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ABSTRACT

The syntheses of r}ocardicir; analogues 31, 5_2_ and cepha]ospgrin
analogue 95 are described. None of’ the above compaunds showed the
signif%cant antibacterial activity. ) ¢ . ,

The reactibn of azidoacetyl chloride with various Schiff bases
derived from phenylpropargyl aldehyde and substitited anilines, afforded

| g-lactams in fair to good yields.

‘ A new bicyclic g-lactam 1_6£ was synthesized. The key step involved
\\ the phosphorylation of the nitrogén on an N;unsubstituted B-lactam ring.
A key intermediate _1§_8_ for the synthesis’. of rponobactam ana"l ogue

was been prepared. ¢

\ \
i
\

<

8



t"&i

et (AR - EEEEe

3
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—

Whi-Yu Liu
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Montréal, Québec, Canada

RESUME
N “On décrit la synthééé des composés 31 e§ 52, analogues de la
nocardicine, et du composé 95 analogue des céphalosporines. Aucun de ,
ces dérivés ne présente une activité antibiotique marquée.
La réaction du chlorure d'azido-acétyle avec diverses bases de
Schiff, provenant de la condensation de 1'aldéhyde propargylique sur
‘des "anilines substituées, conduit a 1'obention de B-lactames avec de '
bons rendements. ‘
Une nouvelle B-lactame bicyclique 162 a &té& synthé&tisée. L'é&tape
clef met en jeu Ta phosphorylation de 1'atome d'azote d'un cycle g-lactame
" N-non substitus.
Un intermédiaire clef l§§7dahs Ta synthese d'analogues monobactams

a été préparé,
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INTRODUCTION

Al

PREFACE ] ' )
B Lactams are four‘ membered heterocychc compounds of type 1.

Though the first member was synthesized by Staudmger in 1907] the

B-lactams as a class acqu1red importance since the d*iscovery2 of penicillin
(
2, which contams a B- 1actam unit as an essential structural feature.

Pem‘cﬂh’n was the first microbial metabolite found to be' tox'ic to -

H H-
» 4 “RCONH ~g__}-S
n X
0 le "0 |:l’ \
COOH ¢
o~ ;
1 2

s _ ,
the bacteria but therapeuticlto the mammalian host. °

. In 1955 Abraham 1so1a1:ed3 a new antibiotic from cephaZospomum Sp. »

4

and proposed a structure for cephalosporin € 3 which was later (1961)

confirmed by Hodgkjn5 by means of X-ray crystallographic studies. It has
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filled many of the gaps in the antibacterial spectrum of penicillin, often
as a consequence of-its resistance to the B-lactamases produg:éd by bacteria
in their own defence.

There has been an enormous amount of research on penicillins and
cephalosporins. This effort has produced the new types of B-lactam anti-

biotics by the isolation from natural sources, such as: wildfire toxin6

7 8 9

4,

71, olivanic acids'? 8 and

nocardicins’ 5, sulfazecin

1

6, thienamycin

clavulanic acid

y Wy 4 0cHs
ooc

NH3

9.

\ 503H

Wildfire toxin 4 Sulfazecin 6

‘N/OH
H , -
-OOC . /@k{ﬁ : \@0'{ . ”
HN/k/\O 2 O] N '
GOOH

Nocardicin A 5

-
' -

. 0SONa 0 ~
t} A ™
N \ s | J-:"‘/\K—
N ‘ ° *coon

COOH
Thienamycin 7. 011vani£,acid~/24‘ 13902 8 Clavulanic acid 9

s
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Nocardicin A is active against a wide range of Gram-negative
12

- bacteria, but/ it has no activity against Gram-positive bacteria ~. The

most remarkable feature of nocardicin A is that in viwo activity is much ,
higher than in vitro activity. Su]fazeciﬂ is active against Gfam-negative
bacteria and weakly active against GF;m-pqsitive bacteria. Clavulanic

acid is a B-lactamase inhibitor. Thienamytin_and the related olivanic acid
are effective against Gram-positive and Gram-negative bacteria, and show

as well B-lactamase inhibitory activity]3. ‘“\

MODE OF ACTION OF B-LACTAM ANTIBIOTICS

Studies on the mechanism of action of penicillin have been in

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

14 that penicillins affected the cell walls

15 16

1945, it was suggested by Duguid
of bacteria. In 1965,_Strominger et al. ~ as well as Wise and Park
di%covered evidence in support‘of the view that penicillin inhibits the
cross-linking reaction in the cell wall synthesis. The defective cell
walls leads to the destruction of bacteria. Since animal cells do not have a
cell wall, fhe unusually low toxicity of penicillin is easy to understand.
The bacterial cell wall is a complex, partly inelastic, structure
which protects the cell from osmotic swelling and also conditions the

microenvironment of the cytoplasmic membr-ane]7

. While the cytoplasmic
membrane has a re]ativély consistent chgmica]’inmposition and mo]ecuiar
architecturgf the walls of Gram-positive and Gram-negative bacteria are‘
very different in structure and chemical composition., Gram-positive

‘

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

=2 ¥
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contain a thin layer of beptidpg]ycaﬁ and a bi]ayeréﬁbouter membrane.
Bacterial peptidoglycan cofisis a backbone of gTycan chains

of alternate residues of N-acetylglucosamine (GVcNAc) 5nd'N-acety1muramic

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

containing both D-,and Lvaminoacids. ' The glycan chains are meshed

together to form E three-dimensional strucfure by cross-1inking between the

peptidé of neighboring glycan chains. The structure of the peptidoglycan

18

of E. coli is shown in Fig. 1 Species specific variation of this

general structure is wide spread, e.g. in the peptidoglycan of 5. aureus

Fig. 1: The structure of part of the peptidogiycan of

E. coli, MurNAC, N-acetylmuramic acid; GlcNAc, N-acetyl-

glucosamine; L-ala, L-alanine; D-glu, D-glutamate; m-dap,
+  meso-diaminopimelic acid; D-ala, D-alanine.
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d1aminopime1ic acid is rep]aced by lysine and the peptide crosslinks

involve an additional pentag]yC1ne cha1n]9 - s

Tipper and Strominger have proposed a model wh1ch sharply T
influenced_our ideas for the mechanism of the transpeptidation reaction
and its inhibition by penicillin. According to this model, a transpepti-
dase enzyme reacts with the terminal D-alanine of the pentapeptide side
chain in the case of S. aureus, breaking the peptide bond, with the release
of the terminal D-alanine, and the formation of a D-alanyl-enzyme
intermediate. Transpeptidation is then completed by the transfer of the
D-alanyl residue from the enzyme to the free amino group of a neighboring
peptide side chain.. Penicillin was, postulated to be a structural analogue
of the termipa] D-alanyl-D-alanine of the pentapeptide. The transpeptidase
binds pe;icillin to its active site, where the highly strained B-]actam‘ring
is cleaved to form a stable and inactive penicilloyl-enzyme complex, which

is anaTogous to the trans1tory D-a]any] -enzyme intermediate of the normal

enzyme mechanism (Fig. 2, p. 6) The ant1b1ot1c binds to the

transpeptidase and inactivates'ﬁt, prevent1ng any further incorporation of
nascent peptidoglycan into the cell wall. _Contiﬁuing growth, in the
absence of éhe synthesis of rigid cross-linked peptidoglycan, results in
the rupture of the wall at the regioh'of active wall -growth, and the
re}ease of the cell contents.

‘ More recent mechanism of action studies on B—laétaﬁ antibiotic§
now make it clear that. the original proposal by Strgminger is an over-
simplifiﬁatié%. Multiple binding sites for penicillin and related B-lactam -

antibiotics have beén detected in the membrane of all bacteria that have

i
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Fig. 2: Formation of acyl-enzyme 1ntermed1ates in D D-carboxypept1dase,
D,D-transpeptidase, and 8-lactamase action.

been examined. Several penicillin-sensitive enzymes (transpeptidase,
carboxypeptida§e and endopeptidases) that apparently correspond to some of

the binding siges, have been identified. Six distinct pencillin binding

proteins (PBP) have been identified in the inner membrane of E. coZi21.

They separated out according to molecular weight and have been numbered
N/

in order of decreasing size. The two smallest proteing, 5 and 6, have been

-
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shown to be equivalent to D-alanine carboxypeptidase. Although sensitive
to penicillin, this enzyme is not believed to be a normal killing site

@

for most B-lactam antibiotics. Protein 4 is a]sa an unlikely candidate
because mutants have been reported that lack th%giprotEin'but grow normaliy:
Protein 3 is believed to be invo]véd in septum formation and cell division.
Selective inhibition of this protein causes the normally rod-shaped cell

to become fidamenteous. Protein 2 has been shown to be necessary.for
maintenance of cell shape. Mutants which lack this protein, or normal
bacteria treated with an agent that selectively inhibits it, grow as
osmotically stable spherical cells. Finally, protein 1A and 1B, have been .
identified as the peptidoglycan transpeptidasé originally described by
Strominger as- the killing. site for penicillin. Selective inhibition of

this enzyme preferentially inhibits cell elongation and causes cell Tysis.

Although most B-lactam antibiotics bind covalently to some or all of ;he

six proteins, there are decided differences among them in terms of their
. ° 14

. relative affinities.

BN
N

At the present time it is not exactly clear ‘how the inhibition of
thosé enzymes is linked to the induction of bacterial 1ysis. A number of
obser‘vations22 suggest that inhibition of cell.wall synthesis by any means
triggers bacterial autolytic enzymes (an N-acetylmuramyl-L-alanineamidase)
by destabilizing the endogenous complex of an auto1ysjn inhibitor and

autolytic enzyme.
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BACTERIAL RESISTANCE TO B-LACTAM ANTIBIOTICS

Resistant strains of bacteria arise due to the inhomogeneity of
bacterial species. Because of drug tolerance, the resistaﬁt strains can
take place of antibiotic-sensitive strains through the process of natural
selection. In the majority of Gram-positive organisms, the B-lactamase is
usually the sole cbmp]icating factor in resistancgf B-Lactamases are large
proteins produced by bacteria to hydrolyze the g-lactam to t;é B—;minoacid
derivativeZB. The B-lactamases of Gram-positive bacteria are predom%nant]y
extracellular and inducible. They often display a very high affinity for
their substrates. '

In Gram-negat%ve organisms the main contributing\?actors to the
highly complex defence system (protecting the cells from destﬁaction'by
B-Tactam antibiotics) are the permeabilily barrier, the B-lactamase and
the interplay between the g-lactamase and the barrier. Several lines of
evidence have supported the view that outer mémbrane of ?he cell wall
provided a permeability barrier which makes Gram-negative bacteria less

24. With few exceptions, the

sensitive to many antimicrobial agents
B-lactamases from Gram-negative bacteria are cell-bound enzymes, produced
in much smaller quantities. The majority of enzymes are constitutive and
their substrate affinities are low compared to the B-]actamaées from Gram-
positive organismszs. However, the B-lactamases of Gram-negative bacteria

are very effective since they hydrolyze only the antibiotic that penetrates

the cell wall.
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© STRUCTURE-ACTIVITY RELATIONSHIPS

Early work on the penicillin and cephalosporin groups of antibiotics

soon*established the following structure features necessary for the

26: (i) a cis-fused B-lactam ring, (1) an -

optimal antimicrobial actiyity
acylamino side chain, (iii) an acidic function at C-3 of a penicillin or
at C-4 of a cephalosporin and (iv) a penam or cephem system to raise the
infrared spectrum of g-lactam above 1765 cm']. Replacement of the carboxyl
function with a tetrazole in’the peqici]]in series seems'compatible with“‘
retention of ioacti@ity while conferring increased B-lactamase stability
to the penam nucleus. Examples of 3-(5-tetrazolyT)-penams 10 have been
ﬁeported. The 7u-metﬁoxycepha1osporin class of B-lactam antibiotics, e.g.
cefoxitin 11, possesses\the attributes of éae cephalosporins combined

with B-Tactamase stability.

Recently, however, many B-lactam antibiotics that do not fulfill
all the criteriaklisted above have shown sigﬁificant biological activity13.
A number of penicillins and cepha]osporinsvhaving side chains other than
those of the acylamino group have been prgpared. Meci11}ham 12 is used
clinically. Naturally-occurring thie;g;;;in 7, although it has a trans-
fused ring and 1-hydroxyethyl side”cha{n, shows remarkable activity.

Clavulanic acid 9, which has no side chain, shows anti B-lactamase activity.

Cephalosporins with the sulfur atom replaced by an oxygen or a

" methylene group were found to retain the activity of the parent. Doyle

26

et al. have synthesized 0-2-isocephems™ ", which have comparable activity.

Y

Woodward and co-workers have reported the synthesis of biologically active
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CP-35,587 R = H HE ' COOH
10 N=N o
— Cefoxitin 11
N-— CH== N S R.. S /
- Ti X I o
. 0 ‘
TOOH COOH
OH
Mecillinam 12 13 R =H, /L‘

penems l§?7. Nocardicins 5 and sulfazecin 6, which do not have a bicyclic

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

bacteria.

i

SYNTHESIS OF B-LACTAMS

Fermentation and Semi-Synthesis

Improvements in the techniques of isolation of penicillins and

use of new strains of microorganisms generated through mutation induced

by ultraviolet 1ight and other agents have made penicillin G and V very
cheap and abundant28. 6-Aminopenicillanic acid (6-APA) is now directly

available through fermentation or indirectly by the scission of the side

chain under enzyme action or by economic chemical manipulation. Thousands

of penicillins have been prepared since then by the acylation of 6-APA

o
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with a variety of acids. Several of these "semi-synthetic" penicillins are
now in clinical use. The cephalosporins are obtained by fermentation

or through a semj-synthetic procedure similar to that used for peniciTlins.
Besides, the easy availability of penicillins G and V aélan economic

price has led to the extensive studies for the conv%rsion of penams to
7,28,29

o

cephems

Total Synthesis . ‘

Interest in B-lactam continues unabated‘because of the therapeutic
importance of g-lactam antibiotics. As a result, diverse refined
prepqrative methods have been developed, cuMfiinating in the total synthesis
of maﬁy interesting g-lactams. These ar sunmarized in several review

artic1e529’30.

Cyclization of Suitable Acyclic Compounds

Different g-lactams have been synthesized by cyclizing B-aminoacids’
with the aid of such'reagents as acetic anhydride, acetyl chloride,

phosphorus trichloride, thionyl chloride and carbodiimides. In 1962, @

Sheehan reported the first total synthesis of a penicil]in3]. The

o
s

formafion of the g-lactam ring was achieved using dicyclohexylcarbodiimide
(DCC) as a cyclizing reagent. Most recen%ly, Ohno has applied Mukaiyama's
reagent32, triphenylphosphine and 2,2'-dipyridyl disulfide, to form
B-1actams33 from g-aminoacids. B-Aminoacids we;e also cyclized by

conversion into acid chlorides followed by treatment with a base33.
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~ specific synthesis of cephalosporin C 3 énd cephé]othin 14

12

HoH HoH
RCONH~G .S RCONH~__L-S -
W | DCC ];T
HOCO i~ el :

COOR' ® , "COOR'

Cyclization of B-aminoacid esters was effected with Grigna;d iezgénts or.
triisobutylaluminum. In 1965, Woodward announced the first stereo-
3% in his Nobel
prize‘gddress. Triisobutylaluminum was used for cyclizing 15 to the
bicyclic lactam 16, which served as an important intermediate in the total

synthesis. A Grignard reagent was first employed in the synthesis of

COzH SH , | < .

)__/ ——=  t-BuOCON” S _ BusAT t-BuOCON™ S

- i
H N, 2—( "
Meocd N, <

L-cysteine 0
15 ‘ 16 ,
c0,” H H‘ "
2 ONH S
3 R= (CHy)alHZ RCONH.
= 2 NH3+ ——f
o7—N

Ac.
14 R-= CHZ—@ L. N
s . COOH '\

35

g-lactam by Breckpot™” and has since found application in the preparation .

- of various types of ‘B-lactams. Lately, a key intermediate for the

preparation of thiegamycin 7 has been synthesized separately by two

6 37

and Kametani

groups, Christensen s Via tﬁé ring closure of. the amin?>

ester by treatment of an appropriate Grignard reagent. Their



approaches was illustrated as follows:

Merck .
CO.H : " co.en
N —= '/ t-BuMgCl
B : ——— \. .«N\.
HOCO NHZ Bn0OCO ﬁS1Me3 0 H
Aspartic acid l
OH™ : , OH
: t

>

PNB

0“ ‘ ‘ OH

H

CO,PNB CH

Kametani et al.

. BN
"‘*fQ’

/L‘Go __Rhp(0Ac), ) v
v N 7N
0” @ H Ny co,PnB

) " OMe
— 1 N H,/Pt0
. MeOOC NH2

MeOOC H
OR , R . l”e”gl
/L. H H OH /L\H I? Me
1. ag. AcOH —(\ro
' H — OMe
¢ 2. NaBH, o7 N\H

p ) \
N
Thienamycin , 0

COOH

- Decysteaminylthienamycin
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Knunyants et al. synthesized B8-lactams via N-C4 bond forma_tion

through dehydrqhalogenation of 3-ha'1649ropanam1des in_the presence,of

29 It was found that the substitution-at the nitrogen atom

38

strong bases

does not affect cyclization. The Lilly Research Laboratory reported

the total synthesis of nocardicin A by the cyclization of 17 with sodium

o
hydride. Miller's approach to 3-aminonocardicinic acid {(3-ANA) relied

. . 0
' . PhCN ><s

HeN,  SH 1) Acetone
; H") /‘H 2) phcoct - H--?—-‘M
7~ Hocd hocd ¥

OR
L-Cysteine ‘ ) - 1. HZN\(@/
| CO,R
2. (PhC0)202
M "3- HC.I
X< ]
PhCON 7~ s . PhCN” %S OR ;
OR
\_—(\J@/ - \_L.C] @
~ "
N B P
R COOR CO0R | |
! i '
0 Y ) N
CoR °
3-ANA ‘
°a .on the efficient cyc1'iza1:1‘on39 of the O-benzyl hydroxamate '1§_ t 19

with PPh3/CC1 4/NEt3, followed by subsequent alkylation of the B-lactam

nitrogen. , o
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\ reaction was repor‘ted by Southgate

RN OH "H OH H
\',—]\ cc RNHJ:J' PPh3/CCl4 R””j:..’
ey . ——
COOH H,NOBn NHOBn NEt; | . N °
0 0 0Bn
18 '

—— o

= t'BOC a

2. T1C1

COOH -

3-ANA

v

P . T . 0 -
hotolysis of the d1azoam+de\gQ$ve the annulated B-lactam 21

This method was extended to the synthesis-of several bicyclic B-lactams

Ph

4}

_ Ph N2 __ _ hy - ~ S
S 4 L 004:',‘\2(
o 0/;?21) tooMe . Coove

_A synthesis of thienamycin intermediate through this carbene insertion
42 5
.0 .

H.
CH.,CO . L
r’/~\1 . diketene 3 l r//\\% hv _or ’:fl
H§:><:0 Rh2(0Ac)4 N:>~<:

15

H2/Pd/C

~

HoN ‘ , OH RNH
‘ i — -
" N N\H -

40

2. TsN
) o . . - - P -l. NaBH4
\ : , ~|2. reoC?
’ Voo 13, H"‘
0R
Thienamycin 7  <sesccccecrccneann. ;1/\/
. & .

41
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Cycloaddition reactions

. 5

Two well documented cycloaddition approaches for the‘ constructionm
of a B-lactam ring are the interaction of an imine with a ketene or of an
isocyanate with an o]efin{.

(i) Addition on imines — N

The first g-lactam was pre’pared by the ketene-imine reaction].

The addition of substituted acetic acid derivatives to imines in the
presence of & base may be treated as an extention of this reaction. Bose
carried out the addition reaction of azidoacetyl chloride 22 to the

F
appropriate imines 23 to yield the azido g-lactam 24, which could be
\1‘5

transformed into the desired acylamino 8-lactam _2_§43. Since then, this

H H H H

N, N33 RCONH3 !
3 NEt \L—-l/ <
o BN .0

22 23 24 2%

—— P o
¢

reaction has been intensively used.. Christensen et al. at Merck

»

Pharmaceutical Company syntheéized many cephalosporin derivatives with the

745. . 26,46

The Bristol group have been

structure type of gg""‘ and

involved in the synthesis of isocephems 28. A1l of these compounds 26,

27 and 28 showed relatively good activity. A common feature of those

% -4

approaches was first toﬁ'or‘m the B-lactam ring using acetyl chloride/imine

reaction and then construct the remaining ring. One of the examples is

— b '

i1lustrated as follows:

o
R
.+
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It is noteworthy, in this synthetic sequence, that-the Bristol group have

applied the addition of a chnnamdeene” Schiff base with an azidoacetyl
chloride to yield exclusively cie B-—]actam”.
Ré;n'iya48 at Fujisawas Pharmaceutical Company aciopted the cyclo-

addition between a thioipidate and a substituted acety] chloride for the

. =
-

a
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first synthesis of nocardicins 5 as well.

Fujisawas
. T
~ Ft _SMe 0Bn
@ IrJ‘ " FtcHococ I.-[ .
HZN _ (N CHZCOCU 0 N '
6 éOOH COOME C00OMe
Ft = NH 1. Raney Ni
C 2. HZ/Pd/C
L 3. Lil/Py
Y
OH
Nocardicin A l lﬁ/ j:_l!l\/ O
2 /
COOH - COOH
, 3-ANA"
>
(i1) Redction of isocyanates
r - Several isocyanateszg, such as tr1ch10roacety1 1socyanate, \

pheny] isocyanate, various aroyl and arenesulfonyl jsocyanates, have been

used to react with different olefins to produce B-lactams. The discovery

49

of chlorosulfonyl isocyanate by Graf '~ opened an efficient pathway for

the synthesis of B-lactams, particularly used in the’'recent synthesis of

penems 1_3_’_27, thienamycin 150 and c1avu1§m‘c acid 2_51 .

(5
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, DESCRIPTION OF PROJECT

3

This thesis consists of three sections, these dealing with the
synthesis of different types of B-lactams. In the first chapter, the
syntheses of nocardicin analogues 31 and 52 are described. The second
ghapter involves the synthesis of' B-lactam 95 and some interesting
B-Tactam in‘termediates whichgere subjected to the biological test (p. 48).

Finally, the last chapter discusses the synthetic studies toward mono-

bactam analogues S, and the successful synthesis of hieyclic 8-lactam 162.

O OH
RCONH :
NH2 I:J-OH
. oo ) ] '
o N =" 31 R = HOOCCCHCH,CH;0- O )-C-
COOH OH )
#‘4
rph
"OH  OH PhCH,CONH. >
PROCH,,CONH

COOH OH .
52 95
RCONH X -
H /OH NG /0
0// OH 0 '0¢, .
S X=H,CH oo 162 e



RESULTS

AND

~

DISCUSSION

¥

A



A e s o W e £

-

Nocardicins §§2

CHAPTER I

»

possess relatively high antimicrobial activity and are stereochemically

and biologically related to penicillins and cephalosphorins.

~

Nocardicin R
’ NHo N-OH
! A HOOCCHCH ,CH.0- @ -t-
: | NH, HO-N
B Hooccumzcnzo-@ C-
- NH NH
l v 2 . A 2
RCON”I-, O ‘C, Hooccncnzcuzo-@-m_
1 N . NH2 0
l..- 1 ) -u-
K coon D HOOCCHCH, CH,0- (O ) -C
E N-OH
' L et
‘ HO-N
| Fe H0-<::>-c-
» LM,
: ¢ Ho-(0 -C-
[
38,48 -

20

» a group of novel monocyclic f-lactam antibiotics,

-

Several total syntheses of nocardicins have been reported,

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

.53,54

analogues accompliished in our laboratory by Dr. Hakimelahi One of
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those analogues, compound 29 had an in vitro activity against S. lutea,

whigh

was about the same as that of natural nocardicin A.

C00

H3N)\/\0

+

-

Nocardicin A shows antimicrobial activity in vivo rather than

in vitro. It occurred to us that this Zn vivo activi’iy may be linked to-+

an oxidation to the corresponding quinonoid structure 30. The reactivity

\

OH WACONH 0
wWCONH j;j \U [oxid] o jjl
NG « i N A

[on
w
(=]

-

of the g-lactam ring, as reflected by the infrared f‘requency, should be

considerably enhanced, thus resulging in an increase in its biological

activity. According to the methodology developed in our laboratory, it

v

was decided to prepare nocardicin analogue 31 bearing two para-related

hydroxy groups on the aromatic ring. It was anticipated that the in vivo

and/or in vitro oxidation of this compound 31 to a quinone may be more

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

&
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‘qumone methine tautomer which should d1sp1ay the enhanced g-lactam

frequency mentioned above (Fig. 3).

y—OH
coo~ | /@/u\y/
/‘\/\ 0
H3N 0 A
a2 CoH OH
*  |in vivo oxid. (Fig. 3)
O OH . '
,J\/‘CONH ,
5 l [
7 ¢ . \/¢
$ coH O | o CoH 0

After analyzing the structure of the desired compound 31, we .
initially began our synthesis from the commercially available 2,5-dimethoxy-

benzaldehyde 32. This provided us with a methyl protected phenol that

i
was stable to both acid and base.
OMe | " Me OMe
H B R ‘ Me0OC
. 0 oMe - CN  OMe N, OMe
32 33 R =N, 3
34 R =O0H

Treatment of the aldehyde 32 with sodium cyanide and ammonium
chloride in methanol saturated with ammonia at room temperature for 18 h,

afforded a mixture of cyanoamine 33 and cyanohydrin 34, based on the pmr
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spectrun. The separation was achieved by the formation of the hydrochloride

salt of cyanoamine 33, and aqueous extraction. Neutralization witﬁ sodium
carbonate yie}]ded the pure tyanoamine- 33. The infrared spectiﬂum indicated
the presence of an amine with an absorption at 3300-3400 cm'], and a cyano
fu/nction at 2100 cm"]. The cyanoamine 33 was transformed into methyl
glycinate _?Lglby heating with hydrogen chloride in methanol-water (95:5).

