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ABSTRACT 

1 
Th~~syntheses of the cephalosporin analogs cis-N-(2'-hydroxy­

pbènyl)-3-phenyla~etamrdo-4-hydroxymethyl-2-azetidinone (lL). cis-N­

(2'-hydroxy-5'-nitrophenyl)-3-phenylacetamido-4-hydrox~ethyl-2-azetidinone 

(59) and 7- B-phenyl ~ce'tami do-3' -hydroxybenzo [3,4] ,-0, 2~i socephem (?1J 

are de$cribed. Compounds 37 and 59 were devoid of antibacteria1 activity, 
'> -, - - ~ of' 1.1.. A, 

while (3-1a,ctam 77 showed weak activity against two microorganisms. 

Two ~ew ring s'y'stems, 2-phenylcat'bapenams 146 and 157 have been .. 
prepared. These are key intermediates in the syntheses of pho?phonic 

acid carbapenam 148 and the carboxylic acid derivative 158~ respectively. 

The one carbon homologatien of B-trimethylsilyl-a,B-unsaturated 

esters with diazomethane was extended tq the corres~~nding (3-trimethylsilyl 

or 8-t-~uty1dimethy'si1yl aldehyd~s . 
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SYNTH ESE DE NOUVEAUX ANTI-8 IOTIQUES' DE TYPE". e-LACT AME" 

p~ 

Antonio Ug'olini 

RESUME 
, . 

/ . ' 
~ On décrit la synthèse tf 'analogues de céphalosporihes ms-N-

l '. 

(h.y:dro,xyphényl-2' ) phényl acétami do-3 hydroxyméthyl-'4 azét i d~ none-2 (7), 

ais -N - (hydroxy-2' n'ltrophényl-5') phényl acétami do-3: hydroxyméthyl-4 

ia.Zétidinon~-2 (~) et phény1acétamido-7S hyd~oxyberizo[3,1i1-3' isocép~em-
, 1 

o,e (7]J. Les composés flet ~étaient dépourvus d'activité anti-

F \ 
bactérienne, tandis que la S-lactame 1.1. avait une faible activité cdntre 

deux mi croorgani smes. 
, ".---- '- ~ -

les deux nouveaux systèmes cyc li ques phényl-2 carbapénams 146 et 
. , , ' . 

157 ont été préparés. Ces derniers' constituen"t des intermédiaires cl.és 
t 

pour la synthèse de l'acide phosphon,iquè ~.arbapénam 148 et de ,l'acide 

carboxyl ique corr:.espondant '158. , - " 

L'homologation des esters s-triméthylsilylê's o.,S-insaturés d'un' . 
. '. \ '. '". ~ 

, . carbone à l'aide du diazométhane a été réa1i,sée a partir des aldé.hydes 

" S-triméthyl 5 ilyl és ou B-t-butyl diméthyl s ilyl és correspondants. 
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GLOSSARY OF ABBREVIATIONS 
;: 

" 
-:. 

Ac acetate ' ll\ 

AGQH ac~ic aCld 

app apparent 
, 

b broad 
)" 

Bn benzyl 
6 Bu" ,)0 butyl , 

18-c-6 18-crown-6 ( 
.J 

\ 

CI-ms chemi ca l ionization' mass s pectroine~ry\ 
'-

" 
.. \' 

'. CSA .' , cilmphor sulfonic acid . 
.... 

d doublet 
,>. , 

J DME 1,2-dimethoxyethane 
,b 

III> 
DMF dimethylformamide 

DMSO dimethylsulfoxide 
. ~ 

Et etnyl 
. 

g . gram 
11' - t 

1 
gc gas chromatography 

l, . ge-ms" gas chromat~graphy mass spettrometry 
1 

IHmr proton magnetic resonance (spectrum) 

ir infrared ( spectrum) . 
" 

J \ coupling constant ( th ree bond) 

2J coupling"consiant (two bond) 
i 

.1 J 

1 
m mul tl-pl et 

~ 

m-c'PBA meta-chloroperbenzoic acid • 
,.. ~ 

j') .. 
< .. 

9-

c. 

\ • 
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PRHA~E ,-

. \ 

The firs't 6-1attam was synthesized by °StajJdinger
l 

in 1907, but . . - . 
p,- lactams ~s a cl ilSS acqu'ired i~p'ortance on1y,J,tter it ",w~s ~stab11 s/)~~ 

\ .. "'1 

that penicilnn contains a B-lactam unit 1. as an essentjal Structural 

,feVature, Fleming's discoverl, of ,pe~;cillin. ~:in 19Ù, W{S 'followed 
~ 

\ 

by the isolat~on3 of cepha1o~parln C 3, in 1955, fram a Cephalosp~i>iwn 
--1» - 1 • 1 r., 

species of fungi, The stmctur~ was .conl-firmed by Hodgkin ·a~d Ma~leI1.,;4, 

in 1961, by means of 'sin~le '~rystarX-ray diffraction studiés. 

.t.v 

r 

/ , H. 
-~ 

'. 2 

" 

3 

" 

Penicillin was the first rnfcrobial'rrfetabolite to s.haw suffléient. 

separation betw~en toxicity ta the bacterial ce1l and tQxicity to the 

mammalia.,n hos'tv ta pe~mi\. its use .ln t~e, s)stemic treatment of bacterial 

infection~ in huma~st>and an~mals, 'Âside ,fram its law tox,icity"l"t is 
, , .' fp 
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~ 
~so eàs~ly obtained by fermentatlon, which is an.imp~tant economic 

. ~ f' ~ 

factor. 

The great intel"est in 0. ... 1 a!=fam antibiotlcs has generated an 

enormous amount of research on ~he bio1ogica1 and chemlca1 prOpêrties 

of cephalosporins" and peni'cilllns, as well as on "t~e lsola'tion of 

nove1 structur~s. The latter effort has recently produced new,types 

of B-1actam' antibiotics:'such as: pachyst;'nnines5 4, cepramyci~s6 
, .; • .. 0-

'(cefoxitln 5). clavu1anic acid7 6, wildfire toxin 8 7, - - ~ -, 

9* bleomycin §., 

nOCardicin10 .2." thienamycin 11 J.Q. and the'related olivamc 
12 ' acids .11 . 

Pachystènnine 
4· 

" , 

.. , 

A Z = C=O 

B Z = CH-OH. . 

.. + 

~~o 
'O.U . g NyOO-

H.... AOH 

7 

Cefoxitin 5 

6 

l , 1] 

.. , 
'- * .. . 127 " Bleomycin A2· was recent1y found \0 lack the ~-lactam rlng 

1. 

\. 

2 
, . 

.. 

1 
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NH '., 
N z , 

" 0 ,.0 

" NH' 

. , 

î
o~z '" 

0" û '.. " tJ · 
HZ~~ 0 H~~0NH .~S ' 

~ HN N~ 8H~ Ù:J 

\ 

H .. . ' 
Bleomycin ~ 

" Th; enamyc i n 10 
~ 

'pH 
N, H 

.~~H' )J~ 0 
~ 

ëOOH 

, Nocard;c;n A 9 

~. 

" 

" , 

/ " 

~
/" 

N 
o ' 

OOH 

01ivan;c acid 11 

R 

MM 4550 î~ 
·H 0 

MM 13902 ~NA.. 
H 0 

MM 7880 S~NA.. 
H 0 

MM 22380 S~NA 
H 0 

MM 22382 S~N~ 
I;l 

Nocardicin Ais a,,çtive, 'l-n vivo, a,gainst a wide range of Gram­

'negative baderia, e.g. PseudomonaB j proteusland~ ~:ooli, but it ha5 no 

3 

R' , 

S03 Na 

SOJNa 

SO)Na 

H 

H 

~ct;vi~y a~a;nst Gram-positive Qacteria. It;5 also believed ta stimulate 

- ' 

f 
.. \ 

.. 
'. 

j 

" 

/ 

,. 



! 

.1 

( .,-, 

\ 
, .. .' 13 theDhost's immune respons~ ta the lnvadlng batterlum 

1 

are not only effectlVe agalfist Gram-positive and G'ram~negat!;ve- bacten?' 
• 1 

at low levels, but a.lso show B-10actamase inhibitory a'Ctlvityl~. Olivanic 
, • 1 

acids posséss good activity toward Gram-positive and Gram-pegative 

organi$ms'and are also po~erful inhil:litors'o; B-lactam~sesI15 
, , 1 

MODE OF ACTION OF B-LAtTAM ANTIBIOTICS 1 . 
Early observati ons of the effects of peni ci 11 in 1 on ,bactena 

indicated a ~rimary effect on cell wall integrity that wïs limit~d to 

growlng cells, and that resulted, in lysis unless the cells wer~ protected 
• -' • " 1 

by a medium of high o.smolanty . Along Witoh the relativellY low tOX1C3ity 

of S-lactam antibiotics, this suggested that bacte,ria1 dell wall 

synthesls was inhib'~ed. Mammalian cells lack' this s~r~ctural feature. 

Bacterial cells ~re usually covered by a ce1l Wkll, which lS 
• 1 

1 :., 
located outside the cytoplasmiç membranè (Fig. l, p. 5);. In Gl'am-

pO,sitlVe bactena, the wall i:; a thick, diffuse, structureless layer. , \' ; 
It consists mainly of mureln (peptldoglycan). In contrast, the thlnner , , . 
~ram-negative wall is compo:fd of at least two layers,la(l outer 

1 membrane and an inner, structureless layer that corresponds to the 
o ' 1 

murein, which is mainly responsiblè for the mechanical strength of the 

wall 16 . Its integrity is reqJired for the maintenance of ~ell shape 

and fo<\" supportingjthe high osmotic pressure within the cel1·, about 

20 atmospheres in Gram-positive orgàni.sms and about 5 atmosp~eres 'in 

the t~inner walled Gram-ne~ative type. The essentlal features of the , 
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O.02-0.()'B~ 
CW {::::::=:::::::~:::::::::::::::::::: 

( ~ Mur) ~llllf~l~~ll~~~~l~l~~lll~~' . { .... w "'}OM 0 ,CW"- ..... 
\ "'-----"}Mur 0 .002':0 .003).1 

, O. DD75]l . CM{_~ __ _ CM{_' __ 

Gram-~o~itive / 
. 
Gram-negative 

\ . , " 

Fig. 1. Appearance of the s~face layers of bacteria in.' 
thin sections. CW, cel1 wall; CM, cytoplasmic membrane; 
aM, outer membrane; Mur, murein (=, peptidoglycari). 80th 
Gram-positive 'and Gram-negative' cells may contaln extra 
1ayers of êell wall in addition to those shown here. 
Bacteria are aboùt 1).1 in diameter . 

,1/"-

murein, found in virt.ually all bacteriéi, are a backbone of.",alternating 
, ~ ~ 

N-acetylglucosamine (GleNAc) and- N-acety1muramic acid (MurNAc) \'esidues 

having a B-l,4-linkage, a tetrctpeptide substituen't with alternating Land 
\ 
\ . 

':~ 0 residues, and a pentapeptide bridge from the terminal carboxy1 of 

,one tetrapeptide to an available amino group:of a neighboring tetra­
(-

'pep~ide (F;ig. 2, p: 6)16. .' 
In vit~o investigations, principally by Sttominger and his 

5 

.. " colleagues, demonstrated, that mur.ein blOsynthes.is involves (1) cytoplasmic 

e&zYll1es for tonnati on of the nuc l eoti de precursor, UDP-MurNAc-'pentapepti de; 

(2)'a membrane-bound enzyme for transfer of the phospho-MurNAc-

. \ 

. 
pentapeptide from UMP to bactoprenol. phosphate, the membrane-bound carrier 

HP.id; and (3) furthermembrane-bound enzymes for ,addition of GlcNAcand 

the other components of the ~epeating unit of the\mature peptidoglycqn. 

• j 
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1 REPEATING DJSnCCHARIDC 

---MurNAc P-l, 4 GleNAc ~ ~t1rNAe' GlcNIIC---

TETliA- {::i:: ,+, T:E "]" , 
PEPPr'OE L-~ys---1 L-~Y5---.J o-llal O-fla ~ 

, O-Ala , 

• • R-l 4\ R-l 4 A_l 4 
---MurNAc ~GlcNllc~MurNlIe l' ' GlcNlIc---

1 l ,'1 ~ L-1I1a L-Ala NOT YET 
1 (G1y) 5 1 

D-Glu 1" O-f1u CR~SS-LINKEO 

L-~ys---1 CROSS- L-Lys-{Gly) 5 

1 BRIDGe 1 J 
D-Ala--"l. O-~la" 

1 O-Ala 

Il 

"'\L 
Fig. 2. Structure of peptidoglycan of S.aupeus. 
The polysaccharide chains (backbone) are S-1,4-1inked 
polymers of alternating residues of N-acetylglucos­
amine (GleNAc)' and N-acetylmuramic aC,id LMurNAc :: 
3-0-0-,1 actyl ether of Gl cNAc). The COOH of the 1acti c 
'acid group is attached to a tetrapeptide, which i~ 
turn is l inked by a pentaglyclne bridge tq a 

. tètr:apeptlde on a nearby pol,Y-saccharide chain 

..... . . 

eitner abovev below or in the depicted plane. Teichoic 
acid chain's.,are attached to occasionaJ MurNJl.c residues 
through a phespho9iester linkage . 

, 
r'~ -...,. .( 

Then, transpo~t of the lipid intermediAte through the"rœmbrane is 

.. 

,1 

foll owed by polymerization on its outer surface. The synthesis of the 
o 

complete UDP-MurNAc-pentapeptide prec~rsor,[alone, requires 15 enzymes, 
o' , 

present in the cytoplasm . 
, , 

.. 

6 

r 

\ 



1t 

.. 
, , 

.' 

\ -

, 
r I~ 

~ 

j '. 

'None of the above activ'ïties were foutld to be affected by 

penicillin /1/ tI//I'O, sugge"Stlng that the sejlsitive step was fO,rmfltion 

of peptide cross-links by transpeptidation. Inhibition of peptidoglycan 

cross-linkage by penicillin G was demonstrated in S.aur'8U$ cells in V1'UO 

by Wise and Parkl ? and by Tipper and Strominger18 . It was hypathesized 

that transpeptldatlon is a two-stage reaction ln which the terminal 
~ 

O-alanin.es, ln the pentapeptide of uncross-llnked peptl\doglycan'Lar~", 

cleaved releaslng the C-terminal O-alanine and ~Orming a~ aCY1(o-alanYl .. 
enzyme intermediate. Transfer of the acyl-D-alânyl chain ta an acceptar 

t . ~ 

péptlde, wlth concomitant liberation of the,en~me, completes the 

transpeptidation (Flg. 3, p. 8). It was further hypothesized18 that 

penicillins' and cephalosporins, which are-bath formed from' l-cysteînyJ-

D-valine, are anal~gs of the partl~ular conformation of ihe donor 

substrate. The amide pond in 'the highly strained S-lactam ri~g would f 

correspond ta the D-alanyl-D-alanine peptide bOQd cleaved during , 

transpeptldation.. B-lactams may then be viewed bétter às transition 

state analogs th an as analogs of the substrate in lts normal-state. 

Boyd19 compared the three-dimensional structures of vario~s penicillins 
1 • 

and cephalosporins to the spatial characteristics of glycylglyclne and 
\ 

the tetrahedral adducts formed when.a
9
nucleophile attaches ta the amjde 

'. 
carbonyl of this dipeptide (model far D-alanyl-D-alanine). least-

, 
squares fitting showed that the tetral1edral adducts matched the B-lactam 

better than the parent dipeptide, one of the enantiome~s being closer 

• than the ~t~er. Once formed, t~e more stabl e peni cHl oyl ·enzyme inter-

mediatè effectively inactivates the transpéptidase. Contlnued bacterial 
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D-Ala 

(ACCEPTOR) 

B/- NIlCO - Cil 2 -- NI! 2 

(PENICILLIN) 

\ . 
RCONH ,>--!S + !l20 

ENZO ~ 'N.--l" o Il COOH 

/ 

--~ 
(PENICILLOYL-ENZ) 

/ 

" 

Me 

AI-CONH+,=O 

B/-NIl(AJ-Cll 2 -NiI 

(THANSPEPTIDA:'E 
PRODIJCT) 

RCONH st , .. W (~-LACTAMASE 
HO-{ 'N PRODUC'I') / 

o "000" '\~ 

hNZ-OH 

RCONH -CH 2 - COOH 

(ACYL-GLYCINE) 

Fig. 3: Formation of; acyl-enzyme intermediates iQ. 
D,D-fZ~rboxypeptldase, D,D-traf\speptidase, and 
S-lactamase action. "A" represents the end of the 
m?ln peptiqe chain of the glycan strand. "B" 
represents the end ef the pentaglycine substituent 

./ from an adjacent strand. ReactJvation may ,result 
in formation of penicilloate or of thiazoline and 

.. acyl.::'glycine derivatives (Table 2, p. 13): 
1· 
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, 
result ln rupt~re of the wall, in the reglqn of ~ctlve mureln synthesis, 

and release of the cell contents, (Fig. 4). 

1 
Fig: 4 "Time" 

Apri l 2h,-1980 

" ~ ,. ) 

<". •• \rw 
Stap/JYIOcoecu,ilJ:iterium exploding 

The wall ruptu es al ilS weakest POINt, • Ii 

vHowever; bacter'a do not cO'ntaln4a unique penlcillin-sensitive 

t'ranspeptidase whic,h is 'S.he target for the BLlact~ms, but rather a large 

number of enzymes; ~~ânspePt~ses, car,boxypeptldases and endopeptidases, 

th h " ~h ~~ d b th' b" 20 21 Al ff" f h W lC p're ln lDlte y ese antl 10tlCS '. sa, 'a lnltles 0 t ese 

penlcl11.in-bindlng protelns ,(PBP) for B-lactams are extremely variable 

....... (Table l, p. 10). The PBP actlv'lties are not distinct, 50 tha'l: a 

specifie enz~ may 

21 varying degrees 
.' 

perform 'transpeptidase and endo~eR!idase functlons to 

Eaojl'1y 5tudie~, on the b\ndlng of peni'cil'lin G to 

Gram-positive bacteria revealed the presence of a few thousand high 

... 
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PBP 1'\1;"1\ Molecules Relatlve afflnlty for ii]7 ) , ,j 0 

per cell Cefox functlon wt Pen G Mec , Kex Lon. Proposed 

lA 95 '230 + 0 + ++ ++ ~Pheral cell wall eKtenslon, 

lBs 90 231). + 0 + "'+ + '-'" . llnspeptldase 

2 66 20. + + 0 0 0 Rad shape mSlntenance 

• 3 60 50 + 0" ++ + + Septum form~:l~n 
" 

44 110. +- 0 + D,D-carbaKypeptldase lB (membrane . 
boundl, lC {soluble} 

5 42 1800 ++ D 0 
D,D-carboxy.peptldase.lA (membrane 

6 40 570 ++ 0 
bound) 

NOTE. M~lecular welghts, lnferred from moblllty on polyacrylamlde gel ~lectrophoresls' ' 

ln Sodlllm dodecyl sulfate buffera, are glven ln kl1odaltons. Antlblotics llsted are 

penlClllln ~ (Pen Cl, mecl111nam (Mec~, cephalexln (Kex) , cephaloridlne (Lo~i), and 

cefoxltln (Cefox). JI 

.. 

affinity sites~per cell, as primary targets. A multiplicity of PBPs has 
, 

been found in all organisms studied, 1ncluding four in S.aureus, fi~e in , , 

B.subtHis and betwe~n seven and nine in E.caZi. lt is also possible 

that other proteins whose interaction with penicill;n' is rapidly 

reversible would not be detecte4'- An excess of unbound penicillin appears 

to play an essential role in the killing of sorne species. Bacteria, 

briefly exposed to lethal concentrations of penicillin, can be rescued 

if unbou~d penicillin is rapidly removed by the additi?n of'S-lactamase. 
, ' ~2 

The PBPs of [':.C'oli have been investigated intensively by Spr.{ltt .. " . ,. 

E.caZi has a total of only about 2·,OOD--PBP molecules per cell, about 

ltl%o of tije nurnber 'found in Gram-positive organisrns (Table 1). A 

mutant:lacking all three D,D-carboxypeptidase.~ttivities, lA, lB ,and le, 

~ 

'1 
1 
1 
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grows normally: suggesting that none of these enzymes, are essential for 

growth 23 PBP-2 has Sorne function in the maintenance or production of 

the rod shape of S.coLi cells 24 . The actual substrate and the actl,vity 

" of PBP-2 are not known, but the very high sPècificity for binding " 
00 

mecill:nam g ht. been shawn to produee enlarged, round cells that lyse 

slowly. PBP-3 pr~ntially binds furazlocillin, whieh at its mlnimum 
o 

inhibitory concentration (MIe) prevents(septal murein synthesis~ during 

,. cell division, c~us~ng the production of long filaments 25 . PBP-1A and' 

the three PBP-*lBs preferentially biné! cephaloridine, the primary effect 
,l t 

. ' 

of which. at its MIe, is to eause lys;s~ The'se PBPs are thought to be 

th~ m,ajor transpeptidases involved in elongation of the ce'". wall dunng 

cell divislon. Thus PBP-1A pnd PB~-lB appear to have redundant functions 
1 

and both must be' inactivated for cel1 death t'o occur2l . ' 

~ In 1965 Tipper ;nd Strominger18 predicted' thqt penicillin 
.... 

acyla,tes the' eatalytically-aetive amino acid resld,ues in the enzyme's 

involved in pept~doglycan cross-linking. Recent studies proved this .. , ~ . 
, 

prediction to be correct for the D-alanine~carboxypeptidases from 

Bacillus steaT'othermophilus, and' Bacillus, subtilis 26 ',It was'found,that' 

6ne molecule of penieill;n or ,of peptide substrate binds per moleéule of 

carboxypept'idase!"- Furthermore, bath penicill in and subs~rate bind , 

covalently to a single site, sérine 3?, on these enzymes. 

Recent1y, Ghuysen 27 proposed that the functioRing ~f' the actlve 

site is mediated via distinct,ive subsites'. Flrst, the carboxyl gr~up of 

the terminal D-alanyl-D-alanine or of the S-lactam antibiotics is 

{ .. 
. . 

.. \ 
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involved 'in s,ômewhat inefficient binding t,o/site A. seconf, the l~tera~ 

. chain 0\ the L-residue preeeding D-alanY'l":O-alanine, or de 6(7)-6 
~ 

'substituent ot penicillins and eepHalo~~orins, reaets with some specifie 
, 

b4nding site B, causing conformational changes specific~ly devised to r 1 

,> 

operate on the amide linkages' of tl-alanyl-O-alanine or the s-lactam nng:' 

The second step is the driving force which gov~rns the efficacy and 

specificity' of enzyme action. The final step iS the transfer of the 
" 'i? 

activated D-alanyl or penicil'loyl moiety, from the acyl-enzyme intermediate, 

ta an exogenous nucleoph,ile. 'With peptide substrates the process ha·s a ' , . . 
high turnover, whereas, with B-lactams: the process is slow. This latter 

o ' 

ptopèrty has been attributed to interaction between the monocyc-l ic, ' 

thiazolidine ring and a third binding slte, which confers on the complex 

a confonnation not suitable for nucleoph'il ic attack. EnzY!'les slowly over­

come this stabilization effect through C-5 - C-6 cleavage of the bound 
., 

penicil10yl moiety. Dther eniymes slowly release the bound me"tabolite in' 

the form of penicillo~te, behaving as low efficiency 6-1actamases 
". 

(Fig,. 3, p. 8; ,Table 2" p. 13)'",' 
, , 

Finally there is accumulating ~vidence lmpljcating endogenous 
~ ," 

, -' 

'pe~doglycan hydrolases, autolysins, as mediators of cell death after 

èxposure to 6-1actam antibiotics and other inhibitors of murein 
'" 

synthesis21 ,28. Organisms defective in autolysin function remain 

sensitive to such drugs put surv,ive' in their presence, a phenomen9n called 

tolerance. The optimal pH for killing cells of a'variety of Gram-positive 

bacteria corres,ponds to the' pH optimum-of the.ir major auto1ysin. In the_ 

~ 
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Table 2. Products formed during react~~at~on of en.ymes inh~b1ted by pen1c1111n G 

l 
Producta, enzymes Source 

Be~zyl pen1c~llolC scid (~-lactamase action) 

o,O-carboxypePtldaB~ lA (PBPa 5 and 6) 

O,O-carboxypept1dase (at low 10n1~ 
rIO 

strengt~, activ1ty not recoveredl 

Particulate transpeptldase 

1 

Penlcil11n-blndlng protein 4 (46K) 

Phenylacetyl glyc1ne plus thiazoline fragment 

O,O-carboxypept1dase (react1vated at high 

10nlC strengthl 

O,O-carboxypeptldase (exocellularl 

O,O-carboxypeptldase (PBP S) 

b.o-carboxYpeptldase 

.. 
8.ah8rich~l~ 

J 
Act~nomadura R39 

... 
r 

StaphyloooOOU8 auraUB 

AaHnomadura R39 

Str.ptomyoeB R61 , 
BaaiLLuB subtil •• 

Bao.llu. 8tQaroth8rmoph~lu. 

NOTE.·The Actinomadura R39 and Str8ptomyo •• R61 D,O-carboxypeptldases are 

'soluble exocellular enzymes. ALI of the pther enzymes are me~!ane-bound, 

and most have been ldentlfled wlth specifie p~nlclilin-bind~ng pr~teinB. 

"" 

o 

.,.." 

case of S.pneumoniae, the only recognized autolysin is a~ N-acetyl,­

'muramy1-L-a1anine amidase" and its ïnhibitor appeats to be the Forssman 

antigen. 

It seems that the bactericidal erfects of inhibitors of murein 

.• synthesis are consequences of·the secondary dis'turbanae they cause in 

control of autolysins. It is hot clear how this disturbance. excretion .. 
l '" 

of inhibitar. iS re1ated ta the differen"t primary biochemical effects of 

these antibiotics. 

. ' 
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BACTERIAL RESISTANCE TO S-LACTAM ANTIBIOTICS , 

Infrinsic 

, . 14 

Resistant strains.tf baeteria arise because of the inhomogeneous 

nature of each si~!g'le spe'ties. The survival of the more re$lstant mutants, .. 
during'Otreatment w1\h a_n§ibiotics, may lead to the growth of a more 

,,\,. 

resistant strain. Grarrl-n~gative baeteria are lnherently mare resiitant ta-

classical antibiotics than Gram-positive ones, reflecting a,greater complexity 

of .the cen411 (Fig. l, p. '5 )29. Studies have shawn that resistance 
" 

is, in part, du? to the lack of permeabii ity of the mèmbrane '"to, these 

d~Ugs30. Investigations Wl-th the aid of mutants revealéd the existance ./ 

of at least two general pathways for. diffusion of small molecules across 

the outer membrane: a hydrophobie and à hydrophilie pathway. In the 

wil d-type entenc ,bacteria, the hydrophobie pathway cannot be used owing 

to the absence, ~regiOnS with phospholipid bilayers. Small ,hydrophllic 

mol ecul es, however, penetrate the membrane through water-fil red pores, 
, I;,>,i';b 

produced by proteiJls called porins (Fig. 5, .p. 15)., ~ addition, there 

seems to be an exclusion limit for substrates with molecular weights 

.above about 600. 

J' 

Enzym~1Tc 

One of the mo?t effective ways of resisti~g lethal exposure to 

B-lactam antib;,otics is the produc.,tion of B-lactamases, wh5ch rapidly 
• J , 

~ 

~ydrolyze the s-lactam to a B-amino acid. These extremely efficient 
~ 

1 
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MLP , Muretn 
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Phosphollpld 

. " 

hg 5 ~p~Lul.ltlvc model of Ihc f. ,,,Ir dnu S 1 \ pll/nlllrlul/I œil 1'.,111 !:'omc 
fCdturcs IJI Ihl' figure MC hlghly ,pt'LUI,III~C ,Inti hdvc nO! heen c\tdbll\hed 
cxpcnmcntally thc'c mclude the dS\UmptlOnt. th,lt edch porln molclulc pro­
duces d lhannel. lhdt mureln hpoprotcln 1\ )OITlCU 10 the membr"'IH! ,onl} 

, l'IlIlh hydroc.lTbon ch.un" dnJ tholt murcm lipoprLlteln à"OCldlt:, v.llh po'Tln 

~p't:c protcm protCIn ",hldl fdCIIt~.J.lC' the dlffl.l\lôn of >pcllff( compound, 
1 P<' lipopoIY':?Ldl,lfldc MI P mllrl~;:fr"pf<>k'lIl , 

15 
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catalyst_s may be co~stitutive 'Or indu~ib1el1 they can be coded fo}:' 

chrotTIosomally or by readily transferab1e" plasmids, and they may .be largely 
, . 

intracellular. largely.extracellular, or~.for Gram-negative bacteria, 

,F 'predqmînantly per'iplasmic31",32. sequ~nce homology was found between 
" . 

twb carboxype'ptldases and four (3-1 actamases, suggesting S0r1.le ev?l ut1oll'ary 

relati~'~ship2~. "Rece~tly,'an'active site inhibit~r, 66- q 

br~mopenicil1anic aCid,:a-s shown ,to bind serine 44 of 
1 • 
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• 
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B-1aetamase 1 frQm b.r:I?Y'elis 33 ,34. In eontrast, Z-laetamase II from the 

sàme Drganism'has not shown any sequenèe simi1arity an'd is exceptlOnal 

ln r'equlring divalent zine for' activity35., In Gr'am-negative organlsms 
~ '" . \~' " \.,. 

pertTleabi-lttl compourfds the S-lactama'3e prob1em. It has a.ken shONn that 

a p1asmid S-lactamase in E.coli protects the bacterium from penieillin . , , \ 

G but not from_cephaloridine, even though the enzyme hydrolyzes the 

1 atter 50~'; f~ster31. 4 • 

.. 
STRUCTURE-ACTlyITY RELATIONSHIPS 

'- "~Cl Since the diseovery of .penieil'! ins and cepha1osporins, the 

,thousands of semi-synthetic anaJogs w~iCh have been prepared are a1most 

• e~cluSively the C-'6(7)* afài,de typeli." Jhe onl} other common variants • 
$. 

16 

are thqse prod~ced ~t the C-3 methy1ene of cephalosporins by displacement 
~ ~I 

of the acetoxy function. 
r ," , 1 

dUn~il reeently, ~ structural. features neces~ary for optimal 

activity were thought'to be20,~6,~7 (a) a cis-fused s-lactam ring + 

(b) an aCyla.m~l).o side chain .~t C-6(7); (c) an acidic function-at C-3(4) 

and (d) a penam.or cephem sk~eton, having enough ring strain to ralse 
I;\. -1 

the B-lactam ir frequency above 1765 tm . However, many novel B-laetam 

antibiotics, lacking G)n'e 

15 

or more of the above ~equirements, "have appeared 
~ 

recently .. 
$-l Subsu.ituents: In eontrast to penieill in sulfoxides and th,e 

eephalosporin S-sulfoxide~ R-su1foxides of various eephalosporins show 

* ~ '1. ~ 

The number in. parentheses refers to the cephalosporin numbering, when 
n referring vto both penlcillins and eepha1osporins. 

, " 
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variable and in some ca~s higher activity than the parent 38 . Also, 
' ... .t 

sorne sulfones
l 

have been repbrted ta be pgJent B- i actamase inhibitors 39 ,40. 

Carboxyl Variations: Replac~ment'of the carboxyl fUllction with 'a 

phosphonic acid results i~ de~reased activity relative to the parent 

cephalospor,n. However, a phosphonlc acid was used successfully ln 
j ~ ~ .~ 

L-alanyl-~-l-aminoeth},+PhosPhonic aCid?as a dipeptide alanylalanine 

mimetic42 . A 3-tetrazolyl pen am was found to be more potent than sorne 

conventlOnal penicill ins agalnst a "'vàriety.,,~f organisms 41 The concept 

of "bioisosterism". was discussed by Thoff1ber~3. 

