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Abstract - A convergent approach to the construction of the 3-hydroxy- 

oxacephema 1 , valuable intermediates for the synthesis of 3'-nor-l- 

oxacephems, is presented. The key step utilizes the Lewis acid 

catalyzed stereoselectlve ring-opening of the oxatollne 2 by an 

appropriately functlonallted alcohol 3 . 

The oxacephem claes of B-lactam antlblotlcs has been under intense lnvestlgatlon 

in recent years1 since the "simple" replacement of sulfur by oxygen in cepha- 

losporlne was found to afford compounds of up to four to eight fold higher antl- 

bacterial actlvlty2. These efforts have yielded various syntheses of oxacephemo'. 

Oxacephems of the 3 '-nor type have also been syntheelzed in this context4, some 

showing considerable antibacterial activity 
2cr4gr4k,5 . All the procedures known 

to date for the preparation of the corresponding oxacephem nuclei are multistep 

llnear syntheses in which every reaction step 1s carried out in the presence of 

the eensltive B-lactam ring. Linear syntheses have, hovever, a marked strategic 

disadvantage compared vith convergent eynthesee6. Our aim was to establish a 

convergent access to this class of B-lactam derivatives. t 

Scheme I. Synthetic strategy for 3'-nor-oxacephem synthesis 
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t A recently published patent application 7 claiming almost the same synthetic 

strategy has prompted us to report our results. In contrast to this work 

ve found no need to use the oxatollne 2 in Its N-6 protected form for 

the key transformation. 
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For the synthesis of 3'-nor-oxacephems, the 3-hydroxy-derivative 1 was 

envisaged as a common key intermediate allowing further elaboration of the 

nucleus4b-e. The retro-synthetic disconnection (scheme I) of the C.-O and the 

C.-N bond suggested the use of a chiral synthetic building block 2 and an 

achiral partner 3 that would possess both the necessary carbon skeleton and 

the appropriate stereochemistry to prmit correct configuration in 

forming the critical Ce-0 bond. Oxazollno-atetidinones substituted at nitrogen 

can be opened stereoselectively by alcohols in the presence of proton or 

Lewis acids*. Intramolecular variants of this reaction have been used by 

Nagata et al. for the construction of oxacephems'. N-6 unsubstituted oxazolines 

2, recently described by us 
10 , should, in contrast to the N-substituted 

congeners, react with bifunctlonal reagents such as 3 to give the bicyclic 

8-lactams directly. 

The present report describes a convergent approach to the construction of 

3'-nor-oxacephems utillring the Lewis acid catalyzed stereoselective rlng- 

opening of the oxazollne 2 by a functionalized alcohol 3 and subsequent ring 

closure by Merck-type " carbene insertion (scheme I). 

In the preparation of the reaction partner 36, the 9-ketoester dbwas 

synthesized (scheme II) from tert.-butyl Q-chloroacetoacetate 
12 by substitution 

with sodium bentylate In analogy to known methods 
12113 . The 4-hydroxyaceto- 

acetate 5b was obtained successfully from 46 by hydrogenolysls in ethanol in 

the presence of 101 palladium on charcoal 
14 , thus providing access to its 

diazo derivative 36 . Less sensitive masked 4-hydroxyacetoacetate equivalents 

nuch as I-hydroxybutynoates 6 and 2-butyne-1,4-diol 7 were also considered as 

possible alternatives. 
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Scheme II. Synthesis of the I-hydroxyacetates 



St-kclin syllIhc5is of 3’-IMx-l4ucepkm 3669 

The synthetic feaslblllty and the stereochemistry of the crucial oxazollne 

ring-opening raactlon was firat investigated using 3-methyl-2-buten-l-01 8 

(table I). Reaction of 2 with exceso alcohol 8 in dlchloromethane in the 

presence of tin (II) chloride ylelded the ring-cleavage product 9 vlthln 

15 minutes (0’~ room temp.) in 7Oa yield with a trane otereoselectlvity of 

> 3O:l (NHR) . Prolonged reaction tlmee led to the chlral acetale lO(R’-3-methyl- 

Ph 

OR' 

Lewis acid 

2 9 R’t 

10 

11 a ‘C&4,-E -COOCH, 

‘cH*---_-COOPNB 

‘CH,-----\ 
OH 

14b 

0 

L 'CH, 
COOBU' 

