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Abstract Enantioselectlve synthesis of the lsocephem synthon 2 has been carned out by assembling 3 burldmg 
blocks Cyclotihon of phthalmudo acetyl chlonde mth a choral mune gave the B-lactam nucleus m 80% 
dlastereolsomenc excess (d e ) The elaborahon of the thlazme nng was camed out using a highly 
funcnonahsed epoxy ester 12 and P2I4 mediated water ehmmaaon 

In the course of our ongomg mvestlgatlons on the chenustry and blologlcal activity of 2-lsocephems we 

needed a stereocontrolled, straghtforward approach towards a basic synthon which could give nse to a variety of 

molecules with different side chams m the 3’ and 7 posmons As we have shown recently, molecules having a 

3-S-alkyl or S-aryl type of substltuent &splay only moderate antlbactenal acnvlty’ Thus we decided to 

synthesize compounds with 3-cH2X substltuents of the type found m most commercial cephalosponns, 

especially the so-called third generation products 7-Ammo-cephalosporamc acid, (7-ACA) a, a compound of 

natural ongm 1s a common precursor for most of these cephems obtuned by hemlsynthens2 From this molecule 

highly elaborated compounds can be obtamed m a few steps Consequently it was desuable to synthesize its 

1-carba-2-thla equivalent 2 (X=OAc or OH) 

Scheme 1 

1 7-ACA 2 X=OH, 
R = t-Bu 

The lsocephem nucleus can be decomposed mto 3 simple fragments a,b,c (Scheme 2), where the 

azetuhnone 1s made by cycloaddmon and the second nng 1s bullt up m two steps accordmg to a method 

developed earher for the 3-unsubshtuted and 3 methyl compound3d 

# Dedicated to Professor Dr Wolfgang Hdger on the occasion of his 60th birthday 
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Scheme 2 

R’ 

The O-lactam nucleus was prepared m an enanhoselectlve manner by cyclotition Our previous 

expenence had shown that a Schlff base formed from fluoroacetaldehyde and R(+)-phenylethylamme reacts with 

phthalmndoacetyl chlonde4 to give the B-lactam 4 m 63% d e 5 In a sumlar way, reaction of an aqueous 

solunon of chloroacetaldehyde with R(+) phenylethylamme gave an ammal as an 011~ preclpltate whtch slowly 

lost water and was transformed mto the unstable unme (3, X=Cl) which could be exuacted by alcohol-free 

chloroform (Scheme 3) The cyclotinon was carned out at low temperature by simultaneous addmon of 

phthahnudoacetyl chlonde and methylamme to give 74% of a nuxture of the cycloadducts 5 and 6, accompanied 

by some anude z The amount of 1 can be kept below 10% by careful drying of the Schlff base (2) solution The 

opt& outcome of the reaction was slightly solvent dependent, chloroform gvmg the best results (80% 

d e )(Table 1) Dlchloromethane or toluene gave lower tiastereoselecnon 

Scheme 3 

3 b 4 X=F 
2 X=Cl 

0 

Y d cd Cl 

a, Et3N, b, K$zOs, c, NaI, d, H#, DIEA 
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Table 1 

Solvent Raho 5Jfi” Yield (%)b 

CHCI, 90110 74 

cc14 80120 53 

CCl*=CHCl 75J25 58 

PhCHs 70/30 53 

CH2C12 65135 64 

a The ratio of the two dlastereolsomers was deterrmned by ‘H-NMR 

b Yield of the nuxture of 2 and 6 before separanon 

The two isomers were rea&ly separated by column chromatography Oxldatlve cleavage of the 

phenylethyl protectmg group was achieved with potassium persulfate m acetic acid to give 51 5 % of optically 

pure 8 The transfoxmatlon of 6 to the mdo compound 9 and the mtroductlon of the sulfhydryl group were 

performed m one pot heatmg of Jj with Nal III dry DMF followed by treatement with H$ m the presence of 

dnsopropylethylamme (DIEA) gave u m 66% yield 

The reachon of 4-mercaptomethyl azetldmones with bromopymvates affords the thlazme nng of 

