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Abstract: 6a-Hydrc~xy~r~etl~yI-h~-~neU~oxy-2-pl~r~~oxy~ncrhylpc~~e~r~ was synthesized from benzyl 6P-bromo-6a- 
lnethoxyperliciII~t;tte l’!(i rxltcal adthtiott at ha-position of methyl uihutyltinacrylate and tributyltinstyrene infer 
dia. The reaction sequence to pawn proceeds 1‘~ hecope~~lcillanates according to established procedures. The 
good yield of the radical reaction and its ~tcreoselectivity provide a useful entry to the 6a-substituted 6p- 
methoxypenems and in partular tr) the ha-hyJroxytnedlyl-6P-lnethoxypenems. 

We reported previouslyl,’ some h,6-disuhstituted penems (1 and 2, Figure I) obtained by synthetic 
procedures whose key steps are the rcuction of cadmium alkyls on 6-~)xo-penicillanate, the copper mediated 
Gtignard type addition of alkylcuprutes to hp-hromo-6a-mcthoxypenicillanates’ or the reaction of methyl 
orthoformate with diazopenicillanates.’ These compounds had hcen designed with the aim to obtain novel 
penems stable towards human renal dehydropeptidases (IIHP-I). 
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The 6P-hydroxymethyJ-ha-methoxypenzms2 (2) showed a promising st&iJity to DHP-I and this result 
encouraged us to investigate the epimeric 6a-hydroxymethyl-f$-methoxypenem (3). We wish to report here 
our nzsults on the synthesis of this compound. 

Bn= CH2ChH5; 

a= NaN02, TsOH; h= NBS, CH$)H, CH2C12 

6b X= Br 

Scheme 1 

Hanessian reportcdy that &hromo- and h,6’-dihromopcnicillanates undergo radical reaction with 
trihutylallyltin to give mono- and gem-6-allylpcnicill~a~s thus demonstmting the possibility to generate a 
stable radical at C-6. 
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II= &./SW?,), ; 12= ~COOCH, ; 13= (C,H,),Sn+-COOCH~ 

a= 11, AIBN. CgHh, 80°C; h= 12, (QHg)3SnH, AIBN, CgHg, XO”C; C= 12, 
(C4Hy)jSnH. hv. (C2H5)20; d= 13. AIBN, CgHg. XOK; e= 14, AJBN, CgHg. XO”C. 

Scheme 2 
This finding and the good stereocontrol in the addition of an ally1 at the 6a position prompted us tn examine 
this reaction on 6P-hrc,mo-ha-mcthoxypenicill~at~ 1,4 (Scheme 1) as in this case the carbon centered radical 
arising from C-Br homolytic cleavage would benefit from captodative stabilisation hy geminal donor and 
acceptor groups: 5,6 Our results are outlined in Scheme 1. 



6P-Methoxy-6ct-hydroxymethylpenems 10725 

Reaction of 5 with N-hromoacetamide in methanol gave modest yield of 6a (15%) together with 6,6- 
dibromopenicillanate (6b) (IO%), whereas the use of N-hrnmosuccinimide significantly increased the yield 
(64% from 4) and suppressed the formation of the dihromopenicillanate. Benzyl 6a-methoxy-6P- 
hromopenicillanate (6a) (Scheme 2) was successfully reacted with tri-n-hutylallyltin under radical conditions 
(AIBN, benzene, 80°C) and penicillanate (7) was isolated after Dash chromatography (Scheme 2) in 22% yield. 
Compound (6a) underwent radical reaction with a variety of suhstrutes to yield compounds (7-10). 

Table 1 

No reactant 
(es.) 

(GHd$n AIBN solvent temp. time yield( %) 
H (eq.1 (es.) 