Table I. Stereoselective ring-opening of oxazollne 2 by alcohols. 

entry alcohol (equiv.1 Lewis acid eolven t time Ihl product isol .yleld lo] 

1 8 (10) SnCl, CtiICl, 0.25 9 70 

2 6a ( 5) SnCl, CH,Cl, 1 lla 23 

3 6a ( 5) BF, -Et,0 CH,Cl, 1 lla 63 

4 6~ ( 2) BF, -Et,0 THF 0.5 llc 66 

5 7 ( 2) BF, *Et,0 THF 2 12 8 

6 5b ( 2) BF, -Et,0 THF 0.5 14b 31 

7 3b (1.8) BF, *Et,0 THF 0.3 15b 74 

B 3b (1.1) BF, ‘Et,0 THF 0.3 15b 71 
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Scheme III. Elaboratlon of the 3'-nor-oxacephem nuclei 

reagents: (a) HSPh, NEt,, THF,OOC + r.t. 

(b) N-bromoacetamlde, dioxane:H,O 10:1, O°C; Na,SO, 

(cl BF,*Et,O, THF,O'C - r.t. 

(d) p-TsN, or p-HOOC-C,H,-SO,N,, NEta, CH,CN, 0°C -) r.t. 

(Et) cat. Rh,(OAc) ,,C&HI or ClCHaCH,Cl, BO'C 

(f) CH2N,, EtlO-CH2C1,. r.t. 

(cl) FCl,, DMF,O'C -r.t. 
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2-butenyll via the lntermedlate 9 . The use of boron trifluoride etherate - 
instead of tin (II) chloride was found to be more favorable in the reaction 

with methyl I-hydroxy-2-butynoate 6a1' (entries 2, 3) . Owing to the better 

solubility of the oxazollne 2 , the use of THF instead of dichloromethane as 

solvent enabled both the reaction time and the excess of alcohol used to be 

reduced (entries 4-8). We ascribe the low yield of 12 to the poor solublllty 

of 7 in THF and the subsequent rapid reaction of 12 to ring-opened products 

e.g. 10 . Side-reaction5 that were not further investigated are responsible 

for the moderate yield of 14b in the reaction of 2 with the sensitive 

4-hydroxyacetoacetate 56 . Tert.Butylester protection, although problematic 

in oxacephems, was chosen to counteract sterically the possible formation of 

tetronic acid15'16 under the reaction conditions. A highly convergent access 

to the 3'-nor-oxacephem skeleton was achieved by reacting the building blocks 2 

and 36 under almost the same conditions (entry 7) affording the crystalline 

oxacephem-precursor 166 directly in 74% yield. Due to the greater stability 

of 36 compared to 56 the conversion could be carried out employing almost 

equimolar amounts of the reactants without adversely affecting yield (entry 8). 

Less convergent but also favorable in terms of overall yield was the route 

via the butynoates 1lm.c , - which were converted to the 8-ketoestersl4a,c 

(scheme III) by formal addition of water according to the mild method of 

Ikegaml". In one case in the methyl ester series the thloaddition product13a 

was isolated and characterized. One-pot conversion of 11 to 14 generally gave 

yields exeeding 80%. The B-ketoesters lab,c were smoothly converted to the 

diazo derivatives 16b,c by reaction with p-toluenesulfonyl 18 - or the saver 
19 

4-carboxybenzenesulfonyl azlde2'. The ring-closure of the diazo-B-ketoestero 16 

to the 3-hydroxy-oxacephems 1 was achieved using the rhodium (II) acetate 

catalyzed carbene insertion method developed by Christensen et al. 
11 

to form 

carbapenems. t 

Further derivatlzation was carried out by reacting the 3-hydroxy derivative5 

lwith diatcxnethane to give the 3-methoxy compounds 16 , and with phosphorus 

trlchloride ln DUF to give the 3Tfiloro compound517 4e,21 . 

Compounds of the type 16 and 17 have already been prepared a5 benzhydryl 
4e 

and PNB" esters during the course of other oxacephem syntheeee. Their further 

convereion to the corresponding nor-oxacephem nuclei 18by cleavage of the 

bentoyl protecting group and subsequent leomerlratlon of the amino function 

can be effected by various well-known methods 4k,22 

In conclusion the convergent sequence 2+3 -15 -1 represents 

the shortest route to the 3'- nor-oxacephem ring system known so far. The synthetic 

operations carried out in the presence of the sensitive 6-lactam ring have been 

reduced to a minimum. 

