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~ ABSTRACTS

1. A-1 Carbapenems

A model study directed towards the synthesig of
the A-2 carbapenem ring system of thienamycin,‘via the
A-=1 isomer, was investigated.

Michael .adducts were formed by reacting the N-lithio
salt of 4-vinylazetidin-2-one with vinyl phosphonates
bearing a2 pﬁenyl-group and an oxidised sulfur substituent.
'Ozonolysis of these adducts in CHéCl2 at - 78°, followed
by treatment with 1 equivalent of NaH in THY, gave A-1
carbapenems. The sulfur and phenyl substituents,
respecfively, occupied the C2 and C3 pdsitions of thé
thienémycin nucleus.

Attempts of Michael addition onto vinyl phosphonates,
bearing a carboxylate function, as present at the C3 position

/

of thienamycin, were not successful.

—
-
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2. 1-(Dialky1aminomethy1)—Azétidin—z-ones

The use of dialkylaminomeéthyl derivatives as a new
s—lactam-N-H protecting group was inveétigated. The
group was found to be stable to basic reagents but
"easily removed w;th dilute‘aqugous acids. 1-Diélky1—
aminomethfl derivatives be#ring a 4-substituent were .
converted in good yield aﬁd in high stereoseléctivity
into 33555-3,4—disubstituted derivatives via reaction
with LDA and subSequéntladdition of electrophiles.‘ The

products of several. of these sequences are of interest

as intermediates to thienamycin related'substances.
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3. A-3 Carbacephems

~

The 4-(3'-butenyl)-azetidin-2-one was used to synthesise
the A-3-carbacephem- and the trans;7—hydroxyethy1-A—3—A
carbacephem-4~carboxylic acidé. The trans hydroxyethyi side

chain was intrbduced stereoselectively via the reaction of

the 3 lithio salt of the key intermediate l-pyrrolidinomethyl-

4-(3"'- butenyl) -azetidin-2-one, either with acetaldehyde or

with ethyl acetate followed by K-Selectride.or NaBH, reductMn.

4
Opposite stereochemical preferences were observed ih the

K-Selectride and NaBH4 reductions. K-Selectride reduction

TProduced approximately a 9:1 ratio of trans (R) vs trans

(S) isomers in the hydroxyethyl side chain, whereas a 1:2

ratio [trans (R) gg trans (S)] was observed for NaBH,,.
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1 INTRODUCTION

éhe synthesis of. B-lactam antibiotics has long been
an extensive area of research. 'Hoéever,'interest has
intensified over the last six yvears, since thé dfscovery of
thiepamycin 1 and clavulanic acid 2. Thienamycin 1, isolated

from Streptomyées cattleva (1), is a2 rather unusual bicyvelic

‘8-lactam antibiotic. On the otheér hand, clavulanic acid 2,

isolated from Streptomvces clavuligerus (2), acts as a

B-lactamase inhibitor.

OH
) 8(':,,,,H E . CH,OH
H C/E ¢ S5 *
3 H 2 SCHch NH 2
74 2772 P 4
04 O "l'"‘
COCH ) . H COOH
1 2

Thienamycin 1, has thréé structural features not
found in the well-known penam and cephem antibiotics, the
penicillins 3 and qephalosporins 4, respectively: (1) an
c-hydroxyethyl side ¢hain instead o£ a B-amido side chain at
C-86; (2) a cysteamine side chain at position 2; and (3) a

highly strained nucleus consisting of an unsaturated five

membered ring fused to a B-lactam, in which a methylene group

4
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replaces the sulphur, fouhd in conventional B-lactam

antibiotics, at position 1 (3). o .

\{mlm
nnmlg

L&)
T’
=z
o
=

jon
[

R= -CH,0-Ph Penicillin V R,= -OCOCH;  Cephalosporin C
R= -C 2Ph Penicillin G R2= —(CH2)3CHNH2
R= -CIyCH=CH .Penicillin F : OCH
CHZCH3
R= -n-C7815  bpenicillin X R,= -B Cephalexin
R,= -CH(NH,)Ph

2

More interestingly, thienamycin 1 also displays
unusually broad spectrum antibacterial activity. It is highly
potent against both gram-positive and gram-negative bacteria,
and is resistant to bacterial B-Jactamases (1).

Over the past four years, several routes have been
described for the synthesis of the carbapenem ring system of
thienamycin. For example, Squthgate and cowarkers (4)
reported_the synthesis of this system, using an intramolecular

Wittig reaction to form the A-2 double bond. (Scheme 1)



&150,-N=c=0 + \4/y~\~//4§§> ___1,/ﬂ\\4¢¢.
- ot N\SOZCI

Na,S0
2_3 + H—g—g—o-—CH Ph
-OH 2
o/ —NE
(40%)
>
3 =% —‘]/\/ 1.50C1,, ,
Oér_NT.oH 2.PhgP > 02— \fpph3
. N 02CH2Ph ‘ . . 02CH2Ph.
(70%)
— =
1.03/Et0Ac A
-70°,TFA ,
; > ‘
2_DMS ' e
0,CH.Ph
2
CO,CH,Ph 2
: : — - , (75%)

. 5
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Christensen et al (5) have developed a .novel

synthesis for this carbapenem ring system, using a highly

~efficient carbene insertion reaction. The bicyeclic nucleus

was produced via the formation of the N—C3 Bond, as outlined

‘in equation 1.

(D

—I/\C"D - .
L NH -~ co.r 02

%,
”'coza

o

{

The gengration of the éarbene was effected throughy¢
the decdmposition“of the c~diazo-f-ketoester 8. Photoéﬁemicil
decomposition_gave & 1:9 mixture of the desired product 7 and
the relatively unstable imide isomer 9. Metal (rhodium (II)
acétate) catalyzed degpmposition, however, produced 7 as a

single isomer in near quantitative yield.

" hv
S —_—> —

ty
H ’C02R

loo
b

"y

CA CO 2R

|©

Rh,(0Ac)
2 4,

oo
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Tosylation of the bieylic ketoestef 7 provided the
carbapenem ring system as the.vinyl tosylate lg;. Thienamycin
.derigatives ¢ould be prepared from 10 by treatment with
various mercaptans,.gpe ?ransforma;ion oécurring via an

addition-elimination process.

] I.TséO
| > OTs
X , 2.iPr NET
o | 2 07
H COzR‘ . CO2R
7 10
R'SH ~ , R
-TSOH o7
| . CO,R

Several gréups havé described an approach to the
A-2 carbapenem system via isomerization ©of the A-1 system.
For instanqe, Johnston and coworkers (6) prepared the
A-1 carbapenem 12, as an intermediate, in the first
thienamycin synthesis. The &erivative 12 was prepared
starting from 1l via a.iengthy series of reactions comprising
df at ;east éighte;h steps. (Some aspects of this synthesis
are discussed on page 6). Pgrtial isomerization of 12 with
diisopropylamihejxlDﬁSO gave a 4:1 mixture of 12 and the

thienamycin derivative 13.



OAc ‘
. —_— — —> 2CH2NHC02PNB
04L—4‘ \H C— ety —n
11 2
OCOZPNB
A
CA SCHchzNHCOZPIjB‘ SCHZCHzNHcoszB
" '
02PNB PNB
12

In their synthesis of thienamycin, Johnston et al (6)

r

introduced the hydroxyethyl side chain by a condensation
. . . . F

reaction between the lithio derivative 14a and acetaldéhyde.

——-r\L LDA e |/\I
7K TR Lid’ ?-q><0

14 l4z ’
== 9 -

CHCHO

& °

&

P



The introduction.occurred with coﬁsiderable trans:cis
stereoseléct1v1ty but with almost no control over the s:de
chain stereochemlstry. The various 1some£s were separated
and the appropriate one converted to thlenamyc1n.

Southgate et al (4) were able to introduce the
hydroxyethyl side chain by hydroxyalkylating the phosphorane
15 at -78°. Again, the introduction occurred with limited
selectivity. Cyclizati?n of ‘the intermediate 16 (obtained
.in 65% yield) gave, affer silica gel chromatography, 9% cis

;z_énd 29% of trans 18 isomers.

H
. g
'"'_T//\\<¢7 1.LDA,THF : :
| O/L 'I*I:==Pph3 2.CH,CHO o? ‘Tfﬂ‘PPhs
0,CH,Ph - 0,CH,Ph

2%Fo
- 15 16
HO .
B E SR
1.0,/CH,CL, 4o
— +
2 .DMS —N
3.NaHCO
3 ~ CO,CH,Ph _ CO,CH,Ph
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At the time this work was begun *, a stereoselective

introduction of the hydroxyethyl side chain had not been

developed. It was therefore decided to investigate this'asbect.

In. addition, .the use of the monocyclic 8-lactams 19 and 20 as
potential starting materials for carbapenem and carbacephem

ring systems, respectively, was planned.

0w o

19 - ¢ ' 20

* In the two year time interval between the compietion of

the experimental work and the writing of this thesis, a

number of importaht developments have been reported pertaining
to ' the thienamycin préblem. These will bé described wherever

apprdpriate in the subsequent chapters of this thesis.
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? SYNTHESIS OF A-1 CARBAPENEMS

Introduction

It has been established that antibiotic activity
{in carbapenems resides essentially only in the isomers 21
bearing the double bond in the A-2 position (7). The A-1,

isomers 22 prepared -to date (6,8,9) do not show significant
biological activit§.  .

A parallel situation exists in the cephalosporins
where the 5;3 isomers 23 are active but the A-2 isomers
24 are not (10). The difference in biological activity has
been explained in terms of the increasiqg acylating power
of tée isomers in whi;h the nitrogen lone pair is conjugated

with the double bond,thereby resulting in less overlap with

the carbonyl group and hence a weaker OC-N bond (11).

B E - :
RCONHg: i -S _ RCONH\% 3
"] vs |
04 N CH X 0//" CH X
, COOH OOH
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Thus, A—l'isomers of thieqapycin and.derivatives
thefeof . have not been primary synthetic .targets. However,

~

in the f;:st reported thienamyc1n¢synthe51s, Chrlstensen and

- P
coworkers (63 prepared the protected A-1 isomer 12 Whlch was
1somerlzed to. the de51red A—2 derlvatlve 13 upon heating with
dllSOprOpylamlpe in DMSO. The equ111brat10n favoured the A-1
over A-2 isomer by a rafio of 4:1 and thus the yield'of the
desirea material-&as quite lew. Other authers-(S,S) heve also
found that the A-l—p A-2 carbapenem isomerization is

unfavourable via a base catalyzed process involving the allylic

anion 26.

R base
: >
o? <= T
COOR®
25 . 26
. 8 ,
2(8) g o CO Et -
R'= tBu )
() _ ;
b R = CH20COPh R
R'= PNB ) . oér——

OOR'*
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Despite the lack of aétivity in the A-1 derfvativés
and the difficulty experienced in converting thesé comﬁﬁunds~
to the active A-~-2 isomers, we neverﬁheless felt that an
efficient synthesis of A-1 ca?bapenems would be of considergble
value. The enhanced stability of the A-1 over the A-2 isomers
would allow for chemical manipulation and thereby facilitate
ihvéstigation into the reactivity of the carbapenems.
Furthermore, a viable A-1 carbapenem synthesis presumably

could provide the impetus for development of methods of

isomerization.
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Res$ults and Discussion

Retrosynthetic analysis of the A-1 carbapenems
shown in Scheme 2 sugéested'that the double bond and the
five-membered ring might best be introduced via an
ihtramolécular Wittig or-Hormer~Wittig reaction. The
aldehydic intermediate*30 should readilsy* be generated by
. ozonolysis of the C=C in 29. It"wég anticipated that 29
might be assembled in a one étep Michael addition reaction *#
involving the readily available N-lithio- OF N-sodioc S-lattam
28 and a suitably substiftuted vinyl phbsphonate 27.

Consi&eratio of this scheme indicated that it
should be suitable forfthe preparation of A-1 carbapénems

bearing a variety of groups in the C2 position depending on
| the stapcture‘of the vinyl phosphonate used in tﬁe Michael
addition reaction. Furthermore, 2 variety of substituents
can readily be introduced into the 3 position (position 6
in the carbapenem) of the other starting material, 4-vinyl-
azetidin-2-one 19, with considerable stereochemical control
(See” Chapter 3) and thds a successful development of the

above scheme would yield-a carbapenem of the general type 31.

L/} "’h

o
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Scheme 2
HO
R' — I (O‘.t."'l:)2
&
R!
R
. 30
@(031:)2
Rl .
R .
20 .
~—
+ (EtO)zLC_CHR > —C
N1 e o
~(Na) R
28 27 19
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- Several examples of Michael addition reactions

involving 4-vinylazetidin-2-one have been demonstrated in

this laboratory. For example, Lebelle‘obtained §§ in 92%

vield, when 32 was reacted with acrylonitrile and potassium

hydroxide in dioxane (12). Hyrtsak also found that 19

added to a variety of nitro-olefins to afford 34 in good

vields (13).

‘ l S 1.KOH/Dioxane
—>

0.4.-—1\7 "H 2. CH2=CHCN
32
l.base
H P
Oé 2.RCH=CR N02
19 .
3&7

> o

o/ " Ncu.cu. ox

2772

_r\

Rl
L
N02
R .

34
R=Ph _R' =H
R =CHy p) _ g
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At the time thls work w&s begun, Venugopalan and
Durst (14) has already demonstrated the v1ab111ty of Scheme 3.
They found that Michael addition of the N-lithio salt of 19
to vinﬁl,phosphonafes gave adducts, which upon ozonolysis and

base treatment provided the 4-1 carbapenems 35.

.

35
~a R=H R' = co2
b R=H R' = CO,tBu
i ¢ R = Ph R' = CO,Et
d X = CO,tBu R' = CO,Et

If was therefore felt that through sulfur stabilized
carbanions, addition could be achieved onto vinyl phosphonates
of type 36. Cyclisation would afford the carbapenems with a

C2 sulfur bearing substituent, ﬁhich.would serve as a

precursor for the cysteamine side chain present in thienamycin.



T

C&-NH THF, -30°

-16-

R'-S

" 1.03/CH2C1

(Et0O) 2@\

__~C=CHR

2

2.DMS

SR?
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Preparation of vinvl phosphonates

17

Scheme 4 outlines the'preparation

vinyl'phosphonates used in this study.