1 11 (2) 0.4 C&T xo”c 29 h 22 
2 12 (IO) I.1 0.5 CA, 65°C 24 h 2s 
3 12 (IO) I.1 * (C2H5)2O 23% 24 h 27 
4 13’ (2) I C&k XO”C 52 h 31 
5 147 (3) I CfjH, XOT 72 h 51 
*= hv 

Table I summarizcs the results of these reactions. Pcntcillanute (15a) was successfully obtained when 10 
was treated with ozone in a I/I mcthylcnc chloride/methanol mixture followed by reduction with trihutyltin 
hydride and silica* (Schrmc 3). 

TBS= t-(C4Hg)(CH3)2Si; 

a= 03, dimethyl sulfide. CH2C12. CH30H, -78°C; b= (C4H9)3SnH, Si02. CH2C12; 

c= TBSCI, imidazole, DMF. 

Scheme 3 

The C2-S bond of the thkolidine ring system of nenicillanate (15b) (from 15a upon treatment with trrt- 

hutyldimethylsilyl chloride and imidazole in anhydrous DMF) was cleaved (PhHgC1, DBU) in acetonitrile 
followed by acylation with phenoxyacetyl chloride to give secopenicillanute (16) (Scheme 4) (64% yield) which 
was treated with ozone in dichlorometane at -78OC and the oxalimido intermediate hydrolyzed with silica in a 
l/l methanol/ethyl acetate mixture ttc isolate azetidinone (17) in 45% overall yield. 

Acylation of 17 with allyloxalyl chloride followed by heating of the resulting oxalimido derivative in 
toluene in the presence of triethylphosphite gave penem (18) in 40% yield after flash chromatography. The silyl 
protecting group was then removed (tetmhutylammonium fluoride, acetic acid in THF) followed by palladium 
catalysed deallylation to give the final compound (3a) as the potassium salt (Scheme 4). 
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Our results indicate that radical substitution of 6P-hromo in benzyl 6P-bromo-6a-methoxypenicillanate 
proceeds in useful yield to give exclusively the 6/3-methoxy-6a-substituted penicillanate. This reaction is 
formally a radical insertion with inversion of configuration. 

The results described in this paper are an extension of the original report by Hanessiar? and they provide 
an entry to the 6P-methoxy-6aalkenylL. 6P-methoxy-6a-alkyl- and 6P-methoxy-6a-hydroxymethylpenems 
due to the ease of synthesis of the 6fi-hromo-ha-methaxypenicillanate from benzyl6-diazopenicillanate. 

SCOCH,OC,H, 

0 = d- 
COOBn COOBn 0 

15h 16 17 

COOCH-CH=CH- COOCH,CH=CH, 

18 
L L 

19 R= TBS 
I 3 

20 R= H 

a= PhHgCI. I)BU, CH3CN; h= C6H50CH2COCI; c= 03. CH2C12, -78°C then Si02, CH30H; 

d= ClCOCOOCH2CH=CH2, TEA. CH2CI,; e= P(OC2Hs)3, xylene, ref.; f= TBAF, 

CH3COOH. THF; g= Potassium 2-ethylhcxanoate, Pd( PPh3)4. THF. 

Scheme 4 

The radical nature of the reaction allows the synthesis of 6,6’-disubstituted penems that could not be 
obtained or that could he obtained with difficulty hy the methods reported previous1y.t With reference tc the 
stability of the compound of this study, 3 showed a good both DHP-I and chemical stability in in vim tests 
similarly to what observed for the epimeric 6a-methoxy-6P-hydroxymethylpenems.2 

The class needs further exploration to hc judged for its potential. 

