been reported 

Concerning polyoxins, whereas for the acyclic unusual polyhydtoxy amino acid named polyoxamic acid several 

syntheses have been published, including the one we have developed starting from Garabino&, them are only 

few reports concerning attempts to synthesize polyoximic acids. Recently however a synthesis of mcemic 

polyoximic acid was mported starting from Rot-glycine7. 

In connection with our interest in the synthesis of homochiral polyhydroxylated nitrogen heterocycles we 

report herein starting from diethyl-Martrate the syntheses through a flexible way, of differently functionalized 

azetidines including the synthesis of 3-hydroxy-azetidine-2carboxylic acid derivatives. The azetidine ring is 

elaborated by nitrogen nucleophilic substitution of a 1,3-activate4 tetrol derived from diethyl-L-tartmte. 

(2R, 3S)-3-Etenzyloxy-2-silyloxymethyl-N-substituted azetidines 1 have been synthesized from diethyl- 

Gtartmte with different nitrogen sub&tents (benzyl, allyl, pammethoxyphenyl). Alternate selective deprotection 

of each of the hydroxyl groups of compound 1 enabled on one hand the synthesis of the (2S, 3S)-2-formyl-3- 

hydroxy azetidines 2 and of (2+S, 3s)-2carboxy-3-hydroxy-azetidines protected as their methyl esters 3 and on 

the other hand, the synthesis of the 2-silyloxymethyl-3-azetidinone 4. 4 was anticipated as a possible chiral 

precursor of enantiomerically pure polyoximic acid, requiring the ethylidenation of the carbonyl group and the 

oxidation of the hydroxymethyl substituent at C-2 into a carboxy group; this assertion being 

recently qorted synthesis of (k) polyoximic acid7 which lies on a Wittig-type reaction 

azetidinone. 
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Scheme 1 

We have carried out the elaboration of the azetidine framework in one step, through nucleophilic 

substitution by a primary amine of the suitably functionalized 1,3-dimesylate 9. The synthesis of 9 was 

undertaken starting from an optically active tetroh 2-0-benzyl-Lthreitol 5 readily available from the C2 

symmetrical, inexpensive diethyl-Martmte8 (scheme 2). Acetalisation of 5 by benzaldehyde afforded a 7:3 

mixture of the 1,3 and 1,2 acetals from which pure 1,3-0-benzylidene-2-O-benzyl-Lthreitol 6 was obtained by 

cristalhmtion in ether. Silylation of 6 resulted in 7. Hydrolysis of the acetal in compound 7 led to the 1,3 diol 8 

which was mesylated with mesyl chloride giving dimesylate 9. 9 was thus obtained in 53% overall yield starting 

from 5. The azetidine framework was then elaborated in one step from 9 in satisfactory yield. 
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Nitrogen nucleophilic substitution with inversion of configuration at both C-l and C-3 of L-threitol was 

effected by heating 9 in the presence of benzylamine, allylamine or pmethoxyaniline, yielding 1 a, 1 b, lc in 

95%, 80% and 67% yield respectively. The lH and 13C NMR spectra attested the optical purity of compounds 

1, and the relative configuration of C-2 was verified by NOE diffaence experiments, effected on 1 b. 
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Scheme 3 

The azetidine 3 (scheme 4) resulted of the desilylation of 1 followed by the oxidation of the resulting 

alcohol 10. We needed a mild oxidation procedure compatible with the tertiaq amino group and the a- 

asymmetric center. The high yields and ckmlineas of Swern oxidations permit further reactions to be carried out 

by treatment of the product with additional reagents in the same pot9. Tertiary amino alcohol 10 was 

transformed into the amino ester 3 via a two-step oxidation procedurelo. 10 was tint converted in good yield 

into the cyanohydrin 11 via Swem oxidation into the in&mediate aldehyde 2 followed by diethyl aluminium 

cyanide addition. Subsequent oxidation of the crude krtiary amino cyanohydrin again under the Swem 

conditions was slower, it led to a labile acyl cyanide which was converted in-situ into the methyl ester 3 in 

moderate yield by coupling with methanol. 
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ThecrudeaminoaldehydesZaand2bwerecharacterizedbytheirtHNMRspecha;theyareformedin 

quantitative yield, without epimuisation at C-2. 

