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« ABSTRACT
2N - The.syntheses of the cephalosporin analogs cis-N-(2'-hydroxy-

pbény])-3-pheny1aqetam?do—4—hydroxymethy1-Z—azetidinone (37), cis-N-
. : (2'—hydroxy—S'-nitropheny])-3-pheny1acetamido-4—hydroxymethy1-2-azet1d1none

(59) and 7—B-pheny1§ce£amido—3'—hydrbxybenzo[3,4]r0,2—isocephem (77)

N utui A

are described. Cmnpoqus 37 and 53 were devoid of antibacterial activity,

[ A

- while g-lactam 77 showed weak activity against two microorganisms.
[ h Two new r%ng systems, 2~phény1carbapenams 146 and 157 have been
prepared. These aré key intermediates in the syntheses of phosphonic
: acid carbapenam 148 and the carboxylic acid derivative 158, respectively.
. . The one carbon homologation of B—triﬁethy]si]y]TG,B—unsaturated

esters with diazomethane was extended to the corresponding B—triﬁethy]si]y]

or B-t-Hutyldimethylsilyl aldehydgs.
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SYNTHESE DE NOUVEAUX ANTIBIOTIQUESJ DE TYPE, p-LACTAME

f . paw, :
/; Antonio Ugolini
A
. . S
' RE SUME
i ’ - 7

/ o . ‘
,ﬁf) © On décrit Ta syntheése d'analogues de‘a céphalosporines cis-N- .~

f
(hydro\xyphényl—Z')phény1acétam1’ do-3 hydroxyméthyl-4 azétidinone-2 (37),

cis-N-{hydroxy-2' nitrophényl-5')phénylacétami d0-3: hydroxyméthyi-4

.Jazétidinoné—Z (59) et phénylacétamido-78 hydroxyberzo[3,4]-3" isocéppem-
P .

10,2 (77). Les Composés 37 et 59 etaient dépourvus d'activite anti-
' bactérienne, tandis qué la B-1actam? 77 avait une faible activité contre
. 1//1 \deux microorganismes. ' |
Les deux noui;/e—aﬂi(‘systémes cycliques phényl-2 carbapénams 146 et
157 ont été'préparés: Ces derniers' constituent d;zs intermédiaires clés
pour la synthaése de T'acide phosphonique Earbapénam 148 et de /1'acide '
. carboxylique cor“r;espondant "158.

v

L'homologation des esters \B—tr‘iméthy]sﬂﬂé‘s ‘Foc,B»-insaturés d'un’

+ e L

- carbone 3 1'aide du diazométhane a €t€ réalisée a partir des aldéhydes

T B-triméthylsily1és ou B—t—buty1diméthy]s*ijy]és correspondants.
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The first 8-laktam was Synthesized by Sﬂtaydinger‘l in 1907, but

f-lactams as a class acquired importance onfy gfter it.was estabhsh;% -

~

that penicillin contains a p-lactam unit 1, as an essentjal structural’

.fevature. Fleming's discoveryz« of .per{icﬂ]in Z,din 192‘9, was Yollowed .
ALY . ° .

3

by the isojat’ion of cephalosporin C 3, in 1955, from a Cephalospgf‘iz,fm

species of fungi. The structure was ocoﬁ"firmed by Hodgkin and Mas1en§,

in 1961, by means of single crystal X-ray diffraction studiés. .-
o B o Ao
" R ! q ' ‘: : ‘ - ‘ . ) '
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g s [ - X °
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Penicillin was the first microbial mMetabolite to show sufficient,

b4 -

separation between toxicity to the bacterial cell and toxicity to the

v

N

mamma]iin hos,i}1 to permit_its use 1n the systemic treatment of bacterial
g -4 °

A [} e . K3 . L3 AT -
umans and animals. Aside from its low toxicity, it is
4 e -

L

infections in

a Al * * oo
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150 edsily obtained by fermentatio
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factor.
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n, whi

)

ch is an imp%tant economic

s

The great interest in f-lactam antibiotics has generated an

+

enormous amoynt of research on the biological and chemical propérties

of cephalosporins and penicillins, as wé1] as on gtfie 1solation of

novel structures. Thé Tatter effort has recently produced new .types

L4

. R R .,?
of B-lactam antipiotics: such as: pachy§te‘m1ness 4, cephamyc1ns6

“y

9*

v

(cefoxitin 5). clavulanic acid7 6, wildfire toxin® 7, bleomycin™ 8,
, nocardicin'® 9, thienam,ycinn 10 and the related olivanic acidsunT_L.‘
N . L
~o, © . .
v \/ ? . ) |." "
' Yl s
- ' ' ooH, ©
\ ! ' - . o i
‘ Pachystermine A Z=C=0 . Cefoxitin 5
4 B Z=CH—OH -
’ - IS . 9
| . o ‘-‘ ' ) “ -
- . NH, H
H OH o] t .
’ - ‘ COOH
} '
: 7 s <L
. \ - : :
~ ¥ : ; ; 127
- Bleomycin AZ- was recently found ‘to lack the g-lactam ring ~".
Y (~ ¢
. -r Lb @ -
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0livanic acid 11

R

R .
- g o
l MM 4550 \/\N)K SO,Na
H O
MM 13902 5\/\N);\ SO,Na
H
MM 7880 5\/\N/K SO,Na
H o
MM 22380 5\/\N/u\ H
HO

MM 22382 S\/\N/‘K Y
H

- Nocardicin A 9

-1
3

"Nocardicin A is agtive, 7n vive, against a wide range of Gram-

‘negative bacteria, e.q. Pseudomonas, Proteus land"" E.coli, but it has no

activity against Gram-positive hacteria. It is also believed to stimulate

B
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the "host's immune reséonse‘to the invading ba&terium13. Thfenamyc1ns

. . ,
are not only effective against Gram-positive and Gram-negative bacteria
f {

at lTow levels, but also show B—factamase inhibitory act1v1€y1?. Olivanic

acids posééss good activity toward Gram-positive and Gkam—pegative

- FS_

organisms‘and are also powerful inhibitors of B-lactamases

)

o

MODE_OF ACTION OF B-LACTAM ANTIBIOTICS

Z

Eérly observations of the effects of penicillin 7 on bactera
indicated a Qrimary effect on cell wall integrity that was limited to
5}0w1ng cells, and that resulted in lysis unless the cells were, protected
by a medium of“high osﬁglarltyf Along ;ith the re]ativehy lTow toxigity
of g-lactam antibiotics, this suggested that bacterial Je11 wall
synthesis was inhibited. Mammalian cells lack this sgructura1 featu;e.

Bacterial cells are usually covered by a cell w!11, which 1s

a

{ :
located outside the cytoplasmig membrané (Fig. 1, p. 5). In é}am-

positive bacterla, the wall is a thick, diffuse, st#ﬁc£ure1ess layer. )
Vlt consists mainly of muren (pepgldog1ycan). In éént#ast, the thinner
Gram-neéati&e wall is compo%gd of at Teast two layers,: ap outer ‘
membrane and an inner, structureless layer that correﬁponds to the
murein, which is mainly responsiblé for the mechaﬁica1 strength of the
wa11]6. Its integrity is reqdireq for the maintenance of cell shape

and for supporting‘the high osmotic pressure within the cell, about

20 atmospheres in Gram-positive-organisms aﬁd about 5 atmospheres ‘in

the thinner walled Gram—ne%ative type. The essential feapures of the

3
Q

*
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0.02-0.08u CW{ ' M}OM
(oMur)l ow{—
\\em~—~}Mur 0.00220.003u
. : sme—
0.00750  CMK i CMK e
Gram—poﬁiﬁive/ , Gram-negative ‘
L
Fig. 1. Appearance of the su)face Tayers of bacteria in_°
thin sections. CW, cell wall; CM, cytoplasmic membrane; {
OM, outer membrane; Mur, murein (= peptidoglycan). Both
“ Gram-positive and Gram-negative cells may contain extra
. " layers of cell wall in addition to those shown here.
Bacteria are about 1y in diameter.
\ o
-l , .
murein, found in virtually all bacterid, are a backbone oﬁﬁslternating
N-écety]g]ucosamine (G1cNAc) and N-acetylmuramic acid (MurNAc) residues
having a 8-1,4-1inkage, a tetrdpeptide substitueqi with alternating L and
* D residues, and a pentapéﬁtide bridge from the terminal carboxyl of
Jone tetrapeptide tq_an available amino group:of a neighboring tetra-
" peptide (Fig. 2, p. 6)]6. '% . )
In vitro investigations, principally by Strominger and his ~ <

v
-

colleagues, demonstrated. that murein p1osynthe&is invalves (1) cytop]asmic'
epzynes for formation of the nucleotide precursor, UDP-MurNAc-pentapeptide;
(2)‘a membrahe—bound enzyme for transfer of the phospho-MuFNAc-
bentépéptide from UMP to\baétopreno]~phosphate, the membrane-bound carrier

1ipid; and (3) further membrane-bound enzymes for .addition of GIcNAc and

the other components of the Yepeating unit of theﬁhature peptidoglycan.

[24
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l REPEATING DTSACCHARIDE . '
. p-1,4 = —A -~ ' “,
---MurNAc GlcNAc Myryac GleNAc~-~ . e
. rt’ - N
-Ala L-Ala
I (Glyls I (cly)s

TETRA~ D-flu D-Glu
] |
PEP’gDE: L-Lys < L~-Lys

|
D-Ala D-?la »
. ‘ D-Ala ’ ¢

—-—Mué;w\c Bt cune —BoLed purnne —Boled Grennc-- -
.t {

L-Ala L-Ala K

| (Gly)g | NOT YET
D-Glu D-Glu CROSS-LINKED ° - .

| \ | \ &
L-Lys CROSS - L-Lys —(Gly) ¢ X

' BRIDGE ' -

D-Ala D~Ala .
‘ I , -
D-Ala

(O ’
o ~L
Fig. 2. Structure of peptidoglycan of S.aureus.
The polysaccharide chains (backbone) are 8-1,4-Tinked
polymers of alternating residues of N-acetylglucos-
amine (GTcNAc)" and N-acetylmuramic acid (MurNAc = ‘\~}>
3-0-D-tactyl ether of GlcNAc). The COOH of the lactic
‘acid group is attached to a tetrapeptide, which in :
turn is 1inked by a pentaglycine bridge to a
} ‘té@napept1de on a nearby polysaccharide chain
either above, below or in the depicted plane. Teichoic
acid chains.are attached to occasional MurNAc residues
through a phesphodiester linkage.

N\ -

A 1

[ i—

A 4 .
Then, transpo?t of the Tipid intermedidte through the membrane 1is ’
followed by po]ymerizafion on its outer surface. The synthesis of the
5 .
complete UDP-MurNAc-pentapeptide precdrsor,ga]one, requires 15 enzymes,

present in the cytoplasm.
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"None of the above activities were found to be affected by
penicillin /u o/iro, suggesting that the sensitive step was formation
of peptide cross-links by transpeptidation. Inhibit%on of peptidoglycan
cross-1inkage by penicillin G was demonstrated in S.aureus cells im vivo

17 8

by Wise and Park'® and by Tipper and Strominger] .

that transpeptidation is a two-stage reaction in which the terminal
u ‘L

D-alanines, n the pentapeptide of uncross-1inked pept?dog1ycan§vave“\
cleaved releasing the C-terminal D-alanine and forming aé acylsD-alanyl
enzyme intérmediate.~ %ransfer Gf the acy]—D—a?aA;1 chain to aneacceptor
pépt%de, with concomitént Tiberation of the_enzyme, ébmp]etes the
transpeptidation (Fig. 3, p. 8 ). It was further hypothesized]8 that
penicillins and cephalosporins, which are both formed from‘L—cyéteinyJ-
D-valine, are ana]égs of the part1guiar qonformation of the donor.
substrate.n The‘amide bond in'the highly strained B-lactam rigg would’
correspond to the D-a]an&]—D-alan{ne peptide bond Fleaved during -~

transpeptidation. B-Lactams may then be viewed better &s transition

" state analogs than as analogs of the substrate in 1ts normal-state.

19

Boyd ~ compared the three-diniensional §truciures of various penicillins

and cephalosporins to the spatial charécteristics of glycylgiycine and
the tetrahedral adducts formed when.a hucleophile attaches to thg amide
carbonyl of this aipeptide {model for.D-a1any1—D-a1anine). Least- ‘
éqdares fitting showed that the tetrahedral adducts matched the B-]ac?aﬁ
better than thehparént dipeptide, one of the enantiomers being closer

than the q}hef. Once formed, tﬁé more stable penicilloyl enzyme inter-

mediate effective]y inactivates the transpéptidase. Continued bacterial

W

%

Tt was hypothesized

an

Latiled
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i
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°
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4 » ® ENZ-OH
D-Ala
*
.
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. 8 N s B/~NHGO—CHy —Ni
' . P N ¢ »  (TRANSPEPTIDASE ' ¥
. o PRODUCT)
W * COOH
Al "
(PENICILLIN)
AR ’
, 1 .
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’ R S
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/
Fig. 3. Formation of acyl-enzyme intermediates iy
D,D-carboxypeptidase, D,D-transpeptidase, and
B-lactamase action. "A" represents the end of the
main peptide chain of the glycan strand. "B"
represents the end of the pentaglycine substituent

/from an adjacent strand. Reactivation may result
. ~in formation of penicilloate or of thiazo]ine and >
= o acy;fg1ycine derivatives (Table 2, p. 13). ‘.
{:ﬁ. ’ / 1 ' ! % ¢
N ‘ 7 .
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growth, in the absence 6f7r1gid crgsﬁ—]1nked”béptidog]ycaﬁ, woutd

. ~- - Py to.
result 1n rupture of the wall, in the region of active murein synthesis, .

i .
and release of the cell contents. (Fig. 4). . y
) * “ ~
’ ’ ‘ .\ ‘ '
%, ‘,’vz - ‘ . .

Fig: 4 "Time"
April 2151980
P 4

fo ~

! Staphylococcu;ﬁbaéterlwn exploding
" Thewall rupyés at its weakest point W . ' o

B
. 9 -

*However, bacteria do not containa unique penicillin-sensitive

)

transpeptidase which is gpe target for the B<lactams, but rather a large

number of enzymes;'trénspepgfg;ses, carboxypeptidases and endopeptidases,

20,21

, fihach are inhiBited by these antibiotics Also, affinities of these

\ -

peﬁ1c1llin—bind1ng proteins (PBP) for B-Tactams are extremely variable

) ‘ - (fab]e 1, p. 10). The PBP act1vities are not distinct, so that a
;pecific enzynfe may Berform'transpeptidase and endopepgidaée functions to
varying degreesZ]. Ea¥ly studies-on the b%nd1ng of penfci]ﬁin G to

Gram-positive b%cteria revealed the presence of a few thousand high

‘
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Table 1. Summary of availablé \i?‘\%:a on penxcxll:l.n-'-blﬁdlng proteins (PBP) of Fscherichia colt K12

PBP M1l Molecules Relative affinity for p ° w )
wt per cell Pen G Mec Kex Lori Cefox ! Proposed function
»”

. 1A 95 230 + 0 I+ ++ ++ @phexal cell wall extension,
1Bs %0 23g + [} + o +t dnspeptldase :
2 66 . 200 ! + :0- 0 0 0 Rod shape maintenance . N

.3 60 50, ¢ e+ o+ + Septum formation
4 44 110, - + 0 + D,D-carboxypeptidase 1B (membrane
o
bound), 1C (soluble)
42 1800 : ++ 0 0 o - D,D-carboxypeptidase, lA (membrane
6 40 570 ++ 0 0
. ~ bound}

A

'

NOTE. Molecular weights, inferred from mobility on polyacrylamide gel electrophoresis:
in sodium dodecyl sulfate buffers, are given in kilodaltons, Antibiotics listed are
penicillin G {Pen G), mecillanam (Mecq), cephalexain (Kex), cephaloridine (Lori), and

cefoxitin (Cefox).){

-

affinity siteswper cell, as primary targets. A multiplicity of‘RBPs has
beén found in all organisms sfudied, including four in S:adreus, fﬁée in
B.subtilis and between seven and nine in E.coli. Jt is also possible
that other proteins whose jnteraction with penici]iin'is rapidly
reversié1e'wou1d not be detected® An excess of unboung penicillin appears
to play an essential role in the killing of some species. Baqteria, .
briefly expoéed to lethal concentrations of peﬁicii]in, cah be rescued

-

if unbound penicillin is rapidly removed by the addition of " g-lactamase.

The PBPs of i.coli have been 1nvest1gated 1ntens1ve1y by Spratt22
E.coli has a total of only about 2,000--PBP mdlecules per cell, about
10%, of the number -found in Gram-positive organisms (Table 1). &

hutantj]acking all three D,D-carboxypeptidase activities, 1A, 1B and 1C,

.
!

£
~
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.

" cell division, égusing the production of long filaments

11

grows normally, suggesting that none of these enzymes.are essential for

23

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

4

the rod shape of &.coli ceHs2 . The actual substrate and the activity

of PBP-2 are not knowﬁ, butcthé very high specificity for binding -
meciilinam 12 has been shawn to produce enlarged, round cells that lyse
s]ow1§i PBP-3 2:;?E$Qntia11y binds furazlocillin, which at its minimum
inhibito?y concen%ration (MIC) prevents(septa1\murein synthesisa, during
2. pBP-1A and’

the three PBP-1Bs preferentially bind cephaloridine, the primary effect | \
. : "y :

of which, at its MIC, is to cause lysisw Thése PBPs are thought to be .

the major transpeptidases involved in elongation of the cell wall during
cell di&is1on. Thus PBP-1A and PBB;1B appear to have redundant functions ’ .
and both must be inactivated for cell death to occur?..

;3 In 1965 Tippgi ;ﬁd St\rominger]8 predictedlthat penic%]iﬁn
acylates the‘cafalyticél1y-active amino acid residues in the enzymes
1pvo1véd in peptidoglycan cross-linking. Rgcent studies proved Fhis . ¢ ’
prediction to be correct for thé D—a1anineacarboxypeptidaées from
Bacillus stearothermophilus.and Bacillus subtilisza.v,lt was found.that °
6ne molecule of penicillin or of pepti&e substrate b%nds per molecule of
éarboxypepfidase?“‘Furthgrmore, both peni€i111n and substrate bind
cévalently to a single site, serine 36, on these enzymes. ‘

Recently, Ghuysen27 proposed that the functioning 6?‘the active

site is mediated via distinctive subsites. First, the carboxyl group of

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



_chain oi'the L-residue preceding D—a]any]fD-alanine, or
. ‘

involved ‘in sémewhai inefficient binding to/'site A. SecZ;f, the lateral
e 6(7)-6

‘supstituent of penicillins and cepha]osﬁorins, reacts with some specific

binding site B, causing confofmationq] changes specificqg1y devised to .~
operate on the amide 1inkagé§ of D-é{anyi—D—a1an1ne or the g-lactam ring.’ Lo
The second step is the driving foréé which governs the efficacy and ‘ 4
specificity'éf enzyme actiqp. Thg final step i§ the transfer of the -

actiyated D—a1aﬁy1 or penicilloyl moiety, from tﬁe acyl-enzyme intermediate,

to an exegenous nucleophile. With pepfide substrates the process has a -

high turnover, whereas, with B-1actams: therprocess is slow. This latter

®

'pﬁoperty has been attributed to interaction between the monocyelic,

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

°

a conformation not suitable for nucleophilic attack. Enzymes slowly over-

Y

come this stabilization effect through C-5 - C-6 cleavage of the bound
- L3 '
penicilloyl moiety. Other enZymes slowly release the bound metabolite in’ - .

the form of penici1lb§te, behaving as low efficiency B-Tlactamases

L !

(Fige 3, p. 83 Table 2, p. 13)a  ° : , , R

Finally, there is accumulating evidence mmplicating endogenous

'peﬂ%@dog]ycan°hydro]ases, autolysins, as mediators of cell death after

exposure to B-lactam antibiotics and other inhibitors of murein

21,28

synthesis Organisms defective in autolysin function remain

sensitive to such drugs but survive in their presence, a phenomenon called

tolerahce. The optima]rpH for killing cells of a-variety of Gram-positive

0

bacteria corresponds to the' pH optimum of their major autolysin. In the. .

§



5
e

t

e - . ¥ ~
A . - -
e
v 13
1 ) |
L J
&
“ Nt h
"~
. ! :
» A
. B
Table 2. Praducts formed during reacti¥ation of enzymes inhibated by penicillin G
Products, enzymes Source
Beqzyl penicilloic acid (B-lactamase action)
- -
D,D-carboxypeptldaaé 1A (pPBPs 5 and 6) Snahariahh%\iilt
¢
D,b~carboxypeptidase (at low ionic Actinomadura R39 . s
e -
strengtﬁ, activity not recovered) R -
Particulate transpeptidage . Straptomyces R61
o , T,
Penicillin-binding protein 4 {46K) Staphylooocous aureus
Phenylacetyl glycine plus thiazoline fragment
D,D-carboxypeptidase (reactivated at high Acetinomadura R39 N .
ionic strength) , ’
D,b-carhoxypeptldase (exocellular} Straptomyces R61
N P o
D,D-carboxypeptidase (PBP §) Bacillus subtilis .
b;D—carboxipeptxdase . Bacilius stearothermophilus
Y h -
NOTE.-The Actinomadura R39 and Streptomyocss R61 D,D-carboxypeptidases are . °
“soluble exocellular enzymes. All of the pther enzymes are membrane-bound, -

and most have been identified with specific penicillin-binding préteins.

@

.
. “

) ' o ’
¢ g '

A '

- s e

case of S.pnewmoniae, the only recognized autolysin is aV N—aéetyl—

_‘muramy]—L-aWanine amidase, and its inhibitor abpears to be the Forssman

antigen.

'

. . e
It seems that the bactericidal effects of inhibitors of murein

synthesis are consequences of-the secondary disturbance they cause in

control of autolysins. It is not clear how this disturﬁance, excretion

-

of inhibitor, i$ related to the different pr}mary biochemical effects of

f

these antibiotics.

N
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BACTERIAL RESISTANCE T0O B-LACTAM ANTIBIOTICS

Intrinsic . o \

@

Resistant strains.bf bacteria arise because of the inhomogeneous

nature of each’siﬁﬁle speties. The survival of the more resistant mutants,

.

duringlkreathent wfk@ antibiotics, may lead to the growth of a more

e

resistant strain. Gram-negative bacteria are nherently more resi¢tant to-

classical antibiotics than Gram-positive ones, reflecting a\QYeater complexity
of the cellfﬁg11 (Fig. 1, p. 5)2?. Studies have shown that resistance

S

is, 1in part, dui,to the lack of permeabiiity of the mémbrane‘%o'these
dﬁugs30. Investigations With the aid of mutants cevea]éd the existance ~» |
of at least two general pathways for diffusion of small molecules across
the outer membéane: a hydrophobic and & hydrophilic ﬁathway. In the
wild-type enteric bacteria, the hydrbphobic pathway cannot be used owing

to the absence,g?]regions with phospholipid bitayers. Small hydrophilic
molecules, however, penetrate the membrane fhrough water-filted pggfs,
produced by proteips calied porins (Fig. 5, p. 15).. W addition, there
seems to be an exclusion limit for substrates with molecular Qeights' &

4 -~

:QJ
above about §OO. B ‘ ' Q;)
, L \

»

Enzx@é???

One of the most effective ways of resisting lethal exposure to
B-lactam antibiotics is the produc;ipn of R-lactamases, which rapidly
hydrdﬁyze the g-lactam to a B-amino acid. These extremely efficient

- ' .

\

-
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catalysts may be constitutive or inducible, they can be coded for

¢

chromosomally 6r by readily transferable plasmids, and they may be largely

? 1

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

predominantly perkplasmic

a

) . ’
31032. Sequence homology was found between

twd carboxypeptidases and four g-lactamases, suggesting some evolutionary

ot

t 4

relationshipzé. *Recently, an active site p-lactamase inhibitor, 63-

br&mopenicillanic~acid, was shown to hind covalentl

o

'i”‘ ’
serine 44 of

oy -
. 4

- o
. . . 4
s N '
N . s ‘e . v \
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33,34

p-lactamase 1 from b.cereus In contrast, g-lactamase II from the

s . . N « . L .
sdme organism has not shown any sequence similarity and is exceptional

I requiring diva]en; zinc for activity35., In Gram-negative organisms
.© . N T
permeabi]@%y”compouﬁhs the B-lactamdae problem. It has bken shown that

a plasmid B-lactamase in E.co;a protects the bacterium from peniciilin

G bﬁt not from‘cepha1orid1né, even though the enzyme hydro]yzés the -
' 31 . ,

latter 50% faster .
" ‘

-

" STRUCTURE-ACTIVITY RELATIONSHIPS

o Since the discovery of penicillins and cephalosporins, the

7

thousands of semi-synthetic analogs w ich have been prepared are almost

AN

1 »
.

exc]usivefy the C-6(7)* amgde type 5. The only other common variants

N ®
are those produced at the C-3 methylene of cephaloéporips by displacement
' . ¢F

of the acetoxy function. - '

; .
(Until recently, ﬁﬁg structural. features necessary for optimal
20,36,37 . (

Il

activity were thought to be a) a cts-fused B-lactam ring 4

{b) an acy1qm;po side chain at C-6(7), (c) an acidic function-at C-3(4)

and (d) a penam_or cephem s?éieton, having enough ring strain to raise

the g-lactam +r frequency above 1765 tm_]. However, many novel B-lactam

antibiotics, lacking gne or more of the above requirements, "have appeared

A &

recent]y15

S-T Subsnituents: In contrast to penicillin sulfoxides and the

-

16

cephalosporin S-sulfoxide, R-sulfoxides of various cephalosporins show -

i
: ——

v *

}T—* N 1
The number in_parentheses refers to the cephalosporin numbering, when
" referring to both penicillins and cephalosporins.

2
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variable and in some casgs higher Ectivity than the parent38. Also,

some sulfones, have been repbrted to be potent B-lactamase inhibitorsS2>40,

Carboxyl Variations: Rep]ac@ment’of the carboxyl function with ‘a

) phosphonic acid results in decreased activity relative to the parent

cepha]osporvn However, a phosphon1c acid was used successfully 1n

L alanyl-L- l-am1noetby¢phosphon1c acid,~as a dipeptide alanylalanine

m1met1c42. A 3-tetrazolyl penam was found to be more potent than some .

conventional pénic111ins against a"Vérietyan organismsql. The concept

of ”b1o1soster1sm" was dlSCUSSGd by Thornber43

€-5(6) Substituents: The few examples investigated of -
substitutions at the bridgehead position have shown drastic reductions in
activity.

&

C-6(7) SubstituentS' The disco&ery that the nathra11y occurring

7a-methoxycephalosporins, cephamyC1nS, have enhanced stability to

B- 1actamases, has stimulated Ae&ga?ch in th1s area. Substitution at C-7°

in thé°cepha1ospor1n ser1e;-un1form1y increases stability to these enzymes.
The 7a-methoxy group seems to be unique in this rgspect since bulkier

groups also reduce the antibacterial activity. Unlike the cephalosporins,

.the activity of penicillins is not enhanced by the 6a-methoxy group.

56

C-6(7) Non-Classical Side Chains: Thec isosteric™ 1-hydroxyethyl

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

( thienamycin 10 is of interest. On penicillins and cephalosporins at .