Experimental Section 

Ir spectra were recorded on a FT Bruker IFS4X. 1H-Nmr were recorded at 80 MHz on a Bruker 
WP8OSY or at 300 MHz on a VXR50tKL300S Varian according to the case, using deuterated chloroform or 
D9.3 as solvent. Chemical shifts are stated in ppm (6 scale) using tetramethylsilane as an internal standard. 
Melting points were detetmined on a Gallenkamp melting point apparatus and are uncorrected. Analytical thin 
layer chromatography (tic) were carried out with E.Merck F-254 silica gel plates. Column chromatography was 
performed as described hy Still9 with silica gel 60 (particle size 0.040-0.063 mm E.Merck). Solvents and 
reagents were used without any further purification and all reactions were carried out with stirring and under a 
nitrogen atmosphere unless otherwise stated. “The usual work up” means that: the organic layer was washed 
with brine, dried over sodium sulfate and evaporated to dryness under vacuum or according to the cases 
washed with 5% aqueous solution of sodium hydrogencarhonate and then with brine as before.” The following 
ahhreviations were used throughout: 
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cy-Hex: cyclohexane, DBU: 1.X-diazahicyclo[S.4.O]undec-7-ene, DMF: dimethylfotmamide, Et20: ether, 
EtOAc: ethyl acetate, MeOH: methanol, NBS: N-hromosuccinimide. Hex: n-hexane. TBAF: 
tetrahutylammonium fluoride trihydrate, TBSCl: trrr-butyldimethylsilyl chloride, THF: tetrahydrofuran. 

(2S,5R,6S)-Benzyloxycarbonyl-6-hromo-6-methoxy-7-oxo-l-thia-4-azabicyclo[3.2.0]heptane (6a): Solid 
NBS (0.14 g; 0.79 mmol) was added portionwise to a cooled (-1O’C) solution of knzyl 6-diazopenicillanate 
(0.25 g; 0.79 mmol) in a l/l mixture of dichloromethane/MeOH (30 ml) and the reaction mixture was 
maintained under stirring and under a nitrogen atmosphere for I h. Water was added after this time, the organic 
layer was separated and extmcted with dichloromethanr (3x10 ml). The usual work up of the organic layer 
gave a residue (230 mg) which was tlash-chrclmatographcd (SiO, , column 1 cm width, IS cm height; cy-Hex/ 
EtOAc=9/1) to yield 6a as a white wax (200 mg; 64%). ‘H-Nmr (CDCl$: (6, ppm): 1.38 (s, 3H, Za-Me); 
1.60 (s, 3H, 2P-Me); 3.66 (s, 3H. -O&j& 4.70 (s, IH, H3); 5.255.14 (ABm, J=l1.9 Hz, 2H, -C&-Ph); 5.44 
(s, 1H. HS); 7.37 (m, SH, Ph). Ir (CDCl$: vmax: 1786 (fi-lactam), 1745 (C=O ester) cm-l. Anal. Calcd for 
Ct,H18N04BrS: C, 4X.01; H, 4.53; N. 3.50; Br, 19.96; S. 8.01. Found C. 47.89; H, 4.88; N, 3.31; Br, 20.01; 
s, 8.10. 

(2S,5R,6R)-Benzyloxycarbonyl-6-ally1-6-methoxy-7-oxo-4-thia-l-azabicyclo[3.2.0]heptane (7): AUyl tri- 
n-hutyltin (0.29 ml, 1.25 mmol) was added to a solution of 6a (0.25 g, 0.625 mmol) and then AIBN (20.5 mg, 
0.125 mmol) in benzene (2 ml) was added during 6 h. The reaction was allowed to proceed for 12 h and then 
additional AIBN (20.5 mg, 0. L2S mmol) in benzene (2 ml) was added during 6 h and the reaction allowed to 
proceed for S additional hours. The reaction mixture was concentrated under vacuum and the residue was 
treated with acetonitrile, filtered and the solid material washed with n-Hex (4x10 ml). The organic solutions 
were mixed and evaporated under vacuum to yield a crude material (230 mg) which was suhmitted to 
chromatography cluting with cy-Hex/EtOAc=9S/S to ohtain starting material (6a) (70 mg, 28%) and 7 (40 mg, 
24.6%). lH-Nmr (CDCIj), (6, ppm): 1.45 (s, 3H, 2a-Mc); 1.60 (s, 3H. 2P-Me); 2.70 (m, 2H, CHz=CHC&); 
3.50 (s, 31-I. OMe); 4.50 (s. IH. H3); 5.10-5.30 (m, 4H. CH,-Ph; C&=CHCH,); 5.50-5.40 (m. 2H, 
CH,=CHCH,; 15); 7.36 (m. SH, Ph). Ir (CI)C13), urnax: 1770 (P-lactam), 1745 (C=O ester) cm-l. Anal. 
Calcd for Ct9Hz3N04S : C. 63.14; H; 6.41; N 3.X8; S, X.X7. Found C, 63.34; H, 6.38; N, 3.74; S, 8.98. 

