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Abstract: The diastereoselective alkylation of the enolate of lo- 
dicyclohexylsulfamoylisobornyl 3-phenyl-2-cyanopropanoate is reported. This 
alkylation took place with very good yield and selectivity and the reaction product 
was reduced and cyclised to the corresponding &lactam in high yield. 

The discovery of the antibiotic activity of penicillins and cephalosporins constituted a 

breakthrough in the treatment of bacterial infections. The systematic chemical modification of 

natural lead structures has large precedent and has provided a large number of clinically-valuable 

&lactam antibiotics, which have facilitated the development of modern medicine. However, 

problems of resistance and new therapeutic approaches require a continual supply and 

development of enantiomerically pure new compounds. Comparatively little work has been done 

on P_lactams with two alkyl substituents at C(3) although it is known1 that these substances can 

act on the central nervous system. 

Access to these compounds has been extensively studied under various conditions and 

one of the synthetic approaches to the &lactam ring is via the cyclisation of p-amino acids* so we 

have focused our attention on the diastereoselective synthesis of &amino acids. Although several 

diastereoselective syntheses of p-amino acids and derivatives have been reported,3 these 

compounds are often difficult to obtain in enantiomerically pure form.4 As a consequence, the 

development of new methods providing a direct approach to &amino acids constitutes an area of 

active research. 

In the course of our research program on the asymmetric synthesis of amino acids we have 

developed a new approach to the synthesis of (R)- and @j-3-benzyl-3-methyl-2-azetidinone in 

enantiomerically pure form5 and now we have extended this approach to the synthesis of [R)-3- 

alkyl-3-benzyl-2-azetidinones. 

Diastereoselective alkylation of (IS,ZR,4R)-lo-dicyclohexylsulfamoylisobornyl 3-phenyl-2- 

cyanopropanoate 1 was performed by generation of the enolate with lithium diisopropylamide for 

one hour in dry THF at low temperature followed by the addition of the corresponding alkyl halide 

in the presence of hexamethylphosphoramide (HMPA) (Scheme 1). 
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This protocol is effective for alkylation wtth activated halides, such as methyl iodide. With 

tess activated hatktes, such as ethyl iodide, a substantial decrease in the yiekl was observed (only 

59% conversion} although the diastereoselectivity in alkylatiin was still high (85115), and with 

unactivated alkyl halides. such as n-propyl iodide, only decomposition of the starting material was 

observed. 

Chemical yields can be slightly improved by reduction of (7§,2f?,4R)-1 O- 

dicy~lohe~lsu~famoyl~o~rnyl (E)-2-cyanocinnamate with L-selectride followed by enolate 

trapping with the alkyd halide, as previously reported7 but the dia~ere~le~ivi~ was not so high. 

A simple and reliable protocol that avoids these problems involves the use of the more 

reactive ally1 halides which can be subsequently hydrogenated to the corresponding alkyl chain in 

the next step of the synthesis. In this way, high chemical yields of the alkytated oompounds can be 

obtained with very htgh diastereoselectivities. The results of these alkylation reactions are 

collected in fable 1. 

Pro R 

1 
Scheme1 

2 

Table 1 

Compound R Yield Diastereomerlc 
ratio 

2a ml31 96 6W20 
2b CH2=C;HCH2Sr 96 9119 

2c CH2=~(~Hs)~H21 94 90110 

2d (CH&&=CHCHsBr 95 93/7 

2e CsH&li=CHCH2Br 96 95i6 
2f HC=CCHal 97 9713 

>98/2 
_b 

~9812 

>98/2 

29812 
k 

a after ~~alli~tior~ 

b oily compound that could not be recrystallized 
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In all cases the diastereomeric ratio of the products was determined in the crude reaction 

spectra by integration of the 1H NMR (300 MHz) absorptions of the methine proton of esters, 2 as 

each diastereomer in the pair gave a doublet of doublets at about 5 ppm. Compounds 2, which 

were obtained in nearly quantitative yields and with very high diastereoselectivity, can be purified 

to afford diastereomerically pure compounds in some cases (2c, 2d, 26) as the minor 

diastereomer could be eliminated by selective crystallisation in hexane. When the minor 

diastereomer is the less soluble compound (R = CH3), it was possible to obtain the major 

diastereomer in diastereomerically pure form by crystallisation after filtration of the solid which 

precipitates upon cooling. 