For the construction of the g-lactam ring system, we adoptgd .the .
cycloaddition|reaction between a cinnamylidene Schiff base and a substituted
acetyl chloride which had been well developed by Doyle et aZ.26. Thus,
amine 35 was condensed with cinnamaldehyde to affc.)rd the cinnamylidene
Schiff base 36 in quantitative yield. Upon treatment with azidoacetyl

chloride 22 and triethylamine in methylene chloride at -20°, the Schiff base

36 was readily converted -into azido g-lactam 37. In the pmr spectrum, there

OMe

Ph
oo J

. Me0OC Me0OC OMe

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

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

coupling constant between the two B-lactam protons was found to be 5 Hz,

which indicated the cis-stereochemistry for the B-lactam ringss. In

addition, there were absorptions in. the infrared spectrum at 2100 and

\
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1780 qm" for the azide function and the g-lactam carbonyl group respectively.
. -
At this point deprotection of phenolic ether was attempted in order

to be sure that the methyl protecting group could be cleaved in the
56

el

presence of a B-lactam. Even though there are many methods™ available
for the deméthylation of a phenol methyl ether in the literature, most of
those described reaction conditions would easily open the acid and base

sensitive B-lactam ring. Attempted removal of the prétecting groups on 37
57

v

by means of trimethylsilyl jodide®’, which was considered to be é mﬂd'

reagent, unfortunately alsc resulted in the destruction of the B-]éctam

ring. It was decided to transform the azido B-lactam 37 to~"an amide.

Reduction of 37 wusing hydrogen su]fide-trieth_y]amine47 in methylene chloride

and acylation with phenylacetyl chloride afforded amide 38. Unfortunately,
\

we were not able to demethylate amide 38 with trimethylsilyl iodide as well.

—

Ph
Me
: PhCHZCONH
.N
38

o

Also, several attempts to remove the methyl groups on the compound 35

58 59 60, under

using boron tribromide™, hydrogen iodide™, or hydrogen chloride
various reaction conditions, failed to give any promising results. Therefore,
tfae benzyl group was chosen as the pratecting groub.

The benzyl group has been successfully employed in the transformation
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of an aldehyde to a methyl g]yc%nates3 and could be cleaved by hydrogenation

under neutral conditions at the last st\age of the synthetic scheme.

2,5-Dimethoxybenzaldehyde 32 was demethylated with boron m‘bromidess\

to afford 2,5-dihydroxybenzaldehyde _:{S_)_’in excellent yield. Compound 39
was readily converted to 2,5-dibenzyloxybenzaldehyde _4_0_ using benzy]“

\
v

chloride and potassium carbagate in absolute ethanol.

OR 0Bn \ |
H R
P
OR CN 0Bn .
39 R=H 4la R =N,
40 R = CHyCgH, 4b R = Niy-HCI
42 R = OH

- The cyanoamine reaction of the benzyloxybenzaldehyde 5_(_)_ proceeded

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

!

Although the pmr and infrared spectra seemed to show only one compound -
cyanoamine 4l1a, thin-layer chromatography indicated the presence of a

major and minor product, presumably, cyanoamine 4la and cyanohydrin 42 x—
respectively. ‘ Attempted éeparation of the two by the formatjon of the
cyanéamine hydrochloride salt was not successful due to the Tow solubility
in water of the bulky hydrbch]oride salt 41b. Because of the sim%larity

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

-reaction using the mixture directly.

&



N R + .
‘ The crude cyanoamine 4la, in methanol water, was

saturated with hydrogen chloride gas and then refluxed for 2 h. After
-

work-up, chromatographic purification afforded the desired aminoester 43

and some of compound 44. Obviously, under these severe\acidic conditions,

OR Ph
. ( Bn
HoN : l 45
Me00C OR N
Me00OC Bn

the debenzylation of 43 took place to yield the partially hjdro]yzgci side
product 44. The overall yield of the transformation (40 + 4la + 43) Qas )
not reproducible and ranged approximately from 5% to 45%.

‘After condensation of the aminoester gg with cinnamaldehyde,

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

—

acetyl chloride-triethylamine at -20° afforded g-lactam 46, as a mixture of
two diastereomers, in v 90% yield. The ratio of the two was close to 1:1

y
as shown in the pmr spectrum. Its cis-stereochemistry was indicated by

the coupling constants (5Hz) between the two 8-lactém protons.

Ph
( 0Bn
. 0 PAS
MeOOC _ 0Bn Me0OC H - opn
46 47 48 ’
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’ 0Ozonolysis of the azido B-lactam 46 with ozone and nitrogen53 in

AN

methylene ch]oride—methar}ol at -78°, followed by reduction with sodium /
borohydride 'at -40° afforded g-lactam 47 and 48, in a ratio of 23:1. The c
reason for the change in the ratio of the two isomers from azido R-lactam 46
to B-lactams 47 and 48 is not clear. The mixture ﬂwand 48 could be separated
using preparative layer chromatography. The relative configuration at
benzylic position (C-5) of the less polar adduct 48 was assigned the same
stereochemistry as the natural nocardicin A, based on the arguments

53. The ester function absorbed in the infrared spectrum at

discussed
1740 cm'] (hydrogen-bonded carbomet;wxy group) and the hydroxyl function
at 3300-3500 cm'] (hydrogen-bonded hydroxy1), with a Towering of the

chemical shift of the proton o to the carbomethoxy group to 5.9 ppm. The

corresponding numbers fqr the more polar isomer 47 were 1750 em™', 3400-

1 and 5.6 ppm. Model studies indicated that hydrogen-bonding

3600 cm
of the ester and hydroxyl group resulted in the phenyl group being placed
away from the B-lactdl ring in the case of 5{8_, whereas in dsomer 47, the
Eahenyl grogp woujd be very close to the B-Tlactam ring to permit hydrogen-'
bonding. Equﬂibration o% the two isomers by refluxing in benzene in the
presence of pyridine was unsuccessful. However',' refluxing the mixture
with triethylamine gave a 3:7 ratio of 47 to 48. This suggests that the
hydrogen-bond between the free alcohol and the methyl ester made 48 ’
slightly more st__ab'le than\ﬂ. The per spectra of B-lactams 47 and 48 are
shown in Figs. 4.and 5 on page 28.

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

using hydrogen sulfide-triethylamine to yield amine 49. After protecting

Q.L__ «
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the hydroxyl group of B-lactam 49 with trimethylsilyl chloride-triethylamine,
acylation with phenoxyacetic.acid, using N-ethoxxggtﬁgnyl-2-ethqu-1,2-dihydro-
quino]ine,(EEﬁQ)s1 as a coupling reagent, resultd¥in the formation of

amide 50 in 78% yield. The pmr, infrared and masé spectra of the amide 50

0Bn : »

OH

OH
T49 R =H, R' = CH, N
50 R = Ve oHL 52 - ,
50 R'= CgHeOCH,CO, R' = CHy 2L
= H

5L R = CgHg0CH,CO, R

were consistent with,ﬁpe structure assigned. The infrared spectrum
displayed absof%tions at 1765 and 1740 cm'] for fhe carboriyl “groups of
the g-lactam ard ester, respectively. The mas; spectrum showed a parent“
ion at m/e 610 (11.56%) and a fragment at m/e 403 (42.76%) confirming
structure 50. , ;
Treatment of g-lactam 50 with one equivalent of 1% sodium
hydroxide in methanol affoéded the corresponding acid 51. -Removal of
the benzyl protecting groﬁps by hydrogenation over palladium on charcoal
yielded thg desired B-lactam . 52. The ultraVio1et spectrum'éﬂowed a
shoulder at 225 nm and a maximum absorptien at 285 nm. The.infrared
spectrum measured in nujol displayed a R-lactam carbonyl absorption at

1750 cn”', an_absorption of hydroxy and acid functions in the 2800-3500 cm”!

~ -
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region and an amide absorption at 1650 em 1.

53,54,62

The pmr spectrum of 52 in
020 and sodium bicarbonate , showed one proton doublet for C-3
at 5.5-5.6 ppm (J = 5sz and a singlet for the proton a to ‘the carbomethoxy
group at 5.8 ppm. \ \

We then turned our attention to the synthesis of the nocardicin
ana]ogue.gl via a similar route. The less polar isomer,.D,L-azido-R-

lactam 48 was transformed into amine 53 by means of hydrogen sulfide and

. triethy]aminé. Amine 53 was silylated with trimethylsilyl chloride-

OH OBn
HZNI—{/@ 0 C
- HO-C- C-<<:::>>—OCH2CH CH-CO0Bn
0 N ; NHCOOBn
('IOZMe‘ Bn

54

. —

OH OBn
l: : H
Jog pre
BnOOCH 0 N Y-
COZMQ Bn
i 1

triethylamine <n situ, and coupled with D,L-g]yoxy1ic'acid* 54 to afford

,,:’/55_

B-lactam 55, as a mixture of unseparable diastereomeric racemates. The
infrared spectrum indicated a f-lactam carbonyl function'at 1765 cm'].

The ultraviolet spectral data [) (EtOH, HZO): 228 nm and 298 nm] were

+

max
/-
A g1ft from Lederle Laboratories of the Aneriéa_/ﬁyanamid Company .

S
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consistent Qith the presence of an alkylated phenol and a copjugated

alkoxyphenol derivative. .
The next step in the synthetic sequence was the introduction of the

okyimino group. Treatment of B-]actim/§§ with hydroxylamine hydrochloride J

53,63

in pyridine-ethanol ,» followed by purificaﬁion‘on a silica gel column,

afforded syn-oxime 56. Its infrared spectrum indicated the presence
~1

of g-lactam carbonyl function at 1768 cm The ultraviolet spectrum

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

different from that of B-lactam 55.

N/OH

COZMe 0Bn

BnOOCN

Hydrolysis of the methyl ester of g-lactam 56 usingll% aqueous
sodium hydroxide "in methanol, followed catalytic hydrogenation over ¥

-

- !
paliadium on charcdal in ethanol for an hour, afforded B-lactam 31. The
oxime configuration was established te,bé’syn to the acylamino group by
comparison of its ultraviolet spectrum with that obtained by Kamiya at
64

Fujisawa Pharmaceutical Company for nocardicin A and B The ultraviolet

spectrum showed a shoulder‘at 225 nm and a maximum at 273 nm in ethanol
solution and a shoulder at 235 nm and a maximum at 283 nm in alkaline
solution. o

Compouhds 52 and 31 did not show any notable activity against a
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variety of bacteria.
In view of the structure of nocardicin 5, it would be interesting
to.discover if we could prepare the analogue 57 from the readily avaj_jab'lé

aldehyde 58 by decarbonylation. Thus, B-lactam §_353 was'ozom'zed 171 N

-
0
Ry Ry | Nzii_-_]iH/R s
F\R] 0 N\R] 0 N\{@
» C02Me
57 88 59 R = CH = CHR .
. . 60 R = CHO

methé'[l_gl,.at -30°, followed by dimethyl sulfide reduction, and gave the"

expected aldehyde 60. }

65

Tris(tripheny]phosphine)rhodium chloride™™ is known to be a mild,

selective decarbony]ation reagent for aldehydes. The proposéd mechanism66'

is depicted below: {

Ho . WooR

\ 1 n 4 '
- ;
RCHO + (Ph3P)3RhC]l - (Ph;,’P)zFllf) CR = (Ph3P)2$h NG #
’ ' c1 - a =
o 4 - -
" RH %(Ph }>) Rh/m (Ph,P) zﬁ a
* + !“~
572 ™~ =0 32N C=0
C1 f
|
m —
» ’ i - B
Aldehyde 60 was treated with an equimolar amount of tris-(triphenyl-
e ) , \ |
. phosphine)rhodium chloride in dry, oxygen free benzene at ~ 70° for 3 h% 1

vs

’
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~ The infrared spectrum of the product indicated the absence of the azide 4
- and B8-lactam carbonyl functional groups. It was therefore decided to
transform the azide group into an amide, which hopefully could be removed

after decarbonylation. ‘ | Vs

Reduction of B-lactam 59 with hydrogen sulfide-triethylamine

afforded amine 61. Amine 61 was condensed with either di-tert-butyl 1
RNH 2~ RNH:
. 0 N . 0
CO,Me . ‘ CO,Me
61 Ry =H, Ry = CH = CHPh 66 R = t-BuOC)
o 62 Ry = t-Bu0CO, R, = CH.= CHPh 67 R = CF3C0
63 Ry = CF3C0, R, = CH = CHPh 68 R=H
64 R, = t-BuOCO, R, = CHO 7

=
1
14

65

x
—_—
[

= CF3C0, Ry = CHO

dicarbonate or trifluoroacetic, anhydride to yield amide 62 or 63
v respectively. Ozonolysis and #eduction of g-lactams 62 and 63, using the
standard conditions, afforded aldehydes 64 and 65. Decarbonylation of
aldehydes 64 and 65 were repeated under similar conditions using tris-
(triphenylphosphine)ihodium chloride, and g-lactams 66 and 67 were
obtained. A1l the spectral data were-in accord with the structure proposed.
Attempts to convert the trifluorocamide 67 to amine 68 using sodium | .

67

bicarbonate”’ failed. However, stirring the amide 66 in a mixture of

trifluoroacetic acid and methylene chloride (3:7) at room temperature for
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Fig. 7: 60 MHz pmr spectrum of 68, in CDCI,.
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an hour afforded the desired amine 68, in good yield. The pmr spectrum

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

acceptable limits.

B-Lactam 63 was also transformed into 71 by the-same sequggse

described before.

Lo Ny
< "OJ N‘ /[ j

C02Me

J@)* .o

anocom

oy
y
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This work was not pgtsued, due to the unfavorable results from
the biological tests and th;}1Qy yield of the reaction (40 ~ 43).
Nevertheless, some of the B-lactam intermediates (72a and 72b), synthesized
by A. Ugolini (see Chapter II), showed interesting antibacterial activities

which 1ed us to continue to the next project.
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éHAPTER 11

During the last few years we have been involved 'in the synthesis
‘ N ‘ 68-70

of penicillin and cephalosporin analogues with the génera] structure

A : \

Lo RCONH E'I;’/
' . N

. 0
A (R-l Y RZ

The§e analogues have a cis-fused B-lactam ring and an acylamino side chain.
The strain of the 8-lactam bond may be enhanced by electron-withdrawing
groups attached to the benzene ring,. or by fusing the aromatic and B-lactam
moiety through an additional ring. We hoped this modification would
increase the B-lactam infrared frequéncy, which we expected would correspond
to an increase in the antimicrobial activityi ‘

Routine testing of some of the intermediate -8-lactams 72a and 72b,

synthesized in thT§‘1aboratory, unexpectedly showed noticeable activity

72a R = CH,

9

72b R = Ph
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70

toward a variety of hacterig’'~. The thivgty of B-lactam 72 may arise

from the following features; an easily deblocked silyl group with the
¥S;mation of an acidic phenol whigh is isos%eric with‘the carbonyl group
of classical g-lactam ahtibiotics, a cis-substituted g-lactam ring similar
to that of penicillins, and a hydroéhobic styryl group. In order to ’
understand more clearly the effect-of the styryl group, and functional
groups attached to the aromatic ring necessary for the antibacterial
activity, an extension of the project-was undertaken.

It should be noted that the nitro groups of 72a and 72b are para
with respect to the t-buty]diméthy1 or t-buty]dipheny1si1y]ox& group,
making the Tatter very susceptible to hyd;olysis, and this class of
cbmpounds very difficult to work with. We already knew that a nitro group
para to the g-lactam nitrogen weuld result in the formation of a trans

70. Therefore, the first and simplest variation would be to

B-Tactam
replace the nitro group by an ester function para or meta to the nitrogen
of the B-lactam. It was hoped that this electron-withdrawing ester would
provide a cis B-lactam with better stability.

For the synthesis of B-lactam 73, we chose the commercially

available 3-hydroxy-4-nitrobenzoic acid 74 as a starting material.
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Benzoic acid Z&_was reduced to amine 75 by catalytic hydrogenation using
platinum oxide—hyd?ogen. Treatment of 75 with cinnamaldehyde under
various conditions failed to produce any of the expected Schiff base 76.

We thought that the Tow solubility of 75, due to the free carboxylic acid -

HoN 1.0 r/Jf/
o,
N
HO COOH ::[::::L\
COOH

5 76

and hydroxyl groups, was responsible for the difficulty in the formation
of the Schiff base. Therefore, it was decided to protect the two groups
first. Methylation of 75, with diazomethane, afforded ﬁethyl 3-hydroxy-4-
aminobenzoate 77. Treatmeat of zz;with t-but?demetby]silyl ch]oride in

1

N,N-dimethylformamide’ ' gave the protected alchol 78 in goéd”yie1d. Amine

78 was transformed into its Schiff base 79 by refluxing with cinnamaldehyde,

HN - '
RO COOCH 78 R = t-BuSiMe,

reacted with azidoacetyl ch10ride-tr1eth}lam1ne to give a difficult-to-

-

(

., separate mixture containing cis Bg-lactam 80 in approximately 15% yield.

o<

'
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L00CH3 ’ 51 00CH,

Recer_rt]y, Dr. R. Zamboni in this laboratory had shown that the
formation of a Schiff base from 81 was unsuccessful. However, he found
that the free amino acid 82 could eas[ﬂy be converted to its Schiff base

83’2,

We hoped using the free acid 84 might improve the yield of-the
g-lactam, in our case as well. Silylation of amine 75 with t-butyldimethyl-

silyl ,ch]or)ide afforded 85, wh]’ch/was/’mﬁﬂyzed with 1% “aqueous hydrogen

__ﬂ_*r.///’j;/// ‘ -
COOR . Ph
. HZN . ’/ / HZN
[~ coox R
CH30 N +§'i0 COOR
81 R = CHy CHa0 ™ 84 R=H
82 R=H 83 85 R = t-BuSiMe,

chloride in methanol to afford the desired amino acid 84. Heating 84 for
1.5 h with cinhamﬂdeh;gie in refluxing benzene afforded the Schiff base
86 ‘as a yellow solid in quantitative yield. The infrared spectrum showed

1 for the carboxylic acid and

two strong absorptions at 1730 and 1670 cm~
imine, respectively... Schiff base 86 was silylated with trimethylsilyl

-
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86 R=H 88 R =H
87 R = (CHy)4Si 80 R = CH, -

ch]oride-triethy%amine in si%u, to afford 87. Treatment of 87 with
azidoacetyl chloride-triethylamine gave cis 8-lactam 88, ia 52% yie]d,‘
after flash chromatography. Methylation of 88 with diazomethane afforded
g-lactam 80, m.p. 90-91°. The infrared spectrum showed an azide absorption
at 21004‘,Qm'1 and two carbonyl ab;o;ptions of ester and B-lactam at 1720

and 1765 cm_], respectively. The mass spectrum of 80 disp]ayed peaks for

"the loss of a nitrogen molecule and a t-buty! group, from the parent,

"at m/e 450 and 393. The_EEELEQeetfﬁﬁ'(Eig. 8, p. 42) clearly indicates

. the cis-stereochemistry of two B-lactam protonéde = 5.Hz).
s >

Desilylation of B-Tactam 80 with tetra-n-butylammohium fluoride’’
or other fluoride sél}s turned‘bdf to be a problem. The desilylation
reaction was noé examined further since we were successful in synthesizing
B-lactam 89 in very good yield, using thg easily removable trimethylsilyl
protecéing'group. Silylation of 3~hydroxy:4-am' enzoic acid 75 with
trimethylsilyl ch]ori&e and hydrolysis afforded amine 90.. As was described
foflgg, compound 90 was conve;ted to B-Tactam91. Without purification, ¢/P

the crude g-lactam 91 was hydrolyzed, in methanol containing hydrochloric

%
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acid, to phenol 92, which was methylated with ethe£a1 diazomethane to

afford the corresponding methyl ester 89, in 60% yié-1d based on amine 75.
Biological testing revealed that compoun%s 80, 88 and 89 were

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

attached to the aromatic r‘-ing, para to th{nﬁtrogen of the B-lactam, did show

appr;o'ximate]y the same gffet:t as the nitro function group did. In addition,

it had bgt\ter stability, as fxpected.\We theré*fere we:i interestil ,1'n the

preparation of a number of compounds by vanying the styryl group. * "
‘Attempts to convert g-lactam 4_8_9_ to saturated B-1acfam@ a

c.:at‘a'lyti:: amount of palladium on charcoal, in a standard manner, failed

. - .
to yield any desired products. Since_ it was very possible that the azide

. N o
group on B-lactam 80 would be easily reduced at this stage, we transformed

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

triethylamine gave amine 94, which was directly acylated with phenylacetyl



- N3 IA/
Y, N el
: Io)

80 gg X = N3,NH2

,/ Ph
RNH PhCHZCONﬁr/(
N .

" Tol IOL
54 - COO0CH 00CH,

COOCH

+§10
94 R=H 96
95 R = PhCH,CO T

. , »
chloride affording amide 95 as a white solid, m.p. 168-170°. Amide *95

was hydrogenaged at 40 psi with platinum ox1de in absolute ethanol for

2 h. After ﬂash chromatography, B-lactam 96 was isolated in 14% yield. -
‘There were strong absorptions in the infrared spectrum at 1750 and 1720 =~
cm'] for the carbonyl groups of the g-lactam and ester, respébtive]y. p
Since B-Tactam 96 was not active against bacteria, we did not attempt to
imp'rove the yield of this reaction Nfurtheh

Instead of cinnamaldehyde, phenylpropargyl aldehyde, R-phenyl-

cmnama]dehyde and o-n1troc1nnama1dehyde were also used to synthesize some

interesting B-lactam intermediates. ° ( ' -

The Schiff base 97 was obtained by refluxing for'2.5 h a solution

of aniline in befizene with one equivalent of phenylpropargyl aldehyd® and

i
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removing the water formed with a Dean-Stark trap:: Treatm“éﬁﬁm

V¥

azidoacetyl chloride-~triethylamine in methylene chloride at -20° afforded

a good yield of exclusively cis B-lactam 98; m.p. 85-86.5°.. There were

two doublets at 4.80 and 5.01 ppm (J = 5 Hz) for the two protons of the
B-lactam 98 in the pmr spectrum. The Schiff’_gase 99, prepared in a

similar manner as described before, was silylated with trimethylsilyl
chloride-triethylamine. The sﬂy]gted Schiff base-\was subjected to treatment

‘ Ph :
P W ‘\

/4 N3 H H
'd [
N N

n

H
OH

R=H 98 R

97
| . 99 R= OH . 100 R
with azidoacetyl ch]oride-tri‘e“thyl\amine.affording ete B-lactam 100. In
the infrar;ed spectrum, the B-lactam %nyl group absorbed at 1735""6%—1,
which was 35 cm™| Tower than that of g-lactam 98. _ ,‘/
B-Lactam 101 was prepared from the carboxylic acid 84. The
infrared spectrum of 101 showed the\ absorptio;x fre'quency of the carbonyl

-1

groups at 1780 and 1720 cm ~ for thé B-lactam and methyl ester, respectively.

, Nyt
HaN - 1. CgHeC=C-CHO IN—
L 2. (CH3)351CT, NET N
+S10 cooy o \onalssini, T3 0

84 4. GHaNp +5i07 COOCH

¥ [

3. N3CHoCOCT,NEts - \
1 ~
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' - cis B-lactam 104, protons Hq and Hy appeéred as two doublets (J = 5 Hz)

. - ’ 3
- » “
.
\ v sy
. \ ¥ e
. '
s

To our surprise, the reaction of phenylpropargylidene Schiff: b_a:se
103, obtained by re_ﬂuxing am‘i~n~e 19_2_74 and phenylproparglyaldehyde in
bt;_nzene overnight, with azidoacetyl chloride-triethylamine afforded
approximate]y\a 1:1 mixture of cis B-lactam 104 and trans B8-lactam 105

in 60% yield after purification. In the pmr' spectrum (Fig. 9, p. 47) of

Ph Ph
P N 13 g o
~ el
|
POV “
RO "2 j@\ 0 \/@\
RO NO, RO NO, '
10z "R = t-BuSiPh, 103 R = t-BuSiPh, 104 eis R = t-BuSiPh,

.

105 trans _R= t-—BuS‘ith

r

at 4.98 and 5.54 ppm. In the case of the trans B-lactam 105 (Fig. 10, p. 47)
the coupling constant of H3 and H4 was about 2 Hz.

In hddition, 8-lactam 106, 107, 108 and 189 were also synthesized
Lo

from the ”cbrresponding arn)iefand’/s-/rﬁieny]c{nnama]dehyde or o-nitrocinnam-
- / ! -

-

aldehyde. ’ -
Some of the intermediates in the sequences, compounds 94, 96, 101, .

rap— -

106,‘ 108 and 109 were tota'lrl,;/ devoid of antibacterial activity. Some

were mildly active against several bacteria, which is shown in Table 1

(p. 48).

