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- Synthetic Studies Towdrds Cepham Derivatives
Gerald David Rasebery
Department of Chemistry
McGill University - !

Montreal, Quebec, Canada \

The synthesis of an isonitrile that, after an Ugi type con—

densation, yields an amide that can be removed by mild cddation

’andhydrolysis is described. 'meo—mtrocmrmmylfmuctmwas
developed as an N-protecting group in peptide synthesis. The

s:ynthesi's of 2-o-nitrostyryl-4-thicmethylene-5-oxazolane is de-
scribed. Improved procedures for the synthesis of a nmumber of

key intermediates useful in a cepham synthesis were devaloped. :
A new, cheap and easy method, suitable for the synthesis of";axge

£ avounts of D-mannitol diacetonide, is included. The total synthesis
T of a cepham derivative was accamplished. In addition, several
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Essai sur la synthése dérivés céphames
Gerald David Rosebery
Department of Chemistry
McGill University
\ _ Montreal, Quebec, Canada

On décrit la synthése d'un isonitrile qui, par une condensa-
tion de type Ugi, dcmetmmdepamntetreenleveparoaudaum
douoe suivie d'une hydmlyse. Le groupement forctlomel o—nitrocin-
naxwylaétéeq:loyépqxrﬁu:otégul'aninedans la synthése pep-
tidique. On décrit la synthdse de la 2-o—nitrostyxy1—4-tm@éujy
léne-5-oxazolone. On a amélioré les procédés de synth&qe de plus.Leuxs
intemmédiaires clefs dans la synthése de céphames. Onaiqclus
une nouvelle méthode de synthése de l'acetax&ie‘de D-mannitol,
simple et avantageuse car facilement transposable sur de grandes
quahtités. La synthése totale d'un fiérivé ofpham a été réalisée.

En outre, plusieurs composés nouveaux ont été preparés et carac- —
térisés. |
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INTRODUCTION
B-lactams are four-membered heterocyclic campounds off the type
(1). Although the functionality was recognized as early as 1907 by
Staudinger!, real interest was only focused on it during the early
1940's when the then new antibiotic penicillin (2) was discovered

v

to contain this ring system.?

H H CH
,.I.:Fo a-co-nnt: S j( u’,
v o ‘coom

(1) (2)

" The structure of penicillin had hardly been elucidated when
Brotzu® in 1945 discovered what turned out to be another B-lactam
producing fungus near a sewage outlet in the sea off Sardinia. Be—
cause of inadequate facilities in Sardinia, a culture of the fuhgus
of species Cephalosporium was sent to Sir Howard Florey at Quford
JUniversitywho had been very active in penicillin research.

Abraham and Newton', also at Oxford, carried out a detailed
e:unimtimof%ltheantibioticsprodwedbymiaceptalosporim
sp. In 1955 they isolated fram cultures of a mold, cephalosporium
acraronium, a new antibiotic substance which they called cephalo-



( I ) 2

sporin C (3). The structure was determined’® by the same workers
‘ in 1961 and confirmed by Hodgkin and,Maglen® by means of single ’
crystal X-ray diffraction studies.

. (3)
Much work was done between 1940 and 1945 on the chemical syn-

| thesis of penicillins but without mich success. In the meantime,
single step fermentation processes had become sufficiently developed
so as to make any myltistep chamcal synthesis noncaompetitive. This
was not true, however, for the cephalosporin series of 8-lactam
antibiotics. While a mutant of the original cephalosporium acre-

+  monium strain, which could produce substantial amounts of cephalo- 7
sporin C, was discovered by the Antibiotics Research Station of
the Medical Research Council’, attempts to induce the biosynthesis
of analogs of the antibiotic during fermentation were unsuccessful.
Hence, the total synthesis of cephalosporin C and its derivatives
seemed eminently worthwhile. -~
The total synthesis of a derivative of cephalosporin Cc (4a),

which has no biological activity, was reported by Heym®s, Amiard and
Noming® in 1966. Their work was the culmination of attempts by

‘ several groups to apply the successful penicillin syxithesis of




-

goo"
(4a) R: -co-(cng;cn-un,

0> ° (4b) a:-co—cu.-E'sjl

(4)

Sheehan and Henery-Logan® to the synthesis of cephalosporin C, (4b).
A very important advantage in choosing this unsaturated
y-lactone (4a) as the synthetic goal is that the carboxy and the
hydroxy groups in the dihydrothiazine ring are protected and the
double bond ‘is immdbilized. The key reaction for this synthetic

route is condensation of the enamine (6), formed fraom the aldehyde (5),

o -

@ e TG
éooc-u.. B @’ ¢0ot-By

(5r (6)

0

R
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with u—hydrmcybﬁ-tl'ﬁmethylﬁmtetnlide (7) to form two isomers of (8).

‘2
c’ COO0t-8, » HO =

(6) )

It is claimed® that,upon removal of the N-phthaloyl group
in (8), the two isomeric t-hutyl esters give, on acid treatment and

tritylation, only one amino acid (9).

' @c)"-s—f Y meenr®

C HN HOOC nn
0 °:':, o
!-.:i o o O 0
(8) 9)

The cyclization of (9) to the g-lactam (10a) proved difficult
mtmsevernun;lyaccmplislzedin70§yieldusirgdicycldmcylw—
bodiimide in tetranitromethane. Detritylation and acylation with
2-thienylacety] chlaride gave a racemic cephalosporin C, derivative
(10b) .

ey

i



(102) R: -c(pn) -

(10p) R: -co—cu,-[' sjl

w

The main disadvantage to this approach is that there exists
mlymelquieldnethé:dofopaﬁngthev—lactaxewiﬂmthydmlyzing
the B-lactam. In 1970 Neidleman and Dolfini'® managed to obtain a
10% yield of the deacetylcephalothin (11) from the corresponding lac-
tone (10b). This hydroxy-acid could be converted only with great
difficulty to cephalothin®!..

Rmi:"s |
o "Fen,
n:-co-cn.-['s:" |

(11)

In the light of Neidleman's work!'®, the synthesis of the Heymds
gra:pcanthereforebepmsideredatotalaynthesisofarwanic

g

=



. cephalosporin. The only camplete stereospecific total synthesis
of WmC‘@MmWWR.B. Woodward'?

in his Nobel prize address in 1965.

COMH ) ‘ LO0OH
nsS ‘” NH, _ S N-'Ct°0t-8u
12 - S+ & )

Using L-cysteine (12) as the starting point ensures the ‘correct

absolute stereochemistry at the 7-position of cepohalosporin C (see

diagram 3). ﬂeanimgrmxpintheﬁ-positimtothemrﬁoxygrmp,

required for the formation of the B-lactam ring, was introduced
stereospecifically in a novel fashion. S
L-cysteine (12) was protected-with an acetonide function and

then reacted with t-butoxy carbonyl .chloride to give (13).. The acid
(13) msesterifiedwithdiamﬂnneamithenraactedthhdmethyl

< rd

azodicarboxylate to afford (14).

y
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?.I
4
.

5 ~ 7
e .
, Qxidation of (14) with lead tetracetate followed by treatment with
. sodium acetate in methamol produced the trans hydroxy compound (15).
b Treatment of (15) with azide followed by reduction with aluminum 0

amalgam in methanol gave the desired cis amino-este:_': (16). The

COOCH, NH, COOCH,
S N'ﬁ'OQ'Bu S N-ﬁ'Ol-Bu )
{
.. (15) (16)

f-lactam was formed using triisobutyl aluminum and this condensed

with preformed dialdehyde (17) to give (18).

4

CO,CH;CCl, .  CCl;CHOL

CH : CH o
c " OHC-C' N

r Mg éﬂ
T - N-C-0t-8Bu L
0 O

HO -
Xo

(17) (18)
Fram (18) the amino-aldehyde (19) was produced by treatment
with trifluoracetic acid. Then, acylation of the 7-amino group, re-
dwtimo:ﬂnammydawithdibmmefououedbymtyhtimof
theresultinghydmxyg:mpuﬂimimimofﬂadmblebmdm o

-~




pyridine g the ester (20a) which could be canverted to the free
acid (20b) uction with zinc in 90% aqueous acetic acid.

s

COOR
o (2(h) R= ‘CH{CCl,
Cﬂgﬁ'o =~ ji .
° S nn-co—cu.-[l s ]l

(20b) R= -H

There hiav_g been other attempts at the synthesis of cepham
derivatives, nme of which, has been as successful as that reported
by Woodward. A mumber of review articles and monographs!®~?* have
been written on the subject and deal in same detail with other ap—
proaches and with the chemistry and the biological activity of
cephalosporins.

Cephalosporing, like penicillins, are by no means effective
against all infectious diseases. The virus diseases such as influ-
enza, measles, chickmpoxarmpsareﬁmetotﬂleeffectséf
these drugs. Also, none of the protozoal and parasitic diseases
such as malaria, sleeping sickness, dysentry or vsc:k'{’isi:oecm:i.asis

respond to cephalosporins. ‘Likewise fungal diseases such as ringwomm,

athlete's foot, histoplasmosig,or psoriasis,are unaffected. As well,
same bacterial diseases like tuberculosis, cholera, brucellosis,
bubonic plague,or typhus fever,do not respond. However, the

diseases that are controlled by the cephalosporins make an impressive

list. Respiratory diseases like pneumonia, scarlet fever, sore throat,

s

e )
.



ardearinfectimsallrespcrﬂtocq:ha]ospcrintreaﬁn;xt. Also,
rheumatic fever, many infections of the urinary tract, infections of
wounds, boils, abscesses, gas gangrene, meningitis and tetanus can
becontrolledwitht};eeednlgs. Syphillis and gonorrhea are also )
cured.

There are several clinically available derivatives of cephalo-
sporin C. The Glaxo-Allenbury's Pharmaceutical Company markets
cephaloridine (21) (trade name Ceparan). Eli Lilly produces
sodium cephalothin (22) (trade name Keflin) and also an orally ac-

tive derivative cephalexin (23) (trade nime Keflex).

OCHe  ~rCH
v -coonl ;) - -coond

(21) (22)

(23)
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Cephalosporins and penicillins seem to have similar modes of
action, interfering with bacterial cell wall synthesis?? 2%, put
cephalosporins have same characteristics that in many cases make
them ,npre useful than penicillins. They are, like peni..cillins,

non-toxic,but they are also more acid stable, and more chemical ‘

variations are possible. They have good gran-—posit.ive\ and same
gram-negative antibacterial activity and are active against penicil-
lin resistant staphylococci. Perhaps the greatest advantage of
cephalosporins over penicillins is that they are less liable to
cause allergic reactions. The greatest disadvantage, however,
is that they are much more expensive than penicillins. It is partial-
ly upon this basis that the work in the following chapters was under-
taken. The objective in this work, as was that of Rossy?®,was to
@ix d novel and adaptable scheme for the synthes.'i.s of cepham der-
ivatives using inexpensive and readily available startmg materials.
Rossy's scheme far the synthesis of a cepham derivative is

Y
diagrammed below. D-Mannitol (24) was converted to the diacetonide (25)

> e
P
. HO— HO —
—OH —OH
no—1 =
] Do

(24) (25)



which was then cleaved with lead tetracetate to glyceraldehyde
acetonide®’ (26). Treatment of (26) with formaldehyde and potas-
sium carbonate in aqueous methanol gave the dioxan (27). Pyrolysis

i 4

)"\c"o ] r O~ _~OH

> e

(26) (27)

of (27) under vacuum afforded about a 50% yield of the aldehyde
alcohol (28). Immediate reaction of (28) with N-methylethanol-

amine (29) in ether gave a fair yield of the oxazolidine-alcchol (30).

"\co°
Xo V™ e om
(28) (29)

onrb_a
>(o$on
o

X
BN
-

08" %



This could be converted in up to 80% yield to the corresponding

crystalline mgsylate (31). Condensation of axazolidine-mesylate (31)

‘3,

— -
CHs-N_ O
T
Xo :
» (31)

with the sodium salt of thiol (32) derived fram 2-phenyl-4-ethoxy-
methylene-5-oxazolone?® (33) in dimethylsulphoxide at 75°C gave a
low yield of the condensed product (34) as a yellow oil.

J

Yo
O "1 O
Nid "SeeCH—L N —1_N

c,H0”/
(32) (33)
\ ’
\ : |
o "/x
2190
L

, (34)

12




)

Hydrolysis of the oxazolidine protecting group was effected
with 50% aqueous acetic acid in one hour at room temperature to
yiel;l (35) as a pale orange oil. The m@zolone ring in (35) was
then opened by treatment with 2N sodium hydroxide for two hours
at room temperature to give the aldehyde-acid (36) in low yield.
Treatment of the crude acid (36) with ammonia gas in boiling benzene

for 24 hours gave the imino-acid (37). Reaction of this crude

x ﬁ . .
o 103 <:> Mo low .7
H
My p
C=l.N S H-C
. v . §

(35) ' (36)

X
UCLK...E@

(37)
/

imino-acid (37) with cyclohexylisonitrile in a two phase system
{methylene chlgride—carbm tetrachloride/water) afforded a small
amount of ‘the impure B-lactam (38), whidx‘ms characterized only

13



(38)

by its infrared and mass spectrum.

Alﬂnghbssy'svnrkwassxm&ssfulinattai:ﬁ;gthegoal.
namely the synthesis of the f-lactam (38), the yield and purity of
themtenalobtmnadmemmfﬁcimtforfmm There
-wuemnyotherproblanshﬂmemtinthesynthetmrmtemdthese
, form the basis of the work in the following chapters.

Chapter 1 deals with the problem of the isonitrile. while
cyclohexyligonitrile does react with the imino-acid (37) to give

(38) it is only a model study. Since cephalosporins (3) have a

4 - - - (¢ ]
- : . . cH;c-0” Y7 jI
. | -8 s

(3)

14
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carboxylic acid functionality at the 4-position, not an amide as in
(38), it would be very useful if an iscnitrile could be developed
which would undergo the Ugi reaction and yield an amide that could
readily be:;amverted to the desired acid without damaging the remainder
of the molecule. Chapter 1 is a summary of our attetpt,.\s)p synthesize
same such isonitriles and the methods by which we planned to remove
the amide generated in a Uqgi react.lm Although such an isonitrile
was developed, we decided that our approach would not be an improvement
on the cleavage of amides i\n.oephalosporin type campounds using phos-
phorous pentachloride in methylene chloride that had been published
by Fechtig?? in 1968.

Chapter 2 deals with a problem of a very similar nature.
B-Lactam (38) has the benzamide function at the 7-position, which
has to be remwoved at, the end of the synthesis. It was originally
felt that the axazolome (33) would only be a model campound that
could be modified at a later date so as to provide, when incorparated
in the B-lactam (38),an amide that is easily removable. We believed

o

C=0 o
: 0
H, )._@ n—c’
C1_N s
c,M0’ H'E

(33) (38) -




that the 2-methyl campound (39) could be used in place of (33) to
give an acetate at the 7-position. This could be removed stereo—
specifically using an enzyme such as hog renal acylase’’. The
synthesis of the 2-methyl campound (39) proved, however, to be
impossible using known techniques®!. We then decided to try to
prepare a new oxazolone (40) which would give an amide that could
easily be removed by hydrogenation under mild conditions. In
Chapter 2 the synthesis of the oxazolone {40) is discussed and the

9

o, . o\ N
o ‘Yo, €
AN l /CH, Hy /)"‘,’l @
.o’c c=LnN |

(39) (40) ‘
potential use of the o-nitrocimmamoyl group as a replacement for
the benzoyl group at the 7-position of the B-lactam is evaluated.
The use of the o-nitrocinnamoyl group as an N-protecting group in
peptide synthesis, one that can be removed without racemization of
the peptide, is also examined in same detail.
' Chapter 3 shows that the methodology developed by Rossy for
his synthesis could also be applied to produce 3-methylcephalosporins
similar to cephalexin (23). The 3-methyl campounds are orally
active making them useful for general application. This study, which
was not mim,mpmmmmmﬂmwof@mmqe

and was in part successful. ',[‘heapproad\wasmlyaﬁmdmedm
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IS r
K coo~
HY :_Io . :
3
s NH-CO-CH
(23)

the work that is detailed in Chapter 4 became of more immediate
A interest-.
\\-.‘

As was pointed out previeusly, the Rossy synthesis did produce
the desired B8-lactam but the yields were such that the synthesis
ocould not be used as such to make cephalosporins. Hence it was
important that techniques be improved if the whole synthesis was
to be campleted. Our work in Chapter 4 was aimed at this goal. An.im-

‘ proved method for preparing the diacetonide of D-mannitol (25) is.

(25)

described. The cleavage reaction to give (26) and the formalde-
hyde reaction to afford (27) oould not be improved but a whole ' .
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new technique to give much purer and larger amounts of the key
. . intermediate (30) was developed. The mesylation procedure to give

(31) was also improved scmewhat. The sodium thiol shown as (32)

was ariginally, in the Rossy synthesis, a mixture of cis and

-
trans thiols.
)
1
CHrN CHy-N_ O
o Yo
(30) (31)
X,
o
Y-o Q\‘*"o
Nd “S~~CH—L_N C—_-N
C,H,0/
: (32) (33)

I T
s

Each isamer (41)*? and (42) was prepared separately and the
desired isamer (42) could be made crystalline and in excellent

yields fraom (33). ’ !
The condensation of (31) and (42) wasalsogreatlyinp:mad

Betteryieldswithacrystallimpu:o&:ctwereensilyobtaﬁnd




.

i

o NS
L d lo lo '
NS, - H H: :)
¢ n’>_© c N
g n s’
(41) N (42)
0 s Y
Xo\"’x NH
|
x Y30 195,
J /)
‘ (Ltkt‘c N n—¢ ‘
: +we{O)
H-C
T
( - (o]
34) (38)

rer—,
;—v-'l"""?
e

Rossy had the product (34) asayellpwoilaxﬂamtimxedwiﬂamﬁe
‘ products to the B-lactam (38). Most of the intermediates obtained
by Rossy as oils of varying purity were isolated as crystalline
i;,, " compounds.
7 Since the synthesis that we achieved used a different approach
after the condensation step that gave (34),this synthesis is treated

as a separate entity in Chapter 5. '
. /

[
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Synthesis of isonitriles that undergo Ugi-type reactions to

yield easily hydrolyzable an\lem

~

One of thev?eaknes;esofthesynthesisoftheﬂ-lactandet"—
ivative (38) was éat the isonitriles used for the Ugi condensation

generated a secondary amide at the 4-position of the thiazine ring.