°

the C-6(7) a.and B positions 1t produced der1vat1ves with lower activities.

than with the anﬁde side chawn The g-amidino penicillins, of which
o

W
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meci1i1nam 127 is used clinically, show remarkable activity. The 6u- .

9

4

18

x , ‘ LN

~gh1oropen1’c;’ﬂa@c acid sulfone™t 13, 6B-bromopenicillanic acidBE and

cjavulanic acid 6, which has no s7de chain, show anti g-lactamase

-activity. .

the B-lactam carbonyl oxygen is replaced by a sgafun show from 1/20 to

~,

\. M A -
Substitution of the g-Lactam Carbonyl Oxygen: Compounds in which

1/1000 the activity of the parent compoundsl]5

1

j ' .
Nuclear Analogs: Cephalosporins with the S-1 atom rep]acéE\By -

an. oxygen or a methylene group were found to retain the act1vjty of the

_ | —— | —
Ilala .

R X

—CH3

-C(CH3),C00H  -CH,-Py*

—-—
o
=
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. , A
parent. Doyle and co-workers have reported the synthesis of N-2 and of

' 37.45

. 0-2~1isocephens The latter have comparabie or bet%gcfﬁctivity than

the parent cephalosporins. Woodward and co—Workgrs have reported phe- {
' Eynthesié of pénems 1336, which are biologically very active. Nocardicins
.9, which do not have a bicyE1ic“stfucture, poésess remarkable in vivo s
activjty.
Compounds whiéh have recently generaéed great 1nterest are anti-

pseudomonal cephalosparins 15, 16 and 17 with broad activity and

.+ resistance to g-lactamases, and the stable N-formimidoyl derivative”

18 df th{énamycin, which was fouhd to retain the spectrum of its parent

N

“with increased potency against Pseudomonas .

A

]

SYNTHESIS OF B-LACTAM ANTIBIOTICS ;Q

»
Fermentation and Semi-Synthetic

) . '

The simple and jnexpensige nature of these procedures is the
reasognfﬁrntheir being the most convenient source of ®most antibiotics
marketed. éenici]1in G.and V are obtained By adding the appropriately
%ubstituted acetic acid to the fermentatjon broth. From these penicillins -
others cap be made by acylation of the eaﬁily obtained 6-aminopenic%1]anic ~
acid (6-APA) (Fig. 6, p.‘on. The cephalosporins are obtained by
fermentation and semi-synthetiEuprocedures and also through the\penam- ‘ y

“ cephem rearrangement (Fig. 7, p. 20).

w i
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oo ‘ﬁig. 7. Penam-cephem reafrangement.

f &
Total Synthesis

-

% . ' ' .
As a result of vigorous research, a vast amount of literature

a _has accumulated over the years, in the field of total synthesig. The

£

numerous synthetic approaches have been revi@Wed47.

(1) Early syntheses ‘ ,

Sheehan was the first to report the synthesis of a‘penici1lin48

mr

‘ in 19@2. The criticai step was the formation of the B-lactam ring from

~ the substituted g-aminb acid using dicyclohexylcarbodiimide (DCC). Shortly
afte;, in 1965: woodward announced the first stereospecific totai synthesis
of céphalosporin C 3 and cepha]othin\lgj in histobeﬁxprize lecture

Through a series of stereospecific trap;formations, L-cysfeine (20)

\ LY . . A
i B . ;
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was converted to the key intermediate 21, whichwas treated with
iy .
dialdehyde 22 giving the C-78 amino g*lactam 23, after deprotection with
. . s . ’
. . , H H
l : H.N : S
. ) COH H,_’fBuOCO&>< BuAl tBuOCO§><% . S
' HT = —— W—H % 7" HO
’ NH, — me0éo H, NH
\ . [o) M OOCHQCC‘;
20 ‘ 21 LCO,CH,CCl, 23
- ll ’
3 R:@HJ&H\W’+ < .
. ] ° H H
RCONH. s
19 reen ) I
. Fa o/ A
C
: OOH
2
< " \
R -
acid.” Coupling of the side chains and elaborati the C-3 substituent

* gave 3 and 19. Since then a multitude of approaches to }he synthesis

of various B-lactam arttibiotics has been reported47. Of the numerous
S, y , ;
'!. ! methods known for the formation of the g-lactam ring, the reactﬁgn of

~

iﬁ?nes with acid chlorides and ;he reaction of olefins with chlorosulfonyl
isocyanate (CSI). are the most useful and versatile.

(11) Acid chloride-imine approach
\ . .

The first B-lactam was ‘prepared by a keténe-imine interactionJ

|

-
f

\h A variation of this reaction is the addition of activated substituted

acetic acid derivatives to imines in the presence of a tertiary amine.

|
E
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WCOOH
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i
22,

S
i .

Thus, many acid chlorides, anhydrides and mixed anhydrides give g3-lactams’
t N

when added to suitable 1mine550. Bose found that treatment of imines

© i

with azidoacetyl chloride in the presence of triethylamine produced azido

B-lactams 24, which could be Qési]y transformed to the desired acylamino

-

B-Tactams 25, Reaetions of this type have been used on 5- or 6-membered

~ e .

\ N H

. '5?31 ' ,R\n/

[ SR 4 v
.24 25"

cyclic imines to produce the bicyclic nucleus of penicillins and
cephalosporins direct1y47. However, this method gives the trans 8-lactam
which can then be isomerized51 to the ¢is isomer. The most widely used

| .
approach has been to first form the B-lactam ring and then construct the

‘remaining ring.. The Merck and Bristol pharmaceutiga] companies have been

intensely involved in the synthesis of B-lactam antibioiics. Th? Merck

group, has synthesiged many nuclear analogs with structures of type A,

B and 252'54. The Bristol group and also the Smith, Kline and French

group have been invo]Qed in the %ynthesis of 0-2-isocephems D.

«
2

N
(o) (8]
OOH 'O—S—OMO ’ OO0OH

A B c 0
A , \
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’

The antibacterial activity of A and B 'is retained, whereas in C it is

" reduced and D shows good activity. The Merck approach can be seen in

the synthesis of 26. . ' .

Merck ’ ﬂ | ,é
) M ‘ i

) H,NrPO(OEI)I ° — ., ‘ : Ac
O00R . MgSO, N PO(OEt),
" T O OOR
* 1. N;CH;CoCl
) o LH*
/w R

1. CH,COCl / Py

1. NaH / DME -
2. 0% Pd/C/H,

3. \
Z s Bcnzcou

« NaHCO; ¥

Recently, the Bristol group reborted fhat the treatment of a cinnamylidene

Schiff base with azidoacety! ch1o;1'de gave exclusively cis B—lactams37.

This approach was .used in the synthesis of 27. More recently their
intermediate E was used to obtain a Targe number of derivatives of the

type _2_§55.
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(i1i) Chlorosulfonyl isocyanate-olefin.route ‘ . .
‘ .
: .'l 0 . -o
X The B-Tactams formed by the reactijon of chlorosulfonyl isocyanate '




.precufsors have been used in the syntheses of thienamycin56 and

) y T . ° . -
and olefins are very versatile precursors to antibioti§s. These \
. \ .

. The Merck synthesis of thienamycin using the chloro-

o

clavulanic ac1d57

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

stereocontrolied synthesis by the same group does not emplioy this methodss.

OAc
y OAc -~ I o -
__/'_/ 1 Et,0 i.H,/Pd/C A
= —_—ll »>
0===N-50,Cl 2. Na SO, o7 My 2 NaOMe
' ,\><0Me
, OMe '
S .
' u @ - BFJ !

jR OR H ' ' N

HO LHY J:ﬁ 1.LDA'/ CH,CHO J:(\\
-— —

TN, 2 Cr0,/ Py NP wra ANGAY

i
1. HS” "\ _-NHCO,PNB

2. Br,

.. (PNBCO,),€0 -

jR /?H :

“, AN \/\NH coz PNB _t_’ ‘ 0, ‘/\/N + ,

- NTOH ) — 2 -
(co.Pne), . coo™ . '

s A}
. Thienamycin
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DESCRIPTION OF PROJECT , , \ .-

Our” involvement in-the synthesis of B-lactam antibiotics stemmed

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

carboxylic acid of naturally-occurring antibiotics, introduction of an

PhCH,CONH

¥
»
X
‘
>
.

H
|

PhCH,CONH.,, v

| ’“/\(Nj:y/\" .
0 N W ﬂl? :
o _ o
' CooH
HO ‘ , . .
7 , . ‘

[K<p]

A

electron-withdrawing group on the Q‘omatic.ring“wouw allow eiither
enhancement of the acidity of the phenol or an” increase in the reactﬂ'i’vity’
(acylating abih'.ty) of the B-lactam ring.,\ In the first chap.ter, the
successful synthese;‘ of the unfused model compounds 37 and 59 are

discussed. The second chapter is an account of ‘,)e successful synthesis
' f [ 0

.of the tticyclic.0-2-isocephem 77. Finally, th(e last chapter describes

synthetic studies toward thienamycin analogs G, a successful %

7 t

synﬁhesis of two new carbapenam ring systems.
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Although only one ena;tiomeric form is depicted thrquéhout this
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work, all compounds prepared are racemic. ' ‘.
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SYNTHESIS OF CIS—N—'( 2'-HYDROXYPHENYL ) -3-PHENYLACETAMIDO-4-HYDROXYMETHYL -

2-AZETIDINONE (37) ’ ' '

<

In the first part of th{s work, “we were concerned with the

- «ﬂu - -
synthesis of model! compounds kaving the gener‘af structure H. We decided
to use the imine-acid chloride approach,‘extensively used by Boseao. .

v o

161,62

l
phthalimideacety] chTom’de63 or azidoacetyl chloride, gave unsatisfactory

Qur. 1n1t1a condensations, usi\ng benzylidene anilines and either
results, yielding in most cases trans B-lactams or at best mixtures of
eis and trans azetidinones. While this work was in progress, Doyﬂe/
et aZ.37’64 reported a versatile and reliable method for generating ¢is
B-iactams, which consisted in addition of azidoacety]| chloride to a~
solution of a cinnamylidene Schiff base and tr1ethy1am1ne

Us1ng the procedure «0f Doyle et al., o-aminophenol @9_) wasﬂ

treated with cidmamaldehyde in refluxing benzene to give stable Schiff

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

'

\ *
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t . f o
- characteristic of ‘the imine proton, and the ir .spgctrum displayed an

imine stretching absorption at 1630 om™! Sﬂfy]ationGS of phenol 30 ﬂ

. .
o A -

R = TBOMS =~ °

w
—
=
"
—
oW
[ww)
= .
w
L
-

i p) ' s .
using t-butyldimethylsilyl chToride afforded silyl ether 31. J\]terﬁatew, -

31 could be obtained by first'mpnosilylating o-aminophenol followed by . *
) .Y S W o
condensation with cinnamaldehyde. Schiff base 31 was then treated‘with

azidoacetyl chloride in pthe-presencg of triethy]aming_, at -20°, to give

1 _data of 32 were consistent-

-1

B-lactari 32; in 63% yield. The spéct

i with its stru}:ture. An absorption at 17605 " was observed in the ir,

4

S for the B-lactam carbonyt, an(d the cis relationshie.of H-3'and H-4°'was

B~ G \

. \ established from their couphing-constant of 5 Hz. The pispectra of

- cis B-lactams’ are characterized by a J; , of & to 6 Hz, whereas for

66

trfns B-lactams, it varies from 7.5 to 2.8 Hz °. No trace of the m‘an_’s:’ ;T

v

N ] .
somer 'was detected ih the crude prgduct, by pmy.-

-

0
a

¢ @9
2

-Ozonolysis of 32 in methanol at -78°, fol Towed by in s<tu reduction
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(/;hth sodum borohydride37, afforded alcohol 33 }n 887 yield. Silylation

of 33 with t-butyldimethylsilyl ch10r1de gave the b/s silyl ether 34

“in very good yield. The pmr spectrum of 34 conf1rmed the presence of Lo
two silyl ether groups. In the case of the alkyl silyl ether, the

.#'f .
methyls appeared upfield from TMS at -0.10 and -0.15 ppm, and the

t-butyl substituent appeared at 0.75 ppm.

? N ’
H QH

. OR I o
, X ; oY .
e S N = ' (o] N .
R \ H »
’ * 2— s "8
35 R = TBDMS X = NH2 37 -
\ ' o
36 R =TBOMS X = NHCOCHZPh - |

3
. “ / |
Reduction of the az1de\fu2ctlon of compound 34 with hydrogen

suifide- tr1ethylam1ne37 in meghy]ene chloride gave am1no‘8-1actam 35,
which was directly. acylated with phen}]acety] chloride affording
écylamino B-Tactam 36. The chemical shifts of the methyl and t-butyl-
substituents on the alkyl siT&].e;her, in the series 34 to 36, appeared
consistently upfield to those of the phenolic silyl epheﬂf This effect
may be attribu%ed'to the jugtaposi?ﬁon of the alkyl silyl ether within
the shle1d1ng cone of the aminophenol moiety. i

ro~

Treatment of bis silyl ether 36 w1th tetra-n-butylammonium

@ .
. [
‘
,
- '

N



) 31
~fluoride (TBAF) 1n3;;y{£g??ahydrofuran (THF) gave ¢ra-N-(2'-hydrgyy-
] phenyl);3-phenyTaq> émido—4-hydroxymethy1~2-azetid1ndne (37), in very
- Iy
good y1eld. The pmr characteristics of 37 were consistent with 1ts é/.

structure. Its behaviour in the infrared, however, was peculiar. The .

ir spectrum of 37, as a potassium bromide pellet, revealed the‘presencel
of B-]actaﬁ and(émide absorptions at 169? and 1690 cmi], respectively.
Whegka solution spectrum was taken, using acetonitrile as solvent,
these bands appeared at 1]26 and 1680 Em’], and when using dimethyl-
sulfoxide as solvent, the g-lactam band wasrfound'at 1750 cm']. "Tanden
gas chromatogpaﬁﬁ&—mass spectrometry of the §u11y trimethylsilylated
dérivative, showed the presence of two compoﬁents, a disilylated and

a trisilylated derivative, with parent peaks at m/e 470 and 542
respectively. * Formation of these derivatives was gonsistent with the
structure of precursor 37. Compoupd 37 was found total]y devoid of

antibacterial activity, at 128 pg/mL, against a variety of organisms.

. An intermediate -in the above synthesis, namely 33, seemed to be

well suited for model studies toward the generation of trityclic v

structures of the type 40, in which the additional ring would, hopefully,
ronfer extra steric strain to the Bndactam. Thus, hydroxymethyl B-Ja&tam‘
P! é y’é}c@. . . s
,33 was converted into the cory€sponding chloride 38, by means of thionyl -
chforide—pyridwne in Ho1ling benzene. Also, mesylate §Q‘wa§ prepared
;froﬁ"§§, by treatment with methanesulfonyl chloride-triethylamine, at
-78°. Then, treatment of a tetrahydrofuran solution of either chﬂo?1de

§§Jor”ﬁésy1ate 39 with 1.1 equivalents of TBAF gave instantaneously
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tr1cyc11c g-1actam 40, in h1gh yield. .Best results were obtalned when
re]at1ve1y fresh so]ut1ons of TBAF were u;ed ’67

Jhe pmr spectrum of trickclic az1do B—lactamigg, at 100 MHz, in

HP 1

ppm .

Fig. 8. Aliphatic proton’signals of 40, at 100 Mz.

* T f ]
(; . ) See Experimental section, p. 101. ~
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'deuteroch1oroform, was uninterpretable due to the presence of substantial
virtual coupling. In deuterohenzene, though, 40 exhibited a clean,

near]§ first or&er spectrum for the aliphatjs proténs (F{g.l8, p. 32).

Th; chemical shifts and coupling constants (Table 3) were consistent °

with the conformation of fé»d;picteﬁ earlien, (p. 32}, where H—iﬁ adopts

0
[ - «

Table 3. Pmrgdata on the+aliphatic protons in @—1actam;%g.

o

H-7 H-1o  H-1g _§-6 37 values (Hz)

5(CDC15) © 518 45° 3.9 40
5(LgDg) 418 3.87 3736  3.10
ASIS=§(CDC15)-5(CeDg) 40.95 +0.63 +0.54 - 40.90 °

o

LI ' ' | ‘ o :
the axial and H-lucthe equatorial orientation. . The aromatic §o1vent— ,
1induced shifts observed correlate.Well with those obtained on analogous

w 7-B-azido-A’-0-2-isocephem~4-carboxylates by Doyle and co—wdrkérs64,

who found that protons on the convex side of the mo]ecu]e'displayed the

N .

1argestlfhifts. _ J{ |

The cyclization of 38 or 39 to 40, as.expected,\increased the

* p-lactam infrared absorption to 1780 from 1765 and 1770 cm"), respectivé]y.
"The decreased p]ana"ty of* the B-lactam nitrogen, resu1t1ng from fortmation .

of the tricyclic system, caused a decrease in am1de resonance, which 1n

-

turn, ra1sed the 1nfrared absorptTOn frequency of the g- 1actam carbony136 68
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NITRO SUBSTITUENTS AND STEREOCHEMICAL STUDIES

. g . . W
N Haﬁgng found an efficient route to tricyclic structures of the

. _type 40, we decided to investigate the possibility of introducing

electronic strain into the R-lactam nucleus, via an electron withdrawing

<

subsgituent on.the aryl ring, para to the B—]actam’nitrogen. It was
hoped tHSt the decreased electron densiﬁy on the g=lactam nitrogen would
"further reduce the degree of amide resonance, thereby increasing the Lo
reactivity of the amidg:bond. ) 2

We chose the-readily available 2-amjno—5-nﬁtrbpaeno1 (41) as
starting material for this serjes of model studies. Protection of phenol
41 with t-butyldimethylsilyl chloride afforded silyl ether 42. Anilinego
41 and 42 were separately treated with cinnama1dehyﬁe,:in boiling benzené,

{

in a Dean-Stark abparatug, to give the Schiff bases 43 and ﬁ&l respectively. -

¥

H, ' N
/
e , 'o:I:::l\
R 0, RO NO, +si NO,

41 R=H 43 R=H \ 45
42 R = TeBMS 44 R = TBOMS
.~ - \
e
”\ 3
¢ s . * ’
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Schiff base 44 was considerably ;1ower 1n forming than 43, due to the
added bulkiness of the silyl protecting group. 6ombound 44 could also

be oBtained by silylation of phenol 43. Treatment of Schiff base 44
_with azidoacetyl ch]oride-triethylamine afforded g-lactam 45, ;;\viry
‘pobr‘yield whenamethy1ene Ch1oridg Qas uéeﬁ/as golQent, but 4n gooa'yield
when the rgaction was carried out 1H tetrahydrofuran. R

110 en”) nigher

" The g-lactam ir absorption appeared at 177ﬁ cm”
fhan that of compound égj indicating a slight increase jﬁ strain of the
amide pond in‘g§, Disappointing]yj however, inspection of the coupling
constant of the g-lactam riqj protons, 2 Hz, rézéa1ed a trans relat%oq- o
. ship for the substituents at C-3 and C-4. Since, at the time, a vis= 8

substituted azetidinone was deemed a prerequisite for bjo]ogicé1 activify,

and»since studies in our 1aboratory69

sﬁowed'that the methods repo%ted
for isomerization of trans into cic B-lactams were not véry}efficiént, 
we decided to bangon this approach,

" We wgre still curious, however, about the reason. for the change
from cis tb rans stereochemistry in\the g-lactam formdtion, brought §§out
by the additjon of an electron-withdrawing substituent, on the aryl ring.
Similar results were obtained by Dr. Zamboni, in our 1aboratory69, when
Schiff bases ggland &Z‘were t?eatedlwith azidoacetyl chloride. Schiff

3base 46 gave cis B-lactam 48, whereas 47, co?taining an electron-attracting
y esteri yielded tra%s B-Tactam 49. Other substituted anilines were

investigated and the results are summarized in Table 4 (p. 37). Schiff

bases derived from anilines the pKa values* of which were greater than
. - ‘; A

* A p ; -
To be precise, it is the pKg of' the conjugate acid of the aniline
derivative that is being referred to.

o . ! '

L.
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CHZOTBDM& 48

S
m .
=
1

= CHZOTBDMS X = N3 Y=H

i

~

o
1t

CO,TMS . 49

=
1

= C0,TMS X =H Y= N3

or equal to aéﬂ consistent1y'produced eis B-lactams, whereas thbse with
values less than'2.4 afforded either mixtures of cis and trans or pure
trans B-lactams. These results suggested the involvement of at least two

distinct rdaction pathways in the g-lactam ring formation (Fig. 9, p. 38).

1

In path "A" the imine may have reacted with azidoacety1echloride to give -
. ~ the intermed{éte k. Deprotonation of k'with triethylamine may. have

produced the zwitterion 2. Zwitterion & may also have been generated

¢

through the interaction of the imine and azidoketene. The electrostatic

37

attraction™’, produced b&'the,negative charge density on the azido group

and the partial pogitive'charge on the cinnamyl appendage, maylﬁave«J
« . stabilized the transition state leading to the eis B-lactam. Similar

zwitterionic intermediates are involved in the formation of 3-cyaﬁb-2-

70

azetidinones An alternate batht "B", cycloaddition of the imine

*
\
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‘Table 4.

! _ 37

Stereochemical results of the reaction of cinnamylidene Schiff = -

bases of substituted anilines with’azidoacetyl chloride. -

performed in THF; ¢

literature/5; e = est1mated f=

' Ph _Ph
HN—R — . \[] ‘NjE;J N%RH |
I ‘ hl‘\R N\R
X 11 11 v
R= Y yield cis - ’ yyield trans ’ .
Pa  jsolated (NMR)  isolated (NMR)
(a) X=Y=H 4.6 50% (90%), mp 123-125°
(b) X=p-C1, Y=H 4.04  40% (90%), mp 121-121.5°
(c) X=0-CH,OTBOMS, Y=H2 . . > 3¢  70% (95%), mp 85.5-86°
(d) X=0-0TBDMS, Y=H > 3¢ 63% (90%), mp 84-85°
(&) X=o- CHQOTBDMS Y=o oTeMs? > 3e +81% (90%) _
(f) X=Y=0-0TBOMS ' . >3€  59% (70%), mp 95-96°-
(g) X=m-NOp, Y=H 2.46d  80%
" (h) X=o0-OMe, Y=p-COOMe 2.4t 85y
(i) X=p-Cl, Y=o-C1 ~ 2.05¢  (60%) (15%)
(§)- X=0-COOH, Y=0'-OMe? 2.0C  (15%) (15%)
(k) X=0-COOH, Y=H3 . 2.2¢ (30%) 5 (30%,THF)"
(1) X=0-0TBDMS, Y=p-NOp <1.5€ (24)3 50% (70%,THF)P
() X=p-NOp,. Y=H 1d 50% 25%
(n) X=p-NOp, Y=0-CH3 1€ (5%) (50%)
a = results obtained by Dr. R."Zamboni in our laboratory;. b .= cyc]oadd1tion'

= measured on correspond1ng methyl ester; d = from
measured

with azidoketenei may have broduced the trans f-lactam. Luche and Kagan

71

have shown that with aldoketenes only frans p-lactams are formed’ . .
J \

Thus,oit seemed that imines with parent anilines having pKy's greater

than or equal’ to 2.4, preferred to react through path “A", whereas those

derived from anilines with pKa's below 2.4 reacted through both path "A*"

20

Tl
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* mimic the carboxylic acid of classical antibiotics. We chose to use a

. ///// (/Ph .
l K W g// N; Ig .; )
\\ Et, N - | i /A - -
. \ "A” “ + il N
/\“/ N3 o ,

e o° X X

k

>

Fig. 9.

and "B" or "B" alone. E]éctron—withdrawing groeups and'ortho substituents
produced similar effects in anilines with low pKy's. Perhaps they
destabilized intermediate & enough to allow path "B" to contribute

significantly, and in some cases solely, to 8-lactam formation. . -

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

HYUROXYMETHYL—Z-;}ETIDINONE (59)
s 29

At thfs point, we decided to modify the pKz of the phenolic

functione The aim was to inctease its acidity.in ordér_for it to better
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. . A
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para-nitrophenol to'accomplish this. Thus, the readily available 2-amino-

\

50 R=H , . 53 R = TBDMS
51 R = TBDMS , 54 R = TBDPS
52 R =TBDPS - .85 R=TBOPS N, = N,

4-nitrophenol (50) was protected uging tfbutyldimethy1si1y] chloride,- in
'éhe usual manner, to give crfséa]]ine 51 from the crude mixture. Silyl
, ' ether 51 was treated with cinnamaldehyde to give the correspohding
Schiff base. The crude Schiff base was then treated with azidoacetyl
chlori&e—triethy]amine to afford -lactam 53, in 53% yield. ‘Ekamiqation,
. 6f the coupling constant of the g-lactam ring protons, reveaTed the§ bore
a cis configuration,' exclusively. Redu%tion of the azide with hydrodenl
sulfide-triethylamine, f&]iowed immediately by acylation with phenyl-
acelyl chloride afforded B-lactam 56. Unfgrtdﬁate1y, it was found Ehat the
t-butyldimethylsilyl protecting group was partially removed duripg the

reduction. This problem was temporarily resolved, by resilyla ion of the

o

phenol immediately, prior to acylation. ' e
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Ozonolysis of cinnamy]l B 1actam 56 in ethanol-methylene.chloride
fo]]owed by treatment with sodium borohydr1de produced a deeply orange
co1qred solution, during the reduction. Hork-up with pH 4.5 buffer

removed the color, and the product was found to be diol 59. The sily]

protecting group was apparently removed during the reduction, by small

amounts of ethoxide generated from the slow reaction of sodium borohydride

e
v

w1th ethano]

The B-lactam absorpt1on of 59 was found at 1720 cm ]. The pmr

‘ and the chem1ca1‘qon1zat1on mass spectral data were also consistent with

~

structure 59. The sodium sa]t QQ_was prepared by treatment of .59 with
sodium:isopropoxjde. in the sodium salt 60, the B-lactam absorption was
shifted to 1745 o Eoth'gg‘and sodium salt 60 showed no antibacterial
activity toward a variety of bacteria. This was not totally unexpected
eince“active cephalosporins have B-lactam absorptions of at Teast

1765 on . o !

o Since the t—bdty]dimethy]si]y] ether was labile to the azide
reduction and £0 the ozonolysis- reduct1on cond1t1ons, we ,detided to
1nvest1gate the use of the s1m11ar ‘but more stable t- buty1d1pheny1<11y1
(TBDPS) protecting group. This ‘study would be useful in later experlments

with structures of the type I, where the R groups would Mave to be stable

© to the_ozonolysis-reduction conditions.