(2S,SR,6R)-Benzyloxycarbo~~yl-6-(2-~nethoxycarbonylethyI)-6-methoxy-7-oxo-4-thia-l-azabicyclo 
[3.2.0]heptane (8): A soluticm 01’ tr-n-hutyltin hydride (0.24X ml, 0.93X mmol) and AIBN (0. I1 g, 0.68 mmol) 
in benzene (3 ml) was added, during IS h, to a refluxing solution of 6a ( 0.25 g, 0.625 mmol) and of methyl 
acrylate (0.56 ml, 6.25 mmol) in refluxing benzene (5 ml). at the end of the addition the reaction was stirred at 
retlux for further 14 h. The reaction mixture was conccntratcd under vacuum and the residue (O.SOS g) was 
Bash chromatographed (SiOz, diameter 2.5 cm, height 11 cm. Et~OIpetroleum ether 43-62 “C=1/9) to obtain 8 
(64 mg, 25%) as a colourtcss oil. ‘H-Nmr (CDCI$ (6, ppm): 1.40 (s, 3H, 2cr-Me); 1.60 (s, 3H, 2P-Me); 2.30- 
2.60 (m, 4H, MeoCOCH$Z?-R); 3.50 (s. 3H, OMe); 3.70 (s. 3H, COOMe); 4.50 (s, IH, H3); 5.20 (m, 2H, 
C&Ph); S.20 (s, IH. HS); 7.40 (,m, SH, Ph). Ir (CDCI$, urnax: 1770 (a-lactam), 1735 (C=O ester) cm-t. 
Anal. Calcd. forCznH?SNO,S : C, 5X.95; H. 6.19; N. 3.44; S, 7.X5. Found C, 5X.82; H, 5.98; N, 3.54; S, 7.98. 

(2S,SR,6R)-Benzyloxycarl~o~~yl-6-(2-methoxycarho~~yl~~inyl)--6-methoxy-7-oxo-4-thia-l-azabicyclo 
[3.2.0]heptane (9): Stannyl acrylute (13) (X.44 g, IS mmel) and AIBN (1.232 g, 7.5 mmol) were added to a 
stirred solution of henzyl hp-hr~,Ino-ha-methoxypcl~iciilal~atc (6a) (3.0 g, 7.5 mmol) in benzene (80 ml). The 
reaction mixture was maintained at the retlux temperature LIII&X a nitrupen atmosphere for 52 h. The solvent 
was then evaporated under vacuum and the residue was treated with acetonitrile (SO ml) and washed with Hex 
(Sx 10 ml). The acctonitrile solution was cvaporatcd under vacuum and the residue (4.7 g) submitted to flash- 
chromatography on SiO-, in a column of 3 cm of diamctcr and IS cm height eluting with cy-Hex/EtzO = 9/l to 
yield 0.9SOg (3 I %I) of the tittc compound (9) as a cotourlcss oil. t H-Nmr (CDCl-+). (6, ppm): 1.40 (s, 3H, 2a- 
Me); 1.60 (s, 31-1, 2p-MC); 3.50 (s. 3H. OMe); 3.X0 (s, 3H, COOMc); 3.55 (s, 1H. H3); S.20 (m, 2H, -CH2- 
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Ph); 5.30 (s, lH, HS); 6.30 (d, J=lS.S Hz, lH, (KOCH=CHK); 7.05 (d, J=lS.S Hz, lH, OCOC&CHR); 7.33 
(m. SH, Ph). Ir (CDCl$. urnax: 1770 (p-lactam), 1735 (C=O ester) cm-*. Anal. Calcd for CZ0HZ3N06S: C, 
59.24; H, 5.72; N, 3.46; S, 7.W. Found C, 59.36; H, 5.78; N, 3.34; S, X.01. 