C-5(6) ~ubstituents: The few examples investigated of 

Substitutlons at the bridgeh€.l3d position have s,hown drastic reductions in 

activity. 

(-6(7) Substituents: The disco~ery that the natural1y-occurring 

7a-methoxycephalosporins, cephamycins, have enhanced stability tQ 

S-lactamases, has' stimulated ~e~e~~ch' in this area. Sùbstitution at C-7' 
\ \ 

in thEtcept1alosporin series' uniformly increases stablllty to these enzymes. 

The 7a-methoxy group seems to be unique in this respect ?ince bulki,er 

groups als-o teduce the antibacterial activity. Unlike the cephalosporins, 

,the activity of pel'\fcillins is not enhanced by the 6a-methoxy group. 

C-6(7) Non-Classical Side éhains: The( isosteJ.,ic 56 l-hydroxyethyl 

side chain on the C-6a position of the patent naturally-occurring 

thienamycin.lQ is .of interest. On penicillins and cephalosporins at 

the C-6(7) a.and 6 positions it produced derivatlves with lower activitles· 

than wlth the anftde side chain. The ()-amidino penici11ins, of Wh.1Ch 

\ 

\ 
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, '4, 
mecilllnanll?'is used c1imcally, show remar'kab1e actlVity_ The 6a-

. .s:hloropenicilla~ic aci~ su1~one44 U' 6S-bromopenicillanic acid3,~ and 

c)avu1anlc acï'd &.' which has no ~ïae chaln:show anti s-lactamase 

·activity. """ , '-
Substltution of the (3-Lactatn Carbonyl Oxygen: Gom'pounds in which 

, , , 
the S-lactam carbonyl oxygen is replaced by a sulfur show from 1/20 to 

, " 

1/1000 the act i vi t~ of the pa rent compounds'15 

Nuc1ear Anlal~g~: Cephalosporins with the 5-1 atom replaCe~y 
alJ.- oxygen or a methy1ene group were fQund to retain the actlVity of the 

) 

~. CL' ~;> AS Jr)< al: o ~ 
COOH COOH ~ 

0 

12 13 ,14 

=f(jf
.--QR t;t H H 

, . S 
N .. 

1 1 0,' N 
HzNAS '\ O. ""'''') x 

~ boo:a 
- Jp{:~ H 

, N S~N~H 
,0 • ~ 

- OOH. " 

R X 18 

15 -CH3 -H -
16 -CH} -CH2OCOCH 3 
17 , -~( CH 3) 2COOH -CH2-Pyt 
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parent. Doyle and co-workers have reported the syrtthesis of N-2 and of 

.0-2-isocep~ems37,45 The latter have comparable or better~activity than 
'le- . 

the parent cephal osportns. vloodward and co-work~rs have reported the 
, 1 

, 'synthesis of penems l.i46 • which are biologica11y very active. Nocardicins 

" ~2., which do not have a bicyclic.structure, possess remarkable in vLvo 

act ivity. 

Compounds which have recently generaied great lnterest are anti-

pseudomonal cephalosporins ll, li and II with broad activity and 

,resistanc~ to S-lactamases, a~d the stable N-formimidôyi derivative59 

~ o-f thi'~namyçin, wh.ich was found to retain ,the spectrum of its parent 

with inereased potency aga inst Pseudomonas. 

SYNTHESIS OF S-LACT~M ANTIBIOTICS 

Fermentation and Semi-Synthetic 
) 

The simple and jne~pensi~e nature of these procedures is the 

reason far" their being the most convenient source of 0>most ant ibiotiês 
~ , 

marketed. penieillin G,and V are obtained by adding the appropriately 

~ubstituted acetic acid to the fermentatjon broth. FrDm the se penicil'lins 
,~ 

~ 

others ean be made by acylation of the e~sily obtained 6-aminopenicillanic 
• 

acid (6-APA) (Fig. 6, p. 20)'. 
, . The cephalosporins are obtained by 

• , 1 

fermentation and semi-synthetic~rocedure~ and also through the penam-
" 

d 

cephem rearrangement (Fig. 7, p. 20). 
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, ,H H RCONHtty 
o ~ 

éOOR 
'. 

... ' 

H~ ~ z ;-~C)< 
éOOR 

Fig. 6. Semi-synthètic route ta penicillins. 

, , 

'~. 7. Penam-cephem rea~rangement . 

.. 
Total Synthesis 

" 0 H H I::l 
R"COCI • R· C N P-X 

éOOR 

%' 

As a result of vigorous research, a vast amount of literature 

~as accumulated o,ver the years, in the field of wtal synthesis,. The 

numerous synthetic approaches have been revi~ed47. ~ 

(i) Early syntheses 

Sheehan was the first t,o repor~ the synthesis of a penicil1in~8 

in 19?2. The c:itical s,tep -was t'he formation' of th~ 6-1a'ctam ring 'from 

20 

~ thê substituted 8-aminb ~cid using dicyclohexylcarbodiimide (DCC). Shortly 
ï D- ' 

after, in 1965, Woodward announced the first stereospecific total synthesis 
• 49 

of cephalosporin Cl and cephalothin~, in his Nobel,prize lecture . 

Through a series of stereospecifiç tra~sformations. L-cysteine (20) 

L' Ii;,;_:-___ ;.....-_'--__ ~ __ ~ __ --'-____ ~~--- -

l" 

\ 

. , 

1 
~ j 

1 
! , 

'ç( 
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was convert~\ to the key intermediate ~, which l'ias treated' wrth 
...... 

dia1dehyde 22 giving the C-78 amino S~lactam .fi. after d-eprotection with 

20 

3 

'19' . 

JIt, 

R=CH n 2~S)) 

21 

aciH: Cciupling of the side chains an~ e1aborati 

< 

the C-3 substituent 

gave land 19. Since then a multitude of approaches ta ~he synthesis 

4-7 of var;ou~ B-1actam a~tibiotics has been reported Of the numerous 

21 

.1 methods known for the formation of the B':'lacta~ ring,' the react~~on of 

i~\nes with acid ch10rides and ,he reaction of olefins with ch1orosulfony1 

isocyanate (CSI), are the most useful and versafile. 

(ii) Ac;d chloride-imine apPioach 

The first B-lactam was 'prepared by a keténe-imi ne interaction
j

. 

, A vafiation of this reaction is the addition of activated substituted 

.\ acetic a~id derivatives ta imines in the presence of a te~tiary ami,ne. 

f\ 

- ' , 

, \ 

" 
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Thus, m~ny acid chlorides, anhydrides and mixed anhydrides give S-lactams' 
! 

when added to suitable imines50 , Bose found that treatment of imines 

with azidoacetyl chloride in the presence of triethylamine produced azido 

S-1a-Gtams 24, which could be easily transfonned to the desired acylamino , , 

B-làctams 25", Rea€tions of this type have been used on 5- or .6-membered 

--. "'" 
H 

'11 .~'f' ")1 RY )1 -.. ---. o N N, N, , 

24 25' 

cycl.ic imines to produce the bicycl ic nucl eus 9f p.enicill ins and 

cephalos~orins directly47 However, this method gives the trans S-,lactam 

which can then be isomerized51 to the ais isomer~ The most widely used 
.1 

approa~h has been to first form the B-lactam ring and then construct the 

ref!1aining ring" The ~1erck and Bristol pharmaceutiçal companies have been 
~- ~ , 

intensely involved in the synthesis of B-lactam antibiot'ics. TFty Merck 

group. has synthes \zed nlany nucl e,ar ana 10gs with structures of type ~, 

Band C52- 54 . The Bristol group and,also the Smith, Kline and Fre~ch 
, 

--. < 

group have beèn involved in the synthe~is of O~2-;soèephems Q. 

• RCON~ nA, 

rf; "XO~ 
o \ 

A 
,/ 

RCON~:C0 
-~~,~ o X 

OOH 

B 

RCON')=f) • RCONH~O 

-o-P-QM. 0 . N~ 
Il o 

C D 

, ' 
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, The antibacterial activity of A and ~'is retained, whereas in C it is 
." 

o reduced and Q shows good activit~. The Merck approach can be seen in 

th~ synthesi~ of 26. 
f" 

,,- , 
t~ 

Merck " n \) 

H~OAC 
"" ~. 0 Ac 

H2 NYoPO(OEI )z ~ l ' 
OOR . MgSO. NYoPO(OEt )1 

~.:. OOR 

1. N3 CHiCOCI 

---- 1. H+ 
"....-

1. CHICOCI 1 Py 

1. NaH IDME 
0 

2. 10% Pd 1 C 1 Hz LA' 1 

OCHCONH~ "OCHzCOCI N3 S 2 - . .. 
N Ac 

c. NaHCO, ... o Ny,PO(OEt), o ' , 
. OOH . OOR 

26 

23 

." 

.-

Recently. the Bri stol group reported that the treatment of a cinnamyl idene 
( . 

. 37 
Schi~f base with azidoacetyl chloride grave 'exclusJvely cis S-lactams . 

o 

This approach was ,used in the synthesis of~. More recently their 

intermediate E was used ta obtain a l'arge nUll\ber Q,f derivatives of the 

type 2855 . 

~ 

, ".. 



, Bristol 

Ph 

_,._f/J_~ __ '-,H,-O_ .. " ~'ifra:l' Fi R 

2 N1CH,COCI / EtJN 0 

:: OOBn 

\ 

.Ô 

-'fi N
3

: 'JH 
---------.. .]:l" 

o \l 

~ 

1. MsC(; 

EtlN, 

2 NaOH 

f/J ' H H 
'O~ONHtc~ ~ 

1 NaH IOMSO d
MS 

N
1 ~1H , , 0 

N~ 
o bOOH' 

.. 
., 

I.Pd/C/Hz 

J. f/JOCHzCOCI 

•. Pd(OH)! 1 Hz 
Nto~ ~ E 008n 

l MsCI / 

~ Et N 
~3 

RCONH~O ... _,_. H_,_S_I_Et_,N_ ,N3~'t.:0 ;" ... Bo, . N" JM'"" 
_J-~C' .ô Ac z. RCOzH 1 _J-~,-.ô Ac z. KOAc / op,t." 
o EEDQ 0, DMF. 

OOH "c OOBn OOBn 
• 3. Pd 1 /1:1, 

.\ 

28 

(ii:i·) Chlorosulfonyl isocyanate-olefin: route 
. 1 

The S-lacfams formed by the reaction 0\ chlorosulfo~yl isocyanate 

(14 
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and olefins are very, versatile precursors to antibiotics. These 
~ \ 

,precursors have been used in the syntheses of thienamycin56 and 

clavulanic aCld57 . The Merck' syr:1thesis of thlenamycin usjng the chloro-
~ ,--~ 

sulfonyl isocyanate route is described below. However, a more recent 
~, n 

stereocontro'lled synt~esis by the same group does not employ this method
58
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DESCRIPTION OF PRpJECT 

Our' involvement in,the synthesis of B-1actam antibiotics stemmed 

from an interest in structure F. Using a phenollc function ta mimic the 

carboxylic acid of natural'ly-occ'urring antibiotics, introduction of an 

\ 
PhCH'CONH)=(" , 

~ .. f ~)Qr o • X 

H .~ 

37 X = H F , 
59 X = NO' 

2 

~ 
'Ph~J=(:0 PhCH,CON"~ \ . 

0)§J ., N . 

o H O' 0 
COOH 

(J 

77 G 

electron-withdrawing group on the ~omatic. ring'would al10w either 

enhancement of the acidity of the phenol or an' ïncrease in the reactivity 

(acylating ability) of the B-lactam' ring.', In the first chapter, the 
, . 

successful syntheses' of the unfused model compou'nds 37 and 59 are . , - -. 

discussed. The second chapter is an account of ,e successful synthesls 
, . t ~ •• 

. of tbe tticyclic~O-2-isocephem IL. Finally, chapter describes 

synthetic studies toward thienamycin analogs ~, 

syn,thesis of two newcarbapenam ring syst~ms. 

success fu l , c 
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Although 9~ly one enantiomeric form is depicted thr~ughout this 

work, all compounds prepared are racemic. 
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CHAPTER 1 

\ 

SYNTHESIS OF CIS-N- '( 2' -HYOROXYPHENYL )~3-PHENYL"ACE,TAMI DO-4-HYDROXYMETH YL-
v 

.?-AZETIDINONE (10 

In the first part of this work, 'we were 'concerned with the 

synthe$is o( model compounds ~~ing the generaf s-t.ructure !!: L1e decided 

60 ta use the imine-acid chloride approach, extensively used by Bose 

29 H 

Our. initia1 61 ,62 condensations, using benzylidene anilines and either 

28 

'f 

. \ \ 

phthalimideacetyl chloride63 or aZldoacetyl chloride, qave unsatisfactory 

r'esults, yielding in most cases 'L.rans B-lactams or at best mlxtures of 
1 

ais and tr,ans azetidinones. While this 'work was in progress, Doy'le 

37 64 
et al. ' reported a versatile and r~l iable method for generating ais 

(3-1actams, which cgnsisted in addition of azidoacetYl chloride ta a 

solution of a cinnamylidene Schiff base and triethylami'ne. 
( • 0 

Using the procedure "of Doyle et al., o-aminophenol (29) was 

treated with cirlf'lamaldehyde in refllJlxing benzene to give stable SChlff 

base 30. The pmr spectrum of 30 showed a resonance?t 8.2 ppm 

'" 

l' 

, 



- \ 

" 

1) . 

characteristic of 'the imine proton, and the 

im~ne stretching absorption at 1630 cm-l, 

30 R = H 

31 R';:; TBDMS 

" ' 

) , 

i 
ircsp~ctrum displayed an 

Sil:ylation~5 'of phenol 30 

33 R;o' H 

34 R'= nlDMS ' 
~ , 

, , 

29 

) 

• 

o ? ' 

using t-butyldimethylsilyl chl'oride afforded si1yl ether ll.. ,Alternately, 

1l could bè obtai~ned by f1rst'monosi·ly)ating o-aminophenpl 'foll,owed by 1 

'\ . , 
condensation,with cinnama1dehyde. Schiff base 31 was then treatedl~Hh 

"' . 
azidoacetyl chlo"ride in 'the'presence of triethylamine. at -20°, to give, 

. ". 
B-1actanï 32; in 63% yield. The 5péct ta of 32 were c~ns·i s;tent '. 

l' 0 

- was observed ; n the i r, 
o e ~"' 

with its structure. An absorption at 
, 

for the 13-1actam carbony1, and the ds relationsli ,of H-3'and H-4 'was 
q. • \ ' 

establ ished from the;r coupl-ing "constan,t "of 5 Hz. 'the pm~pectra of ' 

• cis B-lactams' are characterized by a ~3 4 of 4 to 6 ,Hz,' whereas for 

< tY' rIS S-lactams, it var'ies from 9.5 to ~~ 8 Hz66 . Nb trace of the tm~. 
\ 

• 5 omer' W~5 dete cted i ft the crude product, by prnr.· , .. 
Il ')., 0 " 

0'zono1Y5;5 of 32 in methanol,at _78°, followed by i11 situ reductlon 
o 

" , 

\ .. 

l ' 

. , 

.. 
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-~, 

;- . , 

with sodlUl;n borohydride37 , affor.ded alcohol 33 in 88% Yield.' Silylation 

of l~ with t-butyldimethylsilyl chlorl"de gave the biG silyl ether 34 

'in very gOÇld yield. The pmr spectrum of 34 confirmed the presence of - . 
two silyl ~ther groups. In the case of the ~lkyl silyl ether, the 

'4J" . 
methyls appeared upfiela fro~ TMS at -o. 10 ~nd -0.15 ppm, and the 

f _.~ 

t-butyl substituent appeared at 0.75 ppm. 

~ H OH 

'Ph~~' 
; o~~)© 

OR 

~ 

)i ... 
o :;© 

t u'q 

35 R = TBDMS X NH2 
37 ~ 

36 R = TB OMS X 
'1 
, 1 

\, 

, ) 
Reduction of the az i de.~f.JJ~C~ ion of compound 3~ with hydrogen 

su1flde-tr~e~'hYlamine37 in methylenë ch'lor,ide gave amino. S-lactam 35, 
o • 

which was directly"acylated with' phenylacetyl chloride affording 

acylamino 8-1actam 36. The chemical shifts of the methyl and t-butyl· 

substituents on the alkyl sil~l. ether, in the serles 34 tD 36, appeared 1 Q _ _ 

consistentlY upfield to those of the ph~nolic silyl e~he~ This eff~ct . 
may be attribu~ed'to the juxtaposi?*on of the alkyl silyl ether within 

the shielding çon~ of the aminophenol moiety . 
.. 

Treatment of Ms silyl ether 36 with tetra-n-butylammonium 

t.. 

• 1 

30 

'\ 

.~ 
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'f1U'Orid~ (T~AF) in ~r~Jh.ydrOfuran (THF) gave c',,,)-N-(2'-hydrÇlYY-

PhenYl)-3-PhenyTac,itmido-4-hYdrOXymethyl-2-azetidlnone (37), in very 
1;--

31 

<> good yleld. The pmr c~aracteristics of 37 were conslstent wlth lts l, 
structure. lts behavlour in the"" lnfrared, however, was peculiar. The 

ir spectrum of ,37, as a potassium bromide pellet, revealed the ~resence 

of B-lactam andfamide absorptions at 1695 and l'50 cm..!l, respectlVely. ' 
\ " 

When a solution spectrum was taken, using acetomtnle as solvent·, 
" 

these bands appeared at lJ20 and 1680 cm-l, and when using dimethyl-

sulfoxide as solvent, the B-lactarn band VIas found'at 1750 cm- l Tandem 
9 ' 

gas chromatog~hy-mass spectrometry of the iJJlly trimethylSilylated 

derivative, showed the presence of two components, a dlsi1ylated and 

a trisily1ated derivative, wlth parent peaks at mie 470 and 542 

respectlVely. > Formation of these deri vatlVes was ,Gons i stent with the 

struct.Ul'e of precursor]l. Compou~d]l was found totally devoid of 

antibacterial activity, at 128 )Jg/mL" agalnst a variety of ol'gamsms. 

An i ntermedi ate -i n
D 

the above synthes l s, namely 33, seemed to be 

well suited 'for model studie~ toward the generation of tri"tycllc 

" 
'\ structures of the type 40~ in which the additipna1 ring would, hopefully, 

. 
'tonfer extra steric strain to the B~actam. Thus, hydroxymethyl B-jactam 

> 1 t /'ti $011 was converted into the corresponding chlor,ide 38, by means of thionyl r' . ' 
chloride-pyridlne in ~olling benzene. Al;o, mesylate 39 was prepared 

~from'~3, by treatment with methanesulfonyl chlor'ide-triethylamine, at 

-78°. Then, treaFment of a tetrahydrofuran Solutlon of ejther c~lorlde 

~ 3B ,or' 7ne'syl ate 39 with 1.1 equîva lents of TBAF gave l nstantaneous ly 

\ 

j' 

l 
" . 

'. 
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38 R '= TBDMS X = Cl . 40 -'\ . , . . -~ 

39 R = TBDMS X.= OMs . ;:; 
.~, 

, \: 
tricycl ic S-lactam 40, in -high yield. ,Best results' were obtained when 

o' " . , * 67 
relatively fresh ~Ol utjons":,gf TBA: were u~d ~ . , 0 

0 

J'he prnr spectrum'of triclclic azido B-1 actam 40. at 100 MHz. in 

H, 
H,p 

~ 0 

~ HP HOt H,OI . 
·113 ù NJ ~ ~ l ' 

. :~~ 
~ iA\~ H, 

.' ·0- . \~ 
1. '. ., 

'. 
, 

40 

J' t 

t 

.~ CDC!3 
..",... 

\ C6D6 + ppm. 

,Fig. 8. Aliph~tic p~otori'signals of 40,' at 100 MHz. 

~ e 
J 

'" 
. 

(- * , 
Se~ Experimental section, p. lOlo 
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33 
t, 

deuterochloroform, was uninterpretable due'to the presence of' substantial . 
vlrtual coupling. In deuteroh~nzene, ,though,_'~.9_ exhiblted a clean, 

near1y first arder spectrum for the aliphat,ic pro.tons (Fig. 8, p. 32). 
w ' '. 

The chemical shifts and coupling' constants (Table 3) were 'consistent 
, ,~, 

with the conformation of ~O depictetr earllet\ (.p. 32)" where H-1P, adopts 

.' . , ' 

Pmr~ata on the'allphatic pro1;on's in ~-lactarr(~O. 
. , C' \ 

Table 3. 

--------------~'~'----H---7---H--l~ H-)B~6----->-3-J--v-a-1u-e-'S--(HZ) 

0(CDC1 3) 5.1'3 4.5' 3.9 ,4.0 

6(C606 ) , 4.18 3.81 3:36 3.10 

+0.95 +0.63 +0.54 - +0.90 
10.0 

ASIS=ü(CDC1 3)-6(C6D6) " .. , 

1 " ' \ 

the axial and H-l1l.cthe equatorial orientation. , The arnm~tic slolvent- -, 

lnduced shifts .observed correlate, 'well with those ootalned on analogous 
- , "-64 

.- 7-B-azido-1l3~0-2-i$ocephem-4-ça~boxylate5 bX Doyle a.nd cQ-workers , 

who found that protons on the convex side of the mo1ecu1e disp1ayed thi 

1argest shifts. ( 

~he cycltzation Of' ~or 3~ ~o,40, aS_Elxpected, increased the 

, 5 17 -1 . Il ' .j3-]actam ,infrared absor.ption ta 1780 fram 176 and 70 cm , ' ,respectlVe y. 

'The d'ecreased plana~ty of' the S-lactam nitrog'en, resûlting ~rolll fofrnation 
~ , . 
of the trlcyclic sys~em, caused a decrease in amide resonance, which in . " . 

. , , 36 68 
turn, raised the 'infrar~d absorption frequency of the S-lactam c~rbany~ • . 

't, 
, " 

'. 
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NITRO SUBSTITUENTS AND STEREOCHEMICAL STUDIES 

Ha vJ ng found a~ effi Co,i ent route ta tr i cyc l ic structures of the 

type 40, we decided to investigate the possibi1ity of intfQducing 

e1ectronic strain into the S-lactam nucleus, via an electron withdrawing 

substituent on .the ary1, ring, para ta the 6-1 actam nitrogen. It was 
, 

hoped th~t the decreased electro~ Qensity on the S-lactam hitrogen would 

34 

'further red~ce the degree of amide resonance, thereby increasing the 

reactivity of the amid~·bond. 

We chos~ th~,readily availàsle 2-amino-5-n1trophenol (il) as 

starting material for this series of model studies. Protection of phenol 

il with t-butyldimethylsilyl ch10ride afforded silyl ether 42. Anilines 

41 and 42 were separately treated with cinnama1dehyde, .in boi1ing bellzene, 

in a Dean-Stark a~paratuj, to give thé- Schiff bases ~ 'and 4( respe:.tive1y, -
~ 

. 

Ph,\ 1 N,~Ph l ' . , 
-"t 

---. 1 --. ' , / 

H,~ 0)Ql 
R 0 Oz 

(~~~ 
)Ql / 

1 0 
RO NOz +51 NOz 

1 

41 R = H 43 R = H 45' 

42 R = T~S 44 R = TBOMS 

( 

\ ' 

o 

" 

(' 
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S.chlff base 44 WilS conslderably slower ln fonning than 43, due tb the 
1 , 

qdded bulkiness of the si1y1 protecti~g group. Compound 44 cou1d a1so 

be obtained by' sily1ation of phanol 43. Treatment of Schiff base 44 

with azidoacety1 chloride-triethylamine afforded B~lactam 45, ~y 
pooryield when 'methylene chloride was u~ed as ;ol~ent, but -in good yield 
- ',). 

whe~ the reaction was carried out in tetrahydr0f~ran~ 
1 

, The B-lactam ir absorption ~ppeared at 1770 ~m-l 10 cm- 1 higher 
1 

than that of compound ~, indicating a slight ,increase in strain of the 

amide bond rn ,45. Disappointingly, however, inspection of the coupling ,--
~ 

cO,nstant of the S-'lactam rill9' protons, 2 Hz; revealed a trans re1ation-

ship for th'e substituents'at C-3 and C-4. Since, at the time, a (J-is- ~ 
J 

35 

substituted azetidinone was deemed a pre'requisite for b,iologital activity, 

and since studies in our laboratory69 s~wed that the methods reported . ' 

for isomerization of trans lnto cis S-lactams were not very efficiènt, 

we decided t~ban~on ~his approach: 

- We w re still curious. however'. about the reason, for the ,chang,e 

from cis t~ l'ans stereochemistry in the S-lactam form3tion, brought atout 

by the addit~on. of an electron-withdrawing ,substituent, on the ciryl ring. 

Similar resu1ts were obtained by Dr. Zamboni', in our 1aboratory69, when 

Schiff bases 46 and 47 'were treated with àzidoacety1chloride~ Schiff 

)base 46 gave ~is S-lactam 48, whereas 47, containing an electr~n-attracting 
1 ' • 

ester, yielded trans S-lactam 49. Other substituted anilines were C 

1 ~ 

" , 
,investigated and ~he re:;ùlts are summarized in Table 4 (p. 3Z). Schiff 

bases derived ~rom anilines the pKa values* of which'were greater than 

*To be precise, it is the pKa of"the conjugate a/cid of the anil ine 
derivative that is being referred to. 

/ 
\ 

~ 1 
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Ph~ 
Ph ~ 

. 1 jf( 
, 1 .. 
.jg o ::© 

• li" 

46 Ri = C~20TBDMS. 48 ~ = CH 20TBDMS X = N3 Y = H 

47 R = CO2 TMS 49 R = C02TMS X :: H y - N , - 3 

or equal to ~j+ consistentl},' produced cis B-lactams, whereas th~se wlth 

values less than'2.4 affofded either mixtures of cis and trans or pure 

tmns S-l,acfams. 'These results suggested the i nvo 1 vement of at 1 ~ast two 

distinct r~action pathways in the 6-1actam ring formation (Fig. 9, p. '38) . . 
In path' "A" the imine may have reacted with azidoacetyl chloride to give ' 

, e 

the intermediate~. Deprotonation of ~-with triethylamine may- have 

produced the zwitterion.8:.. Zwitt'erion.8:. may a'lso have been generated 

through the interaction of the imine and azidoketene. The electrostatic 

attraction 37 , produced bY the ,negative charge density on the azido group 

and·the partial pos,itive charge on the cinnamy1 appendage, may'have, 

stabi1ized the transition state leading to the ais B-lactam. Similar 
, -

zwitterionic intermediates are invo1ved in the formation of 3-cyano-2-

azetidinones 70 . An alterna te path ~ ,"W'; cycloaddition ,of the imine 

• 

~ 
"' ( / 

,1 

' ... 
' . ", 
~ 

'r 
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'Table 4. 

-
, \ 

SteY'eochenllcal results of the reaction of clnnarny11dene Schiff 
hases of 'luhc;t Ituted ani1lne~wi!hJ a~_ict()~~cety1~bloride. 

, 

37 

Ph\ . N'ifJ(h . . /Ph N,ft' H2N-R ---. 
-+ . . 

N ........ 
R o 'R 

N 
0- 'R 

II III IV 

pKa 
Yleld cis 

iso1ated (NMR) 
.yield trans 
iso1ated ,(NMR) 

'(a) X=Y=H _ 
(b) X=p-C1, Y=H 
(e) X=o-CH20TBDMS, Y=Ha " 
(?) .X=o-OTBDMS, ~=H 

(e) X=0-CH 20TBDMS,- Y=o'-OTBDMSa 
(f) X=Y=o-OTBDMS 
(g) X=m-N02' Y=H 

.4.6d 

4.0d 

'\ > 3e 

> 3e 

> 3e 

> 3e 

2.46d 

2.4f 

2 '.OSd 

50% ,( 90%). mp 123-125 0 
• 

40% t90%) , J1JP 121-121.5° 

70% (95%), mp 85.5-86° 

63% (90%), mp 84-85° 

\ 81% (90%) 
59% (70%), mp 95-96°, 

80% 

85% 
(60%) 

,(15%) 
. , 

(15% ) 
(lS% ) 

(h) X=o-OMe, Y=p-COOMe 
(i) X=p-Cl, Y=o-C1, 

(j)-X=o-COOH, Y=o'-OMea 

( k) X =()- COOI-l', y =Ha . 

(1) X=o'-OTBDMS, Y=p-N02 
(m) X=p-N02,. Y=H 

2.0e 

2.2c 

< 1. Se 
_ l d 

(30%); (30%,THF)b 

(2,%); 50% (70%,THF)b 

(n) X=p-NO~, Y=o-CH3 le 

50% 
( 5%) 

25% 

(50%) 

a = results obtained by Or. R:'Zamboni in our' laboratory;. b ,"'.cycloaddition '. 'L 
performed in THF; e = mea5ured on eorresponding methyl ester; d = from 
literature75 ; e :: estimated; f ~ measured76., \ 

with'azidoketene: may have ~roduced the tl~n8 B-lactam. Luche and Kagan 

have shown that with aldoketenes O~ly (rwl"; e,-lac~ams ar~ foormed 71 . 

Thus, Oit seemed that imine,s ~ith parent anilines havirig pKa's greater 

than or equal' to 2.4, preferred to reaet through 'path "A", whereas those 

derived from anilines with pKa's below 2.4 reacted through bath path liA" 

\ 
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Fig. 9. 

. 
and "B" or "B" alone. Electron-withdrawing grGUps and' ortho substituents 

~roduced similar effects in anilines with 100 pKa's. Perhaps they 

destabil ized intermediate! enough to al10w path "B" to contribute 

signlficantly, and in sorne cases soi'e-ly,~~o 6-1actam formation. 

SYNTHESIS OF CI N-(2'-HYDROXY-5'-NITROPHENYL)-3-PHENYLACETAMIDO-4-

HYrrROXYMETHYL-2-A ETIDINONE (59) 

, 

At tnis point, we decided ~o modify the pKa of the pbeno1ic 

functionA The aim was to increase its aciditYoin arder for it to better 

mimic th'e carboxylic aèid of classical antibiotics. We chose ta use a 

" 
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p~ra-nitro~h'e!101 to' accompl ish this. Thus) the readily av ai lab1e 2-amino-

-, 

'.-+ 
, -+ 

50 R = H 53 R = TBDMS 

51 R = TBDMS 54 R = TBDpS . 

4-nitrophenol (50) was protected using t-buty19imethylsilyl chloride,' in 

the usual manner, to give crystall ine .§l fram the crude mixture. Silyl 

eth'er .§l was treated with cinnamaldehyde to give the correspo'nding 

Schiff basB. The crude Schiff base was then treated with azidoacetyl 

chloride-triethylamine to affard S-lactam .53, in 53% yield. - Examination, 
. 

of the coupling constant of the B-lactam ring protons, reveaied they bore 
\ , 

a ms configuration,' exclusively. Reduction of the azide with hydrogen 

sulfide-triethylamine; fo~lowed immediately by acy1a~ion with phenyl­

ac'ety1 chlori,de affarded 8-1 actam 56. Unf9rtu~ate1y, it was found 'that the 
, " 

t-butyldimethylsilyl protecting group was partially removed dur~~ the ' 

reduction. This pr6blem was temporaril,y resolved, by resilYlalion of the 

phenol immediately,prior to acylation. 

", 
\ 

" 
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Ozonolysis of cinnamyl (3-lactam 56 in ethanol-Illethylene,chloride 
9 -

-~"t followed by tre.atment with sodium bor~hydride produced a deeply orang~ 

colOl"éd so1oution, during the reduction. IWork-up with pH 4.5 buffer 
, . , 

removed the ~olor, and the product wa~ found to be dio1 59. The si1yl 

,protecting group was apparent1y removed during the reduction, by small 

amounts of ethoxide generated from th~ slow reaction of sodium borohydride 
~) 

with ethano1. 

