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Abstmct: Both enantiomers of 4-p-anisyloxy-3hydroxybutanoates 4 have been prepared in high e.e. by reduction of 
the corresponding &ketoesters or p-ketocarboxylates with immobilized fermenting baker’s yeast. The utility of these 
new chiral building blocks in the synthesis of pharmacologically important p-lactam antibiotics lias been 
demonstrated. 

During the course of our researches in the field of B-lactam antibiotics, 1 we felt the need of an efficient 

1 R’=H 4 R’ = pMeQH4- 

2 R’ = Ph2tBuSi 5 R’ = tBu 

3 R’=Ph,C 6 R’ = Bn 

a:R’=Me b:R’=Et c:R’=Bn 

method for the preparation in high e.e. of both enantiomers of 

monoprotected p;y-dihydroxyesters like 2-6. III previous works 12 

we have obtained (R) or (S) 2a and 3a starting from D or L 

dimethyl malate. taking advantage of Moriwake’s3 regioselective 

reduction of C-l carboxyl, and of subsequent regioselective 

protection of the primary hydroxyl in the resulting diol la. 

However, this method was limited by the fact that only few 

protecting groups could be introduced regioselectively on the 

primary hydxoxyl group of 1 without side reactions.t For example, 

although the p-anisyl protecting group‘t appeared to us quite attractive in virtue of its stabiity under acidic and 

basic conditions and to its easy removal under neutral oxidative conditions, we did not succeeded in preparing 

(R) or (s) 4 by this route. 

Thus we decided to explore a different strategy for the obtainment of enantiomerically enriched 4. based 

on Baker’s yeast mediated reduction of the corresponding b-ketoester.Qj By this strategy Seebach had aheady 

prepared (R) Sb and (R) 6b.’ However, while the former was guessed to be not ideal for our projected B- 

lactam syntheses.8 the latter was produced in only 56% e.e. 

The requisite B-hydroxyesters 8 and 10 were prepared as described in Scheme 1. starting from ethyl 

0 A company related to “A. Menarini” Industrie Fammceutiche Riunite. s.r.1. 
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chloroacetoacetate.9 or from known p-anisyloxyacetic acid 9. 1oJl The fit methodology was less efficient, 

mainly because of the low stability of the enolate derived from 7. On the contrary, the second strategy, which 

employs Meldrum’s acid as acetate equivalent, 13 afforded good yields of the desired 8-lcetoester 10.14 We 

also prepared the potassium carboxylate 11 through hydrogenolysis of 10. 

We next studied baker’s yeast reduction of substrates 8,10, and 11 (Table 1). The ethyl ester was 

reduced with good enantioselection by free baker’s yeast (entry l), provided that high dilution conditions were 

Table 1: Baker’s Yeast Reduction of 8,10, and lla 

pAnO&o,z pAnOaoR + pAnOn,, 

8:R=Et lO:R=Bn ll:R=K 4b:R=Et 4c:R=Bn 12 

6 10 I C 23h 70% 91% R < 15% n.d. n.d. 
7 10 I F 68h 69% 91% R n.d. n.d. n.d. 
8 11 I C 36h - - - 7096s 90% s 

’ All reactions were performed at 29T using sucrose ss nutrient. b F = free baker’s yeast; I = baker’s yeast immobilized on 

:alcium alginate. CA: 15 g yeast, 100 ml H20 and 10 ml EtOH per mm01 substrate. Slow addition of substrate (12 h). B: 5 g yeast, 

i0 ml H20 and 1 ml EtOH per mm01 substrate. Fast addition of substrate. C: 7 g yeast, 100 ml H20 and 10 ml EtOH per mmo 

l&&rate. Slow addition of substrate (12 h). D: as in C, but in the presence of ethyl chloroacetate (0.2 mm01 I g yeast). E: as in C. 

wt in the presence of ethyl chloroacetate (1 mmol I g yeast). F: 1.5 g yeast, 43 ml H20 and 9 ml EtOH per mm01 substrate. Slow 

uldition of substrate (36 h). d Determined by 1H n.m.r. analysis of the corresponding Masher’s esters (see experimental part). ’ 
ktermiaed, after conversion into methyl ester 4a, by 1 H n.m.r. analysis of the corresponding Masher’s esters. f Very sluggist 

eaction. g Yield of 2 steps from 10, including hydrogenolysis. 
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used. This was realized by slow addition of au ethanollc solution of substrate to the fermenting yeast. On the 

contrary, by adding all 8 at once, the e.e. dropped significantly (entry 2). The increase of e.e. under higher 

dilution is in agreement with the behaviour of other l3-hydroxyesters.5 The yield was however only moderate, 

due to the substantial formation, as by-product, of B_hydroxyacid 12.15 We guess that in this case ester 

hydrolysis occurred after ketone reduction. Reduction after the hydrolysis was indeed expected to lead 

preferentially to the (5) enantiomer (see entry 8). In order to check wether this hydrolysis could be important 

in increasing the e.e. through a kinetic resolution, we submitted racemic 4h to the same conditions employed 

in entry 1. The unreacted substrate turned out to be enriched in the (5) enantiomer,t6 showing that (R) 4h is 

hydrolyzed faster, and that the kinetic resolution is in this case deleterious. 

