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ABSTRACT 

• 

r 

The syntheses of nocardicin analogues 31, 52 and cephalosporin 
't, --- • 

analogue 95 are described. None of the above_ c~mpounds showed the 

significant antibacterial activity. 

"", 

The reaction of azidoacety1 ch10ride with vario~s Schiff bases 

der1ved fram phenyl propargy1 al dehyde and substituted anil ines, afforded 

s-lactams in fair to good yie1ds. 

i 

A new bicyclic S-lactam 162 was synthesized. The key step involved 

the phosphory1ation of the nitrogen on an N-unsubstituted S-lactam ring. 

A key intermediate 188 for the synthesis, of monobactam analogue 

was been prepared.· -.- '. J' ~ 
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SYNTHESE DE NOUVELLES B-LACTAMES 

Whi-Y,u Liu 

Dêpartement de Chimie 
Université McGill 

Montréal, Québec, Canada 

RESUME 

0' 

\ i 
'On décrit la synthèse des composés ~ e~ 52, analogues de la 

nocardicine, et du composé 95 analogue des cêphalosporines. Aucun de 

ces dérivés ne présente une activité antibiotique marquée. 

La réaction du chlorure,d'azido-acêtyle avec dive:ses bases de 

~hiff, provenant de la cpndensation de l'aldéhyde propargylique sur 

'des "anilines substituées, conduit a l'obte~tion de 8-1actames avec de 

bons rendements. 

i i 

Une nouvelle 8-lactame bicyclique 162 a été synthétisée. L'étape 

clef met en jeu la phosphory1ation de l'atome d'azote d'un cycle B~lactame 

N-non substitué. 

Un intermédiaire clef 188, dahs la synth~se d'analogues monobactams 
-
. a été préparé. 
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GlOSSARY OF ABBREVIATIONS 

Bn' Benzyl 

t-BOC t-Butyloxycarbonyl 

Bu Butyl 

CI-ms 'chemical ionization mass spectrometry 

CSI 

, d 

DMF 

DMSO 

Et 

9 

ge-ms 

lHmr 

ir 

J 

1 

Me 

... 

Chlorosulfonyl .isocyanate 

Doublet 

N~N'-Oicyclohexylcarbodiimide 

N ,N '-Oimethyl fonnamide 

Oimethylsulfoxide· 

Ethyl 

, Grain 
/'J 

Gas c~romatography-mass spectrum 

Proton magnetic resonance {spectrum} 

Infrared (spectrum) 
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Methyl 

MIC Minimum inhibitory ·concentration (~g/ml) 
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ÜHRODUCTION 

PREFACE 1· 
. 

S-Lactams are four-mem~ered heierocycl;c compounds of type 1. 
.. • fi t). • , ~ -

Though the first member was synthe,?ized by Staudinger in 19071, the 

6-1 actams as a c'l~ss ~cquired importance Since-Othe discovery2 of penicill in 
h '" 1 

~, which contains a 6-1âctam unit as Cln essential structural fiature. 
~ 

Penicillin was the first microbial metabolite found' to be'tox"ie; to 

, 
H H· \ . 

RCONHn\r 
~b 0 It -( "-

\ 

COOH 

1 
-f 

.. 
the bacteria but therapeutic~to the mal11Tlalian hosto 

• • 
In 1955, Abraham is~lated3 a new antibiotic "frQm CéphaZosporiwn ~p. , 

and proposed a struct~re4 for cephalosporin C l which was 1ater (1961) 

confinned by Hodgkjn5 by means of X-ray crystallographic studies. It has 

.. 

, -, 
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fil.led many of the gaps in the antibacterial spectrum of penicillin, often 

as a consequence of- its resistance to the B-lactamases produ~ed by bacteria 

in their own defence. 

There has been an enonnous amount of research on penicill ins and 

cephalosporins. This effort has produced the new types of 13-1actam anti­

biotics by the isolation from natural sources, such as: wildfire toxin 6 i, 

nocardicins 7 5, sulfazecin8 6, thienamycin9 7, olivanic acids lO 8 and - - ~ -
clavulanic acidll 9. 

Wildfire toxin 4 

.. , 

Th 1 enamyc in?.. 

Sulfazecin 6 

r;.oOH 

Nocardicin A 5 

o 
~~\-

s 

COOH l 
011va-n:ii~aci~1390? 8 

o 

.-

oJ1XOH 

'COOH 

Clavulanic acid 9 
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Nocardicin A is active against a wide range of Gram-negat,ive 

. bacteri a. bU~ i t has no act i v i ty aga i nst Gram- pos i t ; ve bacteria 12. The 

3 

most remarkable feature a! nocardîéin A 1s that in ~o activity is much 

higher than in vitro activity. Sulfazecin is active against Gram-negative 
'1J 

bacteria and weakly active against Gram-PQsitive bact~ria. Clavulanic 

aéid is a 8-lactamase inhibitor. Thienamycin and the related alivanic acid 

are effective against Gram-positive and Gram-negative bacteri'a, and show 

as well a-lactamase inhibitary activity13. t~ 

MODE OF ACTION OF ~-LACTAM ANTIBIOTICS 

Studies on the mechanism of action of pe~icil1in have been in 
. 

progress since it was first obtained in a pure form in the 1940's. In 

1945, it was suggested by Duguid14 that penicillins affected the cell walls 

of bacteria: In 1965," Strominger et aZ .. 15 as well as Wise and Park16 

discovered evidence in support of the view that penicillin inhibits the . 
cross-linking reaction in tha cell wall synthesis. The defectjve cell 

walls leads ta the destruction of bacteria. Since animal cells do not have a 

cell wall, the unusually low toxicity of penicillin is easy ta understand. 

The bacterial c,ell wall is a complex, partly inelastic, structure 

which protects the cell fram osmotic.swelling and also conditions the 

mi croenvirorvnent of thé--~y.toplasmic membrane 17. Wh il e the cytoplasmic 
~ 

membrane has a relatively consistent chemical ~c.ompositian and molecular - , 

architectur:, the walls ~f Gràm-positive and Gram-negative bacteria are~ 

very different in structure and chemical cOOlposition .• 'Gram-positive 
. 

walls are mainly composed of peptidoglycan (murein). Gram-negative walls 
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4 

contain a thin layer of pePtid~glYCan and a bi1ayer~ outer membrane. 

Bacterial peptidoglycan c~ a b~CkbO~,Of g1ycan chains 

of a1ternate residues of N-acety1g1ucosamine (GleNAc) and- N-acetylmuramic 

acid (MurNAc). Each residue of MurNAc is substituted with a short peptide 

containing both 0- and L~aminoacids. 'The glycan chains are meshed 

together to fqrm a three-dimensional structure by cross-linking between the 
... 

peptide of neighboring glycan chains. The structure- of the peptidoglycan 

f '1' .' h . F' 118 o E. aov~ 1S s own ln 19. . Species specifie variation of this 

general structure is wide spread, e.g. in the peptidoglycan of S. aureus 

Fig. 1: The structure of part of the peptidoglycan of 
E. aoZi, MurNAC. N-acetylmuramic acid; GleNAc, N-acetyl­
glucosamine; L-ala. L-alanine; D-g1u, D-glutamate; m-dap, 
meso-diaminopimelic acidj D-a1a, D-alanine. 

'" 
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dla~inopimel ie ae;d ;s replaeed by lysi.ne and the peptide crossl'inks 

inv~;ve an additional-pentaglY~ine chain19 . 

Tipper and Strominger have proposed a model which sharply ,. 

5 

influenced~our ideas for the mechanism of the transpeptidation reaetion 

and"its inhibition by penicilline According to this model, a transpepti­

dase enzyme reacts with the terminal D-alanine of the pentapeptide side 

chain in the case of S. aureus, breaking the peptide bond, with the release 

of the terminal D-alanine, and the formation of a D-alanyl-enzyme 

i,nterme~iate. Transpeptidation is then eompleted by the transfer of the 

D-alanyl resldue from the enzyme to the free amino group of a neighboring 

peptide side chain. Penieillin wa,s, postulated to be a struct!!ra1 analogue 

of the terminal D-alanyl-D-alan)ne of the pentapeptide. The transpeptidase 

binds pe~ieill in to i~s active si.te, w~~re the highly strained S-lactam' rin~1 

is cleaved to form a stable and inactive penicilloyl-enzyme complex, which 
; 

is an!J.iogou·s to the tra~sitory D-alanyl-enzyme intermediate of the normal 
l \/to~ 1 - , 

enz~~ meehanism (Fig. 2, p. 6)20.'.T~e antibiotic binds to the 

transpeptldase and inactivates ~it, "preventing any further incorporatjon of 

nascent peptidoglycan into the cell wall. Continuing growth, in the' 

absence of the synthesis of rigid cross-linked peptiaoglycan, results in 

the rupture of thè wall at the region' of active, wall 'growth, and the 

release of the cell contents. 

Mqre recent mechanism of action studies on ~-laétam antibiotics 

now make it clear that. the original proposa l by Strominger ·is an over-.. 
, ii 

si,plifioation. Multiple binding sites for penicillin and related S-lactam 

antibiotics have beèn deteeted ln the membrane of all baeteria that' have 

.J 
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DI-oa 

(PENICl:LLl:NJ 

- ".. 
H:zO Me ! 

(ACYL-DI, ~/-CONH+COOR . 
... (D,D-CARBOXYPEPTlDASI!: 

A/-COICII+C-oBHI PRODUC'l'J. 
Il 
o 

~-". 

D-Ala 

CACCzrroRJ 

B/-nCO - CH2 - NR2 

ENZ-oS 

M. 

A/-COIIJI+r=O 

B/-NHCO-CH2 -~ 
CTJlAJlSP!:PTlDASE 

PRODUCTI 

acONH\..-/+ B
2

0 

DIO-{ lAcooli Iw=OIfII:{-<;S-I- Cp-LACTAMlSa 
o ___ ~.... Ba -1-._ 'RODUCT) 

CPUICILLOn.-UI) 0 H COOB 
........ _--

• 

DrI-oH 

RCOlQl-CS2- COOR 
(AcrL-GLYCINI:) 

Fig. 2: Formation of acyl-enzyme intermediates in D,D-carboxypeptidase, 
D,D-transpeptidase, and a-lactamase action. 

been examined. Several penicillin-sensitive enzymes (transpeptidàse, 

carboxypeptidase and endopeptidases) that apparently correspond to sorne of 

the binding si~es, have been identified. Six distinct peneillin binding 

proteins (PBP) have been identified in the ;nner membrane of ~. coZi21 • 

They separated out according to molecular weight and have been numbered 

6 

{,

"'\ J 

in order of decreasing size. The two smal1est protein , 5 and 6, have been 

" 
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shown to be equivalent~to D-alanine carboxypeptidase. Although sensitive 

to penieillin, this enzyme is not believed to be a nonnal killing site 
" for most S-laetam antib10tics. Prote;n 4 is also an unlikely candidate 

7 

because mutants have been reported that lack this protèin'but grow normally. 

Protein 3 is believed to be involved in septum formation and cell division. 

Selective inhibition of this protein causes the normally rod-shaped cell 

ta become f~tamenteous. Protein 2 has been shown to be necessarYafor 

maintenance of cell shape. Mutants which la'ck this protein, or nonncl1 

bacteria treated with an agent that selectively inhibits it, grow as 

osmotical1y stable spherical ce1ls. Finally, protein lA and lB, have been . 

identified as the peptidoglycan transpeptidase originally described by 

Strcminger as, the ki1ling, site for penicilline Selective inhibition of 

this enzyme preferentia1ly inhibits cel1 elongation and Cquses ce11 1ysis. 

A1though most B-1aetam antibioties bind cavalently ta sorne or a11 of the 

six proteins, there are decided differences among them" . .;i-n terms of their 

'" relative affinities. 

At the present time it is not exactly clear'how the inhibition of 

those enzymes is linked to the induction of baeterial lysis. A number of 

observations22 suggest that inhibition of' cell.wall synthesis by any means 

triggers bacterial autolytic enzymes (an N-acetylmuramyl-L-alanineamidase) 

by destabilizing the endogenous comp1ex of an auto1ysin inhibitor and 

autolytic enzyme. 

> 
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D 

" 



( 

BACTERIAL RESISTANtE TD S-LACTAM ANTIBIDTICS 
1/ 

Resistant strains of bacteria arise due to the inhomogeneity of 

bacteria1 species. Because of drug tolerance, the resistant strains cari ... 
take place of antibiotic-sensitive strainsathrough the process of natural 

selection. In the majôrity of Gram-positive organisms, the 8-lactamase is 
" , 

8 

usually the sole complicating factor in resistance. 8-Lactamases are' large 
p 

proteins produced by bacteria to hydrolyze the a-lactam to thë s-aminoacid 

derivative23 . The 8-1actamases of Gram-positive bacteria are predominantly 

extracellular and inducible. They often display a very high affinity for 

their substrates. 

In Gram-negative organisms the main contributing 1ra~tors to the 
é» 

highlY,complex defence system (protecting the cells from destruction by 

8-lactam antibiotics) are the permeability barrier, the 8-lactamase and 

the interplay between the S-lactamase and the barrier. Severa l lines of 
-~ 

evidence have supported the view that outer membrane of the cell wall 

provided a permeability barrier which makes Gram-negative bacteria less 

sensitive to many antimicrobial agents24 With few exceptions, the 

S-lactamases from Gram-negative bacteria are cell-bound enzymes, produced 

in much smaller quantities. The majority of enzymes are constitutive and 

th~ir substrate affinities are low compared to the S-lactamases from Gram-

't' ,25 POSl lve organlsms . However, the 8-lactamases of Gram-negative bacteria 

are ~ery effective since they hydrolyze only the antibiotic that penetrates 

the cell wall. 
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STRUCTURE-ACTIVITY RELATIONSHIPS 

Early work on the pe~icillin qnd cephalosporin groups of antibiotics 

,soon establ ished the following structure features necessary for the , 

optimal antimicrobial activity26: (i) a cis-fused S-lactam ring, (ii)- a:n: , 

acylamino side chain, (iii) an acidic function at C-3 of a penicillin or 

at C-4 of a cephalosporin and (iv) a penam or cephem system ta raise the 

infrared spectrum of S-lactam above 1765 cm-1. ~eplacement pf the carboxyl 

function with a tetrazole in'the penicillin series seems compatible with­

retention of(fioactivity while conferring increas~d S-lactamase stability 

ta the penam nucleus. Examples of 3-(5-tetrazolyl)-penams lQ. have been 

reported. The 7a-m~thoxycephalosporin class of S-lactam antibiotics, e.g. 

cefoxitin 11, possesses the attributes of the cephalosporins combined 

with B-lactamase stability. 

Recently, however, many s-lactam antibiotics that do not fulfill 

all the criteria, listed above have shown significant biological activity13. 

A number of penicillins and cephalosporins having side chains other than 

those of the acylamino group have been prepared. Mecillinam 12 is used 
-..:~-:-

clinically. Naturally-occurring thienamycin Z, although it has a trans-

fused ring and l-hydroxyethyl side 'chain, shows remarkable actiyity. 

Clavulanic acid ~, which has no side chain, shows anti S-lactamase activity. 
c, 

Cephalosporins with the sulfur atom replaced by an oxygen or a 

methylene group were found ta retain the activity of the parent. Doyle 

et a~. have synthesized 0-2-'isocephems 26 , which have comparable activity. 
; , 

Woodward and co-workers have reportred the synthesis of biologically active 
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HO 

CP-35,587 R = H 

H 

N:trJ< 
() , 
.~ 

- Hrf -ï 
la 'N=N 

Meci11 inam 12 

" 

Cefox it in 11 

R)=T~ 
COOH 

OH 
13 R = H, "J-., 

penems 1127 . Nocardicins 5 and su1fazecin ~, which do not have a bicyc1ic 

system, possess good activity against a large number of very resistant 

bacteria. 

SYNTHESIS OF 8-LACTAMS 

Fermentation and Semi-Synthesis 

Improvements in the techniques of "i sol ation of penici 11 ins and 

use of new strains of microorganisms generated through mutation induced 

by ultraviolet light and other agents have made penicill;n G and V very 

cheap and abundant28 • 6-Aminopenicillanic acid (6-APA) is now dtrect1y 

available through fermentation or indirectly'by the scission of the side 

chain under enzyme action or by economic chemical manipulation. Thousands ,,' 

of penicillins have been prepared since then by the acylation of 6-APA 
1 
1 
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with a variety of acids. Severa 1 of these "semi-synthetic" penicill ins are 

now in clinical use. The cephalosporins are obtained by fermentation 

or through a semi-~ynthetic procedure similar to that used Tar peniciflins. 
;;~ .. 

Besides, the easy availability of penicillins G and V at~an economic 

price has led to the extensive studies for the conv~rsion of penams to 
-

cephems 7 ,28,29. 

Total Synthesis 

Interest in B-lactam continues unabated because of the therapeutic 

importance of e-lactam antibiotics. As a resu1t, diverse refined 
• Q 

prep~rative methods have been developed, cU~in~ting in the total synthesis 

of many interesting B-lactams. These ar~ummarized in several review 

arti cl es29 ,30. . 

~. 

Cyclization of Suitable Acyclic Compounds 

Different s-lactams have been synthesized by cyclizing 6-aminoacids' 

with the aid of such reagents as acetic anhydride, acetyl chloride, 

phosphorus trich1 ori de, thionyl chl aride and carbodi imides. In 1962\ q}.. 

Sheehan reported the first total synthesis of a penici11in3l • The . .' .~. 

format~on of the B-1actam ring was achieved using dicyclohexy1'carbodiimide 

(DCC~ as a cyclizing reagent. Most recently, Oh no has applied Mukaiyama's 

reagent32 , triphenylphasphine and 2,2'-dipyridyl disulfide, ta farm 

e-lactams33 from 8-aminoacids. S-Aminoacids were a1so cyclized by 

conversion into acid chlorides followed by treatment with a base33 . 
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H H H H , 
RCONH'i---t- S y 

Hoc6 ~"-f' 
èOOR' 

DCC _ RCONH)=:t-f" 

'COOR' 

• /J 
~-

Cyclization of S-aminoacid esters was effected with Grignard reagents or-

triisobuty1aluminum. In 1965" ,Woodward announced the. first stereo­

specifie synthesis of cephalosporin C 3 ;nd ceph~lothin }i34 in his Nobel 

prize address. Triisobuty1aluminum was' used for cyc,lizing ~ to the 
'fi 

bicyclic 1aètam 16, which served as an important inte~ediate in the total 

synthesis. A Grignard reagent was first employed in the synthes;s of 

C02H SH 

H.P 
NH2 

L-cysteine 

.... X t-BuOCON S 

MeOC~NH2 
15 

t-BUOCONXS 
i-Bu3Al • 'ri 

O)-N"H 
l' ~ lÉ-

H H' 

Ac, 
-c \ 

RCONH~~S , 

COOH ' \ 

, 4 \. 
"' 1 

!. 

a-1actam by Breckp~t35 and has since found application in the preparation , 

of various types of'e~lactams. Lately, a key intermediate for the 

preparation of thietamyein l has been synthesized separately by twu 

groups, Chris,tensen 6 and Kametani 37 , via the ring closure of. the amin~ 
ester by treatment of an appropriate Grignard reagent. Their 
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( approaches was illustrated as follows: 

MercI< • 

.-J., e02H ~ , ~~ e02Bn 

,1 \ . - 1\, 
HOCO NH2 BnOeO ~SiMe3 

Aspartic acid 

.. 

... 

Kametani et al.. 7 ,. d 
OMe 

H;:,yN 
--'-~. OHe - Me 1\ 

MeOOe H 

OR 

"J'WH ~ OH 1. aq. AcOH 
'H .. o ,2. NaBH4 , 

.. 

.... , OH 

,: ,,;,t=qH ~ 
i 

o N 
Thienamycin COOH 

7 
Decysteaminylthienamycin 

.~ 
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Knunyants et al. synthesized B-1actams via N-C4 bond forma.tion 

through dehydroha1ogenation of 3-ha16~ropanamides in the presence~of 
, 4 • 

strong bases29
• It was found that th~ substitution"at the nitrogen atom 

~ / 
does not affect cyc1ization. The L111y'Research Laboratory38 reported 

the total synthesis of nocardicin A by the cyc11zation of 17 with sodium 
~ -. 

hydride. Mil1er's approach to 3-aminonocardicinic acid (3-ANA) relied 

1) Acetone 
2) PhCOC1 

L-Cysteine 

:\ 

X' ~x 

14 

PhCON)::::1~OR_ 
NaH 

PhCN S:J§r OR Il \---1 .. Cl • 0 J-N . . "; ~ 
O~. ~ 

1 
1 

COOR 

H2N~~OR 
o . 

1 

COOR , 
3-ANA 

... ... , 

éOOR "' .... 
17 

_ l, 

Nocardicin A 5 

'" 1 

,on the efficient cycl ization39 of the O-benzyl l1ydroxamate '18 ta. ~ 

with PPh3/CC1 4/NEt3, followed by subsequent alkylation of t~e B-lactam 

nitrogen. 

/ 
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RNH~ 

CO OH-

R = t-BOC 

" 

" 
DCC 
H2NOBn 

H OH 

RNHj=: 
... NHOBn 

0 

t· 
• 

18 

COOH 

3-ANA 

H _RNH1; PPh3/ CC1 4 ' 

NEt3 .. 0 N'OBn° 
19 

1. H2/Pd/C 

2. TiC1 3 

\y 

Photolysis of ~iazoa~20 gave the annulated e-lactam 21 40 . 
~ -

This ~ethod was extended to the synthesis .of several bicyclic a-lactqms41 . 

\~ 

_h_v_' ___ ~)=r-)< 
COOt1e' 

21' 

A synthesiS of thienamycin intennediate through this carbe,ne 'insertion 

\ --- r.~action was rep~rted by So~thgate42;, , 0 . 

~ .. CH;CO J-N~N hv or .,)1. ... ')=O~' ~ l , 1. diketene _ ~ _6 -

1. NaBH4 

\ 2. RCaCl 

Th1enamycin 7 ~ ........ _ ..... _-.-
/S' 

'1 
" 
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Cycloaddition reactions 

1.\ 
çt;­

Two well documented cycloaddition approaches for the construction 

of a S-lactam ring are the interaction of an imine with a ketene or of an 

isocyanate with an olefin. 
'-

(i) Addition on im;nes 
• 

The first 8-1actam was' prepared by the ketene-imine reaction1. 

The addition of substituted acetic acid derivatives to imines in the 

'presence of a: base may be treated as an extention of this reaction. Bose 

carried out the addition reaction of azidoacetyl chloride 22 to the .. 
appropriate imines 23 to yie1d the azido s-lactam 24, which cou1 d be 

'0 
into the desired acy1amino B-1actam 2543 transfonned Since then, this 

H H <-

N3jf N3l 'II NEt3 
~RCONHtr .J' 

+ --
o Cl 

-iN ,. . N, o .' N, 
"0 

22 23 24 25 - ( 

reaction has been intensive1y u~ed.~ Christensen et ~l. at Merck 

Phannaceutical Company synthesized many cephalosporin derivatives with the 
, -

structure type of 2644 and 2745 . The Bristoi 26 ,46 group have been . , 

i nvo l ved in the synthes i s of i socephems 28. A 11 of these compounds 26, 

27 and 28 sh~~ed rel ativo/9oOd activ~ty. A cOlllnon feature o:a. those 

approaches was fh~st tO\fOrm the j3-1ac:tam ring using acetyl chloride/imine 

reaction and th-en construct the remaining ring. One of the examples is 

11lustrated as follows: 
1 

Î 



RCONH'r-(S J 
O)-YR' 

COOH 

26 

Bristol 

RCONH .. )1~X . RÇONH)=Q 

OAc N~R' o . T' -
CO OH COOH 

28 

Ph 
.oMs 

N3±r~~ 1. O~ N3)=( 00 H2~OR l. ~"~O 
2. N BH4 

· 0 N--A-0R - N+ BnOO OR 2. N3CH2COCl 3. MSCl 
4. NaOH NEt3 COOSn COOSn 

1. H2S N 
RCONH~O 'NEt3" 3 ~O 1. Br2 

_~iJ' ~OA--;"'2-.-R-C-OO"';H--'J-N~ /OA-; 2. KOAc 

\ 

o T -.....,- 3. Pd/C/H2 O· T --- DMF 
COOH COOBn 

28 

It is noteworthy, in this synthetic sequence, that·the Bristol group hav.e 

applied the addition of a c.-innamylidene Schiff base with an azidoacety1 
8 0 

chloride to yield exclusively ois f3-1actam47 . 
-~. 48 . 

Î<amiya at Fujisawas Pharmaceutical Company adopted the cyclo-

addition between a thioiqd date and a substituted acetyl chloride for the 
. .. 

17 
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first synthesis of nocardicins .§. as wel'l. 

Fujisawas 

Nocardicin A 

5 

COOH 

3-ANA "' 

(ii) Reaction of isocyanates 

• • 

[ 18 

1. Raney Ni 

2. H2/Pd/C 
\ ' 3. LiI/Py 

r Several isocyanates29 , such as trichloroacetyl isocyanate, 

phenYJ __ isocyanate, various aroyl 'and arenesulfonyl isocyanates, have .been 

used te react with different olefins to proé:iuce S-lactams. The discovery 

of chlorosulfonyl isocyanate by Graf49 opened an efficient pathway for 

the synthesis of B-lactams, part~cularly used in the"recent synthésis of 

penems n 27 , thienamycin ISO and clavul~nic acid 2.51 . 

1 
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DESCRIPTION OF PROJECT 

" 
This thesis consists of three sections, these dealing with the 

synthesis of· different types of f3-1actams. In the ,first chapter, the 

syntheses of nocardicin analogues Rand 52 are described. The second 
~ . 

chapter invo1ves the synthesis of 6-1actam 95 and sorne interesting 
... 

19 

S-lactam intermediates which.ere subjected ,to the biologica1 test (p. 48). 

Finally, the last chapter discusses the synthetic studies toward mono­

bactam analogues ~, and the successfu1 synthes;s of bi€y,clic S-lactam 162. . . 

OH 'OH 

RCONH~~~ 
tOOH OH ' 

...-" 

COOH OH 

52 

RCÔNH}J"X 

N IOH o ..... p q'OH o 
S X = H, ÇH3 

, . 

NH2 N·OH 

.... 31 R = HOOCCCHCH2CHZ0-@-ë-

95 

) 
162 

•• 
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CHAPTER l 

Nocardicins 552~ a group of novel monocyclic S-lactam antibiotics, 

possess relatively high antimicrobial activity and are stereochemically 

~nd biologically related to penicillins and cephalosphorins. 

r· 
Nocardicin R = ... 

A 

NH2 N-OH 
HOOCCHCH2CH20-~-ë-

B 

NH2 HO-N 

" HOOCCHCH2CH20-@ -ë~ 

RCONH ~OH 1-:1 0 
'OJ-N , 

'''4. 
H COOH 

( C 

o 

~H2 . ~H2 
HOOCCHCH2CH20-@-CH-

NH2 0 

HOOCCHCH2CH20-@-ë-

'5 N-OH 
E Ho-@-ë-

HO-N 
F. Ho-@-ë-

• c NH 

@ 
.2 

G HO- 0 -C.-

Several total syntheses38 ,48 of noçardicins have been reported, 

'including a well established route for the synthesis of some nocardicin 

analogues accomplished in our laboratory by Dr. Hakimelahi 53 ,54. One of 

,1 
,,' 
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those analogues, compound 29 had an in vitro activity ag'ainst s. tutea, ;~ 

which was about the same as that of natural nocardicin A. 

N-OH f(VH OH ' 

N: :~OH 
HO' 

N 
o l', 

H COOl;.! 

29 

Nocardicin A shows antimicrobial activity in vivo rather than 

in vitro. It occurred to us that this in vivo activity may be l inked to ',,' 
.tI

1 

an oxidation to the corresponding quinonoid structure 30. The reactivity 

MCONH J=1~OH 

o 1'" . 