(38)

Since acaxfboxylgxuxpmsdesired atthispositionsanemeﬂxodt
had to be fourld to convert this amide to the desired acid. There
are well known methods for the hydrolysis of secondary amidds to
the corresponding acids®? but the severe conditions requtrdd for
this conversion would also have hydrolyzed thelaboriously pro-
dpced B-lacta. Hence, an isonitrile that yielded an amide that ——
could be hydrolyzed under sufficiently mild conditions such that
t:heB-lact:mremhxedintactwasrqquixed. Vbam'oachedtm.s
problem in several different ways, eich of which I shall discuss

separately.
We felt that it might be possible, startingfmeitmt&

P A 1A
- Tyt g - %t
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droxylamine or m‘ap;ttpriate derivative, to prepare ah isonitrile
‘ that, after the Ugi reaction, could readily be turned into a hy-
. drowamic acid,of the type (43). Organic hydroxamic acids may be

[
L
1

R=—C —NH— OH

(43)

¢lassified as oximes®*with two tautcmeric forms (44) and (45) and
as such will undergo oxidation with lead tetracetate to yield the
carresponding carboxylic acid in a manner analogous to the oxida-
tion of aximes to the corresponding ketones®S. ‘

\ 4° N
cf _™
NOH : “now
/
H .
(44) - (45) )
i’ . .
kmmtitmmpemibhmmtfm
amic acid (46) directly into the correspanding isonitrile without
protecting the hydroxyl function. Several O-protecting groups
‘}, v 4 :‘T‘w “23?’45

s i
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HO—NH-C~

(46)

were evaluated. One of the most easily removed was the tetra-
hydropyranyl ether group. Hence this was tried first.

Phthalimide (47) was converted to N-carboethoxyphthalimide
(48) using the procedure of Nelbens and Tesser’®. Reaction of

1

(47) (48)

(48) with one equivalent of hydroxylamine hydrochloride (neu-
tral with triethylamine) in hot absolute ethanol®’ gave
the N~ (49). The free hydroxy group was
then as a tetrahydropyranyl ether (50) by treatment of
(49) with 1.5 equivalents of dihydropyran and a catalytic amunt

*

s 7

.,
BRI L

. ‘l
e Tl e s w T roden,




O=0

o= Ol
Lo

(49) (50)

o=0

of phospharus oxychloride in tetrahydrofuran for 3 hours. The
O-protected hydroxylamine (51) was then formed®® by heating (50)
with an equivalent amount of hydrazine hydrate in benzeme for 3
hours to give a 50% yield of the desired product. This long pro-

(51)
/

mmmsmmnmsnmmmmwﬂ
(51) bydirectraactimof.ﬁnhydrodﬂm.‘iﬂeaaltofhydrmyl—
amine with dihydropyran were unsuccessful. Compound (51) could be
converted to the N-formyl derivative in almost quantitative yield
by treatment with mixed acetic-formic anhydride®® in pyridine.

-
{ ~

..
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However, attempts to transfarm (52) into the isonitrile (53) using
the usual procedures*?:*! were not successful. The reactions were

N °© K X O
" JC-NH- c=N0-

{a‘

(52) (53)

followedbyirspectroscopysimeallismitrileshaveaverydwar—
acteristic band at 2120-2180 am !, but no such band was observed in
the ir spectrum of the products fram either the phosphorus cxy-
chloride procedure®® or the newer phosgene method®!. It appeared
that the tetrahydropyranyl ether of (52) was too labile to with-
stand the reaction conditions used. An attempt to prepare (53)
from (51) using the dichlorocarbene reaction discovered many years
a:;o“zl““ and recently re-examined'® was also unsuccessful.

Since the tetrahydropyranyl ether turned out to be unsuitable
we decided instead to prepare an O-benzyl derivative that would be
stable to the hydrolytic conditions of the ismnitrile synthesis but
could later be removed readily by hydrogenolysis®®.

The procedure outlined above for the synthesis of (51) cannot
be used for the O-benzylation of hydroxylamine. We attempted to
prepare N-farmyl-O-benzylhydroxylamine (59) by direct benzylation
of formhydroxamic acid (46) but this approach was unsuccessful.

L%
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HO—NH c/H o‘c—nuo CH
. g W *

(46) (59)

Hence, the following synthetic route was used. The oxime of benzo~
phenone (54), mp 141-142°C, was prepared by the reaction of hydraxyl-
amine with benzophenone in 95% ethanol"*’. However, it was discovered

that the sodiun salt of the oxime would not react with benzyl chlaride
under any of the normal conditions. Therefore, acetone oxime (55)

was prepared according to ‘the protedure of Janny®®. This oxime was

SOM JOH ‘.
N N
/“{ A
PN Ph HC M,
(54) (55)

“n
-~

then treated with sodium in absolute ethanol to generate the sodium
salt and this was reacted with benzyl chloride at reflux forzm_urs“.
After filtration and removal of the solvent, the desired product (56)
was cbtained as a pale yellow oil. Treatment of this yellow oil with
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HL . A
peean®

(56)

concentrated hydrochlaric acid at 100°C afforded the crystalline

hydrochloride salt of O-benzylhydroxylamine (57). The free
anine (58) was liberated by treatment of (57) with aqueous sodium

H,N*~O-CH H.N-0-CH
Yer '@ N '@

(57) (58)

carbonate followed by extraction with ether. The formylation of
(58) to yield the N-foxmyl derivative (59) proceeded only with
difficulty but was eventually accomplished by the very careful
addition of the mixed acetic-formic anhydride toa'solutimof the
amine (58) in pyridine. Unfortunately, attampts to transform (59)
to the corresponding isonitrile (60) were unsuccessful using the
usual procedures*®-**, aAn attempt was made to perform the de-
hydration with p~toluenesulphonyl dmlaride in pyridine’!, but
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&,
0\\ . ¢
H/C'NH'O_CHz CEN"O-CHz

L -

(59) (60)

With these failures we abandoned the idea of using a
hydroxylamine derivative and &mght that since N-acetyl-p-
toluenesulphonamide capbeprepared, it may be possible to generate
the carresponding N-formyl-p-toluenesulphonamide (61) which could
be canverted to the isonitrile (62). Any amide derived fram (61)
would be easily hydrolyzed. To this end we attempted to formylate

~

¢ ] Lo ]
Ol @
o

(61) (62)

p-toluenesulphonanmide to give (61), but the sulphonamide did not re-
act, due to its acidic behaviour, with any of the moxe common formylat-
ing reagents such as formic acid, mixed acetic-formic anhydride or ethyl
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formate. An attempt to use the phosgene —N,N-dimethylformamide
camplex (63) which is a good reagent for difficult formylations®?
gave only the condensation product (64). The condensation product

: P Y e
|:(CH,),n-c cu] cr u,c@s-n:’:-n’ " -
i “CM,
0
(63) < (64)

(64) proved remarkably stable and could not be transformed to the
desired formyl derivative (61). This unusual type of condensation,
which is not normally cbserved with:this reagent, can also be attri-

buted to the acidic nature of the amide protons of the sulphonamide. In

this case the solvent, N,N~dimethylfcamamide, was a strong enough
base to remove the proton fram the intermediate (65) and give (64)
before the usual hydrolytic work-up could be carried out.

@“}*&m

u'\ :
(65)

As in the case of the difficult fommylation of O-henzylhy-

PR
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droxylamine, we also tried the alternate reaction sequence, that is,
: b the tosylation of formamide. However, formamide and p-toluenesul-
phonyl chloride could not be made to react even under the forcing
conditions of refluxing pyridine. We therefore gave up thisg ap-
proach.

Hydrazmes are known to be easily mdd:.zed by lead tetracetate3?-SS,
'l'herefore, we felt that it was possible that acid hydrazides of type
(66) ocould be oxidized with lead tetraacetate to (67). This inter-
mediate (67) mﬂerhydrolyticccnditimswux}ddecmposeintheman-’
ner shom (68) to give the acid (69) and eas//g.ly removed volatile

[
I

camponents. !
o o
o d o)
iy iy
| Il
N|H "‘ ! )
c=0 ) t|:==o
i R
L]
(66) \ﬁ(ﬁ'l) v
‘oY%
HO
¢ 0
E_ﬁ ¢=0 _
CH
q‘ & +N+COp s § *
s =0 e
\ l

(68) (69) }
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}bwever,wefirstdesiredtoprweﬂ\apanismitrileofthe
hydrazide type which would undergo the Ugi reaction could be made.
Otherwise, any study on the hydrolysis of compounds of the type (66)
to the acid (69) uding the oxidation and hydrolysis procedure would
not be relevant. A mmber of syntheses of hydrazide isonitriles
havegemreported“:" mtinmstcasestheyie]dsMebea\
low or unstated. We decided to see if we could prepare a simple
hydrazide ismi;:filbe such as (70). .

(70)

Diisopropyl amine (71) was converted to the N-nitroso campound
(72) in quantitative yield by the action of sodium nitrite®® in a

_k .
NH N-NO
.{

(1) (72)




3
™ :
strongly ‘acidic medium. This then reduced®’ in the presdfce of
zinc dust in 90% aqueous fommic acid with mcmm"chlorme as catalyst
: the N,N~diisopropyl-N'-formyl nydrazme (73) as a

material. It was found that (73) could he oorwa:téthd
the isonitrile (70) in up to 80% yield using the usual phoegene pro-
cedure*!. Reaction of (70) with the Schiff base of f-alanine and

’ "
‘kn m-cf"o r'} ' COOM !
-~ H L

(73) ' (74)

acetone (74) in dry methanol over a period of 85 hours®? at room temper-
ature gave the B8-lactam (75) as a crystalline campound, mp 91-92°C,
after chramatography an alumina. Attempts to hydrolyze this amide

(75)
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,d,uectlyftheacid Uﬁ)mnelmvingﬂnﬁ—hctanmtactm
m&ntthishymzidemsmmmuyrmed%mmthem

dary amides of Rossy's synthesis. Aneffortwas:xadetoquartenxer

"jze the N,N-diisopropyl substituted nitrogen with methyl iodide to

| O
noL-¢—N—f'
&, !
o
7
(76)

)
"~

seewhataffectaquartemarynitzogmmﬂdtavémtheeaseof
amide hydrolysis, but this was unsuccessful - probably because the
nitrogen is too sterically hindered to react with the iodide. There
was no reaction even after prolanged heating.

Having shown that the formation of the hydrazide isonitriles
was relatively easy and that they do undergo the desired Ugi reaction

we endeavored tO prepare our initial goel, 3-amino-2-oxazolidinane (77).

)

/ I PR - s SR Eh&ifiw
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I:utlal attenpts to corndense 2-hydroxyethylhydrazine w:.t{;
plnega)eledtocmplmcmxturesw}uchcou]dmtbeseparated The

condensation of the hydrazine with diethyl carbonate®’ in anhydrous
methanol with sodjum methoxide as catalyst was more successful,
yielding (77) as a crystalline material,mp 64-66°C . The campound
could be easily formylated using mixed acetic-formi¢ anhydride at 0°C
to give a quantitative yield of the N-formyl derivative (78) as an oil.
This material was not transformed to the isonitrile as it was felt
that simple acylation of the 3-amino group of (77) with an appropriate
acidch]oridevuxldgiveusanndelupm‘vhichtotesttheoxidatim
and hydrolysis reactions. Thus (77) was acylated with benzoyl
chloride in pyridine to yield the desired hydrazide (79) in.61% yield.

o

(78) ot 9)

N-benzoyl-3-amino~2-mmzolinane (79) was then treated with one equiva-
lent of lead tetracetate in cold methylene chloride for 30 mimutes, and
then with 5% aqueous bicarbonate,and the two phases mixed for 24 hours
atroantmperaﬁmebyvimstin’mg.i After separation of the
two phases, acidification of the aquecus layer and extraction with
d:%aofm,wmwiyémica‘;idmtm@reﬂ. Over a mmber of

“\ -
——
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such reactions the yields of benzoic acid ranged fram 54% to 83%.
l\?slpdttntthereactimdoesixwolvemddatimaxﬂhydrolysisofthe
oaxidized intermediate, and not just simple base hydrolysis, the hydra-
zine (79) was stirred for the same period of time with 5% agueous bi-
carbonate solutian. Only the starting material was recovered after
24 hours, thus showing that the oxidation and subsequent hydrolysis
took place in the desired mamner. Details of the axidation itself
were not studied as they were not considered relevant to the study in
question.
Oﬂxeratteqrtstoprq:arem:azcﬁidimsmnhas(%)w&emt
successful. Selective N-formylation of the texrminal position of 2-
hydroxyethylhydrazine was not possible. Only the 2-formyl deriva-
tive (8l) was ewer isolated and this could not be canverted to the
desired product (80). Attempts to prepare (82) directly léd anly to

oI : ul -NH-C HO-CH,- CH,~ N-NH,

> S,

4

(80) ' (81)

t-hehydram (83) so this approach was abandoned.
Thus, we were sucosssful in synthesizing a compound

b
J



Q-m | no-cu,—cn,-nu-u-—(cc:' .

, (82) < (83)
(77) that i) could perhaps be converted to an~tdonitrile and ii) pro--
dwedanamidethatcauabereaduyfemvedmdermimm;qms.
We felt that, should Fechtig's?® work on the hydrolysis of amides
on cephalosporin type campounds not be applicable to our cepham
derivative, then this isonitrile provides an altt:mtive.

. (1)
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CHAPTER 2

o-Nitrocimnamoyl chloride, an easily removable amine blocking

group

4

One of the problems that had to be faced in the Rossy syn-
th&siswasﬂ\eratmraiofthebenzarddegruzpattheﬁpositim
of B-lactam (38). It is possible to remove such blocking groups

(38)
using Fechtig's procedure??. However, we believed that it would be
useful if a‘Yroup, removable under mild conditions, were substituted
for the 2-phenyl group in (33) from which the sodium thiol (42) was

prepared -

I I:
L O 1O
‘ 7

(33) “2) .



o~Nitrophenoxy acetates (84) are sametimes used as N-blocking
groups in peptide syntheses®!. They are easily removed by hydro-
genation and gentle wamming to yield the lactam (85) and the free
peptide (86). However, the cxazolone (87) with a 2-o-nitrophenoxy-
methyl substituent cannot be prepared easily, since the desired

4-ethoxymethylene oxazolones can be made readily only when the 2-

’ X
R—C—C—oR'
NH
| o R
_ . —COOR’
=t~ QL)
o,cu, " NH,
NO,

(85) (86)
(84)

(87)

substituent is either aramatic or conjugated to an aramatic ring?.
A 2-substituent which meets this requirement and which would under—
go a cleavage reaction similar to an o-nitxrophenoxy acetate is the
o-nitrocinnamoyl group. On hydrogenation and warming, an o-nitro-

o
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cmoyl protected amine (88) would generate the lactam (89) and
release the free anmine (90) in a manner analogous to (84)+(86).

‘ -

H
N —_’ N", *
SC—H (v}

H

(88) _ (90) (89)

It was possible to prepare axazolane (92) using the method
described for the corresponding p-nitro compound®?. Glycine
was converted to the N-o-nitrocinnamoyl derivative (91) by P
condensation with o-nitrocinnamoyl chloride prepared from the
commercially available acid with thionyl chloride. The result-

(o]
]
_C-0M
/c\
H “am o, by
é=0 0 C
' 4
H—C W\ I)‘f -@
m. c'"'
(91) ’ (92)

ing acid (91)mreflmnadwithaceticanhydridealﬂtrieﬂlyl
arthoformate ineﬂxylacetatefa:threem On evaporation of

‘-
i e : S S
g £ ‘__‘i ':\ K N ) * o




the solvents and trituration with cold ethyl acetate, the oxazolone
(92) separated as a crystalline product, mp 129-130°C, in about 30%
yield. This was camparable to the yield of (33) c;btan.ned fram

hippuric acid (93).

H.C-COOM
I
1O ¥
o N
©
(33) (93)

The sodium thiol (94) was prepared by treatment of (92)
with sodium hydrosulphide in methanol in the manner analogms
to the formation of sodium thiol (42) fram (33).

(o) o‘r_ T
0 0 C
H. ,)—-(: :} H >.._ ¢ ‘@
ICIN \c=_.u z
NE S

- NO
NI. s/ L §

(42) - \ (94)

It remained to be shown, however, that the o-nitrocinnamoyl
group wauld cleave in the same way as o-nitrophenoxy acetates. ’

When N-o-nitrocinnamoylglycine methyl ester (95) was hydrogen—

39
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ated in ethanol with a platimum oxide catalyst®®, N-o-aminocin-
namoylglycine methyl ester (96) precipitated fram the reaction
mixture. However, when the hydrogenation was carried out on (95)
in warm glacial acetic acid, the expected §-lactam (89) was ob-

tained in excellent yield.

W ]
H_ C-OCH, "\c _C-OcH,
C
7/
H/ \"‘“ H \'..“
?:O ?:O
H—C H-C\
Sc— e
NO, c NH,
.~ (95) (96)

>

Since the methyl ester of glycine was too volatile to iso-
late easily fram the hydrogemation reaction and we needed to be
sure that the free amino-ester was being released, we decided to
prepare same optically active dipeptides to see if i) the free
amino-ester could be isolated and ii) no racemization occured.

o-Nitrocimmamoylglycine was successfully coupled with L~
phenylalanine ethyl ester using the Sheehan and Hess procedure®®
bogivetheN—;zotecteddipeptide(Q?)asacrystallinemtgrial,
mp 149°C, in 78% yield. Bydrogenation of (97) in.umnqlacial
acetic acid with platimm oxide catalyst gave the lactam (89) and the
free peptide (98) in excellent yield and optical purity. The peptide
(98) could be easily separated from the lactam (89) by extraction.
The specific rotation of the synthetic dipeptide (98) was determined
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(97) (98)

to be [u]::sa=11.4° (c=3.80). An authentic sample showed (u]::n=
11.1° (c=2.00). It can be seen that no raoanizaticrll took place

As a further verification the corresponding N-protected glycyl-
L-alanine ethyl ester (99), mp 183-184°C, was prepared in the same

(99)

*

my“axﬂmh}dmga\atimyieldedthelactan (89) and the free

peptide (100) also in exxellent yield and optical purity. The
specific rotation of (100) was determined to be [u],::,,-37.3°




O,  wwodwdion

(89) (100)

(c=1.60). An authentic sample shouad {a]::u-39.4‘ (c=2.00).
These results demonstrated that the o-nitrocimnamoyl group
oouldbequiteusefulinpq:tidesynthesesarﬂthatitisentjrely.
possible to prepare an oxazolone (92) such that the resulting amide
on ring opening can be removed under very mild conditions. This
protecting group was not applied to the general Rossy synthesis
asitissmvtatexpmsiveaxﬂ@dmlybeappljeda\oethe

methodology of B-lactam formation had been thoroughly proven.

c= |
c,Ho’ H !

