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Abstract: Cycloaddition of trichloroacetyi i socyanate to 

4,6-0-benzylidene-D-alla1 4 follwed by N-deprotectlon of 

the adduct produces B-lactam 9 with a good yield. 

Subsequent N-benzylation, 4,6-O-deprotectlon by 

hydrogenolysis, and a glycolic cleavage of the Vie diol 

grouping in N-benzyl-2-carboxy-2-deoxy-8-D_altrohexo- 

pyranosylaminoalactam (13) affords 3,4-disubstituted 

azetidinone 5, which is in enantiomeric relation to the 

previously reported compound 241~. 

Recently, we reported on the synthes is of 3-hydroxymethyl-l- 

alkoxyazetidinones 1 and 2 from glycals1*2. Owing to stereospecificity of a 

crucial [2+2] cycloaddition step3, the configuration at the C-3 carbon atom of 

the starting glycal determrnes the conflguratlon at the carbon atom attached 

to the nitrogen and oxygen atoms2. The R conflguration at that carbon atom 

determines biological activity of B-lactam antlbiotics4. 
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R configuration at C-3 of a glycal, present for example in D-glucal or 

D-galactal, produces S configuration at C-4 of the azetidinone derivative 2, 

thus precluding the use of these glycals in the synthesis of biologically 

active I-oxaphenams and I-oxacephems having side chains at C-2. 

~,S-Anhydro-4,6-0-benzylidene-2-deoxy-D-ribohexitol (4,6-O-benzylidene-D- 

allal, 31, readily available from methyl a-D-glucoside5, has S configuration 

at C-3 and thus offers formation of 5 which is the enantiomeric form of 2 

obtained previously from D-glucal or D-galactal. 

Cycloaddition of trichloroacetyl isocyanate (6) to silylated alla1 4 

proceeds more slowly than is observed in reactions with monocyclic glycals. In 

CDCl3 with two molar equiv. of the isocyanate, the reaction mixture contalned 

after 7 days 72% of [2+2] Cycloadduct 7, 15.7% of [4+2] cycloaduduct 8, and 

12.3% of the substrate 4, whereas after 14 days, the respective proportions 

were 66.8% of 7, 27.5% of 0, and 5.7% of 4. In nitromethane with four molar 

equittv., after 3 days, 76.0% of 7, 0.7% Of 8, and 15.0% of 4; after 4 days, 

81.0% Of 7, 12.9% of S, and 6.1% of 4, and after 5 days, 80.3% of 7, 14.3% of 

8, and 5.4% of 4 were found. The high yield of 7 found in this reaction should 

be noted, since in the previously performed reactions, the content of c2+21 

cycloadducts exceeded 50% only in one case2. In this instance. 3,4,6-tri-O- 

benzyl-D-galactal with trichloroacetyl isocyanate in acetonitrile solution 

afforded a mixture of cycloadducts containing up to 75% Of the [2t2] 

cycloadduct2. 

The dependence of [2+2] cycloadduct content on a glycal substitution and 

on configuration remains unclear. In all cases, [2+2] cycloadduct is a kinetic 

product which slowly rearranges to the 14+21 imidate ViB a zwitterion 

intermediate3~6. (Scheme 2). 

Scheme 2 
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Surprisingly, in this case also, the content of 8 increases with 

reaction time, despite unfavorable stereoelectronic effects associated with 

substituents at the C-l and C-2 carbon atoms in 8. 

The mixture of cycloadducts 7 and 8 obtained in nitromethane solution was 

treated with ammonia to deprotect the B-lactam nitrogen atom and to bind 

unreacted isocyanate. After crystallization from methanol-water, 9 was 

obtained in 50% yield. According to IH Nt4R and X-ray data, the pyranoid rings 

in 9 and IO exist as a regular half-chair form7 in solution as well as in the 

crystaliine state. 

Hydrogenotysis of 9 in methanol over a palladium catalyst gave 

unprotected sugar B-lactam II with B-altro configuration. Examination of the 

IH NtlR data of Ii (J45 = 7.8 Hz) verifies the substantial preference of 4H5 

conformation in the equillibrium. 