-1 The S-laètam absorption- of 59 was found at 1720 cm . The pmr .. 
and the chemica11oniiati-on mass spectral data were also consistent with 

~tructure 59. The sodium salt 60 wàS prepared by treatment of -59 with 

sodium ,isopropoxide. In the sodium salt 60, the 6-1actalll absorption was 

shifted to 174~ cm- l . Both' 59 and sodium salt 60 showed no antibacterial 

activity tm</ard a vari,ety of bacteria. This was not totally unexpected 

since' active cephalosporins have 6-1actam absorptions of at least 

-1 1765 cm . '1 

, Si'nce the t-bùtyldimethylsilyl ether was labile to the a'zide 

reduction ,and ta the ozonolysis-reduction co'n~itions, we ,detided ~o 
1 

investigate the use of the similar 'but mère stabl~ t~butyldipheny]Sllyl 

(TBDPS) p!:,otecting _group. Thisstudy ~ould be use.tu1 in later experiments 

i with structures of tl1e type l; Ylhere the R groups would liave to be stable· 

tq thè.ozonolysis-reduction conditions. 

Thus, 2-amino .... 4-nitrophenol (50) was protected as th,e t-butyl-- , --
diphenylsil-Y,l e.ther' 52. The Schiff base'was formed-in the usual milnner 

.' 

and r.eacted, ~s mentioned previously, to givfF ci:; '6-1~ctam -54 in good 

- , 

1iiiO;;;j ...... _---_ ..... _-------~----''--------------- -

" 
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56 R-::o TBDMS 58 R::: TBDPS 

59 R = H 

,'50 R::: Na 
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yield. Unfortunately, when 54 w~s subjètted to the azide reduction 1 

conditlOns, hydrogen su1fide-triethylamin~, sQrne of the 'silyl ether 

was cleaved. This was inconsequentia1 1 since ~he phenol cou1d be easily 
)" 

reprotetted, ~t this stage, in the same ~eaction vessel. aff~rdirtg ~mine, 
- ,,' 

,55: ThlS' amine was then acylated with phenylatetyl chloride. to give 

6-1actarn §l. The eritical test of the adequacy of the t-butyldipheny1-

si~yl protecting group was the ozonolysis-reduction reaction. Were it 
~ k ~ , 

to be clealled at this point; it would not be a trivial task to 

differentiate th~, two a1~ohols generatedu a phenol and a hydroxymethyl 

a't C-4. Ozonolysis,sodium borohyqride reduction of styryl i3-1actam §l. 

afforded alcohol 58, in 71% yield. The t-buty1diphenylsilyl ether had 

survived the sod~um borohydride-ethanol treatment. , 

42 

Sorne of the intermediates in the abbve sequences wer~ also screened 

for antibacterial activity (Table 5, p. 43). Compounds 55 and 57 were 

mor~ potent than ampieillin and piperaci11in against E.cZoacae only, 

and' compounds 53 ~nd 54 werb mildly active agai nst sorne other bacteria. 

It is ~nteresting to note·that the above compqunds all possessed s11y1 
1 

protecting groups. When the si1y1 group was removed a~ in 55a and 56a, 

'the compounds lost all activity. 
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Table 5. 
\ 

ln vitY'O lesting results* for some 0-1 actam i nte.rmedi a t'es. 

MINIMAL INHIBITORY éONCENiRATION (MIe l1g/mL) 

Organtsms 5~ 54 55- 65a 056 56? 57 59 Amh \ Pip. 

E"cloacae MA75-1 > > 64 
1 
» > , » 64 » ,,> > 

E. coli ËSS 22-)1 16 16 32 128 > 256 32 -: ~.O6 

Staph.aureus ,Q74-1 8 ,8 "64' » > » 64 » ~.O6 .25 

, Staph. aUY'eus Q74-5 8 8 > .25 

Staph.aureus Q74-6 64 » » 64 .25 

E1IteY'ococcus SM77-15 32 32 128 » > » 128 » 2 

E. coli OSU75-1 32 32 ::. :> » 4 2 

:;.[rd,'a PCI 1001 " ~ 8 8 ij- > » 2.06 :5..06 
1 ~, 

Note: 55a and %a are the same as f5 and 56 excep.t that ,the,~ily1 group has 
been rernoved. > and » represent > 28 and >256, resp,ectively. Amp. and Pip. 
are amplcillin and piperaéillin, respectively.' ., 

\ ',. 

N.ITRATION STUDIES 

~ 

Since the presence of a nitro substituent on the aniline 'moiety 

presented sorne problems, in the initial steps of the synth~ses, sych as, 

formation of a tY'ans B-~am in the case of 45 and increased lability , .' '-' - " 

of .,the si 1yl ether:-s 'in, the c,ase of 53 and' 54, we chose ta invest igate 
, . 

the feasibility of introducing'the nitro function at a later stage, by 

nltration of the tricyclic intermediate 40.· 

* ' " Antibact~rial testing'was performed by Ms. Kuck\ Lederle,Laboratorie~ of the 
American .Cyanamid CompanY:--:J' ,b, 
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,Olah has shown that ]litr;~nium 'tetrafluo~oborate, easily and 

efficiently nitrates a variety~of aromatic compounds, in non-~cidic 

solvents72 . Transfer nitration using N-nitropyridiniu~ salts was also 

t'~ 

):(0 • 
i. 

.J§J 
~)=Ç°o 
. R~NO' 

40 R = H 61 R::; H 

74 R ::: OTBDMS .. 62 R::; OTBDMS 

... 

fou~d very'useful on aromatic s~bstrates73. Th~s, tricyc1ic azide 40 , 

was treated ~ith nitronium\~Btrafluoroborate-collidine tt(afford an 
t >' 

44 

.. 

isomeric mix'ture of B-lactams §l. The mixture showed a B-lactam absorption 

at 1;85 cm-1 and a· considera'ble spreading of' the aro~atic .s"Îgna1s in'-
" 

the pmr spectrum. No attempt was made to separate the ïsom~rs since we .. 

w,ere not interested in compounds withil"t a 'phenol ic function ... Instead. 

the nitratfon was repè'at~d on S-lactam 74* and all three possible isomeric , 

prod~cts 62 were ~~ected, ~n approximately equal proportions, in the 
/\ 

pmr of the crude ~aterial. However, attempted chromatography of this 
1 \ 

m5xture resulted in destruction of, the meta** nitro isomer, on contact 

with si1ica gel, an indication of th,~ strong activation of the B-lactam 
1 

* b ,Synthesis of 74 will be discussed in Chapter II. 

e~ ** Ortho, meta and para positions are taken to be relative to the silyl , 

..- ..... 
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bond. The mixture of ortho and para nitro compounds showêd a 0~lac~am 

absorption at 1790,cm-1 in the,.l>~nfrared, and a characteristic AB quarte.t 

for the aromatic protons' of eaçh ~?omer, in the pmr spectrum. Efforts 

alon·(these 10es we.re contin.ued by Y. Tsantriz"o/4 in our laboratory~ 

who was s,uccessful in obtaining B-lactam 63 . ..tJnfortu,nately, 63, having 

a S-lactam band at 1790 cm- 1 proved to be too unstable for testing and 
> 

f.urther manipulati~n .. 
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CHAPTER II 

SYNTHES!S OF 7-B-PHENYLACETAMID6-3'-HYDROXY­

BENZO[3~4]~O-2-ISOCEPHEM 

- 1 ~ 

The preceding êhapter de~çribed the efficient generatiori of 
( 

" , 
,." tricycl ie B-laetam 40 and' the synthésis of model 'S-lactam R, ,the S-lactam 

, 
infrared frequency of \'/hich was rather' low. The methodology explored' '\ 

in those studies was then applied ta the synthesis of lI, whic~ Was 

.~H Ph~1 , 

o )§J' , o· 0 
,1 H 

N ' ' 

'~ 
- 1 

37 40. ol 
.l' .... ') 

'" . ~---- ... _-_ .... = 

expected ta exhibit an increasea S-lactam infrarèd fr~quency as compared ~ 
, \ 

to that of 37. It was hoped that the addifional ring woùld confer, eno,ugh 

steric stra~n to the 8-1actam to ra~se .iti infrared.frequericy to within 
\ . 

the sain~,r;'ange as act~ve'cePhalosporins, at le~st 1765 cm-l .. 

O~r choice of starting material was 2:nitroresorcinol (64), 

r~adi,Jy obtained by nitrationn of resorcinol. .' 1 The nltro ~roup was 

easily reduced, using platinuJJl oxide-hydrogen, affording 2-,aminoresor~inol 
\, 

(65). To our surprise, condensatio~ with cinnamal~ehyde, following the 

, 
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64 R :: H X :: NO , 2 68 R = H 
( 

65 R = H X = NH , 2 
69 R = TBOMS 

66 R = ~H2Ph X = NO 2 

o 67 R = TBDMS' X = NH , 2 

C usual pr,ocedure, failed to produee any Schiff' base 68, Instead, an 
, . , 

unidentlfiable tar was obtained'. vIe decided to prepare the Schiff base 
• 

of,2,6-djbenzyloxyan~line, for fear th~t the1bis t-butyldimethylsllyl 

derivatwe may have bee,n tao ,hindered to rea'et with cinnamaldehyde. 

Thus" 2-nitrorèsorcinol was dib~nlylated using q,enzYl bromide-potasslùm 

carbonate in dimethylsulfoxide to give 66 in very good yield. «~ 

_Unfortunately, treatment with either platinum oxide-hydrogen\or iron-
~ 1 \, _------

hyd~ocnlorie a~id78 was ùnsuceessful in effesUng-tflê~~~uetion of the ---, 
, V --------" nitro group in 66. At'this R~t-îfwas elear that reduetion of the 

'- -:-', --------~ 
-nitro groüp had to' ~reèede pro.tection of ,the phenolic fune,tion. We 

deeided ta use' the s.ilyl protecting group, employed suecessfully in the 

, prey; ous ehapt~r: 

" 

Thus, 2-aminoresorcinol was transfonned into i,ts bh t-butyl­

dimethylsilyl ether §l, in,the usual,maoner. When amin~ 67 was bOi,led 

, , 

J ' 
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in benzene with cinnamaldehyde, Schiff base ~ w~btained ln ~igh yield. 

The prnr spectrum of"69displayed'a doublet of doublets, J = 3,p Hz, at 
"" -

8.3 ppm characteristic of the Schiff base hydrogen, and an imine 

~psorption was found at 1640 cm- 1 in the infrared. Without purification, 

Schiff base 69 was subjected to'treatment with azidoacetyl ch1oride­

triethylamine affofî,ng cis B-lactam 70, in good yield. \T,bat the B-lactam 
- i' 

ring hydrogens were indeed cis became evident only in subsequent compounds 

N'~~· i( 
N'O .)©; .~ 

• 

70 R = TBDMS 71 X == OH 

72 X = OMs R :: TBDMS 

73 X == Cl 

in this series, where the proton resonances did not overlap. The 

presence of the B-lactam, 'in 70, manifested itself as a band at 1770 cm-1 

1 

in the infrared. 

Ozonolysis of 70' in methanol, as was described for 32, fo11owed 

by sodium borohydride~duction, afforded unidentifi~le products, in 
r; ,~ 

this instance. On the other hand, when the ozonolysis-reduction of 70 

was carried out in ethanol-methylene chloride (4:1), alcohol 71 was 
r ' 

i~( 
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obtalned in good yield. The proton on the azide-bearing carbon appeared 

as a doublet of 5 Hz, iDdicative of a eis-substituted B-lactam. ln the 

infrared, the hydroxyl absorption was evident at 3500, the azide at 

" 2JOO, and the B-la~tam at 1765 cm- l . 

Alcohol Zl was smoothly converted into its- mesylate 72, by the 

-~on of methanesulfonyl chloride-tnethylamine at -78°,. FaClle and 

~ virtually instantaneous cyclization of 72 t~ tricyclic B-lactam li was 
,f f 

accomplished using ~.05 equ~valents of TBAF in tetrahydrofuran at 0°. 

On account of the high speed of this reaction, the concentration of 

the fl uori de sa lt had to pe known quite accurate ly, and si nce "the act i vit y 
, 
of TBAF solutions was found to change with time*, we decided to 

investigate another fluoride sa'lé9,79. Thus, the same trans~ormation 

of ~ to 74 was achieved in, equally high yield using potassium fluoride 
''''to • 

\' ~ J 

XJ=C0 
:J)§J. 

-1 
1 

'~ 

Phg~~/O 
- 0 0 

H -' 

, 0 

74 X = N 3 77 

75 X"= 'NH2 

76 X = NHCOCH2Ph 

*--------------------------------------------------------~--~ 
See Experimental sectiùn. p. 101. , , 
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" 
and one-third equivalent of 18-crown-6 in acetonitrile. Unlike 

1 

cyclizations with TBAF, excess potàssium fluoride could be used, since 

the reaction was complete on1y after 6 ta 8 hours, thus allowing for 

very effect ive mon i tari ng. 

Subsequently, azide 74 was reduced to amine azet~dinone 75 in the 

customary manner. - The structure of thi s, eas ily crysta 11 i zed ami ne li was 

in acéordance with al1 spectral.and analytical data. The pmr spectrum 

(p. 51) of li was near1y first arder at 200 MHz, and the parept ion was 
, , 0 

discernible in the mass spectrum (p. 52). Acylation of li with phenyl-
r 

acetyl chloride afforded amide ~ in high yield. Infrared analysis of 76 

50' 

, -1 ' 
revea1ed B-lactam and amide bands at 1780 and 1670 cm ,respectively, and 

its high ,field pmr spectrum ü;. 5~) was easily interpretab1e. 

Ultimate1y, B-la~tam 76 was deprotected using TBAF in co1d . -
, 

tetrahydrofuran, affording phenol 77 in 52% yield. The B-lactam 
- " 1 

ab§orption of 71.., in acetonitril e, was ~c'orded at 1760 cm -1. This was 

considerab1y higher than 1720 cm-l, found for bicy~lic B-1actam lI, aJso 

in acetonitri1e. Thus, the third ring had inde~d cofffer'red additional ~ 

strain to the B-lactam nucle'us, as expected. Phen01 and amide bands were 
, ' - 1 

a1so present in the infrared of 77 at 3280 and 1655 cm respective1y. 

The familiar pattern of,~roton res~nances was observed in the pmr spectrum 

(p. 54), and a si~nificantly strong paren~ ion was detected ;n its mass 

spectrum (p. 55) . 

. Having synthesized B-1~tam 77, we selected to investigate a 

sli~ht1y different q.ppr.oach' (72 or 73 + 78 or 7,9 + 77) to its synthesis, 

in the event -that an additional substituent on the ann.ine ring would 

(' 
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reqai re formation of the strained trieycl ie structure at the latest 

possible stage. A nitro substituted aniline would require such a 

s,ynthetic route. being on its own quite destabilizingto the system' 

(Chapter 1). In addition, itmay also be possible ta form the tricyclic 

framework and deprotect the remaining phenol in one operation. 

To this end, we chose ta attaeh the aeylamino side-chain to 

6-1actam Il prior to the construction of the final ring. Since the 

hydroxymethyl group on Il would have had to be protected and since the 
.. 0 '~ 

l' 

correspondlng ehloride'and mesylate had been previously prepared, we 
, 

attempted the reduction-acylation on ?1 and Zl (PJt48). 

Therefore, m/:isylate !J... was treated with hydrQgen sulfide-', 

triethylamine and directly acylated, in the usual manner,- affording . , 

amide mesylate 78 in good yield. Similarly, chloride 73 was easily 

, 
~ X 

'J .'aN)=( ·d~'+ o:@ 
+~IO ~ 

1 

72 ~78 X = OMs ...... 
.-... 77 

73 ~ 79 X = Cl 
('-

t 
transformed into a~ide 79. ~Jhen mesylate 78 was treated with potassium 

fluoride and ~ cataly'\c amo~nt of 18-erown-6 in acetonitrile, only a 
à, 

" 

r 
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" 'Il -

.. 
small quantity of 6-lactam 76 was isolated from a mixture of unidenti­

fiable products. Reaction of chloride 79 under similar conditions also , 

afforded unidentifïable products ,. as did_ treatm~nt of 79 with ces,ium 

fluoride in acetonitrile. On the other hand, when mesylate 78 or 

chlori( 79 were, reacted ~ith TBAF in cold tetrahydrofuran, tricycl ic 

B-lactam 77 was obtained in 55 and 48% yield re~pectively, It seemed 

therefore that the reaction conditions, when using cesium or potassium 
, 

57 ' 

tluorid~, unlike TBAF, were incompatible wlth the secondary amide function 

" in 78 or 79, under the conditions described, - -- \ 

Phe'nol J2 showed wéak activity only 'agai'nst 'two sensitive micro-

.organi sms. Staphy lococcv.s aureus Q74- land S. lutea PC 1-1001, both 

Gr.am-P05it'iv;'5peél~5. w~re lnhî'bited}t co~;tions of 128 àn.~ 64 

119/mL of 77, respect{vely, Wnilst this.work was in progress, Doyle80 
- ,'. ',' 'l' 

reported the synthesis of weakly active 80a, which had a B-lactam band . - , 
at 1780 cril-l, Dr,"Zamboni

o 
found 69 ,'79 that the re1ateé!°~arboxy1ic acid 

( 

( , -1 
!30b, which also showed a &-lactam band at 1780 cm , was totally deveid 

" ' \ 

of activity toward a variety of bacteria, These results indi~ated that 
o • 

~erhaps our initial hypothesis ,,, on t,e spatial arrangement of the acidic 
'" . . 

function, was valid. It was unfortunate thatOthe nitro derivative 63 
. , '1 

(p. 45) proved to be too unstabl e for testing or further man; pulation . 
./' 1 9' 1 ~ 

Perhaps the repl acement °Of the nitro function in 631 by a less electron-

withdrawing group wo~ld produce an interésting compound. 

H 
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CHAPTER III 

\:}' 

( , This chapter will. deal with stud ies towar-<l the synthes i,s of 

thienamycin analogs of the type G. This work was inttiated by a 

t c-ollea~ue, Dr.' R. ,~'àmbon~69. It-~~S based on a cycl ization sche~e 
utilized by Chri"siensen in thé synthesis of cephalo~porin-type 

anti~iotics (Scheme l, see"a1so Introduction, ~ 23')52b,53,~4,~1. ,This 

• 

Ph~.CON~ 

G 
COOH 

q 

G 
' . , 

" 

/ . 
-::; 

• 1 

type of i~tram~ecular condensat;on,~producing the carba~n~m framewbrk 

i'n '§.. woul'd be, the key, step ,in our 'a~.Î>roac~ (Scheme t' P: ,59), Tl1e 

~, 

Scheme 1 

synthesis 

fragments. 
( 

, ,. 

~= CH 
2· l 

~ , 

y = (3-1actam 
_ {N'?::X Yi' . 
.~: 1 ~ ?R' 

, .", 
, OOR 

:c= 0 y =-(3-1actam 

-
\ X ==.$ y = Schiff base 

- . 
Of the 'Key '~ntermeaiate 1. was-;aesigned from thre-e distinct 

, l 
, The S::l-actam ring would 'be constrùcted ~sing the famii iar ..,... 

, . 
, " 

L~~.~,_\ ~ ____ ~~ ______ ~~ __ -~)'~~---~ '-., 
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Y'.factlOn of ~zi,doacety'l chloride 'with a Schiff ba-se. The ill1ine, in turn, 

would be, fqrmed through condensation of an a-amino a-phosphonoéster K 
• <0 _-. ' 1 -

. fX-
d

X 

NIl h .~ \ \ NI 
-+ ... 

'+ -.. o .NroPOloEt)2 ' COCI 
~ + OOR 

HzN1oPO(OEt)z . 
"\ 

oORD'"' 

l 1 K 

~ 
")=t{, . "'-.. NI)=(; -< HO 

~ 
o N ro:O(OEt)2' 

o . OdR OOR ' " 

Scheme 2 L 

with a substituted acrolein ~, which would later be unrayeled ta the 

, carbonyl function jùst prior to cyclization. A conve~ient preparation 

of a-a~;no a-phosphono~sters was d~veloped by Dr. Hakirne1ahi 82 , in our ~ 
,laboratory-. It cansisted in the. addition of a dialkyl phosphite to the 

Schiff base formed from a glyoxylate and benzylamine, followed by 

deprotection of the amine. Our aim wa~ to devEnop a S-substituteQ - . 
~ . 

-' ,-açrrrleTn~ which after B-l?ctam f9rmation and rearrangement would yield 

1 

. , 

f \ ' 

a carbony~ functian one methy'l~ne removed from the ring, as in L. An 

acrolein residue' seemed necessary, since an ana10g laçking the double 
t 

f 

J 

l' 

\ 
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bond failed ta produce significant amounts of B-lactam, wheh the 

~orre~pondlng SChlff ~se ~ was treated with azidoficetyl chloride, 
1 • 69 whereas the cinnamylidene imlne afforded a good Yleld of s-lactam . 

EtO' Et 

)( ~ 
" ( 

o ~ 

81 

SIL1CON, IN 8-LACTAM SYNTHESIS , 

83 . 
Recently, Fleming reported that treatment of allyls,'ilanes 

with electrophiles gave substitution products M, with loss of the silyl 
, - , 

function and shirt of the double bond. We envisaged that ~~h a 
\ , \. ~ 

; 

. transformation might be useful in our synthesis.. Conversion of !!. ,to 
. 

a by treatment with acid followed by ozonolysis-dimethyl sulfide - ~ 

reduction should give the desired aldehyde t. Thus, our primary goal 

was the synthesis of aldehyde -83. -. 
; Reports84-86 of transformations of vari,Ous allenic ethers' to 

a,S-unsaturatéd ald:e.,.h;ydes -prompted us to investig'ate this appr,oach. 
, ' 87" . 

llence,1,1-diethoxy-2-propyne was reacted wHh trimethylsi1ylme~hyl-

mag~eSiUm chloride88 
kir the presence of copper(I)' bromide to afford, / 

• _'.f' 

60 • 
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- allenic ether 82 in good yield. This allene was found to be 'quite unstable, 
, , 

even when-&~ at '-20°, Treatment of 82 with p-toluenesulfonic aci~ 

'. 
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R 
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M 

~'M" d -la N] l H+ 0 1 N, 
'--.. ---+ )= N );;PO(O Et), o' N'YoPO(OEt)! ~N SMe 2 

) 
s 

OOt·BII OOt·Bu 

N o , p 

\ . 

t ~. 

~ (p-TsOH) in moist ether or with hydrochloric acid in THF-water gave , 

unidentifiable products. Attempted cleavage of the e'thyl ether function 

Ht , r' 'Hî l ,5;, 
""'1 ~ 

~ H~Et 0 

82 II' 83 

with trimethylsilyl iodide yielde~ sirnilar resul~s. Consequently. we 

opted to follow 'a different approach. l 
/ 

\ , 
0 

Based on the preparation of,the carboxylic acid protecting group 
~ 

8489 , 'we engaged in the synthesis of the vinylogous analog 86, 

\ ,.\ 

'. 
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which shoultl be easily oxidized with pyridinium chlorochromate (PCC)~ 
0...--------- - -{> 

to CI.,.i)-unsaturated al~ehyde 83: U~fortunately, attempts to trap the' 

• 
1 1 \ -Si-

\ ./ Br -5i-

, fS~ M;~/ M'~/ 
• 

/ PCC 
Zn LIAIH4 83 • . .. l ,-'-" 

, HO TMSCI 

0 0 0 OH' ' 

84 85 ,86 
, ' 

~ 

) 

'90 " known Reformatsky reagent , prepared from methyl 4-bromocrotonate and 

zinc, with Me3SiCl afforded se~;~al produ~t's i~separable by cffstillation . 

• ,The desired compound ~5 was not detected in t,he pmr spectrulT',of the crude 

material, as evidenced by the lack of a methylene signal at about 2 ppm. 

~onsequently, this scheme was abandoned. 
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Allyltrimethylsilane (87) is easi,ly metallated by butyll ithium and 

the resulting species is known to r~act from the y position exclusively, 

• with carbony,l electroPhiles91 ,92. We planned to use formaldehyde as , . 

the €lectrophile to obtain alcohol 88, whieh upon treatmént with PCC 
, 

.should undergo both oxidation ta the aldehyde and double-bond migration 

giving 83. However, when gaseous formaldehyde, obtained from the 

pyrolysis of paraformaldehyde93 , was bubbled through a solution of' 

lithiated a11yltrimethylsilane, ooly polymerie and unidentifiable. 

products were reeavered. 

, 
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BuLl CH 20 PCC 
• • • '83 

87 OH 

88 

We then became interested in ,an observation made by Cunico e~ oz. , 
who found that s-trim~thylsilyl-a,S-unsaturated est~r-89 reacted with 

'. , 
diazomethane r,esulting in the ster.eospecific formatiQn, ôf homolog .2l94 

We chose to perform this nomolo'gation on the aldehyde counterpart of 
, l " 1 

89~ namelY,compound 90: Thus, treatment of aldehyde 9069 with ethereal 
.' -

diaiomethane produced a'practically 'insta~taneous reaction (according to 

gc monitoring) and a vj90rous evolution of nitrogen was observed. The 

" 

-----+> f , , 

-SI-
l 

89 R = OMe 91 R = OMe 92 
r 

90 R = H 83 R =, H 

, ' 

" 



, . 

...1 

r' 

" ln 

. ' 
pmr spectrum of the cr~de reaction mixture was consistent with the 

structure of desired aldehyde 83. Bands at 1680 and 1630 cm-l'in th~ 
, , 

in~rared also indi,cated the presence of an,c/',S;-unsaturated aldehyde. 

'0 When purification by distillation w~s attempted, no 83 was detected in 

the distillate. 
a 

Instead '- 83 was found"to re,arrange thermally to 

'~trjmethylsily"'oxy-l ,3-butadiene (92). P4eliminary attempts to condense 
.' , 1 

\,cr,~de 83 and benzylami~e, with m'agnesium sulfate il') methylene 'chloride, 
, ' 

indicate,d that the Scriff base was formed, according to infrared analysis. 

The band at 168'0 cm- 1 disappeared as an, i~ine band '~t 1650 cm ,\1 appeared. 
1 > 

rreatment of this àùde Schiff base with azidoacetyl chloride afforded ~ 
" '\ 1 

,unidentifiable and ihseparable products .. Nonetheless, the presence of 
~, ... -1 

a 8-1actam could be inferred by a weak, absorption at 1750 cm . 

A\ this point, we ,decided to prepare'the, hopeiully, more stable 

t-butyldimethylsilyl derivative of 83. Thus, the readily available' 
.4-~~ -,', 

tetrahydropyranyl (THP) propar1yl ether 93 was eas ily converted into 
• - \ 1 

si1yl alkyne 94 and the THP function smoothly removed to give ~~~ . 

Reduction of the triple bond using LiA1H4, fQl~owed by oxidation of~ 
, 

the allylic alconol thus generatea. g-ave c/',S-unsaturated ald'ehydé 96. 
, , . 

, , 
Homologation of 96 using ethereal diazomethane gave a virtually - ( 

instantaneous reaction, as with 90. accompanied by evolution of nitrogen.' 
, ) 

, , 
Fortunately, aldehyde ~ was distillable, without therma1 rea.rra"-gement 

, , * , 

, 

to a silyloxybutadiene, and it could also be purified ... by flash' 

,chromatogr::aphy* . 

*---------------,---<-
See General Experimental. p. 99. 
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As a mode1, we chose to construct' the simple N-benzyl s-lactam 

99. T~erefore; 2L was.condensed with benzylamine ta give Schiff base 

98, which, when treated with azidoacety1 chlqride-triethylamine at 

~oom temperature afforded cis B-lactam 99 exclusively. s-Lactam 99 was 

, found to resist overnight treatment with either two equivalents' M 

HBr or excess HF in aCJueous tHF It was also recovered unchanged after 

stirring for one hour in aqu ous THF contai'ning HI. The yelloW'color 

formed during this reaction was found ta occur from the interaction of 

HI and THF. S-La'ctam 99 a1so wïthstood ,overni'ght reflux in benzene with 

an equivalent of pyridinium p-taluenesu1fonate. When 99 was exposed 
l!J 

to hydrogen brom ide in methyl ene ch 1 or i de or benzene fQr '10 mi nute~, a 
, 

66 

decrease in the e,-lactam ir absorptlon relative to the azide band was \. 

noticed. One equivalent of trifluoroacetlc aCld (TFA) in carbon tetra­

chloride did not affect 99. \lJhen five equivalents were' used, the' 

~isappearance of starting material required overnight reaction and the 

resu1ting mixture lacked the si)y1 group and a S-lactam band, but showe~ 

" an amide absorption at 1670 cm- 1 ( It tpus.seemed that. protonation of 

99 occurred preferentially on the s-~tam (amide) ~ather than the 

~'~~Yl~ilane. , 

We then decided to reinvestigate an alternate approa~h, 

initl?ted~by Dr. Zamboni, for the generatio~ of aldehyde~. The basis' 

'. for this scheme was the known transformation of epoxysilanes '102 to , , 

a1dehydes 103. ' Stork found95 that epoxidation of viny1s'ilanes' 101 to 

102.with m-CPBA, followed ,by treatment with acid afforded good yields of 
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fSI\ 
SI '1'\ CHO 

--+- ++ R) 
N) 

" R R 

1 Dl 102 103 

104 

aldehydes 103. A~tempts to e~ox;dize 104 under various conditions had failed'~ 

to yield.any epoxysi1a~69 
, 

Steric hindrance of t~e double bond was 

.' thought to be responsib1e for the iner,tness of 104. Initially. we chose 

to use a slightly less crowded model as sùbstrate·for, our epox,idation 
CI 

attempts. Thus, previous1y-prepared aldehyde 90 was condensed with 

's{\ \ -" \ -" 

l ' ;={' ~\ 1 
90 -.. --+- NI --+- Nl 

1 
N,-/Ph N~h o N"-,,,Ph 0 

105 106 107 

~ 

.,. \ 

benzylamine and the resulting Schiff ba se' 1 05 vIa s treated with azidoacetyl 

chloride~triethylamine affording 13-1actam 106, in good yield. The 

-1 S-lactam absorption of 106 was found at 1765 cm and the stereochemistry 
• h 

,t 

"-

" 

'--
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- , 
of the rJ ng proved -to be (-i ~~ , as determined by a coupl ing constant of' 

" , 
5 Hz. The stereochemistry of S-lactam 104 had'not been determ,ined, but 

, " - ~ 
was_most likely_cic by ana10gy with 106. - Epoxidation of 106 wfth m-CPBA. 

i~ m~thylene ch10ride or ref1uxing -chloroform96 falled to produc~ any 
, 

epoxysilane 107. Slmi1ar reactions using ethyl ether, in which m-CPBA , - . 
is considerably more soluble, were ineffectual ln causing the des,ired 

transformation. 

Unable to obtain epoxysilane 107 using mode1 106, we chose 
'~ r' - -

!o pursue our originql goal (Sçheme 2, p. 59), whe~e deprotection of the 

carboxyl fùnction in 109 would ,permit the use of tne free acid in 110 for 

"--

\ '" \ /' 

90 p.(' J!S~ 
NJ --. NJ --. 

+ 
--.. p. 

H2 N

t
PO(OEI)2 ~ N YoPO(OEI)2 o N_Yo::~:t)2 

OOt-Bu OOR 
~ 

'108 109 R == t-Bu Hl 
~ , 

,110 R = H 

the intramolecular epoxidation of the vinylsilane using ~racid. Thus. 

amine ]O~, pr~par~d according to the modified procedure of Dr. 