EXPERIMEWTAL 

Melting points were determined on a BUchi capillary melting point apparatus and 
are uncorrected. IR spectra were determined on a Perkin-Elmer 281 infrared 
spectrophotometer. UV spectra were recorded on a Perkln-Elmer 554 spectrophoto- 
meter and optical rotations were determined using a Perkln-Elmer 241 MC polari- 
meter. The NHR spectra were recorded on Bruker WP 200, WN 250 and AJ4 300 
spectrometer or (CD,),SD solution. Chemical shifts are 
reported as B 

in-either CDCl, 
value5 in ppm relative to totramothylsllane ( 3 0.0) a5 an 

internal standard. 
coupling constants, 

Data are reported as follows: chemical shift ~multipliclty, 
integrated lntenelty, arsignmont). Ma55 spectra were 

obtained on a Kratoa MS 80 mass spectrometer. 
under a positive atmosphere of N, 

All reactions were performed 
with the aid of a Firestone valve. Reactions 

t see also ref. 4j 
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yBre monitored by analytical thin-layer chromatography using 5 x 10 cm TLC 
plates: silica gel 60 F-254, layer thickness 0.25 mm, E. Merck. Silica gel 
columns for chromatography utilized E. Merck silica gel 60 (230-400 mesh ASTM) 
and a slightly positive pressure of air. "Anhydrous" solvents wre distilled 
shortly before use from an appropriate drying agent. 

tert.-butyl 4-benzyloxyacetoacetate(4b). A solution of 64.9 g = 62.1 ml 
(0.8 mo1) of bensyl alcohol in 50 ml of tetrahydrofuran (THF) was added to 
an ice-cooled suspension of 18.0 g (0.6 mol) of sodium hydride (809 in 
paraffinoil) in 150 ml of anhydrous THF in the course of 1 h at O'C and the 
mixture was stirred at room temp. for 0.5 h. A solution of 57.8 g (0.3 mol) 
of tert .-butyl 4-chloroacetoacetate12 in 50 ml of THF was added at 0°C in the 
course of 1 h. The ice-bath was removed and the reaction mixture was stirred 
at room temp. for a further hour and neutralized by careful addltlon of 0.5 N 
HCl wlth cooling (@i control). The mixture was extracted with ether and the 
extracts were washed with water and dried over MgSOd. Evaporatlon of the ether 
in vacua gave an 011, which was purified by chromatography on 1.7 kg of silica 
gel (toluene:ethyl acetate 95:5), to afford 41.7 g (53t) of4b Rf: 0.47 
(toluene:ethyl acetate 9:l). 'H NHR (200 MHz, CDC1,) 2 1.50 (s,'9H, C(CH,),), 
3.48 (8, ZH, CH,), 4.18 (8, 2H, CH,), 4.63 (8, ZH, CH,) and 7.40 (5, SH, Ph). 
IR (CHCl,) 1740-1710 (C-0, 8-keto ester), 1656 cm-1 (C=C, enol form). Anal.Calcd. 
for CIsHloOl: C 68.16, H 7.63. Found: C 68.2, H 7.6%. 

tert .%utyl 4-hydroxyacetoacetate (56) .- A mixture of 6.61 g (25 mmol) ofc)b 
and 1.32 g of palladium (10% on charcoal) in 345 ml of methanol was stirred at 
room temp; under a hydrogen atmosphere (latm.) for 1.5 h. The catalyst was 
removed by filtration, the filtrate solution was evaporated off in vacua and 
the 011 which remained was dried under a high vacuum to afford 4.24 g (97% of% 
as an oil. Rf: 0.31 (toluene:ethyl acetate 3:2). 'H NMR (200 MHz, CDCl,) dc 
1.50 (8, 9H, C(CH,),), 3.05 (bs, lH, OH), 3.43 (5, ZH, CH,) and 4.38 (bs, 2H, 
CH,). Anal.Calcd. for C,H,,O,: C 55.16, H 8.10. Found: C 55.2, H 8.31. 