The absolute configuration of the newly-formed stereogenic centre when R = CH3 was 

assigned by hydrolysis of 2a in KOH/methanol, which afforded CR)-2-methyl-3-phenyl-2- 

CyanOprOpanOiC acid, whose [a]D ValUt3 ( [C&) = -27.1 c = 2.5 in CDCI~)~ confirmed both the 

enantiomeric purity and absolute configuration of 2a. 

As the stereochemical results are consistent with the model proposed for the alkylation of 

the enolate generated by l,caddition of hydride 10 (1S,2R,4R)-1O-dicyclohexylsulfamoylisobornyl 
(E)-2-cyanocinnamate, 7 and in all cases the methine proton that appeared at a lower field was 

that of the major diastereomer, we assumed that in all cases the absolute configuration of the 

major diastereomer was(R). 

(2R)-(7S,2R,4R)-1O-dicyclohexylsulfamoylisobornyl 2-alkyl-3.phenyl-2-cyanopropanoates 

2 were converted into the corresponding 8_amino esters 3 in nearly quantitative yields by 

hydrogenation with rhodium on alumina of a solution of the precursor in 10 % ethanol-ammonia 

(Scheme 2). Under these reaction conditions concomitant hydrogenation of the alkene moiety 

took Place and we obtained the desired &amino esters with a saturated substituent in Cp. The 
results are summarised in Table 2. 

h y.!! 
QC. 

I+4 Fth-A& 

i> (R) CHZC6H5 - EtOH/Nt+ 

=VJ(CY), 

2 
Scheme 2 

3 

At this stage compound 3b can be obtained as a single diastereomer by flash 

chromatography, eluting with hexane/isopropanol 8:2. 

The cyclisation of chiral B-amino esters 3 (Scheme 3) with methylmagnesium bromide in 

ether afforded the enantiomerically pure &lactams 4 of (R) configuration in high yield in 3 hours 

and allowed the recovery of the chiral auxiliary by silica-gel chromatography. The results of these 
cyclizations are collected in Table 2. Confirmation of the absolute configuration of P_lactams 4b-e 

(assumed to be (R) ) was made by comparing its circular dichroism (CD) spectra with that of p- 
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lactsm 4a whose configuration is known. To obtain enantiomerically pure &lactams 4 of S 

configuration, it would be enough to use the enantiomer of the chlral alcohol, as we have 
demostrated for compeund 4a5. 

3 
Scheme 3 

4 

Table 2 

Compound I?’ Yield 
3 

Yield 
4 

a CH3 93 89 
b CHaCHaCI-12 91 86 
C qHsCH(CHs)CHs 91 92 

u (UHs)&HCHsCHs 89 89 

8 CsH&H2CH&H2Br 90 91 

Acknowledgement: This work was supported by the Direction General de lnvestigacidn 

Cientlfica y Tecnica, project number PB91-0898. 

EXPERIMENTAL 

hopar- 1H-NMR and lsC-NMR spectra were recorded on a Varian Unity 300 MHz 

spectrometer in deuteriochloroform using the solvent signal as internal standard, chemical shifts 

are expressed in ppm. IR spectra were recorded on a Perkin-Elmer 1600 FTfR infrared 

spectrophotometer. (Dptlcal rotations were measured on a Perkin-Elmer 241-C polarimeter at 
25% Circular dichroism spectra were measured on a Jasco-720 spectropolarimeter. Melting 

points were determined on a Bgchi 510 capillary melting point apparatus and are uncorrected. 