N'CONHnpO 
--------~~~ J--N ~ 

o 

[oxid] 

H COOH COOH 

5 

of the S-lactam ring, as ref1ected by the infrared f'requency, should be 

considerably enhanced, thus resul~ing in an increase in its biological 

activity. According to the methodology deve10ped in our 1aboratory, it 

was decided to prepare nocardicin analogue 31 bearing two para-re1ated . -
hydroxy groups on the aromatic ring. It was anticipated that the in vivo' 

and/or in vitro oxidation of this compound l!. ta a quinone may be more 

easily achieved than in compound 29. It may, as well, exist in part as the 

J ' 



o 

quinone-methine tautomer which snould display the enhanced (3-Tactam 

frequency mentioned above (Fig.' 3). 

N--OH~~OH~ 
O~ ~,., 

) 

H COzH OH 
31 

/-

22 . 

_ Jin vivo OXi~. (Fig. 3) 

OH OH 

,N'CONH~ -Y" 

t~ J-~,. 1 
o " 

CO H a 
2 

OH ,.0 

\~< ~> ~NH'Jê n 
o 'lN 

H C0
2
H 0 

Afte~ ana lyzing the structure of the desired compound 1}., we . 

initi~lly began our synthesis from the commerc;ally available 2,5-dimethoxy-

benza 1 dehyde 32. Th i s prov i ded us wi th a methyl protected phenol tha t 
fil 

was stable to both ac id and ~~se. 

"',' 

OMe 

Hh 
o OMe" 

32 

R 

OMe 

33 R = NH2 
34 R = OH 

MeOOC 

OMe 

NH2 OMe 

35 

Treatment of the a1dehyde 32 with sodium cyan ide _and ammonium 

chloride in methanol saturated with al11110nia at room temperature for 18 h, 

afforded a mixture of cyanoami ne 33 and cyanohydrin 34, based on the pmr 

/ 
/ 

,1 
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spectrum. The separation was achievèd by the fonnation of the hydrochloride 

salt of cyanoamine 33, and aqueous extraction. Neutral ization with sodium 

carbonate yielded the pure cyanoamine- 33. The infrared spectrum indicated 

the presence of an amine with an absorption at 3390-3400 cm-l, and a cyano 

fJnction at 2,100 cm-1. The cyanoamine 33 was transfonned into methyl 

glycinate 35 by heating with hydrogen chloride in methanol-water (95:5)'. 

cyc~oaddi tion reaction between a cinnamyl jdene Schiff base and a substituted 

acetyl chlori e which had been wel1"d.eveloped by Doyle et a7,.26. Thus, 

amine 35 was cond~nsed with cinnamaidehyde to afford the cinnamyTidene 

Schiff base 36 in quantitative yield. Upon treatment with azidoacetyl 

chloride 22 and triethylamine in- methyl ene chloride at -20 0
, the Schiff base 

-., . 
:f-

36 was readi ly converted 'Ointo azido ~-l actam 37. In the prnr spectrum, there 

Ph 

N if. 11- ( Me. 
3' . 

N 0 
a 

• MeDOC OMe Meooe OMe 

36 37 ' 

were two singlets at 5.91 and 5.93 ppm for the proton at the benzylic 

position, which clearly indicated a mixture of two diastereomers. The 

coup 1 i ng cons tan t between the two 8-1 a ctam pro tons wa s found ta be 5 Hz, 

which indicated the cis-stereochemistry for the 8-1actam ring55 . In 

addition, there were absorptions in, the infrared spectrum at 2100 a~d 
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1780 cm-1 for the azide function and the 8-1actam carbonyl g!,oup,respective1y. 

" At this point deprot~ction of phenol ic ether was attempted in order 

to be sure that the methyl protecting group could be cl eaved in the 

presence of a 13-1 actam. Even though there are many methods56 avai lable 

for the demethylation of a phepol methyl ether in the 1 iterature, most of 

those described reaction conditions wou1d easily open the acid -and base 
. 

sensitive S-lactam ring. A~tempted remova1 of the protecting groups on 37 

by means of trimethyls,11yl iodide57 , which was considered to be ~ mild' 

reagent, unfortunate1y a1so resulted in the destruction of the 8-lactam 
\ -

ring. It was decided to transfonn the azido S-lactam 37 ta-an amide. 

Reduction of 37 using hydrogen sulfide-triethy1amine47 in methylene chloride 

and acylation with pheny1acety1 chloride afforded amide 38. Unfortunately, 

we were not able to demethy1ft.te amide 38 with trimethylsi1yl ;odide aS,well. 

MeOOC OMe 

38 

Al so, severa 1 a ttempts to remove the methy1 groups on the compound 35 

using boron tribromide58 , hydrogen iodideS9 , or hydrogen chloride6Q , under 

various reaction conditions, failed ta give any promising resu1ts. Therefore, 
~ , 

the benzyl group was chosen 'as the prQtecting group. 
JI 

The benzyl group has bee~ successfully emp10YCl!d in the transformation 
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~ 53 
of an aldehyde to a methyl glycinate and could be cleaved by hydrogenation 

under neutral conditions at the last s,age of the synthetic scheme. " 

2,5-Dimethoxybènzaldehyde 32 was demethylated with boron \ribromide58 \ 

to afford 2,5-dihydroxybenzaldehyde 3~ ,in excellent yield. compoU~d 39 0 . \ 

was readily converted to 2~,5-dibenzyloxybenzaldehyde 40 using benzyl 

chloride and potassium carbQijate in absolute ethanol. 

OR OBn 

H R 
1.--

CN OBn .. 

39 R:. H 41a R = NH2 

40 R =, CH2C6HS 4lb R = NH 2 ' HCl 

42 R = OH ---
, The cyanoamine reaction of the benzy19xyb'enza 1 dehyde 40' proceeded 

in methanol-tetrahydrofuran, in a manner similar to the one mentioned above. 

Although the pmr and infrared spectra seemed ta show only one compound -

cyanoamine 41a, thin-layer chromatography indicated the presence of a 

major and minor product, pres l.ITIably, cyanoamine 41a and cyanohydrin 42 lr-::; 

resp~ctfve'ly. Attanpted separation of the two by the formation of the 
. 

cyanoamine .hydrochloride salt was not successful due ta the low solubil ity 

.. in water of the bul ky hydrochloride salt 41b. Because of the similarity 

of Rf values between the two compounds, we decided ta attempt the next 

, react i on us i n9 the mixture direct 1 y. 

.. 
, . 
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The crude cyanoamine 4la, in mèthano1 'water, was 

saturated with hydrogen ch10ride gas and th en refluxed for 2 h. ~fter 

work-up, chromatographie puY"i.fication affordep the desired aminoester Q, 

and sorne of compound 54. Obviously, 

OR 

under these severe acidic conditions, 
\ 

H2N~ 
MeDOC OR 

1 • 

{Ph in 

I( 0 45 
N 

the debenzylati on of 43 took pl ace to yield the partially hydroly~.ec! side 

product 44: The overall yield of the transformation (40 -+ 41a ~ 4-3) .was 

not repr6d~cibl e and ranged approximately from 5% to 45%. 

"After condensation of the aminoester 43 with cinnamaldehyde, 
, -, 

Schiff base 45 was obtained. Treatment of the Schiff base 45 with azido­

acetyl chloride-triethylamine at -20 0 afforded 8-1actam 46, as a _mixture of . --- ~-.. 

two diastereomers, in ~ 90% yield. The ratio of the two was close to 1:1 
~ 

as shawn in the pmr spectrum. Its ais-stereochemistry was indicated by 

the coupling constants (5Hz) between the two 8-1ac~m protons. 
o 

Meaoc 

'-~ ~JH OSn N3±f 0 
o yy 

H èoOMeOBn OBn 

46 47 48 
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Ozono1ysis of the azido S-lactam 46 with ozone and nitrogen53 in 

methylene chloride-methal}ol at -780
, followed by reduction with sodium 

borohydride at _10 0 afforded 8-1 actam 47 and 48, in a ratio of 3:1. The 

reason for the change in the ratio of the two isomers from azido 8-1actam 46 , 

to S-lactams 4tand 48 is not clear. The mixture 47 'and 48 could be separatèd 

using preparative 1 ayer chromatography. The rel ative configuration at 

benzy1ic posit'ion (C-5) of the less polar adduct 48 was assigned the' same 

stereochemistry as the natural nocardicin A, based on the arguments 

di scussed53 • The ester function absorbed in the infrared spectrum at 

1740 cm -1 (hydrogen-bonded carbomethoxy group) and the hydroxyl functi on 

at 3300-3500 cm-1 (hydrogen-bonded"hydroxyl), with a 10wering of the 

chemical shift of the proton a to the carbornethoxy group to 5.9 ppm. The 

corresponding numbers fqr t~e_more polar isomer 47 were 1750 cm-l, 3400-

3600 cm -1 and 5.6 ppm. Mode~ studies indicated that hydrogen-bonding 

of the ester and hydroxyl group resulted in the phenyl group being placed 
1 

away from the 6-lacta'tn-ring in the case of 48, whereas in isomer 47, ,the 
i 

phenyl group would be very close to the t3-1actam ring to permit hydrogen-
, ' 

bonding. Equilibration of the two ;s.omers by refluxing in benzene in the 

1 presence of _pyridine was unsuccessfu1. However·~ refluxin.g the mixture 

with triethyl amine gave a' 3: 7 rati 0 of 47 ta 48. This suggests that the 

hydrogen-bond between the free alcohol and the methyl ester made 48 

slightlY!!l0re stable than 47. The prnr spectra af S-lactams 47 and 48 are 
\ 

shawn in Figs. 4, and 5 on page 28. 
I! r 

As a model, the more polar isomer of azido e-lactam 47 was reduced 

using hydrogen sJ,llfide-t'riéthylamine to yield amine 49. After prQtecting 
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the hYdroxyl group of "S-lactam 49 with trimethylsilyl chloride-triethylamine, 

acylation with phenoxyacetic,acid, using N-ethOXY~~~~Yl-2-eth9xY-l.2-dihYdrO­
quinoline.{EÉDQ)6l as a coup1ing reagent, result~n the formation of 

, 
amide 50 in 78% y,ie1d. The pmr, infrared and mass spectra of the amide 50 , 

OBn 

""49 R = H, RI = CH3 
50 R-= C6H5OCH2CQ, RI = CH3 

52 '-' 

51 R = C6H5OCH2CO, RI = H 
fl1 

• 1 

were consistent with ,tp~ structure assigned. The infrared spectrum 

displayed abso~tions at 1765 and 1740 cm-1 for the carborlylOgroups of 
-

the B-1actam a~·ester, respective1y. The mass spectrum showed a parent 

ion at mie 610 (11.56%) and a fragment at mie 403 (42.76%) confirming 

structure 50. 

Treatment of B-lactam 50 with10ne equivùlent of 1% sodium 

hydroxide in methanol afforded the corresponding acid~. ·Remova1 of 

the benzyl protecting aroups by hydrogenation over palladium on charcoal 
, -" 

yielded the desired B-lactam,52. The ultraviolet spectrum·showed a 
l -

shoulder at 225 nm and a maximum absorpt~on at 285 nm. The infrared 

spectrum measured in nujol displayed a B-lactam carbonyl absorption at 
~ 0 

.. 

1750 cm-l, a~ absorption of hydroxy and acid functions in the 2800-3500 'Gm-1 
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region and an amide absorption at 1650 cm-1 . The pmr spectru~ of 52 in 

D20 and sodium bicarbonate53 ,54,62, ~howed one proton doublet for C-3 
, , 

30 

• at 5:5-5.6 ppm (J = 5Hz) and a singlet for the proton a to 'the carbomethoxy 
\ 

group at 5.8 ppm. 

We then turned our attention to the synthesis of the nocardicin 

analogue 31 via a similar route. The less polar isomer"D,L-azido-S-,-
lactam 48 was transformed into amine 53 by means of hydrogen slJ'lfide "nd , 

"tricthylamine. Amine 53 was silylated with trimethyls.ilyl chloride-

fooBn 

BnoocH~q 

53 

° 

54 

OBn 

triethylamine in situ, and couple~ with D,L-glyoxylic acid* 54 to afford 

6-lactam 55, as a mixture of unseparable diastereomeric racemates. The 

infrared spectrum indicat~d a a-lacta~ carbonyl function"at 1765 cm-1. 

The ul traviolet spectral data P'max (EtOH" H20): 228 nm and 298 nm] were 

A 9ift from Lederle Laboratories of the Ameri n ~anamid Company. 
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consistent with the presence of an alkylated phenol and a conjugated 

alkoxyphenol derivative. 

31 

The next step in the synthetic sequehce was the introduction of the 
, . 

oxyimino group. Treatment of S-lactJmv55 with hy5rdxy1amine hydroch1oride 

in pyridine-ethano1 53 ,63, followed by purification'on a silica gel co1umn, . ' 

afforded syn-oxime 56. Its infrared spectrum indicated the presence 

of S-lactam carbony1 function at 1768 cm-1. The ultraviolet spectrum 

showed a shoulder at 230 nm and a.maximum absorptio~ at 274 nm, which was 

different from that of S-lactam 55. 

COOBn 

BnOOCN~ 

Hydrolysis of the methyl ester of a-lactam 56 using 1% aqueous 

sodium hydrQXide 'in methano1'- f0110weMa-ta1ytiC~YdrOgenation over 
~ 1 

palladium on charc8al in ethanol for an hour, afforded S-lactam 11. The 

oxime configuration was estab1ished t~syn ta the acylamina group by 

comparison of its ultraviolet spectrum with that obtained by Kamiya at 

Fujisawa Pharmaceutical Company for nocardicin A and B64 . The ultraviolet 

spectrum show~d a shoulder'at 225 nm and a maximum at 273 nm in ethanol 

solution and a shoulder at 235 nm and a maximum at 283 nm in alkaline 

solution.. ~ 
, 

Compounds 52 and 3rdid not show any notable activity against a 
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variety of bacteria. 
-

In view of the structure of nocardicin 5, it would be interesting 
- -

to discover if we could prepare the analQgue 57 from the readily available' 
, - ... 

aldehyde 58 by decarbanylation. Thus, 8-lactam &953 was 'ozonized in 1 

,,'" 
H H , 

N3)=t~ 
C02Me 

57 58 59 R = CH = CHR 

60- R' = CHO 

metha,nal,.,~t -30 0
, fallowed by dimethyl sulfide reduction. and gave the' .... -.>~ 

expected aldehyde 60. 

Tris{triphenylphasphine)rhadium chlorid~65 is known ta be a mild, 

selective decarbonylation reagent for aldehydes. 
. 66 

The praposed mechanism . 

;s dep;cted below: . ~ 
H 0 

\ 1 /1 

RCHO + (Ph3P)3RhCl" -+ (Ph3P)2~~-CR -+ 

• Cl 

, 

"""" , • 1 .' - • 

Aldehyde 60 was'treated with an equimolar amount of tris-(triPh~l-

,0 phosphine)rhodium -:-hlor1de in dry, oxygen fre~ benzene at 'ù 70° for 3 ~~ 
( 
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The infrared spectrum of the product indicated the absence o~ the azide . 
and S-lactam carbonyl functional groups. It was therefore decided to 

transform the azide group into an amide, whic~ hopefu11y could be removed 

after decarbonylation. 

Reduction of S-lactam 59 with hydrogen sulfide-triethylamine 
. . 

afforded amine §l. Amine §l was condensed wi.th either di-tert-butyl 

R1NH)1~r RNpy@ 
C02Me C02Me 

61 Rl = H, R2 = CH = CHPh '66 R = t-BuOCO 

62 R, = t-BuOCO, R2 = CH .,= ÇHPh 67 R = CF3CO 

63 R, = CF~CO, R2 = CH = CHPh 68 R = H 
• v 64 Rl :: t-BuOCO, R2 = CHa 

A 

65 Ri = CF3CO, R2 ~ CHO 

dicarbonate or trifluoroacetic anhydride to yield amide 62 or 63 '. - -
respectively. Ozonolysis and }eduction of S-lactams 62 and 63, using the 

standard conditions, afforded aldehydes 64 and 65. Oecarbonylation of 

aldehydes 64 and 65 were repeated under similar conditiorts using tris­

(triphenylphosphine)~hodium chloride, and s-lactams 66 and 67 were 

obtained. All the spectral data were'in accord with the structure proposed. 

Attempts to con vert the trifluoroamide 67 to amine 68 using sodium 

bicarbonate67 failed. However, stirring the amide ~ in a mixture of 

trifluoroacetic acid and methylene chloride (3:7) at room temperature for 

" 
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Fig. 6: 60 MHz pmr spectrum of 68, in CDC1 3 and 020. 
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Fig. 7: 60 MHz pmr spectrum of 68, in CDC'3. 
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an hour afforded the desired amine 68, in good yield. The prnr spectrum 

showed in Figs. 6 and 7 (p. 34). The elemental .analysis was within 

acceptable limits. 

S-Lactam 6J was al sa transfonned i nto Zl by the'''Same sequence 
~ 

described before . 

.. 

-NH~p.fi 
. C0

2
Me 

68 

l c 

COOBn ~~n ~ rOI 
BnOC(H{~~ 8. rN~ 

69 CO(l4e 

L 
, .... OH 
.' Il , 

BnOOC ~Up. fo1. 
8nocOllf~O~ ;;. 0 ~ 

70 CCKJte 

l 

. ' "" 
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This work was not pursued, due to the unfavorable results from 
,iy-

the biological tests and thEt)\W yiefd of the reaction (,40 -+ 43). 

Nevertheless, sorne of the B-lactam intermediates (72a and 72b), synthesized 

by A. Ugol ini, (see Chapter II), showed interesting antibacterial activities 

which l~d us to continue to the next project. 
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~APTER II 

During the last few years we have been involved'in the synthesis 
.' 

of penicill in and cephalosporin analogues with the general structure A68'-70. 

, . 
a' 

The~e analogues have a ais-fused a-lactam ring and an acylamino side chain. 

The strain of the 8-1actam bond may b~ enhanced by electron-withdrawing 
-~, 

groups attached to the benzene ring"or by fusing the aromatic and S-lactam 

moiety through an additional ring. We hoped this modification would 

increase the S-lactam infrared frequency, which we expected would correspond 

ta an increase in ,the antimicrobial activity·. 

Routine testin~ of sorne of the intermediate'S-lactams 72a and 72b, 

synthesized in thls' 1 aboratory , un~?<pectedly showed noticeable activity 

N ~. ~ ( 

Ph " , 

,0 R <::) 
l , 

+~iO 
1 

R 

72a- R = CH3 

72b R = Ph 

.' 
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, 

toward a variety of Qacteria70 . 
J 

,,-
The activjty of B-lactam 72 may arise ..., -

" fram the following featùres; an easily deblocked silyl group with the • 

fQ;.mation of an acidic phenol whioh is isosteric with the carbonyl group .., 

of classical 6-lactam antibiotics, a ois-substituted B-lactam ring similar 

to that of penicillins, and a hydrophobic styryl group. In order ta 

understand more clearly the effect-of the styryl group, and functional 

groups attached to the aromatic ring necessary for the antibacterial 

activity, an extension of the project~was undertaken. 

It should be noted that the nitro groups of 72a and 72b are para 

with respect to the t-butyldimethyl or t-butyldiphenylsilyloxy group, 

making the latter very susceptible to hydrolysis, and this class of 

c'ompounds very dif'ficult to work with. We already knew that a nitro group 

p~a to the 6-1actam nitrogenwGuld r~sult in the formation of a tpans ... ~ ..... , ," , 

B-lactam70 . Therefore, the first and simplest variation would be to 

replace the nitro group by an ester func~ion paPa or meta to the nitrogen 

of the 'B-lactam. It was hoped that this el'ectron-withdrawing ester would 

p~ovide a ois S-lactam with better stability. 

For the synthesis of S-lactam 73, we chose the commercial1y 

avai,lable 3-hydroxy-4'::'-nitrobenzoic acid 74 as a starting material. 

Ph 

N
3jf( _ ................... , 
o IYc)I 
+SiO~COOR 

1 

74 -' -

, : 

/ 

? 
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-
Benzaic acid 74 was reduced ta amine ~ by catalytic hydrogenation using 

platinum oxide-hydragen. Treatment of 75 with cinnamaldehyde under 

variaus conditions failed ta produce any of the expected Schiff base 76. 

We thought that the low solubility of 75, due to the free carboxylic acid ' 

75 

and hydroxyl groups, was responsible for the difficulty in the formation 

of the Schiff base. Therefore, it was decided to protect the two groups 

first. Methylation of 75, with diazomethane. afforded methyl 3-hydroxy-4-

aminobenzoate 77. TreatmeGt of 77'with t-butyldimethylsilyl chloride in 

N,N-dimethYlfOrmam'id~71'gaVe the-;~ote~ted alchol' !..§... in go6d- yieid. Amin~ 
78 was transformed into its Schiff base 79 by refluxing wjth cinnamaldehyde, 

77 R = H 

~ R = t-BuS1Me2 
, , 

reacted with azidoacetyl chloride-triethylamine to give a difficult-to­

separate mixture Gontaining ais a-1actam 80 in apprdximately i5% yield. 

] 
.{:( 

" 



( 
, , 

1~(Ph 
NYQ1 

+~iO~COOCH3 
79 
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Recently, Dr. R. Zamboni in this 1aboratory had shawn that the j 

fonnation of a Schiff base from .§l was unsuccessfu1. However., he found 

that the free amine acid 82 cou1d easi1y be converted to its Schiff base 

8372 . We hoped using the free aCid 84 might improve the yield of-the 

8-1actam, in our case as we11. 5i1ylatfon of amine 75 with t-butyldimethyl­

silyl ,chlor;ide afforded 85, Wh~Cj}~~lYZ~d Wit-;l%~~queous hydrogen 
, ----~--

--~- .-------

COOR (h 
H2N:@ H2N~ I~ COOH 

CH
3
0 0 1,0 N:@ +5iO COOR 

-0 
81 R = CH CHYl .- 84 R = H 3 
82 R = H 83 85 ~ ,=, t-BuSiMe2 

chloride in methanol to afford the desired amino acid 84. Heat~ng 84 for 

1.5 h with cinnamaldehyde in refluxing benzene afforded the Schiff base 
~,...-I , 

86 as a ye110w so11d in quantitative yield. The infrared spectrum showed 

two strong absorptions at 1730 and 1670 cm-1 for the carboxylic açid and 

imine t respectivè1Y'r Schiff- Ppse 86 was si1ylated with trimethy1silyl 

o 

... 

~ 
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. (h Ph û( I~ . 
N3 : : 

N)§l 
1 0', O~ 

+5iO COOR +SiO OOR 

86 R = H 88 R = H 

87 R = (CH3)3Si 80 R - CH - - 3 

1 
ch10ride-triethy1a~ine in situ, to afford 87. Treatment of 87 with 

< ' 

azidoacetyl chloride-triethylamine gave ais B-1actam 88, i~ 52% yie1d, 

after f1ashç chromatography. Methy1ation of 88 with diazomethane afforded 

8-1actam 80, m.p. 90-91°. The infrared spectrum showed an azide absorption 

at 2100 fm- 1 and two carbonyl absorptions of ester and B-1actam at 1720 

and 1765 cm -1, respective1y. The mass spectrum of 80 di sp; ayed peaks for 

the 10S5 of a nitrogen mo1ecule and a t-butyl group. from the parent, 

"à't mie 450 and 393. ~he ~ (fig. 8,. P" ~2) c1ear1y indicates 

the cis-stereochemistry of two ,B-lactam protons (~ = 5.Hz). 
, , i ' 

Des i 1yl ati on of B-1 acdm 80 \Ii th tetra-n-butyl ammohi um fl uori de?3 
1 -

or other f1uoride salts turned out to be a prob1em. The desi1ylation ... 
reaction was not examined further since we'were successful ;n synthes;z;ng 

S-lactam 89 in very gooo yield, using the easi1y removab1e trimethy1si1yl - \ 

protecting group. S11ylation of 3-hYdroxY~~zoiC actd Z§. with 

trimethy1silyl ch10ride and. hydro1ysis afforded amine 90 .. As was described 
" -

for, 88, comp~und 90 was converted te 8-l'actam 'll.. Without purification. J 
tne,crude s-lactam il was hydrolyzed, in methanol containing hydrochloric 
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acid, to phenol 92, wh'i ch was methyl ated with ethera 1 diazomethane to 
k 

a fford th e cor.,resp,ondi ng methyl ester 89, in 60% yi e,l d based on ami ne 75. 

Biological testing revealed that compoun~s 80, 8S" and 89 were 

43 

mildly active against sorne bacteria (see Tabie 1. p. 48). The ester group 

attached to the aromatic ring, para to thrn,itrogen of the S-lactam, did show 

approximately the same effett as the nitro\function group did. In addition, 

it had better stability, as expected. We ther~ifure were interested in the " .' ~ ('- \ ' 
preparati on of a number of~compounQs by vaf'ying the styryl group. " 

c ~ttempts to con vert' S-l actam .80 t~ saturated S'" ac'tam ~ a 

catalytic amount of palladium on charco~l, in a standard manner, failed . ~ ... .. 
, ~ '" 
to yield any desired products. Since it was very possible that the azide 

., ~,"-

~. .g.rou~ on a'!.lactam 80 would be easily reduced at this stage, we transformed 

, .the azide into an amide group. Reduction of 80 with hydrogen sulfide~ 

triethylamine 'gave amine 94, which was directly acylated with phenylacetyl 
,- .., 

f 



( 

( 

,'" . 

, 

N3:d(h 
O~ N~ 

-----i)(*--~ .. - X ~ Ph 

O~ 
+~iO COOCH 3 

80 

Ph 

'RNH:d( .' 
o 'JÔ1' 
+SiO~COOCH3 

94 ' R = H 

95 R = PhCH2CO 

+~iO COOCH3 

93 X = N3 ,NH2 

96 

'" ch10ride affording amide 95 as a white solid, 'm.p. 168-170°. Amide "95 

was hydrogen?~jed at 40 psi with p1atinum oxide in abso1ute ethanol for 
'''~ -

44 

2 h. After fl~sh chromatography, B-1actam 96 was iso1ated in 14% yie~d. ~ 

There were strong absorptions in t~e infrared spectrum at 1750 and 1720 ~­

cm-1 for the carbonyl groups of the 6-1actam and ester, respèètive1y. , 

Since 'B-1 actam 96 was not active against bacteria, we did not attempt to 

improve the yie1d of this reaction furth~ .. 

Instead of cinnamaldehyde, pheny1 propargyl al dehyde, f3-phenyl­

cin~amaldehyd~ and o~nitrocinnama1dehyde were a1so used to synthesize sorne 
" 

interesting B-1actam intennediates. a ( 

The Schiff base 97 was obtained by 'ref1 uxing for\ 2. 5 h a sol ution 

of aniline in Ilefl'zene w;th one equivalent, of pheny1propargy1 aldeh~ and 
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remov;ng the water formed with a Dean-Stark tril\tp Treatm.nt'~ 
. \, 

azidoacety1 ch1oride-triethy1amine in methy1ene ch10ride at -20 0 afforded 

a good yie1d of exc1usively ais S-lactam 98; m.p. 85-86.5°, .. There were 

two doublets at 4.80 and 5.01 ppm (J = 5 Hz) for the two protons of the 

~-lactam 98 in the prnr spectrum. The Schiff base 99, prepared i'n a 

simi1ar manner as described before, was si1y1ated wi'th trimethylsUyl 

.Chloride~ethY1amine. The SilY1,terSChiff base-'"was subjected to trèatment li. 