.
gy
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Table-1. In vitro testing results* for some Bilactam intermediates.

MINIMAL INHIBITORY CONCENTRATION (MEC ug/mL)

Organisms ; : -

. 72a k?:xp 80 88 89 95 98 100 104 JO5 107 Cefo. - Pip.

E. Coli ESS 22-31 16 16 64 > 128 - 25 25 32 32 128 <.03 <.06
B. oloae. MAT5-1 - - > > 64 > 128 - 256 128 32° 32 - - >128
Enteroc. OSU 75-1 2, 32 - - - >64 - - - - - 128 128 2 -

Enteroc. SM ;7-15 32 | 32 128 . > > >64 ->; >> >> 64 128 128 2
Micro. lutea PCL 1001 8- 8 - > 128 - > 32 3 2 .06 <.06
K\Staph. curews Q741 8 8 32 64 64 - 6 6 32 16 - - .25

. Staph. aurews Q 74-6 - - 32 128 128 - 128 128 32 16 - - 5

Staph. FU79-19-2 8% - - - - - s - - - - 2 4 32
Staph. smith S - 2 = .57

‘ Staph. SSC 79-18 87 - - - - - 64 - - S 2 1 .5

Note: »>> present > 256, Cefq. Cefotaxime, Pip. P1perac1111n

"

*Antibacterial testing was performed at Lederle Laboratories of the Amer1can Cyanamide Company.

e
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106. R = R

49 .

= H 108 R=R" =H
107 R = 0-t-BuSiPh, 109 R = 0-t-BuSiPh,
- : R = NOp R' = NOp

compounds 70

: RCONH

| oo

¢

B OH RCONH
N0
A—N
R
R = OH )
R = COOH ' >

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

and 9_72_ had been accompiished in our laboratory.

o
}

A1though the\sqboxyh'c acid C showed no activity toward a variety of
RN

bacteria, phenol B with a Tower B-lactam infrared absorption frequency

( 1760 cm'1) displayed weak activity toward bacteria. With this \

knowledge in mind and the other factors described on page 37 , wéj thought

D and to examine their biological activity.

N

v f it would be interesting to synthesize compounds with the general structure

L3
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used as starting material

As a model, the relatively readily available B-lacfam 1_1_975 was

-, This starting material also has zhe advantage
70

that one could introduce a destabilizing nitro group at the end

Epoxidation of 110 with m-ch]oroperbenzﬁm acid afforded 1n/90% yield

;
/ ;

110 R = t-BuSiM 5

RO

two isomers of 111, which were not compl etelyﬁ separab]e By flash

chromatography.

-

(Scheme 1).

We anticipated that treatment of 111 with one equivalent

Reaction of the epoxide mixture 111 with one equivalent

of fluoride anion should desilylate one of the sﬂy] ether and then
open the epox1de ring to form either a six- or seven membered ring
~ Scheme 1

N3 :6(\ Si+ /,a/'
gy
RO / \

11 R =/t-BuSiMe,

ff@
RN

TN
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ammonium fluoride at -20° failed to give either of the expected compounds.

of potassium fluoride in the prese’ncé of 18-crown-6 at 0° or tetra-n Jbutyh
However, desilylation was finaﬁy achieved by the reaction of 1_]lh wij:h

two equivalents of tetra-n-butylammonium fluoride and three gqgivalents

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

atteppts with different acidic or basic reagents, phenol 112 was cyclized

using camphorsulfonic acid in methylene chloride. A 5.5% yield of one

"isomer having structure ]13 was isolated. The latter resulted from attack

‘of the phenolic hydroxy group at the benzylic position. The mass spectrum

of 113 showed a_parent ion at m/e 338 (6%) and peaks at m/e 310 (28.5%)

and 255 (6.7%) for the loss of a nitrogen molecule and the fragment] a:\\
indicated on the stllructure 113, respecti"vdy. The 200 MHz pmr spectrum

of 113 displayed a doublet of doublets at 3.9 ppm for H, (J = 5,8 Hz), a
triplet - (doublet of doublets) at 4.21 ppm for Hs (J = 8,8 Hz) and a doublet

at 4.44 and at 5.14 ppm for H, (J = 8 Hz) and H (J =5 Hz). Acetylation

of 113 with acetic anhydride afforded the acetate 114. The structure of

P 44,
RO Ph
H

N, Na 0

’ N

0 0
HO RO
1 113 R = H R

|
|

-
—
o
e
]
(=]
o
(g

|
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113 was " further conf1nned by the pmr spectrum of acetate 114 (Fig. 11, p. 52).

In' part1cu1ar, acety]at1on resulted in the shift to lower field (5. .50 ppm)

of the proton (H3) a to a secondary aliphatic hydroxy group. However,

if a six-membered ring of the structure E were the adduct, we would expect,: ,
™ after acetylation, that the proton of the benzylic alcohol should shift

to a much Tower field.

Some other methods were also used to attempt cyclization in the
desired manner, but no six-membered ring was ever detected. For example,
attempted bromination of the styryl double bond on 110 led to the bromination
of the aromatic ring and partial desilylation of the silyl ether groups. The
reaction of B-}actam 108 with N-bromosuccinimide and water in dimethyl

su]foxide76lor'hydrogen bromide-acetic acfd77 was unsuccessful as well.
After desi]}]ation of g-lactam 110, treatment of g-lactam 115 with phenyl-
selenenyl chloride according to the method of N1'c01aou78 also failed. It is

suspected that the phéﬁy1se1eneny1 electrophile attacked the electron-rich

o
-
+

J

— ° -

aromatic ring, rather than the styryl double bond
Since we were unable to devise a method to construct the six-

.meﬁbered ring in all our attempts, this project was not continued.
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CHAPTER IT1

This chapter will describe syntheti¢ studies toward B-]actam§ having

structure F and monobactam analogues of the type G. <Several different

0

0’ \OR

E

7 ’

o o

approaches have been investigated and will be discussed.

ADDITION OF N-PHOSPHORISOCYANATE TO OLEFINS

The qyc]oadditionJreaction of an isocyanate with an olefin has
been used extensively for the synthesis of various substituted g-lactams.
Chlérosu]fony] isocyanate (CSI) is the most reactive, and some other
isocy%nates have also been”usedso. The reactivity towards condensation with
olefins 1§ greatly diminished by the presence of groups less electron-
withdrawing than chlorine, on the sulfonyl moiety. Addition of isocyanates
have been performed oﬁ various olefins, and it was found that less reactive

8]. Based on

isocyanates required reactive olefins to produce B-lactams
this methodofogy, we thought it might be possible to synthesize compound

F wia a similar route as-shown in Scheme 2.

rm RCONH N
N X . J::N OH .
\P/ / P \P /

4z
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Scheme 2
0=C=N-S0,C1 + W=V - —
2 . N\ N\
CSI olefin 50,01 O H
5 0 '1 .
. i
- 0=C=N-PC] + VYT ————g— —m
2 } 1
N AN A
, N 0 p
— 07 1 0 O0R
' ¥
E
The phosphorisocyanatidic dichloride 116 was prepared by addition
of ethyl urethane to phosphorus pentachloride in dichloroethane, according
té Kirsanov's method82.
0 - 0
(:ZHSO-(:-NH2 + 9615 — C2H50--C-N=PC13 —  0=C=N-POCl,
\
g It is known that, to a hiigh degree, the speed of the cycloaddition
reaction depends on the electrophilicity of the car‘tﬁ@g-carbon double bond,
‘ and on the polarity of the solvent. Therefore, we chose the most reactive
) olefin often used 1in CSL cycloaddition, a-methylstyrene 11_7_83, as starting
LT material, ’Attempts to react 116 with a~-methylstyrene under various

conditions were unsuccessful: in anhydrous ether at room temperature or
refluxing, in methylene chloride at room temperature or refluxing, in

nitromethane at room temperature. The reaction mixture showed no absorption

1

within the 1800-1700 cm™ ' region in the {nfrared, and from the pmr épectrum

o

P et
i
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most of the a-methylstyrene 117 was found to be unreacted. Furthermore,

Dr. D. Dugat, in our 1°aboratory, attempted to react 116 with ethyl vinyl
ether 118 or 1-acetoxy-1,3-butadiene 119. However, no’8-lagtam-containing

products were obtained.

0 ~__ =
o=csN-PCL, + ph7 | EtO , OAc ~
116 17 118 113

ANNULAT ION THROUGH CARBENE INSERTION
= -

ﬁe then decided to stucj/,an ilternate approach used extensively
by G. Lowe et al., far t?eff”’o‘rmartwn of B- 1actam via the cyclization of

.

the corresponding interm)ediate carbene. This method was first employed.

84, w'}mo showed that photolysis-of the diazo-amide 120

gdve a single B-lactam, the trans isomer 121. Lowe85 extended the method

by Corey and Felix

to the syntﬁésis of several bigcyclic B-lactams, containing a carboxylic

acid function o to the B-lactam carbonyl, which was later converted into
an amino group, through a Curtius reaction (Scheme 3). Based on this

methodology, we planned to construct the desired cem'pound 6.

“{"*

-



Scheme 3
) 0 0
cp—- sovemenem— N
HN\«é/l - N \g N\{l
. 0
COOR . C02R C02R
X =CHy,S ) , hv
R\CONH RCON} R'00C
. j:-’/\| . X — }-_-‘/\x
. | 0 N‘P 0 0 N \Z -~ “0 N \{‘
4 0’ \ORI ,
COOR COZR
_G_ ’
cF B 3 0 o ' .
’ - #Thus, phenyl cyclophosphoramidate 122 was prepared from 3-amino-1-
m ]

, propanol 123 and commercially available chlorophosphate 124.

. 0 : .
Y, %;,oph NEts, I~

r

14

NHZ OH ' RN)P/O . 3
o 7 N\
y o ‘ ’ 0 O¢
3 123 VI ‘122 R=H
. . 125 R = CGHGCO

Treatment of 122 with one equivalent of butylTithium and benzoyl chloride

afforded 125, in 90% yield. The synthesis of the reqﬁii?'ed ethyl malonate

fraé?neht wés accomplished using the method of Bres]owee': Diethyl malonﬂafe
’ [

N
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was readily converted into its‘monopotassium salt. The free acid obtained

™

'COOEt

|

KOH
f“z EtOH
COOEt/

COOEt
CHy
COOK

COOEt

| soc1,,
CHy — —=
!

COOH

COOEt [/
1 A
i

cocl

126

from this salt was transforméd into the corresponding acid-chloride 126

by treatment with thionyl -chloride.

Unfortunately, addition of ethyl

malonyl chloride 126 to the cyclophosphoramidate anion of 122, generated

with butyllithium, did not give any of the expected amide 127. Perhaps,

4

128

C1CH,COCT |,

130 X = N

0
X
E£0 r"i:l
¢ N~
: 0 >
o 0 OPh
‘Mﬂ ”
NG 0
o7 N Q
W

THF, r.t.

i

127 X = H

Y

Na p.0
7 SN C1
129

deprotonation of the methy]éne group on compound 126, and/or formation of .

a ketene, was responsible for the failure of this reaction:

"
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’ “In 1979, Stec87 reported that reaction of cyclic phosphofamide
128 with an equivalent amoufit of chloroacetyl chloride in tetrghydrofuran
. ) _at room temperature gave the corresponding chloroacetylamide 129, in 73%
‘yield. In a similar manner, we readily transformed cyclic phosphoramide
122 in excellent yield into’amide 127 which was obtained as a co]or&é§%
,0il. Amide 127 underwent smqoth base catalyzed diazo-exchange with
p-toluenesulfonyl azide88 aﬁd\triethyfamiﬁe, to afford compound 130.

1

Y o The infrared spectrum showed a strong absorption at 2135 cm™' and the mass S

spectrum displayed a molecular ion at m/e 353. The pmr quctrum of 130
(Fig. 12, p. 60) showed a broad triplet at 3.2-3.8 ppm. for one of the

protons o to the amide nitrogen, in addition to all other appropriate

signals.

<
.

The-following transformatiqn,’namelxﬁa,carbene insertion, would
be the key step in our sequence, to form a fused bié&c]ic B-Tlactam system

131. Irradiation of the a-diazo-amide 130 at 0° in carbon tetrachloride

- /

‘ . "Et00C / :
- N @ ﬂw ~\ f
' o <F ) xP/o . e - ) B
. \

&y
[ rater

using a Rayonet photochemical ,reactor, Qith«maximum output at 350 mu, led

) to a complicated"reacyion mixture. The infrared spectrum did not show

" . any diazo or B-lactam absorﬁtibns at 2200 or ~ 1750 cm'],kyespect vely.

i ) =

i 4, b
X
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Using flash chromatography, one of the less polar spot isglated, proved
to _be phenol. Since phenol absorbs in ultraviolet spectrum at 210 mu and
270 mu, we suspected that it might inter%@?e with the carbene insertion
reaction under the photolysis condition. Wevtherefore decided to replace
the phenoxy moiety By a trichloroethyl group. This protecting group can

be removed in the presence of ;'B-iactam34

, and should qot absorb Tlight.
Addition of 3-amjno-1-propancl and trieth}]amine to trichloro-
ethyl dichlorophosphaté{)prepared in situ by reaction of trighloroethyl
alcohol and triethylamine with phosphorus oxychloride, afforded the cyclo-
phosphoramidate 132, in 93% yield, after flash chromatography. The mass
spectrum of 132 showgd the isotopic pattern for the existence bf the three
chlorine atoms. Phosphoramidate 132 was coupled, as before, with ethyl

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

5 0
. NEt, " H,N(CH,) 0H

] -

in a manner analogous to that of ifs corresponding phenyl derivatiye 130.

0

’ . 0
X
Eto)im Eto’uj?-‘/\ : °
N 0. |
0 );p(o Q7 Nspe® -
07 0CHyCCTy 0" “ocH,Cel, D
© 133 X = HH 135
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Attempts to photolyze 134 using a Rayonet photochemical reactor
in mefhy]ene chloride did not give any of the desired B-lactam 135, but
afforded instead a complex mixture of prdducts. Recently, Sout,hgate42
prepared an intermediate for the synthesis of thienamycin, in very good
yield, via either photochemical or metal catagyzed cyclizations of a
carbene (see also Intrg?uction, p. 15). QiaZoester 134, dissolvéd in
toluene in the presence of a catalytical amount of copper was recovered
unreacted, after stirring at room temperature for 4 hours. The reaction
mixture was then refluxed for 18 h, during which 134 gradually disappeared,
to be converted into a complicated reaction mixture. This-mixture Tlacked

1

any absorption within the 1700-1800 cm™ ' region in the infrared spectrum.

Attempts to cyclize 134 using rhodium (II) ac%tate in methylene chloride
also failed, giving unidentifiable products>

The preference for the insertion of carbene into the a-CH bond of
nitrogen has been rationalized in terms of polar resonance structures of

the transition stateggu Therefore, thgré is a possibility that the
. \
H
A He
Ro <\ R R Hf//N\W
YT — O —E
> N 0
0 X D 0”7 XX
- \ L]

ﬁndesired resonance form caused by phosphorus moiety might inhibit the
insertion reaction. One could also consider that the electron-rich oxygen

on the phosphate might somehow react with electron deficient carbene to
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interfere with the desired transformation. Due to the failure of the

!

carbene' insertion at this cr%tica] stage‘in the synthesis, this approach

N ‘

was abandoned.

’ PHOSPHORYLATION OF J-UNSUBSTITUTED B-LACTAMS ON NITROGEN
[ X

A survey of literature revealed that numerous compounds with the
general structure R'CO—NH-#(O)(OR)2 had been synthesized. Usually, primary

amides reacted with ﬁhosph?rus pentachloride to form N-acyl-trichloro-

phosphinimides ﬂ?o. The reaction of three egquivalents. of alcohol with

\
trichlorophosphinimides H resulted in the formation of the phosphoramidates

I.. However, examples of the synthesis of phosphoramidates from a chloro-
RCO-NH, '+ PClg —— RCO-NSPCly +  2HCI .
. l Lo \\\ B_
RCO-N=PCl; + 3R'OH —Z—  RCO-NH-P(0)(OR'),
1
»

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

Therefore,“in order to be able to attach a phosphate to the nitrogen on a

(%}
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B~lactam ring, we decided to first exp1ore7the rézction on a model.
Hence, azetidinone 136 was synthesized from the condensation of

CSI and viny1acetate9]. Reductive hydrolysis of the chlorosulfonyl group

using sodium sulfite and sodium bicarbonate yielded acetoxyazetidinone _

| 137. Reaction of B-lactam 137 and diethyl chlorophosphate, in tetrahydro-

OAc
\ =/ OAc . OAc
N R o G
O'C"N"SOz‘C] 0 \SOZC.I _ 0 \H
csl ‘
136 - 137

furan with or without triethylamine at room temperature, or in methylene

chloride with\:;}ethybamine at room temperature or at reflux afforded
unreacted starting material 137. Addition of diethyl chlorophosphate to

the anion of B-lactam 137, generated by sodium hydride in tetrahydrofuran,
géve some unidentifiable products, lacking absorptions for the carbonyl
groups of the acetate and B-lactam in the infrared spectrum. %reatment,
of 371actam 137 with phosphorus pentachloride or phosphorus oxychloride
and ;riethy]amine resulted in its decomposition. In view of those result
we suspected that under, such conditions g-lactam 137 was probably not an
~ appropriate model owing to the lability of the acetate group.
Unable to prepare the N-phosphorylated derivative of 8-lactam 137,

we decided to attempt similar condensation on g-lactam 138 instead of 137.

Christensen ot a2.% published the first total synthesis of thienamycin
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in 1978. They found that the cycloaddition of 1-acetoxybutadiene 119

and CSI gave B-lactam 139. Reductive hydrolysis (H,0, KoHPO,, Na,SO5, 0°)
of 139 afforded the crystalline acetoxyvinylazetidinone 140 in 42% overall
yield, based on isocyanate. Hydrogenation, followed by deacetylation

using a catalytical amount of spdium methoxide in methanol at 0° afforded

a]coho125§§ {7 excellent yield. "After much experimentation, we were able

QAc

R OAc / " oH
_J/==/ | 1. Ety0 = 1. Hp/Pt/C

A . (J:( LA

" 2. H,0 N 2. NaOMe N
. | 2 \R 0 H ’

o ORS00 [ keo, MeOH
| Na 550, 139 R = 50,C1 . 138
/ 140 R =H - N

*

to repeat the above cycloaddition ﬁéaction obtaining at best a 25% yield
of 140. Subsquently, hydrgéenation and deacetylation’produced the required -
. Starting material 138. We hoped that the reaction of B-lactam 138 with
phosphorus oxychloride, followed by quenching with water or alcohol,
‘would afford bicyclic B-lactam J, in'one operation. R-Lactam l§§_@€% reacted

with phosphorus pentachloride or phosphorus oxychloride in methylene

ﬁ(\‘ 1. POC]B, PC]S,— ﬁm
N~ OH 2. ROH NS -0

H . 0 p
0? “Or
o ; 3
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chloride, in pyridine and in methylene chloride containing triethylamine
‘(or pyridine). Uﬁfortunate?y, all of the above attempts to prepare J
were unsuccessful. Dqé to the difficulties encountered, another approach
was initiated. J

We p]aﬁﬁed to'éonverq a]cohol\%§§ to g-lactam K, form phosphonate
L from halide K through an Arbuzov reaction, deprotect phgsphonate.g .
and transform it jgtd the dichlorophosphonate M, and finally cyclize the

resulting compound (Scheme 4).

j Scheme 4
. 0
£1/\/'OH X ; "!,-—OR
‘ ' " \
N | J;(\/ - J:‘/\/ OR
. 0° H 07 Vi 07 Ny
' 138 K X =Br,I L

T , ‘
i ? 0
> / s ) “ (‘)I
Fo = TN — g
//\orf 0 H 0 “H

S " - "

|

|=

Reaction of alcohol 138 with N-bromosuccinimide and triphenyl-
+
phosphine in N,N-dimethylformamide afforded bromide 141 and tripheny]-

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

-

similar, purification was difficuTt. Thus, the Arbuzov reaction was

I \

66
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aotempted on crude compound 141, hoping that the purification wou]d:be
‘possible at this stage. The Arbuzov~reaction was performed by heating
crude bromide l&i and commerciai]y available triethyl phosphite at 120°

for 18 h. FoTﬁowing flash chromatography of the reaction mixture g-lactam
lgg_was isolated, in 21% yield. In the pmr spectrum of 142 (Figi 13, p. 68)
the ethyl groups appeared as a triplet at 1.15 ppm and a quartet lat 4.0 ppm.

R -
):'(\/ R = Br
IN\

14
H : 142 R = P(0)(0EL),

A broad multiplet was found at 1.4-2.0 ppm corresponding to the two
methy]ene groups next to the phosphonate. The signa1s‘and coupling
constants for the three B-lactam ring protons were very similar to those
for the same protons in alcohol'138. The mass spectrum showed a molecu]ar |
jon and a very’intense peak at m/e 193 for the fragment (loss of ketene)
shown on structure 142.

92,93

There are several methods in the 1iter5turé for th$>preparation

of alkylphosphonyl dichlorides from phosphonic acids or phosphonates.

Okamoto93

recently reported the most mild and efficient method via the silyl
ester. Bis(trimethylsily) phosphonates, which were prepared from the
dialkyl phosphonates with ch]orotr1methy1511ane sod1um iodide, were

transformed in high yield ihto the correspond:ng phosphonyl dichlorides on
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view of the fact that it was difficult to remove the|ethyl gnoup of the

the treatment with phosphor.us pentachloride at 20-30° in carbon tetra-
chloride. Subjection of phosphonate 142 to similar conditions failed to
give dich]om‘d{e 143 an%__resulted in the dest'ruction of the B-lactam ring.
Attempts to dealkylate phosphonate 142 with._ﬁan equivalent amount of chloro-
trimethylsilane in the presence of $odium ic;dide94 did not afford any of
the desired phosphonic acid 144, but gave instead complicated reaction

products with no B-lactam carbonyl absorption in the j'rifr‘are“cfi's‘pectrum. In

0 ;
[ 143 R = Cl,
PN .
| R 144 R 5 O ,
N .
(VI R 145 R F OMe

phosphonate ]_4_2_ Smoothly, and that formation of 142 was a low _yie]d:reactix’)n,

we.chose to use trimethyl group instead of triethyl |phosphite for the

Abruzov reaction. We expected that a methy]gs, grouq

should be more easily

_— &
removed than the éthyl group. Crude bromide 141 was/ reacted with trimethyl

phosphite at 110 for 16 h. However, an inseparabl mixtur‘évcontaining N
methylphosphonate 145, in very low yield, was obtaired. >We therefore
turned our attention to the synthesis of iodide 146] We hoped that the —

'
M et £ g i
- ey,
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0 N\H 147

3

=
]
(o)
=4
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of iodide 146 with trimethyl phogphite failed as with the bromide. Since

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

. High?G, we  thus sought an alternate route to synthesize the desired:

phdsphonate 144.°

fThe sodium salt of dimethy],phosphite;,generated with sodium .
hydride, was reacted with mesylate 147 in dry tetrahydrofuran at 0°. After
sfirring at room temperature or rgf]uxing for several hours, only the
starting mesyiate 147 was recovered, after work-up. Addition of 147 to
the aﬁion of dihethy] methylphosphonate, prepared using sodium hydride,
at room temperatufzbfor 18 h, did not afford any phosphonate 1&§: Instead
unreacted mesylate 147 was recovered. We thought that perhaps a stable
N-sodium salt was being formed. Hence, mesylate 147 was silylated with
dimethyl-t-butylsilyl chloride and triethylamine, in the usual manner,

to afford the s?iy1ated B-lactam149. To the lithium salt of dimethyl
. A
. f

e o
- N OMe I N n

0 H 0 R
148 - : 149
R = t-BuSiMezl
- L




e
8 S A
S —————— I . o Lo '

Tl v e s g -

l(v:" F) & s ”’ . L ‘ \ s - a
- r L
methylphosphonate, prepared using n-butyllithium ats -78° in tetrahydrofuran

was added a solution of silylated B-lactam 149. After stirring at room

’temperature for 3 days, thin-layer chromatography still showed the ~/

_existqu:ﬁ of most of B-lactam 149. This reaction was not p;Jrsued further,

and this scheme waS'abandoned‘.

-

-

# ‘ ) N - a ¥ .
o ‘ X | . . . | R . ~
* AMIDE-MODEL STUDY S :
. . ) ] .
. Because of the low yield of formation of g-Jactam 140 and the
. troublesome preparation of ‘the starting alcohol 138, a si'mph’a amide was
.choéen as a model to investigate the teaction of an Aamide nitrogen with a
s ch]orophosphatei ’ . \
- To a sotution of amjnoprdp'ano]'m in 5 N sodium hydroxide was added
S benzoy1 chl:‘oride and 5 N sodium hydroxide. MNeutralization and extraction
afforded amide 150 es a colorless oil. Reaction of amide 150 with phosphorus
s b : .
: . ' . )
u f , - N "
< 2. v .
- | ’ m1 (\I
.t !pncOMN  OR - CN_ 0
\ " ph ~
NPT - S SRR
DI S 151 R = POCT, . :
é - o‘ . 0 N . -
- . oxychloride and one equivalent of tiriethylamine in dry t;étrahyd‘rofuran at
- L. ( o ) .o
“ (3 L ,
' q ' 5 L . N — e
Lo . . . e . 8 . @ #* ] o
. ' 'N - . . ’



g_phosgmorus oxychloride with two equivalents of triethylamine. The pmr,

P v R

_=78° for 3 h, afforded triethylamine hydrochloride and a product',n presumably,

dichloropHosphate 151. The pmr spectrum of 151 showed a multiplet at /
b4 -~ ol \

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

4.72-5.08 ‘for ZH], and a multiplet 7.3-8.2 ppm for the five protons of

Sromatic ring and tlr}f proton of the amide. In the 1'~nfrared spectrum,
i 1

¢

&, - .
theére were absorptions at 1660, 1380, 1300 and 1110 cm ', but no absorption
at 3500-3100 an”) for the hydyoxyl group. Treatment of 151 with sodium
methoxide in methanoi, produced, after ﬂash‘chromatogrqphy, compound 152.