Hakime1ahi82 , was reacted with ~ldehyde 90" in the usual W~y, affording 

a good yield of ~-lactam 109. The azide, S-laçtam and ester functions 

\ 

J 
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were readily identifi .... ed in the ir spect~um of 109, at 2,100, 1775 and 
, -1 / 

1740 cm ,respectively. The stereochemistry of the B-1actam ring 

fOUld not be det~rmlned at this stage due to the overlap of signals in 

\he pmr s pectrum of 109. • 

Treatment of 109 with a large excess of m-CPBA Jin ether for. 
1 

three days failed ta epoxidize, the vinylsllane~ Reaction of 109 and .r,c~ 

3,5-dinitroperoxybenzoic ~cid97 in methyl~ne chloride produced a ~omplex 

mixture of produ,cts*. We then moved ta similar studies on the free 

carboxylic acid 110. Thus, cleavage of the t-buty} ester in 109 was 
~ -

found to proceed very smoothly using 30% trlfluoroacetic acid in, 

methylene chloride for three hours. The resulting acid 110 was found 

to be unstable to m-CPBA in ether and to 90% hydrogen peroxide-' 
1 

trif.lûoroacetic anhydride~8 in methylene ch 1 oril.de. In both cases, 
l' 

\' 

evolutlOn of gas waso abserved, perhaps from the decarboxylation of 110. 

Fortuitous ins[fuction of a r'efrigerated sample of 

10'6, whic,h had been treated with m-CPBA, then evaporated and stored, 
, 

revealed the major product t.o be epô'xysilane J07. The pmr spectrum 

(p. 70) sh~wed a nearly equ.a1 prese,nce of two diastereomers 107, having 

cis-substituted B-lactam rings. A base peak at m/~ 317 in the CI-ms 

was consistent with the structure of 107, and the presence of a S-lactam 
J - , 

was indicated by a band at 1765 cm-1 in the ir. This observation 

suggested ta us that, the concentration of the solution during the 

epoxidation was very important, and sho'u1d be as high as possible. 

*----------------------------------~----------~-------------
However, signa1s at about 2 ppm, charaeteristic of epoxysilane protons, 
were vlsible in the pmr of the erude material. 

Q. 
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Fig. 15. 60 MHz pmr spectrum of 107, in COC'3" 
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" , 

Accordingly~ an ethereal solution bf 110 and ~-èPBA was concentrated 

until viscous and react~d at 40° overnight to afford a 90% yield' 0",. . () 

epoxysi1ane Jll. Although 111 cou HI be"separated,into·,two fractions, - ,-

of v.ery. similar polarity by flash chromatography, each fraction was __ . 

faund to be'composed of two diastereomers, as establ;sh~d by pmr. 

Severaf attempts were made. to rearY'ange epoxy~nane "1' to 

aldehyde f, dire tly or through' ,sorne intermediate species. such as an 
o 0 .. 

enal acetate or" ceta' (Fig. 16'j. 'Under weakly acid,ic condittQns (acetic 
" $ 

'\( . 
SM 

..., 
'SM 

1 

~ 

X 

tco 2 

"\ ~ 
HyOXSI\ 

l'1 \ 1 

(') 1 

'l.; OH' 
10-20% 1 

'[ 

... ' , 

<t' 'X X ':.t/ \' CSA, 
' \ SM 

10%H2SO." H ~OO2.h Me2CO 
HIO 

TiCI. SM 

p-TsOH CH I CI2 

~ 

1 >, 

CS~ 
SH 

or c: ,X 
P-TsOH 

.. 
f' , 

~ " 

llf 

AcOH 

BFJ 

SM 

\\ 

SM 

\ 

\ 

16. React10ns aarried out on epoxysilane ILL. 
• 1 

SM = start;ng~material. 
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aC,i',d or, 2% Hel04 in TH F-H20) 111 was ~c~vered unreacted. When more 

,ci p-k cond; t ions (AcOH-BF 3' ç,mphorsu 1 Îon i ,c 'Jc; d. or 5% Hel °4) wer;1 
\ 

" usèd, unidentifiable produ'cts were obtained. ' rwo exceptions ta these 
; , ~ ;) 

observations wer~ found. Both formic and p-to1uenesulfonic acids added . 
~'f; 

o at~ Jl!, 1n 1 QW yie1d r€actions. ia gîve~th~ hydroxj' esters shown ln 

.,' 

Fi g. '16 (p: 71 ) . , ' 
, ' 

T~e treatrnent' 'tIith KF - 18-crQwn-6 was' based 'Ù~e premi ss 

tha.t e'P9xysilaneS' reaTrange to th~ a1d'ehyde thr6~9.h an intermediate 
~ - CI ~ 

~e~,i·ate9,5,99,. However,- Chan et ~Z. 9~ fo'und th~t t1uoride iOI] does not 

. 
, '''. 

~ 0' 

\ l 
:.~ ~ n 

~ .. 

.~[f-J 
~ 

'., • ..: 4 ,I( )~. H+ 
, Il" 

i 
o t -+ , 

..." 

't 1 Il> 

'\ ~ 

co~vert epoxysiJanes into enolates but rathe~ into epoxy anions. In any 
, ',' Q \ 

even;t~ we were unab1e to obtaln any reaction'with KF - 18-crown-6. 

{: ~f ", The use of. the 1ttong.Le~~~ ~cid TiC1
4 

to cleave"e'poxYsi1an~s 
>'fs i~upded Qn th~ well,-knqwn sta'bilit; of cati'o~s B to siliçonlOO . We 
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exph~ted tflat suc'~ a ta't·~n., 
\ J - ' 'J • , 

formed with TiC14~.wou1d react with chlaride 

ion~, as sh'ow~,' to g,iv'e the e~o1ate, 
, . . 

• Inst~ad, a 1 ciw yiel d of the 
, 

1'-" 
l, 

l 

c:orr~spondiri~ 'a-uch1oro~B-,h.Ydr~~ysilane w,a~ P9ta;'rled~ Recent1y, it was ;, -. 
~ , ' ~ (J 40 

. shoWn that epoxysi1aTiles u
1
nd'ergo tegio- af.ld- s.t,ereospec-ific a-opening'by' 

• a' .va~;·ety o~ nU~léo~htl~s, under ":CidiC or' basic conditions 101.10'2. 
Q Q 4 " 

,. 

" " o . 
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We then attemptéd to open epoxysilane III with KOAc - 18-crown~6 
III 1 (J 1 

dr NaOMe ,\~Pi ng t,a obta i n the res pect i ve Ct-acetbxys il a ne 112 or 
", ~ .. , -

\ ; 

f' 111 -+ ':XS

\ 
-+ Î -+ p .:: 

OH 
/' 

112 R = Ac- ,114 R = A'c 
-+-

113 , R = Me 115 R = Me , 
~ " 

" " 

~-methoxysilane 113. E1imin~tifn of these B-h'yd"roxysilanes" unèler ;c;:dic 

or basic conditions 104 should then give the,cqrresponding ~no1 açetate 

1'14 o~ enol ether, 115, both; of whkh mayl be hydrolyzetl to t~e '\,des;red 

a;ldehyde P. Unfortunately, 111 résisted,treatment wHh etther'KOAc-
, -,/ - ~_ l , 

18-crown;;.6 or NaOMe. .' 

A ra\her unreactive epOXY~il~ne 116 was recently reported by 

Paquette'03. Transfonn~tiori/'Of 116 to the corresponding aldehyde was 
J 

achieved using vigorous conditions. a,B-DihydroxysiTanes were found to 
" \ 

\ " 

l' 

. \ 
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20(0 H2S04 -

MeOH (1,1) , 
, .. , 

o ~eflux 24,h ' 

1 

'. \ ~ 

( 

r 

b · d·'·'-:'./ '. '"1 '. 1d h d '-lOle,f e, lnterme lates ln the\ converSlOn of epoxysl anes ,to a e y es . , ' 
1,1 1'1..:: _ __ , 

Per,-haps when sufficientTy acidic conditions were used, 111' was 'indeed . '- " 

transformed to'diol 117, but under such circumstances, continued to react 
t.. ' 

111 

Q , 

" ,.. , (oysl~ 

N~rJ:r'OH 
o~NyPO(OE~, 

; COOt.Bu 

117 

. , 

" 
, , 

through ari undesirab1e pathway. $uch incidents are flot uncommon. ' 

'-

'\ 
S':'Lactam 118,," for instance, ,was found unstab1e to sil--ica gel chromatography, 

giving lactone 119104... Diol L20 was s'hown t,a undergo rearrangement to - . 
,. - 105 

1 actone 121 fo11owed by furth,er react,ioD . 
.. 

'. ( 

, " 

• 
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HO 

PhOCH.CO~~ PhOCH2CONH~S _ 

-+ - 'R'"'' ,J 0 'HN, 
. 0 ~ 

COOR C.,oOR 

, 118 l!l ' 

" 

t·Bu 

~ A ri N 0 
\~ ...... ~OH -+ O{-\.-H , :-+- --. 

.~H 
o OOt-Bu O~OOt'BU 

OH 

, 
120 121 

'--""'; ~ 
. " 

o" We next !3ttempted to prepare diol 117 through the reaction of 

viny1 sil a ne' 109, (p. 68) with Os04 - N-m~thy1morpholine-N-oxidel06. Diol 
~ 

117. prepared under such non-acidic cond'itions, cou1d, in principle. 

be acetylated then eliminated'with fluoride ion to obtain eno~ ac~, 

114. which we thought shou1d be easi1y hydrolyzed to aldehyde P. 

Vinylsi1~ne 109 was, h~wever, total1y unreac~ve to t~e hYdrOX~latj~n 
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. 
with Os04 mentioned above. 

, , 

In a finà1 attempt ta prepare the desired a1dehyde through an 

epoxysilane, methy1 ester 122 was synthesized fram the free acid 110, 

9 by treatment wlth diazomethane. The methy1 ester should be léss hinderlng 

110 

\ " 

d
,S~ 

CHzN z, , NI' 

.: . ° "yt'0(OEt); 
, COOMe 

122 

, 
m-CPBA " t. . ",~'s( 

,. XOH ' ---+ • 
M.OOC " PO(OEt)2 ' , N'H" 

123 

; 
./ 
1 124,' 

1 

than the t-buty1 group a'nd shou1 d therefore fa'cil itate hydrplysi s 

of the epoxysi1ane. Jreatment of viny1si1ane 122 with m-CPBA, in the i 

usua1 way, afforded a 47% yie1d of B-1actam 124. Presumably, ~ was 

formed through '; ntermedi ate 123, wh i ch may hav~ been formed duri ng the 

epoxidation of 122: 'Whether the epoxidation or the hydroxy1ation 
, , \_ J, 

occurred fi rsJ .was not determi nedi and the react ion was not 'pursued. 

ALDEHYDE FROM NITROALKANE 

The numerous examples of mi1d conver~ions of a1iphatic nitro 

compounds 125 ta their corresponding carbony1 cantaining substances 126, - \-

lusin~ .trivalent tita~ium107,,108, prompted us to investi~at:;! an~pproach . " 

to our desired aldehyde ~ (p. 61) in which such a transformation wou1d be 

,1, 
1 

, \ 

:$ 

.. 
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appllcable. T'he classiè'al Nef109 reaction usually emp'loyed for thlS 

type" of conversion was not considered because the S-lactftm ring wou1d 

probably not survive its harshness. 
." 

.' 
T Ill 

~ R~CHO, 
\ 

126 ' 

., 
'" 

/ 
/ , + / ' 

1 
108 

127 

1 

1 
1 \ 
1 

128 
f 
, , 

The synthetic plan was to u~e compound 128, in which the,miss,ing 
~ ') ~ " r _ 

'carbon unit wou1d be supplied by the addition of nitromethade to the 
, , 

aldehyde, fol1owed'by elaboratjon'of the 8-hyqroxynitroalkane 129 thus 

ge,nera ted, 
, 1 

The Schiff base formed by cond'ensation of amine 108 and --, , , 

cinnamaldehyde was treated with azidoacetyl chlonde, in. the tlsual way, 

affording ui;.; B-lactam 127~ ij 78%yie1d. Ozonolysi~ of 127 at'-78° 

f 011 owed by di methY~:' u Hi de reduct ion produced th e very eas il)' hyd ra ted 

l • 

.. 

, ' 

• 
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(NR02 -+ f N0
2 -+ 'jNQ, ro'''' \~HO 

~ ---+) ~f-~yPO(OEt), 
\ . tOOI-Bu 

,129 R==H 130 'l3l 

129a R == Ac 

" 
a1dehyd~ 128. Dehydration was easi1y achieved by boi1ing in benzene' 

~sing a Dean-Stark trap, afte~ which the a1dehyde proton could be easily 

'd f as a c1ean doublet' at ':. g, lib l enti led 9.38 ppm. Wé11enberg and Miller 

- ~ported a very' effic ient method for the preparation of sa turated nitro 

compounds from a1dehydes by ~h~ additioQ of nitromethane, catalyzed with 

f1uoride ion as base. Using their procedure, nitrometrane was condensed 
, , . 

78 

'with a1dehyde 128 in th~resence of catalytic amoù.nts of KF - 18-crown-6 

forming l3-;hyd~oxynitroa1kane 129. Acety1ation of 129 with aceti,c 

anhydride-pyridine and 4-dimethy1aminopyridine, aS'~ata1yst, affàrded 

nitroo1efi'n"130' c!ntami'~ated wi~h approximate1y 5% of the corresp~nding . 
- , ."" "\, 

nitroac~ate 129a. contrary to the results of Wollenberg and Miller who 

iso1a~ed cnly the nitroacetates. Fina11y, reduction of 130 'and the, 
_ f 

intermediate nitroacet~te 129a with methanolic sodium borohydride 
" 

occurred smooth1y affording nitroa1kane 131, in 48% yie1d from 129, a-fter 
~ 

chromatography.,Treatment of the sodium salt of 131, prepared using 

--"'t. 

.. 
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d ' h d 'h b ff d ( 5) l' f' . - 'hl 'd lOB-50 lum met OXl e. Wlt au, ere pH 50 utlon 0 tltamum tnc on, e 

produced a mul~icomponent reaction mixture. , The presence of aldehyde 

P or the corresponding hydrate in the complex 

determined un~quivocûlly. Consequently, this 

2-PHENYLCARBAPENEMS AND PENAMS 

mlxture could not be 
""". 

scheme wès abandoned. 

In a series of recent publications;. Hoodward tl1 described tHe 

synthesis of êI new class of S-lact,am antibiotjcs containing the novel 

penem skeleton Q. We were particularjy intarestedin,' the' bi~\ogica'l 

132 R = Ph 
" 
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activity of compound'· 132 (Tabl e 6, p.' 79). We dec ided ta attempt the 

• synthesis of. an analogous compound 134, ~acking the sulfur atom and 

having the usual acylamino side-chain. We thought it p1ight be possible 

127 ' ............• 
PhCH2CONH)=Q-' 

N Ph 
, , 

cooti 

133 134' 

. to achieve thfs through the base induced cyclization of 133. ·Alt~ough 

aryl ketone~ are less reactive than their al ky1 counterparts, we hoped 

the fact that we would be attempting an intramolecular cyclization to 

form a~five-membered ring would,counter their diminished reactivity. 

'The immediate problem was the hydration of the dOl,lble bond ln , . 
127. Brown1l2 repor~ed'an extremr~ylfao~ile oxymercuration-demercuration 

of styrene to give l-Phenylethano\ i~ high yield, using 'mercuric acttate 

followed by sodium boroh~dride'. Application of this method tO,127 

should yield the corresponding benzyl alcohol which would th en be' 

o,xldized t'o 133. When 127 was' added to merCUrlè acetate. in T8F-water, 

the reaction was found to be considerably slower than ln the cases 
• • 

reported by Brown; the di,sappearance of 127 (by tlc) requiring overnight 

treatment. To our surprise, in situ demercurat'ion using alkaline sodium 
,» 

4\' 

/ 
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borohydrioe regenerated almost quantitatively styryl S-lactam 127. 

,5imilar results were obtainei:l at 60°. Appa'rently, a complex was formed 

but oxymercuration did not oceur. The'more eleetrophilic merc,urie 

trifluoroacetatel13 also gave similar results. Coreyl14 reportgd the 

o 
RÂO~Ph 

135 ' 

KSCN 
R-COOH 

+ , . 
~Me 

Ph 

easy cleavage of cinnamyl esters 135 by oxymercuration with mercurie 

acetate,in methanol containing 0.1 equiva1ent nitric acid followed by 
, , 

demercuration with KSCN. Oxymercuration of 127 under these conditions 
1 -

" 

fo11owed by treatment ,wit,h sodium borohydride afforded unreacted 127 

and degradation products. 

Since the cinnamy1 residue in 127 appeared to be quite 

---insensitive to the action of mercuric salts, we proceeded ta synthesize 

the h~pefully~more-reactive acetylenic counterpart 136. Consequently, 

the ~~hiff ba~e prepared from 108 and readily available'phenylpropargyl 

aldehyde was reacted in the usual manner ta afford a one to twa mixture 

'of cis and trans B-lactams 136 and 137, respectively. W.Y. Liu 1l5 haS 

al so successfully prepared severa 1 acetylenic B-lactams fram Schiff 
" 

bases of~ substituted anilines and phenylpropargyl aldehyde. When cis 
, • ,Il 

81 

B-lactarn~ was treated with mercuric acetate in ethyl acetate according 
116 to the procedure of Ka~an et at. • no reaction was ob~ervede When the 

" 
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• 
Ph 

~Ph 1 ;lPh ,III ' ' ........ Ph 
N # 

~ ):1yPO(0E~, 
NJ ., 

. 0' . NYaP~(OE~, . 0 7 --Jo -+ ~, 
+ 

108 COOt·Bu' OOt Bu 139 

136 c&s 138 

'137 ';trans 

il 

\11 
'u 

more electrophi1ic mercuric trifluoroacetate was used unidentifiàble 

products were obtained, even in the presence of ye110w mercuric oxide as 

acid scaveQger.' InfTared àna1ysis showed the disappearance of azide 

and B-: 1actam bands. On the oth,er h~nd. treatment of tY'ans 0-1actam 13) 

wiih two equiva1ents each of mercuric trifluoroacetate and mercuric 

oxide in wet ethy1 acetate fol10wed by exposure to gaseous hydrogen 

sulfide· afforded ketone 138 ~n good yie1d. Attempted cyc1 ization ,of ' 

ll~ using triethylamin~, OBU or sodium hydride produced unidentifiab1e 

~ mixtLres, the ir spectra o( which showed drastically reduced azide and 
. , ' 

Potassium t-butoxide did not caUse any reaction of 138 
l' -

e,- 1 actam bands. 

• at -78°, ~ut polar materi~ls were formed on warming ta room temperature. 

Reaction of 138 with n-butyll ithfum at ':780 gave the addition product 

139 in 20% yie1d a10ng wi~h unreacted starting material. 

We thought the azide functiôn was perhaps interfering with. the 

.. 1 

.~ __ " .... , .. ' .. f. 

'1 
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cyclization of 138 and decided to atterrlpt similal" reactions on acylamino 

(j-1actam 140. Thus, reduc~ion of aZ,ide 137 with hYdrogen, sulfide- , 

. ' 

137 -+ 

140 141 

, tr.iethylamine followed by direct acy1atioh with pheny,lacety1 chloride 

gave amide HO. The. pheny1acetylene residue was smoèth1y, hydrated as 

before to give phenylketone 141. Attanpted cyclizatjon of 141 with, 

potassium t-butoxide at -20 0 in THF fai1ed to produce the corresponding 

t-butyl 'ester of bicyclic S-lactam 134, but gave a rearranged product . 

. The feaction which had occurred, proceeded in two distinct stages . 

83 
\ 

. First, a slightly less polar product appeared (by t1c) within 20 minutes, 

whi.ch was th en converted to 'a much less polar material after an'additional 

20 minutes. 
, 

Triethy1amine a1so effected the same reaction, a1though 
, ? 

requiring a considerabl~1 longer r'eadiOn time. One such reaçtion was 
,~.. ,,' 

. 'quencheq midway, ,with aqueous a":lmoni"Gm chloride:,. The initially formed 
, . 

prôduct appeared to be 142, according to ,the spectral evidence. The 
, , 

second and final substance generated under these conditions seemed to be 
'. 0.1 . ~ , 
143, based on prnr (p. 84). ir and mass spectral data. 
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\. 

~ ;rPh 
N~Oi . Ph~, , 

o NYaPO(OEtJ2 o , 
, :' OOt-Bu 

, 143 

r Q -

It therefo'rè seemed that the facile elirnination w 142 would-
o ~ 

prec1ude formation of the desired,. bieyc1 ie system in 134. Thus, Wé_ deeided 

to investi~.te the syntfresis of the ·s.tur.tect .n.log 14t which we 

thqught shou1d not HQse simi1ar prob1ems. 
\, ~ 1 1'1 

Hydrogenation, of 141 at 40 psi using Pt02 fai1ed to effeet 

reduetion of the ''ketone. Treatrflent wi'th sod>Ïum borohydride supported' on 
. ·117 . , 

a1urnlna gave a mu1ticomponent mixture. Fina11y, reaction of 1il with 
r • 

~ -
sodium borohydri,de in ethanol afforded 144 in good yie1d. Mesylation 

1"" --, " 

of 144 in the usua1 way gav~ mesy1ate 145 a;though, prolonged reaction .. --' , - , 

produ~ed the corresponding benzyl ic eh1oride. Exposure of me-sylate 
" . . ) 

145 t~'~thy1amine in acetôr\itri le or ta potassium acetate i ri OMF - , ~ 
, l , + 
aTfarded 'bi cyel Î(; 13-1actam 146. The S-l actam i r frequency was found ta , ' 

shift from lZ65 ta 1780 cm-1 ,I.lpon cyc1ization bf 14~ ta 146 .• IA silllila'r ' 
1 

phenomenon was observee! ;n the a~\.do ~er;es (upon eye1ization of 150 
, ~ 

ta 151. 
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. Unfortuna,tely·, prel imi nary ?-ttempts to cJeave 'the, t-butyfester ,i ri 14'6 '.' , 
) , f 4 ~ 

wi:th' 20% trifluoro'acetic acid in CH 2C1 2 also' b~ougtît .about :the rupture 

o.f ',the S-lact.am rin~. 

.Whilst this work was 'in progre,ss, Dr. Hak.i'm~lahi 'generous1y 
, ' ' ~ 

-~pr,ovide~as-with 'th~ very Ùiboriously prepared',dibenZYl malbn,até' S-lë!çtam 
, '118 .\ ,- .- ' ' ',,:, , ,',.'. 

, 152 A lthough on 1y the' traYlS compou'nd ,was .us~d for- subsequen,t .. 

trpnst'onnations, the' actuar B-1act~!Jl form~tio~'y:;elded a rough'~;:~ne ~~' 
'. , 

:two mixture of ais and tI'ans B-1actalns .. U~ing 1!?2, ~e ~p,i~g!·to;, 
. , 

.' , " 1 

'# 

153 

- ~v.!' .;0' Ph· 
, N ' 

Ph~"'" , . 

, O'~' NyC~~Bn 

6!,OBO-.,' 
, 1 -, " 

\, .. 
. "~ '1" , , 

\" , ' 
, , " ;. 

, 

... -. . ~ . ~,Jt9:H' ~,., , . 
"~r:tPh ~,',' ,Ph , "- "" =, Ph '+--

, , 
, . , • 1» 

, " 

l, 

r '\ .. , 
, . .. , 

.. ' , ( 

, .. . 

• ~ - (! 

." ,. ~" ",. ~ . 
, •• ) 1 -4.' 

'. ~ 
, 

" 

\. -.N • ' ',' 0 N " , , '0 - , 
, ' " COOl! . ' SnoO O~Bn:,', b 

, 
156 -, - 155 -. 

" ... 
158 '157 

,~ : .. 
, , . 

, .' 
, , . 

~ l' . • I,r.... 'i> .; _ '.: u. "',',,,, 
,achievê the synthes1s of the câ:rb6'XY11C· ad'd analbg-of 14:8; name1:y 

'". -,,.,~ - , 
t, 
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153. Thé prnr spectra in the ma,lonate s'en,e,s (p. 89 tG 93 ) were 

" . 
<> .... ' 

cORsiderab1y easier'to interpret than in the, previous 'phosphonate esters 

duê t~, th~ absence 'of the diethy1 Phos~~o~ate res'onanees a~d 'the oc~ee 
" of fewer di~~ter~omers,. Hydratio~ of a;etylene 153 f01.1:owed by redu'~\ion 

of the 'k~t6~~ l54'thus.formed gave,altohol 155, as a"4 ta l ,mixture ,ft 
, -$ , ',.nJ t,' r . 

d1astereomer.s., ub,sequent translorma 10ns were perfonned on the major, 

. less'-po1ar i somer'. " 
According to·resu1ts obtained b~ Dr. Hakime1ahi, mesylatiop af 

, 'a ma1.onate ',ester re1ated to 155 with methanesulfony1 ,chloride-triethylamine 
, ' ' .--- ,I!o ' , 

~ 

gav~ C-svlfonati'on, exc1us1vely. Howeye'r, using pyrid5ne as base he was 

able to me~y1 ate- the a le'ohol selecti,vely. Consequ~ntly.- 155 was treated 

with methanesulfony1 chloride-pyridine. ~he mesylate corrèsponding to-
, -

: alcohol 155 wa-s ,never iso1iited, since it-was transformed to chloride 156, 

un,çler ~he.'-rea'(;,ti,oncOnditions~ Exposure of 156 ta triethylamine in' 

ac~ton.itri1e, f-{)r, two, Qays generate9"bicy'c1ic. S..,laetam 157. , The, 8~lacta,m 

'ir'~~eque~cy ~f;.157 was 17'SS'cm- 1: The,pmt sP!'!c,truJ11, of 157 (p., 93') ", 

show~d th~ presence of·a single d1asterea~er, the s~ructureof,whieh was'~ ': " . 

• 
consistent with that depicted: 

, , 

,Decoup};hg experiments,' whjch permitted'as;sig~ment ~f'the 
, • J, , 

, .' 

coup,l,ing c~s inpicated on P',~47, made structure 157 the most 

1 1kely. For ,phosphonate, 146', whi~h had served' to work out th~ react1Q1f-­
\ . 

sequ~nce uS,ed for the synthesis of 157, th\C:;' type o'f assignment had 
• 

unfortunate1y. not been possible beeaus'e ~f the, e::bmp1exity of the signals 
'1 • 

observèd. ft in)Y, be noted,at ~is_ point that many'of th; aSSignm~n.ts( 
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. 
made thraughou,t this w~rk-were aiged by'homolllJclear d,ecoup~ing éxperiments. 

, Although not shàwn in the mass spectral comp,~ter p'lot (p. 94 ), 
o , 

a clearly visible molecul'ar ion at mie 588 -was ev1det:'t in- the osclllognam. ,. 

Àttempted hydroge!"o,lysis of'157 at 30 psi using, palladium dl'loride in 

e;thyl ùcetate afforded only unreacted star:'~ing materia1 a-nd de'gradatio~ 

produ~ts. 
.. 

, .., ... 
One last venture into the chemistry of acety'lenes was 

accomplished through S-lactams 159 and 160,.which were prepared from' . 
,'-, ~ , 

trimethylsily1propargyt aldehyde in tbe familiar manner, again as a 1 

ta 2 mixture of c-is and tmrlS forms. 'We thought of us; ng these- S-lactams 
, , -

-
'to 

'" Si H H 
~/\ / ~ ~ 

):f~po(oEt), --+ ~# ~ ~ ~,H --+ N:, N~PO(O"),' 
.' COOt-Bu COOt-B!! 

159 ms 161 trans p 

/ 
l ' 

. 'T60' trans 

Cleavage of the silylacetylene in 1.60 proceeded smoothly with .potassium 
~, 119" 

fluor1de in methanol - 'ta give terminal acety1ene 161. Treatlnent of 161 

with '~Cholboran~ in THF at 70 0 fo~ l haur followed by oxidation with' 
\ -

buffered hydroge~ peroxide,120 gave mostly 'unidentifiable products and. 
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Reaction of 161 w'ith 9_BBN 121 i'~ 'THF followed sorne startlng m~terial. -, r 

;;l3y oxidative workup afJorded sorne ~l!reacted 161 a'nd othér .products . . 
. deficient in (3-1actam absQrpti"ons in the ir. 

, . 

, / .. As an a~ide, 

, ds S-l actam' 136 (p. 

it is interesting·to note that~ whereas phenyl~cetylene 
1-

82 ) cdu'l d' not be hydrated' to the corres pondi ng 
~ 

ketone, bath ms 159 and tY'ans 160 cou1d be~xidtzed to their. correspond- " 
, -,- --

ing methy1 ketor.les 162 and 163, l"espective1y, i'n one operation using ,', 
-, -

'merc6ric trif'lûoroacetate, 'in' the usua1 manner: 

, , f 

< ... 

Hi2' cis 

163 'trans 

. 
" . ' 

) 
/~'- ' 

In conc1us1on, the synthesis and reactivity o~ various a11yl-, 

vinyl- and epoxystlane substïtute,d 6-,lactams were exp1ored'. The reactions ' 

'of 'mercurié '5a1 t5 with cinnamyl 'and phe~yla'cety1eny1 azetldirfories' were' 
.' Jt " <l J 

e~amined~ From the latter was p~pared pheny1ketone 141, which was , 

shawn ta undergo rearrangernent ta àcylpyrro1e 143 inste~d of cyc1ization 
- ft 

ta a penem. Fina~,iy: two hew ring ,sYstems, the carbapenams 146 and 157 

have been prepared ." Al thoügh we were unab1e ta cl ean1y deblock the ester 

functions in 146 ,an~ i57, c1eavage of the corresponding p-nïtrobenzy1 
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CONTRIBUTIONS TO KNOWLEDGE 
, ... 

The stereochemi stry ~f the S-lactams denved from the rea~cti on of 
~ ~ .. '.- ~ 

(/ ~zidoacetyl chloride with substituted'cinnamyl',dene anil.ines was foùnd 
~ 

" .. 
to depend on the sLIbstitue~t, Schiff bases derived ftom electron rich 

. " an;l ines' (with pKa 's > 2.4) affo~ded exc1usively·,.i:' B-1actams·.·~ 
- .... _. '",G • .. 

Cephalosporin analogs E. ~ and Il were synthes1zed. the, key 

,step in the syn,thesis of 77 linvolved a novel intramolecù1aYLcyc}i4.ation, 
-.' ; .. 

.... " 0 .... 

of a t-buty1dimetbylsilyl ether with either a mesylate or a ch1oridé, • 

mediated by fluoride ion (p, 32, 48), • 0 

" . 
The one 'çarbon homelogâ tion of ~-trimethy;J,silyl-C1,B-'unsaturated 

r • 

esters with diazomethane was extended to the correspo.nding 'B-trimethylsiltL 

Dr B-t-buty1dimethyls~ly1 aldehydes (p'. 63). " 

'/ Phosph'ono k'tone B-1actam 141. was sh~~ ~cit to ~ieldothe 'desi,:ef>',' -, -
. . 

carbapenem system "Upon tr,eatment with base, but to rearrange to N-acy1 
$ 

pyrrole ~. 

Two new ring sy~tem's, 2-PhenylCar~apengms.J146 al'l? 157 have been 

·prepared. The formér being a key intermediate' in't~e synthesis qfo 
~ 

phosphonic acid carbapenam 148,' 
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, , , GENERAL EXPERI,MENTAL 

Mel~n9 PO;'t, (mp) were ~e:er4d on. ~ 'lèrikamp block and • 

ar:e uncorrect~d\. unless otherwi,se SPïified. ~ai spectra '(O)s)' were' , 

:,Ô~~~.ine~. on HP 59~4 or LKB '9000 o~as,~' ~pect;o'lnete sana, intenSi:ies àre" 

reported'in parts psr thousand (Otolo), c~emi~a iO,ni.zation mf:\ss s.pectra 

(Ci-~s) (,using isobutane) ,and' gas c6romatograP
j 

ie mass spectra '(gc:..ms) ", 

we;e recorded on ,,~he ,HP ,5984, i'n~'tru~;nt. I~:/àr~d (ir) )pectra w~~e 
obtaineçj .01) Unicé1m si> 1000, P~r.kin E1~er' 457/ an,d 297 spéctro~hotometers. 
'# .• '. ,: J 

Pt'ptqn magnetie resonêince (1 Hmr)' spectra wer~ a,cquired on Varian T-60', 

. T - 60~: HA~ 100. XL :.20~ \d-f rUCk~r- 'WH -90\ ectromet~r.',' w i th t~ t ramethy 1 -

silane.(TMS) as tnterna1 i~andard. Çhem'c~l shifts are.given in the ,0 
" ~ _ , 1.. , " 

",sca]e, ~in parts per l)1illion (ppm). ' Douh ets (d)', triprets (t) and .' 