The obtention of the lice amino group starting either from ester 3a or from 3b was uusuccessful; the N- 

debenaylation of 3a by hydrogenolysis on 10% Pd on charcoal or on Pd(OHh was not selective and teats of N- 

deallylation under conventional conditions1 l resulted in the degradation of 3 b. However the N-deallylation of 

lb (scheme 5) gave the unstable NH-sxetidine 12 which subsequent benxylation gave la in 75% yield The 

1,3-aminoalcoholl3 resulted from the deallylation of 10 b 
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Scheme 5 

The azetidine lc was formed in view of a first approach towards the synthesis of optically active 

polyoximic acid The p-methoxyphenyl group was chosen as N-protective group hecause it is frequently used in 

f3-lactams and can be removed under mild conditions 12. The oxidation of the hydroxymethyl group, precursor of 

the carboxy group was planned only after the olefination of a 3-azetidinone in order to prevent the risks of 

epimerisation and of nucleophilic ring opening7~13. 

Catalytic transfer hydrogenation of lc cleanly led to 14 in 65% yield, while the hydrogenolysis of the 

benxyl ether in the presence of @ladium black or of 10% palladium on charcoal was sluggish. Swem oxidation 

of 14 yielded quantitatively the azetidinone 4. 4 was purified for characterization purposes but is fairly unstable, 

it partmlly decomposes during silica gel chromatography and must be reacted directly after its preparation. 
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Further transformations towards Polyoximic acid are now being addressed particularly the olefination of 

4 following the recently published Wittig-type maction7. 
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EXPERIMENTAL SECTION 

Prior to use, tetrahydrofuran (THF) and diethylether (E&O) were distilled from sodium-benxophenone 

and dichlaromethane (C&Cl2) from P& CH2Cl2 and ethyl acetate (AdIEt) wean filtemd on K$O3 prior to 

use. tH NMR (25OMHz) and 1% NMR spectra were mcorded in CDC13 (unless otherwise indicated) on a 

Brucker AM 250. Chemical shifts ate mported in b (ppm) and coupling constants ate given in Hertz. lR spectra 

were mcorded on a Perkin Elmer 783 Jnframd Specuophotometer. Specific rotations were measured on a Perkin 

Elmer 241C polarimeter with sodium (589 nm) lamp. All reactions were carried out under argon atmosphere, and 

were monitored by thin-layer chromatography with Merck 6OF-254 precoated silica (0.2 mm) on glass. 

Chromatography was performed with Merck Kieselgel60 (200-500 pm) or 60H (540 urn). Spectroscopic (tH 

and 13C NMR) and analytical data were obtained using chromatographically homogeneous samples. 

2-0-Benzyl-1,3-O-bemylidene-Lthreitol 6 

To a solution of trio1 5 (5.5g, 26 mmol) in CHzCl2 (80 mJ& benxaldehyde (3.2 mL, 31 mmol) and CF3 COOH. 

(280 uL, 3.6 mmol) were added. After the reaction mixture had been refluxed for 15h, the generated Hz0 was 

removed by distillation as an axe&topic mixture and the remaining solution was washed with a saturated a@eous 

NaHCQ solution (10 mL), then with a saturated aqueous NaHS@ solution (2 x 10 mL) and with brine and 

dried. Removing of the solvent gave an oily residue of a mixture of isomeric henzaldehyde acetals t&n which the 

1,3dioxsne 6 crystallixed after addition of ether (40 mL) as a white solid (5.lg, 65% ) : mp 101°C ; [a]20 + 47 

(c 1.48, CH2C12) ; tH NMR b 2.0 (br s, lH, OH) ; 3.38 (m, lH, H-2), 3.68 (m, lH, H-4), 3.85-4.05 (m, 3H, 

H-l, H-3, H-4’), 4.44 (dd, lH, Jse,,r= 13.0 Hz, Jle.2 = 1.0 Hz, H-l’), 4.46, 4.82 (AB, 2H, J_,uj = 12.5 Hz, 

OCHzPh), 5.58 (s, lH, CHPh), 7.20-7.60 (m, 10JGmu,) ; Anal. Calcd. for C113tWI4 : C, 71.98 ; H, 6.71. 

Found : C, 71.95 ; H, 6.84. 

