able of Contents

) Total Synthesis of Penicillins and Cephalosporins .. ...............

IR At ] SKRIEEOHT oot oo N ool il b ®D ol o s o
211 'Tatal synthesis of penicilling. ..ok« <« s s v os s 00w cc s s -
2.1.2 Biomimetic approaches to penicillins and cephalosporins . . . .
2.1.3 Total synthesis of cephalosporins. . . . ................
2.1.4 Close analogues of penicillins. . . ...................
2.1.4.1 2-Substituted pemicillins . . ... ...... .. ..c.n0.e...
2.14.2 2. 3=-Substituted penicilling ... & . . ri . Nt e ..
24 4:3 ' 5=Subgstituted pemieilis . .\ %5 .. L e e e s e - e

© 2.1.5 Close analogues of cephalosporins by total and partial
00 o e ok Sl St el v U B

PO Non-natural skeletOn . . . . coo v v émcciu v o aeensonsaossssss
2 W SIS T s e S S g Bt sed SRl e DR
AL W T N B e |l P
223 1-0Oxall-aza, 1-catbacephems. . . .o . ociat s o5 e vostvwss
B e N 1= O RaCeRICINRE ™ - . o 2 ¢ ¢ = whw s elmeme he sl e e
22032 6-Epi-1-0%acephems . .. . . .=« oo vmniooc b s b g e g
20908 3N ARBCOTIIBTIN S ) ohovs o &6mmis) » (o ond DN NENaanEm oo 51 b v & = « o
2234, | -CbReepheMisrm .. o fectal & dok sibe cmmiilt ab s oo o o
224 2-Isocephemsiand analogues. . . .. ...coneiocoeocnnn.
22 ol DGO CRPRBINS v .. - .+ i s e s 5 5 -
2247 2ETSUGRACEPhBMISY. 7% ot 4 Lk ot Bt T o S s e o e s
FH S e N PRI THEN B oo oot il o SRR o i o+



6 Table of Contents

2.3 Highly modified structures . ............ 5 om o) WVISPRP | 100
vl U Bl R R L ek T 100
2.3.2 Tricyclic f~lactams contining a fused aromaticring. . ... .. 104
2.3.2.1 1,2-Benzofused carbacephams and cephems. . .......... 104
2.3.2.2 2,3-Benzofused and related systems. . ............... 109
2.3.2.3 3,4-Benzofused and related systems. . ............... 111
2.3.3 Cyelopropanccephamis. . . : . wagaws -vas ome 2% o n oo o ek 113
233125 -Methylene cBphaml « .\ 8 Saa s s mm s s oewo o mismm 114
2332 34-Methylenecepham. . . .. .. cvvvvesmsirnanaens 114
2.3.4 Spirocyclopropylcephalosporins . . .. ............... 115
235 CyClopropanopenamls .« . . - -« v = s s w0 o v e i 116
2.3.6 Fused cyclopentanocephems. . . .. ................. 116
2.3.7 Other tricyclicf-lactams . . ...................... 117
2.3.7.1 Tricyclic.diazacephalis « . o .o v svw v oo s o v s s & bk 117
2.3:7.:2 Brid et tricyeliciB=TAotAINEL . . ¢ s oot ooa o 5 v v s sis s b 118
238 Diverse bicyclic B-1aCtams ... .. .« .cvv v eecnaar g 119
239 5.,6-Dehydiopenieillins. .. .o ivoolbv it e ana 119

3 New Structures Obtained by Semisynthesis . ................... 121

3.1 Transformation of penicillins into cephalosporins . ............ 121
3.1.1 Synthesis and antibacterial activity of f-lactam sulphoxides . 121
3.1.2 Synthetic utility of the Morin reaction . .. . .. ......... 123
3.12.1 Nucleophilie tFappig - - < wis wewms sows s1s 600 oot s s o0 vs s 0 125
3.1.2.2 Intramolecular trapPME..o . cuse misbiss e i vo s 0o s s 128
3.1.2.3 Electrophilic fraAPPING . - .o ionmme sicheiilt ol fo =« o0 oo 130
3.1.2.4 Reduction of sulphenicacids . .................... 130
3.1.2.5 Isolation and reactivity of sulphenicacids . . . .......... 136
SRl DM EGRHANROES. . .o« o ov o 5 o8 SR ez snsl s & = s Hh 136
3.1.3 Reaction of penicillins or their sulphoxides with electrophiles137
3.17.3.1 VHAlogeHating agents - 1n o 0% fos s winenm s 26 b 4 5 s s @ 137
3.1.3.2 Alkylating agents: },2 secopenicillins . . . ............. 141
3.1.3.3 Other cleavages of the thiazolidinering. . .. ........... 151