lsocephems as was shown earher by SKF sclentlsts on simple molecules (Scheme 4, X=H or CH3)3d However 

functlonahzanon of the 3’ posmon does not proceed well For this reason we looked for a more convergent route 

using a precursor (12) possessing the desired potential 3’ leaving group In fact epoxlde 12 can be transformed to 

a bromopymvate denvatlve by simple treatmg with LlBr m THF, but this transformation was found to be 

redundant _lJ Was obtamed via Darzens reaction” between t-butyl &chloroacetate and the adequately substituted 

acetaldehyde ll, m presence of KOtBu (Scheme 4) The aldehyde was convemently prepared via 

monoprotectlon of ethyleneglyco17 followed by Swem oxldatlon (When the reaction was attempted with 

acetoxy acetaldehyde, no correspondmg epoxlde could be isolated) The relative conflguratlon of C,-C3 has not 

been determined, however no doubling of proton signals could be observed m the NMR spectrum mdlcatmg that 

possibly only one isomer was formed m the reaction 

Scheme 4 

0 X 
C02R 

a,b 
Ho@OH ---) OSlMe$Bu L tBu0 s OSlMe$Bu 

il 0 
11 I2 

a, tBuMe$Cl, lmldazole, b, Swem oxidation, c, tBuO,C-CHCl,/KOtBu 
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As we mennoned earlier the transfonnanon of the epoxnie to halopyruvate was not necessary as 1t could 

be reacted dnectly with the SH of a to develop a carbonyl group by the expulsion of a chlonde ion, ready to 

cychse to form 13 (Scheme 5) This reaction 1s surpnsmgly sluggsh when using ternary amme bases but can be 

promoted with L1+ ions Thus reachon of the epoxlde m with (lOJ 1n DMF 1n the presence of L1$20, provided 

the cychsed compound 13 as a roughly 1 1 tmxture of dsastereotsomers (Scheme 5) These isomers were not 

separated but subrmtted duectly to dehydrahon Water elmnnanon on this kmd of structure IS known to be 

&fficult3k D1phosphorous tetr;uodlde 1n pyndme was found to be the best reagent gnf1ng 59% of 14 Contrary 

to the expeCtahons3d both lsomers have pamclpated in the reaction In fact under the elmnnaaon con&hons the 

hermacetal can be opened permntmg the ep1mensanon of both the 3 and 4 carbonsl* In the last step the 

phthahrmdo protecnng group was removed to gve the free ammes y or 16 dependmg on the reaction 

con~tions 

The use of 16 to produce highly active anhbiotlcs will be reported elsewhere 

Scheme 5 

0S1Me2tBu 

C02tBu 

U A HNU Id 

HzNor& OSIMeztBu 

co$Bu 

2 or& OH 

C02tBu 

a, L12CO$DMF, b, P214/pynd1ne, c,hydranne,CH$02H, d, hydrazme, HCl 

EXPERIMENTAL 

Melung points were detenmned on a Kofler hot plate Spectral data were recorded on the followmg 

?ectrometers IR, Perkm-Elmer 580, NMR, Brucker WP or WH, MS, MAT-3llA or ZAB-HFQ For the NMR 

hemcal shifts are given 1n ppm from tetramethylsllane as an internal standard 

Chromatograph1c separanons were performed using 50 parts (w/w) of Merck s111ca gel (0 04-O 063 p) 

ynd1ne and drchloromethane were dned pnor to use by standmg over KOH and 3A molecular sieves 

spectlvely Commercially avadable (Aldnch Sure/Seal packed) anhydrous DMF and THF were used without 

nther pUnficahOn All non aqueous reachons were camed out under dry mtrogen atmosphere 
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~3S,4S)-4-Chloromethvl-l-~1(R)-phenvlethvll-3-ohthal~rmdo-azet~~n-2-one @ 