Scheme 4

(Et0)2§;HZSCH3

37

id

1.SOC12- (Et0O)
-
2.DBN/benzene

CH

* ‘ (EtO)

CH

0
1.nBuli/THF
> (EtO)ngHSCHS
2;RCRO Rz
S8 R = Ph . 40 R =
39 R = CO,tBu 41 R =
\
0
2%
=CHR MCPBA
7 >
3
42 R = Ph
43 R = CO,tBu
g
2" \c=crr
3
(O)q
44 R = Ph, n =
45 R =Ph, - n =
46 R = =

C02£Bu, n

the different

Ph
CO,tBu
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The key starting compound 37, NMR: § = 3.5
(t,J=7Hz,6H), 2.3 (s,3H), 2.7 (4,J=13Hz,2H), 4.2 (p,J=7Hz,4H),
was obtained in S8% yigld by refluxing (EtO)SP and CHSSCHZCI
at 150° for 5 hours (15). Reaction 6f 37 with gBuli.in THF
at -78°,.f0110wed by condensation with benzaldehyde gave ;he
hydroiy adduct 40 as an isomeric mixture in é?% yield.
Compéund 40 was chlorinated with thionyl chloride, then
treated with DBN (16) in benzene to afford the olefin 42,

NMR: § = 1.4.(t;J$7Hz,6ﬁ), 2:45 (s,3H), 4.22 (p,J=7Hz,4H),
7.3-7.9 (m.6H), as ﬁ single-isomer (17);‘iq 44% overall yield.
s The chloro compound was relatively stable and
could be ﬁurified by column chromatography. However, wﬁen
the reaction sequence was coméléted'without purification of
the chloride, za minor olefinic.product, NMR: & = 1.34
(t,J=7Hz,6H), 4.1 (p,J=7Hz,4H), 6.17 (t,J=18Hz,1H), 7.47
(t,J=18H=z,1H), 7.2-7.4 (m,5H), was isolated.  This exhibited
a molecular ion peak at m/e = 240 on its mass spectrum and

-

was assigned the structure 47.

(EtO)zg\\

C=CHPh
il
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Oxidation of the sulfide 42 with two equivalents
MCPBA furnished the sulfone 45, NMR: 6.= 1.16 (t.J=7Hz,GHf,
3.33 (S,SH), 4.13‘(p,J=7Hz,4H), 7.3-7.8 (m,5H), 8.23 . 3
(4,J=23Hz,1H), in 73% yield after chfomatography. Similarly,
with one equivalent MCPBA, the sulfide 42 yielded 72: of the
sulfoxide 44. NMR: & = 1.5 (t,J=7Hz,6H), 3.1 (s,3H), |

4.15-4.55 (m,4H), 7.5 (s,5H), 8.05 (4,J=21Hz,1H).

Michael Addition and Cvelisation réactions

The Michael addition reactions were carried out by -
adding the phosphonate to a solution of 192, prepared from
4-vinylazetidin-2-one and one equivalent of nBuLi in THF, at
-30°. The. reaction mixture was stirred for 30 minutes,
quenched with aqueous ammonium chloride, and; the cgude

product purified by column or preparative thin layer

- chromatography (p.t.l.c.).

In this manner, when 19a was reacted with 42,
no Michael adduct was formed. This was indicated by the NMR
spectrum, which showed the presence of both starting materials.

It seemed evident that the SCH, and phosphonate groups were

3

not effective enough in stabilizing the anion 48, therefore the”
addition of 19a to phosphonates bearing an oxidized sulfur

substituent was investigated. '
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Thus, compound S0 was obtained on reaction of the
sulfone 45 with 18a, in 61X yield. The NMR spectrum of 50
was ;ery complex.and the infrared spectrum showed & strong
§-lactam absorption at 1750 cm L and bands at 1150 and 1330

cm_l, indicative ¢f the sulfone function. Ozonolysis and

cyclisafion 0f-50 using sodium hydride in THF for 7 hours ~
gave the carbapenem 52, as a 2:1 mixtﬁre of isqmers,'in 50%
vield. The isomers were separated by thin layver chromatography.
Both the major, m.p. 115-126°, and minor isomer m.p. 144-146°,
showed strong infrared absorption at 1780, 1310 and 1150 cm-l.
The major isomer had NMR resonances at ¢ = 2.36 (s,3H),

3.1-3.6 (m,2H), 4.5-4.7 (m,1H), S.Bé (q,J=2Hz,1H), and 7.2-7.5
(m,6H). NMR peaks for the ﬁinor isomer occurred at 6 = 2.36

(s,3H), 3.10 (dd4,J=16,3Hz,1H), 3.56 (dd,J=16,6Hz,1H), 4.8-4.9

(m,1H), 5.90 (q,J=2Hz,1H).
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3
Sa
- . CEO ﬁ
| 1.0,/CH,Cl, | OEt
‘ | ﬂ(OEt)z S 2 25| (OFt)s
h

2 2.DMS o7 S0
CH
.S(O)nCH3 o . "‘n""3
49 n =1
50 n=2
NaH
> ‘ S(O) nCH
THF 04""—13
h
&
sin=1
52 n =2

Similarly, 48 was obtgined in 80% vield by the
reaction of 182 with the sulfoxide 44. Again, the NMRV
spectrum was very complex but strong infrared absorption
was observed at 1060 and 17350 cm"l. Ozonolysis and subsequgnt

NaH treatment of 48, afforded the carbapenem 51 in 31% yield,

- L



accompanied by 9% of fhe sul fone §g, due to inadvertent
oxidation of the sulfoxide during the ozonolysis reaction.
The NMR spectrum of 51 indicated a mixture of isomers. No
attempt was made to separate these isomers. However,
oxidation of 51 with one equivalent of MCPBA clearly gave
the sulfone 52, again as a 2:1 mixture of isbmers;"The exo
vs endo phenyl group stereochemistry of thesg isomers has not
vet been assigned.

An a;tempt was then made to extend the above model
study into a synthesis of a thienamycin derivative. In this
regard, it was envisaged that the vinyl phosphonate 43,
through its t-butyl ester function, would be a feasible
precursor for the carboxylate found at C3 in thienamyciﬁ.

The t-butyl glyoxylate required for the formation
of 43 was not available commercially and therefore was
prepared in the following manner. Fumaryl chloride was
esterified with t-butyl alcohol (18), to give di-t-butyl
fumarate, NMR: § = 1.5 (s,18H), 6.6 (s,2H), which upon
ozonolysis afforded 50% of E—butyl glyoxylate 389.
Condensation with 37 provided’the hydroxy compound 41,
which was chlorinated and dehydrohalogenated to afford 43.
NMR: ¢ = 1.4 (t,J=7Hz,6H), 1.5 (s,8H), 2.6 (s,3H), 4.2
(p;éH), 6.8 (d,J=31Hz,1H). Oxidation of 43 to the sulfone
46, NMR: 6 = 1.4 (t,J=7Hz,6H), 1.5 (s,9H), 3.1 (s,3H), 4.1;4.6
(m,4H), 6.8 (d,J=21Hz,1H), was effected in 76% yield, with

two equivalents MCPBA.
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In the ﬁénner described above, Michael addition
reactions were then attempted. When 192 was reacted with
43 however, no adduct was formed; instead, both starting
materials were isolated. Similarly, réaction between 192
and fhe sulfone 46 was also unsuccessful. Examination of
the crudg product by NMR indicated that most of the SdéCHS
group had been lost. The crude product was separated by
preparative thin'layer chromatography and furnished some
recovered 4-vinylazetidin-2-one £ogether with'a small amount
of material which could not be identified. This product was
not further characterized. Tﬁe failure of gé to undergo a
Michael addition reaction with 18a°'was a great disappointment;
the reASOn is not obvious éspecially since it was anticipateq
that 46 should be a better Michael acceptor than the model
compounds 44 and 45. Because of its reactivity, the possible
polymerization of 46 is probably responsible for its absence
in the recovered material.

Since this-work has been completed, a number of
authors have reported approaches towards the thienamycin
synthesis via the 4A-1 isomer. For example, Hirai et al (9)
formed the A-1 carbapenem bﬁ an aldol condensation reaction
between the C1 and C2¥positions. The dialdehygic‘compound
94, formed by ozonolysis and DMS treatment of 53, was
reacted with piperidine and acetic acid to give 4-1 carbapenem

derivative 55 in 25% yield.
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Careful reduction of the aldehyde 55 to the allylic alcohol,
followed by treatment with benzoyl chloride gave the benzoyl
derivative 56. Decarboalkoxylation of 56 with Lil in
collidine yielded the 4-1 penem 3-carboxylate 57 (52%1).

However, attempts at isomerization of the double bond to the

i

A-2 position were not successful.
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‘More récently, Stoodley and Sharma (8) utilised an
intramolecular Wittig reaction to construct the A-1 carbapenem

L3

sysfem;, The carbinol 58, was obtained from reaction of
4-viny1ﬁzetidin—2—one and t-butyl glyoxylate, in éOﬁ yield.
Treatmeﬂ%.with thionyl chloride converted S8 to the chloride,
which was immediately reﬁcégd with ethoﬁycarbonyltriphenyl
phosphorane, fo provide the phogphorane 99 (;4:). Ozoﬁﬁlysis
0f 59 followed by treatment with DMS and sodium bicarbonate,
afforded the A-lcarbapenem.gg. ”Again, attempts at convgrsion

to the A-2 isomer via base catalysis were not fruitful.

»

1.SOC12 Ph

| — 3
07 OH - 0 - 0, Et
0,tB 2
. otBu 0,tBu
.

38 9

1.0,/CH,C1 ]
3 272
2.DMS ¢ . . COzEt
B.NaHCO3 d7
OZEBu
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: THE DIALKYLAMINOMETHYL FUNCTION AS A BASE
~3 STABLE, B-LACTAM NITROGEN PROTECTING GROUP

Introduction : .

Any approach towards thienamycin's synthesis
necessitates stereoselectivity in the introduction-of the
auhyd?bxyethyl side chain and control of the ste;eochemistry
at Cg-t Attempts'to resolve this problem have been directed
towards the use of a sultable 8-lactam N-blocklng group, |
thereby allowing generation of the menoanion at C6 nd
gubsequent C-C bond formation.

Several years ago in this laboratory, Durst 23‘3;
(19) demonstrated the utility and reactivity of B-lactam
enolates. For example, it was shown that N-substituted.

.S-lactams such a§ 61 gave, via monoanion é2, almostl

exclusively N-alkylated trans 3,4;disubstituted products.
’

h
_“ 1.LDA, THF - -—(F
- — '

o7 - 78° o “NCH, |
- 82

61

H

H H
1.CH,COCH . w5 —Fh
3 3 H.C ‘
> 3

2.H.0 H.C

- P B N
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These results suggested that the use of an -

appropriate N-blocking group would allow considerable *

. Stereoselectivity in the introduction of the a-hydroxyethyl

side chain present in thienamyciﬁ.“ Such a group would have
to be base stable and easiiy-remo?able‘under mild acidic
conditions to provide the free N-H, thereby enabling the
pursuit of the bicyelic nucleus. |

Accordingly, Christensen and coworkers (6)

employed the acetonide 14 as the N-blocking group in the

first total synthesis of thienamycin. The hydroxyethyl side

chain was introduced via a céndensation with acefaldehyde

‘and the enolé;e l4a, with a significant amount of the desired

trans stereocﬁémistry, but without control over the side
chain stereochemistry. Other reports (4,20) have:also
indicated that very little stereocontrol is exerted at C8
when hydroxyethylation is effected through condensation of
the monoanion with acetaldehyde.

bf particuiar interest as potential starting points
to thienamycin or derivatives thereof, are trans-3-
(1'-hydroxyethyl)-4-vinylazetidin-2-o6ne 63, and trans-3-
(1‘-hydroxyethy1)_§—(3'—butenyl)#zetidin—z-éne 64, since
the corresponding 3-unsubsituted derivatfaglg,has been used
to prepare thienamfein itself (6), and the A-1 carbapeneé

(8,9,14) ring system, and 20 has been used to prepare

carbacephems and carbapenams (21). In this chapter methods



-28—

-

which are suitable either fdr the preparatiqn of gg.and 64
both as a 1:1 mixture of side chain isomers, and.highly
enriched in fhe désirahle thienamycin stereochemistry are
described. These methods are based, in part, on the use of |

the dlalkylamlnomethyl function as a base-stable, B- lactam

nltgpgen-protectrng group.

) I”l}, ; R ) ‘ N ~ . . R
CH3 |

s oI
63 R = CH=CH, 19 R = CE=CH,
&4 R = CHyCH,CH=CH, 20 R = CH,CH,CH=CH,
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Resylts and Digggégign

The tert-butyldimethylsilyl group has previously
been used as an N-protecting group in B8-lactams (5). This
group is stable to alkyl lithiums and. allows the'generation
of thé'monoanion 65a tﬁrou&? which a variety of substituents
can be in;roduced at positign 3 (position 6 ih thienamycin)
of the B—iactam ring. Most recently, Bouffard and
Chfistensen (22) completed a careful study of introduction
of the thienamycin side chéin onto the I-tert- '
butyldimethyléily1—4—viny1azetidin—2—one 65. These authors
reported Fhat under a variety of conditions th; monoanion
652 reacted with acetaldehyde to give an 84:16 mixture of
trans:cis isomers.‘ The trans isomer was obtained as an
approximate 1:1 mixture of (R) and (S) side chain isomers. .
Considerably higher ratios of the desirable trans R-isomer

(thienamycin isomer) could be obtained by first acylating

and then reducing the 3-acyl derivative 66 with K-Selectride.
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-——-Tf’Q§§ : 1.LbA, THF
' 78°

o \Si-tBuMe, ~
65 65a
HO 5. ¥
I(,{(
(d
CHg —__%/d§§b
O;P“N\Si-EBuMez
65b ‘ -
trans (R) trans (8) cis (R) -cis (8) _
- - “~ 0 . : .
: Ref. 22
46 38 14 2 (Re )
. ‘i *
E & | Oy g
f.‘l‘l ! )”‘ :
CH -Se i, !
3 ) . K Se;;;t;;de > CHB _
L—'—h ? .
o7 N\\Sl-EBuMez 67 \‘Si-EBuMez
66 67

trans (R) _ 8

8
trans (S) = 12

The feasibility of using the dialkylaminomethyl

function as a potential N-blocking group was suggested by

the work of Testa et al (23). They reported thaf B-lactams
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- reacted readily with secondary amines such as pyrrolidine
" and morpho;ine"in the présence of 3771 formaldehyde solution
to afférd the 1-dialkylaminomethyl derivative. Fé.felt that
- the dialkylaminomethyl grbup might serve as h useful and
inexpénsive base-stable protecting .group, thus egaﬁiing
introdﬁction of substituents into the 3-position with the
desirable trans stereochemistry. The protecting group was
-expected to be acid labile. N

| Thus, when compound ;g was refluxed with formal-
dehyde and pyrrolidine in ethanol for 3 hours 93X of 68 |
was pbtéinéd as a clear oil, b.p 109-112°/.3mm Hg. The
NMR peaks were observed at § = 1.7-1.84 (m,4H), 2.54-2.70C
(m,4H), 2.68 (dd,J=16,2Hz,1H), 3.23 (dd,J=16,5Hz,1K),
3.76.(JAB=13;552,1H), 4.14 (JAB=13.SHZ,1H), 4.11 (m,1H),
5.22-5.98 (m,3H). The IR spectrum showed strong carboanyl
absorption ag 1750 cm_l, indicating.retention of the B-lactam
ring. : $\!