2-O-benzyl-I,3-O-benzylidene-CO-tert-b~~i~ny~ilyl-~threito~ 7 

A solution of the alcohol 6 (3g, 10.0 mmol), imidazole (1.7g, 25.0 mmol) and ten-butyldiphenylchlorosilane 

(3.9 mL, 15.0 mmol), in DMF (85 mL) was stirred under argon at room temperatum for 2h. DMF was 

evapommd and the residue purified by flash chromatography on silica gel (cyclohexane/EtOAc, 9: 1) giving 7 as a 

colorless oil (4.8g, 90% yield) : [a120 + 22 (C 1.68, CH2C12) ; lH NMR b 1.06 (s, 9H, C(CH3)3), 3.55 (m, 

lH, H-2), 3.80-4.20 (m, 4H, H-l, H-3, H-4, H-4’), 4.44 (dd, lH, Ja,, = 12.5 Hz, Jtl,2 = 1.0 Hz, H-l’), 

4.59, 4.79 (AB, 2H, Jm = 12.0 Hz, OCHzPh), 5.56 (s, lH, CHPh), 7.20-7.75 (m, 20J-&a,). 

2-@Beq$40-tert-butyldiphenyidyl-Lthreitoi 8 

A solution of crude 7 (10 mmol) in acetic acid (65 mL) and water (15 mL) was stirred at 4OY! for 15h. The 

solvent was evaporated and the residue purified by flash chromatogmphy on silica gel (AcOEt/cyclohexane, 

4060) yielding diol8 as a colorless oil (4.Og, 88% from 6) : [a] z” + 6 (c 1.07, CH2C12) ; tH NMR b 1.08 (s, 

9H, C(CH3)3), 2.08 (s, 2H, OH), 3.63-3.92 (m, 6H, H-l, H-l’, H-2, H-3, H-4, H-4’), 4.57, 4.67 (AB, 2H, 

JAB = 11.5 Hz, OCHzPh), 7.20-7.80 (m, 15 Hllrom) ; Anal. Calcd. for C27H34O&i : C, 71.% ; H, 7.60. 

Found : C, 72.05 ; H, 7.63. 
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2-O-Benzyr-4-O-te~-butykiiphenylsilyl-l,3di-O-~thy~~~~i-~thre~ol 9 

To a solution of diol8 (3.578, 7.9 mmol) in CH2Cl2 (50 mL) were.cukkd under argon, Et3N (3.3 mL, 23.8 

mmol), MsCl(l.8 mL, 23.8 mmol) and DMAP (213 mg, 1.7 mmol). After 2h stirring at room temperature, Hz0 

was added (20 mL) and the reaction mixture extracted with CH2Cl2 (3 x 30 mL). ‘Ihe combined organic extracts 

were washed with brine, dried over MgS04 and concen&&ed. The oily residue was purified by flash column 

chromatogmphy on silica gel (cyclohexan&tOAc, 2:l) affor&g 9 (4.458, 92%) as a colorless oil : [a]20 +0.8 

(c 2.57, C!HzCl$ ; tH NMR b 1.08 (s, 9H, C(CH3)3), 2.90, 2.94 (2s, 6H, CH3-S@), 3.82-3.99 (m, 2H, H-4, 

H-4’), 4.04 (m, lH, H-2), 4.30 (dd, lH, Jgem = 11 Hz, Jr,2 = 5.0 Hz, H-l), 4.45 (dd, lH, J11.2 = 4.5 Hz, 

H-l’), 4.59, 4.68 (AB, J,Q = 11.5 Hz, OCHzPh), 4.76 (m, lH, H-3) ; 7.20-7.75 (m, 15 w ; 13C NMR b 

19.1 (c(CH3)3), 26.8 (C(CH3)3), 37.5, 38.4 (CH3-S&), 62.5, 67.3 (C-l, C-4), 73.6 (CH2Ph), 75.3, 80.6 

(C-2, C-3), 127.9, 128.2, 128.5, 130.1, 132.1, 132.4, 135.4, 135.5, 136.7 (&,.& ; Anal. Calcd. for : 

C29H&&Si : C, 57.40 ; H, 6.31. Found : C, 57.55 ; H, 6.37. 