For this reaction alcohol free chloroform was used, stab&cd with 2-methyl-2-butene and dned over 4A 

molecular sieves A soluhon of aqueous chloroacetaldehyde (50-55%)(31 2 mL, 0 25-O 27 mole) m 625 mL of 

water was cooled down m a methanol-ice bath to 0-5’C and R(+) l-phenylethylamme (31 8 mL, 0 25 mole) was 

added m one pornon After 10 nunutes at the same temperature the precipitate formed was rapidly filtered, 

washed with cold water and &ssolved m chloroform (450 mL) The soluhon was heated up to 3O’C and the 

water formed was separated The orgamc phase was dned rapidly over MgS04 and then over freshly achvated 

Dnente powder (150 g lo-20 MESH, heated to 220°C under vacuum and cooled down under dry nitrogen before 

use) dunng 1 hour The solunon was filtered through a cehte pad, washed wltb dry chloroform and cooled down 

to -5O’C under nitrogen A solution of freshly prepared crude phthahrmdo acetyl chlonde (contammg 87% of 

acid chlonde by tlbahon) (41 7g, 0 16 mole) m chloroform (180 mL) and methylamme (26 mL, 0 19 mole) were 

added dropwlse and simultaneously As soon as the ad&tlon was fimshed the reactton rmxture was rapidly 

brought to room temperature and stirred for 1 hour It was washed with 5% aqueous NaHC03 (220 mL) and the 

aqueous phase was reextracted twice with chloroform The combined organic extracts were dned over MgSO,, 

filtered and evaporated The residue was taken up m ethanol (250 mL), thoroughly stn-red and the msoluble 

matenal was removed by filtrahon, washed with ethanol and dned to give 4 8g of 2 (9 6%) The filtrate was 

again stirred for 2 hours and the matenal which crystallized out was isolated by filtration, washed with ethanol 

and dned to give 8 5g (14%) of a 1 1 mixture of the two dlastereotsomers 5. and 6 The resulting filtrate was 

stnred with charcoal for 30 mm , filtered through a cehte pad and evaporated Chromatography on silica gel(250 

g), elutmg with dlchloromethane/ether (9 1) gave 35 9 g (60%) of 2 as a foam ao (CHCl,,c=l%) -5lVl 5” IR 

(CHCl,) 1785,1720,1612,1603, 1595,1589 cm- ’ ‘H-NMR (CDCl,) 6 1 78(3H,d,J=7Hz,CH& 3 49(2H,m, 

CH$Zl), 3 94(1H,m,H-4), 4 96( lH,q,J=7Hz,Ph-CH), 5 43(1H,d,J=5Hz,H-3), 7 40(5H,bs,phenyl), 

7 78(4H,m,phthahmldo) Anal Calcd for C.&It,ClN203 C, 65 13, H, 4 64, Cl, 9 61, N, 7 59 Found C,65 1, H, 

4 6, Cl, 9 4, N, 7 5 

(3S,4S)-4-Chloromethyl-3-phthahm~do-azet~d~n-2-one (s) 

5 (35 9g, 97 3 mmole) was &ssolved in a nuxture of acetic acid (310 mL) and water (210 mL) by stlmng 

and heatmg rapidly to 86-88” Mamtammg this inner temperature potassmm persulfate (68 3g, 0 25 mole) was 

added over 1 hour The heating was mamtamed for 10 minutes followed by cooling down to 5O’C by means of 

an ice bath K$PO, (97g) was added and the solvent was removed under reduced pressure The dry residue was 

taken up m water (480 mL) and ethyl acetate (290 mL), and under vigorous snmng solid NaHCO, was added 

until the foaming ceased and the color turned to dark The suspension was filtered through a cehte pad and nnsed 

with ethyl acetate After recovery of the orgamc phase, the aqueous phase was extracted with ethyl acetate and 

the combined organic extracts were dned over MgS04 and evaporated Double chromatography on slhca gel 

(CH&12/EtOAc=75 25), and crystalhsatlon with ether yielded 13 2g (51 5%) of 8 Mp 186’C ao @MF, 

c=l%) -40” +l” IR (CHCl,) 3420, 1787, 1770.1728, 1613,1515 cm-’ ‘H-NMR (CDC13) 6 3 65 and 