Mass spectra (MS) were detem&ed on a high-resolution VG-Autospec spectrometer, 
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Chemicals: All reactions were carried out under Ar with magnetic stirring. Solvents were dried 

prior to use. Lithium diisopropylamide (LDA) was generated in situ from diisopropylamine and 

butyl Lithium. He~methyiphos~~~amide and rn~h~rna~~iurn bromkfe 3.0 M solution in ether 

were purchased from Aldrich.Chemical Co. (7S,2R,4R)-10-Dicyolohexylsulfamoylisobornyl (E).2- 

cyanocinnamate was prepared following the method described in the literatures TLC was 

performed on Merk precoated silica-gel plates which were visual&d using UV light and 

anisaldehydefsulphuric acid/ethanol (2/l/100). Flash column chromatography was performed 

using 230-400 mesh (Merk) silica-gel. 

* (IS,2R,44R)-1O-dIcyclohexylsulfamoyllsobornyl 3-phenyl-2-cyanopropanoate 1 

A solution of ~fS~2R,4~~-lO-di~clohe~lsulfamoylisobornyl (E)-2-cyanocinnamate (3.52 g, 10 

mmol) in methanol (50 ml) was hydrogenated with 10% palladium on charcoal (100 mg) at room 

temperature and atmospheric pressure and the reaction was monitored by TLC. When the 

reaction was finished, after 3 days, the catalyst was removed by filtration and the fittrata was 

evaporated to dryness to afford an oil, which quickly solidified, in nearly quantitative yield. 

Recrystallisation from hexane yielded analytically pure ( 7 S,2R, 4R)-1 0 - 
dicyclohe~isulfamoyliso~myl ~phenyl-2-cyan~ropanoate 1 as a mixture of di~ter~~rne~ 

(de 50%), whose ‘H-NMR and 1sC NMR data are in agreement with those described in the 
literature.7 

* (2R)-(7S,2R,4R)~1O-dlcyclohexylsulfamoyllsobornyl 2-alkyla3-phenyl-2-cyano 
propanoates 2 

e for salkviation. To a dry THF solution (25 ml) of lithium diisopropylamine 

generated in situ from diisop~pylamine (120 mg, 1.2 mmol) and buthyl lithium (1.1 mmol), under 

argon at -78’ C was added a solution of (lS,2R,4??}-1 O-di~cl~e~lsulfamoyliso~rnyl 3-phenyl- 

2-cyanopropanoate (0.554 g. 1 mmol) in dry THF (5 ml). After ? h a solution of the corresponding 

alkyl halide (10 mmol) and HMPA (270 mg, 1.5 mmol) in dry THF ( 5 ml) was added by syringe. 

The reaction mixture was allowed to warm to room temperature and stirring was continued for 1 

day. The mixture was then quenched with saturated aqueous NH&I solution (5 ml). An ether 

extraction, washing by water, drying on MgS04 and concentration in vacua yielded a mixture of 

diastereoisomers of the corresponding ~7S,2~,4~~-lO-dicyclohe~lsuifamoylisobornyl 2.alkyl-3- 

phenyl-2-cyanopropanoate 2 as a crude oil, which was chromatographed on a siliga-gel column 

(eluent etherlhexane 113). Recrystallization from hexane afforded enantiomer~ally pure samples 

of (2R )-flS,2!?,4R)-1 O-di~c~ohe~lsuifamoyliso~myl 2-al~l-~phenyt-2-cyanopro~noates 2 in 

most cases. 
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Products 2 have the following characteristics: 

2a mp. = 123%. [alo = -62.8 (c = 1.56 in CHCle). fH-NMR 8 0.89 (s, 3H), 1.08 (s, 3H), 1,43 (s, 3H), 

1.00-2.20 (m, 27H), 2.66 (d, lH, J = 13.5 Hz). 3.09 (d, lH, J = 13.8 Hz), 3.22-3.36 (m, 2H), 3.37 (d, 

IH, 13.8 Hz), 3.44 (d, lH, J = 13.5 Hz), 5.06 (dd, lH, J = 7.8 Hz, J = 3.3 Hz), 7.26-7.32 ( m, 5H). 

13C NMR 8 20.0, 20.8, 21.9, 25.1, 26.2, 28.4, 26.9, 30.8, 32.1, 33.3, 39.3, 42.1, 44.0, 44.3, 49.3, 

49.8, 53.9, 57.4, 80.5, 119.9, 127.6, 128.4, 130.3, 134.0, 187.9. IR (nujol) v = 2243, 1748 cm -1. 