In order to improve the yield and the enantioselectivity, we then explored the effect of reaction 

conditions. 17~s In particular it has been reported that the use of baker’s yeast immobilized on magnesium or 

calcium alginate allows easier recovery of reaction products as well as catalyst recycling.17 Moreover, the 

eanntioselectivity toward the L [in this case (R)] isomer is usually increased.17d Finally, the need for high 

dilution under these conditions is less stringent. In our case, using l-l.5 mm calcium alginate beads, 17& we 

actually found an increase of e.e. even using more concentrated conditions and a smaller yeast / substrate ratio 

(entry 3). We experimented also the use, as additive, of ethyl chloroacetate, which was shown to shift the 

enantioselectivity towards the L isomer too. 1se While the effect on the enantioselectivity was negligible, the 

presence of this additive suppressed in part the competitive ester hydrolysis, bringing about an improvement in 

the yield (entry 4). The reaction was however slower. By further increasing the ethyl chloroacetate 

concentration, the reaction became too sluggish (entry 5). 

As expected, the benzyl ether 10 proved to be more resistant to ester hydrolysis, thus allowing better 

yields with e.e.s comparable with those achieved with the ethyl ester (entries 6). We have upscaled this 

reduction decreasing the yeast amount up to 1.5 g per mm01 of substrate (entry 7). Although the reaction was 

slower, the good yields and e.e.s were maintained. 

Finally we subjected to reduction also the potassium carboxylate 11.19 With our surprise, a complete 

reversal of enantioselectivity was found, the (5) enantiomer being obtained in good yield and high e.e. (entry 

8). 20 This P-hydroxyacid 12 was smoothly converted into the corresponding methyl ester 4a by treatment with 

CH2N2. Thanks to this unprecedented reversal of enantioselectivity, we have at hand efficient methods for the 

obtainment of P-hydroxyesters 4 in both enantiomeric forms. 

The possibility to reuse the supported yeast was by us verified by consecutively reducing four batches of 

substrate 10. The activity was substantially retained. In this case it is however advisable, after complete 

reduction of each batch, not to wash the catalyst with an organic solvent, like AcOEt, since this operation 

provokes a decrease of activity. 

Having solved the problem of efficient preparation of (R) 4c, we next transformed it into useful 

intermediate for’the synthesis of pharmacologically important p-lactams. For example (Scheme 2), 4c was 

converted into hydroxamate 13, which underwent Miller’s biomimetic cyclization21 to give fj-lactam 14. This 

reaction was complicated by the competitive formation of elimination products, especially when, using 

concentrated THF solutions, substrate 13 was not completely dissolved. Although the use of DMF as solvent 

suppressed this side reaction, the cyclization became too sluggish. Good yields were finally achieved by 

performing the reaction in THF at high dilution. After removal of benzyloxy and p-anisyl groups, 4- 

(hydroxymethyl)azetidinone 1822 was obtained in good overall yield (27%). This compound is a known 
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pAn0 

1) H2, Pd-C, EtOH 

OBn 2) WSC, BIIONH~, 
II@-THF 

84% pAn0 

1) HP, Pd-C, MeOH 
2) TiCl3, HsO-MeOH 

61% I 

17: St’= H; R2= SiMq$Bu 

building block for the synthesis of thienamycin, 22a isoclavams,23 and other &lactam antibiotics.~ Compound 

17 was further characterized by conversion into know& disilyl derivative 19. 

Axe&none 16 was also used in the synthesis of 23, which is a known intermediatet~ for the synthesis 

of monocyclic @-lactam antibiotic c~on~t (Scheme 3). This was ~complish~ by “ele~~op~lic 

a&nation” of 16 through reaction of the corresponding lithium enolate with iso-amyl nitrite followed by 

hydrogenation of the resuhing mixture of oximes and by amine protection.5 This sequence was moderately 

stereoselective (about 3S:l) favouring the cis stereoisomer 21. Deblocking of the p-anisyl and Me2rBuSi 

gronps furnished 23 in good overall yield (6.5% from 4c). 

An alternative synthesis of 23 is shown in Scheme 4. This time the introduction of the ammo group was 

performed through an “‘electrophilic amination” directly carried out at the level of 4c. This reaction is a further 

example of the previously by us described stereoselective condensation of P-hydroxyester dianions with di- 

tert-butyl azodicarboxylate.26 The anti stereoisomer was formed nearly exclusively, although in only 

moderate yields. The protected hydraxino group introduced in this way may be considered a synthetic 

eq~v~ent of an ammo group, thanks to the possible hy~ogenolysis of the N-N bond. Com~und 24 was 

Scheme 3 
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2) (Boc)N=N(Boc) 

converted via Miller’s biomimetic cycliiation, into azetidinone 26. Treatment of the latter with cerium 

~0~~ nitrate furnished 4-hydroxyme~yl-~-1~~ 27, which has been already ~~sfo~ed by us1 into 

23. 

In conclusion, we have developed an efficient entry into both enantiomers of 4-p-anisyloxy-3- 

hydroxybutanoates by means of microbiological reduction with immobilized baker’s yeast of p-ketoestets 8 

and 10 and &lcetocarboxylate 11, respectively. Some possible applications of these new chiral building blocks 

in the field of p-lactam derivatives have been described. 