Meanwhile, compound 152 was also obtained by the reaction of 150 and |,

\ ;":.“ ~ -
infrared, mass spectra and analysis were in perfect accordance with the

~

structure of“ls_z;.

A In order to avoid this side-reaction, amide 150 was silylated
with dimethyl-t‘-butylsﬂ_yl chloride to give 153. Several reaction
éondigions were ‘then attempted in order to prepare the desired N-
ph'ésphory'lated derivative. Treatment of silyl ether l§§_v§ith sodium
hydride or n-buty1lithium, fqﬂowed by th.‘e éddition of phosphorus oxy-

.chlor‘ide_result,ed in the formation of unidenfif‘iaMe products. Reaction of

the anion of amide 153, obtained by treatment with 1ithium diisopropﬂam‘ine‘,
wuifh phosphorus oxychloride afforded a complicated reaction mixture along

with some §tart1‘ng material, while the reaction of this amide anion with

_ phenyl dichlorophosphate or diphenyl chlorophosphate for 18 h led to the

recovery ‘of most of the initiall ‘amide 153. In a last attempt to effect

the desired condensation, amide 153 was treated with n-butyllithium,

o
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Ph , n-BuL i Ph NaH
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" : Most of SM

followed by addition of diethyl chlorophosphite at -78°. The N-phosphor-
ylated amide 154 was ob#gined in 20-35% yield after purification...
It thus appeared through the model study,,‘l and also according to

97

the literature”’, that the reaction of a nitrogen of an amide with ,ch1c’>ro-.

phosphate was not facile. The reasons for the difficulty of the reaction,

' perhaps, are due to the relative low nucleophilicity of the amide anion

- -

towards the chlorophosphate, and/or the instabﬂ;’ity of the n%‘trogen-‘

phosphate bond in this type of compounds. On the other hand, the hydrogen
. ! S

on the nitrogen of a g-lactam is more acidic than that of an amide,’and

®

the chemical reactivity (nuc]eophiglicity) .of a,B-lactam nitrogen 1ies between

39,98

that of an amine and an amide We therefore attempted to react a

~ chlorophosphate with a B-lactam again. Thus,faddition of phenyl dich]%ro-

phosphate to a solution of alcohol 138 and two equivalents of tm’ethyf—“l

amine (or pyridine) in dry methylene chloride at 0° afforded most probably °

. |
! |
!

-\ | | | B

"



'room temperature to afford THP ether 158. Treatment o

chlorophosphate 155 as an intermediate. This was supported by the pmr and

v
0]
> I

\ i
« p\\aph\ .
| ’ :
* J—NH Cl ™/ N\GP/O 7

( 0 0
V2
, J o7 Tor
155 156 R = Ph
. 157 R=M .

1

©

_infrared evidence only. Prolonged reaction did hot produce any bicyclic

B-lactam 156, rather openjng of the B~lactam ring was observed, based on
the infrared.spectrum. Treatment of 138 with two equivalents of n-butyl-
Tithium and dimethyl chlorophosphate dié not yield any Bslactam 157 either.

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

’ fashion, that is, to form the N-P bond by treatment with an appropriate

" base after initially protecting the alcohol.

Thus, (é]épho] 138 and dihydropyran in dry methyjene ch’loir‘ide
containing pyridium p-toluenesul fonate99 (PPTS) was stirred for 8 h at
the THP ether 158

‘with one equivalent of n-butyllithium at -78° in dry gAtrahydr‘ofura’n,

followed by addition of diethyl hch]orophosphate, affmr/ded the adduct 159,
in good yield. The carbonyl infrared absorption freq/(:ency of B-lactam 159,
as expected, increased from 1750 cm'1, in 158, to 17?0 cm']. The mass
spectrum of 159 shqwed a base peak at m/e 180 for th/e fragment indicated

in structure 159. The 200 MHz pmr of 159 (Fig. 14,/:'p. 75) showed t@e o
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1_5_§’(R=H‘- &0 -

"159 R-?T:(E))(ost)za
0 R =P(0)(OR'),

k4

presence of two diastereomers, the structures of which were consistent with

‘those depicted. Analysis of an expanded portion of the.l§_9_ spectrum allowed
&

us to determine the coupling constants between phosphorus and protons H],

H, and Hy. H; was coupled to H, (Jgem = 16 Hz), to phosphorus (Jp-H = 3 Hz) '

and to Hs (J

phosphorus (J

the nitrogen on the B-lactam ring, we now sought to form the bicyclic

system by cyclization of the phosphate and the hydroxy group. There are

trans

p-H

= 6 Hz) and to Ha (9

= 3 Hz). H, was coupled to Hy (Jgem = 16 Hz), to

C1.SzGHz). ] o

Having been able to successfully attachthe phosphate residue to

two possible routes to the desired bicyclic B-lactam J from B-lactam _1_5§:13/

the THP ether 158 could be transformed into an appropriate phosphoro-

amidate 0, removal of the THP protecting group and would then allow the

cyclization by transesterification; the other route involved the conversion

&t‘)f 158 into a phosphoric acid-Q (R '= H), deprotection of THP ether and
>

the cyclizatien of the resultin compound by a coupling reagent. We

attempted ‘the transesterification first, which would eliminate the possible

difficulty of handling a very polar phosphoric acid intermediate.

In 1977, Ogilvie et al.

100

reported that bis(trichloroethyl) alkyl

phosphates reacted with alcohols in the presence of cesium fluoride or

L
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@ tetra-n-bytylammonium fluoride affording the adducts P, which could be
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further transformed into mixed trialkyl phosphates Q. Reactions using

4 K]
|

0 0 | 0
. ] RGOH " RIIOH , n
(C130Hp0) PR r—  CCT5CH,0POR G —>” R"OPQR
. OR' OR'
L4 Q
-~ | " |
diphenylj alkyl phosphates]00 were found to be even more rapid than the

I
!

}

e;(amples[ mentioned above. In addition, other alkoxy g%ups were not
f
i

displace!j under those conditions. Based on the above findings, we em,t?ar ed

on the synthesis of the key intermediate 160.

B-Lactam 158 was transformed into the diphenylphosphorémidate 161,
obtained in 80% yield after flash chromatography. Deprotection of ﬂ with

|
ar

PEif‘Sgg fforded alcohol 160. The mass spectrum of 160 showed a molecu
ion at m/e 347 and a peak at m/e 276 <(96%) for the fragment shown on stpucture

160. The 200 MHz pmr spectrum (Fig. 15, p. 78) clearly showed resonances

H,
Hq ?_ 3 ; OR
s Lo, 0Ph ) 160 R = H
H ~
. 0 S omn 181 R = THe °
_ 275 0

\

at 2_.7# ppm for H1 (J] 2" 16 Hz, J],3 T Jp,l-h = 3 Hz), at 3.22 ppm for

Ry \

- - 3
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(J] p = 16 Hz, U, 3 Jp Hp = 6 Hz) ‘and a broad multiplet at 4.10 ppm

for Hj. The p-H coup11ng constant was found by decoupling Hq from Hy and HZ'
. Reaction of d1pheny1phosphoram1date 160 with anhydrous cesium

fluoride in t-butanol gave the cyclized g-lactam 162, in 20% yield, along

with phenol and B-lactam 163, as the sole side product. Attempts to

improve the yield of the reaction and to eliminate the side product 163

------- 212

a
b4
/7 \
o
w!
O
[ L=
]
[ ]
1 ]
1 ]
- -r. rPEse
z [
/i E
p
o /
=)
-
/
(=]
P - |
-
L]

T N
U /P 0 : °H
{0 OPh :
: L--..304
162 163

iwere all in vain. This suggested that perhaps the B-Tactam nitrogeﬁ was
in part acting as thé leaving group, during treatment with CsF, instead
| of the phenoxigqranion. Due-to the strgined nature of the bicyclic
system, it ma§ also be possible for the phenoxide anion to attack the
| phosphorus on 162 and displace the B-lactam nitrogen.
The 200 MHz pmr of 162 in acetone d6 and dedterium oxide (Fig. 16,

p. 80) showed multiplets at 1.8-2.2, 2.8-3.0, 3.9-4.1 and 4.3-4.7 ppm

: i

for the protons Has Hyy Ho. and Hy, respectively. Also, decoupliing
experiments at 200 MHz affected the above protons in a manner consistent

with structure 162. The mass spectrum of 162 showed a molecular ion as
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well as a base‘peak at m/e 212 for the fragment indicated \on the structure
162. To our surprise, the infrared absorption frequency for the carbonyl

1. which was 30 cm”! Tower than the

group of g-lactam 162 was 1760 cm
uncyclized g-lactam 160. Biological testing showed 162 was “\totaﬂy
devoid of activity toward a variety of bacteria. \\

Tr}e identity of the side product 163 was proved u%ing infrqred,

pmr and mass spectral data and by synthesis. Alcohol 138 was

reacted with diphenyl chlorophosphate in the presence of pyridine to yield
163. The pmr specirum (Fig. 17, p. 82) displayed two sets of
multiplets at 1.8-2.2Pand 4.2-4.5 ppm for the protons of two methylene and
a similar pattern for the three of g-lactam protons as that of the alcohol
138. The mass spectrum showed a parent fon at m/e 347 (4.6%) and ‘the
fragments at m/e 304 (20.3%),'305 (43.7%) indicated on structure 163.
W Unfortunately, preliminary attempts to cleave the phenyl grqup in
162 with tetra-n-butylammonium fluoride in THF resulted in a ver_yﬁ
difficult-to-separate reaction mixture.
While this work was in progress, Dr. Christensen at Merck Company

generously provided us with g-lactam 164. We were hoping to achieve

the synthesis of bicyclic g-lactam 165 via the same subsequent transform-

. : IR .
ation (see Scheme 5). Thus, B-lactam 164 was hydrogenated with palladium

- on charcoal fgjlowed by méthylation with diazomethane to afford methyl

ester 166. Reduction of 166 with sodium borohydride in tetrahydrofuran-

101

water gave the desired alcohol 167. Later, the formation of a]cohql'

. |
167 was achieved by direct reduction of 164 using sodium borohydride in

methano13°. B
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KNS

o ek

R 230 - 1



R

LU IR T TP PN ~

82

£

-

(000 UL “€91 40 wnu3dads aud ZHYOZ




Scheme 5
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chlorophosphate -gdve B8-1 actam 169.
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. AN s
Protection of’ a]coho] 167 foHowed by reaction, w1th dipheny]

Deprotection of THP ether 169 afforded

g-lactam 170. Unfortunately, treatment of 170 with CsF in a usual manner

did 'nd[t yield any of .the desired bicyclic B-lactam 165. Instead, g=lactam

7 wa‘ts found to be the only product.

A11 of the pur, infrared and mass

spectral data were in accordance with the structure 171. Bg-Lactam _1_7]_\-mas

a

et sa
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also synthes1§\ed by the reaction of B-lactam 138 with diphenyl Q:hloro-

phosphate and triethy]amme

‘At this stage, we gecided to attempt the second rou

ofcthe cyclization through the coupling relagent such as DCC
dibenzyl chlorophosphate 172 was chosen, instead of diphenyl chlorophosphate

as the required reagent. It is known that benzyl protectin

removed by hydrogenation. According to the method ¢f Friedmaﬁ

" afforded dibenzyl phosphite 173. After chlorination of 173

s

2

NCS

-

te (Schéme 6)
. Thus,

g groups can be

]02, reaction

* / of phosphorus. trichloride and benzyl aIcoho’l in the presence of pymdme

with N chloro-

B
M i
E

PCl; +, CgHgCH,OH ,BL., HOP(OCHZCSHS)Z -?,—q CW(O)(OBﬂ)g

173

ey

¢ ’
1 - u -
* e :

succinimide, the corresponding benzyl chlorophosphate 172 as’ obtained

> Treatment: of B8-lactams 158 and 168 with n=-butyl1it
followed by the add1t1on of d1benzy1 ch]orOphosphate afford
174  and 175. Deprotection of THP ether’ (174 and 175) and t

103

jum at -78°,

ed B-laktams |,

of 176 and _1_12_ yielded B-Tactams 178 and 17. quever, a\:tempted .
-3 s - a

104

' o |
cyclization of 178 and 179 with DCC™™" or 1l-ethyl -3[3-(cjj1me

propyl]carbodﬁmide (WSC) gave mostly unidentified productg.

R

thytamino)-

' , 0

he hydrogenation_

I
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Scheme 6 ~—
EPTS
— OBn
\ / \ /
// ~08Bn ~0Bn
174 R = CHZOTHP 176 R = CH,OH
175 R = OTHP 177 R = OH
HZ/Pt/C
\ R
o Now e .
. OH
180 LN
N e 0,/ \OH
IR
N v -
N O//p\OH 178 R = CH,OH
- 179 R = OH
181
S

SYNTHESIS TOWARD MONOBACTAM ANALOGUES

105

“In very recent publications , two research groups, Takeda

Chemical Industries in Japan and The Squibb Institute in USA, described

a new family of monocyclic g-lactam antibiotics produced by bacteria.

This class of B-lactams containing the novel structure skeleton R have

been nfimed as "monobactam". Most of them showed activity against Gram-

negative bacteria.

Particularly, a highly active B-lactamase-stable
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derivative V, azthreonam, synthesize'd‘ by the Squibb Ir{stitute, has been
developed for c]inj;a] evaluation.
X Y R
*
I, OCH3 H -'CH-NHCOCHZCHZ(I:H-NH2
f ) Oy COOH.»
X *ﬁlalanine:Su]fazec‘in
X . *L-alanine:Isosulfazecin
~ RCONH _.-T g -
j——[ Il H H -CH-NHCOCHZCHrZCH-NH2
1 ] N
0 N\SOBH CHg COOH
-R_ III 0CH3 H ’-CH3 . -
- .
IV H -H -CH3
f S
) H CH3 -CH —NH
] N 2
CHz N
HO0C-C —0”
) CHy Azthreonam

7

a )

~ We therefore were interesged in the synthesis of some monobactam’
analogues S by replacing the sulfonate moiety with the phosphate residue.

Based on the finding of modél\studies, it was difficult to react a secondary

" RCONH X v
N
0 ~
PO,
S X =H, CH,
”
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amide with a dialkyl chlorophosphate. We thought it might be possible
to apply the established methodology for attaching the phosphate moiety

-

s

to the nitrogen of a B-lactam ring in the presence of an acylamino side
chain.

The simplest B“-lacta'm 182, as the starting material, was prepared,
according to the method developed by Miller et al.39. N-t-butoxycarbonyl-
L-serine 183 was converted into the corresponding hydroxamic acid 184

using O-benzylhydroxylamine and WSC. Cyclization of 184 with triphenyl-

H
tBOCNH; 0| H : #BOCNH OH
-
~NH0CH2 Ph

COOH
183 ' ‘ 184
B >
H
tBOCNH tBOCNH ‘cBOCNHj_:_|
- i ~tiliprer———
J: I N
0 NH . 0 N ~ OH . 0 ™ 0Bn
182 186 185

phosphine, triethylamine and'carbon ‘tetrachloride afforded B-lactam 185.°

Hydrogenation of 185 yielded 186 and titanium trichloride reduction gave

182. Treatment of 182 with n-butyllithium at -78°, followed by the addition

(=

3 ;
of diphenyl chlorophosphate, afforded as expected g8-lactam 187 in good yield.

-
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In the infrared spectrum, the 8-lactam absorption of 187 was found at 1800

cm']. The mass spectrum showed a parent ion at m/e 418 (1.5%) and the

»

fragment at m/e 276 (70.2%). Also, B-lactam 188 was synthesized from

B-lactam 189* via the same method for the preparation of 182. The infrared

-

tBOCNH j_—r"% 1. n-BuLi tBOCNH IT 3
- - — 0Bn
: 4 0Bn
189 | 0
: . 188 -
tBOCNH~___.~ M3 :
I ' OH
/ <
, o7 N> E
o’ OH
. 190
spectrum of B-lactam 188 showed the absorption at 1790 cm'] for the

g-lactam carbonyl function. Dr. D. Dugat, in our laboratory, successfully
hydrogenated B-lactam 188 to give phospggrnic acid 190.
In conclusion, the reagtivity and the synthesis of various

phosphorus reagené; and an amide or an unsubstituted g-lactam on nitrogen

“g-Lactam 189 was prepared by Dr. D. Dugat in our laboratory.
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has been explored. The attachment of a dialkyl ch'lorophosphatle to the
nitrogen of a B-lactam ring was achieved, The formation of two new ring
systems J80 and 181 ha een studied and B-lactam 162 was succgséfuﬂy )
prepared. Different p::i%g g'roups of phospha,te’residue were éxarp]'ned
and it was s_hov;n t@hat the benzyl protecting .group coul'd be cleaved in the
case of B-Tlactams 178 and 179. Preliminary tests* indicated the failure
of .removing tht;. t-BOC protecting group in phosphorylated, B-lactam 188.
Howéver, the synthesis of monobactarf § was considered beyond the scope
'of this thesis. . '

5 ¢
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*I;ocardiein ;nalogues 31 and 52 have been prepared.' Decarbonylatfon
of 64 by tris(triphenylphosphine) rhodium chioride was achieved. r

The synthesis of B-lactam 95 was accomplished. The reaction of
azidoacetyl chloride with phenylpropargylidene Schiff bases derived from
phenylpropargyl aldehyde and various substituted anilines, afforded
B-Tactams in fair to géod yiélds.

A new bicylic B-lactam 162 was sy'nthesizeg. The key step in
the‘ synthesis of 1§_2_ involved the phosphory]agi(;n of the nitrogen on
the B-lactam ring.

A . B-Lactam 188, a key intermediate, for the synthesis of monobactaﬁ

analogue § was synthesized.
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GENERAL EXPERIMENLQ#

. - \
Me1t1ng points (mp) were determined on a\hgkjenkamp block and
are uncorrected, unless otherw1se specified. Mass spectra (ms) we L
obtained oA HP 5984 or LKB 9000 mass spectrometers and intensities are
‘!

reported in parts per thousand (°/06). Chemical ionization mass’spectra

(CI-ms) (using isobutane) and-gas chromatographic mass spectra (gc-ms)

, wefe recorded on.the HP 5984 instrument. Infrared (ir) $Ppectra were

obtained on Unicam SP 1000 Perkin Elmer 257 and 297 spectrophotometers.

Proton magnetic resonanc; (*Hmr) spectra were acquired“on Varian T-60,

T-60A and XL-200 §pe£troﬁeters, with tetramethylsilane (TMS) as internal

standard. Chemical shifts are given in the 8. scale, in parts per mi]liBﬁ

(ppm). Doublets (d), triplets (t) and guartets (q{ are reported by their ‘//

center positions, while multiplets (m) are described by a range of

absorption. OQOther abbreviations‘used are: (s) for singlet, (b) for

broad and (app) for apparent. . s
Aﬁaiyticg] thin-layer chromatography (tlc) was carried out on

Meérck silica gel GOBF254 pre-coatgd aluminum plates, and was visualized

by dipping 1nto a solution of 2.5 g ammonium molybdate and 1 g ceric

sulfate in 10 mL concentrated H2504/90 mbL H20 and heat1ng on & hot p1ate,

or by dipping into a: so]ution of 1% of p-d1methy1am1nobenza]dehyde in

96% ethanol, followed by expomeg it .to HC1 vapors. “Flash ;hromatography",

described by Still et.az. %0

, was performed using 32-63 u Woelm silica
gel (from ICN Nutritional Biochemicals, Cleveland, Ohio). Analytical gas

chromatography was performed on a HP 5750 instrument, using a 3% OV-101



(3 ft) column.
107

Dry solvents were obtained by storing ovér molecular sieves
(DMF, DME, acgtdhitri1e, benzene, methanol, methylene ch]orige, toluene)f

or by ’reﬂ uxing in the presence of sod1'um-benzophenone108 (THF), or were

i

available commerciaTly (Et20, EtOH).

A11 evaporations were done, unless otherwise ﬁn,entioned, under
" reduced pmressunre {water aspir;tor) with a bath temperature of 25-40°A.
Midwest Microlabs (Indianapolis, Indiana) performed the elemental

. <,
analyses. '
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A

é-(Z,S-Dimethoxyghenyl)glycinonitrile 33

2,5-Dimethoxybenzaldehyde 32 (3.32 g, 20 mmol) was disSolved in

methanol (100 mL). Ammonium chloride (2.67 g, 50 mmol) and sodium cyanide
(1.22 g, 25 mmol) ‘was added. The solution was saturéted with ammonia

gas ‘at 0° for 15 min in a ﬁressure bottie. It was allowed to warm to room
temperature and stirred overnigbt@ The solukion was evaporated to dryness
and water was adq§d. It was extracted with ether (3 x 80 mL), washed with
10% HC1 aﬁd neutralized the aqueous layer wi}h sodium carbonate.
Extraction with ethyl acetate (3 x 70 mL), drying (MgSO4) and evaporation

@

gave 3.34 g (87%) of 33 as a red oil. ’

Hmr (CDC15) 8: 2.16 (bs, 2H, NH,),13.74, 3.82 (2s, 6H, 2CH,), 5.00 (s,

]H,‘CH), 6.80-7.12 (m, 3H, C6H3); ir (CHC]B) Vmax: *3300-3400 (NHZ)’
2210 (CN) em™'. | .
Methy1-(2,5-Dimethdxyphenyl)glycinate 35 s

2-(2,5-Dimethoxyphenyl)glycinonitrile 33 (1.0g, 5.2 mmol) was'
dissolved in 60 mL methanol/water (95:5). Hydrochloride gas was bubbled

in at room temperature until saturation for 10 min without cooling. The

mixtdre was refluxed gently for 2 h and evaporated to dryness. Saturated

sodium carbonate (20 mL) was added. The solution was extracted with ethyl

acetate (3 x 20 mL), dried and evaporated to give 0.71 g (61%) of 35.

f
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Hmr (CDC]3) 8: 2.40 (bs, 2H, NHZ)’ 3.70, 3.80, 3.82 (3s, 9H, 3CH3),

4.79 (s, H, CH), 6.85 (s, 3H, CgHg);.ir (CHCI3) v__ : 3300-3400 (NH,),

1740 (C=0, ester) anl,

max’

~ Schiff Base 36

To a solution of methyl-(2,5-dimethoxyphenyl)glycinate 35 (1.83 g,
8.13 mmol) 1in dry CH,Cl, (100 mL) was added cinnamaldehyde (1.07 g, /
8.13 mmol). The mixture was refluxed and CHoCl, distilled out slowly

with the constant addition of dry CHZC]2 so as to maintain the same volume

~in the reaction vessel for 6 h. The solution was cooled; added MgS0,
»

(1 g) and stirred for 18 h at room temperature. Filtration and evaporation

afforded 2.76 g (100%) of Schiff base 36.

‘Hur (CDC14)-8: 3.40-3.60 (m, 9H, 3CH3), 5.10 (s, TH, CH), 6.30-7.00 -~
1740-1750 (C=0, ester), 1630 (C=C) cm™'.

]

Azido-g-Lactam g;.

To the freshly prepared Schiff base 36 (2.75 g, 8.12 mmol) in dry
CH,CT, (60 mL) was added tr;ethylamine (0.82 g, 8.12 mmol1). A solution
of azidoacetyl chloride (0.97 .g, 8.12 mmol) in dry QH2C12 (10 mL)/yas
added at -20, °C, dropwise over 10 min. The mixture was warmed up by itself
and stirred an additional hour. The solution was washed with water

"
(2 x 50%nL), dried (MgSO4) and evaporated to obtain the crude product.

v



Chromatography over silica gel using methylené chloride as eluant gave

. 95

3

\. CT )

~

-

1.63 g (50%) of 37 as two diastereomers.