(2S,SR,6R)-Benzyloxycarbonyl-6-(2-phenylvinyl)-6-methoxy-7-oxo-4-thia-l-azabicyc~o[3.2.O]-heptane 
(10): Phenylvinyl-tri-n-butyl tin (I 1.15 g, 43 mmol) and AIBN (0.75 g, 4.5 mmol) were added to a solution of 
6a (5.7 g, 14.23 mmol) in henTent: (7.S ml). The resulting mixture was maintained at the reflux temperature for 
72 h adding additional AIBN (0.75 g, 4.5 mmol) every 12 h. The reaction mixture was concentrated under 
vacuum diluted with acetonitrile (SO ml) and washed with n-hex (5x10 ml). The acetonitrile layer was 
evaporated under vacuum and the residue (6.5 g) was tlash-chromatographed (SK)?, width 3.5 cm, height IS 
cm, Et~Wpetroleum ether = l/9) to yield 10 (3.25 g, 54%) as a pale yellow oil. ‘H-Nmr (CDCl$, (6, ppm): 
1.45 (s, 3H, 2a-Me); 1.65 (s, 3H. 2P-Me); 3.50 (s, 3H, -0Me); 4.57 (s, 1 H, H3); 5.19 (m. 2H,-C&-Ph); 5.38 
(s, lH, HS); 6.X6 (d. d, J=IS.X Hz. 2H, -C!jZH-Ph); 7.33 (m, SH, Ph). Ir (CDCl$, urnax: 1770 (fi-lactam), 
174.5 (C=O ester)O, 1640 cm-l. Antrl. Calcd for CZ4Hz5N04S : C, 68.06; H, 5.95; N, 3.31; S, 7.56. Found C, 
68.32; H, 5.78; N. 3.14; S. 7.7X. 

(2S,5R,6R)-BenzyIoxycarbonyl-6-hydroxymethyl-6-methoxy-7-oxo-4-thia-l-azabicyclo[3.2.O]-heptane 
(15a): Ozone was huhhled through a cooled (-40 “C) stirred solution of 10 (500 mg) in methanol (2 ml) for 
1.S h, after which time the solution was wanned to O’C, added of dimethyl sulfide ((1.1 ml, 1.6 mmol) and 
maintained at 0°C overnight. The solvent was evaporated under vacuum and the residue (400 mg) redissolved 
in dichloromethane (I .3 ml) and cy-Hex (3X.5 ml). Trihutyltin hydride (Aldrich 97%) (0.4 ml, 1.5 mmol), SiO2 
(6.4 g) and the resulting mixmrc were allowed to react for 3 h at rcmrn temperature under a nitrogen 
atmosphere. Thz reaction mixture was then liltered, the SiO2 was washed seveml times with cy-Hex to 
eliminate the excess trihutyltin hydride and subsequently it was washed with dichloromethane to obtain an oily 
residue which was purified hy column chromatography eluting with a 9X/2 chloroform/MeOH mixture to yield 
15a (white wax, 100 mg, 25%). ‘H-Nmr (CDCI~). 6 @pm): 1.40 (s, 3H. 2a-Me); I.60 (s, 3H. 2P-Me); 3.60 (s, 
3H, -0Me); 4.10 (m, 2H, -C&OH); 4.50 (s, IH. H3); 5.20 (m, 2H, -C&-Ph); S.35 (s, IH, HS); 7.40 (m, SH, 
Ph). Ir (CDCl$, urnax: 17X0 (p-lactam), 1745 (C=O ester) cm-t. Aml. Calcd for Ct7H2,NO$ : C, 58.10; H, 
6.03; N. 3.99; S, 9. I I. Fuund C, 5X.06; H. 6.1X; N, 3.X4; S, 9.01. 