EXPERIMENTAL 

N.m.r. spectra were recorded on a Varian Gemini 200 spectrometer. Te~~e~ylsil~e was used as 
internal standard for spectra in CDCl3 and d-6 acetone. 1.r. spectra were recorded on a Perkin-Elmer 881 
instrument as CHC13 solutions or as nujol dispersion. Elemental analyses were performed with a Perk&Elmer 
240 instrument. Organic extracts were dried over Na2S04 and filtered before removal of solvent under 
reduced pressure. All reactions employing dry solvents were run under a nitrogen atmosphere. 
Tetrabydrofuran (TI-IP) was dried over K/benzophenone; CH2Cl2, pyridine, and dimethylformamide (DMF) 
were doubly dried27 over 4 A molecular sieves. Chromatographies were carried out on 220400 mesh silica 
gel. Thin layer c~o~to~ap~es were carried out on 0.25 mm silica gel F 254 plates (Merck). Spots were 
detected at U.V. or, unless otherwise noted, through immersion in a solution of 21 g ~4)~~~4 Hz0 and 
of 1 g Ce(SO4)24 Hz0 in 469 ml H-20 and 31 ml cone. H2SO4. followed by warming on a hot plate. PE = 
petroleum ether. 

Ethyl 4-(4-me~o~he~xy)-3~xobu~oa~ 8. A suspension of NaH (50% in mineral oil) (1.63 g, 
34.0 mmolf in dry THF (15 ml), cooled to O’C, was treated with a solution of 4-methoxyphenol(3.93 g, 31.6 
mmol) in dry THF (3 ml). In another flask, a suspension of NaH (1.96 g, 40.8 mmol) in THF (10 ml) was 
treated, at -3O’C, with a solution of ethyl 4-chloroacetoacetate (5 ml, 35.1 mmol) iu THF (5 ml). The resulting 
yellowish solution was slowly added via syringe to the solution of sodium 4-methoxyphenoxide, kept at 0°C. 
At the end of addition the temperature was slowly raised to reflux durhrg lh, and the solution refluxed for 2h. 
At this point, another solution of sodium enolate of ethyl 4-cbloroacetoacetate [prepared as above described 
starting from 2.5 ml of acetoacetate (17.6 mmol) and 0.980 g of NaH (20.4 mmol) in 7.5 ml of THFJ was 
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added. After tefluxing for 18h, the solution was cooled and poured into 1 N HCI (60 ml). The pH was adjusted 
to 7, and the mixture extracted with Et20 to give, after evaporation to dryness and chromatography (PE / 
Et20 / CH2Cl2 825) 8, containing some 4-methoxyphenol(5.67 g). Bulb to bulb distillation gave pure 8 as a 
colorless liquid (3.26 g, 41%). Found: C, 61.15; H. 6.5%. Calculated for C13Hl605: C, 61.90; H, 6.39%. Rf: 

0.56 (PE / Et20 / CH2Clz 8:2:5). 1H n.m.r. (CDC13): 6 6.85-6.80[4 H, m, aromatics]; 4.59 [2 H, s, 
OCiY+O]; 4.18 [2 H, q, OCHQI3, J= 7.1 Hz.]; 3.76 [3 H, S, CZf30]; 3.62 [2 H, s, CH&OOEt]; 1.25 [3 H, 
t, W3CH2, J= 7.1 Hz.]. 

Beayl4-(4-metboxyphenoxy)-3-oxobutanoate 10. A brown solution of 2.2~dimethyl-1,3-dioxan-4,6- 

dione (6.49 g, 45.0 mmol) in dry CHzCl;! was cooled to O’C and treated slowly with dry pyridine (7.87 ml, 
98.2 mmol). In another flask a suspension of (4methoxyphenoxy)acetic acid10 (7.46 g, 40.9 mmol) in CH2C12 
(10 ml) was slowly treated with N,N’-carbonyldiimidazole (7.30 g, 45.0 mmol). When the gas evolution 
ceased, the resulting solution was added to the reddish solution of Meldrum’s acid and pyridine, kept at 0°C. 
4-Dimethylaminopyridine (250 mg, 2.05 mmol) was added and the mixture stirred for 1 h at 0°C and for 5h at 
r.t. After dilution with CH2C12, the reaction mixture was poured into an Erlemuayer flask containing 2N HCl 
(70 ml) and some ice, and extracted with CH2C12. The organic phase was washed with 2N HCl and with 
saturated brine to give, after evaporation, a crude solid. It was taken up in toluene (30 ml)(it did not dissolve 
completely) and treated with benzyl alcohol (6.4 ml, 61.4 mmol). The mixture was stirred at 85°C for 45 min. 
and the solvent evaporated to give a crude solid which was recrystallized from Et20 / n-pentane to give pure 
10 as a white solid (7.26 g). The mother liquors afforded, after chromatography and crystallization, another 
1.97 g of 10. Overall yield= 72%. M.p.: 45.4-46.2”. Found: C, 68.6; H, 5.7%. Calculated for Clt$Hts05: C, 
68.78; H, 5.77%. Rf : 0.51 (PE / Et20 1:l). 1H n.m.r. (CDC13): 6 7.40-7.30 [5 H, m, aromatics of benzyl]; 
6.90-6.70 [4 H, m, aromatics of anisyl]; 5.16 [2 H, s, CZf2Phl; 4.56 [2 H, s, OCH$=O]; 3.76 [3 H, s, CH301; 
3.68 [2 H, s, C&COOBn]. 1.r. (nujol): vm,: 1726, 1506, 1324, 1235, 1225, 1195, 1130, 1105, 1072, 1035, 
965,825,800,750,700 cm-l. 