,.qu~rte,~~ 'q') ar~ r~porteq bY the,ir ~e~te\, pOSitio~S':. W~il~,'mul~iPlet~,' (,in) 

are described by a range of absorption. Other abpreviations used are; 
\ ' - ~ .. . . -

(s) for,singlet~ (b) for'oroad and (ap,p) for apparent. 
,\ . . , 

An~lyti~al thin layer'çhromatogr phy (tJc) w~s càrried out on 

s~l:ica gel 60 F254 pre-~oated, a'l~minum sheets. "Flash chromatography", . 

cieS~ri?e6 by.Stlll, e.t ~l)U: was J)erform d using 32-63,lJ Woelrh silica 
, , ", 

gel.,(from 'leN Nu:tr'itiànal' 'Biochemical's, C eveland, .oh'io). Analyt1~aF .' - .. ", , 
, 1 • 1 "0 

g'a!?,chromatography. was perform~d on,àn HPp750 instrument;,'using,'a 3% 
~ " ~ , . \ ~. , ' ' " 

aV-10l (3 ft) 'colu~n. ""'" ' '\ , ', , 

'6rYSolyents ~e're obt~lned, bY stQri\~g over m~lecul~r' sieve~l~~ 
(DMF', DME, âcetonitrile, ~benzene. methanol; '\nethi1l.en'e chloride, toluene)~ . . . 
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or ,by. r~~, ù~' i n' t~e, pres ence' of 's'Od ; unH,en2PRhè"~"" l ~~ ,( THF)" , pr 

were aVai1a~0mmercia~.)y, (Et2~" ItOH):' , " 
" ~ 1 J, ' 

Al1 ,evaporations ~er:~ da'ne, :unless other.~ï'se, 'me~ÙÇ)ned, under 

teducèd pr,es~ure' (water .aspir~tor) with' a bÇlth temper.atur~·, Of: 2'5-40°. 

Hid~est 'M;ér~latis (.Ind'Ïanapol ,i s" 'lnd;a:na')o,pe~formed the' . .....,' . ... 

e,lemental<ùnalyses' .. ;. J 
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CHAPTER 1 

" 

'tet,ra-n-,Butylammoni um fl uori~e 
" 

, " 67 
P1e$s repdrted a' cènvenient preparation of this f]uoride salt, . 

i'''' .. 1 \ 

, ' 

... ihe saJt,was obtained as an at:jU,eous solution and heid to bé âried. The 
t ~ , 

,- ' 50.1 ~~:formed .düri~g the, evapor~t'iC)n of ,the water was the tri hydrate, 

~ c .. 

--

• whjch nad ',to pe he~t.ed at 60,0 'for 5~yeral}ours" under h'igh vac,uum, fo, 

,'üfta,in anhydrous TBAF·, as a ,cl~ar:, thick oil. ,In this way, the 
b \ ,\', ... _ ( - <1 , , 

commercially available TBAF trihydrate (Fl~ka) was a1so u~ed; 

Solutions of this saltin,THF were found t~ lose,activity, Qver 

a period or"a'fewrnonth's, when stored in glass 80Ùl,~s •• ev~~ at -20°, ..,. " " , . 
, ,;'" ,.' -

~lso. r~fr,;gerated solutions~,stored in plastic bottles, became mo~e 
, " ' , ,~ 

- concentrated ~;'th' time due to ~~e 'permeability'qf ~he plasti~ to tetra-

hydrqfuran'. 
, 

'~-.- . 
Schiff base 30 (. 

, 'II 
, ,"1\> ' .', 

o-Ami nopheno l, (~ .. 5 g.' 5'0 mmo 1), and' cinnama 1 dehyd,e (i: 3 g, 55, mmol) 

we~e .ref-l'ux'ed in benzene (60 ml) for 4 h, using a Dean-Stark trap. 
i) , ,": 0, ( 

,. ~ • <\ 

,After coo'"ing.,hex'ane (40 ml) was added tD give 10.5 9 (93%) of Schiff, 
, • ,J' _ 

b~se }Q, p ,yellow n~edle{ contaminqteç! with a' tracE;! of 'clnnama'ldehyde. 

IHmr (~D~~3).8:, 6.5-7,3 (m, 12H. aro~atic, CH=CH and OH). 

N=CH, 0 =: 4,4 Hz); ,ir.(CHC'3), vmax :' 3400 (OH).: 1630 (\=È) 

<> 

" ... '1 
If ' 

8,.2 (dd, lH, 

- l cm , 
, \ 
, 
J 

" , 

... 
" 
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i 
Schiff base 31 

lm-ine 30 (2.2 9, l{) mmol.)" t-butyldirnethYlsilyl chloride ,(1.8 9, 

12 mmol) and imidazole (1.7 9,'25 mmol) were stirred overnight in DMF 

" (20 ml).' rhen ether (1~0' ml) 'was added and the Sdlutio~ was washed with'~" 
- ,\ . ~ 

" , 

water ,(3 x 75' ml) '.and br,ine (75 ml); dried· (MgS04) and evaporated to 
, ,0' ,', 

give Schiff' basé, 31, (89%), as a thick ye1low oil, which was reacued , -, ' , 

~ithout purif,ication .. ' 

IHmr (CDC1 3) ô: 0.15\(s" 6H, SlMe2), 0.95 (s, 9H; t-BuSi), 6.7..:7.3 (m, 

l1H, aromatic, CH=CH), 8.0 (dd, lH, N=CH, J = 3,6 Hz): 

B-lactam 32 

, ' 

, 

Az.idoacetYl chloride (1.6 g, 13 mmol) in CH 2C1 2 (10 ml) was added. 4, 

dropwise to a s"olution of S'tbHf base ~ (3.4 g, lQ ',mmo1) and triethyl­

amine (l.3 g, l3' mmal) in CH 2è1 2 (50 ml), at -20°, over',15 min. , Af~er 

stirring for, l h at -20°, the solution was allowed'to warm up. Washing 
, . 

wit~ wa:.er (2 ,x 60 ml) and brine (60 ml)" t,hen 'prying (Mf]~04) and 

evaporation of the solv~nt affordea, after ~hromatography on silica'gel, 
1 

2.65 9 (63%) of S-lactam lf., as a thick yellow oil'which crystallized ..... , 
. upon ·trituration with hexanes; mp 84-85°. 

;. 

IHmr (COC,13) ô: 0.28 (s, 6H, SiM,e2), 1.03 (s, 9H, t-BuSi)', 4.88 (d, 'lH, 

CH:N3, J, = 5 .H'z), 5.02' (dg, 1H, C!:!:CHN3 , J = ,5,7 'Hz), 6.10 (dd, l'H, 
" ('" . 

C!i=.cHPh, J = 7,15 HzL, 6.57 (d, lH,t'!iPh, J = 15 Hz). 6.6-7.5 (m, 9H, 

" ' 
, ' . --

-

.. 



l ' 

.. 

, l . ' 

) 
,,1 

" . 

./ 
1 
( 

1 

-1 aromatic); ir' (CHC1 3) \Imax : 2100 (N 3), 1760 ([:l.-laCetam) cm, 

A1cohol S-lactam 33 

\ 

'" .~ . , 

.. 

Ozone was bubbled through a solution of B-lactam ~ (2.1 g, 

103 

5 mmol) in dry MeOH (160 ml) at -78°. Excess* dione was flushed out 

,with a, stream of N2- and~ NaBH4 (0.19 g, 5 mmon was added, at -40,0. After 
" ~ 

warmjng ta room temperature, pH 4.5 buffer (KH 2P04 , 100 ml) was added ( 

and the methanol remnved _under reduced pre~sure. The aqueous residue 

was extracted with ether (J x 75 ml) and th'è et,her \>Jashed wi t~ bn ne 0 . ~ . , 

'(75 ml), dried and evaporated ta afford 1. 53 9 (88~b) 'of alcohol 33, 

after chromatography on silica gel. Crystallization fram ether-~exanes 

gave fjne white needles; mp 77-77.5°. 

.. , 
IHmr (WC1 3) 0: -0.25 (~, 6H, SiMe2), 0.98 (s, 9H, t-BuSi), 2.30 (bt, lH, 

OH)", 3.83 (bdd, 2H, CH 2), 4.46 (-dt, lH, Cli-CH2' J == 4,5 Hz), 4.87 (d, lH, 

CI;-I- N3l J =,,5 Hz), 6.7-7.7 (m, 4H, ~16H4)' 

bis Silyl ether 34 

,,',J • , 

Obtained~from 33 via the procedure for the 'preparation of il, -as 

a pale yellow· faam, in quantita~iv'e yield. 

lHmr (C~C13) 0: -0.10, -0.15 (2s, 6H;" sme2), 0.20 (s, 6H, SiMe;), 0.75, 

0.92 (2s, 18H: 2t-BuSi), 3.75 (d, 2H, CH 2, J ~ 5 Hz), 4.40 (dt, lH, 

C!:!-~H~,!J = 5,5 Hz), 4.65 (d, lH, CH-N3, J '" 5 Hz), 6.6-7.6 (m, 4H, C6H4}. 

* ' , 
T~e presence of ozone was mohitored with KI-starch paper. 

- 1 
, 1 

, , ' 

, , 
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Amln6 0-1actam 35 and Acy1amino S-lactam 36 
1 

' .• ;1 
. .." '1 

Into aZlde 34 (4.6 g, 10 mmol) dissolved' i'r\,.CH2C1 2 (200 ml) and - /. 
, 0 ..,. 

triethylamine (1.0 g~ 10 mmol) at 0 0 was ~bubbledjl2S for 15 min., Thé 

yeUow solution was allowed to warm up .... ~nd after stirring for, 1 fi at 

room temperatQre, nitrogen was bubbled through the so~ution for O.~ h. 

104 

To th~,s solution at 00 was added triethylamine (1.3 g, 13 mmol) , followed
d 

- \ 

by Qropwise addition of phenylacetyl chloride (2.0 g, 13 mmol). After . 
# 

stirrirlg for 1 h, at ambient temperature, the solution was washed., with 

wa ter (3 / 100 ml) and bri n,e (100 ,ml), then trea ted ,Wi thf_~gs04 and, ~ 

charcoal, filtered and evaparated ta give 4'.2 g (76%) of amide 36, as " 

a white foam, after chromatog~aphy on si1ica gel (CH2C12~CHC13)' Amine 
, 

.12 cou",ld be isolated, prior ta acylation, by wasl'lmg the CH2C1 2 solution 

with'water (3 x 100 ml) and brine, then s~irring wlth t~g'S04 and charcoaT 

followed,by filtration and evaporàtion of the solvent. 

Amine 35: IHmr (CDCl~) ô: -0.17, -0.03 (2s, 6H, SiMe2),_ 0.20 (s~ 6H, 

SiMe2 )1 0.88, 1.05 (2s,~18H, 2t-BuSi), 2.40 (I;>s, ~H, NH2). 3.t-4.0 (m. 

2H, CH 2), 4.1:-4:5' (m, 2H, C!:!.-C!-NH2). 6.7-7.7 (~, 4H"C6H4 ). 

/ \ .' 

Amide 36: '-O~)7, -O.23.(2S:6H, SiMe2), 0.,20, .0.24 (2s,' 6H, Si~le2), 

, . 0.80,0,:95' (2s, 18H, .2t-BuSi): 3.52 (s, 2H, C~Ph), 3.72. (bABX, 2H, CH20). 

,7 

. .' 
4.47/(bddd, lH,.Cl:!-CH2, J = 5.5 Hz), 5.60 ('dd, lH,_ C!:!.-NH, J = 5'.5,10 Hz), 

6.5-7.9 (m, 10H, aromatic, NH); lr (CHC'3) v - : 3400 (NH), 1755 , . max 

,~r~-lactam), 1680'(amide) cm- 1 " - , ' 

, '. , 1 

<, 
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~;-.:::-_N- (2 ' -Hydroxypher{yi ) -3-phenyl acetami do-4-hyd roxymethy1-,2-a7_~!...!..di non~ 

To a solution,of 36'(1.1 g, (mmo1) in dry THF (75 mL~.at 0° wp's 

added n-Bu4NF (2.2 ml, 1 ~) in dry THF (5 ml), dropwise over. 10 min'. 
. ." . - . ~ ~ 

.After'stlrnng for an,addltlonal 15min, P~ 4.~ buffer (75 mL) was added, 

an~ha lf the THF removed under reduced predsure. Extraet lOn with ethy1' - , 
~ , 

àèetàt~ (3 ~ 50 ml) followed b~_ Evaporation afforded 630 mg (97%) of . 
~ 6-1actam 37, as white needles from MeOH-ether, mp 174-175° d (corr.). 

1 
lHmr (àcetone d6 ) 0,: 3.1 (b, 2H, 20H),'3.BO (s, 2H, C~Ph), 3:85 (dd., 

. . 
lr~' C!:!.H~OH, J == 2:5, )2.5 Hz): 4.30 (qd, lH, CH!:!.-OH, J~ == 3.0, l2.5 Hz), 

, • [l, " 

4.75 (ddd, lH, C]i-CH 2, J ~ 2.5, :.0,'5.0 Hz), ~.72 (d?, 1H, C!i-NH, J == 

5.0,.,10 Hz), 6:~8~,,~ .. ·6 (m, lGH,. C6H4 " C6H,5' N~~. i~ _ ~KBr) vmax : 34~O 
(NH), 3250.(OH)". 16'95 ~V3-1aetam), 1650 (amide) cm; lr (CH3CN) \Jmax : 

172Q'(B-1'actam), 1680(i~mide) qn- 1 ; ir'(DMSO) vmax : '1750 (B-lactam), 
, - 1 ' , 

1680 (amide) cm, ; ge-ms (TMS derivative) (70 eV), Olle (G/oo): component 
, ~ ,t:$.> ,\ \ 

~ 1: 542 ~4, M+', tri-TM,S der;vative),,527 (17, M+' -'CH 3:), 439 (30, 

+ " + 
. M . - TMS-O-CH :).! 335 (210, M . - THS-O-Ar-N=C=O), corrtponent 2: 470 .. 

'(56 .. ~,~d~]S derivativ~),'455' (24~'M+'~- CH3')~ 296~(1000, M+" -114). 

Chloride 3B 

:1 Aleohol 33 (0.5 g~~ 1.4 !'lmol) was ref1uxed for 2 h in benzene 

(25 ml), contai9ing thiony1 chloride (0.2 g. 1.7 mmo1) and pyridine (O.~4 g, 
JI, l ' 

1.7 mmo1). T-his mixture was added to ether (25 mL)' and then wash'eô with 

<, 

• e 

... 
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. 
water (2 x 30 ml) 'and brine (30 ml). ,Treatment with ehareM1 ancÎ drying 

(MgS04 ), 'followed~~y filtration and evaparatio~ of the ~olv_én~afforde~ 
0:46 g (87%) of chlorlde 38, a~ a white powder ft'om ether-hexanes, mp ! 

77-78°. 

IHmr (CDC1 3), 8: 0.3.2'~ .. ~s, 6H, S'iMe2), 1.03 (s,'9H, t.!BuSir, 3.7-3.8 
" 0 ~ p 

106 

(m, ~2Bc', 2H, CH2 ). ,4,.75 (ddd; A2.ê.C. )H~ C!i-CHi),'5.05, Cd: A2B.f,. lH, CH-N 3 , . 
• J = 5.0 Hz). 6.8-7.8 (m, 4H, C6H4)'; ir (film) vmax : 2110 (N3.)' 1765, 

(S-lactam) -1 em . 
.... t 

t1esyl ate 39 
~ 

'II . 1 
é... 

Ta alcohol 33 (0.8 g, 2.3 mmol) in CH 20 2 (2~ m~) and triethyl­

amine rO.28 g, 2.8 mma1}, at -78°, was added dropwise methanesuJfonyl 

chloride (0.3? g, 2.8 mmo.1), in CH~C12 {5 ml). The ~olutiC;ln was stirred 

for 0.5 h a,t -78° and al10wed to wann ta room temperature. "After l h, 

the sol ution was washed with 'w~ ter ,( 2 x 25 ml) and brine (25 ml), then 
{. f ' 't ~ ( 

drJ,ed ('~gS04), and eva'popted to afford 832 mg (~5%) of mesylate 39 as a 

,semi-solid, after chromatography on.siliea gel. 

0' 

IHmr.(CDC1 3) 8: 0.28 (s, 6H, 'SiMe2), 1.02 (s,'9H, t-BuSi), 2.87 ,(s, 

. "\ 

3H" S02CH3),,·4.4-4.5 (m, ~2BC, 2H, CH 2), ~.BO (a~p q, A2.ê.G, 1H, C!i-CH2), ~ 
. 1 

5.10 (d, A2B~, ,1H, CH-N3 , J = 4.5 Hz), 6.8-7:g (m, 4H, C6H4 );' ir ('film)' 

v
max 

2110 (N
3
), 1770 '(B-1aetam) em-,l 

, 
, , 

, 
,/ 1 

,r 

.17 

l 
1 
l , 

l ' , 
l , , 
1 
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Tncycl ic l';-la'Ctam iQ. 

l' " 

To mesylate 39 (306 mg~ 0.72 mmol) in dry THF (JO ml'), at 0°, was 

;~de~ droP~~U'4N-; (0.79 mmo1) ip dry !H~_'(l0 m~), over 15 ,min. 
~ , 

Dilution'with pH 4.5 buffe~ (KH2e04' 40 ml) ~~d extr~ction Wit~, ether 

(3 x 50 ml) followed by drying (MgSû4) and evaparatian afforded, after 
o 

chromatography of the residue on silica gel, 141 mg (91~) of tricyclÏc 
'~ 

S-1actam 40, as a white solid from ~ther-hexanes, mp 77-78°. 

" 
Procedu're' B: To mesylate 3~ (2.'64 9,' 6.2 mnol) in d,ry acetonildle 

(BO ml) was added anhydrau; KF (&.'43 ~', 7.4 mmol) and 18-crown-6 (0.49 g, 

/' 1.9 rrunol):, Upon completion of the reaction, as indicated by t.1c (6-8 hl, 

.\ the solution was diluted ,w~tti water pOO' ml) and extracted with CH 2 C1 2 

(3 x 80, ml), which was then washed with brine (100 ml), dried (MgS04) 
, ~ .. ;" - ' 

.~ and evaporated ta give 1.27 9 -(95%,) of tricyclic 6-1aèt§m 40,' after 
~ , ' 

chromatography on sni ca gel. 

',lHmr 100 MHz (C606) ô: 3.10 (ddd, 1H, C!i-CH2' J": 3.5,/5.0, 10 Hz), 

'3.36 (dd, 18, CH-CHH, J, = 10,10 Hz),- 3.87 (dd, lH, 'CH'::CHH, J =,3.5, 10~Hz),' 
:- l , -

4.18'(d~ lH, CH-N,~, J ='~.O Hz), 6.6-7.4 (m;'4H, C6H4); ir (KBr) v max ,: 

2120 (N 3), 1780-(B-la~tam) ~m-l; ms (70 eV, 300
), mie (~/!l'o): 216 '(330, 

, M+: )",,- 188 (250," M+' - N
2
'), 135 ,.( 1,000), ~ 33, C45~, M+' :- ,0=C=CH~N3L . 

84.4 (M*; 216"* 1,35). '"\ 

.t 

" 

.' 
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", . 
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511y1 ether. 42 

"-- ~ .1 

, 
1 

ObtJn'edt from ·2-~mino-5-.n';tr'oPheno1 via . ' 

./ 

.. ' 

. 
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the proceduré for the 

preparation of 31, in 'quantitative yield, as 'd~ep yeHQw ,cry~ta1s {rom ' 
,- , ,."', ~ /' '-. , 

ether-hexan,es, mp, 106-107°. /' • > ~. 

3.95 (bs, 

',21-1, NH2), 6.5-1'.5 (m', 3~, C6H3); ir (fj1m) \; : J'5bO, 3400 (N~2), max ' 
,,' '1 > 

1520, 13~O-(N02) cm-,'. 

" 
l, 

5ch i ff base 43 -
1 

Obtained from !L via the procedùre for the pre~aration of ' 

Schiff base 30, and used, as such, fo~ subsequent transformations. 

Schiff base 44 ,,' 
," 

, 0 

,Obtained from 42'bX treatrtlent with cinnamaldehycfe,'as' fàr 30', 
" 1 

but, requ,l ri'ng ref1 ux for ,6 'h, in the' presence' o,f a trace of p"" TsO~, , . 

{ 

as cata1yst. A1so obtained .from 43,via the procedure' for the preparatio~ 
, ' ' 1 

of 31. In 'eithe17 case, 44 'was used without any p.urific-ati;on. 

-'--s -~-L ___ a.c..c tc:..;:.a:.:s....1J1 _45 

,Obtained from 44 via the proèedùre fo';' the preparation of,R. 
_ <,:1:: ~ 

except" thàt tetrahydrofuran was used as solvent instead of m,ethylene , 
'~ ..' ' \ , 

chloride. After completion of the reacti9n~),the THF wa~ rerylOved 'under 

.. , . 

" 

r_-";_ 

~ .. ~?",~ " 
,,01':-' .; 

~~.~~~~" 

. ..J, 
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~ L"" , - .... .. '" . 
reduced p~'essur,e and the ~esi~ue rediss0l.ved in an equivalent am9lmt of . , 
ether,: pri9r ta' ~he "usual work-,-",p. !3-~açtain 45 was 'i'solated 'in 5?(~ Y,ield: 

Cft,- ' -
; . .... 

, IH~r (CDC1 3) 0: ' 0.38 (~, 6H, SiMe2), 1.03 (s, 91-1, 't,-BuSi), 4.55 \<1; lH" 

tH-N3, 'J ,= t2 Hz)~'4.B5 (dei, lH, C,ti-CH~N.3; J~,rH~), 6'.,10,' (d,d:' lH, 

C!i=CHPb-, J '" 7',16 M4, -fi.'63 (d, lH/CH=C!iPh, J =,16 Hz),\ 7:it-.. 7.7 (!!!, 
- , f ,10 , , •• . .:.l 

8H, aromatlc); ïr (film) v : 2100 '(N
3
), 1770 lS-}actam) cm . max " 

B:-Lactams III and IV (Table 4, p. '37 ,) 
, ----r 

'" ~ 'Obta/ned from their ;::orrespon_ding:' SChiff",bases via ·the proced~re'_ 

for the Pteparati on of 32. ' 
~ ... Ci' " -

B-Lactam IlIa: IHmr (C606):0: ~.,05.(dd, Hl:'-c.8.~CH~N3' J:;; S',7, 

Hz), 4.i5 (d, lH, CH-N3 , J = 5 Hz), '5.90 (dd; 1H,- C!i;;CHPh, J ::: 7.15°Hi), 
, ., ' ,Ir \.. 

6:48 '(d~ ,lH, CHPh, J = 15 Hz), 6.9-7.6 (m, 10H, aromatic). ' 
'€.7 ' 

B-Lactam II'Ib:' Thmr (~~D6),c5: 3,95'(dd',llH, C!i-CH-N3 , J':;; S,li', 
o .. • ' 

f,iZ)\ 4.20 (d" 'lH, CH-N 3 , ,J =, 5
J 

Hz), 5.80 (dd, 1H; C,ti=CHPh; "J" = 7.,16 Hz),. 
\ ' ' ',' 

6.43 (d, lH, CHPh, J = 16 Hz), 6.9-7.3 (m, 9H, ar,omatic). 
- • 1 \ ~ 

B-Lactam II Id: . see 13-1 actam 32. 

B-Lactam IIIf: see B-lactam 70, Chapter II. 

B-Lacfam IlIg: IHmr (COC1 3) ô: 4,.20 (dd, lH, CIi-CH-N3' J ::: .5,8 -

Hz)', 4.43-(d, lH, CH-N3', J'= 5 Hz), 5.97 (dd, lH, C!i~CHPh, J == 8,'16 Hz)'" 

6~66'(d, TH, CHPh, J = T~ Hz),'6.8-8.2 (~; 9H,qarOm~~ic); ir ('film) v' -: 
., ,- ' " ... , max' 
'2100 (N

3
):-1775 (~~lactan'l) cm-l'. r, -. ' , ' , 

B-Lactain IIIh: IHmr (C606) 0: 3.23 ('s, 3H~ Ar-OMe), 3.60 (s, 3H, 

- . 
,.-> , 

, ~ ""~ 

.. ' , , . ' , 
' . ... 

.' 
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... . . 
'5',5,' 7 Hz).,"6.às' (dd. JH." CH=CHPh. J :: 7,15 Hz), 6.80.'(d. 1H, CH'Ph" 

.....' - .. ' -
~ , 

210G ,(N3), 1770 ~'=#16'HZ), 6:9~8.~ (m, 8H,oaromatic).;,ïr (film),v
max

: 
• 

s-'Lactams lUi and lVi: 

CH-N;, J == ~.1., 5.5 Hz,,), 4~65, 4.82,(2'dd, lH, C!!~CH-N3' j = 2,2,~, 5.5, 
J' ~,~ ~ l ' 

8 Hz), 6.07 (dd'"lH, C!:!,=CHPh, J = 8,16 Hz), 6:4~8.4 (m, 9H; C6~3' C6Hç CH); 
, " , T 

ir (film) v
max

: 2·l00 (N
3
), lnp (8-1actam) cm- • ""-

-~"J B"7Lactam i;l,Q,~ ~see B-1actam 45. ' 

" 
s-Lactam II lm: IHmr (C6D6) 0: 4.05 '(dd; lH, ,C.!:!.-GH-N3, J :: 5,8 

, , ~ , 

Hz), ~:,30 (d, lH, CH-N3, J.= 5 Hz), 5.93 (dd, JH, C!:!,=CHPh, J :l: 8.l0 Hz~, 

,6.57 ('d, 1H, C!:!,Ph, 'J = 16 Hz)-; 7.,1-8.0.,(m, 9H, aromati'c); 1r (film), 
, . 

''Jma :.2100 (N
3
), ùio (S-la<:tam) 'cm- l . 

x. ' 
6-Lactam IVm: IHmr (C6D6) 6: ~'4:.o-4'.2 (m, 2H,' CH-CH-N 3; + Eu(fod)3 

~,.d~, ;lH,·J.= 2.5,9H'z)an? 'd,'lH,'J =-2:5 Hz), 5.77'(-dd, 1H'"C!!=CHPh'-, 
, ' , 

J:: 9,16 Hz)~ 6.58 (d, 1H,'CHPh, J !: 16 Hz), 7.1-8.0 (m, 9H, grromatiç.)'; 
, -. 1 '. ()2;~ 

; r (fi lm~_~:::m:::~ i~~:: ;:::1 :;-~ :ct:~~3 c~:, : 3H, c~:~ .. 4.60 .(d~';~' 
CH':N~, J';;' 2 Hz), 4.66~(d~, l~, CH,-CH-N3 , 'J = ';~8 HZ),,6.0J '(dd? 'l~J'CH,= 
CHP!'-,' {= 8.,16 Hz}, 6.68 (d, 1H, CHPh, J = 16,Hz), 7.1-}.9 (m\,8H,~' 
, - , \ 1) 
sTomatic); ir'(film) vmax :' 2100 (N3 ), P70 (B-lactam) cm-. 
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Azido ~-lactam 53 
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/1 ' _, 

, 2- t-Buty,' d imethyl s i}.yl'Oxy-5-ni ~roa nil i,ne (7.5 g, 2~ :ID{llo 1), and 0 • 

cinnamaldehyde' (4.1 g, '31 mmol), 'in bellZene (lOO~ul~) contain1ng a traC'Q' ~ ", 
~. • '1' ' • 11 1 ,t . , !) 

of'p-TsOH, were re.flux~d for 2.da"ys using a Dean-Star~ trap. T~e':solvel'lt 
,.' . "'.. .,. , 

wa-s~ thén evaporatea and replac~d by CH2C1 2 '(250 m,L),.' Ta" this solut.ion; 
," / " " ?, • 

lt -20°, was added triethylamine (3.6 g, 3~ mmo1") follo~ed by dropwis'e 
~ . 

addition of azidoace'tyl ch10ride (4.3 g, 3~ mmol,L in CH 2C1 2 (50 ml), "o~~r 

l'ho Th.~ 'red bY'CJWn so'lutlon was stîrred for'~n ad~itional"'hdur at ~2,?0, . 
then al~owed to warm up. ,Washing with'water (2 x 20e rnLf an<i brife 

() '~ tl ' 

(lQG ~L), ~h~n drying· (MgS04) and treatment 'with Charcoa" ~rid ev~por~on 

of ,the solven-t affcirded 6.9 'g ('53%) of S-lactam' 53, às a pale yellow 
'., , - b 

sol id; mp 109-1100 (ether-petroleum. ether). 

. . 
r 

\ 1 Hrpr' (C6D6). cS:, 0.10 (s, 6H, SiMe
Z

):, 6.9'3'(5, 9H, t-'SuSî), 4.3-5 (d, 1H, 

CH,-N3, />'= 5;5,Hz), 4.58 {dd, lH, C!!-CHN
3: J ~·5.5, 7:0 HzJ·,'~.06 (d'd, 

• l'H, C!!.=CHPh.'·~ = ; ,16 Hz~ (d" lH, C~H2: ~ = 9 Hz).', 6.,52 (d f lH, 
• ~, (0 .. ,6 ~~ 1 

, . 

. , . 

l ' 

C!iPh, J:; 16 ~oz), 6.9-7.2, (m,)H', C6H5), 7.60 (dd,'lH''''~~2' J "" 3,9 Hz),· .,' 
, ',# "' ,_ ~ f' t' - .. 

8.46, (d 4 1H,"C6!iH2, J = 3 ~z);.ir'(film) vmax :' 210Q,(N3), 1770'(B-lattam) 

cm- 1. ~ . , 
, . 

, 1 

, . 
. Azid.o s'::lactam 54 , -

-' " ' 

.t-ButyldiphenYisilYl ether S-laCtam 54 was obtained.; from 52, 

.... us~ng the same p;o~edure as for 53; 'in 5B% yield, as fine Whl{~ ~rysta~5; , .. - , 

mp ,59.5~~60o (corr.J (ether":p,troleum ether). 
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, Hydrogen sùlfide was bubb~d into a 'Solu~ion ~f, aZjde 54 (589 mg, 

" ,,1 lTInol), an~ Et3~ (0.1 9, l m~ol), in CH~'C12 ("30' mLL a~ 00 f~;':;-rnin. .. . . 
. The solution was allowed tO'warm, and after. stirring Jor ,l"'h at room o 

• • 1 Q ~ , • ~ 

temperature", N2 wa~ passed through the solution for 0'.5 h~ Then: Et3N. 
o -. 

'. ;:7 m:~ ,0 ~~'5::': ) ~a SA :::doJ: 1 

: :W::. li:o ~ ~:~:: 1:: :h::::: 1: ;'t:h :::~:. . 