(iR, 3S)-I -Betuyl-3-benqyloxy-2-(te~-butyt@henyl silyloq) methyi-azetidine 1 a 

Dimesylate 9 (1.05g ; 1.7 mmol) in bmzylamine (5.5 mL ; 50 mmol) was stirred at 1WC for 8h. The 

benzylamine was then distilled under reduced pressure and the resulting syrup was added with ether (20 mL), 

allowing precipitation of the benzylamine salts. The resulting mixture was filter@ concentration of the filtrate 

yielded an oily residue which was purified by flash column chromatography on silica gel (cyclohe~~&X)Ac, 

95:5). Azetidine la was obtained as a colorless oil (860 mg, 95%) : [a]2* -22 (c 3.14, CH2C12) ; tH NMR 6 

1.05 (s, 9H, C(CH3)3), 2.80 (dd, lH, H-4), 3.33-3.95 (complex, 6H), 3.96 (m, lH, H-3), 4.39, 4.52 (AB, 

2H, JAB = 12.0 Hz, OCHzPh), 7.10-7.80 (m, 2OHarom) ; 1X NMR b 19.2 (C(CH3)3), 26.9 (C(CH3)3), 59.0 

(NCHzPh), 63.1, 65.6 (C-4, OCH2Si), 71.3, 71.9, 74.6 (OCH2Ph, C-2, C-3), 120.3, 127.0, 133.5, 135.6, 

137.9 (t&.& ; Anal. Calcd. for C3&9No2Si : C, 78.27 ; H, 7.53; N, 2.68. Found C, 78.11; H, 7.62;.N, 

2.68. 

(‘2R, 3S)-l-Benql-3-benzyloxy2-hydroxymethyl-azetidine 1 Oa 

To a solution of azetidine la (472 mg, 0.9 mmol) in THF (25 mL), tetmbutylammonium fluoride on silica gel 

(1.23g, 1.36 mmol) was added, After 2h stirring at room temperature the mixture was fIltered through a celite 

pad, the filtrate was concentrated and the oily residue purified by flash chromatography on silica gel 

(cyclohexane/Acetone, 3:2) giving 10a as a colorless oil (215 mg, 84%) : [a]20 + 2.5 (c 1.24, CH2C12) ; 1H 

NMR b 2.70 (br s, lH, OH) ; 2.87 (dd, lH, Jgem = 7.0 Hz, 53.4 = 7.0 Hz, H-4), 3.21-3.39 (m, 3H, CHzOH, 

H-2) ; 3.58 (dd, lH, J3,4’ = 7.0 Hz, H-4’) ; 3.66, 3.74 (AB, 2H, J Au = 12.5 Hz, NCHzPh), 4.15 (ddd, lH, 

J2.3 = 6.0 HZ, H-3), 4.44 (s, 2H, OCHzPh), 7.15-7.45 (m, 10 Harem) ; Anal. Calcd forCrsHatN& : C, 76.29: 

H, 7.47; N, 4.94. Found : C, 76.11; H, 7.52 ; N, 4.87. 

G’S, 3S)-1-Benz$-3-betuyloxy-2-cyanohydroxymethyl-azetidine 11 a 

To a solution of oxalyl chloride (86 uL, 1.0 mmol) in CH2C12 (4.5 mL) at -7OY!, under argon, with stirring, was 

added dropwise DMSO (140 pL, 2.0 mmol). After 10 mm, a solution of 1 Oa (215 mg, 0.76 mmol) in CHzC12 

(0.3 mL) was added and the mixture was allowed to stir for 30 min. The solution was quenched by addition of 

Et3N (550 uL, 4.0 mmol) and allowed to stir with warming to -3O’C over 40 min. To this mixture was added 

Et2AlCN (1.5 mL in 1.0 M solution in toluene) and after stirring for 30 min at -3oOC, the solution was 
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concentrated in vacua, diluted with EtOAc and H20, allowed to stir for 5 min. and filtered through a Celite pad 

The layers were separated and the organic phase was washed with Hz0 and with brine, dried, and evaporated to 

give the crude cyauohydrin as an oil. Purification by flash column chromatogmphy.(cyclohexane&tOAc, 75:25) 

yiekkdlla (148 mg, 63%), as a 1:l mixture of two diastereomers. tH NMR b 2.93, 3.01 (2 dd, lH, J3.4 = 

6.5Hz, Jge,= 7Hz, H-4), 3.45-3.84 (complex, 5H), 3.88 (d, 0.5H,J = lHz, H-C-CN), 4.04, 4.20 (2m, lH, 

H-3), 4.06 (AB, 0.5H, JAB = 13H2, NCHzPh), 4.37, 4.51 (AB, 2H, J,Q = 12Hz, OCHflh), 4.48, 4.61 (AB, 

2H, JAB = 12Hz, OCHzPh), 7.20-7.50 (m, IO- ; 1% NMR 8 58.6, 59.2, 60.2, 61.4, 61.8 (C-2, C-4, 