(It) Benzyl3-hydroxy-4-(4.methoxyphenoxy)butanoate 4c. A suspension of sodium alginate (35 g) in 
deionized water (1.8 1) was stirred at 80°C until homogeneous. After cooling to r.t., baker’s yeast (Distillerie 
Italiane)(35 g) was added and the mixture vigourously stirred until homogeneous. It was transferred into a 
dropping funnel, whose lower end was connected, through a short tube (5 cm), with a needle. The mixture was 
dropped, under positive pressure, into a vigorously stirred solution of CaC12 (2% w/w) in water (1.8 1). In this 
way, beads of approximately 1.5 mm of diameters wre obtained. l7h They were decanted and suspended in 
water (1 1). This suspension was warmed to 29”C, treated with sucrose (35 g), and allowed to ferment for lh. 
A solution of 10 (2.41 g, 7.67 mmol) in EtOH (70 ml) was slowly added during 8 h. After 14 h, sucrose (35 g) 
was added and, after 30 min., another solution of 10 (2.41 g, 7.67 mmol) in EtOH (70 ml) was slowly dropped 
during 8 h. These additions were repeated again after 14 h. Finally the mixture was stirred for 16 h, and the 
calcium alginate beads removed through decantation. The solution was brought to pH 2 by addition of HCl, 
and extracted with AcOEt, while the beads were washed with AcOEt (this washing should be avoided if the 
yeast has to be reused). The reunited organic extracts gave, upon evaporation, a crude product which was 
chromatographed (PE / Et20 1:l + 4:6) to give pure (R) 4c (5.02 g, 69%). The e.e. was determined to be 91% 
by conversion into Mosher’s esters by reaction with both (5) and (R) (methoxy)phenyl(trifluoromethyl)acetyl 
chlorides (4_dimethylaminopyridine, CHzC12, r.t.) and by their 1H n.m.r. analysis (integration of CH$b 
signals). Found: C, 68.0%; H, 6.45%. Calculated for ClsH2005: C, 68.34; H, 6.37%. [U]D = + 9.0” (c 2, 
CHCl3). Rf : 0.29 (PE / Et20 1:l). 1H n.m.r. (CDC13): 6 7.36 [5 H, s, aromatics of benzyl]; 6.82 [4 H, s, 
aromatics of anisyl]; 5.17 [2 H, s, CZ&Ph]; 4.48-4.35 [l H, m, CH-OH, mc= 4.421; 3.95 [2 H, d, pAnOCH2, J= 
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5.1 Hz.]; 3.76 [3 H, s, CJZ30]; 2.73 and 2.71 [2 H, AB part of an ABX system, CH2COOBn. J not det.]. 1.r. 
(CHC13): v-: 3450,1728,1505,1460,1230,1165,1108,1040,825,750,700 cm-t. 

(R) Ethyl 3-hy~~-4-(4-methoxypaenoxy)bu~~~ 4b. It was prepared in 61% yield by reduction 
of 8 with immobilized baker’s yeast, following a procedure similar to that described for 4c with these 
differences: A) 7 g yeast. 100 ml of H20. and 10 ml of EtOH were used for each mm01 of substrate. B) Slow 
addition of all substrate was performed during 8 h. Another portion of sucrose was added after 24 h, and the 
reaction was worked up after 36 h overall. C) 0.2 mmol/ g yeast of ethyl chloroacetate were added just before 
starting of substrate addition. Yield of pure (R) 4b after chromatography was 61%. The e.e., determined as 
described for 4c, was 89% (by integration of CH3CH2 signals upon decoupling of CH$ZH3). Found C, 61.65; 
H, 7.35. Calculated for Cl3Hls05: C, 61.41; H, 7.34%. [u]D= + 9.9’ (c 1.5, CHC13). 1H n.m.r. (CDCl3): 6 
6.90-6.76 [4 H, m, aromatics]; 4.45-4.34 [l H, m, CHOH]; 4.22 [2 H, q, CH2CH3, J= 6.7 Hz.]; 3.95 [2 H, d, 

pAnOCH2, J= 5.2 I-Ix.]; 3.77 [3 H, s, CH30]; 3.09 [l H, d, OH, J= 4.4 Hz.]; 2.67 and 2.65 [2 H, AB part of an 
ABX system, CZ$$OOEt, J not det.]; 1.28 [3 H, t, CH#Z3, J= 7.1 Hz.]. 

(S) 3-Hydroxy-4-(4-methoxyphenoxy)butanoic acid 12. A solution of 10 (582 mg, 1.85 mmol) in 
ethanol (15 ml) was hydrogenated for 1.5 h over 10% Pd-C (50 mg). After removal of the catalyst by 
filtration, the filtrate was treated with 1N KOH in ethanol (1.85 ml, 1.85 mmol). The solvent was evaporated 
and the residue taken up in Hz0 / EtOH 6:l (30 ml). A suspension of immobilized baker’s yeast (obtained 
from 7 g of yeast using the procedure described above for the synthesis of 4c) suspended in Hz0 (200 ml), 
was treated at 29°C with sucrose (7 g) and allowed to ferment for lh. Then, about 70% of the carboxylate 
solution was slowly added during 6 h to the fermenting yeast. After further stirring for 14h, another portion of 
sucrose (7 g) was added, and the remaining carboxylate solution added during 6 h. After 10 h., the reaction 
was worked out as described for the synthesis of 4c. Chromatography (PE / AcOEt / AcOH 47.5:47.5:5) 
furnished pure 12 (293 mg, 70%). Rf : 0.42 (PE / AcOEt / AcOH 47.5:47.5:5). [a]~: + 0.5” (c 1.5, MeOH). 
1H n.m.r. (CD3COCD3): 6 6.80-7.00 [4 H, m, aromatics]; 4.30-4.42 [l H, m, CHOH]; 3.95 [2 H, pAnOCH2, 

J= 5.4 Hz.]; 3.74 [3 H, s, CH30]; 2.53 and 2.68 [2 H, AB part of an ABX system, CH2COOH, Jm=15.8; Jm 
and Jm= 4.6 and 8.3 I-Ix.]. 