tert. -8utyl 2-dlazo-4-hydroxy-3-oxokrtanoate (36) . 6.72 ml (48.2 nun01 - 
2 equiv.) of triethylamine was added dropwise to a solutlon,cooled to O'C, 
of 4.20.g (24.1 mmol) of 56 and 5.22 g (26.5 mmol) of I-toluenesulfonyl 
azidel8in 48 ml of anhydrous acetonltrlle. The mixture was stirred for 3 h 
at O'C and 0.5 h at room. temp., treated with 10 g of Cellte and evaporated 
in vacua. Chromatography of the residue on 200 g of silica gel (toluene:ethyl 
acetate 85:lS) afforded 3.43 g (718) of 36 as llght colored crystals, mp. 35'C, 
Rf: 0.36 (toluene:ethyl acetate 4:l). IR (C Cl,): 

!i 
3495 (OH), 2982, 2141 (N,), 

1709 (C=O), 1643 (C-O), 1335, 1137, 990 cm' . ‘H N!4R (250 MHz, CDCl,) d 1.52 
(5, 9H, C(CH,),), 3.48 (t, J=SHz, lH, CH,OH), 4.59 (d, J-SHr, ZH, Ct&OH). 
Anal.Calcd. for C~H~INaOI: C 48.00, H 6.04. Found: C 48.0, H 6.1t. 

4-Nitrobenzyl 4-hydroxy-2-butynoate(6c) . A solution of 3.3 ml (23.3 mmol) 
of tetrahydro-2-(2-propynyloxy)-2H-pyranl5 In 23 ml of anhydrous THF was added 
to 7.8 ml (23.2 mmol) of a 3 molar solution of ethyl-magneslum bromide in 
ether at room temp. in the course of 0.5 h. The mixture was then stirred at 
room temp. for 1.5 h. This aolutlon was added dropwlse to a stirred solution, 
cooled to -2O'C, of 5.0 g (23.2 mm011 of I-nltrobenzyl chloroformate in 25 ml 
of THF in the course of 1.5 h. The mixture was stirred at -15°C for 0.5 h and 
at O°C for 1.5 h, and was then left to stand at O'C for 12 h, whereupon the 
magnesium salts crystallized. The salts were removed by filtration and the 
flltrate solution was washed with brine and dried over MgSO,. The solvent was 
evaporated in vacua, the residue was dlfsolved in 25 ml of anhydrous methanol 
and stirred with 1 ml of Dower-SO-XI (H form) at room temp. for 1 h. The ion 
exchanger was removed by filtration, the filtrate solution was concentrated 
in vacua and the residue was dried under high vacuum. The treatment with the 
ion exchanger was repeated as described above. The crude product was 
chromatographed on 300 g of silica gel (toluene:ethyl acetate 4:l) to afford 
2.07 g (388) of 6c as colorless crystals, mp. 93-94’C, Rf: 0.27 (toluene: 
ethyl acetate 4:l). IR (KBr): 3475 (OH), 2235 (-CW-), 1690 (C=O, star), 

1524 (NO,, as.) and 1348 cm-1 (NO,, sym.). ‘H Nt4R (200 MHz, DMSO)s 4.30 (d, 
J=6Hr, 2H, CH,OH), 5.38 (8, ZH, CH,-1, 5.63 (t, J=6Hsr lH, CH,Ol), 7.68 (d, 
J=ZOHz, ZH, H-aromatic) and 8.15 (d, J=ZOHt, ZH, H-aromatic). Anal.Calcd. for 
CltH,NO,: C 56.17, H 3.86, N 5.96. Found: C 56.2, H 3.9, N 6.1$. 