NCH$‘h), 69.0, 69.6, 72.1, 73.8, 74.2 (C-CN, OCl-JzPh, C-3), 117.6, 118.8 (CN), 127.7, 128.0, 128.3, 

128.5, 128.6, 128.8, 136.4, 137.4 (t&& ; Anal. Calcd for C19H2@J& : C, 74.00; H, 6.54; N, 9.08. Found 

: C, 73.66, H, 6.51 ; N, 9.16 

(zs 3S)-l-Beflzyl-3-betuyio~-2-fomyl-azetidine 2a 

Direct filtration and concemmtion of the mixtttte after Et3N quenching, afforded the crude aldehyde 2a in 

quantitative yield as an oil (220mg) ; tH NMR b 9.28 (d, IH, J = 3Hz, HC=O) 

(ZS, 3S)-l-Ben.ql-3-benzyloxy-2-carbomethoxy-azetidine 3a 

To a solution of oxalyl chloride (330 uL, 3.80 mmol) in CH2C12 (6 mL) at -7O”C, under argon, was added 

dropwise DMSO (530 uL, 7.60 mmol). After 10 min, a solution of crude cyanohydrin 1 la (prepared from 0.76 

mmol of 1 Oa) in CH2CI2 (2 mL) was added dropwise, and this mixture was allowed to stir for 35 mitt at -6OY. 

The. homogeneous solution was quenched by addition of Et3N (1.5 mL, 10.7 mmol) and allowed to stir with 

warming to -35“C over 35 mm. To this mixture was added methanol (3.8 mL) and after being stirred at room 

temperature for 3h, the reaction mixture was concentrated then diluted with EtOAc and H20. The layers were 

separated and the organic phase was washed with Hz0 and brine, dried and evaporated to give a pale yellow oil 

that was purified by flash column chromatography (cyclohexane&OAc, 4:l) to give methyl ester 3a as a 

colorless oil (71 mg, 30%) besides 12% of recovered cyanohydrin : [al20 -51 (c 1.83, CH2C12) ; 1H NMR b 

2.87 (dd, lH, J,, = 7.0 Hz, J3,4 = 7.0 Hz, H-4), 3.55 (dd, lH, J3,4’ = 6.5 Hz, H-4’), 3.60-3.75 (complex, 

5H, H-2, 0CH3, NCH2Ph) 3.85 (AB, lH, JAB = 12.5 Hz, NCHZPh), 4.27 (m, lH, J2,3 = 6.0 Hz, H-3), 4.45, 

4.60 (AB, 2H, JAB = 12.0 Hz, OCHzPh), 7.10-7.60 (m, 10 Harma) ; tsC NMR b 51.9 (OCHs), 58.2, 62.5 

(NCHzPh, C-4), 71.4, 72.4 (C-2, C-3, OCHzPh), 127.3, 127.9, 128.3, 128.4, 129.0, 136.7, 137.3 (&.&, 

171.7 (GO) ; IR (neat) cm-l : 1740 (St), 1495,1450, 1435 (md) ; Anal. Cakd. for Ctr~H2tNa : C, 73.29 ; H, 

6.80 ; N, 4.50. Found : C, 73.01 ; H, 6.81 ; N, 4.56. 

(2% 3S)-I-Allyl-3-benzyloxy-2-(tert-butyldiphenyl silyloxy) methyl-aztidine 1 b 

A solution of dimesylate 9 (1.53g, 2.53 mmol) and allylamine (5.7 mL, 76.0 mmol) in toluene (2 mL) was 

refluxed (53OC) for 24h. The reaction mixture was concentrated then diluted with toluene (5 mL) and refluxed 

for 48h. Evaporation of the solvent and purification by flash column chromatogmphy (cyclohexane/EtOAc, 9: 1) 

yielded azetidine 1 b as a colorless oil (960 mg, 80%) : [a] 20 -24 (c 5.37, CH2C12) ; tH NMR b 1.06 (s, 9H, 

C(CH3)3), 2.75 (dd, lH, Jaem = 7.0 Hz, 13.4 = 7.0 Hz, H-4a), 3.00 (dd, lH, J,, = 13.5 Hz, Its, 2’ = 7.0 Hz, 