(2S,5R,6R)-Benzyloxycarbonyl-6-(~ert-butyldimethylsilyloxy)methyl-6-methoxy-7-oxo-4-~ia-l- 
azabicyclo[3.2.O]heptane (1.513): trrr-Butyldimethylsilyl chloride (2. I4 g, 14.2 mmol) and imidazole (4.0 g, 60 
mmol) were added to a solution of 15a (2.0 g 5.7 mmol) in DMF (20 ml), the mixture was stirred overnight at 
room temperature, diluted with water (100 ml) and extracted with EtOAc (4x50 ml). The usual work up of the 
organic layers and flash chromatography of the residue (SiO2, diameter 3 cm, height 15 cm, cy- 
Hex/EtOAc=l/l) gave 15b (pale yellow oil, 1.X6 g, 70%). tH-Nmr (CDCI,), (6, ppm): 0.07 (s, 6H, Si(CH&); 
0.87 (s, 9H, C(CH$3); 1.40 (s, 3H, 2%Me); 1.60 (s. 3H, 2P-Me); 3.56 (s, 3H, OMe); 4.01 (ABm, J= 10.9 Hz, 
2H, SioC&R); 4.4X (s, IH, H3); 5. I7 (ABm. J= 12.0 Hz, 2H, CI&Ph); 5.37 (s, IH, HS); 7.37 (m, SH, Ph), 
Ir (CDCl& urn,,: 1776 (fi-lactam), 1750 (C=O ester) cm“. Anal. Calcd for C23H3sNOsSSi : C, 59.32; H, 
7.58; N, &)I; S, 6.Xx. Found (‘. 59.53; H. 7.6s; N, 3.04; S. 6.79. 

(3R,4R)-1-[l-Benzyloxycarbor~yl-2-methyl-l-propenyl]-3-(ter~-butyldimethylsilyloxy)me~yl-3-methoxy- 
4-(2-phenoxy-1-oxoethyl)thio-2-azetidinone (16): DBU (0.37 ml, 2.38 mmol) in acetonitrile (6 ml) was 
added over S min to a solution of phenylmercuic chloride (0.76 g, 2.4 mmol) in acetonitrile (45 ml) and, after 
IO min, 15b (750 mg. I.6 mmol) in acetonitrile (10 ml) was added during IS min and the reaction was let 
proceed for 1 h at room temperature. Phenoxyacetyl chloride (0.33 ml, 2 mmol) in acetonitrile (4 ml) was 
added over 5 min and the mixture was stirred for 20 min at room temperature. The reaction mixture was 
concentrated under vacuum and the residue extracted with ether (2x50 ml) and water (SO ml). The organic 
layers were worked up in the usual manner and the crude residue was purified hy flash chromatography (SiOz, 
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diameter 2 cm, height lScm, Cy-HI EtOAc=9S/S) tcl yield 16 (white foam, 520 mg, 57 %). ‘H-Nmr (CDCl$, ( 
6, ppm): 0.07 (s, 6H. Si(CH$& 0.86 (s, 9H. C(CH$$; I.95 (s, 3H, =C(Me)$; 2.19 (s, 3H, =C(Me)$; 3.43 

(s, 3H, OMe); 3.X6(s. 2H, -C!&O-); 4.62 (s. 2H, C&OPh); 5.14 (ABm, J= 12.S Hz, 2H, C&Ph); 5.90 (s, lH, 
H4); 7.30-6.80 (m, 10H. Ph). lr (CDCl$, urnax: 1750 (p-lactam), 170.5 (C=O ester), 1.58.5 (-C=C) cm-l. And. 