HRMS (FAB): m/z = 568.3392 (M+ talc for CssH4sN204S 568.3334) 

2b m.P. = Oil. ‘H-NMR 8 0.86 (s, 3H), 1.04 (s, 3H), 1.05-2.05 (m, 27H), 2.27 (dd, lH, J = 13.8 Hz, J 

= 6.3 Hz), 2.52 (dd, 1H. J = 13.8 Hz, J = 8.4 Hz), 2.63 (d, lH, J = 13.5 Hz), 3,13 (d, lH, J = 13.8 Hz), 

3.20-3.35 (m, 2H), 3.39 (d, lH, J = 13.8 Hz), 3.47 (d, 1H. J = 13.5 Hz), 5.08 (dd, lH, J = 8.4 Hz, J = 

2.7 Hz), 5.10-5.20 (rn. 2H), 5.86-5.82 (m, lH), 7.31-7.33 (m, 5H). 1% NMRs 19.9, 20.3, 25.1,26.1, 

28.3, 27.0, 30.8, 32.1, 33.3, 39.3, 39.9, 41.3, 44.4, 49.0, 49.3, 49.7, 53.9, 57.4, 80.7, 118.7, 120.7, 

127.5, 128.3, 130.4, 130.6, 133.8, 167.2. IR (nujol) v = 2254, 1721 cm -1. HRMS (FAB): m/z = 

594.3494 (M+ talc for C~HscNaO.& 594.3491) 

2c m.p. = 120°c. [alo = -82.4 (c = 0.42 in CHCls). lH-NMR s 0.87 (s, 3H), 1.08 (s, 3H), 1.05-2.05 

(m, 27H), 1.75 (s, 3HP, 2.19 (d, lH, J = 13.8 Hz), 2.56 (d, lH, J = 13.8 Hz), 2.83 (d, lH, J = 13.5 Hz), 

3,14 (d, lH, J = 14.1 Hz), 3.20-3.35 (m, 2H), 3.42 (d, IH, J = 14.1 Hz), 3.50 (d, IH, J = 13.5 Hz), 

4.82 (s, lH), 4.67 (s, IH), 4.99 (dd, lH, J = 7.5 Hz, J = 2.7 Hz), 7.31-7.33 (m, 5H). f3C NMR s 19.9, 

20.3, 23.3, 25.1, 28.2, 28.4, 27.0, 31.0, 32.1, 33.4, 39.1, 42.7, 43.1, 44.5, 48.3, 49.4, 49.9, 54.0, 

57.5, 80.8, 116.2, 119.7, 127.6, 128.4, 130.6, 134.0, 139.4, 167.6. IR (nujol) v = 2241, 1738 cm -1. 

HRMS (FAB): m/z = 808.3625 (M+ talc for C&HssNsO&t 608.3647) 

2d m.p. = 122%. [U]f) = -85.6 (c = 0.43 in CHCl3). 1H-NMR 6 0.87 (s, 3H), 1.06 (s, 3H). 1.05-2.05 

(m, 27H), 1.54 (s, 3H), 1.65 (s, 3H), 2.20 (dd, lH, J = 13.8 Hz, J = 6.3 Hz), 2.57 (dd, lH, J = 13.8 

Hz, J = Q Hz), 2.62 (d, lH, J = 13.5 Hz), 3,13 (d, lH, J = 14.1 Hz), 3.20-3.35 (m, 2H), 3.35 (d, IH, J 

= 14.1 Hz), 3.48 (d. lH, J = 13.5 Hz). 4.96 (dd. IH, J = 7.8 Hz, J = 3 Hz), 5.10-5.18 (m, lH), 7.28- 

7.33 (m, 5H). lsC NMR 6 17.9, 19.7, 20.3, 25.1, 25 8, 26.2,26.4, 27.0, 30.7, 32.1, 33.3, 35.0, 39.1, 

41.3, 44.5, 49.3, 49.5, 49.7, 53.8, 57.4, 80.4, 116.9, 119.3, 127.5, 128.4, 130.4, 134.2, 137.4, 