1 

--.~ 

/Ph 
~ 

,( 

::0) 
H H /Ph 

N 

,

:cr' '4;-3' • 

,.' N 

° X§) 
R 

97 R = H 98 R =' H 

99 R = OH 100 R = OH 
.. 

with aZidoacetyl ch1 oride-triethy~ine. affording ais S-l actam 100. In 
• ~ ""h, -1 

the infrared spectrum, the a-lactam carbonyl group absorbed at 1730""c~, 
-- - / 

which was 35 cm-1 lower than that of 13-1actam 98. 1\ 

S-Lactam 101 was prepared from the carboxy1ic acid 84. The 
.. 

infràred spectrum of 101 showed the absorption frequency of the carbon 1 - \ 
groups at 1780 and 1720 cm -1 for th~ 13-1 actam and methyl ester, ive ly. 

H3N:@l " 0 ' 
+5iO COOH 

84 

1 101 
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To our surprise, the reaction of phenylpropargylidene Schiff:b~.se 

103, obtained by ref1uxing am'in~ 10274 and phenylproparglyaldehyde in 

benzene overnight, with aZidoacetyl chloride-triethylamine afforded 

approximate1ya 1:1 mixture of ais S-lactam 104 and tl'ans f3-1actam 105 
\ ----

in 60% yield after purification. In tne pmrt spectrum (Fig. 9, p. 47) of 

103 R = t-BuSiPh2 104 cis -­.. R = t-BuSiPh2 

105 tl'an8 ~ R :: t-BuSiPh2 

ois ./3-1 actarn 104, protons H3 and H4 appeared as two doublets (J = 5 Hz) 

a(4.98 and .54 ppm. In the case of the t:l'ans S-lactarn 105 (Fig. 10, p. 47) . -
the coupl; 9 constant of H3 an~ ~4 was about 2 Hz. . 

. - ----------~" ln ddit;on, f3-lactam 106, 107, 108 and--1-Œr were' al 50 synthesized - - --------- ---------- . fram the ~correspond;ng ~-arnrS-PhenYlc;nnamaldehyde or o-nitrocinnam-
- ~ , 

aldehyde. , 
,. , 

\ 

Sorne of the intermediates in the sequences, compounds 2±, 96, .!Ql, 

106, lOB and 109 were totally devoid of antibacterial activity. Sorne -- - - ' 

,were mildly active against several bacterfa, which is shawn in Table l 

(p. 48). 

1 
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Table ,1. In vitro testing results* for som~ B-lactam intermediates. 
j-

~,! t 

,. '\ , 

MINIMAL INHIBITORY CONCENTRATION (MIC ~g/ml) 
Organisms 

72a • )~ 80 

" , 

88 89 95 98 100 104 )05 107 Cefo. ' Pipe 
-~---~-----

E. Coli ESS 22-31 16 16 64 » 128 . 256 256 32 32 128 ~ .03 ~.06 

~ E. ctoac. MA 75-1 - > > 64 » 128 256 128 32· 32 >128 -....." 
~ 

Enteroo. OSU 75-1 32 . 32 .>64 . 128 128 2--
1 

Enteroo. SM 77-15 32 32 128 » » >64 .» » » 64 128 128 2 

~oro. Zutea PCI 1001 8 - 8 » 128 :s> » 32- 32 2 .06 ~.06 

~'''' Staph. aureus Q 74-1 8 -8 32 . 64 64 64 64 32 16 .25 

Staph. aureus Q 74-6 3ë 128 128 128 128 32 16 .5 
'. 

Staph. FU 79-19-2 B + >64 2 4 32 

Staph. smith .... 2 2 . 5 ~ 

Staph. SSC 79-18 e - >64 2 1 .5 -

Note: _~:>_pr~sent._> 256, Cef~: Cefotaxime. Pipe Piperacill in. 

, ~Antibacterial test~ng was performed at Lederle Laboratories of the American Cyanamide Company. 
~ 
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106. R = RI = H 

107 R = O-t-éuS1Ph2 
RI = N02 

108 R = RI = H 

109, R = 0-t-B~SiPh2 
RI = N02 

As mentioned in the beginning of this çhapter, the synthesis of 

compounds ~70 and f7~ had been accompiished in our laboratory. 

:t=t
h 

RCONH±t':0 
R.CONH ~ ~ 0 

o N:@ 
o :1?J 

RO X 

-, 

B R ;: OH 0 ...:. 

C R = COOH -) 
Although the~bOXYliC acid C showed no activtty toward a variety of 

.~~ 

bacteria, phenol .ê. with a lower S-lactam infrared absorption frequency 

(1760 cm- 1) disp1ayed weak activity toward bacteria. With this \ 
/ 

knowl edge in mi nd and the other factors descri bed on page 37 , wé thought 

49, 

it would be interesting ta synthesize compounds with the general structure 
-~ .... -

o and ta examine their bialogica~ activity. 

\ 
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As a mod~l, the relative1y readily available 8-1actam 11075 was 

userl as starting materia1., This starting material also ha~ fhe advantage 

that one could introduce a destabi1izing nitro group at,the fnd70. 

E pax i da t; on of 11 0 w; th rn-chI oroperbenz Î}ic ac i d a fforded 1 n /90%' y; el d 

110 R = t-BuSiM 
- 2 I

l 

1 
l 1 

. , 

• two isomers of 111, which were not cOOlpletely separable by flash 

chromatOgraPhy.~e anticipated that treatment of '1111 with one equiva1ent 

of fluoride anion should desilylate one of the silyl ether and then 
, 

open the epoxide ring to form either a six- or seven membered ring 

(Scheme ,1). Reaction of the epoxide mixture.!ll wit one equiva1ent 

/ Scheme 1 

o Ph 

/0 
RO 1 

HO P N3)jjh 
o RO>§J 



, . , 

f 
r ' 
1 

j 

( 

51 '" 

. , 

of potassium fluoride in the presence of 18-crown-6 at 0° or tetra-n tutY1.-

ammonium f1uoride at -20 0 failed to give either of the expected compiunds, 

However, desilylation wàs final1y achieved by the reaction of 111 with 
-. 1 

two equiva1ents of tetra-n-butylammonium fluoride and three equivalents , , . 

of acetie acid at 0° to afford phenol 112. After several unsuccessful 

attewpts with differerit acidic or 'basic reagents, phenollliwas cyclized 

using camphofsul fonie acid in methy1 ene ch1oride. A 5.5% yie1d of one 

· isomer having structure 113 was isolated. The latter resulted from attaek 

'of the phenolic hydroxy group at the benzyl ie position. The mass spectrum 

of 113 showed a. parent ion at mie 338 (6%) and peaks at mie 310 (28.?%) 

and 255 (6.7%) for the 10ss of a nitrogen mo1ecule and the fragment) a~~ 
indicated on the structure 113, respeetively. The 200 MHz prnr spectrum 

. , 
of 113 displayed a doublet of doublets at 3.9 ppm for H2 (J = 5,8 Hz) ~ a 

triplet'(doublet of doublets) at 4.21 ppm for H3 (J = 8,8 Hz) and a doublet 

at 4.44 and at 5.14 ppm for H4 (J = 8 Hz) and Hl (J = 5 Hz). Acetylation ~ 

of 113 with aeetic anhydride afforded the aeetate 114. The structure of 
- J 4\ -

----------- 255 

Ph J:Ph 
a 

N3 0 

a Ro)0 o NxSJ 
RD 

112 113 R = H R 

114 R = DAc 

\ • \ 

, . 

',H 
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113 was' further confinned by the pmr spectrllJ1 of acetate 114 (Fig. 11, p. 52). 
rI- .... _.-

In 1 particular, ,acetylation resulted in -the shift to lower field' (5.50 ppm) 
- 0 

of the proton (H3) ~ to a secondary a1iphatic hydroxy'group. How~ver, 

if a six-membered ring of the structure I were the adduct, we would expect,: 

- after acetylation, tha1; the proton of the benzylic alcohol should shift 

to a much lower field. .' 

Some other methods were also used to attempt cyclization in the 

desired manner, but no six-membered ring was ever detected. For example, 

attempted bromin?tion of the styryl double bond on 110 led to the bromination 

of the aromatic ring and pat&!al desilylation of the silyl ether groups. The 

reaction of B-lactam 108 with N-bromosuccinimide and water in dimethyl 
J -

sul foxide76' or' hydrogeA bromide-acetic acid77 was unsuccessful as we11. 

Âfter desi1ylation of s-lactam 110, treatment of S-lactam 115 with phenyl­

selenenyl chloride according ta the method of Nicolaou78 also failed. It is 

suspected that the ph~~ylselenenyl electrophile attàcked the electron-rich 

7 
, ~ 1 

NJ d(h. 
3J=t 0Ii 
o N~ 
HO~ 

115 -
aromatic ring, rather than the styryl double bond. 

.--

1 

Since we were unable to devise a method to construct the six­

,membered ring iri all our attempts, this project was not continued. 

,/, 
,1 

.; 
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CHAPTER 1 I I 

This chapter will describe synthetïc studies toward 8-1actams b~ving 

structure f and monobactam analogues of the type~. ~everal different 

:oJ RCONH)=Z / 

1 ' N OH o P ;',-.' '-p/ 

0' 'oR o? 'oH 
F G 

approaches have been investigated and wi 11 be discussed. 

ADDITION OF N-PHOSPHORISOCYANATE TO OLEFINS 

The cycloaddition reaction of an isocyanate with an olefin has 

been used extensively for the synthesis of various subs'tituted S-lactams. 

Chlorosulfonyl isocyanate (CSI) is the most reactive, and sorne other 

isocy~nates have also been"usedBO . The reactivity towatds condensation with 

olefins is greatly diminished by the presence of groups less electron­

withdrawing than chlorine, on the sulfonyl moiety. Addition of isocyanates 

have been performed o~ various olefins, and it was found that. less reactive 

isocyanates required reactive olefins to produce 8-lactams81 • Based on 
• , 

this methodology, we thought it might be possible ta synthesize compound 

.E ~a ~ similar route as·shown in Scheme 2. 

, 

.... 
~ 
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O=C=N-S02Cl 

CSI 

° Il 

O=C=N-PC1 2 

116 

+ JI/' = ../VI 

olefin 

+ 

Schane 2 

The phosphorisocyanatidic dichloride 116 was prepared by addition 

of ethyl urethane to phosphorus pentachloride in dich1oroethane, according 

t~ Ki rsanov 1 s method82 • 

+ O=C=N- POC1 2 

u 116 

It is known that, to a h'lgh degree, the speed of the cycloaddition 

reaction<depéhds on the e1ectrophilici'ty of the carl'5ôo-carbon double bond, . .~ 

and on the polarity of the solvent. Therefore, we chose the most ~active 

olefin often used in CSI, cycloaddition, a-meth;l'styrene 11783). as starting 

material. Attempts to react 116 with ex-methyl styrene under various 

conditions were unsuccessful: in anhydrous ether at room ternperature or 

refluxing, in methyl~ne chloride at room temperature or ref1uxing, in 

nitranethane at room temperature. The reactipn mixture showed no absorption 

within the 1800-1-700 cm -1 reg~on in the infrared, and from the prnr spectrum 

," 
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most of the a-methy1 styrene 117 was found' to be unreacted. Furthermore, 
o 

Dr. D. Dugat, in our 1aboratory, attempted to react 116 with ethyl vinyl 

ether 118 or 1-acetoxy-1,3-butadiene H9. However, nO'6-1a~tam-containing 

products were obtained. 

0 ......... -.. 
Ph~ EtO

F 
O=C=N-PC1 2 + 

116 117 118 

ANNULATION THROUGH CARBENE INSERTION' 
,j c_ 

'- ~, '~OAc 

119 
~ 

~e then decided to st~~n ~.~e:nate approach used extensive]y 

by G. Lowe et al., for th~fOnnation of S-lactam via the cyc1 izati on oT 
~_ ( 1 

the correspondi n9 interm)diate carbene. Thi s method was first emp10yed_ 

by Corey and Fe1ix84 , w'ho showed that photolysis 'of the diazo-amide 120 

gàve a single B-1actam, the tran8 1somer 121. Lowe85 extended the method 

to the synthesis of several bit:ycl ic B-lactams, containing a carboxy1ic 

.. 
,1 

120 

It'·, f. 

Ph"J1)"" 
N ' 

a 
121 

acid function a to the a-lactam carbonyl, which w~s 1 ater converted into 

an amine group, through a Curtius reactioA (Scheme 3). Based on this 

methodology, we planned to construct the desired cempound.G. 

. 
• 
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Scheme 3 

1 X RCON:Jc 
\' 

o Ny 
COOR 

r-. 

~Thus, pheny1 cyc1~phosphoramid~te 122 'was prepared fram 3~am;no~1-
(A 

propanol 123 and commercially available c~lorophQsphate 124: 

~ 

('l • 
+ 

NH2 OH 

.. ". 

~. 

C'2POPh 
NEt 

3 .. 0'1 
RN . 0 ' ..... / 

qP, 
o 0<1> 

123 124 '122 R'= H 

125 R -= C6HSCO 

Treatment of 122 wjth one eq~valent of butyll1th1um and benzoyl chloride 

affordëd 125, jn 90% y1eld. The synthes1s of the reqû~red ethyl malonate 

fra~ént w~s accomp11shed using the method of I3reslow86':' Diethyl ma10nate .. 

.. 
. 
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was readi1y converted into its'monopotassium salt. The free acid obtained 

COOEt COOEt COOEt caOEt i 
1 KOH 1 1 SOC1 2 1 
CH2 EtOH • . CH2 CH2 CH2 
l , 1 1 t 
COOEt' ,- COOK COOH caC1 

""'~ 
126 

frOOl this salt was transfonned into the corresponding acid -ch1oride 126 

by treatment with th1ony1 -ch1or,ide. Unfortunately, addition of ethy1 

ma1ony1 ch10ride 126 to the cYC1ophosphoramidate anion of 122, generated 

wit~~buty11ithium, did not give any of the expected amide 127. Perhaps, 

o 

~ EtO 

" 0 (:? 
\ ~ 

\ 

~ 1 o OPh 

Cl CH2COC1 

THF, r.t • 

... 

. 

1~7 X = H2 

130 X = N2 , < 

, . 

deprotonation of the methylene group on compound .l?f. a-ndl,or fonnat~on of .-

a ke~ene, was responsible for the fai1ure of this reaction: 

~ 
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87 ' In 1979, Stec reported that reaetidn of eye1ic phospho~amide 

128 with an equiva1ent amou~t of eh1oroacety1 ch10ride in tetrahydrofuran - , 

at room temperature gave the corresponding chloroacetylamide 129, in 73% 

·yield. In a simi1ar manner, we readi1y transformed eyc1ie phosphoramide 

122 in excellent yie1d into amide 127 which was obtained as a eolor~s 

oi1. Amide lfZ underwent sm~oth base catalyzed diazo-exehange with 

p-toluenesulfonyl azide88 and-triethyiami~e, to afford compound 130. 

The infrared spectrum showed' a strong absorption at 2135 cm-1 and the mass Ij, 
r 

speetrum display.ed a mo1ecular ion at mie 353. The pmr spectrum of 130 
\ -

(Fig. 12, p. 60) showed a broad triplet at 3.2-3.8 ppm~for one of the 

protons a ta the amide nitrogen, in addition to a11 other appropriate 

signal s. 

The c fol1owing transformation; name1y,:.,A, carbene insertion, wou1d 

be ~he key step in' our sequence: t~ f onn a. fus~d b i tyC 1 ic ~-la ct'; sys tem 

131. Irradiat10n of-the a-diazo-amicle 130 at 00 in carbon tetrachloride 

1 

( 

" 

131 {) 

using a ,Rayonet 'photochemical,raactor, with .. maximum output at 350 ,,1ed 

to a complicated reaction nixture. The infrared spectrum did not show 
" , ,.!..#fo-. 

any diazo or B-lactam absorptions at 2200 ~r ~ 1750 cm-l,~Jespect ve1y. 

.. 

( o 

o. 

.. ~-
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Using flash chromatography, one of the less polar spot is lated, proved, 

tO,be phenol. Since phenol absorbs in ultraviolet spectru at 210 ~ and 
. . 
270 ~, we suspected that it might interfè~e with the carb ne insert~on 

reaction under the photolysis condition. We,therefore deci ed to replace 
-

the phenoxy moiety by a trichloroethyl group. This protect ng group can 

be removed in the presenc~ of a"S-lactam34 , and should not absorb light. 

Addition of 3-a~no-l-propanol and triethylamine to richloro­

ethyl dichloroPhoSPha~ prepared in situ by reaction of tri hloroethy1 

alcohol and triethylamine with phosphorus o~chloride, afford d the cyclo­

phosphoramidate 132, in 93% yield, after flash chromatography The rnass 
, -

spectrum of J32 sho~d the isotopic pattern for the existence f the threè 

chlorine atoms. Phosphoramidate 132 was 

malonyl chloride 126 to give amide 133. The diazo compound 134 was obtained 

in a manner analogous ta that of its corresponding pheny1 derivati e 130. 

o . 

EtO~XJ:-} 
o ~P'o o CH2CC1 3 

• 133 X = HH 

134 X· N2 



• T~"'.," 

Attempts te photolyze 13~ using a Rayonet photochemical reactor 

in methylene chloride did not give any of th~ desired S-lactam 135, but 

afforded instead a canplex mixture of products. Recently, Sout,hgate42 

prepared an intermediate for the synthesis of thienamyc;n, in very good 

yield, via either photoc~emical or metal cat~yzed cyclizations of a 

carbene (see also Introduction, p. 15). Qiaioester 134, dissolved in 
'4 

toluene in the presence of a catalytical amount of copper was recovered 

62 

unreacted, after stirring at room temperature for 4 hours. The reaction 

mixture was then reflu~ed for 18 h, during which 134 gradually disappeared, 

ta be converted into a compllcated reaction ,mixture. Thîs~ture lacked 

any absorption within t~e 1700-1800 cm-1 reglon in the infrared spectrum. 

Attempts to cyclize 134 uSirig rhodium (II) ac+tate in methylene chloride 

also failed, giving unidentifiable products~ 

The preference for the insertion of carbene into the a-CH bond of 

nitrogen has been rationa1ized in tenns oT polar resonance structures of 

the transition state89.. Therefore, there is a possibil ity that the r ___________ 

.... R Ht Ter'! 
J-NXO o . 

~ ... ___ ~ RJé'H (\ 

)-NXO 
O·. 

--------

undesired resonance form caused by phosphorus moiety might inhibit the 

insertion reaction. One could also consider that the electron-rich oxygen 

on the phosphate might somehow react with electron deficient carbene to 
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interfere with the desired tJ,ansformation. Due to the failure of the 
, 1 c 

carbene' insettion at this critical stage in the synthesis, this approach 

" was abandoned. 1 

PHOSPHORYLATION OF -UNSUBSTITUTED ~-LACTAMS ON NI ROGEN 

. 1 
A survey of l1terature revealed that numerous compounds with the 

general structure RICO-NH-~(0)(OR)2 had' been synthesized., Usually, primary 
1 

amides reacted with PhosPhrrus pentac~loride to form N-acyl-trichloro­

phosphinimides H90 . The reaction of three equivalents.~alcohol with 

trichlorophosphinimides ~ resulted in the formation of the phosphoramidates 

1.' However, examp 1 es of the synthes i s of phos phorami da tes fram a ch 1 oro-

RCO-N=PC1 3 + 

• 

3R ' OH RCO-NH-P(0){OR ' )2 

1 

phosphate and an amide, especially a secondary amide, could not be found. 

Therefore, '-io order to be abl e to attach a phosphate to the nitrogen on a 

. , 
1 

1 
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, ~ 

a-lactam ring, we decided to first explore 'the reaction on a model. 

Hence, azetidinon~ 136 was synthesized from the condensation of 

CS! and vinylacetate91 . Reductive hydrolysis of the chlorosulfony1 group 

using sodium sulfite and sodium bicarbonate yielded acetoxyazetidinone , 

)37. Reaction of B-lactam 137' and diethyl chlorophosphate, in tetrahydro-

O=C=N ... S02Cl 

CS! 

-
136 ' 

n 

-
137 

furan with or~~thout triethylamine at room temperature, or in methylene 

chloride with t~by.1Jamine at room temperature or at reflux afforded . ' 

unreacted starting materia1 137. Addition of diethyl ch1orophosphate ta 

the anion of 8-1actam 137, generated by sodium hydride in tetrahydrofuran, 

gave sorne unidentifiab1e products, lacking absorptions for the carbonyl' 

groups of the acetate and 8-1actam in' the infrared spectrurn. Treatrnent 

of a-lactam 137 with phosphorus pentachloride or phosphorus oxychloride , -
and triethylamine resulted in its decomposition. In view of those resu1t 

we suspected that unde~ such conditions B-1actarn 137 was probab1y not an 

appropriate model owing ta the 1ability of the acetate group. 

Unable ta prepare the N-phosphory1ated derivative of 8-1actam 137, 

we de~;ded to attempt s;m~lar condensation on 8-1actam 138 instead of 137. 

Chris~en~en et al. 50 published th~ first total s~nthesis of thienamycin 

\ ,A 

" , 
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in 1978. They fbund that the cyc10addition of 1-acetoxybutadiene 119 

and CSI gave S-lactam 139. Reductive hydro1y?is (H20, K2HP04, Na2S03, 0°) 

of 139 afforded the crystalline acetoxyvinylazetidinone 140 in 42% overa11 - ~ ,-
yie1d, based on isocyanate. Hydrogenation, fo11owed by deacety1ation 

using a ,cata1.~tical amount of s~ium methoxide in mèthano1 at 00 afforded 

aleahal 138 i1 excellent yield. Afxer mueh experimentatian, we were able 

OAc' DAc 

f / 1. Et20~ r('=/ 
1 2. H20 cl- N '" R 

0=C=N-S02Cl K
2

HP0
4 

NaiS03 138 

140 R = H 

--'t 
.) 

to repeat the above cycloaddition reaction obtaining at best a 25% yield 

\ 
\ 

\ 

of 140. Subsquently, hydrogenation and deacetylation'produced tre required é 

,starting material 138. We hoped that the reaction of 8-1actam 138 with 

phosphorus oxych1oride, fo11owed by quenching with water or alconol, 

'wou1d afford bicyclic B-lactam~, in one operation. B-Lact~m 138 w{s reacted 

with phosphorus pentach10ride or phosphorus oxychloride in methylene , 

.. 

;=D OH ° N "'H 

1. POC1 3, PC1 S .... 
2. ROH 

138 

• 
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ch1oride, i~ pyridine and in methy1ene ch10ride containing triethy1amine 

'(or pyridine). Unfortunately, a11 of the above attempts ta prepare ~ 

were unsuccessfu1. Du'e to the difficulties encountered, another approach 

was initiated."I ) 

We pla~ned to'~onvert alcohol,f38 to S-lactam K, form phosphonate . - -
h from halide ~ through an Arbuzov reaction, deprotect phosphonate L 

,/~ - . 
and -transform it -iJlto the dich1orophosphonate M, and finally cycl ize the 

::r"'-~ -

resu1ting compound (Scheme 4). 

, . 
-,"",--

~OH. 
N :~ 

o 'H ; 

138, 

.:> 

rI\ _.._ .... 
<f- N_.~: 

H 'OR o 1 
1 
: 

N 

Scheme 4 

on: X 

K X = Br, l 

M 

o 

-.... 
-' t~_OR 

~\OR 
o ....... H 

L 

Reaction'of alcohol 138 with N-bromosuccinimide and tripheny1-
~ 

phosphine in N,N-dimethylformamide afforded bromide 141 and tr~phenyl-

phosphine oxide. Because of the Rf values of both products being very 
" 

similar, purification was difficult. Thus, the Arbuzov reaction was 
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. 
attempted O,n crude cOOlpound 141, hoping that the purification wou1d' be 

·possibl.e at this stage. The Arbuzov reaction was perfonned by heating 

cru de brornide 14t and conmercia'lly availab1e triethy1 phosphite at,120° 

for 18 h. Fol1owing flash chromatography of the reaction mixtur\ 8-1actam 

142 was iso1ated, in 21% yie1d. In the Jlllr spectrum of 142 (Fig ~3, p. 68) 

the ethy1 groups appeared as a triplet at 1.15 ppm and a quartet at 4.0 ppm . 

. 
: R 

oC 
1 
1 
1 

L. ... 193 

141 R = Br 

142 R = P(0)(OEt)2 

A broad multiplet was found at 1.4-2.0 ppm corresponding to the two 

methy1ene groups next to the phosphonate. The signa1s and coup1ing 
~, 

constants for the three 8-1actam ring protons were very similar to those 

for the same protons in a'l coho1 '138. The mass spectrurn showed a mol ecu1ar 

ion and a very intense peak at mIe 193 for the 'fragment (1055 of ketene) 

shown on structure 142. 

Ther~ are severa1 methods92 ,93 in the 1iter~ture for the preparation 
o 

of al kyl'phosphony1 dich10rides from phosphonic acids or phosphonates. 

Okamot093 recent1y reported the most mild and efficient method via the sily1 

ester. Bis(trimethylsily) phosphonates, which were prepared fram the 
?f=~ 

dialky1 phosphonates with ch1Q:otrimethy1si1ane-sodium iodide, were 

transformed jn high yield ihto the corresponding phosphony1 dich10rides on 

r 

{ 
" 
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the treatment with phosphorus pentach10ride at 20-30° in carbon tetra­

ch1oride. Sub~ection of phosphonate 142 to simi1ar conditions fai1ed to 

give d;ch1orid~ 143 and resulted in the destruction of the S-lactam ring. ,- X- ' 
Attempts to dea1ky1ate phosphonate 142 with'an equivalent amount of chloro-- ;; 

\ 

trimethy1si1ane in the presence of sodium iodide94 did not afford any of 

the desired phosphonic acid 144, but gave instead comp1icated reaction 

products with no 8-1actam carbon}'l absorption in the irifrareJd' s'pectrum. In 

0 
Il 143 R = C1-; 

~P'R 14'4 OH 
N ' 1 

o " R 145 OMe H 

view of the fact that it was difficu1t to remove the group of the 
, , 

phosphonate 142 smootQly, and that formation of 142 as a low yield'reaction, 

w~.chose to use trime~hy1 group instead of triethyl 
, , 

Abruzov reaction. We~expected that a methy19~ grou shou1d be more easily 
. rd' . 

removed than the éthyl grOl~p. Crude bromide 141 wa reacted with tri,methy1 

phQsp~ite at \lQ"t"for 16 h. Howeve!" ~n inseparabl mixture~'containing 

methy1phosphona~e 145, in very low yield, wa~ obtai ed. We therefore 

turned our attention to the synthesis of iodide 146. We hoped that the ~ , 

better leaving group ability of iodide compared wit bromide wou1d improve 
~ . 
the Arbuzov peaction. Therèfore, alcohol 138 was ansformed into its 

\ 

mesy1ate 147 in the usual manner. Reflux~ng 147 w h sodium iodide in 

a~etone for 7 h afforded iodide 146, in excellent "e1d. However, reaction 

• 0 

f 

\ 
? , 

,_._~ -. ~- .. ....- _ .. ..: ..... :~- ....... -~_ .. --.,,~-1t.~~~~! .. 
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~R 146 R = 1 

147 R '= OMs 

. " ?O 

of iodide 146 with trimethyl pho(Phite failed 'as with the bromide. Since 

it is known that the yields of Arbuzov reactions are usually not very 

high~6~ we'thus sOught an a1ternate routé to synthesize the desired' 

phdsphonate 144.,' 

The sodium salt of dimethyl phosphite, ,generated with sodium ' 

hydride, was reaeted with mesylate 147 in dry tetrahydrofuran at 0°. After 

stirring at room temperature or refluxing for severa1 hours, on1y the 
, v 

starting mesy1ate 147 was recovered, after work-up. Addition of 147 to 

the anion of dimethy1 methy1phosphonate. prepared uSing sodium hydride s . . 
• J 

at room temperaturêLfor 18 h, did not afford any phosphonate 148. In~tead 
, < -

unre~cted mesylate l!l was recovered. We thought that perhaps a stable 

N-sodium salt was being formed. Hence, mesy1ate 147 was si1ylated with 
" 

dimethyl-t-butylsilyl chloride and triethy1a~ine, in the usual manner, 

to afford the s"ilylated B-1actam 149. To the lithium salt of dimethyl 

-' • 

~
P"""OMe 

; 1 
,N...... OMe 

o H 

148 -

1 

J 

.~OMS 

O)-~' R 

149 

R = t-BuSiMe2 
~ 

> • 
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1 

methy1 phosphonate, prepared using n-butyll ithium aU. -78 0 in tetrahydrofuran 
" , 

was added a solution of sily1ated !3-1actam 149. After stirring ~t room 

'temperature for 3 days, thin-1 ayer chromatography still sh'owed the 1 

_existe~~ of most of B-lactam 149. This reaction was not pursued furthèr, 

and this scheme was' abandoned. 
, ' 

l 

" 
I, AMIDE-MODEl STUDY 

, -
" f 

Because of the low yie1d of fonnation of a-lactam 140 and the 
. . , 

• . " . J 

troublesome preparation of 'the starting alcohol 138 s a simple amide ,as 

. . "''' ,chosen as a mo'del to investigate -the reaction of an amide nitrogen with a 
~ 

ch 1 orophospha te. \ 
To a solution df am~noprcipano1' 123 in 5 N sodium, hydroxide was added 

benzoyl chl'oride ,and 5 N sodium hydroxide. Neutral i zation and extraction 
&" - • 

~fforded a""ide 150 as a color1ess oil. Reaction of amide 150 with phosph9rUS , l, 

i • 
2, J l'ni 

" . " PhCOHN OR 
,\ 

, 

150 R '" H 

15) R =; POC1 2 , ' 

. . 

oxy~nlo~ide ~nd one equivalen.t 01 triethYlàÏn1ne - 'in dry tktr~hYdrOfUran at , . 