(3 ~o '30 ml) ,~nd ~~ine, (30~C ... dried (~19S~~) ~nd evapora~ed °to give~ , 

.. afte~ flaSh chr()m~tography (8:2,' E1:0A.c:p~tro1'e,um ether)", 420 mg (75%) 
."'-

of amine 55,' as a pale yell.ow' 'foam. 
r e" 

• 'lInr (WC13), o,~, 18' (5:, 9H, t-B'uSn, L9U (bs, 2H, NH2), 4',6, (d, 
" ' " , 0 \. 

lH, C!:!.-NH2 , J = 5.5 ~z). 5.33 (dd; lHo, C!:!,-CH-NH2 , J :::;,5.5,6 Hz), 6.26 

(cid, n, C!:!.=CHPh, J)) 6,~.6_HZ;)",6.~6'(d,_iH, C&!j.H2' .r::::, 9 ~zL :~",65, ~d',' 
JH, C!:!,Ph, J = 16 H~ 7.1-7.7 (m, l6H, 3.C6H5 and C6!iH2), 8.62 (d,- lH, 

P ',' - ~ • 

'CG!:!.H2 , J.= 2.7 H,z); ;r (CHC1 3)·vmax : 3400,334'0 -(NH2), 1760 (S-lactam) 
~ \ . .~ 

. " . 

'. Phenylac~tamjdo B-l~ctam ~6 

\.' 
\ 

\ 
Hydrogen sulfide was bllbbl'ed1i,nto a so~ut';,O~Of azide 53 (2.25 g, 

, 
'", - ", 

,', 1; .' -
.I~\ 

\ 
1 
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4,.8 mn1ol) and Et3N (Q'.4B 9, 4.8·mmol) hl CH 2C1 2, (150 m~) at 0° fO: 15 min:"':", 
• l , • 

~The cooling bath wa~ removed and the stirring continued for 1 h, then 
, " \ , 

" /, r' _ 

-N_2 .was ,passed through the solution for 0.5 ~, qod Et3N (8~O.'mg., 8:a.-~m()1) 
, ' 

'was-added<followed by t~buty1dimethylsi1yl ch10ride (362.mg, 2.'4 mo1).' 
" 1 

)ftér.O.5 li ph,énylacetyl cnlodde (8.90. mg, 5~8 mmol) was added dropwise" 
, t , ~ 

at, D" and the spluti'on stirred for' an additional hour: The solutiort' " 

was t~-~n W~sh~~"~er (2 x ~50' ~L)' and brine '("'0; ml), dried' (MgS0
4
), 

and 'evaporated to'gj~e, af~er chromatogrùhy on Si02 , z',l ,9 (78%' 'of amide' 
. '. , ,"'" , . , 

56 as fine whi'te'crystalsi mp 16p-:166° (ether-petroleum ether). ,- " ' -' 
IHmr ,(Ace'tàne-d6) '0:. 0.38 (25, 6H .• SJ~e2J. , .02. (s, '9H, t-BuSi), 3.56' 

. . , 

(s, 2H. CI-12) .. 5.30 '-,~~, lH, C!:!.-CH-~H, J = 5.5, 6.5 ,Hz), ~,58 (dd" lH" 
o . . ". 

CH-NH. J = 5.5, 9.0 Hz)', 6.30 (dd, lH;CH=CHPh, J = 6~5, 16 HzL 6'.13 " 

(~~ l~, 'C!:!Ph, J =.16 Hz), 7.1-'7.4 (m, ll~, 2 ~~6H5\and. C6!:!!l2)/S .. O! ('dd, b, 

2H, C6~2" J ,= ~':! HZ'~' H'); 8.63 (d'~6!!H2' J = 3 H~); i~ (KB~)' 
) . -1 

vmax : 3400 (N~ ,1!65 - actam), 1675 (amide) cm ; ms (12' eV, aOo), 

m!e (0/00): 557(399, M+'), 500 (60, M+' - t-Bu'), 382 (79, M+' -

~hCH2CONHCH=C=O), 325 (300, M+' - 57 ~ 175), 263 (1000, PhCH=OH-CH=CH­

NHCOCH2Ph) • 

, 
Phenylacetamido S-lactam ~ 

t-Butyldiphenylsily1 ether S-lactam 57 was obtained, from' 54, via 

the proce'd'ure fo'r {he preparatfon df 56, in 75"/11' yield, as fine whi.te:,~;'i 
,crys,tals;,tmp 199-200° (corr.) (ether-petro1eum ether). 

, " 

\ 

.\ 

F' _ 1 

,,: 
''\, , 

\' 

"', , 
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, IHmr (CDC)3) 0,: 1,.13 (5, 9H, t-BuSi), 3.56 (5, ,2H, CH2)" 5.45 (dd, ,-lH,~, ,,- " . ' , 

CH-fH-NH, J' = 5.'0, '6.0' Hz)'~ s.7à (dd, 1H, CH~NH,:J ;= 5.0', 8.0. Hz), '6'.15 " - , - ,- '<, ~" " 
, ,'(dd, 'lH~ C!:!.~_~HPh. J = 6.~',' 16-Hz), 6:':5 ).(dy)~. ·C&-!:!.H2' J = 9 .. 0 ~z), 6.60 

(d, lH, CJiPh,~16 Hi), 6.9~7~8, (m, 22H: 4 ~6H5' NH, and ~,~H2)" 8.62; 

'(d; 1H', C&-!:!.H2' ,J = 3 ~zl; ir,'~CHC13} \Jma/ 33"0 (Nf-f) ",1,765 (S-lactam), 
~ \' ,-1 r ,1 , • ' , 

1670:(amide) cm . " 

HYdroxy B-lactam'58 

\ ~ l {} 

- Into a solution of S-la~.:t;m .§Z (1.:1 'g, 1.6 mmo,l)-~ in abs,Olute 

EtoH.(lOO mL) and _CI-1 2(;"2 Ç2-5 ml), was_ bubb)ed ozorÏ~ aV-78°. Excess 
! , ....', ' 

o~?ne"was 'f'lu5'hed out ,with N2 afld NaBH 4 (0.24 g, ,6.3 mon was ,added' 
'" ' . 

, at,-78°, then the coo~ing bath'was remo~ed. _After stirring for 1 h' at , 

room temperature, pH 4.5 buffer (100 mLf was added and 'the ethano1 _ ' 
, , . . , 

removed under reduced pressure. The aqueo,us r~s idu~ wa5 extrqcted' with'. 

" "HOAc '(3 x 5,0 )"tnnd \the 'extract '~ashed with bri~e" (30 ml),' d~ied ~nd 
, evaporatedf g'l've 700 mg (71,%) 'of, a le,âho1, 58' as :wh ite cry5ta 15, mp 

125-126o ;'after chromatogrg,phy on'.si0
2

. ,; 
, . " 1 -

( . 
" " , .,,, 

IHmr (CD3C'N) 0: 1..06 (s·, .. 9H',' t-B,usi)', 2.85 (bs, 1H,'OH)'1 ,3.,63 (5, 2H.,' 
, , ', ' 2 - " ' , , 

C!!rPh), ,3.75, 4.10 (2dd;'2"H, C~-OH, J = 3, J :::'12 Hz)" 4.82,(dt, lH, 

C!:L-CH2-:0H~ J = 3, 5.5 Hz)~ 5.66 (dd, lH, C!:L-NH,' J = 5.5,,9.5 Hz),'6.53 
" " ~ 

. , (d, 1H, C6JiH 2, J = 9 Hz), 7 .. 2-7,.8 (m" 17H, 3 C6H5' C~H2' NH), 8.26 

(d, 1H,' C&,!H2' j =-3 Hz); ir (CHC1 3) \Jmax : 3350 (OH), 1760 (B-1actam), 

1650 (ami'de') cm- 1. 

" 

'. , , " 

, -, .. - , , 
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~Jis-NJ (z ::-Hydro~y-~ 1 -nitrophenyl ) - 3-(PhenYl,acet?midO-4-hYd~OX.)",~thYl-2':",' . 
azetidinone (59') 

LJ' ' 
Ozone was bubblèd through asoluti6n of B-lactq.m 56 (Z80 rrg, 

.' : ", --/,," , ' 

~,5 nilloU in absolute Et9M (40. mL) and, CHzC1 2 (la mL) at -78", Excess 

ozone was fJushe~ out with N2 and'''NaBH4 (38'mg. 1 'mmol) was,added at 
. 

After stirring fo~ 1 h at roo~ 

temperature, pH __ 4,,5 buffer (40' mL) was added to t'he ?eep orange 'solut1on 

and the etha~o l removed under reduced pressure, The aqueôus 'ye,ll ow 

re$idue was extracted with EtOAt (3 x 20 mL) and the extract washed 

wiih br~ne, (20' m~), ~rü~d (MgS04) and evaporat~d to~ give 110 mg ('59;~) of 

'alcoho~ ,59 as white crysta,ls;'mp 179-180° (EtOA,c), 

, , 

'Hmr zoq MHz (Acetone-d6), 6: 3,6~ (2s~,2R, CH 2CO), 3.80,4.16 (Zdd, 

115 

, Z ' ' , , " . 
, 2M, CH--C!!z, J = 2.5, Ù =.12.,8 Hz),' 4.80 (dt, lH, (!:!.-CH Z' J = 2.5, 5.9 Hz), 

1 ~...' -. ~ 

'5:68 (dd, 'lH, C!:!,-NH, J = 5',,9,10 Hz), 7.08: (d, lH', C~HZ' J,= 9 Hz), 

7~2-i4 (m,'5H, C6H.s'):-7,60 -(bd, lH, NH', J = 10 Hz), 7,95 "(dd, lH, C~H2j 
Q J = 3,9 Hz), 8,38 (d, l H, C(}1!Rz ' , J = 3 .Hz); i r (CH3 eN) \! a ;' 3600 (OH), 

" " , m )V • 

3350 (NH): 020 (6-1~ctamL 1625 (amide) cm- 1 ; CI-ms (llO"r, mie (%0): ' 

~72 (138, MH+) , 218 (1000" MH+ - OH' - 1'1°2' - PhCH2 '). 

Sod~um p-nitrophenoxide ~-lactam'6D " 

, , 
To nltrophenol 59 (lOb mg, '0.27 mmol) in THF (25 ml) at 0° was 

- "" " , 

adde~ sodium isopropoxide in isopropanol (2.7 mL~ 0,1 M), The mixture 
\ -', - -

, , 
was aolfowed to warm and,the orange p!ecipttate filtered and dri.ed in Vacub : 

, \ 

L 
-

", 

\ " 

, '~ 
,1", J;I'" " 

r 
" " 
" . 
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... 
. to give a· quantitatiye yield of the sodium salt 60 as an orange sol id; 

'mp'168-171° (cqrr.). 

'ijmr '(C03CNj '6: 3,6-4,3 (h;, 6H, CH-CH20H, CH2), 5:50 (dd, lH, C!(-NH. \ 
, :") 
O· 

" 'J = 5.5, 10Hz.), 6.55 (d, 1 H" CJi.H2" ,J = 9 riz), l.40 (s, 5H, C6H5) "'" ' 

, 0 G 

• 
/' ) 

J 

, . 

7.76 (bd:',lH, ,NH, J = 10 HzL 7.96 (dd, 1H, CJi.~2' j = ?;9 flz)" 8.13 ~ 

(d."lH':C6~H2"J = 3, Hi); (+0))): 3,.6-t.8 (m', 4H',2 CH 2), 4.3à, (dt; 
J' ' , ,~ • 

1H" Ct!.-CH 2 , J = 2.5, 5.5 Hz)" 5.45 (d, 1H, CH-ND, J = 5.5 Hz); lr 
- ',',' . ~ 

(CH 3CN)." ~max:' 3510 (OH) 'C(7" 1745 (Be lactam) ,1 &70 (a~lde) .cm - , 

Ni~~opf'lenyl j3-\lactam 61 

To ,a sèlution of B-"lactëlJl1 40 (110 mg, ,0.51 mmol) in dry ~ . 

nitrl1e (10 ml), containing 2,4,6-col1idil')e (92 mg, 0.76\mmol), was ~é:I~ed 
sol id nitroni\IITI tetrafluoroborate '( 1'02 mg, O~ 76, mmol) in portions, under 

, 

'nitrogen atmosphere.After stirring' for 4 h, benzen,e (l,ml) ,was qdded 
, , . " 

and the solution stirred for an additionàl 20 min. The solution was 
" , 

then poured into eth~r (50 ml) and w'ashad with water (2 x 20 ml) and 

brine (20 ml), dried (MgS~) and evaporated ta a~ford 80 mg (60%) of a 

mixture of isomeric B-1actams ~, aflter chromatography 'on si 1 ica gel,. 
< 

\, 
lHmr (COC1 3) 0: 3.8-4.5 ,(m, .2H~ CliH-Cl:!), 4.7-4.9 (m,. 1H, CH!!:-CH), 5.40 

'. (d, 1H, CH-N3 , J = 5.0 Hz), 7.0-8.3 (m, 3H, C6H3); ir ('film) \lmax: 
"-

2100 (N 3), 1785 (~-la'ctam), '15,30,1320 (N02) cm- 1. 

'i 

, , J 

. " 

l ' 

" 
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,Nitrophenoxysilyl ~tber S-lactams 62 
\ ~ 

l ' 

B-Lactams 62 were prepared, from 74; via the procedure 'for the 

,preparation of S-laètams §l, except, using a 0.5 M solution of nitronium 
~ , 

tetrafluoroborate in suifo1ane instead.of the.solid Teag~nt. 

,/Hmr (CQC~3) 0:, 0.10,.;0.28, 0'.33'(~; 2s, 5H~ SiM'~2)' :'.03 (s: 9H, 

~-BuSi), 3.9-4.3 (m, 2H, C!iH-C!i). 4.5-4.9 Àm, 1H,·CH!:!.-CH), 5~22, 5.27 

'(2d, lH, CH-N3 , J ; 4.~ Hz), 6:55,6.67 (2d, lH, C6!:I.H, J ::; 9.~ Hz), .. 

117 

7.78:(d, lH, e6H!:!., J ~ 9.5 Hz);, ir (f~lm) \Jmax : .2100 (~3)' 1790 (S-lactam), 

l53à, 1330 (N'02) ·cm~'. ' 

'Note: the pmr spectrum of the crude matena1, fore, chromatography, 
. 

,also d~sl?layed'a'multiplet P}-7.!S) for the two romatic protons in 62, 
_ ' v 

·in which, the,nitrd' ~roup is para tc'the 6-1acta This iscmer 

is apparently unstabl~ to silica, gel chromat 

i . 

. ' 
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CHAPTER II J 

2, 6-Di be~zyl oxynitrobenzene 66 

, 
A mixture ot 2-nitroresorcinol (1.5.5',g" 10, mmol) , potassium 

,'~arbonate (3.45 g, 25 mm~ol) an? ~enzyl bromide (3.42 g, 20 mmol) in 

DMSO (10 ml) _ was~stirred at room temperature,' for 24 h. The mlxture 

118 

was. th en pour~into .. wate~ (100 ml) and extracted with ether (3 x 50 mL') , 
, , , 

. dried (MgS04 ) and evaporated to afford 2.1 g (63%) of 66, as a w~x. 

IHmr (CDC1 3) 0: 5.0'(s, 4H, 2 CHZ), 6~,4-7.4 (m, 13H! aromàtic) .. 
" 

Di (t-butyi dimethyl s ily1 ) - 2-ami noresorCl no 1 (67) 

l " . , 

A suspension of 2-nitroresorcinol '(15, g, 97 mm?l) , and Pt02 (1 g) 
J 

in absolute ethanol (250 ml) was hy<:!rogenated in a Parr apparatus at . 

40 psi. Fii tration througr cel ite 'and' evaporati,o~ of th~ rapidly' 

,darkening fi1trate_a~forded 12 9 of amine 65 as.a brown )Olid. This ami,në\ 

was added ~o t-buty1dimethy1silyl chloride (32 g, 212 mmol) and 

imidazole"'(33 g, 485 mmol) in dry DMF (75 ~l), and let s.tir,overnight" 
• D • 

. '--

a~room temperature. Then:Water (30Q ml)·was added and the solution 

extracted thrice with ether (300, 50,50 ml). The ether extract was 

Washed with water (3 x 100 ml) and brine (100 mt), then drie~ (MgS04) and 

evaporated. Chromatography of the residue on SiO~ (250 g) afforded 20 9 

{59%~ -of amine 67 as à, brownish oil. 

IHmr (CD~13) 0: 0.2,3 (5. 12H,-2 SiMe2), 1:00 (s, 18H, 2 t-BuSi). 3.47 
/ 

, , ( 

f 

"" 
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" 



, , 

, . 
(--

\ / ----' 

l/ ' 

't! - , 

" 

, ( 

, ~, 

, Il 

'/ 

... ,1 _" 

Schiff base 69' and Azido' 8-lactam 70 
,.r;::-- -

Amine §l (14.2 g, 40 mm~li and,cirthamaldeh~.de.P (5.6 / g, 42'mmol)" 
, -

in benzene (150 ml), wi'th a trace oL~~ TsOH." we:e r~f,l uxed overnight 

using a Qean-Stark trap. Evaporation of the s~lvent' afforded Schiff 

base 69 as a thièk brown oil: , Ta thjs S~hi.ff base; in CH2C1 2 (250 ml) 
- , 

containing tnethylamine--(5'.3 g, 52mmol)', at'-20° vJas'added dropw~-s~ '~ 
, . , 

azidoacetyl chloride (6.2 g, 52 f!111ol) in CH 2C1 2 (50~L); over 1 h .. The 

119-

red klfoViiï-solution was stirred for an additional hour at -20°, and"'then· 
, " 

allowed to warm up. Washing with water (2 x 150 ml) and brine (150 m_l)', 

. , 

, ' 

the,n drying(Mgs04 ) and evaporation of the s,91vent afforded, after 

chromatagraphy on, .Si02 (300,9, CHe1 3), "l~ 9 (59%) of (3-1actam 70 as a 

thick brown oil, 'which crystal] ized upon trituration with petroleum 

.... , \ 

~ 

Schiff base 69: IHmr (C~C13) ô: 0.16 (s, 12H, 2 SiMe2 )0,: ?98 h, 18H, 

2 t-BlJSi). 6.5-7.6 (nÎ, lOH, C6HS" C6H3', .CH=CH), 8.38 (dd, lH, N=CH, 
~ .' ,', ~ , , 1 

J ~ 3,~ HZ); ir (,f)lm) \>max: "640 ·(N=C) cm- . 

(3-lactam 70:' lHmr CCDC13) 6: 0.24, 0.30 (2s, 12H, 2 SiMe2), 1.03 (s, 

18H,·2.t-BuSi), 4'.8-5.0·(m, ~H, CH-CH-N3), 6.4-7.3 (m, )OH. C6H3, 

91=CH,-C6HS); ir (film) \>max: 2100 (N3). 1770 (S-1.actam), 1580 cm- 1 

~ _ J ' .. 
l' 

fi; 

l' .::./--J 

,.. 

"r 
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Azidè -alcohol 71 . , 

,J Il 

'Obtained fram S-lac1:am 2Q.. via the procedure for.. the preparation . , 
-'1 

of 58, as a viscous pale yel'iow oil, 'which could be1crystallized by' 
-; , 

, ' , 

a'ddition of,a litt-le pentane, giving B-lactam Zl,. in 74% yield, af; 
, 

white needles; mp 99.5-100°. 

\ 
~, 

lHmr (C~~13) \5; ~ .2~, 0.3~ (2s, 12H, 2 Sit1ei), 1.05 (s, l8H, 2 t-BuSi), 
, 

2.5 (bs, 1H~ OH), ,3.8 (b,s, 2H, GH2)" 4,.23 (dt, lH, C.!!-_CH 2-OH, J ::: 5,5 
~ 'b' 

Hz),_4:8e {'d, lH, CH-N
3

, J := 5 Hz),_ 6.4~7.2 (m, 3H, C6H3)'; ir (film) 
. 1 

vmax :' 3500 (OH)~ 2TOO (N3), ,176~ (B"~actarn), 1590, cm- . 

, Mesylate 72 ,~ , 

"~I 

\ 
Obta i ned from il 1 coho 1} Zl~ v~a th'e procedure for th~ -~;epa ratlOn' 

of 39, as, a ~a~e yel10w oil, _~nich ,could be crys·tal..l.ize~ by trituration 

with petrJoleum,~ther, affordi~g'mesY1ate 72_,-in 95%yield', as'white, 

crystals; mp 69-70.5°. 

11 

lHmr (eDC1 3) 0: 0.24,0.27 (2s, 12H~ 2 S;Me2)~ l.0 (s, 18H~ 2 t-BuSi), 

2.86 (s, 3H, S02 CH3), 4.3-4.6 (bm, ~,CH-~H2)' 4.'9-5.0 (m,;l,H, CHN3), 

-1 6.4-7 .. 2 (m, 3H. C6H3 ); ir (film) vf11ax: 2-100 (N 3), 1780 (S-lactam) cm . 

Chloride 73 
-r' 

'; 

120 ' 

1 

Q 

tol1idine (0.4 rilL. 3 mmol) and thionyl chloride (0.22 ml, 3 rrmol) 
J • -

;"were added to a solution of alcohol I!. (T20 mg', 1.5 mmol) in dry'benzene 

/ 

, ' 



/ 

l' 

1 J < ..... 1 

(30 ml). ~fter refluxing for 3 h, the mixture was poured into pH 4.5 
~ 

buffer (30 mL), extr-acted .with ether (2 x 1.5 mL),' dried (MgS04), treated 
, - -,' , . 

w,'th ~harcoal, fiHered and evaporated, to giv(! 670 mg (90%) of .ch,loride 

,73 as white crystals, mp 74-75°. ......... ., 

121 

." ? 

IHmr (CDC1 3) 6: 0.23,0.27 (2s" 12H, 2"SiMe2), 1.0 

3.5-4.0 (m, '?H, CHZ)': 4.3-4'.6 (m, lH: CHZC!:!), 4.96 

6.4-7.2 (m~ '3H, C6H,3); ir (Hlm) vma'x: . .flOO (N3), 

(s, l8H, 2 t-BuSi), ' , 

(cl, 1 H, CHN 3, J = 5 HZ)" 

-1 1780 (S-lactam) cm ., 
. " 

Tr'icyclic '6-lactam 74 

, 
Obta i neo, frem mesyl a te ]l, via the' procedures for :the preparati on 

, ' 
of 40, in 90~95% yield, as a pa'le yellow oil .i:1hich crystalli'zedcon' , 

standing'; mp 69-70°. 
;' -, 1 [) 

t ' 
IHmr (CDC1 3 ) ~:' 0',22, ,0.30 (2s',' @H, SiMe2), ~.O (?, 9H, :t-BuSi)', 3.,8-4.7 

,(m, 3H, CH-CH 2), 5.24 :(d, lH"CH-'N3 , J' = 5 I-ll) , 6.4-i.l (m, 3H, C6H3); 

ir (film) vm~x: 2100 (N3), 1775 (6-lactam) cm-1 

" - J 
Amino S-lactam 75 

. lnto azide 74 (2.1 9,6.1 mmol) di~solved in CH2C1 2 (80 mL) and 

,Et3N .(0.61 g~, 6:1 mmol ):, at 0°, was bubbled H2'S' for 10 min. The solution 

was allowed to warm, and after stirring for l h at room temperat~re, 

. nitrogen was bybb1ed throùgh th,e,solu~ion for 0.5 h.. The solution was 
" 0 

t~en washed with H20 (2 x' 50 mL) and brine (50 ml), then, dried"l.(MgS04) 

\ 
,'0 

, ' .. 
o • 

, . 
, . , 

• 

.' 

, , 



(\ 

r 

t, 

• 
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" 

and evaporated. 'The oiTy residue was flash chromatographed on silléa, 

• gel, using ethy1 acetate-petroleurn ether (3: 1), affordlng 1.6~ (85%)' of 

amine 75 as a white solid; mp 135-136° (recrysta11i~ed fram ethe~)., 

. 
1 - , , " ' 
,Hmr 20G MHz .(C6D6 ) 6: 0.22, 0.30 (25~ ,6H, SlMe~), 0.75 (bs" 2H, NH 2)" 

122 

1.15 (s, 9H, t-BuSi), 3.10 (ddd, lH, CH2-Cl:!, J = 3.8,5.3,10.0 Hz). 

3.42~dd, ,lH', C!iH-CH, J == 10'.0~ 10.0 Hz)" 3.90' (bd, lH" C!iNH2, J ,= 5.3 Hz), 

4.02 (dd, lH, CH!:!.-CH, J = 3.8,1'0.0 HZ), 6 .. 5-6.8 (m,' 3H, C6H3); ir. 

.' -1 (film) \J : 3400, 3330 (NH 2), 1770 {S-lactam) cm ; ms (70 eV, 51°), 
~ max 

mie (0/ 00 ): 320 (Z2, M+'), 30?:(54, M+' - CH3 '), 492 (428), 263· .. 

(1000, 'M+' - 57), 248'(290, M+' - 15-57), 235 (314), 216.2 ("'1*, j20 -+ 263), 

l' '. 

189.1,(M*, 292 -+ ~35); Anal. ca,lcd. for C16H24N203Si: C 59.97; H ~:55, 

N 8.74; found: C 59.59,' H 7.61, N ~.74. 

fi-lactam amide 76 ' 
t. li 

t 

Ta amine 75 (640 mg, 2 mmol) and Et3N (242 mg, 2.4' mmo1) in CH~Cl'2 
r ' 1 

(20 ml) at 00 was added dropwise pheny1acetyl ch10ride (370 mg, 2.4'mmo1) 
t1t. ' 

in CH2C1 2 (5 ml), over a period of 5 min. The solution was allowed to 

warm and, âfter stirring for 1 h at ro6m temperature, was washed ~ith 

pH 4.5 b~ffer (20 ml) and'H 20 (20 ml), dried (MgS04) and evaporated. 
• 1'" .. 

Flash chromatography, of the residue, affqrded 750 mg'(86%) of amide 

•• 
76" aS'fi,n.\' needles from ether, mp l6l-l~L • _ 

IHmr 200 ~Hz (CDC'3) 6: 0.15,6.22 (25, ~H, SiMe2), 0.96 (s, 9H, t-BUS1), 
1 

?56 (s" 2H, _C~Ph), 3.62 (dd, 1H, C!:!.H-CH, J ="10.0, 10.0 Hz)', 3:93 

\,. \ . " 
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l , • ~ 

,(ddd, lH, CH,2-C]is J =3;5,5.0; 10.0 HzL 4.38 (dd, lH, CH)2-CI9, J,= '3.5,' 1 

0.. 1 1 

la: a Hz), ,5.46 (dd \ ,1 H, C)2NH, J ",' 5.0, 7.0 Hi)', 6.4q,. 6.45 (2 dd ~ 2H, 

,C.!i.2C~-C)2 'ln' C6H3' J = 1,8 Hz), 6.53 (bd, lH, NH, J = 7.0 Hz), 6.83 (dd', 
, " 

lH, CH-C!i.-CH in C6H3' J'= 8,8 Hz), 7.2-7.4 ,(m. 5H;C6HS); i: (film).' , 
. ~ , " '-l 

\Jmax : 3300 {N~), 1780 ·(S-lactam), 1670 (amt~e) cm ; ,ms (70 eV~ 91°), " 

c, mie (O/ooJ:'43B (311, M+'), 423 (26, M'+' - CI'i3·),'381,.(130, M+' - t-Bu')" 

264 (1000), ·206 (732), ,lS9.1 (M*, 438 ... 264), 111.4 (M*'" 381 '~,206). 

7-S-Pheny1acetami,do-3'-hydroxybenzo [3 ,4]'-0-2-; socephem' (77) 

. 
Obtained from li, 78 or 79, via.thé procedure 'for the preparat,i'6n 

of 37, in 52,55 and 4~% yield, respecti~vely, as fï.ne needles from 
, t ()... • 

éthyl acetatE1-pet~oleum eth~r; 'mp'194-195°. 

1 Hmr' 200 MHz (i\cetone-d6) 0: 3.62 (5; 2H, C~~h), \q7 (dd, lH, C!iH-CH,.' ' 

J = 10.0, 1Q.9 ,HZ); ~.18 (ddd~ lH,' CH2~C!:!.' J =' 3.3, '4.S; 10'.0 Hz), 
, " ,"., 

'4.47 (dd~ 1H, 'CH!i-CH, J = 3.3, 10:0 Hz), 5.66 (dd, 1H, C!:JNH, J = 4.5, 

8.'0 Hz),,6.47, ~/53' (2 dd, 2H, C]i-CH-C]i in ~6H3' J = 1,8 Hz), 6.92 (dd, 

1H, C~-C.t!.-,CH in,C6H3, J = 8,811z), 7.2-7.4 (m, SH, C6HS) , 7:~8 (bd, 1H, 

'NH; J = 8.,0 Hz,); ir (CH3CN)'v : 3280' (NH,OH), 1760 (B-lactam), 16S5 
'. max 

-1 +' . 
(amide) cm ; mS'(70 eV), mie (O/&l.\l): 324 (103, ,111 '),205 (1,2, M+' 
,1 ~. 

PhCH2CO'), 17:5 (30), 149 (S4);'150 (1000), 91 (398). 
""0 

v 

Ami de mesyl ate 78 . le 

Obtai ned from 7?, via the pr'oc'edute for the, prepara tian of 13- tactam 
, ,. , 

). 

• 

, , 1 

1 • 

.~. 
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36', as whlte crystals (hex,anes) in 79% yield;'mp 129-130°.-

+ ~~ , -

~.I\ ,/' - ~ , • Il ' 

IHmr- (CDC1 3 ) 0: 0.20,(s,: 12H, 2.SiMe2)' 0.95 (s, 18H, 2 t-BuSi), 2.'89 
1 ,~~ . . . 

(~, 3H, SOZ~H3)' '3.68 (s, 2H, C~ .. 2Ph), ~.2-4.6 (m,. 3H, CH2-CH), 5.35 ' 

(dd"lH,~C!:!-NH', J ::A',5, 7.0,Hz), 6.0~ (bd, lH, NH,-J = 7.0HZ?, 6.4-7.2 
. . ' 

(m~ 3H, C6H3 ), 7,37 t's, 5H,,'C6Hs); ir'(CH2C1 2) \Jmax : ,33)0, (NH), 1775 

(B~J~étam), 1685 (~mid~ ~m-l;,ms'I (10 eV, 116°r, m/e',tO(oob 537 (8), 

512 (23, M+' -.,t-BU· - S02CH3"), 49S l131), 32~ <1000). 
~ 

" 'Obta;ne~ from 21, via the procedure for the preparation of 
l ,~ ~ 

B-1actam 36, as white crystals, thexapes) in '86% yield;'mp.1z's-126.5°. 

.. 
ll'lmr (CDC1 3'> 0: 0:20 (5, 12H, 2 SiMe2), '0.95 (5, 18H, 2 t-BuSi), 

, ' 1 
3.,2-3.6 (m, 2H, CH 2Cl),,3.67 (5, 2H, C!!zPh), 4.2-4.6 (m, -l,H, CH 2-C!!), 

• 
5.43 (dd, lH,,'C!!.NH, J ='S,S'Hz), 6.03 (bd, 1H, NH, J = S \1z), 6.4-'7.2 

''\ _' , 

(m, 3H, C6H3 ), 7,.33 (s, ?H, C6H5); ir (film) vmax : 3400 (NH)~ 1765 

~ (S-lactam), 1675 (amid~) cm-1; ms (70,eV), mIe (%0): 588,590 (35, 

16, M+'), 531,533 (573,26.8, M+' - t-Bu'), 414, 416 (411, liO), 322, , . 
(605) . 

.. 

, , , 
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CHAPTER III 

, " 

1 • 

,"..::1 \ 
"a '<fi W -, r 

Al1enic ether 82 ' ( 
, , 

Chloromethyltrimethylsi{ine ('4 .. 5 ~, 37 mmol) was il-dded to' 
• ~ Q <> 

magnesium turnings (0,'9 ,g, 37.5' mmo1), suspended in-Et20 (30 ml), 'and j 

• ' l'> " • 

r.eflux'ed 'uhtil most of the magnesium disso1ved .. The dark grey solution· 
• • f • jI. ... 