Similarly, 20 was converted to 639, a clear oil,

b.p 140-143°/.7mm Hg, in 92% yield. Again the IR spectrum
indicated the strong B-lactam carbonyl absorption, at 1750 cm"l.
<Peaks on the NMR spectrum occurred at § = 1.54-2.22 (m,8H),
2.38-2.72 (m,5H), 3.05 (dd4,J=16,5Hz,1H), 3.86 (JAB=13'5HZ’1H)’

4.12 (J,5=13.58z,18), 3.68 (m,1H), 4.88-6.17 (m,3H).
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Facile removal of the grouﬁ could be achieved by
réfluxing in methanolic HC1 or a mixture of THF-l%HCl (aq)
The lactams 19 and 20 could be recovered from 68 and 69 in
good yields. //. |

. ¥
Carbanion formation from 68 and 69 was carried

AY

\

*  out by the addition of the N-protected azetidin-2-one
(8-lactam) to one ‘equivalent of LDA in THF at -78°. The
appropriate electrophile was then added and the reaction
mixture ﬁas stirred for an additional 5 ming@es, quenched
at low temperatﬁre with saturated NH4C1'and worked ?p to
give crude products. These wgfe'purified by columﬁ/ ]

chromatography or hydrolysed immediately to give 3,4-di-

. substituted derivatives, bearing the free N-H.
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4 R. .. ‘
| ' LbA, THF =
>

& EH,N, -78°
688 R = CH=CH2
\%% 69a R = CH2CH2CH=CH2
E ., E R
-+ "”( RS ) Ed'q :
e
¢ TQ\CHer Z2

In this manner, the 1-pyrrolidinometl§l—4-(S'butenyl)
azetidin-2-one 69 was converted to the deprotecied acetone
derivative 72, in 79% vield. The removal of the pyrfolidino-
methyl group was achieved by féfluxing in THF-i%HCl (aq)

The characteristically strong g-lactam absorption

1

was observed at 1755 cm ~ on the IR spectrum. The NMR

J .
‘resonances occurred at § = 1.24 and”fgg;(two singlets

corresponding to the twp diastereotopic CH3 g:oups); 1.6-2.2
(a2 multiplet, due to the four methylene side chain hydrogens);
2.76 (a doublet, J=2Hz, assigﬁable to the C3 hydrogen); 3.6

(a triplet of doublets due to the C4 hy@rogen); 5-6.3

(a multiplet assignable to the three vinylic hydrogens).
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The a§signment of the relative stereochemistry at Cy and C,

was based on the size of-JH Kagan et al (24) and

»H,.
others (25,26) have observeg tﬁat a-coupling constant of 6Hz
between H3 and ﬁ4 is indicative of c¢is stereochemistry,
whereas‘Jtrans_is about 2Hz. Thus, based on the observed
2Hz couplEEEHZEnstant between HS and H4, compound 72 was
determined to be the trans isomer. No cis isomer was
detected or isolated. (See below)

The pure c¢cis isomerhz; was access%ple through
reaction of the dianion 70 (27) with acetone.' Interestingly,
the reaction of 70 with acetone gave, in 75% yield, a 1:1
mixture of cis 71 [white crystals, m.p 118-120°, NMR: 4
§ = 1.35 and 1.46 (2s, due to the disatereotopic CH3 groups),
1.86—2.3 (m,two CH2 groups in the butenyi side chain), 3.25
(d,J=€Hz, corresponding to resonance of C3 hydrogeni,
3.60-3.87 (m, assignable to 04 hydrogen); 4.95-6.0 (m, due
to the three vinylié hydrogens)] and trans 72. The isomers

were readily separated by silica gel chromatography. Thus,

using NMR spectroscopy and keying in on the H3 resonances,

(9

- which are distinctly different for both isomers, it was

possible to place the upper limit of the c¢cis isomer in the
reaction of the monoanion of 69 and acetone at less than 3X%.
The 1,3-dianion 70 route appears to give greater

améunts of the cis-3,4?disubstituted products than any of
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the monanion reactions (4,20,28) and may thereforé be of

~ .

Yalue in-the preparatioﬁ‘of carpetimycins 73 (29) and
derivatives. Generally, the reactions of 70 show less
selectivity than those.of the monoaﬁions of 68 and 69,
presumably due to the much higher reactivity of the diapioﬁs

compared to the monoanions.

' H
g B
O .
NH

N—

04'_‘ A 2iH20 | 04
. X0 : ' - 71
+

H
RN

Jrwmeem N H

o7
72

i3 Carpetimycin 4,

R
Carpetimycin B, R

[}

S0,H



The removal of the protecting group from the acetone

derivative of 69 in methanolic HC1l furnished only 45% of
compound 72. This poor yield was partly due to the formation

of the side product 74 (15%) during the hydrolysis reaction.

The structure .was assigned bn the basis of its spectroscopic
1.3 and 1.4

data. The NMR spectrum displayed peaks at &
(2s,6H) 1.6-2.5 (m,4H) 2.5 (OH exchangeable with D,0), 2.86
(d,J=2Hz,1H), 3.3 (s,3H), 3.6-3.8 (m,1H), 4.54 (b.s,2H),

1

4.9-6.1 (m,3H). The B8-lactam absorption occurred at 1750 cm_

on the IR spectrum and the mass spectrum had a2 molecular ion

peak at m/e = 227.
HO g H
, =z
04'_'“\r:r:.r2c>cn3 _ .
2 j

\
This alternate method of hydrolysis was developed

first and used throughout the remainder of this chapter.

Although not repeated, it can safely be assumed that better:

yields could have been realised under the improved THF-
(See below)

aqueous HCl reaction conditions.
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The l-pyrrolidinomethyl-4-vinylazetidin-2-one 68
was-aiso used to study the stereoseléctivity of the.carbénion.
reactions. Thus, the deprotected acetone édduct 75, was
obtained from 68 in 52% f&eld as a colorless oil; after
chromatography. The NMR signals at & = 1.23 and 1.4 (ZS,SHY,
2.9 (J=2Fz,1H), 3.4 (OH exchangeable with D,0), 4-4.4 (m,1H),
5.06-6.2 (m,3H), 6.7 (N-H, exchangeable with D,0) supported

the structure. The small coupling constant (JH q ) was the

y
. basis for the assignment of the trans f-lactam gtegeochemistry.
Again,_gp tr;ce of cis isomer was detected.

Compound 68 was also converted to the‘acetaldehyde
derivative.§9, as a i:l diastereomeric mixture, in 58% vield.
The absence of significant amount df'gig product accompan&ingr
the trans isomer 80 was ascertained by NMR using the reported
chemical shift value of H, (3.33.and 3.41 in ¢cis (R) and
cis (S) respectively) in cis 77 (22) as a model. No trace
of a peak in this area was visible in the spectrum of crude
80. Peaks on the NMR spectrum of 80 occurred at & = 1.26
and 1.32 (two doublefs, J=6Hz, corresponding to the two CH3
. groups); 2.91 (doublet of doublets, J=6Hz and 2Hz due to the
H, resonance); 3.59 (OH), 3.96-4.26 (multiplet, assignable
to H, and Hg (thienamycin numbering), 5.13-6.14 (multiplet,

due to the three vinylic hydrogens) and 6.91 (N-H).

>

(%]
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Condensation of the monoanion 68a with ethyl
acetate furnished the acetylazetidinone 78 in 63% yield.
Compound'78, a'pale green o0il, was relatively labile and
purificatibn was accompllshed by HPLC . The IR spectrum
showed carbonyl absorptions at 1715 and 1760 cm 1,
corresponding to the ketone and B-lactam, respectively.

. The NMR peaks displayed at § = 1.69-2.06 (m,4H), 2.32 (s,H)

' 2.54-2.73 (m,4H), 3.84 (JAB=14Hz,1H>,_4.22 (JAé=14Hz,1H),
4.54 (d4,J=7,2Hz,1H), 5.24-5.93‘(m,3ﬁ) and the small
coupling constant (JH3,H } for the remaining C3 hydrogen
at & = 3.97 were again consistent with the assigned

trans B- lactam stereochemlstry. The accessibility of 78

via direct acylation with ethyl acetate on 68a seemed a

* The use of HPLC was crucial. Simple column chromatography
resulted in considerable decomposition of 78. Thé difference
between the two procedures is mainly in terms of column
cbntact time: less than 10 mins for HPLC, and more than

2 hours for ordinary chromatography.
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much better reaction compared to that of Bouffard and
Christensen (22), who obtained only 10-30% yield of 66,
using acetyl éhlof&@e as the #cylatipg agent. B
Highlyﬁstereoselective reduction of zg'was
obtained using the K-Selectride reduction procedure of
the above authors (22). Thus, the-reduced compouﬁd 79, |
NMR:§ = 1.26 and 1.35 (2d,J=6Hz,3H); 1.7-1.9 (m,4H),
2.56-2.8 (m,4H), 2.93 gdd,J=%,2Hz,1H assigned to Hy),
3.84 (J,5=13Hz,1H), 4.2 (J,5=13Hz,1K), 4.06-4.26 (m,18

corresponding to H4), 5.16-5.1_(m;3H), was obtaineﬁ ip

Gggryield. Hydrolysis provided the isomer 80, in whiéh

the desired relative stereochemistry of thienamycin‘(S)

predominated in the ratio of 4:1. NaBH, reduction of

- 78 gave 2 1:2 ratio of 79 and the trans (S) diastereomer

g ) ) HO '

)i “*, g R 1] ! " E R
4 2 . . z (7 3

CH I _ K-Selectrldei> CH%H ]

in 72% yield. Bouffard and Christensen also noted that

NaBH4 and K-Selectride gave opposite stereochemical preferences.

N . T
07 CHN THF, KI of N\CH2N
I8 R = CH=CH, . 79 R = CH=CH,
8 = g = S .
81 R = CH,CH,CH=CE, %8 R = cmcH cRicH,



80 R = CH=CH,

]

82 R CHZCH2CH=932

The experiméntal evidence of these ﬁuthors (22) -

suggests that the predisposition for the desired 8 (R)

epimer is probably due to a di#ected hydride attack on

a syn-chelated reaétioﬁ immediate as reprgéented by

1 in Scheme $ (30,31,32,33). Preferred aifctack of the
borohydride arnion on the 8-face of the ketone carbonyl

of 1 generates the desired 8 (R) carbinol. This mechanism
is furthér supported b& experiments in which ionizing
additives (crown ethers, HMPA) wefe shown to alfef thé

product ratio, consistently producing relatively more of

the 8 (S) carbinol. It is believed that these additives

probably effect displacement of the conformational eguilibrium

I— 11 toward the latter,in which B-face attack of the
borohydride anion.on the ketone carbonyl of anti conformer

Il,generates the 8 (S) carbinol.. The type of Selectride

counter ion playé 2 similarly striking role in affecting'
product ratio. For example,'comparison of L-Selectride (34)

with K-Selectridel(ss) reductions shbﬁed a reversal in the

'
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product'rﬁtio favd}ing,.in the latter case, the desired
8 (R) isomer (29371 vs 73:27).

lThe preferred B-face attack of thé'bulky (sec-Bu)3 BH4

" is probably a'resﬁlt of both-steric and electrostatic

interactions. Attack on the face of the ketone carbonyl

-3

opposite to that indicated by the Newman projections of

1 and II is disfavored in both instances by steric

'interference due to HS’ and electrostatic repulsion between

the negatively charged borohydride anion and the lone

' pair electrons of the lactam nitrogen. .
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Similar-results were recorded from the 3-acyl derivative
81, prepared from 69, in 68% yield. Detailed discussion
wili be presented in‘chapter 4, where the elasboration of
'69 to e cafbdceﬁhem nucleus-is'described. The acetaldehyde
adduct 82, obtained in 74X Yleld from 69, w111 also be
discussed at that time.
The benzophenone derivative 83, m.p 121-12§°, was
'prepered from 68 in 83% yield. Hydrolysis of 83 gave
652 of 84, m.p 118-120°. Also, the benzaldehyde derivative
86, m.p.93-98°, ?as, in like manner, obtained as 2 2:;
side chein‘isomeric mixture; in 85% yield. The structural
identification of §g and 86 was based on the spectroscopic
ddta .shown in Tabfe 1.
Our interest in the iodo compound 87 Stemmed from
its potentlal as a precursor towards cis-3,4~ dlsubstltuted
B~lactams. For example, azlde displacement of the 1od1de
could afford §§, bearing cis B-lactam stereochemistry
characteristic of penicillins "and cephalosporins (36).
Consequently, 87 was acqulred in 63% yleld from 68. ’
Resonances até= 4.33 (dd, J = 7,2Hz,1H), 4.62 (m,1H),
-5.28-6.12. (m,3H), 6.84 (N-H) constituted its NMR spectrum

agd the small coupling constant J at § = 4.33

H
3’74
supported the assigned trans B-lactam stereochemistry.

<
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Table 1

L | .
Spectroscopic data of compounds 84 and 8& .
. o 7

. NMR () | v IR (em™1y
H . . \ ’,
‘ "~ 2.96 (s, OH exchangeable \_ 1780 -

. H .
. ”'151 3 ‘ ~ : .
Ph with D2O), 3.98 (m,2H), 3450 .
DPh

& § 4.78-5.76 (m,3H), 6.05

(N-H), 7.14-7.56 (m,10H).

3.2 and 3.3 (two dd,J=6, 1755

84
L] |, H g
| =
. . h - 2Hz,1H), 3.85-3.98 and » 3480

- . o7—NH . 4.25-4.34 (m,1H), 4.9-

5.9 (m,4H) and 7.2-7.4
& ) (m,sH)-

The results of the condensation of the anions 68a
and 692 with various electrbphiies and the removal of

. the N-H protecting group are summarised in Table 2.
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Table 2

Derivatives of 4—vin§l-and 4-(3'-butenyl) -

4

azetidin-2-0ne
) Yield Yield
HO_H § . “HO ;
‘Ifl. £ 'f;" g ~
. Ph
Ph v FB 65% 2
‘C?'_'KCHQ 83% X ) &F—JH ~
83 84
HO C HO, - ,
84 sph g5% 2
85 . 86
_ HO
g'y‘H g N
C 3 b
8
P
80
I"’l, g
63% P
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Taole 2 (continued) Yield

a deprotection step only

overall yield

€ deprotection THF/1%HC1

79y D€

74%
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The role of the dialkylaminomethyl function in

deté}éining exclusively, the traﬁs'stereochemistry

in the carbanlon reactions of 68a and 69a is not quite

clear.