.. Q • (J 1] • 
-' \~ 

'~, 
. 

"';' f 

" 

, -:r-;' , 
", , 

) . 

.. ' 
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-780 for 3 h, afforded triethylamine hydrochloride and a product, presumably, 

dichloropHosphate 151. The pror spectrum
o 

°251 showed a multiplet at / 

2.1:2.6 ppm for 2H2: a broad triplet at 3.6-4.0 ppm for 2H3 , a triplet at 

4.72-5.08 for 2Hl' and a multiplet 7.3-8.2 ppm ~or the five protons of 
. , 

aromatic ring and t~ proton of the amide. In the infrared spectrum, 
'\. ' 

thé're were absorptions at 1660, 1380, l300 and 1110 cm-l, b'ut no absorption 
~, ... ~ 

at 3500-3100 cm-1 for the hydtoxyl group. Treatment of 151 with sodium 
.... -

methoxide in methano1, produced, after flash' chromatogrijlhy, compound 152 • . ' , 

Meanwhi1e~ compound 152 was also abtained by the reactian of 150 and - - ( 

,phOS,rhorus oXyChl~.:~de with two equivalents of triethy1amine. The prnr, Q 

';nfrared, mass spe,etra and ana1ysis were in perfect accordance with the 

structure of"152. 

In arder to avoid this side-reactioA, amide 150 was silylated 

w1th dimethy1-t-buty1si1yl ch10ride to give 153. Several reaction . '. -
condit.ions were then attempted in order to prepare the desired N-, -. 
phôspllory1 ated derivatïve. Treatment of si1y1 ether 153 with sodium 

, -

, 1 

hydride or n-butyllitt]ium, f~llowed by thfi! addition of phosphorus oxy-

,ch1oride ,resulted in the fonnation of unidentifiable products. Reaction of 

the anion of amide 153, obtained by treatment with lithium di i soprop->:,lamine-. 
" 

wifh phosphorus oxychloride afforded a complicated reaction mixture along .- ~ 

with sorne starting material, while the reaction ofa this amide anion with 

phenyl dichlorophosphate or dipheny1 chlorophosphate for 18 h led to the 
, 

reéovery"of'most of the initial 'amide 153. In a last att~pt to effect 

the desired condensation. amide ill wa's treated wfth n;-buty11 ithium, 

, . 

" 

, ( ~ .' .-, ' 
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R = t-BuSiMe2 
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- >- -~ -\J 
Most of'- SM 

1 • 

fol1owed by addition of diethyl chlorophosphite at -780
• nie N-pho~phor": 

, , ~ 
16\ ylated amide 154 wa~ ob~ined in 20-35% yield after purification.c' 
0. 1 

It thus appeared through the model study,: and also according to 

the ,iterature97 , that the reaction of a nitrogen of an 'amide with ,chl~ro­

phosphate was not facile. The reasons for the difficulty' of the reac~ion, --
- , 

, perhaps, are due to the re1ative low nucleophil icity of the amide anion 
; --,...,/ 

towards the chlorophosphate, and/or the instability of the nitrogen-" 
v ' _ 

1 • 

phosphate bond in this type of compounds. On t~e other hand, the hydrogen 
, '...), 

~n the nitrogen of a S-lactam is more acidic th/an that of an amide, and 
.,- , 

the chemical reactivity (nucleophiul,icity) 'of a;/3-1actam nitrogen 1 ies between 

that of an amine and an amide39 ,98. We therefore attempted to react a 
/ 

chlorophosphate with a S-lactam again. Thus,,:addition of phenyl dich11ro-

phosphate ta a solution of alcohol 138 and tw~ equivalents of triethyr-~ 

amine (or pyridine) in dry methylene chloride; at QO, afforded most proba ly , 
1 

.. ~ ... .., -... ~ 

\ 
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ch1orophosphate 155 as an intermediate. This was supported by the prnr and 

o 
Il 

~r-:~Ph " 
1J--NH Cl ~_.../ 
o 

155 

JO 
o Il " o OR 

156 R = Ph 

157 R = M 

. infrared ev; dence only. Prolonged reaction did 'hot produ e any bicycl ie 
'-

8-1actam 156, rather opening of the a:1actam ring wa'S obs rved, based on - . 

J' 

the infrared.spectrum. Treatment of 138 with two equivaTents of n-butyl­

lithium and dimethy1 ch1orophospnate d;é not y;e1d any sllactam 157 eithero: 

We thought that it might be safer to perform this reacti n in a stepwise 

fas,hion, that is, to form the N-P bond by treatment w;t an appropriate 

base after initial1y protecting the a1coho1 . 
. , 

.Thus, (alè9ho1 138 and d;hydropyran in dry methy ene chloride 

containing pyridium p-to1uenesulfonate99 (PPTS) was st; red for 8 h at . ' 

'~oom temperature to afford THP ether 158. Treatment 0) the THP ether 158 

'with one equivalent of n-butyllithium at -78°, in dry tktrahydrofuréfn, , • 1 
~ 1 ' 

foll owed by addition of di ethy1 chlorophosphate, affOl;'ded th,e adduct 159, 

in 900d yield. The carbony1 infrared absorpti,on t'requency of S-lactam 159, 
{ -

- as expected, i ncreased from 1750 cm -l, in 158, to 1790 cm -1 . The mass 
, - 1 

spectrum of 159 sho~ed a base peak at mIe 180 for t~e fragment indicated 
- l 1 

in structure 159. The 200 MHz pmr of 159 (Fig. 14, :p. 75) showed tWe 
- - 1 

1 

1 
l , 
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158 ~R = H '. ~ 
159 R- = P(OH OEt)2, 

o R = P(Q)(OR ' )2 

76 

presence of two diastereomers, the structures of which were consistent with 

'those depieted. Ana1ysis of an expanded portion of the 159 spectrum a110wed 
,fi -

us ta detennine the coupl ing constants between phosphorus and protons Hl' 

H2 and H3. Hl was eoupled to H2 (Jgem = 16 Hz)" to phosphorus (J p_H = 3 Hz) 

and ta H3 (Jtrans = 3 Hz). H2 was coup1ed ta Hl (Jgem = 16 Hz), to 

phosphorus (J p_H ~ 6 Hz) and to H3 (Jcis ~ 6 Hz).. " 

Having been able to successfu11y attach the phosphate residue ta 

the nitrogen on the B-lactam ring,we now sought to fonn the bicyc1iç 

system by cyel ization of the phosphate and the hydroxy group. There are 
,/>,/ 

two possible routes to the des.ired bicyclic B-lactam J from 8-1aetam 158:" 

the THP ether 158 coul d be transformed into an àppropriate phosphoro­

amidate 0, removal of the THP protecting group and would then al10w the' 

cyclization by transesterification; the other route involved the conversion 

"'of 158 into a phosphoric ayid·Q (RI ': H), deprotection of THP ether and 

the cye 1 izati "" of the re:ulti 1 compound by a coupl ing reagent. ~/e . 

" attempted the transesterification first, which would eliminate the possible 

difficulty of handl ing a very polar phosphoric acid intennediate. 

In 1977, Ogilvie et ar. 100 reported that bi.s(trichloroethyl) alky1 

I?hoSphates reacted with alcohols in the presence of cesium fluoride or 
'.Il} 

• 
.. 
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tetra-n-b tylaJ1l11onium f1uoride affording the adducts f! which could be 

further t ansfonned into mixed trial kyl phosphates,Ç,. Reactions using 

o~ 

" 
o 
" C1 3CH20) 2PO~ 

RIOH 
CsF CC13CH20~OR 

R"OH 
CsF 

. 0 
/ Il 

7 RIIOPOR 
1 

OR I OR I 

p g 

--
diphenYlj alk~l phosPhates

100 
were fou~d 

exampl esf mentioned above. In addition, 
- 1 

to be even more rapi d thaofl the 
~ i 

other al koxy grbups were not ; 
t " 

7 

diSPlacf under those conditions. Based on the above findings~ we E!I1bar ed 
ï 

on the s~nthes i s of the key i ntermed i a te 160. 

ion at 

160. 

a-Lactam 158 was transformed into the diphenylphosphoramidate l 
, 

in 80% yield after flash chromatography. Oeprotection of 161', with 
, \ 

alcohol 160. The mass spectrum of 160 showed a mol ecu ar 

le 347 and a peak at mIe 276 "'(96%) for the fragment shown on st ucture 

e 200 MHz JlTlr spectrum (Fig .. 5, p. 78) cl ear1y showed resonanc s 

, 

160 R = H 

161 R = THP 
s 

at 2.7 'PJI1l.for Hl (J1•2 = 16 Hz, J, ,3 ~ Jp,Hl = 3 Hz), at 3.22 ppn for' 

.. 
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H2 (J1,2 = 16 Hz, J2 ,3 = Jp ,H2 = 6 Hz) ·and a broad multiplet at 4.1.0 ppm 

for H3' The p-H coup1ing constant was found by decoup1ing H3 from Hl and H2 -

, Reaction of dipheny1phosphoramidate 160 with anhydrous cesium 
o • 

f1uoride in t-butano1 gave the cyc1 ized B-1actam 162, in 20% yi eld, along - , 

with phenol and S-lactam 163, as the sole side product. Attempts'to 

improve the yield of the reaction and to eliminate the side product 163 

:-._ •• __ . 212 
1 • • 

iin o : ,P, 
: 0 OPh 
• · 

.. 
304 , OPh 

0, 1 

' .... OPh o 

,0 

i 162 163 
, i 

1 

'were all in vain. This suggested that perhaps the 8-1actam nitrogen was 

in part acting as the 1eaving group, during treatment with CsF, instead 

of ,the phenoxide' anion. Due"to the strained nature of the bicyclic .. , 
system, it may also be possible for the phenoxide a,nion to attack the 

phosphorus on 162 and displace the S-lactam nitrogen. 

The 200 MHz pmr of 162 in acetone d6 and deuterium oxide (Fig. 16, 

.. p. 80) showed multiplets at 1.8-2.2, 2.8-3.0, 3.9-4.1 and 4.3-4.7 ppm 
i 

for the protons H3' Hl' H2"and H4' respectively. A1so, decoupl,ing 
0. 

experiments at 200 MHz affec,ted the above protons in a manner cons i stent 

with structure 162. The mass spectrum of 162 showed a mo1ecular ion q~ 

7 
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well as a base peak at mie 212 for the fragment indicated on the structure 

,162. To our surprise, the infrared absorption frequency f r the carbonyl 

group of f!-lactam 162 was 1760 cm-l, which was 30 cm-1 lowe. than the 

uncyc1 ized f!-lactam 160. Bio1ogica1 testing showed 162 was ,tota11y 
, . 

devoid of activity toward a variety of bacteria· . .. , 
Tlle identity of the side product 163 was proved uSing infrared; 

1 - , 

prnr and mass spectral data and by synthesis. Alcohol }38 was 

reacted with dipheny1 chlorophosphate in the 
r-

163. The pmr spectrum (Fig. 17, p. 82) displayed two sets of 

multiplets at 1.8-2.2 and 4.2-4.5 ppm for the .protons of two met ylene and 

a similar pattern for the three of 8-1 actam protons as 

138. The mass spectrum showed a parent ion at mie 347 (4.6%) and the 

fragmf_nts at ml e 304 (20.3%),' 305 (43. 7%) i nd i ca ted on strùcture 1 3. 

',,- Unfortunately, pre1 imi nary attempts to cleave the phenyl 9 

162 with tet~a-n-buty1anmonium f1uoride in THF reslllted in a very 

diffi cul t-to-separate reaction mixture. 

While this work was in progress, Dr. C~ristensen at Merck Corn any 

generously provided us with s-lactam 164. We were hoping to achieve 

the synthesis of bicyc1ic 8-1actam 165 via the same subsequent transf nn­

.tian (see Scheme 5). Thus. â~ 1.ct.m 164 w.s hydrogen.ted with pa 11 a!iUm 

on charcoa1 f~..,110wed by mêthylation with diazomethane to afford methY11 

ester 166. Reduction of 166 with sodium borohydride in tetrahYdrOfUr1n-

" water101 gave the desired a1coho1 167. later, the formation of a1coh91, 
1 

167 was achieved by direct reduction of 164 using sodium borohydride iln 

methano1 36 . ' , 

_. 
1 

:' 
, 
• 'i! .. i 
~ . 

• 1 

' . .; 

t , , 
-
i 
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164 

OH 

0 
N .... 19Ph 

P 0" .... OPh 

; , , 
" • 1 
1 , , , 

;:Co N 1 
00 , ~~Ph 

0 

" 165 

.. 

.. 

Schemè 5 

r-('COOMe 

J-NH. o 

166 

... 

;=C0THl? 
N 'IOPh' - .. ----o ..... p. 
0' ..... OPh 

• 

lZl 

~ " 
, \" ~ 

; 

p,0H 
NH 

o . 
( ! 167 

, 

~THP 
NH , 

0 
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• v , 

Protection .of"a1cohol 167 followed by rea,ction, with diphenyl-, 

83 
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.r 

l ,<-
ch 1 orophosphate 'gave 6-1 actarn 169. Deprotecti on of THP eth,er 169 afforded 

1 - - ~ 
1 t " " 

B-lac~ bo. Unfortunately, treatment of 170 with CsF in a usual manner ,- -
1 

d1d 'nct yie1d any of .the desired biayclic B-lactam 165. Instead, S"=lactam 
l , -, 
1 • ' 

171 waf found to be the only product. All of· the pnr, infrar:ed and" rna::~.s 

spectral data were in accordance w'ith the structure 171. B-Lactam 171 \,was 
, \ -

, '-
, ~, 
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also Syn'thesi~ed by the reaction of 6-1actam 138 with di phenyl ~hloro-
\ ' 

phosphate and triethylamine. 

At this stage, we decided to attempt the second route (Scheme 6) 
, S> 

of the cyclizatlon through the coupling re'agent such as DCC. Thus, 
" 

dibenzy1 ch1orophosph~.te 172 was chosen, instead of dipheny1 c'h1orophosphate 

as the required reagent. It is known that benzy1 protecting groups can be 

removed by hydrog~nation. According to themethod ~f Friedma~102, reaction 
, ' 

• 1 of phosphorus. trich10ride and benzyl alcohol in the l>resence of pyridine 
, . 

afforded d;'benzy1 phosphite 173. After ch1orination of 173 with N-chloro-
, • - - 0 

~x· ~ HOP (OCH2 C6H 5 ).2 
NeS , 

Cl p~ 0) (~n)2 
" f---+ . , , 

173 , "1.12-
~ o r ..;;J-

',; . " 
~ .' 

o . 

"', 
~ucei,nimide, the corresponding benzyl ch1orophosphate 172 

) Treatment· of 6-1actams 158 and 168 with n llobutyll it fum a~ -780
," , 

foll owed\ by the addition of dibenzyl chlorophosphate affor ed S-lattams 0° 

~ 

174' and 175. Oeprotection of THP ether' (174 and 175) and. he hydrogenation~ 
" , ':Il ~ 'a 

of 176 and 177 li el ded B-1 ~ctams 178 and l:Z1. H9Wever, a ~ pted·. 
, tJ,,, , .... \ .. <l • 

cyel ization of 178 and 179 with DCC104 or < l-ethyl-3[3-(dime hylami~o)-
J 

\ 

propyl]carbodiimide (WSC) gave mostly unidentified pr:oducts. r, ,. .. , 

" 

. , 

o 

\ 

, , ; 

" 

, . 
.ç 

r,~ 
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158 R = CH20THP 

1~8 R = OTHP 

, 

Scheme 6 

- iC~Bn 
li 'OBn 

o 

174 R = C~20THP 
175 R = OTHP 

;:0 
C ;P, 

a OH 

180 

Jt) 
o /J' 'OH o . .., 

181 

SYNTHESIS TOWARD MONOBACTAM ANALOGUES 

( 
J 

. 
EPTS ~R 

---1-- )- N.... ,0Bn 
o 'p a' 'OBn 

176 R = CH20H 

177 R=OH 

1 H2/Pt/C 

JO a .... p 
01'1' 'OH 

178 R = CH20H 

179 R = OH 

~I . bl' t' 105 . h T t. d n very recent pu , ca , ons • twe researc groups. al\e a 

Chemica1 Industries in Japan and T~ Squibb Institute in 'OSA, describe'd 

a new family of monocyclic B-lactam antibiotics propuced by bacter;a. , 

This class of B-lactams containing the novel structure skeleton ~ have 

been nlmed as "monobactam". Most of them showed activity aga;nst Gram­

negative bacteria. Particularly, a highly active B-lactamase-stab1 e 

85 
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derivative 1. azthreonam~ synthesiz~ by the Squibb Institute. has been 
• 

developed for Clin;ral evaluation. 

.. 
X Y R , . 

* 1 OCH3 H -~H-NHCOCH2CH2~-NH2 

f CH3 COOl}-
.." 

*D-alanine:Sulfazec~n .. 
X t 

*L-alanine:Isosulfazecin 
( .. RCONH: ,r y .. 

01I'S03H 

II H H -~H-NHCOCH2CH2~H~NH2 

CH3 COOH 

R III OCH3 H . -CH3 
-... • 

IV H _H -CH 
3 S 

V H CH3 -~H~)-NH2 

"-
CH N N . 
1

3 / 
HOOC-C-O 

1 

CH3 Azthreonam 

a 
) 

We therefore were i nterested in the synthes i s of sorne monobactam 
( 

analogues S by replacing the sulfonate moiety with the phospha-t:e residue. 

Based on t~e finding of mOd~studies, it wâs difficult to react a secondary 

RCONH JJ.'" 
o 'PO H 

S 

3 2 

X = H, CH3 

." 

~J 
) 

e 
t 
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amide with a dial kyl ch1orophosphate. We thought it might be poss,ib1e 

to apply the establ ished methodology for attaching the phosphate moi et y 

to the nitrogen of a f3-1actalJ! ring in the presence of an acylamino side 

chain. 

The simplest S-lactam 182, as the starting material, was prepared. 

according to the method developed by Miller et: aL.
39 

N-t-butoxycarbony1-

L-serine 183 was converted into the corresponding hydroxamic acid 184 

using O-benzylhydroxylamine and WSC. Cyclization of 184 with triphenyl-

tBOCN~H OH 
f!BOCNH~ 

• COGH 'NHOCH2Ph 
0 

183 184 
:> 

\ 
H 

1 

tBOCNH~ tBOCNH):l tBOCNHn ~ NH • ... 
0 o 'OH a 'OBn 

"' ... -." 
182 186 185 

, 
pho~phine, triethylamine and'carbon tetrachloride afforded 8-1actam 185.' 

. 

Hydrogenat ion of 185 yiel ded 186 and titanium trichl ori de reduction gave 

182. Treatment of 182 with n-butyllithium at _18°, followed by the addition 
" , 

of dipheny1 chlorophosphate, afforded as expected s-lactam 187 in ,90od yield. 
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f'-
In the infrared spectrum. the S-lactam absorption of 187 was fbund at 1800 

cm-1. The mass spectrum showed a parent ion at mie ~18 (h5%) and the 

1 tBOCNH 

[O---o)::oJ::: li, 
275 /J 'oPh 

o 

187 , 
fragment at mie 276 (70.2%). Also, S-lactam 188 was synthesized from 

S-lactam 189* via the same method for the preparation of 182. The infrared 

1. n-BuL; 

189 

188 . . 
tBOCNH , ' CH 3 

:J=7 /OH o N .... p 
Il ..... OH 

0 1 

190 
, 

spectrum of s-lactam 188 showed the absorption at 1790 cm-1 for the 

S-lactam carbonyl function. Dr. D. Dugat, in our laboratory, successfully 

hydrogenated S'-lactam 188 to give phosphornic acid 190. --- . -
In conclusion, the reactivity and the synthesis of various 

1 . , 

phosphorus reagents and an amide or an unsubstituted S-lactam on nitragen .r . c 

S-Lactam 189 was prepared by Or. D.,Dugat in our 1aboratory. 

.. 

-, 
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has been explored. The attachment of a dialkyl chlorophosphate to the 

• nitrogen of a S-lactam ring was achieved~ The formation of two new ring 

systems)!!Q. and 181 ha~en studied and a-1actam 162 was succ;ssfully . 

prepared. Different protectlng ~roups of phosPha,te' residue were ~xam1ned 
and it was shown that the benzyl protecting group could be cleav~d ;n the 

~ 
r 

case of S-lactams 178 and 179: Pre1iminary tests* indicated the 'failure 
, 

of,removing the t-BOC protecting group in phosphorylate~a-lactam 188. ( 
~ 

However, the synthesis of monobacta~ i was considered beyond the Scope 

of th; s thesis. 

. . 

. 
r ' 

<' 

* ' This work was attempted by Dr. D. Dugat: in our laboratory. 
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,1 CONTRIBUTIONS TO KNOWLEDGE 

~ 

Nocardil2'in analogues IL and 52 have been prepared. Oecarbonylatfbn 

of &! by tris(triphenylphosphine) rhodium chloride was achieved.' r 

The synthes i s of 8-1 actam 95 was accompl i shed. The reacti onM 

azidoacetyl ch10ride with phenyl propargyl idene Schiff bases derived from 

phenylpropargyl aldehydè and various substituted anilines, afforded 
Q 

8-lactams in fair to good yields. 

A new bicylic 8-lactam 162 was sy'nthesized. The key step in 
- _'JI 

the synthesis of 162 involved the phosphory1ation of the nitrogen on 
, -. 

the 8-1actam ring. 

, 6-Lactam 188, a key intennediate, for the synthesis of monobactam . -
analogue i was synthesized • 

, ,.., , , 



( 

Il' 

EXPE RIMfENTAL 
, " 

" 

( 



, . ' / 
, 

\1 <.. 

tl 
1\ 

\1 I- I 

/ i 
" 

; 

l\ 1 
\ 

.. GËNERAL EXPERIMfNT.4L 

:1' ~_" . ~~ 
Melting points (mp) were determined on a ~lenkamp é10ck and 

are uncorrected t unless otherwise specified. Mass spectra (ms) we~k 
el"' l 

obta;n~d o~ HP 5984 or LKB 9000 mass spectrometers and intensities are 
,~ 

reported in parts per th ou sand (%o). Chemical ionization mass'spe~ctra 

(CI~ms) (using isobutane) and'gas chromatographie m~~s spectra (9c-ms) . ' 

. ~ere recorded.on.the HP 5984 instrument. Infrared (ir) ~ctra were 

obtained on Unicam SP 1000 Perkin Elmer 257 and 297 spectrophotometers . . 
Proton magnetic rèsonance (lHmr') spectra were acquir'ed"on Varian T -60, 

91 

T-oOA and XL-ZOO ~pectr~eters. ~ith tetramethylsilane (TMS) as internaI 

standard. Chemical shi~ts are given in the 6. scale, in parts per million 

(ppm). Ooublets (d), triplets (t) and !1uartets (q) are reported by their • / 

center positions. while multiplets (m) are described by a range of 

absorption. Other abbreviations used are: (s) for singlet, (b) for 

broad and (app) for apparent. . ' 
Analytieal thin-layer ehromatography (tlc) was carried out on 

Mérck silica gel 60 FZ54 pre-coated aluminum plates, ~nd was visualized 
a \ 

by dipping into a solution of 2.5 9 ammonium molybdate and 1 9 cerie 
o 

sulfate in la ml eoncentra~ed H2S04/90 mL H20 and h~at;ng on a hot pla~e, 

or by dipping into a'solution of 1% of p-dimethylaminobenza1dehyde in 
, 

96% et,hanol, followed by expa~g it ,ta Hel vapars. "Flash ~hromatographY", 

deseribed by Still et,qt. 106 , was performed using 3Z-63 u Woelm silica 

gel (from ICN Nutritional Biochemicals, Cleveland, Ohio). Ana1ytical gas .. 
ehromatography was performed on a HP 5750 instrument, using a 3% OV-10l 
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(3 ft) co 1 umn. 

Dry sol vents were obtained by storing over molecular sieves 107 

(DMF, OME, acetonitrile, benzene, methanol, methylene chloride, toluene)t . . 
or by 'refl uxing in the p,resence of sodium-benzophenone 108 (THF), or were 

available conmerciaTly (Et20, EtOH). 

All evaporations were done, unless otherwise m~ntioned, under . 
reduced press~re (water aspirator) with a bath temperature of 25-40°. 

Midwest Microlabs (Indianapolis, Indiana) performed the elemental 

analyses. 

, . 
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CHAPTER f t 

. 
2-(2,5-0imethoxYBhenyl)glycinonitrile 33 

2,5-Dimethoxybenzaldehyde 32 (3.32 g, 20 mmol) was dissolved in 

methanol (100 ml). Ammonium chloride (2.67 g, 50 mmol) and sodium cyanide 

(1.22 g, 25 mmol) 'was added. The solution was saturâted with ammonia 

gas"'at 00 for 15' min in a pressure bottle. It was allowed ta wann ta room 

temperature and stirred overnigf1t~ Jhe solu'iion was evaporated to dryness 

and water was added. It was extracted with'ether (3 x 80 ml). washed with . 
10% HCl and neutralized the aqueous layer with sodium carbonate. 

J 

Extraction with ethyl acetate (3 x 70 ml), drying (MgS04) and evaporatio~ 

gave 3.34 9 (87%) of 33 as a red ail. - . 

\lHmr (CDC1 3) ô: 2.16 (bs, 2H, NH2),H3.74, 3.82 (2s, 6H, 2CH3), 5.00 (s, 

lH,. CH), 6.80-7.12 (m, 3H, C6H3); ir (CHC1 3) vmax : '3300-3400 (NH2), 

2210 (eN) cm-1. 

Methyl-(2 ,5-0imeth&xyphenyl )gTycinate 35 

2-(2,5-Diméthoxyphenyl)glycinonitrile 33 (LOg, '5.2 !lInol) was', 

dissolved_in 60 ml methanol/water (95:5). Hydroch1oride gas was bubbled 
, , .. 

in at room temperature until saturation for 10 min without cooling. Tbe 
. 

mixture was ref1uxed gently for 2 h and evaporated to dryness. Saturated 
,'" 

sodium carbonate (20 ml) was added. The solution was extracted with ethyl 

acetate (3 x 20 ml), dried and evaporated to give 0.71 9 (61%) of 35. 