Calcd forC31H41N07SSi: C, 62.0X; H. 6.X9; N, 2.34; S, 5.34. Found C. 61.99; H, 6.84; N, 2.44; S, 5.22. 

(3R,4R)-3-(tert-Butyldimethylsilyloxy)methyl-3-methoxy-4-(2-phenoxy-l-oxoethyl)thio-2-azetidinone 
(17): Ozone was huhhled through a solution of 16 (2.0 g, 3.34 mmol) in dichloromethane (200 ml) cooled at - 
7O’C until the solution turned light hlue for 10 min. The reaction mixture was allowed to warm to room 
temperature and the solvent evaporated under vacuum. The residue was dissolved in EtOAc (100 ml) and the 
organic phase washed with a 2% aqueous solution (100 ml) of sodium dithionite and worked up in the usual 
manner. The crude residue was dissolved in MeOH/EtOAc=l/l (X0 ml) and 502 (1.3 g ) was added to the 
solution and the mixture stirred overnight at room temperature. The solvent was evaporated under vacuum and 
the residue ahsorhed on 50, was purilied hy tlash chromatography (SiOz, diameter 2 cm, height 15 cm, 
EtOA/cy-Hex = 1:‘)) to yield 17 (white wax, 5.50 mg, 40%,). ‘H-Nmr (CDCl$. (6. ppm): 0.09, O.OX(s, s, 3H, 
3H. Si(CH$z); 0.X!, (s. OH. C(CH7)?): 3.59 (s, 3H. OMe); 3.97-1.74 (d, J= 10.7 Hz, d, J= 10.7 Hz, 2H, 
C&O%); 4.70 (s, 2H, CO-CH+)l’h); 5.56 (s, IH. H4): 6.30 (hr s, IH, NH); 7.32-6.94 (m, SH, Ph). lr 
(CDClj), urnax: 3410 (NH). 1792 @lactam), I686 (C=(J), IS99 (C=C) cm-t. Ano/. Calcd for C,gH2gNOSSSi 
: C, 55.45; H, 7.10; N, 3.40; S, 7.70. Fecund C, 55.43: H. 6.94; N.3.44; S. 7.82. 

(3R,4R)-l-[l-Allyloxy-l,2-dioxoethyl]-3-(fe~-butyldirnethylsily~oxy)methy~-3-methoxy-4-(2-chloro-l- 
oxoethyl)-thio-2-azetidinone (1X): K2COj (7 I3 mg, S. I mmol) was added to a cooled (O’C) solution of 17 
(790 mg, 1.92 mmol) in dichloromethane (25 ml) and after 5 min ally1oxaly1 chloride (300 mg, 3 mmol) and 
triethylamine (0.600 ml, 4.2 mmol) were added, the mixture allowed to react for 4 h and then filtered to 
eliminate K$Z(+. The organic layer was washed with a saturated solution of sodium hydrogen carbonate (70 
ml) and water (40 ml) and processed in the usual manner to yield the oxalimido intermediate (18) (1.10 g) 
which was used in the following reaction without any fucthcr puriiication. 