YHmr (CDC'|3)' §: 3.60-3.90 (m, 9H, 3CH3) » 4.20-4.40 (m, 1H, C_H_-CHN3),
4.88-4.95 (2d, 1H, CHN3, J = 5 Hz), 5.91, 5.93 (2s, 1H, CH), 6.5-7.7 (m,

& s
10H, CgHss C6H5CH=CH); ir (CH2C12) Viax " 2100 (N3), 1780 (C=0, B-lactam),

1760 (C=0, ester) cm'. ‘

~Acylamino g-Lactam 38

To a diastereomeric mixture of azido g-lactam 37 (1 g,-2.49 mmol)
in dry CH,C1, (50 mL) was added Q\i‘é{:hﬂamine (0.25 g, 2.49 mmol). The
solution was bubpled into HZS gas for 15 min at 0° and was warmed to
room t_emperature to stir forr' an additional hour. It was then bubbled
into nitrogen gas for 15 @n’n: Phenylacetyl chloride (0.42 g, 2.72 mmol)
and pyridine (0.2 g, 2.53 mmo1) were added to th; reaction mixture. After
séirring at room temperature for 2 h, it was washed with water, 10% HC]
and saturated NaHC03, dried and evaporated to give 1.42 g of crude product.
Chromatography over silica gel using CHZCI2 and ‘then CHCl, ;s eluant

obtained 0.70 g (55%) of B8-lactam 38. -

'Hmr (CDC13) 8: 3.42 (bs, 2H, COCﬂzPh), 3.40-3.60 (m, 9H, 3CH3), 4.‘00-4.20’

(m, TH, CH-CHNH), 4.60-4.80 (m, "TH, CHNH), 5.70, 5.80 (2s, 1H, CH), 6.2-7.4
t

(m, T1H, CgHy, CoHeCH=CH, )5 ir (CHC14) v, ¢ 3300-3420 (NH), 1740-

1760 (C=0, B-lactam, ester), 1675 (amide) cm'].
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£ 10.60 (s, TH, CHO), ir (CHCl,) v

e 96°

. {
2,5-Dihydroxybenzaldehyde 39

N
»
Al

2\5-D1’methoxyben2a1dehyde 32 (3.4 g, 20.4 mmol) in dry CH, c12 -
(100 mL). Boron tribromide: (13. 06 g, 51 mmol1) in dry CH,CT, {40 mL was
added dropwise over a penod of a half hour at -20°C, The solution was
warmed to room temperature and stirred overnight. It was .poured onto )i‘;:e
, -

and extracted with ethyl, acetate. Drying (Mgso4),a filtration and
evaporation yielded 2.80 g (99%) of 39 as-green-black solid; »m.p. 98-99°C. , -

~3 Hmr (CDC13) §: 6.71-7.34 (m,.3H C6H3) 7.35-8.00 (b, 1H, OH), 9.80 (s,

1H, CHO), 10 40 10.60 (bs, 1H,OH); ir (CH 'C'l 3500-3000 (6H’)',

Vmax*
1660 a(CHO) cm

9

v 2 °
-

2,5-Dibenzyloxybenzaldehyde 40
N ’ - 2 L
- A solution of 2,5-dihlydroxybenzaldehyde 39 (13.68 g, 0.099 mol) in

absolute ethano1. (450 mL ) was refluxed for 18 h, containing benzyl ch*lorideo
(23.76 g,&}OJBB mol) and potassium carbqnat'e (25.94 g, 0.188 mol). . After
fﬂtravt'i‘on and evaporation, the residue was dissolved in ether and treated
with charcoal jto afford the crude product, which was _chromatographed 6ver
silica gel using (;HZCL?_ as eluant, Crystallization from ether-pentene gave
23.25 ¢ (;4%) of 2,5-d1benzy'lBxyt;enz‘all’ldehyde f}_Q_'as yellow cystals; m.p.
89-90°C. L ' '

»

Hme (CDC13) 4: 5 08, 5.18.(2s, 4H, 2CH2) 7.0-7.6"Tm, 13H, C6H3, 2C6H5)

x
maxi 1700 (CHO) an”".

2z
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2,5-Dibenzoxyphenylglycinonitrile 43

2,5-Dibenzyloxybenzaldehyde 40 (2 g, 6.29 mmol) was dissolved in
100 mL of methanol and 30 mL of tetrahydrofuran. Ammonium chloride
(0.674 g, 12.6 mmo1) and sodium cyanide (0.318 g, 6.49 mmol) was added.
The mixture was saturated with ammonium gas at 0° for 15 min. The
solution was allowed to warm up to room temperature and stirred for 18 h
in a pressure bottle. It was evaporated to dryness and water was added.
Fﬂ‘tration afforded 1.90 g of the crude 41, which was used without

purification.

"Hmr (CDCTB) 6: 1.60-2.00 (bs, 2H, NHZ)’ 5.02, 5.10 (2s, 4H, 2CH2), 6.90-

1

7.60 (m, 13H, aromatic); ir (KBr) v 2200 (CN) cm .

max”

Methyl-Z,5—d1'benioxyphenyTglycinate 43 was obtained from the crude
41, via the procedures for the preparation of 35, in 45% yield after

. thromatography on silica gel using chloroform as eluant.

®

YHmr (CDC13) §: 1.80-2.00 (bs, 2H,0NH2), 3.67 (s, 3H, CH3), 4.81 (s, 1H,

CH), 5.02, 5.05 (2s, 4H, 2CH,), 6.80-7.60 (m, 13H, aromatic); ir (CH,Cl,)

Voo i 3000 (NHy), 1740 (C=0, ester) !,
. . ¢

~ v

Aminaester 44
~

"Hmr (CDC1g) 6: 3.67 (s, 3H, CH3), 3.70-8.00 (bs, 3H, OH, NH,), 4.60 (s,
H, CH), 5.04 (s, 2H, CHy), 6.50-7.50 (m, 8H, CgHg, CgHg)s ir (CHyCly) v .. :
3500-3000 (NH,, OH), 1740 (C=0, ester) cR™1s ms (70 eV, 54°), m/e (*/o0):
287 (28, M'*), 228 (595, M'*-COOCH"), 91 (1000).
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Schiff Base 45 and Azido-g-Lactam 46

Schiff base 45 was obtained from' 43, via the prggedures #or the

preparation of 36.

X

"Hmr (CDC13) 8 3.62 (s, 3H, CH3), 4.90, 4.95 (2s, 4H, 2CH2), 5.50 (s,

TH, CH), 6.50-7.60 (m, 20H, C6H3, 2C6H5, C6H5CH=CH), 7.90 (d, 1H, CH=N,
1

1630 (C=N), 1740 (C=0, ester) cm .

s

J = 7Hz); ir (CH2C12) Viax’

B-Lactam 46 was obtained from 45, via the procedures for the

preparation of 37, in 90% yield, as a 1:1 mixture of diastereomers after

chromatography (CHZGTZ).

"Hmg (CDC]3) §: 3.48, 3.52 (2s, 3H, CH3), 3.90-4.20 (m, 1H, C57CHN3),
4.53 (d, 1H, CHN, J = 54z), 4.70, 4.75, 4.81, 4.90 (4§, 4H, ZCHZCGHS)’
5.72, 5.78 (2s, 1H, CH), 5.22-7.40 (m, 20H, C6H3, 2C6H5, C6H5CH=CH); ir

1

(CH2C12) Voax: 2100 (N3), 1770 (C=0, R-lactam), 1740 (C=0, ester) cm .

g-Lactam 47

A diastereomeric mixture of B-lactam 46 (1.43 g, 2.49 mmol) in a

mixture of CH2012 (50 mL) and absolute methanol- (100 mL) was saturated

98

with nitrogen gas at -78° for 5 min. A mixture of ozone -and nitrogen gas

was bubbled in for 35 min, until the KI starch paper showed blue color.

. The excess ozone was flushed out with nitrogen gas for 15 min. The

. temperature was él]owad to rise to -40°, at which time NaBH4 (0.132.g,

>3

¢3.48 mmol) was added. The temperature of the solution was risen to room

¢
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temperature within 2 h, fol]owing'whichylo% HCT (5 mL) was\§Qded. The
solution was evaporated to dryhess. The residue was added water (30 mL)
and extracted with ethyl acetate, washed with water, dried (MgSO4), and
evaporated to give the crude product. A wash with a mixture of ether-
hexane (1:5) removed benzyl alcohol. Chromatography on silica gel and
elution with chloroform afforded 0.75 g (60%) of a 3:1 mixture of
diastereomers 47/48. Separation of twp'Qﬁastereomegslby chromatography

on silica gel using CHC]3 gave 0.5 g of the more péfgn,iéomér 47.

w’ 2' 3
YHmr (CDC13) §: 3.10-3.40 (bs, 2H, CEZOH), 3.50 (s, §H, CH3), 3.40-3.80
(b, 1H, OH), 3.90-4.10 (m, 1H, CﬂpHZOH), 4.60 (d, 1H, Cﬂﬂ3, J = 4Hz),
4.80-5.20 (m, 4H, 2C_I-12C6H5), 5.64 (s, 1H, CH), 6.60-7.40 (m, 13H, C6H3,
3400-3600 (OH), 2100 (N3), 1760 (C=0, B-lactam),

1750 (C=0, ester) em .

g-Lactam 49

To a solution of B-lactam 47 (1.25 g, 2.49 mmol) in dry CHéC]Z
(50 mL) at 0° was added triethylamine (0.283 g, 2.80 mmol). A stream of
HZS»was bubbled in for 15 min. The mixture was stifred at room temperature
for 2 h. The excess HZS gas was removed by passing through nitrogeﬁ gas
for 30 min. The solution was washed with water, dried (MgSO4) and
evaporatedsto afford 0.65 g (55%) of B-lactam 49, after chromatogﬁéphy on

si]fca gel uding chloroform and chloroform:ethyl acetate (1:1).

'Hmr "(COC1,) &3 2.00-2.60 (bs, 3H, OH, NH,), 3.20-3.40 (m, 2H, CH,OH),
3.54 (s, 3H, CH;), 3.70-4.00° (m, TH, CH-CHNH,), 4.23 (d, 1H, CHNH,, J = BHz),

°
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| 4.95, 5.00 (2s, 4H, 2CH2C6H5), 5.64 (s, 1H, CH), 6.80-7.40 (m, 13H, CeH3,

2CgHg); ir (CHC15) v _ @ 3350 (NH,), 1750 (C=0, B-Tactam), 1740 (C=0,
ester) cm'; ms (70 eV, 20-110°), m/e (%/s0): 476 (31. M**), 403 (1000,
+, _

M** -NH,,CH=CHCH, OH) .

g-Lactam 50

To a solution of B-lactam 49 (0.65 g, 1.36 mmol) in dry CH,C1,
(40 mL) containing triethylamine (0.2 g, 1.98 mmol) was added dropwise
a solution of trimethylsilyl chloride (0.2 g, 1.84 mmol) in dry CHZCI2
(10 mL) over 15 min. After stirring another half hour, EEDQ (6.4 g,

1.62 mmo1) and phenoxyacetic acid (0.3 g, 1.97 mmol) were added. The ~

solution was q]lowed to stﬁi at room tempgrature for 18 h. After evaporation
of.the solvent, the residue was dissalved in ether, washed with 10% HC1

and 10% NaHCO5, dried (MgSO4) and evaporated to afford 0.83 g of the crude
product. Chromatography on silica gel using CH2012:gaye 0.65 g of l

B-lactam 50 in 78% yield.

'Hmr (COC14) 6: 2.60-2.80 (b, 1H, OH), 3.20-3.40 (b, 2H, CHoOH), 3.60
(s, 3, CHy), 4.0 (m, 1H, CH-CHNH), 4.42 (s, 2H, CH,O0Ph), 5.00 (s, 4H,
2CHyCgHg) » 5.20-5.40 (m, H, CHNH), 5.50 (s, 1H, CH), 6.60-8.00 (m, 19H, -
Cghan gz, NH)5 ir (CHpClp) vy 3400 (NH), 1760 (C=0,’g-lactam),
1740 (C=0, ester) cm™'; ms (70 eV, 70-130°), m/é (*/4o): 610 (115, M™),

551, 63, M+‘-COOCH3'), 519 (39, M+‘—CH2C6H5‘), 403 (427, M+'-OHCH2CH=CHNH-

. i +. . - .
COCHZOCSHS), 344 (1000, M ~COOCH, -HOCHZCH—CHNHCOCHZOCGHS).
. ‘ %
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g-Lactam 51

To a so{ﬁtion of B-lactam 50 (0.65 g, 1.06 mmol) in methanol -
(30 mL) was added dropwise 1% NaOH (1Q mL) during 10 min. The solution
was stirred for 15 min and acidified by 6 M HC1 to pH = 3. The methanol
was evaporated. The aqueous layer was extracted with ethyl acetate

(3 x 10 mL). Drying (MgSO4) and evaporation afforded 0.54 g (86%) of

B-lactam 51. ’///”/

*Hmr (CDC13-D,0) &: 3.10-4.00 (m, 3H, CH,OH, CH:=CHNH), 4.20-4.50 (s, 2H, ~ =
CH,0CEH:) » 4.70-5.00 (s, 4H, 2CH,CcHg), 5.30 (d, TH, CHNH, J = 5Hz),
5.90 (s, TH, CH), 6.80-7.40 (m, 18H, CcHa, 3CgHg): ir (CHCIg) v @ 3390

(NH), 1760 (C=0, 8-Tactam), 1730 (C=0, ester), 1670 (amide) cm™'.

B-Lactam 52

°

To g-lactam 51 (0.54 g, 0.91 mmol) in absolute ethanol (35 mL)

~was added 10% Pd/C (0.2 g). The mixture was hydrogenated at 40 psi for

2 h (the pressure dropped to 38 psi). The solution was filtered and

<

evaporated to give 0.30 g (80%) of g-lactam 52.

Hmr (DZO-NaHCO3)'6: 3.5-4.0 (m, SH, CEZOH, CEZOPh, CH-CHNH), 5.5-5.6
(d, 1H, CﬂNH,\J = 5Hz), 5.8 (s, 1H, CH), ?-7.8 (m, 8H, CGH3’ C5H5); ir
2800-3500 (OH, COOH), 1750 (C=0, B-lactam), 1740 (C=0,

285 nm (e 2100), a shoulde}

(Nujor) Vnax'

, -1. .
ag1d), 1650 (amide) cmh ; uv (EtOH) Anax:

at 225 nm. ) , /%/\/ ) ) .

P TN



" g-lactam), 1740 (c=0, ester) cm '.
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g-Lactam 5§

" A 3:1 mixture of diastereomers 47/48 (1.50 g, 2.99 mmol) in
benzene (50 mL) containing triethylamine (0.758 g; 7.5 mmol) was refluxed
for 18 h. The solution was cooled and washed with water, dried (MgSO,)
aﬁd evaporated to give the crude product. Chromatography on silica gel
using CH2012 to :fmove the impurities and CHC]3 to obtain 1.1 g (73%) of
a 3:7 mixture of diastereomers 47/48. Separation of two diastereomers by

preparative layer chromatography on silica gel using chloroform/ethyl acetate

(6:1) afforded 0.65 g (60%) of the less polar isomer 48.

4

YHmr (CDC14) 6: 3.20-3.90 (m, 4H, CHCH,OH), 3.60 (s, 3H, CHy), 4.30 (d, c
TH, CHNy, J = 5Hz), 5.00 (b, 4H, 2CH,CgHg), 5.89 (s, 1H, CH), 6.80-7.50

(m, 13H, C6H3, 2C6H5); ir (CHCTB) Vi 3450 (OH), 3400 (NHZ)f 1750 (CfO,

1

ax’

g-Lactam 53 .

\ b ,
Obtained from 48, u<a the procedures for the preparation of 49,

in 50% yield.

*Hmr (CDC14) 6: 2.20-3.20 (b, 3H, OH, NH,), 3.20-3.80 (m, 6H, CHCH,OH,
CHy), 4.00 (d, TH, CHMH,, J = 5Hz), 5.01, 5.08 (25, &H, 2CH,CcHg), 5.90
(s, 1H, CH), 6.70-7.50 (m, 13H,iCGH3, 2CeHg)s ir (CHC1g) v @ 3450 (OH),
3400 (Nip)., 1750 (C=0, B-Tactay), 1740 (C<0, ester) en”!

N )

)

e s
b ettt e
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g-Lactam 55

Obtained from 53, via the procedures for the preparation of 50,

in 60% yield after chromatography (CH2C12, then CHC13).

Hmr (CDC13)
3.64 (s, 3H, CH3), 3.80-4.20 (m, 3H, OCﬂZCHZCﬂ), 4.20~4.70 (m, 1H, CH-
CHNH), 4.95-5.20 (m, 8H, 4C_lj2C6H5), 5.20-5.50 (m, 1H, CﬂNH), 5.95 (s, 1H,

§: 2.20-2.40 (b, 2H, OCHZCizCH), 3.40-3.60 (m, 2H, C_l-iZOH),

CH), 6.50-8.40 (m, 29H, CgHg, CgHys 4CgH5, 2NH); ir (CHyClp) v o : 3600-
3300 (OH, NH), 1760 (C=0, g-lactam), 1730 (C=0, ester), 1660-1680 (amide,

ketone) cm"]; uv (EtOH) Apax: 218 nm (e 20000), 298 nm (e 17100).

s X

B-Lactam 69 ' '

Obtained from 68, via the procedures for the preparation of 50,

in 72% yield after flash chromatography (petroleum ether:EtOAc, 1:1).

Hmr (CDC13) §: 2.30 (b, 2H, OCHZCﬂzCH), 3.20-3.80 (m, 2H, Cﬂz-CHNH),

. 3.70 (s, 3H, CHy), 3.80-4.20 (m, 3H, OCH,CH,CH), 4.40-4.80 (m, TH, CHNH),
' 5.08, 5.20 (2s, 2CH,CgHg)» 5.60 - 6.00 (m, 2H, CH, NH), 6.60-6.90 (d, 2H,

J = 8z, aromatic), 7.32 (s, 15H, 3CHg), 7.80-8.00 (m, 1, NH), 8.20

(d, 2H, J = 8Hz, aromatic); ir (Film) Viax! 3500-3200 (NH), 1740 (C=0,
g-lactam and este{r‘), 1660, 1595 cm']; UV Aoy (EtOH), 213 nm (e 18400),
293 nm (¢ 16300). "

o
B

g-Lactam 56

g-Lactam 55 (0.36 g, 0.379 mmol) was dissolved in a mixture of

©
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ethanol (5 mL) and pyridine (5 mL). Hydrdkylamine hydrochloride (0.35 g,
5.03 mmo1) was added. The mixture was heated at ~ 70° for 2 h. After

" adding chloroform (50 mL), the solution was washed with 5% HC1, dried
(MgS04), filtered and evaporated to give crude product, which was L

chromatographed on silica gel using chloroform/ethyl acetate (1:1) to

afford 0.25 g (68%) of B-lactam 56.

1 . .

Hmr (CDC14) §: 2.0-2.4 (b, 2H, OCH,CH,CH), 3.3-8.0 (m, 9H, CH,OH, CHj,
OCH,CH,CH), 4.4-4.6 (m, TH, CH-CHNH), 4.8-5.2 (m, 8H, 4CH,CgHg). 5.4-5.7
(ms TH, CHNH), 6.0-7 %(n, 30H, CgHy, Coly, 4CgHg, 28K, OH)3 i (CHaClp)
Voax: 3600-3000 (NH, OH), 1770-1720 (C=0, B-lactam, ester), 1680 (amide,

ketone) cm'; uv (ELOH) A 274 nm (¢ 17000), a shoulder at 230 nm.

max’

B-Lactam 70

Obtained from 69, via the procedures for the preparation of 56,

© in 83% yield after flash chromatography (EtOAc : Petroleum ether, 1:1.5.

“Hmr (CDC1; + DMSO dg) 6: 2.10-2.60 (m, 2H, OCH,CH,CH), 3.20-3.80 (bm, 2H,
CH,N), 3.78 (ss 3H, CHy), 3.80-4.40 (m, 3H, OCH,CH,CH), 4.40-4.80 (m,
H, CHNH), 5.18, 5.20 (2s, 4H, 2CH,Ph), 5.80 (m, TH, CH), 6.60-8.40 (m,

_21H, aromatic, NH); ir (film) v : 1760 (C=0, 8-lactam), 1740, 1720

i
(c=0, ester) gm'1; uv (EtOH) Amax’ 208 nm (e 15400), 268 nm (e 11300).

et B L e 3
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B-Lactam 31

To a solution of B-lactam 56 (0.25 g, 0.26 mmol) in methanol (10 mL)
was added dropwise 1% NaOH (5 mL) over 10 min. After s;jrring forl15 min,
the solution was acidified carefully by 6 M HC1 to pH‘{;g. The methanol
was evaporated and the aqueous solution was‘extractedywith ethyl acetate
(3 x 10 mL). The organic layer was dried (MgSO4) and evaporated to
dryness. The residue was dissolved.in absolute ethanol (25 mL) and 10%

Pd/C (0.15 g) was added. The mixture was hydrogenated at room temperature
at 40 psi for an hour. Filtration and evaporation afforded 0.15 g (75%)

of B-lactam 31; m.p. 95° (yellow), 171-174° (dec.).

1]
'Hmr (DZO-NaHCO3)\6: 2.2-2.4 (m, 2H, CHZ), 3.0-3.2 (m, 2H, CHZOH), 3.8-

4.2 (m, 3H, OCﬂQCHZQﬂ), 4.4-4.6 (m, 1H, g-lactam), 5.2-5.4 (b, 1H, g-lactam),

5.9 (b, 1H, CH), 6.8-7.8 (m, 7H, aromatic); ir (nujol) Vnax ' 3400-3100

and 2500-2700 (OH, COOH, NH), 1750 (B-lactam), 1650, 1610 (amide) cm-I;
uv (EtO&): a shoulder at 225 nm, Vnax 273 nm (e 175050); (EtOH, 0.1 N,

NaOH): a shoulder at 235 nm, Vinax 283 nm ( € 12042).

g-Lactam 71
Obtained from 70 via the procedures for the preparation of 31.

“Hmr (D,0, NaHCOZ) §: 2.5 (m, 2H, OCH,CH,CH), 3.2-4.0 (m, 2H, CH,N),
4.0-4.2 (m, 3H, OCH,CH,CH), 4.4 (m, TH, CH), 5.5, 5.55 (25, T, CH),
3400-3000 (COOH, OH), 1750

max’
o
(C=0,‘B-1actam), 1730 (acid); uv (EtOH) v 207 nm (e 10230), 268 nm

max"

Dt TP

T M e
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(e 6390), (EtOH, 0.1 N NaOH) vmax: 211 nm (e 13430), 284 nm (e 5210).

Aldehyde B-Lactam 60

Azido B-lactam 59 (0.5 g, 1.38 mmol) was ozonized at -30° in

A

methanol (60 mL) for:30 min. The excess ozone was rémoved by passing in
nitrogen gas over 15\min. Dimethyl sulfide (1ml1) was added. The solution
was allowed to warm up to room temperature. After evaporation of the
methanol, the residue was dissoived in benzene (60 mL), washed with water
(2 x 30 mL) and dried over Mgso4. the benzene solution was azeotroped

for 1 h followed by evaporation. The o0il residue wazézgpﬁéd to 45° under

S © o
-high vacuum for 20 h to remove benzaldehyde. The aldéhyde 60 was obtained,

in 90% (0.35 g) yield.

o

'Hmr (acetdhe-dﬁ) 8: 3.72 (s, 3H, CH3), 3.8-5.1 (m, 2H, CH-CH), 5.65,
5.70 (2s, 1H, CH), 7.1-7.6 (bs, 5H, CGHS)’ 8.60, 9.50 (2d, 1H, CHO);

ir (CHC13) v 2100 (N3), 1770 (C=0, B-lactam), 1740 (C=0, ester) cm']:

max’

s

-

Amino B-Lactam 61

Obtained from 59, via the procedure for the preparation of 49, in

90% yield after flash chromatography (ethyl acetate:petroleum ether, 2:1).

THmy (CDC]j) §: 1.73 (s, 2H, NHZ)’ 3.68, 3.70 (2s, 3H, CH3), 3.9-4.8 (m,
2H, CH-CH), 5.42, 5°5Q,(25’ 1H, CH), 5.6-6.4 (m, 2H, CH=CH), 6.90-7.40 (m,

10H, 2CHg)s ir (CHCT,) 3400-3000 (NH,), 1750 (C=0, ester) cn™'.

vmax'
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B-Lactam 62

)

Amine 61 (0.93 g, 2.77 mmol) in dry methylene chloride (10 mL)
was added di-tert-butyl dicarbonate (0.60 g, 2.77 mmol). The mixtu}re
was stirred at room temperature for a period of 3 h. The solution was
washed with water (2 x 10 mL), dried (MgSO4) and tﬁé CH,Cl, was removed
to give an 0jl. The product was purified by flash chromatography
(petroleum ether:ethyl acetate, 2.5:1) to afford 0.80 g (67%) of 62 as

a light yellow foam.

'Hmr (CDG14) 6: 1.30 (s, 9K, t-Bu), 3.71, 3.75 (s, s, 3H, CH3), 4.10-4.40
(m, TH, CH), 4.80-5.40 (m, TH, CH), 5.51, 5.61 (s, s, 1H, CH), 5.80-6.50
(m, 2H, CH=CH), 6.80-7.60 (m, 11H, NH, ZCéHS); ir (film) v__ : 3500-3200
(NH), 1760 (C=0, B-lactam), 1740 (C=0, ester) cm'1; ms (70 eV, 78°), m/g
(°/00): 380 (56, M**-56}, 379 (11, M**-t-Bu"). B

,

B-Lactam 63

Amine 61 (250 mg, 0.74 mmol) was stirred with trifluoroacetic
anhydride (170 mg, 0.81 mmol) for 3.5 h. The mixture was under \V\igh
vacuum overnight. The residue was purified by flash chromatograﬁhy

: )

(petroleum ether:ethyl acetate, 2:1) to yield 220 .mg (68%) of B-lactam 63.
- g 1

Hmr (CDC'I3) §: 3.60, 3.73 (2s, 3H, CH3), 4.1-4.4, 4.7-5.0 (m, m, M,

C_!iCH=CH); 5.2-5.5 (m, 'IH\ CHNH), 5.58 (s, 1H, CH), 5.6-6.6 (m, 2H, CH=CH),

6.8-7.5 (m, 10H, 2C5Hs), 8.50, 8.88 (2d, J = 16 Hz, TH, NH); ir (CHC]3)

Vs, 3400-3000 (NH), 1760 (C=0, 8-lactah), 1735 (C=0, ester) en !,
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B-Lactam 64

B-Lactam 62 (0.80 g, 1.77 mmol) in dry methylene chloride (40 mL)
was ozonized at -78 C over 20 min until the soluti;n turned to blue. The
exc;ss oZone was removed by passing the solution into nitrogen gas for
15 min. The dimethyl su]ffde (1 mL) was added. The solution was allowed
to warm to room temperature in a period of 2 h. The reaction mixture
was washed with water (3 x 30 mL), dried (Mg504) and evaporated to
dryness. The residue was purified by flash chromatography (petroleum
ether:ethyl acetate, 1.5:1) to give 0.50 g (82%) of aldehyde 64 as a

white solid.