- (92)
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Preliminary studies towards the synthesis of 3-methylcephalo-

sporins

This study was undertaken to determine if same of the method-
ology developed by Rossy during the course of the synthesis of
cepham (38) could be applied toward the synthesis of a 3-methylcephalo-
sporin derivative such as cephalexin (23).

C=0
™ N
NH-CO-CH
) o
8

(23) (38)

This would require a starting material which would differ
fmnthe'meusedinthesynﬂlesisof (38) only in that the
"terminal™ oxygen function would be missing. The hydroxy group
at C-3 would still be necessary in a suitably protected form, in
order to introduce the double bond.

Methacrolein (101) was chosen as a compound analogous to (28).
It is readily available and inexpensive. It has-<the required
2-methyl substituent and a double bond that can be substituted so
umﬁwazmmu%wm,mmmiﬁm,a
qoodleav:hggrmpthutmbediaphcdbytbthiol (42) to give

) {
i

h\
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(102) in a manner analogous to the formation of (35).

" N
et o— oM
a"l ‘ ’ ><o__ \/
. (101) - (28)

(42) (102)

X

g ;

F'o)_@

N
Il -
.

o (35)
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Since methacrolein is unstable and polymerizes quickly at
room temperature, we felt that is;was necessary to first protect
the aldehyde before functiocnalizing the double bond in the desired
manner. Attempts to use N-methylethanolamine (29) as a protecting
group for methacrolein to give the oxazolidine (103) analogous
to (30) were unsuccessful. Mixtures of the 1,1 and 1,4 addition
products which could not be separated by the narmal means were
cbtain;d. Therefore, methacrolein diethyl acetal (104) was prepared

E. ]

CH;-N_ O
Y
[ ] CH
CHy-NH OHM ric"'
(29) (103)

(30) (104)

45
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using triethyl orthoformate in ethanol with ammonium nitrate as
catalyst®®. Attempts to prepare the 2,3 diol (105) fmntheacet:al
(104) using amwmmmmmm“&m
potassium permanganate®’ procedures led only to camplex mixtures
that could not be separated by distillation. However, we felt that
the epoxide (106) might undergo a ring opening reaction with a thiol

HCO, OCM, HLPO, OC,H,
HL—&—oM HE

Hg-on :

o

(105) ©(106)

to give the 2-hydroxy-3-thio derivative (107). Thus the epoxide
(106) was prepared uging m-chloroperbenzoic acid in methylene
chloride®®.

(107)

- N ) R LA e owpe L .
! : T v b ety FT T,
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It was found that the resulting epoxide (106) did not react with
thio;oetic acid to give (108). Reaction with th:l.an':ea to give (109),
. #xom which the corresponding thiol (110) can be made®’-7°,was too
slow to be of any interest. Reaction of epoxide (106) with potassium
thioacetate gave only camplex mixtures. However, the 'thiol (1;0)
could be isolated in good yield by treatment of (106) with hydrogen

sulphide in methanolic sodium hydroxide’!.

HCO, C‘loc’"' H,C,G\C“OC,N,
HL—C—OM HL—{—OH
HE—S-C-CH, “P‘S\f"‘"
& ' .
(108) (109)
HCO, ,OC,H,
HL—C—OH '
—SH ’
L \\
. |
(110)

Because the epoxide (106) would not react cleanly with either
poﬁasshmthiowe&be&thimmdmmtatwmitsmﬁn

A ~
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hd 9
3 N
h

‘ with sodium thiol (42) according to the Rossy procedure.
Since thiol (42) was prepared by treatment of t.he' ethoxy-
methylenecxazoloné (33) with sodium hydrosulphide we felt that

(o)
o ‘ﬁ_.o \\
Jr0 AT,
N C— N
nNds” . c,u.o/ 3 \
(42) (33)

the ethoxy substituent may be displaced by thiol (110) in a like

" ' manner. mstandjngin;yridinefarﬁvedaysatroantemerattme
(110) and (33) condensed in the desired way to give the compound
(111) in 75% yield.

. Aﬁl&D

a2

- o

(111)
B ' Indrdu-tocmtirmwithﬂxesyntheais thedmﬂxylacetal
* hadbobe:umved mﬁntefa'etriadhowteﬁmealdehyde
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However, it was discovered that the thiamethyleneoxazolone did not
survive the strongly acidic conditions necessary to effect the
hydrolysis. Altlm:ghtheaoéiai\was hydrolyzed in less than one
mnuuein9osaquemstr1f1mma2eticacidamm51mrsinm%

L

trifluoroacetic acid in agqueous acetone the material isolated
fram these reactions was so impure as to be no further use.
These results showed that we needed a more easily removable
protecting groip such as the N-methyloxazolidine fundt{on (112).

(112)

Since neither the oxazolidine of methacrolein (103) nor that of
the correspanding aldehyde-epoxide (113) prepared according to the

CM,—L___IO H,O—L—_O]
CH T . ‘
L. o
v R
.
(103) (113) -
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procedure of Payne’? could be synthesized as a pure campound , it
was decided to convert the labile thiol (110) into the much less

reactive disulphide (114). On waming (110) in dimethylsulphoxide

HCPO, ,OC,H, HCO, ,OCH, HCO, ,OCH,
?ﬂ CH
HE—C—OH H,C-G—OM uo—#—cu.
HF"‘S“ , ch\s s/w’
(110) (114)

at 85°C for 18 hours’?, the disulphide (114) was isolated in 63%
yield.

Its diacetate (115) could be prepared in 92% yield from the
disulphide (114) using p-dimethylaminopyridine as catalyst®’. we

. proposed to then hydrolyze the acetals in (115), reprotect the

—OAc -tH,
H ]
\8——8
(115)

resulting dialdehyde with N-methylethanolamine to get the diox-
azolidine (116), then cleave the disulphide to obtain the desired

50
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thiol (112a). The work that is detailed in the next chapter

became of more immediate interest to us at the time and these studies
were discontimed. However, we have shown that, with same modifica-
tions, the methodology and intermediates developed by Rossy for L
his cepham studies could be applicable to the synthesis of a
methyloephalosporin. Much work remains to be done and this is .
discussed in the section on "Proposals far Further Study”.
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CHAPTER 4

Imyovements in the synthesis of key intermediates: same new

abservations

B Vs

The synthesis of cepham (38) developed by Rossy suffered
from the fact that several steps proceeded in relatively low
yield, and that scme‘ intermediates could ndt be purified with-
out resorting to chramatography.

In order to proceed with the synthesis, it was imperative

\ to simplify the synthetic sequence so as to make key intermedi-

ates easily available.

(38)

The starting point of the synthesis was D-mannitol (24) fram
which the diacetonide (25) was prepared using the known procedures?’.
Since this procedure rarely gave as much as a 50% yield and involved
large quantities of reagents we felt that an improved method for its

preparation was possible. It was on this basis that a study of
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the formation of the acetonides of D-mannitol in acidic solutions

of acetone and dimethoxypropane was undertaken with Dr. G. Kohan.
Discouraging initial studies showed that when a suspension

of D-mannitol (24) was stirred in a mixture of dimethoxypropane and

acetone at roam temperature with p-toluenesulphonic acid as catalyst,

the triacetonide (117) was formed rapidly. However, it was then

discovered that if stirring was continued for langer periods, thin

layer chramatography also-showed the presence of the desired

diacetonide (25). The concentration of diacetonide in ‘the reaction

—OH —
HO— HO —

' —OM —OH
Ho—| —
HO— o—

- (24) ’ (25)

(117)



mixture seemed to reach a maximum after one and a half hours,

after which it declined rapidly. After filtration to remove un-
reacted mannitol, neutralization with potassium carbonate, and re-
moval of solvents, a 50% yield of the mixture of di and triacetonides
was isolated. One recrystallization fram either hexane or petroleum
ether afforded the pure diacetonide (25) in 20% yield. Although

the yield of this reaction was lower than that of the Baer and
Fisher procedure?’, the shortness of the reaction time and the fewer
reagents required, as well as the simple work-up, made this new pro-
cedure more suitable for the formation of large quantities of the
diacetonide (25).

We felt that since the triacetonide (117) was formed initially,
the diacetonide may have been farmed by an umsual mechanism in-
volving two molecules of the triacetonide (117) and ane of mannitol
(24) to yield three of the diacetonide (25). However, prolonged
stirring of these ratios of triacetonide and mannitol in acidic
solutions of dioxan or dimethoxyethane did not lead to the forma-
tion of any diacetonide (25). |

Fram the diacetonide (25), glyceraldehyde acetonide (26) was

H_ 40

C

o._,

(26)
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prepared by cleavage of the vicinal diol with lead tetraacetate in
benzene. Reamoval of the benzene solvent by distillation led to loss
of some product by co-distillation and polymerization. Since the
formation of the dioxan (27) took place in an aqueous medium we
attempted to perform the cleavage reaction with aqueous periodate.
Isolation of the generated glyceraldehyde acet:a'ude (26) then would
bemuxeoess;ry Even after prolonged stirring in potassium per-

iodate solutions buffered at various pH values to protect the

ro\/on

X

(27)

isopropylidine group, the diacetonide (25) was recovered in nearly
quantitative yield. Thus the cleavage reaction and subseqgbient near .
quantitative transformation of the distilled glyceraldehyde acetonide
(26) to the dioxan (27) could not be improved.

During an attempt to distill the dicxan (27) Rossy dicovereft
that formaldehyde was evolved when the pot temperature exceeded “
130°C. When evolution of formaldehyde ceased and the residue was
quickly distilled under high vacum, the distillate was found to

be principally 2-hydroxymethylglyceraldenyde acetonide (28).
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However, never more than a 50% yield of the hydroxy-aldehyde
(Zs)msobtlainedfranthispyrolysisreactim. The yields of the
reaction dropped considerably below that figure when attampts were
maietoprepar‘e]a{:germmts. The distillation ocould not be per-
formed quickly encugh to prévent the hydroxy-aldehyde fram polymer-
izing in the distillation pot. Thus an altemative to the pyrolysis
had to be foud. N-methylethanolamine (29) was used to prepare (30)
fram the hydroxy-aldehyde (28). We believed that since formaldehyde

®
] /
><°“\/°" CHyNH  OH -
ol |
(28) (29)
: CHyN |
- Y- "
- 0 o B
Yo
(39)

0
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was liberated fram the diocan (27) so easily, the campound might react
.‘ with N-methylethanolamine (29) directly, to give the oxazolidine-

alcahol (30) and N-methyloxazolidine (118). Treatment of the dioxan

(118) /

(27) with 2 equivalents of N-methylethanolamine ir reflwting benzene
rapidly nled to the farmation of (30) and (118). /Water was azeotroped
fram the reaction mixture with benzene and, on ation of the
solvent, N-methyloxazolidine (118) oo—distiller;.u The residue was
vacuum distilled to give an 86% yield of the gired oxazolidine-
alcohol (30).

This new procedure had several advantages: i) It permitted the
elimination of one step; ii) The step eliminated proceeded at best
in 50% yield with the yield decreasing dras Yy upon scale-up;
iii) The formation of a 10% impurity, which le had to be
remwoved by chramatography, was eliminated. E

Formation of the oxazolidine-mesylate (bl)/fmm the alcohol (30)
required great care. Too rapid additon of the mesyl chloride at -5°C
in the original procedure led to severe redudticns in the claimed
yield of 80%. It was discovered, however, th‘gt the rate of mesyl




chloride addition was not so critical when the reaction was carried
out at -50°C, At this temperature virtually quantitative yields of
the crystalline oxazolidine-mesylate (31) were obtained. |

l I ¥
CHs-N_ O . ow__o
0—\_OMe m-s..a:_u)j@
Xo
[}
(31) (32) )

The next reaction in the Rossy sequence was displacement of the
mesylate of (31) with the sodium thiol (32) in dimethylsulphoxide to
give the axazolidine-oxazolone (34). The sodium thiol (32) had been
prepared from the ethoxymethyleneoxazolone (33) by treatment with
sodium hydrosulphide in methanol for 30 mimites at 5°C. The. sodium

thiol (32) had been precipitated with ether to give a brown amorphous

*

o | X\ o |

c,H,07

(33) (34)
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solid. We were not satisfied with this procedure or the quality

of the sodium thiol produced so a study was undertaken to see if

the condensation reaction corditions developed in Chapter 3 were
applicable to this synthesis. In that case the thiol (110) had

been condensed with ethoxymethyleneoxazolone (33) to give the acetal-
oxazolone (111) in good yield.

HCO, ,OC,H, HCO,  OCH,

“;E:“ "'°'é'°" %j: O

(110) (111)"

Treatment of the mesylate (31) with ane equivalent of sodium
hydrosulphide in methanol at roam tarpé:atm:e or under reflux gave
only complex mixtures. Attempts to use sodium sulphide to give
the sodium thiol directly were also unsuccessful. However, the

oxazolidine-thioacetate’® (119) could be prepared. The mesylate (31)

CHs-N 0

N

seforlen

(119)

A
™
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was refluxed in the presence of exoess potassium thioacetate in

2-butanone for 3 hours. Filtration ;nd evaporation of the solvent
afforded the pure thiocacetate (119) as a yellow oil in quantitative
yieid. However, attempts to generate the thiol (120) fram the
thioacetate (119) were not successful. Treatment of the thio-
acetate (119) with excess methoxide in methinol led to the formation
ofanintemediatethatwasnnrepolarthantheétartjngmaterial
according to thin layer chramatography but, even after prolonged
re;actim periods, same of the starting material renalned Neutral-—
ization and evaporation of methanol resulted in the recovery of
the almost pure starting material, thioacetate (119). It is
possible that a stable addition product such as (121) which was

in equilibrium with (119) was farmed in the reaction mixture.

A

1 Na’
CHyeN O CHi~N__o s
| O e,
e
(120) . (121)

This could then revert to the starting material in work-up as shown,
(121a).

To try to circuwent the formation of such an addition product -
a recently deacribed procedure’S for the hydrolysis of thioacetates

4

a
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(121a)
\

using strong non-mucleophilic bases was employed. However, treatment
of the thioacetae (119) with either potassium t-butoxide in t-butanol
or lithium triphénylmethane in ether led to entirely analogous re-
sults to those described above. In these cases an intermediate of the
type (121b) is postulated. Inmost thicacetates, removal of a pro-

v

. ok
CH N 7 ow:
N

| Xo

Y

(121b)

&

T ton and subsequent fommation of ketene was the hydrolysis mechanism
cbserved’S. However, attempts to trap the inbemlediate (121b) by
reaction with methyl iodide were unsuccessful. .

Since the.thiocacetate (119) could not be hydrolyzed to form the
desired thiol (120) and the thioaurea derivative (122), fram which
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(122)

the thiol (120) could perhaps be made, could not be formed cleanly,

/thisamroadlwasdro;ped

-

We turned our efforts to improving the method for preparatlm

;ofthesodimthml (32) axﬂmprovingthesubsequmtcmﬂmsatlm

!

reaction to give (34).

“
-

LG
O (3100

(32) (34

O

'm:lolmthyla:emazolm (123) could be prepared as follows®?.
A pyridine solution of the eﬂm&ymﬂxylenecnazolme (33) was

62
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c,H,0” 4 0
(33) (123)

sahmatedu{ithhydrogmsxﬂphidearﬂalhwedtostap}iat/roantan-
perature for 24 hours. It was then poured into diiﬁgg agqueous hy-
drochloric acid. After filtration, the thiol (123) crystallized
from the filtrate in about 10% yield. Extensive efforts were made
to improve the yield but were not successful.
It was then discovered that if the ethoxymethyleneoxazolone
(33) was treated with one equivalent of sodium hydrosulphide in
me 1 for 2 minutes at '0°C and the reaction mixture poured into
dioxan, the sodium thiol (42) separated as yellow starlike /
on cooling. The average yield over several runs yas 85%. .
free thiol (124), prepared fram (42) by precipitation f ' {

(42)
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aquecus solution with acetic acid, ‘proved to be a different isamer
from (123). The actual stereochemistry was assigned by Spectral
means (see following page). cis-Thiol (123) can be drawn (123a) to
show the hydrogen bonding between the thiol hydrogen and the oxazolone
carbonyl. This reduces the carbonyl stretching frequency'ofthe
anhydride type doublet to 1760 am ' and 1710 am !. The C-N double
bond streching frequency appears as a shoulder at 1690 an '. In

(124) the trans-thicl, the hydrogen bonding shown (124a) reduced

the C-N double bond frequency to 1660 cm ' while the carbonyl an-

hydride doublet appears at 1805 cm ' and 1800 cm ‘.

P

20 3O

(123a) ' (124a)

We believe the nmr spectra corroborate this evidence. The
relative chemical shifts of cis and trans B-hydrogens in a-8 un-
saturated carbonyl compounds is well documented’¢"7%., Compounds
analogous to (123) and (124) have not been studied but general
trends indicate our assignments are probably correct.

The methylene proton in (124) appears as a singlet at 7.3 §

&

.
.
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! whereas the more deshielded methylene proton in (123),trans to the
. carbonyl but cis to the nitrogen, is shifted down to 8.3 §.

Mwmrawmemaumofmﬂmeimsdlm“

to assign the stereochemistry of (42) with certainty far the first |
time.

Since the condensation reaction of sodium thiol (42) and
mesylate (31) in dimethylsulphoxide was difficult to wark up and

o] ; L l l
1O 7
N -s/c N >< OMs

%
v

(42) (31)

gave an impure product, we wished, if possible, to awoid this solvent
for this reaction. Potassium thiocacetate was observed to displace

° the mesylate (31) cleanly in refluxing 2-butanone in 3 hours. Hence ,
we attempted to use the same conditions for the condensation of (31)
and (42). After only one and a half hours with a 30% excess of the
sodium thiol (42), thin layer chromatography showed little or no
starting mesylate- (31) and one major product with several minor pro-
ducts. The dark coloured reaction mixture was filtered through
alunina to remwe the coloured impurities and the cxazolidine-oxazo~
lone (34) was isolated as a yellow crystalline material, mp 127°C, in
50-55% yield. This relatively low yield may be attributed to an
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attack of the thiol (42) on the labile oxazolidine protecting group
of the mesylate (31)' as a campeting reaction. Such reactions have
been observed by Mr. B.Y. Chung using the sodium salt of 2-phenyl-
4-hydroxymethylene-5-oxazolone in an analogous displacement attempt.
The hydrolysis of the aoxazolidine protecting roup in (34) to

give the corresponding aldehyde (35) was carried out by treatment of

(34) (35)

(34) with 50% aqueous acetic acid for 1 hour at roam temperature as
before. Dilution of the reaction mixture and extraction with chlaro-
form afforded the crystalline aldehyde (35), mp 80-81°C, in up to
80% yield. Entirely similar results were obtained when the cis
sodium thiol (41) was used in place of the trans sodium thiol (42)h
for the condensation reaction. The aldehyde-oxazolone (35a) was
obtained as a white crystalline solid, mp 83-85°C.