3 82(2xlH,dd,J=ll and 7 Hz ,CH.$l), 4 26( lH,dt, J=5 and 7 Hz,H-4), 5 53(1H,dd,J=5 and 1 Hz(d after D20, J=5 

Hz), H-3), 6 65(1H,bs,NH), 7 80 and 7 90(4H,m,phthahmldo) Anal calcd for Ct2H90,NZCl C, 54 46, H, 

3 43, N, 10 58, Cl, 13 4, Found C, 54 7, H, 3 5, N, 10 5, Cl, 13 2 
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(3S,4S)-4-Mercaotomethvl-3-ohthalimido-azetidin-2-one (10) 

A mixture of 8 (24.7g,93 mmole), sodium iodide (28g, 186 mmole) and DMF (80 mL) was heated to 

12O’C for 3 hours. 70 mL more DMF was added to prevent crystallisation and the solution was cooled down to 

3O’C. Hydrogen sulfide was bubbled through for 20 min. During this time 6.5g (0.19 mole) of H2S was 

dissolved. Diisopropylethylamine (18.7 mL, 0.11 mole) was added to the solution and the bubbling was 

maintained for another 2 hours. At the beginning the temperature reached 46’C and later decreased to room 

temperature. The solution was poured into a stirred mixture of water (1.5 I), 1N hydrochloric acid (187 mL) and 

ethyl acetate (250 mL). After separation the aqueous phase was twice extracted with ethyl acetate. The combined 

organic extracts were washed with water, brine, dried over MgS04 and concentrated under vacuum to a volume 

of about 40 mL. The concentrated solution was abandoned for 10 mitt, during which time crystallisation 

occurred. The suspension was filtered, washed with ethyl acetate and ether and dried to give 14,3 g of lo. The 

mother liquors were concentrated and abandoned during the night to give after filtration, another 1.7 g of the 

product. (Combined yield: 66%) Mp: 197’C. oo (CHCls,c=O.8%) +30.5?kl”. IR (CHCls) 3420,2580, 1780, 

1770, 1737, 1612, 1515, cm-‘. ‘H-NMR (DMSO-&) 8 2.66(2H,m,CH$); 3.73-4.04(1H,m,J= 5.5Hz,H-4); 

5.41(1H,d,J=7Hz,H-3); 8.01(4H,m,phthalimido); 8.83(1H,bs, NH). Anal. calcd. for Ct2HraOsNsS: C, 54.95; H, 

3.84; N, 10.68; S, 12.22; Found: C, 54.5;H, 3.8; N, 10.3; S, 11.0. 

2-tert-Butyldimethylsilvloxy)-acetaldehyde (11) 

To a solution of oxalyl chloride (4.7 mL, 55 mmole) in dichloromethane (120 mL) was added dropwise 

under nitrogen at -7O’C a solution of DMSO (8.6 mL, 0.12 mole) in dichloromethane (26mL) over 12 min. 

During the addition the temperature was maintained at -65’C. The reaction mixture was stirred for 10 min. and a 

solution of 2-rert-butyldimethylsilyloxy-ethanol (8.81g, 50 mmole) and pyridine (8.8 mL, 0.1 mole) in 

dichloromethane (50 mL) was added over 12 min. at the same temperature. The stirring was maintained for 15 

min and triethylamine (35 n&O.25 mole) was added over 8 min. at -65’C. After the addition the mixture was 

warmed up to 10°C over 5 min. and maintained at this temperature for an additional 20 min.. 1N HCl was added 

to adjust the pH to 4, the phases were separated, the aqueous phase was extracted with CHZCIZ and the combined 

organic extracts were dried over MgS04, filtered and evaporated. The residue was chromatographed on silica gel 

(CH,Cl$ to give 7.958 (91%) of 11. IR (CHCls) 2820,2713,1735,1259,840cm-1. ‘H-NMR(CDCls) 6 

O.l0(6H,s,Si(CH&); 0.83(9H,s,tBu); 4.17(2H,d,J=lHz,CH,), 9.75(1H,t,J=lHz,CHO). Anal. calcd. for 

C8H1s02Si: C, 55.12; H, 10.41; Found: C, 54.5; H, 10.4. 