.. 
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IHmr (CDC1 3) ô: 2.40 (bs, 2H, NH2), 3.70, 3.80, 3.82 (3S, 9H, 3CH3), 
• -

4.79 (s, lH, CH), 6.85 (s, 
j 

3H, C6H3};,ir (CHC1 3) vmax : 3300-3400 (NH2), 

1740 (C=O, ester) cm- l . " 

Sch,iff Base 36 

To a solution of methyl-(2,S-dimethoxypheny1)glycinate 35 (1.83 g, 

8.13 lI1TIol) in dry CH2C1 2 (100 ml) was added cinnamaldehyde (1.07 g, 1 

8.13 1lI1l0l). The mixture ~as refluxed and CH2C1 2 di still ed out slow1y 

with ~he ~onstant addition of dry CH2C1 2 50 as to maintain the same volume 

, ln the r~ction vessel for 6 h. ,The solution was cooled; added MgS04 . ., 
(1 g) and stirred for 18 h at room temperature. Filtration and evaporation 

afforded 2.76 9 (100%} of Schiff b~se 36. 

IHmr (CDC1 3) ,ô: ~.40-3160 (m, 9H, 3CH3), 5.10 (s, lH, CH), 6.30-7.00 '" 

(m, 10H, C6HSCH=CH, C6H3). 7.40-7.60 (b. lH, Cij;N); ir (CH2C1 2) vmax : 

1740-1750 (C=O, ester), 1630 (C=C) cm-1• 

Azido-B-Lactam 37 . ....,... 

To the freshly prepared Schiff base 36 (2.75 g, 8.12 lI1TIol) in dr~ , 

CH2C1 2 (60 ml) was added triethylamine (0~82 g, 8.)2 mmol)" A solution' 

of azldoacetyl ch10ride (0.97 ,g, 8.12 lI1TIol) in dry .GH2C1 2 (10 ml) ,as , 

added at -20, oC, dropwise over 10 min. The mixture was warmed up by ït~e1f 

and stirred an addltiona1 hour. The solution was washed with water 
? 

(2 x Sn-ml), dried (MgS04) and evaporated to obtain the crude product. 
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Chromatography 'over sil i-ca gel using methylené chloride as el uant gave 

1.63 g (50%) of 37 as two diastereomers . 

IHmr (CDC1 3)' ô: 3.60-1.90 {m, 9H, 3CH3) , 4.20-4.40 (m, lB, CH-CHN3), 

4.88-4.95 (2d, 1H, CHN3 , J = 5 Hz), 5.91, 5.93 (2s, 1H, CH). .6.5-7.7 (m, 
e. ' 

95 

10H, C6H3' C6H5CH:CH); ir (CH2C1 2) vmax : 2100 (N3), 1780 (C=~, 6-1actam), 

1760 (C=0,e'ster)cm-1 • 6 

-,Acylamino 6-Lactam 38 

To a diastereomeric mixture of azida S-lactam 37 (l g, '2.49 nmol) 
.~ ~ 

in dry CH2C1 2 (50 mL) was added~ethy1amine (0.25 g, 2.49 nvnol). The 

solution .was bubb1ed into H2S ga$ fo!, 15 min at 0° and was wanned to 

room temperature ta stir for an additional hour. It was then bubb1ed 

into nitrogen gas for 15 ~in. Phenylacety1 ch1aride (0.42 g, 2.72 rI1l101) 

and pyri dine (0.2 g, 2.53 mmol) were added to the reaction mi xture. After 

stirring at room temperature for 2 h, it was washed with water, 10% HCl . '. 

and saturated NaHC03, dri ed and evaporated to give 1.42 9 of crude praduct. 

Cpramatography over silica gel using CH2C1 2 andthen CHC1 3 as eluant 

obtained 0.70 9 (5S%) of 6-lactam 38. 

IHmr (CDC1 3) ô: 3.42 (bs, 2H, COC!kPh), 3.40-3.60 (m, 9H,. 3CH3), 4.00-4.20' 
q • 

, . \ 
(m. 1H, C!:!.-CHNH). 4.60-4.80 (m,'l.H, CHNH), 5.70,5.80 (2s, lH, CH), 6.2-7.4 -

r 

(ms 11H, C6H3 ,'C6HSCH=CH, NH); ir (CHC1 3) "max: 3300-3420 {NH}, 1740-

1760 (C=O, 6-1actam, ester), 1675 (amide) cm-1 • 

) 
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2,5-Dihydroxybenzaldehyde 39 

- . 
2 ,5-Dimethoxyben~al dehyde 32 (3.4 g, 20.4 lIIf1ol) in dry CH2C1 2 - . 

(lOD mL). Bor:-0n tribromide' (13.06 .g, 51 1TI110" in dry CH2C1 2 f40 ml) was 
.. 

aaded dropwise over a period of a tha1f ho ur at -20°C ... The solution was 

wanned to room temperature ~nd stirr.ed overnight. It was -poured ante ,fee 

and extracted with ethYl,acetate. Drying (MgS04'y,·'.f-=il.tration and 

evaporation yie1C1ed 2:80 9 (99%) of ~ as~green-b1ack sol id; -m.p. 98-99°C. 1 .. . 
..... ltfm'r (COC1 3) ,0: 6.71-7.34 (m, 3tt, C6H3) , 7.35-8.00 (h, lH, OH), 9.80 (s, . 
1H, CHO), 10.40-10.60 (bs, 1H,-QH-); ir (CH2t'2) .\Jmax : 3500':'3000 (0)>), 

1660 (CHO) c~ -1, • . 

2 z5-Djbenzyloxybenza1dehyde" ~ 

.~ .\ 4 _ ~ 
o A solution of l:,5-dHlydroxybenzaldehyde 39 (13.68 g, 0.099 Inol) in -, . 

absolute ethanol (450 ml)' was refluxed for' 18 h, containing benzyl chloride . . 
(23.Z6 g,,0.188 mol) and potassium carbonate (25.94 g, 0.188 mol) •• After 

. ;Ii; . . . 

filtrati'on and evaporation, the residUe was dissolved in ether and treated 
. . 

wi th cha rcoa 1. to afford the crude product, wh; éh was . chroma tographed over 

silica gel using ÇH2Cle as e1uant: Crysta11ization fram ether-pentene gave 
• -"v". 

23.25 9 (74%) of 2,5-d1benzyloxybenzaldehyde 40 as yellow cystals; J1l.\l. .' 

89-90 0 C. 

lHmr (COC1 3) cS: 5.08, 5.18 o{2s, 4H, 2CH2), 7.0 .. 7 .6 ... ·(m, 13H, C6H3' ~C6H5)" 

10.60 (s, 1H, CfiO), ir (CH2C1 2) vmax ; 1700 (CHO) cm-l • .. 

J • 

• 
Co 
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• 

2, !}-Dibenzoxyphenyl glyci nonitri.l e 43 

2,5-Dibenzyloxybenzaldehyde 40 (2 g, 6.29 mmol) was dissolved in 

100 ml of methanol and 30 ml of tetrahydrofuran. Anmonil.JT1 ch10ride 

(0.674 g, 12.6 mmol) and sodium cyanide (0.318 g, 6.49 1111l01) was added. 

The mixture was saturated with amnonium gas at 00 for 15. min. The 

solution was allowed to wann up to room temperature and stirred for 18 h 

in a pressure bott1 e. It was evaporated to dryness and water was added. 

Filtration afforded 1.90 9 of the crude il, which was used without 

purification. 

97 

IHrnr (COC'3) ô: 1.60-2.00 (bs, 2H, NH 2), 5.02,5.10 (25, 4H, 2CH2), 6.90-

7.60 (m, 13H, aromatic); ir (KBr) vmax : 2200 (CN) cm-1 . 

Methyl-2,5-dibenzoxyphenylglycinate 43 wa5 obtained from the erude 

~, via the procedures for the preparation of ~, in 45% yield after 

. thromatography on sil ica gel using chlorofonn as el uant. 

IHrnr (COC1 3 ) ô: 1.80-2.00 (bs, 2H, NH2), 3.67 (s, 3H, CH 3), 4.81 (s, 1H, 
, 

CH), 5.02,5.05 (2s, 4H, 2CH2), 6.80-7.60 (m, 13H, arol11&tic); ir (CH2C1 2) 

vmax : 3000 (NH2), 1740 (C=O~ ester) cm~l. 

Aminaester 44 

'" 
IHmr (COC1 3) ô: 3.67 (s, 3H, CH3), 3.70-4.00 (bs, 3H, OH, NH2), 4.60 (s, 

lH, CH), 5.04 (s, 2H, èH2), 6.50-7.50 (m, SH, C6H3 , C6HS); ;r (CH2C1 2) 'Jmax : 

3500-3000 (NH2, OH), 1740 (C=O, ester) cfnd; ms (70 eV, 54°), mIe (%o): 

287 (28, M+'), 228 (595, M+'-C~OCH3'), 91 '1000). 



( 

Schiff Base 45 and Azido-j3-Lactam 46 

Schiff base 45 was obtained from'43, via the prQBedures tor the 

preparation of 36. 

IHmr (CDC1 3) ô:- 3.62 (s, 3H, CH3), 4.90, 4.95 (2s, 4H, 2CH2), 5.50 (s, 

lH, CH), 6.50-7.60 (m, 20H, C6H3, 2C6HS' C6~SCH=CH), 7.90 (d. 1H, CH=N, 

J = 7.Hz); ir (CH2C1 2) vmax : 1630 (C=N), 1740 (C=O, ester) cm-1. 
,.>\ 

S-Lactam 46 was obtained from 45, via the procedures for the 

prepara~ion of 37, i!1, 90% yield, as a 1:1 mixture of diastereomers after 

chromatography (CH2012). 

IHmr (CDC1 3) ô: 3.48,3.52 (2s, 3H, CH3), 3.90-4.20 (m, 1H, CH-CHN3), 

4.S3 (d, 1H, CHN3, J = 5Hz), 4.70 .. 4.75,4.81,4.90 (4,S, 4H. 2C~C6H5)' 

5.72, 5.78 (2s, 1H, CH), 5.22-7.40 (m, 20H~ C6H3, 2C6HS' C6HSCH=CH); ir 

(CH2C1 2) vmax : 2100 (N3), 1770 (C=O, 8-1actam), 1740 (C=O, ester) cm-1. 

S-lactam 47 

A diastereomeric mixture of e-1actam 46 (1.43 g, 2.49 mmol) in a 

mixture of CH2C1 2 {50 ml}" and abso1ute methano1- (lO? m~) was saturated 

with nitrogen gas at -78 0 for 5 min. A mixture of ozone ,and ~itrogen gas 

was bubb1ed in for 35 min, until the KI starch paper showed b1ue color. 

The excess ozone was f1ushed out with nitrogen gas for 15 min. The 

temperature was a1lowed to rise to -40:. at which time NaBH4 (0.132'9, 

;3.48 mmo1) was added. The temp'erature of the solution was risen to room 
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temperature with i" 2 h, fo 11 oWi"9 wh i ch ,l 0% Hel (5 ml) wa S \d ed • The 

solution was evaporated to dryness. The residue was added water (30 ml) 

and extracted with ethyl acetate, washed with water, dried (MgS04), and 

evaporated to give the crude product. A wash with a mixture of ether­

hexane (1:5) r-emoved benzyl alcohol. Chromatography on silica gel and 

elution with chloroform afforded 0.75 g {60%) of a 3:1 mixture of 

diastereomers 47/48. Separation of tw,o'~jastereome~s,by chromatography 

on silica gel using CHC1 3 gave 0.5 g of the more p61~r..~somèr 47. 

.. .!i' l 
\ 

lHmr (CDC1 3) ô: 3.10-3.40 (bs, 2H, C~OH), 3.50 (s, 3H, CH3) , 3.40-3.80 
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(b, lH, OH), 3.90-4.10 (m, 1H, C!!CH20H), 4.60 (d, 1H, C!:!..N3, J = ~Hz), 

4.80-5.20 (m, 4H, 2C~C6H5)' 5.64 (s, lH, CH), 6.60-7.40 (m, l3H, C6H3' 

2C6HS); ir (CDC1 3) vmax : 3400-3600 (OH), 2100 (N3), 1760 (C=O, ~-lactam). 

1750 (C=O, ester) cm-l. 

l3-lactam 49 

To a solution' of a-lac,tam 47 (1.25 g, 2.49 l11TIo1) in dry CH2C1 2 
(50 ml) at 0° was added triethy1amine (0.283 g, 2.80 l11TIo1). A stream of 

H2S was bubbled in for 15 m1n: The mixture was stirred at room temperature 

for 2 h. The excess H2S gas was removed by passing through nitrogen gas 

for 30 min. The solution was washed with water. dried (MgS04) and 

evaporated to afford 0.65 9 (55%) of l3-lactam 49, after chromatography on 
" . -

silica gel u~ing chloroform and chloroform:ethyl acetate (1:1). 

lHmr '(CDC1 3) ô': 2:00-2.60 (bs, 3H, OH, NH 2), 3.20-3.40 (m, 2H, C~OH). 

3.54 (s, 3H, CH3) , 3.70-4.001 (m, 1H, CH-CHNH2), 4.23 (d, lH, CHNH2, J = 5Hz), 
, ' 



.. 
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, 4.'95, 5.00 (25, 4H, 2CH2C6HS)' 5.64 (s, 1H, CH), 6.80-7.40 (m, 13H, C6H3' 
.. 

2C6HS); ir (CHC1 3) vmax : 3350 (NH2), 1750 (C=O, B-1actam), 1740 (C=O, 

ester) cm-1; ms (70 eV, 20-110°), mie (%0): 476 (31~ M+'), 403 (1000, 

M+·-NH2CH=CHCH20H). 

B-lactam 50 

To a solution of B-1actam 49 (0.65 g, 1.36 mmo1) in dry CH2C1 2 
(40 ml) containing triethylamine (0.2 g, 1.98 mmo1) was added dropwise 

a solution of trimeth~lsi1y1 ch10ride (0.2, g, 1.84 mmo1) in dry CH2C1 2 
(10 ml) over 15 min. After stirring another ha1f hour, EEDQ (0.4 g, 

1.62 mmo~) and phenoxyacetic acid (0.3 g, 1.97 mmo1) were added. The--' 

solution was a110wed to stir at room temperature for 18 h. After evaporation 
, ' '\ ' , c.. '--- of, the solvent, t~e re,sidue was disSQ1veCJ in ether, washed ,w'ith, 10% HGl 

and 10% NaHC03,;dried (MgS04) and evaporated to afford 0.83 9 of the crude 

; pràduct. Chromatography on siliça gel using CH2C1 2, gave 0.65 g of ". , '. ' 

B-1actam 50 in 78% yie1d. - . 

IHmr (CDC1 3) ô: 2.60-2.80 .(b, 1H. OH), 3.2p-3.40 (b, 2H. ,C~OH), 3.60, 

(s, 3H, CH3)-, 4.0 (m, 1H, C!i-CHNH), 4 • .42 (s, 2H, C~OPh), 5.00 (s. 4H. 

2C~C6~5)' 5.20-5.40 (m, lH. CtlNH), 5.50 (s, 1H, CH), 6.60-8.00 (m. 19H, 

C6H3,·3C6HS' NH); ir (CH2C1 2) vmax : 3400 (NH), 1760 (C=0,'B-1actam), 

1740 (C=O, ester) cm-1; ms (70 eV, 70-130°),' mIe (0/00 ): 610 (1.15, M+'), 

'551,63, M+'-COOCH3'), S19 (39, M~'-CH2C6HS'), 403 (427, M+'-OHCH2CH=CHNH­

COCH20C6H5), 344 (1000, M+' -COOCH3' -HOCH2CH=CHNHCOCH20CSHS) • 

• 



•• e 
ê-lactam II 

" , To a solution of S-lactam 50 (0.65 g, 1.06 mmo1) in methano1 ' 

(30 ml) was added dropwise 1% NaOH (lQ ml) during 10 min. The solution 

was stirred for 15 min and acidified by 6 M HC' to pH = 3. The methano1 

was evaporated. The aqueous layer was extracted with ethy1 acetate 

(3 x 10 mL). Orying (MgS04) and evaporation afforded 0.54 9 (86%) ~f 

S-lactam §le , . / 
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lHmr (COC1 3-020) ô: 3.10-4.00 (m, 3H,' C!izOH, CH:;.CHNH), 4.20-4.50 (s, 2H, ,­

C~OC6H5)' 4.70-5.00 (s,,4H, 2C!izC6H5). 5.30 (d', 1H, CHNH, J = 5Hz), 

5.90 (s, 1H, CH). 6.80-7.40 (m" 18H, C6H3' 3C6H5); ir (~HC13) vmax :' 3390 

(NH), 1760 (C=O, 8-1actam), 1730 (C=O, ester), 1670 (amide) cm-1• 

8-lactam 52 

To a-1actam §l (0.54 g, 0.91 mmo1) in abso1ute ethano1 (35 ml) 

was added 10% Pd/C (0.2 g). The mixture was hydrogenated at 40 psi for 

2 h (the pressure dropped to 38 psi). The solution was filtered and 

evaporated to give 0.30 9 (80%) of 8-lactam 52. ' 

lHmr (D20--NaHC03) ô: 3.5-4.0 (m, 5H, C!izOH, C~OPh, CH-CHNH). 5.5-5,.6 

(d, 1H, CHNH, \J = 5Hz), i.B (s, 1H~ CH), ?-7.8 (m, 8H, C6H3' C6H5); ir 

(Nujor) ~max: 2800-3500 (OH, COOH) , 1750 (C=O, S-lactam), 1740 (C=O, 

acid), 1650 (amide) cm-1; uv (EtOH) Àmax: 285 nm (e 2100), a shou1der 

at 225 nm. 

C" ' 

., 



102 

B-Lactam 48 

A 3:1 mixture of diastereomers 47/48 (1.50 g, 2.99 mmo1) in 
, --

; 

benzene (50 ml) containing triethy1amine (0.758 g, 7~5 mmo1) was ref1uxed 

f~r 18 h. The solution was cooled and washed with water, dried (MgS04) 

and evaporated to give the crude product. Chromatography on silica gel 

using CH2C1 2 to remove the impurities and CHC1 3 to .obtain 1.1 9 (73%) of 
"'-

a 3:7 mixture of diastereomers 47/48. Separation of two diastereomers by -- , 

preparative layer chromatography on si1ica gel using chloroform/ethy1 acetate 
, 

(6:1) afforded 0.65 9 (60%) of-the 1ess polar isomer 48. 

" 
IHmr (COC1 3) 0: 3.20-3.90 (m, 4H, CHCH20H), 3.60 (s, 3H, CH3), 4.30 (d, 

.. 
1H, CHN3, J = 5Hz), 5.00 (b, 4H, 2C~C6HS)' 5~89 (s, 1H', CH), 6.80-7.50 

(m, 13H, C6H3' 2C6HS); ir (CHCl'3) vmax : 3450 (OH), 3400 (NH2), 1750 (C=O, 
" . .. 

e-lactam), 1740 (C=O, ester) cm- l • 

B-Lactam g 
\, . 

Obtained fram 48, ~ia the procedures for the preparation of 4~, 

in 50% yield. 

lHmr (COC1 3) ô: 2.20-3.20 (b, 3H, OH, NH2), 3.20-3.80 (m, 6H, CliC~OH, 

CH3) , 4.00 (d, lH, C[NH2, J = 5Hz), 5.01,5.08 (2s, 4H, 2CH2C6HS)' 5.90 

(s, 1H, CH), 6.70-7.S0 (m, 13H, 'C6H3, 2C6HS); ir (CHC'3) vmax : 3450 (OH), 
, . 1 

3400 (NH2) , 1750 (C=O, e-1acta1), 1740 (C=O, ester) cm- . 
. -
\ 

) 
, 1 
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f3-Lactam 55 

Obtained from 53, via the procedures for the preparation of 50, 

in 60% yield after chromatography (CH2C1 2, then CHC1 3). 
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IHmr (CDC1 3) ô: 2.20-2.40 (b, 2H, OCH2C~CH), 3.40-3.60 (m, 2H, C~OH), 

3.64 (s, 3H, CH3), 3.80-4.20 (m, 3H, OC~CH2C~), 4.20-4.70 (m, lH, C~-
" . 

CHNH), 4.95-5.20 (m, 8H, 4C~C6H5)' 5.20-5.50 (m, lH, CHNH), 5.95 (s, lH, 

CHL 6.50-8.40 (m, 29H, C6H3' C6H4, 4C6H5, 2NH); ir ,(CH2C1 2) \}max: 3600-

3300 (OH, NH), 1760 (C=O, e-1actam), 1730 (C=O, ester), 1660-1680 {amide, 

ketone~ cm-1; uv (EtOH) Àmax: 21~ nm (e: 20000), 298 nm"(e: 17100). 

f3-Lactam 69 

Obtained from 68, via the procedures for the- preparation of 50, 

in 72% yield after flash chromatography (petro1eum ether:EtOAc, 1:1). 

IHmr (CDC1 3) ô: 2.30 (b, 2H, OCH2C~CH), 3.20-3.80 (m, 2H, C~-CHNH), 

. 3.70 (s, 3H, CH3), 3.80-4.20 (m, 3H, OCHzCH2C~), 4.40-4.80 (m, lH, C~H), 

;' 5.08, 5.20 (2s, 2C~C6H5)' 5.60 - 6.00 (m, 2H, CH, NH), 6.60'-6.90 (d, 2H, 

J = 8Hz, aromatic), 1.32 (s, 15H, 3CSHS)' 7.80-8.00 (m, lH, ~H), 8.2'0 

(d, 2H, j = 8Hz, aromatic); ir (film) vmax : 3500-3200 (NH), 1740 (C=O, 

a-lactam and ester), 1660, 1595 cm-1; uv Àmax: (EtOH), 213 nm (~ 18400). 

293 nm (e: 16300). 

6-Lactam 56 

6-Lactam 55 (0.36 g. 0.379 mmol) was dissolved in a mixture of 
0' '1. 

- " 
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., 
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ethano1 (5 ml) and pyridine (5 ml). Hyd~yiamine hydrochloride (0.35 g, 

5.03 mmo1) was added. The mixture was heated at ~ 70° for 2 h. After 

adding ch10roforrn (50 ml), the solution was washed with 5% HC1, dried 

(MgS04), fi1tered and evaporated to give crude product, which was 
, 

chromatographed on si1ica gel using chloroforrn/ethy1 acetate (1 :1) to 

afford 0.25 9 (68%) of (3-1actam 56. 

lHmr (COC1 3-) 0: 2.0-2.4 (b, 2H, OCH2C~CH), 3.3-4.0 (m, 9H, CH20H, CH3, 

OC~CH2Cli), 4.4-4.6 (m, 1H, CH-CHNH), 4.8-5.2 (m, 8H, 4C~C6H5)' 5.4-5.7 

(m, 1H, CHNH),'6.4-7.~(m, 30H, C6H3' C6H4' 4C6HS' 2NH, OH); ir (CH2C1 2) 
'" 

vmax : 3600-3000 (NH, OH), 1770-1720 (C=O, a-1actam, ester), 1680 (amide, 

ketone) cm-1; ~v (EtOH) Àmax: 274 nm (E 17000), a shou1der at' 230 nm. 

8-lactam 70 

Obtained from 69, via the procedures for the preparation of 56, 

i.n 83% yield after flash chromatography (EtOAc : Petro1eum ether, 1 :1.5. 
0' , 

lHmr (COC1 3 + DMSO d6) ô: 2.10-2.60 (m, 2H, OCH2C~CH). 3.20-3.80 (hm, 2H, 

CH2N), 3.78 (so, 3H, CH3), 3.80-4.40 (m, 3H, OCl!zCH2C!:!), 4.40-4.80 (m, 

'lH, CliNH), 5.18, 5.20 (2s, 4H, 2CH2Ph), 5.80 (m, lH, CH), 6.60-8.40 (m, 
o 

c 21H, aromatic, NH)~ ir (film) vmax : 1760 (C=O, 13-1actam), 1740; 1720 

(C=O, ester) çm-1; uv (EtOH) Àmax: 208 nm (E 15400), 268 nm (E 11300). 
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6-lactam 31 

To a solution of 6~Jactam 56 (0.25 g, 0.26 mmol) in methano1 (10 ml) 

was ,added dro~wise 1% N~OH (5 ml) over 10 min. After s~irring for 15 min, 
il: '. 

the solution was acidified carefu11y by 6 M Hel to pH'=,3. The methano1 
, .' 

was evaporated and the aqueous solution was extracted' with ethy1 acetate 

(3 x 10 ml). The organic layer was dried (MgS04) and evaporated to 

dryness. The residue was disso1ved.in absolute ethano1 ,(25 ml) and 10% 

Pd/C (0.15 g) was added. The mixture was hydrogenated at room temperature 

at 40 psi for an hour. Filtration and evaporation afforded 0.15 9 (75%) 

of 6-1actam IL; m.p. 95° (ye11ow), 171-174° (dec.). 
(! 

IHmr (D20-NaHC03)' ô: 2.2-2.4 (m, 2H, CH2), 3.0-3.2 (m, 2H, CH20H). 3.8-

4.2 .(m, 3H, OC!:!zCH2C.t!), 4.4-4.6 (m, 1H,;a-1actam), 5.2-5.4 (b, 1H, B~lactam), 

5.9 (b, 1H, CH), 6.8-7.8 (m, 7H, aromatic); ir (nujol) vax: 3400-3100 
" m 

and 2500-2700 (OH, COOH, NH), 1750 (a-1actam), 1650,1610 (amide) cm-l,; 

uv (EtOH): a shou1der at 225 nm, "max 273 nm (e: 175050);' (EtOH, 0.1 N, 

NaOH): a shoulder at 235 nm, "max 283 nm ( e: 12042). 

{3-lactam l.l 

Obtained from 70 via the procedures for the preparation of IL. 

lHmr (D20, NaHC03) ô: 2.5 (m, 2H, OCH2C~CH)f 3.2-4;0 (m, 2~, CH2N) , 

4.0-4.2 (m, 3H, OC~C,H2CH), 4.4 (m, IH, CH), 5.5, 5.55 ~2s, lH, CH), 

'6.8-7.6 (m, 9H, aromatic); ir (nujo1) vmax : 3400-3000 (COOH, OH), 1750 
, ,.,tJ 

(C=O, ,f3-1actam), 1730 (acid); uv (EtOH) 'vmax ': 207 nm CE: 10230), 268, nm 

/ 

'j 

~ 
1 
, 
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(€:, 6390), (EtOH, 0.1 N NaOH) \Ima)<: 211 nm (€: 13430), 284 nm (€: 5210). 

Aldehyde a-Lactam 60 

Azido S-lactam 59 (0.5 g, 1.38 mmo1) was ozonized at -300 in 
.r 

methano1 (60 ml) for\30 min. The excess ozone was removed by passing in 
\ 

nitrogen gas over 15 min. Dimethyl sulfide (1 ml) was added. The solution 

was a110wed to warm up to room temperature. After evaporation of the 

methanol, the residue was dissolved in benzene (60 ml), washed with water 

(2 x 30 ml) and dried over MgS04. The benzene solution was azeotroped . 
for l h fol1owed by evaporation. The oi1 residue was wa~d to 45 0 under 

.high vacuum for 20 h \0 remove benza1dehyde. The a1déh~d~ 60 was °obtained, 

in 90% (0.35 g) yield. 

IHmr (acetone-d6) ô: 3.72 (s, 3H. CH3). 3.8-5.1 (m. 2H. CH-CH). 5.65, 

5.70 (2s, 1H. CH), 7.1-7.6 (bs, 5H, C6H5), 8.60,9.50 (2d, lH, CHO); 

ir (CHC1 3) \Imax: 2100 (N3), 1770 (C=O, 6~lactam), 1740 (C=O, ester) cm-1~ 

Amino 13-Lactam n 

Obtained fram 59. via the procedure for the preparation of 49; in 

90% yie1d after flash chromatography (ethy1 acetate:petroleum ether, 2:1). 