Attempts to convert the aldehyde ocxazolone (35) to the’cor-
responding aldehyde acid (36) were less successful. The hydrolysis
reaction was followed by ultraviolet spectroscopy.

)
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(35a) (41)

(36)

The& thiamethylene-oxazolone (35) has a characteristic uv absarption
at 360 rm. Upon hydrolysis of (35) to the acid-amide (36) the w
spectrum should shift to the absorption characteristic of a ben-
zamide and a B-thio-substituted enone, namely about 225 rm and 285 -
m®®. However, when the hydrolysis was carried out in 2N aqueous

sodium hydroxide®!, a rapid shift of the 360 nm absorption to 330

nm was observed after which there was no further change. The 330 rm

abearption is characteristic of the hydroxymethylenecazolone salts.
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Ths, displacement of the thio substituent of the oxazolone by hy-
sodium salt of the hydrostymethylenecxazolone (125) was observed to
precipitate fram the reaction mixture. Any amounts of the acid
(36) cbtained fram this reaction were always very small as observed
by Rossy?® in his synthesis. Whereas we obtained a clean crystalline
aldehyde (35) fram the hydrolysis of (34) the material obtained by
Rossy from the same reaction showed no spectral evidence of an
aldehyde function. It is believed that the hydrated aldehyde or

a cyclic tautamer may have been the material that was converted by
base to the acid (36).

(125) Lo

S

We felt that it was possible that this problem could be
ciramvented if a milder base such as agueous sodium bicarbonate or ,

. carbonate were used to open the oxazolone. However, no reaction

AR S
s ¥

Kl

was cbserved when a suspension of (35) was stirred for prolonged
periods in a solution of sodium bicarbonate or sodium carbonate.
On heating these aqueous suspensions or on addition of a co-solvent
such as dimethoxyethane, dioxane or tetrahydrofuran to give a

¢
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homogenecus solution, results similar to those obtaingd with aqueous
sodium hydroxide were cbserved. Reaction of (35) with bicarbonate
inSO%aquepusmethamlledtoadiffermtr&mxlt. In this case
the uv spectrun showed the desired 285 nm and 225 rm absarpt jons.
When the reaction mixture was diluted with water and extracted with
chloroform to remove neutral impurities befare acidification, all
thenaterialwasobservedtoextractintoﬂxe‘dﬂnrofonnfrunthe
basic aqueous layer. It was identified as a mixture of the methyl
ester-aldehyde (126) and the corresponding hemiacetal (127) isolated
as the acetate(l27a). How the methyl ester is formed in basic
aqueous methanol is not understood. The reaction does not take

r

(126) (127)
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place in the absence of a base. The axazolone of (35) is quite stable
in neutral aqueous methanol. It was ariginally beueved that the
hemiacetal (128) was fommed first, then a base initiated internal
methoxy transfer of the type shown, (129), leading to (126) was the

\"t u

;

Lﬁmi@ :}@ ‘
o
(128) (129)

mechanism of ester formation. However, it was dlscomred that the
oxazolidine-cxazolone (M) also undervent the same ring opening
reaction to give (130). In dry methanol using 10% triethyl-
anineascatalyst,theester%atlmmscmp in less than
10 minutes at room temperature on both (34) and (35). Since the

(34) ‘ )
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Foe 1o

. " (@35)

proposed hemiacetal formation.and methoxy slnftls not applicable
to (34), same other unknown mechaniam must be involved. It was
observed that the rate of the reaction was a function of base con-

centration but a rate study yas not undertaken.

The oxazolidine-ester (130) could be converted to the corres-
ponding aldehyde (126) in quantitative yield using the aqueous
acetic acid procedure. This led to an aldehyde free of hemi-acetal

(127) and this route became the preferred procedure.
smoeweweremabletohydmlyzemeamerp}de-aamime (35)
to the acid (36) in acceptable yield, we decided to develop a
synthesis of the cepham (38) using the methyl ester (126) which we
- were able to prepare in good yield. The synthesis and its variations
- are described in the next chapter.

-~
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CHAPTER 5

Synthesis ‘of a cepham derivative

The aldehyde-acid (36), which is an essential intermediate in
the Rossy synthesis of cepham (38) could not be prepared in a

satisfactory manner.,

"
o C=0
CHO | ¢0
e\ © i~"-«=<<:>> -
0 3

(36) (38)

, However, the corresponding methyl ester (126) could be made
in good yield and purity. Hence, we attampted to develop an

? I

i

(126)
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alternate synthetic route to the cepham (38) using an ester as »
a starting point. We wanted to prepare (36) fram (126) but because
of the many functional groups in (126) we anticipated that selective

hydrolysis of the methyl ester might prove difficult. We thus

4attatptedtoremvetheneﬂ1yl&cterof (126) under the mildest

hydrolytic conditions possible. However, after prolonged stirring
of the ester (126) in agqueous tetrahydrofuran or aqueocus diocxan
solutions of bicarbonate or carbonabe only starting material was
recovered 'I‘reamemtoftheesc;ez(l%)mthexthere:wessor
meeqmvalentofsodnmhydm:miamaq:eoustetrahydrofuranledto
the disappearance of starting material according to thin layer
chramatography, but the acid-aldehyde (36) could not be isolated.
Attampts to generate the acid from the ester using anhydrous lithium
iod'ideinpyridir\e"ledmlytoblad(tars. Entirely similar

results were obtained using the oxazolidine-ester (130).

f

(130)

'misledustoseeifweomldptepareanotheraterﬂm_;
could be removed more easily. We wanted an ester that ocould be
+7 .
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hydrolytic methads. L
We discovered that the cxazolidine-oxazolone (34) would

undergo ring opening reactions to give the corresponding ester

only with primary alcohols in the presence of a base. Secondary

- and tertiary alcohols would not react even after prolonged heating.

This gave us only a limited nuwber of esters of the type we

desired from which to thoose. n&.e BBB-trichlaroethyl ester (131)
\ B

!

*—Pi O T L

(34) : iy 7

could be prepared as could the benzyl ester (132) and the p-anisyl

ester (133). At this point we wanted to see if we could prepare .

i

(132) (133)
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g
.

the corresponding imines (134) fram t:heseJalldehyd:e—este:gL '
The conditions used by Rossy for the formation of the imine .
acid (135), bubbling of amonia into boiling benzene fot 24 hours, \
were considered unnecessarily vigorous for the formation of the
corresponding imine-esters” (134) in which the cyclization reaction
would be expected to take place more easily. Thus, the methyl ester
(126) was dissolved in a number of solvents such as ethanol,

v

. .
. N "—m I \“ ?i—m - -
57 wnc-m ¢ HeP
‘ | , 8
(134) . a3y

0 .
.k /8%. ,
Je=c(
-~ 2 \ ‘ m‘C'” °
el | g
(126)
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dimethylsulphoxide and dimethoxyethane and solutions were

. saturated with ammonia at 0°C and then all to stand at roam

ﬁetperature. The change in the uv spect.nmlas a function of time
was used to follow the reaction. The ion at 285 nm character-
istic of the f-thio substituted a,B-unsaturated ester, which would
disappear upon ring closure, was observed to decline in all solvents,
while the 225 rm benzamide absorption remained undﬁnged. The 285
m absorption disappeared campletely within 3 hours in dimethoxy- "
ethane or ethanol and after 5 hours in dmethylsulpinm.de However ,

a small absorption at 275 nm which could not be explained, appeared

in both ethanol and dimethylsulphoxide but not in the dimethoxy-

ethane reaction. Thin layer chromatography also indicated a cleaner
product with the latter solvent. Upon ocamplete evaporation of
dimethoxyethane fram the reaction,the imine (136) wafogbtained as

a crystalline solid, mp 125-128°C, in 70% yield. In a like

manner the benzyl ester-imine (137) and the p-anisyl ester-imine (138)

(136) (137)



£

(138) (139)

‘could be prepared as amorphous solids. Attempts to prepare the tri-

chloroethyl ester-imine led only to the formation or what appeared
to be amide—imine (139)*. We then undertock a study of the hydrolysis
of both the aldehyde—esters and the imine ester. Attempts to use
the previously mentioned hydrolysis methods on (136) led chiefly to
hydrolysis and decarboxylation. The decarboxylation proceeds pre-
sumably after isamerization of the double bcnd to give a B-imino-
acid. Such compounds are known to decarboucylate easily®?®, Attenpts
tohydrogerblyzethebenzylesternnine (137) using palladium on
charcoal in t-butanol ar ethanol were unsuccessful. Only starting
material was recovered after 24 hours. Attempts to use the nitrous
acid deamination®? of the amide-imine (137) were also unsuccessful.
Treatment of the p-anisyl ester-imine (138) with trifluoroacetic
acid led only to camplex mixtures in which there appeared to be

) nomjorompamt We, thus, attemptedt to remowve the trichloro-

ethylester in (131) using zmcmaceticacmarﬂzim in methanol.

@
* This reaction was carried out by Mr. S;G.Kim

t+ With the help of Mr. S.G. Kim
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B ]
0 o
(131) (126)

In acetic acid a general decaomposition of the molecule was observed
while in methanol only the methyl ester (126) was isolated.

At this time a newmlld procecure for the hydrolysis of
methyl esters involving treatment with lithium n-propyl mercaptide
in hexamethylphosphoric triamide®® was brought to our attention®S.
We did not feel that the imine-acid (135) generated fram this
reaction could be isolated from the hexamethylphosphoric triamide
solvent. Hmce,weplamedt‘operfonntbe hydrolysis and the sub-
sequent Ugi reaction without isolating the intermediate imine-acid
(135). The methyl ester-imine (136) was treated with 2 equivalents
of lithium n-propyl mercaptide in hexamethylphospharic triamide and
allowed to stand at roam temperature for 1.5 rnur.:s The mi;ture
was then treated with deoxygenated phosphate buffer solution and
cyclohexylisonitrile in a mixture of methylene chloride/carbon |
tetrachloride. The two phases were mixed with vigorous stirring for
12 hours. *mecnﬂepmductwasobeez:vedbocuntainambstmtial

79

amomnt of the B-lactam' (38) as evidenced by the infrared abearption

i
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2

(38)

(1740 - 1750 am '). The crude mixture was purified by means of
'ﬂﬁnlayo,rd)rmatggraphy. Two bads were removed fram the thin
layer plates. Both were observed to contain the S-lactam as
evidenced by their ir spectra and both showed m/e = 473 M') in
their mass spectra. 'Iheupper?andamearedtobepmer,givhxg

a strong B-lactam ir absorption (see following pages for ir and mass
spectrum bar graph ). Each band represented about a 30% yield.

The nmr spectrum of the purer upper band,while of a mixture of
two isamers, was amsistenr)withthestrmmre (38).

On attempts to repeat the reaction it was discovered that
yields of the f-lactam obtained were very variable. Such factors as
temperature, pH of the aqueous phase, and timing were found to be
critical. Optiram conditions have not yet been worked out.

. Because of "the large mumber of campounds mentioned in connection
with this synthesis the ommplete synthetic sequence is diagramed on
pages 83 and 84. 'Iheavarallyieldstartirqftunthediacetmj:ie(%)
to the imine ester (126) was 18%. Optimization of the final reaction

is now being carried out by Mr. S.G. Kim.
&
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* Proposals for Further Study

Since the work that has been described in the preceeding
chapters is a series of studies aimed at synthesis of cepham
derivatives, severalmvavenmforﬁn‘thersuﬂyvereopened
that could not be investigated.

In chapter 1 the oxidation of the N-benzoyl-3-amino-2-ox-
azolidinone (79) and the subsequent hydrolysis of the oxidation
product is described. Ashﬂyofﬂxenedxanisnandpzodwtsqf
the initial lead tetracetate oxidation as well as the products of
the hydrolysis, besides the isolated benzoic acid, should be under-

taken.

C=0

9

(79) v : ,

had

s
ooy o

L
cmptersisauyamlmm:yéunymm)é?“‘éyqﬂ:eé‘mofa
» 3-methylcephalosporin and mch work remains to'be-done. The acetal-
cazolone (111) is described but the acetal could not be removed
fraom the molecule without causing a decamposition of the cxazolone.
A study to determine if a relatively easily removed acetal such as
the 8ag~trichlorcethyl acetal which can be removed with zinc powder

Q

A
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(111)

could be undertaken. However, a contimiation of the attempt to make
useoftheeasilyremved,N—nethylmazolidiheprotectﬁ:ggru:pafter
the removal of the acetals in the disulphide (115) is indicated. A

W\ WUW\m’oc'n.
—OAc A,oj:cu‘
J H \ .
8§ —8

(115)

@swdyofﬂrecleamg_eofthedisulphideinthe;resaweofthislabile
protecting group should also be made. Once the aldehyde-oxazolone
(102) has been isolated, a study to determine if the cxazolone ring
Wreactimwithprhmyalcdwlsinﬂnprmofnbue
observed in chapter 4 is applicable to (102) should be undertaken.

Mnmnimofﬁdsrii\gmmhogivemesm

'mga'mmmmmmmmmmm.
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(102)

Its rate was observed to be a function of base concentration. Since
thereactjmisused‘inthesyntheticsequmcetoprodtmthe

{
B-lactam (38) knowledge of its mechaniasm would be extremely useful.

™
C=0 y .
—c ,
w0
(38)
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. . Contributions to Knowledge

A new jsmitrile that, after undergoing an Ugi type conden—
sation yields an amide that can be removed under mild conditions
is described. .

/&\_. AnewN—protectinggroupforpeptﬁesyntheéis,onethatcan

berm:edbyhydrogamtimwith\mracanizatimofﬂxepeptidg,
was developed.

IAravsyntheticm\n:etoaceﬂmd_erivativemkméuseof
hmim:emlediates.msacanpliahed. Also many improvements on
the synthesis of these intermediates were made.

Several new campounds were prepared and characterized.

88
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coated plastic plates (Eastman Kodak) and on a preparative scale an

89

EXPERIMENTAL
\

Meltingéointsweredetemdnedma&llerﬂcanpblockaxﬂare
uncorrected. Mass spectra were cbtained on an AEI-MS-902 mass
spectrmleteratmevusj.ngadi.reét insertion probe. Nmr spectra
were recorded on Varian T-60, A-60, and HA-100 spectrometers
using tetramethylsilane as an internal staniard. Doublets, trip-
1ets,andquartetsinthermrspectral:3atawemereco:dedasthe
cermreofﬂxepeaksarndmLtipletsasﬂmeixrar)geofabsa;tim.
Ir spectra were cbtained on a Unicam SP-1000 and a Perkin-Elmer
PE-257 infrared spectrophotameter. Uv spectra were recarded
usingaUnimSP—BOOspect:optntcnuter Optl.calmtatimswere o
measured with a Perkin-Elmer PE-141 autamatic polarmetgr. An-
alytical thin layer chromatography was performed on silica gel
silica gel (Merck UVass, 3¢s) coated glass plates. Woelm alqnina1
(rmtral)anisilicaqelwereusedforcolumdmmbography ,
Microanalyses were carried out by C. Daessle, Montreal. Allchend.cals
are "Reagent Grade"™ unless otherwise specified. !
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EXPERIMENTAL - CHAPTER 1

-

]

. Preparation of N-carboethoxyphthalimide (48)

" Pnthalimide (500 g] was dissolved in a mixture of dimethyl-
formamide [1800 ml] and triethylamine [500 ml]. The solution was
cooled to 1’0°C with an.ice-water bath. Ethylchlarofcrmate
[350 ml] was added over a period of 45 minutes with mechanical
stirring during which time the temperature of the solution rose to
25°C. After the addition was campleted the reaction mixture was
al]&aedtoétarﬂatb’Covemightttmpmredinboco.ldmter
(9000 ml] with good mechanical stirring. The precipitated product
was removed by vacmmm filtration, washed well with water and allmedQ
to air dry. . ’ \
Yield: 650 g (87%) , mp 78-79°C (1it?*: 80°C)

Ir (CHCl,): 1815/1785 (O=C-N-C=0), 1735 (C=0), 1615, 1480, 1375,
. 1330, 1110, 1090, 1030 an '
N (OMSO - d¢): & 1.5(t,3), 4.6(q,2), 8.1(s,4) .

\

‘ Preparation of N-hydroxyphthalimide (49)

Hydroxgglamine hydrochloride [10.8 §, 0.155 mole] wes dissolved,

_ in hot (70°C) absolute ethanol [150 ml] and triethylamine [31.4 g, .

0.310 mole] was added. N-carboethoxyphthalimide (48) [34.0 g, 0.155
mole] was added quickly with vigorous stirring. The resulting solu-
tifmwas&:encooledinimmmimudpm‘redinto

A
1
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dilute hydrochloric acid [800 ml cmtain:lng 25 ml conc. HCl] v;lth

good mechanical stirring. The yellow-brown solution turned colour-

less on contact with water and a white precipitate was formed.

The product was ramvedbyvaamfiltratim,msmdweliwitnwa{;er

and dried in.vacuo at 65°C.

Yield: 17 g (68%) , mp 225-227°C (Lit®’: 230°C)

Ir (CHCls): 3400 (broad OH), 1765/1735 (O=C-N-C=0), 1610, 138D,
Ay, .