(R) Methyl 3-hydroxy-4-(4-methoxhoxyphenoxy)butanoate 4a. A solution of (R) 4c (60 mg, 0.190 
mmol) in ethanol (5 ml) was hydrogenated for 2h over 10% Pd/C (10 mg). After removal of the catalyst by 
filtration, the filtrate was evaporated to dryness, taken up in Et20 (3 ml) and treated with an ethereal solution 
of CH2N2. Excess reagent was quenched with AcOH and the crude product evaporated to dryness and 
chromatographed (PE / Et20 4:6) to give pure (R) 4n (39 mg, 86%). Found: C, 60.2; H, 6.6%. Calculated for 

Cl2Hl605: C, 60.00; H. 6.71%. [a]~ = + 10.8” (c 1.60, CHC13). RF: 0.30 (PE/ Et20 3:7). 1H n.m.r. (CDC13): 
6 6.84 [4 H, s, aromatics]; 4.41 [l H, quint. CH-OH, J= 5.8 Hz.]; 3.95 [2 H, d, CZf20, J= 5.3 Hz.]; 3.77 and 
3.74 [2 x 3H, 2s, CH30]; 3.08 [l H, broad s, OH]; 2.69 and 2.67 [2 H, AB part of an ABX system, 
C&CO2Me, JAB= 16.5; JAX and Jm= = 10.1 and 2.3 Hz.]. 

(S) Methyl 3-hydroxy-4-(4-methoxyphenoxy)butanoate 4a It was prepared from (5’) 12 in 90% yield 
by treatment with CHzN;! as above. [a+ -10.6 (c 1.60, MeOH). 

(R) Benzyl3-hydroxy-4-(4-methoxyphenoxy)butanohydroxamate 13. A solution of (R) 4c (4.28 g, 

12.8 mmol) in ethanol (100 ml) was hydrogenated over 10% W-C (400 mg) for 1 h. After removal of the 
catalyst by filtration, the filtrate was evaporated to dryness, taken up in Hz0 / THF 3: 1 (100 ml) and treated 
with 0-benxylhydroxylamine hydrochloride (2.25 g, 14.1 mmol). The pH was adjusted to 4.5 and a solution of 
N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide (3.70 g, 19.3 mmol) in Hz0 (47 ml) was slowly added, 
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while maintaining the pH constant at 4.5. A white solid gradually formed during this addition. After the end of 
addition the mixture was stirred for 1 h and filtrated. The mother liquors were extracted with AcOEt, 
evaporated to dryness, and united to the solid to give a cwde product (4.36 g) which was purified by 
crystallization (AcOEt / n-hexane) to give pure 13 as a white solid (3.78 g, 84%). M.p.: 151°C (dec.). Found: 
C, 64.95; H, 6.2; N, 4.5%. Calculated for C18H2105N: C, 65.24; H, 6.39; N, 4.23%. [a]~= +17.1° (c 1.54. 
CHCl3). Rf: 0.49 (PE / AcOEt 2:8). 1H n.m.r. (CDC13): 8.20 [1 H, broad s, NHJ; 7.38 [5 H, s, aromatics of 
benzyl]; 6.83 [4 H, s, aromatics of anisyl]; 4.94 [2 H, broad s, CH$h]; 4.39-4.27 [ 1 H, m, CHOH]; 3.98-3.82 
[2 H, m, pAnOCZ&]; 3.77 [3 H, s, OCH3]; 2.49-2.37 [2 H, m, C&CONH]. 

(S) 1-(Benzyloxy)-4-[(4-methoxyphenoxy)methyl]-2-axe.tidinone 14. To a solution of 13 (2.55 g, 7.69 
mmol) and triphenylphosphine (3.03 g, 11.5 mmol) in dry THF (100 ml), diethyl azodicarboxylate (1.70 ml, 
10.8 mmol) was slowly added during 15 min. After stirring at r.t. for 30 min. the solvent was evaporated and 
the crude product was chromatographed (PE I Et20 3:7) to give pure 14 as a slightly yellow solid (1.93 g, 
80%). Found: C, 68.8; H, 6.2; N, 4.6%. Calculated for C&l&N: C, 68.99; H, 6.11; N, 4.47%. [a]~= -37.8” 
(c 1.77, CHC13). Rf: 0.28 (PE / Et20 2:8). 1H n.m.r. (CDC13): 6 7.30-7.45 [5 H, m, aromatics of bet@]; 6.70- 

6.90 14 H, m, aromatics of anisyl]; 4.94 and 4.99 12 H, AB system, CHzPh, JAB = 16.0 Hz.]; 4.00-3.80 [3 H, 
m, pAnOW and CHN]; 3.77 [3 H, s, CZf30]; 2.79 and 2.65 [2 H, AB part of an ABX system, U&O, JAB= 
13.6, Jm and Jm= 5.1 and 2.1 Hz.]. 