H-l’a), 3.21 (m, H-2), 3.30 (dd, lH, Jt’b.7 = 6.0 Hz, H-l’b), 3.58-3.76 (m, 3H, CHzOSi, H-4b), 3.93 (m, 

lH, J2,3 = 6.0 HZ, H-3), 4.40, 4.55 (AB, 2H, JAB = 11.5 Hz, OCHzPh), 5.04 (m, lH, Jy,ycis = 10.0 HZ, H- 

3’cis), 5.15 (m, lH, Jr,31 - = 17.5 Hz, H-3’ Warts), 5.71 (m, lH, H-2’), 7.20-7.80 (15 Hamn); t3C NMR 6 
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19.2 (c(CH3)3) ; 26.9 (C(CH3)3) ; 58.8, 61.9 (C-l’, C-4) ; 65.8, 71.2 (CH@Si, OCHzPh) ; 72.1, 74.5 (C-2, 

C-3) ; 117.2 (C-3’) ; 127.6, 128.3, 129.6, 133.5, 133.6, 135.6, 137.9 (carom); 134.6 (C-2’). Anal. Calcd. for 

C3&I37NO#i : C, 76.39 ; H, 7.91 ; N, 2.97. Found : C, 76.26 ; H, 7.87 ; N, 2.82. 

(2R, 3S)-I-Ally&3 -ben.zyloxy-2-hhydroxymethyl-azetidine 10 b 

1 Ob was prepamd from 1 b via the pmcedure given for 1 Oa F’urification by flash chromatography 

(cyclohexane/A&one, 3:2) gave ax&line 10 b in 88% yield as a white solid : [a]20 + 1 (c 1.08, CHfl12) ; mp 

57Y! ; tH NMR b 2.77 (dd, lH, J3,4e = 7.0 Hz, Jsem = 7.0 Hz, H-4a) ; 3.07 (dd, lH, Jgcm = 13.0 HZ, Jtla, 2 

= 6.0 Hz, H-l’a) 3.14-3.27 (m, 2H, H-lb, H-2) ; 3.42, 3.55 (ABX, 2H, JAB = 12.0 I-Ix, C&OH) ; 3.57 (dd, 

J3,4h = 6.0 Hz, H-4b) ; 4.12 (m, lH, J2.3 = 6.0 HZ, H-3) ; 5.08 (m, lH, 5~. 3*cis = 10.0 Hz, H3’cis) ; 5.17 

(m, lH, Jz, 3’uW = 17.0 Hz, H-3’ trans) ; 5.74 (m, lH, H-2’) ; 7.32(s, 5&n& Anal. Calcd. for CI4HI9N~ 

: C, 72.07; H, 8.21; N, 6.00. Found : C, 71.87; H, 8.15; N, 5.88. 

11 b was prepared from 1 Ob via the procedure given for 11 a. Purification by flash chromatography 

(cyclohexane/EtOAc, 3:l) gave ax&dine 11 b (66%), as a 7~3 mixture of diastereomers; IH NMR 8 2.85-3.65 

(complex, 6H) ; 3.94 (d, 0.7l-L J=2Hz, H-C-CN) ; 4.03,4.22 (2m, lH, H-3) ; 4.32 (d, 0.3H, J = 3.5Hz, HC- 

CN) ; 4.39-4.51 (AB, 1.4H, JAB = 12Hx, OCH2Ph) ; 4.48, 4.62 (AB, 0.6H, JAB = 12Hx, OCH2Ph) ; 5.10- 

5.30 (m, 2H, H-3’a, H-3’b) ; 5.65-5.85 (m, lH, C-2’) ; 7.14-7.48 (m, 5Harom) ; 13C NMR 6 58.4, 58.8, 

59.1, 59.7, 60.1 (C-2, C-4, C-l’) ; 69.1, 69.6, 72.0, 72.1, 73.7, 74.1 (C-CN, C-3, OCH2Ph) ; 118.6, 118.9 

(C-3’, CN) ; 128.0, 128.3, 128.5, 128.7, 137.5 (&xx) ; 132.9, 133.4 (C-2’). Anal. Calcd. forC&Il&@ : 

C, 69.74 ; H, 7.02 ; N, 10.84. Found : C, 69.40 ; H, 7.15 ; N, 10.76. 