Thus,'2-amino~4-nitrophenol (50) was protected as the t-butyl-

d1phenyls1}y1 ether 52. The Schiff base ‘was formed in the usual manner

and reacted, as mentioned previously, to g1ve ety B ]actam 54 in good

N

o
-
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yield. Unfortunately, when §§_w%s subjécted to the azide reduction . “

conditions, hydrogen sulfide—triethylaming, sgme of the 'silyl etheﬁ -

was cleaved. This was inconsequential, since ¢he phenoL could be easily

reprotected, at this stage, in the same reaction vessel, affordirg ?mine_

95 This amine was then ac&]ated with phenylacetyl chloride to give

B-lactam 5§. The critical test of the adequacy of the t-butyldiphenyl-
silyl protecting group was the ozonolysis- reduct1on reaction. were it
to be c]eaved at thws po1nt, it would not be a tr1v1a1 task to
d1fferent1ate thq.two alcohols generated, a phenol and a hydroxymethyl

at C-4. Ozonolysis;sodium borohydride reduction of styryl B-lactam 57

" afforded alcohol 58, 1in 71% yield. The t-butyldiphenylsilyl ether had

survived the sodium borohydride-eéhano] treatment. ¢

Some of the intermediates in the above sequenées were also screened
for antibacterial activity (Table 5, p. 43). Compounds 55 and 57 were
more potent than amp1c1]]1n and piperacillin against E cloacae on]y,
and compounds 53 and 54 wer% mildly active aga1nst some other bacterla
It is -interesting to note-that the above compounds all possessed silyl

- ~ 14
protecting groups. When the silyl group was removed as.in 55a and 56a,

‘the compounds lost all activity. e

¥

b
£
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Table 5. 1In vitro testing results* for some R-lactam intermediates.
AN i ) .

° ” 3

‘ MINIMAL INHIBITORY CONCENTRATION (MIC pg/mL)

Organfsms 5% 54 55 552 56 563 . 57 59 Awp, \Pip.
E,cloacae MA75-1 > > 64 | > >, 64 >> T\> >
E.coli ESS 22-31 16 16 32 128 > 25 32 - - £.06
Staph.aurevs Q74-1 8 8 84 > > > 64 > <06 .25
* Staph.aureus Q74-5 ' 8 8 - - >, - .- - .25
Staph.aureus (74-6 - - B4 > - » 84 - - 25
Enterocoecus SM77-15 |1 32 32 128 >> > >> 128  >> - 2
E.coli 0SU75-1 32 32 - . NS 4
swearcrlon P88 - k> - - > 06 <66

Note: 55a and B6a are the same as ?5 and 56 except that the . silyl group hqs
been removed. > and >> represent >128 and >256, respect1ve}y Amp. and Pip.
are ampicillin and p1perac1]11n respectively.

NITRATION STUBIES ¢ ; q .
; . 5 .

o

Since the presence of a nitro substituent on the aniline:mbiety
presented some problems, in the initial steps of the syntheses, sych as,
formation of a trans B-Thc;am in the case of 45 and increased lability AN

of the silyl ethers ﬁn the case of 53 and 54, we chose to investigate

1

the feasibility of 1ntroduc1ng ‘the nitro funct1on at a later stage, by

mtration of the tricyclic intermediate 40 . :

2

Ant1bacter1a1 test1ng was performed by Ms. Kucks Leder]eaLaborator1es of the
American Cyanamid Company. y. o ) T
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DOlah has shown that pitqonium'tetraf1uofoboratq easily and

. . )
efficiently nitrates a variety_of aromatic compounds, in non-acidic

72

solvents Transfer nitration using N—nitropy?idinium salts was also

-

OTBDMS “ 62 R

~4
L=
=

[t)

OTBDMS

Ll - o

A A

73

found very'useful on aromatic substrates’™. Thus, tricyclic azide 40

was treated with nitroﬁium%%etraf]uoroborate—co]1idine fb(afford an

i &
isomeric mixture of B-lactams 61. The mixture showed a B-lactam absorption

-

at 1785 cn”! and a considerable spreading of the aromatic signals in - s,

the pmr spectrhm. No attempt was made to separate the isomers since we,

were not interested in compounds withgwt a'phenolic function. Instead,

the nitration was repéhtgd on B-lactam 74* and all three possible isomeric 3
products 62 were detected, in approximately equal proportions, in the

pmr of the crude materia]. However, attempted chromatography of this |

N,

. s y
mixture resulted in destruction of the meta** nitro isomer, on contact

with silica géﬁ, an indication of the strong activation of the g-lactam

. ! . f
* 53
,Synthesis of 74 will be discussed in Chapter II.

*%
Ortho, meta and para Rositions are taken to be relatiye to the silyl ether.

e b
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bond. The mixture of ortho and para nitro compounds showéd a g-lackam
agsorption at 1790.cm-1 in thé&}nfrared, and é characteristic AB quartet
for tﬁe aromatié protons of each isomer, in the pmr spectrum. Efforts
a]bngjthese 1ipes ware continued by Y. Tsantriios74 in our 1éboratory;
who was successful in obt&ining R-lactam 63. -Unfortunately, 63, having\
a B-lactam band at 1790 cm~1, proved to be too unstable for testing aﬁd/

2
further manipulatidn.
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- CHAPTER 11
1

! SYNTHESIS OF 7-8—PHENYLACETAM}DOL3'—HYDROXY—

"BENZO[3,4]-0-2- ISOCEPHEM

'
' a

4

The preceding chapter described the efficient generation of
{

) ﬁ«vtricyclic B-lactam 40 and the synthés%s of model B-lactam 37, the B-Tactam

infrared frequency of thch was rather low. The methodology explored- '\

in those studies was then applied ta the synthesis of 77, which Was
/ = i

éxpected to éxhibit an 1ncreaséﬁréff5&tém infrared fnequéncy as compared
- \ ) \Q

to that of 37. It was hoped that the additional ring would confer. enough

steric strain to the B-lactam to na*se»ité'infraredbfrequeﬁcy to within

the same range as active'cephalosporins, at least 1765 dm'].“

Our choice of §taﬁtihd material was 2-nitroresorcinol (64), °

readily obtained by nitration77 of resorcinol. The nitro group was

easily reduced, using platinum oxide-hydrogen, affdrding 2-aminoresorcinol

*y

(65). To our surprise, condensation with cinnamaldehyde, following the

4 - %
’

s

/

]
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Yo

64 R=H X=NO, 68 R = H :
‘ ( . |

65 R=H X =N, 69 R = TBOMS .

66 R = CHPh X = NO,

V67 R = TBOMS' X = NH,

7

* usual procedure, failed to produce any Schiff base 68. Instead, an

unidentifiable tar was obtained: We dec1ded to prepare the Sch1ff base
of 2,6-dibenzyloxyaniline, for fear that the'bao t-butyldimethylsilyl
derivative may have beer too hindered to redct wieh cinnamaldehyde. .
Thus, 2-nitrorésorcinol was dibenZy1ated using Qenz&l bromide—potass1&%
carbonate in dimethylsulfoxide to give 66 in very good yiéld. *
Unfortunate]y, treatment with e1ther platinum oxide- hydrogen\or iron-

hydroch10r1c ap1d78 was unsuccessful in effe//lng/th//reduct1on of the

_. \.\: /
nitro group in 66. At this lent/’f'was clear that reduct1on of the
. N /

-nitro groue hadlta precede protect1on of «the phenolic function. We
dec1ded to use the s11y1 protect1ng group, employed successfully in the
prev1ous chapter : ‘

Thus, 2- am1noresorc1n01 was transformed into its bis t- buty]-

d1methy1s11y1 ether 67, in. the usual: manner When amine §Z_was boiled

\

47
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- in benzene with cinnamaldehyde, Schiff base gg_wae’%btained in high yield.

-

The pmr spectrum of 69 displayed'a doublet of doublets, J = 3,5 Hz, at
%
8.3 ppm characteristic of the Schiff base hydrogen, and an imine

1 in the infrared. Without purification,

apsorption was found at 1640 cm”
Schiff base 69 was subjected to treatment with azidoacetyl chloride-

triethylamine afford ng cis B-lactam 70, in good yield. ‘Ihat the B-lactam

ring hydrogens werejindeed cis became evident only in subsequent compdunds

o

Ph -

. X
R ' R -
N 2 T > N ®
) :I:%:] o :I:%:] _
. R R
70 R=TBOMS COT X = O A
' g N 72 X = OMs R = TBOMS
L4
73 X =l

S

A}

in this series, where the proton resonances did not overlap. The
presence of the B-lactam, in 70, manifested itself as a band at 1770 cm
in the inf#ared. |

Ozonolysis of 70 in methanol, as was described for 32, followed
by sodium borohygcide‘teduction, affoﬁdedhunidentifia le products, in
this instance. On the other hand, wheﬁ the ozonolysis-reduction of 70
was carvied out in etbano]~methy1ene chloride (4:1), alcohol 71 was

-
v
s

LN
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obtained in good yield. The proton on the azide-bearing carbon appeared
as a doublet of 5 Hz, indicativ% of a cis-substituted.B—1actam. In the
jnfrared, the hydroxyl absorption was evident at 3500, the azide at
2100, and the 8-lactam at 1765 en ',

A]cohol 71 was smoothly converied into its mesylate 72, by the
ction of methanesulfonyl chloride-triethylamine at -78°. Facile and
virtually instantaneous cyclization of 72 to tricyclic B-lactam 74 was
accomplished uéﬁng J.05 equivalents of TBAF in tetrahydrofuran at 0°.

On account of the high speed of this reaction, the concentration of
the fluoride salt had to,bé known quite accurately, and since "the activity ‘/’
;f TBAF solutions was found to change with time*, we decided to

69,79

investigate another fluoride salt Thus, the same trans¥ormation

o% 72 to 74 was achieved in equally high yield using potassium fluoride
T

wt

»

- +S'I v H -
78 X =Ng 7
75 X'= N, o o
76 X = NHCOCH,Ph

»

*
See Experimental section, p. 101.



and one-thir;i ecguivalent of 18-crown-§ in acetonitrile. Unlike
cyclizations with TBAF, excess potassium fluoride could be used, since
the reaction was complete only after 6 to 8 hours, thus allowing for .
very effective monitoring.

Subsequentiy, azide 74 was reduced to amino azetjidinone 75 in the
" customary manner. The structurer of this easily crystallized amine 75 was
in accordance with all spectral.and analytical data. The pur spgctrum
(p. 51) of 75 was nearly first order at 200 MHz, and the parent ion was
discernible 1‘n‘the mass% s;;ectrum (p. 52). Acylation of 75 with phenyl-
acetyl chloride afforded arAide 76 in high yield. Infrared analysis of 76
revealed B-Tactam and amide bands at 1780 and 1670 cm_], resEectivély, and
its high field pmr spectrum (p. 53) was easily interpretable.

U1t1‘n1ate1y, B-lactam 76 was deprotected using TBAF in cold
tetrahydrofur:an, affording phenol 77 in .,52% yield. The 8—1acta‘m

- f

absorption of 77, in acetonitrile, was récorded at 1760 cm']. This was

1, found for bicyclic 8-lactam 37, also

considerably higher than 1720 cm™
in acetonitrile. Thus, the third ring had indeed cofiferred additional ®
strain to the g-lactam nucleus, as expected. Phenel and amide bands were
also present fin the 1'n1"|'rared of 77 at 3280 and 1655 cm'] » respectively.
The familiar pattern of proton resGnances was observed in the pmr spectrum
(p. 54), ana a signiﬁcantly strong parent ion was detected in its maés\
spectrum (p. 55). ' » ‘
_ Having synthesized B-ﬁ%tam 77, we selected to investigafe a

s]i@ht]ﬂy different approach' (72 or 73 + 78 or 79 » 77) to its synthesis,

" in the event -that an additional substituent on the aniline ring would -

. .
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Fig. 10.

200 MHz pmr Spectruim of 75, in omom.
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reqén're formation of the strained tricyclic structure at the latest
possible stage. A nitro substituted aniline would require such a
synthetic route, be‘ing on its own quite destabilizing to the system'
(Cha;;ter I}. In addition, it may also be possible to form the tricyclic
framework and deprotect the remaining p\heno1 in one operation.
To this end, we chose to attach the acylamino side-chain to
B-lactam 71 prior to the construction of the final ring. Since the
r;ydroxymfzthyl group on 71 would have had to be protected and since the
~correspor:d1ng chloriderand mesylate had 'been previously prepared, we

attempted the reduction-acylation on 72 and 73 (pg48).

Q@

Therefore, mgsylate 72 was treated with hydrggen sulfide-"- ©

triethylamine and directly acylated, in the usual manner, affording

=7

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

Fl‘ X
N |
Ph . .
eSS

) @
| +S:-° ;
72 —» 78 X = OMs . ,
s - ~

— 17

73> 79 K =0 )

o N ‘ ) g
| 4
transformed into amide 79. When mesylate 78 was treated with potassium

fluoride and a catalytic amount of 18-crown-6 in acetonitrile, only a
N ¢ '

e 4
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organisms. Staphylococcus aureus Q74-1 and S.lutea PCI-1001, both

of actw’vityb toward a variety of bacteria. These results indicated that

‘ tﬁerhaps our initial hypothesis, on tke spatial arrangement of the acigic

“
&

. %

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

fiable products. Reaction of chloride 79 under similar conditions also

«

afforded unidentifiable products,.as did«tr‘eatm'ent of 79 with cesium
fluoride, in acetonitrile. On the other hand, when mesylate 78 or A
ch]om‘&f}_?)_ were. reacted with TBAF in cold tetrahydrofuran, tricyclic

B-lactam 77 was obtained in 55 and 48% yield respectively. It seemed

therefore that the reaction conditions, when using cesium or potassi_um
fluoride, unlike TBAF, were incompatible with the secondary amide function
in 153_ or 79, under the congitions described.

Phenol 77 showed weak activity only agafnst ‘two sensitive micro-

A

Gram-positive ‘species, were 1nh‘ib1’ted§t co’ entra'tior‘ws of 128 and 64 ( o &,
(Y R ©
ug/mbL of 77, respectfve]y. WRilst this work was n progress, Doyleao .

reported the synthesis of weakb; active 80a, which had a B-lactam band v

1 69,79

at 1780 cm” *. Dr. Zamboni, found that the re1atedn(;arb0xy11c acid

Id

80b, which also showed a B-lactam band at 1780 cm'], was totally deveid ' .o

function, was valid. It was unfortunate that‘the nitro derivative 63

? i

- (p. 45') proved to be too unstable for testing or further rqanipug]atic’m.“

&

Perhaps the replacement f the nitro function in 63by a less electron-
- r 3 ! t
withdrawing group would produce an interésting compound .

3
a

o - ,
“ 0 )
N o .
A © T
’ HOOC . a -
I o o



o ' . CHAPTER III | -
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A ]
, ‘ by " v

g /' This chapter will.deal with studies toward the synthesis of -
thienamycin analogs of the type G. This work was inttiated by a
bR , T 6011eégue, Dr.-R. . Zamboni®?. It was based on a cyclization scheme -

: .. e utilized by Chr?s{énsen in the synthesis of ceﬁha1o§porin-type

€ 3)520,53,56,81

DJ
_antibiotics (Scheme 1, see*also Introduction, po 23 .This /

o
- . s [
4 ]

PhCH,CONH.,, \

type of iptramggecular condensation, producing the carbapengm framewbrk .
» 1 B Q ’ - l\ Q
‘ in G, would be the key step in our dpproach (Scheme ;, p. 59). THe
[ ‘ B ° I
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. synthes%s of the Key intermediate L wasedesigned from three distinct
o ° N ‘4‘, . ! i ‘ ‘
. fragments. . The B-lactam ring would be constructed using the familiar
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o ‘ rpaction of azidoacetyl ch]oride'wi{h a Schiff base. The imine, in turn,

would be: formed through condensation of an a-amino a-pQgsphonoester K

v X "
. '. ‘ 'J/ '\,
. : Na\l Hﬁo 'i/ e W

e \ ' ‘ H, NS Po@a

oor JJ” S l

o * s N o v
< . ? . J':(\t
o , . s ¢/ PO(OEY), - o
; ‘ .EodR p 00R ‘

. Scheme 2 . . : L

4

D with a suSstituted acrolein J, which would later be unrayveled to the

i . - "carbonyl function just prior to'cyc1ﬁzatiop. A convenient preparation

of o-amino a-phosphonoesters was develoﬁed by Dr. Hakime]ahiszain our o
-laborﬁgoryu It consisted in the addition of a dialkyl phosphite to the |
Schiff base forﬁed from a glyoxylate énd benzylamine, followed by

deprotection of the amine. OQur aim was to develop a B-subs%ituted . o

. } — —agrotein, which after B-lactam formation and rearrangement would yield

¢ e

a 6arbony1 function one mefhx1gne removed from the ring, as in L. fn
H

acrolein residue’ seemed necessary, since an analog lagcking the double

[

,.._..«_.,
'

L~

. My \
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bond failed to produce significant amounts of B-lactam, when the
g:ofres,pondmg Scmiff b€se 81 was treated with azidoacety] chloride,

whereas the cinnamylidene imine afforded a good yield of B~1actam69.

EtOY__OEt E10:_OFt
S D
N -PO(0Et), A o PO(OEY),
- : «' - o \; | N !

" SILTCON IN B-LACTAM SYNTHESIS ' ) N

t

Recently, F]eming83 réported that treatment of allylsilanes
. with eiei:trophﬂes gave substitution prloducts M, wi?h loss of the silyl
function and shift of the double bond. We envisaged that sych a
. transformation might be useful in our synthesis. Conversion of N to
0 by tréatment with acjd fo]]bwed by ozor,lo]ysis—dimethyl suhgide | .
reduction should give the desired éldehy‘dé P.  Thus, our pri‘mary goal
was the synthesis of aldehyde _83
- Repértsgq’86 of transformations of various allenic ethers to
oc,B-unsaturatéd al&qhydes -prompted us to investig‘at;e this approach. .
‘Hence, ],1-d1ethoxy-2‘-;§ropyne87 Was reécted with trimefhy]sﬂy]met‘hy]-

_magnesium ch]oride8§ ip the presence of copper(I) bromide to af%ordk .

60 .

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

even whenstered at'-20°. Treatment of 82 with p-toluenesulfonic acid
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¢ E
, £+ “
RN\SnMe, — R)\%‘
M
= H. _O
Ht .]/r , o, N, J
SMe
| N R o N\(L/Po(onat)2
¢ 00¢-Bu
N 0. P

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

unidentifiable products. Attempted cieavage of the ethyl ether function

—_Ci—
H’f,
o
% J\O
H Et
& - 83 -, -
. . T N r
with trimethylsilyl iodide yielded similar results. Consequently, we
opted to follow -a differgpt approach. 1

Based on the pﬁeparation of -the carboxylic acid protectiné group

-

§§§9,rwe engaged in the synthesis of the viny]ogous analog 86,

\
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i

which should be easily oxidized with pyridinium chlorochromate ‘(PCC)g

e

¥ ] ’ .
to o,f-unsaturated aldehyde 83. Upfortunately, attempts to trap the
4

\ Br oS- —Si—
. % .
A\ LrAIH PCC
. HO” ‘ MéO\ TMSCI MeO\,
. 0, o . OH-

I3

known Reformatsky reagentgo, prepared from methyl 4hbrohocrotonate and

zinc, with Me3SiC1 afforded seQera] products iﬁseparab]e by‘&?éti]lation..
- The desired compound 85 was not detected in the pmr spectrum of the crude
material, as evidenced by the lack of a methylene signal at about 2 ppm.

Consequently, this scheme was abandoned.

Allyltrimethylsilane (87) is easily metallated by butyllithium and

the resulting species is known to react from the vy position exclusively,

91,92

‘with carbonyl electrophiles We planned to use formaldehyde as

the electrophile to obtain alcohol 88, which upon treatment with PCC
Should undergo both oxidation to the aldehyde and double-bond migration

)

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

pyro]y§is of paraforma]dehyde93

, was bubbled through a solution of
lithiated a]ﬂ&]trimethy]si]ane, only polymeric and unidentifiable.

products were recovered.

« 1
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Buls =~ CH,0 ’ PCC .
———— [

We then became interested in.an observation made by Cunico et al.,

who found that B~trimgthy]si1y]—u,B—unsaturated‘éstgr'gg reacted with

diazomethane resulting in the stereospecific formatiqnybf homoloyg

g%,

We chose to perform this homologation on the aldehyde counterpart df

89, namely compound 90 Thus, treatment of aldehyde 90

- diazomethare produced a'practically'instaktaneous reaction (according to

69

’w1th ethereal

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

5~ ' P
o B ©
S b
o ) ‘ 0 ~Si- ' |
89 R =0Me 91 R = OMe , 92 ;
/ ;
90 R =H 83 R=H ¥

*
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¢ .
pmr spectrum of the crude reaction mixture was consistent with the

>

structure of desired aldehyde 83. Bands at 1680 and 1630 an | in the

infrared also indicated the presence of an.o,Bf-unsaturated a]dehyde:

v

" When purification by distillation was attempted, no 83 was detected in

/

the distillate. Instead,f§§_was found, to rearrange thermally to

@

thrjmethy1§i1yloxy—1,3-butqdiene (92). Preliminary attempts to condense

crude 83 and benzy]aminé with magnesium sulfate in methylene chloride,

+

indicated that the SCh]ff base was formed accord1ng to 1nfrared analysis.

The band at 1580 cm o d1sappeared as an imine band at 1650 cmxl appeared.

%reatment of this crude Schiff base with azidoacetyl ch10r1de afforded\,

, , v
unidentifiable and inseparabie products.. Nonetheless, the presence of

a B-lactam could be inferred by a weak- absorption at 1750 cm’].

A% this point, we decided to prepare: the, hopé?u1]y, more stable
t-butyldimethylsilyl derivative of 83 Thus, the readily ava11ab1e
tetrahydropyranyl (THP) propafﬁy] ether 93 was easily converted 1nto
s11y1 alkyne 94 and the THP function smoothly rémoved to give 95.
Reduction of the tr1p]e bond using L1A1H4, fallowed by ox1dat1on of,r
the allylic alcohol thus generated, gave a,8- unsaturated aldehyde 96

Homologation of gg‘us1ng ethereal diazomethane gave a virtually

instantaneous reaction, as with 90, accompanied by evolution of nitrogen.

Fortunately, aldehyde 97 was disti]]ab]é, without thefmal rearrangement

to a silyloxybutadiene, and it could also be purifieq,by flash’

'
3 , '
‘ )

<!

chromatography¥*.

— .

See General Experimenfal, p. 99.
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As a model, we chose to construct the simple N-benzyl g-lactam

- 99. THerefore, 97 was.condensed with benzylamine to give Schiff basé

98, which, when treated with azidoacetyl chlqride-triethylamine a%
© ~"Foom temperature afforded cis B-lactam 99 exclusively. B-Lactam 99 was
_found to resist overnight treatment with either two equiva]ents-qf

HBr or excess HF in aqueous THFZ It was also recovered unchanged after
stirring for one hour in aqugous THF containing HI. The yellow'color
formed during this reaction was %ound to occur from the interaction of
HI and THF. B-Lactam 99 also withstood overnight reflux in benzene with
an equivalent of pyridinium p-toluenesulfonate. When gg_was exposed

to hydrogen bromide in methylene chloride or benzene for'lO minutes, a
decrease in the B-lactam ir absorption re1ativ; to the azide band was Y
noticed. One equivalent of trifluoroacetic acid (TFA) 15 carbon tetra-
chioride did not affect 99. When five equivalents were used, the
disappearance of starting material required overnight reaction and the
resd1ting mixture 1§cked the silyl grodp and a B-lactam band, but showed

- an amide absorption at 1670 cm']c

It thus.seemed that, protonation of
gg,ocgurred preferentially on the B-Tactam (amide) rather than the
{%'aﬂy]sﬂane. , o
" We then decided to rein&estigate an alternate apbroaph, '
init1§fedvby Dr. Zamboni,lfor the geﬁeratiom of aldehyde E,‘ The basis"
for this scheme was the known transformation of epéxysi]anes’lgg to

95 ‘

aldehydes 1g§.' Stork found™™ that epoxidation of viny]sﬁ1anesllgl to

102.with m-CPBA, followed by treatment with acid afforded good yields of

¢
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104

aldehydes 103. Attempts to epoxidize 104 under various conditions had failed -

to yield.any epoxysi]an¢69. Steric hindrance of the double bond was

- thought to be responsible for the inertness of 104. Init%a]]y, we chose

tg’use a slightly less crowded model as substrate-for.our epoxidation

attempts. Thus, previous]y-prepared.aidehyde 90 was condensed with

. SIS - sk si
S jI\N e N N
N._Ph P T S N__Ph
105 106 107

P4

-

-

5
5

¥ 4

benzylamine and the resulting Schiff base' 105 was treated with azidoacetyl -

)

chloride-triethylamine affording g-lactam 106, in good yield. The
1 N }

R-lactam absorption of 1Q§_was‘found at 1765 cm'] and the stereochemistry
. . .

N
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a

of the ring broyed‘to bé rjn, as Qetermined by a coupling constant of -

> 5 Hz. The s£ereochemistry of B-Tactam 104 had'not been determﬁned, but

\ was most 1ik§3y,cis by analogy with 106. Epoxidation of 106 wiith m-CPBA .
iﬁ mé?hy]ene chloride or ref]uxing~ch1oroform96 fai1led to produce any
lepoxysi1ane 1923 Similar reactions using ethyl ether, in which m-CPBA
is considerably more §o1ub1e, were ineffectual i1n causing the desired
transformation. —

Unable to obtain epoxysi1ane 107 using model 106, we chose

to pursue our original goal (Scheme 2, p. 59), where deprotection of the

carboxyl function in 109 would permit the use of the free acid in 110 for

the intramolecular epokidation of the vinylsilane using peracid. Thus,
amine 108, prepared according to the modified procedure of Dr.

Hakime1ahi82, was reacted with aldehyde 90, in the usual way, affording
a good yield of B-lactam 109. The azide, B-lactam dnd ester functions
' J

(\\ ~

o
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were readily identifipd in the ir spectrum 6f 109, at 2100, 1775 and
- /

1740‘cm_]

, respectively. The stereochemistry of the g-lactam ring
could not be detgrﬁlned at th%s stage due to the overlap of signals in
Lhe pmr spectrum of 193.

Treatment of 109 with a large excegs ;f m-CPBA yin ether for .
three days failed to epoxidize the vinylsilane, Reaction of 109 and
3,5-dinitroperoxybenzoic qcid97 in methy1éne chloride produced a EompLex
mixtﬁre of products*. We then moved to similar studies on the free )
carboxylic ag;d 110. Thus, cleavage of the t-buty} ester in 109 was
found to‘proceed very smoothly using 30% trifluoroacetic acid in
methylene chloride for three hours. The resulting acid 110 was féund
ta be unstable to m-CPBA in ethev and to 90% hydrogen peroxide—“
trifluoroacetic anhydride98 iﬁ methylene chloride. In both cases,
evolution of gas was observed, perhaps from the decérboxy1ation of 110.

lFortuiton inspection of a ré%;igerated sample of
19§, which had been treated with m-CPBA, then evaporated and stored,
revealied thé ﬁajor prodﬁct to be epoxysilane 107. The pmr spectrum
(p. 70) showed a nearly equal presence of two diastereomers 107, having
cis—sdbstituted B-Tactam rings. A base peak at m/e 317 in the Cl-ms
was congistent wjth the structure of 107, and the presence of a B-lactam
was indicated by a band at 1765 cm'1 in Ehe ir. This observation

suggested to us that, the concentration of the solution during the

epoxidation was very important, and should be as high as possible.

69

. .
However, signals at about 2 ppm, characteristic of epoxysilane protons,
were visible in the pmr of the crude material.
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 Fig. 15.

60 MHz pmr spectrum of 107,

in CDC]B.
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) ' Accordingly, an ethereal solution df 110 and n-CPBA was concentrated . 1
until viscous and reacted at 40° overnight to affof*d a 90% yield of” D ;
.0 L o :

epoxysilane 111. Although 111 could be “separated.into ¢wo fractions.