IHmr (CDClj) ô: 1.73 (s, 2H, NH2), 3.68, 3.70 (2s, 3H, CH3) , 3.9-4.8 (m, 

2H~ CH-CH), 5.42.5.50 (2s. 1H, CH). 5.6-6.4 (m, 2H, CH=CH), &.90-7.40 (m, 
~ 

10H, 2CSH5); ir (CHC1 3) \Imax: 3400-3000 (NH2), 1750 (C=O. ~ster) cm-1 .. 



( 

f3-Lactam 62 

Amine 61 (0.93 g, 2.77 mmol) in dry methylene chloride (10 mL) 

was added d,i-tert-butyl dicarbonate (0.60 g, 2.'77 nmol). The mixtlre 

was stirred at room temperature for a period of 3 h. The solution was 

washed with wat~r (2 x 10 mL), dried (MgS04) and the CH2C1 2 was removed 

to give an oil. The product was purified by, flash chromatography 
~ 

(petroleum ether:ethyl acetate, 2.5:1) to afford 0.80 9 {67%} of 62 as 

a 1ight yel16w foam. 
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lHmr (CDC1 3) 'ô: 1.30 (s, 9H, t-Bu), 3.71, 3.75 (s, s, 3H, CH3), 4.10-4.40 

(m, lH, CH), 4.80-5.40 (m, lH, CH), 5.51, 5.61 (s, s, lH, CH), 5.80-6.50 

(m, 2H, CH=CH), 6.80-7.~0 (m, llH, NH, 2C6H5); ir (film) vmax : 3500-3200 

(NH), 1760 (C=O, f3-1actam), 1740 (C=O, ester) cm-l ; ms (70 eV, 78°), m/~ 

(0/ 00 ): 380 (56, M+·-56}. 379 (11, M+·-t-Bu·). 

f3-Lactam" 63 

Amine ~ (250 mg, 0.74 mmol) was stirred with trifluoroacetic 
" 

anhydride (170 mg, 0.81 1111101) fo'r 3.5 h. The mixture wa~ under ~~p 

vacuum overnight. The residue was puri\ied by flash chromatogra~1 
1 

(petroleum ether:ethyl acetate, 2:1) to yield 220 mg (68%) of 8-1actam 63. 
rJ ' 

lHmr (CDC1 3) ô: 3.60, '3.73 (2s, 3H, CH3), 4.1-4.~, 4.7:5.0 (m, m, 1H, 

CHCH=CH)~c 5.2-5.5 (m, lH\ C,tlNH), 5.58 (s,,~lH, CH), 5.6-6.6 (m" 2H, CH=CH), 

6.8-7.5 (m, 10H, 2C6HS)' 8.50, 8.88 (2d, J = 16 Hz, lH,,::-NH); ir (CHC1 3) 

vmax : 3400-3000 (NH), 1760 (C=O, e-lactam), 1735 (C=O, est~r) cm-1. 
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S-lactam 64 

8-lactam ~ (0.80 g, 1.77 mmol) in dry methy1en~ ch10ride (40 ml) 

was ozonized at'-78 C over ao min unti1 the solution turned to b1ue. The .. 
excess ozone was removed by passing the solution ioto ni,trogen gas for 

, 
15 min. The dimethy1 su1fide (1 ml) wa5 added. The solution was a110wed 

to warm ta room temperature in a period of 2 h. The reaction mixture 

wa5 washed with water (3 x 30 ml), dried (MgS04) and eva.porated to 

dryness. The residue wa5 purified by flash chromatography (petro1eum, 

ether:ethy1 acetate, 1.5:1) to give 0.50 9 (82%) of aldehyde 64 as a 

whi te sol id. 

IHmr (CDC1 3) ô: 1.35, 1.40 (25, 9H, t';Su) , 3.10 (s, 3H, CH3), 4.1-5.3 

(m, 2H, CH-CH), 5.70, 5.75 (25, 1H,'CH), 5.8-6.1 (m, 1H, NH), 7'.40 (s, 
, . 

5H, C6H5), 8.58, 9~55 (2d, 1H, CHO); ir (film) vmax : 3500-3200 (NH), 

1770 (C=O, a-lactam), 1740 {C=O, ester}, 1720 cm-1; ms (70 eV, 64°), mie 

(Oloo): 362 (10, M+'), 307 (18, M+·-t-Su·). 

Aldehyde B-Lactam 65 

Obtained fram 63, via the procedures for the preparation of 64, 

in 74% yield. 

IHmr (eDe1 3) ô: 3.80-3.82 (2S, 3H, CH3), 4.10-5.50 (m, 2H, CH-€H)~ 5.66-

5.72 (2s, 1H, CH), 7.0-7.60 (m, 5H, C6HS), 8.3-8.7 '(b, 1H, NH), 9.0,10.0 

(2d, lH, CHO);' ir (CHC1 3) vmax : 3500-3000 (NH), 1770 (C=O, S-lactam), 

,1730 (C=O, ester) cm-la 

" 

, 1 
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~-baetam 66 
/ 

Aldehyde 64 (0,500 g, 1.38 mmo1) was dissolved under a.nitrogen 

atmosphere at 60-70QC in 15 ml of d-gas benzene. With strong stirring, 
.t 

(PPh3)3RhCl (1.29 g, 1,38 mmol) was added. After refluxing for 3 h, 

the solution was cooled in an lee-bath to room temperature and then 
-~ 
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passed CO through it for 10 min. After evaporation, ta the residue was 

added CH2C1 2 (20 ml), Lemmon-yellow crysta1s o~ (Ph3P)2COCl was filtered 

off and washed with CH2C'2' Evaporation of the filtrate in vacuum gave " , the crude product which was purified by flash chromatography (petroleum 

ether:ethyl acetate, 1,5:1) to afford 0,32 9 (70%) of 66 as a foam. 

lHmr (C~C13) ô: 1.35~ 1.41 (s, s, 9H, t-Bu), 2.9-4.0 (m, 2H, CH2 ), 3.75 

{s, ,3H, CH3), 4.6-5.0 (b, lH, C!i-CH2), 5.60 (s, lH~ CH), 5:70-5.90 (m, 

lH, NH), 7.38 (s, SH, C6HS);- ir (film) vmax : 3500-3200 (NH). 1765; (C=O, 

S-lactam), 1740 (C=O, ester), 1710 (t-BOCCO) cm-=\ ms (70 eV, 85 Q
), mie 

(Q/OQ): 279,278 (5, M+'-56L 277 (10, M+'-t-Bu'), 57 (,1000). 

"\ 

6-Lactam 6"P 

Obtained fram 65, via the procedures for the preparation of 66, 

in 42% yield after flash chramatographY (petro1eum ether:ethyl acetate, 

5:3). 
o 

IHmr (CDC1 3) '5: .3.30-3.60 (m, 2H, Ç~~CH), 3.70 (s, 3H, CH3), ,5.0 (m, 
, . , 

'lH, CH2-C!i), 5.54 (s, lH, CH3), 7.10-7,40 (m, 5H, C6H5) , 8.10 (bd, 1H, NH); 

, . , 

- '" L 
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1 0 

i r (CHC1 3 ) vmax : 3400 (NH)," 1765 (C=O, /3-1 actam), 1730 (c.=~, ester) 

.cm-1 ; ms (70 eV, 73°), mie (0/00): 271 (81 t M+' -COOCH
3

·)·, 191 (238, 

.... + 
,M ·-CH2=CHNHCOCr.3), ,132 (1000, ~ '-COOCH3 'I-CH2=CHNHCOCF3 ). 

Note = It should contain two isomers based on the crude prnr and t1c: On1y 

1 t 
one isomer was isolated out. 

8-lactam 68 

8-lactam 66 (0.32 g, 0.96 mmol) was dissolved in methylene 
-

"chloride (7 ml) and trifluoroacetic acid (3 ml), After stirring at room 

temper~ture for 1 h, the solution was evaporated in vacuum to dryness. 

The residue ~s purified by flash chromatography {ethyl acetate:methanol, 
\.--

7:1} to give 0.14 9 (62%) of 8-1actam 68 as a yellow oil. --- --

lHm~ (COC1 3 ) ô: 1.90 (bs, 2H, NH2 exchanged with O2°), 2.60-3.40 (m, 
<!. 

2H, CH2), 3.67 (s, 3H, CH3 ). 3.8-4.~ (m, lH, C!:!.-NH2), 5.38 (s, lH, CH), 

7.23 (s(SH, C6H5); ir (film) vmax : 3400-3100 (NH2), 1735 (C=O, 8-1acta~ 

and ester) cm-\ ms (70 eV, 50°), m/e" (%o): 234 (1, M+'), 177 (243, M+· • 

. NH2CH=C=O), 150 (27),149 (78); Anal. Calcd. for C12H14N203; C,61.54; 
',~ 

H, 5.98; N, 11.96; Found:" C, 61.27; H, 5.71; N, 11.69. 
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CHAPTER. II 

3-Hydrox,y-4-Aminobenzoic Acid 75 

A solution of 3-hydroxy-4-nitrobenzoic acid 74 (2 g, 10.9 1TI1101) 

in abso1ute ethano1 (150'mL) contain'ing Pt02 (100 mg) was hydrogenated 

'/ 
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at 40 psi for 2 h. 

quantitative y;eld. 

Filtration and ~vaporation gave amine 75 (1.67 g) in 

IHmr (acetone d6) 6: 4.60 (b, 3H, NH2, OH), 6.14-7.09 (m, 3H, C
S
H3h 

ir (KBr) vmax : 3400, 3300, 3000-2500 (NH 2 , OH, COOH), 1660, 1600 (COOH) 
1 ~ + cm- ; ms (70 eV, 47°), mIe (%0): 153 (1000, M·). 

Methyl-3~~ydroxy-4-Amino~Benzoate 77 ., 
( 

Obtained from 75, by treatment with diazomethane79 in Et20; 

m. p. 93-95°. 

IHmr (acetone d6) ô: 3.74 (s, 3H, CH3), 4.80-5.60 (b, 3H, NH2, OH), 
, 

6.55-7.60 (m, 3H, C6H3); ir (CH2C1 Z ) vmax : 3580,3500,3400 (NH2, OH), 

1710 (C=O) ~-l; ms (la eV, 30°): 167 (645, M+'), 136 (1000·, M+·-OCH
3
·). 

J Meth lox -4-Amino-Benzoate 78 

To methyl-3-hydroxy-4-amino enzàate 77 (2 cg, 11.9 mmo1) in dry ,. 
DMF (15 ml) "'as added imidazo1e (2.0 g, 29.9 l1li101) and t-buty1~imethy1si1yl 

cploride (1. 98 g~ 13.2 nmo1). After st_irring at room temperature for 18 h, 

, 

/ 
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the solution was partitioned between water and ether. The ether layer was 

washed with water (4 x 50 ml), dried (MgS04 )- and evaporated. The residue, 
~ 

was purified by flash chromatography (petroleum ether:ethy1 acetate, 9:1) 

to give 2.71 (81%) of amine 78, as a pale yelTow solid; m.p. 59-61°. 

lHmr (CDC1 3) 0: 0.38 (s, oH, Si(CH3 )2)' 1.10 (s, 9H, tBuSi), 3.94 (s, 3H, 

CH3), 4.30 (b, 2H, NH2 ), 6.62-7.64 (m, 3H, aromatic); ir (KBr) vmax : 

3500,3400 (NH2 ), 3000,1630,1710 (ester, C=O) ~!-l; ms (.70 eV, 30°), 

mie (%o): 281 (145, M+'), 224 (1000, M+·-t-BU·); Anal. Ca1cd. for 

C14H23N03Si: C 59.74, H 8.06, N 4.98;'Found: C 59.51, H 8.06, N 4.79 . 

• 

t*Butyldimethyl s ilyl-3-t-Butyldimethyl silyl oxy-4-Amino-Benzoate 85 

To amine li (0.2 g, 1.31 mmol) in dry OMF (5 ml) was added 
f 

imidaza1e (0.445 g, 6.531111101) and t-buty1dimethylsilYt chloride (0.433 g, 

2.88 rrrnol). The solution was stirred at room temperature overnight and , 

then partitianed bètween H20 (30 ml) and ether (50 mL). The ether layer 

was washed with water (4 x 50 ml), dried and evaporated to obtain 0.44 9 
> '1 

,( 88%) ,of red ai l 85. 

lHmr (CDC'3) ô: 0.24 (s, 6H, Si(CH312), 0.34 (s, 6H, Si(CH3)2)' 0.98 

(s, 8H, t-BuSi), 4.24 (b, 2H, NH2), 6.48-7.56 (m, 3H, C6H3); ir (CHC1 3)' 

v
max

' 3500,3400 (NH2), 1665 (C=O) cm- l ; ms (70 eV, 30°), mie (%o): 

381 ( 01, M+·). 324 (1000, M+' -t-Bu' ) • 

" 
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3-t-Butyldimethylsilyloxy-4-Amino-Benzoic Acid 84 

To amine 85 (2.00 g, 5.24 nmo)) in methanol (30 ml) was added 

5 drops of concentrated HC1. The sol'ution was stirred at 50° for ,half 

an hour. Evaporation gave acid 84 (1.40 gr as pale yellow solid in 

quantitative yield, rn.p. 160-162°. 
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\ lHmr (CDC'3' DMSO dS) ô: 0.20 (s, 6H, Si(CH3)2)' 0.98 (s, 9H, t-BuSi), 
~ 

~ 5.60-S.00 (b, 3H, OH, NH2), 6.60-7.54 (m, 3H, C6H3); ir (CHC1 3) vrnax : 

3500, 3400 (NH2), 3200-2500 (COOH), 1675 (C=O), 1610 cm- l ; ms (70 eV, 30"), 

mie (D/on): 267 (66, M+'), 210 (1000, M+·-t-Bu·). 

Azido (3-lactams 80 and 88 ) 
,j 

Amine 84 (0.5·g, 1.87 mmol) pnd cinnamaldehyde (0.25 g, 1.87 rrrnol) 

in benzene (50 ml) were refl uxed for 4 h" using a Dean Stark trap. The 

solvent was evaporated to obtain' the Schiff base as a yellow solide To 

this Schiff ba~e was added triethylamine (0.227 g, 2.25 rrmo1) in CH2C1 2 , 

r;..{20 ml) and thén dropwise trimêthylsi1yl chloride (O.264 g, 2.43 ll1Ilol) 

in CH2C1 2 (5 ml) at 0°. After stirring for- 10 min, triethylamine (0.2 g, _ 

1.98 lT1TIol) was added, and a solution of azidoacetyl chloride (0.247 g, 

0.206 nvnol) in CH2C1 2 (5 ml) ~as added at -20° . .J\f;er stirring an 

additional hour, the SOlution)was washed with water {2 x 40 ml}, dried 
" 

(MgS04 ) and evaporated. Flash chromatography (ethyl acetate:petroleum 

ether, 9:1) afforded 0.45 g (51.8%) of 6-lactam 88 as a pale yellow solid, 

m.p. l50-152°d. 
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Schiff base 86; lHmr (COC1 3) '0: 0.,25 (s, 6H, Si(CH3)2). l.05 (s, 9H,. 

t-BuSi), 6.98-S.40 (m, 11H, C6H3, C6H5-CH=CH-CH), 10.2-10.4 (b~ lM. COOH); 

ir (CH2C1 2) "max: 3000-2500 (COati). 1680 (COOH), 1630 ,(C=N) cm-1 . 

S-lactam 88; lHmr (CDC1 3) ô: 0.35 (s, 6H, Si(CH3)2)' 1.05 (s, 9H, t-BuSi), 

5.0-5.2 (m, lH, C!!CH=CH), S.3S-5.42 (d, 1H, CHN3, J = S Hz), 6.00-6.44 

(dd, 1H, G!:!.=CHPh, J = 16,S Hz), 6.62~.88 (~, 1H, PhC!!~ J = 16 Hz), '7.33-

7.78 (m, 9H, C6H3' C6HS) , 10.33 (h, lH, COOH); ir (CH2C1 2 ) "max: 3200-

2500 (COOH), 2100' (N3), 1765 (B-iactam, C=O), 1680 (ester) cm-1; Anal. 

Calcd. for C24H2S04N4Si: C 62.07, H 6.03, N 12.07; Found: C 62.04, 

H 6.24, N 11. 92. 

e-Lac1?m 88 was trea ted wi th CH2N2 ; n ether to 9 i v_e ester SO as a ~ 

pale yel10w solid; m.p. 90-91°. 

, IHmr (CDC1 3) 0: 0.34 (s, 6H, Si(GH3)2), 1.03 (s, 9H, t-Bu~i), 3.95 (s, 

3H, CH3), 4.93-5.28 (m, 2~, N3CHCH), 5.90-6.28 (dd, lH, PhCH=C!!: J = 5,16 

Hz), 6.50-6.77 (d, lH, Ph"CH, J = 16 Hz), 7.2CF7.7S--(m, 8H, C6H3,-, C6HS); 

-1 
i~ (C~2C12) "max: 2100 (N3), 1765 (e-1actam ll C=O), 172? (ester) cm ; 

ms (70 eV, 62°), mie (% 0 ): 450 (13, M+'-N2 'L, 393 (1000, M+'-N2 '-t:'BU'); 

Anal. Calcd. for C2SH4pN404Si:, C 62.76, H 6.28, N 11.72; Found: C 62.29,' 

H 6.51, N '11-.46. ' 
o 

3-Trimethy1si1y1oxy-4-Aminobenzo1c Acid 90 

To 3-hydroxy-4-aminobenzoic acid 75 (1..38 g, 9.02 mmoJ) in dry . - " 

CH2C1 2 (40 ml) was added triethylamine (2 g, 19.8 rTI1I01) and,added dropwise 

) 
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a solution of trimethylsilyl chloride (Z.15 g, 19.8 rrtmC?1) -in d'ry CHZC1 2 

(20 ml) over }5 min. After stirrtng for an additiona1 30 min, the solution 

was washed with H20 (2.x 40 ml), dried (MgS04) and evaporated to afford 

trimethyl s i lyl-3-trimethyl silyloxyl-4-amino-benzoate. 

IHmr (CDC1.3 ) ô: 0.38, 0.45 (2s, l8H, Z Si(CH3)3)' 4.70 (b, 2H, NHZ)' 

6.64-7.71 (m, 3H, C6H3). 

The d isilyl ated amine i,n methanol (30 ml) was stirred at room 

tem~erature for 30 min.. Evaporation gave 2:03 9 of 3-trimethyl~ily1oxy-

4-aminobenzoic acid 90 as an oi1. 

IHmr (CDC1 3 -DMSO d6 ) ô: 0.20 (s, 9H, Si{CH3)3)' 6.32 (b, 2H, NH2), 

6.37-7.38 (m, 3H, C6H3); ir (CH2C1 2) vmax : 3500, 3400 (~H2)' 3300-2400 

(COOH), 1670, 1620 cm-1. 

@-Lactam 87 

A so.1ution ôf 3-trimethylsilyloxy-4-aminobenzoic acid 90 (0.73 g, 

3.24 mmo1) and cinnamaldehyde (0.43 Q, 3.25 nmol) in bènzene (20 ml) was 

ref1uxed 1.5 h using a Dean-Stark trap. 

the Schiff base as a ye110w sol id. 

Evaporati~ the benzene afforde~ 

" 

IHmr (CDC1 3+DMSO d6 ) a: 0.25,0.45 (2s, 9H, Si(CH3)3)" 6.80-7.70 (m, 

llH, C6H3 , C6H5CH=C~), 8.2-8.5 (b, 1H, COOH); ir {CH2C1 2} vmax : 1730 

(C=O, acid), 1670 (C=N) cm-1 . 

To the Sch1ff base was added triethylamine (O;3~ g, 3.58 nmol) i~ 



.' 
116 

dry CH2C1 2 (20 ml) and added dropwise trimethylsilyl chloride (0.389 g, 
--.........---.<--- -- ---~---

3.58 oInOl) in dry CH2C1 2 (10 ml) at 0°. Afte,r stirring another 2Q m'in 
" 

at room temperature, triethylamine (0.36 g, '3.58 mmol) was added. a 

solution of azidoacety1 ch10ride (0.43 g, 3.58 mmo1) in dry CH2C1 2 (10 ml) 

, was added dropwi se at -20°. The reacti on mixture was warmed up to room 

temperature and ~tirred for an additional hour. The solution was washed 

with H20 .( 2 x 20 ml), dri ed (MgS04,) and evapo:ated , dryness. The 

resulting oil was dissolved in methanol (15 ml). After'adding one drop 

of concentrated HC1, the solution was stirred at room temperature for 
. 

10 min. The methanol was evaporated. The residue was treated with CH2N2 
~ 

" 

in ether to yield the ester. The crude product was purified by flash 

chromatography (petro1eum ether:ethy1 acetate, 3:1) to afford 0.71 9 (60%) 

of B-lactam 87; m.p. 129-131°. 

f ' 
IHmr (CDC1 3) 0: 3.82, (s, 3H, C~3)' 4.95-~.02 (m, 2H, CH-CHN3), 5.90-7.60 

(m, 10H, C6H3' C6H5CH=CH), 9.42 (s, lH~ OH); ir (CH2C1 2) "max: 13500-3000 

(~H), 2100 (N3), 1730-,1720 (C=O, 13-1actam, ester) cm-1; ms (70 eV, 56°), 

m/~ tO/oo): 364 (8, M+'), 349 (11, M+'-CH3"), 336 (153, M+'-N2'), 280 

(485),143 (1000); Anal. Ca1cd. for C19H16N404:' C 62.64, H 4.40, N 15.38; 

Found: C 62.55, H 4.39, N 15.27. 

Amino ê-Lactam 94 

. 
To-a solution of s-lactam 80 (1.0 g, 2.09 mmo1) in CH2C1 2 (25 ml) 

was added triethylamine (0.232 g, 2.30 mmo1), and a stream of H2S gas 

_~ ________ ~_J ______ _ 

" 
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was bubb1ed in for 15 min at 0°. The mixture was a110wed to warm:and 

was stirred at roorn temperature. After 2 h, nitrogen gas was bubb1ed in 

for ~ min. The solution wa~ washed wi,th water (3 x 30 ml), dried (MgS04) 

and evaporated to give 0.76 9 (80%) of amine 94, afterv flash chromatography 

(ethy1 acetate:petro1eum ether, 3:2). 

ltimrt-(COC'3) ô: _ 0.34 (s, 6H, Si{CH3}2), 1.Ô' (s, 9H, t-BuSi), 3.86 (s, 
. - ' 

3H, CH3), 4.51-4.81 (b, 1H, C!!.=CHPh), 5.28 (m, 1H, CHNH2), 6.20-8.00 (m, 

12H, C6H3' C6HSCH=Cli. NH2)~ ir (CHC1 3) "max: 3500-3400 (NH2), 1740 

(S-lactam, C=O) cm-1; ms (70 eV, d53o), mie (%a): 452 (166, M+'), 437 

(10, M+'-CH3'), 421 (17, M+'-OCH3 '), 396 (1000, M+·-OCH3 °-CH3 ·), 39S' 

(.167, .Mi'·-t-Bu·, M+·-NH2CH=CQ). 

Ami de ~-lactam 95 

To amine j,! (0.72 g, 1. 59 nmol) in CH2C1 2 (20 ml) was added 

,triethy1amine (0.177 g, 1.75 mmol) and pheny1acety1 ch10ride (0.27 g. 

1.75 mmo1). After stirring at room temperature for 30 min, t~~ solution 

was washed with water (2 x 30 ml), dried (MgS04 ) and evaporated. 

Purification of the residue by flash chromatography (petro1eum ether: 

ethy1 acetate, 2:1) gave 0.56 g (62%) of amide 95 as a white solid; m.p. 

168-170 . 

IHmr (CDC1 3 ) ô: 0.32,0.35 (25, 6H, Si(CH3)2)' 0.98 (s, 9H, t-BUS;.); 

3.50 (s, 2H, PhC!!zCO), 3.80 (s, 3H, CH3), 5.10-5.40 (dd, lH. CHCH=CHPh" 

J = 5,6 Hz), 5.54-~-.60 (dt lH, CHNH, J = 5 Hz), 5.74-6.11 (dd, 1H. C!!.=CHPh, 
/1 

,/ 

. ' 

, , 

-.. 
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J = 6~16 Hz), 6.29-6.57 (d, CH=C'!:!'ph, J = 16 Hz), 7.00-7.73 (m, 14H, 

C6H3, 2C6H5, NH); ir (CHC1 3) "max: 3400 (NH), 1760 «(3-1actam, C=O) , 

'1 + 1720 (ester) cm-; ms (70 eV, 82°), mie (% 0 ): 570 (54, M'), 513 

- (199, M+w-t-Bu'), 378 (906). 

B'\"'Lactam 96 
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B-Lactam 95 (360. mg, 0.63 mmol) in abso1ute ethanol (20' ml) , 

containing Pt02 (190 mg) was hydrogenated at 40 psi for 2'h. Filtration 

and evaporation gave 50 mg (14%) of S-lactam 96, after flash chromatography 

(petrel eum ether:ethy1 acetate, 2.8: 1). 

lHmr (CDC1 3) ô: 0.200,0.260 (2s, 6H, Si(CH3 )2)' 0.97 (s, 9H, t-BuSi)-, 

1.60-2.70 (m, 4H, PhC-'i2C~), 3.67 (s, 2H, PhC!:!z,CO), 3.95 (s, 3H, CH3), . 
4.52-4.82 (m, lH, PhCH2 CH2C!!), 5.45-5.71 (dd, 1H, CHNH, J = 5,8 Hz), 

6.90-7.80 (m, 14H, aromatics, NH);' i,:" (CHC1 3 ) "'max: 3400 (NH), 1750 

(S-lactam, C;O) , 1720 (ester, C;O) cm-l, ms (70 eV, 87°), mie (% 0 ): 572 

(19, M+'), 541 (l8, M+'-OCH3 ')", 515 (295, M+'-t-Bu'), 398 (808). 

Azido s-Lactam 98 

Anil ine (62 mg, 0.67 mmal) and phenyl propargyl aldehyde "(86 mg, 

0.67 mmol) in benzene (20 ml) were refluxed for 2.5 h, using a Dean-Stark 

trap. After evaporation of the benzene, the residue was disselved.in 

CH2C1 2 (la ml) containing triethy1amine (73 mg, 0.73 mmo1), ta this was 

added dropwise azidoacety1 chloride (79 mg, 0.67 mmol) in CH2C1 2 (5 ml) 
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at -20°. After stirring for an addjtional hour at room temperature, the 

mixture was washed with water (2 x 10 mL), dri~d (MgS04) and evaporated 

to give 110 mg (58%) of 8-1actam 98, after flash chromatography (1:8, 

ethy1 acetate:;petro1eum ,ether); m.p. 85-86.5°. 

,~ 

lHmr (CDC1 3) ô: 4.80 J( , 1H, CHN3 , J ='5 Hz), 5.01 (d, 1H, C!!.-CHN3 , 

J = 5 Hz), 6.73-7.88 (m, 10H, 2C6HS); ir (CHC1 3) vmax :" 2220 (C=C), 2~00 

(N3), 1765 (S-lactam, C=O cm- l ; ms (70 eV, 25-~OO), mie (°/00): 288 (13, 

M+'), 260 (227, M+'-N2·). 