3(R)-Benzoylamlno-4-(R)-(3-~thyl-2-butenyloxyl-2-azetldinone (9) . 181 mg 
(0.96 mmol - 1.2 equlv.) of anhydrous tin-11 chloride (dried by fuslng briefly 
under a high vacuum) was added, at O'C, to a suspension of 150 mg (0.78 mmol) 
of (1R,5S)-3-phcnyl-4-oxa-2,6-dlazabicyclo(3.2.OJhept-2-en-7-one (2J1O in 
1.3 ml of anhydrous CHICl ) and 0.81 ml (7.8 mm01 - 10 equiv.) of 8 . The 
cooling bath was removed and the reaction mixture was stirred for 15 min. at 
room temp., poured into dilute NaHCO, solution and extracted with CH,CII and 
the extract was washed with water and dried over MgSOa. Evaporarlon of the solvent 
in vacua and filtration of the resldue on 5 g of silica gel (toluene:ethyl 
acetate 3:7) afforded 153 mg (709) of 9 as colorless crystals, mp. 92OC, 
Rf: 0.38 (toluene:ethyl acetate 3:7). IR (KBr): 1775 (C=O, 8-lactam), 1667 
(C=O, amide), 1633 (C=C) and 1529 cm-l (amide II-band). ‘H NMR (200 MHz, CDC1,) 
Jl.70, 1.77 (5, 6H. CH,), 4.18 (m, 2H, -OCZ,-CH=), 4.74 (dd, J=9Ht, lHzr 1H. 
H-31, 5.23 (d, J=lHz, 1~. H-41, 5.38 (m, lH, -CH=), 6.78 (8, lH, NH), 7.18 
(d, J=9Hz, lH, NH), 7.4-7.6 (m, 3H, C&H,) and 7.8 (m, 2H, o-CIH,). MS (70eV): 
m/e = 274 (M'); calculated: 274.32. Anal.Calcd. for C~,H~~NZO,: C 65.68, H 6.61, 
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1737 (C=D, ketone), 1725 (C=O, ester), 1658 and 1525 cm-' (amide). ‘H NMR 
(250 MHz, CDCl,)J 3.53 (8, 2H, COCH,COOR), 3.71 (8, 3H, COCCH,), 4.46, 4.58 
(AR, J=l7Ht, ZH, CH,O), 4.77 (d, J-7.5Hz, lH, H-3), 5.14 (8, lH, H-4) and 
7.4-7.7 (m. 7H. Ph. NH). 

tert. ~B~tyl~4-[~(R)~benzoylamino-2-azetidinon-4(R)-yloxyJ 
As described 

-acetoacetate (14 b) . 
f or the preoaratlon of 11~ , 216 ms (1.15 mmol) of the oxazoline 

, 400 mg (2.3 mmoi) of the alcohoi-ti and 30&l (0.24 mm01 - 21 mol 0 of 
boron trifluoride etherate in 4 ml of anhydrous THF after 0.5 h at room temp. and 
chromatography of the crude product on 60 g of silica gel (toluene:ethyl acetate 
1:3) afforded 128 mg (31%) of the adduct 146 as colorless crystals, mp. 14Z°C, 
Rf: 0.36 (toluene:ethyl acetate 1:4), [a)~' = -32.24' (c 0.955, CHCl,). IR (KBr): 
3320 (NH 

\* 
1763 (C=O, E-lactam), 1738 (Cm0 

z? 
etone), 1720 (C=O, ester), 1656 and 

1524 cm- (amide). ‘H NIR (200 MHz, CDC1,) 1.45 (s, 9H, C(CH,),), 3.43 (8, 2H, 
COCH,CGOR), 4.50 (AB, J=lSHr, ZH, OCH,CO). 4.78 (dd, J=lHrr 8Hz, lH, H-3), 
5.15 (d, J=lHz, 1H, H-4), 7.13 (8, 1H, NH), 7.3-7.6 (m, 4H, Ph, NH), 7.8 (III, 2H, 
ortho-bentoyl-H). Anal.Calcd. for CtaHaaN~Oa: C 59.66, H 6.12, N 7.73. Found: 
C 59.5. H 6.2. N 7.68. 

I-Nltrobeniyl 4[3 (R) -benzoylamino-2-azetidinon-I(R)-yloxy]-acetoacetate(~~ c). 
By the procedure described by Ikeqaml et al.ll..SSl mq (1.3 nunol) of the buhrnoate 

after crystallisation of the-crude product'from CH,Cl,/ether afforded 459 mg 
(839) of the B-keto ester 14 c as colorless crystals, mp. 138-139'C, Rf: 0.27 
(toluene:ethyl acetate 1:4). IR (KBr): 3338 (NH), 1174 (C-O, B-lacta ), 1740 
(C=O, ketone), 1720 (C-O, ester), 1641 and 1512 (amide) and 1346 cm -T (NO,-sym.). 
'H NI(R (200 MHz, DhSO)& 3.75 (s, ZH, COCH,COOR), 4.43 (5, ZH, CH,O), 4.65 (d, 
J=9Hz, lH, H-3), 5.18 (5, 1H, H-4), 5.30 (8, ZH, CH,-benzyl), 7.45-7.9 (m, Ph), 
7.65, 8.25 (d, J=g.SHz, AB-4-nltrobenzyl) together 9H, 9.00 (8, lH, NH) and 
9.14 (d, J=9Hz, lH, PhCONH). Anal.Calcd. for CI,H,WN,OI: C 57.14, H 4.34, 
N 9.52. Found: C 56.9, H 4.3, N 9.2%. 