(ZS, 3S)-I-Allyl-3-ben.&ny-2-fbrmyl-a.zetidine 2 b 

The crude aldehyde 2 b was obtained from 1 Ob in quantitative yield as an oil ; lH NMR 6 9.53 (d, lH, J = 2Hz, 

HC====) 

(2S,3S)-I-Allyl-3-ben.zylo.xy-2-carbomethoxy-azetidine 3 b 

Ester 12 b was prepand from crude cyanohydrin 11 b via the procedure given for 12a. Purification by flash 

chromatography (cyclohexane/Acetone, 9: 1) gave recovered cyanohydrin (5%) and the ester 3 b in 40% yield as a 

colorless oil : [a]20 -57 (c 2.26, CH2C12) ; IH NMR b 2.81 (dd, lH, JBBm = 7.0 Hz, J3,4a = 7.0 Hz, H-4a), 

3.11, 3.28 (ABX, 2H, J,Q= 13.0Hz, Jt*,~=6.5 Hz, H-l’) ; 3.54-3.66 (complex, 2H, H-2, H-4b) ; 3.71 (s, 

3H, OCH3) ; 4.23 (ddd, lH, J = 6.0 Hz, H-3) ; 4.45,4.61 (AB, 2H, JAB = 11.5 Hz, OCEJ2ph) ; 5.11 (m, lH, 

H3’cis) ; 5.18 (m, lH, H3’trans) ; 5.77 (m, lH, H-2’) ; 7.20-7.40 (s, 5Harom) ; W NMR 6 52.0 (OCH3) ; 

58.1, 61.4 (C-4, C-l’) ; 71.4, 71.5, 72.5 (OCHzPh, C-2, C-3) ; 118.3 (C-3’) ; 127.8, 128.4 , 137.3 (C&,& ; 

133.4 (C-2’) ; 171.8 (GO) ; IR (neat) cm- 1 : 1740 (St), 1640 (wk), 1495 (wk), 1450, 1435 (md). Anal. Calcd. 

for CI5HI9NOj : C, 68.94 ; H, 7.33 ; N, 5.36. Found : C, 68.68 ; H, 7.26 ; N, 5.33. 

(2R, 3S)-3-Benq4oxy-2-(tert-butyldiphenyl silylov) methyl-azetidine 12 

A solution of the axetidine 1 b (907mg, 19Ommol) in ethanol and water (12mL, 3: 1) was added to 10% Pd on 

chatcoal (181mg) and refluxed under stirring for 15h. After cooling the mixture was fittered through a celite pad, 
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concentrated under vacua, purificated by silicagel chromatography (cyclohexan~Acetone, 82) affording N-H 

ax&line 12 as a pale yellow oil (503mg, 61 X) ; tH NMR b 1.07 (s, 9H, C(CH3)3) ;1.65 (br s, lH, NH) ; 3.05 

(dd, lH, J3,4 = 5SHz, J3,c = 5.5H2, H-4) ; 3.38 (m, lH, H-2) ; 3.46 (dd, lH, H-4’) ; 3.58-3.73 (m, 2H, 

CH20Si) ; 3.88 (m, lH, H-3) ; 4.40,4.59 (AB, 2H, J,Q = 12H2, OCH2Ph) ; *7.2@7.80 (m, 15Ha,&. Partial 

degradation occured during the chromatography. Benzylation of the crude derivative 12 gave azdidhe la in 

75% yield 

(2R, 3S)-3-Benzyloxy-2-hydroxymethyl-azetidine 13 

Refluxing compound 1 Ob (388mg, 166mmol) in ethanol and water (lOmL, 3:l) with 10% Pd on charcoal 

(77mg) for 15h gave after silicagel chromatogmphy (CH$Zl2/MeOH/NH3,65:1&1) the aminoalcohol 13 as pale 

yellow, hygmscopic solid (245mg, 76%); tH NMR 6 2.80-3.10 (complex, 2H, H-4, NH) ; 3.40-3.60 

(complex, 4H, CHzOH, H-2) ; 3.93 (m, lH, H-4’) ; 4.22 (m, lH, H-3) ; 4.43 (s, 2H, OCH2Ph) ; 7.20-7.40 

(m, 5H,& ; 1% NMR b 51.1 (C-4) ; 62.7 (CHzOH) ; 67.4 (C-2) ; 71.4 (OCH;?Ph) ; 72.8 (C-3) ; 127.9, 

128.5, 137.7 (Cu.&. 