Phenol S-Lactam 100 

A solution of 2-hydroxyanil1ne (0.109 g, 1 ~iJ and PhenY1ProparJ 

aldehyde (0.13 g, 1 mmol) in benzene (,20 mL) were ref1uxed for 2.5 h 'using 

a Dean Stark trap. Remova1 of the benzene afforded the Schiff base as a 

red sol id. To this Schiff base in CH2C~2 (10 "!L) was, added
o 
triethylamine 

(0.22 g, 2.2 mmo1) and then dropwise trimethy1sily1 ch10ride (0.119 g, 

1.1 lTIl1ol) in CH2C1 2 (5 ml) at 0°. After stirring for 15 min at room 

temperature, a solution of azidoacety1 chloride (0.12 g, 1 mmo1) was added 

at -20°. The mixture was allowed to warm and was stirred at room . 
temperature for an hour. Methanol (5 mL) and a drop of concentrated HCl 

were added. The solution was washed with water (2 x 15 mL), dried (MgS04) 

and evaporated. Flash chromatography (4.S:1"petroleum ether:ethyl acetate) 

afforded 150 mg (50%) of S-lactam 100 as pale yellow crysta1s; m.p. 110-111° • 
. , 

4.80 (d, lH, CHN3, J = 5 Hz), 5.11 (d, lH, C!i-CHN3, 
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J =,5 Hz), 6.61-7.67 (m, 9H, C6HS' C6H4 ), 9.22 (?, lH, OH); ir (CHC1 3 ) 

vmax : 1300-2900 (OH), 2210 (C=C), 2100 (N3), 1730. (13-.lactam, C=O); ms 

(15 eV, 52°), mie (%o): 304 (146, M+'), 276 (211, M+'-NZ'). 

/3-Lactam 101 

Obtained from amine 84 via the same procedure for the preparation 

of 80, in 50% yield after flash chromatography (EtOAc:petro1eum~ 

1:7.5). 

Schiff base; lHmr (CD~13) ô: O.ZS (s, 6H, QSi{CH3)2)' 1.04 (s, 9H, t-BuSi), 
o 

6.60-8.00 (m, 8H, aromatic), 9.20 (s, 1H, N=CH) , 10.6-10.9 (b, 1H, COOH); 

ir (CHC1 3 ) vmax : 35OO-Z500 (ÇOOH), 2Z00 (C=C), 1680 (C=O), 1660 (C=N) 

cm-1; a-1act~m 101; lHmr (CDC1;) ô: 0.35,0.40 (2s, 6H, Si(CH3)Z)' LOZ 

(s, 9H, t-BuSi), 3.85 (s, 3H, 'OCH3 ), 4.80 (d. 1H. He!:!., J '= 5 Hz), 5.'40 

(d, 1H, CHN3; J = 5 Hz), 6.80-7.65 (m, 8H, aromatic); ir (CHC1 3) vmax : 

.Z100 (N3), 1780 (13-1actam, C=O), "1720 (ester) cm-1; CI-ms (68°): 477 

(608, MH+), 449 (1000, MH+-Nz·) . 

.. 
/3-Lactams 104 and 105 

Amine 102 (1.96 g, 5 romol) and phenylpropargy1 aldehyde (0.65 g, - . 
5 mmo1) in benzene (50 ml) containing a trace of p-TsOH, were refluxed, 

\ 
overnight using ~ Dean Stark trap. Evaporation of the solvent afforded 

the Schiff base 103 as a brown oil. To this Sc~iff base in CHZC12 (50 ml)' 

and triethylamine (0.56 g, 5.5 mmo1) was. added dropwise azidoacetyl 
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chloride (0.66 g, 5.5 mmol) in CH2C1 2 (10 ml) at -20 0 over 10<min. After 

stirring for an additional hour at room temperature,' the mixture was , 
washed with water (2 x 50 ml), dried (MgS04) and evaporated to give 0.88,9 

(30%) of tpans 105 and 0.37 9 (30%) of ais B-1actam 104, after flash 

chromatography (1:7, ethy1 acet~te:petro1eum ether). 

Schiff base 103; IHmr (COC1 3)ô: 1.20 (2s, 9H, t-BuSi), 6.38-7.77 (m, 

18H, aromatic), 7.69 (s, 1H, CH=N); ir (CHC1 3) "max: 2200 (C=C), 1650 

(C~N), 1580 (N02) cm-l, 
\ 

tpans 13-lactam'105; IHmr (COC1 3) 6: 1.17 (2s, 9H, t-BuSi), 4.97 (d, lH; 
, ' 

CHN3, J = 2 Hz), 5.17 (d, lH, Cll-CHN3, J = 2 Hz), 6.31-8.44 (m, 18H, 

aromatic); ir (film) "max: 2210 (C=C), 2100 (N3), 1780 (13-1actam, C=O), 

1520,1340 (N02) c\m-1; ms (70 eV, 140°), mIe (0/ 00 ): 559 (8, M+'-N2'), 

502 (8, M+'-N2' - t-Bu'), 361 (1000). 

cis S-lactam 104; IHmr (COC1 3) ô: 1.19 (s, 9H, t-BuSi), 4.98 (d, 1H, 

CHN3_ J = 5 Hz), 5.54 (d, lH, Cli-CHN3' J.= 5 Hz), 6.34-8.47 (m, 18H, 

"aromatic); ir (CHC'3) "max: 2210 (CEC) , 2100 (N3), 1770 (a-1actam, C=O), 

1580, 1340 (N02) cm -1 • 

8-lactam 106 

, 

Aniline (0.3 g: 3.22 ~01) and a-pheny1cinnamaldehyde (0,672 g, 

3.23 fTJ1101) in benzene (30 ml) was ref1uxed for 3' h using a Dean-Stark trap .. 
, ~ 

Evaporation of the benzene gave the 5chiff base as ye110w oi1. 

1 
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lHmr (CDC1 3) ô: 6.80-7.45 (m, 16H, 3CSH5, CH), 8.02 (d, lH, NCH, J = 10 Hz); 

ir (CHC1 3) "max: 1610 (C=N) cm- l • 

. 
To,the fresh1y prepared Schiff bas~dry CH2Cl 2 (50'ml) containing 

triethylamine (0.36 g, 3.56 mrno1) was added dropwise a solution of azido-

. acetyl chloride (0.42 g, 3.50 nmol) in dry CH2C1 2 (10 ml) at -20 0 for 10 

min. After stir,:ing for another hour, the sol ution was washed with H20 

(2 x 20 ml), dried '(MgS04) and evapora,ted. The crude product was purified 

by flash chromatography (petro1eum ether:ethyl acetate, 9:1) ta afford 

0.758 9 (64%) of S-lactam 106; m.p. 97-98°. 

rl 

IHmr (COCl 3) ô: 4.75-4.95 (m, 2H, CHCHN3), 6.05-6.37 (m, 1H. CH=C), 

7.0-.1.6 "(m, 1SH, 3CSHS); 1Hmt' (e60S) ô: 3.75 (d, lH, CHN3 , J = 5 Hz), 

4.00 (dd, lH, C!!-CHN3, J = 5,9 Hz), S.60-5.75 (d. 1H, C!i=C, J = 9 Hz), 

6.50-7.20 (m, 15H, 3C6HS); i'r (CHCl 3) vrnax : 2100 (N3), 1760 (~=O, 8-1actam), 

1600 "(C=C) cm- 1; ms (70 eV, 61°), mie (%o): 338 (126, M+'-N2'), 282 
. 

(1000) • 

,/ 

(3-Lactam 107 

Obtained fram 102 via the procedure for the preparation of 106; 
~ 1- --

in 43% yie1d, after flash chromatography (EtOAc:petro1eum"ether," 1:8); 

m.p. 123-125°. 

~ 

IHmr (e60S) ô: 1.20 (s, 9H, t-BuSi), 4.60 (d, lH, CHN3 , Jo:: S Hz), 

4.70-S.00 (dd. 1H, CH-CHN3 , J = 5, 9 Hz), 6.50-8.30 (m, 24H, CSH3 , 4CSHS); 

ir ~~H2C12) "max: 2100 (C=N), 1770 (C=O, a-1actam), 1520,1340 (N02) cm-1 ; 
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ms (70 eV, 75°), mie (%0): 637 (22, M+'-N2'), 580 (69. M+'-N
2

' - t-Bu'), 

343 (1000). 

e-Lactam lOB 
• 

Obtained frOOl aniline and o-nitrocinnamaldehyde, via the procedure 

for the preparation _of s-lactam 106. in 47% yield after f1 ash chromato~raphy 

(EtOAc: petrel eum ether, 1:5); m. p. 115 .. 117°d. 

lHmr (COC1 3) ô: 4.91 (d, lH, CHN3 , J = 5 Hz), 4.93 (m, lH. CHN), 6.00-

6.44 (m, lH, C.!:!.=CHC6H4 ), 1.00-8.20 (m, 10H, CH=C!!C~, C6HS); ir (CH2C'2) 

"max: 2100 (C:N), 1760 (C=O, 13-1actam), 1520,1340,1370 (N02) cm- l ; 

ms (70 e.V, 53°), mIe (% 0 ): 335 (54, M+'), 307 (41, M+'-N
2
'), ]7 (1000). 

I3-Lactanl 109 

Obtained fram amine 102 via the procedure for the preparation . . 
of 13-1astam 108, in 50% yield after flash chromat~graphy (EtOAc:petroleum 

ether, 1: 4 ) . 

lHrnr-(CDC13) ô: ~.lt(s,9H. t-BuSi), 5.10 (d, lH, CHN3, J =5 Hz), 

5.12-5.40
0 

('!I. lH, CHN),. 6.00-8.40 (m, lBH, 2C6H3, CH=CH, 2C6HS); ir 

(CH2C1 2 ) "max: 17,80 (C=O, 13-1 actam), 1525. 1340 (N02 ) cm -1 • 
Ji 

Epoxide a-Lactam r11 

Ta 6-1 actam 1lQ. (0.5 9, 0.909_ RlRol) in "exane (40 ml) was added 

Il 
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m-ch1 orope~benzo~ acid (8S%) (0.20 g, 1.1 mnol}. The mixture was heated 

to 60 0 for 18 h. The solution was wash~d successively with 10% Na2S03 

(30 ml). ~queous NaHC03 (30 ml), water (40 ml). dried (MgS04) and 

evaporated. Flash chromatography (~tro1eum ether:ethy1 acetate, 10:1.2) 

a fforded in 90% yi el d two i somers· of lll, Rf = o. 35 ~nd 0.25, wh i chi were 

nct comp1etely separated. 
1 

Less polar i5~er; IHmr (COC1 3) 0: JO.10 (m. 12H, 4CH
3
), 0.50-1.00 (m, 

18H, t-BuSi), 3.00, 3 .• 15 (dd, 1H, C6H5CHOCH, J = 2, 7 Hz) ~ 3.31 (d, 1H, 

C6H5CHO, J = _2 Hz), 3.65,3.80 (dd, lH, C!!-CHN3, J :::: 4, 7 Hz), '4.82 (ct., 1H. 

CHN3, J = 4 Hz), 6.20-7.20 (m, 8H. C6HS' C6H3). More polar isomer; IHmr 

(CDC1 3 ) ô: 0.10 (25, 12H, 4CH3), 0.90 (s. 18H, t-BuSi), 3.21,3.31 (dd, fi 

1H, CSHSCHOC!!, J = 2, 6 Hz), 3.60 (d, 1H, C6H5C.!i0, J = ? H.z~, 4.0~ (m, 

1H, ,CH-CHN3), 4.90 (d, 1H, CHN3, J = 5 Hz), 6.40-7.35 (m, SH, C6H5' C6H3); 

ir (film) "max: '2100 (N3), 1775 (a-1actam, C=O) cm- 1; ms (70 eV, 100°), 

mie (%,11): 509 (203, M+o_t_S~O), 483 (40, M+o-N~C~=C=O), 481 (233, M+o,;­

t-Buo-~2·), 426 (32, M+·-t-Bu·-N3CH=C=0), 322 (478, M+· .. t:"SU·-C6HSCHOCH, ' 

CH=CHN3 ) . 

ê-lactam 11/2 

Ta sily1ated epoxide lJl (1.50 g, 2.65 nmo1) in dry THF (30 ml) 

. was added glacial acetic acid- (0.477 g, 7.95 .1), followed by drbpwise 

addition of a solution of te~ra-n-buty1arrmonium f1uoride in THF (O.S M, 

10.6 ml) t at O~. After 15 min the solution was added to pH 4.4 buffer 
~~- '" 

(25 ml) and extracted with ether (3 x 25 ml). The organic layer was washed , --
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with water (2 x 30 ml), dried (MgS04) and evaporated. The residue was 

• purified by flash eh~~atOgraPhY (petro1eum 'et,her:ethY1 ~~eftet 2:,1) 

affording 0.54 9 (6o%~ of s-lactam 112. ~ 
\ 

, 

IHmr (CDC1 3) ô: 3.10-3.40 (m, 1H, CH-C!!OCHPh), 3.60, 3.84 (dd, 1H, 

CHOCHPh, J = 2 Hz), 4.40-4.80 (m, 1H, C!!CHN3), 5.00 (d, ~' CHC~N3' J = 

5 Hz), 6.20-7.40 (m, 9H, OH, ar,omatie), 7.60-8.40 (b, 1H, OH); ir, (CH2C1 2) 

"'max: 3500-2900 (OH). 2100 (C=N), 1725 (S-laetam', C=O) cm-1; ms (70 eV, 

100°), mIe (0/00 ): 310 (41, M+'-N2'), 151 (215, M+·-PhCHOCHCH=CHN3). 

... 
Tricyc1ie a-laetam 113 

8-lactam 112 (195 mg, 0.577 mmo1) in CH2C1 2 (la ml) and camphor­

sulfonic aeid (147 mg, 0.634 mmol) were stirred for an hour at room 

temperature. The solution waà washecl with water (2 x 10 ~L), dried 6 . 
(MgS04)~ and evaporated. The residue was purified by flash chromatography 

v 

(petroleum ether:ethyl acetate, 1:1.3) to afford s-lactam 113, 10.8 mg 

(5.5%). 

lHmr 200 MHz (CDC'3) ô: 3.90 (dd, lH, NGH., J == 5, 8 Hz), 4.21 (dd, 1H, 

OHeH., J == 8, 8 Hz), 4.44 (d, lH, CSHSCH, J = 8 Hz), 5.14 (d, 1H, N3CH, 

J == 5 Hz), 6.40-7.76 (ln, 10H, aromatic, OH); ir {CH2Cl,2} vmax : 3500~3000 

(OH), 2100 (N3), 1730 (a-1actam. C=O) cm-l,; 'ms (70 eV, 92°), mie (%0): 

338 (60, M+'), 310 (28S, M+'-N2'), 255 (67, M+·-N3CH=C==0). 
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i3-lactam 114 

To S-lactam 113 (10.8 mg, 0.032 mmo1) in acetic anhydride (0.5 ml) 

wa~ added a cata1y~ic amount of 4-dimethy1aminopyrid1-,ne. After stirring \' 

overnight at room temperature, ethy1 acetate (20 ml) was added. The 

mixture was washed with water (2 x 15 ml). dried (MgS04) and evaporated. 

The residue was purified by HPLC (petro1eum ether:ethy1 acetate:methano1, 

8.5:1.5:0.05), to give i3-1actam 114, 13 mg
O 

(96%). 

lHrnr 200 MHz (CDC1 3) ô: 1 :68, 2.30 (2s, ,6H, ZCH3). 4.04 (dd, 1H, HC~. 

J = S,8Hz), 4.55 (d. 1H, C~C6H5' J = 8 Hz), 4.98 (d, 1H, CHN3, J = 5 Hz), 

5.50 (dd, lH, C~OCOCH3' J = 8,8 Hz), 6.85-7.44 (m, ~H, aromatic); ir . 

(CH2C1 Z) vrnax : 2100"(N3), 1780 (a-la~tarn, C=O) cm-1; CI-ms (210°): 423 

(280, MH+), 395 (226, ~H+-N2'), 381 (1000). 

\ "" / 
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CHAPTER III 

Phenyl Cyclophosphoramidate 122 

G-
To 3-amino-l-propano1 123 (1 9. 13.3 mmp1) in dry methylene . - , 

chloride (20 ml) was added pyridine (3.16 g, '40 mmol) and phenyldich10ro-

. phosphate (2.8 g, 13.3 mmol) at 00
• The mixture was stirred at room 

temperature for 18 h. The solution was washed with water (2 x lS ml), 

dried'(MgS04)~ and evaporated. The residue was purified by flash chromato­

graphj (ethyl acetate) to afford 2.24 9 (79%) of 122 as a co1or1ess oi14 

a 

IHmr (COC'3) ô: 1.2-2.4 (m, 2H, CH2), 2.8-3.ï (m, 2H, CH2N) , 4.1-4.7 (m, 

3H, NH, CH20), 7.32 (s, 5H, CSHS); ir (film) "max: 3250 (NH, amide). 

lS90,''-485, 1260, 1210 cm-1;, ms (70 eV 1 69°), mie (0/ 00 ): 213 (643, M+'), 

0 120 (382, M+:-C6HSO·). 

To the cyclophosphoramidate 122 (125 mg, 0.59 mmol) in dry 

tetrahydrofu.ran (l0' ml) was added 1.5 M n-butY11~m (0.39 mL. 0.59 mma1) 

at -78°. The mixture was stirred for 15 min and then a solution of benzqy1 

ch10ride (82.3 mg, 0.59 mmo1) in dry tetrahydrofuran (2 ml) was added 

~ropwise. The solutiè~was. stirred one more hour. After the addition of 

methylene chloride (20 ml), the solution was washed with H20 (2 x 30 ml), 
. ~ 

dried MgS04) and evaporated. The resu1ting oi1 was purified by flash 

chromatography (petroleum ether:ethyl aceta~e~ 1:1) to afford 167 mg' 
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(90%) of amide 125. 

-
lHmr (COC1 3) ô: 1.7-2.6 (m, 2H, CH2), 3.2-3.9 (m, lH, CHN) , 4.0-4.8 

(m, 3H, NCH, CH20), 6.8-7.7 (m, lQH, 2C6HS); 1r (film) vmax : 1670 (C=O, 

amide), 1590,1490 (aromatic C~, 1320 cm-1; ms (70 eV, 43°), mie (%0): 

317 (46, M+'), 214 (1'99, M+'-C6H
5
(), 105 (1000, C6HSC:'c+·). , 

Amide 127 --
To a solution of 122 (1.44 g, 6.76 mmo1) in THF (10 ml), ethyl 

malonyl chloride (1.02 g, 6.78 mmol) in THF (5 ml) was added. The reaction 

w~s followed by means of tlc. When starting material di.sappeared (1\, 15 h), 

the sol vent was evaporated. The residue was introducèd into a flash 

chromatography colum~ to afford 1.85 9 (84%) of 127 as a colorless oi1. 

lHmr (COC1 3) ô: 1.24 (t, 3H, CH3). 1.6-2.,5 (m, 2H, NOH2C~CH20), 3.0-3.6 

(m, lH, CHN), 3.83,3.90 (2s, 2H, CH2CO), 4.11 (q, 2H, CH3C1i2), 4.1-4.9 

(m, 3H, ~H20, CHN), ·7.30 (s, SH, C6H5); ir (film) vmax : 1740 (C=O, .~1;er), 

-1 « + 1690 (C=O, amide) cm ; ms (20 eV, 20°), mie %0): 327 20, M'), 234 

(1000, M+·-C6HSO·,). 

Diazo~Amide 130 

To a solution of 127 (1'.85 g, 5.66 mmol) in acetonitrile (20 ml) 

containing triethylamine (0.63 g, 6.24 mmol) was added p-to1uenesu1fonyl 
1 

azide (1.18 g, 5.98 mmo1) at 0°. The mixture was stirred for '40 h at 

room'tèmperature. The solvent was evaporated below 30° and replaced by 

'. 

,,~ 
\ 
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methy1ene ch10ride (40 ml}. After being washed with 0.4 N potassium 

hydroxide, water,_ dried (MgS041 and evaporated, the residue w~s puri.fied 

by'f1ash chromatography (petro1eum-ether:ethy1 acetate, 1:1) to afford 

1.70 9 (8S%) 9f 130~as a ye110w oi1. 

IHmr (CDC1 3) ô: l.~O (t, 3H, CH3). 1.6-2.,5 (m~ 2H, CH2) , 3.2-3.8 (m, 1H, 

NCH). 4.30 (0, 2H, CH3C~), 4.0-~.7 (m, 3H, NCH, NCH2C~CH20), 7.23 (s, 
, 

5H, C6HS); ir (film) 'vmax : 2135 (N2), 1730 (C=O, ester), 1690,' 1650, 

1590, 1490 cm-1; m~ !20 eV, 60°), mie (%o): 353 (32, M+'), 325 (245, 

M+'~N2)' 260 (77, M+:-C6HSO'), 253 (341),94 (1000). 

Trîch10roethy1 Cyc1ophosphoramidate 132 

A solution of 2,2,2-trich1oroethy1 a1cohol' (0.49 g, 3.28 mmo1) 

and triethy1amine (0.33 g, 3.27, mmo1) in anhydrous tetrahydro'fl.lran (3 ml) 
, ' 

was aâded dropwise a~ -78° into phosphorus oxych1oride (0.5 g, 3.27 mmo1) 

in THF (5 ml) under nitrogen atmosphere. After stirring 0.5 h, the 

temperature slow1y increased to room temperat4re within 1 h and the 
, \ 

mixture was coo1ed again to -78°. To the coo1ed mixture, a solution of 

-3-amino-1-propano1 (0.245 g, 3.26 mmol) and triethy1amine (0.693 g, 

~ 6.86 lI11J01) in THF (3 ml) was added. The mixture was a110wed to warm to 

soom temperature and stirred for another 4 h. The t~trahydrofuran was 

evaporated. The residue was added to methy1ene ch10ride (50 ml) and 

,water (40 ml). The organic layer was washed with 1% HCl (30 ml), dried 
• J 

(MgS04) and evaporated. The crud~ product wa~ purified by flash chromato-

graphy (ethy1 acetate) to obtain 0.81 9 (93%) of 132 as a 1ight ye11ow,oi1. 
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IHmr (CDC1 3) Ô: 1.5~2.5 (m, 2H, NCH2C~CH20), 3.0-3.7 (m, 2H, NCH2), 

4.1-4~8 (m, 3H, NH, OCH2). 4.50 (d, 2H, CH2CC1 3, J = 7 Hzf; ir (fil~) 

'-'max: 3250 (NH), 1420,1335,1260,1100 cm- 1; m~ (70 eV, 20°), mIe 

130 

o . +. " 37 +. 35 37 + 
(/o~): 273 (4, M +6, C1 3 ).271 (l8, M +4, C1 1 C1 2 ), 269 (55, M '+e, 

C1~5C1~7), 267 (57, M+', ~1~5)~ 120 (1000, M+·-OCH2CC1 3·). 

Amide 133 

Obtained fram 132 via the procedure for the preparation of 127, 

in 90~ yie1d after flash chramatography (petro1eum ether:EtOAc, 1.5:1). 

l~mr (CbC1 3) ô: 1.30 (t, 3H, CH3), 1.7-2.3 (m, 2H~ NCH2C~CH20), 3.1-3.7 

(m, 1H, NCH)~ 3.8-4.8 (mb, 3H, OCH2, NCH), 3.90, 4.04 (2s, 2H, CH2), 4.20 

(q, 2H, CH3C~), ~.70 (d, 2H. OCH2CC1 3, J = 7 Hz); ir (film) '-'max: 1735 

(C=O, ester), 1690 (C=O, amide), 1330, 1300 cm-1; ms (70 eV, 37°), mie 

(%0): 385 (15, M+'+4, C1f5C1~7), 383 (36, M+·+2, C1~5C1i7). 381 (38. 

M+' C1 35 ) 234 (194 M+'-OCH CCl '). '3' , 23" 

Diazo-Amide 134 

Obtained from 133 via the procedure for the preparation of 130, 

fn 80% yie1d,after flash chromatography (petro1eum ether:EtOAc, 1.5:1). 

IHmr (COC1 3) ô: 1.30 (t, 3H, CH3), l.6-2.3 (m" 2H, NCH2C~CH20), 3.1-3.8 

(m, lH, NCH), 3.8-4.8 (m, 5H, NCH, CH20, OC~CH3)' 4.80 (d, 2H, OCH2CC1 3, 

J = 7 Hz); ir (film) vmax : 2115 (N2). 1720 (C=O, ester), 1650 (C=O, 

amide), 1330 cm-1; ms (70 eV, 51°), mie (%o): 272 (14, M+'-EtOOCCN2CO'+6, 

(' 
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Cl~7),-270 (44, M+'-EtOOCCN~CO'+4, Cl~5Cl~7), 268 

Cl~5Clr7), 266 (14, M+'-EtOOCCN2CO', Cl~~). 

Phosphonate S-Lactam 142 

, 
" ' 

131 

To a solution of a1coho1 138 (347 mg, 3.02 mmol) and triphenyl­

phosphine (790 mg, 3.02 mmo1) in dry dimethy1formamide (3 mL) was added • .,. 

in portion, N-bromosuccinamide (538 mg. 3.02 mmol). After the addit;on~ 

the reaction mixture was stirred at room temperature for 30 min. The 

solution was added water (15 ml) and extracted with ether (4 x 10 ml). 

The ether layer was washed with water (2 x 10 ml), dried (MgS04) and 

concentrated to afford the crude bromide 141 (contaminated with triphenyl­

phosphine oxide). 

IHmr (CDC1 3) 0: 2.00 o(dt, 2H, C1i2CH2Br), 2.46 (bd, 1~, OCC,!iH, Jgem = 16 Hz), 

3.00 (ddd. lH, OCCHH, Jgem = ,16 Hz, Jais = 5 Hz, J NH = 2 Hz), 3.34 (t, 

2H, CH2Br). 3.5-3.8 (m, 1H, NCH). 

To the crude bromide was added triethyl phosphite (2 ml). The 

mixture was heated in an 0;1 bath at 120 0 for 18 h. Flash chromatography 

of the residue using ethyl acetate first and then acetone afforded 150 mg 

(21%) of phosphonate 142. 

IHmr (CDC1 3) 0: 1.15 (t, 6H, 2CH3) , 1.4-2.0 (m. 4H, CH2CH2P), 2.27 (bd, 

1H, COCHH, J em = 15 Hz), 2.80 (ddd, 1H, COCHH, J gem = 15 Hz, J . = 5 Hz, - g - m.s 

JNH = 2 Hz), 3.0-3.5 (m, lH, NCH), 3.7-4.3 (m, 4H, C1i2CH3)' 7.5-~.0 (bs, 

lH, NH); ir (film) vmax : 3600-3100 (NH), 1745 (C=O, S-lactam) cm-1; 

"- ,,' 
" \ 
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ms (70 eV, 85°), mie (0/00): 23,6 (7, M+')~ 193 (887, M+'-CH2=C=OL i37 

(1000, OP(OEt)2+)' 

Mesy1 ate 147 

132 

To a1coho1 138 (266 mg, 2.31 mmo1) in dry methy1ene ch10ride (10 - , 
~ "1 

ml) and triethy1amine (0.35 ml, 2,.52 nvno1),. under a nitrogen atmosphere, 

was added methanesulfonyl ch10ride (0.19 ml, 2.45 mmo1) in methy1ene 

ch10ride (2 ml) at 0°. The solution was stiired for 30 min, at 0° and 

a110wed to warm up to ropm tempera~ure. The reaction mixture, after 

washing with water (2 x 10 ml). drying (MgS04) and evaporation in.vacuo, 

afforded 410 mg (92%) of mesylate l1I. 

, '\ 
IHmr (COC1 3) ô: 1.9-2.4 (m, 2H, C~CH20), 2~6 (bd, 1H, COC!:!.H, Jgem = 15 Hz), 

./ \ 

3.0-~.4 (m, lH, COCHH), 3.0 (~, 3H, CH3), 3.5-4.0 (m, 1H, CHN), 4.30 (t, 

2H, CH20). 6.80 (bs, lH, NH); ir (film) vmax : 3400-3100 (NH), 1740 (C=O, 

B-1actam) cm-l;-CI-ms-(7Qo),-~/e (%o): 194 (1000, MH+), 152 (588, MH+­

CH2=C=0) . 