tert. -Butyl 4-[3(R)-benzoylamlno-2-atetidinon-4(R)-yloxy]-2-dlazo-3-oxo- 
butanoate (156). a) As described for the preparation of 11 941 

-2, 1.10 g (5.5 mm01 - 
(S 0 mmol) 

of the oxatoline 1.1 equlv.) of thecaicoho1mg3b ’ and 
123 pl (1.0 mm01 - 20 mol 8) of boron trifluoride etherate in 20 ml of 
anhydrous THF after 20 minutes at room temp. 
156 as colorleoe crystals, mp. 

afforded 1.36 g (718) of the adduct 
103OC (analytical sample mp. 127'C), Rf: 0.30 

(toluene:ethyl acetate 35:65), [a];' = -15.4' (c 0.867, CHCL,). IR (KBr): 3307 
(NH): 2154 (N,), 1786 (C-O, B-lactam), 1699 (C-O, ester), 1643 (amide I) and 
1527 cm-1 (amide II). ‘H NHR (250 MHz, CDCl,) d-l.54 (8, 9H, C(CH,),), 4.77 
(dd, J=7Hz, e 1Ht, 1H, H-31, 4.89 (AB, J=l7Ht, ZH, CHIO), 5.26 (d, J= _ 1Hz, 
lH, H-4), 7.1-7.5 (m, SH, NH, NH, Ph) and 7.8 (m, 2H, o-benroyl-H). Anal.Calcd. 
for Cq~H~oNIOI: C 55.67, H 5.19, N 14.43. Found: C 55.7, H 5.4, N 14.08. 

9 
1 258 pl (1.85 mmol) of trlethylamlne was added to a solution of 184 mg 
0.5 mmol) of 14b and 100 mg (0.55 nunol) of p-toluenesulfonyl azide18 in 10 ml 

of anhydrous acetonftrlle at O'C. The cooling bath was removed and the mixture 
was stirred at room temp. for 1.5 h. The mixture was concentrated in vacua and 
chromatographed on 8 g of silica gel (toluene:ethyl acetate 35:65) to afford 186 mg 
(969) of the diaso compound 156 the physical data being ldentlcal to those of 
the substance prepared according to method a). 

4-Nltrobensyl 4-[3-(R)-benzoylamlno-2-azetldlnon-IO-yloxy ]-2-dlazo-3-oxo- 
butanoate (15 c). 0.75 ml (5.4 mmol) of trlethylamine was added to a suspension 
f 662 nq (1.5 mmol) of 14 c and 395 mg (1.74 mmol) of I-carboxybenzenesul- 

ihonyl atlde20 in 15 ml of anhydrous acetonltrlle at O'C. The cooling bath was 
removed and the mixture was stirred at room temp. for 1 h. 100 ml of ethyl 
acetate was added and the precipitate was removed by filtration and discarded. 
The filtrate solution was evaporated in vacua and ether was added to the 
residue to afford 540 mg (77%) of 15 c as colorless crystals, mp. 13S°C, Rf: 
0.44 (toluene:ethyl acetate 1:9). IR (KBr): 3317 (NH), 2154 (N,), 1789 (C=O, 
B-lactam), 1709 (C=O, ester),1660 and 1521 cm-l (amide). 'H NMR (200 MHz, D-0) 
& 4.64 (dd, J=9Hz, lHz, lH, H-31, 4.72 (8, ZH, CH,O), 5.27 (d, J-lHz, lH, H-4), 
5.44 (5, 2H, CH,-benzyl), 7.5-7.9 (m, Ph), 7.71, 8.26 (d, J-9.5Ht, AB-4-nltro- 
bentyl) together 9H, 9.00 (8, lH, NH), 9.15 (d, J=9Hz, lH, PhCONH). Anal.CaLcd. 
for CY,H,YN~O~: C 53.97, H 3.67, N 14.98. Found: C 53.6, H 3.8. N 14.8%. 

