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Abstract. The catalytic osmylation of a series of 4-(2-sty@)-azetidin-2-ones carried out in the 

presence of dihydroquinidine-p-chlorobenzoate opens access to synthetically useful 

precursors of p-lactam antibiotics of high enantiomeric purity (ee up to 97%). 

An unsaturated group containing a carbon-carbon double or triple bond has been frequently 

introduced at C-4 of an azetidin-2-one ring to provide an easy entry to Coxy substituted B- 

lactams (and to a variety of biologically important derivatives thereof) by oxidative 

degradation. The synthesis of enantiomerically enriched compounds featuring these unsaturated 

substituents, generally requires chiral enolates (in an enolate-imine condensation),1 ketenes (in 

a Staudinger reaction),2 or imines (in both processes)3 as elements of stereocontrol. As an 

alterhative to these methods, we here report that a 2-styryl substituent at C-4 can provide a 

convenient handle to prepare p-lactams in high enantiomeric excess (ee) by a conceptually 

different approach that involves Sharpless’ chiral ligand accelerated osmylation reaction.4 

The 4-(2-styryl)-azetidin-2-ones l-7 (Scheme 1) were prepared by our recently reported5 one- 

pot synthesis involving addition of trichlorotitanium enolates of 2-pyridylthioesters to N-4- 

methoxyphenyl-Ecinnamaldimine. These underwent osmylation reaction4 with 0.02 mol equiv 

of 0~04 in the presence of 0.5 mol equiv of commercially available dihydroquinidine p- 

chlorobenzoate6 and of 3.0 mol equiv each of K3Fe(CN)6 and K2CO3 in a 1: 1 mixture of water 

and t-BuOH (in the case of compounds 1-5) or THF (in the case of compounds 6 and 7, 

sparingly soluble in t-BuOH),7 to afford a mixture of diastereoisomeric diols.8 Flash 

chromatography allowed diastereoisomer separation and chiral ligand recovery. For ee 

determination the dials were converted into the corresponding acetonides 8a,b-14a,b (2,2- 

dimethoxypropane, catalytic p-toluenesulfonic acid, 22 ‘C, 15h), that were obtained in the 

overall yields reported in the Table.9 Ee’s were determined in CDC13 by 300 MHz ‘H-NMR 

spectroscopy in the presence of the chiral shift reagent Eu(hfc)j in conditions pre-established on 

the racemic compounds. These were obtained by standard catalytic osmylation procedure 

(0~04, trimethylamine-N-oxide, THF:water 9:1, 22 “C, overnight), and diol protection, as 

mixtures of a (major) and b (minor) diastereoisomer.1° 
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Scheme 1 
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Reagents: a, 0s04, dihydroquinidine-p-Cl-benzoate; b, (MeO)*CMez, p-TSA; c, NaI04; d, N&H,. 
Abbreviations: PMP = 4-methoxyphenyl; Phth = phthaloyl. 
For compounds 8-14 and 17 only major enantiomers are shown for simplicity. 
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The well recognized tendency of the osmylation reaction to preferentially afford 

products having the anti configuration11 strongly suggested the indicated relative 

stereochemistry at C-4/C-4’ of &t,b-14a,b (see Scheme 1 for numbering). This hypothesis was 

supported by the observation that 9b, the minor isomer obtained by the osmylation of 2 and 

subsequent diol protection, was identical to the only product of the condensation of 2- 

pyridylthioisobutyrate with imine 15, a process known to afford C-4/C-4’ ryn configurated 

compounds with high stereocontrol. 3h Chemical shift trends found in the tH-NMR spectra for 

H-C4 and H-C412 further supported the assignement. 