. o o \
,

of very similar polarity by flash chromatography, each fraction was _ ' ~i
A ‘
. ‘ found to be-composéd of two diastereomers, as established by pmr. —_— .
e [
s I , .‘ v N ¥ . 1
( Several attempts were made to rearrange epoxysilane 111 to ‘
. N 3
;o aldehyde P, directly or through some intermediate species, such as an )
N a N
‘ " o - ° . L. b
enol acetate or-acetal (Fig. 16). "~ Under weakly acidic conditigns (acetic 4 ¢
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ig. 16. React*ion!s carried out on epoxysilane 111. M = starting"material. . T
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acid or 2% HC10, in THF-HZO) AR s-uéc@vered unreacted When morex

ac1d1c conditions (AcOH BF3, camphorsu]fon1c ac1d or 5% HC]O4) were

Y —

! uséd, un1dent1f1ab1e products were obtained. . Two exceptions to these ’ -

observat1ons were found. Both formic and p-tdluenesulfonic acids added
oo | . .
° °to 111, n Tow yield reactions, to give*the hydroxy” esters shown #n
Figi-16 (p. 71). - | ' S

-, Tﬁe tfeatment'with KF - 1S-crqwn-6 was based on ih% premis§

that eboxysilanes rearrange to the aTd%hyde through an intermediate

ewo]ate95 99. However , Chan et aZ.9§ found'th%t fluoride jon does not ;?
. . S /
“ 7 R : u' L '!
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convert epoxys11anes into enolates but rathe# into epoxy anions. In any

° ) 4

t a
event! e were unable to obtain any react1on w1th KF - 18 crown- 6.
I ’.ﬂ !
%~ The use of.the 5 rong Lewis acid T1C14 to cleave epoxys11anes
Ne

¥s founded an the well- known stabxlwty of cat1ons 8 to s111con100.

expected that such a cat&pn5 formed w1th TlC]a, would react with chioride

1on, as shdan, to gﬂve the enolate. Instead a low y1e1d of the . !

“a

a correspond1ng u—ch]oro-B—hydroXys11ane was pbtaihed? Recent]y, it was . -
) =, . .
nshown that epoxysw1anes undergo reg1o and stereospecific a—open1ng by 4
. N . 101, ]02
o4 a var1ety of nuc]éoph?165, under ac1d1c or basic cond1t1ons )
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We then attempted to open epoxys11ane 111 with KOAc - 18-crown- 6

dr NaOMe \@\p1ng ta obtain the respect1ve o- acetoxys11ane 112 or

L
$
rRo._51” © JOR ‘
ur — ) '—"f —> [
N OoH
. -
T12 R=Ac- 114 R=Ac
' 113 R =Me 115 R = Me,
< TN

-

N a—metﬁoiysi]ane 113. ET1m1nat1Pn of these B~ hydroxys1]anes under’ac1d1c'
ér basic COndifionsloz should then give the. correspond1ng enol acetate
na oﬁ enol ether‘ilé, bath, of which may’be hydro]yzed to the'desired .
aldehyde P. Unfortunately, 111 res1sted ‘treatment with eTther "KOAc -

18«crown=6 or NaOMe.

'Y

A rather unreactive epoxysilane 116 was recently reported by

BN Paquette]03. Transfonnétioﬁfof 116 to the corresponding aldehyde was

achieved using vigorous conditions. a,B-DjhydroxysiTanes were found to
s n
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be intermediates in the conversion of epoxysilanes to aldehydes

'

Perhaps whe‘r;. suffiqieﬁfﬁ/ acidic conditions were us}ed, 11_]_ was “indeed

transformed to diol 117, but under such circumstances, continued to react

\ t" '
' \‘/ / \IA - -
’ Ho f s' . , s v
- . ) N N
N - ,
mo - j‘,_(‘(\[“ e , '
_—' o? N~ -PO(oEt). . . ,
. L A& XOt-Bu ‘ t. ,

\ R - . ! . ! ’ ‘Il
through an ~undesir‘able pathway. Such incidents are not uncommon. "\
B-Lactam 118, for instance, was found unstable to silica gel chromatography,
giving lactone _1_]__]04/. Diol 120 was shown to undergo rearrangement to
lactone 121 followed by further reactjonws. 3 '

¥} / ! :‘ ' .
) P J _ . ’ . !
‘ J
. ‘ ‘ nl’u .

107e,f &

| o 74
" ’ ~/ ! l//”—:
. N ' . / -
' / 7
, ot W WSO o .
‘ . ) ’ ““‘\17\§|\ MeOH (1_1) . "\\,‘.‘\\"\,/CHO ) ,
s Y —-—-———-—-‘—————’_ . AN
’ ° Jreflux  24h N . - .
' < \ T . @ X
116 ] ' :

'



PhOCH,CONH J)/X PhOCH,CONH s -
. — . l AW
:L:T/ \ " o Hﬁ>%>
- )

cooa ' COOR
18 - 19
‘ ‘ AN
S . '
(> T ¢-Bu ' ;\
, , y.
\,‘,’,-r N\)/\OH — ﬁ
]ﬂl
A > \_a\c
00¢-Bu
00¢-Bu
) ' BRF 121
N \/l ,
IS We next gttempted"to b#epare diol 117 through the reaction of
viny]si]ané 109 (p. 68) with OsO4 - N-methy]morpholine—N—oxidelOG. Diol

_ o
117, prepared under such non-acidic conditions, could, in principle,

be acetylated then eliminated with fluoride jon to obtain enol aCfEi'p’
114, which we thought shou]d be easily hydrolyzed to a]dehyde P

Vinylsilane 109 was, however, totally unreaé‘?ve to the hydroxy]atlon

'] ¥
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with OsO4 mentionéd above.

In a final attempt to prepare the desired aldehyde through an
epoxysilane, methyl ester 122 was synthesized from the free acid 110,

¥ by treatment with diazomethane. The methyl ester should be léss hindering

r:
o,

than the t-butyl group and should therefore facilitate hydrolysis
of the epoxysilane. Treatment of vinylsilane 122 with m-CPBA, in the:

usual way, afforded a 47% yield of B-lactam 124. Presumably, 124 was

formed through intermediate 123, which may have been formed during the

e

epoxidation of\lgéﬁ Whether the epoxidation or the hydroxylation

B

occurred first.was not determinedfand the reaction was not pursued.

ALDEHYDE FROM NITROALKANE

T

The numerous examples of mild conversions of aliphatic nitro

compounds 125 to their correspondihg carbonyl containing substances 126,

r

using trivalent titaﬁium]07ﬁ]og, prompted us to investigate an\approach

to our desired aldehyde P (p. 61) in which such a transformation would be

k- 3
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109

applicable. The classical Nef reaction usually employed for this

type- of conversion was not considered because the g-lactam ring would

A

probably not survive its harshness. .

R-CH,-NO, > R-CHO _
- i °
. a 125 12 .
s : i . \ i
¢ *———Ph A ! ] ,
| { Ph Po%

N, + CHO

0 ‘ : - “ —_’ N - ‘ \
108 o Ni(@bMZ/ ;[ﬁj»qgm
- 00¢-Bu | OOt-gu '

127 Co 128

The synthetic plan was to use compodﬁd 128, in which therm{s;ing
N :
aldehyde, foilowed'by eléboratjon‘of the B-hydroxynitroalkane 129 thus
generated. ,
The §Ebiff base formed by condensation of amine 108 and
cinnamaldehyde was treated with azidoacetyl chloride, in the usual Way,

affording «is B-lactam 127, ip 78% yield. Ozonolysis of 127 at -78°

followed by dimethYKsulfide reduction produced the very easilwhydrated

' N L M

ALY

"carbon unit would be supplied by the additjon of nitromethare to the . .
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4

‘with aldehyde 128 irf thé‘presence of cata]yticvamodnts of KF - 18-crown-6

»
-t i
. " 78
\ s
i e N
s Lo .
’ \\ “

| . CHO '
NQ, ’ Tilll : \%j:‘)) +
— -— )
J . g N _PO(OEL),
. ' J v \(,C)Oi-Bu

\ .

129 R=H 130 13 Nop
129a R = Ac R
~ £

a]déhyde 128. Dehydration was eaéi]y achieved by boiling in benzene-

* using a Dean-Stark trap, after which the a]déhyde proton could be easily

. , , N 3 . W
identified as a clean doublet at 9.38 ppm. Wollenberg and Mitler' 0

. \reported a very'efficient method for the preparation of saturated nitro

“compounds from aldehydes by the addition of nitromethane, catalyzed with

fluoride ion as base. Using their procedure, nitromethane was condensed

fdrming thydfoxynifrod1kane 129. Acety]atibn of lgg_with acetic

anhydride-pyridine and 4~dimethy1am1nopyr1d%ne, as' catalyst, afférded
nitroo]ef{n lgg‘contamfnated wf%h approximately 5% of the correifonding .
nitroacegate 1gg§, contrary to the results of Wollenberg and Mii]er whd
isolated only the ni;?oacetates. Finally, reduction of 130 'and the y‘\\u‘d
iniermediaté nitroacetate 1225 with methanolic sodium borohydride .

occurred smoothly affopding nitroalkane 131, in 48% yield from 129, after

»
chrOmatography.“Freatment of the sodium salt of 131, prepared using

)
> T o
3 (~ :
» “ -
‘ e .
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sodium methoxide, with a buffered (pH 5) solution of titanium trichloride

produced a mu1ficomponeqt reaction mixture.

79

i

108

‘

The presence of aldehyde

P or the corresponding hydrate in the complex mixture could not be

determined unequivocally.

-

a

2-PHENYLCARBAPENEMS AND PENAMS

~ Ina series of recent publications

;,Noodward

111

%

Consequently, this scheme was abandoned.

described the

“synthesis of a new class of B-lactam ant1b1ot1cs containing the ndvel

]

t

, penem skeleton Q. we were part1cu1ariy interested in the' bi

;¥og1ca1

!

1 . ¥
‘ 5§ S A
. 2 ) R N
;[:1:4> - dJ:jr’ - :
o ¢ . P
; gon
+ 9 S
' 132 R = Ph :
@« : - -
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activity of compoundtlgg (Table 6, p."'79). We decided to attempt the
synthesis of. an anatogous compound 134, lacking the sulfur atom and

having the usual acylamine side-chain. We thought it might be possible

‘ PhCH,CONH., «
1_2_7 ..... — ...... » ' mph
' COOH
133 ‘ 134

" to achieve this th;"ough the base induced cyclization of 133. -A]thou‘gh

aryl ketonet are Tess reactive than their alkyl counterparts, we hoped

w

the fact that we would be attempting an intramolecular cyclization to

form a, five-membered ring would counter their diminished reactivity.

— ‘Thelimmediate problem was ’Fhe hydratiop of the double bqnd m
127, Br&nwn”z r‘epor‘ted_‘an extremf/'ly’fang:ﬂe oxymercuration-demercuration
of styrene to give 1;pheny1ethano in high yield, usipg 'mercuric ac\"&ate
followed by sod.ium boroh&dr‘ide'. Application of this method to 127.
should yield the corresponéing benzyl alcoﬂo] which wog]d then be.‘
o:x1d1'zed to 133. When 127 was’ added to mercuric acetate. in THF-water,

. the reaction was fc;und to be,considerapiy slower than 1n the cases
reported by Brown; the disappearance of 1_27_ (by tlc) requiring 6verr:1'ght
treatment. To our surerise, in gitu demercuration using alkaline sodium

) e

&
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borohydride regenerated almost quantitatively styryl g-lactam 127.

- Similar results were obtained at 60°. Appdrent]y, a complex was formed

but oxymercuration did Hot occur. The'more electrophilic mercuric

113 114

trifluoroacetate reported the

also gave similar results. Corey

R-COOH
1 Bt e
R N0 N Ph —» RT No PR~ Me
HgOA N
¢ ‘ gOAc Pre
135 ‘

‘ easy cleavage of cinnamyl esters 135 by oxymerﬁuration with mercuric

" acetate .in methanol containing 0.1 equivalent nitric acid followed By

demercuratiohlwith KSCN. Oxymercuration of 127 under these conditions
followed by treatment with sodium borohydride afforded unreacted 127
and degradation products.

Since the cinnamyl residue in lgj_appeared to be quite

“insensitive to the action of mercuric salts, we proceeded to synthesize

'the hqpe%ul]y-more—reactive acetylenic counterpart 136. Consequently,
the §§ﬁiff base prepared from 1g§.and readily avai]ab]e‘pﬁeny]propargyl
aldehyde was reacted in the usual manner to afford a one to two mixture
of cis and trans B-lactams 136 and 137, respectively. Q.Y. Liu' 1 has
also successfully prepareq several‘acety1enic B-lactams from Schiff
bases of:substitutéd anilines and pheny]propargyy a]dehyde} When cis
Bilactamsigg_was treated‘with mercuric acetate in ethyl acetate according

116

to the procedure of Kagan et al. s N0 reaction was observed, When the

e

81
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:[:N Po(OEY),

R o Y Tpo[ost)z '
Y COO0O¢-Bu' . 00t Bu 139

136 cis 138

A\

"

“{ﬂ

u

more electrophilic mercuric trifluorcacetate was used unidentifiable
products were obtained, even in the presence of yellow mercuric oxide as
acid scavenger.” Infrared analysijs showed the disappearance of azide

~

and B-lactam bands. On the other hand, treatment of trans R-lactam 137

© with two equivalents each of mercuric trifluoroacetate and mercuric

oxide in wet ethyl acetate followed by exposure to gaseous hydrogen
sulfide- afforded ketone 138 in good yield. Attempted cyc]ization\of‘-
138 using triethylamine, DBU or sodium hydride produced unfdentifiab]e

mixthres, the ir spectra o{fwhich showed drastically reduced azide and

. B-lactam bands. Potassium t-butoxide did not cause any reaction of 138

4 : .
at -78°, but polar materigls were formed on warming to room temperature.

Reaction of 138 with n-butyllithium at -78° gave the addition product
139 in 20% yield along with unreacted starting material.

We thought the azide functidn was perhaps interfering with, the

82
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cyctization of 138 and decided to attempt similar reactions on acyiamino A

B-lactam 140. Tﬁqs, reduction of azide 137 with hydrog';en\ sulfide~

-
-

H /Ph
/
k. // °

I
. N
' o~ P e Ph K2
E e O v L]
- . o7 N~ -PO(OEY),
. . '"\(.C)Oe Bu

140 S

- triethylamine followed by direct acylation with phenylacetyl chloride

S

gave amide 140. The pheny1acetylene residué was smoothly hydrated as \/'
before to give phenylketone 141. Attempted cyc]izatﬁon of 141 with
potassium t-butoxide at -20° in THF failed to produce the corrésponding '

t-butyl ester of bicyclic B-lactam 134, but gave a rearranged product.

- The reaction which had occurred, proceeded in two distinct stages.

_First, a slightly less polar product appeared (by tlc) within 20 minutes,

" which was then converted toa much less polar material after an-additional

20 minutes. Triethylaminé also effected the same reaction, although

)
requiring a considerably longer reaction time. One such reaction was

A

. 'quenched midway, with aqueous ammorﬁam chloride. The initially formed

product appeared to be 142, according to ,tfle spectral evidence. The
second and final ‘s/ubstanc'e generatea under these conditions seemed to be

143, based on pmr (p. 84 ), ir and mass sﬁectr‘a] data.
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Ph/\( » PO(OE!

OOt Bu
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Ph/\[( N\/k

Ph
COOt Bu
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It therefore seemed that the facile elimination te 142 would

~ preclude formation of the desired.bicyclic systemﬁ in 134.

Thus, we decided

to investigate the synthesis of the 'saturated analog 148 which we

B

thqught should not pose similar problems.

'l
 reduction of the "ketone.

17 gave a mu1ticombonent mixture.

a]uminé

N

e

Kl

n

Hydrog‘enationl of 141 at 40 psi using PtO2 failed to effect

e

-

'

1
1

1
|
\
1
i

I

I

. ' T'
. e
M T .{m‘qm Qs I‘W ESTMELT M‘MW“”*""’“"NW‘ i
s <A ' PR '

co®

" shift from 1765 to 1780 cm™!

afforded bicyclic B-lactam 146.

produced the corresponding benzylic chloride.

Treatment with sodium borohydride supported on

Finally, reaction of 141 with

) sodwm bor‘ohydmde in ethano] afforded 144 m good yield.

145 tﬂﬁ‘éthylamine in acetofitrile or to potassium acetate 1n;bDMF ’

Mesy]ation

of 144 in the usual way gave mesylate 145 adthough, pro'longed r‘eactmn

Exposure of mesylate

*
The 8-Tactam ir frequency was found to

upon cyclization bf 145 to 146.

<o

A smn'la"r -

~

phenomenon was observed in the az¥do series upon cychzatwn of 150

]to 151.
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ﬁprov1ded~orw1th the very 1abor~1ous]y prepared d1benzy] ma]onate B-lactam

Rl
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w1th 20% tmf]uoro‘acetm acid in (:H2C12 also brought about ‘the rupture :
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Unfortunately, prehmmary attempts to cleave the t-butyl ester in 146

of ’che s-1actam mng .
-Whilst this work was 1n progress Dr. Hak1me1ah1 generous]y

15 1527 . A]though only the trans compound was used for subsequent
d . U§1ng

two mixture of cis and trans B-lactams.
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transformatmns, the actual” B- 1actam formatwn y1e1ded a rOUghiy one to
152 we were pjngg to,,
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o 153. The par speetra'in the malonate ser1es‘(p. 89_ta 93) were
] ) considerably easier'tolinterpret than 1n the ;revious bhosphonate esters
e' L due to- the absence ‘of the diethyl phosphonate resonances and the oceuF?Ehce
‘ of fewer diasterepmers. Hydration of acety]ene 153 fo]1owed by redug¥1on
¥ ’ | of the ketdne 154 thus formed gave alcohol 155, as a 4 to 1.mixture of
d1astereomers Subsequent transfbrmat1ons were performed on the major,
1ess polar isomer. ' ', ' 2 .
. Accordlng to resu]ts obtaiped by Dr Hakimelahi, mesylation of
a malonate ester related to 155 with methanesu]fdny],ch]oriSe-trtethy1amine
. gave C-sylfonation, exc1us1ve1y However, using p}ridine as base he was .
ab]e to mes;late the alcohol selectively. Consequent]y, 155 was treated
w1th methanesu?fony1 chloride-pyridine. Whe mesylate correspond1ng to"
“ alcohol 155 was never 1soﬂated since it was transformed to ch1or1de 156,
under the reabt1on conditions! Exposure of 156 to tr1ethy]am1ne in-
aceton1tr11e for two_days generated b1cyc11c B= 1actam 157 . The B-Iactam
ir frequegcy of 157 was 1785 cm ]: The,pmr spectrum of 1§Z (p.t 93)
" showed the presence of+a single diastereomer, the structureiot’which was?
’consistent with that depictedi - i
‘ ,uecduprihg experiments; which permitted'assignment bf‘the
couhling cdns;aﬁts indicated on p. 147 made structure 157 the most
. L 11ke}y For,phosphonate 146, wh1ch had served to work out the reactiop
| sequence used for the synthes1s of 157, th1§ type of ass1gnment had
Unfortunate]y not been poss1b1e because of the, complex1ty of the s1gnals
observed It n%y be noted at thﬂs po1nt that many of ‘the ass1gnment%
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200 MHz pmr. spectrum of 153, in, coct,.
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200 MHz pmr spectrum of 156, in CDClj.~
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0 made throughout th1s work- were a1ded by homonuc]ear decoup11ng éxperiments.
- L4
. A1th0ugh not shown in the mass spectral computer plot (p. 94 ),

a c1ear1y visible mo]ecular 1on at m/e 588 was evident in the osc11109ram
Attempted hydrogeno]ys1s of 157 at 30 psi us1ng,pa11ad1um chloride in

_ ethyl acetate afforded on1y unreacted st;rting mdteria] and de§radation
products . ' e , | .

. One ]ast venture 1nto the chemistry of acety]enes was
accomplished through B-1dctams 159 and 160,.which were prepared from: -
tr1methyls11y]propargy1 aldehyde in the fam111ar manner, again as a 1

.3 to 2 m1xture of eis and trans forms. We thought of using these pB- 1actams

“to solve our prev1ous problem of preparing aldehyde P (p.-78 ).

\ ~ o v o]
< ‘//Si\ . P /H H
o Np : Z . _]/ HBZ. '(/lyH (0) N,
I — & 5l 8 . ‘
. : e \L[/Po(oe:)! C AN - o \}(PO(OE'L
v 00¢-Bu - ‘ . 00¢-Bu
( ‘ ) . .
' 159 cis 161 trans . P
. : VA
Ve . .
T60 * trans

Cleavage of the silylacetyiene in 160 proceeded smoothly with petassium
) f]uorﬁde in methano]l]g’to give terminal acetylene 161. Treatment of 161
with Ertecholborane in THF at 70° for 1 hour followed by ox1dat1on with’

buffered hydrogen perox1de]29 gave mostly un1dent1f1ab1e products and |




.

.o ,
& i . . ¥ . .
., .

some start1ng materia] React1on of ]61 w1th 9- BBN121 i%'THF followed

by ox1dat1ve workup afforded some unreacted 161 and other products

\ .
N,

def1c1ent in B- 1actam absorpt1ons in the ir.

.

cis B-lactam'léé.(P 82 ) could not be hydrated to the corresponding

ketone, both cie 159 and trans l§g_cou1d bedoxidized to thein correspoﬁd;
ing methyl ketones 162 and 163, respectively, in one operation using

mercérie triflioroacetate, “in the usual manner: ' -

(o] .-
\ISObBu ) T,
KO '\ ! - 25
b 62  eis A S
»
163 ‘trans |
4 — *

s
“ » A}

l'.In ¢onclusion, the synthesis‘and reactivity of* various allyl-,
N .

vinyl- and epoxysflane substituted g-lactams were explored. The reactions:

of ‘mercuric 'salts with ginn§my1'and bheﬁy1acety1epyl Qzetidiﬁéﬁes\were‘
examined. From the‘latternwés prepared phenylketone 141, which was |
sﬁown Eo'qndergo rearrangement to acylpyrrole 15}_1nsteasldf cyclization
to a penem, Finaliy,'two hew ring systems, the carbépenamé lﬂg_énd 157
have been prep%red:‘ Althotgh we'Qére uﬁable to cleanly deblock thé ester

functions in 146 anl 157, cleavage of the corrgspondiﬁg p-hftrobenzy]

'

o 3

.

As an as1de it is 1nterest1ng to note that whereas pheny]acety1ene
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e§ter; should prove‘to be consi&erab]y'simp1er. However, synthesis of

»

" such p-mitrobenzyl esters was not Qithin the scope of this thesis.’
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CONTRIBUTIONS TO KNOWLEDGE | '

The stereochemistry 8f the 8-lactams der“wed from the reaction of
|
o az1doacety] chloride with substituted’ c1nnamyhdene amhnes was found

to depend on the substitue:;t. Schiff bases dem‘ved’ fxom electron rich - N

anilines (with pKa's > 2.4) afforded exclusively v B-lactamsi-
o '\w R - L3 “
Cephalosporin analogs 37, 59 and 77 were synthesized. the, key ~

, step in the synthesis of 77 sinvolved a novel intramo]ecd]ar cycHz,,ation,
-~

of a t- butyld1methyls11y1 ether with either a mesy]ate or a ch]omde,

s

[4

mediated by fluoride ion (p. 32, 48) v ’ L. s
. The one carbon homologation of f&- tr1methy15ﬂy1-a B- unsaturated
esters with diazomethane was extended to the correspondmg - tr1methy1sﬂn)

=

or B-t- buty]d*amethy]sﬂy] aldehydes (p. 63). S AR

e Phosphono k#tone 3-lactam 14] was shown nét to y1e1d the desweﬁﬁ

carbapenem system ‘upon treatment “with base but to rearrange to N acy]

-

pyrrole 143. - ) ., . L.

-

Two new ring systenms, 2-pheny1carbapengms/l4_6_ and 157 have been

-

'brepared. 4The former being a key intermediate’ fn)tbe synthesis gf.

. . H
phosphonic acid carbapenam 148.»
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'¥eported 'in parts per thousand ( /oo) Chemica

S e

Me]tgng points (mp) were deteryiined on'a Gafilenkamp block and ~

‘6btained on HP 5984 or LKB 9000 mass spectgdmete s and- intensities are

ionization mass spectra

.

(CI-ms) (us1ﬁg isobutane) and gas chrOmatograp ic mass spectra (gc—ms) o
[ ¢

were recorded on Yhe HP 5984 1nstrument Insfared 1r)t§pectra were
obtained on Unicdm sp 1000 Perkin E]Eer 257/and 297 spectrophotometers

‘e - e

Prpton magnet1c resonance (‘Hmr) spectra were acquired on Varian T-60,

‘T-60OA, HA 100 XL ZOdL\néggrucker WH-90" s ectrometers “with tbtramethy1—

) sn]ane (TMS) as 1nterna1

tandard Chem cat sh1fts are. g1ven in the ¢

*'1sca1e, in parts per million (ppm). Doub ets (d) triplets (t) and

quartets (d) are reported by thexr cente pos1t1ons _while mu1t1p1ets (m)

“are dégcribed by a range of absorpt1on. Other abbrev1at1ons used are:

deScrlbed by St111 et aZ

(s) forjsingTet; (b) for ‘broad and (app) for apparent.
Analytical thin 1ayer‘chr0matogr phy {(tlc) was carried out on

q

sx]1ca gel 60 F254 pre goated a1um1num sheets. “F]ash chromatography", = "

122, was performed using 32- -63.u Woelm silica

ge] (from ICN Nutr1t1ona1 B1ochem1ca15, C eveland, 0h10) Ana]ytﬂcal
ga§ chromatography was performed on an HP @750 1nstrument, us1ng a 3%
ov- 101 (3 Ft) column. " ," C \ T

Dhy so]vents were obta1ned by stqr1wg over molecular s1eves]23

( DMF, DME acetonitrile, benzene; methano1 hethyﬂgne ch10r1de toluene), :

Lo
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or by reflu ng in the pﬁes%nce-of'sodiumlbenzpéﬁenonglzg\(THF)u

a

were ava11ab1 "ommerc1a11y (Et 0, EtOH) o R

Ali evaporatwns were done, unless o‘ther‘mse mentwned under

reduced pressure "(water asp1rator) w1th a bath temperature of; 25 40°,

M1dwest M1cro1abs (Indwanap011s Lnd1ana) performed the
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\tetra-nJButy1amm6nium deoﬁide L .- A -
: Piess repdrted a'COnvenient preparation.of this f]Uoride sa1t§7.
~ The sa]t was obta1ned as an aqueous so1ut1on and had to bé dried. The )
so11d formed dur1ng the, evaporat10n of -the water was the tr1hydrate,
whwch had to be heated at 60° for severa1/ﬁours, under high vacuum, to ‘~l Y
y
o?ta1n anhydrous TBAF, as a c]ear th1ck oil. In this way, the‘ .
' commerc1a1ly ava1lab]e TBAF tr1hydrate (F]uka) was also usedl
Solut1ons of this salt in.THF were found to 1ose act1v1ty, over 1-
Ja per1od of a few anths, when stored 1n g]ass bott]es, even at -20°.
Also refr1gerated so1ut1ons, stored in p]ast1c bq&é]es, became more
- v
. concentrated with twme die to the ‘permeability of the p]asy1c to tetra- '
hydrofuran. | :
* Schiff base 30 . o SRR

o-Aminopheno1. (5 5 9 50 mmo1), and‘cinhaha]dehyde (7°3 q, ss.mmoii
\ were ref]uxed 1n benzene (60 mL) for 4 h, us1ng a Dean Stark trap
. After coo1gng,'hexane (40 mL) Was added to give 10.5 g (93%) of Schiff
base gg_es,ye]]ew need]eglcontaminated with a trace of'cfnnamaidehyde. .
. : I '
L Hmr (cnc13).s: 6.5-7.3 (m, 124, aromatic, CH=CH and OH), 8.2 (dd, W

o . ur -1
N CH, J = 4 4 Hz ir (CHC13) Vnax’ 3400 kOH), 1630 (%;C) cm .