Thls hlgh trans selectlvity is p0351b1y related

to an internal chelation involving the pyrrolidine

nitrogen, as illustrated in 89 .below.

Such a chelation,

- which should help deliver the electrophile from the same

side as the chelating group is similar to.that Eiﬁposed

by Meyers et al (43) as an explanation of the aSymmetric

induction observed in the alkylation of the carbanions

» . oxazolines, 90.

H N/CHzxﬂi

b 3
R z;j>F1

XC .

6btained from optically active 2-alkyl-4-methoxy-1,3-

0

RU

R-—X ----- Li----- OCH3
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SYN&HESIS OF A-3-CARBACEPHEM-4-CARBOXYLIC ACID AND
4 _;TRANS—7-HYDROXYETHYL—A-3—CARBACEPHEM—4-CARBOXYLIC ACID

Introducfion-

" The antibaéteriél activity of the A-S.carbaceﬁhalosporins
(37,38) suggested that activity might be vested in the A-3
carbagephem derivatives bearing either no side chain
or the thien#mycin side chain at C7. Nitrogen lone pair
conjugation with the A-3 double bond, serves to increase

the acylating power and consequently antibiotic activity

-

in these types of molecules.

In contrast to the carbapenems, the carbacephem ring
system is less strained. Thus,‘parbacephems predictably,
would be less active but possibly mofe selective in their
mode of action. In this.chapter,the synthesis of tﬁe
carbacephems 92, A-3-carbacephem-4-carboxylic acid and'
93, trans-7-hydroxyethyl-A-3-carbacephem-4-carboxylic ;cid,

is described.



~49-

" Results and Discussion .

" OQur synthetic strategy for formation of the'carbacephem‘
nucleus is outlined in Scheme 6. ‘This employed compound gg
as tﬁe key starting mﬁterial and‘the sequence;Qriginated by
Woodward EE.él (39) was followéd to provide the phosphorane
985. An intramoleéula; Wittig reaction was then used for
ring closure. This ensured the position of the double bond

at the required 3-position.

,.,i‘f"\f '

Scheme 6 ’ >
: + 8 _ benzene .
: Cp:::l;’\\w//§§§ (OH),CE-CO,PNB >
‘ - A
20 _ L

ol

r-.__.r(‘

-

_]/\_/\ . 1.S0C1,,pyridine —(W
V. -C> .
02 TOH Z'Ph3P’ pyridine Oé'_‘n\fPPhs

O,PNB - O_.PNB .

2
94 X 95
1.0,/CH,C1, /TFA ‘ CHO
- -]
78 > -
2 .DMS 5
3.N2HCO, o? fpphs ‘
| 0,PNB |
L o . _
a
H,/Pd N
SN  NaHCO. /EtOAc (f—-N
0”7 3
~PNB . 5 ~ COOH



Compound 20 was easily .prepared in 61% yield, by
resction of phlorosulfonyl isocyaﬁateuand 1,5-hexadiene,

in CH2C12 followed‘hy reduction with sodium suifite_(40).

' PN : CH,Cl, - |, -
C180,-N=C=0  + /\/\/ R N I _l/\/\

. . 7N

Na2303 . __(\/\ .

NaHCO:3 o Cfr—N H

Reactlon of the hydroxy compound 94, prepared in
98% yield by refluxing 20 and hydrated R-nltrobenzyl
glyvoxylate in benzene, with thlonyl chloride in pyridine
and THF provided the chloride, which was immediately treated
with triphenyl phosphine. The resulting phosphorane 95
was obtained as a foam, in 611 yield after silica gel
chromatography. Its‘structuro tfollowed from its spectro-
scopic data and method of synthesis. (Experihental section)
4 solution of 95 in triflourocacetic acid (41) and

methylene chloride was ozonised at -78° until excess ozone

was present (blue color). Additioh of dimethyl sulfide
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followed by treatment with saturated so?ium bicarbonate

- . . ) ‘.
regenerated phosphorane 86, which immediately cyclised to
vield the ester 97. Pur1f1cation on silica gel chromatography

afforded 97 as white crystals, m.p 134—136° in 652 yield.

'_Peaks on the NMR spectrfum occurred at ¢ = 1,3-1.7 (m,1H),

2.1-2.5 (m,3H), 2.7 (dd,J=16,2Hz,1H), 3.35 (dd,J=16,6H=z,1H)
3.5-3.7 (m,¥H), 5.3 (JAB=12HZ,1H), 5.45 (JAB?IZHZ,IH),

- 6.45 (dd,J=2Hz,1H), 7.65 (d,J=9Hz,2H), 8.2 (d,J=9Hz,2H)

: and the IR spectrum showed B-lactam and ester absorbtions

at 1765 and 1730 cm'l, reépectivgly. _ '
Palladium catalysed hydrogenolysis of the ester 987
providéd the acid 92, as a white solid, m.p 154-156°.
Strong carbonyl absorption at 1765 cm™t indicated that
the B-lactam ring was intac:. NMR resonances were observed
at § = 1.25-1.85 (m,1H), 2.15-2.60 (m,3E), 2.87 (dd,J=16,
2Hz,1H), 3.38 (d44,J=16,5Hz,1H), 3.6-3.8 (m,1H), 6.45-6.55
(m,1H), 8.9 (COOH, exchangeable with D,0).

However when 92 was subjected to biological testing,

only marginal antibacterial activity. was observed.(Tablg 3)



Antibacterial Activity of New Beta-Lactam 92
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.Table 3

. MIC (ug/ml)
) Organism 92 Ampicillin

S. pneumoniaze - A-9585. 16 0.004
S. pyogenes i A-9604 ) 16 .0.008"-
S. aureus A-9337 63 0.03
S. aureus+50% serum A-8537 " 63 0.06
S. aureus Pén—Res. A-9606 >125 >125

S. aureus Meth-Res.: A15097 >125 »125

S. faecalis A20688 >125 0.25
E. coli A15119 >125 1

E. coli A20341-1 >125. >125

K. pneumoniae A15130 : >125° >125

K. pneumoniae A20468 >125 >125

P. mirabilis A-9900 t . >125 0.06
P. vulgaris 421559 >125 63

P. morganii -A15153 ' »125 63

S. marcescens 220018 >125 16

E. cloacae A-9659 >125 32

E. cloacae A-9656 >125 >125

P. aeruginosa A-9843A >125 >125

P. aeruginosa A21213 >125 >125




\\

Table 3 (continued)
- . s

Ability of New BétﬁfLactam ‘to ;nhibit Hydrolysis of an indicator .
Cephalosporin (Bpfs 604) by B-Lactamases from Two Bacterial cultures

M P C (ug/ml)" '
Compound 4 K. pneumoniae A20634 | f S.aureus
(TEM enzyme) . - AS6B06
92 . © . 100 | .. 100
Clavulanic Acid . 0.05 ) " 9.4
-~

Minimum Protective Concentration: Lowest concentration of
compound that protects BL-S 604 from hydrolysis by B-lactamases

within 30 minutes of exposure under standard test conditions
(Method EI-1).



- U51ng the methodology deve10ped for 92 ahd the'

- dlaikylaminomethyl function as the N—H protectlng group

%

(Chapter 3), we also prepared cohpound ss. The hydroxyethyl
side chain: was 1ntroduced onto 20 either via direct hydroxy-
‘ethylatlon of the anion 69a Wlth acetaldehyde or by the
acylatlon - reductlon route. .

In the former, the trans adduct 82 was obtained as a .
_ . o

-

1:1 diastereomeric mixture in 74X yield. Compound 82, %3)
oil, sbowed I%'B—lactam and hydroxyl absorptions at 1755
“and 3450"cm-;, respectively. Estimation of‘tbe 1:1 ratio
from the NMR spectrum wﬁslbased ‘on tbe two C33 doublets
at § =71.27 and 1.32; the trans &{iactam stereochemistry
_ wss assigned on the besis of the small coupling constant
. ) .1 (JH3’H4‘2HZ) 9bserved for the HS resonance at § = 2.81
(See experimental section for other NMR date)- >
Wheﬁ_gg was prepared by the'acyiation - K-Selectride
reduction procedure, the trans isomer with the desiredi':
side chain stereochemistry dominated in a 9:1 ratio,

as indicated by the lone CH ‘doublet at § = 1.27. This

3
isomer was converted to the carbonate 99, in 77% yield,

TW\, by treatment with E-nltrobenzylchloroformate and 4-(di-

methylamlno)pyrldine:chﬁzc12 ' The ch01ce of 4~ (dlmethyl-

a.m:.no)pyridlne as base was crucial :for- the formatlon -

-

of the carbouate in good yield (42), 51nce the reaction

proceeded poorly (10- 30%) when other bases (e.g pyrldlne, .

tr1ethy1amine) were tried.

o
&
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Scheme 7
- - N T
| ___I/\/\ 1.IDA, ;TH /ﬂ," /\/\
: X ‘ | '~ !
yo . .
Q7 CHN 2.EtOAc & CHN
69 81
——— : <
S /HO ’ :
K-Selectr'ide o> ‘.’_r(\/\ s 1%HC1
THF, KI, X = >
: o CH,N THF
98 -
- % 0
'HO - PNB—O-QO
| ’ C1CO,-PNB,
"
LN | N
e | DMAP,CH,CL, e
82 29
PNB-0-CO
99 + CH(OH),CO,PNB _benzene '
} 7 OH
. ' OZPNB’
100

-
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‘Schéme- 7 (continued)

- 1.04/CH,C1,/TFA

P 1.80C1
100  — 2 | - .
 2.PhP e Bh . 2.DMS &
o 3 3.NaH003
CO,PNB ] -
‘ ' : 101 . e
PNB—O-EO //’f , /EP
. ’/J% - H,/Pd-C T -
v . c
0% « NaHCO4 /EtOAc 0;
0,PNB ; Coox
102 -~ 83

Using'the sequence of .reactions employed for the
formétion of 92, compound 99 was carried on to the syntheéis
of ©3. .(Scheme 7) ' The protected carbacephem derivgtive 102,

" white crystals, m.p 162—16§°, was‘obtained from the phosphoréne
in' 47% yield. NMR peaks at § = 1.5 (d,J=6Hz,3H), 2.12-2.54
(m,4H), 3.08 (dd,J=8,2Hz,1H), 3.45-3.66 (m,1H), 5.23 (s,2H),
5.08-5.50 (m,3H), 6.34-6.46 (m,1H), 7.45-7.63 (m,4H),

8.16 (d,J=8Hz,4H) copfirmed its structure and the lomne SRS
CH3 doublet indiéafed thé présence of a single éiéstereomer.

Hydrogenolysis of 102, in the presence of 107 palladium



on chdréoal, gave the,A—Sfcarbapephem hydroxy #cid ggg'
white crystals, m.p 93-95°, in 40% yield.” S ‘
~> After this work was completed, Salzmann and his
coworkers (26) uséd the highly effiéient carbene insertion
reactkon to synthesize the carbacephem pucleus'of homo-
thienamycin, a riﬁé expanded analog of thienamycin. The
dianion of Eggg-bﬁtylacetoacetate 104 was regiospecifically
" alkylated with fpé iodoazetidin-2-one 103, to give the
,keto ester 10S5. Conversion of 105 to tﬁe diazo derivative
106 was ac;omplished by reaction with 2—car$ox§benzene-’
sulfonyl azide, and the crucial ring,closure effected by
- heating 106 in benzene with a éataiyfic gmoﬁnt of rhodium
acetate. The enolic biecyclic product 187 was tosylated'to
vield 70% of 108. | | '
Treatment of 108 with LDA and quenching the énolate
with acetaldehyde provided the hydroxyethyl.gide chain -
" as a mixture of isomers. The desired trans (R) isomer
was separated chro@atographically and substitution of the
tosyl group with cysteamine, follo@ed by hydrolysis of

the tert-butyl ester gave homethienamycin 110. However,

the biological activity of 110 was very low.

Only 18 mg of 83 was obtained. A minimum of 25 mg is

»

needed for a comprehensive antibacterial assay. Consequently, .

the activity of 93 could not be adequately determined.

S
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5 EXPERIMENTAL

‘ﬁ_Inf;qred spectra were récorded as films for liquids
and in CH313-solution for Solids on a Unicam SP-1100
spect}ophotometer;‘ Proton puclear magnetic resonance (NMR)
épectra were obtained on Varian Associates Modéi HA-100
. and Modél T-60A with deuterochloroform as solvent (unless
bfperwise indiéated),'and tetramethylsilane\CTMS) as internal
éfandard, Peak positions are given in § upits a; parts
per‘milliop (ppm) from ™S . ‘The;folloﬁing dgsignations are
) used-in characterising'NMR,signgls:'sﬁnélet (s), doublet
(d), triplet (t), quartet (q), pentet (p), broad singlet
(b.s), doublet of doublets (dd), muliiplet (m), and

13 13

5road(ened). C nuclear magnetic resonance (~°C NMR)

spectra were obtained on a Varian Associates FT-80 NMR
‘Spectrometer.u_Peak positions a;e reported in & ﬁnits as
parts per million (ppm) from TMS. The following designations
are used in describing the signals frém‘the off-resonance
partially coupled spectra: doublet (d), triplet (t),

quartet (q), and quaternary. Melting points (m.p) were taken
on a Gallénkamp app#ratus aﬁd are uncorrected: boiling
points (b.p) are also not corrected. Combustion analyses
were cérried out by Canadian Microanalytical Service Ltd.,

Vancouver, British Columbia. Mass spectra were recorded

by Dr. John Krause of this department. Thin-layer (TLC)



plates of 0.25mm thickness. '
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I

chromatography was carried out on Merck 60 F-254 precoated

The adscrbant used for

column chgcmatography was 60 200 mesh Baker Silica Gel.
All reactions involving alkyl lithiums were daﬂé in

freshly distilled anhydrous tetrahydrofuran (THF) and e \\;“J 7

under Nz. Usual work-up refers to quenching the reactlon .

with excess H20 Oor agueous NH401, extractlon with CH C12, - _ SR

drying the organic extracts over MgSO and evaporation of the

4’

.solvents under reduced pressure. The eluting solveats~ethy1

acetate and hexane -were distllled before u81ng.

Unless otherwise stated,’all compounds'whlch are
descrihed were.dbtained.as clear viscous oils after
purificatiop by column chromatography. Their structure
followé from their nethod of synhhesis, spectral properfies
and furfher conversion into compounds which were fully
characterized._'AII solids, unless otherwise described, were

obtained as white granular solids.
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7.
(1) A-1 Carbapenems

- - . . . -

4—vinyiazetidin—2—one p] ) .