Benzylation of the nitrogen atom in 9 in boiling benzene using potassium 

carbonate and tetrabytylammonium bromide as a catalyst afforded N-benzyl 

derivative 11 only. 

Hydrogenolysis of 11 over a palladium catalyst led to deprotection of 

oxygen atoms affording 12. 

CH20H 

9: Rl=R&H 12: R=H 

10: R'=Ac,R*=H 13: R=Bn 

11: RT=H ,Rz=Bn 

Scheme 3 

Glycol~c cleavage of the vie dtol grouping present in 12, with sodium 

metaperiodate under standard conditions, led to formation of a dialdehyde 

which, without isolation, was subsequently reduced to the d10l 5. Compound 5 

showed the same spectral data as its enantiomer 22. 

EXPERlhENTAL 

belting points are uncorrected. Opttcal rotations were measured with a 

JASCO Dip-360 dlgital polarimeter. IR spectra were recorded with a Beckman 
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4240 spectrophotometer. IH NtlR spectra were recorded with a Bruker AM 500 

spectrometer. Column chromatography was performed on Merck Kieselgel 60 (230- 

400 mesh). 

Compound 4 was obtained from 3 using a standard silylation method with 

trimethylchlorosilane and pyridino. 

4,b-0-Eenzylidene-3-car~oxy-2-deoxy-~-D-altrohexopyranosylamino-lactam 

(91. Alla1 4 (3.0 g, 10 mmol) was dissolved in dry niromethane (IO mL) after 

which trichloroacetyl isocyanate (4.75 mL, 40 mm011 was added at room 

temperature. The mixture remained for 4 days at room temperature to complete 

the cycloaddition, the time of reaction being determined by conducting a Dilot 

experiment in a tH NHR tube3. Subsequent I y, the mixture was diluted with 

nitromethane (IO mL) and cooled to -30°C, after which ammonia in nitromethane 

solution (30 mL; 1 mL contained 1.4 mm01 of ammonia) was added, and the 

tempereture was allowed to rise to room temperature. The solvent was then 

evaporated and the residue was treated with diethyl ether. The crystal 1 ine 

Drecipitate was removed by filtration and washed with hexane. This f i ltrate 

and washings were combined and evaporated. The oily residue was purified on a 

column of silica gel by flash chromatography to give 9 (t.49, 50%); m.p. 

137.0-130.ooc; [a]D = -30.0’ (c 1, CR2CL2). IH NtlR (CDCl3): 3.64 (m, 1H, H-21, 

3.65 (t, IH, J5b = 10.2, Jbb1 q 10.5 HZ, “lb), 3.94 (dd, IH, J34 = 2.9, J45 = 

9.5 Hz, H-41, 4.13 (dt, IH, J5b1 = 5.2 Hz, H-51, 4.33 (dd, IH, H-b’), 4.50 (m, 

IH, H-31, 5.40 (d, IH, J12 = 4 Hz, H-l). Anal. Calcd for Cf4H15N05: C, 58.42; 

H, 6.63; N, 4.01. Found: C, 58.7; H, 6.8; N, 4.1. 

2-c8rb0xy-2-deoxy-~-D-altrohexopyranosylaminolactam (121. Compound 9 

(0.28 9, 1 mmol) in methanol (10 mL1 was shaken at room temperature In the 

presence of 10% Pd/C under hydrogen (1 atm) for 6 h. Subsequently, the solvent 

was evaporated to afford 12 (0.17 g , 90%); m.p. 142-143°C; [CX)D = t28.5’ (C 

1, CH3OH) ; ‘H NIIR (D20): 3.59 (dd, IH, Jl2 = 4.0, J23 E 4.6 HZ, H-21 t 3.73 

(dd, IH, J5b I 6.2, Jbbl q 12.3 Hz, H-b), 3.79 (dd, IH, J5b’ q 2.9 Hz, H-b’), 

3.90 (dt, IH, J45 = 7.8 Hz, H-51, 3.93 (dd, IH, J34 q 2.6 Hz, H-31, 4.65 (dd, 

lH* H-31 t 3.95 (d, IH, H-l). IR (nujol): 3440, 3320, 1755 cm-l. Anal. CalCd 

for C7H1,N05: c, 44.45; H, 5.86; N, 7.40. Found: C, 44.4; H, 5.9; N 7.6. 