[
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Schiff base 31

12 mmol) and imidazole (1.7 g,*25 mmol) were stirred overnight in DMF

- p-lactam 32 | . ' o

N —— . ‘ . L -,

Imine 30 (2.2 g, 10 mmol) ,. t-butyldimethylsilyl chloride (1.8 g,

[,

o

" (20 mL).- Then ether (100 mL) was added and the sd]utioﬁ was washed With ™ e

‘Water~(3 X 75'mL)’%pd brine (75 mL), dried‘(MgSO4) and evaporated to

give Schiff basé-31 (89%), as a thick yellow oil, which was reacted

without purification. -

Hmr (CDC14) 61 0.15%(s, 6H, SiMe,), 0.95 (s, 9H, t-Busi), 6.7-7.3 (m,
11H, aromatic, CH=CH), 8.0 (dd, 1H, N=CH, J = 3,6 Hz). R

"Azidoacety1 chWoriéL (1.6 g, 13 mmé]) in CHZC12 (10 mL) Qas added
dropwise to a solution of Sshiff base 31 (3.4 g, 1Q:hmdl) and triethyl-
amine (1.3 g, 131mmbl)lin CH2612 (50 mL), at -20°, over:15 min. . Affer
stirring for-1 h at L20°, the solution was ai]owed'to warm up. wéshjng .

with water (2 x 60 mL) and brine (60 mL), thenidryiné (MgSOa) and

evaporation of the solvent afforded, after chromatography on silica‘gel,

2.65 g (63%) of B-lactam 32, as a thick yellow o0il which crys%a]]ized ~ P

- upon trituration with hexanes; mp 84-85°. ; b

P » . t ‘
[ -

" Hmr (CDC14) 6: 0.28 (s, 6H, SiMe,), 1.03 (s, 9H, t-BuSi), 4.88 (d, TH,

CHeNy, J = 5Hz), 5.02 (dg, TH, CH-CHN;, J = 5,7Hz), 6.10 (dd, TH,
CH=CHPh, J = 7,15 Hz), 6.57 (d, TH,HPh, J = 15 Hz), 6.6-7.5 (m, OH,
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aromatic); ir-(CHC13) \ 3), 1760 (A-lactam) cmf].

max: 2100 (N

‘(75 mL), dried and evaporated to afford 1.53 g (88%) of alcohol 33,

Alcohol B-lactam 33 . ,
\ .
Ozone was bubbled through a solution of g-lactam 32 (2.1 g,

5 mmol) in dry MeOH (100 mL) at -78°. Excess* dzone was flushed out

\With a stream of Nz,anana‘BH4 (0.19 g, 5 mmol) was added, at -40°. After

3

“ %
warming to room tempevature, pH 4.5 buffer (KH2P04, 100 mL) was added ¢

© and the methanol removed .under reduced pressure. The aqueous residue

was extracted with ether (3 x 75 mL) and thé ether washed with brine .

after chromatography on silica gel. Crystallization from ether-hexanes

“

gave fjine white needles; mp 77-77.5°.

*Hor (COC14) 6: -0.25 (s, 6H, SiMe,), 0.98 (s, 9H, t-BuSi), 2.30 (bt, TH,

5)
OH), 3.83 (bdd, 2H, CHZ), 4.46 (dt, H, Cﬂ;CHz, J = 4,5 Hz), 4.87 (d, TH,

tH-N3; J =5 Hz), 6.7-7.7 (m, 4H, CgHy). . ) -

bis Silyl ether 34 o ' ;

d R {
: . ? A
Obtained” from 33 via the procedure for the preparation of 31, ‘as

a pale yellow: foam, in qudntita@ivé yield.

YHmr (CDC14) 60 =0.10, -0.15 (2s, 6Hy SiMe,), 0.20 (s, 6H, SiMe,), 0.75,
0.92 (25, 18H, 2t-BuSi), 3.75 (d, 2H, CHy» J = 5 z), 4.40 (dt, H,

Cﬂ—%HZ,?J = 5,5 Hz), 4.65 (d, 1H, CH-N3, J = 5 Hz), 6.6-7.6 (m, i, 06H4).

Bt

* ' - : .
The presence of ozone was mohitored with KI-starch paper.

! i

;
¢ R P . 2
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Amino g-lactam 35 and Acylamino B-lactam 36

.“ y

Into azide 34 (4.6 9, 10 mmo1) d1sso1ved 1n éHZC] (200 mL) and
triethylamine (1. 0 g, 10 mmo1) at 0° was bubb]ed/ﬂzs for 15 m1n Thé
yellow solution was allowed to warm ugiu%nd after stirring for:-1 h at
room temperatdre, nitrogen was bgbb]ed through the solution for 0.5 h.
To this solution at 0° was added triethylamine (1.3 g, 13 mmol), followed’
by dropwise addition of phenylacetyl ch]é}ige (2.0 g,‘13 mmo1). Aftér
stirrimg for 1 h, at ambient temperature, the solution was ;ashedﬂwith

]

water (3'5 100 mL) and brine (100 mL), then treated with MgSO4 and ;
charcoal, filtered and evéﬁorated &o give 4.2 g (76%) of amide §§, as s /
a white foam, after chromatography onqsi1ica gel (CHZCIZ:CHC13). Aminé
35 could be iso]atéd, prior tb acy]ation? by washing the CH2C12 solution .
‘with water (3 x 100 mL) and brine, then s?irring Q1th MgSO4 and charcoal

followed by filtration and evaporation of the solvent.

—— -
Al

Amine 35: 'Hmr (CDCT5) 8: -0.17, -0.03 (2s, 6H, SiMe,), 0.20 (s, 6H,
SiMe,), 0.88, 1.05 (2s, 184, 2t-BuSi), 2.40 (bs, 2H, NH,), 3.674.0 (m,

2H, CHZ)’ 4.1-4.5 (m, 2H, Cﬂ;CﬂfNHZ), 6.7-7.7 (m 4H, C6H4).

/ \ L .
Amide 36: '-0,37, -0.23 (Zs,q6H SiMez) 0.204 0 24 (25, 6H 4 SiMez)

- 0.80, 0’95 (2s, 18H, 2t- BuS]) 13,52 (s, 2H CH- Ph) 3.72 (bABX 2H, CHZO)

. (B-Tlactam), 1680 (amide) cm

4. 47 (bddd 1H,. CH- CHys J = 5.5 Hz), 5. 60 (dd, 1H, CH- NH J = 5 5, 10 Hz),

6. 5 7.9 (m, 10H, aromatic, NH); ir (CHCI 3400 (NH), 1755

> -1

3) Ymax’

i
.

7

;

)

e
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"

uh:—N—(Z'—Hydroxyphedyi)-3-phéﬁy1aéetamido-4-hz§roxymethy112-a7§t1d1none

Gy ‘ *
3 y ’ SRR .

To a solution,of 36 (1.1 g, 2 mmol) in dry THF (75 mL),at 0° was

added n-Bu,NF (2.2 mL, 1 M) in dry THF (5 mL), dropwise over 10 min.

— -, N ,

AN
After stirring for an additional 15 min, bw 4.5 buffer (75 mL) was added, -
and, half the THF removed under reduced pres@ure Extraction with ethyl
acetatg (3 » 50 mL) fo]1owed by evaporation afforded 630 mg (97%) of

~ g-Tactam 37, as white needles from MeOH-ether, mp 174-175° d (corr.). .
4 / - _ s .
"Hmr (acetone dg) : 3.1 (b, 2H, 20H),°3.80 (s, 2H, CH,Ph), 3,85 (dd,
1, CHH-OH, J = 2,5,,12.5 tz), 4.30 (dd, TH, CHH-OH, J = 3.0, 12.5 Hz),

4.75 (ddd, H, CH-CH,, J = 2.5, 3.0, 5.0 Hz), 5.72 (dd, 1H, CH-NH, J =
x 1 .

2

5.0,,10 Hz), 6.8-7.6 (m, 10H,. CgH,, Ccle, NH{; ir (KBr) v, . ¢ 3450 "
e

(NH), 3250 (OHy"i59524%—1actam), 1650 (amide) cn™ "5 1r (CHyCN) S

1720 (p-lactam T680( (amide) em™'; ir (DMSO) v___: '1750 (B-lactam), -

1680 (amide) cm71, gc-ms (TMS derivative) (70 eV), ﬁ/e (°/40): component

max

-

ef 1. 542 (4, M", tri-TMS derivative), 527 (17, M*- —'CH3;), 439 (30, e

,M+' - TMS-0-CH j);3335 (210,~M+' - TMS-0-Ar-N=C=0), component 2: 470 9

v

~.7 N : . .
{56, +', di-TﬁS derivative), 455 (24,'Mf' - CH,), 296-(1000, M- 174).
~ 3

. Chloride 38 _
- . i C

"> AJcohol 33 40.5 g, 1.4 mmo1) was refluxed for 2 h in benzene

(25 mL), contaiging thionyl chloride (0.2 g, 1.7‘mm01) aﬁdlpyridine,(o.ﬂd g,

1.7 mmo1§. This mixture was added to ether (25 mL)’andlthen washed with

'
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.semi-solid, after chromatography on.silica gel.

» o

\ N a
water (2 x 30 mL) -and brine (30 mL). .Treatment with charcoal and drying

(MgSO4),'followe5“%y filtration and evaporation of the so]yéntnafforded

1 ! !
0.46 g (87%) of chloride 38, as a white powder from ether-hexanes, mp

77-78°.

1
4 \

~

'Hmr (CDCI3) §: 0.32fs, 6H, SﬁMeé), 1.03 (s,-9H4, t=BuSi), 3.7-3.8
N o &

(m, AZBC,IZH, CH2),‘4.75 (ddd, Azﬁﬁ, IH, Cﬁ-CHZ),'5.05_(d, AZEQ, TH, CH-N3,

J = 5.0 Hz), 6.8-7.8 (m, 4H, C6H4Y; ir (film) Vnax' 2110 (N3), ]7651

(B-lactam) cm_].

A I

%

o

Mesylate 39 Lo - ) , .

/

To alcohol 33 (0.8 g, 2.3 mmol) in CH,CT, (25 L) and triethyl-
. { -

amine (0.28 g, 2.8 mmol}, at -785, was added dropwise methanesulfonyl

chloride (0.32 g, 2.8 mmol), in CH2C12 {5 mL). The éo]ution was stirred

for 0.5 h at -78° and aliowed to warm to room temperature. After 1 h,

_the solution was washed with water (2 x 25 mL) and brine (25 mL), then
N Al 1

i , -
dried (MgSO43 and evapqggted to afford 832 mg (85%) of mesylate 39 as a
: ' )

-

]

‘Hmr, (CDC1,) 6: 0.28 (s, 6H, SiMe,), 1.02 (5, 9H, t-BuSi), 2.87 (s,
3H,, S0,CH4), *4.4-4.5 (m, ABC, 2H, CH,), 4.80 (app q, A)BC, TH, CH-CH,),

5.10 (d, ABC, TH, CH-N5, J = 4.5 Hz), 6.8-7.8 (m, 4H, CeHy)s ir (F1lm)

_ : -1
Viax’ 2110 (N3), 1770 (Bilactam) cm. .

€%

2 2
J)
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©3.36 (dd, 1H, CH-CHH, J.

84.4 (M%) 216 > 135). - - \g

Tricyclic g-lactam g@_-

To mesylate 39 (306 mg; 0.72 mmol) inidry THF (30 mL}, at 0°, was
added dropeTSS\\;?uANF (0.79 mmol) in dry THF. (10 mL), over 15 min.
Dilution with pH 4.5 buffer {KH 504, 40 ml) and extraction with ether

~(3 x 50 mL) fo11owed by drying (MgSO4) and evaporat1on afforded, after

chromatography of the res1due on silica ge] 147 mg (91%) of tricyclic

B-Tactam 40, as a white solid from ether-hexanes, mp 717- 78°

Procedure B: To mesylate §9_(2?64 g, 6.2 mmol) in dry acetonitrile

(80 mL) was added anhydroué KF (df43 g, 7.4 mmol) and 18-crown-6 (0.49 g,

1.9 mmol): Upon comp]et1on of the reaction, as 1nd1cated by tlc (6-8 h),

the solution was diluted w1th water (100 mL) and extracted with CHZC]2

(3 x 80.mL), wh1ch was then washed w1th brine (100 mL), dr1ed (MgSOA)
and evaporated to give 1 27 g {95%) of tr1cyc11c B-lactém 40, after

chromatography on silica gel. . )
T : ¢

©

. Hmr 100 MHz (CGD¢) 6: 3.10 (ddd, 1H, CH-CH,, J'= 3.5,/5.0, 10 Hz),

4.18 (df 1H, CH-NQ, J = 5.0 Hz), 6.6-7.4 (m, 4H, C6H4); ir (KBr) Vmax’

2120 (). 1780(g-lactan) cn”'; ms (70 eV, 30°), m/e (Y/as): 216 (330,

‘M*')Z‘lsa (250, M"* - N2 y, 135 .(1000), 133 (455 Mt - - 0=C=CH-N,) ; .

!

NS

10,10 Hz),- 3.87 (dd, H, CH- CHH J =3.5, 10%2),

'&/>
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Sityl ether 42 T g

" ether- hexanes mp 106 1070, 4 .

" 2h, NHZ) 6.5-7" 5 (m, 3H, C6H3), ir (film) v nax’ 3500, 3400 (NHp);
'1520 134B- (NOZ) cm ' ) )

Schiff base 44 , . .

B=Lactam gg

o g
/
2 -
Obtagned*from 2~amino—§—ndtrophen01 via the proceduré for the

preparation of 31, 1in quant1tat1ve yield, as deep ye]]ow crysta]s from/ﬂw

14

" Hmr (CDCT4) 61 0.30 (s, 6H, SiMez)\ 1.03 (s, 9H, t-BuSi), 3.95 (bs,

1

£

Schiff base 43 e S

! T Ce 1o
Obta1ned from 41 via the procedure for the preparat1on of

Sch1ff base 30, and used, as such for subsequent transformat1ons

"

7

AObtained/from 42 by treatment with cinnama]dehyde,'as‘fdr QQ;
;ut, requiring reflux fpr,6'h, in the'presepce'of a trace of pATSOH;
as cata1ysc. IA]so obtained from 43 via the procedure for the preparation
of 31. In either case;‘ﬂﬁfwas used without any purificatiou.l

N

?

Obta1ned from 44 via the procedure for the preparat1on of 32,
except that tetrahydrofuran was used as so]vent 1nstead of methy]ene

chloride. After completTOn of the react19n§ the THF was removed under

B S . L 108

oF

/1_\4'
KDy ¢
u(r/ o

g A
42

A
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- bl

reduced pressure and the yesidue redissolved in an equivalent amgunt of

ether, prior ta'phe‘hsudl work-up. B-bactam 45 was isolated [in 50% yield.

%-“ [

.

e (CDCT4) 81 0.38 (s, 6H, SiMe,), 1.03 (s, 9, t-BuSi), 4.55 (d; W,

TNy, 9 = 2 Hz), 4.85 (dd, TH, Ch-CH-Ng, JJF\f,?’HE), 6;19‘(dd}1ru
CH=CRPY, J = 7,16 Hz). 6.63 (d, TH,"CH=CHPh, J = 16 H2),'7.~7.7 (m;
- ! R I R .

r

8, aromatic); ir (Film) v : 2100 {Ny), 1770 (6-Factam) cm .

g T

o

B-lactams 111 and IV (Table 4, p. 37 )

" -Obtained from their,correépondin@‘Schiff‘pases vﬁa~the»procédyrel

)

for the preparation of 32.

Blactam I1la: Hor (CgDg) 6: 4.05, (dd, M, Clt=CH-Ny, & = 5,7,
Hz), 4.i5 (d, H, CH-N;, J =5 Hz)tj5.90’(dd?;1H,-Cﬂ§CH§h, J = 7,15~H22,
6.48 {d, IH, Eg?h, J =15 Hz), 6.9-7.6 (m,'10H, aromatic):
B-Lactam 111b: M (6356)‘5: 3.95 (dd, 'TH, CH-CH-N, J = é,7ﬁ'
' Hz)\, 4.20 (d, TH, CH—Né,‘q = 5 Hz), 5.80 (dd, TH, CH=CHPh; .J, = 7516 Hz).
'6.43 (d, W, CHPh, 3 = 16 H2), 6.9-7.3 (m, 9H, apomatic). 3
| B—Lactam_IIId: . see B-lactam 32. -
B—Lgctam IIIf: see B-lactam 70, Chapter II. )
g-Lactam 1]1g: 1Hmr‘(CDC13) 5t 4.20 (dd, H, CﬁfCH-N3,'J = 5,8 -
Hz), 4.43-(d, W, CH-Ny, J-= 5 Hz), 5.9iv(dd, M, CH=CHPh, J % 8,16 Hz),
,6-66°(d, 1H, CHPh, J = T6 Hz),‘6.8¥8.2‘(T; OH,raromatic); ir (filn) vaag;
12100 (N3)7-i775 (8-Tactart) Y, T |
' p-Lactam 11In: ‘“Hor (CgDg) 6: 3.23 (s, 34, Ar-OMg), 3.60 (s,-3H,
N ‘- , A
.
& ’ -

A~



‘v 22100 (N5}, 1770 (8-lactam) ‘cm

g\romatic);(ir‘(fi]m) v

N N ' ’ v . » ‘ R °
, . _ '
R v o 110

. ’
Lad .

COOMe), 4.53 (d, TH, CH-N3, J = 5.5 Hz), 4.83 (dd, TH, CH- CH- N3’ J =
5.5, 7 Hz), 6. 05'(dd 1H CH= CHPh J=7,15 Hz)/ 6.50-(d, 14, CHPh,

J'= 16 Hz), 6.9-8.3 (m, 8H °ar0mat1c), ir (f11m)
=7

max'

é

2108 (N,), 1770
(@il'a.ttam), 1725 (ester) cm ‘ .

"} ‘ a

‘B-Lactams IIIi and IVi: ‘Hmr (Cghg) 6: 4.10 10 4.43 (2d, THY

CH—N;; J=2.2,5.5 Hz), 4.65, 4.82. (2dd, W, CﬂfCH—N J=22,8,5.5,

3!
8 Hz), 6.07 (dd, IH CH=CHPh, J = 8,16 Hz), 6,4-8.4 (m, 9H{ CcHa, C6H5—CH);

v (Film) v 2100 (g, 177 (B-Tactam) am'. N\

max’

- / g-Lactam III!L see 8-1ac"cam 45,

g-Lactam I1Im: ‘Hrir (CgDg) 6: 4.05 (dd, 1H, CH-GH-Ng, J = 5,8

H2), 4,30 (d T, CH-Ny, J = 5 Hz), 5.93 (dd, H, CH=CHPh, 0 = 8.1 fz),
6.57 (d, TH, CHPh, J = 16 Hz) 7.1-8.0. (m, 9H aromatm), ir (fﬂm)‘

-1
max ‘

g-Lactam IVm: 'Hmr (CeDg) 6: ".0-472 (m, 2H, CA-CH-Ng3 + Eu(fod),
>.dd, WH,°0-= 2.5,9 TR)and d, W, 9 =-2.5 Hz), 5.7 (dd, H, CH=CHP,

J =9,16 Hz), 6.58 (d, 1H, CHPh, J L 16 Hz), 7..1—8.0 (m 9H, grromatw)

. iy
-1

r (film) Veax’ 2100 ( 3), 1770 (B- 1actam) cm . T, R

B-Lactam IVn: ‘Hmr (coct,) s 2. 43 (s, 3H, CH3) 4.60 (d
CHNg, 0 = 2 Hz), 4.66_(dd, TH, CH-CH-Ny, 7= 2 8 Hz}, 6.03 (dd, 1 g CH=

CHPh, J = 8,16 Hz), 6.68 (d, 1H, CHPh, J = 16‘Hz), 7.1-7.9 (m, 8H,
. o : !

X -1/
nax 2100 (N3), ]770‘(8-1actam) e

]

)

———
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" Azido plactam 54

.

s
.
B '
. - . . .
N f
. ' b4
f . - N ¢ a
. . . .
. ! - P ! N
. . . ¢ u
N
.

" Azido g-lactam 53 o ) : ’

2-t—Buty1dimethy1st}ylbxy-5~n1troaniliné (7.5 gs 28‘mmoi) and .

v

c1nnama1dehyde (4.1 g, 31 mmol), 4in benzene ( 1OdChL conta1n1ng a traca

of p-TsOH, were refluxed for 2. days using a Dean Stark trap~ The solvent

was thén evaporated’and rep]aced by CH2012 (250 mL) quth1s solutiony
it 20°, was added trwethy1am1ne (3.6 g, 36 mmot) f£ollowed by dropwise
addition of az1doacety1 ch]orlde (4.3 g, 36fmmo1), in~CH Cl, (50 mL), nOQer
‘1 h. The red brown so1ut1on was st1rred for an add1t1ona1 hdur at 20°
then a110wed to warm up Wash1ng with*water (2 x 200 m%) anq br1pe
(200 mL) Xhen dry1ng-(MgSO4) a;d treatment with charcoal aﬁd e@aporatipn
- oflthe so1veﬁt a;;drded 6.9°g (53%) of B-lactam 53, as a pale yellow s .

¢

so]%d;'mp 109-110° (ether-petroleum. ether)

3

&

e (0606) 6:.0.10 (s, 6H, Sitley), 0.93-(s, SH, t-Busi), 4.35 (d, MH,

CH ~N3» J = 5.5 Hz) 4. 58 (dd 1H, CH- CHN3, 5 5, 7.0 Hz) k 06 (

TH CH= CHPh, J 7,16 H?;\\E“&Z (d, 1H Csﬂﬂz, = 9 Hz), 6. 52 (d TH,

CHPh, J = 16 Hz), 6.9-7.2r(m,A5H, CGHS) 7.60 (dd, \H,- Céﬂﬁz, = 3,9 Hz), “"

8.46. (d, TH,” CeHHy, J = 3 Hz); ir (film) Vmax'“
ol o Lo ol

~

:t-Butyldipheniﬁsilyl ether B-lactam 54 was obtained; fro@ 52,

o ' 5 . .

using the same procedure as for 53, ‘in 58% yield, as fine wh?fé crystals;

mp 159.5-160° (corr.) (etheriﬁgtro1eum ether). {:'TNSW\V//

L s - . i

j - ”
. . - ' ,
'
- . .

1'1‘

u

2100, (N3), 1770 (B-lactam) s

'

[



° o
3& * 1H, CH NHZ’ J=5.5 Hz) 5, 33 (dd 1H, CH-CH- NHZ’ J 5.5, 6 Hz), 6.26

u - S '.éf’”" S | 112
{ A | , : Ca : ‘

. ° s . c ;
\ ‘ | r. . -

v

e (CgDg) 81 1.22 (s, 9H,‘t-3usfy,,4,3-4.6 (m, @Hy CH-CHN,), 6.2-6.4 -
(m, 3H, CH=CHPh, CeHHy), 7.0-7.9 (m, 16H, 3 CHg and CetHg), 8.16 (d,

s -1
v 1H,,C65H2); 1r'(f11m)‘vm§x¢a 2100 (N3), 1780 (B—]acE:T) cm . . ‘
- ’ { . ' a. \ ',9 ’ l ‘v } ]

I

Amina B-lactam 55 : ;

-

" Hydrogen sulfwde was bubbLed 1nto a so1ut1on of az1de 54 (589 mg,
) 1 mmo]) and Et3N (0 1g,1 mmo]) in CH2C12 (30 mL); at O° for 5 min.
The solut1on was a]lowed to warm, and after, stirring . for 1 “h at room
temperature, N, was passed through the solution for 0.5 h. Then, EtqN
. (50 mg!.O;itmmoﬁ) was a§ded,fqlldwed by tJbufyldjphenylsilyI,chloride‘
(135’mg,.0.3 mmo])i' Aftar 045 h, the solution was washed with water
" (3 x 30 mL) .and brine. (30°mL)  dried (MgSO ) and evaporated to g1veg
safter flash chrOma%ography (8 2, EtOAc petro]eum ether) 4%9 mg (75%)

of amine 55, as a pale yellow foam )
I s N . "_ . _ m'

s 1Hmr (EDCT5).: suzrf 18 (s, 9H, t- BuS1) 1.90 (bs, 2H, NH,), 4.67 (d,

A (dd, &H, Cﬂ;CHPh, izi 6,16 Hz)," 6.46<(d,»1H, CGEHZ, F=9 Hz) 6 65 (dn
X -

IH, CHPh, J = 16 Hd 7.1-7.7 (m, T6H, 3 CHs and CgHH,), 8.62 (dy- TH,
I g h

ColiHps 0 = 2.7 Hz); ir (CHCTg)-v . 0 3400, 3340 (NHy), 1760 (- 1actam)

\
-1 ¢ ) e,
cm . . : .

-

o Pheny]acgtamjdo B-lactam 56

[
5

Hydrogen sulfide was bubblediinto a so1utﬁqg§of azide 53 (2.25 g,

vu‘é’

/

BN



Wope |

)

s

‘ Vpax: 3400 ( H), 1265

© m/e (“oo): 557'(399, MT), 500 (60, M"* - t-Bu’), 382 (79, M -

’ - T e

4.8 miol) and Et,N (0.48 g, 4.8-mmol) in CH,Cl, (150 nL) at 0° for 15 min.< .

The coo]1ng bath wag removed and the stirring contlnued for 1 h, then

'
N, was passed through the solution for 0.5 h, and Et3N (830 mg, 8. kamol)
"was added, followed by t- butyld1methy1s1]y1 chloride (362 mg, 2.4 mmol).’

:After 0.5 f pheny]aCety1 chloride (890 mg, 5.8 mmol) was added dropw1se

‘e at 0° and the solution stirred for an add1t1ona1 hour The so]ut1on -

#

was then washe&FW1th water (2 X 50 mL) and brine (100 mL) drwed (MgSO4)

. and evaporated to ‘give, after chromatography on 5102, 2, 1 g (784) of am1de
o .

-’

‘ 56 as f1ne wh1te crysta]s, mp 165 166° (ether—petro]eum ether).

}Hmr,(Acetone—dG) §: 0.38 (2s, M, S1Me o)y 1.02 (s, 'OH, t-Busi), 3.55"
(s, 2H, CH 2)>"5.30 (dd, W, CH-CH-NH, J = 5. 5, 6.5 Hz), 5.58 (de, H,,
CH-H, J = 5.5, 9.0 Ha), 6. 30 (dd, T, CH= CHPh, 9 = 615, 16 Hz) 6.73 -
(dy TH, CHPh, J = 16 Hz), 7.1-7.4 (m, 11K, 2 Cs 5 and Cgh,), 8,0 (dd, b,

2H, Cohifty, J = 3,9 Hz, q:;ﬁ)s .63 L//}—CGHHZ, = 3 Hz); ir (KBr)

actam), 1675 (amide) cm ], ms (12' eV, 80°),

PRCH,CONHCH=C=0) , 325 (300, M'* - 57 - 175), 263 (1000, PhCH=CH-CH=CH-
NHCOCH,PR). .~ -
A

.