Chlorosulfonyl isocyanage (CSI. 100g; 0.7 mole)
was added to 54g (1 hole) 1, S-buta;}ehe in 250 ml ‘benzene,
and the reaction mixture was left at 0° for one week.
At the end of this period, the mixture was added slowly

.
-

to a solution of 380g (3 moles) Na SO3 and 173g NaHCO3

in 750 ml water - 250 ml- CH2012 and kept at 0° during
the reaction. The layers were separated and the aqueous  °
layer extracted with 3X1G0 ml CH2C12 The combined

organic, fractions were dried over MgSO4 and after removal

of the solvent, acetonz was added to coagulate the polymer.
The mixture was then filtered and chromatographed on a
short silica column, with acetone as eluant. The acetone

was evaporated and the crude product distilled at 75-78°/.25mm

Hg to give 44g (65%) of the vinyl g-lactam ig.

NMR: & 2.5-2.9 (m,1H), 3.0-3.4 (m,1E), 4.0-4.3 (m,1H)
5.0-5.4 (m,2H), 5.7-6.2 (m,1H), 6.6 (b.s., N-H)

Phosphonate 37

In 2 200 ml round bottom flask, fitted with a reflux

condenser and drying tube was added 51.9 ml (.247 mole)
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A .

triethylbhosphite ﬁnd 13;9 ml (.225 mole) methyl chlorof'
ﬁethyl,sulfide. The reaétién mixture was réfluxed in aﬂ -
" 0il bath at 150° for 5 hours. Affef this time the s;iution
was distilled and the producti§2 collected at 102°/.8hm Hg.
“Yield: 26g (58%), clear liquid. -

' NMR: & 3.5 (t,J=7Hz;6H), 2.3 (s,3H), 2.7 (d,J=13Hz,2H),
4.2 (p,J=THz,4H) . r

Hydroxy phosphonate sulfide 40

To 2g (10.1 mmoles) of 37 in 20 ml dry THF at
178°, was added 1.1 equivalents of nbutyl lithium (11.1
mmoles); After stirring for 45 minutes, freshly distilled,
benzaldehyde was added and stirring continued for an
additional 20 minutes. The reaction was qQuenched with
aqueous ammonium chloride solution and extracted with _3
_1X30 ml ether and 2X30 ml CH2012: The orgaﬁic extracts
were combined, dried and the solvent removed on a rotary

evaporator. Chromatography (1:2 ethyl acetate/hexane)

of the crude product afforded 2.95g (97%) of 40.

NMR: & (d,0) 1.3 and 1.4 (2t,6H), 1.76 and 2.0 (2s,3H),

2.8 .(dd,Jd =17Hz,JHH=9Hz,IH), 4 4.2 (2p,4H),

PH

4.9 (dd,J,,=12Hz,J.,=9Hz,1H), ¥.3-7.6 (m,5H)

PH HH
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IR: OH, 3440 (broad)
- . v ) ‘-‘

Vinyl‘phosphongte'sulfide 42

Thionyl chloride (.94 ml; 13.16 mmoles) was added
dropwise to a solution of the alcohol 40 (2g; 6.58 mmoles)
and pyridine (13.16 mmoles; 1.06 ml) in 50 ml 1:1 dioxane/-
TH? at -10°. The reaction was allowed to warm to room
 ;emperﬁture then stirred for 4 hours. The mixture was
then filtered, the solvent evaporateq and the fesidual
oii taken ﬁp in 40 ml methylene chloride-and washed with
30 m1 5% HCl. The aqueous layer was washed with,2X207m1
CH2C12 and combiped organic layers dried over MgSO4.
.Evaporation of the solveht under reduced pressure gave
the crude chloro compound, which &as added to a solution
of DBN (13.16 mmoles;'1.63'm1) in 60 ml benzene, and the
reaction r;fluﬁed for 24 hours. At the end of this‘peridd'
40 hl ether were added. The mixture was washed once with
S0 ml SI‘HCI and 50 ml watér. The organic layer was dried -
and the solvént evaporated to afford 824 mg of phosphsnate'
42 (44% based on 40), after chromatography. An amount

of 180 mg (11%) of side product 47 was also isolated.

NMR: 6 1.4 (t,J=7Hz,6H), 2.45 (s,3H), 4.22 (p,J=7Hz,4H)
7.3-7.9 (m,6H)
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*

. ,f‘
NMR: 47 & 1.34 (t,J= 7Hz 6H), 4. 1 (p,Jd —7Hz ,4H),
I—i7 (t,J=18Hz,1H), 7 47 (t, J‘lSHz—iH) 7.2-7.4
' * -
(m,5H)

P 3 3

M.S  m/ie, M'=240

Vinyl phosphonate sulfone 45

Tﬁo equivalents of MCPBA (5.62 mmolesi‘1.14g) in

CH,C1l, were added dropwise to a solu¥ion of the sulfide
| 42 (2.81 mﬁoles; 804 mg) in 15 ml methylene chloride at
0°. The reaction was stirred at room temperatﬁ;e for one
hour then washed with 1X30 ml saturated sodium sulfite,
followed by 2X20 ml 5% NaOH solution. The organic extract
was dried and the solvent removed. .Chromatography of the
resultant oil on 40g silica gel (1:3 ethyl acetate/hexane)
provided 656 mg (73%) of 45 as a clear oil.

. 2
NMR: & 1.16 (t,J=7Hz,6H), 3. 33 (s,3H), 4.13 (p,J=7Hz,4H)
7.3-7.8 (m SH), 8.23 (dyJ=23Hz,1H)

IR: SO,, 1150 (s) and 1320 (s)

2’
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Vinyl phosphonate sulfoxide 44.

-Thg_sﬁlfide;&gi(soa mg; 2.11-mﬁéiesd.was dissolved
\in.15 ml:dry methylene chloride and the solution cooled
in an ice'bafh._ MCPBA (1.1 eadivalents; 400 mg) in
CH,Cl, was added dropwise and the reaction mixture was T~
stirréd at room temperature for one hour. The solution
was then washed with 20 ml saturated sodium sulfite,
'20.m1.5% sodium hydroxide solution and the:organic extract
_dfied over Mgsoé. Evaporation of the solvent gave a soiid
material that was drystallised in ether - petroleum ether.
'Yield: 457 mg (72%), white crystals, m.p 71-73°.

NMR: ¢ 1.5 (t,J=7H=z,6H), 3.1 (s,3H), 4.15-4.55 (m, 4H),
7.5 (s,5H), 8.05 (d4,J=21Hz,1H)

H

IR: S=0, 1050 (s)

L Y
M.S. Fragment Rel. Abundance Assignment
m/e .
302 10 MF
: +
183 - 100 [M-SOCH;-2(C,H,)]
239 53 [M—SOCH3]+
- 77 _ a2 | Pn*

X +
197 28 (¥-Ph-C,H,1"
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Preparatibn bf.irbutyi glyoxylate 39

‘A 250 ml three-nécked‘flgsk was fitted with a’
thé}mometef, a_reflux éonden;er pfotectéd wifh_a calcium
:chloride'guard tube! aﬁd 8 pféssuré‘eqﬁalised dropping
.funnel. A mixture of 31 mlag-butyl alcohol and 25 ml
N-N-dimethyl aniline was place@ in the flask, and a solution
of 10g fumaryl chloride in about 20 ml CHCl, was added -
slowly from the dropping funnel while the-reaction'flaqk
was cooled in an ice bath. .The rate of dropping yas re-
gulafed so0 that the temperature did. not exceed 30°.
After'gdﬁition was complete, the dark red mixture was
heated under reflux for 3 hours. The mixture was then
cooléd, 50 ml of cold 6N H,S0, was added with stirring,
and the product was extractéd with 3X75 ml portions

of ether. The combined ether extracts were washed once

with 6N H2804, twice with water, twice. with 10% Na2CO3
. : : . L

- once with saturated NaCl and finally dried over anyhydrous
MgSO4. Removal of'the ether under reduced pfessure'
afforded 7.02g (48%) of di-t-butyl fumarate as off-white

crystals.
NMR: & 1.6 (s,lSH), 6.6 (s,2H)

IR: C=0, 1740 (s)
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. The'abpée‘fumarate.(19:5.mmqles; 4-5?) was diésolved )
in 6D ml methylene chioride‘and'fpé sqldtion«ozonise&_
at.-785 until éxéeés ozolde was detected. (blue color)
Nitfoéen was bhbbled through the reaction mixtﬁre to remove
excess ozone,fhen? ml dimethyl sulfide added to reduce tke
ozonide; . After the solvent was evaporafed. distillation
under reduéed pressure provided 2.52; (50%) of t-butyl
glyoxylate 39, a clear oil, b.p 30-32°/.4mm Hg.

s

NMR: § 1.6 (s,9H), 9.5 (CHO)

Hydroxy phosphonate sulfide 41 °

Using the preceding procedure, the phosphonate':
3% (5.05 mmoles; 1lg) was converted to its Earbanion
(5.56 ﬁmoleéﬁ I.1 equivalents nBuli), then'treated with
t-butyl glyoxylate 39 (5.§6 mmoles; 722 mg). Work up

as above followed by chromatography furnished 698 mg (42%)

of 41 and 310 ﬁg\of recovered starting material 37.

&

NMR: § 1.3 (t,J=7Hz,3H), 1.5 (s,95), 2.3 (s,3H),

3.2 (dd,JpH=17Hi,JHH=4Hz,1H), 3.8 (dd4,J,,=20H=z,

PH

JHH=6Hz,1H)

IR: C=0, 1740 (s); OH, 3360 (broad)

~



(3. 27mmoles,.41 ml) in 30 ml benzene for 4 hours, and

- ¥inyl phosphonate sulfone 46

IR:- S0, 1330 (s) aad 1150 (s); C=0, 1730 (s)

\' . _ -
Vinyl phosphonate-sulfide 43

-
b -

To a solution of 41 (f 80 mmoles; 2.56g) -in pyridine
(9.36 mmoles <754 ml) and 50 ml 1:1 _dioxane/THF at -10°

. was added_dropwise .67 ml of thionyl chloride. The reactiou

was allowed to warm to room temperature, stirred for addl—-

-tiomal 4 hours, then wogked up as above to provide 755 mg

_of. the- qsloro compound. This was refluxed with DBN

————
-

following work up, 428.mg (71%) of the phosphonate sulfide

43 wae isclated, after;preparative thin layer chromatography.

-

MMR: 8 1. 4 (t,J= 7Hz GH), 1.5 (s\sﬁ), 2.6 (s,3H), . .

4.2 (p,4H), 6.8 (d,Jd= 21Hz IH)

. ~ -,
e 5

: = The sulfide 43 (1. ss'mmoles; .481 mg) was similarly.oxidised

with 2 equivalents (630 mg) MCPBA. Work up and chromatography

afforded the sulfone 46, an 011 in 76% yield.
N % o : - ’ -f/
NMR: & 1.4 (t,J=7Hz,6H}, 1.5 (s,9H), 3.1 (s,3H),

4.1;4.6 {m,4H), 6.8 (4,J=21Hz,1H)
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Michael Addition Reactions'

[
-

‘\ . -
General Procedure:

LY

About 2b0‘bg of the B—lgctﬁm 4-vinylazetidin-2-one .

19 was dissolved in 10 ml THF and reacted with- one

' equivaient of nBuLi, under a nitrogen atmosphere at -30°.

To the resultant cloudy solution wal gdded the vinyl
phosphonate, and the now clehr reaction mixture igg*gtirred
for 30 minutes. Work up was complished by quenchlng

with 19/ﬁ& aqueous NH Cl, extractlng with 1X20 ml ether
followed. by 2X30 él 032C1 The comblned organlc extracts
were dried over MgSO and the solvent removed under .
reduced pressure. The crude Michael. adduct was purlfled

by column chromatography, u51ng ethyl acetate/hexane

'as eluant.

Michael Adduct 50 - | T

To a solution.of 19a, prepared from 200 mg (2.06 mmoles)

of 4-vinylazetidin-2-one and nBulLi (2.06 mmoles) in 10 ml

THF at -30°, was added 656 mg (2.06 mmoles) 45. - The reaction

" was stirred for 30 ﬁinuteé‘then qﬁenched with 10 ml

aqueo NH4C1. Afte: work up, the crude product was
chromatographed (1:2 ethyl acetate/hexane) on 45g silica
gel to yield 61% of §g; as a clear viscous oil. "

»

S——
Y
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NMR: The\NMﬂ Spectrﬁm §35~vefy-comp1ex but_in generil

" ‘agreement with the.expectéﬁ'product.

IR:  C=0, 1750 (s); SO, 1150 (s) -and 1330.(s)

Michael Adduct 49

' ‘The 4-vinylazetidin 2-one 19 (2,12 mmoles; 205 mg)
1was régcted with nBuli (2.12 mmoles), then treated with
the phosphonate 44 (2.12 mmoleé;‘641 mg). After stirring
for 30 miﬁﬁtes, the reacfion was quenched with 10 ml
 aqueous NH4C1. Usual work up follgmed by chroma%qgraphy
(2:1 ethyl a‘cetate/hexane) on 403-&

ica gel afforded

676 mg (80%) of 49.

NMR:  The NMR spectrum was very complex but in. general

agreement with the expected prodﬁ%ﬁ.

IR: C=0, 1750 (s); S=0, 1060 (s) ' .

. -
a

JAttempted Michael Addition of 19a onto 42. .

nBuLi (2.06 mmoles) was added to a solution of

4-vinylazetidin-2-one (2.06 mmoles; 200 mg) in 10 ml

THF, at -30°. The resultant cloudy . sclution was treated

1 : 4
with the phosphonate 42, stirred for 30 minutes, then

—



quenched with 10 ml aqueous NH,Cl. Work up in the usual
manner provided a material which by NME was identical to
‘a mixture of the starting components.

An attempt to perform the above reaction with

potassium hydroxide in dioxane led to pol?me:isation *

of 18.