N-benzyl-4,b-0-benzylidene-2-carboxy-2-deoxy-8-D_altrohexopyranosylam~no- 

lactam (11). To a solution of 9 (0.14 9, 0.5 mmol) In benzene (IO mL1 were 

added ou lver i zed K2CO3, tetrabutylammonlum bromide (0.1 g), and benzyl bromide 

(0.06 mL). The mixture was stirred under reflux for 2 h, at whtch time 8 

disappeared (TLC). The reaction mixture was then filtered, evaporated, 

purified on silica gel, and crystallized from ethyl acetate - hexane to give 

1f (0.125 g, 68%); m-p. 154-155OC; [a)D = -58.7O (c 1, CH2CI2); IR (CDCI31: 
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3600, 1775 cm-l; ‘H NIIR (CDCl3): 3.45 (t, IH, J5b = 20.2, Jbb’ = IO.6 Hz, Ii- 

b) , 3.64(bd, IH, H-2), 3.91 (dd, IH, J34 = 2.9, J45 q 9.6 Hz, H-4), 4.15 (dt., 

IH, J5b’ q 5.2 HZ, H-S), 4.24, 4.51 (26, 2H, CH2Ph), 4.28 (dd, IH, H-b’), 4.56 

(m, IH, H-3), 5.26 (d, IH, J12 = 3.8 Hz, H-l). Anal. Calcd. for C21H21N05: C, 

b8.65; H, 5.76; N, 3.81. Found: C, 68.8; H, 5.5; N, 3.80. 

N-8enzyl-2-csrboxy-2-deoxy-~-D-altrohexo~yranoay1aminolactam ((3). Com- 

pound I4 (0.22 9, 0.6 mmol) in methanol (10 mL) was shaken at room temperature 

in the presence of 10% Pd/C under hydrogen (3 atm) for 4 h. Subsequent1 y, the 

solvent was evaporated and crude 13 was recrystallized from methanol - ethy 1 

acetate - hexane to give a 0.134 g (80%) yield; m.P. 14l-l42OC; [a]D = +6.2O 

(C 1, CH3OH) ; IR (nujol): 3420, 1755 cm-l; IH NtlR (D20): 3.43 (dd, lli, J5b = 

6.2, Jbb’ = 12.2 Hz, H-b), 3.64 (t, IH, Jl2 = 4.1, J23 = 3.9 HZ, H-2), 3.71 

(dd, IH, J5b’ = 2.6 Hz, H-b’), 3.91 (dd, IH, J34 = 2.4, J45 = 8.4 HZ, H-4), 

3.93 (dt, IH, H-5), 4.30 (dd, IH, H-3), 4.42, 4.54 (26, IH, CH2Ph), 5.34 (d, 

IH, H-l), Anal. Calcd. for C14H17N05: C, 60.21; H, 6.13; N, 5.01. Found: C, 

60.2; H, 6.1; N, 5.2. 

(3S,4R)-N-Benzyl-3-hydroxymethyl-4-(I’,3 I-dihydroxyizopropoxy]-azetidi- 

none (5) To a solution of 13 (0.084 g, 0.3 mmol) in methanol - water (I:3 v/v; 

4 mL), ammonium sulfate (0.14 g) was added. The mixture was cooled to -5OC 

and sodium metaperiodate (0.071 g, 0.33 mmol) in water (1 mL) was added. The 

stirring and cool ing were maintained for 5 min.. Subsequently, sodium 

borohydride (0.04 g) was added. The precipitate of sodium iodate was removed 

by filtration, methanol was evaporated, and ammonium sulfate (2 g) was added. 

The solution was extracted with ethyl acetate. The extract was dr I ed, 

evaprated, and purified on a silica gel Column to give 5 (0.075 9, 90%); m.P. 

7b-77OC; [a]D q +28O (C I, CH3OH); spectral data were identical with those 

reported previous1y2. Ana I. Calcd for C44H19N05: C, 59.78; H, 6.81; N, 4.98. 

Found: C, 59.9; H, 7.0; N, 4.7. 
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