167.8. IR (nujol) v = 2240, 1747 cm -1. HRMS (FAB): m/z = 622.3810 (M+ talc for Cs7He4Ns04S 

622.3804) 

2e m.p. = 127%. [a@ = -78.6 (c = 0.41 in CHCls). 1H-NMR 6 0.79 (s, 3H), 0.85 (s, 3H), 1.00-2.00 

(m, 27H). 2.48 (dd. lH, J = 13.2 Hz, J = 6.3 Hz). 2.62 (d, IH, J = 13.2 Hz), 2.68 (dd, lH, J = 13.2 Hz, 

J = 9,3 Hz), 3,21 (d, IH, J = 13.8 Hz), 3.22-3.35 (m, 2H), 3.42 (d, IH, J = 13.8 Hz), 3.45 (d, lH, J = 

13.2 Hz), 4.98 (dd, lH, J = 7.8 Hz, J = 2.7 Hz), 6.13 (ddd, lH, J 5: 6.3 Hz, J = 9.3 Hz, J = 15.9 Hz), 

8.47 (d, IH, J = 15.9 Hz), 7.20-7.38 (m, 10H). ‘3C NMR 6 19.7, 20.2, 25.2, 26.2, 26.4, 26.9, 30.9, 

32.2, 33.4, 39.2, 39.7, 41.4, 44.3, 49.2, 49.7, 49.8, 53.9, 57.5, 80.7, 119.0, 121.9, 126.3, 127.7, 

127.8, 128.4, 128.3, 130.5, 134.0, 135.5, 136.2, 167.4. IR (nujol) v = 2239, 1747 cm -1. HRMS 

(FAB): m/z = 671.3905 (MH+ talc for C41H55N204S 671.3882). 



CR)-3-~yl-3-benzyI-Z-~idinanes 235 

2f m.p. P oil. lH-NMR 80.87 (s, 3H), 1.09 (s, 3H), 1.05-2.05 (m, 27H). 2.15 (dd, IH, J = 2.4 Hz, 2.7 

Hz), 2.44 (dd+ IH, J = 16.8 Hz, J ~2-7 Hz), 2.65 (d, IH, J= 13.5 Hzft 2.66 (dd, IH, 3 = 16.8 Hr, J = 

2.4Hz), S,lS{d, lH, J= 14.1 Hi?), 322&38fm, 2Hf, 3.40 (d, lH, J= 14.1 Hz), 3.46 (d, lH, J= 73.5 

Hz), 5.01 (dd, lH, J = 7.8 Hz, J = 3.6 Hz), 7.26-7.35 (m, 5H). 1% NMR 6 20.0, 20.4, 25.2, 25.6, 

26.3, 26.4, 27.0, 30.9, 32.3, 33.3, 39.3, 40.7, 44.5, 46.6, 49.4, 49.8, 49.6, 53.9, 57.6, 73.2, 77.3, 

81.3, 118.3, 127.9, 128.6, 130.4, 133,1, 166.4. IR (nujol) v = 2251, 1734 cm -1, HRMS (FAB): mfz = 

593.3423 (MW talc for C&jHeN&&S 593.3413). 

* f2ff)-(75,2R,4R)-10-dicyclohexytsulfamoyflsobornyl~2-atkyl-2-bentyt-3-amlno 

propanoetea, 3 

. A solution of c~~und 2a-f fl mmol) in 10 % ethanol- 

ammonia (25 ml) was hydrogenated with 5% rhodium on alumina (100 mg) at room temperature 

and atmospheric pressure. The reaction was followed by TLC (kiesegef Merck 60 F254 ) and when 

the reaction was finished (24 h), the catalyst was removed by filtration and the fiftrate was 

evaporated to dryness to afford the corresponding (,?R)-(IS, 2R, 4Rl-I O- 

dicyclohexylsulfamoylisobornyl 2.alkyl-2-benzyl-3-aminopropanoate 3 as a single 

diastereoisomer (3a. 3c, 3d, 3e) or as a mixture of diastereoisomers (3b) in nearly quantitative 

yield. Pu~~~atiofl of the residue by flash ~~atog~phy (siiiigel60, eluent: he~n~~propanol 

8:2) afforded d~~er~mer~ally pure samples of compounds We. 