-

v

Attempted Michael Addition of 192 onto 43
. N i <

A solution of ;gg was prepared from ;g (.645 mmolg;
62 mg)”anﬁ gBuLi-(.645 mmole) in 7 ml THF at -30°.
This was treated'with the phosﬁhonate 43 (.645 mmole;
'260 mg) and the reaction mixture stirred 8 30 minutes.
Aqueous NH,C1 (10 ml) was added and work up gave 2
materia; which was indicated by NMR to be both starting
cqmpdunds., . |

' -

Attempted Michael Addition of 192 onto 46

. The N-lithio salt 19a was formed by reacting nBuLi
(1.03 mmole) with 19 (1.03 mmole; 100 mg) in 10 ml
THF at -30°. To the resultant solution was added the
phosphonate 46 (1.03 mmole; 352 mg). Tﬁe reactiqn mixture
was sfir:ea for 30 minutes, quenched with 10 ml aqueous

NH4CI and worked up in the usual manner. Purification -
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by preparative thin layer'chromatograpuy furnished
recorered sterting B-lactam 19 together with small amoupts
oI material whicﬁ could not be identified. When. the abEve
reaction was répeated at lower temperatures (-60°), similar
results were recorded. 4\\

Conversion of 50 to Carbapenem 52

-

N

4 : ,
The adduct 50 (1.13 mmole; 470 mg) wasMdissolved in

20 ml CH,Cl, and ozonised at ~78° until excess ozone
was detected. (blue color)- After~tubbling nitrogen to
remove the excess ozone, the solutiou was treated with _
2 ml dimetuyl sulfide. The solvent was evaporated and the
crude product, 2 viscous o0il, was dissolved in 20 ml .
TH?, cooled,to -30° and stirred with 1.13 mmole NaH
for 30 minutes, then at room temperature for a further

h 7 hours. The reaction mixture. was then quenched with

| agqueous NH4C1 and extracted with 1X10 ml ether and

- ~3%X15.ml CH2C12 The.crude product (303 mg? was purified

on preparative silica gel oletes to yield 149 mg (56%)

of 52, as a 2:1 mixture of isomers. Both the major,

m.p 115-120° and minor isomer, m.p 144-146°, were_obtained

as white solids. The exo vs endo pﬁenyl group structure

-was not assigned.
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NMR: . (major isomer) & 2.36 (s,3H), 3.1-3.6 (m,2H),
- 4.5-4.7 (m,1H), 5.38 (q,J=2Hz,1H), 7.2-7.5 (m,6H) -

(minor isbmeﬁ) 5 2.36 (s,3H), 3.10 (dd,J=16, » -
3Hz,1§5, 3.56 (dd,J=16,6Hz,1H), 4.8-4.9 (m,1H),

5.90 (q,J=2Hz,1H)

IR:  C=0, 1780 (s); 1310 (s) and 1150 (s)

»H.SA;MM__‘_Fraggent ~ Rel. Abundance- Assignment
. m/e . - ) -
263 10 ut
183 . 83 (M-FOSOCH,]" .
-~ . . +
1s 100 . Pr~C4H, ]
77 R 31 . pn’
13

C NMR:f.(minor isomer) ) 43;53 (q), 44.17 (1),
59.24 (d), 67.73 (d), 137.27 (s), 141.16 (d),
151.29 (s), 176.36 (s) |

Aromatics 127.26, 129.13, 129.29

Anal. Calcd. for C13H1303NS:’C, 59.30; H, 4.97; N, 5.32

Found C, 59.08; H, 4.84; N, 5.28

o |

W
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Cdnversidn cf 49 to Carbapenem 51

"

A solution of 49 X.706 mmole; 282 mg) in 20 ml

CH,Cl, was ozonised at -78° until a slight blue color was .

detected. Nitrogen was passéd through the solution to

remove excess ozone and‘aimethyl sulfide (1 ml)-added
to reduce the ozon;de.‘:Evaporation of the sclvent provided
the crude product, which was &issolved in 20 ml THF, )
treated with- .71 mmole NaH and stirred at -30° for 30

minutes. The reaction mixture-was stirred for an, additional

-

"6 hours at room temperature, then quenched with NH4Cl (agueous)

solution. Work up as above followed by preparative thin

layer chromatography afforded 94 mg (31%Z) of 51 and

15 mg (8X) of 52, formed during the ozonolysis reaction

due to inadvertent oxidation of the sulfoxide..

NMR: 8 2.5 and 2.63 (2s,3H), 2.95-3.4 (m,2H), 4.4-4.7

(m,1H), 5.2 and 5.7 (2q, 1H), 6.8-7.0 {m,1H), .
7.3-7.5 (m,5H)

IR: C=0, 1775 (s), S=0, 1055 (s)

The above sulfoxide 51 (. 219 mmole, 54 mg) was oxidlsed

‘with one equivalent of MCPBA in S ml CH Cl . The sulfone *

'§g (42 mg;74%) was clearly obtained again as a 2:1 mixture

of isomers.
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(2) 1-(Dialkylaminomethyl)-Azetidin-2-ones

4-(3'-butenyl)-azetidin-2-one. 20 -
Chlorosulfonyl fsooyanafe (.353 mole; 50g) was
added dropwise to a solution of 1, S—hexadiene C. 549 mole;

45g) in 200 ml dry CH Cl2 at 0°. After addition of 3g

of anhydrous K2003, the reaction mixture was allowed to

stand for 2 weeks at: room temperature under a dry atmosphere.‘

_The sulfonyl chloride was then reduced in the following
manner. To a solution of "300 ml-ethgr and 600 ml saturated
sodium sulfite, the reaction mixture was added dropwise

and the pH (approx. 9) controlled by simu}taneous addition'
of 10X potassium hydroxiée solu;ion. The organic layer
was sepafated and the aqueous extracted with 3X150 ml
CH2012 The combined organic layers were dfied over

MgSO4, filtered and evaporated tényield 33.7g of crude
product as a pale yellow oil. The last traces of solvent
were removed under reducod pressure, and‘distillation ®

afforded 27g (61%) of tlear oil b.p 120°-123°/.5mm Hg. °
NMR:  §  1.5-2.3 (m,4H), 2.3-2.8 (m,1H), 2.9-3.3 (m,1H),
"3.4-3.8 (m,1H), 4.8-5.2 (m,2H), 5.4-6.1 (m,1H),

6.8 (b.s., NH)

IR: C=0, 1765 (s); NH, 3450 (broad)

\y

at
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1—(Pyrr61;dinomethy1)-4-(3'Qbutenyl)—azetidin-z-one 69

3g (24 mmoléé) 4—f3f—butenyl);%zetidin-2-one 20

'aﬁd 2.4 ml fdrmal?ehyde were peatéd fé‘reflux in 40 ml

ethano} and‘ifeafed with droﬁwise addition of 2.01 ml

pyrrolidine. Continued refluxing’ for 2 houfs, followed

by evaporation of tﬁe solvent under reduced pressure

afforded a pale brown o0il, which was di§ti11ed at

.7mm Hg/b.p 140°-143°. Yield: 4.$8g (92%).

NMR: & 1.54-2.22 (m,8H), 2.38-2.72 (m,5H), 3.05 .
(dd,JQiG,SHz,lH),‘3.86.(JAB=13.5H2,1H), 4.12

. (J,g=13.5Hz,1H), 3.68 (m,1H), 4.88-6.17 (m,3H)

IR: C=0, 1750 (s)

~

Apal. Caled. for C12H20N20: C, 69.19; H, 9.68; N, 13.45

. Found C, 69.59; H, 9.42; N, 12.85

l-(pyrrolidinomethyl)-4-vinylazetidin-2-one 68

The 4-vinylazetidin-2-one 19 (41?24 mmoles; 4g) and
4.1 ml formaldehydéd(SSZ solutioﬁ) in' 45 ml ethanol-

.were heated to reflux, then treated with'dropwise addition

of 3v44 ml pyrrolidine.” After refluxing for 2 hours,

evaporation of the ethanol in vacuo gave a pale yellow

.



b

" oil. Distillation at .3mm Hg/b.p_109°-112°, afforded

- 6.87g (93%) of product §§; as a clear oil.
4

NMR: & 1.70-1.84 (m,4H), £.54-2.70 (m,4H), 2.68
(dd,J=16,2Hz,1H), 3.23 (dd,J=16,58z,1H),
3.76 (J;5=13.5Hz,18), 4.14 (J,;=13.5Hz,1H), 4.11

(m,1H), 5.22-5.98 (m,3H) ° ‘
- - IS

. v ' S

IR: C=0, 1750 (s) -

£~

-‘.
-

‘Anal. Caled. for Cy R, N,O: C, 66.63; H, 8.95; N, 15.54
Found C, 66.08; H, 9.25; N, 15.82 ]

A

Formation of the Moﬁolithio salts with LDA

General Procedure: .

5. . b
The lithium diisopropyl amide (LDA) was formed by

1=

' réacting‘1.2.equivalents~‘f nBuli (2.4¥ or 2.6M in hexane).
with 1.2 equivaleﬁts of diisopropyl amine in 10 ml THF,

at -78°. Addition of the appropriate azetidin-2-one (ig)
gave an ofange colored #nion. After stirring for 2-5
minutes, the appropriate eleCtrophile was added, and

‘the rea:;th mixture stirred for an additiondl 10-20
minutes. The usual work gave the'crude products which were

purified by recrystallization or silica gel column

</
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chromatography;. Hydrolysie of‘the l—pyi;zgl}dinomethy;e

group was achieved by. refluxing in .methanolic HCl or ;
THF-I,HCI (1 6) for 3 hours. The hydrolysed product

was isolated by extractions with CH2012 and dried over

MgSO Purzflcation was accomplished by recrystallisation

or column chromatography. Yle}ds refer to purified materials.

—

Reactions of Monolithio anion 68a

Benzophenone derivative 84

Alf"

To_the LDA solution, which was prepared by reacting
1.28 ml of nBuLi (2.6M in hexane) with .467 ml diiSOp:opyl—
amine in 8 ml THF, was added 500 mg (2.78 mmoles) of
compound §§. Benzophenone (1.2.equita1ents; 607‘mg).
— was then edded to the orange colored adion. The work‘up
a{forded 1.05g of crude product, which was recrystallised
in ether-Hexane to yield 830 mg (83%) of §§,.a.white
- powder, m.p 121°-124°. _ | \
The l1-pyrrolidinomethyl group wes removed as follows:

400 mg (1.10 mmoles) of the white powder was dissolved

in 3 ml 'methanol, followed by addition of 18 ml 4% HCI.

The reaction mixturefiwas refluxed for 3 hours. Work.up

by 5X20 m& extractdons.with CH,Cl, gave 280 mg of crude



product, "which was‘recrystal;;sgd'in efher-petroleum

‘ether to afford 200 mg (65%) of the trans isomer 84,

as finé white cfﬁstals. m.p i18°-i265.l

NMR: ) 2.96 (s, Oﬁ exchangeable with D203, 3L98
(m,2H), 4.78-5.76 (m,3H), 6.05 (N-H, exchangeable
with D,0), 7.14~7.56 (m,108) | |

IR: C=0, 1760 (s); OH, 3450 (broad)

-

. 18717772
Found C, 77.37; H, 6.12; N, 4.68

L?.‘\

Benzaldehyde derivative 86

Anal. Caled. for C, . H,.NO,: C, 77.40; H, 6.13; N, 5.01

Compound 68 (2.78 mmoles; 500 mg) wéé reacted with .
3.34 mmoles (1.2 equivalents) LDA in 8 ml dry THF for
5 minutes, then condensed with 354 mg (1.2 equivalents)
of freshlyldigtilled benzaldehyd; The crude reaction product
was chromatographed on 35g silicé gel. Elytion with ethyl
acetate-hexane (2:1) gave 667 mg (84%) of 85, a very
viscous oil. Hydrolysis of this oil (611 mg) in 4 ml
methanol and 20 ml 1% HCl1 afforded a 2:1 isomeric mixture
(368 mg; 85%) of the trams product 86, as an off white |
solid. Recrystallisation in CHéCIZJHeianE gave pale yellow

érystals; m.p 93°-98°.

”
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NMR: & 3.2 and 3.3 (2dd, J=6,2Hz,1H), 3.85-3.98 .

o~

- -and 4.25-4.34 (m,1H), 4.9-5.9 (m,4H), 7.2~7.4 (m,S5H)
IR:. C=0, 1755 (s); OH, 3480 (broad)

Anal. Calcd. for C,,H,.NO,: C, 70.92; H, 6.45; N, 6.89

Found C, 69.75; H, 6.53; N, 6.87

Iodide derivative 87

To 2 solution of 2.78 mmoles of the lithio salt
of 68, prepared from 500 mg (2.78 mmoles) and 1.2 equivalents
(3.34 mmoles) LDA was’added'846 mg (3.34 mmoles; 1.2

equivalents) of iodine. The reaction mixture was stirred

at -78°‘for 15 minutes. Work up gave 930 mg crude which\wa%-

immediately Bydrolysed by dissolving in 5 ml methanol - 25 ml

1% BCl then refluxing for 3 hours. The usual work up

~ followed by column chromatography purification (4:1 hexane-

efhyl acetate), provided 387 mg (63Z) of the iodide 87. _ H

NMR: & 4.33 (dd,J=7,2Hz,1H), 4.62 (m,1H), 5.28-6.12

(m,3H), 6.84 (N-H, exchangeable with D,0)

IR: C=0, 1757 (s); N-H, 3300 (broad)

-



Acetaldehyde derdvarive-gg.

.-Compound §§_(11.1 mmoles;:zé)'was reaoted witi _

‘1.2 eQuivalents (13.3 mmoles) of LDA in 15 ml dry THF ~
for. 10 mins, at -78°. Excesé acetaldehyde (2.5 ml) |
--was” then added to the orange colored reaction mixture and
.stlrrlng contlnued for an additional 10 minutes. The crude
‘materlal obtalned from the work up was hydrolysed in 5 ml
fmethanol - 30 ml 1% HC1 solution.- The usual isolation
procedure afforded 1.2g of crude product, which was" purifled
by column chromatography on 50g 5111ca gel. Elutlon |

with 1: 2 ethyl acetate‘— hexane gave 911 mg (58%) of the

acetaldehyde derivative 80.

§ 1.26 and 1.32 {2d,J=6Hz ,36), 2.91 (dd J=6, 2Hz 1H)

'3.59 (s,OH, 1RQ,.3.96-4.26 (m,28), 5 13-6.14 (m; 33)

-

6.91 (N-H,1H)

.

"IR: . C=0, 1750 (s){ OH, 3450 (broad)

M.S. m/e, M-H,0 = 123

{

: Anal Calcd. for C7H11N02. ¢, 59.56; H, 7. 86 N 9.92

Found C, 59. 54 "H, 8. .24; N, 10.18



’ C e ————— . OO v -

Acetone derivative 75

- -

Excess acetone (1 ml) was added to a solution of the
monoanion $£8a,. prepared from 400 mg (2.22 mmoles) 68 and
1.2 equlvalents (2.66 mmoles) LDA in 5 ml THF, at -78°.
Work up éeve the crude product, which was hydrolysed
. by refluxing in 5 ml THF - 25 ml 1% EC1 for 3 hours.