• • " 1 

was then added dr.op~ise ta 1,1-diethoxy'-2-pro\!lyne (3.81'g., 30 nmol) 

• 1 

• 

'. 

~ \ o( 

.1 

- .. 

• 
, . 

and CuBr (0.14 g~ l mmol) in E.t20 (3~ ml), and stirred for 0.5 h a4" ' 
''1 

~.. D' 

"\ room temperature: The mixture Was then poured jnto a . vigorously s~irred 

solution' odf NaCN (1:5.g) and NH.q:t:1 (4.5 g) in' ice water (7~) ml), a~d , . ~ - " 

extraéted'with Et20 (3,'x, 50 ml")', whic~ Y/as washed,with b.rin~o(lOO'mL); ,Is 
dried (Mgs04~ and 'distilléd 'under reduced pr~ssure to give 3.3 9 (65%)' 

" , 

. of ethoxy a 11 ene 82, bp 40-42"° @ 1.5 mm Hg-. 
# 'CI , ( 

IHmr (.çC1 4 ) 0: 0:0\ (5, 9H~ SiMe:3)'; 1.16 (t l 3H, CH2C!i3)' 1.46 (dd. 2H~ ~ • 

C!i2-SiM,e3"J' = 2:0,8'.0 Hz), '3.53 (~, 2H, C~CH3).',5.71 (dt. iH~ C~2:-C1i •• 
, " 

J = 5.5, 8.0 Hz), 6.48,(dt, lH, Eto-êli,'J - 2.0; 5.5 Hz) .. 
.... ' 

. ' 
Aldehyde 83 and Di ene 92 . , 

"\ 

" 

- <l.I 

To a solution of E-;-3-trimethy1silylacrolein 9069 (1.3 g, 10 mnol) 

in Ë,tzO (30 ml) w~s added, ~n portions, a ,solution of, diaz~etha~é125 
• " 0 ,_. r , 

in, Et20, unt\, gc monitoring (3 ft, 3% av 101) showed the reac,t'ion te- be 
~':I tI • ( ,() 

compl~te. EVéi'poration under reduced pressure (0° water bath) acffO'rded 
, • D 

a pale yel10w nquid. Aldehyde 83 was ide,ntified as the major product, • 
l 

1 " 
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" . 
in the pmr spectrum, of the crude residue. Distillation of this material under 

,~ , \ . 
, . 

reduced pressur~ afforded none of the desired a1aêhyde, but gave 
.' 

~ exc1usive1y diène 92, bp 47,?@ 25 mm Hg (0.94,g, 65%).' 
,. "/' . 

~d-ehyde 83: IHmr (CC1 4) 0: 0.10' (s, 9H, SiMe3)" 1.98 (dd, 2H, CHZ' 

J = 1.0, 8.S'Hz)', 6.01 (bdd, 1H, CH-CHO, J = 7.8, 15 Hz), 6.95 (dt, ( 
-- f ' 

lH, CH2-C!i. J = 8.5, 15 Hz), 9.41 (d. 1H. CHa. J = 7.8 HZ); ir (CH 2C1 2) 
j , 

) -1 \ . \lmax: J680. 1630 (a,Bf.unsaturated aldehyde cm , 

tliene 92: ,lHmr (CC1~) 8: 0.12 (s1lll,Si~e3), 4.~-'5.1 (m, 12H • ',CH=CH), 
. + . 

·5.~-6.6 (m, 3H, -CH=CH2); gc-m,s (15 _eV, 230°), mie '(°100): .142 (50; M '), 

127 (143, M+' CH3 '), 73 (1000, SiMe3')' ~ ~ 
, .L .-' 

Sily1 alkyne 94 

Obtained fram a1kyne 93, in 81% yield, by treatment with 1.1 ., -
~qu;valents of n~BuLi follo~~d by 1.1 equivalents Of.t-BU~2SiCl, , 

according ~o the procedure described by Dr. Zambon; (ref. 69, p. 143); 
" ' 

bp 96-98° @ 0.05 mm Hg. o 

IHmr (CC1 4) 0: 0.10 (s, 6H, Si'M~2)' 0,95 (s. 9H. t-BuSi), 1.4-1.8 (m,' 
, , 

6H, CH2-CH2-~H2),' 3,4-3.9,(m>~H, CH2-C~-O), 4.25 (,s, 2H, C::C-CHZ); 

4 . 95 ( m, 1 H. O~ CH -0) . 

. . 
Propargy1 al~oho1 95 ' , -

( , , 

" . - . --.. . ,., 
Obtained' fram siTyl alkyne 94, in'.88% yielë, by treatment ·with 
. . - .' ' '. ,,- '.' '. 1 ',' '. ' 

l' •• '. • ~ .. ' 

o J. .' 
~ I,r, 

1 • ~ c~. 
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the procedure 

l ,\ 

pyridinium p:toluen~s\.lîfO~ etha~ol;' accordin'g' te 

f
· d l, ~~~-. .• - 5 

o Grleco an co-wor~~s ; bp 87-90~ @ 3. mm Hg. 

lHmr '(CC1 4) 6: 0.08 (s", 6H, SiMe2), 0.88 (5; 9H, t-BuSi), 2.22 (bs, lH: 
.,. "\..,. 

OH), 4.07 (s.', 2H .. CH2). " 
, 

r • . 
ù.,S;unsat'brated aldehYde 96 

Obtained from alcohol 95~ in 73% yield, by sequ,entia\ treatmen~ 

with LiA1H 4 and PCC, accerding ta the procedur,e fepar~ed by Dr. ~amboni', 

1 

(ret-. _~p". 144); bp 63-66 0 
@ 5 mm Hg. '" 

IHm.r (CC'4) 6: O.13Js, 6H" SiMe2), 0.92 (5; 9H,'t-BuSi), 6.40 (dd, 

Ül, C!i-CHO, ~ = 7.Dt 19 Hz), 7.10 (d, lH,_.C!i=GH;-C~O, J ~ 19 Hz), 9.45 

(d, 1H, CHO, J = 7.0 Hz) •. 
,'---- -

1 J -1 • ., t 
IE-4-t~Butyldimethylsilylcratona1dehyde <2I) 
\ ' 

Obtained from 96, in 80-85% y'ield, by treatment with ethereal 

diazomethane125 , as for the prep~ra'tion of 83, followed by either fl'ash' 
, , r ~ , 

chromatography or disti11a~ bp 64-66 0 @' 2 mm Hg. ' 
, 1. t/ ,<' • 

.. 
IHmr (CC1'4) 6: 0.08 (5, '6H, SiMe2), 1.00 (s,'9H, t-BuSi), 1:98 Jdd, 2H', 

P"2' J,"=: 1.0, B.5 Hz), 5.97 (b?dd" lH, ,Q!-kCHO, J = 1.0, 7.~, 15 Hz),. 
, 1 . 

6.96 (dt, 1H" CH2-:C!i, J = 8.5, 15Hz), 9.46, (d. lH, CHO, J:: 7.~'Hz);, ' 
f , ,'.' , -1 ." 

':.ïr, (filrn) vmax : 1680,1620 (a,B-un5aturated,aldehyde) cm . 
~' ~ ~ r • • 
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Schlff _base 98 ,and N-'Benzy1 S'-lactam 99 

• 
, A suspension of E-4-t-buty1dimethylsilylcrotona1dehyde (97) 

, -e 

, :' '(q.5 g~, 2.7 mmol), bèAzylamine, (0.29 'g, "2.7 mmol) and Mg,S04,(1 g) ln 

" • CH 2C1 2 (,25 mL) was st i rred at room temperature' untjl .formation of Scr,iff 
, 

,base 98 was' comp1 e.te, as i ndi ca ted by i!1frared spe~Ùoscopy', ('\,1.5 ,h) . 

The mixture' was fi~tered -and E~3N (0.35' g'" 3.5 mmol) wa$ added fol1owed 
~., , 

,by azidoacety1 ch1oride,(0.42 g, 3.5 mmon, dropwise over l5·min. After 
" . '\ . ' 

" stirringfor ,2 h the solution was washed with water (3 x io ,ml) and 
, ' 

, brine (20 ml)'" dried CMgS04) snd evaporated to give-0.66 9 (68%) of 
~I " .. ' . , , -
S~lactal1i 99, 'as,a 'waxy, pale, yellow 'solid, after ,flash ,chrQmatog~'aphy. 

Schiff base 98: IHmr (.CC'4) 0-:' 0.08 (s, 6~, Si~~2)-, 1.02 '(s,,9l-l: 

t-BuSi)'~ 1.7-1.,9 (m~2H'~ CHr Si);4.6S',(bs, 2H~ C~Ph),'6 . .1-6.3 (m;2H, 

,.' CH==Ôn-, 7.34',.{S, 5H', C6H#I', 7.95 (m, ,111, N:::èH); ir (,CHi C1 2) vmàx: 1640 
, l" -l 

(C=N) cm- (nO band 'at 1680 cm- ). 

, 
S-lactam 99: . lHmr (C01 4 ) 6: 0.20 (s, -6H, SiMe2), 1.13 (s, 9H, t-BUS1L 

r-

128 

" :,' 2' 
l.SP;(d, 2H, CH2-~;' J,::: 7.5 Hz), ,4.08, 4.80 (id, 2H,'C~-P~,' J ~ \~~HZ), 

- \ ' 

4.18 (dd~ lH,,'C.!:!-CH-N3 , J == 5.0, 8.0 .Hz), 4.77 ~d, lH. CH-N3, J'=.'S-' .. O,Hz), ", 

5.~0 (dd, 1H, CH=C!:!:CH, j::: 8,01,15 Hz), 5.94 (dt,-lH, Cfi:::Ç,H:-CH"J':::'7.5', 
, ' 

'15 Hz)~ 7.40 (s, 5H, C6H5); ir (film) v :·2100 (N 3)', 1760 (S-lactam), \ max ' 
-1 ~ , "+,' 

1650 (C=C) cm ; CI-ms (70°), m/e (%0): .357 (615, MH ), 329 /(1000,. 

MH+...-!- N
2
'), 314 (28~, MH+ - N

2
', - CH-

3
·). .j.: 

J ' 

,.,.-----

l'> 

. ' 
, , 

1 

" , 
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Schiff base lQI and B-lactam lû6 r , 
_ '1 J 

, " ' 

8enzylamine C2.3 g, 21'mma-l) was added ta a slurry of E:"'3-

trimethY1SilYla~rOl~in 96 (2.56 g" 20'mmo~") and M~S04 (~ g} ~n C~2C12 
(50 ml) at 0°, then Ithe cooLing bathwas rem'oved. ' 8fter, ?tirring at . /' 

room templi!rature for 3 h, th.e solid was,removed by filtration.', Ta this 

-S~'l~tio~ wa~ addêd~t3N (2.~ g, 24 mm,o'l) fol ],owed 'b; iazidoacety) 

chloride- (2~ g, 2'4 mmol)', dropwis,e" at Y'oom te~at~re.' After 1.5 h 

the mixtuJe ~~s washed wit~ ~ater (3 x 50 mL)/an ,brine (50 ml)"dried 
, , 1 • 

(MgSO~l and .evapor'ated <~'ffording. 3 .. 5 g, (58%) :~f 6-lactàrn 106', as a pale 

129 

,yellow oil, after flash chromatography (2:5.5, EtOAc:petroleu'm ether).':' 
, " 

1640 (C==N) -1 cm . 

~ f,-lactam 106: IHmr 100 MHz (C
6

D6) 6:, ,0.12 (SiMe3 lotk),< -3.76 (~dël, lH, 
• 1 1 _, '" 2 " , , 

C!:!.-C~-~, J,= 3 .. 0, 4',0;',5.0 Hz), 4.02,' 4.30 (~d, ~H, Cli2-~h, J == 15 Hz), 

4.28 (d, lH, C!i-N3, J == 5.0 Hz), 5.85-5.9 (m, 2H, CH=CH), 7..15 '(s, 5H" 

) ( "- () ( -1 C6H5 ; ir CHC1 3)' 'Vmax : 2100 ~3' \1765 8-1actam) cm . 1 ' 

, .' 

Epoxysilane B-lactam 107 

, -
ether (15 ml)' was a~ded m:ÇPBA (8E%, 1-.5 g, 7~5 m~ol).: The'solutlOh, 

, , 

was then concentrated, 'using, d stream of nitrogén, until it ~e~?me 
, , 

-Jo /vî'sCGus. After stirrin~ ov.ernight at 40°, ether (50 ml) ...las add~d and' 
1 

the ,'solution washed with aque~us ,~od,iuin. s~l,fite' (5%, 3_Q~mL), aqueous 
, 1 III 

, p 

, . 

\ 
, .' 

- , 

" 

:' 

, \ 



, '1 
," 

'-

" 

o / '-, 

, , , 

• 

130 

sOdtum bicarbonate (5%, 30 ml), and brine (3~ ml), then dried (MgS04 ) 

and evaporated. The oily residue was flash chro~atogr.aphed (2:5, 

EtOAc:petro"leum ether) te:> g'iv~ 1.3,4 9 (85%) of' diastèreomeric epoxides 107. 

" 
IHmr (CDC1 3') 0: 0.03,0.06,(25; 9H, SiMe-3)' 1.95~ 2.05 (2d. lH. Si-Cli-CH, 

" , .... fi, 

J = 3.2, 3.2 Hz), 2.82, 2. 9'3 1 (2dd, l H, Si' èH- Cli, ~ = 3: 2, ,7.0. 3.2. 4. 5 
- '1' ' 

"Hz); 3.18, 3.52 (2dd, lH, C!i-~H-N3,d = 4.6,7.0" i:is 4.6'Hz), 4.05, " 
, 2 ' 

4.25; 4.66~ .!:2l (4d, 2ABq; 2H" C~Ph, J:: 14, Ji Hz). A.69, 4.76 (2d. 

i 
a-Amino phosphonoacetate 108 

P d --i' t th d f 0 H k' 1 h' .82 t repare accoY''<llng 0 e proce ure 0 r. a lme al, 9xcep '-

for the fol1owjng mOd,ifi;ations. The stJspension of sodium hydridé in 
1 1 1 \ 1 

',' THF was' added to the solution of Schiff base (from t-buty1g1yoxy'late 

and benzylamine) and diethyl phosphit~: in portions, ?t 0°. Palladium 
1 

èhloride was used instead, of palladium on charcoai ,for the s,ubse;luent 
." ' . .' 

, debènzylation, a~wa~ found to be considerably more efficient. - , 

. f3-lactam lQ~ 

. " Obtàineffrom ,eq~imOla; ~m~ü~ts of ami~e, 108 a~d alde~yde ~, 
\"ia the procedut;'e for the preparation ,of (3-lactam 106, in 7}% -yi~ld, as 

Cl pale yel10w oil';whi.çh solidified upon storage, in'the cold. 
( -" 
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tHmr (CDC1 3) 0: 0.12 (5, 9H, SiMe3), 1.33 (bt, 6H', 2 CH'2-C!:b)~ 1.~8 

, (s, 9H, t-Bu), '3.9'-4':3 (m, "4H, 2 C~-CH3) ,.4.53, 4.61 ,(2d~ lH; P-CH, 
1 

,2J = '24,24'HZ,), 4.6-4.7 (m, 2H, 'CH-CH~N3); 6.0-6.1 (m, 2H, CH=CH); ir 
" ' -1 

(film)'\)ma'/ 2100 (N3)! 1~75 (S-lactam). 1740 (ester) e~CI-ms 

: '(,40°): ~/1 ~u/Qo): 461 '(~9. MH~~, 433 (40, MIf+'- N2"), 4~,5 ~1000. MH+­

Me2C=CH2); Anal. caled. for C18H33~40éSi~: C 46.94" H 7.2?-. N 12.16; 

fou,nd: C 46.69" H 7.18. N 11'.88. 

, 1 ~, _ 1 

èàrbo~yl ic acid' 11Q , 

i'(~', ,-
• ' /1 \ 

,A solution of t-butyl ester 109 (1.1 g, 2.4 mmol) 'in 30% , , 

tr>if.luoroacetic acid:'methyiene ch10nde (30 ml) was' 'allowed té s'tand ' 
, 

, , / 

ror,3 h, a~ rbom temperature. The 5blvent \vas, then e~aporated and the 

l ' 
residue flash chromatograph,ed (6~5:0.5, 'acetone:water) to afford740 mg 

ie acid '110. 

• 
.. -., " 1 

IHmr (CDC1 3)' 0.l3 (5, ,9H" SHle3), 1.36 ,bt, 6H,,2 CH;-C!:!.;) .. 4.0~4.~, " 

(m, 4H, 2 C~-C 3), 4.7-4.9'(m, 2H, CH-CH-N3), 4.88',4.95 (2d, 1H, 
2 ' 

P-CH, J = 25,25 Mz), 6.0-6.2 (m. 2H','CH=CH), 12.0 (bs, :lH, COOH); ir' 
" \ l , 

,~,film) \)max: 2100 (N3). 1)70 (S-lacfam)':Ù30 (COOH), cin-l', 

Ireatme'nt with etherea1 diazometha~e 'afforded the corresponding' methyl , 
J '-, ,ester 122, p. 13-3. 

" 
l ' 
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, , E'poxys il ~~e , e -1 actamlJ.l· ' , ,- (_ 

" ' '-
Obta.{ned"from :vinylsilane 109, via the,_procedur~ for the 

preparation of i07. in 90% yield. 'as a clear O'il after flàsh .' '- , 

'~ - --
chrom~togf~phy (6:5:2. EtOAc:pet~o~eum ether) (two components). 

, ' 

Less polar çomponent of l!.l: lHmr 100 MHz (CC1 4) 'cS: 1.22 (t, 6H, 

"" -, 2 CH2-C!:b), 1.35,(5'.: 9H" t-Bu), 2.04, ~.09 (2d, 1H, Si-C!:L-CH, J :: 3.2, 

, '3:2 Hz),- 2.80,2.91 (2dd. lH. Si-CH-CH. J = 3.2. 7.8, 3.2, 7.8 Hz), 
- -,- ~,-- ,-, .,- - , 

3.41. 3.49 (2dd, lH. C!:!.-CH-N 3 • J:: 5.3.7.8, 5.3, 7.8 Hz), 3.8;-4.2 
. 2' 

(m. 4H. 2 C~:-CH3)' 4.48. 4.62 (2d. lH. P-CH. J:: 23, 24.5 Hz), 4.72. 
\ 

4.73 (2d. 1H, ,CH-N3, J:: 5.3, 5.3 Hz); ir (film) '-'max': 2100 (~3)' 1780 
" - ,- t + 

,(S-lactam)', 1740 (ester) crn- 1 ; CI-ms (94-0). mie (0/ 00 ): 477 (1000, MH ). 

'449 (280, MH+ - N2~)_' '403 (362, MH+ - t-oBuOH), 393 (584, MH+ - N2' 

Me 2C=CH2) . 

\ More polar c0mponent of.l.ll: lHmr 100 MHz (CC'4) cS: 1.20,122 (2t, 6H, 

2,~H2-Cl!3)' 1.35 (s, 9H, t-Bu), 1.80 (d. lH, Si-C!:!.-CH, J :: 3.2 Hz),_ 

- 2.89, 2.98 (?dd. lH, Si-CH-Cl!. J :: &.2, -7.~, 3.2, 7'.8 Hz), 3.4-3.6 (m, 

lH,. Cl!-CH-N3 }, 3.9-4.2 (m. 4H, 2 Cl!2-CH3): 4.48, 4.6? (2d. lH. P-éH, 

2J :: 23~B~ 24.2 Hz), 4.68 (bd. lH, CH-N'3' ~ :'5.3 Hz); ir (film) v : 
,~- ,max 

". -1 l , h' 
2100 (N 3), :J?8Q ~.B-lactam'), 1749 (ester) cm ; CI-ms (12d°), mIe (o/a-a)!. 

477 (546, MH+), 449' (67, MH+ - N'2';),. 421 (1000, MH+ - Me
2

C=CH2'), 403 

'+ + (12, MH -- t-BuOH), 393 (59, MH - N2 ' - Me 2C=CH 2). 

, , ' 

;' 

l, 
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" , 

,- Methy1 ester 122 

Obtained from aCld' 11'0, by treat~ent w~'th ethereal~ diaz'om~'~hane12?" 
,in ,89% y;eld, after eva,poration and fla5~, chrdmatography· (6:2, EtOAc: 

• '0 

pêtro1eum ether). f 

. \ " 

if , ' 
IHmr (COC1 3) 0:,0.12 (s, 9H, SiMe3), 1~34 (bt,'6H, 2 CI12-Cli3)' 3.75, 

- , 

'3.80 (25, 3H, OÇH 3) , 3.9-4.4 (~, 4H, 2 ,Cliz,-CH3), 4.7-4.9 (m, 2H, CH:-CH~N'3)' ' 

4.83, 4.86 (2d, 1H, P-CH, 2J' = 24',24 Hz); 6.0-,6:2 (m, 2H', CH=CH);, ir 

-1 ' 
(f~,~,m) \!max,: ?100 (N3)·, '1'770 (.~-la~tam.), 1145 (e,ster) cm ; m~'(70 eV', 

43°'), mie (%'0): 40'3,(27, Mt ... CH
3
'); 390(123',M+' - N2'), 375 (235, 

'. ' 

6-Lactam 124 " 
, . 

, , -
.. -,. ~ \ ' - ~~ , " 

,Qbtained from 12,2, via the prpcedure for the preparation of ,101, -, \-

in 47% yield, as a'~ax after flash ,~hromatOgraPh~. ~ , 

IH~r (CDC1 3) 0:, '0.12 (5, 9H, SiMe3)~ 2.10, 2.30 (2d, lH, ~i~C!i-CH, J :;: 
, , 

3.7, 3.7 H2-).',2:96, ~.OO (2dd, lH,"Si-CH-C.t!:"J = 3.7-, 6.3, 3.7,4 .. 5 Hz), 
, ," • 1 

3.50,'3.94 (2ad, 1H, C!!.-CH-N3, ~ = 5-.0, 6'.3, 4.,5, 5.0 H~), ,4'.83, 4.87 
, -' . 

,(2dd, TH, CH-N3' J = 2.0*, 5.0, 2.2*, 5.0 ,Hz'), 6.'45, 6.H,5 '(?bs, lH, N~); 

- , '"r (film) vinax:' 3280· (NH). 2100 eN3)' ~775 (S-lactam) cm-\ ,cr-'ms' (36°), 

, mle'(",0,):.227 (lOOO',MH+!, 1;9,F74, MH+ - N~·Y. 156 (111, MW+-

O"'C=NH - N2 ), 144 ~ 664, MH - ,O"'C'" CHN.3) . { 

* Through-spac~ coupling ~ith NH. 

1 

. -"", ' 
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Cinnamyl 8-1actam 127 

Obtained from 108 and cinnamaldehyde. via the procedure for the 
,~ 

preparation of S-lactam 106, in 78% yie1d after flash chr.omatograph~ 

(6:2, EtOAc:petro1eu~ether). 

IHmr (C6D6) 6: 1.0-1.4 (m, 6H, 2 CH2:,C!:!), l.48, 1.58 (2s, 9H, t-Bu), 

3.9-4.4 (m, 4H, 2 C~-CH3)' 4.53 (bd, 1H, CH-N 3, J-= 5.0 Hz), 4.8-5.0 
• 2 -

(m, lH, C!:!.-CH-N 3), 5.10 (d, lH, P-CH, J = 23-Hz), 6.7-6.8 (m, 2H, 

134 

.CH=CH), 7.1-7.6 (m;SH, C6H5); ir (film) \J : 2100 (N3), 17.7S (S-lactam), o max . , 
.17!l0 (ester) cm-1; CI-ms (l1S0), mie (0/ 00 ): 437 ~ÙW, MH+ - N2'}, 

+ + J, 

381 ~1000, MH 4 N2' - Me2C=CH2), 337 (270, MH - N2' - Me2C=CH2 CO2), 

238 (497, MH+ - Me2C=C~2 - Ph-CH=CH-CH=CH-N3). 

Al dehyde 128 

Ozone was bubbled through a solution of 127 _(460 mg~ 1 mmo1).in 

CH 2C1 2 (25 ml), at -78°. Upon appea~ance of the blue color, the 

bubbling was discontinu~d and the excess, ozone f1ushed out with a stream 
J 

of nitrogen, at -78°. Dimethyl su1fige ~O.4 ml, S mmol) was then added ~ 

and the solution al10wed to stir for 4 h, at room temperature. 

Evaporation of the sol vent fo11owed by flash chromatography (8:1, EtOAc: 

,. petro1eum ether), of the residue, afforded'310 mg (80%) of a1,dehyde 128.' 

'-

IHmr (CDC1 3) 6: 1.40 (t, 6H, 2 CH2-C!i3). 1.55 (s, 9H, t-Bu). 4.0-4.4 

(!]l,AH, 2 C!i2- CH3), 4.4-4.7 (m, 1H, C!i-CHO), 4.92-4.95' (2d, 1H, p-éH, 



.. 

" -

,l' _:;. 

" , 

-, 
, l 

'. , 

2 ~' 
J =: 20,22 Hz), 5.15 (d, lH, CH-Ni' ~ =: 5.0 H,Z)" 9:38 (d, lH, CHO, , 

. J," 4.5 Hz); ir'(f~lm) v : 3300 (hydrated CHO),'.21QO(N 3), 1785 ,- max ' 

. (S-laètamL '1735 (ester) 'ém- 1. 

S-LactJms 129 ta 131 - -', 

, . ' 

The, fol1owing compounds were prei1SJ,red according to the method 
- .. - r' . 

of WOl1e~berg' ~nd Mn~erno; 128 + 129,62% yield, '129 T 131,48% Yie'ld. 

[3-Lactam 129:' IHmr ("CDC1 3) é: J.42, (t, 6j-{, 2 CH2-Cl:b), 1.57 (s, 9 

t-Bu), 4.0-~.5 (m, 5H: 2 ~~2-CH3' OH),,4.6-5.2 (m, 6H, 02N-C~2~C~OH-

P-CH); ir (film) vmax: 3320 (OH), 2100 (N3), 1775-CS-)actam), 1740 " l'I 

<OS7)' 1560,1380 (NOï) cm-
1
: ' . .' 

f3-Lactam 130: lHmr,' (CDC1~ 0: 1.38 (t, 6H, 2 CH2-C~3)' 1.53 (s, 9H, 

t-Bu); 3.9-4.5 (m, 4H, ? C~-CH3)' 4.7-5,.2 (m, 3H, C~-CH-N3' P-CH), 

7.2-7.4,Jm, 2H, CH=CH); ir (film) vmax: 2100 (N 3), 1780 (S-lactam), 

1740 (ester), 1530, 1350 (N02) cm- 1; 

B-Lactam 131: .1Hmr (CDC1 3) '0: 1.42 Ct, 6H, 2 .cH 2-C!:!.3)'; 1.5~ (5; 9H, 
, , 

t-Bu), 2.4-2.9 (m, 2H, 02N-CH2-C~), 3.9-4.7 (m, 7H, 2 C~-CH3' 

02~-CH2' C!:l.-CH-N3), 4.86 '(d, 1,H~ CH.:.N 3 , J = 5.0 Hz), 4.89, 5.91 (2d, lH, 

P-CH, 2J ='22,24 Hz); ir (film) v : 2100 (N 3), l'nO (S-lactam), --, max 

1740 (ester), 1550, 1380 (N02) cm-1 
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Acety1enlc B-~ctams,l36 ?nd +37 

,Obtained fram phenylpropargy1 aldehyde and amine 1Q~,_via the 

~rocedure for the preparation of S-laétam ~~ in 79% yie1d, as a 1:2 

mixture of 136 and 137. 

l " . , 
i3-Lactam 136: Hmr 200 MHz (CDC1 3) 9:· 1.2-L4 (m, 6H, 2 CH2-Ctb), 

1.47
t 

1.52 ('2s, 9H, t-Bu), 4.1-4.3 (m,I.4H: ,2 C!i2-CH3), 4~71, 4·.74 (2d" 
, , 2 

1 1H, C!!.-~~,-N3'_ J = 5:0~ 5.? Hz), 4.8~, 4.90 (2d, 1H, P-CH, J = 23.5,' 

24.0 Hz'), p.'12-, 5.30'(2d,JH'~ CH-N3, J = 5.0, 5.0 Hz), 7.3-7.6 (Il), SH" 
1 " 1 

C6HS),; ir (filll)) \!~ax: 2210 (w, C:::C) , 2.100'(N3) ,·1780, (i3-1,~ctam)~ 

1740 (ester) c~-l. 

) 

i3~lactam 137:. IHmr zoo MHz (CDC1 3)' 0: 1.30, 1.38,(2t, 6H, Z CHZ-C!!.3)' 

1.47~ 1.51 (2s, 9H, t-Bu),'4.1-4.3 (m, 5H, 2 C!iZ-CH3, C!:!:-CH-N3), 4.69, 
, 

4.76 (Zd, IH, CH-N 3, ,J = 2.0, 2.0 l1z), 4.83, 4.84 (2d, 1H, P~CH, , 

2J = 23.'5,24:0 Hz); 7.3-7.5 (m, 5H, C6H5); ir (film) \! : 2210 (w, 
, -- " max 

. '-1 
C:::C) , 2100 fN 3), 1780 (i3-1actam), 1740 (e?ter) cm 

'_ , 1 

Phenylketone 138 

, q 

136 

A mixture of ace~ylene 137, (434 mg, 0.94 mmol), yellaw mercuric,oxide 

'(40.6 mg', 1-.9 mmol) and~mercuric trif)uoroacetate (803 mg, 1.9 mmol) 

in ethyl, acetate (~O ,ml), containing water (0.5 ~L), was stirred ~t 

,room temperatu~e for 5 h. The, mixture.was then cool~d to 00 and H2S 

, was bubbl~d ~hrough for 10 min. After stirr'ing at room tempetaJure for 

., ,,,. , 

, 1 

, , 



/ ., 

" , 

'l, 
~ ,- , 

c , 

, 
0.5 h, the black mercuric sulfide was removed by-flltration and the 

sol vent evaporat.ed ta gi ve, 361 mg (80%) of pheny1ketone ~~, after 

flash thromatograp~y (6:3, EtOAc:petro1eum ether). The reaction could 

be followed ,by tlc, after treat~~nt of an aliquot of reaction mixture 
, ' 

, 

, IHmr -200 MHz ((606J 0: 0.9-1:1 (mi 6H, 2 CH2,-C!!3)' 1.30, 1.37 (2~, - _ 

9H, t-Bu), 3.17, 3.25 (2dd, lH,-é.I:!!~"CO.~J = 1O,lQ Hz, 2J :: 18,.J.§. Hz), 

3.8-4.2 (m, 6H, 2 C~-CH3' CH!!-CO, C~-N3)' 4.50, 4.71 (2bd, 1H, 

,C!i-CH-N3, J = 10,10 Hz), 5.08, 5.14 (2d, lH, P-CH, 2J = 23,24 Hz), 
; ' 

137 

7.0,-7:2, 7.9-8.0 (m, 5H, C6H5); ir (film) ,vm~x: 2100 ,CN3) , 1773 (B-1actam), 

1738'tester), 1680 (ketone) cm-\ CI-ms (106°), mie (0/ 00 ):<1425 (1000, 

+ ' + + 
MH -'~1e2C=CH2); 397 (175, MH \... Me2C=CH 2 - N,2')' 353 (71', MH -

Me2C=CH 2 - N2' C62)· 

, 0 

. , 
Obta,ined, in 20% yie1d, by treatment of a 0.1 M solution of 138 

\ . ' 

in THF, ,at :..780
, with 1 equiva1ent of n-butyH ithium, followed by" 

.~ 

'- \ 

'~uenching 0,," the cold solution with aqueou5 ammonium chloride and flash 

, chromatography (6:4, EtOAc:petro1eum ether) of the residue; ir (fl1m) 
'. ,- 1 

vmax : 3400 (OH), 2100 (N3), 1775 (S-lactam), 1740 (ester)' cm- ; CI-ms 

j + + 
(?8~), m/~ fO/oo): 521 f71, MH - H20), 465 (1000, MH - H20 - Me2C=GH 2), 

437 (237, MH+ - H20' - Me2~=CH2 - N~·). T~e pmr spectrum (C~C13) was ", 

a150 consistent"with 'struèture 139, showing the eX,tra a1kyl methy} at 

",' 

1 

o 
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( 
, , 

t ft 

, , 

0.8-0.9 ppm and a decreased range ?f'aromatic resonances' (7.2-7.4 ppm) 
~ 

for the pheny1,group. 