Products 3 have the following characteristics: 

3am.p. = 144%. [C&I=-30.6@= 0.87in CHCis}. ~H.NMR~~.62 (s,3H), 0.77(s, 3H), l,lOfs,3H), 

1.00-2.20 (m, 27H), 2.35 (brs, 2H), 2.53 (d, IH, J = 13.2 Hz), 2.63 (d, lH, J = 12.9 Hz), 2.67 (d, IH, 

J = 13.2 Hz), 2.99 (d, lH, J = 13.2 Ha), 3.02 (d, ll-l, J = 13.2 Hz), 3.13 (d, IH, J = 12.9 Hz), 3.16. 

3.28 (m, 2H), 5.83 (dd, lH, J = 7.8 Hz, J * 3.3 Hz), 7.08-7.26 (m, 5H), W NMR s 18.8, 19.6,20.3, 

25.1, 26.2, 26.3, 26.9. 30.7, 32.1, 33.4, 39.5, 42.9, 44.3, 49.0, 49.2, 49.4, 50.6, 54.0, 57.4, 78.7, 

126.5, 127.9, 130.4, 136.9, 174.6. IR (nujol} v a 3393, 3323, 1716 cm -1. HRMS (FAB): mlz = 

573.3733 (MH+ talc for CssHssNfl& 573.3726) 

3b m.p. =&I. (a]~ = -23.6 (G = 0.94 in CHCls). lH-NMR 6 0.80 (s, 3H), 0.81 (s, 3H), 0.89 {t, 3H, J = 

6.6 Hz), 1.00-2.00 (m, 3fH), 2.59 (d, tH, J = 13.5 Hz}, 2.83 (d, lH, J = 13.5 Hz), 2.8~ Id, lH, J a 

13.5 Hz), 2.92 (d, lH, J = 13.8 Hz), 3.04 (d, 1H. J = 13.8 Hz), 3.20 (d, lH, J = 13.5 Hz), 3.15-3.25 

(m, 2H), 3.85 (brs, 2H),4.89 (dd, lH, J = 7.5 Hz, J = 3.0 Hz), 7.10-7.28 ( m, 5H). 13~2 NW? 6 14.3, 

17.3. 19.7, 20.3, 25.1, 26.3, 26.9, 30.9, 32.1, 33.4, 33.9, 37.0, 39.8, 44.3, 46.7, 49.1, 49.5, 52.3, 

54.0, 57.4, 79.1, 126.4, 128.1, 130.4, 137.1, 174.4. IR (nujol) Y = 3409, 3334, 1736 cm -1. HRMS 

(FAB): m/z = 601.404 (MH+ talc for tZ&jHs7N204S 601.4036) 

3C m.p. = Oil. (a]o = -29.8 (C = 1.14 in CHCl3). ‘H-NMR S 0.85 (s, 3H), 0.89 (d, 3H, J = 7.8 Hz), 0.91 

(d, 3H, J = 6.3 Hzl, 0.94 fs, 3W, 1.42 fd, 2H, J = 6.3 Hz), 1.00-2.20 fm, 28H), 2.92 @rs, 2H), 2.64 Id, 

lH, J = 13.8 Hz), 2.71 (d, lH, J = 13,s Hz), 2.87 (d, IH, J- 13.5 Hz], 2.91 {d, lH, J = 13.5 fit), 3.14 

W, lH, J = 13.8 Hz). 3.24 (d, lH, J = 13.5 Hz), 3.18-3.28 (m, 2H), 4.85 (dd, lH, J = 6.3 Hz, J = 2.7 
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Hz), 7.14-7.27 ( m, 5H). 13C NMR S 20.0, 20.5, 24.1, 24.2, 24.5, 25.1, 26.3, 27.0, 30.7, 32.2, 33.3, 