(5R,6R)-3-AIlyloxycarbonyl-6-(/e~f-butyldimethylsilyloxy)methyl-6-methoxy-2-phenoxymethyl-7-oxo-4- 
thia-1-azahicyclo[3.2.O]hept-2-ene (19): Tdethyl phosphitc (1.34 ml, 9 mmol) and hydroyuinone (5 mg) were 
added to a solution of oxalimide (18) ( I IO g, I .92 mmol) in dry xylene (X0 ml) and the mixture was allowed to 
react at SO’C for 1 h and then at I IO ‘C t‘or I, h. The solvent was evaporated under vacuum and the residue 
puritied by flash chromatography (,SiOz, diameter 30 mm height 1X cm, petroleum ether 40-6O/EtOAc =9.5/S) 
to yield 19 (colourless <jil. 340 mg, 36% ). tH-Nmr (c’IK?& (6, ppm): 0.12, 0.08 (s, s, 3H, 3H, Si(CH&); 
0.86 (s, 9H, C(CH?)$; 3.63 (s. 3H. OMe); 4.01 (ABm. J= IO.9 Hz, 2H. CH2OSi); 4.80-4.60 (m, 2H, 
CHl=CHC&); 5.13, 5.45 (ABm, J= 12.3 Hz. 2H, R-CM?OPh); 5.50-5.13 (m, 2H, C&=CHCH$; 5.62 (s, 
IH, HS); 5.X5-6.02 (m, IH. CHz=CBCH?); 7.30-6.90 cm. SH, Ph). lr (CDC13). urnax: 17X0 (p-lactam), 1740, 
1701 (C=O ester), 1601 (C=C) cm-t. AM/. Calcd for C24H,YN0,SSi : C, 58.63; H 6.77; N, 2.X5; S, 6.52. 
Found C, 58.47; H, 6.X4; N, 2.7X; S. 6.52. 

(SR,6R)-3-Allyloxycar~nyl-6-hydroxymethyl-6-methoxy-2-phenoxymethyl-7-oxo-4-thia-l- 
azabicyclo[3.2.0]hept-2-ene (20): Acetic acid (0.59 ml, IO mmol) and subsequently TBAF (2.07 ml ,lM 
solution in THF) were added tu a solution of 19 (340 mg, 0.69 mmol) in THF (12 ml). The reaction was 
allowed to proceed at room tcmperaturr for 4 h, diluted with EtOAc (SO ml) and washed with 2% aqueous 
sodium hydrogen carbonate (3x30 ml) and then suhmitted to the usual work up to yield a crude residue 
(270mg) which upon flash-chromatography (SiOz, diameter 2.2 cm height 21.S cm, EtC)Ac/petroleum ether 
40-6=4/6) yielded 20 (40 mg, lS.3%) as a pale yellow oil. tH-Nmr (CDCl$, (6, ppm): 3.69 (s, 3H, OMe); 
4.01-4.16 (ABm. J= 10.6 Hz, 2H. CJ&OSi); 4.90-4.60 (m, 2H. CH+ZHC&); 5.1X-5.42 (ABm, J= 12.S Hz, 
2H. R-CH20Ph); 5.46-5.25 (m, 2H. C&=CHCH1); 5.61 (s, IH. HS); 5.96 (m, IH, CH-&HCH& 7.40-6.90 
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(m, SH, Ph). Ir (CDCl$, u,,: 3.609 (OH),l7X6 (B-lactam), 1707 (C=O ester), 1598 (-C=C-) cm-l. Anal. 
Calcd forCtgHt9N06S: C, 53.32; H, 4.72; N. 3.45; S. 7.91. Found C, 53.27; H, 4.67; N, 3.58; S, 7.92. 

(SR,6R)-Potassium 6-hydroxymethyl-6-methoxy-2phenoxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.0] 
hept-2-ene-2-carboxylate(3): Potassium 2-ethylhexanoate (0.2 ml of a O.SM AcOEt solutian), 
triphenylphosphine (3 mg) and tetrakis(triphenylphosphine)palladium(O) (3 mg) were added to a solution of 19 
(37 mg 0.1 mmol) in THF (1 .S ml) and the reaction was allowed to proceed at room temperature for 15 min. 
Ether and petroleum ether 40-6 (l/l mixture) were added to precipitate crude 3. The solid was collected by 
centrifugation repeating the washing with the ether/petroleum ether and centrifrugation step three times to 
obtain 3 (20 mg, 50%~) as a white powder (mp 90°C. decomp.). tH-Nmr (D$I). 6 (ppm): 3.34 (s, 3H, OMe); 
3.94 (s. 2H, C&OH); 5.08-5.39 (ABm, J= 12.4 Hz, 2H, R-C&OPh); S.42 (s, lH, HS); 7.40680 (m, SH, 
Ph). 
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