1290, 1110, 1090 cm ®

Nur (CDCls): & 7.7(s,4), 8.0(s,1)

Preparation of tetrahyiropyranyl ether of N-hydroxyphthalinide (50)

N-Hydroxyphthalimide (49) [10.0 g, 0.061 mole] was dissolved
in tetrahydrofuran [200'ml] at room temwperature. Dihydropyran
[11 ml, 0.120 mole] and phosphorus oxychloride [5 drops] was added
in one portion. Mmbct\mewasgllowadtostandatmantmpérasme
for 3 hours, then evaporated to dryness under reduced pressure. The -
product crystallized spontanecusly on camplete evaporation of the
solvent. Petroleum ether (30° - 60°C) [50 ml] was added and the
product removed by vacum filtration and dried in vacuo at 65°C.
vield: 13.0 g (85%) , mp 120-122°C (1it**: 123°C)
Ir (CHCl,): 2970/2880 (CH), 1785/ 1745 (O=C-N-C=0), f1610, 1380,

‘1310, 1145, 1120, 970 cm

» Nr (CDCly): & 1.7 m,6), 3.3-3.8 (m,2), 5.4 (broad s,1), 7.8 (8,4)

!

v
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Preparation of O-tetrahydropyranylhydroxylamine (51)

The tetrahydropyranyl ether of N-hydroxyphthalimide (50)
[140.0 g] was dissolved in bepzene [1400 ml]. An 85% solution of
hydrazine hydrate [160 g] was added and the solution refluxed for
3 hours. The precipitate was removed by filtration and the filtrate
distilled. The fraction boiling at 83° - 86°C @ 19 mm was collected.
vield: 18 g (27%)
Ir (film): 3310 (NH), 2940,/2870 (cu)ﬁ 1590, 1205, 1040, 970 cm

N (CDCls): 6 1.65'(m,6), 3.3-4.3 (m,2), 4.7 (m,1), 5.55(s,2,NH;)

Prepai‘atim of N-formyl-O—-tetrahydropyranylhydroxylamine (52)

.
s
»

O-Tetrahydropyranylhydroxylanine (51) [10 g] was dissolved in
dry pyridine [40 ml] and the solution cooled to 0°C in an ice-water
bath. Mixed acetic-formic anhydride [22.5 g] was added over a per-
iod of 10 minutes with stirring. The solution was allowed to stand
atroantexperat\mewemigﬁtandthepyridinemﬁemessarmydridg
were then removed under reduced pressure. Three partions of toluene
[3 x 20 ml] were usad to azectrope ocut last traces of reagents.
The campound was used without further purification.

Yield: 11.4 g (100%)
Ir (film): 3220 (NH), 2960,2900 (CH), 1685 (C=0), 1380, 1210,
1120; 1040 cm
N (CDCl,): & 1.65 (m,6), 3.3-4.3 (m,2), 5.05 (oad s,1), 8.1
' @,1,NH), 9.6 (d,1,0-C~H) '
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‘ Preparation of benzophenone Oixime (54)

Wt

Benzophenone [106 g] was dissolved i: 95% ethanol [200 ml].
To this mixture was added, in one portion, a solution of hydroxyl- a
amine hydrochloride (59 g] in water [40 ml]. Powdered NaOH (110 g]
was then added in small portions and the mixture swirled after each
addition. After the addition of tmnwﬂhédbqen ocapleted the
mixture was refluxed for 5 minutes and then cooled and poured .
slowly with vigorous stirring in cold dilute HC1 [4000 ml con i
300 ml conc. HC1l]. The oxime crystallized and was removed by
vacuun filtration, washed well with water and dried in vacuo.
Yield: 97.5 g (85%) , mp 141-142°C (1lit: 144°C)

Ir (CHCl, ): 3250 (OH), 1460, 1320, 1160, 990 cm '

¢
Preparation of Acetone Oxime (S5) K

This campound was prepared using the.ptocedxmeofJarmy”. ,

Sodium hydroxide [120 g] was dissolved in methanol [500 ml]

hydroxylamine hydrochloride [105 g] was added to the ice-cooled B
solution. Acetone [125 ml] was then added in one portion and the . \\ﬂ\_
mixture refluxed for 2 hours. The solution was cooled to 0°C and - g
concentrated HC1 (130 ml] waf added carefully. Part of the methancl
[400m1]v/vastlmranmredbyevaporatiminvamnardﬂreresidm
was extracted three times with ether [3 x 100 ml]. The combined -

extracts were dried with sodium sulphate, filtered and reduced by . 4




-

evaporation in vacuo to 100 ml. On slow cool:'mgtb—20°c the pu:oduci: |

crystallized and was removed by vacum filtration.

Yield: 79 g (78%) , mp 58-59°C (Lit"®: 60561°C)

Ir (CHC1y): 3280 (OH), 3000/2960/2920 (dH), 1680 (C=N), 1450, 1380,
1075, 920 am !

Nor (C(DCly): 6 1.9 (s,6), 8.7 (broad s,l)

Preparation of O-benzylacetoxime (56)

Acetoxime (55) (10 g] was dissolved in absolute ethanol {100 ml]
containing dissolved sodium metal [3.15 g]. - Benzyl chloride [15.5 ml]
wasﬂmenadiedinohepartimandthe@urereflmnedfor2kmxrs.
The mixture was then ocooled to roam tamperature and water [150 ml]
was added. The aqueous solution was then extracted with 3 portions of
ether (3 x 100 ml]. The combined extracts were dried with sodium sul-
phate, filhere@andeyapcratedinvacm. The residue was a yellow
viscous oil. It was not purified but used as such for subsequent
reactions. ‘ 4

Ir (film): 3060/ 3040/ 2930 (CH), 1670 (C=N), 1590, 1460, 1370, 1190,

\

1070, 990 cm !

Nmr (CDC1,): 6 1.85 (d,6), 5.1 (s,2), 7.3 (s,5)-
i

Preparation of O-benzylhydroocylamine (S8)

7

‘n\ecmd;o—benzylacetmdme (56) fram the previous reaction
was treated with concentrated HC1 [100 ml] and this mixture heated

—

I
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on a steam bath for 2 hours while nitrogen was passed through the
solutxmmxenweacetaie 'l‘hemxmrevasﬁmcooledm ice, and
water [100 ml] was added. A solution of 20% sodium carbonate was
added slowly until the solution was alkaline. The mixture was then
" extracted with 3 portions of ether [3 x 100 ml). The combined ex- 4
tracts were dried with sodium sulphate and the ether evaporated in
vacw. The residue was distilled in. vacwo and‘afhe fraction boiling
at 101-102°C @ 8.5 mm was collected.
Yield: 6.2 g (37% based on acetoxime)
Ir (film): 3305 (NH), 3060/3020/2905/2860 (CH), 1590, i4so 1370,
1215, 1200, 1005 cm '

Nur (CDCls): & 4.6 (s,2,CHy), 5.2 (s,2)MHy), 7.3 (s,5) . .

Preparation of N-formyl-O-benZylhydroxylamine (59)

Al

O-Benzylhydroxylamine (58), (2 g] was dissolved in pyridine
(15 ml]. The soluticn was cooled to 0°C and mixed acetic—formic
anhydride [3 ml] was,added in 0.5 ml portions at 1 minute intervals.
ma.eadditimmompletememumnemanoweétomto
roantaxpa:aumemﬂstandmdght 'lxesolutimwast!mpmred
inmdnm:eny_dmducdcacmnoom, containing 16 ml conc. HC1].
The agqueous solution was extracted 3 timeswith éther [3 x 50 ml].
'nneem:ractswerevaslndbdnewithmher[ZxSOml] aod ance with
5% sodium bicsrbonate [50 al]. The extracts were combined, aried
wiﬂxbodﬁmuﬂ;iabeuﬂﬂaeﬁmmbadinvm The vesidue ,
\nsmmdistinéduﬂtmiractimhoim:gatlso—lsz‘c'eam

. o »~ -
wascollecbad -
.
.

k]



vield: 1.72,g (69%)
‘ Ir (film): 3450 - 3300 (NH), 3030/2980 (CH), 1675 (C0), 1460,
1360, 1090, 1050, 1030 an SO d
N (@Xly): & 5.1 (s,2), 7.45 (s,5), 9.1 (broad s,1,MH), 9.6

v | " 18,1,H-C=0)

Attampted ﬁrmuylaum of p-toluenesulphonamide with phosgene -
: . > dimethylfarmamide camplex
¢

The phosgene - DMF camplex®? [1 g] was dissolved in dry

l

¥

> dimethylformamide [10 ml]). p-Toluenesulphonamide [l g] was
in one portion. The mixture trned pale yellow and
slightly. It was stirred at room temperature for 30 minutes
arﬂthe’t:paxred into ice-water. The product precipitated and was
removed by vacum filtration, washed well with water and dried in
vacwo at 50°C. ¢
mp 131-132°C (from chloroform)

Ir (CHKCl,): 305042950 (CH), 1635 (C=t:1), 1350, 1305, 1155, 1095,

910 am ? : ’
N (CDCly): & 2.45 (s,3,CHs), 3.10-3.25 (d,6,HsC-N-CHs), 7.65
(ABq,4,J=9Hz ,aromatic), 8.3 (s,1,N=C-H)

hralysls- culated forcl.a,..uzozs. C, 53.10; H, 6.20; N, 12.38;

X r

8, .15. Found: C,5296,H,633,N,1217,S,l389
\ of Lamine (72

Diis;:p:q:ylu‘nﬁxe {280 ml] was cooled in ice—water and concentrated

g
. >
. , i . . . . - LY w.
, ) o , . " - Ll e '
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hydrochlaric acid [200 ml] was added very slowly. The resulting
soluticxlx\was then heated to 70°C and a solution of sodium nitrite
[170 g] in water [400 ml] was added over a period of 1 hour with
good stirring. The solutim;ias stirred for a further 2 hours at
70°C and then cooled in ice-water to roam temperature. The mix-
ture was transferred to a 2000 ml separatory funnel and extracted
3 times with ether [3 x 300 ml]. The ether extractswerecatbmed
dried with sodium sulphate, filtered, and the ether evaparated in
vacuwo. The residue was a pale yellow 0il which was not further
purified.
Yield: 260 g (1008) - | ;)
Ir (film): 2990/2940/2880 (CH), 1470, 1450, /1495 /1375, (HsC-CH-CH3)
1320, 1240, 1230, 1075 cm ! v .

Nmr (CDCls): 6 0.95 - 1.10 (§1,12), 3.15 (m,2) -

3
3

Preparation of N,N-diisopropyl-N'-farmyl hydrazine (73)

-

N-Ni trosodiisopropylanine  (72) [260 g] was dissolved in 90%
aqueous formic acid {2000 ml}. Mercuric chloride (4 g] was added
and the mixture stirred until it dissolved. Zinc dust [480 g] was
then added in small partions over a peridd of 6 hours to the vigor-
ously stirred mixture. The tempetature was maintained at 40-45°C
by cooling in a water bath. Afwme.additimofﬂ'tmzucdust
hadbeamcnipletedthembwurevllasstirredwernightatr_oanta&-
peraun'eandﬂmfuterai’andthemiduemshedwith.three“pcrb

‘tions of 90% formic acid [3 x 200 ml]. The Filtrate was refluxed for

2 howrs and the fommic acid was then removed by distillation at -

97
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‘ ’ a;nbie{xt pressure ( oil bath go 200°C) . The residue was allowed to
cool and water [250 ml] was added and solid sodium carbonate added
slowly until effervescence ceased. The mixture was transferred to
a 2000 ml separatory fumnel and extracted with 3 partions of ether
[3 % 300 ml]. The ether extracts were combined, dried with sodimm
sulphate and evaparated to dryness in vacuo. The product crystallized
spontaneously on camplete evaporation of the solvent. Hexane (200 ml]
was added, the product was removed by vacumm filtration, washed with
’ hexane and allowed to dry.
Yield: 170.5 g (60% based on diiscpropylamine) , mp 58-61°C (from ether)
Ir (CHCls): .3310 (NH), 3000/2390 (CH), 1695 (C=0), 1470, 1390/
1370 (HC-CH-CH;), 1305, 1145, 1130 cm ! "
Nmr (CDC1l3): & 0.95 - 1.10 (d4,12), 3.15 (m,2), 8.2 - 8.3 (d,1,NH),
9.2 - 9.3 (d,1,6-C=0)
Analysis: Calculated for C-;HuNzO : C, 58.29; H, 11.18;' N, 19.42;
Found: C, 58.10; H, 10.80; N, 19.33

Preparation of N-isonitrilodiisopropylamine (70) v

N,N-Diisopropyl-N'~fommyl hydrazine (73) [14.4 g] was dissolved
in a mixture of methylene chloride (40 ml] and triethylamine [50_ml].
A solution of phoagene [14.8 g] in methylene chloride was added owver
a period of 10 mimutes with vigorous stirring and ice cooling. The
mixt:ﬁrewasstirredf&af\mthermmi;mtasatotmﬂthmzm
sodium carbonate solution [140 ml) was added. The layers were

semmtdmammfwmlaﬂtmmmlaya&ialﬁ&

P
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" potassium carbonate [10 g]. The mixture was filtered and the methylene
chloride and triethylamine evaparated in vacuo. The residue was
vacuum distilled atthelowestéossible tamperature (toavoicide—
composition) (CAUTION: fume hood) and the fraction boiling at
52-58°C @ 9 mm collected.
Yield: 10.0 g (79%)
Ir (film): 3000/2990 (CH), 2200 (C®N), 1480, 1390/1375 (H.C-CH-
CHi), 1340, 1230, 1180, 1145, 1095, 1010 cm
gtm:(CII:l;) § 0.95 -1.10 @,12), 3.15 (m;2)_
No analysis was perfaxmed as the campound is volatile and

extremely toxic.

Preparation of B-lactam (75)

N-Isonitrilodiisopropylamine (7.35 g] was dissolved in dry
methanol [100 ml] containing acetone [10 ml]. Finely powdered
B-alanine [5.2 g] was then added and the mixture stirred at roam
temperature for 85 howrs. The solution was then evaporated to
dryness in vacuo. Chloroform {50 ml] was added and the flask
ghaken vigorously for several mimates. 'I,hemixuze\asﬂmfilterezi
to remove chloroform insoluble material and the yellow coloured
i’iltratepass;d through a colum of alumina [100 g,Woelm, Act. 1].
The column was eluted with chloroform and all elvnt collected
until the yellow band reached the bottam of the colum. mlxtnx;t
crystallized upon evaparation of the solvent. Héxane [20 ml] was
added 3nd the product removed by vacums filtration.

P
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. Yield: 3.0 g (20%, recrystallized fram hexane), mp 78-81°C
Ir (KBr): 3230 (\NH), 2970/2940 (CH), 1740 (lactam), 1680° (HN-C=O),
1470, 1400, 1390, 1250, 760 cm '
Nmr (@DCls): 6 1.0 - 1.1 (d,12), 1.65 (s,6), 2.8 = 3.5 (m,4,AA'BB'
system N-CH,-CH,-C=0), 7.75 (broad s,1,NH)
Analysis: Calculated for C,sHasNsO, : C, 61.18; H, 9.88; N, 16.47
Found: C, 61.15; H, 10.13; N, 16.27

b 4

Preparation of 3-amino-2-oxazolidinone (77)

T'

The procedure of Gever®? was followed.

2-Hydroxyethyl hydrazine [7.7 gl, diethyl cgrbaa;te [15 ml]
and methanol [5 ml] in which had been dissolved sodium [0.3 gl
were cambined in a flaskbowhichw&attachedaVigramcolmnand
distillation head. The %olution was heated on a steam bath and the
methanol and ethanol was allowed to distill. A total of 14:2m1
(expected 16.7 ml) was collected after 1.5 hours. The mixture was
cooled, absolute ethanol (10 ml] added and the mixture filtered. The
filtrate was reduced to 5 ml by evaporation in vacuo and then chilled
to -20°C. The crystalline material was removed by vacam filtration
and washed with cold absolute ethanol [20 ml]. It was recrystallized

fram absolute ethanol.
Yield: 4.6 g (47%) , mp 64-66°C (1it%°: 68-69°C)

Ir (KBr): 3440 (NH), 1770 (C=0), 1490, 1440, 1285, 1230, 1125, 1040 cm ®

N (D20) : & 3.6 - 4.0 (m,2,part of AA'BB' systam O-CHz~CHz-N), -
4.3 - 4.7 (,2,part of AA'EB' system O-CHy-CHa-N), 4.75
(s,2,N8;) .
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Preparatifn of N-farmyl-3-amino-2»oxazolidinone (78) , ’
}

f
3-Amino-2-axazolidinone (77) [1 g] was added to mixed acetic-
' farmic anhydride [10 ml] at 0°C. The solution was allowed to stand
*  at <5°C for 1 hour. The excess acetic-formic anhydride was then re-
nmedmﬂer}:ighvacmn‘atZS"C:. The product was cbtained as a l
colourle& oil. o~
vield: 1.29 g (100%)
Ir (film): 3380 (NH), 3000/2930 (CH), 1775 (0~CO-N), 1700 (H-C=0),
, 1490, 1420, 1390, 1230, 1150, 1030 -t
Nr ©:0): 6 3.7 - 4.1 (m,2, part of AA'BB' system of O-CH,CH;—N),
| 4.4 - 4.8 (m,3, part of AA'BB' system of 0-CH,-CHa-N, NH)

. Analysis: Calculated for CyHeN;0; : - C, 36.95; - H, 4.62; N, 21.56
( ,
Fowd: C, 37.13; H, 4.88; N, 21.21

- [
Preparation of N-benzoyl-3-amino-2-axazolidinone (79)

3-Amino-2-oxazolidinone (77) [0.63 g] was dissolved in dry
pyridine [5m1]mﬂmoledto<5’cmmiceﬂmber&. A solution
ofmmlm[o.94g]m®Ymmm [5m1]ms,addedovera
i:eriodofsonﬂ:mtes. After the addition was camplete the mixture :
" was.stirred for 10 minutes at <5°C and then for 30 minutes at room
temperature. The solution was, then dripped very slowly onto ice
"[200 g] and the ice was allowed to melt. ﬂuc:ystallimmtm
;mredbyvmmmmtia;.m:admuwithcddmueernad
in vacwo. mwmmmuimmm‘[sml.\

/s
.
¥



@~ - Yield: 0.77 g (61%) , mp 175-176°C (lit: 178-180°C) ' ‘)
. Ir (RBr) : 3300 (NH), 1770 (O-CO-N), 1680 (N-C=0), 1530, 1490, '
e 1425, 1320, 1265, 1225, 1125, 1030, 975; 910 cm ® ~
Nur (OMSO - de) : & 3.7 - 4.1 (m,2,part of AA'HB' system of,
O-CH,-CHz-N), 4.4 - 4.8 (m,2,part of AA'BB' system of-
ol O-CH,~CH2-N), 7.5 -8.2 (m,5,aramatic), 11.3 (s,1,NH)
. Analysis: Calculated for CjioH1¢N20s : Q, 58.25; H, 4.85; N,.E%.59

¢ Foud: C, 57.97; H, 4.69; N, 13.59 : ..