(S) 4-[(4-Methoxyphenoxy)metbyl]-2-azetidinone 15. A solution of 14 (2.23 g, 7.11 mmol) in MeOH 
(40 ml) was hydrogenated over 10% Pd-C (150 mg) for 1 h. After removal of the catalyst by filtration, the 
filtrate was evaporated to dryness, taken up in MeOH (30 ml) and treated with a 0.1 N pH 7 buffer solution 
<~2P(&-K2~4) (70 ml). The mixture was cooled to 0°C and treated, under vigorous stirring, during 20 
min., with a 30% Tic13 solution in 2N HCl(10.5 ml, 28.4 mmol). During this addition the pH was maintained 
as near as possible to 7 by continuous addition of 3N NaOH. At the end of the addition, the blue mixture was 
stirred at r.t. for 30 min., saturated with NaCI, and extracted with AcOEt to give, after evaporation and 
chromatography (PE / AcOEt 1:9), pure 15 as a white solid (904 mg, 61%). Found: C, 63.95; H, 6.2; N, 6.7.%. 
Calculated for CttHt303N: C, 63.76; H, 6.32; N, 6.76%. [a]~= +44.5” (c 1.83, CHC13). Rf: 0.45 (AcOEt). 
tH n.m.r. (CDC13): 6 6.83 [4 H, s, aromatics]; 6.25 [l H, broad s, NH]; 4.06-3.94 [l H, m, CIfN]; 4.10 and 
3.92 [2 H, AB part of an ABX system, CH2OpAn, JAB= 8.3; Jm and JBX= 3.0 and 7.0 Hz.]; 3.77 [3 H, s, 
CkZ30]; 3.14 [l H, ddd, CHH-CON, J= 15.0,4.8, and 1.9 Hz.]; 2.79 [l H, ddd, CHH-CON, J= 15.0, 2.2, and 
1.6 Hz.]. Lr. (CHC13): vmax. * 3420,1767, 1500, 1460,1360, 1337, 1190,1150,1110,1028 cm-l. 

(S) 1-(tert-ButylaimethyLsllyl)-4-c(4-me~xyphenoxy)methy~]-~~e~~none 16. A solution of 15 
(682 mg, 3.29 mmol)~in dry DMF (16 ml) was cooled to 0°C and treated with Et3N (0.92 ml, 6.58 mmol) and 
tert-butyldimethylsilyl chloride (992 mg, 6.58 mmol). The temperature was allowed to rise to 20°C and the 
solution stirred for 2 h. The reaction was quenched with saturated brine and extracted with Et20 to give, after 
evaporation and chromatography (PE / Et20 4:6), pure 16 (1.00 g, 95%). Found: C, 63.7; H, 8.6; N, 4.25%. 
Calculated for Ct7H2703NSi: C, 63.51; H, 8.47; N, 4.36%. [a]~= -9.0” (c 1.9, CHC13). Rf: 0.24 (PE / Et20 
1:l). 1H n.m.r. (CDCl3): 6.83 [4 H. s, aromatics]; 4.04-3.84 [3 H, m, CiYN andpAnOC&]; 3.22 and 2.89 [2 
H, AB part of an ABX system, JAB= 15.3; Ja and JBX= 5.4 and 2.6 Hz.]; 0.95 [9 H, s, (CH3)3C]; 0.25 and 
0.28 [2 x 3H, 2s, (CH+#i]. 

(S) l-(Cert-Butyldimethylsllyl)-4-hydroxymethyl-2-azne 17. A solution of 16 (114 mg, 0.355 
mmol) in CH3CN I Hz0 1: 1 (20 ml) was cooled to 0°C and treated with pyridine (0.228 ml, 2.84 mmol) and 
cerium ammonium nitrate (973 mg, 1.77 mmol). After 30 min. the reaction was complete and the mixture was 
diluted with saturated brine, adjusted to pH 6.5 by addition of saturated aqueous NaHC03, and extracted with 
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AcOEt. The organic extracts were washed with saturated brine, evaporated, and chromatographed, to give 
pure 17 (64 mg, 80%). Rf : 0.37 (Et20, developed with XMnO4 solution). tH n.m.r. (CDCl3): 6 3.88-3.64 [3 
H, m, CHC&OH]; 3.11 and 2.87 [2 H, AB part of an ABX system, CH$ION, JAB= 15.3; Jm and JnX= 5.1 
and 2.5 Hz.]; 0.97 [9 H, s, (CH3)3CJ; 0.26 and 0.24 [2 x 3H, 2s, (CH3)2Si]. 

(S) 4-Hydroxymetbyl-2-azetione 18. A solution of 17 (35 mg, 0.163 mmol) in methanol (1 ml) was 
cooled to 0°C. and treated with 2N aqueous HCl(60 pl). After stirring for 30 min. at 0°C and at r.t. for 3h, the 
mixture was neutralized with aqueous saturated NaHC03, saturated with NaCI, and extracted with AcOEt to 
give, after evaporation, and chromatography, pure 18 (15 mg, 90%) whose tH n.m.r. spectrum was in accord 
with the previously reported one.23 

(S) l-(tcrt-Butyl~~y~~yl)~-[((~-bu~~d~~y~~y~)oxy)~~yl]-~~~~one 19. A solution 
of 17 (60 mg, 0.279 mmol) in dry DMF (2 ml) was cooled to O”C, and treated with imidazole (96 mg, 1.39 
mmol) and rert-butyldimethylsilyl chloride (105 mg, 0.696 mmol). After 10 min. at O°C and 2h at r.t. the 
reaction was complete and was quenched with saturated brine, extracted with Et20, and chromatographed 
(PE / Et20 7:3) to give pure 19 (84 mg, 91%), whose analytical data were in agreement with those reported.25 
[a]~= -26.4’ (c 1.36, CHC13). Lit.: -29.4’25. 