, Iodide 146 

T~esylate 147 (169 mg, 0.87 mmo1) in acetonè (15 ml) was added 

sodium iodide (132 mg, 0.88 mmo1). The mixture was ref1uxed in an oil 

,bath at 60 for 7 h. After evaporation of the acetone, ethy1 acetate 

--(20 ml) was added to this residue. The resulting solution was washed with 

water (2 x 15 ml) dried (MgS04) ~d evaporated to afford 180 mg (92%) 

.. 
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, of iodide 146. 

IHmr (COC1 3) 0: 2.0~2.3 (m, 2H, C~CH2I),,2.63 (bd, 1H, OCC[H, Jgem = 

15 Hz), 3.0-3.4 (m, lH, OCC.!iH) , 3.20 (t, 2H, C!i2!)" 3.52-3.94 (m, lH, 

NCH). 6.70 (bs, 1H, NH); ir (CH2C1 2) \1 a : 3500-3400 (NH), 1760 (C=O, . m x 
8-1 àctam) cm -1 . 

Si1y1ated B-Lactam 149 

133 

To mesylate 147 (274 mg, 1.42 mmo1). in dimethy1fonnamide (4- ml) 

was added tri~thy1amine (376 mg. 3.72 mmo1) and t-butyldimethylsi1yl 

ch10ride (236 mg, 1.57 mmo1). The mixture was stirred at room temperature 

for 18 h. To this was added water (15 ml) and then extracted with ether 

(4 x 10 ml). The ether solution, after washing with water (2 x 15 mL), 

drying (MgS04) and evapo~ation, afforded silylate product 149 (400 mg, 

91%). 

IHmr (COC1 3) ô: 0.22 (s, 6H, 2CH3), 1.98 (s, 9H, t-BuSi), 1.6-2.4 (m, 

2H, CHzCH20), 2.55-3.20 (m, 2H, COCH2). 3.02 (s, 3H, CH3), 3.4-4.9 (m, 

lH, CHN), 4.34 (t, 2H, CH 20); ir (film) \lmax :' 1740 (C=O, B-lactam); ms 

(70 eV, 42°), mie (%o): 250 (107, M+·-t-Bu·). 208 (26. M+·-t-Bu·­

CH2=C=O), 153 (1000). 

N-BenzoYl-3-Amino-1-Propano1 150 

To a solution of 3-amino-l-propanol (1.5 g, 20 mmol) in ~ N NaOH 

(4 ml) was added, in the meantime, benzoyl, chloride (2.81 9. 20~ntnOl) 'and 
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5 N NaOH (4 ml) at 0°. ~he solution was warmed up to room temperature 

'_ and stirred for 18 h. The solution was' neutralized by concentrated HC1 

and, extracted with ethy1 acetate (4 x 10 ml). D~ing (MgS04) 'and 

evaporation afforded 3.1 9 (87%) of 150 as a colorless oil. 

134 

IHrnr, (COC1 3) ô: 1.4-1.9 (m, 2H, CH2), 3.2-3.8 (m, 4H, CH2N, CH20), 4.80 

(s~t lH, OH), 7.0-:8.1 (m, SH, NH, CSH S}; ~r (film) vmax : 3400-3200 (OH), 

1650 (C=O, amide) cm-l • ms (l0 eV,'72°), mie (%0): 179 (15, M+·), 105 

(1000, C6H5C:0+·). 

Imine 152 

To a solution of a1coho1 150 (0.5 g, 2.79 nmol) in 'dry tetrahydro­

furan (15 ml) èontaminated triethy1amine (0.78 ~l, 5.61 mmol) was added 

dropwise a solution of phosphorus oxych1oride, (0.26 ml. 2.80 mmo1) in 

tetrahydrofuran at -78°. The resu1ting solution was then a110wed to watm 

up to room temperature. After stirring for 3 h, toluene (20 ml) was added 

,to the solution and filtered through, a cel ite pad. The fi1trate was 

concentrated to afford the crude product. This was purified by flash 

chrom~~agraphy (petroleum ether:ethyl acetate. 1:4)' to afford 0.36 9 

(80%) of 152. 

IHmr (COC1 3) ô: 2.00 (tt, 2H, CH2), 3.50 (t, 2H, NCH2) , 4:25 (t, 2H, , 

CH20), 7.2-8.0 ~m, 5H, C6HS); ir (film) vmax : 1655 (C=N), 1350, 1270 cm-1~ 

ms (70 eV, 19°L mie (0/ 00 ): 161 (858, M+·), 103 (447. CSHSCN+:L,77 

(1000, C6Hs+·); Anal. Caled. for C10H"NO: C, 74.53; H, 6.83; N. 8.70; 
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Found: C, 74.,30; H, 6.76; N, 8.93. 

Sily1ated A1cohol 153 

To a1cohol 150 (2.5 g, 14 mmol) in dry DMF (10 mL) was added 

t-butyldimethylsi1y1 chloride (2.31 g, 15.3 mmo1) and imidazo1e (2.38 g, 
- , 

34.9 mmo1). After stirring 1 h at room temperature, .the solution ~as . 
\ . 

partitioned between ether and water. The ether layer was was~ed, dried
l 

'and evaporated to afford 3.8 9 (93%) of silylated alcohol 153. \ 

IHmr (CDC1 3) ô: 0.20 (s, 6H, Si(CH3)2), 1.02 (s" 9H, t-BuSi), 1.7·2.0 (m, 

2H, CH2), 3.84 (t, 2H, CH2N), 4.15 (t~2H, CH20) , 7.0-7.5,(b, lH, NH), 

7.4-8.0 (m, 5H, C6H5h ir (film) "max: 3300 (NH), 16~0 (C~O, amide), ' 

1550,1250 cm-'; ms (70 eV, .71°), mie (0/00').: 278 (22, M+·-CH3·). 236 
.," ~ \ 

(773, M+·-t-'Bu·), ,105 (1000, C6HSC::0+·). 

,. 
Phosphite 154 

. ' , 
\ 

To the sily1 ether 153 (365 mg, ):241111101) in dry t~trahydrofuran 
, -

(15 ml), under a nitrogen atmosphere, was added dropwise 1.6 M n-buty1-

lithium (0.77 mL, 1.23 mmo1) at -78°. This was stirred for 20 min. ,and 

added ta a solution of diethy1 ch1orophosphite· (0.18 mL, 1.26 mmol) in 
" dry tetrahydrofuran (3 mL). The resu1ting mixture was stirred for 1 h 

at _78°, and then warmed up to room temperature. Evaporation and 
o 

purification using fiash chromatography (petro1eum ether:ethyl acetate. 

9:1) afforded 180 mg (35%) of 154. 
~ •• 
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IHmr (COC1 3) ô: 0.22 (s, 6H, (CH3)2Si), 1.08 (s, 9H, t-BuSi), 1.43 

(t, 6H, 2CH3). 1.7-2:3 (m, 2H, CH2). 3.6-4.2 (m, 8H, OCH2 , NCH2 , 2C.!:!eCH3), 

7.48 (s, 5H, C6HS);oir' (film) vmax : 1650 (C=O, amide), 1540, 1250 cm- 1; 

ms (70 eV, 20°). mIe (0/ 00 ): 236 (132, M+'-t-BU'-P(OEt)2'+1), 105 (1000, 

C
6

H
S

C::0+'), 77 (412). 

6-Lactam 158 

A solution of 'S-lactam 138 (4.39 mg, 3.82 nmol) and dihydropyran 

(482 mg, 5.73 mmo1) in dry methy1ene chloride (10 ml) containing pyridinium 

p-toluenesulfonate (PPTS) (96 mg, 0.382 mmol) was stirred for 8 h at room 

t~perature. The solution was diluted with ether and washed with half-
~ -

saturated brine to, remove the catalyst. After drying and evaporation of . 
the solvent, flash chromatography (ethyl acetate) gave 410 mg (54%) 

THP e1(h~r 158. 

~Hmr (COC1 3) ô: 1.4-2.1 (m, 8H, C!:!zC~20, CHC!!2C!!zC.!:!e). 2.49 (ddd; lH, 

C!!HCO, Jgem = 13 Hz, J trans = 2.2 Hz, J NH = 1.1 Hz), 3.10 ,(ddd, lH. CHHCO. 
, ' 

J gem = 13 Hz, Jais = 4.2 Hz, J NH = 1:1 HZ): 3.3-4.1 (m, 5H, C!!NH, 2C!!20 ), 

• 4.6 (,bm, lH, 'CH20CHOCH2). 6.3-6.7_ (~s, lH, NH); ir (film) vmax : '3300 

(NH), 1760 (é=O) cm--1; ms (70 eV, 20°), mie (%0): 199 (99 , M+'), 99, 

(103, M+'-HOCH{CH2)4~)" 85 (1000, THP+); 

B-Lactam 159 
, , 

Obtained fram S-lactam 158 and diethyl chlorophosphate, via the 



( 

procedure for the pr.eparation of 161, in 75% yiefd after flash 

chromatography (EtOAc). 

," lHmr 200 MHz (COC1 3 ) ô: 1.38 (t. 6H, 2CH3 )', 1.4-2.0, 2.4-2.6 (m, m, 

aH, .C!:!.2CH20, C~C~C~). 2.97 (2ddd, lH, C.!:!Heo, J gem = 16 H,z, 

) 

J,trans = J pH = 3 Hz), 3.22 (2ddd, 1H. CHHCO, J gem = 16 Hz, Jcis = J pH = 

6 Hz), 3.4-3.6., 3.7-4,.0 (m, m. 4H. OCH2, OCH2), 4.09 (m, lH, HCH), 4.19 

(m, 4H, OC~, CH 3), 4.56 (bs, lH, OCHO); ir (CHCC1 3) \)max:' 1785 (C=O, 

f3-1actam) cm-1 ; ms (70 eV, 39°), mie (%0): ,251 (57, M+·-DHP). 250 

(47, M+' - THP' ), 234 (100, M+' -OTHP' ), .180 (1000, M+' -CH2CHèH2CH20THP' + 1) , 

s-lactam 161 

Under a nitrC?gen atmosphere, a solution of (3-1actam J58 (253 mg, 

1.27 mmo1) in dry THF (5 ml) was cooled to -780 and treated with n-Bul; 

(1 eq.) in THF. After being stirred for 10 min, diphenyl chlorophosphate 

(342 mg, 1.27 mmo1) was added dropwiset and stirring, at -78°, was 

continued for a period of 30 min. The'reaction mixture was warmed to 
_~ ~- -1 

room temperature by itse1f. After adding methy1ene ch10ride (20 ml), 

the organic layer was washed with water (2 x 15 ml), dried (MgS04 ) and 

.evaporated. The residuecwas purified by flash chromatography (petroleum 

ether:ethyl acetate; 1:1.5) ta afford 438 mg of s-lactam 161 ~n 80%.yield • 

• 
lHmr (COC1 3> ô: 1.2-2.1 (m, aH, C~CH20-, C~C~C~), 2.6-3:0 '(m, 2H, 

C~CO).'3.1-4.0 (m. SH, CHN, C~O. C1i20), 4.2 (b, lH, CH), 7.00 (s, 10H. 

\ 

\ 
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f3-Lactam .l2Q. 

A solution of THP ether 161 (180 mg, 0.42 mmà1) and pyridinium 

p-to1uenesulfonate (PPTS) (20 mg, ,0:08 mmo1} in absolu,te ethano1 (5 ml) 

138 

was stirred at 55° foi1 bath temperature) for S h. The solvent was 

evapbrat'é~\ in vaauo, and the residu,e was chromatographed (EtOAc: petro1eum 

ether, 2:~) to afford 1
J

24 mg (85%) of 8-1actam 160. . ' -----

lHmr 200 MHz (COC1 3 and O2°) 6: 1.6-2.0 (m, 2H, C~CH2OH), 2.79 (ddd, ,; 
, 

lH, COC!!H, Jgem = 16 Hz, Jais = J pH ::: 3 Hz), 3.22 (ddd, 1H, COCHH, Jgem = 

16 Hz, J
t
l'ans = JpH ::: 6 Hz). 3.4-3.8 (m, 2H, C~OH). 4.0-4.2 (m, 1H, NCH), 

o 

7.38 (m, 10H, 2C6H5)~ ir (filin)' Vmax ! 3450 (OH). 1790 (C=O, 8-1actam) 

1 '+ + cm- ; ms (70 eV, 56°), mie (%o): 347 (101, M'), 276 (961, ~ '-CH2=CH-

(CH2)20H+1), 254 (117, M+'-OC6HS'), 77 (1000r: 

Bicyc1ic e-Lactam 162 

To a solution of 160 (150 mg, 0.43 mmo1) in t-BuOH (2 ml) was 

added CsF (66 mg, 0.43 mmo1). 'After stirring at Iroam temperature for 2 h, 
1 

the solvent was evaporated. Ethy1 acetate was added. The mixture was 

washed with brine, dried and evaporated to afford 22 mg (20% of a-lactam 

162. after flash chromatography (petro1eum ~ther:EtOAc, 1:2); m.p. 10$O~ 
, 

lHmr '(acetone d6) 0: ,.1.8-2.2 (m, 2H, CH2), 2.90 (app.dd, 2~, CH2CO), 

3.8-5.0 (m, 3H', CH, ,CH20). 6.9-7.5 (m,.5~t C6HS); lHmr 2aO MHz (acetone d6 
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c 

and 020) ô: 1.8-2.2 (m, 2H, CH2 ),"2.8-3.0 (m, 2H, CH20), 3.9-4.1 (m,lH, 

CH), 4.3-4.7 (m, 2H, CH20), 6.9-7'.5 (m, 5H, C6HS); ir (CH2C1 2 ) \lmax: 

1760 (C=O, B-1actam), 1590,1490,1190 cm-\ ms (70 eV, 82°), mie (%0):' 

254 (372, M+'+l), 212 (1000, ,M+·-CH2=C=0). , 

S-lactam 163 

To a solution of alcohol ]38 (lS0 mg, .1.3 ","ol) and pyridine 

(162 mg, 1.43 mmo1) in CH2Cl~ (la ml) was added dropwise di pheny1 ch10ro­

phosphate (349 g, 1.3 mmol). After stirring for 2 h the sAl1ution was 

washed with water (3 x 5 ml) and brin~(8 ml), dried (MgS04 ) and evaporated 

to give 392 mg (87%) of S-lactam 163, after flash chromatography. 

IHmr 200 ~'Hz (COC1 3) ô: 1.8-2.2 (m, 2H, CH2} , 2.60 (ddd, lH, COCHH), 

J gem = 15 Hz, J
tranB 

= 2 Hz}, 3.05 (ddd, 1H, COCH!:!., J gem = 15 Hz, Jcis = 
5 H~, JNH = 2 Hz), 3.6-3.8 (m, lH, CH), 4.2-4.6 (m, 2H, CH20) , 6.3 (bs; 

v , 

1H, NH), 7.1-7.5 (m, 10H, 2C6HS); ir (film) ~ax: 1765 (C=O, S-lactam)~ m , 
1590, 1490 (C=C" aromatie) cm-l, ms (70 eV, 0 55°), mie (%0): 347 (46, 

M:"'), 305J437, M+·.CH2=C=0), 304 (203, M+'.OCNH). 
'~ , 

.::;.6 -....;l;;;.;a;.;;..ct;;;.;a=m, 166 

A mi xt.ure contai ni ng B-1 actam 164 (8.00 g, 0.039 ma 1), 5% pa 11 adi lim 

on charcoal and ethanol {300 ml,} wa$ hydrogenated at 40 psi for 2 h. ' The 
, ~~, 

-sol~tion was filtèred and evaporated ta dryness. The residue was taken up ) 
• in inethylene chloride (100 ml)' and was methylated with etheral diazqmethane . \ 

1 " 
>('" -/ 

.(. r t-
-•• 

) 
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at 00. After removing the sol vent in vaauo, the erude methyl ester was 

purified 1ly flash chrOlTlatography '(pe~ro1euJtf~er:ethYl ac~tate, 1 :5) 

to afford 4.5 9 (90%) of 6- ractam ~ . 

14Q 

. 1Hmr (CDC13) cS: 

Hz). 3.34 (ddd, 

CH3), 4.20 (dd, 

2.90 (ddd, 1H,' J gem ::: 15 Hz, Jt l'ans = ~.5 Hz, JNH ::: 1.5 

1H, J~em = 15 Hz, Jais = 5 Hz, JNH = 1.5 Hz), 3.75 (s, 3H, 

1H, CH, J. = 5 Hz, Jt = 2.5 Hz), 6.8-7.4 (bs, 1H, NH); 
~s rans, 

ir (film) v
max

: 

16°). mIe (%o): 

1775 (C=O, 6-1actam), 1740 (C=O, ester) cm-1; ms (70 eV, 

129 (115, M+'), 101 (463). 86 {188}, 28 (1000). 

" 

A1coho1 167 

. 
To a -lactam 164 (0.205 9, l mmol) in methanol (10 ml) 

was added sodium ~orohydride {114 g, 3 mmo1} in portion. After stirring 

at room temperature for 18 h, oncentràt~d HCl was aided d'rapwise ta 

neutralize ta pH = 5. The 'precipitate was filtered off and the filtrate 
... $\ 

was evaporated ta dryness~ The residue was purified by flash chr~tography 

(EtOAc:methano1, 10:1) ta afford 0.05 9 (50%) of a1cohol,lG7. 

lHmr (acdeton~ dG) ô: 2.6 (dd, 1H, COC!:!.H, Jgem = 15 Hz, Jt l'ans ::: 2 Hz), 

2.9 (m, lH, COCHH, J en ::: 15 Hz, J • ::: 5 Hz, JNH = 1.5 Hz), 3.5-3.9 (m, 
- 9 a'Z-s 

3H, CH20, CH), 4.2 (bs, 1H, OH)', 7.3 (b.S, 1H, ·NH); ijfilm) vmax : 3400-

3000 eNH, OH), 1730 (C=O, 6-1actam) cm-li ge-ms (TMS derivative), mie 
l " ' .. + ' , 

(% 0 ): 245 (24, M " di-TMS derivative). 
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.. ~ 
6-Lactam 168 

Obtained fram B-1actam 167, via the procedure for the preparation 1 -
1 , 

of ]É§., in 80% yi el d after f1 ash chromatogra~~y, (EtOAc)." ~~, 

IHmr (CDC1 3) ô: 1.~ (m, 6H~ OCH(C~}3)' 2.51 (app.bd, 1H, COCHH, Jgem = 
, 0 

14 Hz), 2.96 (2ddd, lH, COCHH, J en = 14, J . = 4 Hz, JNH -= 1.5 Hz), 
- 9 cns 

3.2-4.0 ~, 4H, OCH2, OCH2), 4.48 (bs, 1H, OCH), 6~ 7-7.0 (bs, 1H, NH); 

ir ,{film} "max: 3280 (NH). 1750 (C=O, 8-1actam) cm-\ ms (70 eV, 19°),' 

,m/e (0/00 ): 185 (21, M+'), 85 (1000, THP+). 

/ 

8-Lactam 169 / 
// 

Obtained fran 168;'via the same procedure for the preparation 0 

]§l, in 85% yie1d used for thé next ~eaction without purification. 

limr (COC'3) ô: 1.1-2.0 (m, 6H, CH2CH2CH2), 2.9-3.2 (m, 2H, CH2CO), 

3.2-4.0 (m~ 5H. 20CH2 , NCH), 4.2-4.
r
5 (m, 1H, OCH) , 7.12 {s, 10H~ '2C6H~1\ 

, 
ir (film) "max: 1.195 (B-1actam), 1595,1490 (aranatic C=C), 1290 (P=O) 

cm- 1; ms (70 eV, 76°), mIe (%0): 417 (54, M+·). 333 (47, M+'-DHP), 
.' . 

275 (287,' M+'-CH2CHCH20THP'), 94 {936, C6HSOH+)\,' 77 (1000). 

B-Lactam .!Z.Q. 

?btained from 169, .pia, the procedure for the preparation of 

160, in 60% yield after flash chromatography {petroleum ~ther:EtOAc, 

1 :2.5L., 

1 

-, 



" , 

~ ( D 

1 
~ 
~ 

f" 

t 

142 
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IHmr (COC'3) ô: 2.5-3.4 (m, 2H, CH2CO), 3.2-3.S (b, 1H, OH, exchangeab1e 

with 020), 3.5-3.7 (m, 2H, C~OH), 4.0-4.1 {~, ~H, CHN}, '7.27 (s, 10H, 

'* 2C6HS); ir (film) vmax : 3600-3200 (OH), l790(C=0, B-lactam). 1590, 

, 1485 (aromatic c=é), 128Ç (P=O) cm-,l; ms (70 eV, 26°), mie (0/00): 333 
- 1 

('165, M+·), 275 (820, M+'-CH2CHCHZOH), 233 (280 (0)P(OC6HS)2+)' 94 (~64, 

C6H
5
0H+'),77 (1000). 

B-Lactam 171 ., 
Dipheny1 ch1orophosphate (0.31 mL, 1.48 nuno1 )~was added dropwise 

to a solution of alcoho1 167 (149 mg, 1.48 mma1) and triethylamine 

(0.21 mL) in anhydrous tetrahydrofuran (5 ml). After stirring for 0.5 h, ta 

the reaction mixture was added methylene ch10ride (20 ml). The organic 

la~er was washed with water (2 x 15 ~L), dried (MgS04) and evaporated 

to dryness. The residue was p~rified by flash chromatography (EtOAc) 

ta affard 438 mg (89%l(af a-1a.tam 171. 

lHm;(COC~3l 6: 2.51 )ddd, 1H, C!iHCO, Jg"" = 15 Hz, Jtpans = 3~",JNH = 
1.S Hz), 2.83 (ddd, lH, C!:!.HCO, J gem = 15 HZ~-4-H4 1.5 Hz)" 

3.5 .. 3.8 (m, 1H, CHN)-, 3.9-4.3~~-c1f2Of, 6.6 (bs, 1rt., NH), 7.00 (s, 

10H, 2C6HS); ir (film) \}max: 3260 (NH), 1780 (C=O, B-1actam), 1590, \ 

1490 (aromatic C=C), 1290 (P=O) cm-'; ms (70~)eV, S5°), mie (0/ 00 ): 

333 (34",M+'), 29J (1000, M+·-CH
2

=C;::0), 94l861, C
6

HSOH+'), 77 (820, C
S
H5+·). 

8-Lactam 174 
. -

Obta1ned fram\ 158 and dibenzy1 chlorophosphate, via the procedure ,-

Il 

, - , 

." 
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for tfiè preparation of 161, used for the next re~'ction without 

purificat ion. 

\ 

IHmr (COC1 3) ô: 1.3-2.0 (m, aH, CH2, CH2CH2CH2), 2.4-3.1 (m, 2H, CH2CO), .. 

3.3-4.0 (m, 5H, NCH, 2CH20), 4.5 (bm,' lH, CH), 5.0, 5.2 (2s, 4H, 

2C!:!zC6HS)' 7.3 (s, 10H, 2C6HS)' 

f,3-lactam 176 

Obtained from 174, via the same procedure for the preparation 

of ~, in 74% yie1d after flash chromatography (EtOAc) . ... 

lcHmr (COC1 3) ô: 1.5-2.1 (m, 2H, CH2), 2.4-3.1 (m, 2H~ CH2CO), 3.2-4.0 

(m, 4H, CHN, CH20, OH), 5.0, 5.2 (2s, ~H, 2C!!2C6HS)' .7.3 (s, 10H, 2C6Hs); 
ir (film) vmax : 3400-3100 (OH), 1785 (C=O, B-1actam) cm-l,; ms (20 eV, 
1 • 

20°), mie (% 0 ): 37S (3, M+'), 284 (170, M+·.CH2C6HS·)' 178 (1000,' Mt
._ 

C6HSCHO-C6HSCH2· ) • 

f,3-Lactam 178 

a-Lactam 176 (0.6 g, 1.6 mmol) in absolute ethano1 (20 ml)' 

containing 5% Pd/C (0.1 Ig) was hydrogenated at 40 psi for l h •. The 

mixture was filtered. The fi1trate was evaporated to afford 0.29 9 
, 

(94%) of 178. " 

IHmr (020) ô: 1.6-2.5 (m, 2H, CH2), 2.6-3.4 (m, 2H, CH 2CO), 3.7-4.0 (m, 

lH, CH), 3.78, ;(t,"2H, OCH2); ir (film) v max : 3300-300 (OH), 17~O (C=O, 

\ 
o 

'­" 

/ 

, .' 
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13-1 actam) cm -1 • 

~ ." 
Obtained from 168, via the procedure for the preparation of 174, 

used for the next reacti~n without purification. 

IHmr (COC'3) ô: 1.3-2.1 (m. 6H, CH2CH
2

CH2), 2.8-3.1 (m. 2H. CH2CO), 

3.5-4.1 (m, 5H, 2CH
2
0, CH), 4.55 (s, 1H, OCH), 5.05,5.20 (25, 4H, 

2CH2), 7.4 (bs, 10H, 2C6HS)" 

j3-lactam 177 

Obtained from 175, via the same procedure for the preparation of 

160, 'in 70% yield after flash chromatography (EtOAc). 

IHmr (COC1 3) ô: 2.7-3.0 (m, 2H, CH2CO), 3.3-4.0 (m, 4H, CH 20, CH, OH), 

5.05,5.19 (2d, 4H, 2CH?), 7.30 (s, 10H, 2C6HS); ir (film) "max: 3400-

3200 (OH), 1790 (c=o~,a~actam) cm-1 ; ms (70 eV, 60°), mIe (%0): 277 

(61, (0)p(OBn)2NH/( 107 (l40, C6HSCH2~0+'), 91 (1000" C6HSCH 2+·). 

8-lactam 179 

Obtained from 1-77"rvia the'lprocedure for the preparation of lZ.§., 

in quantitative yie1d. 

IHmr (D20) 15: 2.7-3.1 Cm, 2H, CH2CO), 3.2-4.1 (m, 3H, CH20, CH); ir (film) 

( ) -1 
"max: 3400-2600 OH), 1750 (C=O, 8-1actam cm • 

.. 
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'B-Lactam 187 

Obtained from 182, via the 'procedure for the preparation of 161, 

at -78 0 for 3 h, in 74% yie1d after flash chrOOlatography (petro1eum ether:, 

EtOAc, 1. 5 : l ) . 

IHmr (COC'3) ô: 1.43 (s, 9H, t-Bu)" 3.4-4,0 (m t 2H, CH2), 4.1-4.5 (m, 1H, 

CH). 4.8-5.2 (mb, lH, NH), 7.1-7.4 (m, 10H, 2C6HS); ir (film) "max: 
, 1 

3400 (NH), 1800 (C=O, S-lactam), 1720,1590,1490,1290 cm- ; ge-ms 

(l0 eV, 66°), mie (°/00): 418 (15, M+·). 276 (702, (0)P(OPI:I)2NHCO+), 

57 (1000). 

B-Lactam 188 

Obtained from 189, via the procedure for the preparation of 

187, in 70% yie1d after flash chromatography (petro1eum ether:EtOAc, 1:1.5) . 

. 
IHmr (COC'3) ô: 0.8-1.4 (m,,,12H, CH 3, t-Bu), 3.4-4.4 (m, 2H, CHCH), 4.8-, 

5.2 (m. 4H. 2CH2), 5.3-5.6 (m, 1H, NH), 7.3 (s, 10H;, 2C6HS); ir (film) 

vmax : 3320 (NH), 1790 (C=O. 8-1actam), 1710 (C=O) c~-1; ms (70 eV, 80 0 ), 

0++ mie (/00): 304 (ll0. M '- O=C=CH-NHt-~+'. M • - CH3CHCHNHt-BOC+l), 
?,=) 

157 (70, CH3CHCHNHt-BOC+, COCHNHt-BOC+), 91 (880). ' 

, " 
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