™

, ! , ® . . R
Oxidation and hydrolysis of N-benzoyl-3-amino-2-oxazolidinone (79)

/

~'1‘l'zemd.datimmerthodof‘1ff1at:d"f’wasused. Do
N-Benzoyl-3-amino-2-cxazolidincne (79) [145 mg] was susperided
in methylene chloride [5 ml]. The stirred mixture was cooled to
'/ 0°C in an ice-water bath and 90% lead tetracetate [380 mg, 1.1 efuiv.]
was added in small portions over a period of 30 minutes. 'l‘heresultjng
solution was allowed to stir at room temperature for 30 minutes.
Then 5% sodium bicarbonate solution {13 ml] was added-and the mixture
stj:redvmlysoasw@xtmmﬂuseéfor.mm&tm
\m 'memixmremtlmt.mnsferredtoaseparamyfwml
ammeunptnsessapu&ea mmhyermacmiﬁg;wim
mmtedmlmpnzmﬂextmtedwithﬂmparumsofduom-
[3x10ml}/'nucud:imde:¢ractsmadriadwithaodimml-

phate, filtered and evaporated to dryness, to yleld crystalline ben-

=

‘Yield: 60 my (838) , mp 118-119°C undepwessed, upon admixture«.
. J L
with an authentic sample of benzgic acid. ~ \C ¥
,‘ & _

a-
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CHAPTER 2 - EXPERIMENTAL

Preparation of N-o-nitrocinnamoyl glycine (91)

Thionyl chloride [60 ml) was added to o-nitrocinnamic acid
[16 g] and the mixture refluxad for 13 hours. BExcess- thionyl
chlondeWasevaporratedinvacmat <40°Cboyie]dacrystallineac1d
chloride. ‘

Glycine (6.2 g)] was dissolved in 2N aquecus sodium garbonate
(42 ml]) and the crude acid chlaride added in small partions with
vigorous stirring. After each addition of acid chloride sufficient -
ZNsodluncaxbmateeolutlmwasaddedtotlemxwretoreturn
them:.xturetowlo. A beige coloured ptecipitatuewasfmned

~,during the addition of the acid chloride. vhen the addition of

k3

;lltheaciddmloridewascmpletedﬂ)emixpnewasallavedto
stir vigorously for a further 4 hours, then cooled to 0°C and fil-
tered. mmmmumeetimeswimcommwtsxlsml
andttmreczystalhzedfrunmtet [30m1] The recrystallized.
material was dissolved in water nuoml and concentrated HC1 [6. 2ml]
inwater {10 ml] wasadiedvnthstirrmg The freeamdcrystallized )
a'xﬂmsramvedbyvaanmfz.ltratim, washed well with cold water
and recrystallized fram ethanol.
Yield: 11.0 g (53%) , mp 182-185°C :
Ir (KBr): 3390/3320 (NH), 3100 (very hroad COsH), 1745 (C=0),

1660 (N-C=0), 1615, 1530, 1345, 1230, 1045, 980 cm
Nor (DMSO < d¢): & 3.9 (d,2,N-CH;-C=0), 7.3(AHy,2,J=l6Hz,trans

N
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B-C=C-H), 7.4 - 8.2 (m,4), 8.5 (t,1,NH)
Analysis: Calculated for Ci11HjeN204 ¢ C, 53.49; H, 4.47;
«
N, 12.50 Fourd: C, 53.61; H, 4.57; N; 12.79

Preparation of 2-o-nitrostyryl—4-ethoxymethylene -5-oxazolone (92)
\

N-o-Nitrocimmamoyl glycine [2 g] was added to a mixture of
acetic anhydride [8.ml], triethyl arthoformate [4 ml] and dry ethyl
acetate (20 ml]. The mixture was refluxed for 3 hours during which
. time it turned deep red-brown in colour. The“solutimwasevapafaated
in vacuo to about 3 ml and ethyl acetate [10'ml] was added and the
mixture cooled to -20°C. The product crystallized, was removed
by vacam filtration, washed with cold ethyl acetate [2-3 ml] and
allowed to dry. _

Yield: 0.80 g (31%) , mp 129-130°C

Ir (CHC1l;): 1780 (C=0), 1680 (C=N), 1630, 1360, 1310, 980, 910 am '’

N (DMSO - dg): 6 1.25 (t,3), 4.55 (q,2), 7.5 (ABg,2,J=17Hz,trans
n—c/-c-n), 7.6 - 8.4 (m,5,arcmatic and C=CH-OC,Hs)

Analysis: Calculated for C;JH;sN,Os : C, 58.35; H, 4.16; N, 9.72
Fomd: C, 5§.68; H, 4.28; N, 9.46

‘x

Preparation of 2—oﬁmty:y14—mmu1m~w sodium
gsalt (94) from (92)

1 - \

2-0-Nitrostyryl~4-ethoxymethylene-5-cxazolone (92 [0.5 g] was

IR A
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suspended in ice-cooled dry methanol [5 ml]}. Sodium hydrosulphide
[98 m3, 1 equiv.] was then added to the stirred solution and the

.
!

suspended solid went into solution almost immediately. The re‘d—-
brown solution was stirred for 30 minutes at 0°C then dripped very . «
slowly into ice-cooled, vigarously stirred, anhydrous ether [50 ml]-. \
Thesodiunthidlpm‘ecipitatedasatbrwnsolid. The product was
removed by vacuum filtration, washed well with ether, and allowed to
yield: 0.45g (87%)
Ir (KBr): 1760 (C=0), 1690 (C=N), 1630, 1330, 1180, 980, 910 cm !
N (D,0): § 7.5 (ABq,2,J=16Hz,trans HO=CH), 7.6 - 8.4 (m,4,
aramatic), 8.8 (s,1,C=CH)
Analysis: Calculated for C;;H;N;0\SNa : C, 48.32; H, 2.35;
S, 10.74 . Found: C, 48.58; H, 2.18; S, 10.41

Preparation of N-o-nitrocinnamoyl glycine methyl ester (95)

>

h N-o-Nitrocimmamoyl glycime [2 g] was suspended in dry methanol
[100 ml) and the stirred suspension cooled in an ice-water bath.
Ammmlgasmspassedinbothemimmti}them
solid dissolved. The solution was then stirred at 0°C for 4 hours and -
then concentrated to about 5 ml by evaporation in vacuo. The solu-
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tion was cooled and triturated with anhydrous ether [25 ml] until

the product crystallized. The product was removed by vacumm fil-

tration, washed with ether [10 ml] and allowed to dry.

vield:" 1.6 g (76%) , mp 159-160°C ‘

Ir (CHCl,): 3430 (NH), 1760 (0-C=0), 1680 (N-C=0), 1640, 1610,
1530, 1380, 1360-cm '

"Mur (MSO - d¢): § 3.8 (s,3), 4.2 (d,2,N-CHy-C=0), 7.5 (ABg,2,
J=16Hz,trans B-C=C-H), 7.8 - 8.4 (m,4,aramtic), 9.1
(t,1,NH) '

Mass spectrum (70 eV): m/e 238 CM+)

Hydrogenation of (95) to yield N-o-aminocinnamoyl glycine methyl
ester (96) '
N-o-Nitrocimmamoyl glycine [1 g] was dissolved in absolute °
ethanol [50 ml] warmed to 50°C. Platinum oxide [50 mg] was added
and the mixture hydrogenated for 1 hour at 50°C on a Parr appar-
atus at 60 lb/in? hydrogen pressure. The mixture was then heated to
dissolve the precipitated product and filtered hot to remove catalyst.
on cooling to roam temperature the product crystallized, was removed
) by vacam filtration and washed with cold absolute ethanol [10 ml].
vield; 0.65 g (69%) , mp 140-143°C
Ir (KBr):. 3450 /3300 (NH), 1760 (0-C=0), 1685.(N-C=0), 1645, 1520,
1290, 1050, 975 cn ®

Nwo m - d.): ) 309‘ (8,3,0—CH:) '3 4.05 W sz,lm:) ’
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4.15 (d,2,NCH,~C=0), 7.5 (ABq,2,J=108z,trans H-C=C-H),
7.2 - 8.0 (m,4,aramatic), 9.0 (t,1,NH)

Analysis: Calculated for C;zH1WN2Oy : C, 61.54; H, 5.98; N, 11.97
“Found: C, 61.29; H, 6.13; N, 12.07

Hydrogenation of (95) to yield lactam (89) -

N-o-Nitrocinnamoyl glycine methyl ester (95) [1 g] was dissolved
in glacial -acetic acid [25 ml] and platimm oxide [50 mg] was added.
The mixture was hydrogenated at 40°C far 1 hour on a Parr apparatus
at 60 lb/in® hydrogen pressure. The mixture was then filtered to
remove catalyst and concentrated to 2 ml by evaporation in vacuo.
Ethyl acetate [25 ml) was added, tihe\ solution transfexyped to a
separatary funnel and then extracted with ice—cold 2N sodium car-
bonate solution [25 ml]. The aquecus extract was back extracted with
ethyl acetate [15 ml]. The crganic layers were combined, dried with
sodium sulphate and concentrated to 5 ml by evaporation in vacuo.

The residue was triturated with a mixture of ethyl ether [10 ml] and
petroleun ether ( 30-60°C) [15 1] until the product began to
crystallize. The mixture was cooled at -20°C until crystaYlization
was camplete. The product was removed by yacuum filtration and
allowed to dry.

Yield: 0.53 g (86%) recrystall:.zed fram ether , mp 152-154°C

v

Ir (KBr): 3200 (NH), 1690 (C=0), 1600, 1500, 1440, 1390, 1290,
1250, 1205, 1040 an !
Nur (DMSO - d¢): & 2.2 - 3.1 (m,4,AA'BB' system of ~CHy~CH,-C=0),



108

6.8 - 7.5 (m,4, aramatic), 10.6 (broad s,1,NH)
Analysis: Calculated for CsHsNO : C, 73.50; H,~6.12; N, 9.52
Found: C, 73.60; H, 6.17; N, 9.71

Preparation of N-o-nitrocinnamoyl-glycyl-L-phenylalanine ethyl ester (97)
")
The procedure of Sheehan and Hess®® was used.
N-o-Nitrocinnamoyl glycine [1 g] was suspended in tetrahydro-
furan [20 ml]. Dj.cycld'xexylcarbod;iindde [0.90 g,1.1 equivalent] was

added and the mixture allowed to stir at room temperature for 15

minutes. L-phenylalanine ethyl ester [0.85 g] in tetrahydrofuran

[25 ml] was then added and the mixture allowed to stir at room temper-

ature for 4 hours. Acetic acid [0.1 ml] vasaddedbodestrcyemess

dicyclohexylcarbodiimide, the mixture allowed to stand 15 minutes and

then filtered to remove the dicyclohexylurea. The filtrate was

evaparated to dryness in vacuo and the residue taken up in a minimum

amount of boiling ethanol (maintained at the boiling point on a

steam bath). The mixture was then placed in the freezer at -20°C

overnight. The crystalline product was removed by vacuum filtration,

washed with cold ethanol and allowed to dry.

Yield: 1.33 g (78%) , mp 149°C, [a]i:u-S.S“ (c=1.80)

Ir (CHCly): 3410/3310 (NH),a1740 (0-C=0), 1690 /1670 (N~C=0), 1635,
1525, 1350, 1295, 1095, 970 cm !

Nwr (DMSO - d¢): 6§ 1.1 (t,3), 3.05 (d,2,Ph-CHy-), 4.0 (4,2,
N-CH;-C=0) , 4.1 (q,Z,O-Cl!;fCH.), 4.7 (m,1,NCHB-C=0),
7.23 (s,5,phenyl), 7.4 mBq,Z,qtlﬁm,trm B-O=C-H) ,
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7.4 - 8.4 (m,5,aramatic and O=C-NH-CH-), 9.3 (t,l,
O=C-NH-CH;)
Analysis: Calculated for C22H23NsOg¢ : C, 62.16; H, 5.45; N, 9.88

Found: C, 61.87; H, 5.51; N, 9.84

Hydrogenation of N—o—ni&ocimumyl—glycyl-h-iiuxylalanixe ethyl ester
(97) to give glycyl-L-phenylalanine ethyl ester hydrochloride (98)

Ester (97) [200 wg] was dissolved in glacial acetic acid [30 ml)
and platimm axide [25 mg] was added. The mixture was hydrogenated on
a Parr apparatus at 55°C far 1 hour at 60 lb/in? hydrogen pressure. |
The mixture was then filtered and the filtrate evaporated to dryness
in vacwo. me:esimnmstaimup.inmumm [S ml] and 1N hydro-
chloric acid [15 ml] was added. The solution was transferred to a
separatory funnel and extracted with ethyl acetaté three times
[3 x 15 ml] to remove 6-lactam (89). The aqueous solution was
evaporated to dryness and the product crystallized spontanecusly.

It was racrystallized fram ethanol [2 ml].

Yield: 109 mg (82%), mp 135-138 (1it*®: 139-140°C) undepressed by

mixed mp with an authentic sample.In ethanol [a]::9 y=11.4° (0=3.80)

(Authentic sample [a]::u'll.l' (d=2.00) ) }

Ir (CHC1y): 3500 ~ 3200 (broad NH), 3000/ 2940 (CH), 1730 (0-C=0),
1680 (N-C-0), 1530, 1450, 1385, 1330, 1130, 1100, 950 cm *

Nmr (DCls) : 6 1.05 (t,3,0-CH;~CHs) , 3.0 (d,z:cn-cp_,-m), 3.6 - 4.4

L (m, 4,0-CHy~CHsand N-CHy-C=0), 4.75 (m,1,CH-CH;~Ph),

7.0-7.6 (broad s,8,arasatic and N, '), 9.2 (d,1,0-C-NE-CH)
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Preparation of N-o-nitrocinnamoyl-glycyl-L-alanine ethyl ester (99)

N-o-Nitrocinnamoyl glycine (1 g] was suspended in tetrahydro-
furan [20 ml] and dicyclohexylcarbodiimide [0.80 g] was added and
the mixture stirred at roam temperature for 30 minutes. L-Alanine
ethyl ester [0.36 g] was added and the mixture stirred at room tem-
perature for a further 4 hours. The mixture was then treated with
glacial acetic acid [0.05 ml] to destroy excess dicyclohexylcarbodi-
MdemmeWﬂfmlsmm. The mixture was then
filtered and concentrated to about 2 ml by evaparation in vacuo. On
'slight ¢ooling the product crystallized, was removed by vacuum fil-
tration and washed with ether. It was recrystallized fram ethanol
[5 ml].

Yield: 0.40 g (26.58%) , mp 183-184°C , [u]::n"33.6° (c=1.20)
Ir (CHCls): 3420/ 3320 (NH), 1742 (0-C=0), 168k /1675 (N-C=0),
1635, 1535, 1460, 1385, 1360, 1300, 1165, 970 cm ®
N (DMSO - d¢): 6 1.25 (t,3,0-CHz-CI_i,)‘7 1.35 (4,3,CHCHy),
3.9 - 4.8 (m,5,0-CH2-CH,, NH-CH,-C=O and NH-CH-CH3),
7.5 (ABg,2,J=16Hz,trans H-C=C-H), 7.7 - 8.4 (m,4,
aromatic), 8.8 (d,1,NH-CH-CO), 9.1 (t,1,NH-CH;~CO)
Analysis: Calculated for Ci¢H;sNsOs : C, 55.01; H, 5.48; N, 12.03

v

" Found: C, 55.20; H, 5.74; N, 12.33

v
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Hydrogenation of {9§'i' to give glix:yl—lr-alanihe ethyl ester hydrochloride °

mesameprocedm'emtlinedabwefcrtmmdmgmatiméf -

.

(\f— ~ 28 v

F7) vas used. 7 - .
Yield: (728) , mp 169-170°C (Lit®7: 177°C) In et:hanol [a],.,,=37 3°
N (c=1.60) (authentic sample [a] syss=39.4° (c=2.00) - s :
Ir (CHCLy): 3300 (arosd M), 1740 (0C~0), 1685 (N-C=0), 1570, ° -
1385, 1360, 1140, 910 cm ® ) '
N (OMSO - d¢): § 1.3 (t,3,0-CHp-CHs), 1.4 (d,3,CH-CHs), 3.7
(broad s,2,NH, '-CH,-C=0), 3.9 - 4.7 (m,4,0-CH;~CH; and

NH-CH-CH,), 8.5 (broad s,3,NHs"), 9.1 (d,1,CO-NH-CH)
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Preparation of methacrolein diethyl acetal (104)

The procedure for acrolein diethyl acetal®® was used.

Methacrolein [61.5 g, 0.79 wle] was dissolved in triethyl..
- orthoformate {130 ml, 0.79 mole]. A warm solution (40°C) of
amoniumn nitrate [3 g] in abeolute ethanol {50 ml] was added in one
portion. The mixture was stirred at room temperature for 24 hours.
and then filtered to remove precipitated amnonium nitrate. Anhy-
drous sodium carbonate (4 g] was added and the mixture vacuum
distilled. The fraction boiling at 71-72°C @ 80 mm was collected.
Yield: 74 g (65%)
N (neat): § 1.15 (t,6), 1.7 (4,3), 3,1 - 3.9 (m,4,0-CH,-CHs),

N 4.75 (s,1,RO-CH-(R), 4.9 - 5.3  (camplex m,2,C=CH;)

Preparation of Epoxide (106)

' r'
N .

_ Methacrolein diethyl acetal [7.2 g] was dissolved in methylene
“chloride (75 ml] in a 250 ml £lask equipped with a reflux condenser.
m-Chlaroperbenzoic acid (858) [13 g] in methylene chloride (125 ml]
wasaddedinmeporud The mixture heated up spontaneously and
remained wam for 1 hour. The solution was stirred for a further

smhtmmmmmmammfm
and the.arganic layer washed with 10t sodium sulphite solution until
) »

¢

v oaq
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extracted with 5% sodium bicarbonate solution until the aquecus
. washings were basic. The organic layer was dried with sodium sul- J

phate and the methylene chloride remowed by evaporation in vacuo at «
. <20°C. The residue was distilled at ambient pressure and the

fraction boiling at 168-171°C collected.

Yield: 5.7 g (72%)

Ir (film): 2990 /2950/2890 (CH), 1465, 1385, 1325, 1122, 1085,

1070 am &
Nur (CDCl3): 6 1.3 (2t,6,0-CH—CHs), 1.4 (s,3), 2.75 (ABg,2,

J=5!'IZIO-C§2-C)' 3.4 - 4-0 (m,4,O'C§_Q-CH3), 4»25 (s,l'

S

RO-CH-OR)

Preparation of thiol (110)

The procedure of Goodman, Benitez, and Baber’' was used.
Hydrogeus;xlpmdewaspassedforl.Shaxrs\intoanice—cooled
solution of sodium hydroxide [11.2 g] in methanol [100 ml]). ‘'#hile
. a steady stream of hylirogen sulphide was maintained, the epoxide (106)
{20 g] in methanol [200 ml] was added to the ice-cold mixture over
a period of 30 minutes. The reaction mixture was then allowed to
stirforltnxratO'CarxiNhg.nrsatroantenperature. The solu-
_ tion was then paured into ice-water [1000 ml) and the pH was reduced
to 2 with 5N sulphuric acifl. Maqmnmh:urema:tra;ted '
three times with methylend, chloride [3;'30_9_1!!1]. T!‘AeNex!:.ractsuere

camnbined, washed with 5% sodium bicarbonate [100 ml] and dried with
- sodium sulphate. The methylene chloride was removed by evaporation

o




: ) 114
- . in vacuwo and the residue distilled. The fraction boiling at-100-103°C v
s € 10 mm was collected.