'Hmr (cntla) 8: 1.35, 1.40 (2s, 9H, t-Bu), 3.70 (s, 3H, CH,), 4.1-5.3
(m, 2H, CH-CH), 5.70, 5.75 (2s, 1H, CH), 5.8-6.1 (m, TH, QH), 7.40 (s,
5H, C6H5), 8.58, 9.55 (2d, 1H, CHO); ir (fj1m) Vnax: 3500-3200 (NH),

1770 (C=0, B-lactam), 1740 (C=0, ester), 1720 cm']; ms (70 eV, 64°), m/e

(“/e0): 362 (10, M**), 307 (18, M *-t-Bu").

Aldehyde g-Lactam 65

Obtained from 63, via the procedures for the preparation of 64,

i

in 74% yield.

'Hmr (€DC14) 6: 3.80-3.82 (25, 3H, CHy), 4.10-5.50 (m, 2H, CH-EH), 5.66-
5.72 (2s, H, CH), 7.0-7.60 (m, 5H, CgHz), 8.3-8.7 (b, TH, NH), 9.0, 10.0

(2d, 1H, CHD); ir (cué15) Voax' 3500-3000 (NH), 1770 (C=0, g-lactam),
] N
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B-Lactam 66
/

Aldehyde 64 (0.500 g, 1.38 mmol) was dissolved under a nitrogen
atmosphere at 60-79"(: in 15 mL of d-gas benzene. With strong stirring,
(PPh3)4RCT (1.29 g, 1.38 mmol) was added. After refluxing for 3 h,
the solution was cq:ﬂed in an ice-bath to room temperature and then
passed CO through it for 10 min. After evaporation, to the residue was
addedLCHéﬂz (20 mL). Lemmon-yellow crystals of (Ph3P)20061 was filtered
off and washed with CHZMZ. Evaporation of the filtrate in vacuum gave
the crude product which was purified by flash chromatography (petroleum

ether:ethyl acetate, 1.5:1) to afford 0.32 g (70%) of 66 as a foam.

*Hmr (CDC]3) §: 1.35, 1.41 (s, s, 9H, t-Bu), 2.9-4.0 (m, 2H, CHZ)’ 3.75
{s, 3H, CH3), 4.6-5.0 (b, TH, Cl_j‘-CHZ), 5.60 (s, 1H, CH), 5.70-5.90 (m,

1H, NH), 7.38 (s, SH; C6H5);’ ir (film) Vmax "’ 3‘.500-3200 (NH), 1765 (C=0, 'Lﬁj‘”
g-lactam), 1740 (C=0, ester), 1710 (t-BOCCO) cm'xl; ms (70 eV, 85°), m/e *‘\1
(°/0a): 279, 278 (5, M+'-56), 277 (10, M+'-t-Bu'), 57 (1000).
. . “
g-Lactam 67° -

Obtained from 65, via the procedures for the preparation of 66,
in 42% yield after flash chrbmatography (petroleum ether:ethyl acetate,
5:3). -

N

'Hmr (CDC1,) '6:  3.30-3.60 (m, 2H, CHy-CH), 3.70 (s, 34, cH3), 5.0 (m,

' TH, CHy-CH), 5.54 (s, TH, CHy), 7.10-7.40 (m, 5H, CgHg), 8.10 (bd, TH, NH);
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&

ir (CHC13) v 3400 (NH), 1765 (C=0, B-lactam), 1730 (C=0, ester)

max

an”'s ms (70 eV, 73°), m/e (°/00): 271 (81, M -COOCH,"), 191 (238,
M"*-CH,=CHNHCOCF,) , 132 (1000, M**-COOCH., - CH,=CHNHCOCF )

Note: It should contain two isomers based on the crude pmr and tlc. Ongy

4

one isomer was isolated out.

B-Lactam 68

B-Lactam 66 (0.32 g, 0.96 mmol) was dissolved in methylene

‘chloride (7 mL) and trifluoroacetic acid (3 mL), After stirrihg at room

temperature for 1 h, the solution was evaporated in vacuum to dryness.

The residue Was purified by flash chromatography (ethyl acetate:methanol,

7:1) to give 0.14 g (62%) of B-lactam 68 as a yellow 011;;*

1!-lnlr‘,(CDC"IB) §: 1.90 (bs, 2H, NH, exchanged with DZO)’ 2.60-3.40 (m,
&
2H, CHZ)' 3.67 (s, 3H, CH3), 3.8-4.3 (m, 1H, CﬂfNHz), 5.38 (s, 1H, CH),

7.23 (Sf'SH, CGHS); ir (film) Vpax - 3400-3100 (NHZ)' 1735 (C=0, B-]actém

.
and ester) cn”'; ms (70 eV, 50°), m/e, (%/00): 234 (1, M*°), 177 (243, M*'-

’NHZCH=C=0), 150 (27), 149 (78); Anal. Calcd. for C]2H14N203; C, 61.54;

H. 5.98; N, 11.96; Found: - C, 61.27; H, 5.71; N, 11.69.

4
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3-Hydroxy-4-Aminobenzoic Acid 75

A solution of 3-hydroxy-4-nitrobenzoic acid 74 (2 g, 10.9 mmol)
in absolute ethanol (150°mL) containing PtO2 (100 mg) was hydrogenated

at 40 psi for 2 h. Filtration and evaporation gaye amine 75 (1.67 g) in

N\

'Hmr (acetone d6) 8: 4.60 (b, 3H, NH, , OH), 6.14-7.09 (m, 3H, C6H3)°;

quantitative yield.

ir (KBr) v 3400, 3300, 3000-2500 (NHZ’ OH, COOH), 1660, 1600 (COOH)

max’
o
en”'; ms (70 eV, 47°). m/e (°/oo): 153 (1000, M*7),

Methy’l-3,-1iydroxy-4-Am1'no-sBenzoate 77

/ 9

Obtained from 75, by treatment with d1'azomethame7

in Et20;
m.p. 93-95°.
Hmr (acetone dB) §: 3.74 (s, 3H, CH3), 4.80-5.60 (b, 3H, NH, » OH),

6.65-7.60 (m, 3H, CgHy); ir (CHyClp) v, ¢ 3580, 3500, 3400 (NH,. OH),
1710 (C=0) cm-]; ms (70 eV, 30°): 167 (645, M**), 136 (1000, M+’-OCH3').

} Methy1-3-t-Butyldimethylsi1yloxy-4-Amino-Benzoate 78

To methyl-3-hydroxy-4-aminooenzoate 77 (29, 11.9 mmol) in dry
DMF (15 mL) was added imidazole (2.04 g, 29.9 mmol) and t-butyldimethylsilyl
chloride (1.98 g, 13.2 mmol1). After stirring at room temperature for 18 h,

T
2
:

)
l.'v
3



112

.
-

the solution was partitioned betw.een water and ether. The ether layer was
washed with water (4 x 50 mL), dried (MgSO4)- and evaporated. The residue.
was purified by flash chromatography (petroleum ether:ethyl a;cetate, 9:1)

to give 2.71 (81%) of amine 78, as a pale yelTow solid; m.p. 59-61°.

' Hmr (CDC13) §: 0.38 (s, 6H, Si(CH3)2), 1.10 (s, 9H, tBuSi), 3.94 (s, 3H,

max"
; ms (70 eV, 30°),

CH3), 4.30 (b, 2H, NHZ)’ 6.62-7.64 (m, 3H, aromatic); ir (KBr) v
3500, 3400 (NH,), 3000, 1630, 1710 (ester, C=0) cm”|
m/e (°/e0): 281 (145, M'*), 224 (1000, M"*-t-Bu"); Anal. Caled. for

N03S1': C 59.74, H 8.06, N 4.98; Found: C 59.51, H 8.06, N 4.79.

4

C1ata3

t-Butyldimethylsilyl-3-t-Butyldimethylsilyloxy-4-Amino-Benzoate 85

To amine 75 (0.2 g, 1.31 mmo1) in dry OMF (5 mL) was added

1
imidazole (0.445 g, 6.53 mmol) and t-butyldimethylsilyl chloride (0.433 g,

2.88 mmol). The solution was stjri‘ed at room temperature overnight and
then partitioned between H20 (30 mL) and ether (50 mL). The ether layer
was washed with water (4 x 50 mL), dried and evaporated to obtain 0.44 g

~

(88%) .of red o1l 85.

'Hmr (CDClg) 6: 0.24 (s, 6H, Si(CHg),), 0.34 (s, 6H, Si(CHy),), 0.98
(s, 18H, t-BuSi), 4.24 (b, 2H, NHy), 6.48-7.56 (m, 3H, CgHy); ir (CHCI4)

v i 3500, 3400 (NH,), 1665 (C=0) cn™'5 ms (70 eV, 30°), m/e (°/qo):

381 (§o1, M*-). 324 (1000, M* -t-Bu-).

2
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© 3-t-Butyldimethylsilyloxy-4-Amino-Benzoic Acid 84

To amine 85 (2.00 g, 5.24 mmoj) in methanol (30 mL) was added
5 drops of concentrated HC1. The solution was stirred at 50° for half
an hour. Evaporation gave acid 84 (1.40 gJ as pale yellow solid in

quantitative yield, m.p. 160-162°.

"Hmr (CDC13, DMSO d6) 8: 0.20 (s, 6H, S1'(CH3)2), 0.98 (s, 9H, t-BuSi),
5.60-6.00 (b, 3H, OH, NHZ)’ 6.60-7.54 (m, 3H, C6H3); ir (CHC13) Vmax’
3500, 3400 (NHZ)’ 3200-2500 (COOH), 1675 (C=0), 1610 cm-]; ms (70 eV, 30°),

mie (°/oa): 267 (66, M™*), 210 (1000, M"-_t-Bu").

Azido B-Lactams 80 and 88 /;
-/ .
Amine 84 (0.5-g, 1.87 mmol) 9nd cinnamaldehyde (0.25 g, 1.87 mmol)

in benzene (50 mL) were refluxed for 4 h, using a Dean Stark trap. The
solvent was evaporated to ;)btain the Schiff base as a yellow solid. To
this Schiff base was added triethylamine (0.227 g, 2.25 mnol‘) in CH2C12 |
(20 mL) and then dropwise trimethylsilyl chloride (0.264 g, 2.43 mmol)
g in CH,Cl, (5 mL) at 0°. After stirring for. 10 min, triethylamine (0.2 g, .
1.98 mmol) was added, and a solution of azidoacetyl chloride (0.247 g, '
0.206 mmol) in CH,C1, (5 mL) was added at -20°. AAfter stirring an
additional hour, the so]utiop>was washed with water.(z x 40 mL)? dried -
(MgS0,4) and evaporated. Flash chromatography (ethyl acetate:petroleum
ether, 9:1) afforded 0.45 g (51.8;5) of B-lactam 88 as a pale yellow solid,

m.p. 150-152°d.

-~

L 4
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.
Schiff base 86; Hmpe (CDC13)’6: 0.25 (s, 6H, Si(CH332). 1.05 (s, 9H,
t-BuSi), 6.98-8.40 (m, 11H, C6H3, CGHS-CH=CH-CH), 10.2-10.4 (b, 1H, COOH);

. 3000-2500 (COOH). 1680 (COOH), 1630 (C=N) cm” ).

ir (CH2C12) \)max. ‘

B-Lactam 88; 'Hmr (CDC13) §: 0.35 (s, 6H, Si(CHy),), 1.05 (s, 9H, t-Busi),
5.0-5.2 (m, 1H, CHCH=CH), 5.35-5.42 (d, TH, CHN;, J = 5 Hz), 6.00-6.44
(dd, 1H, GH=CHPh, J = 16,5 Hz), 6.625.88 (d, TH, PhCH, J = 16 Hz), 7.33-
7.78 (m, 9, CgHg, CgHg), 10.33 (b, TH, COOH); ir (CHaClp) v, i 3200-
2500 (COOH), 2100 (N5), 1765 (B-lactam, C=0), 1680 (ester) cm™'; Anal.
Caled. for CogHpg0yN,Sic C 62.07, H 6.03, N 12.07; Found: C 62.04,
H 6.24, N 11.92.

B-Lactam 88 was treated with CH,N, in ether to give ester 80 as a*

pale yellow solid; m.p. 90-91°.

“Hmr (CDC14) 61 0.34 (s, 6H, Si(GH3),), 1.03 (s, 9H, t-BuSi), 3.95 (s,
3, CHy), 4.93-5.28 (m, 2H, NCHCH), 5.90-6.28 (dd, TH, PhCH=CH, J = 5,16 .
Hz), 6.50-6.77 (d, TH, PhCH, J = 16 Hz), 7.20=7.75 (m, 8H, CgH,, CgHe);

2100 (Ny), 1765 (B-lactam, C=0), 1720 (ester) em™ Vs

ir (CHCl,) v
ms (70 eV, 62°), me (°/o0): 450 (13, M'*-N,"), 393 (1000, M"*=N,"~t-Bu");
Anal. Caled. for CygHaN,0ySi:. C 62.76, H 6.28, N 11.72; Found: C 62.29,

H 6.51, N 11.46.

3-Trimethylsilyloxy-4-Aminobenzoic Acid 90

To 3-hydroxy-4-aminobenzoic acid 75 (1,38 g, 9.02 mmo}) in dry
CH,yC1, (40 mL) was added triethylamine (2 g, 19.8 mmol) and.added dropwise
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4

a solution of trimethylsilyl chloride (2.15 g, 19.8 mmol) “in dry CH2012
(20 mL) over 15 min. After stirring for an additional 30 min, the solution
was washed with Hy0 (2 x 40 mL), dried (MgSO4) and evaporated to afford
trimethylsilyl-3«trimethylsilyloxyl-4~-amino-benzoate.

Hor (CDCl4) 8: 0.38, 0.45 (25, 18H, 2 Si(CHg)a), 4.70 (b, 2H, NH,),
6.64-7.71 (m, 3H, CgHy). )

The disi'ly1bated amine in methanol (30 mL) was stirred at room
temperature for 30 min. Evaporation gave 2.03 g of 3-tr1’meth_y1§ﬂyloxy-

4-aminobenzoic acid 90 as an oil.

'Hmr (CDC13-DMSO dg) 6 0.20 (s, 9K, Si(Chy)g), 6.32 (b, 2H, NHy),
6.37-7.38 (m, 3, Cglly); ir (CHyCly) 3500, 3400 (NH,), 3300-2400
(COOH), 1670, 1620 cm™'. - ¢

Ymax*

g-Lactam 87 : . i

A solution of 3-trimethylsilyloxy-4-aminobenzoic acid 90 (0.73 g,
3.24 mmol) and cinnamaldehyde (0.43 g, 3.25 mmol) in benzene (20 mL) was
refluxed 1.5 h using a Dean-Stark trap. Evaporation of the benzene afforded

the Schiff base as a yellow solid.

4

Hmr (CDC'I3+DMSO dg) §: 0.25, 0.45 (2s, 9H, Si(CH3)3), 6.80-7.70 (m,

1M, Cgltys CeflgCH=CH), 8.2-8.5 (b, TH, COON); ir (HpCly) vyg,e 1730
(c=0, acid), 1670 (C=N) cn™. ~ | - |

?

3

To the Schiff base was added triethylamine (():36 g, 3.58 mmol) in

»
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‘dry CH,C1, (20 mL) and added dropwise trimethylsilyl chloride (0.389 g,
272

3.58 mol) in dry CHCl, (10 mL) at 0°. After stirring another 20 min

at room temperature, triethylamine (0.36 g, 3.58 mmol) was added, a
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solution of azidoacety1'ch1oride (0.43 g, 3.58 mmol) in dry CH,CT, (10 mL)

. was added dropwise at -20°. The reaction mixture was warmed up to room

temperature and stirred for an additional h&ur. The solution was washed
with HZOL(Z x 20 mL), dried (MgSO4) and evaporated to dryness. The |
resulting o1l was dissolved in methanol (15 mL). After adding one drop

of concentrated HC1, the solution was stirred at room temperature for

10 min. The methanol was evaporated. The residue was treated with CHZN2

\d

in ether to yield the ester. The crude product was purffied by flash

chromatography (petroleum ether:ethyl acetate, 3:1) to afford 0.71 g (60%)

of g-lactam 87; m.p. 129-131°.

’ . [ h
"Hmp (CDC13) §: 3.82 (s, 3H, CH3), 4.95-5.02 (m, 2H, CH-CHNB), 5.90-7.60

(m, 10H, C6H3’ CGHSCH=CH), 9.42 (s, ]H: OH); ir (CH2C12) Viax" * 3500-3000

(OH), 2100 (N;), 1730-1720 (C=0, g-lactam, ester) cm™'; ms (70 eV, 56°),

m/e (°/o0): 364 (8, M), 349 (11, M+'-CH3‘), 336 (153, M+'-N2'), 280

(485), 143 (1000); Anal. Calcd. for C]9H16N404:' C 62.64, H 4.40, N 15.38;

"Found: C 62.55, H 4.39, N 15.27.

Amino g-Lactam 94

©

To-a solution of g-Tactam 80 (1.0 g, 2.09 mmol) in CH,Cl, (25 ml)
was added triethylamine (0.232 g, 2.30 mmol), and a stream of HZS gas
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was bubbled in for 15 ﬁ%n at 0°. The mixture was allowed to warm.and

was stirred at room temperature. After 2 h, nitrogen gas was bubbled in
for %g min. The solution was washed with water (3 x 30 mL), dried (MgS0,)
and evaporated to give 0.76 g (80%) of amine 94, after flash chromatography

(ethyl acetate:petroleum ether, 3:2).

'Hmr (COC1,) §: 0.34 (s, 6H, Si(CHy),), 1.0 (s, 9H, t-BuSi), 3.86 (s,
3H, CHy), 4.51-4.81 (b, TH, CH=CHPh), 5.28 (m, TH, CHNH,), 6.20-8.00 (m,
12H, CeHy, CoHgCH=CH, NH,): ir (CHCIZ) v @ 3500-3400 (NHp), 1740
(B-1actam, C=0) cm'T; ms (70 eV,d53°), m/e (°/oa): 452 (166, M+'), 437
(10, M*~CHy™), 421 (17, M-0CH;"), 396 (1000, M'*-OCH3"-CHg"), 395

(167, M™*-t-Bu", M" " -NH,CH=CO).
i >

Amide g-Lactam 95 ¢

To amine 94 (0.72 g, 1.59 nmol) in CHyCT, (20 mL) was added

triethylamine (0.177 g, 1.75 mmol) and phenylacetyl chloride (0.27 g,

1.75 mmol). After stirring at room temperature for 30 min, t?g solution
was washed with water (2 x 30 mL), dried (MgSO4) and evaporated.
Purification of the residue by flash chromatography (petroleum ether:
ethyl acetate, 2:1) gave 0.56 g (62%) of amide 95 as a white solid; m.p.
168-170 .

‘Wmr (CDC14) 6: 0.32, 0.35 (2s, 6H, Si(CH,),), 0.98 (s, 9H, t-Busi),
3.50 (s, 2H, PhCH,CO), 3.80 (s, 3H, CHs), 5.10-5.40 (dd, 1H, CHCH=CHPh,
J = 5,6 Hz), 5.54-5.60 (d, 1H, CHNH, J = 5 Hz), 5.74-6.11 (dd, TH, CH=CHPh,

Vi
i

r

‘ I

a
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J = 6,16 Hz), 6.29-6.57 (d, CH=CHPh, J = 16 Hz), 7.00-7.73 (m, 14H,

C6H3’ 206H5, NH); ir (CHC13) "maxi 3400 (NH), 1760 (B-lactam, C=0),
1720 (ester) cm-]; ms (70 eV, 82°), m/e (°/qq): 570 (64, M+'), 513

- (199, M**-t-Bu"), 378 (906).

B-Lactam 96

g-Lactam 95 (360.mg, 0.63 mmol) in absolute ethanol (20 mL) |
containing Pto, (100 mg) was hydrogenated at 40 psi for 2 h. Filtration
and evaporation gave 50 mg (14%) of 8-lactam 96, after flash chromatography

(petroleum ether:ethyl acetate, 2.8:1).

*Hmr (CDC14) 6: 0.200, 0.260 (2s, 6H, Si(CHg),), 0.97 (s, 9H, t-BuSi),
1.60-2.70 (m, 4H, PhCH,CH,), 3.67 (s, 2H, PhCH,C0), 3.95 (s, 3H, CHg),
4.52-4.82 (m, TH, PhCHyCH,CH), 5.45-5.71 (dd, 1H, CHNH, J = 5,8 Hz),

6.90-7.80 (m, 14H, aromatics, NH);' ir (CHC'|3) Vmax 3400 (NH), 1750

it
(B-lactam, C=0), 1720 (ester, C=0) cni", ms (70 eV, 87°), m/e (%/o0): 572

(19, M"*), 541 (18, M"*-OCH;"), 515 (295, M™"-t-Bu"), 398 (808).

Azido p-Lactam 98

Aniline (62 mg, 0.67 mmol) and phenylpropargyl aldehyde (86 m§,
0.67 mmol) in benzene (20 mL) were refluxed for 2.5 h, using a Dean-Stark
trap. After evaporation of the benzene, the residue was dissolved. in
CH,C1y (10 mL) containing triethylamine (73 mg, 0.73 mmol), to this was
added dropwise azidoacetyl chloride (79 mg, 0.67 mmol) in CH2C12 (5 mL)

ih
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at -20°, After stirring for an additional hour at room temperature, the
mixture was washed with water (2 x 10 mL), dried (MgSO4) and evaporated
to give 110 mg (58%) of B-lactam 98, after flash chromatography (1:8,

ethyl acetategpetro]eum\éther); m.p. 85-86.5°.
4%
YHmr (CDC13) § : 4.80 '(d, 1H, CHN3, J =5 Hz), 5.01 (d, H, CﬂfCHN3,

< 2220 (c=C), 2]00

; ms (70 eV, 25-30°), m/e (°/o9): 288 (13,

J = 5Hz), 6.73-7.88 (m, OH, 2CgHg); ir (CHClg) v
(Ny), 1765 (8-lactam, C=0) cm™

M¥*), 260 (227, M+'-N2').

Phenol B-Lactam 100

A solution of 2-hydroxyaniline (0.109 g, 1 mmdl) and phenylpropar yﬁjr
aldehyde (0.13 g, 1 mmol) in benzene (20 mL) were refluxed for 2.5 h wusing
a Dean Stark trap. Removal of the benzene afforded the Schiff base as a

red solid. To this Schiff base in CHZC1z (10 mL) was added triethylamine

(0.22 g, 2.2’mmo1) and then dropwise trimethylsilyl chloride (0.119 g,

1.1 mmol) 1in CHZC'I2 (5 mL) at 0°. After stirring for 15 min at room
temperature, a solution of azidoacetyl chloride (0;12 g, 1 mmol) was added
at -20°. The mixture was allowed to warm and was stirred at room
temperature for an hour. Methanol (5 mL) and a drop of concentrated HCI
were added. The solution was washed with water (2 x 15 mL), dried (MgSO4)
and evaporated. Flash chromatography (4.5:1, petroleum ether:ethyl acetate)

afforded 150 mg (50%) of B-lactam 100 as pale yellow crystals; m.p. 110-111°,

e

'Hmr (CQCT3) 6§ : 4.80 (d, M, CHN3, J = 5 Hz), 5.11 (d, 1H, CH-CHN5,
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J =5 Hz), 6.61-7.67 (m, 9H, CgHgs C6H4), 9.22 (s, 1H, OH); ir (CHC]B)

Viax ' $300-2900 (OH), 2210 (c=C), 2100 (N3), 1730, (B-Tactam, C=0); ms

(15 eV, 52°), me ("/q0): 304 (146, M'"), 276 (211, MT*-N,").

7

B-Lactam 101

Obtained from amine 84 wvia the same procedure for the preparation
of 80, in 50% yield after flash chromatography (EtOAc:petro]eum-e%henv
1:7.5).

Schiff base; ‘Hmr (CD(;13) §: 0.25 (s, 6H,"S1’(CH3)2), 1.04 (s, 9H, t-BuSi),
6.60-8.00 (m, 84, aromatic), 9.020 (s, TH, N=CH), 10.6-10.9 (b, TH, COOH);
ir (CHC13) v .: 3500-2500 (COOH), 2200 (C=C), 1680 (C=0), 1660 (C=N)
cm"]; B-]acta;m 1015 'Hmr (CDC1;) §: 0.35, 0.40 (2s, 6H, S'i(CH3)2), 1.02
(s, 9H, t-BuSi), 3.85 (s, 3H, OCH), 4.80 (d, 1H, Hcg; J = 5 Hz), 5.40
(d, T, CHNg3 J = 5 Hz), 6.80-7.65 (m, 8H, aromatic); ir (CHCI,) Voo
2100 (Ny), 1780 (B-lactam, C=0), 1720 (ester) cm™'; Cl-ms (68°): 477
(608, Mi™), 449 (1000, MH*-N,"). "

B-Lactans 104 and 105 .