38.2,39.7, 41.2, 44.3, 47.0,4&O, 49.6, 52.1, 53.9, 57.4, 79.7, 126.3, 128.0, 130.5, 137.3, 174.8. IR 
(nujol) v = 3405, 3330, 1721 cm -‘, HRMS (FAB): m/z = 615.4181 (MH+ Cak for C&i5&@4S 

615.4195) 

3d m.p. = oil. [a]~ = -322 (c = 1.45 in CHC13). ‘H-NMR S 0.77 (s, 3H), 0.78 (s, 3H), 0.85 (d, 3H, J = 

6.3 Hz), 0.87 (d, 3H, JZ= 6.3 Hz), 1.00-2.19 (m, 32H), 2.62 (d, IH, J = 13.8 Hz), 3.02-3.06 (m, 4H), 

3.20 (d, IH, J = 13.8 Hz), 3.12-3.24 (m, 2H), 4.95 (dd, IH, J = 7.8 Hz, J = 3.0 l-k), 5.64 (brs, 2H), 

7.14-7.24 ( m, 5H). % NMR S 19.8, 20.2, 22.3, 22.6, 25.1, 26.4, 26.9, 28.7, 30.3, 31.3, 32.3, 33.2, 

38.1, 39.4, 44.3, 44.8, 49.1, 49.9, 54.9, 57.7, 79.2, 126.8, 128.2, 130.4, 136.0, 174.0. 1R (nujot) V= 

3394,3325, 1715 cm -l. HRMS (FAB): m/z = 629.4328 (MH+ talc for C37HSlN204S 629.4352) 

38 m,p. = 144%. [a]0 = -27.9 (c = 1.93 in CHC13). ‘H-NMR 6 0.79 (s, 3H), 0.83 (s, 3H), 0.94-2.04 

(m, 3lH), 2.38 (brs, 2H), 2.52-2.60 (m, 2H), 2.62 (d, IH, J = 13.5 Hz), 2.76-2.78 (m, 2H), 2.83 (d, 

lH, J = 13.8 Hz), 2.97 (d, lH, J = 13.8 Hz), 3.14-3.32 (m, 2H), 3.21 (d, lH, J = 13.5 Hz), 4.87 (dd, 

IH, J = 7.5 Hz, J = 3.0 Hz), 6.07-7.30 ( m, IOH). If% NMR S 19.7, 20.3, 25.1, 26.0, 26.5, 26.9, 30.8, 

30.9, 32.3, 33.4, 36.1, 37.0, 39.8, 44.2,47.0, 49.0, 49.4,52.3, 54.0, 57.5, 79.0, 125.8, 126.3, 128.0, 

128.3, 128.4, 130.2, 137.0, 141.8, 174.3. IR (nujol) v = 3400, 3333, 1714 cm -1. HRMS (FAB): m/z = 

677.4289 (MH+ talc for &l-l61 N204S 677.4352) 

l (3R)-3-phenyl-3-alkyl-2-azetidone 4 

General procedure f?r p-amino acid cyclim. To a stirred solution of methylmagnesium 

bromide (0.5 mL of 3.0 M solution in ether, 0.5 mmol) in ether (25 mL) was added dropwise 

compound 3a-e (0.5 vmol) in ether (5 ml) and the mixture was stirred for 3 h at room temperature. 

When the reaction was finished aqueous 10% ammonium chloride (25 mL) was added and the 

mixture was stirred wtit the two layers became clear. The aqueous layer was separated and 

extracted with ether The combined ether solutions were dried over MgS04, filtered and 

concentrated in vacua to yield the corresponding (3R) -3-phenyl-39alkyd-2-azetidone 4 as a crude 

oil, which was chromatographed on a siliga-gel column (eluent ether/hexane 2/l) to afford 

enantiomerically pure samples of (3R)-3-phenyl-3-atlcyI-2-azetidone 4 

Products 4 have the following characteristics: 

4a m.p. = 98OC. [a]D * -43.3 (c = 0.30 in CHCI3). 1 H-NMR 6 I,33 (s, 3H), 2.74 (d, 1 H, J = 13.8 Hz), 

2.96 (d, IH, J = 5.4 Ha), 3.02 (d, IH, J = 13BHz), 3.20 (d, IH, J = 5.4 Hz}, 5.06 (brs, IH), 7.16-7.32 