5y r

- Yield: 20.0 g (§2%) !

Ir (film): 3500 (broad OH), 2990/ 2940/ 2880 (CH), 2580 (SH),
1450, 1380, 1320, 1170, 1115, 1065, 1030 cm !

Nw (CDCly): 6 1.35 (s,t,9,0-CH,-CHs and O-C~CHj), 1.65 (t,1,SH),
2.65 (s,1,0H), 2.85 (q,2,HS-CHz), 3.5 - 4.2 (m,4,
O-CHz-CHs), 4.55 (s,1,RO-CH-CR)

Analysis: Calculated for Ce¢H;s0sS : C, 49.47; H, 9.34; S, 16.48 .
Found: C, 49.31; B, 9.37; S, 16.19

N Preparation of acetal-cazolone (111)
Thiol (110) [5 g] and 2-phenyl-4-ethoxymethylene~5-oxazolone
-[5 g) were dissolved in dry pyridine [50 ml] and the mixture allowed

to stand at room temperature for 5 days. The pyridine was then re- .
- mredbyevapomﬁminvacmandtheresidmtakenugjaghlwb .
form [50 ml]. Decolowrizing carbon [4 g] was added and the mixture
boiled for 20 minutes. It was then filtered and the chlaroform
raoved by evaporation in vacuo. The residue was a yellow oil
vhich crystallized on standing. It was recrystallized from hexane
to give pale yellow needles.
Yield: 7.1 g (75%) , mp 85-88°C
Ir (CHCls): 3500 (broad OH), 3040 /2980 /2940 (CH), 1785 (C=0),

1640 (C=N), 1455, 1330, 1110, 1070, 995 cm °

“Nur (DCly): & 1.30 (t,6,CH;~CHy), 1.35 (s,3,C-CHy), 2.75 (broad s,
I'W)' 3.4 M,2!h7!h"%-5)' 3.5 - 402 m,‘,o%-cag),,
4.5 (8,1;RO-CH-(R), 7.4 - 8.4 (m,6,aromatic and C~CH)

’
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Analysis: Calculated for Cie¢Hz23NOsS : C, 59.18; H, 6.30; N,s=61L;
' S, 8.76 Faund: C, 59.31; H, 6.01; N, 7.83; S, 9.04

Preparation of disulphide (114)

Thiol (110) [1.94 g] was dissolved in dry dimethylsulphaxide
[Sg]andtgesolutlmrmtadatB?CfarlBhun's. The mixture was
ﬂmoooléa‘\paxmdintoice-mter [SOmllardthlsaquemsmixwre ‘
extracted three times with ether (3 x°50 ml]. Each of the extracts.
msbackmtedsumeswimgterts'xlsmnammwim‘ :
ice cold sefium hydroxide (108) [2 x 15 ml]. The ether extracts
were cambined, dried with sodium sulphate and evaparated to dryness
in vacuo. The residue was a yellow oil (one spot on t.l.c.).

Yield: 1.22 g (63%) .

" Ir (film): 3450 (broad (li), 2980 /2940/ 2880 (CH), 1450, 1380,

1320, 1115, 1070 cm !
Nmr (CDCly): & 1.30 (s,t,18,CH,-CH; and C-CHs), 2.6 (d,2,0H),
3.15 o\ng.4,a-1znz,g_zc-s—é-cggv) :3.4 - 4.0 (m,8,0-CH,~CH»),
4.35 (s,2,RO-CH-R) ' "
Analysis: Calculated for Ci¢HyOeSz : C, 49.74; H, 8.81; S, 16.58
Foond: C, 49.61; H, 8.72; S, 16.43

Preparation of the diacetate (115)

The disulghide (114) [0.50 g} was dissolved in a mixture of

acetic anhydride [0.82 ml] and triethylamine [0.82 ml]. p-Dimethylamino-

S

e
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- wridjxxe[mng]'vasaddedarﬂﬂxemixtureallaedtos}:arﬁm
. hours at roam temperature. The mixture was then poured into ice
, cold dilute hydrochlaoric acid [50'ml containing 5 ml conc HC1l) and

allowed to stir for 30 mimutes at 0°C. The aqueous mixture was then

9

extracted 3 times with ether [3 x 50 ml] and the extracts back

b’

extracted twice with ice cold 5% sodium bicarbonate [2 x 25 mil,
twice with ice cold 5% hydrochlaric acid [2 x.25 ml] and once with
water [25 ml]. The extracts were cambined, dried with sodium sul-
phate, filtered, and evaporated to dryness in vacuo. The res:.dnewas
“Ya pale yellow oid ( one spot on t.l.c.) and was not further purified.
o Yield: 0.56 g (92¢) -
Ir (film): 2980 /2940 /2880 (CH), 1745 (C=0), 1375, 1365, 1240,
( 1195, 1120, 1070, 1030 cm ®
Nmw (CICly): & 1.2 (t,12,CHp~CHy), 1.5 (s,6,C-CHs), 2.1 (s,6,
0=C-CHs), 3.4 - 4.1 (m,12,0-CH,-CH; and H,C-S), 4.95
(s,2,RO-CH-CR)
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_EXPERIMENTAL - CHAPTER 4 R )
Preparation of mannitol diacetonide (25) ‘ 3
D-Mamitol[ZOOg]wasmspaﬂed{namjxumeofacetae ’

[1500 ml] and dimethoxyproghne [180 g]. Toluene—-4-sulphonic acid,
monohydrate [0.6 g] was added and the suspension stirred it roam
tamperature far 90 minutes. Unreacted mannitol (90 - 100 g] was
removed by vacum filtration and the filtrate shaken with anhydrous
potassium carbonate [50 g] until it was colourless. The potassium
carbonate was removed by filtration and the filtrate evaporated

to dryness in vacuo.' The semi-solid residue was transferred to
anEr]:ameyerélaskomt@inimhemneBSOOml]. The mixture was
umheatedtobommwithgoodstirrin’;mmalmstanp:esom
had dissolved (about 20 minutes). The mixture was allowed to settle
far 5 minutes, decanted, and allowed to crystallize at room temper-
ature. 'n'xeproductwa?rewvedbyvacumfiltratim,washedmll

with cold hexane and allowed to dry.

Y

Yield: 28 g (20%) , mp 119-121°C (1it*7119°C)

Preparation of glyceraldehyde acetonide (26) ,

The procedure of Baer and Fischer?’ was followed.

The product was a colourless oil and distilled at 55-58°C @
22 m (L1€27: 35-42°C @ 8-11 mm).
M 808 (Lit27 79.3%) \ .
Ir (film): 3450 (0H), 1725 {(C=0), 1260, 1220, 1080 (C-0) cm !



r
Nmr (CDCls): &8 1.25 (4,6), 3.9 ‘(m,2), 4.2 (m,1), 9.7 (d,1,H-C=0)

Preparation of dicxan (27)

9

a

Freshly distilled glyceraldehyde acetonide (26) [18 g was
addedinoneportim;:oanicecooledstjrredsolutimofanhydmus
potassit‘m carbonate [18 g] in a mixture of methanol [200 ml] and
water [100 ml]. Farmaldehyde solution (40%) [50 ml] was then added

and the mixture allowed to stand overnight at room temperature. The B

solution was concentrated in vacuo at <40°C to a volume of 100 ml.

This residue was then extracted three times with methylene chlaoride

[3 x 50 ml]. The cambined extracts were dried with sodium sulphate

{5 g] and evaporated to dryness. The material was used without,

further purification.

Yield: 25.1g (95%) , mp 88-89°C (lit?€: 89.5-91°C)

Ir (KBr) : 3400 (OH), 1380, 1220, 1160, 1090, 1080, 1000 cm '

Nw (CDCls): 6 1.5 (s,6), 3.9(ABq,2,J=10H;,CH,-0-C[CHi)2),5.1
(s,1), 4.0 - 6.0 (broad,1,0H) ’

Mass spectrum (70eV): m/e 190 (M')

Preparation of oxazolidine-alcohol (30)

The dioxan (27) lzsg]mdiuolvdinbam:eISOOmJ.{muN-
methylethanolamine [20.7 g, 2.1 equivalents] was added. The mixture
was heated until the benzene distilled slowly. The distillate
was cloudy. After 350 ml of benzene had been collected (Wm



' arxiahalfknurs)thedistiinatecgntainedmnnremterandtre
benzene was removed by evaporation in vacuo. The residue was dis- .
tilled under high vacuum and the fraction boiling at 100-103°C @
0.5 mm was collected.

’ - Yield: 24.9 g (86%)
Ir (film): 3600 - 3300 (OH), 2810 (N—CH;), 1470, 1380, 1260, 1225,
1150, 1080, 1070, 1050 cm !
Nmr (CDCl;): 6 1.45(s,6), 2.60 (s,3,NCHj3), 2.7(m,l,part of AA'
BB" system, N-CH,-CH.-0), 3.3 (m,1,N-CH,-CH2-0),
4.0 (m,8,part of AA'BB' system N-CH,-CH,-O, N-CH-O, AB
systems of CH,OH and CH,-0-C and OH)
Mass spectrum (70 eV): m/e 217 (') |
\

Preparation of oxazolidine-mesylate (31)

The oxazolldine—alcotnl (30) [27.6 g] was dissolved in a
mixture of methylene chloride [250 ml] and triethylamine [19.4 g,
1.5 equivalents]. The solution was cooled to -50°C with dry ice-
acetone and freshly distilled mesyl chloride {16.2 g,1.1 equiv.]
in methylene chloride’ {50 ml] added dropwise over a period of 2
hours with good stirring. The mixture was then poured while still

) “ cold into ice water [300 ml] in a separatory funnel. The organic
layer was washed twice with ice water [2 x 100 ml], dried with
sodium sulphate, and evaporated to dryness in vacuo. The residue
crystallized on complete evaporation of the solvent.

Yield: (crude) 37.6 g (1008%). Recrystallized from petroleun ether
(60-80°C) [750 ml]. Yield: 26.3 g (70%) , mp 83-84°C
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Ir (OCl.): 2820 (CH), 1475, 1380 (aMs), 1220, 1180, 1080, 1010 an !

Nmr (CDCls): 6 1.4 (s,6), 2.5 (s,3,N<CH;), 2.4 - 2.8 (m,1), 3.0
(S,3,w2’CH3)' 3-0 _304 m,l)' 3-6 - 4.0 (1“,2,0‘01‘1_2-

CH,-N), 4.05 (s,1,N-CH-0), 4.3 (ABq,2,J=11Hz, [HsC],C—

O~CH~C)

Preparation of thiocacetate (119) from mesylate (31)

Mesylate (31) [5 g] was dissolved in 2-butanare [100 ml].
Recrystallized (from water) potassium thioacetate [3 g] was added and
the stirred suspension refluxed for 3 hours. The mixture was cooled,
filtered and evaporated to dryness in vacuo. The residue was taken
up in methylene chloride [100 ml]. The solution was washed twice
with ice water [2 x 40 ml], dried with sodium sulphate and e\;apa'ailzed
to dryness in vacw. The residue was a pale yellow oil (one spot on
t.l.c.) and was not further purified.

Yield: 4.6g (99%)

Ir (film): 3000 2360 2900 2810 (CH), 1700 (C=0), 1470, 1380,
1220, 1145, 1070 am * ‘ |

N (CDCl,): § 1.4 (4,6,C-[CHs]2), 2.35 (s,3,00C-CHs), 2.5 (s,3),
2.4 -2.8 (ml), 3.0 - 3.3 (m,1), 3r'3 (s,2,CH;-S),
3.6 - 4.3 {m,5).
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Preparation of 2-phenyl-4-thicmethylene-5-oxazolone (123)

2-Phenyl-4-ethoxymethylene-5-oxazolone (33) [5 g] was dissolved
in dry pyridine [25ml] in a pressure bottle. The solution was
cooled to 0°C in an ice—water bath and hydrogen sulphide passed into
the mixture fo:: 10 minutes. The bottle was then sealed and allowed
tostandatroanta'tp_eramre'(for 24 hours. The mixture was then
powred into ice cold, vigorously stirred, dilute hydrochlaric acid
[ 100 ml containing 30 ml conc. KC1l]. This aqueous mixture was
vacuun filtered as rapidly as possible. The product crystallizec;
from the filtrate on standing. It was removed by vacuum filtration,
washed well with cold water and dried in vacuwo.
Yield: 0.47 g (10%) , mp 176°C (1it’?: 175-176°C)
Ir (CHC1ls): 3080 (CH), 2480 (SH), 1760/ 1710 (C=0), 1690 (C=N),

1540, 1450, 1268, 1060 cm '

Nmr (CDCl3): 6§ 7.3 - 8.2 (m,S,aramatic), 8.25 (s,1,C=CH)

The sodium salt (41) was prepared as follows. The thiol (123)
{200 mg) was dissolved in absolute ethanol (2 ml]. A solution of
sodium [22.5 mg, 1 equiv.] in abseolute ethanol [2 ml] was added. The
mixture was dripped slml’y into ice cold vigarously stirred ether
(50 ml]. The scdium salt precipitated, was rempved by vacuamn f£il-
tration, washed with ether and dried in vacuo.
Yield: 190 my (80%)
Ir (KBar): 1790 /1780 (C=0), 141%/ 1370, 1250, 1200, 1160, 1080 cm *

Ner (0:0): & 7.4 - 8.2 (m,5,arcmatic); 9.30 (s,1,C<CH) __
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Preparation of 2-phenyl-4-thiamethylene-5-oxazolone sodium salt (42)

To a stirred ice-cooled suspension of 2-phenyl-4-ethoxy-
methylene—5-oxazolone (33) [5 g] in methanol [10 ml] was added
sodium hydrosulphide [1.3 g,1 equiv.]. The mixture turned red and
the undissolved material went into solution almost immediately.

The solution was stirred for 3 minutes at 0°C and then poured

into dioxan {80 ml] heated to 70°C. The clear red solution was *
cooled in an ice bath until precipi'taticn of the bright yellow sodium
thiol was camplete (about 1 hour). Thé product was rénoved by
vacuum filtration, washed twice with dioxan [2 x 20 ml], three times
with diethyl ether [3 x 50 ml] and dried in vacuo.

Yield: 4.9 g; (95%) , mp 245-247°C (decanp.)

Nor {D,0): & 7.35 - 8.1 (m,5,arcmatic), 9.14 (s,1,C=CH)

Analysis: Calculated for C; H¢NO2SNa : C, 52.86; ;i, 2.64; N, 6.16

Found: C, 52.41; H, 2.83; N, 6.32

Preparation of thiol (124) fram (42)

Sodium thiol (42) (1.0 g] was dissolved in water [10'ml] and
glacial acetic acid [2 ml] added. The product precipitated and
was removed by vacuum filtration, washed well with water and dried
in vacwo.
vield: 0.90 g (100%) , mp 180-181°C
Ir (CHCl,): 3080 (CH), 2460 (SH), 1805/ 1795 (C=0), 1660 (C=N),

1545, 1455, 1260, 1065 am ° v
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Nor (CBCly): & 7.3 (s,1,0=CH), 7.3 - 8.2 (m,5,aramatic)
Uv (ethanol) : 405 mm (e = 22,300) ~
Mass spectrum (70 eV): m/e 205 (M)

Preparation of 4-((((2,2dimethyl—4- (3-methyloxazolidine-2-yl)-
dimmolan-4-yl)methyl ) thio)methylene)-2-phenyl-2-oxazolin-5-one (34)

To a solution of mesylate (31) [1.2 g] in dry 2-butanone [30 ml]
was added sodlt;n thiol (42) [1.2 g, 1.3 equiv]. This mixture was re—
flueed for 1.5 hours, allowed to cool and filtered. The dark brown
filtrate was evaporated to dryness in vacuwo. The residue was taken
up in chloroform [2 ml] and ether [2 ml] was added. The mixture was
filtered and then passed through a colum of alymina [10 g, Woelm,
Act. 1] . Chloroform-ether (1:1) wasusedboelutet;:ecolum. A
total of 50 ml of eluant was collected and evaparated to dryness in
vacuo. The pale orange residue was taken up in ether [4 ml] and
cooled at -20°C until crystallization was complete. The product was
removed by vacuum filtration, washed with cold ether [5 ml] and
allowed to dry.

Yield: 0.82 g (50%) , mp 127°C

Ir (KBr): 1780 (C-0), 1633 (C=N), 1590, 1560, 1500, 1460, 1385,
1375, 1335, 1300, 1175, 1075, 1055, 858, 850 am ' ‘

N (CICls): & 1.4 (s,6), 2.5 (s,3,NCHs), 2.4 - 2.8 (m,1),
3.0 - 4.0 (m,7), 4.1 (s,1,NCH-O), 7.3 - 8.3 (m,6,
C=CH and aramatic) '

Mass spectrum (70 &V): m/e = 404 (M')

S0
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Uv (methanol): 361 mm (€ = 45,600)
Analysis: Calculated for Ca2oH24N20sS : C, 59.41; H, 5.94;
N, 6.93; S, 7.92 . Found: C, 59.21; H, 5.88; N, 7.18;

S, 7.89

Preparation of 2,2-dimethyl-4-( (((5—cs0-2-phenyl-2-oxazolidine—
4-vylidene)methyl) thio)methyl)-1, 3-dio:nlane:—4-carbmaldehyde (35)

Oxazolidine (34), [0.90 g] was dissolved in 50% aqueous acetic
acid [10 ml]. The mixture was allowed to stand at room temperature
for 1 hour,then diluted with water [40 ml] and extracted three times
with chlorofarm [3 x 50 ml]. The extracts were washed twice with
cold water [2 x 50 ml], cambined, dried with sodium sulphate and
evaporated to dryness in vacuo. The residue was taken up in ether
[5 ml] and scratched to in%tlate crystallization. The mixture was
allowed to stand at -20°C until crystallization was complete (about
5 hours). The product was then removed by vacuum filtration, washed
with cold ether [5 ml], and allowed to dry.