Amine 102 (1.9§ g, 5 mmol) and phenylpropargyl aldehyde (0.65 g,
5 mmol) in benzene (50 mL) containing a trace of p-TsOH, were refluxed,
overnight using a Dean\Stark trap. Evaporation of the solvent affordgd
the Schiff base 103 as a brown oil. To this Schiff base in CH,Cl, (50 mLY
and triethylamine (0.56 g, 5.5 mmol) was. added dropwise azidoacetyl
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chloride (0.66 g, 5.5 mmol) in CH2C12 (10 mL) at -20° over 10 min. Aftet;
stirring for an additional hour at room temperature, the mixture was
washed with water (2 x 50 mL), dried (MgS’04) and evaporated to give 0.88 g
(30%) of trans 105 and 0.87 g (30%) of cis B-lactam 104, after flash

chromatography (1:7, ethyl acetate:petroleum ether).

Schiff base 103; *Hmr (CDC1;)8: 1.20 (2s, 9H, t-BuSi), 6.38-7.77 (m,
184, aromatic), 7.69 (s, 1H, CH=N); ir (CHC1;) v__ : 2200 (CZC), 1650

.
(C=N), 1580 (NO,) cn™. \

\

trans B-Lactam-105; ‘Hmr (CDC13) §: 1.17 (2s, 9H, t-BuSi), 4.97 (d, 1H;
CHNg, 3 = 2 Hz), 5.17 (d, TH, CH-CHN, J = 2 Hz), 6.31-8.44 (m, 184,

aromatic); ir (film) v 2210 (C€=C), 2100 (N3), 1780 (B-lactam, C=0),

max’
1520, 1340 (N02) c\m']; ms (70 eV, 140°), m/e (°/q¢o): 559 (8, M+‘-N2'),

502 (8, M+'-N2' - t-Bu"), 361 (1000).

cie B-Lactam 104; 'Hmr (CDC15) &: 1.19 (s, 94, t-BuSi), 4.98 (d, TH,
CHNg, J = 5 Hz), 5.54 (d, H, CH-CHNg, J = 5 Hz), 6.34-8.47 (m, 18H,
‘aromatic); ir (CHC13) v 2210 (c=C), 2100 (N3), 1770 (B-lactam, C=0),

1560, 1340 (NO,) eml.

max’

g-Lactam 106

Aniline (0.3 g, 3.22 mmol) and g-phenylcinnamaldehyde (0.672 g,

3.23 mmol) in benzene (30 mL) was refluxed for 3'h using a Dean-Stark trap..

Evaporation of the benzene gave the Schiff base as yellow oil.

N T
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'Hmre (CDC13) §: 6.80-7.45 (m, 16H, 3CgHs s CH), 8.02 (d, 1H, NCH, J = 10 Hz);
'l -

ir (cuc13) Vi 1610 (C=N) cm .

ax’
To.the freshly prepared Schiff bas§§?ﬁ‘dry CH2C12 (50 mL) containing

triethylamine (0.36 g, 3.56 mmol) was added dropwise a solution of azido-

"acetyl chloride (0.42 g, 3.50 mmol) in dry CH,C1, (10 mL) at -20° for 10

min. After stirring for anothﬁf hour, the solution was washed with H20
(2 x 20 mL), dried‘(MgSO4) and evaporated. The crude product was purified
by flash chromatography (petraleum ether:ethyl acetate, 9:1) to afford

0.758 g (64%) of B-lactam 106; m.p. 97-98°.

“Hmr (CDC13) 6: 4.75-4.95 (m, 2H, CHCHN3), 6.05-6.37 (m, TH, CH=C),
7.0-7.6 (m, 15H, 3CgHg)s Hmr (CgD) 6: 3.75 (d, 1H, CHN3, J = 5 Hz),
4.00 (dd, TH, CH-CHNy, J = 5, 9 Hz), 5.60-5.75 (d, TH, CH=C, J = 9 Hz),
6.50-7.20 (m, 15H, 3CgHc)3 ir (CHCI4) v . .: 2100 (N3), 1760 (C=0, B-lactam),
1600 (C=C) em™%s ms (70 eV, 67°), m/e (°/o0): 338 (126, M+‘-N2‘), 282
(1000). .
3 f "
/

B-Lactam 107

Obtained from 102 via the procedure for the preparation of 106;
in 43% yield, after flash chromatography (EtOAc:petroleum ether,  1:8);
m.p. 123-125°, '

'Hor (CgDg) 8: 1.20 (s, 9H, t-BuSi), 4.60 (d, TH, CHNys J = 5 Hz), -
4.70-5.00 (dd, H, CH-CHNy, J = 5, 9 Hz), 6.50-8.30 (m, 24H, CgHg, 4CgHe);
2100 (C=N), 1770 (C=0, g-lactam), 1520, 1340 (NO,) ™ ';

-

ir ngZC]Z) Vmax®
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ms (70 eV, 75°), m/e (*/oo): 637 (22, N'"=N,"), 580 (69, M'"-N," - t-Bu°),

343 (1000).

B-Lactam 108

A
Obtained from aniline and o-nitrocinnamaldehyde, via the procedure
for the preparation of g-lactam 106, in 47% yield after flash chromatography

(EtOAc:petroleum ether, 1:5); m.p. 115-117°d.

Hmr (CDC13) §: 4.91 (d, TH, CHNg, d =5 Hz), 4.93 (m, 1H, CHN), 6.00-
6.44 (m, 1H, Cﬂ=CHC6H4), 7.00-8.20 (m, 10H, CH=CHCgHy CGHS); ir (CH2C12)
1

Vnax 2100 kCEN), 1760 (C=0, B-lactam), 1520, 1340, 1370 (NOZ) cm

ms (70 eV, 53°), m/e (°/go): 335 (54, W'*), 307 (41, M""-N,"), 77 (1000).

/
g-Lactan 109

Obtained from amine 102 »ia the prbcedure for the preparation
of B-'Iac,tam 108, in 50% yield a'fter- flash chromatography (EtOAc:petroleum
ether, 1:4).

L Hr (CDC'I3) 8§: 1.12 (s, 9H, t-BuSi), 5.10 (d, 1H, CHN3, J =5 Hz),

' 5.12-5.40 (m, TH, CHN), 6.00-8.40 (m, 18H, 2CgHy, CH=CH, 2CgHg); ir

1780 (C=0, B-Tactam), 1525, 1340 (NO,) cm™'.

i

(CHzc.l 2) Vmax :

Epoxide g-Lactam 111

2

To 8-lactam 110 (0.5 g, 0.909 mmol) in hexane (40 mL) was added
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m-ch]orope}benzoic acid (85%) (0.20 g, 1.1 mmol). The mixture was heated i
to 60° for 18 h. The solution was w'ash?d successively with 102 Na,SOq

(30 mL), aqueous NaHCO, (30 mL), water (40 mL), dried (MgSO4) and
evaporated. Flash chromatography (petroleum ether:ethyl acetate, 10:1.2)
afforded in 90% yield two isomers-of 111, Rc = 0.35 and 0.25, which| were

¥

not completely separdted.

Less polar isomer; Hmr (COC14) 6: “0.10 (m, 12H, 4CH3), 0.50-1.00 (m,

18H, t-Busi), 3.00, 3.15 (dd, T, CHSCHOCH, J = 2, 7Hz), 3.31 (d, TH,
CeHsCHO, J = 2 Hz), 3.65, 3.80 (dd, T, CH-CHNy, J = 4, 7 Hz), 4.82 (& TH,
CHNg, J =4 Hz), 6.20-7.20 (m, 8H, Cgllgs CgHa). More polar isomer; THmr
(COC14) 6: 0.70 (25, 124, 4CH5), 0.90 (s, 184, t-BuSi), 3.21, 3.31 (dd, -
TH, CGHECHOCH, J = 2, 6 Hz), 3.60 (d, TH, CgHsCHO, J = 2 Hz), 4.00 (m,

TH, CH-CHN;), 4.90 (d, T, CHNy, J = 5 Hz), 6.40-7.35 (m, 8H, CiHg, Coha)s
fr (Film) v__: 2100 (Ny)» 1775 (B-Tactam, C=0) cm™'; ms (70 eV, 100°),
m/e (°/aa): 509 (203, M'-t-Bu'), 483 (40, M™-NCH=C-0), 481 (233, M""-
t-Bu‘—Né‘), 426 (32, M""-t-Bu"-N,CH=C=0), 322 (478, M"*-t-Bu’-CgHgCHOCH |
CH=CHN;). :

g-Lactam 112

To silylated epoxide 111 (1.50 g, 2.65 mmol) in dry THF (30 mlL)

- was added glacial acetic a;i& (0.477 g, 7.95 mhol), followed by dropwise

addition of a solution of tetra-n-butylammonium fluoride in THF (0.5 M,

10.6 mL), at 0°. After 15 min the solution was added to pH 4.4 buffer
/”/ ! "

(25 mL) and extpacted with ether (3 x 25 mL). The organic layer was washed

@

-~

»



AR T

125

9

with water (2 x 30 mL), dried (MgSOA) and evaporated. The residue was

“purified by flash chrpmatbgraph_y (petroleum ether:ethyl acetj/fe, 2:1)

-

affording 0.54 g (60%) of g-lactam 112. ‘"
f

‘Hor (CDC15) 6: 3.10-3.40 (m, 1H, CH-CHOCHPh), 3.60, 3.84 (dd, TH,
CHOCHPh, J = 2 Hz), 4.40-4.80 (m, TH, CHCHN3), 5.00 (d, IH, CHOHNg, J =
5 Hz), 6.20-7.40 (m, 9H, OH, aromatic), 7.60-8.40 (b, 1H, OH); ir (CH,Cl,)
v . 3500-2900 (OH). 2100 (C=N), 1725 (B-lactam, C=0) em™ ' ms (70 eV,
100°), m/e (°/oo): 310 (41, M7 "-N,"), 151 (215, M'*-PhCHOCHCH=CHN,).

-

Tricyclic B-Lactam 113

g-Lactam 112 (195 mg, 0.577 mmol) in CH,C, (10 mL) and camphor-
sulfonic acid (147 mg, 0.634 mmol) were stirred for an hour at room
temperature. The solution wa‘snwvashed' with water (2 x 10 mL), dried
(MgSO4), and e\}aporated. Ihe residue was purified by‘flash chromatography
(petroleum ether:ethyl acetate, 1:1.3) to afford g-lactam 113, 10.8 mg
(5.5%).

*Hmr 200 MHz (CDC15) §: 3.90 (dd, W, NCH, J = 5, 8 Hz), 4.21 (dd, TH,
OHCH, J = 8, 8 Hz), 4.44 (d, H, CGHCH, J = 8 Hz), 5.14 (d, TH, NyCH,
J = 5 Hz), 6.40-7.76 (m, 10H, aromatic, OH); ir (CH,C1,) v 35003000
(OH), 2100 (Ng), 1730 (8-lactam, C=0) cm'
338 (60, M"*), 310 (285, M'"-N,"), 255 (67, M'"-NyCH=C=0).

‘ max -
s ms (70 eV, 92°), m/e (°/o0):

~
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B-Lactam 114

NI
To B-lactam 113 (10.8 mg, 0.032 mmol) in acetic anhydride (0.5 mL)

was added a catalytic amount of 4-dimethylaminopyridine. After stirriné\:
overnight at room temperature, ethyl acetate (20 mL) was added. The
mixture was washed with water (2 x 15 mL), dried (MgSO4) and evaporated.
The residue was purified by HPLC (pétro]eum ether:etﬁyl acetate:methanol,

8.5:1.5:0.05) to give B-lactam 114, 13 mg (96%).

‘Hmr 200 MHz (CDC14) 8: 1:68, 2.30 (25, .6H, 2CH3), 4.04 (dd, TH, HCH,

J =5, 8Hz), 4.55 (d, H, CHCGHg, J = 8 Hz), 4.98 (d, TH, CHN3, J = 5 Hz),
5.50 (dd, 1, CHOCOCH,, J = 8, 8 Hz), 6.85-7.44 (m, 8H, aromatic); ir -
(CHpC1,) vy, : 2100°(Ng), 1780 (B-Tactam, C=0) em”)

(280, MH*), 395 (226, MH+-N2'), 381 (1000).

; CI-ms (210°): 423
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CHAPTER 11

Phenyl Cyclophosphoramidate 122

3

To 3-amino-1-propanol 123 (1 g, 13.3 mmo1) in dry methylene
chloride (20 mL) was added pyridine (3.16 g, '40 mmol1) and phenyldichloro-

- phosphate (2.8 g, 13.3 mmol1) at 0°. The mixture was stirred at room
temperature for 18 h. The solution was washed with water (2 x 15 mL),
dried‘(MgSO4), and evaporated. The residue was purified by flash chromato-
graphy (ethyl acetate) to afford 2.24 g (79%) of 122 as a colorless oil.

Hor (CDCT4) 8: 1.2-2.4 (m, 2H, CHy), 2.8-3.7 (m, 2H, CH,N), 4.1-4.7 (m,

3H, NH, CH,0), 7.32 (s, 5H, CgHg): ir (film) v_ : 3250 (NH, amide).

¥
1

1590, - 1485, 1260, 1210 em™ ; ms (70 eV, 69°), m/e (°/qs0): 213 (643, M+’),

a

1120 (382, M'7-CGH0").

Amide 13;_ | 'é ) E::u/// )

To the cyclophosphoramidate 122 (125 mg, 0.59 mmol) in dry
tetrahydrofuran (10 mL) was added 1.5 M n-buty]];}pjum (0.39 mL, 0.59 mmal)
at -78°. The mixture was stirred for 15 min and then a solution of benzayl
chloride (82.3 mg, 0.59 mmol) in dry tetrahydrofuran (2 mL) was added
dropwise. The solutidn‘was'stirred one more hour. After the addition of
methylene chloride (20 mLS, the solution was washed with HZO (2 x 30 mL),
dried MgSO4) and evaporated. The resultiﬁg 0il was purified by flaéh |

chromatography (petroleum ether:ethyl acetate, 1:1) to afford 167 mg
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(90%) of amide 125.

'Hmr (CDC14) 6: 1.7-2.6 (m, 2H, CHy), 3.2-3.9 (m, 1H, CHN), 4.0-4.8

(m, 3H, NCH, CH0), 6.8-7.7 (m, 10H, 2C¢Hg); 1r (film) v__.: 1670 (C=0,
amide), 1590, 1490 (aromatic C=€), 1320 pm']; ms (70 eV, 43°), m/e (%/q4):
317 (46, ™), 214 (199, M"'-C.H07), 105 (1000, CeHgC=C™). .

5

Amide 12

————t

To a solution of 122 (1.44 g, 6.76 mmo1) in THF (10 mL), ethyl
malonyl chloride (1.02 g, 6.78 mmol) in THF (5 mL) was added. The reaction
was followed by means of tlc. When starting material gisappeared (~ 15 h),
the solvent was evaporated. The residue was introduced into a flash \

chromatography column to afford 1.85 g (84%) of 127 as a colorless oii.

"Hmr (CDCT4) 6: 1.24 (t, 3H, CHz). 1.6-2.5 (m, 2H, NGH,CHyCH,0), 3.0-3.6
(m, TH, CHN), 3.83, 3.90 (25, 2H, CH,C0), 4.11 (q, 2H, CHyCHp), 4.1-4.9
(m, 3H, CH,0, CHN), -7.30 (s, 5H, C5H5)§ ir (film) Vmax 1740 (C=0,‘95ter),
1690 (C=0, amide) cm™ '3 ms (20 eV, 20°), m/e (°/o0): 327 (20, M'*), 234

+. .
(1000’ M -CsHso ‘)o

Diazo~Amide 130

To a solution of 127 (1.85 g, 5.66 mmo1) in acetonitrile (20 mL)
containing triethylamine (0.63 g, 6.24 mmol) was added p-toluenesulfonyl
azide (1.18 g, 5.98 mmol) at 0°. The mixture was stirred for'40 h at

room ‘temperature. The solvent was evaporated below 30° and replaced by

!
|
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methylene chloride (40 mL). After being washed with 0.4 N potassium
hydro;ide, water, dried (MgSO4% and evaporated, the residue was purified
by flash chromatography (petroleum‘ether:eﬁhyl acetate, 1:1) to afford
1.70 g (85%) of 130,as a yellow oil. | |

'Hmr (CDC15) 6: 1.30 (t, 3H, CHy). 1.6-2.5 (m, 2H, CH,), 3.2-3.8 (m, 1K,
NCH). 4.30 (a, 2H, CHyCH,), 4.0-4.7 (m, 3H, NCH, NCH,CH,CH,0), 7.23 (s,
5H, CgHg)s ir (film)~v .. : 2135 (N,), 1730 (C=0, ester), 1690, 1650,
1590, 1490 cm™'; ms (20 eV, 60°), m/e (°/40): 353 (32, Mt), 325 (245,
M*:-Nz). 260 (77, M+'-C6H50'), 253 (341), 94 (1000).

Trichloroethyl Cyclophosphoramidate 132

©
A solution of 2,2,2-trichloroethyl alcohol  (0.49 g, 3.28 mmol)

and triethylamine (0.33 g, 3.27:mm01) in anhydrous tetrahydrofuran (3 mi.)
was added dropwise at -78° into phosphorus oxychloride (0.5 g, 3.27 mmo])
in THF (5 mL) under nitrogen atmosphere. After stirring 0.5 h, the
temperature slowly increased to room temperathe within 1 h and the
" mixture was cooled again to -78°. To the cooled mixture, a solution of
- 3-amino-1-propanol (0.245 g, 3.26 mmol) and triethylamine (0.693 g,

6.56 mmol) in TH% (3 mL) was added. The mixture was allowed to warm to
yoom temperature and stirred for another 4 h. The tgtrahydrbfuran was
evaporated. The residue was added to methylene chloride (50 mL) and
‘water (40 mL). The organic layer was washed with 1% HC1 (30 mL), dried
(MgSO4) and evapoéated. The crude ﬁroduct was purified by flash chromato-

graphy (ethyl acetate) to obtain 0.81 g (93%) of 132 as a light yellow oil.
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"Hmr (CDC14) 6: 1.5-2.5 (m, 2H, NCH,CHyCH,0), 3.0-3.7 (m, 2H, NCH,),
. 4.1-4.8 (m, 3H, NH, OCH,). 4.50 (d, 2H, CH,CCly, J = 7 Hz); ir (film) -

3 - ov ot 3250 (NH), 1420, 1335, 1260, 1100 cm~]; ms (70 eV, 20°), m/e

max
(“e0): 273 (8, W46, C137). 271 (18, W 44, C13°C137), 269 (55, M'-4e,

c1g5c1?7), 267 (57, M'*, c1§5)* 120 (1000, M**-0CH,CCT,").

Apket ot

T T g P

Amide 133 ’

Obtained from 132 via the procedure for the preparation of 127,

in 90% yield after flash chromatography (petroleum ether:EtOAc, 1.5:1).

Lo eon awen o e ter paee

1 . "
Hmr‘ (C%Cl3) §: 1.30 (t, 3H, CH3). 1.7-2.3 (m, 2H, NCHZCHZCHZO), 3.1-3.7

5 e hawmwa M

(m, TH, NCH), 3.8-4.8 (mb, 3H, OCHy, NCH), 3.90, 4.04 (2s, 2H, CH,), 4.20

(Qs 2H, CHyCHy), 4.70 (ds 2H, OCH,CClq, J = 7 Hz)s ir (film) v @ 1735
1

(C=0, ester), 1690 (C=0, amide), 1330, 1300 cm '; ms (70 eV, 37°), m/e

(%/00): 385 (15, M'-+4, c1$5c1g7), 383 (36, M *2, c13%c137), 381 (38,

2“1
+ .
cCly).

e e w -

M, c13%), 234 (194, M*--ocH

3 2

s e

Diazo-Amide 134

- : Obtained from 133 via the procedure for the preparation of 130,

¥n 80% yield after flash chromatography (petroleum ether:EtOAc, 1.5:1).

e

THmr (CDCl3) §: 1.30 (t, 3H, CH3), 1.6-2.3 (m, 2H, NCHZCEZCHZO), 3.1-3.8
i (m, 1H, NCH), 3.8-4.8 (m, 5H, NCH, CH,0, OCﬂzCHB), 4.80 (d, 2H, OCHZCC13,

Jd =7 Hz); ir (film) v
1

max 2115 (NZ)' 1720 (C=0, ester), 1650 (C=0,

s ms (70 eV, 51°), m/e (%/q0): 272 (14, M+'—Et00CCN2CO'+6,

. ' ¢ , .
(o .

N

amide), 1330 cm™

it T IEET S DRI 0 s g
?



131
‘\
C137), 270 (44, M**-ELOOCCN,CO"+4, CI3°C137), 268 (81, M™*-EL0OCCN,CO"+2,

3°c13’), 266 (14, ' -EL0OCCN,CO", C13°).

Phosphonate B-Lactam 142 .

'TQ a solution of alcohol 138 (347 mg, 3.02 mmol) and triphenyl-
phosphine (790 mg, 3.02 mmo1) in dry dimethylformamide (3 mL) was added,
in portion, N-bromosuccinamide ( 538 mg, 3.02 mmol). After the addition,
the reaction mixture was stirred at room temperature for 30 min. The
solution was added water (15 mL) and extracted with ether (4 x 10 mL).
The ether layer was washed with water (2 x 10 mL), dried (MgSO4) and
concentrated to afford the crude bromide 141 (contaminated with triphenyl-

phosphine oxide). .

Hmr (COC15) &: 2.00 <(dt, 2H, CH,CH.Br), 2.46 (bd, 1&, OCCHH, Jgem = 16 Hz),
3.00 (ddd, TH, OCCHH, Jgem ='16 Hz, J ;. = 5 Hz, Jy =2 Hz), 3f34 (t,
2H, CHBr). 3.5-3.8 (m, TH, NCH).

To the crude bromide was added triethyl phosphite (2 mL). The
mixture was heated in an oil bath at 120° for 18 h. Flash chromatography
of the residue using ethyl acetate first and then acetone afforded 150 mg

(21%) of phosphonate 142.

Hmr (c0013) §: 1.15 (t, 6H, zcn3), 1.4-2.0 (m, 4H, CHyCH,P), 2.27 (bd,
1H, COCHH, Jgem = 15 Hz), 2.80 (ddd, 1H, COCHH, Jgem =15 Hz, J . = 5 Hz,
= 2 Hz), 3.0-3.5 (m, 1H, NCH), 3.7-4.3 (m, 4H, CH,CH,), 7.5-8.0 (bs,

3600-3100 (NH), 1745 (C=0, B-lactam) cm™;

InH

1H, NH); ir (film) Voax

~



132

ms (70 eV, 85°), m/e (°/o0): 235 (7, M'*), 193 (887, M*'-cné=c=0), 137
(1000, 0P(0Et)2+). :

Mesylate 147

-

" To alcohol l§§‘(266 mg, 2;31 mmol) in dry methylene chloride (10
mL) and triethylamine (0.35 mL, 5.52 mmo]),'under a nitrogen atm%sphere,
was added methanesulfonyl chloride (0.19 mL, 2.45 mmol) in methylene
chloride (2 mL) at 0°. The solution was stigred for 30 min at 0° and
allowed to warm up to room temperature. The reaction mixture, éfter
washing with water (2 x 10 mL). drying (MgSO4) and evaporation in vacuo,

afforded 410 mg (92%) of mesylate 147.

Hor (CDC15) 6: 1.9-2.4 (m, 2H, CHyCH,0), 2,6 (bd, TH, COCHH, J .. = 15 Hz),

gem
\

3.0-3.4 (m, 1H, COCHH), 3.0 (s, 3H, CH3), 3.5-4.0 (m, 1H, CHN), 4.30 (t,
2H, CHZO). 6.80 (bs, 1H, NH); ir (film) Vnax' 3400-3100 (NH), 1740 (C=0,

B-lactam) cm™'; Cl-ms (70°), m/e (°/o0): 194 (1000, MH'), 152 (588, MH*-

’ CH2=C=O).

. Todide 146

Tamesylate 147 (169 mg, 0.87 mmol) in acetone (15 mL) was added

sodium iodide (132 mg, 0.88 mmol). The mixture was refluxed in an 0il

.bath at 60 for 7 h. After evaporation of the acetone, ethyl acetate

“(20 mL) was added to this residue. The resulting solution was washed with

water (2 x 15 mL) dried (MgSO4) agd evaporated to afford 180 mg (92%)

I
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g-Tactam) cm

133

" of iodide 146. - . E

1 . Y i =
Hmr (CDC13) §: 2.0-2.3 (m, 2H, CﬂzCHZI),‘2.63 (bd, 1H, OCCHH, Jgem

15 Hz), 3.0-3.4 (m, 1H, OCCHH), 3.20'(t, 2H, Cﬂzl), 3.52-3.94 (m, M,

3500-3400 (NH), 1760 (C=0,

NCH). 6.70 (bs, 1H, NH); ir (CHZCIZ) Vmax

-1

Silylated g-Lactam 149

To mesylate 147 (274 mg, 1.42 mmol). in dihethylformmnide (4 mL ).
was added trigthy]aminé (376 mg, 3.72 mmol) and t-butyldimethylsilyl
chloride (236 mg, 1.57 mmol). The mixture was stirred at room temperature
for 18 h. To this was added water (15 mL) and then extracted with ether
(4 x 10 mL). The ether solution, after washing with water (2 x 15 mL),
dry}ng (MgSO4) and evaporation, afforded silylate product 149 (400 mg,

91%).