3.2 4<Thionoazetidin=2-0mes’. .|. . . ... . ¢ o o iut . v ene o nonsnse 152

3.3 Epi-penicillins and epi-cephalosporins. . . .. ................ 155
3.3.1 6-Epipenicillins and 7-Epicephalosporins . . ... ........ 155
3.3.1.1 Direct epimeriSation”. | : .0 L SN Lo 155
3.3.1.7 Indivecl CDIRCHSAMIR . o e o0 e e s b e s &5 o simn s 156

3.3.2 5-Epipenicillins and 6-epicephalosporins . . ........... 156



Table of Contents 7

3.4 C-3 Exomethylenecephams . .............. ...t 159
3.4.1 Preparation of C-3 exomethylene cephams and their synthetic

ADPHCAEING s o Mgy = Foncier SR pestaig TR ¢ & 5 5w o ¢ 159

3.4.1.1 Indirect route, starting with penicillins . .. ............ 160

3.4.1.2 Direct route, starting with cephalosporins . .. .. ........ 164

3.42 Synthetic applications of exomethylene cephams . . . ... .. 166

3.5 Ring contraction of cephamstopenams. . . ... .............. 170

4 Modifications at C-2/C-3; C-3/C-4; C-6/C-7; C-7/C-8 in Penicillins
PR CERTMORROEIIE . . <o oo g cscsmca o 6 oo AR R R v s oot B 173

4.1 C-2 Substituted cephalosporins . . ... ...t 173

4.2 Modifications of penicillin and cephalosporin at the 3-/4-position . . 179
42.1 Penicillins and cephalosporins bearing an acidic group other than

azcarboxylic acid fUncHOn’ . . ..o 5v b s s e s 6 s 183

4.2:1..1. Tetrazolyl penams and cephems; ... oc oooismmeis on - s 5 183

42.1.2 Phosphono B-lactams ...............cconunnnn 184

4.2.1.3 3(Pyrimidine-4',6'~dion-2'-yl) penicillins . ............187
42.1.4 Cephems bearing a carboxylic acid in a position vinylogous

to that in the natural cephalosporins . ............... 188

4.2.1.5 Miscellaneous related modifications . . . . ............. 188

422 Esters capable of in vivo hydrolysis . . .. ............. 188

4.3 6a-Substituted penicillins and 7a-substituted cephalosporins . . . . . 190

43.1 Transacylation of cephamycins . . .................. 193

432 Methoxylation at C-6(7) of penicillins (cephalosporins). . . . 196
4.3.3 Functionalisation at C-6a of 6-APA and C-7a of 7-ACA or

T-ADCAvia their Schiff’sbases i . .o vvvn e v s vvwesns 201
434 Methoxylation of 7-sulpheniminocephams .. .......... 206
43.5 Activation of C-6 by isonitrile formation .. ........... 208
43.6 Preparation of 6a/7a methoxypenicillins and cephalosporins
by partial or total synthesis .o co oo s van s e 209
4.3.7 Preparation of 6,6-spirocyclic penams and 7,7-spirocyclic
CEPHeMSRe: S s . Dl a4 S0 L IR . . L L 211
4 4 Modifications at C-7/8 of penams and cephems. . . ............ 217
4.5 Penicillins and cephalosporins having non-amidic side-chains. . . . . . 218
4.5.1 Penicillins and cephalosporins having basic side-chains . . . . . 218
452 Compounds prepared from 6(7)-diazopenicillanic
{cepliglogporanie)acill. . . ¢ . .k s mus o swme oo o3 224

4.5.3 Compounds prepared from 6(7)-oxapenicillins
CCEDRAITSIOTHIR) o o:someicuons MR N B A B, o6 15 & 231



8 Table of Contents

454 Compounds prepared from 6(7) halopenicillins

(e 30] (oo s S o 5 gkl B PP 236

45.5 Other amine derivatives of 6-APA and 7-ADCA. ... ... .. 239
IREFOrEHCESH: =« oo B T N R e i s+ o 5 o e 243
Acknowledgements . .. . i s ohs CUR i e e e B el s e v e 267
A BEEHAINE Y o e R N TN v b R ke & g s ¢ + 63 o B 269