(E ) and (2) (S) l-(tert-ButyldimethyIsilyl)3-(hydroxyimil]-2- 
az&dinones 20. To a solution of lithium di-iso-propylamide in THF/n-hexane [prepared from 1.23 ml (8.80 
mmol) of di-iso-propylamine, 5.0 ml of 1.6M n-BuLi in n-hexane (8.0 mmol) in 11.5 ml of THFI, cooled to 
-78’C, a solution of 16 (474 mg, 1.47 mmol) in THF (3.8 ml) was added. The temperature was allowed to rise 
to -50°C (during 45 nun.) and stirred at this temp. for 10 min. After cooling again to -78°C iso-amyl nitrite 
(0.594 ml, 4.42 mmol) was added. After stirring for 1 h at -78°C. the reaction was quenched with AcOH (0.9 
ml), allowed to warm to r.t., diluted with saturated NaCl, and extracted with Et20. Evaporation and 
chromatography (PE I Et20 4:6) gave a pure mixture (cu. 5.5 : 1) of isomeric oximes 20 as a yellow oil (310 
mg, 60%). For analytical purposes the two isomers have also been separated. The relative configuration was 
not assigned. Found: C, 58.5; H. 7.6; N, 7.8%. Calculated for C17H&204Sk C, 58.26; H, 7.48; N, 7.99%. 

Rf: 0.42 (major) and 0.31 (minor) (PE / Et20 46). [a]w +70.8” (major) (c 1.85, CHC13). 1H n.m.r. (CDC13): 
m&jor: 6 8.85 [l H, broad s, OH]; 6.83 [4 H, s, aromatics]; 4.68 [l H, dd, CZf-CH20, J= 5.6 and 2.1 Hz.]; 4.46 
and 4.16 [2 H, AB part of an ABX system, CZf2OpAn, JAB= 10.6; Jm and Jm= 1.9 and 5.8 Hz.]; 3.77 [3 H, 
S, CH3O]; 0.96 [9 H, S, (CH3)3C]; 0.33 and 0.30 [2 x 3H, 2s, (CH3)2Si]; minor: 6 8.86 [l H, broad s, OH]; 
6.82 [4 H, s, aromatics]; 4.51 [l H, dd, CH-CH20, J= 6.2 and 3.1 Hz.]; 4.19 and 4.06 [2 H, AB part of an 

ABX system, CHzOpAn, JAB= 10.4; JAX and JBX= 3.1 and 6.2 Hz.]; 3.77 [3 H, s, CH30]; 0.96 [9 H, s, 
(CH3)3C]; 0.36 and 0.31 [2 x 3H, 2s, (CH&$i]. 

(3S, 4s) 3-[(BenzyloxycaraOnyl)~o]-l-(lcrt-bu~~~y~~yl)4[(4-me~o~heno~)me~yl] - 
2-azetidiuone 21. A solution of the diastezeomeric (E) and (z) oximes 20 (106 mg, 0.302 mmol) in AcOEt (5 
ml) was treated with Hz0 (0.3 ml) and hydrogenated over PtO2 (100 mg) for 12 h. After removal of the 
catalyst by filtration, the filtrate was evaporated to give a crude 78 : 22 mixture of (35) and (3R) 3- 
aminoazetidinones (determined by weight of isolated isomers). For analytical purposes they could be 
separated and purified at this level by chromatography [AcOEt / MeOH 95:s. Rf : 0.49 (35.4s) and 0.40 
(3R4S)]. The crude mixture was taken up in THF (1.5 ml) and Hz0 (4.5 ml) and treated at 0°C with NaHCO3 
(28 mg, 0.332 mmol) and benzyl chloroformate (0.047 ml, 0.332 mmol). The mixture was stirred for 45 min. 
at 0°C diluted with saturated NaCl, and extracted with AcOEt to give, after evaporation and chromatography 
(FE / Et20 45:55), pure 21(55.5 mg. 39%)@ : 0.26) and its (3R4s) epimer (17 mg, 12%)&: 0.19). Overal: 
yield= 51%. Found: C, 60.8; H, 8.4; N, 8.2%. Calculated for CzH3QN205Si: C, 60.68; H, 8.39; N, 8.32. 
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[CZID= ~t1.2’ (c 1.76, CHC13). lH n.m.r. (CDC13): 6 7.31 [S H, s, aromatics of benzyl]; 6.82 [4 H, s, aromatics 
ofanisyl]; 5.58 [l H, d, NH, J= 9.2 Hz.]; 5.34 [I H, dd, CH-NH, J= 5.1 and 9.2 Hz.]; 5.09 [2 H, s. C&Ph]; 
4.18-4.00 13 H, m. CJfCH201; 3.77 [3 H. s, CH301; 0.94 19 H, s, (U&C]; 0.26 and 0.18 [2 x 3H. 29, 
(C&)#il. (3WS) isomer: 6 7.35 15 H, s, aromatics of benzyl]; 6.83 [4 H, s. aromatics of anisyl]; 5.35 [l H, 
d, NH. J= 9.2 Hz.]; 5.12 [2 H, s, C&Phl; 4.64 [l H, dd, CH-NH, J= 6.6 and 2.7 Hz.]; 4.22-4.00 [2 H, m, 
C&O]; 4.04-3.90 [l H, m. CHCH201; 3.77 13 H, s, C&O]; 0.96 [9 H, s, (CH3)3C]; 0.30 and 0.25 [2 x 3H, 

2s, Wf3~2Sil. 