N

e (COC14) 8: 0.22 (s, 6H, 2CHy), 1.98 (s, 9H, t-BuSi), 1.6-2.4 (m,
2H, CHyCH,0), 2.55-3.20 (m, 2H, COCH,). 3.02 (s, 3H, CHy), 3.4-4.9 (m,
max:‘ 1740 (C=0, B-lactam); ms
(70 eV, 42°), m/e (°/oo): 250 (107, M**-t-Bu'). 208 (26, M™*-t-Bu'-

CH2=C=0), 153 (1000).

TH, CHN), 4.34 (t, 2H, CHZO); ir (film) v

N-Benzoyl-3-Amino-1-Propanol 150

To a solution of 3-amino-1-propanol (1.5 g, 20 mmol) in 5 N NaOH

(4 mL) was added, in the meantime, benzoyl chloride (2.81 g, 20°mmol) and
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5 N NaOH (4 mL) at 0°. °The solution was warmed up to room temperature

.and stirred for 18 h. fhe solution was neutralized by concentrated HCI

and-extracted with ethyl acetate (4 x 10 mL). Dfying (MgSO4)'and

evaporation afforded 3.1 g (87%) of 150 as a colorless oil.

“Hmr (CDC15) 6: 1.4-1.9 (m, 2H, CH,), 3.2-3.8 (m, 4H, CH,N, CH,0), 4.80
(s, 1H, OH), 7.0-8.1 (m, 6H, NH, CgHg)s ir (film) v : 3400-3200 (OH),
1650 (C=0, amide) en™ '3 ms (70 eV, 72°), m/e (/os): 179 (15, M'*), 108

-0t

Imine 152

To a sdlhtion of alcohol 150 (0.5 g, 2.79 mmol) in dry tetrahydro-
furan (15 mL) éontéminated triethylamine (0.78 mL, 5.61 mmol) was added
dropwise a solution of phosphorus oxychloride. (0.26 mL, 2.80 mmol) in
tetrahydrof\uran at -78°. The resulting solution was Fhen allowed to warm
up to room temperature. After stirring for 3 h, toluene (20 mL) was added
to the solution and filtered through a celite pad. The filtrate wés
concentrated to afford the crude product. This was purified by flash

chromatography (petroleum ether:ethyl acetate, 1:4) to afford 0.36 g
(80%) of 152. 4

'Hmr (CDC14) 6: 2.00 (tt, 2H, CHp), 3.50 (t, 2H, NCH,), 4.25 (t, 2H,
CH,0), 7.2-8.0 (m, 5H, CeHc)s ir (Film) v . : 1655 (C=N), 1350, 1270 cm”
ms (70 eV, 19°), m/e (°/,,): 161 (858, M'*), 103 (447, csHSCN+5), 77

+. . . . . .
(1000, CgHg ); Anal. Ca]Cd,' for C]OHHNO' C, 74.53; H, 6.83; N, 8.79,

1.
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4

Found: C, 74.30; H, 6.76; N, 8.93.

Silylated Alcohol 153

To alcohol 150 (2.5 g, 14 mmol) in dry DMF (10 mL) was added
t-butyldimethylsilyl chloride (2.31 g, 15.3 mmol) and imidazole (2.38 g,
34.9 mmol). After stirriﬁg 1 h at room temperature,\tﬁe solution was ‘
partitioned between ether and water. The ether layer was washed, dried

and evaporated to afford 3.8 g (93%) of silylated alcohol ]ﬁiiﬁ C

THmr (CDC1,) 6: 0.20 (s, 6H, Si(CHy),), 1.02 (s, OH, t-Busi), 1.7-2.0 (m,
2H, CHy), 3.84 (t, 2H, CH,N), 4.15 (t, 2H, CH,0), 7.0-7.5 (b, TH, NH),

7.4-8.0 (m, 5H, CgHg): ir (Film) v _ : 3300 (NH), 1640 (C=0, amide), .
1550, 1250 cn™'5 ms (70 eV, 71°), m/e (°/40): 278 (22, M'*-CHg'), 236

(773, M"*-t=Bu"), 105 (1000, C5H5650+').

" Phosphite 154

\

To the silyl ether 153 (365 mg, 1.24 mmol) in dry tetrahydrofuran

(15 mL), under a nitrogen atmosphere, was added dropwise 1.6 M n-butyl-

" Tithium (0.77 mL, 1.23 mmol) at -78°. This was stirred for 20 min, .and

added to a sqlution of diethyl chlorophosphite- (0.18 mL, 1.26 mmol) in
dry tetrahydro}uran (3mL). The resulting mixture was stirred for 1 h
at -78°, and then wanmed‘up to room temperature. Evaporation and

purification using flash chromatography (petroleum ether:ethyl acetgte,

9:1) afforded 180 mg (35%) of 154.
& , . e
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"Hmr (CDC1,) 6: 0.22 (s, 6H, (CHB)ZSi), 1.08 (s, 9, t-BuSi), 1.43
(t, 6H, ZCH3). 1.7—2:3 (m, 2H, CHZ)' 3.6-4.2 (m, 8H, OCHZ, NCHZ, ZCEZCH3),

1650 (C=0, amide}, 1540, 1250 cn

7.48 (s, SH, CBHS);Qir'(film) Voax: \
ms (70 eV, 20°). m/e (°/q0): 236 (132, M+’-t-Bu'-P(0Et)2‘+]), 105 (1000,

cﬁusczo+'), 77 (812).

B-Lactam 158

A solution of B-lactam 138 (4.39 mé, 3.82 mmo1) and dihydropyran .
(482 mg, 5.73 mmo1) in dry methylene chloride (10 mL) containing pyridinium
ﬁktoiuenesulfpnate'(PPTS) (96 mg, 0.382 mmol) was stirred for 8 h at room
temperature. The solution was diluted with ether and washed with half-
saturated Brine to, remove the catalyst. After drying and evaporation'of
the solvent, flash chromatography (efhy] acetate} gaveq410 mg (54%)

’

THP ether 158.

THmr (CDC13) §: 1.4-2.1 (m, 8H, CﬂZCHZO, CHCEZCHZCEZ)‘ 2.49 (ddd, H,

CHHCO, J, . = 13 Hz, = 2.2 Hz, Jy, = 1.1 Hz), 3.10 (ddd, TH, CHHCO,

NH
= 1.1 Hz), 3.3-4.1 (m, 5H, CHNH, ZCEZO),

g trans

gem NH

. 4.6 (bm, TH, CHyOCHOCH,), 6.3-6.7 (bs, TH, NH)3 ir (film) v : ‘3300

(NH), 1760 (C=0) cm™'; ms (70 eV, 20°), m/e (°/0o): 199 (99 , M'*), 99,
— ,
(103, M"*-HOCH(CH,) 40), 85 (1000, THP').

. B~Lactam 159

&

L]

Obtained from B-lactam 158 and diethyl chlorophosphate, via the

Fa
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procedure for the preparation of 161, in 75% yield after flash

-

. chromatography (EtOAc).

4

.« 'Hmr 200 MHz (CDC13) 6: 1.38 (t, 6H, ZCH3); 1.4-2.0, 2.4-2.6 (m, m,

8H, FﬂQCHZO, CEZCEZCEZ), 2.97 (2ddd, 1H, CHHCO, Jgem =16 Hz,

= 3 Hz), 3.22 (2ddd., 1H, CHHCO, Jgem = 16 Hz, Jcis = JpH =

OCHZ), 4.09 (m, 1H, HCH), 4.19

Jprans N JpH

6 Hz), 3.4-3.6, 3.7-4.0 (m, m, 4H, OCH,,
s (m, 4, OCH,, CHy), 4.56 (bs, TH, OCHO); ir (CHCClz) v . 1785 (C=0,
| B-lactam) cm™'; ms (70 eV, 39°), m/e (°/oo): .251 (57, M**-DHP), 250
(47, M**-THP"), 234 (100, M'*-OTHP"), 180 (1000, M""-CH,CHCH,CH,OTHP'+1),
\ . f 152 (845, M"-COCH,CH(CH,),0THP"+1). ‘
- i o
g-Lactam 161

Under a nitrogen atmosphere, a solution of g-lactam ]§§_(253 mg,
1.27 mmol) in dry THF (5 mL) was cooled to -78° and treated with n-BuLi
(1 eq.) in THF. After being stirred for 10 min, diphenyl chlorophosphate
(342 mg, 1;27 mmol) was added dropwise, and stirring, at -78°, was
continued for a period of 30 min. The'reaction mixture was warmed to
room temperature by itself. After adding methylene chloride (20 mL),
the organic layer was washed with water (2 x 15 mL), dried (MgSO4) and
evaporated. The residue’was purified by f1ash‘tﬁromatography (petroleum

ether:ethyl acetate; 1:1.5) to afford 438 mg of B-lactam 161 in 80%.yjeld.
-

1 . 3 7
Hmr (CDC15) 8: 1.2-2.1 (m, 8H, CHoCHy0, CH,CH,CH,), 2.6-3.0 (m, 2H,
CHZCO),'3.1-4.0 (m, 5H, CHN, cgao, CEZO), 4.2 (b, TH, CH), 7.00 (s, 10H,
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1

2C.H:) s ir (film) v 1790 (C=0, B-lactam) cm .

65 max

B-Lactam 160

-

A solution of THP ether 161 (180 mg, 0.42 mmol) and pyridiﬁium
p-toluenesulfonate (PPTS) (20 mg, .0.08 mmolj in absolute ethanol (5 mi)

. £
was stirred at 55° (oil bath temperature) for 5 h. The solvent was

evapbraﬁ@ﬁ\in vacuo, and the residue was chromatographed (EtOAc:petroleum

ether, 2:1) to afford 124 mg (85%) of B-lactam 160.

1 . ;
Hmr 200 MHz (CDC}3 and DZO) 6§: 1.6-2.0 (m, 2H, CEZCHZOH), 2.79 (ddd, §

TH, COCHH, J . = 16 Hz, J .= J o =3 Hz), 3.22 (ddd, TH, COCHH,

gem 8 pH gem B

16 Hz, Jtrans = JpH = 6 Hz). 3.?-3.8 (m, 2H, CﬂZOH). 4.0-4.2 (m, 1H, NCH),

7.38 (m, 10H, 2CgHg): ir (Filmp vy _
en”'s ms (70 eV, 56°), m/e (°/o0): 347 (101, "), 276 (961, M™*-CHy=CH-

3450 (OH), 1790 (C=0, B-lactam)
+. . -
(CHy),0H+1), 254 (117, M "-0CgH"), 77 (1000)" .

Bicyclic 8-Lactam 162

©

To a solution of 160 (150 mg, 0.43 mmol) in t-BuOH (2 mL) was
added CsF (66 mg, 0.43 mmol). “After stirring at room temperature for 2 h,
the soivent was évaporated. Ethyl acetate was added. The mixture was
washed with brine, dried and evaporated to afford 22 mg (20% of g-lactam
162, after flash chromatography (petroleum ether:EtOAc, 1:2); m.p. 1032

)

e (acetone dg) 6: 1.8-2.2 (m, 2H, CHy), 2.90 (app.dd, 2H, CH,CO),

3.8-5.0 (m, 3H, CH,‘CHZO). 6.9-7.5 (m, SH, CGHS); 'Hmr 260 MHz (acetone d6
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<
and D,0) &: 1.8-2.2 (m, 2H, CH,), 2.8-3.0 (m, 2H, CH,0), 3.9-4.1 (m, IH,

CH), 4.3-4.7 (m, 2H, CH,0), 6.9-7.5 (m, 5H, CHg)s ir (CH,C1,) v
1

max’

1760 (C=0, B-lactam), 1590, 1490, 1190 cm '; ms (70 eV, 82°), m/e (°/oo):.

254 (372, M'"+1), 212 (1000, M*"-CH,=C=0).

B-Lactam 163

To a solution of alcohol 138 (150 mg, 1.3 mmol) and pyridine
(162 mg, 1.43 mmol) in CH2C12 (10 mL) was added dropwise diphenyl chloro-
phosphate (349 g, 1.3 mmol). ‘ After stirring for 2 h the splution was
washed with water (3 x 5 mL) and brin‘e/(s mL), dried (MgSO4) and evaporated

to give 392 ng (87%) of B-lactam 163, after flash chromatography.

Hmr 200 MHz (CDC13) §: 1.8-2.2 (m, 2H, CHZ)’ 2.60 (ddd, TH, COCHH),
'Jgem = 15 Hz, J! . 2 Hz), 3.05 (ddd, 1H, COCHH, ‘Jgem = 15 Hz, Jois ©
= 2 Hz), 3.6-3.8 (m, 1H, CH), 4.2-4.6 (m, 2H, CHZO), 6.3 (bs,

5 Hg, JNH
1765 (C=0, B-lactam),

TH, W), 7.1-7.5 (m, 10H, 20gHg); ir (Film) v
: V

ax:

1590, 1490 (C=C,, aromatie) cm i ms (70 eV, 55°), m/e (°/oo): 347 (46,
<), 305 (437, M'"-CHy=C=0), 304 (203, M'*-OCNH).

~

g-Lactam 166 ;

o3
a %

A mixture containing g-Tactam 164 (8.00 g, 0.039 mol), 5% palladium
on charcoal and ethanol (300 mL) was hydrogenated at 40 psi for 2 h. . The
' S .
501 té‘tion was filtered and evaporated to dryness. The residue was taken up

1:n methy1qne chloride (100 mL) and was methylated with etheral diazomethane

° /

n” -~



“'Hmr (coc1é) §: 2.90 (ddd, TH, J

- / . \
(°/00): 245 (24, M**, di-TMS derivative).

\ . 14Q

at 0°. After removing the solvent in vacuo, the crude methyl ester was

purified by flash chromatography (petroleum €ther:ethyl acetate, 1:5)

i

to afford 4.5 g (90%) of B-lactam 166.

>

1

om = 15 HZ, d = 2.5 Hz, Jy,, = 1.5

’ g NH
Hz), 3.34 (dddl, 1, Jgem = 15 Hz, Jm.S = 5 Hz, ‘]NH = 1.5 Hz), 3.75 (s, 3H,
= 2.5 Hz), 6.8-7.4 (bs, 1H, NH);

1; ms (70 eV,

trans

CH3), 4.20 (dd, M, CH, J . =5 Hz, J
eis

trans.

ir (fitm) v 1775 (C=0, B-lactam), 1740 (C=0, ester) cm

max -
16°), m/e (°/o0): 129 (115, M+'), 101 (463), 8 (188), 28 (1000).

(=4

- Alcohol 167

To a soluti -Tactam 164 (0.205 g, 1 mmol) in methanol (10 mL)

was added sodium ;0rohydr1'de (114 g, 3 mmol) in portion. After stirring

at room temperature for 18 h,Yconcentrated HCl was added dropwise to

neutralize to pH = 5. The precipitate was filtered off and the filtrate
was evaporated to dryness. The residue was purified by flash chromatography

(EtOAc:methanotl, 10:1) to afford 0.05 g (50%) of a]éoho],]_gj_.

Hmr (acetone dg) 8: 2.6 (dd, 1H, COCHH, J = 15 Hz, J = 2 Hz),

gem trans
2.9 (m, TH, COCHH, Jgem = 15 Hz, Jci = 5 Hz, JNH = 1.5 Hz), 3.5-3.9 (m,

8
3H, CH,0, CH), 4.2 (bs, 1H, OH), 7.3 (bs, 1H, NH); ir (film) v 3400-

max ©
. /
3000 (NH, OH), 1730 (C=0, B~lactam) cm']; gc-ms (TMS derivaﬁve). m/e

C

N\

FPRCN

LW W Al e e, forat Sabd

FEYN- e
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Obtained from B-lactam 167, via the procedure for the preparation | -

1
'

g-Lactam 168

6 a

of 158, in 80% yield after flash chromatography (EtOAc).- . Q,_r',
!Hmre (CDC13) §: 1.2-2°0 (m, 6H, 0CH(C§2)3), 2.51 (app.bd, 1H, CO(EﬂH, Jgem =

14 Hz), 2.96 (2ddd, 1H, COCHH, Jgem = 14, Jcis = 4 Hz, JNH = 1.5 Hz),
3.2-4.0 (71, 4H, OCHZ, OCHZ)’ 4.48 (bs, 1H, OCH), 6.7-7.0 (bs, 1H, NH);

ir (Film) v 3280 (NH), 1750 (C=0, B-lactam) cm™ \; ms (70 eV, 19°);

max -
. m/e ("/oo): 185 (21, M), 85 (1000, THPT).

g-Lactam 169 /

Obtained from _1_§§,”v7:éz the same procedure for the preparation o

161, in 85% yield used for the next reaction without purification.

ghmr (CDC15) 63 1.1-2.0 (m, 6H, CH,yCH,CH,), 2.9-3.2 (m, 2H, CH,CO),
3.2-4.0 (m, 5H, 20CH,, NCH), 4.2-4.5 (m, 1H, OCH), 7.12 (s, 10H, 2CgH) s
ir (film) Vmax® \1‘795 (B-tactam), 1595, 1490 (aromatic C=C), 1290 (P=0)
‘en™'; ms (70 eV, 76°), mfe (°/o0): 417 (54, M'*), 333 (47, M"'-DHP),
275 (287, M -CH,CHCH,OTHP" ) , 94 (936, CgHgOH'), 77 (1000).

§

‘s-Lactam 170

Obtained from 169, via the procedure for the preparation of
160, in 60% yield after flash chromatography (petroleum ether:EtOAc,
1:2.5)..

-

o
—~



11485 (aromatic C=C), 1280 (P=0) cm
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4

'Hmr (CDC13) §: 2.5-3.4 (m, 2H, CHZCO), 3.2-3.5 (b, 1H, OH, exchaﬁgeable

with D,0), 3.5-3,7 (m, 2H, CH,OH), 4.0-4.1 (m, 1H, CHN), '7.27 (s, 10H,
2CeHg) s ir (film) v @ 3600-3200 (OH), 1790 (c=0, B-lactam), 1590,
“ims (70 eV, 26°), m/e (°/5p): 333
(165, M™*), 275 (820, M"*-CH,CHCH,0H) , 233 (280 (0)P(0C6H5)2+), 94 (664,
OH' "), 77 (1000). d

CGHS

g-Lactam 171
-

Diphenyl chlorophosphate (0.31 mL, 1.48 mmol)-was added dropwise
to a solution of alcohol 167 (149 mg, 1.48 mmol) and triethylamine
{0.21 mL) in anhydrous tetrahydrofuran (5 mL). After stirring for 0.5 h, to
the reaction mixture was added methylene chloride (20 mL). The organic
laxer was washed with water (2 x 15 mL), dried (MgSO4) and evaporated
to dryness. Thg residue was pﬁrified by flash chromatography (EtOAc)
to afford 438 mg (89%) sof B-lactam 171. —

trans 3}?’"‘(JNH =

1.5 Hz), 2.83 (ddd, THS CHHCO, 3 o = 15 Hi:/i%%erA/Hz:iﬂ;:; 1.5 Hz),.
3.5-3.8 (n, TH, CHN), 3.9-4.3 (m, 2H5CH,0), 6.6 (bs, 1N, NH), 7.00 (s,

10H, 2CgHg); ir (film) v : 3260 (NH), 1780 (C=0, B-lactam), 1590,
1490 (aromatic G=C), 1290 (P=0) cn™ '3 ms (70 eV, 55°), m/e (/¢0):

333 (34, M), 291 (1000, M+'-CH2=C=O), 94 (861, CSH50H+‘), 77 (820, 05H5+').

1 . =
Hmr (CDC13) §: 2.51 \ddd, 1H, CHHCO, Jgem =15 Hz, J

_ B-Lactam 174

\

[~

Obtained frorﬁ“\_l_5§_ and dibenzy1 chlorophosphate, via the procedure



for the preparation of 161, used for the next reaction without

purification.
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\

"Hmr (CDC13) 6: 1.3-2.0 (i, 8H, CHy, CHyCH,CH), 2.4-3.1 (m, 2H, CHpCO), |

©

3.3-4.0 (m, 54, NCH, 2CH,0), 4.5 (bm,-1H, CH), 5.0, 5.2 (2s, 4H,
2CH,Celg) » 7.3 (s, 10H, 2CgH).

B-Lactam 176

Obtained from 174, via the same procedure for the preparation

of 160, in 74% yield after flash chromatography (EtOAc).
»

-

YHmr (CDC13) §: 1.5-2.1 (m, 2H, CHZ)’ 2.4-3.1 (m, 2H, CHZCO), 3.2-4.0

(m, 4H, CHN, CHZO, OH), 5.0, 5.2 (2s, 4H, ZC_I-!ZCsHS), 7.3 (s, 10H, 2C6H5);

1

ir (film) v . : 3400-3100 (OH), 1785 (C=0, B-Tlactam) cm ; ms (20 eV,

20°), m/e (°/o0): 375 (3, M'*), 284 (170, M+‘-CH206H5‘), 178 (1000, M-

B-Lactam 178

g-Lactam 176 (0.6 g, 1.6 mmol) in absolute ethanol (20 mL):
containing 5% Pd/C (0.1 'g) was hydrogenated at 40 psi for 1. h.. The
mixture was filtered. The filtrate was evaporated to afford 0.29 g

', a

(943) of 178.

Hme (D,0) 8: 1.6-2.5 (m, 2H, CH,), 2.6-3.4 (m, 2H, CH,C0), 3.7-4.0 (m,

" 1H, CH), 3.78 /(t,JZH, OCHZ); ir (film) Vmax’ 3300-300 (OH), 1750 (C=0,

\ o

I .

—

S

\



.

A s

2
H
© PEETARSSTRS  rg cni d opi

ERIRMERPRRR I T OB

A 5 o B R WM 3

Cv_._: 3400-2600 (OH), 1750 (C=0, 8-lactam) cm

o

) aeqpT -
P g e S i L

144

’,
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g-factam 175

6btained from 168, via the procedure for the preparation of 174,

used for the next reactibn without purification.

Hmy (CDC15) 61 1.3-2.1 (m, 6H, CHyCH,CHy), 2.8-3.1 (m, 2H, CH,CO),
3.5-4.1 (m, 5H, 2CH,0, CH), 4.55 (s, TH, OCH), 5.05, 5.20 (2s, 4H, {
2CH,), 7.4 (bs, 10H, 2CcHg).-

. g-Lactam 177

3

Obtained from 175, via the same procedure for the preparation of

160, in 70% yield after flash chromatography (EtOAc).

¢
"Hir (CDC13) §: 2.7-3.0 (m, 2H, CHZCO), 3.3-4.0 (m, 4H, CH,0, CH, OH),
5.05, 5.19 (2d, 4H, 2CH%), 7.30 (s, 10H, 2C6H5); ir (film) Vmax - 3400~

3200 (OH), 1790 (C=0, .8 “1actam) cm']; ms (70 eV, 60°), m/e (%/40): 277
+ . ¥, +.
(61, (O)P(OBn)zNHZ i: 107 (140, CGHSCHZQO Y, 91 ('IOOO,~ C6H5CH2 ).

B-Lactam 179

Obtained from 177, via thesprocedure for the preparation of 178,
i
in quantitative yield.
1 Hmr (DZO) 5: 2.?-3.1 (m, 2H, CHZCO), 3.2-4.1 (m, 3H, CHZO, CH); ir (film)

-1
max’ )
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8-Lactam 187

Obtained from 182, via the ‘procedure for the preparation of 161,
at -78° for 3 h, in 74% yield after flash chromatography (petroleum ether:
EtOAc, 1.5:1).

Hmr (CDC]3) §: 1.43 (s, 9H, t-Bu), 3.4-4.0 (m, 2H, CHZ), 4.1-4.5 (m, 1H,
CH), 4.8-5.2 (nb, TH, M), 7.1-7.4 (m, 10H, 20gHg); ir (Film) v :
3400 (NH), 1800 (C=0, B-lactam), 1720, 1590, 1490, 1290 cn”'; gc-ms

(70 eV, 66°), m/e (*/o0): 418 (15, M™*), 276 (702, (0)P(0Ph),NHCO®),

57 (1000).

g~Lactam 188

Obtained from 189, via the procedure for the preparation of

187, in 70% yield after flash chromatography (petroleum ether:EtOAc, 1:1.5).

'Hmr (COC14) 6: 0.8-1.4 (m, 12H, CHy, t-Bu), 3.4-4.4 (m, 2H, CHCH), 4.8-

5.2 (m, 4H, 2CH2), 5.3-5.6 (m, 1H, NH), 7.3 (s, 10H;\2C5H5); ir (film)

v . 3320 (NH), 1790 (C=0, B~lactam), 1710 {C=0) e

m/e (°/g0): 304 (110, M*-- 0=C=CH-NHt-BACH, Mt - cH
[58-4

; ms (70 eV, 80°),

3CHCHNHt-BOC+1),

157 (70, CH3CHCHNHt-BOC+, COCHNHt-BOC™), 91 (880).
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