teii .%tyi (6R,7R)-7-benroyiamlno-3-hydrox -oxo-5-oxa-1-arablcyclo(4.2.0)_ 
act-2-ene-2-carboxylate (lb) . A suspension of 1 mg (0.88 mmol) of the 
diazo derivative IRA and 0.5 w of rhodlum(II)acetate in 18 ml of anhvdrous 

m-v 

oxygen free benzene was heated at 80°C for 1 h. The mixture was then ailowed 
to cool, filtered (Celite) to remove the catalyst, and the filtrate was 
concentrated in vacua. Chromatography of the residue on 20 g of silica gel 
(toluene:ethyl acetate 35:65) afforded 260 mg (829) of lb a5 a colorless foam, 
Rf: 0.36 (toluene:ethyl acetate 3:7). IR (KBr). 3324 (OH, NH), 1771 (C=O. 8- 
lactam), 1655 (B-keto ester, enol form), 1655 and 1532 cm-l (amide). 'H NXR 
(250 MHz, CDCl,,r 1.59 (5, 9H, C(CH,),), 4.42 (AB, J=l7.5Hz, 2H, CH,O), 
4.93 (d, J=7.5Ht, 1H. H-7), 5.05 (s, lH, H-6), 7.05 (d, J=7.5Hr, 1H, NH), 
7.3-7.6 (m, 3H, Ph) and 7.8 (m, 2H, ortho-benzoyl-H). Anal.Calcd. for 
C,.H,,N>O‘: C 59.83. H 5.86. N 7.75. Found: C 59.8. H 5.6. N 7.93. 
.-4IRltrobenzyl (6R,7R)-7~benzoylamlno-3-hydroxy-~-oxo-5~oxa-l-~~ablcyc1o[4.2.0] 

act-2-ene-2-carboxylate (I c). As described for the preparation of the 3-hydroxy- 
oxacephem lb , 295 mg (61%) of lc Rf: 0.37 (ethyl acetate), was obtained 
from 510 mg (1.1 mmol) of 15 c after’trit. of the crude product with ether.IR (KBr): 
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3320 (b, OH, NH), 1776 (C=O, B-lactam), 1652 (B-keto ester, enol form), 1660 
and 1525 cm-l (amide). 'H NMR (200 MHz, DMSO) b4.38 (AB, J=lBHz, 2H, CH,O), 
4.98 (d, J=9Hz, lH, H-7), 5.20 (5, lH, H-6), 5.45 (6, 2H, CH,-benzyl), 7.5-8.2 
(m, 9H, H-aromatic) and 9.24 (d. J=9Ht, lH, NH). The light colored powder was 
used for subsequent conversions without further purification. 

tert.-Butyl~(6R,7R)-7-benzoylamino-3-methoxy-~-oxo-5-oxa-l-a~abicyclo[4.2.0~ 
act-2-ene-2-carboxylate (16b). A solutlon of diatomethane in ether was added 
to a solution of 760 mq (2.1 mmol) of lb in 20 ml of CH.Cl, at room temo. 
until a yellow coloration remained. Evaporation of the &iv&t in vacua hnd 
chromatography of the residue on 30 g of silica gel (toluene:ethyl acetate 2:)) 
afforded 565 mg (729) of 16 b as a colorless foam, Rf: 0.53 (toluene:ethyl 
acetate 1:4). IR (KBr): 3354 (NH), 1775 (C=O, B-lactam), 1722 (C=O, ester), 
1650 and 1531 cm-1 (amide). 'H NMR (250 MHz, CDcl,)Yl.53 (5, 9H, C(CH,),), 
3.78 (8, 3H, OCH,), 3.36, 4.48 (d, J=18Hz, ZH, CH,O), 5.00 (s, lH, H-61, 5.04 
(d, J=7.5Hz, lo, H-7), 7.3-7.6 (m, 4H, Ph, NH) and 7.85 (m, ZH, o-benzoyl-H). 
Anal.Calcd. for C,~HIIN~O~: C 60.95, H 5.92, N 7.48. Found: C 60.9, H 5.8, 
N 7.3%. 