The high facial selectivity generally observed for the AD process,4 that should always occur 

on the same alkene diastereoface of 1-7, strongly suggests that the major enantiomers of 8-14 

have the same absolute configuration at C-4’ and are epimers at C-4. This hypothesis was 

confirmed while establishing the configuration of compound 8 by chemical correlation. A 

83:17 mixture of diastereoisomeric diols 16a and 16b (the precursors of 8a and 8b ) was 

converted (NaIO4, AcOEt : Hz0 1 : 1,SO “C, 30 min; NaBIQ EtOH, 22 ‘C, 2h; 60% overall 

yield) into alcohol (+)-(R)-17, [a]$3 + 40.8 (c 1, CH2C12). By comparison of its optical 

rotation with that reported13 for a >90% enantiomerically enriched sample of 17, [alow + 91.7 

(c 1, CI-I$L$), this compound was shown to have an ee of about 44%. Both the configuration 

and the ee of 17 are in satisfactory agreement with the structure indicated for 8a and 8b, and 

with the diastereoisomeric ratio and the ee that were observed.14 Furthermore, the configuration 

of &r,b is the one expected on the basis of the model of stereoselection proposed by Sharpless 

for the AD reaction.4 On the reasonable assumption that this facial selectivity is maintained for 

all the reported reactions, the stereochemistry of the major enantiomers of 8a,b was extended to 

9a,b-14a,b. 

As can be seen from the data reported in the Table, the osmylation reaction occurs with a high 

level of facial selectivity. For each reaction, the eels of syn and anti isomers are very similar . 

The eels are very good in the case of 3-alkyl substituted compounds 9-12. It is worth 

mentioning that tram p-lactams lob and llb, obtained in 86 and 93% ee, respectively, have 

the required configuration at C-3 and C-4 to be transformed into the carbapenem antibiotics 

(+)-PS-5 and (+)-PS-6. The reaction maintains a high stereoselectivity also when the p-lactam 

C-3/C-4 configuration is changed from tram to cis, and when a heteroatom containing 

substituent is introduced at C-3 as in 6 and 7. Thus, this approach can be used as an entry to 

biologically important 3-azasubstituted azetidinones3c.15 of high enantiomeric purity. 

The osmylation of g-lactams 18 and 19 was also attempted to test the generality of this 

method. Racemic compound 3,3’-anti-3,4-trans 18 afforded, after diol protection, a 55 : 45 

mixture of 20a and 20b with 87 and 86% ee, respectively, in 65% overall yield. Azetidinone 

20b is a precursor of carbapenem antibiotic thienamycin. 1c From trisubstituted alkene 19 a 72 : 

28 mixture of anti and syn diols, that were separated by flash chromatography, was obtained in 

67% yield. NaIO4 promoted oxidation of the diastereoisomerically pure materials gave (R) and 

(S)-4-acetylazetidin-2-one 21, in 42% (from the major diol, 79% yield) and 78% ee (from the 
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Table. Synthesis of p-&tams 8a,b-14a,b from 2-sty~yl derivatives 1-7. 

starting 
material 

1 

2 

3 

4 

5 

6 

7 

Fvoduct 

8a,b IO 

Pa,b 61 

lOa,b 73 

lla,b 72 

lta,b 63 

13a,b 68 

14a,b 51 

overall 

yield % 

ee 

anli syn 

90 85 

90 91 

94 86 

94 93 

94 88 

93 97 

80 17 

’ As determined by 300 MHz ‘H-NMR spectroscopy by LSR technique. 

Scheme 2. 
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See Scheme 1 for reagents; only major enantiomers of 20a and 20b are. shown. 
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minor diol, 73% yield), respectively. 16 Compound (S)-21 is an intermediate for the synthesis of 

I-8-methylthienamycin.lh,t7 

The stereochemical outcome of the osmylation reaction can tentatively be rationalized by 

models A and B (Scheme 2), leading to the major enantiomers of anti and syn diols, 

respectively. In both models the small hydrogen atom at the allylic stereocenter is in the 

“inside”I1b position for steric reasons, and ligand directed osmylation occurs on the alkene face 

predicted by Sharpless’ rationale for the AD reaction.4 

In conclusion, we demonstrated that a 2-styryl group at C-4 of an azetidin-Zone can provide 

a simple entry to biologically relevant p-lactams of high enantiomeric purity, via an easy chiral 

ligand accelerated osmylation reaction.la-20 
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