. Phenylacetamido g-lactam 57 . S

s 8

«  t-Butyldiphenylsilyl ether g-Tactam 57 was obtained, from'gg) via

the procedure for the preparation df 56, in 75% yield, as fine white.

e

" crystalsgmp 199-200° (corr.) (ether-petro1eum~ether).

- o BRI |



“ldd, TH; CH=CHPh,

+ » N

»N“l - \ N ‘ - ‘ i j
'Hmr (CDC]g) 8 1 13 (S, 9H, t- BuS1), 3.56 (s, 2H, CHZ) 5.45 (dd M

CH-LH-NH, J = 5.0 g( 0 Hz), 5.70 (dd, TH, CH- NH, 0 = 5. 0, 8. O Hz), 6. 15
= 6.0, 16 Hz), 6:45 (d, M,C cHH, 3 = 9.0 Hz), 6.60

(d,.H, CHPh \Q\\\dG Hz) 6 9 7. 8 (m, 224, 4 C6 5> NH, and C6ﬂH2) 8.62,

L4

CHy=Ph), 3.75, 4.10 (2dd;’ 2H, CH,-OH, J = 3,

(d, 1H Cghty s 3 Hz), ir CHC13) '? 3310 (NH) ,. 1765 (s lactam),
' 1670 (amide) cm‘]l \
Hydroxy B-lactam 58 - “ 7 S

v
0

- X 10

- Into a so]ution of B—]actao 57 (1.1:9, 1.6 mmoJ), in abso]ute
EtOH . (100 mL) and CH C12 (25 mL), was bubb]ed ozone at’ 78° Excess

ozone<was Fflushed out with N2 and NaBH4 (0. 24 g, 6. 3 mmol): was added

. at.-78°, then the cooling bath was remoyed. ‘After stirring for 1 h at .

- room temperature, pH 4.5 buffer (100 mL) was added and'bhe ethanbl o

‘

removed under reduced pressure. The aqueous reS}due was extracted w1th

[EtOAc (3 X 50/mtT‘ahd‘the extract washed with br1ne (30 mL), dried and
'evaporatedeo give 700 mg (71%) of,a]cpho]l§§_as.wh1te crystals, mp |

125-126°, ‘after chromatography on\5102. ?
\ . . ! :

. “L . : ey
"Hmr (CD3CN) 8: 1.06 (s,«9H, t-BuSi), 2. 85 (bs, 1H,- OH) 3 63 (s, 2H,

2 e
Ho J =12 Hz), 4.82,(dt, 1H,

" CH-CH,=OH, J = 3, 5.5 Hz), 5.66 (dd, 1H, CH-NH,"J = 5.5,-9.5 Hz), 6.53
:(d, 1H, CBHHZ, J = 9 HZ), 7;2—2.8 (m,‘]7Hg 3 C6H5, C6EH2, NH), 8.26

(ds TH, Cghty,
1650 (amide) em

3 Hz); ir (CHCI4) v 3350 (OH), 1760 {B-lactam),

max’

[

114



= 4

o - . « 3
f

—NJ(Z};Hydrogy—S’-nitrgpheny1)—31pﬁeny{§cetamido—4-hydroxymethy1—24

S

Ozone was bubb]ed through.a solution of 8 lactam 56 (280 mo,

- [

azetidinone (59)

L A
Q.Sfmmol) in absolute EtOH (40 mL) and CHoCT, (10 mL) at -78°. Excess

ozone was f]ushep out with N2 and NaBH4 (38 mg, 1 mmo]) was. added at

~—78", and the cooling batﬁphas removed Affer‘stirr%ng for 1 h at room

temperature, pH 4.5 buffer (40 mL) was added to the deep orange so]ut1on
1

~and the ethano] removed under reduced pressure. The aquedus ye]]ow

. res1due was extracted with EtOAc (3 x 20 mL) and the extract washed

‘ ZH CH- CH > d = 2 5,

g

with br]ne‘(ZO mL) dried (MgSO4) and evaporated to give 110 mg (59 ) of

-a]coﬁo]tég as white crystajs;fmp 179-180° (EtOAp).

- ’\
_ - l

*Hmr 200 MHz (Acetone d6) §: 3.68 (2s, 2H, CHZCO), 3.80, 4.16 (2dd,
2

=128 Hz), 4.80 (df, H, CH-CH,, J
5,68 (dd, " TH, CH-NH, J = 5.9, 10 Hz), 7.08 (d. 1H, CliHy, 9.= 9 WD),
7.2-7.4 (m, SH, Cghg), 7.60 (bd, TH, NHy J = 10 Hz), 7.95 Tad, M, csﬁﬂz,

J = 3,9 Hz), 8.38 (4, TH, Cey,"J = 3.Hz)s5 v (CHyCN) v 3600 (GH),

maxs

< N f . °

03350 (NH). 1720 (&-lactam), 1625 (amide) cm™ '3 Cl-ms (110°), m/e (®/o0):

372 (138, Mi*), 218 (1000, MA* ~ OH" - NO," - PhCH,").
«(‘?_/ \: , “ ) \ .

Sodium p-nitrophenoxide g-Tactam 60 3

To nitrophenol 53 (100 mg, '0.27 mmol) in THF (25 mL) at 0° was

added" sodium isopropoxide in isopropanol (2.7 mLy 0.1 M). The mixture

115

2.5, 5.9 Hz),

was &ltowed to warm and~the‘orange precipitate filtered and dried in vacuo :

¢

~

.

é}u



. to give a- quantitative §5e1d of the sodium salt 60 as an orange solid;

‘mp’168-171° (cqyr.). : . ,' o - - ‘\’ v e

N6

e

K3

. R X . ° I :
'Hmr (CDyCN) ®: 3.6-4.3 (bm, 6H, CH-CH,OH, CH,), 5:50 (dd, TH, CH-NH, Q\\\

"J = 5.5, 10 Hz), 6.55 (d, TH, csﬂﬁz; J =9 Hz), 7.40 (s, 5H, CoHg) »

7.76 (bd;.1H, NH, J = 10 Hz), 7.96 (dd, TH, CghH,, J = 3,9 Hz), 8.13
(d, My CgHy, 0 = 3 H); (+D,0): 3.6-38 (m, 4H, 2 CHy)» 4.30 (dt
M, CH-CH,, J = 2.5, 5.5 Hz), 5.45 (d, TH, CH-ND, J ='5.5 Hz); ir

(CH3CN) Vinax - 3520‘(0H),<ifiéf(NHf, 1745 (B-lactam), 1670 (amide) cm™
\‘ .. ) // . “ q .

Nitrophenyl B-ﬂactamlél

To .a solution of g-lactam 40 (110 mg, 0.51 mmol) in dry acg%g;h '
nitrile (10 mL), containing 2,4,6-collidine (§2 mg, 0.76mmol), was added

solid nitronium tetraf1uor0borate/(T02 mg, 0;76 mmol) in portions, under

‘n1trogen atmosphere. After st1rr1ng for 4 h, benzene (1,mL),was added

and the solution st1rred for an add1t1on§ﬁ 20 min. The solution was -

then poured into ethqr (50 mL) and washed with water (2 x 20 mL) and
Y . N

brine (20 mL), dried (MdSO4) and evaporated to afford 80 mg (60%) of a

mixture of isomeric B-lactams 61, afiter chromatography "on silica gel.

.
‘Hmr (CDC15) &: 3.8-4.5 (m, 2H, CHH-CH), 4.7-4.9 (m, TH, CHH-CH), 5.40
(d, TH, CH-N3, J = 5.0 Hz), 7.0-8.3 (m, 3H, CgHy)s ir (Film) v . :
2100 (N4), 1785 (&-lactam), 1530, 1320 (NO,) e

N ]

-



X

" Hme (CRC15) 83 0.10,.0.28, 0.33 (s, 25, BH, SiMe,), 1.03 (s, 9H,

e A

7

,Nitro}henoxysilyl ether B-Jactams 62 - — ,
. R ) i S8 ‘ * he ! ~

~ ; ' ‘ -

~

BTLactamé 62 were prepared, froﬁ 74 via the procedure'for/the

preparation of BJ1aCtams 61, except, using a 0.5 M soTution of nitronium

A}

tetraflyoroborate in sulfolane instead.of the solid reagent.

3

*

1-BuSi), 3.9-4.3 (m, 2H, CHH-CH), 4.5-4.9 (m, 1H, CHH-CH), 522, 5.27
(2d, TH, CH-Ng, J = 4.5 Hz), 6.55, 6.67 (2d, TH, CgHH, d = 9.5 Hz),

)

7.78-(d, W, CHH, J = 9.5 Hz); ir (film) v
v - _l - ! v

a

2100 (N), 1790 (p-Tactam),

max: .
1530, 1330 (NO,) cm
. ' . < 1

3

. Note: the pmr spectrum of the crude material, b fore. chromatography,

. also disp]ayed‘a:muitip]et (7.4-7.5) for the two

i

-in whichlthe/nitrclgrbub is para to-the B-]écta

romatic protons in 62,

hitrogen. This isomer

- . &
. N
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was then poureﬁmintoawater (100 mL) and extracted with ether (3 x 50 mL),
- dried (MgSO4) and evaporéted to afford 2.1 ¢ (63%) of 66, as a wax. -

CHAPTER IT + =~ *

- . . s P

2,6QDibehzy1ogynitrobenzene 66

———

A mixture of 2-nitroresorcinol (1.56-g,. 10 mmol), potassium

" ' carbonate (3.45 g, 25 mﬁ%]) and benzyl brpm%de (3.42 g, 20 mmo1) in

DMSO (10 mL) was>-stirred at room temperature,'for 24 h. The mixture

P

1

"Hmr (CDC15) §: 5.0-(s, 4H, 2 CHy), 6.4-7.4 (m, 13H, aromatic).

LN

Di{t-butyldimethylsilyl)-2-aminoresorcinol (67)

! 7

A suépension of 2—nitrore§orcino1 (15. g, 97 mmp])'and Ptb2 (1 g)

in absofute‘ethanol {250 mL) was hydrogenated in a Parr appafaéus at

40 psi. Filtration through ce]ite‘and'evaporatioh of,ﬁhé rhpid]y

T ———— e —

darkening filtrate. afforded 12 g of amine 65 as a brown olid. This ami,né\k
. - ‘ .

was added to t-butyldimethylsilyl chloride (32 g, 212 mmol) and

.

imidazole (33 g, 485 mmol1) in dry DMF (75 hL), and let sm{r,overnight"
- 4 f 4 -

L1 » o4

at-room temperature. Then water (BGQ mL):was added and the solution’
extracted thrice with ether (300; 50, 50 mk). The ether extract was

washed with water (3 x 100 mL) and brine (100 m{), then dried (MgSO4) and

'evapohated. Chromatography of the residue on SiOé (250 g) affdrded 20 g

: (59%)‘0f amine 67 as @& brownish oil.

N .
i

Mirr (CDC1,) 8: 0.23 (s, 12H,-2 SiMey), 1300 (s, 18H, 2 t-BuSi), 3.47
a



]
7

(bs, 2H, NH,), 6.27 (S, 3H, CgHy)s ir (Film) v : '3350, 3450 (N,) e

max’

'/

. i / ’ o . ' . -
Schiff base‘gg;and Azido B-tactam 70 . ‘ ..

Amine 67 (14.2 g, 40 m5375 and;ciﬁh&maidehxd;)(S.Gfé, 42<mﬁol),
in benzene (150 mL), with a trace o{égtTSOH,xQere refluxed overnight
using a Dean:Stark trap. Evdporation of the sq]vent'afforded Schiff
base 69 as a thick brown oi{f? To thjé—éghj;f bage; in CHyCl, (250 mlL)

' containing tr1ethy1amiﬁe:(5.3 g, 52 mmol), at\;20° was’ added dropw;sé oL
azidoécety] chior{del(ﬁ.z‘g, 52 mmol) in CH,C1, (EO\pL); over 1 h. /Tﬁe ‘

red broWn selution was stirred for an additional hour at -20°, and™then -

allowed to warm up. Washing with water (2 x 150 wL) and brine (156 m});

then drxing(MgiOa) and evaporation of the splvent afforded, after ,\

chromatdgraphy on- 510, (500,9, CHC13),°13 g (59%) of B-lactam 70 as a
A [4

v

thick brown oil, which crystallized upon trituration with petroleum -

ether; mp 95-96°. BN T , {
) {

Schiff base 69: ‘Hmr (CDC]B) §: 0.16 (s, 12H, 2 SiMez)g 0.98 (s, 18H,

ghys CH=CH), 8.38 (dd, TH, N=CH,

X t-BUSi). 6.5-7.6 (m, 10H, CeHg, C
1680 {N=C) cm .

_J = 3,5 Hz); ir‘(fj1m) Vax'

B~Lactam ZQ;"‘Hmr (CDC]&) §: 0.24, 0.30 (2s, 12H, 2 SiMez), 1.03 (s,

18H,12.t—BuST), 4.8-5.0-(m, 2H, CH—CH-NB), 6.4-7.3 (m, 10H, CgHgs

2100 (N5), 1770 (8~lactam), 1580 cm™ .

4

J QH=C&;C6H5); ir (£ilm) Voax: ’
Q . . 4k

e N - -

~

WL

P
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LI

7. :
Azido -alcohol 71
' 'g, ' .

' Obtained from g-lactam 70, via the procedure fow. the preparation { ’

N

of 58, as a viscous pale yellow 0il, which could be'crystallized by -
; .
addition of .a little pentane, giving‘B-lactam‘D_’, in 74% yield, as

white reedles; mp 99.5-100°, L

: y . ) ) o .
. ‘Hmr (CDC]3) o \0.26, 0.30 (2s, 12H, 2 SiMeZ’), 1.05 (s, 184, 2 t-BuSi),

A

2.5 (bs, 1H, OH), 3.8 (bs, 2H, CHy) » 4.23 (dt, TH, CH-CH,=0H, J = 5, 5

Hz), 4.82 (d, TH, CH-Ny, J = 5 Hz), 6.0-7.2 (m, 3H, CgHy)s ir (Film)

byt 3500 (OH), 2T00 (Ny), 1765 (B-lactam), 1590, cn™ .

/

" Mesylate 72 : A e
{ . ’ . ) , i ‘(’ \ ’ " ‘ 1 » Il
\ Obtained from a]coho]; 71, via the procedure for th%-preparatmn
N ]

" of 39, as a pale yellow 0il, .which could be crys~ta1l1’zed by trituration

with petroleum ether, affording mesylate 72, in 95% yield, as white

" crystals; mp 69-70.5°.

R qq_ 3 i R
‘e (COC1y) &: 0.24, 0.27 (2s, 12H; 2 SiMe,), 1.0 (s, 18H; 2 t-BuSi),

2.86 (s, 3, SO,CH;), 4.3-4.6 (bm, 3H, CH-CH,), 4.9-5.0 (m,.1H, CHN,),
6.4-7,2 (m, 3H, CHy)s ir (Film) v T\

max’ 2100 (N3), ,]780 (B-]at\:tam) c'm

¢
Chloride 73
+

A

’Cq{lﬁdiné (0.4 L, 3 wmmol) and thiony] ch‘1om'de (0.22 mL, 3 mmol)

wwere added to a solution of alcohol _7_1_ (720 mg, 1.5 mmol) in dry‘benzéne

\

- ‘ [

e
-



' .73 as white crysta]s, mp 74- 75°

LN ) ' 121

(30 mL): After refluxing for 3 h, the mixture was pouredrinto pH 4.5
* W
buffer (30 mL), extraéted with ether (2 x 15 mL), dried (MgSO4), treated

with charcoal, f11tered and evaporated to givé 670 mg (90%) of chloride

P

3
[

"Hmr (cnc13) 5 0 23, 0.27 (25, 12H, 2 SiMe,), 1.0 (s, 18H, 2 t-BuSi),
3.5-4.0 (m, 2H, CHZ) 4.3-4.6 (m, M, CH,CH), 4.96 (d, TH, CHN;, J = 5 Hz),

6.4-7.2 (m, 3, Chg) s ir (F71m) ¥ 2100 (1), 1780 (8-Tactam) cm”)

.
" S

Tricyclic ‘B-Tactam 23{

1

0bta1ned from mesylate 72, via the procedures for the preparat1on

~

of 40, in 90-95% y1e1d as a pale ye11ow 0il @h1ch crysta]11zed -on

standing; mp 69 70°

s
¢

"Hmr (CDC14) 6 0.22 0.30 (25, 6H, SiMe,), 1.0 (s, 94, t-BuSi), 3.8-4.7

«(m, 3H, CH-CH,), 5.24 (d, TH,.CH-N5, J =5 Hz), 6.4-7.1 (m, 3H, Cely)s

r (fi]m) v

.o ‘ -1
max: 2100 (N3), 1775 (8-Tactam) cm

Amino g-lactam 75

Into azide 74 (2.1 g, 6.1 mmol) dissolved in CH2C12 (80 mL) and
Et N (D 61 g, 6.1 mmo]); at 0°, was bubbled héS‘for 10 min. The solution

was allowed to warm, and after stirring for 1 h at room temperature,

: nztrogen was bubb]ed through the solution for 0.5 h. The solution was

then washed w1th H,0 (2 x 50 tL) and brine (50 mL), then dried\(MgSO4)



“ 122 .

s

and evaporated. The oiTy residue was flash chromatographed on silica

¢

.9e1, using ethyl acetate-petroleum ether (3:1), affording 1.65 (85%) of
. _ amine 75 as a white solid; mp 135-136° (recrystallized from ether)..

(3
v

'Hor 200 MHz (CgDg) 6: 0.22, 0.30 (25, 6H, SiMe

3

2), 0.75 (bs, 2H, NHZ)’,

1.15 (s, 9H, t-BuSi), 3.10 (ddd, TH, CHy-CH, J = 3.8, 5.3, 10.0 Hz),

i

_ 3.4zz(dd, H, CHH-CH, J = 10.0, 10.0 Hz), 3.90 (5d, 1H, CHNH,, J = 5.3 Hz),

4.02 (dd, 1H, CHH-CH, J

3.8, 10.0 Hz), 6.5-6.8 (m, 3H, CgHy)s ir

Voms (70 eV, 51°),

(film) v__ = 3400, 3330 (NH,), 1770 {g-lactam) cm"
mfe (°/o0): 320 (22, M), 305 (54, M' - CHy), 292 (428), 263 - .
(1000, M"* - 57), 248°(290, M"* - 15-57), 235 (314), 216.2 (M*, 320 > 263),

‘ , L . i
189.1 (M*, 292 » ?35); Anal. c%]cd. for C16H24N20351. € 59.97, H 1:55,

N 8.74; found: C 59.59, H 7.61, N 8.74. o
R-Lactam amide 76 . -
y, ° -
1

© To amine 75 (640 mg, 2 mo1) and‘Et3N (242 mg, 2.4 mol) ir CHACT,
(20 mL) at 0° was added dropwise pheny]acety] chloride (370 mg, 2.4 mmol)
in CH2C12 (5mL), over a pe::bd of 5 min. The solution was allowed to
warm and, after stirring for 1 h at rodm temperature, was washed with

pH 4.5 buffer (20 mL) andH,0 (20 mL), dried (MgS0,) and evaporated.

Flash chromatography, of the residue, a?fqrded 750 mg (86%) of amide

Z§‘a§ fine needles from ether, mp 161-16
v i

"Hmr 200 MHz (CDC]B) §: 0.15, 0.22 (2s, fH, SiMez), 0.96 (s, 9H, t-BuS1),

3.56 (s,. 2H, CﬂZPh), 3.62 (dd, TH, CHH-CH, J =410.0, 10.0 Hz), 3.93

i
'

¥
=N



@

CH-CH-CH 1n CcH

/ " . ' T ' . . ‘ . ]23

(ddd, TH, CH,~CH, J = 3,5, 5.0; 10.3 tz), 4.38 (dd, TH, CHH-CH, J = 3.5,

2N 1 N /
10.0 Hz), 5.46 (dd, 1H, CHNH, J ='5.0, 7.0 HZ), 6.4(?,’ 6.45 (2 dd, 2H,

30 J = 1,8 Wz), 6.53 (bd, 1H, NH, J = 7.0 Hz), 6.83 (dd,

H, CH-CH-CH in Cglly, J = 8,8 Hz), 7.2-7.4 (m, 5H, CgHg); ir (Film) '

S ms (70 ev, 91°), -

‘\;m;x: 3300 {NH), 1780 .(B-lactam), 1670 (amide) om

Cme (%00): " 438 (311, M), 423 (26, W - CHyT), 381 (130, M'T - t-Bu’),

264 (1000), -206 (732), 159.1 (M*, 438 + 264), 111.4 (M. 381 - 206) .

o

7-B-Phenylacetamido-3" -hydroxybenzo[3,4]-0-2-1socephem (77)

Obtained from 76, 78 or 79, via the procedure ‘for the preparation

of 37, in 52, 55 and 48% yield, reépeéti've]y, as fine needles from

' ethyl acetate-petfo]eum ether; qmp/]94—i95°.

© M 200 Mz (acetone-dg) S:. 3.62 (s, 2H, CHoPh), 4,07 {dd, TH, CHH-CH, -

J = 10.0, 10.0 Hz), 4.18 (ddd, TH, CHy-CH, J = 3.3, 4.5; 10.0 Hz),

-1.47 (dd; H, ‘CHH-CH, J = 3.3, 1010 Hz), 5.66 (dd, 1M, CHNH, J = 4.5,

8.0 Hz),.6.47, 6{63 (2 dd, 2H, CH-CH-CH in CcHg, J = 1,8 Hz), 6.92 (dd,
TH, CH-CH-CH in, CgHys J = 8,8 Hz), 7.2-7.4 (m, SH, CgHg), 7.98 (bd, TH,

WHy = 8.0 Hz); ir (CHyCN)'v__ : 3280 (NH,OH), 1760 (B-Tactam), 1655

(amide) cn™'; ms (70 eV), m/e (°/u): 324 (103, M'*), 205 (12, M* -

PHCHZCO'), 175 (30), 149 (54),” 150 (1000), 91 (398),

1

- . . v

5

* Amide mesylate 78 RS ‘ ‘ : ‘

Obtained from 72, via the procedure for the preparatjon of g-Tactam

o

f
' ' a
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36, as white crystals (hexanes) in 79% yield; mp 129-130° .

Hmr (COC1,) §:0.20 (s,, 12H, 2.SiMe,), 0.95 (s, 18, 2 £-BuSi), 2.8)
“ . (5, 3H, SO,CHy), 8.68 (s, 2H, CH,Ph), 4.2-4.6 (m, 3H, CHy-CH), 5.35

(dd, T, CHNH, J = 4.5, 7.0 Hz), 6.00 (bd, W, NH, J = 7.0 Hz), 6.4-7.2

( I
(ms 3H, C6H3), 7.3? (§,'5H‘,‘C6H5); 1'r'(CH2C12) Vmax" 3310 (NH) , 1775 "

(8-lactam), 1685 (amide) em™ b ms (Th eV, 116°), m/e’(°/as): 537 (8),

- 512 (23, M -.t-Bu’ - SO,CH,"), 495 (131), 322 (1000).

ide chloride 79

ag

B-lactam 36, as white crystals (hexanes) in 86% yie]d;\mp _1295-126.5°.

“ ‘Obtained from 73, via the procedure for the preparation of

‘Hmr (CDC15) 6: 0.20 (s, 12H, 2 SiMe,), 0.9 (s, 18H, 2 t-BuSi]),

3.2-3.6 (m, 2H, CH2c1),f3.67 (s, 2H, CHyPh), 4.2-8.6 (m, TH, CH,-CH),

5.43 (dd, 1H, CiNH, J ='5,8:Hz), 6.03 (bd, TH, NH, J = 8 Hz), 6.447.2
RN

(ms 3H, CgHg)s 7.33 (s, 5H, Celig); ir (Film) v 3400 (NH), 1765
|

maxi
> (g-Tactam), 1675 (amide) cm™'; ms (70-eV), m/e (°/q0): 588, 590 (35,

B 16, M'*), 531, 533 (573, 268, M~ t-But), 414, 416 (411, 10), 322 T
. . . ) 7. ’ vy
(605) . | e
Y ”~
9 ) o A
( : )
1 ¢ — -~
. '. [y / .
. \ ‘A
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CHAPTER III = 7.

Allenic_ether 82 . ' o f

Y

Ch]oromethy]tr1methy131fane (4.5 9 37 mmo]) was added to’
magnesium turmngs {0.9 g, 37 5 mmol), SUSpended in’ Et20 (30 mL), and ;‘u
refluxed - untﬂ most of the magneswm dissolved. The dark grey so]utwn
was then added dropw1se to 1,1- d1ethoxy 2- propyne (3.84°g, 30 mmol) .
and CuBr (O 14 g, 1 mmo]) in Et,0 (30 mL), and stirred for 0.5 h at .
room temperatur‘e The mixture was then poured into a v1gorous1y st1rred

so]utmn of NaCN (1. 59) and NH4€1 (4.5 g) in ice water&(75 mL), and

2

. extracted with Et 0 (3 x, 50 mL) ! wh1ch was washed with bmne (100 mL), f/

o

. of ethoxy allene 82, bp 40-42° @ 1.5 mm Hg.

dried (MgSO49 and distilled under reduced pressure to give 3.3 g (65%) ;

1
‘6

Hmr (GC1,) 60 0.03 (s, 9K, SiMeg), 1.16 (t, 3H, CH,CH,), 1.46 (dd, 2, °

CH,-SiMeq, J = 2.0, 80 Hz), 3.53 (q, 2H, CHoCH3)» 5.71 (dt iH, cH2 CH,.

J'= 5.5, 8.0 Hz), 6.48 (dt, TH, Et0-CH," Js2.0, 5.5 Hz).. +

PR

Aldehyde _8_3_ and Diene 22_

Y
G [ N

To a so]utwn of E-3- tmmethy]sﬂy]acro]em 9069 (1.3 g, 10 mmo1)

in Et 0 (30 mL) was added, 1n por‘twns a . solutwon of d1azomethane]25

9 -

in EtZO untﬂ gc momtormg (3 ft, 3% OV 101) showed the reaction to be -

[

complete Eva‘poratwn under reduced pressure (0° water' Dath) aeffo’rded
a pa]e yellaw 11qu1d Aldehyde 83 was 1dent1f1ed as the major product o

| . . ; o4

: [ :
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Cvo_ ¢ 1680, 1630 (o,peunsaturated aldehyde) cm .

in the pmr"spect;um.of'the crude residue. Distillation of this material under

reduced pressure afforded none of the desired aldehyde, but gave |
, , co

N
X

kY

.

exclusively diene géi/bp 47° @ 25 mm Hg (0.94 g, 65%)

Agdehyde 83: Hmr (CC1,) 6: 0.10 (s, 9H, SiMe;),.1.98 (dd, 2H, CHy s
J = 1.0, 8.5'Hz), 6.01 (bdd, TH, CH-CHO, J=17.8, 15 Hz),16.955(dt, '

TH, CH,-CH, J = 8.5, 15 Hz), 9.41 (d, 1H, CHO, J = 7.8 Hz); ir (CH2012)

1
max

Biene 92: * ‘Hur (CC14) 8: 0.12 (S1liii SiMe;), 4.6-6.1 (m,‘ZH,ch=CH),

'5.5-6.6 (m, 3H, CH=CH,); gc-ms (15 eV, 230°), m/e ("foo): . 142 (50, Wy, e

iy

+, . T
127 (143, M7 - CH3), 73 (1000, Sites’). } . o

o
- - .
z ‘Z . von ] ~
.
3

-

Silyl alkyne 94

Obtained from alkyne 93, in 81% yield, by treatment with 1.1
gduiva]ents of n-BulLi followed by 1.1 éqUivalen;é ofat-Buq925i01,

according to the procedure described by Dr. Zamboni (ref. 69, p. 143);

bp 96-98° @ 0.05 mm Hg. . .