The deprotected trans acetdne‘adduct 75 was thus obtained

\“-

in 52X yield. (179 mg)

NMR: S 1.23 and 1.4 (2s,6H), 2.9 (d,J=2Hz,1H), 7

3.4 (OH, exchangeable with D,0), 4-4.44 (m,1H)

5.06-6.2 (m,3H), 6.7 (N-H, exchangeable with D20)

1
b

IR; £=0, 1760 (s); OH, 3480 (broad)

Ethyl Acetate derivative 78

To the anion generated from 4g (22.22 mmoles) of
compound 68 and 1.2 equivalents (26.66 mmoles) LDA in
35 ml THF, was added 2.6 ml of ethyl acetate. The
reaction mixture was stirred for 20 minutes, then worked
up in the usualrmanner. Purificatidn of the crude
product by high pressure ligquid chromaeography (HPLC)

with 4:1 ethyl acetate - hexane as eluent yielded 3.10g

(63%)"of the acetyl derivative 78. This compound was



l

very;labile-and was subsequertly reduced.

- =

/ KMR: & - 1.69-2.06 (m; 4H), 2.:32'(s,3ﬁ>, 2.54-2.73
(m,4H), 3.84 (JAB=14Hz',1_H>, 4.22 (J,p=14Hz,1H),
\ " 3.97 (d,J=2Hz,1H), 4.54 (dd,J=7,2Hz,1H), 5.24-5.93
/ (m, 3H) - '
3
IR: C=0, 1715 (ketone); C=0, 1760 (8-lactam)

<

Reduction of 1-(pvrrelidinomethyvl)~trans-3-acetvl-4-vinyl-

azetidin-2-one 78 : _ | &
Sodium Barohvdride reduction

_ Compound 78 (3.60 ‘mmoles; 800 mg) was dissolved in

25 ml ethanol and the reazaction mixture.cqoled to «30°

in an acetone ~ dry ice bath. Sodium bordhydride (1.30 mmoles;
68 mg) was then added. ‘After stirring for 2 hours, the
mixture was partitioned between saturated ammonium chloride
(20 ml) - ether (25 ml), and the organic layer extracted.

The agueous layer was e{tracted with 4X25 ml CHéClz, the
combined organic layvers dried over MgSO4 and the solvgnts
evaporated. . The crude product was chromatographed with

3:1 ethyl acetate - hexane as eluent, to yield 577 mg (72%)

of 79.
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NMR: &° 1.26 and 1.35 (2d,J=6Hz,3H), 1.7-1.9 (m,4H),
- . 2.56-2.8 (m,4H), 2.93 (dd,J=7,2Hz,1H), 3.84 (J, =13Hz,
18), 4.2 (J,5=13Hz,1H), 4.06-4.26 (m,1H), 5.16-6.1

(m,3H) ~

The byrrolidinomethyl_group of 79 ‘was removed in

the usuallway to provide compound 80, in 60% yield.

NMR: & 1.26 and 1.32 (2d,{1:2],J=6Hz,3H); other data

identical to that above._

K—Selec?;idé réduction
To a solution of 458g (2.07 mmoles) of éompound 78
and 344 mg KIIin 7 ml ether at 25°, was added 12.4 ml
- of K~Selectride (.5M in THF; 3 equivalents). The reaction
was stirred for 3 hours then worked ﬁb as above. Pur%fication
by column chromatography (2:1 ethyl acetate - hexane)
gave 276 mg (60%) of the hydroxyethyl cdmpouﬁd 79.

Hydrolysis of 79 was carried out to give 80, as above.

NMR: § 1.26 and 1.32 (2d,[9:1},J=6Hz,3H); other data « .

ideﬂtical to that above.



‘Acetaldehyde derivative 82 -
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ﬁeactions of the Monolithio anion 69a

-

The lithio salt of compound 69 (8.93 mmoles; 1.86g),
wis reacted with 2.5 ml acetaldehyde at —7g° for 10
minutes. Work\tﬁhprovided 3.14g.0f crude product whiéh w;s
immediafely hydrolysed. Isolation in the usual manner,
followed by coiﬁmn chromatography purification (1:2 ethyl..

acetate - hexane) gave 1.12g (74%) hydroxyethyl compound 82.

NMR: -8 1.27 and 1.32 (2d,J=7Hz,3H), 1.64~1.85 (m,2H),
2.02-2.24 (m,2H), 2.81 (dd,J=6.5,2Hz,18), 3.18 (OR) ¥
3.42-3.83 (m,1H), 3.95-4.25 (m,1H), 4.97-6.04 (m,3H)

6.72 (N-H)
IR: C=0, 1755 (s); OH, 3450 (broad)

M.8. .m/e, M-E,0 = 151

2

Anal. Caled. for CgH,;NO,: C, 63.88; H, 8.93; N, 8.28

Found C, 63.63; H, 9.34; N, 7.92

Acetone derivative 72 =

Excess acetone (2.5 ml) was added to:a THF solution

e

(10 ml) of the moncanion €9a, prepared from 1lg (4.81 mmoles) - L
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69 and 1;2-equiva1ents (5.%7 mmoles) LDA, at -78°.

Le

- The reaction mixture was stirred for 5 minutes, then

worked up. The crude product was hydrolysed in refluxing

. THF - 1% HC1 (1:6)€0 give cleanly 694 mg (79%) of

the .acetone derivative 72.

NMR: - & 1.24 and 1.4 (2s,6H), 1.6-2.2 (m,4H), 2.76

IR: C=0, 1755 (s); OH, 3450 (s)
Only 45% of 72 was obtained when hydrolysis was
carried out in methanolic HCl. This was partly due to

the formation of the side product 74, in 15% yield.

NMR: 74 8 1.3 and 1.4 (2s,6H), 1.6-2.5 (m,4H)

2.5 (OH, exchangeable with D20), 2.86 (d4,J=2Hz,1H),

3-3 (S’SH)y 3.6-3o8 (m,lH)’ 4.54‘ (b.S.,2H), 4-9-6-1‘

(m,3H)

IR: C=0, 1750 (s); OH, 3450 (broad)

M.S. m/e, MT = 227
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ﬁthyl Acetate derivative 81 .

To the anion generated from 5g (24.04 mmoles) of
compound 69 and 1.2 equivalents (28.84 mmoles) LDA

in 25 ml THF, was added 2.84 ml ethyl acetate. The™

reactlon mixture was stirred for 10 minutes, then worke

. up in the usual way. The crude product was purlfled by

high pressure liquid chromatography (HPLC) with 4:1
ethyl ethyl acetate - hexane as eluent. Yield of the

acetyl derivative 81: 4.37g (73%).
NMR: s 1.67-2.22 (m,8H), 2.33 (s,3H), 2.48-2.74 (m
3.83 (d,J=2Hz,1H), 3.77 (J,p=13.5Hz,1H), 4.27 (J,

1H), 4.13 (m 1H), 4.88-6.17 (m,3H)

IR: C=0, 1714 (s) (ketone); C=0, 1760 (s) (B-léctam)

Reduction of i-(pyrrolidinomethyl)-3-acetyl-4-(3'-buten

d

,4H)
-13.54;;

AB

v1)-

azetidin-Z-Bne 81
Sodium Borohydride reduction

To a solution of 750 mg (3 mmoles) of 81 in 25 ml
ethanol at -30° was added 57 mg (1.5 mmole) of sodium
borohydride. The sclution was stirred for 2 hours, the

taken up in ether (20 ml) and washqd with saturated NH
L J

4

n -

Cl. (25 ml),
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The organic layer was separated and the aqueous layer
extracted with 4X25 ml'CHzclz.' The combined organic
extracts were dried over MgSO4 and‘edaporated to.give'
crude 98, which was chromatograﬁhed on 40g silica gel.
Elution with 3:1 éthyl acetate - hexane afforded 530 mg
(71%) of the hydroxyethyl product -98. Hydroly51s of the
p}rrolldlnomethyl group in methanolic HC1 (ln) afforded
82, in 68X yield.

NMR: ¢ 1.27 and 1.32 (24,[1:2],J=7Hz,3H); other data

identical'to that above

K-Sélectride reduction

A 0,3M solutiop of K-Selectride in THF (3 equivalents;
110.4 ml) was added to 4.6g (18.4 mmoles) of the 8-keto
lactam 81 in 30 ml anhydrous ether under a N2 atmosphere.
The resultlng solution was stirred for 3 hours, then worked
up as above. The crude was purified by column chromatography

(2:1 ethyl acetate - hexane) to vield 3g (65%) of 98.

NMR: 88 S 1.27 (d4,J=7Hz,3K), 1.6-2.33 (m,8H),
| 2.76 (dd,J=7;2Hz,1H), 3.0 (O-H), 3.76 CJAB=13HZ,1H),
4.1 (JAB=13HZ,1H), 3.6-4.2 (m,2H), 4.8-6.1 (m,3H)



7 -89-

./;) -

’ Hydrolysis of gg by refluxing in methanol --HC1 (1%)-

provided 82, as above.

..

NMR: ) 1.27 (single d,J=7Hz,3H); other data identical

to that above

Reaction 6f thé Dilithio aﬁion 70 with Acetone

"

fo 4—(3'-butenyl)—aze;idin-Z—one-(Smmoles; 1ig)

dissolved in 45‘m1‘THF at 0°'was'added 2 equivalents

(16 mmoles) of nBulLi. The reaction mixture was stirred
for 30 minutes during which time the solution darkened
considerabiy. Excess acetone (2.5 ml) was added and the
'solution allowed to stir fdr a further 15 minutés. The
c¢rude product obtained upon usual work up was chromatogrﬁphed
(1:2 ethyl acetate - hexané) to provide 1.09g (75%5 of a
1:1 mixturé-of trans:cis isomers. The isomers were readily
separated by silica gel chromatography.'The cis isomer was

obtained as white crystals, m.p 118°-120°.

NMR: cis isomer & 1.35 and 1.46 (2s,6H), 1.86-2.3 (m,4H),
3.25 (d,J=6Hz,1H), 3.

-3.87\(m,1H), 4.95-6.0 (m,3H)

* trans isomer 6 1.24'and 1.4 (2s,6H), 1.6-2.22 (m,4H)

2.76 (d,J=2Hz,1H), 3,6 (t

1?\\ \J

IR: C=0, 1755 (s); OH, 3450 (broad)

f d4,1H), 5-6.3 (m,3H)

- . o
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Anal. Caled. for C10H17N02: C, 65.54; H, 9.35; N, 7.64

.Found C, 65.43; H, 9.40 N, 7.59.

(3) A-3 Carbacephems’
Alcohol 94

A solution ‘of the 4f(3'—butenyl)—azetidin-2-one 20
(24 mmoles; 3g) and hydrated p-nitrobenzyl glyoxylate
(1:1 equivalents; 5.99g) in 80 ml benzené-was refluxed
under a Dean—Stafk apparatus for 17 hours. The solvent
was evapérate@ énd the crude product chromatographed
(1:2 ethyl acetate - hexane) on 240g silica gel to yield

7.99g (98%) of 94, a very viscous oil.

NMR: & 1.6-2.3 (m,4H), 2.6 (dd,J=2Hz,1H), 3.1 (dd,J=5Hz,1H),
3.8 (0-H), 4.2 (m,1H), 5.4 (s,2H), 4.8-6.0 (m,4H),

7.6 (d,J=9Hz,2H), 8.2 (d,J=9Hz,2H)

IR: C=0, 1730 (s} (ester); C=0, 1760 (s) (B-lactam);
OH, 3450 (broad)

. Phosphorane 95

To a mixture of the alcohol 94 (16 mmoles; 5.38g)

and pyridine (2.05 equivalents; 2.64 ml) in 100 ml
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THF/dioxane (1:1) was added S‘OC12.(.2 equivalents; 2.28 ml)
dropwise, under N2 at -10°. Tpe reaction wé% stirred at

-10° for .5 hour, allowed to warﬁ to room temperature and
'stirréd for an additional 1% hours. Evaporation of the
solvent gave the crude chloro compound, which was unstable

on silica gel. Triphenylphosphine was added to a solution

of the crude chloro compound in THF/dioxane (100 ml; 1:1).
'fyridine (132'equiva1ents; 1.54 ml) was added at rodm
temperature, and the reaction‘mixture heated overnight

at 50°. Evaporation of the solvent followed by chromatography
(short column) with increasing concentration of éthyl

acetate (1:4 ethyl acetate - hexane; 1:1 ethyl acetate - —

hexané) provided 5.62g (613%) of phosphorane 95, as a foam.

NMR: The spectrum was difficult to analyse, but nonetheless,
was in general agreement with the expected product.

A-3 Carbacephem p-nitrobenzyl ester 97

The phosphorane 95 (3.11 mmoles; 1.80g) was dissolved
in 40 ml dry.CHZCI2 and trifluoroacetic acid (1.6 ml) »
added. Ozone was passed through fhe solution at -78°
until‘excéés was-detected. (blﬁe'color) Nitfégen was then
bubbled through the solution to remove excess ozone,

dimethyl sulfide (2.4 ml) added and the mixture stirred

and let reach 0°. Ice cold 032C12 (30 ml) and saturated
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NaHCO3 (80 mls,zsfe i&ded and the Tesulting mixture
was -shaken tmgroughly ‘The organic layer was washed again
with cold NaHCO3 solutlon (20 ml). ‘The aqueous layer was
'extracted w1th 2X30 ml CH2012, the combined organic layers
dried over MgSO4 and the solvents removed ;n vacuo.
Cyclisation occurred immediatély, and the ester 97,

m.p 134°¥1365, was obtained in 65X yield (610 mg) after

silica gel chromatography (1:3 ethyl acetate - hexane).

NMR: & 1.3-1.7 (m,1H), 2.1-2.5 (m,3H), 2.7 (dd,J=16,
28z,iH), 3.35 (dd,J=16,6Hz,1H), 3.5-3.7 (m,18)
5.3 (J,,=12Hz,1H), 5.45 (J,g=128z,1H), 6.45 (dd,J=2Hz,
- 1H), 7.65 (d,J=9z,2H), 8.2 (d,J=9Rz,2H) '

iR: C=0, 1730 (s) (ester); C=0, 1765 (s) (B-lactam)

‘M.S. m/e, MT = 302

- »

Ana%. Calcd. for C15H14N205 c, 59.60; H, 4.63; N, 9.27

Found C, 59.64; H, 4.56; N, 9.02

4-3 Carbacephem carboxylic acid 92

A solution of 850 mg (2.66 mmoles) of ester o7
- P -
in 50 ml ethyl ac%#ate was vigorously stirred at room

temperafure in a ﬁé atmosphere with 550 mg of a 10%
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;palladium on charcoal as catalyst in the presence of

22 m1 of a .2M aqueous solution of.NaHCOs. After iO minutes,‘.
Lhe.cata1y§t_was-fi1tered off'and'washed with 10 ml of

A.2M aéﬁeo&g Na‘HCO3 andvlots gf efhyl acetate. The

aquéous layer.waé separated and acidified with 35 ml 'y

5% oxalic acid. Repeated extractions with 5X30 ml_CH2C12

afforded 202 mg (46%) of acid 92, white crystals, m.p

154°-156°, after preparative thin layer chromatography.