~ert-Butyl-2-chloro-2,3-epoxy-4-tert-butyldi~thylsilyloxy-but~oate (12) 

A solution of rert-butyl dichloroacetate (8.46g,46 mmole) in dry THF was cooled to -20°C under 

nitrogen. fi (7.958.46 mmole) in 40 mL of THF was added simultaneously with 46 mL of a one molar KOtBu 

solution in THF over 20 min. The mixture was warmed up slowly to room temperature over 35 min. Water (40 

mL) and ether (40 mL) were added, stirmd thoroughly and separated. The aqueous phase was extracted once 

with ether, the combined organic phases were washed twice with brine, dried over MgSO, and evaporated. Silica 

gel chromatography (hexane/CH&=6:4) yielded 9.4g (64%) of 12. IR (CHCls) 1743, 1372,1158,840 cm-‘. 

‘H-NMR (CDCls) 6 O.l0(6H,s,(CH,),); 0.82(9H,s, SitBu); 1.42(9H,s,C$tBu); 3.33-4.08(3H,m,H-3,H-4). 
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rerr-Bu~l(6S,7S)-7-phtallrmdo-3-terr-bu~l~me~yl~~lvloxyme~yl-2-hv~oxy-8-oxo-4-~~a- 

I-azabicyclor4 2 Oloctane-2-carboxvlate (13) 

12 (39 7g, 0 12 mole) and N (26 9g, 0 1 mole) were dissolved III DMF (300 mL) LQCO~ (9 8g, 0 13 

mole) was added and the rmxture was stvred for 3 hours and poured into water (3 L) contammg 186 mL of 1N 

hydrochlonc acid The product was extracted with ethyl acetate, washed with water, brine, dned over MgS04, 

filtered and evaporated The residue was punfied by column chromatography on sdlca gel (CH2C12iEtOAc=9 1) 

to give 42 3g (76%) of 12 as a 45/55 rmxture of &astereolsomers ‘H-NMR (CDCl,) 6 0 08 (0 55H,s,MeSi) and 

0 23 and 0 25(0 45H,2s,MeSl), 0 92 and 0 98(9H,2s,SltBu), 157 and 1 65(9H,2s,OtBu), 5 29 and 5 50 

(IH,d,J=4 5Hz and 3 5 HZ&~), 7 86(4H,m,phthahrmdo) 

rerr-Butyl(6S,7S)-7-phthal~rmdo-3-rert-butvl~methvlstlvlox~e~vl-8-oxo-4-~:a- 

1-azabtcvclol4 2 Oloct-2-ene-2-carboxylate (14) 

A solution of 13 (42,2g,O 077 mole) in pyndme (560 ml) was cooled to 13’C under nitrogen 

Dlphosphorus tetramdlde (87 8g, 0 154 mole) was added m one poruon The inner temperature was kept below 

32’C by means of a water bath The stm-mg was mnntamed at room temperature for 1 hour The reactlon 

imxture was poured onto a well stmed mtxture of ethyl acetate (650 ml) and water (3 5 1) and concentrated HCl 

(530 ml) was added dropwlse to reach a pH of 14 whde the inner temperature was kept below 32’C with an Ice 

bath The msoluble matenal was filtered off through a cehte pad and washed with ethyl acetate The organic 

phase was separated and the aqueous solution extracted three times with ethyl acetate The combined orgamc 

extracts were washed successively with saturated NaHC03, bnne, dned over MgS04, and evaporated The 

residue was punfied by column chromatography (CHzC12-ether=95 5) and crystaihzed with pentane to give 

22 81g (53%) of3 Mp 172’C, aD (CHC13,c=0 8%) +30’+2’, IR (CHCl,) 1784, 1772,1726,1700,1610,1573, 

1470, 1309, 1250, 1150,839 cm-’ *H- NMR (CDC13) S 0 11(6H,s,MeSl), 0 91(9H,s,tBuSl), 1 53(9H,s,tBuO), 

2 77-3 44 (2H,m,CH#), 3 95(1H,m,H-6), 4 62 and 4 95 (2H,ABq,J=15 Hz,CH20), 5 77(1H,d,J=5 5Hz,H-7). 