(2R, 3S)-3-Benzyloxy-2-(tert-butyldiphenyl silyioxy) methyl-l -p-methoxyphenyl-azetidine 1 c 

A solution of dimesylate 9 (1.5Og, 2.47 mmol) and paramethoxy-aniline (4.56g, 37 mmol) in toluene (15 mL) is 

refluxed for 2 days. Concentration under reduced pressure and purification by flash chromatography 

(cyclohexane/EtOAc, 91) gave azetidine lc as a white solid (930 mg, 70%) : ‘mp 97°C ; [a]20 -34 (c 1.58, 

CH$&) ; tH NMRB 1.05 (s, 9H, C(CH3)3) ; 3.47 (m, lH, H-4) ; 3.74 (s, 3H, OCH3) ; 3.75-4.20 (m, 4H, 

CHzOSi, H-2, H-4’) ; 4.24 (m, lH, H-3) ; 4.43, 4.56 (AB, JAB = 11.5 Hz, OCH2Ph) ; 6.40-7.73 (m, 19 

Harem) ; W NMR 6 19.3 (C(Meb) ; 26.9 (C(CH3)3) ; 55.8 (OCH3) ; 58.2 (CA) ; 65.8, 71.7 (CH2OSi, 

CH2ph) ; 71.9, 73.7 (C-2, C-3) ; 113.9, 114.5, 127.7, 129.7, 133.1, 133.3, 135.6, 146.4, 152.6 (Carom). 

Anal. Calcd. for&H3$QSi : C, 75.94 ; H, 7.31 ; N, 2.60. Found : C, 76.01 ; H, 7.41 ; N, 2.64. 

(2R, 3S)-2-(tert-Butyldiphenyi silyloxy) methyl-3-hydroxy-I-p-methoxyphenyl-azetidine 14 

A mixture of azetidine 1 c (750 mg, 1.39 mmol) and cyclohexene (20 mL) in EtOH (20 mL) was refluxed for 20h 

with 20% palladium hydroxide on charcoal (500 mg). The catalyst was filtered off and the solvent evaporated to 

give a yellow oil which was purified by flash chromatography (cyclohexane/EtOAc, 7:3) yielding alcohol 14 as 

an oil (375 mg, 65%) ; [a120 -47 (c 1.37 ; CH2Cl2) ; tH NMR b 1.04 (s, 9H, C(CH3)3) ; 3.33 (dd, lH, Jgem = 

7.0 Hz, J3,4 = 5.5 Hz, H-4) ; 3.73 (s, 3H, OCH3) ; 3.79 (m, lH, H-2) ; 3.85-4.0 (m, 2H, CHzOSi) ; 4.15 (m, 
lH, H-4’) ; 4.39 (m, lH, H-3) 6.52-7.73 (m, 14w ; t3C NMR B 19.2 (C(CH3)3) ; 26.9 (C(CH3)3) ; 55.8 

(OCH3) ; 60.3 (C-4) ; 65.7 (C-2) ; 65.8 (CHzOSi) ; 75.7 (C-3) ; 113.9, 114.5, 137.7,139.7, 133.1, 133.3, 

135.6, 146.4, 152.6 (C,&. Anal. Calcd. for C27Hs$QSi : C, 72.44 ; H, 7.43 ; N, 3.13. Found : C, 72.57 ; 

H, 7.51 ; N, 3.10. 

(2R)_2-(tert-Butyldiphenyl silylov) methyl-l -p-methoqphenyl-3-oxo-a&dine 4 

To a solution of oxalyl chloride (36 pL, 0.42 mmol) in THF (4 mL) at -78’C under argon, with stirring, was 

added dmpwise DMSO (60 uL, 0.86mmol) in THF (500 uL). After 20 nun, a solution of alcohol 14 (150 mg, 

0.34 mmol) in THF (500 uL) was added and this mixture was allowed to stir for 40 ntin at -65°C. The solution 

was quenched by addition of Et3N (142 pL, 1 .O mmol) and allowed to stir with warming to -5oOC over 1 h. 
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Ether (20 mL) was added to the mixture which was filtered and concentrated yielding azetidine 4 quantatively 

(150 mg) as a colorless oil, which was not further purified, due to its relative instability. IR (neat) cm-1 : 1820, 

1390,125O ; tH NMR6 1.03 (s, 9H, C(CH3)3) ; 3.74 (s, 3H, GCH3) ; 3.99 (m, 2H, CHzOSi), 4.42 (m, lH, 

H-4) ; 4.654.72 (m, 2H, H-2, H-41 ; 6.61,6.80 (AB, J = 10 Hz, 4 Hymn) ; 7.20-7.70 (m, 10 &in). 
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