° A

*

'Hmr (CC1,) §: 0.10 (s, 6H, SiMe,), 0.95 (s, 9H, t-Busi), 1.4-1.8 (m,
B, CHp=Cly=CHp), 3.4-3.9: (m, 2H, CHp=CHy-0), 4.25 (s, 2H, C=C-CHy);s

4.95 (m, 1H, 0-CH-0). . | e S .
Propard&]ba]dohp1 95 - L ' S : _5"’ " .
Obtained: from silyl alkyne 94, in"88% yield, by treatment with .

N . < ‘ ,
[N B ¢
v “ ’ M * . ‘.

. - -
Y . - w [ . PR
4 ,
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of Grieco and co-worke‘(s ; bp 87-902 @ 3.5 mm Hg, {
‘o 1(CC1,) 61 0.08 (s, 6H, SiMe,),

A -

OH), 4.07 (s, 2H, CHy). - ° ) N

o,BsUnsatirated aldehyde 96

\
\ 4

[y

Obtained from a]coho] 95, in 73% y1e1d by sequentlal\ treatment

w1th L1A1H4 and PCC, accordmg to the procedure veported by Dr. Zambom '
{ref. 2/;)". 144); bp 63-66° @ 5 mm Hg. i , '

kN

'Hmr (CC1,) 8: 0.13.(s, 6H, SiMe,), 0.92 (s, 9H, t-BuSi), 6.40 (dd,
1H, CH-CHO, J = 7.0, 19 Hz), 7.10 (d, TH, CH=CH-CHO, J = 19 Hz), 9.45
(d, TH, CHO, J = 7.0 Hz)..

P

i T ‘ .' ‘ r \ ’ N
][E—4—t~Buty1dimethy]si]ylcrotonakdehyde (97) ‘ /

-

Obtained From 96, in 80- 85% y‘ield hy treatment with ethereal

diazomethane]25, as for the preparatmn of 83 followed by either flash:

chromatography or d1st111ap¥6ﬁ bp 64-66° @2 mm Hg.

YHmr (cc1n) §: 0.08 (s,'6H, SiMe,), 1.00 (s ‘9H, t~BuSi) 1.98 {dd, 2H,

CH‘é, J_=1 0, 8.5 Hz), 5.97 (bddd 1H GH-CHO, J=1. 0, 7.8, 15 Hz)
6 96 (dt, 1H, CH2 CH J=8.5,15 Hz), 9.46 (d, 1H, CHO, J = 7. 8 Hz);

';n"[(fﬂm) : 1680, 1620 (q,B-qnsafuratéd. a']déhyde) ot O

ﬂ‘b , max ’

© pyridinium p-to]uené“suiw ethanol," accordin~g'to the procedure "l '
. ) 126 .

0.88 (s,” 9H, t-BuSi), 2.22 (bs, 1H:\
. - \r

0

-

l",‘,‘

%



©15 Hz), 7.40 (s, 5H, C6H5); ir (film) v

“

Schiff .base Q§”hnd N-Benzy] 6L1actam 99

o

YA suspens10n of E-4- t buty1d1methyls11y]crotona1dehyde (97)

(0.5 g, 2.7 mmo]) benzylamine. (O 297, 2.7 mmo1) and MgSO4 (1g) 1n

. CH2C12 (25 mL) was stirred at room temperature unt11 format1on of Sch1ff

. base é8 was'comp]ete, as indicated by 1mfrared spectroscopy, (1.5 h)
The mixture was filtered -and Et3N (0.36'q,. 3.5 mmo]) was added fol]owed
by az1doacety1 chloride (0.42 g, 3. 5 mmol), dropwise over 15 min. After

1 At

st1rr1ng for 2 h the solution was washed w1th water (3 x 20 mL) and

- bh]ne (20 mL), dried (MgSO4) and evaporated to give-0.66 g (68A) of

!

Bilactamv99 as.a waxy, pa\e ye11ow solid, after flash chromatography

. 'Schiff base 98: 'Hmr ccé14) 8: 0.08 (s, 6H, SiMez)u 1.02 (s, 9H;

t-BuSi), 1.7-1.9 (m, 2H, CH,~Si), 4.65 (bs, 2H, CH,Ph), 6.1-6.3 (m M,

max

© CHCH), 7.38 (s, SH, Ceigls 7.95 (m, . TH, N=CH); dr (CHiClp) vy, 1640

(C=N) cm']

(no band at 1680 cm:])‘ ) | o : l— ‘
s-Lactam 99: - 'Hnr (CCT,) 8: 0.20 (s, 6H, SiMe,), 1.13 (s, OH, t-Bus1),
' : ' ' 2

1.80:(d, 2H, CHy-Si, d = 7.5 Hz), 4.08, 4.80 (2d, 2H, CHy-Ph, °J 13£Hz)
4.18 (dd, H, CH-CH-N5, J = 5.0, 8.0 Hz), 4.77 (d, 1H, CH- N3, J'=5.0 Hz) ,

5.40 (dd, W, CH=CH~CH, J = 8.0[, 15 Hz), 5.94 (dt,’ H, CH=CH-CH,- J =75,

max’ 2100 ( 3), 1760 (8- 1actam)

1.7 Clems (70°), infe (/¢0): 357 (615, MH'), 329- (1000,

1650 (C=C) cm

MH' 2 N,0), 314 (287, MHT - N7 - CHT). . *

[{ U —
i
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Schiff base 105 and B-Lactam 106 - - o ) ,;': ’

i ) L)

Benzy]am1ne (2.3 g, 21" mmol) was added to a s1uﬁry of E- 3—
tr1methyls1ly1acrole1n 96 (2.56 g, 20 mm01) and MgSO4 g g) in CHZCI
(50 mL} at‘0°, ﬁhen\the cog];ng bdth was removed. After,st1rr1ng at
roam temperature(for 3 h, the solid was, removed by fi]tratidn‘ To this

‘ ’,;, so]uxlon was addedégng (2.4 g, 24 mmol) f01]owed by az1doacety1

ch]or1de-(2m§ g, 24 mmoW), dropw1se, at room te rature. After T.5h .

the m1xtu#e was washed wnth water (3 X 50 mL) an briﬁe (50 mL), dr1ed

(MgSO4) and eVaporated afford1ng 3. 5 g (58%) of g~ 1actam 106, as a pale

© yellow 011, after flash chromatography (2.5.5,XEt0Ac.petroleum ether).
.'!Q . , . ‘ '
: . o . L _ -1 -
Schiff base 105: ir (CHyCTo) v o0 1640 (C=N) cm . - }
s oo N ' ' .
b B tactam 106: ‘Hmr 100 MHz (C6D6) . 0.12 (SiMe3 1oék),'8.76 (daa, H,
—a Ce ' ‘

. CH-CH-Ng, J = 3.0, 4.0;.5.0 Hz), 4.02, 4.307(2d, 2H, CHp-Ph, 207="15 hz),

4.28 (d, W, CH-Ny, J = 5.0 Hz), 5.85-5.9 (m, 2H, CH=CH), 7.15 (s, SH,

C6H5); ir (CHC13)’vma;% 2100 (N3), J765 (8-1actam) cm_].

Epoxysilane 8-lactam 107

P

/_ ' y I ' o 3
3 To a solution of vinylsilane 106. (1.5 g, 5 mmo?) in anhydrous
1- i d v o ! ' -
. ether (15 mL) was added m:CPBA (85%, 1.5 g, 7.5 mmol). The'so]ut1qn

was then concentrated,‘using a stream of hitrogeh, until it became

. w o “Viscous. After stirring overnxght at 40°, ether (50 mL) was ddded and”.

2 the . sa]ut1on washed w1th aqueous sod1um su1f1te (5%, 3Q§nL), aqueous
\\ ) n i , . \‘\ + - \\\

>y

f
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- B-Lactam 1gg,' o oy S

| ' , _ - - _!30

sodium bicarbonate (5%, 30 mL), and brine (30 mL), then dried (MgSO4)
and evaporated. The oily residue was'f1a$h chromatographed (2:5,

EtOAc:petroleum ether) to dive 1.34 g (85%) of diastereomeric epoxides 107.
. v N , .

'Hmr (CDC14) 6: 0.03, 0.06 (2s; 9H, SiMes), 1.95; 2.05 (2d, TH, Si-CH-CH,

J = 3.2, 3.2 Hz), 2.82, 2.93,(2dd, TH, SiCH-CH, J = 3.2, 7.0, 3.2, 4.5

‘Hz), 3.18, 3.52 (2dd, H, CH-CH-Ng, J = 4.6, 7.0, 4,5, 4.6 Hz); 4.05, °
( ‘ ' .

1.25, 4.66, 4.71 (4d, 2ABq, 2H, CH,Ph, 2J = 14, 14 Hz), 4.69, 4.76 (2d,

o

’

‘]H,fCH~N3,3J = 4.6, 4.6.Hz), 7.33 (s, SH, EgHg); ir (film) v :i 2100 ‘
(N3), 1765 (8-lactam) cn™ '; Cl-ns (45°), m/e (*/o¢): 317 (1000, MH'),

289 (512, W™ - N, ). Sl ‘

o-Amino phosphongacetate 108 ’ SR

Prepared according to the procedurg of Dr. Hakime]ahigz; except\t
for the following modifiéﬁtions. The suspension of sodium hydride in
fHF was'&dded to the solution of Schiff base (from t-buty%g]yoxyiate _
‘and benzy]amine) and diethyl phosphité; in bortions, at 0°. Palladium

chloride was used instead, of palladium on charcoal -for the subsequent

‘,debénzylation, as—it-was found to be considerably more efficient.

PR

’.J

- -
\ .

\ c- . ) - s
thaineJFfrom equimolar amounts of amine 108 and aldehyde 90,

\

via the prbcedure for the preparation of B-lactam 106, in Z7%~yi¢]d, as

a pale yellow oily whigh solidified upon'stgrage, in the cold. :'
- ( ~ °




B
~

40 m/? ( /a0): 461 (39, MH+) 433 (40, MH* - Ny,

bérboiy]ic acid;llq .

L, N 1 .
R N ’ r v ' ~
Y. ! VAR
¥y . .8
* ., : !

<. (77%) of carboxyflic ac1d 110.

“Hmr (CDC]3) §: 0.12 (s, 9H, SiMeB) 1.33 (bt, 6H 2 Chy- CH3) 1. 48

" (s, 9, t-Bu), 3.9-433 (m, B, 2 CH,-CHg), 4.53, 4.61.(2d, TH; P-CH,
2 i
2

= 28,24 Hz), 4.6-4.7 (m, 2H, CH-CH-N3) s 6.0-6.1 (m, 2H, CH=CH); ir

(%ilm)\vmaxi 2100 (N,), 1775 (B-Tattam), 1740 (ester) omx Cl-ns

" MepCeChy); Anal. caled. for C]8H33N406PS1 C 46.94, H 7.22, N 12.16;
_ found: C 46.69, H 7.18, N 17.88. ‘ |

‘A solution of t butyl ester 109 (1.1 95 2 4 mmo]) in 30%%

trqf]uoroacet1c acid- methy]ene ch]or1de (30 mL) was allowed to éfand'

J

1000, MHY -

for.3 h, at room temperature. The so]vent was. then evaporated and the B

residue flash chromatographed (6.5:0. 5 ‘acetone: water) to afford 740 mg

’

- ," , &
- ,

. '
.

YHmr (coct,) - -

(m, 4H, 2 Ch,-C

P-CH, 20 = 25,25 Hz), 6.0-6.2 (m, 2H, CH=CH), 12.0 (bs, M, CO0); v
. . -

é), 4.7-4.9-(m, 2H, CH—CH—N3), 4.88, 4.95 (2d, 1H,

2100 (N5), 1770_(8-1actam) 1730 (COOH) cm

Treatment with ethereal diazomethane afforded the corresponding methyl

ester 122, p. 133. \ ’ S U » L

. )
i v
- , . . \‘ N
’ . B s
- '

0.13 (s, 9H, SiMej), 1.36 (bt, €H, 2 CHy-CHj), 4.0-4.5

B
o



2100 (N3), 1780 (B-lactam), 1740 (ester) cm_T; Cl-ms (120°), m/fe (°/oo)z _

(12, MH* .- t-BuOH), 393 (59, MH" - N," - Me,C=CH,). -

¢ ' A R

. Epoxysilane g-lactam 111 L ’ <;

. , . <
Obtained from vinylsilane 109, via the,proceduré?for the

prep@raiion,of 107, in 90% yiéld,‘as a clear oil after flash T

PO T .
chromatography (6,5:2, EtOAc:petroleum ether) (two components). .

Less polar component of 111: Ymr 100 MHz (CCl4)'8: 1.22 (t, 6H,

. -~

2 CHZ—CHB),’1.351(s}t9H, t-Bu), 2.04, 2.09 (2d, H, Si-CH-CH, J = 3.2,
1312 Hz),; 2.80, 2.91 (2dd, TH, Si-CH-CH, J = 3.2, 7.8, 3.2, 7.8 Hz2),

3.41, 3.49 (2dd, TH, CH-CH-N,, J = 5.3, 7.8, 5.3, 7.8 Hz), 3.8-4.2

2

(M, 4H, 2 CH,-CHy), 4.48, 4.62 (2d, TH, P-CH, “J = 23, 24.5 Hz), 4.72,

4.73 (2@, 1H,,CH—N3,”J = 5.3, 5.3 Hz); ir (film) Viaxs 2100 (NB)’ 1780

\ 4
(B-lactam), 1740 (ester) cm '3 CI-ms (94°), m/e (°/oo): 477 (1000, MH'),

449 (280, MH' - N,"), 403 (362, MH' - t-BuOH), 393 (584, MH' - N, -

v

Me2C=CH2).

' More polar comporent of 111: 'Hur 100 MHz (CCl,) 8¢ 1.20, 122 (2t, 6H,

2 CH,-CHa), 1.35 (s, 9H, t-Bu), 1.80 (d, 1H, Si-CH-CH, J = 3.2 Hz),
 LHg-tHy i -

©2.89, 2.98 (2dd, 1H, Si-CH-CH, J = 5.2, 7.8, 3.2, 7.8 Hz), 3.4-3.6 (m,

TH, CH-CH-N3}, 3.9-4.2 (m, 4H, 2 CH,-CHj), 4.48, 4.62 (2d, 1H, P-CH,
2) = 23.8, 24.2 Hz), 4.68 (bd, 1H, cH-Né, 3 ='5.3 Hz); ir (film) Vo

41;;,
[
5

477 (546, MHT), 449° (67, MHT - N,:), 421 (1000, MH* - Me,C=CH,), 403



] N ’

. Methyl ester 122

; N N
- , f

125

Obtained from ac1d'110, by treatment wfth etherea1‘d1azomethane-ﬁl,

in -89% yield, after evaporat1on and flash chrOmatography (Gfé,iEtOAc:

'pétro1eum ether). B I TR R

e (C0C15) 81 0.12 (s, 9H, SiMes), 1:3% (bt, 6H, 2 CA,-CHs), 3.5,
3,80 (25, M, OCH3), 3.9-0.4 (m, 4, 2 CHp-CHy), 4.7-0.9 (m, 2H, CH-CH-N).

£ 4.83, 4.86 (2d, H, P-CH, 2y = 24, 24 Hz) 5 6.0-6:2 (m, 2H, CH=CH); ir

(f11m) vt 2100 (N3h, M76 (f-lactam), 1785 (ester) on”'; ms (70 eV,
43, e (°/ob): 403.(27, ™« ony'), 390 (123, MT - W), 375 (235,
+, ’ "

- 3" - Np'), 73 (1000, SiMey” ")

B-Lactam 124 = . o b -, L

P -
t

L Obta1ned from 122, via the procedure for the preparation of 107, )

in 47% y1e1d as a- wax after flash chromatography ;

Hmr (CDC14) 8: °0.12 (s, oH, SiMeg); 2.10, 2.30 (2d, TH, Si-CH-CH, J =
© 3.7, 3.7 H2),-2.96, 3.00 (2dd, TH,"Si-CH-CH, J = 3.7, 6.3, 3.7, 4.5 iz),
3.50, 3.94 (2dd, TH, CHACH- N3, J =5.0,6.3, 4.5, 5.0 Hz) '¢.83, 4.87

’.__.1_’

-(2dd, TH, CH-N,, J = 2.0%, 5.0, 2.2%, 5.0 Hz), 6. 45, 6. 85 (2bs, TH, NH);

P (Fil0) v .o 3280 (NH), 2100 (Ny), 1775 (8-Tactam) em™; Cl-ms (36°),

" m/e (°/g0): 227 (1000, MHY), 199 (774 MHY - Nyt 156 (111, My -
0=C=NH - N,"), 144 (664, Mi' - 0= - CH)

*Through~spacé coupiing with NH.

R & <

- 4



et

.CH=CH), 7.1-7.6 (m, 5H, C6H5); ir (f}]m) Y

c e 134

Cinnamyl g-lactam 127 -

_ Obtained from 108 and cinnamaldehyde, via the procedure for the .
preparation of B-lactam 106, in 75% yield after flash chromatography oo

(6:2, EtOAc:petroleum ether).

-

1 .
Hmr (C6D6) §: 1.0-1.4 (m, 6H, 2 CHg?Cﬂg

3.9-4.4 (m, 84, 2 CﬂQ—CH3), 4.53 (bd, 1H, CH—N3, J-= 5.0 Hz), 4.8-5.0

), 1.48, 1.58 (2s, OH, t-Bu),

(m, TH, CH-CH-N,), 5.10 (d, 1H, P-CH, 2J = 23 Hz), 6.7-6.8 (m, 2H,

3)

nax: 2100 (N3)

, 1775 (B-lactam),
1780 (ester) em™'; Cl-ms (115°), m/e (°/o00): 437 (190, MH' - N,), .

‘ + . _ + “, _
381 (1000, MH™ s N2 - MeZC—CHZ), 337 (270, MH - NZ - MeZC—CHZ - COZ)’

238 (497, MHT - Me,C=CH, - Ph—CH=CH-CH=CH-N3). |

¢ i

Aldehyde 128

7

Ozone was bubbled through a solution of 127 (460 mgs 1 mmol) _in

h]

CH2C12 (25 mL), at -78°. Upon appearance of the blue color, the

bubbling was discontinued and the excess ozone flushed out with a stream ’
of nitrogen, at -78°. Dimethyl suifide kO.A mL, 5 mmol) was then addedl
and the solution allowed to stir for 4 h, at room temperature. |

Evaporation of the solvent followed by flash chromatogiraphy (8:1, EtOAc:

petroleum ether), of the residue, afforded 310 mg (80%) of aldehyde 128.°

'Hmr (CDC1,) 8: 1.40 (t, 6H, 2 CHy=CHa), 1.55 (s, 9H, t-Bu), 4.0-4.4
(m, 4H, 2 CHy-CHj), 4.4-4.7 (m, TH, CH-CHO), 4.92-4.95 (2d, TH, p-CH,

~

I
-




2

Jdo= 4.5

,(8-1aét§m); 1735 (ester) cm

a-Lactam

of Wolle

B-Lactam

t-§u), 4
P-CH); i
(estegr),

IS

PO

3 ="20,22 Hz), 5.15 (d, T, CH-Nj, J = 5.0 Hz), 9.38 (d, 1H, CHO, = -

Hz); ir (f1Tm) v : 3300 (hydrated CHO), 2100 (N,), 1785
-1 - ' .

7y
-

5129 to 131

The, following compounds were prep@red‘according to the method |
- « T o oo

nberg and Miller! 105 128 » 120, 62% yield, 129 » 131, 48% yield.

\

0

129: " THor (CDC14) 6 1.42 (t, 6H, 2 CHy=CHg), 1.57 (s, 9K,

0-4.5 (m, 5H, 2 CHy-CHy, OH), 4.6-5.2 (m, 6H, O,N-CH,*CHOH-
r(Film) v : 3320 (OW), 2100 (Ny), 1775 (E-lactam), 1740
1560, 1380 (NOy) cn™'.

130:  *Hmr (CDC1§7 8: 1.38 (t, 6H, 2 CHy=CHy), 1.53 (s, 9H,

R-Lactam

t-Bu), 3
7.2-7.4
1740 (es

.9-4.5 (m, 4H, ? CﬁZ—CH3), 4.7—?.2 (m, 3H, CH-CH-N4, P-CH),

{m, 2H, CH=CH); ir (film) v 2100 (N3), 1780 (g-lactam),

max:
ter), 1530, 1350 (NO,) cm':

‘.

131: ‘Hmr (CDC15)°68: 1.42 (t, 6H, 2 CHy~CHy)s 1.55 (s, 9H,

B-lLactam

t-Bu), 2.

Ophi-CHa s
p-cH, 23

1740 (es
l

4-2.9 (m, 24, OZN-CHZ—CEZ), 3.9-4.7 (m, TH, 2 CHy-CHy,
CH-CH-N,), 4.86 (d, TH, CHsNg, J = 5.0 Hz), 4,89, 5.91 (2d, W,
=22,24 Hz); ir (Film) v : 2100 (N), 1770 (e-Tactam),

ter), 1550, 1380 (NO,) an™'. | ;o

W
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mixture of 136 and 137.

1740 (ester) cm

‘(406 mg, +.9 mmol) and-mercuric trif]uéroacetate (803 mg, 1.9 mmol) P

" was bubbled through for 10 min. After stirring at room temperature for

- ~ o [ . f
) . o : -

, A . o C \

'

Lo .
Acetylenic B-kactams.136 and 137 .

.Obtained from phenylpropargy] aldehyde and amine 108, via the

procedure for the preparation of g-lactam lgg, in 79% yield, as a 1:2

o

B-Lactam 136: 'Hmr 200 MHz (CDCI

3) 5 112-1:4 (m, 6H, 2 CHy~CH,)
1.47, 1.52 (25, 9H, t-Bu), 4.1-4.3 (m,gAH, 2 CH,-CH,), 4.1, 4.74 (2d, .
T, cgfﬁH-N J = 5.0, 5.0 Hz), 4.87, 4.90 (2d, 1H, P-CH, 23 = 23.5," .

3

© 24.0 Hz), 5.12, 5.30 (2d, H, CH-Ng, J = 5.0, 5.0 Hz), 7.3-7.6 (m, 5H,

C6H5)F ir (film) v

nax: 2210 (w, C=C), 2]00’(N3),v17801(B—1qctam)?
-1

-

;o ) .,
B-Lactam 137: Hmr 200 MHz (CDC15) ¢: 1.30, 1.38.(2t, 6H, 2 CH,-CH;),

1.47, 1.51 (2s, 9H, t-Bu),"4.1-4.3 (m, 5H, 2 CﬂZ-CH3, Cﬂ;CH-N3), 4.69, N

" 4.76 (2d, IH, CH-Ng, J = 2.0, 2.0 tz), 4.83, 4.84 (2d, H, P<CH,

ny

J = 23.5, 24.0 Hz), 7.3-7.5 (m, BH, Cghg); ir (film) v 2210 (w,

max:
C=C), 2100 {N3), 1780 (B-lactam), 1740 (ester) om”!

i
a - . /
'

Phenylketone 138

L]

A mixture of acépy]ene 137.(434 ﬁg, 0.94 mmol), yellaw mercuric oxide R

)

[P

in etHy1,acetaté (%b.mL), containing water (0.5 mL), was stirred at

|

. room temperdtuhé for 5 h. The mixturé was then cooled to 0° and HZS

a



e

28

b, L 137 =

'S .t . . - G

0.5 h, the black mercuric sulfide was removed by-filtration and the
solvent evaporated to give 361 mg (80%) of phenylketone l§§ﬁ after
flash thromatography (6:3, EtOAc:petroleum ether). The reaction could

be followed by tic, after treatment of'an aliquot of reaction mixture

-
v

" THmr 200 MHz (CeDgJ 6: 0.9-1.7 (m; BH, 2 CH,y-CHg), 1.30, 1.37 (25, -

2

COH, t-Bu), 3.17, 3.25 (2dd, H, ChHC0P0 = 10,10 Hz, 20 = 18,18 Hz),

3.8-4.2 (m, 6H, 2 CHy-CHg, CﬁﬂfCO, CH-N3), 4.50, 4.71 (2bd, TH,

3)
© CH-CH-Ng, J = 10,10 Hz), 5.08, 5.14 (2d, TH, P-CH, 23 = 23,24 H2),

4 \
7.0-7:2, 7.9-8.0 {m, 5H, C6H5); ir {(film) v__ 21OOILN3), 1773 (B8-lactam),

max"

1738 lester), 1680 kketone) cm_1; CI-ms (10é°), mie (%/¢o0):® 425 (1000, .
+ o, + . o '

MH - Me2C=CH2); 397 (175, M « M92C=CH2 - NZ ), 353 (71,/MH -

M82C=CH2 - N2' - COZ)' i

g-Lactam 139 . * .

Obtqﬁned, in 20% yield, b& treatment of a 0.1 M solutien of 138
in THF,Tat 478°; wfth 1 equiQa]ent of n—buty]liﬁhium: followed byxx
‘quenching 6¥-the cold s91ution with\aqueous ammonium chloride and flash

' chromatography (6:4, EtOAc:petroleum ether) of the residue; ir (film)
V&a;: 3406 (OH), 2100 (N3), 1775 (B-lactam), 1740 (ester) cm"]; CI-ms
(98°), /e ("/00): 521 €71, MH' - H,0), 465 (1000, M - Hy0 - Me,C=GH,),

437 (237, W' - H,0 - Me,C=CH, - N,"). The pmr spectrum (CDC14) was ™ -

“also cqnsistent"ﬁith'stru&ture 139, showing the extra alkyl methyl at

K} g
f



138

»

0.8-0.9 ppm and a decreased range of aromatic resonances (7.2-7.4 ppm)
: “
. for the phenyl group.

- Amide B-lactam 140 . : 1 >

] , =
(
0bta1ned from 137, via the procedure for the preparation of

amide gg, in 81 yield after flash chromatography (EtOAc).