7 81(4H,m,phthahmido) Anal Calcd for C~~H~~O~NZSS~ C, 60 3, H,7 1, N, 4 9, S, 5 7 Found C, 60 1, H, 

7 0, N, 5 0, S, 5 9 

~err-But~1(6S,7S)-7-am~no-3-tert-bu~ld~methyls~lyloxymethvl-8-oxo 4-this 

- 1 -azablcyclor4 2 Oloct-2-ene-2-carboxylate (15) 

14 (5 31g, 10 mmole) was mssolved m DMF (10 mL) and a solution of hydrazme hydrate (0 535 mL, 11 

mmole) in DMF (3 mL) was added dropwise over 45 mm (Faster ad&non led to partial opening of the 0 lactam 

nng ) 0 63 mL (11 mmole) of acetic acid was added and the reaction nuxture was steed at room temperature for 

2 hours and at 5O’C for 15 mm Most of the solvent was evaporated under reduced pressure at 40°C The residue 

was taken up m CH2C12 and filtered The filtrate way washed with saturated NaI-ICOg solution and water, dried, 

evaporated and the remauung solid was crystallized with ether to give 1 85g (46 2%) of u Mp 180-182’C IR 

(CHCl,) 3395,3350, 1764, 1697, 1621, 1574, 1369,1246 cm- 1 ‘H-NMR (CDC13) 6 0 10(6H,S,S1Mez), 

0 92(9H,s,SltBu), 1 53(9H,s,OtBu), 2 73-3 15(2H, m,CH$), 3 83(1H,m,H-6), 4 58-4 64( lH,m,H-7), 4 62 and 

4 95 (2H,ABq ,J=15 Hz,CHzO) Anal Calcd for C1sH~2N204SSi C, 54 0, H, 8 1, N, 7 0, S, 8 0, Found C, 54 1, 

H, 8 3, N, 7 0, S, 7 7 
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tert-Butvl(6S,7S)-7-amino-3-hvdroxvmethvl-8-oxo-4-~ia-l-a~bicvclo~4.2.O~~t~2-ene-2- 

carboxvlate (16). 

To a solution of14 (1.59g, 3 mmole) in DMF (4 mL) was added dropwise a solution of hydrazine hydrate 

(3.3 mL of a one molar solution in DMF) at room temperature over 12 min. Most of the solvent was distilled off 

at reduced pressure (below 45’) and the residue was taken up in 10 mL of water. 1N hydrochloric acid (3.3 mL) 

and ethanol (8 mL) was added and the solution was stirred for 2 hours. The precipitated phthalyl hydrazide was 

filtered off, washed with water and ether. The filtrate was concentrated to remove most of the ethanol and the 

residue was extracted once with ethyl acetate. The organic solution was discarded. The pH of the remaining 

aqueous phase was adjusted to 7.5 by NaHC03 and the deprotected material was extracted with ethyl acetate 

dried and evaporated. The residue was crystallized with ether to give 604 mg (71%) of & Mp: 112’C. IR 

(CHCl,) 3500,3410,3350,1765,1688,1622,1580,1368,1154 cm-l. ‘H-NMR (CDCl,) 6 

3.0-3.08(2H,m,CH$); 3.83(1H,m,H-6); 3.92 and4.59(2H&l,J=14 Hz, CHzO); 4.71(1H,d,J=6 Hz,H-7). Anal. 

Calcd. for C12H1s04N$ C, 50.3; H, 6.3; N, 9.8; S, 11.2. Found C, 50.4; H,6.3; N, 9.7; S, 11.0. 
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