NMR: § .1.25-1.85 (m,1E), 2.15-2.6 <m,3H), 2.87 (dd,
' . J=16,2Hz,;1H), 3.38 (dd,J=16,5Hz,1H), 3.6-3.8
(m,1H), 6.45-6.55 (m,1H), 8.9 (COOE, exchangeable
with D,0)
v oL

IR: C=0, 1765 (s); COOH, 3480 (broad)

' 13C NMR: 22.55 (t), 25.03 (t), 43.07 (t), 47.66 (d),

©124.32 (d), 128.10 (s), 161.74 (s), 167.42 (s)

879

Anal. Calcd.for CgHyNO4: C, 57.48; H, 5.39; N, 8.38
Found C, 56.70; H, 5.39; N, 8.13

. Carbonate 99

eqhivaleﬂfs; 1.25g) in 1 ml CH‘2012 was added

to a solutiomof 82 (8.52 mmoles; 1.44g) and E—nitrobenzyl-

DMAP (1.
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chloroformate (10. 22 mmoles; 2.20g) in 4 ml CH2L12 and
'cooIéd ;o o°, under a N2 gtmosphere. A white precipitate
appehred immediately. The cooling bath was removed, and
stiffin§~contfﬁued for 2.5 hours. The reaction mixture
-beca@e'homogenous wifhin S0 minutes. Prior to work up
the }eactipn mixture was doﬁbled‘in volume by adding
CH,Cl,. Work up (5% HC1, H,0 (3X), NaCl) gave the crude
product as an 0il which was purified by silica gel (70g)
chromatography to provide the carbonate 99, in 77X (2.27g)

vield.

NMR: § 1.438 (4,J=6Hz,3H), 1.6-2.2 (m,4H), 2.93 (4dd,
J=8,2Hz, IH), 3.45-3. (m iH), 5.2 (s,2H), 4. 8 5-8

(m,4H), 6.1 (N-H), 7.46 (d,J=9Kz,2H), 8.16 (d,J=9Hz,1H)
IR:  C=0, 1760 (s) (8-lactam)

Alcohel 100

Compound 298 (2.10 mmoles; 730 mg) and ﬁydrated
p-nitrobenzyl glyoxylate (1.1 equivalents; 524 mg)"
in 30 ml behzene, were refluxed under a Dean-Stork
apparatus for 17 hours. The solvent was evaporated
~and the crude product chromatographed (1:2 ethyl acetate -

hexane) on 50g silica gel, to provide 100, as a foam

~
bl
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in 71% yield (830 mg) yield.

NMR: 6 . 1.43 (d,J=6Hz,1H), 1.65-2.2 (m,4H), é.o
| (dd,J=8,2Hz,1H), 3.5-3.8 (m,1H), 5.23 (s,2H),
5.33 (s,2H), 4.8-5.6 (m,5H), 7.5 (d,J=9Hz,4H),
8.2 (d,J=9Hz,4H)

IR: C=0, 1760 (s); OH, 3460 (broad)

Phosﬁhorane 101

To a mixture of the alcohol 100 (1.44 mmoles; 800 mg)
and pyridine (2.05 equivalents; .24 ml) in 30 ml THF/dioxane
(1:1), was added SOCl, (2 eéuivalents; 20 ml) dropwise,
undele2 atmosphere at -~10°. The reaction was stirred
for .5 hour at -10°, allowed to warm to room temperature
and stirred fo} an additional 1.5 hours. The solvent
was evaporated to give the crude chloro compound which -
was redissolved in 40 ml dioxane/THF (1:1), and treated
with triphenylﬁhosphine (1.2 equivalents; 453 mg).

Pyridine (1.2 equivalents; .lﬁﬁrl) was added at room
tempefature‘and the reaction mixture heated overnight at

50°. The solvent was evaporated to give the crude phosphorane
101, which wés chromatographed (25g silica gel; short.

column) with increasing concentration of ethyl acetate.

» -
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d .
(1 4 ethyl acetate - hexane followed by 1 1 ethyl acetate -

hexane) Yield: 536 mg (502 based -on 100).
NMR: The spectrum was not readily analysable, but$
nonetheless, in agreement with the expected productﬁ

-

Protected hydroxyester, A-3 Carbacephem 102

To a solution of the phosphorane 101 (.654_hmole;
524g) in 20 ml CH2C12 added .5 ml trifluoroacetic acidy
~ The mixture was cooled to -78° and ozonised until excess
ozone was detected. (blue color) Nitrogen was passed
through‘the_solutio; t0 remove excess ozone then DMS (1 ml)
.added. After allowing the reaction mixture to warm to
0°, ice cold CH2C12 (15 ml) and saturated NaHCO3 (30 ml)
were added and the resulting mixture was shaken_thoroughly;
Cyeclisation occurred immediately. The organic layer was
washed again with cold saturated NaHCO3 (20 ml) and the
aqueous layer extracted with 2X20 mil CH2012. The combined
organic layers were dried over MgSO4 and the solvent removed
on the ;otary evaporator. The protected hydroxy ester
102, white solid, m.p 162°-165°, was obtained in 47% (160 mg)

vield, after preparative thin layer chromatography.
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NMR:_ & 1.5 (d,J=6Hz,3H). 2.12-2.54 (m,4H), 3.08
(dd,J=8,2Hz,1H), 3.45-3.66 (m,1H), 5.23 (s,an),l
5.08-5.5 (m,3H), 6.34-6.46 (m,1H), 7.45-7.63
(m,4H), 8.16 (d,J=8Hz,4H)

IR: ~ C=0, 1760 (s)

Anél. Calcd. For C25H23N3010:‘C, 57.14; H, 4.41; N, 8.0°

Found C, 56.60; H, 4.35; N, 7.70

Hydroxyethyl carboxylic acid, A-3 Carbacephem 23

A solution of 100 mg (.190 mmole) of the protected
hydroxy ester 102 in‘7 ml ethyl acetaté was vigorously
stirred at room temperature under s H2 atmosphere with
74 mg 10X palladium on charcoal as catalyst in the
presence 'of 3.1 ml of a .2M aqueéus solution of NaHCOs.
After O minutes, the catalyst was filtered off and washed
with 1.5 ml of .2M agueous NaHCO3 and lots of ethyl
acetate. ' The gqﬁeous layer was separated and acidified
with 10 ml 5% oxalié acid. Repeated extractions with

5X15 ml portions CH2012, followed by drying and evaporation
of the combined organic extracts provided 18 mg (40%)

. 2
of the hydroxy acid 93, white crystals, m.p 93-95°.

-
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NMMR:  §' 1.30 (d,J=6Hz,3H), 1.25-1.70 (m,1H), 2:0-2.5
- (m,3H), 3.02 (dd,J;6,2Hz,1H),'3.60-3.8 (m,1H) "
4.50 (OH and qodH, ;xéhangéabie with D,0), 4.0-4.4
(m,1H),” 6.35-6.45 (m,1H) . |

IR:  C=0, 1765 (s); OH and COOH, 3500 (broad)



~J.S. Kahan, F.M, Kahan, R. Geogelman,

=08

REFERENCES

<

S'h/Al Currie,

M. Jackson, §.O. Stapley, T.W. Miller, A.K. Miller, -

D. Hendlin, 8. Mochales, S.' Hernandez, H.B. Woodruff

and J. Birnbaum, J. Antibiot., 32, 1 (1978)

T. Howarth and A.G. Brown, J. Chem.VSoqii Chem. Comm.,

éGG (1976)

G. Albers-Schonberg, B.H. Ari§0n, O.D; Hensens,

J. Hirshfield, K: Hoogsteen, E.A. Kaczka, R.E. Rhodes,
J;S: Kahan, F.M. Xzahan, R.W; Ratcliffé, E. Walton,
L.J. Rpswihkle,‘R.B. Morin and B.G. Cﬁristensen,

J. Am. Chem. Soc., 100, 6491 (1978)

A.J.G. Baxter, K.H. Dickinson, P.M. Roberts, T.C. Smale,

R. Southgate, J. Chem. Soc., chem, Comm., 236 (1979)

R.W. Ratcliffe, T.N. Salzmann and B.G. Christensen,

Tetrahedron Lett., 31 (1880)

D.B.R.  Johnston, S.M. Sc¢hmitt, F.A. Bouffard and B.G.

Christensen, J. Am. Chem. Soec., 100, 313 (1978)

L.D. gaﬁafand B.G. Christensen, J. Am. Chem. Soc.,

100 8006 (1978)

R. Sharma and R.J. Stocdley, Tetrahedron Lett., 2025
(1981) |
K. Hirai, K. Fujimoto, Y. Iwano, T. Hiraoka, T. Hata

and C. Tamura, Tetrahedron Lett., 1021 (1981)




-100- .

10. R. B Morin, B G. Jackson, R.A. Mueller, E. R Lavagnlno,

w. B Scanlon and S L. Andrews, J. Am. Chem. Soc., 91,

1403 (1969)

11. C. W Ryan in ”Cephalospo*lns and Pen1c1llins. Chemlstry
and Biology", BEd. E.H. Flynn, p. 539, Academic Press,
Newyork and London,‘1972 | | .

12. M.J. Lebelle, M.Sc. Thesis, University of Ottawa, (1972)

13. M. Hyrtsak, M.Sc. Thesis;_University of Ottawa, (1982)

14. -B. Venugopalan and T. Durst, Private Communication

15. B.A. Arbuzov, Appl. Chem., 307 (1964).

16. H. Oediger and Fr. Moller, Angew. Chem. Int. Ed. Engl.,
6, 76 (1967) '

17. M.P. Williamson, S. Castellano and C.D. Griffin,

- J. Phys. Chem., 72, 175 (1968)

18. N. Rabjohn (Ed), Organic Synthesis, Vol. 4, p. 264,
John Wiley and Sons, Inc., New York, N.Y., 1963

19. T. Durst and M.J. Lebelle, Can. J. Chem., 50, 3196 (1972)

20. T.N. Salzmann, R.W. Ratcliffe and B.G. Christensen,

Tetrahedron Lett., 1193 (1980)

21. T. Aidé, R. Legault, D. Dugat and T. Durst, Tetrahedron

Lett., 4993 (1979)

22. F.A. Bouffard and B.G. Christensen, J. Org. Chem.,

46, 2208 (1981)
23. C. Cignarelli, G.E. Cristiani and E. Testa, Annelen,

661, 181 (1963)



24. H.B: Kagan, J.J. Basselier and J.L. Luche,
. _ Tetrahedron Lett., 941 (1964)

b
(4]
.

A.KE. Bose, B. Anjaneyulu, S:K. Bhattachanya and M.S.

Manhas, Tetrahedron Lett., 4769 (1967)

26. G.F.H. Green, J.E. Page and S.E. Staniforth, J. Chem
Soc., 1595 (1965) '

27. T. Durst, R. Van Den Elzén and R Legault, Can. J. Chem.,
52, 3206 (1974)

28. TF.A. Bouffard, D.B.R. Johnston and B.G. Christensen,

J. Org. Chem., 45, 1130 (1980)
29. M. Nakayama, S. Kimura, S. Tanabe, T. Mizoguchi,
I. Watanabe, T. Mori, K. Miyahara, T. Kawasaki,

J. Antibiot., 34(7), 818 (1981)

30. T. Nakata and T. Oishi, Tetrahedron Lett., 1641 (1880)

31._ E.C. Ashby, J.R. Boone and J.P. Oliver, J. Am. Chem.

Soc., 95, 5427 (1973)

32. R.S. Glass, D.R. Deardorff and K. Henegar, Tetrahedron

Lett. . 2467 (1980)

33. H. Handel and J.L. Pierre, Tetrahedron, 31, 997 (1975)

34. H.C. Brown and S. Krishnamurthy, J. Am. Chem. Soc.,

94, 7159 (1972)

35. C.A. Brown, J. Am. Chem. Soc., 95, 4100 (1973)

36. J.P. Clayton, J. Chem. Soc., C, 2123 (1869);
F. DiNiﬁno, T.R. Beattie and B.G. Christensen, J. Org.

Chem., 42, 2960 (1977)



37-

38.

39. .

40.

41.

42..

43.

-102-

'L.D. Cama and B.G..Christensen, J. Am. Chem. Soc.,

96, 7582 (1974)

$. Wolfe, J.B. Ducep, K.C. Tin and S.N. Lee, Can. J.

Chem., 52, 3996 (1974) *.

R. Scartazzini, H. Peter, H. Bickel, K. Heusler and

R.B. Woodward, Helv Chim Acta., 55, 408 (19872)

T. Durst and M.J. O'Sullivan, J. Org. Chem., 33,

s

2043 (19707

R.B. Woodward, '"Recent A&vances in the '‘Chemistry of
B-lactam Antibiotics", Ed. J. Elks, Special publication
No. Zé, p. 167, The Chemical Society, London, 1977

E. GuibeQJampel and M. Wakselman, Chem.Commun.,

267 (1971)

4.I. Meyers, G. Knaus, K. Kamata and M.E. Ford, J. Am.

Chem. Soc., 98, 567 (1976)




-103-

CLAIMS TQ ORIGINAL RESEARCH

1. The A~1 carbapenems bearing either the —SOCH3

or the —SOchS substituents at Cz,-and phenyl group at‘

03 were prepared.

2. Attempted Michael addition reactions of N-lithio

4—viny1a2etidin—2—bne and vinyl phosphonates, bearing '
t-butyl carboxyléte,and oxidised sulfur functionalities .

produced no Michae1.ﬁdducts.

“"The l-pyrrolidinomethyl-4~vinylazetidin-2-one

e

and”f%¢(31~butenjl)—azetidin—z—one were employed as
intermgdiatés in‘highly stereoselective preparation of

several trans-3,4-disubstituted azetidin-2-ones.

4. 'The l-pyrrolidinomethyl function, an effective

N-H blocking group,was stable to basic reagents and

readily removed under mild acidic conditions. ¢

5. The -A-3-carbacephem-4-carboxylic acid was.

prepared from 4—(3'-5uteny1)-azetidin-z-one.

6. The trans-7-hydroxyethyl-A-3-carbacephem-4-
carboxylic acid was also prepared from 4-(3'~butenyl)-
azetidin-2-one. The trans-7-hydroxyethyl substituent was
introduced stereoselectiveiy.via the l-pyrrolidinomethyl-4-

(3'-butenyl)-azetidin-2-one intermediate.