I-Nitrobenryl (6R,7R)-7-benzoylamino-3-methoxy-8-oxo-S-oxa-l-axabicyclo 
(4.2.0]oct-2-ene-2-carboxylate (16~). As described for the preparation of 16 b, 
30 (0 3 nunol) of 1 c after chromatography of the crude product on 15 g 

of s?ica.gel (toluene:etiyl acetate 35:65) afforded 75 mg (56t) of 16~ 
as colorless crystals, mp. 195V [lit. 4j 192-193°C1. Rf: 0.33 (toluene:ethyl 
acetate 3:7). IR (KBr): 3361 (NH), 1771 (C-0, 6-lactam), 1724 (C-0, ester), 
1650 and 1517 (amide), 1605 (C=C) and 1349 cm-1 (NO,-sya.). ‘H NMR (250 MHz, 
CDCl,) ot3.85 (8, 3H, CKH,), 4.50, 4.63 (AB, J=l'IHz, ZH, CH,O), 4.97 (d, J=8Hz 
lH, H-7), 5.10 (5, AH, H-6), 5.30, 5.45 (AB, J=lSHz, CH,-benzyl), 7.11 (d, 
J=BHt, IH, NH), 7.4-7.9 (m, Ph) and 7.65, 8.24 (AB, J=lOHz, I-nitrobenzylr 9H). 
Anal.Calcd. for C,IH,~NIO~: C 58.28, H 4.22, N 9.27. Found: C 58.0, H 4.3, N 9.19. 

tert.-Butyl (6R,7R)-7-bentoylamlno-3-chloro-8-oxo-5-oxa-l-azab~cyclo[4.2.0~ 
oct-2-ene-2-carboxylate(17b) . 30.5 ml (349 atmol) of phosphorus trichloride 
was added to a solution of 7.82 g (21.7 mm011 of lb in 430 ml of anhydrous DMF 
at O'C. The cooling bath was removed and the mixture was stirred at room temp. 
for 2 h. The mixture was then poured into a mixture of CH,Cl, and ice-water and 
extracted with CH,Cl,. The extract was washed with NaHCO, solution and water - 
and dried over MgSO,. Evaporation of the solvent in vacua and chromatography of 
the residue on 340 g of silica gel (toluene:ethyl acetate 7:3) afforded 2.47 g 
(309) of 17b as a foam. 
ester), 1650 and 1518 cm- 

fR (KBr): 3360 (NH), 1787 (C=O, 8-lactam), 1721 (C=O, 
(amide). ‘H NHR (250 MHz, CDCl,) rl.55 (s, 9H. 

C(CH,),), 4.35-4.48 (AB, J-17.5Hz, ZH, CH,O), 4.92 (5, lH, H-6), 5.18 (d, 
J=7.5Hz. 1H. H-7), 7.3-7.6 (m. OH. Ph. NH) and 7.9 (m. 2H. o-benzovl-H). 

Q-N~~rob;?n~yl~6R,7R)-7-b~n~oyl~mln~3-hydroxy-8-~X~-5~xa-~-a~a~iCyC~0~4.2.0] 
act-2-ene-2-carboxylate (17~) .A5 described for the preparation of 17b , 
1.22 g (26,) of 17~ was obtained as colorless crystals from 4.39 g (10 mmol) 
of 1 c and 1.40 ml (16 mmol) phosphorus trlchlorlde, mp. 192'C, Rf: 0.35 
(toluene:ethyl acetate 7:3). Ik (Kbr): 1791 (C-O, B-lactam), 1733 (C-0, ester), 
1642 and 1516 (amide), 1346 cm-l (NO,, sym.). 'H NMR (250 MHz, CDCla-OnSO)* 4.48, 
4.54 (AD, J=17Ht, 2H, CH,O), 4.99 (d, J=7.5Hz, lH, H-7), 5.33 (9, 1H. H-6), 5.43, 
5.54 (AB, J=l3Hz, 2H, CH,-benzyl), 7.4-7.6 (m, 3H, Ph), 6.75 (d. J=lOHr, 2H, 
PNB), 7.96 (m, 2H, o-benzoyl-H), 8.24 (d, J-1OHz. ZH, PNB). 9.18 (de J=~.SHZ, 
IH, NH). Anal.Calcd. for C~,H,rClN,O,: C 55.09, H 3.52, N 9.18. Found: C 55.4, 
H 3.7, N 9.0%. 
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