Hmr (CDC14) 61 1.1-1,3¢(m, 6H, 2 CHy-CH3), 140, 1.43 (2s, 9, t-Bu),
»3.55 (s, 24, CH,Ph), 3.9-4.4 (m, 4H, 2 CH,-CHj), 4.7-5.2 (m, 2H, CH-CH-N).
4.76, 4.87 (2d, H, P-CH, 23 = 74,24 Hz), 7.1-7.5 (m, 1TH, 2 CeHos NH)3

ir (film) Vax: 3300 (NH), 1780 (B-lactam), 1740 (ester), 1680 (amide)

oV

Phenylketone 141

" Obtained from 140, in 77%\yie1d after flash chromafography

(EtOAc), via the procedure for the preparation of 138.

n
- ¥

"Hmr 200 MHz (CDC13) §: 1.2- ] 4 (m, 6H, 2 CHon, CH3) 1.42, 1.48 (2s,

9H, t-Bu), 3.56, 3.63 (2dd, 1H, PhCO-CHH, J = 7.0, 7.0 HZ,LQJ 18.5,

18.5 Hz), 3.62 (s, 2H, Ph-CH,), 3.88, 3. 8&3??8% 1H, PhCO-CHH, J = 6.0,

2

6.0 Hz, “J"= 18.5, 18.5 Hz) 4.1-4. 3x£m 44, 2 CH, ~CH ) 4.34, 4.49,

(2ddd, 1H, CH-CH- Ny, J = 2 5 6.0, 7.0, 2.5, 6.0, 7.0 Hz) 4.69, 4. 73

(2dd, TH, CH-Ng,'J = 2.5, 8.0, 2.5, 8.0-Hz), 4.97, 4.98 (2d, TH, P-CH,
%0 = 23.8, 24.6 Hz), 6.62, 6.84 (2d, TH, NH, J = 8.0, 8.0 Hz), 7.2-8.0

-
¢




Voper?

A\

~ ' e \/ * . ® L n
N -

(s, 2H, CO-éﬂé-NH), 6.18 (d, TH, NCH=CH, J = 7.0 Hz), 7.2-7.5 (m, TOH,

\\
‘-—Jn
w .
0O
£l

t

3300 (NH), 1770 (B-lactam), 1738,

3

(m, 10H, 2 C6H5); jr (film) Viax®

(ester), 1680 (amide, ketone) cm—]; ms {70 eV, 77°); m/e: _5?2 (M+f),

Yoy Lo
516 (M'* - Me,C=CH,), 397 (MW" - 0=C=CH-NHCO-CH,-Ph), 105 (Ph-c=0™"). =

4

3 .
@ -

| . , :
Amide 142 ' . o k S )

e
L

-~ . -
a A}

Obtained from 141, by treatment with 1 equivaleént of potassium
twbdtoxide; in THF at -20°, gquenching the cold reactiqh,mixture with
aqueous ammonium chloride {upon apbearance of the first product by tlc, /
see p. 83 ) and f]ashlchrdpatography of the residue. n r
"Hmr (CDC13) §: 1.32 (t, 6H, 2 CHZ—Qﬂ3), 1.50 (s, 9H, £-Bu), 3.6-3.8
(my 4H, 2 CH}), 3.9-4.5 (m, 4H, 2 @ﬂz-CH3), 5.05, 5.18 (Zd: 1H, P-CH,
24 - ; ‘ =tHY - | ; N N

J = 21,22 Hz), 6.7-8.0 (m, 13H, .2 C6H5’ NH, CH=CH); 1r‘(fﬂ,m) Ve p.
3280 (NH). 1740 (ester), 1696-1640 (b, amide, C=C-C=0) em™ '3 ms' (70 eV,

88°), m/e: 572 ("), 516 (W' - Me,C=CH), 454, 307 (M'' - ‘ !

4

0=C=CH-NHCO-CH,-Ph). - \ , I
‘ e 8 B . Yo
) * ) , B - » N ]
Pyrrole 143 4 ' _ ’ oo h
Obtained from 141, in 45% yield, by allowing the above-mentioned ° .
n\)"\ . )

reaction to attai complétion: followed by work-up in the same manner.

(*‘ 'd' . . .
'Hmr 200 MHz (CDCI3) §: 1.42 (s, 9H, t-Bu), 3.75 (s, 2H, Cﬂe-Ph), 4.47

1

4 ‘ ’

2 CSHS)’ 8.40 (bs, 1H, NH), 8.41 (d, 1H, NCH=CH, J = 7.0 HZ); ir (fiim) - ' f
W 3 . ,
a B 2 , ‘\‘ 4
- s 3 e A

0 . "
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. 140
) Y ) 1 .
Vnax 3300 (NH), 1740 (ester), 1680 (;mides), 1650 (C=C) cm-]; ms
N ¥ A «‘ ) ‘ .
(70 eV, 67¢). m/e: 418 (M'°), 362 (M% - Me;C=CH,), 313.5 (M*, 418 > 362),
+. B} . ; : ~
271 (M' - Me,C=CH, - PhCHy"), 202.9 (M, 362 » 271), ///>7 |
Alcohol, 144 ' o : ’
Alcohol, 144 S

-

¢

To phenylketone 1@1_(320 mg, 0.56 mmol) in absolute ethanol

.

(20 mL), at 0°, was added NaBH, (21 mg, 0.55 mmol). After stir‘ring‘ for
1 h at 0° aﬁd 20 min at room temperature, pH 4.5 buffer (20 mL? was '
added and the solution extr‘_acteci wifh“ CHZE(’I’l2 (3 x 40 mL). Dry%ng (Mg§04)
and evaporation of the solvent affo:déd 257 mg (80%) of q]cbhol 144,

after flash ,éhromatography "(Et0AC). \ .

°

" 'Hmr 200 MHz (CDCl3) &: 1.2-1.4 (m,:6H, 2 CHz—tﬂa), 1.4-1.5 (4s, 9H, .

t-Bu), 2.0-2.2(m, TH, PhCH-CHH), 2.4-2.6 (m, TH, PhCH-CHH), 3.61 (s,
= n

2H, CHZ-PE), 3.9-4.0 (m, TH,-CH-CH-NH), 4.1-4.3 (m, 4H, 2 CHy~CHs) ,
_ * A\ - * s i

4.8-4.9 (m, 1H, CH-NH)}“4.86, 4.88 (2d, TH, P-CH, 2) = 24,25 Hz),
5.0-5.2" (m, 1H, PhEH-OH), 6.4-6.5 (m, TH, NH), 7.2-7.5 (m, 10H, 2 CcHc); »
ir (film) émax: 3400 (NH), 3300 (OH), 1770 (B-lactam), 1740 (ester), ’

1670 kamide) cm_]; Cl-ms (142°), m/e (°/8§7: 458 (144, Mt - Me,C=CH, -

C0, - OH'), 440 (172, MH' - H,N-CO~CH,Ph), 290.(1000). ]
/ : . o
N |
Mesylate ‘145> ° -

- , N
, -

9bta1’ne,,d frrom 144, in 63% yield, via the procedure for the

e

preparatiqn of 39, except that, the reaction was worked-up as soon as it

N

]

-
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£y

"9 = 8.0 K2), 7.2-7.5 (m, 10H, 2 Cghg); ir (Film)

141

o ‘ "
reached room temperature, : .
» : ‘
Hme 200 MHz (CDC13) 8: 1.2-1.4 (m, 6H, 2 CHy-CHy), 1.44, 1.49 (2,
9, t-Bu), 1.9-2.2 (m, TH, PhCH-CHH), 2.60 (s, 34, SO,CHy), 2.8-3.1

(m," TH, PH-CH—CHﬂ),’3.6-3.7 (m, 2H, Cﬂz—Ph). 4.0-4.3 (m, 5H, 2 CHy-CHgs

2

CHTCH'NH{x 4.83, 4.92 (2d, 1H, P-CH, “J = 23.5, 24.5 Hz), 5.01 (bd,

WH, CH-NH, J = 8.0 Hz), 5.7-5.8 (m, 1H, CH-OMs), 6.68 (bd, 1H, NH,
Vpay: 3300 (K,

1765 (B-lactam), 1740 (ester), 1670 (amide) cm™ . : Loy

»

Bicyclic g-lactam 146 -

e

;

A solution of mesylate,l45 (25 mg, 0.04 mmol) and Et3N\(4O mg.,

L] .
0.4 mmol) in acetonitrile (0.3 mL) was stirred, at room temperature,

for 48 h." Then, ethyl acetate (25 mL%}was added and the solution

washed with pH 4.5 buffer (2 x 10 mL) and brine (10 mL), dried (MgSO4)

and gyaporated Fo afford 11 mg (52%) of bicycTic B-lactam 146, after
chromatography (8:24 EtOAc:petroleum ether) on silica gel. ’

When the above reaction was carried out using potassium acetate

1

in DMFy the react;on required 4 days and 146 was obtained in 59% yield.
ﬁn both cases, a small amount of the corresponding styryl compound was

formed.

THmr 200 Mz (CDC1,, 45°) 6: 1.4 (s, 9H, t-Bu), 1.2-1.5 (m, 6H,

2 CHZ—Cﬂ3), 2.17, 2.20 (2ddd, 1H, PhCH;CﬂH,'J = 1.0, 5.0 Hz, 2

v
]

~

J = 12.5 Hz),

N



found: - C 5206, H 6.51, N 11.12. "

v
»

2 e
J = 12.5%Hz), 3.61

2.51, 2.53 (2ddd, TH, PhCH-CHHp J¢= 7.5, 11.5 Hz,
(S, 2H, CH,-Ph), 4.1=A?§7(m, M, CH-CH-NH), 4.2-4.4 (m, 4H, 2 CH,-CHs)

4.42, 4.49 (2dd, 1H, PhCH, J = 1.0, 7.5, 1.0, 7.5 Hz), 4.95 (dd, TH,:

"CH-NH, J £ 2.0, 7.0 Hz), 6.76 (bd, 1H, NH, J = 7.0 Hz), 7.2-7.4

(m, 10H, 2 CcHg)s ir (film) 3300 (NH); 1780 (B-lactam), 1740

v :
max

(ester), 1680 (anride) cm']a; ms (20 eV, 109°), m/e (%/¢0): 556 (4, Mt

°

500 (14, M - Me,C=CH,), 455 (337, M™ - CO0t-Bu’), 419 (1000, M'" -

PO(OEt), ), 363 (599, M™* - PO(OEL),” - Me,C=CHy).

"

Alcohol 149

i

Obtained from 138, in{77%'jge1d after flash chromatography (6°¢

EtOAc:petroleum ether), via the pracedure ,for the preparation of‘lﬂﬂ,

1

4

“Hmr 200 MHz, (CDC14) &2 1.2-1.4 (m, 6H, 2 CHyCHg), 1.4-1.5 (4s, 9H,

‘t—Bd), 2.0-2.3 (m, 14, PhCH-CHH), 2.4-2.7 (m,’ TH, PhCH*Cﬂﬂ), 4.0-4.6

(M, 7H, 2°CHy-CHy, CH-CH-Ny, PhCH-OH), 4.95,0 (m, 1H, CH-N;), 4.93,

2) = 24,25 Hz). 7.3-7.5 (m, 5H, TeHg)s ir (£ilm)

1

5.00 (2d, TH, P-CH,

vt 3400 (OH), 2100 (Ng), 1772 (B-lactam), 1740 (ester) cm

max N / K CI-ms

)s

(108°), m/e (“/o0): 483 (92, MH'), 455 (307, MH™ < N,"), 437 (254, MH' -

N

o 4 % . + '_ )
2 - HZO)’ 409 (79@, MH\ - MeZC—CH2 - HZO), 381 (1000, yH - wEZC_CHZ -

NZ' - HZO)/\; A‘Qal.’calcd. for .C21H3]N407P: C 52.28, H 6.4‘8, N 11.615 -

0

142

eeuitd
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"Mesylate 150

@

1

Obtained from 149, in 60% yield, via the procedure for the

preparation of 145.
‘ i .
M;Hmr‘KCDCXé) 8: 1.1:1.4 (m, 6H, 2 CHy-CHy), 1.48 (s, OH, t-Bu), 2.0-2.9

(m, 2H, PhCH-CH,), 2.7-2.8 (45, 3H, SO,CH3), 3.9-4.4 (m, 6H,. 2, Cily:CHy,
CH-CH-Ny), 3.85, 3.8 (2d, TH, P-CH} %0 = 24,25 Hz); 5.6-5.8 (m, 14,

CH-OMs), 7.3-7.5 (m, 5H, CqHg)s ir (Film) v 2100 (N3), 1772 (8-Tactdv),

. 65 max
1738 (ester) cm']; CI-ms {120°), m/e (°/¢0): 437./(259, Met - Ny -
5 'i' - . _ A o
MeS’03H), 365 (1000, MH - MeSOBH - MezC—‘CHZ _~C02)‘
Bicyclic g-lactam 151 » / ' \ o

v - v
) Obtained from 150, in 53% yield, m:ak'{:\he procedure for the
! 7 . Ry ’ - .

preparation of lig

\

"Hnr 200 MHz (CDC14) 6: 1.0 (s, O9H, t-Bu), 1.36, 1.43 (2t, 6H,

2

2 CHy-CH3), 2.14 (ddd, TH, PhCH-CHH, J = 1.0, 5.5 Hz, “J = 12.5 Hz),

-

s\
2 /

12 _Hz)5

/

Z.52 (ddd, 1H, PhCH-CHH, J = 7.5, 11.5 Hz,
. 4.2-4.4 (m, 5H, 2 CH, CH3, CH- CH/3)/ 4:42,4.49 49 (de 1H, PhCﬂ, J = 1.0,

" 7.5, 1.0, 7.5 Hz), 4.53 (d, A, CH- Ny, 0= 2. 5 Hz), 7.1-7.4 (m, SH,

2100 (W), 1783 (8-lactan), 1740 (ester) cn”\;

C6H5); ir (fi\]m) Vinax: :

“Cl-ms (102°), m/e (°/o0): 465 (252, MH'), 437 (468, ML -N,"), 409
+ ' + ) »

(155, MH" - MeyC=CHy), 381 (1000, HH™ - Hy" - MepCeCHy).

~
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Amide B-lactam 153

0 0)“

Into azide 152 (946 mg, 1.9 mmol) dissolved in CH2C12 (60 mL) "
and Et3N k193 mg, 1.9 mmol), at 0°, was bubbled HZS for 10 min. Thé
solutign was then allowed to warm. After stirring for 1 h at room
temperature, nitrogen was bubbled through the solution for 0.5 h.: To
tﬁis solution at 0° was ed pyridine (200 mg, 2.% mmol), followed by
dfopwi§e addition of pherfylacetyl chloride (386 méi 2.5 mmol) over

5 min.‘ After stirring for 1 h at ambient temperature, the solution was
washed with HZO (3 x 40 mL) and brinel(SO mL), then treated with MgSO4
and charcoal, filtered and evaporated to afford 622 mg (55%) of amide
153, after flash chromatbgraphy (3:7,~EtOAc:petroleum ether).

‘Hmr 200 MHz (CDCl4) 6: 3.62 (s, 2H, PhCH,CO), 4.87 (d, TH, CH-CH-NH,
J = 2.5 Hz), 5.00 (dd, 1H, CH-NH, J = 2.5, 7.5 Hz), 5.09, 5.22 (2AB"
[2 app. doublets], 4H, 2 ﬁhCﬂz—O), 5.27 (g, H, Cﬂ;COZCHzPh), 6.28

(ds; TH, NH, J = 7.5 Hz), 7.1-7.4 (m, 20H, 4 CGHS); ir (film) Viax:

3300 (NH), 1785 (B-lactam), Q;??l(esters), 1670 (amide) cm-].

Phenx]keténe 154

Obtained from 153, in 64% yie]d'after flash chromatography
\ N
(3:7, EtOAc:petroleum ether), via the procedure for the preparation of

138. ) %
- !

*Hmr 200 MHz (CDC13) 6! 3.60 (d, 2H, PhCO-CH,, J = 6.5 Hz); 3.61 (55

L N Z
i




P

Loa

2H, PhCH,-CO), 4.36 (dt, TH, CH-CH-NH, J = 2.5; 6.5 Hz), 4.69 (dd,
TH, CH-NH, J = 2.5, 7.0 'Hz), 5.11, 5.24 (2AB, 44, 2 PhCH,-0), 5.35 (s,
1H, CH-CO,CH,Ph), 6.18 (d; TH, NH, J= 7.0 Hz), 7.2-7.9 (m, 20H,

4 C6H5); ir (film) v

max: 3300 (NH), 1775 (B-lactam), 1750 (esters),

1

1690-1650 (amide, phenylketone) cm™ . -

Alcohol 155 . | ' .

To p%enylketone 154 - (340 mg, 0.56 mmol) in absolute ethanol
(20 mt), at 0°, was added NaBHQ,(ZI mg, 0,56 mmol1).. After stirring
for 1 h at 0° and 20 min at room temperature, pH 4.5 buffer (20 mL)

was added and the solution extracted with CH,Cl, (3 x 40 mL). Dr}ing

& <

(MgSO4) and evaporation of the solvent afforded a total of 252\mq‘(68%)
of alcohol 155, after flash chromatography (3:7, Et0A¢:petroleum ether;

188 mg of Tess polar and 44 mg of more po&gr materia])f

‘Less polar fraction: ‘Hmr 200 MHz (CDC13) 6: 1.95 (ddd, TH, PhCH-CHH,

2

J=3.3, 9.0 Hz, “J = 14.5 Hz), 2.26 (ddd, TH, PhCH-CHH, J = 4.5, 9.5 Hz,

23 = 14.5 Hz), 3.13 (dy H, OH, J = 5.2 Hz), 3.55 (s, 2H, PhCH,-C0) ,
4.05 (ddd, TH, CH-CH-NH, J = 2.2, 4.5, 9.0 Hz), 4.68 (dd, 1H, CH-NH,
3= 2.2, 6.5 Hz), 4.02 (ddd, TH, PhCH-OH, J.= 3.3, 5.2, 9.5 Hz), 5.14,
5.16 (288, 4H, 2PACH,-0), 5.22, 5.31 (25, TH, CH-CO,CH,Ph), 6.35 (d,

M, NH,.J = 6.5 Hz), 7.2-7.4 (m, 20H, & C6H5); ir (film) Vnax: 3400 .

(OH), 3300 (NH), 1775 (B-lactam), 1750 (esters), 1665 (amide) cm_1. ;

PR
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More polar*fraction: ‘Hmr 200 MHz (CDCI

) 2
J = 10.0, 10.0 Hz,

3) §: 1.92 (ddd, 1H, PhCH-CHH,

J = 14.0 Hz), 2.20 (ddd, TH, PhCH-CHH, J = 3.0, 4.0 Hz,

23 = 14.0 Hz), 3.60 (s, 2H, PhCH,-C0), 4.00 (ddd, TH, CH-CH-NH,

J = 2.2, 4.0, 10.0 Hz), 4.40 (d, TH, OH, J = 4.4 Hz), 4.68 (m, 1H,
PhCH-OH), 4.71 (dd, TH, CH-NH, J = 2.2, 6.0 Hz), 5.12 (s, 2H, PhCH,-0),
5.18 (AB, 2H, PhC#,-0), 5.26 (s, 1H, CH-CO,CH,Ph), 6.35 (d, TH, NH,

J =6.0Hz), 7.2-7.4 (m, 204, & CgHg)s ir (film) v 3350 (OH),

max’
3300 (NH), 1775 (B-lactam), 1750 (esters), 1660 (amide) cm']

-«

LChloride 156

To a solution of alcohol 155 (121 mg, 0.2 mmol) in CH2C12 (2 mbL) ¢
containing pyridine (48 mg, 0.6 mmoﬁ) was added:MeS0,C1 (70 mg, 0.6 mmol),
at room temperature. After stirring overnight, CH,Cl1, (20 mL) was

il

ddded and the solution washed with water (3 x 5 mL), dried (MgSO4) and

evaporated to give 76 mg (61%) of chioride 156 and 25 mg (21%) of the

corresponding styryl g-lactam, after flash chromatography (2:8, EtOAc:

petroleum ether). . ' SN ®

Chloride 156: ‘'Hmr 200 MHz (CDC13) §: 2.35 (ddd, M, PhCH-CHH,

J=7.5 9.5 Hz, °

2

J = 14.0,Hz), 2.63 (ddd, 1H, PhCH-CHH, J = 4.0, 7.5 Hz,

[l

J = 14.0 Hz), 3.55 (s, 2H, PhCHp-C0), 3.78 (ddd, WH, CH-CH-MH, J = 2.5,
4.0, 9.5 Hz), 4.64 (dd, 1H, CH-NH, J = 2.5, 7.7 Hz), 4.98 (dd, 1H, -
PhCH-C1, J = 7.5, 7.5 Hz), 5.1-5.2 (m, 4, 2 PhCH,-0), 5.30 (s, TH,

CH-CO,CHoPh), 6.10 (d, TH, NH, J = 7.7 Hz), 7.2-7.4 (m, 20H, 4 Cgfg);

»”

t

g
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« ' v
4

ir (film) Vpax: 3300 ‘(NH), 1775 (B-lactam), 1750 (esters), 1670 (amide)

'

cm—]; ms (20 eV, 97°), m/e (°/o,): 624, 626 (0.6, 0.4, M+'), 588 (1,

M© - HC1), 454 (6, M7 - 17 - C0,CH,Ph"), 91 (1000, PhCH, ).
/ :

Styryl 8-lactam side-product! ‘Hmr 200 MHz (CDC1,) 8: 3.65 (s, 2H,
PhCH,-C0), 4.57 (dd, TH, CH-CH-NH, J = 2.5, 9.0 Hz), 4.84 (dd, TH,
CH-NH, J = 2.5, 8.0 Hz), 5.08, 5,24 (2s, 44, 2 PhCﬂQ—O), 5.28 (s, MH,

CHfCOZCH Ph), 6.20 (d, TH, NH, J = 8.0 Hz), 6.22 (dd, TH, PhCH=CH,

2
J =9.0,16 Hz), 6.60 (d, 14, PHCH=CH, J = 16 Hz), 7.2-7.5 (m, 20H,
H=CH, /

4 C6H5); ir (film) Viax: 3300 #(NH), 1775 (B-lactam), 1750 (esters),

1670 (amide) cm']. ‘ -
Q’ LS

Bicyciic g-lactam 157 : q’

A solution of chloride 156 (63 mg, 0.1 mmol) in CH2C12 (0.5 mL)
containing triethylamine (50 mg, 0.5 mmol) was s"&g’rred for 48 h, at
room temperature. Then, &HZClz (25 mL) was added and the solution washed

with_pH 4.5 buffer (2 x 10 mL) and brine (10 mL), dried (MgSO4) and

evaporated to afford 49 mg (83%) of bicyclic B-lactam 157, after flash

chromatography {2:8, EtOAc:petroleum ether).

' Hmr 200 MHz (CDC13) §: 2.40 (ddd, 1H, PhCH-CHH, J = 5.5, 6.0 Hz,

2‘.

2) =13.0 Hz), 2.56 (ddd, 1H, PhCH-CHH, J = 9.5, 13.5 Hz, %J = 13.0 Hz),

3.63 (s, 2H, PhCﬂ_Z-CO), 3.83 (ddd, TH, CH-CH-NH, J = 2.3, 5.5, 9.5 Hz),

4.44, 4.86. (2d, AB, 2H, PhCH,-0; J £12.0 Hz), 4.49 (dd, 1H, PhCH-CH, /
J = 6.0, 13.5 Hz), 5.08 (dd, 1H, CH-NH, J =2.3, 7.3 Hz), 5,10, 5.23

o

»

J



-
an

p—
v

148 )

(2d, AB; 2H, 'PhCﬂz—O, J = 12.5 Hz), 6.24 (d, 1H, NH, J = 7.3 Hz),

6.7-6.8, 7.1-7.4 (m, 201, 4 CcHg)s ir (film) v 3300 (NH), 1785

4 max
(B-lactam), 1750 (esters), 1670 (amide) cm']; ms (20 eV, 96°), m/e

(°/o0): 588 (9, M+'), 453 (118, M- -, CO,CH Ph'), 413 (79, M -

2 _
PhCH,CONHCH=T=0), 322 (130%°M" - 175 - CH,Ph"), 278 (336, M - 175 -
CO,CH,PR*), 187.1 (M*, 413 ~+ 278). '

B-Lactams 159 and 160

o }4
Obtained from trimethylsilylpropargyl aldehyde and amine 108,

n 76% yield, as a 1 to 2 mixture of cis (159) and trans (160) isomers,

via the procedure for the preparation of 106.

: | . ~

B-Lactam 159: ‘Hmr 200 MHz (CDC14) 6: 0.2, 0.22, (25, OH, Sile,),
1.3-1.4 (m, 6H, 2 CHy-CHy), 1.50, 1.52 (25, 9H, t-Bu), 4.1-4.4 (m, 4H,

2 CHp~CH,), 4.58, 4.61 (2d, TH, CH-CH-N
2

3> 0 = 5.0, 5.04iz), 4.76, 4.77
J = 22,23 Hz), 4.86, 5.00 (2d, TH, CH-Nj, J = 5.0, 5.0

1

(2d, 1H, P-CH,

Hz); ir (film) Viax 2110 (N3), 1780 (B-lactam), 1735 (ester) cm~

B-Lactam 160: "Hir 200 MHz (CDC]3) §: 0.19 (s, 9H, SiMe3), 1.3-1.4 (m,

6H, 2 CHy-CHy), 1.51 (s, 9H, t-Bu), 4.1-4.3 (m, 4, 2 CH,~CH,), 4.43,

4.56 (2d, H, CH-CH-Ng, J = 2.5, 2.5 Hz), 4.62, 4.65 (2d, 1H, CH-N5,

= 2.5, 2.5 Hz), 4.64, 4.76 (2d, W, P-CH, 2J = 23,23 Hz); ir (Film)

Ynax? 2110 (N3), 1785 (8-lactan), 1740 (ester) e

- « W
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1

Terminal acetylene 161

Obtained from 1§9; in 70% yield, according to the proée&ure

described by Kraihanzel and Poistllg.

|

"Hmr (CDC13) §: 1.2-1:56 {m, 6H, 2 CHZ—Qﬂ3), 1.53 (s, 9H, t-Bu), 2.73,
! ' F)

;
2.75 (2d, TH, CC-H, J = 2.0, 2.0 Hz), 4.0-4.4 (m, 4H, 2 CH,-CH,),

4.6-4.8 (m, 2H, CH-CH4N3), 4.72, 4.80 (2d, 1H, P-CH, 2

J = 23,24 Hz);

ir (film) v 3280 (C=C-H), 2110 (N;), 1785 (8-lactam), 1740 (ester)

max
L}
cm 1 .

Methyl ketones 162 and 163

Obtained from 159 and 160, in 63 and 60% yield, respectively, -

via the procedure for the preparation of 138.

Ketone 162: lerJ;QO MHz -(CDC14) §: 1.35, 1.37 (2t, 6H,~2 CHy-CHy);

1.48, 1.51 (2s,™9H, t-Bu), 2.25, 2,31 (2s, 3H, COCHB), 4.1-4.3 (m, 4H,

2

2 CEQ—CH3), 4.74, 4.89 (2d, 1H, P-CH, “J = 19,22 Hz), 4.75-4.85 (3d, “

H, CQ;CH-N3, J=5.5Hz), 4.9-5.0 (3d, H, CH—NB, J = 5.5 Hz}; ir

1

(Film)"y 2110 (N5), 1785 (B-lactam), 1735 (éster, ketone) cm .

max’

¥

Ketone l§§} YHir 200 MHz (CDC13) §: 1.3-1.4 (m, 6H, 2 CHZ-CﬁS), 1.48,
1.51 (2s, 9H, t-Bu), 2.34, 2.36 {(2s, 3H, COCH3), 4.1-4.3 (m, 4H, -
o Cﬂe-CH3), 4.45-4.65 (m, 2H, CH—CH-NB), 4.73, 4.87 (2d, 1H, P-CH, 2J =

20,22 Hz); ir (film) v
-1

max 2110 (N3),‘1785 (B-lactam), 1735 (ester,

ketone) cm
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