Yield: 0.61 g (80%) recrystallized from hexdne-benzene (1:1)

mp 80-81°C

Ir (KBr): 1780 (C=0), 1740 (H-C=0), 1630 (C=N), 1590, 1560, 1460,
1385, 1380, 1330, 1265, 1177, 1075, 1055, 1000, 870 cm !

Nmr ((DC1l;): 6 1.5 d,6), 3.5 (s,2,CH,~-S), 4.2(ABq,2,J=10Hz,
O0-CH;C-0), 7.2 - 8.2 (m,6,aramatic and C=CH), 8.9,
(s,1,B-C=0) ) (

Mass spectrum (70eV): m/e = 347 (M') ,

Uv (methancl) : 361 mm (€ = 42,800) A



125

Analysis: Calculated for C;;H,7NOsS : C, 58.79; H, 4.93;
N, 4.03; S, 9.23 . Found: C, 59.03; H , 4.82;

N, 4.23; S, 9.25

Preparation of 2-benzamido-3-(((2,2-dimethyl-4- (3-methyl-oxazolidine-

2-y1)-1, 3-dicxolan-2-yl)methyl) thio)acrylic acid methyl ester (130)

&
fram (34)

The oxazolidine-oxazolone (34) {[0.50 g] was suspended in
methanol [5 ml]. Triethylamine [0.5 ml] was added and the mixture
allowed to stir at roam temperature for 1 hour. The methanol and
triethylamine were than renwed by evaporation in vacuo and the
residue pumped under high vacuum for 24 hours to remove the last
traces of solvent.

Yield: 0.54 g (100%) ,

Ir (CCl1l,): 3420 (NH)’, 3000/ 2970/ 2910/ 2830 (CH), 1710 (C=0),
1690, (N-C=0), 1490, 1480, 1450, 1390, 1380, 1345,
1275, 1080 am !

Nnr (CDCl,): & 1.4 (s,6), 2.5 (s,3,NCHy), 2.4 - 2.9 (m,1),
3.0 - 3.4 (m,3,H,C-S and part of N-CH,-CH,-0), 3.6 -
4.0 (m,4), 3.8 (8,3,‘@3), 4.1 (s,1,NCHO), 7.3 -
8.0 (m,7,aromatic,C=CH and NH)

W (MeOH): 287 nm (e = 17,000),226 rm (e = 13,000)

Mass spectrum (70 &V): m/e = 436 (M') :

Analysis: Calculated for Cz:H;N20¢S : C, 57.80; H, 6.42; N, 6.42;
S, 7.3 . Found: C, 57.63; H, 6.70; N, 6.33; S, 7.62
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Preparation of 2-benzamido-3 (((4-formyl-2Z,2-dimethyl-1,3~dioxolan—

4-v1l)methyl)thio)acrylic acid methyl ester (126) fram (130)

The oxazolidine-ester (130) [227 mg] was dissolved in dimethoocy-
ethane [1 ml]. To this solution 50% aqueous acetic acid [10 ml] was
added and the mixture allowed to stand at room temperature for 1 hour.
Water [50 ml] wasaddedandthenuxt\meextractedtlu'eetimeswlﬂx
chlorofarm [3 x 50 ml]. The extracts were back washed twice with
water [2 x 50 ml], canbined, dried with sodium sulphate, and evapor—
ated to dryness in vacuo to yield a foam. /)
Yield: 195 mg (100%)

Ir (KBr): 3310 (NH), 1735 (0-C=0), 1720 (H-C=0), 167\0 (N-C=0),
1605, 1520, 1490, 1440, 1390, 1380, 1340, 1250, 1070 cm '

“Nor (CDC1l3): & 1.4 (s,6), 3.1 (ABq,2,J=15Hz, CH,-S), 3.7 (s,3,0CH,),
4.05 (ABg,2,J=10Hz,H,.C~0), 7.2 - 8.0 (m,7,aramatic,C=CH
and NH), 8.9 (s,1,H-C=0)

Mass spectrum (70 eV): m/e = 379 (') i \

Analysis: Calculate] for CieH2iNO¢S : C, 56.9%~ H, 5.54;
N, 3.69; S, 8.44 . Found: C, 57.21; H, 5.81;
N, 3.89; S, 8.17

4

Preparation of the hemiacetal acetate (127) from (35)

The aldehyde-oxazolone (35) [140 mg] was suspended in methanol

(5 ml] and triethylamine [0.5 ml] was added. The mixture was
: mmwnufwlmnmmmaﬂﬂm‘mm
mmtlmmwmaummvm.wm[su]m' , N

) . ¢




pyridine [5 ml] was added and the mixture allowed to stand at roam

temperature overnight. The mixture was ‘poured into ice water[100 ml],

allowed to stir at 0°C for a half haur and then extracted three times

with ether [3 x 50 ml]. ' The extracts were washed twice with ice cold

10% hydrochloric acid [2 x 25 ml], twice with ice cold 5% sodium bi-

carbonate [2 x 25 ml] and once with water [50 ml]. The extracts were

then combined, dried with sodium szﬂpateaxﬁevaporaéedbodryness

in\vacmg. The residue was a colourless oil.

Yield: 160 mg (88%)

Ir (CC14): 3430 (NH), 3010/ 2970 (CH), 1750 (HyC-C=0), 1720 (C=0),
1685 (N-C=0), 1620, 1490, 1460, 1390, 1380, 1340, 1250,
1080 cm ! ’

N ((DCl3): & 1.4 (s,6), 2.0 (s,3,Ac), 3.0 (ABg,2,J=14Hz,H,C-S),
3.2 (s,3,0CH;), 3.5 (s,3,CO-CCHs), 3.7 (ABg,2,J=10Rz),
5.5 (d,1,0-CH-0), 6.7 ~ 7.5 im,7,arcmatic,C=CH and Ni)

Mass spectrum (70 eV): m/e = 453 CM+), m/e = 410 (M+ - 43, H-C-C=0)

Preparation of aldehyde-mazolne (35a) from mesylate (31) and (41)

'miscaxpamdmpreparedintheszmuayas (35) fram (31) '

and (42), .

Yield: 358 (based on (31)), mp 83-85°C

Ir (KBr): 3010/ 2960/ 2900/ 2840 (CH), 1765/ 1760 (0-C=0), 1730
(B-C=0),, 1640 (C), 1480, 1465, 1395, 1385, 1220,
1110, 1080, 1065 cm * o

Nor (CDCl;): & 1.55 (d,6), 4.25 (ABq,2,J=10Hz,0-CHy~C), 4.65
(s,2,HC-8), 7.3 - 8.2 (m,5,arcmatic), 8.25 (s,1,0-CH),
9.9 (s,1,B-C=0) ”
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. EXPERIMENTAL ~ CHAPTER 5 i
Preparation of 2-benzamido-3- ( ( (4-formyl-2, 2—dimethyl-1,3~dicxgdan- =
4-yl)methyl)thio)acrylic acid BAf-trichlarocethyl ester (131) m (34)

The oxazolidine-cxazolone (34) [0.50 g] was supended in BBB-
trichloroethanol (5 ml]. Triethylamine [0.5 ml] was added and the
mixttre stirred at roam temperature for 3 hours. The excess tri-
‘chlaroethanol and triethylamine were then removed by distillation

Rall under high vacuum (31l bath at <100°C). The residue was taken up in

| 50% aqueous acetic acid [10 ml] and allowed to stand for 1 hour at
roam temperature. Water [50 ml] was added and the mixture extracted
3 times with chloroform [3x50-ml]. The extracts were back washed
twice with water [2 x 50 ml], canbined, dried with sodium sulphate
and evaparated to dryness in vacwo.

Yield: 0.64 g (104%,contaminated with trichlordethanol)

Ir (CHCls): 3440 (NH), 1770 (0-C=0), 1740 (H-C=0), 1680 (N-C=0),

- 1610, 1590, 1430, 1400, 1360, 1385, 1280, 1170, 1080 cm ®
Nwr (CDC1ls): & 1.5 (d,6), 3.3 (ABq,2,J=13Hz,CH.-S), 4.2 (ABg,2,

J=10Hz ,0-CH,-C}, 4.95 (s,2,CH,—(Cl,s), 7.4 - 8.1 (m,7,
aramatic,C=CH,NH), 9.95 (8,l,H-C=0)

Preparation of 2-benzamido-3- (((4-formyl-2,2-dimethyl-1,3-dicxan-
4—yl)methyl)thio)acrylie acid prmathoxybenzyl ester (133) from (34)

b
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® ester (131). -
Ir (CHCly): 3400 (NH), 3080/ 3050/ 26’;0/ 2960/ 2890 (CH), 1720
(B-C=0), 1705 (C=0), 1690 (N-C=0), 1485, 1465, 1385,
1375, 1330, 1270, 1080 cm * v
Nmr (CDCls): & 1.4 (s,6), 3.1 (ABq,2,J=16Hz,HC-S), 3.8 (s,3,0CHs),
4.0 (ABg,2,J=9Hz,0CH;-C-0), 5.25 (s,2,H,C-Ph), 7.2 -

8.4 (m,1l,aramatic,C=CH, and NH), 9.8 (s,1,H-C=0) \

Uv (dimethoxyethane) ¢ 287 mn (€ = 24,500)
Mass spectrum : m/e = 485 01"

L

)

Preparation of 2-benzamido—3-(( (4v—fomy1—2 2-dimethyl-1, 3-dicsolan-
4-yl)methyl)thio) acrylic acid benzyl ester (132) fram (34)

Id
This éster was prepared in the same way as the trichloroethyl
ester (131). ,
! / Spectra on following page.
d
-
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L

U Ir (CCla): 3420 (NH), 3080/ 3040/ 2990/ 2960/ 2890 (CH), 1720 (H-C=0),
1710 (C=0), 1690 (¥-C=0), 1485, 1470, 1385, 1375, 1335,
1270, 1080 cm ! | ‘
N COCLs): 6 L.4 (5,6), 3.1 (ABq,2,J=16Hz,H:C-S), 4.0 (ABq,2,
J=9Hz,0~H,C-C-0), 5.25 (s,2,HC-Ph), 7.2 - 8.4 (m,12,

- aramati¢, C=CH and NH), 9.8 (s,l,H-C=0)
Uv (ether) : 286 rm (€ = 26,000), 268 (¢ = 22,000), 264 (¢ = 22,000),
258 (e = 21,700)

|
i Mass gpectrum: m/e = 455 (M+)f
|

- Preparation of a-benzamido-2,2-dimethyl-1 ,3-di‘<):ota-7—thia-9—aza
(spiro) [4,5]dec-9-ene-8-acetic acid methyl ester (136) fram (126)

The aldehyde-ester (126) [1 g] was dissolved in dimethoxy-
ethane [100 ml] in a 250 ml round bottam flask. The solution was
cooled in ice water and ammonia gas was passed into the solution
for 10 mimites. The flask was then well stoppered and allowed to
stand at roam temperature for 3 hours. The mixture was evaporated
to dryness in vacuo, the residue taken up in ether [5 ml] and after

 scratching to initiate crystallization alloved to stand at -20°C for
5 hours. The white crystalline product was removed by vacam fil-
- tration, washed well with ether [5 ml] and allowed to dry.
Yield: 0.65 g (70%) , mp 125-128°C
Ir (KBr): 3340 (NH), 2980/ 2960,/ 2940/ 2870 (CH), 1750 (C=0), 1660
(C=N), 1650 (N-C=0), 1525, 1495, 1390, 1380, 1360, 1265,
1230, 1175, 1160, 1075,.860 cu *
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Nnr (CDCla): & 1.4 (4,6), 2.75 (ABq,2,J=10Hz,H.C-S), 3.80 (s,3,
OCHs), 3.8 - 4.4 (m,3,0-CHC), 4.9 - 5.4 (m,2,NCH-S
and CO-CH-NH), 6.8 - 8.0 (m,7,aramatic,NH and H-C=N)

Uv (methanol): 224 nm ( e= 15,100), shoulder at 260 — 275 mm

Mass spectrum (70eV): m/e = 378 (M')

Analysis: Calculated far CisH22N20sS : C, 57.14; H,5.82;

N, 7.41; S, 8.47 . Found: C, 56.88; H, 6.01;

N, 7.25; S, 8.17

e
Preparation of a-benzamido-2,2-dimethyl-1,3-dioxa-7-thia-3-aza

*

(spiro) [4,5]dec-9-ene—8-acetic acid benzyl ester (137) frcmﬁl(]_;z)
f

The benzyl-ester (132) [1 g] was dissolved in dimethaxyethane
[100 ml] in a 250 ml round bottan flask. The solution was cooled
to 0°C in an ice water bath and anmonia gas was passed into the
solution for 10 minutes. The flask was then well stoppered and
allowed to stand at room temperature for 3 hours. The mixture was
ether [5 ml]7 This solution was then dripped slowly into ice cold
vigorously stirred petroleun ether (60-80°C) [100 ml]. The imine
product precipitated as a beige powdery material. It was removed
by'vaan;n filtration, washed with petroleum ether [20 ml] and allowed
to dry.
vield: 0.45 g (45%)
Ir (KBr): 3320 (NH), 3060 /2980 /2940 /2890 (CH), 1755 (C=0),
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1670- (N-C=0), 1530, 1490, 1385, 1375, 1260, 1215, 1160,
1070 cm * “

N (CDC13): 6§ 1.35 (s,6), 2.5 - 3.0 (m,2,CHz~S), 3.5 — 4.4 (m,2,
O-CH,-C), 4.8 - 5.4 (m,4,CHTH1, N-CH-S, and CO-CH-N),
7.2 - 8.0 (m,12,aramatic,NH and H-C=N)

UV (methanol): 227 mm (€ = 20,000), shoulder at 260 - 275 mm

Mass spectrum (70eV): m/e = 454 (M')

Analysis: Calculated far C24H2¢N20sS : C, 63.44; H, 5.73;
N, 6.17 . Pomd: C, 63.68; H, 5.38; N, 6.43

Preparation of a-benzamido-2,2-dimethyl-l,3-dioxa-7-thia-9-aza
(spiro) [4,5]dec-9-ene-8-acetic acid p-methoxybenzyl ester (138)

fram (133)

The p-methoxybenzyl ester (133) [1 q]'ﬁas dissolved in di-
methoxyethane [100 ml] in a 250 ml round bottat flask. The solu-
tion was cooled to 0°C in an ice water bath and amonia gas was
passed into the solution for 10 minmutes. The flask was then well
stoppered and allowed to stand at roam temperature for 3 hours.
mmmﬂmevambedbodrynessifx,vacmuﬂthemm
taken up in ether [5 ml]. This solution was then dripped slowly
into ice cold, vigorously stirred petroleum ether (60-80°C) [100 ml].
The imine product precipitated as a beige powdery material. It was
x;ewvedbyvmmfiltratjm,mshadwiﬂmpetzolaine’ther{mmll
and allowed to dry.



133

Yield: 0.54 g (55%)

Ir (KBr): 3420 - 3330 (NH), 3040/ 2980/ 2930/ 2880 (CH), 1750
(c=0), 1680 (N-C=0), 1530, 1490, 1385, 1375, 1320,
1265, 1210, 1170, 1070 cm *

Nmr (CDCly): & 1.35 (s,6), 2.5 - 3.0 (m,2) , 3.5 - 4.6 (m,2,
0-CH,-C), 3.8 (s,3,0CH;), 4.8 - 5.3 (m,4,CH,-Ph, N-CH-S
and CO-CH-N), 7.2 - 8.0 (m,11,aramatic, NH and H-C=N)

Uv (ethanol): 226 mm (€ = 23,000), shoulder at 260 — 275 rm

Analysis: Calculated for CasHaeN:06S : C, 61.97; H, 5.83;

N, 5.78 . Found: C, 61.69; H, 5.91; N, 6.03

. S
Isolation of the o-benzamido-2,2-dimethyl-1,3-dica-7-thia-9-aza

spiro(4 ,S]dec-9—ene-8-aoetmddg (139) fram treatment of (131) with
‘ e

Treatment of the trichloroethyl ester (131) with ammonia in
the,same way as (126) led to the precipitation of the amide (139)
fran the dimethoxyethane solvent.

Ir (KBr): 3420/ 332;)/ 3280 (NH), 1670/ 1650 (¥-C=0), 1530, 1490,
1390, 1389, 1325, 1260, iZZO, 1160, 1080, 990, 865 am @

Nor (OMSO - d¢): & 1.4 (s8,6), 2.8 (m,2,CHy-S), 3.8 - 4.2 (m,2, .-
O'CHQ‘C), 4-5 - 5.0 m,z)' 7.2 - 8.4 m,gp mic,

Ll

NH;, NH, H-C™N)

=N
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Preparation of 7-benzamido-N-cyclohexyl-2',2'-dimethyl-spiro (cepham-
3,4'-(5,4)dioxnlane)-4-carboxamide (38) fram (136)

The following was performed under N, at room temperature
The imine-ester (136) [100 mg] was dissolved in hexamethyl-
phosphoric triamide (HMPT) [0.5 ml]. Lithium n-propylmercaptide
(0.55M in HMPT®*) [1.0 ml, 2 equiv.] was added. The mixture was
a‘llavedtostarﬂatmantmamfotaxeamiahalfms, then a
phosphate buffer solution(pH 7) [10 ml, decxygenated] was added. The
mixture was allowed to stir for 2 minutes, then cyclohexylisonitrile
[100 mg] in methylene chloride-carbon tetrachloride (1:1) [10 ml]
was added and the two phases mixed with vigorous stirring for 12
hours. The two phases were then separated and the organic layer
washed with ice water 5 times [5 x 15 ml], with ice cold 0.5N
hydrochloric acid 3 times [3 x 15 ml], and with ice cold sodium
bicarbonate twice (2 x 15 ml]. The organic layer was then dried
with sodium sulphate and evaporated to dryness in vacw. Crude
yield: 138 mg (110%) contaminated with N-fammylcyclohexylamine.
The B-lactam was purified by thin layer chramatography on silica
gel plates (1.0 mm plates, OCl,/dimethoxyethane = 8/2, Rf= 0.85).
Yield: 38 mg (30%)
Ir (CCl,): 3420/ 3380/ 3340 (NH), 2970/ 2940/ 2860 (CH), 1740
(lactam), 1690/ 1680 (N-C=0), 1460, 1410, 1385, 1375,
1300, 1220, 1190, 1075 am V'
Nur ((DClz): 6 1.4 (broad 4,16), 2.3 - 3.1 (m,3,CH,-S, and
CH-NH-CO), 3.3 - 4.3 (m,3,0-CH,-C and CO-CH-N),

[N
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7.2 - 8.0 (m,7,amti»c'

Mass spectrum (70ev}: m/e = 473 (")




9.

10.
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