( m, 5H). 13C NMR 6 20.1, 40.5, 47,4, 57.2, 126.6, 128.3, 129.9, 137.0, 174.1. IR (nujol) v = 3246, 

1767 cm -l. HRMS (El): m/z = 176.1078 (MH+ catc for CllH14NO 176.1075) 

4b m-p. = oil. [a]~ = 463.7 (c = 0.60 in CHC13). IH-NMR 6 0.92 (t, 3H, J = 7.2 Hz), 1.40-1.72 (m, 

4H), 2.77 (d, IH, J =Il3.8 Hz), 3.03 (d, IH, J = 5.7 Hz), 3.04 (d, IH, J = 13.8 Hz), 3.09 (d, lH, J = 
5.7 Hz), 5.47 (brs, Iti), 7.18-7.32 ( m, 5H). 13C NMR s 14.3, 17.8, 35.8, 39.2, 44.7, 61.4, 126.6, 
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128.3, 130.0, 137.0, 173.3. IR (nujol) V= 3252, 1747 cm -1. HRMS (El): m/z = 204.1385 (MH+ talc 

for CfsHlsNO 204.1388) 

4C m.p. = 98°C. [C&I = -39.4 (c = 0.32 in CHCls). 1H-NMR 6 0.93 (d, 3H, J = 6.6 Hz), 0.97 (d, 3H, J 

= 6.3 Hz), 1.53 (dd, lH, J = 14.4 Hz, J = 9 Hz), 1.77 (dd, lH, J = 9 Hz, J = 4.8 Hz), 1.82-1.94 (m, 

lH), 2.77 (d, lH, J = 13.8 Hz), 2.97 (d, lH, J = 13.8 Hz), 3.07 (d, lH, J = 5.7 Hz), 3.10 (d, lH, J = 

5.7 Hz), 5.44 (brs, lH), 7.18-7.32 ( m, 5H). 13C NMR 6 22.8, 24.3, 24.7, 38.5, 42.5, 45.5, 60.8, 

126.5, 128.2, 130.1, 136.8, 173.6. IR (nujol) v = 3196, 1712 cm -1. HRMS (El): m/z = 218.1559 

(MH+ talc for Cf4HsoNO 218.1544) 

4d m.p. = 79°C. [CZ]B = -36.9 (c = 0.64 in CHCls). lH-NMR 6 0.87 (d, 3H, J = 6.6 Hz), 0.88 (d, 3H, J 

= 6.6 Hz), 1.16-1.44 (m, 5H), 2.77 (d, lH, J = 13.6 Hz), 3.00 (d, lH, J = 5.7 Hz), 3.02 ( d, lH, J = 

13.8 Hz) , 3.07 (d, lH, J = 5.7 Hz), 5.61 (brs, lH), 7.18-7.32 ( m, 5H). 1% NMR 622.4, 22.5, 28.4, 

31.4, 33.2, 39.1, 44.6, 61.2, 128.5, 128.2, 130.0. 136.9, 173.4. IR (nujol) v = 3238, 1713 cm -1. 

HRMS (El): m/z = 232.1713 (MH+calc for ClaH22NO 232.1701) 

48 m.p. = 120%. [a]B = -30.0 (c = 0.50 in CHCls). 1H-NMR 6 1.60-1.44 (m, 4H), 2.57-2.64 ( m, 

2Hh 2.76 (d, lH, J = 13.8 Hz), 2.98 (d, lH, J P 5.7 Hz), 3.02 (d, lH, J = 13.8 Hz), 3.05 (d, lH, J = 

5.7 Hz), 5.63 (brs, lH), 7.12-7.29 ( m, 10H). 13C NMR 8 26.4, 33.1, 36.0, 39.0, 44.6, 61.0, 125.8, 

126.5, 128.2, 128.3, 128.3, 129.9, 136.8, 141.8, 173.2. IR (nujoi) V= 3205, 1713cm -1. HRMS (El): 

m/z = 279.1617 (M+calc for CIQHPINO 279.1623) 
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