(3S, 4s) 3-[(Benzyloxy~~nyl)~o]-l-(~~-~~~y~yl)~hy~yl~~~ 
22. It was prepared from 21 in 78% yield, by the same procedure employed for the synthesis of 17. Rj : 0.36 
(PE /Et20 3:7). tH n.m.r. (CDC13): 7.35 [5 H, s. aromatics]; 5.92 [l H, d, NH, J= 8.8 Hz.]; 5.21 [l H. dd, CZf- 
NH, J= 5.6 and 8.8 Hz.]; 5.11 [2 H. s, C&Ph]; 3.98-3.68 [3 H, m, CHCH2OH’j; 2.13 [ 1 H, broad s. OHJ; 0.96 
[9 H, s, (CH3)3C]; 0.29 and 0.22 [2 x 3H, 2s, (C&)#i]. 

(3S, 4s) 3-[(Benzylo~~nyl~o]-4-byd~~~yl-2-~~e 23. It was prepared from 22 
in 91% yield by the same procedure employed for 18. This compound had the same spectroscopic, 
chromatographic, and physical properties as previously reported. 13 [CZ]D= + 8.7” (c 0.685, CHC13). Lit. 
+-8.9’ (c 1, CHCl3).25 

(&3R) Benzyl 2-[N,N’-)b(trrl-bu~~~~nyl)hy~l-3-hydroxy- 
butanoate 24. To a solution of lithium di-iso-propylamide in THF-n-hexane [prepared from 1.37 ml (9.80 
mmol) of di-iso-propylamine and 5.93 ml of 1.6 M n-BuLi in n-hexsne (9.48 mmol) in 12.3 ml of dry THFj, 

cooled to -4O”C, a solution of 4c (1.00 g, 3.16 mmol) in THF (3.5 ml) was added. The mixture was stirmd for 
5 min. at -40°C and then the temperature was allowed to rise to 0°C during 30 min. After further stirring at 
this temperature for 30 min., the solution was cooled to -20°C, and treated with di-rert-butyl azodicarboxylate 
(1.46 g, 6.32 mmol) in THF (3.2 ml). The temperature was allowed to rise to O’C in 30 min. and then the 
reaction was quenched with AcOH (1.08 ml, 18.9 mmol), diluted with saturated NaCl / saturated NH&l l:l, 
and extracted with AcOEt to give. after evaporation and chromatography (PE / Et20 8:2 + 1: 1) pure 24 as a 
foam (639 mg, 37%). Found C, 61.2; H, 6.85; N, 5.35%. Calculated for C2sH3sN2Op: C, 61.53; H, 7.01; N, 
5.12%. q: 0.38 (PE / Et20 4:6). tH n.m.r. (DMSO, 80 MHz., 130°C). .= 8 8.29 [ 1 H, broad s, NH]; 7.37 [5 H, 
s, aromatics of benzyl]; 6.85 [4 H, s, aromatics of anisyl]; 5.18 [2 H, s, C&Ph]; 4.83 [mc, 1 H, m, CH-NJ; 

4.45-3.87 [3H, m, UK&O]; 3.79 [3 H, s, CH30]; 1.41 [18 H, s, (CH3)3Cj. 

(2S,3R) Benzyl 2-[N,N’-bis(terc-butoxycarbonyl)hydrazinol3-hydroxy- 
butanoahydroxamate 25. The same procedure utilized for the synthesis of 13 was followed, starting from 24. 
Yield: 65%. Rf : 0.41 (PE / AcOEt 2:8). tH n.m.r. (DMSO, 110”~):2s 6 8.39 [l H, broad s, NH(Boc)]; 7.48- 

7.28 [5 H, m, aromatics of benzyl]; 6.86 [4 H, s, aromatics of anisyl]; 4.95 [ 1 H, broad s, NH-OBn]; 4.85 [2 H, 

s, C&Ph]; 4.49 [l H, d, CH-N, J=6.1 Hz.]; 4.36-4.20 [l H, m, W-OH]; 4.10 and 3.96 [2 H, AB part of an 
ABX system, CHzOpAn, JAB= 9.7; Jm and JBX= 6.3 and 3.5 Hz.]; 3.72 [3 H, s, CH303; 1.42 and 1.39 [2 x 9 

H, 2s (CH3)3Cl. 

(3S,4S) 1-(Benzyloxy)-3-[N~‘-~(~e~-butoxyCar]- 
2-azetidinone 26. It was prepared from 25 in 80% yield by the same procedure employed for 14. Found: C, 
61.55; H, 6.65; N, 7.9%. Calculated for Ca37N3Cs: C, 61.87; H, 6.86; N, 7.73%. Rf: 0.61 (PE /Et20 3:7). 
[a]~= f 8.4” (c 1.67, CHC13). 1H n.m.r. (DMSO, 80 MHz., 130°C):2s 8 8.72 [l H. broad s, NH]; 7.38 [5 H, s, 
aromatics of benzyl]; 6.89 [4 H, s, aromatics of anisyl]; 5.11 [ 1 H, d, U-Z-N(Boc), J= 5.2 Hz.]; 4.99 [2 H, s, 
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C&Phl; 4.444.12 [3 II, m, cHC&OpAn]; 3.74 [3 H, s, CX303; 1.45 and 1.43 [2 x 9H, 29, (CYZ3)3C]. 1.r. 

(CHCl3): vw 3677,1781,1750,1719 cm-l. 

(3S,45) l-~lo~)-3~~~‘-~(~~-bu~~~~~hy~]~y~~yl-~~~ 
27. It was psepa~‘& from 26 ia 83% yield by the same procedm employed for 17. The chromatographic, 
spectroscopic, and pokuimetfic data were in agreement with those previously reported.1 
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