'"Amide B-1actam 140 

• ./ 1 

'Obtained from 137, via the procedure for the preparation of 

amide 36, in 81~ yie1d after flash c~romat.9g\""aphy (EtOAc). 

lHmr (CD~13) ô: 1.1-1,3 o (m, 6H j 2 CH2-C~), 1:40, 1.43 (2s, 9H~ t-Bu), 

138 

,D 3.55 (s, 2H, Cliz Ph ) , 3.9-4.4 (m, 4H, 2 Ç!i2-CH3), 4.7-5.2 (m, 2H, CH-CH-N 3), 
'- 2 ~ , ' 

4.76, 4.87 (2d, 1H, P-CH, J = ~il,24 Hz), 7.1-7.5 (m, llH, 2 C6H5' NH); 
} , 

ir (film) vmax : 3300 (NH), 1780 (f3-1actamh 1740 (ester), 1680 (amide) 

cm- 1. 
, .' 

Pheny1ketone 141 

. Obtained fram 140, in 77% yie1d after flash diromatography 

(EtOAc), via the procedure fC)'f the preparatio'n of 138. 
" 

lHmr 200 MHz (CDC1 3) 0: 1.2-1.4 (m, 6H, 2 CH 2-,C!:!3), 1.42, 1.48 '(25, 

t.--2 9H, t-Bu), 3.56, 3.63 (<>2dd, 1H, PhCO-C.!:i,H, J ,= 7.0, 7.0 Hz, J = 18.,5, 

18.5 Hz), 3,.62 (5, 2H, Ph-C~), 3.88, 3\8~, lH, PhCO-CH,!!, J = 6.0, 

6.0 Hz, 2r = 18.5, 18.5 Hz), 4.1:..4.3\'.,\(m, 4H, 2 C~-tH3)' 4.34, 4.49, . 
'Q C> • 

(2ddd, Hl, C!i-CH-N 3 , J = 2.5',6.0,7:0, 2.5, 6.0, 7.0 Hz), 4',69, 4.73 
1 \ ~ ,"1 

(2dd, lH, CH-N3,J = 2~5. 8.0, 2.5, 8.0/Hz), 4.97, 4.98 (2d, lH, P-:CH~ ~ 

2 -. ) ( ) , J = 23.8, 24.6 Hz , 6.62, ,6.84 2d, 1H, NH, J = 8.0, 8.0 Hz " 7.2-8.0 

n , t ~ , 
... .. 
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'J, 

1 

, \> 

, i 

139 r' 
,-t' 

l ,~ 

(m, 10H, 2 C6H5); jr (film) vmax : 3300 XNH), 1,?70 (B-~actam}."l738', 

(ester), 1680 (amide, ke~~ne) cm-li ms"(70 eV, 7'-7°)', mie: ,,512 'ut'J, 
+ + 4. " + 

516 (M,' - Me2C:;CH2)', 397 (M . - Q:::C:;CH-NHCO-CH2-Ph), 105 (Ph-C=O ')', 

Amide .,142 l, 

Obtained fram l!l, by treatment with l equ;va1ént of potassium 

t~butoxide; in THF ai -20°, quenching the co1d reaction ~ixture with 
( , 3 1 

aqueous ammonium ch10ride (upen appearance of the first product by tlc. / 
, . 

r 

see p. 83 ) and flash chrdmatography of the residue. 
," : ft ~ 

lHmr (CDC1 3) 0: 1.3~ (t. 6H, 2 CH2-C)i3)' 1.50 (s. 9H', t-Bu), 3.6-3.8 
.' , 

(m; 4H', 2 CH 2), 3.9-4.5 (m, 4H, 2 ~-CH3)' 5.05, 5.18 ('2d, lH, P-CH, 

2J 0= 21,22 Hz), .6.7-8.0 (m, 13H, ,2 'C6HS' NH, CH=CH); ir (film) \)~ax: 
3280 (NH), 1740 (ester), 1690-1640 (b, amide, C=0-C;0) '~m-"l; ms' (.70 eV, . . 
88°), mIe: .5?2 (M+'), 516 (Mt. -'Me2C=CH), 454, 397 (M+~ 

O=C=CH-NHCO-CH2~Ph). 

t 

Pyrrol e 143 

, , 

t( 6 ~ 

Obtained fro~ 141, in 45% yie1d, by allowing the above-m~ntienl~d l 

, , 

~ ,.....~ '" 
reaction te attai'~ompreticm, foll owed by work~up in the same mannet-. 

( . 
1Hmr 200 MHz (tDC1 3) 0: ':42 (s, 9H;t-Bu), 3.75 (s, ~H, Ç!!.2-Ph~, 4.47, 

. (s, 2H, CO-é~-NH). ~.18' (d, lH, NCH=~!i, J = 7.0' Hz), 7 .2-7 .S-(m~' iOH, 

2 C6HS), 8.~O (bs, lH, NH), 8.41 (d, 1H, NC.!:!=CH, J ,; 7.0 Hz); ir (film) 

/ 

" 

• '_JtI 

"; 
., 

'. 

'" 

'h' 

1· 

, ~ " 
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140 
. ,. 

t 

Q -1 
,vmax ' 3300 (NH), 1740 (ester), 1680 (amides)., 1650 (C=C). cm ; ms 

, + '.+ . • 
(70 eV, 67-e) , mIe: 418 (M,'), 362 (M.'· ')- Me2C=CH2), 313.5 (M*, 418 -+ 362), 

271 (M+' - ~e2C=CH2 - PhCH2 ')," 202.9 (Mi, 362 -+ .271)0: 1'1-' 

/ 
Al cohoh 144 

1\-

To phenylketone 141 (320 mg,,0.56 mmo1) in absolute ethano1 
.' <1 , • ' 

(20 ml), at 0°, w~s added NaBH4 (21 mg, 0.55 mmol). After stirring for 

1 h at 0° and 20 min at room temperatur.e •. pH 4.5 buffer (20 ml) was 
• 

added and the solution extr:acted with" CH 2ë1 2 (3 x 40 ml). Drying (M~S04) 
~ 

ana evaporati~n ~f the solve~t affordëd 257 mg (80%) of a1cohol 14~, 

\ , ~fter f1ash ~hromatography·(EtOAc). .. " , 

,,' IHmr 200 ~Hz (CDC1 3) 0: 1.2-1.4 (m;:6H·. 2 CH2-C.!:!.3)" 1.4-1.5 (4s, 9H," . , 

t-Bu), 2.Q-2.2 -Cm, lH, PhCff-CHH), 2.4-2.6 (m, 1H,. PhCH-CHH), 3.61 (s, 
. ,-,- ~ - l> ( 

2H, C.!!2-P~), 3.9.-4.0 (m, tH",·C.!!-C~-NH), 4.1-4.3 (m, .4H, 2 C!!Z-CH3), 

4.8-4.9 Cm, lH, C!i-t'-I~r,~4.86, 4.88 (2d, 1H, P-CH. 2J = 24,25 Hz). 
J • 1) -

5.0-5.'2' (m, lH, P~!!-OH),·6.4-6.5 (m, lH, NH), 7.2-7.5 (m, lOf{, 2 C6H'S);' 

ir (fi1~) ~max: 3400 (NH), 3300 (O~), 1770 (S-lactam), 1740 (e'ster), 

""( . ) - 1 () (0 .,,,) "( + 1~0 amlde cm ; CI-ms 142°,' mie 100: 458 144, MH - Me2e=CH2 ~ 
+ . 

\. \ CO2 - OH"), 440 (172, MH - H2N-CO-CH2Ph,), 290, (1000). , 

/ ~ -!'1esy1ate '145' 
\ 

, 
9btainep from }±i, in '63% y;eld~ via the procedure for the 

1 

preparation ~f 39, except that, the reaction ~as worked-up as saon as it 

'\ 
", 

, 

o 
., . , . 

o 

" 

o 

< , 

• l 

,"" 
\ 

, ' 
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reached room temperature, ,. 
\ 

\ 

lHmr 200 MHz (CDC13~ .Ô: 1.2-1.4 (m, 6H, 2 CH2-C!:b), 1.44, 1.49 (25, 

9H, t4u) ~ ,,1.9-2.2 (m, lH, PhCH-C)iH)', 2.60 (s, 3H .. S02CH3): ,2.8-3.1 

(m,~ lH, Ph-C~-CHH),-'3.6-3.7 (m, 2H, C~-Ph). 4.0-4.~ (m, 5H, 2 Cji2-ÇH3, 
, ' 2 

Cji-CH-NHb; 4.83, 4.92 (2d, 1H, P-CH, J = 23'.5, 24.5 Hz), 5.01 (~d, 

lH, Cji-NH, J ::: 8.0 Hz), 5..7-5.8 (m, lH" Cji.:oMs), 6.68 (bd, lH, NH, 
, 0 

• J = 8.0 Hz), 7.2-7.5 (m,' lOH, 2 C6H5); ir (film),vmax : 3300 (NH), 

1765 (S-lactam), 1740 (ester), 1670 (am4de) cm-l,. 
. , 

B;cyclic B-1actam 146 

A sol ut i on of mesy1 ate .. 145 (25 mg ,0.04 mmo 1) an~ Et3N, (40 mg" . --
0.4 mmol) 'in acetonitrile (0.3 mL) was stirred, at room temperature, , . 
for 48 h.· Then, ethyl acetate (25 mL~was added and the solution 

washed"with pH 4.5 buffer (2 x 10 ml) and brine (10 mL), dried (MgS04) 

and evaporated to afford 11 mg (52%) of bicycfic s-lactam 146, after 
... ' J., -

chramatagraphy (8: 2~ EtOAc: petro l eum ether) on sil i ca ge 1 . 

When the above reaction was carried out using potassium acetate 

in DMF~ the reaction required 4 days and 146 was obtained in 59% yie1d. 
.J-

1 ' , 
'In bath cases, a smal1 amount of thé corresponding styryl compound was 

formed. 

.-
~ ,~ 

Hl 

., 

IHmr 200 MHz (WC1 3, 45°) ô: 1..04 (s, 9H, t-:Bu),'1.2-L5 (m,o' 6H, 
2 . 

2 CH2-C!h), 2.17, 2.20 (2ddd, lH, PhCH-C!iH,.J = 1.0, 5~O Hz, J::: 12.5 Hz), 

\ 
, 
J" 

\ 

", 

• 1 

" 

1 



.. 

, 

, ' 

\ . ' 

( 

, 
, ' 

, . 
142 

~ ". 2 t, 

2.51,2.53 (2ddd, 1H, PhCH-CH!!I'Jc:=: 7.5,11.5 Hz, J:=: 12;5:lHz), 3.61 

,(~, ~H, ~!!2-P'h), 4.1&.((m, 1H, C!i-CH-~H), 4',2-4.4 (m, 4H, ~.C~-CH3)' 
4.42,4.49 (2dd, lH"PhCH, J = 1.\0,7.5,1.0,7.5 Hz), 4.95 (dd,'lH,; . -- . -, - - , 

'C!!-NH, J ~ 2.0,7.0 Hz), 6.ni (bd, 1H" NH, J = 7.0 Hz), 7.2-7.4 

(m, 10H, 2 C6H5); ir,(fi1m) vmax : 3300 (NH)', 1780~(~-'actam), 1740 

'(ester), 1680 (?nTide) cm- l'; m;" (20 eV,,109°), mie (%o): 5~6- (4, M+')" 
" ' 

500 (14, ,M+' --Me2C:,CH 2), 4~5 (337, M+' - ,CÙOt~BU'), 419 POO~" M+' 

PO(9Et)2'), 363 (599, M~' - PO(OEt)2' - Me2C=CH 2). 

A1coho1 149 

Obtained fram l38, in/77% ,field aftér flash cbromatagraphy (6:'3, 
/ , 

EtOAc:petro1eum ether), ;ia th~ pracedure,for the preparation of'l44. , -

lHmr 200 MHz, (CDC'3) 0': 1.2-.i.4 (m, 6H,' 2 CH2.l.C!i3), 1.4~'1.5 (45, 9H, 
. , 

t-Bü), 2.0-2.3 (m, ,1H, PhCH-CHH), 2,4-2.7 (m, ' 1H, PhCH .. CHH), 4.0-4.6 ,- ~ 

\m, 7H, 2~C!!2-CH3' C!!-CH-N3 , PhC!i-O~), 4.9':'5
0
,0 (ni, 1H', CH-N3L 4.93, ' 

, '2 " , 
5.00 (2d, l'H, P-CH,' J = 24,,25 HzL 7.3-7.5 (m" 5H, -C6H5); ir (film) 

\Jmax : 3400 ~OH) .. 2100 (N3)" 1772 ('6-1ac~am~:., 1740 (este,ri Cll)- \ CI-ms 

(l08°) , m/~ (U/ OO ): 483 ('92, MH+), 455 (307, MH+.:. N2·).,'43Z (254, ~H+-
, , ' +, + ' , , 

N2' - HZO} , 409 (79~, MH. - Me ZC=CH 2 ~rH20), 381 (1000, ~H - ~e2c=CH2 -

N2' - H20)(; A,rtal.'ca1cd. for,CZ1H3,N407P: C 52.28, H 6.48, N 11.-61; 

found: ,C 52~06, H 6.51. N 11.-12. ' 

" 

, ' 
\ ' 

" 

.. 
, ' 
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-Me~ylate 150 

Obtain~d from 149, in 60% yield, via the procedure for the 

preparation of 145. 

î 

I/Hmr ',(CDC1~) 6: 1.1:-1.4 (m, 6H, 2 CH2-C):b), 1.48 ,(s, 9H, t-Bu), 2.0':2.9 

(~, 2H, PhCH-C~), 2.7-2.8 (45, 3H, S02CHJ)' 3.9-4.4 (m, 6H,,2.C~':CH3' , 
, ~ 2 " 

CH-CH-N3), 3.85, 3.88 (2d, 1H, P-CH, J = 24,25 Hz), 5.6-'5.8 (m, lH, Ir 

Cli-OMS) .. 7.3-7.5 (m, SH, C6H5); ir (film) vmax: 2100 (N), 1772'(B-1ac~), 
1738 (~ster) cm- 1 ; CI-ms (120°), mie (%0): 437.(259, MH+ - N2' -,- " ( 

MeS.o3H), 365 (1000, MH+ - MeS03H' - Me2C~CH2 -'. CO2). 

Bicycl ic' S-lacfam 151 " 1 

.. 
übtained from 150, 'in 53% yield, via the procedure for the - .,,-\ . , 

preparation of 146. ." 

IHrnr 200 MHz (CDC1 3) 8: 1.05 (s, 'im, .t-Bu), ,1.36, 1.43 (2t, 6H, 

" 2 
2 CH2-C.tb), 2.14 (ddd, .1H. PhCH-C!:I.H, J = 1.0,5.5 Hz, J::: 12.51:ll~, 

, ...--- /' \ 2 . _____ ~~ 
Z.52 (ddd. lH, PhCH-CHH,;) = 7.5,11.5 Hz, J::: 12.5_Hz},--

- - _________ ----:~ " 1 

4.2-4.4 (m, 5H, 2 C!!2-CH~, C!:I.:'CH-~~4.Az-:4',49 (2dd, 1H, Ph Cl:!., J = 1.0, 

7.5,' 1-.0, 7.5 Hz)~ 4.53 Cd~lH:CH-N3' J = 2.5 Hz), 7.1-7.4 (111, 5,H, 
. ~, 1 

C6HS); ir (film) vmax: 21QO ,(N 3), 1783 (f3-'lactam), 1740 (ester) cm-
o • - + . . + ' 

~CI-ms ,(102°), mie (%0): 465 (~52, MH), 43,)7 (468, MH, -.N2·), 409 

'+ ' +-
(lSS:"M,H - Me2C;::CH2), 381 (lOOO~ MH - N2' - Me2C~ÇH2)' 

, " 

1 • 
l' / 

/ 

, - \, ' 

" 

. ' 

'. 
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_ Amide 6-lactam 153 

Into azide 152 (946 mg, 1.9 mll,lol) dissolved in CH2C1 2 (60 ml) 
\ 

and Et3N (193 mg, 1.9 mmol) , at 0°, was bubbled H2S for 10 min. The 

solution was then allowed to warm. After stirring for 1 h at room 

temperature, nitrogen was bubbled through the solution for 0.5 h,' To 

th,'is solution at 0° was j;ed pyrldine (200 mg, 2.5 mmol), followed by 
l' 

dropwise addltion of phe ylacetyl chloride (386 mg, 2.5 mmol) over 

5 min. After stirring for l h at ambient temperature, the solution was 

washed~i~h H20 (3 x 40 ml) and brine ,(50 ml), then treated with MgS04 
and charcoa1, fi1tered and evaporated to afford 622 mg (55%) of amide 

, 

153, after flash chromatography (3:7, EtOAc:petroleum ether). 

lHmr 200 MHz (COC'3) 0: 3.62 C?: 2H, PhC~CO), 4.87 (d, lH, C!:!.-CH-NH, 
, r 

J = 2.5 Hz), 5.00 (dd, lH, C!i-NH, J = 2.5,7.5 Hz), 5.09, 5.22 (2AB-

[2 app. doublets], 4H, ~ PhC~-O), 5.27 (s, lH, C!:!.-C02CH 2Ph), 6.28 

(d, lH, NH, J = 7.5 Hz), 7.1-7.4 (m, 20H, 4 C6H5); ir (film) v : , max 
3300 (NH). 1785 (S-l actam), ~~>.(esters), 1670 (ami de) cm-1, 

Phenylketone 154 

Obtained from 153, in 64% yie1d after fl~sh chromatography 
\ 

(3:7, EtOAc:petroleum ether); via the. procedure for the preparation of 

138. , 
lHmr 200 MHz (COC1 3) 0: 3.60 (d, 2H, ,PhCO-C~, J = 6.5 Hz),' 3.61 (1' 

l~ , 

J' - ... 

,;,;;----~--"''---------- -- - ~- ~---

144 
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1 • 

2H, PhC~-CO). 4.36 (dt, lH, C)i-CH-NH, J :: 2.5; 6:5 Hz),4.69 (dd, 
, 

lH, Cli-NH, J = 2.5,7.0 HZ),,5.11, 5.24 (2AB, 4H,' 2 PhC!i2-0), 5.35 (s, 

lH, C)i-C02CH2Ph), 6.18 (d, 1H, NH, J = 7.0 Mz), 7.2-7.9 (m, 20H; , 

4 C6H5); ir ~fi1m) vmax ': 330d (NH), 1775 (S-lactam), 1750 (esters), 

1690-1650 (amide, phenylketone) cm~l. ' 
• 

Alcohol 155 ' 

Ta phenYl ketone 154, (340 mg,' 0.56 mmol) in absolute ethanol 

(20 ml), at 0°, was added NaBHl\.,(21 mg, 0.56 mmol)" After stirring 
--" .1 ' 

for 1 h at 0° and 20 min at room temperature, pH 4.5 buffer (20 ml) 
1 

was added and the solution extr,acted ,.w;th .CH2C1 2 (3 x 10 ml). Drying 
." .' 

) " " 
(MgS04) and ~vaporation of the solvent afforded a total of 232 ,mg (68%) 

of alcohol 155, after f1ash chromato,graphy (3:7, EtOAt:p~troleum ether; 

188 mg of less polar and 44 mg of more po~r materia1): 

. 
less polar fractlOn: lHmr 200 t,1Hz (COCl 3) 0: 1.95 (ddd, lH, PhCH-C!i.H, 

145, 

2 J = 3.3, 9.0 Hz, J = 14.5 Hz), 2.26 (ddd, lH, PhCH-CH!!, J = 4.5, 9.5 Hz, 
2 • , 
J = 14.5 Hz), 3.13 (d, 1H, OH, J = 5.2 Hz), 3.55 (5, 2H, PhC~-CO), 

4.05 (ddd, 1H, C!i-CH-NH, J = 2.2,4.5,9.0 HZ),'4.68 (dd, lH, C!i-NH, 

J = 2.2, 6.5 Hz), 4.92 (ddd, lH, PhCIi-OH, J,: 3.3,5.2,9.5 Hz), 5.14, 

5.16 (2AB, 4H, 2PnC!'!2-0), 5.22, 5.31 (25, 1H, .C!i-C02CH2Ph). 6.35 (d, 

1H, NH,.J = 6.5 Hz), 7.2-7.4 (m, 20H, 4 C6HI::); ir (film) vax: 3400 
Y, m ~ 

(OH), 3300 (NH), 1775 «(3-1actam), 1750, (esters), 1665 (amide) cm- l . 

, r , 

l ' 

, " 

. ! ~\ 

1 
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146 

~lore polar'~fraction: lHmr 200 MHz (CDC1 3) 6: 1.92 (ddd, 1H, PhCH-C.!:!H, , . 

J = 10.0, 10.0 Hz, 2J = 14.0 Hz), 2'.20 (ddd, lH, PhCH-CI--!)i, J = 3.0, 4.0 Hz, 

.2J ,= 14.0 Hz), 3.60 (s, 2H, PhC!i2-CO), 4.00 (ddd, lH, C)i-CH-NH, 

J = 2.2,4.0,10.0 Hz), 4.40 (d, lH, OH, J = 4.4 Hz), 4.68 (m, lH, 

PhCH-OH), 4'.71 (dd, 1H, C)i-NH, J = 2.2,6.0 Hz), 5.12 (s, 2H, PhC~-O)~ 
o ,_ 

1 

5.18 (AB, 2+1, PhC±i2-0), 5.26 (s, lH, C!i-C02CH 2Ph), 6.35 (d, lH, NH, 

J = 6.0 Hz), 7.2-7.4 (m,'20H, 4 C6H5); ir (film) vmax : 3350 (Oft), 

3300 (NH), 1775 (S-lactam), 1750 (esters), 1660 (amlde) cm-1 

Chloride 156 
1---'--"-'----'-

To a solution of a1coho1 155 (121 mg, 0.2 mmo1) in CH 2C1 2 (,2 ml) 

containing pyr';dine (48 mg, 0.6 mmol) was added\~eS02C1 (70 mg, 0.6 mmol) , 

at room temperatur:e. After st; rring Qvern i ght, CH 2C1 2 (20 ml) was 
1 -

added and the solùtion washed with water (3 x 5 ml), dried (MgS04 ). and 
(.".. • L 

evaporated to give 76 mg (61%) of chloride 156 and 25 mg (21%) of the 

correspond; ng styry1 S-l actam, after fl ash chroma tography (2 :~, EtOAc: 

petro1 eum ether). 

Ch10ride 156: lHmr,200 MHz (CDC1 3) 0: 2.35 (ddd, 11{, PhCH-C!iH, 

J = 7.5,9.5 Hz, 2J = 14-.0"",H'z), 2.63 (ddd, 1H, Ph CH-CH!:!., J = 4.0,7.5 Hz, 

2 J = 14.0 Hz), 3.55 (s. 2H, PhCH 2-CO), 3.78 (ddd, 1H, CH-CH-NH, J ,= 2.5, 
\-' - - 1 

4'.0, 9.5 Hz), 4.64 (dd, lI--!, C!i-NH; J = 2.5, 7.7 Hz), 4.98 (dd, lH, ' 

PhC!:!.-C1, J = 7.5, 7',5 Hz), 5.1-5.2 (in, 4~, 2 PhC~-O), 5.30 (s, 1H; 

C)i~é02C~Ph), 6.10 ,(d, lH, N~, J = 7.7 Hz), 7.2-7.4 (m, 20H, 4 C6H5); 

, ' 

,,. 



--- --------------...... ---. 

'. 

ir lfilm) v 3300 '(NH), 1775 (B-1actam), 1750 (esters), 1670 (amide) max 

cm- 1; ms (20 eV, 97°)., mie (?/oo): 624,626 (0.6, 0.4, t~+·), 588 (l, 

~1+' - HC1), 454 (6, M+' - Cl' - C0
2

CH
2
Ph'), 91 (1000, PhCH

2
+·). 

( , 

Styry1 B-1actam side-product: IHmr 200 MHz (COC1 3) 0: 3.65 (s, 2H, 

PhC~rCO), 4.S7 (dd, 1H, C!i-CH-NH, J ;; 2.5,9.0 Hz), 4.84 (dd, lH, 

Ct!-NH, J = 2.5,8.0 Hz), 5.08, 5',24 (2s, 4H, 2 PhC~-O), 5.28 (s, 1H, 
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C!:!.-C02CH 2Ph), 6.20 (d, lH, NH, J =,8.0 Hz), 6.22 (dd, lH, PhCH:::C!i., '6' 
J ::: 9.9,16 Hz), 6.6d (d, lH, Ph'CH=CH, J = 16 Hz), .7.2-7.5 (m, 20H, 

-'- 1 

4 C6HS); ir (film) vmax : 3300(?(NH), 1775 (B-1actam), 17S0 (esters), ~ 

1670 (amide) cm-1 . 

Bicyc1ic B-1actam 157 

A solution of chloride 156 (63 mg, 0.1 mmol) in CH 2C1 2 (0.5 ml) 

contalning triethylamine (50 mg, 0.5 mmol) was s't;jrred for 48 h, at 

~oom temperature. Then, CH2CJ2 (25 ml) was added and the solution washed 
o 

,/b...PH 4.5 ~uffer (2 x 1/0 ml) and brine (10 mL), drie,~ (MgS04) and 

evaporated to afford 49 mg (8~) of bicycJic B-lactam 157, after flash ", -
chromatography (2:8, EtOAc:petroleum ether). , / 

l Hmr 200 MHz (CDC1 3 ) cS: 2.40 (ddd, lH, PhCH-Ct!,H, J = 5.5, 6.0 Hz, 

2' 2" J::: 13.0 Hz), 2.56 (ddd, lH, PhCH-CH~., J::: 9.5,13.5 Hz, J ::: 13.0 Hz), 

,).63 (s, 2H, PhC~-CO), 3.83 (ddd, lH, C!:!,-CH-NH, J ;; 2.3, 5.5, 9.5 Hz), 
, ~, 

4.44,4.86 (2d, AB, 2H, PhC!iz-O,~ J =912.0 Hz), 4.49 (dd, lH, PhC!!-CH2 , 

J = 6.0, 13.5 Hz), 5.08 (de, 1H, C!j,-NH, J := 2.3. 7.3 Hz), 5.10, 5.23 

" 
, , , 

l , 

" , \ 

, , 



1 

" 

(2d, AB~ 2H, 'PhC!i2-0, J ~ 12.5 Hz), 6.24 (d, 1H. NH, J = 7.3 Hz), 

6.7-6.8, 7.1-7.4im, 20H, 4 C6H5); ir (film) vmax : 3300 (NH), 1785 

r ((3-1actam), 1750 (esters), 1670 (amide) cm- ; ms (20 eV, 96°), mie 

(°/00): 588 (9, M+'), 453 (118, M+' -"C02CHlh'), 413 (79, M+'-

PhCH 2CONHCH==t=0), 322 (130~r"M+' - 1-75 - CH 2Ph'), 278 (336, M+' - 175 -

C02CH 2Ph'), 187.1 (M*, 413 -r 278). 

(3-Lactams 159 and 160 

)~ 
Obtained from 'trimethy1silylpropargy1 aldehyde and amine 108-, 

ln 76% yield, as a 1 ta 2 mixture of ais (159) and tY'ans (160) isomers, 
, 

via the procedure for the preparàtion of 106. . ~ T 
(3-Lactam 159: ,1Hmr 200 MHz (CDC1 3) 8: o.n, 0.22, (25, 9H, SiMe3), 

1.3-1.4 (m, 6H, 2,CH 2-C!!3)' 1.50,1.52 (25, 9H, t-Bu), 4.1-4.4 (m, 4H, 

2Ctiz-CH3)' 4.58, 4.61 (2d, lH, C!i-CH-N3, J =,5.0, .?-:9..->Hz), 4.76~ 4.77 

(2d, lH, P-CH, 2J ::; 22,23 Hz), 4,,86, 5.00 (2d, lH, CH-N3, J == 5.0, 5.0 

Hz); ir (film) v .: 2110 (N3), 1780 «(3-1actam), 1735 (ester) cm- 1 . . max 

S-Lac,tam 160: IHmr 200 NHz (CDC1 3) 8: 0.19 (s, 9H, SiMe3). 1.3-1.4 (m, 

'6H, 2' CH2-C!:!.3)' 1.51 (5, 9H,' t-Bu), 4.1-4.3 <m, 4H, 2 C!:!..2- CH 3) , 4.43, 

4.56 (2d, lH, C!i-CH-N3' J =,2.5, 2.5 Hz), 4.62, 4.65 (2d, lH, CH-N 3 , 

o.J == 2.5, 2.5 Hz), 4.64, 4.76 (2d, lH, P-CH, 2J == 23,23 Hz); ir (film) 

v : max 
'. l 

.2110 (N 3 ) ~ 1785 (B-1~tam). 1740 (ester) cm- . 

o~ 
o 
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Termina 1 acetylene 161 

Obtained from 160, in 70% yield, accordlng ta the prace~U\7e 
--e-

"0 described by Kralhanzel and Poist1l9 . 

IHmr (CDC1 3) 8: 1.2-1:5 (m, 6H, 2 CH 2-C!:! .. 3)' 1.53 (s. 9H, t-Bu), 2.73, . ..) 

2.75 (2,Q, lH, C::C-H, J = 2.0, 2.0 Hz), 4.0-4.4 (m, 4H, 2 C~-CH3)' 
, ' 2 

4.6-4.8 (m, 2H, CH-CH-N3), 4.72, 4.80 (2d, lH, P-CH, J = 23,~ Hz),; 

ir (film) v : 3280 (C=C':H), 2110 (N 3)', 1785 (6-,lactam), 1740 (est'ér) . max 
-1 • cm . 

r 
t1ethyl ketone5 162 and 163 

Obtained from 159 and 160, in 63 and 60% yield, re~pectively,' 

via the procedure for the prepa ra t i on of 138. 

Ketone 162: IHmr ~O MHz 0(CDC1 3 ) 0: 1.35, 1.37 (2t, 6H,-2 CH2-C!i3)~ 

1.48, 1.51 (2s, "9t. t-Bu), 2.25, 2.31 (25, 3H, COCH3 ), 4.1-4.3 (m, 4H, 
~ 2 

2 C~-CH3)' 4.74, 4.89 (2d, lH, P-CH, J = ~,22 Hz), 4.75-4.85 (3d, 

1H, C~-CH-N3'_ J ~ 5.5 Hz), 4.9-5,0 (3d, 1~, CH-N3, J = 5.5 Hz); ir 

(filmtvmax: 2110 (N3), 1785 (S-lactam), 1735 (é5ter, k~tone) cm- l . 

Ketone 163: IHmr 200 MHz (CDC1 3 ) 0: 1.3-1.4 (m, 6H, 2 CH 2-C.!:!.3)' 1.48, 

1.5:1 (25, 9H, t-Bu), 2.34,2.36 (2s, 3H, COCH 3), 4.1-4.3 (m, 4H, ' 
. '2 

2 C~-CH3)' 4.45-4.65 (m, 2H, CH-CH-N3), 4.73, 4.87 (2d, 1H, P-CH, J = .. 
20,22 Hz); ir (film) \!max: 2110 (N3), ,1785 (S'-lactam), 1735 (ester, 

ketone) cm- 1 . _ 
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